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ABST
PAL  A burner assembly for liquid fuels where a body member is rotatable about a
      central stem member and movable axially thereof to open a fuel valve and
      also to move a flow control member extending into the nozzle.
BSUM
PAR  This invention relates to stoves, and more particularly relates to stove
      and burner assemblies which utilize a liquid fuel such as alcohol.
PAR  Existing stoves of this type, which are particularly adapted for use on
      vehicles and boats, have burners which include apparatus with forged or
      cast housing requiring a number of machining operations in various types
      of machines. These various operations and the transfer between machines
      substantially elevates the costs.
PAR  In vehicles such as pleasure boats, mobile homes and trailers, space is
      always at a premium, and a stove is generally recessed in a counter, away
      from the front edge thereof, in order that the stove may be covered and
      used as counter space, and also to avoid the creation of unusable space
      behind the stove. It is generally a safety requirement that the stove body
      or pan about the burner be a liquid tight vessel with a volume equal to
      that of the fuel tank to provide a reservoir for any liquid that may leak
      through a non-operating burner.
PAR  The burner valves used are generally needle valves with shafts extending
      perpendicular to the valve housing and knobs or similar devices attached
      to the ends of the shafts for operation of the valves. Where the stove is
      recessed, the center lines of the valve shafts are below the counter
      surfaces and in order to control the valves long extensions of the valve
      shafts to reach the front surfaces of the counter are required, or the
      valve shafts may be equipped with knobs of large diameter so that they
      protrude through slots in the rim of the stove, as shown in U.S. Pat. No.
      3,230,947. As described in this patent the shafts extending through a
      vertical wall in the stove require seals about the openings to prevent any
      leaks. This type of sealing construction is expensive and the seals may be
      inclined to deteriorate with age.
PAR  Moreover, presently known burners of the type described have no definite
      closing position marked on the control knobs to show when the burner
      valves are properly closed. A needle valve has a tendency to change
      dimensions every time it is operated in that the closing position changes
      minutely every time the valve is closed.
PAR  In view of the aforementioned deficiencies and limitations in liquid fuel
      stoves, the present invention provides a new stove and burner assembly in
      which the burner assembly consists of a minimal number of parts that can
      be made with a minimum transfer from one machine to another; the burner
      operating controls are accessible from above and do not require any
      openings in the stove body; and the open and close positions of the burner
      are clearly discernible.
PAR  Briefly stated, the invention in one form thereof comprises a stove or pan
      having a burner mounted therein together with a control rod and handle
      attached to a body member of the burner and adapted to rotate the body to
      control the flow of fuel. Fuel is supplied to a stationary central stem
      member. The body member is rotatable and longitudinally movable with
      respect to a burner stem to open a valve to admit fuel to a nozzle and
      also to control the amount of fuel exiting from the nozzle by controlling
      the area thereof.
PAR  An object of this invention is to provide a new and improved stove and
      burner of the type described.
PAR  Another object of this invention is to provide a new and improved burner
      assembly of the type described.
PAR  A further object of this invention is to provide a new and improved burner
      control for stoves of the type described.
DRWD
PAR  The features of the invention which are believed to be novel are
      particularly pointed out and distinctly claimed in the concluding portion
      of this specification. The invention, however, both as to its organization
      and operation, together with further objects and advantages thereof, may
      best be appreciated by reference to the following detailed description
      taken in conjunction with the drawings, wherein:
PAR  FIG. 1 is a top view of a stove embodying the invention;
PAR  FIG. 2 is a side elevation, partly in section, of the stove of FIG. 1;
PAR  FIG. 3 is a longitudinal half section of the burner of the stove of FIG. 1;
PAR  FIG. 4 is an enlarged view of a portion of FIG. 3; and
PAR  FIG. 5 is a half-sectional view of a portion of another burner construction
      embodying the invention.
DETD
PAR  Referring initially to FIGS. 1 and 2, the stove comprises a burner 1
      basically supported within a frame member 2, which is supported on a
      cutout in counter portions 3 and 4. A cover member 5 is adapted to be
      placed over the stove and supported on flanges on frame 2 by extending
      legs (not shown) when the stove is not in use. A dished body or pan member
      6 is supported from frame 2.
PAR  A fuel reservoir tank 7 supplies a liquid fuel to burner assembly 1 through
      a line 8 coupled to tank 7 at 9 and connected through a coupling 10 to
      burner 1. Burner 1 is supported on a lower portion 11 of pan 6 as
      hereinafter described. A burner adjustment control member 13 having a
      yoke-like end is affixed to burner assembly 1 by means of a tightening
      device such as a bolt 12. Member 13 is movable in an arc, as indicated in
      FIG. 1, by means of a handle 14. A low friction material 15, such as a
      Teflon slide 15 attached to member 13 rides on a surface 16 of pan 6.
PAR  The burner assembly 1 includes a pre-heat dish or cup member 17 and a head
      18. The reservoir tank 7 will include a pumping chamber or piston (not
      shown) to create a head of pressure on the fluid within tank 7. A grill 19
      is supported from pan 6 as by means of upright studs 20, 21 and 22. Studs
      21 and 22 also provide limit stops for central member 13.
PAR  The burner assembly 1 includes a burner body 105 (FIGS. 3 and 4) and an
      inner stem 106 having a lower portion adapted to receive coupling 10. Body
      105 is threadably attached to stem 106 and movable longitudinally with
      respect thereto. Stem 106 is supported on pan portion 11 by means of a
      lower nut 107 threadably received thereon together with a sealing washer
      108 and a flanged nut 109.
PAR  A member 10 having a cylindrical base is received on stem 106 above nut 109
      and has a threaded portion receiving threaded portion 111 of body member
      105, to compress sealing members as hereinafter described. An internal
      thread 113 on body 105 engages an external thread 112 on stem 106 to
      permit relative rotation of body 105 on stem 106 and axial movement of
      body 105 on stem 106.
PAR  The upper portion of stem 106 has defined thereon an inverted
      frusto-conical or tapered portion 114 formed complimentary to mating
      surfaces 116 of body member 105. Portion 114 terminates in a surface 118
      from which extends a protruding portion 119 having a needle 120 mounted
      therein and extending upwardly therefrom.
PAR  Body member 105 includes a nozzle defining member 117 carried by body
      member 105 and threadably received in the upper portion thereof. The
      nozzle member 117 includes thereon the tapered or frusto-conical surface
      115 of body member 105. Body member 105 is formed with internal surfaces
      121 which receive surfaces 122 of nozzles defining member 117 in sealing
      engagement.
PAR  An annular channel 125 is defined about surface 123 of stem 106 below
      portion 124 of member 117. A radially directed passage 126 in stem 106
      provides communication between passage 125 and a passage 127 leading to a
      chamber 129a above stem 106. Another passage 128 leads from stem fuel
      supply passage 129 to chamber 129a.
PAR  The opening 130 (FIG. 3) in nozzle member 117 comprises an upper
      cylindrical portion 131 and a lower tapered portion 132. Cylindrical
      section 130 has an area only slightly larger than the cross-sectional area
      of needle 120.
PAR  The cylindrical portion of stem 106 is surrounded by metal washers 135 and
      136 and a seal 137 as well as sleevelike portion 133 of member 110. This
      forms a liquid and gas-tight seal between body member 105 and stem 106.
PAR  In operation, when the burner is to be turned on, lever member 13 is
      rotated to the desired position. This will move body member 105 and nozzle
      member 117 upwardly with respect to stem 106 and needle 120.
PAR  The mating threads 112 and 113 have a fairly long pitch which will provide
      sufficient travel of body member on stem 106 in a little more than
      90.degree., perhaps 120.degree. of rotation. The travel of needle 120 will
      be from a closed position where the needle 120 almost fills the
      cylindrical part of the nozzle to a back-off position where the
      cross-sectional area of the tapered section 132 less the cross-sectional
      area of the needle 120 is the same as the cylindrical portion 131 of the
      nozzle. While further travel may be permitted it would serve no useful
      purpose.
PAR  As the body member 105 is initially moved upwardly with respect to stem
      106, the fuel under pressure may move through passages 129 and 128 past
      the parted tapered surfaces 115 and 116, allowing the liquid fuel to flow
      into the nozzle cavity 129a. However, the needle 120 is still in the
      cylindrical part of the nozzle opening 130 and the exiting flow of fuel is
      very limited.
PAR  Further rotation of burner body lowers the needle with respect to the
      opening 131 thereby increasing the area between the needle and the nozzle
      opening. Thus, the tapered surfaces 115 and 116 function only to open and
      close a valve defined by passage 128, while the control of flow is
      accomplished by the relative position of the needle 120 with respect to
      the end of the tapered part 132 of the nozzle opening.
PAR  When the fuel is entering nozzle cavity 129a it will also flow in between
      threads 112 and 113 and fill the thread cavities down to seals 135 and
      137. Fuel will overflow and be caught in overflow pan 17. When this is
      ignited it will heat the body 105 resulting in vaporization of the fuel
      for the necessary burning action. While not shown in the drawings it will
      be understood that there will be several peripheral rows of openings in
      burner head 18 to permit flow of combustion air. Passages 126 and 127
      permits the fuel in the thread cavities to freely expand and vaporize when
      the burner is preheated. The burner assembly is preferably formed of
      brass. When liquid fuel is ignited in pre-heat cup 17, body 105 quickly
      reaches a temperature which will vaporize the fuel.
PAR  Besides acting as a flow control, the needle 120 also operates when moved
      to the closed position to remove any combustion residue such as carbon
      that may be formed in the nozzle opening.
PAR  FIG. 5 shows an alternate embodiment of the invention. In this embodiment
      the nozzle defining member 117 consists of an externally threaded portion
      threaded to the upper part of the burner body in the same manner as
      previously described. However, the interior of nozzle-defining member 117
      is defined with a cylindrical bore 140 and receives therein an insert 141
      which has a tapered surface 142 adapted to seal against the stem surface
      115. Insert 141, while held within bore 140, can move axially therein and
      is backed by a resilient backing member 143. Backing member 143 is
      preferably of asbestos. The purpose of this construction is to facilitate
      opening of the burner, since when the burner is operated the burner body
      105 and stem 106 assume different temperatures, and when the burner has
      been turned off, body 105 contracts more than stem 106 which could tend to
      lock the burner in a closed position. With the arrangement shown in FIG.
      5, the pressure between the tapered surfaces 115 and 116 is relieved by
      the resiliency of the member 143.
PAR  From the foregoing disclosure it may be seen that the objects of the
      invention are efficiently attained. While preferred embodiments of the
      invention have been set forth for purposes of disclosure, it is to be
      understood that other embodiments to the invention as well as
      modifications to the disclosed embodiment which do not depart from the
      spirit and scope of the invention may become apparent to those skilled in
      the art. Accordingly, the appended claims are intended to cover all
      embodiments and modifications of the invention which do not depart from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A burner assembly for liquid fuels comprising a stem member having an
      axial fuel passage therein, a body member engaging said stem member and
      axially movable thereon upon relative rotation therebetween, a valve
      defined between said stem .[.passage.]. .Iadd.member .Iaddend.and said
      body member, said body member including a nozzle having a cylindrical
      portion and a lower tapered portion, a needle extending into .Iadd.and
      substantially filling .Iaddend.said cylindrical portion of said nozzle
      .Iadd.to close said nozzle .Iaddend.when .[.the assembly.]. .Iadd.said
      valve .Iaddend.is in a closed position and .Iadd.the end of said needle
      .Iaddend.being retractable into said tapered portion to control the nozzle
      opening when said body is moved relative to said stem to open said valve.
NUM  2.
PAR  2. The burner of claim 1 wherein said stem and said body member have mating
      tapered surfaces which define said valve.
NUM  3.
PAR  3. The burner of claim 2 wherein the tapered surface of said body member is
      defined on a movable insert backed by a resilient member.
NUM  4.
PAR  4. The burner of claim 2 wherein said stem member has the tapered portion
      on the upper end thereof and a fuel passage is defined in said stem
      through said tapered surface to said axial passage.
NUM  5.
PAR  5. The burner of claim 1 wherein said nozzle is defined in a nozzle member
      threadably received in said body member, and said nozzle member also
      provides the tapered surface of said body member.
NUM  6.
PAR  6. The burner assembly of claim 1 further including a stove body including
      a dished portion, means supporting said burner assembly in said dished
      portion and means coupled to said body member and extending radially
      therefrom beyond said dished portion for rotating said body.
NUM  7.
PAR  7. The assembly of claim 6 wherein said extending means is movable in an
      arc on a flat portion of said stove body.
NUM  8.
PAR  8. The burner assembly of claim 1 wherein said rotation of said body member
      substantially 90.degree. about said stem moves said burner between full
      open and full closed positions. .Iadd. 9. The burner of claim 1 wherein
      the portion of said needle extending into said nozzle has a uniform cross
      section..Iaddend..Iadd. 10. The burner of claim 1 wherein the
      cross-sectional area of the lowered tapered portion of said nozzle less
      the cross-sectional area of said needle is substantially the same as the
      cross-sectional area of the cylindrical portion of said nozzle. .Iaddend.
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ABST
PAL  Apparatus for dispensing bank notes, of the type operating with a bank
      identity card. This apparatus requires the simultaneous utilization of a
      bank identity card and of a cheque the amount of which corresponds to the
      sum requested. It comprises rotary reading heads for verifying the
      authenticity and the nonfalsification of the card or cheque, as well as a
      combined verification device for verifying the correspondence between the
      card and the cheque for controlling the dispensing of notes.
BSUM
PAR  The present invention relates to an apparatus for dispensing bank notes on
      presentation of a bank identity card.
PAR  Various dispensers of bank notes are already known but all these have a
      certain number of disadvantages relating to numerous operating error
      possibilities, fraud, the impossibility of dispensing bank notes in a
      simple manner and, in general, the impossibility of operating under
      conditions of maximum security which is essential both for the bank and
      the customer.
PAR  The object of the present invention is to provide an apparatus for the
      rational dispensing of bank notes and which enables a defined number of
      notes to be dispensed to the user, and which is accessible 24 hours out of
      24, so as to reduce the utilization of bank cheques for small amounts,
      and, in consequence, eliminate all the accounting work related to such
      mode of payment by cheque.
PAR  The invention intends to provide a device which will allow operation with a
      maximum degree of security and prevent falsification of bank documents,
      both by the user and the personnel having access to the distributor.
PAR  To this end, the present invention relates to an apparatus for dispensing
      bank notes, of the type that operates with a bank identity card, the
      apparatus being characterized in that it requires the simultaneous use of
      a bank identity card and a cheque the amount of which corresponds to the
      sum requested, and it comprises means of verifying the authenticity and
      the non-falsification of the card and the cheque, as well as the means for
      verifying the agreement between the card and the cheque in order to
      control the note dispensing operation.
PAR  The fact that it is necessary to use a bank identity card and a cheque
      corresponding to the card in combination considerably reduces the risks of
      falsification or theft. Thus, a card which has been lost, cannot be used,
      except in combination with the corresponding cheque. This halves the risk
      of fraud.
PAR  In the same way, verification of authenticity and correspondence prevents
      and falsification of the cheque or the card.
PAR  This dispensing apparatus also provides considerable security for the bank
      which uses it. Thus the bank could provide a facility for dispensing bank
      notes which combines an identity card and cheques for the withdrawal of
      money, corresponding for example to a defined amount, uniform for all
      users or personnalized according to the user. These various restrictions
      or authorisations can be displayed on the cheque.
PAR  To simplify the operation of the apparatus for dispensing notes and to
      adapt it for processing documents such as cheques, which are made of paper
      and do not have the rigidity of cardboard or of a card made of synthetic
      material, it is of particular advantage to process the cheque in a
      vertical position, edgewise. To simplify the dispensing apparatus
      according to the invention, provision is also made for the processing of
      cards, which can be rigid, in a vertical position, edgewise.
PAR  Apart from the convenience as regards routing, there is also the advantage
      that the card and the cheques can be positioned with great precision,
      which is a condition required for establishing very strict control
      criteria for verifying authenticity and correspondence between the cheque
      and the card.
PAR  Given that the card and the cheque are processed in parallel, it is of
      particular advantage for the means for verifying these two documents to be
      mounted on a drum, to enable first the card and then the cheque to be
      verified by a simple pivoting movement about the axle.
PAR  According to a particular feature of the invention, the dispensing
      apparatus consists of an area for introducing the card and the cheque as
      well as an area for dispensing the notes of a device for verifying the
      cards and the cheques, connected to a card retention area and an area for
      the confiscation of defective or erroneous cheques, and of a storage area
      for receiving cheques that have been validly processed in the apparatus,
      these various input areas being connected to a logic control means, which
      itself controls the operation of the note dispenser and of the ticket
      dispenser, in the event of the malfunctioning of the dispenser.
PAR  According to another characteristic feature of the invention, the input
      area and the output area comprise means of protection provided with inlet
      and outlet slots for items (card, cheque, note, ticket) which can be
      obturated selectively by an obturator which is controlled and does not
      free more than one slot at a time.
PAR  The device for verifying cards and cheques is an essential element of the
      dispensing apparatus according to the invention. The verification device,
      according to the invention, comprises a means of introducing and
      transferring an item (card, cheque) in a vertical position, edgewise, such
      as transfer rollers, a positioning device for positioning the item with a
      view to it being read, this positioning device comprising positioning
      rollers, turning about a fixed axle and on which rests the item to be
      treated and processed (card, cheque) as well as abutments for the other
      side of the element, the side not being parallel to the side serving as a
      support for the item on the positioning rollers as well as verification
      means, of which the reading position corresponds to the position fixed by
      the positioning device.
PAR  To ensure correct functioning, it is particularly important that the
      dispensing apparatus dispenses only the correct number of notes, and that
      all malfunctioning is reported.
PAR  To this end, the bank note dispenser comprises a receptacle containing a
      stack of notes to be dispensed as well as an extractor which fixes itself
      by suction onto the bottom or top note of the stack, this extractor
      subjecting the note that has been sized to a translatory movement with
      respect to the other notes in the stack, and to separate it from the stack
      and form a loop, and then extract the note and convey it to the output
      station.
PAR  The extraction operation in this note dispenser can be effected ither from
      the top or from the bottom. However, according to the invention, it is
      more advantageous to extract it from the bottom. The extractor can be
      either a suction head executing a translatory movement in a vertical
      direction or a horizontal direction or a suction head executing a rotary
      movement. This last alternative has the advantage that its construction is
      simpler than the first.
PAR  Thus, in general, the apparatus for dispensing bank notes, according to the
      invention, satisfies all the security criteria required to enable the bank
      notes to be dispensed in public places, not necessarily inside banks, and
      at any moment of the day. This dispensing apparatus protects both the
      organisation dispensing the notes, against all kinds of theft or fraud as
      well as the user against theft or loss of the bank identity card or the
      theft of his cheques.
DRWD
PAR  The present invention will be described in greater detail with the aid of a
      mode of construction represented schematically in the accompanying
      drawings in which:
PAR  FIG. 1 is a block diagram of the bank note dispensing apparatus according
      to the invention;
PAR  FIG. 2 is a plan view partially sectioned, of a detail of the introduction
      and the reception area;
PAR  FIG. 3 is a front view corresponding to FIG. 2;
PAR  FIG. 4 is a side view of the path and the positioning of the identity card
      or of the cheque introduced into the apparatus;
PAR  FIG. 4A is a vertical section along A--A of FIG. 4;
PAR  FIGS. 5A, 5B, 5C are schematic plan views of the three construction
      variants of the cheque output channels;
PAR  FIGS. 6A-6D are schematic views of the dispenser in various phases of
      operation;
PAR  FIG. 6E shows the transport of a dispensed note;
PAR  FIGS. 7A-7D show various operating phases of a variant of construction of
      the note dispenser, according to the invention.
DETD
PAR  The bank note dispensing apparatus, according to the invention, is
      represented schematically in FIG. 1. This dispensing apparatus is designed
      to dispense the number of notes requested on presentation of an identity
      card and a cheque.
PAR  The bank identity card is introduced into the inlet area 1 which transmits
      the card to the card verification area 2; this latter verifies, first of
      all, that the card has been introduced correctly, that its shape is the
      right one, and that it is authentic. All cards on which the device 2 has
      detected a falsified or erroneous element, is sent under control from this
      device 2 to the card retention device 3. However, if the card is found to
      be authentic, it stays in the verification device until the end of the
      note dispensing operation, whereupon it is returned to the user.
PAR  After the card has been verified the user introduces his cheque (not shown)
      into the input area, using for that purpose the opening 101, such
      introduction being authorized as the result of the verification of the
      card in the device 2. This cheque can be refused if the introduction has
      been made incorrectly. Conversely, if a cheque has been introduced
      correctly (orientation), it is transmitted to a cheque verifying device 4.
      This device verifies, on one hand, the authenticity of the cheque, and on
      the other, the agreement of the elements of comparison on the identity
      card which is still in the verification device 2.
PAR  If the device 4 detects an absence of agreement, the cheque is sent to the
      cheque confiscation device 5. The card also is confiscated and the note
      dispensing apparatus, described later, is prevented from dispensing any
      notes. On the other hand, if the cheque has been recognized as authentic,
      and coinciding with the information on the card, the latter itself having
      been recognised as authentic by the device 2, the verification device 4
      sends the relevant information to the logic control means 6 and the used
      cheque is cancelled (by marking, punching, etc . . . ) and then sent to
      the used cheque storing device 7.
PAR  The logic control means 6 which also has received information concerning
      the card, supplied by the card verification device 2, actuates the note
      dispenser 8 so that the latter supplies the notes requested in the output
      area 9. In the case where, for any reason whatever, the apparatus remains
      inactive, of if the identity card is retained in the retention device 3,
      because the data on it is incorrect, or the apparatus has read them or
      interpreted them badly, the user receives a ticket provided by the ticket
      dispenser 10.
PAR  The user obtains the ticket at the output point 902 which will enable him
      to regularize the situation (confiscation of cheque or card), with his
      bank, resulting from the malfunctioning of the apparatus.
PAR  In summary, the object of the apparatus for dispensing bank notes is to
      verify whether the user has introduced an authentic card and cheque, non
      falsified, into the apparatus, and that the identification data on the
      cheque corresponds to those on the card.
PAR  The verification of this correspondence is an important element of the
      invention. Thus there may be users (members of the same company or family,
      etc. . . . ) who have the same interchangeable cheques but different bank
      identity cards (equivalent to an authorisation).
PAR  A number of means are available for verifying an identity card (bank
      identity card) as being authentic and which can be used separately or in
      combination.
PAR  Its geometric dimensions can be verified. This requires the identity card
      to be manufactured with precision, as regards fitness, length of the
      diagonal, etc . . . These various data are coded and recorded on a
      magnetic track provided on the card. The apparatus then proceeds to
      compare the set geometric data with those on the card.
PAR  Another means of verification makes use of luminescence. A certain number
      of luminescent signs (phosphor paint) are provided in precise places. The
      areas are illuminated for a short instant and, after the illumination has
      been stopped the signals emitted are examined and compared with the values
      recorded on the card or contained in the memory provided in the apparatus.
PAR  A third alternative consists in inscribing data on the card with the aid of
      radio-isotopes. The three means described above are suitable particularly
      for an identity card, that is to say, an item which has to serve
      repeatedly and, because of this, justifies more accurate manufacture.
PAR  The problems which arise in verifying the authenticity of cheques and
      identifying them are different because a cheque, by its nature, must only
      serve for one single payment.
PAR  To verify the authenticity of the cheque, it is possible to examine its
      colour, by illuminating the cheque being examined with a defined source of
      light and analysing the reflected rays. The integration of the reflected
      rays provides information on the cheque. This information is compared with
      the data stored in the memory of the apparatus. It is possible also to
      carry out a verification of luminescence or measuring .alpha.-ray
      radiation.
PAR  A fourth alternative consists in putting inscriptions or marks on the
      cheque with the aid of a metallic lacquer corresponding to a given
      geometry or given inscriptions. The verification carried out is analogous
      to that indicated above.
PAR  The various means indicated enable also the falsification of a cheque to be
      detected. Thus, if just one of the necessary identification data is wrong
      or changed, the apparatus confiscates the cheque.
PAR  Advantage may also be taken of the particular nature of the paper from
      which cheques are made in order to detect erasures and other
      falsifications. The paper can be treated chemically before hand to make
      falsifications more apparent to the apparatus.
PAR  Lastly, in general, agreement between the data on the cheque and those on
      the identity card are verified. In case of non coincidence, the machine
      confiscates both items.
PAR  After this verification, the apparatus frees the note dispenser 8 which
      supplies the requested number of bank notes.
PAR  The cheque remains in the apparatus and constitutes the accounting document
      for automatic processing.
PAR  On the other hand, the bank identity card is returned to the user; this
      identity card can also be used for other purposes within the framework of
      banking activities.
PAR  More particularly, as shown in FIG. 2, the input area 1 and the output area
      9 are constructed in an analogous fashion. They consist respectively of an
      inlet for identity cards 101, of an inlet for cheques 102, an outlet for
      bank notes 901 and an outlet for tickets 902. The wall between these two
      areas consists of a shield 103 or other means for protection. This shield
      is provided with vertical slots which constitute the inlets 101, 102, or
      horizontal slots constituting the outlets 901, 902. Behind the shield 103
      is a means for obturation 104, such as a cursor controlled by a motor 105.
      The cursor has windows which are clearly illustrated in FIG. 3, and which
      correspond to the inlets 101, 102, 901, which are distributed over the
      cursor in a manner such that whatever its position, only one window
      coincides with one of the openings 101, 102, 901. The motor 105, for
      example, is a step-by-step motor, provided with a toothed pinion 1051
      cooperating with a rack-bar 1041 provided on the cursor 104 (see FIG. 3)
      and is controlled by the logic control means 6.
PAR  An independent obturation means 10 has been provided for the outlet 102 as
      described later with reference to FIG. 3.
PAR  FIG. 2 also shows a detail of the card verification device 2 and of the
      cheque verification device 4. In fact, according to the feature of the
      invention, the two devices 2, 4 are joined together into one device,
      fulfilling both functions. As indicated above, the verification of a card
      and of a cheque consists essentially in verifying the presence and the
      position of certain reference points. To this end, the combined
      verification device 2, 4 consists of reading heads 21, 22 in a selected
      number, integral with the shaft 23 mounted rotatively. It is possible also
      to bring the reading heads 21, 22 either to opposite the location 24 of
      the identity card or else to opposite the location 25 of the cheque. In
      each case, the information read is sent to the logic control means 6,
      which stores it in the memory and compares it by known electronic means.
PAR  For the sake of security, the input area 1 comprises a means for the
      preliminary verification 106 of the identity cards, immediately after they
      have been introduced. This may be a device for verifying the geometry of
      the card (thickness, height, width) in order to reject immediately any
      card which obviously does not belong to the card system of the apparatus.
      It is possible also to use a card provided with a spot, or a metallic
      card, or another means which causes the apparatus to operate by the
      actuation of a contactor, etc . . .
PAR  Lastly, the cheque verification device 4 comprises a means which can cancel
      the cheques which have been paid by the apparatus. This, for example, can
      be a punch or a marker 26, which also is integral with the shaft 23 and
      which can be brought to opposite this cheque located in the location 25,
      by the rotation of the shaft 23.
PAR  According to a feature, the marker is preferably in the location of a
      striker (21, 22) to enable the cheque to be cancelled or punched at an
      important location which constitutes a reference point.
PAR  However, other forms of cancellation are possible.
PAR  FIG. 3, which is a schematic front view of the apparatus shows in
      particular the cursor 104, guided in a horizontal translatory movement by
      the slots 104 which receive the guide studs 104". The step-by-step motor
      105 is seen, and of which the toothed pinion 1051 engages in the rack-bar
      1041.
PAR  The slots 101, 102, 901, 902 in this FIG. 3 are shown as black areas to
      show their position with respect to the slots 101', 102', 901' of the
      cursor 104.
PAR  This front view also shows the obturator 104 for the ticket outlet slot
      902.
PAR  FIG. 4 shows schematically the various operations carried out on a cheque
      in the reception area 1 and the verification device 4.
PAR  According to FIG. 4, in the input area 1, after the cheque C intended to be
      read magnetically has been received, it is first of all cancelled by the
      head 4, then magnetised on the head 42 and finally read on the head 43.
      The cursor 104 is not shown in this FIG. 4.
PAR  Consideration was given above to the processing of a magnetic inscription.
      However, other means of reading, such as optical means can be used. This
      applies not only to accounting inscriptions, required for the
      identification of the cheque, but also to various reference inscriptions
      which enable the authenticity of the cheque or of the identity card to be
      verified.
PAR  After the reading operation has been completed, the transfer device 44
      sends the cheque to the verification device 4 as such. This device, a side
      view of which is shown schematically in FIG. 4, consists of transport
      rollers 46 and positioning rollers 47. The transport rollers 46 are
      movable rotatively and upward. On the other hand, the positioning rollers
      which must ensure that the cheque C is positioned accurately, are movable
      rotatively about a fixed axle. The cheque C comes to bear against the
      rollers or abutments 48.
PAR  The above description (FIG. 4) is valid both for cheques and for bank
      identity cards. Lastly, in general, the card and the cheque C are
      introduced and processed in a vertical position and not in a prone
      position, which ensures that they are positioned accurately.
PAR  In the mode of construction shown in FIG. 4, transport rollers 46 and
      positioning rollers 47 alternate. When the cheque reaches the abutments
      48, a detector, such as a photoelectric cell 49 causes the transport
      rollers 46 to be lowered so that the cheque presses on the positioning
      rollers 47. The rollers 47 are driven rotatively so that they press the
      cheque C firmly against the abutments 48. After the positioning operation
      has been completed, the reference marks on the cheque are read.
PAR  FIG. 4A, which shows a vertical section of the verification device 4, shows
      the positioning rollers 47 driven by a pulley 47' and a belt or a chain
      47". The cheque C, which rests on the rollers 47, is compressed between
      the two plates 471 and 472 which position it accurately. It is only when
      the cheque is pressed that the reading operation can take place. In order
      to allow such reading, the plates 471 and 472 are transparent or
      perforated.
PAR  After the cheque has been read, it is removed with the aid of one of the
      devices shown in FIGS. 5A, 5B, 5C.
PAR  According to a first outlet device, the end abutments 48 are retractable.
      They are carried by the axles which are integral with the core of the
      electro-magnet 481. After the reading operation, the electro-magnet 481
      causes the abutments 48 to retract and the transport rollers 46 to lift.
      These remove the cheque from the verification device 4 in order to bring
      it to the used cheque reception area 7.
PAR  The second variant (FIG. 5B) consists in providing abutments 48, fixed in
      position, and to actuate the rollers 46 into a reverse movement in order
      to remove the cheque C, in order to make the cheque C come back and bring
      it to a switching point 49 which sends it either to the area 5 or to the
      area 7, according to the logic control means 6.
PAR  FIG. 5C represents a third variant. In this case, after the cheque has been
      read in the verification area, it is transferred in a lateral direction
      and then removed. This transfer, for example, is effected by means of a
      movable compression plate 472 provided with a means of suction for holding
      the cheque. This plate is displaced in the direction of the arrows shown
      in FIG. 5C. In this variant, as in FIG. 5C, the end abutments 48 are
      fixed.
PAR  After verifying and recording the data entered on the cheque, the
      electronic control means 6 frees the note dispenser 8.
PAR  Such a note dispenser is shown schematically in FIGS. 6A-6E. A variant of
      this device is shown in FIGS. 7A-7D.
PAR  According to the first mode of construction the note dispenser which is
      intended to dispense either notes of one denomination, or notes of several
      denominations, consists of a number of components such as are described
      hereafter:
PAR  A component of the note dispenser consists of a receptacle 81 receiving a
      flat stack of notes 82. A counter-weight 83 presses on these notes. A
      level detector 84 verifies that the receptacle 81 contains a sufficient
      number of notes before accepting the cheque introduced into the apparatus.
PAR  The base of the receptacle 81 comprises an orifice 85 delimited by two
      edges 851, 852, forming a window 853. The dispenser also comprises an
      extractor 86 such as a suction head. Following a cyclic movement this
      extractor 86 is brought against the bottom note in the stack 82 (FIG. 6A).
      The suction means is been actuated, which fixes the extracted 86 onto the
      bottom note 82' of the stack 82 (FIG. 6B).
PAR  The extractor 86 is then displaced in a translatory movement in the
      direction indicated by the arrow in FIG. 6C. A loop 82' then forms and
      detaches the note immediately below the one above it in the stack 82.
      Thus, the right hand edge (FIG. 6C) of the note 82' is in abutment. This
      movement, on one hand, forms the loop 82'a which separates the note from
      the preceding note and, on the other hand, frees the left-hand edge 82'b.
      It is thus in this way, by a descending movement of the extractor 86, that
      a note is extracted from the stack (FIG. 6D). The note (FIG. 6E) passes in
      front of a checking device 87, such as a light barrier, and is then sent
      either to the note outlet 901 or to the note retention means 903. This
      light barrier enables not only the passage of a note or of no note to be
      counted, but also the simultaneous passage of several notes adhering to
      one another. In this case, the light signal obtained based on transparency
      can be used by the electronic control means 6 which causes the notes to be
      carried to the note retention means 903 and to initiate a new extraction
      operation until the dispenser has effected it correctly whereupon if
      necessary the electronic control means stops the operation of the
      dispensing apparatus.
PAR  The variant of the note dispenser is shown in FIGS. 7A-7D. According to
      this variant, the extractor 86 consists of a turning extractor 86', for
      example a short cylinder or a revolving body provided with a suction
      means. This extractor turns about a fixed axle 861'. In the first plate,
      as before, a vacuum is created in the suction head of the extractor 86'
      (arrow A), in order to fix the first note on the head. By a rotation
      .alpha. of the extractor 86' about its axle 861', which is executed
      without translation, a translatory movement of the note is obtained which
      results in the formation of the loop 82'a, followed by the extraction of
      the note 82' (FIG. 7D). As a result of this, the note is transported as
      described, for example, in FIG. 6E.
PAR  For the sake of security and simplification, it is possible to place a
      certain number of notes in a cassette in the note dispenser. The person
      responsible for the apparatus then replaces an empty cassette with a full
      cassette. Such cassettes can be made so that they are interference-proof.
PAR  The above apparatus operates sequentially. The user waits for the result of
      each operation (introduction of card, introduction of cheque, verification
      of the cheque), which is given to him either by visual display or by means
      of a sound signal so that he can carry out the next operation, in case
      this is required.
PAR  Lastly, it is also of value to record all the operations carried out by the
      apparatus on a control magnetic tape which enables an operation to be
      verified at any moment.
PAR  It is obvious that the invention is not limited to the example of its
      embodiment herein above described and illustrated and on the basis of
      which other variants can be envisaged without departing from the scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for dispensing bank notes on presentation of a bank identity
      card and a cheque on which the amount corresponds to the value of the
      notes requested, said apparatus comprising:
PA1  a bank note dispenser,
PA1  means for verifying the authenticity of the bank identity card introduced
      into the apparatus by the user,
PA1  means for verifying the authenticity of a cheque introduced into the
      apparatus by the user,
PA1  means for verifying agreement between the identification marks on the bank
      identity card and the identification marks on the cheque,
PA1  a logic control means receiving the signals supplied respectively by the
      means for verifying the authenticity of the identity card, the means for
      verifying the authenticity of the cheque and the means for verifying
      agreement, said logic control means controlling the note dispenser in
      accordance with the information it has received,
PA1  in which the means for verifying the authenticity of the bank identity card
      and the means for verifying the authenticity of the bank cheque
      respectively include a positioning device for positioning the identity
      card and the cheque in vertical position, edgewise, for examination,
PA1  and in which the means for verifying the card and the means for verifying
      the cheque comprise a common means for reading comprising reading heads
      integral with a horizontal rotary shaft whereby the reading heads may be
      presented alternatively to the card and the cheque in order to verify the
      cheque and the card separately.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said cheque positioning device
      comprises horizontal positioning rollers on which rests the lower edge of
      the cheque to be verified and processed, and a vertical abutment for the
      leading end of the cheque moved thereagainst by the positioning rollers.
NUM  3.
PAR  3. Apparatus according to claim 2 including transfer means for transferring
      the cheque from the positioning device, said transfer means comprising
      means to lift the cheque.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said rotary shaft is equipped
      with means to cancel the cheque.
NUM  5.
PAR  5. Apparatus according to claim in which the bank note dispenser receives
      the notes in a stack between side plates, the dispenser having an opening
      defined by ledges which support opposite ends of the lowermost note, a
      suction extractor engageable with the exposed side of the note to be
      extracted, and means for translating the extractor laterally and axially
      of the dispenser opening whereby the extractable note on lateral movement
      of the extractor is caused to buckle against a side plate, forming a loop
      in the note, whereafter the buckled note is withdrawn through said
      opening.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein the extractor is moveable along
      one path to buckle the note and moveable along a separate path
      perpendicular thereto to extract the note.
NUM  7.
PAR  7. Apparatus according to claim 5 wherein the extractor is rotary.
NUM  8.
PAR  8. Apparatus for dispensing bank notes on presentation of a bank identity
      card and a cheque on which the amount corresponds to the value of the
      notes requested, said apparatus comprising:
PA1  means to position the card and separate means spaced therefrom to position
      the check for verification,
PA1  a bank note dispenser,
PA1  means for verifying the authenticity of the bank identity card introduced
      into the apparatus by the user,
PA1  means for verifying the authenticity of a cheque introduced into the
      apparatus by the user,
PA1  means for verifying agreement between the identification marks on the bank
      identity card and the identification marks on the cheque,
PA1  a logic control means receiving the signals supplied respectively by the
      means for verifying the authenticity of the identity card, the means for
      verifying the authenticity of the cheque and the means for verifying
      agreement, said logic control means controlling the note dispenser in
      accordance with the information it has received,
PA1  said means for verifying the authenticity of the bank identity card and the
      means for verifying the authenticity of the bank cheque being reading
      heads on a rotary shaft disposed between said positioning means whereby
      the shaft on rotation alternately scans the card and check to be read for
      verification.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein the bank note dispenser includes
      a receptacle having side plates for stacking the notes and spaced ledges
      presenting an opening which exposes the note to be extracted while
      supporting opposite ends of the note to be extracted, a suction extractor
      engageable with the underside of the note to be extracted, and means for
      translating the suction extractor both laterally and axially of said
      opening thereby first to buckle the note, forming a loop therein, and then
      to withdraw the note exposed to the extractor.
NUM  10.
PAR  10. Apparatus for dispensing bank notes on presentation of a bank identity
      card and a cheque on which the amount corresponds to the value of the
      notes requested, said apparatus comprising:
PA1  a bank note dispenser,
PA1  means for verifying the authenticity of the bank identity card introduced
      into the apparatus by the user,
PA1  means for verifying the authenticity of a cheque introduced into the
      apparatus by the user,
PA1  means for verifying agreement between the identification marks on the bank
      identity card and the identification marks on the cheque,
PA1  a logic control means receiving the signals supplied respectively by the
      means for verifying the authenticity of the identity card, the means for
      verifying the authenticity of the cheque and the means for verifying
      agreement, said logic control means controlling the note dispenser in
      accordance with the information it has received,
PA1  the means for verifying the authenticity of the bank identity card and the
      means for verifying the authenticity of the bank cheque respectively,,
      including a positioning device for positioning the identity card and the
      cheque in vertical position, edgewise, for examination,
PA1  said cheque positioning device comprising horizontal positioning rollers on
      which rests the lower edge of the cheque to be verified and processed, and
      a vertical abutment for the leading end of the cheque moved thereagainst
      by the positioning rollers,
PA1  and transfer means for transferring the cheque from the cheque positioning
      device, said transfer means comprising means to lift the cheque.
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LREP
FR2  Hart; John J.
ABST
PAL  A labeling machine including means for feeding a continuous web having
      thereon a series of labels of a given length but with certain of the
      adjacent labels thereon spaced differently than other adjacent labels, and
      having thereon control elements related to such differences in the label
      spacing, the machine further including label severing means operable to
      cut off the terminal labels in the web at their given lengths regardless
      of the different spacings therebetween, and means controlled by the
      control elements on the web and operating the severing means to cut from
      the web the labels in uniform length and without having attached thereto
      any web portions providing spacings between adjacent labels. .Iadd.
PARN
PAR  This is a continuation of application Ser. No. 300,209, filed Oct. 24,
      1972, now abandoned Ser. No. 300,209 being a reissue of U.S. Pat. No.
      3,536,550..Iaddend.
BSUM
PAR  This invention relates to labels for articles such as bottles, containers,
      tubes, etc., and is particularly concerned with the manufacture of a
      continuous web of labels provided with register means for control
      purposes, the detection of such register means in the feed of the
      continuous web for purposes of label verification and registration, and
      the control thereby of devices such as means for controlling the operation
      of the machine, for cutting individual labels and removing waste from the
      web, and for registering the web with respect to certain mechanisms.
PAR  Labels in a continuous web, often referred to as roll labels, are usually
      successively printed on the web as the latter is intermittently fed past a
      printing device. Finely detailed labels such as are used in the drug trade
      are usually printed by the well known letter press process which, while it
      has certain advantages, is not entirely satisfactory because of many
      disadvantages that are inherent in the means for practicing it. Thus, the
      plates used in this process are expensive, its practice requires the
      employment of experienced printers, and it is difficult to adapt this
      process to the label field and produce quality results. Furthermore, the
      letter press process is a relatively slow and expensive method of label
      printing. It is recognized by the art that another well known process of
      printing known as offset printing has many advantages over the letter
      press process for producing finely detailed labels, but up until now there
      has been no economically known way of utilizing this superior process to
      produce labels in roll form. This is principally due to its inflexibleness
      in cut off length resulting from the gap between the ends of the plate or
      blanket and the fact that the cylinders are all of the same fixed size
      because of the design of the press.
PAR  Another factor which has proved troublesome to the art in connection with
      continuous webs of labels, is concerned with the register means that have
      heretofore been employed for control purposes. These prior register means
      usually take the form of holes punched in the web, or visible marks
      printed on the web and in either case it is necessary to provide such
      register means in a particular location on each label in order that such
      register means may be removed from the label after it has performed its
      intended function, or if left on will interfere as little as possible with
      the the printed and design feature of the label. However, if such register
      means is not removed from the label, which requires an additional
      operation in the label's preparation, it will always detract to some
      extent from the appearance of the label.
PAR  One of the objects of the invention therefore is to provide a method
      enabling the printing of labels on a continuous web by offset printing.
PAR  A further object of the invention is to provide a novel method of printing,
      whereby a series of labels of given size may be repeatedly printed on
      lengths of web of a given dimension greater than the combined lengths of
      the labels in each series thereof contained on each such web length.
PAR  Another object of the invention is to provide an improved method by which
      labels may be printed on a continuous web with the use of photographically
      made printing plates.
PAR  A further object of the invention is to provide an improved method of
      applying to labels registry means which will not affect the appearance of
      the labels even though it is not removed therefrom.
PAR  A further object of the invention is to provide an improved method whereby
      registry means may be applied to labels in any location thereon according
      to the label's coding requirements.
PAR  Another object of the invention is to provide novel methods of
      optical-electrical and magnetic-electrical control of the feeding,
      formation and vertification of labels.
PAR  A still further object of the invention is to provide a novel control means
      capable of being activated by registry means on the labels which are
      invisible to the human eye.
PAR  A still further object of the invention is to provide a coded control
      and/or means reponsive to properly coded invisible registry means on the
      labels to actuate operable means controlled whereby, but non-responsive,
      or actuatable automatically to render the system inoperative, whenever an
      improperly coded label is scanned thereby.
PAR  A further object of the invention is to provide a cutting means controlled
      by registry means on the web and capable under such control of cutting
      labels non-uniformly spaced on a continuous web.
PAR  Another object of the invention is to provide a cutting means capable of
      removing web material between labels in accordance with a predetermined
      sequence.
PAR  Another object of the invention is to provide a cutting means controlled by
      registry means on the web and operable under such control to selectively
      cut labels, or labels and excess web material from a continuous web
      provided with joined and spaced labels thereon.
PAR  A further object of the invention is to provide a system capable of
      printing lables of different sizes on a continuous web and of cutting from
      the web the different sized labels.
PAR  A still further object of the invention is to provide a novel system for
      applying a code or control number to labels at the time of the printing of
      such labels and for checking the presence or the lack of a particular
      control number on a label that is being applied to a particular product.
PAR  A still further object of the invention is to provide a novel system for
      applying verifying symbols or codes to sequences of labels provided on
      printing plates and checking on the printed label webs the particular
      verifying symbols contained in the sequences of labels to be applied to
      particular products.
DRWD
PAR  Other objects of the invention, as well as the advantages and novel
      features thereof will appear from a perusal of the following description
      when read in connection with the accompanying drawings, in which
PAR  FIG. 1 is a schematic layout of a rotary web offset printing press for
      printing roll labels in accordance with the invention;
PAR  FIG. 2 is a diagrammatic vertical sectional view of a printing roll in an
      offset press;
PAR  FIG. 3 is a plan view of a printing plate embodying the invention;
PAR  FIG. 4 is a diagrammatic elevation view of the cutting mechanism;
PAR  FIG. 5 is a view similar to FIG. 4 and showing the operation of one set of
      cutting blades;
PAR  FIG. 6 is a view similar to FIG. 4 and showing both sets of the blades
      cutting the web;
PAR  FIG. 7 is a view similar to FIG. 6 indicating the manner in which the cut
      chip is removed;
PAR  FIG. 8 is a view similar to FIG. 4 but showing the sets of blades adjusted
      to cut a chip of larger size;
PAR  FIG. 9 is a view similar to FIG. 8, but showing the adjusted blades cutting
      the wider chip;
PAR  FIG. 10 is a diagrammatic view illustrating the method of controlling the
      registration of the label web relative to the cutting means and the
      operation of the latter;
PAR  FIG. 11 is a partial schematic top view showing the manner in which a split
      ink formation may be associated with the printing plate in accordance with
      the invention;
PAR  FIG. 12 is a diagrammatic, perspective view of the scanning means employed
      for detecting luminescent control elements;
PAR  FIG. 13 is a diagrammatic, perspective view showing the manner in which the
      several devices may be associated with the label web in a labeling
      machine;
PAR  FIGS. 14 to 17 are diagrammatic views showing in vertical section the
      manner in which the chips cut from the web may be removed from the
      machine;
PAR  FIG. 18 is a plan view of a portion of a printed label web provided with
      verifying symbols in the sections thereof to be removed;
PAR  FIG. 19 is a schematic, elevational view, partly in section, of a scanning
      means for detecting characters printed on the web with magnetic ink;
PAR  FIG. 20 is a plan view of a portion of a label web provided with feed
      control elements and optically recognizable characters; and
PAR  FIG. 21 is a diagrammatic, perspective view of optical-electrical scanning
      means for a label web.
DETD
PAR  The invention may be practiced as a continuous operation, but it is most
      advantageously practiced as a two step operation in which the webs of
      labels embodying the invention are first made in a rotary web offset
      printing press embodying the invention, and are then utilized in a
      labeling machine embodying the features of the invention. FIG. 1 of the
      drawings shows a schematic layout of a suitable offset printing press that
      may be utilized for printing rolls of webs provided with labels suitable
      for use on containers for ethical drugs. The several units constituting
      the press are of known construction and include an unwind station 10 at
      which a roll of continuous paper web W of a width sufficient to permit the
      printing thereon of multiple rows of labels, is rotatably supported. The
      web from the supply roll initially passes through a tension control unit
      11 and then may pass through a plurality of printing units 12, 13 and 14
      for successively printinig on the web in superposed relation the required
      number of images necessary to form the complete labels. The printed web
      then may pass through a coating unit 15 for applying a protective coating
      to the labels. From the coating unit 15, the web may pass through a rotary
      punching unit, the purpose of which shall be hereinafter more fully
      explained, and then through a slitting and rewind unit for slitting the
      web lengthwise into a plurality of label strips and rewinding the slit
      strips into label rolls in a manner well known to the art.
PAR  Each of the printing units 12, 13 and 14 in an offset web press of the type
      depicted in FIG. 1 of the drawings, is composed of a printing cylinder 20
      in FIG. 2, on the exterior surface of which is mounted the printing plate
      21. The ends of the plate 21 are bent down into a longitudinal groove 22
      provided in the cylinder and may be fastened to the cylinder by a
      wedge-shaped member 23 tightened in wedged relation in the groove 22 by a
      plurality of set screws 24 to secure the printing plate 21 to the
      cylinder. Thus, across the mouth of the groove 22 there is a gap
      approximately 1/4 inch wide throughout the length of the cylinder and in
      the direction of the widths of the labels to be printed on a web, which
      prevents the application of printed matter to those protions of the web
      which extend over such gap in the feed of the web.
PAR  The printing plate 21 is preferably a photosensitized plate such as is
      commonly used in the practice of the offset process. Plates of the
      preferred type are usually composed of a flexible plate metal backing 21'
      on which is applied a layer 21" of the photosensitive emulsion. Exposure
      of the plate may be made by a carbon arc, or any equivalent intensity
      source. The printing plates 21 are each provided along the sides thereof
      with two registering holes 25 (FIG. 3) which register with pins 26 in FIG.
      2 provided on the printing cylinder 20 to enable the ready and proper
      placement of a printing plate on the printing cylinder. Preferably as
      shown in FIGS. 2 and 3, the pins 26 are located on the printing cylinder
      20 diametrically opposite the groove 22 thereof and the registering holes
      25 are located at the centers of the two side edges of the plate 21, so
      that the center of the plate will be held fixed by the pins thereby
      enabling the plate to be properly wrapped around the cylinder and the two
      ends thereof properly registered in the groove 22. The importance of this
      feature will be realized when it is understood that the end margins 27 of
      the plate which are tucked into the groove 22 for securement by the wedge
      member 23, are quite narrow in width, for example, of the order of 1/8
      inch.
PAR  Between the two margins 27 of the plate 21 the sensitized area thereof is
      provided with the areas 30 of label material for a given product which are
      to be printed on the continuous paper web W. The label areas 30 are laid
      out so that the height of the labels extends lengthwise of the plate and
      will be wrapped around the printing cylinder, and so that a plurality of
      rows of such label areas are provided across the width of the plate; there
      being four rows provided in the plate shown in FIG. 3 of the drawings. The
      length of the plate 21 between the end margins 27 thereof is a given fixed
      length because offset printing presses are usually constructed for
      printing cylinders of a given diameter. It has been determined that the
      heights of labels most commonly employed in the container labeling art
      range from about six inches maximum height to 3/4 inch minimum height and
      vary in small steps between these two limits. It has been found also that
      plates 18 inches in length, if constructed in accordance with the
      invention, may be utilized to print the labels falling within such given
      range. With a plate 18 inches long, there will be provided a given or
      predetermined fixed printing repeat length of 173/4 inches because of the
      two 1/8 inch end margins 27 which must be utilized to secure the plate to
      the printing cylinder. There will of course be certain sized labels the
      multiple areas 30 of which will exactly fit within such given fixed repeat
      length, but the heights of most labels within the stated range will not
      have a repeat length which is exactly the same as such given fixed repeat
      length. In accordance with the invention, this problem is overcome by
      dividing the fixed printing repeat length by the height of the label
      between the parameters set and which it is desired to print for a given
      product, to obtain the whole number of label areas 30 which can be printed
      along the web by one revolution of the plate. There will be a remainder of
      at least 1/4 inch, and this remainder may be utilized as a whole if not
      more than 11/2 inches, or may be divided into equal increments of not less
      than 1/4 inch and not more than 11/2 inches. The printing plate 21 is then
      prepared repeating the label areas 30 as many times as the whole number
      thereof, and spacing certain of such label areas by the amount of the
      increment or increments constituting the said remainder. The increment or
      increments, if a multiplicity thereof, may be arranged in any suitable
      manner on the plate. For example, as is shown in FIG. 3 of the drawings,
      such increments 31 which are three in number and 1/4 inch in height, are
      located between the first four label areas 30 on the left hand side of
      plate 21, as viewed in such figure, and the remaining label areas 30
      arranged in abutting relation. The label areas shown are one inch in
      height so that there are 17 of them provided lengthwise in the plate print
      length of 173/4 inches. The thus prepared printing plate 21 is then
      mounted on the printing cylinder 20 in the manner described and the press
      operated to print the labels on the web W.
PAR  It will be understood from the foregoing that a label web produced as
      aforesaid in accordance with the invention, will have printed thereon
      certain labels which will be spaced apart by the increments 31 provided on
      the plate and by the 1/4 inch gap at the ends of each given fixed repeat
      length of the plate 21, and other labels which will be connected together
      without any intervening spacing web portion. In other words, certain of
      the successive labels on the web will be spaced apart by given amounts,
      and other successive labels on the web will abut each other, and this
      pattern of spaced and abutting labels set on the printing plate will be
      repeated throughout the length of the web. In order that a label web of
      this type may be employed in a labeling machine, it is necessary that such
      machine be provided with means for severing both the abutting labels and
      the spaced labels on the web and for eliminating the web portions which
      separate the spaced labels. In accordance with the invention this is
      accomplished by providing on the web indicia for properly registering the
      abutting and spaced labels on the web with the cutting mechanism of the
      labeling machine, and for controlling the operation of such cutting
      mechanism which is constructed so that it is capable of making single cuts
      to sever abutting labels and of making double cuts to eliminate the web
      portions between spaced labels.
PAR  It is believed advisable for an understanding of the invention to first
      consider the mechanism for cutting the labels from the web. Considering
      now FIGS. 4 to 6 of the drawings, it will be noted that the cutting
      mechanism includes a pair of cooperative blades 35, 36 which reciprocate
      toward and away from each other along fixed paths to cut the web W in the
      manner shown in FIG. 5. Not only are the blades 35, 36 fixed against
      movement along the run or travel of the web W once they have been properly
      adjusted for the label size to be cut, but their cutting action cannot be
      interfered with during the normal operation of the machine. Associated
      with the blades 35, 36 are a second pair of cooperative blades 37, 38
      which also reciprocate toward and away from each other to cut the web W.
      When the labels registered with the cutting mechanism are in abutting
      relation, the blades 37, 38 are latched in inoperative position and the
      blades 35, 36 only will operate to sever from the web the leading one of
      such abutting labels. When, however, a pair of labels joined in spaced
      relation by an increment 31 is advancing into registry with the cutting
      mechanism, the blades 37 and 38 are caused to be unlatched so that on the
      next operation of blades 35, 36, blades 37, 38 will move with them and
      both sets of blades will simultaneously sever from the web the increment
      31 joining the spaced labels as shown in FIG. 6. The cut increment 31 or
      chip may be removed upwardly between the blades 35, 37 as shown in FIG. 7,
      by known types of vacuum machines used for this purpose in the art.
PAR  FIGS. 4 to 7 of the drawings show the two sets of blades 35, 36 and 37, 38
      set for the removal from the web W of increments 31 of the smallest size,
      namely 1/4 inch. When increments 31 of greater height are to be severed
      from the web, the set of blades 37, 38 are shifted as a unit away from the
      set of blades 35, 36 and along the line of travel of the web until they
      are spaced from the set of blades 35, 36 the desired distance, as shown in
      FIG. 8 of the drawings. When the two sets of blades are next operated in
      unison they will cut the larger sized increment or chip 31' shown in FIG.
      9. The shifting of the set of blades 37, 38 is preferably accomplished
      manually by means of a micrometer adjustment which is built into the
      cutting mechanism and which is constructed to enable the sets of blades to
      be accurately adjusted to cut any size of increment in the aforesaid range
      thereof between the minimum of 1/4 inch and the maximum of 11/2 inches.
PAR  The registration of the labels with the set of cutting blades 35, 36 and
      the operation of the set of cutting blades 37, 38 are controlled by the
      coaction of control elements provided on the web and a scanning device
      located along the path of feed of the web at least one repeat length of
      web (18 inches in the case of the printing plate illustrated in FIG. 3 of
      the drawings) upstream from the line of cut of the set of cutting blades
      35, 36. Thus, there are provided on the web a set of control elements for
      registering the labels with the cutting blades 35, 36, these being one of
      such elements for each label and each of such elements being associated
      with a label. There are also provided on the web separate control elements
      for controlling the operation of the blades 37, 38 and these control
      elements are equal in number to the number of increments provided on the
      web and each is located on the web in advance of or downstream from an
      increment. It will be understood, that while particular control elements
      are associated with particular labels and increments on the web, the
      coaction of such elements in a particular repeat length of web with the
      scanning means does not control the cutting of the labels and increments
      in that particular repeat length of web, but controls the cutting of
      similarly located labels and increments in the repeat length of web in
      advance of such particular repeat length due to the spacing of the cutting
      and scanning means.
PAR  It is believed that a better understanding of the aforesaid operation will
      be understood from a consideration of FIG. 10 of the drawings which shows
      a portion of a label web W of a length containing two repeat lengths
      designated 40 and 41 and each of which is provided with five labels. Two
      of the labels 42, 42 and 43, 43 in such repeat lengths 40, 41,
      respectively, are spaced from each other and the remaining three labels
      42', 43', respectively, by space increments 44, 45, respectively. The
      remaining labels 42' and 43' are connected together in abutting relation.
      Associated with each of the labels 42, 42', 43 and 43' are control
      elements 46 for controlling the registration of the labels with the fixed
      or continuously operable set of knife blades 35, 36 only the former of
      which is indicated in FIG. 10 and which are located in an adjusted
      position relative to the line of feed of the web dependent on the size of
      the labels. Associated with the set of knife blades 35, 36 is the
      intermittently operable or adjustable set of knife blades 37, 38, only the
      upper one of which is indicated in FIG. 10, and which are spaced from
      blades 35, 36 a distance equal to the height of the increments 44, 45.
      Control elements 47 for controlling the operation of the blades 37, 38 are
      located on the web in advance of the increments 44, 45. In the arrangement
      shown, the control elements 46 and 47 are aligned along one edge of the
      web making it possible to employ one scanning device to control both the
      registration of the labels and the operation of blades 37, 38. It will be
      understood, however, that the knife signal control elements 47 may be
      placed on the web in non-aligned relation with the register control
      elements 46 so that in situations where it is considered desirable two
      scanning devices may be employed; one to control the registration of the
      labels and the other to control the operation of blades 37, 38. A scanning
      unit 48, which preferably comprises at least one scanning device
      constituted of an electric eye, is located at least one repeat length of
      web upstream from the set of cutting blades 35, 36. With a printing place
      dimensioned as the plate 21 previously discussed, the scanning unit or
      device 48 would be positioned upstream from the cutting blades 35, 36
      exactly 18 inches so that it will be scanning a control element 46 located
      the repeat length of web 41 at the same time a similarly located control
      element 46 in the repeat length of web 40, is positioned at the line of
      cut of the blades 35, 36.
PAR  With the foregoing in mind and assuming that the direction of label feed is
      to the left, as viewed in FIG. 10, it will be understood that in the
      operation of the apparatus, the web W will be fed by the web feeding means
      of the label machine in a step-by-step fashion so that in the periods of
      dwell thereof the register control elements 46 associated with the
      terminal labels will stop at the line of cut of the blades 35, 36 and
      another register control element 46, one repeat length back of such
      registered control element in the repeat length of web 41, will stop at
      the scanning device 48. This step-by-step registration of two similarly
      located register control elements in the two repeat lengths of label web
      and spaced one repeat length apart, will occur during each period of dwell
      in the feed of the web W. The step-by-step movement imparted to the web by
      the web feeding means is controlled by the scanning means 48, which every
      time a register control mark 46 is scanned thereby causes the sending of a
      signal to the web feeding means to stop the feed of the web. The set of
      knife blades 35, 36 are thereupon automatically operated to sever the
      terminal label 49 from the web. Between the periods of dwell the knife
      signal control elements 47 also will pass by the scanning means 48 and
      cause the latter to send a signal that will effect the unlatching of the
      set of blades 37, 38 so that on the next operation of the two sets of
      blades they will cut double to remove a chip of paper, as has been
      explained. Wherever in the web there is not provided a control element 47
      between two control elements 46 because there is no following increment 44
      or 45 to be removed, there will be no transmitted signal for unlatching
      the blades 37, 38 and the blades 35, 36 only will operate to make a shear
      cut.
PAR  The scanning means 48 performs an additional function through the register
      control elements 46 as the label web travels through the machine. Located
      approximately one repeat length of web in back of the scanning means 48 is
      an imprinter 50 which is positioned so that the same given area portion 51
      of successive labels will come into the field of printing of the imprinter
      50 as the web successively stops because of the registry of the control
      marks 46 with the scanning device 48. When the scanning device 48 sends a
      signal to stop the feed of the web, it simultaneously sends a signal to
      the imprinter 50 causing it to operate to imprint on the area portions 51
      of a label the information that is required to be added to a label at the
      time it is being applied to a container for a given product and which in
      the case of pharmaceutical products may be the batch number of the
      material being packaged, the expiration date for the safe use of such
      material, the date of pckaging, etc. This information is usually applied
      to a label in the form of a code number.
PAR  Considering the aforesaid system of operation as a whole, it may be noted
      that at the start of a cycle of operation of the labeling machine, the
      construction is such that the electrical circuit in which is contained the
      scanning device 48 is switched to the set of blades 37, 38 so that in the
      initial travel of the web through each step-by-step movement thereof from
      a period of dwell, the scanning device 48 will look for a knife control
      element 47 on the label being scanned. If the scanning device detects a
      control element 47 it will send a signal to cause the unlatching of the
      set of blades 37, 38 as aforesaid, and if no control element is detected
      the circuit remains inactive. Shortly after the period in which a control
      element 47 should be detected, if present, on the label being scanned, the
      electrical circuit is switched to control the feed rolls of the feeding
      means and the imprinter 50. When the scanning device now detects a control
      element 46, it will simultaneously stop the feed rolls and actuate the
      imprinter to print a code number on the given area portion 51 of a label
      during the dwell of the web. The circuit is constructed so that if the
      scanning device does not send a signal as a result of its detection of a
      control element 46 within a given period of time after such signal should
      have been received and before the termination of the cycle of operation of
      the machine, the circuit operates to stop the machine.
PAR  The register control elements 46 and the knife control elements 47 are
      provided on the label web W at the time the labels are printed thereon and
      may be in the form of punched holes, or in the form of suitable indicia
      printed on the web. If such control elements are to be in the form of
      punched holes, such holes are provided in the web in a known manner by the
      punching unit 16 of the printing press shown in FIG. 1 of the drawings
      after the labels have been printed on the web and a protective coating has
      been applied to such web.
PAR  If the control elements 46, 47 are to be applied to the web in the form of
      printed indicia, such indicia may be visible to the human eye, or to
      detecting means under ambient light or light of a given wave length, or
      such indicia may be invisible to the human eye or to detecting means under
      ambient light, but visible under a light of a given wave length. Such
      indicia also may be composed of a combination of such visible and
      invisible indicia, and whether visible or invisible as aforesaid may be
      detectable by other means such as optical-electrical and
      magnetic-electrical detecting means. Thus, the indicia may be composed of
      the visible printing inks employed in printing the labels and if such
      indicia does not form a desired part of the printed label itself, the
      latter is preferably located on the label web outside the areas of label
      indicia thereon. Also, and especially in the case of verification, the
      indicia may be composed of characters which form part of the printed label
      and which may readily be recognized optically from the remaining printed
      characters on the label. Further, in accordance with the invention, the
      control elements may be applied to the label web with inks which are
      different from the inks usually employed in printing the labels and have
      characteristics which enable them to be readily distinguished by the
      scanning means from the usual printing inks. For example, it has been
      found that known magnetic or luminescent inks may be employed for these
      purposes. The luminescent ink employed may be in the form of an invisible
      fluorescent ink of a type such as are now available to the art. Inks of
      this type cannot be seen by the human eye in ordinary daylight and may
      therefore be applied anywhere desired on the printed label without regard
      to the label indicia printed thereon. Different kinds of these invisible
      luminescent inks may be recognized by different photo tubes according to
      their spectral sensitivity characteristics and this quality may be taken
      advantage of to use particular luminescent inks for different kinds of
      products. Thus, for a given product a luminescent ink that would emit red
      light could be applied to labels for such product. Accordingly, if labels
      carrying control elements made of a luminescent ink having a different
      spectral characteristic were placed in the machine, the machine could not
      be started and the error in the use of the wrong labels would be detected.
      By this means label verification as well as control of opening
      instrumentalities in the labeling machine can be developed according to
      the requirements desired of the labeling machine in the uses thereof. The
      luminescent ink may also be a visible fluorescent ink of a type such as is
      known to the art. Certain of these inks have the quality of becoming
      invisible when light is excluded and become excited under certain spectral
      wave lengths, such as ultra violet light. It is also possible to use inks
      of the phosphorescent variety to good advantages on the label webs.
PAR  In order to keep visual track of the registration between the visible
      printed inks employed in the label indicia and the control elements made
      of invisible luminescent ink, there may be provided on the label web in
      combination with the invisible control elements, visible elements or marks
      which will enable the press operator to be sure that the invisible mark is
      being printed. This may be accomplished by providing the printing press
      with a split ink fountain arranged to have both the visible and invisible
      inks picked up by the offset plate. Thus, as shown in FIG. 11 of the
      drawings, the offset printing plate 21 picks up from the fountain portion
      55 the invisible ink which is to be used to produce the control elements
      46', 47' on the web W, and picks up from the fountain portion 56 the
      visible ink which is to make up the visible portion of the mark, for
      instance, circles 57 printed along the margin of the web in registration
      with the invisible control elements 46' and 47'. These visible register
      circles may be trimmed off the web in the slitting and rewinding unit 17
      of the press or may be applied to portions of the web which are to be cut
      out when the labels are severed therefrom in the label machine. As the
      labels are being printed with the invisible inks they should be regularly
      examined by an ultra-violet light testing device attached to the printing
      press so that the effectiveness of the register mark can be checked out at
      the time of the printing. This can be done on a stroboscopic basis with
      the testing device movable over the printing range so that the labels can
      be checked out during the run. In order to get the stroboscopic light to
      function properly when the labels are not uniformly spaced, the light must
      be triggered by the register marks 46. This means that the register marks
      46 and the knife action marks 47 must be in different channels for this
      purpose.
PAR  The scanning device which may be employed for labels having punched holes
      preferably is an electronic pick-up device of the "look through" type in
      which the detecting beam of light passes through a punched hole to a
      receiver as the hole comes into registry with the device. Scanning devices
      of the reflective type may be employed when the control elements are
      printed on the web. When using the type of verification indicated in FIG.
      18 of the drawings, the "look through" type of scanning is the simplest
      approach because the ink spots will always be located on clear, unprinted
      portions of the paper, i.e., no opaque inks will be printed in the areas
      used to print such verification spots or control marks. It has also been
      found, that in the use of luminescent inks which are to be detected by
      their spectral characteristics, the "look through" type of scanning device
      can be used to best advantage in connection with labeling machines. In
      this method of detection for invisible control elements, the light source
      for generating the particular wave length desired for a given type of
      luminescent ink is on the side of the web on which the luminescent ink is
      printed, and pick-up tube having the necessary qualities to receive the
      light passing through the paper is located on the other side of the web so
      that the control elements pass between such source and tube. When printing
      the control element to be used in connection with the "look through"
      method of detection, it is desirable to print the invisible ink on a
      portion of the label where no substantial portion of the visible opaque
      inks used in printing the label indicia overlap the control element. It
      has been found practical to make the size of the control element
      approximately 3/32 inch .times. 1/2 inch, the 1/2 inch dimension being
      preferably across the direction of movement of the web.
PAR  FIG. 12 of the drawings illustrates a scanning device that has been found
      particularly advantageous in scanning luminescent control elements by the
      aforesaid "look through" procedure. This scanning device includes a
      box-like base 60, to the top wall of which, is pivotally connected by
      means of a hinge 61, a box-like cover 62. The bottom of the cover 62 is
      open and the end walls thereof are provided with slots 63 through which
      the label web W passes in its feed through the label machine. As the web
      travels through the scanning device, it rests on the top wall of base 60
      which is provided with an opening of larger area than that of the
      luminescent control elements 64 provided on the label web. Mounted in the
      cover 62 above such opening is a bulb 65 for creating the spectral light
      beams of the desired wave length, for example, ultra-violet light. The
      light beams created by the bulb 65 are directed through a lense 66 which
      concentrates the beams into an area substantially equal to the area of the
      control elements 64 and causes a control element coming into registry
      therewith to visibly glow. The visible light created by the ultra-violet
      light passing through a luminescent control element 64 passes through the
      paper of the web and through the opening in the top wall of the base 60,
      and is picked up by a receiver of phototube 67 located in the base 60 and
      contained in a metal cylinder 68 provided with an opening 69 to permit the
      passage of such visible light to the receiver. The interior walls of the
      base 60 are painted black and the construction of the base and cover is
      such that substantially all ambient light is prevented from entering into
      the interior of the scanning device. Power for the bulb 65 and the
      phototube 67 is supplied from a power supply box 70 which also amplifies
      the signal received from the phototube 67 and sends it to a solenoid such
      as the solenoids 71 and 110 provided in the label machine construction
      shown in FIG. 13 of the drawings.
PAR  FIG. 13 of the drawing shows by way of example the invention herein
      embodied in a label machine essentially similar in construction to the
      labeling machines described and illustrated in the Van Hofe Pats.
      2,525,741, issued Oct. 10, 1950 and 3,140,214 issued July 7, 1964. Like
      the machines of the aforesaid patents, the instant machine includes a
      conveyor for advancing the containers, such as the bottles 75, in single
      file to the right, as viewed in FIG. 13, and past the label applying
      station 76 in the machine at which the labels L are applied to the
      bottles. The labels are applied to the bottles from an endless conveyor or
      drum 77 which carries the labels to such station. The labels are fed to
      the drum 77 from a single source or roll 78 through a pick-up mechanism
      which comprises a rotatable cylinder 79 and which transfers the labels to
      the drum 77 at a transfer station 80. The drum 77 and cylinder 79 are
      essentially similar in construction to the corresponding drum and cylinder
      in the apparatus shown in the aforesaid Von Hofe patents and cooperate in
      the same manner to transmit, ready and apply the labels to the bottles.
      The attachment of the labels to the bottles is completed in the same
      manner disclosed in the aforesaid patents.
PAR  As in the labeling apparatus shown in the aforesaid patents, the drum 77 is
      rotated continuously by mechanism which includes a driven vertical shaft
      83 and which has connected thereto a gear 84 that meshes with and
      continuously drives a bevel gear 85 provided on one end of a rotatable
      shaft 86. Affixed to the other end of shaft 86 is a gear 87 which
      drivingly engages a gear 88 secured to a horizontal cam shaft 89. Mounted
      on one end of shaft 89 is a cylindrically-shaped cam 90 which is connected
      to and is designed to drive the cylinder 79 with an intermittent
      rotational movement. The continuously rotating cam shaft 89 is also
      provided with a cam 91 to the strap of which is connected the lower end of
      a link 92 and which advances and retracts such link vertically as the
      shaft 89 rotates to swing a vacuum label transfer device 93 about a
      pivotal axis 94. The label transfer device 93 receives a severed label L
      from the cutting mechanism generally designated 95 and transfers it to the
      cylinder 79 in the manner indicated by the arrow 96.
PAR  The continuously rotating cam shaft 89 is provided with a second cam 100
      which is connected by links 101, 102 to one end of the cutting blades 35
      mounted for pivotal movement on a shaft 103 that is secured in a given
      position for a particular operation of the machine. As has been previously
      described the blade 35 cooperates with a cutting blade 36 to sever the
      label web W whenever blade 35 is actuated by the cam 100 through the links
      101 and 102. As has also been described, the set of blades 35, 36 have
      associated therewith a set of blades 37, 38 which are mounted for movement
      as a unit along the direction of travel of the web to adjust for different
      widths of cut. To accomplish this adjustment, blade 37 which is slidably
      mounted on the pivot shaft 103, is moved in one direction or the other on
      such shaft 103 through a manually operable micrometer device 104 which is
      also utilized to secure the blades in adjusted position for cutting out of
      the web the increments 44 provided therein (compare the web shown in FIGS.
      10 and 13). The set of blades 35, 36 and 37, 38 in their adjusted relation
      are movable as a unit along the length of the web to vary the bottom
      portion of the label on the article to which it is applied. The operation
      of the pivotal blade 37 of the set is controlled by a latch 105 which
      normally engages with a lug 106 provided on the end of blade 37 to prevent
      pivotal movement of such blade about the pivot shaft 103. The latch 105 is
      pivotally mounted on a fixed shaft 107 and is provided with an arm 108
      connected by a link to a solenoid 110. The solenoid is connected by wiring
      111 to the power supply box 70. It will be understood from the previous
      description that, when in a cycle of operation of the machine, the
      electrical circuit is switched to control the knife and a signal is
      received by the power supply box 70 from the phototube 67 of the scanning
      device as a result of a knife control element 47 in FIG. 10 passing
      through the ultraviolet light beams projected toward the label web, such
      signal is amplified in the power supply box 70 and sent through the wires
      111 to solenoid 110 causing it to pull down link 109 and pivot latch 105
      about pivot shaft 107 to the right, as viewed in FIG. 13, to its unlatched
      position, thereby releasing blade 37. Blade 37 is connected to blade 35 by
      a spring 112 which is sufficiently strong to pivot blade 37 to cut the
      label web when blade 35 is actuated to perform its cutting operation. This
      simultaneous cutting action of blades 35 and 37 will cut an increment 44
      from the web and sever the leading or terminal label from the web. After a
      given time interval solenoid 111 is deenergized and latch 105 swings back
      into engagement with the lug 106 under the influence of spring 113 to
      render the set of blades 37, 38 inoperative until the next knife control
      element is detected by the scanning device 48.
PAR  The continuously rotating can shaft 89 is provided with a third cam 115
      which is adjustably connected by a link 116 to one arm of a lever 117
      mounted for oscillating movement about the axis of a shaft 118. The other
      arm of lever 117 is connected to the lower end of a rack 119 engaged with
      a pinion 120 provided on the shaft 121 of a driven web feed roll 122. It
      will thus be understood that as cam shaft 89 continuously rotates feed
      roll 122 will be rotatably reciprocated through cam 115, lever 117, rack
      119 and pinion 120. When the feed roll 122 is rotated in the direction of
      feed of the web W, its associated feed roll 123 will be closed or engaged
      therewith to draw the label web from the supply roll 78 and advance it
      toward the cutting mechanism as indicated by the arrow 124. The periods of
      dwell in the tape are attained by withdrawing the feed roll 123 from
      cooperative engagement with roll 122 and during such periods roll 122 will
      be rotated in the opposite direction. The feed roll 123 is rotatably
      supported on a pair of arms 125 secured to a shaft 126. One of the arms
      125 is L-shaped and connected by a link 127 to the armature of the
      solenoid 71 which is connected by electric wiring 128 to the power box 70
      and which, as has been previously described, is actuated by a signal from
      the power box to lift the feed roll 123 every time a register control
      element 46 in FIG. 10 comes into registry with the scanning device 48. As
      has previously been indicated, the power box 70 contains electrical and/or
      mechanical means in a manner known to the art for switching the electrical
      circuit at given intervals so that signals transmitted thereto by the
      scanning device as a result of reading either a control element 46 or a
      control element 47, will be used to control either the roll feed solenoid
      71 or the knife control solenoid 110, respectively. As has been previously
      indicated, any form of scanning device suitable for scanning the
      particular control elements that are provided on the web may be used, and
      by way of example, there has been shown in the construction of FIG. 13,
      the scanning device of FIG. 12 which, as has bben described, has been
      designed in accordance with the invention to control the advancement and
      cutting of a label web W provided with luminescent control elements.
PAR  While in the showing of FIG. 13, the upper blades 35, 37 are illustrated as
      the blades that are actuated to perform the cutting operations, it will be
      understood that the construction may be modified to have the blades 36, 38
      actuated to perform such operations as is illustrated in FIGS. 4-9 of the
      drawings. Also when the increments to be cut out of the label web by the
      two sets of blades are relatively large due to the widening of the gap
      between such two sets of blades, a problem arises in connectoin with the
      feed of the label web, namely, the tendency of the severed end of the web
      to drop into the space between the two sets of blades on the next advance
      movement of the web. This problem is solved in accordance with the
      invention by providing a removable web supporting plate between the lower
      blades 36, 38 of the two sets thereof. Thus, as is shown in FIGS. 8 and 9,
      the removable plate 130 may be located between the spaced actuatable
      blades 36, 38 so that its upper surface supports the label web in its path
      of feed. The upper surface of plate 130 has a width approximately equal to
      the width of the space between the blades 36, 38 and may remain stationary
      during the operations of such blades; the cut chips 31' being removed
      upwardly between the blades 35, 37 with the aid of vacuum as shown in FIG.
      7. As is shown in FIGS. 14 to 17 of the drawings, the plate 130' may be
      associated with stationary blades 36', 38' or die members which cooperate
      to support the label web W in its feed between the two sets of cutting
      devices as is shown in FIG. 14 of the drawings. Preferably, also, the
      plate 130' is provided with suction passages 131 which are connected to a
      source of suction composed of a valve operable in a manner known to the
      art to control the vacuum in such plate passages 131. The plate 130' is in
      the nature of a movably mounted finger and is associated with means to
      move such finger from a raised position in which it is supporting the
      label web (FIG. 14) to a depressed or retracted position in which such
      finger is located in a vacuum tube 132 connected to said source of suction
      so that the vacuum therein is continuous. The finger or plate 130' moves
      through an opening 133 in the tube 132 and is formed to close such opening
      in the raised position of finger 130'. It will be thus understood, that
      when the finger 130' is in its raised position its upper surface and the
      upper surfaces of the dies 36', 38' will be in alignment to support the
      label web in its feed to advance the terminal label 49 into proper
      registration with the cutting mechanism. During such feed of the web,
      suction will be cut off to the finger 130' and the vacuum tube 132 will be
      sealed by such finger so that the label web will not be disturbed in its
      feeding movement. When the label 49 is properly registered and the cutting
      mechanism operated as previously described and as is shown in FIG. 15 to
      cut the increment 31' from the web, the passages 131 in the finger 130'
      will be connected to the source of suction so that the increment is
      secured by vacuum to the finger 130'. As the blades 35, 37 raise, the
      finger 130' is lowered into the vacuum tube 132 pulling the severed
      increment 31' into the vacuum tube as shown in FIG. 16 of the drawings.
      The suction to finger 130' is then cut off, enabling the severed increment
      31' to float off in the vacuum tube 132 which removes it from the machine.
      The severed label will be transferred by the vacuum device 93 to the
      feeding cylinder 79 in the manner previously explained. The finger 130'
      with the vacuum cut off will then be raised to assist the leading end of
      the label web in its feed across the gap as shown in FIG. 17 of the
      drawings.
PAR  FIG. 18 of the drawings illustrates another arrangement of the control
      elements 46, 47 and the manner in which the space increments 44 of FIG. 10
      may be employed for the location of the label verification marks whether
      constituted of punched holes, or of a visible, or invisible ink. The strip
      of web shown in FIG. 18 includes as in FIG. 10 of the drawings, two repeat
      lengths 40 and 41 each provided with five labels 42, 42' and 43, 43'
      respectively. Associated with each label along one longitudinal edge of
      the web is a control element 46 for controlling the registration of the
      labels with the knife blades. The control elements 47 for controlling the
      operation of the knife blades are located along the other longitudinal
      edge of the web. The increment areas 44' and 45' of the repeat lengths 40
      and 41, respectively, and the increment areas 44", 45" of such repeat
      lengths, respectively, are utilized for the location of the label
      verification marks 144, 145, respectively. It will be noted that there is
      one mark 144 and one mark 145 in each repeat length of the web and that
      the marks 144 and 145 are offset longitudinally. Accordingly, all of the
      labels in each repeat length can be verified by scanning the two marks in
      each repeat length and both of such marks must be scanned in order to
      provide proper verification. The + marks 146 in the increment areas 44',
      44", 45', and 45" indicate other possible positions in which the verifying
      control elements or symbols may be located in such areas. Located in
      alignment with the control elements 47 is a control element 147 in each
      repeat length 40 and 41 for triggering the verifying device to read both
      increment areas in each repeat length simultaneously. Inasmuch as the
      control marks 144 and 145 are offset longitudinally the verifying device
      will be provided with two electric eyes for the reading of such marks.
PAR  It will be understood from the foregoing, that as the web W is fed in a
      step-by-step fashion to the left as viewed in FIG. 18, the control
      elements 46 will be scanned by one electric eye which will control the
      feed of the web to cause the trailing edges of the terminal labels to stop
      at the line of cut of the cutting blades. Another electric eye will scan
      the control elements 47 to effect the unlatching of the set of blades 37,
      38 to cut away the increments 44', 44", 45', 45", etc. This second
      electric eye will also scan the mark 147 provided on each repeat length of
      web to cause the two electric eyes provided to read the marks 144 and 145,
      to read the latter simultaneously before the first increment 44' or 45" is
      cut out by the set of blades. As only one of these control marks 147
      occurs in every repeat length of the web, the two electric eyes in the
      verification scanner must be triggered to read such marks 144, 145 just
      after the knife electric eye gets the signal from the armk 47 associated
      with the first increment 44' or 45' in the repeat length that is coming
      up. If the two verification eyes find the marks 144 and 145 the machine
      will continue its normal operations. Should the marks or control elements
      144 and 145 not be found by the verification device, the means associated
      therewith will operate to stop the machine. The second knife control
      elements 47 associated with the increments 44" and 45" do not have a
      verifying control element associated therewith so that the verification
      scanner will not be readied for operation after such scanned elements 47
      have been read. The above referred to four electrical eyes, or other
      scanning means, such as the scanning means shown in FIG. 12 of the
      drawings, may be contained in a single scanning device 48 and instead of
      utilizing an electrical circuit switching means in the power box 70, the
      electrical circuit of the latter may be constructed in a known manner, to
      send the amplified electrical impulses from the scanning means associated
      with the control elements 46 directly to the roll feed solenoid 71, to
      seal the amplified electrical impulses from the scanning means associated
      with the control elements 47 and 147 directly to the knife solenoid 110,
      and to send the amplified impulses resulting from the combined readings of
      the verification marks 144 and 145 by the two scanning means associated
      therewith, to either the roll feed solenoid 71, or to a switch controlling
      the motor circuit, or to a light or sound signal, such switch, light, or
      sound device being indicated generally in FIG. 13 of the drawings by the
      reference numeral 71'.
PAR  When the control or verification marks are constituted of magnetic ink, the
      scanning device 48 is preferably constituted of one or more magnetic
      detectors, their number depending on whether such marks are contained in
      one or more lines extending longitudinally of the label web. As is shown
      in FIG. 19 of the drawings, the scanning device may include a base 150
      over which the web W is drawn in the direction of the arrows between two
      side guides 151 for maintaining the moving web in proper registry with the
      magnetic detector or detectors. A pole piece 152 in the form of a
      permanent magnet is arranged to overlie one or more longitudinal lines of
      marks on the web in position with respect to the web so that as the latter
      passes therebeneath the magnetic ink in the characters or marks 156
      constituted thereof will become magnetized. The web then passes beneath a
      split-ring-shaped highly permeable magnetic core 153 having a coil 154
      wound around its central portion. The coil 154 is connected to the power
      supply box 70. It will be understood that as the magnetized ink material
      in a control or verifying character or mark passes by the narrow space
      between the legs of the core 153 in the feed of the label web, the lines
      of force created by the coil 154 will be disturbed to the extent that an
      electrical pulse is created. This pulse is conducted to the power box 70
      where it is amplified and then transmitted by the wires 155 to a suitable
      device, such as the solenoids 71 or 110 or the motor circuit switch, or
      signal device 71'.
PAR  When the labels are printed so that they can be checked by optical
      character recognition as previously indicated, it is necessary to utilize
      a still different type of scanning device. It might be pointed out at this
      time, that this method enables the checking of the labels without the
      necessity of applying to the labels verification control elements or
      special coding characters and of maintaining complicated and costly
      records of the different coding systems used. For instance, as is
      indicated in FIG. 20 of the drawings, if a production line in a
      pharmaceutical plant is putting out a product that varies only in the
      strength of solution, say 5%, 10% and 15% solutions, the labeling machine
      may be set up to optically recognize in the first instance the character
      5, and in the second instance the character 10, and in the third instance
      the character 15. Thus, if by any chance the labels become mixed in a
      roll, the labeling machine would be arranged to shut down if it had been
      set to recognize the character 5 and 10 or 15  appeared. In those labels
      that do not bear a simple numeral to scan, the optical character
      recognizer could be set to read the title of the label, such as the term
      "Aspirin." If by chance an "Acetanilide" label, or any label that did not
      carry the term "Aspirin" in the particular font of type used on the
      particular "Aspirin" label, became spliced in the label roll, the machine
      would be shut down, or the operator's attention would be called in any
      desired manner to the fact that something is amiss with the labels. Also
      the amount of the label which the optical character recognizer or scanner
      would be arranged to recognize will depend to some extent on the type of
      material being labeled and the various ways in which it is packaged. For
      instance, Aspirin is packaged in various flavors, varying weights, and
      different quantities. Accordingly, it becomes necessary to have the
      scanner include other portions or the whole of the label in its operation.
      For example, the scanner might be set to recognize the word "Aspirin" in a
      given size and font of type, the weight of a tablet might be set as a
      number of a given size and font of type, and the characters indicating the
      flavor and quantity of the tablets in a container might also be set up in
      given sizes and fonts of type.
PAR  Considering now the disclosures of FIGS. 20 and 21 of the drawings, FIG. 20
      shows a label web W having labels provided with the previously discussed
      register control elements 46 to control the feed of the web so that the
      labels will properly register with the cutting mechanism in the
      step-by-step feed of the web, as has been explained. The labels shown are
      for containers filled with a 5% saline solution, but through inadvertance,
      one label for a 10% saline solution has been spliced in the roll. The
      scanning unit has been arranged to scan the area occupied by "Saline
      Solution 5%" and to recognize these particular characters, so that when it
      scans the area occupied by "Saline Solution 10%" it will reject "10%" as
      an unrecognizable character and call the attention of the operator to this
      discrepency in the manner above indicated.
PAR  The scanning device employed for this purpose may be constructed to employ
      any one of the several optical-electronic systems now used in the optical
      processing of records, checks, bills, etc. Generally, as shown in FIG. 21
      of the drawings, such a device would include a label web support 150 and
      side guides 151 (note FIG. 19) to properly register the labels with the
      scanning tube 160. The tube 160 may be a known type of electronic scanning
      tube known as a vidicon and capable of optically scanning the area of the
      labels containing the characters "Saline Solution 5%". The vidicon is
      connected by electric wiring 161 to a comparator 162 of known construction
      and known as an image orthocon. The comparator contains a scanning tube
      arranged by the acid of electronic oscillators in a known manner, to scan
      in synchronism with the tube 160 a master label 163 which is a correct
      copy of the labels in the web W being checked and which is preferably
      placed face down on the top of the comparator, as indicated. In the event
      there is any different between the label in the web W, as in the case of
      the label marked "10%", and the master copy 163, a pulse is sent out
      through the output wires 164 to cause the actuation of the roll feed
      solenoid 71 or a motor circuit switch and/or signal device as indicated in
      FIG. 13 by the numeral 71'.
PAR  FIG. 21 of the drawings also illustrates additional features of the
      invention relating to the use of counting devices in the verifying
      circuit. Due to the ever increasing controls being applied by the drug
      manufacturer in an effort to eliminate errors as well as to prevent the
      pilfering of genuine labels from a reputable drug manufacturer and the
      risk of getting them into the hands of people working outside the pale of
      government control, it is necessary to keep an accurate count on every
      label issued by the label control group to the manufacturing floor. In
      order to exercise this type of control it has been found necessary to
      issue a counted roll of labels and to keep a constant check on the number
      of such labels as they are being used in the labeling machine. This check
      on the number of labels must cover not only the labels that were verified
      and used, but also the number of labels that were rejected.
PAR  Further, in the practical operation of a labeling machine it has been found
      that it is not always advisable to shut the machine down when a label has
      been rejected. This is especially true on very high speed lines. In such
      instances, in accordance with the invention, the verifying mechanism is so
      arranged that the labeling machine continues to run when a label has been
      rejected, but the signal is given to the attention of the labeling machine
      attendant who visually searches for the rejected label attached to a
      labeled article. In order to faciliate finding the rejected label the
      invention further contemplates providing means to mark the rejected label
      so that it can be readily distinguished from the rest of the labels, as
      will hereinafter be more fully explained.
PAR  To keep track of the labels scanned, the invention contemplates
      incorporating in the control circuit for the comparator 162 shown in FIG.
      21 of the drawings, leads 165 connected to an electrically operated
      counter 166. This connection is such that when a label is brought to a
      pause in the step-by-step feed thereof under the control of the elements
      46, a pulse is transmitted from the comparator 162 to the counter 166 to
      cause the latter to advance one count. This counter 166 therefore keeps
      track of the number of labels which are scanned during the production run.
      However, in the scanning process it may be found that certain of the
      labels are not recognizable by the comparator 162. This will result in the
      comparator sending a pulse into the wires 164 which, as has been
      previously explained, may either signal the attendant in any suitable
      manner, as by the signal device 71' in FIG. 13, or actuate a device in the
      labeling machine to control its operation. This pulse is also transmitted
      to wires 167 which in turn activates a counting device 168 for keeping
      track of the number of rejected labels. At the end of the run therefore,
      the attendant will have a reading of the total number of labels scanned
      and the total number of labels rejected, which numbers will give by
      subtracting the one from the other, the total number of labels or finished
      articles. Also by subtracting the total number of labels used from the
      quantity issued by the control group, the number left on the roll can be
      arrived at. The label control group then checks the number of returned
      labels, and if all totals check out the labels are completely accounted
      for.
PAR  The means provided in accordance with the invention to identify rejected
      labels so they can readily be found by the labeling machine attendant, is
      also shown in FIG. 21 of the drawings. As shown, such mechanism includes a
      solenoid 170 connected to the wires 164 which carry the signal that a
      label is rejected, by another pair of wires 169. The core 171 of the
      solenoid is connected to a movable lever 172 which is pivoted on a shaft
      178 that is in turn mounted on a fixed bracket 177 attached to a part of
      the labeling machine. Mounted on an arm of the level 172 is an aniline
      marking pencil 176 of a color that will be different from the colors used
      in printing the labels, so that any mark made by the pencil 176 will be
      readily discernible. Also attached to the lever 172 is a spring pin 173 to
      which is attached one end of a tension spring 174, the other end of which
      is hooked in an eyebolt 175 mounted on a fixed part of the labeling
      machine.
PAR  From the forgoing, it will be understood that when the scanning tube 160 is
      called upon to scan a label that has been presented to such tube, the
      comparator 162 sends a pulse to the wires 165. Should a label be presented
      to the tube 160 that is not recognizable by the comparator 162 a second
      pulse is transmitted to the wires 164, 167 and 169. We have already
      explained the action of the pulse in wires 164 and 167. The pulse in the
      wires 169 will energize the solenoid 170 causing the core 171 to be moved
      and thereby rotating the lever 172 against the pull of the spring 174 to
      force the tip of the aniline ink pencil 176 into contact with the rejected
      label to put an identifying mark on the rejected label. As soon as the
      pulse dies and the solenoid is deenergized, the spring 174 will return the
      aniline ink pencil 176 to its normal retracted position in which is out of
      contact with the label web. As previously explained, the distinguishing
      mark placed on the rejected label by the pencil 176 will readily be
      recognized by the operator whose attention has been called to the
      existence of such a label by the operated signal. While I have hereinabove
      described and illustrated in the accompanying drawings a preferred
      embodiment of my invention, it will be apparent to those skilled in the
      art that various changes may be made therein without departing from the
      spirit of the invention and that certain of the features thereof may be
      employed to control means in a labeling machine other than the feeding and
      cutting means described. Thus, the control elements and scanning means
      described may be employed solely for label verification and may be
      utilized for this purpose to control the operation of the labeling
      machine, or even with mechanism other than a labeling machine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of labeling containers for a given product, which comprises
      feeding toward the place for application of the labels to the containers,
      a continuous length of label web having visibly printed .[.thereon.].
      .Iadd.on one side thereof .Iaddend.labels .[.for.]. such given product and
      having .Iadd.on said one web side .Iaddend.in association with each of
      such labels at given localized areas of the web a control element
      .Iadd.which in such area distinguishes such label from labels of the same
      size for other products, said control element being .Iaddend.employed in
      printing the label indicia and having .[.an.]. .Iadd.a visibly
      .Iaddend.but detectable characteristic peculiar to such ink, and as such
      label web is moving toward the place of label application exposing
      .Iadd.said labeled one side of .Iaddend.the web to scanning means capable
      of detecting the control elements .Iadd.apart from the label indicia
      .Iaddend.through the peculiar characteristic of the ink forming such
      control elements and upon detection thereof creating control signals, and
      utilizing such control signals to exert at a place in the path of movement
      of the labels beyond the place where said control elements are detected, a
      selective controlling action on the labels resulting in a sorting of the
      labels having such control elements thereon from labels not provided with
      such control elements.
NUM  2.
PAR  2. The method of labeling containers for a given product, which comprises
      feeding toward the place for application of the labels to such containers,
      a continuous length of label web having provided thereon given repeat
      lengths of labels with certain of the adjacent labels on said label web
      being in abutting relation and others of the adjacent labels on said label
      web being spaced by equal increments, and said label web having provided
      thereon a first control element associated with each of said labels and a
      second control element associated with each of said increments,
      successively scanning said first and second control elements in the order
      in which they appear on the label web in the feed of the web toward said
      place of label web in the feed of the web toward said place of label
      application and generating a control signal for each control element
      detected by said scanning means, using the control signals created by
      detecting said first control elements to successively register the
      trailing ends of the terminal labels on the web with a first label cutting
      means by control of said web feeding operation, and using the control
      signals created by detecting said second control elements to render
      operable a second label cutting means positioned relative to said first
      cutting means to cut the trailing end of any increment connected to the
      trailing end of a terminal label registered with said first cutting means,
      and transferring the severed labels to the place for application thereof
      to the containers for the given product.
NUM  3.
PAR  3. The method of labeling containers for a given product, which comprises
      feeding toward the place of application of the labels to the containers
      carrying such product, a continuous length of label web having printed
      thereon labels for such given product, a portion at least of the printed
      material of each label containing characters optically recognizable,
      .Iadd.and distinguishing such label from labels of the same size for other
      products, .Iaddend.and as such web progresses toward the place of label
      application exposing the web to a scanning means capable of optically
      verifying the characters in each label to be recognized .Iadd.as
      distinguishing such label from labels of the same size for other products
      apart from the remaining printed material on such label.Iaddend., and
      depending upon such verification thereof creating control signals,
      utilizing such control signals to exert at a place beyond the place where
      such characters have been verified, a selective controlling action on the
      labels resulting in a sorting of the labels having such verifiable
      characters from labels not provided with such characters, successively
      severing from the web those labels which have been optically recognized,
      and transferring the severed labels to the place for application thereof
      to the containers for the given product.
NUM  4.
PAR  4. The method of labeling pharmaceutical products comprising the following
      steps, printing on a continuous web repeat lengths of labels for a given
      product containing the specifications of the product in recognizable
      characters, winding the printed web into a roll and .[.visually.].
      examining the printed individual labels to detect printed labels that are
      not up to a set standard of printing, cutting the continuous web and
      removing the substandard labels from the web together with all labels
      which are associated therewith in at least one repeat length so that the
      labels in the remaining cut ends of the web will, when such ends are
      spliced, form one complete repeat length, splicing the remaining web ends
      to form such complete repeat length, rewinding the spliced web into a
      roll, placing the roll of spliced labels in a labeling machine, preparing
      the labeling machine to accept labels bearing the specifications in the
      recognizable characters used, advancing the web in the labeling machine,
      presenting a container containing the pharmaceutical product to be
      labeled, scanning the labels on the web one at a time for acceptable
      specifications and depending upon the acceptableness thereof creating
      control signals, severing an acceptable label from the web and applying
      the severed label to the container when a label is presented that checks
      out as a label bearing the specification in recognizable characters for
      which the labeling machine was prepared to accept, and utilizing such
      control signals beyond the place where the label specifications are
      scanned to exert a selective controlling action whenever a label is
      presented the characters of which are not recognizable as they are scanned
      to cause a sorting of the labels preventing the passing of unacceptably
      labeled products.
NUM  5.
PAR  5. The method of labeling containers for a given product, which comprises
      feeding toward the place for application of the labels to such containers,
      a continuous length of label web having provided thereon given repeat
      lengths of labels with certain of the adjacent labels in each repeat
      length being in given spaced relation and other labels in such repeat
      length being differently positioned relative to labels adjacent thereto
      and said label web having certain control elements associated with each of
      the labels in each of such repeat lengths and other control elements
      located at positions dependent on the spacing between certain of the
      adjacent labels in such repeat lengths, locating means for scanning the
      control elements in back of the web severing means a distance at least
      equal to one repeat length of the web, successively scanning each of the
      control elements in the order in which they appear on the label web in the
      feed of the web toward the severing means and said place of label
      application and generating a signal for each control element detected by
      such scanning means then utilizing such successive signals to selectively
      apply to the web a similar number of severing cuts in single and multiple
      relation dependent on the different spacings of the labels to successively
      sever the leading scanned labels therefrom so that they are all of the
      same size irrespective of their relation on the web, and transferring the
      severed labels to the place for application thereof to the containers for
      the given product.
NUM  6.
PAR  6. In a label machine, feed means for feeding through the machine a
      continuous length of label web having printed .[.thereon.]. .Iadd.on one
      side thereof .Iaddend.labels for containers of a given product and a
      control element in association with each of such labels, the label indicia
      .Iadd.being peculiar to such given product and .Iaddend.being printed with
      visible ink, and the control elements being .Iadd.located at given
      localized areas of the web and in such areas distinguishing such labels
      from labels of the same size for other products, and the control elements
      being .Iaddend.printed with ink different from that of the label indicia
      and having an unapparent, but detectable characteristic peculiar to such
      ink, means constructed and arranged to scan the web for such control
      elements at a place along the path of feed of the label web and including
      means capable of detecting the control elements .Iadd.apart from the label
      indicia .Iaddend.through said peculiar characteristic of the ink forming
      such control elements and dependent upon detection thereof creating
      control signals, a selectively operable device located beyond the place
      where said control elements are detected for exerting a selective
      controlling action on the labels resulting in a sorting of the labels
      having such control elements thereon from labels not provided with such
      control elements, means controlled by said control signals for selectively
      operating said operable device, cutting means for severing labels from the
      web, and transfer means for transferring labels severed by said cutting
      means to a place for application of such labels to said containers.
NUM  7.
PAR  7. In a label machine, feed means for feeding through the machine a
      continuous length of label web having provided thereon given repeat
      lengths of labels with certain of the adjacent labels on said web being in
      abutting relation and others of the adjacent labels on said web being
      spaced by equal increments, and said label web having provided thereon a
      first control element associated with each of said labels and a second
      control element associated with each of said increments, scanning means
      constructed and arranged to scan the web for said first and second control
      elements and including means automatically operative to generate a control
      signal for each control element detected by said scanning means, a first
      label cutting means for applying severing cuts to the web, a second
      cutting means for applying a severing cut to the web a distance spaced in
      back of the line of cut of said first label cutting means equal to the
      width of one of said increments, means controlled by the control signals
      created by detecting said first control elements to cause said feeding
      means to successively register the trailing ends of the terminal labels on
      the web with the line of cut of said first label cutting means, means
      controlled by the control signals created by detecting said second control
      elements to render said second cutting means operable to cut the trailing
      end of any increment connected to the trailing end of a terminal label
      registered with said first cutting means, and means for transferring the
      severed labels to the place for application thereof to the containers for
      the given product.
NUM  8.
PAR  8. In a label machine as defined in claim 7, in which said first cutting
      means is secured in a given position relative to the line of feed of the
      label web for a given size of label, and including means supporting said
      second cutting means for movement relative to said first cutting means
      along the line of feed of the label web.
NUM  9.
PAR  9. In a label machine as defined in claim 7, including means for
      automatically operating said first cutting means in each cycle of
      operation of the machine, latching means normally rendering said second
      cutting means inoperative, said means controlled by the control signals
      created by said second control elements controlling said latching means,
      and means connecting said second cutting means in its operable condition
      to said operating means whereby the latter simultaneously actuate said
      first and second cutting means in the operable condition of said second
      cutting means.
NUM  10.
PAR  10. In a label machine as defined in claim 7, in which said scanning means
      is spaced in back of said cutting means at least one repeat length of said
      label web, and including printing means positioned in back of said cutting
      means more than one repeat length of said label web and so located
      relative to the labels on such repeat lengths as to come into register
      successively with the same given portion of successive labels on the web
      on registration of the terminal labels with said first cutting means, and
      means operable to actuate said printing means to print on a given label
      portion registered therewith, said operable means being operated by a
      signal from said scanning means wherenever the latter detects one of said
      first control elements.
NUM  11.
PAR  11. In a label machine as defined in claim 7, including pneumatic means
      positioned between said first and second cutting means to remove an
      increment cut from the label web by such two cutting means.
NUM  12.
PAR  12. In a label machine as defined in claim 7, including web supporting
      means located between said first and second cutting means and operable to
      support the leading end of the web in its movement across the space
      between said cutting means after a cutting operation by said second
      cutting means.
NUM  13.
PAR  13. In a label machine as defined in claim 12, in which said web supporting
      means is movable between said first and second cutting means to transfer a
      severed increment from its position for discharge thereof, and pneumatic
      means coacting with said movable web supporting means to remove from the
      machine the severed increment on such means.
NUM  14.
PAR  14. In a label machine as defined in claim 7, in which said scanning means
      is spaced in back of said cutting means at least one repeat length of the
      label web.
NUM  15.
PAR  15. In a label machine, feed means for feeding through the machine a
      continuous length of label web having provided thereon given repeat
      lengths of labels for containers of a particular product and with at least
      two successive labels in each repeat length separated by an increment of
      web material to be removed from the web, and said label web having
      provided thereon a first control element associated with each of said
      labels, a second control element associated with each of said increments,
      and a third control element located in a given location within each of
      said increments and constituting a label verifying mark for all of the
      labels in the repeat length containing such increment, scanning means
      constructed and arranged to scan the web for each of said control
      elements, a first label cutting means for applying severing cuts to the
      web, a second cutting means for removing said increments from the web, a
      first means operated by said scanning means on detection thereby of said
      first control elements to cause said feeding means to successively
      register the trailing ends of the terminal labels on the web with the line
      of cut of said first label cutting means, a second means operated by said
      scanning means on detection thereby of said second control elements to
      render said second cutting means operable to remove said increments and
      the third control elements located thereon, and third means operated by
      said scanning means to render said label machine inoperative to apply
      labels when said scanning means finds an increment without a properly
      located third control element, and means for transferring the labels
      severed by said cutting means to a place of application to containers.
NUM  16.
PAR  16. In a label machine, feed means for feeding through the machine a
      continuous length of label web having provided thereon repeat lengths of
      labels for containers of a particular product and with at least two
      increments of web material to be removed from the web separating
      successive labels in each repeat length, and said label web having
      provided thereon a first control element associated with each of said
      labels, a second control element associated with each of said increments,
      and third control elements located in given locations within each of said
      increments, the third control elements within said two increments in each
      repeat length being located to provide a combination unique with respect
      to the particular labels in such repeat length for said product and
      different from such a combination for labels for a different product, a
      first label cutting means for applying severing cuts to the web, a second
      cutting means for removing said increments from the web, a first means
      operated by said scanning means on detection thereby of said first control
      elements to cause said feeding means to successively register the trailing
      ends of the terminal labels on the web with the line of cut of said first
      label cutting means, a second means operated by said scanning means on
      detection thereby of said second control elements to render said second
      cutting means operable to remove said increments and the third control
      elements located thereon, and third means operated by said scanning means
      to render said label machine inoperative to apply labels when the
      combination of third control elements on said two increments in any repeat
      length is not the proper one for the particular product, and means for
      transferring the labels severed by said cutting means to a place of
      application to the containers for the said particular product.
NUM  17.
PAR  17. In a label machine as defined in claim 16, in which said label web has
      provided thereon a fourth control element in each repeat length thereof
      and said scanning means is constructed and arranged to scan the web for
      such fourth control elements, and means operated each time a fourth
      control element is read by said scanning means to render said scanning
      means operative to read simultaneously the third control elements located
      on the two increments in such repeat length of labels.
NUM  18.
PAR  18. In a labeling machine, feed means for feeding through the machine a
      continuous length of label web having printed thereon labels for
      containers of a given product and each label containing optically
      recognizable printed characters .Iadd.which distinguish such labels from
      labels of the same size for other products .Iaddend.means constructed and
      arranged to optically scan the web for such optically recognizable
      characters .Iadd.for distinguishing such labels from labels of the same
      size for other products .Iaddend.and including means capable of detecting
      such characters .Iadd.apart from the remaining printed material forming
      such labels .Iaddend.and depending upon such detection thereof creating
      control signals, a selectively operable device for exerting a controlling
      action on the labels beyond the place where said optical scanning means
      are located resulting in a sorting of the labels having such printed
      characters from labels not provided with said printed characters, means
      controlled by .[.sad.]. .Iadd.said .Iaddend.control signals for
      selectively operating said operable device, cutting means for severing
      labels from the web, and transfer means for transferring labels severed by
      said cutting means to a place for application of such labels to said
      containers.
NUM  19.
PAR  19. In a label machine, feed means for feeding through the machine a
      continuous length of label web having labels provided thereon so that the
      distances between certain of the adjacent labels on the web are different
      from the distances between other adjacent labels on the web, a first label
      cutting means for applying severing cuts to the web between adjacent
      labels thereof, a second cutting means for applying severing cuts to the
      web between adjacent labels thereof and spaced apart from the cuts applied
      by said first cutting means, and means operable to selectively actuate
      said first and second cutting means in singular and multiple relation at
      different intervals in accordance with the spacing relation of adjacent
      labels on said web.
NUM  20.
PAR  20. In a label machine, feed means for feeding through the machine a
      continuous length of label web having labels provided thereon so that the
      distance between certain of the adjacent labels on the web are different
      from the distances between other adjacent labels on the web, a first label
      cutting means for applying severing cuts to the web between adjacent
      labels thereof, a second cutting means for applying severing cuts to the
      web between adjacent labels thereof and spaced apart from the cuts applied
      by said first cutting means, means supporting said first and second
      cutting means for movement relative to each other and operable to vary the
      widths of the spaces between the cuts made thereby and means operable to
      selectively actuate said first and second cutting means in accordance with
      the spacing relation of adjacent labels on said web.
NUM  21.
PAR  21. In a labeling machine, means to feed and apply labels to articles,
      means for detecting detectable matter associated with each of such labels,
      a first recording means associated with the detecting means to record the
      number of times labels are presented thereto, and a second recording means
      controlled by the detecting means and operable by the latter to record the
      number of labels failing to have the detectable matter associated
      therewith.
NUM  22.
PAR  22. In a labeling machine, means to support a roll of label web, means to
      feed successively from a roll mounted on said supporting means and along a
      path through the labeling machine, the individual labels for a given
      product and on each of which are printed while in the web form localized
      areas of detectable matter constituted of a material different from the
      inks employed in printing the body of the labels, .Iadd.the labels being
      peculiar to such given product and the detectable matter in such localized
      areas distinguishing such labels from labels of the same size for other
      products, .Iaddend.a detecting device capable of detecting said matter on
      each label, means to mount said detecting device at a place along the path
      followed by said labels through the labeling machine, said detecting
      device including means automatically operative to detect the presence of
      said material apart from the ink employed in printing the body of the
      label, and to create electrical impulses as a result of such detection as
      said labels having said detectable material thereon arrive at said place
      where said detecting device is mounted, an operable device for exerting a
      selective controlling action on the labels beyond the place where said
      detecting device is mounted resulting in a sorting of the labels having
      such detectable material thereon from labels not provided with such
      material in the said localized areas thereof, and means connected to said
      detecting device and said operable device and utilizing such created
      electrical impulses to control said operable device.
NUM  23.
PAR  23. In a label machine, means for feeding through the machine a continuous
      length of label web having provided thereon given repeat lengths of labels
      with certain of the adjacent labels on said web being in given spaced
      relation and other adjacent labels on the web being spaced differently
      than said certain adjacent labels, a label severing device having a pair
      of cutters selectively operable to produce single and double cuts in
      successively removing the terminal labels from the web, and means for
      selectively operating said severing device to cause it to make single and
      double cuts dependent on the different spacings of the labels and
      resulting in the said labels all being of the same size irrespective of
      the spacing of the labels in the web.
NUM  24.
PAR  24. In a label machine as defined in claim 23, including means located
      adjacently to said severing device to remove web material resulting from
      said severing operation as it is severed from the web.
NUM  25.
PAR  25. In a label machine as defined in claim 23, including means to control
      said feeding means, said feed control means and said severing means being
      positioned along the line of feed of said web substantially at least one
      repeat length apart.
NUM  26.
PAR  26. In a label machine, means for feeding through the machine a continuous
      length of label web having provided thereon a series of labels wherein
      certain of the adjacent labels thereof are connected by web portions
      having different widths than the portions of the web connecting other
      adjacent labels in such series, a selectively operable label severing
      device capable of severing by single and double cuts the terminal labels
      from the web, and means for selectively operating said severing device to
      cause it alternatively during the severing of the terminal labels to make
      cuts severing the web portions connecting such terminal labels to the web
      and severing any web portions between adjacent labels from both the web
      and such labels.
NUM  27.
PAR  27. In a label machine as defined in claim 26 including means controlled by
      elements provided on the label web for controlling the operations of said
      selectively operating means to effect such selective alternative
      operations of said severing device.
NUM  28.
PAR  28. In a labeling machine, means for feeding through through the machine a
      continuous length of label web having certain of the adjacent labels
      provided thereon spaced differently than other adjacent labels thereon, a
      label severing device for successively removing the terminal labels from
      the web, said severing device being selectively operable to make
      alternatively in the operations thereof single or double cuts in the web
      to cut the labels uniformly regardless of the spacing relation between
      adjacent labels, and means responsive to the label positions on the web
      for selectively operating said severing device to cut the labels
      uniformly.
NUM  29.
PAR  29. In a labeling machine as defined in claim 28, in which the labels are
      provided on the label web in given repeat lengths with each repeat length
      having certain of the labels in abutting relation and provided with a
      nonlabeling increment of label web of a longitudinal dimension
      substantially different than such dimension of the labels in such repeat
      length, said severing device and said selective operating means being
      constructed and arranged to cause said severing device when actuated to
      cut to make alternatively single and multiple cuts in the web to cut from
      the web each of the labels and such increment in each repeat length.
NUM  30.
PAR  30. In a label machine, feed means for feeding through the machine a
      continuous length of label web having labels of given lengths provided
      therein so that the distances between certain of the adjacent labels on
      such web are different from the distances between other adjacent labels on
      the web, and having control elements thereon related to such differences
      in the spacings between the labels on such web, and means including
      selectively operable severing means controlled by said control elements
      for making alternatively single and double cuts to make different sized
      widths of cuts dependent on the different spacings of the labels so that
      in successive cutting operations thereof the labels are separated in their
      given lengths from the web irrespective of the different spacings
      therebetween.
NUM  31.
PAR  31. In a label machine as defined in claim 30, in which the control
      elements on the web are two types, and said label separating means is
      controlled by such two control types to effect cuts in the web related to
      the distances between said certain labels and to the distances between
      said other labels.
NUM  32.
PAR  32. In a label machine, feed means for feeding through the machine a
      continuous length of label web having labels of given lengths provided
      therein so that the distances between certain of the adjacent labels on
      such web are different from the distances between other adjacent labels on
      the web, and having control elements thereon related to such differences
      in the spacings between the labels on such web, and means including
      selectively operable severing means controlled by said control elements
      for separating the labels in their given lengths from the web irrespective
      of the different spacings therebetween, said severing means comprising a
      first cutting means for applying severing cuts to the web, a second
      cutting means for applying severing cuts tot he web spaced apart from the
      cuts applied by said first cutting means, and means operable to actuate
      selectively said first and second cutting means to make alternatively
      single and double cuts in the web dependent on the spacings in the web
      between the labels. .Iadd. 33. Labeling apparatus for applying to product
      surfaces labels cut from a label tape printed on an offset printing press
      to have repeated series of labels, each of such repeat series being
      composed of a given number of labels and at least one nonlabel section
      which is to be cut away from the web and the labels, said at least one
      nonlabel section abutting at least one label in each repeat series and
      spacing apart two labels on the web and the remaining labels in each
      repeat series not spaced by such a nonlabel section on the web all
      abutting one another, said web being provided with code indicia unequally
      spaced longitudinally thereon and including first selectively positioned
      code indicia for controlling the severing of the labels therefrom and
      second selectively positioned code indicia for controlling the severing of
      the nonlabel sections therefrom, said apparatus including a labeling
      station, means for advancing product surfaces to said label station, label
      applying means at said labeling station, label tape severing means, means
      for feeding label tape to said severing means, means for controlling the
      intervals of the cutting of the labels and nonlabel sections from the
      label tape by said tape severing means including label tape scanning means
      responsive to said first selectively positioned code indicia on a label
      tape to cause the cutting of labels from the label tape by said severing
      means at intervals which as a whole are different but are equal during the
      cutting of abutting labels, and responsive to said second selectively
      positioned code indicia on a label tape to cause the cutting of nonlabel
      sections from the label tape by said severing means at intervals greater
      than said equal intervals, label transfer means to transfer cut labels
      from said severing means to said applying means, and means for removing
PAR   the nonlabel sections cut by said severing means..Iaddend..Iadd. 34.
      Labeling apparatus for applying to product surfaces labels cut from a
      label tape printed on an offset printing press to have repeated series of
      labels, each of such repeat series being composed of a given number of
      labels and at least one nonlabel section which is to be cut away from the
      web and the labels, said at least one nonlabel section abutting at least
      one label in each repeat series and spacing apart two labels on the web
      and the remaining labels in each repeat series not spaced by such a
      nonlabel section on the web all abutting one another, said web being
      provided with code indicia unequally spaced longitudinally thereon and
      including first selectively positioned code indicia for controlling the
      severing of the labels therefrom and second selectively positioned code
      indicia for controlling the severing of the nonlabel sections therefrom,
      said apparatus including a labeling station, means for advancing product
      surfaces to said label station, label applying means at said labeling
      station, label tape severing means, means for feeding label tape to said
      severing means, means for controlling the cutting of said labels and
      nonlabel sections from the label tape by said tape severing means
      including label tape scanning means operatively associated with said label
      tape feed means to control the feed of the label tape to said label tape
      severing means, and operatively associated with said label tape severing
      means to control the cutting of the labels and nonlabel sections by said
      severing means, said label tape scanning means being responsive to said
      first selectively positioned code indicia on a label tape to cause the
      cutting of labels from the label tape by said severing means at intervals
      which as a whole are different but are equal during the cutting of
      abutting labels, and responsive to said second selectively positioned code
      indicia on a label tape to cause the cutting of nonlabel sections from the
      label tape by said severing means at intervals greater than said equal
      intervals, label transfer means to transfer cut labels from said severing
      means to said applying means, and means for removing the nonlabel sections
      cut by said severing means..Iaddend..Iadd. 35. In the preparation of
      labels for given products, the method which comprises printing on a
      continuous web repeat lengths of labels for a given product containing the
      specifications of the product in recognizable characters and indicia
      selectively discreet for said given product, winding the printed web into
      a roll and examining the printed individual labels to detect improperly
      printed labels, cutting the continuous web and removing the improper
      labels from the web together with all labels which are associated with
      each improper label in the repeat length in which it occurs so that the
      labels in the remaining cut ends of the web will, when such ends are
      spliced, form proper sequential repeat lengths, splicing the remaining web
      ends to form such sequential repeat lengths, and in such cutting and
      splicing operations utilizing said discreet indicia to remove the correct
      length of tape containing each improper label and the labels associated
      therewith in the repeat length in which it occurs, and to correctly splice
      the remaining cut ends so that the resulting spliced continuous web will
      contain the correct sequential repeat lengths of the labels, and then
      rewinding the spliced web into a roll for subsequent use..Iaddend. .Iadd.
      36. Labeling apparatus for applying to product surfaces labels cut from a
      label tape printed on an offset printing press to have repeated series of
      labels, each of such repeat series being composed of a given number of
      labels and at least one nonlabel section which is to be cut away from the
      web and the labels, said at least one nonlabel section abutting at least
      one label in each repeat series and spacing apart two labels on the web
      and the remaining labels in each repeat series not spaced by such a
      nonlabel section on the web all abutting one another, said web being
      provided with code indicia unequally spaced longitudinally thereon for
      controlling the severing of the labels therefrom and for controlling the
      severing of the nonlabel sections therefrom, said apparatus including a
      labeling station, means for advancing product surfaces to said label
      station, label applying means at said labeling station, label tape
      severing means, means for feeding label tape to said severing means, means
      for controlling the intervals of the cutting of the labels and nonlabel
      sections from the label tape by said tape severing means including label
      tape scanning means responsive to said code indicia on a label tape to
      cause the cutting of labels from the label tape by said severing means at
      intervals which as a whole are different but are equal during the cutting
      of abutting labels, and to cause the cutting of nonlabel sections from the
      label tape by said severing means at intervals greater than said equal
      intervals, label transfer means to transfer cut labels from said severing
      means to said applying means, and means for removing the nonlabel sections
      cut by said severing means..Iaddend..Iadd. 37. Labeling apparatus for
      applying to product surfaces labels cut from a label tape printed on an
      offset printing press to have repeated series of labels, each of such
      repeat series being composed of a given number of labels and at least one
      nonlabel section which is to be cut away from the web and the labels, said
      at least one nonlabel section abutting at least one label in each repeat
      series and spacing apart two labels on the web and the remaining labels in
      each repeat series not spaced by such a nonlabel section on the web all
      abutting one another, said web being provided with code indicia unequally
      spaced longitudinally thereon for controlling the severing of the labels
      therefrom and for controlling the severing of the nonlabel sections
      therefrom, said apparatus including a labeling station, means for
      advancing product surfaces to said label station, label applying means at
      said labeling station. label tape severing means, means for feeding label
      tape to said severing means, means for controlling the cutting of said
      labels and nonlabel sections from the label tape by said tape severing
      means including label tape scanning means operatively associated with said
      label tape feed means to control the feed of the label tape to said label
      tape severing means, and operatively associated with said label tape
      severing means to control the cutting of the labels and nonlabel sections
      by said severing means, said label tape scanning means being responsive to
      said code indicia on a label tape to cause the cutting of labels from the
      label tape by said severing means at intervals which as a whole are
      different but are equal during the cutting of abutting labels, and to
      cause the cutting of nonlabel sections from the label tape by said
      severing means at intervals greater than said equal intervals, label
      transfer means to transfer cut labels from said severing means to said
      applying means, and means for removing the nonlabel sections cut by said
      severing means..Iaddend.
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ABST
PAL  The invention relates to a method for producing a guiding device for
      flexible materials in which an element, representing the actual guide
      passage to be produced, is made with the aid of a malleable material; the
      element is positioned in a mould which has the general shape of the outer
      contour of the device to be produced; a resin is cast inside this mould
      and onto the element, and the malleable material constituting the inner
      element is then eliminated with the aid of an agent which has no action on
      the resin.
BSUM
PAR  The invention relates to a method for producing a guiding device for
      flexible materials, as well as the device obtained by implementing this
      method.
PAR  Guiding devices are already known and used in various fields in industry to
      convey a strip or a thread of a flexible product to near a transformation
      or user station. Thus, in the textile industry, such guides are used to
      bring cloth strips to near the needle or needles of a sewing machine.
PAR  These devices are made with the aid of folded metal sheets, which are bent
      and welded to one another, to form conduits or passages which guide the
      cloth or similar toward the needles of a sewing machine, these passages in
      general being made in a way such that they fold over the textile material
      strip in order to make various articles, such as straps of brassieres,
      trouser belts, braid and, in general, to make composite strips obtained by
      folding and sewing one or several cloth strips, or elastic material or
      other material.
PAR  However, such devices are very difficult to make, require skilled labour
      and are costly to produce. In addition, these guides do not make it
      possible to obtain results which are impeccable from the technical point
      of view, since the guide passages are not made sufficiently accurately,
      and this causes irregularities in the folding of the cloth strips and in
      their positioning with respect to one another and in the positioning of
      the seams.
PAR  The particular object of the present invention is to overcome these
      disadvantages and therefore relates, to this end, to a method for
      producing a guiding device for flexible materials characterized in that an
      element, representing the actual guide passage to be produced is made with
      the aid of a malleable material; the element is positioned in a mould
      which has the general shape of the outer contour of the device to be
      produced, a resin is cast inside this mould and onto the element, and the
      malleable material constituting the inner element is then eliminated with
      the aid of an agent which has no action on the resin.
PAR  According to another characteristic feature of the invention, the malleable
      material is thermoplastic and this element is eliminated by the effect of
      temperature.
PAR  According to yet another characteristic feature of the invention, the
      malleable material is affected by chemical agents and the element is
      eliminated with the aid of a chemical product which destroys this material
      inside the device, without acting upon the resin.
DRWD
PAR  The invention is illustrated by way of non-limitative examples on the
      accompanying drawings in which:
PAR  FIG. 1 is a schematic perspective view of an embodiment of the invention.
PAR  FIGS. 2 and 3 respectively represent, in successive cross-sections, the
      upper and lower guide passages of the device shown in FIG. 1, these
      cross-sections being made from left to right in this FIG. 1.
PAR  FIG. 4 is a schematic perspective view of the production of a composite
      cloth strip with the aid of the device of the invention.
PAR  The object of the present invention is therefore to provide a guiding
      device for flexible materials, such as a strip of cloth or a ribbon which,
      by providing guide passages of complex shape, can fold and position one or
      several strips or ribbons, and convey them accurately to close to a work
      station and in particular to close to the needles of a sewing machine.
PAR  In addition, the object of the present invention, is to provide guide
      passages which are very accurate, while being simple and rapid to make,
      the dimensions of the device also being relatively small while at the same
      time not imposing any limit on the complexity of folding operations and on
      the number of combined passages inside the device.
PAR  In addition, the method according to the invention makes it possible to
      obtain guide passages with smooth inner wall without any difficulty, so as
      not to cause any local braking action on the cloth strip, such braking
      causing local elongation of the strip and resulting in the finished
      article being of bad quality. In addition, roughness or other
      irregularities of the walls of the passages cause fluff from the cloth
      strip to accumulate, which causes the partial or even total blockage of
      these passages.
PAR  The method according to the invention consists of forming the actual
      passages to be made with the aid of a malleable material and then pouring
      a resin onto these positive elements after having positioned them on a
      mould. The malleable material must be of the type that is affected by an
      agent which has no action on the resin and it is then possible to
      eliminate this malleable material and obtain a guiding device having all
      the desirable properties.
DETD
PAR  Thus, in FIG. 1, a guiding device is shown in the form of a unit of
      parallelepiped shape 1, inside which two passages have been made, a lower
      passage 2 and an upper passage 3, the ends 2.sub.1, 2.sub.2 and 3.sub.1,
      3.sub.2 of these two passages opening out in the periphery of the
      parallelepiped unit 1, so as to enable the flexible material such as a
      cloth to be guided.
PAR  In the example illustrated, the materials to be folded and positioned are
      introduced through the openings 2.sub.1 and 3.sub.1 and then folded over
      in the desired manner inside the unit by the very shape of these passages,
      emerging through the orifices 2.sub.2 and 3.sub.2.
PAR  The guide unit 1 enables a composite cloth strip such as is shown in FIG. 4
      to be obtained, consisting of a central element 4, made for example of
      polyurethane foam, around which is wound a cloth strip 5 in the manner
      shown, the two strips 4 and 5 having been introduced flat through the
      opening 2.sub.1.
PAR  Likewise, the composite strip shown in FIG. 4 comprises a ribbon 6, folded
      in the manner shown in FIG. 4, this strip being introduced flat through
      the opening 3.sub.1 and emerging folded through the opening 3.sub.2, being
      positioned above the folded strips 4 and 5.
PAR  The unit 1 is located close to the needles of a sewing machine and it is
      then possible to sew together the various strips in the direction of the
      length at 7, to obtain the desired composite strip.
PAR  FIGS. 2 and 3 show, in successive cross-sections the shapes of the passages
      2 and 3 inside the guiding device 1.
PAR  The nature of the malleable material as well as that of the resin can be
      any desired, it being understood that, according to the invention, the
      malleable material must be affected by some agent which however has no
      action on the resin. Thus, the malleable material can be made of wax,
      being fashioned from a sheet to produce accurately a positive element
      representing the passages 2 and 3.
PAR  This positive element, after over-moulding the resin, is destroyed by the
      effect of temperature or by chemical action.
PAR  In particular, when the resin constituting the unit 1 consists of an
      epoxide resin, use is made of the rising temperature which occurs during
      solidification as the result of the action of an accelerator to melt the
      wax, while the epoxide resin is in the process of solidification.
PAR  Likewise, the positive element representing the passages can be obtained
      from lead sheets, the elimination of these sheets from the resin unit
      being effected by a chemical agent which has no action on the solidified
      epoxide resin. Likewise, the malleable material can consist of a cloth
      strip impregnated with a material such as starch, and the passages can
      then be freed from the unit, either by a chemical agent, or by tearing
      away the malleable strip, making use for this purpose of the shrinkage
      which naturally occurs in the resin during its solidification, this
      shrinkage causing the resin to separate from the malleable material.
PAR  In addition, the resin used for making the guide unit should preferably
      consist of a transparent resin so that the correctness of the movement of
      the flexible strip guided inside the unit can be verified at any moment.
PAR  According to the invention, the dimensions of the passages, width and
      thickness, can be obtained with accuracy along their entire length, to
      match exactly the dimensions of the material to be guided inside these
      passages, irrespective of the complexity of their shape, the walls of
      these passages, in addition, are smooth so as not to hinder the free
      passage of the cloth at any point.
PAR  These passages can also be made in the form of lateral slits which are
      determined according to the article to be made.
PAR  Likewise, in the case of the assembly of several folded items, several
      super-imposed guiding elements overlapping one another can be used.
PAR  The units according to the invention can also be made in the form of cubes
      which can comprise several types of passage which can be used in any way
      desired according to the work to be carried out. The inlets and outlets of
      the passages of the guiding devices can comprise rounded metallic parts to
      prevent wear when an abrasive material is used.
PAR  The guiding device can be secured to the work station by any means desired,
      for example with a magnet incorporated in the unit.
PAR  The guiding device can also be made of several parts enabling the passages
      to be opened for cleaning; likewise, one of the parts of the unit can be
      movable and adjustable so that the width of the passage can be adjusted.
PAR  Of course, the invention is not limited to the examples of its embodiment
      herein above described and illustrated, and on the basis of which other
      methods and forms of embodiment can be envisaged without departing from
      the scope of the invention.
PAR  In particular, it will be understood that the term "resin"  as used in the
      present application, refers to any product which can be placed in position
      in a liquid or pasty state under certain conditions, and become solid
      under other conditions these conditions resulting from an effect of
      temperature of a chemical reaction.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of making a guide for forming a length-wise folded flexible web
      comprising:
PA1  providing a flat sheet of malleable material, leaving flat one end of said
      sheet, folding generally length-wise said malleable material adjacent the
      other end thereof so that said material adjacent said other end has folds
      corresponding to desired folds of said folded flexible web while also
      folding said malleable material intermediate the two ends so as to form a
      gradual transition between said flat one end and folds of said material
      adjacent said other end; placing the malleable sheet material in a mold
      with the ends of the malleable sheet material extending through the ends
      of the mold; casting and hardening a resin inside the mold and about both
      sides of the malleable sheet material; and eliminating the malleable sheet
      material.
NUM  2.
PAR  2. Method according to Claim 1 in which the malleable material is affected
      by chemical agents and the step of eliminating the malleable sheet
      material comprises the application of a chemical agent to the malleable
      sheet material to destroy it.
NUM  3.
PAR  3. Method according to Claim 1 in which the malleable sheet material is
      wax.
NUM  4.
PAR  4. Method according to Claim 1 in which the malleable sheet material is
      lead.
NUM  5.
PAR  5. Method according to Claim 1 in which the malleable sheet material is an
      impregnated cloth.
NUM  6.
PAR  6. Method according to Claim 1 in which the malleable material is
      thermoplastic and the step of eliminating the malleable sheet material
      comprises heating the thermoplastic malleable sheet material to melt it.
NUM  7.
PAR  7. Method according to Claim 6 in which the resin is an epoxide resin and
      the rise in temperature during the solidification of the resin eliminates
      the thermoplastic malleable sheet material.
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ABST
PAL  An EDM (electric-discharge machining) power supply system for generating
      self-adaptive discharge pulses wherein an electrode is spacedly juxtaposed
      with a workpiece across a discharge gap while a dielectric liquid coolant
      is passed therethrough. The electrode and the workpiece are relatively
      displaced during the machining of the latter to maintain the gap spacing
      generally constant via a servomechanism. According to the invention, there
      is applied across the electrode and the workpiece a direct-current
      arc-striking voltage sufficient to initiate discharge across the gap while
      permitting the voltage to build up thereacross to a level constituting a
      function of conductivity characteristic of the gap and to decay with a
      discharge across the gap. An analog signal is derived across the gap and
      represents the voltage buildup and decay thereacross. Machining current
      flow through the gap across the electrode and the workpiece is triggered
      by a digital signal derived when the analog signal exceeds a threshold
      value and initiation of the discharge is induced by the arc-striking
      voltage. A second digital condition terminates the machining current flow
      which is controlled by a semiconductive power switch turned on and off
      instantaneously in dependence upon the digital conditions. A limited
      current high-voltage source is connected in a closed loop circuit with the
      electrode, the workpiece and the gap to provide the voltage buildup across
      the latter, while the voltage across the gap is detected by a voltage
      divider or the like and the output of this voltage divider is supplied via
      an integrating circuit in a squaring or gating-type logic device, e.g., a
      Schmitt trigger capable of producing the digital output for triggering the
      semiconductive power switch of the machining-current power supply.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of the commonly owned copending
      application Ser. No. 682,824 filed 14 Nov. 1967 and now U.S. Pat. No.
      3,539,755 as a continuation-in-part of my earlier application Ser. No.
      493,473 of 6 Oct. 1965 and now U.S. Pat. No. 3,360,683.
BSUM
PAC  GENERAL BACKGROUND
PAR  This invention relates to an EDM power supply for generating self-adaptive
      discharge pulses and, more particularly, to improvements in power supply
      arrangements for the electric discharge machining of conductive
      workpieces.
PAR  In electrical discharge machining, hereinafter referred to as EDM,
      conductive workpieces are machined by passing electroerosive power pulses
      between a workpiece and a tool electrode spacedly juxtaposed therewith
      across an electrode gap flooded with a dielectric coolant which also
      serves to carry away the detritus of the electric discharge machining
      process.
PAR  In the EDM surfacing or cavity sinking of a conductive workpiece, a
      discrete electrical power pulse of a duration of 10.sup.1 7 to 10.sup.1 2
      second may be applied across a relatively carefully dimensioned machining
      gap with a spacing, for example, of 0.05-0.005mm., to cause a spark
      discharge or a discharge of the short arc type to momentarily jump across
      the smallest dielectric path between a tool electrode and the workpiece,
      constituted as a counterelectrode. The applied electrical energy is highly
      concentrated (generally exceeding 10.sup.5 watts/cm..sup.2 with a current
      density of 10.sup.4 to 10.sup.9 amp/cm..sup.2) and is localized within the
      discharge column, thereby removing particles of that portion of the
      workpiece surface upon which the discharge impinges. As a consequence, a
      crater is formed in the workpiece surface opposite the electrode. The next
      time-spaced pulse may then seek another point of the work surface and
      bridge across the electrode and workpiece a further high-energy
      electroerosive discharge. A train of power pulses is thus formed to create
      localized material removal discharges which produce cumulatively
      overlapping craters in the workpiece surface; the total surface is thus
      machined uniformly over the parts thereof confronting the electrode and
      the machine portion receives a configuration conforming to the shape of
      the electrode.
PAR  The latter may be formed with the desired configuration of the cavity or
      the shape complementarily desired in the workpiece. During the machining
      operation, small metal or conductive chips or particles are carried away
      from the gap by the liquid dielectric which floods the gap and is
      generally circulated therethrough, while the tool electrode is advanced
      relative to the workpiece by a servo mechanism designed to maintain a
      predetermined gap spacing or designed to approach the desired gap spacing
      as accurately as possible.
PAR  In high-speed electric discharge machining operations, the energy of each
      individual discharge pulse is generally augmented for a given gap spacing
      to increase the amount of material removed per pulse; in addition or
      alternatively, the pulse repetition rate may be increased by reducing the
      discharge rest time or interval between one discharge pulse and the next
      to the minimum conistent with successive pulse formation and a stable
      cutting condition. In "no wear" operations, in which the tool electrode
      erosion is limited or eliminated, copper or graphite electrodes are
      customarily employed and are commonly poled positive while the workpiece
      electrode is poled negative, in contrast to normal machining operations in
      which the opposite polarity relationship in maintained. In such "no wear"
      operation, pulse duration must be relatively long, generally upwards of
      about 10 microseconds and the pulse amplitude or peak current must be
      controlled as not to exceed, say, 300 amperes. Excessively long pulses are
      avoided since they tend to produce discharges which transform an impulsive
      short period arc into a damaging thermal arc. Where increased fineness of
      the surface finish is required, a pulse train using narrower pulses is
      utilized. This latter type of pulse train results in a substantially
      reduced rate of removal of the workpiece material and also results in
      greater erosion of the tool electrode.
PAC  PRIOR ART
PAR  In commercially available electrical dishcarge machining apparatus,
      therefore, the pulse generator must be capable of permitting a wide range
      of selection of pulse parameters in accordance with the requirements of
      the particular machining operation. In the past, much effort has gone into
      the designing of a versatile and yet efficient periodic pulse generator.
      It may be noted in the following discussion of the prior art that in
      substantially every case a pulse generator of predetermined frequency is
      required. For example, in order to overcome the apparent restriction of
      relaxation-type pulse generators with respect to the flexibility of pulse
      frequency, pulse duration and pulse interval, a transistorized switching
      of a DC source with a free-running multivibrator has been proposed. The
      multivibrator is settable to produce a train of exactly identical signal
      pulses for a bank of switching transistors and ultimately opens and closes
      the switching transistors for a fixed duration and with a fixed interval
      to connect the DC machining source at a fixed frequency with the gap
      independently of the conditions prevailing at the latter during the
      machining operation.
PAR  It has already been recognized that this type of pulse generator cannot
      reliably carry out electrical discharge machining because of the fact that
      the machining gap, as a practical matter, varies with respect to most of
      its parameters, i.e., spacing of the electrodes, degree of contamination
      by particles eroded from the workpiece and ionization products of the
      dielectric, residual ionization, etc. As a consequence, the application of
      a train of machining pulses of constant amplitude, pulse duration, and
      interpulse interval results in short circuiting, damaging thermal arcs or
      discharge failure depending upon the condition of the gap. To avoid some
      of these disdavantages, it has been proposed to provide a so-called
      "isopulse" system permitting current pulses of an exactly equal duration
      to appear across the machining gap at an undefined frequency with the aid
      of a pair of monostable multivibrators, one of which is used for fixing
      the duration of the machining current pulses while the other establishes
      the interval between the successive voltage pulses. Another approach,
      along similar lines, employs a train of high-voltage pulses or otherwise
      imposes high power arc-striking voltages at a leading edge of
      independently generated main voltage pulses, thereby forcing the
      occurrence of each discharge. In all of these systems, the possibility of
      short-circuiting or thermal arcing remains unsolved or incompletely
      solved. Indeed, further attempts have been made to avoid these
      difficulties by the cutoff of each pulse in dependence upon the gap
      conditions, but here too it is difficult to ascertain precisely when a
      pulse has become transformed into an abnormal pulse and should be cut off.
PAR  The problems of how to avoid detrimental short circuiting, thermal arcs and
      open circuiting (nonfiring) of the gap without decreasing the efficiency
      of a EDM operation has indeed plagued the art and much concern has been
      expressed about these problems and various solutions proposed. Thus it
      has, in general terms, been suggested to determine gap conditions with the
      aid of a pilot pulse or to otherwise ascertain whether the gap is in a
      normal or abnormal state and control the machining pulse accordingly. In
      one such system, a DC pilot voltage produces a voltage surge to fire the
      machining gap, the magnitude of the voltage surge being measured by a
      suitable network to determine whether the gap is normal or abnormal and,
      when the former is the case, to trigger a pulse generator to generate the
      machining pulse of fixed duration. Another arrangement senses the gap
      deionization after a preceding machining pulse, and in response thereto,
      operates the pulse generator to produce a voltage pulse of preset
      duration. In all cases, an oscillator-type trigger arrangement is provided
      to produce pulses of at least one fixed parameter, i.e., pulse frequency,
      pulse duration, etc.
PAR  It has already been noted that two machining pulses of an identical
      duration generally are incapable of providing the identical degree of
      electrical discharge machining or are incapable of ensuring equal energy
      with respect to the material removed since the working gaps are seldom
      completely identical upon firing. In selecting the machining parameters,
      the pulse duration is generally determined to attain a desired surface
      finish or the machining rate deviations from this optimum result in
      variations in surface finish or reduce machining rates. An important
      consideration in EDM systems is that one discharge must be prevented from
      following the same path or striking the same point that was subjected to
      the previous discharge; in such cases, a continuous arc may result which
      causes overheating (thermal damage), cracking of the workpiece and a
      reduced cutting rate since little erosion takes place during thermal
      arcing. It is therefore important to insure satisfactory deionization of
      the machining gap between successive discharges, but to prevent excessive
      delay between discharges.
PAC  APPLICATION SER. NO. 682,824
PAR  In my copending application Ser. No. 682,824, mentioned earlier, and of
      which the present case is a continuation-in-part, I have pointed out that
      a pulse generator system for EDM operations must include circuitry for
      adjusting the parameters of the pulses. In that system, varying gap
      conditions are detected to adaptively control machining pulses without
      respect to the duration, interval and/or repetition rate or mean discharge
      current within a fixed range whereby problems of short circuiting,
      open-gap pulses and thermal arc are minimized. In the system of that
      application there is provided a periodically operated electronic switch
      with a preset on-off time having its principle electrodes connected in
      series with a direct current machining power supply and the discharge gap
      for providing machining pulses to the latter. Sensing means is connected
      to the gap for providing an electrical output signal responsive to
      abnormal gap condition while control means is operatively connected to the
      control electrode of the switch for decreasing its on-time and machining
      pulse on-time responsive to this signal. Delay means is coupled between
      the sensing means and the control means for delaying the operation of the
      latter a predetermined time interval after occurrence of the abnormal
      condition. In more specific terms, the electronic switch has a pair of
      principal electrodes connected between the power supply and the gap and
      the pulse generator includes a multivibrator having its output connected
      to the control electrode of the switch. The multivibrator, inturn, is
      provided with a pair of electronic switches biased or coupled for
      alternate operation and at least one resistance-capacitance network
      connected to the control electrode of one of the pair of electronic
      switches (e.g., transistors) for controlling the timing of the alternate
      operation. In this case, the sensing means may include a variable
      inductance for providing an output signal which is a function of the
      relatively high frequency discharges occurring across the gap during
      normal cutting, while the delay network includes the series connected
      adjustable inductor and a plurality of capacitors coupled in a delay-line
      configuration with the inductor.
PAC  OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide a
      self-adaptive EDM power supply and a machining method which will obviate
      the aforementioned disadvantages and provide improved cutting rates and
      finishes, reduce or eliminate the tendency toward short circuiting and
      nonfiring, and also preclude the formation of thermal arcing.
PAR  Another object of this invention is to provide an improved electrical
      discharge machining power supply and method which will extend the
      principles set forth in application Ser. No. 682,824, but which will be
      substantially nonlimiting with respect to its dependence upon periodic
      pulse sources.
PAR  Still another object of this invention is the provision of an electrical
      discharge machining power supply, apparatus and method for optimizing the
      discharge machining of metallic workpieces substantially independently of
      the changing gap conditions generally encountered in such systems.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that it is possible to optimize or provide self
      control for electrically erosive discharge pulses, i.e., pulse "frequency"
      and the other essential pulse parameters. More specifically, the present
      invention provides a closed-loop self-adaptive pulse generator for optimal
      timing control (on/off) of an electronic switching element or power switch
      that operatively connects a DC machining-power source with the machining
      gap, to provide self-adaptive material-removal spark-producing pulses. The
      term "closed-loop generator" is used herein to refer to a system in which
      the machining gap itself is part of the signal-pulse generator or the
      power switch, i.e., the machining gap is connected in a series circuit
      with the remainder of the signal-pulse generator, so that the gap itself
      controls the power circuit and the turning on and turning off of the power
      switch in response to the gap state, thereby permitting the power to be
      delivered to the gap in a precisely regulated discharge and the
      termination of the discharge by turning off the switch also in response to
      the gap state. It is thus essential to the present invention that the gap
      parameters control both the turning on and turning off of the switch as
      will become apparent hereinafter. The duration is determined by the sensed
      parameter, also in relation to the gap state when the discharge is
      initiated and/or while the discharge is being passed by the gap. Thus,
      only when the input of the system is connected to the gap, is a train of
      pulses generated which are considered to be "aperiodic" in the sense that
      they are formed at undefined repetition rate, or of undefined "off-time"
      and of undefined "on-time," the discharge time being held preferably
      within a preset range. The power switch is desirably of the solid-state
      type described in the aforementioned copending application and can carry a
      high DC power while insuring rapid and reliable switching operations under
      heavy load; the "on" and "off" characteristics of such switches can thus
      be generally referred to as "instantaneous."
PAR  In the apparatus aspect of the invention, a sensor provides the machining
      gap information manifesting the gap state and this information is
      registered in the form of an analog (to the gap variable) by a suitable
      wave shaper, for example, an integrating network. The level of the analog
      signal changes with time, and represents the gap parameters and variables
      at a given time and the rate of change closely reflecting the total gap
      state as well as the gap state prior to the discharge in question.
      According to a specific feature of this invention, the analog signal is
      fed to a threshold gating circuit wherein it is compared with a threshold
      reference to produce either of two possible digital states with sharp
      interstate transition depending on the analog signal and thereby functions
      to perform a "squaring" of the analog information in the from of A/D
      conversion (analog-digital conversion). Thus, in one state of the circuit
      in response to the analog signal, no output appears (corresponding to the
      digital "zero" signal state), while the circuit in another state produces
      a square-wave output corresponding to the digital "one" state. This pair
      of signals functions as a trigger to close the power switch and open the
      latter, thereby causing the switch to be alternately conductive and
      nonconductive, preferably via an intermediary amplifying stage.
PAR  In accordance with the method aspects of the present invention, an
      electrical discharge machining electrode is spacedly juxtaposed to the
      conductive workpiece across discharge gap while a dielectric liquid
      coolant is passed through the gap. The electrode and the workpiece are
      relatively displaced during the machining of the latter to maintain the
      gap spacing generally constant, e.g., via a servomechanism responsive to
      the potential or other electrical parameter detected across the gap.
      Across the electrode and the workpiece, I apply a direct current
      arc-striking voltage sufficient to initiate discharge across the gap,
      while permitting the voltage to build up thereacross to a level
      constituting a function of conductivity characteristic of the gap and also
      permitting the voltage to decay with discharge across the gap. From that
      voltage buildup and decay, I am able to derive an analog signal
      representing the voltage buildup and decay and to use this analog signal
      to trigger the machining-current flow across the electrode and the
      workpiece upon the analog signal exceeding a first threshold value and
      upon initiation of discharge by this arc-striking voltage. Using the same
      gap-dependent signal, the machining-current flow through the gap is
      terminated upon the value of the signal, representing the gap voltage
      attaining a second threshold value, the threshold values being adjustable
      in accordance with the desired machining state.
PAR  Thus, a first digital condition may be established upon the analog signal
      exceeding the first threshold value whereas the logically converse second
      digital condition is formed upon the analog signal attaining the second
      threshold value, while the machining-current source is advantageously
      switched at the occurrence of these digital conditions on and off
      instantaneously.
PAR  The arc-striking voltage is applied across the electrode and the workpiece
      via a limited current DC source connected across the gap in the
      closed-loop or series circuit mentioned earlier, the analog signal being
      derived at least in par while detecting the gap voltage and producing a
      signal proportional thereto. Preferably the sensed signal is integrated to
      form the analog signal.
PAR  Also in accordance with the method aspects of the invention, it may be
      pointed out that the present system derives an analog signal from the gap
      indicative of gap recovery from a preceding discharge and related to gap
      conductivity. From the analog signal, there is produced at least one
      digital triggering signal deriving an analog signal from the gap
      indicative of gap recovery from a preceding discharge and related to gap
      conductivity; the analog signal is used to generate at least one digital
      triggering signal, preferably two such digital triggering signals, upon
      the analog signal attaining predetermined threshold values. Aperiodically
      the source of machining current is turned an and off instantaneously with
      the triggering signal.
PAC  ADVANTAGES OF THE INVENTION
PAR  It has been found that the aforedescribed improved system has significant
      advantages over earlier systems, whether of the nonadaptive type or of the
      type having some degree of self-adaptivity. For example, with the present
      invention it is possible to obtain improved surface finishes at a given
      removal rate or increased removal rates for a given surface finish;
      continuous arcing is excluded for all intents and purposes and hence high
      quality machine surfaces without burning damage can be obtained. Moreover,
      the corners and edges of the workpieces are sharply defined, the regions
      of the workpieces below the machined surface of the workpiece are less
      affected by heat than in previous systems, and an extended range of
      operations is possible in "no wear" modes of operation. Stable cutting
      conditions are maintained throughout the operation and the system is
      adaptable to full automatic control without operator supervision or
      intervention.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is a circuit diagram of an apparatus embodying the present
      invention;
PAR  FIG. 1A is a block-type diagram of an EDM machining system illustrating
      principles of the present invention;
PAR  FIG. 2 represents waveforms obtaining in the circuit of FIG. 1 at various
      parts thereof;
PAR  FIG. 3 is a graph illustrative of the present invention in which material
      removal rate is plotted along the ordinate against time along the
      abscissa;
PAR  FIG. 4 is a diagram similar to FIG. 1 except provided with a modified
      voltage and current source arrangement;
PAR  FIG. 5 is another power supply diagram for an EDM apparatus according to
      the present invention;
PAR  FIG. 6 is a series of graphs illustrating the waveforms obtaining in
      portions of the circuit of FIG. 5;
PAR  FIG. 7 is a circuit diagram of the preferred embodiment of the present
      invention;
PAR  FIG. 8 is a series of graphs illustrating the waveforms obtaining in this
      latter circuit;
PAR  FIG. 9 is a circuit diagram of a power supply representing a modification
      of the system of FIG. 7;
PAR  FIG. 10 is a graphic diagram showing the potential (plotted along the
      ordinate) versus time (plotted along the abscissa) of the cycle of analog
      signals under various conditions in the circuit of FIG. 9;
PAR  FIG. 11 is a detail view of a modification of the circuit of FIG. 9; and
PAR  FIG. 12 is a graph illustrating a practical example using the circuit of
      FIG. 9.
DETD
PAC  SPECIFIC DESCRIPTION I, GENERAL
PAR  Referring first to FIG. 1A of the drawing, it may be pointed out that a
      basic EDM system for the machining of a workpiece W comprises a tool
      electrode E formed by the central bore or other aperture arrangement
      through which a liquid dielectric coolant is circulated, e.g., by a pump
      p. The receptacle R may be used to recover the detritus-entraining coolant
      which is passed through a filter F adapted to remove from the coolant
      particles of metal dislodged by discharge in the apparatus.
PAR  The tool electrode E may, in turn, be displaced toward the workpiece W for
      the relative displacement of electrode and workpiece to maintain
      approximately the preferred width of the machining gap G.
PAR  Also in FIG. 1A, there is shown a system, the circuit for which may be that
      illustrated in FIG. 1 and which is designed to show general principles of
      the invention without obscuring these principles with details of
      circuitry, etc.
PAR  Basically, apart from the electrode E, the workpiece W the
      dielectric-liquid circulation system F, P, R and the servomotor Sm, which
      is connected with the electrode by a servo drive Sd, there is provided a
      gap-responsive circuit, represented by the servo amplifier Sa, connected
      between the electrode E and the workpiece W across the machining gap G. A
      reference input, represented at Sr, applies a signal representing the
      desired gap level to the amplifier Sa which acts in the manner of normal
      servosystems (see my above-mentioned copending application and the earlier
      applications and patents set forth therein) to produce an error signal or
      the like controlling the servomotor Sm via a servocontrol circuit Sc.
      Hence, during the course of the machining operation, the gap G is
      approximately maintained by appropriate feed of the electrode E and the
      workpiece W via the feedback servosystem shown in FIG. 1A.
PAR  In accordance with the principles of my invention, the machining-current
      power source is in part formed by a high-current, relatively low-voltage
      DC source PS.sub.1, connected in the machining circuit in series with a
      power switch SW across the electrode E and the workpiece W, the latter
      forming a counterelectrode. The switch SW is electronically controlled and
      preferably is a bank of power transistors, e.g., as described in
      application Ser. No. 682,824 or the prior, then pending application Ser.
      No. 493,473, now U.S. Pat. No. 3,360,683.
PAR  This switch has a control electrode SW.sub.1 which is digitally triggered
      by an one of two digital states into the "on" condition while the second
      digital condition, constituting the logical reversal or opposite of the
      first, triggers the power switch into its "off" state.
PAR  In the system illustrated in FIG. 1 an application of the control signal
      e.sub.o =0, as illustrated, represents the "off" digital condition while
      the application of the control signal e.sub.o =1 represents the "on" state
      of the power switch. This electronically controlled switch SW is capable
      of short or "instantaneous" cutoff and turn-on operation to apply the
      machining current across the electrode E and the workpiece W.
PAR  Apart from the machining-current source PS.sub.1, which is of relatively
      low voltage and relatively high current, I provide a second direct current
      source PS.sub.2 in a gap-responsive self-adaptation circuit which
      eventually provides the analog output necessary to generate the digital
      signal which operates the power switch SW via a phase (polarity) reversal
      amplifier Am. The source PS.sub.2 is a relatively high voltage,
      low-current source, e.g., a source in series with a current-limiting
      impedance 6 as illustrated in FIG. 1, which is connected in a closed-loop
      or series circuit with the gap G across the electrode E and the workpiece
      W to effect a voltage buildup thereacross. As has already been noted, the
      system of the present invention omits any pulse-generating system having a
      characteristic pulse frequency of any type.
PAR  However, to determine gap condition, a sensing device VD is connected
      across the gap G between the workpiece W and the electrode E to provide an
      output signal at its terminal VD.sub.1 which is basically representative
      of gap condition. This analog value, preferably voltage, is delivered to
      an A-D (analog/digital) converter, including, for example, an integrator
      I.sub.n making use of a capacitor across which the sensing signal of the
      voltage detector VD is applied. The analog output e.sub.i of integrator
      I.sub.n is applied to a threshold discriminator, e.g., unstable device
      such as a Schmitt trigger Sm designed to switch over when the analog input
      attains predetermined threshold values represented as Tv.sub.1, and
      Tv.sub.2 to produce the digital outputs E.sub.o =0 when e.sub.i &lt;Tv.sub.1,
      the output e.sub.o =1, when e.sub.i &gt;Tv.sub.1 and e.sub.o =0 when e.sub.i
      &lt;Tv.sub.2, where Tv.sub.2 &lt;Tv.sub.1.
PAC  II. FIRST EMBODIMENT (GENERAL)
PAR  The apparatus shown in FIG. 1A, the operation of which will be discussed in
      detail in connection with FIG. 1, represents a basic system which may be
      modified in various respects as described in detail below and even
      illustrated in some of the latter figures, for example, a common power
      source may be provided in which the gap-responsive adaptation circuit is
      provided with impedances limiting the current flow while the machining
      circuit is tapped across the power source to limit the voltage level of
      the machining-current source. Such modifications are described in detail
      hereinafter.
PAR  However, the basic system is clear from FIG. 1A which demonstrates the
      total adaptation of the machining current in the absence of a periodic
      trigger.
PAR  The power source PS.sub.2 serves as an arc-striking voltage source which
      builds up the potential across the gap and eventually fires the latter to
      operate the switch SW shortly before or at breakdown of the gap. The
      sharp-waveform machining-current pulse thus is triggered across the gap G
      only upon the breakdown initiated by voltage buildup. However, the
      duration of the discharge is determined by the decay of the analog voltage
      to a predetermined threshold established by the threshold of the Schmitt
      trigger or some other bistable device as represented, for example, by the
      reference input R.sub.sm ; it thus is possible to produce an aperiodic
      triggering of pulses whose initiation, duration and interval all vary from
      one pulse to the other in accordance with the actually detected gap
      conditions and represented by the analog signal.
PAR  In FIG. 1, I show a self-adaptive power supply circuit for an electric
      discharge machining apparatus provided with a servomechanism for
      displacing the electrode relatively to the workpiece and a coolant
      circulating system as described in connection with FIG. 1A.
PAR  In this system, the electrode 1 is spacedly juxtaposed with the workpiece
      2, constituted as a counterelectrode, across the machining gap G flooded
      with the dielectric coolant (e.g., kerosene). The machining current power
      source comprises the main DC source 3a which is connected across the gap G
      via a digitally triggered power switch constituted by a bank of NPN power
      transistors 4 in series with emitter resistors 4r. A zener diode 5 is
      connected across the power terminals of the transistor 4 to ensure a
      constant voltage output for the power transistors which have their
      parallel-connected emitter-collector paths in circuit with the electrode
      1, the workpiece 2, the gap G and the machining power source 3a. A
      surge-blocking rectifier diode 7 is connected in series with source 3a to
      prevent reverse-current surges or voltages from damaging the power source.
      The bases or transistors 4 are energized in common by a line 4' to which
      digital conditions are applied by a closed-loop, self-adaptive,
      self-timing system described in detail hereinafter. The main DC source 3a
      has a low internal impedance and high current capacity so as to be
      capable, for example, of delivering not less than 50 amperes, the
      switching transistors 4 being used in such number as to permit the desired
      peak current to pass through the gap during machining.
PAR  A gap breakdown or "striking" voltage source 3b, constituting an auxiliary
      DC source with high-voltage and low-current characteristics (e.g., with an
      output voltage having a no-load value capable of attaining 100 to 500
      volts) is connected in parallel with the main source 3a across the
      electrode 1 and the workpiece 2. In this auxiliary circuit, there is
      provided a high ohmic resistor 6 as a current-limiting impedance to
      restrict the short-circuiting current from the high voltage source 3b to a
      particular maximum level, (e.g., 0.1 to about 1 ampere). It is impossible,
      therefore, for this auxiliary source alone to sustain a machining
      discharge. According to the invention and the principles set forth above,
      the auxiliary source serves to ignite, initiate or strike spark discharge
      across the gap, alone or in conjunction with a voltage contribution by the
      main power source and to explore the gap condition to obtain the timing of
      the turn-on of power transistors 4 as will be apparent hereinafter.
PAR  Moreover, since breakdown can be initiated across the gap by this high
      voltage, low-current auxiliary source, it is possible and desirable to
      reduce the power rating of the main DC source 3 a to a significant extent,
      e.g., such that the main power source has an output voltage between 10 and
      50 volts and just sufficient to maintain an arc-type discharge, once the
      same has been initiated by the main source, but incapable of initiating
      such a discharge alone. The auxiliary power supply 3b, 6 is thus designed
      to initiate or "strike" a discharge across a deionized gap, while the
      sustenance of this discharge and the actual machining operation is
      provided by the main power source 3b. The overall power unit can thus be
      relatively compact, using sources of lower power rating and distributing
      the power consumption more economically over the parts of each discharge
      and upon the power supplies used therefor.
PAR  A polarity selector or reversing switch 8 is provided to render the
      electrode 6 positive or negative, selectively, with respect to the
      workpiece and thus permit the apparatus to operate with reverse polarity
      or normal polarity as desired for particular machining requirements.
PAR  The self-timing adaptation system includes a sensing resistor 9 connected
      across the gap G for drawing information in the form of a gap-voltage
      signal, characterizing the changing conditions at the gap. The output
      signal is an analog related to the conductivity condition of the gap,
      across which voltage builds up upon full recovery of the gap after a
      preceding discharge. The adjustable tap or wiper 9a of the resistor 9 and
      a fixed terminal 9b develop the integratable signal thereacross and are
      connected to the integrator network 10 across a capacitor 10b in series
      with a diode 10a, the capacitor 10 b being adjustable for calibration,
      etc. The capacitor 10b charges and discharges in response to the gap
      condition variations represented by the voltage output tapped across
      terminals 9a and 9b of resistor 9 to produce the analog output as a
      function of time with a wave representation, e.g., as shown at Vc in FIG.
      2.
PAR  The circuit 10 may also include a zener diode 10c bridged across the
      capacitor 10b in a clipping orientation to clip the analog voltage built
      up in the capacitor beyond a predetermined level characteristic, of
      course, of the rating of the zener diode 10c. Switch 10c' may be closed to
      tie the zener diode across the output of the integrating circuit. The
      integrating circuit may also include a variable resistor 10d connected
      across the capacitor in a time-constant (R-C) network adjustable to
      establish a discharge-time constant for the integrating capacitor 10b.
PAR  Connected to the output of the integrator 10, as described generally in
      conjunction with FIG. 1A, there is an antalog/digital converter in the
      form of a threshold gating circuit 11, constituted as a Schmitt trigger,
      energized by the DC source 14 which may be open-circuited via switch 22 to
      render the trigger circuit 11 inoperative. The Schmitt trigger 11
      establishes the digital conditions which are applied to the power
      switching transistors 4 via the line 4', thereby providing the timing
      signal of varying width in dependence upon the incoming analog signal
      which is discriminated with respect to two threshold or reference values.
      The circuit 11 comprises a pair of NPN transistors in conjugated
      relationship wherein an R-C network 11c connects the collector of the
      input transistor 11a with the base of the output transistor 11b. The input
      signal is applied from the output side of the integrating circuit 10
      across the base and an emitter resistor 11r of the input transistor 11a,
      the resistor being adjustable to set a pair of threshold values. The
      resistors 11d, 11e and 11f are respectively the base-bias resistor of
      output transistor 10b, collector-bias resistor of input transistor 11a and
      collector-bias resistor of the transistor 11b. Connected to the output of
      the Schmitt trigger 11, there is an amplifying transistor 12 of the NPN
      type which also performs a phase reversal with the phase-reversed output
      appearing across the output resistor 13. The base-bias resistor of the
      amplifying resistor 12 is shown at 12a.
PAR  The Schmitt trigger 11 may be of the type described at pages 389 ff of
      Pulse, Digital and Switching Waveforms, Millman and TAUB, McGraw-Hill Book
      Co., 1965, and is a bistable circuit having two possible output states
      depending upon the level of the input signal applied at the base of
      transistor 11a. The variable resistor 11r when set, establishes a pair of
      threshold values as generally described in connection with FIG. 1A so that
      the circuit acts as a discriminator which converts the level of the analog
      signal of the integrating circuit 10 to a digital output represented by
      the two states of the Schmitt trigger.
PAR  When the terminal voltage of capacitor 10b is below a first threshold
      value, transistor 11a is nonconducting or blocked while transistor 11b is
      conducting and the amplifying transistor 12 cut off so that no output
      signal appears across the output resistor 13. When, however, the terminal
      voltage of the capacitor 10b rises above this first threshold level,
      transistor 11a is biased into its conductive state, transistor 11b is cut
      off and amplifying transistor 12 is switched into its conducting condition
      so that a voltage drop appears across the output resistor 13 and serves to
      trigger the power switch 4. If, thereafter, the input at the base of
      transistor 11a falls below a second threshold value, slightly less than
      the first threshold value, transistor 11b is rendered conducting and
      amplifying transistor 12 is blocked so that the signal previously
      produced, and appearing as a voltage drop across resistor 13, is
      terminated. The positive side of resistor 13 is connected to the bases (in
      parallel) of the power transistor 4 which are of the NPN type as
      previously noted, while the negative side of resistor 13 is connected via
      the resistors 4r to the emitter electrodes of these transistors. Thus only
      when an output signal appears across the resistor 13, are the power
      transistors rendered conducting and held in their conducting state to
      connect the main DC source 3a with the machining gap G.
PAC  III. FIRST EMBODIMENT (OPERATION)
PAR  In FIG. 2, I show the waveforms encountered in the system of FIG. 1 and
      wherein amplitude is plotted along the ordinate against time as the
      abscissa; the wave form A represents the terminal voltage V.sub.c across
      the capacitor 10b, waveform B represents the signal voltage V.sub.o
      appearing across the output resistor 13, waveform C represents the gap
      voltage V.sub.gap, and waveform D represents the current pulses Id
      delivered to the gap.
PAR  Now consider an instant tl at which power transistors 4 are rendered
      nonconductive, sharply terminating a square-shaped discharge pulse P.sub.1
      with a current of Id and a discharge voltage at a level of Vd. As the gap
      becomes clear and deionized, voltage Vr (recovery voltage) will build up
      as a result of the auxiliary source 3b of high voltage which is connected
      across the no-load gap through resistor 6 and as a result of the free
      capacitance in the circuit.
PAR  The sensing resistor 9 continuously monitors the gap voltage and builds up
      in capacitor 10b a voltage rise represented by the terminal voltage Vc in
      analog form (waveform A of FIG. 2). As the capacitor voltage builds up
      correspondingly to the gap voltage Vr and exceeds a threshold level Vs of
      the Schmitt trigger circuit 11, which level is preset to correspond to
      full gap deionization, a transition occurs in the Schmitt trigger circuit
      11 whereby transistor 11a is rendered conductive, transistor 11b is
      blocked and amplifier transistor 12 is rendered conductive, thereby
      producing a signal voltage V.sub.o at the output resistor 13. The latter
      signal voltage V.sub.o, in turn, renders the bank of power transistors 4
      conductive (t.sub.2), so that relatively low voltage Vm from the main DC
      source 3a is applied across the gap G in parallel with the higher recovery
      voltage Vr.
PAR  Thereafter, the recovery voltage Vr and, in response thereto, capacitor
      voltage vc, continues to build up until the breakdown of the gap is
      effected by the recovery voltage at a magnitude Vb at a time t.sub.3.
PAR  The time interval between t.sub.2 and t.sub.3 relates to the gap condition
      in this interval and the magnitude of the gap breakdown or arc-striking
      voltage vb; hence the peak level of capacitor voltage Vc is generally
      proportional to the gap spacing at t.sub.3. Upon the firing of the gap by
      the arc-striking voltage Vb from the source 3b, discharge current is
      permitted to flow from the main source 3a through the power transistors 4
      which have previously been rendered conductive at time t.sub.2 and the
      resulting discharge is sustained at the relatively low voltage Vb to
      produce the machining pulse P.sub.2.
PAR  As soon as the sudden drop of the gap voltage occurs, as consequence of the
      discharge through the gap, capacitor 10b responds to this change via
      sensing resistor 9, discharging the previously stored charge of resistors
      10b so that its terminal voltage Vc drops linearly (or exponentially) at a
      rate determined by the capacitors of capacitor 10b and the resistance of
      the draining resistors 10d and 11r thereby forming the descending flank
      Vc' of the waveform as represented in the graph of the waveforms A in FIG.
      2. When this linear or exponential decrease of the capacitor terminal
      voltage Vc reaches and becomes less than the second threshold value,
      represented at Vs', the reverse transition occurs in the Schmitt trigger
      circuit 11 at time t.sub.4 such that transistor 11a is cut off, transistor
      11b is rendered conductive and transistor 12 is switched into its blocking
      condition, to sharply cut off the signal voltage V.sub.o, thereby
      rendering power transistors 4 nonconductive substantially instantaneously.
      The time t.sub.4 thus corresponds to the termination of the pulse P.sub.2.
      One switching cycle "on/off" has thus been produced between the times
      t.sub.2 and t.sub.4 to produce a discharge pulse P.sub.2 at a current
      level Id and a voltage Vd and with the duration t.sub.3 -t.sub.4
      adaptively controlled in dependence upon the gap condition.
PAR  Since the rate of discharge with time of capacitor 10b is a fixed parameter
      and the Schmitt-Trigger thresholds Vs and Vs' are also preset parameters,
      it will be apparent that, in accordance with this closed-loop self-timing
      system, the duration for which the analog voltage V.sub.c is above the
      threshold level Vs' and, hence the duration of discharge pulse (t.sub.3
      -t.sub.4), varies as a function of the peak level of analog signal Vc and
      is a function of the gap breakdown voltage Vd characterizing the
      gap-conductivity condition at the time (t.sub.3) the discharge pulse
      commences. The duration T of each discharge pulse can be expressed by the
      following formula:
PAC  T=t[1-Vs'/Vc(max)]=Bt(1-Vs'/kVb)
PAL  where t represents the discharge-time constant for capacitor 10b, Vc(max)
      represents the peak level of analog signal Vc, Vb is the breakdown
      potential of the gap and k is a constant.
PAR  At t.sub.4, the gap-recovery voltage Vr again begins to build up provided
      there has been no failure of gap deionization At t.sub.5, at which the
      capacitor voltage Vc again passed the threshold Vs along the rising flank
      Vc" of the analog signal, power transistors 4 are again rendered
      conductive by the sequence discussed above, thereby permitting the main
      voltage Vm to become effective across the open gap. At t.sub.6, the
      voltage buildup across the gap fires the latter at a breakdown voltage Vb'
      higher than that of the preceding cycle (i.e., breakdown voltage Vb). The
      main voltage from the source 3a instantaneously drops to the discharge
      level Vd to produce the steep flank P.sub.3 ' of the next pulse P.sub.3,
      the capacitor terminal voltage Vc then decreasing at the fixed rate (t)
      until it again reaches the threshold level Vs' at t.sub.7 (along the
      descending flank Vc' ), at which time the power transistors 4 are rendered
      nonconductive, thereby terminating the discharge pulse P.sub.3 along the
      steep flank P.sub.3 ". The pulse P.sub.3 has a duration t.sub.6 -t.sub.7
      and is adaptively controlled in response to the gap voltage and spacing at
      the time when the gap was fired. The longer duration of the pulse P.sub.3
      may represent slight increase in the gap spacing or some other gap
      condition represented in a higher resistance of the gap.
PAR  Following this cycle, for example, if the gap G is not fully deionized or
      is in a condition inadequate to effect a power discharge, the gap voltage
      Vr will recover to a slight degree or will fire the gap at a relatively
      low level, e.g., that represented at Vb", below the full deionization
      level. In such case, only a slight short-circuiting current from auxiliary
      source 3b (limited by resistor 6) may pass through the gap as represented
      by the current pulse Id' at time t.sub.8. Thereafter, the recovery voltage
      Vr again builds up and finally exceeds the deionization level permitting
      power switches 4 to become conductive at t.sub.9 while the capacitor
      terminal voltage Vc follows the recovery voltage Vr. At time t.sub.10, a
      discharge pulse P.sub.4 is initiated by the arc-striking voltage Vb'".
      Since this striking voltage is relatively low, the discharge pulse P.sub.4
      is caused to terminate with a correspondingly narrow duration t.sub.10
      -t.sub.11.
PAR  The subsequent energization of the power switch arrangement 4 is effected
      at t.sub.12 and is followed by the relatively wide open-gap interval
      t.sub.12 -t.sub.14 as a consequence of an excessive gap spacing,
      represented for purposes of illustration. In the condition, the gap does
      not readily break down. Within this interval, the analog signal Vc is
      shown to reach its maximum level permitted by the breakdown level of the
      zener diode 10c which, if provided, limits an excessive voltage rise
      across capacitor 10b and thus is effective to avoid an unduly prolonged
      pulse which might cause thermal deterioration of the machined surface. The
      provision of a zener diode, together with an adjustable time constant for
      the capacitor 10b permits each individual power pulse to be automatically
      optimized within a predetermined fixed range to meet any particular
      machining requirements.
PAR  In the preadjustment of the aforedescribed circuit arrangement, a pulse
      amplitude and a standard pulse duration are determined in consideration of
      the intended degree of surface finish and also in accordance with whether
      or not tool wear is to be permitted. The pulse amplitude is then set by
      adjusting the number of switching transistors, e.g., by connecting the
      desired number in parallel in the power switch 4. The standard pulse
      duration is established for the most appropriate gap state which will
      prevail during the stable machining operation by suitably adjusting the
      time constant of the integrating network and/or the threshold levels Vs
      and Vs' of the SCHMITT-Trigger Circuit. In the machining operation, it can
      be assumed that one discharge pulse spans the shortest dielectric path
      whose spacing and condition are most appropriate to the finish and the
      machining rate desired. The discharge will then automatically be sustained
      for this fixed standard duration (e.g., the period t.sub.6 -t.sub.7) and
      remove the desired amount of material while leaving a crater as expected
      for the intended result. The next discharge is automatically initiated
      after the lapse of the minimum deionization period under the existing gap
      state and when the requisite breakdown potential is attained. If the
      breakdown potential is relatively low as is represented at t.sub.3 or
      t.sub.10, this is an indication that the gap is relatively narrow, i.e.,
      the discharge has been generated across a relatively narrow shortest
      dielectric path. The discharge duration is automatically determined by
      this indication, made by the analog voltage, and the discharge occasioned
      across this reduced gap is permitted to cease with optimum machining
      performance, i.e., without doing excessive work or expending excessive
      energy which might lead to gaseous discharge, the formation of thermal
      arc, etc.
PAC  IV FIRST EMBODIMENT (EXAMPLE)
PAR  A tungsten carbide workpiece of type G, having a performed hole of 8.6 mm.,
      in diameter, was machined by EDM with a silver-tungsten alloy tool
      electrode of a diameter of 10 mm., to widen the hole. The liquid
      dielectric coolant with derosene circulated through the hole in the
      workpiece. To machine to a depth of 35 a conventional periodic pulse
      generator equipped with short circuit protection circuitry required 35
      minutes to yield a machined product with a surface finish of 10 microns H
      (max), the initial removal rate of 0.75 g/min., declining as the machining
      proceeds due to the occurrence of continuous arc discharge at frequent
      intervals, to a removal rate as low as 0.1 g/min., at the final stage. The
      machining operation by these conventional techniques is represented in
      broken lines in FIG. 3.
PAR  With the system of FIG. 1, in accordance with the present invention, the
      total operation required 22.5 minutes and achieved better surface finish
      with a substantially constant removal rate of 0.5 g/min throughout the
      machining operation as represented in solid lines in the graph of FIG. 3.
      Moreover, the power supply of FIG. 1 has been found to be especially
      efficient in the sinking of deep holes, the formation of relatively deep
      dies and the machining of small areas in which trouble is most often
      encountered in conventional systems.
PAC  V. SECOND EMBODIMENT
PAR  (General Description and Operation)
PAR  In FIG. 4, there is shown a power supply circuit that is generally similar
      to that of FIG. 1 and operates in a corresponding manner except that in
      this arrangement a single direct current source 103 is provided and serves
      both as the source of machining current and as a source of the auxiliary
      voltage. In this embodiment, the rectifier 7 may be omitted and the
      high-ohmic current-limiting resistor 106 connected between the reversing
      switch 8 and one terminal of the DC source 103 which may deliver high
      voltage and high current. The current drain from this source in the
      auxiliary mode is restricted by resistor 106 while the voltage applied
      during the high-current discharge is regulated by the zener diode 5. Of
      course, the number of power-switching transistors 4 in series with the
      source 103 determines the machining current. Within the meaning of the
      terms used in the present disclosure, the auxiliary voltage source (high
      voltage, low current) is represented by the source 103 in series with the
      current-limiting resistor 106, while the low-voltage, high-current source
      is represented by the source 103 in series with the power transistors 4
      bridged by the zener diode 5.
PAC  VI. THIRD EMBODIMENT (GENERAL)
PAR  In FIG. 5, there is shown a modified circuit arrangement in which the
      machining current source 3a, 7, the power switch arrangement 4, the zener
      diode 5 and the auxiliary voltage source 3b, 6 are connected to an
      electrode arrangement 1, 2 across the gap G via a reversing switch 8 as
      described in connection with FIG. 1, while the sensing element is a
      variable resistor 9 bridged across the gap G and providing a voltage drop
      across the terminals 9a and 9b which is fed to the analog-signal network.
PAR  In this system, between the sensing resistor 9 and the integrating network
      10, which is of the type described in connection with FIG. 1 and feeds the
      SCHMITT-Trigger 11, either or both of two threshold-level operating
      elements, such as the zener diode 15 and a SCHMITT-Trigger circuit 16, are
      provided to register upon the integrating network 10 only that portion of
      sensed gap voltage which is discriminated by one or both of these circuits
      components.
PAC  VII. THIRD EMBODIMENT (OPERATION)
PAR  In FIG. 6 there are shown waveforms detected at the tapped resistor 9
      (waveform A), across the integrating capacitor 10b of the circuit of FIG.
      5 (waveform B), and at the output resistor 13 (waveform C), while the
      corresponding machining pulses, in terms of current, are represented as
      waveform D.
PAR  When the tapped voltage across the gap (Vr) exceeds a threshold level or
      breakdown voltage ZV of zener diode 15 (waveform A) as shown at t.sub.16,
      the diode becomes conductive.
PAR  The cutoff voltage ZV of the zener diode 15 is set, as shown in FIG. 6, to
      be slightly higher than the upper threshold value of the Schmitt-trigger
      circuit 16. Thus, when the voltage Vr causes the diode 15 to become
      conductive, a first transistor 16a of the Schmitt-trigger is rendered
      conductive to cut off the second transistor 16b as generally described in
      connection with the Schmitt-trigger 11 with respect to which Schmitt
      trigger 16 is similar. The point at which the zener diode becomes
      conductive is represented at t.sub.16 in FIG. 6. At this point, the
      integrating capacitor 10b which has previously been short circuited by the
      second transistor 16b, begins to charge along the rising flank Vc' as
      represented by the waveform B, with the voltage across the capacitor
      increasing at a predetermined rate (established by the charging constant)
      until the signal voltage sensed by resistor 9 suddenly drops below the
      zener level of the diode 15 in response to gap breakdown ta time f.sub.18.
      Prior to this, the capacitor voltage V.sub.c crosses the first threshold
      Vs of Schmitt trigger 11 to render transistors 4 conductive and produce
      the voltage peak Vp as a contribution by the machining current source 3a.
      The switching point is represented at time t.sub.17.
PAR  Upon the breakdown of the gap at time t.sub.18 by the voltage buildup to
      the point Vr' corresponding to the breakdown potential of the gap, the
      machining pulse P.sub.5 is initiated. Also at this point, capacitor 10b
      (FIG. 5) begins to discharge, thereby producing the descending flank Vc"
      of the analog pulse as described in connection with FIG. 2. When the
      capacitor potential falls below the second threshold Vs' of the Schmitt
      trigger circuit 11 (t.sub.19), the machining current pulse 5 is sharply
      terminated. After termination of the pulse, recovery commences as
      represented by the next increase in the potential across the gap voltage
      Vr" which at time t.sub.20 attains the breakdown level of zener diode 15
      to form the next rising flank Vc'" of the analog voltage across the
      capacitor 10b, thereby switching the power transistors 4 at t.sub.21 and
      repeating the cycle. The response of the circuit to failure of gap
      deionization, to open-circuiting of the gap, etc., is similar in the
      system described in connection with FIG. 2.
PAC  VIII. FOURTH EMBODIMENT (GENERAL)
PAR  In FIG. 7, there is shown another closed-loop self-adaptive pulse generator
      arrangement embodying the principles of the present invention and
      constituting the preferred system. Here again, the electrodes 1, 2 and the
      gap G are connected in a series circuit with the high-voltage source 3b
      and a current-limiting resistor 6 preventing excessive short circuit flow
      through this auxiliary pulse-generating network. The machining current is
      supplied by the lower-voltage source 3a in series with a
      reverse-surge-blocking diode 7. Between the machining-current source and
      the electrode arrangement 1, 2, there are provided the switching
      transistors 4 in a bank in which the number of transistors determines the
      applied current. Here, too, a variable resistor 9 spans the gap G to
      produce at its terminus 9a, 9b, the signal voltage representative of gap
      condition.
PAR  In this embodiment, however, means is provided whereby control of pulse
      duration can be effected within about 20 percent of the predetermined
      optimum discharge duration, i.e., .+-.10 percent. In this arrangement, the
      tap 9a or resistor 9 is connected to a rectifying diode 10a in series with
      a resistor 10f across the integrating capacitor 10b while a clipping zener
      diode 10c is provided across the capacitor 10b. Between the capacitor 10b
      and the positive terminal of the source 14 is provided a resistor 10e the
      output of the integrating circuit feeding the SCHMITT-trigger circuit 11,
      the digital output of which is applied via the amplifying and
      phase-reversal transistor 12 to the bases of the transistors 4 via a
      rectifier 12b.
PAR  As in the previous embodiments, therefore, the sensing resistor
      continuously monitors gap variation and registers across its tapped
      portion 9a, 9b a signal proportional to the changing gap voltage or
      resistors. The capacitor 10b is here designed to charge and discharge
      depending upon the sensed gap signal balanced with an oppositely poled
      fixed voltage reference source 14 and also operates the threshold-gating
      circuitry 11 and the amplifying transistor 12.
PAC  IX. FOURTH EMBODIMENT (OPERATION)
PAR  As can be seen from the FIG. 8, waveform A, in which the analog voltage Vc
      derived across the capacitor 10b is represented, upon breakdown of the gap
      accompanied by a sudden drop of the gap signal, capacitor voltage Vc
      begins to rise at a time t.sub.22 along the steep flank Vc. In accordance
      with an important aspect of this system, Vc rises at a variable rate
      determined both by its charging time constant (i.e., the product of the
      resistance of resistor 10e and the capacitance of the capcitor 10b) and
      the sensed gap signal. The level of capacitor voltage in analog form is
      discriminated by the Schmitt trigger circuit 11 whose variable resistor
      11r controls the thresholds of the circuit. Thus, while the capacitor
      voltage VC along the flank Vc' remains below the first threshold Vs of the
      Schmitt trigger, the bank 4 of power transistors is conductive to sustain
      the pulse P.sub.6. However, when this threshold level is reached (time
      t.sub.23), the gating circuit 11 inverts to terminate pulse P.sub.6 by
      cutting off the power transistors 4.
PAR  Upon termination of the machining pulse P.sub.6, a gap-recovery voltage Vr'
      builds up across the gap assuming, of course, full deionization of the
      latter, as drawn from the auxiliary voltage source 3b, the sensing
      resistor 9 responding to this buildup as represented by the descending
      flank Vc" as shown for waveform A. At the point t.sub.24, the descending
      flank Vc" traverses the threshold level Vc' and the power transistors 4
      are rendered conductive so that a further rise in the recovery voltage Vr'
      to its peak at t25 causes breakdown across the gap and the formation of
      the next discharge pulse P.sub.1 with a time interval between the pulses
      as represented at t.sub.23 -t.sub.25. The terminal voltage at capacitor
      10b reaches its minimum at t.sub.25. The machining cycle then proceeds
      with adaptively determined pulse duration, pulse spacing and pulse
      initiation until some defect occurs in the sequence.
PAR  Also in this system, the duration of each discharge pulse is found to vary
      adaptively in accordance with the state of the gap upon firing after the
      application of the voltage pulse, the state of the gap while the discharge
      is sustained, and the charging time constant of capacitor 10b. Thus it is
      possible to establish a standard pulse duration to meet the requirements
      of any particular machining operation by suitably regulating the
      capcitance of the integrating capacitor 10b for a given value of the
      charging resistor 10e or vice versa. Resistor 11r, which establishes the
      threshold level Vs and Vs', may also be set, these settings being designed
      to establish an optimum gap state and spacing which may prevail when the
      gap is fired and while the discharge is sustained. It has been found that,
      when each individual discharge pulse is controlled to vary within a range
      of .+-.5 to .+-.20 percent (preferably .+-.10 percent) of the standard
      duration in dependence upon the changing gap state, best results are
      obtained with respect to removal rate, surface finish, accuracy, quality
      of machined surface, stability of operation and minimal wear of the tool
      electrode (in a "no wear" mode).
PAR  If the gap discharge is initiated at a relatively wide spacing and,
      accordingly, with a higher recovery voltage Vr, this information (to the
      extent that it is within the permissible deviation indicated above) is
      reflected in the nature of the discharge. For example, pulse P.sub.8 has a
      longer duration corresponding to the higher recovery voltage Vr" necessary
      to break down the gap than is the case for the pulse P.sub.6 or the pulse
      P.sub.7.
PAR  However, if there is an excessive rise of recovery voltage across the gap
      owing to wider gap spacing, the capacitor terminal voltage Vc is prevented
      from going excessively negative by the diode 10b which clips the negative
      signal at a level Vd (waveform A of FIG. 8). The clipping effect is shown
      between the time intervals t.sub.27 and t.sub.28. During the discharge, if
      the gap voltage is relatively high as shown for the interval t.sub.26
      -t.sub.28, capacitor terminal voltage Vc rises relatively slowly to
      prolong the discharge pulse P.sub.8. If the discharge voltage is
      relatively low, indicating sufficient gap deionization and a possible gas
      discharge, the pulse is correspondingly narrow, as will be apparent from
      the interval t.sub.40 1/8-t.sub.41. At time t.sub.33, a premature
      discharge is shown to take place before complete gap deionization is
      attained. In this case, only the limited current which may be drained at
      short circuit, can be drawn from the auxiliary source 3b. As long as the
      recovery voltage does not appear, the capacitor terminal voltage Vc
      remains well above the Schmitt threshold Vs', thereby holding the power
      transistors 4 nonconductive. It is also possible to avoid an excessive
      buildup of the capacitor terminal voltage within the interval t.sub.34
      -t.sub.35 by using the zener diode 10c with a zener level slightly higher
      than the Schmitt trigger threshold Vs.
PAC  X. FIFTH EMBODIMENT
PAR  It has been found that, while the aforedescribed embodiments provide
      excellent machining performance in deep hole drilling by electric
      discharge machining and EDM deep-die sinking and wherever the removal of
      the particles of the workpiece is a problem, the removal rate remains
      comparatively slow by contrast with removal rates at the initial stages of
      conventional systems as can be seen from the graph of FIG. 3.
PAR  It has been found to be possible to increase sharply the initial removal
      rate by comparison with conventional nonadaptive systems and yet maintain
      an improved removal rate throughout the machining operation by altering
      the rate of conversion of the gap signal, e.g., the gap-recovery voltage,
      into the integrated analog signal as machining proceeds. A system of this
      type is shown in FIG. 9. Here again the electrode 1 is juxtaposed with the
      workpiece 2 across the gap G and is flooded with a dielectric liquid
      coolant as described in connection with FIG. 1A. Here too, relative
      displacement of the electrode and the workpiece to maintain approximately
      constant gap width, is effected by a servomechanism of the type shown in
      FIG. 1A and described in connection therewith. Also, the main machining
      current is here supplied by a relatively low voltage machining current
      source 3a in series with a reverse-surge suppressing rectifier diode 7 in
      series with source 3a, a power switch 4 and the gap G.
PAR  The power switch 4 here comprises a cascade arrangement of NPN transistors
      in an amplifying circuit of the type illustrated and described in the
      aforementioned application or U.S. letters patent and including a bank of
      main power transistors 4a, 4b and 4c whose emitter-collector electrodes
      are in series with the source 3a and the gap G. A preliminary amplifying
      arrangement is constituted by a pair of transistors 4d and 4e whose
      emitter-collector electrodes lie in series with the source 3a and the
      output resistor 4f across which develops the signal for triggering the
      power trnasistors 4a and 4c. The transistors 4d and 4e are, in turn,
      triggered by the application of a signal to the base of NPN transistor 4g
      whose emitter is tied in parallel to the bases of transistors 4d and 4e
      and which has an emitter-collector network in series with the output
      resistors 4h and the source 3a.
PAR  A resistor 6 is connected in series with the high-voltage auxiliary source
      3b to limit the current drain from this source at short circuiting of the
      gap. Furthermore, the circuit of FIG. 9, which is basically a modification
      of that of FIG. 7, includes a voltage-divider resistor 109 bridged across
      the electrodes 1, 2 to sense the gap condition, a diode 10a connected to
      the output terminal 109a of this resistor which produces the sensing
      signal across the terminal 109a, 109b. Through the rectifier 10a, the
      signal may charge a capacitor 10b, or, as illustrated, may be bucked
      against the charge of the capacitor delivered from source 14 via the
      variable charging resistor 10e, a zener diode 10c being connected across
      capacitor 10b. The integrated signal can then be applied to the base of
      the transistor 11a of a Schmitt trigger 11, the thresholds of which may be
      set at resistor 11r as previously described. Moreover, the Schmitt trigger
      11 has an output transistor 11b which applies its signals to the
      amplifying and phase-reversal transistor 12, the latter in turn energizing
      the power switch 4 as previously described.
PAR  The sensing resistor 109 is provided with a multiplicity of taps 91, 92,
      93-9n adapted to be connected in circuit by the selector switch 23 which
      has the terminal 109a to connect one or more of the taps in a voltage
      divider arrangement across the gap G. A switch 21 of a timer 20
      controlling the motor M of the selector switch 23 is ganged with power
      switch 22 in series with the auxiliary source 3b to initiate and terminate
      a machining operation depending upon whether the switches 21, 22 are open
      or closed. The timer 20 sets the selector switch 23 to connect the
      uppermost tap 91 at the start of machining and after a predetermined time
      interval, shifts the switch 23 to so connect the successively lower taps
      92, 93-. The several taps serve to permit charging of the capacitor at
      different rates in accordance with the proportionality constant of the
      voltage divider network associated with the particular tap. The terminal
      voltage of capacitor 10b, when the tap 91 is in circuit, shows a sharper
      descending flank (FIG. 10) than the corresponding capacitor voltage for
      taps 92 and 93. Hence, the threshold Vs' of the Schmitt trigger is reached
      more rapidly (time t.sub.42) when tap 91 is in circuit than for taps 92
      and 93 whose threshold time are represented at t.sub.43 and t.sub.44,
      respectively in FIG. 10. Thus, in the first stage switchover of the
      Schmitt circuit to render the power transistor 4 conductive may take place
      sooner in early stages and later during the last stages of machining,
      thereby increasing the machining rate at the beginning. In the first
      stage, for example, the gap voltage may build up to a level of 40 volts
      before breakdown with increase in potential to 50, 60, 70 and 80 volts in
      the second, third, fourth and last stages of the machining operation.
PAR  Since in the initial stage of machining, the removal of particles is more
      readily accomplished, it has been found that each pulse may be triggered
      with a relatively lower gap recovery voltage (without thermal arcing)
      while later stages are effected with higher potentials so that thorough
      deionization is assured.
PAC  EXAMPLE
PAR  In FIG. 12, I show the removal rate in terms of gr./min., plotted along the
      ordinate, against time plotted along the abscissa. The graph relates to
      the machining of an iron workpiece using "no wear" operating techniques
      with a copper electrode of 10 mm. in diameter to a surface roughness of 35
      microns H(max). In this graph, the broken line X represents an adaptive
      machining system of the type characterizing the prior art while the
      dot-dash line Y represents the system obtained with the circuit of FIG. 7
      and the solid line graph Z represents the results obtained with the
      circuit of FIG. 9 with voltage steps in the indicated increments across
      the gap.
PAR  In FIG. 11 there is shown a modification of the system of FIG. 9 wherein a
      wiper 123 sweeps the resistor 109' continuously rather than in steps under
      the control of a continuous timing drive 120 to delay the attainment of
      the threshold Vs'   with the course of machining. This system is
      essentially equivalent to that of FIG. 9.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of machining a conductive workpiece comprising the steps of:
PA1  a. spacedly juxtaposing an electrode with said workpiece across a discharge
      gap while passing a dielectric liquid therethrough.
PA1  b. relatively displacing said electrode and said workpiece during the
      machining thereof to maintain the gap spacing generally constant;
PA1  c. applying across said electrode and said workpiece a direct current
      arc-striking voltage sufficient to initiate discharge across said gap
      while permitting said voltage to build up thereacross to a level
      constituting a function of conductivity characteristics of said gap and to
      decay with discharge across said gap;
PA1  d. deriving an analog signal representing the voltage build up and decay
      across said gap; and
PA1  e. triggering a machining current flow through said gap across said
      electrode and said workpiece upon said signal exceeding a first threshold
      value and upon initiation of a discharge by said voltage, and terminating
      said machining current flow through said gap upon detection of a value of
      the analog signal declining to a second threshold value less than said
      first threshold value.
NUM  2.
PAR  2. The method defined in claim 1, further comprising the steps of
      establishing a first digital condition upon said signal exceeding said
      first threshold value and a logically converse second digital condition
      upon said signal attaining said second threshold value; and switching a
      machining current source connected across said electrode and said
      workpiece on and off instantaneously in response to the establishment of
      said first and second conditions, respectively.
NUM  3.
PAR  3. The method defined in claim 2 wherein said arc-striking voltage is
      applied across said electrode and said workpiece by a limited-current DC
      source connected across said gap in a closed-loop circuit therewith, said
      analog signal being derived by detecting the gap voltage and producing a
      sensed signal proportional thereto, and integrating said sensed signal to
      form said analog signal.
NUM  4.
PAR  4. In the electric discharge machining of a conductive workpiece wherein an
      electric discharge machining electrode is spacedly juxtaposed with the
      workpiece across a machining gap flooded with a dielectric liquid coolant
      and a source of electric machining current is connectable across said
      electrode and said workpiece to pass an impulsive erosive electric
      discharge across said gap, the improvement which comprises the steps of:
PA1  a. connecting said electrode, said gap and said workpiece in a closed-loop
      circuit with a limited-current voltage source;
PA1  b. deriving an analog signal from said gap indicative of gap recovery from
      a preceding discharge and related to gap conductivity;
PA1  c. producing with said analog signal at least one digital triggering signal
      upon said analog signal attaining a predetermined threshold value; and
PA1  d. a periodically triggering said source of machining current on and off
      instantaneously with said triggering signal, the analog signal being
      compared with at least one threshold value to produce a first digital
      state and with another threshold value less than the said one threshold
      value to produce a second digital state, one of said digital states
      corresponding to said digital triggering signal, said source of machining
      current being turned on and off in accordance with said digital states.
NUM  5.
PAR  5. The improvement defined in claim 4 wherein said analog signal is derived
      in step b, by the steps of deriving a signal representing voltage buildup
      across said gap, and integrating the voltage-buildup signal by controlling
      the charge and discharge of a capacitor therewith to produce said analog
      signal.
NUM  6.
PAR  6. The improvement defined in claim 5, further comprising the step of
      clipping said analog signal beyond a predetermined level thereof to
      prevent an excessive duration of triggering of said source of machining
      current.
NUM  7.
PAR  7. A power supply for electrical discharge machining wherein a tool
      electrode is spacedly juxtaposed with a workpiece constituting a
      counterelectrode across a machining gap flooded with a dielectric liquid
      coolant, said power supply comprising:
PA1  a main source of machining current including an electronically triggerable
      power switch connected in series with said electrodes and said gap;
PA1  an auxiliary source of arc-striking voltage connected in a closed-loop
      arrangement with said gap for building up a voltage thereacross;
PA1  sensing means including a voltage-dividing resistor having a pair of output
      terminals connected across said gap for producing an output indicative of
      the breakdown conditions of said gap;
PA1  means including an integrating network having a capacitor bridged across
      said output terminals for forming an analog signal from said output
      related to the gap conditions;
PA1  threshold gating means including a Schmitt trigger responsive to said
      analog signal for establishing a first digital state and a second digital
      state, said threshold gating circuit being connected to said power switch
      for substantially instantaneously rendering same conductive and
      terminating conductivity of said power switch upon the occurrence of said
      digital states respectively, said Schmitt trigger having an input
      transistor with a base connected to said capacitor.
NUM  8.
PAR  8. The power supply defined in claim 7 wherein said power switch is a bank
      of power transistors connected in parallel between said main source and
      said electrodes and having bases triggerable in parallel by said threshold
      gating means.
NUM  9.
PAR  9. A power supply for electrical discharge machining wherein a tool
      electrode is spacedly juxtaposed with a workpiece constituting a
      counterelectrode across a machining gap flooded with a dielectric liquid
      coolant, said power supply comprising:
PA1  a main source of machining current including an electronically triggerable
      power switch connected in series with said electrodes and said gap;
PA1  an auxiliary source of arc-striking voltage connected in a closed-loop
      arrangement with said gap for building up a voltage thereacross;
PA1  sensing means including a voltage-dividing resistor having a pair of output
      terminals connected across said gap for producing an output indicative of
      the breakdown conditions of said gap;
PA1  means including an integrating network having a capacitor bridged across
      said output terminals for forming an analog signal from said output
      related to the gap conditions; and
PA1  threshold gating means including a Schmitt trigger responsive to said
      analog signal for establishing a first digital state and a second digital
      state, said threshold gating circuit being connected to said power switch
      for substantially instantaneously rendering same conductive and
      terminating conductivity of said power switch upon the occurrence of said
      digital states respectively, said Schmitt trigger having an input
      transistor with a base connected to said capacitor, and means establishing
      two threshold values for said Schmitt trigger effective to produce an
      output signal upon the voltage across said capacitor exceeding one of said
      threshold values and terminating said output signal upon the voltage
      across said capacitor attaining a second threshold value less than the
      first threshold value, the output signal of said Schmitt trigger being
      applied to said power switch for rendering same conductive.
NUM  10.
PAR  10. The power supply defined in claim 9, further comprising amplifier means
      between said Schmitt trigger and said power switch.
NUM  11.
PAR  11. The power supply defined in claim 9, further comprising an electronic
      breakdown device connected across said capacitor for clipping the voltage
      appearing thereacross upon the latter voltage exceeding a predetermined
      magnitude.
NUM  12.
PAR  12. The power supply defined in claim 11 wherein said breakdown device is a
      Zener diode.
NUM  13.
PAR  13. The power supply defined in claim 9, further comprising means including
      a source of direct current and a resistor in series with said capacitor
      and said source of direct current for charging said capacitor, said
      voltage divider being connected to said capacitor so as to buck the
      charging voltage supplied thereto through said resistor.
NUM  14.
PAR  14. The power supply defined in claim 9, further comprising a rectifier
      diode connected between one of said output terminals and said capacitor.
NUM  15.
PAR  15. The power supply defined in claim 9 wherein said main source of
      machining current includes a direct current source and a bank of power
      transistors in series with said direct current source and said electrode,
      and wherein said auxiliary source includes said direct current and a
      current-limiting resistor in series therewith connected across said
      electrodes.
NUM  16.
PAR  16. The power supply defined in claim 9 wherein said major source includes
      a relatively low-voltage high-current DC source connected in series with a
      bank of power transistors across said electrodes and wherein said
      auxiliary source includes a relatively high-voltage low current DC source
      connected across said electrodes.
NUM  17.
PAR  17. The power supply defined in claim 16, further comprising a rectifier
      diode connected in series with said low voltage high current DC source to
      block high voltage from said high-voltage low current DC source.
NUM  18.
PAR  18. The power supply defined in claim 16, further comprising a
      current-limiting resistor in series with said high-voltage DC source.
NUM  19.
PAR  19. The power supply defined in claim 9 further comprising means for
      adjusting the charging and discharging rate of said capacitor during the
      electrical discharge machining process.
NUM  20.
PAR  20. The power supply defined in claim 19 wherein the last-mentioned means
      includes a plurality of taps of said voltage divider and
      sequence-switching means successively connecting said capacitor with said
      taps.
NUM  21.
PAR  21. The power supply defined in claim 19 wherein said voltage divider is a
      variable resistor, the last-mentioned means including a wiper adapted to
      sweep along said variable resistor.
NUM  22.
PAR  22. A power supply for electrical discharge machining wherein a tool
      electrode is spacedly juxtaposed with a workpiece constituting a
      counterelectrode across a machining gap flooded with a dielectric liquid
      coolant, said power supply comprising:
PA1  a main source of machining current including an electronically triggerable
      power switch connected in series with said electrodes and said gap;
PA1  an auxiliary source of arc-striking voltage connected in a closed-loop
      arrangement with said gap for building up a voltage thereacross;
PA1  sensing means connected across said gap for producing an output indicative
      of the breakdown conditions of said gap;
PA1  means forming an analog signal from said output related to the gap
      conditions;
PA1  threshold gating means responsive to said analog signal for establishing a
      first digital state and a second digital state, said threshold gating
      circuit being connected to said power switch for substantially
      instantaneously rendering same conductive and terminating conductivity of
      said power switch upon the occurrence of said digital states respectively,
      said means forming said analog signal from said output including an
      integrating network connected between said sensing means and said
      threshold gating means, said sensing means including a voltage divider
      connected between said electrodes across said gap and having output
      terminals connected to said integrating network, said integrating network
      including at least one capacitor in circuit with said output terminals and
      chargeable at a rate controlled by a potential appearing across said
      output terminals, said threshold gating means including a Schmitt trigger
      circuit having an input connected to said capacitor and means establishing
      two threshold values for said Schmitt trigger circuit effective to produce
      an output signal upon the voltage across said capacitor exceeding one of
      said threshold values and terminating said output signal upon the voltage
      across said capacitor attaining the second threshold value, the output
      signal of said Schmitt trigger circuit being applied to said power switch
      for rendering the same conductive; and
PA1  a timer for connecting sequentially successive portions of said voltage
      divider in circuit with said capacitor for adjusting the charging and
      discharging rate of said capacitor during the electrical discharge
      machining process.
NUM  23.
PAR  23. The power supply defined in claim 22, further comprising a plurality of
      taps of said voltage divider and sequence-switching means including said
      timer successively connecting said capacitor with said taps.
NUM  24.
PAR  24. The power supply defined in claim 22, further comprising amplifier
      means between said Schmitt trigger circuit and said power switch.
NUM  25.
PAR  25. The power supply defined in claim 22, further comprising an electronic
      breakdown device connected across said capacitor for clipping the voltage
      appearing thereacross upon the latter voltage exceeding a predetermined
      magnitude.
NUM  26.
PAR  26. The power supply defined in claim 25 wherein said breakdown device is a
      Zener diode.
NUM  27.
PAR  27. The power supply defined in claim 22, further comprising means
      including a source of direct current and a resistor in series with said
      capacitor and said source of direct current for charging said capacitor,
      said voltage divider being connected to said capacitor so as to buck the
      charging voltage supplied thereto through said resistor.
NUM  28.
PAR  28. The power supply defined in claim 22, further comprising a rectifier
      diode connected between one of said output terminals and said capacitor.
NUM  29.
PAR  29. The power supply defined in claim 22 wherein said main source of
      machining current includes a direct current source and a bank of power
      transistors in series with said direct current source and said electrodes,
      and wherein said auxiliary source includes said direct current source and
      a current-limiting resistor in series therewith connected across said
      electrodes.
NUM  30.
PAR  30. The power supply defined in claim 22 wherein said major source includes
      a relatively low voltage high-current DC source connected in series with a
      bank of power transistors across said electrodes and wherein said
      auxiliary source includes a relatively high-voltage low-current DC source
      connected across said electrodes.
NUM  31.
PAR  31. The power supply defined in claim 30, further comprising a rectifier
      diode connected in series with said low-voltage high-current source to
      block high voltage from said low-current DC source.
NUM  32.
PAR  32. The power supply defined in claim 30, further comprising a
      current-limiting resistor in series with said high-voltage DC source.
NUM  33.
PAR  33. A power supply for electrical discharge machinining wherein a tool
      electrode is spacedly juxtaposed with a workpiece constituting a
      counterelectrode across a machining gap flooded with a dielectric liquid
      coolant, said power supply comprising:
PA1  a main source of machining current including an electronically triggerable
      power switch connected in series with said electrodes and said gap;
PA1  an auxiliary source of arc-striking voltage connected in a closed-loop
      arrangement with said gap for building up a voltage thereacross;
PA1  sensing means connected across said gap for producing an output indicative
      of the breakdown conditions of said gap;
PA1  means forming an analog signal from said output related to the gap
      conditions; and
PA1   threshold gating means responsive to said analog signal for establishing a
      first digital state and a second digital state, said threshold gating
      circuit being connected to said power switch for substantially
      instantaneously rendering same conductive and terminating conductivity of
      said power switch upon the occurrence of said digital states respectively,
      said means forming said analog signal from said output including an
      integrating network connected between said sensing means and said
      threshold gating means, said sensing means including a voltage divider
      connected between said electrodes across said gap and having output
      terminals connected to said integrating network, said integrating network
      including at least one capacitor in circuit with said output terminals and
      chargeable at a rate controlled by a potential appearing across said
      output terminals, said threshold gating means including a Schmitt trigger
      circuit having an input connected to said capacitor and means establishing
      two threshold values for said Schmitt trigger circuit effective to produce
      an output signal upon the voltage across said capacitor exceeding one of
      said threshold values and terminating said output signal upon the voltage
      across said capacitor attaining the second threshold values, the output
      signal of said Schmitt trigger circuit being applied to said power switch
      for rendering same conductive, said Schmitt trigger circuit including a
      first transistor connected to said capacitor and a second transistor
      connected to said first transistor and producing said output signal of the
      Schmitt trigger circuit, said means establishing said threshold values
      including at least one variable resistor connected in circuit with at
      least one of said transistors, said capacitor being a variable condenser.
NUM  34.
PAR  34. The power supply defined in claim 33 wherein said power switch is a
      bank of power transistors connected in parallel between said main source
      and said electrodes and having bases triggerable in parallel by said
      threshold gating means.
NUM  35.
PAR  35. The power supply defined in claim 33, further ocmprising amplifier
      means between said Schmitt trigger circuit and said power switch.
NUM  36.
PAR  36. The power supply defined in claim 33, further comprising an electronic
      breakdown device connected across said capacitor for clipping the voltage
      appearing thereacross upon the latter voltage exceeding a predetermined
      magnitude.
NUM  37.
PAR  37. The power supply defined in claim 36 wherein said breakdown device is a
      Zener diode;
NUM  38.
PAR  38. The power supply defined in claim 33, further comprising means
      including a source of direct current and a resistor in series with said
      capacitor and said source of direct current for charging said capacitor,
      said voltage divider being connected to said capacitor so as to buck the
      charging voltage supplied thereto through said resistor.
NUM  39.
PAR  39. The power supply defined in claim 33, further comprising a rectifier
      diode connected between one of said output terminals and said capacitor.
NUM  40.
PAR  40. The power supply defined in claim 33 wherein said main source of
      machining current includes a direct current source and a bank of power
      transistors in series with said direct current source and said electrodes,
      and wherein said auxiliary source includes said direct current source and
      a current-limiting resistor in series therewith connected across said
      electrodes.
NUM  41.
PAR  41. The power supply defined in claim 33 wherein said major source includes
      a relatively low-voltage high-current DC source connected in series with a
      bank of power transistors across said electrodes and wherein said
      auxiliary source includes a relatively high-voltage low-current DC source
      connected across said electrodes.
NUM  42.
PAR  42. The power supply defined in claim 41, further comprising a rectifier
      diode connected in series with said low-voltage high-current source to
      block high voltage from said low current DC source.
NUM  43.
PAR  43. The power supply defined in claim 41, further comprising a
      current-limiting resistor in series with said high-voltage DC source.
NUM  44.
PAR  44. The power supply defined in claim 33, further comprising means for
      adjusting the charging and discharging rate of said capacitor during the
      electrical discharge machining process.
NUM  45.
PAR  45. The power supply defined in claim 44 wherein the last-mentioned means
      includes a plurality of taps of said voltage divider and
      sequence-switching means successively connecting said capacitor with said
      taps.
NUM  46.
PAR  46. The power supply defined in claim 44 wherein said voltage divider is a
      variable resistor, the last-mentioned means including a wiper adapted to
      sweep along said variable resistor.
NUM  47.
PAR  47. The power supply defined in claim 44 wherein the last-mentioned means
      includes a timer for connecting sequentially successive portions of said
      voltage divider in circuit with said capacitor. .Iadd. 48. A process for
      shaping a workpiece using electric current comprising the steps of:
PA1  positioning a workpiece adjacent a working electrode such that the
      electrode and the workpiece are separated by a working gap,
PA1  impressing an intermittent pulse voltage across said working gap,
PA1  detecting the time period between the instant at which a voltage is
      impressed across said working gap and the instant at which a substantial
      current begins to flow within said working gap; and,
PA1  controlling the length of time during which said substantial current flows
      directly in response to the length of said detected time period.
      .Iaddend..Iadd. 49. A process as in claim 48, wherein said step of
      controlling includes the steps of:
PA1  reducing the length of time during which said substantial current flows in
      said working gap below a maximum predetermined length of time provided
      said time period is less than a predetermined interval; and,
PA1  permitting said substantial current to flow for said maximum predetermined
      length of time provided said time period is greater than said
      predetermined interval. .Iaddend. .Iadd. 50. An apparatus for shaping a
      workpiece by electric current comprising:
PA1  switching means for impressing a voltage across a working gap between an
      electrode and a workpiece, said voltage remaining at a no-load level until
      a substantial current flows in said working gap,
PA1  timing means for measuring the time period during which said no-load
      voltage exists across said working gap; and,
PA1  control means coupled to said no-load voltage time measuring means for
      controlling the duration of flow of said substantial current directly in
      response to the output from said no-load voltage time measuring means.
      .Iaddend.
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ABST
PAL  A four-in-hand necktie adapted to be hand-tied in the usual manner, but
      being divided intermediate its ends into two sections joined by a
      separable fastener so positioned as to be disposed in the neck band
      portion of the necktie when it is tied, whereby once it is tied, it can be
      applied or removed by use of the fastener, leaving the knot tied at all
      times. The fastener is of a special construction adapting it for use in
      converting any pre-existing four-in-hand necktie to snap-on usage.
BSUM
PAR  This invention relates to new and useful improvements in neckties, and has
      particular reference to neckties of the snap-on type, that is, neckties in
      which the neck band portion is divided transversely and the ends thereof
      at said division joined by a separable fastener.
PAR  All neckties of this general type within my knowledge are supplied with
      knots pre-tied by the manufacturer, and usually said knot is of a special
      construction, including more than one length of fabric formed around a
      rigid or semi-rigid core member, or are otherwise of such construction
      that they cannot be untied. This construction, despite the speed and
      convenience in the application and removal of the tie resulting therefrom,
      gives rise to certain problems. For example, many men habitually have tied
      their neckties in certain types of knots, and desire to continue the use
      of their preferred knots even if they switch to the use of snap-on
      neckties. On the other hand, it is economically impossible for necktie
      manufacturers to supply neckties with all of the various types and styles
      of knots, as well as in a full range of patterns, fabrics, and colors.
      Also, a user may wish to change the type of knot he uses from time to
      time. Secondly, the pre-tied snap-on necktie must necessarily have a neck
      band portion the length of which can be adjusted to the neck size of the
      wearer, and constructions providing for such adjustability represent an
      added expense, in addition to the fact, if the adjustment is made in
      definite fixed steps, that they will not provide the precise neck size
      required by a particular user.
PAR  Accordingly, the principal object of the present invention is the provision
      of a necktie which may be initially hand-tied by the user as he applies it
      to his neck, in any style of knot he may prefer, in which process the neck
      band portion is automatically adjusted to his precise neck size, but which
      thereafter may be removed and reapplied any number of times without
      untying or re-tying the knot. Generally, this object is accomplished by
      dividing the tie intermediate its ends into two separate sections at a
      point thereof which will eventually be disposed in the neck band portion
      thereof, and providing a separable fastener, such as a snap fastener, for
      joining the tie sections at said division.
PAR  Another object is the provision of a fastening device as described above
      which is well adapted for use in converting any ordinary four-in-hand
      necktie for snap-on usage in the manner described.
PAR  Other objects are simplicity and economy of construction, and efficiency
      and dependability of operation.
DRWD
PAR  With these objects in view, as well as other objects which will appear in
      the course of the specification, reference will be had to the accompanying
      drawing, wherein:
PAR  FIG. 1 is a fragmentary front elevational view of a necktie embodying the
      present invention, shown tied and in a wearing position,
PAR  FIG. 2 is a reduced, laid-out face view of the necktie as shown in FIG. 1,
PAR  FIG. 3 is an enlarged, fragmentary sectional view taken on line III--III of
      FIG. 2,
PAR  FIGS. 4 and 5 are edge views respectively of the two sections of the
      fastening device, and
PAR  FIG. 6 is a face view of the section of the fastening device shown in FIG.
      5.
PAR  Like reference numerals apply to similar parts throughout the several
      views, and the numeral 2 applies generally to a necktie having the general
      configuration of an ordinary four-in-hand tie. As shown in FIG. 2, it has
      the form of an elongated "tape", usually formed of cloth, being wider at
      one end 4, tapering to a narrower width at about its midpoint, and
      remaining at its narrower width, or being only slsightly widened, to its
      narrower end 6. It is usually tubular, and may be provided interiorly of
      its tubular form with a partial or full-length liner of buckram or other
      relatively firm fabric to give it body and resilience. However, the basic
      structure of the necktie, with regard to its component fabric elements, is
      not pertinent to the present invention and is not shown.
PAR  The necktie 2 is transversely divided intermeidate its ends into two
      sections 2A and 2B, and said sections are releasably connected together by
      a separable fastener device designated generally by the numeral 8. As
      shown, said fastening device includes a flexible tab 10 secured to the end
      of tie section 2A by staples 12 and having the female elements 14 of one
      or more friction type snap fasteners secured therein, and a flexible tab
      16 secured to the end of tie section 2B by staples 18 and having the male
      elements 20 of the snap fasteners secured therein.
PAR  In use, the necktie thus far described is placed around the wearer's neck
      and the ends tied in a knot 22 of any style or type the wearer might
      desire. In tying the knot, the wearer of course automatically adjusts the
      portion of the tie forming the neck-band 24 thereof accurately to his neck
      size. If desired, the wearer at this time may insert a safety pin or the
      like, not shown, into the rearward or concealed portion of the knot, to
      secure the knot against slipping or loosening. The necktie may then be
      rmeoved without untying the knot simply by disengaging snap fasteners
      14-20, and re-applied by wrapping the neck band 24 about the neck and
      re-engaging the fasteners.
PAR  If the fastening device 8 has been properly positioned relative to the ends
      of the necktie, it will be disposed in neck band portion 24 thereof when
      the knot is tied, and will be concealed by the neck band of the wearer's
      shirt collar. Said fastening device must of course be positioned nearer
      the narrow end 6 of the tie than to its wider end 4, since the various
      convolutions of knot 22 are formed in section 2A of the tie, and of course
      include a substantial portion of the length of the tie. While the tie
      length included in the knot of course varies with the type of knot to be
      tied, and while this variation therefore affects the proper placement of
      the fastening device, it has been found that if the center of the
      fastening device is positioned about 6-8 inches closer to the narrow end
      of the tie than to its wider end, it will be disposed within the length of
      neck band portion 24 of the tie when the knot is tied, regardless of the
      type of knot used.
PAR  The necktie as thus far described could of course be assembled otherwise
      than shown. For example, if the tie were to be manufactured for snap-on
      usage by the original manufacturer, the snap fastener elements 14 and 20
      could be securely directly in the fabric of tie sections 2A and 2B, rather
      than by tabs 10 and 16, or if tabs are used, they could be sewed rather
      than stapled to the tie sections as shown. This would perhaps be neater
      and more attractive. However, the specific construction of the fastening
      device actually show adapts it peculiarly for use as a conversion device
      whereby virtually any pre-existing four-in-hand necktie may be easily and
      conveniently converted to snap-on usage.
PAR  As shown, each of the tabs 10 and 16 of fastening device 8 consists of an
      elongated strip of pliably flexible plastic film or other suitable
      material, folded double on itself at its transverse midline, as at 26, and
      bonded permanently to itself for a distance from said fold, as to the
      bondline 28. The remaining end lengths of the strip are not secured
      together, and form flaps 30 of equal length. The male and female fastener
      elements 20 and 14 are secured respectively in the bonded portions of the
      two tabs, in spaced apart relation from bond lines 28. An indicator line
      32 is imprinted transversely on at least one surface of each of the flaps
      30 of the structure, at a distance from bond line 30 equal to the spacing
      of the centers of fastener elements 14 or 20 from said bond line, but at
      the opposite side of said bond line.
PAR  In the use of a fastening device of this particular construction to convert
      a pre-existing four-in-hand necktie to snap-on usage, the necktie is first
      placed about the wearer's neck and tied carefully in the desired style of
      knot. Then, with the necktie still in place, an assistant severs the neck
      band 24 transversely, as with scissors, at whatever point the wearer
      believes will be most convenient for him, for example at either side of
      the neck, or at the back of the neck. The only precaution in cutting the
      neck band is that it must not be cut so close to knot 22 that the flaps 30
      of the fastening device 8, when that device is applied, would extend into
      the knot.
PAR  The tie, still knotted, is then removed from the neck, and tabs 10 and 16
      are applied as follows. Each cut end of the necktie is folded back on
      itself as indicated at 34 in FIG. 3, and inserted between the separated
      flaps 30 of its associated tab. The fold 34 is inserted to bond line 28,
      as shown, and the length of the fold-back is such that the cut end of the
      tie coincides with indicia line 32. The staples 12 and 18 are then
      inserted to secure the tabs in place.
PAR  It will be seen that if the tabs have been applied carefully as just
      described, the circumference of neck band 24, when the snap fasteners are
      joined, will be precisely identical to its circumference before it was
      cut, and that it will therefore still correspond to the wearer's neck
      size, and fit properly with no further adjustments. The fold-back 34 of
      the cut necktie ends assists the flaps 30 in preventing fraying of the cut
      ends, and for the same reason it is desirable that at least one staple
      pierce the folded portion of the necktie, as shown. The use of staples,
      rather than sewing or other types of fasteners, has the advantages of
      speed and convenience, and if the necktie is equipped with a full-length
      liner, the staples pierce the liner and secure its cut ends with respect
      to the necktie sheath, thereby preventing slippage of the liner, and
      preserving the structural integrity and neat appearance of the tie.
PAR  While I have shown and described a specific embodiment of my invention, it
      will be readily apparent that many minor changes of structure and
      operation could be made without departing from the spirit of the invention
     .
CLMS
STM  What I claim as new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A device for converting an ordinary four-in-hand necktie for snap-on
      usage, when said necktie is transversely severed intermediate its ends,
      said device comprising:
PA1  a. a pair of tabs adapted to be secured respectively to the severed ends of
      said necktie, each of said tabs comprising an elongated double layer of
      flexible sheet material, said layers being bonded together at one end
      portion of said tab to a transverse bond line spaced apart from the
      opposite end of said tab, the opposite end portions of said layers
      constituting free flaps adapted to receive the associated severed end
      portion of said necktie therebetween,
PA1  b. a separable fastener including a pair of mating elements secured
      respectively to said tabs, each fastener element being secured in the
      bonded portion of its associated tab in spaced apart relation from the
      bond line of said tab, at least one of said flaps of each tab having a
      transverse indicia line imprinted thereon at a distance from said bond
      line equal to the spacing of said fastener element at the opposite side of
      said bond line, whereby if the cut end portion of said necktie is inserted
      between said flaps to said bond line, while folded on itself so that its
      extreme end extends to said indicia line, the length of said necktie will
      not be changed by insertion of said device, and
PA1  c. means for securing the flap portions of each of said tabs to the necktie
      end portion disposed therebetween.
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ABST
PAL  A necktie comprising a rigid, knot supporting means; a first tie portion
      having a neck embracing loop including lower, inner edges provided with
      interlockable means; means secured to the knot supporting means and
      operatively connected to the interlockable means for interlocking and
      unlocking the interlockable means upon relative movement between the
      interlockable means and the interlocking and unlocking means to vary the
      size of the loop; and a second tie portion having an upper end thereof
      secured to and wrapped around the knot supporting member to form a knot
      portion, and the remainder thereof depending from the knot supporting
      member to form a front, depending panel.
BSUM
PAR  The present invention relates to a necktie, and more particularly to a
      preformed, four-in-hand necktie.
PAR  In the prior art, there has been developed a type of preformed,
      four-in-hand necktie which generally consists of a knot portion, a first
      tie portion secured to the knot portion and depending therefrom to form a
      front panel, and a second tie portion passing through the knot portion and
      having a neck embracing loop. In such a necktie, the lower edges of the
      neck embracing loop of the second tie portion are provided with
      interlockable elements similar to the type used in a conventional zipper
      which cooperate with a interlocking and unlocking member such as the slide
      fastener of a zipper, when the second tie portion is moved relative to the
      knot portion, to vary the size of the neck embracing loop. Optionally, the
      knot portion of such a necktie is provided with a rigid, supporting means
      which functions to impart a desired configuration to the knot portion,
      support the interlocking and unlocking means or slide fastener and
      possibly guide the interlockable elements of the neck embracing loop
      toward the interlocking and unlocking means. Examples of such type of
      necktie are disclosed in U.S. Pat. No. 3,127,618, dated Apr. 7, 1964, and
      U.S. Pat. No. 3,898,698, dated Aug. 12, 1975.
PAR  In the aforementioned type of necktie, it has been found that a
      considerable amount of hand labor is required to manufacture such
      neckties. Such hand labor, consisting of cutting, sewing and otherwise
      assembling the components of the necktie, has contributed significantly to
      the cost of manufacture of such ties. It thus has been found to be
      desirable to provide a necktie of the type described which requires a
      minimum amount of hand labor.
PAR  Accordingly, it is the principal object of the present invention to provide
      an improved necktie.
PAR  Another object of the present invention is to provide an improved,
      preformed four-in-hand necktie.
PAR  A further object of the present invention is to provide an improved,
      preformed four-in-hand necktie which not only is feasible to manufacture
      but is capable of effectively simulating a hand tied, four-in-hand
      necktie.
PAR  A still further object of the present invention is to provide an improved,
      preformed four-in-hand necktie which requires a minimum amount of hand
      labor such as cutting, sewing and other assembly operations, to
      manufacture.
PAR  Another object of the present invention is to provide an improved,
      preformed four-in-hand necktie including a knot portion, a front depending
      tie portion and a rear, depending tie portion including a loop adapted to
      fit around the neck of the wearer, having the lower portion thereof
      passing through the knot portion, wherein the depending tie portion may be
      passed freely through the knot portion without disturbing the other
      portions of the necktie.
PAR  A further object of the present invention is to provide an improved,
      preformed four-in-hand necktie which is simple in construction,
      comparatively inexpensive to manufacture and relatively durable in use.
DRWD
PAR  Other objects and advantages of the present invention will become more
      apparent to those persons having ordinary skill in the art to which the
      present invention pertains, from the following description taken in
      conjunction with the accompanying drawing wherein:
PAR  FIG. 1 is a partial, perspective view of an embodiment of the invention,
      illustrating the components thereof in exploded relation;
PAR  FIG. 2 is a perspective view of the invention shown in FIG. 1, illustrating
      the components thereof in a partially assembled condition;
PAR  FIG. 3 is a perspective view similar to the view shown in FIG. 2,
      illustrating the embodiment in the assembled condition;
PAR  FIG. 4 is a rear view of a knot supporting member, constituting a component
      of the embodiment illustrated in FIGS. 1 through 3; and
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 in FIG. 4.
DETD
PAR  Referring to the drawing, there is illustrated an embodiment of the
      invention generally including a rigid, knot supporting member 10, a first
      tie portion 11 connected to the knot supporting member, and a second tie
      portion having an upper end thereof secured to and wrapped around the knot
      supporting member and the first tie portion to form a knot simulating the
      knot of a conventional, four-in-hand necktie. As best illustrated in FIGS.
      4 and 5, knot supporting member 10 consists of any suitable rigid material
      such a metal or plastic, and includes a planar section 13 having an
      inverted, substantially trapezoidal configuration, and a pair of
      converging flanges 14 and 15 formed integrally with the sides of planar
      section 13. Disposed on the inner surface 16 of planar section 13,
      intermediate the lower ends of flanges 14 and 15, is a bracket element 17
      having a vertical opening 18 therethrough.
PAR  Tie portion 11 consists of a pair of narrow strips of fabric material 19
      and 20 rigidly secured together at lower, inner edges thereof as at 21 and
      secured together by stitching or other suitable means at the upper ends
      thereof as at 22 to provide an upper, neck embracing loop 23, and a
      conventional zipper 24 secured to the inner edges of the loop. Zipper 24
      consists of interlockable elements 25 secured along opposed inner edges of
      the loop and a slide fastener 26. As best illustrated in FIGS. 1 and 2,
      the slide fastener includes a camming element 27 through which
      interlockable elements 25 pass and are cammed together in interlocking
      relation upon relative movement between the slide fastener and the
      interlockable elements, and a gripping tab 28 pivotally connected to the
      camming element and provided with an opening 29.
PAR  As best illustrated in FIGS. 2 and 5, the narrow strips of tie portion 11
      are adapted to overlie rear face 16 of the knot supporting member, between
      converging flange portions 14 and 15, and slide fastener 26 is disposed
      intermediate the side flange portions with gripping tab 28 being received
      through opening 18 of bracket element 17. The gripping tab is secured
      within opening 18 by means of a protuberance 30 formed on the rear face 16
      of the supporting member and projecting into opening 29 of the gripping
      tab.
PAR  Upper end 31 of tie portion 12, illustrated in the inverted position in
      FIG. 1, is adapted to overlie the front face of supporting member 10 and
      is fastened thereto by means of a fastening element 32 extending through
      the tie end 31 and an opening 33 provided on the planar section of the
      supporting member. Fastening element 32 is a rivet-like element provided
      with a head portion, which may be inserted through a hole in tie end 31
      and opening 33 in the supporting member, and struck on the inserted end to
      firmly secure the fastener and correspondingly tie end 31 to the front
      face of the supporting member. As best illustrated in FIG. 2, tie end 31
      is wrapped around supporting member 13, passing rearwardly through loop
      23, around converging side flange 23, the front side of planar section 13,
      around converging flange 15, passing forwardly through loop 23 and
      downwardly between tie end 31 secured to the supporting member and the
      wrapped around portion thereof, providing a knot portion 34 and a
      depending front panel 35. Essentially, knot portion 34 and depending front
      panel 35 are identical to a conventional, tie four-in-hand necktie.
PAR  Upon forming tie portions 11 and 12 and supporting member 13, it will be
      appreciated that the embodiment as described may be assembled simply by
      positioning tie portion 11 on supporting member 13 with the gripping tab
      of slide fastener 16 received within opening 18 and secured therein by
      means of protuberance 30, securing tie end 31 to the front side of the
      supporting member, wrapping it around the supporting member to form the
      knot portion 34 and depending front panel 35, and then pulling downwardly
      on the depending front panel to tighten the knot portion around the
      supporting member.
PAR  In wearing the necktie as described, it is required only to grip the knot
      portion with one hand and pull the loop of tie portion 11 with the other
      hand to enlarge the opening of the loop enough to fit over the head of the
      wearer. The loop is then maneuvered over the head of the wearer and fitted
      under the shirt collar in the conventional manner. Then, by grasping the
      lower end of tie portion 11 with one hand, the knot portion may be moved
      upwardly and fitted under the neck of the wearer. To remove the necktie,
      it is necessary only to grasp the knot portion of the tie and move it
      downwardly to enlarge the opening in the loop of the tie. The loop can
      then be lifted and maneuvered over and off of the head of the wearer.
PAR  Although the supporting member has been described as having an inverted,
      substantially trapezoidal configuration with converging side flanges, it
      is to be understood that such member can have any suitable configuration.
      As previously stated, the supporting member may be formed of any rigid
      material although it has been found most practical that such member be
      formed of plastic by injection molding. In addition, tie portions 11 and
      12 of the necktie may be formed of any material normally used in
      conventional neckties.
PAR  By utilizing the upper end of the tie portion forming the depending front
      panel of the necktie to form the knot portion, the necessity of cutting,
      forming and sewing a separate piece of material on the supporting member
      to form the knot portion is eliminated along with the expense of
      performing such operation. In addition to reducing the costs of
      manufacture of the tie, the formation of the knot portion of the necktie
      by the upper end of the tie portion forming the depending front panel of
      the necktie simulates a conventional, hand tied, four-in-hand necktie thus
      enhancing the aesthetics of the necktie.
PAR  From the foregoing detailed description, it will be evident that there are
      a number of changes, adaptations and modifications of the present
      invention which come within the province of those skilled in the art.
      However, it is intended that all such variations not departing from the
      spirit of the invention be considered as within the scope thereof and is
      limited solely by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A necktie comprising a rigid, knot supporting means; a first tie portion
      having a neck embracing loop including lower, inner edges provided with
      inverlockable means; means secured to said knot supporting means and
      operatively connected to said interlockable means for interlocking and
      unlocking said interlockable means upon relative movement between said
      interlockable means and said interlocking and unlocking means to vary the
      size of said loop; and a second tie portion having an upper end thereof
      secured to said knot supporting means and wrapped around said knot
      supporting member to form a knot portion, and the remainder thereof
      depending from said knot supporting member to form a front, depending
      panel.
NUM  2.
PAR  2. A necktie according to claim 1 wherein said knot supporting means
      includes means for guiding said interlockable means together.
NUM  3.
PAR  3. A necktie according to claim 2 wherein said interlocking and locking
      means is disposed between said guide means.
NUM  4.
PAR  4. A necktie according to claim 1 wherein said knot supporting means
      comprises a plate member having converging side edges providing a
      converging configuration to said knot portion.
NUM  5.
PAR  5. A necktie according to claim 4 wherein said plate member includes
      opposed, converging side flanges, and said interlocking and locking means
      are secured to said plate member between said converging side flanges.
NUM  6.
PAR  6. A necktie according to claim 1 wherein said second tie portion is formed
      of a fabric material.
NUM  7.
PAR  7. A necktie according to claim 1 wherein said second tie portion includes
      an upper end portion secured to a front side of said knot supporting
      means, passing rearwardly through said neck embracing loop, wrapping about
      the front side of said knot supporting means, passing forwardly through
      said neck embracing loop, thus forming a knot portion on said knot
      supporting means, passing downwardly between the front side of said knot
      supporting means and the portion thereof wrapped around the front side of
      said knot supporting means, providing said knot portion, and depends from
      said knot portion to provide a front panel.
NUM  8.
PAR  8. A necktie according to claim 7 wherein said knot supporting means
      includes means for guiding said interlockable means together.
NUM  9.
PAR  9. A necktie according to claim 8 wherein said interlocking and locking
      means is disposed between said guide means.
NUM  10.
PAR  10. A necktie according to claim 8 wherein said second tie portion is
      formed of a fabric material.
NUM  11.
PAR  11. A necktie according to claim 8 wherein said knot supporting member
      comprises a plate member having converging side edges providing a
      converging configuration to said knot portion.
NUM  12.
PAR  12. A necktie according to claim 11 wherein said plate member includes
      opposed, converging side edges, and said interlocking and unlocking means
      is secured to said plate member between said converging side flanges.
NUM  13.
PAR  13. A necktie according to claim 8 wherein said interlockable means
      comprises interlocking elements of a zipper and said interlocking and
      unlocking means comprising a slide fastener of a zipper.
NUM  14.
PAR  14. A necktie according to claim 13 wherein said second tie portion is
      formed of a fabric material.
NUM  15.
PAR  15. A necktie according to claim 13 wherein said knot supporting means
      comprises a plate member having converging side flanges providing a
      channel, and said plate member includes means defining a socket disposed
      between said converging flanges, and wherein said slide fastener includes
      a gripping tab received and locked within said socket whereby upon
      relative movement between said knot portion and said first tie portion
      including said neck embracing loop, the section of said first tie portion
      passing through the opening of said knot portion will engage inner
      surfaces of said converging side flanges to guide said interlocking
      elements thereof toward said slide fastener.
NUM  16.
PAR  16. A necktie according to claim 13 wherein said knot supporting means
      includes means for guiding said interlocking elements toward said slide
      fastener.
NUM  17.
PAR  17. A necktie according to claim 16 wherein said slide fastener is disposed
      between said guide means.
NUM  18.
PAR  18. A necktie according to claim 17 wherein said knot supporting means
      comprises a plate member having converging side edges providing a
      converging configuration to said knot portion.
NUM  19.
PAR  19. A necktie according to claim 18 wherein said plate means includes
      opposed, converging side flanges, and said slide fastener is secured to
      said plate member between said converging side flanges.
NUM  20.
PAR  20. A necktie according to claim 13 wherein said slide fastener includes a
      gripping tab secured to said knot supporting means.
NUM  21.
PAR  21. A necktie according to claim 20 wherein said knot supporting means
      includes an opening receiving and locking said gripping tab.
NUM  22.
PAR  22. A necktie according to claim 21 wherein said gripping tab includes an
      opening, and said knot supporting means includes a protuberance extending
      into the opening of said gripping tab for locking the gripping tab within
      said socket and correspondingly securing said slide fastener to said knot
      supporting means.
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ABST
PAL  A thin-walled latex dental glove and a method of manufacturing the dental
      glove are disclosed. The method includes providing a mold for the dental
      glove, covering at least a portion of the mold with liquid uncured latex
      material, at least partially curing the latex material to form a glove
      body, and removing the glove body from the mold. The glove body is then
      covered with a liquid slurry containing a dusting powder and an adhesive
      agent and a flavor agent to wet both the interior and the exterior of the
      glove body with the slurry. The wetted glove body is then tumble dried at
      an elevated temperature to simultaneously further cure the latex and dry
      the water from the slurry. The dried slurry forms a substantially uniform
      coating substantially fully covering both the interior and exterior of the
      glove body. On the interior of the glove body the coating acts as a
      lubricant to facilitate inserting a hand into the dental glove, and on the
      exterior of the glove body the same coating acts as a flavoring to provide
      a pleasant taste in the mouth of a dental patient.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The use of disposable gloves by dentists (including all persons whose
      profession is the care of teeth, such as doctors of dental surgery, dental
      hygienists, and dental assistants) is desirable both from the standpoint
      of the dentist and from the standpoint of the patient. For the patient,
      the use of gloves which are discarded after each use by a dentist insures
      against salivary and hematological transmission of infection or disease
      from a prior patient by way of the dentist's hands. For the dentist, the
      use of gloves avoids the danger of transmission of infection or disease
      from a patient to the dentist himself such as through a tiny cut or
      abrasion on the skin of the dentist's hands.
PAR  The present invention encourages the use of dental gloves by providing a
      dental glove which is pleasant tasting to the patient and by providing an
      extremely inexpensive yet highly reliable and effective method of
      manufacturing the dental glove. According to the principles of the
      invention, a mold for the dental glove is covered with a liquid uncured
      latex material, and the latex material is at least partially cured to form
      a glove body. The glove body is removed from the mold and is covered with
      a liquid slurry containing a dusting powder and an adhesive agent and a
      flavor agent or ingredient. This wets both the inside and the outside of
      the glove body with the slurry. The wetted glove body is then tumble dried
      at an elevated temperature to simultaneously further cure the latex and
      dry the water from the slurry to produce the finished dental glove.
PAR  The dental glove which is manufactured by this method is substantially
      fully covered on both the interior and exterior surfaces of the glove body
      with a single coating of substantially uniform composition and thickness.
      On the interior surface of the dental glove, the dusting powder of the
      coating facilitates inserting a dentist's hand into the dental glove, and
      the flavor agent of the coating does not adversely affect the lubricity of
      the dusting powder. On the exterior surface of the dental glove, the
      flavor agent of the coating provides a pleasant taste in the mouth of a
      dental patient, and the dusting powder does not adversely affect the taste
      of the flavor agent. In this manner, the single coating provides one
      function on the interior surface of the dental glove and provides a
      completely different and unrelated second function on the exterior surface
      of the dental glove.
PAR  Prior art surgical gloves are disclosed in U.S. Pat. No. 2,621,333 and
      3,728,739.
PAC  INCORPORATION OF RELATED PATENT
PAR  U.S. Pat. No. 3,541,609 to Lawrence Povlacs and Richardson W. Howe is
      hereby incorporated by reference in this application as though fully set
      out herein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention is illustrated in the drawings
      accompanying this application, wherein:
PAR  FIG. 1 is a perspective view of a dental glove according to the principles
      of the invention;
PAR  FIG. 2 is a cross-section taken along reference view line 2--2 of FIG. 1;
PAR  FIG. 3 is a schematic illustration of one portion of the method for
      manufacturing dental gloves in accordance with this invention; and
PAR  FIG. 4 is a schematic illustration of another portion of the method for
      manufacturing dental gloves in accordance with this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings in greater detail, FIG. 4 shows the method of
      manufacturing a glove body which is more fully illustrated in the above
      referenced U.S. Pat. No. 3,541,609. The glove body is formed by first
      dipping a mold 18 which is carried by a conveyer 51 into a first bath 52
      which is filled with liquid latex in the uncured state. The conveyer 51
      causes the mold 18 to be dipped and coated as the mold 18 is carried
      through the first bath 52 from the left to the right as viewed in FIG. 4.
      The mold 18 hangs vertically downwardly during the dipping operation and
      may be turned about its longitudinal axis to insure that the liquid latex
      completely coats the mold. Although only a single mold 18 is illustrated
      in FIG. 4 for simplicity, the conveyer 51 carries a large number of
      identical closely spaced together molds for maximum efficiency.
PAR  The mold 18 is then carried through a turning and drying station 56 in
      which the coating from the bath 52 is dried while the mold 18 is rotated
      about its longitudinal axis and tipped with respect to the vertical to
      cause the coating to flow and evenly distribute itself along the mold 18.
      The particular path for rotating and tipping to produce even distribution
      of the coating varies somewhat with the coating material, but those
      skilled in the art will find little difficulty in establishing proper
      coating uniformity by adjusting the movement of the mold 18 to fit the
      requirements of the particular fluid used for the coating. During the
      movement through the turning and drying station 56, warm air may be blown
      on the coating so that it is partially dried to a substantially non-fluid
      condition.
PAR  After leaving the first bath 52 and the first drying station 56, the
      conveyer 51 is arranged to dip the mold 18 in a second bath 57 in a manner
      similar to the dipping at the first bath 52. This provides a second
      coating on the mold 18. From the second bath 57, the mold 18 is carried
      through a second turning and drying station 58 where the mold 18 is again
      turned and tipped to produce the uniform distributing of the coating
      material and to dry the coating until it is substantially non-fluid. The
      drying in the two stations 56 and 58 is not intended to provide complete
      curing of the coating, since further operations are required before curing
      is desired and since the two coatings should be such that they form a
      single homogeneous glove wall.
PAR  After leaving the second turning and drying station 58, the molds 18 are
      carried to a beading station 59. At the beading station 59, the coating
      adjacent the open end of the glove body is engaged by a rotating brush
      which rolls a bead at the open end of the glove body. This bead
      strengthens the glove body and improves its resistance to tearing when the
      glove is put on or taken off the hand of the user. The bead also insures
      that the open edge of the glove body is not ragged or thin.
PAR  After the bead is formed at the open end of the glove body, the conveyer 51
      carries the mold 18 through a curing station 66. At this station
      sufficient heat is applied to further cure the coating. Although the glove
      body is fully cured at the curing station 66 in the drawings illustrated
      in the above referenced patent no. 3,541,609, complete curing at the
      station 66 is not effected according to the principles of the present
      invention. Instead, the coating on the mold 18 remains only partially
      cured until it is further cured as discussed in detail below.
PAR  The conveyer 51 then carries the mold 18 through an automatic stripping
      station 67 where the glove body is stripped from the mold 18. The
      stripping can be accomplished by the use of water jets, air jets, brushes
      or any other suitable means. From the stripping station 67 the mold 18 is
      carried through a cleaning station 68 where the mold is cleaned and dried
      for a repeated cycle. Preferably, the mold 18 is provided with a smooth
      finish so that the glove body will have a smooth finish and will not be
      difficult to strip from the mold 18 at the completion of its manufacture.
      The glove bodies produced in this manner have a substantially uniform
      thickness of less than about 0.007 in. (0.0178 cm.) and preferably on the
      order of about 0.003 to 0.005 in. (0.0076 cm. to 0.0127 cm.). The tips of
      the fingers of the glove body, however, are preferably about 0.001 in.
      (0.0025 cm.) thicker than the remaining portions of the glove body.
PAR  After the glove body is removed from the mold 18, it is in a flat condition
      (that is, the glove body is not in a rolled condition in which it is
      rolled upon itself about the bead at the open end of the glove body). The
      glove body is then placed in a standard commercial laundry drier. In the
      preferred embodiment, 30 pounds (13.6 kg.) of glove bodies are placed in
      the laundry drier and 15 gallons (56.7 l.) of a liquid water suspension
      slurry containing a dusting powder and an adhesive agent and a flavor are
      added to the laundry drier. The laundry drier is then closed and tumbled
      for 25 minutes to completely wet both the interior and the exterior
      surfaces of the glove body with the slurry. This step of immersing the
      glove bodies in the slurry is indicated by reference numeral 90 in FIG. 3
      of the drawings.
PAR  The slurry according to the principles of the invention is of the following
      composition, which provides a 500 gallon (1892.5 l.) batch of the slurry:
TBL  Absorbable Dusting Powder (Starch)                                        
                           1500 lbs. (680.2 kg.)                               
     Silicone Emulsion (Water emulsion of                                      
     dimethylpolysiloxane) 5 gal. (18.9 l.)                                    
     10% Water Solution of Sodium                                              
     Hexametaphosphate     5 gal. (18.9 l.)                                    
     Flavor (20% water solution of                                             
     essential oil of spearmint                                                
     fixed on dextrin)     120 lbs. (54.4 kg.)                                 
     Sodium Saccharin (2-Sulfobenzoic                                          
     Acid Imide)           4 lbs. (1.8 kg.)                                    
     Water                 to 500 gallons                                      
                           (1892.5 l.)                                         
PAL  The silicone emulsion is used as an adhesive agent to adhere the dusting
      powder to the interior and exterior surfaces of the glove body. The sodium
      hexametaphosphate solution is used as a wetting agent to wet the dusting
      powder into solution. The essential oil of spearmint flavor is sprayed or
      fixed onto the surface of dextrin. Other dusting powders (such as talc or
      a mixutre of talc and starch) and other commercially available flavor
      agents (such as spearmint or lemon fixed on dextrin or liquid flavor
      agents) may be substituted in this slurry, and the exact quantities of
      such substitutes in the slurry may easily be determined by those skilled
      in the art in light of the teachings of this application.
PAR  At the completion of the 25 minute tumbling of the glove bodies and slurry,
      a drain at the bottom of the drier is opened and the slurry is allowed to
      drain out. This step is indicated by reference numeral 91 in FIG. 3 of the
      drawings. The glove bodies are then tumbled in the laundry drier at an
      elevated temperature of 200.degree. to 260.degree.F (93.3.degree. to
      126.7.degree.C) for 2 hours. This simultaneously dries the water from the
      slurry and completes the curing of the latex. This step is indicated by
      reference numeral 92 in FIG. 3 of the drawings. The finished dental gloves
      are then removed from the laundry drier and are ready to be packaged for
      storage and shipment.
PAR  The dental glove according to the principles of this invention which is
      manufactured by this method is shown in FIGS. 1 and 2 and is identified by
      reference numeral 93. The dental glove 93 includes a thin-walled elastic
      latex glove body 94 and a single substantially uniform coating 95 which
      substantially fully covers both the interior and the exterior surfaces of
      the glove body 94. The coating 95 includes the starch dusting powder and
      the silicone emulsion adhesive agent and the flavor agent and saccharin.
      On the interior surface of the dental glove 93, the dusting powder of the
      coating 95 facilitates inserting a dentist's hand into the dental glove,
      and the flavor agent and saccharin of the coating 95 do not adversely
      affect the lubricity of the dusting powder or make the interior of the
      dental glove sticky. On the exterior surface of the dental glove 93, the
      flavor agent provides a pleasant taste in the mouth of a dental patient,
      and the dusting powder does not adversely affect the taste of the flavor
      agent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thin-walled elastic dental glove comprising an elastic glove body
      having an interior surface and an exterior surface, and a single
      substantially uniform coating means substantially fully covering both said
      interior and exterior surfaces of said glove body, said single coating
      means including a lubricant means and a flavor agent means, said coating
      means by operation of said lubricant means on said interior surface
      facilitating insertion of a dentist's hand into said glove body, and said
      coating means by operation of said flavor agent means on said exterior
      surface providing a pleasant taste in the mouth of a dental patient.
NUM  2.
PAR  2. A thin-walled elastic dental glove as defined in claim 1 wherein said
      lubricant means is a dusting powder.
NUM  3.
PAR  3. A thin-walled elastic dental glove as defined in claim 2 wherein said
      dusting powder is starch, said glove body is latex, and said coating means
      further includes an adhesive agent means adhering said starch to said
      latex.
NUM  4.
PAR  4. A thin-walled latex dental glove comprising a latex glove body having an
      interior surface and an exterior surface, and a single substantially
      uniform coating means substantially fully covering both said interior and
      exterior surfaces of said glove body, said single coating means including
      dusting powder means and flavor agent means and adhesive agent means, said
      coating means by operation of said dusting powder means on said interior
      surface facilitating insertion of a dentist's hand into said glove body,
      and said coating means by operation of said flavor agent means on said
      exterior surface providing a pleasant taste in the mouth of a dental
      patient.
PATN
WKU  039421945
SRC  5
APN  5019508
APT  1
ART  335
APD  19740830
TTL  Prosthetic device for handicapped persons
ISD  19760309
NCL  7
ECL  1
EXP  Frinks; Ronald L.
NDR  1
NFG  5
INVT
NAM  Winter; Sybil Betty Anna
STR  10124 W. Capitol Drive
CTY  Milwaukee
STA  WI
ZIP  53222
CLAS
OCL    3  1
XCL    3 128
XCL  401  8
EDF  2
ICL  A61F  100
ICL  A61F  106
FSC    3
FSS  12;12.8;1
FSC  401
FSS  6;8
UREF
PNO  2889160
ISD  19590600
NAM  Nelson
XCL    3 12.8
LREP
FRM  Wheeler, Morsell, House & Fuller
ABST
PAL  Two stiff discs are rotatably attached together in face-to-face contact,
      one of the discs having a ring of openings therein, and the other disc
      having a nipple positioned to engage and latch in the openings. An
      implement holder is attached to one of the discs and a strap is attached
      to the other disc for strapping the two discs and implement holder to a
      person's hand. By rotating the disc carrying the implement holder with
      respect to the other disc, and clamping it in the desired position, the
      implement holder can be oriented in the proper rotary position for use of
      a predetermined implement by the person. The implement can be a knife,
      fork, comb, tooth brush, or any other suitable implement. The discs can be
      strapped to the palm of the person's hand, to the back of the hand, or to
      the wrist.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to prosthetic devices for persons whose fingers are
      wholly or partially paralyzed but who are able to move their arms. In the
      past, prosthetic devices have been made for such persons to enable them to
      hold and to use common implements such as combs, forks, and the like. One
      such prosthetic device is disclosed in U.S. Pat. No. 2,889,160 to Nelson.
      Other prosthetic devices for persons with missing hands or fingers are
      disclosed in the following U.S. Pat. Nos.
TBL  Darrance               953,821                                            
     Lux                   2,561,523                                           
     Ameline               2,666,928                                           
     Saverino              3,434,163                                           
     Perex                 3,490,078                                           
PAR  This invention is directed to better prosthetic devices and has as its
      principal object to provide a prosthetic device which is simpler, less
      expensive, and more effective than those heretofore known. Other objects
      and advantages of the invention will become apparent to those skilled in
      the art from the description herein.
PAC  SUMMARY OF THE INVENTION
PAR  This invention includes an implement holder for holding a knife, fork,
      spoon, comb, tooth brush, dental floss holder or any other hand implement.
      The implement holder is attached to a stiff disc which is rotatably
      attached to another stiff disc in face-to-face contact therewith. A strap
      is attached to one of the discs for strapping the two discs and implement
      holder to a person's hand or wrist. Means is provided for latching the two
      discs to each other in any one of a predetermined plurality of rotary
      positions whereby the implement holder can be oriented in the proper
      rotary position for use of a predetermined implement by the person wearing
      the device.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one illustrative embodiment of the
      invention strapped to a person's wrist with an electric tooth brush in the
      implement holder thereof.
PAR  FIG. 2 is a cross-sectional view taken on the line 2--2 of FIG. 1.
PAR  FIG. 3 is a perspective view of a second embodiment of the invention
      strapped to the palm of a person's hand with a fork in the implement
      holder thereof.
PAR  FIG. 4 is a cross-sectional view taken on the line 4--4 of FIG. 3.
PAR  FIG. 5 is a perspective view of the embodiment of FIG. 3 strapped to the
      back of a person's hand with a comb in the implement holder thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely exemplify the invention which may be embodied in
      other specific structure. While the best known embodiment has been
      described, the details may be changed without departing from the
      invention, which is defined by the claims.
PAR  Referring to FIGS. 1 and 2, one embodiment of the invention includes two
      stiff metal discs 10 and 12 which are rotatably mounted in face-to-face
      relationship with each other by means of a threaded stud 14 (FIG. 2) which
      is welded to the center of lower disc 10 and extends through a central
      hole 16 in upper disc 12. A wing nut 18 is engaged on the exposed end of
      stud 14 and can be tightened to clamp discs 10 and 12 together as tightly
      as needed with no tools and limited dexterity. A ring of holes 20 is
      formed in upper disc 12 and a nipple 22 is formed in lower disc 10 and is
      positioned to engage the holes 20 in disc 12. Holes 20, nipple 22, stud
      14, hole 16 and wing nut 18 taken together form means for latching discs
      10 and 12 together in any one of a predetermined plurality of rotary
      positions for the purpose of adjusting the orientation of an implement
      such as electric tooth brush 24 with respect to the person's hand 26 upon
      which the device of this invention is strapped, the resilience of the
      discs securing them while permitting turning to a new position.
PAR  An implement holder including two circular screw-adjustable clamps 28 is
      used to attach the barrel 30 of tooth brush 24 to upper disc 12. Each of
      the clamps 28 include a strap 32 adjustable in diameter and disposed
      around an annular resilient ring 34 which is dimensioned to slideably
      receive the barrel 30 of tooth brush 24. A second set of clamps 28 may be
      provided at right angles to the first set with different diameters to
      receive tools not within the adjustment range of the set illustrated or to
      receive specially adapted tool shafts as disclosed below. Each of the
      straps 32 have openings 36 formed therein for engaging a conventional
      screw or worm (not visible-such as is found in hose clamps) contained in
      housing 38 (FIG. 2) and rotated by screw head 40 to tighten or loosen
      straps 32. Clamps are well known prior art mechanisms which are available
      in various sizes. Smaller size clamps 28 can be employed to hold the
      handle of a standard manually operated tooth brush if desired. Clamps 28
      are desirably welded to upper disc 12.
PAR  A pair of loops 42 (FIG. 1) are provided on opposite sides of lower disc 10
      and a strap 44 including a standard buckle (not visible) is attached to
      loops 42 for strapping the device to a person's hand or wrist. FIG. 1
      shows the device strapped to a person's wrist while FIGS. 3 and 5 shows
      another embodiment strapped to the palm and back of a person's hand,
      respectively. Any of these three positions can be used depending on the
      nature of the handicap and on the implement employed.
PAR  To use the device, the clamps 28 are first oriented in the proper angular
      orientation to direct tooth brush 24 in the right direction for easy and
      effective brushing of the teeth. This is done by rotating disc 12 to the
      proper rotary position with respect to loops 42, and then adjusting wing
      nut 18 (if required) after nipple 22 engages the desired opening 20. The
      barrel 30 of tooth brush 24 is then slid into resilient rings 34. If
      necessary, screws 40 are turned until clamps 28 are tight enough to
      frictionally hold tooth brush 24 in position during use. The device is
      then strapped to the handicapped person's hand or wrist and toothpaste is
      applied to toothbrush 24 in preparation for brushing the teeth. One
      important feature of this invention is that it permits the handicapped
      person to brush in hard to reach locations and thereby to preserve the
      health of the oral tissues and teeth.
PAR  FIGS. 3-5 show a modification of the above described embodiment in which
      the implement holder includes a hollow cylinder 46 and a small circular
      screw-adjustable clamp 48 which are attached to disc 12 in spaced apart
      locations and are oriented to receive a special implement mounted on a
      cylindrical shaft 50 and an enlarged, grooved cylindrical hub 52. The
      groove 54 of hub 52 is dimensioned to engage a rib 56 (FIG. 4) in the
      interior of hollow cylinder 46 which prevents the implement shaft 50 from
      rotating. The implement supported by shaft 50 and hub 52 can be a fork 56
      (FIG. 3), a comb 50 (FIG. 5), or any other hand implement such as a knife,
      spoon, tooth brush, dental floss holder, cosmetic applicator, or the like,
      all of which are mounted on a shaft 50 and hub 52 so that they will fit in
      the above described implement holder. With such implements, the
      handicapped person will be able to perform numerous manual operations that
      would otherwise have to be performed by someone else.
PAR  The discs 10 and 12 are here described as metal, as are clamps 28 and 48,
      but it will be apparent that other materials can be used. The latching
      device can likewise be varied although that shown is particularly well
      suited to the invention. The attached claims define the scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A prosthetic device comprising a first stiff disc, a second stiff disc
      rotatably attached in face-to-face contact with said first disc, an
      implement holder attached to said second disc and rotatable therewith, a
      strap attached to said first disc for strapping the two discs and
      implement holder to a person's hand, means for latching said discs
      together in any one of a predetermined plurality of rotary positions
      whereby said implement holder can be oriented in the proper rotary
      position for use of a predetermined implement by said person, said
      implement holder comprising at least a pair of circular clamps attached to
      said second disc.
NUM  2.
PAR  2. A prosthetic device as defined in claim 1 wherein said circular clamps
      are of adjustable circumference and lined with resilient material for
      frictional retention of tool shafts.
NUM  3.
PAR  3. A prosthetic device as defined in claim 1 and further comprising an
      annular resilient ring contained within each said circular clamp.
NUM  4.
PAR  4. A prosthetic device comprising a first stiff disc, a second stiff disc
      rotatably attached in face-to-face contact with said first disc, an
      implement holder attached to said second disc and rotatable therewith, a
      strap attached to said first disc for strapping the two discs and
      implement holder to a person's hand, and means for latching said discs
      together in any one of a predetermined plurality of rotary positions
      whereby said implement holder can be oriented in the proper rotary
      position for use of a predetermined implement by said person, said
      implement holder comprising a hollow cylinder and a circular clamp
      attached to said second disc, and further comprising an implement having a
      hub at one end which is fitted in a single orientation within said hollow
      cylinder.
NUM  5.
PAR  5. A prosthetic device as defined in claim 4 wherein said hollow cylinder
      contains a rib extending longitudinally in the interior thereof and
      wherein said hub is slotted to engage said rib and thereby prevent
      rotation of the corresponding implement.
NUM  6.
PAR  6. A prosthetic device comprising a first stiff disc, a second stiff disc
      rotatably attached in face-to-face contact with said first disc, an
      implement holder attached to said second disc and rotatable therewith, a
      strap attached to said first disc for strapping the two discs and
      implement holder to a person's hand, means for latching said discs
      together in any one of a predetermined plurality of rotary positions
      whereby said implement holder can be oriented in the proper rotary
      position for use of a predetermined implement by said person, said
      latching means including a ring of openings in one of said discs and a
      nipple in the other disc, said nipple being positioned to engage said
      openings, and means for clamping said discs together.
NUM  7.
PAR  7. A prosthetic device as defined in claim 6 wherein said discs are
      rotatably attached together by a threaded stud attached to the center of
      one disc and projecting outwardly therefrom and a central opening in the
      other disc for receiving said threaded stud, said discs being joined
      together in face-to-face contact with said stud extending through said
      central opening, and wherein said means for clamping said discs together
      comprises a wing nut engageable with said threaded stud.
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ABST
PAL  Removably located within an elongated epithelium-lined tract, or tunnel,
      surgically formed in the subcutaneous layer of the wearer's scalp is the
      elongated subdermal portion of a scalp anchor. The anchor includes an
      external portion attachable to a hairpiece. A plurality of such anchors
      securely yet removably retains the hairpiece in the desired position on
      the scalp.
PAL  A web at the junction of the subdermal and external portions enhances the
      wearer's comfort by reducing the unit pressure on the adjacent end of the
      tract in the event that force is exerted against the anchor by the
      hairpiece; and for hygienic reasons the web is constructed so as to
      provide channels for the circulation of air in the subdermal tract.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Surgically installed scalp anchors for hairpieces are disclosed in my U.S.
      Pat. No. 3,553,737; and various types of scalp anchors installed in
      surgically formed subdermal tracts in the scalp are shown and described in
      my U.S. Pat. No. 3,858,247.
PAR  The foregoing embodiments serve their purpose in a very satisfactory manner
      but do not preclude the development of new generation devices capable of
      providing additional beneficial results.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to new and useful improvements in devices for
      removably securing a hairpiece to the scalp.
PAR  It is an object of the invention to provide a removable scalp anchor which
      reliably and hygienically, yet comfortably, secures a hairpiece to the
      wearer's scalp.
PAR  It is another object of the invention to provide a removable hairpiece
      anchor which is capable of resisting a substantial force tending to
      dislodge the hairpiece and of accomplishing this without causing undue
      discomfort to the wearer.
PAR  It is a further object of the invention to provide a hairpiece anchor which
      can readily be installed and removed, yet which when installed, securely
      positions the hairpiece against both angular displacement on the scalp and
      separation of the hairpiece from the scalp.
PAR  It is an additional object of the invention to provide a generally improved
      hairpiece anchor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a scalp in which a plurality of subdermal
      tracts has been surgically formed;
PAR  FIG. 2 is a top plan view, to a greatly enlarged scale, of a preferred
      embodiment of the hairpiece anchor of the invention;
PAR  FIG. 3 is a bottom plan view of the embodiment shown in FIG. 2;
PAR  FIG. 4 is a fragmentary sectional view, to a greatly enlarged scale, of a
      tract lined with epithelium, the plane of the section being indicated by
      the line 4-4 in FIG. 1, and showing in median longitudinal section a
      hairpiece anchor installed therein; and,
PAR  FIG. 5 is a fragmentary transverse sectional view, to a greatly enlarged
      scale, emphasizing the air circulation channel provided by the lower
      anchor web and the snug confinement of the underlying skin surface by the
      web structure, the plane of the section being indicated by the line 5-5 in
      FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  While the hairpiece anchor of the invention can assume various
      configurations the hereinafter shown and described embodiment is a
      preferred one.
PAR  At a suitable time prior to the installation of the hairpiece itself, the
      wearer's scalp 12 will have had surgically formed therein a plurality of
      subdermal tracts 13, arranged in a suitable pattern, such as the generally
      pentagonal arrangement illustrated in FIG. 1.
PAR  Each of the tracts 13 includes a longitudinal axis 14 preferably converging
      at a central location 16 on the scalp.
PAR  As appears most clearly in FIGS. 1 and 4, each tract includes a spaced pair
      of linear openings 17 and 18 in the epidermis 19, or outer skin layer,
      subdermally connected by a tunnel 21, or socket, lined with a layer of
      relatively tough epithelial tissue 22. The tract is formed in the
      subcutaneous layer 23 overlying the skull 24.
PAR  Preferably, the surgical technique used in forming each of the tracts is as
      follows. Two, parallel transverse incisions each about 5.0 mm in length
      and about 1.5 cm apart, are made in the epidermis. The incisions coincide
      with and eventually form the linear openings 17 and 18. Subcutaneous
      tissue between the two incisions is then dissected away to afford
      sufficient space for two face to face strips of full thickness skin graft,
      5 mm wide and slightly in excess of 1.5 cm in length. The top surfaces of
      the two strips of skin face each other so that when the strips are
      inserted in the dissected area and healing has taken place, a tract lined
      fully with the epithelial tissue 22 is provided.
PAR  After healing is completed, the hairpiece 26 can be installed.
PAR  The hairpiece 26 ordinarily includes a base 27 formed of fabric mesh, or
      the like to which the hair strands are secured.
PAR  The hairpiece base 27, in turn, is fastened to the anchors, generally
      designated by the reference numeral 29 by threads 31.
PAR  Each of the anchors is bilaterally symmetrical about a longitudinal axis 32
      so that when an anchor is installed, the anchor axis 32 underlies the
      respective longitudinal axis 14 of the tract with the two axes lying in
      substantially the same vertical plane.
PAR  As appears most clearly in FIGS. 2-5 the anchor 29 includes a subdermal
      portion 34 comprising a spaced pair of wires 36 of tissue-compatible
      material extending from the base end 37 of the anchor through a downwardly
      bowed section 35 so as to fit snugly, although not tightly, in the
      comparably bowed socket 21, or tunnel.
PAR  At the tip end 38 of the subdermal portion 34, the two wires 36 converge
      and join; and adjacent the tip end 38 where the subdermal portion emerges
      from the tunnel 21, the wires are curved and angularly inclined relative
      to the bowed portion 35 so as to follow the underlying contours and snugly
      overlie the subjacent scalp surface. The support provided by the scalp to
      the overlying horizontal distal portion 39 resists any vertically upward
      dislodging force exerted on the opposite, or base, end 37 of the anchor,
      such as might result from wind, water or other forces acting on the
      hairpiece, with the top wall of the tunnel forming a fulcrum.
PAR  At the base end 37 of the anchor 29 the two spaced wires 36 are recurved
      upwardly and forwardly, diverging somewhat over a primary portion 41, or
      wing base portion, then spreading farther apart in a more widely diverging
      secondary portion 42, and finally assuming a laterally flared wing portion
      43, oriented substantially at right angles to the anchor axis, or even
      slightly recurved beyond the perpendicular to the axis.
PAR  As will be particularly noted in FIG. 5, the second portion 42 and the
      third wing portion 43 assume an inverted dihedral such that the wings 43
      follow the lateral slope of the scalp and the tips 44 of the wings lie
      almost in the horizontal plane of the subdermal portion 34 and thus
      cooperate with the subdermal portion in firmly confining the interposed
      longitudinal bridge 40 of tissue spanning the openings 17 and 18 (see
      FIGS. 1 and 4).
PAR  One of the most important features of the present embodiment is the web
      structure 46 located at the recurved base end 37 of the anchor.
PAR  The material of the web 46 is preferably tissue-compatible metal. However,
      a web of suitable "plastic" or fabric material can also be utilized.
PAR  As appears most clearly in FIGS. 2-5, the web 46 includes a top portion 47
      spanning the primary wing portion 41 and a bottom portion 48 spanning the
      ends of the subdermal wires 36, for a distance approximately equal to the
      length of the top portion 47.
PAR  The top portion 47 and the bottom portion 48 of the web 46 are joined by an
      arcuate end portion 49 which follows the curvature of the base end 37 of
      the anchor.
PAR  When viewed in transverse section, as in FIG. 5, it will be noted that the
      top portion 47 of the web 46 is bowed arcuately downwardly with a
      resulting snug engagement between the lower surface of the top portion 47
      and the underlying area of epithelial tissue 22 covering the longitudinal
      bridge 40 (see FIGS. 1 and 4) spanning the distance between the two linear
      openings 17 and 18.
PAR  The bottom portion 48 of the web 46, on the other hand, is arcuately bowed
      upwardly to a distance such that: (1) the upper surface 52 of the bottom
      portion 48 snugly engages the adjacent arcuate end portion 53 of the tract
      wall, and (2) a channel 54 is provided for the circulation of air through
      the tract tunnel 21.
PAR  In other words, the lower surface 56 of the bottom portion 48 of the web 46
      forms an arch which ascends to a location above the bottoms of the wires
      36. Air can therefore move to and fro in the arched area which, in turn,
      communicates with the passageway 57 defined by the two wires 36 as they
      traverse the length of the tract and emerge therefrom at the distal end
      where the wires are curved to conform to the underlying skin contour, as
      previously explained.
PAR  It is hygienically important that the tract be provided with air
      circulation; and the arched construction of the bottom portion 48 of the
      web not only fulfills this requirement, but also cooperates with the
      downwardly convex construction of the upper portion 47 of the web and the
      adjacent arcuate end portion 49 to confine the underlying skin tissue
      firmly yet comfortably.
PAR  Further, the substantially increased surface provided by the web is such
      that any dislodging forces are spread over a sufficient area of skin in
      contact with the web so that the hairpiece is comfortable to wear at all
      times.
PAR  The anchors 29 are so located on the hairpiece that when the hairpiece is
      to be installed and is properly oriented on the scalp, the anchors are
      superposed directly over the respective tracts. The anchors are then each
      manipulated so as to guide the tip end 38 through the opening 17 thence
      through the tunnel 21 until the tip 38 emerges from the opening 18. A
      slight additional forward movement is then given the anchor in the
      direction of the central location 16 on the scalp until the web 46 abuts
      and snugly engages the underlying skin tissue. The dimension of the anchor
      is such that at this juncture the distal end portion 39 of the anchor also
      firmly yet comfortably conforms with the underlying surface of the skin
      and the downwardly bowed portion 35 closely fits the shape of the tunnel.
PAR  This procedure is followed until all of the anchors are installed in their
      respective tracts. The scalp as well as the hairpiece afford the requisite
      amount of yield and resiliency so that installation is readily effected,
      yet when the installation is completed, a secure, comfortable fit is
      provided.
PAR  The close engagement of the distal portion 39 with the underlying scalp and
      the snug fit between the three portions 47, 48 and 49 of the web 46 and
      the bridge 40 of epithelial tissue firmly yet comfortably resist even
      vigorous buffetings suffered by the hairpiece and the arched channel
      formed by the web portion 48 with the communicating passageway 57 assures
      freedom of air movement to and fro in the tract tunnel 21.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A hairpiece anchor comprising:
PA1  a. an external portion including an upper pair of wires symmetrically
      disposed on opposite sides of an upper longitudinal axis and extending
      from an upper base end through a first flared section and a second more
      divergingly flared section terminating in a pair of laterally oriented
      tips substantially at right angles to said upper longitudinal axis;
PA1  b. a subdermal portion engageable with a scalp tract having a tunnel with
      predetermined width and length, said subdermal portion of said anchor
      including a lower pair of wires symmetrically disposed on opposite sides
      of a lower longitudinal axis parallel to said upper axis and extending
      with a downward bow from a lower base end through said predetermined
      length, said pair of wires continuing further in a recurved linear
      extension converging to form a rounded tip,
PA2  said linear extension having a length and contour such that said linear
      extension is capable of protruding exteriorly from the tunnel when said
      anchor is installed in a tract, and of engaging an underlying planar
      portion of the scalp adjacent the tunnel for a sufficient distance as to
      enable said anchor to resist a substantial upward force applied to said
      lower base end and tending to urge said linear extension in a downward
      direction by lever action with the top wall of the tunnel forming a
      fulcrum; and,
PA1  c. an arcuate transition portion comprising a pair of wires joining said
      upper pair of wires and said lower pair of wires, said transition portion
      including an upper web spanning said upper base end, a lower web spanning
      said lower base end, and a transition web spanning said arcuate transition
      portion, the widths of said lower base end and said transition portion
      being substantially equal to said predetermined width of the tunnel, with
      said upper web, said transition web and said lower web being contoured to
      engage the interposed tract portion overlying the tunnel,
PA2  said lower web being arched upwardly in lateral cross section to define a
      channel for the circulation of air.
NUM  2.
PAR  2. A hairpiece anchor as in claim 1 in which said lower pair of wires
      extend in substantially parallel relation from said lower base end to said
      linear extension and in which said pair of wires defines a passageway in
      communication with said channel for the circulation of air throughout the
      entire length of said tunnel.
NUM  3.
PAR  3. A hairpiece anchor as in claim 2 in which said upper web is bowed
      downwardly in lateral cross section for cooperation with said upwardly
      arched lower web in snugly engaging the interposed tract portion overlying
      the tunnel.
NUM  4.
PAR  4. A hairpiece anchor as in claim 3 in which said flared sections of said
      upper pair of wires form an inverted dihedral.
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ABST
PAL  The invention provides a disposable insert for a bed-pan or commode, said
      insert having a seat-portion for fitting over the peripheral area of the
      supporting member, and within said seat-portion an aperture forming an
      opening into the receptacle portion of the insert and said seat portion
      being formed at each side towards its rear with a concavity, and at its
      rear a central depression said concavities and depression being merged
      smoothly together and shaped to receive the buttocks and relieve pressure
      on the posterior bones of a person using the seat.
PARN
PAR  This is a continuation of application Ser. No. 400,508 filed Sept. 25, 1973
      and now abandoned.
BSUM
PAR  This invention is for improvements in or relating to disposable inserts,
      for bed-pans, commodes and like sanitary articles.
PAR  The primary object of the invention is to provide disposable insert for a
      bed-pan or commode, having a "seat" which will afford the user much more
      comfort than has been the case heretofore.
PAR  According to the present invention there is provided a disposable insert
      for a bed-pan or commode, said insert having a seat-portion formed so as
      to fit over the peripheral area of the supporting member, and within said
      seat portion an aperture forming an opening into the receptacle portion of
      the insert, said seat portion being formed at each side towards its rear
      with a concavity, and at the rear a central depression or concavity, said
      concavities and depression merging smoothly together and being shaped to
      receive the buttocks and relieve pressure on the posterior bones of a
      person using the seat. Said concavities, being so positioned, ensure that
      the centre of gravity of a user tends to take up a position well within
      the base of the bed-pan and this helps considerably in preventing loss of
      balance of a person using same.
PAR  In preferred embodiments of the invention the aperture in the seat portion
      is elongated in a direction from front to rear and is waisted between its
      ends. Preferably, the waist is a little more towards the rear than the
      front of the seat. Thus, the aperture has, in plan, somewhat the shape of
      a figure eight or keyhole. The receptacle portion of the insert may be
      correspondingly shaped in plan.
DRWD
PAR  One particular embodiment of the invention will now be described, by way of
      example only, as applied to a disposable bed-pan insert. In the following
      description reference is made to the accompanying drawings in which:
PAR  FIG. 1 is a plan view of a bed-pan insert, according to the invention,
PAR  FIG. 2 is an underneath plan view,
PAR  FIG. 3 is a view from the front,
PAR  FIG. 4 is a view from the rear,
PAR  FIG. 5 is a side view,
PAR  FIG. 6 is a perspective view,
PAR  FIG. 7 is a cross-section on the line VII--VII of FIG. 1, and
PAR  FIG. 8 is a cross-section on the line VIII--VIII of FIG. 1.
PAR  The bed-pan insert shown in the drawings is moulded or pressed to shape
      from, e.g., cellulose pulp. It has a seat portion 10 formed with a
      downturned peripheral edge 11 which is designed so as to be a free fit
      over and shroud the upper edge X' of a rigid bed-pan support X shown in
      broken lines in FIG. 7.
PAR  Within the seat 10 there is an aperture 12 which forms an opening into the
      receptacle portion 13 of the insert. The receptacle 13 has a slight
      downward taper and is designed so as to be a free sliding fit in a
      supporting bed-pan X, and to be nestable with fellow inserts for storage
      and packing purposes.
PAR  Side concavities 14 and a central depression or concavity 15, which merge
      smoothly together, are provided in the rear area of the seat 10 so as to
      receive the buttocks, and relieve pressure on the posterior bones, of a
      person using the bed-pan. The rear central depression or concavity 15, as
      shown most clearly in FIGS. 3, 4 and 6, will facilitate use of the bed-pan
      by a lying down patient.
PAR  The aperture 12 is elongated in a direction from front to rear and is
      formed with a waist as indicated at 16.
PAR  The front of the seat portion of the insert is somewhat higher than the
      rear so as to form a splash barrier 17.
PAR  It will be noted that the receptacle 13 has a shape which in plan
      corresponds to that of the aperture 12. The supporting bed-pan X, or a
      commode, will of course have a cavity shaped to receive the receptacle 13
      and a seat part which will accommodate the recesses and depressions 14 and
      15.
CLMS
STM  I claim:
NUM  1.
PAR  1. A disposable one-piece insert for a bed-pan or commode, comprising a
      receptacle portion having a small downward taper, a seat portion extending
      from said receptacle portion and having a front part which is higher than
      the rear part thereof, an aperture in said seat portion providing an
      opening into said receptacle portion, said aperture and receptacle portion
      being elongated from front to rear and waisted between their ends, said
      seat portion having a downturned peripheral lip and being provided at each
      side of its receptacle portion towards its rear with a concavity and at
      the rear of the receptacle portion with a depression which merger smoothly
      into said rearward side concavities.
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ABST
PAL  A splash partition for a bath tub or shower having sliding doors guided by
      a top rail and a bottom rail, the latter comprising a box profile the
      upper profile of which is inclined, at least the top face or the outer
      face being extended inwardly or upwardly by a wall of a U-groove which is
      open at its lowest part, each element engaging in a groove by an upwardly
      extending guide member.
BSUM
PAR  The invention refers to splash partitions for bath tubs or showers in the
      form of a sliding door of a number of elements movable horizontally in
      parallel planes, which are guided by running suspended from a headrail and
      on a footrail which consists of a hollow box profile with a top inclined
      towards the inside of the bath or shower and has projections running
      longitudinally which serve for guidance of the elements.
PAR  Sliding-door partitions of this kind are well known. In all these known
      bath tub or shower partitions the projections from the bottom guiderail
      which serve to guide the individual sliding doors at the bottom form
      cavities open at the top, into which water can penetrate. Consequently at
      the foot of the webs of the projections and thus directly at the inclined
      top of the hollow box profile, perforations must be provided in the webs
      whereby such water can drain inwards into the shower or bath tub; where
      the hollow box profile itself is open at the top, the perforations at the
      inside of the profile must be provided directly above the bottom of the
      profile.
PAR  Bottom guiderails of that kind are not only laborious and troublesome to
      clean but also unhygienic because soap residues, hair and dirt also get
      caught in the cavities with the water and settle when the water drains
      off. Blocking of the drain openings can come about from such deposits.
PAR  It is therefore the object of the invention to produce a bath tub or shower
      partition with a bottom guiderail which does not have these cleaning and
      hygiene problems.
PAR  In accordance with the invention there is provided a splash partition in
      the form of a sliding door of a number of elements movable horizontally in
      parallel planes, which are guided by running suspended from a headrail and
      on a footrail which comprises a hollow box profile with a top inclined
      towards the bath or shower and has projections running longitudinally
      which serve for guidance of the elements, the projections from the
      completely closed hollow box profile comprising at least one U-groove open
      at the bottom, which projects from one of the upper inner edges and upper
      outer edge of the hollow box profile, continues the respective face and is
      engaged by guide means fitted to the bottom of a door element which
      extends outwardly of the bath or shower and upwardly into the groove.
PAR  No water and hence no residues can collect in the guide grooves open at the
      bottom. Also the arrangement of the guide grooves in such a way that the
      cross-web of the U continues the inclined top of the hollow box profile or
      the outer arm of the U continues the outside of the hollow box profile
      does not lead to the formation of water-trapping grooves; on the contrary,
      water can flow away unimpeded over a U-groove of which the cross web
      extends the inclined surface and in the case of the outer U-groove whose
      outer arm extends the outside of the box profile, lies at the top of the
      hollow box profile incline and can only be reached by water travelling up
      the incline which will drain back again down that profile.
PAR  Guidance of the individual sliding door elements in the guide grooves of
      the new bottom guiderail can be effected in various ways. For example the
      arrangement in the case of sliding doors with three elements can be made
      so that the outer element is guided in an outer U-groove at the top of the
      inclined top of the box profile and the inner element in an inner
      U-groove, whilst the middle element is guided on the two other elements.
      One U-groove can however also have a number of tracks lying parallel side
      by side in each of which engages the guide member of one element.
PAR  Particularly preferred, however, is a form in which the guide members
      consist of narrow straps which carry slide-shoes at their free ends and in
      which the straps of different elements engage in the same U-groove, in
      which case in particular the outer and middle elements are guided in the
      outer U-groove and the inner element is guided in the inner U-groove.
DRWD
PAR  The accompanying drawings illustrate embodiments of the invention, given by
      way of example only, and in the drawings:
PAR  FIGS. 1 to 4 are diagrammatic cross-sections through the bottom guiderail
      as well as the guide members projecting from the bottom of the sliding
      door elements; and
PAR  FIG. 5 is a partially sectioned plan of the arrangement illustrated in FIG.
      4. The cross section of FIG. 4 is taken substantially along the line A--A
      in FIG. 5. FIGS. 1-3 are similar to FIG. 4, but showing different species.
DETD
PAR  In all the embodiments the bottom rail designated as a whole by 1 consists
      of a hollow box profile 2 completely closed all round, which has a bottom
      3 for fastening to the edge of the tub, an outer face 4, an inner face 5
      and a top 6 inclined towards the inner face 5. The top 6 continues inwards
      -- out beyond the inner face 5 -- in a U-groove 7 the cross-web 8 of which
      is a direct prolongation of the top 6 of the hollow box profile 2, and of
      which that arm 9 which is on the inside with respect to the sliding door,
      runs parallel with the inner face 5, which at the same time forms the
      other arm of the U-groove 7.
PAR  The outer face 4 of the hollow box profile 2 continues into that arm 11 of
      a second outer U-groove 10, which is on the outside with respect to the
      sliding door, and of which the cross-web extending horizontally inwards
      carries the other arm 13 of the U-groove 10, the free end of which leaves
      open a gap from the top face 6 of the hollow box profile.
PAR  On the underside of the sliding door elements 14 (outer element), 15
      (middle element) and 16 (inner element) guide members are fastened which
      are formed differently in the several embodiments and which engage at
      their free ends in the U-grooves 7, 10 for the bottom guidance of the
      elements 14 to 16.
PAR  In the case of the example illustrated diagrammatically in FIG. 1 the guide
      members which are fastened to the outer element 14 and to the inner
      element 16 can be continuous rails 17 and 18 respectively, which are bent
      over at right angles so that the free edges of the rails (provided where
      necessary with slide-shoes or coatings) engage in the U-grooves 10 and 7
      respectively. Against the guide members in the form of the rails 17, 18,
      the middle element 15 bears by means of a spacer 19 extending inwards and
      outwards, which in the contact zone can likewise be provided with slide
      shoes or coatings or consist respectively of altogether resilient
      material.
PAR  In the embodiment as in FIG. 2 similar parts are identified by similar
      numerals with the suffix a added. Thus, the guide members which here too
      may have the form of rails are, because of their similarity in spite of
      their different form, designated by 17a and 18a. The function of the
      spacer 19 in FIG. 1 is in accordance with FIG. 2 taken over on the one
      hand by a rail-shaped hook 20 on the middle element 15a which engages at
      its free end in a U-groove 21 in the underside of the outer element 14a,
      and on the other hand by a similar rail-shaped hook 22 which is fastened
      to the underside of the inner element 16a and engages in a U-groove 23
      provided in the underside of the middle element 15a.
PAR  In the case of the embodiment in accordance with FIG. 3 similar parts are
      identified by similar numerals with the addition of the suffix b to avoid
      duplication of description. The outer U-groove 10a has two tracks 25 and
      26 divided by an intermediate arm 24. In the track 25 runs a guide member
      27 of the outer sliding door element 14a, which here too if necessary is
      rail-shaped, whilst in the track 26 a likewise rail-shaped guide member 28
      of the middle element 15b is guided. The two rail-shaped guide members 27,
      28 moreover overlap one another in the way clearly visible in FIG. 3. The
      inner element 16b is just as in FIG. 1 guided by means of a rail-shaped
      guide member 18b in the inner U-groove 7b.
PAR  In the case of the particularly preferred embodiment illustrated in FIG. 4
      similar parts are identified by similar numerals with the addition of the
      suffix c. The outer element 14c and the middle element 15c are guided in
      the same outer U-groove 10c. For that reason the guide members have here
      the form of narrow guide members 29 and 30 respectively, which are
      arranged offset across the width of the doors so that upon opening the
      sliding doors they do not get in each others way (FIG. 5). Also the free
      ends of the guide members 29, 30 may be provided with coatings which in
      the diagrammatic illustration is not distinguished separately.
      Corresponding guide members 31 are also applied to the inner element 16c,
      shaped to correspond with the rails 18 and 18b in FIGS. 1 and 3,
      respectively (and if necessary they could, like these, also be continuous
      rails).
PAR  Finally it must be pointed out that the principle to be derived from FIGS.
      4 and 5, of a number of elements mutually slidable in one U-groove 10c is
      also applicable to all three elements, although in that case not all of
      the elements (when it is a question of more than two) can be guided at (or
      close to) the ends at both edges.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A splash partition for a bath or shower comprising: first, second and
      third sliding doors for movable suspension from a head rail, a foot rail
      below said sliding doors, said foot rail comprising an inclined top
      surface descending from a first top outer edge downwardly toward the bath
      or shower to a second, lower inner edge, an upwardly projecting inverted
      U-shaped channel formed longitudinally along said first top outer edge and
      overlying and opening downwardly toward said top surface for drainage of
      water therefrom down onto said top surface, an inverted U-shaped channel
      formed longitudinally along said second lower inner edge and lying below
      said surface to allow free water run off into said tub or shower, said
      first door having a first guide member at the bottom thereof engageable
      with said upwardly projecting inverted U-shaped channel for guiding
      movement therealong, said second door having a second guide member at the
      bottom thereof engageable with said inverted U-shaped channel formed along
      said second, lower inner edge, and said third door having a third guide
      member at the bottom thereof for guiding said third door relative to at
      least one of said first and second doors and said foot rail.
NUM  2.
PAR  2. A splash partition for a bath or shower as set forth in claim 1, and
      further including a third inverted U-shaped channel formed in the bottom
      of said first door for receiving said third guide member for guiding
      movement therealong.
NUM  3.
PAR  3. A splash partition as set forth in claim 2 wherein the upwardly
      projecting inverted U-shaped channel receives the guide members of both
      said first and third doors.
NUM  4.
PAR  4. A splash partition as set forth in claim 3 wherein said upwardly
      projecting inverted U-shaped channel comprises a double channel having two
      grooves respectively receiving the guide members of the first and third
      doors.
NUM  5.
PAR  5. A splash partition for a bath or shower as set forth in claim 2, wherein
      said second door includes a fourth guide member, and a fourth inverted
      U-shaped channel in the bottom of said third door and and receiving said
      fourth guide member.
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ABST
PAL  The invention provides novel safety baffling or baffles for placement in
      swimming pools at loci underlying the forwardly protruding fronts of
      poolside slides, diving boards, and diving platforms, and extending any
      desired distance rearwardly of said fronts as well as forwardly thereof at
      least a typical diver-body length of 3 to 5 feet but advantageously more.
      Advantageously each baffle comprises a relatively dense and slippery
      skid-surfaced lamina carrying "streamlined" slippery-surfaced, cushioning
      "shingles" plus a less dense subjacent cushioning medium or lamina, e.g.,
      of polyurethane foam or the equivalent, so placed as to obliquely, i.e.
      glancingly, intercept the trajectory of a headfirst slider or diver
      sufficiently to at once control or change its direction and reduce his
      momentum -- this process being successively repeated via new such
      interceptions engendered by change in angularity of said skid surface or
      of obliquity of downwardly dangling arms of a slide diver along it when it
      is comprised in a buoyantly floating said baffle; in which latter case
      characteristic danger of a neck-breaking somersault will be precluded.
BSUM
PAR  This application relates to safety baffling for placement subjacently to
      the fronts or front lips of the diver exit portions of above-water slides
      and diving boards (both diving boards and slides being included in the
      expression "projectors" as used herein, provided the fronts of their diver
      exit portions are disposed at a higher elevation than that of the deck on
      which they are mounted) which front lips overlie and extend forwardly
      beyond the edges of the swimming pools, said baffles themselves extending
      both forwardly and laterally enough to prevent or moderate head, neck or
      back injuries to headfirst users of such slides or boards, via diverting
      their trajectories in a skidwise manner, thus substituting lengthened,
      water-cushioned, momentum-dissipating underwater travel for what otherwise
      might have been a violently abrupt and direct collision with the bottom
      wall or a side wall of the pool.
PAR  As far as applicant's research has revealed, the prior art contains no
      disclosure of the idea of so positioning a baffle that it will purposely
      be glancingly contacted by a diver or head-first slider during use. The
      reference closest to being of direct prior-art interest on this score
      appears to be Stillman U.S. Pat. No. 3,429,085. It shows a thick lamina of
      low-density polyurethane foam covering the side and bottom walls of a
      pool, which lamina is iself covered by an outer, more dense lamina of the
      same material; said latter lamina in turn having a "vinyl liner" surfacing
      so that, as stated in the patent, "a not insubstantial degree of
      resiliency" is provided which "provides a substantial safety feature".
      Insofar as applicant recalls, this is the only disclosure in the prior art
      of a slippery-surfaced cushioning structure which would be presently
      relevant if it had been present in a pool having a bottom wall
      configuration useful, per se, for the practice of the invention
      (Stillman's bottom wall lacks such a configuration), or also showed a
      slide or diving board at a pertinent location along the edge of the pool
      (Stillman shows none).
PAR  An illustrative disclosure of a pool which, like Stillmn, lacks a
      disclosure of the subject idea or concept, or even of a slide or diving
      board, but which might be regarded as having a bottom wall contour of
      geometric interest, per se, occurs in Brownell U.S. Pat. No. Re. 25,199
      (of U.S. Pat. No. 2,887,759). But no cushioning lamina is depicted
      therein. And the same may be said with regard to a number of further
      patents that show slides sloping from above water level approximately to
      bottom walls of various types of pools so that their diver exit lips are
      submerged in pool water during use. Also, in all such cases of which
      applicant is aware, the slides are not only cushionless but too narrow,
      and their up-turned side walls are too dangerous, for the slides to per se
      serve as baffles for head-first divers or sliders happening to dive
      downwardly from the platforms at the tops of the slides. In addition, the
      pools in said cases are too shallow for accommodating baffles fulfilling
      the requirements set out in the appended claims.
PAR  The main object of the invention, then, is the provision of a suitably
      extensive, smooth, cushioned, inherently slippery skid surface an
      appropriate distance below and forwardly from the above-water (i.e.,
      higher that the deck) front of an above-water poolside slide or diving
      board, in position to obliquely intercept a headfirst slider or diver at a
      sufficiently small angle of incidence (characteristically followed by a
      succession of such angles) as to prevent major injury to him by steering
      him, so to speak, along a changed momentum-absorbing course, instead of
      permitting his initial descent to be abruptly and totally terminated by a
      calamitous collision with pool wall structure, entailing great danger of
      fatal or near-fatal consequences. In other words, the headfirst slider or
      diver is automatically spared such consequences by substituting for such a
      collision a cushioned skidding calculated to produce no more than
      momentary discomfort, if any.
PAR  A special corollary of said main object is to similarly preclude or correct
      downward dangling of the arms of a headfirst slider during the air-flight
      portion of his trajectory, to thereby save him from sudden somersaulting
      and resulting cervical fracture or the like, due to the braking effect of
      the water against his immersed arms, i.e., unaccompanied by any restraint
      on the continuing momentum of the rest of his body.
PAR  It is a still further object of the invention to arrange a slide, a
      covnentional diving board, and a novel, extra-powerful diving board of the
      invention (to be described below) having special utility for the
      achievement of unprecedentedly high dives, along the sides of a pool deck,
      so as to respectively provide them with the novel baffles at loci such as
      to require only a minimum of pool area yet automatically assure maximum
      avoidance of inter-conflict among users of said slide and respective
      boards.
PAR  The foregoing and still further objects of the invention will become
      apparent as the description proceeds.
PAR  Briefly stated, said foregoing objects are accomplished by placement of
      said baffles in loci such as designated hereinafter, and employing a
      suitably contoured, dimensioned and proportioned surface lamina that
      slopes downwardly-forwardly, presents a smooth (substantially
      obstruction-free), even and slippery skid-producing upper exterior which
      is cushioned by a subjacent lamina of advantageously less dense,
      resiliently yieldable foam or the equivalent; said surface lamina serving
      to distribute the impact of a diver's head or other upper body part over a
      relatively large area of the skid surface, thereby preventing substantial
      friction-producing topical indentation of said surface, while yet
      supplying sufficient topical cushioning to preclude injurious or
      pain-producing impact (it being realized that mere prevention of pain or
      discomfort is relatively insignificant as an object, when compared with
      that of preventing fatal or worse-than fatal cerebral, cervical or spinal
      injuries).
DRWD
PAR  In the drawings, wherein all figures are to be understood as basically
      diagrammatic or schematic, and all expressions such as horizontal, upward,
      front, rear, etc., as being relative and approximate unless otherwise
      evident, to be more particularly described later on:
PAR  FIG. 1 is a plan view in which the scale of the drawing, as filed, was
      one-sixteenth inch per foot of pool dimension, thus representing a pool 44
      feet in length and 24 feet in width; said pool being equipped with a pair
      of diving boards (the shorter one being novel per se) and a slide having
      an above-water forwardly-protruding front; said slide and said diving
      boards being each provided with safety baffling of the invention disposed
      in diving zones located adjacently frontward of them;
PAR  FIG. 2 is a side elevational prior-art detail of the shallow end of the
      pool of FIG. 1 and said slide, plus a child diver entering the water in a
      realistic but highly dangerous manner, as particularized below;
PAR  FIG. 3 is essentially the same as FIG. 2 except that a baffle of the
      invention is causing the downwardly dangling arms of the diver to skid
      frontwardly, thereby preventing unintended somersaulting such as depicted
      in FIG. 2;
PAR  FIG. 4 is a rear elevation, with cable structure cut away, of the floating
      baffle of FIG. 3;
PAR  FIG. 5 is a sectional detail on enlarged scale of the novel shingles-type
      cushioning members indicated in FIG. 3;
PAR  FIG. 6 is a plan detail of the floating baffle of FIG. 3 plus its
      above-water mooring cables;
PAR  FIG. 7 is an analytical detail of the conventional diving board and novel
      baffle appearing at the upper left in FIG. 1;
PAR  FIG. 8 is the same as FIG. 7 except that the board and baffle are the novel
      ones appearing at the lower left in FIG. 1;
PAR  FIG. 9 is a plan detail depicting baffling of the invention the front of
      whose skid-surfacing has a convex configuration, 2.e., is arcuately
      correlated to the front of the diving board;
PAR  FIG. 10 is an analytical diagram to be referred to below in regard to the
      contouring of the frontwardly-upwardly concave skid surfaces depicted
      therein;
PAR  FIG. 11 is similar to FIG. 10 except for differences pointed out below;
PAR  FIG. 12 is a side elevation on enlarged scale of a baffle similar to that
      of FIG. 3 except for omission of the shingles-type cushioning members;
PAR  FIG. 13 is a side elevational view, with certain parts broken away, of the
      diving board assembly indicated at the lower left in FIG. 1 and believed
      to be basically new, per se, both from the standpoint of safety and a
      number of further respects pointed out below;
PAR  FIG. 14 is a front perspective detail of the multipurpose rear housing
      structure appearing in FIG. 13;
PAR  FIG. 15 is an exploded sectional detail of the dual platform structure
      supported by the upper tine of the hairpin-type spring appearing in FIG.
      13;
PAR  FIG. 16 is a cross-sectional detail of the upper and lower platform members
      supported by and affixed to the hairpin-type spring of FIG. 13;
PAR  FIG. 17 is an exploded detail in right-side elevation of the two pairs of
      upper and lower clamp bars interuniting the rear portions of the platform
      members of FIG. 13 and securing them to the upper surface of the upper
      tine of the aforesaid spring;
PAR  FIG. 18 is the same as FIG. 17 except that the parts have been united
      through the medium of the bolts appearing at the top of FIG. 17;
PAR  FIG. 19 is an exploded front elevational detail of the fulcrum support bar
      which directly underlies the cylindrical fulcrum member appearing in FIG.
      13, plus a shim bar resting on the pool deck below;
PAR  FIG. 20 is the same as FIG. 19 except that said support bar and said shim
      have been united by tightening down of the nuts and washers appearing at
      the top of FIG. 19, onto the top of said support bar via down-threading
      onto the elongate vertical stud bolts rising from a jig (understood)
      buried in the concrete underlying the surface of the pool deck;
PAR  FIG. 21 is analogous to FIG. 19 except that there are four such stud bolts
      and the exploded parts are, respectively, an anchor pivot-providing bar
      such as appears adjacent the front of the pool deck in FIG. 13 and a shim
      bar which for purposes of illustration has greater vertical thickness than
      that of FIG. 19;
PAR  FIG. 22 is analogous to FIG. 20 except in relation to FIG. 21 rather than
      FIG. 19.
DETD
PAR  Referring to the drawings in detail:
PAR  In FIGS. 1-6, front 1 of slide 2 (shown as straight although it often would
      be curved) projects over the water 3 of the pool (unnumbered per se).
      Mooring hooks 4, 5 respectively grasp front support standards 6, 7 in
      split-ring fashion, to maintain baffle 8 in juxtaposition to shallow-end
      wall 9, with its rear end slightly rearward of the vertical plane which
      includes said front 1. As shown in FIG. 2, a child diver 10, failing to
      appreciate the danger inherent in permitting his arms to dangle downwardly
      while in flight, reaches the water with them still dangling, the result
      being that the water exerts a braking force against them which, due to the
      ongoing momentum of the rest of his body, causes a sudden and violent
      somersaulting. This was graphically described and reported on by Dr.
      Richard G. Snyder, head of the Biomedical Department of the University of
      Michigan, in a letter dated Mar. 13, 1973, to Mr. Carl Blechschmidt of the
      Bureau of Product Safety of the Food and Drug Administration of the U.S.
      Department of Health, Education and Welfare -- since succeeded by the
      United States Consumer Product Safety Commission -- copies of which letter
      are currently available (as of the filling date hereof) to members of the
      public free of charge at the offices of said Commission, 1750 K Street,
      N.W., Washington, D.C. As detailed in said letter, such somersaulting has
      caused numerous cervical injuries of great severity and permanence.
PAR  The concave contour of foam baffle surface 8a at the left side of FIG. 3
      will be discussed below.
PAR  It is to be noted that mooring hooks 4, 5 are integral with shanks 12, 13,
      which are securely sunk in baffle 8, by reason, e.g., of having been
      supplied as mold inserts for in situ foaming, in the course of fabrication
      of said baffle 8. Both the interior of the latter and the body structure
      of hooks 4, 5 plus their shanks 12, 13 advantageously can be of
      resiliently flexible polyurethane having a bulk density well below that of
      water, e.g., between about 5 and 35 or 40 pounds per cubic foot. The
      resulting buoyancy provides appropriate elevation for skid surface 14 to
      cause the diver's arms 11 to skid frontwardly at a shallow and above-water
      angle (e.g., even as little as 10.degree. to 15.degree. -- the angle in
      FIG. 3 was 12.degree., in the drawings as filed) instead of making a
      highly dangerous somersault entry into the water in the manner discussed
      above.
PAR  As appears in FIG. 5, the presently preferred makeup of the skid surface 14
      comprises a relatively stiff lamina 15 suprajacent to the foam interior of
      the baffle 8, said lamina 15 in turn being subjacent to the above
      mentioned skid-promoting cushioned-shingle members 16, which latter are
      disposed in frontwardly leaning mutually parallel manner crosswise of the
      top of the baffle, and are individually anchored thereto as at loci 17
      (FIG. 5). Additionally, said cushioned-shingle members 16 are
      advantageously covered with individual smooth and slippery outer laminae
      or surfacings (unnumbered per se) of the same material, e.g.,
      polyurethane, of which said skid-surface lamina 15 is itself comprised,
      but in water-impervious form.
PAR  The foregoing preferred scheme of structural characteristics of the top
      parts of baffle 8 is based on the following interrelated considerations:
PAR  First, the potentially life-saving, or cervical- or spinal-injury
      preventing function of not only baffle 8 but other baffles of the
      invention to be particularly described below, is best served by a highly
      slippery surface and one which is not subject to substantial localized or
      topical indentations when subjected to downward force such as exerted,
      e.g., by the aforesaid dangling arms 11 of the FIG. 3 diver. Hence, the
      desired degree of overall cushioning effect is preferredly spread across
      the baffle rather than concentrated in a small region thereof.
PAR  Second, rebound force of the interior of the baffle should best be
      minimized, to avoid serious injury due to such rebound force per se. This
      accounts not only for the streamlining of said "shingles," but for the
      dominoes-like intercontiguities of the successive "shingles," since the
      rebound force of any individual one of them becomes of no consequence as
      soon as the diver's body ceases to be in contact with it. Also, when such
      contact ceases, the particular part of the diver's body which made such
      contact is still at a higher elevation than the next "shingle," or at
      least is in streamlined relation to it; so that no such momentum-arresting
      effect is engendered as that of the aforesaid "braking," by the water, of
      the momentum of the downwardly dangling arms 11 of the diver in FIG. 2.
PAR  Affixation of the individual shingle members 16 to the lamina 15 can be
      accomplished by suitable adhesives unless, for example, said lamina
      consists of a material which does not respond to available adhesives. In
      the latter case, however, mechanical affixation -- e.g., stitching -- can
      be resorted to, or heat-fusion procedures in case the lamina 15 is
      comprised of a thermoplastic synthetic resin familiar to workers in the
      involved field of plastics.
PAR  In FIG. 7, baffle 18, disposed in a diving zone (understood), is provided
      with a frontwardly-upwardly exposed concave skid surface (unnumbered per
      se) to accommodate diver impacts from a variety of diver descent
      directions, as indicated by the arrows with their lead lines running from
      the old-fashioned plank-type diving board 19 to said baffle. It will be
      noted that as said directions move frontwardly the horizontal component of
      said upwardly exposed concave surface increases, so that the successive
      angles between said descents and said skid surface tend to equalize.
PAR  In FIG. 8 the situation is analogous to that in FIG. 7 except that the
      concavity of upwardly exposed skid surface 20 faces less upwardly and more
      frontwardly than does that of baffle 18 of FIG. 7. This difference is
      predicated on the special power and height-of-dive made available by the
      novel structure of diving board 21, to be described below.
PAR  In FIG. 9, the series of arcuate lines (unnumbered) represent the outer
      tips (also unnumbered) of cushioning members such as 16 in FIGS. 5-6,
      except that they are all concentric with respect to the midpoint of the
      upper front 22 of the diving board of platform 23 -- the latter may be of
      any desired construction, and optionally may be completely non-flexing
      rather than flexing in use.
PAR  In FIG. 10 the concavity of the upwardly exposed skid surface corresponding
      to that of baffle 18 of FIG. 7 and skid surface 20 of FIG. 8 is
      analytically represented by successive straight-line segments 24, 25, 26,
      27, which, though shown as of equal length, may be of differing lengths,
      and though forming successive angles of about 15 degrees in the manner
      shown in FIG. 10, may form angles of mutually differing sizes. Thus, the
      concave upwardly exposed skid surface of said figure may be designated as
      comprised of a first segment beginning at point 28 and extending in a
      direction more nearly vertical than horizontal to a point of turning 29, a
      subsequent segment 25, also extending in a direction more nearly vertical
      than horizontal, but with a greater horizontal component than segment 24,
      to a further point of turning 30, where the process repeats itself in
      respect to segment 26; an additional point of turning occurring at point
      31, after which segment 27, though still sloping downwardly, has a greater
      horizontal component than any of the preceding segments 24-26. Since the
      concavities of the above mentioned baffle 18 and skid surface 20 may be
      thought of as constituted by a large number of successive straightline
      segments according to the exemplification in FIG. 10, each of the skid
      surfaces in the baffles of FIGS. 7 and 8 can be analyzed as comprising
      points of turning such as 28, 29, 30, 31, aforesaid, when it is borne in
      mind that, as stated, e.g., in the definition of "angle" on page 417 of
      Funk and Wagnalls New Encyclopedia (1950): "An angle made by two curved
      lines (curvilinear) is the same as that made by the tangents to the two
      curves at the point of intersection." This observation is included as an
      aid to understanding claims phraseology appearing hereinbelow.
PAR  In FIG. 11 concave upwardly exposed skid surface 32 represents a continuous
      curve such as postulated above wherein the direction of concavity is
      upwardly-frontwardly and the extent of curvature is such that in
      progressing downwardly from illustrative point 33 a point of turning is
      soon reached at which the initial direction (determined by an imaginary
      straight line tangent to the curvature at said point 33) has changed
      sufficiently to be at an angle of x degrees with said line of tangency at
      locus 34, and a similar further angular change is again reached at locus
      35. While the imaginary lines of tangency thus involved, and imaginary
      specific values for the angles x, are omitted for the sake of simplicity,
      it may be noted that if said angles happened to be each equal to 15
      degrees and said segments happened to be mutually equal in length, the
      above dicussion of segments 24, 25, 26, 27 plus points of turning 28, 29,
      30, 31 of FIG. 10 would be applicable to skid surface 32 of FIG. 11.
PAR  Particularly in respect to baffle 8 of FIGS. 1, 3, 4, 6, as well as baffle
      8b of FIG. 12, it may be desirable to have their skid surfaces
      transversely upwardly concave so as to form a guide trough, so to speak,
      for the headfirst slider. Visualization of a cross-sectional contour for
      such a trough will be facilitated by considering the curved line extending
      from numeral 33 to numeral 35a on FIG. 11 as illustrative of such a
      crosssectional contour.
PAR  In further regard to FIG. 7-11, it is to be understood that such fill-in
      structure (whether of foam, framework or both) as may be needed for those
      portions of the baffles which extend rearwardly from the imaginary
      vertical plane which includes the front of the particular diving board or
      platform and is parallel to the wall of the pool, will depend on the
      architecture of the particular pool.
PAR  The similarity in appearance between the contouring of baffles 18 and 20 of
      FIGS. 7 and 8, on the one hand, and the contouring of baffle 8a at the
      left side of FIG. 3 on the other, does not mean that the latter is
      intended to be covered by the appended claims, i.e., unless their terms
      apply to it per se as distinguished from its merely being a component of
      the pool assembly.
PAR  In FIG. 12 baffle 8b extends from a first locus rearward of the front of
      slide 2 to a second locus over 10 feet forwardly thereof. The long-short
      dash lines on this figure will be analytically referred to hereinbelow.
PAR  A disclosure of interest in connection with the subsurface cushioning layer
      in the baffles of the invention occurs in Clary U.S. Pat. No. 3,271,787.
      Although dealing with the problem of slipperiness of pool coping when wet,
      and aiming to make it less slippery rather than more slippery (as would be
      the aim in respect to the skid surfaces of the subject invention), said
      patent contains an interesting discussion of the utility of coping body
      structure (Column 3, lines 20-29) "fabricated of a resilient, preferably
      spongy, material, such as a spongy synthetic plastic" whereby "the shock
      or force of the impact upon the person is thereby greatly reduced, and
      personal injury, such as bruises, cuts or bone fractures, are rendered
      much less likely and their severity minimized."
PAR  Pertinent disclosures of the use of polyethylene, polypropylene, nylon, and
      analogous materials for the skid surfaces of the subject baffles occur in
      Chase U.S. Pat. No. 3,665,523 and Diemond et al. U.S. Pat. No. 3,497,877,
      both of which pertain to pool slides. Also of interest are the disclosures
      of slippery fiberglass skins for water skis in Saucier U.S. Pat. No.
      3,736,609 and Fortin U.S. Pat. No. 3,027,575, as well as analogous use of
      fiberglass skin along with "a body of foam within the fiberglass skin" for
      "surface board construction" in Smith U.S. Pat. No. 3,802,010. In
      addition, Forshee U.S. Pat. No. 3,638,992 is of interest for the showing
      in its figure 6 of a "foamed sheet, having air pockets" and "bonded to . .
      . plastic . . . surface", or for "impact shock absorbing . . . in
      automotive and aircraft vehicles."
PAR  In FIGS. 13-21, hairpin-type spring 36 embodies the novel principle
      analytically exemplified by FIG. 8 of applicant's U.S. Pat. No. 3,083,965,
      which principle may be expressed as that of a rearwardly
      reverse-convoluted bending-lever diving board.
PAR  Additionally, in connection with FIGS. 13-21, it will be apparent from
      applicant's above cited U.S. Pat. No. 3,083,965 that the leverage action
      of hairpin spring 36 is produced by down-movement during use of its upper
      tine 37, which causes upward fulcrumming of the spring 36 against fulcrum
      59 supplied by cylinder 60, constituting the top of an inverted U-shaped
      anchorage (understood) embedded in the pool deck in conventional manner.
      The "effort" in said leverage action occurs of course at anchor pivot 61,
      it being the point in the surface of said deck against which the lower end
      of spring 36 bears down under the weight of a diver during use.
PAR  Advantageously, the underside of said cylinder 60 will be surfaced with
      teflon, nylon or the like, as also will the top surface 62 of underlying
      support member 63.
PAR  The embodiment of said principle in instant FIGS. 13-21 comprises several
      basically new improvements, as a result of which said embodiment (based on
      tests applicant has made with reduced-scale prototypes) appears to possess
      unprecedented safety in use, unprecedented "sending" power, unprecedented
      spring force per unit of front-rear poolside space requirements, and
      unprecedented economy in cost.
PAR  In said FIGS. 13-21 the upper tine 37 of said hairpin spring 36 supports
      and is inseparably integrated to (by overlying outwardly extending clamp
      bars 38, 39 and underlying outwardly extending clamp bars 40, 41) rearward
      portion 42 of lower platform member 43, said outwardly extending clamp
      bars being tightly interunited by pairs of bolts 44, 45 (optionally
      supplemented by waterproof epoxy gluing-together of the upper front
      surface (unnumbered) of said tine 37 to the contiguous under-surface (also
      unnumbered) of said lower platform member 43, as at locus 46 in FIG. 13).
PAR  Said lower platform member 43 has upturned flanges 47 and 48, as best seen
      in FIG. 16, by virtue of which it has the rigidity and strength of a
      channel iron. The thickness of upper platform member 49 is tapered so that
      the pitch of its top or tread surface is less than the relatively
      exaggerated pitch of lower platform member 43. Also, it is provided with
      lengthwise adjustability relative to lower platform 43 (as best seen in
      FIG. 15) through the medium of horizontally transverse, mutually
      complementary sequences of pinholes (unnumbered) respectively located in
      said lower platform 43 and said upper platform 49. Thus, by sliding the
      latter along the former until a selected alignment relationship is
      achieved, and then inserting fastening pins transversely through the
      aligned holes as indicated in FIG. 16, secure integration of upper
      platform 49 to lower platform 43 is achieved.
PAR  Referring again to FIG. 16, longitudinally extending joists 51 serve as
      rigid anti-flex members, they in turn being reinforced by rigid,
      relatively lightweight plastic foam, e.g., of polyurethane.
PAR  To aid in conserving front-rear overall dimension, housing 52 -- besides
      supplying an overlying shock-absorbing cushion 53 for dampening backlash
      of the spring 36 in use -- provides a pair of laterally positioned
      step-wise approaches 54 and 55, best seen in FIG. 14, the same being
      joined by roof 56.
PAR  Said cushion 53 is flared as at 57 to preclude injurious entry of
      bystanders' hands.
PAR  Highly significant economy in cost of manufacture of each of the aforesaid
      platform members is made possible by the fact that each one of them is
      fully non-flexing in use; said fact also making possible the extremely
      simple scheme of adjustability depicted in FIGS. 15 and 13.
PAR  The functioning of the parts in FIGS. 19-22 is believed clear from the
      non-numeralized description of the same already set out hereinabove. Also,
      it may be mentioned that applicant makes no claim to inventorship of the
      broad concept of controlling pitch by use of shims.
PAR  Reverting to FIG. 13 in particular, it sould be remarked that front
      down-stop cushion 58 is so located that it will never be engaged by the
      front of the upper platform member 43 of the diving board unless the board
      is subjected to overload. This of course is to insure against fracture. It
      is understood that the only other cause of fracture in steel is fatigue,
      and ample forewarning of it is readily achievable, as will be discussed
      below.
PAR  For the spring steel to be used for fabricating spring 36 of FIG. 13, the
      type known commercially as "Type 6152 steel" may be used, "it being," as
      stated in U.S. Pat. No. 3,408,061, Column 3, "known to respond well to
      heat-treating techniques for obtaining desired spring characteristics".
PAR  The cross-sectional dimensions for said spring 36 may be, e.g., 1 inch or
      11/4 inches .times. 8 inches. Also, it is believed that the spring can
      well be fabricated of fiberglass, if desired, rather than steel.
PAR  Of course, the bearing surfaces in FIG. 13 will advantageously be provided
      with a teflon or nylon exterior.
PAR  For the tread surfaces at the front of the diving board of FIG. 13, the
      "Safety Mat with Target" of Gabrielsen et al. U.S. Pat. No. 3,178,333 may
      be used.
PAR  Down-stops analogous to cushion 58 at the far right side of FIG. 13 are to
      be found in applicant's U.S. Pat. No. 3,083,965 (FIGS. 30-31 and 38), as
      well as his U.S. Pat. No. 3,166,315 (FIGS. 39-42).
PAR  Since only the spring 36 flexes during use of the diving board of FIGS.
      13-18, the structure and fabrication of its platform members 43, 49 can be
      accomplished at relatively exceptionally low cost. And for use as the
      rigid foam filler indicated in FIG. 16, the "Polyisocyanurate Foam
      Structure" in Bonk et al. U.S. Pat. No. 3,644,168 can advantageously be
      considered. Similarly, as regards the joists 51 in the same figure, the
      "longitudinal ribs 24" of the diving board of Schumacher U.S. Pat. No.
      2,461,086 may be considered.
PAR  Optimum safety in respect to the spring 36 is assured when it is fabricated
      from spring steel, since the latter is unique among materials eligible for
      use in springs, in that prolonged use does not produce permanent
      deformation in its shape. In other words -- assuming overloading is
      avoided, as can readily be done by placing a reserve down-stop member such
      as cushion 58 in position to block excessive down-movement of the upper
      tine 37 and thereby preclude the possibility of overloading of the board
      -- there will be no fractures from fatigue until cyclical flexures in use
      have reached such an extremely high number as is requisite to cause a
      fatigue fracture, and the approach of such a fracture is understood at the
      present time to have become visually detectible by non-experts generally,
      e.g., by merely brushing a penetrant-containing liquid mixture on the
      exposed surface of the flexing part of the steel, said mixture containing
      a fluorescent dye which penetrates the tiny microcrystalline cracks or
      surface crevices and thereby makes visible the signs of approaching
      imminence of fatigue fracture. As to this, the disclosure in Molina U.S.
      Pat. No. 3,803,051 will be found of particular interest, although there
      are other lines of attack on the problem which have also undergone
      substantial development during recent years.
PAR  In harmony with the overall safety objectives of the instant application,
      it may be mentioned that small rowboats or canoes, such as are frequently
      seen on large-size pools, may well be equipped with the frontward rowing,
      boat-spanning, angular oars having self-surfacing blades which form the
      subject of applicant's U.S. Pat. No. 3,857,356. Since the oarsman using
      such oars is facing in the direction he is rowing, conflict between his
      craft and divers or sliders, as well as other users of the pool, will be
      far more easily guarded against than when conventional backward-rowing
      oars are used.
PAR  In the appended claims the term "projector" is to be understood as applying
      to slides as well as diving boards.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Safety baffling adapted for placement adjacent a wall of swimming pool,
PA1  said baffling comprising an upwardly exposed exterior lamina having a skid
      surface for obliquely intercepting the body of a descending diver
      happening to make contact with it, and
PA1  also comprising a cushioning lamina having a lower bulk density than said
      exterior lamina, formed of resillient plastic foam, and underlying said
      exterior lamina,
PA1  said baffling having an overall width of at least 2 feet, an overall length
      of at least 5 feet, and an overall vertical thickness of at least 11/2
      feet, and in combination with said baffling means for so securing said
      baffling in said placement that said skid surface slopes
      frontwardly-downwardly at an angle of at least 10.degree. with the
      horizontal.
NUM  2.
PAR  2. The combination of claim 1 wherein said baffling has an overall bulk
      density less than that of water,
PA1  said baffling consequently being inherently floatable in use,
PA1  said baffling also being provided with cable means for mooring it to the
      wall structure of a swimming pool.
NUM  3.
PAR  3. The combination of claim 1 wherein said skid surface is curvilinear as
      viewed in side elevation and slopes frontwardly-downwardly continuously at
      least to a point 6 feet frontward of its rear,
PA1  the sloping having a downward component which gradually lessens throughout
      said distance.
NUM  4.
PAR  4. The combination of claim 1 wherein said overall width is at least 4 feet
      and said overall length is at least 7 feet.
NUM  5.
PAR  5. In the combination safety baffle of claim 2 a poolside slide mounted on
      the deck of a swimming pool adjacent water therein with the front of said
      slide overlying water in said pool,
PA1  said slide being supported by support structure rising from the deck of
      said pool and baffling comprising cable structure anchored to said support
      structure.
NUM  6.
PAR  6. The combination of claim 5 wherein said baffling has an overall length
      of at least 9 feet.
NUM  7.
PAR  7. In combination:
PA1  a swimming pool having a deck, a diving zone adjacent said deck, a
      diver-body projector mounted on said deck, said projector having an exit
      portion terminating in a front lip,
PA1  said front lip overlying said zone and being parallel to an edge of said
      deck which borders on said zone,
PA1  safety baffling disposed in said diving zone at an elevation lower than,
      and in a location extendng at least 5 feet farther frontward than, said
      front lip,
PA1  said baffling having an exterior lamina comprising an upwardly exposed
      surface which, in its at-rest posture, slopes downwardly-froontwardly at
      an angle of at least 10.degree. with the horizontal.
PA1  said upwardly exposed surface being disposed for being glancingly contacted
      by the decending body of a diver projected from said exit portion,
PA1  said exterior lamina being yieldably supported by cushioning material
      subjacent thereto and comrised in said baffling,
PA1  whereby, at the instant said upwardly exposed surface is glancingly
      contacted as aforesaid, the force of the impact is cushioned and the
      horizontal component of the trajectory of said body is concomitantly
      increased.
NUM  8.
PAR  8. The combination of claim 7 wherein:
PA1  said baffling is supported by a bottom wall portion of said pool, and
PA1  said upwardly exposed surface is submerged in water in said pool during
      use.
NUM  9.
PAR  9. The combination of claim 8 wherein:
PA1  the front of said baffling has a convex configuration in relation to the
      front of said projector.
NUM  10.
PAR  10. The combination of claim 1 wherein:
PA1  a cross-section of said upwardly exposed exterior lamina has an upwardly
      concave, trough-like contour.
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ABST
PAL  Bathing fixtures, such as bathtubs and shower receptors and devices such as
      diving boards and surfboards, are provided with a contoured surface, at
      least within an area on which a person normally sits or stands, to provide
      within such area a great number of alternate, raised and depressed surface
      portions bounded by sharp edges which break down slip-promoting liquid
      film. The depressions are substantially flat bottomed, very shallow and
      operate to support a portion of the bather's weight, the portion varying
      between a lesser weight percentage during the period a bather begins to
      transfer weight onto the contoured surface, this being the period during
      which the danger of slipping is greatest, and a greater weight percentage
      during the subsequent period during which the contoured surface supports
      the bather's full weight.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 221,886,
      filed Jan. 31, 1972, now abandoned.
BSUM
PAR  There exists the danger of sliding, falling and consequent injury in
      bathing fixtures, such as bathtubs and shower receptors. The mechanical
      cause of this danger is the low degree of friction existing between bare
      feet or bare skin and the contacted fixture surface in the presence of a
      liquid film between feet or skin and the fixture surface, respectively.
PAR  Danger of slipping likewise exists in the normal use of diving boards and
      surf boards.
PAR  The danger of slipping is aggravated by the presence of soap solution,
      detergent solution, and oils, such as bath oil, suntan oil, and cosmetic
      lotion. For example bath oil droplets tend to float on the surface of the
      water in a bathtub. They adhere to the substantially dry skin of a person
      stepping into the bathtub and thus form a lubricating film between foot or
      skin and the tub surface, respectively. Similar conditions of danger are
      created in shower stalls by soap solution on the receptor floor. In a
      similar manner suntan oil used by a surfer tends to lessen the friction
      between his skin and the surface of the surf board.
PAR  Attempts to reduce the danger of slipping have been made in the past with
      varying degrees of effectiveness.
PAR  Ceramic bathtubs, and bathtubs made of steel and coated with a vitreous
      enamel surface, have been provided in the past with a pattern of
      round-edged depressions and projections of a rather coarse pattern of
      parallel straight or undulating corrugations. The effectiveness of such
      contouring is practically nil as regards slip prevention. For this reason
      the aforesaid manner of contouring must be considered as being merely
      ornamental.
PAR  It is also known to adhere strips or patches of decoratively shaped plastic
      sheet material to a bathtub or shower receptor bottom. The top surface of
      this material resembles relatively coarse emery cloth. The bottom surface
      carries a pressure sensitive coating capable of adhering to a dry bathtub
      surface.
PAR  Such strips or patches increase dry friction materially, but the increase
      in surface friction in wet condition is demonstrably small. This appears
      to be due to the fact that surface roughness per se is inefficient in
      breaking down the slip-promoting liquid film between skin and surface.
PAR  For similar reasons the practice of bonding a sand surface to the top
      surface of a diving board is of only limited effectiveness in slip
      prevention.
PAR  By contrast, the present invention and improvement is based, in part, on
      the consideration that sharp surface contour edges are capable of breaking
      down any slip promoting liquid film between skin and fixture surface to
      create a condition of viscous drag which then reduces the rapid slipping
      motion to a slow creep, or arrests the motion altogether.
PAR  It has been proposed in this connection to provide in bathtubs and shower
      stalls of a hard plastic material an integral surface pattern of closely
      disposed parallel channels or grooves. The grooves are round-bottomed,
      half as deep as they are wide, and are bounded by sharp edges along the
      lines at which the groove walls meet the top surface.
PAR  The provision of sharp edges guards against slipping of the feet, but
      renders the grooved surface uncomfortable, even painful, to stand or sit
      on. For this reason the prior proposal includes the provision of smooth
      ungrooved surfaces at opposite ends of the bathtub upon which the bather
      may then sit. These smooth surfaces remain slippery and include that area
      near the tub drain upon which the bather normally stands in a tub-shower
      installation.
PAR  The proposed manner of grooving only a portion of the bathtub bottom limits
      the area upon which a bather may sit in comfort and the area on which slip
      resistance is provided.
PAR  The present invention aims at eliminating the aforesaid disadvantages.
PAR  In this regard the invention is based, in part, on the further
      consideration that two distinct conditions, or phases, are encountered in
      the use of a bathing fixture or device and that the change from one
      condition to the other may be taken advantage of to eliminate the
      sensation of uncomfortable roughness of the contoured fixture surface
      under the condition of the full body weight bearing down on the
      sharp-edged contoured area.
PAR  The danger of slipping is greatest during an initial phase during which the
      bather steps onto the fixture surface. During this phase less than the
      full body weight bears down on the fixture surface, and the direction of
      the weight-force comprises a substantial horizontal force component which
      tends to induce slipping.
PAR  During the subsequent second phase the full body weight is transferred onto
      the fixture surface, whose sharp edges tend to press against the skin with
      an equal force, but the horizontal force component is greatly reduced and
      practically nil.
PAR  The invention proceeds from the consideration that during the first phase
      substantially all of the available weight force should act against the
      sharp contour edges to break down the slip promoting film. This involves
      no discomfort since firstly the acting force is considerably less than the
      full body weight and secondly, the skin is not yet softened by a period of
      water immersion.
PAR  During the second phase the skin flexes under the full weight force to
      conform to the slight elevational differences of the contoured surface,
      and a substantial portion of the full body weight bears down on, and is
      supported by, the flat bottomed depressed portions provided according to
      the invention. The elevational differences, however, are made so slight as
      to produce no discomfort, in contrast to the aforementioned proposal of
      the prior art according to which the skin always straddles the grooves and
      never contacts the groove bottom, which therefore is inoperative to
      relieve a portion of the weight.
PAR  A bathing fixture, more particularly a bathtub or shower receptor,
      comprising on its surface a plurality of elevated contour elements, which
      elements have a flat top surface and side surfaces meeting the respective
      top surface along sharp edges, adjacent elements being spaced by
      relatively depressed portions, is improved according to the present
      invention in that the individual depressed portions are substantially flat
      bottomed, of a depth of not less than 0.1 and not more than 0.8 mm, and of
      a means width of not less than 0.75 mm, but more than double the
      respective depth dimension.
PAR  In addition to providing slip resistance without discomfort, the specified
      depth-to-width dimension range offers the further advantages of very low
      water retaining capacity and consequent easy cleanability and simplicity
      of production.
PAR  In integral fixture construction the contour pattern is readily moldable,
      in case of molded construction; or is produceable by abrasive blasting or
      etching, in fixtures having a vitreous enamel surface.
PAR  The elevated surface portions may have the shape of parallel undulating or
      zigzag bands. A band width of the order of 1 to 6 mm and a groove width of
      the same order of magnitude has been found by tests to be particularly
      effective and comfortable. The elevated portions may also be of circular,
      or semicircular e.g. oval shape. Such shapes offer the advantage of
      substantially equal slip resistance in all directions.
PAR  Elevated surface portions surrounded on all sides by depressed portions or
      grooves form substantially flat-topped islands. Suitable island shapes are
      circles, ovals, squares, rectangles, parallelograms or any other shape of
      polygons arranged in straight-line or zigzag sequence.
PAR  The objects, features and advantages of this invention will appear more
      fully from the detailed description which follows accompanied by drawings
      showing, for the purpose of illustration, preferred embodiments of the
      invention. The invention also resides in certain new and original features
      of construction and combination of elements.
PAR  Although the characteristic features of this invention which are believed
      to be novel will be particularly pointed out in the claims appended
      hereto, the invention itself, its objects and advantages, and a preferred
      manner in which it may be carried out, may be better understood by
      referring to the following description taken in connection with the
      accompanying drawings forming a part of the disclosure.
DRWD
PAR  In the drawings:
PAR  FIGS. 1 and 2 are perspective views of a bathtub shell and a shower
      receptor, respectively, comprising surface areas contoured to provide
      slip-resistance;
PAR  FIGS. 3a, 3b, 4, 5a, 5b, 10a and 10b are plan views of representative
      contour patterns;
PAR  FIG. 6 is a section taken on line 6--6 in FIG. 3;
PAR  FIG. 7 is a representative sectional view illustrating certain details;
PAR  FIG. 8 is a sectional view of a comparison contour;
PAR  FIG. 9 is an enlarged perspective view of a certain groove shape produced
      by sandblasting; and
PAR  FIG. 11 is a schematic perspective illustration of a representative device
      for testing the relative effectiveness of different surface contours and
      materials.
DETD
PAR  In the following description and in the claims various details will be
      identified by specific names for convenience. The names, however, are
      intended to be generic in their application. Corresponding reference
      characters refer to corresponding parts in the several figures of the
      drawings.
PAR  It is further intended that the term bathing fixture be broadly construed
      to include fixtures and devices used in the presence of water where
      slipping of bare skin, particularly bare feet is a potential danger, for
      example on the top surface of surfboards and diving boards.
PAR  The drawings accompanying, and forming part of, this specification disclose
      certain specific details of construction for the purpose of explanation of
      broader aspects of the invention, but it should be understood that
      structural details may be modified in various respects without departure
      from the principles of the invention and that the invention may be
      incorporated in other structural forms than shown.
PAR  The bathtub 11 and the shower receptor 12 may be constructed of pressed
      steel or cast iron, coated with a coating of vitreous enamel fused
      thereto. The fixtures may also be constructed according to known
      techniques as a reinforced shell structure 13, 14, or which the shell 13
      proper is either molded from a sheet of heat-moldable synthetic resin,
      such as methylmethacrylate or formed as a gel-coat layer of epoxy or
      polyester resin.
PAR  The shell 13 comprises a hard, glossy, wear resistant water carrying
      forward surface. Its reinforcing layer 14 of suitable material, for
      example a mixture of glass fibres and a polyester or epoxy resin,
      increases the total thickness and strength of the molded shell materially.
PAR  The surface of vitreous enamel is commonly highly glossy and offers little
      frictional resistance to bare feet and body skin, especially in the
      presence of soap solution, detergent solution, bath oil, skin oil,
      cosmetic lotions, etc.
PAR  The forward surface of a molded shell may be even more slippery than a
      vitreous surface due to the hydrophobic character of the plastic. The
      danger of slipping is consequently greater.
PAR  In order to reduce the danger of slipping and sliding, at least a portion
      of the forward shell surface is contoured.
PAR  A representative contour pattern is shown in FIG. 3a and comprises elevated
      portions 16 shaped as parallel zigzag bands, separated from one another by
      zigzag grooves 17 hereinafter sometimes referred to as depressed portions
      of the pattern. The range of depth of the depressed portions is between
      0.1 and 0.8 millimeters.
PAR  A modification of the relatively sharp-angled zigzag pattern of FIG. 3a is
      shown in FIG. 3b in which points and small radii of the zigzag are
      replaced by small radii and larger radii, respectively, resulting in an
      undulating pattern.
PAR  FIG. 6 is a section taken on line 6--6 of FIGS. 3a and 3b, respectively.
      The sides 18 of the grooves 17 meet the surface 16 along a sharp edge 19,
      (see FIG. 9) which, as hereinafter pointed out, may be of serrated
      character in the event the pattern is produced by abrasive blasting, such
      as sandblasting. As will later be pointed out, the angle between the
      groove side 18 and the top surface 16 may deviate from a right angle for
      reasons of manufacture. The depressions 17 are entirely or predominantly
      formed in the surface layer or shell 13, and the layer 14 forms backing or
      support for the shell.
PAR  In the pattern of FIGS. 3a and 3b the grooves 17 extend predominantly in
      the direction of the arrow 20. In actual use of the fixture this direction
      is suitably aligned with the direction in which water drains. Similarly,
      in the shower receptor of FIG. 2 the pattern of the contour is
      substantially radial to facilitate drainage to the center.
PAR  The pattern of FIG. 4 comprises a gridwork of grooves 117 which intersect
      each other at right angles. The horizontal grooves may be considered as
      forming one group disposed transverse with respect to the second group of
      vertical grooves. The elevated portions 116 are correspondingly
      square-cornered islands. This pattern furnishes two directions suitable
      for drainage.
PAR  The elevated portions 216 of the pattern of FIG. 5a are circular islands,
      and the depressions 217 therebetween may be considered as extending in
      three directions. Obviously, the elevated portions would become hexagonal,
      if the grooves were parallel-sided.
PAR  The pattern shown in FIG. 5b comprises circular depressions or cavities
      217', the cavities being surrounded by elevated portions 216'.
PAR  The manner of generating the depressions depends on the material. Assuming
      the layer 13 in FIG. 7 consists of a ceramic, vitreous material, suitable
      manners of producing depressions include etching and abrasive blasting,
      for example sandblasting, of the surface after application of an
      appropriate mask 21 resistant to etching fluid or an abrasive blast.
PAR  The bottom and/or the sides of the depressed portions 17 may optionally be
      coated with an appropriate material, such as epoxy resin or silicone
      rubber to produce a smoother finish, or a finish having desirable surface
      properties such as hydrophobic properties, or a contrasting color for
      decorative reasons. This is shown in the right hand portion of FIG. 7 at
      22.
PAR  A resinous surface of sufficient hardness may also be contoured by abrasive
      blasting through an appropriately shaped mask. For the sandblasting
      operation the synthetic plastic material may be temporarily refrigerated
      to increase its hardness and brittleness.
PAR  In the event the depressed portions are produced in a resinous material by
      molding, it is of advantage to incorporate a slight taper to the sides of
      the mold, as indicated by the angle.alpha.. Assuming the angle .alpha. is
      of the order of 10.degree. , then a wall slope .beta. of 80.degree.
      results which facilitates withdrawal of the molded elevated portions from
      the corresponding depressed portions of the mold by which the elevated
      portions are shaped.
PAR  The magnitude of the angle .beta. is of lesser importance than the
      sharpness of the edges 19. The term sharpness is difficult to define but,
      as a practical matter, it was found that a molded edge having a radius of
      the order of one-tenth of a millimeter is sufficiently sharp for the
      purposes of this invention. However, radii of the order of one-half of a
      millimeter produce satisfactory results.
PAR  FIGS. 10a and 10b illustrate a pattern of elongated contours 35 having an
      axis of elongation 36, the axes of elongation of certain contours
      extending in one direction, and the axes of elongation of other contours
      being disposed at an angle to said one direction.
PAR  The contours of FIG. 10a are arranged in groups of three, the direction of
      the axes of elongation of the groups differing by 90.degree. and
      alternating from group to group. The direction of the axes of elongation
      of the single contours 35 of FIG. 10b alternate.
PAR  Both patterns provide excellent resistance to sliding in all directions.
PAR  A representative dimension for the elongated contour is a length of 14 mm.
      and a width of 2 mm.
PAR  Several patterns with contours according to FIGS. 5a and 5b were produced
      as follows:
PAC  EXAMPLE 1
PAR  Resinous material (methylmethacrylate) was molded to produce a pattern of
      elevated islands 215 having flat top surfaces of 4.5 mm. diameter, the
      islands being spaced 6 mm. from center to center. The depressed portions,
      surrounding the islands on all sides, had a depth of 0.5 mm. The sides of
      the islands had a taper of ten degrees, resulting in a 100.degree. angle
      between sides and top of the islands.
PAC  EXAMPLE 2
PAR  A second pattern was produced corresponding to that of Example 1 in all
      particulars, except that the tops of the islands were slightly dished,
      resulting in an angle between top and sides of 92.degree..
PAR  Tests showed satisfactory slip resistance for both patterns, but slightly
      superior performance of the second pattern.
PAC  EXAMPLE 3
PAR  A vitreous ceramic surface was sandblasted to produce circular islands of a
      diameter of 4.5 mm., spaced 6 mm. from center to center, the depth of the
      depressed portions being 0.5 mm.
PAC  EXAMPLE 4
PAR  A vitreous ceramic surface was sandblasted to produce circular flat
      bottomed cavities of a diameter of 4.5 mm. and a depth of 0.5 mm., the
      cavities being spaced 6 mm. center to center.
PAR  In Examples 3 and 4 the sandblasted depressed portions were sprayed with an
      epoxy resin paint through the sandblasting masks to produce a coating of
      approximately 0.1 mm. thickness on bottom and sides.
PAR  The contoured areas of Examples 3 and 4 were found to provide an
      extraordinary high degree of slip resistance. Microscopic inspection
      showed that the edges had a serrated appearance, due presumably to the
      action of the abrasive particles which operate to chip away small chips of
      vitreous material, each removed chip leaving a sharp edge at its place of
      removal.
PAR  The resinous coating of bottom and sides of the cavities was found not to
      diminish the effectiveness of the sharp edges.
PAC  EXAMPLE 5
PAR  In a vitreous surface a contour similar to FIG. 3a was produced by
      photoetching after application of a layer or mask 21 impervious to the
      etching liquid. The width of the zigzag band (16, FIG. 3a) was 0.75 mm.,
      the depth of etching was 0.1 mm. The slip resistance and seating comfort
      of the pattern thus produced was good.
PAC  EXAMPLE 6
PAR  A contour of the pattern illustrated in FIG. 5a was produced in a vitreous
      surface by etching. The islands 216 measured 2.25 mm. in diameter, their
      spacing, center to center, was 3 mm. and the depth of etching was 0.1 mm.
      The seating comfort and the slip resistance of the pattern of this example
      was good.
PAR  In order to test the performance and effectiveness of the invention, panels
      of different materials bearing different contour configurations were
      compared with one another and with a smooth non-contoured panel under
      different conditions.
PAR  Contour configurations were also compared with respect to overall area
      smoothness to determine the degree of relative comfort or discomfort of a
      person sitting, or standing on it. Further comparative observations of
      relative comfort were made of a person leaning on the surface with a
      forearm where tissue padding between skin and bone is relatively thin,
      even non-existant.
PAR  A test device for determining surface friction is shown in FIG. 10 and
      comprises a steel base 23 on the smooth surface of which rollers 24
      support a carriage plate 25. The plate 25 carries a weight scale 26 on
      which sample plates 27 rest against a stop 28. The stop 28 is fixed with
      respect to the carriage plate 25.
PAR  The carriage 25 may be pushed in the direction of the arrow 29, but is
      restrained by a cable 30 secured to a post 31 and containing a spring
      scale 32 to determine the force exerted during an effort of displacing,
      i.e., pushing the sample plate 27 in the direction of the arrow.
PAR  In a representative test a hand or a suitable test pad is placed on the
      sample 27 with a weight force readable at the weight scale window 33. An
      effort is then made to push the sample in the direction 29, and the pull
      on the cable 30 is determined at the moment the skin surface begins to
      slide on the sample surface under test.
PAR  Test series were made as follows:
PAR   1. Surface of sample plate wetted by soap solution.
PAR  2. The surface of the sample plate was water wet.  A dry hand or test pad
      was immersed in a pan of water to which bath oil was added, then placed on
      the water wet sample plate surface. In this test oil droplets adhered to
      the dry skin or pad surface in preference to water. The oil droplets then
      formed a lubricating film which, unless broken, promotes sliding. This
      test simulates the conditions encountered by a person stepping into a
      bathtub filled with water to which bath oil was added.
PAR  3. The surface of the sample plate was moistened by cosmetic oil and
      contacted by dry skin and, conversely, the surface of the sample plate was
      dry and the skin was coated with a film of cosmetic oil.
PAR  The load figures and the pull figures are given in English pounds. The
      resulting motion of the skin surface relatively to the surface was noted
      and classified as follows: (a) slow creep, meaning a slow motion at a
      substantially constant rate; (b) accelerating creep, meaning a motion
      gradually accelerating in velocity, but slow enough to be called
      controllable; and (c) accelerating skid, meaning a motion so sudden and so
      quickly accelerating as to be uncontrollable. It represents the kind of
      motion likely to result in a fall.
PAR  Molded plastic surfaces of the following contours were compared in a first
      series of tests:
PAR  a. a smooth surface,
PAR  b. parallel ridges (see FIG. 8) saw-tooth shaped in cross section and of a
      slope of 45.degree. , the radius of curvature at the ridge peaks being of
      the order of 0.6 millimeters,
PAR  c. zigzag grooves (see FIG. 3a) in which the groove width was 1.5 mm., the
      groove depth was 0.8 mm. and the width of the flat weight supporting
      surface was 3 mm.
TBL                Table 1                                                     
     ______________________________________                                    
     Soap solution on surface                                                  
     ______________________________________                                    
     Surface   Load     Pull      Motion                                       
     ______________________________________                                    
     Smooth    10     less than 1                                              
                                 accelerating creep                            
               20     less than 1                                              
                                 accelerating skid                             
               40     about 1    accelerating skid                             
     FIG. 8    10     2.5        slow constant rate                            
     Contour                     creep                                         
               20     4          slow accelerating creep                       
               40     6.5        accelerating creep                            
     FIGS. 3a; 6                                                               
               10     3.5        slow constant rate                            
     Contour                     creep                                         
               20     5.5        slow constant rate                            
                                 creep                                         
               40     7          slow constant rate                            
                                 creep                                         
     ______________________________________                                    
TBL                Table 2                                                     
     ______________________________________                                    
     Surface wet, skin dipped in water containing bath                         
     oil                                                                       
     ______________________________________                                    
     Surface   Load   Pull       Motion                                        
     ______________________________________                                    
     Smooth    10     less than 1                                              
                                 skid                                          
               20     2          accelerating skid                             
               40     3.5        "                                             
     FIG. 8    10     2          accelerating creep                            
               20     4          "                                             
               40     7          "                                             
     FIGS. 3a; 6                                                               
               10     2.5        slow constant rate creep                      
               20     5          "                                             
               40     7.5        "                                             
     ______________________________________                                    
     Table 3                                                                   
     Surface covered with cosmetic oil, skin dry. Also                         
     skin covered with film of cosmetic oil, sample                            
     surface dry                                                               
     ______________________________________                                    
     Smooth    10     3          accelerating skid                             
               20     5.5        "                                             
               40     8          "                                             
     FIG. 8    10     6          rapidly accelerating skid                     
               20     12         "                                             
               40     24         "                                             
     FIGS. 3a; 6                                                               
               10     6.5        slow constant rate creep                      
               20     15         "                                             
               40     27         "                                             
     ______________________________________                                    
PAR  The tests indicate that a saw-tooth pattern promotes accelerated skidding,
      once a motion commences. A reasonable explanation of this behavior appears
      to be that under a condition of rest the ridge peaks tend to squeeze out
      films of liquid existing between the ridge of the saw-tooth profile and
      the skin. During the condition of rest the skin is slightly depressed into
      the valleys between the ridges, in which valleys liquid is present. As
      soon as a motion commences the skin wipes films of liquid up the slopes of
      the contour, thus forming lubricating films which then promote skidding.
      The skid rate increases rapidly, as the liquid film is self-renewing from
      the liquid contained in the valleys.
PAR  By contrast, the sharp edges of the pattern of FIG. 6 tend to scrape liquid
      film from the skin surface at each edge. The vertical groove walls do not
      promote the carrying of liquid films upwardly. Existing liquid films are
      reduced, or broken, before reaching the load bearing flat top surface of
      the contour. If a film of liquid initially exists between the skin and the
      flat weight supporting surface, a slight motion of the skin relatively to
      the sharp edges causes the liquid film to be greatly reduced or broken.
PAR  A second test series was conducted with ceramic material having a glazed
      surface in which two zigzag patterns of the form shown in FIGS. 3 and 6
      were cut by sandblasting and on which a separate roughened non-grooved
      surface was produced for comparison by sandblasting of the originally flat
      glazed surface. The dimensions of the zigzag pattern were as follows:
      groove width 1.5 mm., groove depth 0.75 mm., zigzag band surface width 5
      mm. Due to differences in masking, a first zigzag pattern had somewhat
      dulled edges of a radius of the order of 0.5 mm. at an edge angle of about
      135.degree.. A second sharper zigzag pattern produced with the aid of a
      thinner mask had relatively sharp edges of an edge radius of less than 0.2
      mm. at an edge angle of about 100.degree..
TBL                Table 4                                                     
     ______________________________________                                    
                      Oil   Soap Solution                                      
     ______________________________________                                    
     (a)  sharp edged    10     4     10   1                                   
          zigzag (FIG. 3a)                                                     
                         20     8     20   2                                   
     (b)  dull edged     10     2     10   less than 1                         
          zigzag (FIG. 3a)                                                     
                         20     5     20   1                                   
                         40     9     40   2.5                                 
     (c)  entire surface 10     1.2   10   less than 1                         
          sandblasted                                                          
          (no pattern)   20     4.5   20   1                                   
     ______________________________________                                    
PAR  In Table 4 the first figure in each column represents load, the second
      figure pull. In tests 4a and 4b the resulting motion was a controlled
      sliding motion of a constant, or only slightly increasing, rate. In tests
      4c the resulting motion was an accelerated skid.
PAR  Samples a and b of test 4 differed in the depth and angularity of the
      groove walls, a result of the specific masking and sandblasting techniques
      employed. The contour of sample a corresponded to the shape indicated in
      FIG. 6. In sample b the groove was somewhat trough-shaped as shown in FIG.
      7. The sloping sides 18 produced an edge 19 which feels somewhat blunt to
      the touch. The ability of this edge to remove or reduce liquid film is
      impaired to a degree.
PAR  Without limiting the merits of the present invention by theories regarding,
      or explanation of, its operation the following appears to be a reasonable
      explanation:
PAR  Under slight motion of the skin relatively to the edge 19 the existing
      liquid film, which may contain soap solution or oil, is either broken or
      greatly reduced in thickness. If broken, the resulting friction approaches
      solid-to-solid friction. Assuming, on the other hand, that the film is
      only reduced in thickness, the remaining film is very thin and the
      friction encountered between skin and the flat surface portion 16 is of
      the nature of viscous friction under which twice the force is required in
      order to produce twice the sliding velocity, three times the force for
      three times the velocity, and so forth.
PAR  By way of contrast a pattern of the type shown in FIG. 8, and incorporated
      in certain rubber mats of the prior art is unfavorable because flat
      supporting surface areas are lacking on which viscous friction could act
      to retard the rate of motion, quite apart from the inherent undesirable
      property of a saw-tooth contour of permitting liquid to be wiped upwardly
      on the groove walls, thus establishing, rather than diminishing, a skid
      promoting formation of a liquid film.
PAR  The tests suggest that the danger of skidding and falling on a ceramic
      surface is greater in the presence of soap solution, and somewhat less in
      the presence of oil than on a comparable surface of a resinous plastic.
PAR  Tests were conducted to determine whether, and if so, to what extent, the
      anti-skid action of the edges of the elevated contour elements is
      dependent on changes in the depth of the depressed portions therebetween.
PAR  For this purpose round bottomed grooves of the prior art having a
      depth-to-width ratio of two to one were compared with flat bottomed
      grooves of equal width, but very small depth dimension as disclosed in
      this specification.
PAR  A leather-covered test pad closely resembling the characteristics of human
      skin was placed on sample plates bearing the respective test contours.
      Plates of various groove widths were employed, the grooves being spaced
      12.5 mm. center to center so that in all instances the test pad covered
      the same number of grooves, contacting the same number of edges. A load of
      15 and 30 pounds was applied to the pad and the pull was determined at
      which slippage between pad and contour plate commenced. The slip test was
      conducted in dry condition.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Load  Groove                                                              
                 Pull (pounds)                                                 
     (pounds)                                                                  
     __________________________________________________________________________
           Width 1.5  1.5  2.25  2.25 3    3    4.5  4.5  6    10              
           Depth 0.75 0.25 1.125 0.3  1.5  0.35 2.25 0.4  0.4  0.4             
           (mm)                                                                
     15          3    3    4.5   4.5  5.5  5.5  8    8    9.5  9               
     30          6    6    9     9    11   10.5 16   14   14   13              
     __________________________________________________________________________
PAR  The tests show that slip resistance, in other words friction, is
      substantially unaffected by a change in groove depth at test loads
      corresponding to the loads placed on one foot when a bather steps onto the
      surface before placing the entire body weight thereon, this being the
      moment at which the danger of slipping is the greatest.
PAR  The tests further show that the friction encountered is substantially
      proportional to the weight so that about double the friction is
      encountered when the load is doubled.
PAR  Unexpected however was the discovery that very shallow grooves provide
      substantially the same degree of friction as deep grooves. Characteristic
      of deep grooves is that the skin, or test pad, does not contact the groove
      bottom which therefore carries no portion of the load. Characteristic of
      the shallow flat bottomed grooves is that, due to skin elasticity, the
      skin contacts the groove bottom, thereby partially relieving load pressure
      on the edges. This, as will be shown further below, affects the comfort,
      and it was unexpected -- anticipating the results detailed further below
      -- that a high degree of slip resistance is obtainable without discomfort
      caused by a sensation of sharp edges pressing into the skin with
      considerable force.
PAR  The test further shows that grooves of the range of 3 to 10 mm. produce a
      high degree of friction in combination with a high degree of weight
      support by their flat bottomed depressions. The tested 6 mm. groove has a
      width of 15 times its depth, a ratio at which, as is self evident, a
      considerable portion of the skin flexes into contact with the bottom.
PAR  The relative comfort, as affected by the depth of the depressions, was
      determined as follows:
PAR  More than one half of an average person's body weight, about 90 pounds, was
      exerted on one foot, by an appropriate shift in weight from one foot onto
      the other. The heel of the foot carrying 90 pounds was then slightly
      twisted to produce a motion across the grooves thus "feeling the
      roughness" of the contour.
PAR  It has found that grooves of 1.5 mm. width and 0.75 mm. depth were
      comfortable to a person of average skin sensitivity.
PAR  A groove of 2.25 mm. width and 1.125 mm. depth was considered rough and
      uncomfortable.
PAR  A groove of 3 mm. width and 1.5 mm. depth was considered too rough for
      comfort and not acceptable for a person of tender skin.
PAR  A groove of 4.5 mm. width and 2.25 mm. depth cut the skin and produced a
      sensation of pain.
PAR  All the shallow grooves of Test 5 were considered comfortable by persons
      having tender skin. The sensation of their "roughness" was less in all
      cases than that of the 1.5 mm. wide 0.75 mm. deep groove which was the
      narrowest tested.
PAR  It is concluded on the basis of Test 5 and the roughness test that the
      shallow flat bottomed grooves are self regulating in the sense that a
      person stepping onto the surface and before transferring the entire body
      weight thereon exerts, for a moment, nearly all of the body weight portion
      against the edges, thereby producing a high degree of anti slip action or
      friction while the skin is still unflexed. This checks slipping. Shortly
      thereafter the skin flexes into contact with the shallow flat surface of
      the depressed portions which then carry a portion of the total body weight
      thus relieving a portion of the weight pressure on the edges under the
      action of the full body weight.
PAR  In order to operate effectively the slip-preventing edge would be distinct
      and sharp. Such an edge is deemed to exist where the depth D (FIG. 9)
      measured within a distance l of not more than 0.4 mm. from the edge 19 is
      at least 0.1 mm. below the substantially flat surface 16 of the respective
      elevated portion. Serration of this edge, for example by its generation by
      abrasive blasting enhances the action or operation of the edge.
PAR  In many cases it is desirable to provide a slip resistant surface on
      portions of a bathtub other than its bottom. As indicated in FIG. 1 at 37,
      a slip resistant area may be provided on the top portion of the bathtub to
      provide a secure handhold.
PAR  The invention is of equal benefit as applied to athletic water sports
      devices such as surfboards on which a surfer either stands or lies, or
      diving boards in the use of which non-slipping of the feet is a primary
      consideration. Somewhat similar to surfboards are miniature sail boats
      lacking a cockpit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bathing fixture, more particularly a bathtub or shower receptor, or a
      water sports device, such as a surf board or diving board, comprising on
      its surface a plurality of elevated elements, said elements being
      contoured to have a flat top surface and side surfaces meeting the
      respective top surface along sharp edges, adjacent elements being spaced
      by relatively depressed, substantially flat-bottomed, portions, the depth
      of said depressed portions relatively to said top surface being not less
      than 0.1 and not more than 0.8 mm, the mean width of said depressed
      portions, taken individually, being not less than 0.75 mm., but in excess
      of double the respective depth dimension, whereby initially the user's
      body weight is caused to act on said sharp edges, whereafter, due to skin
      flexing, a portion of the weight is transferred to the bottom of said
      depressed portions.
NUM  2.
PAR  2. A fixture or device as defined in claim 1 in which, per area unit, the
      total area of said top surfaces exceeds the total area of said depressed
      portions in said area unit.
NUM  3.
PAR  3. A fixture or device as defined in claim 1 in which, the elevated contour
      elements are islands whose maximum dimension, measured across the island
      in any direction, is greater than the minimum spacing of adjacent islands.
NUM  4.
PAR  4. A fixture or device as defined in claim 1 in which the elevated elements
      are undulating bands parallel to one another.
NUM  5.
PAR  5. A fixture or device is defined in claim 1 in which the elevated elements
      are zigzag bands parallel to one another.
NUM  6.
PAR  6. A fixture or device as defined in claim 1 in which the elevated elements
      are substantially circular in plan view.
NUM  7.
PAR  7. A fixture or device as defined in claim 1 in which the fixture surface
      is composed of vitreous material, in which the sides of said depressed
      portions have a rough, nonglossy finish, and in which the depressed
      portions have a layer of resinous material bonded to the bottom thereof.
NUM  8.
PAR  8. A fixture or device the water carrying surface of which is composed of
      vitreous material and comprises a contoured surface area comprising
      alternating area portions of two kinds, one kind being etched to form a
      substantially flat bottomed depression of a depth of not less than 0.1 and
      not more than 0.8 mm in relation to the area portions of the other kind,
      the mean width of said etched portions, taken individually, being not less
      than 0.75 mm, but at least double the respective depth dimension, the
      sides of said etched portions meeting the top surface of the portions of
      the other kind along sharp edges, whereby initially the user's body weight
      is caused to act on said sharp edges, whereafter, due to skin flexing, a
      portion of the weight is transferred to the bottom portion of said
      depressions.
NUM  9.
PAR  9. A bathing fixture the water carrying surface of which is composed of
      vitreous material and comprises a contoured surface area comprising
      alternating area portions of two kinds, one kind being abrasively blasted
      to form a substantially flat bottomed depression of a depth of not less
      than 0.1 mm and not more than 0.8 mm in relation to the area portions of
      the other kind, the mean width of said abrasively blasted portions, taken
      individually, being not less than 0.75 mm, but at least double the
      respective depth dimension, the sides of the abrasively blasted portions
      meeting the surface of the portions of the other kind along sharp edges
      characterized by the removal of chips of vitreous material having sharp
      fracture edges, whereby initially the user's body weight is caused to act
      on said sharp edges, whereafter, due to skin flexing, a portion of the
      weight is transferred to the bottom portions of said depressions.
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ABST
PAL  A ventilator for toilets is disclosed which includes an electrically
      operated blower and an exhaust conduit for withdrawing odors from the
      toilet bowl through the flush water distribution outlets within the bowl,
      and through the overflow pipe within the water tank.
PAL  Special electrically operated air valves, and special electrical controls
      are provided so that one central system may effectively remove emission
      odors from all of the toilets within a household. The combination of air
      valves and electrical switches provides completely independent ventilation
      of each toilet although only one blower is normally employed.
PAL  The special valves of this invention provide the unique function of
      repressurizing the water tank at the moment the toilet is flushed. A
      unique switching device is provided for the control of the valves.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This invention is suitable for use in conjunction with any of the various
      ventilating means for connecting into the water tank taught in my pending
      application Ser. No. 496,954, filed Aug. 13, 1974, of which this
      application is a continuation-in-part Application Ser. No. 496,954, is in
      turn a continuation-in-part of Ser. No. 434,519 filed Jan. 18, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved ventilator system for removing odor
      laden air from toilet bowls through the overflow pipe of the toilet water
      tank, and more particularly to a ventilator system in which a single
      electrically operated blower and an air intake manifold are connected to
      the water tanks of a plurality of toilets within a household by branch
      conduits and by special electrically operated air valves so that one
      central system may effectively remove the odor laden air from all of the
      toilets.
PAR  2. Description of the Prior Art
PAR  Systems have been previously disclosed for ventilating a plurality of
      toilets using a single blower and a common intake manifold. The following
      U.S. Pat. Nos. are illustrative:
PA1  1,362,290
PA1  2,743,462
PAR  U.S. Pat. No. 1,362,290 provides a normally closed single valve in the air
      intake manifold adjacent a blower which isolates the intake manifold from
      the blower at all times except when one or more parallel connected
      switches at the toilets are closed to energize a magnet for actuating the
      valve. The valve has a valve stem on which is an abutment which engages a
      blower switch as the valve is opened to turn on the blower for applying a
      vacuum to the manifold for ventilating all of the toilets connected to the
      manifold simultaneously. In contrast to the teaching of U.S. Pat. No.
      1,362,290 the present invention provides separate valve means for
      isolating each toilet from the ventilator intake manifold. Furthermore
      U.S. Pat. No. 1,362,290 teaches the connection of the ventilator directly
      to the toilet bowl whereas the present invention connects the ventilator
      to the toilet bowls through the overflow pipe in the toilet water tank.
PAR  U.S. Pat. No. 2,743,462 teaches providing separate air valves at each
      toilet for isolating each toilet from a ventilator air intake manifold
      independently of the other toilets, and independent control means at each
      toilet for energizing the ventilator fan and opening only the air valve
      associated with the particular toilet in use. U.S. Pat. No. 2,743,462 in
      contrast to the present invention connects the ventilator to the toilet
      bowl directly rather than ventilating through the overflow pipe in the
      toilet water tank. Also the air valve and control disclosed by U.S. Pat.
      No. 2,743,462 are substantially different from those provided in the
      present invention.
PAR  The present invention is an advantage over the aforementioned prior art in
      at least several ways:
PAR  1. It provides for completely independent operation of a central ventilator
      from any toilet within the dwelling, whether or not other toilets are
      being used simultaneously, and is of the more desirable type which
      ventilates through the overflow pipe. 2. It provides for the automatic
      control of the blower and air valves at the moment the toilet is flushed,
      resulting in the immediate repressurization of the water tank at this
      time, so as not to retard the flow of water into the bowl. This of course
      is very important to the satisfactory operation of the toilet, and to the
      marketing of the product.
PAR  3. The unique air induction nozzle employed allows relatively simple
      installation, and user control over the volume of air flowing through the
      toilet.
PAR  4. The unique valve arrangement prevents the continual buildup of water
      condensation within the blower system.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved means of
      ventilating all of the toilets within a dwelling from one central system.
PAR  It is another object of this invention to provide independent control of
      the ventilation of each toilet, the ventilator being of the type which
      draws odor laden air through the overflow pipe within the water tank.
PAR  It is another object of this invention to provide for the automatic
      stopping of the ventilator when the toilet is flushed.
PAR  It is still a further object of this invention to provide an adjustable
      means, convenient to the person using the toilet, for regulating the
      volume of air flowing through the toilet.
PAR  It is yet another object of this invention to cause the toilet water tank
      to be repressurized quickly when the ventilation is stopped.
PAR  It is still another object of this invention to provide protection of the
      blower against harmful water condensation when said blower is not in use.
PAR  It is a further object of this invention to control the special air valves
      by means of a switch connected directly or through mechanical or magnetic
      linkage to the flush handle on the water tank.
PAR  It is a further object of this invention to control the special air valves
      by means of an air sensitive switch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With the foregoing objects and features in view and such other objects and
      features which may become apparent as this specification proceeds, the
      invention will be understood from the following description taken in
      conjunction with the accompanying drawings, in which like characters of
      reference are used to designate like parts and in which:
PAR  FIG. 1 is an elevational view of portions of the ventilator accessory of
      this invention showing a blower, an air intake manifold, a portion of a
      branch conduit, an air control valve in the branch conduit, and electrical
      wiring and controls;
PAR  FIG. 2 is a sectional view of a portion of a toilet water tank with an air
      nozzle shown partly in section and partly in elevation projecting through
      a hollow wall into the water tank, and with a portion of the branch
      conduit, shown in elevation, for connecting the air nozzle to the manifold
      shown in FIG. 1.
PAR  FIG. 3 is an end elevational view of the rotary valve enclosed within the
      air nozzle shown in FIG. 2;
PAR  FIG. 4 is a sectional view taken on line 4 -- 4 of FIG. 2;
PAR  FIG. 5 is a partial longitudinal sectional and elevational view of the
      special air valve used in this invention;
PAR  FIG. 6 is a left hand end view of the valve head and valve guide shown in
      FIG. 5;
PAR  FIG. 7 is a partial longitudinal sectional and elevational view of a
      modified air valve used in this invention;
PAR  FIG. 8 is an electrical schematic diagram showing the electrical components
      within the motor controller of this invention;
PAR  FIG. 9 is an electrical schematic diagram which together with the
      electrical diagram of FIG. 8 illustrates a preferred electrical ventilator
      control system in accordance with this invention;
PAR  FIG. 10 is an electrical schematic diagram of circuit elements which may be
      substituted for the circuit elements shown in FIG. 9;
PAR  FIG. 11 is a partial sectional view of a building showing in elevation
      multiple toilets and a ventilator system for the toilets in accordance
      with this invention;
PAR  FIG. 12 is a partial sectional view taken generally along line 12 -- 12 in
      FIG. 11 of a toilet of the type for which this invention is particularly
      well adapted for use.
PAR  FIG. 13 is a diagramatic view showing an alternative arrangement for
      operating a flush controlled switch.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 11 and 12 of the drawings the toilet deodorizing
      accessory A of this invention is shown in combination with a pair of
      toilets B, B located in separate rooms of a dwelling D. While only two
      toilets are shown in FIG. 11 it will be understood that additional toilets
      may be connected to the deoderizing accessory A in the same manner as the
      toilet B, B. Further, although the invention is particularly adapted for
      use in ventilating multiple toilets, it may be used to ventilate a single
      toilet. Each of the toilets B, B are of a conventional type including a
      bowl 60 and a water tank 14. The toilet bowl 60 is conventionally bolted
      to a floor 61 by bolts 62. The top of the toilet bowl 60 includes a hollow
      rim 63 which defines an annular chamber 64 for distribution of water
      through holes 65 about the bottom edge of the hollow rim 63. The water
      tank 14 is seated on the rear of the bowl 60 and is connected by means of
      a pipe 66 to a mating aperture (not shown) in the hollow rim. In front of
      the water tank 14 are provided the usual toilet seat 67 and seat cover 68.
      The customary cushion members 69 are attached to the underside of the seat
      67 to separate the bottom of the seat from the top of the toilet rim 63.
      Inside the water tank 14 are provided the customary fittings (for clarity
      only partially shown) including a bulb valve 70 seated on the valve seat
      71 at the upper end of the flush pipe 66. The bulb valve 70 is adapted to
      be lifted upon manual operation of the flushing handle 72 which is
      operatively connected by conventional linkages 72', and 72" with the valve
      stem 73. An overflow pipe 74 extends from a branch line 75, connected to
      the flush pipe 66 beneath the bulb valve 70, to the space or chamber 76 at
      the top of the tank 14 between the tank cover 15 and the normal water
      level 77 within the tank 14 prior to flushing. It will be understood that
      the water tank 14 also includes the usual inlet pipe, inlet valve, float
      and connecting linkage for operating the inlet valve in response to the
      rise and fall of the float when the water level in the tank 14 changes. A
      sealing gasket 17 is provided between the underside of the tank cover 15
      and the top edge of the water tank to form an air tight seal. An aperture
      14' is provided at the rear of the tank 14 adjacent its upper edge to
      receive an air nozzle 9, closely fitted therein, which forms a part of the
      toilet deodorizing accessory A of this invention now to be described.
PAR  The toilet deodorizing accessory A of this invention is shown in
      combination with plural toilets within a dwelling in FIG. 11 and is shown
      in greater detail in FIGS. 1 -- 10. A blower 1 comprised of a fan 2 having
      suction and discharge sides 2', 2" respectively and an electric motor 3 is
      connected to a manifold 4 by the suction side 2' of the fan 2 so that when
      the blower 1 is operating, a vacuum is created within the manifold 4. The
      blower 1 and manifold 4 may be located in the attic of a dwelling as shown
      in FIG. 11 or in some other remote location such as the basement. The
      manifold 4 is preferably a rigid polyvinyl chloride plastic tube of the
      type employed in built-in vacuum cleaner systems usually having an inside
      diameter of 1 and 5/8 inches. Conduits of other suitable materials and
      sizes may also be used for the manifold 4 which is run to the vicinity of
      each toilet to be ventilated. If so desired, an existing built-in vacuum
      cleaner blower may provide the suction, although a quieter blower with an
      optimum pressure volume curve may be preferred. The manifold 4 includes
      branch connector means 6 near each toilet B for connecting the manifold to
      branch air ducts 7. The branch air ducts 7 are each preferably a flexible
      plastic tube which is run inside of the wall 10 behind each toilet B in
      the manner described in my aforementioned patent application Ser. No.
      496,954 filed Aug. 13, 1974. One end of each air duct 7, integrally or
      separately connected to a nozzle 9, is fitted to the toilet water tank 14
      in the manner previously described. The other end of each air duct 7 is
      connected to a special air valve means 8 which in turn is connected to a
      branch connector means 6 for independently controlling the ventilation of
      each toilet B. The branch connector means 6 are preferably tee connectors
      of polyvinyl chloride, or other suitable material, of the type employed in
      built-in vacuum cleaners.
PAR  The air nozzles 9 are of an improved type which may be employed in lieu of
      the various types disclosed in my aforementioned patent application. It
      will be observed by referring to FIG. 2 that each nozzle 9 has a
      cylindrical end portion 9' fitted closely within a cylindrical aperture
      10' cut in the wall 10, and a reduced end portion 9" protruding outwardly
      from the wall 10 and into the aperture 14' cut in the toilet water tank
      14. The cross section of the reduced end portion 9" is defined on its
      bottom side by an arc 9a of a circle, which will be normally less than
      180.degree., and on its upper side by a horizontal chord 9b (see FIG. 4).
      The end of the cylindrical portion of the nozzle 9 above the reduced end
      portion 9" is closed by an end wall 9c while the opposite end of the
      cylindrical portion is open and is suitably joined to an air duct 7. A
      hole 9d is provided through the end wall 9c on about the axis of the
      cylindrical portion 9' within which a special L-shaped bracket 11 is
      installed as shown in FIG. 2. The bracket 11 has a generally horizontal
      shaft portion 11a which extends through the hole 9d and a right angled leg
      portion 11b extending radially outwardly from the shaft portion 11a. A
      substantially semicircular vane 12 is attached to the screw threaded end
      of the shaft portion 11a of the bracket 11 and is secured thereon by a nut
      12'. A calibrated wheel 13 is attached to the radially extending leg
      portion 11b of the bracket 11 outwardly of the wall 10 by screws 80 which
      extend through counter sunk holes in the finger portion 13' of the wheel
      13 into threaded bores in the leg portion 11b of the bracket 11. Rotation
      of the wheel 13 will rotate the vane 12 so that the vane moves to open or
      close the nozzle end 9" to a preselected degree depending on the position
      of the wheel 13. When the numeral 1 on the calibrated wheel 13 is in the
      12 o'clock position, the vane 12 will be in its maximum closed position
      and when the numeral 10 is in the 12 o'clock position, the vane will be in
      its maximum open position. Thus, the vane 12 may be rotated by the wheel
      13 so as to provide the preselected flow of air desired by the user of the
      toilet B. In case the water tank 14 or its cover 15 is touching the wall
      10, the wheel 13 may be omitted, in which case the vane 12 is adjusted by
      means of the bracket 11 so as to provide a vacuum within the water tank of
      1 to 2 inches of water, which will usually cause a quite satisfactory air
      flow of about 10 to 15 cubic feet per minute.
PAR  Air nozzle 9 is similar to one described in the aforementioned patent
      application, with the exception that the portion of the previous nozzle
      which entered the water tank 14 was semicircular in cross section.
      Inasmuch as shaft 11 should be on about the axis of the nozzle 9, the
      protrusion of the current device would normally be less than semicircular.
      The previous advantages and simplicity of installation prevail in the
      improved device. To install, a diamond core bit having an outside diameter
      the same or slightly larger than the nozzle 9 is employed. The tank 14 is
      cut so that the flat upper side of the nozzle 9 is congruent with the
      upper edge of the tank 14. A seal 17, between the tank 14 and its cover
      15, is normally provided. After the tank 14 is cut, the core bit then cuts
      a circular hole through the wall 10, as described in the preceeding patent
      application.
PAR  Should it be desired to employ another nozzle arrangement, or one of the
      techniques taught in the art for connecting directly to the overflow pipe,
      it is recommended that a butterfly valve (not shown) be installed in the
      tee 6 just ahead of valve 8, in order to control the air flow and tank
      pressure. A screwdriver adjustment 16 is shown in FIG. 1 for the purpose
      of adjusting such a butterfly valve.
PAR  The preferred embodiment of the special air valve 8 is shown in FIG. 5. The
      housing 8' is manufactured from standard tubing and fittings of the type
      used in the installation of builtin vacuum cleaners. A tee 18, nipple 19,
      coupling 20, nipple 21, adapter 22, and cover 23 comprise the complete
      housing, the parts being bonded with cement or a suitable PVC solvent. A
      phenolic bulkhead 24 provides for mounting the solenoid field coil and
      pole piece 25, together with the necessary electronic components as
      described below. The solenoid plunger 26 is fastened to the valve push rod
      27 by a small threaded stud 28. A flexible neoprene diaphragm 29 seals the
      solenoid from dirt and water condensation. A front valve seat 30, and rear
      valve seat 31 are provided. A front valve 32 and rear valve 33, carried by
      push rod 27, are also provided. A deeply grooved guide 34 insures that the
      forward valve 32 remains centered, the solenoid plunger 26 maintaining the
      alignment at the other end. FIG. 6 is a front view of the valve 32,
      together with the integrally molded guide 34.
PAR  When the ventilator is not in use, the solenoid 25 is deenergized and valve
      32 is closed, while valve 33 is open as shown in FIG. 5, by virtue of a
      compression spring (not shown) located within the solenoid which forces
      the plunger out as shown. A plurality of holes 35 in the nipple 19,
      together with the normally-open valve 33, allow the air duct 7 to be
      vented to the atmosphere, insuring completely normal toilet flushing
      operation. The normally-closed valve 32 insures that the air duct 7 is
      sealed off from the manifold 4. This is important for two reasons, i.e.,
      another toilet may be in use and ventilated, in which case the blower 1 is
      running, also the blower is sealed off and protected from the continual
      condensation emerging from the unused toilets, which is far greater than
      when the ventilator is in operation. The condensate is free to flow back
      into the water tank, or to evaporate through the holes 35 into the
      atmosphere.
PAR  When an individual toilet ventilator is placed in use, the solenoid 25 is
      energized thus pulling the plunger 26 and push rod 27 which closes valve
      33, and opens valve 32. This of course seals the air duct 7 from the
      atmosphere, and connects it to the manifold 4, causing a suction within
      the water tank, and the flow of odor laden air from the toilet. The odor
      laden air emerges from the blower 1 to be disbursed into the atmosphere in
      any convenient manner.
PAR  When a toilet is flushed, an electronic system subsequently to be described
      causes solenoid 25 to deenergize immediately. By virtue of the
      aforementioned spring within the solenoid 25, valve 32 closes thus
      isolating the air duct 7 from the manifold 4, and valve 33 opens thus
      repressurizing the air duct 7 and water tank 14, enabling completely
      normal flushing operations of the toilet. Without the valve 33, the water
      tank 14 would repressurize so slowly that the flushing cycle would be
      retarded to the point of being ineffective.
PAR  A somewhat smaller and less expensive valve means 36 is portrayed in FIG.
      7. Here a solenoid 37, plunger 38, diaphragm 39, push rod 40, threaded
      stud 41, normally-closed valve 42, guide 43, and valve seat 44 are
      provided as in the valve 8. However, a hole 45 has been provided in lieu
      of valve 33 and seat 31 (FIG. 5). Thus, the air duct 7 and water tank 14
      are vented continuously through the hole 45, which allows normal use of
      the toilet. Assuming that the blower 1 is running, when the toilet is
      flushed the electronic circuits below deenergize the solenoid 37, and the
      valve 42 closes. The air duct 7 and water tank 14 repressurize through the
      hole 45, not as quickly as in the case of valve means 8 but nevertheless,
      the repressurization is prompt. Hole 45, which is in reality a calibrated
      air leak, may be located anywhere on the toilet side of the valve 42, but
      since some noise is generated by the air flowing through the hole 45, it
      is best located on or near the valve means 36 which is normally located in
      the attic or under the floor. The blower 1 must have additional capacity
      for use with this valve means 36, owing to the amount of air flowing
      through the calibrated hole 45. This type of valve 36 is especially
      suitable for the type of ventilator in which the air duct connects
      directly into the overflow pipe, inasmuch as the calibrated air leak 45
      may be quite small since only the air duct 7 and overflow pipe are vented.
PAR  It must be understood that other types of suitable electrically operated
      air valves, which satisfy the techniques taught above, could be designed
      by those skilled in the art. Separate valves may be employed for coupling
      and repressurization if so desired.
PAR  A motor controller 5 for the blower motor 3 is shown schematically in FIG.
      8. This package contains a low voltage D.C. power supply comprised of a
      transformer T.sub.1, rectifiers CR.sub.1, CR.sub.2, CR.sub.3, and
      CR.sub.4, resistor R.sub.1, and capacitor C.sub.1. This provides power to
      close motor starting relay K.sub.1, and all electrical valves used in the
      system, i.e., normally one solenoid 25 for each toilet. A cable 46
      connects the controller 5 to any convenient 120 volt A.C. outlet. Cable 47
      connects the controller 5 to the blower motor 3, and cable 48 connects to
      the closest valve means 8 in the system. The next valve down the manifold
      4 is connected by means of cable 48a, which is in parallel with cable 48
      at terminals C, S, and R within the valve housing 8'.
PAR  FIG. 9 portrays schematically the electronic circuit associated with the
      valve means 8. The components CR.sub.5, SCR.sub.1, R.sub.2, and R.sub.3
      are mounted on bulkhead 24, FIG. 5. Switch S.sub.1 is preferably a
      normally-open push button switch, and S.sub.2 a normally-closed push
      button switch. S.sub.1 and S.sub.2 are preferably wall mounted
      conveniently near the toilet to be ventilated. Switch S.sub.3 is a
      normally-closed switch located on the inside of the water tank, and
      mechanically or magnetically actuated by the flush handle, or any of the
      mechanism operated therefrom. A very satisfactory arrangement has been to
      secure a mercury switch to the lever extending from the flush handle to
      the ball cock, which is found on most toilets. Mechanical or magnetic
      types of switches are also satisfactory, but more expensive to install. A
      cable 49 connects switch S.sub.3 to the valve means 8, and is run inside
      the air duct 7 as shown in FIG. 1. A cable 50 connects switches S.sub.1
      and S.sub.2 to the valve means 8. Cables 48, 48a, 49, and 50 enter the
      valve housing through a plurality of holes 51, FIG. 5.
PAR  When so desired, a selected toilet may be ventilated by momentarily closing
      switch S.sub.1, which causes thyrister SCR.sub.1 to conduct, thus
      energizing the solenoid 25, which opens valve 32 and closes valve 33, also
      energizing relay K.sub.1 causing the blower 1 to start. This process of
      course reduces the pressure within the manifold 4 and air duct 7 to the
      selected toilet to below atmospheric, and air flows through the toilet,
      carrying odors to the blower. The blower 1 may be stopped manually by
      momentarily opening switch S.sub.2, or automatically by flushing the
      selected toilet, which momentarily opens switch S.sub.3. The momentary
      opening of switch S.sub.2 or S.sub.3 causes thyrister SCR.sub.1 to cease
      conducting, thus deenergizing solenoid 25. Relay K.sub.1 will also
      deenergize and stop the blower 1 unless another toilet is in use, in which
      case the relay K.sub.1 remains energized until the last toilet in use is
      flushed, or switch S.sub.2 of the last toilet in use is momentarily
      opened. Rectifier CR.sub.5 insures that the solenoid 25 of one toilet will
      not be energized by the operation of relay K.sub.1 by another toilet.
PAR  FIG. 10 portrays an alternate arrangement for operating switch S.sub.3.
      Here a diaphragm 52 is bonded to a housing 53 which is sealed except for
      the connection to a small plastic tube 54, which is run into the water
      tank in place of cable 49, so as to sense the tank air pressure. A weight
      55 insures that switch S.sub.3 remains normally-closed until the vacuum
      within the water tank 14 exceeds a predetermined level, for example, three
      inches of water. Upon flushing the toilet the overflow pipe 74 is suddenly
      flooded, blocking the flow of air. At this time the air pressure P drops
      considerably under the influence of the blower 1, and the weight 55 is
      lifted, which momentarily opens switch S.sub.3. A spring may be
      substituted for the weight 55 if so desired, although the dead weight
      method requires no calibration. The use of an air sensitive switch has the
      advantage that if the ventilator is restarted before the tank 14 has
      refilled, it will turn off again automatically. The system portrayed by
      FIG. 9 will make gurgling noises if the ventilator is restarted before the
      tank has refilled. This is due to water flowing through the same channels
      as the air. Instead of a pressure sensing switch, an air flow sensing
      switch (not shown) may be employed, since the air flow drops substantially
      when the toilet is flushed. Flow sensing switches are commercially
      available, as are pressure sensing switches.
PAR  If so desired a gasket seal may be installed between the toilet seat 67 and
      the top of the bowl 63, in which case a smaller blower may be used.
      However, the seal is not esthetically desirable and is difficult to keep
      clean and sanitary. Switch S.sub.1 may be located on and operated by the
      toilet seat 67 when sitting upon it, but again is esthetically
      undesirable, and unsanitary.
PAR  It should be understood that while the flush responsive switch S.sub.3
      shown in FIGS. 9 and 10 is described as controlling both an air valve and
      a blower, it is within the scope of this invention that the flush
      responsive switch may be used in ventilator systems having a ventilator
      blower without the air valve inorder to stop the blower whenever a toilet
      is flushed.
PAR  FIG. 13 portrays an optional magnetic method of operating switch S.sub.3.
      The flushing handle 72, lever 72', linkage 72", rod 73, and ball cock 70
      are the same as in FIG. 12. A normally closed magnetic reed switch S.sub.3
      is cemented to the inside wall of the water tank 14 above the water line
      77. This type of switch is commercially available, and is commonly
      actuated by bringing a permanent magnet near the proper side of the switch
      housing. A magnet 78 is suitably attached to the lever 72' so that when
      the toilet is flushed, the magnet 78 will be carried by the lever 72' to
      the vicinity of the switch S.sub.3, causing it to open. This of course
      causes the thyrister SCR.sub.1, shown in FIG. 9, to cease conducting as
      described above.
PAR  While in the foregoing there have been described and shown a preferred
      embodiment of the invention and several modifications of element thereof,
      various other modifications and equivalents may be resorted to within the
      scope of the invention as claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toilet deodorizing accessary for use in combination with one or more
      toilets, said toilets each including a convenional water tank, water tank
      cover, and toilet bowl, said water tank having a water discharge conduit
      through the bottom of the tank, a flushing means including a flush valve
      controlling the flow of water from the tank into said conduit, and an
      overflow pipe connected into said discharge conduit below the flush valve,
      said toilet bowl having a water distribution channel in communication with
      said discharge conduit for distributing water from said water tank into
      said bowl when said flush valve is operated to flush said bowl, said
      accessary comprising an air duct for each toilet suitably connected into
      the air space within the water tank, a seal means between said water tank
      and said cover, an electrically driven blower means having a suction side
      and a discharge side, at least one electrically operated air valve means
      for each toilet, said air valve means having a first part interconnecting
      the air duct and suction side of said blower, being capable of selectively
      opening or closing said interconnection, said first part operable to
      reduce the air pressure within the air duct and water tank, said air valve
      means also having a second part operable to vent the water tank to the
      atmosphere, being capable of selectively opening or closing said vent, an
      electrical control means for each toilet operable to apply electrical
      power to the air blower, open the first part of said air valve means, and
      close the second part of said air valve means, thus causing the air
      pressure within the water tank to be reduced below atmospheric pressure,
      whereby odor taken air may be drawn by said blower in seriatim from said
      toilet bowl, through said water distribution channel, said water discharge
      conduit, said overflow pipe, said air duct, the first part of said air
      valve means, and through said blower, said electrical control means also
      operable so as to remove power from said air blower, close the first part
      of said air valve means, and open the second part of said air valve means,
      thus allowing the air pressure within the water tank to return to
      atmospheric pressure, whereby the toilet is restored to conventional
      operation.
NUM  2.
PAR  2. The accessary according to claim 1 together with a second electrical
      control means actuated by said flushing means, operable so as to remove
      power from said air blower, close the first part of said air valve means,
      and open the second part of said air valve means, thus allowing the air
      pressure within the water tank to return to atmospheric pressure, whereby
      the toilet is restored to conventional operation.
NUM  3.
PAR  3. The accessary according to claim 1 together with a second electrical
      control means actuated by an air sensitive actuator means, operable so as
      to remove power from said air blower, close the first part of said air
      valve means, and open the second part of said air valve means, thus
      allowing the air pressure within the water tank to return to atmospheric
      pressure, whereby the toilet is restored to conventional operation.
NUM  4.
PAR  4. A toilet deodorizing accessary for use in combination with one or more
      toilets, said toilets each including a conventional water tank, water tank
      cover, and toilet bowl, said water tank having a water discharge conduit
      through the bottom of the tank, a flushing means including a flush valve
      controlling the flow of water from the tank into said conduit, and an
      overflow pipe connected into said discharge conduit below the flush valve,
      said toilet bowl having a water distribution channel in communication with
      said discharge conduit for distributing water from said water tank into
      said bowl when said flush valve is operated to flush said bowl, said
      accessary comprising an air duct for each toilet suitably connected into
      the air space within the water tank, a seal means between said water tank
      and said cover, an electrically driven blower means having a suction side
      and a discharge side, an electrically operated air valve means for each
      toilet, said air valve means interconnecting the air duct and suction side
      of said blower, being capable of selectively opening or closing said
      interconnection, operable to reduce the air pressure within the water
      tank, a vent means located between said air valve means and said water
      tank, being capable of venting the water tank to the atmosphere when said
      air valve is closed, an electrical control means for each toilet operable
      to apply electrical power to the air blower and open said air valve, thus
      causing the air pressure within the water tank and overflow pipe to be
      reduced below atmospheric pressure, whereby odor laden air may be drawn by
      said blower in seriatim from said toilet bowl, through said water
      distribution channel, said water discharge conduit, said overflow pipe,
      said air duct, and through said blower, said electrical control means
      operable so as to remove power from said blower and close said air valve
      means, thus allowing the air pressure within the water tank to return to
      atmospheric pressure, whereby the toilet is restored to conventional
      operation.
NUM  5.
PAR  5. The accessary according to claim 4 together with a second electrical
      control means actuated by said flushing means, operable so as to remove
      power from said air blower, and close said air valve means, thus allowing
      the air pressure within the water tank to return to atmospheric pressure,
      whereby the toilet is restored to conventional operation.
NUM  6.
PAR  6. The accessary according to claim 4 together with a second electrical
      control means actuated by an air sensitive actuator means, operable so as
      to remove power from said air blower, and close said air valve means, thus
      allowing the air pressure within the water tank to return to atmospheric
      pressure, whereby the toilet is restored to conventional operation.
NUM  7.
PAR  7. A toilet deodorizing accessary for use in combination with one or more
      toilets, said toilets each including a conventional water tank, water tank
      cover, and toilet bowl, said water tank having a water discharge conduit
      through the bottom of the tank, a flushing means including a flush valve
      controlling the flow of water from the tank into said conduit, and an
      overflow pipe connected into said discharge conduit below the flush valve,
      said toilet bowl having a water distribution channel in communication with
      said discharge conduit for distributing water from said water tank into
      said bowl when said flush valve is operated to flush said bowl, said
      accessary comprising an air duct for each toilet suitably connected into
      said overflow pipe, an electrically driven blower means having a suction
      side and a discharge side, an electrically operated air valve means for
      each toilet, said air valve means interconnecting the air duct and suction
      side of said blower, said air valve means being operable to reduce the air
      pressure within said overflow pipe, an electrical control means for each
      toilet operable to apply electrical power to said air blower and said air
      valve means, thus causing the air pressure within said overflow pipe to be
      reduced below atmospheric pressure, whereby odor laden air may be drawn in
      seriatim from said toilet bowl through said water distribution channel,
      said water discharge conduit, said overflow pipe, said air duct, said air
      valve means, and through said blower, said electrical control means
      operable so as to remove power from said blower, and close said air valve
      means, whereby the toilet is restored to conventional operation.
NUM  8.
PAR  8. The accessary according to claim 7 together with a second part of said
      air valve means, said second part operable so as to vent the overflow pipe
      to the atmosphere, when the first part of said air valve means is closed.
NUM  9.
PAR  9. The accessary according to claim 7 together with a vent means located
      between said air valve means and said overflow pipe, being capable of
      venting the overflow pipe to the atmosphere when said air valve is closed.
NUM  10.
PAR  10. The accessary according to claim 7 together with a second electrical
      control means actuated by said flushing means, operable so as to remove
      power from said air blower, and close said air valve means, thus allowing
      the air pressure within the water tank to return to atmospheric pressure,
      whereby the toilet is restored to conventional operation.
NUM  11.
PAR  11. The accessary according to claim 7 together with a second electrical
      control means actuated by an air sensitive actuator means, operable so as
      to remove power from said air blower, and close said air valve means, thus
      allowing the air pressure within the water tank to return to atmospheric
      pressure, whereby the toilet is restored to conventional operation.
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ABST
PAL  A plumbing installation jig and wall sleeve is provided for the secure and
      rapid installation of plumbing fixtures through concrete, gunite, masonry
      walls and the like. The device includes a single rectangular sleeve, with
      precisely located individual tubes for the anchor bolts which accurately
      position the fixture, and security bars which are attached to at least two
      of the parallel walls of the rectangular sleeve.
PARN
PAR  This is a continuation of application Ser. No. 331,016, filed Feb. 9, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an installation device for plumbing fixtures and
      more specifically relates to a device for the installation of
      vandal-proof, institution type fixtures which can only be adjusted,
      serviced, or removed from the rear of the wall to which the plumbing
      fixture is attached.
PAR  2. Prior Art
PAR  In many institutional facilities, such as penal institutions, mental
      hospitals and the like, it is desirable to have vandal-proof plumbing
      fixtures which can be adjusted or repaired without the need for service
      personnel to enter the cell area. These fixtures are installed in such a
      manner to prevent inmates from rendering the fixture inoperative or to
      prevent them from removing portions of the fixture which may be used as
      man-endangering weapons or escape tools.
PAR  To promote the rapid, inexpensive and secure installation of such
      vandal-proof plumbing fixtures, a device is provided, in accordance with
      the present invention, for this purpose. In addition, the present
      invention is particularly useful when a plumbing fixture is installed in a
      relatively thick wall such as concrete or the like.
PAR  Similar devices as found in the prior art include items such as disclosed
      in U.S. Pat. Nos. 3,129,437 and 3,701,172. These installation jigs are
      typified by the use of an aperatured plate or plates with multiple sleeves
      extending from the aperatures in the plate or plates throughout at least
      the thickness of the wall to be constructed.
PAR  Further, the use of such plumbing fixture jigs is limited to poured or
      gunite concrete walls, and is not readily adaptable for use in masonry or
      block wall construction.
PAR  It should be also noted that such apertured plate and multiple sleeved jigs
      must be modified to accommodate changes in the location of water pipe and
      drain outlets in the plumbing fixture when and as these locational changes
      occur.
PAR  In addition, such sleeved assemblies must frequently be removable from the
      apertured plates both for use in forming the wall and for removal
      therefrom following the formation of the wall.
PAR  Newer combination plumbing fixtures may incorporate as an integral part of
      the fixture ventilation louvers or small multiple apertures through which
      the ventilation air may pass from behind the wall, into the fixture and
      thereafter into the room or cell. When such plate and sleeve jigs are used
      in the formation of passageways in the wall for plumbing pipes and the
      like, the total area of the passageways is very small. Limiting the total
      passageway area in the wall greatly restricts and oftentimes, practically
      speaking, eliminates the pipe chase as a means for serving as an air
      ventilation duct.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the device of the present invention comprises a rectangular
      sleeve having oppositely-disposed openings thereinto. One opening faces
      the front of the sleeve; the opposite opening faces the rear of the
      sleeve. A flange is formed about the rim of the rear opening to the sleeve
      and is directed outwardly from the geometric center of the body of the
      sleeve in a substantially radial fashion therefrom. V-shaped notches cut
      into the flange serve as reference or locating marks in order to precisely
      locate pipe centers and/or other points on the plumbing fixture located on
      the other side of the wall to be constructed. Small perforations in the
      flange serve as receptacles for fasteners by which to anchor the sleeve to
      a form for forming a concrete wall and/or to help anchor the sleeve to the
      formed wall.
PAR  An appropriate number of metal bars are passed through matching
      perforations in at least two of the parallel sidewalls of the rectangular
      sleeve and are welded to the sidewalls. The ends of the metal bars
      protrude beyond the outside surfaces of the sidewalls so that the bars may
      be firmly and permanently embedded in the wall to be formed around the
      sleeve and plumbing fixture jig.
PAR  A flanged rim about the rear opening to the sleeve is directed inwardly
      towards the geometric center of the sleeve and is disposed at an angle of
      less than ninety degrees with respect to the body of the sleeve. Further,
      the flanged rim about the rear opening to the sleeve is disposed within
      the sleeve rather than outside the sleeve as in the case of the flange
      disposed about the rear opening to the sleeve.
PAR  A number of small tubular sleeves are welded to the outside of the sleeve
      and are typically located near the corners of the sleeve. These tubular
      sleeves serve as precisely located guides for the plumbing fixtures wall
      anchoring fasteners.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a device embodying the invention.
PAR  FIG. 2 is a crossection of the wall of the device of the present invention
      taken along plane 2--2.
PAR  FIG. 3 is a rear elevational view of a device embodying the present
      invention.
PAR  FIG. 4 is a side sectional view showing the manner in which the device of
      the present invention is employed for poured concrete, gunite, masonry or
      block walls.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continued reference to the drawings, it is clearly shown that the
      sleeve and jig of the present invention is generally designated 10, and is
      generally rectangularly shaped, having four sidewalls, 11,12,13,14 and two
      open ends an open end 15 facing the front of the sleeve and an open end 16
      facing the rear of the sleeve.
PAR  A flange 17 rims the periphery of the open end 16 and is directed outwardly
      in a radial fashion away from the central axis of the sleeve.
PAR  The body 18 of the flange 17 is notched with a number of V-notches,
      19,20,21,22. The V-notches are utilized as reference planes and locating
      points, so that the same identical points and planes may be located on the
      opposite side of the wall after construction or formation of the wall 33.
      The body 18 of the flange 17 is also perforated to provide a number of
      holes 23, 24, 25, 26, 27, 28, 29, 30, 31, 32 therein, whereby fasteners
      may be used to affix the sleeve to a form into which concrete is poured or
      sprayed to form a wall.
PAR  At least four tubular sleeves 34,35,36,37 are disposed about the outer
      portion of the body, generally indicated at 38 of the sleeve and jig 10
      and welded, soldered or brazed to the body 38. These tubular sleeves are
      provided as guides and locating members for bolts used in fastening the
      vandal-proof plumbing fixture 39 to the wall 33. It will be understood, of
      course, that these specific sleeves are designed for a specific plumbing
      fixture and that the sleeves would differ in number and size depending
      upon the particular fixture to be accomodated.
PAR  Four metal bars 39,40,41,42 are disposed through matching perforations
      43,43A; 44,44A; 45,45A; 46,46A in the sidewalls 12,14 and permanently
      attached thereto by any desired means such as welding, brazing or
      soldering. The ends of these bars protrude an appropriate distance beyond
      the sidewalls 12,14 and are either cast or grouted into the wall 33 as the
      wall is constructed. The purpose of these bars is to prevent an inmate
      from leaving the cell and entering the pipe chase located on the other
      side of the cell wall 33 in the event that the vandal-proof plumbing
      fixture is not installed or is otherwise removed from its position on the
      wall 33. In addition to providing added security for institutional use, it
      should be noted that such bars do not measurably block the flow of
      ventilation air from the pipe chase through the wall to the vandal-proof
      plumbing fixture with louvers or perforations therein, thereby insuring an
      adequate supply of air to the cell area. It should be readily noted,
      however, that depending on the size of the plumbing fixture and the number
      of plumbing connections thereto as well as the physical size of the
      institutional inmates, the number of bars hereinbefore described, may be
      more or less than the four shown and illustrated in FIGS. 1,3,4. In
      addition, the reinforcing bars, when welded in place to the sleeve wall,
      provide the desired reinforcement of the entire sleeve. When concrete is
      poured into a form, the sleeve 38 may be located some 7-10 feet below the
      point where the concrete is poured and/or the wall is topped off. The
      concrete is then agitated with a snake-like vibrator to promote settling
      of the concrete within the form and around the sleeve and jig 10. Such
      vibration coupled with the weight of either or both the effects of the
      weight of the concrete as it is being poured onto the sleeve and jig 10
      and/or as it is settling in the form and topped off, places considerable
      force on the exterior of the sleeve and jig 10. Such stress can cause
      deformation of the sleeve 38 producing not only distortion of the sleeve
      and the cross-sectional area thereof, but also would reduce the
      cross-sectional area of the passageway to be formed by the sleeve in the
      concrete or masonry wall. Such a reduction of the crossectional area could
      very readily interfere with connecting pipe to the plumbing fixture 39
      and/or dislocate the tubular sleeves 34,35,36,37 which must be maintained
      in precise locations in order to be properly aligned with the receptacles
      in the plumbing fixture for receiving the anchoring fasteners thereto.
PAR  To provide dimensional integrity, stiffness and strength to the rim 47 of
      the open end 15 of the sleeve body 38, the edges 48,49,50,51 are turned
      inwardly so that each lies at an angle of less than 90.degree. with
      respect to the body 38 of the sleeve and jig 10. In so doing, the desired
      stiffness and strength needed by the rim is obtained without the need to
      create a flanged rim like that flange 17 of the open end 16. Such a rim
      would be undesirable around open end 15 because it would not permit the
      sleeve and jig 10 to be removed following the construction of the wall 33.
      As heretofore mentioned, removal of the sleeve and jig 10 is sometimes
      desirable depending upon wall construction details. Of course, should it
      be desirable or necessary to insure that the sleeve and jig be removable,
      the ends of the bars 39,40,41,42 would have to be cut so that the ends of
      these bars were flush with the sidewalls 12,14 of the sleeve body 38.
PAR  Additionally, if the rim 47 were flanged similar to flange 17 when the
      sleeve and jig 10 is used in a masonry wall, the blocks would have to fit
      between the two flanges. Blocks are not made to such a close tolerance and
      the fit between the flanges and the blocks would be frequently loose. This
      would result in a poor and unacceptable installation. With the edges
      48,49,50,51 formed at an angle of less than 90.degree. with respect to the
      body 38, the grout is merely smoothed off with the grout between the
      blocks and forming a good solid base for the sleeve and jig 10.
PAR  It should also be noted that in many cases vandal-proof plumbing fixtures
      are anchored to the wall via bolts which are threadably mated to threaded
      receptacles in the flanged rim located at the rear of the plumbing
      fixture. Such peripheral anchoring of the plumbing fixture does not
      economically permit close tolerance installations. Should a radial,
      outwardly-directed flange be disposed about rim 47 in lieu of edges
      48,49,50,51, such a flange would frequently project beyond the rim of the
      rear of the plumbing fixture and would be objectionable.
PAR  One reason that such would be objectionable is that the plumbing fixture
      has a finished surface and is constructed of an expensive material which
      is capable of withstanding much abuse. The sleeve and jig 10 is not so
      constructed simply because there are no requirements to do so and it would
      be economically unfeasible from a commercial standpoint.
PAR  Further, such a flange would require perforations to allow the anchoring
      fasteners to be passed through the tubular members 34, 35, 36, 37 so that
      such fasteners could be attached to the plumbing fixture.
PAR  The invention in its broader aspects is not, however, limited to the
      specific details shown and described but departures may be made from such
      details without departing from the principles of the invention and without
      sacrificing its chief advantages.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A combination sleeve and jig for the rapid and accurate installation of
      plumbing fixtures in an opening in a concrete or masonry wall, comprising
      in combination:
PA1  a. a sleeve defined by a wall thereabout, said wall of said sleeve bridging
      the distance betweeen the pair of oppositely-disposed faces of said wall
      and defining a single, rectangularly-shaped passageway therethrough, said
      sleeve having front and rear portions and a plurality of paired,
      oppositely-disposed apertures in the longitudinal, oppositely-disposed
      portions of said wall of said sleeve and further having a first flange
      disposed about the rim of said front portion of said sleeve and wherein
      said first flange is turned inwardly towards the geometric center of said
      sleeve and forms an angle with said wall of said sleeve from which said
      first flange is generated which is less than ninety degrees;
PA1  b. a plurality of rods each of which is transversely disposed across said
      sleeve passageway and within said pair of oppositely-disposed apertures in
      said sleeve wall and projecting therebeyond and further being fixedly
      secured to said sleeve wall disposed about said apertures;
PA1  c. a second flange, said second flange rimming said rear portion and
      extending outwardly in a substantially radial fashion therefrom and having
      at least four openings therethrough, said openings being adjacently
      disposed to the corners of said rectangularly-shaped sleeve passageway;
      and
PA1  d. at least four tubular members, one open end of each of said members
      being fixedly secured about one of said openings in said second flange of
      said sleeve, each of said members being also fixedly secured to said
      sleeve and disposed in parallel relationship to the longitudinal axis of
      each of said four corners of said rectangularly-shaped passageway of said
      sleeve.
NUM  2.
PAR  2. The combination sleeve and jig of claim 1 wherein said first flange
      forms an angle of 45.degree. with respect to said sleeve wall from which
      it is generated.
NUM  3.
PAR  3. The combination sleeve and jig of claim 1, wherein said second flanged
      rim has a plurality of perforations therethrough.
NUM  4.
PAR  4. The combination sleeve and jig of claim 3, further comprising at least
      two pairs of V-shaped notches, each pair of notches being
      oppositely-disposed on said second flange so that the bottom of the V is
      in alignment with the bottom of the other V of the other notch of the
      pair.
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PAL  An air-support mattress comprises an elastomeric plate having upper and
      lower faces flanking a central neutral surface. This plate is formed with
      a network of passages which lie between the lower face and the neutral
      plane and are adapted to be connected to a source of fluid under pressure.
      The plate is further formed with an array of vents each extending from the
      passage across the surface and terminating at respective mouths at the
      upper surface. A pair of lips in each of the vents meet tangentially
      between the neutral surface and the passage so as normally to block air
      flow through the vents. When the upper surface of the mattress is rendered
      concave, however, these lips pull apart so as to allow a stream of air to
      flow from the vents and exert a supporting force on a body part depressing
      the mattress.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a fluid distributor. More particularly
      this invention concerns a mattress arrangement for supporting a person on
      a cushion of air.
PAC  BACKGROUND OF THE INVENTION
PAR  A fluid distributor is known comprising a surface having a plurality of
      orifices communicating with a distribution passage under the surface and
      each provided with a respective spring-loaded ball-type check valve. The
      top of the ball extends slightly above the surface of this distributor so
      that when depressed against the spring force fluid can flow out of the
      hole. Thus an object depressing one of the balls will be lifted at least
      partially by the current of air blowing out of the hole. Such an
      arrangement is extremely expensive. In addition in such an arrangement it
      is necessary that the upper surface be rather rigid so that it is
      impossible to use this type of arrangement as a mattress or the like.
PAR  Various devices have been suggested to support an invalid or other
      bed-ridden person on a cushion of air. It is thus known to provide a
      plurality of holes in the mattress which are connected to a source of air
      under pressure and whose output can be regulated either by vanes or
      barriers on the surface of mattress to allow for the shape of the body of
      the user. All such systems are relatively complicated and must be
      readjusted for each new user or each time the same user moves.
PAR  Another attempted solution is a type of air mattress which is formed of a
      succession of independently parallel tubes adapted to be inflated. The
      tubes are subdivided into two groups, every other tube belonging to the
      same group, so that it is possible to inflate every other tube, leaving
      the other tubes lying between them uninflated, and then to inflate the
      hitherto uninflated tubes and deflate the previously inflated tubes. In
      this manner pressure on the bed-ridden user is constantly changed so that
      the possibility of bed sores is greatly decreased. In addition such an
      arrangement is provided between the tubes with groups of throughgoing
      holes that allow air to blow up through the mattress and flow over the
      body of the user. Such a system is relatively complicated and does not
      truely support the body of the user on the cushion of air.
PAR  A system has been suggested for transporting objects along a corridor. The
      surface of the corridor or passage is made of an elastically deformable
      material which is longitudinally split so as to give access to a
      longitudinal air distribution canal of square section which extends under
      the transport surface. The two horizontal lips on each side of the split
      are adapted to separate when a weight is placed on the transport surface
      so as to allow a current of air to escape from the distribution passage
      and at least partially support the charge. Such a system has been
      suggested but in reality has never been highly effective as the relatively
      long slot opened by the weight of the charge allows an excess amount of
      air to escape from the distribution passage and therefore does not
      properly support the charge. In addition if sufficient pressure is
      provided in the distribution passage to support the charge the lips would
      have to be extremely rigid normally to lie shut so that the weight would
      have to be extremely large to open them.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      fluid distributor.
PAR  Another object is the provision of an improved mattress arrangement which
      support the user principally on a cushion of air.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a fluid
      distributor comprising an elastomeric plate having a pair of opposite
      parallel faces flanking a neutral plane. The plate is formed according to
      this invention with a pressurizable passage situated between one of the
      faces and a neutral surface and adapted to be connected to a source of
      fluid, with an array of vents each extending from this passage across the
      surface and terminating at respective mouths at the other end of the
      surfaces, and with a pair of lips in each of the vents and each of
      generally part-cylindrical shape. Each of the lips of each of the pairs
      normally presses tangentially against the other lip of the pair at a
      location between the neutral plane and the passage so as normally to block
      fluid flow through the respective vent. Thus according to the invention
      deformation of the plate rendering the other face concave pulls the lips
      apart and allows the fluid in the passage to flow out through the vents.
PAR  According to this invention the vents extend over between 55 and 65% of the
      overall thickness of the plate.
PAR  The distributor according to the present invention is extremely useful as a
      mattress. Wherever pressure is applied to the upper surface the
      corresponding vents are opened and the streams of air flowing from these
      vents take over at least part of the supporting function of the mattress.
      In this manner it is possible to support a bed-ridden user with extreme
      gentleness so as to almost completely to avoid the possibility of bed
      sores or the like. In addition the mattress in accordance to the present
      invention can be produced relatively inexpensively and requires little
      special hookup arrangements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become more
      readily apparent from the following, reference being made to the
      accompanying drawing in which:
PAR  FIG. 1 is a top view of partly in diagrammatic form illustrating a
      distributor according to the present invention;
PAR  FIG. 2 is a section in enlarged scale taken along line II--II of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 2 illustrating the distributor in deformed
      condition; and
PAR  FIG. 4 is a side view illustrating usage of the distributor according to
      the present invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIGS. 1 and 2 the distributor according to the present
      invention comprises a synthetic-resin plate 1 having an upper face 2 and a
      lower face 9 equispaced from a central neutral surface or plane 8
      indicated in dot-dash lines in FIG. 2. The plate 1 is formed between the
      neutral surface 8 and the lower face 9 with a plurality of parallel
      rectangular-section passages 4 which are blind at one end and terminate at
      the other end in a manifold passage 5 that is connected to a source S of
      compressed air. An array of vents 3 extending from the passages 4 and
      having circular mouths 10 at the face 2.
PAR  Each of these vents 3 has a pair of lips 6 and 7 which meet tangentially
      between the surface 8 and the passages 4 so that as shown in FIG. 2 when
      the plate 1 is flat the lips 6 and 7 block off the vents 3 and prevent air
      flow from the passages 4 out the mouths 10. When as shown in FIG. 3 the
      plate is deflected such that the surface 2 is concave, the lips 6 and 7
      are pulled apart below the neutral surface 8 and the vents 3 are opened
      (by compression above the neutral plane, and tension thereblow) so that
      air flow out of the passages 4 from the mouths 10 is possible. In use the
      plate 1 is utilized as a mattress which is spanned between a pair of wedge
      cushions 11 as shown in FIG. 4.
PAR  A mattress according to the present invention was made of a synthetic-resin
      marketed under the trade name Silastic ERTV made by Dow-Corning and
      comprising a silicone two-part elastomer having a 30 to 35 durometer
      value. The mattress 1 had an overall thickness D equal to 15 mm and the
      distance d between the passages 4 and the surface 2 was equal to 9 mm or
      0.600. In this manner the mattress is overall relatively rigid but has a
      local rigidity which is relatively low. Thus it is possible for this
      mattress 1 to conform relatively readily to the shape of a body lying
      thereon. The rigidity of the arrangement is shown by the inability of the
      plate 1 to be deflected sufficiently under the effective pressure of 30-50
      mbar. If the deflectability is not sufficient the air flow from the
      mattress will be too weak.
PAR  A study of the support of different parts of the human body has revealed
      the necessary pressure to support a limb is between 50 and 30 mbar. The
      blood pressure however varies from 0 to 20 mbar in the extremities to
      80-100 mbar near the heart. It is thus necessary that the pressure of
      support on the skin not be higher than that which is in the blood vessels
      thereunder so as to cut off circulation. It is therefore necessary to stay
      below the average value of 30-50 mbar.
PAR  The quantity of air necessary to support a member of the body is relatively
      low. In order to support an arm or a leg 50-100 1/min of air compressed at
      a pressure of 150 mbar is necessary. The result is that the speed of the
      air at the restriction formed by the lips 6 and 7 should not exceed 1 m/s.
      In this manner losses of pressure are relatively negligable. At the same
      time in order to obtain a sufficient air flow the angle of deflection
      should be of the order of 10.degree. for the back region and of the order
      of 30.degree. for a limb. This deflectability is obtained by use of the
      cushions 11 shown in FIG. 4 where a flow of 50-100 liters per minute is
      obtained. In use a sheet indicated at 12 overlays the plate 1 so as to
      avoid subjecting the skin of the user to a noisy and disagreeable
      vibration. The sheet 12 is very fine so as to eliminate these oscillations
      without however destroying the supporting abilities of the mattress 1.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid distributor comprising a solid elastomeric plate having a pair
      of opposite parallel faces flanking a neutral plane and formed with:
PA1  a pressurizable passage situated between one of said faces and said neutral
      plane and adapted to be connected to a source of fluid;
PA1  an array of vents each extending from said passage across said plane and
      terminating at respective mouths at the other of said faces; and
PA1  a pair of lips in each of said vents, each of said lips being of generally
      part-cylindrical shape and normally bearing against the other of the lips
      of the respective pair tangentially between said neutral plane and said
      passage so as to normally prevent fluid flow from said passage out of said
      vent, whereby deformation of said plate rendering said other face concave
      pulls said lips apart and allows said fluid to flow from said passage out
      through said vents.
NUM  2.
PAR  2. The distributor defined in claim 1 wherein said plate is made of a
      synthetic resin having a hardness between 30 and 35 durometer.
NUM  3.
PAR  3. The distributor defined in claim 1 wherein said passage includes a
      plurality of parallel primary passages at said vents and a manifold
      passage opening into said primary passages.
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ABST
PAL  An improved marker buoy having a body made of nesting segments wherein each
      segment has a cup-shaped lower portion filled with buoyant material and a
      hollow cylindrical upper portion with a cup-shaped cavity for nesting with
      the lower portion of a similar segment. The segments nest one within the
      other such that the outer wall of each cup-shaped portion reinforces the
      walls of the segment below it and the nesting segments are held together
      by a shaft passed longitudinally through the nesting segments with barbs
      protruding from the shaft for preventing the segments from slipping off
      the shaft. The segments nested one on top of the other define a
      cylindrical buoy, of horizontal striped pattern, standing erectly and
      visibly in the water by reason of a weighted, lower end on the shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a segmented marker buoy for indicating the
      location of an object submerged in deep water. In particular, this buoy is
      useful for marking lobster traps or any other application where a highly
      visible and lightweight marker buoy would be of value.
PAR  One hazard to which buoys are continuously exposed is being dragged under
      water due to currents caused by tides, the activity of marine life, or
      other causes. A buoy must be sturdily constructed and designed to
      withstand the pressure which is exerted under water or it may be crushed,
      or filled with water or otherwise caused to lose its buoyancy. While on
      the surface, these buoys must also be rugged enough to withstand impact
      with passing ships.
PAR  In many areas, the buoys marking a fisherman's lobster traps must display a
      distinctive color pattern. In such cases, it is desirable to use a
      segmented buoy which may be easily assembled in a wide range of color
      patterns and sizes from a relatively small number of standard parts.
PAR  One technique which has been used in the past to construct segmented marker
      buoys is to bolt together several cylindrical buoyant sections to form a
      single cylindrical shape (see U.S. Pat. No. 2,716,758). It has also been
      proposed to make a marker buoy, or bobber, of alternate colored solid
      rings as in U.S. Pat. No. 3,408,669 to Mott of Nov. 5, 1968, or U.S. Pat.
      No. 3,161,982 to Lee of Dec. 22, 1964. All of the buoys of this type known
      in the prior art are composed of segments with essentially flat top and
      bottom faces which mount flush with the adjacent segments. In U.S. Pat.
      No. 3,626,528 to Jackson of Dec. 14, 1971 three hollow cups are assembled
      in a sleeve to form a float but the segments are not visible and one
      segment does not support, reinforce or even engage another segment.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide an improved buoy and a novel
      process for making a segmented marker buoy.
PAR  Another object of the invention is to provide a buoy which can be readily
      assembled in a great variety of color identification patterns.
PAR  Other objects of the invention will be obvious to those skilled in the art
      on their reading this application.
PAR  The foregoing objects have been substantially accomplished by construction
      of a cylindrical marker buoy which is made up of any number of nesting
      segments. Each segment is made up of an impact-resistant, non-porous
      plastic shell with a cup shaped lower portion filled with a buoyant
      material and a hollow cylindrical upper portion having a cup-shaped cavity
      suitable for nesting with the lower portion of a similar segment. A hole
      passes through the center of the cup-shaped portion extending from the
      cavity of the cylindrical portion down through the bottom of the
      cup-shaped segment. As shown in the drawings, the cup shaped lower
      portions and the cup shaped cavities in which they nest are substantially
      hemispherical in configuration.
PAR  The buoy can be assembled by nesting the cup-shaped bottom of one segment
      into the cup-shaped cavity in the cylindrical portion of another. A shaft
      which is conveniently weighted on one end is placed through the holes in
      the centers of segments with the weighted end of the shaft resting against
      the bottom segment and with barbs extending from the outside of the shaft
      to engage the segments and prevent them from slipping toward the other end
      of the shaft.
PAR  There are several advantages to this form of construction. Buoys of
      different color patterns may be easily constructed by simply using
      segments of different colors and nesting one on top of the other to
      produce a horizontally striped pattern. In addition, the cup-shaped bottom
      of each segment resting within a relatively thin-walled cavity of the
      segment below it, thereby reinforces the walls of that segment and reduces
      its susceptibility to crushing from excessive water pressure or to damage
      from impact with a passing ship. Also, in those situations where
      registration requirements do not dictate the size of the buoy, buoy length
      may be easily varied by adding additional segments in order to support
      differing weights and lengths of line leading down to objects in different
      depths of water.
PAR  The shaft passing through the middle of the segments with its protruding
      barbs provides an inexpensive method of assembling these buoys without the
      use of hand tools and the assembly may be performed at the site where the
      buoy is to be dropped.
PAR  In another embodiment of this invention each of the segments may be divided
      into multiple parts, i.e., quarters, with keys or keyways on the edges of
      each of the quarters so that the four quarters may be easily snapped
      together to form a completed segment. The advantage of this form of
      construction is that, if a longitudinally striped buoy is desired, then
      different colored quarters are snapped together and the same pattern is
      repeated for each of the segments. When such segments are nested together
      the effect will be to provide longitudinal stripes of different colors
      running the length of the buoy. This construction retains all of the
      structural advantages previously recited.
PAC  ILLUSTRATIVE EMBODIMENT OF THE INVENTION
PAR  In this application and accompanying drawings, there is shown and described
      a preferred embodiment of the invention and suggested various alternatives
      and modifications thereof, but it is to be understood that these are not
      intended to be exhaustive and that other changes and modifications can be
      made within the scope of the invention. These suggestions are selected and
      included for purposes of illustration in order that others skilled in the
      art will more fully understand the invention and the principles thereof
      and will be able to modify it in a variety of forms, each as may be best
      suited in the condition of a particular case.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of the weighted center support;
PAR  FIG. 2 is a cross-sectional view of the assembled marker buoy;
PAR  FIG. 3 is a perspective view of an assembled horizontally striped buoy;
PAR  FIG. 4 is a view of the top piece insert;
PAR  FIG. 5 is a cut-away view of a segment;
PAR  FIG. 6 is a view of an assembled vertically striped buoy;
PAR  FIG. 7 is a side view of two quarter segments; and
PAR  FIG. 8 is a top view of four quarter segments.
PAR  FIG. 1 shows a typical buoy center support comprising shaft 2 with
      projecting barbs 4 and weighted nose piece 6. Shaft 2 is secured to the
      nose piece by ring 8 which fits groove 10 in the shaft. The nose piece is
      formed around the ring and shaft end. Nose piece 6 may be made of
      reinforced ferro cement or other dense material which will keep this end
      of the shaft down in the water when the center of buoyancy of the buoy is
      located somewhere along shaft 2. The shaft is hollow and may be made of
      any non-corrosive, lightweight, strong material. Eye 12 is formed in nose
      piece 6 so that a line may be secured to the buoy. Plug 14 is placed in
      the end of the shaft to prevent water from filling the hollow shaft and
      thereby reducing the overall buoyancy of the buoy.
PAR  FIG. 2 shows an assembled buoy made up of three nested cup-shaped segments
      16, 18, 20 and top piece 22. Segments 16, 18 and 20 each comprise a
      cup-shaped lower portion 29 formed of unicellular buoyant material 26,
      such as styrofoam, and a hollow cylindrical upper portion 21 having a
      cup-shaped cavity 27 suitable for nesting with the lower portion of a
      similar segment. Although the upper portions are shown as being
      cylindrical, they may be of any shape. The walls 24 of each segment are
      made of a thin layer of rigid, impact-resistant, non-porous, non-corrosive
      material, such as polyethylene. These segments may be blow molded or
      formed in any other suitable manner. Opening 25 passes from the bottom of
      the cup-shaped portion, through the center of each segment and to the
      bottom of cavity 27. A shoulder 11 in each annular flotation member 16, 18
      or 20 seats the peripheral rim 15 of the next successive member.
PAR  Top piece 22 has a cup-shaped lower portion 31 identical in shape to that
      of segments 16, 18 and 20 and has a cylindrical upper portion 19 filled
      with a buoyant material 26. The cylindrical portion is thinner than the
      hollow cylindrical portions of the segments and produces a flat top
      surface 17 to the top piece. The top piece may be made of identical
      material as the other segments. For greater clarity, FIGS. 4 and 5 show a
      perspective view of top piece 22 and a cut-away view of segment 16,
      respectively.
PAR  The buoy is assembled by placing shaft 2 through the center hole 25 of each
      of the segments. The bottom segment 20 will engage collar 5 of end piece
      6. The collar must be sufficiently large not to fit through opening 25 and
      thereby provides a stop for the segments at the bottom of shaft 2. Segment
      20 is placed firmly against collar 5 causing bottom barb 4 to engage the
      surface of cavity 27. The barb acts as a stop preventing segment 20 from
      moving off the top end of shaft 2. Thus the bottom segment is locked in
      place between bottom piece 6 and the bottom barb 4.
PAR  Shaft 2 is next placed through the opening in segment 18. The cup-shaped
      portion of segment 18 is placed firmly against the cup-shaped cavity of
      segment 20. The cavity is shaped to receive the cup-shaped lower portion
      of segment 18 such that is presses evenly over the entire surface of the
      cavity. Top edge 15 of segment 20 contacts bottom surface 11 of the
      cylindrical portion of segment 18 when the two segments nest together.
      Center barb 4 presses against the cavity surface of segment 18 and
      prevents it from moving toward the top end of the shaft. Thus segment 18
      locks in place between lower segment 20 and middle barb 4.
PAR  In this manner, a buoy comprising any numbers of segments may be
      constructed, limited only by the length of shaft 2, which can be of any
      length.
PAR  After a suitable number of segments have been joined, i.e., three segments
      in the example shown in FIG. 2, shaft 2 is placed through the center
      opening 23 of top piece 22. The top piece engages the segment below it in
      the same manner that segment 18 engages segment 20 as described above.
      Also similarly, top barb 4 engages top surface 17 of top piece 22 and
      thereby locks the top piece in place between the barb and adjacent segment
      16. The use of top piece 22 at the top of the buoy prevents water from
      filling the top segment and freezing, thereby cracking the buoy by the
      force of the expanding ice.
PAR  A unique feature of this invention is that the rounded bottom shape of each
      segment is used to support the cylindrical walls of an adjacent segment.
      It is well known that curved surfaces distribute applied pressures more
      evenly over their entire surface area than do flat surfaces. For this
      reason, a minimum thickness of rigid structural material is required to
      give each of the mutually reinforcing segments enough strength to avoid
      being crushed by water pressure or impact with passing ships. Thus, by
      minimizing the quantity of high density material required it is possible
      to fill a large percentage of the buoy with buoyant material and thereby
      reduce the buoy volume required to support a given length of line. A
      lighter buoy will also stand more erectly and more visibly in the water
      for a given weight of nose piece and is easier to handle by the lobstermen
      who must continually haul the buoy and its line from the water.
PAR  FIG. 3 shows an example of an assembled horizontally striped buoy
      representing one embodiment of this invention. Segments 16 and 20 are
      shown colored to contrast with segment 18. As stated previously, the
      assembled buoy may be of any number of segments up to the length of shaft
      2, in order to support different lengths and weights of line. Pennant 24
      and mast 26 are shown extending from the top of the buoy to provide an
      additional highly visible means for identifying the buoy.
PAR  Another embodiment of this device is shown in FIG. 6, which is identical to
      that shown in FIG. 3 except that each of the segments 28 is divided into
      four quarters 30. Each of the quarters are constructed of similar material
      to the segments 16, 18 and 20 previously described. FIG. 7 shows keys 32
      or keyways 34 on different sides of the four quarters which enable them to
      securely mate together to form a single cup-shaped segment. FIG. 8 shows
      four quarter segments aligned for assembly.
PAR  Each of the quarter segments may be selected to be of a different color. In
      those situations where it is desirable to have colored stripes running
      laterally along the length of the buoy, as shown in FIG. 6, it can be seen
      that it would be a simple matter to form each complete segment from
      quarters of different colors and align similar colors one on top of the
      other when the segments are joined together to form the complete buoy.
      Keys 37 and keyways 39 are shown in FIG. 7 in the bottom and top of each
      quarter segment and will keep the assembled segments in proper vertical
      alignment so that the vertical color patterns will remain aligned.
PAR  Thus, standard segments can be purchased and snapped together to form
      custom buoys. In this matter, one standard product design would be
      suitable to serve the entire lobster fishing industry where each
      lobsterman must have his own distinctively designed lobster buoy.
PAR  It is also understood that the following claims are intended to cover all
      of the generic and specific features of the invention herein described and
      all statements of the scope of the invention which might be said to fall
      therebetween.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a marker buoy of the type having an elongated central rod with a
      plurality of individual annular flotation members of predetermined
      diameter sleeved thereon, the combination of:
PA1  a plurality of said members, each having a substantially hemispherical
      lower portion of reduced diameter extending axially at the bottom of each
      said member and a correspondingly shaped upper cavity in the top of each
      said member, the lower portion of one member fitting within the upper
      cavity of the next successive lower member;
PA1  said members thereby nesting one on top of the other and mutually defining
      a cylindrical body;
PA1  said reduced diameter lower portion being separated from the main body of
      said members by a shoulder against which the peripheral rim of the next
      successive member is seated;
PA1  and a weighted nose piece at the lower end of said central rod, resting
      against the bottom said member for causing said buoy to stand erectly in
      the water;
PA1  said elongated central rod being hollow with a hollow upper end containing
      a plug and the weighted nose piece at the lower end thereof having an eye
      for receiving a line.
NUM  2.
PAR  2. A combination as specified in claim 1, wherein:
PA1  said hollow central shaft includes a cylindrical wall having integral barbs
      spaced therealong and projecting radially therefrom and each said segment
      includes a thin wall of rigid, impact resistant, non porous non corrosive
      material into which said barbs are penetrated to retain said segments on
      said shaft.
NUM  3.
PAR  3. A combination as specified in claim 1 wherein:
PA1  each of said segments is formed of foam plastic covered with a thick tough
      plastic skin;
PA1  each of said segments is divided into four quarter sections, and
PA1  said sections are detachably, slidably connected to each other by keys and
      key-ways extending horizontally and vertically therefrom, said keys and
      key-ways being integrally formed in the plastic skin of said segments.
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ABST
PAL  A single anchor leg type single point mooring and cargo transfer buoy has a
      load-carrying central shaft pipe for anchoring on the sea bottom and
      having a plurality of structurally segregated transfer chambers about
      which rotatable housings are sealingly mounted. Cargo vessel piping
      connects with these rotatable housings which communicate with the sea
      floor piping through connections extending longitudinally through the
      central shaft pipe and through apertures in the central shaft pipe wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to single point mooring devices for offshore mooring
      of cargo vessels and transfer of cargo to and from the vessels and
      consists particularly in novel means for transferring multiple fluids
      while eliminating any possibility of cross-leakage of the fluids.
PAR  Single mooring point buoys heretofore devised have generally embodied
      sealed swivel joints located in such positions that extremely undesirable
      cross-leakage between the fluids may result in case of leakage in the
      swivel joints. Furthermore, such equipment, generally, has been of the
      catenary anchor chain type in which the sealed swivels are carried by the
      floating elements of the buoy and do not carry heavy loads.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  Accordingly, it is an object of the present invention to provide a single
      point mooring apparatus of the single anchor leg type in which the fluid
      line swivel connections are incorporated in a rugged base structure
      anchored to the sea floor and in which danger of cross-leakage of the
      fluids, even in the case of failure of a swivel packing, is avoided.
PAR  Another object is to provide novel emergency sealing means for a swivel
      joint of the above type.
PAR  In accordance with the present invention a load-carrying central pipe shaft
      projects upwardly from rugged base structure anchored to the sea floor. A
      transfer chamber near the upper end of this pipe shaft is closed by a
      structural top wall and the side wall of the transfer chamber has one or
      more apertures for communicating the transfer chamber with the interior of
      an annular housing rotatably and sealingly mounted about the transfer
      chamber. A second transfer chamber is mounted on the upper end of the
      load-carrying central pipe shaft and is sealed from the first transfer
      chamber by the mentioned structural top wall. The second transfer chamber
      has one or more apertures in its side wall communicating with a second
      housing rotatably and sealingly mounted abreast of the second transfer
      chamber.
PAR  Cargo fluid connections with pipes leading to the vessel extend through the
      load-carrying central pipe shaft into the first and second transfer
      chambers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings,
PAR  FIG. 1 is an elevation of a single anchor leg type of mooring buoy
      embodying the invention.
PAR  FIG. 2 is a plan view showing the base portion of the buoy.
PAR  FIG. 3 is in part an enlarged side elevation and in part a vertical
      transverse section on the longitudinal center line of the base structure.
PAR  FIG. 4 is a still further enlarged vertical transverse section of one of
      the sealing swivel joints.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The buoy consists in general of rugged base structure generally designated
      A with upstanding, central swivel assembly B and an upper float part C
      connected to the base structure by a chain D. The float part C
      incorporates a mooring bracket 6 for connection to the mooring line 6a
      leading to the vessel being serviced. Any suitable float construction C
      may be utilized, since the details of this construction, in themselves, do
      not constitute the present invention. Chain D is connected to the base
      structure through a swivel E.
PAR  The base structure A, B, as best shown in FIG. 3, includes the sufficiently
      wide and rugged base plate construction 7 resting on and secured to the
      seal floor, as by means of pilings 8 (FIG. 1). Primary fluid pipes 9 and
      10 on the sea floor connect with the bottom of the rugged, upstanding,
      load-carrying central shaft-pipe 11 which extends through and is rigidly
      secured to base plate construction 7. Near the upper extremity of
      shaft-pipe 11, there is a transfer chamber 12, forming a part of the
      interior of shaft-pipe 11 and closed at the top by a structural wall 13.
      Rotatably received about the upper portion of shaft-pipe 11, by means of
      longitudinally spaced, sealing swivel joints 14 and 15, is the chambered
      housing 16. As indicated in FIG. 2, a pair of hose arms 17 and 18 project
      diametrically oppositely from housing 16, being connected thereto by
      swivel joints, generally designated 19 and 20, for coupling to the pair of
      main cargo pipes 21 and 22 leading to the vessel being serviced. A
      plurality of apertures 23 in the side wall of transfer chamber 12 provide
      communication between the transfer chamber and the interior of rotatable
      housing 16.
PAR  Mounted above structural top wall 13 of shaft-pipe 11 and rigid therewith
      is a relatively short, cylindrical structure 25 forming the upper transfer
      chamber 35 which is closed at the top by an integral transverse wall 26,
      the side wall of structure 25 having a plurality of apertures 27 for
      communcation with the interior of a second housing 28 rotatably and
      sealingly mounted on structure 25 by swivel joints 29 and 30. Housing 28
      has a lateral nipple 31 for connection to the secondary fluid pipe or hose
      32 leading to the cargo vessel.
PAR  All of the cargo pipes or hoses 21, 22 and 32 leading to the vessel are
      shown as supported by a buoyancy tank 35 from which depends the triangular
      structure 36 supporting the stabilizing ballast 37, as disclosed and
      claimed in a copending application, Ser. No. 424,958 filed Dec. 17, 1973,
      by Kristen I. Pedersen and assigned to the assignee of the present
      invention now U.S. Pat. No. 3,883,912. The upper transfer chamber 35
      communicates through a central downward pipe 38 with a secondary fluid
      pipe 39 leading along the seabed to the shore or other terminal.
PAR  FIG. 4 illustrates in detail one of the swivel seal joints in enlarged
      transverse section. The joint includes the inner body 45 which securely
      engages the load-carrying central shaft structure 16 and outer body part
      46 which rotates on ball bearings 47 and is secured to one of the
      chambered housings 16 and 28. Primary and secondary seals are provided at
      48, 49, 50, and 51, which, when in normal working order, prevent the
      escape of cargo fluid or the leakage of water into the transfer or rotary
      chambers. All of the above is more or less conventional and commercially
      obtainable. Of especial significance is the emergency seal ring 53
      interposed between the uppermost ball bearings 47 and the adjacent
      secondary seal 51. The emergency seal, conveniently, is made primarily of
      synthetic rubber, as "Buna-N", with the Teflon face 54 for bearing against
      the lined seal area 55, for instance, of Monel. Emergency seal 53, etc.,
      is normally retracted, as shown in FIG. 4. However, actuating fluid may be
      applied to the cupped rear face of emergency seal 53 through a short cross
      bore 56 with connection fitting 57 for strongly actuating the emergency
      seal against opposing swivel body 45 to effectively prevent any leakage
      along the interface between swivel body parts 45 and 46. Such actuation of
      the emergency seal may be manually initiated from the surface.
PAC  OPERATION
PAR  With base construction 7 firmly secured to the seabed and float portion C
      anchored thereto by the chain D, a vessel to be loaded or unloaded will be
      secured by the mooring line 6a to mooring bracket 6. The entire float C is
      free to rotate relative to structures A and B to permit swinging of the
      vessel about the buoy under the influence of wind, wave, and current
      action. Fluid unloading or loading hoses 21 and 22, for instance for the
      main fluid cargo, are then connected to hose arms 17 and 18; and hose 32,
      for instance, for a different fluid, such as bunker fuel, is connected to
      nipple 31. Since hose arms 17 and 18 and nipple 31 are mounted,
      respectively, on rotatable housings 16 and 28, these mountings, normally,
      will remain fluid-tight and interference between the hoses and the buoy
      will be avoided during swinging of the vessel about the buoy. While
      connections for only two different fluids are shown, any number of
      different fluids may be handled by a buoy embodying the principles of the
      present invention simply by duplicating the supplementary and structurally
      separate transfer chambers and associated rotatable housings, as 25, 28,
      on top thereof with corresponding sealed and rotatably mounted housings
      for connection to the additional hose lines leading to the vessel.
PAR  In the present instance, cargo lines 21 and 22 from the vessel connect
      through the main load-carrying shaft-pipe 11 with a pipe or pipes 9 and 10
      leading along the seabed to the shore or other terminal. Secondary line 39
      connects with the angled pipe 38 which extends securely and sealingly
      through the wall of shaft-pipe 11, thence turns upwardly, passing
      concentrically through first transfer chamber 12 and its structural top
      wall 13 into upper transfer chamber 35. Where other vessel hose lines are
      to be accommodated, the additional seabed connections may extend along or
      through shaft-pipe wall 11 concentrically through the intervening
      surmounted transfer chambers and their structural top walls.
PAR  Of particular significance is the fact that transfer chambers 12, 35 and
      their corresponding rotary housings 16 and 28 and the swivel seal joints
      for the respective housings are spaced apart and fully and structurally
      segregated so that the continuing efficacy of the swivel seals need not be
      relied upon to prevent cross-leakage of the different fluids being
      handled. Any leakage through the swivel joints will pass into the
      surrounding water and not contaminate the transported fluids. The
      invention may be modified in various respects as will occur to those
      skilled in the art, and the exclusive use of all modifications as come
      within the scope of the appended claims is contemplated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a mooring buoy, a base structure having a plurality of transfer
      chambers including first conduits communicating, respectively, therewith,
      means for anchoring said base structure to a marine bottom, spaced-apart
      chambered housings separately mounted on said base structure each abreast
      of and communicating with a different one of said transfer chambers so
      that leakage from one housing can not contaminate any other housing,
      sealed swivel joints rotatably mounting each of said housings on said base
      structure, and other conduits connected, respectively, with each of said
      housings, said base structure including integral wall means segregating
      said transfer chambers, and said swivel joints for each of said housings
      being spaced from the other housings and the sealed swivel joints therefor
      so as to preclude any cross leakage between said housings in case of
      leakage in any of said sealed swivel joints.
NUM  2.
PAR  2. The combination described in claim 1 in which said base structure
      comprises a load-carrying central shaft and said housings rotate
      thereabout.
NUM  3.
PAR  3. The combination described in claim 2 in which said first conduits extend
      along said base structure and said transfer chambers are formed serially
      therealong.
NUM  4.
PAR  4. The combination described in claim 3 in which there are two first
      conduits one of said first conduits extending longitudinally through the
      other, said wall means being a transverse wall separating two of said
      transfer chambers, the inner one of said first conduits opening through
      said transverse wall to communicate with one of said transfer chambers
      while the other of said first conduits communicates with the other one of
      said transfer chambers.
NUM  5.
PAR  5. A single anchor leg mooring buoy comprising a base member for anchoring
      on a marine bottom and a hollow, load-carrying, central shaft-pipe
      structure projecting upwardly therefrom and forming a first transfer
      chamber with an integral top closure wall, a first conduit communicating
      through said shaft-pipe structure with said first transfer chamber, a
      first housing rotatably mounted about said shaft-pipe structure abreast of
      said first transfer chamber, an aperture in a wall of said first transfer
      chamber providing fluid communication between said first transfer chamber
      and said first housing, a second conduit connected to said first housing,
      a second transfer chamber in said shaft pipe structure above said top
      closure wall and fluidly sealed from said first transfer chamber by said
      top closure wall, a second housing separated from said first housing so as
      to preclude leakage from said second housing into said first housing, said
      second housing being separately, rotatably mounted about said shaft-pipe
      structure and abreast of said second transfer chamber, an aperture in a
      wall of said second transfer chamber providing fluid communication with
      said second housing, swivel seals respectively mounting each of said
      housings on said shaft-pipe structure at separated locations, a third
      conduit extending through said shaft-pipe structure and said top closure
      wall into said second transfer chamber, and a fourth conduit in fluid
      communication with said second housing, said swivel seals for each of said
      housings being spaced from the other housing and its swivel seals to
      preclude any cross leakage between said first and second housings in case
      of leakage in any of said seals.
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ABST
PAL  A swimming plate of polyethylene plastic with a detachable handle in the
      form of a clam that stretches over the entire plate and whose outer legs
      grip in corresponding recesses in the plate.
BSUM
PAR  This invention relates to a so-called swimming plate consisting of a plate
      provided with a handle, which floats on the water and which is used as a
      pedagogical means at swimming instruction and as a training device at
      training of back-stroke and life-saving.
PAR  Such swimming plates are previously known. In their simplest form they
      consist of a board of wood or cork with recesses at one edge for the hands
      or, more exactly, the fingers. Plates of this type with a rope nailed
      around the edge and forming loops similar to handles have also been used.
      Apart from the lacking resistance to water of the material which has made
      them slippery and very little apt to provide the feeling of safety desired
      at swimming instruction these plates have their handles in or at the edge.
      Due to this the plate will in turn tilt in the water and rather act as a
      drift-anchor. Especially at training of beginners (teaching of the
      legwork) this is a considerable disadvantage as the velocity is reduced,
      which does not act in a stimulating manner.
PAR  In addition to said disadvantage new constructions of swimming plates have
      also another disadvantage (but perhaps to a less degree); they have been
      made of STYROPOR plastic of a bad strength. Apart from the risks at a
      direct rupture in use these plates have crumbled in the swimming-pools and
      consequently also choked up filters.
PAR  The swimming plate of this invention has not the above-mentioned
      disadvantages and is substantially characterized in that the handles have
      been placed on the underside of the actual swimming plate in such a way
      that the centre line of the handle is located substantially straight under
      the centre of gravity of the displacement of the swimming plate when the
      plate is subjected to normal load in the handles.
DRWD
PAR  One embodiment of the invention which has been proved to be especially
      suitable will be described below more closely in connection with the
      enclosed drawings, where FIG. 1 is a top view of the plate, FIG. 2 is a
      side view and FIG. 3 is a front view (from below in FIG. 1). FIG. 4 shows
      the plate as seen from below.
DETD
PAR  The embodiment shown in the drawings is made as a stressed skin
      construction of polyethylene plastic, where the very plate forms one unit
      and the detachable handle 2 forms the other part. The handle 2 has been
      made detachable substantially to make transports easier. As is evident
      from FIG. 3 the handle is designed as a strong clamp, whose outer legs
      have been provided with a groove 3, which engages a corresponding
      semi-circular shoulder 4 in a recess 5 in the plate.
PAR  The handle 2, which is itself a supporting part of the swimming plate, is
      moreover provided with a shoulder 6, which fits in a recess on the
      underside of the plate 1, which increases the stability of the
      construction. The handle is serrated and is of such a thickness (about 3
      cm) that small children in particular should have a feeling of safety.
PAR  In order to increase the stability of the very plate 1 it is provided with
      two casting holes or, more exactly, hollow casting pins 7 as well as five
      stiffening rims of a width of about 2 cm on the upper side 8.
PAR  On the underside two embedments 9 have been designed to provide space for
      the hands and to contribute to the stability of the plate.
PAR  Apart from these embedments 9 the underside of the plate is slightly
      V-shaped so that the front edge is somewhat thicker than the rear edge.
      This contributes to its stability, i.e. reduces the tendency to tilting.
      However, what is most important in this connection is the location of the
      handle relative to the centre of gravity of the displacement, when the
      swimming plate is put under normal load. If this centre of gravity is
      substantially straight above the handle it will constantly try to hold the
      plate in a horizontal position, and a very good stability is obtained.
PAR  In combination with the hands being under the water surface this will
      simplify the desired relaxation in the shoulders, and will give a correct
      position in the water already from the start, which in turn contributes to
      a more rapid learning and a more pleasant training.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Swimming plate with a handle of a type as used as a pedagogical means at
      swimming instruction and as a training means at training of back-stroke
      and life-saving, where a handle is placed under the swimming plate and
      where the underside of the plate, as seen from the side, is made slightly
      V-shaped, the front edge being thicker than the rear edge and the
      attachment of the handle being spaced relative to the front edge,
      characterized in that the plate is designed as a stressed skin
      construction of polyethylene plastic or the like, where the plate forms a
      unit and the handle a detachable second unit, the handle being designed as
      a strong hollow clamp, whose outer legs are designed with a groove, which
      engages a corresponding semi-circular shoulder in a recess in the plate,
      the handle moreover being provided with a shoulder, which fits in a recess
      on the underside of the plate and increases the stability of the
      construction.
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ABST
PAL  A mud guard is stitched to an upper at or spaced from the lower edge of the
      upper. A portion of the periphery of a sock lining is stitched to the
      lower edge of the upper but is free from attachment with respect to the
      heel portion of the upper. An inner sole or platform containing a metal
      shank is bonded to the sock lining. Then a free edge portion of the mud
      guard as well as a heel flange are lasted in overlying relation to the
      inner sole. Thereafter, an outsole is attached to the inner sole in
      overlying relation to the heel flange and mud guard.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a method of making shoes. U.S. Pat. No. 3,344,537
      is considered to be representative of the prior art.
PAC  DISCLOSURE
PAR  The method of the present invention includes the providing of an upper
      having a heel flange. A longitudinal edge portion of a mud guard is
      stitched to the upper and parallel to the lower edge of the upper. The
      major portion of the periphery of a preformed sock lining is then stitched
      to the lower edge of the upper.
PAR  Thereafter, an inner sole containing a metal shank is lasted to the exposed
      face of the sock lining. The free edge portion of the mud guard is folded
      over the inner sole and lasted thereto. The heel flange is then folded
      over the inner sole and lasted thereto. An outsole is then bonded in
      overlying relation to the inner sole and the overlying portions of the mud
      guard and heel flange. If desired, any type of heel may be applied by way
      of a heel attaching operation.
PAR  In a preferred embodiment of the present invention, the stitching which
      joins the sock lining to the upper does not join the sock lining to the
      heel portion of the upper. By leaving the back open, whereby there is no
      stitching between the sock lining and the back portion of the shoe upper,
      I obtained a very secure fastening of the back portion of the heel seat
      since all components thereof are lasted over said heel seat portion. This
      makes the back portion one solid unit with the option of using a variety
      of different counters. Counters that have a bottom flange for overlying
      the periphery of the last and for providing stability of the counter may
      be used. Thus, it is possible to use conventional heel seat lasting
      machines which are fast, efficient and provide a positive contour at the
      bottom and side of the last while achieving a uniform smoothness at the
      edge portions in a mass production operation.
PAR  In the preferred embodiment of the present invention, the wrapper extends
      beyond the arch to the heel portion of the upper with a graceful curve
      adjacent the heel flange. In this manner, the mud guard follows the outer
      periphery of the outsole and terminates at the heel portion. The width of
      the mud guard is preferably chosen in relation to the width of the heel
      flange so that they overlie the inner sole by substantially the same
      margin.
PAR  The shoes made in accordance with the present invention have an external
      appearance of being a conventionally lasted shoe while having internal
      comfort of a slip lasted construction. Other features and objects will
      appear hereinafter.
DRWD
PAR  For the purpose of illustrating the invention, there is shown in the
      drawings a form which is presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
PAR  FIG. 1 is a perspective view of a shoe made in accordance with the present
      invention.
PAR  FIG. 2 is a perspective view of an upper preformed in an initial step of
      the present invention.
PAR  FIG. 3 is a perspective view showing a mud guard stitched to the upper.
PAR  FIG. 4 is a sectional view taken along the line 4--4 in FIG. 3.
PAR  FIG. 5 is a bottom perspective view of the shoe in a subsequent stage of
      construction.
PAR  FIG. 6 is a sectional view taken along the lines 6--6 in FIG. 5.
PAR  FIG. 7 is a perspective view of the shoe shown in FIG. 5 mounted on a last.
PAR  FIG. 8 is an exploded perspective view of a subsequent stage in the
      construction.
PAR  FIG. 9 is a bottom perspective view of a subsequent stage of construction.
PAR  FIG. 10 is a sectional view taken along the line 10--10 in FIG. 9.
PAR  FIG. 11 is a bottom perspective view of a subsequent stage of construction.
PAR  FIG. 12 is a sectional view taken along the line 12--12 in FIG. 11.
PAR  FIG. 13 is a partial bottom perspective view of a subsequent stage of
      construction.
PAR  FIG. 14 is a bottom perspective view of a completed shoe as shown in FIG.
      1.
PAR  FIG. 15 is a sectional view taken along the line 15--15 in FIG. 14.
PAR  FIG. 16 is a partial side elevation view of the rear of the shoe shown in
      FIG. 1.
DETD
PAR  Referring to the drawing in detail, wherein like numerals indicate like
      elements, there is shown in FIG. 1 a shoe designated generally as 10 and
      made in accordance with the method of the present invention. The shoe 10
      is preferably made from leather or plastic materials except as will be
      pointed out hereinafter.
PAR  A partially preformed upper is constructed as shown in FIG. 2 with a tongue
      14 extending into the vamp portion of the upper and stitched thereto. The
      heel portion 13 of the upper includes a downwardly extending heel flange
      16. The heel portion 13 includes a counter liner 17 with a counter 19
      therebetween. The counter liner 17 and the heel portion 13 are joined to
      the upper by stitching 15.
PAR  A mud guard 18 is joined along one longitudinal edge to the upper 12 by
      stitching 20. See FIG. 4. It will be noted that the stitching 20 is
      located spaced from but parallel to the lower edge 22 of the upper 12.
      Further, it will be noted that the mud guard 18 is of sufficient length
      whereby it extends to and overlaps the heel flange 16 with a graceful
      curve in the stitching 20 and in the shape of the mud guard 18. See FIG.
      3.
PAR  A sock lining 24 is preformed with one or more notches 25 or other
      indicator thereon. The notch 25 is a manufacturing aid in that it is
      adapted to be aligned with a mating notch or indicator 23 on the lower
      edge 22 of the upper 12.
PAR  The preformed sock lining 24 is preferably comprised of a plurality of
      layers 26, 28 and 30 joined together only at the heel portion by overcast
      stitching 34 and in the ball portion by a closed loop of stitching 36. If
      desired, the front edges may be joined by edge stitching. Layer 30 is
      preferably a layer of soft leather or plastic. Layer 28 is a layer of foam
      polymeric plastic material such a foam polyurethane. Layer 26 is
      preferably a layer of fabric such as canvas. The sock lining 24, which may
      be considered an insole, is joined to the lower edge 22 of the upper 12 by
      stitching 32. See FIGS. 5 and 6. Stitching 32 begins adjacent one end of
      the stitching 34 and terminates opposite the other end of the stitching 34
      whereby the heel portion of the sock lining 24 is not joined to the heel
      portion 13 or the counter liner 17. This is shown more clearly in FIG. 7.
PAR  Referring to FIG. 7, a last 38 is slipped into the cavity formed by the
      union of the upper 12 to the sock lining 24. A platform or inner sole 39
      is preformed. The inner sole 39 includes a rigid shaped metal shank 42
      sandwiched between a rigid layer 40 of plastic or fiber material and a
      second layer. The second layer comprises portions 46 and 47 bonded
      together at line 48. Portions 46 and 47 are preferably fibrous material.
      The entire inner sole is cemented or otherwise bonded together.
PAR  In addition to the use of cement or other material to bond the components
      of the inner sole 39 together, a plurality of staples 44 have their bight
      portion between the layer 40 and the shank 42. The staples 42 extend
      through and provide a positive lock between the shank 42 and the portion
      46. See FIGS. 9 and 10.
PAR  The inner sole 39 is lasted to the sock lininng 24 by use of cement,
      adhesive, or in any other desired manner. As pointed out above, the heel
      portion of the sock lining has not been secured to the heel portion 13 of
      the upper.
PAR  With the thusly constructed shoe 10 still on the last 38, the mud guard 18
      is folded so as to extend upwardly for approximately the same distance as
      the heel flange 16 projects upwardly beyond the upper surface of the inner
      sole 39. Thereafter, the mud guard 18 is wiped into overlying relation and
      lasted to the peripheral portion of the inner sole 39. See FIG. 11.
      Thereafter, the heel flange 16 is wiped into overlying lasted relation to
      the inner sole 39. Conventional adhesives may be utilized to effect the
      bonding relationships illustrated in FIGS. 11-13. Thereafter, the thusly
      constructed shoe is taken off the last 38 and positioned onto a
      conventional heel attaching machine. The outsole 50 which may be of
      rubber, leather, plastic or other suitable material is bonded to the inner
      sole 39 and overlying portions of mud guard 18 and heel flange 16. The
      thickness of the outsole 50 is preferably thinner at the heel then in the
      remainder of the outsole 50. See FIGS. 14 and 15. Thereafter, a heel
      having a top lift 54 or any heel or wedge used in shoe manufacturing is
      attached to the thusly constructed shoe.
PAR  When using a counter having a bottom flange, the bottom flange is disposed
      between the heel portion of the sock lining 24 and the laminate 39.
      Alternatively, the counter may terminate flush with the lower edge of the
      counter liner 17 shown in FIG. 5.
PAR  Various alternatives will present themselves to those skilled in the art.
      For example, since stitching 20 and stitching 32 extend for approximately
      the same distance around the major portion of the periphery of the lower
      edge of the upper 12, a single line of stitching may be utilized in place
      of the stitching 20 and 32. The heel portion 13 of the upper may have
      decorative foxing, may be open, etc. Different styles of uppers 12 may be
      utilized as desired. The heel platform 52 may assume a wide variety of
      shapes known to those skilled in the art.
PAR  As will be apparent from the above, the shoe 10 has a slip lasted
      construction which permits the use of materials other than leather.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a shoe comprising the steps of providing an upper
      with a heel flange and counter lining, stitching a longitudinal edge
      portion of a mud guard to the upper adjacent the lower edge of the upper,
      attaching only a portion of the periphery of a sock lining to the upper
      adjacent the lower edge of the upper while leaving the heel portion of the
      sock lining free from attachment to the upper and counter lining, lasting
      an inner sole containg a metal shank to said sock lining, bonding the free
      edge portion of said mud guard to said inner sole in overlying relation
      thereto, lasting the heel flange to said inner sole in overlying relation
      thereto, and thereafter attaching an outsole to said inner sole.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said step of stitching the
      mud guard to the upper includes locating the stitching parallel to the
      lower edge of the upper but spaced therefrom by a distance greater than
      the distance between said lower edge of the upper and the attachment means
      which secures the sock lining to the upper.
NUM  3.
PAR  3. A method in accordance with claim 1 including using a preformed sock
      lining having a layer of foam polymeric material between upper and lower
      layers, and stitching the layers of the sock lining together only at the
      heel portion and at a closed loop of stitching in the ball portion before
      the sock lining is attached to the upper.
NUM  4.
PAR  4. A method in accordance wiith claim 1 including using a mud guard of
      sufficient length so that it extends to a position wherein it overlies a
      portion of the heel flange, and the portion of the stitching between the
      mud guard and the upper adjacent the heel flange being arcuate.
NUM  5.
PAR  5. A method in accordance with claim 1 which includes preforming the inner
      sole so that the metal shank is between and bonded to first and second
      layers and stapling one of said layers to the shank.
NUM  6.
PAR  6. In a method of making a shoe having a slip lasted construction
      comprising the steps of stitching a mud guard to a lower periphery of an
      upper so that the ends of the mud guard terminate at a heel flange on the
      upper, preforming a sock lining having a layer of foam polymeric material
      sandwiched between upper and lower layers of material and joined together
      by a closed loop of stitching in the ball portion thereof, stitching the
      peripheral portion of said sock lining to the lower edge of said upper
      except for the heel portion of the sock lining.
NUM  7.
PAR  7. In a method in accordance with claim 6 wherein said step of preforming
      the sock lining includes stitching the layers of the sock lining periphery
      only at the heel portion thereof.
NUM  8.
PAR  8. In a method in accordance with claim 7 wherein said step of stitching
      the sock lining to the upper is accomplished at a location closer to the
      lower edge of the upper as compared with the location wherein the mud
      guard is stitched to the upper.
NUM  9.
PAR  9. In a method in accordance with claim 6 including preforming an inner
      sole having a metal shank sandwiched between and bonded to first and
      second layers of different length, stapling the shank to the longer of the
      first and second layers, preforming the inner sole so as to have the size
      and shape corresponding generally to the size and shape of the sock
      lining, and lasting the inner sole to the sock lining with an adhesive
      cement.
NUM  10.
PAR  10. A method in accordance with claim 9 including cementing an outsole to
      the inner sole while using an outsole whose thickness adjacent the
      location of the shank is thinner than the portion of the outside adjacent
      the ball.
NUM  11.
PAR  11. A method in accordance with claim 6 including stitching the layers of
      said sock lining together at the heel portion and at the toe portion.
NUM  12.
PAR  12. A method in accordance with claim 6 including matching at least one
      notch on the periphery of the sock lining with a mating notch on the
      periphery of the upper before said step of stitching the sock lining to
      the upper.
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ABST
PAL  Vehicle washing apparatus having two suspended brushes rotatable about
      generally vertical axes which are forced apart during passage of the
      vehicle between the brushes wherein the brushes are initially inclined
      towards the vehicle and are swung into an oppositely-inclined position by
      pressure against the vehicle, whereby the front and rear surfaces of the
      vehicle are more efficiently cleaned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an apparatus for washing the front, side and rear
      surfaces of vehicles moving relative to the apparatus, comprising at least
      two rotating brushes whose axes of rotation extending in vertical planes
      are mounted to swing about horizontal pivot axes extending transversely of
      the longitudinal axis of the vehicle, each of the two brushes being
      movable from a basic position in the vicinity of the longitudinal axis of
      the vehicle for washing the front surface along a path extending
      transversely of this longitudinal axis into a lateral position remote from
      the longitudinal axis of the vehicle, in which it also washes the side
      surface of the vehicle, and thereafter into its basic position again.
PAC  BACKGROUND OF THE INVENTION
PAR  In a known apparatus of this kind, the brushes are so suspended that in the
      basic position of the brushes their axes of rotation are vertical. In the
      basic position, the two brushes are brought as close to one another as
      possible and are located in the vicinity of the longitudinal axis of the
      vehicle. Both in conveyor belt washing systems and in gantry washing
      systems the vehicle carries out a continuous relative movement with
      respect to the brushes during the washing operation. In conveyor belt
      systems, the vehicle is drawn through the brushes which are mounted in a
      stationary frame, while in gantry washing systems the vehicle is
      stationary and the gantry bearing the brush is moved. In both cases the
      front surface of the vehicle strikes first against the rotating brushes.
      Since the vehicle moves on continuously, the contact pressure of the
      brushes against the front surface is intensified. The intensified contact
      pressure is utilized to move the two brushes in opposite directions out of
      their basic position into a lateral position by means of suitable
      servomotors along a path extending transversely of the longitudinal axis
      of the vehicle. In the process the brushes wash the front surface of the
      vehicle. Since, however, the vehicle also moves on while the brushes move
      outwardly, the brush is carried along by the vehicle at its lower end and
      is swung out about its pivot axis. When this happens, however, the
      swinging-out must take place only within a limited small angle, since
      otherwise the front surface of the vehicle is only washed in its uppermost
      zone and the contact pressure of the brushes moreover becomes too strong
      and damage to the vehicle is to be feared. For this reason, in known
      washing equipment, the brushes must be moved apart comparatively rapidly
      during the washing of the front surface, whereby the washing effect
      suffers.
PAR  The problem underlying the invention is to provide a vehicle washing
      apparatus of the kind mentioned at the beginning which in particular makes
      better cleaning of the front surface of the vehicle possible and also a
      higher rate of advance of the vehicle.
PAR  According to the invention, this is achieved in that in the basic position
      of the brushes their axes of rotation are inclined at an acute angle with
      respect to the vertical and in fact with their upper ends in the direction
      of relative movement of the vehicle.
PAR  Thus, in the new apparatus, the brushes no not hang vertically in their
      basic position, but their axes of rotation are so inclined obliquely with
      respect to the front surface of the vehicle that the lower end of the
      brush is closer to the vehicle than the upper end. When the vehicle
      strikes against the brush, it is first swung out of its inclined position
      into its vertical position and finally into an oppositely directed
      inclined position during the forward movement of the vehicle.
      Consequently, a double angle of swing is available until the brush has
      reached its position of greatest possible inclination during the forward
      movement of the vehicle. Owing to the doubling of the angle of swing, it
      is possible to move the brushes apart at a lower speed during the washing
      of the front surface. This results in a better washing effect. Moreover,
      it would also be possible to retain the existing speed with which the
      brushes are moved apart and double the rate of advance of the vehicle
      instead. The optimum solution would probably be one in which, compared
      with known washing equipment, both the speed with which the brushes are
      moved apart is reduced a little and the rate of advance of the vehicle is
      increased. Irrespective thereof, howevere, a better washing effect is
      moreover also achieved in the lower zone of the front surface of the
      vehicle.
PAR  With each brush there is advantageously associated a second brush arranged
      behind it in the direction of movement of the vehicle and the two brushes
      of a pair of brushes formed in this way are suspended to swing about a
      common pivot axis, the axes of rotation of the brushes of a pair of
      brushes moreover having their upper ends inclined towards one another.
      With this construction, a particularly good washing effect is obtained at
      all the surfaces of the vehicle. The brushes arranged in the first
      position in the direction of movement of the vehicle wash the front
      surface, then both brushes wash the side surface and finally the second
      brushes wash the rear surface of the vehicle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Details of the invention are described more fully with reference to
      embodiments illustrated in the drawings.
PAR  In the drawings:
PAR  FIGS. 1 and 2 show a first embodiment in side view with brushes in two
      different working positions;
PAR  FIGS. 3 and 4 are the relevant plan views;
PAR  FIGS. 5 to 7 show a second embodiment in side view with different working
      positions of the brushes;
PAR  FIGS. 8 to 12 are a diagrammatic representation in plan view of the washing
      operation in an apparatus according to FIGS. 5 to 7.
DETD
PAC  DETAILED DESCRIPTION
PAR  Both embodiments show a conveyor belt washing apparatus in which,
      therefore, the vehicle 8 is moved in the direction A and the washing
      apparatus is stationary. These constructions, however, also apply
      correspondingly to a gantry washing apparatus in which the vehicle is
      stationary and the washing apparatus is moved in the direction opposite to
      the direction of the arrow A.
PAR  The axes of rotation D of the two brushes 1 are each mounted in a housing
      2. A motor 3 is provided for driving each brush. Provided on a frame 7 is
      a runway rail 4 extending transversely of the direction of movement A of
      the vehicle. Two trolleys 6 can be moved along this runway rail 4. The
      housings 2 are mounted on the trolleys 6 to swing about the axes 5
      likewise extending transversely of the direction of movement of the
      vehicle. In the embodiment shown in FIGS. 1 to 4, the pivot axis 5 is
      arranged outside the axis of rotation D, so that the brushes adopt the
      inclined attitudes shown in FIGS. 1 and 3 in their basic position. Their
      axes of rotation D are then inclined at an acute angle .alpha. with
      respect to the vertical and in fact with their upper ends in the direction
      of movement A of the vehicle 8. This inclined position of the axes of
      rotation D could if necessary also be achieved by means of a counterweight
      or else by spring force.
PAR  In their basic position, the two brushes are arranged in the vicinity of
      the longitudinal axis of the vehicle, as can be seen in particular from
      FIG. 3. When the vehicle 8, being continuously moved along, strikes
      against the brush with its front surface, the contact pressure of the
      brushes increases. Via means known per se, for example an output meter of
      the motor 3, a torque measurement or through contacts which are actuated
      in dependence upon the inclination of the brush when it is swung, a
      suitable driving device is set in action and moves the two brushes in
      opposite directions out of their basic position into their lateral
      position. Pneumatic or hydraulic cylinders 9, for example, may be provided
      for this purpose, but it is also possible to employ electric motors with a
      belt drive, or a suitable friction roller drive.
PAR  While the brushes move outwardly into their lateral position, the vehicle
      moving on continuously pushes the brushes in front of it. In consequence,
      the inclined position of their axes of rotation changes from the position
      shown in FIG. 1 to the position shown in FIG. 2, in which the upper ends
      of the axes of rotation are inclined to the rear in the direction opposite
      to the direction of travel. In a position of this kind, the contact
      pressure of the brushes in the upper zone of the front surface gradually
      increases, whereas in the lower zone of the front surface there is only an
      inadequate bearing action. The brushes have also already approximately
      reached their lateral position. Due to the position provided according to
      the invention for the axes of rotation, in which they are inclined by the
      angle .alpha., the brushes can not only swing out as heretofore by the
      angle .beta. during the washing of the front surface, but by an angle
      corresponding to the sum of .alpha. and .beta.. In this way, a longer time
      is available for the washing of the front surface and the washing effect
      is improved. A further improvement of the washing effect occurs in
      particular in the lower zone of the front surface due to the inclined
      position of the brushes in accordance with the invention. Moreover, the
      speed of the vehicle may also be increased in addition if necessary, since
      the brushes can be swung in a larger angular range while the vehicle is
      moving forward.
PAR  After the brushes have reached their lateral position, they wash the side
      surfaces of the vehicle in this position. In this case, the contact
      pressure may be produced by means of springs (not shown). Likewise, after
      the brushes have washed the side surfaces, they can be moved back again
      into their basic position by spring force and wash the rear surface of the
      vehicle in the process. If necessary, it is also possible to provide more
      brushes which serve specially for washing the rear surface.
PAR  The embodiment shown in FIGS. 5 to 7 is particularly advantageous. With
      each brush 1 there is associated a brush 1a arranged behind it in the
      direction of movement A of the vehicle 8. The two brushes 1 and 1a form a
      pair of brushes and their housings 2 and 2a are interconnected by a
      crosspiece 10. The two brushes of a pair are suspended to swing from the
      trolley 6 by means of the common pivot axis 5. The axes of rotation D and
      Da of the brushes 1, 1a of a pair have their upper ends inclined towards
      one another. They advantageously enclose an angle .delta., which is twice
      as large as the angle .alpha. which the first brush 1 encloses in the
      basic position with respect to the vertical V, the pivot axis 5 being
      arranged on the bisector of the angle between the axes of rotation. With a
      similar design of the two brushes 1 and 1a and of their drives 3 and 3a,
      the two brushes are therefore in equilibrium in the inoperative or rest
      position, as shown in FIG. 5.
PAR  Operation as regards the washing of the front surface is the same as in the
      case of the first described embodiment. The front surface is washed only
      by the brushes 1. In this instance, the contact pressure can also be
      adjusted in the desired manner by means of a counterweight 11 slidable and
      fixable on the rod 12. After the front surface has been washed, both
      brushes wash the side surfaces. In so doing, they rotate with advantage in
      opposite directions. Due to the opposite inclination of the axes of
      rotation D and Da, the vehicle is washed at the side surfaces in two
      different intersecting directions and a particularly thorough washing
      effect is obtained in this way.
PAR  After the side surfaces have been washed, the second brush 1a of each pair
      of brushes washes the rear surface of the vehicle, as shown in FIG. 7. It
      is advantageous to impart to the second brush 1a a rotary movement in the
      same direction with respect to the direction in which it is moved on on
      the surface of the vehicle, as can be seen in particular from FIG. 11.
      With this movement in the same direction the brush assists its moving on
      in the direction of the longitudinal axis of the vehicle. Since it rolls
      on the surface of the vehicle similarly to a driven wheel, the brush
      "climbs" on the rear surface of the vehicle, so that the pair of brushes
      is swung rearwardly in addition in the direction c. As a result, during
      the forward movement of the vehicle, the pairs of brushes can then swing
      back in the direction opposite to the direction of the arrow c into their
      position of equilibrium shown in dashed lines and consequently follow the
      vehicle. A particularly intensive washing of the rear is consequently
      obtained by means of the brushes 1a.
PAR  In order to optimize the washing effect, it may be advantageous to reverse
      the rotary movement of the brushes several times. Thus, as can be seen
      from FIG. 8 the first brush 1 of each pair of brushes is advantageously
      first driven in the opposite direction in relation to the progressive
      movement of the brush with respect to the front surface during the washing
      of this surface. This oppposite movement exerts a braking force in
      relation to the moving on of the brush. As soon as the brushes approach
      the wings during their oppositely directed outward movement, it may be
      advantageous to reverse the direction of rotation into one in the same
      direction, as shown in FIG. 9. In this way, the two brushes 1 are given an
      onward driving movement and they "climb" over projecting body parts, such
      as, for example, forwardly extending wings, overriders, etc. During the
      washing of the side surface, the first brush is again driven in the
      opposite direction, while the second brush rotating in the opposite
      direction then performs a movement in the same direction, as can be seen
      from FIG. 10. This movement in the same direction is then retained during
      the washing of the rear surface (FIGS. 11 and 12).
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An apparatus for washing front, side and rear surfaces of vehicles
      wherein a relative movement occurs between said apparatus and said
      vehicle, comprising:
PA1  a frame;
PA1  at least two brushes rotatably mounted on said frame about generally
      vertical axes of rotation which lie in planes parallel to the longitudinal
      axis of said vehicle and are initially inclined at an acute angle
      (.alpha.) with respect to the vertical in the direction of the relative
      movement of said vehicle relative to said frame whereby the bottom of said
      brushes are initially inclined toward the front of said vehicle prior to
      engagement of said front of said vehicle with said brushes;
PA1  pivot means for pivotally supporting each of said two brushes for pivotal
      movement about horizontal axes transverse to said longitudinal axis of
      said vehicle; and
PA1  track means on said frame for supporting said brushes for movement between
      positions adjacent said longitudinal axis of said vehicle for washing said
      front and rear surfaces of said vehicle along a path extending
      transversely of said longitudinal axis of said vehicle and remote from
      said longitudinal axis of said vehicle for washing said side surfaces of
      said vehicle.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein with each of said two brushes
      there is associated a second brush arranged behind it in the direction of
      movement (A) of the vehicle, said two brushes of a pair of brushes formed
      in this way are suspended to swing about a common horizontal pivot axis,
      and the axes of rotation of said brushes of a pair of brushes have their
      upper ends inclined towards one another.
NUM  3.
PAR  3. An apparatus according to claim 2, wherein said axes of rotation of said
      brushes of a pair of brushes enclose between them an angle (.delta.) twice
      as large as said angle (.alpha.) relative to the vertical when the first
      brush is in the initial position, said common horizontal pivot axis being
      arranged on the bisector of the angle between the axes of rotation.
NUM  4.
PAR  4. An apparatus according to claim 3, including a slidable and fixable
      counterweight arranged on a rod extending in the direction of the bisector
      of the angle on the side of the common horizontal pivot axis opposite the
      brushes.
NUM  5.
PAR  5. An apparatus according to claim 2, wherein said second brush of each
      pair of brushes is rotated during a washing of the rear of the vehicle in
      opposite directions, said second brush arranged on the right side of the
      vehicle looking from the rear toward the front thereof is given a
      clockwise rotary movement and said second brush arranged on the left side
      a counterclockwise movement.
NUM  6.
PAR  6. An apparatus according to claim 5, wherein during the washing of the
      front surface of said vehicle, said brushes of each pair of brushes are
      first pivoted about said common horizontal axis in the same direction a
      little before reaching the fenders of said vehicle and are further pivoted
      in the opposite direction during a washing of the side surfaces of said
      vehicle.
NUM  7.
PAR  7. An apparatus according to claim 2, wherein said two brushes of each pair
      of brushes are driven in opposite directions of rotation relative to each
      other at all times.
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ABST
PAL  A rotary cleaning device comprising a cup-shaped rotatable base member, a
      cylindrical resilient mounting received in the cup-shaped member, a
      plurality of elongated cleaning elements essentially in the form of wood
      screws mounted in the resilient mounting and extending through and beyond
      the same. The heads of the screws are positioned between the resilient
      mounting and the cup-shaped base member. A bolt having an enlarged head
      extends substantially centrally through the resilient mounting and the
      base member in a direction opposite from the extension of the cleaning
      elements. Nuts are mounted on the bolt and engagable with the base member
      to hold the assembly together in such manner that the heads of the screws
      are firmly grasped between the resilient mounting and the base member. The
      portion of the bolt which extends beyond the nuts constitutes a shank
      which is adapted to engage a rotary chuck for rotating the cleaning
      device. The points of the screws constitute a primary cleaning means and
      the threads of the screws constitute a secondary lateral cleaning means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a rotary cleaning device and, in
      particular, to a cleaning device wherein the cleaning elements are
      supported in a resilient mounting.
PAR  2. Description of the Prior Art
PAR  The present invention is particularly designed, but not necessarily limited
      to, the removal of carbon from the cylinders of internal combustion
      engines and for similar purposes. Generally stated, prior art devices used
      for the same or similar purposes have been in the form of rotary wire
      brushes. Fletcher U.S. Pat. No. 1,497,899 issued June 17, 1924, and
      Albertson U.S. Pat. No. 1,526,579 issued Feb. 17, 1927, are typical
      patents showing the use of wire brushes for cleaning carbon and other
      materials from the cylinders of internal combustion engines and other
      surfaces. One of the difficulties involved in the use of wire brushes,
      however, is that the bristles thereof become bent, broken and worn such
      that the device becomes considerably less effective after a period of use.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention constitutes an improvement over the rotary cleaning
      device of the wire brush type. The present invention involves a plurality
      of rigid and elongated cleaning elements mounted in a resilient mounting
      such as of rubber. The elongated cleaning elements can, for example, be
      wood screws which extend through and beyond the resilient mounting in
      substantially parallel relationship with each other. The resilient
      mounting is preferably in the form of a resilient cylinder which is
      attached to a rotatable base member. The base member, in turn, is
      preferably in the form of a cup in which the resilient cylinder is
      received in such manner that the heads of the wood screws are grasped
      between the bottom of the cup-shaped base member and the adjacent surface
      of the resilient cylinder. A bolt extends substantially centrally through
      the resilient cylinder and the cup-shaped base member in a direction
      opposite from the pointed ends of the wood screws. The head of the bolt is
      in engagement with the resilient cylinder. A first nut is mounted on the
      bolt and engagable with the outside of the cup-shaped base member so as to
      provide a means for tightening the resilient cylinder into engagement with
      the base member whereby the heads of the cleaning elements are firmly
      grasped between the resilient cylinder and the base member. The wood
      screws extend substantially parallel with the axis of the bolt and are
      arranged substantially equidistantly apart with respect to each other and
      circumferentially with respect to the bolt. The pointed ends of the wood
      screws constitute the primary cleaning means for the rotary cleaning
      device. However, the threads which extend from the pointed ends of the
      wood screws rearwardly also constitute a secondary cleaning means which
      may be of assistance in cleaning the sides of the combustion chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a rotary cleaning device constructed in
      accordance with the principles of the present invention; and
PAR  FIG. 2 is a longitudinal cross-sectional view of the device shown in FIG. 1
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, the rotary cleaning device of the
      present invention includes a resilient cylinder 14 which may be
      constructed of rubber or plastic or other similar materials. The cylinder
      14 is provided with a plurality of axially extending and circumferentially
      arranged holes or apertures 15 therein and a centrally located hole or
      bore 17 therethrough. A plurality of substantially parallel and rigid
      cleaning elements 16 pass through the holes 15 of the resilient mounting
      14 and protrude outwardly and beyond as shown. The outer or lower ends of
      the cleaning element 16, as best shown in FIG. 2, are pointed as at 21.
      The opposite ends of the cleaning elements 16 are provided with enlarged
      heads 24 which rest against the top side or surface of the resilient
      mounting 14. The cleaning elements 16 can be made of any suitable material
      provided, however, that they are rigid. In the form shown in the drawings,
      these cleaning elements 16 are in the form of elongated wood screws which
      have an external threaded portion 23; these elements 16 are shown in the
      form of wood screws purely by way of example and without imposing any
      limitations upon the invention disclosed herein.
PAR  The resilient mounting 14 is adapted to engage a base member 12 which is
      comprised of a retaining disc 10 having a circumferential lip 11 thereon.
      As shown, therefore, the base member is in the form of a cup in which the
      cylindrical resilient mounting 14 is received.
PAR  A bolt 18 passes through the central bore 17 of the resilient cylinder 14
      and through a central hole 13 in the cup-shaped base member 12. A lock
      washer 19 is received on the bolt 18 between the head 25 of the bolt 18
      and the resilient mounting 14. The bolt 18 has an upwardly extending shank
      portion 20 which, as will hereinafter appear, constitutes the means for
      engaging the chuck of a drill (not shown) or the like. Nuts 22 are
      received on the threaded shank 20 adjacent the upper exterior portion of
      the base member 12. The lower nut 22 (referring to FIG. 2) is tightened to
      pull the resilient mounting 14 upwardly into the cup-shaped base member 12
      until the heads 24 of the cleaning member 16 are firmly grasped between
      the lower interior surface of the base member 12 and the upper surface of
      the resilient mounting 14; the lock washer 19 will prevent the turning of
      the bolt 18 while the lower nut 22 is tightened. The upper nut 22 is
      thereafter employed as a lock nut. The holes 15 in the resilient mounting
      14 are so arranged that the cleaning elements are substantially
      equidistant from each other and are circumferentially arranged and
      parallel with the bolt 18.
PAR  The points 21 on the cleaning elements 16 constitute the primary cleaning
      means and are particularly adapted for working against relatively flat
      surfaces. On the other hand, the threaded portions 23 constitute secondary
      cleaning means and can be used for simultaneously cleaning the cylindrical
      wall of a combustion chamber while the points 21 are used to clean the
      exposed surface of the piston.
PAR  As indicated above, the cleaning elements may, for example, be of the
      configuration of wood screws, but it should be obvious that these cleaning
      elements could be made in other configurations. Whereas wood screws are
      typically provided with helical threads such as the threads 23 shown on
      the drawings, and whereas these threads sometimes aid in the cleaning
      operation where the sides of the cleaning elements may engage a
      cylindrical wall, for example, the cleaning elements may be of relatively
      smooth external surface with pointed ends. In this regard, the pointed
      ends need not necessarily be single points, but might be bifurcated, etc.
PAR  Although the drawings show a single ring or circumference of cleaning
      elements, it should be obvious that additional cleaning elements could be
      employed with these cleaning elements being radially or interdigitally
      located with respect to those shown on the drawings. For smaller
      applications, such as carbon removal from internal combustion engine
      cylinders and heads, the illustrated embodiment is deemed to be
      sufficient. However, for larger applications, such as removing mortar from
      bricks, several rings of elements might be employed. The present invention
      is intended for use by the insertion of the shank portion 20 in the chuck
      of a hand drill. However, for larger applications, such as scale removal
      from large plates, etc., other methods of introducing rotary motion might
      be utilized.
PAR  Again, although the base member 12 is shown in the form of a cup-shaped
      member, the rim portion 11 could be eliminated so that the base member was
      in the form of a disc 10. It is further contemplated, with the right type
      of bonding techniques between the elements, the bolt 18 might be embedded
      directly in the resilient mounting 14 without the use of the base member
      12. As shown in the drawings, the cleaning elements 16 would be removable
      from the resilient mounting 14 and, thus, could be replaced if the
      cleaning element 16 became worn, broken or were initially defective;
      however, it might be desirable to have the cleaning elements 16
      permanently bonded or secured within the resilient mounting 14.
PAR  Whereas the present invention has been described in particular relation to
      the drawings attached hereto, it should be understood that other and
      further modifications, apart from those shown or suggested herein, may be
      made within the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary cleaning device for removing hard deposits from the combustion
      chambers of internal combustion engines comprising a rotatable resilient
      cylindrical mounting, a cup-shaped base member disposed on one side of
      said resilient mounting and receiving said resilient mounting therein, a
      bolt passing through said resilient mounting and said base member, said
      bolt being substantially centrally located with respect to both said
      resilient mounting and said rotatable base member, said bolt having an
      enlarged head engaging a side of said resilient mounting opposite from
      said one side thereof, nut means on said bolt engagable with said
      rotatable base member for urging said rotatable base member towards said
      one side of said resilient mounting, said bolt having a portion extending
      from the head thereof beyond said nut means and constituting a shank means
      for engagement with a rotary chuck to rotate said resilient mounting, a
      plurality of rigid and elongated cleaning elements of substantially equal
      length mounted in said resilient mounting and extending through and beyond
      said opposite side of said resilient mounting, said cleaning elements
      being substantially parallel to and circumferentially arranged with
      respect to said bolt, said cleaning elements having cleaning means at the
      ends thereof extending beyond said resilient mounting, each cleaning
      element being provided with an enlarged head means at the end thereof
      opposite from said cleaning means, said cleaning elements being mounted in
      said resilient mounting such that the enlarged head means thereof are
      grasped between said one side of said resilient mounting and said base
      member, said cleaning means at the ends of said cleaning elements being in
      the form of pointed ends adapted to clean the exposed surface of a piston
      within the combustion chamber, said cleaning elements being longitudinally
      threaded rearwardly from the pointed ends thereof to provide additional
      lateral cleaning means adapted to clean the cylindrical walls of the
      combustion chamber.
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PAL  A roller type paint applicator comprises a roller mounted on a shaft for
      free rotation, the shaft being extended to provide a handle extending
      normal to the roller axis. An elongated housing encloses the entire roller
      except for an opening on one side through which the roller projects a
      sufficient distance for engagement with a surface to be painted. Paint
      wiping strips are mounted on the housing along both longitudinal edges and
      have long nap cloth for engagement with the surface to be painted along
      both longitudinal sides of the opening. The edges prevent painting of
      adjacent walls and afford close and effective painting of a wall surface
      up to corners and wall intersections.
PARN
PAR  This is a continuation of application Ser. No. 357,698, filed May 7, 1973,
      now abandoned.
BSUM
PAR  This invention relates to paint applicators and particularly to an improved
      roller applicator of the shielded type for more effectively painting
      surfaces of walls and ceilings adjacent the corners thereof.
PAR  In the past many arrangements have been provided for shielding roller type
      paint applicators for minimizing drip and spray. These arrangements have
      included adjustable shields and various forms of auxiliary brushes
      therein. The arrangements have proved suitable for many purposes, however,
      they have not been entirely effective for all applications including that
      of painting a wall or ceiling surface completely up to another wall
      without a likelihood of applying paint to the other wall while also
      preventing the unwanted escape of paint from the applicator. Accordingly,
      it is an object of my present invention to provide a shielded roller type
      paint applicator including an improved arrangement for effectively
      shielding the roller while affording complete coverage of a wall along an
      area adjoining another wall.
PAR  It is another object of my invention to provide a roller type paint
      applicator including an improved arrangement for preventing the
      undesirable escape of paint during its operation.
PAR  It is another object of my invention to provide a fully shielded paint
      applicator of the roller type including an improved arrangement for
      facilitating the application of paint to the roller.
PAR  Briefly, in carrying out the objects of my invention in one embodiment
      thereof, a paint applicator of the roller type having a handle formed as a
      continuation of the roller shaft and including a section extending
      radially outwardly with respect to the roller and centrally thereof is
      provided with a shield or guard in the form of a cylindrical housing
      enclosing and spaced radially from the roller. The housing is provided
      with a bottom opening through which the roller projects a sufficient
      distance for engagement with the surface to be painted. Along the
      longitudinal edges of the housing, and on either side of the roller, there
      are provided paint spreading members which are straight rectangular strips
      having long napped cloth strips on their wall engaging faces. These strips
      make it possible to work the roller up to an adjacent wall and to spread
      the paint to the edge of a wall surface without applying any paint to the
      adjacent wall. The roller is thus enclosed completely on both longitudinal
      sides during use and further the two strips one on either side of the
      roller maintain the housing in the same position with respect to the
      surface to be painted regardless of the position of the handle. When it is
      desired to apply paint to the roller the housing may be moved away from
      the roller against the pressure of biasing springs so that the two
      straight coating members attached to the housing are lifted out of contact
      with the paint supply. For this purpose the roller is spring biased toward
      its position within the housing and the housing is moved away from the
      roller by holding the handle and lifting the housing while the roller is
      moved over the paint supply.
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PAR  The features of novelty which characterize my invention are pointed out
      with particularity in the claims annexed to and forming a part of this
      specification. My invention itself, however, both as to its organization
      and manner of operation, together with further objects and advantages
      thereof, may best be understood by reference to the following description
      taken in connection with the accompanying drawings in which:
PAR  FIG. 1 is an isometric view of a paint applicator embodying my invention;
PAR  FIG. 2 is a longitudinal sectional elevation view through the center of the
      applicator of FIG. 1;
PAR  FIG. 3 is a left end view of the applicator of FIG. 1; and
PAR  FIG. 4 is a view similar to FIG. 3 showing the roller in its position for
      receiving paint.
DETD
PAR  Referring now to the drawing, the paint applicator illustrated in FIG. 1
      comprises a roller 10 mounted for free rotation within a housing or shield
      11 on a shaft comprising a straight extension of a handle 12 indicated at
      12a in FIG. 2. The handle 12 has its main portion extending outwardly from
      the central portion of the housing and normal to the roller axis, and the
      shaft position is formed on an offset extending laterally of the main
      portion and then forwardly to the roller axis. The longitudinal sides of
      the housing 11 are straight and flat and are provided with flanges 13 of
      elongate rectangular configuration which terminate flush with the ends of
      the housing. Paint spreading elements comprising long napped cloth strips
      14 mounted on rigid strips 15 by intermediate strips 16 of highly flexible
      easily compressed foamed plastic material are secured to the flanges by
      detachable rubber-like knobs or buttons 17 which pass through holes in the
      flanges 13. These spreading elements are readily detachable and
      replaceable and are readily cleaned. The paint applying side of the
      housing is thus of rectangular configuration and may be brought closely up
      to adjoining walls and into corners.
PAR  As shown in FIGS. 2 and 3, the housing 11 is mounted so that it may be
      moved away from the roller 10 to facilitate the application of paint to
      the roller. The shaft 12a is mounted in end slides 18 and 19 which are
      urged upwardly by springs 22 and 23 mounted about posts 24 and 25 formed
      integrally with the housing. The springs 22 and 23 press against inturned
      ends 26 and 27, respectively, of the slides 18 and 19. The slides are
      movable in vertical guides formed in the end walls 30 and 31 respectively,
      of the housing. The shaft 12a is pivotally mounted in the lower ends of
      the slides, the left hand end of the shaft being threaded to receive a
      fitting 32 which holds the roller on the shaft and is rotatably mounted in
      the slide 18. It will thus be seen that the roller 10 is biased by the
      springs toward its position in the housing 11, slots are provided in the
      end walls to afford movement of the shaft 12a and fitting 32, the slot for
      the fitting 32 being shown in FIGS. 3 and 4.
PAR  The housing may be lifted from the roller by holding the roller against a
      paint supply surface and using a grip of loop 33 to lift the housing from
      the roller. The roller may then be rolled back and forth over the paint
      supply surface to receive a supply for further painting. The position of
      the housing 11 during the application of paint to the roller is shown in
      FIG. 4 where it can be seen that the paint spreading elements are lifted
      from the level of the bottom of the roller so that they may be kept away
      from the paint supply.
PAR  When the roller is assembled within the housing as shown in FIG. 2, the
      position of the shaft 12a is limited by a stop disc 34 which is welded or
      otherwise secured to the shaft and which has a flat inner face bearing on
      the flat end wall 31 of the housing. The fitting 32 thus locks the roller
      and housing between it and the stop disc 34. The outer side of the fitting
      32 lies flush with the outer face of the end wall 30 of the housing and
      this wall thus presents a flat face which may be brought close to an
      adjacent wall at the corner of a room or the like. The handle 12 may be
      used in any position and the flat end wall 30 may be made to lie along an
      adjacent wall at either side of a wall to be painted, and the paint
      spreading strips may be used to finish the painting of a wall up to an
      adjacent wall either in front of the roller or on either side.
PAR  The long napped cloth which is employed is selected for its flexibility and
      for the soft character of the long nap which does not tend to throw the
      paint during use in the manner experienced with many bristle brushes.
PAR  As shown in FIG. 3, the cloth portions of the spreader elements lie
      substantially in the plane of the outer wall engaging side of the roller
      and, thus, the spreaders maintain the housing in the same position with
      regard to the surface to be painted regardless of the position of the
      applicator. The roller of this invention may thus be used equally well on
      vertical walls and on ceilings. The spreader strips make it possible to
      paint a surface up to an intersecting wall without spreading or splashing
      paint onto each wall. The paint used on the spreader elements is picked up
      from the surface covered by the roller and is not supplied originally to
      the spreader; however, if desired a spreader may be supplied with paint
      from the source when used for finishing the edges of covered surfaces. Two
      generally triangular thin skids 36 and 37 are provided on diagonally
      opposite corners of the housing to limit the movement of the housing
      toward the surface being painted. These skids ride on the surface so that
      the nap of the cloth 14 is not compressed against the base of the spreader
      elements.
PAR  The paint applying device of my invention may be used with any desired
      length of handle and is equally effective in all positions of the handle.
      This greatly facilitates the effective and rapid painting of wall
      surfaces.
PAR  While I have disclosed my invention in connection with a single embodiment
      thereof, various other applications and arrangements will occur to those
      skilled in the art. Therefore I do not desire my invention to be limited
      to the details disclosed and I intend by the accompanying claims to cover
      all modifications which fall within the spirit and scope of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A paint applicator comprising:
PA1  a paint applying roller,
PA1  a shaft for said roller, said roller being freely rotatable about the axis
      of said shaft,
PA1  a handle rigidly connected with said shaft for maneuvering ing said roller,
PA1  an elongated housing pivotally mounted about said axis and enclosing said
      roller and having its inner walls spaced from said roller, said housing
      being open on one side along a plane parallel to said axis and said roller
      and having a radius greater than the distance from said axis to said plane
      whereby said roller extends outwardly beyond said opening for engagement
      with a wall surface to be painted,
PA1  a pair of flat straight paint spreading elements one along each
      longitudinal edge of said opening and having paint smoothing surfaces
      lying in substantial alignment with the outer face of said roller
      projecting through said opening whereby said housing is effectively closed
      along both longitudinal sides and is maintained in substantially the same
      position with respect to the wall to be painted throughout the engagement
      of said roller with the wall regardless of the angular position of said
      handle with respect to said housing, and
PA1  means affording movement of said housing laterally away from said shaft for
      affording movement of said roller outwardly of said housing and away from
      said elements for facilitating the application of paint to said roller.
NUM  2.
PAR  2. A paint applicator as set forth in claim 1 including means for biasing
      said roller toward its position within said housing.
NUM  3.
PAR  3. A paint applicator as set forth in claim 1 wherein said means for
      affording movement of said housing comprises a pair of slides mounted on
      said housing adjacent the respective ends thereof and being connected to
      said shafts at their lower ends and affording free rotation of said shaft
      therein, said slides being slidable downwardly for moving said roller
      outwardly of said housing along a path normal to the plane of said opening
      and spring means between said slides and said housing for biasing said
      slides upwardly to hold said roller normally in its position within said
      housing.
NUM  4.
PAR  4. A paint applicator as set forth in claim 3 wherein said handle lies
      outwardly of said housing along a line normal thereto, and including a
      pull grip on the top of said housing centrally of the length of said
      housing for facilitating the lifting of said housing from said roller
      during application of paint to said roller.
NUM  5.
PAR  5. A paint applicator as set forth in claim 3 wherein each of said slides
      projects above the top of said housing and has a laterally extending end
      portion, guide posts mounted on top of said housing and slidably engaging
      respective ones of said end portions, and wherein said spring means
      includes coil springs about said posts between said housing and said end
      portions.
NUM  6.
PAR  6. A paint applicator comprising:
PA1  a paint applying roller;
PA1  a shaft for said roller, said roller being freely rotatable about the axis
      of said shaft;
PA1  a handle rigidly connected with said shaft for maneuvering said roller;
PA1  an elongated housing pivotally mounted about said axis and enclosing said
      roller and having its inner walls spaced from said roller, said housing
      being open on one side along a plane parallel to said axis, said roller
      having a radius greater than the distance from said axis to said plane
      whereby said roller extends outwardly beyond said opening for engagement
      with a wall surface to be painted;
PA1  a pair of flat straight paint spreading elements one along each
      longitudinal edge of said opening and each having its outer edge extending
      beyond the respective side wall of said housing, and having their flat
      paint smoothing surfaces lying in the same plane and arranged for
      alignment with the outer face of said roller projecting through said
      opening whereby when said applicator is positioned against a surface to be
      painted said housing is fully and effectively closed along both
      longitudinal sides and is maintained in substantially the same position
      with respect to the wall to be painted throughout the engagement of said
      roller with the wall regardless of the angular position of said handle
      with respect to said housing and the direction of movement of said roller;
PA1  said spreading elements being soft and without tendency to throw paint
      during use and the outer edge portions of said spreader elements affording
      application of paint to a wall surface up to an adjacent wall at a corner
      between walls;
PA1  each of said paint spreading elements comprising a strip of long napped
      cloth and a rigid attaching element;
PA1  said applicator including flanges on said housing extending outwardly from
      said opening of said housing and in the same plane and means for
      detachably securing said spreader elements to said flanges.
NUM  7.
PAR  7. A paint applicator comprising:
PA1  a paint applying roller;
PA1  a shaft for said roller, said roller being freely rotatable about the axis
      of said shaft;
PA1  a handle rigidly connected with said shaft for maneuvering said roller;
PA1  an elongated housing pivotally mounted about said axis and enclosing said
      roller and having its inner walls spaced from said roller, said housing
      being open on one side along a plane parallel to said axis, said roller
      having a radius greater than the distance from said axis to said plane
      whereby said roller extends outwardly beyond said opening for engagement
      with a
PA1  a pair of flat straight paint spreading elements one along each
      longitudinal edge of said opening and each having its outer edge extending
      beyond the respective side wall of said housing, and having their flat
      paint smoothing surfaces lying in the same plane and arranged for
      alignment with the outer face of said roller projecting through said
      opening whereby when said applicator is positioned against a surface to be
      painted said housing is fully and effectively closed along both
      longitudinal sides and is maintained in substantially the same position
      with respect to the wall to be painted throughout the engagement of said
      roller with the wall regardless of the angular position of said handle
      with respect to said housing and the direction of movement of said roller,
PA1  said spreading elements being soft and without tendency to throw paint
      during use and the outer edge portions of said spreader elements affording
      application of paint to a wall surface up to an adjacent wall at a corner
      between walls;
PA1  each of said paint spreading elements comprising a strip of long napped
      cloth and a rigid attaching element;
PA1  said applicator including skids on said housing positioned for engagement
      with the surface to be painted after the nap of the cloth has been engaged
      therewith and been pressed slightly against the surface for preventing
      crushing of the nap.
PATN
WKU  039422100
SRC  5
APN  4402847
APT  1
ART  242
APD  19740207
TTL  Brush frame and shell
ISD  19760309
NCL  5
ECL  1
EXP  Feldman; Peter
NDR  2
NFG  5
INVT
NAM  Clark; Gaylord J.
STR  P.O. Box 710
CTY  Coloma
STA  MI
ZIP  49038
CLAS
OCL   15179
XCL   15 53A
XCL   15183
EDF  2
ICL  A46B  710
FSC   15
FSS  179-183;198;200;53 A
UREF
PNO  1753201
ISD  19300400
NAM  Edlich
UCL   15181
UREF
PNO  2921329
ISD  19600100
NAM  Peterson
XCL   15183
UREF
PNO  2929088
ISD  19600300
NAM  Wier, Jr.
XCL   15181
UREF
PNO  2970333
ISD  19610200
NAM  Jones
OCL   15183
UREF
PNO  3036323
ISD  19620500
NAM  Nelson
OCL   15183
UREF
PNO  3228053
ISD  19660100
NAM  Horton et al.
OCL   15183
UREF
PNO  3533125
ISD  19701000
NAM  Buechel et al.
OCL   15183
LREP
FRM  Woodhams, Blanchard and Flynn
ABST
PAL  A rotary brush construction comprised of a drumlike frame having a
      plurality of replaceable, semi-cylindrical, bristle-carrying sections
      removably attached thereto. The brush sections are mounted in opposed
      pairs on the frame. The means attaching the brush sections to the frame
      can be easily removed and replaced.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a rotary brush construction and, more
      particularly, to a type thereof having replaceable bristle-carrying shells
      designed for use in a car-washing operation.
PAC  BACKGROUND OF THE INVENTION
PAR  The sizes and shapes of automobiles and the types and locations of parts
      projecting therefrom, such as bumpers and the like, are constantly
      changing so that rotary brushes used in automatic equipment for washing
      vehicles are frequently and seriously damaged under circumstances which
      cannot be adequately anticipated. Thus, it is of great importance to
      provide a brush construction which can be quickly and easily, hence
      inexpensively, repaired to minimize loss of money and time, thereby
      increasing the efficiency in, and profit from, the car washing operation.
PAR  It is equally important that the rotary brushes be capable of quick and
      easy removal and replacement where such is necessitated by the wear and
      tear of the brush bristles resulting from ordinary use. Further, due to
      the size and shape of automobiles, and the various parts which project
      therefrom, selected areas of the brushes are subject to a more rapid rate
      of wear than are other brush areas. These selected areas, when worn,
      prevent adequate washing of the vehicle and thus it is often necessary to
      replace the complete brush assembly or, in the alternative, substantially
      disassemble and reassemble the complete brush assembly in order to replace
      a worn section.
PAR  Further, with the advent of rubber or other shock absorbing bumpers on the
      vehicles, it has been discovered that those areas on the brushes which
      contact the bumpers not only tend to have greatly increased wear, but also
      have a tendency to "hang-up" or become locked to the car bumper. This can
      result in damage to the vehicle, brush or both.
PAR  The increased wear caused by vehicle projections, such as bumpers,
      obviously requires substantially increased maintenance and replacement of
      the brushes. Likewise, the potential damage which worn brushes can cause
      to the vehicles has increased the maintenance required and has thus
      decreased the profit of such car-washing operations.
PAR  Many attempts have been made to produce brushes which would successfully
      overcome the above-mentioned disadvantages, and one such brush
      construction is disclosed in my prior U.S. Pat. No. 3,439,373. However, in
      a continuing effort to improve upon, and reduce the cost of, the procedure
      of replacing worn or damaged brushes or brush bristles, while at the same
      time increase brush wear, I found that much time could be saved by
      constructing the brush from a plurality of removable arcuate brush sectors
      which could also have the bristle density thereof varied as desired to
      result in optimum washing and wear characteristics relative to the
      configuration of the vehicles.
PAR  Accordingly, a primary object of this invention is the provision of an
      improved rotary brush structure which provides a rotary drumlike hub or
      frame having a plurality of removable arcuate brush sections mounted
      thereon. The brush sections preferably comprise semi-cylindrical shells
      which are mounted in opposed pairs on the hub. Several pairs may be
      disposed axially adjacent one another along the length of the hub. This
      brush structure thus enables individual worn sections to be easily removed
      and replaced without requiring disassembly of the entire brush
      construction. At the same time, this structure permits various brush
      sections to be axially interchanged or their orientation reversed to
      provide for more uniform wear on all of the brush sections.
PAR  A further object of the present invention is to provide an improved brush
      construction, as aforesaid, which enables the arcuate brush sections to be
      attached to or removed from the hub in a simple manner while at the same
      time the arcuate brush sections can be individually economically
      constructed.
PAR  Still a further object of the present invention is to provide an improved
      brush construction, as aforesaid, which is extremely durable but of rather
      light weight so as to facilitate the mounting and driving thereof to thus
      minimize wear on the bearings and other associated driving parts.
PAR  Other objects and purposes of the invention will be apparent to persons
      familiar with rotary brush constructions upon reading the following
      description and examining the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded, perspective view of a rotary brush construction
      according to the present invention, the arcuate brush segments depicted in
      FIG. 1 being illustrated with the bristles removed therefrom for clarity
      of illustration.
PAR  FIG. 2 is a fragmentary cross-sectional view of a brush construction
      according to the present invention and including therein the hub structure
      illustrated in FIG. 1.
PAR  FIG. 3 is a fragmentary view taken substantially along the line III--III in
      FIG. 2.
PAR  FIG. 4 is a cross-sectional view of a brush construction similar to that
      illustrated in FIG. 2 but wherein the brush segments are mounted within
      channels which extend spirally of the hub.
PAR  FIG. 5 is a fragmentary view taken substantially along the line V--V in
      FIG. 4.
PAR  For convenience in the following description, the terms "inner", "outer"
      and words of similar import will have reference to the central axis of the
      rotary brush construction and designated parts thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and purposes of the invention, including those set forth above,
      have been met by providing a rotary hub structure having a plurality of
      bristle-carrying brush sections removably attached thereto. The brush
      sections preferably comprise substantially semi-cylindrical shells which
      are disposed in opposed pairs on the hub. The individual brush sections
      are secured to the hub by removable means, such as by a single threaded
      fastening member extending through the center of each brush section and
      fixedly anchored to the hub. The hub, in a preferred embodiment, is formed
      from a plurality of axially spaced disklike support members which are
      secured to a central shaft, which support members are fixedly connected by
      angularly spaced, axially extending mounting bars to which the brush
      sections are fixedly connected.
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, FIGS. 1-3 illustrate therein one embodiment of
      the present invention wherein the brush construction 11 includes a
      drumlike hub assembly 12 adapted to be nonrotatably secured on a
      supporting shaft 13. A plurality of substantially identical
      bristle-carrying brush sections 14 are adapted to be removably secured to
      the drum assembly 12. The brush sections 14 have been illustrated in FIG.
      1 with the bristles removed for purposes of illustration only. Further,
      the brush sections 14 are disposed in opposed pairs when mounted on the
      hub assembly, and a plurality of said opposed pairs are mounted axially
      along the hub assembly. For purposes of subsequent identification, the
      opposed pairs of brush sections have been identified as 16'-16", 17'-17"
      and 18'-18" in FIG. 1.
PAR  Considering now the hub assembly 12, same includes (for purposes of
      illustration only) a pair of end collars 21 and 22 and an intermediate
      collar 23 disposed substantially midway therebetween. The end collar 21 is
      constructed from a pair of separable, substantially semi-cylindrical,
      platelike segments 21' and 21" which, when assembled around the shaft 13,
      comprise an annular disklike support. The other end collar 22 is similarly
      constructed and includes a pair of semi-cylindrical segments 22' and 22",
      and the intermediate collar 23 similarly includes a pair of opposed
      semi-cylindrical segments 23' and 23". The end collars 21 and 22 are
      suitably nonrotatably connected to the shaft 13, as by a conventional key
      24, for enabling the hub assembly 12 to be nonrotatably connected to the
      shaft 13.
PAR  The collar segments 21', 22' and 23' are fixedly connected in axially
      spaced relationship to one another by an elongated connecting bar 26'
      extending therebetween. The connecting bar 26' is fixedly connected to
      these collar segments, such as by welding, to maintain the segments in
      substantially parallel relationship. The connecting bar 26', as
      illustrated in FIG. 1, is disposed substantially at the midpoint of the
      external arcuate periphery of the segments and, when the segments are
      mounted on the shaft 13, extends substantially parallel to the rotational
      axis of the shaft.
PAR  The opposite collar segments 21", 22" and 23" are similarly fixedly
      connected by a further elongated bar 26" which extends between and is
      fixedly connected to the respective collar segments. The connecting bar
      26' and its associated collar segments thus results in one relatively
      rigid hub subassembly, and the connecting bar 26" and its associated
      segments results in a second substantially rigid hub subassembly, which
      two subassemblies can then be mounted on or removed from the shaft 13 by
      movement in a radial direction relative to the shaft. The use of these hub
      subassemblies not only facilitates the mounting or removing of the hub
      assembly from the shaft, but also greatly simplifies storing and shipping
      of the hub structure. Further, when the two hub subassemblies are mounted
      on the shaft, the connecting bars 26' and 26" are disposed on
      substantially diametrically opposite sides of the shaft 13, as illustrated
      in FIGS. 1 and 2.
PAR  The hub subassemblies 12' and 12" are here illustrated as fixedly connected
      to the shaft 13 by pairs of threaded fastening members, specifically
      screws 27, which screws fixedly connect the coacting pairs of collar
      segments. As illustrated in FIG. 2, each collar segment has a bore 28
      formed in one end thereof and a threaded bore 29 formed in the other end
      thereof whereby when the segments are disposed directly opposite one
      another, the bores 28 and 29 are aligned. The screws 27 are received
      within the bores 28 and threadably engage the bores 29 for fixedly
      connecting the collar segments together.
PAR  The hub assembly 12 further includes a pair of elongated and substantially
      opposed bars 31 which, in the illustrated embodiment of FIG. 1, are of a
      T-shaped cross-section and extend axially throughout the length of the
      hub, being disposed substantially parallel to and on diametrically
      opposite sides of the shaft 13. The T-bars, which are spaced at an angle
      of approximately 90.degree. from the connecting bars 26' and 26", are
      disposed at the interface of the opposed collar segments and are suitably
      clamped therebetween. For this purpose each T-bar 31 includes a center web
      portion 32 which projects inwardly between the opposed pairs of collar
      segments, such as between the segments 22' and 22" illustrated in FIG. 2.
      The web portion 32 also includes a suitable opening therein associated
      with each collar for enabling the connecting screw 27 to extend
      therethrough, whereby the screws 27 thus cause the opposed pairs of
      segments to be moved toward one another into clamping engagement with the
      web portion 32. Each T-bar 31 also includes a head or flange portion 33
      provided on the radially outer end of the web portion 32, which head
      portion 33 projects substantially perpendicular to the web portion 32 and
      is spaced radially outwardly a predetermined distance from the outer
      periphery of the collar segments for a purpose to be explained
      hereinafter.
PAR  Considering now the brush sections 14, and referring specifically to FIG. 2
      wherein the brush segments 17' and 17" are illustrated, only the brush
      section 17' will be described in detail since all of the brush sections
      are substantially identical.
PAR  The brush section 17' includes an arcuate support plate 36, which support
      plate can be constructed from a substantially rectangular piece of steel
      plate and then rolled into the desired arcuate configuration. The support
      plate 36, in this illustrated embodiment, has the inside surface thereof
      generated about a radius which is substantially equal to the outer radius
      of the collars 21, 22 and 23 when mounted on the shaft 13. Further, the
      support plate 36 in the illustrated embodiment extends through an angle of
      approximately 180.degree. and is thus substantially semi-cylindrical. The
      support plate 36 has a plurality of conventional bristles 37 mounted
      thereon and projecting radially outward thereof, which bristles are
      mounted on the plate 36 in any conventional manner. In the illustrated
      embodiment, the bristles 37 are fixedly clamped within elongated
      channel-shaped members 38 which are fixedly secured, as by spot welding,
      to the outer surface of the support plate 36. As illustrated in FIG. 3,
      the plate 36 is provided with a plurality of substantially parallel
      channel-shaped members 38 fixedly secured thereto and extending axially
      thereof, which members 38 are spaced from one another. Each member 38 has
      a plurality of bristles 37 mounted therein. The construction of the
      channel members 38 carrying the bristles 37 therein, and the manner in
      which they are attached to the support plates 36, is explained in detail
      in my prior U.S. Pat. No. 3,439,373.
PAR  For mounting the brush sections 14 on the hub assembly 12, each support
      plate 36 is provided with a center opening 39 therein. Further, each
      connecting bar 26' and 26" is provided with a plurality of axially spaced
      threaded bores 41 therein which are adapted to align with the openings 39.
      A conventional threaded fastener 42, such as a screw, extends through each
      opening 39 and threadably engages the bore 41 for fixedly connecting each
      of the brush sections 14 to the hub assembly 12. The support plates 36
      associated with each brush section 14 have a width which is substantially
      equal to the spacing between the threaded bores 41 so that the axially
      adjacent brush sections, such as the section 16', 17' and 18', when
      mounted on the hub assembly 12 are disposed with their adjacent axial
      edges closely adjacent one another.
PAR  Further, when the brush sections 14 are mounted on the hub assembly 12, the
      opposite free ends of each support plate 36 are slidably but snugly
      disposed beneath the laterally projecting flange portions 33, which flange
      portions 33 thus retain the free edges of the individual brush sections
      directly adjacent the periphery of the collar segments. The flange
      portions 33 thus prevent the free ends of the brush segments from being
      deflected outwardly away from the hub assembly, either due to centrifugal
      force or due to the brush bristles being caught or hung up on the vehicle.
PAR  FIGS. 4 and 5 respectively correspond to FIGS. 2 and 3 but illustrate
      therein a brush construction which is a slight modification of the brush
      construction illustrated in FIGS. 2 and 3. In this embodiment, the
      channel-shaped members 38' extend circumferentially of the plate 36 so as
      to likewise extend circumferentially of the hub assembly 12 when the
      bristle-carrying sections are mounted thereon. The channel-shaped members
      38' may extend either circumferentially of the plate 36 as to be disposed
      within a plane which is substantially perpendicular to the axis of the
      shaft 13, or the members 38' may extend at an angle relative to this plane
      (as illustrated in FIG. 5) to thus spiral around the hub assembly.
PAR  As illustrated in FIG. 5, the flange portion 33' of each T-bar 31 may be
      provided with opposed pairs of clearance notches 43 formed therein and
      spaced substantially uniformly therealong. The notches 43, which notches
      are spaced consistent with the spacing between the channel members 38',
      thus enables the bristle-carrying members 38 to extend to the free edge of
      the respective support plates 36 to thus minimize the circumferential gap
      or discontinuity which is created between the aligned bristle-carrying
      members 38 as formed on the adjacent pair of brush segments. Except for
      the above-mentioned structural variations, the brush construction of FIGS.
      4 and 5 is in all other respects identical to the brush construction
      illustrated in FIGS. 1-3.
PAR  The utilization of the brush constructions of the present invention on an
      overall vehicle washing apparatus are substantially conventional and
      self-explanatory in view of the detailed description set forth above.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a rotary brush construction having rotatable hub means, a plurality
      of arcuate bristle-carrying brush sections mountable on said hub means,
      and connecting means for removably mounting the individual brush sections
      on said hub means, comprising the improvement wherein:
PA1  said hub means includes a pair of axially spaced collars adapted to be
      mounted nonrotatably upon a shaft, and a pair of circumferentially spaced,
      axially elongated and substantially parallel connecting elements extending
      axially between and fixedly connected to said pair of collars, said
      connecting elements being disposed adjacent the peripheries of said
      collars;
PA1  said connecting means coacting between the respective brush sections and
      one of said connecting elements for individually fixedly connecting the
      brush sections to said hub means; and
PA1  said hub means also including a pair of circumferentially spaced and
      substantially parallel connecting members extending axially between said
      pair of collars, said connecting members projecting outwardly beyond the
      peripheries of said collars and including laterally projecting flange
      means spaced outwardly from the peripheries of said collars and disposed
      for overlapping the adjacent free edges of the brush sections.
NUM  2.
PAR  2. A brush construction according to claim 1, wherein said connecting
      elements are disposed substantially diametrically opposite one another,
      wherein said connecting members are disposed substantially diametrically
      opposite one another, said connecting elements being individually spaced
      by an angle of approximately 90.degree. from the connecting members, and
      said connecting members having at least a portion thereof with a
      substantially T-shaped cross section.
NUM  3.
PAR  3. A brush construction according to claim 2, wherein said hub means
      includes a third collar disposed axially between said pair of collars,
      each of said collars including a pair of substantially semi-cylindrical
      disklike segments, each coacting pair of disklike segments being fixedly
      coupled together in surrounding relationship to a shaft for fixing same in
      nonrotatable relationship relative to the shaft, each said connecting
      element fixedly interconnecting the axially aligned segments of the
      collars and being disposed substantially at the midpoint of the external
      arcuate periphery thereof, and said connecting members being positioned at
      the interface between the coacting pairs of disklike segments, said
      connecting members having a platelike portion projecting radially inwardly
      between the opposed pairs of disklike segments and clampingly held
      therebetween.
NUM  4.
PAR  4. In a rotary brush construction having rotatable hub means, a plurality
      of arcuate bristle-carrying brush sections mounted on said hub means, and
      connecting means for removably mounting the individual brush sections on
      said hub means, comprising the the improvement wherein each said brush
      section includes an arcuate substantially semi-cylindrical shell having a
      plurality of bristles mounted thereon and projecting radially outwardly
      thereof, a pair of said shells being mounted substantially diametrically
      opposite one another when mounted on said hub means, said connecting means
      comprising threaded fastener means extending between and fixedly
      interconnecting each said shell to said hub means, and edge restraining
      means for preventing the axially extending edges of said shells from
      deflecting radially outwardly away from said hub means during rotation of
      said brush contruction, said edge restraining means including a pair of
      circumferentially spaced and substantially parallel restraining members
      extending axially of said hub means and fixedly connected thereto, said
      restraining member being disposed between the adjacent axially extending
      edges of a pair of said shells and projecting outwardly beyond the
      periphery of said hub means, said restraining member including laterally
      projecting flange means spaced outwardly from the periphery of said hub
      means and disposed for snugly overlapping the adjacent free axially
      extending edges of the shells.
NUM  5.
PAR  5. A brush construction according to claim 4, wherein said restraining
      member is of a substantially T-shaped cross section having a center web
      portion and a transversely extending head portion, said head portion
      defining said flange means, said hub means including a pair of
      substantially semi-cylindrical hub portions disposed diametrically
      opposite one another, the web portion of said restraining member being
      positioned between the opposed faces of the hub portions, and threaded
      connector means extending between and fixedly interconnecting the opposed
      hub portions and said web portion.
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PAL  A rotary brush construction, particularly for washing vehicles, having a
      pair of spaced collars mounted upon a shaft and supporting a plurality of
      elongated bristle holding members arranged in a cylindrical pattern
      concentric with the shaft. Each collar has an annular flange extending
      axially thereof, which flange has a plurality of circumferentially spaced
      slots extending axially inwardly from the free end thereof. The flanges of
      the collars are directed so that the slots formed in the plurality of
      collars all open axially in the same direction. Each bristle holding
      member has fastening elements, such as threaded fasteners, mounted on and
      positioned so as to be slidably received within a corresponding slot
      formed on a collar for permitting the bristle holding member to be fixedly
      secured to the collar. Since the slots all open in the same axial
      direction, the bristle holding members can be removed by loosening the
      threaded elements and then sliding the member lengthwise in a direction
      substantially parallel to the axis of the shaft. The bristle holding
      members can similarly be remounted on the collars in the reverse manner to
      that described above.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates in general to rotary brushes and, more particularly,
      to a type thereof having a plurality of elongated bristle holding members
      which are removably secured to a pair of end collars so that the members
      define a cylinder from which the brush bristles extend radially outwardly.
PAC  BACKGROUND OF THE INVENTION
PAR  Persons acquainted with the manufacture and operation of rotary brushes,
      and particularly those used in car washing operations, realize that the
      rotary brushes undergo rapid wear. Further, the bristles often become
      caught on various protruding portions of the vehicle, thereby causing
      breakage of the bristles. The bristles associated with the brush also
      often wear in a nonuniform manner due to the irregular profile of the
      vehicle. Replacement of the bristles is thus a necessary maintenance
      operation. To improve the efficiency of this maintenance operation, some
      brush constructions have mounted the bristles on elongated bristle
      carrying members or strips, with a plurality of these strips being mounted
      on a core or drum to result in formation of a cylindrical brush. Brush
      constructions of this general type are disclosed in U.S. Pat. No.
      3,393,418, issued to L.J. Mundo, and in U.S. Pat. No. 3,529,314, issued to
      Gaylord J. Clark.
PAR  Brush constructions utilizing removable bristle carrying members or strips,
      as disclosed in the above-mentioned patents, have greatly simplified
      maintenance and repair by permitting sections of the brush construction to
      be repaired in a manner which is more efficient than the techniques
      previously utilized. However, in these known structures, the bristle
      carrying members have been connected to spaced collars by means of
      threaded fasteners, such as bolts or screws. These threaded fasteners, and
      the manner in which they connect the bristle holding members to the
      respective collars, have necessarily required that the fastener either be
      threadably disconnected from the collar or totally removed from the
      bristle carrying member in order to permit removal of the members from the
      collars. The necessity of having to remove the threaded fasteners prior to
      removal of the bristle carrying member does itself introduce some
      disadvantages. For example, removal of the threaded member is consuming
      and, since many repair operations must be accomplished in a minimal time
      so as to minimize shut-down time of the operation, the use of removable
      threaded fasteners has proven unacceptable in some situations. The use of
      removable fasteners is also undesirable since the loose fasteners tend to
      become lost or misplaced after the brush construction has been
      disassembled. Still further, many of the known structures have utilized a
      threaded fastener consisting of a bolt having a nut threaded on the inner
      end thereof. This type of structure has proven undesirable in many
      situations since the nut, by being positioned interiorly of the brush
      construction, is often positioned so that access to same is extremely
      difficult.
PAR  Accordingly, a primary object of this invention is the provision of a
      relatively inexpensive, rotary brush construction which overcomes the
      above-mentioned disadvantages. Particularly, in the brush construction of
      the present invention, both the cost of initial manufacture and the cost
      of repairing a worn or damaged brush can be held to an absolute minimum by
      fabricating the brush from a plurality of mounting collars and a plurality
      of identical elongated bristle carrying members which can be easily
      mounted on and removed from the collars for replacement and/or repair.
PAR  A further object of the invention is the provision of a brush construction,
      as aforesaid, which can be mounted upon or removed from a supporting shaft
      without dismantling the shaft, and which is constructed so that
      replacement bristle carrying members, which occupy a relatively small
      amount of space, can be stocked for emergency repairs, and which can be
      applied to a damaged brush by a person capable of handling ordinary tools,
      such as a wrench.
PAR  Still a further object of the invention is the provision of a brush
      construction, as aforesaid, which utilizes fastening elements which are
      mounted on the bristle carrying members and coact with suitable slots
      formed in the collars, whereby the bristle carrying members can be mounted
      on or removed from the collars merely by tightening or loosening the
      fastening elements, respectively, so that the bristle carrying members can
      be mounted on or removed from the collars solely by displacing the bristle
      carrying members in the longitudinal direction thereof without requiring
      complete disconnection or removal of the fastening elements.
PAR  Other objects and purposes of the present invention will be apparent to
      persons familiar with brush constructions of this general type upon
      reading the following descriptive material and examining the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a broken perspective view of a rotary brush construction
      embodying the invention, which brush construction has been illustrated
      with the bristles removed for purposes of clarification.
PAR  FIG. 2 is a top view of the brush construction illustrated in FIG. 1.
PAR  FIG. 3 is a view taken substantially along the line III--III in FIG. 2.
PAR  FIG. 4 is an enlarged fragmentary sectional view taken along the line
      IV--IV in FIG. 2.
PAR  FIG. 5 is a sectional view similar to FIG. 3 and illustrating therein a
      modified brush construction.
DETD
PAR  Certain terminology will be used in the following description for
      convenience in reference only and will not be limiting. For example, the
      words "upper", "lower", "right" and "left" will refer to directions in the
      drawings to which reference is made. The words "inner" and "outer" will
      have reference to the geometric center of the construction and designated
      parts thereof. Said terminology will include the words above specifically
      mentioned, derivatives thereof, and words of similar import.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and purposes of the invention, including those set forth above,
      have been met by providing a rotary brush construction having at least two
      axially spaced collars mounted upon a shaft, which collars are preferably
      diametrically split into two semicylindrical sections. A plurality of
      elongated bristle carrying members are mounted on the collars in
      substantially parallel relationship with the shaft, which members define a
      cylinder from which the bristles extend radially outwardly. The collars
      each have an axially extending annular flange containing a plurality of
      circumferentially spaced slots therein, which slots are axially elongated
      and open outwardly through one end of the flange. The collars are arranged
      so that the open ends of the slots are all directed in the same axial
      direction. Each bristle carrying member has a plurality of fastening
      devices mounted thereon, such as bolts, which bolts can be slidably
      inserted into the slots formed on the collars by slidably displacing the
      bristle carrying member longitudinally thereof relative to the collars.
      Tightening of the bolts permits the bristle carrying member to be fixed to
      the collars. The bristle carrying members can be removed by loosening the
      bolts and then longitudinally slidably displacing the bristle carrying
      members relative to the collars, whereby complete disconnection or removal
      of the bolts is not necessary.
PAC  DETAILED DESCRIPTION
PAR  The rotary brush construction of the present invention, a preferred
      embodiment of which is illustrated at 11 in FIG. 1, is comprised of a pair
      of circular, and preferably identical, end bells or collars 13 and 14
      which can be mounted in axially spaced relationship on a shaft 12. A
      center collar 16, which is preferably identical to the collars 13 and 14,
      can also be disposed between the collars 13 and 14 as illustrated in FIG.
      3. The collars 13, 14 and 16 removably support a plurality of parallel,
      elongated brush strips 17, which brush strips 17 are normally referred to
      as bristle carrying members.
PAR  The end collar 13, by way of example and as shown in FIG. 2, is comprised
      of a pair of mating, semicircular sections 21 and 22, which sections are
      preferably identical. The section 21 has a radial wall 23 formed as an
      arcuate section extending through an angle of approximately 180.degree..
      The ends of the radial wall 23 are fixedly, here integrally, connected by
      a substantially diametrically extending flange 24, which flange 24 also
      defines a hub for the shaft 12. The arcuate radial wall 23 and the
      diametral flange 24 are joined substantially adjacent their midpoints by a
      strengthening web 26 which defines a pair of parallel elongated grooves 27
      through which extend elongated connecting bolts 28. The semicylindrical
      collar sections 21 and 22 are fixedly connected to form an annulus by
      means of the elongated bolts 28, which bolts 28 are disposed on
      diametrically opposite sides of the shaft 12 and extend through the
      aligned grooves 27 formed in the sections 21 and 22. The bolts 28
      clampingly secure the collar sections 21 and 22 in surrounding
      relationship to the shaft 12. A key 29 of conventional construction
      preferably interconnects the shaft 12 to at least one of the collar
      sections 21 and 22 for nonrotatably connecting same.
PAR  Each collar section 21 and 22 has an axially directed, substantially
      semicylindrical annular flange 31 which projects outwardly from one end of
      the radial wall 23. Each flange 31 has a plurality of circumferentially
      spaced slots 32 formed therein, which slots 32 are axially elongated and
      open outwardly through the free end of the flange. As illustrated in FIGS.
      1 and 3, the collars 13, 14 and 16 are all oriented so that the flanges 31
      associated therewith all project in the same direction, whereby the slots
      32 likewise all open in the same direction. The slots 32 all open upwardly
      in the positional arrangement illustrated in FIGS. 1 and 3. The purpose of
      this structure will be explained hereinafter.
PAR  Considering now the brush strips 17, each includes an elongated barlike
      member 36 having a plurality of bristles 37 mounted thereon, which
      bristles extend radially outwardly of the bar 36. The bristles are grouped
      within clusters, with a plurality of said clusters being mounted on each
      individual bar 36. The manner in which the bristles 37 are mounted on the
      individual bars 36 may be in accordance with numerous known techniques,
      some of which are illustrated in above-mentioned U.S. Pat. No. 3,529,314.
      Since the mounting of the bristles on the bar is conventional, further
      description of same is not believed necessary.
PAR  The bar 36 is of sufficient length so as to extend axially between at least
      a pair of spaced collars, with the bar 36 in the illustrated embodiment
      being of a length sufficient to extend between the end collars 13 and 14.
      Each bar 36 also has a plurality of openings 38 (FIG. 4) extending
      therethrough, with one said opening 38 being disposed for association with
      each of the collars 13, 14 and 16.
PAR  To permit mounting of the brush strip 17 on the collars, each brush strip
      is provided with a plurality of fastening devices 41 mounted thereon,
      there being one fastening device 41 positioned for association with each
      of the axially spaced collars. The fastening device 41 is most clearly
      illustrated in FIG. 4 and, in a preferred embodiment, comprises a threaded
      bolt having a shank 42 positioned within and extending through the opening
      38 formed in the member 36. The shank 42 has an enlarged head 43 formed at
      one end thereof, and has a nut 44 threadably engaged on the other end
      therof. The shank 42 is of sufficient length to extend through not only
      the opening 38 but also through one of the slots 32. Tightening of the
      bolt, such as by tightening the nut 44 onto the shank 42, thus causes the
      member 36 to be clampingly engaged to the outer periphery of the annular
      flange 31.
PAR  In a preferred embodiment of the invention, the shank 42 is provided with a
      holding portion 46 positioned directly adjacent the head 43, which holding
      portion preferably has a pair of opposed and substantially parallel flat
      sides thereon which are spaced apart by a distance substantially equal to
      or slightly less than the width of the slots 32. In this manner, the
      holding portion, which may have the configuration of a polygon (such as a
      square or a hexagonal cross section) when viewed in cross section can be
      slidably inserted into the slot 32 whereby the sidewalls of the slot
      maintain the holding portion 46 in a nonrotatable condition. With this
      structure, it is thus not necessary to utilize a tool for engaging the
      head 43, and the head 43 can thus be rounded.
PAC  OPERATION
PAR  The operation of the brush construction 11 is conventional in that the
      brush 11 is rotated by means of a suitable drive device, such as a motor
      (not shown), which motor is drivingly connected to shaft 12 for causing
      rotation of the brush construction 11 in the desired manner. The operation
      of such a brush construction in car washing operations is well known.
PAR  When it is desired to replace one or more of the brush strips 17, either
      due to the brush strips being worn or damaged, then the selected brush
      strip 17 can be suitably removed from the collars by first loosening the
      fastener device 41 as associated with each of the collars 13, 14 and 16.
      This loosening merely requires that the nut 44 be rotated so as to loosen
      the fastening device. However, the rotation of the nuts 44 is limited so
      that the nuts do not become disconnected from the shanks 42, whereby the
      fastening devices 41 remain attached to the respective bar 36. After all
      of the fastening devices 41 associated with the selected bar 36 have been
      loosened, then the bar 36 is slidably displaced in its lengthwise
      direction relative to the collars, which slidable movement of the bar 36
      occurs upwardly in FIGS. 1 and 3 in a direction substantially parallel to
      the axis of the shaft 12. This lengthwise slidable movement of the bar 36
      results in the fastening devices 41, and particularly the holding portions
      46 thereof, being slidably moved through the free ends of the slots 32. In
      this manner, the selected bar 36 is easily disconnected from all of the
      mounting collars without requiring complete disassembly of the fastening
      devices 41.
PAR  When a new brush strip 17 is to be remounted on the collars, and assuming
      that the fastening devices 41 are in a loosened but not disconnected
      condition, then the bar 36 is positioned so as to lie substantially flush
      with the external periphery of the collars but with the shanks 42 of the
      fastening devices 41 being axially spaced from but substantially aligned
      with the open ends of the slots 32. The bar 36 is then slidably displaced
      lengthwise thereof (downwardly in FIGS. 1 and 3) relative to the collars
      so that the shanks 42 enter into the slots 32. The individual fastening
      devices 41 are then tightened, as by rotating the nuts 44, whereby the
      brush strip 17 is fixedly secured to the individual collars.
PAC  MODIFICATION
PAR  FIG. 5 illustrates therein a brush construction which is similar to FIGS.
      1-4 in that it includes a first brush 11A having a pair of identical end
      collars 13A and 14A mounted on the driving shaft 12. The brush 11A
      includes a plurality of brush strips 17A mounted on the collars in a
      cylindrical pattern, with the individual brush strips being connected by
      means of fastening devices identical to that illustrated in FIG. 4. The
      collars 13A and 14A each have axially extending slots formed in the
      annular flanges thereof, which slots open upwardly, whereby the individual
      brush strips 17A can be removed from the collars by being slidably
      displaced upwardly in the lengthwise direction thereof.
PAR  The brush construction of FIG. 5 includes a further brush 11B which is
      positioned directly adjacent and axially aligned with the brush 11A. The
      brush 11B is constructed in the same manner as the brush 11A and includes
      a plurality of removable brush strips 17B mounted on collars 13B and 14B.
      In this arrangement, however, the axially elongated slots formed in the
      annular flanges of the collars 13B and 14B open downwardly, whereby the
      individual brush strips 17B can be removed from the respective collars by
      displacing the brush strips lengthwise thereof in a downward direction as
      viewed in FIG. 5. By having the brush strips 17A and 17B removable by
      displacing same lengthwise thereof in opposite directions relative to one
      another, the brushes 11A and 11B can be positioned closely adjacent one
      another so as to give the effect of a single or continuous brush.
PAR  While the present invention discloses and preferably utilizes a plurality
      of individual elongated brush strips, it will be recognized that the
      present invention could also be utilized with brush strips which extend
      through a greater arcuate extent, whereby fewer brush strips would thus be
      used to generate the cylindrical arrangement of the brush. If the
      individual members 36 are of increased arcuate extent, then each
      individual member may be designed to cooperate with two or more adjacent
      slots 32 as formed in the respective collars. In its broadest sense, it
      will be recognized that the plurality of individual bars 36 could be
      replaced by a pair of semi-cylindrical shells each having a plurality of
      bristles mounted thereon, which shells could each have a plurality of
      fastening devices mounted thereon and positioned for slidable engagement
      with a plurality of adjacent slots as formed in the respective collars.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed above for illustrative purposes, it will be understood that
      variations or modifications thereof which lie within the scope of the
      appended claims are fully contemplated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a rotary brush structure adapted for removable attachment to shaft
      means, said brush structure having a pair of substantially circular end
      collars adapted for attachment to said shaft means, each end collar having
      an axially extending circumferential flange, a plurality of elongated
      bristle carrying members extending axially between said collars, and
      fastening means for securing said birstle carrying members to the
      circumferential flanges of said collars, comprising the improvement
      wherein each of said circumferential flanges has a plurality of
      circumferentially spaced slots formed therein and extending substantially
      axially thereof, one end of each slot opening outwardly through one end of
      the respective circumferential flange, all of the slots associated with
      all of the circumferential flanges opening outwardly in the same axial
      direction, and said fastening means including a plurality of fastening
      devices mounted on said bristle carrying member, there being at least one
      fastening device mounted on said member and disposed for association with
      each of said collars, each fastening device including a portion adapted to
      be slidably inserted into one of said slots through the open end thereof,
      whereby the individual bristle carrying member can be attached to or
      removed from the collars by slidable movement of the bristle carrying
      member relative to the collars in the lengthwise direction thereof, said
      fastening device comprising a threaded fastening member mounted on said
      bristle carrying member and removable therewith from said collars, said
      bristle carrying member having an opening extending therethrough, said
      threaded fastening member including a shank extending through said opening
      and being of sufficient length so as to also extend through one of said
      slots, said threaded fastening member also having an enlarged head portion
      formed on the inner end thereof as disposed adjacent the inner side of
      said bristle carrying member, a threaded element engaged with the other
      end of said shank for connecting said fastening device to said bristle
      carrying member, and said shank having a portion of noncircular cross
      section disposed adjacent said head and adapted for slidable engagement
      within one of said slots for preventing rotation of said shank relative to
      the collar.
NUM  2.
PAR  2. A brush construction according to claim 1, wherein each of said collars
      includes a pair of substantially identical semicylindrical collar sections
      adapted to be fixedly connected together in surrounding and nonrotatable
      relationship to said shaft means.
PATN
WKU  039422127
SRC  5
APN  5427185
APT  1
ART  242
APD  19750121
TTL  Windshield wiper assembly
ISD  19760309
NCL  16
ECL  1
EXP  Feldman; Peter
NDR  3
NFG  11
INVT
NAM  Steger; Werner Thomas
STR  2150 Peartree Road
CTY  Mississauga, Ontario
CNT  CA
INVT
NAM  Glynn; Brian
STR  452 Arlington Blvd.
CTY  Burlington, Ontario
CNT  CA
INVT
NAM  Emmons; Donald Earl
STR  R.R. No. 2
CTY  Brampton, Ontario
CNT  CA
CLAS
OCL   1525042
XCL   1525032
EDF  2
ICL  B60S  138
FSC   15
FSS  250.32-250.42
UREF
PNO  2706305
ISD  19550400
NAM  Oishei
OCL   15250.42
UREF
PNO  3408680
ISD  19681100
NAM  Heller
OCL   15250.42
UREF
PNO  3616485
ISD  19711100
NAM  Quinlan et al.
OCL   15250.42
UREF
PNO  3673631
ISD  19720700
NAM  Yamadai et al.
OCL   15250.42
UREF
PNO  3757377
ISD  19730900
NAM  Hayhurst
OCL   15250.32
UREF
PNO  3820188
ISD  19740600
NAM  Moorhead et al.
OCL   15250.42
UREF
PNO  3849828
ISD  19741100
NAM  Cone
OCL   15250.42
UREF
PNO  3867737
ISD  19750200
NAM  Arman
OCL   15250.42
ABST
PAL  The disclosed windshield wiper assembly includes a squeegee, a backing
      element operatively connected to the squeegee, and a superstructure which
      is removably connected to the backing element and adapted to be connected
      to a windshield wiper arm for urging the squeegee towards the windshield.
      The superstructure consists of an elongated primary yoke having a pair of
      spaced free ends; a pair of secondary yokes are respectively pivotally
      mounted on the free ends of the primary yoke and have pairs of opposed
      cooperating claws formed thereon for releasably engaging the backing
      element. The primary and secondary yokes each have a generally
      triangularly shaped transverse cross section, through substantially their
      entire length, defined by a pair of inclined longitudinally extending side
      surfaces and a substantially flat base which extends parallel to and in
      spaced relation from the backing element. The side surfaces of the primary
      and secondary yokes present inclined pressure surfaces to an air stream
      moving over the surface to be wiped whereby downward components of force
      are produced on the yokes to increase the downward pressure on the
      squeegee. The backing element includes specially formed embossments
      located outwardly of the superstructure to provide stops for engagement
      with generally complementary shaped portions of the claws on the secondary
      yokes to prevent inadvertent removal of the backing member and squeegee
      from the superstructure.
BSUM
PAR  The present invention relates to windshield wiper assemblies and, more
      particularly, to an assembly which is adapted to wipe flat or curved
      surfaces with a reduced tendency to lift from the windshield under the
      effect of air flow.
PAR  With the use of windshields having relatively complex curvatures in modern
      motor vehicles, the problems in insuring that the windshield wiper
      assemblies used therewith evenly wipe over the full wiping area of the
      assembly have substantially increased. Two principal problem areas in
      maintaining uniform wiping by the assembly are the tendency of the
      assembly to lift off of the windshield under wind loads generated by
      natural atmospheric head winds or by forward movement of the windshield as
      well as the need to maintain a uniform wiping pressure on the squeegee
      element of the assembly along its entire length, despite the different
      curvature of different portions of the element against the curved
      windshield due to changes in the curvature of the element as it moves over
      the windshield.
PAR  In order to maintain uniform wiping pressure on the squeegee of the
      windshield wiper assembly, various types of superstructure arrangements
      have been previously proposed that use a plurality of subsidiary or
      secondary yokes to distribute pressure from the wiper arm of the motor
      vehicle along the entire length of the squeegee. These assemblies
      typically utilize a squeegee support or backing member, between the
      superstructure and the squeegee, which consists of a body portion of
      greater width than depth so as to have less flexibility in directions
      parallel to the surface to be wiped than it does in directions
      perpendicular to the surface to be wiped. Several of such previously
      proposed superstructure and backing element arrangements are disclosed and
      discussed in U.S. Pat. No. 3,408,680.
PAR  In addition, in order to counteract the wind lift effect on wiper
      assemblies during operation, various cross sectional configurations have
      been proposed for the primary yoke of the assembly; one such structure is
      shown in U.S. Pat. No. 3,317,946.
PAR  It is an object of the present invention to provide an improved windshield
      wiper assembly which applies a uniform pressure to the squeegee element in
      order to insure uniform wiping of the windshields.
PAR  Another object of the present invention is to provide a windshield wiper
      assembly which has improved characteristics for resisting wind lift.
PAR  Another object of the present invention is to provide an improved squeegee
      support for use in a windshield wiper assembly.
PAR  Another object of the present invention is to provide a windshield wiper
      assembly having relatively simple means for securing and detaching a
      squeegee to the pressure applying superstructure.
PAR  Yet another object of the present invention is to provide a windshield
      wiper assembly and clip structure for conveniently securing the assembly
      to the wiper arm of the motor vehicle.
PAR  A further object of the present invention is to provide an efficient
      windshield wiper assembly which can accommodate a variety of different
      shaped windshield curvatures while resisting wind lift during operation.
PAR  A still further object of the present invention is to provide a windshield
      wiper blade assembly which is relatively simple and inexpensive to
      manufacture and is durable in use.
DRWD
PAR  The above, and other objects, features and advantages of the invention will
      be apparent in the following detailed description of an illustrative
      embodiment thereof, which is to be read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is an exploded perspective view of a windshield wiper assembly
      constructed in accordance with the present invention;
PAR  FIG. 2 is a plan view of the windshield wiper assembly shown in FIG. 1;
PAR  FIG. 3 is an elevational view, partly in section, of the windshield wiper
      assembly of FIG. 2;
PAR  FIG. 4 is a sectional view taken along line 4--4 in FIG. 3;
PAR  FIG. 5 is a top perspective view of one end portion of the windshield wiper
      assembly of FIG. 3 showing the connection of the backing element for the
      squeegee to the secondary yoke of the assembly;
PAR  FIG. 6 is a bottom perspective view of the end of the assembly showing FIG.
      5;
PAR  FIG. 7 is a sectional view taken along line 7--7 in FIG. 5;
PAR  FIG. 8 is a perspective view of a clip structure used to connect the wiper
      arm of the motor vehicle to the superstructure of the wiper assembly; and
PAR  FIGS. 9-11 are perspective views, similar to FIG. 8, of other clip
      arrangements.
DETD
PAR  Referring now to the drawing in detail, and initially to FIGS. 1-3 thereof,
      it will be seen that a windshield wiper assembly 10, constructed in
      accordance with the present invention, includes a superstructure 12
      consisting of a primary yoke 14 and a pair of secondary yokes 16, as well
      as a squeegee backing element or support 18 and a squeegee 20. The
      secondary yokes 16 are pivotally secured to the ends 22 of the primary
      yoke 14, as described hereinafter, to distribute pressure from the wiper
      arm, to which the primary yoke is connected, along the backing element 18.
      The squeegee 20 is retained in the backing element 18 with its thin neck
      portion 24 received between the flanges or ribs 26 formed on the lower
      side of the backing element.
PAR  Each of the elements of superstructure 12 is formed of a hard plastic
      material, such as a polycarbonate or other synthetic plastic material
      having the desired characteristics, which can be mixed with different
      coloring materials and surface texture producing materials in order to
      avoid glare and to provide color matching with the remainder of the
      automobile on which it is to be used.
PAR  The primary yoke or primary superstructure 14 is slightly bowed or curved
      in its exterior configuration so as to be concave towards the surface to
      be wiped. Approximately at the mid-point along the length of the primary
      superstructure an opening 28 is provided through which, as described
      hereinafter, the superstructure is connected to the free end of a wiper
      arm (not shown), by the aid of an intermediary clip, so that the assembly
      will be spring urged in the direction generally perpendicularly towards
      the windshield, and is moved over the windshield in directions parallel
      thereto.
PAR  Movement of any windshield wiper assembly along the windshield during
      operation normally produces a wind lift on the assembly, as does the
      natural air flow across the assembly due to forward movement of the
      vehicle. In order to counteract this wind lift, the primary superstructure
      of the present invention has been formed with a generally triangularly
      shaped cross section, as seen most clearly in FIG. 4. By this cross
      section a pair of opposed inclined sides 30 are provided which diverge
      downwardly and outwardly from a slightly arcuate apex 32. The opposite or
      lower ends of the sides 30 are connected by a flat base portion 34 which
      provides a solid surface between the inclined surfaces 30. This base is
      located generally parallel to, and in spaced relation from, the upper
      surface 36 of the squeegee backing element 18.
PAR  As this wiper assembly is in movement, the wind forces caused by such
      movement, and by the natural flow of air across the windshield, will
      engage one of the inclined surfaces 30, facing the direction of movement
      of the assembly, as indicated by the arrow A in FIG. 4, and will be
      deflected upwardly therefrom. The action of the wind force against the
      inclined surface 30 thus will produce a downward force on the primary
      superstructure 14 which will resist any tendency of the assembly to lift
      under the influence of the air flow. It has been found that for optimum
      resistance to lift off, the apex 32 between sides 30 should have a radius
      of curvature of one-sixteenth of an inch or less.
PAR  The action of the air flow over the assembly is aided by the flat surface
      34 provided in the triangular cross-section of the superstructure. This
      flat surface provides a relatively smooth passage for air flow between the
      superstructure and the backing element 18 so that the air will pass
      therethrough with little or no turbulence. Thus, no upward or lifting
      forces are applied to the superstructure by the air passing between the
      superstructure and the backing element 18. Accordingly, the configuration
      of the superstructure not only causes the air flow to produce a downward
      force acting against lift off, but also reduces the creation of turbulent
      air which would produce lift off.
PAR  In order to further reduce and resist the tendency of the assembly to lift
      off from the windshield on which it is used, the secondary superstructures
      or yokes 16 are also formed with a generally triangularly shaped cross
      section substantially throughout their entire length. This cross section
      is similar to the cross section of the primary superstructure and includes
      a pair of oppositely inclined surfaces 38 and a substantially flat base
      portion 39. These surfaces act in the same manner as the surfaces 30, 34
      described above, in order to produce a downward force on the backing
      element 18 and to reduce air turbulence which would tend to cause lift
      off.
PAR  The secondary superstructures 16 are connected to the primary
      superstructure 14 by a pivotal connection intermediate their inner and
      outer ends 40, 42 respectively. This connection is provided by a central
      generally rectangular opening 44 formed in a central portion of the
      secondary yokes and defined between a pair of side walls 46 of the yokes.
      A pair of transverse bores 48 are formed in the walls 46 and are adapted
      to receive pivot pins 50 integrally formed on the free ends 22 of the
      primary yoke. Preferably, the inner surfaces of the side walls 46 have
      cutout ramps 52 formed therein which are inclined from the top surface of
      the secondary yokes towards the openings or bores 48 in order to form
      inwardly inclined cam and guide surfaces for guiding the pins 50 into the
      bores 48.
PAR  As seen most clearly in FIG. 3, the openings 44 have a configuration which
      is generally complementary to the peripheral configuration of the free
      ends 22 of the primary yoke 14. In particular, the openings 44 each
      include a bottom ramp portion 54 which is generally complementary to the
      inclined bottom surface 56 of its associated free end 22 of the primary
      yoke. In addition, the ends 22 of the primary superstructures 14 are
      inclined and tapered downwardly, as seen in FIGS. 1 and 3, so that the
      extreme free ends thereof adjacent the pivot pins 50 are substantially
      completely received within the openings 48. In this manner an extremely
      compact pivot arrangement and superstructure assembly is provided.
PAR  In FIG. 3, the relative positions of the various superstructure elements
      with respect to one another are shown in the extreme position of curvature
      for the wiper or squeegee element 20. In that position the top surface, or
      apices 32, of the primary superstructure 14 and apices of the portions of
      the secondary superstructures beyond the free ends 22 are in substantial
      alignment and form a substantially smooth curved surface. By this
      arrangement, the inclined surfaces 38 of the secondary superstructures
      form a continuation of the inclined surfaces of the primary superstructure
      and provide increased downward forces holding the wiper element against
      the surface to be wiped.
PAR  In order to increase the amount of curvature permitted in the squeegee
      element, to allow the squeegee to accommodate windshields of optimum
      curvatures, the inner portions 60 of the secondary superstructures, below
      the primary superstructure, are tapered from the pivot 50 to the inner
      ends 42 thereof. That is, the height of the triangular cross section
      decreases at points further away from the pivot 50 so that, adjacent the
      free ends 42 of the secondarys, the cross section of the secondary
      superstructures is that of an extremely flat triangle. At the extreme end
      sections 61 the cross section is almost rectangular.
PAR  By this arrangement, as seen in FIG. 3, the top surface or apices 32 of the
      inner end portions 60 of the secondary superstructures are positioned
      parallel to and adjacent the bottom surface 34 of the primary
      superstructure in an extremely compact configuration, to allow maximum
      curvature of the squeegee.
PAR  The inclined surfaces 38 of the inner portion 60 of the secondary
      superstructures form a further continuation of the inclined surfaces 30 of
      the primary superstructures and also serve to produce a downward force on
      the backing element 18 of the assembly in order to resist wind lift
      forces.
PAR  As mentioned above, the primary superstructure 14 is connected to the
      normal spring urged wiper arm of the motor vehicle by a pivot or clip
      arrangement mounted in the upper rectangular opening 28 formed at the
      central portion of the primary superstructure. This rectangular opening is
      adapted to receive any of a plurality of clips, shown for example in FIGS.
      8-12, which are adapted to accommodate wiper arms of varying
      configurations depending upon the type of motor vehicle with which the
      assembly is used. Each of the clips, as described more fully hereinafter,
      has a pair of outwardly extending pivot pins 62 (see FIG. 8) formed
      integrally therewith which are adapted to be received in transverse bores
      64 formed through the side walls 66 of the primary superstructure which
      define the sides of the opening 28. The side walls 66 include ramp
      sections 68 which incline downwardly and inwardly from the top surface of
      the primary superstructure towards the bores 64 to act as guide and cam
      surfaces for the pins 62 which then snap into place in the bores 64.
PAR  This arrangement for mounting the connecting clips in the primary
      superstructure has the advantage that the pivot connection is
      substantially stronger than previously proposed saddle type clip
      structures wherein the clip has a pair of flanges which overlie the
      primary superstructure. The overlying flanges of these previously proposed
      clips can be readily spread by wind forces or manual contact during
      replacement of the squeegee element. With the present invention on the
      other hand, the opening 20 is fully enclosed and the side walls 66 are
      supported against lateral movement by their integral correction with the
      remainder of the superstructure. Thus a more positive and permanent
      connection is provided between the superstructure and the clip. In
      addition the single superstructure 14 can accommodate a variety of shaped
      clips to facilitate connection of the assembly to different types of wiper
      arms.
PAR  In order to further rigidify the boxlike openings 28, in order to prevent
      inadvertent removal of the connecting clip structure from the wiper
      assembly superstructure, the base of the opening can be provided with a
      transverse wall portion 70 which reinforces the walls 66. This aids in
      preventing the walls 66 from being spread apart.
PAR  It is noted that the opening 72 through the base 34 of the superstructure
      14 need only be large enough to accommodate the largest size clip to be
      used with the superstructure. Thus the opening 28 need not be cut entirely
      through the superstructure.
PAR  The clip 74 shown in FIG. 8, is adapted to be used with a conventional
      wiper arm 76 having a J bend 78 formed at the end thereof. The clip is
      formed as an integral molded plastic element having a pair of flanges 80
      which resiliently engage the opposite sides of the J bend 78 to
      frictionally hold the clip in the wiper arm. In addition, the clip can be
      provided with a raised boss 82 adapted to be received in a complementary
      opening 84 formed in the wiper arm to positively retain the clip against
      longitudinal movement therein. With the clip mounted in the wiper arm 76,
      as shown in FIG. 8, the assembly 12 can then be moved toward the clip with
      the pin 62 inserted along the ramps 68 of the assembly into the opening
      64.
PAR  The clip 85 illustrated in FIG. 9 is adapted to be used with a conventional
      bayonet type wiper arm 86 and has a channel 88 formed in one end thereof
      which receives the free end of the wiper arm. The upper surface of the
      channel has an opening 90 formed therein which snap fits with the
      conventional boss formed on the ends of such bayonet type arms.
PAR  The forward end 92 of the clip 85 is provided with a pair of flanges 94
      which are adapted to be inserted in the opening 28 of the primary yoke 14.
      Each of the flanges 94 includes an outwardly extending pivot pin 98 which
      snap fit into the bores 64. It is noted that by this arrangement the
      plastic flanges 94 of the clip 85 provide an outward bias for urging the
      pins 98 into positive engagement in the bores 64.
PAR  The clip 100 illustrated in FIG. 10 is adapted to be used with a wrist
      action type wiper arm 102 of conventional construction. This clip is
      similar in construction to the clip illustrated in U.S. Pat. No. 3,146,508
      in that it includes a resilient keeper latch 104 which cooperates with a
      stud or boss formed on the free end of the wiper arm. In addition however
      the clip includes a pair of side flanges 106 on which outwardly extending
      pins 108 are formed. These pins are inserted in the bores 64 of the
      superstructure 14, and the outward resilient bias of the flanges 106
      provide a positive engagement therebetween.
PAR  The clip 110 shown in FIG. 11 is adapted to be used with a J bend type
      wiper arm 112 having a narrower width than the wiper arm 76 shown in FIG.
      8. This clip has a pair of side flanges 114 interconnected by a cross
      piece 116, which flanges receive the wiper arm 112 therebetween. The free
      ends 118 of the flanges 114 include studs or projections 120 which snap
      fit over the curved end 122 of the wiper arm to retain the wiper arm
      against longitudinal movement. In addition, the flanges 114 include
      outwardly projecting pins 124 which are adapted to be snap fit into the
      recesses or bores 64 in the primary yoke. These flanges also bias the pins
      outwardly to apply a positive pressure holding pins 124 in bores 64.
PAR  Referring again to FIG. 1, and to FIGS. 5-7, it will be seen that the
      squeegee element 20 is formed from a soft elastomer material and comprises
      a wiping portion 130, which can be made of any suitable cross section,
      joined by a thin neck 132 to a retention portion 134 of slightly larger
      cross section. The backing element 18, which is preferably formed by an
      extrusion process, from any suitable synthetic plastic material having the
      desired physical properties, has a main body portion 136 which is of
      substantially greater width in the direction parallel to the surface to be
      wiped than is its depth in the direction perpendicular to that surface.
PAR  The two flanges 26 are upstanding from the lower surface of body portion
      136 and are spaced from one another, as seen in FIG. 1, inwardly of the
      edges 138 of body 136 and receive therebetween the neck portion 132 of the
      squeegee. The flanges 26 form a channel which retains the portion 134 of
      the squeegee; the latter has a cross section such that it is easily
      slidably fit into the channel. By this arrangement the squeegee is able to
      slide freely in the channel, without excessive sideplay, in order to
      obtain uniform wiping. It is believed that the sliding ability of the
      squeegee is important in reducing the tendency of the squeegee element to
      buckle in directions parallel to the surface being wiped as its
      perpendicular curvature changes in moving over a complex curved windshield
      surface. For the same reason, the channel formed by the flanges 26 is made
      slightly longer than the squeegee element so that the latter is capable of
      corresponding end wise movement therein.
PAR  Preferably the squeegee is placed in the channel between flanges 26 when
      the ends 140 of the backing element are open and undeformed. After the
      squeegee is inserted, the ends of the backing element are cold formed so
      that the backing element has the configuration illustrated in FIGS. 1 and
      6. As seen therein, the free ends 140 of the backing element are crimped
      so that the flanges 26 are folded over upon themselves to close the end of
      the channel defined therebetween, thereby preventing withdrawal of the
      squeegee 20 from the backing element. In addition, the edges 138 of the
      backing element are crimped or cold formed with semi-circular depressions
      142 on opposite sides thereof, with the cold formed material extending
      downwardly below the lower surface of the body portion 136 of the backing
      elements (see FIGS. 6 and 7). By this arrangement, the depressed portion
      144 of the semi-circular depression 142 forms an inclined and slightly
      curved surface 148. This surface provides a stop for the claws 150 formed
      on the free ends of the secondary superstructures 16.
PAR  Claws 150 are provided with inclined outer surfaces 152 whose inclination
      is generally complementary to the inclined configuration of surface 148.
      The engagement of the surfaces 152 and 148 will provide a stopping action
      preventing withdrawal of the free end 140 of the backing element through
      the claws 50 of the secondary superstructure elements 16. By this
      arrangement, a relatively broad contact area is provided between these two
      surfaces so that stresses applied to the surfaces 148 of the backing
      element do not cold work or deform those surfaces, thereby increasing the
      useful life of the backing element and squeegee assembly.
PAR  In addition, in order to further insure against movement of the free end
      portion of the backing element inwardly through the claws 150 of the
      superstructure elements 16, the backing element when cold formed is also
      provided with a dimple or embossment 154 on its upper surface which
      engages the front wall 156 at the outer end 40 of the secondary
      superstructures 16, where it bridges the front faces 152 of the claws 150.
PAR  In order to allow insertion of the backing element 18 between the claws of
      the secondary superstructure elements, the backing element is provided
      with a notch 158 along one of its edges 138. This notch is formed by
      striking, cutting or punching the edge of the backing element at a
      location which can only be reached by the immediately adjacent endmost
      pair of claws 150 when the superstructure is deflected very much beyond
      the extent that could possibly be met in normal operation, i.e. beyond the
      curved configuration illustrated in FIG. 3.
PAR  When inserting the backing element 18 in the superstructure assembly, the
      notch 158 is first placed adjacent one of the outermost pairs of claws
      150, e.g. the pair of claws 150 adjacent the right hand end of the
      superstructure as shown in FIG. 1, and the backing element is tilted so
      that the unnotched edge 138 thereof is inserted between the claws. The
      notch 158 permits the other claw to pass therethrough, and upon sliding of
      the backing element towards the left, both claws will be retained about
      the edges 138 of the backing element. When the next pair of claws adjacent
      the inner end 142 of the right secondary superstructure 16 is reached, the
      left end 140 of the backing element is twisted, to again insert the
      unnotched edge of the backing element into one of the claws so that the
      opposite claw of the pair can then pass through the notch 158. The backing
      element is then slid to the next pair of claws and the operation is
      repeated until all of the claws are positioned about the backing element.
      In the final position of the backing element, as illustrated in FIG. 5,
      the notch 158 is located rearwardly of the claws 150 so that the claws
      cannot be inadvertently withdrawn therefrom.
PAR  When it is desired to replace the backing element and squeegee arrangement,
      the superstructure is bent sufficiently to position the notch 158 in
      registry with the left end claws 150. The backing element can then be
      twisted to release the claws through the notch 158. The backing element is
      then slid to the right (in FIG. 1) and the twisting of the backing element
      at each pair of claws is repeated. This operation is described in detail
      in the above mentioned U.S. Pat. No. 3,408,680.
PAR  Accordingly, it will be seen that an improved windshield wiper assembly has
      been provided which will substantially reduce the effects of wind lift
      forces. Moreover, the arrangement, being formed entirely of plastic,
      produces a much lighter wiper unit which reduces inertial loads on the
      windshield wiper drive mechanism. The absence of metal parts also reduces
      the noise level of operation and avoids the problem of corrosion and
      deterioration due to weather, road salt, and other corroding materials. As
      yet another feature of the invention an improved backing element for the
      wiper blade is provided which resists inadvertent removal of the backing
      element from the superstructure assembly and reduces stresses produced
      therein by contact with claws of the superstructure. Moreover, a more
      compact arrangement is provided which reduces the required height for the
      assembly in order to accommodate maximum curvature in a windshield.
PAR  Although an illustrative embodiment of the present invention has been
      described herein with reference to the accompanying drawing, it is to be
      understood that the invention is not limited to that precise embodiment,
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A windshield wiper assembly comprising an elongated squeegee formed of a
      flexible material; a backing element operatively connected to the squeegee
      and extending lengthwise thereof; and a superstructure removably connected
      to said backing element and adapted to be connected to a windshield wiper
      arm for urging the squeegee towards the windshield; said superstructure
      comprising an elongated primary yoke having a pair of spaced opposite free
      ends and a pair of secondary yokes respectively pivotally mounted on the
      free ends of said primary yoke; said secondary yokes including means for
      releasably engaging said backing element; said primary yoke having a
      generally triangularly shaped transverse cross section through
      substantially its entire length defined by a pair of inclined
      longitudinally extending side surfaces and a substantially flat base which
      extends parallel to and in spaced relation from the backing element; said
      inclined side surfaces defining an apex therebetween located generally
      along the longitudinal axis of the primary yoke and flare outwardly
      therefrom; said secondary yokes each having a similar triangularly shaped
      transverse cross section through substantially their entire length defined
      by outwardly flaring side surfaces and a substantially flat base; said
      side surfaces of the primary and secondary yokes presenting inclined
      pressure surfaces to an air stream, moving over the surface to be wiped,
      whereby downward components of force are produced on the primary and
      secondary yokes which increases the downward pressure of the squeegee on
      the windshield and resists windlift effects on the assembly; said flat
      base of the primary and secondary yokes providing a smooth channel between
      the yokes and the backing elements to minimize windlift producing
      turbulence of air passing through the assembly.
NUM  2.
PAR  2. The assembly as defined in claim 1 wherein said secondary yokes have
      inner and outer end portions and are mounted on said primary yoke with
      their inner end portions facing each other below the base of the primary
      yoke and the outer end portions thereof extending beyond the free ends of
      the primary yoke; and wherein the cross-section of said inner end portions
      of the secondary yokes tapers from a maximum height adjacent their pivotal
      connection to the primary yoke to a minimum height adjacent the extreme
      free end thereof where the cross-section becomes almost flat, whereby the
      secondary yokes can pivot on the primary yokes to an extreme position
      wherein the extreme free ends of their inner end portions are adjacent the
      base of the primary yoke thereby to allow the squeegee to flex to a
      minimum extent in order to accommodate an extreme curvature in the
      windshield while simultaneously supporting and applying pressure to the
      squeegee in that position.
NUM  3.
PAR  3. The assembly as defined in claim 2 wherein said secondary yokes each
      have an opening formed therein between said inner and outer end portions;
      said free ends of said primary yoke being inserted in said openings and
      including means for pivotally connecting the ends of the primary yoke in
      the openings of the secondary yokes.
NUM  4.
PAR  4. The assembly as defined in claim 3 wherein said free ends of said
      primary yoke comprise downwardly inclined extensions of the primary yoke
      having a smooth upper surface forming a substantially continuous curved
      extension of the apex of the primary yoke; the inclination of said
      extensions being selected such that said smooth upper surface is in
      longitudinal alignment with the apex of the outer end portions of the
      secondary yokes when the secondary yokes are in their extreme position
      whereby the assembly has a substantially continuous curved profile
      configuration along its upper surface with the inclined surfaces of the
      primary and outer portions of the secondary yokes in alignment to provide
      a substantially continuous inclined pressure surface along the entire
      length of the assembly for resisting windlift.
NUM  5.
PAR  5. The assembly as defined in claim 4 wherein the openings in said
      secondary yokes are substantially complementary in configuration to the
      periphery of said extensions, whereby said secondary yokes can freely
      pivot to said extreme positions.
NUM  6.
PAR  6. The assembly as defined in claim 5 wherein said openings in said
      secondary yokes are formed between a pair of spaced longitudinally
      extending in walls; said walls having aligned transversely extending bores
      formed therein and ramp surfaces above the bores inclined upwardly and
      away from the bores; said pivotal connecting means comprising a pair of
      oppositely extending studs formed on each of the free ends of the primary
      yoke and received respectively in said bores; said ramp surfaces guiding
      said studs into said bores when the secondary yokes are mounted in the
      primary yoke.
NUM  7.
PAR  7. The assembly as defined in claim 1 wherein said primary yoke has a
      centrally located peripherally bounded opening formed therein between at
      least two spaced parallel and longitudinally extending walls; said walls
      having aligned transverse bores formed therein; and clip means for
      securing a wiper arm to said primary yoke; said clip including means for
      attaching the clip to a wiper arm and a pair of oppositely extending pins
      formed thereon received in said transverse bores, thereby to pivotally
      connect the clip and arm to said primary yoke.
NUM  8.
PAR  8. The assembly as defined in claim 7 wherein said walls have ramp surfaces
      formed therein above the bores inclined upwardly and away from the bores;
      said ramp surfaces serving to guide said pins into said bores when the
      clip is mounted on the primary yoke.
NUM  9.
PAR  9. The assembly as defined in claim 7 wherein said clip is formed of a
      resilient plastic material and includes a pair of spaced resilient walls,
      said pins being mounted on said resilient walls, whereby said resilient
      walls bias said pins into said bores.
NUM  10.
PAR  10. The assembly as defined in claim 1 wherein said secondary yokes each
      have an opening formed therein between said inner and outer end portions;
      said free ends of said primary yoke being inserted in said openings and
      including means for pivotally connecting the ends of the primary yoke in
      the openings of the secondary yokes, said free ends of said primary yoke
      comprising downwardly inclined extensions of the primary yoke having a
      smooth upper surface forming a substantially continuous curved extension
      of the apex of the primary yoke; the inclination of said extension being
      selected such that said smooth upper surface is substantially in
      longitudinal alignment with the apex of the portion of the secondary yokes
      which extend beyond the primary yoke when the secondary yokes are moved to
      an extreme position with respect to the primary yoke, whereby the assembly
      has a substantially continuously curved profile configuration, whereby the
      inclined surfaces of the primary yoke are substantially aligned with at
      least those portions of the inclined surfaces of the secondary yokes which
      extend beyond the primary yoke to provide a substantially continuous
      inclined pressure surface along the entire length of the assembly for
      resisting windlift.
NUM  11.
PAR  11. The assembly as defined in claim 1 wherein said secondary yokes each
      have an opening formed therein between said inner and outer end portions;
      said free ends of said primary yoke being inserted in said openings and
      including means for pivotally connecting the ends of the primary yoke in
      the openings of the secondary yokes; said openings being substantially
      complementary in configuration to the periphery of said extensions,
      whereby said extensions are substantially completely received in the
      openings and the inclined surfaces of the primary yoke are thereby
      positioned substantially in alignment with at least those portions of the
      inclined surfaces of the secondary yokes which extend beyond the primary
      yoke to provide a substantially continuous inclined pressure surface along
      the entire length of the assembly for resisting windlift.
NUM  12.
PAR  12. The assembly as defined in claim 1 wherein said secondary yokes each
      have an opening formed therein between said inner and outer end portions;
      said free ends of said primary yoke being inserted in said openings and
      including means for pivotally connecting the ends of the primary yoke in
      the openings of the secondary yokes; said openings in said secondary yokes
      being formed between a pair of spaced longitudinally extending in walls;
      said walls having aligned transversely extending bores formed therein and
      ramp surfaces above the bores inclined upwardly and away from the bores;
      said pivotal connecting means comprising a pair of oppositely extending
      studs formed on each of the free ends of the primary yoke and received
      respectively in said bores; said ramp surfaces guiding said studs into
      said bores when the secondary yokes are mounted on the primary yoke.
NUM  13.
PAR  13. The assembly as defined in claim 1 wherein said backing element
      comprises an elongated body having a greater width than depth and to which
      said squeegee is secured, said body having a pair of opposed end portions
      and edge portions which are located beyond the squeegee to be embraced by
      said claws; the edge portions of said body, adjacent said end portions
      having embossments formed therein providing downwardly curved surfaces
      along said edge portions; said embossments being located outwardly of said
      superstructure in said assembly thereby to provide stops for said engaging
      means to limit longitudinal movement of the backing member and squeegee
      with respect to said superstructure.
NUM  14.
PAR  14. The assembly as defined in claim 13 wherein said engaging means
      comprise pairs of opposed cooperating claws formed on said secondary
      yokes, said claws having inclined surfaces formed thereon facing and being
      generally complementary to said downwardly curved surfaces whereby a broad
      stop area for engagement therebetween is provided to avoid overstressing
      of the backing material.
NUM  15.
PAR  15. The assembly as defined in claim 14 wherein said backing element
      includes an additional stop member formed thereon on the side opposite
      said squeegee.
NUM  16.
PAR  16. The assembly as defined in claim 14 wherein said backing element has a
      notch formed in at least one of said edge portions permitting
      disengagement of the backing element from a pair of said claws upon
      registration of the claws with the notch on flexing of the assembly beyond
      its normal extent.
PATN
WKU  039422143
SRC  5
APN  4683625
APT  1
ART  242
APD  19740509
TTL  Washing and vacuuming vehicle construction
ISD  19760309
NCL  9
ECL  1,9
EXA  Moore; C. K.
EXP  Hornsby; Harvey C.
NDR  2
NFG  3
INVT
NAM  Maasberg; Wolfgang
CTY  Krudenburg
CNT  DT
ASSG
NAM  Woma-Apparatebau, Wolfgang Maasberg & Co. GmbH
CTY  Rheinhausen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730510
APN  2323588
CLAS
OCL   15320
XCL   15340
XCL   15353
EDF  2
ICL  E01H  108
ICL  E01H  110
FSC   15
FSS  320;340;353;345;346
UREF
PNO  2916761
ISD  19591200
NAM  Oberg
XCL   15340
UREF
PNO  3007191
ISD  19611100
NAM  Braun
OCL   15340
UREF
PNO  3065490
ISD  19621100
NAM  Arones
OCL   15359
UREF
PNO  3447188
ISD  19690600
NAM  Maasberg
OCL   15320
UREF
PNO  3675267
ISD  19720700
NAM  Klawitter
OCL   15340
UREF
PNO  3833961
ISD  19740900
NAM  Fortman et al.
XCL   15320
LREP
FRM  McGlew and Tuttle
ABST
PAL  A vehicle, contains a washing and vacuuming machine for cleaning streets
      and similar surfaces, which includes a wheeled body containing a tank
      which holds cleaning water or a similar liquid, and a pump for directing
      the water through a spray nozzle which is positioned in a hood located
      below the body adjacent the ground. A vacuuming suction shoe is located
      within the hood forwardly in the travel direction in respect to the nozzle
      so that the nozzle is aimed forwardly toward the intake of the suction
      shoe which is spaced upwardly from a perimetric skirt element of the hood.
      The hood is advantageously carried on a separate carriage which is biased
      by a suitable washing arrangement so that it moves inwardly toward one
      side of the vehicle, for example, toward the curb side. The carriage is
      adapted to have guide wheels which engage along the curb so that the
      vacuuming device and spray nozzle will be directed in a location adjacent
      the curb to effect the cleaning thereof. The suction shoe is connected,
      for example, by a flexible connection extending through the hood into a
      compartment of the vehicle body which is maintained under negative
      pressure or vacuum by a suction device, such as a blower, and the debris
      which is picked up by the suction shoe is directed into the compartment
      and over a screened area which has a spray for keeping the screen clean
      and for settling the dust within a rear compartment of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to the construction of street cleaning
      vehicles and, in particular, to a new and useful washing and vacuuming
      vehicle which includes a suction shoe located in a hood portion carried
      below the vehicle body which is provided with a skirt around its periphery
      for engagement over the ground, and which includes a nozzle in the hood
      for directing liquid in the direction of an intake of the suction shoe
      which is spaced slightly above the sealing slot which the hood makes with
      the ground.
PAR  2. Description of the Prior Art
PAR  At the present time it is known to employ hydraulic jets for aiding in the
      cleaning and vacuuming of streets and these are usually arranged at an
      angle of from 30 to 45.degree. with respect to the street so that the
      debris is deflected upwardly by the jet and collected in a filtering
      system which removes the water for re-use. The cleansing effect is based
      on the reflection of the hydraulic jets which are intended to entrain the
      dirt or debris deposited at the point of reflection. The hydraulic jets
      which are employed are used under pressures of up to 100 atmospheres in
      excess. The collecting channels for receiving the slurries and debris
      require improvement inasmuch as they permit a very large loss of water.
      For this reason, it has already been proposed to use suction devices and
      suction funnels instead of the collection channels and to direct the
      hydraulic jets below the suction funnels by means of hydraulic nozzles.
      With such an arrangement, the hydraulic nozzles are located behind the
      suction funnels in respect to the traveling direction of the vehicle, and
      pneumatic nozzles are arranged before the suction funnels. The pneumatic
      nozzles provide a barrier in respect to the reflected water jets and
      debris. In spite of this barrier, however, the loss of water is still
      relatively high and the suction effect is frequently not sufficiently
      satisfactory for intense cleaning.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a washing and
      vacuuming device, designed as a vehicle, and operates with an extremely
      small loss of water and with an optimal cleaning effect which permits
      higher speed of motion than heretofore without raising dust and,
      consequently meets the requirements for maintaining a clean environment.
PAR  A vacuuming and washing device of the invention includes a vehicle having a
      body containing a liquid holding tank with a pump connected through a
      conduit and a spray nozzle which is located directly behind a suction
      shoe, all within an enclosed hood carried below the body adjacent the
      ground. The hood includes sealing means for spacing the hood above the
      ground and maintaining an opening slot for the passage of debris and water
      therethrough. The sealing means of the hood is such that only a small slot
      remains between the bottom of the hood and the ground to be cleaned so
      that the ambient air penetrates into the hood during the cleaning and
      vacuuming operation. An entrainment effect is thereby caused by the air
      penetrating therein. The air taken in entrains the street dirt removed by
      the water pressure and also the slurry which is produced as a result
      thereof. In consequence, the suction effect is considerably improved. In
      addition, because of the location of the spray nozzle and the suction shoe
      under the same hood, there is no likelihood that any stray water jets or
      slurry will not be evacuated at the same time. The effect is that even the
      air from within the hood is drawn off by means of the suction shoes so
      that an underpressure is produced under the entire hood.
PAR  In accordance with another feature of the invention, the hood structure
      including the suction shoe and the spray nozzle is mounted on a trailer
      which is pivotally connected to the vehicle and which may be swung
      laterally in respect thereto. The trailer is advantageously carried on a
      parallel linkage and it is urged or biased in a particular lateral
      direction, for example, in a direction to cause it to move toward the curb
      of the street being cleaning. The urging device may advantageously
      comprise a spring or a hydraulically or pneumatically actuated device, and
      the vehicle is advantageously provided with rollers which rotate about a
      vertical axis and which may engage laterally against the curb. The rollers
      provide a guide for ensuring the proper spacing of the vehicle in respect
      to the curb of the street. In the preferred arrangement, the hood is
      provided with peripheral sealing means which are spaced above the surface
      to be cleaned by a distance of up to 5mm, and no greater than 20mm
      maximum, so that an optimal entrainment effect is produced.
PAR  The advantages obtained by the invention are to be seen primarily in the
      fact that a washing and suction machine designed as a vehicle for cleaning
      streets or similar surfaces is created which has a minimum water loss so
      that the entire reserve of water except for an extremely small loss can be
      recirculated. In addition, an optimum cleaning effect is obtained and the
      anti-pollution requirements are met since practically no dust is raised,
      or it is collected in the hood surrounding the spray beam and the suction
      shoe, from where it is evacuated. As a result, the inventive vehicle can
      be driven at a higher speed than before, and also, it can perform the
      cleaning operations at a higher speed so that a greater performance per
      kilometer and time, and a greater cleaning effect is obtained. Finally, in
      the absence of mechanical brushes or the like, no wearing working parts
      are present.
PAR  Accordingly, it is an object of the invention to provide an improved
      washing and vacuuming vehicle, particularly for street cleaning, which
      comprises a vehicle having a body containing a pump with a supply of a
      liquid for cleaning purposes, which is connected to a nozzle which is
      contained in a hood structure located below the body adjacent the ground,
      which also contains a suction shoe which is connected through the hood to
      a suction chamber maintained under vacuum pressure by a suitable suction
      producing device and wherein, the hood includes a sealing means which
      provide a slot spacing from the street to be cleaned around the periphery
      of the hood.
PAR  A further object of the invention is to provide a street vacuuming and
      washing device which is simple in design, rugged in construction, and
      economical to manufacture.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its uses, reference
      should be had to the accompanying drawing and descriptive matter in which
      there is illustrated a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a schematic side elevational view of a street cleaning vehicle
      constructed in accordance with the invention;
PAR  FIG. 2 is a schematic top plan of the vehicle shown in FIG. 1; and
PAR  FIG. 3 is an enlarged partial sectional and partial elevational view of the
      hood carriage of the device shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular, the invention embodied therein,
      comprises a street cleaning vehicle or washing and vacuuming vehicle,
      generally designated 1, which includes a body portion, generally
      designated 50, and a forward cab portion 52, which are mounted on wheels
      55 for movement over the ground or street 13 for cleaning it. The vehicle
      body contains a water or suitable cleaning liquid supply tank 54 which is
      connected through circulating pumps 3 and 9 through the variously
      indicated connecting conduits and controlled headers 56 and 58 to a
      cleaning water discharge conduit 60 which has a swivel joint 4 at its end
      thereof for a nozzle 5 which is oriented to direct a spray jet 10
      forwardly in respect to the vehicle travel direction toward a vacuum
      suction tube or suction shoe 7. A suitable control manifold 62 is located
      in cab 52 and it includes associated control elements 64 for operating the
      various operating devices.
PAR  The body 50 contains suction producing means, such as a vacuum pump 6,
      which is connected through a conduit 68 to a tank or chamber 70. Chamber
      70 in turn discharges into a collecting bin 72 for the debris and slurry
      which is collected. The apparatus includes a small spray 74 for spraying a
      screen structure 76 through which the collected debris is collected.
PAR  In accordance with the invention, both the suction shoe 7 and the spray
      nozzle 5 are located within a hood 11 which is carried below the body 50
      adjacent the street 13. In accordance with a feature of the construction,
      hood 11 is carried so that perimetric skirt 12, extending therearound,
      provides a semi-sealing action with street 13 which is sufficient to
      permit the inflow of air and debris without loss of too much water or
      suction. For this purpose, the dimension A indicating the spacing of the
      street surface 13 from the bottom of skirt 12 defines a slot which is up
      to 5 mm in dimension. The maximum at the slot may be at about 20 mm.
PAR  In accordance with another feature of the invention, hood 11 is carried on
      a trailer or carriage 14 which includes a rear wheel 80 which is mounted
      on a swivel so that the carriage may be swung from side to side. Carriage
      14 is attached to the vehicle by means of a parallel linkage 15 which
      permits the lateral movement of the carriage and it is biased in a
      selected direction, for example, to the right side of the vehicle by
      biasing means 16 which, in the embodiment illustrated, is a spring 17.
      Spring 17 is connected at one end to linkage 15, and at its opposite end,
      to a fixed location 18, which is located to one side of linkage 15, for
      example, to the right side of the vehicle so that it is urged in a right
      side direction. The carriage also carries guide rollers 19, 19 which are
      mounted for rotation about vertical axes 20, 20 and which are at a height
      such that they may engage against a street curb to provide a guiding
      movement for the device during the cleaning of streets. Instead of spring
      17, a suitable arrangement for guiding the carriage 14 would be a
      hydraulically or pneumatically actuated working piston and cylinder
      assembly connected to one side of the parallel linkage 15.
PAR  During operation, spray 10 is always guided forwardly against the suction
      opening 7a of suction shoe 7 and the debris and liquid slurry formed are
      directed upwardly in the dust shoe 7 through a flexible connecting chute
      82, for discharge into compartment 70 and subsequently, the compartment
      72. Conduit 60 is also suitably connected through a flexible connecting
      conduit to the conduits connected to the pumps 9 and 3. A suitable filter
      8 is located within the connecting line so that when the liquid is
      re-used, it is not contaminated. A strainer 84, located in compartment 70
      containing the liquid slurry, permits the draining off of some of the
      liquid from the compartment back into tank 54.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A washing and suction device comprising a vehicle having a body with
      wheels for moving it along the ground, a water supply tank on said body, a
      suction producing device on said body, a suction shoe having a lower end
      spaced above the ground and its opposite end being in fluid communication
      with said suction producing device, a hood carried by said body and
      located therebelow and enclosing said suction shoe and having a bottom
      with a suction opening, a spray conduit connected to said tank and having
      a nozzle terminating inside said hood behind said suction shoe and
      directing a wash spray forwardly in a travel direction toward said suction
      shoe, and a skirt extending around the perimeter of said bottom opening of
      said hood and spaced above the ground so as to provide a perimetric slot
      opening between said skirt and the ground to facilitate the inflow of air
      and debris to said suction shoe, and to confine said wash spray and raised
      debris within said hood to diminish pollution of the ambience thereby.
NUM  2.
PAR  2. A washing and suction device according to claim 1, including a trailer
      connected to said vehicle body and carrying said hood with said suction
      shoe and said spray conduit and nozzle.
NUM  3.
PAR  3. A washing and suction device, according to claim 2, including a parallel
      linkage connected between said trailer and said vehicle body, said trailer
      being movable laterally in respect to said vehicle body, and means for
      biasing said trailer in a selected lateral direction.
NUM  4.
PAR  4. A washing and suction device according to claim 3, wherein said means
      for biasing said trailer comprises a spring connected to a fixed part of
      said vehicle body and to said parallel linkage.
NUM  5.
PAR  5. A washing and suction device according to claim 1, wherein said skirt is
      spaced from the ground upwardly to substantially 5 mm and no more than 20
      mm.
NUM  6.
PAR  6. A washing and suction device according to claim 1, including a carriage
      articulated to said vehicle body and carrying said hood with said suction
      shoe and said spray nozzle.
NUM  7.
PAR  7. A washing and suction device according to claim 6, including guide
      roller means on said carriage engageable with a street curb for guiding
      the carriage in respect thereto.
NUM  8.
PAR  8. A washing and suction device according to claim 7, wherein said guide
      rollers are rotatably mounted on said carriage for rotation about a
      substantially vertical axis and they are at a height to engage against a
      side of a curb.
NUM  9.
PAR  9. A washing and suction device according to claim 1, including a slurry
      receiving tank in said vehicle body, a return conduit connected between
      said slurry receiving tank and said water supply tank having strainer
      means for straining the contents of said receiving tank and permitting the
      flow of the water therein back to said water supply tank, and a flexible
      connection extending from said suction shoe into said receiving tank, said
      receiving tank being connected to said suction producing device.
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ABST
PAL  A floor maintenance machine comprises a platform mounted on wheels. An
      electric power system on the platform is coupled to some of the wheels for
      driving the machine. A steering system on the platform is coupled to
      selected ones of the wheels for steering the machine. A vacuum system on
      the platform is connected to and operated by the electric power system for
      vacuuming a floor on which the machine is driven. A brushing system on the
      platform is connected to and operated by the electric power system for
      performing operations on the floor. The brushing system comprises a
      plurality of brushes selectively manually coupled to the brushing system
      for selectively washing, waxing and buffing the floor. A washing system on
      the platform washes the floor. The washing system comprises a storage drum
      having two independent compartments, one containing a detergent and water
      solution and the other containing rinse water when washing and liquid wax
      when waxing. A waxing system on the platform is connected to and operated
      by the electric power system for waxing the floor. A vehicle control
      system is coupled to the electric power system for controlling the
      movement of the machine. A machine control system is coupled to the
      electric power system for selectively controlling the operation of the
      vacuum system, the brushing system and the waxing system.
PARN
PAC  DESCRIPTION OF THE INVENTION
BSUM
PAR  This is a Continuation-in-Part of application Ser. No. 305,835, filed Nov.
      13, 1972, and now abandoned, for FLOOR MAINTENANCE MACHINE.
PAR  The present invention relates to a floor maintenance machine.
PAR  The principal object of the invention is to provide a floor maintenance
      machine which selectively vacuums, brushes, washes, waxes and buffs a
      floor.
PAR  An object of the invention is to provide a self-propelled floor maintenance
      machine which is compact and functions to selectively vacuum, brush, wash,
      wax and buff a floor with efficiency, effectiveness and reliability.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic diagram of an embodiment of the floor maintenance
      machine of the invention;
PAR  FIG. 2 is a schematic diagram of the steering and braking system of the
      floor maintenance machine of the invention;
PAR  FIG. 3 is a circuit diagram of the power and drive system of the floor
      maintenance machine of the invention;
PAR  FIG. 4 is a view of the vacuum system of the floor maintenance machine of
      the invention;
PAR  FIG. 5 is a schematic diagram of the waxing, brushing and buffing control
      systems of the floor maintenance machine of the invention;
PAR  FIG. 6 is a view of the waxing, brushing and buffing control systems of the
      floor maintenance machine of the invention;
PAR  FIG. 7 is a schematic diagram of the brushing system of the floor
      maintenance machine of the invention;
PAR  FIG. 8 is a schematic diagram of the washing system of the floor
      maintenance machine of the invention;
PAR  FIG. 9 is a front view of the waxing system of the floor maintenance
      machine of the invention;
PAR  FIG. 10 is a side view of the waxing system of the floor maintenance
      machine of the invention;
PAR  FIG. 11 is an exploded view, on an enlarged scale, of components of the
      waxing system of the floor maintenance machine of the invention;
PAR  FIG. 12 is a view, on an enlarged scale, of a component of the washing
      system of the floor maintenance machine of the invention;
PAR  FIG. 13 is a schematic diagram of the drive and control system of the floor
      maintenance machine of the invention; and
PAR  FIG. 14 is an exploded view, on an enlarged scale, of components of the
      vacuum system of the floor maintenance machine of the invention.
DETD
PAR  The floor maintenance machine of the invention comprises a platform 1
      mounted on wheels 2, 3, 4 and 5 (FIGS. 1 and 2).
PAR  An electric power system (FIG. 3) is mounted on the platform 1 on the
      surface thereof and is coupled to the rear wheels 4 and 5, for driving the
      machine.
PAR  The electric power system preferably comprises four DC motors 6, 7, 8 and 9
      driven by batteries 10, as shown in FIG. 3. A first motor 6 is coupled to
      and drives the vacuum system. A second motor 7 is coupled to and drives
      the waxing system. A third motor 8 is coupled to and drives the brushing
      system. The fourth motor 9 is coupled to the wheels 4 and 5 and drives or
      moves the platform or vehicle, via said wheels.
PAR  A steering system on the platform 1 is also coupled to the rear wheels 4
      and 5 and functions to steer the platform or vehicle, as shown in FIG. 2.
      The steering system includes a guide stick 11 for steering the vehicle by
      moving said stick in the desired direction. The machine also includes a
      brake system having a brake pedal 12 for operating the brakes of the
      wheels 4 and 5, as shown in FIG. 2, and a foot switch 13 (FIG. 3) for
      opening the circuit between the fourth motor 9 and the energizing
      batteries 10 of the electric power system for an emergency stop. The drive
      system of the vehicle has three forward speeds and a reverse speed in the
      manner of known transmission systems.
PAR  The platform 1 is steered by the guide stick 11 mounted thereon, by side to
      side movement. The bottom of the guide stick 11 extends through the
      platform 1 to its underside and fits into a bracket end of a guide rod 14,
      as shown in FIG. 2. The guide rod 14 is mounted in a guide rod support 15
      in a manner whereby its ends swing from side to side. The guide rod 14 has
      a ball-shaped end 16 which fits between two brake shafts 17 and 18 which
      are spaced to accommodate the ball-shaped end between them, as shown in
      FIG. 2. The brake shafts 18 and 17 are mounted on supports 19 and 20,
      respectively, in front of the rear wheels 4 and 5, respectively, so that
      the brake shoe ends 21 and 22 of the brake shafts 18 and 17, respectively,
      may come in contact with rims of the wheels 4 and 5 when the guide stick
      is moved left or right. Springs 23 and 24 are supported on the brake
      shafts 18 and 17, respectively, in a manner whereby they push the brake
      shafts 18 and 17 back into position when the guide stick 11 is released.
      When the guide stick 11 is moved to the left, the left rear wheel 4 is
      braked and the machine moves to the left. When the guide stick is moved to
      the right, the right rear wheel 5 is braked and the machine moves to the
      right.
PAR  The machine is driven by the fourth motor 9 (FIG. 3) which is mounted on
      the platform 1. The fourth motor 9 is connected to a ring gear of a
      differential assembly 25 (FIGS. 2 and 3) via gears and rear wheel axles 26
      and 27 (FIG. 2). The fourth motor 9 is controlled by a three speed
      transmission type switch 28, operated by a drive pedal 29 (FIG. 3), in the
      area of the driver's seat 30 (FIG. 1).
PAR  A brake system, operated by a brake pedal 12 in the area of the driver's
      seat 30, functions to stop the machine. the brake pedal 12 has a switch 13
      thereon which opens the energizing circuit of the fourth motor 9 when said
      pedal is depressed, as shown in FIG. 3. The bottom end of the brake pedal
      12 is coupled to a brake rod 31 (FIGS. 2 and 6) under the platform 1. The
      brake rod 31 is connected to brake arms 32 and 33 mounted on brake arm
      supports 34 and 35, respectively, which swing into contact with brake
      rings 36 and 37, respectively, on the brake shafts 18 and 17,
      respectively, as shown in FIG. 2 when the brake pedal is depressed. A
      spring 38 (FIG. 2) connected to the brake rod 31 moves the brake pedal 12
      back into position when said pedal is released.
PAR  A vacuum system is mounted on the platform 1 at the rear thereof and is
      connected to and operated by the first motor 6. The vacuum system
      comprises a vacuum machine 39 and a vacuum-wash attachment 43 coupled to
      the vacuum machine via a hose arrangement 41 (FIG. 1). The vacuum system
      vacuums the floor 42 (FIG. 1) on which the machine is driven.
PAR  The vacuum machine 39 comprises any suitable known vacuum machine and is
      affixed to the platform 1 by guide rods 44 and 45, guide springs 46 and
      47, and a lift member 48, as shown in FIG. 4. The vacuum machine 39 moves
      up and down in accordance with the operation of a vacuum control lever 49
      (FIG. 1). A vacuum lift 50 is mounted on a lift support 51 at the rear of
      the platform 1 and is connected to the vacuum control lever 49 by a
      control cable 52, as shown in FIG. 5. The vacuum lift 50 is controlled by
      a vacuum lift rod 53 (FIG. 5).
PAR  The vacuum-wash attachment 43 has a flexible material around its rim so
      that it draws particles off the floor due to the vacuum produced by the
      vacuum machine 39. The vacuum-wash attachment 43 is supported at the end
      of the hose arrangement 41 (FIGS. 1, 4 and 6).
PAR  A brushing system on the platform 1 is connected to and operated by the
      third motor 8 of the electric power system and may be used to brush and
      buff the floor 42, as desired. The brushing system comprises a plurality
      of brushes 54, 55, 56, 57, 58 and 59, as well as the vacuum-wash
      attachment 43 (FIGS. 1, 2, 4 and 5). Each of the brushes 54, 55, 56, 57,
      58 and 59 is rotatably mounted on its own shaft 40, 60, 61, 62, 63 and 64,
      respectively, of which the shafts 60, 61 and 40 are shown in FIG. 1, and
      may be raised or lowered, as desired, to move up out of contact with the
      floor, or down into contact with the floor. The raising and lowering of
      the brushes is controlled by manually operated levers 65, 66 and 67 (FIG.
      1). The third motor 8 rotates all the brushes simultaneously, and has two
      speeds.
PAR  The bottoms of the levers 65, 66 and 67 are coupled to push rods 68, 69 and
      70, respectively (FIG. 5), and selectively control the waxing, brushing
      and buffing operations of the machine. The push rods 68, 69 and 70,
      respectively (FIG. 5), and selectively control the waxing, brushing and
      buffing operations of the machine. The push rods 68, 69 and 70 are
      connected to push rockers 71, 72 and 73, respectively, supported by the
      platform 1, as shown in FIG. 5. When; the levers 65, 66 and 67 are moved
      into position to bring the brushes into contact with the floor, the necks,
      or extended parts, of the push rockers 71, 72 and 73 move a waxing cross
      bar 74, a brushing cross bar 75 and a buffing cross bar 76, respectively,
      as shown in FIG. 5, mounted over the tops of the brush shafts 60, 61, 40,
      62, 63 and 64. The cross bars 74, 75 and 77 (FIGS. 5 and 6) are
      spring-mounted via springs 77, 78, 79, 80, 81, 82, and so on, as shown in
      FIG. 6. When the levers 65, 66 and 67 are released, the springs 77 to 82,
      and so on, move the brushes out of contact with the floor by raising the
      shafts 60, 61, 40, 62, 63 and 64 of the brushes. The right front brush
      unit has a shaft spool 83 and a shaft sleeve 84 (FIG. 6). The right center
      brush unit has a shaft spool 85 and a shaft sleeve 86 (FIG. 6). The right
      rear brush unit has a shaft spool 87 and a shaft sleeve 88 (FIG. 6).
PAR  The right front brush unit has a shaft gear 89, a waxing axle 90 and an
      axle end gear 91 (FIG. 7). The left front brush unit has a shaft gear 92
      and an axle end gear 93 (FIG. 7). A shaft waxer gear 94 is coupled to a
      shaft waxing gear 95 (FIG. 7). The right center brush unit has a shaft
      gear 96, an axle end gear 97 and a brushing axle 98 (FIG. 7). The left
      center brush unit has a shaft gear 99 and an axle end gear 100 (FIG. 7).
      The right rear brush unit has a shaft gear 101, an axle end gear 102 and a
      buffing axle 103. The left rear brush unit has a shaft gear 104 and an
      axle end gear 105 (FIG. 7).
PAR  As shown in FIG. 7, the brushing motor 8 drives a brushing motor shaft 106,
      which drives the waxing axle 90 via the shaft waxing gear 95 and a center
      gear 107, drives the brushing axle 98 via a shaft brushing gear 108 and a
      center gear 109, and drives the buffing axle 103 via a shaft buffing gear
      110 and a center gear 111. A generator 112 is driven by the brushing motor
      shaft 106 via a roller 113 and a drive belt 114, as shown in FIG. 7.
PAR  A washing system on the platform 1 is utilized to wash the floor 42. The
      washing system comprises a water tank 115 mounted on the upper surface of
      the platform 1, which tank is divided into a front part 116 for storing
      washing water and a rear part 117 for storing rinsing water (FIG. 1). The
      flow of water from the tank 115 is controlled by a washing rod 118
      extending into the front part 116 and a rinsing rod 119 extending into the
      rear part 117, as shown in FIGS. 1 and 8.
PAR  The rods 118 and 119 are connected to a plunger lift 120 (FIG. 8) mounted
      on the front of the tank 115 and supported by a front plunger lift support
      121, and a plunger lift 122 (FIG. 8) mounted on the rear of the tank and
      supported by a rear plunger lift support 123. The plunger rods 118 and 119
      extend through holes in the top of the tank 115 and are supported by the
      plunger lifts 120 and 122, respectively. A front plunger and rod 124 and a
      rear plunger and rod 125 fit into corresponding holes in the bottom of the
      tank 115 and are guided by a front plunger guide 126 and a rear plunger
      guide 127, respectively, as shown in FIG. 8. A front plunger spring 128 in
      the front plunger guide 126 and a rear plunger spring 129 in the rear
      plunger guide 127, respectively, move the plungers 124 and 125 (FIG. 8). A
      front plunger pipe 130 from the front hole at the bottom of the tank 115
      is connected to a front tank pipe 131, which is connected to a front frame
      pipe 132, which is connected to a front end pipe divider 133, as shown in
      FIG. 8. A rear plunger pipe 134 from the rear hole at the bottom of the
      tank 115 is connected to a rear tank pipe 135, which is connected to the
      pipe divider 133 via a rear frame pipe 136, as shown in FIG. 8. The
      washing rod 118 is coupled to the front plunger and rod 124 via a washing
      rod yoke 137 and the rinsing rod 119 is coupled to the rear plunger and
      rod 125 via a rinsing rod yoke 138 (FIG. 8). A pair of tank doors 139 and
      140 (FIG. 8) are provided to permit access to the tank 115.
PAR  When the washing and rinsing rods 118 and 119 are pulled back, by the
      operator of the machine, the corresponding front and rear plungers 124 and
      125 are raised, permitting the water to flow to the floor via the pipe
      divider 133, on the underside of the platform 1. Small holes are formed in
      the top of the tank 115 at the front and rear parts 116 and 117,
      respectively, to permit the water to flow by gravitational force. The flow
      of water is adjusted by positioning a selected one of a plurality of
      protrusions 141, 142 and 143 on the rod 118 and 144, 145 and 146 on the
      rod 119 (FIG. 8) in cooperating grooves in a supporting part 147 (FIG. 1)
      of the platform 1.
PAR  A waxing system on the platform 1 is connected to and operated by the
      second motor 7 (FIGS. 3 and 10). The waxing system comprises a wax drum
      148 (FIGS. 1, 9 and 10) mounted at the front of the vehicle which may be
      raised or lowered by a waxing motor switch 178 (FIG. 3), as desired, to
      move up out of contact with the floor, or down into contact with the
      floor. A waxer contact gear 152 is rotated by the third motor 8, which
      rotates the brushes. The second motor 7 controls the vertical movement of
      the wax drum 148 and a wax plunger 149 via a motor shaft 150, as shown in
      FIG. 10. The motor 7 is supported by a motor support 151 (FIG. 10). The
      wax plunger 149 extends into the wax drum 148. The third or brush motor 8
      rotates the waxer contact gear 152 (FIGS. 9, 10 and 11) on the bottom of
      the wax drum 148 and said gear rotates a wax carrier or butterfly worm
      143, shown in FIG. 11, in the wax drum 148. The wax plunger 149 and the
      brushing motor shaft 106 (FIG. 7) are coupled via the shaft waxer gear 94,
      shown in FIGS. 7 and 9.
PAR  A waxer gage or disc 154 at the bottom of the wax drum 158 is set to
      control the application of paste wax from the drum (FIGS. 10 and 11). The
      waxer gage 154 is set by a gage set screw 155 and the waxer contact gear
      152 is coupled to the motor 8 via a waxer connecting shaft and gears 156,
      as shown in FIG. 10. A waxer thrust bar 157 is supported by a thrust bar
      clamp 158 and is set by a thrust bar set screw 159, as shown in FIG. 10.
      The wax drum 148 is covered by a cover 160 (FIGS. 9 and 10).
PAR  A left waxer support arm 161, support arm clamp 162 and clamp set screw 163
      and a right waxer support arm 164, support arm clamp 165 and clamp set
      screw 166 are provided, as shown in FIG. 9.
PAR  A vehicle control system, shown in FIGS. 2 and 3, is coupled to the fourth
      motor 9 (FIG. 3) of the electric power system and controls the movement of
      the vehicle or platform 1. A machine control system, which includes the
      manually operated levers 49, 65, 66 and 67 (FIGS. 1 and 5), shown in FIGS.
      4, 5, 6, 7, 8, 9, 10 and 11, is coupled to the first, second and third
      motors 6, 7 and 8, respectively, of the electric power system, as shown in
      FIG. 3, for selectively controlling the operation of the vacuum system,
      the brushing system and the waxing system.
PAR  The driver's seat 30 is affixed to the top surface of the platform 1 in the
      area of the manually operated levers 49, 65, 66 and 67 (FIG. 1).
PAR  When the machine is to be used for vacuuming and sweeping the floor, the
      brushing brushes are mounted on their respective shafts. The manual
      control levers are operated to lower the brushes downward to the floor and
      to lower the sweeping or vacuum attachment 43 downward to the floor. A
      master switch 167, a vacuum switch 168 and a brushing motor switch 169, as
      shwon in FIG. 3, are operated to energize the systems.
PAR  When the machine is to be used for washing the floor, the sweeping or
      vacuum-wash attachment 43 is raised (FIG. 1). The front part 116 of the
      tank 115 is filled with detergent and water and the rear part 117 of said
      tank is filled with rinse water.
PAR  When the floor is to be paste waxed, the sweeping brushes are removed from
      the corresponding shafts and are replaced by waxing brushes. The wax drum
      148 is filled with wax and the wax drum is lowered downward to the floor
      by the waxing motor switch 178 and the waxing brushes are lowered downward
      to the floor 42 by the manual control levers. The brushes 56 and 58 are
      illustrated as sweeping brushes and the brushes 54 and 59 are illustrated
      as buffing brushes in FIG. 2. The brushes 55 and 57 are paste waxing
      brushes. Each transverse pair of brushes may be lowered separately to
      perform a specific function, or each pair of brushes may be operated to
      perform the same function. As shown in FIGS. 1 and 2, the machine of the
      invention performs a one trip operation to simultaneously sweep, paste,
      wax and buff. The machine may be adjusted to perform a single function
      with all six brushes being the same, however. When the machine is used for
      washing a floor, the sweeping attachment is removed from the bottom of the
      vacuum-wash attachment 43 and said vacuum-wash attachment is lowered to
      the floor. All six brushes are then sweeping brushes.
PAR  When the machine is to be used for liquid waxing, the tank 115 is filled
      with a liquid wax mixture.
PAR  When the machine is to be used for brushing and buffing, the wax drum 148
      and the waxing brushes are removed. The waxing brushes are replaced by the
      desired brushes.
PAR  When the machine is to be used for stripping, the buffing and brushing
      brushes are removed and replaced by stripping pads and the washing system
      is placed in operation.
PAR  A front end pipe 170, as shown in FIGS. 1 and 12, extends from the pipe
      divider 133. The front end pipe directs liquids from the tank 115 to the
      floor.
PAR  FIG. 13 shows the brake pedal 12, the brake pedal support 171, the drive
      pedal 29, the drive pedal support 172, a vacuum float gage 173, a switch
      panel 174, the foot switch 13, a junction box 175 (FIGS. 3 and 13), the
      master switch 167, a battery regulator 176 (FIGS. 3 and 13) and the
      battery or batteries 10 (FIGS. 3 and 13). An ammeter 177 and the waxing
      motor switch 178 are connected in the power circuit, as shown in FIG. 3.
PAR  FIG. 2 shows the left front wheel 2, a left front wheel trotter 179, a left
      front wheel trotter guide 180, the right front wheel trotter 181 and the
      right front wheel trotter guide 182. The wheels 2 and 3 are, as shown,
      pivotally mounted.
PAR  A motor connected shaft and gears 183 for the drive system and a connecting
      gear sleeve 184, shown in FIG. 6. A brushing motor shaft support 185, the
      drive motor 9, the motor connecting shaft and gears 183, a motor gear 186,
      the waxing motor 7, a support 187 for the waxing motor 7, a motor shaft
      188, the motor shaft gear 94 and the wax plunger and shaft 149 are shown
      in FIG. 5. Axle supports 189, 190, 191, 192, 193, 194, 195, 196, 197, 198,
      199 and 200 are shown in FIG. 5.
PAR  FIG. 14 shows the vacuum float gage 173 (FIGS. 13 and 14) and a vacuum gage
      pipe 201. One of six brush pins 202 and one of six brush pin keys 203 are
      shown in FIG. 6. A brake pedal support pin 204, a pin key 205, a push rod
      pin 206 and a push rod key 207 are shown in FIG. 6. A support pin 208 and
      a pin key 209 are shown in FIGS. 6 and 7. One of two yoke pins 210 and one
      of two yoke pin keys 211 are shown in FIG. 8.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A floor maintenance machine, comprising
PA1  a platform mounted on wheels;
PA1  an electric power system on the platform coupled to some of the wheels for
      driving the machine;
PA1  steering means on the platform coupled to selected ones of the wheels for
      steering the machine;
PA1  vacuum means on the platform connected to and operated by the electric
      power system for vacuuming a floor on which the machine is driven;
PA1  brushing means on the platform connected to and operated by the electric
      power system for performing selected operations on the floor, said
      brushing means comprising a plurality of brushes selectively manually
      coupled to the brushing means;
PA1  washing means on the platform for washing the floor, said washing means
      comprising a storage drum having two independent compartments, one
      containing a detergent and water solution and the other containing rinse
      water when washing and liquid wax when waxing;
PA1  waxing means on the platform connected to and operated by the electric
      power system for waxing the floor, said waxing means including a wax drum
      movably mounted on the platform, a wax plunger movably mounted on the wax
      drum, and control means coupled to the wax drum for selectively raising
      and lowering the wax drum out of and into contact with a surface
      supporting the machine and coupled to the wax plunger for selectively
      moving said wax plunger in axial directions in said wax drum; and
PA1  machine control means coupled to the electric power system for selectively
      controlling the operation of the vacuum means, the brushing means and the
      waxing means.
NUM  2.
PAR  2. A floor maintenance machine as claimed in claim 1, wherein the platform
      is mounted on two pivotally mounted front wheels and a pair of rear wheels
      and the steering means comprises a pair of brake devices each in proximity
      with a corresponding one of the rear wheels and each controlled
      individually in a manner whereby when one of the brake devices is actuated
      it brakes the corresponding wheel and the machine is turned in the
      corresponding direction and when both brake devices are actuated both
      wheels are braked and movement of the machine is halted.
NUM  3.
PAR  3. A floor maintenance machine as claimed in claim 1, wherein the machine
      control means includes means for selectively raising and lowering the
      brushes.
NUM  4.
PAR  4. A floor maintenance machine as claimed in claim 1, wherein the washing
      means includes outlet means for supplying liquid to the floor, said outlet
      means extending from the bottoms of the compartments of the storage drum
      toward the floor, blocking means in the outlet means for blocking the flow
      of liquid therethrough, and control means coupled to the blocking means
      for selectively controlling the blocking means to selectively permit and
      block the flow of water through the outlet means, said control means
      comprising rod means coupled to the blocking means.
NUM  5.
PAR  5. A floor maintenance machine as claimed in claim 1, wherein the electric
      power system comprises battery means for supplying electrical energy, four
      electric motors and electric circuit means connecting the motors to the
      battery means for energization thereby, a first of the motors being
      coupled to and driving the vacuum means, a second of the motors being
      coupled to and driving the wax plunger of the waxing means, a third of the
      motors being coupled to and driving the brushing means and coupled to and
      driving the wax drum of the waxing means, and a fourth of the motors being
      coupled to and driving said some of the wheels.
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ABST
PAL  A wheeled suction nozzle is provided having, generally, a simplified
      three-piece construction including an upper shell, an intermediate plate
      and a bottom pan, with the intermediate plate sandwiched between the other
      two members so that its top surface and the bottom surface of the upper
      shell form the suction passageways for the nozzle.
PAL  A rotary valve is included to activate edge or normal suction, with this
      valve rotating on a vertical axis and snapfit into position and thus not
      requiring any sort of connecting means which would positively maintain the
      rotary valve attached to the nozzle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to vacuum cleaners and, more specifically, to a
      floor nozzle usable with such a cleaner.
PAR  2. Description of the Prior Art
PAR  It is old and well known in the cleaner art to provide floor-engaging
      nozzles for general cleaning utility of floors, rugs and the like. It is
      also old in the cleaner art to include an edge cleaning feature in such a
      floor-engaging nozzle but heretofore nozzles of this type have been
      required to be of relatively complicated structure so as to effectively
      form both edge and front cleaning passageways and, at the same time, make
      provision for operator selection of whichever of these two cleaning
      features is desired to be used at a particular time.
PAR  Accordingly, it would be advantageous to provide a simplified cleaning
      nozzle structure by encapsulating the air passageways within the nozzle
      between two easily molded members such as the bottom of an upper shell
      member and the adjacent top of a member disposed therebelow.
PAR  It would be further advantageous to then utilize the conventional,
      requisite wear member, bottom plate, to maintain the assemblage of the
      other two members so that, in effect, the lower member forming a part of
      the air passageways was sandwiched between the outer shell member and the
      bottom plate.
PAR  It would be still further advantageous to include as a part of the floor
      nozzle structure a rotary valve for initiation of edge or front cleaning
      and to mount this valve to form a vertically disposed axis for it for easy
      operator accessability and minimum requisite connective mounting
      structure.
PAR  Further and additional advantages offered by the structure disclosed will
      become apparent as the description proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is provided in a wheeled rug and floor nozzle that is
      normally to be used as an auxiliary cleaning tool attached to a suction
      hose of a canister cleaner or the like. Such a nozzle, then, can be
      advantageously utilized for the cleaning of carpeting in a manner similar
      to that employed with an upright cleaner by rolling the nozzle backwardly
      and forwardly over the dirty carpet so that suction provided at a nozzle
      face will pick up dirt and litter contained on and in the carpet's
      surface.
PAR  The nozzle includes, at the hose end, a tubular conduit section for easy
      connection to the cleaner suction hose. This tubular conduit section
      integrally merges into a boss portion that is pivotally attached to the
      floor-engaging nozzle section, proper, to permit pivoting of the suction
      hose relative to the floor-engaging nozzle section of the nozzle. A
      horizontally extending slot in the boss portion provides suction
      communication between it and the floor-engaging nozzle section.
PAR  At a rearward portion of the floor-engaging nozzle section a closed yoke
      configuration is included which pivotally receives the boss portion and
      provides support for a pair of wheels that rollably support the nozzle.
      Forwardly of the yoke configuration and integrally attached to it is an
      upper shell portion of the floor-engaging section that forms the top and
      downwardly engaging edges of it. Received within this upper shell is an
      intermediate plate member that is spaced from the bottom of the upper
      shell by pendant, integral walls of it to thereby form the requisite
      suction passageways that open downwardly through the intermediate plate at
      its front and side edges. The nozzle is, thus, imbued with both normal and
      edge cleaning functions.
PAR  Disposed below the intermediate plate and acting as one half of a sandwich
      arrangement for it is a conventional bottom wear piece, also having
      openings for edge and conventional front cleaning. Screw means extend
      through it into the upper shell to maintain them and the intermediate
      plate in sandwiched relationship.
PAR  In order to provide suction for conventional or edge cleaning, the rug and
      floor nozzle includes an integral valve and dial member mounted in the top
      side of the upper shell section so as to rotate on a vertical axis and
      provide suction communication between the tubular conduit section of the
      rug and floor nozzle and the sidewardly and forwardly extending ducts
      formed between the bottom of the upper shell and top of the intermediate
      plate.
PAR  The rug and floor nozzle is completed by a nonrotatable agitator
      resiliently mounted therewith and a litter picker also mounted therewith,
      with both extending through slots in the bottom plate to place them in
      floor-engaging position during rug and floor nozzle use. A furniture guard
      is also mounted so as to extend around the rug and floor nozzle proximate
      the juncture of the top shell and bottom plate to thereby act as a bumper
      and protect furniture, walls, etc. in the area of cleaning use of the
      nozzle. It may also be used to effect a seal between top shell and bottom
      plate.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  Reference may now be had to the accompanying drawings for a better
      understanding of the invention, both as to its organization and function,
      with the illustration being of a preferred embodiment but only as
      exemplary, and in which;
PAR  FIG. 1 is a front perspective view of the rug and floor nozzle of the
      instant invention;
PAR  FIG. 2 is a top plan view of the rug and floor nozzle;
PAR  FIG. 3 is a cross-sectional elevational view of the floor nozzle taken on
      line 3--3 of FIG. 2;
PAR  FIG. 4 is a partial cross-sectional elevational view of the nozzle taken on
      line 4--4 of FIG. 2;
PAR  FIG. 5 is a bottom plan view of the rug and floor nozzle, taken on line
      5--5 of FIG. 3;
PAR  FIG. 6 is a bottom plan view of the rug and floor nozzle showing generally
      the underside of the top shell with the nozzle conditioned for normal
      cleaning; and
PAR  FIG. 7 is a partial bottom plan view similar to FIG. 6 but showing the
      nozzle conditioned for edge cleaning.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now specifically to FIGS. 1 and 2, it can be seen that a rug and
      floor nozzle 10 includes a pair of floor-engaging  wheels 12, 12, a
      tubular conduit section 14, for pivotal connection to a cleaner suction
      hose 16 (FIG. 3), and a floor-engaging nozzle section 18 that is propelled
      along a floor or rug (not shown) to remove dirt, debris, etc. therefrom
      and thereby provide for the normal cleaning function of the rug and floor
      nozzle 10.
PAR  Mounted in the top of the nozzle section 18 is a combined dial and valve
      member 20 which, when properly indexed, as indicated by shaped index means
      22, provide for forward or edge cleaning of the rug and floor nozzle 10.
      Also mounted with the rug and floor nozzle 10 is a furniture guard 24,
      formed of a resilient material, and stretch-mounted on the floor-engaging
      nozzle section 18 so as to extend around its major periphery and provide
      protection for both the rug and floor nozzle 10 and furniture which it
      might contact or bump during the normal cleaning operation of the rug and
      floor nozzle 10. The parts just described generally complete the assembled
      outline or outer periphery of the wheeled rug and floor nozzle 10 which
      will now be described in somewhat more detail.
PAR  Turning now to the remainder of the drawings, it can be seen that the
      tubular conduit section 14 includes, at its upper end, a hose connecting
      tube 26 which is integrally connected, at its lower end, to a boss portion
      28. Boss portion 28 is, generally, in the form of a hollow tube, as is
      hose connecting tube 26, but is disposed transverse to the hose connecting
      tube with the boss portion 28 opening into the hose connecting tube 26 and
      smoothly merging with it. Boss portion 28 also includes a longitudinally
      extending open slot 30 at its outer periphery, remote from hose connecting
      tube 26, so as to provide confluent communication between the suction hose
      16 and the floor-engaging nozzle section 18 of wheeled rug and floor
      nozzle 10. Boss portion 28 also includes capped ends 32, 32 that provide
      bearing surfaces for swiveling of the tubular conduit section 14 relative
      to the floor-engaging nozzle section 18.
PAR  In order to mount the boss portion 28 for this swiveling action, nozzle
      section 18 includes a pair of rearwardly disposed leg portions 34, 34,
      formed integrally with an upper shell 36 of downwardly open configuration
      of nozzle section 18, and extending parallel to capped ends 32, 32, to
      bearingly receive the same therebetween. Inwardly extending step portions
      38, 38 (only one shown), one being integral with each of the leg portions
      34, 34, provide material for the shaping of arcuate depressions 40, 40
      (only one shown) for the forward reception of the curvilinear surface
      afforded by the forward terminations of boss portion 28.
PAR  Rotational pivoting of tubular conduit section 14 relative to
      floor-engaging nozzle section 18 is on an horizontal axis formed by a pair
      of bolts 42, 42, each mounted so as to extend through one of the leg
      portions 34 so that a bolt head 44 of each of bolts 42, 42, abuts against
      the interior face of capped end 32. The outer ends of bolts 42 are
      attached to wheels 12 inwardly thereof by means of, e.g., C-rings engaging
      the inner ends of the bolts (not shown) within the wheels 12. This
      structural arrangement, then, provides for both pivotal mounting of the
      wheels 12 and also pivotal mounting of the tubular conduit section 14 to
      the remainder of the rug and floor nozzle 10.
PAR  Upper shell 36 of floor-engaging nozzle section 18 includes a circular
      cross-sectional, vertically extending well or journalizing portion 46
      (FIGS. 6 and 7) which has front and rear openings 48, 50 and side openings
      52, 54, disposed one on each side of front openings 48, to serve as a
      suction air communicating path between the tubular conduit section 14 and
      more forward portions of floor-engaging nozzle section 18 during the
      cleaning function. Suction air communication is then selectively had
      between the rear opening 50 and the forward or side openings 48, 52 and 54
      through movement of dial and valve member 20.
PAR  This is accomplished in the following manner. Dial and valve member 20
      includes a pair of forward and rearward slots 56, 58 respectively (FIG. 3)
      disposed in a vertically extending circular wall 60 thereof situated in
      depending and integral relationship with a top face 62 of dial and valve
      member 20. Thus, movement of dial and valve member 20 in a pivotal manner
      around its vertical axis provides selective communication between the rear
      opening 50 in round wall 46 with one of the front or side openings 48, 52,
      54 of this wall so that suction cleaning air may be confluently
      communicated from the hose 16 to more forward portions of the nozzle
      section 18.
PAR  Also situated within upper shell 36 of floor-engaging nozzle section 18 is
      a pair of leftwardly extending wall portions 64, 66 and a pair of
      rightwardly extending wall portions 68, 70 that form sections of the
      passageways or conduits that provide for the edge cleaning function of the
      rug and floor nozzle 10. More specifically, the wall portions 64, 68 are
      the forwardmost wall portions, while the wall portions 66, 70 are the
      rearwardmost wall portions. Each forward wall portion, in conjunction with
      its complementary rearward wall portion and the bottom face of upper shell
      36 disposed therebetween, form three of the sides of the aforesaid
      passageway or conduit. The fourth bottom side of the two sidewardly
      extending passageways are, of course, formed by sections of an
      intermediate plate or member 72 that has a generally large side to side
      and front to back plate-like extent and that is receivingly maintained in
      sandwiched relationship between upper shell 36 and a bottom plate 74.
PAR  Each end of intermediate plate 72 includes a relatively flat face 76,
      located relatively rearwardly, and a tapering face 78, located relatively
      forwardly and forming the aforesaid fourth side of the conduit or
      passageway. Tapering face 78 tapers downwardly relative to upper shell 18
      so as to form an expanding volume for the conduit or passageway and with
      two of these faces again being disposed one on each side of the dial and
      valve member 20, to provide edge cleaning for both edges of rug and floor
      nozzles.
PAR  Intermediate plate 72 also includes a rearwardly extending medial portion
      80 that terminates in a lip 82 that engages above the bottom face of boss
      portion 28 so as to complete the closing 17 of the center fed air channel
      extending to dial and valve member 20 from suction hose 16. Intermediate
      plate 72 also includes a pair of upwardly extending wall portions 84, 86,
      disposed forwardly of dial and valve member 20, which furnishes that
      portion of the normal, forward cleaning flow passageway immediately
      downstream of the dial and valve member 20 and proximate slot 56 in dial
      and valve member 20. Flocking material or felt 88 may be utilized in this
      area on the outer side of the wall portions 84, 86 to make a more airtight
      connection between them and the inner abutting ends of forward wall
      portions 64, 68. Flocking or felt 90 may also be utilized as a sealing and
      seating means for dial and valve member 20.
PAR  The intermediate plate 72 has its structure generally completed by a
      downwardly opening wall 92, utilized for mounting an agitator brush 94 and
      a central opening 96 communicating with a tunnel 98, extending
      longitudinally relative to the general outline of the major portion of rug
      and floor nozzle 10. Central opening 96 communicates with the channel
      between wall portions 84, 86 and provides for forward cleaning, through
      tunnel 98, over nearly the entire width of rug and floor nozzle 10.
PAR  The assemblage of the rug and floor nozzle 10 is completed by the
      aforementioned bottom plate 74, this member, ideally, being a metal
      stamping while the upper shell and intermediate plate conveniently take
      the form of molded plastic member. The bottom plate member is generally
      flat and mounted beneath the intermediate plate 72 and upper shell 36 and
      is maintained in this position by screws 100, 100 extending into the
      intermediate plate 72 and screws 102, 102 extending into the upper shell
      36. Thus, the intermediate plate 72 is sandwiched between the bottom plate
      74 and upper shell 36 so that the passageways or channeling (of somewhat
      intricate requisite shape) may be formed by the combined inter-engagement
      of the upper shell 36 and intermediate plate 27 so that these pieces may
      be easily molded. At the same time, the bottom plate may be conveniently
      stamped from thin sheet metal because of its fairly simple configuration.
      It thereby provides a durable wear surface where actually required.
PAR  Bottom plate 74 includes an elongated, longitudinally extending aperture
      104 so as to permit brush 94 to project downwardly and outwardly of the
      rug and floor nozzle 10 to be properly positioned for floor engagement. A
      roller 106 is also mounted in the bottom plate 74 by offsetting to extend
      outwardly of an aperture 108 so as to also be in floor-engaging position
      and provide support for the rug and floor nozzle 10 on all but very plush
      carpets.
PAR  Apertures are also provided in bottom plate 74 for edge and front cleaning.
      More specifically, an elongated aperture 110 extending substantially from
      side to side is located in the forward portions of bottom plate 74 that
      opens inwardly to the tunnel 98 to provide the standard floor cleaning
      function for the rug and floor nozzle 10. Edge cleaning is occasioned
      through sidewardly disposed apertures 112, 112 (only one shown) with these
      apertures communicating with the channels formed between the depending
      walls 64, 68 and 70 that extend generally to the apertures 112, 112
      situated between the outward termination of intermediate plate 72 and the
      outward termination of upper shell 36. A litter picker 114 may also be
      included in rug and floor nozzle 10 to complete its configuration
PAR  It should now be obvious that all the desired advantages set out in the
      beginning portion of the specification have been satisfied by the
      described structure. It should be further apparent that many modifications
      could be made to the described mechanism which would still fall within the
      spirit and purview of the description offered.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nozzle having an edge cleaning function including;
PA1  a. an upper shell member forming at least partially a housing for said
      nozzle,
PA1  b. an intermediate member disposed against said upper shell member,
PA1  c. conduit means formed between said upper shell member and said
      intermediate member for providing for a suction air flow for said edge
      cleaning function,
PA1  d. a bottom plate wear member attached to said upper shell member and
      sandwiching said intermediate member therebetween,
PA1  e. said nozzle also including a conduit means for providing for a suction
      air flow for a normal forward cleaning function,
PA1  f. a rotary valve means providing selective communication with a suction
      source and one of said conduit means for providing a suction flow of air
      for selective edge and forward cleaning for said nozzle,
PA1  g. said rotary valve means including a rotary valve member that rotates on
      a generally vertical axis,
PA1  h. said rotary valve member being movingly disposed in a means for
      journalling the same formed by at least partially circular vertically
      extending walls,
PA1  i. terminations of said vertical extending walls providing openings for the
      passage of a suction flow of air within said nozzle,
PA1  j. said rotary valve member including a vertically extending slotted rim,
      having at least a pair of vertically aligned slots for the passage of a
      suction flow of air,
PA1  k. said openings including at least a pair of front and rear openings
      formed by terminations of said vertical walls, said front and rear
      openings also being vertically aligned, and
PA1  l. said front opening of said openings formed by terminations of said
      vertical walls communicating with said conduit means for forward and edge
      cleaning.
NUM  2.
PAR  2. The nozzle of claim 1 wherein;
PA1  a. at least one of said upper shell member and said intermediate member
      include said vertically extending walls abutting against the other of said
      upper shell and intermediate member,
PA1  b. said vertically extending walls providing, along with a portion of said
      upper shell member and said intermediate member, said conduit means for
      edge cleaning comprising laterally extending passage means for the passage
      of a suction flow of air and said conduit for forward cleaning comprising
      forwardly extending passage means for the passage of a suction flow of
      air.
NUM  3.
PAR  3. A nozzle having forward and edge cleaning functions including;
PA1  a. an upper shell member having a downwardly opening configuration and
      forming at least partially a housing for said nozzle,
PA1  b. an intermediate member disposed below and nested within and against said
      upper shell member, and providing, generally, a plate-like extent within
      said open configuration,
PA1  c. conduit means for the passage of a suction air flow formed wholly by
      said upper shell member and said intermediate member including forwardly
      extending conduit means for forward cleaning and sidewardly extending
      conduit means for edge cleaning,
PA1  d. a generally flat, elongated bottom plate stamping removably attached to
      said upper shell and closing said downwardly opening configuration and
      abuttingly holding and sandwiching said intermediate member between it and
      said upper shell,
PA1  e. said bottom plate including (1) an elongated aperture for the passage of
      a suction air flow for forward cleaning extending substantially from side
      to side in said bottom plate and (2) at least one aperture disposed in
      said bottom plate outwardly thereof for the passage of a suction air flow
      for edge cleaning, and
PA1  f. said forwardly extending conduit means communicating with said elongated
      aperture and said sidewardly extending conduit means communicating with
      said one aperture.
NUM  4.
PAR  4. A nozzle utilized for edge and forward cleaning including;
PA1  a. a shell member,
PA1  b. an intermediate member,
PA1  c. a rotary valve member rotatably mounted through the top surface of said
      shell member and having a vertically extending slotted wall,
PA1  d. air flow passageways formed in said nozzle between said shell member and
      said intermediate member,
PA1  e. a bottom plate attached to said shell member and maintaining said
      intermediate member therebetween,
PA1  f. one of said shell member and intermediate member including vertical
      walls for forming at least a portion of said air flow passageways,
PA1  g. said vertical walls terminating adjacent said rotary valve for providing
      vertically extending apertures,
PA1  h. said slots in said wall of said rotary valve member being confrontable
      with said vertically extending apertures formed by said wall terminations
      upon rotary manipulation of said valve member, and
PA1  i. said rotary valve member extending vertically outwardly above the top
      surface of said shell member to form a combined dial and valve member for
      easy top access for said rotary manipulation.
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ABST
PAL  A carpet cleaning machine of the portable type that is characterized by a
      compact frame arrangement for supporting dispensing and pick-up systems
      for liquid type carpet cleaners. The cleaning liquid and dirty liquid are
      simultaneously applied to and picked up from a carpet by means of a
      manually operated carpet cleaning tool. The machine is further
      characterized by auxiliary dirty fluid collecting means mounted on a
      separate wheeled auxiliary frame. The auxiliary fluid collecting means is
      disconnectably located in the flow of dirty fluid from the carpet cleaning
      tool to a main collecting means on the machine with said auxiliary
      collecting means being adapted to be removed for emptying without
      preventing continuation of the carpet cleaning operation.
PARN
PAC  REFERENCE TO CO-PENDING APPLICATION
PAR  This application is a continuation of my co-pending application Ser. No.
      260,586 filed June 7, 1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to carpet cleaning machines, and more particularly
      to a portable carpet cleaning apparatus with a novel dispensing and
      pick-up system for liquid type cleaning materials.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the carpet cleaning machine of the present invention includes a
      main frame means provided with wheels which support a hydraulic dispensing
      system for cleaning liquids and a pneumatic pick-up system for the liquid
      after it has been applied to a rug, with said systems being operated
      simultaneously for continuous rug cleaning operations.
PAR  In accordance with the present invention the pneumatic pick-up system for
      the dirty cleaning fluid comprises a main dirty fluid collecting means
      moulded on said main frame means and connected to an auxiliary dirty fluid
      collecting means mounted on a separate auxiliary frame means. The picked
      up dirty fluid from the carpet first passes into said auxiliary collecting
      means, which when full, can be detatched from the system and transported
      on its own auxiliary wheeled frame to a disposal location. At the same
      time the main collecting means remains operative in the system such that
      one of two operators can continue the rug cleaning while the other takes
      the auxiliary collecting means to the disposal location.
PAR  As another aspect of the present invention, the novel carpet cleaning
      machine comprises a unique upright frame configuration wherein the
      collecting means and dispensing reservoir are compactly mounted on the
      upper portion of the frame means, with the other components of the
      dispensing and pick-up systems being compactly mounted on the frame means
      below said collecting means and reservoir. This provides a machine that
      can be moved about in confined carpeted areas, as well as one that can
      readily be moved up and down stairs or loaded on a vehicle bed.
PAR  As another aspect of the present invention, the carpet cleaning machine
      includes a novel arrangement of a collecting means and a reservoir wherein
      a dirty fluid collecting means is compactly mounted within a clean fluid
      dispensing reservoir in isolated relationship therewith.
PAR  As still another aspect of the present invention the carpet cleaning
      machine comprises novel auxiliary collecting means means and wheeled frame
      means wherein the collecting means is pivotally mounted on said frame
      means so as to be tiltable to facilitate emptying of the collected dirty
      fluid.
PAR  As still another object of the present invention the carpet cleaning
      machine comprises a novel upright main frame arrangement provided with an
      endless loading belt apparatus on the upper portion thereof which loading
      apparatus facilitates loading of the machine on a truck bed or the like.
PAR  It is therefore an object of the present invention to provide an improved
      carpet cleaning machine with a novel upright frame construction that
      mounts all components of the fluid dispensing and pick-up systems,
      including the reservoir, collecting means and in a compact and easily
      transported arrangement.
PAR  It is another object of the present invention to provide an improved carpet
      cleaning machine that includes an auxiliary dirty fluid collecting means
      that can be disconnected from a main collecting means for dumping with
      operation of the machine continuing with dirty fluid picked up being
      delivered to a main fluid collecting means.
PAR  It is another object of the present invention to provide an improved carpet
      cleaning machinee that includes a novel integrated arrangement of both the
      fluid dispensing reservoir and fluid collecting means.
PAR  It is another object of the present invention to provide an improved carpet
      cleaning machine that includes a novel auxiliary collecting means
      apparatus that can be readily transported and dumped on its own auxiliary
      frame.
PAR  It is still another object of the present invention to provide an improved
      carpet cleaning machine that includes a novel loading means for
      facilitating the loading and unloading of the machine on a truck bed or
      the like. Such loading means permits the machine to be laid down and moved
      onto the bed of a small pick-up truck or station wagon thereby eliminating
      the need for a large truck with high head room.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein a preferred form of embodiment of the invention is
      clearly shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the carpet cleaning machine
      constructed in accordance with the present invention;
PAR  FIG. 2 is a diagrammatic view illustrating the fluid dispensing and fluid
      collecting systems of the machine of FIG. 1;
PAR  FIG. 3 is a right side elevational view of the machine of FIG. 1;
PAR  FIG. 4 is a left side elevational view of the machine of FIG. 1;
PAR  FIG. 5 is a rear elevational view of the machine of FIG. 1;
PAR  FIG. 5-A is a partial top elevational view corresponding to FIG. 5; and
PAR  FIG. 6 is a front elevational view of the machine of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the machine of the present invention comprises
      a main frame 92 that supports a cleaning fluid dispensing reservoir 28
      mounted on the upper portion thereof. A main dirty fluid collecting means
      is mounted within dispensing reservoir 28 in isolated relationship
      therewith as is best seen in FIG. 2.
PAR  A manipulatable carpet cleaning tool is indicated generally at 48 and
      includes a dirty fluid pick-up opening 50 that is moved along the carpet
      by the operator. Suction is provided at inlet opening 50 by a blower 10
      which includes a blower inlet 22 that sucks air from inlet 50 through the
      handle, a flexible hose 44, and auxiliary collecting means 40, a flexible
      hose 36, a horizontal tube 32, the interior of a secondary dirty fluid
      collecting means 24, and L-shaped tube 26 communicating with the blower
      inlet.
PAR  As is best seen in FIG. 2, air is discharged from the outlet of blower 10
      via pipe 15 and muffler trap 18 to the environment at 20.
PAR  It should be mentioned that the dirty fluid is deposited in dirty bath 42
      of auxiliary collecting means 40 until such collecting means fills to the
      level of vertical tube outlet 38 at which time fluid will be carried over
      into a main dirty bath 29 in main collecting means 24. It should be
      mentioned that the vertical tube and outlet 38 is transparent and can be
      vertically adjusted by the operator so as to establish the extent of
      filling of collecting means 40. The fact that such pipe is transparent
      provides a visual indicator for the operator as to when collecting means
      40 must be emptied. At this time the auxiliary collecting means 40 can be
      disconnected and the carpet cleaning tool connected directly to horizontal
      pipe 32 via couplings 84 and 86 so as to continue operation of the machine
      while the auxiliary collecting means is being transported and emptied.
PAR  It should be mentioned that main collecting means 24 is provided with a
      vacuum relief valve 91 mounted in a lid 90 thereof so as to admit ambient
      air at some predetermined pressure setting of vacuum relief valve 91.
PAR  With continued reference to FIGS. 1 and 2, main frame 92 further includes a
      cleaning fluid dispensing reservoir 28 mounted on the upper portion
      thereof and containing a bath 30 of cleaning fluid to be applied to the
      carpet. Such fluid is delivered to a spray outlet 54 on the wand means 48
      via reservoir outlet 76, valve 74, pump 70, flexible hose 68, dispensing
      flow control valve 58 and flexible hose 56 connected with the outlet
      nozzle 54.
PAR  It should further be mentioned that carpet cleaning tool 48 can
      conveniently be stored on the machine by placing the lower pick-up opening
      50 on the base means behind a retaining bracket 45 and by also removably
      inserting the upper portion of the carpet cleaning tool 48 into a
      resilient bracket 43 formed of synthetic rubber or the like that permits
      the carpet cleaning tool to be attached to the machine.
PAR  It will now be understood that when the operator opens control valve 60, a
      spray 80 of cleaning fluid will be delivered directly to carpet 52.
PAR  A motor 12 is mounted on the frame means beneath the cleaning fluid
      reservoirs and main collecting means and arranged to drive blower 10 by a
      flexible belt 14, as well as pump 70 by a flexible belt 72.
PAR  It should be mentioned that main frame 92 is provided with spaced rear
      wheels 94 and a front caster wheel 96 as well as with upright handle
      members 16 which permit manipulation of the machine within confined
      carpetted areas such as hallways or the like.
PAR  With further reference to main frame 92, the upper portion of handle means
      116 includes a rotary loading means 118 in the form of an endless rubber
      belt 120 mounted on pulleys 122. Such loading means 118 greatly
      facilitates the mounting of the machine on a truck bed merely by tilting
      the machine until the belt 120 engages the end of the truck bed and by
      further lifting the lower end of the machine to a horizontal position
      wherein it can be rolled back onto the truck bed.
PAR  It should be mentioned that drains 62 and 64 are provided for cleaning
      fluid reservoir 28 and main collecting means 24.
PAR  With reference to FIG. 1, auxiliary frame 100 includes a generally tubular
      frame comprising a supporting base 104 provided with spaced front wheels
      106 for transporting the auxiliary frame 100 when tilted and wheeled.
      Inclined tubular handle members 102 each includes a cradle 114 that
      pivotally supports bearing rods 112 mounted to a band 110 surrounding
      auxiliary collecting means 40.
PAR  In operation, when auxiliary collecting means 40 becomes full the operator
      merely turns off motor 12 and then disconnects flexible tubes 44 and 36
      from reservoir 40 at the couplings 84 and 86. The flexible tubes 44 and 36
      can then be connected together at coupling 84 and 86 and motor 12
      restarted so that the operator can continue the carpet cleaning operation
      while his helper wheels auxiliary frame means 100 to the disposal location
      where it can be tilted and dumped.
PAR  As an alternative when auxiliary collecting means 40 becomes full it can be
      removed and immediately replaced with an identical spare collecting means
      so that the carpet cleaning operation can continue while the full
      reservoir is being emptied.
PAR  While the form of embodiment herein shown and described constitutes
      preferred forms, it is to be understood that other forms might be adopted
      falling within the scope of the claims that follow:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A carpet cleaning machine comprising, in combination, wheeled frame
      means; a cleaning fluid reservoir mounted on the upper portion of said
      frame means and including a cleaning fluid reservoir outlet; a dirty fluid
      collecting means on the upper portion of said frame means and including a
      collecting means inlet and outlet; blower means mounted on said frame
      means below said collecting means and including a blower inlet
      communicating with said outlet of said dirty fluid collecting means and a
      blower outlet communicating with the environment; pump means mounted below
      said reservoir means and including a pump including a pump inlet
      communicating with said cleaning fluid reservoir outlet and a pump outlet;
      a manually manipulatable carpet cleaning tool including a tool outlet for
      dispensing said cleaning fluid and a tool inlet for collecting dirty
      fluid; passage means for delivering said cleaning fluid from said pump
      outlet to said tool outlet; second passage means for delivering said dirty
      fluid from said tool inlet to said collecting means inlet; motor means
      mounted on said frame means for driving said blower means and pump means;
      and rotary loading means on the upper portion of said frame means for
      supporting the top of the machine when loading said machine on a truck bed
      or the like.
NUM  2.
PAR  2. The carpet cleaning machine defined in claim 1 wherein said frame means
      includes laterally spaced wheels, a supporting base, and a handle means
      for manipulating said machine on said wheels upon tilting of said frame
      means.
NUM  3.
PAR  3. The carpet cleaning machine defined in claim 1 wherein said dirty fluid
      collecting means is mounted within said cleaning fluid reservoir.
NUM  4.
PAR  4. The carpet cleaning machine defined in claim 1 that includes an
      auxiliary dirty fluid collecting means separate from said first dirty
      fluid collecting means and disconnectably interposed in said second
      passage means.
NUM  5.
PAR  5. The carpet cleaning machine defined in claim 4 that includes an
      auxiliary wheeled frame means removably supporting said auxiliary dirty
      fluid collecting means.
NUM  6.
PAR  6. The carpet cleaning machine defined in claim 1 further including an
      auxiliary wheeled frame means; and an auxiliary dirty fluid collecting
      means pivotally mounted on said auxiliary frame means and means removably
      connecting said collecting means in said second passage means.
NUM  7.
PAR  7. A carpet cleaning machine comprising, in combination, main frame means;
      a cleaning fluid reservoir mounted on said main frame means and including
      a cleaning fluid reservoir outlet; a main dirty fluid collecting means on
      said main frame means and including a main collecting means inlet and a
      main collecting means outlet; blower means mounted on said main frame
      means and including a blower inlet communicating with said main collecting
      means outlet and a blower outlet communicating with the environment; pump
      means including a pump inlet communicating with said cleaning fluid
      reservoir outlet and a pump outlet; motor means mounted on said main frame
      means for driving said blower means and pump means; an auxiliary wheeled
      frame means; an auxiliary dirty fluid collecting means mounted on said
      auxiliary frame means and including an auxiliary collecting means inlet
      and an auxiliary collecting means outlet; a manually manipulatable carpet
      cleaning tool including a tool outlet for dispensing said cleaning fluid
      and a tool inlet for collecting dirty fluid; passage means for connecting
      said pump outlet to said tool outlet; second passage means for delivering
      said dirty fluid from said tool inlet to said auxiliary collecting means
      inlet; and third passage means connecting said auxiliary collecting means
      outlet to said main collecting means inlet, said second and third passage
      means being disconnectable with respect to said auxiliary reservoir so
      said auxiliary reservoir can be independently transported on said wheeled
      frame to a dirty fluid disposal location, said second and third passage
      means being connectable to allow continued functioning of the apparatus by
      direct delivery of dirty fluid to the main dirty fluid collecting means.
NUM  8.
PAR  8. The carpet cleaning machine defined in claim 7 wherein said main frame
      means includes laterally spaced wheels, a supporting base, and a handle
      means for manipulating said machine on said wheels upon tilting of said
      main frame means.
NUM  9.
PAR  9. A carpet cleaning machine comprising, in combination, main frame means;
      a cleaning fluid reservoir mounted on said main frame means and including
      a cleaning fluid reservoir outlet; a main dirty fluid collecting means on
      said main frame means and including a main collecting means inlet and a
      main collecting means outlet; blower means mounted on said main frame
      means and including a blower inlet communicating with said main collecting
      means outlet and a blower outlet communicating with the environment; pump
      means including a pump inlet communicating with said cleaning fluid
      reservoir outlet and a pump outlet; motor means mounted on said main frame
      means for driving said blower means and pump means; an auxiliary wheeled
      frame means; an auxiliary dirty fluid collecting means mounted on said
      auxiliary frame means and including an auxiliary collecting means inlet
      and an auxiliary collecting means outlet; a manually manipulatable carpet
      cleaning tool including a tool outlet for dispensing said cleaning fluid
      and a tool inlet for collecting dirty fluid; passage means for connecting
      said pump outlet to said tool outlet; second passage means for delivering
      said dirty fluid from said tool inlet to said auxiliary collecting means
      inlet; third passage means connecting said auxiliary collecting means
      outlet to said main collecting means inlet, said second and third passage
      means being disconnectable with respect to said auxiliary reservoir so
      said auxiliary reservoir can be independently transported on said wheeled
      frame to a dirty fluid disposal location; and an endless loading belt
      mounted on the upper portion of the machine for supporting the top of the
      machine when loading said machine on a truck bed or the like.
NUM  10.
PAR  10. The carpet cleaning machine defined in claim 7 wherein said main dirty
      fluid collecting means is mounted within said cleaning fluid reservoir.
NUM  11.
PAR  11. The carpet cleaning machine defined in claim 7 wherein said auxiliary
      dirty fluid collecting reservoir is pivotally mounted on said auxiliary
      frame means.
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ABST
PAL  A scrubbing machine that includes an articulated vehicle having a power
      unit and a trailer unit coupled thereto, said trailer unit having cleaning
      and dirty solution tanks thereon, a squeegee assembly on the power unit
      having a central liquid take-up tube and a second take-up tube at one end
      portion thereof, controls operated by turning the vehicle in the
      appropriate direction for switching the application of vacuum from the
      central tube to the second tube, a scrubber head unit and an assembly for
      mounting and carrying the scrubber unit on the vehicle and raising and
      lowering the scrubber unit including an articulated joint to permit
      limited pivotal movement of the scrubber head about a generally vertical
      axis and an axis perpendicular thereto.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a divisional application of our application, Ser. No.
      255,612, filed May 22, 1972, now U.S. Pat. No. 3,824,645.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to self-propelled power driven scrubbing
      machines.
PAR  In co-pending application Ser. No. 72,275, filed Sept. 15, 1970, now U.S.
      Pat. No. 3,702,488, there is disclosed a scrubbing machine that includes a
      mobile vehicle which mounts a scrubber head unit. In order to provide a
      vehicle of even greater maneuverability, better liquid pick up when
      turning in one direction and other advantages, this invention has been
      made.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a self-propelled scrubbing machine that
      includes an articulated vehicle. The vehicle has a power unit and a
      trailer unit, a scrubber unit being mounted on the power unit by an
      articulated joint. A squeegee assembly is mounted on the power unit and
      liquid collection devices cooperate with said assembly to remove liquid
      from the surface being cleaned at selected spaced locations relative the
      assembly, depending on whether the vehicle is being turned or is traveling
      straight ahead.
PAR  One of the objects of this invention is to provide a new and novel
      articulated vehicle for maintaining surfaces such as floors. With
      reference to the above object, it is another object to provide a squeegee
      assembly on the vehicle and liquid collection devices adjacent the central
      and a transverse end portion of the squeegee that are selectively
      controlled by the turning of the vehicle to pick up liquid from adjacent
      the central portion and alternately adjacent the end portion.
PAR  An additional object of this invention is to provide a new and novel manner
      of mounting a unit having a rotary surface maintenance tool thereon, on a
      vehicle for pivotal movement about axes that are at right angles to one
      another. In furtherance of the last mentioned object, it is another object
      of this invention to mount said unit on the vehicle for movement between a
      normal surface maintenance position and an elevated position.
PAR  Another object of this invention is to provide in a scrubbing unit having a
      rotary brush and a debris hopper for collecting liquid raised by said
      brush, new and novel deflectors for directing liquid raised by the brush
      into the hopper. In furtherance of the last mentioned object, it is
      another object of this invention to provide new and novel structure for
      selectively withdrawing liquid from the hopper and alternately permitting
      liquid in the hopper being recycled to the surface.
PAR  A still further object of this invention is to provide on a vehicle that
      mounts a surface maintenance unit having a transverse rotary scrubbing
      brush, new and novel structure for selectively retaining said unit in a
      position on the vehicle for windrowing liquid on the surface over which
      the vehicle moves and alternatingly retaining the brush substantially
      perpendicular to the direction of movement of said unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a right side view of the apparatus of this invention;
PAR  FIG. 2 is a fragmentary, vertical view of frame portions of the trailer and
      power units, the structure for pivotally connecting the trailer and power
      units and the power and scrubber head units respectively, and the squeegee
      assembly which is shown in a liquid collection position in solid lines and
      an elevated condition in dotted lines, portions of said view being broken
      away and other portions being shown in cross section;
PAR  FIG. 3 is an enlarged vertical cross-sectional view of the scrubber head
      unit, said unit being shown in a scrubbing position in solid lines and in
      an elevated condition in dotted lines;
PAR  FIG. 4 is a fragmentary transverse cross-sectional view generally taken
      along the line and in the direction of the arrows 4--4 of FIG. 3 to
      illustrate the deflector members of the scrubbing head unit;
PAR  FIG. 5 is a fragmentary, vertical cross-sectional view generally taken
      along the line and in the direction of the arrows 5--5 of FIG. 4 to show
      the mounting of the debris hopper, the debris hopper being shown in a
      normal scrubbing position in solid lines, and in a dumping position in
      dotted lines;
PAR  FIG. 6 is an enlarged perspective view of the structure for connecting the
      scrubber head unit to the power unit;
PAR  FIG. 7 is a fragmentary bottom view of the power unit and the adjacent
      portions of the trailer unit and scrubber head unit;
PAR  FIG. 8 is an enlarged view of the suction manifold and the structure for
      operating said manifold between its positions, said view showing the
      manifold in a position for supplying suction to the right-side vacuum
      pickup in solid lines and to the center vacuum pickup in dotted lines;
PAR  FIG. 9 is a fragmentary longitudinal cross-sectional view of the center
      vacuum pickup and the squeegee assembly;
PAR  FIG. 10 is a fragmentary perspective view of the left hand end portion of
      the debris hopper and the vacuumized liquid pickup for withdrawing liquid
      from said hopper;
PAR  FIG. 11 is a simplified schematic showing part of the hydraulic circuitry
      and components of the apparatus of this invention.
DETD
PAR  Referring now in particular to FIG. 1, the apparatus of this invention
      includes a scrubber head unit, generally designated 13 that is mounted on
      an articulated vehicle having a power unit, generally designated 11, and a
      trailer unit generally designated 12. The scrubber head unit, power unit
      and trailer unit have main frames 16, 15, and 14 respectively, the trailer
      unit frame mounting a pair of ground engaging wheels 17 with one on either
      side thereof. Also the trailer unit frame includes a top clean water or
      cleaning solution tank 18, a bottom dirty scrubbing solution tank 19, and
      a plenum chamber member 20 opening to the top of tank 19 for applying a
      vacuum thereto whereby dirty scrubbing liquid is drawn through tube 23
      into tank 19. Tube 23 is fluidly connected to a flexible line 24 that
      extends forwardly of the trailer unit. A vacuum is applied to the plenum
      chamber through passageway 25 which in turn is connected to the flexible
      conduit 27 extending between units 11, 12 and connected to the inlet of a
      suction blower 26 mounted on the power unit frame. A valve (not shown) may
      be provided in passageway 25 that when opened places the interior of
      passageway 25 in fluid communication with the atmosphere whereby no vacuum
      is applied to the plenum chamber even though the suction blower is
      running.
PAR  For towingly connecting the trailer unit to the power unit, there is
      provided a towing assembly, generally designated 30 that includes a
      transversely centerly located tow member 31 bolted to the main frame of
      the trailer unit to extend forwardly thereof, (see FIG. 2). One end of the
      tubular housing 32 is bolted to the front end of tow member 31 to extend
      forwardly thereof, the housing mounting spaced bearings 33 which mount a
      shaft 34 in a fixed axial position relative the housing for pivotal
      movement about a longitudinal, horizontal axis. The shaft 34 extends
      forwardly of the housing 32 to have the forward end thereof mount a second
      shaft 35 in a fixed position relative thereto with the central axis of
      shaft 35 perpendicular to the pivotal axis of the shaft 34 and shaft 35
      extending outwardly of either side of shaft 34. Bearings 36 are mounted on
      the opposite end portions of shaft 35 to mount the shaft 35 for pivotal
      movement about a vertical axis in the rearward end of a clevised bracket
      37 which is joined to the power unit frame 15 to extend rearwardly
      thereof.
PAR  For steering the power unit, the radially inner ends of radial arms 43 are
      joined to the forward end of the shaft 34 on the opposite sides of shaft
      35 to extend horizontally outwardly thereof (see FIGS. 7 and 8), piston
      rods 44 of piston cylinder combinations 44, 45 being pivotally connected
      at 46 to the outer ends of arms 43. The cylinders 45 are pivotally
      connected at 47 to brackets 48 that are transversely spaced with one on
      either side of a center longitudinal vertical plane through the power
      unit. A steering wheel 54 on the power unit is connected to a valve 51 for
      operating the valve to apply fluid under pressure to the appropriate one
      of the lines 50 that are fluidly connected to the cylinders 45 for
      retracting one piston rod and extending the other piston rod (also see
      FIGS. 1 and 11). Valve 51 has a neutral position that no fluid under
      pressure is applied to either of cylinders 45 or fluid is permitted to
      escape therefrom. As a result, as the power unit is being driven, it can
      be turned in the appropriate direction. Mounted on the power unit frame on
      either side thereof is a drive wheel 52 which may be driven by a hydraulic
      motor 53. In turning on level surfaces, the power unit may pivot relative
      the trailer unit about the pivot axis of shaft 35, for example while
      turning, while if the units are moving over surfaces of various transverse
      inclinations the power unit and trailer unit may also pivot relative one
      another about the pivot axis of shaft 34.
PAR  In order to mount the scrubber head unit on the power unit to extend
      generally forwardly thereof, there is provided a mounting assembly,
      generally designated 56 (see FIGS. 1, 2, 3 and 6). The mounting assembly
      includes a generally trapezoidal bracket 57 that has one base edge
      pivotally connected to the central portion of the main frame 15 by a pivot
      member 58 for pivotal movement about its horizontal transverse axis. The
      opposite base of the bracket mounts a pair of generally vertically spaced
      pivot brackets 59 which in turn pivotally mount a pivot shaft 60 that has
      a pivot axis that is perpendicular to the axis of pivot 58. The rear end
      of an axially elongated shaft 62 is fixedly mounted on the intermediate
      portion of shaft 60 to have the central axis of shaft 62 extend
      perpendicular to the central axis of the shaft 60. A tubular housing 63 is
      rotatably mounted on the forward end portion of shaft 62 in a fixed axial
      position relative thereto, the housing 63 having a bracket 61 welded
      thereto. The bracket and tubular member 63 extend into a box shape housing
      73 that is enclosed other than for a rear opening, and is formed by a rear
      upper central portion of the scrubber unit frame, the bracket 61 being
      bolted to the bottom wall of housing 73 whereby the scrubber unit frame,
      for the most part, extends downwardly and forwardly of the tubular housing
      63.
PAR  A control rod 64 has one end pivotally connected at 65 to an intermediate
      portion of bracket 57 and an opposite end portion extending through an
      enlarged aperture 47 of frame portion 15a of the power unit frame, a nut
      68 being threaded on rod 64 for adjustably limiting the downward movement
      of the rod relative frame portion and thereby the lowered position of the
      scrubber frame. Through the forementioned structure, the general lowermost
      elevation of the scrubbing unit can be controlled.
PAR  In order to move the scrubber head unit from the lowered solid line
      scrubbing position of FIG. 3 to the elevated dotted line travel position
      thereof (or a higher elevation), there is provided a piston cylinder
      combination 69, 70 that includes a piston rod 69 pivotally connected at 71
      to the bracket 57 and a cylinder 70 that is pivotally connected at 72 to a
      frame portion 15b of the power unit frame 15. By applying fluid under
      pressure to the appropriate end of the cylinder, the scrubber head unit
      may be pivoted about the pivotal axis of pivot member 58.
PAR  In order to selectively resiliently retain the scrubber unit frame in a
      datum condition that the transverse brushes mounted thereon have their
      axes of rotation generally parallel to the surface that the power unit is
      on and parallel to the axes of rotation of the power unit wheels, one
      transverse side of bracket 57 pivotaly mounts one end of a coil spring 66
      which has an opposite end pivotally connected to a turnbuckle 67. The
      opposite end of the turnbuckle is pivotally connected to the transversely
      adjacent, upper rear corner portion 13a of the scrubber unit frame.
      Likewise, a second coil spring 66 and a second turnbuckle 67 connects the
      opposite transverse side of bracket 57 to the other upper rear corner
      portion of the frame 13a.
PAR  By adjusting the effective lengths of the turnbuckle, with the scrubber
      unit in an elevated condition, the scrubber frame will be resiliently
      retained in a position that the axes of rotation of the brushes are
      parallel to the pivot axis of pivot 58 and perpendicular to the pivot axis
      of pivot 60. However, if it is desired to windrow the liquid on the
      surface, one turnbuckle may be loosened and the other tightened whereby
      one rear corner of the frame 13 will be resiliently retained substantially
      closer to the power unit frame than the transversely opposite corner, i.e.
      the axes of rotation of the brushes inclined in a generally horizontal
      plane from extending perpendicular to the direction of travel of the power
      unit.
PAR  By providing the above structure for mounting the scrubber unit on the
      power unit, the scrubber unit is free to pivot about the axis of pivot 58
      to retain the brushes in engagement with a surface when, for example, the
      brushes engage an upwardly inclined ramp surface prior to the power unit
      wheels moving onto the ramp surface. Further if the scrubber unit is moved
      over a surface that is transversely inclined prior to the power unit
      wheels engaging said surface, the scrubber unit can pivot about the axis
      of pivot 62 to maintain the brushes in contact with such a surface
      throughout the axial length of the brushes. Additionally, if one front
      corner portion of the scrubber unit should abut against an obstruction,
      the scrubber unit is free to pivot a limited amount about the axis of
      pivot 60. Rubber bumpers (not shown) are provided on the rear portion of
      the scrubber frame that are normally substantially spaced from the power
      unit frame but are abuttable thereagainst to limit the pivotal movement of
      the scrubber unit about the axis of pivot 60.
PAR  Not previously mentioned is that bracket 61 is connected to the scrubber
      unit at a location that the scrubber unit will tend to pivot about the
      axis of pivot 62 to a position the axis of rotation of the brushes are
      parallel to the horizontal.
PAR  For purposes of describing the scrubber unit frame 13, it will be
      considered to be in the solid line scrubbing position of FIG. 3, the frame
      13 including side walls 75, an upwardly and forwardly inclined rear wall
      77 having the housing 73 welded thereto, a generally vertically extending
      rear wall 78 joined to the lower edge of wall 77, a downwardly and
      forwardly inclined rear wall 80 joined to the lower edge of wall 78 to be
      in partially underlying relationship to a rear portion of brush 81 and a
      top wall 120, 122, 120 that is welded to housing 73 and joined the members
      75-77 to in cooperation therewith and housing 73 form a downwardly opening
      enclosure member.
PAR  The front ends of radial arms 82 respectively mount an idler plug (not
      shown) and a hydraulic motor 91 (FIG. 11), the idler plug and motor 91
      mounting the rear tubular brush 81 for rotation about a transverse axis
      with the upper portion of the brush being within the enclosure member, and
      the rear walls 78, 80 extending downwardly in back of the brush a
      substantial distance below the upper half of the brush as indicated in
      FIG. 3.
PAR  The opposite ends of the arms 82 are keyed to a transverse shaft 83 which
      in turn is mounted for pivotal movement by brackets 84 secured to the rear
      wall 78 to extend rearwardly thereof. In this connection it is to be noted
      that each vertical edge of the rear walls 78, 80 are located transversely
      inwardly of the adjacent edge of the upper portion of inclined rear wall
      77 to which the side walls are secured. One end of a bar 94 is welded to
      rod 83 while the opposite end of the bar is pivotally connected at 86 to a
      clevis bracket 85 which in turn has one end of a rod 87 pivotally
      connected thereto in an axially fixed position. The intermediate portion
      of the rod 87 is threadingly extended through a pivot member 88 that is
      mounted by a clevis bracket 89, a handle 90 being secured to rod 87 for
      adjustably threading rod 87 in pivot member 88 to provide an adjustment
      for brush wear. Bracket 89 is welded to a rod 74 which in turn is
      pivotally mounted by brackets 93 secured to the scrubber unit frame. A
      lever 92 has one end connected to rod 74 for pivotal movement about an
      axis perpendicular to that of rod 74 for pivoting the rod. Lever 92 has an
      intermediate portion extended up through a notched plate 55 (the notches
      not being illustrated) for releasably retaining the lever and thereby the
      brush 81 in various select positions that include (1) a free float
      condition, (2) a position exerting downward pressure on the brush when the
      scrubber unit is in the solid line scrubbing condition; and (3) an
      elevated condition off the surface even when the scrubber unit is in the
      scrubbing position. Plate 55 is mounted on frame 13.
PAR  A downwardly opening, generally U-shaped channel 95 extends between the
      frame side walls 75 and is secured thereto intermediate brush 99 and wall
      76, said channel in turn mounting bearing members 96 which in turn
      pivotally mount a transverse shaft 97 within the channel. Each end portion
      of shaft 97 has one end of a brush mounting arm 98 keyed thereto, the
      opposite ends mounting an idler plug 100 and a hydraulic motor 102 that
      mount the respective end of the tubular brush 99 that is of a
      substantially smaller diameter than brush 81. The axis of rotation of
      brush 99 is parallel to that of brush 81, brushes 81, 99 in scrubbing
      positions having closely adjacent outer peripheral portions. The arms 98
      extend through narrow slots formed in the rear wall of the channel 95 to
      permit limited free floating movement of the brush 99, a stop (98b) being
      mounted by the channel to abut against projection 98a secured to one of
      the arms 98 for limiting the pivotal movement of the arms 98 in a
      direction of arrow 101 about the axis of shaft 97 while the top of the
      channel limits pivotal movement in the opposite direction.
PAR  Located longitudinally between the front brush 99 and the front wall 76 is
      a debris hopper generally designated 105. The debris hooper has a rear
      wall 106 that in the scrubbing unit normal scrubbing position extends
      first downwardly and slightly rearwardly, thence along an intermediate
      portion that extends predominately rearwardly in overhanging relationship
      to the channel 95 and thence vertically downwardly along the front wall of
      the channel. Further, the debris hopper has a bottom wall 108 and a front
      wall 107 that is substantial distance rearwardly of frame front wall 76.
      The front wall 107 extends to a substantially higher elevation than the
      rear wall 106. The hopper also includes a side wall 110 closely adjacent
      the right scrubber unit side wall 75, and at the other transverse end
      includes a lower side wall portion 109. A short distance transversely more
      closely adjacent side wall 110 than side wall portion 109 there is
      provided a side wall portion 111 that extends downwardly to a slightly
      lower elevation than the top edge of side wall portion 109 and upwardly to
      the same elevation as the top of side wall 110, the front and rear walls
      intermediate wall portions 110, 111 extending to the same elevation as
      wall portion 109. A metal vacuum pickup tube 113 is mounted within the
      enclosure formed by the scrubbing unit frame in a fixed condition to
      extend downwardly into the debris hopper transversely between side wall
      portions 109, 111 and closely adjacent wall 108. As a result of the debris
      hopper being of the aforementioned construction, the hopper may pivot from
      the solid line position of FIG. 5 to the dotted line position thereof
      without the tube 113 being moved, the debris hopper being provided with
      transverse pivot members 114 that are attached to the side wall portion
      109 and side wall 110 closely adjacent the front wall of channel 95 and
      closely adjacent the juncture front wall 106 and bottom wall 108, and are
      mounted by the frame side walls 75. A screen 117 is provided in the debris
      hopper and extends from the side wall portion 111 to the bottom wall and
      between walls 106, 107, the one ends of the brushes being longitudinally
      aligned or transversely inwardly of wall portion 111.
PAR  A transverse row of apertures 118 are provided in the hopper rear wall 106
      at a substantially higher elevation than the bottom wall 108 and a lower
      elevation than the top of wall portion 109 to permit drainage of liquid
      from the hopper interior to fall onto the surface to be cleaned in front
      of brush 99. The apertures are at a substantially higher elevation than
      the inlet of tube 113.
PAR  A bracket 125 is mounted by the front wall 76 to have a latch bolt 126
      slidably extended through appropriate apertures in said bracket and the
      front wall between a position with one end in underlying relationship to a
      bracket 127 mounted on the front wall of the hopper and a retracted
      position to releasably retain the hopper in the solid line position of
      FIG. 5. A spring 128 is mounted on bolt 126 to resiliently retain the bolt
      in its extended position. The center of gravity of the hopper is forwardly
      of pivots 114, and upon retracting bolt 126, the hopper pivots in the
      direction of arrow 103 to an emptying position extending below the
      scrubber unit frame and opening forwardly to facilitate cleaning.
PAR  A baffle 115 is mounted by side wall 110 and side wall portion 111 for
      pivotal movement between a position extending above and forwardly of the
      upper terminal edge of wall 106 in overhanging relationship to the upper
      forward part of brush 99 and a generally vertically extending position,
      and can be adjustably spaced from the brush 99 in a given pivotal
      position. The baffle is biased toward a brush overhanging position by a
      spring (not shown) to a given pivot position limited by a stop (not
      shown), but is free to pivot toward the general vertical condition in the
      event brush 99 pivots upwardly.
PAR  The baffle aids in deflecting material raised by the brushes into the
      hopper when the baffle and hopper are in the solid line positions of FIG.
      5.
PAR  A baffle 116 extends between side walls 75 in overhanging relationship to
      the rear portion of brush 81, and is inclined rearwardly and predominately
      upwardly to aid in deflecting material raised by the brushes toward the
      debris hopper. Screws 104 are extended through slots in the frame side
      walls 75 to retain the baffle in selected adjusted positions.
PAR  The top wall of the scrubber frame includes a pair of transversely spaced,
      longitudinally elongated deflectors 120 that are generally V-shaped in
      transverse cross section (see FIGS. 3 and 4). When the scrubber head unit
      is in normal scrubbing position, the deflectors 120 are inclined
      downwardly and predominently forwardly from a location in part in
      overhanging relationship to the rear brush 81 to terminate at a depending
      flange 121 that is in an overhanging relationship to the front part of the
      debris hopper whereby drops of water running down and forwardly along the
      surface of the deflectors will be directed downwardly into the hopper by
      the flange. Further, since the depending apex portions 120a of the
      deflectors are parallel to one another, extend longitudinally and are
      spaced a substantial distance inwardly of the outer ends of the brushes,
      most of any liquid on the deflectors that drips off the deflectors
      rearwardly of the hopper will drip off the apex positions intermediate the
      ends of the brushes. A planar panel 122 has opposite longitudinal edges
      joined to the adjacent terminal edges of deflectors 120, extends in a
      plane parallel to apex edges 120a, and extends from housing 73 to flange
      121. Cover portions 79 are removably mounted on the top wall 120, 122,
      120.
PAR  A transverse liquid distributor 123 is mounted by frame 13 between the
      debris hopper and the frame front wall 76 to direct scrubbing liquid
      downwardly through the bottom opening of the enclosure member. A pipe 124
      is fluidly connected to distributor 123 and is connected to a flexible
      conduit 129 which extends between a wall portion 120 and cover portion 79,
      thence through the power unit and to the trailer unit and is fluidly
      connected to the lower end of cleaning solution tank 18 to permit a liquid
      gravity flow from the tank to the distributor. A shut off valve (not
      shown) is provided in line 129 to control the flow of liquid through said
      line.
PAR  Referring to FIG. 3, on each transverse side of the scrubber head unit
      transversely outwardly of the brushes there is provided a squeegee
      mounting bar 131 that is bolted to the adjacent arm 82, parallel linkage
      members 133 being pivotally connected to the bar 131 and to the side
      squeegee 134. A chain (not shown) may be connected between the squeegee
      and the bar 131 for retaining the squeegee 134 in an adjusted spaced
      relationship to the bar. The squeeges 134 are of lengths to extend from
      forwardly of brush 99 to rearwardly of brush 81.
PAR  Referring now to FIGS. 1, 2, 7 and 9, a squeegee assembly, generally
      designated 140, is mounted on the power unit forwardly of the power unit
      wheels 52, a pair of links 141 being pivotally connected at 142 to
      transversely spaced apart end portions of the squeegee assembly and having
      rearward ends pivotally connected at 143 to brackets 148 that are fixedly
      attached to the main frame 15. Each link 141 has its rearward end portion
      extending between the parallel vertical legs of the respective bracket 148
      in overlying relationship to a transverse rod 149 that is slidably mounted
      in the upwardly and rearwardly inclined slots 150 formed in said legs. An
      adjustment rod 154 has one end attached to each rod 149 and an opposite
      end slidably extended through a bracket 155 on a frame. An adjusting knob
      161 and lock unit 162 are threaded on each rod 154 to abut against bracket
      155 for retaining rods 154, 149 in select adjusted positions. By varying
      the adjustment of rods 154, the lowermost elevation of the squeegee
      assembly end portions may be controlled. A piston cylinder combination
      144, 145 includes a piston rod 144 that is pivotally connected at 146 to
      the central part of the squeegee assembly rearwardly of pivots 142 and a
      cylinder 145 that is pivotally connected at 147 to a bracket 181. Bracket
      181 is dependingly mounted by a bolt 182 to move vertically therewith, the
      bolt being extended through an enlarged aperture in bracket 181 and
      threadingly extended through a bracket 183 that is welded to the frame 15.
      An adjustment knob 184 and a jam nut are provided on the bolt. Through
      members 181-184, the height of the cylinder 145 and thereby the lowermost
      position of the central portion of the squeegee assembly may be adjusted.
      Upon applying fluid under pressure to the lower end of the cylinder 145,
      the squeegee assembly is moved from the downward solid line position
      liquid collecting position of FIG. 2 to the dotted line travel position of
      said Figure; and upon applying fluid under pressure to the upper end of
      said cylinder, the squeegee assembly is moved to its downward position.
PAR  The squeegee assembly includes a frame 151 that dependingly mounts a
      squeegee 152 that extends transversely outwardly of each side of the power
      unit frame. The squeegee may be made of rubber or suitable flexible
      elastomeric material.
PAR  As may be noted from FIG. 7, the squeegee assembly includes portions 140b,
      140d that are joined together at center portion 140c and extend outwardly
      of on either side of portion 140c in forwardly and predominately outwardly
      directions. Joined to the outer ends of portions 140b, 140d are end
      portions 140a,  140e respectively which extend outwardly and predominately
      forwardly; portions 140a, 140e being located transverse outwardly and
      extending slightly forwardly of the rear portions of the adjacent
      squeegees 134, 134.
PAR  A liquid pickup tube 156 extends downwardly through the frame 151 in front
      of squeegee 152 adjacent portion 140c, and terminates at a slightly higher
      elevation than squeegee 152. A flexible conduit 157 has one end connected
      to the upper end of tube 156 and an opposite end that opens through port
      158 into the interior of the housing 159 of the vacuum control valve
      generally designated 160. A second port 163 of the housing that is
      diammetrically opposed from port 158 is fluidly connected by a conduit 164
      to the liquid pickup member 165 which extends through the squeegee frame
      adjacent the juncture of squeegee portions 140b, 140a and forwardly of
      portion 140b. A third port 166 which opens to the housing angularly
      between ports 158, 163, is fluidly connected by a line 167 to a port of a
      control valve 168 which has a second port to which the conduit 24 is
      connected. A third port of valve 168 is fluidly connected by a flexible
      conduit 170 to the pickup tube 113, conduit 170 extending through the
      appropriate aperture in the cover of the scrubbing unit housing and
      between the cover and one of top wall portions 120 such as indicated in
      FIGS. 4 and 5. Valve 168 is of a construction to selectively permit the
      application of vacuum from line 24 to both of lines 167, 170 or to line
      167 only.
PAR  One end of an arm 172 is fixedly attached to the pivot member 35 while the
      opposite end of the arm pivotally mounts one end of the rod 173. The
      opposite end of the rod is pivotally mounted by an arm 174 that is keyed
      to a shaft 176. The shaft 176 extends into the valve housing 159 and has a
      valve member 175 mounted thereon to rotate therewith for blocking fluid
      communication between various ports 158, 163, 166 as will be more fully
      set forth hereinafter.
PAR  As may be in part noted from FIG. 7, when the apparatus of this invention
      is in a straight ahead travelling acrubbing condition, the sides at the
      trailer and power unit are generally longitudinally aligned while the left
      hand squeegee 134 of the scrubber head unit extends transversely outwardly
      of the left side of the frame by a dimension X (see FIG. 7) and the right
      hand squeegee extends transversely outwardly relative the right side of
      the power unit by a dimension Y. As may be noted the dimension Y is many
      times greater than the dimension X. Further, the steering wheel 54 and the
      operator's seat 179 are provided on the right hand side of the power unit.
      As a result, the operator is situated in a position to observe the right
      hand side of the scrubber unit which is desirable when scrubbing closely
      adjacent a wall on the right hand side, and at the same time the power
      unit is further offset from the wall than the right hand side of the
      scrubber unit. In order to aid in preventing the scrubber head unit from
      scraping against a vertical wall on the right side, a plastic or rubber
      wheel 180 is mounted on the right front corner portion of the scrubber
      unit to extend further outwardly than the scrubber unit frame and the
      right hand squeegee to be abuttable against the vertical wall while at the
      same time permitting the right hand squeegee 134 being located closely
      adjacent the vertical wall.
PAR  Since the hydraulic components and circuitry of the present invention may
      be very similar to that disclosed in co-pending application Ser. No.
      72,275, filed Sept. 15, 1970, with reference to FIG. 9 thereof, other than
      this invention includes the addition of a reversing valve for the brush
      motors and hydraulic components for controlling the steering of the
      vehicle, only a very abbreviated description thereof will be made in this
      application. Thus with reference to FIG. 11, a commercially available
      variable displacement piston type pump 185 driven by engine 186 pumps oil
      through the power unit wheel motors 53 in a closed circuit. A suitable
      hydraulic makeup circuit 187 takes care of leakage losses and the like in
      the closed circuit. The pump 185 is an overcenter pump that may provide
      reverse flow through motors to control the direction of rotation of the
      motors and the speed of rotation as well as providing a stop position.
PAR  Engine 186 drives the suction blower 26 and also drives a hydraulic pump
      188 that is provided for the various auxiliary components. A line 189
      fluidly connects the pump 188 to reservoir 190, a pressure line 191 being
      connected to the pump pressure port and a return line 192 being connected
      to reservoir. A valve 198 is connected between lines 191, 192 for
      controlling the application of fluid under pressure to the cylinder 70 for
      selectively raising, lowering and retaining the scrubber unit in its
      maximum elevated position, its lowered scrubbing position and positions
      therebetween. Further, a valve 199 is connected across lines 191, 192 for
      controlling the application of fluid under pressure to cylinder 145 for
      raising and lowering the squeegee assembly. Also connected across lines
      191, 192 is a valve 200 for selectively applying no fluid under pressure
      to brush motors 91, 102; or to rotate said motors to turn in the direction
      of arrows 182, 183 respectively; or to rotate said motors in the direction
      opposite arrows 182, 183 respectively. The valve 51 is connected across
      lines 191, 192 to control the operation of the steering piston cylinder
      combination as previously indicated. Advantageously, line 191 may be two
      different lines connected to different pressure ports and the various
      valves connected to the appropriate one of the two lines, and additional
      check valves, pressure relief valves and bypass valves may be provided in
      the circuit illustrated.
PAR  In using the apparatus of this invention with brush 81 being substantially
      larger in diameter than brush 99 and brushes 81, 99 rotating in opposing
      directions with the portions contacting the surface rotating toward one
      another (in direction of the arrows 182, 183 respectively), most of the
      debris raised by the brushes will go over the small brush 99 and be
      directed into the debris hopper 105. In this connection the generally
      forward and downward sloping of the deflectors 120 aid in directing debris
      into the hopper 105.
PAR  Assuming that scrubbing liquid tank is fluidly connected to the distributor
      123 for dispensing scrubbing liquid onto the surface being cleaned ahead
      of the brushes, or if liquid already is present on said surface, the
      rotation of the brushes in the direction of arrows 182, 183 will cause the
      liquid and other debris on the surface to rise with a substantial part of
      the raised liquid moving directly into the debris hopper. Also some of the
      raised liquid will impinge upon the deflectors 120 and the panel
      therebetween, and will run along the deflectors and panel therebetween,
      and will run along the deflectors and panel to the flange 121 to drain
      down into the debris hopper. In the event no vacuum is being applied to
      tube 113, the liquid level in the pan will raise to the level of the
      apertures 118 and thence drain out through the apertures to fall back onto
      the surface being scrubbed at a location ahead of the scrubbing brushes.
      In such an event, part of the scrubbing liquid would be recycled. However,
      if the valve 168 is in a position for applying a vacuum through line 170
      to tube 113, thence scrubbing liquid is drawn from the hopper through tube
      113, conduit 170, valve 168 and conduit 24 to be collected in tank 19.
PAR  To be mentioned is that with the brushes being driven in the direction of
      arrows 182, 183, the brushes maintain a pool of liquid therebetween which
      provides for a better scrubbing action as contrasted where the brushes
      rotate in the same direction with merely a film of liquid therebetween.
      Advantageously the brushes may have a herringbone arrangement of bristles
      that, with the brushes rotating, direct the scrubbing liquid toward a
      transverse central location between the brushes to aid in minimizing the
      amount of liquid that otherwise may pass through the narrow space between
      the ends of the brushes and the adjacent side squeegee.
PAR  If it is desired to use the apparatus for a surface soaking operation, the
      direction of rotation of the brush motors is reversed to drive the brushes
      81, 99 in the direction opposite arrows 182, 183 respectively and the
      squeegee assembly is left in its elevated position. As a result the
      brushes raise very little liquid from the surface but do agitate the
      liquid on the surface. Thereafter the apparatus may go over the surface
      again with the brushes rotating in the direction of the arrows 182, 183 to
      pick up most of the dirty liquid and debris; and the squeegee assembly may
      be lowered to squeegee up liquid not collected in the debris hopper.
PAR  When the power unit is travelling straight forwardly with reference to the
      trailer unit, the linkages 172-174 retain the valve member 175 in a
      position that port 163 is blocked, but the ports 158, 166 are in fluid
      communication with one another through the housing 159. As a result, the
      vacuum in conduit 24 is applied through conduit 167 to the squeegee pickup
      tube 156.
PAR  When the power unit is turned through a substantial angle to the left with
      reference to the straight forward direction of a trailer unit, for example
      angle W of portion 140d relative a transverse direction which may be about
      20.degree., the power unit in pivoting relative shaft 35 and the arm 172
      bolted thereto results in the valve member 175 being rotated in the
      housing 159 to a position to block port 158 and place port 163 in fluid
      communication with port 166. As a result, no vacuum is applied at the
      takeup tube 156 but a vacuum is applied at the takeup inlet 165. The
      advantage of shifting the vacuum from tube 156 to tube 165 is that in
      turning in a left hand direction the squeegee assembly moves relative to
      the puddle of liquid on the surface so that most of the liquid is closer
      to takeup 165 than tube 156. Thus, applying the vacuum at 165 collects
      liquid at the location where the bulk is located and collects liquid that
      might otherwise escape at the side of the apparatus of this invention. To
      be mentioned, with the apparatus described, it is assumed that most of the
      turns will be in a left hand direction. However, in the event that most of
      the turns were in a right hand direction, then the takeup 165 could be
      provided adjacent the juncture of the squeegee assembly portions 140d,
      140e and the linkages 172-174 changed so that the vacuum would be applied
      at the left hand corner portion of the squeegee when a right hand turn
      were being made; or the control valve 160 may be modified, a liquid pickup
      tube mounted adjacent the juncture of portions 140d, 140e and connected to
      the control valve to pick up liquid at adjacent portions 140d, 140e when
      the power unit is turned in the right hand direction and pick up liquid
      through member 165 when turned in a left hand direction.
PAR  As previously indicated, by appropriately tightening one turnbuckle and
      loosening the other turnbuckle, the scrubber unit can be used for
      windrowing liquid. Also under some scrubbing conditions a better scrubbing
      action can be obtained by having the scrubber unit inclined relative the
      power unit as set forth for windrowing liquid. In this connection it is to
      be noted that at this time the axes of rotation of the brushes would be
      inclined at a substantial arcuate angle to a transverse direction.
PAR  Also to be mentioned is that the apparatus of this invention may be used
      for a sweeping operation.
CLMS
STM  What is claimed is
NUM  1.
PAR  1. A maintenance machine for surfaces such as a floor or the like
      comprising a vehicle having a frame, ground engaging wheels and a dirty
      scrubbing liquid collection tank, a power driven brush, first means for
      mounting the brush on the frame, squeegee means mounted on at least one of
      the frame and the first means for collecting scrubbing liquid from the
      surface over which the brush is moved, said squeegee means including a
      squeegee assembly having a central portion, and forwardly and transversely
      extending elongated portions joined to the central portion and extending
      outwardly on either transverse side thereof, said squeegee assembly being
      of a transverse width of at least about as great as said brush and
      extending transversely rearwardly of the brush, a first liquid collection
      member having an inlet located adjacent the squeegee assembly central
      portion for withdrawing liquid from the surface between the central
      portion and the brush, a second liquid collection member having an inlet
      located adjacent one of the forwardly and transversely extending elongated
      portions, remote from the squeegee assembly central portion and
      transversely offset from the first collection member inlet for withdrawing
      liquid from the surface between the squeegee assembly and the brush, and
      second means connected to the tank and to each of said collection members
      for drawing liquid from the surface and through the collection members and
      transferring the liquid to the tank.
NUM  2.
PAR  2. The apparatus of claim 1 further characterized in that the vehicle has
      means for steering the vehicle to turn the vehicle, and that the second
      means includes operable means for blocking fluid flow from the second
      collection member to the tank and alternately fluidly connecting the
      second collection member to the tank for transferring liquid to the tank
      and means operated by the turning of the vehicle from a straight ahead
      direction of travel in a direction opposite that from which the second
      collection member is transversely offset from the first collection member
      for operating said operable means from its fluid flow blocking condition
      to its fluidly connecting condition for transferring liquid from the
      second collection member to the tank.
NUM  3.
PAR  3. The apparatus of claim 1 further characterized in that said squeegee
      means includes side squeegees mounted adjacent and on transverse opposite
      sides of the brush and having rearward end portions adjacent the squeegee
      assembly and transversely inwardly of the terminal ends of the squeegee
      assembly.
NUM  4.
PAR  4. The apparatus of claim 3 further characterized in that the vehicle has
      means for steering the vehicle to turn the vehicle, and that the second
      means includes operable means for blocking fluid flow from the second
      collection member to the tank and alternately fluidly connecting the
      second collection member to the tank for transferring liquid to the tank
      and means operated by the turning of the vehicle from a straight ahead
      direction of travel in a direction opposite that from which the second
      collection member is transversely offset from the first collection member
      for operating said operable means from its fluid flow blocking condition
      to its fluidly connecting condition for transferring liquid to the tank.
NUM  5.
PAR  5. A maintenance machine for surfaces such as a floor or the like
      comprising a power unit having a main frame, and power driven wheels
      mounted on the main frame, a trailer unit having a trailer frame, a dirty
      scrubbing liquid tank, and surface engaging wheels mounted on the trailer
      frame, first means for towingly connecting the trailer unit to the power
      unit, said first means including a tow member attached to the trailer
      frame, a mounting member attached to main frame to extend rearwardly
      thereof and joint means for connecting the tow member to the mounting
      member for relative pivotal movement about a generally vertical first axis
      and a second axis parallel to a straight ahead direction of movement of
      the power and trailer units, said joint means including a shaft mounted by
      the tow member for pivotal movement about the second axis and having a
      first end portion extending forwardly of the tow member, and a second
      pivot member fixedly attached to the first end portion, said second pivot
      member being pivotally mounted by the mounting member for pivotal movement
      about the first axis, a steering member on the power unit, an arm fixedly
      joined to at least one of the pivot members and means actuated by moving
      the steering member to exert a steering force on said arm, a maintenance
      unit including a maintenance unit frame having a downwardly opening
      enclosure, a power driven first brush and second means for rotatably
      mounting the brush on the maintenance frame to extend within the
      enclosure, third means for mounting the maintenance unit on the power unit
      to at least in part be supportingly carried by the power unit, means for
      collecting dirty scrubbing liquid from the surface over which said brush
      is moved, said collecting means being mounted on at least one of said
      power unit and maintenance unit, and means for transferring liquid from
      the collecting means to said tank, said collecting means including a
      squeegee assembly mounted on one of said power and maintenance units,
      having a transverse width at least about as great as said brush, and being
      located rearwardly of said brush, said squeegee assembly having a
      transverse central portion and a forwardly extending end portion
      transversely remote from the central portion, the means for transferring
      liquid including a first pickup member adjacent the central portion for
      withdrawing liquid from the surface adjacent said central portion, a
      second liquid pickup member adjacent said forwardly extending end portion
      for withdrawing liquid from the surface adjacent said end portion, and
      fourth means for drawing liquid from said pickup members and conducting
      the liquid to the tank, said fourth means including operable fifth means
      for selectively conducting liquid from the first pickup member and from
      the second pickup member to the tank, and sixth means fixedly attached to
      one of the pivot members and operatively connected to the fifth means for
      operating the fifth means to fluidly connect the first pickup member to
      the tank to conduct liquid to the tank when the power unit and trailer
      unit are traveling straight ahead and alternately the second pickup member
      to the tank to conduct liquid to the tank when the power unit is turning
      from a straight ahead direction of travel in a direction opposite that
      which said end portion is transversely offset from the central portion.
NUM  6.
PAR  6. A maintenance machine for surfaces such as a floor or the like
      comprising a power unit having a main frame, and power driven wheels
      mounted on the main frame, a trailer unit havng a trailer frame, a dirty
      scrubbing liquid tank, and surface engaging wheels mounted on the trailer
      frame, first means for towingly connecting the trailer unit to the power
      unit, said first means including a tow member attached to the trailer
      frame, a mounting member attached to main frame to extend rearwardly
      thereof and joint means for connecting the tow member to the mounting
      member for relative pivotal movement about a generally vertical first axis
      and a second axis parallel to a straight ahead direction of movement of
      the power and trailer units, said joint means including a shaft mounted by
      the tow member for pivotal movement about the second axis and having a
      first end portion extending forwardly of the tow member, and a second
      pivot member fixedly attached to the first end portion, said second pivot
      member being pivotally mounted by the mounting member for pivotal movement
      about the first axis, a steering member on the power unit, an arm fixedly
      joined to at least one of the pivot members and means actuated by moving
      the steering member to exert a steering force on said arm, a maintenance
      unit including a maintenance unit frame having a downwardly opening
      enclosure, a power driven first brush and second means for rotatably
      mounting the brush on the maintenance frame to extend within the
      enclosure, third means for mounting the maintenance unit on the power unit
      to at least in part be supportingly carried by the power unit, means for
      collecting dirty scrubbing liquid from the surface over which said brush
      is moved, said collecting means being mounted on at least one of said
      power unit and maintenance unit and including a vacuum source connectd to
      the tank for applying a vacuum thereto, and means for transferring liquid
      from the collecting means to said tank, said collecting means including a
      squeegee assembly mounted on one of said power and maintenance units,
      having a transverse width at least about as great as said brush, and being
      located rearwardly of said brush, said squeegee assembly having a
      transverse central portion and a forwardly extending end portion
      transversely remote from the central portion, the means for transferring
      liquid including a first liquid pickup member adjacent the central portion
      for withdrawing liquid from the surface adjacent said central portion, a
      second liquid pickup member adjacent said forwardly extending end portion
      for withdrawing liquid from the surface adjacent said end portion, and
      fourth means for drawing liquid from said pickup members and conducting
      the liquid to the tank, said fourth means including fifth means for
      selectively conducting liquid from the first pickup member to the tank,
      said fifth means including a valve housing and a valve member rotatably
      mounted in the housing, and sixth means fixedly attached to one of the
      pivot members and operatively connected to the fifth means for operating
      the fifth means to fluidly connect the first pickup member to the tank
      when the power unit and trailer unit are traveling straight ahead and
      alternately the second pickup member to the tank when the power unit is
      turning from a straight ahead direction of travel in a direction opposite
      that from which said end portion is transversely offset from the central
      portion, said sixth means being connected to the valve member for rotating
      it as the power unit in moving forwardly turns relative the trailer unit.
NUM  7.
PAR  7. A maintenance machine for surfaces such as a floor or the like
      comprising a power unit havng a main frame, and power driven wheels
      mounted on the main frame, a trailer unit having a trailer frame, a dirty
      scrubbing liquid tank, and surface engaging wheels mounted on the trailer
      frame, first means for towingly connecting the trailer unit to the power
      unit, said first means including a tow member attached to the trailer
      frame, a mounting attached to main frame to extend rearwardly thereof and
      joint means for connecting the tow member to the mounting member for
      relative pivotal movement about a generally vertical first axis and a
      second axis parallel to a straight ahead direction of movement of the
      power and trailer units, said joint means including a shaft mounted by the
      tow member for pivotal movement about the second axis and having a first
      end portion extending forwardly of the tow member, and a second pivot
      member fixedly attached to the first end portion, said second pivot member
      being pivotally mounted by the mounting member for pivotal movement about
      the first axis, a steering member on the power unit, an arm fixedly joined
      to at least one of the pivot members and means actuated by moving the
      steering member to exert a steering force on said arm, a maintenance unit
      including a maintenance unit frame having a downwardly opening enclosure,
      a power driven first brush and second means for rotatably mounting the
      brush on the maintenance frame to extend within the enclosure, third means
      for mounting the maintenance unit on the power unit to extend forwardly of
      the power unit and at least in part be supportingly carried by the power
      unit, means for collecting dirty scrubbing liquid from the surface over
      which said brush is moved, said collecting means being mounted on at least
      one of said power unit and maintenance unit, and means for transferring
      liquid from the collecting means to said tank, said collecting means
      including a squeegee assembly mounted on the power unit between said
      wheels and said brush, having a transverse width at least about as great
      as said brush, and being located rearwardly of said brush, said squeegee
      assembly having a transverse central portion and a forwardly extending end
      portion transversely remote from the central portion, the means for
      transferring liquid including a first liquid pickup member adjacent the
      central portion for withdrawing liquid from the surface adjacent said
      central portion, a second liquid pickup member adjacent said forwardly
      extending end portion for withdrawing liquid from the surface adjacent
      said end portion, and fourth means for drawing liquid from said pickup
      members and conducting the liquid to the tank, said fourth means including
      fifth means for selectively conducting liquid from the first pickup member
      to the tank, and sixth means fixedly attached to one of the pivot members
      and operatively connected to the fifth means for operating the fifth means
      to fluidly connect the first pickup member to the tank when the power unit
      and trailer unit are traveling straight ahead and alternately the second
      pickup member to the tank when the power unit is turning from a straight
      ahead direction to travel in a direction opposite that which said end
      portion is transversely offset from the central portion, the maintenance
      unit including side squeegees mounted on the maintenance frame adjacent
      the opposite ends of the brush and having rearward end portions adjacent
      the squeegee assembly and transversely inwardly of the terminal ends of
      squeegee assembly.
NUM  8.
PAR  8. A maintenance machine for surfaces such as a floor or the like
      comprising a vehicle having a frame, ground engaging wheels and a dirty
      scrubbing liquid collection tank, a power driven brush, first means for
      mounting the brush on the frame, squeegee means mounted on at least one of
      the frame and the first means for collecting scrubbing liquid from the
      surface over which the brush is moved, said squeegee means including a
      squeegee assembly having a central portion, forwardly and predominantly
      transversely extending elongated portions joined to the central portion
      and extending outwardly on either transverse side thereof, and a generally
      forwardly extending end portion joined to one of the transverse portions
      transversely remote from the central portion, said squeegee assembly being
      of a transverse width of at least about as great as said brush and
      extending transversely rearwardly of the brush, a first liquid collection
      member having an inlet located adjacent the squeegee assembly central
      portion for withdrawing liquid from the surface between the central
      portion and the brush when a liquid withdrawing force is applied thereto,
      a second liquid collection member having an inlet located adjacent the
      juncture of the generally forwardly extending end portion to the
      transversely extending portion to which it is joined for withdrawing
      liquid from the surface between the squeegee assembly and the brush, and
      second means connected to the tank and to each of said collection members
      for drawing liquid through the collection members and transferring the
      liquid to the tank, said second means including a first conduit having one
      end fluidly connected to the first collection member and an opposite end,
      a second conduit having one end fluidly connected to the second collection
      member and an opposite end and third means connected to the tank and the
      first and second conduit opposite ends for selectively fluidly connecting
      the first and second conduits respectively to the tank.
NUM  9.
PAR  9. The apparatus of claim 8 further characterized in that said vehicle has
      means for steering the vehicle to turn the vehicle, that the third means
      includes a valve housing having spaced first, second and third ports, a
      valve member in the housing movable between a first position permitting
      fluid flow from the third to the second port and blocking fluid flow from
      the third to the first port and a second position permitting fluid flow
      from the third to the first port and blocking fluid flow from the third to
      the second port, means operated by the turning of the vehicle from a
      straight ahead direction of travel in a direction opposite that from which
      the second collection member is transversely offset from the first
      collection member for moving the valve member from its second positions to
      its first position, and a third conduit for fluidly connecting the tank to
      the third port, said first line opposite end being fluidly connected to
      the first port and said second line opposite end being fluidly connected
      to the second port.
NUM  10.
PAR  10. The apparatus of claim 9 further characterized in that said vehicle
      comprises a power unit having some of said engaging wheels, a trailer unit
      having some of said ground engaging wheels and fourth means for towingly
      connecting the trailer unit to the power unit, said fourth means including
      a mounting member fixedly attached to the power unit to extend rearwardly
      thereof, a tow device connected to the trailer unit to extend forwardly
      thereof and fifth means mounted by the mounting member for pivotal
      movement about a generally vertical axis for towingly connecting the
      towing device to the mounting member, said fifth means being attached to
      the towing device to be translated therewith as the device moves in a
      plane parallel to the surface and that the steering means comprises power
      operated means mounted on the power unit and connected to the fifth means
      for selectively exerting a force on the fifth means to turn the power unit
      relative the trailer unit about said axis as said vehicle is moving over
      the surface.
NUM  11.
PAR  11. The apparatus of claim 10 further characterized in that the means
      operated by the turning of the vehicle includes an arm fixedly attached to
      said fifth means and linkage means connecting said arm to the valve member
      for moving the valve member between its positions as the power unit turns
      about said axis relative the trailer frame.
NUM  12.
PAR  12. The apparatus of claim 10 further characterized in that there is
      provided a scrubber unit, sixth means for mounting the scrubber unit on
      the front end of the power unit, said scrubber unit including a frame
      having a downwardly opening enclosure, a power driven rotary brush, means
      mounting the brush on the scrubber unit frame to extend within said
      enclosure for rotation about an axis transverse to the normal forward
      direction of movement of the vehicle and longitudinally elongated side
      squeegees mounted by the scrubber unit frame to extend along either
      transverse side thereof and both forwardly and rearwardly of the brush,
      said squeegee assembly being mounted on the power unit rearwardly of the
      brush and the side squeegees and extending adjacent to and transversely
      outwardly beyond the adjacent side squeegee portion.
NUM  13.
PAR  13. The apparatus of claim 12 further characterized in that the sixth means
      includes a mounting device attached to the scrubber unit frame, a pivot
      device for mounting the mounting device and having a predominately
      vertical pivot axis, and seventh means for mounting the pivot device on
      the power unit for pivotal movement about the last mentioned pivot axis
      and that there is provided means connected to the scrubber unit for
      adjustably retaining the scrubber unit in selected angular positions
      relative said last mentioned pivot axis.
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PAL  A vacuum cleaner having edge cleaning features comprising a cleaner body
      with a floor contacting suction chamber and a suction duct leading from
      the chamber, an edge auxiliary cleaning chamber at one end of the suction
      chamber and communicating through a port with the suction duct, a valve
      within the cleaner body movable between open and duct restricting
      positions for selective full nozzle cleaning and edge cleaning with
      suction through the auxiliary cleaning chamber when the valve is open and
      operating means accessible from the exterior of the cleaner for the moving
      of the valve between said positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to vacuum cleaners and in particular to upright
      vacuum cleaner suction chambers.
PAR  2. Description of the Prior Art
PAR  In one conventional form of vacuum cleaner, a nozzle is provided at the end
      of a hollow tube, or wand, for applying suction to the surface to be
      cleaned and permitting dirt loosened from the surface to be sucked in by a
      stream of air drawn through the nozzle and tube to the dirt collecting
      receptacle of the vacuum cleaner. The conventional suction nozzle of this
      type is transversely elongated with the tube extending from the
      mid-portion thereof. Thus, in the conventional nozzle arrangement, maximum
      suction is applied at the mid-portion of the nozzle.
PAR  In another conventional form of vacuum cleaner a nozzle is provided with a
      motor driven rotary brush for agitating a carpet while applying suction to
      the surface to be cleaned and permitting dirt loosened from the surface to
      be sucked in by a stream of air drawn through the nozzle to the dirt
      collecting g receptacle of the vacuum cleaner. The conventional nozzle of
      this type includes brush bearings and brush drive mechanism at the
      opposite ends of the nozzle.
PAR  One of the deficiencies of the conventional nozzles is its inability to
      efficiently suck dirt at the opposite edges of the nozzle. This presents a
      vexatious problem where the unit is being utilized to clean a floor
      surface adjacent a wall or other upright obstruction. Thus,
      conventionally, resort is had to bringing the nozzle to adjacent the wall
      with the direction of elongation thereof parallel to the wall surface
      requiring substantial repeated manipulation of the vacuum cleaner to
      effect the desired cleaning of the floor surface adjacent the wall. Such
      repeated manipulation presents the further problem of potential damage to
      the wall surfaces as the nozzle must be brought repeatedly directly up to
      the wall in effectively cleaning the entire floor surface edge.
PAR  A number of different suction nozzle devices have been developed in an
      attempt to solve this vexatious problem. Thus, as shown in U.S. letters
      Pat. No. 1,782,882 of S. H. Rippey, the nozzle is provided with means
      defining conduits extending to the opposite ends of the nozzle with the
      flow of air through the conduits being selectively blocked by a
      manipulatable valve and with the center portion of the nozzle remaining
      open at all times.
PAR  In the subsequent U.S. letters Pat. No. 1,895,584 of D. B. Replogle, an air
      cleaning tool is provided with an end closure means which is movable as a
      result of a downward pressure on the nozzle adjacent the side wheels to
      provide a controlled flow of air through the end openings. The wheels in
      the Replogle structure are disposed outwardly of the opposite ends of the
      nozzle, thereby preventing disposition of either nozzle end directly at a
      wall.
PAR  In U.S. letters Pat. No. 2,555,979 of G. E. Loofgren, a suction nozzle is
      shown having a valve for concentrating air flow at the end of the nozzle
      by varying the amount of closure of the mid-portion of the nozzle. At no
      time is the entire nozzle open to the tube.
PAR  In L. A. Wolf U.S. letters Pat. No. 3,550,183, a vacuum cleaner cleaning
      tool is shown having passages leading to the front corners of the nozzle.
      No means is provided for selectively controlling the relative air flow
      between the different portions of the nozzle inlet opening.
PAR  In R. D. Hill et al U.S. letters Pat. NO. 3,377,647, a crack cleaning
      suction attachment is illustrated wherein an auxiliary suction duct is
      provided having a portion connected to the internal suction system of the
      vacuum cleaner and a forward end portion provided with a suction tip.
      Means are provided for removably mounting the suction tip at one side of
      the main suction head of the vacuum cleaner. The coupling portion is
      inserted through a valve port so as to open the normally closed port and
      permit suction to be applied through the attachment from the main suction
      fan means of the vacuum cleaner. Thus, both the main suction and auxiliary
      suction means have suction simultaneously applied thereto by the fan.
PAC  SUMMARY OF THE INVENTION
PAR  One of the features of this invention is to provide an improved vacuum
      cleaner having a normal surface contacting suction chamber and an edge
      auxiliary chamber, a suction duct leading from the chambers for removing
      dust laden air from the surface being cleaned, a valve located internally
      of the cleaner and movable between open duct and duct restricting
      positions for selective full nozzle cleaning and edge cleaning with
      suction being provided to the auxiliary chamber and suction chamber when
      the valve is open and full suction chamber flow when the valve is closed
      and operating means accessible from the exterior of the chamber for moving
      the valve between said positions.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a vacuum cleaner embodying the invention.
PAR  FIG. 2 is a fragmentary bottom elevational view of the cleaner showing the
      bottom of the left-hand end of FIG. 1 with a flow control valve in full
      open position.
PAR  FIG. 3 is a view similar to FIG. 2 but showing the valve in full closed
      position.
PAR  FIG. 4 is a sectional view taken substantially along line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the illustrated embodiment the vacuum cleaner 10 is an upright model
      with a floor contacting cleaner body 11 adapted to be propelled over a
      floor in the usual manner by an upright handle 12. The cleaner also
      includes an upright container 13 in which is located the dirt separating
      member (not shown) which separates air from dirt in the dirt laden air
      stream driven upwardly by a suction means (not shown) through a suction
      duct 14, all in the normal manner. The cleaner body that is propelled over
      the floor being cleaned is provided with the usual peripheral resilient
      bumper 15.
PAR  Located within the forward suction chamber 16 is the customary driven
      carpet agitating brush which is shown schematically at 17 in FIGS. 2 and
      3. The illustrated end of the brush 17 is rotatably supported in a bearing
      structure 18 in the customary manner. As is usual this brush is rotated by
      a motor drive which is not shown as it is not necessary in an
      understanding of the invention.
PAR  Positioned at the illustrated end of the suction chamber 16 or at the edge
      19 of the cleaner body 11 is an auxiliary cleaning chamber 20 formed by a
      wall member 34 that in this invention is used for edge cleaning as along
      the edge of a room or other similar areas which are difficult to clean
      with an ordinary cleaner. This wall member 34 has walls 35 and 36 to
      provide the long and narrow edge cleaning chamber 20 as can be seen in
      FIGS. 2 and 3 with the narrow dimension being at the lateral edge 19 of
      the cleaner body. Wall 35 is positioned so as to divide chambers 20 and 16
      and also to support bearing structure 18 of rotatable brush 17.
PAR  The rear end of the edge chamber 20 is provided with a port 21 so that when
      a valve, illustrated by the vane valve 22, is in the fully open position
      as shown in FIG. 2 it permits the free flow of air as illustrated by the
      arrow 23 from the edge chamber 20 into the suction duct 14 and at the same
      time provides somewhat restricted flow as illustrated by the arrow 24 from
      the main suction chamber 16 because the valve 22 when fully open extends
      partway across the duct 14. During edge cleaning this valving allows high
      suction in chamber 20 while the reduced suction in chamber 16 is
      sufficient to carry away any dirt that is dislodged by the rotating brush
      17.
PAR  When the valve 22 is in the fully closed position across the port 21 as
      shown in FIG. 3 the edge cleaning chamber 20 is closed off so that the
      cleaner operates with full suction in the main front suction chamber 16 in
      the same manner as vacuum cleaners that do not have the edge chamber 20.
      This full air flow from the chamber 16 is illustrated by the arrow 25.
PAR  The vane valve 22 is pivotally mounted in duct 14 by means of a pivot pin
      32 fitted in a bearing surface 14a of duct 14. In order to move the valve
      22 between open and closed positions there is provided an operating means
      including a slidable knob 26 on the front of the cleaner and adjacent the
      edge 19 and a slidable link 28. This knob is slidable laterally or
      longitudinally as indicated in FIG. 1 by the arrow 27 and when moved fully
      to the right as illustrated operates through a link 28 to move the valve
      to the fully open position as shown in FIG. 2. This is accomplished by
      providing a pin 29 in the valve end of the link 28 that engages a slot 30
      in a flange plate 31. The flange plate is pivoted about pivot pin 32
      mounted in cleaner body 11. Link 28 is attached to knob 26 by means of a
      retainer 33 which snaps over projections 34 formed integrally with knob
      26, thus holding link 28 between the retainer and knob. Vane valve 22 is
      connected to flange plate 21 at a squared end 32a  of pivot pin 32 for
      movement therewith. As can be seen in FIGS. 2 and 3 the valve operating
      pin 29 is always rearwardly of the pivot pin 32 and is closest to the pin
      32 when the valve is closed so that the lever 28 and pin 29 also function
      to hold the valve 22 tightly closed.
PAR  The selective edge cleaning structure of this invention permits selection
      of suction air flow at one edge of the cleaner nozzle structure in order
      to provide strong suction at this edge for facilitating the cleaning of
      hitherto difficult to reach edge areas. At the same time there is
      maintained a sufficient flow of air as shown by the arrow 24 toremove any
      dust and dirt that is dislodged by the rotating brush 17. All of the parts
      of this edge cleaning device except the operating knob 26 are on the
      interior of the cleaner body 11 and the knob can be operated either by
      hand or can be moved between its positions by the foot if desired. Thus
      the edge cleaning structure of this invention does not require assembling
      an external attachment as was previously necessary when an operator
      desired to clean along a wall or other edge area that is otherwise
      difficult to reach.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. A vacuum cleaner having edge cleaning features, said vacuum cleaner
      comprising: a cleaner body having a surface contacting suction chamber, a
      suction duct leading from said chamber, and an edge auxiliary cleaning
      chamber at an end of said suction chamber communicating through a port
      with said suction duct; an internal valve movable between open and closed
      positions for controlling air flow both from said suction chamber and
      auxiliary cleaning chamber to said duct; means for limiting the movement
      of said valve to provide when said valve is in the open position maximum
      air flow through said auxiliary chamber for maximum edge cleaning and
      limited substantial air flow through said suction chamber for limited
      center cleaning, and provide when said valve is in the closed position no
      air flow through said auxiliary cleaning chamber and full air flow through
      said suction chamber for maximum center cleaning; and operating means
      accessible from the exterior of said cleaner for selectively moving said
      valve to said open and closed positions.
NUM  2.
PAR  2. The vacuum cleaner of claim 1 wherein said valve when in said open
      position extends partway across said duct.
NUM  3.
PAR  3. The vacuum cleaner of claim 1 wherein said valve is a vane valve
      hingedly mounted to said body at one edge of said suction chamber.
NUM  4.
PAR  4. The vacuum cleaner of claim 1 wherein said operating means comprises a
      slidable knob exteriorly of said cleaner body and a slidable link
      interconnecting said knob and said valve.
NUM  5.
PAR  5. The vacuum cleaner of claim 1 wherein said valve is a vane valve
      hingedly mounted to said body at one edge of said suction chamber, and
      said operating means comprises a slidable knob exteriorly of said cleaner,
      a flange plate connected to said valve, and a slidable link
      interconnecting said knob and said valve through said flange plate.
NUM  6.
PAR  6. The vacuum cleaner of claim 5 wherein said flange plate is connected to
      said valve at substantially right angles thereto and has a slot engaged by
      a pin on said link for moving said valve arcuately when said link is moved
      longitudinally.
NUM  7.
PAR  7. A vacuum cleaner having edge cleaning features, said vacuum cleaner
      comprising: a cleaner body having a surface contacting suction chamber and
      a suction duct leading from said chamber; a rotatably driven brush
      positioned in said suction chamber for agitating the surface to be
      cleaned; means defining an edge auxiliary cleaning chamber at an end of
      said suction chamber communicating through a port with said suction duct;
      an internal valve movable between open and closed positions for
      controlling flow both from said suction chamber and auxiliary cleaning
      chamber to said duct; means for limiting the movment of said valve to
      provide when said valve is in the open position maximum air flow through
      said auxiliary chamber for maximum edge cleaning and limited substantial
      air flow through said suction chamber for limited center cleaning, and
      provide when said valve is in the closed position no air flow through said
      auxiliary chamber and maximum air flow through said suction chamber for
      maximum center cleaning; and longitudinally movable operating means
      accessible from the exterior of said cleaner for selectively moving said
      valve to said open and closed positions.
NUM  8.
PAR  8. The vacuum cleaner of claim 7 wherein there is provided a flange plate
      connected to said valve and having a slot, a pin on said operating means
      received in said slot for pivoting said valve as an incident of said
      operating means being moved longitudinally.
NUM  9.
PAR  9. The vacuum cleaner of claim 8 wherein said valve is mounted on a pivot
      carried by said body and said operating means pin is juxtaposed to said
      pivot when the valve is in the closed position.
NUM  10.
PAR  10. The vacuum cleaner of claim 7 wherein said valve is arranged to
      maintain approximately one-half the flow path from said suction chamber to
      said duct in an unobstructed condition in said open position.
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PAL  A sleeve for a caster, insertable into a cavity or hole in a furniture leg;
      the sleeve is generally tubular with a closed upper end and an open lower
      end; the sleeve is slotted longitudinally, forming diametrically opposed
      legs which are flexible toward and from each other; the legs have upper
      and lower prongs, the upper ones projecting upwardly and the lower ones
      projecting downwardly, both biting into the surface of the cavity and
      aiding in normally retaining the sleeve in the cavity; the upper prongs
      also releasably retain the caster stem in the sleeve; it also has
      transverse slots at the closed upper end communicating with the
      longitudinal slots.
BSUM
PAC  PERTINENT PRIOR ART
PAR  U.S. Patent No. 3,015,024, Haydock, Jan. 2, 1962.
PAC  OBJECTS OF THE INVENTION
PAR  A broad object of the invention is to provide a caster sleeve which is
      unusually effective in cooperation with the furniture piece in which it is
      used in retaining the sleeve in position therein.
PAR  Another broad object is to provide a caster sleeve of the kind noted,
      including a novel construction which is unusually effective for releasably
      retaining the caster in the sleeve.
PAR  Another object is to provide such a caster sleeve which includes a pair of
      longitudinally extending legs, and having a novel construction in the form
      of transverse slots, which provide greater flexibility of the legs of the
      sleeve, while nevertheless possessing greater strength.
PAR  Still another object is to provide a caster sleeve of very simple
      construction and corresponding inexpensiveness, and as effective as
      previously known more complex devices, such as multiple-piece devices.
DRWD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of a caster sleeve made according to the
      present invention;
PAR  FIG. 2 is also a side elevational view of the caster sleeve, but taken at
      right angles to that of FIG. 1;
PAR  FIG. 3 is an end view of the device taken from the top of FIG. 1, but
      omitting certain details such as the tips of the prongs;
PAR  FIG. 4 is a sectional view taken at line 4--4 of FIG. 1;
PAR  FIG. 5 is a vertical and longitudinal sectional view of a furniture leg
      with the caster sleeve inserted in the cavity in the furniture leg,
      oriented according to FIG. 1, and showing the condition of the caster
      sleeve when first inserted, but without the caster inserted in the sleeve;
PAR  FIG. 6 is a view similar to FIG. 5 but indicating the stem of the caster in
      the sleeve, in each of two different positions and showing the position of
      the prongs of the sleeve penetrating into the material of the furniture
      leg in response to the positioning of the caster stem in corresponding
      postions in the sleeve; and
PAR  FIG. 7 is a view similar to FIGS. 5 and 6 but showing the caster in full
      lines and in fully inserted position in the sleeve.
DETD
PAR  Referring in detail to the drawings, the caster sleeve is indicated as a
      whole at 12 and is preferably made of steel, forming a shell, stamped or
      otherwise shaped, and generally tubular in form. The sleeve has a closed
      upper end 14 and an open lower end 15. The sleeve is slotted or split by
      longitudinal slots 16 from a position adjacent the closed upper end
      extending to and through the open lower end, forming a pair of opposed
      longitudinal and downwardly extending legs 18 which are flexible toward
      and from each other. The legs are of arcuate form as shown in FIGS. 3 and
      4, and they are pre-biased apart so as to normally diverge downwardly as
      indicated in FIG. 1. The legs may be symmetrical and the same in detail
      structure and shape, and at their lower ends include radial flanges 20 as
      will be referred again hereinbelow.
PAR  The sleeve is provided with transverse slots 22 on opposite sides spaced
      downwardly from the upper end 14 and communicating with the longitudinal
      slots 16. The transverse slots 22 each may be on the order of one-fourth
      to one-third of the circumferential dimension of the sleeve, leaving
      connecting pieces 23 therebetween, this dimension of the slots not being
      critical and may be more or less than the limits mentioned. The slots 22,
      communicating with the longitudinal slots 16, provide the legs 18 with
      more flexibility than would be provided without them. Reference will be
      made again hereinbelow to these transverse slots and the longitudinal
      slots, in the positioning of the sleeve in the cavity in the furniture
      leg.
PAR  The closed upper end 14 of the sleeve is provided with a downwardly
      extending projection 24 for engagement by the upper end of the caster stem
      as will be referred to again hereinbelow.
PAR  Each of the sleeve legs 18 is provided with an upper prong 26 and a lower
      prong 28, which are struck from the body of the sleeve and are similar in
      construction and shape, but the upper prongs extend upwardly and the lower
      prongs extend downwardly. The upper prongs each includes a main portion
      26a connected to and extending from the body of the sleeve leg, and a
      pointed portion 26b at the free end of the portion 26a. The prongs include
      elbows 26c and the prongs are pre-biased so that the elbows are normally
      disposed inwardly from the corresponding inner surface of the sleeve, and
      the prong points 26b extend diagonally outwardly adjacent to or beyond the
      outer surface of the sleeve.
PAR  The prongs 28 similarly, each includes a main portion 28a, a point 28b, and
      an elbow 28c, and in this case also the elbows 28c are disposed inwardly
      of the inner surface of the sleeve, while the outer points 28b extend
      outwardly beyond the outer surface of the sleeve.
PAR  FIGS. 5-7 each shows a furniture piece or leg 30 having a cavity 32
      therein. The cavity 32 may be close to the cylindrical in shape, but the
      caster sleeve as indicated above in its normal condition diverges
      downwardly. When the sleeve is inserted into the cavity, the sleeve
      conforms to the shape of the cavity, and thus assumes a generally
      cylindrical shape. In the insertion operation, the prongs 26, 28, and
      particularly the points 26b, 28b thereof, engage the wall of the cavity
      but they are flexed inwardly thereby and ride along the wall without
      materially penetrating thereinto. The sleeve is driven fully into the
      cavity until limited by the flanges 20 engaging the lower end of the
      furniture leg.
PAR  A caster 34 of known type is shown in FIG. 7 and includes a wheel 36, a
      yoke 38 and a stem or pintle 40, the latter having a shank 40 and a head
      42 at the upper end of the shank, of larger diameter than the immediately
      adjacent portion of the shank, forming a shoulder 44.
PAR  After the caster sleeve is inserted into position as indicated in FIG. 5,
      the caster 34 is inserted into the sleeve as indicated in FIG. 6, and as
      the head 42 of the stem engages the lower prongs 28, it forces the points
      28b outwardly into the material of the cavity wall which in many cases is
      wood. This secures the sleeve in the cavity because of the downward
      divergence of the points. This positioning of the prong points aids in
      retaining the sleeve in the cavity. The diameter of the head 42 of the
      stem is nearly that of the inner surface of the sleeve, and when the stem
      is inserted into the sleeve, the head pushes the prongs 28 outwardly so
      that the points penetrate into the cavity wall, but the relative
      dimensions of the head and the sleeve are such that there is still
      permitted a sliding action between the head and the sleeve.
PAR  As the head 42 then approaches the upper prongs 26 and engages them, it
      similarly pushes the points 26b outwardly into the material of the cavity
      wall. The caster stem is then moved further into the sleeve until it
      engages the projection 24 which limits the movement of the stem into the
      sleeve, and the projection forms the limiting support for the caster in
      the sleeve.
PAR  The prong points 26b are preferably of lesser radial extent than the prong
      points 28b, the latter serving as the main means for securing the sleeve
      in the cavity. The prongs 26 also aid in this function, but they also act
      to normally retain the caster in the sleeve, being so dimensioned that as
      the head 42 of the caster stem passes by those prongs, they are not fully
      projected outwardly beyond the inner surface of the sleeve, thus providing
      a projection, although a very slight projection, engaged by the head of
      the stem, which thereby prevents the caster from normally falling out of
      the sleeve. However, the caster can be withdrawn by applying greater
      force, either by pulling on the caster manually, or applying a tool such
      as a screw driver to pry the caster out. The lower prongs 28 may also
      serve the purpose of normally retaining the caster in the sleeve, although
      this is not their primary purpose. The prongs 28 preferably are larger
      than the prongs 26, and because of the inclination of the prong points 28b
      as referred to above, they are more effective for retaining the sleeve in
      the cavity.
PAR  The transverse slots 22 are found very effective in providing greater
      flexibility of the legs 18 of the sleeve. The arcuate shape of the legs
      works against their normal flexibility, but the transverse slots 22
      provide greater flexibility, but they do not impair the effective strength
      of the sleeve, because the sleeve is confined in the cavity and various
      transverse forces encountered do not materially come into play, and the
      strength necessary for the sleeve is that provided by the longitudinal
      dimension of the sleeve, and the interconnecting pieces 23 between the
      transverse slots.
PAR  The present construction supplants the constructions of previously known
      devices, which were more complex, such for example, as each including
      three main parts, namely, an outer sleeve, an inner sleeve, and a washer.
      The outer sleeve was held in position in the cavity by its contact with
      the wall of the cavity, the inner sleeve was held in the outer sleeve by
      purling it to the outer sleeve, and the washer was positioned at the
      bottom of the two sleeves, which was engaged by the yoke of the caster. In
      the present instance the sleeve is of integral and unitary form, being
      retained in the cavity by its own engagement with the wall of the cavity,
      and also serving to retain the caster in the sleeve.
PAR  The construction of the present caster sleeve also has been found to be of
      smaller diameter and stronger than most other previously known sleeves,
      considering any given size of caster, because of the integral and unitary
      construction, and its ability to retain the sleeve in the cavity and also
      to retain the caster in the sleeve. Additionally the transverse slots 22
      enable relatively greater contraction of the legs of the sleeve for any
      given size of caster and sleeve, so as to be capable of full effectiveness
      in a minimum diameter cavity.
CLMS
STM  We claim:
NUM  1.
PAR  1. A caster sleeve for use in conjunction with a caster having a stem with
      a head on a shank, the head being of greater diameter than the immediately
      adjacent portion of the shank, comprising,
PA1  a generally tubular integral sleeve adapted for insertion into a cavity in
      a furniture piece and having a closed upper end and an open lower end, the
      closed upper end being continuous through its transverse extent,
PA1  the sleeve being slotted longitudinally on diametrically opposite sides
      from a position adjacent the closed upper end to and through the open
      lower end forming a pair of diametrically opposite legs flexible toward
      and from each other,
PA1  the legs including upper and lower prongs struck from the integral portions
      of the legs, the prongs having points normally adjacent the outer surface
      of the sleeve and elbows normally extending inwardly of the inner surface
      of the sleeve, whereby in response to insertion of the caster stem into
      the sleeve, the head of the stem forces the prongs outwardly into
      penetrating engagement with the wall of the cavity, and the elbows of the
      upper prongs remain at least slightly inwardly of the inner surface of the
      sleeve and releasably retain the caster in the sleeve.
NUM  2.
PAR  2. A caster sleeve according to claim 1 wherein the sleeve includes
      transverse slots adjacent to but spaced downwardly from the closed upper
      end providing added flexibility of the legs toward and from each other.
NUM  3.
PAR  3. A caster sleeve according to claim 2 in which the legs of the sleeve are
      arcuate in transverse section.
NUM  4.
PAR  4. A caster sleeve according to claim 1 in which the lower prongs extend
      farther outwardly in radial direction than the upper prongs, and the lower
      prongs serve principally in retaining the sleeve in the cavity.
NUM  5.
PAR  5. A caster sleeve for use in conjunction with a caster having a stem with
      a head on a shank, the head being of greater diameter than the immediately
      adjacent portion of the shank, comprising,
PA1  a generally tubular integral shell adapted for insertion into a cavity in a
      furniture piece and having a closed upper end and an open lower end, the
      closed upper end being continuous throughout its transverse extent,
PA1  the shell being split longitudinally by slots on diametrically opposite
      sides extending from a position adjacent the closed upper end to and
      through the open lower end, forming a pair of diametrically opposite legs
      flexible toward and from each other,
PA1  the shell having transverse slots adjacent to but spaced downwardly from
      the closed upper end communicating with the longitudinal slots, and
PA1  the legs having prongs struck from the integral portions of the legs, the
      prongs having points adjacent the outer surface of the shell as formed by
      the legs and projectable into the material of the furniture piece for
      normally retaining the sleeve in the cavity of the furniture piece and the
      caster in the sleeve.
NUM  6.
PAR  6. A caster sleeve according to claim 5 in which the transverse slots
      communicate with the longitudinal slots.
NUM  7.
PAR  7. A caster sleeve according to claim 6 in which the transverse slots each
      occupies in the neighborhood of between 1/4 and 1/3 of the circumferential
      extent of the sleeve.
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ABST
PAL  Apparatus for automatically severing flexible, thin-walled tubing of
      indefinite length into a plurality of segments comprising in combination a
      mechanism for advancing a continuous length of thin-walled tubing about a
      mandrel; a restraining member adaptable to restrain the advance of the
      thin-walled tubing at a predetermined position on said mandrel
      intermediate the ends of the tubing; tensioning devices adapted for
      engaging the thin-walled tubing that has advanced beyond said restraining
      member after said restraining member restrains the advance of the tubing
      and for tensioning said tubing about said mandrel intermediate said
      restraining member and said tensioning devices; and two opposed blade
      holders adapted for being moved radially toward and away from the
      thin-walled tubing intermediate the restraining member and the tensioning
      devices. Each blade holder has two severing blades mounted in offset
      relation therein, with each severing blade having two spaced apart tubing
      engaging edges with the bisector of the angle subtended by the edges
      defining the pivot point for mounting the blade on the holder. Engagement
      of the blades against the tubing results in eight scores or cuts disposed
      in a substantially circular planar array about the tubing.
BSUM
PAR  The present invention relates to thin-walled tubular material and more
      particularly to apparatus for severing a thin-walled flexible tubular
      material of indefinite length advancing about a support mandrel, into a
      plurality of predetermined length segments of the tubular material.
PAR  In general, small diameter, flexible, thin-walled tubing is prepared from a
      wide variety of different materials in continuous indefinite lengths. The
      tubing, usually formed by extrusion may be required to undergo an
      additional series of treatments, such as, for example purifying, drying,
      curing and the like, that may be necessary to attain desired properties
      prior to storage and shipment. It is also frequently desirable, or even
      required, that the tubing be supplied in predetermined lengths that are
      shorter than may be technically or economically feasible to prepare
      directly from a continuously operating extruder.
PAR  Collecting continuous, indefinite lengths of tubing in a flattened
      condition on reels, and cutting measured lengths therefrom with square cut
      ends is an expedient way of handling the problem. However, measured
      lengths of flattened tubing, cannot be continuously filled, as is required
      in certain application such as, for example in preparing a wide variety of
      processed food products.
PAR  In the food casing and processing industry, small diameter, thin-walled
      flexible tubing has, for a number of years, been prepared in a pleated and
      compressed form commonly called shirred casing sticks, wherein a
      continuous measured length of as much as 12 meters or more of tubing is
      compressed into a tubular strand of about 15 cm. that can then be readily
      continuously stuffed using automatic stuffing apparatus. It is highly
      desirable that the ends of the measured lengths of casing should be cut
      square and have no tab ends to obstruct the bore of the shirred casing
      stick. Obstructions in the bore or tab ends which occlude the bore, can
      interfere with a filling tube member typically used in automatic stuffing
      or filling equipment and cause breakage or damage of the casing stick.
PAR  Continuous lengths of tubular food casings may be prepared from materials
      such as cellulose, regenerated cellulose, collagen, alginate and the like
      and shirred casing may be prepared therefrom using any one of a number of
      methods and apparatus as, for example described in U.S. Pat. Nos.
      2,983,949 (Matecki), 2,984,574 (Matecki), 3,110,058 (Marbach), 3,158,896
      (Marbach) and 3,704,483 (Urbutis, et al).
PAR  For purposes of economy and efficiency, shirred casing sticks containing
      predetermined lengths of casing are made available to food processors. In
      some instances, obtaining shirred casing sticks which contain
      substantially equivalent lengths of tubular casing is difficult since the
      materials from which these tubular casings are fabricated exhibit
      properties that render them difficult to regulate, control and measure as
      they are being shirred, and particularly when they are being continuously
      shirred. Typical methods and apparatus for measuring or otherwise
      controlling the length of the tubular material in the shirred casing stick
      are disclosed, for example in U.S. Pat. Nos. 3,594,855 (Urbutis),
      3,110,058 (Marbach), 3,741,779 (Urbutis et al).
PAR  When a predetermined length of tubular casing has been shirred on a
      shirring mandrel, separation thereof from a supply of said casing is
      desired so that individual sticks of compressed, shirred casing can be
      prepared and then removed from about the mandrel. Some typical methods of
      severing a length of shirred tubular casing from the casing supply that
      are known are described in U.S. Pat. Nos. 3,110,058 (Marbach) and
      3,112,517 (Ives).
PAR  The advent of automatic stuffing machines, such as described in U.S. Pat.
      No. 3,191,222 to Townsend, has added other important factors to the
      quality requirements of shirred casing sticks. In U.S. Pat. No. 3,471,305
      to Marbach, for example the importance of the integrity of the ends of
      shirred casing sticks is disclosed in order to prevent breakage of the
      casing stick during operation of the automatic stuffing equipment by the
      food processor.
PAR  In accordance with the present invention there is provided apparatus for
      automatically severing thin-walled tubing of indefinite length into a
      plurality of segments comprising in combination: a support mandrel; means
      for advancing a continuous length of thin-walled tubing about said
      mandrel; a movably mounted restraining member adaptable to restrain the
      advance of a thin-walled tubing at a predetermined position on said
      mandrel; tensioning means adapted for engaging a thin-walled tubing that
      has advanced beyond said restraining member position about said mandrel
      after said restraining member restrains the advance of the tubing and for
      tensioning tubing about said mandrel intermediate said restraining member
      and said tensioning means; and a plurality of severing means movably
      mounted about said mandrel having means for being traversed into and out
      of severing engagement with thin-walled tubing about said mandrel
      intermediate said restraining member and said tensioning means.
PAR  There is also provided a severing apparatus for tubular material sheathed
      about a support mandrel comprising a plurality of blade holders having
      severing blades mounted on said holders disposed in a substantially planar
      arrangement about a mandrel and adapted to be reciprocated to and from the
      surface of said mandrel, each of said severing blades being pivotably
      mounted on a blade holder and having two spaced apart tubing engaging
      edges, the bisector of the angle subtended by said edges on said severing
      blade defining the pivot point for said blade, and means for reciprocating
      said blade holders and severing blades into and out of severing engagement
      with a tubular material sheathed about said mandrel.
PAR  In an alternate embodiment of the invention, the blade holders are provided
      with more than one blade, such as a pair of blades each pivotally mounted
      on a blade mount clevis, said clevis being in turn pivotally centrally
      mounted on said blade holder, each of said blades having two spaced apart
      angularly disposed tubing engaging edges, the bisector of the angle
      subtended by said edges on said blade defining the pivot point for said
      tubing engaging blade, to provide in combination, a free-floating
      self-centering severing engagement with a tubing material sheathed about
      said mandrel.
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PAR  The method and apparatus of the invention will become more clear when
      considered together with the accompanying drawing which is set forth as
      being merely illustrative of the invention and is not intended to be
      limitative thereof and wherein:
PAR  FIG. 1 is schematic side elevation view, illustrating one embodiment of the
      apparatus of the invention.
PAR  FIG. 2 is a schematic perspective view, part in section, illustrating one
      embodiment of the apparatus of the invention.
PAR  FIGS. 3 to 8 are enlarged, fragmented side views, part in section,
      schematicaly illustrating sequential operation of the components of the
      apparatus shown in FIG. 1 and FIG. 2.
PAR  FIG. 9 is an enlarged fragmented front elevation view of the casing
      severing members shown in FIGS. 1 to 8, with the upper blade holder shown
      partly in section.
PAR  FIG. 10 is side elevation view of the lower blade holder shown in FIG. 9.
PAR  FIG. 11 is a front elevation view partly in section taken along line 11--11
      of FIG. 10.
PAR  FIG. 12 is a front elevation view of thee blade mount shown in FIGS. 9, 10,
      11.
PAR  FIG. 13 is a front elevation view of the cutting blade shown in FIGS. 9,
      10, 11.
DETD
PAR  Turning now to the drawing, wherein like reference numerals denote like
      parts, there is shown in FIG. 1 a shirring apparatus, generally designated
      by reference numeral 10 which can be the same as or similar to the
      shirring apparatus disclosed and described in U.S. Pat. Nos. 2,983,949,
      2,984,574, and 3,115,669 all to Matecki. Shirring apparatus 10 generally
      comprises a hollow mandrel 12 which is positioned and aligned by means of
      clamps C and K to be substantially central to a shirring means, denoted by
      letter S. As disclosed and described in the above-identified U.S. patents
      to Matecki, the shirring means S consists of three cogged wheels 18
      axially positioned about hollow mandrel 12 which weels serve to grip,
      pleat and advance successive portions of a continuous length of inflated
      tubular casing 14 along hollow mandrel 12. Clamps C and K are equipped
      with mating ports (not shown) which lead to the bore 20 of hollow mandrel
      12 so that air can be admitted continuously through the bore 20 of hollow
      mandrel 12 to inflate a continuous length of tubular casing 14 as it is
      advanced to and through the shirring apparatus disclosed and described in
      U.S. Pat. No. 3,590,422 to Matecki.
PAR  A pair of rotatably driven belts 16 is positioned forward of the shirring
      means S to engage a continuous length of inflated tubular casing 14 and
      advance it over and about the hollow mandrel 12 to the shirring means S. A
      holdback or compacting means similar to that described in U.S. Pat. No.
      3,594,855 to Urbutis is positioned downstream of the shirring means S. The
      holdback means comprises a pair of driven belts 19 that are generally
      advanced in the same direction as the advance of shirred tubular casing 17
      and act to provide a continuous retarding force to the shirred casing 17
      to compact it as it is advanced along and about the mandrel 12.
PAR  Referring now to FIGS. 1 and 2, a restraining member 51 is positioned above
      the mandrel 12 adjacent to the discharge end of the holdback or compacting
      means 19. The restraining member 51 is vertically secured to the end of
      the piston rod of reciprocally operating cylinder 58 that is mounted on
      the frame of the shirring apparatus 10.
PAR  A carriage 30 is slidably mounted on a pair of spaced guide rods 32, 32'
      secured to the frame of shirring apparatus 10. One end of carriage 30 is
      secured to the piston rod of cylinder 36 that is mounted on the frame of
      the shirring apparatus 10. An upper gripping finger 63 is connected to the
      piston rod of operating cylinder 62 which is secured to carriage 30
      vertically aligned above mandrel 12. A lower gripping finger 65 is
      connected to the piston rod of operating cylinder 67 which is secured to
      carriage 30 vertically aligned below mandrel 12.
PAR  Also secured to the frame of the shirring apparatus 10 are a pair of
      opposed casing severing members shown generally as 21 and 23 aligned about
      mandrel 12 and located at a station downstream from restraining member 51.
      For purposes of illustration only, casing severing members 21 and 23 are
      shown operating in the same plane as restraining member 51 and gripping
      fingers 63 and 65. However, to provide for passage of gripping fingers 63
      and 65 traversing along the axis of mandrel 12 secured to carriage 30, the
      plane of operation of casing severing members 21 and 23 should preferably
      be at an angle different from the vertical plane of operation of gripping
      fingers 63 and 65.
PAR  A typical operation of the apparatus of the invention will now be described
      and will be more readily understood when considered with the accompanying
      drawing.
PAR  As described in U.S. Pat. No. 3,594,855 to Urbutis, feed belts 16 (FIG. 1)
      connected through various drive means and meshing gears provide the means
      by which a continuous length of inflated casing 14 is determined and
      measured as it is being advanced by feed belts 16 to the shirring means S.
      Further as described in U.S. Pat. No. 3,594,855, cam 50 (FIG. 2) is caused
      to rotate at one revolution for each length of casing 14 measured by feed
      belts 16 and actuation of the casing severing cycle of the present
      invention is readily regulated and controlled thereby.
PAR  The single lobe of cam 50 (FIG. 2) contacts pilot air valve 54 to initiate
      the start of a casing severing cycle and successively actuate the
      operating valves, pistons and controls associated with the severing means
      of this invention.
PAR  Referring now to FIGS. 1 to 8, actuation of pilot valve 54 by cam 50 (FIG.
      2) operates line valve 56 to pressurize air cylinder 58 advancing
      restraining member 51 towards mandrel 12 to engage shirred casing 17
      advancing from holdback belts 19 on mandrel 12, and thereby restrain the
      further advance thereof during the cycle required to separate, sever and
      compress a predetermined length of shirred casing from continuous supply.
      Simultaneously, pilot valve 54 operates line valve 60 to pressurize
      cylinder 62 and advance upper gripping finger 63 to engage the shirred
      casing 17 on mandrel 12 downstream of the position of restraining member
      51. This establishes the condition illustrated in FIG. 3.
PAR  Actuation of pilot valve 54 by cam 50 also actuates valve 34 to pressurize
      the rod end of cylinder 36 advancing carriage 30 along slide rods 32, 32'
      downstream from the position of restraining member 51, illustrated in FIG.
      4.
PAR  As shown in FIG. 2, camming members 40, 41 and 42 are adjustably mounted on
      carriage 30 on a foot member 38 in three different planes parallel to
      slide rods 32, 32'. As carriage 30 is advanced, a short distance (about 3
      cm.) along slide rods 32, 32' from the starting position shown in FIG. 3,
      cam member 40 engages and actuates valve 45 to pressurize cylinder 67.
      Lower gripping finger 65 is thereby upwardly advanced into gripping
      engagement with shirred casing 17 on mandrel 12 generally opposed, to
      upper gripping finger 63 as shown in FIG. 4. The advance of carriage 30
      with gripping fingers 63 and 65 in gripping engagement with shirred casing
      17 separates the pleats or deshirrs the casing intermediate restraining
      member 51 and gripping fingers 63 and 65 (FIGS. 5 and 6).
PAR  Carriage 30 continues to be advanced along slide rods 32, 32' by cylinder
      36 to a station approximately 12 cm from the starting position (FIG. 6)
      where camming member 41 on carriage 30 (FIG. 2) engages and actuates valve
      46 to operate opposed casing severing members 21 and 23. Air is thereby
      simultaneously admitted to cylinders 76 and 78 whereby upper and lower
      blade holders 77, 77', respectively, are radially advanced toward mandrel
      12 into severing engagement with the deshirred casing 17a (FIG. 7). A
      portion of the casing 17a is thereby scored and/or cut uniformly at a
      plurality of points about the circumference thereof. It is important that
      the deshirred portion of casing is scored and/or cut at four or more, and
      preferably at, at least eight points substantially uniformly about the
      circumference of the mandrel 12 to obtain a suitable substantially
      "square-cut" end. It would be apparent that the more points about the
      circumference of the tube that may be scored and/or cut, and then tension
      separated in accordance with the practice of the invention, the more
      uniform will the separated edge thereof.
PAR  The carriage 30 continues to be advanced along slide rods 32, 32', by
      cylinder 36, thereby further advancing upper and lower gripping fingers 63
      and 65. The casing 17a intermediate restraining member 51, severing
      members 21 and 23 and gripping fingers 63 and 65 is tensioned across the
      scored and/or cut points about the circumference of the tubular casing
      until the casing is severed and separates into segments containing
      predetermined lengths of casing as shown in FIG. 8. The carriage 30 is
      advanced further a short distance (about 6 cm.) until cam member 41 on the
      carriage 30 engages and actuates valve 47, (FIG. 2) to provide pilot air
      pressure to reverse valves 56 and 46, thereby releasing air pressure on
      associated cylinders 58, and 76, 78 respectively, to retract restraining
      member 51 and severing means 21, 23. Restraint on the advance shirred
      casing 17 is thereby removed permitting its unimpeded advance along
      mandrel 12 from shirring passage S.
PAR  Carriage 30 is caused to continue to advance with the upper and lower
      gripping fingers, 63 and 65, engaging the severed casing 15 and advancing
      it along the mandrel to a station about 60 cm. from the starting station
      where it is positioned to be compressed by compressor arm 25 (FIG. 1).
PAR  Near the end of the stroke of carriage cylinder 36, cam member 42 mounted
      on carriage 30 (FIG. 2) engages valve 48 to provide pilot air pressure to
      reverse the valves 34, 45 and 60 controlling associated cylinders 36, 67
      and 62 respectively, which thereby pressurizes the piston end of cylinder
      36 reversing the direction of carriage 30 and retracts upper and lower
      gripping fingers 63 and 65, resulting in all elements of the severing
      device to return to their respective start positions for the succeeding
      casing severing cycle. As the carriage 30 is being returned to the start
      position, cam member 41 actuates valve 49 (reverse direction actuation)
      which operates an appropriate air cylinder (not shown) to drop compressor
      arm 25 onto mandrel 12.
PAR  When compressor arm 25 engages mandrel 12 a limit switch is activated that
      in turn activates an air valve, and associated cylinder (not shown),
      advancing compressor arm 25 toward closed clamp K with the separated
      segment of shirred casing 15 therebetween. The action of compressor arm 25
      reestablishes the compressed, pleated condition on the short length of
      deshirred casing on both the fore and aft sections thereof. In U.S. Pat.
      No. 3,158,896 to Marbach is disclosed the method and operation of
      compressor arm 25 in compressing shirred casing segments against the front
      wall of clamp K.
PAR  In the casing shirring art, the operation of shirring machines generally,
      has required that a predetermined length of shirred casing be severed from
      an advancing supply of tubular casing material before removing from the
      shirring machine. Consequently the mandrel 12 which defines and forms the
      bore of the finished casing stick 15, is preferably cantilever supported
      by clamps C, K, on machine frame 10 (FIG. 1). The clamps C, K are
      alternately opened and closed to permit removal of a finished casing stick
      15 from mandrel 12, while maintaining the mandrel in alignment with the
      shirring means S, as disclosed and described in U.S. Pat. No. 3,158,896 to
      Marbach.
PAR  It is difficult to maintain a desired, precise alignment of the cantilever
      mounted mandrel 12 to shirring means S and to the plane of operation of
      severing means 21, 23 spaced from the clamp support C. Thus one embodiment
      of the invention contemplates a plurality of scoring and/or cutting edges
      arranged in opposed self-centering, blade holders 77, 77' adapted to
      engage and encircle mandrel 12 and thereby score and/or cut deshirred
      casing 17a substantially uniformly at, a plurality of points about the
      mandrel. In a preferred embodiment as shown in FIG. 9, an eight point
      severing blade contact with mandrel 12 is provided by casing severing
      members 21 and 23 opposedly actuated by pneumatic cylinders 76, 78. Each
      of the severing members 21, 23 has four tubing engaging edges adapted for
      scoring and/or cutting engagement with mandrel 12 in a self-centering
      action. Thus, in the event of a less than perfect initial alignment of the
      mandrel 12 and severing members 21, 23, such misalignment is
      self-corrected by the self-aligning severing members.
PAR  Refer now to FIGS. 9 to 13 wherein is shown the elements of the casing
      severing members shown generally as 21, 23. Blade holders 77, 77' (FIG. 9)
      are shown secured to the piston rods of pneumatic cylinders 76, 78
      respectively. Blade holder 77 (FIGS. 10, 11) comprises a clevis shaped
      member adapted to pivotally mount blade mount 80 on blade mount pivot pin
      82. Blade mount 80 (FIG. 12) is a slotted member adapted to pivotally
      mount a pair of severing blades 84, 84' in opposite hand (back to back)
      arrangement by rotatably securing each blade 84, 84' on a single blade
      pivot pin, 86, 86' respectively, both pins being secured within blade
      holder 77.
PAR  The blade 84 (FIG. 13) is provided with pivot hole 88 and spaced apart
      bottom and side tubing engaging edges 94, 96, respectively. When the
      center of mandrel 12 is used as a central reference point, to define a
      line "Y" from pivot hole 88 to the centerline of mandrel 12; the edges 94,
      96 are each ground at an equal angle from the line "Y" such as angle
      .alpha. (FIG. 13), for example 45.degree.. A limit hole 90 which is
      somewhat larger than blade pivot pin 86 is provided in blade 84 to
      cooperate with mating blade 84' in assembly in mount 80. The difference in
      diameter between limit hole 90 and pivot pin 86 defines a predetermined
      limit of pivotal movement permitted for blade 84 about pivot 88. The hole
      92 in blade 84 is made larger than blade mount pivot pin 82 to permit
      blade mount 80 to pivot independently of the blades 84, 84' (FIG. 9). Thus
      the blade assembly described provides two degrees of freedom to pivotally
      align the blade tubing engaging edges into uniform gripping contact with
      mandrel 12 and thereby uniformly score and/or cut the casing 16
      therebetween.
PAR  Activation of severing means 21 and 23 into severing engagement with
      mandrel 12 accordingly, provides for 8 tubing engaging edges contacting
      the mandrel substantially uniformly about the mandrel. The pivotally
      mounted blade holders 77, 77' and the pivotally mounted severing blades
      provide sufficient self-aligning capability to overcome possible
      misalignment of the mandrel 12 and the tubing engaging edges.
PAR  In an alternate embodiment, a single severing blade such as blade 84 having
      two spaced apart tubing engaging edges is pivotally mounted in a blade
      holder or blade mount as described herein. Blade holders may be rigidly or
      pivotally secured to piston rods or the like of at least two air activated
      cylinders mounted uniformly about a mandrel. A tubular material may
      thereby be scored and/or cut at a plurality of points substantially
      uniformly about the circumference of the tubing to sever a continuous
      length thereof into segments having substantially "square cut" ends.
PAR  Thus the present invention provides simple, efficient means for
      automatically severing tubular materials sheathed about a support mandrel
      and for continuously and automatically producing from a continuous
      indefinite length of tubular material, and particularly shirred tubular
      food casing, segments of such tubular material that may contain
      predetermined lengths thereof.
PAR  While the invention has been described with particularity and in some
      detail, it should be understood that changes, modifications and
      alterations can be made therein; in addition to those suggested and
      illustrated hereinabove, without departing from the scope and spirit of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for automatically severing flexible, thin-walled tubing of
      indefinite length into a plurality of segments comprising in combination:
PA1  a a support mandrel;
PA1  b means for advancing a continuous length of flexible, thin-walled tubing
      about said mandrel;
PA1  c a movably mounted restraining member adaptable to restrain the advance of
      a thin-walled tubing at a predetermined position on said mandrel
      intermediate the ends of the tubing;
PA1  d tensioning means adapted for engaging a thin-walled tubing that has
      advanced beyond said restraining member in restraining contact with said
      tubing, and for tensioning said tubing between said restraining member and
      said tensioning means; and
PA1  e severing means mounted about said mandrel and comprising means for being
      advanced into and out of severing engagement at more than four points
      disposed in substantially circular planar arrangement about a thin-walled
      tubing about said mandrel intermediate said restraining member and said
      tensioning means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said support mandrel comprises a
      shirring machine mandrel.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said means for advancing a continuous
      length of thin-walled tubing comprises means for advancing a tubing to and
      through a shirring means mounted about said mandrel.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said restraining member is adaptable to
      restrain the advance of a shirred tubing at a predetermined position on
      said mandrel after the tubing has advanced through said shirring means
      mounted about said mandrel.
NUM  5.
PAR  5. The apparatus of claim 4 comprising tensioning means adapted for
      engaging a shirred tubing and for separating the pleats in the shirred
      tubing about said mandrel intermediate said restraining member and said
      tensioning means.
NUM  6.
PAR  6. Apparatus for automatically severing flexible, thin-walled tubing of
      indefinite length into a plurality of segments comprising in combination:
PA1  a a support mandrel;
PA1  b means for advancing a continuous length of flexible, thin-walled tubing
      about said mandrel;
PA1  c a movably mounted restraining member adaptable to restrain the advance of
      a thin-walled tubing at a predetermined position on said mandrel
      intermediate the ends of the tubing;
PA1  d tensioning means adapted for engaging a thin-walled tubing that has
      advanced beyond said restraining member in restraining contact with said
      tubing, and for tensioning said tubing between said restraining member and
      said tensioning means; and
PA1  e severing means mounted about said mandrel and adapted for being advanced
      into and out of severing engagement with a thin-walled tubing on at least
      four points about said mandrel intermediate said restraining member and
      said tensioning means, said severing means comprising at least two blade
      holders, each blade holder having a severing blade pivotally mounted
      therein, said severing blade having two spaced apart tubing engaging edges
      with bisector of the angle subtended by said edges defining a pivot point
      for mounting said severing blade on said blade holder.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said tubing engaging edges are tubing
      scoring edges.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said tubing engaging edges are tubing
      cutting edges.
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ABST
PAL  Poultry is prepared for marketing to consumers such that it is in the form
      of a whole carcass yet is easily separable by the consumer into sections
      or individual piece servings. The method of preparation includes making
      selected incisions into specific locations on an eviscerated poultry
      carcass and may also include a lossening of the proximal end of each femur
      from its acetabulum located on the innominate bone.
BSUM
PAR  The present invention relates to a poultry food article marketable as a
      whole carcass that is readily separable by the consumer into individual
      poultry pieces and methods for the preparation of same.
PAR  As known heretofore, poultry that has not been boned is available to the
      consumer in one of two forms. One is that of a "whole" bird in which the
      portions of the fowl that are most usually consumed are retained fully
      intact, with the carcass maintaining its familiar whole-fowl structure.
      the other is the marketing of poultry in portions or parts, such as half
      birds, quarters, breasts, thighs, lower legs or "drumsticks," wings,
      backs, and necks. While this latter form provides the advantage of
      improving the ease of serving the food item, it has a disadvantage in that
      the purchaser--either ultimate consumer or retailer--must usually pay a
      premium for the additional processing undertaken, by the wholesaler or
      retailer, in preparing the food item in such cut-up forms. In addition, a
      whole carcass can be readily injected with fluids such as basters,
      tenderizers, flavorings, and the like.
PAR  Thus, there are advantages to the purchaser of poultry food items in whole
      forms. However, procuring and cooking fowl in its whole form is
      inconvenient to the purchaser who chooses either before or after cooking,
      to undertake the bothersome and sometimes hazardous task of severing the
      skeletal and muscle structure of poultry food items that are marketed in
      whole carcass form.
PAR  Accordingly, it is an object of the present invention to produce a fowl
      carcass in a marketable form which retains the advantages traditionally
      associated only with whole fowl food items, but which also has attendant
      thereto the convenience and purchaser acceptance of cut-up fowl.
PAR  Another object of the present invention is to provide an improved method
      for preparing fowl food items such that they may be marketed as whole fowl
      carcasses while being readily severable by the purchaser, either a
      retailer or an ultimate consumer, into individual serving parts.
PAR  A further object of this invention is to provide an improved food article
      that takes the form and appearance of a poultry product in its whole,
      unaltered form when viewed from the breast or ventral side and is easily
      separable by the purchaser either before or after cooking into pieces of
      poultry traditionally recognized as poultry portions or as single food
      items.
PAR  An additional object of the present invention is to provide an improved
      food article that is able to be subjected to processing, treatment,
      packaging, and marketing techniques most advantageously utilized in
      connection with whole carcass poultry food items, which article is
      modified to render the carcass readily separable so as to result in
      supplying the food in a form that is easily altered by the purchaser into
      smaller food portions.
PAR  One other object is an improved eviscerated poultry carcass and the method
      for producing same, wherein the leg portions are easily separable at the
      hip joint or acetabulum.
PAR  The present method includes making several incisions into whole poultry
      carcasses at selected locations so as to partially sever or loosen
      portions of the carcass which may constitute poultry food servings such as
      those commonly called halves, wings, breasts, drumsticks, thighs, and
      backs. The article of the present invention is a poultry carcass that has
      been treated, packaged, and marketed in whole form and that can, with
      minimal consumer effort, be further cut and separated into traditionally
      recognized individual servings of fowl.
DRWD
PAR  Additional objects, if not set forth specifically herein will be readily
      apparent to those skilled in the art from the detailed description of the
      invention which follows and from the drawings in which:
PAR  FIG. 1 is a dorsal view, with a partial skeletal structure superimposed
      thereon, of a whole poultry carcass depicting the preferred embodiment of
      this invention;
PAR  FIG. 2 is a partial view of a poultry carcass similar to that of FIG. 1
      with parts spread apart to illustrate detail of another embodiment;
PAR  FIG. 3 is a posterior elevational illustration of the detail of a poultry
      carcass concerning a further embodiment;
PAR  FIG. 4 is a posterior perspective view of the embodiment shown in FIG. 3
      illustrating the method of this embodiment; and
PAR  FIG. 5 is a side elevational illustration of a further method embodiment
      that is an alternative to that of FIGS. 3 and 4, wherein the carcass skin
      outlines are sketched in for orientation purposes only.
DETD
PAR  In the embodiment illustrated in FIG. 1, there is depicted the dorsal, or
      back, view of an eviscerated poultry carcass, indicated generally by
      numeral 11. Two locations of partial severance of the wings 12 are each
      indicated by "wing" incision 21 which represents a cut made into the
      dorsal side of the fowl at each shoulder "joint" 33 where the humerus bone
      31 is joined to the scapula bone 32. The cut itself is through the dorsal
      skin and flesh and severs the joint at the anterior dorsal region, but
      leaves intact and unsevered the muscles, flesh and skin of the ventral
      areas adjacent the shoulder "joint" 33.
PAR  "Drumstick" incision 23 in left leg 13 passes through "knee joint" 36
      between the tibia 34 and the femur 35. In the preferred form of the
      invention, drumstick incision 23 is through the skin, flesh and muscle
      fiber posterior of the knee joint 36 and severs joint 36 but leaves intact
      and does not cut through the anterior flesh, skin and muscle fiber
      adjacent the joint 36. The drumstick incision 23 can instead be made
      through the anterior flesh, skin and muscle fiber adjacent knee joint 36,
      and through joint 36, while the muscle fiber, flesh and skin posterior of
      the knee joint 36 remain intact. As a further alternative, this drumstick
      incision 23 may be made through the flesh, skin and muscle fiber
      surrounding either the right or left side of joint 36, and through joint
      36, but not through the remainder of the flesh, muscle fiber and skin
      surrounding such joint. A second drumstick incision 24 through the knee
      joint of right leg 14 is made in essentially the same manner as drumstick
      incision 23 in left leg 13; that is, the incision begins either
      anteriorly, posteriorly, or from the right or left, and terminates just
      after passing through the knee joint of right leg 14 so as to avoid
      complete severance thereof.
PAR  The dorsal side of the trunk of the carcass 11 has a longitudinal incision
      25 and a transverse incision 26. Longitudinal incision 25 is through
      backbone 37 and innominate bone 38 and extends the full length of the
      dorsal side of the trunk of the carcass. The incision 25 completely severs
      the dorsal skin, dorsal flesh, innominate bone 38 and backbone 37 of the
      poultry carcass 11 and may terminate in a longitudinal score line 41 on
      the inside of the breast bone 42 (see FIG. 2). The transverse incision 26
      into the dorsal side of the carcass 11 is located immediately posterior of
      the backbone 37 and immediately anterior of the innominate bone 38 and
      extends completely through the back flesh and back skeletal structure, but
      has a relatively shallow depth such that it stops short of the rib cage 39
      and breast bone 42.
PAR  FIGS. 3 and 4 illustrate a further embodiment of the poultry product in
      which strands 53, including tendons and muscles, surrounding or naturally
      connected to the proximal end of each femur 35, have been severed in the
      area of the hip socket or acetabulum 51, but the surrounding external skin
      is not damaged. This embodiment permits the purchaser, either the ultimate
      consumer or the retailer, to easily remove through cutting that requires
      but a minimal effort each of the "thigh" portions of the poultry carcass.
      This further embodiment either can be the only modification of and
      improvement to a traditional whole poultry carcass or can be combined with
      the preferred embodiment of FIG. 1 or the combined embodiment of FIGS. 1
      and 2.
PAR  FIG. 5 illustrates a further embodiment that is an alternative to the
      further embodiment of FIGS. 3 and 4. In this alternate further embodiment,
      the proximal end of each femur 38 is loosened from each acetabulum 51,
      with attachment strands 53 remaining substantially unaltered from their
      natural connections on or surrounding the proximal end of each femur 35.
      In the same fashion as the further embodiment of FIGS. 3 and 4, this
      alternate further embodiment can be the sole improvement of an eviscerated
      poultry carcass or can be combined with the preferred embodiment of FIG. 1
      or the combined embodiment of FIGS. 1 and 2.
PAR  In accomplishing the method of the preferred embodiment of the present
      invention, a band saw, circular saw or the like is utilized to cut the
      dorsal side of the trunk of the carcass 11 for the full longitudinal
      length thereof. The saw or the like is either stationary and the carcass
      is moved thereover or it is movable and runs along the dorsal side of the
      carcass. This cut or incision 25 completely severs the dorsal flesh,
      innominate bone 38, and backbone 37 of the carcass. In another embodiment
      depicted in FIG. 2, the severed innominate bone is shown as two
      approximate halves 38' and 38". The carcass 11 is then slightly spread
      apart along cut 25, and a score line 41 is made longitudinally along the
      inside of the breast bone 42. This score line can be made by the same saw
      or the like that effected cut 25 or can be made by any other suitable
      implement, and it facilitates splitting of the carcass 11 along the breast
      bone 42 if such is desired by the purchaser.
PAR  A band saw, circular saw or the like also is utilized to make the
      transverse incision 26 that is across the dorsal side of the trunk, and
      just posterior of the back bone 37, of the carcass 11. The transverse
      incision 26 is relatively shallow in its depth, terminating before the saw
      or the like reaches a depth such that it comes into contact with the
      breastbone.
PAR  This incision 26, as with longitudinal incision 25, is made while the
      carcass is positioned with the ventral, or breast, side of the carcass 11
      opposite the cutting implement. While the carcass 11 is maintained
      approximately in this same orientation, the shoulder joints 33 are
      partially severed by making wing incisions 21 on the dorsal side of the
      carcass, with the saw or the like stopping short of the muscle fiber,
      flesh, and skin on the ventral side of the shoulder joints 33.
PAR  Each partial severance or drumstick incision 23 at the portion of the leg
      containing the tibia 34 can be accomplished when the poultry carcass 11 is
      positioned with either the ventral side (breasts), the dorsal side (back),
      or the left or right side downward with respect to the cutting implement.
      In the preferred method, this partial severance or drumstick incision 23
      is undertaken with the legs 13, 14 being extended so as to flex and
      thereby substantially straighten out naturally bent carcass knee joints 36
      to thus expose to the saw or other cutting implement the dorsal surface of
      the joints 36.
PAR  Each of the longitudinal incision 25, the transverse incision 26, the wing
      incisions 21 and the drumstick incisions 23 can be made into the carcass
      11 in any order. It is generally more convenient, and hence preferred, to
      make each of longitudinal 25 and transverse 26 incisions before any of the
      wing 21 or drumstick 23 incisions, particularly since these latter
      incisions tend to be more susceptible of being inadvertently damaged
      during subsequent handling.
PAR  By the embodiment depicted in FIG. 1, each femur 35 (the bone contained
      within that portion of poultry commonly designated as the thigh serving)
      remains completely unaltered at its proximal end, that is, at the joint
      (including the hip joint or acetabulum 51, see FIG. 3) located on the
      innominate bone 38. Each femur 35 remains attached to the innominate bone
      38, more specifically to each respective portion 38', 38" of the
      innominate bone which has been approximately halved by longitudinal cut
      25.
PAR  Further embodiments of this invention include the additional feature of
      allowing for easy consumer severance of each thigh serving 52 or femur 35
      at the acetabulum 51, whereby the proximal end of each femur 35 is
      loosened from the innominate bone 38. One technique of this embodiment is
      depicted in FIGS. 3 and 4; another technique is illustrated in FIG. 5.
PAR  In accordance with these further embodiments, the half-rounded knob at the
      proximal end of each femur 35 is loosened from its socket, the acetabulum
      51. The poultry carcass of these embodiments thus has a loosened "hip
      joint" which renders the thigh serving 52 easily separable from the
      carcass 11 by the consumer's cutting through the skin and a few muscles
      adjacent to the posterior end of the innominate bone. If, for example, the
      consumer roasts the improved poultry carcass of the present invention
      prior to final severance, the consumer need merely cut the surrounding
      skin, and each thigh serving 52 will fall free.
PAR  More particularly, under the arrangement of the further embodiment that is
      illustrated in FIGS. 3 and 4, there is effected an opening up of the
      so-called rib cage area which is accessible through the narrow opening 56,
      located between the abdominal skin 58 and the abdominal wall and muscles
      57 of an eviscerated poultry carcass 11. An implement 55, illustrated by
      but specifically not limited to a knife having a curved or hooked pointed
      surface, is inserted through opening 56 immediately posterior of each
      acetabulum 51 on the innominate bone 38. Attachment strands 53, consisting
      primarily of tendons and muscles surrounding or attached to the proximal
      end of each femur 35 are then severed by implement 55. This severance is
      preferably made while each thigh 52 is pulled laterally away from the
      carcass 11. None of the skin or flesh surrounding each thigh serving is
      severed or damaged to any appreciable extent, to thereby maintain the
      integrity of this portion of the carcass 11 and the advantages attendant
      thereto as discussed herein, including the appearance of a whole poultry
      carcass 11.
PAR  Referring now to the technique of the alternate further embodiment,
      depicted in FIG. 5, an implement 61 which may be a knife or other
      relatively sharp instrument is passed into abdominal cavity 54 and through
      the innominate bone 38 in the relatively thin central area thereof in
      order to effect a slit at line 62 in the innominate bone 38. The implement
      61 is inserted through the slit at line 62 and is pried under the proximal
      end of the femur 38, so as to loosen same from the acetabulum 51 through
      leverage-like movement, represented as A, of the implement 61. Under this
      aspect of the invention, the femur 35 is loosened from its proximal joint,
      but attachment strands 53 remain substantially unaltered. Once again, none
      of the skin or flesh surrounding each thigh serving is severed or damaged,
      thereby maintaining the integrity of the carcass 11 and the advantages
      thereof.
PAR  The further embodiment of FIGS. 3 and 4 or the alternate further embodiment
      of FIG. 5 can be, in accordance with the present invention, the only
      improvement of and modification to the eviscerated poultry carcass 11, or
      either can be combined with the method of the preferred embodiment (FIG.
      1) or of the embodiment illustrated in both of FIGS. 1 and 2. When either
      further embodiment is combined with either the embodiment of FIG. 1 or of
      FIGS. 1 and 2, the steps of either further embodiment may be accomplished
      before or after those of the preferred embodiment or of that of FIGS. 1
      and 2.
PAR  While the foregoing discloses specific embodiments of the invention which
      have been presented in detail for purposes of illustration, it will be
      understood by those skilled in the art that many of these details may be
      varied without departing from the spirit and scope of the invention.
      Therefore, only such limitations should be imposed as are indicated in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved eviscerated poultry carcass having a plurality of incisions
      positioned on the carcass at selected locations, said incisions including
      partial severances of both shoulder joints and knee joints, to provide an
      article processed as a whole carcass and exhibiting ease of separation of
      the carcass into individual serving pieces.
NUM  2.
PAR  2. The improved carcass of claim 1, wherein said plurality of incisions
      include:
PA1  a longitudinal incision extending along an approximate longitudinal center
      line for the full longitudinal length of the dorsal side of the trunk of
      the carcass and through the backbone and innominate bone of the carcass;
PA1  a transverse incision extending transversely on the dorsal side of the
      carcass;
PA1  a pair of wing incisions being said partial severances of both shoulder
      joints, each extending through the skin, flesh and muscle fiber on the
      dorsal side of the respective shoulder joints of the carcass and through
      said shoulder joints, but not through the skin, flesh, and muscle fiber on
      the ventral side of the respective shoulder joints; and
PA1  a pair of drumstick incisions being said partial severances of both knee
      joints, each extending through a portion of the skin, flesh, and muscle
      fiber surrounding the respective knee joints and through said knee joints,
      with the remainder of the skin, flesh, and muscle fiber surrounding the
      knee joints remaining unsevered.
NUM  3.
PAR  3. The improved carcass of claim 2, wherein said longitudinal incision
      terminates in a longitudinal score line on the dorsal side of the
      breastbone.
NUM  4.
PAR  4. The improved carcass of claim 2, wherein said transverse incision is
      positioned immediately posterior of the backone and immediately anterior
      of the innominate bone, said transverse incision having a relatively
      shallow depth such that same terminates dorsal of the breastbone.
NUM  5.
PAR  5. The improved carcass of claim 2, wherein the proximal end of each femur
      of the carcass is modified to substantially weaken the naturally firm
      attachment thereof to the innominate bone.
NUM  6.
PAR  6. The improved carcass of claim 5, wherein said modification consists of a
      severance of the tendons and muscles surrounding said proximal end of each
      femur.
NUM  7.
PAR  7. The improved carcass of claim 5, wherein said modification consists of
      each femur having been loosened from its respective socket in the
      innominate bone.
NUM  8.
PAR  8. An improved eviscerated poultry carcass, which comprises the proximal
      end of each femur of the carcass being modified to substantially weaken
      the firm attachment thereof to the innominate bone, the external skin of
      said modified carcass being unsevered where it surrounds said each
      proximal end.
NUM  9.
PAR  9. The improved carcass of claim 8, wherein said modification consists of a
      severance of the tendons and muscles surrounding said proximal end of each
      femur.
NUM  10.
PAR  10. The improved carcass of claim 8, wherein said modification consists of
      each femur having been loosened from its respective socket in the
      innominate bone.
NUM  11.
PAR  11. A method for producing an improved eviscerated poultry carcass, said
      method comprising the steps of:
PA1  making a plurality of selected incisions into the dorsal side of the
      carcass to partially sever both wing portions, both drumstick portions, a
      breast portion, and a pair of portions each containing approximately half
      of the innominate bone of said carcass.
NUM  12.
PAR  12. The method of claim 11, wherein said plurality of dorsal incisions
      include:
PA1  making a longitudinal incision into the dorsal side of the carcass, which
      longitudinal incision extends the full length of the trunk thereof, is
      positioned along an approximate longitudinal center line thereof, and is
      through the backbone and innominate bone;
PA1  making a transverse incision into the dorsal side of the carcass
      immediately posterior of the back bone and immediately anterior of the
      innominate bone;
PA1  said partial severing of each wing portion being at its respective shoulder
      joint on the carcass; and said partial severing of each drumstick portion
      being at its respective knee joint on the carcass.
NUM  13.
PAR  13. The method of claim 12, wherein after making the longitudinal incision
      same is continued and terminates by the making of a longitudinal score
      line upon the dorsal surface of the breastbone of the carcass.
NUM  14.
PAR  14. The method of claim 12, including the additional step of loosening the
      proximal end of each femur from its respective socket on the innominate
      bone, to thereby facilitate the future separation at said respective
      socket of each of said posterior servings of the carcass.
NUM  15.
PAR  15. The method of claim 14, wherein said additional step is accomplished by
PA1  inserting a sharp implement into the narrow opening located between the
      abdominal skin and the abdominal wall at the posterior of said carcass;
      and
PA1  manipulating said sharp instrument around the proximal end of each femur to
      sever tendons and muscles therearound.
NUM  16.
PAR  16. The method of claim 14, wherein said additional step is accomplished by
PA1  inserting a relatively sharp implement into the abdominal cavity of said
      carcass;
PA1  piercing the innominate bone immediately posterior of the proximal end of
      each femur; and
PA1  further extending said relatively sharp implement to effect a prying of the
      proximal end of each femur from its respective socket on said innominate
      bone.
NUM  17.
PAR  17. A method for producing an improved eviscerated poultry carcass, said
      method comprising subjecting an eviscerated poultry carcass to the step of
      loosening each femur from its respective socket in the innominate bone of
      said carcass, said loosening step being accomplished while avoiding a
      severance of the external skin surrounding each said respective socket of
      the carcass.
NUM  18.
PAR  18. The method of claim 17, wherein said loosening step is accomplished by
PA1  inserting a sharp implement into the narrow opening located between the
      abdominal skin and the abdominal wall at the posterior of said eviscerated
      carcass; and
PA1  manipulating said sharp instrument around the proximal end of each femur to
      sever tendons and muscles therearound.
NUM  19.
PAR  19. The method of claim 17, wherein said loosening step is accomplished by
PA1  inserting a relatively sharp implement into the abdominal cavity of said
      carcass;
PA1  piercing the innominate bone immediately posterior of the proximal end of
      each femur; and
PA1  further extending said relatively sharp implement to effect a prying of the
      proximal end of each femur from its respective joint on said innominate
      bone.
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ABST
PAL  This invention relates to a staple draft device comprising a pair of feed
      rollers and a pair of drawing-off rollers, said pairs determining
      therebetween the course of a staple lap to be drawn off, there being at
      one side of said course a feed roller with needle-like projections and a
      control roller also with such projections, and at the other side of said
      course a supplementary needled-surface roller which co-operates solely
      with said needled-surface feed roller, and a single levelling-down roller
      which is smooth, co-operates solely with said needled-surface control
      roller, and is preferably positively driven at an angular speed such that
      the peripheral speeds of said levelling-down and control rollers with
      needle-like projections are equal.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to staple draft devices of the type comprising,
      between a pair of feed rollers and a pair of drawing-off rollers, a
      needled-surface feed roller and a needled-surface control roller located
      at one side of the course of the staple lap to be drawn off, as well as at
      least one levelling-down or compacting roller located at the other side of
      said course.
PAC  BACKGROUND OF THE INVENTION
PAR  In the specification of French Patent No. 1,449,615 of Jan. 12, 1965, there
      is described such a staple draft device which includes two levelling-down
      or compacting rollers one of which co-operates with both the
      needled-surface feed control rollers; while the other co-operates solely
      with the feed roller at a location situated a little more upstream in
      relation to the direction of forward movement of the staple while being
      drawn off.
PAR  Now, such devices have disadvantages. Indeed, it has been established that
      on account of the relatively great thickness or depth of the staple laps
      which are nowadays worked on this type of machine, the needled-surface
      feed roller meets with difficulties in controlling the staple mass as the
      latter passes with some difficulty between the fallers of this roller, so
      that the upper stratum of staple is no longer controlled by the needles
      and is drawn-off irregularly or else not at all. If an attempt is made to
      force the staple lap completely down between the needles of the roller, it
      is found that the lower layers of staple are jammed between the bottoms of
      the needles and that drawing off of the fibres of the staple relative to
      one another no longer takes place. In order that the drawing-off might be
      carried out in a normal manner, it is necessary that the staple to be
      drawn be controlled in a set of needles in such manner that the fibres are
      able to slip relative to one another.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a staple draft device of the type
      under consideration and which does not have the disadvantages of the
      device referred to hereinbefore.
PAR  According to the present invention, we provide a staple draft device
      comprising a pair of feed rollers and a pair of drawing-off rollers, said
      pairs determining therebetween the course of a staple lap to be drawn off,
      there being at one side of said course a serrated feed roller and a
      needled-surface control roller and at the other side of said course a
      supplementary needled-surface roller which forms a nip solely with said
      needled-surface feed roller, and a single levelling-down roller which is
      smooth and forms a nip solely with the needled-surface control roller.
PAR  Thanks to this particular construction, the staple lap is controlled
      throughout its thickness because it passes between two sets of needles
      which penetrate into said lap at both faces of the latter, respectively.
      Thus, the fibres can slip each relative to the other and drawing off takes
      place in the normal manner.
PAR  Moreover, in the drawing-off device which is the subject of the aforesaid
      patent, one of the levelling-down or compacting rollers co-operates both
      with the needled-surface feed and control rollers. Now, given that the
      peripheral speeds of these two needled-surface rollers are not equal, the
      speed of the levelling-down or compacting roller which presses the staple
      on these two rollers and which is rotated by said staple, is defined in an
      imprecise manner. It is nevertheless desirable that the levelling-down or
      compacting roller turn at the same linear speed as that of the control
      roller with the needled-surface. This condition is carried into effect in
      the device according to the invention where the single levelling-down or
      compacting roller forms a nip solely with the needled-surface control
      roller and is driven only by the staple in contact with the needles of the
      latter roller. Moreover, in the device of the aforesaid patent, this same
      levelling-down or compacting roller which had to form nips simultaneously
      with the two needled-surface rollers occupied, in relation to the
      needled-surface control roller, a fixed position which did not
      consequently allow regulation of the depth to which the staple lap was
      forced down into the set of needles of the serrated control roller. Now,
      it is altogether desirable for this forcing down to be regulatable in
      terms of the nature of the materials of which the staple to be drawn off
      is constituted, between values of the order of 0.5 to 10 mm. Given that
      the levelling-down or compacting roller no longer has to form a nip with
      the needled-surface feed roller, it is possible, according to another
      feature of the invention, to regulate the distance of its axis from that
      of the needled-surface control roller and, consequently, the depth to
      which the staple is forced down by said roller into the set of needles of
      the control roller.
PAR  The invention will be better understood on reading the following
      description and examining the accompanying drawings which show, by way of
      example, one embodiment of a staple draft device according to the
      invention, and in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional view showing the arrangement of the various component
      units or members of the staple draft device;
PAR  FIG. 2 is a partial section along the line II--II of FIG. 1; and
PAR  FIG. 3 shows, likewise in section, one way in which the shafts of the
      supplementary serrated roller and the levelling roller may be mounted on a
      movable arm.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The staple draft device shown in FIG. 1 includes a pair of feed and
      retention rollers 1, 2 and a pair of drawing-off rollers 3, 4 with which
      is associated another lower delivery or discharge roller 5 in such a
      manner that the upper drawing-off roller 4 rests, at one and the same
      time, on the two lower rollers 3 and 5. The lower rollers 1, 3 and 5 are
      fluted rollers while the upper pressure rollers 2 and 4 are furnished with
      flexible cylindrical coverings of suitable plastics material. The lower
      rollers 1, 3 and 5 are journalled in bearing blocks supported by the frame
      of the machine, while the upper pressure rollers 2, 4 are supported by
      movable arms which enable them to be applied against the corresponding
      lower rollers, in accordance with a conventional design which does not
      form part of the invention and which has not been shown in the drawings.
PAR  Between the pair of feed rollers 1, 2 and the pair of drawing-off rollers
      3, 4 are disposed a supplementary roller having needle-like projections 8
      and a needled-surface control roller 9, the interval between the axes of
      which is sufficient in order that their sets of needles do not penetrate
      one into the other. The control roller 9 is arranged quite close to the
      lower drawing-off roller 3, while the feed roller 8 is located upstream
      relative to the needled-surface control roller, considered in the
      direction of progress of the staple 10 in the course of drawing out the
      staple. These needled rollers are likewise supported by shafts which are
      journalled in bearing blocks fixed to the frame of the machine.
PAR  Above the course of the lap of staple 10 to be drawn off are arranged a
      supplementary needled-surface roller 12 and a levelling-down or compacting
      roller 13 likewise carried by the aforesaid movable arms.
PAR  In FIG. 3 there is shown one manner of mounting in which the ends of the
      shafts 22, 23 of the supplementary roller 12 and of the levelling-down
      roller 13, respectively, are urged downwards by a latch-plate 24 which
      slides, urged by a spring 25, between the limbs of a yoke formed at the
      lower part of a block 26 fixed in a movable arm 27 of inverted U-section
      by means of screws 29 which extend through an elongate slot in said arm.
      The block 26 has two lateral shoulders 33 which bear against the lower
      faces of the arm 27. The spring 25 bears against the upper face of the
      latch-plate 24 and is supported against the end of a regulating screw 34
      mounted in the upper part of the block 26. A horizontal gudgeon 36 fixed
      in the latch-plate 24 slides in slots 37 in the yoke and guides said latch
      plate. The shaft 22, 23 are retained between the lateral faces of the yoke
      and two upright feet 38, 39 integral with the end of the yoke.
PAR  The distance between the shafts of the supplementary roller 12 and of the
      levelling-down roller 13 is constant. Through displacement of the block 26
      along the the arm 27, it is possible to modify the extent to which the
      levelling-down roller 13 is lowered, the latter and the upper
      needled-surface roller remaining tangential, respectively, to the
      needled-surface control and feed rollers 9 and 8.
PAR  The means hereinbefore described enables regulation of the value of the
      distance e (FIG. 1) which separates the supplementary roller 12 and the
      feed roller 8 in terms of the thickness of the lap of staple to be drawn
      out and the nature of the staple of which the lap is constituted,
      preferably between values of the order of 1 to 4 mm.
PAR  The diameter of the supplementary roller with needle-like projections is
      substantially equal to the diameter of the feed roller and its axis is
      displaced rearwardly, in relation to the direction of progress of the lap
      of staple 10, by a distance at least equal to a quarter of its own
      diameter.
PAR  The axis of the levelling-down roller 13 is situated upstream with respect
      to the axis of the control roller 9 and the geometrical plane which is
      tangent both to the levelling-down roller 13 and to the drawing-off roller
      3, 4 cuts the cylindrical surface of the control roller 9 to a depth of
      between 0.5 and 10 mm. from the tips of the needles, so as to determine
      the depth with which the lap of staple is sunk into the set of needles of
      the control roller 9.
PAR  The ratio of the peripheral speeds of the supplementary upper roller 12 and
      of the feed roller 8 has a value perceptibly included between 0.9 and
      1.10. This result is obtained, for example, by causing the two rollers to
      rotate at the same speed and given them slightly different diameters, or
      alternatively by driving the two rollers by means of appropriate gearing
      systems capable of impressing thereon the required angular velocities,
      taking into account the respective external diameters of the two rollers.
PAR  In FIG. 2 there is shown the manner in which the supplementary roller 12 is
      rotated from the feed roller 8 by a transmission which comprises two
      gearwheels 15, 16 of the same diameter in mesh with one another, the first
      being integrated with a shaft 17 on which the feed roller 8 is secured and
      the second being integrated with the supplementary roller 12 mounted idly
      by ball bearings such as 18 on a fixed shaft 19.
PAR  The device operates in the following manner:
PAR  The staple 10 which is progressed by the feed rollers 1, 2 first of all
      passes between needled-surface feed roller 8 and the supplementary
      needled-surface roller 12, then between the control roller 9 and the
      levelling-down roller 13 (each having needle-like projections), to be
      seized and drawn off by the two drawing-off rollers 3, 4 augmented by the
      delivery or discharge roller 5. The two sets of needles which are parts of
      the feed roller 8 and the supplementary roller 12, respectively, control
      the lap of staple 10 throughout its thickness, since the spacing between
      these two rollers (and their needle tips) can be adjusted. The
      levelling-down roller 13 rotates at much the same speed as the control
      roller 9 since it is carried along only by the staple in contact with the
      latter needled roller, which is a circumstance favourable to good drawing
      out. The levelling roller could just as well be positively driven at an
      angular velocity such that its peripheral speed is equal to that of the
      control roller. To this end, the levelling-down roller carries, for
      example, at its two ends and outside of the working zone, two cheeks in
      contact, respectively, under the action of a spring, with two other
      interacting cheeks carried by the control roller. Moreover, through the
      adjustment of the position in height of the levelling-down roller 13,
      there is adjusted the value of the depth f which determines the extent to
      which the staple lap is pressed into the set of fallers of the control
      roller 9.
PAR  It will be understood that the invention is not restricted to the
      embodiment thereof described and shown, and may be modified in many ways
      open to the specialist in the art, in accordance with the applications in
      prospect, without thereby departing from the scope of the invention as
      defined in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for drawing textile fibers, comprising a pair of feed rollers
      and a pair of drawing rollers said pairs determining therebetween the
      course of a staple lap to be drafted; a toothed feed roller and a toothed
      control roller at one side of said course; a supplementary toothed roller
      and a single levelling-down roller at the other side of said course; said
      supplementary toothed roller being situated rearwardly of said toothed
      feed roller in relation to the direction of progress of a staple lap
      through said device, and being positioned to form a nip solely with said
      toothed feed roller; said single leveling-down roller being smooth
      surfaced and positioned a short distance upstream relative to said toothed
      control roller in relation to the direction of progress of a staple lap
      through said device while forming a nip solely with said toothed control
      roller.
NUM  2.
PAR  2. A device for drawing textile fibers as claimed in claim 1, wherein a
      geometrical plane tangent both to said levelling-down roller and to said
      drawing rollers cuts the outer cylindrical surface of said toothed control
      roller to a depth between 0.5 and 10 mm.
NUM  3.
PAR  3. A device for drawing textile fibers as claimed in claim 1 wherein said
      supplementary toothed roller is situated rearwardly of said toothed feed
      roller a distance at least equal to one quarter the diameter of said
      supplemental toothed roller.
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ABST
PAL  A buttoning means is provided having two parts, one of which holds a barbed
      member able to pierce the item to be buttoned and then to be restrained by
      the other part, the parts are tethered by a tethering means that was
      coiled in one or both of the parts prior to buttoning and is uncoiled when
      buttoning has been effected.
BSUM
PAR  This invention relates to a buttoning means and a method of buttoning using
      said means.
PAR  It is well understood in the art of buttoning that a first button must be
      provided with a tethering thread and that this thread must be linked to a
      second button or similar restraining means so that the cushion or item to
      be buttoned may be buttoned or deep-buttoned depending upon the length of
      the tethering thread. This operation is usually performed with a needle.
      Improved buttoning methods are available however and these may employ a
      buttoning gun. Such a gun is described in the specification of my
      co-pending United Kingdom Patent Application Nos. 56396/72 and 56795/73.
      Notwithstanding the use of a buttoning gun there is still the need for the
      attachment of the tethering thread or loop to the restraining means and it
      is this step which is uneconomical of the time expended in the buttoning
      operation.
PAR  It is an object of my invention to provide a buttoning means and buttoning
      method in which the attachment of the tethering means is performed quickly
      and efficiently.
PAR  Accordingly I provide a buttoning means comprising a button, a barbed
      member adapted to pierce an item to be buttoned said barbed member being
      held by said button or part of said button, a restraining means for the
      reception of the barbed end of said barbed member and a coiled tethering
      means which uncoils and tethers the restraining means and the button via
      the barbed member when the barbed end of the barbed member enters the
      restraining means or a part thereof.
PAR  Accordingly, I provide a method of buttoning wherein a tethering means
      within a button is attached to or is to be attached to a barbed member
      held by a button, the barbed member being used to pierce an item such as a
      cushion to be buttoned and engage with a restraining means or a part
      thereof adapted to restrain the barbed member so that when engagement is
      effected spring-back forces generate in the item to be buttoned release
      and uncoil the said coiled tethering means from within said button and or
      said retaining means and buttoning is effected.
PAR  According to a further feature of my invention, I provide buttoning means
      in which a button has a detachable barbed member for piercing a cushion
      and is adapted to tether the button to the cushion when detached from the
      said button.
PAR  Preferably, the restraining means is a second button or the bottom of a
      button and the barbed member is a needle adapted to carry a cord like
      tethering means such as a thread, an umbilical cord, a web or an harness
      of threads, preferably all of nylon, within a hollow space of a first
      button.
PAR  The term `coiled` is herein used to mean to gather or to lay up in such a
      manner as to prevent entanglement.
DRWD
PAR  The invention will be more readily understood from the following
      description of three examples shown in the figures of the accompanying
      drawings in which:
PAR  FIG. 1 is a sectional elevation of a button provided with a detachable
      barbed member or needle;
PAR  FIG. 2 is a sectional elevation showing the button of FIG. 1 after it has
      pierced a cushion and mated or engaged with a restraining means in the
      form of a second button;
PAR  FIG. 3 is a sectional elevation of a buttoning means in which a first
      button holds an integral barbed member or needle and a mating second
      button is provided with a detachable restraining means tethered to it;
PAR  FIGS. 4, 4A show a button with a detachable barbed member or needle held by
      a tethering means in the form of a harness.
DETD
PAR  Referring now to FIG. 1, a hollow button shown generally at 10 has an upper
      part 11 and a base part 12 enclosing a hollow space 13. The base part 12
      enclosing a hollow space 13. The base part 12 is provided with a centrally
      disposed aperture 14 adapted detachably to hold and retain a barbed member
      15. The barbed member 15 has a pointed end 15a, an abutment or barb 15b
      and an end 15c remote from the said pointed end 15a, which end 15c may if
      desired have an eye, not shown, to which is attached a coiled tethering
      means in the form of an umbilical cord 16 of nylon or similar material
      which cord may be integral with the said barbed member 15. The umbilical
      cord 16 is knotted at 16a and coiled to any convenient length within the
      hollow space 13 of the button 10 depending upon the depth of the item,
      such as a cushion, to be buttoned and the type of loose or deep buttoning
      desired in the said item.
PAR  Referring now to FIG. 2, the button 10 is pushed into and used to pierce an
      item such as a cushion 17 to be buttoned and the pointed end 15a of the
      barbed member 15 pierces the cushion 17. The abutment 15b of the barbed
      member 15 engages with a snap action circlip 18 in a base or bottom 19 of
      a restraining means in the form of a complementary button shown generally
      at 20. The barbed member 15 is now detached from aperture 14 by spring
      back forces generated from within the cushion as the cushion adopts its
      finished dimension d.sub.1, which dimension is determined by the length of
      the uncoiled tethering means in the form of the umbilical cord 16. The
      knot at 16a is unable to pass through the aperture 14 and clearly the
      cushion 17 is now buttoned by the two buttons 10 and 20 which are tethered
      by means of the barbed member 15 and the umbilical cord 16. As shown, the
      barbed member 15 being integral with one another, the barbed member and
      the cord being made from nylon or a similar material.
PAR  As stated above, the button 10 comprises a base 12 having an aperture 14
      which receives and holds the said needle or barbed member 15. The barbed
      member 15 is a press fit into aperture 14. The base 12 has a spring edge
      21 adapted to receive the upper part 11 of the button which when in place
      (as shown) is sufficiently firmly secured to base 12 to allow the barbed
      member 15 to abut with it when the barbed member pierces the cushion or
      similar item to be buttoned.
PAR  Referring now to FIG. 3 a buttoning means comprises the button 10 of FIG. 1
      in which the needle 15 is integral with the button and arranged to mate,
      after penetration of the item to be buttoned, with a complementary button
      shown generally at 20. The barbed member 15 enters a restraining means 22
      which is in the form of a collar held by a rim 23 on a base or bottom 24
      of button 20. The collar 22 is provided with a coiled tethering means 25
      in the form of an umbilical cord which is knotted at 26. Clearly, when the
      needle enters collar 22 it is restrained by it and collar 22 is able to
      free itself from the base 24 so that buttoning is effected in a similar
      manner to that shown in FIG. 2.
PAR  Referring now to FIG. 4, 4A a tethering means in the form of a coiled and
      uncoiled (or closed and extended) harness of nylon cords is shown. The
      barbed member 15 is provided with a terminal rim 15d which abuts, when the
      barbed member is detached from the button 10, with a ring 27 which is
      attached to an harness 28 of nylon cords attached at 29 to the base 12 of
      the button 10. The length d.sub.2 of the uncoiled harness may be made to
      take any length of buttoning as depicted for example by distance d.sub.1
      in FIG. 2.
PAR  Clearly a button with a detachable needle or barbed member and umbilical
      cord such as that shown in FIGS. 1 or 4 may be used to advantage with a
      complementary mating button such as the button shown at 20 in FIG. 3. In
      this way a long tethering means may be obtained by virtue of the two
      umbilical cords 16 and 25 (or the cord 16 and harness 28) combined to give
      a long length to d.sub.1 (FIG. 2) when the item to be buttoned is
      exceptionally deep.
PAR  The shape of the button is unimportant provided where necessary it has a
      sufficient volume within itself to hold the coiled tethering means.
      Generally the button is circular in plan and domed in section but it may
      inter alia be elliptical, rectangular or polygonal in plan. It may further
      clearly be covered with any suitable covering material.
PAR  The restraining means is generally a button or a button bottom but it may
      be the needle or barbed member per se since the needle may be provided
      with an enlarged abutment 15b (FIG. 1).
PAR  Alternatively the needle may be provided at its end with pivoting barbs
      similar to that used in a harpoon, said barbs remaining closed during
      penetration of the cushion or item to be buttoned and said barbs opening
      after penetration to act as a restraining means.
PAR  The buttons shown in FIGS. 1, 2, 3 or 4 and/or their restraining means may
      be jointed together in a line formation so that they are readily fed from
      a magazine to a buttoning position or magazine-fed buttoning gun as
      described in my co-pending United Kingdom Patent Applications 56396/72 and
      56795/73.
CLMS
STM  I claim:
NUM  1.
PAR  1. A buttoning means comprising in combination a pair of hollow tufting
      buttons at least one of which has an interior wall and each of which are
      provided with base plate members, said base plate members being provided
      with centrally disposed apertures capable of being aligned on opposite
      side portions of material to be tufted, a substantially rigid, elongated
      shank having a major portion extending to one end of uniform diameter
      slidably arranged in one of said apertures, a cord secured to one end of
      said shank and having an enlarged terminal portion positioned on one side
      of said apertured base plate member adjacent said interior wall, said
      terminal portion being larger than said one aperture to prevent total
      removal of said cord, said shank means further including at its opposite
      free end a pointed end, adjacent said pointed end an abutment positioned
      outwardly from said shank having a greater transverse extent than said one
      aperture for permanent insertion in said aperture of said other button
      upon the pointed end end being forced through said material to be tufted,
      said major portion of said shank being movable completely out of said one
      aperture.
NUM  2.
PAR  2. A buttoning means as claimed in claim 1 in which the said one aperture
      which is arranged to slidably support the said shank means includes a
      guideway means for orienting the said shank means in a predetermined
      direction toward the opposite side of the material to be tufted.
NUM  3.
PAR  3. A buttoning means as claimed in claim 1 in which the shank means is of
      greater length than the distance from the base plate member to the
      interior wall of said one button.
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ABST
PAL  A supporting button for attachment to the bottom of an article of luggage,
      a hand-carried case, a golf bag, etc., and which functions to support said
      article etc. bottom slightly raised from a surface on which it is rested
      comprising a generally semi-spherical or other appropriately shaped hollow
      shell having a axially disposed opening and which is adapted to be secured
      hollow-side against said article bottom by a rivet which extends axially
      through the shell and which comprises a head of larger diameter than that
      of said shell opening and an elongate shank terminating in a bifurcated
      end-length portion, said shell adjacent its said opening and said rivet
      shank in its length portion adjacent its said larger diameter head being
      provided with coacting means which immovably interlock one with the other
      upon said rivet shank being forced through said central opening to a depth
      such that the rivet head bears on said shell external surface.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to improvements in supporting buttons for articles
      of luggage, hand-carried cases, golf bags and the like, which serve to
      support by their direct engagement with the usually horizontal surfaces on
      which said articles of luggage, cases or bags are rested, the bottoms or
      bottom-facings thereof out of direct contact with such surfaces.
PAC  BACKGROUND OF THE INVENTION
PAR  Supporting buttons for attachment to the bottoms of articles of
      hand-carried luggage, cases, golf bags and the like which are usually
      rested on horizontal surfaces and which serve to maintain the bottom or
      bottom-facings thereof raised slightly above and hence out of direct
      contact with said surfaces are well known. However, present-day supporting
      buttons which as conventionally manufactured combine a centrally
      apertured, hollow, generally semi-spherical inverted metal shell and a
      headed rivet or stud passed through the aperture thereof and whose end
      distal from its head is prepared for clinching or being otherwise upset
      following its passage through the material of the luggage or bag bottom
      facing, are open to various objections, principal of which is the lack of
      effective provision for securing the hollow metal shell to the shank of
      the rivet following assembly thereof on said shank. Yet another
      objectionable feature of the known supporting buttons stems from the fact
      that, when said distal end of the rivet shank which is to be clinched or
      upset as aforesaid was split or otherwise prepared for upsetting, said end
      lost its original circularity, with the result that the operation of
      forcing same through the material of the luggage or bag bottom or even
      through a predrilled circular hole provided therein, sometimes proved
      either difficult of attainment or could result in attachment of said
      button with less than the desired maximum security.
PAC  THE INVENTION - IN GENERAL
PAR  According to the present invention, the first of the aforesaid
      objectionable features characterizing present-day (known) supporting
      buttons is overcome (a) by so shaping the hollow-shell component of the
      button throughout its annular area which extends about and defines its
      central or axial opening through which passes the shank of the rivet
      component of the button, as to impart to said annular area the ability of
      functioning in manner similar to a truncated conical spring, should
      attempt be made or force applied thereto in direction as tends to
      disassemble (withdraw) the rivet from the shell; and (b) by providing the
      rivet component of the button in the short-length portion of its shank
      which, upon rivet-to-shell assembly being effected is disposed just
      axially-inwardly of said annular area, with one or more circular
      formations having diameter which is slightly oversize with respect to the
      diameter of said central opening of the shell and which are shaped and
      positioned so as to lockingly coact with the edge of said central opening.
PAR  The second feature of objection to the prior supporting buttons, namely,
      that of the length portion of the shank of the rivet component thereof
      distal from its head end losing circularity when slitted or bifurcated as
      is necessary to said end portion being clinched to a luggage- or
      bag-bottom member, is overcome according to the herein invention by
      re-shaping the bifurcated end portion of the rivet shank back to its
      initial circular shape following the slitting or bifurcating operation.
      Such re-shaping step may be and preferably is performed at the same time
      and in the same machine as that which fashions the aforesaid oversize
      circular formation or formations in the shank portion of the rivet.
PAC  THE INVENTION - DETAILED DESCRIPTION
DRWD
PAR  The invention will now be described in detail, reference being had to the
      accompanying illustrative drawing views, wherein;
PAR  FIG. 1 is an enlarged section taken on a vertical mid-plane cutting
      therethrough of a supporting button according to my present invention
      shown as affixed by clinching to a horizontal member, such as the bottom
      or bottom wall of an article of luggage, or the bottom of a hand-carried
      case, or the bottom of a golf bag, for example;
PAR  FIGS. 2, 3, 4, 5 and 6 are views illustrating alternate physical shapes
      and/or formations which the means provided on the rivet shank-portion for
      interlocking with the edge of the central opening of the shell component
      of a supporting button may take, according to the present invention; and
PAR  FIGS. 7 and 8 are partial vertical-plane section views which illustrate a
      preferred procedure and the means employed in upsetting or clinching the
      bifurcated ends of the rivet component of a previously assembled support
      button as herein proposed, as effects affixing of the button in place to a
      bag or case bottom member or wall.
DETD
PAR  In said drawing views, wherein FIGS. 1, 7 and 8 for convenience and clarity
      show the button of the invention, turned 180.degree. from a position which
      it would normally assume "in use", and FIGS. 2-6 inclusive show
      alternative forms of the rivet component of the button in correspondingly
      inverted positions, a supporting button as herein proposed comprises a
      hollow, preferably semi-spherical, hard-metal shell 10 secured hollow-side
      down against the outer (upper) surface or facing of a horizontal
      broken-away part 12 representative of the bottom structural member of an
      article of luggage, a hand-carried case, a golf-bag, etc. by a rivet 14
      whose shank-end portion distal from its head end 16 is shown to have been
      diametrically slitted so as to terminate in bifurcations designated 14a,
      14b, which as seen in FIGS. 1 and 8, after having been projected through
      the member 12, were forcibly turned in opposite directions thereby
      clinching the button as an entity to said member 12.
PAR  The rivet shank extends through an axial opening 18 of the aforesaid shell
      component, which opening is bounded by an annular area designated 20
      which, in the inverted position of the supporting button in which it is
      shown, curves inwardly and relatively downwardly from the body of the
      shell and hence along a curvature which is generally the reverse of that
      of said shell body. Stated otherwise, whereas the curvature of said shell
      body 10 (in the inverted position of the button in which it is shown), is
      gently upwardly and inwardly, the curvature of said annular area 20
      thereof is sharply inward and downward. Thus, said annular area 20 is
      endowed with the ability to function much as a truncated conical spring,
      should force be applied in relatively upward direction tending to enlarge
      the central opening 18 bounded by said annular area 20.
PAR  The drawing views also illustrate that the aforesaid head 16 of the rivet
      component of the supporting button is full-circular in plan and that said
      head has diameter which is substantially greater than that of the central
      opening 18 of the shell component through which the rivet shank portion
      passes. While the under surface of the rivet head 16 may be formed
      generally conical and complementary to the coning of the annular shell
      area 20 which bounds said central opening 18, the under surface of said
      rivet head is preferably planar as shown. Thus, when the rivet is finally
      and fully assembled to the shell, the head of the rivet will bear on the
      shell outer-surface along a circular line or zone which is spaced
      relatively upwardly-axially (FIG. 1) from the edge of the axial opening 18
      of the shell. To insure what may be termed broad-band or zone-seating of
      rivet head on shell, the outer peripheral edge of the rivet head is
      chamfered as at 26 and accordingly, upon full permissible insertion of the
      rivet shank through the axial opening 18 of the shell, the rivet head will
      bear on the outer surface of the shell along a narrow-width band (zone)
      which is spaced axially from the opening edge (upwardly thereof as seen in
      FIG. 1).
PAR  According to a related feature of the invention, the shank portion of said
      rivet component 14 whose diameter is otherwise such as permits relatively
      ready assembly of rivet to the shell, incorporates integral means which is
      adapted to interlock beneath the circular edge defining the axial opening
      18 of the shell component and which is bounded by the aforesaid sharply
      inwardly-turned annular spring area 20 thereof. More particularly, such
      shank-provided means according to the FIG. 1 form thereof comprises a
      full-circular bead or rib 30 formed of the material of the rivet shank
      preferably in a cold-rolling operation performed thereon and which
      increases the diameter thereof at a predetermined location along its
      length which is such that, when the rivet is fully assembled to its shell
      component (as illustrated in FIG. 1), said enlarged diameter bead or rib
      30, after having been forced through the central opening 18 of the shell,
      will have moved relatively inwardly-axially past the opening edge to a
      position in which it snaps beneath said edge. At about the same instant
      that such interlocking action takes place, the chamfered outer edge 26 of
      the rivet head will be drawn into firm seating engagement with the outer
      surface of the shell and more particularly along a circular band or zone
      thereof which is radially opposed to said chamfered outer edge.
PAR  Thus, there is achieved a positive interlock between the shell and rivet
      components of the supporting button which enables same to be handled as a
      unit without fear of separation of said components or even any slight
      dislodgement of one with respect to the other in handling and, more
      importantly, when the rivet is being clinched to the luggage or bag bottom
      as will be described hereinafter.
PAR  While FIG. 1 illustrates a simple form of shank-provided bead or rib
      capable of interlocking with the central-opening edge of the shell
      component of a supporting button, other effective forms and shapes of such
      shank-provided means may be employed. More particularly, FIG. 2 shows in
      integral collar-form rib 32 which is inclined in the direction of the
      planar underface of the rivet head, rather than extending outwardly
      therefrom in true radial direction as in FIG. 1, and FIG. 3 shows the
      collar-form rib 34 to be inclined in the opposite direction from that
      shown in FIG. 2.
PAR  FIG. 4 illustrates yet another very effective type of bead or rib, such
      taking the form of one or more closely adjacent, radial tooth-like
      projections 36.
PAR  FIG. 5 illustrates a somewhat more sophisticated type of integral bead or
      rib comprising but an oversize-diameter length-portion 38 provided on the
      rivet shank and which is located axially therealong a distance such that
      when the rivet is forced through the shell-opening 18, the opening edge
      will first yield and then frictionally lock thereto with a high degree of
      security.
PAR  Finally, FIG. 6 illustrates yet another form or embodiment of
      shank-provided bead or rib means, such comprising an outwardly bulging,
      oversize-diameter length-portion 40 extending from approximately the line
      of the planar underface of the rivet head 16 downwardly to a
      length-portion 40a having gradually decreasing diameter which is such as
      to facilitate initial insertion and then continued axial movement of said
      shank length-portion 40 into locking engagement with the opening edge 18.
PAR  Both said oversize diameter length-portions 38 (FIG. 5) and 40 (FIG. 6) may
      be formed on the rivet shank by cold-rolling same thereon.
PAR  According to a further feature of the invention, the difficulty sometimes
      encountered in starting the bifurcated end of the rivet shank in its
      movement through an aperture usually provided therefor in the bottom
      member or wall of the article of luggage, etc., which difficulty has been
      established to be caused by the diametrical slitting of the shank-end
      requisite to rivet securement by clinching, also rendering said bifurcated
      end portion of the shank out-of-round, i.e. non-circular, is overcome
      simply and effectively by re-shaping the shank portion back to true
      circularity after it has been slit or bifurcated. Preferably, such
      re-shaping is effected in a cold-rolling operation which can be and
      preferably is performed simultaneously with and in the same machine as
      that employed in cold-rolling the aforementioned rib, bead, tooth and
      oversize-diameter formations 30-40 on the opposite or head-end portion of
      the rivet shank.
PAR  To insure fast and fool-proof clinching of the bifurcated shank-end of the
      rivet component of a button as described against the underside or face of
      the bottom member 12, when such form of button securement has been decided
      upon and is otherwise determined to be feasible, the invention further
      provides means as more or less schematically illustrated in FIGS. 7 and 8
      for achieving same, i.e. for bending the forks or bifurcations 14a, 14b of
      the rivet resulting from the diametrical slitting of its shank-end, in
      opposite directions against the underside or face of the bottom member or
      wall 12. More particularly and assuming that the slitted shank-end of the
      rivet has been manually or mechanically inserted or otherwise placed so as
      to extend through an aperture provided therefor in said bottom member 12
      (or driven directly through the material of said bottom member in manner
      similar to a nail) and that the shell component 10 is positioned
      relatively as in FIG. 7, said clinching means illustratively comprises
      coaxially related rivet-head holding and shank-end bending elements 50, 60
      powered by suitable means (not shown) to move, preferably in unison toward
      and away from one another, the relatively upper rivet-head holding member
      50 to a position in which its end face 52, which preferably is formed
      slightly concave and complementary to the convex upper surface of the
      rivet head 16, moves against said head, that is to say to a position in
      which it is adapted to take the axial force or thrust exerted on the rivet
      by said shank-end bending member 60 as the latter partakes of its
      relatively upward stroke.
PAR  The end face of said member 60 is shown to be formed with a sharply
      defined, diametrical, ridge formation 62 with which the slit in the
      shank-end of the rivet will be generally aligned, and with sidewardly
      extending, concave forming surfaces 64a, 64b which are adapted when said
      member is power-actuated relatively upwardly to a position corresponding
      to that shown in FIG. 8, i.e. against the rivet held immobile by the
      lowered rivet-head holding member 50, to bend the branches or bifurcations
      14a, 14b relatively outwardly and to an extent such that they lie against
      the relatively underside or face of the bottom member 12.
PAR  During the progress of the aforesaid clinching (bending) operation, the
      button shell 10 is also held immobile by the action of a light spring
      force effective on its outer surface and preferably along a circular line
      disposed well outwardly of the zone or band of contact of the rivet head
      16 with the shell outer-surface. More particularly, and as illustrated in
      FIG. 7, the rivet-head engaging member 50 mounts in encircling relation
      thereto a coil spring 54 having generally upright-conical configuration,
      whose lower coils normally extend well below the end face 52 of said
      rivet-head engaging member 50, and further are of substantially greater
      diameter than said member proper. Thus, the coil spring 54 is capable of
      exerting, when compressed axially as in FIG. 8, a light spring force on
      the shell outer-surface well in advance of the said member 50 moving
      against the rivet head 16, which serves to stabilize the shell just prior
      to and during the progress of the clinching operating being applied to the
      bifurcated end of the rivet shank.
PAR  Of course, it is to be clearly understood that the attachment of a
      supporting button constructed according to my invention to the underside
      or face of a bottom horizontal or wall member or part, such as that
      designated 12, by means other than that effecting clinching or
      spreading-apart of the shank end bifurcations of the rivet component of
      said button, as herein just described and illustrated, is possible. Also,
      it is to be understood that whereas FIGS. 1, 7 and 8 illustrate said
      bottom member or wall as being provided with a pre-drilled or -punched
      aperture for the reception and placement of the shank end of the rivet
      component of a button as described, said shank-end may instead be
      initially placed by being driven through the material of the bottom
      member, in manner similar to a nail. All such variations when determined
      to be feasible for a special application are intended to be included
      within the scope of my present invention as defined in the appended claims
     .
CLMS
STM  Having fully disclosed my said invention, I claim thereof the following:
NUM  1.
PAR  1. A supporting button for attachment to the under side of the bottom wall
      or member of an article of luggage, a hand-carried case, a golf bag, etc.
      and being operative to support said bottom wall or member slightly raised
      from an out of direct contact with a usually horizontal surface on which
      said article is rested, comprising:
PA1  a hollow metal shell having an axial opening and which is adapted to be
      secured hollow-side-up against the underside of said bottom wall;
PA1  said axial opening being defined by a generally circular edge encircled by
      an annular shell portion which inclines an appreciable distance into the
      hollow of the shell proper;
PA1  a rivet extending through said axial shell opening and comprising a head
      having a generally planar under face and outer-edge diameter which is
      substantially greater than that of said axial shell opening and an
      integral elongate shank extending from said head and having diameter
      throughout the major portion of its length as measured from its end distal
      from said head such as permits its ready insertion in and its relatively
      unimpeded axial movement through said opening;
PA1  said shank further including an integral short-length portion having
      diameter greater than that of said axial shell opening and being located a
      predetermined axial distance from the rivet head such that upon said
      short-length portion being forced through said axial shell opening it
      locks beneath the circular edge defining the same with a snap action and
      in so doing draws the rivet head into tight engagement with said annular
      shell portion along a circular line thereof which is spaced
      axially-outwardly from said circular edge of the axial shell opening.
NUM  2.
PAR  2. A supporting button according to claim 1, wherein said integral
      short-length portion of the rivet shank comprises a circular, rib-like
      formation thereon which projects radially outwardly from the rivet-shank
      surface.
NUM  3.
PAR  3. A supporting button according to claim 1, wherein said integral
      short-length portion of the rivet shank is provided by at least one
      circular tooth-like formation which projects generally radially outwardly
      from the rivet shank surface.
NUM  4.
PAR  4. A supporting button according to claim 1, wherein said integral
      short-length portion of the rivet shank is provided by a circular
      collar-like formation which inclines toward the rivet head.
NUM  5.
PAR  5. A supporting button according to claim 1, wherein said integral
      short-length portion of the rivet shank is provided by a circular
      collar-like formation which inclines away from said rivet head.
NUM  6.
PAR  6. A supporting button according to claim 1, wherein the annular shell
      portion encircling said axial-opening edge extends as a truncated cone
      having spring properties enabling passage of the short-length portion of
      the shank inwardly through said opening but preventing withdrawal movement
      of the shank.
NUM  7.
PAR  7. A supporting button according to claim 1, wherein the end portion of the
      rivet shank opposite the head thereof is transversely slit whereby it may
      be readily clinched to the said bottom wall of said article of luggage,
      etc.
NUM  8.
PAR  8. Means for attaching a supporting button in position against the bottom
      of an article to be supported slightly raised from a rest surface, wherein
      said button consists of a hollow metal shell having an axial
      rivet-receiving opening and a rivet extending through said opening, said
      rivet having a head whose under-face is planar and which has appreciably
      greater diameter than that of said opening and an elongate shank
      incorporating means adjacent said head movably securing said rivet to said
      shell with a snap action responsive to being forcibly projected through
      said axial opening and being provided with a diametrically extending slit
      in its opposite end-forming bifurcations, comprising: coaxially related,
      normally spaced-apart rivet-head engaging means and bifurcation spreading
      means and means for actuating the aforesaid means towards one another and
      against the opposite ends of the rivet, said rivet-head engaging means to
      a position in which it maintains the rivet immobile against the thrust of
      the bifurcation-spreading means and the latter means to positions
      effecting progressive spreading of the bifurcations and thereby clinching
      of the rivet to the article bottom, said rivet-head engaging means also
      mounting coil-spring means effective on the external shell surface
      radially outwardly of the rivet-head circumference for stabilizing the
      shell during the progress of the aforesaid clinching operation.
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ABST
PAL  A clip for mounting a disc in an aperture in a panel. The clip has a
      tubular body portion which can be inserted in the aperture in the panel.
      Projections on the body portion limit insertion of the clip through the
      aperture while additional projections spaced from the first mentioned
      projections are adapted to engage the panel and retain the clip in
      position. The disc is retained within the body portion of the clip.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a clip for mounting a disc, which may
      comprise a lens, in an aperture in a panel.
PAR  There is a need in the vehicle industry for a unitary clip which can be
      economically manufactured and which is easy to assemble for mounting a
      disc such as a lens in the fascia or dashboard of a vehicle, for instance
      over a warning light such as an ignition or an oil warning light.
PAR  It is an object of the present invention to provide a clip for this
      purpose.
PAC  STATEMENT OF THE INVENTION
PAR  According to the present invention there is provided a clip for mounting a
      disc in an aperture in a panel, comprising a tubular body portion which
      can be inserted through the aperture in the panel, an external abutment on
      the tubular body portion adapted to limit insertion of the body portion of
      the clip through the aperture, means on the body portion spaced from the
      external abutment and adapted to engage the panel and retain the clip in
      position, and means within the body portion for holding a disc within the
      body portion.
PAR  Preferably, the means for holding the disc comprises an internal
      circumferential rib and a plurality of resilient tongues having their end
      faces spaced from and facing the rib, the disc being trapped in use
      between the rib and the end faces of the tongues.
PAR  Preferably also, the means spaced from the external abutment comprise a
      plurality of resilient, radially compressible external projections. The
      projections are compressed to allow the body portion to pass through the
      aperture in the panel and then spring radially outwardly to retain the
      clip in position in the aperture in the panel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation of a clip according to the present invention;
PAR  FIG. 2 is a plan view of the clip shown in FIG. 1;
PAR  FIG. 3 is an underplan of the clip shown in FIG. 1, and
PAR  FIG. 4 is an elevation, in section, showing a lens mounted in an aperture
      in a panel with the aid of the clip of FIGS. 1 to 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings a clip is indicated generally at 10 which is formed from a
      suitable synthetic plastics material as a unitary injection moulding.
PAR  The clip 10 comprises a tubular body portion 11 which has an external
      abutment at one end in the form of an external circumferential flange 12.
      The other end of the body portion 11 has a chamfered external edge 13
      which provides a good lead-in for the clip into an aperture in a panel.
PAR  Spaced from the flange 12 are two external projections on the body portion
      11 in the form of resilient lugs 14 and 15. Each lug 14 and 15 has an end
      face having a notch 16 and 17 respectively which is spaced from but faces
      the flange 12. The lugs 14 and 15 are radially compressible into the wall
      of the tubular portion 11 and have flat external surfaces which slope
      outwardly and away from the chamfered end 13 of the clip.
PAR  The internal surface of the body portion 11 tapers from the flange 12 to an
      internal circumferential rib 18 and from the rib 18 to the chamfered end
      13 is substantially cylindrical.
PAR  Spaced from the rib 18 is means for clamping a lens against the rib 18 in
      the form of four similar resilient tongues 19, 20, 21 and 22.
PAR  The tongues 19 and 20 are positioned one on each side of the lug 14 and the
      tongues 21 and 22 are positioned one on each side of the lug 15. The
      tongues 19 to 22 are resilient and can be moved radially inwardly and
      outwardly of the wall of the body portion. Each tongue 19 to 22 carries an
      inwardly extending projection 23, which is spaced from the rib 18 and
      which is adapted to clamp a lens or similar dish shaped object against the
      rib 18.
PAR  As can be seen best from FIG. 1, the end faces of the tongues 19 to 22 lie
      in approximately the same plane as the end faces of the lugs 14 and 15 so
      that movement of the lugs 14 and 15 is not inhibited by a lens of disc
      shaped object trapped between the projections 23 and the rib 18.
PAR  The clip 10 is used, as shown in FIG. 4, to mount a lens 25 in an aperture
      26 in a panel 27 which may for instance be the fascia of a vehicle.
PAR  In order to mount the lens 25 in the aperture 26 in the panel 27, the lens
      25 is first mounted in the clip 10 by pressing the lens into the body
      portion of the clip from the chamfered end 13 until the lens is seated
      against the rib 18.
PAR  As the lens passes along the tubular body portion 11, it meets the
      projections 23 on the tongues 19 to 22 and the tongues 19 to 22 are
      deflected radially outwardly. When the lens 25 is seated against the rib
      18 the tongues 19 to 22 return inwardly so that the projections 23 clamp
      the lens 25 securely against the rib 18.
PAR  When the lens is mounted in the clip 10, the clip 10 is offered to the
      aperture 26 in the panel 27 and the body portion 11 is pushed into the
      aperture 26, chamfered end 13 first. As the tubular body portion 11 passes
      through the aperture 26, the lugs 14 and 15 are pressed radially inwardly
      of the body portion, behind the lens 25. As soon as the lugs 14 and 15
      pass through the aperture 26, the lugs spring radially outwardly, and the
      notches 16 and 17 locate on the rim of the panel 27 to resist removal of
      the clip 10 and lens 25 from the panel. At the same time the flange 12 is
      seated against the outer surface of the panel 27 so that the panel is
      trapped between the flange 12 and the lugs 14 and 15.
PAR  In order to accommodate substantial variations in the size of the aperture
      26, the external diameter of the body portion 11 is substantially less
      than the diameter of the aperture and two pips 28 are formed on the outer
      surface of the body portion between the flange 12 and the lugs 14, 15. The
      pips 28 centralise the body portion 11 in the aperture and can be readily
      flattened to take up variations in the diameter of the aperture 26.
PAR  It will be seen from the above, that the clip 10 provides a simple unitary
      clip which can be readily injection moulded from a synthetic plastics
      material and which will securely mount a lens 25 in an aperture in a
      panel. The clip 10 is particularly useful for mounting a lens in the
      dashboard of a vehicle, for instance the lens of a warning light such as
      an ignition light or oil warning light.
PAR  It will be appreciated that various modifications may be made to the
      embodiment described herein without departing from the spirit and scope of
      the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A clip for mounting a disc in an aperture in a panel, comprising a
      tubular body portion which can be inserted through the aperture in the
      panel, and external abutment on said tubular body portion adapted to limit
      insertion of said body portion of the clip through the aperture,
      resiliently, radially compressible external projections on said body
      portion spaced from said external abutment and adapted to engage the panel
      and retain the clip in position, an internal rib on said body portion, and
      a plurality of resilient tongues extending from the internal surface of
      the body portion, each tongue having a free end face spaced from and
      facing the rib, the disc being trapped, in use, between the rib and the
      end faces of the tongues, said rib being disposed in a plane lying between
      the plane of the end faces of the resilient tongues and the plane of the
      external abutment.
NUM  2.
PAR  2. The clip of claim 1 wherein said external abutment comprises a
      circumferential flange.
NUM  3.
PAR  3. The clip of claim 1 wherein each of said external projections has an
      external surface which slopes outwardly towards the external abutment.
NUM  4.
PAR  4. The clip of claim 1 wherein each of said projections has a notch at its
      free end.
NUM  5.
PAR  5. The clip of claim 1 wherein the external projections have end faces
      which lie in the same plane as the end faces of the resilient tongues.
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ABST
PAL  A parachute riser buckle is provided on the parachute harness for a quick
      release of the parachute risers from the harness. Blocking means on the
      buckle body has a latch position in which it blocks removal of the riser
      connecting portion and an unlatched position for permitting removal of the
      riser connecting portion. A latch preventing member is provided which has
      a position in which it prevents the blocking means from returning to its
      latched position from its unlatched position except when the riser
      connecting portion is inserted in the buckle body to prevent incorrect and
      non-positive latching of the blocking means with the riser connecting
      portion. A handle is provided to rotate with the blocking means and has a
      surface which prevents the latch preventing member from moving to its
      latch preventing position except when the handle moves the blocking member
      to its unlatched position. In order to prevent accidental release of the
      buckle, a secondary locking member is provided which requires application
      of a force in a different direction than the force applied to the handle.
BSUM
PAC  BACKGROUND
PAR  The use of parachutes has become increasingly more common. Today there are
      uses for the parachute other than military ones as sky diving and other
      non-military uses have multiplied. With proper training and adequate
      safety equipment, parachuting can be a relative safe avocation. However,
      there are still many dangers associated with parachuting from an airplane.
PAR  For example, a parachutist jumping in a strong wind can be dragged along
      the ground by his parachute and be unable to release it from his harness.
      At such time, the buckle or other mechanism which attaches the parachute
      riser to his harness must release the parachute riser with no possibility
      of snags and non-positive disengagement from the buckle.
PAR  When a parachutist accidentally jumps into water, his problems are
      compounded. He still has the same problems during a strong wind, and he
      can actually be pulled along the water and be unable to free himself. In a
      calm wind, the parachute has a tendency to drop directly on the jumper so
      that he will get tangled in the lines and in the chute itself. The trained
      jumper will often times try to release his parachute above the surface of
      the water so that he will actually be freely falling the last 25 to 30
      feet without the parachute. Unfortunately, this last method has many
      drawbacks because it is very difficult to gauge the distance to the
      surface of the water when the jumper is directly over it. Refraction and
      reflections from the bottom often confuse the jumper and jumpers have been
      known to have released their chutes hundreds of feet above the water's
      surface. A jumper often would release the parachute riser prior to
      reaching the water because he also could not be sure that the buckle
      connecting the riser would quickly release the riser as certain prior art
      buckles did not have a definite unlatched position to indicate that the
      parachutist was properly releasing the parachute riser.
PAR  Another problem associated with parachute riser buckles is to prevent
      accidental unlatching of the buckle. Obviously, it is imperative that the
      buckle not release the riser except when the parachutist intends such
      release. Improper latching of the buckle with the riser must be avoided as
      such improper latching could cause unexpected release of the riser.
      Without protection from improper latching, the parachutist could put on
      the parachute and incorrectly connect the riser to his harness and not
      notice such error. Then when stresses are applied to the buckle and the
      riser, such as during deployment of the parachute, the riser might pull
      away from the buckle. These riser buckles are intended to be used
      frequently, and it is desirable that the parts upon which any strain is
      applied be constructed in such a way to minimize the rise of breakage and
      wear to provide a reliable and long lasting buckle.
PAC  SUMMARY
PAR  The present invention provides means for overcoming the foregoing
      difficulties. More particularly, the parachute riser buckle for
      selectively securing and releasing a connecting portion of the riser
      includes a buckle body and flange means on the body which hold the riser
      connecting portion and which guide the riser connecting portion to a
      position where it will be held. Blocking means are provided on handle
      means for movement together. When the handle means is in a latched
      position, the blocking means will also be in a latched position for
      blocking removal of the riser connecting portion from the flange means.
      The handle and blocking means have an unlatched position wherein the
      blocking means permits removal of the riser connecting portion from the
      flange means. Latch preventing means generally consist of a pivotally
      mounted member which has a first position preventing the blocking means
      from returning to its latched position from its unlatched position except
      by insertion of the riser connecting portion into the buckle to a position
      where it would be held by the flange means and where removal would be
      blocked by the blocking means in its latched position. This prevents
      incorrect and non-positive latching of the blocking means with the riser
      connecting portion. The blocking means is constructed in such a way that
      movement of the blocking means to its unlatched position moves the latch
      preventing means to its first position. A foot extends from the latch
      preventing means to contact the riser connecting portion during its
      insertion to rotate the latch preventing means from its first position to
      its second position. Surfaces on the blocking means and on the flange
      means guide the riser connecting portion during insertion to the foot
      portion away from the axis of rotation of the rotatably mounted latch
      preventing means to rotate the latch preventing means. The handle includes
      a face which prevents the latch preventing means from moving to its first
      position except when the handle is in its unlatched position. A pawl
      extends from the axis of rotation of the latch preventing means and
      contacts the handle when the handle is in the unlatched position to
      prevent excessive rotation of the handle means past its latched position.
      The handle moves under spring bias to its latched position against the
      pawl and emits a sound when it contacts the pawl to indicate that the
      handle is latched. A locking member is associated with the handle and
      locks the handle in its latched position until the locking member is moved
      to an unlocking mode where it will allow movement of the handle means to
      its unlatched position. The locking means automatically returns to its
      locked mode upon movement of the handle to its latched position. In the
      latched position, the riser connecting portion rests against the foot of
      the latch preventing means and a spring biases the foot in a direction to
      eject the riser connecting portion so that when the handle and blocking
      means moves to its unlatched position, and the latch preventing means is
      free to move to its first position, the spring will quickly drive the
      riser connecting portion from the buckle.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a view of the parachute riser connected to a harness on a
      parachutist.
PAR  FIG. 2 is a plan of the buckle with the parachute riser connecting portion
      attached thereto.
PAR  FIG. 3 is a side view partially in sections of the buckle with the riser
      connecting portion attached thereto and is taken along line III--III of
      FIG. 2.
PAR  FIG. 4 is a sectional view of the buckle in its latched position and is
      taken along line IV--IV in FIG. 2.
PAR  FIG. 5 is a detailed view of the locking means which prevents movement of
      the handle.
PAR  FIG. 6 is a front sectional view of the buckle and is taken along line
      VI--VI in FIG. 4. FIG. 7 is a similar view to FIG. 4 but is taken when the
      buckle is in its unlatched position and the riser connecting portion is
      free to move away therefrom.
PAR  FIG. 8 is a view similar to FIG. 7 but with the riser connecting portion
      being inserted and the handle means returning to its latched position.
DETD
PAC  DESCRIPTION
PAR  A parachute riser buckle selectively secures and releases a connecting
      portion of a parachute riser. Referring to FIG. 1, the parachutist 1 is
      wearing a harness 2. Parachute riser 3 is connected by the riser
      connecting portion 10 to the harness 2 by the riser buckle 5. A more
      complete harness may be provided with a crotch strap and side supporting
      straps or the like.
PAR  The riser connecting portion connects the parachute riser to the riser
      buckle. In the exemplary embodiment shown more clearly in FIGS. 2 and 3,
      the riser connecting portion 10 includes a shaft 11 which is held by the
      buckle. Extending from the shaft 11 is arm 12 which terminates at the
      support ring 13. The riser holding member 14 is mounted for rotational
      movement about shaft 16 which is mounted between adjacent sides of the
      support ring and which is held in place by a clip 17. The body harness
      holder 15 is also mounted between adjacent sides of the support ring and
      is slideable therein. As shown particularly in FIG. 3, the body harness 2
      fits around the harness holder 15, the riser fits around the riser holder
      14, and they are held in the position shown in FIG. 3 by friction between
      the adjacent straps.
PAR  A buckle body is provided. In the preferred embodiment, such buckle body 20
      is formed by sidewalls 21 and 22 and a bottom connecting wall 23. A
      harness connector 24 is mounted on shaft 25 between the side walls 21 and
      22 and is held in place by a clip 26. The harness 2 passes around the
      harness connector 24.
PAR  Flange means on the body hold the riser connecting portion and guide the
      riser connecting portion to a position where it is held. In the exemplary
      embodiment, such flange means 30 extend from the side walls 22 and 23 as
      best seen in FIG. 2. In FIG. 4, the curved portion 31 of the flange means
      is shown holding shaft 11 of the riser connection portion. Most forces
      between the riser connecting portion and the buckle will be in a direction
      away from the buckle and generally parallel with the position of the riser
      connecting portion in FIG. 4. It can be seen that most of the forces will
      be absorbed by the flange means, and therefore, the flange means are
      formed as a thicker portion of the side walls of the buckle body as shown
      more clearly in FIG. 2. A guiding ramp 32 is also part of the flange means
      and the function of the guiding ramp will be discussed more fully
      hereinafter. However, briefly referring to FIG. 7, when the riser
      connecting portion 10 is inserted in the buckle, it may ride upon the
      guiding ramp 32.
PAR  Cut-out portion 18 of the buckle body between the flange means of side
      walls 21 and 22 allows for rotation about the shaft 11 within the buckle.
      Arm 12 is slightly narrower than the cut-out portion 18 to permit such
      rotation. This allows the buckle and the riser connecting portion to
      assume a natural and comfortable orientation on the parachutist. The riser
      connecting portion is insertable into the buckle either as shown in FIG. 3
      or upside-down depending on the manner in which the straps are connected
      to the buckle and the riser connecting portion because of the symmetry of
      the arm 12 and shaft 11 of the riser connection portion.
PAR  Blocking means associated with the buckle body has a latched position for
      blocking removal of the riser connecting portion from the flange means and
      has an unlatched position for permitting removal of the riser connecting
      portion from the flange means. In the exemplary embodiment, such blocking
      means 40 includes a holding down or tangential surface 41 as best shown in
      the latched position of FIG. 4. The space between surface 41 on the
      blocking means and rounded surface 31 on the flange means is too small for
      the shaft 11 of the riser connecting portion 10 to pass. The blocking
      means is moveable to its unlatched position in FIG. 7 by rotation about
      axis 44 to a sufficient space for shaft 11 of the riser connecting portion
      to pass between the flange means and the blocking means.
PAR  It should be noted that forces pulling riser connecting portion away from
      the buckle will not act on blocking member 40 about its axis but will act
      through the axis because flat surface 41 is tangent to the shaft 11.
      Tangential forces could inhibit rotation and cause bending of blocking
      means 40 about the axis 44. This arrangement prevents such forces.
PAR  Latch preventing means associated with the buckle body has a first position
      for preventing the blocking means from returning to its latched position
      from its unlatched position except by insertion of the riser connecting
      portion to a position where it would be held by the flange means and where
      removal would be blocked by the blocking means in its latched position to
      prevent incorrect non-positive latching of the blocking means with the
      riser connecting portion. In the exemplary embodiment, such latch
      preventing means is shown generally at 50. See FIG. 6. In FIG. 7, the
      latch preventing means 50 is shown in its first position where the top
      surface 55 of the latch preventing means is in contact with latch face 62
      of the handle means 60. In the exemplary embodiment, the handle means is
      associated with blocking means, and the handle means is in an unlatched
      position when the blocking means is in its unlatched position and is in
      its latched position when the blocking means is in its latched position.
PAR  Referring again to FIG. 7, the handle means is prevented from returning to
      its latched position because of contact by the latching face 62 on the
      handle and latching surface or top surface 55 on the latch preventing
      means. A strong spring 45 acts on pin 54 on the latch preventing means to
      bias the latch preventing means counterclockwise about its axis of
      rotation 59 in FIGS. 4, 7 and 8. Insertion of the riser connecting portion
      to a position where it would be held by the flange means and where removal
      would be blocked by the blocking means if the blocking means were in its
      latched position returns the latch preventing means from its latched
      position to its unlatched position. As shown more clearly in FIG. 8, the
      insertion of the riser connecting portion 10 causes shaft 11 to act on
      foot 51 of the latch preventing means. This force pivots latch preventing
      means 50 in a clockwise direction to cause latching surface 55 on the
      latch preventing means to move out of contact with the latching face 62
      and the handle means allowing the blocking means to return to its latched
      position of FIG. 4.
PAR  Means are provided on the blocking means to move the latch preventing means
      to its first position when the blocking means is rotated to its unlatched
      position. In the exemplary embodiment such means includes a surface 43
      which contacts a surface 57 on the latch preventing means above the axis
      of rotation of the latch preventing means to cause it to rotate in a
      counterclockwise direction so that it engages the latch face 62 of the
      handle means. Spring 45 also tends to so rotate the latch preventing
      means.
PAR  The handle means includes a face means for preventing the latch preventing
      means from moving to its first position except when the handle means is in
      its unlatched position. Although FIG. 8 shows the latch preventing means
      being inserted into the buckle and the handle means returning to its
      latched position, it also illustrates the position of the elements midway
      through unlatching. The face means 61 on the handle means contacts a
      surface 56 on the latch preventing means to prevent rotation of the latch
      preventing means in a counterclockwise direction until movement of the
      handle means in a clockwise direction causes the surface 56 to pass from
      the face means 61 to the latching face 62. The elements are so designed
      that movement of the latch preventing means from the face means 61 to the
      latch face 62 can only take place when the blocking means has been rotated
      to a position where the riser connecting portion is free to move away from
      the buckle.
PAR  Surface means on the blocking means and guide means on the flange means
      guide the riser connecting portion at the foot portion and away from the
      axis of rotation of the latch preventing means to rotate the latch
      preventing means. In the preferred embodiment, shown more clearly in FIG.
      7, surface 42 on the blocking means 40 and guide means 32 on a flange
      means form a channel for guiding insertion of the riser connecting portion
      toward the latch preventing means. The foot means 51 has a rounded portion
      52 to contact the rounded shaft 11 of the riser connecting portion. The
      surface 42 on the blocking means guides the shaft 11 downward (in FIG. 7)
      against the rounded portion 52 of the foot 51, exerting force about the
      axis of rotation 59 of the latch preventing means 50 thereby rotating the
      latch preventing means in a clockwise direction to allow latching of the
      blocking means and handle means. FIG. 8 shows latching taking place. The
      handle means which is fixedly attached to the blocking means is pivotally
      mounted therewith about axis 44. Spring 45 is attached to the handle means
      60 at a slot 64 on boss 67 (FIG. 6). The spring tends to bias the handle
      means and the blocking means in a counterclockwise direction toward their
      latched position in FIGS. 4, 7 and 8.
PAR  Pawl means extends from the axis of rotation of the latch preventing means
      to a point where it would contact the handle means in its latched position
      whereby the pawl means prevents excess rotation of the handle means past
      its latched position to positively identify latched position of the handle
      means and whereby the coming together of the handle means and the pawl
      means when the handle means moves to its latched position emits a sound to
      indicate that the handle means is latched. In the exemplary embodiment,
      the pawl means 53 extends from the axis of rotation of the latch
      preventing means 50. The strong spring 45 drives the handle means in a
      counterclockwise direction in FIG. 8 upon insertion of the riser
      connecting portion. When the handle means reaches its latched position,
      shown in FIG. 4, the top surface 55 of the pawl means 53 rests against
      surface 65 at a somewhat fast speed due to the driving of the spring 45
      and this coming together emits a sound to indicate that the handle means
      is latched.
PAR  The forces from the rotating handle means absorbed by the pawl are
      transmitted to the rest of the latch preventing means toward the axis
      thereof. This minimizes the forces about axis 55 to decrease the chance of
      damage to the latch preventing means.
PAR  Additionally, a pin 58 extends from a side wall of the buckle means for
      additional support of the handle means. The pin 58 normally is within the
      cavity 66 formed on the handle means and contacting the surface of the
      cavity. Pin 58 serves an additional function of providing a stop for
      excess rotation in a counterclockwise direction of the latch preventing
      means 50 because in the unlatched position, (FIG. 7) the pin 58 contacts
      lower angled surface 59 of the latch preventing means to prevent the latch
      preventing means from moving too far in the counterclockwise direction to
      disengage handle latch face 62 from the latching surface 55 on the latch
      preventing means.
PAR  Locking means are associated with the handle means for locking the handle
      in its latched position until the locking means is moved to an unlocking
      mode where it allows rotation of said handle means to its unlatched
      position. In the exemplary embodiment, such locking means 70 includes a
      locking handle 71 pivotally mounted on shaft 77 (FIG. 2) through the
      handle means. As shown more clearly in FIG. 5, the locking handle is
      rotated by the finger or fingers in a counterclockwise direction until the
      semicircular member rotates to the position shown in FIG. 5 presenting a
      clearance 74 between the semicircular member and the cam surface 73. As
      shown in FIG. 4, until the locking means assumes the position in FIG. 5,
      the semicircular member 72 will contact the locking surface 75. It can be
      seen in FIG. 5 that once semicircular member 72 is free to move past the
      cam surface 73 by creation of space 74 between the cam surface 73 and the
      semicircular member 72, the finger 4 is in such a position that additional
      forces on the locking handle 71 are in a generally upward direction, that
      is, tending to cause clockwise rotation of the handle means 60.
PAR  This is a desirable safety feature because two different directions of
      force application are required to release the buckle. First, the finger
      must move downwardly in FIG. 5 which is not in the same direction as
      unlatching rotation of the handle means. However, if the handle is
      intended to be unlatched, it is desirable to unlatch it in a quick manner.
      Therefore, once the locking means is in a position where the handle can be
      unlocked, the natural forces of the finger will follow through on the
      movement of the locking handle 71 and lift and rotate the handle means 60.
PAR  Return means are associated with the locking means to return the locking
      means to its locked position upon rotation of the handle to its latched
      position. In the preferred embodiment, such return means includes the flat
      surface 79 of the semicircular member 72 which, as shown in FIG. 8, is
      contacting the cam surface 73. As the handle means moves counterclockwise,
      the semicircular member 72 and the locking handle 71 will pivot
      counterclockwise until the semicircular member is past the cam 73.
      Thereafter, the spring 78 will return the locking means to the position
      shown in FIG. 4.
PAR  The arrangement of the parts in the buckle has certain advantages. For
      example, single spring 45 not only biases the latch preventing means 50 in
      a counterclockwise direction to its first position, but it also serves to
      bias the handle means and likewise the blocking means toward their latched
      position. The strong force of the spring snaps the latch preventing means
      to its latched position in FIG. 7. This strong spring also tends to snap
      the foot portion in a counterclockwise direction just at the moment that
      blocking means no longer blocks removal of the riser connecting portion
      10. Therefore, the foot portion tends to eject the riser connecting
      portion from the buckle. Of course, this is a desirable feature because it
      is an object of the invention that separation of the buckle and riser
      connecting portion takes place as quickly as possible.
PAR  It is also advantageous that the main forces on the buckle from the riser
      connecting portion are applied to the flange means. These flange means are
      preferably forged or cast with the buckle body side walls 21 and 22. Most
      forces will be absorbed by these flanges. If any forces are directed
      toward the blocking means 40, they will be applied through the axis of
      rotation 44 of the blocking means, instead of about the axis to present
      the strongest force resistance by the blocking means. Moreover, there will
      be no rotative forces applied to the blocking means and consequently to
      the handle means to prevent bending or fracturing of the blocking means.
PAR  It is also desirable to have the foot portion of the latch preventing means
      contacting the riser connecting portion in the latched position. Even
      though the largest forces will be pulling away from the foot portion,
      small jerks in the opposite direction of the normal pull of the riser
      connecting portion are absorbed by the foot portion and the spring 45.
      Therefore, there will be less rattling of parts and the device will be
      quieter in use.
PAR  The handle means has two distinct positions, latched and unlatched. When
      the buckle is in the unlatched position (FIG. 7), the handle cannot be
      lowered to the latched position shown in FIG. 4 unless the riser
      connecting portion is inserted in the buckle in its correct position so
      that return of the handle will return the blocking means to its latched
      position where it will block removal of the riser connecting portion. This
      feature is important for many reasons. It could be very easy to insert the
      riser connecting portion into a buckle and get partial connection of the
      riser connecting portion to the buckle. However, in the present invention
      there is no movement of the blocking means until the riser connecting
      portion is located correctly. That leaves a very large gap between the
      holding means and the flange means in FIG. 7, and therefore, the riser
      connecting portion cannot be loosely held but will immediately fall out of
      the buckle when even the slightest force is applied. Of course, in the
      usual orientation shown in FIG. 1, gravity would pull the riser connecting
      portion and the buckle apart. Moreover, the handle means is in a raised
      position when the buckle is in its unlatched mode and merely observing the
      handle means in such orientation will quickly indicate that the buckle is
      in its unlatched condition.
PAR  It is also important to note that guiding surface 42 on the blocking means
      forces the riser connecting portion downward on the foot portion to rotate
      the latch preventing means upon the insertion of the riser connecting
      portion. The foot means of the latch preventing means are located adjacent
      the side walls 21 and 22 of the buckle body (FIG. 6) and the rest of the
      riser connecting portion extends between the two foot means. Attempting to
      manually release the latch preventing means without insertion of the riser
      connecting portion results in pushing the bottom of the latch preventing
      means near the center of the buckle body near the axis of rotation 59 of
      the latch preventing means. However, manually pushing there does not cause
      an adequate rotative force on the latch preventing means to release it
      from the handle. Therefore, the correct insertion of the riser connecting
      portion into the buckle is necessarily needed in order to latch the
      buckle.
PAR  Thus a parachute riser buckle 5 for selectively securing and releasing a
      connecting portion 10 of a riser has been shown to include a buckle body
      20, and flange means 30 on the body for holding the riser connecting
      portion and for guiding the riser connecting portion to a position where
      it is held. Blocking means 40 are associated with the buckle body and have
      a latched position (FIG. 4) for blocking removal of the riser connecting
      portion from the flange means and have an unlatched position (FIG. 7) for
      permitting removal of the riser connecting portion from the flange means.
      Latch preventing means 50 is associated with the buckle body and has a
      first position (FIG. 7) preventing the blocking means 40 from returning to
      its latched position from its unlatched position except by insertion of
      the riser connecting portion 10 (FIG. 8) to a position where it would be
      held by the flange means and where removal would be blocked by the
      blocking means in its latched position to prevent incorrect non-positive
      latching of the blocking means with the riser connecting portion. Means 43
      on the blocking means moves the latch preventing means to its first
      position when the blocking means is rotated to its unlatched position.
      Handle means 60 is associated with the blocking means 40 and has latched
      and unlatched positions corresponding to the latched and unlatched
      positions of the blocking means. The handle means has a face means 61 for
      preventing the latch preventing means from being in its first position
      except when the handle means is in its unlatched position. The latch
      preventing means is pivotally mounted for rotation between its first and
      second positions and it further includes a foot means 51 extending from
      the latch preventing means to contact the riser connecting portion during
      its insertion to rotate the latch preventing means from its first to its
      second position. A spring is associated with the latch preventing means to
      bias the latch preventing means to its first position for assisting in
      moving the latch preventing means to its first position and for pivoting
      the foot portion to eject the riser connecting portion from the buckle. A
      surface on the blocking means and guide means on the flange means guide
      the riser connecting portion at the foot portion away from the axis of
      rotation of the latch preventing means to rotate the latch preventing
      means. Pawl means 53 extends from the axis of rotation of the latch
      preventing means to a point where it would contact the handle means 60 in
      its latched position to prevent excess rotation of the handle means past
      its latched position and whereby coming together of the handle means and
      the pawl means when the handle means moves to its latched position emits a
      sound to indicate that the handle means is latched for positively
      identifying such latching. Locking means 70 is associated with the handle
      means for locking the handle means in its latched position until the
      locking means is moved to an unlocking position where it allows rotation
      of the handle means to its unlatched position. Return means are associated
      with the locking means to return the locking means to its locked position
      upon rotation of the handle means to its latched position.
PAR  The locking means 70 includes a locking handle 71 rotatably mounted on the
      handle means between a locked and an unlocked position. The locking handle
      moves in a direction opposite the unlatching rotation of the handle means
      until the locking handle is in its unlocked position and the locking
      handle will move in a direction with the unlatching rotation of the handle
      means to cause continued force on the locking handle to unlatch the
      locking means.
CLMS
STM  Having thus described the invention what is claimed is:
NUM  1.
PAR  1. A parachute riser buckle for selectively securing and releasing a
      connector fitting on the parachute riser comprising,
PA1  a buckle body,
PA1  a guide on said buckle body, said guide being effective to engage said
      fitting and guide said fitting into said buckle body and into the position
      where it is held,
PA1  blocking means on said buckle body adjacent to said guide, said blocking
      means being movable between a latched position and an unlatched position,
      said blocking means when in the latched position being effective to block
      the removal of the riser connector fitting from said guide and when in the
      unlatched position being effective to permit removal of said riser
      connector fitting from said guide,
PA1  latch preventing means on said buckle body movable between a first position
      and a second position, said latch preventing means when in the first
      position being effective to prevent said blocking means from returning to
      its latched position from its unlatched position except when said riser
      connector fitting is in the position where it is held in said guide and
      its removal is blocked by said blocking means in its latched position to
      thereby prevent incorrect and non-positive latching of said blocking means
      with said riser connecting portion, and
PA1  means on said blocking means to move said latch preventing means to its
      first position when said blocking means is rotated to its unlatched
      position.
NUM  2.
PAR  2. A parachute riser buckle for selectively securing and releasing a
      connector fitting on the parachute riser comprising,
PA1  a buckle body,
PA1  a guide on said buckle body, said guide being effective to engage said
      connector fitting and guide said fitting into said buckle body and into
      the position where it is held,
PA1  blocking means on said buckle body adjacent to said guide, said blocking
      means being movable between a latched position and an unlatched position,
      said blocking means when in the latched position being effective to block
      the removal of the riser connector fitting from said guide and when in the
      unlatched position being effective to permit removal of said riser
      connector fitting from said guide,
PA1  latch preventing means on said buckle body movable between a first position
      and a second position, said latch preventing means when in the first
      position being effective to prevent said blocking means from returning to
      its latched position from its unlatched position except when said riser
      connector fitting is in the position where it is held in said guide and
      its removal is blocked by said blocking means in its latched position to
      thereby prevent incorrect and nonpositive latching of said blocking means
      with said riser connecting portion,
PA1  handle means interconnected with said blocking means and movable between an
      unlatched position and a latched position, said handle means being in said
      unlatched position when said blocking means is in its unlatched position
      and being in said latched position when said blocking means is in its
      latched position,
PA1  face means on said handle means for preventing said latch preventing means
      from being in its first position except when said handle means is in its
      unlatched position,
PA1  said latch preventing means being pivotally mounted for rotation between
      its unlatched and latched positions, and
PA1  foot means on said latch preventing means and extending from the latch
      preventing means to contact said riser connector fitting during its
      insertion to rotate said latch preventing means from its first position to
      its second position.
NUM  3.
PAR  3. The buckle of claim 2 including,
PA1  surface means on said blocking means and said guide means to guide said
      riser connector fitting toward said foot portion and away from the axis of
      rotation of said latch preventing means to rotate said latch preventing
      means.
NUM  4.
PAR  4. The buckle of claim 2 including,
PA1  spring biasing means interconnected with said latch preventing means and
      effective to bias said latch preventing means to its first position to
      assist in moving said latch preventing means to its first position and for
      pivoting said foot portion to eject said riser connecting portion from
      said buckle.
NUM  5.
PAR  5. A parachute riser buckle for selectively securing and releasing a riser
      connector fitting, said riser buckle including the combination of,
PA1  a buckle body,
PA1  a guide on said buckle body adapted to engage said riser connector fitting,
      said guide being effective to guide said riser connector fitting into said
      buckle body and into the position where it is to be held,
PA1  blocking means on said buckle body adjacent to said guide, said blocking
      means having a latched position and an unlatched position, said blocking
      means when in the latched position being effective to block the removal of
      the riser connector fitting from said guide and when in the unlatched
      position being effective to permit removal of said riser connecting
      portion from said flange means,
PA1  a latch on said buckle body having a first position and a second position,
      said latch when in the first position being effective to prevent said
      blocking means from returning to its latched position except when said
      riser connector fitting is in the position where it is held by said guide
      and its removal is blocked by said blocking means in its latched position
      to thereby prevent incorrect and non-positive latching of said blocking
      means with said riser connector fitting,
PA1  handle means on said blocking means and movable between an unlatched
      position when said blocking means is in its unlatched position and a
      latched position when said blocking means is in its latched position,
PA1  face means on said handle means for preventing said latch from being in its
      first position except when said handle means is in its unlatched position,
PA1  said latch is mounted for rotation on said buckle body between its first
      and second position, said handle means is fixedly attached to said
      blocking means and mounted for rotation therewith on said buckle body, and
PA1  pawl means on said latch extending from the axis of rotation of said latch
      preventing means to a point where it would contact said handle means in
      its latched position whereby said pawl means prevents excess rotation of
      said handle means past its latched position to positively identify the
      handle means being in its latched position and whereby the coming together
      of said handle means and said pawl means when said handle means moves to
      its latched position emits a sound to indicate that the handle means is
      latched.
NUM  6.
PAR  6. A parachute riser buckle for selectively securing and releasing a
      connector fitting on the riser including the combination of,
PA1  a buckle body,
PA1  a guide on said buckle body, said guide being effective to engage said
      riser fitting and guide said fitting into said buckle body and into the
      position where it is held,
PA1  blocking means on said buckle body adjacent to said guide, said blocking
      means being movable between a latched position and an unlatched position,
      said blocking means when in the latched position being effective to block
      the removal of the riser connector fitting from said guide and when in the
      unlatched position being effective to permit removal of said riser
      connector fitting from said guide flange means,
PA1  latch on said buckle body movable between a first position and a second
      position, said latch when in the first position being effective to prevent
      said blocking means from returning to its latched position from its
      unlatched position except when said riser connector fitting is in the
      position where it is held in said guide and its removal is blocked by said
      blocking means in its latched position to thereby prevent incorrect and
      non-positive latching of said blocking means with said riser connecting
      portion,
PA1  handle means on said blocking means movable between an unlatched position
      and a latched position, said handle means being in an unlatched position
      when said blocking means is in its unlatched position and being in a
      latched position when said blocking means is in its latched position,
PA1  face means on said handle means for preventing said latch from being in its
      first position except when said handle means is in its unlatched position,
PA1  said handle means being mounted for rotation on said buckle body and fixed
      to said blocking means for rotation therewith,
PA1  locking means interconnected with said handle means for locking said handle
      means in its latched position when said locking means is in its locked
      position until said locking means is moved to an unlocking position where
      it allows rotation of said handle means to its unlatched position, and
PA1  return means interconnected with said locking means to return the locking
      means to its locked position upon rotation of said handle means to its
      latched position.
NUM  7.
PAR  7. The riser buckle of claim 6 including,
PA1  a locking handle on said locking means rotatably mounted on said handle
      means and movable between a locked and an unlocked position said locking
      handle moving in a direction opposite the unlatching rotation of the
      handle means until said locking handle is in its unlocked position where
      said locking handle moves in a direction with the unlatching rotation of
      the handle means to cause continued force on said locking handle to
      unlatch said handle means.
NUM  8.
PAR  8. A parachute riser buckle for selectively securing and releasing a riser
      connector fitting of the parachute riser comprising,
PA1  a buckle body,
PA1  a guide on said buckle body, said guide being effective to engage said
      riser fitting and guide said riser fitting into said buckle body and into
      the position where it is to be held,
PA1  blocking means on said buckle body adjacent to said guide, said blocking
      means being movable between a latched position and an unlatched position,
      said blocking means when in the latched position being effective to block
      the removal of the riser connector fitting from said guide and when in the
      unlatched position being effective to permit removal of said riser
      connector fitting from said guide,
PA1  latch on said buckle body movable between a first position and a second
      position, said latch when in the first position being effective to prevent
      said blocking means from returning to its latched position from its
      unlatched position except when said riser connector fitting is in the
      position where it is held in said guide and its removal is blocked by said
      blocking means in its latched position to thereby prevent incorrect and
      non-positive latching of said blocking means with said riser connecting
      portion,
PA1  said blocking means being rotatable about an axis,
PA1  a tangential surface on said blocking means generally tangential to a
      circle about said axis, said tangential surface contacting said riser
      connecting portion so that forces from the riser connecting portion on the
      blocking means are directed at the axis of rotation of said blocking means
      to prevent forces about the axis on said blocking means,
PA1  locking means interconnected with the handle means to selectively prevent
      or permit said handle means from moving to its opened position to release
      said riser connecting portion, and
PA1  means on said handle means to move said latch preventing means to a
      position where it prevents latching of the handle means with the riser
      connecting portion.
NUM  9.
PAR  9. The improved parachute riser buckle of claim 8 including,
PA1  face means on said handle means, said face means being effective for
      preventing said latch from being in a position for holding said handle
      means in its open position except when said handle means is in its opened
      position.
NUM  10.
PAR  10. The parachute riser buckle of claim 9 wherein
PA1  said latch is pivotally mounted for movement between a first position
      wherein it holds said handle means in its opened position and a second
      position wherein it permits the handle means to move to its closed
      position,
PA1  foot means on said latch extending from the latch to contact said riser
      connecting portion during its insertion to rotate said latch from its
      first position to its second position.
NUM  11.
PAR  11. The improvement of claim 10 including,
PA1  spring biasing means associated with said latch to bias said latch to its
      first position to assist in moving said latch to its first position and
      for pivoting said foot portion to eject said riser connecting portion from
      said buckle when said handle means is moved to its opened position.
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ABST
PAL  A clamp adapted for mounting on a flexible tube to control flow
      therethrough, said clamp having a pair of parallel legs connected by a
      spring element whereby the legs may swing toward and away from each other,
      a flexible catch arm on one leg having a catch adapted to engage a latch
      on the other arm, cooperating cam means on the catch arm and latch to
      swing the catch arm away from the latch upon movement of the latch
      carrying leg toward the other leg whereby the catch is cleared by the
      latch which allows the catch arm to swing toward the latch and engage same
      to retain the legs in close position, this movement causing confronting
      clamping elements on the legs to compress the tubing therebetween to close
      off flow. Openings are provided in the catch arm and spring element to
      frictionally receive the flexible tube and retain the clamp on the tube
      thereby.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a clamp for flexible tubing wherein means are
      provided on the clamp for easily installing the clamp on the tubing and
      retaining same thereon.
PAR  There are many clamps in use today on flexible tubing which adequately
      control flow, but lack other desirable features relating to handling of
      the clamp. It is with these deficiencies in mind that the clamping device
      of this invention has been developed.
PAR  It is an object of this invention to provide a clamp which may be easily
      installed on and retained on flexible tubing.
PAR  It is another object of this invention to provide a clamp having a spring
      latch-catch arrangement which may be readily operated by one hand.
PAR  It is a still further object of the invention to provide a clamp for
      flexible tubing which is dependable and inexpensive to manufacture.
PAR  The above and other objects will become more apparent when taken in
      conjunction with the following detailed description and drawing
      illustrating a preferred embodiment of the invention.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is a perspective view of the tubing clamp with the tubing shown in
      phantom,
PAR  FIG. 2 is a side elevational view of the clamp illustrating the cut-off
      position,
PAR  FIG. 3 is an end view showing the opening which frictionally retains the
      tubing,
PAR  FIG. 4 is a cross sectional view taken along line 4--4 of FIG. 1
      illustrating the clamp in open position, and
PAR  FIG. 5 is a cross sectional view similar to FIG. 4 wherein the clamp has
      compressed the tubing to close off fluid flow.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As best illustrated in FIGS. 1 and 2, the tubing clamp 10 comprises a body
      12 which is U-shaped in cross section and has generally parallel upper and
      lower legs 14 and 16 connected by a curved hose portion 18. A flexible
      catch arm 20 extends vertically from the end 22 of the lower body leg 16
      to a point well above the upper body leg 14. The flexible catch arm 20 has
      an outer planar face 24 and an inner face 26. A catch 28 is formed on the
      inner face 26 by downwardly and outwardly sloping catch arm cam face 30
      intersecting catch face 32 extending perpendicularly outward from the
      inner face 26 of catch arm 20.
PAR  The upper body leg 14 is made flexible by the nature of the curved base
      portion 18 so that it may swing toward and away from the lower body leg
      16. The end of the lower leg 16 is provided with a latch portion 36 having
      a sloping outer face 38 conforming in slope to that of the catch arm cam
      face 30. The length of the upper leg 14 is such that the outer face 38 of
      the latch portion 36 will bear against catch arm cam face 30 with the
      catch arm in a generally perpendicular attitude with respect to the lower
      leg 16.
PAR  Upper body leg 14 is provided with a clamping element 40 midway its
      extremities; similarly the lower body leg 16 is provided with a comforming
      clamping element 42 in alignment with clamping element 40. It should be
      noted that in the at rest or storage or full flow position the confronting
      faces 44 and 46 of the clamping elements 40 and 42 are spaced apart so
      that they merely engage the flexible tubing 60 passing therebetween. The
      at rest or full flow positions of the clamp is illustrated in FIG. 1.
PAR  The curved hose portion 18 is formed with a side opening 48 sized to
      frictionally engage the flexible tubing 60 adapted for positioning
      thereon. Similarly, the catch arm 20 is provided with a side opening 50
      generally in alignment with the space between the clamping elements 40 and
      42 and the other side opening 48. Here again, side opening 50 is sized so
      as to frictionally engage the flexible tubing 60 carried thereon.
PAR  In order to furnish the body 12 with the requisite strength a longitudinal
      centrally positioned ridge portion 54 extends along the confronting faces
      of the body legs 14 and 16 and the inside of the base portion 18.
PAR  As will be readily apparent the clamp of this invention is susceptible of
      many uses, even so the basic concept and use is the same. In use, the
      clamp 10 is positioned on a flexible tube 60 by introducing the tube into
      the side openings 48 and 50 and between the clamping elements 40 and 42 as
      shown in FIG. 1. The side openings are sized to frictionally grip the tube
      without appreciable diminishing of the flow passage at that point. The
      holding friction should be sufficient so that the clamp will remain in
      place on the tube without any additional holding features.
PAR  When it is decided to stop flow through tube 60, the upper leg 14 is
      pressed toward the lower leg 16 whereby the cam face 38 on the latch 36
      engages cam face 30 to cause the catch arm 20 to swing outwardly as
      indicated by the arrow A. As soon as the entire latch cam face 38 clears
      the catch face 32, the catch arm 20 will swing in the direction indicated
      by arrow B so that the latch 36 will engage the catch 32 to retain the
      clamp in the closed, no flow position, with clamping elements 40 and 42
      engaging the tube 60 as shown in FIG. 5. In order to release the clamp,
      the catch arm 20 is moved in the direction of arrow A (FIG. 2) so that the
      latch 36 clears the catch 32 and the clamping elements 40 and 42 move away
      from each other to assume the position illustrated in FIG. 4.
PAR  The fact that the entire positioning of the clamp on the tube, as well as
      the clamping and unclamping can be done with one hand adds much utility to
      the device, particularly in connection with intravenous units.
PAR  The clamp may be made from any material having the required strength and
      flexibility. Obviously, plastics are most useful since they possess such
      qualities and are easy to work.
CLMS
STM  We claim:
NUM  1.
PAR  1. A clamp adapted for mounting on flexible tubing, by means of a single
      hand, said tubing being positioned between clamping elements which control
      flow through the tubing, said clamp comprising a body, U-shaped in cross
      section, having generally parallel upper and lower legs connected by a
      curved base portion,
PA1  aligned tubing clamping elements extending upwardly from the lower body
      legs and downwardly from the upper body leg intermediate the length of
      said legs,
PA1  a flexible catch arm extending upwardly from the free end of the lower leg
      and projecting beyond the upper leg, a catch member on the catch arm
      facing the upper leg extremity,
PA1  a latch on the free end of the upper body leg with its end surface in
      engagement with the confronting face on the catch arm, cooperating cam
      surfaces on the engaging portions of the latch and catch arm whereby
      movement of the upper body leg toward the lower body leg causes the catch
      arm to be cammed outwardly away from the latch so that the latch may
      proceed downwardly below the catch whereupon the catch arm swings toward
      the latch so that the catch engages the latch and the tubing positioned
      between the clamping elements is compressed to prevent flow therethrough,
      and
PA1  the curved base portion having a tube receiving opening and a slot
      providing communication between said opening and the outside edge of the
      base portion said opening being aligned with the space between the
      clamping elements and the catch arm having a tube receiving opening and a
      slot providing communication between said catch arm opening and the
      outside edge of the catch arm, said catch arm opening being aligned with
      the opening in the curved base portion, said slots being aligned and
      adapted to receive and pass the flexible tubing into the aforesaid tube
      receiving openings.
NUM  2.
PAR  2. The invention as set forth in claim 1 and wherein there is a space
      between the clamping elements when the clamp is in at rest position, said
      tubing passing through the space between the clamping elements.
NUM  3.
PAR  3. The invention as set forth in claim 2 and wherein the openings are sized
      to frictionally engage the flexible tubing so that the clamp will be
      positively held on the tubing.
NUM  4.
PAR  4. The invention as set forth in claim 3 and wherein there is a reinforcing
      rib running centrally on the confronting faces of the upper and lower legs
      and the curved base portions to provide requisite strength.
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ABST
PAL  The discharging direction of chip is controlled arbitrarily and the curling
      configuration of the chip is also regulated by providing a
      three-dimensional angulation on a rake of a cutting tool and forming the
      angulation at a specific angle with respect to the rake.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a cutting tool for controlling chip
      disposal.
PAR  The control and disposal of chip produced at high speed during machining is
      a major problem not only from the aspect of safety, but also because such
      chip hampers production by adversely affecting the efficiency of the
      machine and tool used, and consequently affecting the workpiece. In order
      to resolve this problem, various means have been proposed. For example, a
      means in which a nozzle is provided adjacent to a cutting portion to blow
      away chip produced from the cutting portion in a set direction by air
      supplied through the nozzle under pressure and another means in which a
      chip forming groove is provided on a rake of the cutting tool such as to
      curl the chip into a coil and discharge it in a set direction, etc. have
      been known. The latter means, however, is ineffective unless the feeding
      rate of the tool is at or higher than 0.1 mm/revolution.
PAR  Irrespective of these prior means for controlling chip disposal, there has
      been no conclusive means and, in particular, there has been no
      substantially reliable means applicable for finishing or facing at a small
      cutting depth and a low feeding rate.
PAR  An object of the present invention is to provide a cutting tool with which
      chip produced during the cutting process is curled to form a readily
      treatable state and to discharge such chip in a desired direction to
      thereby make the handling thereof easy.
PAC  SUMMARY OF THE INVENTION
PAR  In order to achieve the above-mentioned object of the present invention,
      the cutting tool according to the present invention is provided with a
      continuous or stepped three-dimensional angulation on a rake thereof. By
      providing a certain angulation on the rake, it becomes possible, even with
      a small cutting depth and at a low feeding rate, to curl the chip produced
      during the cutting process and discharge the resulting coil in any desired
      direction, and to thereby make possible easy and effective handling and
      disposal of chip.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a workpiece and a cutting tool having a tip
      constructed according to the present invention with the both being in the
      cutting condition;
PAR  FIG. 2 is a plan view of an embodiment of the cutting tool according to the
      present invention;
PAR  FIGS. 3A, 3B and 3C are cross-sections taken along lines A--A, B--B and
      C--C respectively of FIG. 2;
PAR  FIG. 4 is an enlarged perspective view of a top portion of the cutting edge
      of the tool shown in FIG. 2;
PAR  FIG. 5 is a plan view of another embodiment of the present invention; and
PAR  FIGS. 6A, 6B and 6C are cross-sections taken along lines A--A, B--B and
      C--C in FIG. 5, respectively.
DETD
PAC  DETAILED EXPLANATION OF THE INVENTION
PAR  Referring to FIG. 1, it is assumed that a workpiece 1 is cut by a cutting
      tool 2 as shown. With the prior art, a chip 3 will be randomly scrambled
      and entangled on a rake of the tool, resulting in scratches on the
      workpiece, necessitating therefore, stopping the cutting process in order
      to remove the entangled chip from the tool.
PAR  The cutting tool 2 of the present invention is provided, on the rake angle
      thereof, with an angulation. The angulation is provided on essentially
      only an active cutting edge 6 of the tool 1, which serves to actually cut
      the workpiece, as shown in FIG. 2, and it is unimportant to consider the
      rake angle of the remaining edge portion thereof. As shown in FIGS. 3A, 3B
      and 3C, the angulation formed is such that, taking the height of the top
      portion of the tool as reference, a minus rake angle .gamma..sub.A, a
      small plus rake angle .gamma..sub.B and a plus rake angle .gamma..sub.C
      are formed on the rake along the lines A--A, B--B and C--C, respectively.
PAR  FIG. 4 shows an embodiment of the present cutting tool which has a rake
      formed with a continuously changing rake angle according to the
      above-mentioned angle distribution with reference to FIGS. 3A, 3B and 3C.
      In FIG. 4, the solid lines show the rake and the dotted lines show the
      height of the horizintal reference planes.
PAR  When a workpiece is cut with the cutting tool provided with the angulation
      on the active cutting edge portion 6 thereof, the chip is discharged in a
      direction along which the energy of the chip is minimized, that is, a
      direction along which the rake angle is plus. The configuration of the
      chip discharged as a result of this angulationn becomes a tightly coiled
      one due to sharp change in the chip-thickness ratio (chip thickness/uncut
      chip thickness).
PAR  The change of side rake angle in the shank direction of the tool is
      selected in the order of 15.degree. in the case of a minus angle and in
      the order of 10.degree. in the case of a plus angle, and when in either
      case the angle is made greater, the discharging direction of the chip will
      be shifted toward a side cutting edge 7.
PAR  As an example, a cutting operation was performed on a S15C circular steel
      rod workpiece with a cutting tool having the change of side rake angle of
      -10.degree. in the shank direction under the conditions of 0.5 mm cutting
      depth, 0.05 mm/min. feeding rate and 80 m/min. cutting velocity. The chip
      wass discharged in a direction at an angle of between 6.degree. and
      10.degree. with respect to the side cutting edge.
PAR  In this manner, by providing an angulation on the rake of the cutting tool
      and by setting the angle suitably, the discharging direction of the chip
      can be arbitrarily controlled and concurrently the configuration of the
      chip can also be regulated.
PAR  FIGS. 5 and 6 show another embodiment of the present cutting tool in which
      a land is provided on the active cutting edge thereof. By providing a land
      having a suitable angle and width on the cutting edge, it is possible to
      improve the coiling effect of the cutting shoulder thereby making the
      configuration of the chip such that the handling thereof becomes more easy
      and thereby enables arbitrary control of the discharging direction
      thereof.
PAR  Returning to FIG. 5, a land 8 is provided on the side cutting edge of the
      active cutting edge 5 of the tool 2. FIGS. 6A, 6B and 6C show the
      cross-sections of the top portion of the tool 2 taken along lines A--A,
      B--B and C--C in FIG. 2, in which the active cutting edge is provided with
      the land 8 having a rake angle of normally from 0.degree. to a certain
      minus value and with the continuous or stepped changing rank angles
      .gamma..sub.A, .gamma..sub.B and .gamma..sub.C. With this arrangement, it
      is easily possible to select the curling configuration and the discharging
      direction etc. of the chip, so that the handling thereof becomes easy.
PAR  As described herein before, according to the present cutting tool having an
      angulation on the rake thereof, it is possible to provide a suitable
      configuration thereto to make it easy to handle and to control the
      discharging direction thereof arbitrarily, even when the cutting depth is
      very small and the feeding rate very low during operation, and due to this
      fact, it is possible to expect improvements in safety and in production.
PAR  As to the fabrication of the conventional cutting tool, a high level of
      manufacturing technique has been required to provide a rake angle on the
      tool. Although, in forming the present cutting tool, the same grinding
      process may be utilized with a specially designed tool grinder, it may be
      possible to manufacture the present tool by using a sintering mold method
      with a preformed mold.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cutting tool for controlling chip disposal, comprising:
PA1  a rake surface which defines a side rake angle with respect to a horizontal
      plane of said tool,
PA1  said side rake angle being continuously varied with respect to said
      horizontal plane of said tool and in the shank direction of said tool
      throughout a range of -15.degree.-+10.degree..
NUM  2.
PAR  2. A cutting tool as set forth in claim 1, further comprising:
PA1  a land provided upon the side cutting edge of said tool.
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ABST
PAL  A composite metallic roll or other member comprising a body member of a
      base metal, a porous plasma flame spray plate of a nickel chromium alloy,
      and a continuous film of a Teflon deposited over said plate and
      impregnating the same for gradual exposure over a predetermined life. The
      corresponding method comprises the steps of applying the plasma flame
      spray plate with a porous finish and a subsequent application of a thin
      uniform deposit of a Teflon (tetraflouroethylene). The Teflon is thereupon
      heated to and is above its fusion temperature whereby to provide an
      impregnate film for gradual exposure over a predetermined life.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Composite metallic rolls with release surfaces have been provided in the
      past and have conventionally included a fluorocarbon polymer film over a
      metallic plate. Such rolls have not, however, been wholly satisfactory in
      high temperature use as in the 400.degree.-500.degree.F. range. Such
      conditions of use are encountered in the manufacture of paper and in other
      industries.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of the present invention to provide a composite
      metallic roll or other member with an abrasive resistant release surface
      with capability for operation at high temperatures in the
      400.degree.-500.degree.F. range and with enhanced life under such
      conditions of use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view partially broken away showing a composite
      metallic roll of the present invention.
PAR  FIG. 2 is an enlarged cross sectional view of the composite roll.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In accordance with the present invention, a composite metallic roll or
      other member having a body member 10 is provided initially with a porous
      plating 12 in a flame spraying process. The flame spray process may be of
      the older and well-known wire type, or preferably, a plasma flame spraying
      process is employed. The material of the plate may vary widely within the
      scope of the invention, but such material is preferably from the group
      comprising stainless steel, nickel, nickel chromium, molybdenum, the
      carbides and ceramics. In a presently preferred embodiment of the
      invention a nickel chromium alloy is employed with a number Fifteen
      powder, Nitrogen and a G.E. spray nozzle. A single pass application is
      accomplished and the nickel chromium alloy is deposited to a depth of
      0.002 to 0.003 inches. An extremely hard condition is achieved with a
      40-60 R.sub.c hardness. Grit blasting is preferably employed as a
      preliminary step for cleaning and to provide a slightly porous pattern for
      good bonding. The resulting plate 12 has a porosity suitable for the
      impregnation thereof by a fluorocarbon polymer.
PAR  Further and in accordance with the invention, a fluorocarbon polymer 14 is
      deposited over the plasma frame spray plate 12 and the fluorocarbon may be
      from the group comprising tetrafluoroethylene, hexafluoropropylene,
      monochlorotrifluoroethylene, and tetrafluoroethylene-hexafluoropropylene.
      Preferably a Teflon (tetrafluoroethylene) is employed and is sprayed over
      the plate with a prime coat 1 1/2 mills. gross per square foot. A top coat
      10 1/2 mills. per square foot is thereafter applied and a heating step for
      fusion of the fluorocarbon polymer is carried out resulting in a
      considerable reduction in the thickness of the polymer and in impregnation
      of the underlying plasma flame spray plate.
PAR  In an illustrative embodiment of the invention the entire roll is
      oven-heated with an oven preheat to approximately 300.degree.F. The roll
      is allowed to remain in the oven for approximately 20 minutes and is
      thereafter staged to approximately 500.degree.F. Subsequently, the roll is
      heated to the 700.degree.-750.degree. range and, more particularly, to a
      725.degree.-735.degree.F. range. The roll is held in the oven for
      approximately 20 minutes and is thereafter removed with the Teflon in a
      thin substantially uniform film thereon and impregnating the underlying
      plate.
PAR  An optional intermediate step in the presently preferred method may involve
      a light grit blasting of the metallic roll subsequent to plating and prior
      to the application of the Teflon. Excess oxide is thus removed from the
      roll but the roll is thereafter placed in the oven for a light uniform
      oxidation for better bonding of the Teflon.
PAR  In use, the composite metallic rolls or other members tend to gradually
      expose or release Teflon over a predetermined life whereby to provide
      excellent release properties. Desirably high abrasion resistance and
      hardness levels are achieved and the rolls are well adapted to continuous
      operation in the temperature ranges mentioned above i.e.,
      400.degree.-500.degree.F.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composite metallic roll or the like comprising a body member, a porous
      plate to a depth of 0.002 to 0.003 of an inch and comprising stainless
      steel, nickel, nickel chromium, molybdenum, a carbide, or a ceramic flame
      sprayed over the body member, and a continuous film of a fluorocarbon
      polymer impregnated into said porous plate for a gradual exposure over a
      predetermined life, said fluorocarbon polymer comprising
      tetrafluoroethylene, hexafluoropropylene, monochlorotrifluoroethylene, or
      tetrafluoroethylene-hexafluoropropylene.
NUM  2.
PAR  2. A composite metallic roll or the like as set forth in claim 1 wherein
      said flame spray plate takes the form of a wire flame spray plate.
NUM  3.
PAR  3. A composite metallic roll or the like as set forth in claim 1 wherein
      said flame spray plate takes the form of a plasma flame spray plate.
NUM  4.
PAR  4. A composite metallic roll or the like as set forth in claim 3 wherein
      said plasma flame spray plate takes the form of a nickel chromium alloy.
NUM  5.
PAR  5. A composite metallic roll or the like as set forth in claim 4 wherein
      said fluorocarbon polymer takes the form of tetrafluoroethylene.
NUM  6.
PAR  6. A method of making a composite metallic roll or the like comprising the
      steps of providing a body member, applying a porous plating to a depth of
      0.002 to 0.003 inches to said body in a flame spraying process, said
      plating comprising stainless steel, nickel, nickel chromium, molybdenum, a
      carbide, or a ceramic, and applying a thin uniform deposit of a
      fluorocarbon polymer comprising tetrafluoroethylene, hexafluoropropylene,
      monochlorotrifluoroethylene, or tetrafluoroethylene-hexafluoropropylene,
      and heating said deposit to a level above the fusion temperature of the
      fluorocarbon polymer whereby to provide an impregnant film for gradual
      exposure over a predetermined life.
NUM  7.
PAR  7. A method of making a composite metallic roll or the like as set forth in
      claim 6 wherein said flame spraying process is of the wire type.
NUM  8.
PAR  8. A method of making a composite metallic roll or the like as set forth in
      claim 6 wherein said flame spraying process is of the plasma type.
NUM  9.
PAR  9. A method of making a composite metallic roll or the like as set forth in
      claim 8 wherein said plasma flame spraying process employs a nickel
      chromium alloy.
NUM  10.
PAR  10. A method of making a composite metallic roll or the like as set forth
      in claim 6 wherein said fluorocarbon polymer takes the form of
      tetrafluoroethylene.
NUM  11.
PAR  11. A method of making a composite metallic roll or the like as set forth
      in claim 10 wherein said step of heating takes the form of oven heating a
      metallic roll or other member to a temperature in the range of 700.degree.
      to 750.degree.F. for a time period in the range 15 to 25 minutes.
NUM  12.
PAR  12. A method of making a composite metallic roll or the like as set forth
      in claim 11 wherein said temperature falls in the range 725.degree. to
      735.degree. and said time period is approximately 20 minutes.
PATN
WKU  039422313
SRC  5
APN  4113160
APT  1
ART  343
APD  19731031
TTL  Contour formed metal matrix blade plies
ISD  19760309
NCL  4
ECL  1
EXP  Powell, Jr.; Everette A.
NDR  2
NFG  8
INVT
NAM  Whitaker; Richard A.
CTY  Willoughby
STA  OH
ASSG
NAM  TRW Inc.
CTY  Cleveland
STA  OH
COD  02
CLAS
OCL   291568B
XCL  416230
XCL  228193
EDF  2
ICL  F01D  514
ICL  B23P 1504
FSC  416
FSS  229;230;241 A
FSC   29
FSS  156.8 R;156.8 B;156.8 P
FSC  228
FSS  193
UREF
PNO  2618462
ISD  19521100
NAM  Kane
OCL  416229A
UREF
PNO  2853271
ISD  19580900
NAM  Findley
OCL  416229A
UREF
PNO  3588980
ISD  19710600
NAM  Cogan
OCL   29156.8B
UREF
PNO  3600103
ISD  19710800
NAM  Gray et al
XCL  416241A
UREF
PNO  3649425
ISD  19720300
NAM  Alexander
UCL  416241A
UREF
PNO  3701190
ISD  19721000
NAM  Stone
OCL   29156.8
UREF
PNO  3711936
ISD  19730100
NAM  Athey et al.
UCL  416241A
UREF
PNO  3731360
ISD  19730500
NAM  Stone
OCL   29156.8B
UREF
PNO  3749518
ISD  19730700
NAM  Alver et al.
OCL  416230
UREF
PNO  3762835
ISD  19731000
NAM  Carlson et al.
OCL  416224
FREF
PNO  1,041,251
ISD  19531000
CNT  FR
OCL  416223
LREP
FRM  Hill, Gross, Simpson, Van Santen, Steadman, Chiara & Simpson
ABST
PAL  This invention deals with composite articles of predetermined contour and
      with methods for their manufacture. The basic method involves providing a
      plurality of plies of a consolidated monotape, with each of the plies
      being precontoured in terms of size and degree of twist such that upon
      stacking the plies together, the plies provide a composite article of
      predetermined contour. The plies are stacked in predetermined relationship
      and then diffusion bonded together under heat and pressure to provide a
      complex shape such as a turbine engine blade to within close tolerances.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of composite articles formed by bonding
      together piles of a consolidated monotape which have been pre-shaped to
      the extent that the bonding process does not cause significant distortion
      due to movement of the filaments within the monotape.
PAR  2. Description of the Prior Art
PAR  There has been increasing emphasis in recent times on the use of metal
      matrix composite articles for high temperature service, such as for use in
      turbine engine blades. Metal matrix composite blades are complex
      assemblies which may be made up of any one of a number of high
      strength-high modulus reinforcing filaments, a suitable matrix material in
      various forms, together with dovetail root blocks, root splaying wedges or
      shims and leading edge inserts. In the manufacture of such blades, the
      aerodynamic shape or volume of the blade must be precisely filled with
      these pieces without mislocation of or breaks in the reinforcing
      filaments, and without voids, cracks or inclusions in the matrix material.
PAR  As an example of the prior are in this area, there is the Gray U.S. Pat.
      No. 3,600,103 which issued on Aug. 17, 1971. This patent describes a
      compressor or fan blade made up of layers of high modulus fibers extending
      in parallel relation, the fibers being secured to an aluminum alloy sheet
      by means of a coating of an aluminum alloy. Sheet plies of this material
      are then stacked together in essentially flat relationship and bonded
      under high temperature and pressure to compact the plies and to cause the
      aluminum alloy to flow to fill the voids.
PAR  Kreider U.S. Pat. No. 3,699,623 which issued on Oct. 24, 1972 describes a
      method for protecting fiber reinforced aluminum matrix composite
      components which involves sheathing the composite with a protective skin
      of titanium or titanium alloy.
PAR  Stone U.S. Pat. No. 3,731,360 which issued on May 8, 1973 deals with a
      method of bonding a composite blade with an integrally attached root,
      wherein the composite fibers are compacted and the root blocks are bonded
      to one end of the layers of fibers in a single pressing and bonding
      operation.
PAR  In fabrication procedures where the blade preform is constructed flat or on
      a contour block using essentially flat plies, there will be lateral and
      axial flow of material as it is redistributed to fill the volume. Results
      achieved by such an approach are unpredictable and not necessarily
      reproducible. With the pieces involved having to move about to conform to
      the fixed volume of the tool, hard and soft spots can result which can
      cause undesirable filament breaks and/or voids.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention makes use of consolidated monotapes in the
      manufacture of composite structures such as turbine engine blades. Each of
      said monotapes is a single sheet made up of collimated filaments
      surrounded by enough fully dense matrix metal to provide a lamella of the
      desired filament volume fraction. The use of this form of material in a
      laminated preform which is diffusion bonded to provide the finished
      article results in little or no debulk or flowing of the matrix during
      bonding. Each separate layer of the monotape is preshaped to a very close
      approximation of the final position it will assume during diffusion
      bonding in the final article. By this careful sizing and shaping of all
      the layers, both unidirectional and off-axis that go to make up the blade
      cross-section, all of the layers and inserts can be inspected, cleaned and
      preassembled into an accurate preform. When the blade preform is
      introduced into an accurate die cavity, under vacuum conditions, and the
      proper temperature-pressure relationships are established for diffusion
      bonding, and accurate, reproducible, sound structure results.
PAR  Numerous other features are involved in producing the high strength, high
      modulus laminates of the present invention. For example, some of the plies
      may have their high modulus filaments parallel to the major dimension of
      the ply in which they are included, and others of the plies may have their
      filaments at acute angles to the major dimension of that particular ply.
      Instead of using a large number of segmented plies, the preferred form of
      the present invention makes use of plies whose lateral edges define, in
      combination, surfaces of the finished article.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
PAR  FIG. 1 is a view in elevation of a finished turbine engine blade produced
      according to the present invention;
PAR  FIG. 2 is a plan view taken along the line II--II of FIG. 1 of the finished
      blade;
PAR  FIG. 3 is a greatly enlarged view in perspective, partially broken away,
      illustrating the structure of the consolidated monotape which forms the
      basic building unit of the present invention;
PAR  FIG. 4 is an exploded view of a typical assembly of monotape plies in
      combination with root blocks, wedge inserts, and shims making up a
      composite turbine engine blade;
PAR  FIG. 5 is a view of a pack of ply preforms, representing half the blade,
      prior to diffusion bonding;
PAR  FIG. 6 is a view similar to FIG. 5 of the mating ply preform pack;
PAR  FIG. 7 is an exploded schematic view illustrating the manner in which a
      plurality of ply packs are combined prior to diffusion bonding; and
PAR  FIG. 8 is an exploded view of the ply packs and the root wedge as they are
      inserted into the diffusion bonding die.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The composite articles of the present invention can be made from a variety
      of intermediate material forms, reinforcements and matrices. The
      reinforcing filaments can be materials such as boron, silicon carbide
      coated boron, silicon carbide, boron nitride, coated boron, various forms
      of graphite and the like. Suitable matrices include materials such as
      aluminum alloys, titanium alloys, nickel alloys and the like.
PAR  The overall process for producing composite materials according to the
      present invention, when applied to turbine engine blades, includes the
      steps of first analyzing blade section charts by means of computer
      computation and descriptive geometry, thereby dividing the blade into a
      desired number of laminations taking account of any metallic inserts which
      are required in the root and the leading edge of the blade. After this
      analysis, a series of forming tools is generated by lifting plaster
      masters off the finish part master and at intermediate layers throughout
      the entire blade thickness by appropriate buildup of sheet material
      representing finished ply thicknesses in the finished part. Using these
      forming tools, appropriately mounted and heated, contoured ply blanks are
      produced singly or in stacks of multiple plies. With these ply blanks
      backed up by a suitable contoured tool, accurate ply shapes are cut,
      including stacking register marks such as lines, holes or notches and ply
      identification. The individual plies are then inspected by suitable
      nondestructive inspection and cleaned. The plies are then stacked,
      together with cover sheets and root inserts and fastened into an accurate,
      fully debulked blade preform. This blade preform is then introduced into
      the die for final diffusion bonding at high temperatures and pressures.
PAR  Referring now to the drawings, in FIG. 1 reference numeral 10 has been
      applied generally to a turbine engine blade including an airfoil portion
      11, a typical pair of root blocks 12 and 13, and one or more wedges 14
      there between. The extremely complex nature of the airfoil portion 11 is
      best evidenced from the plan view of FIG. 2.
PAR  The starting material for making the blades of the present invention is
      illustrated in magnified form in FIG. 3. As there illustrated, the
      monotapes employed herein include a plurality of collimated high modulus
      fibers 15 completely embedded in a consolidated matrix 16 of a suitable
      metal such as aluminum. It should be noted that the matrix metal 16
      completely surrounds the filaments 15 and presents planar surfaces 16a and
      16b on opposite faces thereof.
PAR  FIG. 4 is an exploded view of a typical arrangement of plies formed from
      the monotapes and combined with the root blocks 12 and 13 and the wedge
      14. The shape and twist of the individual plies are determined by computer
      computation and descriptive geometry from blade section charts which
      divide the blade into the desired laminations.
PAR  The array of plies shown in FIG. 4 can be divided into two sections,
      separated by the wedge 14. The first section contains an outer filler ply
      17 composed entirely of an aluminum alloy. Next to ply 17 is a ply 18
      composed of the suitably shaped monotape. For structural purposes, the
      filaments in the ply 18 may be disposed at an angle of about 45.degree. in
      one direction with respect to the longitudinal axis of the ply 18. Next to
      ply 18 is a second ply 19 composed of a suitably shaped monotape, with the
      filaments in the ply 19 running 45.degree. to the longitudinal axis of the
      ply 19, but in the direction opposite to the filament orientation in ply
      18, i.e., the filaments of ply 19 are at an angle of 90.degree. to the
      filaments in ply 18.
PAR  Another monotape ply 20 having its filaments oriented in the same direction
      as the filaments of the ply 18 is next in the series. A monotape ply 21
      has its filaments oriented in the same direction as ply 19.
PAR  The next succeeding plies 22, 23, 24, 25, 26, 27 and 28 are all monotape
      plies with the direction of filament orientation being in line with the
      longitudinal axis of the ply. The final ply in this group is an aluminum
      alloy ply 29.
PAR  On the other side of the root wedge 14 there is a ply 30 composed of
      aluminum alloy. A series of plies 31, 32, 33, 34, 35, 36 and 37 are all
      composed of monolayer tape in which the filament orientation is in line
      with the longitudinal axis of the ply.
PAR  A ply 38 has its filaments oriented at 45.degree. to the vertical axis.
      Similarly, a ply 39 has its filaments oriented at 90.degree. to the
      filament orientation in ply 38. A pair of monotape plies 40 and 41 follow
      with their filament orientations at 45.degree. to the longitudinal axis of
      the respective plies but in opposite directions. Finally, a filler ply 42
      of aluminum alloy forms the outer surface of this stack of plies.
PAR  The two stacks of plies are assembled as illustrated rather schematically
      in FIG. 7 to form preforms such as illustrated at reference numerals 43
      and 44 in FIGS. 5 and 6, respectively. These two preforms are then
      assembled together with the root blocks 12 and 13 and the root wedge 14
      and subjected to high temperature and pressure conditions sufficient to
      cause diffusion bonding.
PAR  By contour forming, the individual metal matrix composite blade plies prior
      to assembling them into a preform, it is possible to insure accurate,
      reproducible and sound blades after diffusion bonding. The plies which are
      pre-contoured in this manner are placed into the very shape they will
      assume in the finished diffusion bonded part. Because of this, there is no
      mislocation or breakage of filaments due to shifting during bonding, and
      voids, cracks, and inclusions in the matrix are minimized.
PAR  The above-described method of pre-contouring of plies applies to all
      combinations of matrix materials and reinforcements. The manner of
      assembling the blades used in the present invention makes it possible to
      nondestructively test the preforms by X-ray or other means before
      committing an expensive blade assembly to final diffusion bonding.
PAR  It should be evident that various modifications can be made to the
      described embodiments without departing from the scope of the present
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. The method of forming a turbine blade having predetermined contour and
      axial twist comprises providing a plurality of plies of consolidated
      monotape, each of said plies being made up of collimated filaments
      surrounded by enough dense matrix metal to provide a lamella of the
      desired filament volume fraction, pre-sizing and shaping each of said
      plies both unidirectionally and off-axis to the very shape and final
      position it will assume during fusion bonding in the final blade, stacking
      said pre-sized and shaped tapes together with cover sheets and root
      inserts into an accurate fully debulked blade preform with the lateral
      edges of the plies defining the surfaces of the blade, and diffusion
      bonding said plies together under heat and pressure to form the finished
      blade, thereby avoiding dislocation or breakage of filaments due to
      shifting during bonding and minimizing voids, cracks and inclusions in the
      matrix.
NUM  2.
PAR  2. The method of claim 1 in which some of the ply are stacked with high
      modulus filaments parallel to the major dimensions of the ply in which
      they are included, and others of said plies are stacked with their
      filaments at acute angles to the major dimension of the ply in which they
      are included.
NUM  3.
PAR  3. The method of claim 1 in which said monotape plies each comprise
      parallel filaments of boron completely enveloped in a matrix of aluminum.
NUM  4.
PAR  4. The method of claim 1 in which the blade is stacked with outer plies and
      a center ply composed of metallic aluminum foil.
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ABST
PAL  A vent structure for reliable long term operation at high temperatures is
      fabricated by annealing a tubing of predetermined length and size, placing
      a predetermined number of strands of stabilized zirconium oxide yarn of
      predetermined diameter longitudinally into one end of the tubing a
      predetermined distance therein, flattening and coiling and pressing the
      end portion of the tubing containing the yarn at predetermined pressures,
      annealing the formed tubing, and installing a particulate filter in the
      undeformed (normally lower) portion of the tubing. For use in venting
      helium generating reactor control pins located under hot molten sodium, a
      vent assembly including the vent structure and providing an air lock
      between the outer molten sodium and the vent is affixed to the upper end
      of each control pin.
PAR  This is a division of application Ser. No. 376,527, filed July 5, 1973, now
      U.S. Pat. No. 3,803,816.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My present invention pertains generally to venting devices. More
      particularly, the invention relates to a very effective and practical vent
      structure for use in the control pins of a liquid metal fast breeder
      reactor (LMFBR), for example, and to a novel method of fabricating the
      vent structure.
PAR  As is well known, helium (He) is generated in the LMFBR control pins as the
      result of a neutron, alpha (n, .alpha.) reaction on boron (B). This helium
      is generated in each pin up to the rate of 3 cc/hr or 72 cc/day volume at
      standard temperature and pressure (STP). If all of this generated gas is
      released from the boron carbide (B.sub.6 C) matrix of a control pin, the
      resulting 26 liters per year poses a serious containment and pressure
      problem using closed control pins, especially since sudden onsets of
      extreme pressure could develop during the reactor power cycles.
      Conversely, the use of open control pins allows the boron carbide to come
      into direct contact with the high temperature sodium (Na) liquid metal
      coolant with the resulting attack thereon and likelihood of boron
      contamination of the coolant.
PAR  A suitable vent structure for use with a reactor control pin is shown,
      described and claimed by the inventor in his copending United States
      patent application Ser. No. 296,680 filed on Oct. 11, 1972, now U.S. Pat.
      No. 3,876,403 for Vent Assembly. While such disclosed vent structure is
      entirely satisfactory, an improved vent structure providing a more precise
      flow pattern therethrough, and which structure can be more easily
      fabricated to produce an accurate predetermined flow, is desirable and
      useful in certain applications.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, and in general terms, my invention is preferably accomplished by
      providing a vent structure, including a ductile and relatively thin wall
      tubing having an undeformed normally lower portion and a flattened and
      folded (doubly coiled and pressed) normally upper portion, in a molten
      sodium coolant reactor gas generating control pin, for example, to release
      its generated gas normally at a relatively low flow rate such that the
      control pin (gas container) is maintained in a slightly pressurized state
      to prevent backflow of molten sodium or vapor and consequential
      contamination thereof. The formed (flattened and folded) upper portion of
      the vent structure preferably includes a thin layer of stabilized
      zirconium oxide yarn between the flattened opposing faces inside the
      tubing, to provide a controlled gas flow therethrough and prevent the vent
      from sintering together due to grain growth across the faces occurring at
      high temperatures and long term operation. The vent structure preferably
      further includes a particulate filter in the undeformed lower portion of
      the vent tubing.
PAR  The method of fabricating the vent structure includes the steps, among
      others, of annealing a metal tubing of predetermined length and size at a
      predetermined temperature for a predetermined period, placing a
      predetermined number of strands (of predetermined diameter) of suitably
      stabilized zirconium oxide (i.e., zirconium dioxide ZrO.sub.2) yarn
      longitudinally into one end of the tubing a predetermined distance
      therein, flattening the end portion of the tubing containing the yarn and
      then coiling and pressing such end portion at predetermined pressures, and
      again annealing the tubing at a predetermined temperature for a
      predetermined period. Finally, a porous metal particulate filter can be
      press-fitted into the undeformed (normally lower) portion of the tubing.
      The resultant vent structure is structurally stable and can operate
      reliably in a high temperature environment over a long term, and gas flow
      thereof is substantially a linear function of the applied gas pressure
      differential up to the point where the elastic limit of the metal tubing
      is reached.
PAR  For use in venting helium generating reactor control pins located under a
      corrosive and reactive liquid environment such as molten sodium, a vent
      assembly including the vent structure and providing an air lock between
      the outer molten sodium and vent structure is attached to each pin to
      ensure that liquid sodium does not directly contact the vent. The vent
      assembly includes an adapter plug mounting the lower end of the vent
      structure, cover structure attached to the plug and forming an air lock
      chamber housing the part of the vent structure above the plug, and a
      baffle made of porous metal provided in the chamber space between the
      upper portion of the vent structure and a number of small bleed holes in
      the cover structure. The adapter plug is shaped to be suitably attached to
      the upper end of a control pin, and the baffle allows free passage of gas
      while preventing the passage of particulate matter and impeding the
      passage of molten sodium. The possibility of sodium backflow is virtually
      eliminated by use of the air lock and the anti-splash porous metal baffle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  My invention will be more fully understood, and other advantages and
      features thereof will become apparent, from the following description of
      an exemplary embodiment and fabrication method of the invention. The
      description is to be taken in conjunction with the accompanying drawings,
      in which:
PAR  FIG. 1 is an elevational view, shown in section, of a vent assembly which
      is to be affixed to the normally upper end of a reactor control pin;
PAR  FIG. 2 is a fragmentary elevational view, shown in section and enlarged, of
      a vent structure constructed according to this invention; and
PAR  FIGS. 3A, 3B, 3C, 3D and 3E illustrate certain main steps in a method of
      fabricating the vent structure.
DETD
PAC  DESCRIPTION OF THE PRESENT EMBODIMENT AND METHOD
PAR  In the following description and accompanying drawings of an illustrative
      embodiment and fabrication method of my invention, some specific
      dimensions and types of materials are disclosed. It is to be understood,
      of course, that such dimensions and types of materials are given as
      examples only and are not intended to limit the scope of this invention in
      any manner.
PAR  FIG. 1 is an elevational view, shown in section, of the upper vent assembly
      10 of a control pin 12 which is used, for example, in a liquid metal
      (sodium) cooled fast breeder nuclear reactor (not shown). The control pin
      12 and its upper vent assembly 10 are normally fully immersed deeply in
      (under approximately 8 feet of) the molten sodium reactor coolant
      operating at temperatures of about 900.degree. to 1100.degree.F. Each
      control pin 12 contains a series of boron carbide pellets (not shown) and
      is a source of generated helium. The vent assembly 10 is, of course,
      hermetically attached to the upper end of the control pin 12 and generally
      includes a vent adapter plug 14, baffle 16, air lock tube 18, air lock cap
      20, and vent structure 22.
PAR  The vent plug 14, air lock tube 18, and air lock cap 20 are preferably made
      of a material similar to that of the control pin 12 structural material
      such as Type 316 stainless steel, which is compatible with a hot sodium
      (liquid and vapor) environment. Baffle 16 is made of a porous metal which
      is resistant to attack by hot sodium. A felt or foam metal can be used
      and, in the exemplary vent assembly 10, a Type F-315 nickel felt metal
      produced by Huyck Metals Corporation was used. This material is about 20%
      dense and allows free passage of gas while preventing the passage of
      particulate matter and impeding any passage of molten sodium.
PAR  The air lock tube 18 has, for example, four vent or bleed holes 24 which
      can be 0.0135 inch in diameter equiangularly spaced 90.degree. about the
      air lock tube at a predetermined distance above the lower end thereof. The
      vent plug 14 has an axially drilled central hole 26 and the baffle 16 also
      has an axially punched central hole 28. The punched baffle 16 is packed on
      the vent structure 22 against the upper surface 30 of vent plug 14 which
      is joined at its lower end 32 to the lower end of the vent structure by a
      standing lip electron-beam weld for maximum cleanliness and minimal
      disturbance of the surrounding metal.
PAR  When the lower end of the air lock tub 18 is welded to flange 34 of the
      vent plug 14, the vent holes 24 are located slightly above the upper
      surface 30 of the vent plug and directly adjacent to the lower side
      surface of the baffle 16. Welding of the air lock cap 20 to the upper end
      of the air lock tube 18 forms an air lock chamber 36 containing cover gas
      which provides an "air lock" effect over the vent structure 22 such that
      liquid sodium does not directly or normally contact the upper vent end 38.
      The possibility of sodium backflow is virtually eliminated by use of the
      air lock chamber 36 and the anti-splash porous metal baffle 16 in the vent
      assembly 10 of control pin 12.
PAR  The air lock chamber 36 is a plenum chamber which is made large enough to
      provide a sufficient reservoir of gas that prevents liquid sodium which
      might enter the lower bleed holes 24 and into the baffle 16, as in the
      event of any sudden fluctuation (loss) in gas pressure due to a temporary
      reactor temperature change (drop), from ever reaching the vent opening in
      the upper portion 44 of the vent structure 22. Of course, the sodium is
      subsequently forced out of the chamber 36 following the temperature change
      as the gas pressure therein builds up to equalize with the environmental
      (8 feet of liquid sodium) pressure.
PAR  The bleed holes 24 are made adequately small so that they will not admit
      the surge of liquid sodium into the air lock chamber 36, which surge can
      occur when the control pin 12 is first immersed in the sodium. On the
      other hand, the bleed holes 24 are made adequately large mainly for
      convenience of drilling very small holes in stainless steel with the
      presently available drills and methods. In any event, the combined size of
      the bleed holes 24 must be about equal or (and are vastly) larger than the
      effective size of the vent discharge opening in the upper portion 44 of
      the vent structure 22, and allows gas to escape from the chamber 36 at
      about the rate that it is being released from the vent structure.
PAR  The vent assembly 10 has general overall dimensions of length A, diameter
      B, and an approximate gas space length C (connected through vent holes 24
      to the exterior). Illustrative values for these dimensions are A of 1.80
      inches, B of 0.435 inch (maximum), and C of 0.95 inch, for example. This
      vent assembly 10 is, of course, to be welded to the upper end of the
      stainless steel tube (control pin 12) having a 0.395 inch inside diameter
      which accommodates the lower portion of vent plug 14. Other dimensions of
      the vent assembly 10 can be proportionately estimated adequately from the
      elevational view of FIG. 1 and, while approximate, will suffice for most
      purposes. The vent has a gas flow rate sufficient to maintain pressure in
      the air lock chamber 36 and in control pin 12 to prevent backflow of
      sodium and any possibly contaminating outside cover gas, respectively.
PAR  FIG. 2 is a fragmentary elevational view, shown somewhat enlarged in
      section, of the vent structure 22. The vent structure 22 includes a thin
      wall tubing 40 having an undeformed lower portion 42, and a flattened and
      folded (coiled or rolled and pressed) upper portion 44. The flattened
      upper portion 44 is preferably folded at least twice, as shown. A
      particulate filter 46 is provided in the lower portion 42 of the tubing
      40, and a layer 48 of stabilized zirconium oxide yarn is provided between
      the pressed opposing surfaces inside the upper portion 44. The tubing 40
      can be made of any material sufficiently ductile to survive the
      flattening, coiling and pressing operations without cracking, and there
      are appropriate materials readily available for operation or use under a
      very wide range of environmental and temperature conditions.
PAR  In the interests of compatibility and uniformity, the tubing 40 can be made
      of the same material as the control pin 12 structural material. Thus, the
      tubing 40 can be made of Type 316 stainless steel having an inside
      diameter D and an outside diameter E as indicated in FIG. 2. Likewise, the
      particulate filter 46 can be made of Type F-315 nickel felt metal similar
      to that of baffle 16 (FIG. 1) and having a length F. The cylindrically
      shaped filter 46 can be installed in the lower portion 42 by press-fitting
      it into the tubing 40 to a position approximately as illustrated.
      Exemplary dimensions for the inside diameter D, outside diameter E, and
      length F are respectively 0.093, 0.125, and 0.250 inch, for example.
PAR  The formed upper portion 44 of the exemplary vent structure 22 has a length
      G and a thickness H as indicated in FIG. 2. The layer 48 can consist
      essentially of, for example, compacted 0.015 inch diameter strands of 8%
      yttrium oxide (Y.sub.2 O.sub.3) stabilized zirconium oxide (ZrO.sub.2)
      ceramic yarn. This strand size facilitates installation in a relatively
      wide range of sizes of the tubing 40 and is not a critical dimension. It
      can be made larger or smaller according to the particular tubing 40 size
      range involved. The strand size is, for example, preferably smaller with a
      smaller tubing 40 so that the strands can be easily and uniformly
      installed therein. This will result in a continuous, even and homogeneous
      layer 48 of compacted ceramic yarn after pressing. Thus, the use of
      ceramic yarn strands provides ease of fabrication, and a more reproducible
      vent structure 22 is accurately and consistently obtained. The yttrium
      oxide or yttria stabilizer serves to prevent brittleness of the zirconium
      oxide or zirconia yarn in an oxidizing atmosphere.
PAR  Illustrative dimensions for the length G and thickness H are respectively
      about 0.350 and 0.092 inch, for example. The thickness of the layer 48 can
      be approximately 0.003 inch, when pressed, although the layer thickness in
      the exemplary vent structure 22 can be generally between 0.002 and 0.005
      inch for satisfactory operation. Exact pressing parameters and anneal
      conditions are functions of the particular size and wall thickness of the
      tubing 40 used and the desired gas flow rate. A layer 48 thickness less
      than approximately 0.002 inch may not prevent eventual grain growth across
      the proximate faces of a pressed tube at high temperatures. Thus, in
      regular long term and high temperature operation, it is possible for the
      formed upper portion 44 of the vent structure to sinter together with too
      thin a layer 48. Note that the formed vent structure 22, with or without
      the layer 48 of stabilized zirconium oxide yarn, can be used independently
      as a gas flow metering device in various applications following suitable
      flow calibration thereof.
PAR  It may be noted that a substantially linear relationship exists in the
      response in helium flow rate of the vent structure 22 to change in helium
      pressure, and helium flow rate drops linearly as the driving pressure
      decreases. Flow rate is, of course, lower at the higher temperatures since
      there are less gas molecules in a fixed volume at such temperatures with
      the maintained pressure differential. With the helium generation rate per
      control pin 12 (FIG. 1) at approximately 3 cc/hr, for example, the vent
      structure 22 provides an average helium diffusion rate of about 0.6 cc/hr
      at one atmosphere pressure differential after 60 thermal cycles. This
      allows a helium pressure of approximately 4 atmospheres inside the control
      pin 12 to provide a two-fold advantage. First, pressurized helium has a
      higher thermal conductivity to dissipate radiation heating in the control
      pin and, second, the pressure minimizes any possibility of back diffusion
      of either sodium vapor or cover gas into the control pin. The positive
      helium pressure maintained in the control pin 12 by the vent structure 22
      can drop by a factor of about 2 without compromising the sodium seal
      provided.
PAR  FIGS. 3A through 3E illustrate certain main steps in the method of
      fabricating the vent structure 22. In FIG. 3A, following ultrasonic
      inspection of a Type 316 stainless steel tubing 40 of 0.125 O.D. and 0.016
      inch wall, the tubing is cut to a predetermined length and vacuum annealed
      15 minutes at 1900.degree.F, for example. Austenitic stainless steel is
      virtually unaffected by pure hot sodium at temperatures below
      1000.degree.F. In the region between 1000.degree. and 1500.degree.F,
      however, there is evidence of some measurable attack, particularly at the
      grain boundaries. Based on this constraint, the vent tubing 40 wall
      thickness was selected to be 0.016 inch to provide a safety factor of at
      least 3 over the deepest sodium penetration observed at 1500.degree.F. The
      annealed tubing 40 is then uniformly filled loosely with, for example, 8
      strands S of stabilized zirconium oxide yarn y. Each strand is 0.015 inch
      in diameter, in this instance. It is not critical that the tubing 40 be
      very uniformly filled. The yarn y can be Zircar type ceramic yarn produced
      by Union Carbide, for example. Each strand of Zircar type yarn consists of
      two plies and each ply contains 720 continuous fibers of stabilized
      zirconium oxide.
PAR  A predetermined length of the filled tubing 40 is next flattened in, for
      example, a Carver hydraulic press at a predetermined flattening pressure.
      The 8 strands S of yarn y press into the lower 48 approximately 0.003 inch
      thick containing 11,520 substantially parallel passages. The flattened
      tubing 40 is illustrated in FIG. 3B. The excess yarn is trimmed off and
      the flattened portion of tubing 40 is then formed by rolling it into a
      two-bend spiral as shown in FIG. 3C, and a final pressing operation is
      performed thereon at a predetermined pressing pressure. This produces the
      configuration illustrated in FIGS. 3D and 3E and which creates a flat
      tortuous path for the escaping gas. Of course, instead of a two-bend
      spiral, a two-bend Z configuration can be formed for final pressing.
PAR  The compacted ceramic yarn throughout the vent wall interface eliminate the
      operational sintering tendency due to grain growth across the faces of the
      flattened tubing 40 at high temperatures. The formed tubing 40 is then
      preferably vacuum annealed 15 minutes at 1900.degree.F again. A
      particulate filter 46 is finally press-fitted into the formed tubing 40 as
      indicated in FIG. 3E to complete the vent structure 22. The formed tubing
      40 is preferably annealed particularly where the vent structure 22 is used
      in high temperature (600.degree.C or 1112.degree.F) operation because flow
      rate doubles in the vent structure going from a stressed to annealed
      condition and operating at the high temperature of 600.degree.C, the vent
      will self-anneal over a period of approximately 3 weeks.
PAR  Although any ceramic yarn compatible with the operating environment can be
      used in the vent structure 22, the stabilized zirconium oxide yarn is
      compatible with any vent tubing material and is well suited for operation
      in the presence of hot sodium vapor. It is a very stable oxide and is
      resistant to attack by hot sodium and sodium vapor. As mentioned
      previously, however, exact pressing parameters (and annealing conditions)
      are a function of the particular size and wall thickness of the vent
      tubing used and the desired gas flow rate. In the flattening and pressing
      operations required on the particular vent tubing 40 of 0.125 inch O.D.
      and 0.016 inch wall, gas flow rate at 15 psi differential pressure is
      illustratively varied according to flattening and pressing pressures
      generally as indicated below.
TBL  ______________________________________                                    
     Flattening Pressure                                                       
                   Pressing Pressure                                           
                                  Flow Rate                                    
     (psi)         (psi)          (at 15 psi .DELTA. P)                        
     ______________________________________                                    
     1000           500            6  cc/hr                                    
     1000          1000           3  cc/hr                                     
     2000          2000           1  cc/hr                                     
     4000          4000           0.2 cc/hr                                    
     ______________________________________                                    
PAR  It was previously noted that a strand of Zircar type yarn consists of two
      plies wherein each ply contains 720 continuous fibers of stabilized
      zirconium oxide. In the tubing 40, 8 strands S of the ceramic yarn y were
      pressed into a layer 48 approximately 0.003 inch thick containing 11,520
      parallel passages. It is, therefore, evident that helium flow rate through
      the vent structure 22 is also dependent upon the size of the continuous
      yarn fibers. Generally, for similar flattening and pressing pressures, the
      use of larger fibers produce a higher flow rate and the use of smaller
      fibers produce a lower one. Thus, it is possible by correct choice of
      fiber size and pressing parameters to produce vents of widely differing
      gas flow characteristics. The pore diameter of the parallel passages is so
      small compared to the length of the continuous fibers and strand plies
      that such passages are effectively parallel even though the plies are
      twisted and possibly installed crookedly in the tubing 40. There is also
      some belief that after pressing, annealing and use of the vent structure
      22, the ceramic yarn fibers actually become essentially fused integrally
      together with only microscopic remanent passages left. In any event, a
      highly effective vent structure 22 is obtained to provide selective
      release of helium but not any contaminant vapors and the like.
PAR  By changes in ceramic yarn fiber sizes and pressing pressures and
      techniques, the vent structure 22 can be fabricated for any required flow
      down to, for example, 0.003 cc/hr helium at one atmosphere pressure
      differential. Also, flow through the vent structure 22 can increase
      greatly in case of a sudden increase in helium pressure within the control
      pin 12. Thus, the vent structure 22 effectively acts to relieve pressure
      transients in the control pin 12 to prevent any possible ruptures thereof
      and then returns by natural springback to normal operation if the elastic
      limit of the formed tubing 40 has not been exceeded. The illustrative vent
      structure 22 has been tested and found good to over 3500 psi, for example.
      While the doubly folded, formed tubing 40 does not actually unroll in
      order to relieve high increases in pressure, it tends to do so. This was
      substantiated in testing a vent structure 22 with increasing pressure
      until it burst at a very high pressure, when the formed tubing 40 did
      unroll to some extent.
PAR  The vent structure 22 is, for example, produced for operation in a hostile
      environment including high purity molten sodium at 600.degree.C and a
      radiation fluence level of 10.sup.20 to 10.sup.22 nvt (neutron
      density-velocity-time or neutrons/cm.sup.2) with an average neutron energy
      of 70.1 Mev (million electron volts). Because of the production of lithium
      as a result of the (neutron, alpha) reaction on boron carbide and the
      possibility of boron carbide disintegration under irradiation, the
      unpressed section (lower portion 42 in FIG. 2) of tubing 40 can include
      the particulate filter 46 which allows free passage of gas. To produce the
      particulate filter 46, nickel felt metal can be used. A filter disc or
      discs of appropriate size can be punched out from the nickel felt metal.
      Of course, a foamed instead of felt metal can be used and the metal can be
      stainless steel instead of nickel, for example, since such materials are
      resistant to attack by hot sodium and allow free passage of gas.
PAR  Baffle 16 can be fabricated from stainless steel foam metal. This baffle
      material can, of course, be nickel instead of stainless steel and felt
      instead of foam metal. Indeed, it is usually convenient and preferable
      that the baffle 16 and filter 46 be made of the same identical material.
      The foam metal is punched or otherwise shaped to size and configuration.
      In similar manner, the vent adapter plug 14, air lock tube 18 and air lock
      cap 20 can be shaped from a Type 316 stainless steel rod. The plug 14,
      tube 18 and cap 20 can be machined to size and shape from the stainless
      steel rod.
PAR  The particulate filter 46 is packed into the formed tubing 40 to complete
      vent structure 22 and the baffle 16 is packed onto the formed tubing. The
      adapter plug 14 is then installed on the vent structure 22 against the
      lower surface of the baffle 16 and is joined at its lower end 32 to the
      lower end of the vent structure by a standing lip electron-beam weld, for
      example. A helium leak check is next made of the electron-beam weld, and
      the air lock cap 20 is tungsten-inert-gas (TIG) or electron-beam welded to
      the air lock tube 18 with its vent holes 24 (FIG. 1). The air lock tube 18
      is finally TIG welded to flange 34 of the adapter plug 14 to complete the
      vent assembly 10.
PAR  While an exemplary embodiment and method of this invention have been
      described above and shown in the accompanying drawings, it is to be
      understod that such embodiment and method are merely illustrative of, and
      not restrictive on, the broad invention and that I do not desire to be
      limited in my invention to the specific constructions or arrangements or
      steps shown and described, for various obvious modifications may occur to
      persons having ordinary skill in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of fabricating a vent structure, which comprises the steps of:
PA1  installing a predetermined amount of yarn in a normally upper portion of a
      tubing of predetermined length and size;
PA1  flattening said upper tubing portion at a predetermined flattening
      pressure, said yarn being compressed between opposing faces of said
      flattened tubing portion;
PA1  coiling said flattened tubing portion against itself; and
PA1  pressing diametrically to flatten said coiled tubing portion at a
      predetermined pressing pressure whereby said vent structure is formed.
NUM  2.
PAR  2. The invention as defined in claim 1 further comprising the step of
      annealing said vent structure at a predetermined high temperature for a
      predetermined period to bring it from a stressed to annealed condition
      after pressing of said coiled tubing portion.
NUM  3.
PAR  3. The invention as defined in claim 1 further comprising the step of
      fitting a particulate filter in the normally lower portion of said tubing
      after pressing of said coiled tubing portion.
NUM  4.
PAR  4. The invention as defined in claim 1 wherein said flattened tubing
      portion is coiled into at least a generally two-bend spiral configuration
      prior to pressing the same.
NUM  5.
PAR  5. The invention as defined in claim 1 wherein said yarn includes a
      relatively large number of generally continuous fibers installed
      longitudinally in said upper tubing portion prior to flattening thereof.
NUM  6.
PAR  6. The invention as defined in claim 5 further comprising the step of
      initially forming strands from said fibers, a predetermined number of said
      strands being installed longitudinally in said upper tubing portion prior
      to flattening thereof.
NUM  7.
PAR  7. The invention as defined in claim 6 further comprising the step of
      trimming off excess lengths of said strands extending outside of said
      upper tubing portion after flattening and before coiling thereof.
NUM  8.
PAR  8. The invention as defined in claim 5 further comprising the step of
      annealing said vent structure at a predetermined high temperature for a
      predetermined period to bring it from a stressed to annealed condition
      after pressing of said coiled tubing portion.
NUM  9.
PAR  9. The invention as defined in claim 8 further comprising the step of
      press-fitting a particulate filter in the normally lower portion of said
      tubing after annealing of said vent structure.
NUM  10.
PAR  10. The invention as defined in claim 9 further comprising the step of
      initially forming strands from said fibers, a predetermined number of said
      strands being installed longitudinally in said upper tubing portion prior
      to flattening thereof.
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ABST
PAL  A pair of torque driven pneumatic tires serially feeds pre-assembled finger
      jointed boards, aligned end to end, along a path with sufficient force to
      overcome a drag force imparted to the boards at a point disposed in the
      longitudinal direction of travel. The drag force is produced by a
      retarding unit positioned downstream of the tires for engaging opposite
      surfaces of the boards passing therethrough with conforming bearing
      surfaces and producing uniform normal forces and friction thereupon. The
      boards along the path between the points of feed and drag are thus
      subjected to longitudinal compression facilitating complete
      interengagement in the finger joint.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to an apparatus for producing finger jointed
      lumber and, more particularly, to an apparatus for applying longitudinal
      compression to pairs of interlockable rigid wood elements aligned end to
      end to form a completed finger joint therebetween.
PAR  2. Description of the Prior Art
PAR  Apparatus for applying end pressure to pairs of boards having finger
      jointed, or aligned serrated ends, is in more or less common use for the
      production of finger jointed lumber. Generally, the surfaces of the finger
      joints are coated with glue or other adhesive and then mated together by
      hand. The finger jointed boards are then conveyed through apparatus which
      apply longitudinally compressive forces to the boards, sufficient to
      facilitate complete interengagement in the joint.
PAR  Heretofore finger jointing apparatus has generally comprised coacting pairs
      of drive and holdback units positioned for the engagement of preassembled
      finger jointed lumber by each. Such units have utilized torque driven
      rollers formed of solid resilient material and arranged in pairs to
      provide the drive and holdback functions. A differential in the speed of
      rotation between first and second pairs of rollers produced longitudinal
      compression in the lumber conveyed therebetween as the first set of drive
      rollers conveys the lumber at a speed greater than the second set of drive
      rollers will allow.
PAR  Drive and holdback units have also included combinations of rollers and
      pressure plates. In such arrangements, the rollers are mounted in the
      apparatus ingress portion to serially feed successive boards under a
      retractably mounted rigid bearing plate functioning much like a brake shoe
      to exert a retarding force to the boards. Such apparatus, though effective
      in assembling finger jointed boards, is limited in operation. Solid
      rollers have a single resiliency factor and often tend to crush small
      boards. Rigid drag plates cannot automatically adjust for variations in
      material thickness or material curvature. When drive and holdback rollers
      are used in combination the distance between the tangential engagement
      points may be determinitive of the minimum board length conveyed
      therethrough, generally longer than 8 inches. In such apparatus,
      variations in the shape of successively fed boards of minimum length often
      result in misalignment and joint failures. Thus, the lumber length,
      uniformity and shape become limitations in the operation of the above
      apparatus.
PAR  It is inherent in the woodworking industry to create boards of lengths less
      than 8 inches during cutting and trimming operations, as well as boards
      which vary in shape and thickness. Such lumber could otherwise form feed
      stock for conventional finger jointing mechanisms were the apparatus
      available which could handle their size and dimensional variations. With
      the growing shortage of lumber in the world, the need has been fostered
      for making use of such scrap material. This need, as well as the
      requirements of conservation and economy, has necessitated the creation of
      new and improved apparatus to form finger jointed lumber.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide a new and improved
      apparatus for producing finger jointed lumber out of material which is too
      short in length for conventional apparatus.
PAR  Another object of the present invention is to provide a new and improved
      apparatus for assembling finger jointed lumber from non-uniformly shaped
      boards.
PAR  It is a further object of the present invention to provide a new and
      improved apparatus for applying longitudinal compression to finger jointed
      boards.
PAR  It is yet a further object of the present invention to provide a new and
      improved apparatus for engaging finger jointed boards conveyed along a
      path and imparting a uniform normal pressure and frictional resistance
      thereto.
PAR  A new and improved apparatus for assembling finger jointed lumber in
      accordance with the principles of the present invention, includes a
      platform for receiving boards in end-to-end alignment for lengthwise
      travel thereon, first and second pneumatic tires rotatably mounted at an
      infeed portion of the platform and means for driving the tires to impart
      lengthwise movement serially to the material. A retarding means is
      positioned downstream of the tires for serially engaging the material and
      applying a uniform normal pressure and frictional resistance thereto and
      producing longitudinal compression therein.
PAR  Mated finger jointed boards are fed through the single pair of torque
      driven pneumatic tires which function as drive rollers to impart a driving
      force advancing the boards along a straight path. In place of a
      conventional second pair of retarding drive rollers, to resist the
      lengthwise movement of the boards, the retarding means comprises a pair of
      interacting drag heads disposed on opposite sides of the path of travel.
      Each drag head includes an expandable pressure vessel positioned to
      resiliently urge a flexible drag plate having a smooth bearing surface
      toward the other drag plate. This interaction produces the selected normal
      pressure and resultant drag force upon the boards retarding their
      movement. Such a device may be positioned at a point relatively close to
      and downstream of the tangential point of contact of the drive rollers.
      The flexibility of the drag plates ensures conformance of the bearing
      surface to variations in the material thickness and shape, and the
      position of the plates facilitates the handling of shorter lengths of
      finger jointed material.
PAR  The drive rollers are mounted at the ingress portion of the platform with
      the lower roller contact surface flush with the surface of the platform
      and the path of travel of the boards. The opposite surfaces of the boards
      are engaged by the rollers so as to rectilinearly transfer the boards from
      between the rollers to and across the surface of the platform. Because the
      rollers are air filled, their resiliency may be varied for imparting the
      desired normal force to the boards therebetween. For smaller, softer board
      material the tire pressure may be reduced to the minimum level necessary
      for positively gripping the material.
PAR  A guide may be pivotally mounted on the platform and positioned adjacent
      the infeed portion of the drive rollers for aligning and positioning the
      finger jointed material. The guide provides a reference surface for
      alignment across the joint and establishes the initial path of lengthwise
      travel. Pivotal mounting of the guide permits deflection thereof in
      response to lateral movement of the rearward end of a finger jointed piece
      of lumber imparted by the drive rollers when the forward end abuts a
      non-squared end of a board between the points of feed and drag. Movement
      of the guide, when the lumber end bears against it, alleviates the
      creation of a bending moment across the finger joint which could cause
      separation therein.
PAR  The present invention facilitates the assembly of the short pieces of
      lumber in various forms. The boards may be finger jointed on both ends and
      conveyed in contiguous end-to-end alignment to produce a desired finished
      length or finger jointed on one end only and mated in pairs to provide
      feed stock of adequate length for conventional apparatus. The invention
      accommodates varying shapes and dimensional configurations of finger joint
      material and is functional under a wide range of tolerances. Such boards
      which would otherwise be scrap material may thus be used to produce finger
      jointed lumber, facilitating maximum utilization of raw finger jointed
      material.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The objects and various features of the present invention will be
      understood from the following detailed description of a preferred
      embodiment thereof, when read in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a perspective view of an apparatus embodying the principles of
      the present invention showing finger jointed boards passing therethrough;
PAR  FIG. 2 is a side elevational view of the apparatus of FIG. 1, with parts
      broken away for purposes of illustration;
PAR  FIG. 3 is a fragmentary top plan view of the infeed portion of the
      apparatus of FIG. 1, illustrating the feeding of successive pairs of
      finger jointed boards;
PAR  FIG. 4 is the same view as FIG. 3 illustrating the pivoting of the guide
      member to facilitate lateral deflection of finger jointed lumber when
      non-squared ends abut; and
PAR  FIG. 5 is an enlarged vertical-sectional view of a retarding unit in the
      apparatus of FIG. 1, illustrating various details therein.
DETD
PAC  DETAILED DESCRIPTION
PAR  Attention is first directed to FIG. 1, wherein a finger jointing apparatus
      or crowder 10 for assembling finger jointed lumber includes a table or
      platform 11 for receiving finger jointed material, such as timbers or
      boards B, positioned thereon in end-to-end alignment for lengthwise
      travel. The platform 11 includes a horizontal surface 12 secured to and
      supported by an upright base 14. A drive unit 15 for imparting a driving
      force to advance successively fed boards B, comprises upper and lower
      pneumatic tires 16 and 17, respectively, rotatably mounted about
      horizontal axes upon the platform 11, in parallel axial alignment. A
      retarding unit 18 for resisting the conveyance of the boards B is mounted
      upon the platform 11, downstream of and adjacent to the drive unit 15 for
      receiving the lengthwise travel of the boards B therethrough.
PAR  As shown most clearly in FIG. 2, drive unit 15 is positioned at the ingress
      or posterior portion of the crowder 10 with the tires 16 and 17 spaced
      apart a distance substantially less than the width of the boards B. This
      tire spacing is adjustable for positively gripping the boards. As shown in
      the present embodiment, the tires 16 and 17 are of the air-inflatable
      type, the air pressure of which may be varied to alter certain
      characteristics including the tire resiliency, as will be discussed in
      more detail below.
PAR  The tires 16 and 17 are each driven by a separate motor 19 imparting
      rotational force thereto by conventional torque transfer means, such as
      chain drive 20. The motors 19--19 provide torque for synchronous rotation
      of the tires 16 and 17 in opposite directions, transmitting sufficient
      drive force to the boards B therebetween for lengthwise movement. The
      motor speed is adjustable for varying the conveyance speed of the boards
      B.
PAR  Motors 19--19 are actuated through a device disposed adjacent the infeed
      area of the drive unit 15 for sensing the positioning of finger joint
      material for advancement. The device may be positioned immediately behind
      the initial point of engagement of the tires 16 and 17 with the finger
      joint material, and include a conventional coupling of a photoreceptor 21
      and a light source 22 for actuating the motors 19--19. The operation of
      drive unit 15 is thus begun by the presence of boards B and the operation
      ceases when successive boards are not in position for advancement. By
      positioning the sensing device in this manner, the operation stops with
      the posterior end of the board B projecting out from between the tires 16
      and 17 a sufficient distance for engagement by a successively fed board.
      Such an arrangement maintains constant longitudinal pressure in the
      material between the points of feed and drag at all times.
PAR  The advance of the finger joint material through the drive unit 15 is
      initiated by introducing the boards B in end-to-end contiguous alignment
      at the infeed portion of the platform 11. Because of variations in the
      shape of the boards B and/or non-squareness of their ends, successive
      pairs may not initially abut in uniform engagement across the end
      surfaces, as shown most clearly in FIG. 3. When drive force is imparted by
      the tires 16 and 17 a bending moment may be created across the abutting
      surfaces tending to laterally deflect the boards. As shown in FIG. 4, the
      ingressing board B may attempt to realign itself by deflecting laterally.
      Such movement can cause separation in the finger joint if one of the
      boards is not permitted to move in an unrestricted manner.
PAR  Elongated guide members including a lead rail 23 and a fence 24 may be
      positioned at the infeed portion of the platform 11 on one side of the
      path of travel for aligning the finger joint material and facilitating
      possible lateral deflection thereof. Rail 23 and the fence 24 are formed
      of suitably rigid material, have flat, straight edges for slidable
      engagement with the edges or sides of the boards B and initially establish
      a direction and path of lengthwise movement therefor. Rail 23 is rigidly
      mounted at the outermost section of the infeed portion of platform 11 with
      the fence 24 positioned inwardly thereof. The fence 24 is pivotally
      mounted at a posterior end 25 distant from the drive unit 15. An anterior
      end 26, of the fence 24, adjacent the drive unit, is resiliently coupled
      thereto by a compression spring 28. The end 26 is formed to engage the
      spring 28 and a stop 30 and coupled thereto for continually urging the
      fence 24 into the alignment position. Spring 28 has a relatively low
      spring constant so that relatively light lateral pressure along the fence
      24 will cause it to pivot away from the path, as shown most clearly in
      FIG. 4. Boards B are thereby permitted to realign to facilitate
      non-uniformity and non-squareness in shape. The term lengthwise movement
      or travel as used herein includes this realigned but substantially
      lengthwise, transverse movement of the boards B.
PAR  Referring again to FIGS. 2 and 5, the retarding unit 18 is positioned in
      close proximity to the tangential drive point of tires 16 and 17 to
      provide an immediate resistive force to the boards B passing therebetween.
      Retarding unit 18 includes an elongate housing or frame 32 having a
      lengthwise passageway 33 therethrough. Upper and lower drag plates 34 and
      36 are supported within the frame 32 and retractably mounted on opposite
      sides of the passageway 33 in parallel spaced relationship. Pressure
      responsive means, comprising upper and lower pressure vessels 38 and 40,
      engage the plates 34 and 36 in coextensive overlying and underlying
      relationship, respectively. The pressure vessels 38 and 40 are formed of
      suitable elastic material into which a pressurized fluid, such as air, may
      be introduced or expelled to inflate or deflate them. Inflation apparatus,
      not shown, is provided to supply and monitor the vessels 38 and 40 with
      pressure fluid. Upon inflation of the vessels 38 and 40 the drag plates
      are resiliently urged toward each other and into contact with material
      therebetween. The compressive forces imparted and frictional resistance
      created are proportional to the selected inflation pressure.
PAR  The frame 32 is mounted on the anterior portion of the platform 11, across
      and downstream of the path of the boards B with the passageway 33 aligned
      with the path for the lengthwise travel of boards B therethrough. Drag
      plates 34 and 36 are formed of flexible material, such as spring steel or
      the like, having a hard, smooth bearing surface and sufficient flexibility
      to conform to the shape or thickness variations in the material
      therebetween and apply uniform normal pressure thereto. The plates 34 and
      36 are mounted in the frame 32 in parallel spaced relationship and are
      supported at opposite ends in a manner providing for the emerging and
      retracting of the plates into and from the path of travel during inflation
      and deflation of the vessels 38 and 40. Preferably, the plate end margins
      have slots formed therein for receiving threaded fasteners, such as screws
      41 and 43, therethrough. The screws 41 and 43 secure the plate end margins
      to the frame 32 while permitting lateral deflection of the central
      portions of the plates 34 and 36 therebetween. This dual drag plate design
      creates a "floating" effect in the retarding unit 18 in that the boards B
      are not pressed against a rigid surface. Such a design accommodates
      longitudinal curvature often present in the boards by permitting some
      degree of self-imparted board positioning in the retarding unit 18.
PAR  During operation of the crowder 10, the material B between the drive unit
      15 and the retarding unit 18 undergoes a "crowding" effect. This crowding
      is the result of the longitudinal compression of the finger jointed
      material produced by the force imparted by tires 16 and 17 and resisted by
      the dual drag plates 34 and 36.
PAR  As shown in FIGS. 1 and 2, the elongate housing or frame 32 of the
      retarding unit is rectangular and of much greater length than height or
      width in order to accommodate the elongate drag plates and pressure
      vessels, said height or vertical dimension being less than the distance
      between the axes of rotation of the tires 16, 17. Since the longitudinal
      passageway 33 of the housing is aligned with the path of lengthwise travel
      of the boards and since the drag plates 34, 36 are mounted in said housing
      or frame for movement into and out of said path of travel upon inflation
      and deflation of the substantially coextensive pressure vessels 38, 40,
      said housing has its lower portion (including lower pressure vessel 40)
      depending below the top or upper surface 12 of the platform or table 11
      and its upper portion projecting above said table top. As a result, the
      aforesaid positioning of the retarding unit 18 in close proximity to the
      tangential drive point of the tires is facilitated and the upstream ends
      of the drag plates may be closely adjacent or contiguous said tangential
      drive point of said tires, thereby permitting the assembling of finger
      jointed boards of less length than 8 inches.
PAR  Various parameters determine the magnitude of the crowding forces, and
      these parameters may be selectively adjusted for the finger joint material
      being joined. The distance between the tires 16 and 17 determines, in
      part, the magnitude of normal force applied to the boards B and the
      resulting amount of frictional engagement. The magnitude of the driving
      force which may thus be imparted is limited by this frictional engagement.
      As shown in FIGS. 1 and 2, the distance between the tires 16 and 17 is
      adjustable through the tire mounting means comprising upright threaded
      rods 46--46 extending vertically through the surface 12 to position and
      secure mounting axles or shafts 47--47 having the tires mounted thereon.
      Suitable nuts 49--49 are threaded onto the rods 46--46 to secure the tires
      16 and 17 relative to one another and to the surface 12.
PAR  For adjusting the normal force imparted by the tires 16 and 17 to the
      material passing therebetween the pressure in the tires may be varied. The
      shafts 47--47 are hollow and perforated in the area of the tire mounting
      for this purpose. Air may be supplied through the shafts 47--47 and
      monitored to the tires 16 and 17 during operation by suitable inflation
      and monitoring apparatus (not shown). When material is conveyed
      therebetween, the tires 16 and 17 are positioned with their contiguous
      peripheral portions engaging relatively large surface areas of the boards
      B as shown in FIG. 2. The enlarged gripping surface provides traction and
      the capability of conveying material with predetermined compressive
      forces.
PAR  The above described apparatus is capable of delivering to pairs of finger
      jointed boards sufficient finger joint pressure for complete
      interengagement. Unlike conventional finger jointing apparatus, the single
      pair of pneumatic drive rollers in conjunction with the floating drag
      plates facilitate the joining of short lengths of boards which would
      otherwise be scrap. Finger jointed boards may thus be conveyed in pairs or
      in continuous end-to-end alignment facilitating the finger jointing of
      otherwise unusable material.
PAR  It is believed that the operation and construction of the above described
      invention will be apparent from the foregoing description. While the
      particular embodiment shown and described has been characterized as being
      preferred, it will be obvious that various changes and modifications may
      be made therein without departing from the spirit and scope of the
      invention as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for assembling finger jointed lumber from a pair of boards
      of short lengths, having finger joint grooves formed in their adjacent end
      faces and in partially interlocked engagement, comprising
PA1  a platform for receiving the and supporting a pair of boards of short
      lengths in end-to-end alignment for lengthwise travel thereon;
PA1  first and second pneumatic tires;
PA1  means for rotatably mounting said tires at an infeed portion of said
      platform thereabove and therebelow for engaging the boards therebetween;
PA1  means for driving said tires to impart movement serially to said pair of
      boards for conveying them along said platform;
PA1  retarding means immediately downstream of and in close proximity to said
      tires for serially engaging said pair of boards and applying a uniform
      normal pressure and frictional resistance thereto for retarding the
      lengthwise travel thereof and producing longitudinal compression and
      complete interengagement of said pair of finger jointed boards;
PA1  an elongate guide member at the infeed portion of said platform adjacently
      upstream of said tires and in alignment with one of the longitudinal
      margins of the path of lengthwise travel of said boards;
PA1  means pivotally attaching the upstream end of the guide member to said
      platform; and
PA1  resilient means outwardly of said guide member for maintaining said member
      in its aligned position as well as permitting lateral outward pivoting
      thereof with the upstream end portion of the trailing board of said pair
      of boards when said upstream board end portion is out of alignment with
      said lengthwise travel path.
NUM  2.
PAR  2. An apparatus for assembling finger jointed lumber from a pair of boards
      of short lengths, having finger joint grooves formed in their adjacent end
      faces and in partially interlocked engagement, comprising
PA1  a platform for receiving and supporting a pair of boards in end-to-end
      alignment for lengthwise travel thereon;
PA1  first and second pneumatic tires;
PA1  means for rotatably mounting said tires at an infeed portion of said
      platform thereabove and therebelow for engaging the boards therebetween;
PA1  means for driving said tires to impart movement serially to said pair of
      boards for conveying them along said platform;
PA1  retarding means immediately downstream of and in close proximity to said
      tires for serially engaging said pair of boards and applying a uniform
      normal pressure and frictional resistance thereto for retarding the
      lengthwise travel thereof and producing longitudinal compression and
      complete interengagement of said pair of finger jointed boards;
PA1  said retarding means including
PA1  frame means having a longitudinal passageway therethrough;
PA1  means mounting said frame on said platform with said passageway in
      alignment with said travel path of said pair of boards for receiving their
      lengthwise movement therethrough;
PA1  first and second drag plates extending longitudinally of said travel path;
PA1  means mounting said drag plates in said frame means above and below said
      travel path for selective engagement with the upper and lower surfaces of
      said pair of boards; and
PA1  pressure responsive means mounted in said frame means in operative
      engagement with said drag plates for resiliently urging said plates toward
      each other and into contact with the boards conveyed therebetween;
PA1  said frame means being of a height less than the radii of said tires
      whereby the upstream ends of said drag plates are closely adjacent the
      tangential drive point of said tires when said frame means is mounted in
      close proximity to said tires.
NUM  3.
PAR  3. An apparatus for assembling finger jointed lumber from a pair of aligned
      boards of short lengths, having finger joint grooves in the adjacent end
      faces thereof and in partially interlocking engagement, including
PA1  a substantially horizontal table for receiving and supporting a pair of
      boards in end-to-end alignment for lengthwise travel thereon,
PA1  drive means at the infeed portion of the table for imparting longitudinal
      movement to the pair of boards,
PA1  retarding means at the outfeed portion of said table for resisting the
      longitudinal movement of said pair of boards so as to produce lengthwise
      compression and complete interengagement of the adjacent end faces of said
      pair of boards;
PA1  the drive means comprising
PA1  a pair of driven upper and lower pneumatic tires mounted for rotation about
      horizontal axes above and below said table and extending transversely of
      the lengthwise path of said pair of boards,
PA1  the pneumatic tires having a common vertical plane of rotation aligned with
      said lengthwise travel path and the peripheries of said tires being in
      frictional engagement with the upper and lower surfaces of said boards;
PA1  the retarding means comprising
PA1  a pair of upper and lower substantially horizontal braking elements above
      and below said table and elongated longitudinally of said lengthwise
      travel path of said pair of boards and in said vertical plane of rotation
      of said tires for frictional engagement with the upper and lower surfaces
      of said boards,
PA1  pressure responsive means extending longitudinally of and in operative
      engagement with each braking element for resiliently urging the elements
      toward each other and against the upper and lower surfaces of said boards,
PA1  and frame means for mounting said braking elements and pressure responsive
      means in downstream close proximity to the tangential drive point of said
      tires, whereby said braking elements apply resistive force to the upstream
      portion of the leading board when said tires engage the downstream portion
      of the trailing board of said pair of boards,
PA1  the frame means having a vertical dimension less than the distance between
      the axes of rotation of said tires whereby the upstream ends of said
      braking elements are closely adjacent the aforesaid tangential drive point
      of said tires when the frame means is mounted in close proximity to said
      tires.
NUM  4.
PAR  4. An apparatus as defined in claim 3 wherein
PA1  the braking elements are flexible to permit conformation thereof to the
      contour of the upper and lower surfaces of the boards.
NUM  5.
PAR  5. An apparatus as defined in claim 3 wherein
PA1  each pressure responsive means comprises an elongated inflatable member,
PA1  and fluid supply means communicating with the members for selectively
      inflating said members to urge the braking elements into engagement with
      the boards.
NUM  6.
PAR  6. An apparatus as defined in claim 3 wherein
PA1  each braking element comprises a flexible plate.
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ABST
PAL  A seal and bearing installation tool kit which is composed of a plurality
      of different tools for installing different sizes of seals and bearings.
      Each tool of this invention is composed of a tubular member which has a
      hollow chamber and open at both ends. Within one of the ends is
      frictionally supported a force distribution member. Within the other end
      is frictionally supported a cap member. The cap member is adapted to be
      hammered with a hammer with the applying force being transmitted through
      the tubular member to the force distribution member and to the seal or
      bearing which is to be seated within a fixed housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Between a rotating member (such as a shaft) and a fixed member (a housing
      of some type) there must be placed a bearing assembly such as a roller
      bearing. Within the fixed member is formed a seat within which the roller
      bearing is to be snugly retained. The inner race of the roller bearing is
      to support the rotatable shaft with the outer race being press fitted
      against the fixed housing.
PAR  The normal method of inserting the roller bearing within the seat is to
      position the roller bearing partially within the seat and then, to apply a
      force as with a hammer and a tool (such as a screwdriver) to securely seat
      the roller bearing by repeatedly moving the screwdriver around the outer
      race of the roller bearing as the hammer strikes the base of the
      screwdriver. The end result is usually a not perfect seating of the roller
      bearing and also the seating procedure is rather time consuming.
PAR  It would be more desirable to apply the force to the outer race of the
      roller bearing in an even manner and also longitudinally with respect to
      the shaft. The end result would be a perfect seating for the roller
      bearing and in no way could it be misaligned.
PAR  However, the conventional seal and bearing installation tools are not
      capable of seating roller bearings because the shaft would physically
      interfere with the tool accomplishing the installation. Previously, there
      has been no known tool which is to accomplish the correct seating of a
      shaft supporting roller bearing within a seat formed in a fixed housing.
      The foregoing discussion, although directed to roller bearings, is also
      applicable to seals when the seal is employed to seal a shaft with respect
      to a fluid chamber.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is believed to be adequately described in the Abstract Of
      The Disclosure and reference is to be had thereto.
PAR  The primary objective of the structure of this invention is to design a
      seal and bearing installation tool kit which is capable of positioning, in
      a precise manner, a seal or bearing about a shaft within a seat formed in
      a fixed housing. This installation is accomplished without fear of
      damaging the seal or bearing and is accomplished quickly and easily. The
      tools of the kit of this invention are formed of durable material and
      under normal use are expected to last for several years. The different
      tools of this invention may be designed in such a manner that they are to
      nest together thereby minimizing the storage space when not in use. The
      different elements of each tool are constructed so that if per chance one
      becomes broken or damaged it can be replaced without requiring replacement
      of the other parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal side view of a nested assembly of the tools of
      this invention;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a top view of the nested tools of this invention taken along line
      3--3 of FIG. 2;
PAR  FIG. 4 is cross-sectional view through a single tool of this invention
      showing how the tool is being used to move a roller bearing along the
      shaft toward a seat formed in a fixed housing;
PAR  FIG. 5 is a view similar to FIG. 4 but showing the tool moved further along
      the shaft; and
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE SHOWN EMBODIMENT
PAR  Referring particularly to the drawings and in particular to FIGS. 4 to 6, a
      tool 10 of this invention is shown being used to mount a roller bearing 12
      upon a shaft 14. The roller bearing 12 is conventional and includes an
      inner race 16 and an outer race 18 which support a plurality of ball
      bearings 20 therebetween. The inner race 16 is to establish a very tight
      frictional fit with the shaft 14. The roller bearing 12 is to be
      positioned within seat 22 formed within fixed housing 24. The tool 10 of
      this invention is designed to correctly position within the seat 22 the
      roller bearing 12.
PAR  The tool 10 of this invention includes a tubular metallic, such as steel,
      housing 26. The housing 26 is cylindrical in configuration but it is
      envisioned to be within the scope of this invention that it may be other
      than cylindrical, such as octagonal, hexagonal or other tubular polygonal
      construction. Normally, the outer surface of the tubular housing 26 will
      have a polished chrome surface. The tubular housing 26 is open at each
      end.
PAR  Within one end of the housing 26 is mounted a cap 28. Within the other end
      of the tubular housing 26 is mounted a force distribution member 30. Both
      the cap 28 and the force distribution member 30 are to be formed of a
      non-metallic material, such as butyrate plastic. Such plastic is quite
      strong, inexpensive and it is shock resistant. The reason such plastic is
      used is that the plastic material is sufficiently resilient, however very
      rigid to deter the damage effect of the manner used to apply the force. A
      steel against steel situation would be undesirable as a steel cap and a
      steel force distribution member would tend to become dented and otherwise
      damaged over a period of time.
PAR  The cap 28 includes a smaller diametered plug 32. The plug 32 is formed
      integrally with the cap 28. The outer diametered surface of the plug 32 is
      tapered so that the end of the plug is of a less diameter than the portion
      of the plug adjacent the enlarged section 34 of the cap 28. The inner edge
      of the enlarged section 34 is in abutting contact with the end of the
      housing 26. Because of the taper created on the plug 32, an extremely
      tight frictional interfit is established between the tubular housing 26
      and the cap 28.
PAR  The force distribution member 30 includes an annular flange 36 to which is
      integrally connected a sleeve 38. The sleeve 38 includes a central
      enlarged opening 40 therethrough. The periphery of the sleeve 38 is
      tapered in the manner similar to the tapering of the plug 32 and the taper
      functions to facilitate a tight frictional fit between the sleeve 38 and
      the tubular housing 26. The inner surface of the flange 36 is to be in
      abutting contact with the edge of the other end of the tubular housing 26.
      The forward surface of the flange 36 is to be in contact with the seal or
      bearing 12 and functions to evenly distribute the forces about the
      periphery of the roller bearing 12.
PAR  In actual operation, a force represented by arrow 42 is to be applied by
      means of some instrument, such as a hammer, to the cap 28. This force is
      transferred through the tubular housing 26 to the force distribution
      member 30. The force is thereupon transmitted to the roller bearing or
      seal 12 which has been positioned upon the shaft 14. This force, then in
      turn, evenly moves the roller bearing or seal along the shaft 14 until it
      is snugly positioned within the seat 22 formed within the fixed housing
      26. The shaft 14 moves through opening 40 and within the interior of the
      tubular housing 26. Once the roller bearing 12 or seal is positioned
      within the seat 22, the tool 10 is removed and its use no longer required
      for this particular roller bearing 12.
PAR  There are many different sizes of bearings and seals and also the structure
      of this convention could be used to install bushings, gears, pump
      impellers, oil seals, dust seals, sprockets, pulleys, casting plugs,
      couplings, plus many other items. Therefore, more than one diameter of
      tubular housing 26 will be employed. In actual practice, it is envisioned
      that the tubular housing 26 will be constructed in a 1 and 1/4 inch
      diameter, a 1 and 3/4 inch diameter, a 2 and a 1/4 inch diameter, and a 2
      and 3/4  inch diameter. The 1 and 1/4 inch diameter housing is adapted to
      fit over a 1 inch shaft with the 1 and 3/4 inch diameter to fit over a 1
      and 1/2 inch shaft, the 2 and a 1/4 inch diameter to fit over a 2 inch
      shaft and the 2 and 3/4 inch diameter to fit over a 2 and a 1/2 inch
      diameter shaft. These four sizes of tubular housings are shown in FIGS. 1
      to 3.
PAR  In order to facilitate storage of these four different sizes, it may be
      desirable to place one tubular housing inside of the other starting with
      the smallest tubular housing and proceeding to the largest tubular
      housing. In such an arrangement, the smallest tubular housing is inverted
      and placed within the next sized tubular housing so that there is, in
      essence, a cap 28 located at each end. This procedure is reversed for the
      next size of tubular housing and again for the larger sized tubular
      housing. It is to be noted that the length of each of the tubular housings
      in this instance are selected so as to facilitate this nesting
      arrangement. In other words, the largest diametered tubular housing is the
      longest with the smallest diametered tubular housing being the shortest.
      When all of the tubular tools 10 are stored in this nested arrangement, it
      will be desirable to clamp the cap 28 of the largest size to the largest
      sized tubular housing 26 in order to prevent accidental separation of the
      tools 10. In order to accomplish this, a split ring band 44 may be
      employed which includes a hinge joint 46 and a cotter key connecting joint
      48. The band 44 also includes a plurality of radial extending fingers 50
      in order to prevent disassociation of the tools 10 placed within the
      largest size of tubular housing 26.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An installation tool for installing devices such as seals and bearings
      within a seat, said tool comprising:
PA1  a tubular member having a hollow chamber open at both ends;
PA1  a cap located within one of said ends, said cap including a plug which
      closely interfits in a telescoping manner within said tubular member, said
      cap to be struck by a hammer with said cap distributing the application
      force of the hammer to said tubular member;
PA1  a force distribution member connected to the other of said ends, said force
      distribution member including a sleeve integrally attached to said flange,
      said sleeve telescopingly cooperating in a tight fitting manner within
      said tubular member, the inner surface of said flange to abut the edge of
      said tubular member, the outer surface of said flange to contact the
      annular housing of a said device to evenly distribute the application
      force annularly about the device and cause such to be seated correctly
      within its said seat;
PA1  said sleeve establishing a frictional tight fit with said tubular member,
      said plug forming a frictional tight fit with said tubular member;
PA1  said sleeve being tapered with the taper being largest adjacent said
      flange, whereby as said sleeve is inserted into said tubular member the
      frictional fit in between said tubular member and said sleeve increases in
      tightness due to said taper.
NUM  2.
PAR  2. The tool as defined in claim 1 wherein:
PA1  said plug being tapered so as to provide for a tighter interfit between
      said tubular member and said plug as said plug is inserted within said
      tubular member.
NUM  3.
PAR  3. The tool as defined in claim 2 wherein:
PA1  both said force distribution member and said cap being formed of a rigid
      non-metallic synthetic material.
NUM  4.
PAR  4. The tool as defined in claim 3 wherein:
PA1  therebeing a plurality of different sizes of said tools, said tools being
      capable of nesting together to form a compact tool unit.
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ABST
PAL  A fastener installation head having a first passage receiving fasteners, a
      second transverse passage having a reciprocating plunger, a feed means
      feeding fasteners from the first passage to the second passage, beneath
      the plunger, during each downward stroke of the plunger and a stop means
      preventing a fastener from being fed into the second plunger passage
      except during the downward stroke of the plunger. The stop means
      comprising a stop lever pivotally connected to the housing within the
      plunger passage and the plunger having camming surfaces rotating the stop
      lever into and out of blocking engagement with the first fastener
      receiving passage. In the disclosed embodiment, a nut entering the plunger
      passage will cam the stop out of blocking relation upon actuation of the
      plunger.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to fastener installation heads having a
      reciprocating plunger and more particularly to installation heads for
      self-attaching nut systems, such as pierce and clinch nuts.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Installation heads for pierce and clinch nuts generally include a passage
      receiving the nuts, a transverse plunger passage having a reciprocating
      plunger and a feed means feeding nuts from the nut passage beneath the
      plunger for installation by the head. Present installation heads are
      generally designed to accomodate only one type of self-attaching nut
      system, either in bulk or strip form. Positive feed installation heads,
      wherein the nut is fed into the plunger passage by a reciprocating pawl,
      are generally limited to nuts systems in a strip form. The strip is
      inserted into the plunger passage and the plunger shears the end nut from
      the strip. Certain problems have developed in the present positive feed
      systems. A reliable system must be provided to prevent feeding of the nut
      strip prior to actuation of the plunger, particularly where the strip is
      first inserted into the head to avoid jamming or breakage of the feed
      system. Further, the nut must be accurately located beneath the plunger to
      avoid partial feeding or jamming of the head. Finally, the present
      self-attaching nut installation heads are not capable of feeding and
      installing nuts both in bulk and strip form.
PAR  A pierce nut, which may be installed by the disclosed embodiments of the
      fastener installation head disclosed herein, is shown in the patent of
      Strain et al., U.S. Pat. No. 3,152,628 assigned to the assignee of the
      instant application. Pierce nuts are generally rectangular fasteners
      having a flanged end portion and an opposed piercing pilot portion which
      pierces its own hole in a panel or the like and is secured within the
      panel opening. Alternatively, a clinch nut is normally disposed into a
      pre-pierced panel opening and the nut is deformed to retain the nut in the
      panel opening. A suitable clinch nut, which may be installed by the
      fastener installation head of this invention, is shown by the patent of
      Newcomb, U.S. Pat. No. 2,750,660, assigned to the assignee of the instant
      application. Pierce and clinch nut systems have also been developed,
      wherein the nut pierces the panel opening and the nut is then clinched to
      retain the nut in the panel opening.
PAR  More recently, pierce and clinch nuts have been developed in a strip form,
      wherein the nut strip is disposed in the nut passage and the plunger
      shears the end nut from the strip for installation in a panel, or the
      like, located below the plunger passage. The feed mechanism advances the
      nut strip to feed an individual nut beneath the plunger for shearing and
      installation by the plunger. A pierce nut strip system is shown in the
      patent of Ladouceur et al., U.S. Pat. No. 3,711,931, which patent is also
      assigned to the assignee of the instant application. Integral pierce and
      clinch nut strips are also available, wherein the nuts are formed in a
      continuous strip interconnected by flangeable sections of the strip.
PAR  A pierce nut installation head particularly adapted to feed and install
      pierce nuts in bulk form is shown in the patent of Steward, U.S. Pat. No.
      3,089,360 assigned to the assignee of the instant application. A further
      patent of Steward U.S. Pat. No. 3,108,368, discloses the method of
      installing in sizing a pierce nut in a panel. The feed system in the
      patents of Steward may be referred to as an impositive feed, wherein the
      pierce nuts are resiliently urged into location for installation. An
      impositive feed pierce nut head for integral strip nuts is disclosed in
      U.S. Pat. No. 3,810,290 and a positive feed for an integral pierce nut
      strip is shown in U.S. Pat. No. 3,811,171.
PAR  It is the primary object of the present invention to provide a fastener
      installation head which will accomodate pierce or clinch nuts in bulk or
      strip form, which is more reliable than the installation heads presently
      available, overcoming the disadvantges of the present installation heads
      and which may utilize a positive nut feed system.
PAC  SUMMARY OF THE INVENTION
PAR  As described, the fastener installation head of this invention is
      particularly adapted to feed and install pierce and clinch nuts of the
      type described.  This type of fastener installation head normally includes
      a first or nut passage receiving nuts for installation by the head, a
      transverse plunger passage communicating with the nut passage and a
      plunger reciprocating in the plunger passage from a position above the
      intersection of the passages and through the passage intersection to
      install a nut received beneath the plunger. A positive or impositive feed
      mechanism is normally provided to feed a nut from the nut passage to the
      plunger passage, beneath the plunger, upon actuation of the plunger. Where
      the pierce or clinch nuts are in bulk form, an impositive feed system has
      been utilized. Positive and impositive feed systems have been used for
      pierce and clinch nuts in strip form. One particular problem with the
      feeding of pierce or clinch nuts in strip form has been accomodating the
      normal tolerences of the strip, including the spacing between the nuts,
      the nut tolerences, etc. The dimentional variations in the nut strips may
      accumulate, causing the feeding of partial nuts, etc., resulting in
      breakage or jamming of the nut installation head. The nut installation of
      this invention is particularly adapted to accomodate the dimentional
      variations in the nut strips, providing reliable feeding and installation
      of pierce and clinch nuts in either bulk or strip form.
PAR  In the preferred embodiment of the fastener installation head, a stop means
      is provided at the intersection of the nut and plunger passages permitting
      the feeding of nuts into the plunger passage only upon actuation of the
      plunger. This is particularly important in a positive feed mechanism, such
      as disclosed herein. For example, where a continuous nut strip is
      utilized, the nut strip may be initially inserted into the head with the
      end nut located below the plunger. Upon actuation of the plunger, the feed
      mechanism will attempt to feed a nut beneath the plunger, jamming the nut
      strip against the plunger passage wall and possibly breaking the feed pawl
      or the feed mechanism linkage.
PAR  The stop means of this invention includes an elongated stop lever pivotally
      connected between its end to the housing, adjacent the plunger. One lever
      end extends at an angle to the reciprocating axis of the plunger when the
      plunger is located above the intersection of the passages, to block the
      nut passage at the entrance to the plunger passage. The plunger includes
      an inclined camming face at the plunger end which may cam the free end of
      the stop lever out of blocking relation upon downward movement of the
      plunger. The plunger also includes a slot spaced above the camming
      surface, the slot receiving the opposed end of the stop lever upon
      rotation of the lever out of blocking relation with the nut passage. In
      operation, a nut entering the plunger passage, upon downward actuation of
      the plunger, will rotate the stop arm out of blocking relation prior to
      engagement by the plunger. The disclosed embodiment of the stop lever also
      includes a cut-out portion located between the pivotal connection and the
      opposed lever end, which receives the slot of the plunger and rotatably
      cams the stop lever into blocking relation when the plunger is returned to
      above the intersection of the nut and plunger passages.
PAR  In the preferred embodiment of the stop means, the stop lever extends from
      the pivotal connection at an angle opening toward the plunger. The leg of
      the stop lever including the cut-out is received within a slot in the
      plunger wall, retaining the stop lever in its blocking position until
      released by downward movement of the plunger.
PAR  Other advantages and meritorous features of the fastener installation head
      of this invention will be more fully understood from the following
      description of the drawings and preferred embodiments, the drawings and
      the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side, partially cross-sectional view of one embodiment of the
      fastener installation head of this invention, ready for installation of a
      fastener;
PAR  FIG. 2 is an end cross-sectional view of FIG. 1, in the direction of view
      arrows 2--2;
PAR  FIG. 3 is a side partially cross-sectional view of the fastener
      installation head shown in FIG. 1, following installation of a fastener;
PAR  FIG. 4 is a top cross-sectional view of FIG. 1, in the direction of view
      arrows 4--4;
PAR  FIG. 5 is a top cross-sectional view of FIG. 1, in the direction of view
      arrows 5--5;
PAR  FIG. 6 is a side partially cross-sectional view of another embodiment of
      the fastener installation head of this invention;
PAR  FIG. 7 is an end cross-sectional view of FIG. 6 in the direction of view
      arrows 7--7;
PAR  FIG. 8 is a top partially cross-sectioned view of FIG. 6, in the direction
      of view arrows 8--8;
PAR  FIG. 9 is a schematic illustration of the feed pawl showing the stoke of
      the pawl and the dimentional relation; and
PAR  FIG. 10 is a schematic illustration similar to FIG. 9 showing the
      dimentional relation between the nuts which may be fed by the nut
      installation head and the nut restrictor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As described above, the fastener installation head in this invention is
      particularly adapted to feed and install pierce and clinch nut either in
      bulk or strip form. The fastener installation head 20 shown in FIGS. 1-5
      is feeding and installing a plurality of conventional pierce nuts 22. The
      disclosed pierce nuts are generally rectangular, including a flanged end
      24, a piercing pilot portion 26 and a groove 28 for receiving and securing
      the panel after piercing. A more detailed disclosure of pierce nuts may be
      found in the above referenced patent of Strain et al., U.S. Pat. No.
      3,152,628. Further, as described, the fastener installation head of this
      invention may be utilized to secure pierce or clinch nuts, such as
      disclosed in the above referenced patent of Ladouceur, et al., U.S. Pat.
      No. 3,711,931.
PAR  The disclosed embodiment of the fastener installation head includes two
      telescopic housing components, including a stationary housing component 32
      and a relatively moving housing component 34. As described above, a pierce
      or clinch nut installation head may be utilized in combination with a
      conventional forming die, wherein a panel is simultaneously formed and the
      pierce or clinch nuts installed in the panel. The disclosed embodiment
      then includes a connector plate 36 which is secured to the stationary
      housing component 32 by suitable bolts 38, or the like. Reference
      character 40 may be one section of a die, wherein the fastener
      installation is secured within a die member or 40 may be a conventional
      ram reciprocating toward and away from the panel or other structural
      member 42 which is to receive the fasteners 22.
PAR  In the disclosed embodiment, the telescopic housing components are retained
      by a pin or bolt 44 disposed through the relatively movable housing
      component 34 and received in a slot 46 defined in the stationary housing
      component 32, permitting relative movement between the housing components.
      The housing components are normally maintained in the extended position
      shown in FIG. 1 by coil spring 48; one end being received in a pocket 50
      in the stationary housing component 32 and the opposed end received in a
      pocket or chamber 52 in the relatively movable housing component 34. It
      will be understood that the type of spring or extension means will depend
      upon the particular application, including the distance between the
      housing components and the strength of the spring required to extend the
      housing components as shown in FIG. 1. The disclosed embodiment of the
      fastener installation head also includes a separate nose 54 which is
      secured to the movable housing component 34 by a suitable bolt or pin 56.
PAR  The panel 42, which is to receive the fastener installed by the fastener
      installation head 20, is shown supported against the nose 54 by a die
      member 58. The die member 58 supports the panel 42 during installation of
      the fastener and receives the pierced panel slug, as will be described
      hereinbelow.
PAR  The disclosed embodiment of the nut installation head includes a nut
      passage 62 receiving a plurality of nuts 22 for installation by the head,
      a transverse plunger passage 64 communicating with the nut passage and a
      plunger 66 reciprocating relative to the movable housing components 34 in
      the plunger passage 64. The plunger is retained in the stationary housing
      component in the disclosed embodiment by a transverse pin 68. The nuts 22
      received in the nut passage 62 are fed into plunger passage 64, beneath
      plunger 66, by feed mechanism 70. A stop lever 72 is provided to prevent
      nuts from entering the plunger passage 64 except upon downward actuation
      of the plunger 66. The disclosed embodiment of the fastener installation
      head also includes a restrictor arm 74 which presents nut located in the
      nut passage 62, adjacent the plunger passage 64, from withdrawing into the
      nut passage. The disclosed embodiment also includes a nut sensor 76 which
      is adapted to sense the location of a nut adjacent the plunger passage and
      thereby ready for installation. The construction and operation of the
      fastener installation elements will be described hereinbelow.
PAR  The feed mechanism of the disclosed embodiment includes a drive link 80, a
      transverse guide member 94, a driven or feed link 102 and a pawl arm 112.
      The drive link 80 is pivotally connected to the stationary housing
      component 32 by pin 82. A slot 84 is provided in the upper portion of the
      stationary housing component to permit the drive link to pivot about pin
      82 and a stop 86 is provided to prevent the drive link from rotating
      clockwise beyond the position shown in FIG. 1. The free end of the drive
      link is bifurcated as shown in FIG. 4 to receive a guide pin 90. The guide
      pin is received in a guide slot 92 in guide member 94 as shown in FIG. 1.
      The guide member thus translates the normal arcuate motion of the free end
      88 of drive link 80 into linear motion relative to the movable housing
      component 34, generally perpendicular to the plunger 66. The relative
      linear motion of guide pin 90 can best be understood by comparing FIGS. 1
      and 3.
PAR  In the disclosed embodiment, guide member 94 is a separate element, secured
      to movable housing component 34 by suitable fasteners, such as screws 98.
      The guide pin 90 is disposed within the enclosed guide member through
      opening 100, best shown in FIG. 3.
PAR  The driven or feed link 102 is pivotally connected to the movable housing
      component 34 by pivot pin 104. The driven end of drive link 102 includes a
      drive slot 106, best shown in FIGS. 3 and 4, and a transverse dwell face
      108 which blends into the driven slot.
PAR  Pawl arm 112 is pivotally connected between its end to the distal end of
      driven link 102, by pin 114. One end of the pawl arm includes a projecting
      finger 116, which is resiliently biased toward the fasteners 22 received
      within nut passage 62 by spring 118. The pawl finger 116 is receivable
      within the nut bores as shown in FIGS. 3 and 5. The pivotally connected
      end of the pawl arm is bifurcated, as shown in FIG. 5, to receive the
      distal end of the driven link. One end of the spring 118 is connected to
      the movable housing component by pin 124 and the opposed end of the spring
      is connected between the bifurcated ends of the pawl arm to connector
      portion 126, as shown in FIG. 5.
PAR  The operation of the feed mechanism 70 is best shown by comparing FIGS. 1
      and 3. Downward motion of the ram or die element 40 engages the nose 54 of
      the fastener installation head against panel 42, which is supported by die
      58. Movable housing component 34 is thus biased toward the stationary
      housing component 32, relatively closing the telescopic housing
      components. The relative motion causes drive link 80 to rotate
      counterclockwise, about pivot pin 82. As described, the resultant arcuate
      motion of guide pin 90 is translated into linear motion relative to the
      movable housing component 34 by guide slot 92 of guide member 94,
      resulting in a linear motion to the right of FIG. 1. The guide pin first
      engages the driven face 110 of drive slot 106, rotating driven link 102 in
      a clockwise direction about pivot pin 104, as shown in FIGS. 1 and 3. The
      rotational motion of driven link 102 thus causes pawl arm 112 to
      reciprocate within nut passage 62 toward plunger passage 64, to feed a nut
      beneath the plunger 66, as will be described more fully hereinbelow.
      Finally, guide pin 90 engages the dwell face 108 of the driven link 102,
      as shown in FIG. 3, retaining the driven link and the pawl arm in the
      dwell position, as shown in FIG. 3, during installation of the nut by the
      plunger 66. The dwell face 108 is now parallel to the guide slot 92, as
      shown in FIG. 3, such that no further motion is imparted to the driven
      link 102.
PAR  Upon installation of the nut disposed beneath the plunger, the motion of
      the feed mechanism is reversed. The ram or die member 40 is moved upwardly
      relative to FIG. 1, rotating the drive link 80 in a clockwise direction,
      until guide pin 90 is received within drive slot 106. The pin then engages
      the opposed side of drive slot 106, rotating driven link 102 in a
      counterclockwise direction relative to FIG. 3, reciprocating pawl arm 112
      to the right. The pawl finger 116 includes a camming face 128 which
      engages the wall of the nut bore, lifting the camming finger out of the
      nut bore and the pawl arm 112 returns to the position shown in FIG. 1,
      ready for the next cycle of the fastener installation head of this
      embodiment of the invention.
PAR  As described, the stop lever 72 prevents entry of nuts 22 into the plunger
      passage 64, except upon downward actuation of the plunger 66. The stop
      lever 72 is pivotally connected to the movable housing component 34,
      adjacent the plunger 66, by pin 132. In the extended housing position
      shown in FIG. 1, the upper lever leg 134 is entrapped between a wall of
      the stationary housing component 32 and the plunger 66. The lower leg 136
      extends at an angle into the plunger passage 64 to block entry of nuts 22
      into the plunger passage. The plunger includes a camming face 138
      extending parallel to the lower lever leg 136 located at the distal end of
      the plunger. A cut-out or slot 140 is provided in the plunger, spaced from
      the camming face 138, to receive the upper leg 134 of the lever, as
      described below. Further, a cut-out 142 is provided in the upper lever leg
      to permit free rotation of the upper lever leg 134, into the slot 140.
PAR  Upon actuation of the installation head, by downward movement of the ram or
      die 40, as described above, the camming surface 138 of the plunger will
      engage the lower leg 136 of lever 72, tending to rotate lever 72 about
      pivot pin 132. In the installation of nuts, a nut will first engage the
      lower lever leg 136, rotating the lever out of blocking engagement, upon
      actuation of the plunger 66 and the feed mechanism 70. As the plunger 66
      reciprocates downwardly relative to movable housing component 34, as shown
      in FIG. 1, the upper leg portion 134 of the lever is received in slot 140,
      as shown in FIG. 3. Cut-out 142 permits free rotation of the lever about
      camming face 144. Finally, the lower leg 136 of the lever is received in a
      space defined by nose 54 and the plunger 66.
PAR  Extension of the housing components, by spring 48, engages the upper lever
      leg 134 against the camming face 144 of plunger slot 140, rotating lever
      72 in a counterclockwise direction, finally returning the stop lever to
      the position shown in FIG. 1. The engagement of the upper lever leg 134
      against the plunger, prevents a nut from entering the plunger passage 64,
      beyond the distal end of lower lever leg 136. This feature is particularly
      important in a fastener installation head of the type described having a
      positive feed mechanism 70, particularly where a fastener strip is
      utilized. When a new strip of fasteners is received in the nut chamber 62,
      the strip may be extended into the plunger passage 64, beneath the plunger
      66, unless a positive stop means is provided. Where the strip is located
      in the plunger passage, prior to actuation of the feed means, downward
      actuation of the plunger will reciprocate the feed pawl 112 toward the
      plunger passage, as described, however the nut strip would then be blocked
      by the opposed plunger passage wall. In a position feed mechanism, the
      feed mechanism may then be damaged, requiring service of the fastener
      installation head.
PAR  The restrictor arm 74 extends generally parallel to the nut passage 62 and
      is pivotally connected to the movable housing component by pin 144. As
      shown, the leg 146 extends toward the plunger passage 64 at an angle
      relative to the opposed leg 148. The restrictor arm 74 is relatively thin
      and formed of a resilient metal. Laterally extending flanges 150 and 151
      are biased against the movable housing component 34 to resiliently bias
      leg 146 toward the nut passage 62 and the restrictor finger 160 is
      resiliently biased through an opening in the bottom wall of nut passage
      62. In the preferred embodiment of the nut restrictor, the finger 160 is
      shaped to be received within the nut bores 120. The restrictor arm extends
      to dispose the finger within the nut adjacent the plunger passage 64, to
      prevent a nut ready for installation from withdrawing into the nut passage
      62, as will be described more fully hereinbelow. Where a nut strip is
      utilized, the restrictor will thus prevent the strip from withdrawing into
      the nut chamber. The finger also includes a camming face 162 permitting
      nuts to be fed into the nut passage upon actuation of the feed mechanism.
      In the event that a nut strip must be withdrawn from the fastener
      installation head, such as during servicing, arm 74 may be resiliently
      biased toward the movable housing component 34, resiliently biasing the
      finger 160 out of restrictive engagement, permitting withdrawal of a nut
      strip.
PAR  In the preferred embodiment, the nut is supported and guided within the nut
      passage 64 by guide rails 166 and vertical guide 168. The guide rails 166
      are best shown in FIG. 2. In the disclosed embodiment, the guide rails
      include horizontal pins or rods 170, located generally in the plane of the
      fastener supporting wall of the nut passage 62. Resilient pads 172
      resiliently bias the rods into the plunger passage, as shown in FIG. 2.
      The rods are received in generally circular grooves 174 defined in the
      opposed walls of the nose 54. The width of the opening of the grooves into
      the nut passage is less than the diameter of the rods and the
      semi-circular pads 172 resiliently bias the rods into the nut passage, to
      support a nut beneath the plunger, as shown in FIG. 2. The rods 170 are
      preferable formed of a relatively hard metal and the resilient pads 172
      are preferable formed of a relatively tough resilient plastic. A suitable
      plastic for the pads is a relatively hard polyurethane, such as sold by
      J.P. Stephens & Co., Inc. under the trade name "hi-tuff" 75 -D. A nut 22
      is thus received on the rails 166 and supported by rods 170 beneath the
      plunger. Upon engagement by the plunger, the rods 170 are resilient biased
      into grooves 174, permitting passage of the nut through the nut passage
      64, for installation as described below.
PAR  Vertical guide 168, guides the nut through the nut passage and prevents the
      nut from falling through the nut passage after passing the guide and
      support rails 166. In the disclosed embodiment, vertical guide 168 is
      cylindrical, extending parallel to the reciprocating axis of plunger 66.
      In the prior art embodiments of pierce and clinch nut installation heads,
      a series of ball bearings were disposed in the wall of the nose 54 which
      were resiliently biased into the plunger passage by springs. The ability
      of a resilient pad to replace the spring loaded balls, without premature
      wearing or failure, was unexpected, particularly in a pierce or clinch nut
      installation head feeding hard metal nuts under the impact of a plunger.
      The preferred material for the cylindrical pad is again a relatively
      tough, high impact polyurethane, such as the polyurethane described above.
PAR  In the preferred embodiment of the nut sensor, the mechanism 76 is located
      within the housing components to prevent damage or contamination and the
      sensor is adapted to sense and indicate a nut ready for installation by
      the head. As described above, this assures the feeding of all of the nuts
      disposed within the nut passage and assures that each actuation of the
      fastener installation head will result in the installation of a nut. This
      is particularly important where the fastener installation head is utilized
      in a panel forming die or the like, as described above. Further, in many
      applications, the die includes a number of fastener installation heads,
      securing nuts at said various locations in the panel. The sensor circuit
      of this embodiment may also be interconnected to the actuation circuit of
      the plunger 66 or the die, stopping the actuation circuit to assure
      installation of a nut upon each actuation of the plunger.
PAR  The disclosed embodiment of the nut sensor includes a switch 178 secured to
      a housing 180 and to the movable housing component 34 by suitable
      fasteners, such as screws 182. The switch includes a switch arm or reed
      184 which engages the switch plunger 186 to close the switch circuit, as
      shown in FIG. 1. The nut sensor includes a sensor arm 188 pivotally
      connected to the switch housing 180 having a stop engaging the switch arm
      184, as shown in FIG. 3. The sensor arm terminates in a channel-shaped end
      portion 192 adapted to engage a nut in the nut passage 62, adjacent the
      plunger passage 64 and ready for installation by the head.
PAR  When a nut is disposed adjacent the plunger passage 64, as shwon in FIGS. 1
      and 3, the channel-shaped end portion 192 of the sensor arm is rotated
      clockwise about the pivot axis to engage switch arm 184 and close the
      circuit of the sensor switch 178. When a nut is not ready for
      installation, the sensor arm 186 rotates counterclockwise, toward the nut
      support wall of the nut passage 62, permitting the switch plunger 186 to
      extend and open the circuit of the switch. As described, the switch
      circuit may be connected in series to the actuation circuit of the die or
      ram 40, stopping the actuation of the fastener installation head when a
      nut is not ready for installation. Alternatively, the switch may be
      connected to an indicator, actuating a light or an alarm when a nut is not
      ready for installation, notifying the operator that the fastener
      installation head requires nuts or servicing.
PAR  The operation of the fastener installation head 20 to install a nut in a
      panel is then as follows. The nuts 22 are received in the nut passage 62
      to engage the arm 136 of stop 72. The fastener installation head is
      positioned as shown in FIG. 1 with the nose 54 engaging the panel 42 which
      is to receive a nut. Die 58 supports the panel for installation of the
      nut. The die member or ram 40 is biased toward te panel, as described
      above, relatively closing the housing components and actuating the feed
      mechanism 70. As described, the driven link 102 is thus rotated in a
      clockwise direction, reciprocating pawl arm 112 toward the plunger passage
      64. The pawl arm moves toward the plunger, the pawl finger 116 is received
      in the second nut spaced from the plunger passage 64. The finger is urged
      toward the nuts by spring 118. Continued movement of the pawl arm 112
      disposes the nut adjacent the plunger passage beneath the plunger for
      installation. As described, stop arm 72 is rotated in a clockwise
      direction by the nuts entering the plunger passage, permitting a nut to
      enter the plunger passage. The nut is thus received upon guide rails 166,
      as shown in FIG. 2. The distal end of the plunger then engages the flanged
      end 24 of the nut, biasing the nut downwardly through the plunger passage
      64 to engage the panel 42 and install the nut in the pierced panel
      opening, as shown in FIG. 3. As described in the above referenced pierce
      and clinch nut patents, the pilot portion 26 of the pierce nut pierces a
      slug 196 from the panel and the nut is received in the pierced opening,
      retaining the panel in the nut groove 28. The slug 196 falls through the
      opening 198 in the die 58. During final installation of the nut, the guide
      pin 90 of the driven link engages the dwell face 108 of the driven link
      102; the dwell face then being parallel to the guide slot 92 in guide
      member 94. During installation, the distal end of the pawl arm is received
      within the channel-shaped end portion of the sensor arm.
PAR  Upon completion of the plunger cycle, spring 48 relatively opens the
      telescopic housing components, rotating stop lever 72 in a counter
      clockwise direction, to the position shown in FIG. 1, and reciprocating
      pawl arm 112 to the right in FIGS. 1 and 3. As described, the pawl finger
      116 includes a camming surface which lifts the finger out of the nut bore
      and finally to the position shown in FIG. 1, normally resting upon the nut
      face of the second nut spaced from the plunger bore, ready for
      installation as shown in FIG. 1. Other details of the fastener
      installation head include a latch mechanism 202 which is adapted to
      release the pawl arm for servicing of the head. The latch mechanism
      includes a spring biased plunger 204 which is received in a cylindrical
      opening in the movable housing component 34. The plunger 204 may be
      extended to engage the end of the pawl arm 112, when the finger is
      received in a nut bore, thus rotating the pawl arm 112 in a clockwise
      direction and releasing the nut or nut strip. The housing components 32
      and 34 may be disassembled by removing pin or bolt 44.
PAR  As described above, the length of the stroke of the reciprocating pawl arm
      is very important to the operation of the fastener installation head to
      assure accurate location of a nut beneath the plunger and to prevent a
      partial nut condition, wherein the plunger may fracture a nut partially
      received in the plunger passage.
PAR  As shown in FIG. 9, the pawl arm includes two possible feeding surfaces;
      the edge 210 of the pawl finger 116, which normally engages the bore of
      the nut; and the edge 212 which may feed a nut if a particularly large gap
      occurs between the nuts or the last nut in the passage. Feeding against
      surface 212 is also possible in a strip nut where the nuts may be spaced
      on the retainer.
PAR  It has been discovered that a relationship occurs between the stroke of the
      reciprocating pawl arm, as shown in FIG. 9 and the effective length of the
      feed pawl, the backlash of the system, as afforded by the restrictor arm,
      the nut bore, which is the minor diameter of the thread, and the edge
      length of the nut. This relationship is summed up in the following
      equation: Stroke = X+B+D.sub.M +2N: Wherein, "X" is equal to the length of
      the gap between the nuts or in the strip which is to be fed without
      difficulty; "B" is the backlash contributed to primarily by the clearance
      between the threaded hole and the nut restrictor; D.sub.M is the minor
      diameter of the threaded hole; and 2N is equal to twice the edge length of
      the nut. The dimensional relation is shown in FIGS. 9 and 10.
PAR  Four additional conditions should also be met to satisfy the stroke
      equation and to provide proper orientation of the feed means. These
      conditions are as follows: (1) The stroke must be less than two nut
      widths, minus one edge length "N" of a nut. (2) The stroke must be greater
      than the gap "X" between the nuts, when feeding a strip. (3) The effective
      length of the pawl "Z" must be equal to or less than the length of the "X"
      in the strip that is to be fed without difficulty. (4) the effective
      length "Z" of the feed pawl must be greater than the minor diameter
      "D.sub.M " of the thread or the width of the feed pawl "W" must be greater
      than the minor diameter "D.sub.M " of the thread. If the effective length
      of the feed pawl "Z" were less than the minor diameter of the thread bore
      "D.sub.M ", the feeding surface of the pawl would engage in the threaded
      hole and would overfeed the strip by length "N" of the nut.
PAR  In a typical commercial pierce nut having a cut-off length of 0.50 inches
      and a minor diameter of the bore of 0.261 inches, the gap "X" which may be
      fed without difficulty is 0.281 inches, the backlast "B" is 0.044 inches,
      the minor diameter "D.sub.M " of the threaded bore is 0.261 inches and the
      edge length of the nut "N" is equal to 0.117. Under these conditions, the
      stroke length is equal to 0.820, utilizing the stroke equation given
      above.
PAR  It is understood that the stroke equation given above was developed
      primarily for the feeding of nuts in a strip, wherein the gap between the
      nuts is particularly important. The stroke equation is however equally
      adaptable to feeding nuts in bulk, except that the gap "X" will normally
      be 0.
PAR  The embodiment of the fastener installation head shown in FIGS. 6 and 7
      includes certain modifications of the embodiment of the installation nut
      head shown in FIGS. 1 to 5. These modifications are primarily in the feed
      mechanism and the snesing means. As shown in FIGS. 6 and 7, the head 220
      includes a stationary housing component 232, which may be substantially
      identical to the housing component 32 described above. The stationary
      housing component includes a plunger 216 which has been modified somewhat
      as described below. The relatively movable housing component 234 has been
      lengthened, increasing the length of the plunger stroke to contact with
      the nut, indicated at a in FIG. 6. As described, the spring 248 normally
      extends the housing components to position the plunger 266 above the
      intersection between the nut passage 262 and the plunger passage 264.
PAR  The feed mechanism in this embodiment similarly includes a drive link 280
      pivotally connected to the stationary housing component 232, as described
      above, and the free end of the drive link has a guide pin 290 which is
      disposed within and guided by the guide member 294, translating the normal
      arcuate motion of the guide pin 290 into linear motion relative to the
      movable housing component 234. The driven link in this embodiment includes
      two components, 302 and 303, which are interconnected by a clutch assembly
      400. It should be noted that the components of the fastener installation
      head shown in FIG. 6 are numbered in the same sequence as the elements of
      the fastener installation head embodiment of FIGS. 1 to 5. The clutch
      assembly is a new element in the combination. The driven link is pivotally
      connected to the movable housing component by pin 304, which extends
      through the clutch mechanism shown in FIG. 7.
PAR  The clutch mechanism includes a flanged outer hub 402 and a threadably
      received inner hub 404, retaining the assembly together. A plurality of
      Belleville-type thrust washers are disposed between the flanged end of the
      inner hub flange and the upper component 302 of the driven link. The
      thrust washers normally retain the components 302 and 303 of the driven
      link as one unit, such that the feed mechanism 270 normally operates
      substantially as described above. It should be noted however that the
      driven face of the upper component 302 of the drive link has been modified
      somewhat to accomodate the greater distance between the guide pin 290 and
      the pivotal connection 304. This has been caused by the increase in the
      piston stroke a, as described above.
PAR  In operation, the closing of the housing components 232 and 234, as
      described above, rotates the drive link 280 in a counterclockwise
      direction, rotating the driven link in a clockwise direction and extending
      the pawl arm 312 toward the plunger passage 264. The stop lever 72 in the
      embodiment disclosed in FIGS. 1 to 5 may be eliminated in this embodiment
      because the clutch eliminates the requirement for a stop lever. When the
      individual nuts or nut strip 222 is received in the fastener installation
      head, the nuts may in this embodiment be disposed directly into the
      plunger passage 264, locating the first nut beneath the plunger 266. Upon
      actuation of the feed mechanism 270, the pawl finger 316 is received
      within the second nut spaced from the plunger passage 264, as described
      above. The pawl arm 312 can not however advance toward the plunger passage
      264, because a nut is already located in the plunger passage. In this
      situation, the upper portion 302 of the driven link rotates in a clockwise
      direction about pivot axis 304 and the lower portion 303 remains
      stationary. This is permitted by the clutch 400.
PAR  After installation of the nut in the plunger passage 264, the spring 248
      extends the housing components, as described above, rotating driven link
      element 302 in a counterclockwise direction, biasing the end of pawl arm
      312 against the housing at 406 and returning the feed mechanism to the
      ready position shown in FIG. 6. As shown in FIG. 7, the driven arm
      portions 302 and 303 include annular interlocking projecting portions
      having a camming face 401 which prevents relative rotation of driven link
      portion 302 in a counterclockwise direction relative to driven link
      portion 303. Upon engagement of the pawl arm 312, against housing portion
      406, the link portions 302 and 303 are returned to the position shown in
      FIG. 7.
PAR  The stop means shown in FIG. 8 may be utilized in the fastener installation
      head shown in FIG. 6 or may be replace the stop lever 72 shown in FIGS. 1
      and 3. It is understood that the positive stop lever 72 shown in FIGS. 1
      and 3 is preferred in a positive feed head because the nuts can not be fed
      utilizing the stop lever 72 until actuation of the plunger 66.
PAR  As shown in FIG. 8, the nose assembly 254 includes support rails 366 and
      vertical guide 368. The support rails 366 may be identical to the support
      rails 166 of the embodiment of the fastener installation head shown in
      FIGS. 1 to 5 and the vertical guide 368 is similar to the vertical guide
      168 of the embodiment shown in FIGS. 1 to 5, except that the guide 368
      extends past the intersection of the nut and plunger passages. The stop
      means in FIG. 8 includes two parallel posts 410 which are resiliently
      biased into the nut passage by resilient pads 412. As shown, the posts 410
      extend perpendicular to the nut passage generally parallel to the
      reciprocating axis of the plunger 266. The posts are received in
      semi-circular grooves adjacent the intersection between the nut passage
      262 and the plunger passage 264. The posts 410 are preferably hard metal
      posts and the pads 412 may be resilient polyurethane as described above in
      regard to the guide rails 166. As shown, the distance between the posts
      410 is normally slightly less than the width of the nuts 22, blocking
      entry of the nuts into the plunger passage 264. Upon actuation of the feed
      mechanism 270 in FIG. 6, the nuts 22 will resiliently biases the posts 410
      into the grooves defined in the nose 254, against the resilient pads 412,
      feeding a nut into the plunger passage 264. As described, the nut is
      received upon guide rails 366 for engagement by the plunger 266 and
      securement as described above.
PAR  This embodiment of the fastener installation head also includes a modified
      nut sensor 276. The nut sensor includes a switch 378 having a plunger
      which may be interconnected to the plunger actuation circuit or an
      indicator as described above. The switch lever or reed 384 in this
      embodiment includes a roller 387 which rides on the pawl arm 312, opposite
      the finger 316.
PAR  The fastener installation head shown in FIG. 6 does not include a nut
      adjacent the plunger passage and ready for installation. The pawl arm 312
      therefore engages the nut supporting face of the nut passage 262 and the
      plunger 386 of the sensor switch 378 is therefore extended, opening the
      circuit of the switch. Upon receipt of a nut adjacent the plunger passage,
      pawl arm 312 is rotated in a clockwise direction, engaging the roller 387
      and biasing the switch arm 384 toward the switch 378 and closing the
      switch. The roller will engage the thicker portion of the pawl arm 312
      when the finger 316 is received in a nut bore and the pawl arm 312 is
      extended to dispose a nut in the plunger passage 264, maintaining the
      sensor circuit closed during feeding.
PAR  The sensor switch utilized in the embodiments shown in FIGS. 1 to 5 and
      FIGS. 6 and 7 may be any conventional normally open switch available
      commercially. Microswitches of the type shown in FIGS. 1 and 6 are
      available from the Micro-Switch Division of Honeywell, Inc., sold as part
      No. 1SE1. Other suitable microswitches are also available commercially.
PAR  The operation of the embodiment of the fastener installation head shown in
      FIG. 6 is therefore substantially the same as described in regard to FIGS.
      1 and 3. The unnumbered elements of the fastener installation head of FIG.
      6, may be identical to the components of the embodiments shown in FIG. 1.
PAR  It will be understood that various modifications may be made to the
      embodiments of the fastener installation head disclosed in this
      application. For example, the movable housing component 34 of FIGS. 1 and
      3 may be lengthened as shown in FIG. 6 to increase the travel of the
      plunger 66 in the embodiment of the fastener installation head shown in
      FIGS. 1 to 5. The drive slot 106 and dwell face 108 of the driven link 102
      of FIGS. 1 and 3 may also be modified to control the reciprocation of the
      pawl 112. The spring 248 may be modified as described above depending upon
      the requirements of the fastener installation head. For example, two or
      more springs may be utilized or a different extender means may be
      utilized. Further, various components of the disclosed embodiments of the
      fastener installation head may be interchanged, as required, for various
      applications of the head.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a fastener installation head having a first passage receiving the
      fasteners for installation by said head, a second transverse passage
      intersecting and communicating with said first passage, a plunger
      reciprocating in said second passage, a feed means adapted to feed a
      fastener from said first passage to said second passage, beneath said
      plunger, during each downward stroke of said plunger and a stop means
      preventing a fastener from being fed into said second passage except
      during said downward plunger stoke, the improvement comprising:
PA1  said stop means including an elongated stop lever pivotally connected to
      said housing between its ends adjacent said plunger, one lever end
      extending at an angle to the reciprocating axis of said plunger when the
      plunger is above the intersection of said passages to block said first nut
      passage at the entrance to said second passage and the second lever end
      engaging said plunger when said plunger, is spaced above the intersection
      of said passages, said plunger having an inclined camming face at the
      plunger end generally parallel to said lever angle and said plunger having
      a cut-out portion spaced above said camming face, said plunger camming
      face and cut-out facing said stop lever, whereby downward movement of said
      plunger engages said camming face against said first lever end, rotating
      said lever end about its pivot axis and said second lever end rotating
      into said plunger cut-out permitting a fastener to be fed into said
      passage, and said cut-out having a camming face, whereby upward movement
      of said plunger engages said cut-out camming face against said second
      lever end, rotating said lever in the opposite direction and returning
      said lever to its locked position.
NUM  2.
PAR  2. The fastener installation head defined in claim 1, characterized in that
      said first and second lever ends extend from said pivot connection at an
      angle and said second lever end including a groove spaced between said
      pivot connection and said second lever end, said groove facing said
      plunger.
NUM  3.
PAR  3. The fastener installation head defined in claim 2, characterized in said
      second lever end having a greater width than said first lever end and said
      first lever end entrapped in a slot in said head defined between said
      plunger and the opposed wall of said second passage, said slot located
      above the intersection of said passages.
NUM  4.
PAR  4. The fastener installation head, defined in claim 1, characterized in
      that said stop lever includes a first leg including said first lever end
      and a second leg including said second lever end, said legs defined at an
      angle and said second lever leg having a greater width that said first
      leg, and housing having a slot defined in the wall of said second chamber
      opposed to said plunger receiving said stop lever, adjacent said plunger.
NUM  5.
PAR  5. The fastener installation head defined in claim 4, characterized in said
      second lever leg including a slot facing said plunger located between said
      pivot connection and said second end, said lever slot receiving the corner
      of said plunger cut-out upon downward movement of said plunger, permitting
      said lever to rotate about its axis and permitting fasteners to be fed
      into said second passage, beneath said plunger.
NUM  6.
PAR  6. In a nut installation head having a first passage receiving nuts for
      installation by said head, a second transverse passage intersecting said
      first passage, a plunger reciprocating within said second passage, nut
      feed means adapted to feed nuts from said first passage to said second
      passage, beneath said plunger, for installation through said second
      passage and a stop means permitting nuts to be fed into said second
      passage only upon actuation of said plunger, the improvement comprising:
PA1  said stop means including a stop link pivotally connected between its ends
      to a stationary portion of said head, adjacent said plunger, said link
      having two angularly related legs extending from said pivotal connection,
      a first leg extending toward the distal end of said plunger, a slot
      defined within the housing second passage wall retaining said second link
      leg against said plunger when said plunger is spaced above the
      intersection of said passages, the first leg then extending toward said
      plunger distal end to block the entrance to said second passage from said
      first passage, said plunger having an inclined camming face adjacent said
      distal end facing said first link leg and a groove defined in said plunger
      adapted to receive said second link end, whereby downward motion of said
      plunger engages said camming face against said first link end, rotating
      said second link end into said plunger groove and permitting a nut to
      enter said second passage, beneath said plunger, for installation through
      said second passage.
NUM  7.
PAR  7. The nut installation head defined in claim 6, characterized in that said
      second link leg having a groove facing said plunger groove and receiving
      the corner of the plunger defining said plunger groove upon said downward
      movement of said plunger.
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ABST
PAL  A continuous motion assembly machine for assembling parts which require
      rotary assembly motion such as putting together two threadably assembled
      parts. The machine includes a plurality of assembly devices mounted on a
      rotating support which are operated as they rotate to pick up a first
      part, and to provide inspection of the parts, which in the form shown is
      the presence or absence, proper position and proper fit of parts, and
      assemble the parts and reject any parts that are improperly assembled,
      remove the good parts, and repeat the cycle. The assembly is carried out
      with rotary assembly motion between the two parts and which rotary motion
      can be controlled at a desired torque level for insuring proper assembly
      and operation of the parts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to assembly machines utilizing a continuous
      rotary motion during the assembly operation.
PAR  2. Prior Art
PAR  Reference is made to my U.S. Pat. No. 3,750,256 for Continuous Motion Two
      Part Assembly Machine which encompasses the basic idea of continuous
      motion assembly, but which used in linear actuation for the assembly of
      two parts in a direction substantially parallel to the axis of rotation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an assembly machine for assembling two
      parts which are rotated with respect to each other during the assembly
      operation. Such parts can be a screw and a receptacle, as in the form
      shown, but could also be other types of parts where a rotary motion
      between the parts is necessary at the same time as an axial or linear
      motion.
PAR  In the form shown, electrical terminals are preassembled by threading a
      screw into a brass body, which assembled terminals will be used in a later
      assembly operation. The threadable member comprising a screw, is mounted
      into a spring loaded pick up chuck, and the chuck is on a spindle that
      operates in axial direction as it rotates about it own axis The individual
      spindles are mounted onto a member rotating about a central axis so that
      the spindles revolve around the central axis at the same time they rotate.
      The spindle is continuously rotated through a torque limiting clutch as it
      revolves through its cycle of operation. The second part comprising the
      brass body is loaded onto the main support below the spindle and screw. An
      inspection staton is provided to determine whether or not the screw is
      present and held satisfactorily, or if the screw is not grossly undersize
      or if the brass body is properly held and not grossly oversize as far as
      the screw opening is concerned and also the inspection determines if the
      screw is long enough.
PAR  If the parts are within this initial inspection criteria, the brass body is
      retained from rotation and the screw is rotated so that the screw is
      threaded into the brass body. If the threads mismatch, the screw may not
      thread into the brass body a sufficient distance to be properly assembled.
      A subsequent inspection station adjacent the periphery of the mounting
      member determines whether or not the brass body and the screw have been
      threaded together a sufficient amount after the assembly device has
      revolved to this station. If not properly threaded together the parts are
      rejected. If they are properly assembled the chuck is lifted off the screw
      head and the good parts are ejected at an appropriate station.
PAR  If the brass body has been rejected, or is not properly in place, and the
      screw may still be retained by the chuck subsequent to the good part
      ejection, and a finger is used for removing screws that might be retained
      on the chuck.
PAR  Then, the cycle is repeated.
PAR  The assembly process can be utilized with many different types of rotatably
      assembled parts, for example items that would cam lock together, nuts and
      bolts, screws and receptacles as shown, or types of devices which require
      a twist or turning at the same time that they are moved together along the
      rotational axis.
PAR  Thus, the present device includes a compound motion for assembly including
      rotation about an axis and an axially linear motion with respect to the
      axis of rotation.
PAR  Suitable modifications of the rotating support can be used to accommodate a
      large number of assembly devices. Means are provided for preventing one of
      the parts from rotating, while the other part is rotated for assembly at
      the same time the parts are permitted to move together, or are urged
      together under a desired spring force.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan schematic view showing a typical layout of the
      assembly machine of the present invention;
PAR  FIG. 2 is a side view thereof taken as on line 2--2 in FIG. 1;
PAR  FIG. 3 is a sectional view taken as on line 3--3 in FIG. 4;
PAR  FIG. 4 is a top view of the device of FIG. 1 with parts in section and
      parts broken away to show details of operating structure;
PAR  FIG. 5 is a sectional view taken at the elevation indicated by line 5--5 in
      FIG. 2, with the machine oriented in the same relative position as that
      shown in FIG. 1;
PAR  FIG. 6 is a fragmentary top plan view of a loading station showing a
      loading of a screw into a portion of the rotating turntable;
PAR  FIG. 7 is a sectional view taken as on line 7--7 in FIG. 6;
PAR  FIG. 8 is a vertical sectional view substantially on the same line as FIG.
      7 but shown after the turntable has rotated several degrees to a position
      where a chuck is shown engaging and holding a screw for assembly purposes;
PAR  FIG. 9 is a sectional view taken as on line 9--9 in FIG. 8;
PAR  FIG. 10 is a fragmentary top plan view of a station for loading second
      parts onto the turntable of the present invention;
PAR  FIG. 11 is a vertical sectional view taken generally along the line 11--11
      in FIG. 4;
PAR  FIG. 11A is a fragmentary sectional view of the chuck shown in FIG. 11 and
      substantially along the same line of sight showing the position of the
      chuck when two parts are properly positioned while at the inspection
      station;
PAR  FIG. 12 is a fragmentary top plan view of a station for ejecting parts
      which do not assemble properly;
PAR  FIG. 13 is a sectional view taken as on line 13--13 in FIG. 12;
PAR  FIG. 14 is a fragmentary view taken substantially on line 14--14 in FIG. 2;
      and
PAR  FIG. 15 is a fragmentary schematic view taken generally along line 15--15
      in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1 and 2, a machine indicated generally at 15
      includes a support frame or table 16 that is mounted on suitable legs (not
      shown) with respect to a supporting surface such as the floor. The table
      is used for the main support, and it rotatably mounts an upright center
      shaft 17 that is on suitable bearings 18. Center shaft 17 is also
      supported with a top plate 19, which plate in turn is supported on columns
      20, that in turn are fixed through suitable housings 21 to the table. The
      shaft 17 extends downwardly below the table, and is driven by a motor and
      gear reducer unit indicated schematically at 22, through a suitable drive
      arrangement 23 such as a sprocket and chain drive, or a timing belt and
      pulley drive. The shaft 17 mounts a turntable assembly indicated generally
      at 24, so that the turntable assembly rotates with the shaft, and further
      has a support plate 25 positioned above the turntable assembly 24 that
      also rotates with the shaft and thus with the turntable 24.
PAR  The support plate 25 is used for mounting a plurality of assembly devices
      30 which will be explained in detail subsequently. The assembly devices
      revolve around the axis of shaft 17 as the turntable 24 and plate 25
      rotate. The assembly devices each include components that are rotated
      about an axis parallel to the axis of the shaft 17 by an intermeshing and
      driving of an individual gear 77 on each of the assembly devices 30 and a
      large nonrotating or stationary gear 31 which is mounted on suitable
      supports 32 with respect to the plate 19.
PAR  A first vibratory feeder 33 is mounted on a table 16 on suitable supports,
      and has a feed trough 34 leading therefrom, which leads to a first part
      loading station 35 in a cycle of operation. A second vibratory feeder 36
      is mounted onto the table 16 with suitable supports and has a feed chute
      37 leading to a second part loading station 38. These loading stations 35
      and 38 are fixed adjacent to the periphery of the turntable assembly 24,
      and are used for loading parts into different portions of the assembly
      device, so that as the turntable 24 rotates, it will pick up parts at the
      first and second stations 35 and 38, respectively, and then as the
      turntable is rotated in the direction as indicated by the arrow 40, a
      first inspection station indicated generally at 41 inspects the parts, and
      if the parts are not as they should be due either to a missing part, or
      malformed parts, the part is rejected at an adjacent subsequent rejection
      station.
PAR  The, as the unit turntable rotates, assembly will take place between the
      two accepted parts that are to be assembled, and further inspection is
      made at a station indicated generally at 42 during the cycle of rotation
      so that if the parts are not properly assembled together they will be
      rejected at position 43. If parts are properly assembled together they
      will be removed at a position indicated at station 44 which is the good
      part removal, and then the cycle will repeat. In addition, there is a
      station for removing any individual parts left on the assembly device
      subsequent to the good part rejection 44.
PAR  It can be seen in FIG. 1, that the first station is located at 315.degree.
      radial from the center of the shaft 17, with the second loading station
      indicated at the 0.degree. radial where there should be two parts on the
      turntable.
PAR  Referring generally to FIGS. 3 and 4, further details of the device of the
      present invention are shown. The upper support plate 19 is broken away in
      FIG. 4, and also the mounting plate 25 is shown broken away. This
      therefore illustrates a substantial portion of the turntable illustrated
      generally at 24. The turntable assembly comprises a plate 48, that is
      drivably mounted onto the shaft 17, and has a plurality of assembly
      stations positioned adjacent the periphery thereof. In the form of the
      invention as shown, there are six assembly stations which can also be seen
      in FIG. 5, and each of these assembly stations is identical in
      construction.
PAR  As shown, in FIG. 4, a first assembly station illustrated generally at 49,
      and a second assembly station illustrated generally at 49A are in two
      different positions of the cycle of operation. The assembly stations each
      comprise a loading lever 50 that is positioned in a recess at the edge of
      the table 48. The loading lever 50 is pivotally mounted to the table 48
      about a pivot axis with a suitable pin 51. The loading lever 50 has has a
      screw holding receptacle 52 defined at the outer edge thereof adjacent the
      end thereof opposite from pin 51. The lever 50 also carries a cam roller
      53 on a short support member that is attached to the loading lever 50. The
      loading lever 50 is spring loaded about its pivot axis 51 with a tension
      spring 54, which tends to urge the outer end of the lever containing the
      recess or receptacle 52 radially outwardly from the edge of plate 48.
PAR  The lever 50 is held in its position as shown at station 49A throughout the
      major portion of the travel of the turntable in its cycle of operation by
      a part annular cam ring 55. The ring 55 is supported with suitable
      brackets 56 to each of the columns 20, and has an inner edge surface
      aligned horizontally with the rollers 53 to force the rollers and outer
      end of levers 50 radially inwardly against the action of the spring 54 so
      that the loading levers 50 are normally retracted to a position so that
      the receptacle 52 is within the peripheral edge of the plate 48. However,
      the cam ring 55, as shown, has an open section indicated generally at 60
      where the rollers 53 are released, and the loading end of each of the
      loading levers 50 is permitted to spring outwardly as shown at loading
      station 49. In this position, as can be seen, the receptacle 52 of each of
      the levers that comes to this position will be outside the periphery of
      the plate 49, and the end of the lever 50 adjacent spring 54 will be held
      in a stopped position against a stop scres 61 (see FIG. 6) that can be
      adjusted so that the receptacles 52 are in the proper position for loading
      the first part to be assembled.
PAR  Referring specifically to FIG. 3, the assembly device 30 that is at the
      station 49 is shown. The assembly devices, as previously stated, are made
      to permit axial movement, that is movement in direction parallel to the
      axis of the shaft 17 (and their own rotational axis), and also will rotate
      one of the parts relative to the other. In the form shown, a mounting
      housing 63 is mounted adjacent the periphery of the mounting plate 25, and
      extends downwardly therefrom toward the turntable 24, and the plate 48.
      The housings 63 have internal linear bearings 64 which permit an inner
      housing 65 to move in axial direction, that is, in up and down direction
      as shown in FIG. 3. The housing 65 extends through housing 63 and through
      an opening in plate 25. The housing 65 in turn mounts a spindle assembly
      66 which can be rotated with respect to the housing on suitable bushings.
      A coupling member 67 is used for attaching a spring loaded chuck 68 to the
      lower end thereof. The chuck 68 is a four jaw chuck that is used for
      gripping the head of a screw to be driven, and has an internal screwdriver
      that will be more clearly shown, which can be used for driving the screw.
PAR  The housing 65 extends through an opening in the plate 25 to the upper side
      of the plate 25, as shown in FIG. 4 and has a clamp member 70 adjustably
      fixed thereon. The clamp member 70 in turn is connected through a suitable
      pivoting link 71 to a bell crank 72 that is pivotally mounted about an
      axis 73 to a bracket 74 that in turn is fixed to the plate 25. The bell
      crank 72 has a cam roller 75 on the opposite end thereof from the link 71,
      and this cam roller has a part spherical side that engages a cam surface
      76 of the interior opening 84 defined in the center portions of the gear
      31. A spring 77 is fastened with a suitable hook to the stationary housing
      63, below the plate 25, and with a suitable hook to the end of the bell
      crank 72 near the link 71. This spring 77 tends to urge the bell crank end
      portion downwardly, and therefore tends to pull the housing 65 downwardly
      and thus urge the chuck 68 toward the turntable assembly. The position of
      the bell crank cam roller 75, however, determines how far downwardly the
      spring 77 can urge the chuck 68 (as long as the chuck is free to move
      otherwise), and thus the cam is the primary position control of the chuck
      68 during its cycle of operation.
PAR  The outer edge of the gear 31, as shown, is a spur gear and this engages
      the small spur gears 77. Each spur gear 77 is rotatably mounted with
      respect to the center shaft or spindle 66. The internal construction is
      shown specifically in FIG. 11. The hub 78 of the gear 77 is drivably
      mounted to a first driving member 79 of a magnetic torque limiting clutch
      illustrated generally at 80. The second member indicated at 81 is drivably
      mounted with a suitable drive pin to the spindle 66, and the spindle thus
      will be driven whenever the gear 77 rotates until the torque on the
      spindle or the chuck which is also connected drivably to the spindle
      exceeds the level of the magnetic torque limiting clutch 80.
PAR  As stated previously, the gear 31 is stationary, and mounted to the plate
      19 through supports 32. This means that whenever the plate 25 rotates with
      the shaft 17, the gears 77 act like satellite gears and rotate about their
      axes as they also revolve about the axis of shaft 17 with the plate 25.
      This then will cause each of the chucks 68 to be driven continuously as
      the plate 25 is driven.
PAR  In the position shown in FIG. 3, the chuck 68 is at its highest possible
      position because of the formation of the cam surface 76. This can be seen
      in FIG. 5, and this high position is approximately at the 290.degree.
      radial of the cam. In FIG. 5, the gear 31 is shown, and the interior
      portion or center portion 84 of the gear 31 is cut away to leave an
      opening and the peripheral edge of this opening is the cam surface 76.
      There are six stations, as shown in FIG. 5, and each of the individual cam
      rollers 75 is shown therein. As can be seen, the chuck 68 is positioned
      aligned with and above the end of the loading lever 50 which is shown in
      FIG. 3.
PAR  A screw removal finger member indicated generally at 83 is attached to one
      of the brackets 56 for holding the cam 55 in place, and the finger 83
      extends to position as can be seen in FIG. 4 so that it will intercept any
      screws that are held in the chuck member 68 prior to the time the chuck
      comes to the position as shown in FIG. 3. Thus the chuck will be free of
      any parts and will be ready to load the first part, in this form of the
      invention a screw, into the chuck.
PAR  Assuming that the drive motor is running so that the plate 25 and the
      turntable 24 are rotating, when an assembly device 30 moves past the
      position of station 49, it comes to a first part loading station indicated
      generally at 35. This first part loading station of the present form of
      the invention, is, as previously shown in FIG. 1, on the 315.degree. cam
      radial from the center of the shaft 17. This first part loading station is
      shown in top view in FIG. 6 in greater detail. The part feeder trough 34
      is carrying slotted head screws 90 under gravity, from the vibratory
      feeders that are well known in the art. These screws slide down through
      the trough 34 into a slot 91 in a loading block 92. The slot 91 is shown
      in FIG. 6 as being free of screws, but it is to be understood that the
      screws will go all of the way to the end of the slot under gravity.
PAR  The slot 91 is of sufficient width to receive the threaded shank of the
      screw, but the head of the screw is supported on the top of the loading
      block 92. The loading block 92 is supported with respect to the table 16
      in the suitable support 93, as shown. The loading block includes a
      transverse recess of the same depth of the slot 92, and this recess
      intercepts the slot 92. A loading plunger or slide indicated generally at
      94 is slidably mounted in the recess or slot at right angles to the slot
      92, for movement toward and away from the periphery of the rotating plate
      48.
PAR  In addition, a screw retainer guide indicated generally at 95 is mounted
      onto an arm 96 that is pivotally mounted as at 97 to the loading block,
      and is spring loaded with a spring 98 (see FIG. 4).
PAR  The guide 95 is thus spring loaded toward the peripheral edge of the plate
      48, but is spaced from this edge as shown. A stop member indicated
      generally at 99 can be used and adjusted so that the edge of the guide 95
      is at the desired location. As shown, when the unit is in the position of
      FIG. 6, the edge of the guide member is very closely adjacent the edge of
      the loading lever 50 by the receptacle 52 and is horizontally aligned
      therewith (see FIG. 8).
PAR  The plunger 94 is slidably mounted underneath a cover plate 100, as shown
      in FIG. 4, and the plunger has a bracket 101 mounted on the outer end
      thereof which is slidably mounted on a suitable support pin 102. The
      plunger is actuated in back and fourth direction by a lever 103 that is
      pivoted to supports on table 16 and is operated through a cam and cam
      follower arrangement below the table as will be explained subsequently.
      The upper end of lever 103 will move back and forth to reciprocate the
      plunger 94. The plunger 94 is moved to actuated position as shown in FIG.
      6 wherein a screw 90 is positioned so that the shank of the screw is
      seated within the receptacle 52 of the aligning loading lever 50, and the
      head of the screw is on the upper surface of the loading lever (see FIG. 7
      as well). The plate 48 is continuously moving so the screw is picked up on
      the move. The plunger is then retracted to a position as shown in FIG. 7.
      FIG. 7 is included to illustrate the retracted position of the plunger,
      but it is to be understood that the plunger would stay in actuated
      position until the plate 48 had moved so that the loading lever 50 shown
      at FIG. 6 would have advanced to where the screw 90 in pocket 52 of that
      lever is supported by the end of the guide 95. Then the plunger 94
      retracts so that another screw 90 moves from the slot 91 into the slot at
      right angles thereto and aligned with the end of plunger 94. When the
      plunger again operates it will push the next screw 90 into the receptacle
      52 on the next rotationally trailing loading lever 50.
PAR  As the plate 48 continues to rotate, the screw 90 that was placed into the
      receptacle 52 of the loading lever 50 shown in FIG. 6 will be supported by
      the guide 95 and held in place in the receptacle. The screw head will be
      supported on the guide 95 and the surface of lever 50 surrounding the
      receptacle 52.
PAR  As the plate 48 rotates, it can be seen in FIG. 5 that the cam surface 76
      changes in distance from the axis of shaft 15 so that the spring 77 for
      the assembly device positioned above the screw that is being loaded urges
      the housing 65 and the spindle carried thereby toward the plate 48, and
      the cam roller for the bell crank is permitted tomove outwardly from the
      axis of the unit so that the chuck 68 moves down toward plate 48. As can
      be seen, the 315.degree. radial of FIG. 5 is the first loading position,
      and when that unit moves approximately 10.degree. to the 325.degree.
      radial, the chuck will have moved down to position as shown in FIG. 8. A
      screw 90 held in receptacle 52 is picked up in the jaws of the chuck 68.
PAR  The chuck itself is a simple four jaw spring loaded chuck four individual
      jaw segments indicated at 105 (see FIG. 9 as well) that are completely
      separated or loose. These segments are arranged around a central hub 106
      comprising the lower end of coupling member 67 which has an annular
      shoulder ring 107 that fits within a mating receptacle in the jaw segments
      105. The jaw segments 105 then in turn are held on this ring 107 with
      garter springs 108 so that the jaw segements are retained in position, and
      cannot move axially, but can expand radially against the action of the
      garter springs. The lower ends of the jaws 105 have a short taper so that
      they will slip over the head of a screw 90 as shown in FIG. 8, and in the
      interior of the ends of the jaws there is a screwdriver member 109. The
      screwdriver member 109 is a cylindrical member having a head at its upper
      end indicated at 110, and this screwdriver member fits inside the sleeve
      portion 106 of the coupling member 67. The coupling member 67 in turn is
      pinned or suitably driven with respect to the spindle 66. Thus the spring
      loaded chuck will resiliently, frictionally grip the outer edges of the
      head of the screw and hold it in position. It is to be remembered that as
      the chuck is moving down, it is also rotating and as the guide member 95
      provides some friction force to resist rotation of the screw as the chuck
      comes down onto it, the screwdriver will slip into place on the head.
PAR  The screw 90 is thus held in proper position by the chuck. After this screw
      pick up action has occurred, it can be seen that the end indicated at 55A
      of the cam ring 55 will engage the roller 53 for that particular loading
      lever and retract the loading lever back to the position as shown at
      station 49A so that it is out of the way of the chuck before the
      particular station where the screw has just been loaded and will come to
      the station for loading the second part. The second part loading station
      indicated generally at 38 is generally identical in operation to the
      station for loading the first part except for position and for the size
      and position of the parts.
PAR  Referring generally to FIGS. 4, 7 and 8, as well as to FIG. 10, it can be
      seen that the turntable assembly 24 includes a bottom annular support ring
      113, that aligns with the peripheral edge portions of the rotating plate
      48, and this ring 113 is shown in section in FIGS. 7 and 8, as well as in
      plan view in FIGS. 4 and 10. Also, it is shown in edge view in FIG. 2.
PAR  The ring 113 is spaced below the rotating plate 148, and is held in spaced
      location through the use of a second part nest and guide indicated
      generally at 114 at each assembly station. The second part nest and guide
      has a raised portion that clamps against the bottom of the plate 48, and
      against the top of the ring 113, and bolts past through these two parts 48
      and 113 to clamp them together with nest 114 between. The second part nest
      and guide 114 has an outer edge portion indicated at 115 that is reduced
      in vertical height from the spacer portion of nest 114. A receptacle 116
      that is the size to receive the second part indicated generally at 117 is
      defined in the edge of portion 115. The second part is a brass terminal
      that is a cylindrical body having a threaded opening therein into which
      the screw 90 will fit. In other words, the second part is some type of
      device that will be rotationally assembled with the first part. The
      receptacle or nest 116 is of size so that it engages the outer periphery
      of the second part and has a small ledge as can perhaps best be seen in
      FIG. 11 that will receive the lower edge portion of the second part 117
      and support the part on the small ledge portion of the nest. The nest also
      has a surface that partially surrounds the side surface of the part.
PAR  When a loading or assembly station is positioned adjacent to the second
      part loading position 38, as shown in FIGS. 4 and 10, the nest 116 will be
      aligned with the second part loading block. Of course, the chuck 68 will
      be holding the screw, but the cam surface 76 will act on the associated
      bell crank to hold the chuck in a position so that it is not interfering
      with the nest 116 or the reduced height portion 115 of the nest. The
      loading station 38 includes a loading block 120 positioned on the table 16
      adjacent the periphery of the turntable. The block 120 is substantially
      similar to the loading block 92 previously mentioned except for the size
      of the slots, which are of size to receive and guide the second part. The
      second part 117 is of larger diameter than the screw shank. Feed chute 37
      carries the parts 117 from the vibratory conveyor under gravity, and the
      parts then slide in a slot 121A in the upper surface of the block 120. A
      movable plunger 122 is slidably mounted on the block 120 at substantially
      right angles to the slot 121A (the included angle is not quite 90.degree.)
      and the plunger 120 has an actuating pivoting lever member 121 that will
      be more fully explained, which is pivoted on supports on table 116 and the
      upper end of lever 121 is reciprocated under action of a cam and roller
      drive positioned under the table. The upper end of lever 121 is coupled to
      a bracket 101 identical to the bracket 101 in the first loading station.
      The plunger 122 is configured to slide the part 117 at the end of the row
      of parts in slot 121A to position as shown in FIG. 10, and to thus push
      this second part 117 into the nest 116, where it will be supported.
PAR  The loading block 120 is positioned on a level so that the second parts 117
      will be aligned with the receptacle 116 when the plunger moves them into
      position. As soon as the plunger moves a part 117 into position, it will
      remain in position holding the part on the small ledge formed at the
      bottom of the nest 116, and then the turntable will move so that the edge
      of a guide member 125 which is mounted on an arm 126 that in turn is
      pivoted as at 127 to the loading block 120, will engage the outer
      periphery of the second part 117 held in the loading nest and prevent the
      part from being removed or from falling out of the nest. The arm 126 is
      spring loaded with a spring 128 that urges the guide retainer 125 into its
      position where it will hold the second part 117 in the nest 116 as the
      unit rotates. The member 125 is similar to member 95 except that it
      horizontally aligns with the part 117 in the part nest 116.
PAR  The retainer member or holder for the second part has two portions. In
      addition to the main nest, a retainer finger indicated generally at 129 is
      pivotally mounted on a pin 130 that is in turn mounted through the ring
      113. The finger 129 has a recess 131, and the pin 130, as shown, is
      positioned so that it is substantially on a radial line from the center of
      the nest 116 holding the second part 117. A spring loaded detent ball 132
      is mounted in the second part loading and holding member 114, and is
      positioned with respect to the finger 125 so that the detent will hold the
      finger 129 in its unlatched position shown when the unit is loading as in
      FIG. 10, or in a second closed position which is shown in a station
      indicated generally at 132A in FIG. 10.
PAR  When the second part 117 is loaded, and the turntable rotates as shown by
      the arrow in FIG. 10, an outwardly extending portion 133 on the retainer
      finger 129 is positioned to be intercepted by a camming roller 134 that is
      rotatably mounted on the end of arm 135, that is turn is spring loaded
      with a spring 136 about a pivot pin 137. The pin 137 is fixedly mounted on
      an adjustable block 138 that in turn is attached to a support 139 that is
      fastened to the table 16. As soon as the trigger portion 133 goes past the
      roller 134, the finger 129 will be pivoted about pin 130 so that the outer
      end portion 140 of the finger passes around the outside of the second part
      retainer member 114. This closing action occurs at a time when the guide
      125 is continuing to hold the second part in position. The guide may have
      a narrow lip that engages only a small portion of the top of part 117
      while end portion 140 will pass under the guide and around the part 117.
      The outer end portion 140 fits around the second part 117 held in nest
      116, and as shown at station 132A clamps the second part 117 against the
      surface of the nest and actually holds it with a spring force caused by
      the detent ball 132 acting on the detent recess of the finger 129.
PAR  The cam roller 134 is also shown in FIG. 11. In FIG. 11 an assembly device
      30 is shown in a position showing the first inspection for proper parts or
      missing parts. FIG. 11 is taken along line 11--11 in FIG. 10, and actually
      is shown to illustrate the inspection for a missing screw, or a screw that
      has too small a shank to be properly threaded, or a second part that has
      too large an opening to be properly threaded with a screw. When the outer
      end portion 140 is moved to its closed position at approximately the
      35.degree. radial as shown on the cam in FIG. 5, the cam rollers will be
      permitted to move away from the center of the cam, and thus lower the
      controlled chuck under the action of the spring 77. If there is no screw
      in the chuck 68, or if for example it has a very small shank, or if the
      opening in the second part 117 is extremely large so the screw slips down,
      or if the part 117 is not securely held, the chuck will move downwardly to
      position shown in FIG. 11. When this happens, an upper switch actuator tab
      145 will be aligned with a roller 146 on an end member 147 of a micro
      switch or limit switch 148. The limit switch 148 is supported on a support
      149 from the upper support plate 19. The limit switch is shown in FIG. 10
      and also in FIG. 11, and it can be seen that the tab will only align with
      the wheel 146 when the chuck is down, actually extending into a recess 150
      at the periphery of the plate 48. The recess 150 is made so that the plate
      48 will clear the chuck when the chuck goes to its lowered position as
      shown.
PAR  When the limit switch 148 is closed, it will actuate a valve 151 to
      energize a cylinder 152 and move the cylinder rod 153 to a position
      wherein it will force a spring loaded lever 154 into the path of the end
      portion 140 of the retainer finger 129. The lever 154 will thus intercept
      the part retainer when the lever is in its dotted line position and will
      cause the nest retainer finger to be swung to its open position releasing
      any part 117 held in the nest, and thus rejecting a second part. The
      operation will reject the second part if the second part is not properly
      held in the nest. In other words if there is anything that will cause the
      chuck to be permitted to move downwardly a greater distance than desired,
      it will reject the second part.
PAR  It should be noted that the cylinder 152 is mounted on an upright support
      153, and the lever 154 is pivotally mounted as at 155 to a support 156 on
      the member 153. A spring 157 is used for spring loading the finger 154
      away from the path of the nest retainer end portin 140.
PAR  If for example there is a screw 90 in position in the chuck, and also a
      second part 117 in position in nest 116, the chuck will only be permitted
      to move to its position shown in FIG. 11A by the time it gets to the micro
      switch roller 146, which is on the 50.degree. radial. When both a screw
      and second part are present, it can be seen that they contact each other
      and because they have not had opportunity to thread together, the chuck 68
      is raised substantially above it position shown in FIG. 11 and thus the
      tab 145 will clear the roller 146 (pass above it) and the nest closing
      finger 129 will remain in its closed position as shown at the station 132A
      and continue to clamp the second part 117 in the nest and hold it from
      rotation. It can be seen then that if the two parts are together as shown
      in FIG. 11A, the chuck 68 will be rotating and the screwdriver will begin
      driving the screw 90 while the second part 117 is held from rotation. The
      cam roller 75 controlling the axial position of the chuck will be spaced
      from the cam surface 76 at the 50.degree. radial, but the chuck will be
      rotating and the screw will be threaded into the part 117 as the
      particular assembly device rotates from the 50.degree. radial onward to
      substantially the 220.degree. radial, at which time another check will
      take place.
PAR  During this rotation from the 50.degree. radial to the 220.degree. radial,
      the gear 77 will be driving the chuck 68 until the screw is positively
      seated in the part 117, and this will permit the chuck 68 to move
      downwardly as the screw threads in, even though both parts are present.
      The screw will be threaded until it bottoms out or hits an obstacle, at
      which time the torque limiting clutch 80 will slip, while the drive gear
      77 on the particular assembly mechanism continues to rotate. The chuck
      however will not be rotating once the screw is properly seated.
PAR  As shown, in FIG. 5 at station 42 on about the 220.degree. radial of the
      cam there is a roller 160 rotatably mounted on the end of an arm 161 which
      in turn is mounted onto a shaft 162 that is rotatably mounted into a
      bracket 163 that is fixed to plate 19 and depends therefrom. The arm 161
      is prevented from letting the roller 160 move downwardly beyond a desired
      position by a stop member 164 that is positioned above the arm on the
      opposite side of the shaft 162 from the roller 160. Now, referring
      specifically to FIG. 15, when the screw and the second part 117 have been
      properly seated, the tab 145 will reach a level such that it will pass
      underneath the roller 160 when the roller is in its stopped position
      without any action. If the screw is not properly threaded into the second
      part 117, this tab 145 will be held up, for example in a dotted line
      position shown in FIG. 15, and when the tab reaches the 220.degree. radial
      and is held up, it will lift the roller 160, causing the arm 161 to raise
      rotating the pin or shaft 162 and in turn depressing an end of actuating
      lever 165 that is on the opposite side of the support 163 from the arm
      161. Movement of the actuating lever will in turn actuate (release) a
      micro switch 166, and this micro switch will energize a valve to actuate a
      cylinder 167 that is mounted on a support 168 and to move an actuating
      finger 169 corresponding to the actuating finger 154 to position to
      intercept the end portion 140 of the particular nest lock finger 129 at
      that position.
PAR  The high part eject station indicated at 43 utilizes this cylinder
      actuating the spring loader finger 169 which has a spring 170 to urge it
      to a retracted position, and the cylinder 167 has an actuating rod 171
      that operates the finger by bearing against it and pushing it into the
      path of the portion 140 of the finger 129 to release first and second
      parts that are not fully assembled (threaded) together so that the chuck
      remains too high.
PAR  The finger 169 is substantially similar to the finger 154, and operates in
      much the same manner except that it has an additional part 169A that moves
      into position to engage a second part 117 held in the nest or a screw 90
      which may be held in the chuck and actually strips the partially assembled
      parts (this would be a screw that is partially threaded into the bottom
      part 117) from the chuck so that it will drop off into a ramp 173 for the
      "high part reject" at the 232.degree. radial.
PAR  As soon as the high part eject station has been passed, and assuming that
      the parts are properly assembled together so that the screw head rests
      against the top of the bottom part 117 and was not rejected, the chuck
      will start to lift because the of the cam surface 76 (see FIG. 5) becoming
      a raising cam lifting the chuck.
PAR  Now, referring specifically to FIG. 4, the high part eject station 43 has
      been passed, and then, the unit will move so that the end of the end
      portion member 140 will engage the end of a good part removal finger 175
      at station 44 that will open the nest lock finger 129 in the same manner
      as lever 154 and 169, and drop the assembled good parts into a trough 176
      where the assembled parts will be collected. It should be noted that the
      chuck will be lifted off the head of screw 90 of fully assembled parts by
      cam action between the high part check station at the 232.degree. radial
      and the position of the good part eject station 44. The finger 175 is
      merely a member that is fixed on a support at a horizontal level to
      intercept the end portion 140 of the second part nest retainer finger 129
      to move it to its open position as shown at station 38, and because the
      chuck will have been removed from any screw head in the fully assembled
      unit by being lifted through the camming action of the surface 76, the
      good part will be removed. The finger 175 is adjustable, but does not move
      during operation. Thus, any finger 129 in closed position moving past
      finger 175 will be opened.
PAR  In case there is a screw still held in the chuck, because of the absence of
      a second part 117, the finger 83 will engage the screw in the chuck as the
      turntable moves past the finger, and remove it from the chuck so that the
      screw will drop out before that particular assembly device comes back to
      repeat the process just described.
PAR  For reference purposes for appreciation of the relative position of the
      chuck, Table 1 below reproduces typical distances from the center of shaft
      17 to the cam surface at the listed radial. Where the cam surface distance
      changes between two radials, the change is generally uniform. Where the
      cam surface distance remains the same between two radials, the cam surface
      is cylindrical for that distance.
TBL                TABLE I                                                     
     ______________________________________                                    
                Distance from center of                                        
     Radial     Shaft to Cam Surface                                           
     ______________________________________                                    
      0.degree. 3.43                                                           
      35.degree.                                                               
                3.895                                                          
      50.degree.                                                               
                4.03                                                           
     240.degree.                                                               
                4.03                                                           
     290.degree.                                                               
                3.34                                                           
     315.degree.                                                               
                3.34                                                           
     325.degree.                                                               
                3.47                                                           
     332.degree.                                                               
                3.47                                                           
     342.degree.                                                               
                3.43                                                           
     Note: gear 31 approximately 14" pitch diameter                            
     ______________________________________                                    
PAR  Previously it was mentioned that the loading plungers were operated by
      levers actuated by cam mechanism underneath the table 16. Referring now to
      FIG. 14, and also to FIG. 2, the part loading cam assembly includes a six
      lobe cam indicated at 180, that is drivably mounted on the shaft 17 and
      rotates therewith. The loader lever 103, as shown, is pivotally mounted
      (see FIG. 2) to a support member 181, on the table 16 and extends through
      the table. The lower end portion 182 of this lever is pivotally mounted as
      at 183 to a link 184. The link 184 in turn is pivotally mounted as at 185
      to an actuating lever 186 that is pivotally mounted onto a shaft 187 fixed
      to the bottom side of the table 16. A cam roller 188 is mounted on the
      lever 186, and engages the periphery of cam member 180. The link 184 is
      spring loaded with a tension spring 189 so that the roller 188 is urged
      against the cam member 180, and each time the roller 188 enters one of the
      lobes, the actuator 103 pushes on the plunger 94 to push another screw
      into a loading position. The roller on lever 186 is positioned so that it
      times the action of the lever 103 to coincide exactly with the proper
      positioning of one of the assembly devices on the rotating turntable.
PAR  Likewise, the lever 121 for the second loading station is pivotally mounted
      about a horizontal axis to a bracket 190, and extends downwardly so that
      the lower end thereof is pivotally mounted as at 192 to a link 193 that is
      pivotally mounted to a lever 194 which in turn is mounted onto a depending
      shaft 195 attached to the table 16. The lever 194 has a roller 196 and a
      spring 197 is used for loading the link 193 so that the roller 196 engages
      the cam surface on cam 180 and is urged against the cam. The actuator 121
      will also push its attached plunger to load the second parts 117 whenever
      the roller 197 enters one of the lobes of the cam 180. Thus the loading
      action is under the force of the springs 197 and 189, and the cam serves
      only to permit such loading action, but does not actually force loading
      action. The cam forces the levers to retract the plungers under positive
      mechanical force while the loading action is under a spring force to
      prevent damage to the parts.
PAR  The turntable cam be rotated at any desirable speed to perform the assembly
      of two relatively rotatable parts as the turntable rotates.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembling machine comprising a rotating mounting member, a plurality
      of assembly stations mounted on said rotating member each having an
      assembly member, each of said assembly members including means for
      receiving a first part to be assembled, means movable with said mounting
      member for receiving a second part to be assembled in position spaced from
      each of said assembly members, and means to mount each assembly member on
      its assembly station to cause motion of said assembly member toward said
      second part and to thereby cause engagement of the first and second parts
      in each assembly station, and means to relatively rotate said first and
      second parts at each assembly station to rotationally assemble said first
      and second parts as the corresponding assembly member moves toward said
      second part including torque limiting means to limit the amount of torque
      that can be exerted between said first and second parts.
NUM  2.
PAR  2. The combination as specified in claim 1 wherein said means to rotate
      comprises a gear drive member continuously rotating said assembly members
      as the rotating mounting member rotates.
NUM  3.
PAR  3. An assembling machine comprising a rotating mounting member, a plurality
      of assembly stations mounted on said rotating member each having an
      assembly member, each of said assembly members including means for
      receiving a first part to be assembled comprising a spring loaded chuck
      member to hold said first part, means movable with said rotating mounting
      member for receiving a second part to be assembled in position spaced from
      each of said assembly members, and means to mount each assembly member on
      its assembly station to cause movement of said chuck member toward said
      second part to cause engagement of the first and second parts in each
      assembly station, said means to cause movement of said chuck member being
      designed to permit greater movement of the chuck member toward the means
      to receive said second part than the movement permitted when a properly
      sized first part in said chuck member engages a properly sized second part
      held in in the corresponding means to receive said second part, checking
      means adjacent the path of rotation of said mounting member subsequent to
      the loading of said second part cooperating with said assembly member to
      determine if the chuck member moves toward said means to receive said
      second part more than a selected distance, means responsive to said
      checking means to release a second part if said chuck member moves toward
      said means to receive said second part more than a preselected distance,
      and means to relatively rotate said first and second parts at each
      assembly station to rotationally assemble said first and second parts as
      the corresponding chuck member moves toward a corresponding second part.
NUM  4.
PAR  4. A machine for assembling a pair of parts that are threadably mounted
      together, including a continuously rotating support frame, means on said
      frame defining a plurality of individual assembly stations spaced radially
      from the center of rotation of said frame, said assembly stations each
      including a first reciprocating, rotating assembly member, means to rotate
      each assembly member about an axis spaced from the axis of rotation of
      said frame, means on said assembly member for gripping and holding a first
      part, means to move a first part into position aligned with said assembly
      member, and means to move said assembly member in its reciprocating path
      whereby said first means engages and holds a first part, second means to
      supply a second part and being positioned adjacent said rotating frame in
      a rotational position so that each assembly member passes said second
      means subsequent to the first means in a cycle of operation, means on the
      frame aligned with the axis of rotation of each of said assembly members
      for receiving a second part from said second means including means to
      resiliently, releasably hold a second part from rotation, and means to
      move said assembly frame toward said second part and to rotate said
      assembly member about its axis to threadably mount said first and second
      parts together.
NUM  5.
PAR  5. The combination as specified in claim 4 wherein said means to move said
      assembly member toward said second part permits movement of said
      reciprocating assembly member toward said second part a greater distance
      than that which is permitted when properly sized first and second parts
      engage, and means to determine when said reciprocating assembly member
      moves toward said second part more than a preselected amount, said means
      to determine being rotationally positioned in a cycle of operation
      subsequent to position where said reciprocating assembly member moves said
      first part toward the second part.
NUM  6.
PAR  6. The combination as specified in claim 5 wherein said means to cause
      movement of said assembly member includes means to reciprocate said
      assembly member a preselected distance with respect to said second part
      after said assembly member has been moved with said frame for a
      preselected rotational distance to remove a first part threaded to said
      second part from the assembly member.
NUM  7.
PAR  7. The combination of claim 6 and means to eject properly assembled first
      and second parts from said means to hold a second part at a rotational
      position subsequent to the position where said first and second parts are
      threaded together and the first part is removed from said assembly member.
NUM  8.
PAR  8. The combination as specified in claim 4 and torque limiting means to
      limit the amount of torque exerted by said assembly member when threading
      said first and second parts together.
NUM  9.
PAR  9. The combination as specified in claim 4 wherein said means to rotate
      said assembly member comprises a first fixed gear member mounted to be
      held stationary with respect to said rotating frame, and a second gear
      mounted on each of said assembly members and engaging said first gear
      whereby the second gears continuously rotate said assembly members as the
      frame rotates.
NUM  10.
PAR  10. The combination as specified in claim 7 and assembly checking means
      positioned rotationally subsequent to location where properly assembled
      first and second members are threaded together a desired amount to
      determine if the assembly member has moved toward the corresponding second
      part a desired distance, and means to eject parts associated with an
      assembly member which has not moved toward its corresponding second part a
      sufficient distance to insure complete assembly of said parts, said
      assembly checking means and said last mentioned means to eject being
      rotationally leading the means to eject properly assembled first and
      second parts.
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ABST
PAL  A method for producing indicative and/or decorative tridimensional pieces,
      e.g. types, digits or the like, comprising providing a beam having a
      normal cross-section reproducing the outline of said piece, and cutting
      said beam along a least two parallely spaced planes, in order to obtain
      single pieces having a desired thickness. The beam is preferably a drawn
      metallic or extruded plastic beam and the cutting operation thereof may be
      carried-out along planes forming a suitably selected angle, different than
      90.degree., with the beam axis, to obtain single pieces having modified
      size ratios in respect to the beam normal cross-section.
PARN
PAR  This is a continuation of application Ser. No. 299,424, filed Oct. 11,
      1972, now abandoned.
BSUM
PAC  BACKGROUND
PAR  This invention concerns a novel and improved method for commercially
      producing tridimensional indicative and/or decorative pieces, preferably
      but not necessarily in a metallic material, as e.g., types, digits or the
      like to be affixed onto sign-boards, placards and the like, said method
      allowing a unusually simple and unexpensive production of said pieces, in
      particular from a rather small number of differently shaped semi-finished
      products each of which can be machined in such a manner as to obtain
      therefrom a plurality of said indicative and/or decorative pieces having a
      substantially common shape, but which can differ from each other at least
      in one of their sizes.
PAR  Referring particularly to types and digits adapted to be affixed onto
      sign-boards, placards and the like, two methods are actually known for
      obtaining said pieces, i.e. a casting method and a plate-shearing method.
      The casting method allows to obtain good quality but obviously expensive,
      indicative pieces, and the production of different series of types and
      digits having different sizes and thicknesses requires new molds for each
      dimensional change. The plate-shearing method is obviously less expensive,
      but poor quality pieces are thereby obtained and moreover the production
      equipments must be at least partially replaced at each product dimensional
      change, except when very small changes in the sheet or plate thickness are
      required.
PAC  SUMMARY
PAR  An object of this invention is to provide a method for commercially
      producing indicative and/or decorative pieces of the type and for the uses
      as above stated, by which said pieces can be easily and unexpensively
      obtained.
PAR  Said object can be attained by a method comprising the steps of providing a
      beam having a cross-sectional shape that reproduces the shape of a
      required indicative and/or decorative piece, and of cutting said beam
      along two or more parallel and spaced planes for producing one or more
      indicative and/or decorative pieces having a thickness corresponding to
      the interval between said planes. The production and cutting of e.g.
      aluminum drawn beams or of extruded plastics beams are less expensive than
      already known methods for the production of said indicative or decorative
      pieces. Further, according to another object of this invention, said
      method allows to change at will the thickness of produced pieces, easily
      and without additional or different equipments, by merely varying the
      interval between said beam cutting planes.
PAR  Therefore, pieces having an required thickness can be obtained and said
      thickness can be changed at will to comply with different customer
      requirements without any tool modification, as it is on the contrary
      required by heretofore known procedures, but merely changing, in a simple
      and quick way, the interval between said beam cutting planes.
PAR  However, a further object, that is very important from the viewpoint of a
      commercial production of said indicative and/or decorative pieces, can be
      attained by this invention. It is obvious that, in a commercial production
      of such said pieces, for each piece basic shape-e.g. for each types or
      digit--a selection between different piece sizes, e.g. different piece
      heights or widths must be offered to customers whereby a plurality of
      piece sets, e.g. a plurality of alphabets differing from one another for
      at least one size of their pieces, should be provided.
PAR  Now, a further object of this invention is to provide a piece production
      method whereby pieces having a common overall shape or indicative
      character but different sizes and dimensional ratios, i.e. pieces
      corresponding in different sets, can be obtained from a single type of
      semi-finished product or beam showing said common overall shape.
PAR  Said object can be attained by cutting said shaped beam along parallel
      planes forming an angle different from 90.degree. with the beam
      longitudinal axis, the slanting value and orientation of said cutting
      planes being selected in such a manner as to obtain required size changes
      along required directions, with reference to the beam normal
      cross-section. Thus, from a single type of semi-finished product and
      consequently with a single die plate and from a single drawn or extruded
      beam, can be obtained a practically unlimited number of indicative and/or
      decorative pieces, having the same overall shape but differing from one
      another in their thickness and/or outline, as obtained by increasing at
      least one size of the beam normal cross-section.
PAR  Said dimensional increase in respect of the beam normal cross-section can
      be obtained by directing said parallel cutting planes in such a way that
      they are parallel to a line of the beam normal cross-section along which
      no piece size changes are required, whilst perpendicularly to said
      direction the obtained pieces show their maximum size change, with
      reference to the beam normal cross-section, and the amount of said size
      change can be established at will by suitably selecting the inclination of
      said parallel cutting planes in respect of beam main axis. It has been
      surprisingly ascertained that indicative and/or decorative pieces widely
      different from one another and showing remarkable increases in one of
      their sizes, can be obtained by said method, still maintaining their
      overall shape and their indicative and/or decorative features.
PAR  As previously stated, this invention also concerns indicative and/or
      decorative pieces, e/g. digits or alphabet types, as obtained by
      carrying-out the previously disclosed method said pieces being
      characterized in that they are made by a length of a beam, cut along two
      parallely spaced planes. Such parallel planes may be perpendicular to the
      beam outer surface between them, or may be inclined by an angle different
      than 90.degree., with respect to said surface in at least one sectional
      plane perpendicular to said cutting planes, when a size increase over the
      beam normal cross-section is required.
PAR  In this latter case, said beam surface extends, in at least one direction
      on said cutting planes, beyond the piece normal projection, i.e. it is
      visible in a plan view of said piece and causes a remarkable perspective
      effect, which can be established by selecting the side wherefrom said
      surface extends along said direction, by means of an adjustment of the
      cutting planes -- always with the same inclination with respect to the
      beam axis -- in such a manner that said inclination be positive or
      negative, respectively.
DRWD
PAC    DRAWINGS
PAR  FIGS. 1 to 4 are persepctive views and top views of symbols or indicative
      and/or decorative pieces, different from one another, that can be obtained
      from a single starting beam.
PAR  FIGS. 5 to 8 are plan views of symbols or indicative and/or decorative
      pieces as obtained by the procedures as shown in FIGS. 1 to 4,
      respectively.
PAR  FIG. 9 diagrammatically shows how said differently sized symbols or pieces
      can be obtained from a single starting semi-finished product.
DETD
PAR  The commercial production of an indicative piece or symbol, namely the
      digit "3", is shown as an example in FIGS. 1 to 8, but obviously the same
      procedure can be followed for producing any other digit or alphabet type,
      and/or decorative piece, and therefore all references to said digit "3" in
      the following description are not to be understood as limitative.
PAR  As shown in FIG. 1, for producing indicative and/or decorative pieces
      according to this invention, a semi-finished product in the form of a
      drawn or extruded beam 10 or the like is provided, said beam having a
      cross-sectional outline similar to that of required indicative and/or
      decorative piece to be produced -- in the considered example: the digit
      "3". Said semi-finished product is preferably obtained by drawing a
      metallic material e.g. aluminum, or by extruding a suitable plastics.
PAR  For the production of said pieces, said drawn or extruded beam 10 is cut
      along parallel planes 12, 12', 12" . . . that can be perpendicular to the
      beam axis as shown in FIG. 1. Thus, the required symbols or pieces can be
      obtained in a remarkably simple and unexpensive way. As it can be readily
      appreciated, the interval between said parallel cutting planes can be
      changed at will, in order to obtain pieces having a required thickness,
      e.g. by carrying-out differently spaced cuts as shown by 14, 14', 14" . .
      . The thus obtained pieces show in a plan view an outline 16 as in FIG. 5,
      i.e. equal to that of beam normal cross section, whilst, their thickness
      can be established at will and without any limit, on the basis of customer
      requirements.
PAR  However, indicative pieces or symbols having different sizes and
      dimensional ratios may be and usually are required. Such requirements are
      met, according to this invention, by utilizing the same drawn or extruded
      beam 10 without use of different dieplate or tooling. Such results can be
      obtained by cutting the beam 10 along parallel planes that are inclined on
      the beam axis by an angle different than 90.degree.. Thus, an indicative
      piece, or symbol can be obtained wherein the original sizes of beam normal
      cross-section are increased at will in one direction and the outline and
      sizes of the piece are wholly modified, while maintaining its overall
      shape and distinctive or indicative power. Thus, when a beam 10, having a
      normal cross-section 10' equal to that shown in FIG. 1, is cut along
      parallel planes, 18, 18', 18" . . . inclined on the longitudinal main axis
      of said beam normal section 10' as shown in FIG. 2, a digit "3" as shown
      by 22 in FIG. 6 is obtained, such digit having a height much greater than
      that of FIG. 5 and dimensional ratios which depend on the inclination
      value of said cutting planes 18, 18', 18" . . . Conversely, when the same
      beam 10, having the same normal cross-section 10', is cut along parallel
      planes 20, 20', 20" . . . inclined on the minor axis of said beam normal
      cross-section 10' (see FIG. 3), a digit "3" is obtained as indicated by 24
      in FIG. 7, having a width much larger than that of the digit of FIG. 5.
      Even in this case, the dimensional ratios can be selected at will by
      adjusting the inclination of cutting planes. Obviously, size increases in
      any direction can be obtained by suitably positioning the cutting planes,
      that can be differently spaced to define the thickness of obtained
      symbols.
PAR  The oblique cutting of drawn or extruded beams should be carried-out as
      diagrammatically shown in FIG. 9, with reference to a beam 26 having a
      normal square cross-section and axes a and b of the same length. When said
      beam 26 is cut along planes perpendicular to the axis thereof, square
      shaped pieces are obviously obtained, whilst when the beam is cut along an
      inclined plane parallel to axis a, as indicated by 30, a rectangular,
      elongated section is obtained, having an axis a' equal to axis aand an
      axis b' greater than axis b, by an amount that depends on the inclination
      of cutting plane 30. Conversely, by cutting the same beam 26 along an
      inclined plane 32 which is parallel to axis b, a rectangular section is
      still obtained, but extending in a direction orthogonal to the first one,
      with an axis b" equal to axis b, and an axis a" greater than axis a.
      Therefore, the beam cutting planes must be located parallely to the
      direction in the beam normal cross-section wherein no dimensional changes
      are required, while the greatest dimensional change is attained -- again
      with reference to the beam normal cross-section -- perpendicularly to said
      first direction, and in all other directions dimensional changes ranging
      from the maximum one down to zero are obtained.
PAR  As it can be appreciated from the digits 22 and 24 in FIGS. 6 and 7, when
      the drawn or extruded beam is obliquely cut the obtained pieces show a
      portion of outer beam surface, as indicated by 34 in said figures, that
      extends beyond the normal projection of said pieces in the direction of
      the greatest dimensional increase, and results in a given perspective
      effect. The piece side wherefrom said beam outer surface extends can be
      selected at will in order to obtain a required perspective effect, by
      choosing respectively a positive or negative inclination of cutting
      planes, relative to the beam axis. Thus e.g. the beam 10 of FIG. 4 is cut
      along planes 21, 21', 21" . . . that are inclined, relative to beam axis,
      by the same angle as the cutting planes 20, 20', 20" . . . of FIG. 3, but
      in an opposite direction, in order to obtain an element 24' as shown in
      FIG. 8, similar to the element 24 of FIG. 7 but having a projecting
      portion 34' that extends from the opposite side of shown digit.
PAR  Therefore, according to this invention, from a single drawn or extruded
      beam 10 can be obtained a practically unlimited set of indicative and/or
      decorative pieces having different outlines, sizes, perspective effects
      and thicknesses. Obviously, this invention can be applied not only in the
      commercial production of indicative pieces and symbols, byt also in the
      production of decorative and like components.
PAR  Moreover various modifications can be made by those skilled in the art,
      without departing from the spirit and scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for producing a legible sign consisting of a plurality of
      tridimensional legible graphic symbols such as alphanumeric characters
      comprising the steps of providing a plurality of elongated members each
      having a cross-sectional configuration in the form of one of said graphic
      symbols, there being provided at least one elongated member with a
      cross-sectional configuration in the form of each one of said graphic
      symbols, each of said elongated members having a longitudinal axis
      extending generally perpendicularly to its cross-sectional configuration,
      cutting said elongated members along planes extending transversely of said
      respective longitudinal axes to form therefrom said plurality of graphic
      symbols of which said legible sign consists, and arranging said cut
      graphic symbols in a predetermined sequence to form said legible sign.
NUM  2.
PAR  2. A method according to claim 1 wherein said cutting of said elongated
      members is performed along planes extending obliquely to said longitudinal
      axis.
NUM  3.
PAR  3. A method according to claim 1 wherein said cutting of said elongated
      members is effected along at least one transverse cutting plane which is
      parallel to at least one next adjacent cutting plane.
NUM  4.
PAR  4. A method according to claim 1 wherein said cutting of said elongated
      members is effected along at least one transverse cutting plane which is
      nonparallel to at least one next adjacent cutting plane.
NUM  5.
PAR  5. A method according to claim 1 wherein said cutting of said elongated
      members is effected along a plurality of pairs of parallel planes with
      each pair of said planes being spaced apart a different distance than each
      of the other of said pairs of parallel planes whereby said graphic symbols
      may be formed with different thicknesses.
NUM  6.
PAR  6. A method according to claim 1 wherein said cutting of said elongated
      members is effected along transverse cutting planes each extending
      perpendicularly to said longitudinal axis.
NUM  7.
PAR  7. A method according to claim 1 wherein each of said elongated members is
      selected to consist essentially of a drawn metallic body.
NUM  8.
PAR  8. A method according to claim 1 wherein each of said elongated members is
      selected to consist essentially of an extruded plastic beam.
NUM  9.
PAR  9. A method according to claim 1 for producing from a single one of said
      elongated members a plurality of graphic symbols uniformly comprising said
      cross-sectional configuration but having different sizes and dimensional
      ratios, wherein said cutting is performed along a plurality of pairs of
      adjacent parallel planes, with both of the planes in each of said pair of
      planes extending obliquely to said longitudinal axis, and with at least
      two pairs of said plurality of pairs extending at different angles
      relative to said longitudinal axis whereby similar graphic symbols having
      different desired sizes and dimensional ratios may be produced.
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ABST
PAL  A method of reinforcing structures by means of tensioned steel cables is
      disclosed. A hollow conduit or duct is positioned in the structure and
      secured therein and made a part thereof by pouring concrete in a form
      surrounding the conduit. A specified number of steel strands, wires or
      cables are inserted and pushed through the conduit one-by-one by a
      mechanical strand pusher. A nose guide is positioned on the end of each of
      the strands if required to enable them to pass easily through the conduit.
      When the required amount of strands are positioned in the conduit and the
      concrete has set to a predetermined strength, the strands are stressed
      thereby putting the structure under compression.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved method for installing elements for
      prestressing structures such as buildings, bridges and formed concrete
      structures of all types. In general, for the construction of a prestressed
      structure, tensioning strands are positioned in it during fabrication or
      construction and the strands subsequently are tensioned. The tensioning
      can be done before or after the concrete is poured forming the structure.
      There are numerous factors involved in determining whether a structure is
      to be built with previously stressed members, or whether the structure is
      to be stressed on site after fabrication.
PAR  When the structure is of a significant size, normally it is stressed at the
      building site. The size and weight of the parts of the structure prevent
      them from being prefabricated at a factory and transported to the building
      site. The structure must be poured and formed in final position and also
      tensioned in that position.
PAR  There are several ways of installing strands in the structure on situs. In
      one method, a conduit or duct is formed in the structure, normally by the
      placement of a hollow tube in the supporting frame before the concrete or
      similar material is poured. Subsequently, the requisite number of strands
      are pulled out of a supply reel, cut to the desired length, and placed
      side-by-side on the ground. One end of the group of strands is capped or
      otherwise rigidly fastened together, such as by welding. A guide wire is
      forced through the conduit and attached to the group of strands, and the
      strands are then pulled through the length of the conduit as one unit.
      Subsequently, the strands are stressed.
PAR  Such a method of prestressing, however, is time-consuming and expensive and
      also necessitates the use of heavy construction equipment and a
      significant amount of space. Each of the strands forming the bundle has to
      be taken from a supply reel and laid out straight so that the other cables
      can be placed next to it. The strands are heavy and sometimes construction
      equipment is necessary to position all of the cables in a bundle. Where
      the cables are of significant length, a similar amount of free space is
      necessary at the construction site for this procedure; such space at some
      construction projects is extremely limited, however. After the bundle or
      group of strands is formed, it necessary for a crane or other heavy
      construction equipment to transport the bundle, position it near the
      conduit, and assist in inserting it into and through the conduit. Thus,
      the use of numerous items of construction equipment and a team of
      construction workers is necessary for such construction projects.
PAR  In a second method of installing strands, the strands are prefabricated in
      a plant with all of the necessary hardware attached to them, such as
      bearing-plates, anchor-heads and the like. Groups of the strands are
      inserted in flexible conduits and coiled for delivery to the construction
      site. The strands are usually inserted in the flexible conduit in the same
      manner as described above, namely by the use of a guide wire and then by
      being pulled as a group through the conduit.
PAR  At the site, a coiled group of strands is placed on a turn table held by a
      crane and hoisted onto the structure. The coil is unwound and placed in
      position at the site. Concrete is then poured around the conduit, and
      allowed to set before the strands are stressed.
PAR  The "turn-table" method also requires the use of heavy construction
      equipment and a large team of workers. The turn-table is large and is
      cumbersome to move, position and operate at the construction site.
PAR  When the strands or tendons are stressed before concrete is poured forming
      the structure, it is normally carried out on a casting bed. The strands
      are pulled from a supply reel, laid out straight on the ground forming a
      bundle, and placed in position on the casting bed. Other requisite
      reinforcing steel inserts are then placed on the casting bed, forms are
      positioned around the work, and the concrete is poured.
PAR  Prestressing of the strands before the concrete is poured can only be
      utilized for small members and structures due to transport considerations.
      Also, significant anchorage is needed at the stressing site to accommodate
      the tremendous stressing forces.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the aforementioned problems and provides an
      improved method for installing prestressing elements in building
      structures. The present method eliminates the need for heavy machinery and
      construction equipment during installation of the stressing elements and
      also reduces the amount of time, effort and labor required.
PAR  In the inventive method, a conduit or duct is positioned in a structure
      during construction and the concrete or other material subsequently is
      formed or poured around it. The tensioning strands can be inserted in the
      conduit before or after the concrete is poured, but the strands are not
      stressed until after the concrete is poured and sufficiently set. The
      tensioning strands are inserted into and pushed through the conduit one by
      one or in numbers directly from one or several supply reels. A mechanical
      strand puller or guiding apparatus is positioned between the reel and the
      conduit in order to pull the strands from the reel and push them through
      the conduit. If desired, a nose guard is positioned on the end of each
      strand so that they will more easily pass through the conduit. Each of the
      strands is pushed through the conduit until it appears at the other end.
      If desired, a counter and cut-off switch can be installed so that when the
      required length of strand has been pushed through the conduit and recorded
      on the counter, the cut-off switch will be automatically operated to stop
      the operation. Once the strand is passed through the conduit, it is cut
      and the procedure is repeated for other strands until the conduit has the
      requisite amount of material therein. Subsequently, the bundle of strands
      is placed under tension and the whole structure is stressed.
PAR  In another embodiment of the invention, the method can be used to insert a
      bundle of strands in a flexible conduit and thus be used as a part of the
      above described "turn-table" method.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be more effectively understood by referring to the
      accompanying drawings, wherein:
PAR  FIG. 1 illustrates the apparatus used for conducting the strands through a
      conduit;
PAR  FIG. 2 is a view along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a cross section of a conduit after a bundle of strands is
      inserted therein;
PAR  FIG. 4 illustrates a nose guard for placement on the end of the strands;
PAR  FIGS. 5A and 5B illustrate strand pusher apparatus utilizing plurality of
      pulleys; and
PAR  FIG. 6 illustrates a strand pusher with a plurality of sets of pulley means
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates the apparatus used for conducting the present invention.
      A conduit or duct 10 is positioned in a structure 11. The conduit 10
      preferably is a relatively thin walled metal pipe and can be of any
      diameter. The structure 11 is typically concrete or any other material
      used for construction purposes. The structure 11 is formed at the building
      site by the use of appropriate molds or forms. The conduit 10 is
      positioned by supporting structures in the mold or form before the
      concrete or other material is poured into it. The concrete is allowed to
      harden forming the structure 11. A plurality of strands, wires or tendons
      are inserted through the conduit either before or after the concrete is
      poured. In FIG. 1, one strand 12 is shown in the conduit. A second strand
      13 is shown in position for insertion into the conduit 10. The arrows
      along the strand 13 show the direction in which it will be inserted.
PAR  FIG. 2 shows a cross section of the conduit 10 and the structure 11 showing
      the strand 12 positioned therein.
PAR  The strands or tendons are usually steel and consist of small wires or rods
      braided or twisted together and usually are on the order of one-quarter
      inch or greater in diameter. The plurality of strands are inserted through
      the conduit 10 by means of a mechanical strand pusher 15. The strand
      pusher 15 has one or more sets of wheels, pulleys, wedges or the like for
      positive and frictional engagement with the strands in order to grasp the
      strands, pull them from the supply reel and push them through the conduit.
      In FIGS. 1, 5A and 5B, the strand pusher 15 has a plurality of pulleys or
      other guiding means 16 and a motor 17 which drives the pulleys 16. The
      motor can be of any conventional type, such as a gasoline or electric
      motor. One or more of the pulleys are adjustable. Lever 18 is attached to
      the movable pulley (or pulleys) and is adapted to be mechanically adjusted
      so that the movable pulley (or pulleys) can be forced onto the strand
      thereby causing the strand to be pulled from the supply reel through the
      strand pusher 15.
PAR  A series of three pulleys is shown in FIG. 5A and a series of seven pulleys
      is shown in FIG. 5B. In each embodiment, one or more pulleys 16' is
      adjustable. The arrow next to pulley 16' in FIG. 5A shows the direction in
      which it is adjustable and is displaced. The strand 13 is moved through
      the strand pusher when the pulleys 16' engage it.
PAR  It is also possible that the movable pulleys 16' can be spring biased or
      counterweighted so that they will automatically engage the strand 13 as
      soon as it is inserted in the strand pusher 15.
PAR  A reel or other supply means for the strands (not shown) is positioned next
      to the strand pusher 15 and the strands can be taken directly from that
      supply reel and inserted through the strand pusher. To ensure that the
      strands pass freely through the conduit 10, a nose guard 20 can be
      positioned on the end of each strand. The guard 20 which has a rounded tip
      or cap is shown in more detail in FIG. 4. Preferably the guard 20 is made
      of steel or material of similar strength and hardness. The guard 20 is
      inserted on the end of the strand and does not have to be rigidly or
      permanently fastened to it.
PAR  It is also possible to adapt the rounded guard 20 to ensure that none of
      the cables get woven around together when they are being inserted through
      the conduit 10. Such weaving can happen particularly where the conduit is
      not straight, such as shown in FIG. 1. In this instance, guide means 21 is
      attached to guard 20 and is formed to be positioned over another strand
      already inserted through the conduit, such as strand 12. In this manner,
      the succeeding strand, such as strand 13, will ride and be guided along
      the strand already positioned in the conduit.
PAR  The strand 13 is pushed by apparatus 15 through the conduit until it exits
      from the other end. A counter (not shown) can be attached to the strand to
      indicate when the required length of strand has been inserted in the
      conduit. The counter can also be equipped with a cut-off switch so that
      the strand pusher 15 will automatically stop once the counter has reached
      the set amount.
PAR  Once the strand 13 is pushed through the conduit 10, it is cut and the
      process is repeated again and again with other strands until the requisite
      number of strands are positioned in the conduit.
PAR  FIG. 3 shows a conduit 10 filled with the required number of strands 25 for
      the particular construction project. When the conduit 10 is on the order
      of four to six inches in diameter, approximately 15 to 20 strands 25 are
      usually needed to fill the tube and provide the necessary material
      required by the building specifications. It is understood, however, that
      the precise number of strands varies from job to job depending on the size
      of the conduit, the size of the strands and the application for which the
      tensioning is needed.
PAR  Once the requisite number of strands are positioned in the conduit 10,
      appropriate tensioning means (not shown) are attached to each end of the
      bundle of cables and the cables are placed under tension. Means for
      post-tensioning structures are well known in the art, such as, the use of
      the center-pull and shoulder-pull methods using wedge anchors, and nut and
      thread anchors, threaded plate anchors and the like, as stressing anchors.
PAR  It is also possible to insert a plurality of strands 28 in the conduit at
      the same time, as shown in FIG. 6. A strand pusher 30 with a number of
      sets of pulleys 31 is positioned between the conduit 10 and a plurality of
      strand supply reels (not shown). Simultaneously, a strand is pulled from
      each of the reels and inserted by the strand pusher 30 into the conduit.
PAR  The invention has been described with respect to particular embodiments,
      but it is understood that numerous modifications and changes may occur to
      those skilled in the art. Any such modifications and changes are included
      within the scope of the invention as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of inserting reinforcing strands into a conduit extending
      through a structure to be stressed and then placing the strands under
      tension in the conduit, comprising
PA1  selectively pushing a plurality of separate strands one-by-one through the
      conduit forming a group of strands of variable number therein, whereby the
      number of strands pushed through the conduit may be varied from job to job
      depending on the amount of reinforcing material required to adequately
      stress the structure,
PA1  tensioning the group of strands, and
PA1  anchoring the group of strands to the structure in order to maintain the
      group of strands under tension.
NUM  2.
PAR  2. The process of claim 1 wherein a guard means is positioned on each of
      the strands prior to being pushed through the conduit.
NUM  3.
PAR  3. The process of claim 1 wherein the strands are pushed through the
      conduit by means of a mechanical strand pusher.
NUM  4.
PAR  4. The process of claim 3 wherein the mechanical strand pusher has a
      plurality of pulley means being adjustable for engagement with each of the
      strands.
NUM  5.
PAR  5. A method of inserting reinforcing strands into a conduit extending
      through a structure to be stressed and then placing the strands under
      tension in the conduit, comprising
PA1  selectively pushing a plurality of separate strands simultaneously through
      the conduit forming a group of strands of variable number therein, whereby
      the number of strands pushed through the conduit may be varied from job to
      job depending on the amount of reinforcing material required to adequately
      stress the structure,
PA1  tensioning the plurality of strands, and
PA1  anchoring the group of strands to the structure in order to maintain the
      plurality of strands under tension.
NUM  6.
PAR  6. The process of claim 1 wherein the strands are continuously pushed
      through the conduit.
NUM  7.
PAR  7. The process of claim 1 further comprising the step of guiding succeeding
      strands, as the succeeding strands are pushed through the conduit, along a
      strand already inserted through the conduit to prevent weaving of the
      strands.
NUM  8.
PAR  8. The process of claim 1 further comprising the step of automatically
      terminating the pushing of the strands as the strands exit from the
      conduit.
NUM  9.
PAR  9. The process of claim 5 wherein the strands are continuously pushed
      through the conduit.
NUM  10.
PAR  10. The process of claim 5 further comprising the step of automatically
      terminating the pushing of the strands as the strands exit from the
      conduit.
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ABST
PAL  A method of lining a steel wall surface with an elastomeric material which
      involves applying a layer of elastomeric material against said steel wall
      surface and holding said elastomeric material against said steel surface
      with a plurality of bolts and washers, said bolts being butt welded to
      said steel surface.
BSUM
PAR  It was heretofore usual at such linings to drill holes through the steel
      structure in order to secure bars or washers by means of a bolt and a nut
      on the outside. In some cases the holes in the steel structure were so
      threaded that it was possible to clamp the lining from the lining side.
PAR  This has brought about in most cases a good connection, but it has involved
      disadvantages:
PA1  1. long mounting times, because the drilling and, possibly, threading
      operations are to be carried out manually, as no machine tools are
      available for this kind of work, and therefore require much time. At some
      truck platforms it was even impossible to drill and the holes had to be
      made by means of cutting torches.
PA1  2. considerable reduction in strength by rows of holes. Hole rows drilled
      previously and not adapted for use still remain in most cases and
      deteriorate the situation.
PA1  3. at the drilling in steel structures for securing linings, the structure
      must be accessible from outside. This has necessitated the erection of
      special expensive stands, or mounting alternatives had to be accepted
      which from a labour protection point of view are repulsive.
PA1  4. bores in steel structures, with through bolts for securing the lining
      and with nuts on the outside, mostly with intermediate washers, render the
      structure an appearance similar to a porcupine. These structures are in
      most cases rotary, and the projecting quills seriously endanger the
      workers. If a cloth piece or long hair should fasten in the quills, a
      serious accident may occur.
PA1  5. for damping high sound levels, heretofore mostly large sound-damping
      housings were used. The present invention makes such clumsy arrangements
      superfluous.
PA1  6. at existing steel structures, often no access from outside to certain
      areas of the lining side is possible at all. In such cases it was
      impossible to secure the lining in a satisfactory manner, and one had to
      be satisfied with a half measure.
PA1  7. when drilling through holes it sometimes happens, that it is entirely
      impossible to satisfactorily seal the holes in the case of wet operations.
PAR  All of the aforesaid disadvantages are eliminated by the present invention,
      which is characterized in that, after the positioning of the plates on the
      steel structure side to be protected, the bolts are butt-welded against
      said side through holes extending through the plates or along the plate
      edge, and that said holes or plate edge are provided with a shoulder for
      clamping the plates by means of a nut, washer, bar or the like.
PAR  At truck platforms and similar plane objects suitably a round washer with
      folded-down edges is placed into the hole on the shoulder about the bolt,
      and the clamping is effected by a nut.
PAR  A particularly suitable embodiment of this kind is characterized in that,
      after the clamping of the plates, a cylinder, for example of rubber or
      plastic, is inserted into the hole above the clamping means, and that the
      height of said cylinder is slightly (a few millimeters) lower than the
      depth of the hole, so that a clearance exists between the clamping means
      and the cylinder bottom.
PAR  When, however, round objects are to be lined, for example concrete mixers
      or mills, the plates most suitably are positioned adjacent one another
      with so much space therebetween as to provide place for butt-welding the
      bolts in said space, and a bar with holes is placed on the two shoulders
      located adjacent one another, whereafter butt-welding of the bolts is
      carried out through the holes. When deemed suitable, the holes in the bar
      can be drilled so that a shoulder is formed to provide holding for a
      countersunk nut.
PAR  The resulting gains are as follows
PA1  1. the mounting times are shortened to a tenth of the times heretofore
      usual.
PA1  2. no reduction in strength.
PA1  3. the mounting is substantially entirely undangerous from a labour
      protection point of view.
PA1  4. the outside is substantially smooth, and rotary structures, therefore,
      do not get hold in long hair, beards or cloth pieces of the workers.
PA1  5. the invention has rendered possible a lining of the apparatus proper, so
      that bulky sound-damping housings are unnecessary.
PA1  6. by applying the invention, accessibility from outside is no longer
      required, and linings can be secured also in such areas on the lining side
      which are not accessible at all from outside.
PA1  7. any risk of leakage is eliminated as no holes are made.
DRWD
PAR  The invention is explained in greater detail in the following, with
      reference to the accompanying drawings, in which
PAR  FIG. 1 illustrates a plate seen from above for lining a truck platform,
PAR  FIG. 2 shows the same plate in a section after the line II--II in FIG. 1,
PAR  FIG. 3 is an enlargement of a detail in FIG. 2,
PAR  FIG. 4 is a vertical longitudinal section of one half of a concrete mixer,
      and
PAR  FIG. 5 is a section after the line V--V in FIG. 4.
DETD
PAR  The problem illustrated in FIGS. 1-3 is to protect the inside of a truck
      platform against wear and impacts from a load of coarse rock. The platform
      1, therefore, is protected by a thick rubber lining 2, which consists of a
      plurality of rubber plates with the dimension 0.5 .times. 1 m. The 8 cm
      thick plates are retained in place by drilling holes 3 into the plates,
      which holes located closest to the platform are terminated by a shoulder
      4. A pin bolt 5 is welded on the platform by butt-welding at which a
      welding gun of Philips make is used. A round washer 6 with folded down
      edges 7 is threaded over the bolt, and the entire arrangement is clamped
      by means of a nut 8. Finally a rubber cylinder is inserted into the hole
      over the securing means.
PAR  FIGS. 4 and 5 illustrate a way how to protect the inside of a concrete
      mixer against wearing by the concrete. For this purpose, the inside has
      been lined with rubber plates 9 and 10. The plates are provided along
      their edge with shoulders 11 and 12 and positioned adjacent one another
      along the generatrices with a space between each plate. A bar 12 is placed
      on the shoulders, which bar has a plurality of through holes 13 with
      shoulders 14. Through these holes the bolt 15 is welded on the shell plate
      of the concrete mixer. A washer 16 is placed on the shoulder 14, and
      thereafter the nut is tightened.
PAR  As the plates are secured along the edge as shown in FIGS. 4 and 5, the
      bolts can be welded before the plates are positioned. In that case the
      surface to be protected is to be marked and the bolts are to be welded in
      the marked places.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for lining a steel wall surface with a layer of elastomeric
      material which comprises:
PA1  a. disposing a layer of elastomeric material directly against said steel
      wall surface, said elastomeric material having a plurality of holes
      therein which provide access through said layer of elastomeric material to
      said steel wall surface,
PA1  b. inserting bolts into each of said holes,
PA1  c. butt welding each bolt end which contacts said steel wall surface
      directly to said steel wall surface so that each bolt, when welded to said
      steel wall surface, extends substantially perpendicularly to said steel
      wall surface, the end of the bolt furthest from steel wall surface being
      threaded,
PA1  d. placing a washer over the threaded end of each bolt and resting it
      against a recessed shoulder portion of said elastomeric material that is
      spaced away from said steel wall surface,
PA1  e. tightening a nut on the threaded end of each bolt so as to both press
      said washer downwardly against said elastomeric material and to press said
      elastomeric material against said steel wall surface, and
PA1  f. inserting a cylinder of elastomeric material into the hole above said
      nut after the nut is tightened on said bolt.
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ABST
PAL  The attachment of a tubular pipe connection means to the wall of a storage
      tank of similar structure in which an end portion of the pipe connection
      means attachable to the wall is provided with an inwardly inclined conical
      collar having at its free end portion an outwardly directed conical
      flange. A bar with a conically-shaped free end portion being insertable
      into the pipe connection means so that the free end portion thereof
      contacts the inside of the collar with a conical hole piercing member
      being attached to the free end portion of the bar in contact with the
      inside of the flange of the pipe connection means. The arrangement is such
      that when the hole piercing member together with the pipe connection means
      are moved axially through the wall of the tank, the conical collar and
      flange, via the conically shaped free end portion of the bar, are pressed
      outwardly and caused to bend and grip the edge of the hole formed in the
      wall by the piercing member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for the attachment of a tubular pipe
      connection means to a sheet metal wall, e.g. a storage tank or similar and
      to a device for the use of the method.
PAC  PRIOR ART
PAR  The attachment of pipe connection means to sheet metal storage tanks, in
      particular for the storage of oil products, has previously been
      complicated and time consuming, thus also involving large costs.
PAR  With regard to new oil storage tanks, holes have normally been cut through
      the sheet metal wall of the tank by means of drilling or cut by means of
      gas welding equipment, after which the pipe connection means have been
      welded or screwed to the sheet metal wall at the holes, which could have a
      relatively large diameter depending on the size of the pipe connection
      means.
PAR  If the oil storage tanks have previously been used, or, possibly are in use
      for the storage of oil products, it is not possible to use the welding
      method for cutting and attachment, in view of the risk of fire and
      explosion. It is also very difficult to attach pipe connection means by
      means of screw or bolt members, since it normally is necessary to arrange
      supporting washers and sealing gaskets on the inside walls of the tanks,
      which means that a person must work within the tank and in cooperation
      with someone working outside the tank. If various sizes of pipe connection
      means are to be attached to the tank, it is extremely difficult for the
      person within the tank to find the correct dimension of the supporting
      washers.
PAC  SUMMARY OF THE INVENTION
PAR  The method and device according to the present invention eliminate the
      above mentioned disadvantages completely, since pipe connection means can
      be fastly attached to the aforementioned sheet metal walls and without
      risks by only one person, working on the outside of the sheet metal wall
      or the tank.
PAR  The method according to the present invention is then mainly characterized
      in, that the end portion of the pipe connection means attachable to the
      sheet metal wall is arranged as an inwardly inclined and conical collar,
      having at the free end, an outwardly directed conical collar, and a
      slidable bar is inserted in the pipe connection means, having a conical
      shape at the free end portion brought in contact with the inside of the
      collar, after which a conical hole piercing member is attached to the free
      end portion of the bar and in contact with the inside of the collar, the
      hole piercing member, under the influence of an axially directed power
      towards the bar, is brought to move through the sheet metal wall and
      together with the pipe connection means, the collar shaped part and flange
      of which, by means of the conically shaped end portion of the bar, is
      pressed out and brought to bend and grip the edge portion of the hole
      created in the sheet metal wall, after which the bar with the hole
      piercing member is removed by a slidable movement in the opposite
      direction.
PAR  The method is further characterized in that the power influence for the
      axial movement of the bar towards the sheet metal walls is created by
      means of explosive power.
PAR  The device according to the method is mainly characterized in that the end
      portion of the pipe connection means attachable to the sheet metal walls
      is arranged with an inwardly inclined and conical collar, which, at the
      free end, is arranged with an outwardly directed conical flange member and
      that a slidable bar is inserted in the pipe connection means, being
      conically shaped at the free end portion and having contact with the
      inside of the collar, a conically hole piercing member being attachable to
      the free end portion of the bar and arranged in contact with the inside of
      the flange member, the hole piercing member being arranged to move through
      the sheet metal wall under the influence of an axially directed power
      together with the pipe connection means, the collar shaped part and flange
      member of which, by means of the conically shaped end portion of the bar,
      being arranged to be pressed outwardly to bend and grip the end portion of
      the hole created through the sheet metal wall.
PAR  The device is further characterized in that the axially directed power on
      the bar is an explosive power.
PAR  A further characteristic feature for the device according to the present
      invention is, that the pipe connection means, the bar and the hole
      piercing member are guided and movably arranged in a tubular member,
      having an open end portion adjacent to the sheet metal wall and the other
      end portion being arranged with a removable lid, through which a power
      initiating member directed toward the bar is slidably arranged.
PAR  The method and the device together with further modifications of the
      present invention will be more fully described below with reference to the
      enclosed drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows, partly in a longitudinal cross-section, a view of the pipe
      connection means and the device for accomplishment of the method when the
      device is brought to contact a sheet metal wall and before the operation
      of attachment for the pipe connection means has been started,
PAR  FIG. 2 shows a view similar to FIG. 1 at the moment when the attachment of
      the pipe connection means has been started,
PAR  FIG. 3 is a similar view at the moment when the pipe connection means has
      been attached to the sheet metal wall,
PAR  FIG. 4 is a side view of an embodiment of the hole piercing member,
PAR  FIG. 5 is an end view of the active part of the same hole piercing member,
PAR  FIG. 6 is a side view of a second embodiment of the hole piercing member,
PAR  FIG. 7 is an end view of the active part of the hole piercing member
      according to the second embodiment,
PAR  FIG. 8 shows, partly in longitudinal cross-section, the pipe connection
      means attached to a sheet metal wall and the lower part of the device,
      according to a second modification,
PAR  FIG. 9 shows, in a longitudinal cross-section and on a larger scale, a part
      of the device and the pipe connection means, which is arranged with a
      groove for a sealing member and
PAR  FIG. 10 shows, in a similar view, a part of the device and pipe connection
      means, which is arranged with a sealing member acting towards the edge
      portion of the sheet metal.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  By reference numeral 10 is indicated an axially movable bar, having a lower
      end portion 10' rounded to a conical shape and arranged with an axially
      directed threaded channel 11, in which a threaded member 12' of a hole
      piercing member, generally indicated as 12, is attachable. Reference
      numeral 13 indicates generally a pipe connection means and 14 a sheet
      metal wall through which a hole is pierced for the attachment of the pipe
      connection means 13.
PAR  The bar 10 is of a circular cross-section and arranged to slide guided by
      the inside wall of the pipe connection means 13. The pipe connection means
      13 is, at the lower end portion, arranged with an inwardly inclined and
      conical collar 15, having the free end portion arranged with an outwardly
      inclined conical flange member 16. The pipe connection means 13 is, at the
      connection to the collar 15, arranged with a flange edge 17 contactable
      with the sheet metal wall 14. The bar 10 is, at the opposed end portion,
      provided with a piston 18, which is sealingly movably in an embracing
      tubular member or cylinder 19, in which the pipe connection means 13 also
      is guided and movable. The inside of the tubular member 19 has a contact
      flange member 20 for the piston 18 and, by means of a bayonet lock or the
      like, a detachably fixed lid 21, through which a channel is centrally
      formed, in which is movably mounted a power initiating member 22, having a
      means for attachment of an explosive cartridge 23, which can be caused to
      explode when a pointed part 24 of the piston 18 penetrates the cartridge
      23.
PAR  The hole piercing member 12 is of circular cross-section and provided with
      two opposed conical surfaces 25 and 26 and a pointed part 27, with the
      part 27 being starshaped and curved. As shown in FIGS. 6 and 7, the
      pointed part 27, 27' respectively is shaped to a cutting member.
PAR  The method and device according to the present invention is performed, and
      operates, respectively as follows: The tubular pipe connection means 13 is
      inserted from the conically curved end portion 10' of the bar 10 in such a
      way that the collar 15 makes contact as shown in FIG. 1, after which the
      hole piercing member 12 is attached to the threaded channel 11, with the
      conical surface 25 of the hole piercing member 12 making contact with the
      inside of the conical flange member 16 of the collar 15, which is arranged
      inside the largest cross-section of the hole piercing member 12.
PAR  When the tubular member 19 is moved to contact the outer surface of the
      sheet metal wall 14 with the downwardly directed end portion, the pointed
      part 27, 27' of the hole piercing member 12 makes contact with the
      aforementioned surface, with the bar 10 and with the piston 18 being moved
      to a fixed end position from the aforementioned sheet metal surface.
PAR  When a hole is to be pierced through the sheet metal wall 14, the
      initiating member 22 is moved, manually or by means of an impact tool
      towards the piston 18, thus forcing the part 24 to penetrate the explosive
      cartridge 23 and explode the same. A rapidly acting pressure is thus
      created on the upper side of the piston 18, as shown in FIG. 2, thus
      forcing the hole piercing member 12 to be pressed through the sheet metal
      wall 14 under the influence of great power, with edge portion 28' of the
      created hole 28 being bent down and, by means of the flange 16 of the
      collar 15, pressed into contact with the inside of the sheet metal wall
      14, as shown in FIG. 3, simultaneously as the conical wall of the collar
      15 is pressed outwardly under the influence of the conically and curved
      end portion 10' of the bar 10. The collar 15 and the flange member 16
      together with the flange edge portion 17 in the pipe connection means 13
      are thereby forced to grip the edge portion 28' of the hole 28, thus
      attaching the pipe connection means 13 in a fixed relationship to the
      sheet metal wall 14. The bar 10 can, adjacent to the end portion 10', be
      slightly conically shaped downwardly, in order to faciliate the return
      movement of the bar 10 with the hole piercing member 12 through the pipe
      connection means 13, after completed attachment to the sheet metal wall
      14.
PAR  In cases in which the size of the pipe connection means 13 is rather
      considerable and the area of the hole 28 is relatively large, the sheet
      metal material is preferably cut to a star shaped configuration when the
      edge portion 28' is folded. In order to accomplish this in an efficient
      manner, the pointed part 27, 27' of the hole piercing member 12 can be
      arranged with a starshaped cutting or slitting member, as shown in FIGS. 6
      and 7. If the pipe connection means 13 is manufactured from a synthetic
      plastic material or any other similar and relatively soft material, a
      ring-shaped steel member 29 is preferably fixed to the inside of the pipe
      connection means 13, in a position corresponding to the edge portion 28'
      of the hole 28, as shown in FIG. 8. In this case, the bar 10 is arranged
      with a supporting flange member 30, against which the ring-shaped steel
      member 29 is in contact during the piercing and attachment of the pipe
      connection means 13 to the sheet metal wall 14.
PAR  In order to accomplish an efficient and long lasting sealing effect between
      the pipe connection means 13 and the edge portion 28' of the hole 28, the
      pipe connection means 13 can be provided with a circular groove 31, in
      which a gasket member of elastical material 32, e.g. rubber, can be
      inserted as shown in FIG. 9.
PAR  As shown in FIG. 10, the pipe connection means 13 can be arranged with a
      sealing flange member 33, arranged to take up a spring-acting contact with
      the edge portion 28' of the hole 28.
PAR  When the pipe connection means 13 has been attached to the sheet metal wall
      14, a tubular element can be attached to the pipe connection means 13 in a
      previously known way.
PAR  The power influence on the bar 10 necessary for accomplishment of the
      method, can be created by means of impact power only, particularly when
      the material of the sheet metal wall 14 is relatively soft, e.g. a light
      metal alloy or similar materials. If the material of the sheet metal wall
      14 is hard, e.g. steel, the power influence is preferably created by means
      of explosive power.
PAR  The method and device according to the present invention makes it possible
      to attach pipe connection means to sheet metal walls speedily and
      effectively, using a minimum of man power. Large savings in labor costs
      are thus achieved in comparison with what has previously been possible.
PAR  The device according to the method can be varied and modified in a number
      of ways within the framework of the invention and the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of attaching a tubular pipe connection means to a sheet metal
      wall, such as a storage tank or similar structure, in which an end portion
      of the pipe connection means attachable to the sheet metal wall is
      provided with an inwardly inclined conical collar having at its free end
      portion an outwardly directed conical flange member; comprising the steps
      of providing a bar with a conically-shaped free end portion; inserting the
      movable bar into the pipe connection means so that the free end portion
      thereof contacts the inside of the collar of the pipe connection means;
      attaching a conical hole piercing member to the free end portion of the
      bar in contact with the inside of the flange member; moving the hole
      piercing member together with the pipe connection means axially through
      the sheet metal wall so that the conical collar and flange member, by
      means of the conically-shaped free end portion of the bar are pressed
      outwardly and caused to bend and grip the edge portion of the hole formed
      through the sheet metal wall by means of the piercing member; and sliding
      the bar in the opposite direction for removing together with the hole
      piercing member.
NUM  2.
PAR  2. The method according to claim 1 comprising directing an explosive force
      for moving the bar and piercing member on the bar axially towards and
      through the sheet metal wall.
NUM  3.
PAR  3. In a device for the attachment of a tubular pipe connection means to a
      sheet metal wall, such as a storage tank or similar structure, in which an
      end portion of the pipe connection means attachable to the sheet metal
      wall is provided with an inwardly inclined conical collar having at the
      free end portion an outwardly inclined, conical flange member; a bar
      slidably inserted in the pipe connection, the bar having a
      conically-shaped free end portion arranged to make contact with the inside
      of the collar; a conically-shaped hole piercing member insertable into the
      free end portion of the bar and arranged to make contact with the inside
      of the flange member; and power means to move the hole piercing member
      axially through the sheet metal wall and to also move the bar and the pipe
      connection means in contact therewith, the collar and flange member of
      said pipe connection means being pressed outwardly by means of the
      conically-shaped free end portion of the bar to bend and grip the edge
      portion in the hole formed through the sheet metal wall.
NUM  4.
PAR  4. The device according to claim 3 in which the power means is defined by
      an explosive and means to detonate the explosive.
NUM  5.
PAR  5. The device according to claim 3, including a tubular member having one
      open end portion adjacent to the sheet metal wall and an opposed end
      portion, a removable lid for the opposed end portion, the bar and hole
      piercing member being guided and movably arranged in the tubular member,
      the power means including a power initiating member directed towards the
      bar and slidably arranged in the removable lid.
NUM  6.
PAR  6. The device according to claim 5 in which the bar, at the end portion
      directed towards the lid, is provided with a piston member, guidingly and
      sealingly mounted against the inside of the tubular member.
NUM  7.
PAR  7. The device according to claim 6 in which the power means is an
      explosive, and the power initiating member is provided with means to
      detonate the explosive when the initiating member is moved.
NUM  8.
PAR  8. The device according to claim 5 in which the hole piercing member is
      provided with a pointed curved curface at the end portion directed towards
      the sheet metal wall.
NUM  9.
PAR  9. The device according to claim 8 in which the pointed curved surface is
      star-shaped.
NUM  10.
PAR  10. The device according to claim 5 in which the bar is provided with a
      circular recess at the end portion directed towards the hole piercing
      member, and a steel ring member insertable in the recess for the support
      of the inside of the pipe connection means.
NUM  11.
PAR  11. The device according to claim 5 in which the pipe connection means
      adjacent to the collar is provided with a sealing member acting against
      the edge of the hole.
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PAL  A gate self-alignment type field-effect semiconductor device is formed with
      an insulating film deposited on the surface of a substrate. A polycrystal
      silicon doped with impurities having a type of conductivity opposite to
      the conductivity of the substrate extends through a gap in said insulating
      film to engage the surface of said substrate so as to serve as both a
      diffusion source and electrode for each of the source and drain of the
      device.
PARN
PAR  This is a division of application Ser. No. 309,857 filed Nov. 27, 1972, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to semiconductor devices, and in particular, to
      insulated gate type field-effect transistors, and to the formation of
      integrated circuits consisting of such transistors.
PAR  Conventional insulated gate field-effect transistors cannot provide the
      high-speed operation and low power dissipation desired. This results from
      the limited frequency dependence of the known devices caused by the
      superposed feedback capacitance between the gate electrode and each of the
      source and drain. Further, the width of the source and drain in the
      conventional insulated gate type field-effect transistors is limited by
      the accuracy of photo-etching and is such as to make difficult integration
      of a large number of such transistors. Further, the width and length of
      the source and drain greatly increases the junction capacitance of the
      device, preventing high speed operation and low power dissipation. By
      using a polycrystal silicon doped with impurities as a diffusion source
      and as an electrical conductor, the foregoing difficiencies have been
      avoided.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, an insulated gate
      type field-effect semiconductor device is provided having an insulating
      film on the surface of a silicon substrate, two regions of a polycrystal
      silicon doped with impurities having a type of conductivity opposite to
      that of the substrate being deposited on said insulating film, each of
      said regions extending through a gap in said insulating film to engage the
      surface of said substrate. Said regions of polycrystal silicon serve as a
      diffusion source for the formation of source and drain in the surface of
      said substrate, as well as providing at least a portion of the electrodes
      connected to said source and drain.
PAR  Said device is formed by depositing an insulating film on the surface of
      said substrate with a gap therein dimensioned to correspond to the source,
      drain and channel therebetween of the semiconductor device. A layer of
      polycrystal silicon is deposited on the surface of the substrate within
      said gap and on the region of the insulating film adjacent thereto. Said
      polycrystal silicon is then covered by a second insulating film and the
      portion of the second insulating film and polycrystal silicon defining the
      central region of the gap in said first-mentioned insulating film are
      removed and a gate insulating film is deposited therein. Further gaps are
      formed in said second insulating film in registration with each of the two
      portions of said polycrystal silicon and electro-conductive material is
      deposited in each of said gaps and in engagement with the gate insulating
      film to provide the electrode of the device. The source and drain are
      formed in the substrate by diffusion from said polycrystal silicon.
PAR  Accordingly, it is an object of this arrangement to provide a
      self-alignment type field-effect semiconductor device having substantially
      reduced superposition capacitance and junction capacitance, higher
      frequency response, low power dissipation and lower junction capacitance
      than the conventional insulated gate type field-effect semiconductor
      devices.
PAR  A further object of the invention is to provide a method for manufacturing
      such semiconductor devices.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification and drawings.
PAR  The invention accordingly comprises the several steps and the relation of
      one or more of such steps with respect to each of the others, and the
      articles possessing the features, properties, and the relation of
      elements, which are exemplified in the following detailed disclosure, and
      the scope of the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIGS. 1 and 2 are cross sectional views of conventional field-effect
      semiconductor devices;
PAR  FIGS. 3a, 3b, 3c, 3d and 3e are cross sectional views of the semiconductor
      device in accordance with the invention in various stages of manufacture;
      and
PAR  FIGS. 4a, 4b, 4c and 4d are cross sectional views of a semiconductor device
      in accordance with the invention demonstrating various stages of
      manufacture utilizing a second method in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now tto FIG. 1, the conventional insulated gate type field-effect
      transistor depicted includes a silicon (Si) substrate 1 having diffusion
      layers 2 formed therein representing the source and drain of the device.
      The surface of the substrate 1 is covered by a thick insulating film 3
      except in a central region occupied by a gate insulating film 4 and two
      narrow regions in registration with each of the source and drain diffusion
      layers 2, an electro-conductive element 5 extending through each of said
      narrow regions to define the source and drain electrodes of the device. A
      further electro-conductive element is mounted in engagement with gate
      insulating film 4 to define the gate electrode of the device. One defect
      of the transistor of FIG. 1 is the limited frequency dependence which is
      in part caused by the superposed feedback capacitance of the device. Said
      capacitance is specifically caused by the superposition of the region A of
      each of the source and drain 2 and the gate electrode 5, region A of each
      of said source and drain being on the order of 5 microns in the
      conventional device, since the width of the gate electrode is
      predetermined by the limitations of the photo-etching technique utilized
      in the manufacture of the device. A further disadvantage in the
      conventional arrangements is caused by the need for the openings in the
      insulating film 3 through which the source and drain electrodes 5 extend.
      The minimum width of the contact area between the electrodes and the
      source and drain regions is 5 microns but each of the source and drain is
      enlarged as represented by the region B beyond what is required for such
      contact by a further 5 microns due to the limitations in the accuracy of
      the photo-etching process used to form such openings. This limitation in
      the accuracy of photoetching requires the provision of a source and drain
      region such that the conductive opening in insulating film 3 may be as
      large as 15 microns. This dimensional limitation makes it difficult to
      provide a large number of integrated insulated gate type field-effect
      transistors, 30 microns being required for the width of the source and
      drain alone.
PAR  A further difficulty with the prior art arrangements results from the fact
      that while the depth of the source and drain is only about 2- 3 microns,
      the width and length of said regions is more than 30 microns, so that the
      junction capacitance of region C of each of the source and drain is quite
      large, preventing high-speed operation and low power dissipation. In order
      to reduce this junction capacitance, the insulated gate field-effect
      transistor construction of FIG. 2 was developed. This structure, referred
      to as SIS, eliminates the junction capacitance of the lower part of the
      source and drain by the provision of an insulating material 7 as the lower
      part of the substrate. In all other respects, the structure is identical
      to the semiconductor device of FIG. 1. However, the device of FIG. 2 has
      not been widely used because it has proved difficult to grow a thin single
      crystal silicon substrate of 2- 3 microns utilizing an insulating material
      as a substrate.
PAR  Referring now to FIG. 3e, a semiconductor device in accordance with the
      invention is depicted. This device is provided with a silicon substrate 1'
      having a first insulating film 2' deposited therein except in the region
      defining the source, drain and channel therebetween. Two layers of
      polycrystal silicon (Si) 3' having a type of conductivity opposite to that
      of substrate 1' are deposited on the surface of first insulating film 2'
      on opposed sides of the gap therein with portions of each of said
      polycrystal silicon layers engaging the surface of substrate 1' in the
      region adjacent the edge of said gap in said insulating film. The surface
      of said polycrystal silicon layers is covered by a second insulating film
      4' except in the regions through which electro-conductive elements 7'
      extend to define the source and drain electrodes of the device. A gate
      insulating film 5' is formed on the surface of the substrate intermediate
      said polycrystal silicon layers, an electro-conductive element 7' engaging
      said gate insulating film 5' to define a gate electrode for the device.
PAR  A further layer of said polycrystal silicon material 8' is mounted on first
      insulating film 2' to provide a wiring connection. For this purpose, a
      second insulating film 4' surrounds layer 8' and an electro-conductive
      element 7' extends through a gap in said second insulating film 4' to
      engage polycrystal silicon layer 8'.
PAR  The method of manufacturing the semiconductor device of FIG. 3e is
      illustrated in FIGS. 3a  -  d. As shown in FIG. 3a, a first insulating
      film 2' is formed on silicon substrate 1' and the region of said first
      insulating film to be occupied by said source, drain and gate are removed
      by an etching technique. A layer or polycrystal silicon 3' doped with
      impurities which have a type of conductivity opposite to that of substrate
      1' is then grown over the exposed surface of substrate 1' and first
      insulating film 2' as shown in FIG. 3a. A second insulating film 4' is
      formed on the surface of said polycrystal silicon as shown in FIG. 3b. The
      portions of insulating film 4' and polycrystal silicon 3' outside the
      regions required to define the source, gate and drain and related
      electrodes of the semiconductor device, and the wiring layer 8' are
      removed by etching as shown in FIG. 3c. Also as shown in FIG. 3c, the
      portion of said first insulating film and polycrystal silicon layer in the
      central region of the gap in first insulating film 2' is simultaneously
      removed by etching. Etching up to the thickness of the polycrystal silicon
      layer 3' is normally sufficient since impurities are seldom diffused into
      the silicon substrate 1' since the polycrystal silicon 3' is usually grown
      at a low temperature on the order of 500.degree. - 600.degree. C. However,
      if the temperature at which the polycrystal silicon is grown is a little
      higher, the etching may extend slightly more deeply into the silicon
      substrate.
PAR  As shown in FIG. 3d, gate insulating film 5' is formed by thermal
      oxidation. Where high temperature CVD is used to form said gate insulating
      film, the diffusion layer 6' defining the source and drain is formed at
      the time of formation of gate insulating film 5'. Where said film is grown
      at a low temperature, for example by low-temperature CVD or anodic
      oxidation, heat treatment is necessary for the diffusion of the impurities
      from the polycrystal silicon into the silicon substrate to define
      diffusion layer 6'. Openings are formed in the surface of second
      insulating film 4' in registration with the source and drain polycrystal
      silicon layers 3' and the wiring polycrystal layer 8' by photo-etching,
      and electro-conductive elements 7' are deposited in engagement with each
      of said polycrystal silicon layers and gate insulating film layer 5' as
      shown in FIG. 3e.
PAR  One characteristic of the semiconductor device of FIG. 3e is the reduction
      of the superposition of the gate electrode in relation to the source and
      drain. If the second insulating film 4' is sufficiently thick, feedback
      capacitance caused by superposition in the region A' can be ignored. The
      thickness of the polycrystal silicon of the semiconductive device in
      accordance with the invention is less than 7,000 Angstrom while the region
      A of the source and drain of the conventional insulated gate type
      field-effect transistor overlapped by the gate electrode (see FIG. 1) is
      about 5 microns. For this reason, the superposition of the arrangement in
      accordance with the invention is less than 1/10 of the superposition of
      the conventional semiconductor device.
PAR  A shallow diffusion region formed by diffusion from the polycrystal silicon
      into the substrate is made possible since diffusion first occurs at the
      time of formation of the gate insulating film, so that there is only a
      small amount of diffusion in the transverse direction and a channel length
      of several microns is made possible. These characteristics also contribute
      to the high speed operating characteristics of the semiconductor device in
      accordance with the invention. The junction capacitance of the source and
      drain can be substantially reduced since the width B' of each of said
      source and drain can be less than 5 microns and would correspond to the
      width of the polycrystal silicon left after etching. If circumstances
      require, the dimension B' can be less than 2 microns. These values are
      remarkably small when compared with the width of the source and drain
      regions of conventional devices which are about 15 microns. These
      characteristics contribute to the high speed operation and low power
      dissipation of the insulated gate type field-effect transistor in
      accordance with the invention.
PAR  In the arrangement in accordance with the invention, polycrystal silicon
      doped with impurities is used not only as the diffusion source for the
      formation of the source and drain but also as an electro-conductive
      element in the circuit of the source and drain electrodes of the
      transistor and as an electro-conductive element 8' for wiring, thereby
      permitting many-layered wiring with a final electro-conductive element.
      Such final electro-conductive element may be formed of aluminum, gold,
      chromium, molybdenum and the like. The provision of such
      electro-conductive wiring elements, taken in conjunction with the reduced
      area of the source and drain makes it possible to integrate large numbers
      of the transistor in accordance with the invention. Moreover, if
      polycrystal silicon doped with impurities is used for wiring among the
      transistors of the integrated circuit, a few openings for the final wiring
      of the electrodes of each device is sufficient, and the reliability of the
      resulting circuit may be improved.
PAR  First insulating film 2' may be formed of SiO.sub.2, Si.sub.3 N.sub.4,
      Al.sub.2 O.sub.3 and the like, either alone or in combination. Second
      insulating film 4' may be formed of SiO.sub.2, Si.sub.3 N.sub.4, Al.sub.2
      O.sub.3, P-doped SiO.sub.2 (PSG) and the like, either alone or in
      combination.
PAR  An alternate approach for the manufacture of the semiconductor device in
      accordance with the invention is illustrated in FIGS. 4a - d. As shown in
      FIG. 4a, a first insulating layer 12 is deposited on a substrate 11 and a
      region thereof is etched away to define the region in which the source,
      drain and gate are to be formed. A polycrystal silicon 13 is deposited on
      the exposed surfaces of substrate 11 and first insulating layer 12. As
      shown in FIG. 4b, the portions of the polycrystal silicon other than the
      portion within the gap in first insulating layer 12 and immediately on
      either side of said gap on the surface of said insulating film is etched
      away. A CVD second insulating film 14 is then deposited on the surface of
      the resulting product as shown in FIG. 4c. The central or gate region of
      second insulating film 14 and polycrystal silicon are then removed by
      etching. A gate insulating film is then formed on the surface of the
      substrate 11 thus exposed and the device is formed in accordance with the
      methods outlined in connection with FIGS. 3d and 3e.
PAR  The gate insulating film 5' may be formed not only of a thermal oxidation
      film, but also of a film formed from CVD SiO.sub.2, Si.sub.3 N.sub.4,
      Al.sub.2 O.sub.3, PSG, anodic oxidation SiO.sub.2 and the like, either
      alone or in combination. Such an insulating film may also be utilized as
      an insulating protective film over the entire surface of the device except
      the area of the bonding pad, after the formation of the electrode.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above method and in
      the composition set forth without departing from the spirit and scope of
      the invention, it is intended that all matter contained in the above
      description and shown in the accompanying drawings shall be interpreted as
      illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming an insulated gate type field-effect semiconductor
      device comprising forming a first insulating film on the surface of a
      silicon substrate; removing a region of said first insulating film
      corresponding to the source, drain and gate regions of the semiconductor
      device to be formed; forming a layer of polycrystal silicon doped with
      impurities having a type of conductivity opposite to that of said
      substrate on the exposed surface of said substrate and said first
      insulating film; forming a second insulating film on the surface of said
      polycrystal silicon; removing portions of said second insulating film and
      said polycrystal silicon at least in the region surrounding the region
      thereof adjacent the source, drain and gate regions of said substrate and
      in registration with the desired gate region of said substrate; forming a
      gate insulating film on the exposed surface of said substrate defining
      said gate region; forming said source and drain regions using said
      polycrystal silicon layer as a diffusion source; forming apertures in said
      second insulating film providing access to the two portions of said
      polycrystal silicon layer associated respectively with said source and
      drain; and forming electro-conductive elements, one of said elements
      extending through each of said apertures in said second insulating film
      for respectively engaging each of said polycrystal silicon layer portions
      and a further of said elements engaging said gate insulating film.
NUM  2.
PAR  2. The method of claim 1, including removing all of said polycrystal
      silicon layer and second insulating film except in said source, drain and
      gate region and in a region spaced from said source, drain and gate
      region; forming an aperture in the portion of said second insulating film
      in said region spaced from said source, drain and gate region and forming
      an electro-conductive element extending through said last-mentioned
      aperture for engagement with the associated portion of said polycrystal
      silicon layer.
NUM  3.
PAR  3. The method as recited in claim 1, wherein said source and drain regions
      are formed by diffusion from said polycrystal silicon portions during the
      formation of said gate insulating film.
NUM  4.
PAR  4. The method as recited in claim 3, wherein said gate insulating film is
      formed by thermal oxidation.
NUM  5.
PAR  5. The method as recited in claim 3, wherein said gate insulating film is
      formed by high temperature CVD.
NUM  6.
PAR  6. The method as recited in claim 1, wherein said semiconductor device is
      subjected to heat treatment for diffusion from said polycrystal silicon
      layer portion to form said source and drain.
NUM  7.
PAR  7. The method as recited in claim 1, wherein said gate insulating film is
      formed of a material selected from the group consisting of thermal
      oxidation film, CVD SiO.sub.2, Si.sub.3 N.sub.4, Al.sub.2 O.sub.3, P-doped
      SiO.sub.2, anodic oxidation SiO.sub.2, and a combination of at least two
      of CVD SiO.sub.2, Si.sub.3 N.sub.4, Al.sub.2 O.sub.3, P-doped SiO.sub.2,
      and anodic oxidation SiO.sub.2.
NUM  8.
PAR  8. The method as recited in claim 1, wherein said first insulating film is
      formed from a material selected from the group consisting of SiO.sub.2,
      Si.sub.3 N.sub.4, Al.sub.2 O.sub.3 and a combination of at least two of
      SiO.sub.2, Si.sub.3 N.sub.4 and Al.sub.2 O.sub.3.
NUM  9.
PAR  9. The method as recited in claim 1, wherein said second insulating film is
      formed of a material selected from the group consisting of SiO.sub.2,
      Si.sub.3 N.sub.4, Al.sub.2 O.sub.3, P-doped SiO.sub.2 and a combination of
      at least two of SiO.sub.2, Si.sub.3 N.sub.4, Al.sub.2 O.sub.3 and P-doped
      SiO.sub.2.
NUM  10.
PAR  10. A method for forming an insulated gate type field-effect semiconductor
      device consisting of forming a layer of a first insulated film on a
      silicon substrate; removing a region of said substrate corresponding to
      the source, drain and gate region of the semiconductor device to be
      formed; depositing a layer of polycrystal silicon doped with impurities
      which have a type of conductivity opposite to that of said substrate on
      the exposed surface of said substrate and first insulating layers;
      removing at least the region of said polycrystal silicon surrounding the
      region immediately adjacent said source, drain and gate region; forming a
      second insulating film layer on the exposed surface of said first
      insulating film and said polycrystal silicon; removing the central portion
      of said second insulating film and polycrystal silicon in registration
      with said gate region; forming a gate insulating film on the thus-exposed
      surface of said substrate; forming a source and a drain by diffusion from
      said polycrystal silicon portions; forming apertures in said second
      insulating film to expose a portion of the surface of each of said
      polycrystal silicon portions; and forming electro-conductive elements, one
      of said elements extending through each of said apertures for respective
      engagement with each of said polycrystal silicon elements, one of said
      elements engaging said gate insulating film.
NUM  11.
PAR  11. The method as recited in claim 10, wherein all of said polycrystal
      silicon is removed except in the vicinity of said source, drain and gate
      region and in a region spaced from said source, drain and gate region, a
      further aperture being formed in said second insulating film in
      registration with the portion of said polycrystal silicon layer at said
      spaced region and a further electro-conductive element being formed to
      extend through said further aperture for engagement with said spaced
      polycrystal silicon element.
NUM  12.
PAR  12. The method as recited in claim 10, wherein said source and drain
      regions are formed by diffusion from said polycrystal silicon portions
      during the formation of said gate insulating film.
NUM  13.
PAR  13. The method as recited in claim 10, wherein said gate insulating film is
      formed by thermal oxidation.
NUM  14.
PAR  14. The method as recited in claim 10, wherein said gate insulating film is
      formed by high temperature CVD.
NUM  15.
PAR  15. The method as recited in claim 10, wherein said semiconductor device is
      subjected to heat treatment for diffusion from said polycrystal silicon
      layer portion to form said source and drain.
NUM  16.
PAR  16. The method as recited in claim 10, wherein said gate insulating film is
      formed of a material selected from the group consisting of thermal
      oxidation film, CVD SiO.sub.2, Si.sub.3 N.sub.4, Al.sub.2 O.sub.3, P-doped
      SiO.sub.2, anodic oxidation SiO.sub.2, and combinations of at least two of
      CVD SiO.sub.2, Si.sub.3 N.sub.4, Al.sub.2 O.sub.3, P-doped SiO.sub.2, and
      anodic oxidation SiO.sub.2.
NUM  17.
PAR  17. The method as recited in claim 10, wherein said first insulating film
      is formed from a material selected from the group consisting of SiO.sub.2,
      Si.sub.3 N.sub.4, Al.sub.2 O.sub.3 and a combination of at least two of
      SiO.sub.2, Si.sub.3 N.sub.4 and Al.sub.2 O.sub.3.
NUM  18.
PAR  18. The method as recited in claim 10, wherein said second insulating film
      is formed of a material selected from the group consisting of SiO.sub.2,
      Si.sub.3 N.sub.4, Al.sub.2 O.sub.3, P-doped SiO.sub.2 and a combination of
      at least two of SiO.sub.2, Si.sub.3 N.sub.4, Al.sub.2 O.sub.3 and P-doped
      SiO.sub.2.
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ABST
PAL  A thermocouple structure useful for high temperature applications comprises
      a pair of thermocouple wires joined at one end to form a thermocouple, the
      wires being enclosed within a metallic sheath which is open at one end.
      The thermocouple and the wires within the sheath are surrounded and
      insulated by crushed compacted magnesium oxide. The end of the sheath from
      which the thermocouple wires extend is filled with ceramic cement to seal
      the crushed magnesium oxide and the wires therein. The thermocouple
      structure is prepared by inserting stripped thermocouple wires into a
      cylindrical two-hole perforated magnesium oxide preform and the resulting
      assembly placed within a metal sheath. The resulting assembly is then
      swaged or reduced in diameter to crush and compact the magnesium oxide
      therein. The resulting swaged assembly is opened, if desired, to expose
      the ends of the wires which are then welded to form a thermocouple. High
      temperature ceramic cement is then employed to insulate the thermocouple
      and that end of the sheath welded shut. Ceramic cement is placed in the
      other end of the sheath to seal the crushed magnesium oxide and wires
      therein.
BSUM
PAR  This invention relates to thermocouples and thermocouple structures and
      devices containing a thermocouple. In one embodiment this invention
      relates to a thermocouple structure suitable for high temperature
      applications, i.e. for the sensing or measuring of high temperatures, e.g.
      above about 600.degree.F. In another embodiment this invention relates to
      an improved method for the manufacture of thermocouples and thermocouple
      structures.
PAR  Thermocouples and thermocouple structures suitable for high temperature
      application should be rugged and substantially trouble-free since usually
      such thermocouples are positioned in difficult-to-reach locations and
      oftentimes at such locations are subjected to not only the high
      temperatures to be measured but also to vibration and erosive and
      corrosive environmental conditions.
PAR  It is an object of this invention to provide a thermocouple structure which
      is capable of installation and use under demanding conditions.
PAR  It is another object of this invention to provide a thermocouple structure
      capable of being manufactured at relatively low cost, particularly as
      compared with other comparable known thermocouple structures.
PAR  It is still another object of this invention to provide an improved process
      for the manufacture of thermocouple structures.
PAR  In at least one embodiment of the practices of this invention at least one
      of the foregoing objects will be achieved.
DRWD
PAR  How these and other objects of this invention are achieved will become
      apparent in the light of the accompanying disclosure made with reference
      to the accompanying drawings which illustrate the various components and
      steps in the manufacture of thermocouple structures in accordance with
      this invention and wherein
PAR  FIG. 1 is a cross-sectional view of a metallic sheath employed in the
      manufacture of the finished thermocouple structure;
PAR  FIG. 2 is a cross-sectional view of a two-hole, perforated mineral oxide
      (MgO) preform employed in the manufacture of the finished thermocouple
      structure;
PAR  FIG. 3 is a section of a length of thermocouple wires useful in the
      manufacture of the thermocouple structure;
PAR  FIG. 4 illustrates the thermocouple wires of FIG. 3 inserted in the mineral
      oxide preform of FIG. 2;
PAR  FIG. 5 illustrates in partial cross section the assembly comprising the
      mineral oxide preform-thermocouple wires assembly of FIG. 4 inserted
      within the sheath of FIG. 1;
PAR  FIG. 6 illustrates a size reduction or swaging operation wherein the
      assembly of FIG. 5 is reduced in diameter;
PAR  FIG. 7 illustrates in partial cross-section a finished grounded
      thermocouple in accordance with this invention;
PAR  FIG. 8 illustrates in partial cross-section a finished ungrounded
      thermocouple structure in accordance with this invention; and wherein
PAR  FIG. 9 schematically represents an EMF or voltage sensing device embodying
      a thermocouple structure in accordance with this invention.
DETD
PAR  A thermocouple structure in accordance with this invention comprises a pair
      of thermocouple wires joined together at one end to form a thermocouple
      and enclosed within a metallic sheath. The thermocouple wires including
      the thermocouple enclosed by the metallic sheath are insulated from the
      metallic sheath and the wires from each other by crushed compacted
      refractory electrically insulating material, such as a mineral oxide, e.g.
      magnesium oxide, beryllium oxide, aluminum oxide, zinc oxide, thorium
      oxide and the like. The other ends or portions of the thermocouple wires
      which may be insulated, such as by means of conventional rubber or plastic
      insulating material, but preferably with high temperature insulating
      material which may also be a plastic, such as a polyimide, e.g. Kapton,
      extend from the open end of the metallic sheath opposite from the closed
      end thereof in proximity to the thermocouple. The thermocouple is encased
      or enclosed within the metallic sheath and ceramic cement is added to the
      other open end of the metallic sheath from which the thermocouple wires
      extend so as to not only seal the thermocouple wires therein but also to
      contain and seal the crushed, compacted mineral oxide refractory material
      within the sheath.
PAR  Reference is now made to the drawings which illustrate components and steps
      in the manufacture of thermocouple structures in accordance with this
      invention and various embodiments of thermocouple structures and a device
      or apparatus employing the same.
PAR  FIG. 1 illustrates a generally cylindrical open ended metallic sheath or
      cylinder 10. FIG. 2 illustrates in cross-section a two-hole perforated
      cylindrical solid refractory mineral oxide, e.g. magnesium oxide, preform
      11, the holes or perforations therethrough being identified by reference
      numerals 11a and 11b. FIG. 3 illustrates a pair of thermocouple wires
      generally indicated by reference numeral 12. Lengths 12a and 12b of the
      thermocouple wires are stripped of insulation which is indicated by
      reference numerals 14a, 14b and 15.
PAR  The stripped lengths of thermocouple wires 12a and 12b, which lengths are
      longer than preform 11, are inserted into preform 11 within perforations
      11a and 11b, respectively, as indicated in FIG. 4, and the resulting
      assembly is inserted within metallic sheath 10 as illustrated in FIG. 5.
      Thereupon, as illustrated in FIG. 6, the assembly of FIG. 5 is subjected
      to a swaging or size reducing operation wherein sheath 10 containing the
      magnesium oxide preform 11 is reduced in diameter and the magnesium oxide
      material making up preform 11 crushed and compacted. The reduction is
      carried out to the extend as may be required by the sensor or thermocouple
      sensitivity desired.
PAR  As illustrated in FIG. 6 the end of the zone of migration of the crushed
      compacted refractory material, i.e. the magnesium oxide, making up preform
      11 extends to about line AA.
PAR  If a grounded thermocouple structure is to be prepared, as illustrated in
      FIG. 7, the resulting structure of FIG. 6 would be welded along line BB or
      cut and welded between lines BB and AA so that sheath 10 would be welded
      to thermocouple wires 12a and 12b to provide a unitary structure therewith
      and to form the grounded thermocouple 12c, as fully illustrated in FIG. 7.
      Cement, such as potting cement 11c, would be provided at the other end of
      the thermocouple structure to retain the crushed compacted refractory
      material within sheath 10 and to firmly set thermocouple wire 15 within
      sheath 10.
PAR  If an ungrounded thermocouple structure is to be prepared the swaged
      reduced assembly illustrated in FIG. 6 would be cut along line CC. The
      exposed crushed compacted magnesium oxide would be removed, such as by jet
      abrasion, i.e. directing a jet of abrasive finely divided material onto
      the exposed crushed magnesium oxide preform material to remove a small
      amount of this material surrounding the exposed ends of thermocouple wires
      12a and 12b. The ends of wires 12a and 12b are then joined together or
      welded together as illustrated in FIG. 8 to form ungrounded thermocouple
      12d. High temperature ceramic cement 11d would then be added to surround
      thermocouple 12d and the end of sheath 10 would be closed at 10b, such as
      by joining and welding. The open end of sheath 10 would be filled with a
      suitable cement, such as potting cement 11c, to seal the insulated
      thermocouple wires therein and to maintain the crushed compacted magnesium
      oxide preform material within sheath 10.
PAR  Still another embodiment of the practices of this invention is illustrated
      in accompanying FIG. 9 wherein a thermocouple structure, generally
      indicated by reference numeral 16, such as may be prepared in the manner
      described hereinabove, is electrically connected through insulated
      conductors 18a and 18b which are extensions of insulated wires 12a and
      12b, respectively, to a voltage measuring device 19. The apparatus of FIG.
      9 might be employed to determine the temperature to which the thermocouple
      located at about end 10b of thermocouple structure 16 is exposed and, as
      indicated, depending upon the lengths of wires 18a and 18b the
      thermocouple may be located a substantial distance, many feet, from device
      19.
PAR  In the manufacture of the thermocouple structures in accordance with the
      invention substantially any combination of thermocouple wires useful for
      measurement of high temperatures, e.g. above 500.degree.-600.degree.C.,
      may be employed, such as wires made of Chromel, a nickel chromium alloy
      containing about 90% by weight nickel and about 10% by weight chromium,
      Alumel, a nickel alloy containing about 94% by weight nickel and small
      amounts of aluminum, manganese and silicon and constantan, a nickel copper
      alloy comprising about 40-45% by weight nickel and about 55-60% by weight
      copper.
PAR  The metallic sheath making up the thermocouple structure in accordance with
      this invention may be made of any suitable metal or metallic material.
      Preferably, the metallic sheath is made up of a stainless steel, such as
      Inconel, a nickel and chromium alloy, or a Haynes alloy, such as the
      various Hastelloys and the various Haynes Stellites. The metallic sheath
      is made up of a metal which is resistant to oxidative and reduced
      atmospheres, is corrosive resistant and is capable of withstanding
      relatively high temperatures. Since the purpose of the metallic sheath is
      to protect the thermocouple from the environment within which the
      thermocouple is positioned, the material making up the protective metallic
      sheath must be effective for this purpose.
PAR  The thermocouple structures prepared in accordance with this invention can
      be produced in small size and at a reduced cost. Moreover, thermocouple
      structures in accordance with this invention eliminate the electrical
      connections heretofore found necessary in conventional thermocouple
      structures between the thermocouple wires and conductors therefrom since
      in the manufacture of a thermocouple structure in the manner described
      herein and in accordance with this invention the thermocouple wires can
      lead directly from the thermocouple end of the thermocouple structure
      directly to the voltage sensing instrument which might be located a
      substantial distance from the thermocouple. There is no need for an
      intermediate electrical connection between the thermocouple and the
      thermocouple wires making up the thermocouple and the voltage sensing or
      temperature sensing device. In effect, in thermocouple structures prepared
      in accordance with this invention the thermocouple wires lead directly
      without any intermediate electrical connection between the thermocouple
      made up by joining the wires together and the voltage sensing instrument.
PAR  As will be apparent to those skilled in the art in the light of the
      foregoing disclosure, many modifications, alterations and substitutions
      are possible in the practice of this invention without departing from the
      spirit or scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of preparing a thermocouple structure which comprises providing
      a length of a pair of thermocouple wires stripped of insulating material
      along a portion thereof, inserting the stripped portion of said pair of
      wires into corresponding perforations in a crushable mineral oxide preform
      having a length shorter than the length of the stripped portion of said
      pair of wires, inserting the resulting assembly into an open-ended
      metallic sheath, reducing the diameter of that portion of the metallic
      sheath enclosing said preform such that the diameter of said sheath at one
      end is smaller than the diameter of said sheath at the other end, the
      crushable mineral oxide preform as a result of said size reduction
      operation being crushed and compacted around and along the length of the
      stripped wires within the corresponding portion of said sheath having
      undergone size reduction, cutting the reduced one end of said sheath to
      expose the ends of said thermocouple wires, removing the crushed compacted
      mineral oxide material surrounding the exposed ends of said thermocouple
      wires, welding the ends of said thermocouple wires to form a thermocouple,
      applying ceramic cement to insulate said thermocouple from said sheath and
      closing the reduced one end of said sheath to enclose the resulting
      insulated thermocouple.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein the reduced one end of said
      sheath is welded to said thermocouple wires to close that end of the
      sheath and to form a grounded thermocouple.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein said mineral oxide preform
      is a magnesium oxide preform.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein said mineral oxide of said
      mineral oxide preform is selected from the group consisting of magnesium
      oxide, zirconium oxide, thorium oxide, beryllium oxide and aluminum oxide.
NUM  5.
PAR  5. A method in accordance with claim 1 wherein said metallic sheath is made
      up of a corrosion resistant stainless steel.
NUM  6.
PAR  6. A method in accordance with claim 1 wherein the crushed compacted
      mineral oxide material is removed by directing a jet of particulate
      abrasive material onto the exposed ends of said thermocouple wires and the
      surrounding crushed compacted mineral oxide to erode and remove said
      mineral oxide.
NUM  7.
PAR  7. A method in accordance with claim 1 wherein during reduction of the
      diameter of a portion of said metallic sheath the diameter of the
      thermocouple wires surrounded by a portion of the metallic sheath
      undergoing size reduction is also reduced.
NUM  8.
PAR  8. A method of preparing an EMF or voltage sensing device which comprises
      providing a length of a pair of thermocouple wires stripped of insulating
      material along a portion thereof, inserting the stripped portion of said
      pair of wires into corresponding perforations in a crushable mineral oxide
      preform having a length shorter than the length of the stripped portion of
      said pair of wires, inserting the resulting assembly into an open-ended
      metallic sheath, reducing the diameter of that portion of the metallic
      sheath enclosing said preform such that the diameter of said sheath at one
      end is smaller than the diameter of said sheath at the other end, the
      crushable mineral oxide preform as a result of said size reduction
      operation being crushed and compacted around and along the length of the
      stripped wires within the corresponding portion of said sheath having
      undergone size reduction, cutting the reduced one end of said sheath to
      expose the ends of said thermocouple wires, removing the crushed compacted
      mineral oxide material surrounding the exposed ends of said thermocouple
      wires, welding the ends of said thermocouple wires to form a thermocouple,
      applying a ceramic cement to insulate said thermocouple from said sheath,
      closing the reduced one end of said sheath to enclose the resulting
      insulated thermocouple, introducing cement into the other open end of said
      sheath to seal the thermocouple wires therein and electrically connecting
      the other ends of said pair of thermocouple wires to a voltage difference
      sensing means.
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      Semiconductor Surface", by Assour.
PAL  Electrochemical Technology, Jan. 1970, pp. 145 and 146, "Diffusion of Zinc
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PAL  An ohmic contact for semiconductor devices, typically for contact to the
      P-type region of a GAsP Light Emitting Diode. The ohmic contact comprises
      a sequential deposition of a multi-layered structure comprising,
      respectively, aluminum, zinc and aluminum. The multi-layered structure is
      then heated at time and temperature conditions sufficient to fuse or alloy
      the metals and form a small region of P+ conductivity in the P-type
      semiconductor material.
BSUM
PAR  This invention relates to ohmic contacts for semiconductor devices, and,
      more particularly, to ohmic contacts for the P-type region of Gallium
      Arsenide Phosphide (GAsP) Light Emitting Diodes (LED's).
PAR  In the fabrication of light emitting diodes, it is necessary to form ohmic
      contacts to both the N and P-type regions of the semiconductor material.
      In a typical N-type GAsP LED, the ohmic contact to the P-type
      semiconductor material is particularly critical. Specifically, since the
      light produced by the LED is emitted at the P-type region, it is necessary
      that the ohmic contact thereto be quite small relative to the surface area
      of the P-type region, in order to maximize the light output of the LED.
      However, it is further necessary that the ohmic contact exhibit low
      resistivity and high mechanical strength so as to maximize the brightness,
      efficiency, current capability and mechanical reliability of the LED.
      These requirements have rendered the formation of the ohmic contact to the
      P-type region of an N-type GAsP LED particularly troublesome.
PAR  Various ohmic contacts for the P-type region of an N-type GAsP LED have
      been disclosed in the prior art. U.S. Pat. Nos. 3,636,617 and 3,636,618
      disclose the use of pure aluminum deposited on the P-type semiconductor
      material. An alternative prior art ohmic contact to the P region of an
      N-type GAsP LED is formed from an alloy of gold and zinc.
PAR  According to the present invention, an ohmic contact for the P-type region
      of an N-type GAsP LED is provided in the form of a sequentially deposited
      multi-layer structure of aluminum, zinc and aluminum, which is fused or
      alloyed to form the ohmic contact. Typically, the structure of the top
      side of the light emitting diode prior to the formation of ohmic contact
      comprises a mask of dielectric material such as silicon nitride, having an
      aperature exposing the surface of a region of P-type GAsP semiconductor
      material. According to the present invention, sequential layers of
      aluminum, zinc and aluminum, respectively, are evaporated onto the top
      side of the LED at this stage of manufacture. The extent of metal layers
      are confined to expose the majority of the P-type region, leaving the
      multi-layered aluminum-zinc-aluminum structure on a relatively small area
      of the P-type region, typically by a conventional photomask-etch
      technique. The LED is subjected to an elevated temperature for a
      sufficient time to fuse or alloy the aluminum-zinc-aluminum layers. In
      this manner, the zinc will diffuse throughout the aluminum and into the
      P-type semiconductor material, forming a small region of P+ conductivity
      adjacent the contact structure resulting in an ohmic contact of
      particularly low resistivity. Thereafter, a lead wire may be bonded to the
      ohmic contact thus formed in a conventional manner.
PAR  Accordingly, it is an object of the present invention to provide an ohmic
      contact for P-type semiconductor material formed of an aluminum-zinc
      alloy.
PAR  Another object of the present invention is to provide an ohmic contact for
      P-type semiconductor material formed by successive deposition of
      aluminum-zinc-aluminum layers.
PAR  Yet another object of the present invention is to provide an ohmic contact
      for the P-type region of an N-type GAsP LED which possesses low
      resistivity.
PAR  The ohmic contact according to present invention is advantageous in that
      the resistivity thereof is particularly low in comparison to the
      resistivity achieved in accordance with the prior art. Moreover, since the
      ohmic contact is quite small, the obstruction of the emitted light is
      minimized, thereby maximizing the light output of the LED. Nonetheless,
      the mechanical reliability and yield achieved with the ohmic contact of
      the present invention is quite high.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will be more readily apparent from the following detailed description,
      wherein reference is made to the accompanying drawings, in which:
PAR  FIG. 1 is a cross-sectional view of a GAsP LED fabricated according to the
      present invention;
PAR  FIGS. 2 are cross-sectional views, similar to FIG. 1, of the upper portion
      of the GAsP LED depicted in FIG. 1, at various stages of manufacture;
PAR  In FIG. 2a there is depicted the top portion of the GAsP LED with the
      multi-layered structure of the present invention deposited thereon;
PAR  in FIG. 2b there is depicted the top portion of the GAsP LED with the
      multi-layered structure confined to the desired region; and
PAR  in FIG. 2c there is depicted the top portion of the GAsP LED after the
      fusing or alloying of the multi-layered structure to form the ohmic
      contact.
DETD
PAR  The present invention, in its preferred embodiment, relates to the
      fabrication of ohmic contacts to the P-type regions of N-type GAsP LED's.
      Referring initially to FIG. 1, there is depicted, generally at A, a
      typical N-type GAsP LED which generally comprises a P-N junction formed in
      GAsP semi-conductor material, the N and P-type semi-conductor materials
      being respectively connected to a pair of leads 10 and 12. The typical
      fabrication procedure for this device commences with the provision of a
      N-type GAs substrate 14. The substrate 14 is placed in a epitaxial
      reactor, and an epitaxial layer of N-type GAsP semiconductor material 16
      is grown thereon. Typically, a conventional grading technique is employed
      so that the layer 16 will be graded from substantially pure GAs material
      adjacent to substrate 14 to the desired GAsP material at the other surface
      of layer 16. Generally, in the desired GAsP structure, the ratio of
      Arsenic to Phosphorous will be approximately 3 to 2.
PAR  A dielectric mask 20, typically comprising silicon nitride, is formed on
      the top or upper surface of the epitaxial GAsP layer 16. Dielectric layer
      20 includes an aperature 20a through which dopant material is diffused to
      form a P-type conductivity region 18 in the epitaxial GAsP layer 16.
PAR  Ohmic contacts 22 and 24 are formed to the P-type material 18 and the
      N-type material 14, respectively. Leads 10 and 12 are then attached to
      ohmic contacts 24 and 22 respectively, to form the completed structure
      depicted in FIG. 1.
PAR  The foregoing GAsP LED structure and method of fabrication is conventional
      and is described herein for illustrative purposes only, being it expressly
      understood that the ohmic contact according to the present invention may
      be employed with other semi-conductor structures and processes.
PAR  Referring now to FIGS. 2a through 2c, the fabrication of the ohmic contact
      according to the present invention will be now described in detail.
      Referring initially to 2a, an aluminum layer 22a is evaporated or
      otherwise deposited, onto the upper surface of P-type region 18 and the
      dielectric layer 20. A zinc layer 22b is evaporated or otherwise
      deposited, onto aluminum layer 22a. A second aluminum layer 22c is
      evaporated or otherwise deposited onto zinc layer 22b, to form the
      structure illustrated in FIG. 2a.
PAR  Since the light emitted from the LED exits through the aperture 20a in the
      dielectric layer 20, it is essential that the opaque metal ohmic contact
      22 to be formed extend over a relatively small portion of the surface area
      of P-type region 18. To this end, the application of metal layers 22a, 22b
      and 22c may be accomplished through a mask (not shown) so that the layers
      22a, 22b and 22c will be confined to a small region of the top surface of
      the LED, as depicted in FIG. 2b, rather than covering the entire surface
      of the LED, as depicted in FIG. 2a. However, in accordance with the
      preferred embodiment of the present invention, the initial deposition of
      layers 22a, 22b and 22c covers the entire surface of the LED as depicted
      in FIG. 2a. Thereafter, a conventional photomasketch technique is employed
      to etch away the undesired portions of layers 22a, 22b and 22c, leaving
      the structure depicted in FIG. 2b, wherein the layers 22a, 22b and 22c
      extend on to a relatively small portion of the surface area of P-type
      region 18 adjacent dielectric layer 20 and extend outwardly on to the
      surface of dielectric layer 20, forming a multi-layered structure having a
      generally L-shaped cross-section as depicted in FIG. 2b.
PAR  The LED is heated at sufficient time and temperature conditions to fuse or
      alloy the aluminum-zinc-aluminum layers 22a, 22b and 22c. An appropriate
      temperature has been found to be in the range in 450.degree.C to
      550.degree.C while an appropriate time condition has been found to be from
      approximately 20 minutes to 1 hour. At such elevated temperatures, and
      with sufficient time, the zinc 22b will become mobile in the aluminum 22a
      and 22c to form a unitary alloyed or fused structure 22, as depicted in
      FIG. 2c. Moreover, the zinc will diffuse through the aluminum into the
      P-type semi-conductor material 18. Since zinc is a P-type dopant for GAsP
      semi-conductor material, a small region of P+ conductivity will be formed
      adjacent ohmic contact 22, thereby providing a low resistivity ohmic
      contact. Subsequently, a wire lead 12 may be attached to ohmic contact 22
      in a conventional manner.
PAR  It is apparent that the order of the processing steps thus described is not
      critical and may be varied without departing from the present invention.
      For example, the photo mask-etch procedure, if employed to remove the
      metals from undesired regions on the upper surface of the LED, may be
      performed either before or after the fusing or alloying procedure.
PAC  EXAMPLE 1
PAR  An N-type GAsP LED is provided at the stage of manufacture wherein there
      has been formed a P-type region 18 having an exposed upper surface with a
      dielectric layer 20 adjacent thereto. The device is heated in a vacuum to
      approximately 375.degree.C and a layer of aluminum 22a is evaporated
      thereon to a thickness of approximately 1500 Angstroms. A layer of zinc
      22b having a thickness of approximately 500 Angstroms is evaporated onto
      aluminum layer 22a. A second layer of aluminum 22c is evaporated onto zinc
      layer 22b to a total thickness for the layers 22a, 22b and 22c of
      approximately 1 micron.
PAR  By a conventional photo mask-etch technique, the bulk of the metal layers
      22a, 22b and 22c are removed from the surface of the P-type region 18 to
      form a multi-layered structure having a generally L-shaped cross-section,
      covering a relatively small portion of the surface area of the P-type
      region 18 and extending onto the dielectric layer 20, as depicted in FIG.
      2b.
PAR  The LED is heated to approximately 525.degree.C for approximately 30
      minutes to alloy the metals 22a, 22b and 22c into the unitary structure 22
      depicted in FIG. 2c, while diffusing zinc into the P-type region 18
      adjacent the contact 22 to form a P+ region providing a low resistivity
      ohmic contact 22 as desired. Subsequently a wire lead 12 may be bonded to
      the ohmic contact 22.
PAR  While particular embodiments of the present invention have been described
      in detail, it is apparent that adaptations and modifications may occur to
      those skilled in the art, which adaptations and modifications may be made
      without departing from the spirit and scope of the present invention as
      set forth in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for forming an ohmic contact to the p-type region of an n-type
      GAsP LED having a dielectric layer on the upper surface thereof including
      an aperture exposing the surface of said p-type region comprising the
      steps of: applying at least two layers on at least a portion of said
      p-type region, each layer consisting of a member of the group consisting
      of aluminum and zinc, at least one of said layers being aluminum, at least
      another of said layers being zinc, and heating said LED at sufficient time
      and temperature conditions to render said zinc mobile in said aluminum.
NUM  2.
PAR  2. A method for forming an ohmic contact to the p-type region of an n-type
      GAsP LED having a dielectric layer on the upper surface thereof including
      an aperture exposing the surface of said p-type region comprising the
      steps of: applying a first layer of aluminum on at least a portion of said
      p-type region, applying a layer of zinc on said first layer of aluminum,
      applying a second layer of aluminum on said layer of zinc and heating said
      LED at sufficient time and temperature conditions to render said zinc
      mobile in said aluminum.
NUM  3.
PAR  3. The method according to claim 2 comprising the step of etching said
      aluminum and zinc off the major portion of said p-type region to render
      the surface area of said p-type region covered by said aluminum and zinc
      small relative to the surface area of said p-type region.
NUM  4.
PAR  4. The method according to claim 3 wherein said step of etching is
      accomplished prior to said step of heating.
NUM  5.
PAR  5. The method according to claim 2 wherein said first aluminum layer is
      applied extending onto said dielectric layer.
NUM  6.
PAR  6. The method according to claim 2 wherein said first aluminum layer is
      applied to a thickness of approximately 1500 angstroms.
NUM  7.
PAR  7. The method according to claim 6 wherein said zinc layer is deposited to
      a thickness of approximately 500 angstroms.
NUM  8.
PAR  8. The method according to claim 7 wherein said aluminum and zinc layers
      are deposited to a total thickness of approximately 1 micron.
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PAL  A semiconductor electrode is prepared by (a) contacting a semiconductor
       w a first contacting metal (capable of forming an alloy with the
      semiconductor), (b) contacting the first contacting metal with a ductile
      layer of a second contacting metal, (c) heating the resulting combination
      so as to form, simultaneously, a liquid phase between the semiconductor
      and the first contacting metal and between the first contacting metal and
      the ductile second contacting metal, however leaving intact a major
      portion of the ductile second contacting metal layer, and (d) cooling the
      thus obtained product whereby a solder contact which is resistant to load
      fluctuations can be readily made on the ductile layer with known
      semiconductor hard solder.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of copending application Ser. No. 125,351,
      filed Mar. 17, 1971, now abandoned, which itself is a continuation of Ser.
      No. 778,735, filed Nov. 25, 1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In various branches of the art, semiconductor devices, particularly
      semiconductor rectifiers of high current load-carrying capability, are
      more and more often used under extreme operating conditions due to their
      state of development. An extraordinarily heavy stress is placed on
      large-area semiconductor rectifiers, particularly when used with frequent
      changes between no load and nominal load. Changes in operating temperature
      with corresponding changes in load (due to the varying physical
      characteristics of the different materials employed) result in subjecting
      the layer construction of the semiconductor device to heavy tangential or
      shearing forces. These forces act primarily on the semiconductor wafer and
      on solder contact layers disposed between the semiconductor wafer and
      adjacent current-conductive components and often lead to malfunction of
      the semiconductor device after only a short period of operation. The
      effect of these stresses is dependent on the frequency of load changes and
      the thus occurring changes in operating temperatures as well as on the
      range of these differences in operating temperature.
PAR  In order to provide desired variable-load-resistant contacts between a
      semiconductor wafer and current-conductive components by means of a
      suitable semiconductor solder, it is advisable, particularly for technical
      production reasons, to provide the semiconductor wafer with metallic
      contact coatings of high mechanical stability before they are contacted.
PAR  There are thus semiconductor devices in which the semiconductor wafer is
      bonded to a contact plate by an alloying or soldering process, at least at
      one contacting surface. The contact plate preferably consists of a
      material, e.g. molybdenum and tungsten, which has a coefficient of thermal
      expansion approximately corresponding to the coefficient of thermal
      expansion of the semiconductor material.
PAR  Moreover, there are semiconductor devices having a semiconductor wafer
      provided with at least one metallic contact coating which is particularly
      suited to permit planar contact by means of soft solder.
PAR  In other semiconductor devices a contact coating (serving exclusively to
      improve wetting by a special semiconductor solder provided for the
      contact) is applied to the semiconductor wafer. This solder, which has
      high mechanical stability and a melting point below 450.degree.C, remains
      resilient even under the influence of varying mechanical stresses and will
      hereafter be referred to as a semiconductor hard solder.
PAR  Known semiconductor devices, however, do not seem to be suited for use with
      extreme load variations due to (a) insufficient compensation of mechanical
      stresses resulting from different coefficients of thermal expansion, (b)
      lack of mechanical stability and resiliency of the soft solders employed
      or (c) undesirable transfer of tangential or shearing forces from
      resilient semiconductor hard solder to the semiconductor wafer.
PAR  There are also semiconductor devices in which a semiconductor wafer, which
      is firmly connected to a molybdenum or tungsten wafer, is contacted by
      means of current-conductive components under pressure from spring members.
      In spite of good compensation for variations in thermal expansion provided
      by the construction of these known arrangements, this so-called
      pressure-contacting does not seem to be the best solution of the
      contacting problem in semiconductor devices, particularly in view of the
      requirement that thermal contact resistance be as low as possible.
PAR  German Published patent application Ser. No. 1,074,160 discloses a method
      for producing virtually blockage-free contact electrodes on semiconductor
      bodies in which, in order to achieve soft solder contacts for the
      application of leads, predetermined surface regions of the semiconductor
      body are provided with a first metal layer with an work function which
      approximates that of the semiconductor material. Onto this first metal a
      second metal is applied for the solder-attachment of leads with the
      requirement that, during the soldering process, an alloying take place
      only at the border area between the solder and the second metal, not at
      border areas between the second metal and the first metal or between the
      first metal and the semiconductor material. This problem particularly
      pertains to the provision of a blockage-free contact on small-area
      semiconductor devices, preferably to the base contacting of transistors.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to apply a contact electrode on a large-area
      semiconductor wafer.
PAR  Another object is to make the contact electrode resistant to varying loads
      and otherwise in compliance with the high requirements placed on soldered
      contacts.
PAR  A further object is to provide a contact electrode which can satisfy these
      standards in conjunction with a semiconductor hard solder.
PAR  Still further objects will be apparent from the ensuing description.
PAR  The present invention relates to a method for the production of a
      large-area contact electrode for semiconductor devices of high current
      load capability in which a semiconductor wafer is provided with a metal
      layer construction in order to achieve a soldering contact which is
      resistant to load fluctuations) which serves as a contact electrode.
PAR  The semiconductor devices realized by the present invention do not exhibit
      the above-mentioned drawbacks of known embodiments. The contact electrode
      has an additional advantage in that it absorbs and particularly
      compensates transverse mechanical stresses in adjacent contact materials
      and assures a surprisingly high resistance to varying loads, even under
      extreme operating conditions.
PAR  The method according to the present invention pertains to a large-area
      contact electrode (with an area of at least 0.05 sq. inch) for an ohmic or
      a rectifying contact on the semiconductor body of a semiconductor
      rectifier of high current load capability which is also optimally
      resistant to load fluctuations and in which the contacting is accomplished
      with current-conductive components via a ductile metallic layer by means
      of a semiconductor hard solder.
PAR  The method according to the invention is distinguished by the facts (a)
      that the semiconductor surface to be contacted is provided with a
      predetermined thickness of a first contacting metal which is capable of
      forming an alloy with the semiconductor material, (b) that a second
      contacting metal which forms a ductile layer is applied thereonto, (c)
      that through subsequent heat treatment in a predetermined temperature
      range a liquid phase is formed at the border area between the second
      contacting metal forming the ductile layer and the first contacting metal
      and, simultaneously, at the border area between the first contacting metal
      and the semiconductor material, (d) that a desired good ohmic or
      rectifying contact is thus formed with the semiconductor material which
      has a given doping and (e) that the major portion of the second contacting
      metal, which forms the ductile layer, remains intact in its structure as a
      ductile contacting layer even during and after the heat treatment, making
      possible, in connection with a known semiconductor hard solder, a solder
      contact on the semiconductor wafer which is resistant to load fluctuations
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are cross sections of semiconductor electrodes before and
      after heat treatment, respectively.
PAR  FIG. 3 shows in its cross-section a contact electrode of a semiconductor
      rectifier according to the present invention whereby the ductile second
      contacting metal consists of two successive layers.
PAR  FIG. 4 shows also in its cross-section a contact electrode of a
      semiconductor rectifier whereby the first and second contacting metals are
      arranged each in two alternating layers.
DETD
PAR  Large-area contact electrode means a contact area of at least 0.05 sq.
      inch. This corresponds approximately to a semiconductor rectifier of 30
      Amps max. direct current.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The basic material for the semiconductor device to be produced is a wafer
      of semiconductive material, preferably silicon, which is provided
      according to known methods, with layers of alternatingly opposite
      conductivity types. With reference to FIG. 1 of the drawings, the
      prepared, large-area semiconductor wafer 1 is covered in a vacuum
      apparatus of appropriately arranged evaporators and at a pressure of
      approximately 10.sup.-.sup.5 Torr with a first contacting metal 2, for
      example aluminum, and thereafter with a second contacting metal 3, for
      example silver, the quantity of the contacting metals being determined by
      the predetermined layer thicknesses and the area to be covered. In order
      to realize better adhesion of the first contacting metal on the
      semiconductor material, the semiconductor wafer is heated before the
      vapor-deposition process to a suitable temperature, preferably from
      200.degree. to 300.degree.C. Following the vapor-deposition the
      semiconductor wafer, which is now covered with two contacting layers, 2
      and 3, is subjected to a heat treatment whereby liquid phases are formed
      essentially simultaneously at least at the border area between the
      semiconductor material and the first contacting metal and at the border
      area between the first contacting metal and the second contacting metal
      which forms the ductile layer. Recrystallization of the liquid phases is
      effected without ever reaching the eutectic temperature of the second
      contacting metal-semiconductor material combination, since this would
      cause the two materials to form a brittle layer and thus the essential
      feature of the process according to the present invention, i.e. the
      production of a ductile contacting layer for further contacting, would not
      be present. (During the heat treatment the entire layer 2 may be
      dissipated between the alloy formed with the semiconductor and that which
      permeates into the ductile metal.) These requirements result in an
      advantageous temperature range of, preferably, from 600.degree. to
      700.degree.C for the heat treatment of the preferred contacting metal
      combination of aluminum and silver (aluminum eutectically alloys with
      silicon at 577.degree. C; silver with aluminum at 566.degree.C; however
      silver with silicon at 830.degree.C).
PAR  With the arrangement of contacting metal layers as per FIG. 3, the first
      layer 3' of both layers 3' and 3" of the second contacting metal is
      advantageously obtained by vapor-deposition under high vacuum, as already
      described for the production of an electrode as per FIG. 1. On layer 3'
      the second layer 3" of the second contacting metal is precipitated, e.g.,
      electroless or galvanically. Suitable baths for such processes are known.
PAR  The first layer 3' may have a thickness of 1 to 10 .mu., the second layer
      3" should have a thickness of at least 2.mu. . The total thickness for
      both layers is practically unlimited upwards.
PAR  After applying all contacting metal layers 2, 3' and 3", a heat treatment
      follows forming a ternary system between semiconducting material, first
      contacting metal 2 and first layer 3' of the second contacting metal.
PAR  In the type of contact electrode as illustrated in FIG. 4, two layers 3'
      and 3" of the second contacting metal have been applied to two
      alternatiing layers 2' and 2" of the first contacting metal. Through the
      subsequent heat treatment again a ternary system is formed by means of
      layers 1,2' and 3', whereas liquid phases and binary systems at the border
      area between the layers 3' and 2", as well as between layers 2" and 3" are
      formed. The thickness of the layers is to be proportioned such as to
      preserve, especially of the two layers 3' and 3" of the ductile second
      contacting metal, a part which does not participate in the formation of an
      alloy and thus still possesses the desired good mechanical characteristics
      after the heat treatment.
PAR  The first contacting metal 2 must also form a good mechanical contact when
      alloying with the semiconductor material 1. Aluminum, for example, forms a
      good ohmic contact when alloyed with p-doped silicon or with heavily
      n-doped silicon; with weakly n-doped silicon, however, it forms a
      rectifying contact.
PAR  The heat treatment can occur in vacuo or under a protective gas atmosphere
      and is accomplished in such a manner that the layer-covered semiconductor
      wafers are heated to the predetermined temperature and are subsequently
      rapidly cooled. If the alloying formation is effected by heat treatment in
      vacuum, such vacuum should have at least 10.sup.-.sup.2 torr for a second
      contacting metal layer of precious metal and more than 10.sup.-.sup.3 torr
      for a layer of copper. If, however, the forming of an alloy is effected in
      a protective-gas atmosphere, only non/oxidizing gases can be used.
      Nitrogen, a gas-mixture consisting of nitrogen and hydrogen, a so-called
      forming gas or rare gas are preferred.
PAR  The heat treatment can be effected in such a manner that the parts for the
      alloying are put in the cold furnace, that the heating zone is evacuated
      or flowed through by protective gas, that the furnace is continuously
      heated up to a temperature of 600.degree.- 700.degree.C, and that the
      furnace is switched to as soon as the parts of be treated have achieved
      this temperature thence to cool normally. The cooling process is not
      critical.
PAR  The thickness of each of the two contacting metal layers is determined, on
      the one hand, by the requirement for good areal alloying between
      consecutive materials and, on the other hand, by the physical laws
      applicable for the formation of an alloy between these materials. For
      reasons of economy both contacting metal layers should be as thin as
      possible. The requirement for the first contacting metal is a mechanically
      stable fusion with the semiconductor material as well as with the second
      contacting material. On the other hand, during the formation of an alloy 4
      between the first contacting metal 2 and the semiconductor material 1 the
      predetermined conductivity type of the outer layer of the semiconductor
      material must not be changed nor must this layer be alloyed in such a
      manner as to destroy the pn-junction adjacent the external semiconductor
      layer toward the interior of the semiconductor wafer. Accordingly, a layer
      thickness for the first contacting metal which is in the range of from 0.1
      to 3 microns (.mu.) is advantageous.
PAR  The undesired change of the conductivity type or the destruction of the
      pn-junction or junctions at shallow depths or shallow n-diffused junctions
      can be avoided in that the contacting metal of aluminium or magnesium
      first used is not too thick compared with the depth of impurity
      penetration (preferably 10-20%).
PAR  The thickness of the second contacting metal which forms a ductile layer
      depends on the solubility of the first contacting metal in the second
      contacting metal and thus, depending on the contacting metals used, on the
      layer thickness of the first contacting metal, on the costs of the second
      contacting metal, the processing technique and the time required therefor.
      A layer thickness of at least 3 .mu. for the second contacting metal, with
      a corresponding thickness of the first contacting metal, is sufficient for
      the realization of semiconductor devices according to the present
      invention.
PAR  With the preferred contacting metals of aluminum and silver, advantageous
      results are achieved with a layer thickness of from 1 to 2 .mu. for the
      aluminum and from 5 to 15 .mu. for the silver.
PAR  The thickness of the first contacting metal is furthermore determined by
      the conductivity type and the impurity concentration of the adjacent layer
      of the semiconductor body. A layer-thickness of at least 0.1 .mu. is still
      sufficient for the layer construction according to the invention and more
      than 3 .mu. are not necessary. The layer-thickness of the first contacting
      metal is preferably 1 - 2 .mu..
PAR  For the first contacting metal only metals can be used which form together
      with the semiconducting material and the second contacting metal an
      eutectic alloy having a melting point sufficiently below the eutectic
      temperature of the system semiconducting material - second contacting
      metal. Furthermore only metals can be considered as favourable which do
      not form brittle phases with the semiconducting material. Especially
      aluminum and magnesium are suitable for the first contacting metal if
      silicon is used as semiconducting material.
PAR  The lowest limit for the thickness of the second contacting metal is
      determined by the solubility of the first contacting metal in the second
      contacting metal and the formation of a ternary system between
      semiconducting material and both contacting metals, as well as by the
      solder used for the connection with current conduction elements and the
      soldering temperature.
PAR  If, e.g., 2 .mu. aluminum and 10 .mu. silver are applied to a semiconductor
      body, approximately 1.8 .mu. aluminum and 1.6 .mu. silicon with
      approximately 2 .mu. silver are dissolved to a three-component compound
      silicon-aluminum-silver and approximately 1 .mu. silver is dissolved in
      solder, so that 70% silver remain as a ductile layer. According to the
      thickness of the first contacting metal layer the second contacting metal
      layer should have at least 3 .mu.. There is practically no upper limit,
      since as with the increasing thickness of the second contacting metal the
      capability for withstanding thermal cycling of the semiconductor
      components also rises.
PAR  With silicon as semiconductor material and aluminum and magnesium as first
      contacting metal, silver, palladium and copper may be used as metals for
      the second contacting layer.
PAR  For semiconducting material for the production of components with high
      current load capability, only substances or compounds which have an
      adequate distance between the conduction band and the valence band in the
      energy band diagram, e.g. silicon, germanium, gallium arsenide, silicon
      carbonate, are suitable silicon is preferred.
PAR  From the heat treatment for the formation of an alloy between the
      contacting metals, as well as between the semiconductor material and the
      first contacting metal results a recrystallization layer as per FIG. 2
      containing the whole first contacting metal 2 and the adjacent surface
      layers of the semiconductor body 1 and the second contacting metal 3. This
      layer shows a thickness corresponding to the share of its components and
      may be much thicker than the original first contacting metal layer 2. Its
      thickness depends especially on the thickness of the layer 2 as well as on
      the alloying temperature and the alloying time. The largest part of layer
      3 of the second contacting metal, not participating in the alloy, shows
      the desired mechanical features, particularly the required ductility, also
      after the process as described in this invention.
PAR  In addition to the above-mentioned contacting metals it is also possible to
      use, e.g., palladium or copper as the second contacting metal and
      magnesium as the first contacting metal. The ductility of copper, however,
      is less than that of silver; however, the use of copper provides an
      economic advantage, which is not even outweighed by the fact that the
      surface of the copper layer (which tends to oxidize and which is not
      suited for wetting semiconductor solders without a fluxing agent) must be
      covered with a thin layer 6 of a precious metal, for example gold or
      silver. When layer 3 is a layer of precious metal, layer 6 can be
      eliminated or layer 3 and layer 6 can be considered as one and the same
      ductile layer.
PAR  An advantageous further development is that the second contact layer, which
      forms the ductile layer, is applied in several layers in order to obtain
      the required ductility and to increase mechanical stability, or several
      layers of both contacting metals are applied in alternating succession.
PAR  The contacting metals can alternatively be applied to cathode sputtering
      and/or by precipitation. To produce thicker layers, the materials may be
      first vapor-deposited and then suitably precipitated.
PAR  According to the present invention, an application of a sequence of layers
      of contacting materials, which are specially suited for a fusion with each
      other and for fusion with the semiconductor material, and a subsequent
      heat treatment result in the formation of a contact electrode (formed on
      semiconductor material by alloying) as well as a metallic contacting layer
      which is ductile even after the heat treatment and which serves, in
      conjunction with a suitable semiconductor hard solder, for further
      contacting the semiconductor material, particularly in the production of
      variable-load-resistant semiconductor devices to be used under extreme
      operating conditions.
PAR  By suitable semiconductor hard solder is meant a solder not becoming
      plastic but remaining elastic, even at stress of the contact electrodes
      under thermal cycling. Preferred are eutectic gold-tin solder (80%
      gold/20% tin), gold-germanium solder 88/12, and gold-silicon solder 94/6.
PAR  By means of such solders the semiconductor body being provided with contact
      electrodes according to the proceeding of the invention is connected with
      metallic components serving as current conductors and often representing
      at the same time parts of the semiconductor casing. In such way
      semiconductor components with large-area current-conducting connections
      are obtained as, e.g., semiconductor rectifiers, power transistors or
      controlled rectifiers.
PAR  The examples which follow are merely illustrative embodiments which in no
      way limit the scope of the invention. Numerous variations, well within the
      contemplation of the disclosure, will be readily apparent to those skilled
      in the art. For a first working example of the invention a p.sup.+nn.sup.+
      structure is formed by diffusion according to known methods in prepared
      semiconductor bodies being e.g., slightly n-conducting and having an area
      of at least 0.05 sq. inch., in order to obtain semiconductor rectifying
      components.
PAR  Subsequent to the doping the prepared semiconductor bodies are heated up to
      200.degree.- 300.degree. C in a suitable apparatus in order to improve the
      connection of the first contacting metal with the semiconducting material,
      and aluminum of approximately 3 .mu. and silver as second ductile
      contacting metal of approximately 15 .mu. are consecutively
      vapor-deposited.
PAR  In order to form an alloy between the adjacent materials of each contact
      electrode, the semiconductor bodies being provided on both sides with
      contact electrodes are heated up to approximately 650.degree.C in a
      furnace under vacuum of more than 10.sup.-.sup.2 torr and are normally
      cooled after having achieved said temperature. In this way where is
      achieved a layer-construction as illustrated in FIG. 2. The soldering
      contact layer 6 consisting of precious metal is omitted when silver is
      used as second contacting metal.
PAR  For a second working example a similar procedure is followed for
      vapor-deposition of aluminum as the first contacting metal, palladium, as
      second contacting metal, is vapor-deposited on aluminum up to a thickness
      of approximately 5 .mu.. In a further process the palladium layer is
      amplified up to approximately 20 .mu. through galvanic precipitation. The
      formation of an alloy is effected by heating up to approximately
      700.degree.C in a protective-gas atmosphere (a nitrogen current is
      conducted through the furnace over the components to be treated until the
      alloy has been achieved and the components are totally cooled off).
PAR  After the production of contact electrodes the contactable semiconductor
      are soldered areally at one side to a metallic casing element serving
      simultaneously as current conductor and at the other side to a flexible
      current conductor by means of an eutectic gold-tin-solder or
      gold-germanium-solder or gold-silicon-solder using, preferably,
      non-oxidizing gas as protective gas.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of a contact electrode for semiconductor
      devices, comprising the steps of forming a layered structure of a layer of
      a first contacting metal physically contacting a semiconductor surface and
      a layer of a ductile second contacting metal physically contacting the
      surface of the layer of the first contacting metal opposite that
      physically contacting the semiconductor surface, the first contacting
      metal being one which forms an alloy with the semiconductor, and
      subjecting said layered structure to a heat treatment during which liquid
      phases are simultaneously maintained at the border area between the
      semiconductor and the first contacting metal layer and at the border area
      between the first contacting metal layer and the second contacting metal
      layer, the thickness of the layer of the second contacting metal and the
      conditions of the heat treatment being chosen for retaining the ductility
      of a predominant portion of the second contacting metal layer, and the
      temperature of said heat treatment being below the eutectic temperature of
      the combination of semiconductor and second contacting metal but above the
      eutectic temperature of the two contacting metals and the combination of
      semiconductor and first contacting metal.
NUM  2.
PAR  2. A process according to claim 1 wherein the first contacting metal is
      aluminum, the second contacting metal is silver and the temperature of the
      heat treatment is at a temperature within the range of from 600.degree. to
      700.degree. C.
NUM  3.
PAR  3. A process for the preparation of a contact electrode for semiconductor
      devices according to claim 1 wherein: (a) said layer of first contacting
      metal is applied to said semiconductor surface, and (b) said layer of
      ductile second contacting metal is applied to the surface of the layer of
      the first contacting metal opposite that applied to the semiconductor
      surface.
NUM  4.
PAR  4. A process according to claim 3 wherein at least one of the contacting
      metals is applied by vapor deposition.
NUM  5.
PAR  5. A process according to claim 4 wherein the contacting metals are applied
      by consecutive vapor deposition under high vacuum.
NUM  6.
PAR  6. A process according to claim 3 wherein at least one of the contacting
      metals is applied by precipitation.
NUM  7.
PAR  7. A process according to claim 3 wherein at least one of the contacting
      metals is applied by cathode sputtering.
NUM  8.
PAR  8. A process according to claim 3 wherein the ductile second contacting
      metal is applied in a plurality of layers.
NUM  9.
PAR  9. A process according to claim 8 wherein at least one layer of the first
      contacting metal is interposed between two successive layers of a second
      contacting metal.
NUM  10.
PAR  10. A process according to claim 3 wherein the semiconductor is at a
      temperature of from 200.degree. to 300.degree. C when the layer of the
      first contacting metal is applied thereto, whereby the adhesion between
      said layer and said conductor is increased.
NUM  11.
PAR  11. A process according to claim 3 wherein the heat treatment is effected
      in a protective-gas atmosphere.
NUM  12.
PAR  12. A process according to claim 3 wherein the heat treatment is effected
      in a vacuum.
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ABST
PAL  A support for a semiconductor device comprises a lead frame having a matrix
      of cranked conductors, which may be on an insulating substrate, with a
      recess being defined within the lead frame, the arrangement being such
      that by merely placing a correctly oriented device in the recess, and
      providing the required electrical interconnections between the device and
      the conductors, the device is accurately located in its required position
      on the lead frame.
PARN
PAR  This is a division of application Ser. No. 307,374, filed Nov. 17, 1972.
BSUM
PAR  This invention relates to supports for semiconductor devices each support
      including a matrix of conductors initially in the form of a lead frame.
PAR  The lead frame may comprise the support for a semiconductor device, or may
      comprise a carrier lead frame which is bonded, for example, to a larger,
      main lead frame, or to a conventional header arrangement, to complete the
      support for the semiconductor device. The semiconductor device on its
      support is then encapsulated by being moulded within a plastics material
      or by being enclosed in an hermetically-sealed, evacuated enclosure. At
      least a part of the conductor matrix of the lead frame is encapsulated
      with the semiconductor device, the conductor matrix being wholly
      encapsulated if it initially comprised part of merely a carrier lead frame
      of the support for the semiconductor device.
PAR  End portions of the conductors of the lead frame are arranged to be such
      that a semiconductor device, when correctly orientated, is capable of
      being mounted satisfactorily on the lead frame with each device contact
      being connected exclusively to a co-operating conductor.
PAR  Previously it has been known to use precision optical aligning means to
      ensure that the semiconductor device is sufficiently accurately located on
      the end portions of the conductors of the lead frame in order to arrange
      that each device contact may be connected, exclusively, to a co-operating
      conductor.
PAR  It is an object of the present invention to provide a novel construction
      for a lead frame enabling the accurate mounting of a semiconductor device
      in its desired position on the lead frame to be facilitated by simplifying
      the action required when placing the device on the lead frame, the action
      required of the operator being less precise than has been known before for
      this purpose.
PAR  It is another object of the present invention to provide a novel
      construction for a lead frame which facilitates the mounting of a
      semiconductor device on the lead frame, by causing at least the
      device-bearing end portions for the conductors of the lead frame to be
      supported by an insulating substrate whilst the semiconductor device is
      being bonded to these end portions.
PAR  According to the present invention a lead frame for a support for a
      semiconductor device comprises a matrix of cranked conductors, thereby to
      define a recess within the lead frame, the arrangement being such that,
      with an associated semiconductor device correctly orientated, the device
      is a sufficiently close fit in the recess to ensure that each contact of
      the device exclusively is contiguous with a co-operating end portion of a
      conductor in the recess of the lead frame.
PAR  According to another aspect the present invention comprises a method of
      manufacturing a lead frame comprises providing a plane metal sheet,
      forming a matrix of conductors within said metal sheet, and deforming each
      conductor into a cranked form, thereby defining a recess within the lead
      frame, the arrangement being such that, with an associated semiconductor
      device correctly orientated, the device is a sufficiently close fit in the
      recess to ensure that each contact of the device exclusively is contiguous
      with a co-operating end portion of a conductor in the recess of the lead
      frame.
PAR  According to yet another aspect the present invention comprises a method of
      mounting a semiconductor device on a lead frame comprising a matrix of
      cranked conductors, thereby to define a recess within the lead frame,
      includes inserting the semiconductor device, when correctly orientated,
      into the recess within the lead frame, and forming the desired electrical
      interconnections between the device contacts and co-operating conductor
      end portions in the recess.
PAR  The present invention will now be described by way of example with
      reference to the accompanying drawings, in which
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PAR  FIG. 1 is a perspective view of one embodiment according to the present
      invention and shows part of a composite body, from which body is formed a
      strip comprising a plurality of carrier lead frames supported on an
      insulating substrate, each carrier lead frame being provided for a support
      for a semiconductor device,
PAR  FIG. 2 is a plan view of part of the carrier lead frame strip,
PAR  FIG. 3 is a section through part of a carrier lead frame of the strip, and
      also shows a semiconductor device ready to be mounted on the carrier lead
      frame,
PAR  FIG. 4 is a section along the longitudinal axis of the strip whilst it is
      being stressed to displace an intermediate portion of each conductor of
      each carrier lead frame away from the semiconductor device associated with
      the carrier lead frame,
PAR  FIG. 5 is a plan view of the carrier lead frame, carrying a semiconductor
      device, and secured to a larger, main lead frame to complete the support
      for the semiconductor device,
PAR  FIG. 6 corresponds to FIG. 3 but includes a section of another embodiment
      of a lead frame according to the present invention, the lead frame not
      being provided on an insulating substrate, and
PAR  FIG. 7 shows a completed package for the semiconductor device, the package
      being in the form of a so-called "flat pack", in which package the
      semiconductor device and carrier lead frame are encapsulated in an epoxy
      resin.
DETD
PAR  FIG. 1 shows part of a composite body comprising a plane metal sheet 10 on
      a flexible insulating substrate 11. From the metal sheet 10 is formed, as
      shown in FIG. 2, a strip comprising a plurality of identical carrier lead
      frames 12. The carrier lead frames are for use in supports for
      semiconductor devices, and are uniformly distributed along, and are
      uniformly orientated with respect to, the longitudinal axis of the strip.
      The longitudinal axis of the strip is indicated by the broken line `A` --
      `A`. The carrier lead frames 12 are supported on the flexible insulating
      substrate 11 in the manner indicated in FIG. 3. The insulating substrate
      11 is of a polyimide, and the metal sheet 10 is of silver. The thickness
      of the silver layer 10 is the desired thickness of the carrier lead frames
      12, and the polyimide layer 11 is sufficiently thick to provide the
      requisite support for the carrier lead frames. The silver layer 10 is
      evaporatively deposited on the polyimide layer 11.
PAR  Initially, as shown in FIG. 2, sprocket holes 16 are punched adjacent to
      the longitudinal edges of the composite body 10, 11. The sprocket holes
      16, which extend through both the silver layer 10 and the polyimide layer
      11, ensure that the body is accurately positioned at different stages in
      automatic processing apparatus employed in the subsequent manufacture of
      the carrier lead frame strip from the composite body, and possibly also in
      automatic apparatus for mounting semiconductor devices on the carrier lead
      frames.
PAR  The carrier lead frames 12 are produced in a precise manner by selectively
      removing parts of the silver layer 10 in a known method employing
      photolithographic etching techniques. Each carrier lead frame 12 comprises
      a matrix of conductors 17 arranged to be connected by electrical
      interconnections, indicated at 18 in FIG. 4, to contacts 19 of an
      associated, square-shaped, semiconductor device 20, as shown in FIG. 3.
PAR  Each semiconductor device 20 when satisfactorily mounted on a carrier frame
      12 of the strip has a contact connected to a conductor 17 of the carrier
      lead frame. Thus, the pattern of co-operating conductor end portions 22 of
      each carrier lead frame 12 corresponds to the pattern of contacts on each
      device.
PAR  The parts of the silver layer 10 extending between the carrier lead frames
      12 are not removed and, hence, each carrier lead frame is part of an
      integral structure formed within the silver layer 10.
PAR  Recesses 21, square-shaped in profile, are then formed by pressing the
      square-shaped end of a tool (not shown) into the silver layer 10 at the
      centre of each carrier lead frame. The boundaries of the recesses 21 are
      indicated at 21A in FIG. 2. The tool is heated to a temperature of
      300.degree.C, and deforms both the silver layer 10 and the polyimide layer
      11 to the shape shown in FIG. 3. In each carrier lead frame 12 the
      constituent conductors 17 extend substantially radially from the centre of
      the recess 21 onto the undeformed plane surface of the polyimide substrate
      11. Within the recess, adjacent end portions 22 of the conductors 17 are
      spaced both from each other and from the centre of the recess. From the
      end portions 22, the conductors 17 extend substantially parallel to the
      longitudinal axis `A` -- `A` of the strip, and have intermediate portions
      23, shown in FIG. 3, which extend on the side walls of the recess 21, and
      outer end portions 24 which are on the undeformed plane surface of the
      polyimide substrate 11. Thus, each conductor 17 is cranked into the recess
      and is wholly supported on the polyimide substrate 11.
PAR  The carrier lead frames 12 are completed by electrolytically depositing a
      layer 25 of tin on their exposed surfaces.
PAR  The co-operating contacts 19 on the devices 20 comprise hemispherical
      protrusions of solder on a passivated surface of the device. Each
      semiconductor device is formed in a known manner, and the protrusions 19
      on the device are formed on selected parts of aluminum conductors (not
      shown) on the passivated surface of the device 20. The selected aluminium
      parts are rendered solderable by depositing chemically a first, temporary,
      layer of zinc from a solution of zinc oxide and caustic soda, removing the
      first zinc layer with nitric acid solution, and depositing a second,
      permanent zinc layer on the now clean surface of the aluminium. The second
      zinc layer has an activated surface and a nickel layer is formed on this
      surface by the action of a reducing agent on an acid solution of nickel
      chloride with sodium hypophosphite or sodium borohydride. The surface of
      the passivating layer on the semiconductor device surrounding the solder
      protrusions 19 is rendered not-wettable by solder, so that the molten
      solder does not spread over this surface.
PAR  The semiconductor devices 20 are mounted on the carrier lead frames 12 of
      the strip, to provide so-called flip-chip structures. The square-shaped
      devices 20 are inserted in the square-shaped recesses 21, and may be
      inserted manually or by automatic apparatus. The automatic means (not
      shown) includes a suction head for holding the devices, and indexing
      mechanism for raising and lowering the head, to deposit the devices in the
      recesses 21, and for moving the head between a position over a recess and
      a position where it is capable of picking up a device. In any event, the
      devices 20 may be placed in the recesses without employing precision
      optical aligning means, and at a faster rate than the locating of a
      semiconductor device over co-operating end conductor portions of a lead
      frame to a sufficient degree of accuracy by precision optical aligning
      means. The devices are required to be correctly orientated within the
      recesses, but sufficiently accurate registration between the solder
      protrusions 19 on the devices and the co-operating end portions 22 of the
      carrier lead frames is ensured by arranging that the devices are a close
      fit within the recesses. The difference between the length of each side of
      the square-shaped recess and the length of each side of the square-shaped
      device is at most equal to the radius of the hemispherical solder
      protrusions 19. Thus, each solder protrusion 19 inevitably is exclusively
      contiguous with a co-operating conductor end portion 22 when the
      semiconductor device is inserted in the associated recess. The strip is
      then passed through an oven in which the solder is melted. When
      resolidified, the solder forms the desired electrical interconnections 18
      between the semiconductor device 20 and the carrier lead frame 12. Whilst
      molten, surface tension forces cause the solder to have the least possible
      surface area and, thus, the semiconductor device is pulled in the plane of
      the semiconductor device into exact registration with the co-operating
      conductor end portions 22 of the carrier lead frame, if the initial
      placing of the semiconductor device in the recess had not achieved this.
PAR  Hence, the degree of accuracy with which the semiconductor devices 20 are
      mounted in their required positions on the carrier lead frames 12 is
      automatically dependent on the degree of accuracy of the positions of the
      solder protrusions 19 formed on the semiconductor devices. The solder
      protrusions 19 may easily be formed with precision by the known method
      referred to above, and so the semiconductor devices may be accurately
      mounted on the carrier lead frames merely by being inserted in their
      associated recesses.
PAR  The end portions 22 of the conductors 17 are supported by the insulating
      substrate 11 throughout the bonding of the semiconductor devices to these
      end portions.
PAR  The solder protrusions 19 melt at the temperature of 183.degree.C, and the
      performances of silicon semiconductor devices are not adversely affected
      by subjecting the semiconductor devices to this temperature.
PAR  The provision of the strip having a plurality of carrier lead frames 12
      enables a corresponding plurality of semiconductor devices 20 to be
      mounted simultaneously on the strip in a batch process. Each carrier lead
      frame of the strip is identical, and the semiconductor devices are also
      identical, so that a plurality of semiconductor devices may be placed
      simultaneously in the recesses 21 by multihead automatic apparatus before
      the strip is passed through the oven.
PAR  The positions of the solder protrusions 19 on the devices 20 are arranged
      to be such that the side walls of the mounted semiconductor devices 20 are
      inevitably spaced from the side walls of the recesses 21. Hence, short
      circuits should not occur between the semiconductor devices and the
      intermediate portions 23 of the conductors on the side walls of the
      recesses. However, in order to ensure complete reliability in this
      respect, the strip is stretched temporarily to displace permanently these
      intermediate portions 23 of the cranked conductors away from the
      semiconductor devices 20. The presence of the rigid bodies of the
      semiconductor devices 20 cause the centres of the recesses 21 of the strip
      beneath the devices not to be affected by any such stretching action, if
      the region of the strip around each device is stretched substantially
      individually. The electrical interconnections 18 between each
      semiconductor device 20 and the associated conductor end portions 22
      provide sufficiently strong anchorages to ensure that the conductor end
      portions 22 are not displaced by a significant amount. However, the amount
      of displacement of the flexible insulating substrate 11 increases
      progressively away from these anchorages due to the stretching action, and
      this displacement causes the cranked conductor 17 to tend to straighten.
      The intermediate portions 23 of the conductors extending on the side walls
      of the recesses 21 do not return to their initial positions when the
      stretching action is removed. In the illustrated arrangement, with all the
      conductors 17 extending substantially parallel to the longitudinal axis
      `A` -- `A` of the strip, the strip is stretched only along this axis. As
      shown in FIG. 4, the strip is passed, in the direction indicated by the
      arrow 26, over a part-cylindrical curved surface 27, so that each carrier
      lead frame 12 is caused to be bowed substantially individually to produce
      the desired stretching action. The initial gap 28 between the side walls
      of the recess 21 and the side walls of the semiconductor device is
      increased, as shown at 28', after the strip has passed over the
      part-cylindrical curved surface 27.
PAR  Subsequently, each carrier lead frame 12, with the associated semiconductor
      device 20, is severed from the strip. The part of the polyimide substrate
      11 beneath the carrier lead frame is removed with the carrier lead frame.
      The exposed surfaces of the remaining outer portions 24 of each conductor
      17 are then soldered to co-operating conductors 30 of a larger, main lead
      frame 31, as shown in FIG. 5, to complete the support for the device 20.
      The main lead frame 31 is made of nickel plated with silver, and is
      stamped from a composite sheet in a multi-stage process. Each carrier lead
      frame 12 is secured to the co-operating main lead frame 31 by employing a
      conventional reflow soldering process. The soldering action occurs at
      regions of the lead frames 12 and 31 remote from the semiconductor device
      and, thus, these regions of the lead frames may be subjected to the solder
      melting temperature without adversely affecting the performance of the
      semiconductor device.
PAR  A plurality of main lead frames 31 also are initially in the form of a
      strip, and a plurality of semiconductor device-carrier lead frame
      combinations may be mounted simultaneously on the strip. Each main lead
      frame 31 has a boundary part 34, and tie bars 35 extending between the
      conductors 30. The boundary part 34 of each main lead frame 31 of the
      strip is provided with sprocket holes 38 to ensure that the strip is
      correctly positioned at different stages in the automatic processing
      apparatus.
PAR  Another embodiment of a carrier lead frame 40 according to the present
      invention is shown in FIG. 6, which Figure corresponds to FIG. 3. Parts of
      the carrier lead frame 40 of FIG. 6 identical to or closely resembling the
      carrier lead frame 12 are given the same reference numerals as the parts
      of FIG. 3. The carrier lead frame 40 is provided in an initially plane
      metal sheet which is not on an insulating substrate. Thus, the
      device-bearing conductor end portions 22 are not supported, and the recess
      21 is defined solely by the cranked conductors 17. Further, instead of a
      layer of tin being deposited on the silver carrier lead frame, solder
      protrusions 41 are provided on the end portions 22. Such a carrier lead
      frame 40 may be a part of a strip comprising a plurality of carrier lead
      frames, and the conductors 17 of each carrier lead frame 40 of the strip
      may be partially straightened in the same manner as that described above
      in relation to FIG. 4. The solder protrusions 41 are of the same size as
      the solder protrusions 19 on the semiconductor device 20. The protrusions
      41 on the conductors may be located with accuracy, ensuring that the
      protrusions 19 on each device are contiguous with the protrusions on the
      conductors when the device is inserted in the recess 21. Thus, when the
      solder is melted, to form the desired electrical interconnections between
      the device contacts and the conductors, the co-operating pairs of
      protrusions coalesce with each other, and surface tension forces ensure
      that the device contacts are in exact registration with the cranked end
      portions of the conductors.
PAR  The carrier lead frame 40 also may be mounted on a main lead frame 31.
PAR  The package for the semiconductor device 20 is completed by encapsulating
      the semiconductor device and the carrier lead frame 12 or 40 in an epoxy
      resin 50 moulded in situ around the combination, as shown in FIG. 7. The
      conductors 30 of the main lead frame 31 are then rendered electrically
      discrete by removing the boundary part 34 of the main lead frame 31 and
      breaking the tie-bars 35 extending between the conductors 30 of the main
      lead frame. The completed package has the so-called "flat pack"
      construction.
PAR  Suction means for positioning the combinations on the main lead frames 31,
      moulding apparatus for the epoxy resin 50, and severing means to render
      the conductors 30 of the main lead frames electrically discrete, all may
      be embodied in apparatus to enable these process steps to be completed
      automatically.
PAR  Each semiconductor device 20 may be mounted only on a single lead frame,
      which single lead frame, is fabricated in the manner described above for
      the carrier lead frame 12 or 40 and solely comprises a support for the
      device. However, the extension of the outer end portions 24 of the
      conductors 17 of the carrier lead frame 12 or 40 beyond the periphery of
      the semiconductor device 20 ensures that it is easier to mount the
      combination of the carrier lead frame and the semiconductor device on the
      main lead frame 31 than to mount the semiconductor device on a single lead
      frame solely comprising the support for device, and having dimensions
      corresponding to those of the main lead frame. This is because the inner
      end portions of the conductors 30 of the main lead frame 31 are spaced
      further apart than would be the case for a single lead frame. Thus, the
      locating of the carrier lead frame-semiconductor device combination over
      these inner end portions of the conductors 30 of the main lead frame 31 is
      easier than for the semiconductor device 20 alone over the inner end
      portions of the conductors of a single lead frame.
PAR  The carrier lead frame strip may be wound around a reel after the
      semiconductor devices 20 have been mounted on the strip. When an
      insulating substrate 11 wholly supports the conductors of the carrier lead
      frames it is not necessary to provide a separate insulating sheet between
      the turns of the strip when wound upon the reel.
PAR  The semiconductor devices may reside wholly within the recesses 21 formed
      in the strip.
PAR  The semiconductor devices 20 may be tested after they are mounted on the
      carrier lead frame strip, and also after they are mounted on the main lead
      frame strip. Semiconductor devices which are found to be faulty, or to be
      improperly mounted, at either of these stages may be removed.
PAR  When the conductors 17 are on an insulating substrate 11 the conductors 17
      of each carrier lead frame 12 of the strip initially may be formed
      electrically isolated from each other when the silver layer 10 is etched.
      In addition a hole may be formed through the insulating substrate 11 at
      each position where a semiconductor device 20 is to be mounted. Thus, the
      contact-bearing face of the semiconductor device may be washed by a liquid
      supplied through the hole after the semiconductor device has been mounted
      on the strip.
PAR  The lead frames 12 or 40 and 31 may be of any convenient material, for
      example, the carrier lead frame 12 or 40 may be of copper instead of
      silver. The insulating substrate 11 also may be of a polyester or of a
      polyamide instead of a polyimide.
PAR  The final encapsulation of the semiconductor device 20 may be in any
      suitable moulding compound, or may be within an evacuated enclosure, the
      parts of which enclosure are sealed hermetically to the conductors 17 or
      30 of either the carrier lead frame 12 or 40 or the main lead frame 31.
PAR  Instead of a dual-in-line package as described above the package may have
      conductors extending from each side of a square or rectangular shaped
      semiconductor device. With such an arrangement the semiconductor
      device-carrier lead frame combination may be stretched over a part
      spherical surface in order to displace the intermediate portion of each
      cranked conductor away from the side walls of the semiconductor device.
PAR  In either such arrangement, the ends of the conductors beyond the
      encapsulation for the semiconductor device may be bent so that they may be
      received in a co-operating socket.
PAR  The carrier lead frame-semiconductor device combination may be mounted on a
      conventional header arrangement, instead of a main lead frame, in order to
      complete the support for the device.
PAR  If it is unnecessary to stretch the carrier lead frame 12 of FIG. 3 in
      order to displace the intermediate portions 23 of the conductors 17 away
      from the semiconductor device 20 it is not required that the insulating
      substrate 11 be flexible. Further, the information of the recesses 21 in
      the strip may not cause any deformation of the exposed surface of the
      insulating substrate 11 remote from the silver layer 10.
PAR  Where a plurality of semiconductor devicies are to be mounted on an
      integral structure comprising a plurality of lead frames, for example, a
      plurality of identical semiconductor devices to be interconnected to
      comprise a matrix of an information storage device, the requisite number
      of lead frames may be formed from a single composite body comprising a
      metal sheet on an insulating substrate. The common support for the
      devices, thus, comprises the lead frames distributed on the sheet to form
      the desired matrix. The conductors of the matrix may be at least partially
      completed by arranging that, when the conductors of the lead frames are
      formed, they are interconnected with each other in the required manner.
      The insulating substrate is not severed and an additional, more rigid,
      substrate may not be provided.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of manufacturing a lead frame comprising providing a plane
      metal sheet on an insulative substrate such that said lead frame is
      provided in a metal layer of a composite body comprising the metal layer
      on the insulating substrate forming a plurality of like matrices of
      conductors within said metal sheet and distributed along the horizontal
      axis thereof, deforming each matrix of conductors into cranked form by
      pressing a heated tool into the metal sheet at the center of the matrix of
      conductors to provide an open rectangular shape recess in the metal sheet
      by end portions extending in a first plane and forming the base of said
      recess, constituent conductors extending in a second plane and
      intermediate portions forming the sides of said recess, said sides being
      substantially at right angles to said end portions and joining said
      constituent conductors to corresponding end portions thereby forming said
      rectangular recess within the lead frame for providing a close fit with an
      associated semiconductor device, each matrix of conductors being wholly
      supported on the insulative strip which closes off one end of said recess
      and orientating a semiconductor device in said recess such that each
      contact of the device exclusively is contiguous with a cooperating cranked
      end portion of a conductor in the recess of the lead frame.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein said conductors are deformed by
      heating the tool to a temperature of about 300.degree.C and pressing the
      end of the heated tool into the metal sheet at the center of the matrix.
NUM  3.
PAR  3. A method of mounting a semiconductor device comprises providing a plane
      metal sheet, forming at least one matrix of conductors within said metal
      sheet, deforming each matrix of conductors into cranked form to define an
      open recess by end portions extending in a first plane forming the base of
      said recess, constituent conductors extending in a second plane and
      intermediate portions joining said constituent conductors to corresponding
      end portions and forming the sides of said recess, orientating the
      semiconductor device, inserting the semiconductor device into the recess,
      permanently displacing intermediate conductors away from the semiconductor
      device by partially straightening the cranked form of the conductors after
      the semiconductor device has been inserted and forming electrical
      interconnections between the device contacts and cooperating conductor end
      portions in the recess.
NUM  4.
PAR  4. A method as set forth in claim 3 wherein a plurality of like matrices
      are formed within the metal sheet and distributed along the longitudinal
      axis thereof.
NUM  5.
PAR  5. A method as set forth in claim 3 wherein said metal sheet is formed on
      an insulating substrate and a plurality of like matrices are formed within
      the metal sheet and distributed along the longitudinal axis thereof, each
      matrix of conductors being wholly supported on the insulative substrate.
NUM  6.
PAR  6. A method as set forth in claim 5 wherein said permanent displacement is
      effected by temporarily stretching the sheet.
NUM  7.
PAR  7. A method as set forth in claim 5 including providing solder protrusions
      on the device, passing the sheet through an oven to melt the protrusions
      and resolidifying the solder protrusions to form electrical
      interconnections between the device contacts and the matrix conductors.
NUM  8.
PAR  8. A method as set forth in claim 7 further including forming solder
      protrusions on the end portions of the conductors in the recess prior to
      the melt step such that during the melt step each cooperating pair of
      protrusions on the conductors and on the device coalesce when the
      protrusion material is melted.
NUM  9.
PAR  9. A method as set forth in claim 3 wherein said conductors are deformed by
      pressing a heated tool into the metal sheet at the center of the matrix.
NUM  10.
PAR  10. A method as set forth in claim 3 wherein said permanent displacement is
      effected by temporarily stretching the sheet.
NUM  11.
PAR  11. A method as set forth in claim 3 including providing solder protrusions
      on the device, passing the sheet through an oven to melt the protrusions
      and resolidifying the solder protrusions to form electrical
      interconnections between the device contacts and the matrix conductors.
NUM  12.
PAR  12. A method as set forth in claim 11 further including forming solder
      protrusions on the end portions of the conductors in the recess prior to
      the melt step such that during the melt step each cooperating pair of
      protrusions on the conductors and on the device coalesce when the
      protrusion material is melted.
NUM  13.
PAR  13. A method of mounting a semiconductor device comprising forming a
      plurality of carrier lead frames in a metal sheet carried on a flexible
      insulative strip, forming a plurality of rectangular recesses distributed
      along the longitudinal axis of the strip by pressing a tool into each
      carrier lead frame such that each recess includes an insulative supporting
      base and side walls for supporting each said lead frame, each said lead
      frame comprising a matrix of conductors cranked by said pressing tool to
      provide end portions extending in said recess and being wholly supported
      on said base, constituent conductors extending on said strip and
      intermediate portions joining said constituent conductors to corresponding
      end portions with said intermediate portions being at a right angle to
      said end portions and constituent conductors and contiguous to adjacent
      side walls of the recess, inserting the semiconductor device within a
      recess such that each contact of the device exclusively is contiguous with
      a cooperating end portion of a conductor of the lead frame extending in
      the recess, permanently displacing the intermediate conductors away from
      the semiconductor device by partially straightening the cranked form of
      the conductors, and forming electrical interconnections between the device
      contacts and cooperating end portions.
NUM  14.
PAR  14. A method as set forth in claim 13 including providing solder
      protrusions on the device, passing the sheet through an oven to melt the
      protrusions and resolidifying the solder protrusions to form electrical
      interconnections between the device contacts and the end portions.
NUM  15.
PAR  15. A method as set forth in claim 14 further including forming solder
      protrusions on the end portions of the conductors in the recess prior to
      the melt step such that during the melt step each cooperating pair of
      protrusions on the conductors and on the device coalesce when the
      protrusion material is melted.
NUM  16.
PAR  16. A method as set forth in claim 13 wherein said permanent displacement
      is effected by temporarily stretching the sheet.
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ABST
PAL  Armature windings for commutator type dynamo-electric machines. The
      specification discloses a method, device and machine for enabling
      inter-coil lead wires to be reliably placed in and retained temporarily in
      a connection slot at the connection end of the relevant commutator bar by
      carrying a lead wire from one armature coil through that slot and along
      the commutator surface, looping the wire around the shaft at the end of
      the commutator, carrying the wire back along the commutator surface and
      through the slot, and leading it to the next armature core slot ready for
      the winding of the next coil.
BSUM
PAR  This invention relates to windings for wire wound armatures of commutator
      type dynamo-electric machines, and to methods of and apparatus for forming
      such windings.
PAR  At the present time the wire coils of an armature for a commutator machine
      are wound in situ in the armature core slots by high speed winding
      machines. During the course of winding such an armature, after a coil has
      been wound in situ, the wire is carried to the appropriate commutator bar
      or segment and is there looped around a connection hook formed integrally
      with the commutator bar, or alternatively is looped on itself through a
      single axial connection slot formed in the connection end of the
      commutator bar, before being carried to the next appropriate core slot for
      the winding in situ of the next coil. In the latter case each such loop
      lies flat on the commutator surface and is restrained in the connection
      slot merely by friction of the loop sides against the slot sides. This
      friction results from the resilience of the looped wire.
PAR  Whilst the hooked commutator bar is preferred to the slotted commutator
      bar, since during winding the wire looped around the hook of a commutator
      bar cannot become loose or escape, and is so held securely in readiness
      for electrically connecting the wire with the commutator bar, the hooked
      commutator bar has the great disadvantage of being more expensive than the
      corresponding slotted commutator bar.
PAR  With the slotted commutator bar the loops of wire in the respective
      connection slots are held only relatively insecurely, (i.e. by friction)
      in position, so that after winding the coils on the armature the loops
      have to be checked for proper positioning in the respective slots, and
      then be positively held in position ready for the succeeding stages of
      electrically connecting the looped wire with the commutator bars and then
      removing the unwanted loop ends.
PAR  This checking and securing in position is a manual operation, and is
      consequently time consuming and expensive
PAR  According to one aspect of the present invention a method of forming an
      electrical winding in situ on an armature of a commutator type
      dynamo-electric machine (the armature including a core slotted to receive
      and carry the winding and a commutator having in each conducting bar a
      slot for receiving connections from the winding) includes after winding
      each coil of the electrical winding in situ in its core slots using a wire
      drawn continuously from a wire supply source the steps of:
PA0  A. carrying the wire circumferentially to a predetermined commutator bar,
PA0  B. there placing the wire in the slot of that commutator bar,
PA0  C. carrying the wire axially along a cylindrical surface of the commutator
      surface,
PA0  D. looping the wire around a shaft protruding from the free end of the
      commutator,
PA0  e. returning the wire axially along the said commutator surface to the said
      commutator bar slot, and
PA0  f. carrying the wire through that slot towards a predetermined armature
      slot in readiness for the commencement of winding the next coil of the
      electrical winding.
PAR  If desired, the steps (c) to (e) may be carried out sequentially, or
      alternatively in overlapping sequence.
PAR  Preferably, the wire is looped around the shaft in a direction opposite to
      that in which the wire progresses from the first-mentioned to the
      second-mentioned coil; and the wire is looped only once around the said
      shaft.
PAR  According to a second aspect of the present invention there is provided an
      armature for a dynamo-electric machine having an electrical winding wound
      by a method as set out in any one of the preceding three paragraphs.
PAR  According to a third aspect of the present invention an armature winding
      machine has a looping mechanism arranged to carry out any method according
      to the said first aspect of the present invention.
PAR  Such an armature winding machine preferably has a wire looping mechanism
      which includes at least one wire looping device carried on a rotatable
      driving member which is disposed when the machine is in operation
      coaxially with an armature to be wound, the driving member being arranged
      for axial movement relative to the said armature whereby to move the
      looping device between a first axial position disposed adjacent the
      cylindrical surface of the commutator and a second axial position in which
      the looping device is axially clear of the said commutator surface, and
      for rotary movement relative to the said armature whereby to move the
      looping device around the axis of the said armature, the looping device
      extending when in the first axial position axially over the whole of the
      said commutator surface, and including an axially-extending radial wing
      having on one side thereof an axially-extending step for carrying a wire
      from a completed winding coil to the said predetermined commutator bar
      connection slot on rotational movement of the looping device in a first
      direction, and on the other side thereof an open-ended, axially-extending,
      radial slot for carrying the said wire, ahead of the said wing, a second
      time to the said connection slot on rotational movement of the looping
      device in a second and opposite direction, the looping mechanism also
      including means for driving the said driving member axially and
      rotationally in a predetermined sequence for carrying out the said method.
PAR  Preferably, the said wing has on one side thereof a radial flank defining
      one wall of the said step, and on the other side thereof a curved flank to
      facilitate sliding movement of the wire over that side of the wing on
      rotational movement of the looping device in the said second direction;
      and the said curved flank is outwardly convex in both the axial and
      circumferential directions relative to the said commutator surface.
PAR  According to another preferred feature of this third aspect of the present
      invention the said wing includes a movable element disposed adjacent to
      and defining one axially-extending wall of the said radial slot, and
      including means for moving the said element in a radial direction onto the
      said commutator surface whereby to temporarily close a clearance gap
      between the looping device and that surface whenever the wire carried in
      the said radial slot is to be placed in the said predetermined commutator
      bar connection slot after carrying the wire in the said radial slot during
      movement of the looping device in the said second direction.
PAR  In a preferred arrangement the looping device forms part of a cup-shaped
      cylindrical shroud for protecting the said commutator surface whilst
      winding each of the said coils in its core slots, the said wing projecting
      radially from the outer surface of the shroud, and the said radial slot
      being cut in the shroud.
PAR  The looping mechanism may also include a second and similar looping device
      carried on the said driving member whereby to enable wires from two
      completed coils to be inserted simultaneously into two predetermined
      commutator bar connection slots, and subsequently to be carried to two
      predetermined core slots in readiness for winding simultaneously the next
      pair of coils.
PAR  According to another preferred feature of this third aspect of the present
      invention the looping mechanism is arranged to drive the said driving
      member axially and rotationally in the following sequence of steps:
PA0  a. with the, or each, looping device in the first axial position, to rotate
      the, or each, looping device in the said first direction from a `wire
      pick-up` position to a `wire-placing` position adjacent a predetermined
      commutator bar connection slot,
PA0  b. to move the, or each, looping device axially to the second axial
      position,
PA0  c. to rotate the, or each, looping device in the said second direction to a
      `wire-release` position,
PA0  d. to rotate the, or each, looping device a short distance in the said
      first direction so as to align the, or each, said radial slot with the, or
      each, wire,
PA0  e. to move the, or each, looping device axially to the said first position
      so as to engage the, or each, wire in the, or each, said radial slot, and
PA0  f. to rotate the, or each, looping device in the said second direction
      whereby to carry the, or each, wire in the, or each, said radial slot to
      the `wire-placing` position adjacent the, or each, said commutator bar
      connection slot.
PAR  According to a fourth aspect of the present invention there is provided a
      wire looping device and a rotatable driving member in combination, and as
      defined in any of the preceding paragraphs.
PAR  One armature for a commutator type dynamo-electric machine wound according
      to the present invention will now be described, together with its method
      of winding and the apparatus used in carrying out the winding method, by
      way of example and with reference to the accompanying drawings in which:
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PAR  FIG. 1 shows a perspective view of the armature after completion of the
      winding stage, but before the winding is electrically connected to the
      commutator;
PAR  FIG. 2 shows a side elevation of the commutator and adjacent parts of the
      armature core and winding;
PAR  FIG. 3 shows an enlargement of part of the view shown in FIG. 2;
PAR  FIG. 4 shows a perspective view of a wire looper used in winding the
      armature;
PAR  FIG. 5 shows a side elevation of the commutator and adjacent parts of the
      core and winding, with the looper shown partly in section in a forward
      `wire-placing` position;
PAR  FIGS. 6(a), 6(b) to 12(a), 12(b) show a sequence of diagrams appropriate to
      successive stages in the process of forming a loop in an interconnecting
      wire between adjacent coils, each (a) diagram showing a plan view of the
      commutator and adjacent parts of the armature, and each (b) diagram
      showing an end view of the commutator and looper as seen from the core;
PAR  FIG. 13 shows a perspective view of one wing of a modified form of the
      looper shown in FIG. 4;
PAR  FIG. 14 shows diagrammatically the sequence of rotational movements made by
      the looper, as seen from the armature core, during the process of forming
      a loop in an interconnecting wire between adjacent coils;
PAR  FIG. 15 shows diagrammatically a front elevation of the relevant principal
      parts of a high speed automatic armature winding machine equipped to put
      the present invention into practice, and embodying the looper shown in
      FIG. 13; and
PAR  FIG. 16 shows diagrammatically a part sectional side view as seen from the
      section line XVI--XVI shown in FIG. 15.
DETD
PAR  Referring now to FIGS. 1, 2 and 3 the armature comprises a laminated
      ferro-magnetic core 10 and a commutator 11, both mounted in conventional
      manner at axially-spaced positions on a shaft 12. The core has slots 13 in
      which is laid an armature winding 14. The winding comprises a plurality of
      wire-wound coils 15 linked together in a continuous closed electric
      circuit by interconnecting wires 16.
PAR  Each interconnecting wire progresses around the armature from the one coil
      to the next by way of the associated bar or segment 17 of the commutator
      11.
PAR  On arrival at the associated commutator bar the connecting wire changes
      from a circumferential to an axial direction and passes into an axial
      connection slot 18 formed in the inner or connection end of the commutator
      bar. From there it proceeds along the outer surface of the commutator in a
      generally axial direction, and at the outer end of the commutator changes
      from an axial to a radial direction to pass across the outer or free end
      of the commutator and loop around the shaft 12. It then returns across the
      outer end of the commutator and again passes axially along the commutator
      surface to the slot 18, where it reverts to the circumferential direction
      and proceeds to the next coil.
PAR  The route followed by one such connecting wire is emphasized and identified
      in FIG. 3 by cross-hatching and by elements 16a to 16a.
PAR  It will be appreciated that the loop formed in each interconnecting wire is
      positively retained in position by the shaft, and by the substantial
      frictional engagement of each loop side with the corners of the respective
      sides of the associated connection slot 18.
PAR  The free wire ends of the first and last to be wound coils are after
      completion of the winding of the coils in situ, twisted together after
      first looping in the above described manner around the shaft 12.
PAR  Thus in the condition shown, i.e. after completion of the coil winding
      stage, the coil interconnecting wires 16 are all positively and securely
      held in position on the armature, so that the next stage in the
      manufacture of the armature (that of fusing -- `staking` -- the
      interconnecting wires to the commutator bars where they pass through the
      slots 18, and then severing and removing -- `cropping` -- the loops from
      around the shaft) can be carried out without any manual preparation to
      ensure that interconnecting wire loops are correctly positioned and
      positively secured in the commutator bar connection slots.
PAR  The coils 15 are wound in situ in the slots 13 by a conventional high speed
      coil winding machine, and this machine may wind one coil at a time, or
      alternatively wind at the same time two coils disposed diammetrically
      opposite one another on the armature.
PAR  This winding machine is, however, modified to include a rotatable wire
      looper which is shown in the FIGS. 4 and 5.
PAR  This looper, generally indicated at 40 in FIG. 4, comprises a shank portion
      41 having formed integrally therewith a cup-shaped portion 42. This latter
      portion has a thin wall 43 in which are formed at diametrically-opposite
      positions two narrow, axially-extending, radial slots 44 and 45. Adjacent
      each slot, in symmetrical positions, are two radially-projecting,
      axially-extending wings 46, 47 which are specially shaped in the manner
      indicated in the figures so as to enable the automatic formation of the
      loops in the interconnecting wires 16. Each wing has a radial flank 46a,
      47a and a curved flank 46b, 47b, and each wing smoothly and progressively
      reduces in radial height as the rim of the cup is approached.
PAR  The looper is mounted by its shank in driving means which are arranged to
      provide axial and rotary motion as required by the looping sequence which
      will be described below.
PAR  The looper is required to operate in two alternative axially-spaced
      positions namely (a) a forward or `wire-placing` position (full lines in
      FIG. 5), and (b) a withdrawn or `wire-looping` position (chain-dotted
      lines in FIG. 5), and to rotate in both directions between angularly
      spaced `wire pick-up` and `wire-depositing` positions.
PAR  The sequence of looper movements will appear from the following description
      of a looping sequence with reference to the FIGS. 6(a), 6(b) to 12(a),
      12(b) and 14.
PAR  With the armature clamped in a predetermined coil winding position (so that
      the plane of the coil to be wound is vertical), and the looper in a
      forward `coil-winding` position, i.e. in the said wire-placing position
      and with the wings at the four and ten o'clock positions respectively as
      seen in the FIG. 14, the conventional winding machine mechanism winds a
      first coil in two circumferentially spaced armature slots. On completion
      of that coil the flyer (through which the wire passes under tension from a
      wire supply source to the armature) of the machine is stopped and held in
      a position 60 just beyond the outer end of the commutator, with the wire
      stretching axially from the lower coil side across the cylindrical surface
      of the commutator, as indicated at 61 in the diagrams 6(a) and 6(b).
PAR  It should be noted here that when in operation, winding a coil, the flyer
      is moved by driving means (not shown) around a circular path disposed in a
      vertical longitudinal plane which includes the position 60; the said path
      has its longitudinal mid-position disposed opposite the centre of the
      armature core. Thus the position 60 represents approximately the 3 o'clock
      position of the flyer on its circular path, that is, as viewed from the
      left hand side of FIG. 6(b).
PAR  In the diagrams 6(a) and 6(b), and the others that follow, the looper is
      represented in outline by the profiles 62 and 63, in which the wires are
      shown at `A` and `B` and the associated wire-carrying slots at a and b,
      and the commutator is represented by a circle 64 having a slot `S`
      representing the connection slot 18 in the relevant commutator bar. In
      what follows rotations of the wire looper will be expressed as clockwise
      and anti-clockwise rotations as seen from the core of the armature, i.e.
      as seen in the FIGS. 6(b) to 12(b) and 14.
PAR  The looper is now rotated in an anti-clockwise direction, so as to pick up
      (at position 1 in FIG. 14) and carry the wire from position 61 around the
      commutator into a position (position 2 in FIG. 14) in alignment with the
      commutator bar connection slot S. This condition is shown in the FIGS.
      7(a) and 7(b). The looper is then moved axially to the withdrawn position
      so as to cause the wire to be drawn (or placed) into the connection slot
      S.
PAR  Whilst the looper is held in the withdrawn position it is rotated in a
      clockwise sense relative to the commutator. When the wing A reaches the 2
      o'clock position approximately (position 3 in FIG. 14) the wire disengages
      from the wing A.
PAR  The flyer is then moved in an anti-clockwise direction along its circular
      path to approximately the 2 o'clock position so that the flyer now lies in
      position 65 opposite the space between the rim of the looper and the end
      of the commutator. The wire thus lies between the rim of the looper and
      the commutator. This condition is shown in the FIGS. 8(a) and 8(b).
PAR  The looper is now reversed in an anti-clockwise direction through a few
      degrees to position 4 in FIG. 14 so as to position the wire-carrying slot
      a in alignment with the wire passing to the flyer, and the looper is then
      moved axially forward over the commutator to the `wire-placing` position,
      with the wire trapped in the slot a. This condition is shown in the FIGS.
      9(a) and 9(b).
PAR  The looper is then rotated clockwise to loop the wire around the shaft. A
      typical condition during this stage is shown in the FIGS. 10(a) and 10(b).
      The looper is stopped when the wire-carrying slot a lies in alignment with
      the connection slot S (position 5 in FIG. 14) as shown in the FIGS. 11(a)
      and 11(b).
PAR  At this stage the flyer is moved further along its circular path in an
      anti-clockwise sense to approximately the 9 o'clock position 66, so that
      the wire then resting on the curved flank of wing A is flicked axially
      along that curved flank towards the core. In so doing the wire slips off
      the free end of the wing A and falls into the connection slot S. This
      condition is shown in FIGS. 12(a) and 12(b).
PAR  The loop is now completed, and the armature is indexed angularly to the
      next coil winding position, and the looper is rotated to the
      aforementioned coil-winding position in readiness for the winding of the
      next coil in the next appropriate pair of slots.
PAR  After completion of the next coil the looper is rotated to pick up the wire
      (at position 1 in FIG. 14) and to transport it to the connection slot S
      (position 2 in FIG. 14) in the next appropriate commutator bar. The
      looping cycle described above is then repeated so as to loop that next
      inter-connecting wire around the shaft 12.
PAR  When the coil winding machine is arranged to wind simultaneously two
      diametrically-opposite coils, the looper may be arranged to loop the
      inter-connecting wires for both coils simultaneously, using both wings and
      associated wire-carrying slots to handle the two interconnecting wires at
      the same time.
PAR  The looping sequence described above may be modified if desired to carry
      the coil inter-connecting wires in the opposite sense around the armature.
PAR  In a modified form of looper shown in FIG. 13 each wing has a movable
      wedge-shaped section 130 lying adjacent the wire-carrying slot 44, 45.
      This movable section is pivoted on the looper at position 131 for angular
      movement in a radial plane so as to enable the nose end 132 to move
      radially inward when required so as to close the radial gap between the
      inner surface of the looper and the outer surface of the commutator (as
      shown in the FIG. 13). This gap is required to give the necessary
      clearance for the array of wire loops which is being wound around the
      commutator. This array has in some places a total depth of four wire
      diameters.
PAR  Radial movement of each such movable section 130 is obtained automatically
      by a cam arrangement (not shown) which becomes effective as the looper
      moves into position 5 of FIG. 14 to lower the movable section from the
      raised (normal) position to the lowered position shown in FIG. 13. This is
      achieved by advancing the looper a further 1/16 inch towards the core.
      Before rotating the looper from the said position 5, on completion of the
      loop, to the said coil-winding position, the looper is withdrawn through
      the said 1/16 so as to cause the movable section to be raised to the
      normal position, thereby providing the necessary radial clearance from the
      commutator surface and any looped interconnecting wires lying thereon.
PAR  Whereas in the above description the looper comprises a cup-shaped
      cylindrical shroud from which the wings 46, 47 project radially, and in
      which the wire-carrying slots 44, 45 are formed, the looper may
      alternatively comprise only those parts which are necessary to define the
      wings and their associated slots, the rest of the cylindrical shroud being
      omitted. When such a modified (and more rudimentary) looper is used, other
      shrouding means must be provided for protecting the commutator against
      damage during the process of high speed coil winding.
PAR  An improved result is obtained from the above described method of winding,
      if, when aligning with a desired commutator bar slot S the wire carried
      round by a looper flank 46a, 47a, or in a looper slot 44, 45, the looper
      is allowed to come to rest just beyond (in the direction of movement) the
      desired radially-aligned position, and is then reversed at low-speed to
      that desired position. This modification gives a more positive placement
      of the wire in the desired slot S.
PAR  This modification obviates the need to stop the looper with great precision
      at the end of its high speed travel between the positions 1 and 2, and 4
      and 5 in FIG. 14. The tolerance available on the stopping positions at 2
      and 5 is thus equal to almost the pitch on the commutator bars less the
      width of the slot S. The desired precision in positioning the looper
      finally at the positions 2 and 5 is much more readily obtained in the
      aforesaid slow-speed reverse movements.
PAR  In a convenient form of winding machine for carrying out the methods
      described above, the armature is held between two shaft supports which
      engage the respective ends of the shaft, and the looper is disposed
      concentrically on one of the said shaft supports. This shaft support has
      formed thereon a cam for operating the wedge-shaped edge sections 130 of
      the looper wings shown in the FIG. 13 as the looper is moved axially
      relative to the armature commutator. Thus the first part of the travel of
      the looper axially away from the forward `wire-placing` position lifts
      each edge section 130 off the commutator surface, whilst conversely the
      last part of the travel towards that forward position causes each edge
      section 130 to be lowered on to the commutator surface.
PAR  Conveniently, the axial movement of the looper is achieved by a ram which
      may be pneumatically or hydraulically operated and/or controlled.
      Likewise, the rotary movement of the looper may be conveniently achieved
      by means of a similar ram, preferably by way of a rack which engages with
      a ring of teeth carried around the periphery of the looper shaft.
PAR  Referring now to the FIGS. 15 and 16, an example of a highspeed armature
      winding machine to which the present invention may be applied includes two
      specially-shaped jaws or chucks 110 which are arranged for movement along
      an axis transverse to the longitudinal axis of an armature 111 to be
      wound, whereby to grip or release the surface of the armature as required.
      In the drawing the jaws are shown gripping the armature; in this position
      inclined wire guide surfaces 112 of each jaw are aligned with the mouths
      113 of two armature slots 114 in which a coil is to be wound in situ. The
      guide surfaces are substantially radial to the longitudinal axis of the
      armature, and are appropriately curved at their outer parts to assist the
      placing of the wire when coil winding.
PAR  Since the two jaws are similar and are used in the same way, only one of
      them will be referred to in what follows.
PAR  Each jaw is carried on a thrust bearing 115 mounted at the free end of a
      composite wire-feed tube 116 aligned along the aforesaid transverse axis,
      and this tube projects in cantilever manner from a mechanism 117 which
      supports the tube, controls its position along the said axis, and rotates
      it about the said axis, as required under the control of control apparatus
      not specifically shown. Rotation of the feed tube may be achieved,
      preferably, by a built-in electric motor, though axial movement of the jaw
      and tube towards and away from the armature is preferably achieved by a
      pneumatic or hydraulic ram.
PAR  The feed tube 116 includes adjacent the associated jaw a socket 118 which
      carries at its free end the said thrust bearing 115, and intermediate its
      ends a radially-extending `flyer arm` 119 which is cranked towards and
      over the adjacent jaw. At its extremity the arm carries a free-running
      wire-guide pulley 120. The socket has a radial slot 121 formed therein at
      a position intermediate the thrust bearing and the flyer arm, the slot
      being radially aligned with the flyer arm and communicating with an axial
      bore 122 of the socket. A second free-running wireguide pulley 123 is
      mounted in the radial slot, radially in line with the first wire-guide
      pulley 120.
PAR  The bore end 124 of the feed tube remote from the associated jaw opens
      adjacent a frictional wire tensioning device 125, and below this device is
      a wire supply bin 126 in which is disposed a stationary spool of wire 127.
PAR  To commence the process of winding the armature coils the free end of the
      wire is withdrawn from the supply bin, and is threaded through the
      frictional tensioning device, the bores of the composite feed tube, the
      radial slot in the socket, and over the two wire-guide pulleys, the flyer
      arm then being in the 3 o'clock position as seen looking from the feed
      tube to the armature, and finally lead to a wire clamping device 128
      disposed above but in line with the armature and at the non-commutator end
      thereof.
PAR  The coil is wound in the two slots by rotating the feed tube 116 at high
      speed, whereby to move the wire-guide pulley 120 at the extremity of the
      flyer arm 119 around the jaws and hence around the armature. The wire
      drawn through the feed tube by movement of the flyer arm is guided over
      the respective wire guide surfaces 112 of the jaw and is laid successively
      in alternate armature slots, thus forming the desired coil.
PAR  After the desired number of turns of wire has been laid in the slots
      rotation of the feed tube and flyer arm is suspended. Thereupon the looper
      mechanism described earlier in this specification is actuated to carry out
      the above-described method of laying the wire in the appropriate
      commutator bar slot `S` (as referred to earlier) and looping it around the
      shaft.
PAR  Thereafter the armature is rotated one or more armature slot pitches
      relative to the jaws, as required by the electrical specification of the
      armature winding, by an indexing mechanism not shown so as to bring the
      next appropriate pair of armature slots into the respective positions
      adjacent the jaw wire-guiding surfaces, the grip of the jaws being
      temporarily relaxed during this indexing step.
PAR  The feed tube and flyer arm are then rotated again a predetermined number
      of times so as to wind the next coil, and the looping sequence is again
      carried out.
PAR  The respective steps are repeated until all of the armature coils have been
      wound in situ in the armature slots.
PAR  By the use of appropriate control apparatus the machine can be made to wind
      the armature completely without human intervention, to produce an armature
      as shown in FIGS. 1 to 3.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of machine forming an electrical winding in situ on an armature
      of a commutator type dynamo-electric machine, the armature including a
      core slotted to receive and carry the winding, and a commutator having at
      a connection end thereof adjacent the core in each conducting bar a slot
      for receiving connections from the winding, and at a free end thereof
      remote from the connection end a shaft protruding centrally from the
      commutator,
PA1  the method including after winding each coil of the electrical winding in
      situ in its core slots using a wire drawn continuously from a wire supply
      source the steps of:
PA1  a. carrying the wire circumferentially to a predetermined commutator bar,
PA1  b. there placing the wire in the slot of that commutator bar,
PA1  c. carrying the wire axially along a cylindrical surface of the commutator
      surface,
PA1  d. looping the wire around the shaft protruding from the free end of the
      commutator,
PA1  e. returning the wire axially along the said commutator surface to the said
      commutator bar slot, and
PA1  f. carrying the wire through that slot towards a predetermined armature
      slot in readiness for the commencement of winding the next coil of the
      electrical winding.
NUM  2.
PAR  2. A method according to claim 1, wherein the steps (c) to (e) inclusive
      are carried out in overlapping sequence.
NUM  3.
PAR  3. A method according to claim 2, wherein the wire is looped around the
      shaft in a direction opposite to that in which the wire progresses from
      the first-mentioned to the second-mentioned coil.
NUM  4.
PAR  4. A method according to claim 2, wherein the wire is looped only once
      around the said shaft.
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ABST
PAL  A motor driven can opener is provided with a bag opener having a cutting
      blade with supporting means which cooperates with the can opener housing
      whereby the cutting blade is retained without the use of screws or other
      assembly means and is easily removable for replacement. The supporting
      means and the housing form an enclosure for the blade with an opening
      which provides access to the sharpened edge of the blade so that a bag to
      be opened may be engaged with the blade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years, the motor-operated, electric can opener has become one of
      the most popular and commercially important small electric appliances.
      Since it is a relatively simple appliance, it is easy for small
      manufacturers to design and tool to manufacture an electric can opener.
      Accordingly, the field has become very competitive with large numbers of
      manufacturers sharing the more than five million units a year can opener
      market in the United States. Because of the vigorous competition in the
      field, the addition of features incorporated in the current can openers
      and improvements in quality has become very important. Some of these
      additional features involve increasing the functions performed by the can
      opener through incorporation of knife sharpeners, ice crushers, juicers
      and the like with the can opener. The lack of space in the kitchen and the
      fact that the can opener usually occupies a convenient and readily
      accessible position makes these multi-purpose, combination appliances
      particularly desirable.
PAR  Although at one time almost all preserved food purchased in the store was
      sold in cans, with the advent of flexible plastic materials, it is common
      for foods to be packaged and sold in plastic bags. Such plastic bags are
      being used increasingly to bag commercially available foods, especially
      frozen foods, and are also increasingly being used in the home to bag
      homemade foods and left-overs. This plastic material is heavy and almost
      impossible to tear or rip without a knife or scissors. Even if the
      housewife takes the time to locate a knife or scissors to open the plastic
      bag, the results are sometimes unsatisfactory because of the risk of
      injury when puncturing the bag with a hand-held sharp object.
PAR  It would be convenient and desirable to have a single appliance which would
      have the capability of easily opening various different types of food
      containers such as metal cans and plastic bags.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved can opener which is simple to
      manufacture and at the same time includes new features which have
      heretofore been unavailable on similar type appliances for opening other
      types of food products. The invention involves the placement of a blade
      contained within an assembly located on the front portion of a
      conventional can opener. Thus, one is obviously able to use this common
      appliance for opening standard metal cans and also to easily open the
      increasingly popular plastic bag food containers.
PAR  The plastic bag opener located on the can opener housing making up the
      present invention is also designed so that the plastic bag opener casing
      can be easily removed from the can opener housing to facilitate both the
      cleaning of the appliance and the replacement of the blade used within the
      plastic bag opener. The plastic bag opener casing is attached to the can
      opener housing by use of plastic latching means integrated with the bag
      opener casing itself. In this fashion, there is no need for screws or
      other such extraneous hardware which would complicate the removal of the
      bag opener casing. The use of the aforementioned casing latching means
      also provides an easier and less expensive manufacturing process.
PAR  The blade contained within the plastic bag opener casing of the present
      invention is also designed and located in such a manner as to facilitate
      the removal and replacement of said blade. That is to say, there are a
      number of plastic support members which have been formed within the
      plastic bag opener housing and on the front portion of the can opener
      housing which will retain the blade in position and adequately support it
      in use without the necessity of screws and other such hardware.
PAR  It is an object of the present invention to provide an improved can opener
      having a plastic bag opener integrated therewith.
PAR  It is another object of the present invention to provide an improved can
      opener with a plastic bag opener attached thereto wherein said plastic bag
      opener may be manufactured and assembled easily and inexpensively.
PAR  It is still a further object of the present invention to provide an
      improved can opener with a plastic bag opener attached thereto wherein the
      housing containing the plastic bag opening assembly is easily removed to
      facilitate cleaning and replacement of the blade of the bag opener.
PAR  Another object of the present invention is to provide a simple and readily
      removable cutting mechanism as used for opening plastic bags within the
      plastic bag opener housing.
PAR  Further objects and advantages of the present invention will become
      apparent as the following description, procedures, and features of novelty
      which characterize the invention will be pointed out with particularity in
      the claims annexed to and forming a part of this specifications.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a can opener with a plastic bag opener
      embodying our invention;
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective view of the plastic bag opener casing;
PAR  FIG. 4 is a sectional view taken on line 4--4 of FIG. 2;
PAR  FIG. 5 is a sectional view taken generally on line 5--5 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is shown in FIG. 1 a combined can
      opener and knife sharpener with an attached plastic bag opener designated
      generally by reference numerial 11. The can opener 11 is conventional
      insofar as it includes a housing 12 which encloses a motor 13 which drives
      through a gear reduction 14, a feed wheel shaft 15 which supports on its
      outer end a serrated can rotating or feed wheel 16.
PAR  Cooperating with the feed wheel 16 to open or cut the lid of a can is a
      cutting mechanism 18. The cutting mechanism 18 includes a pivotally
      mounted manually operated lever 19 which supports a low type cutter 20.
      The cutter 20 is movable between the retracted or load position with the
      lever 19 in a generally vertical position and a cutting position as shown
      in FIG. 1 in which it overlaps the feed wheel 16 and the lever 19 extends
      generally horizontally.
PAR  Located at the top portion of the lever 19 is a release button 21 which
      when depressed, allows the user to remove the cutting mechanism 18 to
      facilitate the cleaning of the can opener 11. Also attached to the lever
      19 and coordinated with the cutting mechanism 18 is a metal plate 22 which
      supports a magnetic assembly 23. The magnet assembly 23 is used to retain
      the lid of a can after it has been separated from the sides of the can.
PAR  The housing 12 of the can opener of the present invention is made up of two
      basic parts, one being a box-like portion 25 and the other a front plate
      26. The front plate 26 may be designated the support plate since it
      carries all the mechanism of the can opener including the motor 13, the
      feed wheel shaft 15, the cutting mechanism 18, and also a bag opener
      casing 27. The front plate 26 and the box-like portion 25 cooperate to
      form an enclosure 28 within which the motor and reduction gearing are
      received.
PAR  The box-like portion 25 which is best shown in FIG. 2 is made of an
      inexpensive styrene plastic material since it performs little function
      except to enclose the mechanism carried by the front plate 26. The portion
      25 is also formed with a forwardly projecting base 29 which provides the
      necessary support for the can opener preventing it from tipping forwardly
      when a can is received between the cutter 20 and the feed wheel 16, and
      force is being applied by the operator downwardly against the lever 19.
PAR  The portion 25 is also formed with a rearwardly projecting appendage 30
      which serves to enclose a knife sharpener or grinding wheel 31. The
      appendage 30 is merely of suitable size to enclose the wheel 31 and
      includes angled slots 32 and 33 which are adequate to receive knife blades
      and guide them into proper engagement with the opposite faces of the
      grinding wheel 31.
PAR  The grinding wheel 31 is supported on the rearwardly extending end of motor
      shaft 35. Also supported on the shaft 35 and inwardly of the grinding
      wheel 31 is a fan 36 which circulates air across the motor 13 and
      outwardly through a downwardly facing opening 37 as best shown in FIG. 2.
PAR  As best shown in FIG. 1, there is located on the front of the can opener 11
      a plastic bag opener casing 27 for use in cutting and opening the plastic
      bag containers which are increasingly being used to package various foods.
      There is located on the plastic bag opener casing and integrally formed
      therewith a plastic bag opener designated generally by reference numeral
      39. The plastic bag opener 39 and bag opener casing 27 are best shown in
      FIG. 3. Returning for a moment to FIG. 1, it will be seen that the plastic
      bag opener 39 is conveniently located on the can opener front plate 26 in
      that it is easily accessible and in use avoids interference with other
      components of the can opener. Thus, the plastic bag opener 39 is
      positioned at a suitable height on the front plate so that when the bag is
      being opened as shown in FIG. 1, there is enough room below the opener 39
      for the lower portion of the bag, and enough room between the opener 39
      and the can opening mechanism, including the magnet assembly 23 and cutter
      20, to allow adequate clearance for the top of the bag. Furthermore, so as
      to avoid interference with any cans being opened by the can opener 11, the
      bag opener 39 is displaced to one side of the housing 27.
PAR  In order to support and hold the plastic bag opener casing 27 onto the
      front plate 26, there are provided a number of plastic projections 40
      extending from the rear of the casing 27, and latching tabs 40a located at
      the end of these projections as best shown in FIG. 3. To attach the
      plastic bag opener casing 27 onto the can opener 11, the plastic
      projections 40 are inserted through openings located in the front plate 26
      and the tabs 40a will then latch in place therebehind as best shown in
      FIG. 2. The plastic projections 40 are slightly flexible and the tabs 40a
      are formed with a gradual incline to the plane of the projections so as to
      allow easy removal and attachment of the plastic bag opener casing.
PAR  For use in actually cutting the plastic bags, there is provided a blade 43
      located within the plastic bag opener 39. An opening 41 is formed in the
      bag opener 39 between a front guide member 42 and the body of the plastic
      bag opener casing 27. The opening 41 allows a plastic bag access to the
      blade 43 while the front guide member 42 will substantially cover and
      protect the blade so as to prevent accidental injury to the operator. The
      front guide member 42 is also made of adequate strength and design to
      support and put pressure on a plastic bag forcing it into engagement with
      the blade 43 when the bag is being opened by moving it to the left in the
      manner shown in FIG. 1.
PAR  The blade 43 is held in position within the plastic bag opener casing 27 by
      alternately located blade supports 45a through 45e as best shown in FIG.
      5. As shown, 45d and 45e will adequately restrain one end of the blade
      from any lateral movement thereof, whereas the disposition of supports
      45a, b, and c straddling the blade retains the other end of the blade in
      proper lateral alignment. In order to restrain the blade 43 against
      forward movement or longitudinal movement in the direction in which the
      plastic bag is being pulled, the blade abuts and is received against the
      back portion 46 of the front guide member 42 and the back portion 47 of
      the plastic bag opener casing 27 extending angularly as shown best in FIG.
      4. A ramp-like projection 48 is formed on the front plate 26 to support
      the rear edge of the blade 43 when the blade and plastic bag opener casing
      27 are properly positioned on the can opener. A slot 49 in the front plate
      26 is provided to allow the corner of the blade 43 to extend into the can
      opener housing in proper position as shown in FIG. 4. As can be seen from
      the above description and accompanying figures, the blade 43 is held in
      position and sufficiently supported in use without need of any screws,
      pins or other extraneous hardware. In this manner the blade can be easily
      removed and replaced. Furthermore, with the various blade supporting
      elements being integrally formed with the plastic bag opener casing 27 and
      front plate 26 the manufacturing and assembly costs are quite low.
PAR  Supporting ribs 50 and 51 located on the inside of the plastic bag opener
      casing 27 as best shown in FIG. 5 serve both as a guard to prevent various
      foods and plastic scraps from falling in or getting caught inside of the
      casing 27 and also to give support to the blade supports 45a through 45e.
PAR  While there has been shown and described a single embodiment of the present
      invention, it will be apparent to those skilled in the art that numerous
      changes and modifications may occur, and it is intended in the appended
      claims to cover all such changes and modifications which fall within the
      true spirit and scope of the present invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. The combination of a bag opener with a motor driven can opener, said can
      opener being of the type having a housing enclosing an electric motor
      which is drivingly connected to a can rotating means, and cutting means
      movably mounted on said housing for engagement with the top of a can being
      opened, said bag opener comprising a bag opener casing; an elongated
      cutting blade having a sharpened edge extending the length thereof and
      contained within said casing; latching means removably securing said bag
      opener casing to said can opener housing; means in said casing for
      retaining said cutting blade against lateral displacement; means on said
      housing adapted to abutt the edge of said cutting blade opposite said
      sharpened edge thereof when said casing is positioned on said housing;
      said casing being formed with an opening exposing a portion of said
      sharpened edge of said cutting blade whereby said exposed portion may be
      used for opening a bag; and an arm extending from said casing and spaced
      forwardly of said opening for protecting the user from the exposed portion
      of said cutting blade.
NUM  2.
PAR  2. The combination bag opener and can opener of claim 1 wherein said blade
      retaining means in said casing comprises spaced blade supports located on
      alternate sides of said blade; said blade supports being integrally formed
      within said bag opener casing, and said retaining means allowing easy
      replacement of said cutting blade.
NUM  3.
PAR  3. The combination bag opener and can opener of claim 1 wherein said
      latching means is comprised of a plurality of resilient projections
      extending from said bag opener casing; latching tabs located at the
      terminal ends of said projections; a plurality of openings formed in said
      can opener housing to receive said projections with said latching tabs
      being resiliently engaged behind the edges of said opening thereby
      retaining said casing on said housing with said housing rigidly secured by
      and between said latching tabs and the body of said casing.
NUM  4.
PAR  4. The combination of a bag opener with a motor driven can opener; said can
      opener being of the type having a housing enclosing an electric motor
      which is drivingly connected to a can rotating means; and cutting means
      movably mounted on said housing for engagement with the top of a can being
      opened, said bag opener comprising a casing; a cutting blade having a
      sharpened edge replaceably mounted in said casing; an opening formed in
      said casing exposing a portion of said sharpened edge of said cutting
      blade to permit access thereto by a bag to be opened; an arm extending
      from said casing and spaced forwardly of said opening whereby to protect
      the user from the exposed portion of said cutting blade; latching means
      for detachably securing said bag opener casing to said can opener housing;
      cooperating means in said casing and on said housing for supporting said
      cutting blade; said cooperating means including alternately located blade
      supports integrally formed within said bag opener casing; said supports
      retaining said blade in said casing while still allowing easy removal
      therefrom; an angular projection extending from said can opener housing
      abutting the edge of said cutting blade opposite said sharpened edge; a
      slot in said housing adjacent said angular projection to receive a corner
      of said blade; and a back side of said arm and said casing abutting the
      sharpened edge of said blade.
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ABST
PAL  A pipe cutting device comprises a split frame which may be clamped around
      the circumference of a pipe (either inside or outside of the pipe).
      Floatingly or freely mounted on the rollers carried by the frame, to
      rotate about the pipe, is a ring gear having at least one arcuate arm
      mounted thereon to rotate with the gear as it turns around the pipe. At
      one end, the arm is pivotally mounted on the ring gear. At the other end,
      the arm is selectively biased toward the pipe by a compression spring or
      other suitable force. This way, a blade mounted on the arm may be driven
      into the pipe by a controlled amount. A gear train selectively raises or
      lowers the blade with respect to the surface of the pipe depending upon
      the position of a clutch arrangement. A special feature of the cutter is
      that it is easily adapted to cut from either the outside or the inside
      surface of a pipe.
PARN
PAR  This is a continuation-in-part of our earlier copending application Ser.
      No. 221,213, filed Jan. 27, 1972 now U.S. Pat. No. 3,807,047.
BSUM
PAR  This invention relates to automatic pipe cutters, and more particularly to
      pipe cutters which may be adapted to cut virtually any size pipe, either
      from the outside or the inside of the pipe, with virtually and bevel, and
      with a direct drive cutter advance control.
PAR  Prior pipe cutting devices have included a circular cutter frame which may
      be clamped around the outside circumference of a pipe. In these devices, a
      suitable pipe cutting blade may be rotated around the circumference of the
      frame. As the blade so rotates, it is advanced radially inwardly toward
      the center of the pipe, thereby increasing the depth of the cut. The blade
      is also held at a suitable angle, which bevels the pipe to receive a
      welding bead when several cut sections are later joined together.
PAR  Sometimes, as in our earlier filed application, the frame has devices for
      locking it around the outside periphery of a pipe. By simply reversing the
      acting direction of these locking devices, the frame may also be clamped
      to the inside of a pipe. Then, if the cutter blade assembly is reversed,
      the cutting may progress from the inside toward the outside of the pipe.
PAR  A particularly useful purpose for such inside cutting is where a pipe has
      an extremely large diameter and extends down deep under the sea. Perhaps
      the outside of the pipe is structurally enclosed, encrusted or otherwise
      obstructed so that the cutter cannot be lowered over the outside of the
      pipe, but the inside is free of all obstructions so that the cutter can be
      lowered through it. For example, the cutter could be lowered through an
      unobstructed inside of a leg of a drilling platform which has cross bucks
      welded to the outside periphery thereof.
PAR  Usually, pipes of the contemplated type are not perfectly circular in cross
      section since their manufacturing tolerances are not that accurate.
      Therefore, it is a common practice to provide a spring bias or similar
      means, for urging the blade inwardly by an amount which is fixed with
      respect to the eccentricity of the pipe. Thus, the blade is supposed to
      move around the circumferential surface of the pipe. As a result, the
      depth of the cut is supposed to be uniform, with respect to the outside
      surface of the pipe, regardless of the circumferential departures from a
      purely circular cross section.
PAR  Our earlier copending application showed a fluid cylinder which selectively
      provided the needed bias for urging the cutter blade to bite into the
      pipe. However, there are times when a spring is preferred over the fluid
      cylinder. Accordingly, it is well to provide for alternative arrangements
      which may be "customized" to new uses merely by substituting parts, as by
      switching from the fluid cylinder to a spring.
PAR  Accordingly, an object of the invention is to provide new and improved pipe
      cutting devices. Here, an object is to provide a pipe cutting device which
      may cut pipe of virtually any diameter and with a wide range of bevel
      angles and types. In particular, an object is to provide such a device
      which may cut a pipe equally will from the outside in, or from the inside
      out.
PAR  Another object of the invention is to provide a pipe cutter which applies a
      predetermined and controlled pressure upon the cutting blade or tool.
      Here, an object is to enable the application of any suitable pressure upon
      the pipe cutting blade.
PAR  In keeping with an aspect of the invention, a pipe cutting device comprises
      a frame which may be clamped either around or inside a pipe of virtually
      any diameter, depending upon the cutting device size. At least one arm may
      be pivotally attached at one end of a gear surrounding the frame. As the
      arm moves in to embrace the pipe, a register roller is pressed or forced
      against the periphery of the pipe by a selected pressure, either by a
      fluid cylinder or by a spring, depending upon the user's needs. The blade
      advance may be controlled by any suitable contour sensors, preferably in
      the form of the register roller riding on the outer or inner circumference
      of the pipe. This way, the blade or tool may always take a cut of fixed
      depth, regardless of any eccentricity of the pipe periphery.
DRWD
PAR  Preferred and exemplary embodiments for accomplishing these and other
      objects, may be understood best from a study of the attached drawings
      wherein:
PAR  FIG. 1 is a perspective view of one embodiment of the invention especially
      well adapted for use on smaller diameter pipes, the figure showing a
      cutter body, motor, and a blade actuation device;
PAR  FIG. 2 is a plan view of the end of the pipe cutting device of FIG. 1,
      clamped onto a pipe;
PAR  FIG. 3 is an exploded view of a first embodiment of the inventive pipe
      cutting device especially adapted for use with smaller size pipes;
PAR  FIG. 4 is a perspective view of a first embodiment of a blade depth
      adjusting means for automatically and selectively increasing the depth of
      a cut, as the cutting progresses;
PAR  FIG. 5 is an exploded view of the blade depth adjusting means of FIG. 4;
PAR  FIG. 6 is an exploded view of a second and preferred embodiment of the
      invention especially adapted for use on larger pipes;
PAR  FIG. 6A is an alternative arrangement with one arcuate arm urged toward a
      cutting position by a compression bias spring;
PAR  FIG. 7 is a perspective view of a second embodiment of a blade depth
      adjustment means for selectively increasing the depth of a cut, as the
      cutting progresses;
PAR  FIG. 8 is a cross-sectional view of yet another embodiment using a gear
      train driven by a register roller for advancing the cutter blade, with a
      reversible up or down drive;
PAR  FIG. 9 is a schematic cross-sectional representation of a drive gear train,
      taken along line 9--9 of FIG. 8;
PAR  FIG. 10 is a schematic cross-sectional representation taken along line
      10--10 of FIG. 8 and showing a worm drive mechanism; and
PAR  FIGS. 11A and 11B are schematic cross-sectional representations taken along
      line 11--11 of FIG. 8 showing a clutch for raising and lowering the blade
      drive.
DETD
PAR  The major assemblies of the inventive device (FIGS. 1, 2, 3 and 6) are a
      frame 20, pipe gripping clamps 21, 22, 23, a ring gear 26, a power source
      24, and a pipe cutting tool assembly 25. The allowable variations in the
      outside diameters of the pipes being cut depend upon the space between the
      clamps 21, 22, 23 and the available amount of clamp travel. In principle,
      a pipe cutting device having the inventive design may be constructed to
      fit around pipes of any suitable size ranging from, say, 2 inches to about
      10 or more feet in diameter.
PAR  The frame 20 is a split cylindrically shaped unit having two or more
      arcuate circular sections 30, 31 pivotally joined together at a pivot
      point 32. As best seen in FIGS. 3 and 6, the frame 20 has upper and lower
      annular plates 20a, 20b, respectively, held in spaced parallel
      relationship by a plurality of radial spacer plates, such as 20c. The
      areas 20d between radial plates 20c form guideways for receiving and
      supporting clamps 21-23. The frame may thus be described as having a
      somewhat squirrel cage configuration.
PAR  Thus, the frame may be spread or pivoted apart on the axle 32. Then, after
      the frame is spread apart, it is thereafter fitted over the pipe at any
      convenient location. The sides may then be brought together and clamped in
      place on the pipe by any suitable means 33, such as an overcenter clamp,
      or the like. Preferably, this clamp includes a crossbar which rests upon a
      wear resistant seat on the frame.
PAR  After the frame is so clamped onto the pipe, a radially positioned bolt 34
      (the first embodiment, FIG. 3) associated with each of the clamps 21, 22,
      23, is turned to drive the clamp inwardly and radially toward the axis of
      the frame, as best seen in FIG. 2. While many different clamp structures
      may be used, a preferred form includes a rectangular block having an
      arcuate surface A, shaped to match an average circumferential arc of a
      pipe to be cut. The block is drilled and tapped to receive the end of the
      bolt 34. Therefore, a turning of the bolt 34 advances or retracts the
      clamp 21 into or out of engagement with the circumference of the pipe. Any
      suitable gauging means may be provided to assure the concentric
      relationship between the pipe and the frame 20. After the frame is so
      clamped into position on the pipe, the frame becomes a rigid support for
      the pipe cutting blade.
PAR  If it should be necessary or desirable to cut a pipe from the inside out,
      the bolt 34 and block 21 are reversed, with suitable relocation of wall
      20c. Instead of the block 21 being concave at A, it may be made convex.
      Then, when the bolt 34 is turned, the modified block 21 is driven radially
      outwardly away from the center of the frame 20. The blocks thus come to
      grip the inside of the pipe.
PAR  In the second embodiment (FIG. 6), at least two of at least three clamps
      21-23 comprise a rotatably vertical post 200 turning about axle 205 and
      having a plurality of radially positioned plates or fins 201-204, of
      different radial widths welded thereto. Thus, as these clamps are rotated
      on the shaft 205, different diameters of pipes may be accommodated and
      centered. The remaining power actuated clamps comprise a clamping plate
      207, 208, connected to the ends of rods 209, 210, respectively, and driven
      by an air or hydraulic cylinder 211, 212. Value 215 applies the line
      pressure from a pipe system 217, 218 to the cylinders 211, 212. Thus, the
      embodiment of FIG. 6 provides power clamping means which automatically
      centers the pipe according to the fixed rotational position of the clamps,
      such as 21. This embodiment is especially attractive for use in connection
      with larger diameter pipes, in which case it may have built-in lifting
      eyes or hooks.
PAR  When the embodiment of FIG. 6 is clamped inside a pipe, the clamp 21 is
      essentially the same except that plates 201-204 project radially
      outwardly, away from the center of the frame. Power cylinders 211, 212 and
      plates 207, 208 are also reversed to project radially away from the center
      of the pipe. Hence, the clamps grip the inside wall of a pipe.
PAR  While the drawing shows three clamps 21-23, any suitable number of clamps
      may be provided. For example, an 8 foot pipe may have twelve or more
      clamps; whereas, a 4 inch pipe may require only three clamps. In the
      embodiment of FIG. 6, for example, a 36 inch diameter pipe may have three
      fixed clamps (such as 21) and three power actuated clamps (such as 23).
      Also, the inside of the arcuate surfaces A of the clamps (or the ends of
      plates 201-204, 207, and 208) may be serrated, knurled, grooved, or
      sandblasted to increase the friction at the gripping surface.
PAR  Another element of the frame 20 is an integral mounting bracket 40 for
      supporting a motor 24, of any suitable design. Thus, for example, the
      motor 24 could be an electric, air, or hydraulic motor. A hand crank may
      also provide the motive power. In any event, the motor may be attached to
      the bracket in any suitable manner, as by means of screws, bolts or
      rivets.
PAR  On its outside end the frame has a circumferential groove 43 with a
      plurality of equispaced rollers 44 positioned in the root of the groove
      and mounted in any suitable manner, as by means of thrust bearings and
      washers. In greater detail, the upper annular plate 20a (FIGS. 3 and 6)
      has integral therewith an upstanding cylindrical collar 43a terminating in
      an outwardly turned flange 43b. Thus, the collar 43a forms the bottom of
      the groove while plate 20a and flange 43b form the sides of the groove.
      The axles of the roller 44 are supported at their ends by flange 43b and
      plate 20a. Preferably, the rollers 44 have somewhat V or U-shaped
      circumferential grooves or notches 44a formed on them to provide means for
      centering and supporting the ring gear 26 in the groove 43. The number of
      rollers depends upon the size of the frame; however, no fewer than four
      rollers are normally used.
PAR  The ring gear 26 is preferably made in two parts 45, 46 which have
      overlapping and interlocking ends that are held together by means of two
      keeper bolts 47, 48. The inside circumferential edge 50 of the ring gear
      26 has a generally U-shape or V-shape that matches the U-shape or V-shape
      of the grooves or notches 44a. Thus, after the frame 20 is bolted in
      place, the ring gear may be separated fitted over the grooves or notches
      44a, and then bolted together by keeper bolts 47, 48. A pair of locking
      bolts 52, 53 may selectively immobilize or lock the ring gear 26 in place
      while the pipe cutting device is placed around and locked onto a pipe.
      Thereafter, the bolts 52, 53 may be removed during a cutting operation.
PAR  In the embodiment of FIG. 6, the same locking function may be performed by
      one or more suitable bracket and clamp assemblies 52a, 53a.
PAR  A pinion gear 55 transmits the power of the motor 24 to turn the ring gear
      26. Therefore, as long as the motor operates, the ring gear rotates
      endlessly around the pipe. When the power source is disconnected from the
      motor, the rotation of the ring gear terminates.
PAR  When the pipe cutter is used inside a pipe, the motor is relocated to be in
      the center of the frame with suitable relocation of the teeth on gear 26.
      In one case, the gears 26, 55 may be beveled gears.
PAR  The pipe cutting tool assembly 25 is mounted on two arcuate arms 60, 61
      which are pivotally joined together (in the embodiment of FIG. 3) at one
      end by a bolt 62 and releasably clamped together at the other end by a
      hydraulic or air controlled piston 63. Also, a bolt 64 pivotally attaches
      the arcuate arms 60, 61 to the ring gear at the point 65. In the
      embodiment of FIG. 6, both arms 60, 61 may be coupled to the ring gear 26
      and not to each other. The piston 63 may or may not have an elongation,
      such as a roller chain 66 associated therewith, depending upon the size of
      the pipe cutter and the diameter of the pipe being cut thereby. Thus, for
      example, a first piston 63, without the chain 66 (FIG. 2), may be used
      when a small diameter pipe is being cut. Thereafter, when the same tool is
      used to cut a larger diameter pipe, another piston 63, with an elongating
      chain 66 (FIG. 3), may be used. The amount of elongation selects the
      cutting tool pressures applied by the cylinder. In like manner, any number
      of different piston and chain combinations may be provided.
PAR  To facilitate a quick and easy exchange of piston units, the ends 67, 68 of
      the arms 60, 61 may be made in the form of hooks. Thus, it is only
      necessary to hook one end of the piston 63 at 67 and the other end of the
      piston (or the chain) at 68.
PAR  According to an important aspect of the invention, the air or hydraulic
      pressure inside of cylinder 63 may be fixed at a predetermined or desired
      level. The cutting force is fixed by lengthening or shortening the chain
      to provide a balanced pressure between the two arms 60, 61. As the arms
      are brought together, the blade is plunged or pressed into the pipe at the
      predetermined pressure level. If, for any reason, the blade pressure
      exceeds the cylinder pressure (as when it binds, for example), the blade
      pushes against the cylinder with a greater force to lengthen the cylinder
      and thereby release the excessive pressure. Therefore, a cutting under any
      suitable and acceptable amount of blade pressure will be continued, but
      any excessive amount of blade pressure will be relieved immediately.
PAR  Each of the arms 60 and 61 has a roller 70 and 81, respectively, mounted
      thereon. In addition, the cutter arm 60 has a cutter arm assembly (FIGS.
      4, 5, 7) mounted thereon. Thus, as the piston 63 operates to hold the arms
      60, 61 together, the blade 72 is plunged into the pipe with the
      predetermined pressure. It is very important to note that the blade 72 is
      stabilized against the roller 70 on the opposite side of the pipe.
PAR  Thereafter, the motor 24 drives the ring gear 26, and the blade 72 is
      rotated around the pipe to score its outer circumference. During such
      rotation, both of the rollers 70 and 81 ride on the outside circumference
      of the pipe. Hence, the two arms 60, 61 pivot about the bolt 64 and the
      pivot point 65, as the rollers encounter circumferential eccentricities.
      In this manner, the blade 72 tends to float with respect to the periphery
      of the pipe due to the action of the cylinder 63, thereby maintaining a
      uniform depth of cut regardless of the non-circular characteristics of the
      pipe.
PAR  In the case of very large diameter pipes, the end of the arm 60 may be
      connected directly to the ring gear 26. One or more idler sprockets 215
      (FIG. 6) may be mounted on the ring gear 26 to guide the piston 63 and the
      chain 66 into an arcuate path for connecting with the cutter arm 60.
PAR  In a slightly modified embodiment (FIG. 6A), all parts are the same as
      shown and described in connection with FIG. 6 with the following
      exceptions. The arm 61, piston 63, and roller chain 66 of FIG. 6 are
      discarded. An angle iron 68c is bolted to ring gear 26 by means of a bolt
      68d. It is possible to bolt the angle iron to the gear 26 by means of the
      bolt 68d passing directly through a circular hole in the angle iron. Or,
      an adjustment slot 68e may be formed therein to adjust spring tension by
      moving the angle iron 68c toward or away from the center of the gear 26.
      When the slot 68e is omitted, the adjustment of spring tension is made at
      85 (FIG. 7). The outer end of arm 60 is shaped like a plate 68a normally
      positioned in a spaced parallel relationship with respect to the upright
      portion of the angle iron 68c. A coiled compression spring 68b fits
      between the upright portion of the angle iron 68c and the plate 68a.
PAR  In the position shown in FIG. 6A, the spring 68b is pushing the blade into
      the outside circumference of the pipe. If it is desirable to cut from the
      inside out, it is only necessary to remove bolt 64 and replace the arm 60
      to cause a blade to project outwardly. The plate 68a is then outside of
      the angle iron upright portion with the compression spring 68b
      therebetween. The spring 68b now pushes the blade radially outward toward
      the inside circumference of the pipe.
PAR  Also important to the pipe cutting process is the variation in wall
      thickness, as a function of pipe diameter. Again, a 4 inch pipe will tend
      to have a more or less uniform wall thickness. However, an 8 foot pipe may
      have any wall thickness, ranging from a quarter-inch to 3 inches.
PAR  Acceptable tolerances on small diameter pipe are so small that "egging" is
      virtually non-existent. However, when combined with wall variations,
      handling damage, surface irregularities, and other non-uniformities, the
      "egging" can become a problem. Also, due to physical strength, the small
      diameter makes it more difficult to force the pipe scoring into a
      perfectly round configuration during the cutting process. Hence, a small
      pipe requires compensation for an out-of-round geometry.
PAR  Tolerances on large diameter pipe are much greater, wall thickness varies
      more, to cause a slight, but troublesome collapse of the tube. Therefore,
      it is very often more important for a larger diameter cutter to have an
      out-of-round compensation system.
PAR  The nature of the blade support and advancement apparatus may be understood
      best from a study of FIGS. 4 and 5 (a first embodiment), of FIG. 7 (a
      second embodiment), and of FIGS. 8-12 (a third embodiment). In greater
      detail, the arm 60 has a compound roller 81 rotatably mounted on an axle
      formed by a bolt 83. The adjacent side 82 of the compound roller 81 has an
      eccentric periphery. Thus, as the roller 81 turns, the eccentric periphery
      82 causes a horizontal, reciprocal linear motion.
PAR  A horizontal blade support plate 84 is bolted to the arcuate arm 60, in any
      suitable manner. An elongated slot 85 receives a bolt 86 which is turned
      into a tapped hole 87. This way, the position of the plate 84 may be
      adjusted vertically on the arm 60. Also, as the plate 84 is so positioned,
      the angle of the blade is also changed, thereby providing an additional
      angle adjustment.
PAR  In the embodiment of FIG. 4, a linear cam member 90 is adjustably mounted
      on the support plate 84 by one or more bolts. On top of cam member 90 is
      an anchor point for a bias spring 92 which holds a spur tooth gear 93 in a
      normally retracted position. The outer right-hand side of the cam member
      90 is shaped to cooperate with the eccentric periphery of the side 82 of
      roller 81. Thus, as the roller 81 runs on the outside circumference of the
      pipe being cut, the cam 90 moves reciprocally in a horizontal linear
      motion. The spur tooth 93, on the end of the cam 90, moves complementarily
      back and forth with the turning roller. The spur tooth 93 presses against
      and rotates a gear 94 by a predetermined angular distance, each time that
      roller 81 makes one complete revolution. The gear 95 meshes and turns with
      the gear 94.
PAR  In the embodiment of FIG. 7 a rack assembly 220 is mounted for reciprocally
      sliding in directions A, B on a shaft 221, secured in bracket 222 by means
      of nuts 223, 224. A spring 225 on the shaft 221 normally urges the rack
      assembly 220 in direction A. A roller on the rack 230 acts as a cam
      follower, riding on the cam 82. Thus, as wheel 81 rotates, a cam 82 drives
      rack assembly 220 in direction B, and thereafter spring 225 drives it back
      in direction A.
PAR  A pinion 231 is rotated with each forward rack motion, and thereafter
      clutch 232 disengages pinion 231 for each reverse motion. As the pinion is
      driven in its forward motion, it rotates a shaft 233 associated with a
      worm gear 234. The worm gear 234 turns the gears 94, 95. An adjustable
      screw 235 cooperates with a ramp section 236 on the rack assembly 220 in
      order to fix a selected amount of rack travel for each revolution of the
      wheel.
PAR  FIG. 5 includes an exploded view of the blade holder which may be used with
      minor modifications with either of the embodiments of FIGS. 4 or 7. This
      holder comprises a housing 100 forming a guideway for slidingly receiving
      a block 101. Mounted on the block 101 is the blade 72 used for cutting the
      pipe. The block 101 includes a pair of tapped holes for receiving the
      threaded ends of two bolts 103, 104. These bolts are integral and turn
      with the gears 94, 95. Thus, as the gears 94, 95 turn responsive to the
      movement of either the cam 90 or the worm gear 234, the bolts 103, 104
      also turn to move the block 101 vertically (as viewed in FIG. 5). A plate
      106 and one or more bolts 107 are used to assemble and hold the parts
      together, as a unit.
PAR  Upon reflection, it should be apparent that as the ring gear 26 turns, the
      roller 81 rolls on the outer circumference of the pipe, and the block 101
      repeatedly moves downwardly by an incremental amount, thereby deepening
      the cut.
PAR  The top of the shaft associated with the gear 94, in the embodiment of FIG.
      4, and the end of shaft 233, in the embodiment of FIG. 7, has a horizontal
      key 110 attached thereto. As the blade 72 reaches the end of the cut, the
      motor is stopped. The spring 92 holds the cam 90 away from the gear 94, or
      the clutch 232 disengages pinion gear 231. A tool then may be fitted over
      the key 110 and used to turn the gears and retract the blade.
PAR  In either of the embodiments (FIGS. 4 or 7), the bevel of the cut, the
      contour of the cut, or any other characteristic of the cut may be selected
      by the simple expedient of removing the blade 72 and substituting another
      blade. Thus, for example, one blade may have an angle which cuts the pipe
      with a bevel of, say 45.degree.. Another blade may have a cutting angle
      of, say 30.degree.. The normal and usually adopted bevel angle is in the
      preferred range from about 17.degree. to 38.degree.. In like manner, any
      other suitable angle or contour may be provided by changing blade 72, as
      for example to cut the well known "J" bevel. In any event, the bevel is
      selected to provide a desired seat for receiving a welding bead when a
      plurality of pipe sections are joined together.
PAR  Briefly, in summary, the two arm (60, 61) system provides a means for
      applying cutting feed force which is sufficient to hande any type cut,
      without imparting axial loads onto the machine as a whole. The blade
      holder-cutter-arm assembly has a roller 81 mounted essentially 180.degree.
      opposite the counter pressure roller 70. The cylinder 63 is pressurized to
      a point where it creates an equal force on both of the rollers 70 and 81,
      while the tool is operating under normal cutting conditions. The ring gear
      26 now has only the task of pulling the tool around the pipe, with no
      loading of the gear against the rollers. As any out-of-round conditions
      are encountered by the blade register roller 81, the cylinder maintains a
      constant loading. However, it is elongated enough to prevent the tool from
      cutting any differently than it cuts during normal sections.
PAR  If any excess loading of the blade occurs, it rides up and removes the
      blade register roller 81 from its contact with the pipe. This causes the
      feed cam 90 or the rack 220 to stop moving. This, in turn, stops the
      downward feed of the blade 72, thereby allowing the tool to adjust itself
      to the cutting force necessary.
PAR  Some of the advantages of the inventive pipe cutter should now be apparent.
      The hydraulic or pneumatic piston 63 may be used to exert a selectively
      controlled force for holding the arms 60, 61 together, as required. If the
      blade pressure exceeds the cylinder's air or hydraulic pressure, the blade
      72 releases. The blade angle is set independently so that any suitable
      weld seat may be provided, with no further facing or dressing required
      after the completion of the cut
PAR  It should now also be apparent that in some embodiments, the piston 63 may
      be controlled to move at any desired speed or rate, thereby affecting the
      arms 60, 61 either quickly or slowly.
PAR  The third embodiment (FIGS. 8-12) has the added advantage that it may drive
      the blade up or down, the blade may be released quickly responsive to a
      manual control, and the ratio of a gear train may be changed to adjust
      cutting speed.
PAR  The principal elements in this embodiment are a blade holder 100 which is
      essentially the same as shown in FIG. 5, a clutch arrangement (FIGS. 11A,
      11B), a register roller and gear train (FIG. 9), and a worm gear drive
      assembly (FIG. 10) which is essentially the same as that shown in FIG. 7.
      A hand wheel 300 may be manually turned to raise or lower the blade held
      in the tool block housing 100.
PAR  In this embodiment, there is a register roller, and three gears 301-306
      forming a gear train having a suitable ratio for delivering proper cutting
      power. For different applications, cutting speed may be changed by
      changing the ratio of the gear train 301-306.
PAR  Wheel 301 has a periphery contour and friction which causes it to roll
      along the periphery of a pipe. As wheel 301 so rolls, its integral spur
      gear 302 turns the large gear 303 and its integral spur gear 304. The gear
      304 turns a gear 305 and its integral shaft 306 journaled at 307. As seen
      in FIG. 10, compared with FIG. 7, the shaft 306 carries a worm gear 234
      meshing with teeth on gears 94, 95 which raise and lower the blade.
PAR  The shaft 310 seen in FIG. 10 is turned by the hand wheel 300 (FIG. 8) to
      raise or lower the tool.
PAR  The clutch is seen in FIGS. 11A, 11B. There is a semicircular plate 316
      having an idler gear 318 and a driven gear 319. The gear 319 is connected
      to drive the blade holding block 101, either up or down, in the housing
      100. When the plate 316 is in the position shown in FIG. 11A, gear 94
      drives gears 318, 319 to drive the blade in one direction (such as down).
      When the plate 316 is rotated approximately 180.degree. clockwise, away
      from the position in FIG. 11A, the idler gear 318 is brought into meshing
      engagement with the gear 95. This engagement rotates gear 319 in an
      opposite direction to drive the blade in an opposite direction (such as
      up).
PAR  A handle 315 is embedded in the plate 316 for shifting the direction of the
      blade feed. A series of cavities 320 are circumferentially positioned in
      the rim of plate 316 to cooperate with a spring loaded detent 321 to stop
      the rotary motion of plate 316 at a correct position to properly mesh the
      gears 94, 95 and 318.
PAR  It should now be apparent that the roller 301 rolls along the periphery of
      a pipe. The gear train 302-306 transmits power according to the selected
      gear ratio, to a worm gear 234 which turns wheels 94, 95 in opposite
      directions. Depending upon the position of plate 316, one or the other of
      the gears 94, 95 may be engaged to dirve the blade up or down.
PAR  While specific embodiments have been described, it should be understood
      that any suitable modifications may be made therein. Hence, the appended
      claims are to be construed to cover all equivalent structures falling
      within the true scope and spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pipe cutting device comprising a frame which may be clamped around or
      inside a pipe, ring gear means freely mounted on said frame for rotating
      about said pipe, cutter means, means carried by said ring gear for
      selectively causing said cutter means to apply any suitable cutting force
      to said pipe responsive to a rotation of said ring gear relative to said
      pipe, means for driving said ring gear to cause said cutting force to
      girdle said pipe, means for advancing said cutter means into a deeper
      cutting relationship with said pipe, said advancing means comprising a
      wheel or roller riding on said pipe as said ring gear is driven, said
      wheel turning a train of gears for feeding said cutter means, and clutch
      means for selectively causing said feeding means to either raise or lower
      said cutting means.
NUM  2.
PAR  2. The device of claim 1 wherein said means carried by said ring gear
      comprises an arm pivotally attached at one end to said ring gear and
      attached at the other end to said ring gear via a compression spring.
NUM  3.
PAR  3. The device of claim 2 wherein said spring is positioned to drive said
      cutter toward the center of the frame.
NUM  4.
PAR  4. The device of claim 2 wherein said compression spring is positioned to
      drive said cutter away from the center of the frame.
NUM  5.
PAR  5. The device of claim 2 wherein said cutter means includes a blade mounted
      on said arm, and means for fixing the cutting angle of said blade with
      respect to the axis of said frame.
NUM  6.
PAR  6. The device of claim 1 and means responsive to said gear train for
      producing rotary motion in either of two directions, said clutch
      comprising a drive gear for selectively meshing with said gear train
      turning in either of said two directions, and means for raising or
      lowering said cutter responsive to the direction of the turning of said
      drive gear.
NUM  7.
PAR  7. The device of claim 6 wherein said two directional rotary means comprise
      a pair of opposed gear turned by a common worm gear, and means whereby
      said drive gear is meshed with either of said opposed gears responsive to
      operation of said clutches.
NUM  8.
PAR  8. The device of claim 6 and means for manually raising and lowering said
      cutter means.
NUM  9.
PAR  9. A pipe cutting device comprising a frame having a groove on one end with
      roller bearings at the root of said groove, ring gear means mounted on
      said roller bearings in said groove, means comprising an arm carrying a
      cutting blade and a gear train driven by a register roller, said arm being
      pivotally attached at one end to said ring gear, means comprising said
      gear train mounted on the other end of said arm for applying any suitable
      predetermined cutting force to said pipe responsive to a rotation of said
      ring gear relative to said pipe with said roller riding on said pipe, and
      means for rotatably driving said ring gear to cause said gear trains to
      drive said blade into said pipe responsive to said roller.
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ABST
PAL  A knife for personal use has a liner made up of a pair of parallel walls
      spaced apart along a transverse axis at right angles to the longitudinal
      extent of the walls. A hollow hub extends along the axis and abuts bearing
      surfaces in the walls and also abuts a bearing surface in a blade disposed
      between the walls. The hub has at least a first notch extending radially
      of the axis. A second notch in one of the walls extending radially of the
      axis is adapted to register with the first notch. A third notch in the
      blade is adapted to register radially of the axis with the first and
      second notches. A thimble-like detent is mounted for axial movement
      relative to and partially within the hub. A key projects radially from the
      detent and has an axial extent effective in one axial position of the
      detent to lie wholly within the third notch and in another axial position
      of the detent to occupy a position lying within the second and third
      notches simultaneously. A spring preferably housed within the detent and
      the hub urges the detent into a projected position.
BSUM
PAR  Knives, particularly those to be carried on the person for general usage,
      fall into various categories, such as pen knives, pocket knives, hunting
      knives, and the like. In some instances the blade is arranged to fold into
      the liner or handle when not in use in order that the sharp blade may be
      housed and protected. In the folding type of knife, there is a need for
      the sheathing of the blade to be quickly and safely taken care of, for the
      blade to be quickly made available, and also for the blade to be quite
      secure and firm when unfolded for use. It is also important that the
      mechanism controlling the knife blade between its housed and exposed
      positions be accurate in its operation so that there is no inadvertent
      operation of the structure.
PAR  It is therefore an object of the invention to provide a knife which meets
      the foregoing requirements.
PAR  Another object of the invention is to provide a knife particularly
      effective in its mechanism for secure and protracted operation.
PAR  Another object of the invention is in general to provide an improved knife.
DRWD
PAR  Other objects, together with the foregoing, are attained in the embodiment
      of the invention described in the accompanying description and illustrated
      in the accompanying drawings, in which;
PAR  FIG. 1 is a side elevation of the knife in closed position;
PAR  FIG. 2 is a side elevation of the knife with the blade in extended
      position;
PAR  FIG. 3 is a cross-section to an enlarged scale, the plane of section being
      indicated by the line 3--3 of FIG. 2;
PAR  FIG. 4 is a side elevation of a part of the knife shown at the right side
      of FIG. 3;
PAR  FIG. 5 is a cross-section, the plane of which is indicated by the line 5--5
      of FIG. 4;
PAR  FIG. 6 is a side elevation comparable to FIGS. 1 and 2 but showing the
      blade in an intermediate position;
PAR  FIG. 7 is a cross-section like FIG. 3 but showing the parts in
      blade-released position;
PAR  FIG. 8 is a view like FIG. 4 but showing the parts with the blade in an
      intermediate position;
PAR  FIG. 9 is a view in isometric perspective showing the knife parts in
      exploded positions; and
PAR  FIG. 10 is a view like FIG. 9 in part, showing modifications of some
      structures.
DETD
PAR  While the knife of the invention can be embodied in a large number of
      different ways, depending upon its intended use and upon the preferences
      of the user, it has with success been embodied in the form shown herein.
      In this arrangement, there is provided a base or frame or liner, generally
      designated 6, made up of a pair of elongated, parallel walls 7 and 8
      having any appropriate contour. The liner walls are held spaced apart by
      an intervening plate 9 secured to the walls by fasteners 11 and 12; for
      example, rivets. This mechanism provides an assembly generally defining a
      long and narrow interior channel 13 in an appropriate handle symmetrical
      about a longitudinal axis.
PAR  One of the walls 7 adjacent one end is provided with a through aperture 16
      affording a circular-cylindrical bearing surface 17 symmetrical about a
      transverse axis 18. Adjacent the bearing surface 17, the wall 7 is formed
      to afford a recess 19 having a depth approximately half the thickness of
      the wall.
PAR  Designed to extend into the recess 19 and to abut the bearing surface 17 is
      a hub 21. This is a largely hollow member having a solid end 22
      terminating in a circular flange 23 or rim adapted to occupy most of the
      recess 19. A circular-cylindrical surface 24 of the hub is shaped to abut
      the bearing surface 17 and is symmetrical about the transverse axis 18.
PAR  The hub is interrupted through the circular-cylindrical surface 24 by a
      first notch 26. In most designs, an opposite, duplicate first notch 27 is
      also provided. the notches are arranged on a diameter across the hub and
      have an axial extent equal to a substantial portion of the hub length.
PAR  The hub is assembled with the wall 7 by passing the hub body through the
      aperture 16 to extend across the gap or channel 13 to project into and
      through a bearing surface 28 of circular-cylindrical nature symmetrical
      about the transverse axis 18. The surface 28 is the boundary of an
      aperture 29 in the wall 8. Formed in the wall 8 and adjoining the aperture
      29 is a recess 31 defined by a circular-cylindrical wall 32 and by a
      radial wall 33.
PAR  The length of the hub is such that it extends through the aperture 29,
      bearing against the surface 28, and projects into the recess 31. When
      installed, the hub is removably retained in position by a threaded ring 36
      in the recess 31 in abutment with the radial wall 33. The ring engages
      threads 37 all around the circular-cylindrical hub 24, except for
      interruptions by the first notch 26 and the additional, first notch 27.
PAR  Particularly pursuant to the invention, the hub is positioned in the two
      walls 7 and 8 with the first notches 26 and 27 in a special orientation.
      For that reason, the wall 8 is provided with a second notch 38 and an
      additional second notch 39. These notches 38 and 39 and notches 26 and 27
      are held congruent in the sheathed and active conditions of the knife.
PAR  A knife blade 41 of any selected configuration is provided to swing about
      the axis 18 between an extended or open position as shown in FIG. 2 and a
      sheathed or closed position, as shown in FIG. 1. An intermediate position
      is shown in FIG. 6.
PAR  The knife blade 41 has a base 42 of an axial width easily to fit in the
      channel 13 in approximate abutment with the walls 7 and 8. The knife has a
      circular-cylindrical, bearing wall 43 defining an aperture therethrough.
      Interrupting the aperture is a third notch 44 and an additional third
      notch 46. These notches are substantially congruent with the notches 26
      and 27 under certain conditions.
PAR  Particular means are provided for maintaining the position of the knife
      blade 41 with respect to the knife liner 6 in at least two extreme
      positions. For that reason, there is provided a detent 48. This is a
      thimblelike or hollow drum body having a circular-cylindrical exterior
      bearing surface 49 divided into two principal, separated portions, each of
      which is receivable in any of the bearings 17, 28 and 43. Additionally,
      the hollow detent 48 includes a pair of integral keys 52 and 53 extending
      radially from the body of the detent 48. The keys can occupy positions on
      an axis transverse to the longitudinal axis of the knife. Each key has an
      axial dimension of an extent to lie entirely within the width of the base
      42 of the knife blade and is sized to make a snug fit therewith and
      smoothly to be axially displaced therefrom.
PAR  When the parts are assembled, the thimble-like detent 48 is introduced into
      the interior bore of the hub 21 and the keys 52 and 53 entirely or partly
      occupying the notches 44 and 46 or partially occupying the notches 38 and
      39. This assembly is made over a helical spring 56 at least partly
      contained within the detent and bearing at one end on the head of the hub
      21 and at the other end on the head of the detent. The spring normally
      urges the detent against the retaining ring 36. Normally the keys 52 and
      53 lodge in both the slots in the blade head and the slots in the liner
      wall 8.
PAR  With this relationship of the parts, the blade 41 is held immovably with
      respect to the liner because the keys 52 and 53 prevent any relative
      rotation therebetween. However, by pressure, the detent 48 can be
      displaced inwardly along the axis 18 against the urgency of the spring 56.
      The keys 52 and 53 are then moved axially out of engagement with the
      notches 38 and 39 in the wall 8 and are entirely contained within the
      width of the blade base 42, occupying the notches 44 and 46 only. In this
      compacted or telescoped relationship of the parts, an additional, rotary
      force imposed on the hub and on the depressed detent 48 by the thumb and
      finger of the user, for example, holds the spring 56 compressed and
      rotates the blade about the axis 18. The blade travel is from one extreme
      position toward and into another extreme position about 180.degree. away
      from the first position.
PAR  In the second relative location of the parts, the spring when released is
      effective to move the keys 52 and 53 part way out of the notches 44 and 46
      and again to engage the wall 8 in the notches 38 and 39, with the keys 52
      and 53 inverted from their first relationship. In this position of the
      parts, the knife blade is keyed into or locked into the liner and is
      firmly held there.
PAR  The only way that the blade can be released from its sheathed position or
      from its extended position is by the exertion of a transverse axial force
      on the detent with respect to the remaining parts of the knife. When that
      has been done, imposition of rotary force on the detent and the hub
      rotates the knife blade with those parts until it is in either extreme
      position. In either such position, release of the axial force causes the
      spring 56 to snap the keys into their blade and liner engagement with both
      the notches 44 and 46 and the notches 38 and 39.
PAR  In one manner of construction, as shown particularly in FIG. 9, the
      preference, for a smooth exterior appearance and finish when open, is to
      terminate the plate 9 at one end in a surface 61 that extends axially and
      radially with regard to the knife base 42. The base has an arcuate
      termination ending in a step surface 62. In the projected position of the
      knife blade, the surface 62 abuts the surface 61 or very nearly so. There
      is no particular force between those parts, the stop function being
      accomplished by the internal keys. This manner of finish avoids a feather
      edge termination on the plate 9 where it lies against the arcuate portion
      of the knife base.
PAR  As shown particularly in FIG. 10, an alternative form of stop can be
      provided if desired. In this instance, the hub 21' has its flange 23'
      interrupted on opposite sides with respect to the axis 18 to afford stop
      surfaces 63 and 64. In this instance, the wall 7' is provided at one point
      with an axially extending pin 66 lodged in a bore 67. In one extreme
      position of the hub with respect to the wall 7' the pin 66 lies against
      the stop surface 63, and in a position 180.degree. thereto the pin 66 lies
      against the stop surface 64.
PAR  As a particular refinement because of the frequent use of the hub head as a
      rotating device, the head 23 has an indentation 68 or concavity, when seen
      from the outside, interrupted by cross bars or roughening 69. The head 48
      of the detent can be similarly roughened or made irregular. The user can
      then firmly grasp and telescope the hub and detent between his thumb and
      forefinger and can easily rotate the blade with respect to the knife
      liner.
PAR  Although not shown, the liner walls 7 and 8 can be externally provided in
      the customary fashion with any selected sort of decoration or trim.
PAR  A knife constructed as disclosed herein is readily operated between its two
      extreme positions and affords a safe, simple, accurate, longlived, and
      economical mechanism for a folding knife.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A knife comprising a liner including a pair of parallel walls spaced
      apart along a transverse axis, means defining a pair of bearing surfaces
      in said walls and in alignment on said axis, a hub extending along said
      axis and abutting both of said bearing surfaces, a blade disposed between
      said walls, means defining a bearing surface in said blade and abutting
      said hub, means defining a first notch in said hub extending radially of
      said axis and extending axially the length of the hub between said bearing
      surfaces including at least partly through one of said walls, means
      defining a second notch in said one of said walls radially longer than
      said first notch and adapted to register radially of said axis with said
      first notch, means defining a third notch in said blade radially at least
      as long as said second notch and adapted to register radially of said axis
      with said first notch and said second notch, a detent, means for mounting
      said detent for axial movement relative to said hub, a key projecting
      radially from said detent, riding in and projecting beyond said first
      notch and having a radial length to extend into each of said second and
      third notches, the portion of said key projecting beyond said first notch
      having an axial extent effective in a first axial position of said detent
      to lie wholly within said third notch, and means for resiliently urging
      said detent out of said first position and toward a second axial position
      with said portion of said key lying partly in said third notch and partly
      in said second notch.
NUM  2.
PAR  2. A knife as in claim 1 in which one of said bearing surfaces is
      uninterrupted and the other of said bearing surfaces is interrupted by
      said second notch.
NUM  3.
PAR  3. A knife as in claim 1 including a first recess in one of said walls
      adjacent said bearing surface therein.
NUM  4.
PAR  4. A knife as in claim 1 including a second recess in the other one of said
      walls adjacent said bearing surface therein.
NUM  5.
PAR  5. A knife as in claim 1 including means defining duplicates of said first,
      second, and third notches respectively in said hub, said one of said walls
      and said blade, and including a second key on said detent substantially
      duplicating said first mentioned key on said detent.
NUM  6.
PAR  6. A knife as in claim 5 in which said duplicate notches and said second
      key are respectively opposite said first, second, and third notches and
      said first mentioned key.
NUM  7.
PAR  7. A knife as in claim 1 including means for releasably holding said hub in
      axial position relative to said liner.
NUM  8.
PAR  8. A knife as in claim 1 including means on said hub for augmenting a thumb
      and finger grip thereof.
NUM  9.
PAR  9. A knife as in claim 1 in which said hub is hollow and said detent
      telescopes axially therein.
NUM  10.
PAR  10. A knife as in claim 1 in which said detent is thimble-shaped and with
      said hub defines a central chamber.
NUM  11.
PAR  11. A knife as in claim 10 in which said resilient urging means is a
      helical spring disposed in said central chamber in abutment with said hub
      and said detent.
NUM  12.
PAR  12. A knife as in claim 3 including a flange on said hub disposed in said
      first bearing recess.
NUM  13.
PAR  13. A knife as in claim 3 including a ring movably engaged with said hub
      and disposed in said second bearing recess.
NUM  14.
PAR  14. A knife as in claim 6 in which said liner has a longitudinal axis, and
      said second notches extend transversely of said longitudinal axis.
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ABST
PAL  An electric hand nibbling machine having means for connecting a movable
      blade member with a rotary driving means transmitting a force from said
      rotary driving means in the axial direction of said movable blade member
      while allowing rotation of said movable blade member on its axis and
      having a sufficient clearance between the fixtures of the movable blade
      member and a confronting fixed blade member for free and exact operation
      for an angular material to be cut.
PAR  This invention relates to an electric hand nibbling machine for shearing
      sheet iron, synthetic resin sheet or the like by nibbling operation, and
      more particularly to an electric hand nibbling machine appropriately
      adapted to cut a so-called keystone-plate or deck-plate used as a material
      for a ceiling or floor.
PAR  As shown in FIGS. 5A and 5B, one type of nibbling machine effects shearing
      of a material in a pushing stroke of its movable blade member b which is
      adapted to move reciprocatively relative to its fixed blade member f (as
      shown in FIG. 5A), while another type of nibbling machine effects shearing
      of a material in a pulling stroke of its movable blade member b which is
      also adapted to move reciprocatively relative to its fixed blade member f
      (as shown in FIG. 5B).
PAR  In either type of nibbling machine, shearing is effected the moment a
      cutting edge b1 of the movable blade member b come across an edge f1 of
      the fixed blade member f disposed in a position abuttable against said
      cutting edge b1 of the movable blade member b.
PAR  A projecting pin g is provided on a lower end of the movable blade member
      (in case of FIG. 5A) or an upper end of the movable blade member (in case
      of FIG. 5B) to form a recessed portion in cooperation with the lower or
      upper end surface of the movable blade member b for receiving the material
      to be cut therein, determining a nibbling distance or pitch of one
      nibbling operation. Since the tip end of the material to be cut abuts
      against said pin g or the end wall of said recessed portion, the nibbling
      pitch per one nibbling operation is determined by the difference in
      diameters between said movable blade member b and said pin g.
PAR  Such a pin g may be provided centrally on the upper or lower surface of the
      movable blade member b. This structure has an advantage that the shearing
      direction can be easily changed without changing the direction of the
      machine body since the shearing can be effected in any direction in
      relation with the movable blade member b, but it has the serious
      disadvantage that the pin g must be formed comparatively thin in relation
      with the diameter of the movable blade member b and subjected to a shock
      by nibbling operation in an unsupported position. In this connection, it
      is to be noted that the pin g bumps against the tip end of the material
      and is subjected to a shock in the lateral direction every nibbling
      operation. Further, a bending stress is applied to the pin g in case the
      nibbling machine is of a type as shown in FIG. 5B.
PAR  Because of this serious disadvantage of the structure, it is recommended to
      dispose the pin g eccentrically on the lower or upper end of the movable
      blade member b though this eccentric pin disposition has a drawback that
      the shearing direction is restricted due to its eccentric arrangement.
      With this arrangement, the diameter of the pin g may be made larger as
      compared with that of the pin which is provided centrally and the pin g
      may be slidably supported at the back thereof by its support fixture so
      that it can well resist a bending stress. Due to this merit, this
      eccentric arrangement is widely employed in a nibbling machine.
PAR  However, there still remains a drawback that the shearing direction can not
      be converted without changing the direction of the machine body, to wit,
      that the shearing can not be effected in a direction other than the
      forward direction of the machine body. Stated illustratively, the nibbling
      machine of this structure can not be operated when the shearing is
      required to be effected laterally or backwardly with reference to the
      front of the machine body, according to the size or situation of the
      material set and the machine body can not be freely turned to a desired
      direction in a corner etc. because the bulky head portion of the machine
      strikes against walls.
PAR  Especially in the shearing of a keystone plate or deck plate, etc., which
      are in great demand as a material for a ceiling or floor, the shearing
      operation is required to be conducted substantially at a right angle to
      the direction of the machine body as shown in FIG. 4 and the nibbling
      machine as mentioned above can not meet this requirement. Further for
      shearing the keystone plate or the deck plate, there is preferably
      provided a sufficient clearance, in connection with the blade members, for
      conforming the machine with the angle of the keystone plate or deck plate
      without striking the corners thereof to snugly receive the angular
      material between the blade members for easy and right operation of the
      machine.
PAR  It is therefore an object of the present invention to provide a nibbling
      machine having a sufficient strength against a shock given by the nibbling
      operation and capable of readily effecting shearing in a direction
      desired, in a corner or even in a circular contour, operating the machine
      in the most natural and convenient manner. It is another object of the
      present invention to provide a nibbling machine as mentioned above which
      is specifically adapted to shear a keystone plate, a deck plate or the
      like.
PAR  According to the present invention, there is provided in a hand nibbling
      machine having a rotary driving means, a piston connected to said rotary
      driving means, a cylindrical movable blade member with a cutting edge and
      fixed to said piston, a fixed blade member having a cutting edge disposed
      in an abuttable relation to the cutting edge of the movable blade member
      and connected, through a support member, to a piston holding member fitted
      around said piston, the improvement comprising said cylindrical movable
      blade member is formed with a recessed portion for receiving a material to
      be cut therein and is provided with the cutting edge at one of the
      vertical ends of said recessed portion; means for connecting said piston
      with said rotary driving means transmitting a force from said rotary
      driving means in the axial direction while allowing rotation of said
      piston on its axis; and said piston holding member and said fixed blade
      member tapered at their respective end portions facing each other, forming
      a clearance for allowing free operation of the machine and defining a
      sectoral shape expanding towards the outside of the support member which
      is provided in the rear side of said movable blade member with reference
      to the cutting direction of the machine and in parallel with said movable
      blade member and has a thickness the same as or less than the diameter of
      said movable blade member.
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PAR  The invention will be better understood from the following description
      taken in connection with the accompanying drawings in which:
PAR  FIG. 1 is a partly sectioned side elevation of a nibbling machine according
      to the present invention;
PAR  FIG. 2 is an exploded view of one form of means for connecting a piston
      with a rotary driving means according to the present invention;
PAR  FIG. 3 is a similar exploded view of another form of means for connecting a
      piston with a rotary driving means;
PAR  FIG. 4 is an explanatory view showing the nibbling machine of the present
      invention in use for cutting a keystone plate; and
PAR  FIG. 5A and 5B show the shearing portions of the nibbling machine according
      to the present invention.
DETD
PAR  Referring now to FIG. 1, there is shown a head portion of a nibbling
      machine according to the present invention which includes a laterally
      extending portion A for housing a driving means and an axially or
      vertically extending portion B for housing a piston connected with a
      forward end of said driving means housing portion A.
PAR  Centrally in said portion A is rotatably mounted a crank shaft 1 through
      bearings 11 and 12. An eccentric shaft 14 is provided eccentrically at the
      forward end of said crank shaft 1 and a crank gear 13 is fixed to the
      rearward end of said crank shaft 1. Said crank gear 13 is meshed with an
      intermediate gear 2 which is in turn meshed with a pinion gear of a rotary
      driving means or a motor to rotate the crank shaft 1.
PAR  The eccentric shaft 14 is rotatably fitted in a slide plate 3 as shown in
      FIG. 2.
PAR  Said slide plate 3 is formed in a square or rectangular shape and it has a
      central hole 31 for receiving the eccentric shaft 14 and it has slide
      faces at the upper and lower ends thereof. The thus formed slide plate 3
      is in turn fitted in a holder 4 so as to move horizontally.
PAR  Said holder 4 has an upper wing portion 42 at its upper end and a lower
      wing portion 43 at its lower end. Said slide plate 3 is fitted in a space
      defined between the sliding guides of said upper and lower wing portions
      42 and 43.
PAR  Said holder 4 further comprises a vertical plate portion 41 which has a
      vertically extending hemicyclic groove 44 formed centrally on the side
      opposite to the side having said wing portions 42 and 43. A thin rod 52 as
      will be mentioned later is adapted to be snugly fitted in said hemicyclic
      groove 44. The eccentric shaft 14, slide plate 3 and specifically formed
      holder 4 cooperate with the thin rod 52 to constitute a means for
      connecting the piston with said rotary driving means so as to transmit a
      force from said rotary driving means in the axial direction, allowing
      rotation of said piston on its axis.
PAR  This means, however, is not restricted to the structure formed of the
      combination as mentioned above. For example, a member similar to the slide
      plate 3 may be fitted directly to the thin rod or the eccentric shaft 14
      may be connected to an eccentric rotary plate 3' with an eccentric pin 31'
      which si rotatably connected to a holder 4' as shown in FIG. 3.
PAR  This means may be constructed in a further different way so long as it
      functions to transmit an eccentric rotation from the crank shaft 1 in form
      of axial or vertical movement of the piston 5, allowing the piston 5 to
      rotate freely on its axis.
PAR  The piston housing portion B has a cylinder 51 centrally mounted therein.
      In said cylinder 51 there is mounted the piston 5 so as to reciprocatively
      move up and down. Said piston 5 is formed to be cylindrical and is
      provided, centrally at its upper surface, with the vertically extending
      thin rod 52. To an upper end of said thin rod 52 is fixed a disc member 53
      substantially of the same diameter as the piston 5.
PAR  A cylindrical blade member 54 is provided on the lower surface of the
      piston 5 at an eccentric position and it is provided with a cutting edge
      54a at its lower end which effects shearing operation in cooperation with
      a cutting edge of a fixed blade member 63 disposed in an abuttable
      relation to said edge 54a of the movable blade member 54.
PAR  The movable blade member 54 has further a pin 55 eccentrically provided at
      its lower end surface to extend vertically, forming a recessed portion to
      receive the material to be cut in cooperation with the lower end surface
      of the movable blade member 54 which is equipped with the cutting edge and
      determining the nibbling distance per one nibbling operation. Said pin 55
      is so disposed as to form an inscribed circle to said blade member 54 in a
      cross sectional view.
PAR  A piston holding member 6 is rotatably fitted, at its upper portion, around
      the lower portion of the cylinder 51. Said piston holding member 6
      includes an upper cylinder portion 61 fitting around the cylinder 51 and
      having an inner diameter substantially equal to the outer diameter of the
      cylinder 51, an intermediate cylinder portion 62 fitting around the piston
      5 and having an inner diameter equal to the outer diameter of the piston
      5, and a lower cylinder portion fitting around the movable blade member 54
      and having an inner diameter equal to the outer diameter of said blade
      member 54.
PAR  In the thus assembled structure, said blade member 54 is not in a
      concentric relation with the piston 5 and accordingly it is eccentric with
      the respective cylinder portions.
PAR  To the lower end of the piston holding member 6 is connected the fixed
      blade member 63 through a support member 64 which is provided in the rear
      side of said movable blade member 54 with reference to the cutting
      direction of the machine and in parallel with said blade member 54 and has
      a thickness the same as or less than the diameter of said blade member 54.
      Said fixed blade member 63 is provided with a vertical hole for receiving
      the confronting movable blade member 54 forming the cutting edge of the
      fixed blade member 63, whereby the shearing is effected the moment the
      edge 54a of the movable blade member 54 enters said hole or comes across
      the edge of the fixed blade member.
PAR  In this embodiment, the piston holding member 6 and the fixed blade member
      63 are tapered at their respective end portions opposite to each other,
      defining the support member 64 into a sectoral shape expanding towards the
      outside thereof to easily and freely operate the machine for shearing an
      angular material such as a keystone plate etc. Further, the support member
      64 may be formed long enough to separate the piston holding member 6 from
      the fixed blade member 63 so as to fit the purpose.
PAR  The piston holding member 6 is provided with a flange 65 around the
      periphery of the upper end portion thereof for mounting said piston
      holding member 6 on the machine body. Said flange 65 is adapted to be
      fastened against the machine body with a ring 66 which is fitted around
      the periphery of said piston holding member 6 when said member 6 is
      required to be fixed to the machine body.
PAR  The flange 65 is formed with a plurality of concavities at appropriate
      intervals and the machine body has a pin engageable with one of the
      concavities. With this construction, the piston holding member 6 can be
      rotated freely by loosening said ring 66 and can be held firmly avoiding
      needless movement by bringing the pin into engagement with one of the
      concavities and fastening said ring 66.
PAR  In operation, the material is inserted in the recessed portion between the
      movable blade member 54 and the fixed blade member 63 and the machine is
      advanced by one nibbling operation by a distance corresponding to the
      nibbling pitch per one nibbling operation.
PAR  When it is required to turn the shearing direction to the forward direction
      of the operator from the direction as shown in FIG. 1, the piston holding
      member 6 is turned to the front by loosening the ring 66.
PAR  The piston holding member 6 rotates conjointly with the movable blade
      member 54 since said movable blade member 54 is in an eccentric relation
      with the piston 5 and the thin rod 52 is rotatably fitted in the holder 4.
PAR  In this context, the piston holding member 6 may be kept in a fixed
      position with reference to the machine body through the engagement between
      the pin of the machine body and the concavity of the piston holding member
      6.
PAR  In case a keystone plate or the like is required to be cut, the shearing
      must be effected at right angles with the direction of the machine body so
      that the machine body may not strike against the corners of the material
      as shown in FIG. 4. Accordingly, the ring 66 is once loosened and the
      piston holding member 6 is turned to a desired direction for this purpose.
      In this case, the clearance formed between the fixtures of the movable and
      fixed blade members effectively serves to receive and hold the material in
      a right position without striking of the machine and the material against
      each other, allowing easy operation of the machine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hand nibbling machine comprising: a casing; rotary driving means in
      said casing; a piston and means drivingly connecting said piston with said
      rotary driving means so that rotation of said rotary driving means effects
      reciprocation of said piston while permitting rotation of said piston
      about its longitudinal axis relative to said rotary driving means; a
      reciprocable blade member fixed to said piston and having a first cutting
      edge, said reciprocable blade member having a recessed portion for
      receiving therein the material to be cut with said first cutting edge
      being provided at one of the ends of said recessed portion; means defining
      a fixed blade member having a second cutting edge disposed in abuttable
      relation to said first cutting edge; a piston holding member surrounding
      said piston for guiding movement of said piston, and means mounting said
      piston holding member and said reciprocable blade member for arcuate
      movement about the longitudinal axis of said piston relative to said
      casing; a base member having an end opposed to and spaced from one end of
      said piston holding member to define therebetween a slot for receiving the
      material to be cut, said reciprocable blade member being reciprocable
      through said slot, one of said piston holding member and said base member
      providing said fixed blade member and the other of said piston holding
      member and said base member providing a guide for said reciprocable blade
      member, the opposing ends of said piston holding member and said base
      member flaring away from each other in a direction outwardly from said
      reciprocable blade member so that said slot progressively enlarges in a
      direction outwardly from said reciprocable blade member; a support member
      extending between and fixedly connecting the opposing ends of said piston
      holding member and said base member, said support member being provided on
      the rear side of the reciprocable blade member with reference to the
      cutting direction of the machine and extending in parallel with said
      reciprocable blade member, said support member having a thickness the same
      as or less than the thickness of said reciprocable blade member and having
      a sectoral shape diverging from adjacent said reciprocable blade member in
      the outward direction.
NUM  2.
PAR  2. A hand nibbling machine as set forth in claim 1, wherein said recessed
      portion is defined by a lower end surface of the reciprocable blade member
      and a pin provided eccentrically on said end surface and slidably
      supported by the fixed blade member.
NUM  3.
PAR  3. A hand nibbling machine as set forth in claim 1, wherein said means for
      connecting said piston with said rotary driving means for transmitting a
      force from said rotary driving means for effecting reciprocation of said
      piston while allowing rotation of said piston about its axis is formed in
      combination of an eccentric shaft adapted to be rotated by the rotary
      driving means, a slide member with a central hole for receiving said
      eccentric shaft, a holder having upper and lower sliding guides defining a
      space to slidably hold said slide member therein and a groove extending in
      the axial direction and a rod connected to the piston and adapted to be
      fitted in said groove of the holder.
NUM  4.
PAR  4. A hand nibbling machine as set forth in claim 1, wherein said means for
      connecting said piston with said rotary driving means for transmitting a
      force from said rotary driving means for effecting reciprocation of said
      piston while allowing rotation of said piston about its axis is formed in
      combination of an eccentric shaft adapted to be rotated by the rotary
      driving means, an eccentric rotary member with an eccentric pin, a holder
      having a hole for receiving said eccentric pin and a groove extending
      axially and a thin rod connected to the piston and adapted to be fitted in
      said groove.
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ABST
PAL  A portable, power-operated sabre saw having a power driven saw blade holder
      which is curved and which is mounted in the sabre saw housing for
      reciprocation along a curved path that is determined by its curvature to
      impart to a blade carried thereby a component of cutting stroke travel
      that is in the direction in which the blade is urged against a workpiece
      to cut the workpiece. Another feature disclosed herein is a counterweight
      which dynamically counterbalances the mass of the saw blade holder and the
      saw blade and which is recessed to receive a power driven gear that
      supplies the motion for reciprocating the holder and the counterweight.
      The counterweight is confined between and guided for reciprocating motion
      by opposed side wall regions of a longitudinally split housing, and a
      guide pin, which is trapped between the halves of the split housing,
      extends through a slot in one end of the counterweight to provide a
      further guide for the counterweight. Also disclosed herein is two-part
      bearing holder assembly in which a locating proturberance is formed on one
      part to transversely locate the second part, but which permits relative
      axial displacement of the second part to enable the second part to be
      axially positioned by engagement with a spherically contoured surface of a
      bearing that is clamped between the two bearing holder parts. The second
      part mounts a gear supporting idler shaft to ensure that the axis of the
      idler shaft is parallel with the axis of the bearing seat on the second
      part. Another feature disclosed herein is a sabre saw blade chuck assembly
      that so distributes operating forces developed during sawing as to reduce
      the likelihood of structure failure of the blade holder.
PARN
PAR  This is a division, of application Ser. No. 181,471, filed 9/l7/71, now
      U.S. Pat. No. 3,863,342.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to power tools and is particularly concerned with
      electrically powered sabre saws.
PAC  BACKGROUND SUMMARY & OBJECTS OF INVENTION
PAR  Prior to this invention it has been the practice to mount a sabre saw
      cutting blade on a straight blade holder which is reciprocated along a
      linear path. The sabre saws described in United States letters Pat. Nos.
      2,902,067 (issued on Sept. 1, 1959 to R. C. Oakley) and 2,970,484 (issued
      to W. E. Springer on Feb. 7, 1961) are typical of this construction.
PAR  It also has previously been proposed to provide an aggressive cutting
      action by orbiting the saw blade so that is moves into the end of the kerf
      during the upward, cutting stroke and away from the end of the kerf on the
      downward, return stroke. The saws described in United States letters Pat.
      Nos. 3,457,796 (issued to H. K. Leach et al on July 29, 1969) and
      3,374,814 (issued to A. Kaufmann on Mar. 26, 1968) are typical of the
      foregoing orbital saw blade motion.
PAR  The orbital saw blade motion mentioned above is conventionally achieved by
      pivotally mounting either the saw blade or the blade holder and by rocking
      the pivotally mounted part as the blade holder is vertically reciprocated.
      Although such a blade movement provides an advantageous aggressive cutting
      action, the mechanism for both rocking and reciprocating the saw blade is
      more expensive as compared with those drive mechanisms that provide only
      for linear reciprocation of the saw blade.
PAR  The present invention achieves a corresponding aggressive cutting action
      without requiring the saw blade or the saw blade holder to be pivotally
      mounted and without requiring the mechanism for rocking the pivotally
      mounted part. This is accomplished by providing the blade holder with an
      arcuate or curved configuration and by mounting the blade holder so that
      it reciprocates along a curved path that is determined by its curved
      configuration. The curvature is such that the saw blade is provided with a
      rectilinear component of motion which is in the direction of feeding
      (i.e., the direction in which the saw blade teeth are urged against the
      workpiece) on the upward cutting stroke and which is in the opposite
      direction or away from the end of the kerf on the downward cutting stroke.
      As a result, the teeth on the saw blade are moved into the end of the kerf
      with an aggressive cutting action on the upward, cutting stroke and away
      from the end of the kerf on the downward, return stroke.
PAR  In the preferred embodiment of this invention the blade holder has a
      uniform radius of curvature and is bowed in the direction of feeding
      towards the end of the kerf.
PAR  With the foregoing in mind, a major object of this invention is to provide
      a novel sabre saw in which an aggressive cutting action is achieved by
      providing the blade holder with an arcuate configuration and by mounting
      the holder so that is reciprocates along its axis of curvature.
PAR  It heretofore has been the practice to secure the sabre saw blade to the
      blade holder by means of a screw which extends through a screw hole in the
      saw blade shank and which is threaded into the holder to confine the saw
      blade shank between the screw head and an opposing face on the holder.
      This technique of mounting the saw blade was found to unsatisfactory when
      the blade holder is formed from powdered metal because stress
      concentrations around the screw hole subject the powdered metal holder to
      structural failure especially during such cutting operations as plunge
      cutting.
PAR  The present invention overcomes the foregoing problem by providing a novel
      chuck or blade mounting assembly which distributes the stresses developed
      during operation to avoid structural failure of powdered metal blade
      holders. According to a preferred embodiment of this invention, the saw
      blade mounting assembly comprises a channel shaped reinforcing member
      which receives the lower end of the blade holder and which is secured to
      the blade holder by a nut and screw assembly. The screw extends through
      the reinforcing member with a relatively tight fit. However, the screw
      hole through the blade holder is oversized to provide a loose fit between
      the holder and the screw. As a result, all of the forces transmitted by
      the saw blade to the screw are applied to the reinforcing member rather
      than directly through the screw to the blade holder. The forces applied to
      the reinforcing member are applied to the blade holder through stress
      distributing ear portions on the reinforcing member.
PAR  Thus, a further object of this invention is to provide for a novel sabre
      saw blade mounting assembly that distributes the stresses developed during
      sawing and thereby reduces the likelihood of structural failure of the
      blade holder.
PAR  As shown in the previously mentioned Springer U.S. Pat. No. 2,970,484, a
      blade holder drive gear is drive connected by one scotch yoke mechanism to
      the blade holder and by another scotch yoke mechanism to a counterweight
      which reciprocates to counterbalance the effect of the reciprocating blade
      holder and saw blade assembly. As compared with the axial length of the
      drive gear and counterweight assembly in this patent, the present
      invention provides for a corresponding assembly of greater axial
      compactness.
PAR  Thus, another important object of this invention is to provide a novel
      sabre saw having an axial compact arrangement of a blade holder drive gear
      and a counterweight which is utilized to counterbalance the effect of the
      reciprocable blade holder and blade assembly. This object is accomplished
      by partially receiving the drive gear in a recess that is formed in the
      counterweight.
PAR  In further accordance with this invention the counterweight is provided
      with a novel simplified, three-point guide arrangement for guiding the
      reciprocable motion of the counterweight. According to the preferred
      embodiment of this invention, this guide arrangement comprises a guide pin
      which received with a sliding fit in a slot at the upper end of the
      counterweight and a pair of guide bearing members which receive the
      oppositely facing side edges of the counterweight.
PAR  According to this invention the sabre saw housing is longitudinally split,
      and the above-mentioned guide pin is traped in position between the
      complementary halves of the split housing. The above-mentioned
      counterweight guide bearing members are separably snapped into position in
      cavities which are formed in the complementary housing halves.
PAR  Accordingly, another important object of this invention is to provide a
      novel guide structure for a counterweight in a sabre saw, and still
      another object of this invention is to provide a novel support for the
      above-mentioned counterweight guide structure in the sabre saw housing.
PAR  Prior to this invention various constructions have been proposed for
      mounting a sabre saw shoe platen or base on the housing of the sabre saw.
      One example, involving a nontiltable base is described in U.S. Pat. No.
      3,186,454 issued to S. H. Kohler et al on June 1, 1965.
PAR  In comparison with the foregoing construction, this invention provides for
      a tiltable base assembly which is so constructed and arranged as to be
      supported from a split housing solely by separable seating engagement with
      interior surfaces on the halves of the housing. According to this aspect
      of the present invention, the base assembly comprises a longitudinally
      extending rod member which pivotally supports the shoe platen and which is
      trapped between the complementary halves of the split housing.
PAR  Thus, another object of this invention is to provide a novel sabre saw
      having a tiltable base assembly wherein a part of the base assembly is
      trapped between complementary halves of a longitudinally split housing.
PAR  Still another object of this invention is to provide a novel sabre saw
      having a gear and blade holder compartment which is formed in the tool
      housing and which is partitioned from the remaining interior of the
      housing so that a lubricating grease introduced into the compartment does
      not escape into other parts of the housing containing an electric motor
      and switch assembly which supplies operating power for the saw blade.
PAR  Still another object of this invention is to provide a power driven tool
      with a novel bearing holder assembly.
PAR  According to the preferred embodiment of this invention, the bearing holder
      comprises an insert member and a cover or cap for supporting an inboard
      armature shafat bearing in the tool housing. The insert member is fixed in
      the housing, and the cover is detachably secured to the insert member. The
      insert member has a locating boss which transversely positions the cover.
      The outer periphery of the inboard bearing has a spherical contour which
      cooperates with a mating seat on the cover to position the cover axially
      of the bearing holder axis. The cover is also formed with a bore for
      mounting a gear-supporting idler shaft. Thus the axis of the idler shaft
      is fixed in parallel relation to the revolution axis of the seat on the
      cover, and the locating boss positions the cover so that the revolution
      axis of the seat on the cover is coincident with the axis of revolution of
      the bearing seat on the insert member.
PAR  Further objects of this invention will appear as the description proceeds
      in connection with the below-described drawings and the appended claims.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a perspective view of a sabre saw incorporating the principles of
      this invention;
PAR  FIG. 1A is a front elevation of the sabre saw shown in FIG. 1;
PAR  FIG. 2 is a partially sectioned side elevation showing the sabre saw of
      FIG. 1 with one of the halves of the longitudinally split housing removed
      to illustrate the internal parts of the saw;
PAR  FIG. 3 is a interior side elevation of the half of the split housing shown
      in FIG. 2;
PAR  FIG. 4 is an interior side elevation of the other split housing half which
      is shown in FIG. 1;
PAR  FIG. 5 is a section taken substantially along lines 5--5 of FIG. 2;
PAR  FIG. 6 is a fragmentary section taken substantially along lines 6--6 of
      FIG. 1;
PAR  FIG. 7 is a section taken substantially along lines 7--7 of FIG. 5;
PAR  FIG. 8 is a section taken substantially along lines 8--8 of FIG. 5;
PAR  FIG. 9 is a section taken substantially along lines 9--9 of FIG. 6;
PAR  FIG. 10 is a section taken substantially along lines 10--10 of FIG. 6;
PAR  FIG. 11 is a perspective view of the counterweight shown in FIG. 2;
PAR  FIG. 12 is a section taken substantially along lines 12--12 of FIG. 6;
PAR  FIG. 13 is a section taken substantially along lines 13--13 of FIG. 12;
PAR  FIG. 14 is a section taken substantially along lines 14--14 of FIG. 9;
PAR  FIG. 15 is an enlarged fragmentary side elevation of the blade holder and
      blade holder bearing sub-assembly in FIG. 2;
PAR  FIG. 16 is an enlarged fragmentary side elevation of the blade mounting
      assembly on the lower end of the blade holder;
PAR  FIG. 17 is a section taken substantially along lines 17--17 of FIG. 16;
PAR  FIG. 18 is an enlarged fragmentary front elevation of the blade mounting
      assembly;
PAR  FIG. 19 is a perspective view of the blade mounting member shown in FIGS.
      16-18;
PAR  FIG. 20 is a section taken substantially along lines 20--20 of FIG. 16; and
PAR  FIG. 21 is a section taken substantially along lines 21--21 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  The power driven tool incorporating the principles of this invention and
      shown in the drawings is a portable, hand manipulatable sabre or bayonet
      saw. However, as the description proceeds it will become apparent that
      various features of this invention are equally applicable to a wide
      variety of other power-driven tools.
PAR  The sabre saw illustrated in the drawings is generally designated at 20 in
      FIGS. 1 and 2 and comprises a hollow, longitudinally split, clam shell
      type housing or casing 22. Housing 22 contains the drive mechanism which
      includes an electric motor 24 (FIG. 2) for reciprocating a cutter blade
      26.
PAR  Motor 24 may be of suitable, conventional construction and, as best shown
      in FIG. 2, comprises a stator 28 having field windings peripherally
      surrounding an armature 29. Armature 29 is mounted on an armature shaft 30
      which extends coaxially through stator 28 and which is drive connected by
      a gear train 32 and a scotch yoke connection to a reciprocably supported
      blade holder 34. Blade 26 is mounted on the lower end of blade holder 34
      in a mannner to be described in detail later on.
PAR  With continued reference to FIGS. 1 and 2, housing 22 has a hollow body
      portion 40 and a hollow handle grip portion 42. Handle portion 42 is
      joined to body portion 40 by spaced apart front and rear rib portions in
      such a manner that an elongated, finger-receiving aperture 44 is formed
      between body portion 40 and handle grip portion 42 as shown. Handle grip
      portion 42 is thus disposed horizontally and above body portion 40 when
      the tool is in its upright, illustrated position. Handle grip portion 42
      extends longitudinally with respect to body portion 40 and the rotational
      axis of motor 24.
PAR  As shown, handle grip portion 42 houses an electric on-off switch 46 having
      a manual manipulatable switch actuator 48 for controlling operation of
      motor 24. A conventional power cord 50 has conductors for supplying
      operating current to stator 28 under the control of switch 46.
PAR  As shown in FIG. 2, a commutator 52, forming a part of motor 24, is carried
      by shaft 30 and is electrically connected to armature 29 in the usual
      manner. Brush elements 54, which are spring biased into electrical contact
      with the commutator periphery, are mounted in electrical non-conductive
      brush holders 56. Armature 29 and commutator 52 are preferably
      electrically insulated from shaft 30 by any suitable means.
PAR  Referring to FIGS. 3 and 4, housing 22 is longitudinally divided into two
      complementary shells 60 and 62 to provide a clam shell type enclosure for
      the internal parts of the sabre saw. Shells 60 and 62 are separately
      molded from a suitable, electrically non-conductive plastic and have
      oppositely dished curvatures to define the interior, mechanism-receiving
      cavities as hereinafter described.
PAR  Shells 60 and 62 are respectively formed with mating longitudinal edge
      surfaces 64 and 66 which seat against each other along a substantially
      planar interface that longitudinally and medially intersects body portion
      40 and handle portion 42. The rotational axis of shaft 30 lies
      substantially in a plane containing this interface. Machine screws 68 (see
      FIGS. 1 and 2), extending through bores in shell 62, are threaded into
      tapped bores in shell 60 to firmly and rigidly secure shells 60 and 62
      together.
PAR  With continued reference to FIGS. 3 and 4, shells 60 and 62 are
      respectively formed with ribbed, complementary cavities 70 and 72 which
      mate to form a motor compartment that interfittingly receives and confines
      stator 28. End ribs 74, and 76, which are respectively formed integral
      with shells 60 and 62, confine stator 28 against axial displacement. Shell
      60 is also formed with cavities 78 (FIG. 3) which interfittingly receive
      brush holders 34. Resilient pads 80 (FIG. 4) made of rubber or other
      suitable material are mounted in shell 62 and engage brush holders 34 to
      confine them in cavities 78.
PAR  The outboard end of shaft 30 is journalled in a bearing 82 (FIG. 2).
      Bearing 82, which preferably comprises a spherically contoured knuckle, is
      interfittingly seated for limited universal rocking movement in opposed
      complemental cavities 84 (FIG. 3) and 86 (FIG. 4). Cavities 84 and 86 are
      respectively formed in shells 60 and 62, and bearing 82 is trapped and
      thus confined in position between shells 60 and 62 solely by separable
      seating engagement with the wall surfaces of cavities 84 and 86.
PAR  From the construction thus far described, it will be appreciated that
      stator 28, brush holders 34, and bearing 82 are trapped in position and
      thereby confined between shells 60 and 62 only by separable seating
      engagement with the cavity-defining surfaces of housing 22. Complementary
      portions of shells 60 and 62 define body portion 40, and additional
      complementary portions of shells 60 and 62 define handle grip portion 42
      as well as the forward and rearward rib portions which integrally join
      each half of the handle grip portion to its corresponding half of body
      portion 40.
PAR  As shown in FIGS. 5 and 6, the inboard end of shaft 30 is journalled in a
      bearing 90 having a spherically contoured outer periphery similar to
      bearing 82. Bearing 90 is trapped between cooperating halves of a bearing
      holder 91. Holder 91 comprises a metallic insert member 92 and a
      cooperating, metallic bearing cover or cap 94. Cover 94 and insert member
      92 are respectively formed with opposed spherically contoured seating
      surfaces 93 and 95 which interfittingly seat against the spherically
      contoured periphery of bearing 90. Cover 94 and holding member 92 are
      preferably fabricated from a suitable metal having a relatively high
      thermal conductivity such as aluminum or an aluminum alloy. Bearings 82
      and 90 may be formed from suitable powered bronze metal.
PAR  As shown in FIGS. 3 and 5, member 92 is preformed, and an internal wall or
      boss portion 96 of shells 60 is molded around insert member 92 in the
      process of molding shell 60. Except for the exposed interior face of
      member 92, which contains the seating surface 95, member 92 is
      substantially embedded in wall portion 96. Cover 94 is detachably fixed to
      member 92 by cap screws 98 which extend through smooth walled bores 100 in
      cover 94 and which are threaded into tapped bores 101 in member 92. Bores
      100 are formed in ear portions 102 of cover 94, and bores 101 are formed
      in corresponding ear portions 104 of member 92. Bearing 90 is confined
      against axial displacement relative to shell 60 and to bearing holder 91
      by engagement with seating surfaces 93 and 95.
PAR  Seating surfaces 93 and 95 extend to the interfaces between each pair of
      ear portions 102 and 104 to define an annular bearing holder seat for
      bearing 90. The axes of bores 101 are contained in a common plant
      perpendicularly intersecting a common longitudinal axis of the seating
      surfaces 93 and 95. The axes of bores 101 are also perpendicular to the
      interfaces between ear portions 102 and 104.
PAR  Referring to FIGS. 3 and 7, member 92 is integrally formed with a locating
      boss or protuberant portion 106 which extends from the otherwise flat face
      of one of the ear portions 104. Boss 106 is straight and extends parallel
      to the longitudinal axis of revolution of seating surface 95. As shown in
      FIG. 5, boss 106 in interfittingly and slidably received in a mating
      groove 108 which is formed in the opposed one of ear portions 102. Boss
      106 is tapered towards its outer end, and groove 108 is correspondingly
      tapered to provide a good piloting fit of boss 106 in groove 108.
PAR  Seating engagement of boss 106 in groove 108 properly locates cover 94 on
      member 92 along a plane extending parallel to the interfaces between ear
      portions 102 and 104. Boss 106 cooperates with groove 108 in such a manner
      that the revolution axis of seating surface 93 coincides with and is
      therefore parallel to the revolution axis of seating surface 95.
PAR  As shown in FIG. 8, cover 94 is integrally formed with a protuberant key
      portion 112 which extends radially inwardly from an intermediate region of
      seating surface 95. Protuberant portion 112 is seated in a longitudinally
      extending, outwardly opening groove 114 which is formed in bearing 90 to
      confine bearing 90 against rotation relative to cover 94 and member 92.
PAR  Boss 106, being straight and parallel to the longitudinal axis of holder
      91, permits axial displacement of cover 94 relative to member 92 but
      prevents transverse movement of cover 94 relative to member 92 along a
      plane transversely intersecting the axes of screws 98. Engagement of
      bearing 90 with seating surface 93 properly positions cover 94 axially
      with respect to member 92. Thus, cover 94 is transversely and axially
      located respectively by boss 106 and bearing 90. The spherical contours of
      bearings 82 and 90 and their associated seating surfaces provided for
      limited universal movement of the bearings to acccommodate any slight
      misalignment between the longitudinal axes of the split, annular bearing
      seats for bearings 82 and 90 respectively. Member 92 and cover 94 provide
      a heat sink for dissipating heat produced by friction resulting from
      rotation of shaft 30 in bearing 90.
PAR  As shown in FIGS. 2 and 6, the end of armature shaft 30 projecting beyond
      bearing 90 is formed with a spiral gear 118 which constantly meshes with a
      blade-holder drive gear 120. Gear train 32 is defined by gears 118 and
      120.
PAR  Gear 120 is coaxially journalled on one end of an idler shaft 122. The
      other end of shaft 122 is coaxially fixed in a smooth walled bore 124
      which is formed in cover 94 along an axis extending in parallel spaced
      apart relation to the longitudinally revolution axes of seating surfaces
      95 and 93. Shaft 122 is mounted in cantilever fashion on cover 94.
PAR  From the foregoing construction it will be appreciated that cover 94 fixes
      the axis of shaft 122 relative to the revolution axis of seating surface
      95. Thus, by forming bore 124 in cover 94, cover 94 establishes
      parallelism between the rotational axis of gear 120 and the longitudinal
      axis of revolution of seating surface 95, while boss 106 establishes
      parallelism between the axes of revolution of seating surfaces 93 and 95.
      As a result, the bearing seat that holder 91 provides will properly be
      positioned relative to the rotational axis of gear 120 to promote proper
      meshing engagement between gears 118 and 120. Bores 100 are oversized with
      respect to screws 98 so that screws 98 extend with a loose fit through
      bores 100, thereby permitting cover 94 to be positioned by locating boss
      106 and bearing 90 in the previously described manner.
PAR  As shown in FIG. 3, wall portion 96 is integrally joined to and extends
      between the upper and lower wall portions of the half of body portion 40
      that is defined by shell 60. The portions of the sub-assembly of cover 94
      and bearing 90 which protude inwardly beyond wall portion 96 are matingly
      received in a cavity 130 (FIG. 4). Cavity 130 is formed in shell 62
      between two axially spaced apart partition walls 132 and 133. Walls 132
      and 133 form a part of shell 62.
PAR  As shown in FIG. 2, a motor-cooling fan 134 is mounted on armature shaft 30
      axially adjacent to bearing 90 and bearing holder 91. Fan 134 draws air
      into housing 22 through inlet apertures 136 (one shown in FIG. 1) which
      are formed in shell 60 and 62 and forces the air over the windings of
      armature 29 and stator 28. The heated air that is passed over the armature
      and stator windings is discharged from housing 22 through outlet apertures
      138 which are formed in shells 60 and 62 adjacent to and just inwardly
      from bearing 82. Apertures 136 are disposed adjacent to wall portion 96
      and cavity 130 so that air is drawn into apertures 136 over the exterior
      housing surfaces that are in the region of bearing holder 91 to cool the
      portions of shells 60 and 62 in the region of holder 91.
PAR  Walls 132 and 133 cooperate with wall portion 96 to form a partition that
      divides the interior of body portion 40 into two compartments. One
      compartment receives motor 24 and fan 134 and the other compartment which
      is indicated at 139 in FIG. 2, receives blade holder 34 and gears 118 and
      120. A lubricating grease or plastic lubricant is advantageously
      introduced into the shell cavities defining compartment 139 to lubricate
      the moving parts therein. The partition defined by wall 132 and wall
      portion 96 prevents the lubricating grease in compartment 139 from leaking
      into the motor receiving compartment in body portion 40.
PAR  Referring to FIGS. 6 and 9, a drive or crank pin 140 is eccentrically fixed
      to gear 120 along an axis that is parallel to and spaced apart from the
      axis of idler shaft 122. Drive pin 140 extends from the side of gear 120
      that faces blade holder 34. A drive roller 142 is journalled on the
      forward free end of drive pin 140 and is received with a rolling fit in a
      transversely elongated aperture 144 that is formed through an enlarged,
      intermediate crosshead portion 146 of blade holder 34. Roller 142 engages
      the straight side edges of aperture 144 which are parallel and
      perpendicular with respect to the rotational axis of gear 120. Thus,
      roller 142 and crosshead 146 provides a scotch yoke connection that
      transmits a linear component of the rotary movement of gear 120 to
      reciprocate blade holder 34 in a plane containing the rotational axis of
      gear 120. By this construction it is clear that when motor 24 is
      energized, gear 120 is rotated by shaft 30 to displace drive pin 140 in a
      circular path coaxially around the rotational axis of gear 120. As a
      result, drive roller 142 rolls or slides back and forth between the
      opposite curve ends of aperture 144 to thereby reciprocate blade holder 34
      in a plane which extends radially of the rotational axis of gear 120 and
      which is vertical when sabre saw 20 is in its upright, illustrated
      position. The reciprocatory movement of blade holder 34 is counterbalanced
      by a counterweight 150 which is mounted in compartment 139.
PAR  As shown in FIGS. 10-12, counterweight 150 is formed with a plate portion
      152 which extends substantially at right angles to the rotational axis of
      gear 120. Plate portion 152 is formed with a transversely elongated
      aperture or slot 154 which slidably receives an eccentric hub 156. Hub 156
      is formed integral with gear 120 and projects from the side of gear
      opposite from drive pin 140. Hub 156 is formed along an axis that is in
      parallel spaced apart relation to the rotational axis of gear 120. The
      side edges of aperture 154, which are engaged by hub 156, are straight and
      parallel and extend perpendicularly with respect to the rotational axis of
      gear 120.
PAR  Hub 156 cooperates with aperture 154 to define a further scotch yoke
      connection. As gear 120 rotates, hub 156 will be displaced in a circular
      path coaxial with the rotational axis of gear 120. As a result, hub 156
      will slide back and forth in aperture 154 to thereby transmit to
      counterweight 150 only a linear component of its rotary movement, with the
      linear component being vertical when sabre saw 20 is held in its upright
      position as illustrated in the drawings. Thus, counterweight 150 is caused
      to reciprocate along a path that extends perpendicularly of the rotational
      axis of gear 120.
PAR  Counterweight 150 dynamically counterbalances the mass of blade holder 34
      and blade 26. More particularly, hub 156 and drive pin 140 are
      diametrically opposed relative to the rotational axis of gear 120, and the
      mass and reciprocating travel of counterweight 150 is effective to
      counterbalance the mass and reciprocating travel of blade holder 34 and
      other associated parts including blade 26. As a result, no significant
      fatique-producing vibrations are developed by the high speed reciprocation
      of blade holder 34.
PAR  An axially compact sub-assembly is achieved by forming an enlarged recess
      160 in the side of counterweight 150 which faces blade holder 34. The
      bottom wall of recess 160 is defined by plate portion 152, and recess 160
      opens towards blade holder 34 to partially receive drive gear 120. As best
      shown in FIG. 11, the side wall surfaces delimiting recess 160 are formed
      on a wall portion 162. Wall portion 162 is integral with plate portion 152
      and extend forwardly therefrom. Wall portion 162 peripherally surrounds
      gear 120 but is spaced therefrom so as not to interfere with the rotary
      movement of the gear.
PAR  As best shown in FIG. 10, plate portion 152 is additionally formed with a
      vertically elongated aperture 164 below aperture 154. The inboard end of
      armature shaft 130, on which gear 118 is formed, extends freely through
      aperture 164. Aperture 164 is elongated in the direction of reciprocation
      of counterweight 150 so that sufficient clearance is provided between the
      edges of aperture 164 and gear 118 to prevent any engagement between
      counterweight 150 and shaft 30 that would interfere with the rotational
      motion of shaft 30. Idler shaft 122 extends through and thus is
      peripherally surrounded by the eccentric hub 156. Shaft 122 thus passes
      freely through aperture 154 and does not guide the reciprocatory motion of
      counterweight 150. The structure for guiding counterweight 150 will be
      described later on.
PAR  As best shown in FIG. 2, eccentric hub 156 terminates in a flat end face
      which is essentially flush with the flat side of plate portion 152 facing
      motor 24. Gear 120 is axially confined on shaft 122 between opposed
      surfaces of a raised boss portion 166 and blade holder 34. Boss portion
      166 is formed on cover 94 coaxially around shaft 122 and projects from
      cover 94 towards gear 120. Thus, axially displacement of gear 120 is
      limited in one direction by abutment of eccentric hub 156 with boss
      portion 166. Axial movement of gear 120 in the opposite direction is
      limited by abutment of gear 120 with an opposing surface on an
      intermediate region of blade holder 34.
PAR  The foregoing construction provides for an exceptionally axially compact
      sub-assembly of blade holder 34, drive gear 120, eccentric hub 156, and
      counterweight 150.
PAR  The interface along which the edge surfaces 64 and 66 seat substantially
      medially intersect blade holder 34 and counterweight 150 and contains the
      rotational axis of gear 120. Counterweight 150, as best shown in FIG. 10,
      is received in complementary cavities 170 (FIG. 3) and 172 (FIG. 4) which
      are respectively formed in shells 60 and 62. Cavities 170 and 172 form a
      part of compartment 139.
PAR  As shown in FIG. 4, cavity 172 is delimited by wall 132, and additional
      wall portions 174 and 176 of shell 62. Wall portion 176 delimits the
      forward end of aperture 44.
PAR  As best shown in FIG. 3, cavity 170 is delimited by wall portion 96 and
      additional wall portions 178 and 180 of shell 60. Wall portion 180
      delimits the forward end of aperture 44. Wall portion 180 is aligned with
      wall portion 176. The edges of wall portion 180 and 176 seat against each
      other. Wall portion 178 is aligned with wall portion 174.
PAR  As shown in FIG. 10, a slot 182 is medially formed through the upper end of
      counterweight 150. Slot 182 is parallel to the linear path of
      reciprocation of counterweight 150 and opens upwardly at the upper edge of
      counterweight 150 as shown. Slot 182 is medially intersected by the
      interface between the shell seating edges 64 and 66.
PAR  Referring to FIGS. 2 and 10, a cylindrically smooth guide pin extends
      through slot 182 with a sliding fit. The longitudinal axis of pin 184 is
      perpendicular to the linear path of reciprocation of counterweight 150 and
      is parallel to but spaced apart from the rotational axes of shafts 122 and
      30. The end of pin 184 projecting forwardly from counterweight 150 is
      seated in complementary recessed regions which are respectively formed in
      the abutting edges of wall portions 174 and 178. The end of pin 184
      projecting rearwardly from counterweight 150 is seated in complementary
      recessed regions which are formed in abutting edges of wall portions 176
      and 180. Pin 184 is thus clamped and thereby confined in place solely by
      separable seating engagement with opposed complementary surfaces of shells
      60 and 62.
PAR  Relative sliding engagement of the cylindrical periphery of guide pin 184
      with the flat, straight, parallel side edges of slot 182 guides the
      movement of counterweight 150 in cooperation with a pair of
      channel-shaped, metallic bearing guides 186 and 188 (FIGS. 12 and 13) to
      confine displacement of counterweight 150 to rectilinear motion.
PAR  As best shown in FIG. 13, guides 186 and 188 open inwardly toward each
      other to respectively receive the opposite side edges of counterweight
      150. These counterweight side edges are flat, parallel and smooth and are
      interfittingly received respectively in guides 186 and 188.
PAR  Still referring to FIG. 13, guide 186 is separably seated in cavity 170
      between wall portion 96 and wall portion 178. Guide 186 is snapped in
      place and held in position by frictional engagement with the opposed
      surfaces of wall portions 96 and 178. Similarly, guide 188 is seated in
      cavity 172 between wall portions 132 and 174. Guide 188 is snapped in
      place and retained in position by frictional engagement with the opposed
      surfaces of the wall portions 132 and 174. Guides 186 and 188 engage
      intermediate regions of the oppositely facing side edges of counterweight
      150 below pin 184. Thus, a three point guide arrangement is provided by
      pin 184 and guides 186 and 188 for guiding the reciprocable movement of
      counterweight 150.
PAR  Also shown in FIGS. 2 and 9, a pair of spaced apart bearings 192 and 194
      are provided for blade holder 34. The portions of blade holder extending
      above and below portion 146 are formed with a rectangular cross section.
      This upper portion of blade holder 34 interfittingly extends through a
      mating aperture in bearing 192, and the lower portion of blade holder 34
      interfittingly extends through a mating aperture in bearing 194. Bearings
      192 and 194 are thus spaced axially apart along the axis of blade holder
      34 above and below portion 146. Owing to the non-circular cross section of
      the bearing-receiving portions of blade holder 34 and the correspondingly
      configured non-circular apertures in bearings 192 and 194, blade holder 34
      is prevented from rotating or turning about its axis relative to bearings
      192 and 194.
PAR  As shown in FIG. 9, bearing 192 interfittingly seated in complementary
      recessed regions of wall portions 196 and 196. Wall portions 196 and 197
      are respectively formed integral with shells 60 and 62. Bearing 194 is
      similarly interfittingly seated in complementary recessed portions of wall
      portions 198 and 199. Wall portions 198 and 199 are respectively formed
      integral with shells 60 and 62. By this construction, bearings 192 and 194
      are clamped and thus confined in place solely by separable seating surface
      engagement with the recessed regions of wall portions 196-199.
PAR  As best shown in FIG. 14, bearing 194 is formed with a pair of
      diametrically oppositely extending ears 202 and 204 which are respectively
      interfittingly received in inwardly opening grooves 206 and 208. Grooves
      206 and 208 are formed in the recesses regions of wall portions 196 and
      197 respectively. Engagement of ears 202 and 204 in grooves 206 and 208
      prevent bearing 192 from turning or rotating in housing 22. Bearing 194,
      being of the same contruction as bearing 192, is also provided with ears
      that are received in grooves in the recessed regions of wall portions 198
      and 199 to prevent bearing 194 from turning relative to housing 22. Like
      reference numerals have been applied to designate the ear and groove
      portions associated with bearing 194.
PAR  As shown in FIGS. 2-4, the upper end of compartment 139 is delimited by
      wall portion 196 and 197 and an additional pair of wall portions 210 and
      211. The interior edges of wall portions 196 and 198 abut each other, and
      the interior edges of wall portions 210 and 211 also abut each other. Wall
      portions 210 and 211, which form a part of shells 60 and 62, define a
      partition between compartment 139 and the hollow switch-receiving interior
      of handle grip portion 42 to thus prevent lubricating grease or the like
      from escaping from compartment 139 into the hollow interior of handle grip
      42 where switch 46 and current-carrying conductors are disposed. Forward
      and bottom wall portions of shells 60 and 62 which define the exterior of
      housing 22 also delimit compartment 139 and abut each other along edge
      surfaces 64 and 66. Thus, compartment 139 is completely partitioned from
      the remaining interior of housing 22 to prevent leakage of lubricating
      grease into these remaining regions. In addition, the abutting edge
      surfaces 64 and 66 of shells 60 and 62 prevent the lubricating grease in
      compartment 139 from leaking to the exterior of housing 22.
PAR  It will be appreciated that wall portions 196 and 197 cooperate with
      bearing 192 and the blade holder portion extending through bearing 192 to
      define a partition between compartment 139 and a further compartment which
      in indicated at 214 in FIG. 2. Stepped continuations of wall portions 210
      and 211 provide a partition between compartment 214 and the interior of
      handle grip portion 42. Compartment 214 is thus delimited by wall portions
      210, 211, 196 and 197, 174 and 178 and portions of the front wall of
      housing 22.
PAR  Compartment 214 is disposed above a portion of compartment 139 and receives
      the upper end of blade holder 34. Received in compartment 214 is one or
      more pieces of oil-soaked felt 216 which is at least partially wrapped
      around the upper end of blade holder 34 to provide a supply of lubricant
      that is supplied to the blade holder as it is reciprocated. Felt 216 thus
      acts like a wick to apply a film of lubricant to bearing holder 34.
PAR  As shown in FIGS. 1 and 2, the lower end of blade holder 34 projects
      through an opening in housing 22. A chuck or blade mounting assembly 218
      is carried on the lower end of blade holder 34. The opening through
      housing 22 is formed by complementary notches in wall portions 198 and
      199, and bearing 194 and the portion of blade holder 34 extending through
      bearing 194 to prevent lubricant in compartment 139 from leaking to the
      exterior of the housing.
PAR  As best shown in FIG. 15, blade holder 34, instead of being straight, is
      slightly curved in a plane extending parallel to the plane of blade 26.
      Blade holder 34 has a uniform radius of curvature, with the center of
      curvature being located at a point which is disposed rearwardly of the
      blade holder. Blade holder 34 is thus convex in the direction of feeding
      towards the uncut end of the kerf being cut. Bearings 192 and 194 are
      arranged along the curved longitudinal axis of holder 34 so that holder 34
      will be reciprocated along its curved longitudinal axis.
PAR  Thus, on the upward or cutting stroke, blade 26 will be provided with two
      mutually perpendicular components of travel. One component will be in the
      upward direction, when the sabre saw is held in its illustrated upright
      position, and the other component will be towards the end of the kerf and
      in the direction in which blade 26 is pressed against the workpiece being
      cut. As a result, blade 26 will have an aggressive cutting action since
      the blade teeth will be moved both forwardly and upwardly during the
      cutting stroke.
PAR  Since the return stroke path is coincident or the same as the cutting
      stroke path, the return stroke of the blade will also have two mutually
      perpendicular components of travel. The directions of the return stroke
      components of travel will be opposite to the corresponding cutting stroke
      components of travel. Thus, on the return stroke, one component will be
      downward, and the other component will be in the direction that is
      opposite to the feeding direction (i.e., the direction in which the blade
      is urged against the workpiece to cut the kerf). On the return or downward
      stroke, the cutting teeth on blade 26 move away from the end of the kerf,
      releasing accumulations of sawdust in the kerf. As viewed from FIG. 2,
      blade 26 reciprocates along a segment of a circular path that is located
      in the third quadrant of a circle.
PAR  Advantageously, blade holder 34 may be fabricated from powdered metal to
      reduce costs of manufacture. However, a powdered metal blade holder is
      subject to structural failure as a result of forces that are transmitted
      to the blade holder during ordinary cutting operations. Blade mounting
      assembly 218 avoids this condition as will now be described.
PAR  Referring now to FIGS. 16-19, blade mounting assembly 218 comprises a
      force-transmitting reinforcing metallic member 230, a screw 232, and a nut
      234. Member 230 is fabricated from a relative strong metal such as steel
      to withstand the cuttting forces without structural failure.
PAR  Member 230 is mounted by the assembly of screw 232 and nut 234 on the lower
      end of blade holder 34. As best shown in FIG. 17, the lower end of blade
      holder 34 is notched or stepped to provide a flat-sided depending end
      portion 236 and a downwardly facing transverse shoulder 238. Shoulder 238
      extends between face 240 of portion 236 and the outer side face of the
      unnotched portion of bearing holder 34.
PAR  As best shown in FIG. 19, reinforcing member 230 has a u-shaped transverse
      cross-section and is formed with a pair of parallel spaced apart side
      portions 242 and 244 which are integrally joined together by a flat-sided
      cross portion 246.
PAR  Still referring to FIG. 19, the lower end of cross portion 246 terminates
      in a tab or ear portion 248. Ear portion 248 and side portions 242 and 244
      extend perpendicularly from cross portion 246 and cooperate with cross
      portion 246 to form a pocket 250 which interfittingly receives depending
      portion 236.
PAR  With reference to FIGS. 16-18, cross portion 246 seats against the flat
      side face of depending portion 236 which is opposite from face 240, side
      portions 242 and 244 extend along and seat against the flat, parallel
      front and rear faces of the ends of blade holder 234, and ear portion 248
      extends along and is seatable against the flat bottom edge of depending
      portion 236.
PAR  Screw 232, as best shown in FIG. 18, extends with a relatively tight fit
      through a screw hole 252 in cross portion 246 and with a loose fit through
      an aligning, oversized screw hole 254 which is formed through depending
      portion 236. The axis of screw 232 substantially perpendicularly
      intersects the longitudinal axis of blade holder 34 and is disposed
      medially between the front and rear faces of depending portion 236.
PAR  As shown in FIGS. 16 and 18, reinforcing member 230 extends upwardly beyond
      shoulder 238, and a pair of force-transmitting, parallel, flat sided,
      laterally extending ear portions 258 and 260 are formed integral with and
      project from side portions 242 and 244. Ear portion 258 and 260 extend
      substantially across the entire width of the front and back faces of blade
      holder 34 above shoulder 238, and the lower edges of ear portions 258 and
      260 disposed at a level below shoulder 238 for a purpose to be described
      in detail later on.
PAR  Blade 26 is flat-sided and, as shown in FIG. 20, terminates at its upper
      end in a shank 262 which is formed by a body portion 264 and an ear
      portion 266. Ear portion 266 extends rearwardly from the body portion 264
      to define the upper edge of blade 26 as indicated in 268. Ear portion 266
      projects away from body portion 264 in a direction that is opposite from
      the front blade edge on which the cutting teeth 270 are formed. Edge 268
      is substantially perpendicular to the front edge of blade 26 containing
      teeth 270.
PAR  Shank 262 is clamped between face 240 and the opposed flat face of nut 234.
      Nut 234 is threaded on to the end of screw 232 on the side depending
      portion 236 opposite from cross portion 246. The clamped portion of shank
      262 includes substantially the entirety of ear portion 266. Ear portion
      266 extends between screw 232 and the lower edges of ear portions 258 and
      260. By tightening nut 234, blade 26 is thus clamped in place on the lower
      end of blade holder 34 and reinforcing member 230 is rigidly fixed to
      depending portion 236. The straight rearwardly facing edge of body portion
      264 may abut against screw 232.
PAR  As shown in FIG. 20, the bottom edge of ear portion 258 is raised slightly
      relative to the bottom edge of ear portion 260 so that a plane passing
      through the lower edges of ear portions 258 and 260, instead of being
      perpendicular to a line extending tangentially of the curved longitudinal
      blade holder axis, is slightly upwardly inclined in a direction extending
      toward the front cutting edge of blade 26. Since the upper edge 268 of
      blade 26 is substantially perpendicular relative to the front edge of the
      blade containing teeth 270, then blade 26 will be slightly cocked upwardly
      along the plane containing the lower edges of ear portions 266 and 268 to
      provide blade 26 with an aggressive cutting attitude.
PAR  Shoulder 238 is sloped in a corresponding direction so as not to depend
      below the lower edges of ear portions 266 and 268. Therefore, blades 26
      will abut against the lower edges of ears 266 and 268 and not against
      shoulder 238. The only surface on blade holder 34 that abuts against blade
      26 will be face 240 of depending portion 236.
PAR  During operation of the sabre saw, thrust forces urging blade 26 upwardly
      or toward housing 22 will not be transmitted directly to blade holder 34.
      Instead the thrust forces are first transmitted to ear portions 258 and
      260 and through reinforcing member 230 to ear portion 248 which abuts
      against substantially the entire area of the lower edge of depending
      portion 236. As a result, the thrust forces are distributed over
      substantially the entire bottom area of the lower edge of depending
      portion 236. Forces applied to blade 26 in the plane of the blade and
      forces tending to twist blade 26 out of a plane extending parallel to face
      240 will be transmitted first directly to screw 232. Since 232 extends
      freely through depending portion 236, the forces transmitted to screw 232
      will not be transmitted directly to blade holder 34. Instead they are
      transmitted to reinforcing member 230 by virtue of the fit of screw 232 in
      screw hole 252.
PAR  The forces applied to member 230 will be transmitted through portions 242,
      244, and 246 which provide relatively large force distribution area in
      contact with blade holder 34. As a result, the stress developed in blade
      holder 34 will be low to reduce the likelihood of structural failure of
      holder 34.
PAR  As shown in FIG. 2, a tilting base plate assembly 300 comprises a rigid
      base or shoe 302, a screw 302 swingably supporting base 302 and a nut 306.
      Base 302 is formed with a shoe portion 308 which as a flat bottom surface
      that is adapted to seat on and slide along a face of the workpiece being
      cut. As is well known, engagement of base 302 with the workpiece prevents
      the portion of the workpiece in the region of the kerf being cut from
      being drawn or bent upwardly with blade 26 on its upward cutting stroke.
PAR  As shown in FIGS. 2 and 21, base 302 is formed with a pair of flat sided,
      parallel, spaced apart ear portions 310 and 312. Ear portions 310 and 312
      are integral with an extend upwardly and perpendicularly from shoe portion
      308.
PAR  Ear portions 310 and 312 are respectively formed with elongated, arcuate,
      coextensive, aligned apertures 314 and 316 (see FIG. 1). Screw 304 extends
      through apertures 314 and 316 and also through a depending portion 318
      (see FIGS. 5 and 12) of housing 22. Depending portion 318 is disposed
      between ear portions 310 and 312. Ear portions 310 and 312 extend
      perpendicularly of the longitudinal axis of screw 304, and screw 304 is
      substantially parallel with the rotational axis of shaft 30 and is
      contained in a plane containing the abutment interface between edge
      surfaces 64 and 66 of shells 60 and 62.
PAR  Depending portion 318, which elongated longitudinally of housing 22, is
      split, half being formed by shell 60 and a complementary half being formed
      by shell 62. Adjacent to its enlarged head, screw 304 is radially trapped
      between recessed walls 320 (FIG. 3) and 321 (FIG. 4) of shells 60 and 62
      respectively. Adjacent to its threaded end, screw 304 is radially trapped
      between recessed walls 322 (FIG. 3) and 323 (FIG. 4). Walls 320-323 form
      the front and rear wall portions of depending portion 318. Screw 304 is
      rotatably and axially displaceably supported in depending portion 318.
PAR  Nut 306 is threaded on the end of screw 304 extending forwardly and beyond
      ear portion 310. As best shown in FIG. 21, nut 306 is trapped and confined
      against rotational displacement only by engagement with interior surfaces
      that are respectively formed on complementary wall portions 326 (FIG. 3)
      and 328 (FIG. 4). Wall portions 326 and 328 are respectively formed on
      shells 60 and 62 and have edges that matingly seat against each other
      along the interface between edge surfaces 64 and 66.
PAR  Wall portions 326 and 328 form a further depending portion 330 (FIGS. 1, 1A
      and 2) which is longitudinally spaced from depending portion 318 by a
      downwardly and sidewardly opening notch 332 (FIG. 2). The upper end of ear
      310 is slidably received in notch 332. Ear 310 thus butts against the
      front end face of depending portion 318, and ear 312 buts against the rear
      end face of portion 318.
PAR  The enlarged head of screw 304 and nut 306 respectively butt against the
      oppositely facing surfaces of ear portions 312 and 310. Thus, when screw
      304 is threaded into nut 306, the head of screw 304 and nut 306
      respectively bend ears 310 and 312 sufficiently to urge or draw ears 310
      and 312 toward each other and into snug clamping engagement with the front
      and rear end faces of depending portion 318.
PAR  Thus, depending portion 318 is firmly and separably clamped between ear
      portions 310 and 312. Ear portion 310 is thus clamped between nut 306 and
      the front end face of depending portion 318, and ear portion 312 is
      clamped between the head of screw 304 and the rear end face of depending
      portion 318. In this manner, base 302 is fixed in position on housing 22
      and provides a support for housing 22.
PAR  To tilt or swing base 302 in one direction or the other about the axis of
      screw 304, screw 304 is turned in a direction to thread it out of nut 306,
      thus relaxing the clamping engagement of ear portions 310 and 312 against
      the front and rear end faces of depending portion 318. Base 302 is then
      free to be tilted in one direction or the other to a selected position
      angularly about the axis of screw 304, and screw 304 is then re-tighten to
      fix base 302 in its selected position. Apertures 314 and 316 guide the
      tilting motion of base 302.
PAR  From the foregoing description it will be appreciated that counterweight
      150 is confined against lateral motion by the opposing sidewall portions
      of shells 60 and 62. It also will be appreciated that roller 142 is
      axially slidable relative to holder 34, thus permitting holder 34 to
      reciprocate along its axis of curvature in the manner previously
      described. It further will be appreciated that when screws 98 are tighten
      to securely clamp bearing 90 between insert 92 and cover 94, cover 94 will
      be confined against longitudinal movement, but cover 94 will
      longitudinally be located by engagement with bearing 90 before screws 98
      are completely tighten.
PAR  By acceptable definition, a sabre saw is a portable, hand-held sawing tool
      in which the saw blade is supported only at one end from a holder.
      Normally, the saw blade teeth are oriented to cut in the direction in
      which the workpiece is urged against the base or base plate.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a portable, power-operated sabre saw, a casing, drive means disposed
      in said casing for imparting alternate cutting and return strokes to a saw
      blade, a workpiece-engaging base formed separately of said housing and
      having a shoe portion that is adapted to engage a workpiece for guiding
      said casing over said workpiece, said base further including a pair of
      spaced apart ear portions projecting from said shoe portion and extending
      transversely of the direction in which said casing is moved to cause said
      blade to cut a kerf in said workpiece, said ear portions being rigid with
      said shoe portion and being formed with aligned apertures an elongated
      member extending through said apertures to support said base, said
      elongated member extending into and being carried by said casing
      transversely of said ear portions, said elongated member having an
      enlarged portion on one end and a threaded portion on the opposite end for
      engagement with a nut member, said nut member being trapped in said casing
      against rotation, wherein said nut and said enlarged portion on said
      elongated member are respectively engageable with oppositely facing
      surfaces of said ear portions to urge said ear portions into clamping
      engagement with surfaces on said casing to fix said base in a pre-selected
      position about the longitudinal axis of said elongated member.
NUM  2.
PAR  2. In a portable, power-operated saber saw, a housing having a depending
      portion, drive means in said housing for imparting alternating cutting and
      return strokes to a saw blade, a workpiece-engaging base formed separately
      of said housing and having a pair of spaced apart ear portions, said ear
      portions having opposed clamping surfaces extending transversely of the
      direction in which said housing moves to cause said blade to cut a kerf in
      a workpiece, said ear portions also having aligned apertures in the form
      of arcuate aligned slots for enabling said base to be selectively titled,
      and means for clamping said depending portion between said opposed
      surfaces, said clamping means comprising an elongated member extending
      through said aligned apertures and longitudinally through said depending
      portion, and coacting first and second means positioned on said elongated
      member and selectively, relatively movable longitudinally of said
      elongated member for engaging and urging said ear portions into clamping
      engagement with oppositely facing surfaces of said depending portion, said
      aligned apertures enabling said base to be selectively tilted when said
      coacting first and second means are moved relatively apart to relax
      engagement with said ear portions.
NUM  3.
PAR  3. The portable, power-operated sabre saw defined in claim 2, wherein said
      clamping means comprises a male threaded member and a female threaded
      member threaded onto said male threaded member, said male threaded member
      having an enlarged portion spaced from said female threaded member, said
      female threaded member and the enlarged portion respectively engaging
      oppositely facing surfaces of said ear portions to urge said ear portions
      into clamping engagement with said depending portion, said female threaded
      member being non-rotatably trapped in said housing, and said male member
      being rotatable in said depending portion.
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ABST
PAL  A quadrant for use by draftsmen; the device consisting of two arms attached
      pivotally together at one end, and including degree calibration, so the
      angle between the arms is readily read, and the device including locking
      means whereby the angle between the arms can be maintained fixed.
BSUM
PAR  This invention relates generally to protractor devices.
PAR  A principle object of the present invention is to provide a drafting
      quadrant in which two straight arms are pivotally attached together at one
      end, and a degree scale is provided around a pivot hub of one of the arms
      so that the angle between the arms is known.
PAR  Another object is to provide a drafting quadrant in which a quick operating
      lock is incorporated so to lock the arms at any fixed angle therebetween.
PAR  Still another object is to provide a drafting quadrant in which the arm
      ruling edges are notched out along their lower portions so that a blot
      made by an inking implement such as a ruling pen or ordinary pen does not
      run down upon the drawing surface.
PAR  Still another object is to provide drafting quadrant which can be made in
      different sizes so to be practical for use either by draftsmen, engineers,
      or layout men in sheet metal fabrication.
PAR  Other objects are to provide a drafting quadrant which is simple in design,
      inexpensive to manufacture, rugged in construction, easy to use and
      efficient in operation.
DRWD
PAR  There and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing wherein:
PAR  FIG. 1 is a perspective view of one design of the invention.
PAR  FIG. 2 is a top view thereof shown fully opened.
PAR  FIG. 3 is an exploded view of the parts thereof.
PAR  FIG. 4 is an enlarged detail of a modified design thereof.
PAR  FIG. 5 is a cross sectional view on line 5--5 of FIG. 4.
PAR  FIG. 6 is a cross sectional view on line 6--6 of FIG. 4.
PAR  FIG. 7 is a cross sectional view on line 7--7 of FIG. 4.
PAR  FIG. 8 is a top view of a further modified design thereof which also
      incorporates a T-square.
PAR  FIG. 9 is a cross sectional view on line 9--9 of FIG. 8.
PAR  FIG. 10 is a cross section of another modified design of the invention in
      which a wedge is slidable between the two arms so to lock them in a set
      position.
PAR  FIG. 11 is an exploded perspective view of the structure of FIG. 10.
DETD
PAR  Referring now to the drawing in detail, and more particularly to FIGS. 1
      through 7 thereof at this time, the reference numeral 10 represents a
      drafting quadrant wherein the same consists of a pair straight, flat arms
      11 and 12 which at their one ends are pivotally held together by a screw
      13 engaged by a knurlled lock nut 14, for being manually turned in order
      to fixedly lick the arms together at any specific angle. One of the arms
      12 has a circular hub 15 having a central hole 16 through which the screw
      is passed, the hub peripheral edge being marked out with degree
      calibrations 17 for alignment with an arrow 18 marked on the other arm 11.
      The arm 11 likewise, has a circular hub 19, with central opening 20 for
      the screw; the hubs 15 and 19 being of a same diameter and being of one
      half the thickness of a remainder of the arm so that the hub assembly is
      equal in thickness to the rest of the arms which are positioned to abut
      against each other along one side edges 21 thereof. The side edge 21 and
      an opposite side edge 22 are both marked out with a linear scale 23.
PAR  The mating edge 24 of one hub may be dovetailed with the other arm, as
      shown in FIG. 5, in order that no distortion between the arms is possible
      at this point, whereby accurate degree readings are made possible without
      any parallax.
PAR  As shown in FIG. 6, the longitudinal side edges 22 may each have a notch 25
      along a lower portion thereof so to prevent ink blots upon a drawing
      surface 26 by a writing or ruling pen 27 in case the ink 28 gets on the
      arm side edges.
PAR  In use it is now evident that the arms can be spaced out from zero to
      180.degree. and locked at any position thereof. A friction washer 29 of
      rubber of flexed spring steel may be fitted around the screw 13 and
      between the hubs 15 and 19 for improved locking purposes.
PAR  In FIGS. 8 and 9, all the above described features are incorporated in a
      drafting quadrant 30, except that one arm 31 thereof incorporates a cross
      arm 32 on its end so to serve as a tee-square 33. Also instead of the
      large lock nut 14, two interfitting, countersunk heads screws 13a and 13b
      are employed so to be flush with opposite flat surfaces of the device so
      that, in use, it may be turned either side downwardly.
PAR  In FIGS. 10 and 11, still another locking means 34 is shown to fixedly hold
      the arms at a selected angle. Thus consists of one arm 35 having a notch
      36 in which a wedge 37 is slidable so to be forcibly fitted between the
      hubs 38 and 39 of the arms, and thus resist pivotal movement therebetween.
PAR  The peripheral edge of the hub 38 may benotched as shown at 40 so to
      accommodate the wedge enter between the hubs. The wedge exposed upper
      surface 41 is knurlled so to be easily pushed by a finger 42. Thus a
      quicker lock means is provided and which holds at a substantial radial
      distance away from the pivot screws for a purpose of a stronger hold.
PAR  While various changes may be made in the detail construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention as is defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drafting quadrant comprising first and second similar flat arms, each
      arm having inner and outer parallel straight edges, said first arm having
      a circular lower disc at an outer end and said second arm having a similar
      upper disc at an outer end, wherein said discs are concentric and have
      opposing adjacent inner faces and spaced parallel outer faces forming
      coplanar extensions of said arms, said discs being axially secured
      together with a pivot pin to form a pivotable joint, including a nut
      threadedly mounted on said pin, and in abutment with the upper disc for
      locking purposes wherein the outer face of the upper disc is graduated in
      degrees with the 0 degree marking in alignment with the inner edge of the
      first said arm, said discs being one half the thickness of each arm and
      wherein each said outer edge is tangent to each disc whereby the periphery
      of the discs form a continuous smooth arcuate transition between the said
      outer edges, each arm including an arcuate guide offset from the inner
      face of each disc, wherein said guides slidingly abut the periphery of the
      adjacent disc for guiding pruposes, in further combination with a
      longitudinal sliding notch in the first said arm contiguous with the
      periphery of the upper disc including a wedge slidably mounted in said
      notch having a bevelled upper surface, said upper disc having a
      frustroconical inner surface complementary and opposite to said bevelled
      surface whereby movement of said wedge radially towards said upper disc
      causes said surface to abut said frustroconical surface of said upper disc
      thereby jamming the discs frictionally against the wedge and the pivot pin
      further preventing relative rotation.
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ABST
PAL  The device has a base mounting a support which constantly contacts a normal
      section profile of a part, being measured, the part having the shape of a
      body of revolution. The support is essentially a system of self-adjusting
      balance beams arranged in steps. The axles of oscillation of the beams of
      a first step are secured to the base, while the axles of oscillation in
      subsequent steps are secured to the respective ends of beams of a
      preceding step. The beams of a last step contact the profile being
      measured. The central angles under which the balance beams are mounted are
      chosen on the basis of the condition of maximal stabilization of the
      position of the centre of the profile of the part relative to the base in
      the direction of disposition of a sensing element of a linear-movement
      dial indicator secured to the base.
PARN
PAR  This application is a continuation of Ser. No. 234,602, now abandoned,
      filed on Mar. 14, 1972.
BSUM
PAR  The present invention relates to the field of measuring techniques and,
      more particularly, to devices used for measuring the deviation from the
      round shape of a normal section profile of a part having the shape of a
      body of revolution.
PAR  It is most expedient to use the device made in accordance with the present
      invention for measuring the non-roundness of the races of antifriction
      bearings. Besides, it is also expedient to use this device for measuring
      the non-roundness of large-sized parts, such as calender shafts.
PAR  Devices for measuring the deviation of the normal section profile of a part
      having the shape of a body of revolution, comprising a base mounting a
      support which is essentially a V-shaped prism contacting at two points the
      part being measured, are well known. This base has a linear movement
      pick-up or indicator disposed thereon and having its sensing element
      contacting the profile of the part being measured.
PAR  The main disadvantage of such devices lies in an extremely low accuracy of
      measurement of the deviation of the normal section profile.
PAR  Besides, widely known in the art are devices used for measuring the
      deviation of the normal section profile of a part from a round shape of
      the "Talyrond" type, manufactured by the firm "Rank Taylor Hobson"
      (England).
PAR  This device comprises a precision measuring spindle mounting a linear
      movement indicator, the sensing element of the latter contacting the part
      profile being controlled. This device allows one to measure with high
      accuracy. The accuracy of measurements carried out with the aid of this
      device is ensured due to a high stability of the position of the axis of
      rotation of the spindle. The stability of the position of the axis is
      attained owing to a high precision of manufacture of all the parts of the
      spindle, which, in turn, makes such devices extremely costly and requires
      a high skill on the part of the personnel servicing them.
PAR  An object of the present invention is to provide a device for measuring the
      deviation of the normal section profile of a part from the round shape
      that ensures a high accuracy of measurements and is simple in design.
PAR  Another object of the present invention is to provide an economical device.
PAR  Still another object of the present invention is to raise the efficiency of
      the device.
PAR  These and other objects of the present invention are accomplished in the
      inventive device for measuring the deviation from the round shape of a
      normal section profile of a part having the shape of a body of revolution
      from the round shape, comprising a support disposed on a base and
      constantly contacting the normal section profile of a part in the course
      of revolution of the latter, and a linear movement dial indicator whose
      sensing element contacts the profile of the part, in which, according to
      the present invention, the support is essentially a system of
      self-adjusting balance beams arranged in steps, of which a first step has
      a pair of balance beams with axles of oscillation secured to the base and
      carrying on their end portions axles of oscillation of beams of a
      subsequent step, and the beams of a last step have portions adapted to
      contact the normal profile of the workpiece. The disposition of the axle
      of oscillation of each balance beam of a subsequent step on the balance
      beam of a preceding step is determined by a central angle confined by
      radii drawn from the centre of the relative rotation of the part to the
      axles of oscillation of these balance beams, and the disposition of the
      portion of contact of each balance beam of the last step with the profile
      of the part is determined by a central angle confined by radii drawn from
      the centre of the relative rotation of the part to the axle of oscillation
      of the balance beam and to the centre of the contact portion. All the
      central angles are chosen on the basis of the condition of the maximal
      stabilization of the position of the centre of the measured profile of the
      section of the part relative to the base in the direction of the
      disposition of the sensing element of the dial indicator.
PAR  In case the balance beams of all the steps are made symmetrical relative to
      their axles of oscillation and the axles of oscillations of the balance
      beams of all the preceding steps, and the sensing element of the indicator
      contacts the profile at a point disposed on an X axis drawn perpendicular
      relative to an imaginary line connecting the axles of oscillations of the
      balance beams of the first step through the normal position of the centre
      of the measured part profile. The axes X and Y (the latter to be mentioned
      somewhat later) will be explained in detail as the description progresses
      with reference to the accompanying drawings.
PAR  It is expedient to find the central angles on the basis of the condition of
      minimizing the expression
      ##EQU1##
      wherein:
PAR  P.sub.xn is a value determining the amplitude of the harmonic n of
      displacement of the centre of the profile to the axis X;
PAR  n is a serial number of harmonics n = 2; 3; 4; ...
PAR  .mu..sub.o is a central angle defined by radii drawn from the the centre of
      rotation of the part to the axle of oscillation of one balance beam of the
      first step and to the centre of the portion interconnecting the axles of
      oscillation of the balance beams of the first step;
PAR  i is a serial number of a step of the self-adjusting supports 1 .ltoreq. i
      .ltoreq. k;
PAR  .mu..sub.i is a central angle defined by radii drawn through the axles of
      oscillation of one balance beam of step i and one balance beam of step
      i+1, mounted thereon, or, in case i=k, through the centre of the area of
      contact of the balance beam of the last step with the part and the axle of
      oscillation of the balance beam;
      ##EQU2##
      is a symbol standing for the product of the cofactors ranging from i=1 to
      i=k.
PAR  In a similar case in which however the sensing element of the indicator
      contacts the profile at a point disposed on a Y axis drawn parallel to the
      portion connecting the axles of oscillation of the balance beams of the
      first step. Otherwise, as explained just before, the following alternative
      expression can be used:
      ##EQU3##
      wherein:
PAR  P.sub.yn is a value determining the amplitude of the harmonic n of
      displacement of the centre of the profile to the axis Y, all other
      parameters being substantially as explained before.
PAR  The disposition of the balance beams at predetermined angles chosen on the
      basis of the condition of minimizing the afore-given expressions provides
      for a high stability of the axis of rotation of the part in the direction
      of disposition of the sensing element of the linear movement dial
      indicator.
PAR  In case the device is used for measuring the distance between the centre of
      the normal section of the part and the axis of its rotation, it is
      expedient to suspend the base carrying the self-adjusting balance beams to
      a pantograph, and to include an additional dial indicator disposed in such
      a manner that its sensing element contacts a flat area of the base in the
      direction perpendicular to the translational displacement of the base.
PAR  With the base disposed on the pantograph and the additional indicator
      employed, it is possible to measure simultaneously the deviation of the
      normal section profile of a part from the round shape and the distance
      between the centre of the normal section of the part and its actual axis
      of rotation (beating).
PAR  The device built in accordance with the present invention provides for a
      high accuracy of measurements and is simple in design. Besides, this
      device does not require a high skill on the part of the operating and
      servicing personnel and can be installed in workshops producing parts that
      are to be controlled.
PAR  The following description of preferred exemplary embodiments of the present
      invention is given with reference to the accompanying drawings, in which:
DRWD
PAR  FIG. 1 shows the inventive device for measuring the deviation of the normal
      section profile of a shaft from the round shape, in a front view;
PAR  FIG. 2 shows the same device in a top view;
PAR  FIG. 3 is a unit A of FIG. 1, in an enlarged view:
PAR  FIG. 4 shows schematically a symmetrical disposition of balance beams
      relative to their axles and the axles of the balance beams of a preceding
      step, and the position of the linear movement indicator;
PAR  FIG. 5 shows schematically an asymmetrical disposition of the balance
      beams;
PAR  FIG. 6 shows another inventive device for measuring the deviation of the
      normal section profile of an external surface of a ring from the round
      shape, in a longitudinal section;
PAR  FIG. 7 is the same device in a top view;
PAR  FIG. 8 is yet another inventive device for measuring the deviation of the
      normal section profile of a hole of a part from the round shape;
PAR  FIG. 9 shows a still further inventive device for measuring the distance
      between the geometrical centre of the normal section of a part and its
      axis of rotation (beating);
PAR  FIG. 10 is a final exemplary inventive device for measuring the beating of
      the controlled surface of a shaft relative to journals whose cylindrical
      surfaces serve as base surfaces;
PAR  FIG. 11 is a section taken along line X1--X1 in FIG. 10;
PAR  FIG. 12 is a device used for finding the centre of the normal section of
      the part (a centre searcher); and
PAR  FIG. 13 shows comparative roundgrams obtained with the aid of the present
      device and the "Talyrond" device.
DETD
PAR  A first exemplary device for measuring the deviation of the normal section
      profile of a shaft 1 (FIGS. 1, 2) from the round shape comprises a base 2
      mounting a support 3 which is essentially composed of self-adjusting
      balance beams 4 and 5 arranged in steps. The balance beams 4 form a first
      step of the support, their axles 6 of oscillation being secured to the
      base 2. Secured to the end portions of the beams 4 of the first step are
      axles 7 of oscillation of the balance beams 5 forming a second step of the
      support.
PAR  The balance beams 5 of the second step have portions 8 (FIG. 3) by which
      they contact the profile of the shaft 1, being measured. In a particular
      case a point contact is possible, i.e. when the areas of contact have no
      lengths. The base 2 mounts a linear-movement pick-up 9 or dial indicator
      (FIGS. 1, 2) disposed symmetrically relative to the axles 6 of oscillation
      of the balance beams 4. A sensing element 10, herein after called a feeler
      of the indicator touches the profile of the shaft 1, which is to be
      measured.
PAR  The base 2 is pivoted to the end portion of a lever II whose axle 12 is
      secured in a bracket 13.
PAR  The lever 11 is used to fix the position of the base 2 relative to the
      profile being measured. The constant contact of the balance beams 5 of the
      last step with the profile being measured is ensured by the force of the
      weight of the balance beams 4, 5 and the base 2.
PAR  In order to press the balance beams 5 against the shaft I, a spring or any
      other elastic member may be used.
PAR  The shaft 1 is mounted in centres 14 and is rotated by a drive that is not
      shown for simplification reasons.
PAR  The position of the axle 6 of oscillation of each balance beam 4 of the
      first step is determined by a central angle .mu..sub.o confined by radii
      drawn from a centre 15 of the section profile of the shaft 1 to the axle 6
      and to the centre of the portion connecting the axles 6 of oscillations of
      the two balance beams 4 of the first step.
PAR  The position of the axle 7 of oscillation of each balance beam 5 of the
      second step is determined by a central angle .mu..sub.1 confined by radii
      drawn from the centre 15 of the section profile of the shaft 1 to the
      axles 6 and 7.
PAR  The position of each contact area 8 of each balance beam 5 of the second
      step with the measured section profile of the shaft 1 is determined by a
      central angle .mu..sub.2 confined by radii drawn from the centre 15 of the
      section profile of the shaft 1 to the axle 7 of oscillation of the balance
      beam and to the centre of said portion of contact.
PAR  The position of the feeler 10 of the linear movement pick-up 9 is
      determined by an angle .alpha. (FIG. 4) confined by radii drawn from the
      centre 15 of the section profile of the shaft 1 to the feeler 10 and to
      the centre of an imaginary portion connecting the axles 6 of oscillation
      of the balance beams of the first step.
PAR  In the device shown in FIG. 1 the angle .alpha. equals zero, as the feeler
      10 is disposed on the radius passing through the centre of the portion
      interconnecting the axles 6 of oscillation.
PAR  For the cases when .alpha. = 0.degree. or 180.degree., the central angles
      .sup..parallel..sub.o, .mu..sub.1, and .mu..sub.2 are chosen on the basis
      of the condition of maximal stabilization of the position of the centre 15
      of the measured section profile of the shaft 1 relative to the base 2 in
      the direction of the feeler 10 disposition.
PAR  The minimum of the following expression corresponds to the condition of the
      maximal stabilization of the centre 15 of the measured section profile of
      the shaft 1 relative to the base 2 in the direction .alpha. = 0.degree. or
      180.degree.;
      ##EQU4##
      wherein:
PAR  P.sub.xn is a value determining the amplitude of the harmonic n of
      displacement of the centre of the profile to a segment OX (FIG. 4) of an X
      axis;
PAR  n is a serial number of harmonics n=2; 3; 4; ...
PAR  In case the feeler 10 of the indicator touches the measured section profile
      of the shaft 1 at a point disposed on a radius parallel to an imaginary
      portion interconnecting the axles 6 of oscillation of the balance beams 4
      of the first step (.alpha. = .+-. 90.degree.), the central angles
      .mu..sub.o, .mu..sub.1, .mu..sub.2 are chosen on the basis of the
      condition of the maximal stabilization of the position of the centre 15 of
      the measured section profile of the shaft 1 relative to the base 2 in the
      direction of the disposition of the feeler 10, characterized by angles
      .alpha. = .+-.90.degree..
PAR  The minimum of the following expression corresponds to the condition of the
      maximal stabilization of the position of the centre 15 of the measured
      section profile of the shaft 1 relative to the base 2 in the direction
      .alpha. = .+-.90.degree.:
      ##EQU5##
      wherein:
PAR  P.sub.yn is a value determining the amplitude of the harmonic n of
      displacement of the centre of the profile to a segment axis OY (FIG. 4) of
      a Y axis.
PAR  It will be seen from FIG. 4 that the X axis is drawn substantially
      horizontally while the Y axis, both having been mentioned before, is
      perpendicular or vertical, as shown. These axes constitute straight lines
      passing through the center positions 0 in the various exemplary
      embodiments of the inventive device.
PAR  All the other designations or parameters have been explained before.
PAR  In order to increase the accuracy of the measurement of the deviation of
      the controlled normal section profile of a part from the round shape, it
      is possible to increase the number of steps of the self-adjusting balance
      beams.
PAR  FIG. 4 shows a four-step support. Balance beams 16 of a third step are
      mounted on axles 17 of oscillation, that are secured to the end portions
      of the balance beams 5 of the second step.
PAR  Balance beams 18 of the fourth step of the support are mounted on axles 19
      of oscillation, which are secured to the end portions of the balance beams
      16 of the third step, i.e. the oscillation axles of the balance beams of a
      subsequent step are secured to the end portions of the balance beams of a
      preceding step.
PAR  Central angles .mu..sub.3 and .mu..sub.4 characterizing the disposition of
      the axles 17 and 19 of oscillation, respectively, of the balance beams 16,
      18 and the areas of contact of the balance beams 18 of the fourth step and
      the measured profile of the part are determined by corresponding radii in
      a manner analogous to the afore-cited example.
PAR  In the general case if the step number i of the support equals 1 .ltoreq. i
      .ltoreq. k; and .alpha. = 0.degree. or 180.degree., the values of the
      angles .mu..sub.i are chosen on the basis of the condition of minimizing
      the value
      ##EQU6##
PAR  If the feeler 10 of the pick-up 9 touches the measured profile at points
      corresponding to the angles .alpha. = .+-..pi./2, the values of the angles
      .mu..sub.i (0 .ltoreq. i .ltoreq. k) are chosen on the basis of the
      condition of minimizing the value
      ##EQU7##
PAR  With .alpha. = 0.degree. or 180.degree., the angles .mu..sub.o =
      39.degree.; .mu..sub.1 = 20.degree.; .mu..sub.2 = 10.degree. approximately
      minimize the value P.sub.xn and provide, in a device employing a two-step
      support, a cophasal measurement of the amplitudes of harmonics of the
      Fourier's series of the profile being tested the serial numbers 2,
      .ltoreq. n .ltoreq. 14 with an error not exceeding 25%.
PAR  With .alpha. = 0.degree. or 180.degree., the angles .mu..sub.o =
      39.degree., .mu..sub.1 = 20.degree.; .mu..sub.2 = 10.degree.; .mu..sub.3 =
      5.degree. minimize the value P.sub.xn and provide, in a device employing a
      three-step support, a cophasal measurement of the amplitudes of harmonics
      of the Fourier's series of the profile with the serial numbers 2 .ltoreq.
      n .ltoreq. 25 with an error not exceeding 25%.
PAR  With .alpha. = .+-.90.degree., the angles .mu..sub.o = 75.degree.;
      .mu..sub.1 = 39.degree.; .mu..sub.2 = 20.degree. .mu..sub.3 = 10.degree.;
      .mu..sub.4 = 5.degree. minimize the value P.sub.yn and provide, in a
      device employing a four-step support, a cophasal measurement of the
      amplitudes of harmonics of the Fourier's series of the profile with the
      serial numbers 2 .ltoreq. n .ltoreq. 25 with an error not exceeding 8%,
      except for the third harmonic for which the error of measurements equals
      17%.
PAR  It is also possible to mount the balance beams 4, 5, 16, 18 in a
      non-symmetrical manner, as is shown in FIG. 5.
PAR  Another exemplary device for measuring the deviation of the profile of the
      external surface of a ring 20 (FIGS. 6, 7) from the round shape, comprises
      a frame 21 mounting a spindle 22. One end portion of the spindle 22 is
      connected by means of a pinion drive 23 with an electric motor 24, while
      the other end portion of the spindle has a table 25 secured thereon and
      used for mounting the ring 20 to be measured. The ring 20 is fixed on the
      table 25 by means of stops 26.
PAR  Secured to the frame 21 is an axle 27 mounting a lever 28 pivoted to a base
      29 in a manner analogous to that in which the base 2 (FIGS. 1, 2) is
      connected to the lever 11.
PAR  Disposed on the base 19 (FIGS. 6, 7) is a support 30 which is essentially
      constituted by balance beams 31 and 32 arranged in steps, and which belong
      to the first and second steps, respectively. The balance beams are
      interconnected and mutually disposed in a manner analogous to that in the
      device for measuring the section profile of the shaft 1 (FIGS. 1, 2).
PAR  The constant contact of the balance 32 of the last step of the support is
      ensured by means of a spring 33 whose one end portion is secured to the
      lever 28 and the other end portion to the frame 21.
PAR  A linear movement indicator 34 is disposed on the base 29, and its feeler
      35 contacts the measured profile of the ring 20.
PAR  The central angles .mu..sub.o, .mu..sub.1 and .mu..sub.2 are found
      analogously to the afore-described manner, depending on the angle .alpha.
      determining the position of the indicator 34 relative to the support 30.
PAR  In order to measure the deviation of the normal section profile of the
      internal surface of a ring 36 (FIG. 8), or some other part having a round
      hole from the round shape, in yet another exemplary inventive device a
      base 37 and balance beams 38 and 39 mounted thereon are disposed on a
      lever 40 cantileverly so that the base 37 can be introduced into the hole
      being measured.
PAR  In order to measure simultaneously the deviation of the normal section
      profile of a shaft 41 (FIG. 9) from the round shape and the distance
      between the centre 0 of the measured profile of the shaft 41 and the axis
      0.sub.1 of rotation of the shaft, in a still further exemplary device a
      base 42 and balance beams 43 and 44 mounted thereon are suspended to a
      pantograph 45 secured to a frame 46.
PAR  In order to measure the distance between the centre 0 of the measured
      profile from the axis 0.sub.1 of rotation of the shaft 41, an additional
      pick-up or dial indicator 47 is mounted on the frame 46, its feeler 48
      touching the base 42 for which purpose the latter is provided with a flat
      portion 49.
PAR  The indicator 47 is mounted so that the feeler 48 always displaces
      perpendicularly to the portion, which provides for the measurement of the
      deviation of the centre 0 of the measured profile from the axis 0.sub.1 of
      rotation of the shaft 41.
PAR  The indicator measuring the deviation of the section profile of the shaft
      41 from the round shape is not shown in FIG. 9 as it is installed in a
      manner analogous to that used in the afore-cited examples.
PAR  Finally, the invention provides a final exemplary device to measure the
      deviation of the centre 0 of the measured profile of the shaft 41 relative
      to the axis passing through the centres 0.sub.1 of the sections of the
      profile of the base surfaces which are essentially the surfaces of
      journals 50 (FIGS 10, 11). The latter are mounted on a support which is
      essentially composed of self-adjusting balance beams 52, 53 mounted on a
      base 51 and arranged in steps. A device 54 analogous to the one that has
      been described before and shown in FIG. 9 is mounted on the controlled
      profile of the section of the shaft 41.
PAR  The device for measuring the deviation from the round shape can also be
      used for finding the centre 0 (FIG. 12) of the profile of a part 55. For
      this purpose a rule 59 is secured to a base 56 mounting balance beams 57
      and 58 instead of the dial indicator.
PAR  In order to find the centre 0 of the profile of the part 55, for instance a
      forged piece, the latter is placed on the balance beams 57 in an arbitrary
      position. A line is drawn along the rule 59, and then the part 55 is
      turned through a certain angle, for instance 90.degree., and a second line
      is drawn in this position. The intersection of the lines shows the
      approximate position of the centre 0 of the profile of the part 55.
PAR  The inventive device, for measuring the deviation from the round shape of a
      normal section profile of a part, having the shape of a body of
      revolution, functions as follows. The shaft being measured (FIGS. 1, 2, 3)
      is imparted rotation. The base 2 and the balance beams 4 and 5 mounted
      thereon are lowered onto the shaft until the portions 8 of the balance
      beams 5 contact the measured profile of the section of the shaft 1,
      whereby the feeler 10 of the linear movement pick-up 9 touches the profile
      being measured.
PAR  With the shaft 1 rotating, the balance beams 5 slide by their portions 8
      along the profile being measured, which has microscopic recesses and lugs
      determining its deviation from the round shape.
PAR  The recesses and lugs of the profile of the shaft 1 cause oscillations of
      the balance beams 4 and 5 about the axles 6 and 7. These oscillations
      ensure a constant contact of all the portions 8 of the balance beams 5
      with the profile of the section of the shaft.
PAR  With the axles 6, 7 of oscillation of the balance beams 4, 5 mounted at the
      corresponding angles .mu..sub.o, .mu..sub.1 and .mu..sub.2, there is
      provided a maximal stabilization of the distance from the centre 15 of the
      measured profile of the section of the shaft 1 and the point at which the
      indicator 9 is secured to the base 2, irrespective of the non-roundness of
      the measured profile.
PAR  Stabilization of this distance provides for a high accuracy of measurement
      of the deviation from the round shape of the tested profile.
PAR  When measuring the deviation of the profile of the ring 20 (FIGS. 6, 7)
      from the round shape, the former is disposed on the table 25 which is
      rotated by the motor 24 through the intermediary of the pinion drive 23
      and the spindle 22. Then, the base 29 and the balance beams 31 and 32
      mounted thereon are advanced to contact the profile.
PAR  The measurement of the deviation from the round shape is effected in a
      manner analogous to the afore-described one.
PAR  The measurement of the distance between the centre 0 of the profile of the
      section of the shaft 41 (FIG. 9) and the axis 0.sub.1 of rotation of the
      shaft is carried out in the following way. During the rotation of the
      shaft 41 the distance between the portion 49 which is disposed on the base
      42 and the centre 0 of the profile of the section of the shaft 41 is
      stabilized owing to the balance beams 43 and 44 the way it is disclosed in
      the description of the operation of the device shown in FIGS. 1 - 3. In
      case the shaft 41 rotates about the axis 0.sub.1 which does not coincide
      with the centre 0 of the profile of the section of the shaft 41, this
      results in a displacement of the base 42 secured to the pantograph 45.
PAR  The feeler 48 of the linear movement dial indicator fixes these
      displacements of the base 42, whereas the indicator 47 shows a double
      distance between the points 0 and 0.sub.1.
PAR  By having provided this device with two linear-movement indicators, one
      secured to the base 42 and the other to the frame 46, it becomes possible
      to measure simultaneously the deviation of the normal section profile of
      the shaft 41 and the distance between the geometrical centre 0 of the
      profile and the axis 0 -- 0.sub.1 of revolution of the shaft 41.
PAR  The device built in accordance with the present invention provides for a
      relatively high accuracy of measurements of deviations from the round
      shape and is very simple in design.
PAR  FIG. 13 shows roundgrams of the same profile of a section of a part,
      recorded when measuring the deviation from the round shape by means of the
      device of the present invention, as shown at line "a", and recorded when
      measuring the deviation with the earlier mentioned aid of the "Talyrond"
      device manufactured by the firm "Rank Taylor Hobson". As shown at line
      "b".
PAR  Both recordings are increased 10,000 times. The analysis of the roundgrams
      shows that the actual error of measurements made by our device, as
      compared to that of the "Talyrond" device, constitutes approximately 0.2 -
      0.3 micron, which constitutes approximately 25%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for measuring the deviation from the round shape of a normal
      section profile of a part being measured, which has the shape of a body of
      revolution, comprising: a base; a dial indicator secured to said base and
      including a sensing element contacting the normal section profile; a
      support mounted on said base and consisting of self-adjusting balance
      beams mounted to pivot about respective axles of oscillation arranged in a
      plurality of support steps including first, subsequent and last steps, so
      that a pair of said beams forms said first step, the axles of oscillation
      in said first step are secured to said base, the axles of oscillation of
      said subsequent steps are secured to the respective ends of the beams of
      the preceding step, and the beams of said last step have areas for
      contacting the normal section profile of a normal section of the part in
      the course of its rotation; the disposition of the axles of oscillation of
      two beams of a subsequent step on a beam of the preceding step being
      determined by a central angle defined by radii drawn from the center of
      rotation of the part to one of the axles of oscillation of said beam of
      the preceding step and either of the axles of oscillation of the beams of
      the subsequent step installed thereon; the disposition of the areas
      adapted to contact the beams of said last step with the profile of the
      part being determined by central angles defined by radii drawn from said
      center of rotation of the part to the axle of oscillation of one of the
      beams of said last step and to the center of one said area; wherein said
      balance beams are symmetrical relative to planes drawn through their
      respective axles of oscillation and the center of rotation of the part,
      and said pairs of beams of the subsequent steps are symmetrical relative
      to planes drawn through the axles of oscillation of the beams of the
      respective preceding steps carrying said pairs of beams, and the center of
      rotation of the part, and said sensing element of the dial indicator
      contacts the profile of the part in a point on a straight line passing
      through the center of rotation of the part and parallel with the plane
      drawn through the axles of oscillation of the beams of said first step,
      the central angles being determined on the basis of the condition of
      minimizing the expression
      ##EQU8##
      wherein:  P.sub.yn is a value determining the amplitude of the harmonic n
      of displacement of the center of the profile in the direction of the
      straight line of the part;
PA1  n is a serial number of harmonics n = 2; 3; 4; ... ;
PA1  .mu..sub.o is a central angle defined by radii drawn from the center of the
      rotation of the part to the axle of oscillation of one of said beams of
      the first step and to the median of a segment interconnecting the axles of
      oscillation of the beams of said first step;
PA1  i is a serial number of the step of self-adjusting supports 1 .ltoreq. i
      .ltoreq. k;
PA1  .mu..sub.i is a central angle defined by radii drawn through the axles of
      oscillation of one of the beams of the step i and one of the beams of the
      step i+1, mounted thereon or, with i=k, through the center of the area
      adapted to contact one of the beams of the last step with the part and the
      axle of oscillation of said one beam of the last step; and
      ##EQU9##
      is a symbol that stands for the product of the cofactors ranging from i=1
      to i=k.
NUM  2.
PAR  2. A device for measuring the deviation from the round shape of a normal
      section profile of a part having the shape of a body of revolution,
      particularly for measuring the distance between the center of the normal
      section profile and the axis about which the part is mounted to rotate,
      comprising: a base; a dial indicator secured to said base and including a
      sensing element contacting the normal section profile of the part being
      measured; a support mounted on said base, said support consisting of
      self-adjusting balance beams, each mounted to pivot about an axle of
      oscillation arranged in a plurality of steps in such a manner that a pair
      of said beams forms a first step of said support, the axles of oscillation
      of said beams of the first step are secured to said base, the axles of
      oscillation of the beams that form subsequent steps of said support are
      secured to the respective ends of the beams of a preceding step, and the
      beams of a last step have areas for contacting the normal section profile
      of a normal section of the part in the course of the rotation; the
      disposition of the axles of oscillation of each of the two beams of a
      subsequent step on the associated beam of the preceding step being
      determined by a central angle defined by radii drawn from the center of
      rotation of the part to one of the axles of oscillation of one of said
      beams of the preceding step and either of the axles of oscillation of the
      beams of the subsequent step installed thereon; the disposition of the
      areas adapted to contact the beams of said last step with the profile of
      the part being determined by central angles defined by radii drawn from
      said center of rotation of the part to the axle of oscillation of one of
      the beams of said last step and to the center of one said area; wherein
      said base is suspended by a pantograph and is provided with a flat portion
      extending parallel to a plane drawn through the axles of oscillation of
      the beams of the first step; and further comprising an additional dial
      indicator including an additional sensing element that contacts said flat
      portion.
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ABST
PAL  A gear checking machine including a rotary support table and an encoder
      coupled to the table to give a predetermined number of pulses per
      revolution of the table is disclosed. A probe, which successively contacts
      each gear tooth controls the output of a linear variable differential
      transformer the output of which is supplied to a recorder. When the
      machine is started, the probe is withdrawn after making contact with the
      gear and is brought forward to contact each succeeding gear tooth under
      the control of electronic circuitry which receives the encoder pulses.
      When a tooth counter reaches a count which indicates that one complete
      revolution of the gear has occurred, the machine checking cycle is shut
      off. The probe is driven by a drive eccentric which in turn is driven by a
      motor coupled to a clutch and a brake that are controlled by the
      electronic circuitry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is related to automatic gear checking machines and in
      particular to a machine attachment for automatically checking the true
      index tooth spacing of both internal and external gears, and other similar
      components. A true index reading is obtained because the finger of a
      sensing probe is utilized to engage each tooth of the gear along a
      constant radius index line. The amount of pressure that is applied to the
      finger by the gear is translated into a voltage signal by a differential
      sensing transformer.
PAR  In a true index gear tooth space checking machine it is very desirable to
      be able to check a large range of gear sizes with the same checking
      machine. It is also advantageous to make such checks while the gear is
      constantly moving in order to minimize the checking time. Other desirable
      features in such a checking machine include the ability to check special
      gear segments with any number of teeth and the ability of obtaining a
      highly accurate true index reading without first going through one full
      revolution in order to set the index points. The machine of the present
      invention is able to utilize all of the above-noted advantages; and in
      addition, the machine is relatively simple in construction and does not
      require optical devices or complex mechanical configurations or linkages.
PAR  This invention involves a gear checking machine which is particularly
      useful in measuring helical lead and involute gears, especially large
      gears, those on the order of 40 to 60 inches or more in diameter. The
      measurement of the helical lead and of the involute both require an
      accurate timed relationship between a rotating axis and linearly driven
      test probe. Prior art involute checkers utilize a ratio bar in conjunction
      with a master base circle sector or disc. This type of machine had
      physical limitations which placed severe limitations on the accuracy of
      the machine and the configuration of the gear support table in the
      measurement of large gears on the order of 40 to 60 inches or more in
      diameter. The timed relationship between a rotating axis and linear motion
      of the helical lead testing machines of the prior art is generally
      accomplished by a sine bar unit which transmits an accurate angular
      measurement. Machines incorporating these devices are to be seen in U.S.
      Pat. Nos. 2,787,060 and 2,998,657.
PAR  The present invention eliminates the ratio bar and sine bar and utilizes a
      large disc or base circle which is coupled to the gear support table. The
      large base circle is operatively attached to an encoder which accurately
      registers by electronic pulses the angular or rotary movement of the base
      disc. The input of this encoder advantageously is achieved by utilizing a
      very small diameter disc which is normally driven by the outer periphery
      of the large base disc. This large ratio between the base disc and the
      encoder disc provides a large range of accuracy in determining the angular
      movement of the disc.
PAR  Two simple discs with properly calculated diameters rotating with each
      other can provide a much wider range of ratio and accuracy than that
      obtainable by another device.
PAR  A number of advantages are gained by this device in proportioning,
      manufacturing and in assembly. These are:
PA1  1. Flexibility - large ratio range can be obtained.
PA1  2. Exact sizes of table and encoder discs are not required because encoder
      pulses for one revolution of table are counted by a circuit in an
      electrical panel and inserted into ratio formula.
PA1  3. Round configuration - easy to make - easy to manufacture.
PA1  4. Positive drive can be obtained by holding the discs in contact by means
      of springs, adjustable pressure bar, weights, etc.
PAR  Thus, it is seen that incorporation of base disc principle in conjunction
      with stepping motors and gear boxes, provides a wide range of
      proportioning at a very low cost not possible with other known methods. ss
PAR  In the machine of the present invention an encoder is attached to a rotary
      support table which supports the gear that is being checked. The table is
      driven by a variable speed motor and the encoder produces a predetermined
      number of pulses per revolution of the table. The total number of pulses
      that is supplied by the encoder is divided by the number of teeth in the
      gear being checked so as to provide a specified number of pulses per each
      gear tooth.
PAR  To set up the machine for gear tooth space checking a space checking probe
      is positioned in the gear tooth space of a first tooth at an appropriate
      depth so that the end of the finger is placed along a predetermined index
      line. The machine is then started and the table is rotated so that te
      probe comes into contact with the gear tooth. At the time the probe comes
      into contact with the gear tooth, a recording pen is moved to the center
      of a strip of recording paper, and the probe is withdrawn from the gear
      under the control of a counter which counts the number of encoder pulses
      that are generated. The rotary support table starts to turn, and after a
      predetermined number of pulses per tooth are counted the indicating finger
      will proceed into the next tooth space so that the end of the sensing
      finger is again along the true index line. The probe is again moved
      forward to its forward stop location where the sensing finger waits until
      it contacts the next gear tooth as the table continuously rotates.
PAR  When the probe contacts the next gear tooth, the motion of the probe
      displaces a magnet in a linear variable differential transformer that is
      housed in the probe. The resulting output signal from the differential
      transformer is sent to a recorder so that the pen produces an appropriate
      recording mark on the recording paper which indicates the displacement of
      the end of the sensing finger from the nominal true index point. After the
      counter has reached a count that indicates that the gear has been
      completely revolved around 360.degree. the machine is shut off, the probe
      is retracted and the counter is reset. The probe is driven forward and is
      withdrawn by a constantly rotating motor which drives an eccentric that is
      coupled to the probe. The motion of the slide mechanism that carries the
      probe forward and backward actuates limit switches which initiate
      operations that actuate and deactuate a clutch and a brake coupled to the
      output shaft of the motor at the proper time.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The present invention is shown by reference to the following drawings in
      which:
PAR  FIG. 1 is a perspective view of the gear checking machine of the present
      invention;
PAR  FIG. 2 is a block diagram of a portion of the circuitry of the gear
      checking machine;
PAR  FIG. 3 is a block diagram showing a portion of the electrical circuitry of
      lead and involute gear checking machine;
PAR  FIG. 4 is a side, cross-sectional view of the probe and the indicator and
      drive assembly of the present invention;
PAR  FIG. 5 is an end cross-sectional view of the drive and slide mechanism
      shown in FIG. 4;
PAR  FIG. 6 is a top view of the drive and slide mechanism shown in FIGS. 4 and
      5;
PAR  FIG. 7 is a block diagram which shows a portion of the space checking
      circuitry;
PAR  FIG. 8 is another block diagram which shows an additional portion of the
      space checking circuitry; and
PAR  FIG. 9 is a schematic drawing which shows further electrical circuitry
      employed in the space checking machine of the present invention.
DETD
PAC  TECHNICAL DESCRIPTION OF THE INVENTION
PAR  A perspective view of a gear checking machine 10 is shown in FIG. 1. The
      gear that is to be checked is placed on the large rotatable support means
      in the form of table 12 which is supported by the base 14. The table drive
      motor 42 is mounted within the base 14 to rotate the table 12 at a
      controlled rate. The involute measuring probe 16 is mounted for linear
      horizontal movement along the involute slide 17 by the involute probe
      drive mechanism 18. The lead measuring probe 20 is mounted for linear
      movement in a vertical direction in the elongated slot 19 by the lead
      probe drive mechanism 22 which is supported by the brace 24. The probes 16
      and 20 may be displacement probes of the type generally employed in the
      gear checking art in which a mechanical displacement of the sensing
      fingers 16a, respectively, of the probes 16 and 20 control the movement of
      a magnetic slug in a variable differential transformer (not shown) so as
      to develop an electrical signal which is a function of the magnitude of
      the displacement of measuring probe.
PAR  On the bottom of the support table 12 and within the base 14, a large
      circular base disc 26 is secured to the shaft 27 which is in turn coupled
      to the table 12 so that the table 12 is driven in rotation with the disc
      26. Suitable conventional bearings (not shown) are provided to allow for
      easy rotation of the table 12. An encoder 28 of a conventional type may be
      mounted to the base 14 by bolts or the like which are inserted into the
      holes 31 in the arms 33, and has a small driven wheel 30 which is driven
      by the large disc 26 to provide encoded signals which are representative
      of the angular rotation of the support table 12. The diameter of the base
      disc 26 is approximately equal to the diameter of the table 12 and
      preferably at least ten times as large as the diameter of the encoder
      wheel 30 to insure that the encoder will respond to relatively small
      angular rotations of the table 12.
PAR  In order to provide for accurate measurement of the involute and the
      helical lead of a gear, it is necessary that the movement of the support
      table 12 be accurately synchronized with the linear movement of the
      involute probe 16 and the lead probe 20. The electrical system of the
      present invention which achieves the desired control is shown in block
      diagram in FIGS. 2 and 3.
PAR  In the gear checking machine of the present invention, either the involute
      or the lead may be checked at a given time. Selection of either the lead
      or involute measuring function is made by the multiple gang selection
      switch 36 which is shown in FIGS. 2 and 3. The position of the switch 36
      in FIGS. 2 and 3 is shown at the lead checking position. When the switch
      36 is in the lead checking position, the vertical motion of the lead probe
      20 is synchronized with the rotation motion of the table 12. The driving
      system for the table 12 is achieved by use of a pulse generator 38 which
      is coupled to a stepping motor drive circuit 40 which supplies driving
      pulses to the spindle drive stepping motor 42. When the switch 36 is in
      the lead measuring position, the relay 44r will close the contacts 44k and
      this will energize both the relays 50r and 52r. The relay 50r acts to
      close the contact 50c while the relay 52r closes the contact 52c which
      allows a recorder 80 to be driven at a synchronous rate, as is described
      subsequently in more detail. When the switch 36 is in the involute
      position, the relay 54r is energized rather than the relay 44r. This
      causes the contacts 54k to close thereby again energizing both relays 50r
      and 52r, and, thus, again closing contacts 50c and 52c.
PAR  The spindle drive motor 42 is energized and receives driving signals
      through the cable 43. As the spindle drive motor 42 is stepped, the output
      shaft 45 of the motor 42 is driven. The shaft 45 drives the gear box 47
      which in turn drives the shaft 49 which is coupled to the friction drive
      wheel 51. The gear box 47 preferably provides a reduction rate of at least
      ten to one, and the diameter of the drive wheel 30 is preferably equal to
      the diameter of the encoder wheel 30. The high resolution of the drive and
      encoding system of the present invention is illustrated by typical
      parameters for the components of the system. For example, the diameter of
      the base disc 26 may be 40 inches. The stepping motor 42 then may make one
      revolution resulting in one revolution of the encoder 28. If the encoder
      28 produces 250,000 pulses in one revolution of the disc 30, then ten
      revolutions or 2,500,000 pulses will be produced when the table 12 is
      revolved one turn. It is seen, therefore, that the encoder system of the
      present invention is one in which each output pulse of the encoder 28 may
      represent a relatively small amount of angular rotation of the gear being
      tested. The rotation of the encoder 28 provides a coded representation of
      the rate of angular displacement of the table 12 which consists of a
      series of pulses of a rate which corresponds to the rate of rotation of
      the table 12. This series of pulses from the encoder 28 is supplied
      through the cable 53 to the multiplier 60 which emits multiple output
      pulses for every one input pulse that it receives.
PAR  The purpose of the rate multiplier 60 is to increase the speed of the lead
      profile probe 20. It is noted that when the switch 36 is in the involute
      position, the rate multiplier 60 is bypassed and the output pulse from the
      encoder 28 is fed directly to the rate multiplier 62. This is because the
      lead measuring probe 20 must be driven at a faster rate than the involute
      measuring probe 16 for long leads. Aside from this factor, however, both
      the involute and the lead probes are controlled in substantially the same
      manner.
PAR  The purpose of the rate multiplier 62 is to provide a series of output
      pulses which occur at a predetermined fractional rate of the input pulses
      from the encoder 28. The rate multiplier 62 is constructed to multiply the
      signal from the encoder 28 by a variable preset factor rather than by a
      constant factor. In the checking of any given gear, it is necessary to
      establish, either manually or by means of a recorded program, the
      appropriate preset factors that are to control the rate multiplier 62 for
      both the involute and the lead checking cycles. These factors are digital
      numbers which when contained in the binary counter 64, which is coupled to
      the rate multiplier 62, establish the appropriate frequency multiplication
      factor to synchronize the speed of the lead and involute probes 16, 20
      with the rate of rotation of the table 12. The rate multiplier 62 is a
      known type of device, and one suitable type of circuit for use in the
      present invention is the K184 multiplier sold by Digital Equipment
      Corporation of Maynard, Mass.
PAR  The manner in which the preset multiplication factor is established in the
      binary counter 64 can be seen by reference to the FIG. 2. The desired
      digital number which is needed to establish the appropriate ratio of the
      rate multiplier 62 may be set into the digit switches 66. The pulse
      generator 68 then supplied pulses to the binary coded decimal (BCD)
      counter 70, which is initially set to a count that is established by the
      digit switches 66. The BCD counter 70 counts down to zero. A digital
      readout 72, which is coupled to the counter 70, supplies a continuous
      visual indication of the contents of the counter 70. The binary counter 64
      is initially at a zero count when the BCD counter 70 is set at the count
      of the digit switches 66. The binary counter 64 counts up and continues
      counting until the count established by the digit switches 66 has been
      reached, at which time the count in the BCD counter 70 will be zero.
PAR  With the correct multiplication factor for the rate multiplier 62 being
      established by the count in the counter 64, the rate multiplier 62 will
      supply pulses to a conventional stepping motor drive circuit 74 in
      accordance with the preset factor in the switches 66, thereby providing
      the required synchronization of the linear motion of the probes 16, 20
      with the rotation of the table 12. When the switch 36 is in the lead
      measuring position, the relay 44r is energized and the contact 44s is
      closed which allows the stepping motor drive circuit 74 to drive the lead
      slide drive stepping motor 76 and the lead drive mechanism 22 through the
      closed contacts 44s. On the other hand, when the switch 36 is in the
      involute measuring position, the contacts 44s are open and the contacts
      54s are closed which allows the stepping motor control circuit 74 to drive
      the involute slide drive stepping motor 78 and the involute drive
      mechanism 18 through the closed contacts 54s.
PAR  In order to obtain a permanent written record of the gear being checked, a
      recorder 80 is employed. The recorder 80 is driven by a recorder drive
      stepping motor 82 which is supplied pulses from the stepping motor drive
      circuit 84 through the contacts 52c. The recorder stepping motor drive
      rate is generally different according to whether the involute probe 16 is
      being driven or the lead probe 20 is being driven. This is achieved
      through the switch 36 which allows either the involute rate multiplier 86
      or the lead rate multiplier 88 to be coupled to the stepping motor control
      system 84. The rate multiplier 86 and 88 are similar to the multiplier 60
      in that they multiply the incoming pulses by a fixed ratio to provide
      output pulses with a frequency which is suitable for synchronizing the
      recorder 80 with linear motion of the probes 16, 20 and the rotational
      motion of the table 12.
PAR  The encoder system of the above-described invention provides a number of
      advantages over conventional encoder systems. The encoder system allows
      for the use of a relatively inexpensive encoder 28 to produce 10 or more
      times as many pulses as could be produced by the usual method of mounting.
      The usual method of mounting would put the encoder on the same axis as the
      table 12. An encoder mounted in the usual fashion on the axis of the table
      12 would have to produce 10 times as many pulses and would be very large
      and expensive, perhaps eight or 10 times more expensive to do the same
      job.
PAR  Also mounting the encoder to the side of the base disc 26 below the table
      12, as shown in FIG. 1, allows for a large hole 13 in the table 12. This
      is very important because it allows for checking of long shaft type gears
      by dropping the shaft down the table hole 13 and resting the gear on the
      table 12. Without a large hole in the gear support table, the utility of a
      gear checking instrument is severely limited.
PAR  The true index space checking attachment 99 to the gear checking machine of
      FIG. 1 utilizes a space checking probe 100 which is similar in
      construction to the previously mentioned involute and lead probes 16, 20.
      The probe 100 measures displacement of the end of the sensing finger 112
      or 114 from a the index reference line of constant radius at each gear
      tooth. Each gear is divided into equal intervals so that all probe contact
      points for the gear teeth are spaced equally about the constant radius
      reference line. Each contact point, therefore, occupies the same relative
      position on each gear tooth because of their equal spacing which is
      maintained by the counters 202, 206, as will subsequently be described.
      The space checking probe 100 is mounted in a drive and slide mechanism 339
      which is movable back and forth with respect to the frame member 104. The
      position of the slide mechanism 339 with respect to the gear being checked
      may be initially adjusted by means of the control wheel 106 which rotates
      the shaft 109 and the gear 111 which is in mesh with the gear 113. The
      gear 111 is mounted on the shaft 109 which is supported by the bearings
      105, 107. The gear 113 is on the shaft 115 and rotation of the shaft 115
      drives the worm gear 108, which meshes with the rack gear 110. A locking
      arm 131 serves to lock the slide mechanism 339 into place once it is at a
      desired location. In this manner, the position of the probe 100 may be
      adjusted to accommodate different size gears.
PAR  The probe 100 may be used with either external gears or internal gears.
      When external gears are to be checked, a short, straight sensing finger
      112 is employed; and when internal gears are to be checked, a C-shaped
      sensing finger 114, which is shown in dotted line representation in FIG.
      4, is employed. The probe 100 is positioned in a cavity 116 in the slide
      mechanism 102. A second cavity 118 is disposed adjacent the cavity 116.
      The cavity 118 has a rear chamber 120 and a front chamber 122 which
      receive the coiled springs 124, 126, respectively. The coiled springs 124,
      126 act to assure that the slide mechanism 102 is spring loaded against
      the forward and rear stops 192, 190, thus stopping the slide 102 at the
      same forward and rear position at each cycle. The probe 100 is locked into
      place by means of the locking yoke 128 and the locking arm 130. The entire
      slide mechanism 102 moves backwards and forwards along the slide bars 132,
      134 which are engaged by the bearings 136, 138, 140.
PAR  A continuously driven fractional horse power motor 142 comprising probe
      drive means is secured to the bracket 144 by the bolts 146, 148. The
      bracket 144 is in turn secured to the frame 104 by the bolts 147, 149. The
      output of the motor 142 is coupled to a drive gear box 150 which drives
      the shaft 152. The shaft 152 is coupled to the output shaft 154 through
      the clutch 156 and the brake 158. The shaft 154 passes through the
      bearings 157, 159. The clutch 156 and the brake 158 are of a conventional
      design and are controlled by the electrical circuitry of the gear checking
      machine in a manner which will be described in more detail subsequently.
      An eccentric 160 is secured to the upper end of the output shaft 154. An
      arm 164, which is coupled to the slide 102, is secured to the eccentric
      160 by a bolt 162 which passes through an aperture 163 at the rear end of
      the arm 164. The arm 164 forms part of an adjusting turnbuckle 165 which
      is utilized to initially adjust the forward and backward stroke length of
      the slide mechanism 102. At the forward end of the adjusting turnbuckle
      165 is a second arm 166 which has an aperture 167 in it which receives a
      bolt 168 that secures the arm 166 to the slide mechanism 102. The motor
      142 is controlled by the electrical circuitry so that the eccentric 160
      will rotate one half a revolution each time the clutch 156 is energized
      and the brake 158 is de-energized. When the eccentric 160 rotates a half
      revolution, the arm 164 is driven between its forward-most position, as
      shown in FIG. 6, and its rearward-most position at which the bolt 162 will
      be located at the position 170, which is indicated by the dotted circle in
      FIG. 6. In this manner, the probe 100 and the sensing finger will be
      driven forward and backward with respect to the gears being checked. When
      the gear that is being checked is an external gear, the sensing finger 112
      will be driven towards the gear as the slide mechanism 102 is driven
      forward and will be withdrawn from the gear when the slide mechanism 102
      is driven in the reverse direction. On the other hand, when the gear that
      is being checked is an internal gear, movement of the slide mechanism 102
      forward will withdraw the sensing finger 114 from contact with the gear;
      and movement of the slide mechanism 102 in a reverse direction will bring
      the sensing finger 114 into contact with the gear.
PAR  The slide mechanism 102 has a rearwardly extending switch actuator 172 with
      an upwardly directed projection 174. A first electrical switch 176 is
      mounted on a bracket 178 so as to be actuated by the forward motion of the
      actuator 172 and the second electrical switch 180 is mounted on a bracket
      182 so as to be actuated by the rearward motion of the actuator 172. When
      the sensing finger 112 is brought forward into contact with an external
      gear, for example, the projection 174 will contact the actuating member
      183 of the switch 176 thereby indicating that the sensing probe 100 is in
      its forwardmost position. On the other hand, when the motor 142 rotates
      the eccentric one half of a revolution so that the bolt 162 is in the
      dotted position 170, shown in FIG. 6, the projection 174 will contact the
      actuator 184 of the switch 180 thereby providing an indication to the
      control circuitry that the sensing probe 100 is withdrawn to its
      rearwardmost position. The eccentric 160 rotates one half of a revolution
      while the probe 100 is being shifted between its forwardmost and
      rearwardmost positions. Signals provided by the actuation of the switches
      176 and 180 are used to initiate selective energization and
      de-energization the clutch 156 and the brake 158. The limit stops 188, 190
      are employed to limit the movement of the slide 102. The limit stops 188,
      190 contact members 192, 198 respectively. The members 192, 198 project
      outwardly of the slide mechanism 102.
PAR  Electrical circuitry from the space checking machine of the present
      invention is represented in FIGS. 2, 7, 8, and 9. The switch 36 of FIG. 2,
      which is used to select the lead and involute functions of the gear
      checking machine, is also used to select the space checking function. When
      the switch 36 is in the space checking position, the switch sections 36a -
      36d are all open, while the sections 36e and 36f will be closed. Thus, the
      output from the encoder 28 will be coupled to the switch section 36f to
      the space rate multiplier 87. The output of the rate multiplier 87 is
      coupled to the input of the recorder stepping motor drive circuit 84,
      while the output of the rate multiplier 60 will be coupled through the
      switch section 36e to the rate multiplier 200 of FIG. 7 and also to the
      BCD counter 202. The multiplier 200 doubles the number of input pulses
      supplied to it from the multiplier 60 and it supplies this signal to the
      input of the rate multiplier 204. The output of the multiplier 204 is a
      pulse train which has a greater number of output pulses than are supplied
      to the multiplier 200 by the rate multiplier 60.
PAR  The space checking system utilizes a second BCD counter 206. The counter
      202 provides a "back" signal while the counter 206 provides a "forward"
      signal. The counter 202 counts at a rate which is determined by the number
      of pulses that are directly supplied by the multiplier 60 on the line 205
      while the counter 206 counts at a rate which is determined by the
      multiplier 200 and the rate multiplier 204. The last stage of the counter
      206, therefore, will provide an output pulse before the last stage of the
      counter 202 provides its output pulse since the counter 206 will reach the
      end of its count before the counter 202 is finished counting. Digit switch
      212 loads the same count into BCD counters 202 and 206. Counter 202
      receives pulses from encoder 28 through X8 multiplier 60, space switch 36e
      and AND gate 213. Counter 202 counts down to zero and recycles at the rate
      pulses are coming from rate multiplier 60. Counter 206 also receives
      pulses from multiplier 60, however these pulses go through X2 multiplier
      200 and rate multiplier 204 to increase their rate by the proper
      proportion to move probe 100 forward at the proper time. Thus, the
      "forward" signal from the counter 206 will appear before occurrence of the
      "backward" signal from the counter 202. The counters 202, 206 are
      recycling counters, as shown by the recycling lines 203, 207.
PAR  The number of pulses that are required to provide an output signal at the
      last stage of the counters 202, 206 is determined by the setting of the
      digit switches 212. The digit switches 212 are set so that the output of
      the counters 202, 206 are representative of the number of pulses needed
      for one revolution of the gear divided by the number of teeth in the gear.
      The "backward" and "forward" signals from the counters 202, 206 are
      utilized to control the clutch 156 and the brake 158 so as to drive the
      probe 100 forward and backward in a sequential manner at the proper time
      so that each tooth of the gear may be checked as the table rotates.
PAR  When the gear to be checked is placed on the support table 12, the initial
      position of the probe 100 with respect to the gear may be adjusted by the
      wheel 106 or by moving probe 100 in or out in slide 102. Once the initial
      position of the probe 100 is established, the support table 12 may be
      controlled by the momentary "jog" switch 218 of FIG. 9 if the "space
      check" switch 219 is also closed. When the switch 219 and the switch 218
      are both closed, the relay 220 will be energized. Energization of the
      relay 220 causes the contact 25c to close, thereby connecting the stepping
      motor drive circuit 40 to the spindle drive stepping motor 42 so as to
      drive the table 12. The table 12 is "jogged" as long as the "jog" switch
      to 18 is held down.
PAR  As the sensing finger 112 or 114 is brought into contact with the first
      gear tooth, an output signal from the differential sensing transformer 224
      occurs due to the displacement of the sensing finger 112 or 114. The
      output signal from the differential transformer 224 is supplied through
      the amplifier 226 to the pen motor drive 228. The pen motor drive 228 is
      part of the recorder 80 and controls the position of the pen 230 with
      respect to the strip of recording paper 232 in response to the voltage
      signal from the transformer 224 so that the pen 230 will initially be
      driven by the pen motor drive 228 from its initial or lowermost position
      234 to approximately the center 236 of the recording paper 232. When the
      pen is at the center position 236, checking of the gear tooth spacing may
      begin.
PAR  At this point, the "jog" switch 218 is open while the "stop" switch 238 and
      the "space check" switch 219 remain closed. When the "start check" switch
      240 is closed an electrical connection is made through the normally closed
      contact 242 and the closed contacts of the switches 219, 238, 240 so that
      the relay 244 will be energized. When the relay 244 is energized, the
      relay contacts 246 and 248 will be closed. The contacts 246 cause
      energization of the relay 220 even though the "jog" switch 218 is open.
      This again causes closing of the contacts 25c and the table 12 is thus
      driven by the motor 42. Since the contacts 250 are also closed by the
      relay 220, a holding circuit is provided for the relay 244 through the
      contacts 248, 250 when the momentary "start check" switch 240 is open,
      thereby allowing the relay 244 to remain energized as long as the "space
      check" switch 219 remains closed. When the manually operated "stop" switch
      238 is opened, the relay 244 will be de-energized.
PAR  Upon energization of the relay 244, the contacts 217 will also be closed
      and the relay 258 will be energized. Closure of the switch 219 also
      energizes the relay 252. Energization of the relay 252 causes the normally
      open contacts 254 to close, thereby energizing the motor 142 so that it
      rotates continuously. When the relay 258 is energized, the contacts 23c
      are also closed, thereby connecting the output of the stepping motor drive
      circuit 84 to the recorder drive stepping motor 82 for driving the
      recorder 80, which includes the pen motor drive 238 and the pen 230 and
      the recording paper 232. The relay 252 will remain energized even if the
      "stop" switch 238 is opened as long as the switch 219 is closed. Thus the
      table 12 and the recorder 80 will stop if the switch 238 is opened, but
      the motor 142 will remain energized as long as the switch 219 is closed.
PAR  After the table 12 has completed one full revolution, the counter 256 will
      have received a predetermined number of pulses that are representative of
      this fact. The last stage of the counter 206 is coupled to the input of a
      BCD counter 256. The counter 256 is controlled in accordance with the
      setting of the digit switches 259 which are set in accordance with the
      number of teeth in the gear being checked. Therefore, the counter 256 can
      be set to provide a single output pulse when the table 12 has completed
      one full revolution or a predetermined partial revolution in accordance
      with the number of teeth that are to be checked on the gear and the number
      of pulses per revolution for the table 12 that are received from the
      encoder 28. This output pulse from the last stage of the counter 256 is
      supplied to the relay 257 to energize the relay so that the relay contacts
      242 are open thus stopping the checking cycle for the gear.
PAR  The input signal from the linear variable differential sensing transformer
      224 is coupled through the amplifier 226 to the one input terminal 227 of
      an absolute value comparator 225. The other input terminal 229 of the
      absolute valve comparator 225 is coupled to a variable potentiometer 231.
      The potentiometer 231 has a terminal 233 that is coupled to receive a bias
      voltage V, and the magnitude of the bias voltage on the terminal 233 and
      the position of the adjusting arm 235 determines the magnitude of the
      voltage that will appear on the input terminal 229 of the absolute valve
      comparator 225. This voltage, therefore, controls the point at which the
      space checking cycle is initiated in accordance with the position of the
      pen 230 relative to the recording paper 232. When an output signal is
      supplied by the absolute value comparator 225 to the retract-load line
      237, the pen 230 is preferably at the center 236 of the recording paper
      232. The output from the absolute value comparator 225 will then go to a
      logic level 1 and set a flip-flop 211 so that Q output terminal goes to
      logic level 1 and operates the one-shot multivibrator. The output of the
      one-shot 239 provides a start signal for starting the automatic reverse
      and forward operation of the slide mechanism 102, which is controlled and
      that will subsequently be described in more detail. The Q output terminal
      of the flip-flop 211 also supplies logic level 1 to the AND gate 213 which
      allows pulses from multiplier 60 to pass through it. The start check
      switch 240 resets all flip-flops and counters. Pulses coming through AND
      gate 213 operate BCD counter 202 which produces a retract pulse and
      operates the tooth counting BCD counter 256. BCD counter 256, upon
      reaching preset count on digit switch 259, operates relay 257 stopping
      space checking cycle. Pulses coming through AND gate 213 also go through
      X2 multiplier 200 and rate multiplier 204 and operate BCD counter 206
      which produces a forward signal.
PAR  The space checking portion of the gear checking machine described herein
      employs three controlled flip-flops 260, 262, 264. The state of the
      flip-flop 260 controls the operation of the clutch 156 while the state of
      the flip-flop 262 controls the operation of the brake 158. The state of
      the flip-flop 264 controls the operation of the recorder 80. The
      flip-flops 260, 262, 264 are preferably formed of inverters that are sold
      under the designation K113 by the Digital Equipment Corporation of
      Maynard, Mass. The K113 inverters are interconnected to form an inverting
      flip-flop which provides a logic level 1 output signal on both the Q and Q
      output terminals when the set and reset terminals receive logic level 0
      signals. A logic level " 1"  output signal is provided on the Q output
      terminal and a logic level 0 signal on the Q output terminal when the set
      input terminal S receives a logic level 0 signal and the reset input
      terminal R receives a logic level 1 signal. When the set input terminal is
      at a logic level 1 and the reset input terminal is at a logic level 0, the
      Q output terminal will be at a logic level 0 and the Q output terminal
      will be at a logic level 1. If both the set and reset terminals are a
      logic level 1 there will be no change in the state of the flip-flop.
PAR  When the space checking function is initiated, it is desirable to reset
      flip-flops 260, 262, 264. This may be achieved by means of the contacts
      240a which may be closed simultaneously with the closure of the "start
      check" switch 240 of FIG. 9 so as to couple the supply voltage at the
      terminal 241 to the flip-flops 260, 262, 264 thereby driving them into
      their reset states. Alternately, the circuit of these flip-flops could be
      designed so that the desired presetting could be achieved through circuit
      design upon the initial actuation of the space checking circuitry, if
      desired.  by closing the "manual" back switch 274. The switches 272, 274
      are interlocked so that only one of them may be closed at any given time.
PAR  If the switch 272 is actuated, the 120 volt input voltage signal from the
      input line will be coupled across the primary winding 278 of the
      transformer 280 to its secondary winding 282. The output of the secondary
      winding 282 is coupled to an AC/DC converter 284, the output of which is a
      logic level 1 signal. Whenever the switch 272 is closed the slide
      mechanism will be driven forward if the contacts 286, 288 are closed and
      switch 176 is not closed.
PAR  When an external gear is being checked, the internal-external switch 285
      will be in the "external" position, as shown in FIG. 8, in which the
      switch contacts 286, 288 are closed. If an internal gear is being checked,
      the switch 285 will be in the opposite or "internal" position, and the
      contacts 290, 292 will be closed, rather than the contacts 286, 288. While
      the slide mechanism is being driven in the forward direction, a logic
      level 0 signal will be present at the output of the AC/DC converter 294
      since there will be no input signals coupled to the primary winding 296 of
      the transformer 298 to the secondary winding 300. The output of the AC/DC
      converter 294 is coupled to an inverter 302, the output of which is
      coupled to an AND gate 304 that receives an input from the AC/DC converter
      284. When the manual forward switch 272 is closed the output of the
      converter 284 will be at a logic level 1; the output of the inverter 302
      is then at a logic level 1. The AND gate 304 then produces a logic level 1
      output signal. The output of the AND gate 304 is coupled to a OR gate
      inverter 306. The logic level 1 output signal from the OR gate inverter
      306 is converted to a logic level 0 pulse signal by inversion and is
      supplied to the set input terminal S of the flip-flop 260. The one-shot
      multivibrators 308 and 336 are constructed so as to provide logic level 1
      output signals when their inputs are at a logic level 0 and to provide
      logic level 0 pulses of a predetermined duration when their input goes to
      a logic level 1. Therefore, the R or reset input terminal of the flip-flop
      260 will have a logic level " 1"  signal applied to it simultaneously with
      the application of a logic level 0 signal to the S or set input terminal
      by the OR gate inverter 306 to set the flip-flop 260. When the flip-flop
      260 is set the Q and Q output terminals of the flip-flop 260 will
      respectively have logic level 1 and logic level 0 outputs.
PAR  The Q output terminals of the flip-flops 260, 262 are coupled to the AND
      gate 337 and Q output terminals of the flip-flops 260, 262 are coupled to
      the OR gate 310. Therefore, when the flip-flops 260, 262 are initially
      reset, the output of the AND gate 337 to the brake driver 338 will be at a
      logic level 1, which will energize the brake 158 and the output of the OR
      gate 310 to the clutch driver 312 will be at a logic level 0 which will
      deenergize the clutch 156. Then, when either the flip-flop 260 or the
      flip-flop 262 are set (i.e. a logic level 1 output appears on the Q output
      terminal), the output of the OR gate 310 will go to logic level 1; and the
      output of the AND gate 337 will be at a logic level 0, which will cause
      energization of the clutch 156 and de-energization of the brake 158.
PAR  The manual back switch 274 is coupled to the primary winding 314 of the
      transformer 316. The secondary winding 318 of the transformer 316 is
      coupled to the AC/DC converter 320, the output of which is coupled to one
      input of the AND gate 322. Closure of the switch 274 causes the output of
      the converter 320 to go to a logic level 1. With the "internal-external"
      switch 284 in its "external" position and the switch contacts 176a are
      open, no input signal will be coupled from the primary winding 324 of the
      transformer 326 to the secondary winding 328. The secondary winding 328 of
      the transformer 326 is coupled to the AC/DC converter 330 and thus the
      output of the converter 330, which is coupled to an input of an inverter
      332, will be at logic level 0. The output of the inverter 332 is coupled
      to a second input of the AND gate 322. When the output of the converter
      330 is at a logic level 0 the inverter 332 is at a logic level 1 and the
      output of the converter 320 is at a logic level " 1"; the output of the
      AND gate 322 goes to a logic level 1. The output of the AND gate 322 is
      coupled to one input of the OR gate inverter 334 so that when the OR gate
      inverter 334 receives the logic level 1 input pulse from the AND gate 322
      it produces a logic level 0 pulse output to the set input terminal S of
      the flip-flop 262. The output of the converter 330 is at a logic level 0
      when the switch contact 176a is open, and the output of one-shot
      multivibrator 336 will then be at a logic level 1. The output of the
      one-shot 336 thus applies a logic level 1 pulse to the reset input
      terminal R of the flip-flop 262 which causes the flip-flop 262 to be set
      so that its Q output terminal provides a logic level 1 output signal,
      while its Q output terminal provides a logic level 0 output signal.
PAR  The slide mechanism 102 will move forward or backward when the switch 272
      or the switch 274 is closed until the actuator 172 actuates either the
      front limit switch 176 or the rear limit switch 180. When either of the
      contacts 176a or 180a are closed due to actuation of the switch 176 or the
      switch 180, the output of the converter 330 or the converter 294,
      according to which of the switches 176 or 180 is actuated, will go from a
      logic level 0 to a logic level 1. When the output of the converter 330 or
      the converter 294 is at a logic level 1, the output of the associated
      one-shot 336 or 338 will go to a logic level 0 for a predetermined pulse
      time; and the output of the associated inverter 332 or 302 will also go to
      a logic level 0. Thus, the output of the AND gate 322 or of the AND gate
      304, will go to a logic level 0 which will be inverted by the OR gate
      inverter 334 or the OR gate 306 to a logic level 1 output signal. When the
      output of the OR gate inverter 334, or the output of the OR gate inverter
      306, is at a logic level 1, the associated flip-flop 262 or 260 will thus
      have a logic level 1 signal on its S or set input terminal and a logic
      level 0 pulse on its reset terminal R for a predetermined pulse time. This
      will cause either the flip-flop 260 or 262 to again be reset according to
      which one of the switches 176 or 180 has been actuated by the actuator
      172.
PAR  In the automatic checking mode for the space checking function, the manual
      switches 272, 274 remain open. The output of the converters 284, 320 will
      then remain at a logic level 0. The output of the AND gate 304, 322 will
      thus remain at a logic level 0 also; and control for the setting of the
      flip-flops 260, 262 will be determined by the signals applied to the OR
      gate inverters 306, 334. Control of the setting of the flip-flop 260 will
      be achieved solely to the "forward" signal which is supplied from the last
      stage of the counter 206 to the input of the OR gate inverter 306. Control
      of the setting of the flip-flop 262 is similarly achieved by the
      "backward" signal which is supplied from the last stage of the counter 202
      to the input of the OR gate inverter 334, or alternately upon the initial
      contact of the sensing finger 112 or 114 with the gear when the space
      checking cycle is started by the output signal from the one-shot 239.
PAR  When an external gear is being checked and the slide mechanism 102 is being
      moved forward, the front limit switch 176 will not be actuated and the
      contacts 176a will be open, thus, causing a logic level "1" signal to be
      supplied at the output of the one-shot 308 and to the reset input terminal
      R of the flip-flop 260. The application of a logic level 1 signal on
      either the output of the AND gate 304 or the "forward" signal line will
      cause the output of the OR gate inverter to provide a logic level 0
      signal. With a logic level 0 signal in the S input terminal and a logic
      level 1 signal in the R input terminal of the flip-flop 260, the flip-flop
      260 will be set. Setting of the flip-flop 260 causes the OR gate 310 to
      provide a logic level 1 signal to the clutch driver 312 to energize the
      clutch. At the same time the flip-flop 260 causes the AND gate 337 to
      provide a logic level 0 output signal to the brake driver 338 which
      de-energizes the brake 158.
PAR  During the time that the clutch 156 and the brake 158 is de-energized, the
      motor 142 drives the eccentric 160 one-half of a revolution so that the
      probe 100 is moved forward into contact with the gear and the bolt 162 is
      at the position shown in FIG. 6.
PAR  When the slide 102 operates the front limit switch 176, the output of the
      one-shot 308 will go from a logic level 1 to a logic level 0 for a
      predetermined pulse time. Upon coincidence of the logic level 0 input
      signal on the reset input terminal R, reapplication of a logic level " 1"
      signal on the set input terminal S, the flip-flop 260 will be reset. When
      the flip-flop 260 is reset, the Q output terminal will go to a logic level
      0 while its Q output terminal will go to a logic level 1. This in turn
      will cause a logic level 1 signal to be supplied by the AND gate 337 to
      the brake driver 338 which will energize the brake 158. Simultaneously, a
      logic level 0 signal will be supplied by the OR gate 310 to the clutch
      driver 312 which will de-energize the clutch 156.
PAR  The action of the rear and front limit switches 180, 176 is reversed when
      an internal gear is being checked and the switch 285 is changed to the
      "internal" position. The "internal-external" switch 285 reverses the
      connection of the contacts 176a, 180a with respect to the primary windings
      296 and 324 of the transformers 298, 326. In this instance, the rear limit
      switch 180 will act to control the flip-flop 260 rather than the flip-flop
      262; and the front limit switch 176 will act to control the flip-flop 262
      rather than the flip-flop 260, since the sensing finger 114 will be
      withdrawn from an internal gear by moving the slide mechanism 102 in a
      forward direction while withdrawal of the sensing finger 112 from an
      external gear will occur by movement of the slide mechanism in the
      rearward direction.
PAR  When checking an internal gear, the slide mechanism 102 will initially be
      driven rearward to contact with a gear tooth. After the slide mechanism
      102 has been drawn to its rearwardmost position and the projection 174 on
      the actuator 172 has actuated the rear limit switch 180 so as to close the
      contacts 180a. When the contacts 180a are closed, the output of the
      one-shot 308 will produce a logic level 0 for a predetermined pulse time,
      which allows the flip-flop 260 to be driven to be reset due to the
      occurence of a logic level 1 on the output of the OR gate inverter 306 to
      the set input terminal S of the flip-flop 260 at this time. When the
      output stage of the counter 202 provides a "forward" signal of a logic
      level 1 to the input of the OR gate inverter 306 during the time after the
      output of the one-shot 308 has returned to a logic level 1, the flip-flop
      260 will be set since the output of the OR gate inverter 306 will be
      pulsed to logic level 0 at this time. When the flip-flop 260 is set, a
      logic level 1 signal will appear on the Q output terminal and a logic
      level 0 signal will appear on its Q output terminal. The clutch 156 will
      thus be energized and the brake 158 will be de-energized causing the motor
      142 to again drive the eccentric 160 through another one-half revolution
      so as to drive the sensing finger 114 rearward to the position 170, shown
      in FIG. 6 by dotted lines.
PAR  When the "forward" signal to the OR gate inverter 306 is terminated, the
      output of the OR gate inverter 306 will go to a logic level 1; and the
      output of the OR gate inverter 334 will be at a logic level 1; and thus,
      when the output of the one-shot multivibrator 336 goes to a logic level 0
      state for a predetermined pulse time upon closure of the contacts 176a,
      the flip-flop 262 will be reset causing a logic level 0 output signal to
      be produced on its Q output terminal. This logic level 0 output signal
      will be supplied to the OR gate 310 and with the flip-flop 260 also reset,
      the clutch 156 is de-energized. The Q output terminal of the flip-flop 260
      will be at a logic level 1 at this time; and thus, the AND gate 337 will
      supply a logic level 1 to the brake driver 338 to energize the brake 158.
      The slide mechanism 102 will, therefore, be stopped at its forwardmost
      position until the "backward" signal is produced by the counter 202.
PAR  The slide mechanism 102 is now driven forward so that the sensing finger
      114 clears the oncoming gear tooth after the actuator 172 has actuated the
      switch 176 so as to close the contacts 176a. When the contacts 176a are
      closed, the output of the oneshot 336 will drop to a logic level 0 for a
      predetermined pulse time, which allows the flip-flop 262 to be reset due
      to the occurence of a logic level 1 on the output of the OR gate inverter
      334 to the set input terminal S of the flip-flop 262 at this time. When
      the output stage of the counter 206 provides a "backward" signal of a
      logic level 1 to the input of the OR gate inverter 334 after the output of
      the one-shot 336 has returned to a logic level 1, the flip-flop 262 will
      be set since the output of the OR gate inverter 334 will be pulsed to
      logic level 0 at this time. The brake 158 is de-energized and the clutch
      156 is energized, resulting in another one-half revolution of the
      eccentric 160 during the time flip-flop 262 remains set. This one-half
      revolution of the eccentric 160 causes the sensing finger 114 to be driven
      forward out of contact with the last contacted gear tooth. When the next
      gear tooth is to be contacted by the sensing finger 114, the cycle is
      repeated and the slide mechanism 102 is again brought backward and forward
      in the manner described.
PAR  The recorder 80 is activated only when the flip-flop 264 is reset so that
      the Q output terminal of the flip-flop 264 provides a logic level 1 signal
      to the recorder 80. This occurs when the flip-flops 260 and 262 are reset
      so that the clutch 156 will be deenergized and the brake 158 will be
      energized, and the probe 100 is stationary and in position to make contact
      with the gear tooth that is being tested.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. In an apparatus for recording in succession the deviation of a
      predetermined point of each of a series of teeth on a gear from a constant
      radius reference line comprising probe means for sensing said deviation of
      each of said gear teeth, sensing means mounted on said probe means and
      being movable with respect to said probe means upon contact with said
      teeth to provide an electrical signal that varies with said deviation of
      each of said teeth from said reference line, recording means responsive to
      said sensing means for recording each of said deviations, rotatable
      support means for said gear, support drive means for rotating said support
      means and said gear and endocer means driven by said drive means for
      providing electrical pulse signals representative of the amount of
      rotation of said support means and said gear between each successive
      predetermined point; the improvement comprising control circuity coupled
      to said encoder means for converting said electrical pulse signals to a
      repetitive succession of "forward" command signals and "backward" command
      signals that are precisely spaced in accordance with the number of teeth
      on said gear, probe drive means coupled to said digital processing means
      constructed to drive said probe means forward toward each of said gear
      teeth at said predetermined points upon the generation of a "forward"
      command signal and backward away from each of said gear teeth upon the
      generation of "backward" command signal, said probe drive means comprising
      a continuously rotating motor, an output shaft for said motor, a brake
      means coupled to said output shaft, a clutch means coupled to said output
      shaft, an eccentric coupled to said output shaft, an arm member connected
      between said eccentric and said probe means for driving of said probe
      means towards said gear during one-half revolution of said output shaft
      and said eccentric and for driving of said probe means away from said gear
      during the next one-half revolution of said output shaft and said
      eccentric, brake energization means and clutch energization means coupled
      to said control circuitry and constructed to respectively de-energize said
      brake means and to energize said clutch means in response to said
      "forward" and said "backward" command signals in order to achieve
      synchronization of said probe drive means with the rotation of said
      support means, forward limit switch means accuated by said probe drive
      means when said probe means is adjacent one of said predetermined points
      of said gear teeth for terminating the drive of said probe means toward
      said gear following the generation of "forward" command signal and prior
      to the generation of the next "backward" command signal and backward limit
      switch means accuated by a said probe drive means upon withdrawal of said
      probe means from the last contacted gear tooth by a predetermined amount
      following the generation of a "backward" command signal and prior to the
      generation of the next "forward" command signal wherein the actuation of
      one of said forward or of said backward limit switch means terminates each
      one-half revolution of said eccentric, wherein said probe drive means
      comprises a housing, a frame, stop means and a coiled spring wherein said
      housing is slideable in said frame and has a first cavity therein which
      receives said probe means and a second cavity therein adjacent to said
      first cavity which receives said coiled spring, said coiled spring being
      compressed when said probe means contacts said stop means such that said
      probe means stops at approximately the same position upon the contact of
      each gear tooth and such that the forward drive impact of said probe means
      is cushioned thereby.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 comprising an automatic start means
      for starting said recording means and for withdrawing said probe means
      from its initial contact point following the initial contact of said probe
      means with said gear.
PAR  The slide mechanism 102 may be driven to its forwardmost position by
      closing the "manual" forward switch 272 when the projection 174 lies
      between the actuators 182, 184 of the switches 176, 180, respectively. In
      a similar manner, the slide mechanism 102 can be driven to its
      rearwardmost position from this location
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ABST
PAL  A filing guide for a chain saw which defines a longitudinal slot
      therethrough for the chain and at least one transverse slot is defined
      through the guide and channel for a file to be used on the teeth. Legs of
      the guide defining the chain channel are unequal in length so that
      pressure exerted by the thumb or fingers will clamp the guide laterally to
      the saw bar while downward hand pressure on the teeth hold the teeth
      firmly in the bar guide.
BSUM
PAR  This invention relates to chain saw filing guides.
PAR  Chain saws include chain carrying cutting elements which guidably move
      around a bar. The cutting elements or teeth periodically need
      resharpening. Such teeth generally have cutting surfaces that reside in
      substantially perpendicular planes.
PAR  The cutter teeth have a first portion extending outwardly from the bar and
      second portion directed laterally with respect to the first portion.
      Outwardly extending and laterally directed cutting edges are defined on
      the first and second portions. Alternate cutting elements have alternately
      angled lateral cutting edges. A round file is used to resharpen the
      cutting edges. Such file must be positioned accurately to avoid
      destruction of the first portion cutting edge, and must be further
      positioned to be inclined accurately at a correct transverse cycle to the
      plane of the bar to insure that the lateral cutting edge is correctly
      transversed with the file.
PAR  The cutter elements which form links in the chain are pivotally connected
      therein and as a result have some play. Additionally, some clearance
      exists between the bar track and the cutting element guide. This permits
      movement of the teeth as they are filed, if the teeth are not otherwise
      restrained.
PAR  Many filing guides have heretofore been proposed which are placed on the
      teeth or clamped to the bar of the saw and which include a transverse slot
      which exposes the cutting edges of the teeth to a sharpening file. A
      problem inherent in the various known devices is stability of such guides
      on the saw. Such guides must have a channel which is sufficient to clear
      and receive the width of the cutting teeth. However, the known guides do
      not have the facility for clamping and holding the teeth in a fixed
      position without wobble with respect to the bar and the guide.
PAR  Accordingly, the present invention provides a new and improved saw filing
      guide which may be placed over the bar, rest on the teeth to be filed and
      further be easily clamped with hand pressure to the bar and prevent any
      wobbling of the teeth as they are filed.
PAR  Briefly stated, the invention in one form thereof comprises a member having
      a passage extending longitudinally thereof and opened at the bottom
      thereof to define a generally U-shaped cross-section. One of the legs of
      the U is shorter than the other. Transverse filing guide slots are defined
      through the member and the channel to expose the edge of the teeth to be
      sharpened. Lug or abutment members are provided on the inside walls of the
      legs adapted to contact the bar when the guide is positioned. The shorter
      leg permits the guide to be on the bar with minimal clearance and further
      permits the use of the thumb or the fingers to clamp the member to the bar
      while exerting a downward holding force on the teeth.
PAR  An object of this invention is to provide a new and improved chain saw
      sharpening guide.
PAR  Another object of this invention is to provide a new and improved chain saw
      guide which may be positioned over the cutting teeth and bar and held
      rigidly with respect thereto.
PAR  A further object of this invention is to provide a device of the type
      described having leg portions which straddle the bar with minimal
      clearance to facilitate rigidly holding the guide and teeth with respect
      to the bar.
DRWD
PAR  The features of the invention which are believed to be novel are
      particularly pointed out and distinctly claimed in the concluding portion
      of this specification. The invention, however, both as to its operation
      and organization, together with further objects and advantages thereof,
      may best be appreciated by reference to the following detailed description
      taken in conjunction with the drawings, wherein:
PAR  FIG. 1 is a perspective view of a device embodying the invention;
PAR  FIG. 2 is a top plan view of the device of FIG. 1 showing the manner in
      which it is applied to a chain saw;
PAR  FIG. 3 is a view of the guide of FIG. 2 seen from the right end thereof;
PAR  FIG. 4 is a plan view of another guide embodying the invention; and
PAR  FIG. 5 is a side elevation of the guide of FIG. 4.
DETD
PAR  A device 10 embodying the invention comprises a unitary body member which
      may be of metal or a relatively hard plastic, such as polyurethane, and
      includes a top or bridging portion 11 having legs 12 and 13 extending
      essentially perpendicular thereto. The legs 12 and 13 have spaced apart
      essentially parallel inside walls 14 and 15, respectively, which together
      with lower surface 16 of bridging portion 11 define a longitudinal channel
      17 through device 10. Defined in bridging portion 11 transverse to channel
      17 are slots 18 and 19 which extend below (as shown in FIGS. 1 and 3)
      surface 16. A plurality of lugs 20 and 21 integrally extend from the inner
      walls 14 and 15, respectively. As shown in FIG. 3 the dimensional
      clearance between the lugs 20 and 21 is only a slight bit more than the
      width of the saw bar 24 and may be less than the lateral dimension defined
      by the lateral extremities of successive teeth. The saw bar 24 may be
      formed in one or two pieces and provides a track 25 through which the
      guide portions 26 of chain 27 move about the bar in a well known manner.
PAR  Cutting elements 28 comprise a tooth having a laterally angled cutting edge
      29, shown in a horizontal plane in FIG. 2 with a side edge 30 (FIG. 3). A
      round file 31 is inserted under the edge 29 and moves in a reciprocating
      manner in one of slots 18 or 19, as indicated by the arrows in FIG. 2, to
      effect sharpening of the tooth edges. The slots 18 and 19 may be angularly
      defined in accordance with the cutting edge angles of different saws.
PAR  The leg 13 is sufficiently long as measured from surface 16 to extend
      partially over bar 24 and enable contact therewith, but short enough to
      allow either the thumb or fingers of the hand to engage the bar therebelow
      while the other of the thumb or fingers engage the leg 12.
PAR  In operation, the guide 10 is positioned so that the chain is at the
      opening defined between the end of leg 13 and wall 14 and slipped over the
      bar 24 and chain 27 with a rotative or turning motion of the hand to the
      position shown in FIG. 3. The clearance between the lugs 20 and 21 is
      usually not sufficient for the device to be applied vertically to the bar
      and chain. When in the position shown in FIG. 3 the guide is grasped with
      the hand H as shown in FIG. 2 and downward pressure is applied thereto so
      that the surface 16 of member 10 rests on the top of teeth 28.
      Simultaneously therewith lateral pressure is applied to member 10 by
      applying the thumb T to portion 33 of the bar 24 below leg 13 while
      pulling with the fingers on leg 12. In this orientation lugs 20
      compressively engage bar 24 and the two components of pressure applied to
      the guide firmly clamp the guide 10 to the bar and rigidly hold the
      cutting elements 28 in position for sharpening with the file 31. As a
      tooth is filed, a portion thereof is engaged by surface 16.
PAR  As each tooth is sharpened, the chain is moved around the bar in channel
      17, or alternatively, the guide may be moved along the bar.
PAR  The oppositely directed angular filing slots 18 and 19 are provided for the
      oppositely angled tooth cutting edges 29 and 29a. The slots are defined at
      predetermined angles to channel 17 dependent on the type of saw with which
      the guide is used. However, the edges of the slots are spaced apart to
      give clearance to the file. The angles of the slots act as a sight guide
      only, and the file preferably does not contact the walls defining the
      slots.
PAR  With this arrangement it will be seen that the guide bar and saw teeth may
      be firmly held so that there will be no movement of the teeth during the
      sharpening operation. The clearance between the lugs 20 and 21 and the bar
      need only be on the order of about 0.040 inch.
PAR  A channel or cylindrical passage 32 may be provided longitudinally through
      bridging portion 11 to store the file.
PAR  A further embodiment of the invention which utilizes less material is shown
      in FIGS. 4 and 5. This guide 35 comprises a top bridging portion 36 having
      essentially perpendicular leg members 37 and 38 extending therefrom and
      defining a channel 39 together with surface 40. Only one transverse
      lateral slot 41 is defined transversely through the body below surface 40
      defining channel 39. The other end of the guide is terminated on an angle
      A equal but opposite to the angle A formed by slot 41. The angle of the
      end surfaces 45 of bridging portion 36 and legs 37 and 38 thus defines the
      guide filing angle. The construction is otherwise similar to that
      previously disclosed in the provision of the bar contact lugs on the
      interior surfaces of arms 37 and 38.
PAR  A further recess 42 is defined in bridging portion 36 in communication with
      channel 39 so that the raker or depth gauge 43 of a tooth 28 may be filed
      where necessary. The recess 42 has an upper surface 44 which may determine
      the height to which the raker 43 should extend and any portion thereof
      extending above surface 44 may be filed down so that it does not extend
      above the cutting edge 29.
PAR  The end 46 of guide 30 is shown as being also formed at the angle A with
      respect to a plane perpendicular to channel 39. However, this edge may be
      formed perpendicular to channel 39.
PAR  In FIG. 5, the channel 39 is shown as having a slight concavity throughout
      its length. This is to accommodate the slight convex curvature of the
      edges of the saw bar between its end radii. The curvature of the channel
      permits the channel wall of the bridging member to contact more than two
      cutting elements at one time, and further lend rigidity to the combination
      of the bar cutting elements and filing guide when the guide is operatively
      positioned.
PAR  In both embodiments of the invention the bridging portion of the guide
      rests on teeth to be sharpened. The cutting edges are exposed in the
      transverse slots or at the angled end 45. Either the thumb or the fingers
      may be positioned below the end of the shorter leg to draw the guide
      against the saw bar.
PAR  The wall of the bridging member forming the bottom of the channels may, if
      desired, be formed with a shaped cross-section to conform to the shape of
      the cutter teeth for a particular saw.
PAR  The bar engaging projections 20, 21 may be provided in any number, or
      alternatively, one continuous projection may be provided along the lower
      edge of each of the legs.
PAR  A guide embodying the invention may be of any convenient size. In the
      embodiment of FIGS. 4 and 5, the guide member has been constructed about
      51/2 inches long with legs 1 inch and about 21/4 inches long. The channel
      had a width of about 5/16 inch and the projections defined a dimension of
      0.156 inch therebetween. These dimensions may be changed to accommodate
      various saw sizes. The guide may have either from zero to two filing
      slots. While two embodiments having different features have been
      disclosed, the uncommon features of one, such as the longitudinally
      concave channel, depth gauge recess, file holding passage, number of
      filing slots, and angled ends may be incorporated singly or in various
      combinations in any embodiment of the invention.
PAR  A further advantage is provided when the guide is molded or cast in a
      plastic material. Some flexibility will exist in the legs, and facilitate
      clamping the guide to the bar.
PAR  It may thus be seen that the objects of the invention set forth as well as
      those made apparent from the preceding description are efficiently
      attained. While preferred embodiments of the invention have been set forth
      for purposes of disclosure, further embodiments of the invention as well
      as modifications to the disclosed embodiments which do not depart from the
      spirit and scope of the invention may occur to others skilled in the art.
      Accordingly, the appended claims are intended to cover all embodiments and
      modifications of the invention which do not depart from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in combination with a chain saw which includes a bar with a
      chain movable about the periphery thereof and carrying successive cutting
      elements thereon, said cutting elements have an upper surface terminating
      in an angled cutting edge and a side edge, and a lateral dimension defined
      by the lateral extremities of said successive teeth which is greater than
      the thickness of said bar: an elongated one piece cutting element filing
      guide member of generally U-shaped cross-section having spaced apart legs
      having spaced apart essentially parallel inside walls and a bridging
      portion between said legs defining a continuous channel through said
      member, the bridging portion providing a surface to contact the upper
      surfaces of cutting elements, at least one passage defined through said
      bridging portion and said legs communicating with said channel whereby the
      edges of a cutting element can be exposed through said passage when said
      surface of said bridging portion rests on the upper surface of the cutting
      element whose edges are exposed, one of said legs being shorter than the
      other, said legs being so dimensioned such that said member may be
      positioned on a chain saw with the bar thereof between said legs and said
      bridging member on cutting elements with the longer of said legs held
      against the bar with one hand while the bar is engaged on the opposite
      side by the same hand below said shorter leg, further including
      projections integral with said legs extending from said inside walls of
      said legs and extending toward said channel and being adjacent the free
      ends thereof, wherein the distance between said integral projections
      measured essentially along a line perpendicular to said inside walls is
      less than the distance across the lateral exremities of two successive
      cutting elements on said chain.
NUM  2.
PAR  2. The guide of claim 1 wherein the surface of said bridging portion
      defining said channel is concave along a direction normal to said
      cross-section.
NUM  3.
PAR  3. The guide of claim 1 wherein at least one end of said member is formed
      with a surface defining a filing guide angle and is in a plane transverse
      to said channel.
NUM  4.
PAR  4. The guide of claim 1 wherein a passage is defined longitudinally through
      said bridging member adapted to hold a round file.
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ABST
PAL  An aiming device for match weapons comprises a body with a backsight
      installed thereon, the body being fastened to an axle whose ends are
      installed in the openings of the base with a provision made for rotation
      and reciprocating movement by means of screws located in the body and used
      for vertical and horizontal corrections. Installed in the body is a
      mechanism for retaining the ends of the axle and the butts of the said
      screws in constant contact with the base.
PAL  This mechanism comprises a spring located in the sleeve of the body, and a
      slope formed on the bottom of the sleeve at the side of the external
      surface adjacent to an appropriate slope formed in the base.
PAL  The said mechanism provides for a constant elimination of all clearances in
      the movable joints of the aiming device in one direction, thereby
      providing, in turn, reliability and accuracy of operation of the device in
      the course of its entire service life.
BSUM
PAR  The present invention relates to match weapons and, more particularly, to
      aiming devices for such weapons.
PAR  It is most expedient to use the aiming device embodied in the present
      invention for match pistols.
PAR  Known in the prior art are aiming devices for match pistols wherein the
      body (sight leaf) with the backsight mounted thereon is fastened on the
      axis. The ends of the axle are located in the openings formed in the base
      by means of which the aiming device is fastened to the frame of the
      weapon. The said axle installed in the openings of the base has provision
      for rotation and reciprocating movement by means of respective screws for
      vertical and horizontal corrections. The aiming device has a mechanism for
      retaining the ends of the axle installed in the openings of the base and
      the butts of the said screws in constant contact with the base. This
      mechanism represents two springs located in mutually perpendicular planes
      so that one end of each of them is pressed against the body, and the other
      end - against the base developing moments which hold in contact the said
      ends of the axles and the butts of the screws with the base. Dimensional
      restrictions are imposed on the match pistols which make it necessary to
      provide the aiming device compact and reliable in operation.
PAR  A disadvantage of the aiming device described above consists in that the
      mechanism which holds the ends of the axle and the butts of the screws of
      vertical and horizontal corrections in contact with the base comprises two
      springs located in mutually perpendicular planes. Each of these springs
      acts on one of the said screws. Such a design leads to an increase in the
      overall dimensions.
PAR  The object of the present invention is to provide such an aiming device
      wherein the mechanism for retaining the ends of the axle and the butts of
      the screws of vertical and horizontal corrections in contact with the base
      would have such a design that enables the overall dimensions of the aiming
      device to be decreased maintaining high reliability in the process of
      operation.
PAR  This object is accomplished in the aiming device for match weapons
      comprising a body with the backsight installed thereon so that it is
      fastened to the axle whose ends are located in the openings of the base
      with provision made for rotation and reciprocating movement by means of
      screws of vertical and horizontal corrections, and a mechanism for
      retaining the ends of the axle and the butts of the said screws in contact
      with the base wherein the said mechanism embodied in the invention
      represents a spring installed in the sleeve incorporated in the body, the
      sleeve being constructed with a slope on the external surface of the
      bottom adjacent to the slope formed in the base.
PAR  The aiming device for match weapons constructed according to the present
      invention has comparatively small overall dimensions and makes it possible
      to introduce accurate corrections in the position of the backsight,
      thereby providing accurate shooting at various aims.
DRWD
PAR  A description of a specific embodiment of the present invention is given
      below with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a side elevational view of a match pistol, according to the
      invention;
PAR  FIG. 2 is a fragmentary longitudinal sectional view taken on the plane
      passing through the pistol handle (section 2--2 of FIG. 3);
PAR  FIG. 3 is a sectional view on 3--3 of FIG. 1;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 3.
DETD
PAR  The match pistol comprises a frame 1 as shown in FIG. 1, and having mounted
      thereon is a barrel 2 with a compensator 3, a trigger mechanism 4, a bolt
      5, an aiming device 6 and a handle 7.
PAR  As best shown in FIGS. 2 and 3 the aiming device has a base 8 by means of
      which the device is fastened to the frame 1. The body 9 carrying the
      backsight 10 is mounted on the base 8.
PAR  The body 9 is rigidly fixed to the axle 11 whose ends are installed in the
      openings formed in the right-hand and left-hand walls of the base 8. (The
      right-hand and left-hand walls are considered in the direction of the
      aiming line). This axle is loosely installed in the openings of the base 8
      with provision made for rotation therein and reciprocating movement about
      the base 8. The rotation of the axle 11 and, consequently, the body 9
      about the base 8 is accomplished by the screw 12 of vertical corrections
      installed in the body 9, with the butt of the screw being adjacent to the
      base 8. Formed on the screw 12 are longitudinal grooves 13 bearing against
      one of which is a ball 14 loaded by means of a resilient element such as
      spring 15. To install the spring 15, a suitable opening is formed in the
      body 9. The ball 14 and the spring 15 fix the screw 12 in a pre-determined
      position. The reciprocating movement of the axle 11 and, consequently, the
      body 9 about the base 8 is accomplished by means of the screw 17 of
      horizontal corrections. This screw is installed in the body 9 parallel to
      the axle 11 spaced at a certain distance therefrom and its butt is
      adjacent to the body 9. The screw 17 is fixed in a pre-determined position
      by means of a ball 18 engageable in the form of a detent means with one of
      the longitudinal grooves 19 formed in the screw 17 and by the spring 20
      (analogous to spring 15) located in the opening 21 formed in the body 9.
      The screws 12 and 17 are installed in the body 9 so that their heads are
      slightly extended over or beyond the body 9 and have screw driver splines.
      Such an installation of the screws 12 and 17 in the body 9 protects them
      against accidental movement inasmuch as the ball-detent means maintains
      them in their pre-determined positions. There is a clearance 23 between
      the body 9 and the base 8 which enables the body 9 to move about the base
      8 in the process of horizontal corrections by means of the screw 17.
PAR  A biasing means or mechanism 24 is mounted in the body 9 for retaining the
      ends of the axle 11 and the butts of the screws 12 and 17 in constant
      contact with the base 8. This mechanism comprises a spring 25 and a
      sleeve-like plunger 26. To locate the spring 25 and the sleeve 26 in the
      body 9, an opening 27 is formed in the direction parallel to the opening
      for the screw 17. The spring 25 is so installed that one of its ends is
      pressed against the body 9 and the other end against the bottom of the
      sleeve 26. Formed on the external bottom of the sleeve 26 is the slope 28
      which is adjacent to the slope 29 made in the right-hand wall of the base
      8.
PAR  The backsight 10 is fastened to the body 9 by means of the screws 30 shown
      in FIGS. 2 and 3.
PAR  The aiming device for match weapons operates in the following manner.
PAR  For approximate adjustment fire of the pistol, it is necessary to install
      the body 9 in the middle position with respect to the base 8 by means of
      the screw 17 of horizontal corrections.
PAR  Then, by loosening the screws 30, the backsight 10 is transferred to the
      required position determined by the individual experience of the gunner.
      Thereafter, the screws 30 are tightened.
PAR  The accurate adjustment fire of the pistol is performed by the threaded
      means or screws 12 and 17 of the vertical and horizontal corrections,
      respectively.
PAR  When introducing horizontal corrections by rotating the screw 17, the body
      9 is transferred to the right-hand or left-hand sides relative to the base
      8 together with the axle 11 fastened thereon. In this case, the spring 25
      constantly presses through the sleeve 26 the butt of the screw 17 to the
      left-hand wall of the base 8 developing a moment about the butt of the
      screw 17. This moment provides an elimination of the clearance of the axle
      11 in the openings of the right-hand and left-hand walls of the base 8.
PAR  When introducing vertical corrections, the body is raised or lowered by
      rotating the screw 12. In this case, the slope 28 of the sleeve 26 slides
      upwards or downwards along the slope 29 formed in the base 8 on its
      right-hand wall. Since the slope 28 constantly tends to rotate the body 9
      while interacting with the slope 29, the screw 12 is always pressed
      against the base 8.
PAR  Therefore, the effect of the spring 25 on the body 9 and on the base 8
      through the sleeve with the slope 28 provides a constant elimination of
      all clearances in the movable joints of the aiming device arising in one
      direction due to the inaccuracy in fabricating the components of the
      device or to their wear because of durable operation.
PAR  A prototype of the aiming device constructed according to the present
      invention was installed on a match pistol and exhibited reliability in the
      process of operation and accuracy in introducing corrections.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aiming device for match weapons comprising: a base and a body, having
      a backsight, said body being mounted on said base by means permitting
      rotatable movement about a pivot axis and translatable movement in a
      direction parallel to said axis; a pair of adjustable threaded means
      mounted on said body and adapted to bear against said base in mutually
      perpendicular planes for providing vertical and horizontal corrections to
      said backsight in said rotatable and translatable directions of movement;
      the translatable direction of movement of said body and the axis of
      rotation of said body being perpendicular to the axis of the weapon; and
      means for biasing the pair of threaded means into engagement with the base
      of said aiming device; said biasing means comprising a generally hollow
      element slidably mounted in said body, and said element having an open end
      and a closed sloped end; a resilient element in said hollow element
      bearing against said body and the bottom of said hollow element, whereby
      said closed sloped end of said hollow element is pressed against a
      mutually cooperatively shaped associated wall surface of said base by the
      action of said resilient element.
NUM  2.
PAR  2. The aiming device according to claim 1, wherein said body is rigidly
      mounted about shaft means; and said shaft means being located in holding
      means provided in said base and being rotatable and reciprocable with
      respect thereto.
NUM  3.
PAR  3. The aiming device according to claim 1, wherein said body is rigidly
      mounted about an axle-like shaft; the ends of said axle being located in
      apertures provided in said base and being rotatable and reciprocable with
      respect thereto.
NUM  4.
PAR  4. The aiming device according to claim 3, wherein said base includes
      opposing walls having said apertures in said walls, and said apertures
      together defining an axis about which said body rotates and along which
      said body reciprocates.
NUM  5.
PAR  5. The aiming device according to claim 1, wherein said threaded means
      comprise screws having splines.
NUM  6.
PAR  6. The aiming device according to claim 5, including spring-loaded ball
      detent means bearing against said splines of said screws for fixing said
      screws in pre-determined positions.
NUM  7.
PAR  7. The aiming device according to claim 1, wherein said backsight is
      removably secured to said body by fastener means.
NUM  8.
PAR  8. The aiming device according to claim 3, wherein said resilient element
      in said hollow element comprises a compression spring; and said spring
      urges said closed sloped end of said hollow element against said sloped
      wall surface of said base.
NUM  9.
PAR  9. The aiming device according to claim 3, wherein said shaft is secured to
      said body and the ends of said shaft are loosely fitted in said apertures.
NUM  10.
PAR  10. An aiming device for a match weapon comprising: a base and a body,
      having a backsight, said body being mounted on said base by means
      permitting rotatable movement about a pivot axis and translatable movement
      in a direction parallel to said axis; a pair of adjustable threaded means
      mounted on said body and adapted to bear against said base in mutually
      perpendicular planes for providing vertical and horizontal corrections to
      said backsight in said rotatable and translatable directions of movement;
      the translatable direction of movement of said body and the axis of
      rotation of said body being perpendicular to the axis of the weapon; and
      means for biasing the pair of threaded means into engagement with the base
      of said aiming device; said biasing means comprising a spring loaded
      plunger mounted in said body, an end of which projects outwardly therefrom
      by the action of said spring; said end of said plunger having a generally
      flat surface forming an acute angle with the axis of said plunger, and
      bearing against a correspondingly angled wall surface of said base.
NUM  11.
PAR  11. The aiming device according to claim 10, wherein said angled end
      portion of said plunger forms a dovetail type mating surface with the
      corresponding angled wall surface of said base, and said plunger exerting
      forces on said wall which urge said threaded means mounted on said body to
      continually bear against said base.
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ABST
PAL  A flux valve compass heading repeater system is provided with a
      compensating system which, when connected to a three-legged flux valve,
      provides fully compensated, three-wire output signals of the synchro data
      transmitter type for direct use in apparatus requiring precision
      three-wire heading data. The compensating system includes control circuits
      for generating sine and cosine components of magnetic heading and for
      compensating them for typical compass errors such as those induced by
      changes in operating latitude and two cycle and index errors. Latitude
      compensation is accomplished by a novel proportional automatic gain
      control; two cycle cardinal heading error compensation is accomplished by
      a compensation circuit having only a single manual control, while index
      error compensation is similarly accomplished by a compensation circuit
      requiring only a single manual control.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present application is directly related to copending applications:
PA1  Ser. No. 528,760: "Latitude Compensator for Flux Valve Heading Repeater
      System," and
PA1  Ser. No. 528,758: "Two Cycle Compensator for Flux Valve Heading Repeater
      System."
PAL  These applications were filed concurrently in the name of J. R. Erspamer
      and include substantially identical disclosures.
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The invention pertains to means for the compensation of undesirable errors
      in the signal characteristic of three-wire data repeater systems and more
      particularly relates to the correction of adverse effects which cause
      undesired variations in the outputs of flux valve compass data repeater
      systems, including errors due to variation in the horizontal component of
      the earth's field, index angle errors, and cardinal and intercardinal
      heading errors.
PAC  Description of the Prior Art
PAR  When navigating at high latitudes with flux valve magnetic compass systems,
      difficulty is experienced because of the decreasing strength of the
      horizontal component of the earth's magnetic field as latitude increases.
      The usual flux valve providing the input to the magnetic compass system
      normally senses only the horizontal component of the earth's field. At
      high latitudes the consequence is that the strength of the sensed
      horizontal component of the earth's field is proportionally lessened, and
      the compass system experiences decreasing sensitivity, resulting in
      heading information of diminished accuracy.
PAR  Prior art systems have sought to solve this compensation problem of
      providing an input to the compass data repeater substantially independent
      of variations in the strength of the horizontal component of the earth's
      magnetic field by controlling the gains of amplifiers or the effective
      values of impedances in the separate channels of the data transmitter
      system in a relatively complex manner, but generally in inverse relation
      to the signal strength as measured at the flux valve itself. Examples of
      such arrangements are described by D. A. Espen in the U.S. Pat. No.
      3,548,284 for "Synchro Data Transmission Apparatus Having Discrete Gain
      Changing to Compensate for Undesirable Signal Gradient Variations" issued
      Dec. 15, 1970, and by J. R. Erspamer and G. W. Snyder in the U.S. Pat. No.
      3,646,537 for an "Automatic Gain Control for an Electromechanical
      Transducer", issued Feb. 29, 1972, both patents being assigned to the
      Sperry Rand Corporation. While these concepts have been useful in
      providing adequate magnetic field compensation under many circumstances,
      the compensating signals compensate only for variation in the horizontal
      magnetic field components, and generally do not additionally correct fully
      for gain changes caused by component variations or due to temperature or
      power supply voltage drifts or to component aging. Further, the
      characteristics of the individual gain control elements of the individual
      channels of the data system may vary without proper corrective relative
      adjustments, resulting in the generation of two-cycle transmission errors
      in gain control stages.
PAR  The improved system disclosed by J. R. Erspamer and G. W. Snyder for a
      "Multiplexed Gain Control for Synchro Data Transmission System" in the
      U.S. Pat. No. 3,784,753, issued Jan. 8, 1974, sought more fully to
      overcome these prior art defects by a relatively complex and expensive
      correction circuit. Though it generally overcame such defects, it was
      found that some undesirable two cycle error could be generated in its
      relatively complex automatic gain control stage, and that a simple way was
      needed for identically changing the gains of channels of the data
      transmission system, but retaining the advantages of the concept of U.S.
      Pat. No. 3,784,753.
PAR  Prior art systems have additionally sought to provide correction for the
      index angle error in compass data transmission systems by use of networks
      including precision differential synchros or ganged dual potentiometers
      which must track each other with high precision if they are not themselves
      to introduce errors. According to the present invention, the expense of
      obtaining such selected precision synchros or potentiometers is desirably
      eliminated. Cardinal heading error was similarly corrected in prior
      compass data transmission systems by using a network with precision ganged
      dual potentiometers of similar quality and it is found increasingly
      desirable to substitute simpler and less expensive networks permitting use
      of only a single adjustment control for each of these correction purposes,
      at the same time retaining a high degree of precision.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides means for the correction of undesirable
      changes in signal amplitudes in multiple channel flux valve data repeater
      systems partly by the employment of a simple common automatic gain control
      in a circuit configuration which not only compensates for magnetic field
      strength changes, but also corrects for the effects of other error sources
      without introducing the errors of prior art systems. The novel control
      system monitors the data repeater signals near the inputs to the
      utilization device, rather than merely at the outputs of the flux valve.
      By monitoring the inputs at the utilization device and by using the data
      repeater excitation voltage as a switching reference, the gain control,
      being part of a closed feed back loop, additionally compensates for gain
      changes caused by variations of component parameters and for other effects
      without itself introducing new errors. According to a primary aspect of
      the present invention, electrically cross coupled network means provides
      correction in the sine and cosine channels of the flux valve data
      transmission system for any index error angle correction by the adjustment
      of only a single control. A similar arrangement, again requiring only one
      adjustment, is employed for correction of the two cycle cardinal heading
      error. In a modification of the system, the latter two compensations are
      applied in the form of direct current signals in the correct ratios
      coupled directly into the flux valve inductive windings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B illustrate, partly in block diagram form, the principal
      elements of the invention and their electrical interconnections.
PAR  FIG. 2 is a portion of FIGS. 1A and 1B showing details of the novel
      automatic gain control circuit.
PAR  FIG. 3 is a detailed circuit diagram of the novel index error angle
      compensator of FIG. 1B.
PAR  FIG. 4 is a detailed circuit diagram of the novel two cycle compensator
      also of FIG. 1B.
PAR  FIG. 5 is a block diagram of an embodiment alternative to that of FIGS. 1A
      and 1B.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1A and 1B, the novel compensated compass system includes a
      magnetic azimuth detector or flux valve 11 which may be of the general
      type disclosed in the M. C. Depp U.S. Pat. No. 2,852,859 for a "Flux Valve
      Compensating System," issued Sept. 23, 1958 and assigned to Sperry Rand
      Corporation. Other details of such flux valve devices are disclosed in the
      D. J. Kesselring U.S. Pat. No. 3,573,610, issued Apr. 6, 1971, in the D.
      J. Kesselring et al. U.S. Pat. No. 3,641,679, issued Feb. 15, 1974, and in
      the U.S. Pat. application Ser. No. 380,523 for "A Flux Valve Apparatus for
      Sensing Both Horizontal and Vertical Components of an Ambient Magnetic
      Field," filed July 18, 1973, issued as U.S. Pat. No., Mar. 25, 1975 and
      assigned to Sperry Rand Corporation. Flux valve 11 is excited by
      alternating current source 2, which may be a conventional 400 Hz.
      oscillator or signal generator and which is coupled to excitation winding
      12 of the flux valve 11.
PAR  As disclosed in the aforementioned Depp and Kesselring patents, flux valve
      11 has three wye-connected inductive windings 13, 14, and 15 on a
      corresponding wye-shaped core, the winding legs meeting at a common
      grounded terminal F. The terminals of windings 13, 14, and 15 opposite
      terminal F are respectively labelled A, B, and C. Terminals A, B, and C
      may, if desired, be supplied with single cycle compensation signals from a
      single cycle compensator (not shown) of the general type shown in the
      aforementioned U.S. Pat. No. 2,852,859.
PAR  Terminal A of flux valve 11 is connected via a blocking capacitor 16 to one
      winding 20 of a Scott tee transformer 21, while terminals B and C are
      connected via respective blocking capacitors 17 and 18 to the respective
      ends of a second input winding 22 of Scott tee transformer 21. Winding 22
      has a center tap connected to the other end of winding 20.
PAR  As is well known, the signal outputs of windings 13, 14, and 15 have a
      frequency double that applied to excitation winding 12. The frequency
      doubled cosine output of winding 23 of transformer 21 and its frequency
      doubled sine output in winding 27 are connected to current servo loop 31.
      Additionally supplied to current servo loop 31 via lead 29a is the output
      of frequency doubler 29. Since frequency doubler 29 is excited by
      generator 2, its output on lead 29a will have an 800 Hz. frequency and
      serves as a reference signal source for servo 31.
PAR  As described in detail in the D. H. Baker, F. H. Kallio U.S. Pat. No.
      3,678,593 for a "Compass System and Components Therefor Having Automatic
      Field Cancellation", issued July 25, 1972 to Sperry Rand Corporation,
      current servo 31 supplies outputs on leads 32 and 33 which are direct
      current signals respectively proportional in amplitude to the sine and
      cosine of craft magnetic heading (H.sub.m sin .psi. and H.sub.m cos
      .psi.). Accordingly, the horizontal components of the earth's magnetic
      field sensed by the flux value windings 13, 14, and 15 are resolved into
      sine and cosine component values that are then converted by current servo
      31 into proportional direct currents on leads 32 and 33. As taught in the
      aforementioned Baker et al. patent, these direct current components are
      fed back via leads 10 and 10a into windings 13 and 15 of flux valve 11,
      which currents tend to cancel the earth's magnetic field therein. The feed
      back arrangement and its many advantages are discussed in detail in the
      aforementioned U.S. Pat. No. 3,678,593, including closed loop operation
      affording high accuracy outputs in the form of analog direct current
      outputs proportional to the sine and cosine of craft magnetic heading.
PAR  Accordingly, the 800 Hz., three-wire magnetic azimuth information derived
      by the horizontal magnetic field detector or flux valve 11 is converted to
      direct current signals proportional to the sine and cosine of craft
      heading by the cooperation of Scott tee transformer 21 and current servo
      31. The magnitudes of the outputs on leads 32 and 33 are thus a function
      of craft magnetic azimuth or heading and the intensity of the horizontal
      component of the earth's magnetic field. The variation in the magnitude of
      the sine and cosine outputs caused by any change in magnetic field
      strength H.sub.m affects only the output gradient (volts per azimuth
      degree) and does not change the trigonometric relationship of the input
      magnetic heading angle .psi. and the output voltages of current servo 31,
      which may therefore be expressed as follows:
EQU  V.sub.32 = K.sub.1 sin .psi.                               (1)
PAL  and
EQU  V.sub.33 = K.sub.1 cos .psi.                               (2)
PAL  where K.sub.1 allows for the gain of current servo 31 and has dimensions of
      volts per oersted.
PAR  The signals V.sub.32 and V.sub.33 on leads 32 and 33 serve as two inputs to
      the automatic gain control circuit 34, which circuit also receives certain
      fed back signals on leads 56 and 57. As will be further discussed, the fed
      back signals arise at the outputs of buffer amplifiers 52 and 53 after the
      outputs of automatic gain control 34 are processed at least by dual
      channel modulator 45. To understand the operation of the gain control
      circuit 34, the presence of the index error compensator 37 and the
      two-cycle compensator 48 may be ignored for the moment as a matter of
      convenience.
PAR  The final output of the compass system supplied by leads 61, 62, and 63 to
      an aircraft navigation system or other utilization device 64 is usually
      required to be useful in a three-wire synchro data transmitter system and
      to consist of proportional voltages between pairs of such leads, as
      between leads 61 and 62, 62 and 63, 63 and 61. These may nominally be 11.8
      volts, for example, and must be maintained at a constant gradient in the
      interest meeting required compass accuracy over a wide range of horizontal
      magnetic field strengths H.sub.m. Because the output of flux valve 11, and
      therefore the output of current servo 31, has a gradient which is directly
      proportional in magnitude to the horizontal magnetic field strength which,
      of course, varies with latitude, the automatic gain control stage 34 is
      required to hold the system output signals at leads 61, 62, and 63 at the
      desired nominal 11.8 volt leg-to-leg constant gradient.
PAR  For this purpose, the direct current outputs on leads 35 and 36 of gain
      control 34 are supplied to the conventional dual channel modulator 45,
      each of the two individual channels of which are supplied by lead 2a with
      the 400 Hz. reference signal output of generator 2. The direct current
      signals on leads 35 and 36 are modulated by the 400 Hz. alternating
      current signal in the conventional manner so that 400 Hz. signals appear
      on leads 46 and 47, proportional respectively to the sine and cosine of
      the magnetic heading of the craft. After individually separate supply to
      buffer amplifiers 52, 53, equally amplified versions of these signals
      appear on leads 54, 55 to which the feed back leads 56 and 57 are
      respectively connected.
PAR  The automatic gain control 34, shown in greater detail in FIG. 2, monitors
      the gradient at the output leads 54, 55 of buffer amplifiers 52, 53,
      respectively, compares the result to a reference voltage level, then
      varies the system gain accordingly by control of the gain of automatic
      gain control circuit 34. If the gradient at the outputs of buffer
      amplifiers 52, 53 of FIG. 1A is less than a predetermined level, the
      voltage gain of circuit 34 is increased to bring the output of the buffer
      amplifiers 52, 53 up to the proper level. The output of the buffer
      amplifiers 52, 53 and the voltage gradient is similarly controlled. The
      signal levels at output leads 35, 36 of the automatic gain control 34 are
      ultimately passed through the output Scott tee transformer 60. The outputs
      of transformer 60 are therefore fully independent of any earth's magnetic
      field strength variation. Thus:
EQU  V.sub.35 = K.sub.2 sin .psi.                               (3)
PAL  and:
EQU  V.sub.36 = K.sub.2 cos .psi.                               (4)
PAL  where K.sub.2 is a new proportionality constant.
PAR  Automatic gain control circuit 34 is designed to prevent the introduction
      of any stand-off or unbalance between transmission channels, resulting in
      cyclic errors, into the craft heading output data. The individual gains of
      the sine and cosine channels are now identically controlled and there are
      no off-set voltages induced into the direct current signals representing
      sine and cosine of craft magnetic heading. As is seen in more detail in
      FIG. 2, the direct current signals at leads 32 and 33 are, as before,
      provided by the cooperative action of flux valve 11, Scott tee transformer
      21, and current servo 31, and are respectively proportional in amplitude
      to sin .psi. and cos .psi.. Output lead 32 is coupled in series through
      resistor 75, junction 76, resistor 77 and input lead 35 to one channel of
      the dual modulator 45. At input lead 35 is a capacitor 78 coupled to
      ground and forming a low pass filter with resistor 77. Likewise, the
      second output lead 33 is coupled in series through resistor 79, junction
      80, resistor 81, and input lead 36 to a second channel of dual modulator
      45. At input lead 36 is a capacitor 82 forming a low pass filter with
      resistor 81. Switching or chopper transistors 83 and 84 are respectively
      coupled to ground from junctions 76 and 80 and control current flow
      through their emitter and collector electrodes in accordance with their
      respective base voltages.
PAR  The direct current signals on leads 32 and 33 are chopped by transistors 83
      and 84, respectively and, after smoothing by low pass filters 77-78 and
      81-82, form direct currents that are individually modulated in dual
      channel modulator 45 by the 400 Hz. reference signal on lead 2a. These
      dual channel output voltages are directed by Scott tee transformer 60 as
      three-wire synchro data to a navigation system or other utilization device
      64.
PAR  For purposes of controlling the automatic gain control circuit 34, the same
      400 Hz. modulated output currents on leads 54 and 55 are respectively
      coupled by leads 56 and 57 to a constant amplitude, variable phase circuit
      comprising resistor 95 and capacitor 96 coupled in series with leads 56,
      57 at junction 97. Circuit 95-96 is of the general kind discussed in the
      D. A. Espen U.S. Pat. No. 3,548,284, entitled "Synchro Data Transmission
      Apparatus Having Discrete Gain Changing to Compensate for Undesirable
      Signal Gradient Variation", issued Dec. 15, 1970 and in the D. A. Espen
      U.S. Pat. No. 3,617,863, entitled "Constant Amplitude Variable Phase
      Circuit," issued Nov. 2, 1971, both patents being assigned to Sperry Rand.
      The constant amplitude, variable phase signal found at junction 97 is
      rectified by diode 94 and appears as a variable unipolar voltage at one
      input of a conventional integrating operational amplifier 92 having its
      output coupled by capacitor 91 to its same input. To the second input of
      amplifier 92 is coupled through resistor 93 a stable positive
      unidirectional reference voltage from a suitable source (not shown)
      connected to terminal 98. As shown in the drawing, amplifier 92 and its
      associated circuit act as conventional comparator means for in effect
      comparing the output gradient on leads 54, 55 with the fixed level voltage
      at terminal 98, yielding an integrated output as a function of the
      difference of the two voltage levels at leads 97 and 98.
PAR  The positive signal at the output of device 92 is coupled through resistor
      88 to one input of amplifier 87, to the other input of which is supplied
      at terminal 90a and through resistor 89 the 400 Hz. excitation signal from
      generator 2. Under control of its varying amplitude direct current and
      constant amplitude alternating input currents, circuit 87 acts as a
      conventional variable pulse-width generator for supplying a 400 Hz.
      variable pulse-width signal at junction 74.
PAR  The variable pulse-width signal is coupled in parallel from junction 74
      through the respective resistors 85, 86 to the base electrodes of chopper
      transistors 83 and 84 to control the relation of the conduction to
      non-conduction times of these switching transistors. The transistors 83,
      84 are synchronously conducting at the same time and then are both
      non-conducting for a controlled period of time depending upon the pulse
      width of the output of amplifier 87. As the non-conducting part of the
      cycle is increased in time duration, the total current per cycle passing
      from lead 32 to lead 35, for example, is increased. In other words,
      proportionately less of the current available on lead 32 is dumped to
      ground. In this manner, the voltage between leads 54, 55 is made
      independent of any amplitude variations in the total flux valve data as
      well as amplitude variations resulting from other disturbing factors in
      the signal channels between current servo 31 and buffer amplifiers 52 and
      53. Accordingly, the three-wire output supplied to utilization device 64
      of FIG. 1 by transformer 60 is maintained nominally constant from leg to
      leg, such as at 11.8 volts.
PAR  In the complete system as illustrated in FIG. 1, the outputs V.sub.35 and
      V.sub.36 of the automatic gain control 34 on leads 35 and 36 may be first
      processed by the novel index error angle compensator 37 prior to 400 Hz.
      modulation. For this purpose, the compensation circuit of FIG. 3 is
      employed. The index error angle compensated by circuit 37 is present
      because of the normal difficulty of achieving perfect alignment between
      the aircraft fore-aft axis and the effective electrical fore-aft axis of
      the flux value 11. Accordingly, index angle error compensator 37 is
      provided to permit a manual correction to be made after system
      installation by performing, in essence, the same function as might be
      provided by a relatively expensive servo differential which some prior art
      systems have employed. However, since installation accuracies are usually
      within .+-.10.degree., the compensation function may be accurately
      performed by the relatively inexpensive circuit of FIG. 3 wherein only a
      single potentiometer shaft need be adjusted. It will be apparent that the
      correction is made by the novel compensator herein disclosed to the value
      of angle .psi. when it is still in the trigonometric form of sin .psi. and
      cos .psi. data.
PAR  Accordingly, the apparatus of FIG. 3 accepts two inputs K.sub.2 sin .psi.
      and K.sub.2 cos .psi. and internally generates two values - K.sub.2 .beta.
      cos .psi. and - K.sub.2 .beta. sin .psi.. The K.sub.2 sin .psi. value and
      the - K.sub.2 .beta. cos .psi. value are added according to the well known
      trigonometric identity to form K.sub.2 sin (.psi. + .beta.) where .psi.' =
      .psi. + .beta. may be used to represent a corrected value of .psi.. The
      K.sub.2 cos .psi. value and the -K.sub.2 .beta. sin .psi. values are
      similarly added to form K.sub.2 cos (.psi. + .beta.). In accord with the
      teachings of the present invention, the .beta. terms must be identical in
      both the sine and cosine output channels to effect precise compensation;
      the same source for the .beta. term is used in the two channels of the
      circuit.
PAR  In greater detail, the circuit of FIG. 3 has, in operation, negative valued
      direct voltages representing K.sub.2 sin .psi. and K.sub.2 cos .psi. as
      respective inputs on leads 35, 36, and these are respectively supplied
      directly to inputs of conventional unity gain output amplifiers 145 and
      155 at the right side of the figure. The same two direct negative voltages
      are used in the remaining or major part of the circuit to produce
      compensating voltages also for insertion into amplifiers 145, 155. For the
      latter purpose, the -sin .psi. term on lead 35 is coupled through a
      conventional inverting amplifier 103 to the switching transistor 107.
      Amplifier 103 has its output terminal 104 coupled through a resistor 102
      to its input terminal 101 and additionally has a second input terminal
      coupled to ground through resistor 105. The -cos .psi. term on lead 36 is
      coupled directly to switching transistor 109. Transistors 107 and 109 are
      made alternately fully conducting and fully non-conducting so that, first,
      the output of amplifier 103 appears on lead 108a and then, the signal
      passed by switching transistor 109 appears on lead 108 b. Since both of
      the leads 108a and 108b are coupled to the adjustable contact 113a of
      potentiometer 113, it is seen that the signals alternately passed by
      switching transistors 107 and 109 are alternately applied to contact 113a
      for time-sharing purposes in the shared amplifier 120.
PAR  The switching transistors 107 and 109 are made alternately conducting under
      control of a sine wave signal appearing on lead 2b; this signal is
      conveniently obtained from the 400 Hz. generator 2 of FIG. 1A, though
      other regular stable-frequency signals may alternatively be employed. In
      practice, the 400 Hz. cycle signal on lead 2b is applied by lead 106 to
      control the conduction of transistor 107. So that time sharing may be
      employed, the signal on lead 2b is coupled via lead 111, the 180.degree.
      phase shifter 112, and lead 110 to control the operation of switching
      transistor 109.
PAR  In this manner, the signals on leads 35 and 36 are alternately supplied at
      the selected contact point of potentiometer 113, the latter having its
      opposed terminals 113b and 113c coupled to inputs of operational amplifier
      120. The output terminal 121 of amplifier 120 is coupled to its input at
      terminal 113b via resistor 115, and terminal 113c is connected through
      resistor 114 to ground in conventional fashion. The input of amplifier 120
      is thus time shared and its output on terminal 121 is supplied to a second
      pair of switching transistors 122, 123, these transistors being arranged
      for controlling the series signal flow through the respective resistors
      126, 127 to amplifiers 128, 129. The effective gain of amplifier 120 is
      changed according to the setting of the single control 37a, which control
      is manually set in accordance with the known magnitude of the index error
      determined as a result of conventional ground swinging operations.
PAR  Conductivity of switching transistor 122 occurs simultaneously with the
      conductivity of switching transistors 109. In like manner, conductivity of
      switching transistor 123 is made simultaneous with the periods of
      conductivity of switching transistor 107. This operation is accomplished
      by controlling the conductivity of switching transistor 123 according to
      the signal on lead 2b when supplied directly to switching transistor 123
      via lead 125. The desired synchronous operation of switching transistor
      122 is accomplished by providing the 180.degree. phase shifted signal from
      circuit 112 via lead 124 to transistor 122. In this manner, both channels
      of the circuit time share the use of the common amplifier 120, ensuring
      that identical corrections are applied to the two channels; i.e., that the
      amount of the sine term added to the cosine term is identical to the
      amount of the cosine term subtracted in the sine channel. It is further
      observed that adjustment of the single control 37a allows adjustment of
      potentiometer 113 so that both channels are identically set in accord with
      the magnitude of the index error.
PAR  The time shared currents alternately flowing through switching transistors
      122, 123 are alternately supplied to the conventional unity gain
      amplifiers 128, 129, and the respective outputs on the terminals 132, 133
      flow through resistors 141, 150 to the same respective input terminals of
      amplifiers 145, 155, as are connected to the respective leads 35, 36. The
      outputs of amplifiers 145 and 155 may be smoothed by the action of
      appropriate low pass filters so as to remove any 400 Hz. modulation from
      the outputs appearing in the respective output leads 38, 39. In the
      embodiment illustrated, the filters are placed at the inputs of amplifiers
      128 and 129 and comprise resistors 126, 127 and capacitors 128a, 129a,
      respectively.
PAR  The mathematical relation expressing the index error as a function of the
      sine and cosine of magnetic heading is:
      ##EQU1##
      where: .psi.' = the compensated output,
PA1  .psi. = the uncorrected input, and
PA1  .beta. = the tangent of the index error.
PAL  Thus, by adjusting the gain of the time shared amplifier 120 in accordance
      with the value of .beta., expression (5) is satisfied as follows. The
      output of amplifier 128 is:
EQU  V.sub.132 = -K.sub.2 .beta. cos .psi.                      (6)
PAL  when transistors 109 and 122 are conducting, and the output of amplifier
      129 is:
EQU  V.sub.133 = -K.sub.2 .beta. sin .psi.                      (7)
PAL  when transistors 107 and 123 are conducting. The addition at amplifier 145
      produces on output:
EQU  V.sub.38 = K.sub.2 (sin .psi. - .beta. cos .psi.)          (8)
PAL  while the addition at amplifier 155 produces an output:
EQU  V.sub.39 = K.sub.2 (cos .psi. + .beta. sin .psi.)          (9)
PAL  or:
EQU  V.sub.38 = K.sub.2 sin .psi.'                              (10)
PAL  and:
EQU  V.sub.39 = K.sub.2 cos .psi.'                              (11)
PAL  These direct current signals are ready for conversion in dual channel
      modulator 45, providing as they do direct current signals in terms of
      .psi.' containing the desired index angle error compensation as set forth
      in equation (5). Thus, the dual channel modulator 45 supplies on its
      output leads 50, 51 400 Hz. signals whose amplitudes are:
EQU  V.sub.46 = K.sub.3 sin .psi.'                              (12)
EQU  V.sub.47 = K.sub.3 cos .psi.'                              (13)
PAL  and these signals serve as inputs to the two cycle error compensator 48.
PAR  Two cycle error in a magnetic field sensor, including the flux valve type
      of sensor disclosed herein, is induced by the presence of a soft iron mass
      or masses in the vicinity of the flux valve which tends to distort the
      earth's ambient magnetic field thereat. As the name implies, the error is
      a sinusoidal error and has two complete cycles within 360.degree. of
      azimuth rotation of the craft. In general, the average location of the
      soft iron mass relative to the flux valve determines the direction of its
      effective vector. For convenience, the two cycle compensation is
      accomplished by effectively breaking down the total vector into orthogonal
      components, one termed the cardinal two cycle error component and the
      other the intercardinal error component. The cardinal two cycle error has
      extremum values at heading angle values 0.degree., 90.degree.,
      180.degree., and 270.degree.. Intercardinal two cycle error, on the other
      hand, has extremum values at 45.degree., 135.degree., 225.degree., and
      315.degree. azimuth values. In the invention of FIG. 4, the latter error
      is readily corrected by placing an adjustable series resistor 199 in the
      feed back path of a.c. amplifier 200 that is excited by lead 46.
      Adjustment of control 48b in accord with data taken during installation
      compass swings then corrects the output at lead 50 in the appropriate
      manner. The intercardinal two cycle heading error is compensated by
      changing the gain balance between the sine and cosine channels supplying
      outputs on the respective leads 50, 51.
PA1  Correction of the cardinal heading error is accomplished by the simple
      circuit of FIG. 4, using a single adjustment 48a and a common circuit
      stage in a manner minimizing error sources and characterized by
      simplicity. The amount of adjustment of control 48a is also determined by
      the installation ground swinging process. The K.sub.2 sin .psi.' signal on
      lead 46 is supplied via lead 175 through resistors 177 and 180 to the
      respective inputs of differential operational amplifier 188. The value
      K.sub.2 cos .psi.' from lead 47 is added through resistor 178 at terminal
      183 to the K.sub.2 sin .psi.' term; similarly, the term K.sub.2 sin .psi.'
      from lead 46 is added through resistor 180 at terminal 185 to the K.sub.2
      cos .psi.' term. Amplifier 188 has a resistor 187 coupled between its
      output 189 and the input terminal 183 in conventional fashion. A variable
      resistor 186 with an adjustable control 48a is coupled between terminal
      185 and ground. The variable resistor 186 constitutes the single cardinal
      heading error adjustment, its variation affecting the effective gain
      .gamma. of amplifier 188. According to the setting of control 48a, a
      compensating voltage appears at the output 189 of amplifier 188:
EQU  V.sub.189 = - .gamma. (sin .psi.' + cos .psi.')            (14)
PAL  The signal value V.sub.189 is coupled at junction 190 to branching leads
      for supplying this signal through resistors 192, 193 to the inputs of
      respective amplifiers 200 and 201. As noted previously, amplifier 200 has
      a variable resistor 199 coupled between its output 203 and its input lead
      195. The other input to amplifier 200 is connected through resistor 196 to
      ground. A further amplifier 201 is supplied with the signal K.sub.2 cos
      .psi.' from lead 47 through resistor 194 and is similarly provided with a
      resistor 202 connecting its output 204 to its input lead 197. It similarly
      employs a resistor 198 coupled between a second input and ground.
      Amplifiers 200 and 201, through the respective connectors 195 and 197,
      serve as adding and inverting circuits so that the K.sub.2 sin .psi.' term
      on lead 46 has added to it the correction term appearing at terminal 190
      and the summation is found on output lead 50. In a similar manner, the
      K.sub.2 cos .psi.' signal supplied on lead 47 is added to the compensating
      signal on junction 190 by amplifier 201 and its associated circuit, an
      inverted signal being generated on output lead 51. In this manner, the
      voltage V.sub.50 is:
EQU  V.sub.50 = K.sub.4 [sin .psi.' + .gamma. (sin .psi.' + cos .psi.')](15)
PAL  and that on output lead 51 is:
EQU  V.sub.51 = K.sub.4 [cos .psi.' + .gamma. (sin .psi.' + cos .psi.')](16)
PAL  In equations (15) and (16), the new value K.sub.4 may include the effect of
      the adjustment of resistor 199. Thus, the voltage on output lead 50 is sin
      .psi." and the voltage on output lead 51 is cos .psi.", where .psi."
      represents .psi.' corrected both for cardinal and intercardinal heading
      errors. From equations (15) and (16), it is evident that the value of the
      corrected angle .psi." is expressed by the following equation:
      ##EQU2##
      .psi." being the final output heading value components corrected for
      cardinal and intercardinal two cycle errors. It is seen that amplifier
      188, the effective gain .gamma. of which is controlled by the setting of
      the variable potentiometer 186, cooperates in the circuit in generating
      the function .gamma. (sin .psi.' + cos .psi.'), and this function is added
      in the sine and cosine channels by the respective action of amplifiers 200
      and 201 and their associated circuits. It is observed that correction of
      the cardinal heading two cycle error is accomplished by manual operation
      of a single adjustment. Furthermore, the single stage associated with
      amplifier 188 minimizes potential error sources and aids in simplifying
      the adjustment procedure.
PAR  It will be understood that the invention may be employed in alternative
      forms and that the compass system of FIGS. 1A and 1B may be modified
      within the scope of the claims appended hereto, for example, as
      illustrated in FIG. 5. In the embodiment of FIGS. 1A and 1B, the index
      compensation and two cycle error compensation signals are generated from
      the sine and cosine outputs of the current servo 31 and are re-applied
      downstream in the two channels to be summed with their original or
      uncompensated values. In the modification illustrated in FIG. 5, the sine
      and cosine outputs of the current servo 31 are used in essentially the
      same manner to generate the compensating signals as direct current
      signals; however, the summing of these signals with the original data is
      accomplished directly at the flux valve 11 by feeding back the
      compensating signals as direct currents into the flux valve legs
      themselves so as to, in effect, compensate the output of the flux valve
      itself broadly in accordance with the concept of the above referenced Depp
      U.S. Pat. No. 2,852,859.
PAR  Referring now to FIG. 5, similar reference numerals are used to designate
      elements corresponding to those found in FIGS. 1A through 4; elements not
      found in the latter figures are identified by reference numerals in the
      three hundreds. It will be seen that the embodiment of FIG. 5, like that
      of FIGS. 1A and 1B, employs in serial array a reference signal generator
      2, a flux valve 11, blocking capacitors 16, 17, and 18, an input Scott tee
      transformer 21, a current servo 31, an automatic gain control 34, a dual
      channel modulator 45, power amplifiers 52 and 53, an output Scott tee
      transformer 60, and a utilization device 64. In a manner generally similar
      to that employed in FIG. 1A with respect to current servo leads 10 and
      10a, the respective correction currents are fed to summation points 320,
      321 of FIG. 5 so that they flow through the respective legs of flux valve
      11 to ground, being blocked from flowing into the Scott tee transformer 21
      by capacitors 16, 17, and 18.
PAR  In the lower portion of FIG. 5, the index compensation circuit 37 is
      schematically illustrated. The similarity with the corresponding structure
      of FIG. 3 will be immediately apparent and the simplification of the
      illustration correspondingly apparent. Thus, the sin .psi. and cos .psi.
      direct current signal outputs of the current servo 31 on leads 32, 33,
      respectively, are alternately applied after one is inverted by inverter
      340 to the input of a variable gain amplifier 120a through switch means
      300 corresponding to transistor switches 107, 109 of FIG. 3. The gain of
      amplifier 120a is illustrated schematically as being controlled by an
      adjustment knob 37a corresponding generally to the gain control of
      amplifier 120 of FIG. 3 by knob 37a and potentiometer 113 in accordance
      with the value .beta.. The output of amplifier 120a is similarly
      alternately switched to two branch leads as in FIG. 3 by means of switch
      301 corresponding generally to transistor switches 122, 123 of FIG. 3. The
      control of switches 300 and 301 of FIG. 5 is the same as that of FIG. 3,
      but is illustrated for convenience schematically in FIG. 5 by switch
      control means 302 controlled, for example, by the 400 Hz. source 2. In
      FIG. 3, the outputs of switches 122 and 123 are applied to two branching
      circuits including amplifiers 128 and 129 for modifying or summing with
      the original sin .psi. and cos .psi. direct current outputs of the current
      servo 31 through amplifiers 145 and 155. On the other hand, two output
      branches of switch 301 of FIG. 5 are applied correspondingly to control
      direct current flow for supplying compensating currents in the proper
      ratio to the 120.degree. spaced inductor coils 13, 14, and 15 of flux
      valve 11 for effective summing with the original sources of the sin .psi.
      and cos .psi. signals of the current servo 31. In FIG. 5, these direct
      current ratios are determined by the selected resistors 303, 304, and 305,
      in the ratios indicated. The currents from resistors 304 and 305 are
      applied to flux valve winding 15, while that from resistor 303 is supplied
      to flux valve winding 13. If desired, the resistor-capacitor circuits 306
      and 307 may be used to reduce transient effects of switches 300, 301.
PAR  Thus, as in FIG. 3, the apparatus of FIG. 5 serves to provide index error
      compensation through the time sharing of a single amplifier 120a between
      the sin .psi. and cos .psi. channels by alternate operation of the
      switches 300, 301, the gain of the amplifier 120a being controlled by a
      single control element 37a in accordance with the magnitude of the error.
      Such operation insures that the amount of sin .psi. current supplied to
      the flux valve legs 13, 14, 15 and contributing to the cos .psi. output
      channel of current servo 31 is identical to the amount of cos .psi.
      current subtracted from the flux valve legs 13, 14, 15 and contributing to
      the sin .psi. output channel of current servo 31.
PAR  A modification of the cardinal and intercardinal two cycle error
      compensator of the heading repeater system of FIG. 4 is shown in FIG. 5.
      Again, the significant feature of the embodiment resides in the manner in
      which the compensating signals are summed with the primary signals; i.e.,
      at the flux valve 11 rather than at the output of the current servo 31. In
      FIG. 5, for the cardinal two-cycle error compensation, the sin .psi. and
      cos .psi. direct current outputs of current servo 31 on leads 32 and 33
      are summed together in a summing circuit, schematically illustrated at
      310, prior to supply to the input of variable gain amplifier 188a. The
      summing circuit 310 of FIG. 5 corresponds to the summing network 177-180
      of FIG. 4, while the gain of the amplifier 188a is illustrated
      schematically as being varied by the adjustment of knob 48a in accordance
      with the magnitude .gamma. corresponding to the tangent of the desired
      correction. As in FIG. 4, the output of amplifier 188a is coupled through
      branching leads and the respective cooperating resistors 311 and 312 to
      summation circuits 320 and 321. Instead of being added back into the
      uncompensated sin .psi. and cos .psi. channels at amplifiers 200 and 201
      in FIG. 4, the compensation currents are employed in the strengths
      indicated in the drawing of FIG. 5 so as to be fed directly into the
      winding legs 13 and 15 of flux valve 11. The currents are effectively
      summed with the flux valve winding outputs which contribute to the sin
      .psi. and cos .psi. signal outputs of the current servo 31.
PAR  The intercardinal two cycle error compensating signal is similarly applied
      to the flux valve windings. The direct current sin .psi. signal output of
      current servo 31 is applied to variable gain amplifier 199a, the gain of
      which is varied by knob 48b in accordance with the magnitude of the
      required corrections, amplifier 199a of FIG. 5 corresponding to the
      variable impedence 199 and amplifier 200 of FIG. 4. The output of
      amplifier 199a is modified by resistors 313 and 314 in accord with the
      ratios indicated in FIG. 5 for application to the respective summation
      elements 320 and 321 and thus to the windings 13 and 15 of flux valve 11,
      so that the intercardinal two cycle correction signal is effectively
      summed with the flux valve winding outputs contributing to the outputs of
      the current servo 31.
PAR  Thus, in the modification of FIG. 5, the index and two cycle error
      compensation signals are generated from the sin .psi. and cos .psi. direct
      current outputs of the current servo 31 and are then fed back into the
      appropriate flux valve inductor windings in the required ratios so that
      the flux valve output supplied to the current servo 31 is compensated. It
      will be noted in the FIG. 5 embodiment that the feedback compensation
      signals are generated from the current servo outputs prior to the latitude
      compensation automatic gain stage 34. This is desirable because the
      compensating direct current signals supplied to the valve windings are
      essentially associated with the direction of the magnetic field sensed by
      the inductors and in this sense are not related to the latitude gain
      compensation.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than of limitation and that changes within the purview
      of the appended claims may be made without departing from the true scope
      and spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a magnetic compass data transmission system for navigable craft
      having means responsive to the earth's magnetic field for generating first
      and second unidirectional output signals proportional to sin .psi. and to
      cos .psi. and substantially representative of said earth's magnetic field
      direction .psi. with respect to said craft and substantially independent
      of the magnitude thereof, the combination for correcting craft index error
      angle comprising:
PA1  first time shared amplifier circuit means cyclically and alternately
      responsive to said signals proportional to sin .psi. and cos .psi.,
PA2  said time shared amplifier circuit means having an adjustable effective
      gain .beta. representative of said craft index error angle and providing
      cyclic and alternate output signals proportional to .beta. cos .psi. and
      .beta. sin .psi. at a single output thereof,
PA1  second amplifier circuit means cyclically responsive for passing said
      cyclic and alternating signals proportional to .beta. cos .psi. and .beta.
      sin .psi. to separated first and second respective outputs thereof,
PA1  first summation means responsive to said second amplifier circuit means for
      forming a signal proportional to the difference between said signals
      proportional to sin .psi. and .beta. cos .psi. and representing said data
      transmission system first unidirectional output signal corrected for the
      effect thereon of craft index error angle,
PA1  second summation means responsive to said second amplifier circuit means
      for forming a signal proportional to the sum of said signals proportional
      to cos .psi. and .beta. sin .psi. and representing said data transmission
      system second unidirectional output signal corrected for the effect
      thereon of craft error angle, and
PA1  utilization means responsive to said first and second summation means.
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein said first time shared
      amplifier circuit means comprises:
PA1  dual input amplifier means coupled across potentiometer means having
      adjustable contact means,
PA1  first current switching means for cyclically conducting and not conducting
      said signal proportional to sin .psi. with respect to said contact means
      under control of a reference alternating signal, and
PA1  second current switching means for cyclically conducting and not conducting
      said signal proportional to cos .psi. with respect to said contact means
      under control of said reference alternating signal shifted in phase by
      180.degree..
NUM  3.
PAR  3. Apparatus as described in claim 2 wherein said second amplifier circuit
      means includes:
PA1  first current switching means for cyclically conducting said signal
      proportional to sin .psi. to said second summation means under control of
      said reference alternating signal, and
PA1  second current switching means for cyclically conducting said signal
      proportional to cos .psi. to said first summation means under control of
      said reference alternating signal shifted in phase by 180.degree..
NUM  4.
PAR  4. In a magnetic compass system for navigable craft including a magnetic
      field detector of the flux valve type mounted in the craft for sensing the
      direction of the earth's magnetic field relative to the craft, the
      combination for correcting for any errors in the orientation of said
      detector relative to the direction axis of said aircraft comprising,
PA1  magnetic field detector means including a plurality of inductor elements
      angularly disposed on said craft for sensing the direction and magnitude
      of the correspondingly disposed horizontal components of the earth's
      magnetic field relative to the craft and for providing a corresponding
      plurality of alternating signals proportional thereto,
PA1  signal processing means coupled with said inductor elements and responsive
      to said plurality of alternating signals for providing first and second
      direct current signals proportional in sense and magnitude to
      predetermined functions of said earth's magnetic field direction,
PA1  amplifier means having an input and an output and means for effectively
      controlling the gain thereof,
PA1  means for modifying said first and second direct current signals in
      accordance with the output of said amplifier means,
PA1  input and output switching means at the respective input and output of said
      amplifier means, said input switching means being connected to receive
      said first and second signals and said output switching means being
      connected to supply the output of said amplifier means to said modifying
      means,
PA1  means alternately and simultaneously controlling said switching means such
      that when said amplifier means is switched to receive said first signal
      its output is switched to supply the means for modifying said second
      signal and vice versa whereby to insure that the amount of said first
      signal modifying the second signal is identical to the amount of said
      second signal modifying said first signal, and,
PA1  means for controlling said amplifier gain control means in accordance with
      said orientation error.
NUM  5.
PAR  5. The combination set forth in claim 4 wherein said first and second
      signals are proportional to the sine and cosine functions of said earth's
      magnetic field direction.
NUM  6.
PAR  6. The combination set forth in claim 5 wherein said first and second
      signals are supplied to said input switching means are of opposite
      polarities.
NUM  7.
PAR  7. The combination set forth in claim 5 wherein said switching means
      comprises a first pair of electronic switches, one for connecting said
      first signal to said amplifier input and the other for connecting the
      amplifier output to the means for modifying said second signal and a
      second pair of electronic switches, one for connecting said second signal
      to said amplifier input and the other for connecting said amplifier output
      to the means for modifying said first signal.
NUM  8.
PAR  8. The combination set forth in claim 7 wherein said switch controlling
      means comprises a single phase alternating current source and said one
      pair of electronic switches is responsive to one phase thereof and said
      other pair of electronic switches is responsive to the opposite phase
      thereof.
NUM  9.
PAR  9. The combination set forth in claim 4 wherein said means for modifying
      said first and second signals in accordance with the said amplifier output
      switching means comprises:
PA1  a first summing circuit responsive to said first signal and modified second
      signal, and
PA1  a second summing circuit responsive to said second signal and said modified
      first signal.
NUM  10.
PAR  10. The combination set forth in claim 4 wherein said means for modifying
      said first and second signals in accordance with said amplifier output
      switching means comprises:
PA1  a plurality of direct current signals of predetermined ratios having values
      dependent upon the angular orientation of said magnetic field detector
      inductor elements,
PA1  means for varying the relative magnitudes of said direct current signals in
      accordance with said amplifier output, and
PA1  means for applying said varied direct current signals to predetermined ones
      of said detector inductor elements whereby to vary said plurality of
      detector signals supplied to said signal processing means.
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PAL  A thin film compass apparatus utilizing a plurality of thin film
      magnetometers arranged in an orthogornal coordinate system to provide an
      earth reference compass having total tilt immunity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates broadly to a magnetic reference apparatus,
      and in particular to a thin-film magnetometer compass.
PAR  Thin magnetic films have been produced by depositing a nickel-iron alloy on
      a smooth substrate to a thickness of a few hundred to several thousand
      Angstroms. A number of deposition processes, including evaporation in a
      vacuum and electroplating may be employed. In the evaporative process the
      deposition of the magnetic material on a glass substrate may be made
      directly, whereas electroplating on a glass substrate requires the
      application of a conductive coating on the glass prior to deposition. In
      general, the characteristics discussed hereinafter apply to films
      deposited by either of these processes, although in electroplated films
      consideration must be given to the possible high-frequency eddy-current
      effects in the required conductive underlayer.
PAR  In general, predictable and stable magnetic properties of the films are
      obtained by choosing an alloy composition which yields minimum
      magnetostriction coefficient. For the nickel-iron film, the optimum
      composition appears to be approximately 83% Ni, 17% Fe. It has been found
      experimentally that if the actual composition of the film differs from
      this ratio by more than a few percent, the film magnetic properties are
      unduly sensitive to stresses induced by thermal expansion of the substrate
      or by external forces.
PAR  Films of thicknesses up to at least 3,000 Angstroms exhibit the capability
      of existing as a single domain, the magnetization of which can be rotated
      from a preferred or easy direction of magnetization by the application of
      external fields. This easy axis anisotropy is produced in the films by the
      presence of a large uniform field during the evaporation process which
      causes the magnetic domains of the alloy to align in a preferred
      direction. The magnetic characteristic of thin films in the preferred
      direction exhibits a substantially rectangular hysteresis loop. In a
      direction transverse to the easy direction, often referred to as the hard
      direction or axis, the magnetic characteristic is substantially linear
      loop.
PAC  SUMMARY
PAR  The present invention utilizes a thin film magnetometer having three
      sensors arranged along the X, Y and Z axis of an orthogonal coordinate
      system. Each of the thin-film sensors comprises a substrate and a
      Permalloy layer of thin magnetic film deposited upon the substrate. The
      pumping and output coils are wound around the sensors normal to each
      other. An A-C current is applied to the pumping coil which induces an A-C
      voltage at the output coil with the amplitude varying as a function of the
      magnitude of the earth's magnetic field as projected on the axis of the
      sensors.
PAR  The established sensitivity ranges of the thin film magnetometer fully
      encompases the magnitude of the earth's magnetic field.
PAR  It is therefore a general object of the present invention to provide an
      improved thin-film magnetometer compass.
PAR  It is another object of the invention, therefore, to provide an improved
      thin-film magnetometer compass apparatus utilizing an orthorgonal
      coordinate system to provide total tilt immunity.
DRWD
PAR  These and other advantages, objects and features of the invention will
      become more apparent from the following description taken in connection
      with the illustrative embodiment in the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plane view of the thin-film magnetometer illustrating magnetic
      geometry and windings,
PAR  FIG. 2 is a graphical representation of the spatial response of the
      thin-film magnetic sensor,
PAR  FIG. 3 is a graphic representation of the reference coordinate system,
PAR  FIG. 4 is a graphical representation of the platform coordinate system,
PAR  FIG. 5 is a block diagram of the thin-film magnetometer compass apparatus
      according to the present invention,
PAR  FIG. 6a through 6c are graphical representations of the subharmonic reset
      operation of the flip-flop within the thin-film magnetometer compass, and
PAR  FIG. 7 is a graphical representation of the calibration curve of the
      thin-film magnetometer ccompass.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a thin film magnetrometer sensor
      with a spatial field response which obeys a cosine .theta. law. The
      thin-film magnetrometer sensor 10 has a thin magnetic film 12 of permalloy
      material which is deposited upon an inert substance 14. The thin-film
      magnetrometer has a pumping coil 16 and a signal coil 18 wound around the
      sensor in an orthogonal relationship to each other. There is shown
      super-imposed on the thin-film magnetrometer sensor 10 an orthogonal
      coordinate system with the respective axis labeled X, y and z. The pump
      winding coil 16 is shown wound in the x direction while the signal winding
      coil 8 is shown wound in the x direction 10 having a signal. In practice,
      an a-c current is applied to the pumping coil, inducing an a-c voltage at
      the output coil with amplitude varying as a function of the magnitude of
      the earth's magnetic field as projected on the axis of the sensor. FIG. 2
      illustrates the spatial response in the plane of the film.
PAR  FIG. 3 relates the orientation of three such sensors along the x, y, and
      z-axis of an orthogonal coordinate system. The H vector represents the
      earth's magnetic vector with position being defined by the angles .gamma.
      and .theta.. The x, y-plane is assumed to be parallel to a plane tangent
      to the earth's surface with true north directed along the positive y-axis.
      FIG. 4 shows the coordinate system reoriented, introducing the alignment
      angles .DELTA..gamma. and .DELTA..theta. with respect to the reference
      coordinate system.
PAR  FIG. 5 presents a block diagram of electronic processing required for
      generation of the angular values defining the direction of true and/or
      magnetic north, parallel to the earth's surface, with reference to the
      platform coordinate system. An oscillating a-c current represented by sin
      wt, is applied by oscillator 30 to the input coil of each sensor 38, 42,
      48 resulting in the following output voltages:
PA1  H.sub.x = H sin .gamma. sin .theta. sin wt
PA1  H.sub.y = H sin .gamma. sin .theta. sin wt
PA1  H.sub.z = H cos .gamma. sin wt
PAL  where H.sub.x, H.sub.y and H.sub.z represent the components of the earth's
      magnetic field (H) along the axis of the three magnetometers. The
      90.degree. phase shift unit 44 provides a 90.degree. phase shift of the
      H.sub.y signal, the H.sub.x and H.sub.y signals are summed in summing unit
      46 to provide the following trigonometric identity:
PAR  H sin .gamma. cos .theta. sin wt + H sin .gamma. sin .theta. cos wt = H sin
      .gamma. sin (wt + .theta.).
PAR  Both H sin .gamma. sin (wt + .theta.) and the original signal sin wt, are
      clipped and differentiated in clipper and differentiator units 50, 60
      respectively to produce a series of pulses with relative time spacing
      dependent upon .theta.. These pulse trains are then applied to a bistable
      multivibrator, 62 (flip-flop 62) with one series being applied to the set
      input and the other to the reset input. The output of flip-flop is applied
      to DC output unit 64 which then produces a d-c voltage that is linearly
      proportional to the value of .theta.. This is shown in FIGS. 6a-c as a
      function of various subharmonics.
PAR  There is a similar signal processing conducted with respect to .gamma..
      Picking up the H sin .gamma. sin (wt + .theta.) signal from the summing
      unit 46 is shifted a (90.degree.-.theta.) phase shift by phase shifter 52
      and then the summing unit 54 sums the output of phase shifter 52 with the
      H.sub.z signal, H cos .gamma. sin wt, to produce the necessary identity:
PAR  H cos .gamma. sin wt + H sin .gamma. cos wt = H sin (wt + .gamma.) from
      which the value of .gamma. is determined. Both the signal H sin
      (.omega..sub.t + .lambda.) and the original signal sin wt from oscillator
      30 are clipped and differentiated in clipper and differentiator units 56
      and 60 respectively to produce a series of pulses with a relative time
      spaced dependent upon .lambda.. These resulting pulse trains are then
      applied to a bistable multivibrator 58 (flip-flop 58) with one series
      being applied to the set input and the other series to the reset input.
      The output of the flip-flop 58 is then applied to DC output unit 66 which
      then produces a DC voltage that is linearly proportional to the value of
      .lambda.. The respective DC output signals from DC output units 64 and 66
      are applied to DC output unit 68 wherein these signals are processed with
      a reference signal from reference unit 70 to produce the magnetic and true
      north indication.
PAR  The previously stored voltage values defining the local north vectors with
      respect to the reference coordinate system are then utilized as
      illustrated in Table 1 below.
TBL                TABLE I                                                     
     ______________________________________                                    
        Voltage                                                                
     Reference : Processed                                                     
     .theta..sub.Rm, .gamma..sub.R, 90.vertline..theta..sub.p, .theta..sub.R   
                      COORDINATE   ROTATION                                    
       TEST           Mag. North   True North                                  
     ______________________________________                                    
     .theta..sub.P - .theta..sub.R = 0                                         
                      .0           90 - .theta..sub.R                          
     .theta..sub.P - .theta..sub.R   0                                         
                      +.DELTA..theta.                                          
                                   90 - .theta..sub.R + .DELTA..theta.         
     .theta..sub.P - .theta..sub.R   0                                         
                      -.DELTA..theta.                                          
                                   90 - .theta..sub.R - .DELTA..theta.         
     .gamma..sub.P - .gamma..sub.R = 0                                         
                      0            90 - .gamma..sub.R                          
     .gamma..sub.P - .gamma..sub.R   0                                         
                      +.DELTA..gamma.                                          
                                   90 - .gamma..sub.R + .DELTA..gamma.         
     .gamma..sub.p - .gamma..sub.R   0                                         
                      -.DELTA..gamma.                                          
                                   90 - .gamma..sub.R - .DELTA..gamma.         
     ______________________________________                                    
                                   1                                           
PAR  where .DELTA..theta. = .theta..sub.P -.theta..sub.R and .DELTA..gamma. +
      .gamma..sub.P - .gamma..sub.R.
PAL  This is turn defines the north vectors with respect to the platform
      coordinate system. If redundancy is desirable, the process may be repeated
      by redefining the angles .gamma. and .theta. with respect to the y and
      z-axis and/or z and x-axis, and the H vector.
PAR  There is shown in FIG. 7 a calibration curve of the thin-film magnetometer
      compass discussed earlier. The maximum deviation from linearity (dashed
      locus) is approximately .+-. 15.degree., with a transition from full d-c
      voltage to zero d-c voltage (i.e., 360.degree.) of about 15.degree.. With
      circuitry refinement these errors can be reduced. In addition, analysis of
      error inducement as a function of platform latitude and altitude deviation
      from local inclination-declination references are required. The
      established sensitivity range of the thin-film magnetometer fully
      encompasses the magnitude of the earth's magnetic field, presenting no
      problems.
PAR  Although the invention has been described with reference to a particular
      embodiment, it will be understood to those skilled in the art that the
      invention is capable of a variety of alternative embodiments within the
      spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thin-film magnetometer compass apparatus having total tilt immunity
      comprising in combination:
PA1  a plurality of thin-film magnetometer sensors arranged on a platform
      coordinate system in orthogonal relationship to each other, said plurality
      of thin-film magnetometer sensors are rigidly mounted with respect to said
      platform coordinate system, each of said plurality of thin-film
      magnetometers receiving an input signal, each of said plurality of
      thin-film magnetometer sensors providing an output signal respectively,
      said output signals having a varying amplitude, said amplitude varying as
      a function of the magnitude of the earth's magnetic field, and
PA1  means for computing the north vectors receiving each of said output signals
      and said input signal, said computing means processing said output signals
      with respect to each other and with respect to said input signal to define
      platform angular deviation, said computing means providing a first and
      second DC voltage representing said platform angular deviation, said
      computing means comparing said first and second DC voltage with magnetic
      and true north reference voltages to provide the angular deviations with
      respect to magnetic and true north respectively.
NUM  2.
PAR  2. A thin-film magnetometer compass apparatus as described in claim 1
      wherein said plurality of thin-film magnetometer sensors comprises a
      first, second and third magnetometer unit mutually orthogonal to each
      other.
NUM  3.
PAR  3. A thin-film magnetometer compass apparatus as described in claim 2
      wherein said thin-film magnetometer units have a first and second coil
      wound thereon, said first coil comprises a pumping coil to receive said
      input signal, said second coil comprises an output coil to produce said
      output signal.
NUM  4.
PAR  4. A thin-film magnetometer compass apparatus as described in claim 3
      wherein said pumping coil and said output coil are orthogonal to each
      other.
NUM  5.
PAR  5. A thin-film magnetometer compass apparatus as described in claim 4
      wherein said output signal defines the orientation of said output coil
      with respect to the earth's magnetic field.
NUM  6.
PAR  6. A thin-film magnetometer compass apparatus as described in claim 2
      wherein said computing means comprises in combination a first summing unit
      to receive the first output signal from said first thin-film magnetometer
      sensor,
PA1  a first phase shift unit receiving the second output signal from said
      second thin-film magnetometer sensor, said first phase shift unit having a
      shift predetermined phase shift, said first phase shift unit having a
      fourth output signal, said fourth output signal being applied to said
      first summing unit, said first summing unit summing said fourth output
      signal and said first output signal of said first thin-film magnetometer
      sensor to provide a summed output signal,
PA1  a first logic means receiving said summed output signal, said first logic
      means providing a fifth output signal proportional to said summed output
      signal.
PA1  a second phase shift unit receiving said summed output signal from said
      first summing unit, said second phase shift unit receiving said fifth
      output signal from said first logic means, said second phase shift unit
      having a second predetermined phase shift, said second phase shift unit
      combining and shifting said summed output signal and said fifth output
      signal from first logic means to provide a sixth output signal.
PA1  said second summing means combining the third output signal of said third
      thin-filmed magnetometer sensor and said sixth output signal to provide a
      seventh output signal,
PA1  a second logic means receiving said input signal, said second logic means
      providing an eighth output signal,
PA1  a first DC output unit to receive said fifth output signal from said first
      logic means, said first DC output means providing a ninth output signal,
      said output signal representing said first platform angular deviation.
PA1  a second DC output unit to receive said eighth output signal, said second
      DC output unit providing a tenth output signal, said tenth output signal
      representing said second plate from angular deviation, and
PA1  a third DC output unit receiving said eighth and ninth output signals, said
      third DC output unit receiving a reference voltage, said third DC output
      unit comparing said reference voltage with said eight and ninth output
      signal, said third output unit providing an eleventh output signal, said
      eleventh output signal representing the angular deviation with respect to
      magnetic and true north.
NUM  7.
PAR  7. A thin-film magnetometer compass apparatus as described in claim 6
      wherein said first predetermined phase shift equals 90.degree..
NUM  8.
PAR  8. A thin-film magnetometer compass apparatus as described in claim 6
      wherein said second predetermined phase shift equals (90.degree.
      -.theta..sub.R .sup..phi.).
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PAL  The invention relates to an apparatus for drying photosensitive sheets,
      which have already been exposed to light and washed out, for the
      production of printing plates. According to the invention, a drying
      chamber is combined with a post-exposure device, the drying chamber and
      post-exposure device preferably being separated by a partition which
      transmits actinic light rays. The apparatus according to the invention can
      be used with advantage in the production of printing plates with
      photosensitive layers, particularly because it can considerably shorten
      the times hitherto required for the production of the plates.
BSUM
PAR  The present invention relates to an apparatus for drying exposed and washed
      out photosensitive sheets, which may be self-supporting or applied to a
      support, for the production of printing plates, the apparatus comprising a
      drying chamber in which the sheet can, in its drying position, be exposed
      to a drying medium.
PAR  Conventional drying apparatus of the said type consist of a drying chamber
      which is heated, for example, by means of a hot air blower and in which
      the sheet to be dried is kept in the drying position, whilst either
      stationary or moving, until the previously exposed and washed out
      photopolymer sheets or other photosensitive coatings have dried. In these
      conventional drying apparatus, relatively long periods are required to
      effect drying, after which the sheet must be hard so that it can be used
      for printing. However, in the production of printing plates, especially
      for daily papers, journals or other topical publications, drying times of
      the order of magnitude of a few minutes are desirable.
PAR  An object of the present invention is to complete and accelerate hardening
      of exposed and washed out photosensitive sheets for printing plates.
PAR  This object is achieved, according to the invention, by an apparatus for
      drying exposed and washed out photosensitive sheets, which are
      self-supporting or applied to a support, for the production of printing
      plates, the apparatus comprising a drying chamber in which the sheet can,
      in its drying position, be exposed to a drying medium, characterized in
      that a post-exposure device is so arranged relative to the surface of the
      sheet that it irradiates the surface of the sheet in the drying position
      of the sheet. This arrangement of the post-exposure device and drying
      apparatus relative to one another has the advantage that hardening of what
      subsequently becomes the printing plate is completed and, in addition, is
      accelerated by a factor of at least three, which makes the use of such
      printing plates particularly interesting from an economical point of view.
      The term "drying position of the sheet" means a position which the sheet
      occupies shortly before or during drying.
PAR  In an advantageous embodiment of the apparatus according to the invention,
      the drying chamber comprises a housing with a cavity having approximately
      the shape of a rectangular parallelpiped and provided with at least one
      inlet and outlet for the sheet to be dried, the latter being exposed to
      the drying medium in a flat drying position, and at least one source of
      actinic light preferably consisting of fluorescent tubes being located
      above the drying position of the sheet. The combination of drying means
      and post-exposure device reduces the number of handling operations as
      compared with conventional apparatus. Moreover, the combined device
      according to the invention is easy to manufacture.
PAR  In a further advantageous embodiment the drying chamber is separated from a
      chamber containing the actinic light sources by means of at least one
      partition which transmits actinic radiation, preferably a borosilicate
      glass partition. This makes it possible to cool the light sources,
      preferably the fluorescent tubes, substantially independently of the
      drying process without there being a substantial loss of light.
PAR  In yet another advantageous embodiment, the sheet to be dried is
      transported, during the drying process, past the post-exposure device
      through the drying chamber, by means of a conveying device. It is also
      possible to locate the sheet which is to be dried in a fixed drying
      position and to so arrange the post-exposure device and drying device that
      they are movable relative thereto, and in particular displaceable parallel
      thereto. This makes it possible to substantially automate the drying and
      post-exposure operations.
DRWD
PAR  Details of the apparatus according to the invention are described below
      with reference to the embodiment shown in the drawing.
DETD
PAR  The drawing is a schematic end view of a drying apparatus according to the
      invention.
PAR  On frame 5 there is arranged a housing 6, whose cavity, which is
      approximately the shape of a rectangular parallelepiped, is divided into
      the drying chamber 7 and the chamber 8 containing the fluorescent tubes 9
      by a sheet of glass 10. The drying chamber 7 has at least one inlet 11 for
      the plate 12 which is to be hardened. The fluorescent tubes 9 are thus
      located approximately parallel to the plate 12. However, it is also
      possible to arrange them differently relative to the plate provided that
      adequate exposure is ensured. The drying chamber 7 is equipped with inlet
      and outlet pieces 13 and 14, filtered hot air produced by equipment which
      is not shown, such as air heaters and blowers, entering through inlet
      piece 13. The hot air which has cooled and is subsequently reheated, and
      off-gases produced in particular by evaporation of the solvent used for
      washing the sheet, issue through outlet piece 14. It is also necessary to
      ensure that the solvent vapors are removed as quickly as possible from the
      chamber 7.
PAR  The chamber 8 possesses inlet and outlet pieces 15 and 16, for cold air to
      enter and leave. This air serves to cool the fluorescent tubes 9 in order
      to ensure a long life and optimum light yield. Cooling with extraneous air
      is also necessary to render the apparatus explosion-proof. The chamber 8
      must furthermore be so designed, and the air supply and air withdrawal so
      correlated, that slight atmospheric pressure is maintained inside chamber
      8, which substantially eliminates the risk of the apparatus exploding as a
      result of explosive gas mixtures entering the said chamber from outside,
      especially from the chamber 7.
PAR  The mode of operation of the apparatus will now be explained briefly. At
      the inlet to the apparatus, the washed out photopolymer layer of the
      printing plate with the relief image is still moist with solvent. The
      drying operation carried out in the apparatus is necessary in order to
      harden the layer so that a finished printing plate is ready for printing
      as rapidly as possible. However, the drying temperature in the drying
      chamber 7 is restricted to approx. 80.degree.C to prevent the layer from
      being damaged due to blistering, bursting of the blisters or thermal
      transformation of the material, for example thermal polymerization
      processes. However, some parts of the washed out layer are, at this stage,
      not yet sufficiently photopolymerized for them to be properly hardened by
      the known drying operation and are thus not immediately ready for
      printing.
PAR  A post-exposure shortly before, or during, drying promotes hardening of all
      parts of the film in that it makes it possible to raise the temperature at
      the surface of the plate to approx. 110.degree.C by raising the
      temperature of the stream of air. This combination of post-exposure and
      drying results in an extremely short drying time of 3 to 5 minutes per
      plate.
PAR  In an advantageous embodiment of the apparatus, there is provided between
      frame 5 a conveying device for the plate, which device consists, for
      example, of magnetic rollers 17 mounted on a shaft 18 being rotated in the
      direction of the arrow a. This magnetic-roller conveying device can only
      be used for plates having a ferromagnetic support. Such a device enables
      the plate to be automatically transported, for example, from the exposure
      unit to the washout device and subsequently to the drying apparatus, both
      batchwise and continuous operation being possible. In order to save space,
      the housing 6 which contains the exposure device and drying apparatus can
      of course also be movably arranged relative to a fixed plate 12 which is
      to be dried, in particular arranged to be displaceable parallel to the
      plate 12.
PAR  The fluorescent tubes 9 can be switched on during, or prior to, heating-up
      of the drying chamber 7. They may however also be switched on during the
      drying operation because experiments carried out under field operating
      conditions have shown that, for example, Nyloprint-R plates (manufactured
      by BASF Aktiengesellschaft, 6700 Ludwigshafen, Germany) require a
      post-exposure time of only about 30 seconds.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for drying and curing a polymerizable layer in the
      production of a photopolymer printing plate which has been exposed through
      an image-bearing transparency to a source of actinic radiation in order to
      cure the exposed portions of the layer and which further has been washed
      by a solvent in order to remove the non-exposed, uncured portions of the
      layer, said apparatus comprising:
PA1  a housing;
PA1  a first chamber within said housing;
PA1  an actinic light source positioned within said first chamber;
PA1  a second chamber within said housing and adjacent to said first chamber,
      said second chamber being separated from said first chamber by a member
      transparent to actinic radiation;
PA1  a means for supporting the polymerizable layer within said second chamber
      in a manner so that said actinic light source exposes said layer a second
      time while in said second chamber in order to cure the uncured, non-washed
      portions thereof;
PA1  inlet and outlet means within said second chamber for conveying a drying
      medium through said second chamber and over the surface of said layer,
      said drying medium producing after said second actinic light exposure a
      temperature at the surface of said layer substantially higher than the
      temperature at which the layer would be thermally damaged if it had not
      been exposed to said actinic light source the second time.
NUM  2.
PAR  2. A method for drying and curing a polymerizable layer in the production
      of a photopolymer printing plate which has been exposed through an
      image-bearing transparency to a source of actinic radiation in order to
      cure the exposed portions of the layer aand which further has been washed
      by a solvent in order to remove the non-exposed, uncured portions of the
      layer, said method comprising:
PA1  exposing said layer a second time to actinic radiation without the use of
      an image-bearing transparency, thereby curing the uncured, non-washed
      portions of the layer;
PA1  drying the layer after said second exposure by removing the solvent from
      the layer at a temperature at the surface of the layer substantially
      higher than that temperature at which the layer would be thermally damaged
      if it had not been exposed to said actinic radiation a second time.
NUM  3.
PAR  3. Apparatus for drying and hardening photosensitive sheets for use in
      preparing printing plates which comprises in combination:
PA1  a housing;
PA1  a first chamber within said housing;
PA1  means for supporting washed out photosensitive sheets within said chamber;
PA1  inlet and outlet means associated with said chamber for conveying drying
      medium through said first chamber and over said sheets;
PA1  a second chamber within said housing and adjacent to said first chamber,
      said second chamber being separated from said first chamber by a
      transparent member;
PA1  an actinic light source positioned within said second chamber for supplying
      actinic light to said first chamber through said transparent member; and,
PA1  inlet and outlet means within said second chamber for conveying cooling
      fluid over said light source.
NUM  4.
PAR  4. An apparatus as claimed in claim 3 which includes means for transporting
      said sheet past the source of actinic light during the drying process.
NUM  5.
PAR  5. An apparatus as claimed in claim 3, wherein the source(s) of actinic
      light consist of a plurality of fluorescent tubes.
NUM  6.
PAR  6. An apparatus as claimed in claim 3, wherein the partition(s) which
      transmit actinic radiation are made of borosilicate glass.
NUM  7.
PAR  7. An apparatus as claimed in claim 3, wherein the sheet to be dried is
      held in a fixed drying position and the drying chamber and source of
      actinic light are movable relative thereto.
NUM  8.
PAR  8. An apparatus as claimed in claim 7, wherein the drying chamber and
      source of actinic light are displaceable parallel to the sheet.
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PAL  The refractory material lined inside a ladle, tandish or other container or
      sluice, etc. for molten metal can be dried by dielectric heating using
      microwave. In this case, a space surrounded by a metallic frame and a
      metallic cover plate can be used as a cavity resonator. If a hot blast is
      concurrently supplied inside the space, the time for drying can be made
      shorter.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to a method and apparatus for drying such refractory
      lining as applied to a container or sluice, etc. for handling molten metal
      by dielectric heating with microwave.
PAR  The term "container for molten metal" or "sluice for molten metal," etc.
      herein used means, for example, the ladle, the truck or furnace for mixing
      pig iron, the electric furnace, the converter, the tandish, or the like
      containers used for iron- or steel-making; or the runner or spout for
      tapping iron or steel, or a sluice used for iron- or steel-making, etc.
      These containers and sluices have an outer shell composed of a metallic
      frame and an inner surface lined with a refractory material. This
      refractory lining is formed by stacked refractory bricks or by coated
      indefinite refractory material.
PAR  In both cases, there is a considerable amount of water contained, for
      example, in the joint mortar in the former case and in the indefinite
      refractory material in the latter case. Accordingly, the refractory lining
      should be dried before receiving the molten metal.
PAR  In drying of the refractory lining, it has heretofore been a practice to
      create an atmosphere having a high temperature more than several hundreds
      degrees by means of the flame of the gas burner or oil burner, etc.,
      whereby the refractory lining is heated to more than 100.degree. C and the
      water content in the lining is thereby driven away as a steam.
PAR  However, it will naturally give a drastic change of temperature to the
      refractory material containing a considerable amount of water or form a
      sharp temperature gradient in the refractory material so that the material
      will be deteriorated. Accordingly, it becomes necessary to elevate the
      atmospheric temperature step by step so as to gradually increase the
      temperature of the surface of the lining, which results in a prolonged
      drying time. It is also necessary to improve the burner used or the method
      of combustion to minimize the difference in the temperature.
PAR  In the drying process using a flame as set forth above, however, it has so
      far been unavoidable that the refractory material cracks with a result of
      deterioration, whether the drying is effected by gradual heating for a
      long time or by uniform heating. In addition, in the conventional heating
      by flame, the rate of increase in temperature is made extremely slow since
      the heating is effected with respect to the adiabatic material.
      Consequently, the water value in the surface portion of the material will
      readily evaporate in a short time, while the water value in the middle or
      deep portion of the material diffuses slowly so that the time for drying
      will be prolonged more or less depending upon the material used or the
      thickness thereof.
PAR  It is therefore an object of the invention to overcome the disadvantages as
      set forth above.
PAR  According to this invention, there is provided a method for drying the
      refractory lining of a container or sluice, etc. used for handling molten
      metal which comprises providing a space which is defined by the metallic
      frame of said container or sluice, etc. and by a metallic cover plate for
      covering the opening of said container or sluice, etc., and effecting
      dielectric heating with microwave by the use of said space as the cavity
      resonator. There is also provided, according to this invention, an
      apparatus for drying the refractory lining for the container or sluice,
      etc. for the molten metal which comprises the metallic frame of said
      container or sluice, etc., a metallic cover plate for covering the opening
      of said container or sluice, etc., said frame and said cover plate forming
      a cavity resonator, a microwave generator and an exhaust pipe provided on
      said cover plate, and means for preventing leakage of said microwave
      provided in the part of said exhaust pipe.
PAR  In one aspect of the method of this invention, a hot blast may be supplied
      into said space while said dielectric heating is effected. In one aspect
      of the apparatus of this invention, a blower pipe with or without a
      ventilation guide may be provided.
PAR  In the practice of this invention dielectric heating with microwave is
      effected whereby, regardless of the material used and the thickness
      thereof, the water value contained in the refractory material can be
      directly heated and thus converted into steam, which escapes from the
      refractory material to fulfil complete drying.
PAR  It has been known that dielectric heating can be used to remove water from
      various materials. However, in the practice of dielectric heating using
      microwave, this microwave will easily pass through the refractory material
      without substantial action upon the material, which results in the radio
      wave troubles, adverse effects upon human beings, etc. For this reason, it
      has not actually be practised for drying refractory lining for the
      container or sluice, etc. for the molten metal.
PAR  After various studies by the inventors about dielectric heating using
      microwave, they have found that the metallic frame constituting the outer
      shell of the container or sluice, etc. serves to prevent the above
      microwave from passing therethrough, and established a method for drying
      by means of dielectric heating with microwave wherein the openings of said
      container or sluice, etc. such as an inlet or an outlet for the molten
      metal of a ladle, are all covered by a metallic cover so that a space shut
      out by the frame member and the cover member composed of a metallic
      material is formed to act as a cavity resonator.
PAR  As far as the space shut out by the metallic material is concerned, it is
      most preferable from the standpoint of preventing the leakage of microwave
      that the space is under sealed condition by means of the metallic
      material. However, in order to dry the same it is desirable to form an
      outlet for the steam escaping from the refractory material. This outlet
      for the steam should thus function to pass the steam but not to pass the
      microwave therethrough. In this invention, an outlet for the steam or an
      exhaust pipe is provided at a predetermined position on the metallic cover
      plate which constitutes a part of the space, and means to prevent leakage
      of the microwave such as a metallic wire mesh or perforated or porous
      plate, a metallic slit plate, or a bundle of metallic pipes, etc. is
      arranged in the opening of said cover plate. The way of arranging said
      means or the size of the mesh, hole, the distance between the slits or the
      diameter of the bundle pipes therefor depend on the wave length of the
      microwave. Alternatively, the means for preventing leakage of the
      microwave may adopt a system for diverting the movement of the microwave
      by means of magnetic power.
PAR  The space shut out by the metallic material as constructed above is used as
      the cavity resonator. When the microwave is generated from the microwave
      generator provided in this cavity resonator or on the metallic cover
      plate, the water value contained in the refractory lining can be heated
      rapidly and uniformly to produce a steam regardless of the material used
      and the thickness thereof, which steam will evaporate sequentially from
      the surface of the refractory material to proceed drying. Thus the drying
      of the material can be fulfilled by continuing the dielectric heating with
      the microwave for a predetermined time.
PAR  When the permanent lining which does not substantially necessitate drying
      is applied as the refractory material, it is preferable to provide a
      reflecting plate made of metallic foil, metallic wire mesh, etc. over the
      entire surface of the permanent lining or between the permanent lining and
      the wear lining, which serves to promote the efficiency for drying.
PAR  The output of the microwave should preferably be 5 kw/t (refractory) or
      more. If it is lower than that, there is a fear that it preserves an
      equilibrium with the amount of heat discharged, which is of course
      undesirable.
DRWD
PAR  The invention is further described with reference to the drawings.
PAR  FIG. 1 is a graph showing the advantages of the method of the invention
      over the conventional method.
PAR  FIGS. 2 and 6 are preferable examples of apparatus adapted for use in the
      practice of this invention.
PAR  FIG. 3 shows another embodiment of the invention.
PAR  FIG. 4 shows an embodiment of the invention with a microwave generator.
PAR  FIG. 5 shows an embodiment of the invention applied to an elongated
      container.
DETD
PAR  As shown in FIG. 1, the drying can be done for a short time by drying the
      refractory lining by dielectric heating with microwave. When, in addition,
      a hot blast is supplied into the cavity resonator in the course of the
      abovementioned drying, the evaporation of the water value from the
      refractory material can be promoted. As a result, the time for drying by
      means of the dielectric heating with the microwave can be made much
      shorter and the drying can be effected much more economical.
PAR  The temperature of the hot blast corresponds to the detectable or sensible
      heat which is not less than the boiling point of the water, for example,
      at least 100.degree. C. It is not necessary, however, to increase this
      heat so high, and a degree up to 300.degree. C will be sufficient.
PAR  The microwave transmitted from the microwave generator as set forth above
      is consumed for drying the refractory lining in a container or sluice,
      etc. After the drying is over, the microwave is reflected by the metallic
      material and then returns to the side of the microwave generator. In this
      case, however, there is a problem that it will injure the microwave
      generator. In order to solve the problem, a circulator is provided near
      the microwave generator whereby the direction of movement of the microwave
      is controlled so that it will be absorbed by an isolator. Alternatively,
      the operation may be done for a predetermined drying time which has been
      determined experimentally, or the end-point of drying may be substantially
      detected by measuring the temperature of the discharged gas in case of the
      compulsory exhaust or by measuring the water value in the atmosphere.
PAR  In FIG. 2, an embodiment of the invention is shown wherein the refractory
      lining for a ladle is dried according to the method of this invention. A
      refractory lining 3 is provided inside an iron plate 2 which constitutes
      an outer shell for a ladle 1. A cover plate 4 made of iron is mounted over
      the ladle 1, upon which plate 4 is set a microwave generator 6 via a
      circulator 5. The numeral 7 indicates a ferromagnetic member which acts to
      divert the microwave. The numeral 8 is an isolator which absorbs the
      extraneous microwave. In the above cover plate 4, there is provided an
      opening 9, upon which an exhaust pipe 10 is mounted. A wire mesh 11 is
      also provided on this opening 9.
PAR  When an electric current is passed through the generator 6, the space
      surrounded by the iron plate 2 and the cover plate 4 acts as a cavity
      resonator whereby the water value existing in the refractory lining 3 is
      caused to evaporate by means of the dielectric heating with microwave and
      is discharged from the exhaust pipe 10. When the drying approaches to end,
      the extraneous microwave is collected and absorbed by the isolator 8 via
      the circulator 5.
PAR  FIG. 3 shows an embodiment of the invention in which the refractory lining
      for a tandish is dried according to the invention. The interior
      circumference of the iron plate 2 constituting the outer shell for a
      tandish 12 is lined with the refractory material 3. On the tandish 12,
      there is provided cover plate 4 made of iron. A plurality of microwave
      generators 6 are mounted on the cover plate 4. Since the length of the
      tandish 12 is longer than the width thereof, there is a problem that a
      fluctuation in drying tends to occur if the drying is effected for a short
      time. This is the reason why a plurality of the microwave generators, or
      the three generators in this case, are mounted. In front of the generators
      6 inside the cover plate 4, there is provided a protecting frame 13 made
      of glass in order to protect the generators 6 from steam, etc.
PAR  On either side of the cover plate 4, the openings 9 and 9' are provided,
      and upon these openings, the exhaust pipe 10 and the blower pipe 10' are
      provided, respectively. Also wire mesh 11 is mounted on these openings 9
      and 9'. A tapping hole 14 for discharging the steel which is set on the
      bottom of the tandish 12 is covered by a cap 15 made of iron. When an
      electric current is passed through the microwave generators 6 for a
      predetermined time while a hot blast is circulated by means of the pipes
      10 and 10', the space surrounded by the iron plate 2, iron cover plate 4
      and the iron cap 15 acts as a cavity resonator so that the water value in
      the refractory lining is caused to evaporate by means of the dielectric
      heating with the microwave. As a result, a uniform and effective drying
      can be effected.
PAR  FIG. 4 shows an embodiment in which the microwave generator 6 is provided
      on the metallic cover plate 4 via a wave guide pipe 18. Under the plate 4,
      there is provided a ventilation guide 16. It may be made of a material
      having heat resistivity but having a small coefficient of loss for the
      microwave such as a Teflon resin, glass, various ceramics, etc. A flow
      path 20 can be created by the outer surface of the guide 16 and the
      surface of the lining 3, through which a hot blast is effectively brought
      into contact with the surface of the lining 3.
PAR  FIG. 5 shows an embodiment in which an elongated container 1 such as a
      tandish is used. In this case, the blower pipes 10' are provided on either
      side of the container 1, between which a plurality of exhaust pipes 10 are
      provided. The flow path 20 is formed so as to interconnect the same to the
      exhaust pipes 10. A bundle of metallic pipes having small diameter are
      used in this case near the part of the blower pipes 10'. The numeral 17
      indicates a supporting stand.
PAR  FIG. 6 shows an embodiment in which two containers 1 such as ladles are
      dried simultaneously, and a connecting pipe 19 is fixed therebetween.
PAC  EXAMPLE
PAR  A ladle similar to that shown in FIG. 2 was lined with an indefinite
      refractory material (water content 6.0 percent) of pyrophyllite and zircon
      type. After 24 hours aging, drying was effected according to the
      conventional method and the method of this invention. The result is shown
      in a graph of FIG. 1.
PAR  In the practice of this invention, a microwave generator of 2450 MHz, 10
      KW/t output was used with or without the supply of a hot blast at
      150.degree. to 200.degree. C.
PAR  It is obvious from the graph that the drying according to this invention
      can be done by about 1/5 hours shorter than the conventional method. In
      case of using the hot blast simultaneously with the above method, the
      effect was more remarkable.
PAR  The observation made after the drying shows that in the conventional method
      the refractory material was considerably deteriorated with numerous slight
      cracks and a small number of larger cracks of 10 mm or more in the surface
      of the material while in this invention the refractory material was not
      substantially changed, almost no cracks being seen in the surface of the
      material.
PAR  As set forth hereinabove, the metallic frame for a container or sluice,
      etc. for molten metal and the metallic cover plate covering the opening
      thereof form the space, which can be used as the cavity resonator for
      dielectric heating with microwave in the operation of this invention.
      Accordingly, the water value in the refractory lining is heated and
      evaporated rapidly and uniformly irrespective of the material used or the
      thickness thereof. As a result, the refractory lining can be dried without
      fail for a short time.
PAR  Moreover, in this invention, what is used as the cavity resonator is the
      space which is constituted such that the ventilation or circulation of gas
      is made possible while the microwave can be shut off. Consequently, there
      is no fear of troubles for the electric wave as well as human beings in
      the course of the drying operation. Particularly in case of supplying hot
      blast inside the cavity resonator, the time necessary for drying can be
      made shorter on a more economical basis.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for drying the refractory lining of a ladle, tandish or like
      device for containing molten metal to remove water from said refractory,
      said device comprising an outer metallic shell and an inner lining of
      refractory material in said shell, said device enclosing a space for
      normally holding molten metal, said device having an open top, said method
      comprising:
PA1  positioning a metallic cover on top of said device to fully enclose the
      space therein and thereby constitute said space a cavity resonator,
PA1  supplying microwave energy to said cavity resonator to effect dielectric
      heating of said refractory material sufficient to cause evaporation of
      water therefrom as steam, and
PA1  removing steam from said space.
NUM  2.
PAR  2. The method according to claim 1 in which the microwave energy is
      supplied at a level of at least about 5KW/t (refractory).
NUM  3.
PAR  3. The method according to claim 1 further comprising supplying a hot blast
      of gas through said space during the dielectric heating of said refractory
      material.
NUM  4.
PAR  4. A method according to claim 3 in which the hot blast of gas has a
      temperature of between 100.degree. C and 300.degree. C.
NUM  5.
PAR  5. Apparatus for drying the refractory lining of a ladle, tandish or like
      device for containing molten metal to remove water from said refractory,
      said device comprising an outer metallic shell and an inner lining of
      refractory material in said shell, said device enclosing a space for
      normally holding molten metal, said device having an open top, said
      apparatus comprising the combination with said device of
PA1  a metallic cover receivable on top of said device to fully enclose the
      space therein and thereby constitute said space a cavity resonator,
PA1  means for supplying microwave energy through said cover to said cavity
      resonator to effect dielectric heating of said refractory material
      sufficient to cause evaporation of water therefrom as steam, and
PA1  an exhaust conduit connected to said cover and communicating with said
      space through which steam can be removed from said space.
NUM  6.
PAR  6. The apparatus of claim 5 in which the means for supplying microwave
      energy comprises a microwave generator, said microwave generator being
      carried in a wave guide pipe connected to said cover, there being a
      diverter of ferromagnetic material disposed in said wave guide pipe, and
      an isolator for absorbing microwave energy, said diverter functioning to
      divert extraneous microwave energy to said isolator.
NUM  7.
PAR  7. The apparatus of claim 5 further comprising means disposed in said
      exhaust conduit for preventing leakage of microwave energy from said
      cavity resonator through said exhaust conduit.
NUM  8.
PAR  8. The apparatus of claim 4 further comprising a gas supply conduit
      connected to said cover and communicating with said space for supplying a
      hot blast of gas to said space during the dielectric heating of said
      refractory material, there being means disposed in said gas supply conduit
      for preventing leakage of microwave energy from said cavity resonator
      through said gas supply conduit.
NUM  9.
PAR  9. The apparatus of claim 8 in which the means disposed in said exhaust
      conduit and said gas supply conduit is one of metallic wire mesh, a bundle
      of metallic pipes, a perforated plate, and a metallic slit plate.
NUM  10.
PAR  10. The apparatus of claim 8 further comprising ventilation guide means
      disposed within said cavity resonator and defining with said refractory, a
      gas flow course interconnecting said exhaust conduit and said gas supply
      conduit, said ventilation guide means being characterized by having a
      small coefficient of loss for microwave.
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ABST
PAL  A method for producing a powder paint which comprises dissolving or
      dispersing the paint components in a liquid medium, freezing the resulting
      solution or liquid dispersion and subliming the liquid medium in a vacuum
      to obtain a powder paint.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for producing a powder paint, by
      which a powder paint which has superior properties compared to powder
      paints obtained by prior methods can be obtained and by which even paint
      components which are difficult to convert to a powder paint by prior
      methods can be made into an excellent powder paint.
PAR  2. Description of the Prior Art
PAR  A powder paint is applied to materials to be painted in the form of a
      powder and thereafter a coating is formed by heating. Heretofore, a powder
      paint has been prepared by mechanically grinding the paint components
      followed by mixing, by mixing the paint components followed by mechanical
      grinding, by melt-mixing the paint components followed by cooling and
      mechanical grinding or by mixing the paint components in the presence of a
      solvent followed by removal of the solvent and mechanical grinding.
PAR  In these methods where mechanical grinding is used an expensive apparatus
      is required for grinding; particles having a uniform particle size are
      difficult to obtain and homogeneous mixing is difficult to conduct in the
      powder mixing, which destroys the homogeneity required for the paint.
      Further, a paint composition containing reactive components is difficult
      to powder because heat is often applied in the mixing and grinding steps.
      Further, a paint which provides a metallic-luster and which contains a
      metal powder loses the metallic-luster in the grinding step and a good
      quality powder paint can not be obtained since a homogeneous mixing of the
      powder can not be achieved. In the method where the paint components are
      dissolved in a solvent and are spray-dried, a deterioration of the paint
      occurs due to heat and a complicated apparatus is required, which is not
      suitable for the production of a variety of products, even though no
      deterioration occurs due to ginding.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to remove the defects and
      difficulties associated with the prior methods as described above.
PAR  The present invention accordingly provides a method for producing a powder
      paint which comprises dissolving or dispersing the paint components in a
      liquid medium, freezing the resulting solution or liquid dispersion and
      removing the liquid medium by sublimation to obtain a dry powder paint.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The powder paint obtained by the method of this invention has greatly
      improved properties and has characteristics which are not attained by the
      prior methods. Further, according to the present invention paint
      components which have been difficult to powder using the prior methods can
      be readily powdered. Additionally, according to the present invention the
      mixing of the components can be effected satisfactorily and homogeneously.
      Even components which tend to deteriorate or react due particularly to
      heat or friction such as aluminum powder or a polyol/isocyanate mixture
      can be prepared into a powder paint without loss of their original
      characteristics since high mechanical strength and heat are not applied.
      According to the present invention, even when grinding is required after
      drying, grinding is readily effected without particles which are too small
      resulting nor leaving particles which are too large. Thus, the
      distribution range of the resulting particles is narrow. This is an
      important feature of this invention, and the method of the present
      invention is suitable for the small scale production of a variety of
      products.
PAR  In the present invention, the paint components are dissolved or dispersed
      in a single liquid medium or a mixture of liquid media at a normal or
      slightly elevated temperature, e.g., about 20.degree. to 100.degree.C, and
      the paint components are mixed in the liquid medium. After cooling, the
      solution or liquid dispersion is frozen and the liquid medium is removed
      by sublimation to obtain a dry product; or the solution or liquid
      dispersion is sprayed in a freezing zone and dried by vacuum to obtain a
      dry product. The dry product obtained in this way, is a fine powder or
      porous mass. Accordingly, grinding can be effected readily, if necessary,
      without using any particularly strong or complicated grinding means. The
      particles of the powder are very small and the distribution range of the
      particle size is very narrow, and the yield of particles having a particle
      size ranging from about 20 to 70 .mu. which are suitable as a powder paint
      is higher.
PAR  Another feature of the present invention is that the particle size of the
      product can be controlled by the particular kind of liquid medium used,
      the mixing ratio of the liquid media and by the addition of other solvents
      or a non-solvent. For example, when a liquid medium which is not capable
      of dissolving the paint components is mixed with a liquid medium which is
      capable of dissolving the paint components in an amount of about 20 to 40
      percent by weight to the latter liquid medium, the porosity of the
      resulting dry product increases and the bulk density of the dry product
      decreases.
PAR  In the powder paint of the present invention the particles of the powder
      are microporous and the dynamic bulk density of the present powder is 1/2
      that of a powder obtained by other methods. More specifically, in the
      powder paint of the present invention the bulk density of the powder is
      about 1/2 that of a powder obtained by conventional grinding techniques.
      For example, the bulk density of the present powder having a size of 250
      mesh is about 0.25 g/cm.sup.3, and, on the contrary, that of a powder
      obtained by conventional grinding techniques is about 0.40 g/cm.sup.3.
      Thus the rate of melting at the time of baking, which can be generally
      conducted at a temperature of about 160.degree.  to 180.degree.C for about
      20 to 30 minutes, is fast. Further, since the melting temperature range is
      narrow and the particle size is uniform, melt-hardening can be effected
      homogeneously, which results in the formation of a smooth surface.
      Heretofore smoothly coated surfaces were not obtained for porous surfaces,
      particularly surfaces containing components vaporized by heating when
      these surfaces were coated with prior art powder paints. However according
      to the present invention these materials can be coated and smoothly coated
      surfaces can be obtained due to the characteristics of the powder paint of
      the invention. That is to say, the powder paint of the present invention
      is in the form of a powder up to the temperature at which the coating
      begins to melt and melting of the coating is effected very rapidly because
      of the narrow melt-setting temperature range, during which time escape of
      air or volatile components from the porous surfaces is scarecely observed,
      and this results in the formation of smooth coatings.
PAR  Electrostatic coating is difficult with some powder paints of the present
      invention, particularly with those having strong coating strength and good
      resistance which lead to a high electrical resistance, however the
      electrical resistance can be reduced and a powder paint suitable for
      electrostatic coating can be obtained if a polar compound is added to the
      solvent. Therefore, an important characteristic of the powder paint of the
      present invention is that a clear coating which is resistant to abrasion
      and retains its clarity is formed on a glass surface by electrostatic
      coating. Further, the powder paint of the present invention has good
      storage qualities because particles of the paint do not adhere to each
      other during storage.
PAR  The mixing of the components of the paint in the method of the present
      invention can be carried out in a similar way with the production of a
      solution type paint, so it is possible to use conventional equipments and
      techniques to accomplish the mixing.
PAR  The liquid media used in the present invention can be used individually or
      as mixtures thereof. Suitable liquid media are those which are liquid at
      temperatures of from about normal temperature (i.e., about 20.degree. to
      30.degree.C) to about 100.degree.C and solidify on cooling. The liquid
      media generally have melting points ranging from about -30.degree.C to
      100.degree.C and sublime in a vacuum below about 10 mmHg. Typical liquid
      media which can be used include benzene, dioxane, nitrobenzene, phenol,
      acetic acid, ethylene dibromide, tertiary butanol, cyclohexanol, aniline,
      camphor or mixtures thereof. Other solvents or non-solvents, such as
      acetone, methyl ethyl ketone, ethyl acetate, xylene, toluene, hexane and
      water, can be used in combination with these liquid media when specific
      components or type of coating is desired. In order to reduce the
      electrical resistance thereby facilitating electrostatic coating of the
      powder paint, polar compounds of the liquid media as described above, or
      other polar compounds such as methanol, ethanol, propanol, methyl ethyl
      ketone or methyl isopropyl ketone can be added to the liquid media.
PAR  After dissolving or dispersing the paint component, e.g., in an amount of
      10 to 90 percent by weight as a solution or dispersion, the mixture is
      frozen, e.g., at a temperature of about -50.degree.C to about +20.degree.C
      and the frozen liquid media can be removed by sublimation in a vacuum
      below about 10 mmHg, preferably below 0.5 mmHg, particularly preferably
      0.1 to 0.5 mmHg, generally at a temperature lower than about normal
      temperature in about 3 to 8 hours. The sublimed liquid media are recovered
      in a cooling trap. In addition, a method which comprises vacuum-drying
      simultaneously with freezing, a method which comprises rapidly freezing
      the solution or liquid dispersion, for example, with dry ice or liquid
      nitrogen, followed by vacuum-drying or a method which comprises spraying
      the solution or liquid dispersion in a freezing zone to freeze the mixture
      in the form of a fine powder and dried by vacuum can also be employed. If
      the dry product needs to be ground, the product can be ground
      conventionally, e.g., using an impact type grinder.
PAR  The components of the powder paint which can be produced according to the
      present invention are described in detail as follows. That is, substances
      capable of forming a polyurethane coating by reacting a polyester polyol
      or a polyether polyol with an isocyanate can be employed as suitable
      components. Suitable specific examples of components which can be present
      in a powder paint are an epoxy resin, an acrylic polyol, an acrylic resin,
      a polyvinyl chloride resin, cellulose acetate, cellulose acetate butyrate,
      a melamine resin, a nylon resin, a pigment, a dye, an extender, a
      levelling agent, a cross-linking agent, aluminum powder, copper powder,
      other metallic powders, a delustering agent, etc.
PAR  The present invention is illustrated in greater detail by reference to the
      following examples. In the examples, all parts, percents, and the like are
      by weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  23 parts of a block isocyanate (Crelan L/Ue 6107, tolylene diisocyanate
      blocked with .epsilon.-caprolactam, produced by Bayer Co., Ltd.) and 77
      parts of a polyol (Crelan L/Ue 6108, a polyester polyol produced by
      reacting a dicarboxylic acid and a polyhydric alcohol, produced by Bayer
      Co., Ltd.) were dissolved in 230 parts of benzene, the resulting solution
      was placed in a freeze dryer, the temperature adjusted to -35.degree.C to
      freeze the solution, and drying was conducted at 0.2 mmHg. When the
      temperature of the sample became identical with room temperature (about
      20.degree. to 30.degree.C), the sample was removed. The dry product, which
      was a porous mass, was readily ground to fine powder using a conventional
      grinder. The ground product was sieved to obtain a powder paint of a 230
      mesh size. This powder paint had good storage qualities. Application of
      this paint to a material to be painted followed by heating for 20 to 30
      minutes at 180.degree.C gave a smooth urethane resin coating. The surface
      of a foamed polyamide molding which was previously sprayed with a
      non-ionic surface active agent as an antistatic agent was
      electrostatically coated with this powder paint, followed by heat-setting,
      whereby a smooth coating was obtained.
PAC  EXAMPLE 2
PAR  The procedures of Example 1 were repeated with the exception that a mixture
      of 200 parts of dioxane and 30 parts of ethanol was used as the liquid
      medium to obtain a powder paint. This powder paint had an electrical
      resistance of 10.sup.10 .OMEGA.cm. This paint was applied to the surface
      of a glass bottle which had been previously treated with a non-ionic
      surface active agent as an antistatic agent, and at that time an uniform
      coating was effected. The coating was heated for 30 minutes at
      180.degree.C, thereby giving a smooth, transparent and tough coating which
      was resistant to abrasion and retained its clarity even after washing.
PAC  EXAMPLE 3
PAR  35 parts of a polyol (Crelan L/Ue 6108) was dissolved in 240 parts of
      benzene. To this solution was added 30 parts of titanium white to obtain a
      dispersion paste. Then, 40 parts of this polyol and 25 parts of a block
      isocyanate (Crelan L/Ue 6107) were added to the dispersion paste. The
      mixture was mixed well and in a similar manner as described in Example 1
      freeze-dried, ground and sieved to obtain a white powder urethane paint.
      In place of titanium white, phthalocyanine, carbon black, quinacridone and
      the like were used to obtain various colored powder urethane paints.
PAC  EXAMPLE 4
PAR  The procedures of Example 3 were repeated except that 15 parts of an
      aluminium paste was used in place of titanium white to obtain a silver
      powder urethane paint having an excellent luster.
PAC  EXAMPLE 5
PAR  23.2 parts of an epoxy resin (Epicoat 1004, the polymerization product of
      bisphenol A and an epoxy ring-containing compound, produced by Shell
      Chemical Co., Ltd.) was dissolved in 70 parts of dioxane and to this
      solution were added 1.02 parts of dicyanodiamine, 4.65 parts of titanium
      white and 1.13 parts of a silicone oil as a levelling agent, and the
      mixture was mixed well. The mixture was freeze-dried, ground and sieved in
      a similar manner as described in Example 1 to obtain a white powder epoxy
      paint.
PAC  EXAMPLE 6
PAR  40 parts of an acrylpolyol (Crelan L/Ue A 101, the polymerization product
      of styrene and acrylic acid, produced by Bayer Co., Ltd.) was dissolved in
      240 parts of dioxane and into this was dispersed 30 parts of titanium
      white to obtain a paste. An additional 45 parts of this acrylpolyol and 15
      parts of a crosslinking agent oxazoline (Crelan A-D, bisoxazoline,
      produced by Bayer Co., Ltd.) were added to this paste and, the mixture,
      after mixing well, was cooled to -30.degree.C to freeze the mixture. The
      liquid medium was removed by sublimation in a vacuum of 0.5 mmHg, and the
      resulting product was ground and sieved to obtain a powder paint having a
      particle size of 20 to 50 .mu.. This paint was applied to the surface of a
      foamed polyamide molding, and heat-set to obtain a smooth coating.
PAC  EXAMPLE 7
PAR  85 parts of the acrylpolyol and 15 parts of the crosslinking agent
      oxazoline, as used in Example 6 were dissolved in a mixture of 200 parts
      of dioxane and 30 parts of methanol. The solution was freeze-dried, ground
      and sieved in a similar way as described in Example 6 to obtain a powder
      paint having a particle size of 20 to 70 .mu.. This powder paint had an
      electrical resistance of 10.sup.10 .OMEGA.cm. This paint was
      electrostatically coated on a glass bottle and heated for 30 minutes at
      170.degree.C to obtain a smooth and clear coating.
PAC  EXAMPLE 8
PAR  30 parts of a thermoplastic acrylic resin (Paraloid B-66, an acrylic ester
      copolymer produced by Rohm and Hass Co., Ltd.) was dissolved in 70 parts
      of benzene, and the resulting solution was cooled to -35.degree.C to
      freeze and the mixture dried in a vacuum of 0.2 mmHg. The resulting
      product was ground with a conventional impact grinder. Grinding was
      accomplished very smoothly. After sieving 20 parts of a powder paint
      having a particle size of 20 to 50 .mu. was obtained. This powder paint
      had good storage qualities and no change in particle size was observed on
      storage for 6 months at 50.degree.C. This powder paint was coated and
      heated for 20 minutes at 160.degree.C to obtain an uniform acrylic resin
      coating.
PAC  EXAMPLE 9
PAR  70 parts of a thermoplastic vinyl chloride resin (Vinilite VYHH, polyvinyl
      chloride containing 13 percent by weight vinyl acetate, produced by Union
      Carbide Co., Ltd.) was dissolved in 70 parts of dioxane, and into this
      solution was dispersed 15 parts of rutile type titanium white, and further
      50 parts of dioxane was added to reduce the viscosity. The product thus
      obtained was freeze-dried and ground in a similar manner as described in
      Example 8 to obtain 25 parts of a powder paint having a particle size of
      20 to 50 .mu.. Use of phthalocyanine blue in place of titanium white
      provided a colored powder paint, and use of an aluminium paste gave a
      powder paint which forms a coating of good luster.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing a powder paint which comprises dissolving a resin
      paint component in a liquid medium, freezing the resulting solution, and
      removing the liquid medium by sublimation.
NUM  2.
PAR  2. The method according to claim 1, wherein said liquid medium melts at
      temperature ranging from about -30.degree.C to 100.degree.C and sublimes
      under a pressure lower than about 10 mmHg.
NUM  3.
PAR  3. The method according to claim 1, wherein said liquid medium contains a
      polar compound.
NUM  4.
PAR  4. The method according to claim 1, wherein freezing is conducted at
      temperature lower than about -20.degree.C and the liquid medium is removed
      by subliming under a pressure of 0.1 to 0.5 mmHg.
NUM  5.
PAR  5. The method according to claim 1, wherein said paint components contain
      components which tend to react or deteriorate by heating or due to
      friction.
NUM  6.
PAR  6. The method according to claim 1, wherein said freezing and removing of
      the liquid medium is by freeze-drying.
NUM  7.
PAR  7. The method according to claim 1, further comprising dispersing other
      paint components in the liquid medium prior to freezing.
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ABST
PAL  A slurry of particulate material, such as polypropylene, and a fluid, such
      as propylene diluent, is introduced into a flash tank to remove a
      substantial amount of the fluid. The resulting particulate material is
      passed from the flash tank through a heated dryer to elevate the
      temperature of the particulate material and remove additional fluid. The
      temperature of the particulate material removed from the dryer is
      controlled by measuring the temperature of the removed material and
      adjusting the rate at which vapor is removed from the dryer in response to
      the measured temperature.
BSUM
PAR  In the production of polymeric materials, the reactor effluent often
      comprises the polymer dissolved or entrained in a diluent. In the
      production of polypropylene, for example, this diluent can be propylene
      and the reactor effluent can comprise a slurry of the polymer in the
      diluent. The diluent is usually removed by means of a flash tank, and the
      resulting polymer is dried and ultimately purged of any residue diluent.
      One procedure employed heretofore has been to pass the polymer from the
      flash tank through a heated conveyor dryer.
PAR  In the operation of a polymer recovery system of the type described,
      control of dryer temperature has been a serious problem. If the
      temperature of the polymer becomes too high, chunks of fused polymer may
      form, and the motor which rotates paddles in the dryer may overheat. While
      the temperature of the dryer can be regulated to some extent by
      controlling the external heat supplied to the dryer, such control often
      does not respond fast enough to eliminate the problem of polymer chunks
      being formed. In view of the fact that the polymer concentration in the
      feed slurry may vary during a production run, it is usually not possible
      to maintain precise temperature control of the flash tank.
PAR  In accordance with this invention, the temperature of the particulate
      material removed from a dryer is controlled from a measurement of the
      temperature of the material removed from the dryer. The rate at which
      vaporizable fluid removed from the material being dried is vented from the
      dryer is controlled in response to the measured temperature so as to
      maintain the measured temperature at a preselected value. The removed
      fluid can be recycled to the flash tank and withdrawn from the system with
      the remainder of the vapor.
DRWD
PAR  The accompanying drawing is a schematic illustration of polymer recovery
      apparatus having the apparatus of this invention incorporated therein.
DETD
PAR  In the illustrated embodiment, a polymer slurry is introduced through a
      conduit 10 which communicates with a flash tank 11. A heater 12 is
      associated with conduit 10 to elevate the temperature of the slurry. Flash
      tank 11 is provided with a jacket 13 through which a heating fluid is
      circulated. The flashed vapor is removed from the top of tank 11 through a
      conduit 14 which communicates with a cyclone separator 15. Polymer is
      removed from the bottom of the flash tank through a valve 16 and passed to
      the inlet of a dryer 17.
PAR  Dryer 17 is provided with a series of paddle wheels 18 or other elements
      which are rotated by motor 19 to convey the polymer from the inlet end to
      the outlet end from which it is removed through a conduit 20. Dryer 17 is
      provided with a jacket 21 through which a heating fluid, such as steam, is
      circulated. This steam can be introduced through a conduit 22 which has a
      control valve 23 therein. A temperature sensing element 24 is positioned
      near the outlet of the dryer to measure temperature of the withdrawn
      polymer. A signal from this element is applied to a temperature controller
      25 which adjusts valve 23 in response to the measured temperature. Thus,
      the flow of steam through jacket 21 is adjusted to tend to maintain a
      desired temperature at the outlet end of the dryer.
PAR  Any polymer entrained in the overhead vapors from the flash tank 14 is
      removed from cyclone separator 15 and passed a dryer 17 through a conduit
      27. The flashed vapor removed from the top of separator 15 is passed
      through a conduit 28 for recycle to the polymerization process.
PAR  In accordance with this invention, vapor removed from the polymer in dryer
      17 is withdrawn from the dryer at a controlled rate through a conduit 30
      which communicates with the upper region of flash tank 11. A control valve
      31 is positioned in conduit 30. A temperature sensing element 32 is
      disposed in conduit 20 adjacent the outlet end of dryer 17 or in the
      outlet end of the dryer itself to measure the temperature of the polymer
      removed from the dryer. Element 32 is connected to a temperature
      controller 33, the output of which is applied to control valve 31.
      Temperature controller 33 is a conventional control instrument which
      compares the measured temperature with a desired setpoint temperature and
      establishes an output signal representative of any difference
      therebetween. This output signal controls the opening of valve 31 to tend
      to maintain the temperature of the dried polymer at a preselected value.
      While such automatic control is highly desirable, it is also possible for
      valve 31 to be controlled manually in response to an operator observing
      the temperature measured by element 32.
PAR  As an example of a specific embodiment of this invention, a slurry of
      polypropylene in propylene is introduced through conduit 10 at a rate in
      the order of 4,000 to 5,000 pounds per hour. This slurry contains 40 to 50
      weight percent polypropylene. The slurry is introduced into flash tank 11
      at at a temperature of about 150.degree. F. Sufficient heat is applied to
      the jacket of the flash tank to maintain such a temperature within the
      tank. The temperature of the polymer introduced into the inlet dryer 17 is
      approximately 148.degree. F. It is desired to maintain the temperature of
      the polymer removed from the dryer in the range of about 210.degree. to
      220.degree. F. Steam at a temperature of 285.degree. to 300.degree. F. is
      introduced through conduit 22 at a rate sufficient to provide the desired
      elevation in temperature of the polymer passing through the dryer. The
      opening of valve 31 is manipulated so as to maintain the temperature of
      the polymer removed from dryer 17 at the desired value. Conduit 30 can
      have a diameter of three inches in the example, as can valve 31 in a fully
      open position. When the measured temperature rises above the desired
      value, valve 31 is moved toward a closed position. When the measured
      temperature falls, the valve is moved toward an open position. In the
      operation described, the overhead stream from flash tank 11 contains
      approximately 98 to 99 percent propylene. The small amount of entrained
      polymer is recycled through conduit 27.
PAR  While this invention has been described in conjunction with the removal of
      diluent from polypropylene, it should be evident that the invention is
      applicable to the drying of any particulate material wherein it is
      desirable to remove volatile fluid therefrom by the application of heat.
      Thus, while the invention has been described in conjunction with a
      presently preferred embodiment, it is not limited thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of drying particulate material to remove volatile fluid
      therefrom comprising passing the material through a heated dryer, venting
      vaporized fluid from the dryer, measuring the temperature of the
      particulate material removed from the dryer, and controlling the rate at
      which the fluid is vented so as to maintain the measured temperature at a
      preselected value, said fluid being vented at an increased rate when the
      measured temperature falls below a preselected value and being vented at a
      decreased rate when the measured temperature rises above the preselected
      value.
NUM  2.
PAR  2. The method of claim 1 in which the particulate material is polypropylene
      and the volatile fluid is propylene.
NUM  3.
PAR  3. The method of claim 1 in which the dryer is heated by passing a heating
      fluid in indirect heat exchange relationship with the dryer.
NUM  4.
PAR  4. The method of claim 3, further comprising measuring the temperature of
      the particulate material in the dryer, and controlling the rate at which
      the heating fluid is passed so as to maintain the measured temperature of
      the material in the dryer at a preselected value.
NUM  5.
PAR  5. The method of claim 1 wherein a feed stream of said particulate material
      and volatile fluid is introduced into a flash chamber so that a major part
      of the volatile fluid contained in said feed stream is flashed, the
      flashed fluid is withdrawn from the flash chamber, and the particulate
      material containing the remainder of the volatile fluid is the material
      passed through the heated dryer.
NUM  6.
PAR  6. The method of claim 5 wherein the vaporized fluid vented from the dryer
      is passed to the flash chamber.
NUM  7.
PAR  7. Apparatus for drying particulate material comprising a dryer having an
      inlet and an outlet, conduit means communicating with said dryer to remove
      gases evolved from the particulate material, a valve in said conduit
      means, temperature sensing means positioned to measure the temperature of
      particulate material removed from the dryer, and control means responsive
      to said temperature sensing means to regulate the flow of gases through
      said conduit means, said control means moving said valve toward an open
      position when the measured temperature falls below a preselected value and
      moving said valve toward a closed position when the measured temperature
      rises above the preselected value.
NUM  8.
PAR  8. The apparatus of claim 7, further comprising means to supply heat to
      said dryer, a second temperature sensing means positioned to measure the
      temperature of particulate material in the dryer, and means responsive to
      said second temperature sensing means to control said means to supply heat
      to said dryer.
NUM  9.
PAR  9. The apparatus of claim 7, further comprising a flash tank having an
      inlet, a first lower outlet to remove particulate material and a second
      upper outlet to remove gases, and means connecting said first outlet to
      the inlet of said dryer.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said conduit means is connected to
      said flash tank to convey gases from said dryer to said flash tank for
      removal through said first inlet.
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ABST
PAL  A method and apparatus is detailed for cooling hot bulk material disposed
      in gas-permeable cooling buckets which travel from a charging zone to a
      discharge zone, with the cooling buckets in communication with a plenum
      chamber having integral blower means for forcing cooling gas through the
      bulk material. The volume of cooling gas forced through the bulk material
      proximate the charging zone is substantially less than the volume of
      cooling air which is forced through the bulk material over the rest of the
      travel path. This results in a substantial reduction in the particulate
      emission from the bulk material. A cooling gas throttling means is
      disposed in the plenum chamber between the charging zone and the discharge
      zone for restricting the volume of cooling gas at specific areas along the
      travel path.
PARN
PAR  This is a continuation of application Ser. No. 417,262, filed Nov. 19, 1973
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention concerns a process for cooling hot bulk materials in open
      coolers with gas-permeable cooling buckets moving on a straight or
      circular track, whereby a gaseous cooling media is forced through the
      material resting in the buckets.
PAR  It is the purpose of the process and apparatus of the present invention to
      reduce the dust nuisance occuring near cooling apparatus of this type.
      Such cooling apparatus are well known for different materials, especially
      sintering cooling apparatus, wherein a gaseous media is forced through the
      material disposed in the cooling buckets. The magazine Stahl Und Eisen 87,
      1967, No. 24, Pages 1472-1477, contains a description of such a cooling
      apparatus. The cooling apparatus described in the above mentioned article
      has a circular track with ten cooling air supply ducts in ten separate
      identical blowers disposed about the circumference of the cooling
      apparatus. The relatively cool ambient air sucked in by the blowers
      penetrates the material from below or from the side of the buckets and
      passes through the bulk material. A uniform volume of cooling air is
      passed through the hot bulk material along the entire length of the
      cooling apparatus. The air, heated during penetration of the hot material,
      carries dust particles from the material into the surrounding area
      resulting in a severe nuisance. It has been noticed that the ejected
      quantity of dust or particulate emission is 50 to 100 times greater at the
      charging end of the cooling apparatus than at the discharge end. The
      operator of such a cooling apparatus is forced to collect the emitted dust
      directly above the cooling buckets for separation in an electrostatic or
      mechanical dust removal apparatus. The abrasive and corrosive dust
      particles of the sinter plant can cause considerable wear in the duct
      work. It is the object of this invention to reduce the dust emission from
      the bulk material during the cooling process, and to obviate the need for
      any additional dust collector. This is achieved by increasing the volume
      of cooling media per unit area which is forced through the hot bulk
      material from the charging end of the cooling apparatus to the discharge
      end of the cooling apparatus. The hot bulk material as it is charged to
      the cooling apparatus has a temperature of about 700.degree. to
      900.degree.C, and a reduced volume of cooling air is forced through the
      material at the charging end than at the discharge end of the cooling
      apparatus. Due to the large temperature difference between the hot bulk
      material which is at 700.degree. to 900.degree.C and the ambient cooling
      air which is at from 10.degree. to 30.degree.C, good heat exchange is
      achieved even with the reduced cooling air volume and cooling air velocity
      penetrating the bulk material. The bulk material is cooled down to a
      temperature of about 80.degree. to 100.degree.C proximate the discharge
      end of the cooling apparatus. While there is a low temperature
      differential between the material at the discharge end and the cooling
      air, the resulting lower rate of heat exchange is offset by the higher
      volume of cooling air and the resultant increased flow through the
      material layer. Surprisingly, it has been discovered that at the same
      cooling capacity the amount of dust emitted from the bulk material
      proximate the charging end of the cooling apparatus can be remarkably
      reduced and is more uniformly distributed over the entire travel path of
      the cooling apparatus when the volume of cooling air is reduced proximate
      the charging zone. It has also been discovered that the particle size of
      the dust which is evolved proximate the discharge end using the present
      invention is considerably smaller than the average particle size of dust
      evolved from a prior art cooling apparatus. The volume of cooling air
      forced through the bulk material can be increased over the length of the
      cooling apparatus, or distinct zones can be defined wherein the cooling
      air volume is increased in steps. The regulation of the cooling air
      directed through the bulk material is had by suitable design for the
      plenum chamber beneath the cooling bucket.
PAR  In practicing the present invention it is desirable that the volume of
      cooling air passed through the hot bulk material proximate the charging
      end of the cooling apparatus be about 30 to 70%, and preferably 50 percent
      of the volume of cooling air forced through the material proximate the
      discharge end of the cooling apparatus. Such operation will reduce the
      dust content above the cooling buckets substantially.
PAR  The preferred cooling apparatus for carrying out this process includes open
      cooling buckets travelling on straight or circular tracks whereby a
      gaseous media penetrates the cooling buckets. At least one throttling
      means is disposed in a gas-tight plenum chamber located beneath the
      cooling buckets and communicating therewith, and at least one blower means
      is connected to the plenum chamber, preferably proximate the discharge end
      of the cooling apparatus. The throttling means in the plenum chamber is
      used to adjust the volume of cooling media which is forced through the
      bulk material at various zones along the travel length of the cooling
      apparatus. The blower means which can be a single blower or a plurality of
      blowers can then be arranged proximate the discharge portion of the
      cooling apparatus to increase the volume of cooling media flowing through
      the bulk material from the charging end to the discharging end. Such an
      apparatus eliminates the need for many individual blowers and gas ducts as
      described in the aforementioned prior art apparatus. The apparatus of the
      present invention employs a simplified design for the plenum chamber which
      permits an elimination of duplicative blowers and duct work.
PAR  In the embodiment of the present invention the throttling means comprises a
      partition wall having a variable orifice therethrough. The use of such a
      partition wall with a variable orifice permits accurate regulation of the
      flow of cooling media to minimize the dust emission. In another
      embodiment, the plenum chamber can be divided up by a plurality of
      partition walls having variable orifices resulting in three distinct zones
      of different lengths, and preferably having a length ratio of 1:2:7
      respectively for the first zone proximate the charging end, for the second
      intermediate zone, and for the third zone proximate the discharge end of
      the cooling apparatus. A significant reduction in the amount of evolved
      dust can thus be achieved.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is further described by means of the drawings wherein in
PAR  FIG. 1 is a schematic representation of a circular ring-type cooling
      apparatus;
PAR  FIG. 2 is a view in section taken along lines II-II of FIG. 1;
PAR  FIG. 3 is an enlarged partial sectional view taken through a cooling bucket
      and plenum wall;
PAR  FIG. 4 is a schematic representation of an alternate embodiment which is a
      straight line cooling apparatus;
PAR  FIG. 5 is a graphic illustration plotting the evolved dust in milligrams
      per second per square meter and cooling air flow in normal cubic meters
      per second per square meter against percentage of cooling surface.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a circular cooling apparatus in schematic form. The hot bulk
      material which is typically a sintered ore is charged at 1 into the air
      permeable cooling bucket 2. A plurality of individual cooling buckets 2
      are provided to receive the hot bulk material with the cooling buckets
      fitting about a circular track. The cooling buckets 2 advance around the
      circular track and the cooled material is discharged at discharge end 3. A
      plenum chamber 4 is disposed beneath the circular track and cooling
      buckets 2, communicating with the bottom of the cooling buckets. The
      plenum chamber 4 is divided by partition walls 5a and 5b, each having a
      variable orifice 7 which is by way of example a rotatable throttle. The
      plenum chamber 4 is thus divided up into three distinct zones A, B and C
      of various lengths and corresponding volumes, with the length and volume
      ratios of A:B:C being 1:2:7. The plenum chamber 4 extends along the entire
      travel path about the circular track from the charging zone at 1 to the
      discharging zone at 3. A plurality of blower means at 6 are provided in
      zone C to supply cooling air to the plenum chamber 4. The blowers 6 are
      brought through the side wall of the plenum chamber of the cooling
      apparatus.
PAR  An alternative embodiment cooling apparatus is shown in FIG. 4 as a
      straight line cooling apparatus. In this embodiment the plenum chamber 4
      is divided by a single partition wall 5 with a variable orifice 7 here
      shown as a rotatable flap or throttle valve. The partition wall 5 divides
      plenum chamber 4 into two areas E and D which have a length and volume
      ratio of 1:2.
PAC  EXAMPLE
PAR  A circular cooling apparatus as generally shown in FIGS. 1 through 3 was
      initially operated without any partition walls 5 disposed in the plenum
      chamber and was charged with material from a sinter plant which was
      initially at a temperature of about 700.degree. to 900.degree.C. Ten
      blowers supplied cooling air at a temperature of 10.degree. to 30.degree.C
      to the plenum chamber in a volume of about 200 normal cubic meters per
      second to force the cooling air through the hot bulk material in the
      cooling buckets which material had a total cross sectional area of about
      200 square meters along the travel path of the cooling apparatus. The air
      was uniformly distributed in the plenum chamber throughout the cooling
      area so that the material was permeated uniformly along the length of the
      cooling apparatus. The specific volume of cooling air in normal cubic
      meters per second per square meter for the cooling area is charted as
      curve a on FIG. 5. This is plotted against the cooling surface or cooling
      distance along the travel path from the beginning of the cooling apparatus
      at the charging end to the discharge end. Curve b of FIG. 5 shows the dust
      emission above the specific portion of the cooling apparatus in a quantity
      of milligrams per second per square meter and ranges from about 500
      milligrams per second per square meter at the charging end of the cooling
      apparatus to less than 10 milligrams per second per square meter at the
      discharge end of the cooling apparatus. It can be seen that the dust
      developed in the first portion of the cooling apparatus is considerable
      and presents a serious nuisance to personnel in the vicinity of the
      cooling apparatus. By installing the throttling devices of the invention
      as explained with respect to the Figures the circular cooling apparatus as
      shown in FIG. 1 is divided into three zones A, B, and C as already
      explained. The specific volume of cooling air forced through the bulk
      material in the individual zones is seen as curve c in FIG. 5. The
      specific volume of cooling air increases from approximately 0.6 normal
      cubic meters per second per square meter in zone A to about 0.8 cubic
      meters per second per square meter in zone B to about 1.1 normal cubic
      meters per second per square meter in zone C. It was possible to reduce
      the dust content at the charging end to less than 110 milligrams per
      second per square meter, as can be seen from curve d of FIG. 5. The amount
      of dust evolved increased at the beginning of zone C to about 150
      milligrams per second per square meter and was subsequently reduced
      proximate the discharge end of zone C finally to less than 10 milligrams
      per second per square meter. A further and more acurate adjustment
      resulting in greater control of the dust emission is possible by varying
      the orifices 7 in the divider walls for example with a rotatable throttle
      as shown in FIG. 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the process of cooling hot bulk materials such as sintered ore which
      is charged into gas-permeable cooling buckets at a charging zone and
      advanced in said buckets through a cooling zone and discharged from the
      buckets at a discharge zone, which buckets are in communication with a
      plenum chamber, said plenum chamber being provided with at least one
      throttling means disposed between the charging zone and the discharge
      zone, wherein cooling gas is forced via blower means into the plenum
      chamber and through the hot bulk material disposed in the gas-permeable
      buckets, the improvement comprising:
PA1  adjusting said throttling means such that the volume of cooling gas forced
      through the bulk material between the charging zone and the throttling
      means is less than the volume of cooling gas forced through the bulk
      material between the throttling means and the discharge zone, whereby the
      particulate emission from the bulk material is substantially reduced.
NUM  2.
PAR  2. The improvement specified in claim 1, wherein the volume of cooling gas
      forced through the bulk material proximate the charging zone is from 30 to
      70 percent of the volume of air forced through the bulk material proximate
      the discharge zone.
NUM  3.
PAR  3. The improvement specified in claim 1, wherein the volume of cooling gas
      forced through the bulk material proximate the charging zone is preferably
      about 50 percent of the volume of air forced through the bulk material
      proximate the discharge zone.
NUM  4.
PAR  4. The improvement specified in claim 1, wherein the cooling gas is air at
      a temperature of about 10.degree. to 30.degree.C.
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ABST
PAL  In a plant in which there is a circulating gas flow, an afterburner is
      provided which is supplied with fuel from outside the system. A part of
      the circulating gas is extracted and fed to the afterburner after passing
      in heat exchange relation with a part of the burnt gas. The heat produced
      in the burner is fed to the plant either by feeding the burnt gas back to
      the plant or through heat exchange between the burnt gas and the gas in
      the plant.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The invention relates to a method and process for thermal afterburning of
      oxidisable foreign bodies or impurities, fluid particles or gas contained
      in exhaust air from industrial working plants, such as drying chambers, in
      which plants there is produced a circulating air circuit flow which
      contains hot air serving to perform the respective operation within the
      industrial plant and which leaves the industrial plant carrying foreign
      substances or impurities, fluid particles or gas therewith, in which
      method and process a part of the circulating air is extracted from the
      circulating air circuit flow in the form of exhaust air and is introduced
      into a thermal afterburning plant, in which afterburning plant the foreign
      matter, the impurities, fluid particles or gas contained in, and carried
      by, the exhaust air are burned by supplying them energy, for example, by
      means of a burner arrangement. The invention relates also to a device for
      carrying out this new process and method. Such devices are used, for
      example, in connection with drying chambers, baking ovens, tempering
      furnaces, roasting furnaces, destilling plants, printing plants etc.
PAR  When carrying out known process of the kind here above described there must
      be supplied very much additional energy to the industrial working plant as
      well as to the afterburning plant, moreover it is also necessary to
      insulate very effectively and, therefore, very expensively the parts
      standing under the influence of high temperatures, especially the parts
      constituting the combustion chamber and, generally, the burning chamber
      arrangement. It is the aim of the present invention to avoid the above
      disadvantages.
PAR  For the above purpose there are provided according to the invention with
      the new process the following steps: to supply energy from outside of the
      general (industrial working plant and thermal afterburning plant) only to
      the afterburning working plant, whereby the exhaust air to be cleaned may
      be preheated more or less intensively within a heat exchanger arrangement
      and is burned afterwards within a combustion chamber, and to introduce the
      heat energy resulting during the combustion into the circulating air
      circuit flow directly by means of the hot cleaned exhaust gases or
      indirectly by means of a heat exchanger. A device for carrying out the new
      process is characterized by the fact that the afterburning plant is
      situated -- as seen in direction of flow -- downstream from the industrial
      plant and that it contains on the one hand a heat exchanger arrangement
      and on the other hand a burning chamber arrangement through which the
      exhaust air coming from the industrial plant is caused to flow after
      passing the heat exchanger arrangement and the outlet of which stands in
      connection with the circulating air circuit flow of the industrial working
      plant, wherein conveniently a branch conduit deviates from this connection
      to the circulating air circuit flow in a direction towards the chimney and
      wherein a fresh air conduit opens into this connection. However, the
      arrangement may also be such as to have the device contain a burning
      chamber arrangement through which on the one hand the exhaust air -- which
      leaves the industrial plant and the movement of which is assisted, for
      example, by means of a so-called circulating air blower -- is caused to
      flow and which on the other hand is passed around and cooled by the
      circulating air, and such as to have allotted to the burning chamber
      arrangement two heat exchanger arrangements of which the one is situated
      as seen in the direction of the flow of the circulating air downstream
      from the burning chamber arrangement and is passed through by the
      circulating air, whereas the other one is arranged as seen in direction of
      flow of the exhaust air upstream from the burning chamber arrangement and
      is passed through on the one hand by the exhaust air and on the other hand
      by the exhaust gases leaving the burning chamber arrangement. The
      arrangement may be, for example, also such that to the circulating air
      circuit flow of the industrial working plant and to the exhaust air flow
      to be afterburned there is allotted a commom heat exchanger arrangement
      which on the one hand lies within the circulating air circuit flow and on
      the other hand is passed through by the exhaust air. The exhaust air flow
      is thereby preheated within the heat exchanger portion allotted thereto
      and afterwards it is supplied to the burning chamber arrangement in order
      to be afterburned. The afterburned cleaned exhaust gases flow in the
      opposite direction again through this heat exchanger portion while
      transmitting due to the high gradient heat to the just arriving exhaust
      air flow in order to be cooled down at the same time. After this
      precooling operation the exhaust gases enter the heat exchanger allotted
      to the circulating air in order to perform here the heating of the
      circulating air. For direct heat transmission a partial flow of cleaned
      hot exhaust gases is supplied after having passed a part of the heat
      exchanger either to the burning chamber arrangement or directly to the
      circulating air. The remaining part of the flow reaches the chimney again
      under heat transmission through the heat exchanger.
PAR  The arrangement according to the invention distinguishes by the fact that
      substantially less energy is required since it is not necessary to supply
      energy on the one hand to the industrial plant and on the other hand to
      the afterburning working plant. The insulation may be simpler and less
      expensive, the parts of sheet metal are cooled by the circulating air so
      that material of lower and, therefore, less expensive quality may be used,
      whereby at the same time a higher service life and higher strength may be
      obtained. It is now possible to perform energy saving regulation
      operations under the highest burning chamber temperature since only a
      small amount of energy is transmitted to the circulating air in an
      uncontrollable manner and an exact regulation of the heat delivery and
      heat transmission within the heat exchanging arrangements is now possible.
      Generally speaking, the arrangement according to the invention is compact
      and requires less space, it is possible to build up a so-called compact
      unit which may contain the blower for the circulating air (conveniently a
      transverse flow blower), the burning chamber arrangement and the different
      heat exchanger arrangements, and also the different bypass arrangements,
      the blower for the exhaust air (for example, a transverse flow blower,
      too), etc.
DRWD
PAR  Several embodiments of the invention will now be described, by way of
      example with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagram of a plant according to the invention which operates
      according to the new method,
PAR  FIGS. 2 and 3 are further embodiments of devices according to the invention
      each shown in a schematical representation,
PAR  FIGS. 4 and 5 show schematically a further variant of the device according
      to the invention in a side view, and in a front view.
PAR  FIG. 6 is another modified embodiment of the invention in a side view,
PAR  FIG. 7 is a plan view of the device according to FIG. 6,
PAR  FIG. 8 is a front view of the device according to FIG. 6,
PAR  FIG. 9 is a side view of another modified embodiment of the invention,
PAR  FIGS. 10 to 14 show schematically different variants of the plant according
      to the invention,
PAR  FIGS. 15 to 21 show schematically different practical embodiments of the
      variants shown in FIGS. 10 to 14 in different views and
PAR  FIG. 22 is a further modified embodiment of the invention in a schematical
      representation.
DETD
PAR  The invention helps to avoid the above enumerated drawbacks of the known
      arrangements by proposing to supply energy from outside the whole system
      containing the afterburning plant and the industrial working plant
      substantially only within the afterburning arrangement and to introduce
      the hot exhaust gases resulting during combustion within the afterburning
      plant into the industrial working plant and/or to supply these exhaust
      gases to the circulating air circuit flow already existent in this
      industrial working plant in order to transmit the energy necessary for
      performing the desired work to the air circulating within the circulating
      air circuit flow, wherein in this case the exhaust air is again introduced
      in known manner into the afterburning plant. Therefore, whereas with the
      known methods and processes of the kind in question the exhaust gases
      leaving the afterburning plant enter directly the chimney, with the
      process according to the invention at least a part of the exhaust gases is
      introduced into the industrial working plant and supplied or added to the
      circulating air circuit flow already existent therewithin in order to
      impart to the air already existent in the circulating air circuit flow the
      energy necessary for performing the work required. With the arrangement
      according to FIG. 1 to the circulating air circuit flow 17a, 17b, 17c, 17d
      within the industrial working plant and to the exhaust air flow 18a, 18b,
      18c, 18d to be afterburned -- which exhaust air flow is branched off the
      circulating air circuit flow -- there is allotted, respectively, a common
      air heating arrangement 19, 20, 21, 22 which is contained on the one hand
      in the circulating air circuit flow 17a, etc. and through which flows on
      the other hand the exhaust air according to the arrow 18a etc., so that
      each heating arrangement is common to a circulating air flow circuit and
      to an exhaust air flow circuit. Thereby, a part of the exhaust gas leaving
      the air heating arrangement according to the arrows 23a, 23b, 23c, 23d
      issues through the chimney at 24, whereas another portion is returned into
      the circulating air circuit flow according to the arrows 25a, 25b, 25c,
      25d. The appliances 19, 20, 21, 22 have, therefore, two tasks to fulfill,
      namely to heat up the air in the circulating air circuit flow on the one
      hand and to clean on the other hand the exhaust air by combustion. The
      energy released during the afterburning operation is, therefore, not
      directly delivered into the chimney, but it is supplied to the circulating
      air. Therefore, a substantial saving of energy is obtained.
PAR  FIG. 2 shows an embodiment of the device according to the invention as used
      for carrying out the new process, wherein the details shown there bring
      about further important advantages. The new device contains a burning
      chamber arrangement 26 consisting of a burner 27 to which auxiliary energy
      from the outside is supplied at 28 and a combustion chamber 29. Through
      this burning chamber arrangement 26 there flows on the one hand the
      exhaust air 31 coming from the industrial working plant 30, the flow of
      which is assisted by the blower 32, and on the other hand the circulating
      air circuit flow 33 flows round the above burning chamber arrangement.
      With this arrangement 26 there are associated two heat exchanger
      arrangements, 34, 35 of which the one is arranged as seen in the direction
      of flow of the circulating air circuit 33 downstream from the burning
      chamber arrangement 26 ("first heat exchanger arrangement"). The heat
      exchanger arrangement 34 is situated as seen in the direction of flow of
      the exhaust air 31 before the burning chamber arrangement ("second heat
      exchanger arrangement"). Through this second heat exchanger arrangement
      there flow on the one hand the exhaust air 31 and on the other hand the
      exhaust gases 36a, 36b issuing from the burning chamber arrangement. The
      exhaust air flows through the heat exchanger arrangement 34 and then
      enters according to the arrows 36c, 36d into the burning chamber
      arrangement, the exhaust gases heat the exhaust air within the heat
      exchanger arrangement 34 and then flow after leaving this heat exchanger
      arrangement 34 according to the arrows 36e, 36f into the first heat
      exchanger arrangement 35 within which they heat the air in the circulating
      air circuit flow 33 in order to then leave this heat exchanger arrangement
      according to arrow 36g and to flow in direction towards the chimney 37.
      With this arrangement according to FIG. 2 there is provided also a third
      heat exchanger arrangement 38 which is situated as seen in the direction
      of the flow of the exhaust gases downstream from the first heat exchanger
      arrangement and within which the exhaust gases preheat the fresh air
      arriving according to the arrows 36i. This fresh air can be conveyed, for
      example, by means of the blower 39. It is possible to introduce fresh air
      from this fresh air supply line via a branch line directly and on the
      shortest way into the circulating air circuit flow, for example, in the
      case in which there must be guaranteed a minimal content of oxigen, such
      as with lacquer or varnish drying plants. In the circulating air circuit
      flow there is contained a conveying blower 40, whereas the flow of the
      exhaust air directed outwardly of the industrial working plant is assisted
      by the blower 32, for example, a suction blower which produces within the
      industrial working plant an underpressure (the underpressure necessary in
      such plants) and which at the same time serves to overcome and compensate
      the loss of pressure in the burning chamber arrangement and in the heat
      exchanger arrangement. With other embodiments of the invention to be
      described later it is provided that the second heat exchanger arrangement
      is also cooled by the circulating air circuit flow flowing therearound.
      The arrangement is, therefore, such that the exhaust air flow, the exhaust
      gas flow and the circulating air circuit flow constitute outside the
      industrial working plant circuits entirely seperated from one another and
      that these flows pass along one another only in the areas of the burning
      chamber arrangement and of the first and second heat exchanger
      arrangement, respectively. Additionally, there is provided also a bypass
      arrangement 41 contained within the exhaust air flow and serving for
      regulating the transport of heat to the circulating air by maintaining
      constant combustion chamber temperature. This bypass arrangement 41
      associated with the second heat exchanger arrangement 34 has the purpose
      to direct -- if desired and necessary -- the flow of exhaust air coming
      from the industrial working plant wholly or partially passed the second
      heat exchanger arrangement and to supply it directly to the burning
      chamber arrangement. In the case in which the second heat exchanger
      arrangement 34 is by-passed (so that it is not passed through by the
      exhaust air) much energy is required if a certain combustion chamber
      temperature must be obtained and maintained, since in this case the
      exhaust air enters into the burning chamber arrangement in a relatively
      cold state so that much auxiliary energy must be supplied within the
      combustion chamber. However, the exhaust gas flowing according to the
      arrows 36a, 36b cannot be cooled down in this case within the heat
      exchanger arrangement 34, it thereby reaches the first heat exchanger
      arrangement 35 in a hotter state so that more energy is imparted to the
      circulating air. In the case in which the bypass arrangement is closed and
      through the second heat exchanger arrangement 34 there flows the whole
      exhaust gas flow, the issuing exhaust gases are less hot, they impart less
      energy to the circulating air in the heat exchanger arrangement 35. The
      heat exchanger arrangement 34, must, therefore, be so designed that with a
      closed by-pass arrangement the amount of energy which is released within
      the combustion chamber by the combustion just corresponds to the minimum
      energy required by the circulating air. In this manner there is possible a
      regulation within a broad area with constant combustion chamber
      temperature i.e., when the quality of the combustion products is constant,
      whereby the amount of energy transmitted to the circulating air circuit
      flow by the exhaust gas flow can be regulated within a wide area. With
      this arrangement the whole energy required in the industrial working plant
      is released in the afterburning plant, wherein conveniently the heat
      exchanger allotted to the afterburning operation (second head exchanger
      arrangement) is designed correspondingly to the minimum amount of heat
      required by the heat exchanger allotted to the circulating air (first heat
      exchanger arrangements). From all these considerations it results that it
      is necessary to tend to deliver in the area of the combustion chamber as
      little energy as possible, wherefore it is preferable to line the interior
      of the combustion chamber of the burning chamber arrangement with a
      ceramic mass which diminishes the heat transfer and prevents too much
      energy from being be delivered to the surface of the combustion chamber.
      Furthermore, it is convenient to so design the heat exchanger allotted to
      the circulating air that it reacts very sensitively. It must possess as
      small a mass as possible and it must be provided with turbulence producing
      elements in order that the circulating air be rapidly influenced by what
      takes place in that area. Conveniently, the heat exchanger of the second
      heat exchanger arrangement 34, too, is provided with turbulence producing
      elements. The combustion chamber arrangement and the different heat
      exchanger arrangements are contained in a housing insulated with respect
      to the outside, for which reason the insulation may be less heavy and less
      expensive since it is only necessary to insulate between the level of the
      temperature of the circulating air, which may be, for example,
      200.degree., and the temperature level of the surrounding atmosphere and
      not between a temperature of 750.degree. to 800.degree. and the
      surrounding atmosphere. The arrangement according to FIG. 3 corresponds to
      that of FIG. 2 and contains a burning chamber arrangement 45, the
      circulating air circuit flow 46, the first heat exchanger arrangement 47,
      the second heat exchanger arrangement 48 etc. Additionally, there is
      provided as seen in the direction of the exhaust air flow 49 downstream
      from the second heat exchanger arrangement 48 a radiator arrangement 49,
      for example, in the form of a radiator pocket, arranged preferably within
      the industrial working plant, which radiator arrangement is connected on
      its inlet side with the second heat exchanger arrangement for taking over
      the exhaust gases issuing therefrom according to arrow 50 and is further
      connected on its outlet side with the first heat exchanger arrangement 46
      according to arrows 51, 52. To the radiator arrangement there can be
      allotted also, for example, a by-pass arrangement 53 with the aid of which
      the exhaust gases coming from the second heat exchanger arrangement
      according to arrow 50 may be caused to flow past the radiator arrangement
      -- and not therethrough -- and to flow directly via the by-pass conduit 54
      to the first heat exchanger arrangement, whereas to the outlet of the
      radiator arrangement or the by-pass conduit there may be allotted a
      further by-pass arrangement 55 with the aid of which the exhaust gas
      coming from the radiator arrangement or flowing in the by-pass conduit are
      caused to flow past the first heat exchanger arrangement 47 in a direction
      towards the chimney 56. The radiator pocket is situated within the
      industrial working plant and serves also to assist the operation of the
      industrial working plant and to further supply energy at this place. In
      this case there result further possibilities for regulating the heat
      transfer. The second heat exchanger arrangement may be constituted of two
      individual heat exchangers which are connected in series one behind the
      other as seen in the direction of the exhaust air flow coming from the
      industrial working plant as well as in the direction of the exhaust gas
      flow coming from the burning chamber arrangement. Thereby, in the case of
      the exhaust air flow, the first one of the two individual heat exchangers
      is first in the flow direction, whereas in the case of the exhaust gas
      flow the second of the two individual heat exchangers is first in the flow
      direction. With the aid of the by-pass arrangements the individual heat
      exchangers may be put into operation either individually and separatedly
      or jointly and unitedly.
PAR  In FIG. 4 there is schematically shown the mode of operation of a further
      embodiment of the invention. The combustion chamber is shown at 73; 74 is
      the blower for conveying the circulating air, 75 is the first heat
      exchanger arrangement, whereas 76 and 77 are two individual heat
      exchangers which constitute together the seconde heat exchanger
      arrangement. The circulating air is blown by means of the conveying blower
      74 constructed as a transverse flow blower around the combustion chamber
      arrangement 73 according to the arrows 78 so that the circulating air
      flows round the burning chamber arrangement over its whole periphery, and
      then the circulating air is blown between the pipes or tubes 79 of the
      first heat exchanger arrangement 77 according to the arrows 80 in order to
      enter from here the industrial working plant not further shown here. The
      exhaust air flows from the industrial working plant into the second heat
      exchanger arrangement within which it is guided along the arrows 81a, 81b
      and 81c, then it flows in preheated state according to arrow 81d into the
      burning chamber arrangement 73 in which it is burnt. The exhaust gas
      thereby produced is passed according to the arrows 81e, 81f, 81g and 81i
      finally through the second heat exchanger arrangement in order to thereby
      preheat the exhaust air just arriving from the industrial working plant,
      for example, in counter-current or in cross-current. Subsequently, the
      exhaust gas is introduced into the tubing 79 of the first heat exchanger
      arrangement according to the arrows 81m in order to enter thereupon into
      the chimney. It has proved to be convenient to construct the impeller
      wheel of the transversal flow blower as a longish drum or cylinder the
      length of which corresponds approximately to that of the conveniently
      cylindrical combustion chamber 73, whereby the combustion chamber and the
      impeller wheel extend approximately in parallel relationship. It is
      provided in this case to have the second heat exchanger arrangement
      constituted of two interconnected portions or halves 76, 77 which are
      arranged parallel to one another and in interspaced relationship and which
      enclose between them the first heat exchanger arrangement. In this case,
      too, the second heat exchanger arrangement is assembled with the two
      individual heat exchangers of the first heat exchanger arrangement (which
      enclose between them the second heat exchanger arrangement) to form a
      compact unit having the shape of an elongated flat prism with a cross
      section of, for example, rectangular shape, within which compact unit
      there extend cross channels and distributing channels connecting the two
      individual heat exchangers of the second heat exchanger arrangement. The
      prism and the combustion chamber which extends conveniently in parallel
      and interspaced relationship and which may have, for example -- the shape
      of a circular cylinder are interconnected by connecting channels which
      open on the one hand into the combustion chamber on the two axial ends
      thereof and which on the other hand constitute the connection to the cross
      channels and individual heat exchangers. An embodiment of the principle
      indicated in FIG. 4 is shown in FIG. 5, in which the two individual heat
      exchangers of the second heat exchanger arrangement are shown at 82, 83,
      whereas the first heat exchanger arrangement is shown at 84. The exhaust
      air arrives according to arrows 85a and flows through the first individual
      heat exchanger 82 in order to then enter the channel 86 according to arrow
      85b. After having subsequently passed through the second individual heat
      exchanger 83, the exhaust air reaches the combustion chamber, the exhaust
      gases issuing therefrom enter the tubing 87, 88 of the two individual heat
      exchangers from where they flow according to arrows 85c, 85d into the
      tubing 84a of the first heat exchanger arrangement. The last connecting
      channel running in vertical direction from top to bottom is separated
      approximately in its midst by a partition wall 90 into two halves
      associated respectively with the half of the tubes of the first heat
      exchanger arrangement which open at their other end into a final
      connecting channel. Thereby, the air entering according to the arrows 85c,
      85d into the tubes 84a flows within collecting channel 91 according to
      arrows 85 downwards in order to then flow within the tubing 84a of the
      first heat exchanger arrangement in the opposite direction and again
      within channel 89, however, in this case in such a manner as to enter into
      its lower half, whereupon the air may issue through tube 92. In this case,
      the heat exchangers may consist conveniently of an assembly of tubes
      containing turbulence producing elements 93, these heat exchangers being
      passed through by the air and the gas according to the counter-current or
      cross-current principle. It is further to be seen that the different heat
      exchangers 82, 83 and distributing and cross channels 86, 89 and 84, 91
      are arranged with respect to one another so as to form together a
      volute-like shaped structure or body, wherein the warmer parts, especially
      the parts of the second heat exchanger arrangement, are situated towards
      the exterior and the cooler parts, especially the parts of the first heat
      exchanger arrangement are situated towards the interior. Conveniently, the
      arrangement is such that the different vertical connecting channels are
      situated on the two front sides of the housing and are mounted or
      supported on the base movably or elastically, for example, by means of
      so-called safety rolls 95, 96 or by means of ball supports or mountings,
      whereas the horizontal connecting and distributing channels extend at the
      top and the bottom along the longitudinal sides of the housing. The two
      individual heat exchangers of the second heat exchanger arrangement are
      constructed as superposed horizontal boxes in the shape of parallel flat
      prisms, wherein the upper one is supported from below by the vertical
      connecting channels 86, 89, whereas the lower one is connected only at its
      one end with its front side to one of the vertical channels, its other end
      being free to move. Due to this fact and due also to the fact that between
      the exterior vertical channel 91 of the first heat exchanger arrangement
      which is movably mounted with its lower end on the base at 97, and the
      vertical connecting channel 86 of the second heat exchanger arrangement
      there is provided an interspace, an especially good elasticity and ability
      to move of the entire plant or arrangement is obtained which can now
      undergo also high thermal stresses without suffering distortions.
      Constructional details of the above explained principle are shown in FIGS.
      6 to 8. The combustion chamber is designated by 100, 101 and 102 are the
      individual heat exchangers of the second heat exchanger arrangement, 103
      is the first heat exchanger arrangement. It can be seen that the
      circulating air flows according to arrows 104a, 104b, 104c around the
      combustion chamber and then flow through the first heat exchanger
      arrangement between the two individual heat exchangers of the second heat
      exchanger arrangement. 105 is the collecting channel through which the
      exhaust air arrives into the burning chamber arrangement after having left
      the second heat axchanger arrangement, 106 is the channel through which
      the exhaust gas flows from the burning chamber arrangement into the second
      heat exchanger arrangement. The exhaust air flows through the channel 107
      into the lower individual heat exchanger 108 in order to then flow upwards
      via the vertical channel 109, whereupon the exhaust air flows through the
      upper individual heat exchanger 110 in order to enter into the combustion
      chamber via the collecting channel 105. The exhaust gas flows via the
      channel 106 into the cross distributing channel 101, whereupon it flows
      first through the upper individual heat exchanger 110 in opposite
      direction and then via the vertical channel 112 downwards, then it flows
      through the first individual heat exchanger in opposite direction until it
      can leave via the connecting branch 113, for example, towards the chimney.
      Therefore, the exhaust air is passed via a distributing channel through
      one of the individual heat exchangers of the first heat exchanger
      arrangement and then, after having passed through a vertical connecting
      channel, through the other individual heat exchanger, in order to be
      subsequently introduced via the collecting channel into the combustion
      chamber from which the exhaust gas is passed via a cross distributing
      channel to one of the individual heat exchangers of the second heat
      exchanger arrangement and from there via another distributing channel
      through the other individual heat exchanger in order to be then passed via
      a last connecting channel through the tubes of the first heat exchanger
      arrangement which are passed around from the outside by the circulating
      air after this latter has passed the combustion chamber and passed
      therearound. These tubes are shown at 114. In this case also there is
      provided a horizontal partition wall 115 in the middle area of the
      vertical channel 116, in this case, too, the exhaust gas flows through a
      part of the tubes 114 in the one direction and then through the remaining
      part of the tubes 114 in the other direction. The two heat exchanger
      arrangements and, eventually, the burning chamber arrangement are
      contained in a housing common to the whole unit, wherein between the wall
      of this housing 117 and the walls of the casing of the heat exchanger
      arrangements there is provided an air gap 118. The blower allotted to the
      exhaust air is accomodated in the area in which there is the smallest
      possible temperature, i.e., the temperature of the circulating air, this
      temperature being constant. The blower operates with the same working
      rhythm, at least as far as the temperature is concerned, and the
      combustion chamber is now capable due of its round shape to taking up even
      high air pressures or forces. In order to raise further the elasticity of
      the whole structure the connecting channels, the collecting channel 104
      and the exhaust gas channel 106 consist each of two sockets 105a, 105b or
      106a, 106b affixed, respectively, to the parts to be interconnected which
      sockets are movably interconnected by compensating tube sections 105c,
      106c which allow relative movements of the two sockets with respect to one
      another in axial and/or radial direction, for example, by being
      constructed in the manner of concertina walls. The arrangement may be also
      such as with the embodiment shown in the drawing that the connection may
      consist of two frustoconical portions (or portions having the shape of a
      truncated care) with flexible movable walls the approximately equal base
      faces of which face one another and are connected with one another. The
      by-pass arrangement contains also a tubing which has a flexible elastic
      section 120, for example, in the shape of a concertina wall construction
      or of a compensator. This also contributes to making the whole arrangement
      elastic. The distributing channels and cross channels taper from one end
      to the other end, for example, by having an approximately triangular cross
      section, as shown at 121, 22, whereby the outer walls of the distributing
      channels or cross channels bay be removable or able to be screwed off in
      order to make the turbulence producing elements 123 within the tubings
      accessible. These turbulence producing elements are spiral-like, they
      consist of strips twisted on themselves, for example, around their
      longitudinal axis. In order to have a more favorable deflection of the
      respective air flow, for example of 90.degree. or 180.degree., and in
      order to have a better distribution of the flowing mass over the width of
      the respective channel, there may be also provided deflecting blades 125
      arranged parallelly to one another and in series such as to be interspaced
      along a common axis, said blades 125 being arranged side by side fo form a
      blade grid or blading unit.
PAR  In FIG. 9 there is shown another plant of the kind here in question which
      contains, too, a blower, a combustion chamber 120 and a first heat
      exchanger arrangement 121 and, further, a second heat exchanger
      arrangement 122, 123. Between these two heat exchanger arrangements there
      is provided a by-pass arrangement. Additionally, in the heat exchanging
      tube of the heat exchanger arrangement allotted to the circulating air a
      second tube is provided, wherein the hot exhaust gas is passed through the
      space between the two tubes so that it transmits on the one hand heat to
      the circulating air and on the other hand heat to the inner tube
      containing the exhaust air to be heated, whereby in this manner a very
      compact heat exchanger is obtained.
PAR  With the embodiments according to FIG. 10, 11 and 12 the device consists of
      a thermal afterburning plant allotted only and exclusively to the exhaust
      air and of a part allotted to the circulating air. The thermal
      afterburning plant thereby consists of a heat exchanger arrangement and of
      a burning chamber arrangement assembled with this heat exchanger
      arrangement to form a unit within an insulating inner casing, wherein the
      heat exchanger arrangement is situated before the burning chamber
      arrangement as seen in the direction of flow. The part allotted to the
      circulating air is connected on the one hand with the unit allotted to the
      exhaust air and is passed through on the other hand by the circulating
      air.
PAR  With the arrangement according to FIG. 10 the heat exchanger element
      consists of two individual heat exchangers 121, 122 following one another
      as seen in the direction of flow, the burning chamber arrangement is shown
      at 120. These parts are received by an insulated casing 123. The
      individual heat exchangers 121, 122 following one another in series are
      passed through on the one hand by the exhaust air coming from the
      industrial working plant and on the other hand by the exhaust air coming
      from the burning chamber arrangement. The part allotted to the circulating
      air consists of the blower portion 124 and of the heat exchanger portion
      125 and it is constructed as a unit per se. Both parts -- afterburning
      plant and part allotted to the circulating air -- are accomodated within a
      common outer housing 126, they are separated wherein by means of the
      partition wall 127 which has an opening 128 through which the exhaust air
      or a part of the exhaust air may flow from the thermal afterburning plant
      to the part allotted to the circulating air. The exhaust air enters
      according to arrow 129 into the housing 126, flows at first through the
      gap 130 between the outer housing 126 and the casing 123 allotted to the
      afterburning plant, whereby it flows around the afterburning plant as a
      whole. Afterwards the air enters according to the arrows 131 into the heat
      exchanger arrangement in order to flow from there into the burning chamber
      arrangement 120. From the burning chamber arrangement the exhaust air
      flows again through the heat exchanger arrangement wherein it flows
      through this heat exchanger arrangement in the opposite direction as
      counter current or cross current in direction contrary to the just
      arriving air and heats up this latter named air, whereupon the exhaust air
      enters through opening 128 into the part allotted to the circulating air,
      wherein a part of this exhaust air is passed through the heat exchanger
      arrangement 125 in order to heat up the circulating air flow 132 flowing
      to the respective part. Another part of the exhaust air issues according
      to arrow 133, for example, through the chimney. With the arrangement
      according to the invention the exhaust air coming from the circulating air
      circuit flow first cools the whole plant in such a way that there is
      obtained on the one hand an especially favorable consumption of energy and
      on the other hand an especially good possibility for regulating the heat
      transfer. Moreover, an uncontrolled heat transfer, such as cannot be
      avoided with other afterburning plants, is substantially prevented:
      Consequently, the walls of the casing are no longer under so high a
      thermal stress and this brings about a lowering of the production costs
      and a simplification of the construction and a reduction of the heat
      exchanging surface. The inner insulation, i.e., the insulation of the
      casing 123, may be simple and inexpensive, it can be a simple insulation
      covered by a plain sheet metal envelope. The gap between the casing 123
      and the outer housing 126 may be small since now only the exhaust air, the
      amount of which is substantially smaller than that of the circulating air,
      must be passed therethrough.
PAR  With the arrangement according to FIG. 11 the exhaust air is again passed
      first through the inner casing 138 of the afterburning plant which
      contains the burning chamber arrangement 135 and the two individual heat
      exchangers 136, 137 and which is insulated in a simple and cheap manner,
      said inner casing 138 being enclosed by an outer casing not shown in the
      drawing, wherein between these two casings there is provided again a gap.
      In this case, however, a part of the exhaust air is branched off after
      leaving the afterburning plant and introduced via 139 into the circulating
      air circuit flow 140, whereas the other part of the exhaust air leaves via
      141 the plant through the chimney. With the arrangement according to FIG.
      12 a part of the exhaust air is introduced into the circulating airflow
      144 already after leaving the burning chamber arrangement 142 via 143,
      whereas the remaining part of the exhaust air is passed through the heat
      exchanger arrangement 145, 146 and is introduced thereafter via 147 into
      the chimney. With this solution, the temperature of the return flow 143 is
      as high as possible and the amount of the return flow is small so that the
      underpressure in the industrial working plant is not so intensively
      influenced by the return flow and, therefore, there is not necessary to
      suck out from the industrial working plant too much air. In FIG. 13 it is
      shown schematically again a burning chamber arrangement 150; 151 is the
      heat exchanger arrangement; the incoming exhaust air flows around the
      afterburning plant 150, 151 along the path 152. The outer casing is not
      shown. The exhaust air flows around the afterburning plant, enters into
      the heat exchanger arrangement 151, from there it flows into the burning
      chamber arrangement 150, then it flows again into the heat exchanger
      arrangement, whereupon the exhaust air is passed according to 153 into the
      chimney, unless a small portion is branched off according to 154 in order
      to be introduced into the circulating air circuit flow 155 to which there
      is allotted a conveying blower 156. In FIG. 14 there is shown again a
      burning chamber arrangement 157 and a heat exchanger arrangement 158,
      however, in this case the exhaust air is not introduced behind the heat
      exchanger arrangement directly into the circulating air circuit flow 160
      according to 159, but it is introduced indirectly thereinto via the heat
      exchanger 161. The heat exchanger arrangement 158 may be eventually
      by-passed by means of the by-pass 162; the by-pass 163 serves to by-pass
      the heat exchanger allotted to the circualting air circuit flow. The
      circulating air enters at 164 into the chimney.
PAR  In FIG. 15, 16 and 17 there is shown a practical embodiment of the above
      described principles. 170 is the burning chamber arrangement, 171 the heat
      exchanger arrangement of the afterburning plant, 172 is the cheaply
      insulated casing allotted to the after burning plant, 173 is the gap
      between this casing and the outer housing 174. The exhaust air enters
      through the inlet 175, it is uniformly distributed in the gap and space
      173 and is then sucked out through the outlet 176 in order to be
      thereafter sucked in by means of the blower 177 and through the opening
      178 into the afterburning plant proper. The exhaust air flows then through
      the heat exchanger 171 at 171a, from there upwards towards 171b, from
      there again downwards to 171c and then upwards to 171d in order to be
      received then in the collecting channel 180 and to flow therefrom via a
      spiral conduit into the burner 170. From the combustion chamber the heated
      up exhaust air flows past the tube of the heat exchanger and transversely
      thereto and then it leaves through the opening 182 in order to be supplied
      thereafter to the circulating air circuit flow in the above described
      manner.
PAR  In FIGS. 18 and 19 there is shown the part allotted to the circulating air,
      FIG. 18 is a vertical section through this part, FIG. 19 is a horizontal
      section. The exhaust air which comes from the afterburning plant enters
      through the opening 183 which corresponds to the opening 182 in FIG. 15 to
      17 and has now the possibility in dependence of the position of the
      by-pass flap 184 of flowing either through the heat exchanger 185 or past
      this exchanger at 186; 187 is the conveying blower. After having passed
      through or past the heat exchanger arrangement 185, the hot exhaust gas
      flow at 188 into the chimney.
PAR  In FIGS. 20, 21 there is shown a direct heat return. The air is let in at
      190, passes along the inlet channel 191 which contains lateral openings to
      which the hot exhaust gases are sucked in from the afterburning plant
      directly into the circulating air circuit flow 190, then it flows via the
      blading 192 directly into the blower 193 allotted to the circulating air
      and from there again into the industrial working plant via 194.
PAR  In FIG. 22 the exhaust air enters at 200 into the outer casing 201, i.e.,
      into the gap 202, it flows around the thermal afterburning plant 203 with
      the burning chamber arrangement 204 and the heat exchanger arrangement
      205, it enters then, assisted by the blower 206, into the heat exchanger
      arrangement, from there it flows into the burning chamber arrangement and
      from there again into the heat exchanger arrangement in order to enter
      thereafter through the opening 207 into heat exchanger arrangement 208 of
      the circulating air circuit flow 209 within part 210. The whole
      arrangement is enclosed by the outer casing 211 and assembled to form a
      unit. 212 is the chimney.
PAR  The invention described in connection with the different above shown
      embodiments starts form the understanding that a higher gradient of
      temperature may be obtained in the area of the combustion chamber by
      preheating the exhaust air not so intensively so that for the same amount
      of exhaust air there is necessary a substantially greater flame surface
      which results in a substantially greater concentration of radicals which
      greatly influence the combustion process so that, as a consequence, a
      better combustion is obtained. Therefore, advantages of the invention are
      smaller heat exchangers, less expenditure for the afterburning operation,
      a better combustion in the smallest possible combustion chamber and a
      longer service life of the metals and of the insulation.
PAR  For clarity's sake it shall be pointed out here again that in the
      arrangements here in question there are three flow circuits, namely that
      of the circulating air which passes through the industrial working plant
      and which flows within a circulating air circuit flow, then that of the
      exhaust air derived from the circulating air circuit flow and flowing to
      the burning chamber arrangement and finally that of the exhaust air coming
      from the burning chamber arrangement which may be also designated as
      exhaust gas or exhaust gas flow.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method for heating a recirculating gas flow in an industrial process
      and for burning combustible matter in said gas including
PA1  a. recirculating said gas in a substantially closed circuit;
PA1  b. withdrawing a portion of said recirculating gas flow from said closed
      circuit;
PA1  c. delivering said withdrawn portion to a combustion zone;
PA1  d. supplying fuel to said combustion zone and burning the combustibles of
      said withdrawn portion therein;
PA1  e. passing combustion gases from said combustion zone in heat exchange
      relation with at least a part of the withdrawn portion enroute to said
      combustion zone;
PA1  f. transferring heat from said combustion gases to said recirculating gas
      in said closed circuit, said transfer of heat from said combustion zone
      comprising the sole source of heat supply to the recirculating gas in said
      closed circuit,
PA1  g. and discharging to atmosphere a part of the withdrawn portion separate
      from said closed circuit and after burning of the combustibles therein.
NUM  2.
PAR  2. In an industrial process plant having a chamber and a closed circuit of
      heated recirculating gas flow containing combustibles therein,
PA1  a. means for heating said recirculating gas flow including
PA1  b. a burner and
PA1  c. a heat exchanger connected to receive combustion gases from said burner,
PA1  d. means for withdrawing a portion of said recirculating gas flow from said
      closed circuit and delivering said withdrawn portion through said heat
      exchanger to said burner,
PA1  e. means for supplying a fuel to said burner for burning with the
      combustibles in said withdrawn portion,
PA1  f. means for conducting combustion gases from said burner to said heat
      exchanger,
PA1  g. heat-delivering means for delivering heat from the combustion gases to
      said recirculating gas flow in said circuit, said burner and said
      heat-delivery means comprising the sole source of heat for said
      recirculating gas flow in said circuit, and
PA1  h. means for discharging to the atmosphere a part of said withdrawn portion
      of recirculating gas flow while separate from said closed circuit and
      after passage thereof through said burner.
NUM  3.
PAR  3. An industrial process plant according to claim 2 including means for
      providing indirect heat exchange between said burner and said closed
      circuit.
NUM  4.
PAR  4. An industrial process plant according to claim 3, in which said delivery
      means includes means for delivering combustion gases to said recirculating
      gas flow.
NUM  5.
PAR  5. An industrial process plant according to claim 3, in which said delivery
      means includes a circuit heat exchanger in said recirculating gas flow
      circuit and exposed to said combustion gases.
NUM  6.
PAR  6. An industrial process plant according to claim 3, in which said delivery
      means includes an internal heat exchanger within said chamber and exposed
      to said combustion gases.
NUM  7.
PAR  7. An industrial process plant according to claim 5, in which said circuit
      heat exchanger is connected to receive combustion gases from said heat
      exchanger.
NUM  8.
PAR  8. An industrial process plant according to claim 7, including temperature
      control means including bypass means for bypassing a part of said
      withdrawn recirculating gas about said heat exchanger and directly to said
      burner.
NUM  9.
PAR  9. An industrial process plant according to claim 8, including means for
      bypassing a part of said combustion gases about said circuit heat
      exchanger to said discharge means.
NUM  10.
PAR  10. An industrial process plant according to claim 9, in which the burner
      is elongated and positioned transversely within said recirculating gas
      flow circuit, and including an elongate blower in said circuit and
      substantially co-extensive with said burner.
NUM  11.
PAR  11. An industrial process plant according to claim 10, in which said
      burner, blower, heat exchanger and circuit heat exchanger are enclosed in
      a common insulating chamber.
NUM  12.
PAR  12. An industrial process plant according to claim 11, in which said
      circuit heat exchanger is positioned within said heat exchanger within a
      common housing.
NUM  13.
PAR  13. An industrial process plant according to claim 12 and including an
      expansion joint between said burner and said housing.
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ABST
PAL  A protective control arrangement for a clothes dryer includes a pair of
      electrical resistance heaters coupled in parallel across a power source. A
      thermostat is coupled serially with one of the heaters, and is arranged
      for placement in the dryer exhaust air stream. With such an arrangement,
      as the clothes approach dryness and a predetermined temperature is
      reached, the thermostat opens permanently de-energizing one of the
      heaters, leaving the other heater continuously energized for the remainder
      of the operational cycle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a protective control arrangement for a
      clothes dryer and more particularly, to such a control arrangement useful
      in a clothes dryer wherein certain modern fabrics such as polyknits and
      modacrylics are being dried, for limiting the drying temperature below
      that at which such fabrics are subject to damage as by shrinking and
      permanent wrinkling.
PAR  2. Description of the Prior Art
PAR  It is well known in the art that, in a drying operation, such as that
      occuring in a clothes dryer, as a particular clothes load becomes dry, a
      progressively diminishing amount of the thermal energy supplied to the
      incoming dryer air is converted into latent heat of evaporation of water,
      while progressively increasing amount of the incoming thermal energy
      produces a rising exhaust air temperature. It is also known that clothes
      being dried can withstand more heat while still relatively wet, and
      further, that the temperature in the clothes dryer reaches the maximum
      near the end of the drying cycle wherein the clothes approach total
      dryness. Therefore, by sensing the exhaust air temperature and controlling
      the thermal energy input in accordance with the measured temperature, a
      relatively greater amount of thermal energy may be directed to the clothes
      at the beginning of a drying cycle and a relatively lesser amount near the
      end thereof thereby resulting in an efficient and non-damaging drying of
      the clothes load.
PAR  During a typical operational cycle wherein clothes made of fabrics such as
      cottons are being dried, as the load approaches dryness, a control
      thermostat cycles the total thermal energy source which may and usually
      does include two heating elements, this resulting in subjecting the
      garments to temperatures oftentimes in excess of 300.degree. F. Many of
      today's modern fabrics however such as polyknits, modacrylics and others
      of the permanent-press type, may be damaged when subjected to temperatures
      in the area of 225.degree. to 250.degree. F. It is noted here that as long
      as there is moisture content in and around the fabrics, the fabrics
      themselves will be limited generally to a maximum temperature of around
      212.degree. F. However, it is desirable to limit the temperatures to which
      these garments are subjected to below those damaging temperatures after
      the greater portion of the moisture content therein has been removed.
PAR  The prior art, such as U.S. Pat. No. 3,612,500-- Cramer et al, discloses a
      control arrangement for a clothes dryer wherein a pair of electrical
      heating elements are coupled in parallel across a source of electrical
      power. Coupled serially with each heating element and in parallel with
      each other are two thermostats, a first of which trips or opens at a lower
      temperature than the second but which resets or closes at a higher
      temperature than the second. With such an arrangement then, as the exhaust
      temperature reaches a predetermined value, the first thermostat opens
      cutting power from a first heater, the thermostat then becoming coupled
      serially with the second thermostat such that both heaters are still
      coupled in parallel across the power source. Upon the reaching of another
      and higher predetermined temperature, the second thermostat opens to
      remove power from both heaters, leaving the second heater de-energized for
      the rest of the operational cycle. The first thermostat then proceeds to
      cycle allowing the first heater to operate cyclically until the end of the
      operational cycle.
PAR  In U.S. Pat. No. 3,571,941 -- Garfield et al, there is disclosed a dryer
      control circuit wherein two heating elements are coupled in parallel
      across a power source. In this arrangement, both heaters are energized
      until a thermostat trips after which time one of the heaters operates
      cyclically in response to the thermostat's opening and closing while the
      other heating element operates constantly until the end of the operational
      cycle. Other arrangements have been disclosed wherein clothes dryers have
      been provided with automatic control circuits adapted to terminate the
      drying cycle when a selected dryness level is detected by moisture sensing
      apparatus. Such a system is disclosed in U.S. Pat. No. 3,522,660--Elders.
PAR  While the prior art does show systems for reducing the rate for input of
      thermal energy, it is nevertheless desirable to provide a protective
      control arrangement for a clothes dryer which is fairly simple of
      construction yet which provides the control necessary to prevent damage to
      certain fabrics such as polyknits.
PAR  By the present invention, there is provided such a protective control
      arrangement which is rather simple of construction, highly reliable and of
      low cost and which is readily adaptable to use in a dryer wherein gas
      burners are used as the thermal energy source as well as electrical
      resistance heaters.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided in a clothes
      dryer having at least one operational cycle for the drying of clothes
      placed therein, a protective control arrangement. The control arrangement
      comprises first and second heating means in the dryer energized at the
      start of the cycle for supplying thermal energy to the dryer for effecting
      drying of clothes placed therein. Control means are provided in the dryer
      arranged such that upon reaching a predetermined temperature therein, the
      control means will become activated to effect de-energization of the first
      heating means for the remainder of the cycle while the second heating
      means remains continuously energized for the complete cycle, thereby
      effecting a reduction of rate of supply of thermal energy to the dryer.
PAR  It is an object of the present invention to provide an improved protective
      control arrangement for a clothes dryer.
PAR  It is a further object to provide a relatively low cost and highly
      simplified protective control arrangement for both electrical and gas
      clothes drying apparatus.
PAR  It is a further object to provide in a clothes dryer a protective control
      arrangement which permits the use of relatively high thermal energy inputs
      when the clothes are relatively moist and which reduces the amount of
      thermal energy applied as the moisture content of the clothes is reduced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a side elevational view of a typical clothes dryer incorporating
      a preferred embodiment of the present invention, the view being partly in
      section.
PAR  FIG. 2 is a schematic representation of a control arrangement for a clothes
      dryer useful in carrying out the present invention;
PAR  FIG. 3 is a graphical representation showing temperatures at various points
      within the dryer as a function of time during an operational cycle in a
      dryer wherein a preferred embodiment of the present invention is
      incorporated; and
PAR  FIG. 4 is also a graphical representation of temperatures at various
      locations within the dryer as a function of time, and wherein is
      incorporated a preferred embodiment of the present invention in somewhat
      modified form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a clothes dryer 10 of the domestic
      type which includes a cabinet 12 provided with a front door 14 for access
      into the interior of an enclosure within. The enclosure such as a drum 16
      is rotatably mounted within the cabinet and provides a means for retaining
      fabrics such as clothes to be dried. An electric motor 18 is disposed
      within the cabinet generally adjacent to the drum 16. A pulley 20 at one
      end of the motor shaft is rotatably coupled to drum 16 by means of a drive
      belt 22. It will be understood by those skilled in the art that the speed
      or rotation of drum 16 is determined by the speed of motor 18 and the
      relative diameters of pulley 20 and drum 16.
PAR  The rear end of the drum is supported within the cabinet upon a stub shaft
      24 which is disposed along the axis of the drum and is received in a
      stationary bearing 26 affixed to the rear portion of the cabinet 12. The
      front end of the drum is rotatably supported upon bearing means such as a
      pair of rollers as wheels, one of which is illustrated at 28. The wheels
      are rotatably mounted upon stub shafts or axles which are fixed to a front
      portion of cabinet 12 substantially parallel to the axis of rotation of
      drum 16. The drum is thus rotatably supported at one end by an axle shaft,
      at the other end by rollers so that it may be rotated by motor 18 for
      causing fabrics maintained therein to be agitated or tumbled in order to
      enhance the drying process. A plurality of clothes tumbling ribs 30 are
      provided upon the lateral wall of drum 16 to enable the fabrics to follow
      the lateral wall of the drum as it rotates upwardly, tumbling back down as
      the rib ascends further.
PAR  A flow of air for drying the fabrics within the drum is drawn from suitable
      air inlets such as louvers 32 at the rear of the cabinet and passed across
      first and second heating means such as first and second electrical
      resistance heaters 34 and 36, after which the heated air traverses
      openings 38 in the rear end of the drum and passes axially through the
      drum and through the clothes being tumbled therein. The air leaves the
      clothes and the enclosure by means of perforations 40 in an inner bulkhead
      of door 14 and passes by means of aligned openings 42 and 44 into an
      outlet duct 46 disposed within the front walls of the cabinet. A blower 48
      rotatably driven by motor 18 impels the air drawn from duct 46 through an
      exhaust duct 50 and thence from the machine. This path of travel of the
      air has been shown by arrows.
PAR  It should be mentioned at this point that heaters 34 and 36 are, for the
      sake of simplicity, shown by schematic representation and might be, in
      accordance with common practice, a pair of varied diameter, electrical
      resistance heaters arranged concentrically about bearing 26 on the other
      wall of cabinet 12 for allowing air entering through louvers 32 to become
      heated as it passes across heaters 34 and 36, thence to inner drum 16
      through the openings 38 on the rear portion thereof.
PAR  In accordance with the present invention, there is provided a protective
      control arrangement including control means such as a thermally responsive
      switch in the form of a bimetallic thermostat 52 arranged in duct 46,
      thereby to become activated when the air being exhausted through the duct
      46 from drum 16 reaches a predetermined temperature.
PAR  For purposes of the present invention, thermostat 52 has been chosen to
      become activated, that is, to open or trip at 140.degree. F and to become
      deactivated, that is, to reset or close at 120.degree. F. Thermostat 52
      then serves to effect de-energization of heater 34 when the temperature of
      the air in the outlet duct 46 reaches 140.degree. F as will be hereinafter
      described.
PAR  Referring now to FIGS. 1 and 2, there is shown by schematic representation
      an electrical circuit useful in the control arrangement of the present
      invention. Included are a pair of input terminals L1 and L2 adapted to be
      coupled to an energy source such as may typically be provided in a home
      and including 240 volts, AC, 60 Hz, single phase. Heaters 34 and 36 are
      coupled in parallel across terminals L1 and L2. A neutral terminal N is
      provided, there being then 120 volts AC between L1 and N and likewise
      between L2 and N, and 240 volts between L1 and L2.
PAR  Included in the circuit is a timer motor 54 arranged to be manually set
      into operation by a manually operable knob 56 normally located on a
      control panel 58 mounted atop cabinet 12 of the dryer. Timer motor 54
      operates a sequence control device for providing at least one operational
      cycle for the drying of clothes in the dryer. This device includes a
      plurality of cam members (not shown) which serve to operate a plurality of
      switches causing the respective switches to open and close at
      predetermined times during an operational cycle. Means are provided such
      as a pair of switches 60 and 62 and, as shown in dotted lines, are
      responsive to operation of timer motor 54 to open and close the circuit to
      heaters 34 and 36 for energizing the heater circuit at the start of the
      cycle and for de-energizing the circuit at the end of the cycle. Control
      panel 58 also includes a series of manually operated control members
      (shown only in FIG. 2) one of which is a manually operable selector switch
      64, as well as manually operable switches 66 and 68. Switch 68 serves to
      close the circuit between the timer motor and terminal N such that the
      timer motor 54 may be energized as would normally be the case in a typical
      timed-drying, operational cycle. A safety or high limit thermal switch, in
      the form of a thermostat 69 is provided mounted adjacent the heaters and
      on the back wall of cabinet 12 and serves as a protection to remove power
      from the heaters at a predetermined high temperature which may occur, for
      example, if blower 48 fails to operate properly. It should be mentioned at
      this point that certain other electrical components such as motor 18 not
      necessary to the explanation of this invention are omitted from the
      schematic representation of FIG. 2.
PAR  As is well known in the art, the manual operation of knob 56 serves to
      orient timer motor 54 and certain of the switches associated therewith
      such that the motor 18 will be energized thereby causing the drum 16 to
      rotate allowing the clothes therein to be tumbled and at the same time, to
      cause the operation of blower 48 to start the air flow through the dryer.
      Switches 60 and 62 then will be closed and in a typical drying operation
      wherein clothes made of certain fabrics such as cottons are to be dried,
      switch 66 will be manually closed to make contact with element 70 and
      switch 64 will be manually closed to make contact with element 72. With
      such an arrangement, then both heaters 34 and 36 will be energized and
      will remain in that state until thermostat 52 senses air in the exhaust
      duct 46 reaching a temperature of 140.degree. F upon which time the
      thermostat 52 will open and heaters 34 and 36 will be de-energized.
      Heaters 34 and 36 have been chosen with a resistance of approximately 19
      ohms each, each thereby being rated at approximately 2750 watts at 240
      volts AC. A resistor 74 is provided in the circuit with a value of
      approximately 3770 ohms such that when heater 34 is de-energized, timer
      motor 54 will be energized across terminals L1 and L2 through heater 34.
      When the temperature in outlet duct 46 has dropped to 120.degree. F,
      thermostat 52 will reset or close thereby allowing the re-energization of
      heaters 34 and 36 further stopping the operation of timer motor 54. This
      cyclical operation proceeds until the end of an operational cycle at which
      time switches 60 and 62 will be opened by timer 54 to remove power from
      heaters 34 and 36. In today's dryers, it is normally provided that the
      blower will continue to be energized however, for a few minutes after the
      removal of power from the heaters thereby allowing a cooldown within the
      dryer for preventing the forming the wrinkles in clothes which occurs at
      such operating temperatures.
PAR  By the present invention there is provided, in the circuit described above,
      a protective control arrangement for drying such fabrics as polyknits,
      modacrylics, and for preventing excessive heat that can damage these types
      of fabric. Some materials as polyknits are subject to damage as from
      shrinkage at temperatures in the vicinity of 250.degree. F, and certain
      modacrylics suffer damage in the area of 225.degree. F. In an arrangement
      where the ambient or inlet air temperature t.sub.1 is approximately
      80.degree. F and both heaters 34 and 36 are energized at full heat, 5500
      watts, and with an air flow of 90 CFM, the temperature of the air entering
      the back of the drum, t.sub.2, can reach 320.degree. F. It is obvious then
      that this temperature can produce damage to such fabrics as polyknits.
      However, as long as the clothes in the dryer have moisture content they
      will not experience any damage as their temperature is effectively limited
      to approximately 212.degree. F. However, when most of the moisture has
      evaporated from the clothes as shown in the moisture retention curve in
      FIG. 4, their temperature starts to rise as does the temperature t.sub.3
      in the outlet duct 46. To preset the dryer controls for drying such
      fabrics, switch 64 is closed to make contact with element 76, switch 66 is
      closed to make contact with element 70, and switch 68 is left in the open
      position. With such an arrangement, at the start of the operational cycle,
      both switches 60 and 62 are closed as described above and both heaters 34
      and 36 are energized across terminals L1 and L2. Referring now to FIG. 3,
      there appears a graph of temperature versus time showing how the
      protective control operates, the individual curves representing
      respectively, inlet air temperature t.sub.2, and outlet air temperature
      t.sub.3. As both heaters 34 and 36 are energized, thermal energy is
      introduced into the dryer at a high rate thereby providing, at the
      beginning of the cycle, a rather steep curve which then proceeds to level
      off somewhat. The temperatures (t.sub.2 and t.sub.3) then remain
      relatively steady but as the clothes load becomes dryer there is not
      sufficient moisture to cool the 320.degree. F inlet air, thereby causing
      an increase in the drum outlet air temperature t.sub.3. When the outlet
      temperature reaches 140.degree. F at time X, thermostat 52 becomes
      activated to open causing heater 34 to become de-energized for the
      remainder of the cycle. With the same air flow and ambient inlet
      temperature as at the beginning but with only heater 36 energized, the
      temperature t.sub.2 of the air entering the back of the drum is reduced to
      a maximum of approximately 225.degree. F. Outlet temperature t.sub.3 drops
      due to the drop in inlet temperature and then starts to increase,
      eventually to level off as the load becomes still dryer. If sufficient
      running time exists as provided by timer 54 now energized through resistor
      74 and heater 34, the temperatures will rise and level off to approximate
      convergence, at which time Y the heating portion of the operational cycle
      has come to an end, the timer 54 causing switches 60 and 62 to become open
      thereby de-energizing heater 36, but allowing the blower to operate to
      provide a cool-off period.
PAR  An alternate arrangement provides a second control means such as second
      thermostatic control device, in the form of a second thermostat 78.
      Thermostat 78 has been chosen to become activated, that is, to open at
      155.degree. F and to become deactivated or closed at 130.degree. F. Using
      such a second thermostat and providing a drying or operational cycle for
      polyknits, etc. as has just been described, that is, with switch 66
      closed, switch 68 open and switch 64 contacting 76, we shall refer now to
      FIG. 4. With such an arrangement, heaters 34 and 36 are initially
      energized and so remain until outlet temperature t.sub.3 reaches
      140.degree. F, at which time X the thermostat 52 opens thereby causing the
      de-energization of heater 34. Heater 34 then remains de-energized for the
      remainder of the cycle. Heater 36, however, remains energized and proceeds
      to supply thermal energy to the dryer. However, as the clothes become
      dryer, outlet air temperature t.sub.3, as shown on the curve, begins to
      rise and when it reaches 155.degree. F at time X.sup.1, thermostat 78
      opens thereby causing the de-energization of heater 36 also. As can be
      seen, the temperature then drops until it reaches 130.degree. F, the point
      at which the thermostat 78 is deactivated or closed, and heater 36 is
      again energized. This periodical energization and de-energization of
      heater 36 continues for the remainder of the heating portion of the
      operational cycle, it being remembered that timer motor 54 has been
      energized through resistor 74 and heater 34 when thermostat 52 is open. At
      time Y, the end of the allotted time for the operational cycle, switches
      60 and 62 responsive to timer 54 are opened thereby removing power from
      the heater portion of the circuit whereupon the blower continues operation
      to effect cool-down within the dryer. It will be noticed that thermostat
      52 never does reset since thermostat 78 has been chosen to have a higher
      reset temperature, i.e., 130.degree. F versus 120.degree. F for thermostat
      52.
PAR  It will be appreciated by the foregoing discussion that what has been
      provided is a simplified but efficient protective control arrangement for
      a clothes dryer especially useful when such fabrics as polyknits are to be
      dried therein. It will be understood, however, that such a control
      arrangement is not limited to a system wherein electrical resistance
      heaters are used. For example, those skilled in the art will certainly
      recognize that the thermal energy may be provided by first and second gas
      burners including first and second electrically operated valves
      respectively, the valves being coupled in parallel across the input
      terminals L1 and L2 much as are heaters 34 and 36. With such an
      arrangement then, rather than modulate a given gas burner, upon the
      reaching of a given temperature one of the gas burners would be totally
      de-energized thereby leaving only one of the burners to supply the thermal
      energy for the rest of the operational cycle. In a case where a second
      thermostat is used, upon the initial de-energization of the first gas
      burner, the second gas burner would be periodically cycled on and off in
      response to operation of the second thermostat much as in the case of the
      use of electrical resistance heaters as described above.
PAR  It should be mentioned that the electrical resistance heaters 34 and 36
      have been chosen of equal value, that is, to use approximately 2750 watts
      each at 240 volts. It is certainly possible to vary these values; for
      example, one heater may be 2000 watts while the other is 3500 watts, or
      any other desired values. The choice of values of these heating elements
      depends in part upon the velocity of air flow through the dryer and, for
      example, the blower might be arranged to supply a higher velocity of air
      flow for such a 3500 watt heater after initial tripping of the 140.degree.
      F thermostat 52. Furthermore, thermostats of different trip and reset
      values may be found necessary in order to accord the protection necessary
      when using such a heater arrangement. Of course, various combinations of
      values of heater output, thermostat trip and reset temperatures and air
      flow velocity may be prescribed to provide many and varying heating cycles
      and results.
PAR  It should be apparent to those skilled in the art that the embodiment
      described heretofore is considered to be the presently preferred form of
      this invention. In accordance with the patent statutes, changes may be
      made in the disclosed apparatus and the manner in which it is used without
      actually departing from the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a clothes dryer providing at least one timer controlled operational
      cycle for the drying of clothes placed therein, a protective control
      arrangement comprising:
PA1  first and second heating means in the dryer, both energized at the start of
      the cycle for supplying thermal energy to the dryer for effecting drying
      of clothes placed in the dryer; and
PA1  control means in the dryer arranged such that, upon the reaching of a
      predetermined temperature therein, the control means will become activated
      to always effect de-energization of the first heating means for the
      remainder of the cycle while the second heating means remains continuously
      energized for the complete cycle, thereby effecting a reduction of rate of
      supply of thermal energy to the dryer.
NUM  2.
PAR  2. The control arrangement of claim 1 further comprising:
PA1  means for energizing both first and second heating means at the start of
      the cycle and for deenergizing the second heating means at the end of the
      cycle.
NUM  3.
PAR  3. The control arrangement of claim 1 wherein the first and second heating
      means are first and second electrical resistance heaters and the control
      means is a thermostatic control device responsive to the temperature of
      air being exhausted from the dryer for activation and deactivation.
NUM  4.
PAR  4. The control arrangement of claim 3 wherein the electrical resistance
      heaters are coupled in parallel across first and second input terminals
      adapted to be coupled to an energy source, the thermostatic control device
      being coupled serially with the first heater.
NUM  5.
PAR  5. The control arrangement of claim 1 wherein the first and second heating
      means are first and second gas burners including first and second
      electrically operated valves respectively and the control means is a
      thermostatic control device responsive to the temperature of air being
      exhausted from the dryer for activation and deactivation.
NUM  6.
PAR  6. The control arrangement of claim 5 wherein the first and second
      electrically operated valves are coupled in parallel across a pair of
      input terminals adapted to be coupled to an energy source, the
      thermostatic control device being coupled serially with the first
      electrically operated valve.
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ABST
PAL  A toner image carried upon a substrate is fixed by placing the toner image
      in close juxtaposition to an absorbent web carrying a volatile toner
      solvent. The toner particles are softened and caused to adhere to the
      substrate by the action of the vapors emanating from said web. In order to
      protect the environs from the solvent vapors, the web is enclosed within a
      substantially sealed housing when laden with said solvent.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to fixing toner images such as are produced
      by electrophotographic and other electrostatic processes. More
      particularly, the present invention is directed to solvent vapor fixing of
      toner images, wherein the toner image is placed in close juxtaposition to
      an absorbent web having a volatile liquid solvent absorbed thereon, and
      the toner image is fixed upon a substrate by the action of the solvent
      vapors emanating from said web.
PAR  In one conventional electrophotographic process, a photoconductive
      electrically insulating layer backed with an electrical conducting
      substrate is uniformly electrostatically pre-charged by any suitable
      means, such as by corona discharge, and then is exposed to a light image
      to form an electrostatic latent image. The electrostatic latent image is
      converted to a visible image by causing fine toner particles to adhere
      electrostatically to the latent image in accordance with the charge
      pattern. The toner image thus formed may then be transferred to and fixed
      upon a transfer sheet, or it may be fixed directly on the photoresponsive
      layer. In another electrostatic process, the toner images are obtained
      through a substantially similar process, except that the formation of the
      electrostatic latent image is effected through such means as corona
      discharge from selective or patterned electrodes to a dielectric sheet or
      web.
PAR  According to the present invention, the toner image is fixed to a substrate
      by being placed in closely spaced juxtaposition to a porous absorbent web
      having a volatile liquid toner solvent absorbed thereon. Suitable solvents
      for this purpose for use with most commercial toners are the
      non-combustible chlorinated hydrocarbons. The vapors of said solvent
      soften the toner particles and thereby cause the toner image to become
      affixed to its substrate. Because the toner image is held in close
      proximity to the fixing solvent absorbed on the web, the toner image is
      subjected to a high concentration of fixing agent vapor, thereby causing
      the image to be fixed in a very short period of time. The present
      invention also makes effective use of housing means for the solvent laden
      web prior to, after and/or during the fixing operation, thereby minimizing
      or substantially eliminating the dispersion of the solvent vapor into the
      environs, and avoiding the health hazards attendant the inhalation of most
      solvent vapors.
PAR  It is therefore one object of the present invention to provide for fixing
      toner images by placing the toner image in closely spaced proximity to an
      absorbent web having a volatile liquid toner solvent absorbed thereon,
      whereby the toner image is fixed by the solvent vapors emanating from said
      web.
PAR  A further object of the present invention is to provide for such solvent
      vapor fixing of a toner image, while containing said web within a housing
      to minimize dispersion of solvent vapor into the environs.
PAR  Still another object of the present invention is to provide for such
      solvent vapor fixing of toner images either intermittently or continuously
      over an extended and indefinite period of time.
PAR  Other objects and advantages of the present invention will become apparent
      from the detailed description given hereinafter. It is understood,
      however, that the detailed description and specific examples, while
      indicating preferred embodiments of the invention, are presented for
      illustration only, and various changes and modifications within the spirit
      and scope of the invention will become apparent to those skilled in the
      art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The detailed description of the invention given hereinbelow is had in
      conjunction with the accompanying drawings, in which like numerals refer
      to the same or corresponding parts, and wherein:
PAR  FIG. 1 is a schematic illustration of one embodiment of the present
      invention, wherein an absorbent web is prewetted with a volatile solvent
      and is fed from a supply roll to a receiving roll, and wherein both the
      supply roll and the receiving roll are enclosed in a housing;
PAR  FIG. 2 is a schematic illustration of another embodiment of the present
      invention, wherein the web is wetted with the fixing solvent after it is
      removed from the supply roll, and only the receiving roll is disposed in a
      housing;
PAR  FIG. 3 is a schematic illustration of a further embodiment of the present
      invention utilizing an endless web that is continually wetted with
      solvent;
PAR  FIGS. 4A and 4B are schematic illustrations of still a further embodiment
      of the present invention, wherein the porous web material containing the
      fixing solvent is a sleeve covering a rotatable drum; and
PAR  FIGS. 5 and 6 are schematic illustrations of additional embodiments of the
      present invention, wherein the solvent carrying web is completely enclosed
      within a sealed housing.
DETD
PAC  DETAILED DESCRIPTION
PAR  The apparatus for solvent vapor fixing of toner images according to the
      embodiment of FIG. 1 of the present invention, comprises a web 1 formed of
      absorbent material that is prewetted with a fixing solvent. The web is
      conveyed over a predetermined path from a supply roll 3, used for storing
      a supply of prewetted web material, to a take up roll 2 for receiving said
      web after it has traversed said path. The supply roll and receiving roll
      are both located in a housing 4, and during the fixing operation the
      prewetted web is removed from the supply roll and the housing, guided over
      the predetermined path through the use of rotating guide rollers 6 and 6',
      and reintroduced into housing 4 where the web is received by roll 2. While
      the web is being conveyed over said predetermind path outside of the
      housing 4, a substrate 20 containing the toner image to be fixed is placed
      in closely spaced juxtaposition to the absorbent web, and the vapors
      emanating from the volatile liquid solvent absorbed in the web act as a
      fixing agent for the toner image. The toner image is retained in its
      closely spaced relationship with the web for a sufficient length of time
      to insure fixing of the toner image. The substrate containing the toner
      image to be fixed may be conveyed on the surface of a porous conveyor belt
      10, and advantageously the conveyor belt 10 can be provided with a vacuum
      means for holding the toner substrate thereon. The openings where the web
      material 1 is removed from and reintroduced into said housing 4 are closed
      by suitable seals 5 made of a resilient material, and which bear against
      the web material.
PAR  When the web 1 is closely juxtaposed with the toner image, it is important
      to prevent the web from sagging and contacting the image. Accordingly, a
      brake is associated with the supply roll 3 so that the web can be
      maintained in a taut condition.
PAR  The porous web 1 may be made of woven or non-woven natural or synthetic
      fibers, and it may be reinforced, if necessary, with a suitable backing to
      provide mechanical strength suitable for the operating conditions. The web
      is preferably thin, but should have a thickness sufficient to retain the
      necessary quantity of fixing solvent, and may for example be about 50
      microns thick. It should carry a sufficient quantity of fixng solvent to
      ensure adequate fixing of the toner image, but at the same time an
      excessive amount of solvent should be avoided so that the solvent will not
      drip off the web onto the toner image.
PAR  The web 1 is driven in the direction of the arrow, and the substrate 20
      containing the toner image is driven in the opposite direction. In the
      case where the toner image is readily fixed, the speed of the fixing web 1
      can be less than that of the substrate containing the toner image.
      However, if the toner image is more difficult to fix, or if a longer
      fixing time is required, the speed of the fixng web may be increased to
      expose the toner image to a larger quantity of web wetted with fresh
      volatile solvent. The web 1 should be spaced from the image substrate 20 a
      distance appropriate to enable the effective fixing of the toner image by
      the vapors of the volatile liquid solvent. Appropriate spacing and the
      speed of the web and the toner image are interdependent factors that
      depend on the particular solvent employed. It has been found desirable, in
      general, to maintain a distance of about one to several millimeters
      between said web 1 and image substrate 20 in the fixing zone between the
      rollers 6 and 6'.
PAR  The embodiment of the invention shown in FIG. 2 is very similar to that
      shown in FIG. 1, and corresponding parts have been similarly designated.
      In FIG. 2, web 1 on supply roll 3 is not prewetted with fixing solvent,
      but instead the solvent is supplied from a nozzle 30. The nozzle 30
      extends transversely across the entire web 1, thereby substantially
      covering the entire width of the web with solvent. In this embodiment, the
      fixing solvent may be intermittently supplied to the web as needed by
      detecting the advance of toner images and the progress of the fixing
      operation, i.e. the effectiveness of the fixing operation. Thus, the time
      at which the fixing solvent is supplied from the nozzle 30 to the fixng
      web 1 and the quantity of the fixing solvent supplied may be adjusted
      depending upon the fixing requiements observed. After being conveyed
      through the fixing zone between guide rolls 6 and 6', the web 1 carrying
      residual fixing solvent is taken into a vapor tight housing 4 onto
      receiving roll 2. Resilient seals 5 define a vapor tight inlet to the
      housing 4, and they may be designed to compensate for increases in
      pressure inside the housing due to changes in temperature or other causes,
      by making at least one of the seals displaceable and responsive to said
      increase in pressure. Alternatively, a separate safety valve may be
      provided to handle any pressure buildup within the housing. A protective
      shield 7 is advantageously provided in the fixing zone above the web to
      limit the dispersion of fixing solvent into the environs.
PAR  FIG. 3 shows a further embodiment of the apparatus of the present invention
      in which the web 1 is in the form of an endless belt. This arrangement
      makes the fixing operation particularly suitable for fixing toner images
      for an extended or indefinite period of time. The web 1 is continuously
      conveyed around rollers 8, 5 and 5' and one or more of the rollers may be
      provided with a drive source. The fixing solvent is supplied from nozzle
      30 to the web, as needed. The embodiment of FIG. 3 is also advantageous in
      that the tension of the web facing the substrate containing the toner
      image is substantially constant. The entire endless web 1 is contained in
      the housing 4, except for the portion positioned in juxtaposition to the
      toner image and its substrate 20. Rolls 5 and 5' function as seals for the
      egress and ingress of the web from and into the housing 4.
PAR  FIGS. 4A and 4B show still a further embodiment of the present invention in
      which the web 1 is in the form of a sleeve covering a rotatable cylinder
      9. The cylinder 9 is provided at its opposite ends with flanges 13 and 14,
      and the sleeve 1 is located between these flanges. A portion of the
      surface of the cylinder 9 is enclosed in a housing 4, and the inlet and
      outlet of the housing may be provided with resilient seals (not shown) to
      prevent solvent supplied from nozzle 30 to the web 1 from leaking to the
      outside environment. The substrate 20 containing the toner image is
      carried by an endless conveyor belt 11 which is positioned to engage the
      cylinder flanges 13 and 14 outside said housing. Opposite marginal
      portions of the toner image substrate are received between said conveyor
      belt and said flanges, and the toner image is thus conveyed in close
      juxtaposition to the solvent wetted sleeve 1 for the period of conjoint
      traverse of cylinder 9 and belt 11. The conveyer belt is provided with
      rollers 12 for driving and guidng said belt.
PAR  In the embodiments of FIGS. 3 and 4, if image substrates 20 are not
      continuously introduced into the apparatus, continuous feeding of fixing
      solvent to the web 1 is wasteful. Such waste may be substantially
      eliminated by controlling the feed of the fixing solvent from nozzle 30 in
      accordance with the need therefor.
PAR  FIG. 5 shows an embodiment of the apparatus of the present invention
      wherein the fixing solvent systems is completely sealed from the environs.
      In this embodiment, similar to the embodiment of FIG. 4, the solvent
      carrying web 1 is in the form of a sleeve covering a rotatable drum or
      cylinder 9, said cylinder being provided at its opposite ends with end
      flanges 13 and 14 to maintain the toner image being conveyed around a
      portion of the cylinder a fixed distance from said sleeve. An endless
      conveyor belt 11 is positioned to engage the flanges 13 and 14 over a
      portion of the circumference of the cylinder, for receiving marginal edge
      portions of the toner image substrate between said conveyor belt and said
      flanges. The conveyor belt is passed around rollers 12 which guide the
      belt along the flanges 13 and 14 at the opposite ends of the cylinder 9.
      At least some of the rollers 12 are externally powered to drive the
      conveyor belt together with the substrate containing the toner image in
      the direction of the arrows. A housing defined by elements 15 and 16 is
      provided to enclose the cylinder and conveyor belt completely. Fixing
      solvent is supplied to web 1 by nozzle 30.
PAR  The inlet and outlet for the introduction of the substrate containing the
      toner image into the housing and its removal from the housing are provided
      at the top of the apparatus. This positioning of the inlet and outlet is
      effective in preventing the solvent vapor from leaking to the outside
      environment since the specific gravity of the solvent vapor is usually
      greater than that of air. In any event, the inlet and outlet for the
      substrate are provided with input and output rollers 17 and 18,
      respectively, which seal the inside of the housing from the outside
      environment. If there is a possibility that the toner image could be
      damaged by contact with rollers 17, one of these rollers may be mounted to
      be displaceable in the direction of arrow 19, so that a slight gap may be
      provided between the image surface and the roller as the substrate passes
      through the inlet into the housing. Even when this slight gap is utilized,
      solvent vapor will not leak to the outside environment in significant
      quantities, since the vapor is heavier than air. At the outlet of the
      apparatus the image will not be adversely affected when it is pinched
      between the rollers 18, because at this point the image has been fixed.
PAR  FIG. 6 shows still another embodiment of the apparatus of the present
      invention, and provides a complete housing enclosure with horizontal feed
      of the toner image instead of the vertical feed of FIG. 5. In the
      embodiment of FIG. 6, the web 1, which is wetted with the fixing solvent
      by nozzle 30, is again in the form of a sleeve covering the surface of
      rotatable drum or cylinder 9. As in the case of the embodiments of FIGS. 4
      and 5, the cylinder is provided at its opposite ends with flanges 13 and
      14 having a larger diameter than that of the cylinder 9 to space the toner
      image surface from sleeve 1. The endless conveyor belt 11 is positioned to
      engage said flanges over a portion of the circumference of the cylinder
      for receiving opposite marginal edge portions of the toner image substrate
      therebetween. The entire apparatus is accommodated within the upper and
      lower halves 21 and 22 of a housing. The inlet and outlet of the housng is
      provided with resilient rollers 17 and 18 to seal the inside of the
      housing from the outside environment. The upper roller of the inlet
      rollers 17 is shown as being displaceable in the direction of the arrow
      23, so that it can be adjusted so as not to touch the toner image to be
      fixed. Each of resilient members 24 and 25 contacts web 1 and one of each
      of the pairs of inlet and outlet rollers 17 and 18, respectively, thereby
      dividing the space defined by the upper and lower housing halves 21 and 22
      into upper and lower portions. This division of the housing enclosure
      further minimizes escape of solvent vapor to the environs through the
      inlet and outlet rolls 17, 18.
PAR  In the embodiment of FIGS. 4-6, the solvent laden sleeve 1 and the rotating
      cylinder 9 may be driven in the same direction and at the same speed as
      the conveyor belt 11. However, similar to the embodiments of FIGS. 1 to 3,
      it is possible to convey the belt 11 and image substrate in the opposite
      direction from the sleeve or web 1, by separately driving the body of the
      cylinder 9 and the larger diameter flanges 13, 14 at the ends of the
      cylinder body in opposite directions, so that the flanges 13, 14 move in
      unison with the belt holding the substrate. Such an arrangement tends to
      improve the overall efficiency of the apparatus by providing
      countercurrent type of operation. In any one of the embodiments of the
      present invention, there is always the possibility that solvent vapor may
      tend to leak through the inlet and/or outlet of the housing. Accordngly,
      one may provide an exhaust system in the vicinity of the inlet and/or
      outlet to remove such vapor and prevent it from contaminating the
      surrounding environment.
PAR  The invention being thus described, it will be obvious to one skilled in
      the art that the same may be varied in many ways. Such variations are not
      to be regarded as departures from the spirit and scope of the invention,
      and all modifications as are embraced by the spirit and scope of the
      appended claims are contemplated as within the purview of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for the solvent vapor fixing of toner images, comprisng a web
      formed of absorbent material, means for traversing said web over a
      predetermined path, means for locating a toner image in closely spaced
      juxtaposition to said web over a portion of said predetermined path, said
      web being prewetted with a volatile solvent for said toner, a first roll
      for storing a supply of said web material, a second roll for receiving
      said web material after traversing said path, means for guiding said web
      material over said portion of said predetermined path, and a housing
      containing said web material wet with solvent, said first and said second
      rolls being located within said housing, and said portion of said
      predetermined path being outside said housing whereby a toner image is
      fixed by solvent vapors emanating from said web material during the
      passage of the toner image past said portion of said web material path.
NUM  2.
PAR  2. The apparatus as set forth in claim 1, wheren the locating means
      comprises a conveyor belt, said conveyor belt being disposed substantially
      parallel to the surface of the web over said portion of said path.
NUM  3.
PAR  3. The apparatus as set forth in claim 2, and further including vacuum
      means for holding a substrate containing said toner image to said conveyer
      belt.
NUM  4.
PAR  4. The apparatus as set forth in claim 1, wherein means are provided for
      sealing the housing at the points where the web is removed from the
      housing at the first roll and reintroduced into the housing at the second
      roll.
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ABST
PAL  A crop drier has an enclosed drying chamber with an entrance at the front
      thereof and an exit adjacent the back thereof. A conveyor system includes
      a floor conveyor for receiving long stemmed crop and conveying it to a
      lifting conveyor which drops the crop on a lower transverse conveyor at
      the rear of the chamber. The lifting conveyor is configured as a right
      angled triangle that lifts and drops crop on an elevator conveyor at one
      side of the chamber. The latter conveyor then moves the crop to an upper
      transverse conveyor at the top of the chamber near the front thereof.
PAL  The upper conveyor is structured to reciprocate within the chamber across
      its width while continuously receiving crop from the elevator conveyor.
      The upper conveyor has an endless chain with an upper and a lower run and
      while an endless belt is moving and dropping crop to the floor conveyor a
      reversing mechanism is cycled to reciprocate the upper conveyor, or a
      surface associated with the conveyor, and ensure that the crop is
      distributed uniformly across the entire width of the chamber.
PAL  A safety cut off device is mounted adjacent the juncture of the elevator
      and lower transverse conveyors to stop the latter's movement and that of
      the floor conveyor is an excess of crop is loaded on the elevator
      conveyor. A blower and heating plant are connected by ducts to the chamber
      and once the crop has been dried satisfactorily, the crop can be directed
      by the upper conveyor to a branch duct via a funnel so that the blower can
      then move the dried crop to a collection area.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided a crop treatment device of
      the kind set forth, wherein the conveying mechanism includes means for
      supplying crop to a region at or near said one end of the chamber in such
      a way that the crop will be substantially uniformly distributed throughout
      substantially the whole of the effective width of said chamber in that
      region.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be made, by way of example, to
      the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic side elevation of a crop treatment device in
      accordance with the invention,
PAR  FIG. 2 is a similar opposite side elevation of the device of FIG. 1,
PAR  FIG. 3 is a broken elevation, to an enlarged scale, illustrating the
      construction and mounting of crop displacement tines of the device,
PAR  FIG. 4 is an elevation, to an enlarged scale, illustrating lower parts of
      an elevator of the device and a safety mechanism that is associated
      therewith,
PAR  FIG. 5 is a plan view, to an enlarged scale, illustrating the construction
      and arrangement of a conveyor that can reciprocate across a chamber of the
      device,
PAR  FIG. 6 is a section, to an enlarged scale, taken on the line VI--VI of FIG.
      5,
PAR  FIG. 7 is a view as seen in the direction indicated by an arrow VII in FIG.
      5,
PAR  FIG. 8 is an elevation, to an enlarged scale, illustrating parts for
      altering the direction of movement of the conveyor of FIG. 5 in greater
      detail,
PAR  FIG. 9 is a similar view to FIG. 7 but shows an alternative position of the
      conveyor in which it is located partially within the chamber of the
      device,
PAR  FIG. 10 is a further view similar to FIGS. 7 and 9 but showing a position
      of the conveyor in which it is withdrawing from said chamber,
PAR  FIG. 11 is an elevation as seen in the same direction as FIGS. 7, 9 and 10
      and shows a discharge position of the conveyor, and
PAR  FIG. 12 is a part-sectional elevation illustrating an alternative
      construction and arrangement of the conveyor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, the crop treatment device that is illustrated
      therein is intended primarily, but not exclusively, for the drying of crop
      and is particularly, but not exclusively, suitable for dealing with
      long-stemmed crops. The device comprises a drying chamber 1 into which the
      long-stemmed or other crop can be introduced and it will be seen from
      FIGS. 1 and 2 of the drawings that said chamber 1 has a length which is
      considerably greater than its width, said chamber comprising substantially
      vertical side walls 2 formed from metal or other sheet material, the
      uppermost edges of the side walls 2 being interconnected throughout major
      parts of their lengths by a roof 3. The greater part of the length of an
      upper portion of each side wall 2 is of open formation and is covered by
      metal mesh or gauze 4. Air that has been passed through crop to dry the
      same escapes to the atmosphere through the apertures in the mesh or gauze
      3.
PAR  Beams 6 extend lengthwise of the chamber 1 at the lower edges of the two
      side walls 2 and beams 5 extend perpendicularly upwardly from said beams 6
      at regular intervals therealong to increase the rigidity of the side walls
      2, said beams 5 being disposed in pairs, one at each lateral side of the
      chamber 1. Beams that are not visible in the drawings also extend
      transversely between the beams 6 at regular intervals along the latter
      beams to form a support for a slotted floor of the chamber that is in the
      form of a plurality of parallel, but spaced apart, elongated elements 7
      (FIG. 5). A crop-receiving end of the chamber 1 is provided with pivotally
      mounted flaps or doors 8 that are turnable around substantially horizontal
      hinges to open or close said end, as required. The crop-receiving end of
      the chamber 1 that is provided with the flaps or doors 8 will hereinafter
      be considered as being the "front" of the chamber 1. The rear end of the
      chamber 1 is provided with an upright wall 9 which is, however, located at
      a distance behind the rearmost end of the floor of the chamber 1. The
      lowermost edge of said upright rear wall 9 is disposed at a higher
      horizontal level than the rearmost end of the floor of the chamber 1.
PAR  Horizontal shafts 10 that are rotatably mounted in bearings carried by the
      beams 6 at the opposite lateral sides of the floor of the chamber 1 are
      arranged close to the front and rear ends of that floor, said shafts 10
      extending parallel to each other and perpendicular to the length of the
      chamber floor. Two sprocket wheels 11 are mounted on each of the shafts 10
      near to, but spaced from, the side walls 2 and two chains 12 each extend
      around one sprocket wheel 11 on one shaft 10 and one sprocket wheel 11 on
      the other shaft 10. The two chains 12 are interconnected at regular
      intervals by beams 13 of channel-shaped cross-section, said beams 13
      extending perpendicular to the length of the chamber 1. An endless
      conveyor 14 (FIG. 5) is thus formed, the upper run thereof being disposed
      immediately above the slotted floor of the chamber 1 so that it can
      co-operate with that floor during the use of the device. It will already
      have been noted from FIGS. 1 and 2 of the drawings that the floor of the
      chamber 1 is inclined upwardly from the front to the rear thereof at a few
      degrees to the horizontal. The beams 6 that extend longitudinally of said
      floor at opposite sides thereof are supported from the ground by leg
      assemblies 15, 16 and 17 that are of increasing height from the front to
      the rear of the chamber 1.
PAR  A horizontal shaft 18 that extends parallel to the shafts 10 is arranged a
      short distance above the rear end of the conveyor 14 between bearings
      carried by the side walls 2. The shaft 18 carries sprocket wheels 19 at
      locations close to, but spaced from, the side walls 2 and chains 20 extend
      around said sprocket wheels 19 and also around further sprocket wheels 21
      and 22 carried by shafts 23 and 24 respectively that are both parallel to
      the shaft 18. The shafts 23 and 24 are arranged towards the upper edges of
      the side walls 2 at approximately the same horizontal level in such a way
      that, as seen in side elevation (FIG. 1 or FIG. 2) the shafts 18, 23 and
      24 are at the three corners of a right-angled triangle. The shortest
      "adjacent" side of this triangle is uppermost and is subsantially
      horizontally disposed. The chains 20 form parts of an endless conveyor 25
      of which further details will be given below. The front or "opposite" side
      of the triangular (in side elevation) conveyor 25 extends substantially
      perpendicular to the floor and roof 3 of the chamber 1 and parallel to the
      beams 5. A flat plate 26 is arranged immediately to the rear of the front
      side of the conveyor 25 that has just been mentioned in parallel
      relationship therewith.
PAR  FIG. 3 of the drawings shows further details of the conveyor 25 and it will
      be seen therefrom that tine supports 27 are indirectly connected to the
      two chains 20 at regular intervals therealong, each tine support 27
      carrying a row of straight pointed tines 28 that are generally forwardly
      directed with respect to the intended direction of operative travel of the
      conveyor 25 that is indicated by an arrow in FIG. 3 of the drawings. Each
      tine support 27 is provided at its opposite ends with plates 30 and these
      plates 30 are directly connected by pivot pins 31 to brackets 29 that are
      behind said supports 27 with respect to the intended direction of
      operative movement of the conveyor 25, said brackets 29 being fixedly
      secured to corresponding links of the two chains 20. The plates 30 are
      also pivotally connected by pins 32 to the ends of links 33 whose opposite
      ends in turn, are pivotally connected by pins 34 to further brackets 29
      that are also fixedly secured to the links of the chains 20 but that are
      disposed forwardly of the tine supports 27 with respect to the intended
      direction of operative movement of the conveyor 25. This pivotally mounted
      arrangement of the tine supports 27 has the advantage that, where the
      conveyor chains 20 move around the sprocket wheels 19, 21 and 22, the
      tines 28 maintain dispositions in which they will be effective in engaging
      and carrying along with them any crop which they may encounter and will
      not tend to shed prematurely any crop that they may already be
      transporting. The endless conveyor 25 extends throughout substantially the
      whole of the effective width of the chamber 1 and constitutes a discharge
      or dosing mechanism 35 by which crop carried to the rear of the chamber 1
      by the conveyor 14 can be supplied from that chamber in a regular manner
      during the use of the device.
PAR  A horizontally disposed endless conveyor 36 extends perpendicular to the
      length of the chamber 1 at a location more or less vertically beneath the
      uppermost and rearmost region of the endless conveyor 25. The endless
      conveyor 36 has a width which is substantially equal to the distance
      between the rear wall 9 of the chamber 1 and the rearmost end of the floor
      of that chamber. The lower edge of the rear wall 9 of the chamber 1 is
      provided with a downardly inclined guide 37 that is directed towards the
      rearmost edge of the upper run of the conveyor 36, said guide 37 being
      connected at one of its ends to a transverse wall 38 that is, in turn,
      joined to one of the side walls 2 of the chamber 1. It can be seen from
      FIG. 4 of the drawings that the conveyor 36 extends beyond the chamber 1
      at the side thereof that is remote from the transverse wall 38. The
      conveyor 36 comprises an endless belt 39 that is guided around rollers 40
      carried by stub shafts 41 mounted in a supporting structure 42. The
      supporting structure 42 comprises two beams 43 that extend substantially
      perpendicular to the length of the chamber 1 and that are sustained near
      their ends by uprights 44. It will also be noted from FIG. 4 of the
      drawings that the guide 37 projects from the chamber 1 at the same side as
      the endless conveyor 36 throughout a greater distance than the projection
      of that endless conveyor. The projecting end of the conveyor 36 is located
      above a lower receiving end of a crop elevator 45 which elevator is
      inclined upwardly against one side wall 2 of the chamber 1 from
      substantially the rear to substantially the front of that chamber. The
      crop elevator 45 comprises an endless belt 47 provided with regularly
      spaced apart tines or teeth 46, the upper effective run of the belt 47
      being disposed between two upwardly divergent sidewalls 48. The belt 47
      moves around rollers 49 carried by stub shafts 50 located near the ends of
      a support to which the upwardly divergent side walls 48 are secured.
PAR  The uppermost delivery end of the elevator 45 is located above an endless
      conveyor 51 which extends substantially perpendicular to the length of the
      chamber 1 beneath a housing 52 whose walls comprise lower downwardly
      convergent portions 53 that terminate immediately above the upper run of
      the conveyor 51. The conveyor 51 comprises an endless belt 54 (FIGS. 5 and
      6 of the drawings) which is guided around rollers 55 journalled by
      corresponding shafts 56 and 57 in bearings 58 and 59 respectively. The
      bearings 58 and 59 are carried by beams 60 of channel-shaped cross-section
      that extend parallel to the conveyor 51 at opposite sides thereof. Each of
      the bearings 59 is provided with a transverse screwthreaded hole which
      receives a corresponding pin 61. Lugs 63 project from the beams 60 and the
      pins 61, which are also screwthreaded, are entered through holes in said
      lugs 63 and are provided with nuts 62 at opposite sides of said lugs. The
      nuts 62 fix the pins 61 in position relative to the beams 60 which thus
      constitute a supporting structure 64 for the conveyor 51. The beams 60 are
      provided, near their opposite ends and close to their midpoints, with stub
      shafts 65 on which rollers 66 are mounted in a freely rotatable manner.
      The rollers 66 are received between the limbs of guides 67 of
      channel-shaped cross-section, said guides 67 extending perpendicular to
      the length of the chamber 1.
PAR  It can be seen from FIGS. 5 and 7 of the drawings that the guides 67 are
      mounted above the top of the chamber 1, a gap that exists between the
      beams 60 and said guides 67 being covered by a screening strip 67A (FIG.
      6). The guides 67 border a rectangular opening in the roof of the chamber
      1 that extends throughout the whole of the width of that chamber. The
      length (i.e. transversely of the chamber roof 3) is substantially the same
      as the length of the conveyor 51 in the intended direction of operative
      movement thereof that is indicated by an arrow in FIG. 5 of the drawings.
      Sprocket wheels 68 and 69 are located alongside one of the beams 60 of the
      supporting structure 64 for the conveyor 51 at substantially equal
      distances from the bearings 58 and 59. The sprocket wheel 69 that is
      closest to the chamber 1 is freely rotatable on a stub shaft 70 whereas
      the sprocket wheel 68 is secured to a shaft 71 rotatably mounted in
      bearings 72 which are carried by the two beams 60 at positions such that
      said shaft 71 lies between the upper and lower runs of the belt 54 of the
      conveyor 51. A transmission chain 73 extends around the sprocket wheels 68
      and 69, one location on said chain 73 being secured to the neighboring
      guide 67 by being pivotally connected to an operating arm 74 of a
      reversing mechanism 75 that is mounted on top of the guide 67 concerned
      near one of the side walls 2 of the chamber 1. One end of the operating
      arm 74 of the reversing mechanism 75 is turnably connected by a pivot 76
      (FIG. 8) to the midpoint of a link 77 whose opposite ends are turnably
      connected by further pivots 78 and 78A to a bracket 79 and a further link
      80 respectively. The bracket 79 is rigidly carried by one of the links of
      the chain 73 and the end of the strip-like link 80 that is remote from the
      pivot 78A is turnably connected by a further parallel pivot to a bracket
      81 fixedly secured to a link of the chain 73 that is one link removed from
      the one thereof that carries the bracket 79. The end of the operating arm
      74 of the reversing mechanism 75 that is remote from the pivot 76 is
      pivotally connected to a travelling block 82 that is mounted, by way of a
      screwthreaded bore, on a screwthreaded shaft 83 having opposite end
      regions that are rotatably received in brackets 84 and 84A that project
      from the side of the adjacent guide 67. The end of the screwthreaded rod
      83 that is close to the bracket 84A carries a bevel pinion 85 whose teeth
      are in mesh with those of a bevel pinion 86 carried at the uppermost end
      of the shank of a downwardly extending cranked spindle 87 (FIG. 7). It
      will be evident that the position of the travelling block 82 lengthwise of
      the screwthreaded rod 83 can be changed by rotating the cranked spindle 87
      manually in the required direction. Such adjustment, it will be noted,
      changes the point at which the chain 73 is fixed relative to the
      neighboring guide 67.
PAR  The shaft 71 to which the sprocket wheel 68 is secured also carries, at the
      end thereof remote from said sprocket wheel 68, a toothed coupling 88
      having a downwardly directed control member 89 (FIG. 7) which is operable
      to provide drive to the shaft 71 or to withhold drive therefrom. A
      sprocket wheel 90 is also carried by the shaft 71 immediately beyond the
      toothed coupling 88 and this sprocket wheel 90 is coupled by a
      transmission chain 91 to a sprocket wheel 92 secured to the output shaft
      93 of an electric motor 94 carried by a beam 95 (FIG. 6) in a lower region
      of the supporting structure 64. The output shaft 93 of the electric motor
      94 is rotatably received in a bearing 96 carried by a bracket 95A that
      also forms part of the supporting structure 64. The output shaft 93 is
      provided, inside the bracket 95A, with a sprocket wheel 97 which is
      coupled by a transmission chain 98 to a sprocket wheel 99 at one end of
      the central shaft 56 of one of the supporting rollers 55 of the endless
      belt 54 of the conveyor 51.
PAR  The ends of the two guides 67 that are remote from the drying chamber 1 are
      interconnected by a vertical or substantially vertical plate 100 having an
      uppermost edge region that is bent over through a few degrees towards the
      conveyor 51 (see FIG. 9), a funnel 101 being provided beneath the two
      guides 67 alongside the plate 100. The housing 52 that surrounds the upper
      delivery end of the elevator 45 adjoins a further housing 103 which is
      arranged above an opening in the roof 3 of the chamber 1. The walls of the
      housing 103 that extend lengthwise of the chamber 1 carry the downwardly
      convergent portions 53 that guide crop downwardly from the housing 52 onto
      the upper run of the immediately underlying conveyor 51. The wall of the
      housing 52 that is farthest remote from the chamber 1 is provided at its
      bottom with a pivotable flap 103A (FIGS. 1 and 10) that extends downwardly
      to a location immediately above the uppermost run of the belt 54 of the
      conveyor 51. A control rod 104 extends downwardly from the flap 103A and
      is operable to change the angular position of said flap (compare FIGS. 10
      and 11 of the drawings). The lower roller 49 of the elevator 45 has one of
      its stub shafts 50 in driven communication with the output shaft of an
      electric motor 105 (FIG. 4) and a safety mechanism 106 is arranged quite
      close to said lower roller 49. The safety mechanism 106 is arranged to
      discontinue drive to the endless conveyor 25 of the discharge or dosing
      mechanism 35 and to the endless conveyor 36 in the event of too much crop
      per unit time being fed thereto from the interior of the chamber 1. The
      safety mechanism 106 comprises a pair of supports 108 projecting from an
      upright plate 107 carried by one of the side walls 48 of the elevator 45.
      The ends of the supports 108 that are remote from the plate 107 carry
      aligned sleeves 109 in which a shaft 110 is turnably received. The
      opposite ends of the shaft 110 carry downwardly extending substantially
      parallel rods or bars 111 whose lowermost ends are bent over to some
      extent towards the neighboring end of the conveyor 36. The shaft 110 is
      provided between the sleeves 109 with a projection 112 which can
      co-operate with an operating member 113 of a switch 114 that is carried by
      said sleeves 109. Actuation of the operating member 113 will cause the
      switch 114 to stop the drive to the conveyors 25 and 36.
PAR  The shaft 23 of the conveyor 25 has an end that projects through one of the
      side walls 2 and that end is provided with a sprocket wheel 115 (FIG. 2)
      that is coupled by a transmission chain 116 to a sprocket wheel 117
      mounted on a shaft 118 located beneath the floor of the chamber 1. An
      electric motor 119 drives the shaft 118 through the intermediary of a gear
      box that is not shown in the drawings. The shaft 23 is also provided with
      a coupling member 120 having a downwardly extending control rod 121 that
      can be operated to cause said shaft 23 to be driven or to withhold drive
      therefrom. The electric motor 119 also drives one of the stub shafts 41 at
      one end of one of the rollers 40 of the endless conveyor 36, said drive
      being effected by way of a shaft 122 (FIG. 2) that extends perpendicular
      to the length of the chamber 1, sprocket wheels and an interconnecting
      transmission chain 123. It will be evident that it is the electric motor
      119 that is controlled by the switch 114. The opposite end of the shaft
      122 drives a pawl and ratchet wheel mechanism 124 (FIG. 1) whose
      construction is known per se, the output of said mechanism 124 being
      connected by a long rod 125 to a second similar pawl and ratchet wheel
      mechanism 126 that operates an auger 128 (FIG. 2) located in a collecting
      trough 127 immediately beneath the floor of the chamber 1 at the front of
      the latter. Dust and the like tends to accumulate in the trough 127 and is
      slowly but continuously removed from that location by the auger 128 during
      the use of the device.
PAR  An air chamber 129 is provided beneath the floor of the drying chamber 1,
      said chamber 129 being of irregular quadrilateral configuration as seen in
      side elevation and the rear end of said chamber being in communication
      with a duct 130 through which passes air from a blower 131 during the use
      of the device, said blower 131 being provided with a heating system 132
      comprising at least one burner producing hot air and/or hot combustion
      gases that can be fed by said blower 131 through the duct 130 into the air
      chamber 129. It will be apparent from FIG. 2 of the drawings that the
      walls of the air chamber 129 are inclined outwardly away from their
      junction with the duct 130 so that a satisfactory supply of air throughout
      the chamber 129 is ensured. Air and/or combustion gases that are fed to
      the chamber 129 pass upwardly into the drying chamber 1 through the
      slot-like apertures between the elongated elements 7 and through the open
      formation endless conveyor 14. The drying air then passes through and over
      crop contained within the chamber 1 and finally escapes back to the
      atmosphere through the mesh or gauze 4 in the upper regions of the side
      walls 2.
PAR  In the use of the crop treatment device which has been desribed, a load of
      long-stemmed or other crop is introduced into the chamber 1 from the front
      thereof by a crop pick-up trailer, wagon or other crop collection and/or
      delivery vehicle. The lower hinged flap or door 8 can serve as a ramp to
      assist in such a delivery of crop to the chamber 1 when it is disposed in
      the open position that can be seen best in FIG. 2 of the drawings. It is
      usually possible for the rear or delivery end of the crop pick-up trailer,
      wagon or other vehicle to be maneuvered into the mouth that is afforded by
      the open front of the chamber 1. Crop discharged from the vehicle falls
      first onto the front end of the conveyor 14 and this conveyor is
      accordingly driven from the electric motor 119 at a controllable speed in
      a manner that is not illustrated in the drawings by way of a further pawl
      and ratchet wheel mechanism of a kind that is known per se. The upper run
      of the conveyor 14 is thus caused to move slowly but continuously through
      the chamber 1 from the front to the rear thereof. The control rod 121 is
      manipulated to place the coupling member 120 in an ineffective setting at
      this time so that the conveyor 25 is not driven. When the chamber 1 is
      wholly or partly filled with crop that is to be dried, the flaps or doors
      8 are brought to a closed position and the coupling member 120 is reset to
      cause the conveyor 25 to be driven. The conveyor 25 moves in the direction
      of the arrows that are shown in FIGS. 1, 2 and 3 of the drawings and the
      successive rows of tines 28 that move upwardly in front of the plate 26
      carry away small quantities of the crop from the bulk supply within the
      chamber 1 in a continuous and regular manner. Drive is maintained to the
      conveyor 14 so that the bulk supply within the chamber 1 is continually
      urged towards the upwardly moving tines 28. The small quantities of crop
      tend to fall off the tines 28 as said tines move downwardly through the
      rearmost run of the conveyor 25 at the "hypotenuse" side of the
      substantially right-angled triangle that has been discussed above, said
      straight tines 28 being substantially vertically disposed when in that run
      of the conveyor 25. The crop that falls off the tines 28 drops downwardly
      onto the transversely extending conveyor 36, the guide 37 acting to ensure
      that the crop is directed correctly onto the conveyor 36. The endless belt
      39 of the conveyor 36 moves in the direction indicated by an arrow in FIG.
      4 of the drawings and thus carries crop which it receives laterally out of
      the chamber 1 and discharges it onto the underlying lower receiving end of
      the elevator 45. If too much crop is fed from the conveyor 36 at any time,
      that excess crop will push the rods or bars 111 in a clockwise direction
      as seen in FIG. 4 of the drawings about the axis of the shaft 110 thus
      causing the projection 112 to contact the operating member 113 and open
      the circuit through the switch 114. If this happens, the conveyor 25 and
      the conveyor 36 both cease to move until the blockage has been
      automatically cleared by the elevator 45 which continues to function. As
      soon as the excess quantity of crop has been removed by the elevator 45,
      the rods or bars 111 can move back to their normal position, substantially
      as shown in FIG. 4 of the drawings, whereupon drive to the conveyors 25
      and 36 automatically recommences.
PAR  The elevator 45 conveys the crop which it receives upwardly alongside the
      outer surface of one of the side walls 2 of the chamber 1 and discharges
      the crop through the bottom of the housing 52 and onto the upper
      transverse conveyor 51. The endless belt 54 of the conveyor 51 is driven
      from the electric motor 94 by way of the intermediate transmission members
      that have been described above so that said belt moves around the rollers
      55 in the direction of the arrows that are shown in FIGS. 5 and 7 of the
      drawings. The figures of the drawings which have just been mentioned show
      one position of the supporting structure 64 of the conveyor 51 and, during
      the operation of the device, said supporting structure 64 and the conveyor
      51 move to the right as seen in FIG. 7 of the drawings from the position
      illustrated in that figure. This is due to the arrangement of the endless
      member that is afforded by the chain 73 which chain, it will be recalled,
      is effectively anchored at one point, this point being at one end of the
      lower run of the chain 73 as shown in FIG. 8 of the drawings. The
      positively rotating sprocket wheel 68 causes the lower run of the chain 73
      which is retained by the operating arm 74 of the reversing mechanism 75 to
      run around that sprocket wheel until the conveyor 51 and its supporting
      structure 64 arrive at a position just beyond that shown in FIG. 9 of the
      drawings in which one end of the conveyor 51 is approaching the side wall
      2 of the chamber 1 remote from the side wall thereof adjoining the
      elevator 45. At this time, the anchorage point of the chain 73 will move
      into the upper run thereof and reversal of the direction of movement of
      the conveyor 51 and its supporting structure 64 takes place, those parts
      commencing to move out of the chamber 1 as shown in FIG. 10 of the
      drawings. Throughout this reciprocation of the conveyor 51 and its
      supporting structure 64 into, and out of, the drying chamber 1, the belt
      54 of that conveyor 51 continues to rotate around the rollers 55 so that
      there is no interruption in delivery of crop from the conveyor 51. The
      cranked spindle 87 can be employed to move the travelling block 82
      lengthwise along the rod 83 with a consequent change in the positions at
      which reversals of the change of direction of movement of the conveyor 51
      and its supporting structure 64 into, and out of, the chamber 1 take
      place. Such adjustments may be made for optimum operation of the device
      with different types and quantities of crop but it will be noted that,
      whatever adjustment is employed, the conveyor 51 delivers crop back into
      the chamber 1 continuously in small but uniform quantities throughout
      substantially the whole of the effective width of said chamber. This
      effect is produced by the combined rotation and simultaneous bodily
      reciprocation of the conveyor 51.
PAR  The crop which falls from the delivery end of the reciprocating conveyor 51
      during the use of the device falls back onto the endless conveyor 14 at
      substantially the floor level of the chamber 1 and at an end region
      thereof which is very close to the front of the chamber. The slowly but
      continuously moving conveyor 14 transports that crop back towards the
      discharge or dosing mechanism 35, it being remembered that drying air
      passes continously upwards through and over crop within the chamber 1
      during this circulatory movement. When circulation has taken place for a
      sufficiently long time to bring the crop to its required low moisture
      content, the toothed coupling 88 is operated by the control member 89 to
      discontinue drive to the shaft 71. This operation is undertaken at an
      instant at which the reciprocating conveyor 51 and its supporting
      structure 64 are at their position of maximum withdrawal from the chamber
      1 as shown in FIG. 11 of the drawings. The electric motor 94 comprises a
      reverse control (not illustrated) and this is employed to cause the belt
      54 of the conveyor 51 to move in the opposite direction that is indicated
      by an arrow in FIG. 11 of the drawings. The control rod 104 is also
      operated to tilt the flap 103 A upwardly into the position shown in FIG.
      11 and, with this arrangement, crop delivered onto the conveyor 51 from
      the elevator 45 is fed into the upper end of the funnel 101 which funnel
      is in communication with the inlet of a branch duct 144 (FIG. 1) so that
      the crop can be blown by air delivered from the blower 131 along suitable
      ducting into a storage bin or other store. The branch duct 144 is
      connected to the duct 130 in such a way that communication therebetween
      may be opened while communication of the duct 130 with the air chamber 129
      is closed so that the blower 131 will supply air only to the chamber 129
      or the branch duct 144. It is also possible to arrange for the blower 131
      to supply air to both the chamber 129 and the branch duct 144 at the same
      time.
PAR  FIG. 12 of the drawings illustrates a modification in which an endless
      conveyor 134 is rigidly mounted on the guides 67 instead of being
      reciprocable therealong as is the endless conveyor 51. The endless
      conveyor 134 is otherwise similar to the previously described conveyor 51
      except that it is of considerably shorter effective length. A horizontal
      plate 135 extends beneath the conveyor 134 and is held in the guides 67 by
      a series of freely rotatable rollers 136 that are arranged in said guides.
      The end of the plate 135 that is in the chamber 1 as illustrated in FIG.
      12 of the drawings is provided with a support 137 to which an arm 139 is
      pivotably connected by a shaft 138. The opposite end of the arm 139 is
      pivotally connected to a link of an endless transmission chain 140 which
      affords the endless member in this embodiment. The chain 140 extends
      around sprocket wheels 141 and 142 and the relative dispositions of said
      sprocket wheels and the indirect connection point of the plate 135 to the
      chain 140 are such that the end of the plate 135 which is located inside
      the chamber 1 reciprocates to and fro throughout substantially the whole
      of the width of that chamber along the guides 67, assisted by the rollers
      136. This reciprocatory movement takes place as soon as the chain 140 is
      driven in the same manner as has been described above for the chain 73. In
      this embodiment, crop is fed from the bottom of the housing 52 onto the
      top of the reciprocatory plate 135 and is moved between that plate and the
      lower run of the overlying endless conveyor 134, a guide flap 143 that is
      spring-loaded into the position thereof that is shown in FIG. 12 of the
      drawings being provided to ensure that the supplied crop reaches the
      required location on top of the plate 135. The endless conveyor 134 pushes
      crop to the right along the plate 135 as seen in FIG. 12 of the drawings
      and the reciprocating plate 135 ensures that the crop is delivered back to
      the conveyor 14 at the foot of the chamber 1 in a substantially
      uninterrupted manner and uniformly throughout substantially the whole of
      the effective width of that conveyor. When sufficient circulation of the
      crop through the device has taken place, the control member 89 is operated
      to disconnect the toothed coupling 88 and stop drive to the chain 140 and
      thus to the plate 135. This is done at an instant at which the plate 135
      is at its position of maximum withdrawal from the chamber 1 and,
      subsequently, the drive to the conveyor 134 is reversed and the flap 143
      is raised to the position thereof that is shown in broken lines in FIG. 12
      of the drawings. Crop reaching the plate 135 from the housing 152 is then
      delivered out of the device in a similar manner to that which has already
      been described with reference to FIG. 11 of the drawings.
PAR  Although various features of the crop treatment device that has been
      described and/or that is illustrated in the accompanying drawings will be
      set forth in the following claims as inventive features, it is emphasized
      that the invention is not necessarily limited to those features and that
      it includes within its scope each of the parts of the crop treatment
      device and the modification that has been described and/or that is
      illustrated in the accompanying drawings both individually and in various
      combinations.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A crop drier comprising a substantially enclosed drying chamber having
      an entrance, an exit and means for supplying heat to said chamber, a
      conveyor system comprising means in said chamber for moving crop in a
      first direction for moving crop along the length of said chamber and from
      said entrance to said exit, said system including movable conveyor means
      supported adjacent said entrance of said chamber, said conveyor said means
      being movable in a second direction transverse to said first direction
      relative to the width of said chamber at least in part within and in part
      outside said chamber proximate said entrance and being positioned to
      receive crop from another conveyor which is provided in said system
      substantially out of and along the side of said chamber to carry crop from
      said exit to said conveyor means, driving means connected to said conveyor
      means to move same in a horizontal reciprocating movement transverse to
      said first direction and deposit crop therefrom uniformly throughout
      substantially the entire width of said chamber.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said conveyor means is located
      ajacent the upper side of said chamber.
NUM  3.
PAR  3. A device as claimed in claim 2, wherein said conveyor means comprises an
      upper conveyor which is displaceably mounted relative to said chamber.
NUM  4.
PAR  4. A device as claimed in claim 3, wherein said upper conveyor is mounted
      for reciprocating movements across the width of said chamber.
NUM  5.
PAR  5. A device as claimed in claim 4, wherein said upper conveyor is an
      endless conveyor having an effective run in the same general direction in
      which that conveyor is recprocable.
NUM  6.
PAR  6. A device as claimed in claim 5, wherein the length of the effective run
      of the upper conveyor is about equal to the width of said chamber.
NUM  7.
PAR  7. A device as claimed in claim 5, including a supporting structure and at
      least one quide member on said conveyor means wherein the upper conveyor
      is mounted on said supporting structure which is movable horizontally
      relative to said guide member on said conveyor means.
NUM  8.
PAR  8. A device as claimed in claim 7, wherein a transmission mechanism of said
      driving means is provided connected to the supporting structure to move
      same relative to said guide member, said transmission mechanism including
      a movable endless member.
NUM  9.
PAR  9. A device as claimed in claim 8, wherein one part of said endless member
      is fixed with respect to a portion of said guide member.
NUM  10.
PAR  10. A device as claimed in claim 9, wherein said endless member is located
      at one side of said supporting structure.
NUM  11.
PAR  11. A device as claimed in claim 10, wherein said endless member extends in
      a substantially horizontal direction.
NUM  12.
PAR  12. A device as claimed in claim 8, wherein there is a further guide member
      for said suppporting structure and said guide members are located at
      opposite sides of an opening in the top of said chamber.
NUM  13.
PAR  13. A device as claimed in claim 12, wherein said two guide members are
      beams of channel-shaped cross-section and rollers provided in said
      supporting structure are received between the limbs of said beams.
NUM  14.
PAR  14. A device as claimed in claim 13, wherein said rollers are located near
      opposite ends of said supporting structure.
NUM  15.
PAR  15. A device as claimed in claim 8 including a single motor, wherein a
      first drive transmission is connected to said endless member and a second
      drive transmission is connected to said upper conveyor, each of said drive
      transmissions being in driving connection to said single motor.
NUM  16.
PAR  16. A device as claimed in claim 15, wherein said second drive transmission
      is reversible.
NUM  17.
PAR  17. A device as claimed in claim 2, wherein said conveyor means includes an
      endless upper conveyor and a movable part that is displaceable relative to
      said upper conveyor, said upper conveyor being positioned to co-operate
      with said part to move crop and deposit same across the width of said
      chamber.
NUM  18.
PAR  18. A device as claimed in claim 17, wherein said movable part is
      displaceable in a direction transverse to the length of said chamber.
NUM  19.
PAR  19. A device as claimed in claim 18, wherein said movable part is
      displaceable a distance substantially equal to the width of said chamber.
NUM  20.
PAR  20. A device as claimed in claim 19, wherein said movable part is located
      beneath said upper conveyor.
NUM  21.
PAR  21. A device as claimed in claim 20, wherein said movable part is connected
      to a drive mechanism that reciprocates said part relative to the upper
      conveyor.
NUM  22.
PAR  22. A device as claimed in claim 21, wherein said drive mechanism comprises
      an endless chain and said movable part is pivotally coupled to said
      endless chain.
NUM  23.
PAR  23. A device as claimed in claim 22, wherein said movable part is a plate.
NUM  24.
PAR  24. A device as claimed in claim 23, wherein the effective length of said
      movable part substantially corresponds to the width of said chamber.
NUM  25.
PAR  25. A device as claimed in claim 1, wherein said conveyor means includes an
      upper conveyor that has endless belt means, a portion of said conveyor
      means being reciprocable in a direction transverse to the length of said
      chamber, said driving means including an endless chain that is connected
      to said portion of the conveyor means to reciprocate same back and forth.
NUM  26.
PAR  26. A device as claimed in claim 25, wherein said chain is passed around
      two spaced apart sprocket wheels which comprise components of said driving
      means.
NUM  27.
PAR  27. A device as claimed in claim 26, wherein one of said sprocket wheels is
      a driven sprocket wheel.
NUM  28.
PAR  28. A device as claimed in claim 27, wherein said driven sprocket wheel is
      positioned remote from the center of said chamber relative to the other
      sprocket wheel.
NUM  29.
PAR  29. A device as claimed in claim 25 including a discharge mechanism wherein
      said conveyor system comprises an endless floor conveyor at the bottom of
      said chamber, said floor conveyor being arranged to feed crop within the
      chamber to said discharge mechanism located adjacent the rear end of said
      chamber, said discharge mechanism being positioned to feed crop out of
      said exit.
NUM  30.
PAR  30. A device as claimed in claim 29, wherein said floor conveyor is
      connected to said driving means which is adapted to drive same at
      different speeds.
NUM  31.
PAR  31. A device as claimed in claim 29, wherein said discharge mechanism
      comprises a lifting conveyor, one run of which is inclined to the
      vertical.
NUM  32.
PAR  32. A device as claimed in claim 25, wherein a heating system including a
      blower and a hot air duct is connected to said chamber to introduce heat
      into said chamber through its floor.
NUM  33.
PAR  33. A device as claimed in claim 25, wherein a trough for receiving dirt,
      dust and like undesirable material from said chamber is secured to the
      bottom of the chamber at the front thereof.
NUM  34.
PAR  34. A device as claimed in claim 33, wherein said trough has an auger that
      is turnable to carry away said undesirable material.
NUM  35.
PAR  35. A device as claimed in claim 25, wherein said driving means comprises a
      reversible motor connected selectively to move said belt means in either
      of two directions, said belt means being movable selectively carry to
      treated crop out of said chamber.
NUM  36.
PAR  36. A crop drier comprising an elongated drying chamber having an entrance
      and an exit for crop, a conveyor system for moving crop along the length
      of said chamber from said entrance to said exit, said system including a
      floor conveyor and a discharge mechanism for moving crop out of said
      chamber and to an upper transverse conveyor assembly provided at the side
      of said entrance adjacent the upper side of said chamber, a support
      structure included in said assembly mounted therein adapted for reciprocal
      movement across substantially the width of said chamber in directions
      tranverse to the direction of movement of said floor conveyor, said
      assembly including endless belt means on said supporting structure,
      driving means connected to said supporting structure and said belt means
      adapted to move each of same, crop received by said assembly being carried
      and moved by said belt means and being deposited thereby within and across
      the width of said chamber.
NUM  37.
PAR  37. A device as claimed in claim 36, wherein a transmission mechanism of
      said driving means is connected to said supporting structure to move same
      relative to a horizontal guide, provided across said chamber to guide the
      reciprocating movement thereof, said transmission mechanism including a
      movable endless member, one part of said endless member being fixed with
      respect to a portion of said guide, said one part of said endless member
      being linked to said guide at a level between the upper and lower sides of
      said endless member, said connection moving said belt means whereby it
      reciprocates in synchronization therewith from one run of the endless
      member to the other run.
NUM  38.
PAR  38. A device as claimed in claim 37, wherein said endless member is located
      at one side of said supporting structure, extends in a substantially
      horizontal direction and is driven from one end thereof.
NUM  39.
PAR  39. A device as claimed in claim 37, wherein said connection is a part of a
      reversing mechanism that repeatedly changes direction of movement of said
      belt means during operation thereby causing its reciprocating movements an
      adjusting device being connected to said reversing mechanism and said
      connection, said adjusting device being movable relative to said guide.
NUM  40.
PAR  40. A device as claimed in claim 39, wherein said reversing mechanism
      comprises an operating arm which is pivotally connected to both said guide
      and said endless member, one end of said operating arm being connected to
      said guide and being displaceable in the normal direction of movement of
      said endless member.
NUM  41.
PAR  41. A device as claimed in claim 40, wherein said one end of the operating
      arm is connected to a travelling member which is displaceable relative to
      said guide.
NUM  42.
PAR  42. A device as claimed in claim 41, wherein said travelling member
      cooperates with a rotary screwthreaded shaft which comprises a component
      of said adjusting device, said shaft extending substantially parallel to
      said guide.
NUM  43.
PAR  43. A device as claimed in claim 42, wherein one end of said shaft has a
      bevel pinion whose teeth are in driven mesh with those of a further bevel
      pinion carried by a downwardly directed cranked spindle of said adjusting
      device.
NUM  44.
PAR  44. A device as claimed in claim 43, wherein the end of said operating arm
      remote from said guide, is pivotally connected to said endless member by
      spaced apart brackets.
NUM  45.
PAR  45. A device as claimed in claim 39, wherein said reversing, mechanism is
      located adjacent a side wall of said chamber.
NUM  46.
PAR  46. A device as claimed in claim 37, wherein there is a further guide
      similar to said first mentioned guide for said supporting structure, said
      guides being located at opposite sides of an opening in the top of said
      chamber.
NUM  47.
PAR  47. A device as claimed in claim 46, wherein said guides are beams of
      channel-shaped cross-section and rollers which comprise components of said
      supporting structure are received between the limbs of said beams, said
      rollers being located near opposite ends of said supporting structure.
NUM  48.
PAR  48. A device as claimed in claim 37, wherein a first drive transmission is
      connected to said endless member and a second drive transmission is
      connected to said belt means, each of said drive transmissions being in
      driving connection to a single motor, said second drive transmission being
      reversible.
NUM  49.
PAR  49. A device as claimed in claim 36, wherein said conveyor system comprises
      an endless floor conveyor at the bottom of said chamber, said floor
      conveyor being arranged to feed crop within the chamber to said discharge
      mechanism which is located adjacent the rear end of said chamber, said
      discharge mechanism being positioned to feed crop out of said exit.
NUM  50.
PAR  50. A device as claimed in claim 49, wherein said discharge mechanism
      comprises a lifting conveyor, one run of which is inclined to the
      vertical.
NUM  51.
PAR  51. A device as claimed in claim 50, wherein said lifting conveyor, when
      viewed in side elevation, is of substantially right-angled triangular
      configuration, an upper run of said lifting conveyor forming the
      figurative adjacent side of said triangle.
NUM  52.
PAR  52. a device as claimed in claim 5, wherein an upwardly extending,
      figurative opposite side of said triangle faces the interior of said
      chamber and is substantially perpendicularly inclined to said floor
      conveyor at the bottom of the chamber.
NUM  53.
PAR  53. A device as claimed in claim 52, wherein the figurative hypotenuse side
      of said triangle is spaced from the interior of said chamber and is
      located above a lower transverse conveyor provided as a component of said
      discharge conveyor, said lower transverse conveyor being located beyond
      the end of said floor conveyor and supported at substantially the same
      level as the bottom of said chamber, said lower transverse conveyor
      projecting laterally beyond said chamber.
NUM  54.
PAR  54. A device as claimed in claim 53, wherein an elevator conveyor provided
      as a component of said discharge conveyor extends between said lower
      transverse conveyor and said upper transverse conveyor located at the top
      of said chamber.
NUM  55.
PAR  55. A device as claimed in claim 54, wherein said elevator conveyor extends
      along the outer surface of an upright side wall of said chamber.
NUM  56.
PAR  56. A device as claimed in claim 54, wherein a safety mechanism is mounted
      adjacent said elevator conveyor adapted to switch off the drive to said
      lower transverse conveyor in the event an overload of crop is supplied to
      said elevator conveyor.
NUM  57.
PAR  57. A device as claimed in claim 56, wherein said safety mechanism
      comprises pivotable rods which extend in the path of crop movement, said
      rods being deflectable to open a switch in said safety mechanism when a
      crop overload exists during operation.
NUM  58.
PAR  58. A device as claimed in claim 36, wherein a heating system including a
      blower and a hot air duct is connected to said chamber which is adapted to
      introduce heated gases into said chamber through its floor.
NUM  59.
PAR  59. A device as claimed in claim 36, wherein a trough for receiving dirt,
      dust and like undesirable material from said chamber is secured to the
      bottom of the chamber at the front thereof immediately forward of said
      floor conveyor.
NUM  60.
PAR  60. A device as claimed in claim 59, wherein said trough is provided an
      auger therein which is turnable whereby it carries undesired material from
      said chamber.
NUM  61.
PAR  61. A device as claimed in claim 36, wherein said driving means comprises a
      reversible motor connected selectively to move said belt means in either
      of two directions, said belt means being adaptable to move treated crop
      out of said chamber from said discharge conveyor.
NUM  62.
PAR  62. A crop drier comprising an elongated drying chamber having an entrance
      and an exit for crop at the shorter ends thereof, a conveyor system for
      moving crop along the length of said chamber from said entrance to said
      exit, said system including a floor conveyor, an upper transverse conveyor
      assembly and a further conveyor for moving crop above said floor conveyor
      to said upper transverse conveyor assembly, a portion of said assembly
      being mounted for reciprocal movement within said chamber in a horizontal
      direction substantially perpendicular to the direction of movement of said
      floor conveyor, said portion including endless belt means, driving means
      connected to said portion and to said belt means to move each of same,
      whereby crop received by said assembly is moved by said reciprocating belt
      means and deposited within said chamber across the width of same, control
      means connected to said assembly to disconnect said driving means from
      said portion and prevent reciprocal movement of same, said control means
      being connected to reverse the direction of movement of said belt means
      for discharging crop from the drier.
NUM  63.
PAR  63. A crop drier comprising a drying chamber having an entrance, an exit
      and means for supplying heat to said chamber, a conveyor system for moving
      crop along the length of said chamber and from said entrance to said exit,
      said system including movable conveyor means supported adjacent one end of
      said chamber, said conveyor means being movable relative to the width of
      said chamber and being positioned to receive crop from another conveyor of
      said system, driving means connected to said conveyor means to move same
      and deposit crop uniformly throughout substantially the entire width of
      said chamber, said conveyor means being located ajdacent the upper side of
      said chamber and comprising an upper conveyor which is displaceably
      mounted relative to said chamber for reciprocating movements across the
      width of said chamber, said upper conveyor being an endless conveyor
      having an effective run in the smae general direction in which said upper
      conveyor is reciprocable, said upper conveyor being mounted on supporting
      structure which is movable horizontally relative to at least one guide
      member on said conveyor means, a transmission mechanism of said driving
      means being connected to said supporting structure to move same relative
      to said guide member, said transmission mechanism including a movable
      endless member, one part of said endless member being fixed with respect
      to a portion of said guide member, said one part of said endless member
      being linked to said guide member portion between the connection of the
      upper and lower runs of said endless member and the reciprocal movements
      of said upper conveyor being synchronized so that said connection moves
      from one run of said endless member to the other said run.
NUM  64.
PAR  64. A device as claimed in claim 63, wherein said endless member is driven
      from one end thereof.
NUM  65.
PAR  65. A device as claimed in claim 63, wherein said connection is a part of a
      reversing mechanism that repeatedly changes direction of movement of said
      upper conveyor during operation thereof.
NUM  66.
PAR  66. A device as claimed in claim 65, wherein an adjusting device is
      connected to said reversing mechanism and said connection is movable
      relative to said guide.
NUM  67.
PAR  67. A device as claimed in claim 66, wherein said reversing mechanism
      comprises an operating arm which is pivotally connected to both said guide
      and said endless member.
NUM  68.
PAR  68. A device as claimed in claim 67, wherein one end of said operating arm
      is connected to said guide and is displaceable in the normal direction of
      movement of said endless member.
NUM  69.
PAR  69. A device as claimed in claim 68, including an adjusting device having a
      travelling member wherein said one end of the operating arm is connected
      to said travelling member which is displaceable relative to said guide.
NUM  70.
PAR  70. A device as claimed in claim 69, wherein said adjusting device includes
      rotary screw threaded shaft and said travelling member co-operates with a
      rotary screwthreaded shaft of said adjusting device.
NUM  71.
PAR  71. A device as claimed in claim 70, wherein said shaft extends
      substantially parallel to said guide.
NUM  72.
PAR  72. A device as claimed in claim 71, wherein one end of said shaft has a
      bevel pinion having teeth in driven mesh with those of a further bevel
      pinion which is carried by a downwardly driected cranked spindle included
      in said adjusting device.
NUM  73.
PAR  73. A device as claimed in claim 72 including spaced apart brackets wherein
      the end of said operating arm remote from said guide, is pivotally
      connected to said endless member by said spaced apart brackets.
NUM  74.
PAR  74. A device as claimed in claim 65, wherein said reversing mechanism is
      located adjacent a side wall of said chamber.
NUM  75.
PAR  75. A crop drier comprising a drying chamber having an entrance, an exit
      and means for supplying heat to said chamber, a conveyor system for moving
      crop along the length of said chamber and from said entrance to said exit,
      said system including movable conveyor means supported adjacent one end of
      said chamber, said conveyor means being movable relative to the width of
      said chamber and being positioned to receive crop from another conveyor of
      said system, driving means connected to said conveyor means to move same
      and deposit crop uniformly throughout substantially the entire width of
      said chamber, said conveyor means including an upper conveyor which has
      endless belt means, a portion of said conveyor means being reciprocable in
      a direction transverse to the length of said chamber, said driving means
      including an endless chain which is connected to said portion of said
      conveyor means to reciprocate same back and forth, said conveyor system
      comprising an endless floor conveyor at the bottom of said chamber, said
      floor conveyor being arranged to feed crop within said chamber to a
      discharge mechanism located adjacent the rearend of said chamber, said
      discharge mechanism being positioned to feed crop out of said exit, said
      discharge mechanism comprising a lifting conveyor, one run of which is
      inclined to the vertical, said lifting conveyor, when viewed in side
      elevational, being substantially right-angled triangular configuration, an
      upper run of said lifting conveyor forming the figurative adjacent side of
      said triangle.
NUM  76.
PAR  76. A device as claimed in claim 75, wherein an upwardly extending,
      figurative opposite side of said triangle faces the interior of said
      chamber and is substantially perpendicularly inclined to the lifting
      conveyor at the bottom of the chamber.
NUM  77.
PAR  77. A device as claimed in claim 76, including a lower transverse conveyor
      wherein the figurative hypotenuse side of said triangle is spaced from the
      interior of said chamber, and is located above said lower transverse
      conveyor supported at substantially the same level as the bottom of said
      chamber, said lower transverse conveyor projecting laterally beyond said
      chamber.
NUM  78.
PAR  78. A device as claimed in claim 77, wherein an elevator conveyor is
      provided to extend between said lower transverse conveyor and said upper
      conveyor located at the top of said chamber.
NUM  79.
PAR  79. A device as claimed in claim 78, wherein said elevator conveyor extends
      along the outer surface of an upright side wall comprising a component of
      said chamber.
NUM  80.
PAR  80. A device as claimed in claim 78, wherein a safety mechanism is mounted
      adjacent said elevator conveyor to switch off the drive to said lower
      transverse conveyor in the event an overload of crop is supplied to said
      elevator conveyor.
NUM  81.
PAR  81. A device as claimed in claim 80, wherein said safety mechanism
      comprises a controlling switch and pivotable rods which extend in the path
      of crop movement and said rods are deflectable to open said switch when a
      crop overload exists during operation.
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PAL  A method of communication, and apparatus for communication, in which a user
      is provided with a set of recordings, a device for reproducing the
      recordings, and a map comprising indicia correlating the recordings so
      that the recordings from the set may be reproduced in a sequence
      determined by the user.
BSUM
PAR  This invention relates to communication, and particularly to novel methods
      and apparatus for interactive communication.
PAR  Communication takes place most readily between two individuals in personal
      conversation. The reactions of each party to the conversation direct the
      other in an interactive manner which develops a framework of common
      meaning in which ideas can be exchanged. The farther communication departs
      from this direct process, the less certain it is that understanding will
      occur.
PAR  A particular application of the arts of communication in which it is not
      usually possible to use direct conversation as a tool is to the field of
      education. Group methods, with more or less individual participation, and
      independent study, necessarily supplant the tutorial method for the bulk
      of the educational process.
PAR  In order to make the best use of the time of gifted and talented teachers,
      for the most part they find themselves lecturing to large groups with a
      minimum of class participation. Very large groups can be instructed by
      such persons with the aid of telecommunication methods, such as television
      and the like, with the result that there is no direct interaction between
      the student and the teacher. Such methods have the advantage that they
      bring to a great many people the talents of a very few individuals.
PAR  In similar groups, more individual participation is possible. And a
      particular advantage of the instruction of smaller classes is that each
      student can obtain the advantages of the reactions of other students to
      the material as it is presented, and thus achieve an extended set of
      associations with the concepts under discussion.
PAR  All of the commonly used educational methods, including the tutorial
      process, have one characteristic in common that may serve as a barrier to
      the individual student; the path through the material is selected by the
      teacher. The student is guided along the selected path more or less
      passively, with interruptions from time to time to test his comprehension
      of the preceding subject matter so that, if necessary, it can be repeated
      or amplified.
PAR  In attempts to extend the capabilities of teachers by mechanizing their
      methods, teaching machines have been devised which proceed in a fixed
      program with interruptions for testing. Then, in response to the correct
      or incorrect reactions of the student, the machine either repeats or goes
      forward. Branching systems have been developed in which the same testing
      approach is used, and the presentation is branched at each test point to
      supplymentary material, or to additional material, in accordance with the
      responses of the student.
PAR  All of the approaches just discussed have certain advantages, but perhaps
      it might be postulated that the ideal educational process would be one in
      which a student had the full time attention of a gifted professor, at
      times of the student's choosing, and in which the student could control
      the educational process by interrupting the professor at any time for as
      long as he liked, with the freedom to ask any question that came to mind
      and thus direct the professor's discourse in directions that were
      personally relevant and important to the student. In that way, the student
      might ultimately cover all of the ground in a given area of study by
      traveling paths of his own choosing. Practical devices to achieve this end
      would most appropriately be called "learning machines" in preference to
      "teaching machines", because of the emphasis in the process just described
      on learner, in contrast to teacher, direction. As further ideals, it would
      be best if the student could also have the advantages of the reactions of
      others to the presentation of the same discourse, and could always
      receive, in response to a question, a carefully considered answer. Of
      course, these ideals are not directly attainable, because a student cannot
      fully occupy large amounts of a professor's time and, further, could not
      do so and also obtain the reactions of others. And even the most gifted
      professor will seldom answer a question spontaneously in just the way that
      he would if he had the opportunity to think about it, to analyze the
      reasons for the question, and to assemble the answer in such a form that
      it would be most clearly responsive to the particular question asked by
      the particular student.
PAR  Among the objects of my invention are to provide an educational process
      through which a student can obtain a satisfying approximation to a
      conversation with an expert person on a topic of mutual interest in which
      the student has the largest possible measure of individual control,
      through which it is possible to bring the talents of gifted teachers to
      individuals under conditions of their own choosing, in which the student
      is benefited by the insights of other students in their reactions to the
      same subject matter, and in which the student may ask questions and very
      quickly receive responses which have been carefully prepared in advance,
      and yet are spontaneously delivered.
PAR  Briefly, the above and other objects of my invention are attained by a
      communication process in which a selected topic is addressed by an
      authority, and preferably by a noted authority with a warm and responsive
      personality who is a competent teacher. The first step in the process is
      to prepare a recorded lecture on the selected subject, in which some
      effort is made to cover the topic fairly comprehensively, but at the same
      time in an organized and directed manner that will be intrinsically
      interesting and even entertaining.
PAR  This lecture may be of any selected length, from a few minutes to several
      hours, but should be such that it could be listened to attentively, all
      the way through, and stand on its own as a good representative treatment
      of the subject matter. Of course, it is not possible to cover any subject
      completely in this way, as a full understanding of a subject requires
      tautology and digression beyond the scope of an ordered presentation.
PAR  Next, the recorded lecture so prepared is presented to a number of
      listeners, and preferably to a group of students interested in the topic
      under discussion. They are asked to listen individually to the lecture,
      and to jot down comments or questions that occur to them as they listen.
PAR  It may be that such comments or questions, when collected and analyzed,
      will dictate modifications in the basic lecture that will improve it, and
      such can clearly be made by editing. However, it will usually be found
      that the questions, if responsively answered, will result in digressions
      from the main theme, or in an expounding of a point from an entirely
      different point of view that would have been diverting to the theme of the
      main lecture.
PAR  It might be thought that such an empirical process would tend to produce an
      endless series of questions, each of little interest except to the
      particular questioner at the particular time. However, I have found that
      one tends to collect a relatively well bounded set of questions in
      response to a particular lecture that are each either asked fairly
      frequently, or, if suggested to students, tend to be welcomed as also
      appropriate even though it might not occur to a given individual to ask
      the question himself. It is because of thee manageability and
      appropriateness of the set of questions obtained by this empirical process
      that my invention succeeds as a practical and satisfying approximation to
      a direct conversation.
PAR  The lecturer then carefully prepares answers to the selected questions, and
      these are recorded, in the most probable asking sequence, on a series of
      recordings, such as tape recordings or the like. Questions, other than
      those asked in the process of testing the lecture for questions, may also
      be included, such as questions that it might occur to the lecturer would
      be appropriate to bring out answers that he feels would be useful in
      amplifying a particular point, or in presenting the material from another
      point of view.
PAR  Preferably, in the process of recording both questions and answers, the
      lecturer is given the facility of accompanying his remarks with graphic
      illustrations such as sketches, a topic outline of points that he is
      covering, graphs, or the like, much as a professor would use a blackboard
      in the classroom. For this purpose, various visual aids may be employed,
      such as photographs, video recordings and the like, but I prefer to make
      use of a graphic recorder, such as the Electrowriter made and sold by the
      Victor Comptometer Corporation of Chicago, Illinois, as an adjunct to the
      lecturer's voice.
PAR  To prepare graphic recordings, the professor is provided with a transmitter
      including a pen and a roll of paper on which he can write. The transmitter
      produces signals reflecting the instantaneous position of the pen as he
      does so.
PAR  These signals are recorded along with the teacher's remarks, as on an
      adjacent track on the same tape. A receiver is provided consisting of a
      graphic recorder that responds to such signals by reproducing the writing
      as the signals appear. I have found that such graphic recording is an
      especially effective adjunct to recorded aural material, in that it
      develops a topic expounded by the lecturer in a dynamic and effective way,
      without intruding the personality of the lecturer directly into the
      situation so that the student retains control.
PAR  When recordings of lecture and answer material have been assembled in the
      manner described, they may be presented to a student in the form of a
      first set of cassettes, containing magnetic tape on which the lecture
      material is recorded, and a second set of cassettes containing the answer
      material. The individual answers are separated on the answer tapes, and
      the tapes are visually coded to facilitate the individual retrieval of any
      particular answer.
PAR  A lecture map is provided, on which there is an outline of the topics of
      the lecture, together with addresses in the form of instructions as to
      where in the lecture cassettes a particular topic may be found. Adjacent
      the entries on the lecture map identifying the various points of the
      lecture are indications of questions which the lecture may raise, together
      with addresses in the form of instructions for obtaining a selected answer
      from the answer tapes.
PAR  I have chosen the term "interactive lecture" to describe the lecture
      recordings, answer recordings, and map prepared and produced in the
      foregoing manner.
PAR  A tape recorder and a graphic recorder, such as an Electrowriter receiver,
      are provided to the student. Typically, he will then place the first
      lecture tape on the recorder, and begin to listen to it. He may continue
      to listen until he has gone through the entire lecture, but, due to the
      interaction permitted by the recordings, experience has shown it to be
      very unlikely he will do this.
PAR  At any time that the user desires, he may stop the lecture, and simply
      pause for thought. Alternatively, he may repeat a selected portion of the
      lecture if he finds he has not caught the thought. With the lecture map
      before him, as he listens to the lecture, he can look over the questions
      which may suggest themselves, and at any point at which he would like the
      answer to such a question, he can stop the recorder and remove the lecture
      tape. An important facility is that of removing the tape from the recorder
      without disturbing it in position.
PAR  Next, he selects the appropriate answer from the answer tape cassettes, and
      places them on the recorder for playing back. He can then listen to a more
      or less extensive answer to the question provided, accompanied if desired
      with sketches or other written material prepared by the lecturer. He can
      proceed from there to hear the answers to other questions, or return to
      the lecture. Since it was not necessary to change the position of the
      lecture tape, the user can go directly back to the place where he left off
      in the lecture, and thus resume it without losing his place.
PAR  Experience has shown that students voluntarily consume relatively long
      periods of attentive time in this process, up to several hours, either
      listening to the lecture, thinking about what they have heard, repeating
      selected portions, or going off into answer material. Sometimes, they will
      ask a question well out of context in the lecture. This individual choice
      can be accommodated without difficulty because all of the answers are
      equally available even though their use in a particular sequence is
      suggested by the lecture map.
PAR  The student thus has presented to him a large number of different
      approaches to the recorded material, from which he can select at will in
      accordance with his immediate interests and concerns. It has been found
      that the interaction thus provided between the student and the recorded
      material stimulates the interest and thus facilitates the comprehension of
      the student.
PAR  The manner in which interactive communication material is prepared in
      accordance with the invention, its use in the practice of the invention,
      and the apparatus for using it to produce an interactive communication
      situation, will best be understood in the light of the following detailed
      description, together with the accompanying drawings, which together
      illustrate the invention in various of its exemplary embodiments.
DRWD
PAR  In the drawings,
PAR  FIG. 1 is a schematic perspective sketch of a learning machine in
      accordance with the invention;
PAR  FIG. 2 is a schematic perspective sketch of a cassette suitable for use in
      the apparatus of FIG. 1;
PAR  FIG. 3 is a schematic perspective sketch of a lecture album suitable for
      use with the cassettes of FIG. 2 in the system of FIG. 1;
PAR  FIG. 4 is a schematic diagram of a lecture map in accordance with the
      invention;
PAR  FIG. 5 is a fragmentary plan sketch of a portion of a particular lecture
      map in accordance with the basic scheme illustrated in FIG. 4;
PAR  FIG. 6 is a schematic block and wiring diagram of the recording and
      reproducing apparatus of the system of FIG. 1;
PAR  FIG. 7 is a schematic perspective sketch of apparatus used in preparing
      lecture and answer material in accordance with the invention;
PAR  FIG. 8 is a fragmentary plan sketch, with parts broken away, illustrating
      schematically the location of various items of information on a tape used
      in recording material for use in the system of FIG. 1; and
PAR  FIG. 9 is a schematic block and wiring diagram of a compensator useful in
      the system of FIGS. 1 and 6 to eliminate the effects of recorder wow and
      flutter on pen position signals recorded to control the position of the
      pen in a graphic recorder forming a part of the apparatus of FIGS. 1 and 6
     .
DETD
PAR  Referring to FIG. 1, the apparatus provided to the student or other user of
      the communication system of my invention may conveniently comprise a desk
      generally designated 1 having a top forming a console 2 that may be
      surrounded by a lip as suggested at 3 to prevent miscellaneous objects
      from rolling behind the desk. On the console 2 are assembled elements with
      which the student interacts to communicate with the lecturer, and, more
      indirectly, with those who have assisted the lecturer in assembling the
      question and answer material provided.
PAR  A generally rectangular locating recess 4, in the form of a well in the
      console 2, is provided to accept a conventional tape recorder 5. The
      recorder 5 is preferably of the well-known and widely available type that
      accepts cassettes of magnetic tape. Each such cassette is provided with
      four tracks, accessible two at a time by reversing the cassette.
PAR  For this purpose, the recorder 5 is provided with a well 6 formed to
      receive the cassette. In the well 6 is a spring suggested at 7 which is
      stressed by the cassette when inserted, and which serves to aid in
      ejecting the cassette.
PAR  As the cassette is inserted, a resiliently biased latch 8 is moved aside.
      The latch 8 holds the cassette in position during manipulation of the tape
      by the recorder. A drive sprocket 9 extends up from the bottom of the well
      6 for engagement with the supply reel of the cassette, and a drive
      sprocket 10 extends upwardly for engagement with the takeup reel of the
      cassette, all in a conventional manner.
PAR  The recorder 5 may be provided with a control panel 11 on which appear
      conventional controls, including an on-off switch 12, and a volume control
      knob 13 for adjusting the playback volume, so that the sound produced by a
      conventional loudspeaker 25 to which the recorder 5 is connected in a
      conventional manner can be controlled to meet the requirements of the
      user.
PAR  An eject pushbutton 14 is provided which is arranged in a conventional
      manner to release the latch 8. That allows the cassette to be ejected
      under the force of the spring 7 to a convenient position for retrieval by
      the user.
PAR  A forward pushbutton 15 is provided which, when depressed, will cause the
      tape in the cassette to be advanced rapidly onto the takeup reel until the
      pushbutton is released. Similarly, a rewind button 16 is provided which,
      when depressed, causes the tape to be rapidly advanced onto the supply
      reel until the pushbutton is released.
PAR  A pushbutton 17 is provided which, when momentarily depressed, will cause
      the recorder to play a tape in a cassette in position in the well 6. The
      tape will be played from its position when the button is depressed to the
      end of the tape, or until a stop button 18 is depressed, which causes the
      apparatus to stop and await a further signal.
PAR  A recess 26 in the console 2 accepts a graphic recorder generally
      designated 27, which may be an Electrowriter receiver of the type
      described above, or any other conventional form of graphic chart recorder
      which can respond to recorded signals by reproducing handwritten material
      such as words, phrases, formulae, sketches or the like. For this purpose,
      the recorder 27 is provided with a supply of paper in the form of a strip
      28 which extends through a writing space defined by a frame 29 forming a
      part of the recorder 27, and thence through an outlet slot 30 for disposal
      as it is used and moved to provide a fresh writing surface.
PAR  If desired, a conventional pushbutton 31 may be disposed on the front of
      the desk 1 for access by the user to supply a signal to the recorder 27 to
      cause it to advance paper to a fresh writing position. Alternatively, and
      in the usual case, automatic signals will be provided to the recorder to
      cause it to advance as the lecturer has determined would be desirable to
      provide a fresh writing surface during the course of his presentation of
      either a lecture or an answer. As supplied to the purchaser, the Victor
      Electrowriter facsimile receiver is provided with means for either
      manually advancing paper, or for advancing the paper automatically in
      response to automatic movement of a recording stylus 32 to a prescribed
      corner of the frame 29.
PAR  The stylus 32 is provided with an arm 33 automatically positioned in
      response to signals supplied by the tape recorder 5 in a manner to be
      described below, and has a head 34 carrying a pen nib 35 to which ink is
      supplied for the purpose of writing on the paper 28 when the stylus 32 is
      moved about the paper. The stylus 32 has a home position which is assumed
      when it is not in use, with the pen off the paper, and it is supplied with
      a "pen down" signal to cause it, once it has been moved into writing
      position, to make contact with the paper when directed.
PAR  Associated with each lecture and answer series, and supplied for use with
      the apparatus of FIG. 1, is a lecture map schematically indicated at 36.
      As suggested in FIG. 1, the lecture map provides indicia indicating the
      topic of the lecture, and under that an outline of the lecture on which
      phrases identifying selected portions of the lecture appear. Associated
      with each of these lecture topics may be questions written out on the
      lecture map, any of which may be selected by the user, when desired, for
      answering by reference to the recorded material on the answer tape, to be
      described. The tape recorder 5 and graphic recorder 27 are thus used in
      conjunction with the lecture map to allow the user to select his path
      through the available material.
PAR  FIG. 2 shows a typical cassette adapted for use in the system of FIG. 1.
      The cassette may be of the conventional form such as produced by the North
      American Philips Corporation under the name "Philips Compact Cassette", or
      other cassettes manufactured to the same specifications by other
      suppliers.
PAR  The cassette contains a pair of reels on which a strip of magnetic tape 37
      is disposed. The tape and its supply and takeup reels are disposed in a
      housing 38 provided with a playback aperture such as 39 adapted to allow a
      set of playback heads to engage the tape 37 to reproduce recordings
      thereon. Ports are provided as at 40 to accept locating pins in the
      recorder 5, and ports such as 41 are provided to accept a drive capstan,
      in one or the other of the ports 41 depending on whether the cassette is
      placed with a side 42 of the housing downward in the recorder well 6, or
      whether that side is placed upward. That allows the tape to be played in
      both directions, with two tracks of the four available being played in
      each direction of movement of the tape. The cassette 38 may be provided
      with a panel 43 in which a number, such as 8 in FIG. 2, may be inscribed
      to designate the side of the cassette as a particular one in an ordered
      series of recordings for addressing purposes. An opening 44 in the
      cassette housing accepts one or the other of the drive sprockets 9 and 10
      in FIG. 1, depending on the orientation of the cassette, and an opening 45
      accepts the other of the drive sprockets 9 and 10. Thus, depending on the
      orientation of the cassette in the well 6, one reel serves as a takeup
      reel and the other serves as a supply reel. If desired, only one side of
      the cassette may be employed, for simplicity in accessing, and in that
      case, the reel driven through the recess 44 may be considered the supply
      reel and the other reel accessed through the recess 45 may be considered
      the takeup reel.
PAR  The rolls of tape inside the cassette 38 are marked at intervals by
      distinctively colored bands such as 46. The bands 46 may be white, black,
      red, yellow or any other color that serves to distinguish them from the
      usual brown color of the magnetic oxide coated tape. These bands may be
      counted from the center of the takeup reel, and are visible through a
      conventional window 47 provided in the wall such as 42 of the cassette.
      Thus, the bands may be numbered by counting outwardly from the center of
      the takeup reel, for example, and the entry points into the tape thus
      provided may be termed bands 1, 2, 3, etc., for access purposes.
PAR  If both sides of the tape are used, these distinctive bands 46 will extend
      only along the edges of one side of the tape, or, for example, halfway
      through the tape, so that they may be differently disposed on different
      sides of the tape if both sides are used. That matter of choice will be
      sufficiently apparent; for simplicity, the further aspects of the
      invention will be described on the assumption that only one side of the
      tape is used for each cassette.
PAR  The cassettes such as 38 may be provided with an additional panel 48 on
      which the title and author, for example, of the lecture and answer
      material may be displayed. Conveniently, a number of the cassettes 38
      corresponding to one lecture and answer series may be disposed in an album
      comprising a box 49 having compartments such as 50 to accept a set of the
      cassettes, labelled as suggested in FIG. 3 from 1 through 9. A cover 51
      hinged to the box 49 may be provided with a fastener 52 cooperating with a
      similar fastener 53 on a side of the box 49, so that the set of lecture
      and answer material can be handled as a closed package and filed in a
      library in the manner of a book. As indicated in FIG. 3, the title and
      author of the material can also be inscribed on the outside of the box 49
      to facilitate filing and retrieval in this manner.
PAR  FIGS. 4 and 5 show features of the lecture map 36 of FIG. 1 in
      progressively more detail. As indicated in FIG. 4, each point in the
      lecture outline is associated with an address inscribed on the lecture map
      adjacent the sentence or phrases that identify that topic.
PAR  Referring to FIG. 3, the lecture material may, for example, occupy the
      first three cassettes labelled 1, 2 and 3 in the box 49. At convenient
      pauses in the lecture, colored bands such as 46 may be placed on the tape
      to more finely divide the addresses of the main points in the lecture
      within a given cassette.
PAR  For example, referring to FIG. 5, the first topic in a typical lecture is
      identified by the words "The need to look at rocks, air, and life as an
      interacting whole". The address 1/1 is inscribed on the lecture map 36
      adjacent this topic identification. The significance of that address is
      that the material in question begins on cassette 1 at band 1, so that the
      first distinctive band 46, when wound onto the takeup reel, will be
      followed by the portion in question.
PAR  A designating line 58, as of a distinctive colored band or the like, may be
      inscribed on the lecture map to bound the lecture outline and set it off
      from the other material on the map 36. Associated with the various topics
      in the lecture outline are the several questions that have been selected
      for inscribing on the map that the student may desire answers to. These
      are set off by brackets for each group of one or more questions, such as
      the bracket 59, and led to the outline topics by distinctively colored
      lead lines such as 60 that associate the questions with the lecture
      topics.
PAR  As shown in FIG. 4, each question bears its own address in the file of
      material. For example, as shown in FIG. 5, the question "What is the
      relation between the presence or absence of nitrogen and the presence or
      absence of life?" is associated with lecture topic 1. This question has
      the address 4/1, which means that it is to be found in cassette 4 at band
      1. The address 4/5, for example, would mean that the desired material
      would be located in cassette 4 just beyond the point at which the fifth
      distinctive band 46 had been wound onto the takeup reel.
PAR  FIG. 6 illustrates the essential aspects of the control apparatus required
      in the recorder 5 to make use of recorded tapes in the communication
      system of the invention. The tape 37 is shown very schematically as
      disposed between a takeup reel 61 and a supply reel 62 for movement past
      two playback heads 63 and 64. Additional heads may be provided to
      cooperate with other tracks on the tape 37, for purposes to appear.
PAR  The heads 63 and 64 may be connected to leads 65 and 66, respectively,
      thence through the separate armatures of a ganged double pole, double
      throw switch S2 to suitable amplifiers 67 and 68, respectively. The switch
      S1 may close circuits from the heads to the amplifiers when the play
      pushbutton 17 is depressed, and open these circuits when a stop pushbutton
      18 in FIG. 1 is depressed.
PAR  The amplifier 67 may be a conventional audio amplifier, having a gain
      controllable by the volume control knob 13 in FIG. 1. The amplifier 67
      supplies an output signal to the loudspeaker schematically indicated at 25
      in FIG. 6.
PAR  The amplifier 68 may be a conventional amplifier having an output connected
      to a compensator 69 with which the effects of wow and playback in the
      recorded Electrowriter signals can be reduced. Without such compensation,
      I have found that even very high quality tape recorders produce so much
      wow and flutter that the recorded Electrowriter signals cannot be properly
      reproduced. The reason is that the position signals for the recording pen
      arm 33 are in the form of frequency modulated carrier signals, with the
      modulation band being below 200 cycles per second. For example, a typical
      carrier may be at 1400 cycles plus or minus 90 cycles per second,
      depending on the pen position about a particular axis. These fluctuations
      are in the band in which wow and flutter can be expected to occur most
      prominently, i.e., in the band between zero and 120 cycles per second.
      Thus, unless compensation is applied, even minor amounts of flutter can
      significantly disturb the signals. However, a compensator of the type to
      be described below, effectively reduces this sort of distortion well below
      an acceptable outer limit.
PAR  The output signals from the compensator 69 are applied to a conventional
      demodulator 70 which takes the frequency modulated signals from the
      compensator and transforms them into x, y and pen down signals for the
      recorder 27. The x and y signals govern the orthogonal coordinates of the
      position of the stylus 32 on the portion of the paper 28 within the frame
      29 in FIG. 1, and the pen down signal, when present, moves the pen 35 into
      contact with the paper 28 so that the paper can be written upon.
PAR  The x signal may be recorded as a variation within plus or minus 90 cycles
      of a 1400 cycle tone. The y signal may be recorded as a variation within
      plus or minus 140 cycles of a 2200 cycle tone. The pen down signal can be
      recorded as a steady 120 cycle per second frequency variation superimposed
      on either one or the other of the modulating carriers. The pen down signal
      does not disturb the other signals, because it is at such a high frequency
      that the pen will not follow it. A pilot signal having a fixed frequency
      of, for example, 3080 Hz, is preferably recorded with the position
      signals, for use in the compensator in a manner to be described.
PAR  As noted above, the Electrowriter facsimile receiver provides a switch
      closure when the stylus 32 is moved to bring the pen 35 to a predetermined
      corner of the writing frame 29. When this occurs, a signal appears on a
      lead 71 that is supplied to an amplifier 72 to produce a suitable pulse
      for setting a conventional flip flop 73.
PAR  When set, the flip flop 73 provides a suitable voltage level at its logic 1
      output terminal that is applied to an amplifier 74 to cause it to produce
      drive current for a conventional paper feed motor 75. The motor 75
      operates conventional drive rollers 76 to advance the paper 28 by a
      sufficient distance to produce one fresh paper frame. The drive shaft 77
      of the motor, connected to the drive rolls 76 through suitable gearing, is
      also suitably geared to a cam schematically indicated at 78 which
      momentarily closes a switch 79 after one revolution of the shaft 77 to
      cause an amplifier 80 to reset the flip flop 73.
PAR  FIG. 7 shows the apparatus necessary to produce recorded lecture and answer
      material in accordance with the invention. Basically, this apparatus
      comprises means for making original recordings, from which the final
      recordings can be edited by conventional methods for incorporation in the
      cassettes to be included in the album of FIG. 3.
PAR  The apparatus essentially comprises a microphone schematically indicated at
      81, preferably provided with a conventional pushbutton such as 82 to
      provide a switching signal, carried with the audio signal from the
      microphone 81 over a cable 83 to a conventional tape recorder 84 with
      which recordings can be made. The apparatus is arranged in a conventional
      manner, such that pushing the button 82 will enable the recorder 84 to
      begin recording a voice picked up by the microphone 81.
PAR  A graphic recording transmitter generally designated 85 is preferably also
      associated with the recorder 84. The transmitter 85 may be a conventional
      Electrowriter transmitter of the type referred to above. Basically, such a
      transmitter comprises a housing 86 provided with means forming a frame 87
      in which a portion of a strip of paper 88 is displayed to form a writing
      frame.
PAR  A pen 89 is adapted to be inserted into a follower 90. The follower 90 may
      be connected to a pair of ferromagnetic elements movable along generally
      orthogonal axes to vary the frequency of a pair of oscillators in
      aaccordance with the x and y coordinates of the position of the pen 89 on
      the paper 88. The follower 90 may also be connected to means for operating
      a switch when the pen 89 is movable to a predetermined corner of the
      recording frame, to produce a signal that will advance the paper 88 to
      provide a fresh writing surface.
PAR  The pen 89 is connected to the housing 86 over a flexible cable 91. The
      cable 91 serves to keep the pen 89 in the vicinity of the recorder, and
      also serves to carry an electrical switching signal provided by a
      microswitch in the housing of the pen 89 to supply a pen down signal for
      recording with the position signals when the pen 89 is picked up and the
      end inserted in the follower 90. Signals produced by the transmitter 85
      are supplied to the recorder 84 over a suitable cable 92. A local
      oscillator is preferably provided in the transmitter to supply a pilot
      signal at a frequency fp of, for example, 3080Hz. This signal is recorded
      on one track of the tape 37 in superposition with the carrier signals for
      the x and y axis positions of the recording stylus.
PAR  In producing recorded lecture and answer material for use in accordance
      with the invention, the apparatus of FIG. 7 may be placed on a desk at
      which the lecturer is seated, so that he can initiate the recording of his
      voice by pushing the button 82 and speaking into the microphone 81. At any
      time during the course of the lecture or answer that he is giving, he can
      illustrate his remarks with the pen 89 to record corresponding signals on
      the tape.
PAR  FIG. 8 illustrates one manner in which the tape 37 can be utilized for the
      purposes of the invention. The tape 37 may be a conventional Mylar base
      tape on which a magnetic oxide coating is provided. A pair of sufficiently
      spaced tracks 93 and 94 are assigned for recording the voice and graphic
      recorder signals from the transmitter 85, respectively. If desired,
      another track 95 may be assigned for recording various cueing functions,
      such as signals for activating a random access slide projector or the
      like, to show slides illustrating portions of the lecture as it proceeds.
PAR  The address bands 46 may be painted, cemented, or spliced on the tape in
      pauses between paragraphs in the lecture, or in (preferably more widely
      spaced) separations between recorded answers. Alternatively, the bands 46
      may be placed on the reverse side of the tape 37 in such a way as not to
      interfere with the recording of signals over them for the lecture. For
      answer material, it is desired to leave reasonably long spaces that will
      occupy at least several seconds in playing, so that the answers will not
      be confused with each other.
PAR  A compensator 69 suitable for use in the apparatus of FIG. 6 will next be
      described in connection with FIG. 9. The compensator to be described is
      more fully shown and described in copending U.S. application for Letters
      Patent, Ser. No. 294,316, now U.S. Pat. No. 3,810,188, issued on May 7,
      1974, filed at the same time as this application by T. A. O. Gross and
      Stewart W. Wilson for Frequency Deviation Compensation System and assigned
      to the assignee of this application.
PAR  The compensator 69 receives the output signal from the amplifier 68 which
      has been reproduced from a recording, on either an answer or a lecture
      tape, in the manner described above. The output signal from the amplifier
      68 is applied to three band pass filters 96, 97 and 98.
PAR  The filter 96 is designed to pass signals at the 1400 Hz carrier frequency
      f.sub.1 for the x axis signal and its accompanying frequency modulations
      .+-. .DELTA.f.sub.1i, together with enough pass bandwidth to take care of
      the maximum excursion frequency that is expected to occur because of
      variations in recording and playback speed due to wow and flutter. The
      frequency of the output signal from the filter 96 may be expressed as
      f.sub.1 .+-. .DELTA.f.sub.1n, where .DELTA.f.sub.1n is the noise frequency
      deviation introduced by wow and flutter.
PAR  The filter 97 is designed to pass signals at the pilot frequency fp of 3080
      Hz, together with the expected variations .+-. .DELTA.fpn in that
      frequency due to noise. This frequency can be expressed as fp .+-.
      .DELTA.fpn.
PAR  The filter 98 is designed to pass signals at the carrier frequency f.sub.2
      of 2200 Hz for the y axis signal, together with its modulation .+-.
      .DELTA.f.sub.2i and the fluctuations .+-..DELTA.f.sub.1n due to speed
      variations. The output signal from this filter may be expressed as f.sub.2
      .+-. .DELTA.f.sub.2i .+-. .DELTA.f.sub.2n.
PAR  The noise frequency components of the signals produced by the filters 96,
      97, and 98 will be proportional to the carrier frequencies. Since the only
      deviation from the pilot frequency is due to noise, that deviation is
      employed in the apparatus to be described to eliminate the noise
      components from the information signals produced by the filters 96 and 98.
PAR  The output signal from any of the filters, but in the embodiment here
      shown, the filter 96 is applied to a level detector 99 which produces
      energizing current for the winding 121 of a relay RK when the carrier
      signal from the filter 96 is present above a predetermined level. The
      relay RK closes contacts 122 to supply the output signal from the
      compensator to the demodulator 57 in FIG. 4. The relay is introduced in
      order to prevent noise from causing the pen to move about in a random
      fashion when no command signal is present.
PAR  The output signal from the filter 96 is also applied to the input terminal
      of an amplifier limiter 100. The amplifier limiter 100 produces an output
      signal that includes the frequency content of the input signal and is
      limited to a fixed amplitude. This signal is supplied to a conventional
      modulator 101, where it is modulated with a 1780 Hz signal shifted by the
      noise frequency and obtained from the pilot signal in a manner next to be
      described.
PAR  The output signal from the band pass filter 97 is applied to an amplifier
      limiter 102, which produces an output signal having a fixed amplitude and
      the frequency content of the input signal, which as it will be recalled is
      3080Hz shifted by the deviations due to wow and flutter. This output
      signal is applied to a harmonic selector 103, which selects and passes the
      5th harmonic, or 15,400 cycles, plus or minus five times the noise
      content. This signal may be expressed, as to its frequency content, by the
      expression 5fp .+-. 5.DELTA.fpn. This signal is supplied to a modulator
      104 of any conventional construction, where it is modulated by a 35,000 Hz
      signal from a local oscillator 105.
PAR  The modulator 104 may be a conventional mixer, but is preferably of the
      type in which the input signal, here 15,400 shifted by the noise
      deviations, is chopped by an electronic switch at a rate determined by the
      35,000 Hz reference frequency. The output signal of the modulator 104
      contains a number of modulation products, including sum and difference
      frequencies centered at 50,400 Hz and 19,600 Hz, respectively.
PAR  Either of these signals may be used for noise compensation purposes, but in
      the illustrated embodiment the difference signal centered at 19,600 Hz is
      selected by a band pass filter 106. The output signal from the filter 106
      may be expressed as 19,600 Hz .+-. 5.DELTA.fpn.
PAR  This signal is supplied from the band pass filter 106 to a Schmitt trigger
      circuit 107 which produces a square wave at the fundamental frequency of
      19,600 Hz .+-. 5.DELTA.fpn. The signal from the Schmitt trigger 107 is
      applied to the counting input terminals of two binary counters 108 and
      109.
PAR  The counter 108 may be of conventional construction, except that it is
      arranged to count in normal ascending binary sequence to decimal 11, and
      then to recycle, through suitable conventional gates provided, to produce
      a carry signal at each 11th count and reset to 0 to begin again. The
      output signal from the counter 108 is thus a square wave at a fundamental
      frequency of 19,600/.sub.11 .-+.(5/11).DELTA.fpn, or 1780
      .-+.(5/11).DELTA.fpn. It should be noted that the sign of the noise
      component is inverted by reason of the difference signal taken from the
      output of the modulator 104 by the band pass filter 106. Wow and flutter
      in recording and playback will affect the frequency of a recorded signal
      in proportion to its frequency; furthermore, the carrier frequency of 1400
      Hz is 5/11 of the pilot frequency of 3080 Hz. Accordingly, the signal .+-.
      .DELTA.f.sub.1n is equal in frequency but opposite in sign to the signal
      component .-+.(5/11).DELTA.fpn.
PAR  The signal from the counter 108 is used to modulate the information signal
      from the amplifier 100 in the modulator 101. This modulator may also be of
      any conventional design, but as for other modulators to be described, it
      is preferably of the type in which the input frequency from the amplifier
      100 is chopped by the reference frequency from the counter 108.
PAR  The output signal from the modulator 101 includes both sum and difference
      frequencies. The sum frequency centered at 3180 Hz is selected by a band
      pass filter 110.
PAR  The components of the sum signal include the noise components in opposite
      senses, so that they cancel. The output signal from the filter 110 may
      thus be expressed as 3180 .+-. .DELTA.f.sub.1i. This signal is applied to
      a conventional modulator 111, of the type described above, in which it is
      modulated with a fixed 1780 Hz reference frequency from a local oscillator
      112. This local oscillator, and other local oscillators to be described,
      are preferably crystal controlled oscillators designed to maintain a
      constant relationship to the frequency of the oscillator 105.
PAR  The difference signal component of the modulation products produced by the
      modulator 111 is selected in a band pass filter 113 that produces an
      output signal at 1400 Hz .+-. .DELTA.f.sub.1i. This is the desired
      compensated x axis frequency signal. It is applied to a summing amplifier
      114 for application to the demodulator when the relay RK is energized.
PAR  The y axis signal is compensated in a similar manner. The output from the
      band pass filter 98 is supplied to an amplifier limiter 115, where it is
      converted to a signal of fixed amplitude. The output signal from the
      amplifier limiter 115 has a frequency content that may be expressed as
      f.sub.2 .+-. .DELTA.f.sub.2i .+-. .DELTA.f.sub.2n. This signal is applied
      to a modulator 116, where it is modulated by the output signal from the
      binary counter 109. The counter 109 is arranged to produce a carry pulse
      every 7th pulse supplied to the input, so that its output may be expressed
      as 19,600/7 .-+. (5/7).DELTA.fpn.
PAR  The y axis carrier frequency of 2200 Hz is equal to 5/7 of the pilot
      frequency 3080 Hz. Thus, the noise component in the signal from the
      counter 109 is opposite in sign and equal in magnitude to the noise
      component of the signal from the amplifier 115.
PAR  The sum signal from the modulator 116 is selected by a band pass filter
      117. The selected signal thus has a frequency of 5,000 Hz .+-.
      .DELTA.f.sub.2i, since the noise components have been cancelled in the
      summing process. This signal is applied to a modulator 118, where it is
      modulated by the output signal from a local oscillator 119 that produces a
      fixed frequency of 2800 Hz.
PAR  The difference signal from the modulator 118 is selected by a band pass
      filter 120, which thus produces an output signal at
      2200.+-..DELTA.f.sub.2i, or the desired compensated y axis signal. This
      signal is supplied to the summing amplifier 114 and thence to the
      demodulator when the relay RK is energized.
PAR  It will be apparent that the methods and apparatus described above provide
      the means for an interactive communication process capable of flexible
      employment by the user to obtain information at his own pace and in a
      manner suited to his immediate interest and needs. The services of
      talented individuals can be made available to others widely separated in
      space or time, for use at the convenience of the user. In practice, a
      number of chambers can be provided with consoles such as that shown in
      FIG. 1, and a library of lectures and answers in the form of albums such
      as that shown in FIG. 3 can be made available so that a student can come
      in at a time of his own choosing, select an album and sit down at an
      available console and proceed to employ the cassettes in the album, under
      the general guidance of the lecture map provided with the album, to
      interact with the recorded material in a manner approximating that which
      he could employ if the lecturer were there in person, except that the
      lecturer's personality does not dominate the process and the student is
      free to devote as much or as little time as he desires to any particular
      point. The methods and apparatus here described can be used alone, or in
      conjunction with conventional educational methods such as self-study,
      classroom discussion, or other conventional group educational methods.
PAR  The methods and apparatus of the invention are well adapted to use by the
      blind, if the indicia employed are made perceptible by the sense of touch,
      rather than by the sense of sight. In particular, the indicia on the
      cassettes which identify them, and the legends on the lecture map, could
      readily be formed in braille. The identifying bands on both lecture and
      answer tapes may be made of tactually perceptible thickness for the same
      purpose, or formed as holes or notches in the tape. The graphic recorder
      may be modified to engrave upon a relatively thick waxed paper surface, if
      it is desired to include this form of accompaniment to the lecture in a
      system intended for use by a blind user.
PAR  While the invention has been described with respect to particular details
      of preferred embodiments, many changes and variations will occur to those
      skilled in the art upon reading this description, and such can obviously
      be made without departing from the scope of the invention.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A learning machine, comprising a first sound recording on which a
      lecture is recorded, a second sound recording on which a set of answers to
      questions that may be raised by the lecture is recorded, means for
      selectively reproducing the lecture and answers from the records in any
      desired sequence, and a map on which there is perceptibly recorded an
      outline of the lecture, a set of questions to which the answers have been
      recorded, and, for each such question, indicia indicating a primary
      relevance to a particular topic of the lecture and indicia enabling the
      user to locate the answer on said second record, said questions and said
      outline being simultaneously perceptible so that the possible relevance of
      all questions is suggested whether or not the lecture topic of primary
      relevance is then being reproduced.
NUM  2.
PAR  2. The apparatus of claim 1, further comprising indicia on said second
      sound recording correlated with said indicia on said map.
NUM  3.
PAR  3. The apparatus of claim 2, in which said answers are recorded on said
      second sound recording in spaced sequential regions, and in which said
      indicia on said second sound recording is located in the spaces between
      said regions.
NUM  4.
PAR  4. The apparatus of claim 1, in which said recorded lectures and answers
      comprise sound sequences accompanied by graphic displays, and in which
      said reproducing means comprises sound reproducing means for reproducing
      said sound sequences and a graphic recorder for reproducing said graphic
      displays.
NUM  5.
PAR  5. In combination, a tape recorder, at least one cassette of magnetic tape
      on which there is a recorded lecture adapted to be reproduced on said
      recorder, at least a second cassette of magnetic tape on which a series of
      answers to predetermined questions are recorded in a series of spaced
      sequential regions, said tape in said second cassette being visually
      marked in the spaces between said regions to facilitate the location of an
      answer in said series, and a lecture map bearing simultaneously visible
      indicia identifying points in said lecture, indicia associating questions
      each answerable by an answer in said series with said points, and indicia
      associating each such question with the visual marking on said second tape
      to facilitate the location of the answer to the associated question.
NUM  6.
PAR  6. In combination, a tape recorder adapted to reproduce signals recorded on
      at least two tracks on a tape, a graphic recorder adapted to respond to
      applied position signals to produce a graphic display, at least one tape
      having first and second tracks, a lecture recorded on said first track, at
      least one set of position signals representing a graphic display to
      accompany a portion of said lecture recorded on said second track adjacent
      the region on said first track on which said portion is recorded, at least
      a second tape and a third tape each having at least one track on which at
      least the answer to one question that may be raised by said lecture is
      recorded, a map bearing simultaneously visible indicia associating various
      points in said lecture with the questions to which said answers have been
      recorded and associating said questions with the particular one of said
      second tape and said third tape on which the corresponding answer is
      recorded, and means operatively connecting said tape recorder to said
      graphic recorder for applying position signals reproduced from a tape to
      said graphic recorder.
NUM  7.
PAR  7. The apparatus of claim 6, in which there is a second track on said
      second tape on which there is recorded at least one set of position
      signals representing a graphic display to accompany a portion of at least
      one answer on said second tape, said position signals being recorded on
      said second tape adjacent the region on said first track on which said
      portion of said answer is recorded.
NUM  8.
PAR  8. The apparatus of claim 6, in which a pilot signal at constant frequency
      is recorded on said second track simultaneously with said series of
      position signals, and in which said means operatively connecting said tape
      recorder to said graphic recorder comprises means controlled by said pilot
      signal and said series of position signals for compensating said position
      signals to reduce the effects of wow and flutter on the graphic display
      produced by the graphic recorder.
NUM  9.
PAR  9. An interactive learning system, comprising reproducing means for
      reproducing signals recorded on a record, at least a first record on which
      a lecture is recorded, at least a second and a third record on each of
      which at least one answer to a question that may be raised by said lecture
      is recorded, identifying means on said second and said third records to
      identify the answers so that they can be selectively located and
      reproduced by said reproducing means, a lecture map on which an outline of
      points in said lecture is perceptibly recorded, those questions answered
      on said second and said third records being perceptibly recorded on said
      map in association with those recorded points on said map most relevant to
      each question, and means perceptibly recorded on said map adjacent each
      recorded question for locating the associated answer by reference to said
      identifying means on said second and said third records.
NUM  10.
PAR  10. A learning system, comprising a tape recorder for reproducing at least
      two independent signals from a record, a graphic recorder responsive to an
      applied series of position signals to produce a graphic display, means for
      applying one of said signals from said tape recorder to said graphic
      recorder, a loudspeaker, means for applying the other of said signals from
      said tape recorder to said loudspeaker, at least a first record on which
      two independent signals are recorded, one of said signals on said first
      record comprising a lecture adapted to be reproduced by said loudspeaker
      and the other of said signals on said first record comprising at least one
      series corresponding to a graphic display accompanying a portion of said
      lecture and recorded on said first record in a location adjacent said
      portion of said lecture, at least a second and a third record on each of
      which two independent signals are recorded, one of said signals on each of
      said second and third records corresponding to an answer to a question
      that may be raised by said lecture and adapted to be reproduced by said
      loudspeaker and the other of said signals on each of said second and said
      third records comprising at least one series corresponding to a graphic
      display accompanying said answer and recorded on each of said second and
      said third records adjacent that answer, and means for associating the
      question to which the answers on said second and said third records are
      responsive with the one of said second and said third records on which the
      associated answers appear.
NUM  11.
PAR  11. The apparatus of claim 10, in which said means for applying said signal
      to said graphic recorder comprises means for compensating the applied
      signal for frequency deviations occurring during the recording and
      reproducing process.
NUM  12.
PAR  12. An interactive learning system, comprising a console, a cassette tape
      recorder mounted on said console, said tape recorder being of the type
      which will accept a tape cassette and selectively play the tape, stop the
      tape, move the tape backwards and forwards to locate a desired place on
      the tape, and eject the cassette without changing the position of the tape
      in the cassette, at least a first tape cassette on which is recorded a
      lecture, at least a second tape cassette on which there is recorded a
      spaced series of answers to questions that may occur to a listener to the
      lecture, means perceptibly coding said second cassette to facilitate the
      location of individual ones of said answers, and a lecture map on which
      there is perceptibly recorded an outline of points in the lecture,
      questions to which answers have been recorded, means associating the
      questions with the points of the lecture to which they are most relevant,
      and means associating each question with the perceptible coding on said
      second cassette to permit the location of the answer to each question for
      selective playback, all of said questions being simultaneously displayed
      to allow an association with any question at any time during the playing
      of the lecture recorded on said first tape cassette, whereby a user can
      listen to a portion of said lecture, interrupt the lecture to refer to the
      answer to a desired question, the selection of the question to be answered
      being guided but not forced by the indicia on said lecture map under the
      influence of the portion of the lecture tape being played, and then resume
      the lecture without losing the place at which it was interrupted.
NUM  13.
PAR  13. An interactive learning system which answers questions raised by a
      student in connection with a lecture, said system comprising a record
      sheet, upon one side of which are perceptibly recorded: an outline of the
      lecture; groupings of written questions which the system is prepared to
      answer, the groupings each being connected by a line to the item in the
      outline corresponding to the part of the lecture in connection with which
      the questions in the grouping arise, the questions in each grouping being
      ordered in the order in which they tend to arise to a person listening to
      the related section of the lecture; and the questions bearing indicia for
      use in accessing the desired answer; a first audio record on which said
      lecture is recorded; a second audio record on which answers to said
      questions are recorded; and means for selectively audibly reproducing said
      lecture and answers from the records.
NUM  14.
PAR  14. An interactive communication system with which an individual may
      approximate a learning conversation between himself and an expert person,
      the system comprising an audio lecture recording made by the expert person
      and focused on a specific topic; an audio answer recording comprising
      answers recorded by the expert to questions arising from the lecture
      recording; a map showing simultaneously the locations of lecture material,
      questions answered in the answer recordings, the locations in the answer
      recording of those answers, and indicating a direct relationship between
      each question and the most relevant portion of the lecture; and means for
      audibly reproducing and accessing selected portions of the lecture
      recording and selected answers.
NUM  15.
PAR  15. An interactive learning system, comprising a receptacle, means forming
      a series of containers in said receptacle, a first set of records in one
      set of said containers, a second set of records in a second set of said
      containers, a lecture recorded on the records of said first set, a set of
      answers to questions that may be raised by said lecture recorded on the
      records of said second set, means for selectively reproducing the lecture
      and answers from said records in any desired sequence, and a map on one
      side of which there is perceptibly inscribed an outline of topics of the
      lecture, a set of questions to which the answers have been recorded, and,
      for each such question, indicia indicating a primary relevance to a
      particular topic of said lecture and indicia enabling the user to locate
      the answer on one of said second set of records.
NUM  16.
PAR  16. In an interactive communication system, a first cassette comprising a
      housing, a strip of recording tape mounted in said housing for movement
      over a range of positions relative to a playback station in said housing,
      at least two recorded sound signals on said tape in spaced locations,
      means perceptibly coding the spaces between said locations to facilitate
      the location of each of said signals for selective playback, said signals
      comprising answers to a set of questions relevant to a lecture, and
      further comprising a second cassette, said second cassette comprising a
      second housing, a second strip of recording tape mounted in said second
      housing for movement over a range of positions relative to a playback
      station in said second housing, a recorded signal on said tape
      corresponding to said lecture, means for selectively reproducing said
      lecture and answers from said records, and a map on which there is
      inscribed for simultaneous display an outline of topics of the lecture,
      indicia identifying the set of questions to which answers are recorded on
      said first recited cassette, and, for each such question, indicia
      indicating a primary relevance to a particular topic in the lecture and
      indicia enabling the user to locate the answer on said tape in said first
      recited cassette.
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ABST
PAL  An audio-visual system for providing correlated audio and visual
      presentations from audio-visual slides in a sequence corresponding to a
      branched learning format. Upon an operator selecting a presented response
      choice, a projected program containing first indicia providing a binary
      number indicating the number of steps and second indicia indicating the
      direction which the slide magazine should be stepped to be in position for
      presenting the next slide, is sensed and the binary number is stored in a
      register. The magazine is stepped in the indicated direction; and the
      number of steps taken are counted and compared to the binary number stored
      in the register. When the compared counts are equal, the stepping of the
      magazine is stopped.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application
      Serial No. 114,834, filed February 12, 1971, now U.S. Pat. No. 3,720,005
      issued Mar. 13, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to an audio-visual system for presenting
      correlated recorded audio and visual information from an audio-visual
      slide and is particularly directed to the type of audio-visual system
      which is useful in an educational system for providing a plurality of
      correlated audio and visual presentations in a sequence corresponding to a
      branched learning format.
PAR  2. Description of the Prior Art
PAR  The present invention is directed to an improvement in an audio-visual
      system wherein a plurality of audio-visual slides having correlated
      recorded audio and visual information and being removably located in a
      magazine, are transported by positioning means within an audio-visual
      slide apparatus to present a given one of the audio-visual slides for
      providing correlated reproduced audio and projected visual information
      from the presented audio-visual slide. The positioning means include
      bidirectional stepping means for bidirectionally stepping the magazine.
      Such a system is described in U.S. Pat. No. 3,122,054 to Dimitracopoulos
      et al.
PAR  Certain of the elements of the system of the present invention are set
      forth in various other U.S. Pat. Nos. The provision of the capability of
      reacting to operator response choices to branch or alter the display of
      correlated audio and visual information in accordance with a predetermined
      format is disclosed in U.S. Pat. No. 3,501,851 to Price et al. The
      inclusion of predetermined program indicia on a visual record is disclosed
      in U.S. Pat. No. 3,471,942 to Weitzman. The inclusion of three sections in
      a recorded visual display area (1) for providing the visual display
      information, (2) for providing a plurality of predetermined operator
      response choices related to the visual display information, and (3) for
      providing predetermined program indicia for controlling the operation of
      the audio-visual system in accordance with the particular operator
      selected predetermined response choice, is disclosed in U.S. Pat. No.
      3,497,966 to Gaven.
PAR  Each of the above elements contributes certain advantages in the
      versatility and the capacity of an audio-visual system, these advantages
      being discussed in the various patents cited. None of these patents,
      however, suggests a system combinig all of these features nor do they
      suggest how all of these features might be combined.
PAC  SUMMARY OF THE INVENTION
PAR  I have applied certain of the features set forth in my above
      cross-referenced copending application to an audio-visual slide system in
      order to provide an improved audio-visual system for presenting correlated
      audio and visual information in a sequence corresponding to a branched
      learning format.
PAR  Accordingly, the audio-visual slides are located in a sequence
      corresponding to a branched learning format; and each slide contains a
      given number of predetermined response choices related to the correlated
      audio and visual information, and a given number of projectable
      predetermined programs. Each program individually relates a response
      choice to a predetermined audio-visual slide having a predetermined
      location in the sequence.
PAR  The audio-visual slide apparatus includes selection means for enabling an
      operator to select one of the given number of predetermined response
      choices, projection means for projecting the given number of predetermined
      programs from the audio-visual slide, sensing means responsive to the
      operation of the selection means for sensing the one of the projected
      predetermined programs which is related to the selected response choice,
      and control means which are responsive to the operation of the selection
      means for controlling the positioning means in accordance with the sensed
      predetermined program in order to present the predetermined audio-visual
      slide related to the selected predetermined response choice.
PAR  Thus, the system of the present invention will allow easy and quick
      generation of a branched learning format. It allows demonstration and
      proof of the learning format effectiveness. It allows modification and
      rearrangement of the learning format content and is usable in virtually
      any training or educational context.
PAR  Various features of the present invention are next set forth in this
      summary, with reference to certain preferred embodiments in which these
      features are incorporated.
PAR  Each of the projectable predetermined programs of a given slide includes
      first indicia providing a binary number for indicating the number of
      audio-visual slides in the sequence that the predetermined audio-visual
      slide related to the predetermined response choice by the program is
      located in the sequence from the given audio-visual slide.
PAR  Accordingly, the positioning means includes a stepping means for
      incrementally stepping the magazine a number of steps corresponding to the
      number of audio-visual slides in the sequence that the predetermined
      audio-visual slide is located in the sequence from the presented given
      audio-visual slide.
PAR  Also, the control means include counting means for counting the number of
      steps stepped by the stepping means; and a registering and gating means
      for registering the binary number provided by the first indicia of the
      sensed predetermined program, and for enabling the stepping means to
      repetitively incrementally step until the number of steps counted by the
      counting means equals the registered binary number.
PAR  Each of the projectable predetermined programs of a given audio-visual
      slide further includes second indicia for indicating the direction in the
      sequence of audio-visual slides that the predetermined audio-visual slide
      related to the predetermined response choice by the program is located in
      the sequence from the given audio-visual slide. Accordingly, the
      bidirectional stepping means are responsive to the sensed second indicia
      for stepping the magazine. To accomplish this, the control means further
      include a direction setting switching means for setting the stepping means
      in accordance with the second indicia of the sensed predetermined program
      to step the magazine in either a forward or a reverse direction
      corresponding to forward and reverse directions in the sequence of
      audio-visual slides.
PAR  Additionally, the control means including means for causing the audio
      information from a presented audio-visual slide to be repeated when the
      sensed first indicia indicate that the stepping means should step zero
      steps in one given direction. When a "zero-steps" indication for the other
      given direction is sensed, an accessory device, such as a movie projector,
      is actuated.
PAR  Each of the visual display areas includes a discrete section containing a
      given number of projectable predetermined response choices related to do
      the information recorded on the audio-visual slide. Accordingly, the
      audio-visual slide apparatus further comprises a shutter supported either
      for blocking the projection of an image of the response choices or for
      enabling the projection of an image of the response choices.
PAR  In the preferred embodiment, each of a plurality of groups of adjacent
      audio-visual slides contains related information, with one audio-visual
      slide in each group being the sequentially first audio-visual slide for
      that group. Either the location of such first audio-visual slides in the
      magazine, or the individual first slides themselves each include sensible
      means for indicating that such audio-visual slide is a first audio-visual
      slide. Accordingly, the audio-visual slide apparatus further comprises an
      operator-actuatable first audio-visual slide accessing means for causing
      the positioning means to reposition the magazine until a first
      audio-visual slide is detected in such position as to be removed from the
      magazine and presented for providing audio and visual information
      therefrom. These accessing means include detector switching means
      positioned for detecting the sensible means, and an access switching means
      enabled by the detector switching means for causing the positioning means
      to stop repositioning the magazine when a sequentially first audio-visual
      slide is detected at such position. This embodiment thus provides a main
      branch programming feature. If the operator has become confused or does
      not understand the train-of-thought in the sequence of audio-visual slides
      he has just seen, and thereby becomes lost in the learning program, he may
      return to the sequentially first audio-visual slide in a related group by
      actuating this first audio-visual slide accessing means, such as by
      depressing a "go back" switch.
PAR  The present invention also encompasses a set of audio-visual slides
      according to the various above-described embodiments, which slides are
      designated for location in a sequence corresponding to a branched learning
      format.
PAR  The present invention further encompasses the audio-visual slide apparatus
      according to the various above described embodiments.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of an audio-visual system according to the
      present invention, with portions of the audio-visual slide apparatus
      console cover broken away to show certain interior elements.
PAR  FIG. 2 is a plan view of an audio-visual slide according to the present
      invention with the side of the slide which is shown being the opposite of
      the side of such a slide which is partially shown in FIG. 1.
PAR  FIG. 3 is a plan view showing the detail of the visual portion of the slide
      of FIG. 2, but facing in an opposite direction from that shown in FIG. 2.
PAR  FIGS. 4A and 4B, when combined as shown in FIG. 4, is a schematic diagram
      of the electrical circuit used in the system shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the audio-visual slide apparatus 10 includes a
      standard audio-visual slide unit (hidden from view by the outer portions
      of the console 11) such as that described in the above cited U.S. Pat. No.
      3,122,054, the disclosure of which is incorporated herein by reference.
      The preferred audio-visual slide unit is the 3M Brand Sound-on-Slide
      System available from Minnesota Mining and Manufacturing Company, St.
      Paul, Minnesota, U.S.A.
PAR  Throughout the course of this description, several of the elements which
      are discussed are indicated as "not shown". All of these elements are
      included in the preferred standard audio-visual slide unit indicated
      above; and their construction and operation within such apparatus are
      known to those skilled in the art.
PAR  A magazine or tray 12 containing fifty audio-visual slides 14 is inserted
      into the opening 16. Each slide 14 (FIG. 2) includes a sound track 18 and
      a visual portion 20. Each sound track 18 contains up to about 30 seconds
      of audio recording.
PAR  The apparatus 10 contains a projection lens (not shown), a lamp (not
      shown), a 71/2 inch by 71/2 inch (19 cm .times. 19 cm) rear projection
      viewing screen 22, and a system of mirrors 24 for enabling the display of
      the visual information when a slide 14 is moved up and out of the tray
      into a presentation position. The projected image follows a path indicated
      by the dashed lines 26-27-28-29 from the presented slide (not shown) to
      the screen.
PAR  The visual portion 20 (FIG. 3) of a slide 14 includes a visual information
      section 31; a discrete section 32 which contains three predetermined
      response choices; and three predetermined programs, each program being a
      set 34, 35, 36 of four code blocks 37. The code blocks 37 are either
      opaque or transparent and thus either enable or inhibit the transmission
      of light to individual photosensors 38 in an array 39 contained within the
      apparatus 10. Within each code block set 34, 35, 36, the upper left-hand
      code block is the second indicium indicating the direction of movement of
      the slide tray 12; and the remaining three code blocks (which are the
      first indicia) provide a binary number indicating the number of steps
      which the tray 12 is to move. The provision of three first indicia code
      blocks thus enables the tray 12 to be stepped up to seven positions in
      either direction, as will be described in more detail in connection with
      the description of FIGS. 4A and 4B below. Further description of the use
      of this coding scheme to prepare a plurality of correlated audio-visual
      media in a branched learning format is set forth in my above
      cross-referenced copending application and is incorporated herein by
      reference.
PAR  To generally describe the use of the present audio-visual system by an
      operator, when a slide 14 is moved up for presentation, only the image in
      the information section 31 is initially displayed on the screen 22.
      Simultaneously, the recorded audio information is reproduced from the
      sound track 18 and provided from a speaker 42 (FIG. 4A) or from earphones
      (not shown).
PAR  After the recorded audio information is fully reproduced a reveal shutter
      44 drops down to enable the image of the discrete section 32 containing
      the response choices to be displayed on the screen 22. The operator may
      then depress one of the three response switches 46, 47, 48, to make his
      selection in response to the presented information. These three switches
      46, 47, 48, are positioned to correspond to the positions of the three
      presented response choices shown in the discrete section 32. The operation
      of one of the response switches 46, 47 or 48, enables the image of the
      corresponding code block set 34, 35 or 36 which is imaged on the
      photosensors 38 to be sensed on the lines 49, 50, 51 and 52 within the
      control means which are generally embodied in the electrical circuit of
      FIGS. 4A and 4B.
PAR  In response to the sensing of the corresponding code block set 34, 35, 36,
      the tray 12 is stepped by the stepping mechanism 53 to the indicated
      position so that the next slide 14 may be presented.
PAR  A more detailed description of the operation of the system follows.
PAR  By turning the "on-off-volume" knob 54 to the "on" position, electrical
      power is provided for operating the system. The tray 12 is inserted into
      the apparatus 10. A momentary action "start" switch 56 is then closed to
      energize slide positioning relay coil 58. When the relay coil 58 is
      energized, power is provided to a positioning motor (not shown) in the
      audio-visual apparatus 10, which positioning motor operates to move a
      slide 14 either up into position for presentation during one half cycle of
      motor operation, or down back into the tray 12 during the next half cycle
      of positioning motor operation. Upon each energization of the relay coil
      58, the positioning motor completes one-half of operation.
PAR  As the slide 14 is raised, shutter leaves (not shown) in the audio-visual
      apparatus 10 open and a projection lamp (not shown) is turned on. A switch
      60 on the console 11 may be operated to move the projection lens (not
      shown) to focus the image projected on the screen 22.
PAR  Upon the slide 14 being raised, in response to the energization of the
      relay coil 58, mechanical means coupled to the slide lifting mechanism
      (not shown) operate to lower a reproducing head (not shown) into contact
      with the sound track 18, whereupon the recorded audio is reproduced and
      provided at the speaker 42. A 60 Hz tone is recorded at the end of the
      audio message for indicating the end of the audio message. When this 60 Hz
      tone is detected by the audio amplifier (not shown) a signal is provided
      to gate an SCR 62 into conduction. This SCR 62 is included within the
      preferred standard audio-visual slide unit.
PAR  Upon the SCR 62 being turned on, a relay coil 64 is energized thereby
      moving the switch 65 out of contact with the speaker 42 and into contact
      with the response switches 46a, 47a and 48a; thereby closing shutter
      switch 66; and also thereby closing switch 67 for enabling the relay coil
      58 to be energized when a choice switch 46, 47 or 48 is closed.
PAR  The speaker 42 is thus inhibited so as not to provide the 60 Hz tone to the
      operator. Also, the response choice switches 48a, 47a, 48a are thus
      connected to ground thereby enabling them. When the shutter switch 66 is
      closed, a solenoid coil 68 is energized thereby causing the reveal shutter
      44, which is mechanically coupled thereto, to be lowered to reveal the
      image of the response choices contained in the discrete section 32 of a
      slide 14.
PAR  The operator may then operate one of the response choice switches 46, 47,
      48. Since all three switches operate in the same manner, only the
      operation of the switch 46 will be discussed. When the switch 46 is
      depressed, switches 46a and 46b are closed, thereby enabling the image of
      the code block set 34 received by the phototransistors 70, 71, 72 and 73
      to be sensed on the lines 49, 50, 51 and 52 so that the binary number
      provided by the first indicia code blocks is registered in the flip-flops
      75, 76 and 77 of counter 78 and the direction indication represented by
      the second indicia code block is registered in the direction indicating
      flip-flop 79. The closure of the switch 46b causes the slide positioning
      relay coil 58 to be energized for moving the slide 14 down into the tray
      12. The movement of the slide positioning mechanism (not shown) in
      lowering the slide 14, also causes the reproducing head to be raised from
      the sound track 18, turns off the projection lamp, and closes the shutter
      leaves.
PAR  When the reproducing head is raised, the head raising mechanism (not shown)
      causes a switch 81 connected in series with the SCR 62 to be opened
      thereby turning off the SCR 62. The switch 81 is closed when the head is
      again lowered. When the SCR 62 is turned off, the relay coil 64 is
      deenergized, thus causing switches 65 and 66 to be returned to their
      former positions; whereby the speaker 42 is again enabled and the reveal
      shutter solenoid coil 68 is deenergized to cause the reveal shutter 44 to
      be raised to an image blocking position. Response choice switches 46a, 47a
      and 48a are also disconnected from ground thereby preventing the count
      which has been registered in the counter 78 and the direction indicating
      which has been registered in the flip-flop 79 from being changed.
PAR  When the slide positioning mechanism completes the downward movement of the
      slide into the tray 12, a stepping motor enabling switch 83 is closed,
      thereby enabling the DC stepping motor 84 to operate the stepping
      mechanism 53 (FIG. 1) to move the tray 12. The stepping motor 84 is
      further enabled by the closure of reed relay switch 86 in response to the
      energization of reed relay coil 88. Relay coil 88 is energized only when
      the output signal on line 90 from comparison circuit 92 indicates a
      disparity between the binary number registered in the counter 78 and the
      count registered in the counter 93 comprising the set of flip-flops 94,
      95, 96. The count in the counter 93 is indicative of the number of
      locations which the tray 12 has been stepped. This count is provided to
      the counter 93 on the line 98 in response to each closure of the switch
      100. The switch 100 is coupled to the stepping mechanism 53 and is closed
      each time the tray 12 is stepped one location. Thus, once the switch 83 is
      closed, the stepping motor 84 operates to step the tray 12 until the tray
      12 has been stepped the number of locations indicated by the sensed set of
      first indicia code blocks.
PAR  The direction in which the tray 12 is stepped is determined by the position
      of reed relay switch 102, which is shown in the "reverse" direction
      position. The position of the switch 102 is controlled by the energization
      of reed relay coil 104, which is energized in response to the signal
      received on line 106 from the flip-flop 79. When an opaque code block is
      sensed by the flip-flop 79, the reverse direction is indicated.
PAR  When the signal on the line 90 indicates parity between the compared counts
      relay coil 88 is deenergized, thereby opening the switch 86 and stopping
      the motor 84. Such a parity indicating output signal as appears on the
      line 90 also is transmitted on line 108 to again energize the slide
      positioning relay coil 58. Upon energization of the relay coil 58, a slide
      14 is again moved up into position for presentation. When the slide 14 is
      moved up, switch 110 is momentarily opened thereby providing a signal on
      line 112 to reset all of the flip-flops 75, 76, 77, 79, 94, 95 and 96. The
      presentation and response cycle discussed above is then repeated.
PAR  There are two exceptions to the sequence described above. These occur when
      the sensed first indicia code blocks are all opaque, thus indicating that
      the tray should be stepped "zero" steps. When such occurs, the signal on
      line 90 indicates parity; and the stepping motor 84 is therefore not
      enabled. Also, the parity indicating signal on the line 108 causes the
      slide positioning relay coil 58 to be reenergized to cause the same slide
      14 to be repositioned and the audio and visual information recorded
      thereon to be repeated. The second exception occurs when only the sensed
      direction indicating code block is transparent. Instead of, or in addition
      to, the same slide 14 being repositioned as discussed above, a signal is
      provided on line 114 to actuate an accessory device 116, such as a movie
      projector. When such occurs, means (not shown) may also be provided for
      turning off the slide apparatus 10 and to thereby inhibit the
      representation of the same slide 14.
PAR  Instead of depressing one of the response selection switches 46, 47, 48 at
      such time as the audio presentation has been completed, and the reveal
      shutter 44 lowered to reveal the response choices, the operator may wish
      to have the audio message repeated. To do so, the operator may depress a
      momentary contact repeat switch 118 to close the same and thereby energize
      solenoid coil 120. When the solenoid coil 120 is energized, mechanical
      linkage (not shown) coupled thereto raises the reproducing head from the
      sound track 18 and allows the head to be repositioned to the outside of
      the sound track 18. In response to the raising of the head, the switch 81
      is opened, the reveal shutter 44 is again closed, and the speaker 42 is
      again enabled. When the switch 118 is opened, the solenoid coil 120 is
      deenergized and the head is lowered to the outside of the sound track 18,
      whereby the audio information is repeated.
PAR  In order to position the slide tray 12 so that a sequentially first slide
      14 of a related group of slides 14 can be presented, the operator may
      depress and thereby close momentary contact switch 122. When the switch
      122 is closed, a signal pulse is provided on the line 124 to actuate the
      slide positioning relay coil 58 and thereby lower the slide 14 into the
      tray 12; flip-flop 125 is set, thereby causing a signal pulse to be
      delivered on line 126 to reset the flip-flops 75, 76, 77, 79, 94, 95 and
      96; and a signal is delivered through detector switch 128 to access
      switching circuit 130 to provide an enabling voltage on line 132 to the
      motor 84. Also, when the switch 122 is closed, the flip-flop circuit 133
      is reset. Sensible means such as a pin 134 are located either on the
      sequentially first slides or on the tray 12 at the locations of the
      sequentially first slides. The motor enabling voltage provided on the line
      132 causes the motor 84 to cause the tray 12 to be stepped continuously in
      a reverse direction. When the arm 136 (FIG. 1) on the assembly of the
      switch 128 senses such a pin 134 indicating a sequentially first slide,
      switch 128 is opened and the accessing switching circuit is thereby
      enabled to cause the motor 84 to stop by removing the motor enabling
      voltage from the line 132. Also, upon the opening of the switch 128, the
      flip-flop circuit 125 is reset; and the flip-flop circuit 133 is set to
      cause a signal to be delivered on the line 138 to energize the slide
      positioning relay coil 58 thereby causing a sequentially first slide 14 to
      be raised from the tray 12.
PAR  To remove the tray 12 from the apparatus 10, the "tray-out" switch 140 must
      be held down. While the switch 140 is held down, switch contacts 140a and
      140b are closed.
PAR  The closure of the switch contact 140a causes a signal to be delivered on
      line 142 to energize the slide positioning relay coil 58 to cause the
      slide 14 to be lowered into the tray 12; and also causes a signal to be
      delivered on the line 144 thereby causing the stepping motor 84 to step
      the tray 12 in the reverse direction and out of the apparatus 10. The
      closure of switch contacts 140b maintains the flip-flop circuit 133 in a
      "reset" state thereby making the relay coil 58 impervious to any signals
      which are received on line 108 which would otherwise energize the relay
      coil 58 and thus cause the attempted raising of a slide 14 while the tray
      12 is being stepped.
PAR  The phototransistors used in the preferred embodiment of the circuit shown
      in FIGS. 4A and 4B are all Component No. FPT120, available from Fairchild
      Semiconductor of Mountainview, California, U.S.A. The one-shot
      multivibrators 150 and 151 are Component No. 74121 available from Texas
      Instruments, Incorporated of Dallas, Texas, U.S.A.
PAR  All of the various logic elements are TTL 7400 series components. The
      component numbers of the various types of NAND gates are shown in FIGS. 4A
      and 4B. All of the inverters are component No. 7405. Flip-flops 94, 95 and
      96 are internally coupled in a four-bit counter, Component No. 7493. The
      exclusiveor elements are all contained in a Component No. 7486. The
      flip-flops 75, 76, 77 and 79 are all Component No. 7479.
PAR  The DC voltage bias sources v.sub.cc are all 5 volts. The DC voltage bias
      sources V.sub.dd are both adjustable between 31/2 and 12 volts.
PAR  The values of the resistors in ohms and the values of the capacitors in
      microfarads are shown on the circuit diagram.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An audio-visual system wherein a plurality of audio-visual slides having
      correlated recorded audio and visual information and being removably
      located in a magazine are transported by positioning means within an
      audio-visual slide apparatus to present a given one of the audio-visual
      slides for providing correlated reproduced audio and projected visual
      information from said presented audio-visual slide,
PA1  wherein the audio-visual slides are located in a sequence corresponding to
      a branched learning format and each slide contains
PA1  a given number of predetermined response choices related to said correlated
      audio and visual information, and
PA1  a given number of projectable predetermined programs, each program
      individually relating a said response choice to a predetermined
      audio-visual slide having a predetermined location in said sequence;
PA1  wherein the audio-visual slide apparatus comprises
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from said audio-visual slide,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined audio-visual slide
      related to said selected predetermined response choice;
PA1  wherein each of the projectable predetermined programs of a given
      audio-visual slide includes
PA2  first indicia providing a binary number for indicating the number of
      audio-visual slides in said sequence that said predetermined audio-visual
      slide related to said predetermined response choice by said program is
      located in the sequence from the given audio-visual slide; and
PA1  wherein the positioning means includes
PA2  a stepping means for incrementally stepping the magazine a number of steps
      corresponding to said number of audio-visual slides in said sequence that
      said predetermined audio-visual slide is located in the sequence from the
      presented given audio-visual slide,
PA1  characterized by the control means comprising
PA1  counting means for counting the number of steps stepped by the stepping
      means; and
PA1  a registering means for registering the binary number provided by the first
      indicia of said sensed predetermined programs; and
PA1  comparing and gating means for comparing the counted number of steps with
      the registered binary number and for enabling the stepping means to
      repetitively incrementally step until the number of steps counted by the
      counting means equals the registered binary number.
NUM  2.
PAR  2. An audio-visual system wherein a plurality of audio-visual slides having
      correlated recorded audio and visual information and being removably
      located in a magazine are transported by positioning means within an
      audio-visual slide apparatus to present a given one of the audio-visual
      slides for providing correlated reproduced audio and projected visual
      information from said presented audio-visual slide,
PA1  wherein the audio-visual slides are located in a sequence corresponding to
      a branched learning format and each slide contains
PA2  a given number of predetermined response choices related to said correlated
      audio and visual information, and
PA2  a given number of projectable predetermined programs, each program
      individually relating a said response choice to a predetermined
      audio-visual slide having a predetermined location in said sequence;
PA1  wherein the audio-visual slide apparatus comprises
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from said audio-visual slide,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined audio-visual slide
      related to said selected predetermined response choice;
PA1  wherein each of the projectable predetermined programs of a given
      audio-visual slide includes
PA2  first indicia providing a binary number for indicating the number of
      audio-visual slides in said sequence that said predetermined audio-visual
      slide related to said predetermined response choice by said program is
      located in the sequence from the given audio-visual slide; and
PA1  wherein the positioning means includes
PA2  a stepping means for incrementally stepping the magazine a number of steps
      corresponding to said number of audio-visual slides in said sequence that
      said predetermined audio-visual slide is located in the sequence from the
      presented given audio-visual slide,
PAL  wherein the stepping means are bidirectional; wherein each of the
      projectable predetermined programs of a given audio-visual slide further
      includes second indicia for indicating the direction in the sequence of
      audio-visual slides that said predetermined audio-visual slide related to
      said predetermined response choice by said program is located in the
      sequence from the given audio-visual slide; and wherein the bidirectional
      stepping means are responsive to said sensed second indicia for stepping
      the magazine in the indicated direction,
PA1  characterized by the control means further comprising
PA1  a direction setting switching means for setting the stepping means in
      accordance with the second indicia of said sensed predetermined program to
      step the magazine in either a forward or a reverse direction corresponding
      to forward and reverse directions in the sequence of audio-visual slides.
NUM  3.
PAR  3. An audio-visual system wherein a plurality of audio-visual slides having
      correlated recorded audio and visual information and being removably
      located in a magazine are transported by positioning means within an
      audio-visual slide apparatus to present a given one of the audio-visual
      slides for providing correlated reproduced audio and projected visual
      information from said presented audio-visual slide,
PA1  wherein the audio-visual slides are located in a sequence corresponding to
      a branched learning format and each slide contains
PA2  a given number of predetermined response choices related to said correlated
      audio and visual information, and
PA2  a given number of projectable predetermined programs, each program
      individually relating a said response choice to a predetermined
      audio-visual slide having a predetermined location in said sequence;
PA1  wherein the audio-visual slide apparatus comprises
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from said audio-visual slide,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined audio-visual slide
      related to said selected predetermined response choice;
PA1  wherein each of the projectable predetermined programs of a given
      audio-visual slide includes
PA2  first indicia providing a binary number for indicating the number of
      audio-visual slides in said sequence that said predetermined audio-visual
      slide related to said predetermined response choice by said program is
      located in the sequence from the given audio-visual slide; and
PA1  wherein the positioning means includes
PA2  a stepping means for incrementally stepping the magazine a number of steps
      corresponding to said number of audio-visual slides in said sequence that
      said predetermined audio-visual slide is located in the sequence from the
      presented given audio-visual slide,
PA1  characterized by the control means including means for causing the audio
      information from a presented audio-visual slide to be repeated when said
      sensed first indicia indicate that the stepping means should step zero
      steps.
NUM  4.
PAR  4. An audio-visual system wherein a plurality of audio-visual slides having
      correlated recorded audio and visual information and being removably
      located in a magazine are transported by positioning means within an
      audio-visual slide apparatus to present a given one of the audio-visual
      slides for providing correlated reproduced audio and projected visual
      information from said presented audio-visual slide,
PA1  wherein the audio-visual slides are located in a sequence corresponding to
      a branched learning format and each slide contains
PA2  a given number of predetermined response choices related to said correlated
      audio and visual information, and
PA2  a given number of projectable predetermined programs, each program
      individually relating a said response choice to a predetermined
      audio-visual slide having a predetermined location in said sequence;
PA1  wherein the audio-visual slide apparatus comprises
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from said audio-visual slide,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined audio-visual slide
      related to said selected predetermined response choice;
PA1  wherein each of the projectable predetermined programs of a given
      audio-visual slide includes
PA2  first indicia providing a binary number for indicating the number of
      audio-visual slides in said sequence that said predetermined audio-visual
      slide related to said predetermined response choice by said program is
      located in the sequence from the given audio-visual slide; and
PA1  wherein the positioning means includes
PA2  a stepping means for incrementally stepping the magazine a number of steps
      corresponding to said number of audio-visual slides in said sequence that
      said predetermined audio-visual slide is located in the sequence from the
      presented given audio-visual slide,
PA1  characterized by the control means including means for causing an accessory
      device to be actuated when said sensed first indicia indicate that the
      stepping means should step zero steps.
NUM  5.
PAR  5. An audio-visual system wherein a plurality of audio-visual slides having
      correlated recorded audio and visual information and being removably
      located in a magazine are transported by positioning means within an
      audio-visual slide apparatus to present a given one of the audio-visual
      slides for providing correlated reproduced audio and projected visual
      information from said presented audio-visual slide,
PA1  wherein the audio--visual slides are located in a sequence corresponding to
      a branched learning format and each slide contains
PA2  a given number of predetermined response choices related to said correlated
      audio and visual information, and
PA2  a given number of projectable predetermined programs, each program
      individually relating a said response choice to a predetermined
      audio-visual slide having a predetermined location in said sequence;
PA1  wherein the audio-visual slide apparatus comprises
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from said audio-visual slide,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined audio-visual slide
      related to said selected predetermined response choice;
PA1  wherein each of the projectable predetermined programs of a given
      audio-visual slide includes
PA2  first indicia providing a binary number for indicating the number of
      audio-visual slides in said sequence that said predetermined audio-visual
      slide related to said predetermined response choice by said program is
      located in the sequence from the given audio-visual slide; and
PA1  wherein the positioning means includes
PA2  a stepping means for incrementally stepping the magazine a number of steps
      corresponding to said number of audio-visual slides in said sequence that
      said predetermined audio-visual slide is located in the sequence from the
      presented given audio-visual slide,
PAL  wherein the stepping means are bidirectional; and wherein each of the
      projectable predetermined programs of a given audio-visual slide further
      includes second indicia for indicating the direction in the sequence of
      audio-visual slides that said predetermined audio-visual slide related to
      said predetermined response choice by said program is located in the
      sequence from the given audio-visual slide; and wherein the bidirectional
      stepping means are responsive to said sensed second indicia for stepping
      the magazine in the indicated direction.
PA1  characterized by the control means including means for causing the audio
      information from a presented audio-visual slide to be repeated when said
      sensed first indicia indicate that the stepping means should step zero
      steps in one given direction and by the control means further including
      means for causing an accessory device to be actuated when said sensed
      first indicia indicate that the stepping means should step zero steps in
      the opposite direction.
NUM  6.
PAR  6. An audio-visual system wherein a plurality of audio-visual slides having
      correlated recorded audio and visual information and being removably
      located in a magazine are transported by positioning means within an
      audio-visual slide apparatus to present a given one of the audio-visual
      slides for providing correlated reproduced audio and projected visual
      information from said presented audio-visual slide,
PA1  wherein the audio-visual slides being located in a sequence corresponding
      to a branched learning format and each contains
PA2  a given number of predetermined response choices related to said correlated
      audio and visual information, and
PA2  a given number of projectable predetermined programs, each program
      individually relating a said response choice to a predetermined
      audio-visual slide having a predetermined location in said sequence;
PA1  wherein the audio-visual slide apparatus comprises
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from said audio-visual slide,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined audio-visual slide
      related to said selected predetermined response choice;
PA1  wherein each of a plurality of groups of adjacent audio-visual slides
      contains related information, with one audio-visual slide in each group
      being the sequentially first audio-visual slide for that group;
PA1  wherein either the locations of each such first audio-visual slide in the
      magazine or the individual first slides themselves, comprise
PA2  sensible means for indicating that such audio-visual slide is a first
      audio-visual slide; and
PA1  wherein the audio-visual slide apparatus further comprises
PA2  an operator-actuatable first audio-visual slide accessing means for causing
      the positioning means to reposition the magazine until a first
      audio-visual slide is detected in such position as to be removed from the
      magazine and presented for providing audio and visual information
      therefrom, which accessing means include
PA2  detector switching means positioned for detecting said sensible means, and
PA2  an access switching means enabled by the detector switching means for
      causing the positioning means to stop repositioning the magazine when a
      said sequentially first audio-visual slide is detected at such position.
NUM  7.
PAR  7. An audio-visual slide apparatus for providing correlated reproduced
      audio and projected visual information from a given presented audio-visual
      slide of a plurality of audio-visual slides having correlated recorded
      audio and visual information and being removably located in a magazine,
      wherein said audio-visual slides are positioned by positioning means to
      present said given one of the audio-visual slides, and wherein the slide
      apparatus is adapted for presenting audio-visual slides which are located
      in a sequence corresponding to a branched learning format wherein each
      audio-visual slide contains a given number of predetermined response
      choices related to said correlated audio and visual information, and a
      given number of projectable predetermined programs, each program
      individually relating to said response choice to a predetermined
      audio-visual slide having a predetermined location in said sequence,
PA1  the audio-visual slide apparatus comprising
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from said audio-visual slide,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined audio-visual slide
      related to said selected predetermined response choice;
PA1  wherein the slide apparatus is adapted for presenting given audio-visual
      slides wherein each of the projectable predetermined programs include
      first indicia providing a binary number for indicating the number of
      audio-visual slides in said sequence that said predetermined audio-visual
      slide related to said predetermined response choice by said program is
      located in the sequence from the given audio-visual slide;
PA2  wherein the positioning means includes a stepping means for stepping the
      magazine a number of steps corresponding to said number of audio-visual
      slides in said sequence that said predetermined audio-visual slide is
      located in the sequence from the presented given audio-visual slide; and
PA1  wherein the control means comprise
PA2  counting means for counting the number of steps stepped by the stepping
      means; and
PA2  a registering means for registering the binary number provided by the first
      indicia of said sensed predetermined program; and
PA1  comparing and gating means for comparing the counted number of steps with
      the registered binary number and for enabling the stepping means to
      repetitively incrementally step until the number of steps counted by the
      counting means equals the registered binary number.
NUM  8.
PAR  8. An audio-visual slide apparatus according to claim 7 wherein the
      stepping means are bidirectional,
PA1  characterized by being adapted for presenting audio-visual slides, wherein
      each of the projectable predetermined programs further includes
PA1  second indicia for indicating the direction in the sequences of
      audio-visual slides that said predetermined audio-visual slide related to
      said predetermined response choice by said program is located in the
      sequence from the given audio-visual slide; wherein the bidirectional
      stepping means are responsive to the sensed second indicia for stepping
      the magazine in the indicated direction.
NUM  9.
PAR  9. An audio-visual slide apparatus according to claim 8, characterized by
      the control means further comprising
PA1  a direction setting switching means for setting the stepping means in
      accordance with the second indicia of said sensed predetermined program to
      step the magazine in either a forward or a reverse direction corresponding
      to forward and reverse directions in the sequence of audio-visual slides.
NUM  10.
PAR  10. An audio-visual slide apparatus according to claim 7 characterized by
      the control means including means for causing the audio information from a
      presented audio-visual slide to be repeated when said sensed first indicia
      indicate that the stepping means should step zero steps.
NUM  11.
PAR  11. An audio-visual slide apparatus according to claim 7, characterized by
      being adapted for presenting audio-visual slides wherein the given number
      of predetermined response choices are included in a discrete section of
      the slide portion of each audio-visual slide; and by
PA1  the audio-visual slide apparatus further comprising
PA2  a shutter supported for either blocking the display of an image of said
      response choices or enabling the display of an image of said response
      choices.
NUM  12.
PAR  12. An audio-visual slide apparatus for providing correlated reproduced
      audio and projected visual information from a given presented audio-visual
      slide of a plurality of audio-visual slides having correlated recorded
      audio and visual information and being removably located in a magazine,
      wherein said audio-visual slides are positioned by positioning means to
      present said given one of the audio-visual slides, and wherein the slide
      apparatus is adapted for presenting audio-visual slides which are located
      in a sequence corresponding to a branched learning format wherein each
      audio-visual slide contains a given number of predetermined response
      choices related to said correlated audio and visual information, and a
      given number of projectable predetermined programs, each program
      individually relating a said response choice to a predetermined
      audio-visual slide having a predetermined location in said sequence,
PA1  the audio-visual slide apparatus comprising
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from said audio-visual slide,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined audio-visual slide
      related to said selected predetermined response choice;
PA1  wherein each of a plurality of groups of adjacent audio-visual slides
      contains related information, with one audio-visual slide in each group
      being the sequentially first audio-visual slide for that group; and
PA1  wherein the audio-visual slide apparatus further comprises an
      operator-actuatable first audio-visual slide accessing means for causing
      the positioning means to reposition the magazine until a first
      audio-visual slide is detected in such position as to be removed from the
      magazine and presented for providing audio and visual information
      therefrom, which accessing means include
PA2  detector switching means positioned for detecting sensible means on either
      such first audio-visual slides or on a said magazine at the locations of
      such first audio-visual slides, and
PA2  an access switching means enabled by the detector switching means for
      causing the positioning means to stop repositioning the magazine when a
      said sequentially first audio-visual slide is detected at such position.
NUM  13.
PAR  13. An audio-visual system wherein audio-visual media having a plurality of
      correlated recorded audio and visual information presentations are
      transported by positioning means within an audio-visual apparatus to
      present a given one of the correlated audio-visual presentations,
PA1  wherein the correlated audio-visual presentations are located in a sequence
      corresponding to a branched learning format and each presentation contains
PA2  a given number of predetermined response choices related to said correlated
      audio and visual information, and,
PA2  a given number of projectable predetermined programs, each program
      individually relating a said response choice to a predetermined correlated
      audio-visual presentation having a predetermined location in said
      sequence;
PA1  wherein the audio-visual presentation apparatus comprises
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from the presented correlated audio-visual presentation,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined correlated
      audio-visual presentation related to said selected predetermined response
      choice;
PA1  wherein each of the projectable predetermined programs of a given
      correlated audio-visual presentation includes
PA2  first indicia providing a binary number for indicating the number of
      correlated audio-visual presentations in said sequence that said
      predetermined correlated audio-visual presentation related to said
      predetermined response choice by said program is located in the sequence
      from the given correlated audio-visual presentation;
PA1  wherein the positioning means include stepping means for incrementally
      repositioning the audio-visual media a number of steps corresponding to
      said number of correlated audio-visual presentations in said sequence that
      said predetermined correlated audio-visual presentation is located in the
      sequence from the presented given correlated audio-visual presentation;
PA1  wherein each of the projectable predetermined programs of a given
      correlated audio-visual presentation further includes
PA2  second indicia for indicating the direction in the sequence of correlated
      audio-visual presentations that said predetermined correlated audio-visual
      presentations related to said predetermined response choice by said
      program is located in the sequence from the given correlated audio-visual
      presentation; and
PA1  wherein the positioning means are responsive to said sensed second indicia
      for stepping the audio-visual media in the indicated direction,
PA1  characterized by the control means comprising
PA1  counting means for counting the number of steps stepped by the stepping
      means; and
PA1  a registering means for registering a count in accordance with the binary
      number provided by the first indicia of said sensed predetermined program;
      and
PA1  comparing and gating means for comparing the counted number of steps with
      the registered binary number and for enabling the stepping means to
      repetitively incrementally step until the number of steps counted by the
      counting means equals the registered binary number.
NUM  14.
PAR  14. An audio-visual system wherein audio-visual media having a plurality of
      correlated recorded audio and visual information presentations are
      transported by positioning means within an audio-visual apparatus to
      present a given one of the correlated audio-visual presentations,
PA1  wherein the correlated audio-visual presentations are located in a sequence
      corresponding to a branched learning format and each presentation contains
PA2  a given number of predetermined response choices related to said correlated
      audio and visual information, and
PA2  a given number of projectable predetermined programs, each program
      individually relating a said response choice to a predetermined correlated
      audio-visual presentation having a predetermined location in said
      response;
PA1  wherein the audio-visual presentation apparatus comprises
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from the presented correlated audio-visual presentation,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined correlated
      audio-visual presentation related to said selected predetermined response
      choice;
PA1  wherein each of the projectable predetermined programs of a given
      correlated audio-visual presentation includes
PA2  first indicia providing a binary number for indicating the number of
      correlated audio-visual presentations in said sequence that said
      predetermined correlated audio-visual presentation related to said
      predetermined response choice by said program is located in the sequence
      from the given correlated audio-visual presentation;
PA1  wherein the positioning means include stepping means for incrementally
      repositioning the audio-visual media a number of steps corresponding to
      said number of correlated audio-visual presentations in said sequence that
      said predetermined correlated audio-visual presentation is located in the
      sequence from the presented given correlated audio-visual presentation;
PA1  wherein each of the projectable predetermined programs of a given
      correlated audio-visual presentation further includes
PA2  second indicia for indicating the direction in the sequence of correlated
      audio-visual presentations that said predetermined correlated audio-visual
      presentations related to said predetermined response choice by said
      program is located in the sequence from the given correlated audio-visual
      presentation; and
PA1  wherein the positioning means are responsive to said sensed second indicia
      for stepping the audio-visual media in the indicated direction
PA1  characterized by the control means further comprising
PA1  a direction setting switching means for setting the stepping means in
      accordance with the second indicia of said sensed predetermined program to
      step the audio-visual media in either a forward or a reverse direction
      corresponding to forward and reverse directions in the sequence of
      correlated audio-visual presentations.
NUM  15.
PAR  15. An audio-visual system wherein audio-visual media having a plurality of
      correlated recorded audio and visual information presentations are
      transported by positioning means within an audio-visual apparatus to
      present a given one of the correlated audio-visual presentations,
PA1  wherein the correlated audio-visual presentations are located in a sequence
      corresponding to a branched learning format and each presentation contains
PA2  a given number of predetermined response choices related to said correlated
      audio and visual information, and
PA2  a given number of projectable predetermined programs, each program
      individually relating a said response choice to a predetermined correlated
      audio-visual presentation having a predetermined location in said
      sequence;
PA1  wherein the audio-visual presentation apparatus comprises
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from the presented correlated audio-visual presentation,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined correlated
      audio-visual presentation related to said selected predetermined response
      choice;
PA1  wherein each of the projectable predetermined programs of a given
      correlated audio-visual presentation includes
PA2  first indicia providing a binary number for indicating the number of
      correlated audio-visual presentations in said sequence that said
      predetermined correlated audio-visual presentation related to said
      predetermined response choice by said program is located in the sequence
      from the given correlated audio-visual presentation;
PA1  wherein the positioning means include stepping means for incrementally
      repositioning the audio-visual media a number of steps corresponding to
      said number of correlated audio-visual presentations in said sequence that
      said predetermined correlated audio-visual presentation is located in the
      sequence from the presented given correlated audio-visual presentation;
PA1  wherein each of the projectable predetermined programs of a given
      correlated audio-visual presentation further includes
PA2  second indicia for indicating the direction in the sequence of correlated
      audio-visual presentations that said predetermined correlated audio-visual
      presentations related to said predetermined response choice by said
      program is located in the sequence from the given correlated audio-visual
      presentation; and
PA1  wherein the positioning means are responsive to said sensed second indicia
      for stepping the audio-visual media in the indicated direction,
PA1  characterized by the control means including means for causing the audio
      information from a presented correlated audio-visual presentation to be
      repeated when said sensed first indicia indicate that the stepping means
      should step zero steps.
NUM  16.
PAR  16. An audio-visual system wherein audio-visual media having a plurality of
      correlated recorded audio and visual information presentations are
      transported by positioning means within an audio-visual apparatus to
      present a given one of the correlated audio-visual presentations,
PA1  wherein the correlated audio-visual presentations are located in a sequence
      corresponding to a branched learning format and each presentation contains
PA2  a given number of predetermined response choices related to said correlated
      audio and visual information, and
PA2  a given number of projectable predetermined programs, each program
      individually relating a said response choice to a predetermined correlated
      audio-visual presentation having a predetermined location in said
      sequence;
PA1  wherein the audio-visual presentation apparatus comprises
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from the presented correlated audio-visual presentation,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined correlated
      audio-visual presentation related to said selected predetermined response
      choice;
PA1  wherein each of the projectable predetermined programs of a given
      correlated audio-visual presentation includes
PA2  first indicia providing a binary number for indicating the number of
      correlated audio-visual presentations in said sequence that said
      predetermined correlated audio-visual presentation related to said
      predetermined response choice by said program is located in the sequence
      from the given correlated audio-visual presentation;
PA1  wherein the positioning means include stepping means for incrementally
      repositioning the audio-visual media a number of steps corresponding to
      said number of correlated audio-visual presentations in said sequence that
      said predetermined correlated audio-visual presentation is located in the
      sequence from the presented given correlated audio-visual presentation;
PA1  wherein each of the projectable predetermined programs of a given
      correlated audio-visual presentation further includes
PA2  second indicia for indicating the direction in the sequence of correlated
      audio-visual presentations that said predetermined correlated audio-visual
      presentations related to said predetermined response choice by said
      program is located in the sequence from the given correlated audio-visual
      presentation; and
PA1  wherein the positioning means are responsive to said sensed second indicia
      for stepping the audio-visual media in the indicated direction,
PA1  characterized by the control means including means for causing an accessory
      device to be actuated when said sensed first indicia indicate that the
      stepping means should step zero steps.
NUM  17.
PAR  17. An audio-visual system wherein audio-visual media having a plurality of
      correlated recorded audio and visual information presentations are
      transported by positioning means within an audio-visual apparatus to
      present a given one of the correlated audio-visual presentations,
PA1  wherein the correlated audio-visual presentations are located in a sequence
      corresponding to a branched learning format and each presentation contains
PA2  a given number of predetermined response choices related to said correlated
      audio and visual information, and
PA2  a given number of projectable predetermined programs, each program
      individually relating a said response choice to a predetermined correlated
      audio-visual presentation having a predetermined location in said
      sequence;
PA1  wherein the audio-visual presentation apparatus comprises
PA2  selection means for enabling an operator to select one of said given number
      of predetermined response choices,
PA2  projection means for projecting said given number of predetermined programs
      from the presented correlated audio-visual presentation,
PA2  sensing means responsive to the operation of the selection means for
      sensing the one of said projected predetermined programs which is related
      to said selected response choice, and
PA2  control means responsive to the operation of the selection means for
      controlling the positioning means in accordance with said sensed
      predetermined program to present said predetermined correlated
      audio-visual presentation related to said selected predetermined response
      choice;
PA1  wherein each of the projectable predetermined programs of a given
      correlated audio-visual presentation includes
PA2  first indicia providing a binary number for indicating the number of
      correlated audio-visual presentations in said sequence that said
      predetermined correlated audio-visual presentation related to said
      predetermined response choice by said program is located in the sequence
      from the given correlated audio-visual presentation;
PA1  wherein the positioning means include stepping means for incrementally
      repositioning the audio-visual media a number of steps corresponding to
      said number of correlated audio-visual presentations in said sequence that
      said predetermined correlated audio-visual presentation is located in the
      sequence from the presented given correlated audio-visual presentation;
PA1  wherein each of the projectable predetermined programs of a given
      correlated audio-visual presentation further includes
PA2  second indicia for indicating the direction in the sequence of correlated
      audio-visual presentations that said predetermined correlated audio-visual
      presentations related to said predetermined response choice by said
      program is located in the sequence from the given correlated audio-visual
      presentation; and
PA1  wherein the positioning means are responsive to said sensed second indicia
      for stepping the audio-visual media in the indicated direction,
PA1  characterized by the control means including means for causing the audio
      information from a presented audio-visual slide to be repeated when said
      sensed first and second indicia indicate that the stepping means should
      step zero steps in one given direction and by the control means further
      including means for causing an accessory device to be actuated when said
      sensed first and second indicia indicate that the stepping means should
      step zero steps in the opposite direction.
PATN
WKU  039422704
SRC  5
APN  4948718
APT  1
ART  257
APD  19740805
TTL  Simulation of visual blackout due to aircraft maneuvering
ISD  19760309
NCL  42
ECL  1
EXP  Bauer; Edward S.
NDR  5
NFG  13
INVT
NAM  Hoyt; Carl E.
CTY  Vestal
STA  NY
INVT
NAM  Hale; Timothy E.
CTY  Kirkwood
STA  NY
ASSG
NAM  The Singer Company
CTY  New York
STA  NY
COD  02
CLAS
OCL   35 12N
XCL  350160LC
XCL    2  6
EDF  2
ICL  G09B  908
FSC   35
FSS  12 N;12 G
FSC  350
FSS  160 LC
FSC    2
FSS  6;15
UREF
PNO  3675344
ISD  19720700
NAM  Williams
OCL   35 12N
UREF
PNO  3675988
ISD  19720700
NAM  Soref
OCL  350160LC
UREF
PNO  3741629
ISD  19730600
NAM  Kahn
OCL  350160LC
UREF
PNO  3772874
ISD  19731100
NAM  Lefkowitz
XCL  350160LC
LREP
FR2  Duffy; James F.
FR2  Kesterson; James C.
ABST
PAL  A means of simulating loss of peripheral vision and the eventual total
      black-out experienced by a pilot, undergoing high acceleration forces
      while maneuvering an aircraft is disclosed. The simulation is achieved by
      modifying the pilot's helmet by incorporating thereon a variable optical
      device which when excited causes a reduction of pilot vision. The
      reduction in vision is progressive, in direct proportion to the level of
      excitation applied, which excitation itself is directly proportional to
      the acceleration forces simulated.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein described was made in the course of or under a
      contract, or subcontract thereunder, with the Department of the Air Force.
BSUM
PAR  The cost of today's aircraft and their complexity make it almost mandatory
      that simulator devices be employed in training pilots to be certain that
      the training presented is as broad as possible while limiting risks of
      damage to public, to crew and to the aircraft itself. An effective flight
      simulator will, to the greatest extent possible, surround the
      pilot-trainee with the sights, sounds, and motions associated with the
      actual aircraft such that he will tend to forget the fact that he is in a
      trainer and he will react as he would in actual flight.
PAR  In flight under high-g acceleration stresses a pilot may black-out and then
      lose consciousness. Part of the physiological process of blacking-out is
      to experience tunnel vision. An experienced pilot learns to judge how
      close he is to black-out by the extent of his peripheral vision loss.
PAR  Prior attempts to simulate pilot's loss of peripheral vision during
      high-g-simulated maneuvers have assumed that the pilot would be
      continually looking in some preferred direction. The view of the simulated
      outside world presented to the pilot was darkened beginning at the
      periphery of his assumed visual aspect. Since the pilot could move his
      head, the cone of clear vision did not remain before him. In addition, as
      the outside view darkened the pilot's normal reaction was to shift to
      instrument flight. The prior methods of simulating loss of peripheral
      vision were totally unsatisfactory as either a realistic simulation of the
      physiological reaction or as a technique for limiting the pilot trainee's
      ability to function.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides the means for obtaining a regular, progressive
      change in a pilot's field of vision by systematically occulting his line
      of sight as he manipulates the controls of a simulated vehicle,
      maneuvering the simulated craft through regions of high simulated
      g-stresses.
PAR  One embodiment of this invention affects the transmission characteristics
      of variable optical media (VOM) by establishing a gradient in the
      excitation applied across the VOM or by providing a graded variation in
      the thickness of the VOM.
PAR  Another embodiment decreases the pilot's field of vision by interposing
      from either side of his line of sight, a shaded visor having a graded
      variation in density.
PAR  Often a computer or a mechanically programmed selection matrix is provided
      as a means of controlling the magnitude and application situs of
      excitation to the VOM or for controlling the depth of penetration of each
      visor into the pilot's vision field.
PAR  The techniques here disclosed for VOM devices may be employed to affect
      visual stimulation which may be further enhanced by choice of the shape,
      size and location of the electrodes selected. In addition these techniques
      do not limit the VOM to devices having flat planar surfaces but may be
      employed with complex shapes, such as the curved visor of a pilot's
      helmet, as well.
PAR  Therefore, it is an object of this invention to provide a training device
      whereby a standard flight helmet is modified so as to simulate the on-set
      of progressive tunnel vision as experienced by a pilot undergoing high
      acceleration forces.
PAR  It is another object of this invention to overcome the shortcomings of the
      prior art by simulating the psysiological process of progressive
      peripheral vision loss to a degree never before achieved.
PAR  Further objectives for use of the invention in controlling light intensity,
      data display and eye stimulation, will be apparent upon reading the
      description of the preferred embodiments.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the visor of a pilot's standard flight helmet.
PAR  FIG. 2 is a cross section of the helmet visor showing a thickness gradient
      of the VOM layer.
PAR  FIG. 3 shows a standard flight helmet.
PAR  FIG. 4 illustrates the visor modified as a training device in a flight
      simulator.
PAR  FIG. 5 indicates a method of achieving a gradient in the excitation voltage
      applied across the VOM layer using discrete electrodes.
PAR  FIG. 6 illustrates the use of combination electrodes to produce a
      distributed voltage gradient across the VOM layer.
PAR  FIG. 7 is a cross section of the helmet visor modified to produce a
      distributed voltage gradient by use of combination electrodes.
PAR  FIG. 8 illustrates the standard flight helmet modified with blackout visors
      and protective fiberglass cover.
PAR  FIG. 9 is a top view of the helmet of FIG. 8.
PAR  FIG. 10 is a side view of the helmet of FIG. 8.
PAR  FIG. 11 illustrates the visor positions at the on-set of tunnel vision
      simulation.
PAR  FIG. 12 indicates the visor position as simulated black-out is approached.
PAR  FIG. 13, similar to FIG. 4, shows the modified helmet used as a training
      device in a flight simulator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Variable optical media (VOM) such as liquid crystals and electrooptic
      material have been used in the past to obtain color changes or to affect
      the transmission or reflection of light. Liquid crystals are known to
      react to various forms of excitation such as electrical, mechanical,
      thermal, magnetic, etc. Electro-optic materials react to a voltage applied
      across them. When excited, the optical transmission characteristics of VOM
      devices are affected.
PAR  The VOM in the embodiments of the invention herein disclosed will be a
      liquid crystal whose optical transmission characteristic is caused to vary
      from transparent-clear to diffuse-opaque upon application of a voltage
      means of excitation. The invention however is not limited to using liquid
      crystals as the VOM but various optical media may be employed and the
      transmission characteristic of the medium used may vary from
      diffuse-opaque to transparent-clear; from colorless to colored; from
      reflecting to transmitting or transmitting to reflecting; from polarized
      to non-polarized or vice versa upon application of suitable means for
      exciting the desired variation in the particular VOM chosen, regardless of
      whether the means required to excite that particular medium be electrical,
      mechanical, thermal, light, magnetic or other form of excitation.
PAR  Uniformity of change in optical transmission qualities is characteristic of
      VOM devices constructed in accord with prior art in which each element of
      the device lies in a plane parallel to that in which each other element
      lies such that the VOM layer has a uniform cross section. When a voltage
      is applied across a VOM layer of non-varying thickness its optical
      transmission characteristic is affected uniformly, the degree of change
      being relative to the level of excitation (typically 10v to 60v, ac or
      dc). However, as taught in accordance with one embodiment of this
      invention, the VOM is not of uniform thickness, as advocated by such prior
      art, but has a predetermined variation in thickness, typical thickness
      values being 1/2 to 5 mils.
PAR  This departure from a sandwich construction of parallel planar elements
      causes the VOM to change its transmission qualities in a non-uniform
      manner upon application of a voltage across the VOM layer. As the level of
      excitation is increased, the change in the optical transmission
      characteristic of the VOM occurs first in the thicker portion of the VOM
      layer. This change, say from transparent-clear to diffuse-white, moves in
      a regular, progressive manner from the thicker to the thinner portions of
      the leyer as the level of excitation is further increased. The ability to
      have a progressive change in the optical transmission character of the VOM
      chosen lends itself to construction of devices having apparent movement
      such as light shutters; windows which may be darkened progressively from,
      for example, top to bottom as one would draw a shade; and moving displays
      for the display of varying data, for example, a bar graph, or for visual
      stimulation of the viewer.
PAR  Being able to achieve a progressive change in optical characteristics
      coupled with the fact that the teachings of this disclosure are not
      restricted to devices made up of elements having planar surfaces make
      possible the construction of the embodiment of the invention hereinafter
      described. Since the surfaces of the devices involved may be curved so
      that light impinging from one or more given directions is first affected
      by the variation in the optical transmission characteristic of the VOM,
      the present teachings may be applied so as to modify a visor of a pilot's
      flight helmet so that the wearer of that visor can be made to experience
      the simulated effect of the onset of progressive tunnel vision.
PAR  FIGS. 1 and 2 illustrate this latter concept. The standard pilot's flight
      helmet, FIG. 3, accepts a visor similar to that depicted in FIG. 1. The
      visor illustrated is here modified, as shown in FIG. 2 in accordance with
      this invention. Transparent retaining plates 1a and 1b are formed with
      curved surfaces which are similar to those of an unmodified visor.
      Conductive transparent electrodes 2a and 2b, for example, gold or tin
      oxide, are deposited on the inner surfaces of 1a and 1b respectively. The
      surfaces are curved in a manner which allows a gap to remain between
      retaining plates 1a and 1b when the visor is assembled. The gap varies
      from approximately 1/2 mil at the central portion of the modified visor
      assembly to approximately 5 mils at the peripheral edges. This void is
      filled with a VOM 3, for example, a nematic liquid crystal such as
      p-methoxybenylidine-p-n-butylaniline. When a voltage is applied from
      source of excitation 4 the transparent-clear liquid crystal becomes
      diffuse-white first at the edges of the visor. As the excitation is
      increased, the area of diffusion grows progressively from the edges of the
      visor toward the central portion. The effect upon a pilot wearing this
      visor is that his peripheral vision is reduced in a regular, progressive
      manner as the excitation of the variable optical medium is increased.
PAR  The modified visor is provided with visor-guides 5a and 5b which are
      accepted by the visor cover tracks 6a and 6b of a standard flight helmet
      as shown in FIG. 3. The visor is thus adaptable for use with a pilot's own
      personal helmet. The pilot is little aware of any change from the helmet
      and visor combination he normally utilizes.
PAR  When the visor, as modified, is used in conjunction with an aircraft
      simulator training device, and the source of excitation 4 is susceptable
      to computer control 7, as indicated in FIG. 4, the reduction in pilot's
      peripheral vision can be made a function of the simulated flight
      acceleration loads as dictated by the computer in response to the pilot's
      control of the simulator stick 8, rudder peddles 9 and throttle 10. Thus,
      if the "pilot" of the simulator maintains or increases the acceleration
      factors, his vision can be reduced to the point of black-out. As in actual
      flight under high-g stresses, the "pilot" of the simulator learns to
      control his maneuvers by the degree of reduction in his peripheral vision.
      The modified visor becomes a valuable element in pilot training since
      there are no distracting contrivances to interfere with the
      pilot-trainee's psychological involvement with the simulator aircraft.
PAR  A gradient to achieve a regular, progressive variation of change in the
      optical transmission characteristic of the VOM chosen may also be obtained
      in other ways. Just as a gradation of thickness in the VOM layer led to a
      progressive change of optical characteristics, so too may a voltage
      gradient be utilized across a VOM consisting of electro-optical material
      or voltage activated liquid crystal to achieve the same result. Again, if
      the VOM is susceptable to other means of excitation, a gradient in the
      level of that particular excitation, as applied across the VOM, will
      result in a progressive change in the optical characteristics of the VOM
      selected.
PAR  FIG. 5 illustrates one method of obtaining a voltage gradient across the
      VOM. For simplicity only one retaining plate and its associated deposited
      transparent electrode are shown. The transparent retaining plate 1c has a
      transparent conducting surface 2 deposited upon it. This conducting
      surface is then selectively removed, for example, by photo etching, or the
      like, to provide several independent electrodes: for example 2c through 2i
      inclusive. The actual configuration of the electrodes will vary as the
      purpose of the device requires. Each of the electrodes is connected
      through selection matrix 11 to source of excitation 4. The selection
      matrix 11 is connected to matrix controller 12 by which means the sequence
      in which each electrode 2c-2i is energized is selected.
PAR  Assume for illustration purposes that the VOM chosen is a nematic liquid
      crystal of the type already indicated whose optical characteristics change
      when a voltage is impressed across it. By sequentially applying a voltage
      first to electrode 2c then to each electrode in turn until electrode 2i is
      energized the change in the optical characteristic of the liquid crystal
      will be progressive from top to bottom of the figure illustrated. By
      energizing electrodes 2c and 2i simultaneously, and then in sequence
      energizing electrode pairs 2d and 2h, 2e and 2g, then finally electrode
      2f, the change in the crystal characteristics will proceed simultaneously
      from both top and bottom edges toward the center of the figure
      illustrated. As may be readily seen this technique lends itself directly
      to the modification of a pilot's flight helmet visor as before mentioned.
      In this instance however, the VOM layer of FIG. 2 is uniform of thickness
      and the transparent electrodes consist of multiple independent electrodes
      energized by source 4 through selection matrix 11 which in turn is
      controlled by computer 7 as previously taught in FIG. 5.
PAR  A voltage gradient may be created in a more distributed fashion than by use
      of multiple discrete electrodes as just illustrated. For ease of
      illustration, FIG. 6 shows only the combination of electrodes required on
      each retaining plate to obtain a voltage gradient across the VOM. In FIG.
      6 the electrode indicated as 13 consists of material of high conductivity,
      such as copper, while the transparent electrode 14 consists of a high
      resistivity material. Tin oxide lends itself to the latter purpose since
      it may be deposited so as to yield resistances of from a few ohms to
      several thousand ohms per square.
PAR  When a voltage is applied to electrode 13 of FIG. 6 and its complimentary
      electrode on the opposing retaining plate, a voltage gradient is
      established across the VOM layer which decreases in amplitude as a
      function of the resistivity of the transparent electrode and the distance
      from electrode 13. Thus if, as before, the VOM chosen is a nematic liquid
      crystal, the crystal will begin to become diffuse-white in the immediate
      vicinity of electrode 13 when voltage excitation is first provided.
      Increasing the level of that excitation will cause the area of diffusion
      to progress throughout the VOM layer.
PAR  FIG. 7 illustrates the application of distributed voltage gradient
      excitation to the visor of the standard Pilot's helmet shown in FIG. 1. In
      this embodiment the transparent retaining plates 1d and 1e again conform
      to the complex curvature of the standard visor and again the thickness of
      the VOM 3 is uniform throughout the device. High resistivity, transparent
      electrodes 14 are deposited over the inner surfaces of the visor plates
      while high conductivity electrodes 13a and 13b are located at the edges.
      Applying a voltage across electrodes 13a and 13b establishes a gradient of
      voltage across VOM layer 3 which decreases in magnitude as the central
      area of the layer is approached. Again, if the VOM selected is a nematic
      crystal, application of voltage across electrodes 13a and 13b will cause
      the VOM to become diffuse-white first in the immediate vicinity of these
      electrodes. As the magnitude of the applied voltage is increased, the area
      of diffusion increases in size, progressing toward the central area of the
      visor. In this manner the on-set of tunnel vision may be simulated for a
      pilot trainee using an aircraft simulator trainer, as heretofore
      described.
PAR  Kahn, in U.S. Pat. No. 3,741,629 issued June 26, 1973, discussed
      "Electronically Variable Iris or Stop Mechanisms" wherein,". . . (o)ne of
      the electrodes comprises a high resistivity transparent section bounded by
      a low resistivity annular section." He discloses the use of planar
      electrodes and his combination low and high resistivity sections of each
      combination electrode are coplanar as well. The invention herein described
      is not limited to planar devices but, as taught herein, may be used with
      complex curved surfaces, nor is the present invention limited to voltage
      gradients that have a radial distribution as Kahn's specification seems to
      be.
PAR  As is well known to those versed in the art, the VOM materials selected may
      react adversely with the electrodes deposited on the retaining plates. For
      this reason it is standard practice to deposit a thin dielectric layer
      between the electrodes and the VOM to prevent actual contact of these
      surfaces. Because the use of such a dielectric layer is known to the prior
      art, it has not been illustrated, for the sake of simplicity, in any of
      the figures used herein.
PAR  The present teaching may also be applied so as to modify a pilot's flight
      helmet so that the wearer of the helmet can be made to experience the
      simulated effect of the onset of progressive tunnel vision and black-out
      due to the imposition of shaded visors into his field of view.
PAR  The general arrangement is shown in FIGS. 8, 9 and 10. The visors are
      stowed at the helmet's sides when the simulated flight condition would
      call for no reduction of peripheral vision. As the simulated aircraft load
      factor approaches the tunnel vision/black-out boundary, a motor mounted on
      top of the helmet moves the visors from the stowed position. The visors
      progressively cover more of the pilot's face as he increases the load
      factor.
PAR  FIG. 8 is a full front view of the modified helmet showing the concept of
      how the helmet is worn and the technique of positioning the visor in the
      wearer's field of vision. The drive mechanism 15 is maintained on top of
      the standard helmet. The mechanism is protected with a fiberglass cover
      16. The maximum outside dimensions of fiberglass cover 16 are
      approximately the same as that of the standard helmet except for two
      corners which will be slightly outside the standard contour of the
      unmodified helmet.
PAR  FIG. 9 is a top section of the modified helmet showing in greater detail
      the drive mechanism 15 which consists of DC motor 17 and "O" ring slip
      clutch 18. Indicated also in FIG. 9 are the active and the stowed
      positions of the visor 19A and 19B respectively. In the stowed position
      19B the visor is drawn to the side of the helmet and is out of the pilot's
      field of vision. In the active position 19A it moves forward and into his
      field of vision. FIG. 10 is a side view of the modified helmet and
      indicates the stowed position 19B of the visor in a manner easier to
      conceptualize than was shown in FIG. 9.
PAR  If the unmodified helmet, FIG. 3, is equipped with a standard visor and
      visor cover, these are removed and replaced with the blackout visor
      mechanism 15. The blackout visors are driven by DC motor 17 which is
      capable of closing the visors 19 in less than three seconds. DC motor 17
      transmits torque to a chain drive through "O" ring slip clutch 18. The
      clutch slips if the visor is jammed. For instance, the clutch will slip
      before injuring the pilot if he has his hand on his forehead when the
      visors are trying to close. A follow-up potentiometer 20 is mounted on
      chain sprocket shaft 21 to provide a visor-position-signal to a control
      system such as a computer. If a computer is used the computer program
      contains the motion profile of the aircraft being simulated and generates
      a visor-position-command as a function of the simulated aircraft load
      factor. This visor-position-command causes drive motor 17 to move the
      visors 19 until they reach a position analogous to the degree of vision
      reduction expected with the particular simulated aircraft load factor. At
      that point the visor-position-signal instructs the computer to cut off the
      visor drive and visor motion ceases.
PAR  Available data indicate that pilot blackout tolerance levels vary from
      pilot to pilot. This tolerance level is included as a variable in the
      computer program and is adjustable from an instructor's console in the
      aircraft simulator.
PAR  FIGS. 11 and 12 indicate the operation of the visors in simulating tunnel
      vision/blackout. The visor has a cut back and a tinted area the exact
      shape of which are determined empirically after conferring with pilots who
      have experienced blackout under high acceleration stress conditions. FIG.
      11 indicates that position under which the onset of tunnel vision has
      occurred. Here, the pilot's field of vision is somewhat constricted by
      visors 19. In FIG. 12, having experienced the onset of tunnel vision shown
      in FIG. 11, the pilot, by continuing to handle his simulated aircraft
      under sustained or increasing simulated high-g stress conditions, has
      progressed from the initial onset of tunnel vision to the point at which
      his vision is not only restricted but the amount of light reaching his
      eyes is also reduced by the tinting of visors 19. If he continues to
      maintain the controls of the aircraft trainer so as to further experience
      such high-g simulated forces visors 19 will completely black-out his
      vision.
PAR  When the helmet, as modified, is used in conjunction with an aircraft
      simulator training device, and the motor drive is susceptable to computer
      control, as indicated in FIG. 13, the reduction in pilot's peripheral
      vision can be made a function of the simulated flight acceleration loads
      as dictated by the computer in response to the pilot's manipulation of the
      simulator stick 8, rudder peddles 9 and throttle 10. Thus, if the "pilot"
      of the simulator maintains or increases the acceleration factors, his
      vision can be reduced to the point of black-out. As in actual flight under
      high-g stresses, as stated before, the "pilot" of the simulator learns to
      control his maneuvers by the degree of reduction in his peripheral vision.
      The modified helmet, by simulating tunnel vision and blackout, becomes a
      valuable element in pilot training.
PAR  While there have been described what is at present considered to be
      preferred embodiments of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention, and it is therefore intended
      to cover herein all such changes and modifications as fall within the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for simulating the progressive degradation of vision
      experienced by a person undergoing acceleration stresses, said apparatus
      comprising:
PA1  a. means for providing signals representative of selected acceleration
      forces;
PA1  b. optical means for selectably controlling the area of clear optical
      transmission therethrough, and being sensitive to variable excitation for
      varying the size of said area of clear optical transmission;
PA1  c. means responsive to said signals for providing said excitation to said
      optical means such that said area of clear light transmission therethrough
      is progressively decreased in response to first acceleration forces and
      progressively increased in response to second acceleration forces; and
PA1  d. means for mounting said optical means with respect to said person such
      that said person experiences a change in his field of view as said area of
      clear optical transmission changes.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said optical means includes a layer of
      an optical medium contained between two outermost transparent layers such
      that said area of clear optical transmission varies in a regular,
      progressive manner in accordance with a gradient established across said
      optical medium layer such that said progression proceeds from selected
      regions of said layer toward other selected regions of said layer.
NUM  3.
PAR  3. The apparatus of claim 2 whereby said gradient is established by
      controlling the variation in the thickness of the layer of said optical
      medium.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said gradient is established by
      controlling the variation in the thickness of the layer of said medium and
      said variable excitation is a variable voltage across said gradient.
NUM  5.
PAR  5. The apparatus of claim 2 wherein said optical means is a visor fitted to
      a helmet worn by a person while said progressive degradation of vision is
      simulated.
NUM  6.
PAR  6. The apparatus of claim 2 wherein said gradient established is a voltage
      gradient, said variable excitation being a variable voltage impressed
      across said optical medium by means of electrodes which consist of highly
      conductive segments in contact with highly resistive segments of the
      electrodes.
NUM  7.
PAR  7. The apparatus of claim 2 wherein said gradient established is a voltage
      gradient, said variable excitation being a variable voltage impressed
      across said optical medium by transparent electrodes made up of discrete
      segments, said variable voltage being applied to said discrete electrode
      segments through a selection matrix which matrix is controlled to sequence
      the application of said voltage among said electrode segments.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said means for providing signals
      comprises:
PA1  a trainee station having controls characteristic of a vehicle to be
      simulated; and
PA1  means responsive to movement of said simulated vehicle controls for
      providing said signals.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said optical means is a visor fitted to
      a helmet worn during operation of the vehicle being simulated, said visor
      including a layer of an optical medium between two outermost transparent
      layers.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said optical means consists of a
      movable visor such that said area of clear optical transmission varies in
      a regular progressive manner in accordance with movement of said visor
      across said person's line of vision.
NUM  11.
PAR  11. The apparatus of claim 1 wherein said means for providing signals
      comprises a trainee station having controls characteristic of a vehicle to
      be simulated; and
PA1  computing means responsive to movement of said simulated vehicle controls
      and programmed with motion profile of the vehicle being simulated such
      that said selected acceleration forces represented by said signals are
      characteristic of the acceleration forces actually experienced by a
      vehicle of the type being simulated.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said optical means includes a layer
      of an optical medium contained between two outermost transparent layers
      such that the area of clear light transmission varies in a regular
      progressive manner in accordance with a gradient established across said
      optical medium layer whereby said progression proceeds from selected
      regions of said layer toward other selected regions of said layer.
NUM  13.
PAR  13. The apparatus of claim 12 whereby said gradient is established by
      controlling the variation in the thickness of the layer of said optical
      medium.
NUM  14.
PAR  14. The apparatus of claim 12 wherein said gradient is established by
      controlling the variation in thickness of the layer of said medium and
      said variable excitation is a variable voltage across said gradient.
NUM  15.
PAR  15. The apparatus of claim 12 wherein said optical means is a visor fitted
      to a helmet worn during operation of the vehicle being simulated.
NUM  16.
PAR  16. The apparatus of claim 12 wherein said gradient established is a
      voltage gradient in that the said variable excitation is a variable
      voltage impressed across said optical medium by means of electrodes which
      consist of highly conductive segments in contact with highly resistive
      segments said voltage being applied directly to the highly conductive
      segments of the electrodes.
NUM  17.
PAR  17. The apparatus of claim 12 wherein said gradient established is a
      voltage gradient in that the said variable excitation is a variable
      voltage impressed across said optical medium by transparent electrodes
      made up of discrete segments, said variable voltage being applied to said
      discrete electrode segments through a selection matrix which matrix is
      controlled by said computing means to sequence the application of said
      voltage among said electrode segments.
NUM  18.
PAR  18. The apparatus of claim 11 wherein said optical means consists of a
      movable visor such that said area of clear optical transmission varies in
      a regular progressive manner in accordance with movement of said visor
      across said person's line of vision.
NUM  19.
PAR  19. The apparatus of claim 1 wherein said optical means consists of a
      movable visor such that said area of clear optical transmission varies in
      a regular progressive manner in accordance with movement of said visor
      across said person's line of vision.
NUM  20.
PAR  20. Apparatus for causing the variation of the optical transmission
      characteristic of a variable optical medium to progress from selected
      areas of said variable optical medium toward other predetermined areas of
      said medium, said apparatus comprising:
PA1  means for applying a variable excitation force to said variable optical
      medium; and
PA1  means for establishing a gradient across said layer of said medium;
PAL  wherein the gradient established is a graded variation in the thickness of
      said variable optical medium layer such that upon application of the
      variable excitation the change in optical transmission characteristic
      progresses from the thicker to the thinner portions of said layer; and
PA1  means for mounting said variable optical medium with respect to a person
      such that said person experiences a change in his field of view as the
      area of clear optical transmission of said variable optical medium varies
      in response to simulated acceleration forces.
NUM  21.
PAR  21. Apparatus for achieving a progressive variation of the optical
      transmission characteristic of a variable optical medium, such that upon
      application of a variable excitation force said variation progresses from
      selected portions of said variable optical medium toward other,
      predetermined areas of said medium said apparatus comprising:
PA1  voltage means for providing said variable excitation;
PA1  first and second electrodes on either side of said optical medium, said
      electrodes consisting of highly conductive segments in contact with highly
      resistive segments; and
PA1  means for impressing said variable voltage across said optical medium by
      applying said voltage directly to the highly conductive segments of the
      electrodes; and
PA1  means for mounting said variable optical medium with respect to a person
      such that said person experiences a change in his field of view as the
      area of clear optical transmission of said variable optical medium varies
      in response to simulated acceleration forces.
NUM  22.
PAR  22. A method of simulating the degradation of vision experienced by a
      person undergoing high acceleration forces which method comprises the
      steps of:
PA1  providing signals representative of selected acceleration forces;
PA1  supplying an optical device sensitive to variable excitation for
      selectively controlling light transmission;
PA1  providing said excitation to said optical device such that an area of clear
      optical transmission is progressively deminished in response to first
      acceleration forces and progressively increased in response to second
      acceleration forces; and
PA1  mounting said optical device with respect to said person such that said
      person experiences a change in his field of view as said area of clear
      optical transmission changes.
NUM  23.
PAR  23. The method of claim 22 wherein the optical device consists of an
      optical medium constrained between two transparent retaining layers and
      comprising the further step of establishing a gradient across the layer of
      said optical medium, controlling said area of clear optical transmission
      in a graded, progressive manner.
NUM  24.
PAR  24. The method of claim 23 wherein said gradient is established by
      providing a controlled variation in the thickness of said layer of said
      optical medium.
NUM  25.
PAR  25. The method of claim 23 wherein said gradient is established by
      providing a controlled variation in thickness of the layer of said optical
      medium and a variable voltage provides said variable excitation.
NUM  26.
PAR  26. The method of claim 23 further comprising the step of shaping the said
      two transparent retaining layers to substantially conform to the front and
      rear surface configuration of a visor fitted to a helmet worn while said
      progressive degradation of vision is simulated.
NUM  27.
PAR  27. The method of claim 23 wherein said gradient is a voltage gradient and
      the method of establishing said voltage gradient comprises the steps of:
PA1  providing a variable voltage as said variable excitation;
PA1  providing, on either side of said optical medium, electrodes consisting of
      highly conductive segments in contact with highly resistive segments; and
PA1  impressing said variable voltage across said optical medium by applying
      said voltage directly to the highly conductive segments of the electrodes.
NUM  28.
PAR  28. The method of claim 23 wherein said gradient is a voltage gradient and
      the method of establishing said voltage gradient comprises the steps of:
PA1  providing a variable voltage as said variable excitation;
PA1  providing on either side of said optical medium electrodes made up of
      discrete segments;
PA1  impressing said variable voltage across said optical medium by applying
      said voltage to said discrete electrode segments through a selection
      matrix; and
PA1  controlling said matrix to sequence the application of said voltage among
      said electrode segments.
NUM  29.
PAR  29. The method of claim 22 wherein the optical device consists of an
      optical medium constrained between two transparent layers and comprising
      the further steps of simulating a selected vehicle with a trainee station
      having controls and instruments which station, controls and instruments
      are characteristic of the vehicle selected and deriving signals
      representative of selective acceleration forces in response to movement of
      said controls.
NUM  30.
PAR  30. The method of claim 29 further comprising the step of shaping the two
      said transparent retaining layers to substantially conform to the front
      and rear surface configuration of a visor fitted to a helmet worn during
      operation of the vehicle being simulated.
NUM  31.
PAR  31. The method of claim 22 wherein the optical device consists of an
      optical medium constrained between two transparent layers and comprising
      the further steps of:
PA1  simulating a selected vehicle with a trainee station having controls and
      instruments, which station, controls and instruments are characteristic of
      the vehicle selected;
PA1  generating signals representative of the movement of said controls;
PA1  providing a computer responsive to said generated signals and which
      computer has been programmed with the motion profile of the said selected
      vehicle; and
PA1  deriving said signals representative of selected acceleration forces from
      the output of said computer such that said signals derived are
      characteristic of the acceleration forces actually experienced by a
      vehicle of the type being simulated.
NUM  32.
PAR  32. The method of claim 31 further comprising the step of establishing a
      gradient across said layer of said optical medium controlling said area of
      clear optical transmission in a graded, progressive manner.
NUM  33.
PAR  33. The method of claim 32 wherein said gradient is established by
      providing a controlled variation in thickness of said layer of said
      optical medium.
NUM  34.
PAR  34. The method of claim 32 wherein said gradient is established by providng
      a controlled variation in thickness of said layer of said optical medium
      and a variable voltage provides said variable excitation.
NUM  35.
PAR  35. The method of claim 31 further comprising the step of shaping the said
      two transparent retaining layers to substantially conform to the front and
      rear surface configuration of a visor fitted to a helmet worn during
      operation of the vehicle being simulated.
NUM  36.
PAR  36. The method of claim 31 wherein said gradient is a voltage gradient and
      the method of establishing said voltage gradient comprises the steps of:
PA1  providing a variable voltage as said variable excitation;
PA1  providing, on either side of said optical medium, electrodes consisting of
      highly conductive segments in contact with highly resistive segments; and
PA1  impressing said variable voltage across said optical medium by applying
      said voltage directly to the highly conductive segments of the electrodes.
NUM  37.
PAR  37. The method of claim 31 wherein said gradient is a voltage gradient and
      the method of establishing said voltage gradient comprises the steps of:
PA1  providing a variable voltage as said variable excitation;
PA1  providing on either side of said optical medium electrodes made up of
      discrete segments;
PA1  impressing said variable voltage across said optical medium by applying
      said voltage to said discrete electrode segments through a selection
      matrix; and
PA1  controlling said matrix to sequence the application of said voltage among
      said electrode segments.
NUM  38.
PAR  38. The method of claim 22 wherein said optical device consists of two
      visors movably coupled to a servo drive motor which motor, in response to
      said variable excitation, drives said visors to affect the area of clear
      optical transmission in accordance with the movement of said visors across
      said person's line of vision.
NUM  39.
PAR  39. The method of claim 38 comprising the further steps of simulating a
      selected vehicle with a trainee station having controls and instruments
      which station, controls and instruments are characteristic of the vehicle
      selected and deriving signals representative of selective acceleration
      forces in response to movement of said controls.
NUM  40.
PAR  40. The method of claim 38 comprising the further steps of simulating a
      selected vehicle with a trainee station having controls and instruments,
      which station, controls and instruments are characteristic of the vehicle
      selected; generating signals representative of the movement of said
      controls; providing a computer responsive to said generated signals and
      which computer has been programmed with the motion profile of the said
      selected vehicle; and deriving said signals representative of selected
      acceleration forces from the output of said computer such that said
      signals derived are characteristic of the acceleration forces actually
      experienced by a vehicle of the type being simulated.
NUM  41.
PAR  41. The method for achieving a progressive variation of the optical
      transmission characteristic of a variable optical medium such that said
      variation progresses from selected portions of said variable optical
      medium toward other predetermined areas of said medium said method
      comprising the steps of:
PA1  applying a variable excitation force to said variable optical medium;
PA1  establishing a gradient across said layer of said medium; wherein the
      gradient established is a graded variation in the thickness of said
      variable optical medium layer such that upon application of the variable
      excitation the change in optical transmission characteristic progress from
      the thicker to the thinner portions of said layer; and
PA1  mounting said variable optical medium with respect to a person such that
      said person experiences a change in his field of view as the area of clear
      optical transmission of said variable optical medium varies in response to
      simulated acceleration forces.
NUM  42.
PAR  42. A method for achieving a progressive variation of the optical
      transmission characteristic of a variable optical medium such that upon
      application of a variable excitation force said variation progresses from
      selected portions of said variable optical medium toward other,
      predetermined areas of said medium said method comprising the steps of:
PA1  providing a variable voltage as said variable excitation;
PA1  providing on either side of said optical medium electrodes made up of
      discrete segments;
PA1  impressing said variable voltage across said optical medium by applying
      said voltage to said discrete electrode segments through a selection
      matrix;
PA1  controlling said matrix to sequence the application of said voltage among
      said electrode segments; and
PA1  mounting said variable optical medium with respect to a person such that
      said person experiences a change in his field of view as the area of clear
      optical transmission of said variable optical medium varies in response to
      simulated acceleration forces.
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ABST
PAL  A housing having a V-shaped cross-section is adapted to be positioned over
      the teeth of a backhoe bucket. An earth moving blade is secured to the
      lowermost portion of the housing. Lugs are secured to the inside surfaces
      of adjoining teeth of the backhoe bucket. A retaining bar is inserted
      through apertures formed in the front and back faces of the housing to
      engage the lugs between the teeth and thereby retain the receptacle on the
      tooth portion of the backhoe to permit earth moving and grading
      operations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a removable attachment for use in earth moving
      operations.
PAR  Over the years many different earth moving attachments have been devised
      and designed for use with both backhoe buckets and shovel buckets. The
      primary purpose of all of this effort has been an attachment that can be
      secured quickly and easily to the bucket portion of a backhoe or other
      power shovel to permit the backhoe to be used for earth moving or grading
      operations as well as the normal digging and trenching operations for
      which the backhoe is specifically designed. While simplicity and ease of
      attachment have been the claimed virtues of many of these prior art
      devices, in fact, this has not been the case. They have required bolting,
      precision adjustment, exacting matching of parts and in some cases have
      lacked sufficient strength to permit much more than their superficial use
      for earth leveling and/or grading operations.
PAR  Accordingly, it is an object of this invention to provide an improved earth
      grading attachment for use with backhoe buckets.
PAR  A further object of this invention is to provide an improved earth grading
      attachment for backhoe buckets that is simply and easily attached.
PAR  A still further object of this invention is to provide an improved low cost
      earth grading attachment for a backhoe bucket.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In one embodiment of this invention, an earth moving attachment is designed
      for use with the bucket of a piece of earth moving equipment. The
      attachment includes a housing adapted to receive the teeth of the bucket
      of a piece of earth moving equipment, retaining lugs secured to adjacent
      sides of adjoining ones of at least a pair of the teeth, said housing
      defining an aperture in opposing faces of the housing, a removable
      retaining bar adapted to pass through the apertures to engage said
      adjoining teeth and lugs, thereby to secure the housing to the bucket
      teeth, and a blade secured to the housing.
PAR  In a preferred embodiment of the invention the retaining bar has one end
      enlarged and the other end adapted to receive a spring clip thereby to
      secure the retaining bar in position relative to said housing. Preferably,
      the retaining bar is rectangular in cross-section to facilitate its
      engaging the retaining lugs on the teeth of the bucket.
PAR  In still another embodiment of the invention the blade is inserted in a
      slot formed in the normally lower portion of the housing. The blade is
      secured to the housing by retaining bars in much the same manner as the
      housing is secured to the bucket teeth, i.e., by the use of retaining bars
      inserted through aligned apertures in the housing and blade.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features that are considered characteristic of this invention are
      set forth with particularity in the appended claims. The invention,
      itself, however both as to its organization and method, as well as
      additional objects and advantages thereof will best be understood from the
      following description when read in connection with the accompanying
      drawings in which:
PAR  FIG. 1 is a partial side elevation view of a backhoe illustrating a typical
      usage of the earth moving attachment of this invention;
PAR  FIG. 2 is a bottom view of the earth moving attachment constructed in
      accordance with this invention and secured to the bucket of the backhoe
      illustrated in FIG. 1, the bucket being depicted in phantom;
PAR  FIG. 3 is a back elevation view of the earth moving attachment illustrated
      in FIG. 2;
PAR  FIG. 4 is a side elevation view of the earth moving attachment illustrated
      in FIG. 2;
PAR  FIG. 5 is a front elevation view of the earth moving attachment illustrated
      in FIG. 2;
PAR  FIG. 6 is a back elevation view of an earth moving attachment constructed
      in accordance with another embodiment of this invention whereby the blade
      is secured in a slot in the lower portion of the attachment, the backhoe
      bucket being illustrated in phantom; and
PAR  FIG. 7 is a side elevation view of the embodiment illustrated in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The illustration of FIG. 1 depicts the environment in which this invention
      is typically used. In FIG. 1 there is shown a portion of a vehicle 10,
      which is depicted as a tractor-type vehicle, to which a backhoe 12 is
      pivotally mounted as at 14 to pivot in a horizontal plane. Pivoting in a
      horizontal plane is accomplished by a hydraulic actuator 16 secured to the
      vehicle 10 and the backhoe 12 in accordance with well-known techniques.
      The backhoe itself is conventional and includes a stick 18 and boom 20
      which are pivotally secured to each other as at 22. The boom 20 is raised
      and lowered by a hydraulic actuator 26 secured to the upper portion of the
      stick 18. A digging bucket 28 is pivotally mounted to the free end of the
      boom 20 and its movement is controlled by a hydraulic actuator 30
      cooperating with the actuator 26. The end or lowermost portion of the
      bucket 28 has conventional teeth 32 secured thereon to aid in a digging or
      trenching operation. The several teeth 32 are secured to the lower edge of
      the bucket as seen most clearly in FIG. 3. Other backhoes than the one
      depicted may be used with this invention. The one depicted is merely
      exemplary of a backhoe with which the invention may find use since the
      invention is adapted for use with any bucket-type earth moving or handling
      device having teeth.
PAR  In accordance with this invention an earth moving or leveling attachment
      34, having a cutting blade 36 attached thereto, permits earth or similar
      material 38 to be graded and leveled utilizing the backhoe bucket itself
      without requiring, in most cases, the transportation of a bulldozer or
      other similar grading and leveling vehicle to the construction site.
PAR  The earth moving attachment 34 includes a receptacle or housing 40 which
      has a pair of front and back face plates 42 and 44, respectively, and end
      pieces 46 (FIG. 5) which form the housing 40. The housing has a generally
      V-shaped longitudinal cross-section adapted to fit over and generally
      conform to the shape of the teeth 32. The cutting blade 36 is secured or
      attached as by bolts 48 to the front face plates 42 of the housing 40. The
      housing itself preferably is formed of metal plate stock and may be welded
      together for strength.
PAR  Mating or aligned apertures 50 are formed in the front and back face plates
      42, 44 of the housing 40. These apertures are in mating alignment to
      permit the introduction or insertion of a retaining bar 52 therethrough.
      Preferably, two bars are used, one adapted to engage either side of the
      bucket. These retaining bars preferably have a rectangular cross-section
      and an enlarged rear or head end 54, as is seen most clearly in FIG. 5, to
      prevent the bar from sliding completely through the apertures 50. These
      retaining bars are adapted to engage pairs of lugs 56 formed on the inside
      faces of adjoining teeth 58 of the bucket 28. These lugs 56 may be welded
      to the inside faces of the adjoining teeth. A single lug may be used, but
      two are preferred.
PAR  The remaining ends of the retaining bars 52 have orifices 62 (FIG. 2)
      formed therein to permit the introduction of spring-like, U-shaped,
      locking clips 60 therethrough. Locking clips 60 are introduced through
      apertures 62 (FIG. 2) formed in the retaining bar 52 for this purpose.
PAR  To attach the housing 40 to the teeth of the backhoe bucket, one merely
      slides or fits the housing over the tooth portion of the bucket 28. The
      two retaining bars 52 are inserted through the apertures in the face
      plates 42, 44 of the housing and between adjacent pairs of teeth 32 to
      engage the lugs 56. The lugs 52 together with the adjacent teeth form an
      effective retaining slot. The housing cannot move more over the teeth
      because of their increasing taper. After the locking clips 60 are inserted
      into orifices 62 in the ends of the retaining bars 52, the earth moving
      attachment is locked in position and is ready for use. The bolts 48 permit
      the cutting blade to be replaced or positioned as need be. In practice the
      housing is laid with its front face on the ground and the bucket teeth are
      introduced into it. The teeth are then rotated to a vertically down
      position with the teeth pressing the blade against the ground. The
      retaining bars and clips are attached as described previously. The earth
      moving attachment is removed simply by reversing the above procedure.
PAR  In an alternative embodiment of this invention, the housing is formed to
      have a longitudinal slot formed in its lower portion to accommodate the
      blade and permit its sideways adjustment. This embodiment is illustrated
      in FIGS. 6 and 7. In this embodiment the housing 40 is formed
      substantially the same as described previously. The significant difference
      is that the normally lower portion of the housing has the front and back
      face plates 74 and 76 slightly spread as by a longitudinally disposed bar
      77 so that the lower edges of the face plates 74 and 76 are spaced apart
      as illustrated in FIGS. 6 through 7, respectively. This forms a slot in
      the normally lower portion of the blade which will accommodate the blade
      70. The bar 77 preferably is positioned generally perpendicularly to the
      back face plate 74 such that the blade 70 cannot pivot, particularly when
      in its primary use mode, i.e., pulling toward the tractor 10. The blade is
      introduced into the acute angle formed by the bar 77 and the front face
      plate 76. Aligned apertures 78 are formed in the front and back faces 74
      and 76 of the housing in the normally lower portion thereof. Also,
      corresponding or mating apertures 80 are formed in the blade 70. Blade
      retaining bars 82 may then be introduced through the housing face
      apertures 78 and the blade apertures 80 to adjustably secure the blades in
      whatever sidewise position is desired in the housing. As before, the
      retaining bars 82 have an enlarged head portion 84 as seen most clearly in
      FIG. 7. The inserted ends of the lugs is apertured to accommodate
      retaining clips 86.
PAR  To adjust the sidewise position of the blades, it is merely necessary to
      disengage the spring clips 86 by withdrawing them from the retaining bars,
      then to withdraw the retaining bars and sliding the blade longitudinally
      to the desired position. Next the retaining bars 82 and clips 86 are
      reintroduced as previously described. When the bar is secured by the
      spring clip 86 the blade is ready for use. The blade sidewise adjustment
      greatly facilitates leveling operations close to objects such as walls and
      the like.
PAR  There has thus been described a relatively simple, low cost, easily
      attached earth moving implement for backhoe-type buckets. The attachment
      is secured directly to the teeth of the backhoe and thus can be very
      firmly and securely mounted thereto. The installation is quick and simple.
PAR  It is obvious that many embodiments may be made of this inventive concept
      and that many modifications may be made in the embodiments hereinbefore
      described. Therefore, it is to be understood that all descriptive matter
      therein is to be interpreted merely as illustrative, exemplary and not in
      a limited sense. It is intended that various modifications which might
      readily suggest themselves to those skilled in the art be covered, as far
      as the prior art permits.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An earth moving attachment and connection to an earth moving implement
      having teeth extending along substantially parallel longitudinal axes from
      the lower end of a bucket, said attachment and connection comprising:
PA1  a housing having a compartment with an opening and an enclosed end portion
      formed by two walls converging to form a blade attaching portion, said
      opening being of suitable size and shape to permit insertion of bucket
      teeth into said opening, said enclosed end portion of the compartment
      limiting the insertion of said teeth, and a blade secured to said blade
      attaching portion of said housing near the enclosed end portion of said
      compartment;
PA1  at least two retaining lugs each secured to adjacent sides of two adjacent
      longitudinally extending teeth and convergently tapered toward the
      bucket's lower end so that the rear ends of the lugs form an abutment in
      the open spacing between the adjacent teeth;
PA1  said housing having at least one aperture in a wall of said compartment for
      alignment with said abutment;
PA1  the attachment connection comprising a removable retaining bar passing
      through said compartment aperture and behind said abutment, and holding
      means to hold said bar substantially perpendicular to said abutment, and
      said compartment aperture, thereby preventing longitudinal movement of
      said attachment relative to said teeth.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said retaining bar has one end
      enlarged to prevent its passage through said aperture in said compartment,
      said holding means comprising a spring clip attachable to the other end of
      said bar.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said retaining bar and said
      aperture are rectangular in cross-section.
NUM  4.
PAR  4. An apparatus according to claim 1 wherein said teeth of said bucket are
      V-shaped in longitudinal cross-section, and said compartment conforms
      generally to the configuration of said teeth.
NUM  5.
PAR  5. An apparatus according to claim 1 wherein said blade is longitudinally
      adjustable.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said housing has in said blade
      attaching portion additional apertures, said blade has apertures alignable
      with said additional apertures, and additional retaining bars to engage
      said additional apertures and said blade apertures, thereby to secure said
      blade to said housing.
NUM  7.
PAR  7. An apparatus according to claim 6 wherein said blade attaching portion
      has a longitudinal slot to accommodate said adjustable blade.
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ABST
PAL  Disclosed is a modular, collapsible and adjustable rectangular frame for
      stretching sheet material which is particularly adapted for use in hobby
      activities such as rug-tufting. The basic frame comprises four identical
      side bars and four identical legs. Each of the side bars and legs is
      integrally molded of a substantially homogeneous material such as a
      thermoplastic material. Additionally, there are extension bars each of
      which is also integrally molded of a substantially homogeneous material.
      Each of the side and extension bars has a connecting insert extending away
      from the bar at one end thereof and a corresponding connecting tunnel
      extending into the other end. The frame is assembled by frictionally
      fitting the connecting insert of one bar into the connecting tunnel of
      another bar to form a rectangle and by frictionally fitting each leg into
      a corresponding leg tunnel of each side of the rectangle. The size and
      shape of the frame is changed by adding or subtracting extension bars.
      Sheet material, such as fabric, is stretched by lacing the material over
      the frame by a web secured on suitable web engaging projections extending
      away from the frame from each bar.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The invention is in the field of collapsible frames for stretching sheet
      material and is specifically directed to a frame of this type which is
      suitable for home use by hobbyists in fields such as rug-tufting. A
      particular object of the invention is to provide a frame of this type
      which is modularly made of repeating, identical pieces that can be
      inexpensively manufactured by processes such as molding of a thermoplastic
      material.
PAR  In hobby activities, such as making a rug on a burlap base with a
      rug-tufting needle, it is necessary to stretch the burlap tightly so that
      it can be easily pierced by the tufting needle to form loops of yarn at
      the side opposite the side from which it is pierced. Stretching frames to
      accommodate needs of this type can be and have been made in a variety of
      ways. For example, burlap has been stretched on canvas frames of the type
      used for paintings, or on collapsible rectangular frames comprising four
      sides connected at the corners of the rectangle by screws or nails, or on
      other similar frames. However, none of the frames of this type known to
      the inventor herein satisfactorily meet all of the essential requirements
      for hobby uses, which include easy assembly and disassembly of the frame,
      compact size for convenient storage when not in use, lightness so the
      frame can be easily moved from place to place, structural strength so that
      the sheet material can be stretched tightly, convenient provisions for
      stretching the sheet material, ease of changing the size of the frame, and
      the like. This invention is directed to meeting these diverse and
      sometimes conflicting requirements.
PAR  A specific embodiment of the invention comprises a modular, collapsible and
      adjustable rectangular frame for stretching sheet material, as for
      rug-tufting by a hobbyist. The frame includes four substantially identical
      side bars extending along the sides of a horizontal rectangle, at least
      two substantially identical extension bars extending along at least two
      opposite sides of the rectangle, and four substantially identical legs
      extending downwardly from each of the sides of the rectangle. Each bar is
      integrally formed of a substantially homogeneous material and comprises:
      an elongated channel member which is substantially rectangular in a
      vertical section transverse to the length of the bar and is formed of a
      top and two side walls; a substantially shorter bottom wall at one
      longitudinal end of the channel member which forms, together with the
      adjacent portion of the top and side walls a connecting tunnel which is
      open longitudinally outwardly; a connecting insert extending away from the
      channel member at the other longitudinal end thereof, said insert being
      shaped and dimensioned to be received in frictional fit in said connecting
      tunnel; and a longitudinally extending row of spaced bracing walls each
      extending transversely of the top and side walls and being integral
      therewith. A selected pair of adjacent bracing walls form, together with
      the portions of the top and side walls intermediate thereto, a leg tunnel
      which is substantially rectangular in horizontal section. The side wall
      facing away from the frame has at its lower portion a longitudinally
      extending row of web-engaging projections facing away therefrom. The
      connecting insert of each side bar extends transversely of the length of
      the channel member thereof and the connecting insert of each extension bar
      extends along the length of the channel member thereof. Each leg is
      integrally formed of a substantially homogeneous material and comprises an
      upper tubular portion which is substantially rectangular in horizontal
      section and is dimensioned and shaped to be slidably received in
      frictional fit from below into a leg tunnel, and a tapered lower portion.
      The frame is assembled by frictionally fitting the connection insert of
      each bar into the connecting tunnel of another bar to form a rectangular
      frame, and by frictionally fitting each leg into a leg tunnel of each side
      of the rectangular frame. Sheet material is stretched by laying the
      material over the frame and pulling outwardly the marginal portion thereof
      by a web laced through the material and lacing said web-engaging
      projections. The length of any pair of opposite sides of the frame is
      changed by adding or subtracting extension bars.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspecive view of an assembled frame embodying the invention;
PAR  FIG. 2 is a perspective view of a portion of the frame shown in FIG. 1,
      illustrating the manner of lacing sheet material stretched thereon;
PAR  FIG. 3 is an exploded perspective view of a portion of the frame shown in
      FIG. 1;
PAR  FIG. 4 is a bottom, partly elevational and partly sectional view of an
      exploded portion of the frame;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 4; and
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the frame comprises: (1) four substantially identical
      side bars 10, 12, 14 and 16 extending along the four sides of a horizontal
      rectangle, (2) two substantially identical extension bars 18 and 20
      extending along two opposite sides of the rectangle, and (3) four
      substantially identical legs 22, 24, 26 and 28 each extending downwardly
      from a different side of the rectangle. Each of the side walls of the bars
      which faces away from the frame has along the length thereof a row of
      web-engaging projections 30 which are used, as illustrated in FIG. 2, to
      lace a sheet material 32, such as burlap, with a web 34 threaded through
      the material 32, laced over the web-engaging projections 34 and tightened
      to thereby tighten the sheet material 32. Note that orientation terms,
      such as horizontal, up, down, etc., are used to describe the frame as
      shown in FIG. 1, assuming that the bars are in a horizontal plane, and the
      legs are below the bars, but that this in no way limits the manner in
      which the frame may be oriented in use.
PAR  Each of the bars 10-20 is integrally formed of a substantially homogeneous
      material, as by molding a thermoplastic material in a mold. Referring to
      FIGS. 3 and 4, the side bar 10 comprises a channel member formed of a top
      wall 10a, and outer side wall 10b and an inner side wall 10c which are
      braced by a row of bracing walls 10d that extends along the length of the
      channel member, with each bracing wall being transverse to the top and
      side walls and integral therewith. At one longitudinal end of the side bar
      10, there is a connecting insert 11 extending transversely of the major
      portion of the bar 10 toward the opposite side of the rectangular frame.
      The connecting insert 11 is similar in shape to the major portion of the
      bar 10, in that it is formed of a channel member having a top wall 11a, an
      outer side wall 11b, an inner side wall 11c and a pair of bracing walls
      11d. The connecting insert 11 tapers slightly as it extends from the major
      portion of the side bar 10, and its outside horizontal dimension is
      slightly less than the distance between the side walls 10b and 10c of the
      bar 10, so that it can be received in frictional fit therebetween. At the
      longitudinal end of the bar 10 which is opposite the connecting insert 11
      there is a short bottom wall 10e, whose length is about equal to the
      length of the insert 11. As best seen in FIGS. 4 and 6, the short bottom
      wall 10e forms, together with the adjacent portions of the side walls 10b
      and 10c and of the top walls 10a, a connecting tunnel 13 which is open on
      the side facing longitudinally outwardly of the side bar 10. The vertical
      dimension of the connecting insert 11 is slightly less than the vertical
      dimension of the connecting tunnel 13, whereby the insert 11 can be
      received frictionally within the tunnel 13. The remaining three side bars
      12, 14, and 16 are substantially identical to the side bar 10, and are not
      described in detail individually.
PAR  Each of the extension bars 18 and 20 is similar to the side bar 10,
      differing only in that the overall length thereof may be different and in
      that the connecting insert of each extension bar extends longitudinally
      outwardly along the length of the extension bar, as opposed to the insert
      11 which extends transversely of the length of the major portion of the
      side bar 10. Referring to FIGS. 3 and 4, the extension bar 18 comprises a
      top wall 18a, an outer side wall 18b and an inner side wall 18c. These
      three walls form a channel member strenghtened with bracing walls 18d
      which are similar to the corresponding bracing walls 10d of the side bar
      10. Additionally, the extension bar 18 has, at one longitudinal end, a
      connecting insert 19 which is substantially identical in shape and size to
      the connecting insert 11 of the side bar 10 but extends coaxially
      longitudinally outwardly of the extension bar 18. At the longitudinal end
      of the extension bar 18 opposite the connecting insert 19 there is a
      connecting tunnel 21 formed of a short bottom wall 18e and the adjacent
      portion of the top wall 18a and the side walls 18b and 18c. The connecting
      tunnel 21 is of the same size and shape as the connecting tunnel 13 of the
      side bar 10. The outer side wall 18b has a longitudinally extending row of
      web-engaging projections 30 which are the same as the projections 30 of
      the side bar 10. The other extension bar 20 is substantially identical to
      the extension bar 18, and is not individually described in detail.
PAR  The side walls of the bars are not exactly parallel to each other; they are
      somewhat closer at the top ends, whereby there is a taper in going from
      below toward the top wall. Similarly, the connecting inserts taper away
      from the corresponding bars and the connecting tunnels taper
      correspondingly into the bars. These tapers facilitate the manufacture of
      the frame by a molding process and facilitate assembly and disassembly of
      the frame.
PAR  The legs 22, 24, 26 and 28 are integrally made of a substantially
      homogeneous material, such as by a thermoplastic molding process.
      Referring to FIG. 3, the leg 22 comprises an upper tubular portion 22a
      which is substantially rectangular in horizontal section and is shaped and
      dimensioned to be slidably received in frictional fit in a leg tunnel
      formed between the side walls of a bar and two adjacent bracing walls of a
      bar. Referring to FIGS. 3 and 4, the bracing walls 10'd of the side bar 10
      are closer to each other than the other bracing walls 10d, and define,
      together with the intermediate portion of the side walls 10b and 10c and
      the top wall 10a, a leg tunnel 15 whose horizontal sectional area is
      slightly larger than the horizontal sectional area of the upper portion
      22a of the leg 22 so as to receive said upper portion of the leg 22 in a
      frictional fit. The bracing walls 10'd may extend downwardly to the level
      of the bottom of the side walls 10b and 10c, as opposed to the remaining
      bracing walls 10d which, as seen in FIG. 5, may curve upwardly, away from
      the bottoms of the side walls 10b and 10c. The remaining legs 24, 26 and
      28 are substantially identical to the leg 22 and are not individually
      described in detail. Each fits into a corresponding leg tunnel either of
      another side bar or into a similar leg tunnel 23 (FIG. 4) of an extension
      bar.
PAR  The frame is stored disassembled, with each connecting insert being out of
      its corresponding connecting tunnel and with each leg being out of its
      corresponding leg tunnel. To assemble the frame for use, the four side
      bars 10, 12, 14 and 16 are laid along the sides of a rectangle, and any
      extension bars that may be needed are laid in pairs along opposite sides
      of the rectangle. It should be clear that a frame may be assembled without
      any extension bars, only with the side bars, and that more than two
      extension bars may be used to enlarge the size of the frame. It should
      also be clear that several pairs of extension bars, each of a different
      length, may be provided with the basic frame so as to enable users to
      assemble frames of varying sizes. When the desired number of bars have
      been laid along the sides of the rectangle, each connecting insert is
      slidably fitted frictionally into the facing connecting tunnel to form a
      rectangular frame of the type shown in FIG. 1. The four legs are fitted
      into the corresponding leg tunnels adjacent the corners of the frame. A
      piece 32 of a sheet material such as burlap is then laced (perhaps with
      the help of a needle) with a web 34 in the manner illustrated in FIG. 2.
PAR  The invented frame can be inexpensively manufactured, and is particularly
      easy to assemble and disassemble. It is lightweight and can be easily
      stored, and it has high structural strength to enable a piece of sheet
      material to be stretched tightly. The fact that only three different
      integral pieces are used in the frame, (a side bar, an extension bar, and
      a leg) means that only three different molding cavities need to be made,
      which substantially reduces the cost of making a mold for the invented
      frame and of manufacturing the invented frame. Further, the fact that the
      connecting inserts and tunnels are identical simplifies the design of the
      mold and the assembly and disassembly of the frame. Moreover, the specific
      arrangement of the frame elements described above, and particularly the
      relative arrangement of the connecting tunnels and inserts and of the leg
      tunnels and legs make it possible to mold the elements of the invented
      frame by a process such as injection molding, and thus simplifies the
      manufacture of the invented frame and reduces the cost thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A modular, collapsible and adjustable rectangular frame for stretching
      sheet material, as for rug-tufting by a hobbyist, comprising:
PA1  four substantially identical side bars extending along the sides of a
      horizontal rectangle, at least two substantially identical extension bars
      extending along at least two opposite sides of the rectangle, and four
      substantially identical legs extending downwardly from each of the sides
      of the rectangle, wherein:
PA2  each bar is integrally formed of a substantially homogeneous material and
      comprises: an elongated channel member which is substantially rectangular
      in a vertical section transverse to the length of the bar and is formed of
      a top and two side walls; a substantially shorter bottom wall at one
      longitudinal end of the channel member which forms, together with the
      adjacent portion of the top and side walls, a connecting tunnel which is
      open longitudinally outwardly; a connecting insert extending away from the
      channel member at the other longitudinal end thereof, said insert being
      shaped and dimensioned to be received in frictional fit in said connecting
      tunnel; a longitudinally extending row of spaced bracing walls each
      extending transversely of the top and side walls and being integral
      therewith; a selected pair of adjacent bracing walls forming, together
      with the portion of the top and side walls intermediate thereto, a leg
      tunnel which is substantially rectangular in horizontal section; the side
      wall facing away from the frame having at its lower portion a
      longitudinally extending row of web-engaging projections facing away
      therefrom, the connecting insert of each side bar extending transversely
      of the length of the channel member thereof and the connecting insert of
      each extension bar extending along the length of the channel member
      thereof; and
PA2  each leg is integrally formed of a substantially homogeneous material and
      comprises an upper tubular portion which is substantially rectangular in
      horizontal section and is dimensioned and shaped to be slidably received
      in frictional fit from below into a leg tunnel formed between the side
      walls of each of said channel members and two adjacent bracing walls
      thereof;
PA1  wherein the frame is assembled by frictionally fitting the connecting
      insert of each bar into the connecting tunnel of another bar to form a
      rectangular frame and by frictionally fitting each leg into a leg tunnel
      of each side of the rectangular frame, sheet material is stretched thereon
      by laying the material over the frame and pulling outwardly the marginal
      portion thereof by a web lacing said web-engaging projections, and the
      lengths of any pair of opposite sides of the frame are changed by adding
      or subtracting extension bars.
NUM  2.
PAR  2. A frame as in claim 1 wherein each connecting insert tapers as it
      extends away from the bar integral therewith and each connecting tunnel
      tapers correspondingly as it extends into a bar.
NUM  3.
PAR  3. A frame as in claim 2 wherein the side walls of a bar are closer to each
      other at the top wall integral therewith than at the bottoms thereof.
NUM  4.
PAR  4. A frame as in claim 1 wherein the web-engaging projections of each bar
      are coplanar with the side wall of the bar which faces away from the frame
      and extend downwardly from the last recited side wall.
NUM  5.
PAR  5. A modular, collapsible and adjustable rectangular frame for stretching
      sheet material, as for rug-tufting by a hobbyist, comprising:
PA1  four substantially identical side bars extending along the sides of a
      horizontal rectangle and four substantially identical legs extending
      downwardly from each of the sides of the rectangle, wherein:
PA2  each side bar is integrally formed of a substantially homogeneous material
      and comprises: an elongated channel member which is substantially
      rectangular in a vertical section transverse to the length of the bar and
      is formed of a top and two side walls; a substantially shorter bottom wall
      at one longitudinal end of the channel member which forms, together with
      the adjacent portion of the top and side walls, a connecting tunnel which
      is open longitudinally outwardly and tapers inwardly; a connecting insert
      extending away from the channel member at the other longitudinal end
      thereof, said insert being tapered outwardly and shaped and dimensioned to
      be received in frictional fit in said connecting tunnel; a longitudinally
      extending row of spaced bracing walls each extending transversely of the
      top and side walls and being integral therewith; a selected pair of
      adjacent bracing walls forming, together with the portions of the top and
      side walls intermediate thereto, a leg tunnel which is substantially
      rectangular in horizontal section; the side wall facing away from the
      frame having at its lower portion a longitudinally extending row of
      web-engaging projections facing away therefrom; the connecting insert of
      each side bar extending transversely of the length of the channel member
      thereof; and
PA2  each leg is integrally formed of a substantially homogeneous material and
      comprises an upper tubular portion which is substantially rectangular in
      horizontal section and is dimensioned and shaped to be slidably received
      in frictional fit from below into a leg tunnel, each leg fitting into a
      different side wall;
PA1  wherein the frame is assembled by frictionally fitting the connecting
      insert of each side bar into the connecting tunnel of another side bar to
      form a rectangular frame and by frictionally fitting each leg into a leg
      tunnel of each side of the rectangular frame, and sheet material is
      stretched thereon by laying the material over the frame and pulling
      outwardly the marginal portion thereof by a web lacing said web-engaging
      projections of the side bars.
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ABST
PAL  A holder for military uniforms that is secured through the fabric of the
      uniform by a threaded pin member. The pin is engaged by a threaded nut
      bearing against the reverse side of the uniform. The threads on the pin
      member are less than one-half the depth of the threads on the nut. The nut
      is comprised of acetal resin so that the relatively larger nut threads
      flexibly engage the pin member threads and provide a secure threaded
      relationship without stripping of the nut or pin threads due to
      cross-threading or other mistreatment.
PARN
PAC  RELATION TO OTHER APPLICATIONS
PAR  This application is a continuation-in-part of applicant's co-pending
      application entitled "Holder for Military Ribbons", Ser. No: 362,910
      Filed: May 23, 1973, now abandoned
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prior art devices for securing military ribbons to military uniforms have
      been deficient in several respects. For example, in a common military
      ribbon holder, a smooth shank spring is utilized to secure the holder to
      the uniform by penetrating the uniform and engaging a friction type spring
      biased clamp. In embodiments of this prior art device where provision is
      made for plural rows of ribbons, the prongs have been secured through the
      channels holding the ribbons. The spring biased clamp is sufficient to
      hold the channels and holder on the uniform during the initial
      application; however, during subsequent movements of the user, with the
      attendent forces transmitted to the holder, the fasteners tend to work
      loose, resulting in one or more of the prongs pulling free of the uniform
      and in partial or complete disconnection and loss of the holder. Not only
      is the loss of the holder a financial disadvantage, but results in
      considerable embarrassment and potential discomfort to the user. Further,
      in such prior art devices, the failure to provide for adequate structural
      connection between the various parallel channels frequently results in a
      fracture and separation or loosening of the channels with respect to one
      another, and again results in potential unsightly appearance of the
      uniform and loss of the holder.
PAR  Other prior art ribbon holders have been proposed which utilize a screw
      fastener. Such devices work in an acceptable fashion on uniforms that have
      holes provided to receive the shank of the screw. However, in those
      applications where it is necessary to penetrate the fabric of the uniform
      the threads on the screw fastener devices grab and tear at the uniform
      fabric rather than penetrating the fabric smoothly. As a result, with
      continued use, the fabric of the uniform is substantially deteriorated,
      necessitating its premature replacement. Additionally, the tendency of the
      threads snagging on the fabric in the uniform complicates the process of
      attachment of the ribbon holder and increases the time necessary therefor.
PAR  Because of the problems of snagging and pulling particularly on the
      synthetic fabric of certain uniforms and on multi-layered uniforms, it has
      been generally assumed that it is not possible to make an acceptable
      threaded-type, military ribbon holder.
PAR  It is therefore desirable to have a holder for military ribbons that is
      held securely to the uniform with a screw-type fastener, that does not
      easily disengage in service, and which does not become entrapped or
      engaged by the fabric of the uniform and thereby is easily installed onto
      the uniform without damage thereto. Such a holder is particularly
      desirable where the various ribbon supporting channels are securely
      positioned with respect to one another by structure that resists breakage
      in use.
PAC  SUMMARY OF THE INVENTION
PAR  An exemplary embodiment of the invention incorporates a plurality of ribbon
      support channels positioned in a substantially horizontal and vertically
      spaced apart parallel relationship. The ribbon support channels are
      configured in cross-section to be substantially a truncated triangle, and
      in the exemplary embodiment have an open base configuration to provide
      maximum strength and spring grasping capability with minimum weight and
      manufacturing costs. Where a plurality of channels are to be provided,
      they are spaced and secured one to the other by vertical channel support
      bars. A plurality of bars are utilized to insure against relative movement
      and fracture of the connection between the various ribbon support
      channels.
PAR  A plurality of threaded pins are utilized, with the exact number depending
      on the overall size of the holder. Each pin has an unthreaded shank
      portion which is connected to the ribbon support channels. The unsecured
      end of the threaded member terminates in a pointed end to facilitate the
      penetration of the uniform fabric. The threaded portion of the shank
      incorporates a non-standard modified thread configuration. In the
      exemplary embodiment the threads are 00/90 type threads with the major and
      minor diameters modified to produce a minor diameter of 0.035 inches and a
      major diameter of 0.041 inches. Thus the total thread depth is 0.003
      inches.
PAR  The threaded pin is made up of machinable stainless steel which has the
      requisite wearability and strength in shear for the fastener aspect of the
      operation, and in addition is durable and retains its finish over a long
      period of time.
PAR  The same thread type, but unmodified, is incorporated in the threads of the
      threaded uut. The nut is comprised of a flexible plastic material and is
      threaded to the standard depth of 0.0085 inches. This is accomplished by
      machining threads which produce a minor diameter of 0.035 inches and a
      major diameter of 0.052 inches. While the particular combination of thread
      depth pitch and major/minor diameter has been found to be optimum in that
      it provides uninhibited piercing of the material fabric while maximizing
      the available threads for securely fastening the nut to the pin. However,
      experimentation indicates, that so long as the threads on the shank are
      one-half the depth of that of the associated nut that substantial
      improvement in the insertion and holding characteristics can be obtained
      so long as the maximum thread depth on the threaded shank is maintained in
      the range of 0.002 to 0.005 inches.
PAR  Thus, there is produced a military ribbon holder than can be inserted
      through substantially all types of fabrics including synthetics, presently
      in use in military uniforms, and including those uniforms made up of
      several layers of different materials. The holder may be securely fastened
      to the uniform by the threaded nut such that the device does not work
      loose in use. The materials employed make it possible for the device to
      withstand many thousands of operations without significant wear.
PAR  It is therefore an object of the invention to provide a new and improved
      holder for military ribbons.
PAR  It is another object of the invention to provide a new and improved holder
      for military ribbons which is simple in design and construction.
PAR  It is another object of the invention to provide a new and improved holder
      for military ribbons which is relatively low in cost.
PAR  It is another object of the invention to provide a new and improved holder
      for military ribbons that will not work loose during use.
PAR  It is another object of the invention to provide a new and improved holder
      for military ribbons that provides improved structure for connecting the
      plural ribbon support channels.
PAR  It is another object of the invention to provide a new and improved holder
      for military ribbons which is relatively light in weight.
PAR  It is another object of the invention to provide a new and improved holder
      for military ribbons that does not snag or hang up on the fabric of
      military uniforms.
PAR  It is another object of the invention to provide a new and improved holder
      for military ribbons that has a long service life.
DRWD
PAR  Other objects and many attendant advantages of the invention will become
      more apparent upon a reading of the following detailed description,
      together with the drawings in which like reference numerals refer to like
      parts throughout and in which:
PAR  FIG. 1 is a perspective view from the rear of a typical multiple row
      holder.
PAR  FIG. 2 is a perspective view of the holder from the front, with several
      ribbons in place.
PAR  FIG. 3 is an enlarged end view of the holder, with portions cut away.
PAR  FIG. 4 is an enlarged sectional view taken on line 4-4 of FIG. 3.
DETD
PAR  Referring now to the drawings there is illustrated a military ribbon holder
      10. The ribbon holder 10 is comprised of a plurality of horizontal and
      parallel ribbon support channels 12. The channels are spaced and secured
      together by vertical channel support bars 14 and a plurality of spot welds
      18. Threaded pins 16 are secured to the channels 12 and adjacent to the
      end support bars 14 and protrude substantially perpendicularly from the
      channels. Referring to the FIG. 3 the holder 10 is illustrated in position
      on a military uniform. The pins 16 have penetrated the fabric 26 of the
      uniform and a plurality of threaded nuts 20 are received over the threads
      of the pins, and turned down until the planar faces of the shoulders 28
      engage the fabric 26. Further rotation of the threaded nuts causes
      compression of the fabric 26 and a resilient locking effect. The
      tightening of the threaded nuts 20 by the fingers of the user is
      facilitated through the partial spherical configuration for the head
      portion 30 of the nut.
PAR  The channels 12 are of an open based truncated triangle configuration
      comprising a first leg 32, truncated portion 34 and second leg portion 36.
      Channel 12 is of a stainless steel material which is sufficiently
      resilient to engage and hold the fabric inner portion 23 of a standard
      ribbon 22 and bias the fabric against the ribbon mounting plate 24 to
      provide a frictional locking engagement. The frictional engagement ensures
      that each of the plurality of ribbons received over the plural ribbon
      support channels 12 will be securely held in position until it is
      positively removed by sufficient force along the axos of the channel 12.
      Also illustrated in FIG. 3 is the detailed configuration for the pin 16
      which is shown to comprise an elongated shank having an initial unthreaded
      segment 19, a threaded segment 21, and a sharp pointed tip 25. In the
      instant embodiment the overall length of the threaded pin 16 from the rear
      of the channel 12 to the tip 40 is 0.375 inches; as will be more fully
      described hereinafter the exterior diameter of the threaded portion of the
      shank is 0.0410 inches. The length of the unthreaded and tapered tip
      portion 40 is 0.094 inches. Thus the tapered portion 40, has a relatively
      large ramp in relation to the diameter of the threaded pin 16, and is
      sharpened to a sharp point. This configuration ensures easy initial
      penetration of the fabric of the military uniform and a gradual transition
      to the untapered and threaded portion. The unthreaded shank portion 19 is
      approximately 1/8 of the overall length of the threaded pin 16, and, as
      appears in FIG. 3, does not protrude beyond the normal uniform fabric 26
      after the device has been installed. Therefore this portion of the device
      does not interfer with the functioning but substantially increases the
      strength due to the elimination of `notches` adjacent the attachment to
      the channels 12. The base material for the threaded pin 16 is a high
      chromium corrosion resisting steel of the stainless steel variety, but
      having quantities of sulphur added to increase its machinability. An
      acceptable material for this pin is carpenter stainless No. 5 (type 416)
      which has the following approximate analysis:
TBL  carbon --  .15% maximum                                                   
                        phosphorus --  .06% maximum                            
     sulphur --  .15% minimum                                                  
                        mangenese --  1.25% maximum                            
     silicon -- 1.00% maximum                                                  
                        chromium -- 12-14% maximum                             
PAR  Threaded pins made from the stainless alloy described above are not abraded
      by contact with any materials normally found in association with uniforms
      and do not wear from contact with the plastic nut 20. In addition, they do
      not deteriorate if exposed to moisture and other commonly encountered
      materials used in association with personal hygiene or garment cleaning.
PAR  Referring to FIG. 4, detailed inter-relationship between the threads on the
      threaded shank portion 21 of the pin 16 with respect to the threads 38 of
      the nut 20 is illustrated. The threads 38 are of a standard configuration
      for the 00/90 series. They have a nominal minor diameter of 0.035 and a
      major diameter of 0.052. Thus the nominal thread depth being 1/2 the
      difference in diameters in 0.0085.
PAR  The thread dimensions for the threaded pin 20, contrast with those for the
      nut in that a maximum thread depth of 0.003 inches is employed between the
      inner groove 44 of the threads and the outer thread tip 46. Accordingly,
      the tip 46 of the threads 21 on the threaded pin 16, extends only
      approximately 1/3 of the way to the maximum depth 50 of the threads on the
      nut 20. This leaves a substantial portion of the plastic material on the
      plastic nut 20 untrapped by the stainless steel material of the threaded
      pin. Because of the inherent flexibility of the plastic material, and this
      untrapped length, there is substantial freedom to resiliently bend about
      the depth of the thread without damaging either the material of the
      plastic nut 20 or the threads of the threaded pin 16. Therefore it is
      possible to cross thread the nut 20 onto the threaded pin 16 without
      damage to either nut or pin. At the same time the compressive strength of
      the plastic material is sufficient to prevent the threads from skipping
      under the loads necessary to resiliently lock the nut 20 against the
      uniform material 26. The relative ratio of thread depths of approximately
      1 to 3 is particularly advantageous and therefore is illustrated in the
      preferred embodiment. However, it has been found that relative depth
      ratios up to a ratio of one to two work adequately well in so far as
      providing sufficient bending to avoid breakage of the plastic threads. At
      the same time, the thread depth employed on the threaded pin can vary over
      a range of 0.002 to 0.005 and still retain satisfactory nut thread
      engagement and material insertion characteristics.
CLMS
STM  Having described my invention, I now claim:
NUM  1.
PAR  1. A holder for supporting a display object on fabric comprising:
PA1  a display object,
PA1  a threaded pin having helical threads, said pin comprising an elongated
      threaded member secured to said display object and having a pointed
      terminal portion,
PA1  threaded nut means having helical threads for engagement with said threaded
      member and for engaging and compressing said fabric,
PA1  said threaded nut means is comprised of flexible plastic material,
PA1  the threads on said threaded pin having a depth less than one-half of the
      thread depth for said threaded nut means, and
PA1  said threaded pin has a thread depth in the range of two thousandths to
      five thousandths of an inch.
NUM  2.
PAR  2. The holder of claim 1 wherein:
PA1  said threaded pin is comprised of machinable stainless steel.
NUM  3.
PAR  3. The holder of claim 1 wherein:
PA1  the major diameter of said pin is substantially .041 thousandths inch.
NUM  4.
PAR  4. The holder of claim 3 wherein:
PA1  said thread pin is not threaded immediately adjacent said ribbon support
      channel.
NUM  5.
PAR  5. The holder of claim 1 wherein:
PA1  said threaded nut means is comprised of acetal resin.
NUM  6.
PAR  6. The holder of claim 5 wherein:
PA1  said threaded pin is comprised of machinable stainless steel.
NUM  7.
PAR  7. The holder of claim 1 wherein:
PA1  said thread nut means and said threaded pin have threads with a pitch of
      approximately 90 threads per inch.
NUM  8.
PAR  8. The holder of claim 1 wherein:
PA1  said threaded nut means comprises a nut element having a substantially
      planar shoulder for engaging said fabric and a partial spherical head.
NUM  9.
PAR  9. The holder of claim 1 wherein:
PA1  said display object comprises a ribbon support channel for receiving and
      retaining military ribbons,
PA1  a plurality of said ribbon support channels are secured in spaced relation
      by a plurality of substantially vertical channel support bars,
PA1  said channel support bars being secured to each of said plurality of ribbon
      support channels, and
PA1  a plurality of said threaded pins are received on said holder.
NUM  10.
PAR  10. The military ribbon holder of claim 9 wherein:
PA1  said ribbon support channel comprises three planar sides forming, in cross
      section, an open base truncated triangle.
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ABST
PAL  A plurality of longitudinally extending mounting elements are designed to
      mount in a single row a plurality of magnetically actuable display
      elements. Each of the mounting elements is designed to be located side by
      side and in close proximity to other row mounting elements of the same
      type and at each end is provided with couplings designed to couple the
      element to a member extending transversely thereto. The coupling elements
      and the transversely extending member are so arranged that a plurality of
      the coupling elements located side by side may be coupled to the
      transversely extending member. Energizing windings for individual magnetic
      control of each of the display elements is provided rearwardly of the row
      elements. Thus the windings for all the row elements may be applied while
      the elements are arranged end - to - end and the elements may then be
      rotated parallel to each other, with the windings attached for assembly to
      the transverse member.
BSUM
PAR  This invention relates to a method of constructing a magnetically actuated
      array of display or indicating elements. By the term `display elements`
      herein I refer not only to arrays where the elements collectively form a
      symbol or design but also to arrays where the status of each individual
      element conveys intelligence.
PAR  The operating principles of the display or indicating elements used in the
      array will not be dealt with in detail here because these operating
      principles are discussed in such U.S. Pat. Nos. as:
TBL  3,283,427                                                                 
             issued  Nov. 8, 1966                                              
                                 to Ferranti-Packard Ltd.                      
     3,295,238                                                                 
             "       Jan. 3, 1967                                              
                                 "                                             
     3,303,494                                                                 
             "       Feb. 7, 1967                                              
                                 "                                             
     3,365,824                                                                 
             "       Jan. 30, 1968                                             
                                 "                                             
     3,518,664                                                                 
             "       June 30, 1970                                             
                                 "                                             
     3,624,941                                                                 
             "       Dec. 7, 1971                                              
                                 "                                             
     3,140,553                                                                 
             "       July 14, 1964                                             
                                 "                                             
     3,469,258                                                                 
             "       Sept. 23, 1969                                            
                                 "                                             
PAR  As disclosed in these patents in more detail, the display or indicating
      elements comprise a flat disc element (usually but not necessarily round)
      contrastingly colored on opposite sides and rotatably mounted to display
      alternate ones of its sides in a viewing direction depending upon its
      orientation. A magnet mounted on the element with its axis to some degree
      transverse to the magnetic axis allows control of the altitude of the
      element by an exterior magnetic field. The exterior field is supplied by
      one or two pole pieces whose polarity is determined by one or more
      energizing windings. (Most of the advantages of the invention described
      herein accrue when two pole pieces are used). The energizing windings must
      be located in close association to the pole pieces of the magnetic circuit
      of which they form a part.
PAR  Such arrays of display or indicating elements have been useful and
      successful and, as a number of the aforementioned patents make clear,
      these are most commonly arranged in rows and columns whereby by selective
      actuation, letters, numbers or other symbols or designs may be displayed
      collectively by the elements in the array.
PAR  Problems have been encountered in assembling the rotating elements and pole
      pieces in such an array and in particular in applying the energizing
      windings to such array which may have seven rows and five columns
      embodying 35 elements in all.
PAR  It has been found that the production, assembling and especially the wiring
      of arrays of this type is facilitated if the base for the array, on which
      the pole pieces and display elements are mounted, is not made as a unitary
      body. Procedures encountered in the manufacture of the array are much
      simplified (in accord with this invention) if the base is made of a series
      of longitudinally extending strip members each corresponding to a single
      row (the term `row` is herein interchangeable with `column`) of elements
      in the array. These members are referred to herein as `row mounting
      members` or as `strip modules` and are designed to be used as modular
      units to be assembled side by side to provide an array. Assembly of the
      strip modules is achieved by providing longitudinally extending members
      arranged to extend transverse to the strip members and located at each end
      of the latter and to be coupled to each of the strip members whereby the
      latter are coupled to each other. The coupling may be achieved in any of a
      number of ways, two of which are illustrated in the preferred embodiment.
PAR  The design of the base member in strip modules to be later assembled side
      by side, greatly facilitates the assembly of the array. These advantages
      largely accrue from the fact that each strip module carries only a single
      row of display elements.
PAR  The principle advantage exists in those cases where there are two pole
      pieces per display element and these pole pieces form part of a magnetic
      circuit extending rearward of the array and including a junction member
      joining the pole pieces in a magnetic circuit, and where there is defined
      a space when viewed longitudinally of the strip element, bounded by the
      magnetic circuit, connected to the pole pieces and the back of the array.
      Energizing windings pass through the space to provide energization for
      determining the polarity of the pole pieces. (The term `winding` is used
      to include the arrangement where the energizing wire forms a partial turn,
      less than a complete turn about the magnetic circuit).
PAR  Wires of energizing windings are passed through the space separating the
      array and the magnetic circuit for energizing the pole pieces. In some
      alternatives a wire, corresponding to each character which, selectively,
      may be portrayed by the array, is passed through the magnetic circuit for
      each element (assuming a given polarity for energization of the wire), in
      a sense dictated by the color of the character to be displayed. The
      assembly of the device is found greatly simplified, where the strip
      modules are provided with magnetic circuits defining the said space and
      provided with energizing windings before assembly in an array.
PAR  The provision of energizing windings and pole pieces is a comparatively
      easy operation with the strip modules of the present invention, since the
      strip modules may before assembly be laid end to end and magnetic
      circuits, (including pole pieces) and energizing windings assembled
      thereto. This is vastly easier than applying pole pieces and energizing
      windings in a rectangular array. Although the above comparison is true
      whether the winding is manual or automatic it is particularly true where
      the winding is done by a loom of the type shown in U.S. Pat. No.
      3,283,427, referred to above or by a device operating under similar
      general principles. With the pole pieces and windings assembled to the
      modular strips, while arranged end to end as above described, and with the
      provision of sufficient length of the windings between the
      endwise-arranged members, these members may be simply laid beside each
      other, each one rotated to bend the windings 180.degree. relative to the
      one before (successive bendings being in opposite directions) to allow the
      modular strips to be coupled beside each other in a modular array.
PAR  A particular type of magnetic loop for use in the assembly of the modular
      strips while laid end to end is the shape formed when magnetic members
      project rearwardly from the two pole pieces to a bight, the shape formed
      with arrangement being as if the bight were rotated 180.degree. about an
      axis parallel to the pole pieces. The resultant shape, when viewed
      longitudinally along a strip module, is a cross in the magnetic members
      between the rear face of the strip module and the bight so that wires may
      be threaded inside the bight on both sides of the cross. This allows for
      simple flexibility of winding since it will be noted that wires on
      opposite sides of the cross give opposite energization for current flow in
      the same direction.
PAR  The strip modules render production more effective whether or not the
      winding types described are used since the strip modules facilitate other
      assembly techniques. Whether the pole pieces are inserted by normal or
      automatic means but particularly in the latter case, the strip modules are
      more easily handled for mounting such pole pieces than a rectangular
      array. Similarly if, instead of windings extending through all the
      elements in an array, if X-Y (row and column) energization is used with
      two separable magnetic coupling members mounted to join each pair of pole
      pieces, (as disclosed in U.S. Pat. No. 3,303,494) then it is found easier
      to couple the pole piece members to the strip members when the latter may
      be handled singly before assembly.
DRWD
PAR  In drawings which illustrate a preferred embodiment of the invention:
PAR  FIG. 1 shows a perspective view of a strip module in accord with the
      invention;
PAR  FIG. 2 shows a cross section of the strip module of FIG. 1 looking
      lengthwise along the strip module;
PAR  FIG. 3 schematically indicates the winding of loops with a loom;
PAR  FIG. 4 shows (from the rear) the modules in accord with FIG. 1 arranged in
      an array;
PAR  FIG. 5 shows a means for attaching the modules in accord with FIG. 1 to a
      base;
PAR  FIG. 6 shows (from the front) an array of modules so attached; and
PAR  FIG. 7 shows an alternative means of attaching the module.
DETD
PAR  In the drawings the strip module or `row mounting element` is designed to
      house the disc display or indicating elements in one row of the array.
      Here the array comprises 35 elements in five rows and seven columns. (The
      terms row and column being interchangeable herein). The strip module,
      designed preferably, as here, to extend in the longer dimension of the
      array, provides on its forward side, seven pairs of pin mounts 10 for the
      pins 14 of rotary mounted display or indicating disc elements arranged, in
      accord with the invention, in the module in a single row. The axes of the
      disc elements, for compactness of their arrangement in the array, are
      mounted to be oriented at 45.degree. to the longitudinal axis of the
      module. The modules, as shown, are recessed to provide for rotation of the
      elements. Magnets 12 as indicated in FIG. 1 are mounted on the element and
      extend transversely to the axis thereof approximately one quarter of the
      way along the circular disc from one pin 14. The disc is recessed at 16 to
      allow passage of the pole pieces 20. In the design techniques presently
      employed, it is preferred for construction economy to use constant pole
      piece spacing with different sizes of disc. Thus the poles and the
      recesses will appear progressively closer to midway between the pins as
      the size of the disc progressively decreases, and the recesses will appear
      progressively closer to one of the pins as the size of the disc
      progressively increases. An alternative where only one recess is provided
      is shown in U.S. Pat. No. 3,295,238. Other alternatives are shown in the
      other patents already listed. In the embodiment shown at the positions as
      dictated by the magnet and cutout locations, the strip module is apertured
      at 29 to provide for the passage therethrough of pole pieces. The strip
      modules may be made of any material but plastic has been found most
      suitable. In the design, the pole pieces 18 may be inserted manually in
      holes 29 premolded in the strip module, such insertion occurring at the
      time hereinafter described and the pole pieces being preferably held in
      place by friction and a slight resilient bending of the pole pieces on
      insertion. (The strip module may be used with a single pole control and
      magnet of the type shown in U.S. Pat. No.  3,469,258 referred to above,
      although the principal advantages of the invention accrue from the use of
      the double pole-piece arrangement described herein in detail.) In the
      arrangement shown, the pole piece pairs, projecting rearwardly from the
      array, must be linked, rearwardly of the array, by a magnetic joining
      member in a magnetic circuit, to be energized by windings in proximity
      thereto. Although the strip module herein described, may be used with the
      double junction clips and X-Y energization described in my U.S. Pat. No.
      3,303,494, the principal advantages accrue from the use of the windings
      wherein an energizing wire for each character is directed relative to all
      element magnetic circuits to selectively energize each one or the other
      sense to produce the combination of light and dark elements designed to
      produce, in the completed array, the character in question.
PAR  For example, the `F` formed in FIG. 6 would be created by a single wire
      running through and energizing all the pole pieces in the array and
      respectively energizing them to create the black and white arrangement as
      shown in FIG. 6. A wire will therefore be provided corresponding to each
      letter or character to be displayed, to selectively energize the pole
      pieces to produce the symbol. The magnetic qualities of the pole pieces
      are designed to provide sufficient magnetic remanence to allow the winding
      to be pulsed and to retain the polarity applied after cessation of the
      pulse. Thus, of a plurality of windings through a magnetic loop, the
      pulsing and resultant polarity of the pole pieces created in the array
      windings by the last wire pulsed, controls the polarity of the pole piece
      pairs, unaffected by the presence of the other windings until there is a
      later pulsation by another winding.
PAR  A magnetic element, joins the rearwardly directed pole pieces into a single
      magnetic circuit, rearwardly of the strip module, and space is provided
      between the magnetic circuit rearwardly of the strip module to pass or
      wind the energizing winding. In the preferred embodiment of the invention
      the two pole pieces and the junction member are integral and one length of
      suitably selected ferromagnetic material. One of the great advantages of
      the invention is that the pole pieces and energizing windings may be
      applied to the modules while these are arranged end to end. This is shown
      schematically in FIG. 2 where, as schematically indicated, the windings 31
      are first attached to the magnetic circuits (as indicated in the left hand
      strip module) and the strip modules in end to end relation are then
      applied to the pole pieces 18 which stick through the moulded holes 29 in
      the strip module. Sufficient length of winding 31 is provided that the
      strip modules with the windings attached may be rotated at 180.degree.
      each in an opposite direction to the previous one to be arranged in a
      rectangular array as indicated schematically in FIG. 3. The sense in which
      the windings are applied to the pole pieces is of course arranged to take
      these subsequent assembly arrangements into account.
PAR  Although the strip modules and the winding arrangement of applying the
      winding and pole pieces to the modules while arranged end to end, is
      particularly suited to the use of a loom as disclosed in U.S. Pat. No.
      3,283,427 or to a similar device for assisting application of the windings
      in selected polarity; the application of the windings is simplified with
      the strip modules described, even when the application of the windings to
      the pole pieces or of these to the strip module is manually or otherwise
      applied.
PAR  Although the magnetic junction member joining the elements in a magnetic
      circuit may be of various shapes for various applications and assembly
      requirements, the use of strip modules is particularly suitable for use
      with the form of pole piece and junction members shown in FIG. 2. In the
      preferred form, the pole pieces 18 and junction member are an integral
      piece of magnetic material having a suitable magnetic remanence to retain
      its polarity after pulsing. The pole pieces 18 are provided with straight
      extents 20 to pass through the proper holes in the strip module to meet
      rearward of the module in a bight 22. The shape which is felt to be
      inventive is thought best described as the result obtained applying to the
      bight 22 of such a member an approximate 180.degree. twist so that about
      an axis parallel to the straight extents of the pole pieces, when viewed
      longitudinally of the element, the pole piece members cross at (`X`, FIG.
      2) between the back of the array and the bight 22 with space for
      energizing windings between the magnetic circuit and the module either
      above or below the cross `X`. The ease for selective application of
      windings to the magnetic circuit will be readily apparent. A winding
      designed to energize a pole piece in one or the other sense may be led
      (generally longitudinally of the element) above or below the cross members
      but a given sense of pulsing in such winding will produce opposite
      polarities of magnetization dependent upon whether the wire to be pulsed
      in a given direction, is led above or below the cross. The wire for
      pulsing a given character may be led through one pole piece magnetic
      circuit after another in a strip module above or below the cross to
      produce the desired direction of polarization, in each element. In the
      same manner, the threading of an energizing winding is led from one end to
      end arranged strip module to another and so on to provide the winding for
      a character in the whole array. The next winding may be led through the
      members 18 - 22 in the same manner with the selective decision of placing
      the wire above or below the cross made at each cross. This process may
      therefore be continued until all the windings are inserted. The modules
      may then be rotated, as previously described, and arranged side by side in
      an array. As previously explained, the term `winding` herein is used in a
      sense to include fractional turns only, in other words, a wire which does
      not completely encircle the magnetic circuit. It should be noted however,
      that in the arrangement shown, where the magnetic circuit is wound about
      the energizing winding (either above or below the crossing `X`) instead of
      vice versa; the result of analysis shows that the arrangement is the
      equivalent of a full single turn.
PAR  In accord with the invention, the strip members are designed to be coupled
      by a coupling member extending longitudinally transversely across each end
      of the strip modules when these are side by side in close proximity. Thus
      arranged, the coupling members hold the strip modules as a unit to form
      the array.
PAR  Two methods of coupling the strip modules are shown.
PAR  One method is shown in FIGS. 5 and 6. The strip module at each end may be
      provided with an extremity 24 extending rearwardly, about a 180.degree.
      hairpin curve 26 in a direction endwise from the module turn and then
      forwardly. The extremity, thus curved, defines a rearwardly extending slot
      28 designed to receive a coupling member extending transverse to the strip
      module through, and on each side of the slot 28 and inserted rearwardly
      into the slot. The outer end of the slot is wide enough to receive the
      relevant dimension of a rod-like member, tapers somewhat into a
      constructed portion 30 and widens at its innermost end into a space 32 to
      receive the rod-like member. The material forming the hairpin 26 and the
      adjacent extents is made slightly resiliently yieldable and is made thin
      enough to allow this, while a forwardly directed slot 34 is provided open
      to the rear of the strip module, separating the material from the body of
      the strip member to add to its resilient yieldability.
PAR  As shown in FIGS. 5 and 6 there is a base 36 for the array whereon a pair
      of rods 38 extend across each end of the base located and arranged to clip
      into the slot 28 and rest in space 32 at each end of the module. The rods
      38 are made as long as required to receive the number of side by side
      strip modules forming the array. Thus the strip modules, arranged end to
      end, may be provided with pole pieces and energizing windings as
      schematically indicated in FIG. 3. One by one the strip modules may then
      be laid behind the rods and clipped forward into place, each strip module
      at the same time being rotated or with its energizing winding 180.degree.
      relative to the one previous, in a sense to bring the modules into side by
      side relationship and the modules clipped into place on the rods. The
      array then appears as shown in FIG. 5.
PAR  As an alternative, it will be noted that the lengthwise outer edge of the
      hairpin member at each end is provided with a groove 42 transverse to the
      strip module direction. A base 43 for the array, shown in broken form in
      FIG. 7 is provided at with opposed walls 45 arranged to extend transverse
      to the longitudinal extension direction of the strip modules. As the
      cross-section of FIG. 7 indicates, the walls 47 are shaped to define
      opposed inwardly directed edges 44 shaped and spaced to be received within
      the grooves 42. Thus the strip modules, provided with windings and pole
      pieces as previously discussed, may, as indicated in FIG. 7, be clipped
      onto the inwardly directed opposed edges 44 of such an array base, the
      resiliency of the hairpin extremities 24, facilitating the yielding of the
      extremities to allow clipping the modules in place. The edges 44 with
      walls 45 extend transversely a sufficient distance to receive and couple
      the required number of the strip modules side by side in an array.
PAR  It will be noted that either of these attachment means may be provided
      separately since only one will be used with a given assembly; or that
      other transversely extending means may be used for coupling the elements
      together, although the two methods shown are preferred. In the examples
      given, the coupling members are rigid and the strip modules coupled to
      them by the resiliently yieldably form of the extremities. It will be
      obvious that this may be reversed and the coupling be achieved by the use
      of a rigid module with flexibility for coupling in the transverse coupling
      member. Similarly with the embodiment of FIG. 7, the coupling parts may be
      reversed, that is an edge may be molded into each extremity 24 while
      members similar to walls 45 could be provided with grooves arranged to
      receive the extremity edges.
CLMS
STM  I claim:
NUM  1.
PAR  1. An array of display elements wherein each element comprises:
PA1  a flat element, contrastingly coloured on opposite sides,
PA1  rotatably mountable on a base to rotate about an axis approximately
      parallel to the surface of the flat element,
PA1  a magnet mountable on said flat element, defining a magnetic polar axis
      transverse to said rotational axis,
PA1  a pair of pole pieces mounted on said base to project in such proximity to
      the locus of said magnet rotating on said element, that a magnetic field
      created by the pole pieces will affect the orientation of said magnet,
PA1  said pole pieces being selected of material whose magnetic polarity is
      reversible,
PA1  a magnetic element located rearwardly of said base joining said pole pieces
      in a magnetic circuit,
PA1  a single row of said bases being connected in longitudinally extending row
      corresponding to a row of elements in said array, to form strip modules,
PA1  said strip modules being designed and constructed to be coupled side by
      side in close proximity to form an array of said elements, the portion of
      the magnetic circuit rearward of the case is formed to provide, as viewed
      in the longitudinal extension direction of the element, spaced extents
      extending away from the base, crossing, then meeting to form a bight,
PA1  and first means for carrying an electric current pulse in one direction,
      said first means inserted between said spaced extents on one side of the
      crossing of said extents will create one magnetic polarity in said pole
      pieces and second current carrying means inserted between said spaced
      extents on the other side of the crossing of said extents will create the
      opposite magnetic polarity in said pole pieces,
PA1  said spaced extents being designed on either side of said crossing to
      receive at least one energizing current carrying means therebetween.
NUM  2.
PAR  2. A plurality of longitudinally extending mounting elements, designed to
      mount in a single row, a plurality of magnetically actuable display
      elements,
PA1  each said row mounting element being designed to be located side by side
      and in close proximity to other row mounting elements of the same type,
PA1  each row mounting element at each end being provided with coupling means
      designed to couple said element to a member extending transversely
      thereof,
PA1  said coupling elements and said transversely extending member being so
      arranged that a plurality of said coupling elements located side by side
      may be coupled to such a transversely extending member at each end,
PA1  said row mounting elements being designed, to mount a pair of magnetic pole
      pieces for each magnetically actuable display element, each said pair of
      pole pieces being joined in a magnetic circuit rearwardly of said
      longitudinally extending element by a magnetic coupling member,
PA1  said pole pieces being selected at material whose magnetic polarity is
      reversible,
PA1  wherein the portion of the magnetic circuit rearward of the base is formed
      to provide, as viewed in the longitudinal extension direction of the
      element, spaced extents extending away from the base, crossing, then
      meeting spaced from said crossing, to form a bight,
PA1  and first means for carrying an electric current pulse in one direction,
      said first means inserted between said spaced extents on one side of the
      crossing of said extents will create one magnetic polarity in said pole
      pieces and second current carrying means inserted between said spaced
      extents on the other side of the crossing of said extents will create the
      opposite magnetic polarity in said pole pieces,
PA1  said spaced extents being designed on either side of said crossing to
      receive at least one energizing current carrying means therebetween.
NUM  3.
PAR  3. Assembly for a display or indicating element comprising:
PA1  a longitudinally extending row mounting member,
PA1  said row mounting member being shaped to mount on one side thereof, a
      plurality of magnetically actuable rotatable visual elements arranged in a
      single row in the longitudinal extension,
PA1  said row mounting member being designed to mount a pair pole pieces
      corresponding to each visual element, and arranged to control the
      orientation thereof,
PA1  said row mounting member being so designed that a plurality thereof will
      lie side by side in close juxtaposition,
PA1  a pair of coupling members, one designed to lie adjacent each end of and to
      extend in a direction transverse to a row mounting member when juxtaposed
      side by side with other row mounting members,
PA1  means for coupling said row mounting member at each end to the adjacent
      ones of said coupling members, whereby said coupling members retain said
      row mounting member in an assembled array,
PA1  wherein a pair of pole pieces are provided corresponding to each visual
      element and each said pair of pole pieces is adapted to be linked to the
      other side of said mounting member by a magnetic element, forming with
      said pole pieces a magnetic circuit,
PA1  said pole pieces being selected of a material whose magnetic polarity is
      reversible,
PA1  wherein the magnetic joining member and pole pieces are formed to provide,
      viewed in the longitudinal extension direction of the element, spaced
      extents extending away from the row mounting member, crossing and meeting,
      spaced from said crossing, at a bight,
PA1  and first means for carrying an electric current pulse in one direction
      said first means inserted between said spaced extents on one side of the
      crossing of said extents will create one magnetic polarity in said pole
      pieces and second current carrying means inserted between said spaced
      extents on the other side of the crossing of said extents will create the
      opposite magnetic polarity in said pole pieces,
PA1  said spaced extents being designed on either side of said crossing to
      receive at least one energizing current carrying means therebetween.
NUM  4.
PAR  4. An array of display elements wherein each element comprises:
PA1  a flat element, contrastingly coloured on opposite sides,
PA1  rotatably mountable on a base to rotate about an axis approximately
      parallel to the surface of the flat element,
PA1  a magnet mountable on said flat element, defining a magnetic polar axis
      transverse to said rotational axis,
PA1  a pair of pole pieces mounted on said base to project in such proximity to
      the locus of said magnet rotating on said element, that a magnetic field
      created by the pole pieces will affect the orientation of said magnet,
PA1  said pole pieces being selected of a material whose magnetic polarity is
      reversible,
PA1  a magnetic element located rearwardly of said base joining said pole pieces
      in a magnetic circuit,
PA1  a single row of said bases being connected in longitudinally extending row
      corresponding to a row of elements in said array, to form strip modules,
PA1  said strip modules being designed and constructed to be coupled side by
      side in close proximity to form an array of said elements, wherein the
      magnetic circuit rearwardly of the array is shaped to provide, when viewed
      longitudinally of the element, rearwardly extending limits from each pole
      piece, crossing and meeting to form a bight, defining, when viewed in said
      longitudinal direction, two spaces between said bight and the rearward
      portion of the array, said spaces being separated by said crossing, and
      means inserted through the two spaces carrying electric current pulses in
      the same direction relative to the longitudinal direction of the element
      to produce opposite magnetization in said magnetic circuit.
NUM  5.
PAR  5. A plurality of longitudinally extending mounting elements, designed to
      mount in a single row, a plurality of magnetically actuable display
      elements,
PA1  each said row mounting element being designed to be located side by side
      and in close proximity to other row mounting elements of the same type,
PA1  each row mounting element at each end being provided with coupling means
      designed to couple said element to a member extending transversely
      thereof,
PA1  said coupling elements and said transversely extending member being so
      arranged that a plurality of said coupling elements located side by side
      may be coupled to such a transversely extending member at each end,
PA1  said row mounting elements being designed, to mount a pair of magnetic pole
      pieces for each magnetically actuable display element, each said pair of
      pole pieces being joined in a magnetic circuit rearwardly of said
      longitudinally extending element by a magnetic coupling member,
PA1  said pole peices being selected of a material whose magnetic polarity is
      reversible,
PA1  wherein the magnetic circuit rearwardly of the array is shaped to provide,
      when viewed longitudinally of the element, rearwardly extending extents
      from each pole piece, crossing and meeting to form a bight, defining, when
      viewed in said longitudinal direction, two spaces between said bight and
      the rearward portion of the array, said spaces being separated by said
      crossing, energizing means designed for insertion through said spaces
      whereby the sense of the turns in each such magnetic circuit being such
      that said energizing means through the two spaces for carrying current in
      the same direction relative to the longitudinal direction of the element
      will produce opposite magnetization.
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ABST
PAL  The pages of a book are placed on a long strip of paper for making a
      scroll. The machine for winding the scroll has rollers positioned for
      displaying any desired portion to be read. A motor for rotating the
      rollers is controlled by a magnetic switch that is easily operated by
      inflating an air bag. The bag may be inflated either by having a person
      squeeze a bulb connected through a tube to the bag, or by having a
      severely handicapped person hold the end of a tube in his mouth and blow
      into the tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to devices for changing displays of reading material
      and more particularly to devices that turn pages of books or otherwise
      advanced reading material for physically handicapped persons.
PAR  Many people have been injured by disease or accidents to the extent that
      they cannot hold and turn the pages of books, and many of these are
      paralyzed below the neck so that any required movement for controlling
      operation of any device is limited to movement of the head and organs of
      the face. Often the physically handicapped can read well when a book is
      properly positioned for them and the pages are turned as required.
      Machines for turning the pages of books are quite complicated and require
      much care to maintain them in operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present device receives books that have been rolled as scrolls so that
      the complicated movements of turning pages are eliminated. A portion of
      the book that is being read is displayed between two rollers, and as the
      reading material is to be advanced, a motor is operated to drive one of
      the rollers. The driven roller is connected to an electric motor through a
      gear reducer, and a switch connected to the motor can be easily operated
      by a severely handicapped person. The switch of a preferred embodiment is
      a magnetically operated reed switch in which a magnet for operating the
      switch is moved easily by inflation of an air bag. The air bag can be
      inflated either by squeezing a rubber bulb, or by the user blowing
      directly into a hose connected to the air bag. The magnet for operating
      the switch is attached to the end of a leaf spring, and the opposite end
      of the spring is mounted to a surface adjacent to the switch. The air bag
      is positioned between the leaf spring and the adjacent surface such that
      when the bag is inflated the free end of the spring having the magnet is
      moved outwardly a short distance from the magnetic switch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front perspective view of a reading scroll machine of this
      invention with a portion of the scroll cut away;
PAR  FIG. 2 is a front view of the scroll machine showing operation of its
      magnetic switch;
PAR  FIG. 3 is a partial front view of the reading scroll machine showing
      operation of the magnetic switch by a different means;
PAR  FIG. 4 is a perspective front view of the machine with a scroll removed;
      and
PAR  FIG. 5 is a schematic diagram to show the use of the magnetic switch in a
      usual motor control circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A book 11 in the form of a scroll is wound off a roller 12 onto a roller 13
      shown in FIGS. 1 and 2. The rollers 12 and 13 are rotatively mounted with
      their axes parallel between the rectangular, end plates 14 and 15. The
      roller 13 is mounted somewhat above the roller 12, the rollers being
      mounted between the rear portions of the end plates 14 and 15. Additional
      guide or idle rollers 16 and 17 are mounted parallel to the rollers 12 and
      13 near the lower and upper front corners respectively of the end plates
      14 and 15. With reference to FIG. 3, an electric motor 18 and a gear
      reducer 19 are mounted on the outer face of the end plate 15. An output
      shaft of the motor 18 is rotatively connected through the gear reducer 19
      to the shaft of the roller 13 in a conventional manner.
PAR  One of the usual two power leads used in the circuit of the motor 18 is
      connected through parallel push-button switch 20 (FIG. 2) and magnetic
      switch 21 (FIGS. 2 and 3) to the motor. A conventional electrical circuit
      with the magnetic switch 21 is shown in FIG. 5. The push-button switch 20
      is mounted through the side of a non-magnetic cover 22 that faces the
      front of the machine, and the magnetic switch 21 is mounted inside the end
      of the cover 22 parallel with the end plate 15. The cover is fastened to
      the outer face of the end plate 15 to cover the motor 18 and the reducer
      19 and to provide a rigid mounting for an actuator 23 of the magnetic
      switch 21.
PAR  The actuator 23 comprises a leaf spring 24, and the lower end of the leaf
      spring is secured to the bottom portion of the outside face of the cover
      22 so that the spring extends upwardly adjacent the middle portion of the
      face of the cover. In order to operate the magnetic switch 21, a magnet 25
      is fastened across the inside upper end of the leaf spring 24. The length
      of the leaf spring is such that the magnet 25 is opposite the magnetic
      switch 21 that is on the inside surface of the end of the cover 22. The
      magnetic switch 21 is preferably a reed switch that is actuated by a
      magnetic field of moderate strength. According to the present use, the
      magnetic switch 21 is normally closed by the force of spring tension
      alone, but in this circuit the switch is normally open because the force
      of the field of the adjacent magnet 25 is greater than the spring tension.
      The lower end of the leaf spring 24 is curved slightly outwardly to
      provide sufficient space for an empty bag or balloon of thin rubber
      material or a flexible membrane over an enclosure to fit loosely between
      the leaf spring 24 and the end of the cover 22.
PAR  A bracket 27 secured to the end plate 15 extends outwardly and upwardly in
      front of the cover 22 with an outer portion nearly even with the end of
      the cover 22. The upper end of the bracket 27 has a clamp 28 that is
      approximately even with the horizontal, central portion of the end of the
      cover 22.
PAR  The tension of the leaf spring 23 is weak so that the magnet 25 can be
      easily moved outwardly from its normal position. While the magnet 25 is in
      its normal position, the magnetic switch 21 is open and the motor 18 is
      not operating. When the reading material on the book 11 is to be changed,
      a handicapped person can easily inflate the bag 26 to cause the magnet 25
      to be moved far enough away from the magnetic switch 21 as shown in FIG. 2
      to permit the reed switch 21 to close. The motor 18 operates and rolls the
      book 11 upwardly until the bag 26 is no longer inflated.
PAR  The bag 26 can be inflated through the use of a flexible tube 29 and a bulb
      30 as shown in FIGS. 1 and 2, or by the use of a flexible tube 31 only as
      shown in FIG. 3. The bag 26 is attached to one end of either the tube 29
      or the tube 31. The selected tube is placed in the clamp 28 and the clamp
      is tightened to hold the tube and to maintain the bag between the leaf
      spring 24 and the end of the cover 22. The bulb 30 is flexible, and if it
      is used, it is obviously attached to the opposite end of the tube 29.
PAR  As shown in FIG. 4, the end plates 14 and 15 are spaced the required
      distance by bolts or spacers 32 and 33 to receive the rollers 12, 13, 16,
      and 17. The bolts 32 and 33 are mounted horizontally between the front
      portions of the end plates 14 and 15. The end plates 14 and 15 have a
      moderate amount of spring tension so that the rear portions of the plates
      can be spread apart sufficiently for inserting or removing the book
      rollers 12 and 13. For uniformity and convenience, each of the rollers has
      an axial shaft with a square end 35 extending beyond guiding flanges on
      the ends of the rollers. Except for one end of the roller 13 that is to be
      coupled to the gear reducer 19, the ends of the rollers extend through
      round openings 39 in the end plates 14 and 15, the openings having
      sufficient diameter to permit the rollers 12, 13, 16, and 17 to be rotated
      freely while they are positioned between the end plates 14 and 15. In FIG.
      4, the square socket 34 having an inward face about even with the inside
      surface of the end plate 15, is the output coupling of the gear reducer
      19. Any of the square shafts 35 is a sliding fit in the square opening of
      the socket 34.
PAR  Assume that a book 11 has been completely read, and that it is to be
      positioned for another reading. With reference to FIG. 4, force is applied
      to the rear portions of the end plates 14 and 15 to spread them apart
      sufficiently to remove an empty roller 12 and a full roller 13. To rewind
      the book 11, the roller 13 is turned end for end and placed in the bottom
      position shown occupied by the roller 12. The empty roller 12 is then
      placed between the end plates 14 and 15 so that the square shaft at one
      end of the roller fits into the square socket 34. The end of the book is
      then fed below and up around the lower front roller 16, up over the upper
      front roller 17, and started on the empty roller 12 that has been coupled
      to the gear reducer 19. An operator then presses the actuator of the
      push-button switch 20 to operate the motor 18 until the book is completely
      wound on the previously empty roller 12. Obviously, the book will appear
      to travel backward and will be upside down while it is being rewound.
      After the book is rewound onto the roller 12, the roller is turned end for
      end and placed in the lower position as shown in FIG. 4. It is then placed
      about the rollers 16 and 17 as previously described and started on the
      empty roller 13 that has been returned to its original position.
PAR  The reading scroll machine is then placed in front of the reader, and a bag
      26 supplied with a desired inflating device is placed between the actuator
      23 and the adjacent surface of the cover 22. For handling, a handle 36 is
      located conveniently above the frame of the machine. If the reader can
      move any portion of his body a substantial amount, the bulb 30 can be
      placed so that the reader can squeeze the bulb as shown in FIG. 2 for
      inflating the bag 26 to cause operation of the motor 18. When required,
      the bag 26 can be merely supplied with the tube 31, and the end of the
      tube be placed in the mouth of the reader for inflating the bag 26 by the
      breath of the reader. After a portion of the book has been read, the
      reader inflates the bag 26 for operating the motor 18 that drives the
      roller positioned in the socket 34. The reading matter then moves upwardly
      between the rollers 16 and 17 until the reader releases the pressure on
      the bag 26 to stop the new material that has been brought into view
      between the rollers 16 and 17.
PAR  The book or scroll 11 can be readily prepared from two paper-back books, a
      long sheet of paper, and adhesive. Conveniently, two pages of the book can
      be placed side by side in positions corresponding to that shown for the
      pages 37 in FIG. 1 and the next pages can be placed side by side in the
      position shown for the page 38.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reading scroll machine comprising:
PA1  first and second rollers, a book to be rolled like a scroll between said
      rollers,
PA1  a frame, said frame having supporting means for rotatively mounting said
      rollers and displaying a plane portion of said book that is unwound
      between said rollers, means for viewing said unwound portion from outside
      said frame,
PA1  an electric motor, means for rotatively coupling said motor to one of said
      rollers, a magnetic switch connected to said motor for controlling the
      operation thereof, an actuator for operating said switch comprising a leaf
      spring having a magnet on the free end thereof, said switch and said leaf
      spring being juxtaposed, said actuator being operable easily to change the
      distance between said magnet and said magnetic switch for operating said
      switch between an off-position and an on-position,
PA1  an enclosure with an exposed flexible membrane, mounting means for holding
      said enclosure adjacent said actuator and switch such that outward
      movement of said membrane operates said actuator and thereby operates said
      magnetic switch to said on-position, means for selectively filling said
      enclosure with air under low pressure, said enclosure while filled with
      air under pressure causing said membrane to press against said actuator
      for operating said switch to said on-position to cause said motor to
      operate, and the operation of said motor rotating said one of said rollers
      and thereby sequentially displaying different portions of said book.
NUM  2.
PAR  2. A reading scroll machine as claimed in claim 1 wherein said means for
      filling said enclosure with air includes a flexible bulb, and a tube
      interconnecting said enclosure and said bulb.
NUM  3.
PAR  3. A reading scroll machine as claimed in claim 1 wherein said means for
      filling said enclosure with air includes a tube, said tube connected to
      said enclosure and adapted to permit said enclosure to be filled by the
      breath of a person reading said book.
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PAL  A coding strip for attachment to a container which is routed to one of
      several destinations defined by a machine readable code thereon including
      a support member having a circular cross-sectional rail upon which a slide
      member is mounted for longitudinal movement along the rail. A spring is
      mounted on the slide and engaging the support member for urging the slide
      into a locking position in which ribs on the support member block
      longitudinal movement. The slide member can be moved by pivoting into a
      position in which the slide slips by the ribs.
BSUM
PAR  The invention relates to a coding strip for a coding device for guiding
      containers, with at least one slide with an index marker that can be moved
      longitudinally along the coding strip and fixed on it as well.
PAR  Coding strips of this sort are put on containers, and bear markers that
      make it possible to machine read the code on the coding strip by means of
      certain methods such as reflex light barriers or light beam controllers,
      as the containers move along their transport course. Thus, the course of
      the container within, for example, a factory, can be guided to one of
      several possible destinations. If light is used, then the slides each bear
      a reflector, especially triple reflectors. The coding strip is usually
      arranged to face the direction of movement and extends parallel to the
      bottom surface of the container with respect to the side wall to which it
      is attached. The coding strip thus moves forward with the container as it
      is transported in longitudinal direction.
PAR  For coding, it is necessary that one or more slides be mounted in
      longitudinal direction on the coding strip. In the case of existing coding
      strips, plates of ferro-magnetic material are held on in their final
      position by magnets and are used as markers. However, this method of
      holding the markers is not sufficient since the containers occasionally
      bump into each other. Upon the violent braking that results, the plates
      are often pushed in a longitudinal direction and then gripped by other
      magnets, thus at the wrong place, so that the containers arrive at the
      wrong destination.
PAR  An object of the present invention is to create a coding strip that makes
      it possible to mount the slides in a simple manner, but whereby the slides
      are held in their final position by form-locking, so that they cannot be
      forced into another position as a result of impact with other containers.
PAR  For installing a coding strip, the slide is released in counteraction to a
      spring. Depending upon its construction, it is either pressed against the
      coding strip or pulled away from it. After release, it can be moved in
      longitudinal direction of the coding strip until it reaches the desired
      position. Then it is allowed to snap back into locking position due to the
      spring effect. It is then held form-locked in the new position.
DRWD
PAR  One embodiment of this invention is described in the following, with
      reference to the drawings in which
PAR  FIG. 1 shows a coding strip with two slides in perspective, and
PAR  FIG. 2 is a cross-section of a slide and a coding strip as shown in FIG. 1.
DETD
PAR  Referring to FIGS. 1 and 2, the coding strip 2 consists of a piece of
      profile material i.e., a support member that has a rail 2.1 on one end of
      circular cross-section, while on its other end, the back face 2.2 and flat
      profile pieces 2.3 (top) and 2.4 (front overhang) form a flute 6. The back
      face can have screw holes 8 for attaching it to an object. Code numbers
      are placed as shown on the outside of the flat profile piece 2.4 by any
      suitable means.
PAR  Two slides (slide members) 10 are attached to the coding strip of FIG. 1.
      Each slide has a radiation reflector 12. Each slide 10, as shown in FIG.
      2, has a section 10.1 defining a groove 14, that surrounds the rail 2.1 of
      the coding strip by more than 180.degree., so that the slide is
      form-locked onto this rib. There is sufficient clearance for moving the
      slide along the rib. The slide catches in the trough 6 of the coding strip
      with the right end 10.2 as shown in FIG. 2. The end 10.2 and the profile
      piece 2.4 form opposite buffers. The flute 6 of the coding srip is
      subdivided by ribs 16, in such a way that the slide 10 fits right between
      two ribs, whereby the slide and ribs interfere with each other in a
      locking position to prevent relative longitudinal movement therebetween.
      The thickness of the ribs and their distance from each other and the width
      of the slide are adjusted to each other in such a way that the slide can
      be aligned with each number of the coding strip. In addition to the
      crossribs 16, or instead of these crossribs, other crossribs 17 at the
      same intervals, can be provided on the back face 2.2 of the coding strip.
      The end 10.3 of the slide, which forms the edge of the groove 14, fits
      between these crossribs when the slide is in the solid line position shown
      in FIG. 2 i.e., in the locked position. Attached to each slide is a plate
      spring 18, that presses with its free end 18.2 against the back face 2.2
      of the coding strip to press the associated slide against the profile
      piece 2.4. For longitudinal movement, the end 10.2 of the slide is
      manually pivoted away from face 2.4 and rib 16 against the urging of plate
      spring 18 until longitudinal movement is no longer impeded by either the
      crossribs 16 or the crossribs 17. After the slide has been moved into its
      new position and released, spring 18 pivots slide 10 back into a locked
      position.
PAR  The groove 14 need not have a greater compass than 180.degree. if the slide
      is pressed against the rail 2.1 for instance by a spring. The stopping
      agents can be of another sort. For instance, the slide can have a rib that
      fits into the grooves of the coding strip. Instead of that, there could
      also be projections of the coding spring that fit into grooves of the
      slide. Instead of the coding strip's grasping the free end of the slide,
      the free slide end could also grip the coding strip. The springs could
      press the slide inward as well as outward, but in such a way that a
      form-locked stop connection is formed. Furthermore, it is not necessary
      that the slide be hinged. It could also be embraced by the coding strip at
      the end where its hinge is shown here, or the slide could embrace the
      coding strip on both ends. In such cases, also, the catch effect would be
      accomplished by a spring effect.
PAR  Many other changes and modifications of the above-described embodiment of
      the invention can of course be carried out without departing from the
      scope thereof. Accordingly, that scope is intended to be limited only by
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coding strip which is one part of a coding device and which attaches
      to a transport container, said strip being code machine readable by
      another part of said coding device for guidance of said container to one
      of several possible destinations according to the code indicated,
      comprising:
PA1  support member means having first longitudinal member and having a portion
      remote from that member and parallel thereto defining a rail,
PA1  means for fixedly securing said support member means to said transport
      container,
PA1  slide member means mounted on said rail for movement thereon along said
      code bearing member for indicating machine readable codes by means of
      spaced locked positions therealong,
PA1  said support and slide member means having interfering portions for
      defining said locked positions to prevent relative movement therebetween
      when said member means are urged into a locked position, and
PA1  spring means disposed for engaging said support and slide member means and
      urging said member means into any of said locked positions in which said
      slide member means is prevented from moving along said rail.
NUM  2.
PAR  2. A coding strip as in claim 1 wherein said rail has a portion of circular
      cross section and said slide member means has a portion which curves
      around said rail portion.
NUM  3.
PAR  3. A coding strip according to claim 2 wherein said portion of said slide
      member means curves around said rail by at least 180.degree..
NUM  4.
PAR  4. A coding strip as in claim 1 wherein said code member includes an
      overhanging edge spaced from said rail and said slide member means is
      urged by said spring into a position engaging said overhanging edge.
NUM  5.
PAR  5. A coding strip as in claim 4 wherein said support member means has at
      least first and second spaced ribs along the direction said slide member
      means moves for preventing movement of said slide member means along said
      rail when said slide member means is in said locking position.
NUM  6.
PAR  6. A coding strip as in claim 5 wherein said ribs are located on said
      overhanging edge.
NUM  7.
PAR  7. A coding strip as in claim 4 wherein said support member means has a rib
      on its portion remote from said overhanging edge for preventing movement
      of said slide member means along said rail when said slide member means is
      in said locked position.
NUM  8.
PAR  8. A coding strip as in claim 1 wherein said spring is attached to the
      slide member means, its free end bearing against the support member means.
NUM  9.
PAR  9. A coding strip according to claim 1 wherein said slide member means is
      provided by a radiation reflecting portion.
NUM  10.
PAR  10. A coding strip according to claim 1 wherein a link is provided by said
      support and slide member means enabling a relative longitudinal motion
      between both member means in a non-locking position of both member means.
NUM  11.
PAR  11. A coding strip which is one part of a coding device and which attaches
      to a transport container, said strip including a code machine readable by
      another part of said coding device for guidance of said container to one
      of several possible destinations according to the code indicated,
      comprising:
PA1  support member means having a rail,
PA1  means for fixedly securing said support member means to said transport
      container,
PA1  machine readable coded slide member means mounted on said rail for movement
      thereon for indicating codes by means of spaced locked positions
      therealong,
PA1  said support and slide member means having interfering portions for
      defining said locked positions to prevent relative movement therebetween
      when said member means are urged into a locked position, and
PA1  spring means disposed for engaging said support and slide member means and
      urging said member means into any of said locked positions in which said
      slide member means is prevented from moving along said rail.
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ABST
PAL  Firearm apparatus embodied in a semi-automatic, blowback operated rifle.
      The firearm includes a receiver made of two plates spaced apart to receive
      a bolt mechanism including a bolt mounted for reciprocal motion within a
      channel-shaped member; the operating spring for the bolt assembly is
      received in a slot within the bolt and is retained in place by the
      channel-shaped member. A unitary firing pin/extractor carried by the bolt
      functions as a firing pin and also provides multiple extractor functions.
      A simplified firing mechanism includes a hammer positioned to the rear of
      a cartridge magazine and operatively connected by a three-finger sear bar
      to a trigger mounted in front of the magazine. A safety mechanism is
      provided in conjunction with the trigger guard. Numerous components of
      this firearm apparatus provide multiple functions contributing to the
      economy and efficiency of the present firearm apparatus.
PARN
PAR  This is a division, of application Ser. No. 250,006, filed May 3, 1972 now
      U.S. Pat. No. 3,850,076.
BSUM
PAR  The present invention relates in general to firearm apparatus and in
      particular to a firearm having improved overall design and incorporating a
      number of improved subassemblies and components.
PAR  While the prior art of firearms includes examples of autoloading and
      semi-automatic firearms too numerous for specific mention, these firearms
      generally employ operating mechanisms including a substantial number of
      moving parts which have close tolerances and which, therefore, are
      expensive to manufacture. The mechanical complexity of such firearms
      inevitably results in a weapon in which the desired capability of
      semi-automatic or autoloading operation is obtained at the cost of
      increased weight, difficulty of cleaning and maintenance, and increased
      likelihood of malfunctioning, undesirable features of a firearm whether
      intended for use as a sporting arm or a combat weapon.
PAR  Accordingly, it is an object of the present invention to provide improved
      firearm apparatus.
PAR  It is another object of the present invention to provide improved
      autoloading firearm apparatus.
PAR  It is another object of the present invention to provide improved
      semi-automatic firearm apparatus.
PAR  It is still another object of the present invention to provide improved
      bolt assembly apparatus for use in a firearm.
PAR  It is yet another object of the present invention to provide improved
      firing pin and cartridge extractor apparatus for use with a firearm.
PAR  It is a further object of the present invention to provide improved firing
      mechanism for use with a firearm.
PAR  It is another object of the present invention to provide safety apparatus
      for use with a firearm.
PAR  It is another object of the present invention to provide sight apparatus
      for use with a firearm.
DRWD
PAR  Other objects and many of the attendant advantages of the present invention
      will become apparent from the following description of a disclosed
      embodiment of the invention, including the following drawings, in which:
PAR  FIG. 1 shows a partially sectioned elevation view of a rifle according to a
      disclosed embodiment of the present invention;
PAR  FIG. 2 shows a plan view of the rifle shown in FIG. 1;
PAR  FIG. 3 shows an exploded view of the receiver assembly of the disclosed
      embodiment;
PAR  FIG. 4 shows an exploded view of the bolt assembly contained in the
      receiver assembly of FIG. 3;
PAR  FIG. 5 is a partial section view showing details of the firing mechanism,
      the safety, and other features of the disclosed embodiment;
PAR  FIG. 6 is a section view taken along line 6--6 of FIG. 1 and illustrating
      an interconnection between the halves of the stock according to the
      present embodiment;
PAR  FIG. 7 is a section view showing an alternative to the stock
      interconnection of FIG. 6 and including a loop for attaching a sling;
PAR  FIG. 8 is a section view taken along line 8--8 of FIG. 3, showing the
      internal arrangement of the bolt assembly;
PAR  FIG. 9 is a plan view showing a disclosed embodiment of the firing
      pin/extractor of the present invention;
PAR  FIG. 10 shows an exploded view of the rear sight according to the disclosed
      embodiment of the present invention; and
PAR  FIG. 11 shows a partial view of the front sight according to the disclosed
      embodiment of the present invention.
DETD
PAR  Stated in general terms, the firearm of the present invention includes an
      operating mechanism designed to be fabricated substantially or completely
      from stamped components which require only a minimal amount of precision
      machining operations. A receiver assembly is provided including a pair of
      parallel, spaced-apart plates within which is positioned the bolt
      assembly, which includes a bolt housing defining a channel for reciprocal
      movement of a bolt member disposed therein. A combination firing
      pin/extractor disposed on the bolt provides multiple functions associated
      with the firing of a round and subsequent extraction of the cartridge
      casing. Ejection of the cartridge is provided by an extension of a member
      forming the rear wall of the magazine housing. A firing mechanism is
      provided including a sear bar having separate fingers for trigger contact,
      hammer release, and hammer engagement to prevent hammer-followthrough
      action, and includes a safety actuating member mounted within the trigger
      guard. The trigger guard also forms part of the magazine housing and the
      cartridge loading ramp. A rear sight is provided including an adjustment
      feature, and a front fixed sight is provided to be capable of permanent
      adjustment.
PAR  Stated more particularly and with reference taken to the Figures, the
      disclosed embodiment of the present invention as particularly seen in
      FIGS. 1 and 2 includes a rifle indicated generally at 15 and of the type
      known as a carbine. The rifle 15 includes a stock 16 advantageously formed
      of two halves 17 and 18 which envelope most of the receiver and the
      barrel, as pointed out below. The halves 17 and 18 of the stock may be
      molded from a suitable plastic material having the desired resistance to
      physical stress and the like. The two halves of the stock 16 may be
      secured together at two or more locations, one of which is shown in FIG. 1
      and is detailed in FIG. 6, including a pair of bosses 19 and 20 extending
      to provide the proper spacing between the two halves of the stock. A
      suitable fastening member such as the bolt 21 extends through aligned
      openings in the bosses 19 and 20. The opening through the boss 20 has a
      threaded portion 22 for engagement with the threaded portion 23 of the
      bolt 21, and has an unthreaded remainder portion 24 of sufficient diameter
      to permit free passage of the bolt threaded portion 23. The opening 25
      extending through the boss 19 is threaded along a portion of its length.
      The presence of the unthreaded portion 24 enables the stock halves 17 and
      18 to be separated by unscrewing the threaded portion 23 of the bolt from
      the corresponding threaded portion 22, thereby enabling the bolt to be
      removed from the threaded portion 22 of the opening while selectively
      retaining the bolt 21 in captivity on the stock half 18.
PAR  Although only a single stock connecting location is shown on the drawings,
      it will be understood that at least one other such connection is provided
      preferably at a location adjacent the front end 28 of the stock. If it is
      desired to equip the rifle 15 with a sling, the necessary sling connection
      may advantageously be provided as shown in FIG. 7, by removing each bolt
      21 and substituting a swivel connector including a sling loop 29 mounted
      in a bushing 30 retained against the stock by a bolt 31 which differs from
      the bolt 21 primarily in the provision of an elongated shank 32. In this
      way, a rifle according to the present invention can be normally furnished
      to all users having the stock interconnection as shown in FIG. 6, and can
      be rapidly and inexpensively converted to receive a sling without required
      drilling and with only a conventional screwdriver.
PAR  Returning to FIG. 1, the rifle 15 includes a receiver section shown
      generally at 34 and including a bolt member 35 positioned therein. The
      bolt member 35, which includes a cocking member 36 extending outwardly of
      the receiver section and the stock 16, is mounted for reciprocal movement
      by a first member such as the dowel pin 37 extending through a first slot
      38 in the bolt member, and by a second member such as a second dowel pin
      40 extending through a bolt bushing 39 slidably received within a second
      slot 41 of the bolt member. The bolt member 35 is normally maintained in
      the full forward position by an operating spring such as the compression
      coil spring 42 disposed in the second slot 41 to interact between the bolt
      bushing 39 and end of the slot.
PAR  The bolt member 35 includes a cartridge moving member 46 which extends
      downwardly from the remainder of the bolt member and on which is
      positioned the firing pin/extractor 47. The construction and operation of
      the cartridge moving portion 46 and the firing pin/extractor 47 is
      discussed in detail below.
PAR  The rifle 15 includes a rifle barrel 48 having a cartridge-receiving
      chamber 49 positioned immediately adjacent the front face 50 of the
      cartridge moving member 46.
PAR  It is particularly apparent in FIGS. 1 and 5 that the front face 50
      includes a portion defining a surface 51 which is spaced forward a
      predetermined distance relative to the front face 50. The normal position
      of the bolt member 35 in the full-forward position defined by engagement
      of the dowel pin 37 with the back end of the first slot 38, under the
      influence of the spring 42, is selected with reference to the positioning
      of the barrel 48 to provide a small amount of clearance at 53 between the
      surface 51 and the chamber end 52 of the barrel. It will be understood by
      those skilled in the art that the head spacing clearance 53 defined
      between the front face 50 of the cartridge moving member 46 and the
      chamber end 52 of the barrel must be suited to the rim of the particular
      cartridge for which the rifle is chambered. It will be seen that the
      disclosed embodiment of the present invention is chambered and otherwise
      designed for the 0.22 caliber rimfire cartridge.
PAR  The exploded view of FIG. 3 shows in detail the receiver section 34, which
      includes a pair of spaced-apart receiver plates 55 and 56 which may be
      identical in configuration and which may be advantageously manufactured by
      a suitable stamping operation. The desired spacing between the receiver
      plates 55 and 56 is maintained by spacing elements 57 and 58, by the
      trigger guard 59, and by the barrel 48; the spacing elements 57 and 58 are
      depicted as having tab-and-slot interconnection between the two receiver
      plates, and it will be understood that this interconnection may be
      supplemented or provided by permanent fastening techniques such as
      welding, riveting, or the like. The chamber end of the rifle barrel 48,
      which may be secured between the receiver plates 55 and 56 by rivets 60a,
      60b, 60c, and 60d, also functions to maintain the spacing between the
      receiver plates. The receiver plates 55 and 56 protrude upwardly from the
      stock 16 to form the ears 61 and 62, and the spacing element 58 positioned
      between the ears also functions as a base for the rear sight, as set forth
      below.
PAC  BOLT ASSEMBLY
PAR  Positioned between the receiver plates 55 and 56 is the bolt assembly
      indicated generally at 65 in FIG. 3 and shown separately in exploded view
      in FIG. 4. The bolt assembly 65 includes the bolt member 35 disposed
      within a bolt housing 66 which at least partially surrounds three sides of
      the bolt, as shown in FIG. 8, and which may be fabricated by appropriate
      operations including stamping and bending. Each of the first and second
      dowel pins 37 and 40 extend from the respective slots of the bolt member
      and through corresponding pairs of openings 67 and 78 formed in the
      spaced-apart parallel walls 69 and 70 of the bolt housing. Each of the
      openings 67 and 68 is preferably dimensioned relative to the diameters of
      the corresponding dowel pins 37 and 40 to permit the dowel pins to provide
      a snug, noninterference fit, so that the dowel pins can be removed from
      the bolt assembly without requiring tools. As mentioned previously, the
      dowel pin 37 and the corresponding first slot 38 in the bolt member
      defines the maximum forward travel of the bolt member, and so the location
      in the bolt housing 66 of the opening pair 67 should be precisely defined
      with respect to the location of the rifle barrel.
PAR  The pairs of openings 67 and 68 in the bolt housing are provided on the
      interiors of the walls 69 and 70 with corresponding pairs of spacing
      elements which surround such openings. The spacing members surrounding the
      opening 67 are shown at 71a and 71b in FIG. 8, and these spacing members
      may be provided by suitable expedients such as welding separate
      washer-like spacers in place, by dimpling the metal of the side wall 69
      and 70, or the like. It can be seen from FIG. 8 that the areas of the
      spacing members, including 71a and 71b, provide the only frictional
      contact with the bolt member 35. The cocking member 36 extends upwardly
      through a slot 72 provided in the upper wall of the bolt housing 66.
PAR  The operating spring 42 is captured in the slot 41 between the bolt bushing
      39 and the end wall 73 of the slot. The diameter of the spring 42, in the
      disclosed embodiment, is somewhat larger than the thickness of the bolt
      member 35, so that the sides of the spring 42 make a loose sliding contact
      along approximately line areas of the interiors of the bolt housing side
      walls 69 and 70 during reciprocation of the bolt member. At the same time,
      reciprocation of the bolt member causes sliding contact of the operating
      spring 42 along another pair of approximately line contact areas where the
      individual coils of the operating spring contact the bottom wall 74 and
      the top wall 75 of the slot 41. As a consequence, the movement of the
      operating spring 42 in compression and expansion during reciprocation of
      the bolt member is frictionally impeded only along the aforementioned four
      line contact surfaces. This reduction in the frictional force acting
      against both the operating spring 42 and the bolt member 35 results in a
      firearm having an operating action which is significantly faster than
      provided, for example, by actions in which the bolt slides along machined
      ways or in which the operating spring is substantially enclosed within a
      tube or other member causing frictional contact around the periphery of
      the individual spring coils.
PAR  Referring again to the exploded view of FIG. 3, it will be seen that each
      of the dowel pins 37 and 40 is sufficiently long to extend out of the
      respective openings 67 and 68, and through the respective openings 77a,
      77b and 78a, 78b to be retained in a pair of corresponding aligned
      openings (not shown) disposed in each of the stock halves 17 and 18. The
      dowel pin openings formed in the two receiver plates 55 and 56 are also
      dimensioned to permit a snug, noninterfering fit with the respective dowel
      pins, and it will be understood that the dowel pins 37 and 40 are retained
      in assembled positions by the aforementioned recesses within each of the
      stock halves. Thus, the bolt assembly 65 is readily removable from the
      rifle by separating the two stock halves and then simply manually
      withdrawing the dowel pins 37 and 40 from the two receiver plates, the
      bolt housing 66, and the bolt member 35, whereupon the bolt assembly is
      freed to be removed from the spaced-apart receiver plates.
PAR  The receiver plate 56, which is disposed on the right side of the rifle 15,
      includes an opening 83 which functions as an ejection port for spent
      cartridges. Since each of the receiver plates 55 and 56 can be identically
      configured for economy of manufacture, as mentioned above, the receiver
      plate 55 in the disclosed embodiment contains an opening 84 similar to the
      ejection port. While the opening 84 is useful to provide ventilation of
      gases from the chamber, it will be understood that the opening 84 is
      optional and is nonessential in a firearm designed to eject cartridges in
      the conventional or right-side manner.
PAC  FIRING PIN/EXTRACTOR MEMBER
PAR  The firing pin/extractor member 47 is provided by a flat stamping having a
      base portion 85 and a pair of generally parallel arms 86 and 87 extending
      outwardly from the base member, as best shown in FIGS. 4 and 9. The firing
      pin is provided for rimfire cartridges (in the disclosed embodiment) by
      the projection 88 adjacent the end of the arm 87, and it will be
      understood by those skilled in the art that the firing pin 88 would be
      appropriately repositioned for use in a rifle intended to receive
      center-fire cartridges. The arm 86 includes a right extractor lug 89 in
      opposition to and spaced a distance 90 beyond the firing pin 88. The left
      extractor is provided by the surface 91 which is disposed at the end of
      the arm 87 and which confronts the right extractor 89.
PAR  The arm 87 of the firing pin/extractor is mounted in a groove 92 contained
      along one side of the cartridge moving member 46, and the base member 85
      is at least partially received within a slot 93 (FIG. 3) at the rear end
      of the cartridge moving member. A retaining lug 94 on the arm 86 is
      received in the aperture 95 of the cartridge moving member 96 to permit a
      limited extent of fore-aft movement of the firing pin/extractor member
      relative to the cartridge moving member. It will be appreciated that the
      relative dimensions of the retaining lug 94 and the aperture 95 are
      selected so that the firing pin 88 is behind the front face 50 when the
      firing pin/extractor is positioned rearwardly, and so that the firing pin
      88 extends in front of the front face 50 when the firing pin/extractor is
      positioned forwardly of the cartridge moving member 46.
PAR  When a cartridge is positioned in the chamber 49 as described below, the
      head of the cartridge as shown in phantom in FIG. 9 is positioned between
      the left extractor 91 and the right extractor 89; the spring action
      provided by the length of the arm 87 enables the left extractor to
      maintain the cartridge head engaged behind the right extractor lug 89.
PAR  A rib 96 extending downwardly from the lower edge of the cartridge moving
      member 46 functions to move cartridges from a magazine to the chamber 49,
      as outlined below.
PAC  FIRING MECHANISM AND SAFETY
PAR  The firing mechanism assembly of the rifle 15 is best shown in FIG. 5, and
      the individual components of the firing mechanism are shown in the
      exploded view of FIG. 3. The firing mechanism includes the hammer 100
      mounted for rotation on a pin 101 and biased by the spring 102 toward the
      position shown by the arrow in FIG. 5. The hammer is retained in the
      cocked position, shown in FIG. 5, by engagement of the sear notch 103 with
      the middle finger 104 of the sear bar 105. The sear bar additionally
      includes a rear finger 106 and a front finger 107, with all three fingers
      extending substantially transversely of the sear bar 105.
PAR  Each of the three sear bar fingers extends through a corresponding pair of
      slots 108, 109, and 110 formed in the receiver plates 55 and 56, with the
      sear bar fingers permitted a limited amount of fore-aft movement within
      such slots. The compression spring 111 acting against the middle finger
      104 urges the sear bar 105 and all three fingers toward the rear position.
PAR  The middle finger 104 of the sear bar contains a pair of forwardly-facing
      notches 117 and 118 which retain the spring 111 in place against the
      middle fingers; the force of the spring 111 pressing into the notches 117
      and 118 also serves to retain the sear bar 105 in the firing mechanism
      assembly.
PAR  The hammer 100 includes a holding surface 112 for selective engagement with
      the rear finger 106, and includes first and second camming surfaces 113
      and 114 which enable the hammer to urge forward the spring-biased sear bar
      fingers 104 and 106 when the hammer is rotated in a counter-clockwise
      direction as explained below. The hammer 100 additionally includes a
      striking surface 116 for engaging the base member 85 of the firing
      pin/extractor member 47, and a holding surface 115 which is positioned to
      engage a noncritical surface of the middle finger 104 if the hammer is
      allowed to fall while the bolt assembly 65 is removed from the rifle.
PAR  The front finger 107 of the sear bar extends in front of the pushing
      surface 120 of a trigger 121 pivotally mounted as at 122. The trigger 121
      includes a stop surface 123 which contacts a confronting portion of the
      trigger guard 59 to limit the forward motion of the trigger in response to
      the spring-biased rearward motion of the front finger 107. When the
      trigger 121 is pulled, the pushing surface 120 contacts the front finger
      107 to move this finger, along with the other sear bar fingers 104 and
      106, forward against the force of the spring 111. This forward movement
      causes the middle finger 104 to be removed from the sear notch 103,
      permitting the hammer 100 to be moved forwardly by the spring 102. This
      forward movement continues until the striking surface 116 strikes the base
      member 85 of the firing pin, causing the firing pin 88 to move forward and
      fire the round in the chamber. When the bolt member 35 is blown backwardly
      by the fired round, the bolt member moves the hammer 100 in a
      counter-clockwise direction until the middle finger 104 again engages the
      sear notch 103. If the pulled trigger has not been released to permit the
      necessary rearward movement of the sear bar, however, the camming surface
      114 of the hammer engages the rear finger 106 to move the sear bar in a
      rearward direction so that the finger 106 can engage the holding notch
      112. When the trigger 121 is finally released, the rear finger 106 is
      removed from the holding notch 112 and the hammer 100 falls forward to the
      position where the sear notch 103 engages the properly positioned middle
      finger 104.
PAR  A safety apparatus for the disclosed rifle is provided by a safety lever
      125 which is movable around a bushing 126 rotatably disposed on a pin 136
      and loosely positioned to be biased toward one end of a slot 127 by the
      compression spring 128. The safety lever 125 includes a stop notch 129,
      which is movable to engage and block the bottom of the front finger 107 of
      the sear bar, and a stop surface 130, which is shown contacting the top of
      the trigger guard 59.
PAR  The safety apparatus additionally includes an actuating member 131
      extending downwardly from the pivot bushing 126 through a slot 132 formed
      in the front of the trigger guard 59. The actuating member 131 terminates
      in a pair of camming surfaces 133 and 134, which selectively contact the
      lower end 135 of the trigger guard slot 132.
PAR  In the operation of the safety apparatus, it will be seen that the
      actuating member 131 is normally biased downwardly to place one or the
      other of the camming surfaces 133 and 134 into contact with the lower end
      135 of the trigger guard slot. Assuming that the actuating member 131 and
      the safety lever 125 are in the position shown in FIG. 5, the sear finger
      107 is free to be moved forwardly by the trigger 121 to release the hammer
      and fire the rifle. A rearward motion applied to the actuating member 131
      causes the camming surface 133 to ride along the lower end 135 of the
      trigger guard slot, with the slot 127 being moved upwardly relative to the
      bushing 126 and the pin 136. Continued rearward movement of the actuating
      member 131 causes the camming surface 134 to move onto the lower end 135,
      at which time the actuating member 131 flips in toggle-action to move the
      stop notch 129 upwardly to engage and block forward movement of the front
      finger 107. The safety apparatus thus remains engaged, preventing further
      firing of the rifle, until the actuating member 131 is again moved
      forwardly against the toggle action, as by forward movement of a person's
      finger inserted through the trigger guard 59.
PAC  TRIGGER GUARD AND MAGAZINE HOUSING
PAR  A housing to receive and retain the cartridge magazine 139 is defined in
      part by a wall portion 140 formed as an integral extension of the trigger
      guard 59. The wall portion 140 terminates at a ramp portion 141, which is
      disposed forwardly to provide a surface directing a cartridge removed from
      the magazine for movement toward the chamber 49. It is thus seen that the
      trigger guard 59 provides the functions of partially defining a magazine
      chamber, a cartridge feed ramp, a safety apparatus retainer, and a trigger
      positioning device, in addition to the conventional trigger-surround
      function.
PAR  The rear wall of the magazine chamber is formed by a flat metallic stamping
      142 including a wall portion 143, a deformed portion 144 which curves
      rearwardly to contact the interior surface 145 of the stock portion
      surrounding the magazine housing, a magazine contacting portion 146
      including a catch surface 147, and a thumbpiece 148 which extends
      rearwardly from the lower end of the stamping. The upper end of the
      stamping terminates in the ejector 149, which is located immediately below
      the cartridge moving member 46 and to one side of the cartridge feed rib
      96 thereon. The stamping 142 may be provided with plural tabs 150 which
      engage in a corresponding plurality of slots 151 formed in the two
      receiver plates 55 and 56.
PAR  It can be particularly seen in FIG. 5 that a magazine 139 having a notch
      152 on its rear side is retained in place by resilient movement of the
      catch surface 147 into the magazine notch.
PAC  OPERATION
PAR  Considering the operation of the firearm as described, it is assumed that a
      cartridge-containing magazine 139 is fully inserted into the magazine
      housing and that the chamber 49 is presently empty. When the bolt member
      35 is moved back by manual movement of the cocking member 36, the
      cartridge feed rib 96 becomes positioned behind the first cartridge in the
      magazine, and this rearward movement also moves the hammer 100 to the
      cocked position shown in FIG. 5. When the cocking member 36 is released,
      the bolt member is moved forward by the operating spring 42 and the feed
      rib 96 strips the top cartridge from the magazine to move this cartridge
      along the ramp 141 and into the chamber 49. During this forward movement
      of cartridge, the right and left extractors 89 and 91 become engaged with
      the rim of the cartridge. The firearm is now in condition for firing.
PAR  The firing mechanism operates as described above to strike the surface 116
      of the hammer against the firing pin/extractor member, moving this member
      forward on the cartridge moving member 46 to the extent permitted by the
      free play of the retaining lug 94 within the aperture 95. The resulting
      forward movement of the firing pin 88 discharges the round, and the bolt
      member 35 is moved backwardly. The spent cartridge is withdrawn from the
      chamber 49 by the backward movement of the extractors 89 and 91, the
      resilient action of the left extractor 91 maintaining the cartridge rim in
      engagement behind the right extractor lug 89. This backward movement of
      the spent cartridge continues until the underside of the cartridge is
      forced against the ejector 149, as seen in FIGS. 5 and 8, whereupon the
      cartridge is dislodged from the extractors and ejected out of the ejection
      port 83 in the receiver plate 56. The rearward movement of the bolt member
      35 continues until the hammer 100 is again cocked and the front end of the
      slot 38 contacts the dowel pin 37, whereupon the operating spring 42
      forces the bolt member forward and the loading cycle repeats.
PAC  Front and Rear Sights
PAR  The rear sight of the type providing a "click" elevation adjustment is
      provided, according to the present invention, as another function of the
      receiver plate spacing element 58. The forward portion of the spacing
      element 58, shown in detail in FIG. 10, provides a ramp 156 disposed on a
      slope relative to the boresight of the rifle barrel 48, and an opening 157
      is formed in the ramp. The actual rear sighting element, in the disclosed
      embodiment, is provided by the peep sight opening 158 mounted to extend
      upward from the sight slide 159. The sight slide 159 contains a plurality
      of contiguous overlapped openings 160, and the sight slide is attached to
      the ramp 156 with a fastener 161 having a conical surface 162. The shank
      of the fastener 161 passes freely through the openings 160 and the opening
      157 in the ramp 156, and is retained with the conical surface 162 drawn
      into one of the openings 160 by the resilient force of a fastening member
      such as the retaining ring 163 having the shape of a conic section.
PAR  Movement of the sight slide 159 in either direction along the ramp 156
      provides a number of "click" elevation adjustments for the sight opening
      158 as the conical surface 162 moves between the adjacent ones of the
      openings 160. A rear sight is thus provided which affords click-elevation
      adjustment at relatively little additional cost and which also utilizes
      the spacing element 58, an integral part of the disclosed embodiment of
      the invention. The upper end of the receives plate ears 61 and 62 (FIG. 2)
      shield and define the region in which the sight opening 158 moves.
PAR  Considering the front sight 167 as shown in FIGS. 1, 2, and 11, the actual
      visual sighting furction is provided by the end 168 of a blade 169 which
      extends downwardly to a lower end 170 preferably secured permanently as by
      welding or the like to the exterior of the rifle barrel 48. The blade 169
      is surrounded on the left and right sides by a pair of protective members
      171 and 172, which may be fabricated from a single piece of metal to
      include a looped portion 173 disposed around and secured to the rifle
      barrel 48. Each of the protective members 171 and 172 terminates in a
      protective ear 174 and 175, respectively, with these ears being spaced
      apart from the sight end 168 to define and protect this sight.
PAR  The protective members 171 and 172 include adjustment openings, one of
      which is shown at 176, through which the blade 169 can be contacted with a
      suitable tool to be bent. It is contemplated that the front sight 167,
      once initially installed during the manufacture of the rifle, would be
      sighted-in by bending the blade 169 as necessary to achieve the proper
      horizontal location for the sight end 168. The protective members 171 and
      172, including the ears 174 and 175, protect and substantially surround
      the blade 169 to protect this blade from becoming easily damaged or
      otherwise misaligned from any physical contact with the blade. Even if
      damage occurs in some manner, the blade 169 can again be bent to sight-in
      the rifle.
PAR  Although the foregoing disclosure of an embodiment of the present invention
      sets forth a complete firearm having numerous operating assemblies and
      features, it will be apparent to those skilled in the art that many of
      these features can be applied separately to firearms of different overall
      design without detracting from the operation and the advantages afforded
      by each particular assembly. For example, it will be understood that a
      firearm could be provided having a bolt assembly according to the present
      invention, without requiring a firing mechanism as disclosed herein.
      Similarly, a safety apparatus according to the present invention could be
      provided for many different types of firearms.
PAR  The overall firearm design of the present invention permits extensive use
      of components which can be manufactured by relatively inexpensive
      techniques such as stamping, bending, and the like, and which require
      little or no precision machining, apart from portions such as the bolt
      member and the dowel pins as aforementioned. A firearm thus can be
      provided according to the present invention which is inexpensive and light
      of weight, and which additionally provides a low-friction action which is
      rapid, dependable, and easily broken down for cleaning or other purposes.
      In the disclosed embodiment of the invention, for example, the complete
      action consists of four basic moving parts: the bolt member, the hammer,
      the sear bar, and the trigger.
PAR  Moreover, it will be apparent to those skilled in the art that only a
      preferred embodiment of the present invention is disclosed, and that
      numerous modifications and alterations may be made therein without
      departing from the spirit and scope of the invention as defined in the
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A firing pin for use in a firearm, comprising:
PA1  a flat unitary member including a base portion and a pair of arm portions
      extending from said base portion in generally parallel spaced apart
      relation to each other to terminate at respective ends spaced apart from
      said base portion;
PA1  said arm portions maintaining said ends spaced apart from each other a
      predetermined distance and being resiliently deformable with respect to
      each other to permit increase of said predetermined distance;
PA1  each of said spaced apart arm portions having an elongate inner surface
      facing in confronting relation toward the other of said arm portions, said
      elongate surfaces being mutually parallel to define a movement guide slot
      between said arm portions for the entire unitary firing pin;
PA1  first extractor member disposed at said end of one of said arm portions to
      engage the rim of a cartridge;
PA1  second extractor member disposed at said end of said other arm portion in
      spaced relation with said first extractor member to engage the rim of a
      cartridge disposed between said first and second extractor members; and
PA1  means disposed on one of said arm portions in operative alignment with the
      primer of a cartridge disposed between said first and second extractor
      members.
NUM  2.
PAR  2. The firing pin as in claim 1, wherein said flat unitary member includes
      a retaining member disposed on the inner surface of one of said arm
      portions, said retaining member confronting and spaced apart from the
      inner surface of the other said arm portion.
NUM  3.
PAR  3. The firing pin as in claim 2, wherein said retaining member comprises a
      lug extending outwardly from the inner surface of said one arm portion
      toward said other arm portion.
NUM  4.
PAR  4. A firing pin for mounting on the exterior of a flat bolt portion having
      a pair of parallel spaced apart longitudinal sides, the bolt portion
      having an elongate slot extending along one of said sides, an aperture
      disposed in one of said sides, a rear end, and a slot disposed in the rear
      end of the bolt portion, said firing pin comprising:
PA1  a flat unitary structure including an end member and a pair of arm members
      extending from said end member in generally parallel spaced apart relation
      to each other to terminate at respective ends spaced apart from said end
      member;
PA1  one of said arm members having an inner edge which is slidably receivable
      in the elongate slot provided in such bolt portion;
PA1  the other of said arm members having an inner edge which contacts and is
      slidably disposed along the other of such parallel spaced apart sides of
      the bolt portion;
PA1  said end member being received in the rear end slot of the bolt portion and
      having a portion extending rearwardly beyond the rear end slot to receive
      a hammer blow;
PA1  first extractor member disposed at said end of one of said arm members to
      engage the rim of a cartridge;
PA1  second extractor member disposed at said end of the other of said arm
      member in confronting spaced apart relation with said first extractor
      member to engage the firing member of a cartridge disposed between said
      first and second extractor members; and
PA1  firing means disposed on one of said arm members in operative alignment to
      fire a cartridge disposed between said first and second extractor members.
NUM  5.
PAR  5. The firing pin as in claim 4, wherein the said arm member which extends
      along the apertured bolt portion side has a protrusion extending into said
      aperture;
PA1  the relative dimensions of said protrusion and the aperture providing a
      lost-motion connection which limits the maximum extent of rearward
      movement of said unitary structure relative to the bolt portion.
NUM  6.
PAR  6. The firing pin as in claim 4, wherein:
PA1  one of said arm members has a protrusion which extends into the aperture
      disposed in a side of the bolt portion and which is dimensioned to permit
      said flat unitary structure to undergo a limited extent of longitudinal
      movement along said bolt portion; and
PA1  said end member has a forwardly extending inner edge which is received in
      said rear end slot of the bolt portion in confronting relation with the
      bottom of the rear end slot.
NUM  7.
PAR  7. The firing pin as in claim 4, wherein:
PA1  said firing means comprises a firing pin disposed at an end of one of said
      arm members for engagement with the firing member of a cartridge when said
      unitary structure is moved forwardly relative to said bolt portion in
      response to a hammer blow received on said end member; and
PA1  said unitary structure including means positioned to contact such bolt
      portion at the maximum extent of said relative forward movement of said
      unitary structure.
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ABST
PAL  A hand firearm having a firing pin which is pivotable between lower and
      upper positions has a slide with a notch in a side thereof within which is
      received the firing pin. A hammer is engageable with the firing pin when
      in the upper position and means including a trigger are provided for
      pivoting the hammer into its cocked position. A release lever is pivoted
      with the hammer and is engageable with the lower end of the slide to move
      the slide upwardly and thereby to also move the firing pin into its upper
      position in which position it is engageable by the hammer. The upward
      movement of the slide is against the force of the spring which urges the
      slide and firing pin downwardly into the lower position after firing of
      the firearm.
BSUM
PAR  The present invention relates to a firing pin safety device for hand
      firearms such as automatic pistols having a firing pin that can be
      temporarily pivoted from the effective range of the hammer, more
      particularly, to the structure for pivoting of the firing pin.
PAR  Hand firearms have been provided wherein the firing pin is pivoted between
      positions so that in one position the hammer is temporarily displaced from
      the effective range of the hammer. German Pat. No. 670 241 discloses that
      when the firearm is in the safety position the rear end of the firing pin
      is pivoted about its front end from the range of the hammer by means of a
      safety pivot mounted on the safety lever. This arrangement is not
      particularly satisfactory since it is dependent on the operation of the
      safety device. Further, this arrangement cannot be used on pistols wherein
      for repeated or rapid fire the uncocked hammer is cocked during the
      pulling of the trigger without the necessity of first releasing the safety
      device since the loaded weapon is generally carried uncocked and with the
      safety device in the locked position.
PAR  A pistol has been proposed wherein the firing pin can be pivoted both when
      the safety device is applied or locked and also when the safety device is
      released. However, this pistol has the disadvantage that its structure
      requires the actuator for the pivoting movement to be arranged within the
      firing device and, accordingly, only a relatively limited range of
      pivoting is available. Further, the safety device pivot structure is
      unduly weakened by removing material from its cross-section that under
      actual conditions of usage for the pistol there is a considerable risk of
      malfunction or breaking of the safety device even after a relatively brief
      use of the weapon.
PAR  It is therefore the principal object of the present invention to provide a
      novel and improved firing pin safety device for firearms having a firing
      pin that can be pivoted temporarily from the effective range of the
      hammer.
PAR  It is another object of the present invention to provide such a firing pin
      safety device which is simple in construction, reliable in operation and
      prevents accidental firing of the weapon when the hammer of the loaded
      weapon is hit or bumped in any manner.
PAR  It is another object of the present invention to provide such a firing pin
      safety device wherein the pvioting of the firing pin is achieved
      independently of the safety lever.
PAR  According to one aspect of the present invention in a firing pin safety
      device for hand firearms there may be provided a firing pin which is
      pivotable between lower and upper positions. A moveable member which may
      be in for form of a slide is operatively connected to the firing pin. A
      pivotally mounted hammer is engageable with the firing pin in its upper
      position and means including a trigger is provided for pivoting the hammer
      into its cocked position. A release lever is pivotable with the hammer and
      during pivoting is engageable with the moveable member to move said member
      and thereby the firing pin into its upper position.
DRWD
PAR  Other objects and advantages of the present invention will be apparent upon
      reference to the accompanying description when taken in conjunction with
      the following drawings, which are exemplary, wherein;
PAR  FIG. 1 is a longitudinal sectional view through a portion of the firearm
      incorporating the present invention showing the safety in its locked
      position and the hammer uncocked;
PAR  FIG. 2 is a sectional view taken along the line A--A of FIG. 3;
PAR  FIG. 3 is a longitudinal sectional view through a portion of the weapon of
      FIG. 1 at the instant when the cartridge is fired; and
PAR  FIG. 4 is an elevational view of a portion of the hammer viewed in the
      direction of the arrow B of FIG. 1.
DETD
PAR  Proceeding next to the drawings wherein like reference symbols indicate the
      same parts throughout the various views a specific embodiment of the
      present invention will be described in detail.
PAR  In FIG. 1, there is illustrated a portion of a firearm 1, which may be an
      automatic pistol, incorporating the present invention wherein the firearm
      is loaded, locked in the safety position and uncocked. A firing pin 2 is
      positioned for pivotal movement about its front end 18 and is shown in its
      lower position with its rear end 3 in front of a circular recess 4 formed
      in the striking face of a pivotally mounted hammer 5. Thus, should the
      hammer 5 be hit or bumped accidently or inadvertently the hammer will not
      contact the firing pin 2 since the rear end 3 of the firing pin projects
      into the recess 4 and any impact or movement of the hammer will not be
      transmitted to the firing pin.
PAR  In the uncocked position, the firing pin 2 is locked in such a manner that
      a collar or enlarged diameter portion 6 on the firing pin 2 is positioned
      against the outer periphery of a pivotally mounted safety shaft 7 which
      extends through the breech housing 12 transversely to the firing pin. The
      outer periphery of the safety shaft 7 bearing against firing pin collar 6
      thus prevents moving of the firing pin in the direction toward a cartridge
      8 which is loaded in the chamber of the firearm. The tip of the firing pin
      18 thus cannot reach the percussion cap of the cartridge for discharging a
      shot. Nevertheless, the firearm is ready for firing as will next be
      explained in detail. A suitable safety lever as known in the art, is
      attached to the safety shaft 7 to pivot the safety shaft between its
      locked and unlocked position.
PAR  In the firing of the firearm, as a pivotally mounted trigger 9 is pulled, a
      trigger arm 9' which is pivotally connected to the trigger moves toward
      the left as viewed in FIG. 3 and pivots a cocking lever 9" in the
      counter-clockwise direction. At the same time, a portion of the cocking
      lever 9" engages the hammer 5 which is pivotally mounted on a pin 10 to
      cam the lever in a clockwise direction. A release lever 11 which is also
      mounted on the hammer pivot pin 10 is pivoted together with the hammer.
      The release lever 11 is provided with a nose surface 11' which cams
      against the lower end of a slide 13 which is mounted for sliding
      displacement in the breech housing 12 behind the safety shaft 7. The slide
      13 is shown in its upper position in FIG. 2 and is urged downwardly into
      its lower position by a compression spring 14.
PAR  It has been known to employ a slide, such as slide 13, in similar firearms
      as a firing pin lock. According to the present invention, there is an
      arcuate-shaped recess or notch 15 in an edge of the slide 13 as seen in
      FIG. 2. Collar portion 6 of the firing pin is received within the notch 15
      so that during upward sliding movement of slide 13 through a relatively
      large distance the rear end 3 of the firing pin 2 will be shifted upwardly
      into its upper or effective position wherein the rear end 3 of the firing
      pin is engageable by abutment surface 16 on the hammer 5. The slide 13
      will be moved upwardly under the operation of the trigger 9 simultaneously
      with the cocking of the hammer 5 under the action of the pawl 5' as known
      in the art.
PAR  When the hammer 5 reaches its extreme rearward position, the hammer will be
      subjected to the action of a compressed spring acting upon a biasing rod
      to cause the hammer to move forwardly or to the left as viewed in FIG. 3
      so that the abutment surface 16 of the hammer strikes rear end 3 of the
      firing pin to fire the cartridge 8. The movement to the left of the firing
      pin 3 is possible since the collar 6 of the firing pin will enter a recess
      17 of the safety shaft which has been moved to its unlocked or release
      position.
PAR  After firing, the firearm is again locked and cocked automatically in a
      known manner and can be locked in the safety position by pivoting the
      safety shaft 7 into the position as shown in FIG. 1. When the shaft 7 is
      pivoted into the locked position the cocked hammer 5 is uncocked in a
      known manner. After trigger 9 has been released and during its backward or
      return travel before the shot is fired as well as during the uncocking of
      the hammer 5, the slide 13 together with the firing pin 2 is again moved
      downwardly into its initial or lower position under the action of
      compression spring 14 so that the weapon is again locked against an
      unintentional firing.
PAR  The safety shaft 7 is provided with an opening therethrough 19 through
      which the firing pin 2 extends in order to provide for pivoting movement
      of the firing pin. The opening 19 thus limits the range of pivoting of the
      firing pin between the safety or locked position and the firing position.
PAR  As seen in FIG. 2, an elongated opening or slot 20 is arranged vertically
      in the breech housing 12 for guiding the firing pin 2 for movement in a
      vertical plane during its pivotal movement.
PAR  As may be seen in FIG. 4, the circular recess 4 in the forward surface of
      the hammer 5 is provided with a groove or slot 21 to provide additional
      clearance. The upper edge of the slot 21 is tangential to the upper
      surface of the circular recess 4 as may be seem in FIG. 4 so that any
      contact of the rear end 3 of the firing pin with the hammer 5 is avoided
      during the cocking operation.
PAR  Thus it can be seen that the present invention has disclosed a firearm
      having a pivotally disposed firing pin which is pivoted between its
      ineffective and effective or firing positions by a relatively simple
      structure. Further, this pivoting of the firing pin to the firing position
      is accomplished simultaneously with the cocking of the hammer under the
      action of the trigger being pulled.
PAR  It will be understood that this invention is susceptible to modification in
      order to adapt it to different usages and conditions, and accordingly, it
      is desired to comprehend such modifications within this invention as may
      fall within the scope of appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a firing pin safety device for hand firearms, a firing pin pivotable
      between lower and upper positions, a moveable member connected to said
      firing pin, a pivotally mounted hammer engageable with said firing pin in
      the upper position, means including a trigger for pivoting said hammer
      into the cocked position, and a release lever pivotable with said hammer
      and engageable with said moveable member to move said member and thereby
      the firing pin into its upper position.
NUM  2.
PAR  2. In a firing pin safety device as claimed in claim 1 wherein said
      moveable member comprises a slide moveable transversely to said firing
      pin.
NUM  3.
PAR  3. In a firing pin safety device as claimed in claim 2 wherein said slide
      has a notch in an edge thereof and said firing pin is received within said
      notch so as to be moveable thereby.
NUM  4.
PAR  4. In a firing pin safety device as claimed in claim 2 and a compression
      spring acting against said slide to urge the slide and the firing pin into
      the lower position.
NUM  5.
PAR  5. In a firing pin safety device as claimed in claim 1 wherein there is a
      recess in the hammer in the area of the lower portion of the firing pin so
      that the end of the firing pin projects into said recess when the hammer
      is in the uncocked position.
NUM  6.
PAR  6. In a firing pin safety device as claimed in claim 5 wherein said recess
      is circular and there is a groove in the upper portion of said recess and
      having its upper edge tangent to the circular recess.
NUM  7.
PAR  7. In a firing pin safety device as claimed in claim 1 and a pivotally
      mounted safety shaft having lock and release positions extending
      transversely to said firing pin and having an opening through which said
      firing pin extends, said opening being of such shape to enable said firing
      pin to pivot between its lower and upper positions.
NUM  8.
PAR  8. In a firing pin safety device as claimed in claim 1 and a breech housing
      having an elongated opening therein within which said firing pin is guided
      between its lower and upper positions.
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ABST
PAL  A double barrel firearm having two parallel barrels spaced apart by a front
      spacer secured to the barrels at the forward ends thereof and by a rear
      spacer secured to the barrels toward the rearward ends thereof is provided
      with a removable filler strip assembly for filling the space between the
      barrels. The removable filler strip assembly comprises a pair of filler
      strips which extend along opposite sides of the barrels in the space
      between the barrels from the forward end of the rear spacer to the
      rearward end of the front spacer. Filler strip engaging means at the
      forward ends of the filler strips releasably connect said forward ends to
      the front spacer, and filler strip retainer means releasably secured to
      the rear spacer releasably connect the rearward ends of the filler strips
      to the rear spacer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to double barrel firearms, and in particular to
      filler strips for filling the space between the barrels.
PAR  2. Prior Art
PAR  Double barrel firearms to which the present invention relates include both
      shotguns and rifles having two substantially parallel barrels disposed
      either vertically (over-and-under) or horizontally (side-by-side) with
      respect to each other. The two parallel barrels of this type of firearm
      are spaced a predetermined distance apart and are carefully positioned in
      order to make sure that the bores of the barrels are aligned with respect
      to each other exactly as intended by the gunmaker. (That is to say, the
      axes of the bores may be exactly parallel or they may converge slightly so
      as to meet at a common point a predetermined distance from the muzzle of
      the barrels). The two barrels are permanently fixed in this position by a
      front spacer secured to the facing surfaces of the barrels at the forward
      ends thereof and by a rear spacer secured to the facing surfaces of the
      barrels toward the rearward ends thereof. The front and rear spacers are
      secured to the barrels advantageously by silver soldering or brazing these
      parts together, although they may also be secured together by soft solder
      or some other means. When thus secured together the two barrels are
      separated by a roughly hourglass-shaped space that extends from the
      forward end of the rear spacer to the rearward end of the front spacer.
      That is to say, the spaced parallel barrels define a longitudinally
      extending space having generally triangular cross sections on opposite
      sides of the barrels.
PAR  Although in some double barrel firearms the space between the barrels is
      allowed to remain open, it is more usually the practice to fill in or
      enclose the space between the barrels by means of a pair of filler strips
      which extend along opposite sides of the barrels from the rear spacer to
      the front spacer. The filler strips are usually secured to the barrels by
      a soft lead-base solder or, less commonly, by a hard silver solder. In all
      cases, when soldering the filler strips to the barrels it is very
      important that a moisture tight joint be obtained between the filler
      strips and the barrels in order to prevent moisture from entering the
      space between the barrels enclosed by the filler strips where it
      eventually will cause rust to form in an area inaccessible for cleaning.
PAR  After extended use in the field, it may be necessary to resolder the filler
      strips to the barrels, or the barrel assembly may need rebluing. However,
      soft solder will not withstand modern bluing solutions and if subjected to
      these solutions it will disintegrate, thereby causing the filler strips to
      separate from the barrels. If the barrel filler strips are silver soldered
      to the barrels the resulting assembly can be blued and reblued with modern
      bluing solutions. However, the use of silver solder requires excessive
      local heating of the barrels which causes warping and distortion of the
      parallel alignment of the barrels. As it is extremely difficult to
      straighten and align the barrels after the barrels are soldered together,
      the use of silver solder is not widely practiced. Moreover, modern bluing
      solutions and bluing salts are extremely corrosive to steel. It is
      imperative therefore that the joint between the filler strips and the
      barrels be moisture tight in order to prevent entrapment of bluing salts
      from the bluing solution in the space enclosed by the filler strips.
PAR  After an intensive investigation of the aforementioned problems associated
      with the securing of filler strips to the barrels of double barrel
      firearms, we have now devised a novel barrel and filler strip assembly by
      means of which the filler strips are removably secured to the barrels of
      the firearm. The removable filler strips of the invention fit neatly into
      the generally triangular spaces on opposite sides of the barrels when
      secured to the barrels, and they can readily be removed from the barrels
      to expose the space between the barrels for routine cleaning, or for
      rebluing if necessary.
PAC  SUMMARY OF THE INVENTION
PAR  The removable filler strips of the invention are employed in conjunction
      with double barrel firearms having two generally parallel barrels spaced a
      predetermined distance apart by a front spacer secured to the facing
      surfaces of the two barrels at the forward ends thereof and by a rear
      spacer secured to the facing surfaces of the barrels toward the rearward
      ends thereof. The removable filler strip assembly comprises a pair of
      filler strips which extend along opposite sides of the barrels in the
      roughly hour-glass shaped space that extends between the barrels from the
      forward end of the rear spacer to the rearward end of the front spacer.
      Filler strip engagement means are disposed at the forward end of the
      filler strips for releasably connecting the forward ends thereof to the
      front spacer, and filler strip retainer means are removably secured to the
      rear spacer for releasably connecting the rearward ends of the filler
      strips to the rear spacer.
PAR  In an advantageous embodiment of the invention each of the filler strips is
      formed with a forwardly extending inner lip portion at the forward end
      thereof and with a rearwardly extending outer lip portion at the rearward
      end thereof. The front spacer is formed with a recess at the rearward end
      thereof in which recess the forwardly extending inner lip portions of the
      filler strips are removably received. The rear spacer is formed with a
      pair of cutout portions at the forward end thereof in which cutout
      portions of the rearwardly extending outer lip portions of the filler
      strips are removably received. The retainer means removably secured to the
      rear spacer releasably retain the rearwardly extending outer lip portions
      of the filler strips in the cutout portions of the rear spacer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel filler strip assembly of the invention will be better understood
      from the following description thereof in conjunction with the
      accompanying drawings of which:
PAR  FIG. 1 is a partial side elevation of a double barrel over-and-under
      firearm embodying the removable filler strip assembly of the invention.
PAR  FIG. 2 is a sectional view along line 2--2 of FIG. 1,
PAR  FIG. 3 is a sectional view along line 3--3 of FIG. 1,
PAR  FIG. 4 is a sectional view along line 4--4 of FIG. 1,
PAR  FIGS. 5a and 5b are fragmentary sectional views corresponding to the
      forward end of FIG. 4 and to the rearward end of FIG. 4, respectively,
PAR  FIG. 6 is a sectional view along line 6--6 of FIG. 1,
PAR  FIG. 7 is a sectional view along line 7--7 of FIG. 1 and
PAR  FIG. 8 is an exploded perspective view of the double barrel firearm and
      filler strip assembly of FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As previously noted, the filler strip assembly of the invention is
      applicable to double barrel firearms, including both shotguns and rifles,
      having two substantially parallel barrels disposed either vertically
      (over-and-under) or horizontally (side-by-side) with respect to each
      other. In the embodiment shown in the drawings the filler strips are
      applied to and are a part of the barrel and filler strip assembly of a
      double barrel over-and-under shotgun.
PAR  The two barrels 11 and 12 of the over-and-under shotgun are secured at
      their rearward ends to a receiver and gunstock of essentially conventional
      design that are not shown in the drawings. As shown best in FIG. 1, a
      longitudinal aiming rib 14 is secured to the upper surface of the barrel
      11 by spacers 15, and the rearward ends of the barrels 11 and 12 are
      partially enclosed in the forearm 16 of the gunstock. As shown best in
      FIGS. 2, 3, 6 and 7, the barrels 11 and 12 are spaced a predetermined
      distance apart and are carefully positioned in order to make sure that the
      bores of the barrel are aligned exactly as intended by the gunmaker. That
      is to say, the axes of the bores may be exactly parallel or, as shown in
      the drawings, they may converge slightly so as to meet at a common point a
      predetermined distance from the muzzles of the barrels. As shown best in
      FIGS. 2, 6, 7 and 8, the two barrels are permanently fixed in this
      position by a front spacer 18 secured to the facing surfaces of the
      barrels 11 and 12 at the forward ends thereof and by a rear spacer 19
      secured to the facing surfaces of the barrels toward the rearward ends
      thereof. The front and rear spacers 18 and 19 and the barrels 11 and 12
      are advantageously secured by silver soldering or brazing these parts
      together, although they may be secured together by soft solder or other
      means. When thus secured together the two barrels are separated by a
      roughly hourglass-shaped space (shown best in FIG. 3) that extends from
      the forward end of the rear spacer 19 to the rearward end of the front
      spacer 18. That is to say, the spaced parallel barrels define a
      longitudinally extending space having generally triangular cross sections
      on opposite sides of the barrels.
PAR  The filler strip assembly comprises a pair of filler strips 21 and 22
      adapted to partially fill the hourglass-shaped space between the barrels,
      the filler strips extending along the sides of the barrels 11 and 12 from
      the forward end of the rear spacer 19 to the rearward end of the front
      spacer 18. As noted, the longitudinally extending space between the
      barrels 11 and 12 has generally triangular cross sections on opposite
      sides of the barrels, and as best shown in FIG. 3 the filler strips 21 and
      22 advantageously also have generally triangular cross sections so as to
      fit neatly into the longitudinal space on opposite sides of the barrels.
      Filler strip engagement means are disposed at the forward ends of the
      filler strips 21 and 22 for releasably connecting the forward ends thereof
      to the front spacer 18, and filler strip retainer means are removably
      secured to the rear spacer 19 for releasably connecting the rearward ends
      of the filler strips to the rear spacer.
PAR  In the embodiment shown in the drawings, each of the filler strips 21 and
      22 is formed with a forwardly extending inner lip portion 21a and 22a at
      the forward end thereof and with a rearwardly extending outer lip portion
      21b and 22b at the rearward end thereof. The front spacer 18 is formed
      with a recess 23 at the rearward end thereof in which recess the forwardly
      extending inner lip portions 21a and 22a of the filler strips 21 and 22
      are removably received. The rear spacer 19 is formed with a pair of cutout
      portions 24 and 25 at the forward end thereof in which cutout portions the
      rearwardly extending outer lip portions 21b and 22b of the filler strips
      21 and 22 are removably received. Filler strip retainer means are
      removably secured to the rear spacer 19 and are adapted to releasably
      retain the rearwardly extending outer lip portions 21b and 22b of the
      filler strips 21 and 22 in the cutout portions 24 and 25 of the rear
      spacer 19. The filler strip retainer means advantageously comprises a pair
      of filler blocks 26 and 27 which overlie the rearwardly extending outer
      lip portions 21b and 22b of the filler strips and which are removably
      secured to the rear spacer 19 by the screws 28 and 29.
PAR  The filler strips 21 and 22 may be made of extruded plastic or of a metal
      such as aluminum or brass. However, in the preferred embodiment the filler
      strips 21 and 22 are formed of steel so that these parts may be given the
      same surface finish (for example, bluing) as the barrels. The steel filler
      strips may be rolled or machined to obtain the desired generally
      triangular cross section. However, these parts are advantageously formed
      by drawing through appropriately shaped dies to obtain a continuous metal
      strip having the desired cross section which can then be cut into shorter
      lengths for use in the filler strip assembly of the invention. Each filler
      strip 21 and 22 is advantageously bowed slightly inwardly between its
      forward and rearward ends so that, when the forwardly extending inner lip
      portions 21a and 21b are inserted in the recess 23 of the front spacer 18,
      the rearward ends of the filler strips must be pressed inwardly against
      the spring resistance of the bowed filler strips as shown in FIG. 5b in
      order to have the rearwardly extending outer lip portions 21b and 22b
      enter and be received in the cutout portions 24 and 25 of the rear spacer
      19. The slightly bowed configuration of the filler strips insures that the
      filler strips are pressed firmly into the generally triangular shaped
      spaces on opposite sides of the barrels so as to prevent movement or
      vibration of these parts when the firearm is discharged.
PAR  In the manufacture and assembly of the firearm, the two barrels 11 and 12
      are carefully aligned and secured together by means of the spacers 18 and
      19 as previously described. The barrel assembly, filler strips 21 and 22
      and filler blocks 26 and 27 are then given the desired surface finish (for
      example, bluing) and are assembled together as follows: The forwardly
      extending inner lip portion 21a and 22a of the filler strips 21 and 22 are
      inserted in the recess 23 of the front spacer 18 as shown best in FIGS. 2,
      4 and 5a. The rearwardly extending outer lip portions 21b and 22b of the
      filler strips 21 and 22 are then pressed into the cutout portions 24 and
      25 of the rear spacer 19 as shown best in FIG. 5b. The filler blocks 26
      and 27 are then secured to the rear spacer 14 with the screws 28 and 29 to
      retain the lip portions 21b and 22b in the cutout portions 24 and 25,
      respectively, as shown best in FIGS. 4, 6, and 7. The barrel and filler
      strip assembly is then secured to the forearm 16 and stock of the firearm
      in the usual manner. The firearm can readily be dissassembled and the
      filler strips 21 and 22 removed without the use of special tools in order
      to permit routine cleaning and oiling of the barrels, and in particular
      the normally inaccessible space between the barrels, whenever desired.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a double barrel firearm having two generally parallel barrels spaced
      a pre-determined distance apart by a front spacer secured to the facing
      surfaces of said barrels at the forward ends thereof and by a rear spacer
      secured to the facing surfaces of said barrels toward the rearward ends
      thereof, the improvement which comprises a removable filler strip assembly
      for filling the space between the barrels from the rear spacer to the
      front spacer, said removable filler strip assembly comprising:
PA1  a pair of filler strips which extend along opposite sides of said barrels
      in the space between said barrels from the forward end of the rear spacer
      to the rearward end of the front spacer,
PA1  filler strip engaging means at the forward ends of said filler strips for
      releasably connecting said forward ends to the front spacer, and
PA1  filler strip retainer means removably secured to the rear spacer for
      releasably connecting the rearward ends of said filler strips to said rear
      spacer.
NUM  2.
PAR  2. The firearm according to claim 1 in which the spaced parallel barrels
      define a longitudinally extending space having generally triangular cross
      sections on opposite sides of the barrels, and in which the filler strips
      are removably received in said generally triangular spaces on said
      opposite sides of said barrels.
NUM  3.
PAR  3. The firearm according to claim 2 in which the filler strips have a
      generally triangular cross section.
NUM  4.
PAR  4. The firearm according to claim 1 in which the filler strips are bowed
      longitudinally inwardly between the rearward and forward ends thereof.
NUM  5.
PAR  5. The firearm according to claim 1 in which the forward ends of the filler
      strips are each formed with a forwardly extending inner lip portion, and
      in which the front spacer is formed with a recess portion at the rearward
      end thereof in which recess portion the forwardly extending inner lip
      portions of the filler strips are removably received.
NUM  6.
PAR  6. The firearm according to claim 1 in which the rearward ends of the
      filler strips are each formed with a rearwardly extending outer lip
      portion, in which the rear spacer is formed with a pair of cutout portions
      at the forward end thereof in which cutout portions the rearwardly
      extending outer lip portions of the filler strips are removably received,
      and in which the retainer means removably retain the rearwardly extending
      outer lip portions of the filler strips in the cutout portions of the rear
      spacer.
NUM  7.
PAR  7. The firearm according to claim 6 in which the retainer means comprise a
      pair of filler blocks adapted to overlie the rearwardly extending outer
      lip portions of the pair of filler strips and the adjoining portions of
      the rear spacer, said filler blocks being removably secured to said rear
      spacers.
NUM  8.
PAR  8. The firearm according to claim 1 in which each of the filler strips is
      formed with a forwardly extending inner lip portion at the forward end
      thereof and with a rearwardly extending outer lip at the rearward end
      thereof, in which the front spacer is formed with a recess portion at the
      rearward end thereof in which recess portion the forwardly extending inner
      lip portions of the filler strips are removably received, in which the
      rear spacer is formed with a pair of cutout portions at the forward end
      thereof in which cutout portions the rearwardly extending outer lip
      portions of the filler strips are removably received, and in which the
      retainer means removably secured to the rear spacer retain the rearwardly
      extending outer lip portions of the filler strips in the cutout portions
      of the rear spacer.
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ABST
PAL  An embodiment of fish lure comprising a body which may be made up of
      articulated components, has a cross-section which includes a central web
      and flange portions, such that the fish lure is relatively lightweight,
      yet appears as a full-bodied fish conforming to the shape of a small bait
      fish upon which larger game fish feed. The fish lure may be provided with
      an adjustable diving plane at the head portion thereof and has a thin web
      and flange cross-section throughout the body portion to be pulled through
      the water with ease. The fish lure construction is ideally suited for use
      to attract large fish and can be broken down for storage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to fishing lures used as bait to catch
      large fish, and more particularly to a fishing lure which, in and of
      itself, is relatively large but which is constructed in a manner to be
      light in weight and capable of being stored in a relatively small space.
PAR  In quest of large game fish, artificial bait is often employed, which due
      to the size of the fish sought must be comparatively large. However, prior
      art lures of sufficient size to catch large fish are relatively heavy and
      cumbersome to use. The are also relatively large and therefore present a
      problem of storing the lure when not in use. Furthermore, having a
      relatively large cross-section, these lures provide substantial resistance
      when being pulled through the water during retrieval, or may be unstable.
      Some prior art lures are formed of relatively thin metal or plastic,
      however, these lures do not give a full-bodied appearance when viewed from
      the top or bottom, and thus are not attractive to large game fish.
PAR  In addition, to attract large game fish, a lure must not only be realistic
      in appearance, but also must have a realistic action in water. Toward that
      end, it is known to construct a lure resembling a bait fish, from
      articulated members. The articulated members are arranged relative to one
      another so that they are free to move or undulate back and forth while the
      fish lure is being pulled through the water to attract a game fish.
      However, prior art lures have the distinct disadvantage in that at the
      point of articulation or pivot a gap exists between the several members of
      the fish lure. This gap detracts from the realistic appearance of the fish
      lure, and oftentimes could be the reason for game fish ignoring the lure.
PAR  A further problem, related to the provision of a lure having a realistic
      action in the water is that of the buoyancy of the lure, and the attitude
      it assumes once in the water. In this regard, the lure must move through
      the water in a generally horizontal position, in order to resemble a bait
      fish. This feature, which is generally not significant with small lures,
      constitutes a substantial problem with larger lure designs.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved fish lure construction which overcomes the problems of the prior
      art.
PAR  Another object of this invention is to provide a fish lure construction
      which appears to be a full-bodied bait fish from substantially all angles
      of view when being pulled through the water.
PAR  It is still another object of this invention to provide a novel fish lure
      construction which enables the fish lure to be made relatively large while
      being light in weight.
PAR  Yet another object of this invention is to provide a novel fish lure
      construction which enables the lure to be taken apart during storage and
      easily reassembled when it is to be used.
PAR  Another object of this invention is to provide a novel fish lure
      construction which incorporates an adjustable diving plane so that the
      fish lure will submerge to any desired depth upon retrieval at various
      rates.
PAR  Briefly, the fish lure construction of this invention is preferably made of
      molded thermoplastic material of sufficient strength to enable a plurality
      of treble hooks to be fastened thereto. The overall length of the fish
      lure construction is capable of being about up to 18 to 20 inches long
      without being unduly heavy due to the novel structural techniques of this
      invention. The illustrated embodiment of the fish lure is a young northern
      pike which is intended to be bait for large trophy northern pike or
      muskie, as well as many other fresh and saltwater fish. The body
      components of the fish lure are made of molded plastic which has a
      generally I-beam shaped cross-section so that while the mass of the lure
      is small, it appears to be a full-bodied fish from substantially all
      viewing angles while being pulled through the water. The lure includes
      ballast chambers or members secured thereto to provide buoyancy to the
      lure. The front of the lure has a diving plane which, when pulled through
      the water, causes the lure to submerge against the buoyancy provided by
      the ballast means, as well as imparting a side-to-side oscillating motion
      to assimilate a swimming fish. The I-beam type cross-section configuration
      of the components making up the body of the fish lure provides a
      relatively thin cross-section to the water so that the lure offers minimum
      resistance when being retrieved. The fish lure as illustrated would be
      painted to resemble a bait fish, and in the articulated form has front and
      rear body portions which can be separated from one another to allow the
      lure to be broken down and stored in a relatively small space.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a disassembled fish lure constructed in
      accordance with the principles of this invention;
PAR  FIG. 2 is a side elevational view of the fish lure of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2 and shows the
      diving plane incorporated in the fish lure of this invention;
PAR  FIG. 4 is a sectional view taken along line 4--4 of the fish lure of FIG.
      2;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 2;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 2;
PAR  FIG. 7 is a fragmentary top view of the fish lure of FIG. 2 illustrating
      the overlapping articulation joint; and
PAR  FIG. 8 is a fragmentary perspective view illustrating the articulation
      joint and the flotation chamber formed in the rear body portion of the
      fish lure.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to the drawings, a fish lure is constructed in accordance
      with the principles of this invention and designated generally by
      reference numeral 10. The fish lure 10 includes a front body portion 11, a
      rear body portion 12 and a tail portion 13. The front body portion 11 is
      provided with spaced apart hinge boss portions 14 located substantially
      centrally of the vertical axis of the fish body. A hinge boss portion 16
      is formed on the rear body portion 12 and placed in alignment with the
      hinge boss 14 to receive therethrough a pin member 18. The pin member 18
      may be threaded or unthreaded as desired.
PAR  The rear body portion 12 has a pair of spaced apart diametrically opposed
      hinge bosses 20 and 21 located at the rear thereof. The tail portion 13
      includes a hinge boss 22 of axial extent sufficient to fit between the
      hinge bosses 20 and 21. A pin 23 passes through the hinge bosses 20, 21
      and 22 to pivotally secure the tail portion 13 to the rear body portion
      12.
PAR  The pivotal connections between the front body portion and the rear body
      portion, and the rear body portion and the tail portion provide means to
      enable the lure to undulate as it is pulled through the water. Also, when
      the pins 18 and 23 are removed as shown in FIG. 1 the fish lure can be
      broken-down for storage in a small space.
PAR  Most advantageously, the front body portion 11 is formed of a structural
      member having a web portion 30 positioned substantially vertically with
      respect to the orientation of the fish lure and terminates at the top
      portion thereof in a flange 31. A second flange 32 is located near the
      bottom marginal edge of the web 30. The cross-sectional configuration of
      the front body portion 11 is best seen in FIG. 4 and is seen to be
      substantially I-shaped, or what may be referred to as a modified I-beam
      configuration. The front body portion has a depending web extension 33
      which extends downwardly from the fish body and forms the lower marginal
      edge of the web. While the lower flange 32 is shown positioned above the
      web extension portion 33 it will be understood that the flange may be
      located precisely at the edge of the web to conform to an I-type
      cross-section.
PAR  A pair of bosses 35 and 36 are formed at a head portion of the front body
      11 and are positioned on the body portion at a location substantially to
      conform to the eye position of a small bait fish. Therefore, while the
      boss has a structural purpose, to be described herein below, it has an
      aesthetic quality which makes the fish lure conform more exactly to a live
      bait fish. An arcuately shaped slot 40 is positioned beneath the boss
      member 36.
PAR  As best seen in FIG. 3 a diving plane 41 has slot 42 formed therein so as
      to be positioned over the web portion 30 of the front body 11. A pair of
      spaced apart boss members 43 and 44 are formed on the diving plane 41 and
      located to be at the arcuate center line of the slot 40. A clamping screw
      46 is inserted through one of the boss members 43, 44 and threadedly
      fastened to the other of the boss members. Here the boss member 44 is
      illustrated as having a clearance hole to receive the screw 46 while the
      boss member 43 is provided with threads. The diving plane 41 has a wide
      opening 47 with diametrically opposed and spaced apart pin members 48 and
      49. The pins 48 and 49 are dimensioned and located to be inserted into
      openings formed within the boss members 35 and 36. The diving plane is
      pivotally secured to the boss members 35 and 36 and locked in any desired
      position by clamping the diving plane to the web member 30 with the screw
      46.
PAR  The rear body portion 12 is also substantially I-shaped in the
      cross-section, as best seen in FIG. 5, and has a web portion 50 having a
      flange portion 51 formed at the top thereof. In this instance, the flange
      portion 51 is formed by a chamber with one side 52 thereof open. A cover
      plate 53 is secured to the open side to form an airtight flotation chamber
      55. The size of the flotation chamber 55 may vary from one lure design to
      another. Basically, the chamber 55 is provided to maintain the lure in a
      generally horizontal attitude when submerged, and to give the lure a
      predetermined sinking rate. Of course, with various sizes and types of
      lures, the size of the chamber 55 will have to be adjusted. If need be,
      depending on the size of the lure, weights may be added to the chamber 54
      to ballast the fish lure in any desired manner. Also the fish lure may
      have a chamber formed on the botton of the rear body portion. The bottom
      portion of the web 50 is provided with a flange 56 near the bottom
      marginal portion 57 thereof. Here also the flange 56 may be located at the
      terminating edge of the marginal portion 57 to conform to an I
      cross-section.
PAR  The tail portion 13 has a web 60 and a flange 61 and is substantially
      T-shaped in the cross-section, as best seen in FIG. 7. The forward portion
      of the tail section has a lower flange 62. However, it will be understood
      that the cross-section of the tail portion 13 can be I-beam shaped
      throughout its entire length if desired.
PAR  In the illustrated embodiment a pair of rear fins 63 and 64 are located at
      the top and bottom, respectively, of the fish lure 10. Preferably, the fin
      63 is attached to and formed integrally with the tail portion 13 while the
      fin 64 is attached to and/or formed integrally with the rear portion 12.
      This would cause the fins to move independent of one another and more
      accurately portray the movement of a bait fish. A plurality of fish hooks
      66 are secured to the lower marginal edge portions 33 and 57. In the
      illustrated embodiment the fish hooks are treble hooks but it will be
      understood that single or double hook units may be used.
PAR  Referring now to FIGS. 7 and 8 a novel feature of the fish lure
      construction of this invention is more clearly shown. The rear body
      portion 12 is provided with underlying flange portions 70 and 71 which are
      positioned beneath the flange portion 31 of the front body portion 11.
      Tapered edges 72 and 73 are provided at the rear of the flange 31 and are
      spaced a predetermined distance from a rear wall portion 74 of the chamber
      forming flange 51. The angled portions 72 and 73 provide limited movement
      between the body portions 11 and 12 as the fish lure is pulled through the
      water. Furthermore, the underlying flanges 70 and 71 substantially
      completely close the gap between the body portions 11 and 12 so that when
      viewed from the top or bottom, as seen in FIG. 7, the fish lure more
      accurately resembles that of a live bait fish. The bottom flange 32 has
      angled portions 77 and 78 formed at the rear thereof and are in
      substantial longitudinal alignment with the perpendicular edge portions 79
      and 80 of the lower flange 56, as best seen in FIG. 1. The angled portions
      77 and 78 also abut the edges 79 and 80, respectively, as the body
      portions 11 and 12 move relative to one another through their entire
      extent of travel.
PAR  The flange 51 has rear tapered wall portions 82 and 83 which abut edge
      portions 84 and 85, respectively, of the flange 61 when the tail portion
      13 moves relative to the rear body portion 12 through its extent of
      travel. The lower flange 56 has tapered rear portions 90 and 91 which
      engage the flange portion 62 of the tail 13 as it moves from side to side.
PAR  The I-shaped, or substantially I-shaped cross-section of the body portions
      11 and 12 and the I-shaped and T-shaped cross-section of the tail portion
      13 provide a fish lure which appears from all angles to be substantially a
      full-bodied bait fish. The construction of the lure is such that a large
      fish lure can be made relatively light and thus can be cast easily, and in
      addition affords minimum resistance as it is pulled through the water.
PAR  It should be realized that the lure is shown in the unpainted condition,
      which was done for purposes of illustration. In actual practice, the lure
      would be fabricated and painted to resemble a young bait fish. Further in
      this regard, while the illustrated embodiment is that of a three-piece
      articulated design, the invention is not limited thereto. More
      specifically, the lure may be of a two-piece construction, or of a
      one-piece construction when designed to resemble smaller bait fish.
      Accordingly, while a single embodiment of this invention has been
      illustrated herein, it will be understood that variations and
      modifications may be effected without departing from the spirit and scope
      of the novel concepts disclosed and claimed herein.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A fish lure, comprising head, body and tail portions in the general
      configuration of a bait fish, the improvement wherein, at least said body
      portion includes a web portion positioned along a vertical axis of the
      fish lure and extending along the length of said body portion, and flange
      means secured to said web portion and extending in diametrically opposed
      directions from said web portion, whereby said web and flange portions
      provide reduced cross-sectional area and weight to the fish lure while
      providing a full-bodied appearance for the fish lure.
NUM  2.
PAR  2. A fish lure as defined in claim 1 wherein said lure is of a one-piece
      construction, said head, body and tail portions being formed on a single
      element.
NUM  3.
PAR  3. A fish lure as defined in claim 1 wherein said lure is of a three-piece
      construction, said respective pieces being joined together for articulated
      movement by joint means.
NUM  4.
PAR  4. A fish lure as defined in claim 3 wherein each said pieces includes a
      vertical web portion, and flange segment extending in diametrically
      opposed directions from said web portion.
NUM  5.
PAR  5. The fish lure as set forth in claim 1 wherein said body portion is
      formed of front and rear body portions, a first articulation means joining
      said front and rear body portions together to provide relative movement
      therebetween.
NUM  6.
PAR  6. A fish lure, comprising head, body and tail portions, said body portion
      including front and rear sections with an articulated joint means joining
      said sections for relative movement, the improvement wherein, at least
      said body portion includes a web portion positioned along a vertical axis
      of the fish lure and extending along the length of said body portion, and
      flange segments secured to said web portion and extending in diametrically
      opposed directions from said web portion, whereby said web and said flange
      segments provide reduced cross-sectional area and weight to the fish lure
      while providing a full-bodied appearance for the fish lure, and wherein at
      least one of said front and rear body sections has the flange segment
      thereof provided with a tapered portion immediately adjacent said
      articulation means to prevent interference between said flange segments of
      said front and rear body sections, and wherein the other of said front and
      rear body sections has the flange segment thereof extending beneath said
      tapered portion to conceal a gap between said front and rear body
      sections, thereby insuring said full-bodied appearance of said fish lure
      from all angles.
NUM  7.
PAR  7. A fish lure, comprising head, body and tail portions, said body portion
      being formed of front and rear sections joined by an articulated joint to
      provide for relative movement, at least said body portion includes a web
      portion positioned along a vertical axis of the fish lure and extending
      along the length of said body portion, and flange segments secured to said
      web portion and extending in diametrically opposed directions from said
      web portion, whereby said web and said flange segments provide reduced
      crosssectional area and weight to the fish lure while providing a
      full-bodied appearance for the fish lure, and one or the other of said
      front and rear sections including flotation means formed integral with the
      flange segment thereof.
NUM  8.
PAR  8. The fish lure as set forth in claim 7 wherein said flotation means
      formed in said rear body portion and includes a flotation chamber having
      spaced apart vertically disposed bottom and top walls, and an integral
      side wall formed along one side thereof and an attachable side wall formed
      on the other side thereof, thereby enabling said chamber to receive
      ballast means.
NUM  9.
PAR  9. The fish lure as set forth in claim 8 wherein said attachable side wall
      is a cap member secured over the opening provided by said spaced apart top
      and bottom walls.
NUM  10.
PAR  10. A fish lure, comprising head, body and tail portions, the improvement
      wherein, at least said body portion includes a web portion positioned
      along a vertical axis of the fish lure and extending along the length of
      said body portion, and first flange segments secured to said web portion
      and extending in diametrically opposed directions from said web portion,
      and second flange segments extending in diametrically opposed directions
      from said web portions, said first and second flange segments being spaced
      from each other whereby said body portion has a generally I-shaped
      configuration in cross-section, whereby said web and flange portions
      provide minimum cross-sectional area and weight to the fish lure while
      providing a full-bodied appearance for the fish lure.
NUM  11.
PAR  11. A fish lure, comprising head, body and tail portions, wherein, at least
      said body portion includes a web portion positioned along a vertical axis
      of the fish lure and extending along the length of said body portion, and
      flange segments secured to said web portion and extending in diametrically
      opposed directions from said web portion, whereby said web portion and
      said flange segments provide minimum cross-sectional area and weight to
      the fish lure while providing a full-bodied appearance for the fish lure,
      said body portion being formed of front and rear body sections, a first
      articulation hinge joining said front and rear body sections together to
      provide relative movement therebetween, at least one of said front and
      rear body sections having the flange segments thereof angled away from
      said first articulation means to enable said front and rear body sections
      to pivot about said first articulation means a predetermined distance, the
      other of said front and rear body sections being provided with an extended
      portion to extend beyond said tapered portion to conceal a gap formed
      thereby, a second articulation means joining said rear body section to
      said tail portion together to provide relative movement therebetween, said
      tail portion including a web portion positioned along the vertical axis
      thereof and extending longitudinally thereof the distance defined by said
      tail portion, and flange segments secured to said web portion of said tail
      portion and extending in diametrically opposed directions, and flotation
      means formed integrally with said rear body portion.
NUM  12.
PAR  12. The fish lure as set forth in claim 11 wherein said front and rear body
      portions are provided with second flange segment extending in
      diametrically opposed directions from said web portion, said first and
      second flange segment providing an I-shaped cross-sectional configuration
      of said fish lure, whereby said fish lure provides a reduced
      cross-sectional  area and weight and a full-bodied appearance to the fish
      lure.
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ABST
PAL  A streamline-configured fishing lure is molded of plastic with a uniformly
      distributed intermixture of granular weighting material, such as
      limestone, in a proportion to impart to the lure a specific gravity and in
      consequence thereof motions in water comparable with the specific gravity
      and motions of lures, formerly plentifully available but generally no
      longer available, that were carved from natural substances such as bone,
      ivory and horn. A leader for this or any type of lure, whether for
      casting, trolling or jigging, comprises a barbed hook arranged to have the
      free end of its shank coupled to a line and the opposite end of the shank
      coupled to the lure, the shank having flexible feathers secured thereto to
      form a shroud surrounding the hook.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Until the occurrence of World War II, generally in the period 1940 to 1945
      there had been plentifully available to fishermen, both commercial
      fishermen and sports fishermen, a type of lure the body of which was
      carved from natural materials such as bone, ivory and horn. The principal
      source of these lures was the Orient, particularly Japan. The lures were
      used mainly for trolling and they were well adapted to this type of
      underwater activity because the specified natural substances have specific
      gravities falling in the range between values 1.4 and 2.1.
PAR  Typically, these carved lures had a flat surface and a rounded surface,
      providing cross-sectional contours resembling a bow or, more exactly, an
      arc subtended by a chord, with maximum width and thickness located about
      one third of the distance from the leading end of the lure. From that
      point forward they tapered in width and in thickness along curves to an
      approximation of a point at the tip. In the opposite direction they
      tapered in width and in thickness along gentler curves to a somewhat blunt
      trailing end. One or more barbed hooks were attached to their
      undersurfaces to extend beyond their blunt trailing ends, and at their
      leading ends they were provided with means such as rings for connection of
      the lures to lines. They were characterized by a high degree of success in
      attracting fish.
PAR  Since the close of that war, lures of this type have virtually disappeared
      from the market. Among reasons suggested for the disappearance of these
      lures from the market are that the carving of such lures has become a lost
      art, and/or adverse economics of the product. The net result is that a
      useful tool is no longer available to the fisherman.
PAR  Efforts to fabricate, in other ways than by carving, lures having
      attributes matching those of the carved bone, ivory and horn lures have
      heretofore been unsuccessful. One of these efforts resulted in the
      production of lures molded from plastics and consisting solely of the
      plastics. These lures had specific gravities in the immediate vicinity of
      unity and therefore were considerably lighter, in terms of unit of weight
      per unit of volume than the carved lures and therefore did not readily
      submerge nor remain submerged nor execute movements when drawn through
      water comparable with those of the lures made from the aforementioned
      natural substances. In order to increase the specific gravity of the
      plastic lures, weighting components were added such as, for example,
      plates of metal attached to the flat underside of the lure or pieces of
      metal embedded in the plastic lure. These added metal objects achieved
      specific gravities of the weighted lures comparable with those of the
      lures carved from natural products but their motions in the water were not
      comparable with those of the carved lures and they have been unsuccessful
      as devices for catching fish.
PAR  Still another approach to a substitute for the carved bone or ivory lures
      was the casting of lure bodies from metal alloys. It was found to be
      impossible to achieve specific gravities as low as the range of values for
      the bone, horn and ivory lures, and because of the higher specific
      gravities the metal alloy lures behaved differently in the water than did
      the carved lures and failed to attract fish to any extent comparable with
      that of the carved lures.
PAC  SUMMARY OF THE INVENTION
PAR  After experimentation with carved lures as produced in the earlier times
      when they were readily available, and experimentation also with lures
      weighted by means of metal components as hereinbefore set forth, I came to
      recognize that a fundamental difference between the weighted plastic lures
      and the natural bone lures lay in the fact that the composition of the
      bone, ivory and horn lure bodies was homogenous throughout, with any
      fractional component thereof, regardless of where located in the body,
      having the same specific gravity as any other fractional component of the
      body having the same volume. Stated another way, there was no significant
      variation in substance throughout any one lure body. To achieve this
      condition of homogeneity and thereby to produce a lure having all of the
      advantageous attributes of the carved lures, I have produced a lure which
      may have any specific gravity within the hereinbefore specified range of
      1.4 to 2.1 by molding the lure from a mixture of moldable plastic, such as
      polyester resin or epoxy resin, and a granular filler, preferably of a
      mineral substance such as ground or pulverized limestone, with the filler
      so completely intermixed with the plastic that it is uniformly distributed
      throughout the cast lure and therefore achieves that uniformity of
      substance throughout the lure body that is characteristic of the lures
      carved from bone, ivory and horn. Actual usage of lures having filled
      plastic bodies produced in this manner, upon a comparative basis with
      carved bone lures, has resulted in the finding that the motions of the
      lures embodying my invention under trolling conditions are comparable with
      those of the carved bone lures and has further revealed that they are the
      equal in fish attracting properties of the carved bone lures.
PAR  In the course of my experimentation with the filled plastic lures in
      accordance with my invention, I found that on some occasion there was a
      tendency for the lure to rotate about its own center line and thereby
      twist the line by which it was being trolled. The addition of a simple
      swivel in the coupling of the lure to the line did not appear to
      significantly overcome this tendency. It has been overcome, however, by
      the provision of a leader between the line and the plastic lure which
      comprises a barbed hook that may be comparable in size with the hook or
      hooks associated with the plastic lure, the hook which is a part of the
      leader having attached to its shank a plurality of feathers completely
      encircling the hook and forming a shroud around the barbed portion
      thereof, the shank of the hook having associated with it a swivel, and
      serving, with the swivel as the interconnection between a line and the
      plastic lure. The leader has been found to overcome the tendency of the
      plastic lure to twist the line and has also been found to attract and
      catch fish upon its hook.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a complete understanding of the invention, reference may be had to the
      following detailed description to be interpreted in the light of the
      accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of a plastic lure in accordance with the
      invention, viewing the lure from above;
PAR  FIG. 2 is a perspective view of the same lure viewing it from its
      underside;
PAR  FIG. 3 is an elevational view of the lure shown in FIGS. 1 and 2, and a
      feather enshrouded hook forming a leader connecting the lure to a line;
PAR  FIG. 4 is an elevational view showing the skeletal components of the
      leader;
PAR  FIG. 5 is an elevational view showing the attitude of the feathers of the
      leader when the leader is moved forwardly through water by the line; and
PAR  FIG. 6 is an elevational view showing the attitude of the feathers of the
      leader when drawn through water in the opposite direction, as by means of
      a lure or other object having a specific gravity significantly greater
      than 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings and particularly to FIGS. 1 and 2, the
      reference numeral 10 designates the body of a lure in accordance with the
      present invention. As set forth hereinbefore, the geometry of the lure
      body, its configuration, is substantially identical with that of lures
      generally no longer available that were carved from bone, ivory or horn.
      It has two surfaces, one curved and one flat, the upper or top surface 11
      being curved and the lower or bottom surface 12 being flat. It has no
      sides which may be designated as such because the curved upper surface and
      the flat lower surface intersect in a plane which is the plane of the
      lower surface 12. The body 10 of the lure may be described as having a
      streamlined configuration. Its point of maximum width and maximum
      thickness is about one third of the length of the lure from the tip of the
      leading end thereof, and from that point forward the upper surface 11
      curves smoothly downwardly and the edges of the flat surface 12 curve
      smoothly inwardly toward the center line of the body 10 to form a rounded
      nose 13 which may be a sharp point, or a blunt point.
PAR  From the point of maximum width and thickness the lure body 11 diminishes
      in thickness along a continuous convex curve or convex curve merging into
      a straight line and the width diminishes uniformly and symmetrically about
      the center line of the body either in a continuous long gentle convex
      curve from the point of maximum width of the undersurface 12 or curving
      inwardly a part of the distance toward the trailing edge of the body and
      merging into straight lines. In the case of the carved bone lure bodies it
      was customary to terminate the body of the lure at the trailing end short
      of intersection of the two edges of the lower surface 12 and short of
      actual intersection of the curved upper surface 11 with the flat lower
      surface 12, so that there was provided at the trailing end of the lure
      body a narrow end surface, and the preferred embodiment of the invention
      has such a narrow end surface, designated in FIG. 3 by the reference
      numeral 14. It was a general custom to notch the end surface and the
      trailing end surface 14 has such a notch, as indicated by the reference
      numeral 16 in FIG. 1. The lure body 10 is provided with means such as a
      closed ring 17 extending through an aperture 18 a short distance behind
      the tip 13 of the lure body for coupling the lure to a line or to a
      leader. A barbed hook 19 is attached to the lower surface 12 of the lure
      body 10 by any desired means such as a threaded fastener 21 and the shank
      of the hook 19 is confined to a position extending longitudinally of the
      lure by clamping means such as a wire clamp 22 extending through apertures
      23 in the body of the lure near the trailing end thereof. The clamping
      wire 22 may, if desired, be a U-shaped loop of wire with its free ends
      twisted together and bent to lie flat against the upper side 11 of the
      lure 10.
PAR  There remains for consideration the composition of the lure body and it is
      the primary intent of the invention that its specific gravity shall lie
      within the range of specific gravities of natural materials from which
      lure bodies were formerly carved, namely bone, horn and ivory, these
      materials generally falling within the specific gravity range 1.4 to 2.1,
      as hereinbefore set forth. Equally important intentions of the invention
      are that the substance from which the lure body is to be made shall be
      readily moldable and that the resulting lure body shall be resistant to
      fracture, tough so as to be resistant to indentation, such as by the teeth
      of captured fish, and generally durable. The desired objectives have been
      achieved by using moldable plastics such as polyester resin or epoxy
      resin, which may be molded or cast in accordance with conventional and
      well known plastic molding practices. These may include resins and other
      plastics that are settable solely by the action of activated or curing
      additives, or they may be thermosetting plastics.
PAR  Generally the resins and other plastics themselves have specific gravities
      below the range desired as hereinbefore specified. Specific gravities
      within the desired range may be achieved by the addition to the plastics,
      prior to curing, of filler or weighting materials, preferably inert, by
      which is meant having no tendency to react chemically with the resins or
      other plastics, and in granular or pulverized form so that they may be
      distributed throughout the plastic in a uniform intermixture, to achieve a
      homogenous intermixture and a uniform distribution of weight per unit of
      volume throughout the bodies cast from the material. Limestone is an
      example of a weighting material that has been found to be suitable for
      this purpose. If desired, pigments may be added to the intermixture of
      plastic and filler to impart color as desired to the lures. In addition,
      if there is found to be any tendency for fracturing or other breakage of
      lures produced from the aforementioned combinations of components under
      ordinary conditions of handling, and using, the lures may be reinforced by
      the inclusion in the mixture of moldable components, prior to the molding
      of the lure bodies, of reinforcing materials such as strands or other
      fragments of fiberglass. A fishing lure which has the general appearance
      and durability of bone and a density of about 1.8 can be made by mixing 8
      parts by weight of finely crushed limestone into 6 parts by weight of Epon
      812 epoxy resin, supplied by Shell Chemical Co., to obtain a uniform
      dispersion of limestone and hardening the resin as directed by the
      manufacturer.
PAR  Lures having the configuration and composition hereinbefore described, in
      order to achieve equivalency with lures carved from natural substances
      such as bone, horn or ivory, have been found by actual usage in salt water
      and fresh water fishing, to behave in the water under trolling conditions
      in the same fashion as the carved lures and have been found to be as
      effective as the carved lures in attracting and catching fish.
PAR  It has sometimes occurred in the use of lures of the type hereinbefore
      described connected by means of the coupling ring herein disclosed
      directly at the end of a line, or even if a swivel is included between the
      end of the line and the lure, that the lure may tend to revolve as it is
      drawn through the water in the trolling operation and to transmit this
      rotation to the line, even when connection of the lure to the line is made
      through a swivel. The result is that the line becomes twisted, which is an
      undesirable condition when the line which has been drawing a lure through
      the water is rewound upon the reel of the fishing equipment. The reason
      for this phenomenon is not generally comprehended but it is thought to be
      a function of trolling speeds, or a change in trolling speed or direction.
      This is not unique to plastic trolling lures of the type hereinbefore
      described because a similar tendency has sometimes been observed in the
      use of the carved lures. However, this tendency of trolled lures to twist
      the line has been overcome by the connection of the lure to the line
      through the intermediate agency of a leader now to be described.
PAR  Referring now to FIG. 3 the reference numeral 31 designates generally a
      leader, the principal components of which are a hook 32 similar to the
      hook 19, and a shroud of feathers 33 attached to the shank of the hook 32
      and surrounding the hook. FIG. 4 is a view showing the leader 31 before
      the addition thereto of the feathers 33. The hook 32 is seen to be a
      conventional type of barbed hook with an eye 34 at the free end of its
      shank. Associated with the hook 32 is a hook extension member or shaft 35
      which is provided at opposite ends with eyes 36 and 37 for connection of
      the shaft 35 to the line and to the lure respectively. The shaft 35 may be
      a wire rod with the eyes 36 and 37 formed at its opposite ends and it may
      pass through the eye 34 of the hook at the point of connection of the hook
      to the shaft 35.
PAR  Preferably the feathers are very flexible so that they will fan out
      surrounding the leader shaft 35 and hook 32 and they are applied to the
      shaft 35 and hook 32 by laying their central ribs or quill portions along
      the shaft 35 and hook 32 with their tips extending toward the trailing end
      of the leader 31 and with their natural curvature directed outwardly from
      the leader. They may be secured to the shaft 35 and hook 32, and the shank
      of the hook also held in engagement with the shaft 35, by means of a
      wrapping 38 of tape or cord. In use, the eye 36 is connected to the line
      41 and the eye 37 is connected to one end of a swivel 42, the other end of
      which is connected to the ring 17 of the lure. With this leader connected
      between the line 41 and the lure 10 through the leader 31 and swivel 42 it
      has been found that there is no tendency whatsoever for a twist to be
      imparted to the line 41 by the lure 10 under any trolling conditions. The
      feathers 32 of the leader may serve to attract fish or whether the leader
      31 or the lure 10 is the attracting object, the hook 32 is a means for
      catching and retaining a fish in addition to the hook 19.
PAR  In my U.S. Pat. NO. 3,676,948 granted July 18, 1972  there is disclosed a
      type of fishing lure which is constructed of materials to impart a
      specific gravity in the range of 10.5 to 19.3 and the lure is intended
      primarily for fishing in accordance with a procedure called "jigging,"
      which involves repetitious lifting and lowering of the line and attached
      lure at or in the vicinity of the bottom of the body of water at the point
      where the fishing is being done. Instead of connecting a lure of the type
      shown in that patent directly to the end of a line, a leader of the type
      disclosed herein may be connected between the end of the line and the lure
      advantageously. FIGS. 5 and 6 show a leader 31 connected to the end of a
      line 51 and with the opposite or trailing end of the leader 31 connected
      to a lure 52, shown in FIGS. 5 and 6 only as a fragment of a lure at the
      leading end thereof. In this type of fishing the line extends
      substantially vertically from the lure to the boat or other support from
      which the fishing is being done. FIGS. 5 and 6 show respectively the
      action of the feathers 33 under the conditions of upward and downward
      movement of lure and leader through the water. As indicated in FIGS. 5 and
      6 upward motion of the leader through the water causes collapsing of the
      shroud of feathers inwardly toward the shank of the leader and downward
      movement of the lure and leader causes an outward expansion of the shroud
      of feathers with respect to the leader and hook. The motion of the
      feathers in changing from one to the other of the two conditions depicted
      in FIGS. 5 and 6, and particularly the change from the attitude shown in
      FIG. 5 to the attitude shown in FIG. 6 as the lure 52 begins a downward
      movement, may serve as a strong attraction for a nearby fish and thereby
      result in the catching of a fish on the hook 32 as well as the possibility
      of catching a fish on the hook (not shown) at the lower end of the lure
      52. When the leader 31 is used in association with a lure of the type
      represented by the lure 52 in FIGS. 5 and 6 there is little if any need
      for a swivel between the leader and the lure, and none has been shown in
      the drawings although it will be understood that a swivel could be
      provided. It will also be apparent that the leader 31 could be used for
      bottom, or near-bottom fishing without a lure designated by the reference
      numeral 52, an adequate weight, commonly called by fishermen a sinker,
      being substituted for the lure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fishing lure comprising:
PA1  an elongate streamlined solid body molded of a large percentage of plastic
      and a large percentage of comminuted solid material intermixed with and
      uniformly distributed through the plastic in a proportion to impart to the
      body homogeneity and a specific gravity in the range of 1.4 to 2.1;
PA1  a facility for coupling the body to a line; and
PA1  at least one barbed hook attached to the body.
NUM  2.
PAR  2. A fishing lure in accordance with claim 1 wherein: the plastic is a
      polyester resin.
NUM  3.
PAR  3. A fishing lure in accordance with claim 1 wherein: the plastic is an
      epoxy resin.
NUM  4.
PAR  4. A fishing lure in accordance with claim 1 wherein the comminuted solid
      material is a mineral substance, exemplified by limestone, generally in
      granular to pulverulent form.
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ABST
PAL  A fishing device for supporting a bait fish in a generally horizontal
      disposition includes a rigid wire shank connected to two bait spears, and
      a braided wire cable which is wrapped around and frictionally engaged with
      the shank portion and provided with a loop at one end of said shank
      portion for connection to a fishline and a hook at the other end which is
      embedded in the bait. When a fish is hooked, the cable is displaced from a
      first position parallel with the spears to a second position generally
      parallel with said shank portion to provide a taut line during fish
      retrieval.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The fishing device of the invention is particularly adapted for fishing
      large bait fish in a generally horizontal position. Prior art devices such
      as the Swedish pike hook are intended to accomplish these results.
      However, the Swedish pike hook is completely rigid and in view of the
      angle between the loop where the fishline is connected and the hook, when
      a fish is caught, the fish can easily dislodge itself from the hook.
PAC  SUMMARY OF INVENTION
PAR  The invention provides a fishing device which utilizes two spears for
      supporting the bait fish. The second spear prevents rotation of the bait
      fish which could occur if only one spear was utilized. The spears are
      connected to a shank portion which is provided with upper and lower eyes,
      and a flexible cable is wrapped around the shank portion between the eyes
      to provide a frictional engagement of the cable with the shank portion.
      One end of the cable is provided with a loop for connection to a fishline
      and the other end of the cable is provided with a loop which is attached
      to a fishhook. The flexible cable is longer than the distance between the
      loops on the shank portion and thus the position of the hook can be
      adjusted to accommodate different sizes of minnows or bait.
PAR  In addition, upon the hooking of a fish the hook will be displaced from the
      position engaged with the bait fish and the cable will swing free of the
      bait fish to a generally parallel position with the shank portion.
      Accordingly, upon retrieval of the fish the hook will be in a straight
      line connection with the fishline with a flexible connection which enables
      the fisherman to maintain the fishline in a taut condition to prevent
      escape of the fish.
PAR  Further objects, advantages and features of the invention will become
      apparent from the following disclosure.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a side elevational view of the fishing device of the invention
      showing its position during use.
PAR  FIG. 2 is a view of the fishing device showing the position of the
      components after a fish is hooked.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical emobidments
      herein disclosed merely exemplify the invention which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  The fishing device 10 includes a shank portion 12 and a first angularly
      related portion or spear 14. A second angularly related portion 16 is
      generally parallel with the portion 14. Spears 14, 16 have points 18 for
      impaling a bait fish 20. The use of two spears prevents the rotation of
      the bait fish which would occur if the bait fish is centered on only one
      spear. The spear 14 is formed from the same length of rod or wire material
      used in shank 12. The spear 16 is a separate length of material which is
      welded, or otherwise secured to the shank portion 12.
PAR  The shank portion is provided with an open loop 22 and an intermediate loop
      24 formed integrally with the shank portion. The shank portion and spears
      are formed from malleable stainless steel which is corrosion resistant and
      can be adjusted as hereinafter described.
PAR  The fishing device also includes flexible braided cable 26 which has a loop
      28 at one end and a fishhook 30 connected to the end 32. The cable 26 is
      wrapped or trained around the shank portion 12 to provide a frictional
      engagement with the shank portion. Thus, the cable can be pulled at either
      end to slide the cable along the shank portion and vary the position of
      the hook 30 with respect to the loop 24. Accordingly, the hook can be
      secured to bait in the position shown in solid lines or can be secured in
      the postion shown in broken lines for a shorter bait fish. FIG. 2 shows a
      flexible cable portion 36 displaced from the position shown in FIG. 1 to a
      position generally parallel with the shank portion 12, and thus, in a
      generally straight line connection between the fishline 40 and the hook
      30, to enable the fisherman to keep the line taut. In addition, the
      flexibility of the cable length 36 aids in keeping the fish hooked
      particularly if a rigid portion of the device became entangled in
      obstacles or the like.
PAR  The angle A between the shank 12 and spear 16 can be adjusted to dispose
      the bait in a horizontal position by bending the shank 12 at or near point
      B.
PAR  In use of the fishing device, the spears are inserted in the bait fish as
      shown so they will end up in the head of the bait. The barb of a hook
      which may be single or treble as shown, is anchored in the head of the
      bait fish. At the loop 24 slack in the cable is taken up. Slack is then
      taken up at the loop 22 pulling on the calbe loop 28. The friction of the
      cable around the shank will prevent the bait fish from becoming loose and
      sliding from the spears.
PAR  Although limited flexibility in the use of various size bait fishes is
      afforded by the construction illustrated, a wider range of bait fish
      capability is afforded by use of two or three different sizes of fishing
      devices.
PAR  When a game fish is caught on the hook 30 (FIG. 1), the hook 30 is easily
      torn or ripped out of the bait fish and the hook 30 and flexible cable
      portion 36 swing free of the spears 14 and 16 to the FIG. 2 position. In
      the FIG. 2 position, the strand is taut without any slack and thus, the
      fish cannot easily free itself from the hook.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fishing device comprising a rigid shank portion,
PA1  an angularly related portion extending from said shank portion and adapted
      to support bait,
PA1  a flexible strand wrapped around and in frictional engagement with said
      shank portion and including means at one end of said shank portion for
      connection to a fishline and hook means at the other end adapted for
      connection to bait at a point remote from said shank portion and said
      strand having a strand portion in a first position non-parallel relative
      to said shank portion when said hook is connected to bait and said strand
      portion being displaceable from said first position to a second position
      generally parallel with said shank portion after a fish is caught and
      during fish retrieval.
NUM  2.
PAR  2. A fishing device in accordance with claim 1 which includes two spaced
      angularly related portions for impaling the bait.
NUM  3.
PAR  3. A fishing device in accordance with claim 1 which includes a first loop
      at one end of said shank portion and a second loop intermediate said shank
      portion and wherein said flexible strand is trained around said shank
      portion and extends through said loop.
NUM  4.
PAR  4. A fishing device in accordance with claim 3 wherein said flexible strand
      is a braided wire cable.
NUM  5.
PAR  5. A fishing device in accordance with claim 1 wherein said angularly
      related portion and said shank portion are deformable to vary the angle
      therebetween to maintain the bait at a generally horizontal disposition
      when in use.
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ABST
PAL  A hand puppet resembling a stuffed animal has a pocket extending therein
      into which the hand of a manipulator is inserted. The pocket is configured
      to extend into the legs and head of the animal so that the legs and head
      may be moved by the fingers of the manipulator. Behind the pocket, there
      is a cavity which is filled with polyurethane foam or the like so that the
      back portion of the animal retains its shape as the animal is manipulated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to hand puppets and, more particularly, this
      invention relates to hand puppets preferably configured to resemble
      stuffed animals.
PAR  2. Technical Considerations and Prior Art
PAR  Stuffed animals have long been a source of great pleasure and amusement to
      children, as well as adults. However, most stuffed animals are constructed
      so that their heads and appendages cannot be manipulated in a convenient
      manner so as to mimic a living animal.
PAR  Hand puppets have also long been a source of great amusement to children
      and adults; however, hand puppets of the prior art are not configured so
      as to retain the cuddly attractiveness of stuffed animals.
PAR  Exemplary of the type of stuffed animal whose appeal would be greatly
      enhanced if it could be manipulated is the "teddy bear." Other stuffed
      animals resembling a teddy bear in general configuration also would
      benefit from the ability to be rationally manipulated. In constructing
      such stuffed animals, it is desirable that the head and appendages of the
      animal be readily pivoted so that they fold inwardly toward the animal's
      stomach, chest or front, while the back of the animal retains its form. It
      is also desirable that the animal retain its shape when not being
      manipulated as a hand puppet so that it is attractive when sitting on a
      shelf in a store or when, for example, sitting on a child's bed.
PAR  The prior art hand puppets and stuffed animals do not fulfill these
      conditions because, generally, they have not been constructed with the
      concept in mind of combining, in one configuration, the attributes of both
      a stuffed animal and a hand puppet.
PAR  Exemplary of the prior art are the following U.S. utility Pat. Nos.:
      1,417,860; 1,683,110; 2,619,771; 2,729,024; 2,756,448; 2,795,896;
      3,032,922; and 3,820,276. The following are exemplary of the prior art
      U.S. design Pat. Nos.:59,182; 66,876; 132,473; 149,595; 163,733; 163,734;
      164,973; 166,051; 224,325; and 231,841.
PAC  OBJECTS OF THE INVENTION
PAR  In view of the deficiencies of the prior art, it is an object of the
      instant invention to provide a new and improved hand puppet.
PAR  It is another object of the instant invention to provide a new and improved
      stuffed toy.
PAR  It is an additional object of the instant invention to provide a new and
      improved stuffed toy which resembles an animal.
PAR  It is a further object of the instant invention to provide a new and
      improved toy which combines the attributes of a hand puppet and a stuffed
      animal.
PAR  It is yet another object of the instant invention to provide a new and
      improved combination of a stuffed animal and hand puppet which is quite
      pleasing in appearance.
PAR  It is still a further object of the instant invention to provide a new and
      improved stuffed animal which may be manipulated in such a way so as to
      mimic a live animal.
PAR  It is an additional object of the instant invention to provide a hand
      puppet which has a pleasing and decorative appearance, even when not being
      manipulated.
PAC  SUMMARY OF THE INVENTION
PAR  In view of these and other objects, the instant invention contemplates a
      hand puppet which resembles a stuffed toy having a body portion which is
      defined by front, back and bottom surfaces. A head and first and second
      pairs of appendages project from the body portion, and are interconnected
      by a pocket which extends through the bottom of the body portion and
      registers with the head and appendages. The pocket is configured so that a
      human hand may readily be received therein to manipulate the toy. Stuffing
      is inserted in a cavity within the toy in order to keep the back of the
      toy erect while allowing the toy to retain its softness. There is no
      stuffing adjacent the front surface of the toy.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a back view of a stuffed hand puppet in accordance with the
      instant invention, partially cut away to show a hand engaging the head and
      appendages of the puppet.
PAR  FIG. 2 is a side view of the hand puppet of FIG. 1, partially cut away to
      show the interior structure of the hand puppet and how the hand fits
      therein.
PAR  FIG. 3 is a bottom section of the hand puppet taken along lines 3--3 of
      FIG. 2.
PAR  FIG. 4 is a section of the puppet taken along lines 4--4 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a hand puppet, designated generally
      by the numeral 10, which is in the form of a stuffed animal. The hand
      puppet has four appendages 11, 12, 13 and 14 which extend from a body
      portion, generally designated by the numeral 16. The appendages 11 and 12
      form the front legs of the animal, while the appendages 13 and 14 form the
      rear legs. If it is desired, each appendage may have paws or claws (not
      shown) attached thereto. A head 17 projects upwardly from the body
      portion.
PAR  In order to manipulate the stuffed hand puppet 10, a pocket 20 is provided
      which extends up into the body portion and into which a person's hand 21
      may be inserted. The pocket 20 is defined by a liner 22 which terminates
      in a series of depending recesses 22a, 22b, 22c, 22d and 22e formed in the
      appendages and head of the stuffed puppet. The recesses 22a through 22e
      receive the fingers of the hand 21 and allow the appendages 11 through 14
      and head 17 to be manipulated with the fingers.
PAR  Referring now specifically to FIGS. 2 through 4, it is seen that stuffing
      25 is positioned behind the back of the liner 22 forming the pocket 20
      between the back of the liner and the back 26 of the puppet. As best seen
      in FIGS. 3 and 4, there is no stuffing 25 in the front 27 of the body
      portion 16. The stuffing 25, however, does extend around the back of liner
      portion 22d and 22e which define the pocket recesses extending into the
      appendages or rear legs 13 and 14 of the puppet. As seen in FIG. 4, there
      is no stuffing 25 extending around the liner portions 22a and 22b defining
      the pocket recesses extending into the appendages or front legs 11 and 12.
      By having such an arrangement, the stuffed toy has a broad base 30 upon
      which to rest so that when the toy is not being manipulated by one's hand,
      it retains it stuffed animal characteristics. In addition, while resting
      on the base 30, the toy will not fall over. The stuffing 25 may be of any
      convenient material; however, a material such as polyurethane foam is
      preferred, since it is soft, resilient and washable.
PAR  It should be kept in mind that the stuffed hand puppet 10 may assume any
      convenient configuration, and may be provided with such components as a
      tail 31 (shown in FIGS. 2 and 3) and with fur 32. In coloring, it is
      preferable to make the fur along the back of the puppet and extending
      around the sides of the puppet dark in color, while making the fur along
      the base or bottom 30 and front or stomach 27 of the puppet light in color
      or white.
PAR  The foregoing embodiment is merely illustrative of an example of the
      invention, and the invention should be limited only by the following
      appended claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A hand puppet shaped like and having the characteristics of a stuffed
      toy and being configured for manipulation by five fingers of a hand,
      comprisng:
PA1  a body portion defined by front, back and bottom surfaces;
PA1  a head projecting from said body portion at an end of said body portion
      opposite said bottom surface;
PA1  first and second pairs of appendages projecting from said body portion,
      wherein the first pair of appendages are disposed adjacent the bottom
      surface of the body portion and the second pair of appendages are disposed
      between the first pair and head;
PA1  a pocket extending in said body portion and terminating inside of said
      appendages and said head to form five depending recesses, each of which is
      adapted to receive a finger, said pocket being juxtaposed to the front of
      the body portion so that the palm of the hand is just behind the front
      surface of the body portion;
PA1  a cavity disposed between the pocket and the back of the body portion; and
PA1  stuffing means contained within said cavity for substantially maintaining
      the shape of at least said back of the body portion as the puppet is
      manipulated, said stuffing means having sufficient stiffness to maintain
      the stuffed toy shape of the hand puppet when a hand is not in the pocket
      and being so located that the hand puppet will rest on the bottom surface
      without falling over.
NUM  2.
PAR  2. The hand puppet of claim 1, wherein the cavity between said pocket and
      the back of the body extends behind the depending recesses in the first
      pair of appendages and wherein the stuffing also extends behind the
      depending recesses.
NUM  3.
PAR  3. The hand puppet of claim 2, wherein the hand puppet is in the form of an
      animal.
NUM  4.
PAR  4. The hand puppet of claim 1, wherein the hand puppet is in the form of an
      animal.
NUM  5.
PAR  5. The hand puppet of claim 3, wherein a tail projects from the back of the
      body portion and wherein a portion of the cavity extends into the tail and
      the stuffing fills the portion of the cavity extending into the tail.
NUM  6.
PAR  6. The hand puppet of claim 1, wherein the stuffing is polyurethane.
NUM  7.
PAR  7. The hand puppet of claim 3, wherein the stuffing is polyurethane.
NUM  8.
PAR  8. The hand puppet of claim 2, wherein the cavity of the body portion
      terminates so as not to extend around the second pair of appendages.
NUM  9.
PAR  9. The hand puppet of claim 4, wherein the first pair of appendages form
      back legs of the animal and the second pair of appendages form front lets
      of the animal.
NUM  10.
PAR  10. The hand puppet of claim 1, wherein the cavity opens through the bottom
      surface of the body portion.
NUM  11.
PAR  11. The hand puppet of claim 5, wherein the cavity and stuffing extend into
      the head.
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ABST
PAL  The present invention provides a jointed doll having a head, upper and
      lower torso sections, a pair of arms and a pair of legs. The arms are
      relatively movable with respect to the upper torso section and include an
      upper section and a forearm section. The legs are relatively movable with
      respect to the lower torso section and include a thigh portion and a lower
      section. Hands relatively movable with respect to the forearm sections and
      feet relatively movable to the lower sections of the legs are also
      provided. The upper and lower torso sections are coupled to each other by
      means of a spherical joint that permits universal movement of the upper
      and lower torso sections with respect to each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Search
PAR  This invention relates to a jointed doll and more specifically to a doll
      having an improved spherical connection between the upper and lower torso
      sections thereof.
PAR  2. Description of the Prior Art
PAR  One example of the prior art structure is disclosed in U.S. Pat. No.
      3,634,966 wherein a universal torso joint for a doll is disclosed. In the
      issued patent a spherical surface is formed at the lower end of the upper
      torso section and a partial spherical seat is formed at the upper portion
      of the lower torso section. When the spherical surface is mated with the
      partial spherical seat the two torso sections can move relative to each
      other in virtually any direction. However, because of limitations imposed
      by assembly requirements and by need to provide an accurate external
      appearance, the spherical surface is somewhat limited as regards the
      extent of its movement relative to the partial spherical seat. That is,
      the spherical seat which is integral with the lower torso section is
      relatively immobile while the spherical surface which is integral with the
      upper torso section moves relative thereto.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of the present invention to avoid and overcome the
      foregoing and other difficulties with prior art jointed doll constructions
      by providing an inexpensive and relatively simple constructed universal
      joint for coupling the upper and lower torso sections of the doll.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The foregoing object and other objects which will become more apparent as
      the description proceeds are achieved by providing an improved jointed
      doll comprising a body having an upper torso section, a pair of arms
      movably coupled to the upper torso section, a lower torso section, a pair
      of legs movably coupled to the lower torso section, a neck portion movably
      coupled to the upper torso section and a head movably mounted on the neck
      portion. The doll structure is completed by a spherical joint that couples
      the upper and lower torso sections to each other in order to permit the
      upper and lower torso sections to move relatively with respect to each
      other and with respect to the coupling means.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the present invention reference should be had
      to the accompanying drawings wherein like numerals of reference indicate
      similar parts throughout the respective views and wherein:
PAR  FIG. 1 is an elevational representation of the improved doll comprising the
      present invention;
PAR  FIG. 2 is a transverse sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is another transverse sectional view taken along line 3--3 of FIG.
      1;
PAR  FIG. 4 is an elevational view taken along line 4--4 of FIG. 1 and;
PAR  FIG. 5 is an elevational, sectional view taken along line 5--5 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and in particular to FIG. 1, it will be seen
      that a doll 10 comprising the present invention includes a head portion
      12, a neck section 14 on the upper end of which is mounted the head
      portion 12, an upper torso section 16 secured to the lower end of the neck
      section 14, and a lower torso section 18. A pair of arms 20, each of which
      includes an upper section 22, a forearm section 24, and a hand portion 26,
      is movably mounted on the upper torso section 16. A pair of legs 28, each
      of which includes a thigh section 30, a lower section 32 and a foot 34,
      are movably mounted on the lower torso section 18.
PAR  The meeans for mounting the arms 20 to the upper torso section 16 is best
      shown in FIG. 2. Therein it will be seen that the upper torso section is
      provided with a pair of oppositely facing spherical seats 36 that are
      arranged to receive the upper spherical end portions 38 of the upper
      section 22 of each arm 20. A pin 40 extends diametrically across the
      spherical section 38 and a resilient joiner member 42 is mounted on each
      of the pins 40. The joiner member 42 passes through an opening 44 formed
      in each of the spherical end sections 38. The pull of the resilient joiner
      member 42 is always directed to the center of the spherical sections 38 at
      the upper end of each arm 20.
PAR  The means for mounting the thigh-portions 30 of the legs 28 to the lower
      torso section 18 is shown best in FIG. 3. The lower torso section 18 is
      provided with oppositely facing spherical seats 46 and are arranged to
      receive spherical surfaces 48 formed integrally with the upper end of each
      thigh section 30. A pin 50 is secured to and extends diametrically across
      the upper end of each thigh section 30 and has mounted thereon and
      therebetween a resilient joiner member 52 that extends through openings 54
      formed integrally with the spherical surface 48 of the thigh sections 30.
      The pull of the resilient joiner member 52 is always directed to the
      center of the spherical portions 48 at the upper end of the thigh sections
      30.
PAR  The means for mounting the head portion 12 and the neck section 14 is shown
      in FIGS. 4 and 5. The upper end of the upper torso section 16 is provided
      with a spherical seat 56 in which is received a spherical surface 58
      formed at the lower end of the tubular neck section 14. Proximate its
      upper end, the tubular neck section 14 is provided with an angular groove
      60. A hole 62 is formed in the under surface of the head 12 in order to
      permit the neck section 14 to pass therethrough so that the head portion
      12 may be snapped into the angular groove 16. A resilient joiner member 64
      is mounted on and extends between pin 66 formed integrally within the head
      12 and a pin 68 formed integrally within the lower torso section 18. A
      joiner member 64 extends through the longitudinal opening 70 formed in the
      tubular neck section 14.
PAR  By way of example, the elbow joint, the wrist joint, the knee joint, and
      the ankle joint of the doll 10 may be formed as shown in the
      aforementioned U.S. Pat. No. 3,364,966. Briefly, however, it may be noted
      that the elbow joint 72 is comprised of a projection 74 formed integrally
      with the upper section 22 of the arm 20. The projection 74 mates with a
      slot 76 formed in the forearm section of the arm 20. A pin (not shown)
      extends through the two spaced apart walls formed by the slot 76 as well
      as through the projection 74 to pivotly couple the upper section 22 and
      the forearm section 24 of the arm 20. The wrist joint 78 may be defined by
      a pin 80 that extends through and pivotly couples the hand 26 to the
      forearm section 24, for example, in the manner taught by U.S. Pat. No.
      3,364,966.
PAR  The knee joint 82 is comprised of a projection 84 formed integrally with
      the upper end of the lower leg section 32. The projection 84 mates with a
      slot 86 formed in the lower end of the thigh section 28 and a pin 88
      extends through the two spaced apart walls defined by the slot 86 as well
      as through the projection 84 to thereby pivotly couple the thigh section
      28 to the lower leg section 32. The ankle section 90 may be formed by a
      projection 92 that is integral with the lower leg section 32 and which
      mates with a slot 94 formed integrally with the foot 34. A pin 96 extends
      through the two spaced apart walls defined by the slot 94 as well as
      through the projection 92 to thereby pivotly couple the foot 34 to the
      lower leg section 32.
PAR  Turning now to FIGS. 4 and 5, the means for coupling the upper torso
      section 16 to the lower torso section 18 will be described. It will be
      seen that the upper torso section 16 is provided with a spherical seat 96
      at the lower end thereof while the lower torso section 18 is provided with
      a confronting spherical seat 98 at the upper end thereof. A coupling
      member 100 having an outer surface 102 that is at least partially
      spherical is mounted on the seats 96 and 98. The coupling member 100 is
      provided with a central bore 104 through which passes the joiner member 64
      to thereby maintain the seats 96 and 98 of the upper and lower torso
      sections 16 and 18, respectively, in frictional contact with the partially
      spherical surface 102.
PAR  Because of the spherical coupling means between the upper and lower torso
      sections 16 and 18, respectively, the upper torso section 16 may be
      pivoted from front to back as shown by the phantom outline in FIG. 4. By
      the same construction the upper torso section 16 may be pivoted from right
      to left as shown in FIG. 5. It will, therefore, be evident that the upper
      torso section 16 may also assume any other angular position intermediate
      the positions shown in FIG. 4 and in FIG. 5 as well as any other angular
      orientation. Because the upper and lower torso sections 16 and 18,
      respectively, are spaced apart from each other in the direction of the
      height of the doll 10, there is virtually no limit to the positions that
      the upper torso section 16 may assume with respect to the lower torso
      section 18. In addition, it will be evident that the spherical coupling
      member 100 may also be angularly oriented with respect to either the upper
      torso section 16 or the lower torso section 18 because of the enlarged
      bore 104 that extends through spherical coupling member 100. Thus, not
      only the upper torso section 16 move in any angular direction with respect
      to the lower torso section 18 and the spherical member 100, but the
      spherical member 100 may also be angularly oriented either instead of or
      in addition to the upper torso section 16 with respect to the lower torso
      section 18.
PAR  It will be recognized by those skilled in the art that the object of the
      present invention has been achieved by providing an improved spherical
      joint between the upper and lower torso sections in addition to the
      spherical joints for the coupling between the arms in the upper torso
      section as well as between the legs and the lower torso section. The novel
      spherical coupling means between the upper and lower torso sections
      provides an unlimited range of movement.
PAR  While in accordance with the patent statutes the preferred embodiment of
      the present invention has been described in detail, it should be
      particularly understood that the invention is not limited thereto or
      thereby.
CLMS
STM  I claim:
NUM  1.
PAR  1. A jointed doll comprising a body, said body including an upper torso
      section and a lower torso section, a head, a pair of legs moveably coupled
      to said upper torso section, a pair of arms moveably coupled to said upper
      torso section, said upper torso section including a first spherical seat
      and a second spherical seat, said first and second spherical seats spaced
      apart from each other and facing in opposite directions, one of said arms
      including a spherical surface positioned in said first spherical seat in
      said upper torso section and said other arm including a spherical surface
      positioned in said second spherical seat in said upper torso section, a
      first pin located in the upper portion of one of said arms and a second
      pin located in the upper portion in the other of said arms, said first and
      second pins being parallel to each other, an opening extending through
      said first and second spherical surfaces and an opening extending through
      said first and second spherical seats, a resilient member secured to said
      first pin, passing through said openings in said first spherical seat and
      second spherical seat, passing through said openings in said first and
      second spherical surfaces and secured to said second pin to urge said
      first and second spherical surfaces to remain in said first and second
      spherical seats, a spherical coupling member, said upper torso section
      including a spherical seat at its bottommost portion, said lower torso
      section including a spherical seat at its uppermost portion, said
      spherical coupling member seated on said spherical seat at the upper
      portion of said lower torso section and on the spherical seat at the lower
      portion of said upper torso section, said spherical coupling member
      including a hollow interior, a pin extending transversely through the
      interior of said lower torso section, a spherical seat located at the
      upper portion of said upper torso section, said head including a pin
      extending transversely through the interior thereof, an opening defined at
      the bottom portion of the head, a head coupling member including a
      spherical surface at its lowermost portion seated in said spherical seat
      at the uppermost portion of said upper torso section, said head coupling
      member including a groove that receives the bottom portion of said head
      which defines said head portion opening, said head coupling member
      including material above and below said groove which abuts said bottom
      portion of said head, said head coupling member being hollow, an elastic
      member secured to said pin in the interior of said head, extending through
      said head coupling member, through said upper torso section, through said
      spherical coupling member and secured to said pin in said lower torso
      section, said lower torso section including first and second spherical
      seats, each leg including a spherical surface at its uppermost portion, a
      pin located in the upper portion of each leg, an opening extending through
      the spherical surface of each leg, the pins in the upper portions of said
      legs being parallel to each other, the spherical surface of each leg being
      seated in a respective spherical seat of the lower torso section, an
      elastic member secured to the pins in the upper portions of said legs and
      extending through the spherical surface of each leg and through the lower
      torso section.
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ABST
PAL  A miniature toy vehicle having an elongated body and two or more wheel and
      axle assemblies disposed on the underside of the body in longitudinally
      spaced positions with the axles disposed transversely of the body in
      parallelism and being seated in notches in the body, and a pan extending
      along the underside of the body between the wheels to hold the axles in
      said notches with the ends of the pan being secured to the body.
BSUM
PAR  This invention relates generally to the construction of miniature toy
      vehicles and particularly to a new and improved assembly for irremovably
      locking the wheels to the vehicle body.
PAR  Miniature toy vehicles commonly have a body provided with a plastic insert
      locked within a metal outer shell. The insert has downwardly opening slots
      into which the vehicle wheel axles can be snapped. While such a
      construction is operative it is possible for a child playing with the toy
      to remove the axle and wheels from the body by exerting downward pressure
      on one of the wheels.
PAR  Other forms of mounting the wheel and axle assemblies require either
      assembling the wheels on the axle after the axle has been mounted or the
      bending of metal tabs or the like over the notches into which the axles
      have first been seated.
PAR  A primary object of the present invention is to provide a wheel and axle
      mounting for miniature toy vehicles which allows quick and relatively
      inexpensive assembly and yet which securely retains the wheels and axles
      on the vehicle so that they cannot be removed by a small child to be lost,
      or even more seriously placed in the mouth or the like.
PAR  With this and other objects in view the invention broadly comprises forming
      a miniature toy vehicle body with a metal outer shell and a plastic insert
      having downwardly opening slots for receiving the vehicle wheel axles, the
      insert having projections at each end, a metal pan adapted to extend
      lengthwise under the insert to hold the axles therein and with upright
      portions at the ends of the pan which are apertured to snugly receive said
      projections, the body shell extending downwardly over the pan upright
      portions to securely lock them on the projections, and a fastening means
      for locking the shell to the pan and insert.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevation of the toy vehicle showing the parts in exploded
      pre-assembled positions.
PAR  FIG. 2 is a left rear perspective of the rear portion of the vehicle during
      assembly.
PAR  FIG. 3 is a side elevation of the vehicle in fully assembled condition.
PAR  FIG. 4 is a bottom plan view of the vehicle in assembled condition.
PAR  FIG. 5 is a longitudinal vertical section through the vehicle taken along
      line 5--5 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to the drawings reference numerals will be
      used to denote like parts and structural features in the different views.
      The miniature toy vehicle is denoted generally by the numeral 10. The
      vehicle has a body comprised of an outer metal shell 11 and a body insert
      12 preferably formed of a plastic material and designed to simulate the
      inner cab and truck box portions of the vehicle, as can best be understood
      by referring to FIG. 5. The front cab portion of the vehicle may contain a
      passenger compartment bubble 13 of transparent plastic material.
PAR  The body shell 11 has a front end wall 14 which is provided with a wide
      rectangular grille opening 15 extending transversely thereacross. At its
      rear end the shell has a rear wall formed of partially overlapping
      sections 16 and 17 provided respectively with aligned apertures 18 and 19.
PAR  The insert 12 has a projection 20 at its front end designed as a vehicle
      grille and of a size adapted to be inserted into and fit snugly within the
      grille opening 15 in the shell 11. At its rear end the member 12 has a
      transversely centered rearwardly extending apertured boss 21 adapted to be
      axially aligned with apertures 18 and 19 when the vehicle is assembled.
      The insert has a pair of transversely spaced longitudinally extending
      flanges 22 extending along the bottom thereof having transversely aligned
      downwardly opening front and rear slots respectively denoted at 24 and 25.
      These are snap-in type slots which are slightly wider at their upper
      closed ends to receive the vehicle axles. The portions of flanges 22
      containing slots 24 and 25 extend downwardly below the central portion of
      the flanges as shown in FIG. 5.
PAR  A pair of vehicle front wheels 26 are mounted at the ends of a front axle
      27 which is press fit into the upper ends of slots 24. A pair of rear
      wheels 28 are similarly mounted on axle 29 which is press fit into slots
      25.
PAR  A pan denoted generally by the numeral 30 formed of a somewhat resilient
      sheet material extends along the underside of the body insert 12. This pan
      has a longitudinal configuration such as shown in the bottom view in FIG.
      1 and in FIG. 5 and a shape in plan as best shown in FIG. 4. At its
      forward end the pan has a hook plate 31 provided with a wide rectangular
      grille opening 32 which is comparable in size and shape to opening 15 and
      adapted to snugly receive the projection 20 on the front end of insert 12.
      Rearwardly of the plate 31 the pan 30 has a narrowed V-shaped portion 34
      which extends between the wheels 26 and flanges 22 and under axle 27 in
      close proximity thereto. The pan then extends rearwardly along the
      underside of the central portions of flanges 22 with another narrowed
      V-shaped portion 35 extending between the wheels 28 and under the axle 29
      in close proximity thereto. At its rear end the pan 30 has an upwardly
      extending flange 36 which is provided with a transversely centered
      aperture 37 adapted to receive boss 21.
PAR  A rivet 38 serves as a fastener to extend through apertures 18, 19 and the
      aperture in boss 21 to secure the body shell sections 16 and 17 to the
      insert 12 and lock the flange 36 therebetween.
PAR  In assembling the toy 10, the axles 27 and 29 with the wheels 26 and 28
      mounted thereon are snapped into the slots 24 and 25 of insert 12. The pan
      30 is then attached to the insert by hooking the front plate 31 onto the
      projection 20 with the projection extending through opening 32. Flange 36
      is moved upwardly over the rear end of the insert until the boss 21 seats
      in the aperture 37. The spring tension within pan 30 yieldably retains it
      in this position on the insert.
PAR  The body insert 12 with the pan 30 attached thereto is then inserted
      upwardly and forwardly into the shell 11 so that projection 20 fits within
      the grille opening 14. At this point the components 11 and 12 are in the
      relative position shown in FIG. 2. The rear portion of shell 11 with
      sections 16 and 17 spread slightly apart as shown is then lowered onto the
      rear portion of the insert. Sections 16 and 17 are then closed into
      partially overlapping positions bringing the apertures 18 and 19 into
      axial alignment with each other and the boss 21 and rivet 38 insert
      forwardly therethrough and peened to securely lock all of the components
      in assembled condition.
PAR  Pan 30 being irremovably locked on the insert provides a smooth bottom
      surface on the toy and prohibits removal of the wheel and axle assemblies.
CLMS
STM  Having now therefore fully illustrated and described the invention, what I
      claim to be new and desire to protect by United States Letters Patent is:
NUM  1.
PAR  1. In a miniature toy vehicle,
PA1  a. a vehicle body shell having a front wall with a grille opening and a
      rear wall with an aperture therein,
PA1  b. a body insert having a projection at one end fitting in the grille
      opening, an aperture at its other end and slots on its underside for
      receiving a wheel axle,
PA1  c. a wheel carrying axle disposed in said slots,
PA1  d. a pan extending along the underside of the insert to prohibit removal of
      the axle from the insert slots and having a hook means at one end engaging
      over the projection and an aperture at its other end aligned with the
      apertures in the insert and shell when the members are assembled, and
PA1  e. a fastener extending through said apertures to lock the shell, insert
      and pan together.
NUM  2.
PAR  2. The subject matter of claim 1 wherein the insert has an annular boss
      surrounding the said aperture therein, and the aperture in the pan adapted
      to receive the boss.
NUM  3.
PAR  3. The subject matter of claim 1 wherein the projection on the insert
      comprises a forwardly protruding portion of the vehicle grille and the
      hook means on the pan comprises a plate with an opening therein receiving
      said grille portion.
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ABST
PAL  A window construction which is characterized by a sash frame hingedly
      mounted at the top of an opening in a generally vertical wall and provided
      with a latching mechanism comprising keepers on the inside face of the
      wall adjacent the bottom of the wall opening and a combination latch
      engaging and release bar pivotally mounted on the bottom of the sash frame
      so as to be swung into keeper engagement when the sash frame is hinged to
      closed position and to be readily swung to a position where the sash frame
      is released for opening movement.
BSUM
PAR  This invention relates to window constructions and is more particularly
      concerned with improvements in a hinged window mounting of the type which
      includes a latch arrangement for holding the window in a closed position
      in a supporting frame while enabling the window to be released for
      swinging to an open position.
PAR  Window constructions have been proposed heretofore for vehicles, such as,
      busses or the like, having passenger accommodating enclosures wherein
      provision has been made for normally holding the glass frame or sash in a
      closed position in a mounting frame and for enabling the sash latching or
      locking means to be disengaged so as to permit the window to be opened. In
      most of the prior arrangements the sash has been held with a latch or lock
      mechanism of conventional design. Generally, such arrangements have not
      been entirely satisfactory because the lock operating mechanism has not
      been fully accessible for operation, its operation has not been apparent
      to the prospective user or it has been difficult to manipulate so that
      valuable time may be lost in searching for the device or in manipulating
      the device when it is found. It is a general object of the invention,
      therefore, to provide a window construction wherein a sash is mounted in a
      supporting wall frame with a readily releasable latch arrangement which
      may be quickly found and easily operated so as to enable release of the
      sash for opening movement with minimum loss of time and little effort.
PAR  A more specific object of the invention is to provide an improved window
      construction which is especially adapted for mounting in the wall of a
      vehicle, such as, a passenger bus, or the like, wherein the sash frame is
      hinged so as to permit it to swing to an open position and a latch
      mechanism is provided which will securely retain the sash in a closed
      position in the mounting frame while enabling a quick release of the sash
      for opening movement by operation of a swingable release bar which is
      disposed on the inside of the sash frame where it is readily accessible
      for operation.
PAR  A further object of the invention is to provide a window construction for
      mounting in the wall of a passenger bus, or similar location, which
      comprises a sash frame hingedly mounted at the top for outward swinging
      movement and having a quickly releasable fastening device at the bottom
      for holding the sash frame in closed position in a mounting frame, which
      fastening device includes a latch operating bar member pivotally mounted
      on the sash frame and accessible for quick operation from a position near
      an inside face of the mounting frame.
PAR  A still further object of the invention is to provide a window construction
      for mounting in an opening in a generally vertical wall which comprises a
      sash frame hinged at the top for outward swinging movement and a latch
      mechanism at the bottom which is readily accessible for operation from a
      position adjacent an inside face wherein the latch mechanism includes an
      elongate release bar pivotally mounted on the bottom of the sash frame and
      engageable with a wall supported keeper member mounted adjacent the bottom
      of the opening in which the sash frame is hinged.
PAR  Another object of the invention is to provide a window construction which
      comprises a sash frame hingedly mounted in the top of an opening in a
      generally vertical wall and a quickly releasable fastening mechanism at
      the bottom of the sash frame which includes a pivoted latch bar on the
      sash frame and a wall mounted, co-operating keeper at the bottom of the
      opening with the latch bar held in either keeper engaging or non-engaging
      position by a single spring member.
DRWD
PAR  These and other objects and advantages of the invention will be apparent
      from a consideration of the form of the invention which is illustrated in
      the accompanying drawings wherein:
PAR  FIG. 1 is an elevational view showing the inside face of a hinged sash
      mounted in an opening in a supporting wall, which embodies the features of
      the invention;
PAR  FIG. 2 is a sectional view taken on the plane indicated at 2--2 on FIG. 1;
PAR  FIG. 3 is a cross sectional, perspective view, to an enlarged scale,
      showing a portion of the sash assembly and mounting frame with the view
      being taken on a plane extending through the release bar and indicated at
      3--3 on FIG. 1 and with the sash in closed and latched position;
PAR  FIG. 4 is a cross sectional, perspective view, to an enlarged scale,
      showing a portion of the sash frame assembly and the mounting frame with
      the sash in closed position, the view being taken on the same plane as in
      FIG. 3;
PAR  FIG. 5 is a fragmentary cross sectional view, to an enlarged scale, the
      view being taken on the plane indicated at 5--5 in FIG. 1 and showing the
      mechanism for holding the release bar in operative or latch engaging
      position;
PAR  FIG. 6 is a view similar to FIG. 5 showing the release bar held in
      non-operative or open position;
PAR  FIG. 7 is a fragmentary, cross sectional view similar to FIG. 5 showing a
      releasable stop or secondary latch which may be used with the window; and
PAR  FIG. 8 is a fragmentary section taken on the line 8--8 of FIG. 7.
DETD
PAR  Referring first to FIGS. 1 and 2 of the drawings, there is illustrated a
      window construction which incorporates the principal features of the
      invention. In the form illustrated the window comprises a sash frame
      assembly 10 which has mounted therein a pair of glass panel assemblies 12
      and 14 which are slidably supported in the outer frame 16, with the latter
      being of generally rectangular shape. The sash supporting frame 16 is
      mounted for outward swinging movement in the opening 18 in a vertically
      disposed supporting wall such as, for example, the side wall 20 of a bus
      or other passenger vehicle, or the like, by means of a set or hinge
      members 22 spaced along the top rail 24 of the sash frame 16 and the top
      edge of the opening 18. Mechanism constituting a latching means 26 is
      mounted for co-operation on the bottom rail 28 of the sash frame 16 and
      adjacent the bottom edge of the wall opening 18.
PAR  In the form of window construction illustrated, the glass panel assemblies
      12 and 14 each comprise a pane of glass 30, 30' (FIGS. 3 and 4) with the
      margins thereof seated in a glazing gasket 32, 32' in the glass receiving
      inwardly opening recess 34, 34' of a peripheral frame member 36, 36', the
      top and bottom rail portions of which have an H-shaped cross section with
      outwardly facing recesses 38, 38' which are provided with a suitable
      weather seal 40, 40' and which receive inwardly extending, parallel,
      spaced rail members 42, 42' on the support frame 16. The rail members 42,
      42' are spaced from inner and outer side edge flanges 44, 46 which extend
      inwardly of the frame 16 in parallel planes, and define part of the inner
      and outer faces of the frame 16 while co-operating with the rail members
      42, 42' in forming inwardly opening guideway recesses in which the sash
      panel assemblies 12 and 14 may travel.
PAR  The frame member 16 has outwardly directed side edges flange formations 48
      and 50 which extend in parallel planes. The flange 50 is in a plane offset
      relative to the inner face flange 46 so as to provide a surface 52 for
      sealing engagement with the lip forming bead 54 on a primary sealing
      gasket 56 which is seated on the flange-like marginal wall portion 58
      which defines the opening 18 in which the window is mounted. The wall
      portion 58 on which gasket 56 is mounted is in a plane offset outwardly of
      the inside surface of the wall 20 so as to make it difficult for an
      unauthorized person to get beneath the bottom edge of the gasket 56 and
      pry off the same. The side edge flange 48 co-operates with the flange 44
      in forming the outside face of the frame 16 and also co-operates with a
      center rib formation 60 in forming a continuous, outwardly opening edge
      recess 62 in which there is seated a bulb-type sealing gasket 64, the
      arrangement being such, that, when the frame 16 is in the closed position,
      as shown in FIG. 3, gasket 64 engages the surface 66 which extends
      outwardly of the gasket carrying flange 58 and also surrounds the opening
      18 in the form of a ledge facing in the direction of the sash elements.
PAR  The latch assembly 26 comprises an elongate bar member 70 which is
      pivotally mounted on the bottom of frame 16 and which is operable manually
      for latching engagement with keeper forming members 72 secured on the
      inner face of the wall 20. The keeper members 72 are spaced along the wall
      20 and positioned adjacent the ends of the bar member 70. Each keeper
      member 72 comprises a base plate portion 74 for mounting on the inside
      face of the wall and a top marginal portion shaped to provide an upwardly
      and outwardly curved portion 76 terminating in a top edge bead formation
      78. The bar member 70, which constitutes a latching and release bar, has a
      barrel formation 80 (FIGS. 5 and 6), at one edge of a plate-like portion
      82, which barrel formation receives a pivot forming pin 84 having its ends
      extended and received in hinge leaf formations 86 (FIGS. 3 and 4) at
      opposite ends of a mounting plate 88. The mounting plate 88 is secured by
      welding or other suitable means to a bottom face portion of the bottom
      rail on frame 16.
PAR  A curved portion 90 of the release bar 70, having an enlarged cross
      section, extends along the free edge margin of plate portion 82, in a
      plane approaching a right angle with the plane of the plate portion 82.
      The curved portion 90 is provided on its inner or under face with a pocket
      forming recess 92, at the junction with the plate portion 82, which recess
      92 is shaped to receive the bead 78 on the edge of the keeper member 72.
      Adjoining the bend 78 there is a somewhat curved cam surface area 94 for
      engaging the bead 78 in pivoting the bar member 70 to a fully closed,
      latch engaged or locked position. The cam surface 94 terminates short of a
      rounded edge portion 96 which the operator may grip in swinging the
      release bar 70 toward an opening position.
PAR  The release bar 70 has a tail portion 98 with one face 100 which is a
      marginal portion of the top face of the plate portion 82 and another face
      102 in a plane approximately at right angles to the plane of the face 100.
      A spring plate 104 is mounted by welding or other fastening means on the
      frame 16, preferably between the plate 88 and the frame surface as shown
      in FIGS. 5 and 6, which has a bent free marginal portion 106 positioned to
      engage the tail portion 98 on the release bar 70. In the closed position
      of the window the spring portion 106 engages the tail surface or face 102,
      as shown in FIG. 5, while in the open position of the window the release
      bar 70 is held in non-operative position, as shown in FIG. 6, by
      engagement of the spring portion 106 with the tail surface or face 100.
      When the bar 70 is swung it operates between the two positions with a snap
      action.
PAR  In the operation of the window, which is normally held by the latch
      mechanism 26 in a closed position in the opening 18, the release bar 70
      may be quickly flipped to an open or release position by grasping the bar
      manually and lifting it out of engagement with the keeper beads 78. When
      the window is swung to a closed position it may be quickly latched by
      swinging the release bar 70 downwardly into engagement with the keeper
      beads 78.
PAR  An additional feature which may be incorporated in the window construction
      is shown in FIGS. 7 and 8. A keeper member in the form of a ribbed plate
      110 is fixed on the shelf surface 66 of the opening where it is engaged by
      the beveled end of a spring pressed latch bolt member 111 which is housed
      in slidable relation in a pocket 112 in the recess or elongate groove 113
      in the sash frame 16 when the sash frame 16 is swung to the closed
      position. The recess 113 is formed between the frame flange member 50 and
      rib member 60 and the bolt member 111 is backed by a spring member 114
      seated in the recess 112. This provides a releasable stop or holding
      member for the frame 16 and prevents the frame from swinging open
      immediately when the release bar 70 is pivoted to released position. It
      reduces the possibility of damage when there is a high wind or the like.
      This secondary holding means is readily overcome by outward pressure on
      the opened release bar.
PAR  Only so much of the detail of the sliding sash and frame construction is
      illustrated and described as is deemed necessary for an understanding of
      the invention. It will be understood that details not referred to are
      conventional and that the sliding sash construction is illustrative only
      of the general type window in which the invention may be embodied. The
      invention may be incorporated in a single pane or other sash construction
      which may be supported for outward swinging movement. Also, the sash frame
      16 may be hinged at the side or at the bottom with the release mechanism
      mounted on the side of the frame and opening opposite the hinge mounting.
CLMS
STM  We claim:
NUM  1.
PAR  1. A window construction which comprises a sash which includes a generally
      rectangular glass panel supporting sash frame of a size for closing an
      opening in a generally vertical wall, means at the one side of said
      opening mounting said sash frame for swinging movement in a direction
      outwardly of said opening, and a latch assembly for releasably holding the
      sash in the opening when the sash is in a closed position, which latch
      assembly includes a keeper member mounted adjacent the edge of the opening
      which is opposite said sash mounting means, said keeper member being in
      the form of an elongate plate member with a bead forming top edge portion
      extending along the inside edge of said opening and inwardly of said
      opening, and an elongate latch engaging and release bar which is pivotally
      mounted on the edge of said sash frame and which has on its bottom face
      surface portions positioned for engaging said bead edge portion of said
      keeper member whereby upon closing said sash said release bar is
      accessible for manual operation on the inside of said wall and may be
      swung to engage said bead edge portion and draw said sash into tight
      engagement in said opening.
NUM  2.
PAR  2. A window construction as set forth in claim 1 wherein said latch
      engaging and release bar has a bottom face with a downwardly facing groove
      disposed for engaging therein said bead forming top edge portion of said
      keeper member so as to hold said sash frame in the closed position while
      permitting ready release for opening thereof by upward swinging movement
      of said latch engaging and release bar.
NUM  3.
PAR  3. A window construction as set forth in claim 1 wherein said latch
      engaging and release bar has a downwardly facing bottom surface with a
      downwardly opening groove for engaging therein said beaded edge portion of
      said keeper member and an adjoining, downwardly facing cam surface for
      engaging said beaded edge portion of said keeper member so as to assist in
      drawing the sash into tightly closed position in the opening and in
      seating said beaded edge portion in the co-operating groove in said bar.
NUM  4.
PAR  4. A window construction as set forth in claim 1 wherein said latch
      engaging and release bar is pivotally mounted along an edge thereof by
      means of a pivot rod which is mounted in parallel and spaced relation to
      an inner face portion of said sash frame, and said pivotal mounting rod
      has associated spring means for resiliently holding said bar selectively
      in keeper engaging position and in sash releasing position.
NUM  5.
PAR  5. A window construction as set forth in claim 1 wherein a secondary latch
      and stop assembly is mounted in part on said ledge formation and in part
      on said sash frame which latch assembly is engagable when said sash frame
      is moved to the closed position and is readily disengaged by outward
      pressure on said sash frame when said release bar is operated so as to
      release said sash frame for outward swinging movement.
NUM  6.
PAR  6. A window construction which comprises a pane carrying sash frame of
      generally rectangular shape mounted in a rectangular opening in a wall
      which is disposed in a generally vertical plane, said opening being
      defined by a flange formation and an outwardly extending ledge formation
      with a continuous primary weather sealing element, means hingedly mounting
      said sash frame at one side of the opening for outward swinging movement
      and having an inner face portion for engaging said primary sealing element
      and carrying a continuous, peripheral, secondary weather seal element for
      engaging said ledge formation, and a latch assembly disposed at the side
      of said sash frame and said opening which is opposite the hinged mounting
      for holding said sash frame in closed and sealed position in said opening,
      which latch assembly includes an elongate, manually operable release bar
      which is pivotally mounted along one edge thereof on said sash frame and a
      co-operating keeper member mounted on the inside face of said wall
      adjacent said opening and which is accessible on the inside of said wall
      for quickly releasing said sash frame so as to permit outward swinging
      movement thereof, said keeper member having a projecting portion in the
      direction of the opening with a bead-like edge and said release bar having
      a curved face in the opposite direction with a groove positioned to
      receive said keeper edge and an adjoining cam surface extending therefrom
      which is adapted to engage said keeper edge in drawing the sash to fully
      closed position, said release bar having an associated spring means
      operable to selectively hold said release bar in keeper engaging or
      non-engaging position.
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ABST
PAL  A contour grinder having a grinding wheel that forms a workpiece into a
      desired contour by directly controlling the movement of the grinding wheel
      with a motor operated by numerical control. The grinding wheel has an
      arched shaped surface on the periphery thereof. The grinder also includes
      a vertical shaft about which the grinding wheel is rotatable and a support
      arm which carries a horizontal shaft to which the grinding wheel is fixed.
      The support arm is rotatably connected to a portion of the vertical shaft
      and connects the horizontal shaft at a right angle thereto so that the
      center of the arched surface on the periphery of the grinding wheel is
      aligned with the center of the vertical shaft. The vertical shaft is
      rotatable about its axis and movable longitudinally and laterally and the
      grinding wheel is movable with the vertical shaft. The vertical shaft is
      hollow and a microscope, marked with reference lines for inspecting the
      shape of the periphery of the grinding wheel and the position of the
      workpiece to be ground by the grinding wheel, is mounted in the hollow
      shaft.
BSUM
PAR  The present invention relates to a contour grinder that forms a workpiece
      into a desired shape by grinding along its contour.
PAR  Conventionally grinders have been used to form a workpiece into a desired
      shape either by vertically moving the workpiece at a fixed position,
      moving a follower, which resembles a grinding wheel in shape, along the
      edge of the template formed to the desired shape, and transmitting the
      movement of the follower to the grinding wheel by means of a pantograph,
      or, otherwise, by pressing the periphery of a grinding wheel against a
      workpiece by vertically moving a horizontally disposed grinding wheel,
      moving the workpiece vertically and horizontally on a plane, projecting a
      grinding position on a screen on an enlarged scale, and performing
      grinding in accordance with the contour projected thereon.
PAR  As may be understood from the above, conventional grinders have all been
      contour grinders requiring such templates or contour projectors as
      described above. In such grinders, the drive belt of the grinding wheel
      extends downward, with the workpiece holder standing in its way.
      Therefore, the grinding wheel can be swung through only about 180.degree..
      Consequently, it is impossible to work the entire contour of the workpiece
      at a time. When working the entire contour, therefore, the workpiece is
      divided into several sections, which are recombined after grinding. In
      another arrangement, separate means for rotating and driving the workpiece
      may be provided on the table. This method, however, necessitates complex
      operations concerning the inter-relations among the vertical and
      horizontal movements, revolution and driving of the workpiece and the
      swinging and other movements of the grinding wheel.
PAR  To eliminate the aforesaid defects, this invention provides grinding means
      that form a workpiece into a desired contour by directly controlling the
      movement of a grinding wheel with a prime mover operated by numerical
      control means, without resorting to the above-described contour following
      method. That is, the present invention relates to means that is capable of
      automatically grinding the contour of the workpiece throughout its entire
      periphery, comprising a grinder the arched surface of the periphery of
      which is adapted to be pressed against the workpiece moving up and down in
      a fixed position, a shaft for swinging and revolving the grinding wheel
      positioned on the extension of the center line of said circle, and a
      support arm, fitted with a revolution shaft of the grinding wheel, which
      is rotatingly adjustably fitted to a suitable position on said swinging or
      revolving shaft, wherein swinging and revolution of the grinding wheel is
      controlled by the driving of said swinging or revolving shaft, and
      shifting thereof by the vertical and horizontal displacement of the same
      shaft.
DRWD
PAR  Now an embodiment of this invention will be described with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a front view in elevation of a grinding machine made in
      accordance with the teachings of the present invention;
PAR  FIG. 2 is a side view of the machine of FIG. 1 with the driving means for
      the vertically sliding member which holds the workpiece schematically
      indicated in broken lines;
PAR  FIG. 3 is a view partly in elevation and partly in vertical section of the
      grinding wheel support mechanism;
PAR  FIG. 4 is a fragmentary view to an enlarged scale of an apparatus for
      precisely angularly positioning the support arm on which the grinding
      wheel assembly is mounted;
PAR  FIG. 5 is a fragmentary view to an enlarged scale illustrating the use of a
      microscope to locate the precise periphery of the grinding wheel;
PAR  FIG. 6 is a fragmentary view partly in elevation and partly in vertical
      section of the mechanism for moving the vertically slidable work holder;
PAR  FIG. 7 is a view in horizontal section of the mechanism of the eccentric
      for reciprocatingly driving the vertically slidable work holder member;
PAR  FIG. 8 is a view in section of a mechanism for adjusting the position of
      the fulcrum of an operating lever shown in FIG. 6;
PAR  FIG. 9 is a transverse section of a portion of the fulcrum mechanism
      illustrated in FIG. 6; and,
PAR  FIG. 10 is a fragmentary view in elevation showing limit switches which
      control the moving of the grinding wheel dressing apparatus to a
      predetermined dressing position and back to a predetermined original
      position.
DETD
PAR  In FIGS. 1, 2 and 3, a grinding machine proper 1 (hereinafter called the
      "machine") is provided with a vertically sliding member 2, a
      longitudinally moving table 3, and a table 4 that moves laterally on said
      table 3. In front of the laterally moving table 4 there is a vertical
      shaft 5 which is suitably driven rotatingly or swingingly on its own axis.
      There is an eccentric portion 6 formed in the lower part of the vertical
      revolving shaft 5. To said eccentric portion 6 there is mounted for
      rotation relative to the portion 6 a pulley 7, having two horizontal
      grooves, and a support arm 8. The support arm 8 is curved, and is fitted,
      in its lower end portion, with a horizontal shaft 10, so mounted for
      rotation that it may be moved back and forth. Fixed to the shaft 10 is a
      grinding wheel 9 and a sheave 9'. The periphery of the grinding wheel 9 is
      arched as at 9A (FIG. 5), with the edge tangent to an extension of the
      axial center line of said vertical shaft 5. The center 9C of the arched
      surface 9A is also shown in FIG. 5. Said support arm 8 is fitted with a
      shaft that supports two pulleys 11 for rotation. A driving belt 12 for the
      grinding wheel 9, passed over the sheave 9' fixed on the horizontal
      revolving shaft of the grinding wheel 9, is passed through said two
      pulleys 11 over the lower groove on the pulley on the vertical shaft 5. A
      driving belt 12' is passed over the upper groove on said pulley 7, through
      a double tension pulley 13 at the end of a rod provided on the laterally
      moving table 4, see FIG. 2, deflecting pulleys 14, and 14' fitted to the
      machine 1, and thence to a suitable motor (not shown). The pulley 7, which
      is rotatably mounted on the shaft 5, is provided with two grooves. When
      the upper one of the pair of the two grooves is driven by belt the , the
      lower one drives the sheave 9'.
PAR  On the top of the vertically sliding member 2 is mounted a movable table
      18, having means 15 for dressing the circular periphery of the grinding
      wheel 9 and a holder 17 that carries a workpiece 16 at a predetermined
      height, for instance, at such a height that does not prevent the grinding
      wheel 9 from revolving through 360.degree. round the vertical shaft. To
      permit the grinding wheel to revolve through 360.degree. round the
      vertical shaft, a void must necessarily be formed in a desired portion of
      the machine 1.
PAR  Now details of the principal parts of the above-described embodiment will
      be discussed.
PAR  The table 3 is moved back and forth by a threaded bar 20 rotated by a pulse
      motor (see FIG. 1) 19 fitted to the machine 1. On the table 3 there is
      provided the table 4 that is laterally moved by a threaded bar 22 rotated
      by a pulse motor 21 fitted to said table 3. By reference to FIG. 3 it will
      be seen that a worm wheel 24 is fixed to the vertical shaft 5, which is
      rotatably supported by a screw nut, with a bearing washer therebetween,
      within a sleeve provided at the end of a support table 23. A worm 25
      engaging with said worm wheel 24 is fitted to a driving shaft 27 driven by
      a pulse motor 26 attached to said support table 23.
PAR  A rotation control pin 28 is planted in the eccentric portion 6 formed in
      the lower part of said vertical shaft 5. Said rotation control pin 28 is
      projected through a horizontal slot 30 provided in the grinding wheel
      support arm 8 supported in said eccentric portion 6 by a flange washer 29
      fixed to the lower end of the vertical shaft 5. The front end of the pin
      28 is held between the tips of adjusting screw bars 31 oppositely screwed
      through both external walls of the support arm 8, as illustrated on an
      enlarged scale in FIG. 4, thereby adjusting the relative position of the
      grinding wheel with respect to the revolving axis by means of said
      adjusting screw bars 31.
PAR  The horizontal revolving shaft 10 of the grinding wheel supported in
      grooves at the front sides of the support arm 8 is fitted to a member that
      is slid, by the rotation of the threaded bar, over a guide frame 32
      attached to said support arm 8, and thereby moves back and forth with
      respect to the axis of the vertical shaft 5.
PAR  The vertical shaft 5 is a hollow shaft, and a microscope 33 is provided in
      this hollow shaft. Many concentric circles are marked at the top portion
      of the microscope 33, provided at the top of the vertical shaft 5. As
      illustrated in FIG. 5, these concentric circles are for checking the
      accuracy of arched surface of the periphery of the grinding wheel centered
      at the axis of the vertical shaft 5.
PAR  FIG. 6 shows a driving mechanism of the vertically sliding member 2. A
      lever 35 has at one end thereof a roller 35' that is movable between a
      pair of support pieces 34 oppositely fitted to the vertically sliding
      member 2. The lever 35 swings on a pin 37, which serves as a fulcrum, on a
      stroke position adjusting shaft (hereinafter called the "adjusting shaft")
      36 inserted in a sleeve within the machine 1 so as to permit only vertical
      movement. At the other end of said lever 35 there is provided
      reciprocatingly driving means. Said reciprocatingly driving means has an
      eccentric shaft 39 driven by a driving shaft 38 supported inside the
      machine 1, and a connecting rod 40 one end of which is pivotally connected
      to said eccentric shaft 39 and the other end to the later mentioned end of
      said lever 35. Also a balance weight 41, see FIG. 2, is hung so as to
      facilitate the sliding of the vertically sliding member 2.
PAR  FIG. 7 illustrates the details of said reciprocatingly driving means. The
      driving shaft 38 is fixed with a worm wheel 43 engaged with a worm 42 that
      is driven, through a transmission gear, by a suitable motor (not shown)
      provided in the machine 1. At one end of said driving shaft 38 is fixed an
      eccentric 44. Said eccentric shaft 39, having an eccentricity e with
      respect to the axis of driving shaft 38, is fitted to a ring 46 that is
      fitted over said eccentric so as to be rotated and fixed at any desired
      position by means of a bolt 45. The eccentric shaft 39 is connected with
      one end of said connecting rod 40, with a bearing therebetween. By
      rotating the ring 46 with respect to the eccentric 44 and fixing the
      former at a desired position with the bolt 45, the eccentricity e may
      optionally be selected and changed. By this means, the stroke of the
      reciprocating motion of the vertically sliding member 2 may be changed to
      a desired length. A rotatable and fixable switch lever 48 is fitted to the
      other end of said driving shaft 38. A switch 49, which is on-off operated
      by said switch lever 48, is fixed at a predetermined position of the
      machine 1. This limit switch 49 controls the motor for driving said worm
      42, whereby a position at which the rotation of the driving shaft 38 is to
      be stopped is established and the vertically sliding member is moved to a
      predetermined height, thus preparing for the dressing operation.
PAR  The adjusting shaft 36, having a fulcrum shaft 37 of the lever 35, is
      inserted in a sleeve 50 provided in the machine 1 so as to permit only
      vertical movement, without rotating, and fixes a rack rod 51 (see FIG. 6).
      This rack rod 51, as illustrated in FIG. 8, moves up and down the
      adjusting shaft 36, engaging with a pinion 54 fixed on the shaft of a worm
      wheel 53 engaging with a worm 52 driven by the motor (not shown) provided
      in the machine 1. Consequently, the position of the pin 37 changes with
      the vertical motion of the adjusting shaft 36, which in turn moves up or
      down the center of the reciprocating motor of the stroke of the vertically
      sliding member 2, thereby changing the upper and lower moving limits of
      the workpiece 16.
PAR  The details of locking means, after the adjustment of the adjusting shaft
      36 are shown in FIG. 9. That is a hole that reaches the periphery of the
      adjusting shaft 36 is made in the sleeve 50, and is inserted with a
      wedge-pointed piston rod 56 that is moved back and forth by means of a
      cylinder device 55 provided within the machine 1. Locking and releasing
      are effected by engaging and disengaging said wedge-shaped point with and
      from the periphery of the adjusting shaft 36. The adjusting shaft 36 is
      urged upwards by a spring.
PAR  FIG. 10 is an enlarged view of the vertically sliding member 2. This
      vertically sliding member 2 is fixed with an upper striker 57 and a lower
      striker 58 whose positions are changeable. By on-off operating an upper
      limit switch 59 and a lower limit switch 60 provided on the machine 1,
      with a predetermined space therebetween, the upper limit position of the
      vertically sliding member during dressing and the lower limit position
      thereof at the start of the grinding operation are regulated. The dressing
      means 15 mounted on the movable table 18 at the top of the vertically
      sliding member 2 is moved back and forth by the operation of an adjusting
      nut 61. The tip of a dressing bar is positioned by the use of said
      microscope 33 so that it coincides with a reference line, with respect to
      the position of the grinder driven and controlled thereby.
PAR  While the workpiece is being ground, the dressing means 15 is lower than
      the lower limit position of the stroke of the grinding wheel 9 that grinds
      the workpiece 16 into a predetermined contour. When correcting arched
      surface of the periphery of the grinding wheel during the grinding
      operation, the grinding wheel must be detached from the workpiece by
      suitable control instructions, and the position of the dressing bar muust
      be moved to the same level as that of the horizontal revolving shaft 10 of
      the grinding wheel 9. For this purpose, the driving shaft 38 is first
      stopped where the switch lever 48 and the limit switch 49 have
      preliminarily been engaged, and then the piston rod 56, which is a locking
      pin of the adjusting shaft 36, is withdrawn to release locking. Following
      these actions, the pinion 54 is rotated to raise the adjusting shaft 36,
      and the vertically sliding member 2 is moved upward from an original
      position through the lever 35. When the upper striker 57 contacts the
      limit switch 59, the pinion 54 stops, and, therefore, the elevation of the
      vertically sliding member 2 also stops at a dressing position. By
      controlling the movement of the grinding wheel 9, the dressing means 15
      correctingly grinds the arched surface of the periphery of the grinding
      wheel in accordance with the concentric reference circles marked in the
      microscope.
PAR  On completion of the correcting work, suitable instructions are given so
      that the vertically sliding member 2 is lowered by the descent of the
      adjusting shaft 36 resultant from the reversing of the pinion 54. When the
      striker 58 contacts the limit switch 60, the pinion 54 stops, and then the
      vertically sliding member 2 also stops at the original position. By the
      subsequent operation of the cylinder device 55, the piston rod 56 advances
      to lock the adjusting shaft 36. After making the limit switches 49, 59 and
      60 inoperative, rotation of the driving shaft 38 is started again, the
      vertically sliding member 2 is moved up and down at the position, and the
      grinding operation is continued by the numerical control instructions to
      the grinding wheel. When the at the position dressing means 15 is within
      the grinding stroke of the workpiece, the angle of rotation of the
      eccentric 44 may be controlled to a desired angle by adjusting the
      position of the switch lever 48 at the end of the driving shaft 38,
      without employing the striker. By this means, the vertically sliding
      member 2 is moved, and the dressing means 15 is set to the position where
      the dressing of the grinding wheel is conducted.
PAR  The grinding wheel used for the contour grinding operation grinds the
      workpiece 16 into a desired contour, being driven by composite numerical
      control of the longitudinally moving table 3, laterally moving table 4 and
      vertical shaft 5, at a position where said grinding wheel is offset from
      the contour of the workpiece by the radius of the arched surface of the
      periphery of the grinding wheel. The condition of this grinding is
      inspected by the microscope 33 fitted to the vertical revolving shaft.
      When it becomes necessary to correct the arched surface of the periphery
      of the grinding wheel at work, using said microscope, the grinding
      operation is discontinued and the periphery of the grinder is reduced to a
      circle of smaller radius than the former one. Then, after correcting the
      amount of offsetting in accordance with the radius of the circle thus
      corrected, the grinding operation is continued from where it was stopped.
PAR  In the above-described embodiment of this invention, the grinding wheel is
      inched so that the center of its arched surface of the periphery is always
      on the extension of the axis of the vertical shaft, by turning the support
      arm and moving back and forth the horizontal revolving shaft of the
      grinding wheel with respect to the eccentric portion of the periphery.
      Furthermore, longitudinal, lateral and rotational movements of the
      vertical shaft is controlled by the numerically controlled pulse motor,
      thereby operating the grinder along the desired contour where the grinding
      locus of the grinder is offset from the workpiece by the radius of the
      arched surface of the periphery of the grinding wheel. As a consequence,
      this grinding wheel can grind the workpiece into the desired contour,
      without resorting to the conventional contour grinding methods.
PAR  In positioning the workpiece on the holder, the reference line marked in
      the microscope is used. Correction of the relative position of the
      workpiece with respect to the grinding wheel, depending on its size and
      shape, is effected by adjusting the sliding position of the vertically
      sliding member to a desired position, with adjustment being carried out by
      changing the length of the stroke of the reciprocating motion of the
      vertically sliding member by adjusting the eccentricity to a desired
      value, and also by displacing the center of said stroke. These adjustments
      are all done either manually or by numerical control. Therefore, the
      workpiece is always ground at a right position with respect to the
      grinding wheel.
PAR  In addition, the arched surface of the periphery of the grinding wheel is
      inspected by the microscope provided in the vertical shaft. In case any
      deformation occurs, the grinding operation is immediately discontinued,
      and the grinding wheel is separated from the workpiece. Then, the dressing
      means is elevated up to the dressing position by adjusting the positions
      of the limit switches. The arched surface of the periphery of the grinding
      wheel is corrected in accordance with the reference circle marked in the
      microscope, moving and rotating the grinding wheel by the dressing bar.
      The workpiece is held at a high position on the holder. The grinding wheel
      is fitted to the end of the support arm curvedly fitted to the vertical
      shaft so that it comes alongside the workpiece. The pulleys transmitting
      the force for rotating the grinding wheel are rotatably fitted on the
      revolving shafts and the support arm, through which the belts are passed
      from above onto the shaft of the grinding wheel. Therefore, the grinding
      wheel is capable of performing the grinding operation, turning through
      360.degree. round the workpiece. This provides a function to achieve the
      grinding operation very efficiently.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A contour grinder for grinding the contour of a workpiece into a desired
      shape with a grinding wheel having an arched surface on the periphery
      thereof, said grinder comprising:
PA1  a rotatable substantially horizontally extending shaft,
PA1  a grinding wheel having an arched surface on the periphery thereof, said
      grinding wheel being fixed to said shaft,
PA1  a substantially vertically extending shaft,
PA1  means for rotating said substantially vertically extending shaft on its
      substantially vertically extending axis, said means comprising a motor
      driven and controlled by numerical control means,
PA1  means for moving said substantially vertically extending shaft
      longitudinally and laterally, said moving means comprising motors driven
      and controlled by numerical control means,
PA1  means connecting said substantially horizontally extending shaft to said
      substantially vertically extending shaft at a substantially right angle
      thereto for aligning the center of the arched surface on the periphery of
      the grinding wheel with the center of the substantially vertically
      extending shaft,
PA1  a substantially vertically slidable member on which a workpiece to be
      ground by the grinding wheel is mounted, and
PA1  means for substantially vertically reciporcatingly moving said vertically
      slidable member.
NUM  2.
PAR  2. A contour grinder according to claim 1, further comprising:
PA1  dressing means for correcting the arched surface of the grinding wheel,
      said dressing means being mounted on said vertically slidable member.
NUM  3.
PAR  3. A contour grinder according to claim 2, further comprising:
PA1  control means for selectively controlling the position at which
      reciprocating movement of said vertically slidable member is stopped.
NUM  4.
PAR  4. A contour grinder according to claim 3, wherein:
PA1  said means for substantially vertically reciprocatingly moving said
      vertically slidable member comprises a driving shaft and an eccentric
      fixed to said driving shaft,
PA1  said control means comprises a switch lever and a limit switch adapted to
      engage with said switch lever, and
PA1  said switch lever is connected to said driving shaft.
NUM  5.
PAR  5. A contour grinder according to claim 3, further comprising:
PA1  driving means for adjusting the vertical position of the vertically
      slidable member.
NUM  6.
PAR  6. A contour grinder according to claim 5, further comprising:
PA1  control means for vertically adjustably driving said dressing means to, and
      stopping it at, a predetermined dressing position and back to a
      predetermined original position.
NUM  7.
PAR  7. A contour grinder according to claim 6, further comprising:
PA1  at least one striker mounted on said vertically slidable member, and
PA1  at least one limit switch adapted to engage said at least one striker to
      stop said dressing means at the dressing position and at the original
      position.
NUM  8.
PAR  8. A contour grinder according to claim 1, wherein:
PA1  said substantially vertically extending shaft has an eccentric periphery at
      a portion thereof, and
PA1  said connecting means comprises a support arm rotatably adjustably
      connected to the eccentric periphery of the substantially vertically
      extending shaft.
NUM  9.
PAR  9. A contour grinder according to claim 8, further comprising:
PA1  a sheave fixed to said rotatable substantially horizontally extending
      shaft,
PA1  a drive pulley rotatably mounted on said substantially vertically extending
      shaft,
PA1  a take-up pulley mounted on said support arm,
PA1  a grinding wheel drive belt trained about said sheave, said drive pulley
      and said take-up pulley, and
PA1  means for driving said drive belt whereby said grinding wheel is rotatably
      about the axis of the substantially horizontally extending shaft and is
      also rotatable about the substantially extending shaft.
NUM  10.
PAR  10. A contour grinder according to claim 1, wherein:
PA1  said substantially vertically extending shaft is hollow, and
PA1  a microscope, marked with reference lines for inspecting the shape of the
      periphery of the grinding wheel and the position of a workpiece to be
      ground by the grinding wheel, is mounted in said hollow shaft.
NUM  11.
PAR  11. A contour grinder according to claim 1, further comprising:
PA1  means for changing the stroke of the reciprocating motion of the vertically
      slidable member, and
PA1  driving means for adjusting the vertical position of the vertically
      slidable member.
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ABST
PAL  A succession of wood workpieces is displaced by a conveyor past a plurality
      of finishing stations with the grain of the workpieces extending
      perpendicular to the transport direction. An abrasive surface of a
      finishing tool is displaced over the workpiece parallel to the grain
      direction at a peripheral speed equal to about 150 times the advance speed
      of the workpieces. These workpieces are wood chair seats formed with a
      surface depression and the abrasive surface is a sanding belt spanned over
      a vertically displaceable soft drum or cushion. The soft support for the
      sanding belt is displaced vertically by a cam arrangement to conform the
      path of travel of the sanding surface to the workpiece. The sanding region
      of one station is staggered transversely to the transport direction with
      respect to the other stations.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is related to my copending applications Ser. No. 274,318,
      Ser. No. 338,814, and Ser. No. 342,803 filed 24 July 1972, 7 Mar. 1973,
      and 19 Mar. 1973, respectively.
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a system for finishing a wood workpiece.
      More particularly this invention concerns a method of and apparatus for
      finishing a flat workpiece such as a chair seat.
PAC  BACKGROUND OF THE INVENTION
PAR  The most common method of finishing a wood workpiece is to pass a series of
      such workpieces at a uniform speed along a transport path past a series of
      work stations. The workpieces are arrayed with their grain parallel to the
      transport direction and finished by tools having abrasive surfaces which
      move in a direction parallel to the transport direction. In this manner
      the scratches made by even the finest abrasive are hidden in the grain.
PAR  Such an arrangement does not, however, function well when the workpiece to
      be finished is flat and formed with surface hollows or pockets, such as
      chair seats. In this type of workpiece holidays are left with no
      finishing, and other spots are sanded to the point where some contours are
      eliminated.
PAR  It is known in this type of machine to guide the individual tools with
      respective cams so as to cut patterns into the workpiece. Often parts of
      the shape to be formed must be cut with a tool rotating on one direction
      while other regions must be cut with a tool that turns in the opposite
      direction so that splintering is avoided on the edge of a cut. This method
      of working requires a duplication of finishing tools that is inherently
      expensive.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the invention to provide an improved system
      for shaping and/or finishing a wood workpiece.
PAR  Another object is the provision of an improved method of and apparatus for
      finishing a flat workpiece such as a chair seat.
PAR  A further object is to provide such a system which produces a very smooth
      product with a minimum of complicated equipment.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a system
      wherein the flat workpieces are advanced one after the other in a
      transport direction past at least one finishing station. The workpieces
      are clamped on the conveyor with their grain running substantially
      perpendicular to the direction of transport, and the finishing tool is
      driven such that its abrasive is displaced where it engages the workpiece
      in a direction substantially parallel to the grain direction. The speed of
      the abrasive on the surface of the tool is at least 100 times greater than
      the speed of advance of the workpiece, advantageously about 150 times
      faster.
PAR  In this manner the scratches left by the abrasive are almost invisible, as
      they are in line with the grain of the workpieces. With the 1:150 ratio
      between workpiece advance speed and tool peripheral speed the abrasive
      marks will be at most 0.5.degree. out of line with the direction of
      advance. According to a further feature of the invention, I cant the grain
      of the workpiece or the abrading direction to this extent to compensate
      for this slight misalignment.
PAR  According to another feature of this invention the abrasive surface of the
      tool is a sandpaper belt spanned either over an air-filled wheel or over a
      soft cushion. This wheel or cushion is urged into contact with the
      workpiece by a cam-controlled programmer which is set to cut a
      predetermined shape into the workpiece with the tool or tools that work
      them. In both cases the sandpaper is urged against the workpiece by a
      vertically displaceable element controlled by a particular cam or the like
     .
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become more
      readily apparent from the following description reference being made to
      the accompanying drawing in which:
PAR  FIG. 1 is a largely schematic view of a system according to the present
      invention;
PAR  FIG. 2 is a section taken along line II--II of FIG. 1 in enlarged scale;
PAR  FIG. 3 is a view taken in the direction of arrow III of FIG. 2.
PAR  FIGS. 4 and 5, respectively, are views taken in the directions of arrows IV
      and V of FIG. 1;
PAR  FIG. 6 is an end view of an alternative type of finishing device; and
PAR  FIG. 7 is a section taken along line VII--VII of FIG. 6.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIGS. 1 and 4 a plurality of workpieces 6 having their grain,
      that is the direction of stratification of their fibers, extending in
      direction 6A. These workpieces 6 are chair seats and are secured by means
      of clamps 5 of either mechanical or pneumatic type to individual dollies
      or carriages 3a moving along the guide rods 1 of a transport device 3.
      These rods 1 are carried on opposite sides of a central support 2 and are
      embraced snugly by the overhanging sides 4 of the carriages 3a as shown in
      FIGS. 2 and 3.
PAR  The carriages 3a are connected together in a train by chains 25 spanned
      between a drive sprocket 26 and an idler sprocket 27 so that they move in
      an upper stretch in a direction 1A which is perpendicular to the grain
      direction 6A. These workpieces 6 are fitted onto the carriages 3a at the
      upstream end of the path and drop off them at the downstream end onto a
      slide 74 which empties onto a conveyor 75 which carries them away.
PAR  The workpieces 6 are subdivided into four imaginary zones a-d which extend
      longitudinally and overlap slightly transversely. Each of these zones is
      shaped by a respective tool assembly 7a-7d as shown in FIGS. 1 and 4.
      These assemblies are spaced longitudinally along the conveyor 3 and are
      offset transversely to one another so that each assembly covers its zone
      as the workpiece passes under it.
PAR  FIG. 1 further shows how a plurality of cams 39 carried on a shaft 30 are
      each contacted by a respective cam follower 41 carried on a lever arm 40
      pivoted about a fixed axis 40A. The shaft 30 carries a first sprocket
      wheel 31 connected via a chain 29 to a sprocket wheel 28 secured to the
      drive sprocket 26 for the conveyor 3. A second sprocket wheel 32 on the
      shaft 30 is connected via a chain 33 to the output sprocket 34 of a
      transmission 35 driven by a chain 36 passing over the sprocket pinion 37
      of an electric drive motor 38. This motor 38 therefore turns the wheel 34
      through the step-down transformer 35 and thence rotates the shaft 30 to
      rotate the cams 39a-39d and the sprocket 28 to advance the workpiece 6 in
      direction 1A. Each of the levers 40a-d has an end 42a-d which is connected
      via a respective bowden 43a-d to one of the assemblies 7a-7d so as to
      raise and lower this assembly according to the shape of the respective
      cam. Thus the shape of the depression 6' in the chair seat 6 is determined
      largely by these cams.
PAR  Each of the tool assemblies 7a-7d has a respective tool 24a-24d which is
      rotatable about a respective axis 7A-7D which extends in line with the
      direction 1A. The axes 7A, 7B, and 7D are perfectly parallel to the
      direction 1A and the axis 7C is slightly inclined thereto. The tools 24a-d
      are rotated so that they have a peripheral speed V.sub.peripheral of 15
      m/sec which is equal here to 150 times the speed of advance V.sub.advance
      of 0.1 m/sec. The axis 7C extends at an angle .alpha. equal to arctan
      V.sub.advance /V.sub.peripheral (see FIG. 4). In this manner any scratches
      left by the tool 24c will be exactly in line with the grain direction 6A.
      Since V.sub.peripheral = 150 V.sub.advance, the angle .alpha. equals
      approximately 0.degree.23'. Thus even when the axes 7A, 7B, and 7D are in
      line with the direction 1A the scratches produced by the tools will only
      lie at an angle of less than half a degree to the grain direction 6a, an
      almost imperceptible difference.
PAR  FIGS. 2 and 3 show the assembly 7a in more detail, it being understood that
      the assemblies 7b and 7d are identical and the assembly 7c is
      substantially similar, as will be described below.
PAR  The apparatus has a frame 8 which is interconnected via a dovetail
      formation 10 with the top of a downwardly extending post 9. The dovetail
      10 extends perpendicularly to the direction 1A so that the post may be
      secured in a fashion to allow the respective tool 24a to engage its zone
      a, a clamping screw 11 serving to secure the post 9 in place.
PAR  The lower end of the post 9 is provided with a pair of vertically spaced
      parallel horizontal pivots 12 and 13 from which extend respective pairs of
      parallel arms 14 and 15 terminating at respective vertically spaced pivots
      17 and 18 on the housing 16 of the tool 24a. Thus this housing for tool
      24a is vertically displaceable but otherwise always assumes the same
      attitude relative to the arm 9. The bowden 43a has its sheath 43a' secured
      to a tab 76 on the post 9 and the end of its cable 43a" secured to a screw
      77 on the upper arm 14 about a third of the way from the pivot 12 toward
      the pivot 17. Thus the bowden 43a (FIG. 1) will control the vertical
      displacement of the tool assembly 7a.
PAR  The tool 24a itself is formed of a hollow rubber 24a' over which is secured
      an endless sanding belt 24a". The disk 24a' has a wall thickness of 0.1 mm
      to 2.0 mm and is inflated with 1 atm. to 1.5 atm. gauge, as described in
      the commonly owned U.S. Pat. No. 3,496,685. This type of tool readily
      assumes the desired contours for an even sanding. It is carried on a shaft
      23 defining the axis 7A and extending from the housing 16. A bevel gear 20
      on the shaft 23 meshes in the housing with a bevel gear 19 rotated about
      an axis 19A which extends horizontally at a right angle to the axis 7A.
      The gear 19 is driven by a flexible cable 21 connected to the vertical
      output shaft of a motor 22 secured on the post 9. Since the conveyor 3 and
      cams 39a-39d are all positively linked together, the succession of
      workpieces 6 will be exactly shaped.
PAR  The tool assembly 7c is essentially identical to the assemblies 7a, 7b, and
      7d, except that the housing 16' is limitedly pivotal about a vertical axis
      7C' on a bracket 16a' carrying the pivots 17 and 18. Screws 78 can lock
      the two elements 16' and 16a' in the desired angular position relative to
      each other, and the drive cable 21' comes in through the top of the
      housing 16' and through the bracket 16a' at the axis 7C' to insure a good
      gear mesh regardless of the angular position of the housing 16'. This type
      of arrangement can be substituted for any of the arrangements as shown in
      FIGS. 2 and 3 so as to allow the tool axes to be slightly inclined to the
      grain direction.
PAR  FIGS. 6 and 7 show an arrangement which can take the place of the
      arrangement of FIGS. 2, 3, and 5. Depending from the dovetail 10 on the
      support 8 is a vertical rod 46 provided with a collar 47 and a head 48. A
      radially extending support arm 44 has an upper eye 80 surrounding the
      upper region 79 of the collar 47 and a lower eye 45 between the head 48
      and the collar 47. A screw 81 secures the collar 47 nonrotatably on the
      bolt 46. Thus this arm 44 is pivotal about a vertical axis 44A. The
      angular position of the arm 44 on the rod 46 is determined by a raisable
      spring-loaded pin 73 which engages in notches formed on a lip 72 on the
      collar 47. The pin 73 is lifted as the arm is rotated into the desired
      position, and then dropped into the appropriate notch of the ledge 72.
PAR  Depending from eye 45 are two parallel ears 62 between which extend a drive
      roll 58 carried on a drive shaft 61 journaled in these ears 62 and driven
      by a motor 82 carried on a flange 63 extending laterally from one of the
      ears 62. Two downwardly extending lugs 85 on the arm 44 journal an idler
      roller 59 rotatable about an axis 59A parallel to the rotation axis 61A of
      the roller 58.
PAR  The free end of the arm 44 carries a pivot 65 for a pair of two-arm levers
      64 having lower arms 64a between which another idler roller 60 is
      rotatable on an axle 71 defining another horizontal axis 71A parallel to
      axes 59A and 58A. The upper ends 64b of arms 64 are urged inwardly, toward
      the rod 46, by a double-acting pneumatic cylinder pivoted at one end at 69
      on a flange 70 formed on the arm 44 and having a piston rod 67 pivoted at
      66 between the free ends of arms 64b.
PAR  Depending from the arm 44 are two parallel arms 49 each formed with two
      vertically elongated and vertically aligned slots 50. A large foam-rubber
      or foam synthetic-resin cushion 84 is carried on a plate 52 having a pair
      of upwardly extending arms 51 each extending up alongside a respective
      downwardly extending arm 49. A pair of vertically spaced and parallel
      horizontal rods 53 and 54 secured in the uprights 51 project into the
      slots 50 and allow the cushion to reciprocate vertically as shown by the
      arrow 84A.
PAR  The outer sheathes 56 of each of a pair of bowden cables are each attached
      to respective lug 57 on the arm 44 and the cables 55 of these bowdens are
      connected to the upper pins 53. The two bowdens 55, 56 are actuated
      together by a single cam according to an arrangement as shown in FIG. 1.
PAR  An endless sanding belt 83 is spanned over the rollers 58, 59, and 60, and
      over the cushion 84. This cushion 84 is urged against the workpieces 6
      like the tools 24a-24d of FIG. 1 and the belt 83 is advanced in a
      direction parallel to the arm 44, which is set to be perpendicular to the
      transport direction 1A or slightly offset therefrom like the axis 7C. The
      cushion 83 can be contoured to have the exact shape of the seat depression
      to be formed.
PAR  The arrangement of FIGS. 6 and 7 can be used in addition to or in place of
      any of the tool assemblies 7a-7d of FIGS. 1-5.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for finishing generally flat contoured workpieces such as
      chair seats comprising:
PA1  conveyor means for displacing a succession of said workpieces in a
      transport direction at a uniform transport speed past a succession of
      finishing stations and including a plurality of holding means each for
      clamping a respective workpiece with the grain direction thereof
      substantially perpendicular to said transport direction; a succession of
      tools each at a respective station and each having a respective support
      wheel rotatable about an axis generally parallel to said transport
      direction and having an inwardly deflectable periphery carrying an
      abrasive surface having a width perpendicular to said transport direction
      and engageable with a respective zone of the respective workpiece narrower
      than the width of said workpieces transverse to said transport direction,
      the axes of said tools being parallel and the regions of attack of each
      surface upon said workpiece being offset from each other transverse to
      said transport direction with adjacent regions overlapping; and
PA1  means for displacing each surface in a direction generally perpendicular to
      said transport direction at a speed equal to between 100 and 200 times
      greater than the travel speed of said workpiece, each tool including a
      support displaceable toward and away from said workpiece and a sandpaper
      belt spanned over each support, said belt having said abrasive surface,
      means for displacing said support toward and away from said workpiece
      according to a predetermined program, said means for displacing said
      support including a rotatable cam, a cam follower engaging said cam, and
      force-transmitting means between said follower and said support.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said conveyor means includes an
      endless conveyor carrying said holding means.
NUM  3.
PAR  3. The apparatus defined in claim 1, further comprising a drive motor and
      means positively connecting said motor to said conveyor and to said cam.
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ABST
PAL  A refacer tool for grinding a horizontally disposed face onto a flush tank
      valve assembly. A stationary guide means is rotatably captured respective
      to a shaft means, with a grinding rock being attached to the shaft and
      superimposed in axially aligned relationship respective to the guide
      means, with provisions on the upper extremity of the shaft for engagement
      with a crank means. The guide means engages the bore of the valve
      assembly, so that the grinding rock can be brought into engagement with
      the upper extremity of the valve seat, whereupon rotatable motion of the
      rock imparts the upper extremity of the seat with a smooth annular surface
      for sealingly engaging a flapper valve element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The flush tank of a commode has a valve seat assembly which cooperates with
      a valve element so that when the toilet is flushed, the valve element is
      lifted from the seat, thereby emptying the contents of the tank into the
      commode as is known to those skilled in the art. Various flush tank valve
      assemblies are available on the market and over the past several years
      they have become standardized so that one valve assembly can be readily
      substituted for the other.
PAR  For example, the Douglas flush valve assembly can be substituted for most
      any valve assembly found on various different bathroom commodes.
PAR  The valve elements of the prior art take on several different forms,
      including a conical valve element which sealingly engages a complimentary
      shaped valve seat. In recent years a flapper-type valve element, such as
      the "Korky" flapper valve element has become popular. The flapper type
      valve element sealingly engages the upper horizontally disposed rim of the
      valve seat; and for this reason, when the Korky flapper valve element is
      substituted for the old conical-type valve element, it is essential that
      the upper lip of the valve seat be made smooth by somehow removing the
      irregular surface formed during the casting of the valve assembly.
PAR  In recent years, many manufacturers have commenced dressing the
      circumferentially extending uppermost lip portion of the valve seat in
      expectation of alternate usage of either of the above described valve
      elements. However, as time progresses, corrosion and deposition of salts
      render the upper surface of the lip unsuitable for sealingly engaging the
      flapper-type valve element; and accordingly, from time to time, it is
      necessary to reface this horizontally disposed lip of the valve seat.
PAR  Therefore, it is desirable to have made available a refacing tool which can
      be employed to rapidly and efficiently form a smooth horizontally disposed
      face on any existing valve seat of the various prior art valve assemblies
      associated with a flush tank device.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a grinding apparatus and specifically to a flush
      tank valve seat refacer having a stationary guide member for placement
      within the valve seat assembly of a flush tank. A vertically disposed
      shaft is rotatably received within a central aperature formed through the
      guide member, and includes spaced abutment means for rotatably capturing
      the guide means therebetween. A grinding rock is provided with a
      horizontally disposed flat face, which is positioned normally respective
      to the shaft and parallel respective to the seat to be formed. The rock is
      ridgidly affixed to the shaft, and the shaft is provided with means by
      which it can be rotated respective to the guide means.
PAR  The guide means is inserted within the central axial bore of the valve seat
      assembly, thus positioning a grinding face of the rock against the valve
      seat lip which is to be dressed, and the shaft is manipulated with a
      suitable tool so that the upper face or lip of the valve seat can be
      smoothed.
PAR  Accordingly, a primary object of this invention is the provision of
      improvements in tools for refacing a valve seat of a flush tank valve
      assembly.
PAR  Another object of the invention is to provide a refacting tool having a
      guide means and a grinding means arranged respective to one another so
      that the guide means can be inserted into the valve assembly and the
      grinding means brought into engagement with the seat which is to be
      refaced.
PAR  A further object of this invention is to disclose and provide a guide means
      which is captured within a valve seat assembly of a flush tank, so that a
      grinding rock rotatably supported respective to the guide means can be
      brought into engagement with the valve seat, thereby refacing the seat.
PAR  A still further object of this invention is to provide a valve seat refacer
      tool having a grinding surface thereon which conforms to the upper
      extremity of a valve seat, with the grinding surface being rotatably
      attached to a guide means so that the upper extremity of a flush tank
      valve seat can be ground or refaced.
PAR  Another and still further object of this invention is to provide a flush
      tank valve seat refacer which can be manufactured economically, is simple
      in construction, has a minimal number of parts, and is adapted to provide
      service over a long period of time.
PAR  These and other objects and advantages of the invention will become readily
      apparent to those skilled in the art upon reading the following detailed
      description and claims and by referring to the accompanying drawings.
PAR  The above objects are attained in accordance with the present invention by
      the provision of an apparatus fabricated in a manner substantially as
      described in the above abstract and summary.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view which discloses the present invention
      operatively associated with a flush tank valve seat assembly, with some
      parts being broken away therefrom so as to conserve drawing space;
PAR  FIG. 2 is an enlarged, longitudinal, cross-sectional view, taken along line
      2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a top view of part of the apparatus disclosed in the foregoing
      figures, looking in the direction indicated by the numerals 4--4 in FIG.
      7;
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 of FIG. 7;
PAR  FIG. 6 is a bottom view looking in the direction indicated by the arrows at
      numeral 6--6 in FIG. 7;
PAR  FIG. 7 is a cross-sectional view such as seen in FIG. 2, but with the
      apparatus of the invention being isolated from the valve assembly, and
      with the valve assembly being indicated by dot-dash lines;
PAR  FIG. 8 is a longitudinal, cross-sectional view of a modification of the
      apparatus disclosed in the foregoing figures;
PAR  FIG. 9 is a top plan view of the apparatus looking in the direction
      indicated by the arrows at numerals 9--9 in FIG. 8; and,
PAR  FIG. 10 is a bottom view looking in the directions indicated by the arrows
      at numeral 10--10 of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 discloses a flush tank valve seat refacer tool 10 made in accordance
      with the present invention. The tool is disclosed in operative
      relationship respective to a flush tank valve seat assembly 12. The tool
      has an upper rotatable part 14 which is preferably turned by a socket set
      16, with the socket being engaged by a crank 18 or the like.
PAR  Throughout the remaining figures of the drawings, wherever it is logical or
      practical to do so, like or similar numerals will refer to like or similar
      elements.
PAR  In FIG. 2, in conjunction with some of the remaining figures, the flush
      valve assembly is seen to be provided with an upper marginal end portion,
      the upper extremity of which is formed into a circumferentially extending
      horizontally disposed lip portion 20, which defines the uppermost
      extremity of a conical valve seat 22, all of which is formed within a
      valve body 21.
PAR  The valve seat assembly, or valve body, is provided with a central bore 24
      and usually has at least one inwardly directed projection 26 cast therein
      for indexing purposes during the manufacture thereof. The lower outer
      marginal end portion of the valve assembly is threaded in the usual manner
      at 28 for attachment to a water closet of a flush type commode.
PAR  The tool of the present invention comprises a central mandrel in the form
      of a bolt or a shaft 30 which rotatably receives a vertically disposed
      cylindrical stationary guide means 32. An axial bore, or passageway, 33 is
      formed through the guide means. The mandrel has a lower upset end portion
      formed into an abutment 34, which is provided with opposed flats 35 for
      engagement with a wrench. The mandrel has a longitudinally extending
      marginal portion 36 received within bore 33, with a washer 38 being
      disposed between the lower abutment means and the guide means.
PAR  Portion 36 of the mandrel terminates at an inwardly directed shoulder 40
      which is formed by reducing the diameter of the mandrel at 42, with the
      upper marginal end of the reduced diameter portion of the mandrel being
      threaded at 44.
PAR  Washer 46 abutingly engages shoulder 40 and is spaced from washer 48 so
      that a nut 50 can threadedly engage the threaded area 44, thereby
      compressing washers 48 and 46 towards one another and into engagement with
      shoulder 40. Accordingly, it is apparent that washers 38 and 46 constitute
      spaced apart abutment means which rotatably capture the guide means in low
      friction relationship therebetween.
PAR  The grinding wheel 14 is provided with a central aperture 52 of a diameter
      suitable for receiving reduced diameter portion 42 of the mandrel
      therethrough. The outer diameter 54 of the grinding wheel defines the area
      of a horizontally disposed lower face 56. The lower face 56 is of a
      diameter suitable for low friction engagement with the upwardly directed
      lip 20. The outer peripheral marginal edge surface 54 of the grinding
      wheel is spaced from the illustrated overflow pipe a sufficient amount to
      avoid inadvertent contact therewith.
PAR  Vertically disposed, longitudinally arranged, diameterically opposed
      grooves 58 are formed within the stationary guide means and are of a depth
      and width to enable the grooves to slidably receive the protrusions 26
      therewithin, as best seen illustrated in FIGS. 2 and 3. The grooves
      preferably extend from the lowermost face 62 to the uppermost face 64 of
      the guide means.
PAR  Looking now to the details of the embodiment disclosed in FIGS. 8-10, the
      mandrel 136 is seen to be comprised of an apertured cylindrical body
      member having a shoulder 140 formed thereon so that a common bolt having a
      hex-head 134 can be placed under tension by means of a common nut 50,
      thereby compressing washers 46 and 48 together with the grind wheel being
      interposed in sandwiched relationship therebetween, thereby ridgidly
      affixing the grinding wheel to the mandrel while the bolt is placed in
      tension.
PAR  This arrangement of elements places the bolt in tension, with the abutment
      means 38 and 46 being forced toward one another; thereby loosely and
      rotatably capturing the guide means therebetween. The guide means forms a
      slidable interface 133 respective to the mandrel, so that the mandrel can
      be rotated in low friction relationship respective thereto. The upper
      reduced diameter marginal end portion 142 of the mandrel is spaced at 143
      from the washer 48 so that the grinding wheel is properly torqued in
      compressed and sandwiched relationship between the two spaced washers.
PAC  OPERATION
PAR  The apparatus disclosed in the embodiment of FIGS. 1-7 is assembled by
      placing washer 38 onto the mandrel or shaft head 30, sliding the loosely
      fitting guide means 32 onto the mandrel, thereafter sliding washer 46 into
      abutting engagement with shoulder 40. Next the centrally apertured
      grinding wheel is placed onto the reduced diameter portion of the mandrel
      and washer 48 is placed against the grinding wheel. Thereafter, nut 50 is
      torqued to a value which ridgidly affixes the grinding wheel to the upper
      marginal end of the mandrel and rotatably captures the guide means upon
      the lower marginal end of the mandrel.
PAR  After removing the existing flush valve element from the flush valve seat
      assembly of the water closet, the tool is placed within the central bore
      of the valve seat assembly in the illustrated manner of FIG. 2, so that
      the lower horizontally disposed face of the grind wheel comes to rest on
      the upturned lip of the entrance to the valve seat, while the opposed
      grooves of the guide member each engage the inwardly directed indexing
      protrusions formed within the valve seat bore.
PAR  The mandrel is rotated with a suitable crank means so that the lower face
      of the grinding wheel "dresses" the upper surface of the lip by grinding
      material therefrom until a suitable flat surface is formed about the
      entire circumferentially extending horizontal outwardly directed face of
      the lip.
PAR  The tool is removed from the valve assembly and the flapper valve installed
      in operative relationship respective to the lip 20. The water closet is
      now in proper condition for providing service until the upper lip
      deteriorates with time and usage, whereupon the above procedure can be
      repeated as may be required.
PAR  Where deemed desirable, dual refacing tools can be employed with one tool
      having a coarse rock, and the other tool having a polishing rock so that
      material can first be rapidly removed from the face with the coarse rock
      and thereafter polished with a smoother rock to provide a better seal
      between the flapper valve and the lip. Moreover, a rock having a
      relatively coarse and fine face, respectively, can be provided at opposed
      sides of the rock.
PAR  The tool disclosed in the embodiment of FIGS. 8-10 is assembled by placing
      the washer 38 upon the illustrated bolt; placing the bolt through the
      axial bore of the mandrel; placing the guide means upon the mandrel and
      into abutting engagement with washer 38; placing washer 46 upon shoulder
      140; telescoping the grinding wheel and then the washer 48 into the
      illustrated position of FIG. 8; and thereafter torquing nut 50 onto the
      threaded end of the bolt with sufficient force to ridgidly affix the wheel
      to the mandrel and at the same time capture the guide member between the
      abutment means 38 and 46. It will be noted that a space 141 is left
      between the abutment means while interface 133 is of a close tolerance fit
      respective to the coacting members thereof.
PAR  The tool of the embodiment of FIGS. 8-10 is used in the same above
      described manner of the first embodiment of the invention.
PAR  Those skilled in the art, having digested the above disclosure, will
      appreciate that the tool of the present invention can be used without
      removing the valve seat assembly from the water closet. The tool is best
      used by flushing the toilet, removing the existing valve element from the
      valve seat assembly, and thereafter sliding the loosely fitting guide
      means into the illustrated position of FIG. 2. The guide means of the
      present invention preferably is made of a size and configuration to be
      loosely captured in a slidable manner within the central bore of the valve
      seat assembly so that the grinding member thereof is inherently self
      aligned respective of the lip to be resurfaced.
PAR  The tool is manipulated in the before described manner, thereby dressing
      the lip into a smooth surface, whereupon the tool is removed and a flapper
      type valve element is next properly positioned on the valve seat assembly.
      This sequence of events renders the commode operational for an extended
      period of time whereupon the flush valve assembly can again be overhauled
      in the above described manner, as may be desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flush tank valve seat refacer tool for refacing a valve seat of a
      flush tank valve assembly comprising:
PA1  a stationary guide member in the form of an elongated cylinder having an
      axial bore formed therethrough, and a radial groove formed in an outer
      marginal wall portion thereof for removably engaging the interior of a
      flush valve assembly;
PA1  a mandrel having a marginal length thereof received within said axial bore;
      said mandrel having spaced apart abutment means formed thereon which
      rotatably captures said guide means therebetween;
PA1  a grinding member having a central aperture and a horizontal disposed flat
      face which is normally disposed with respect to said mandrel; a marginal
      length of said mandrel being in the form of a bolt, said bolt portion of
      said mandrel being received through said cental aperture of said grinding
      member; fastener means by which the last said member is attached to the
      mandrel in overlying relationship respective to said guide means; said
      mandrel having means thereon for rotating said grinding members respective
      to said guide means;
PA1  said groove being diposed parallel to said mandrel and arranged to engage
      an indexing protrusion which may be formed within an axial bore of a valve
      assembly, said grinding member having a diameter greater than the
      outermost diameter of said guide member;
PA1  so that, said guide means can be placed within the axial central passageway
      of a valve seat assembly associated with a flush tank assembly, said
      mandrel can be rotatably engaged with a crank means, and said flat face of
      said grinding member can be brought into engagement with the valve seat,
      thereby grinding a seating face onto an upwardly disposed part of the
      valve seat.
NUM  2.
PAR  2. The refacer tool of claim 1 wherein one said abutment means includes a
      shoulder formed on said mandrel in spaced relationship to another of said
      abutment means, a load bearing washer telescopingly received about an
      upper marginal portion of said mandrel and brought into engagement with
      said shoulder, a second washer axially aligned and superimposed in spaced
      relationship to said abutment means, said grinding member being sandwiched
      between said washers by said fastener means which places said bolt in
      tension and compresses the last said member therebetween.
NUM  3.
PAR  3. The refacer tool of claim 1 wherein said guide means has at least two
      opposed, longitudinally disposed, vertically aligned grooves formed in a
      marginal outer surface thereof for engagement with an inwardly directed
      protrusion formed on the bore of the valve seat; and,
PA1  said mandrel has a shoulder formed thereon in spaced relationship to the
      lowermost of said abutment means, a load bearing washer telescopingly
      received about an upper marginal portion of said mandrel and brought into
      engagement with said shoulder, a second washer axially aligned and
      superimposed in spaced relationship to an uppermost of said abutment
      means, said grinding member being sandwiched between each of said washers
      by a fastener means which compresses the grinding member therebetween.
NUM  4.
PAR  4. A flush tank valve seat refacer tool, comprising, a stationary guide
      member in the form of an elongated cylinder having an axial bore formed
      therethrough, and having at least one radial groove formed within an outer
      marginal circumferentially extending wall portion thereof for engagement
      with the interior of a flush valve assembly;
PA1  a mandrel having a marginal length thereof received within said axial bore,
      said mandrel having means forming spaced apart abutments thereon which
      rotatably capture said guide means therebetween;
PA1  a grinding member having a central aperture and a horizontal disposed flat
      face which is normally disposed with respect to said mandrel; a marginal
      length of said mandrel being received within said central aperture of said
      grinding member, fastener means by which the last said member is attached
      to the mandrel in overlying relationship respective to said guide means,
      said mandrel including means for rotating said grinding member, respective
      to the guide member;
PA1  said groove being disposed parallel to said mandrel for engaging any
      indexing protrusion which may be formed within the axial bore of a valve
      seat assembly, said grinding member having a diameter greater than the
      outermost diameter of said guide member so that a marginal outer
      circumferentially extending surface of said grinding member can abrasively
      engage an upper extremity of a lip which may be formed on the valve seat
      assembly, thereby forming a smooth circumferential extending surface
      thereon;
PA1  a marginal end portion of said mandrel being reduced in diameter to form a
      shoulder and a bolt means, said fastener means being affixed to said bolt
      means; a load distributing washer received about said bolt means and
      placed in abutting relationship against said shoulder;
PA1  said grinding member being interposed between said fastener means and said
      washer, thereby placing the bolt in sufficient tension to rigidly affix
      the grinding member to the mandrel;
PA1  so that said guide means can be placed within the axial central passageway
      of a valve seat assembly associated with a flush tank valve assembly, said
      mandrel can be rotatably engaged with a crank means, and said lower face
      of said grinding member can grind a new seating face onto the lip of the
      valve seat in the before described manner.
NUM  5.
PAR  5. The refacer tool of claim 4 wherein there is included two said grooves
      spaced 180.degree. apart from one another,
PA1  said means for rotating said grinding member includes said fastener means
      which can be releasably engaged by a crank means and rotational motion
      imparted into said mandrel.
NUM  6.
PAR  6. A flush tank valve seat refacer tool, comprising; a stationary guide
      member having means thereon for engagement with the interior of a flush
      valve assembly;
PA1  a central aperture formed through said guide member, a mandrel having a
      marginal length thereof received within said central aperture, said
      mandrel having spaced apart abutment means thereon which rotatably capture
      said guide means therebetween;
PA1  said mandrel includes a bolt means received therethrough; one end of said
      bolt means forms one said abutment means, another end of said bolt means
      forms a fastener means;
PA1  a grinding member having a central aperture and a horizontal disposed flat
      face which is normally disposed with respect to said mandrel; a marginal
      length of said mandrel being received within said central aperture of said
      grinding member, a load distributing washer by which said fastener means
      attaches the last said member to the mandrel in overlying relationship
      respective to said guide means, and means by which said grinding member
      can be rotated respective to the guide means;
PA1  so that said guide means can be placed within the axial central passageway
      of a valve seat assembly associated with a flush tank valve assembly, said
      mandrel can be rotatably engaged with a crank means, and said flat face of
      said grinding member can be brought into engagement with an upturned lip
      of said valve seat, thereby grinding a seating face onto the lip of the
      valve seat.
NUM  7.
PAR  7. The tool of claim 6 wherein said guide means comprises an elongated body
      having a longitudinally disposed, vertically aligned groove formed in a
      marginal outer surface area thereof for engagement with an inwardly
      directed protrusion formed within the central bore of the valve seat
      assembly.
NUM  8.
PAR  8. The tool of claim 6 wherein one said abutment means includes a shoulder
      formed on said mandrel in spaced relationship to another of said abutment
      means, a load bearing washer telescopingly received about an upper
      marginal portion of said mandrel and brought into engagement with said
      shoulder, a second washer axially aligned and superimposed in spaced
      relationship to said abutment means, said grinding member being sandwiched
      between said washers by said fastener means which places said bolt in
      tension and compresses the last said member therebetween.
NUM  9.
PAR  9. The refacer tool of claim 6 wherein there is included two said grooves
      spaced 180.degree. apart from one another,
PA1  said means for rotating said grinding member includes said fastener means
      which can be releasably engaged by a crank means and rotational motion
      imparted into said mandrel.
NUM  10.
PAR  10. The refacer tool of claim 6 wherein said guide means is an elongated
      cylinder having an axial bore formed therein, radially spaced apart
      grooves formed within an outer marginal wall portion thereof;
PA1  said grooves being diametrically disposed in parallel relationship to one
      another and arranged to engage an indexing protrusion which may be formed
      within said axial bore of the valve seat assembly, said grinding member
      having a diameter slightly greater than the outermost diameter of said lip
      of said valve seat so that a marginal outer circumferentially extending
      portion of said grinding member abrasively engages the upper extremity of
      said valve seat assembly, thereby forming a smooth circumferentially
      extending annular surface thereon.
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ABST
PAL  An integrated building structure of A-frame form has a series of cored
      panels, each of which is provided at peripheral extremities with
      interlocking, dual connectors. The structural components of the building
      interlock with one another and are integrated through an elongated ridge
      pole with fastening means compatible with the connectors of the structural
      components.
BSUM
PAC  CROSS-REFERENCE TO RELATED PROPERTY
PAR  This invention derives from the materials of record in the Patent Office in
      Disclosure Document No. 022100, filed Sept. 19, 1973.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to building structures generally, and more
      specifically to building structures in which cored structural components
      are maintained in interlocked relationship by a series of new and novel
      male and female connectors.
PAR  2. Statement of the Prior Art
PAR  It has heretofore been proposed to provide preformed building structures
      made up, in part, of cored building elements. Such elements have, however,
      involved erection by at least partially conventional building techniques,
      and have not resulted in a totally interlocked structure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention embodies particular structural features suited to the
      fabrication of inhabitable dwellings and similar structures. The unit
      employs preformed sections which are readily assembled to create high
      quality, low cost housing systems. The system is such that minimum site
      preparation is required, and the units are readily transported for
      assembly by non-skilled labor.
PAR  An important objective of the present invention resides in the utilization
      of a unique fastening system which consists of mated, male and female
      connectors, particularly designed for compatibility with the materials
      employed in creating the structure. The structural components are of a
      form such that the unit is well insulated in all quadrants, and may be
      formed at minimum expense and with minimum difficulty.
PAR  The manner of assembly permits disassembly where necessary. Moreover, the
      units may incorporate integrated accessory features such as wiring and
      plumbing.
PAR  Other and further objects and advantages of the invention will become
      apparent to those skilled in the art from a consideration of the following
      specification when read in conjunction with the annexed drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially disassembled perspective view of an integrated
      building structure according to this invention;
PAR  FIG. 2 is an enlarged, end elevational view of a typical panel and male
      connector hereof;
PAR  FIG. 3 is a view similar to FIG. 2 showing a typical female connector;
PAR  FIG. 4 is a perspective view in disassembled form of a floor layout showing
      two sets of floor panels;
PAR  FIG. 4A is a disassembled perspective view showing an altered form of floor
      panel in which the end connector thereof is integral in construction;
PAR  FIG. 5 is another isometric view disclosing the floor assembly as nearly
      completed;
PAR  FIG. 6 is an enlarged sectional view taken on line 6--6 of FIG. 5, looking
      in the direction of the arrows;
PAR  FIG. 7 is a foreshortened sectional view showing details of the floor
      assembly, along line 7--7 of FIG. 5, looking in the direction of the
      arrows;
PAR  FIG. 8 is a perspective view showing various components of a side wall
      assembly hereof;
PAR  FIG. 9 is a disassembled perspective view showing a partially completed
      floor and side wall assembly;
PAR  FIG. 10 is a perspective view showing unassembled components of an end wall
      hereof;
PAR  FIG. 11 discloses further advanced end wall assembly;
PAR  FIG. 12 is a view similar to FIG. 9 but showing the end wall in application
      to a completed floor and side wall;
PAR  FIG. 13 is a partial perspective view of a corner of the structure showing
      a corner beam and corner plug in disassembled form;
PAR  FIG. 14 is an enlarged sectional view showing details taken substantially
      on line 14--14 of FIG. 13, looking in the direction of the arrows;
PAR  FIG. 15 is an enlarged detail cross-section on line 15--15 of FIG. 13,
      looking in the direction of the arrows;
PAR  FIG. 16 is an end elevational view of a completed unit, partially broken
      away;
PAR  FIG. 17 is an enlarged cross-sectional view showing details of a corner
      beam, taken on line 17--17 of FIG. 16, looking in the direction of the
      arrows;
PAR  FIG. 18 is a disassembled perspective view of an end of the main ridge pole
      assembly hereof;
PAR  FIG. 19 is a foreshortened sectional view on enlarged scale of the ridge
      pole assembly, taken on line 19--19 of FIG. 16, looking in the direction
      of the arrows;
PAR  FIG. 20 is a perspective view of one of the corner plugs hereof;
PAR  FIG. 21 is an exploded perspective view showing an alternate form of end
      cap of the invention;
PAR  FIG. 22 is an end perspective view of the alternate form of cap with the
      corner beam in place, but with the seal member and cover thereof removed
      for illustration of details;
PAR  FIG. 23 is a disassembled perspective view of another alternate form of
      ridge beam showing a center connection means thereof;
PAR  FIG. 24 is a perspective view showing the alternate ridge beam of FIG. 23
      in the process of installation;
PAR  FIG. 25 is an enlarged, disassembled perspective view of an alternate
      connection for the floor panel connection; and
PAR  FIG. 26 is an enlarged sectional view through a section of the floor panel
      as shown in FIG. 25.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the invention in further detail, a housing unit constructed in
      accordance with this invention is seen in partially disassembled
      perspective view in FIG. 1 and is there generally identified by reference
      numeral 61. The following description relates to the structure in a
      sequence followed in normal assembly and thus commences with the floor
      assembly.
PAR  The components of the floor assembly of this form of the invention are
      shown in FIGS. 2-8. Such components comprise a series of sets of panels,
      60 and 62, which are identical to one another in construction and
      dimension, but differently oriented in use. Each panel is substantially
      rectangular in form, and the panels 60 have side edges 64, 66, and end
      edges 68, 70, while the panels 62 have side edges 72, 74 and end edges 76,
      78. The panels, as shown in FIG. 6, include a core 80 of polyurethane or
      like material, with a shell or casing 82 of rigid material, such as fiber
      glass. Of like structure are the connecting means for the panels which
      essentially comprise a series of interfitting components arranged for
      slidable interengagement as hereinafter described.
PAR  Secured, as by a mastic bond, to the side edges 64 are elongated male
      connectors 84. Such connectors extend from the edges 68 and 70 of the
      panels 60 by a length substantially equal to the width of the connectors,
      whereby the ends of the connectors 84 are co-terminus with the outer edges
      of male connectors 86 secured to the edges 68, and with the outer edges of
      a female connector 88 on the edge 70. Another male connector 90 is affixed
      to the side edge 66 of the panel, and is terminated at one end in
      alignment with the outer edge of the male connector 86, while its other
      end 92 is spaced inwardly from the terminus of the edge 66, thereby
      defining, with the remainder of the edge and with the end 94 of the female
      connector 88, a corner slot 96.
PAR  The panels 62 are fitted with a series of male connectors which complement
      those of the panels 60. Secured by bonding to the side edges 72 are male
      connectors 98 which extend from the edge 76 to a distance beyond the edge
      78 and substantially equal to the width of a connector. A male connector
      100 is secured to the edge 76, between the edges 72 and 74 and a male
      connector of equal length extends along the edge 78. An elongated male
      connector 104 is mounted on the side edge 74. In the case of the latter
      connector, it will be noted that the length is such that it extends from
      the outer edge of the connector 102 to a point beyond the edge of the
      connector 100.
PAR  In FIGS. 2, 3 and 6, the details of the typical connectors are shown in
      better detail. Referring initially to the male connectors, all of which
      are the same in cross-sectional appearance and structure except for the
      connectors 86 and 102, it will be noted that each has a polyurethane core
      106 with a surrounding shell formed of fiber glass or similar material.
      Structurally, the male connectors comprise a flat base 108 which is
      attached by mastic or other known bonding means to the adjacent edge of
      the panel. Extending from the base are side walls 110, 112 which have
      abutment flanges 114, 116, extending inwardly in substantially parallel
      relation to the base 108. Walls 118, 120 extend perpendicularly from the
      flanges, and slant walls 122, 124 converge inwardly therefrom. From the
      slant walls, parallel first wall sections 126, 128 extend. Oppositely
      outwardly extending protrusions 130, 132 are similarly configured, each
      having an outer wall 134 substantially parallel to and spaced outwardly of
      the respective walls 126 and 128, and inwardly convergent side walls 136,
      138. Parallel second wall sections 140, 142 extend from the first
      protrusions to second protrusions 144, 146 which are substantially
      identical to the first protrusions. The male connectors terminate in third
      wall sections 148, 150 connected by a distal end wall 152. It will thus be
      observed that the male connectors comprise elongated components having a
      series of protrusions of keystone-like form projecting therefrom.
PAR  For mating, slidable engagements with the male connectors, the female
      connectors are oppositely shaped. FIG. 3 presents an enlarged typical
      cross section wherein it will be observed that the female connectors are
      of elongated substantially rectangular form, having an inside end wall 154
      which is bonded to the adjacent panel edge. Like the other components
      before described, the female connectors have an outer shell 156 of fiber
      glass, and an inner core 158 of polyurethane or other insulating filler.
      Extending from the inside end wall 154 are parallel side walls 158, 160
      spaced apart a distance such that the female connector is equivalent in
      thickness to the panels. Outer end walls 162, 164 and parallel inward
      walls 166, 168 define the extremity of the female connector, with slant
      walls 170, 172 converging inwardly therefrom. First female wall sections
      174, 176 are substantially parallel to one another, and are spaced from
      second female wall sections 178, 180 by first depressed sections 182, 184.
      The latter are identical but opposite, each having a base 186 and angular
      sides 188, 190. Inboard of the second female wall sections are second
      depressed sections 192, 194 identical to the first depressed sections.
      From these extend third female wall sections 196, 198 joined by a terminal
      wall 200.
PAR  Reference is directed to FIG. 6, showing the assembled status of a typical
      male and female connector. The components are joined in sidewise, sliding
      fashion, with the protrusions 144, 146 and 130, 132 of the male connectors
      captively engaged in the depressed sections 192, 194 and 182, 184,
      respectively, of the female connectors. Thus joined, the outer end walls
      162 and 164 of the female connectors abut the flanges 114, 116 of the male
      connectors, in the relationship shown. This union between the components
      produces a joint which is substantially vapor proof and is extremely
      resistant to passage of any fluid or gaseous media therebetween.
PAR  In the illustrated embodiment, the structure floor comprises three sets of
      joined panel sets, each set having a panel 60 and a panel 62. FIG. 5 shows
      the means whereby the sets of panels are interconnected to provide a flat
      floor for the structure. As will be noted, the joined sets, after
      assembly, each present substantially a continuous male connector at either
      side thereof (composed of male connectors 84 and 98 at one side and
      connectors 90 and 104 at the other side). In order to connect the sets,
      elongated lateral floor strips 202 are provided. Each of these, here they
      are two in number, comprises a central number 204 comprising a rectangular
      form 206 of fiber glass or the like having a core 208 containing
      polyurethane filler. Bonded permanently to the lateral sides 210, 212 of
      the form 206 are female connectors 214, 216 respectively, Which extend the
      full length of the latter. As shown in the drawing, after the lateral
      female connectors are bonded to the sides of the central member, end male
      connectors 218 and 220 are bonded to the upper end surfaces of the
      assembly. These end male connectors are similar in form to the typical
      male connectors except for the elimination of the projections thereon and
      the shape of the bases thereof. The bases 222, 224 are so formed as to
      abut the male connectors inwardly at a pre-selected angle, for a purpose
      appearing in more detail below.
PAR  Referring again to FIG. 5, the joining of the sets of floor panels by means
      of the lateral floor strips is there shown. The sets of male connectors 90
      and 104 are slidably inserted in the adjacent female connectors 214, and
      the sets of male connectors 98 and 84 are received in the adjacent female
      connector 212.
PAR  A male side connector 226 is attached to the end male connectors 86 and 102
      of the assembled panel sets (FIG. 4). Such connectors each comprises a
      female connector section 228 identical to the before described female
      connectors and of a length suitable for connection on the male connectors
      86 and 102 at an appropriate stage during assembly. Secured fixedly on the
      upper end of such female connectors are the bases 230 of angle male
      connector elements 232 (FIG. 7). A short inner wall 233 projects
      perpendicularly from the section 228, and an outer angle wall 234 of
      substantially greater width is inclined toward the short inner wall. A
      ledge 236 is disposed from the wall 234 toward the wall 233 and serves as
      the inner abutment of the angle male connector. The remainder of the side
      connection 236 is the same as the typical male connectors described above.
PAR  In FIG. 4A a floor panel 62a is shown wherein the male side connector 226a
      is formed as an integral part of the panel. If desired, the various
      connectors may also be integrally formed with the panel 62a at the time of
      original manufacture, which procedure eliminates the need for mastic
      bonds.
PAR  The inclined side walls of the structure are disclosed in FIGS. 8 and 9 of
      the drawing. This assembly is somewhat similar, except for dimension and
      detail, to that of the floor assembly. The inclined walls are formed of
      sets of upper and lower panels 240 and 242. Each of the upper panels has a
      top edge 244, a bottom edge 246 and opposite lateral edges 248 and 250.
      Fixedly secured to the top edge 244 and coextensive in length therewith is
      a typical male connector 252, while the edge 246 has a similarly
      dimensioned female connector 254. Extending in length from the outer side
      of the connector 254 to the edge 244 along the lateral edge 248 is a male
      connector 256. Secured to the edge 250 is a male connector 258 extending
      from the edge 244 to a location inwardly of the edge 246, thereby forming
      a corner slot 260. The lower panels 242 have upper and lower edges 262,
      264 and lateral edges 266, 268. Fixed on the upper edge 262 of each is a
      male connector 270 of equivalent length, and the lower edge 264 has a
      female connector 272. The side edge 266 carries a male connector 274,
      while the side edge 268 has an elongated male connector 276. The connector
      276 is of a length to occupy the slot 260 when in place.
PAR  The panels 240 and 242 are assembled in sets with the male connectors 270
      interfitted with the female connectors 254. This brings the male
      connectors 256 and 274 into alignment and also the connectors 258 and 276
      are mutually aligned.
PAR  The panels of the inclined wall system are adapted for interconnection with
      the floor system and with one another, in the manner illustrated in FIG.
      9. The sets of panels 240, 242, here three in number for each inclined
      wall of the structure, are joined in the respective side assemblies by two
      inside inclined beams 278. The beams, like other structural components of
      the building are formed with an outer layer 280 of rigid fiber glass
      material, and a core 282 of polyurethane. The beams are of a length
      substantially equal to the combined lengths of the panels 240 and 242 when
      assembled, but as shown in FIG. 1, are substantially of greater thickness
      than such panels in order to increase the strength of the structure at the
      beam positions. Each beam has a lower end section 284, and upper end
      section 286, and a main extent 288 intermediate said sections. As shown,
      the upper end section 286 comprises a pair of typical male connectors, one
      of which is outwardly offset in assembly location from the male connectors
      252 of the panels 240. The lower end sections 284, (see FIG. 15), comprise
      a component formed to overlap and engage about the connectors 86 or 78 of
      the floor panels, and to such purpose, have an outer slant end wall 289, a
      compound chamber 290 extending from side to side and a second inner wall
      292 offset from the wall 288. The chamber has a shoulder at 293, and the
      chamber permits the beam to overlie the male connector as shown. The main
      extent 288 of each of the beams has typical female connectors integrally
      formed therewith on each side to receive the male connector pairs 258, 276
      and 256, 274 of the adjacent sets of wall panels. In the process of
      connection of an assembled wall section on a completed floor, the lower
      female connectors 272 engage on the floor connectors 102 and 220 (or 86
      and 218), with the beam chambers 290 extending thereover.
PAR  The floor assembly (FIGS. 5 and 9) when assembled, includes end support
      members 296 and 298 secured at opposite ends thereof. These end support
      members each have an elongated typical female connector 300 extending the
      full length thereof, and slidably engaged on the outside male connector
      pairs 84, 98 and 90, 104 of the outer floor panels. To each of the female
      connectors 300 is bonded a horizontal base 302 having a central portion
      304 and sides 306, 308. Projecting upwardly from the central portions 304
      are male connectors 310, while the sides have slots 312 formed therein
      extending transversely inwardly with relation to the connector 310, for a
      purpose appearing below.
PAR  FIGS. 10-12 show the structure and assembly of the end walls of the A-frame
      unit. The end walls are of course, two in number, but each is the same and
      a description of one will suffice for both. A central end panel 314 has
      upper and lower ends 316, 318, and sides 320, 322. The panel 314 is formed
      in the same structural fashion as the other components, but incorporates a
      door or window assembly 324 of optional form. Secured fixedly to the upper
      end 316 is a typical male connector 326 which extends between the sides
      320 and 322. Similarly, each of said sides has a typical male connector
      328 and 330. Fixed to the lower end 318 is an elongated female connector
      332 which projects outwardly a substantial distance from each of the
      sides.
PAR  Two side panels 334 and 336 are provided and are similar but not identical.
      The panel 334 has a vertical side 338, a base 340 and an angle side 342.
      The base 340 has a female connector 344 thereon with a first end 346 which
      is spaced inwardly from the vertical side 338, and a second end 348 which
      is outwardly inclined in alignment with the inclination of the side 342. A
      male connector 350 is secured to the side 342 and has specially configured
      ends 352, 354, the latter being perpendicular to the general extent of the
      side 338. On the side 338 is an elongated female connector 356 which is
      substantially coextensive in length with said side, and has a rectangular
      recess 358 in one upper end thereof. As shown in FIG. 11, the panel 334
      connects to the central end panel 314 by slidable engagement of the male
      and female connectors 330 and 356. When thus assembled, a small male
      connector 360 is secured to the side panel by a lug 362 which seats in the
      recess 358 -- the male connector 360 and the lug being aligned with a
      connector 376, detailed below.
PAR  The opposite side panels 336 each has a base side 364, a vertical side 366,
      and a slant outer side 368. A female connector 370 coextensive in length
      with the vertical side 366 is bonded thereto, while the slant outer side
      368 has an elongated male connector 372, the upper end 374 of which
      projects upwardly a substantial distance above the panel to serve as an
      end abutment in the further assembly of the end walls. Disposed above the
      connector 370 and adjacent to connector 372 is another short male
      connector 376 which aligns with the connectors 326 and 360 during
      assembly. A female connector 378 on the base 364 has an end 380 spaced
      inwardly from the vertical side 366, and an angular outer end 382 aligned
      with the side 368.
PAR  FIG. 11 shows the additional top end wall panels 384 and 386 thereof. The
      panel 384 has a base side 388 which carries a female connector 390 having
      an angular outer end 392, and a vertical side 394 with a female connector
      396 of similar extent, and a slant outer side 398 with a male connector
      400. The lower end 402 of the connector 400 is spaced upwardly from the
      base 388 and is substantially parallel thereto. The panel 386 in plan form
      comprises a truncated triangle, and has a base side 404, a vertical inner
      side 406 and a slant outer side 408, and a top 410. The inner side 406
      carries a typical male connector 412 which engages with the female
      connector 396 of the adjacent panel. The base side 404 has a female
      connector 414 extending outwardly therefrom at the side 406 and
      terminating in alignment with the connector 412 at one end 416 thereof.
      The opposite end 418 of the connector 414 is bonded to a male connector
      420 on the slant side 408. In FIG. 15, the panels 384 and 386 are
      assembled and the coaligned female connectors 390 and 414 are shown being
      engaged on the aligned male connectors 360, 326 and 376. This results in
      an interlocked assembly, as the lower portion of the outside slant wall
      398 of the panel 384 abuts the upper end 374 of the connector 372.
PAR  The next stage of assembly is developed in FIGS. 12, 13 and 15. At this
      point, the assembled end walls are slidably engaged on the floor structure
      via interengagement of the female connectors 378, 332 and 334 on the
      connectors 310 of the horizontal base 302. With the side and end wall
      assembly thus engaged with the floor, a corner plug 422 (FIGS. 13 and 20)
      is employed for the dual purpose of completing the connectors at the
      corners and to interlock the assembly. The corner plugs 422 each comprises
      a flat body portion 424 having a rail 426 depending from the lower side
      428 thereof. A block portion 430 has a slant section 432 projecting
      therefrom carrying an extension 434 which aligns with the male connector
      when the rail 426 is engaged in the slot 312. An extension 436 of the
      block portion 430 also carries a short connector 438 which aligns with the
      outside male connectors 274 and 276 of the side wall panels. At the corner
      formed by the members 432 and 438, a corner slant block 440 is positioned.
PAR  FIGS. 13, 16 and 17 disclose the manner in which the corners of the
      structure are finished by the installation of corner beams 442. The corner
      beams, four in number, each has a side component 444 and an end component
      446 which extends from a lower end 448. The end components 446 terminate
      at a top edge 450 which extends angularly upwardly from the top edge 410
      of the panel 386 or the connector 396 of the panel 384 when in place, and
      the upper end portions 452 of the side components 444 are elongated by
      comparison therewith and carry a male connector 454. As seen in the
      drawings, the components 444 have a compound channel 456 therein which
      constitutes a female connector, and the components 446 have an identical
      chamber 458 constituting also a female connector.
PAR  The corner beams are engaged on the male connectors on the side wall panels
      336, 384 and 334, 386 by engagement of the male connectors thereof within
      the chamber 458 of the components 444. Similarly, and at the same time,
      the side wall panels 240, 242 are engaged by interconnection of the
      respective outer male connectors thereof in the chambers 456 of the
      components 446.
PAR  The upper male connector 454 of the component 444 is longitudinally aligned
      with the connector 286 of the inclined inside beam 278. Laterally aligned
      on an inclined angle with these sets of male connectors are the upper male
      connectors 252 of the side wall panels. This provides a pair of inclined
      male connectors on each side of the structure.
PAR  A major structural feature of the invention is a main ridge pole 460 (FIG.
      18) which has a central portion 462 of substantially triangular form with
      an outwardly extending top 464. A depending tab 466 extends the full
      length of the pole, and has apertures 468, 470 therein adjacent the pole
      ends. Outer end walls 472, 474 depend from the top and define, with the
      adjacent walls of the central portion, inner female connectors 476, 478.
      Such connectors are slidably engaged on the male connectors 252 of the
      side wall panels.
PAR  Affixed to the outer wall 472, 474 at spaced locations are auxiliary female
      connectors 480, 482 which are engaged with the male connectors 454 and 286
      to interlock the entire structure into a substantially completed form.
PAR  End seals 484, 486 have a compound, keyhole slot 488 therein to receive a
      complementary lug 490 on the ends of the ridge pole. The seals also have a
      transverse opening 492. It will be observed that the end seals vertically
      slidably engage on the lug from above.
PAR  End caps 496 have a top plate 498, a vertical outer plate 500 shaped to
      cover the space existing at the ends of the structure, a bifurcated inner
      leg 502, and four male connectors 504. The end caps extend through the
      seal slots 492, 494 and into the adjacent connectors of the structure,
      with the leg 502 extending on opposite sides of the lug 466 of the ridge
      pole. The leg 502 has openings 506 therein aligned with the apertures 468,
      470 and conventional fasteners, such as bolts or the like, are extended
      through the aligned openings to lock the entire structure in place.
PAR  FIGS. 21 and 22 show a first alternate form of ridge pole 600. Here, the
      pole includes keyways 602, 604 and 606, 608 which interfit with male
      connectors 610, 612 and 614, 616, respectively, extending from corner
      beams 618 and 620. It will be noted that these connectors are inwardly
      spaced from the ends of the corner beams. An end seal 622 has a vertical
      T-slot 624 formed therein opening on its lower edge 626. The slot is
      interrupted by a compound central opening 628. The seal also has openings
      630, 632 to accommodate male connectors.
PAR  The seal 622 is slidably engaged on the end of the connector by engagement
      of the T-slot 624 on a T-bar 634 thereof.
PAR  An end cap 636 has a top plate 638 and front plate 640. Male connectors
      642, 644 and 646, 648 extend from the inside surface of the front plate,
      through the openings 630 and 632 and into the keyways 602-608,
      respectively. A bifurcated tongue 650 extends from the plate 640, through
      the opening 628 and straddles a lower extension 652 of the ridge pole. The
      tongue has openings 654 which are aligned with openings 656 in the
      extension, and fasteners (not shown) are extended therethrough to effect
      fixed connection. A base member 658 with side wings 660 and 662 also
      projects inwardly from the front plate. These extend through the openings
      628, the wings engaging in slots 664, 666 in the corner beams and the base
      plate, which is elongated, seating in a slot 668 in the end walls.
PAR  FIGS. 23 and 24 show still another alternate ridge pole structure. Here,
      the pole end structure is unitary. The pole 700 is formed in sections 702,
      704 here shown as two in number although the number of sections is a
      function of the length of the structure and is therefore variable. The
      pole section 704 has an interior end 706 with a lock chamber 708 therein.
      The lock chamber preferably has a generally rectangular main portion 710,
      a top cross section 712 and angular side branches 714, 716. In
      complementary fashion, the section 704 has an interior end 718 with a
      locking key member 720 shaped for frictional engagement in the chamber
      708. The key member includes a central block 722, a cross pin 724 and
      angular branches 726, 728. Assembly is shown in FIG. 24.
PAR  The floor panels may be advantageously finished by application of an
      outside sealer strip 800 shown in FIGS. 25 and 26. This involves a
      modification of the outer end of the floor panel as follows: The floor
      panels 802 and connectors (not shown), have outer end edges 804 in which
      are formed negative keystone slideways 806 and 808. Above these keyways, a
      slant wall 810 extends upwardly and terminates at an inwardly inclined top
      812. Inboard of the top 812 is another negative keystone keyway 814 -- a
      slant male connector 816 extending inwardly and upwardly, as previously
      described.
PAR  The sealer strip 800 comprises a body section 818 of a length sufficient to
      extend substantially the full length of the building. From the inside
      surface 820 thereof project male keystone members 822, 824 which slidably
      engage in the keyways 806 and 808. The inside surface includes a slant
      section 826 contacting the wall 810, a short wall 828 contacting the top
      812, and another depending keystone 830 slidably mounted in the keyway
      814. The outer surface of the sealer strip may be of any selected
      configuration.
PAR  It will be observed that the above structures, thus interlocked, can be
      disassembled by substantially reversing the procedure heretofore
      described. The floor assembly, it will be understood, is suitably anchored
      to a prepared building site such as a prepared earth surface, a concrete
      slab or a series of pilings by conventional fastening means. The structure
      will also, of course, incorporate suitable plumbing and electrical
      fixtures in accordance with the desired utilization of the structure.
CLMS
STM  I claim:
NUM  1.
PAR  1. An integrated building structure comprising:
PA1  a floor having side connection systems and end connection systems;
PA1  end walls with base connection systems interengaged with the end connection
      systems of the floor, the end walls having corner connectors;
PA1  side walls with base connection systems interengaged with the side
      connection systems of the floor, the side walls having corner connectors
      and having top connectors;
PA1  corner beams, with corner connectors mating with the corner connectors of
      adjacent side and end walls and interengaged therewith, the corner beams
      having top connectors;
PA1  an elongated main ridge pole having ridge pole connectors which interfit
      with the top connectors of the side walls and corner beams;
PA1  each of the adjacent connectors including a male connector portion and a
      female connector portion;
PA1  each of said male connector portions including a base with extending side
      walls, abutment flanges on the side walls, converging slant walls, wall
      sections with a plurality of outward protrusions, and an end wall;
PA1  each of said female connector portions being slidably engaged with an
      adjacent male connector portion, and comprising an inside end wall,
      substantially parallel side walls, outer end walls, substantially parallel
      inward walls, slant walls, wall sections with a plurality of depressed
      sections thereon, and a terminal wall;
PA1  the outward protrusions of the male connectors fitting within the depressed
      sections of the female connectors to interlock the connectors to one
      another; and
PA1  corner plugs interengaging the side and end walls with the floor.
NUM  2.
PAR  2. The invention of claim 1, wherein:
PA1  each of the components of the building structure has an inner core of
      insulating material and an outer shell.
NUM  3.
PAR  3. The invention of claim 1, wherein:
PA1  said inner core is polyurethane; and
PA1  said outer shell is fiber glass.
NUM  4.
PAR  4. The invention of claim 1, wherein:
PA1  said floor, side walls and end walls are sectional; and
PA1  the sections of said floor, side walls and end walls are joined by male and
      female connectors.
NUM  5.
PAR  5. The invention of claim 1, wherein:
PA1  the floor has a slot formed therein at its corners; and
PA1  the corner plugs have rails engaged in said slots.
NUM  6.
PAR  6. The invention of claim 1, wherein:
PA1  the top connectors of the corner beams are spaced outwardly in alignment
      from the top connectors of the side walls; and
PA1  the ridge pole has inner and outer connectors engaging, respectively, the
      top connectors of the side walls and the top connectors of the corner
      beams.
NUM  7.
PAR  7. An integrated building construction comprising:
PA1  A floor system having longitudinal and lateral sides anchored to support
      means, the floor system including a series of substantially rectangular
      floor panels having edges;
PA1  interlocking fastening means on the edges of the floor panels comprising
      interfitting male and female components slidably joined together;
PA1  said male and female components including male connector portions and
      female connector portions;
PA1  each of said male connector portions including a base with extending side
      walls, abutment flanges on the side walls, converging slant walls, wall
      sections with a plurality of outward protrusions and an end wall;
PA1  each of said female connector portions being slidably engaged within
      adjacent male connector portions, and comprising an inside end wall,
      substantially parallel side walls, outer end walls, substantially parallel
      inward walls, slant walls, wall sections with a plurality of depressed
      sections thereon, and a terminal wall;
PA1  the outward protrusions of the male connectors fitting within the depressed
      sections of the female connectors to interlock the connectors to one
      another;
PA1  a series of beams to interconnect adjacent series of floor panels;
PA1  inclined male supports extending along each of the longitudinal sides of
      the assembled floor system;
PA1  side walls systems secured to the floor systems at the inclined male
      supports thereof, the said wall systems including substantially
      rectangular side panels in vertical pairs, and angled beams intersecting
      adjacent sets of the panels;
PA1  each panel system of a side wall comprising interengaged panel members;
PA1  an end panel system for each end of the structure;
PA1  a series of corner beams interconnecting the side walls and end panels; and
PA1  a main ridge pole interengaging the side panels extending from opposite
      longitudinal sides of said floor.
NUM  8.
PAR  8. A building construction as defined in claim 7, wherein:
PA1  the main ridge pole is sectional and the sections are joined by lock means.
NUM  9.
PAR  9. The invention of claim 7, wherein:
PA1  the ridge pole is provided with a seal and an end cap.
NUM  10.
PAR  10. The invention of claim 9, wherein the seal is
PA1  engaged with the ridge pole by slidable engagement of a T bar and T slot.
NUM  11.
PAR  11. The invention of claim 7, and:
PA1  an end seal on the floor panels slidably engaged thereon.
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ABST
PAL  An artificial land structure framework minimizing the destruction of nature
      such as hills and plants.
PAL  The framework has a plurality of beam members connected with each other to
      form a number of laterally disposed rectangular three-dimensional spaces,
      and artificial lands are stepwise provided along the diagonal lines of the
      three-dimensional spaces. The framework is of a truss structure with
      flexibility for modification, extension and reduction, and being able to
      have any desired number of layers of the artificial lands constructed on
      an inclined or flat ground.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an artificial land or ground structure framework
      and, more particularly, to a framework of a structure which enables
      effective three-dimensional utilization of a space.
PAR  The two-dimensional utilization of a space in the urban area will result in
      spacial congestion and, in addition, deterioration of environmental
      sanitation such as afforestation, sunshine and ventilation.
PAR  Under the above circumstances, various programs for three-dimensionally
      utilizing the urban area are in progress recently. As a result, an
      artificial land has come into existence which covers a predetermined area
      by a large-scale structure thereby forming a three-dimensional space
      structure and enabling the three-dimensional utilization of a space.
      However, an artificial land heretofore known is usually constituted as an
      enclosed space structure made of reinforced concrete or steel-reinforced
      concrete and, therefore, the underside space of its floor is dark and
      humid and cannot be utilized other than as a parking area. In addition, a
      conventional artificial land has disadvantages in that it is low in
      productivity because it requires much work to be done at the site
      including arrangement of reinforcement, concreting in site, etc., is poor
      in flexibility such as for extension or addition, and tends to destroy
      nature.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of the present invention to provide artificial
      land structure frameworks which are light and useful for effectively
      utilizing the land at an existing city and for three dimensionally
      utilizing the urban area.
PAR  It is another object of the present inventon to provide artificial land
      structure frameworks which can constitute a large amount of inexpensive
      artificial land equipped with the city facilities and which can expedite
      environmental improvement of the residential space and solution of housing
      problems by preserving afforestation, sunshine and ventilation in the
      urban area.
PAR  It is still another object of the present invention to provide artificial
      land structure frameworks which can be fabricated in a short period from
      standardized component parts and which can be used for multiple purposes.
PAR  It is a further object of the present invention to provide artificial land
      structure frameworks which can be constructed on flat or inclined lands or
      on the water while minimizing the nature destruction.
PAR  It is still a further object of the present invention to provide artificial
      land structure frameworks which are of a trussed structure with a large
      axial force ratio and which have flexibility so that they may be subjected
      to various modifications, extension, reduction, and disassembly for re-use
      depending upon the change of city forms.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other and further objects, features and advantages of the present invention
      will be more apparent from the following description in connection with
      the following drawings in which:
PAR  FIG. 1 is a perspective view of an artificial land structure framework
      according to the present invention, showing its basic structure;
PAR  FIG. 2 is a side view of an artificial land constructed on an inclined land
      using the artificial land framework according to the present invention
      shown in FIG. 1;
PAR  FIG. 3 is a perspective view of a gabled artificial land framework obtained
      by combining the basic structures shown in FIG. 1;
PAR  FIG. 4A is a perspective view of a gabled artificial land framework similar
      to FIG. 3, but its main beam members being alternately thinned out;
PAR  FIG. 4B is also a perspective view of a gabled artificial land framework
      similar to FIG. 3, but its auxiliary beam members positioned in a zigzag
      relation being thinned out;
PAR  FIG. 5 is a side view, partially in section, of the gabled artificial land
      framework of FIG. 3 constructed on flat ground.
PAR  FIG. 6 is an elevational view of the gabled artificial land framework shown
      in FIG. 5;
PAR  FIG. 7 is a perspective view of a pyramid type framework constructed by
      combining the basic structures shown in FIG. 1 using tie members;
PAR  FIG. 8 is an enlarged view of a corner portion of the pyramid type
      framework of FIG. 7, showing its connections;
PAR  FIG. 9A is a plan view of a unilaterally tapered framework and FIG. 9B is a
      side view thereof;
PAR  FIG. 10A is a plan view of a bilaterally tapered framework and FIG. 10B is
      a side view thereof;
PAR  FIG. 11 is an elevational view showing an embodiment of a joint for use in
      connecting the main and auxiliary beam members;
PAR  FIG. 12 shows basic sectional patterns of the framework according to the
      present invention; and
PAR  FIG. 13 is a perspective view showing another embodiment of the framework
      according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now referring to the attached drawings, FIGS. 1 and 2 show basic patterns
      of the artificial land structure framework according to the present
      invention.
PAR  In FIGS. 1 and 2, a structure framework A comprises main beam members 1,
      auxiliary beam members 2, land beam members 3, reinforcing beam members 4,
      artificial land materials 5 and artificial lands 6.
PAR  Each of the above-mentioned members is made of material having sufficient
      strength such as steel, aluminum alloy or plastics, and these members are
      connected in the following manner to form a structure framework according
      to the present invention.
PAR  The above main beam members 1 consist of upper longitudinal chord members
      1a, upper lateral chord members 1b, lower longitudinal chord members 1c
      and lower lateral chord members 1d. An upper framework or grid B and a
      lower framework or grid C are formed by connecting a plurality of upper
      longitudinal chord members 1a, upper lateral chord members 1b, lower
      longitudinal chord members 1c and lower lateral chord members 1d at
      predetermined intervals in the longitudinal and lateral directions,
      respectively. The upper and lower grids B and C are connected at joints 7
      of the longitudinal and lateral chord members by auxiliary beam members 2
      thereby forming a large number of three-dimensional rectangular spaces a
      which are defined by the main beam members 1 and auxiliary beam members 2
      and are disposed continuously and two-dimensionally. Each of these spaces
      a is halved by land beam members 3 connected to the joints 7 along the
      diagonal lines thereof, and the intersecting points 8 of the land beam
      members 3 and the joints 7 belonging to the lower grid C are connected by
      reinforcing-beam members 4. Thus the framework A of a truss structure is
      formed. The framework A thus constructed is provided with the artificial
      land 6 made of land materials 5 such as deck plates fixed on the land beam
      members 3.
PAR  The aforementioned artificial land 6 is provided along the diagonal lines
      in each of the spaces a continuously and two-dimensionally formed.
      Therefore, if the framework A is supported obliquely, as shown in FIG. 2,
      so that the artificial lands 6 may be placed horizontally and stepwise,
      the sunshine and ventilation for the spaces a are well insured, and the
      spaces a at the same story communicate with each other so that
      transportation between any two thereof may be maintained.
PAR  The above-mentioned members are so designed that they may be mass produced
      in a factory and thereby be standardized, may be used for various purposes
      by combining various types of members, may have multiple structural
      functions, and may be produced inexpensively.
PAR  These members are flexible in utility so that they may be rapidly assembled
      and disassembled by the use of, for instance, ball joints, bolts, nuts,
      etc. as shown in FIG. 11, thereby enabling extension or reduction of the
      framework or extension of a modified framework hereinafter described.
PAR  FIG. 2 shows an embodiment of a framework A having the above-mentioned
      construction, which is constructed on an inclined land surface 10.
PAR  As shown in FIG. 2, the structure framework A has at the rear side of its
      bottom a support 11 previously assembled therein in accordance with the
      inclination of the land 10. A support bed 13 is provided in the supporting
      land 12 for supporting the support 11. The support bed 13 is made of, for
      instance, reinforced concrete. Posts 16 are provided at suitable positions
      on the inclined land surface 10 for supporting the framework A. Thus the
      framework A can be supported securely by the support bed 13 and posts 16,
      thereby minimizing the nature destruction. As mentioned above, the
      artificial lands 6, which are privided on the diagonal lines in the
      respective spaces a, are placed horizontally and, in addition, stepwise
      along the inclined land 10. Since the framework A is a truss structure
      which is composed of land members 3 dividing each of the spaces a in two
      along its diagonal lines, and reinforcing members 4 provided between the
      intersecting points 8 of the land members 3 and the joints 7 of the main
      and auxiliary members 1 and 2, the framework A has a mechanical strength
      sufficient to withstand the load applied on the artificial land 6 ensuring
      complete safety.
PAR  FIGS. 3, 4A and 4B are schematic views of modifications according to the
      present invention, illustrating gabled frameworks. In FIG. 3 and 4A, and
      4B the above-mentioned two basic structure frameworks A are symmetrically
      disposed at a certain angle with each other. These two frameworks A are
      combined by connecting their joints 7 with each other using external and
      internal tie members 14 and 15 and reinforcing members 4, thereby to form
      a ridge structure. Each of the said two structure frameworks A composing a
      gabled structure D has upper and lower grids B and C constituted of the
      longitudinal and lateral upper chord members 1a and 1b and the
      longitudinal and lateral lower chord members 1c and 1d which are connected
      keeping given distances therebetween, respectively.
PAR  In the gabled framework D shown in FIG. 4A, a structure framework Aa has an
      upper grid B which is so constructed that its longitudinal upper chord
      members 1a may be provided at every other position, that is, at an
      interval of twice that of the longitudinal lower chord members 1c of the
      lower grid C. In a gabled framework D shown in FIG. 4B, upper and lower
      grids B and C are constructed in the same manner as in the case shown in
      FIG. 3, but auxiliary beam members 2 connecting the upper and lower grids
      B and C are disposed in a zigzag manner thereby forming a structure
      framework Ab.
PAR  Thus the framework D shown in FIG. 4A or 4B is composed of the frameworks
      Aa or Ab connected to each other by tie members and reinforcing members in
      the similar way to FIG. 3.
PAR  FIGS. 5 and 6 are a side view partially in section and a plan view of the
      above-mentioned gabled framework D constructed on a support layer 12 of a
      flat land.
PAR  As shown in the drawings, the gabled framework D is provided at the bottom
      ends of right and left sides thereof with supports 11 previously assembled
      therein. The framework D is supported by the supports 11 fixed to the
      support bed 13 made of reinforced concrete formed in the support layer 12.
PAR  Thus the artificial lands 6 are constructed stepwise. As is apparent from
      FIG. 5, there is provided an elevator hall 17 communicating with
      artificial lands of each floor, elevators 18, passages 19 for respective
      floors, and city facilities 20 including a community center, shops,
      sewerage and waterworks, waste treating equipment, gas equipment,
      electrical equipment, airconditioning equipment, telephone and
      communication equipment, etc. In this manner, transportation or
      communication between the spaces a on the same floor or different floors
      can be smoothly made.
PAR  FIG. 7 shows a modification of the present invention, illustrating a
      pyramid type framework, and FIG. 8 shows an enlarged view of the same. As
      shown in the drawing, the above-mentioned framework A is so constructed
      that at the right and left sides of the framework A, the area of the
      artificial lands 6 may be decreased by a half of the land formed within
      one space, layer after layer from the bottom to the top.
PAR  Four frameworks A thus constructed are disposed like a pyramid. The
      adjacent frameworks A are combined by connecting their joints 7 of the
      main, auxiliary and reinforcing members using external tie members 14,
      intermediate tie members 14a and internal tie members 15 thereby forming a
      pyramid-shaped framework E, as shown in FIG. 8. Thus the artificial lands
      6 are formed stepwise at four sides. In this case, there are also provided
      elevators, passages and other city facilities as in the case of the gabled
      framework D.
PAR  The pyramid-shaped framework E can be constructed on a flat or terraced
      land in the same manner as in the case of the gabled framework D.
PAR  FIG. 9A is a plan view of a tapered framework F according to the present
      invention and FIG. 9B is a side view thereof. If the distance between the
      two adjoining main beam members 1 is assumed to be one span, as shown in
      FIG. 9A and B, the framework F is unilaterally tapered in the direction of
      the X-axis of the drawing and has the stepped artificial lands 6 which are
      formed upwardly toward the top and downwardly from the top to the bottom
      by one layer at intervals of one span in the direction of Y-axis and are
      formed downwardly by one layer at intervals of two span in the direction
      of X-axis.
PAR  FIG. 10A is a plan view of a bilaterally tapered framework G according to
      the present invention, and FIG. 10B is a side view of the same. As shown
      in FIGS. 10A and 10B, the framework G is bilaterally tapered in the
      direction of X-axis and has the artificial lands 6 which are increased by
      one layer at intervals of one span in the direction of both X-axis and
      Y-axis.
PAR  In the cases of both the unilaterally- and bilaterally-tapered frameworks,
      the grids Fa or Ga at both sides are imparted with a taper by connecting
      the longitudinal main beam members with the lateral main beam members at
      an acute or obtuse angle, and these grids are connected with each other by
      suitable tie rods, as mentioned above.
PAR  FIG. 11 shows an example of a joint used for easily connecting or
      disassemblying the above-mentioned main beam members 1, auxiliary beam
      members 2, ground members 3, reinforcing beam members 4, tie members 14,
      14a and 15, etc., and the reference numeral 9 illustrates a ball joint. As
      shown in FIG. 11, the ball joint 9 has on the periphery of its ball 21 a
      plurality of connections 22 equipped with bolts. The ends 24 of the beam
      members are previously made to fit to the above-mentioned connections 22
      and are connected thereto by bolts and nuts 23 thereby to connect each
      beam member. However, it is apparent that the means for connecting the
      respective beam members according to the present invention are not limited
      to the aforementioned ball joint, but may be any known connecting means if
      they can easily be used to connect or disassemble the beam members.
PAR  FIG. 12 shows various modifications of the aforementioned gabled framework
      D, which are disposed to effectively and variedly utilize the gigantic
      triangular spaces covered with terraced artifical lands. FIG. 12A shows an
      example in which independent artificial lands are provided in the
      triangular space separately from the ridge or angle structure. FIGS. 12B
      to 12F show examples each of which has at least one ridge structure
      combined with the original ridge structure.
PAR  FIG. 13 shows an example which combines the aforementioned gabled
      structures and a pyramid-shaped framework.
PAR  It is apparent from the foregoing description that the structure framework
      according to the present invention can provide various multi-purpose
      artificial lands besides the above-mentioned examples.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A massive polyhedral framework for supporting artificial lands and
      buildings comprising:
PA1  standardized main beam members;
PA1  auxiliary beam members;
PA1  land beam members;
PA1  reinforcing beam members;
PA1  artificial land surface materials;
PA1  connecting means for releasably connecting said beam members together;
PA1  upper and lower grids formed by connecting said main beam members through
      said connecting means in the longitudinal and lateral directions at
      intervals of a predetermined span, said upper and lower grids being
      connected by said auxiliary beam members through said connecting means to
      form a number of three-dimensional spaces continuously disposed
      two-dimensionally, said two land beam members being provided along the
      diagonal lines extending through said three-dimensional spaces, the
      intersecting points of said land beam members being connected to the
      joints of said main and auxiliary beam members through said reinforcing
      beam members, said land surface materials being provided on said land beam
      members to form said artificial lands dividing said spaces in two, said
      artificial lands being disposed stepwise; and
PA1  tie members for connecting a plurality of said upper and lower grids
      together to form the polyhedral framework provided with said
      stepwise-disposed artificial lands, and
PA1  wherein a plurality of said upper and lower grids are connected in a gabled
      style by said tie members.
NUM  2.
PAR  2. A massive polyhedral framework for supporting artificial lands and
      buildings comprising:
PA1  standardized main beam members;
PA1  auxiliary beam members;
PA1  land beam members;
PA1  reinforcing beam members;
PA1  artificial land surface materials;
PA1  connecting means for releasably connecting said beam members together;
PA1  upper and lower grids formed by connecting said main beam members through
      said connecting means in the longitudinal and lateral directions at
      intervals of a predetermined span, said upper and lower grids being
      connected by said auxiliary beam members through said connecting means to
      form a number of three-dimensional spaces continuously disposed
      two-dimensionally, said two land beam members being provided along the
      diagonal lines extending through said three-dimensional spaces, the
      intersecting points of said land beam members being connected to the
      joints of said main and auxiliary beam members through said reinforcing
      beam members, said land surface materials being provided on said land beam
      members to form said artificial lands dividing said spaces in two, said
      artificial lands being disposed stepwise; and
PA1  tie members for connecting a plurality of said upper and lower grids
      together to form the polyhedral framework provided with said
      stepwise-disposed artificial lands, and
PA1  wherein a plurality of said upper and lower grids are connected in a
      pyramid-like manner by said tie members.
NUM  3.
PAR  3. A massive polyhedral framework as set forth in claim 2, wherein an
      additional plurality of upper and lower grids is connected together by
      additional tie members to form a gabled framework, and including tie rods
      connecting said gabled framework to said pyramid-like framework.
NUM  4.
PAR  4. A massive polyhedral framework for supporting artificial lands and
      buildings comprising:
PA1  standardized main beam members;
PA1  auxiliary beam members;
PA1  land beam members;
PA1  reinforcing beam members;
PA1  artificial land surface materials;
PA1  connecting means for releasably connecting said beam members together;
PA1  upper and lower grids formed by connecting said main beam members through
      said connecting means in the longitudinal and lateral directions at
      intervals of a predetermined span, said upper and lower grids being
      connected by said auxiliary beam members through said connecting means to
      form a number of three-dimensional spaces continuously disposed
      two-dimensionally, said two land beam members being provided along the
      diagonal lines extending through said three-dimensional spaces, the
      intersecting points of said land beam members being connected to the
      joints of said main and auxiliary beam members through said reinforcing
      beam members, said land surface materials being provided on said land beam
      members to form said artificial lands dividing said spaces in two, said
      artificial lands being disposed stepwise; and
PA1  tie members for connecting a plurality of said upper and lower grids
      together to form the polyhedral framework provided with said
      stepwise-disposed artificial lands, wherein said longitudinally-connected
      main beam members are connected to said laterally connected main beam
      members at other than a right angle, whereby said three-dimensional spaces
      form parallelogrammic three-dimensional spaces connected to each other
      through said tie members to form gabled structures, said gabled structures
      being arranged vertically in a stepwise manner at intervals of one span,
      and bilaterally tapered in the horizontal direction.
NUM  5.
PAR  5. A massive polyhedral framework for supporting artificial lands and
      buildings comprising:
PA1  standardized main beam members;
PA1  auxiliary beam members;
PA1  land beam members;
PA1  reinforcing beam members;
PA1  artificial land surface materials;
PA1  connecting means for releasably connecting said beam members together;
PA1  upper and lower grids formed by connecting said main beam members through
      said connecting means in the longitudinal and lateral directions at
      intervals of a predetermined span, said upper and lower grids being
      connected by said auxiliary beam members through said connecting means to
      form a number of three-dimensional spaces continuously disposed
      two-dimensionally, said longitudinally-connected main beam members being
      connected to said laterally connected main beam members at other than a
      right angle, whereby said three-dimensional spaces comprise
      parallelogrammic three-dimensional spaces, said two land beam members
      being provided along the diagonal lines extending through said
      three-dimensional spaces, the intersecting points of said land beam
      members being connected to the joints of said main and auxiliary beam
      members through said reinforcing beam members, said land surface materials
      being provided on said land beam members to form said artificial lands
      dividing said spaces in two, said artificial lands being disposed
      stepwise; and
PA1  tie members for connecting a plurality of said upper and lower grids
      together to form the polyhedral framework provided with said
      stepwise-disposed artificial lands;
PA1  said framework further comprising in combination a further massive
      polyhedral framework and tie rods connecting said first mentioned massive
      polyhedral framework to said further massive polyhedral framework, said
      further massive polyhedral framework comprising:
PA1  further standardized main beam members;
PA1  further auxiliary beam members;
PA1  further land beam members;
PA1  further reinforcing beam members;
PA1  further artificial land surface materials;
PA1  further connecting means for releasably connecting said further beam
      members together;
PA1  further upper and lower grids formed by connecting said further main beam
      members through said further connecting means in the longitudinal and
      lateral directions at intervals of a predetermined span, said further
      upper and lower grids being connected by said further auxiliary beam
      members through said further connecting means to form a number of further
      three-dimensional spaces continuously disposed two-dimensionally, said
      further land beam members provides along the diagonal lines of said
      further three-dimensional spaces, the intersecting points of said further
      land beam members being connected to the joints of said further main and
      auxiliary beam members through said further reinforcing beam members;
PA1  said further land surface materials being provided on said further land
      beam members to form further artificial lands dividing said further spaces
      in two, said further artificial lands being disposed stepwise; and
PA1  further tie members for connecting a plurality of said further spaces with
      each other through said further connecting means, whereby a plurality of
      said further spaces are connected with each other through said further tie
      members to form the further massive polyhedral framework provided with
      said stepwise-disposed further artificial lands;
PA1  and wherein said longitudinally-connected further main beam members are
      connected to said laterally-connected further main beam members at a right
      angle, whereby said further three-dimensional spaces comprise rectangular
      parallelpipeds.
NUM  6.
PAR  6. A massive framework for supporting artificial lands and buildings,
      comprising:
PA1  elongated upper lateral chords;
PA1  elongated upper longitudinal chords;
PA1  upper connecting means, each upper connecting means releasably connecting
      the end of an associated upper lateral chord with the end of an associated
      upper longitudinal chord at a right angle and in an upper plane to form an
      upper rectangular grid;
PA1  elongated lower lateral chords;
PA1  elongated lower longitudinal chords;
PA1  lower connecting means, releasably connecting the end of an associated
      lower lateral chord with the end of an associated lower longitudinal chord
      at a right angle and in a lower plane to form a lower rectangular grid;
PA1  auxiliary members, one end of each member being releasably connected to an
      associated one of said upper connecting means and the other end of each
      member being releasably connected to an associated one of said lower
      connecting means, said beams being oriented at right angles to said chords
      so that said upper and lower rectangular grids are spaced from each other
      to form a rectangular parallelpiped outline;
PA1  land-support beams positioned in a plane diagonally bisecting said
      rectangular parallelpiped outline, one of said land-support beams
      extending diagonally through said outline and having one end connected to
      one of said upper connecting means and the other end connected to one of
      said lower connecting means, the other of said land-support beams
      extending diagonally through said outline and having one end connected to
      another of said upper connecting means and the other end connected to
      another of said lower connecting means;
PA1  connecting joints for connecting two said land-support beams where they
      intersect each other at their mid lengths; and
PA1  reinforcing members, one end of each said reinforcing members being joined
      to said connecting joint, and the other end of each of said reinforcing
      members being connected to different ones of said lower connecting means
      below said diagonal plane, whereby said framework can be oriented so that
      said diagonal plane is horizontal;
PA1  wherein said chords, means, joints, members, and beams are positioned to
      repeat said upper and lower rectangular grids in their respective planes
      and form a plurality of said rectangular parallelpiped outlines
      interconnected together and sharing adjacent chords, connecting means and
      auxiliary members, whereby said land-support beams provide support for a
      plurality of artificial lands and buildings vertically and horizontally
      effect from each other.
PATN
WKU  039422925
SRC  5
APN  4280008
APT  1
ART  354
APD  19731226
TTL  Lintel for double-skin wall
ISD  19760309
NCL  3
ECL  1
EXA  Friedman; Carl D.
EXP  Abbott; Frank L.
NDR  1
NFG  1
INVT
NAM  Robinson; Brian
CTY  Rogerstone
CNT  WA
ASSG
NAM  Catnic Components Limited
CTY  Caerphilly
CNT  WA
COD  03
RLAP
COD  72
APN  250951
APD  19720508
PSC  03
CLAS
OCL   52204
XCL   52 61
XCL   52573
EDF  2
ICL  E06B  104
FSC   52
FSS  213;216;412;204;573;566;58-62
UREF
PNO  756684
ISD  19040400
NAM  Munro
OCL   52 62
UREF
PNO  3581450
ISD  19710600
NAM  Patry
OCL   52 58
UREF
PNO  R17818
ISD  19300900
NAM  Young
OCL   52 61
FREF
PNO  1,965,465
ISD  19691200
CNT  DT
OCL   52204
LREP
FRM  Woodhams, Blanchard and Flynn
ABST
PAL  A lintel for a double-skin wall including a first member secured to the
      inner skin and a second member secured to the outer skin and adapted to be
      disposed over an aperture or opening formed in said wall. The first member
      has a downwardly extending flange portion disposed within the cavity
      between the inner and outer skins and spaced a slight distance from the
      adjacent surface of the inner skin. The second member is secured to the
      outer skin, as by having a substantially horizontal flange disposed below
      a course of blocks or the like. The second member has a sloped plate
      secured to the inner edge of the horizontal flange and extending upwardly
      into and across the cavity. The sloped plate has an upwardly extending
      flange on the upper free edge thereof which extends into a recess defined
      between the inner skin and the downwardly projecting flange associated
      with the first member.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No.  250,951, filed May 8, 1972, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a lintel for a wall and, in particular, to an
      improved lintel for use with a double-skin wall for permitting relative
      displacement or movement between the skins.
PAC  BACKGROUND OF THE INVENTION
PAR  Lintels or beams comprising heavy baulks of timber have been used for many
      years when it is desired to make an aperture or opening in a wall. Such
      lintels or beams are disposed along the upper edge of the opening and are
      used to support courses of bricks or other building materials. Lintels and
      beams made of heavy gauge metal have been utilized, which lintels are
      necessarily heavy to provide the rigidity and strength required to support
      the brick work which extends over the opening.
PAR  In an attempt to improve the known wall structures, several lightweight
      lintels have been developed for use in wall constructions, and several of
      these improved lintel structures are disclosed in German Patent
      application No. 1 965 465, published Dec. 30, 1969. While lintels of the
      type disclosed in the above-mentioned application have proven highly
      successful and desirable in many use situations, nevertheless these known
      lintels have all been fixedly connected to both the inner and outer skins
      of the wall, thereby rigidly connecting same together. This was generally
      believed necessary in order to provide the wall with the required strength
      and rigidity, particularly in the vicinity of the wall opening.
PAR  However, it has been discovered that in some instances it is desirable to
      permit the inner and outer skins to be relatively displaced or moved with
      respect to one another. Such movement has been prevented or effectively
      restricted when utilizing the known lintels, which lintels are effectively
      of a unitary structure.
PAR  Accordingly, it is an object of the present invention to provide an
      improved lintel particularly suitable for use in a double-skin wall to
      permit relative displacement or movement between the inner and outer skins
      of the wall.
PAR  A further object of the present invention is to provide an improved lintel,
      as aforesaid, which is essentially of two-piece construction whereby one
      lintel member is fixed to the outer skin and the other lintel member is
      fixed to the inner skin, which lintel members coact to create an effective
      watertight seal between the inner and outer skins while at the same time
      enabling the skins to be relatively displaced toward or away from one
      another through a limited extent.
PAR  Still a further object of the present invention is to provide an improved
      lintel, as aforesaid, which facilitates the construction of the wall due
      to the lintel being of a multi-piece construction, so that the individual
      pieces can be readily installed during the construction of the inner and
      outer skins of the wall.
PAR  Other objects and purposes of the present invention will be apparent to
      persons acquainted with devices of this type upon reading the following
      specification and inspecting the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single attached drawing illustrates therein a cross-sectional view of
      an improved lintel according to the present invention as incorporated into
      a double-skin wall.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and purposes of the present invention are met by providing a
      lintel which is of a two-piece construction and is adapted to span the
      cavity between the inner and outer skins of a double-skin wall. The lintel
      includes a first member which is fixed to the inner skin and has a
      platelike portion which defines a downwardly extending flange positioned
      within the cavity and spaced a selected distance from the adjacent surface
      of the inner skin. The lintel includes a second member which has a
      substantially horizontal plate adapted to be disposed below a row of
      building bricks, which plate is fixedly connected at the inner edge
      thereof to a damp resistor plate which is disposed within the cavity and
      extends rearwardly and upwardly toward the inner skin. The upper edge of
      the damp resistor plate has a substantially vertically extending flange
      thereon which projects into the slotlike recess which is formed between
      the inner skin and the downwardly projecting flange formed on the first
      member for permitting relative displacement or movement between the inner
      and outer skins of the wall.
PAC  DETAILED DESCRIPTION
PAR  The drawing illustrates therein a double-skinned wall 11 which includes an
      outer skin 12 and an inner skin 13 separated by an internal cavity or
      space 14. The outer skin 12 is, in the illustrated embodiment, constructed
      from several courses of blocks or bricks which are mortared together in a
      conventional manner. The inner skin 13 is, in the illustrated embodiment,
      constructed from elongated wooden beams or timbers.
PAR  The wall 11 is provided with an aperture or opening 16 formed therethrough.
      Thus, a lintel 17 constructed according to the present invention is
      disposed directly above the opening 16 for interconnecting the inner and
      outer skins 12 and 13, respectively, in a sealed relationship. The lintel
      17, which is preferably constructed from platelike metal, has a length
      slightly greater than the length of the opening 16 so that the lintel,
      when placed across the opening, will overlie the walls by at least 6
      inches on either side of the opening. The ends of the lintel will thus be
      securely connected to the surrounding walls, such as by being embedded in
      cement or mortar associated with the outer skin 12. The lintel 17
      comprises a two-piece structure which includes an elongated upper lintel
      member 18 fixedly secured to the inner skin 13 and coacting with an
      elongated lower lintel member 19 fixedly connected relative to the outer
      skin 12.
PAR  Considering first the upper lintel member 18, same is substantially
      Z-shaped and includes an upper plate 21 disposed substantially flush with
      the surface of the inner skin 13 and fixedly secured thereto, as by means
      of pins or screws 22. The upper lintel member 18 has a further plate 23
      which is substantially parallel to and laterally offset from the plate 22,
      being fixedly connected thereto by means of the intermediate connecting
      portion 24. The lower plate 23, which forms a downwardly projecting
      flange, is spaced outwardly a selected distance from the adjacent surface
      of the inner skin 13 so as to define an elongated slotlike recess 26
      therebetween.
PAR  The lower lintel member 19 includes a substantially horizontal plate 27
      which is disposed in alignment with the outer skin 12 and effectively
      defines the upper edge of the opening 16. The plate 27 is adapted to
      support on the upper surface thereof further courses of building bricks or
      the like. The inner edge of the elongated plate 27 is fixedly, here
      integrally, connected to the lower edge of a rearwardly and upwardly
      inclined plate 28 which is disposed within and substantially spans the
      cavity 14. The plate 28, which functions as a damp resistor plate, has a
      platelike flange 29 fixedly, here integrally, connected to the upper edge
      thereof. The flange 29 extends longitudinally throughout the complete
      length of the lower lintel member 19 and extends vertically upwardly so as
      to be substantially parallel with the downwardly projecting flange 23.
      When the upper and lower lintel members 18 and 19 are properly assembled
      with respect to the inner and outer skins of the wall, the platelike
      flange 29 extends upwardly a substantial distance into the recess 26 as
      illustrated in the drawing. Further, as illustrated, the recess 26 has a
      width as measured between the plate 23 and the adjacent surface of the
      skin 13 which is substantially greater than the thickness of the flange
      29.
PAR  The upper edge of the upper lintel member 18 is preferably sealed relative
      to the inner skin 13 by means of a sealing member 31 extending
      longitudinally therealong, which sealing member 31 is fixedly secured to
      the inner skin 13. The sealing member 31 may be of any conventional
      construction, such as bituminous paper or other water-proofing material,
      the member 31 being positioned to overlap the upper edge of the plate 21.
PAR  After the lintel 17 of the present invention has been positioned within a
      wall 11, any moisture condensing in the cavity 14 runs down the surface of
      the inner skin and over the water-proof layer 31 onto the upper lintel
      member 18. Due to the offset portion 24, the upper lintel member causes
      the moisture to flow outwardly so as to be deposited onto the upper
      surface of the damp resistor plate 28, whereupon the water then flows
      downwardly and outwardly through the outer skin 12. Due to the structure
      of the lintel 17, moisture is thus prevented from gaining access into the
      interior of the room defined by the wall 11, since the lintel effectively
      prevents the moisture from coming into contact with whatever structure,
      such as a window, which is located within the opening 16. The inner wall
      of the room may thus be finished as desired, such as plastered, and any
      auxiliary fittings such as curtain rods or the like may then be easily
      secured in position by drilling through the plaster so as to anchor same
      into the wood forming the inner skin 13.
PAR  A further and significant advantage of the present construction results
      from the clearance which is provided between the plates 23 and 29. Since
      the recess 26 has a width which is greater than the thickness of the plate
      29, the inner and outer skins 12 and 13 can thus be relatively moved or
      displaced with respect to one another, such as in the directions indicated
      by the doubleheaded arrow illustrated in the drawing. The recess 26 thus
      enables relative displacement between the walls while at the same time
      retaining the moisture sealed characteristic which is essential.
PAR  While the invention as described above has been disclosed in conjunction
      for use over an aperture or opening in a wall, it will be understood that
      the lintel of the present invention may also be utilized as beams or
      joists in other areas and locations of a building, and need not
      necessarily be restricted for use over a wall opening.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a load-carrying lintel for use in a vertical wall having spaced and
      substantially parallel inner and outer vertical skins defining a cavity
      therebetween, said lintel comprising:
PA1  a first lintel member adapted to be fixedly connected to said inner skin;
PA1  a second lintel member adapted to be fixedly connected to said outer skin
      at an elevation below said first lintel member;
PA1  said second lintel member including a plate portion disposed within and
      substantially spanning said cavity and being inclined upwardly and
      inwardly from said outer skin toward said inner skin; and
PA1  means coacting between said plate portion and said first lintel member (1)
      for preventing moisture from passing therebetween into the space below
      said plate portion and (2) for permitting relative movement between said
      inner and outer skins in a horizontal direction toward or away from one
      another;
PA1  said coacting means includes a first platelike flange fixedly connected to
      said first lintel member and projecting downwardly therefrom, said first
      platelike flange being spaced a substantial distance from the adjacent
      surface of said inner skin to define a downwardly opening slotlike recess
      therebetween, said coacting means further including a second platelike
      flange fixedly secured to said plate portion adjacent the upper edge
      thereof, said second platelike flange projecting upwardly from said plate
      portion and extending a substantial distance into said slotlike recess so
      that said first and second platelike flanges substantially overlap, said
      second platelike flange having a thickness substantially less than the
      width of said recess as defined between said first platelike flange and
      the adjacent wall of said inner skin;
PA1  said first lintel member having a substantially Z-shaped cross section and
      including first and second platelike portions disposed in substantially
      parallel and laterally spaced relationship and interconnected by an
      intermediate connecting portion, said first platelike portion being
      fixedly secured to the surface of said inner skin, said second platelike
      portion being spaced downwardly from said first platelike portion and
      spaced outwardly from the adjacent surface of said inner skin, said second
      platelike portion constituting said first platelike flange;
PA1  said second lintel member including a substantially horizontal
      load-carrying plate fixedly connected to said inclined plate portion
      adjacent the lower edge thereof, said horizontal plate being adapted to be
      embedded within said outer skin, and said second platelike flange being
      fixedly connected to the upper edge of said inclined plate portion and
      extending substantially vertically upwardly therefrom so as to project
      into said downwardly opening slotlike recess.
NUM  2.
PAR  2. In a two-piece load-carrying lintel for use in a vertical wall having
      spaced and substantially parallel inner and outer vertical skins defining
      a cavity therebetween, said lintel consisting of:
PA1  a first substantially Z-shaped lintel member constructed from a thin
      platelike material and adapted to be fixedly connected to said inner skin;
PA1  a second lintel member constructed from a thin platelike material and
      adapted to be fixedly connected to said outer skin at an elevation below
      said first lintel member;
PA1  said second lintel member including a plate portion disposed within and
      substantially spanning said cavity and being inclined upwardly and
      inwardly from said outer skin toward said inner skin;
PA1  means coacting between said plate portion and said first lintel member (1)
      for preventing moisture from passing therebetween into the space below
      said plate portion and (2) for permitting relative movement between said
      inner and outer skins in a horizontal direction toward or away from one
      another;
PA1  said coacting means including a first platelike flange fixedly connected to
      said first lintel member and projecting downwardly therefrom and being
      spaced a substantial distance from the adjacent surface of said inner skin
      so as to define a downwardly opening slotlike recess therebetween, said
      coacting means further including a second platelike flange fixedly secured
      to said plate portion adjacent the upper edge thereof and projecting
      upwardly from said plate portion at a substantial angle thereto, said
      second platelike flange projecting upwardly from said plate portion and
      extending a substantial distance into said slotlike recess so that said
      first and second platelike flanges substantially overlap, said second
      platelike flange having a thickness substantially less than the width of
      said recess; and
PA1  said first lintel member having a platelike mounting portion projecting
      upwardly from and fixedly connected to the upper edge of said first
      platelike flange by a short transversely extending connecting portion,
      said platelike mounting portion being substantially parallel to and
      laterally offset with respect to said first platelike flange, said
      platelike mounting portion being adapted to be fixedly connected to said
      inner skin.
NUM  3.
PAR  3. A lintel according to claim 2, wherein said first and second lintel
      members are each constructed from sheetlike metal.
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ABST
PAL  Refractory brick that is treated with refractory metal oxide powder, e.g.,
      titanium oxide, is used as a reactor lining. Joints between a dry assembly
      of refractory brick are filled with refractory metal oxide powder.
PARN
PAR  This is a division of application Ser. No. 182,138, filed Sept. 20, 1971,
      now U.S. Pat. No. 3,813,225 which is division of application Ser. No.
      805,822 filed Mar. 10, 1969 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Refractory brick is used commonly to line the interior surfaces of vessels
      within which high temperatures are generated and/or within which an
      atmosphere corrosive to metals is found. The type of refractory brick
      employed in such vessels varies with the function of the vessel. For
      example, refractory brick used for ceramic kilns and furnaces differs from
      that used in blast furnaces and fluidized-solids reactors. In the last
      mentioned vessels, refractory brick typically is resistant to both high
      temperatures and a corrosive or erosive atmosphere resulting from chemical
      reaction and movement of material within the vessel. A typical example of
      the latter type vessel is a fluidized-solids chlorination reactor wherein
      metallic chlorides are produced by treatment of a particulate ore with
      gaseous chlorine at elevated temperatures.
PAR  Conventionally, the refractory lining of a reaction vessel is fabricated
      from several courses (rows) of refractory brick bonded together with a
      bonding mortar compatible with the brick. Typically, the mortar is
      prepared with water. When the refractory lining is dried, most of the
      water in the mortar is removed. However, a small quantity of water remains
      in the mortar either as water of hydration, or as chemically uncombined
      water. In vessels wherein a chlorination reaction is conducted, the
      presence of such water produces a deleterious effect on the refractory
      brick and metal shell. For example, in such a chlorination vessel, hot
      gaseous chlorine will combine with water to form hydrochloric acid. The
      hydrochloric acid attacks the refractory brick and metal shell causing
      severe deterioration of these materials, particularly within the inner
      courses of brick comprising the vessel lining. Such deterioration can
      cause premature shutdown of the process conducted within the vessel and
      expensive replacement of the refractory brick lining.
PAR  It has been proposed to protect refractory linings by coating the surface
      of the refractory brick exposed to the interior of the vessel containing
      the lining with various materials. See, for example, U.S. Pat. No.
      1,576,021 (metallic aluminum coating), U.S. Pat. No. 2,336,366 (metallic
      nickel or nickel alloy), U.S. Pat. No. 2,746,888 (metallic titanium or
      titanium alloy), U.S. Pat. No. 3,203,785 (viscous aluminasilica mixture),
      and U.S. Pat. No. 3,330,627 (glazed vitrious silica). Such techniques are
      expensive and most require special equipment.
PAR  It has also been suggested to fabricate refractory linings without
      utilizing mortar, i.e., laying-up the brick dry. However, this procedure
      requires machining of the refractory brick to very close tolerances in
      order to provide a lining which is both structurally sound and impervious
      to the outside atmosphere and the contents, e.g., gases, solids and
      liquids, within the vessel. The latter requirement prevents the egress of
      the contents of the vessel, especially gas charged to or generated within
      the vessel, to the shell of the vessel and to the atmosphere. Use of the
      aforesaid dry assembly of refractory brick has not proven to be entirely
      successful. In chlorination vessels, for example, gaseous chlorine charged
      to the vessel seeps through the interstices between the refractory brick
      and is lost to a recovery or waste system. In commercial fluidized bed
      chlorinators, such loss can be substantial and not only increases chlorine
      recovery costs but also poses a potential health hazard.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It has now been discovered that the life of refractory brick can be
      prolonged by applying finely-divided refractory metal oxide having a
      melting point greater than the operating temperature of the vessel to the
      surfaces of the brick in an amount sufficient to fill substantially all of
      the surface pores of the brick. In a preferred embodiment, a superficial
      coating of the metal oxide is also applied to one or more hidden faces of
      the brick. It has further been found that a substantially impermeable
      assembly of refractory brick can be fabricated without a conventional
      bonding mortar, i.e., dry, by filling the joints between the refractory
      brick, i.e., the space between, adjacent, or abutting brick surfaces, with
      said refractory metal oxide powder.
PAC  DETAILED DESCRIPTION
PAR  The present invention relates to a method of prolonging the life of
      refractory brick, to the brick produced by the use of said method, and to
      a dry assembly of such brick. The hereindescribed method and refractory
      brick are particularly applicable to chlorination vessels and are
      especially useful in fluidized bed chlorinators. Although the present
      invention will be discussed hereinafter with respect to such chlorination
      vessels, it should be understood that the present invention is applicable
      to any refractory brick lined vessel wherein the atmosphere within the
      vessel during operation of the process conducted therein causes
      deterioration of the refractory brick lining.
PAR  Conventionally, chlorination vessels are constructed of a metal, e.g.,
      steel, cylindrical shell lined with several courses (rows) of refractory
      brick. Subdivided ore or concentrate, usually with a carbonaceous reducing
      agent, is fed into the vessel through the top or through a side port and
      chlorine is fed into the vessel through the bottom. The chlorine entry and
      ore feeds can be arranged to produce a fluidized bed in which the ore and
      carbonaceous particles are suspended and agitated in the upwardly moving
      chlorine gas flow during the chlorination reaction. Chlorination is
      conducted at elevated temperatures, often in the range of from
      1500.degree. F. to 2000.degree. F. Metallic chloride is produced as a
      vapor together with gaseous by-products and these gases are withdrawn from
      the vessel and the metallic chloride products separated, condensed and
      purified for appropriate use. A typical example of the aforementioned
      process is the chlorination of a titaniferous ore, e.g., rutile TiO.sub.2,
      in the presence of coke to produce titanium tetrachloride. Titanium
      tetrachloride is a well-known commercial product and is useful in the
      production of titanium metal and titanium oxide pigments.
PAR  In a typical fluidized bed chlorinator for the chlorination of titaniferous
      ore, about 30 to 50 percent of the height of the chlorinator is occupied
      by the fluid bed and is usually termed the working or fluid bed section.
      The remaining portion of the chlorinator is usually referred to as the
      disengaging section. In the working section of the chlorinator, the
      chlorine, titaniferous ore and carbon undergo chemical reaction to form,
      principally titanium tetrachloride, carbon dioxide and carbon monoxide.
      Other metal halides, e.g., iron chlorides, depending on the chemical
      composition of the ore, are also formed. The portion of the working
      section where chlorination occurs, i.e., where formation of the metal
      chlorides principally takes place, is the oxidation section, i.e., the
      atmosphere is oxidative in character. The remaining portion of the
      chlorinator principally has a reducing atmosphere due to the presence of
      substantial quantities of carbon dioxide and carbon monoxide, and, the
      substantial absence of chlorine.
PAR  The refractory brick lining of a fluid bed chlorinator is subjected to
      corrosive attack by the hot gases within the chlorination vessel, e.g.,
      chlorine, carbon monoxide and carbon dioxide, and also to erosion caused
      by the action of the bed against the refractory brick. Typcially, adjacent
      refractory brick are bonded together with a bonding mortar which even
      after drying contains residual water. The hot chlorine and/or titanium
      tetrachlorine within the vessel combines with residual water in the mortar
      to form hydrochloric acid. At the temperatures of operation, hydrochloric
      acid is extremely corrosive to the refractory brick. It attacks the mortar
      and the brick causing a condition known as corrosion. Often, the corrosion
      is more severe on the internal courses of brick than at the surface of the
      brick exposed to the interior of the chlorination vessel. If corrosion is
      severe enough, the hydrochloric acid can also reach and attack the steel
      sheel of the chlorinator.
PAR  It is, therefor, necessary that refractory linings of chlorination vessels
      and other vessels reflecting similar operating conditions be both
      corrosion and erosion resistant. Further, the refractory lining must
      provide sufficient thermal insulation so that the exothermic heat of
      reaction or added heat is conserved to sustain substantially uniform
      operating temperatures for extended periods of steady state operation.
      Typically, therefore, chlorination vessel refractory linings are
      fabricated with one or more layers of insulating refractory brick adjacent
      to the steel shell and one or more inner layers of refractory brick
      adjacent to the insulating refractory brick and the working interior of
      the chlorination vessel.
PAR  Because of the water content of the bonding mortar utilized to cement
      refractory brick together, typically about 14 weight percent, and the
      corrosion difficulties resulting therefrom, it has been suggested that
      refractory brick be laid-up dry, i.e., without using any mortar. However,
      such fabrication requires machining of refractory brick to very close
      tolerances (a costly procedure); and, even then, does not succeed in
      providing an over-all interior surface that is substantially impervious to
      gas.
PAR  In accordance with the present invention, at least one surface of
      refractory brick is treated with a refractory metal oxide so that
      substantially all of the exposed surface pores or voids are filled with
      the metal oxide. In addition, and preferably, a superficial coating of the
      refractory metal oxide is placed on the surface of the brick. Preferably,
      the hidden faces of the refractory brick, i.e., faces not exposed to the
      interior of the chlorination vessel, are treated and/or coated with
      refractory metal oxide. Refractory brick treated, as described, can be dry
      assembled and the joints between bricks filled (grouted) with refractory
      metal oxide to produce a substantially gas impervious refractory lining.
PAR  It has been found that an assembly of refractory brick, as heretofore
      described, retards the seepage of gas from the interior of the
      chlorination vessel through the interstices between the refractory brick
      and the brick per se, and substantially prevents deterioration of the
      internal courses of refractory brick. The manner in which deterioration is
      prevented is not exactly known; however, it is presumed that the
      permeability of the brick is reduced sufficiently to prevent carbon
      monoxide and chlorine gas from reaching the internal courses of brick.
PAR  The present invention is applicable to newly constructed chlorination
      vessels, as well as existing chlorination vessels. In the latter case, as
      a course of refractory brick, or a portion thereof, is replaced,
      replacement is made in accordance with the hereindescribed method. For
      example, if the course of refractory brick exposed to the interior of the
      chlorination vessel, i.e., the working course, is to be replaced,
      refractory metal oxide can be applied to the exposed face of the abutting
      course of brick, as well as to one or more hidden faces of the refractory
      brick being replaced. Once the brick to be replaced is in position, any
      unfilled joints between the brick can be filled with the refractory metal
      oxide. The brick face exposed to the interior of the vessel is usually not
      covered with a coating of the refractory metal oxide for the reason that
      the metal oxide placed on this face is usually removed by erosion or
      chemical combination from contact with the contents of the vessel, e.g.,
      the fluid bed and hot reacting gases. In addition, scale typically builds
      up on the hot face of the brick comprising the working course after a
      period of operation. However, if desired, the exposed surface voids of
      this face can be filled with the metal oxide to aid in reducing the
      porosity of the brick.
PAR  In like manner, should the working course of refractory brick as well as
      several inner courses of brick, or any portion thereof require
      replacement, each refractory brick replacement can be treated with the
      refractory metal oxide in the manner described herein as it is replaced in
      the refractory wall. When an inner course of refractory brick is replaced,
      it is preferred that all of its faces be treated with the refractory metal
      oxide.
PAR  In fabricating complete refractory linings for either a newly constructed
      chlorination vessel or a reconstructed chlorination vessel in accordance
      with the present invention, various techniques can be used. Exemplary of
      some techniques that can be used, alone or in any combination are: (1)
      constructing an inner row of brick; grouting the interstices between the
      brick with metal oxide; and, applying a surface coating of metal oxide to
      the remaining exposed faces, (2) constructing an inner row of brick using
      refractory metal oxide on abutting surfaces instead of the conventional
      bonding mortar; and, applying a surface coating of metal oxide to the
      remaining exposed faces, (3) treating each refractory brick by filling the
      exposed pores or voids on each face with metal oxide and/or applying a
      superficial coating of metal oxide to each face; constructing an inner row
      of brick with said treated brick; grouting the interstices between the
      brick with metal oxide; and applying additional metal oxide to the
      remaining exposed faces in a thin layer to insure that all brick surfaces
      are covered, and (4) coating the metal shell with metal oxide to fill any
      gaps that occur between the shell and the first row of brick and then
      construct the refractory wall using any one or more of the preceding three
      techniques.
PAR  Whichever technique is used to construct an inner row of refractory brick,
      the technique is repeated on subsequent rows of brick until the last row
      or working course of brick is reached. The exact number of rows of brick
      will vary with the particular reaction vessel and, therefore, the number
      of bricks and rows of brick treated in accordance with the present method
      does not represent a critical feature of the present invention. As
      indicated above, the working face of brick is usually not treated with a
      superficial layer of metal oxide because such layer is quickly removed by
      the reactor environment.
PAR  As used herein, the term "refractory brick" is intended to mean and include
      all types of bricks fabricated from non-metallic materials used in the
      construction or lining of furnaces or other vessels operated at high
      temperatures and/or within which an atmosphere corrosive to metals is
      found. Exemplary of the type of bricks contemplated are fire-clay, high
      alumina, silica, silicon-carbide, zircon and basic, e.g., magnesite,
      chrome, magnesite-chrome, chrome-magnesite, and forsterite. The
      compositions of each of the aforesaid types of brick vary within each
      class and depend on the ultimate use to which the brick is to be put.
      Typical compositions of each of the grades of each of the aforementioned
      brick and their methods of preparation are known in the art and can be
      obtained by reference to any standard refractory text. Such a text is
      Modern Refractory Practice, 4th Edition, copyright 1961 by the
      Harbison-Walker Refractories Company. The portions of that text relating
      to the compositions, e.g., pp. 134, 135, 291 and 292, and methods of
      preparation of said refractory brick are incorporated herein by reference.
PAR  Refractory bricks are fabricated in a variety of shapes and sizes. For
      example, the various shapes include: rectangular sizes (such as straights,
      soaps and splits); tapered sizes having only plane surfaces (such as arch,
      wedge, and key brick); neck skew, feather edge, and jamb brick; and
      tapered sizes having two curved surfaces (circle brick, cupola blocks and
      rotary kiln blocks). A discussion and representation of such shapes and
      sizes can be found on pages 477--479 of the aforesaid text, Modern
      Refractory Practice. Most of the standard refractory brick shapes have six
      sides or faces. Jamb brick has five sides, one side being curved, thereby
      occupying two sides of a normally rectangular brick.
PAR  In accordance with one embodiment of the present method, an assembly of
      refractory bricks are dry assembled and the interstices or joints between
      the bricks filled with refractory metal oxide. In another embodiment, at
      least one face, advantageously the hot face, of the refractory brick is
      treated with refractory metal oxide in an amount sufficient to fill
      substantially all of the exposed surface pores of the brick and thereby
      reduce its porosity or permeability. Preferably, at least (n-1) faces of
      the brick are thus treated. The letter n in the expression (n-1)
      represents the total number of faces (sides) possessed by the brick.
      Typically, n will be 5 or 6. More preferably, all of the faces of the
      brick are treated with metal oxide. In a still further embodiment, a
      superficial coating of metal oxide is placed on at least one hidden face
      of the refractory brick, typically the hot face, and, preferably, such a
      coating is placed on all hidden brick faces.
PAR  The refractory metal oxide utilized to treat the refractory brick in
      accordance with the method of the present invention is any refractory
      metal oxide having a melting point greater than the operating temperature
      of the vessel. Preferably, the refractory metal oxide will also have some
      chemical resistance to the atmosphere, e.g., reducing, oxidative, basic
      and acidic, to which it is exposed and be compatible with the refractory
      brick with which it is used. For example, chemical resistance should be
      sufficient to permit the operation of the process within the vessel
      containing the refractory lining for a reasonable length of time, i.e.,
      until a scheduled shutdown or for a normal process run. The exact length
      of time will vary from reactor to reactor and process to process. In the
      case of metal oxide used for inner courses of brick, chemical resistance
      may not be required since the metal oxide may never be physically exposed
      to the atmosphere within the vessel.
PAR  The operating temperature of the vessel is intended to mean the highest
      temperature reached within the vessel, e.g., a fluid bed chlorinator,
      during continuous operation of the process conducted, e.g., chlorination,
      in the vessel. Absent hot spots, this temperature will usually be the
      highest temperature within the vessel under steady state operating
      conditions. In the case of a fluidized bed chlorination vessel utilized
      for the chlorination of titaniferous ores, the operating temperature of
      the vessel is typically greater than 1600.degree. F., and usually less
      than 1900.degree. F.
PAR  Exemplary of refractory metal oxides that have melting points sufficiently
      high to be considered useful in the method of the present invention
      include: aluminum oxide (Al.sub.2 O.sub.3), barium oxide (BaO), beryllium
      oxide (BeO), calcium oxide (CaO), cerium oxide (CeO.sub.2), chromic oxide
      (Cr.sub.2 O.sub.3), cobalt oxide (CoO), gallium oxide (Ga.sub.2 O.sub.3),
      hafnium oxide (HfO.sub.2), lanthanum oxide (La.sub.2 O.sub.3), magnesium
      oxide (MgO), manganese oxide (MnO), nickel oxide (NiO), niobium oxide
      (Nb.sub.2 O.sub.3), silicon oxide (SiO.sub.2), strontium oxide (SrO),
      tantalum oxide (Ta.sub.2 O.sub.5), thorium oxide (ThO.sub.2), tin oxide
      (SnO.sub.2), titanium oxide (TiO.sub.2), uranium oxide (UO.sub.2),
      vanadium oxide (V.sub.2 O.sub.3), yttrium oxide (Y.sub.2 O.sub.3), zinc
      oxide (ZnO), zirconium oxide (ZrO.sub.2), and mixtures of refractory metal
      oxides.
PAR  Exemplary of complex oxides that are useful in the present invention
      include: aluminum silicate (mullite - 3Al.sub.2 O.sub.3 . 2SiO.sub.2),
      aluminum titanate (Al.sub.2 O.sub.3 . TiO.sub.2 or Al.sub.2 O.sub.3 .
      2TiO.sub.2), barium aluminate (BaO . Al.sub.2 O.sub.3 or BaO . 6Al.sub.2
      O.sub.3), barium silicate (2BaO . SiO.sub.2), barium zirconate (BaO .
      ZrO.sub.2), beryllium aluminate (BeO . Al.sub.2 O.sub.3), beryllium
      silicate (BeO . SiO.sub.2 or 2BeO . SiO.sub.2), beryllium titanate (3BeO .
      TiO.sub.2), beryllium zirconate (3BeO . 2ZrO.sub.2), calcium chromate (CaO
      . CrO.sub.3), calcium chromite (CaO . Cr.sub.2 O.sub.3), calcium phosphate
      (3CaO . P.sub.2 O.sub.5), calcium silicate 3CaO . SiO.sub.2 or 2CaO .
      SiO.sub.2), calcium silicon phosphate (5CaO . SiO.sub.2 . P.sub.2
      O.sub.5), calcium titanate (CaO . TiO.sub.2 or 2CaO . TiO.sub.2 or 3CaO .
      TiO.sub.2), calcium zirconate (CaO . ZrO.sub.2), cobalt aluminate (CoO .
      Al.sub.2 O.sub.3), magnesium aluminate (MgO . Al.sub.2 O.sub.3), magnesium
      chromite (MgO . Cr.sub.2 O.sub.3), magnesium ferrite (MgO . Fe.sub.2
      O.sub.3), magnesium lanthanate (MgO . La.sub.2 O.sub.3), magnesium
      silicate (2MgO . SiO.sub.2), magnesium titanate (2MgO . TiO.sub.2),
      magnesium zirconate (MgO . ZrO.sub.2), magnesium zirconium silicate (MgO .
      ZrO.sub.2 . SiO.sub.2), nickel aluminate (NiO . Al.sub.2 O.sub.3),
      potassium aluminum silicate (K.sub.2 O . Al.sub.2 O.sub.3 . 2SiO.sub.2),
      strontium aluminate (SrO . Al.sub.2 O.sub.3), strontium phosphate (3SrO .
      P.sub.2 O.sub.5), strontium zirconate (SrO . Zro.sub.2), thorium zirconate
      (ThO.sub.2 . ZrO.sub.2), zinc aluminate (ZnO . Al.sub.2 O.sub.3), zinc
      zirconium silicate (ZnO . Zro.sub.2 . SiO.sub.2), and zirconium silicate
      (zircon - Zro.sub. .sup..  SiO.sub.2).
PAR  Economically preferred refractory metal oxides include: silicon oxide
      (SiO.sub.2), titanium oxide (TiO.sub.2), zirconium oxide (ZrO.sub.2),
      magnesium oxide (Mgo), aluminum oxide (Al.sub.2 O.sub.3), mullite
      (3Al.sub.2 O.sub.3 . 2SiO.sub.2) and zircon (ZrO.sub.2 . SiO.sub.2). More
      than one metal oxide can be used in a refractory assembly, e.g., aluminum
      oxide or zirconium oxide can be used for one course of brick or in a
      portion of one course of brick and silicon oxide or titanium oxide for
      another course of brick or in another portion of the same course.
PAR  Selection of a particular refractory metal oxide, which includes complex
      metal oxides, depends on the conditions prevailing within the vessel,
      e.g., temperature, pressure and chemical environment. Such conditions
      affect the relative stability of the metal oxide. Price is also a
      consideration. By matching the environment existing at a particular course
      of brick, or portion thereof, with the properties of the metal oxide, a
      suitable refractory metal oxide can be selected. For example, if an
      oxidizing atmosphere is present in the vessel or a portion thereof, a
      metal oxide resistant to oxidation at the operating temperatures and
      chemical environment is used. Similarly, if a reducing atmosphere is
      present in the vessel or a portion thereof, a metal oxide resistant to
      reduction at the operating temperatures and chemical environment is used.
      If both oxidizing and reducing atmospheres are present in different
      portions of the vessel, two metal oxides can be used, or one metal oxide
      resistant to both oxidation and reduction can be used. Finally, where the
      only consideration in selecting a metal oxide is resistance to
      temperature, any refractory metal oxide having a melting point above the
      operating temperature of the vessel can be used. In this case, price and
      availability will be the important factors considered.
PAR  The refractory metal oxide should be finely divided and substantially dry.
      Pigmentary metal oxides are especially suitable. For example, pigmentary
      titanium dioxide either uncoated or coated with hydrous metal oxides can
      be used. Typically, the ultimate particle size of pigmentary titanium
      dioxide ranges from about 0.2 to about 0.5 microns The actual size of the
      refractory metal oxide used can vary; however, the degree of sub-division
      of the metal oxide should be sufficient, i.e., the particle size should be
      sufficiently small, so that the metal oxide will fill the exposed surface
      pores in the refractory brick. The apparent porosity of refractory brick
      ranges from about 8 to about 33 percent depending on the particular grade
      of refractory. Apparent porosity is the ratio of the volume of the pores
      or voids in a body to the total volume and is based upon the open
      pore-volume only (as distinguished from the total pore-volume). Thus, by
      reducing the apparent porosity of the brick, its permeability is also
      reduced. Since the refractory metal oxide is applied to the refractory
      brick as a dry powder, the refractory metal oxide does not penetrate the
      brick to any significant depth. The exact depth will depend to a great
      extent on the porosity of the brick and will vary across the brick. In
      accordance with the present method, it is contemplated that the exposed
      surface pores and/or voids of the refractory brick be filled with the
      metal oxide to depths obtained by application of the metal oxide to the
      surface with sufficient pressure to fill the pores and retain the metal
      oxide therein. Depths of one-sixteenth inch or less, e.g.,
      one-thirty-second inch, can be obtained depending on the porosity of the
      brick, and the manner of application.
PAR  The refractory metal oxide is applied to the refractory brick as a dry
      powder. By "dry" is meant that the moisture content of the metal oxide is
      sufficiently low so that the metal oxide retains essentially the
      properties of a free flowing powder, i.e., the particles of metal oxide do
      not cohere or stick to each other to any substantial degree. Some
      refractory metal oxides when exposed to the air will absorb water of
      hydration and it is not intended to exclude refractory metal oxide in that
      state provided, however, that the level of absorbed water does not reach
      the aforementioned level. Pigmentary titanium dioxide, for example,
      coheres at moisture levels of about 0.5 weight percent. Therefore, a
      moisture content of less than 0.5 weight percent, e.g., about 0.1 weight
      percent, is necessary to provide a "dry" titanium dioxide.
PAR  The refractory metal oxide can be applied to the refractory brick by any
      convenient method and at any convenient temperature, i.e., ambient
      temperature. For example, the metal oxide can be applied manually to the
      surface of the brick and the excess brushed off. Similarly, the metal
      oxide can be applied by spraying the metal oxide powder onto the brick
      with any suitable air gun. It can be applied to the brick before or after
      a course of brick is constructed. In the last mentioned embodiment, only
      one of the blind surfaces of the brick will be treated. When spraying is
      used to apply the refractory metal oxide, it is convenient to add
      materials to the oxide that make it more free flowing. For example, the
      addition of from 3 to 5 weight percent silicon oxide (SiO.sub.2) to
      titanium oxide (TiO.sub.2) produces a more free flowing titanium oxide.
PAR  As used herein, the term "hidden face" or "hidden surface" is intended to
      mean and include all faces of the refractory brick not visible to the
      human eye when incorporated into a course (row) of brick or refractory
      lining. In the case of an inner course of brick, all faces of such brick
      are considered hidden when the completed refractory lining is viewed. In
      the case of brick exposed to the very interior of the vessel, all but the
      exposed face are considered hidden faces.
PAR  The term "hot face" is intended to mean the face of a particular brick or
      single row of bricks having a common planar surface that is closest to the
      interior of the vessel, i.e., where the process being conducted, e.g.,
      chlorination, takes place. The term "cold face" is intended to mean the
      face of a particular brick or single row of bricks having a common planar
      surface that is opposite to the "hot face". Thus, each brick will have a
      "hot face" and a "cold face". Typically, the "cold face" will be adjacent
      to the "hot face" of an abutting brick in the same horizontal plane.
PAR  The practice of the present method allows for flexibility in treating
      refractory brick. For example, the surface of the brick can be treated
      with refractory metal oxide so as to fill substantially all the exposed
      pores of the brick surface. Any excess remaining on the surface can be
      easily removed by lightly brushing the surface of the brick.
      Alternatively, a superfacial coating of metal oxide can be applied to or
      left on the surface of the brick. Such superficial coating will typically
      vary from about 0.5 to about 10 mills in thickness. Thicknesses greater
      than 10 mills, i.e., up to one-eighth inch or one-fourth inch, can be
      utilized; however, if the coating is too thick, it will flake off and
      result in a non-uniform surface against which the next abutting course of
      brick rests. Further, the coatings applied to the various hidden surfaces
      of the brick need not be uniform, i.e., only an intimate protective
      coating need be used. Thus, for example, one surface of a brick may have a
      coating of 5 or 10 mills; while others can have thicker or thinner
      coatings. This will be especially true when the coatings are applied
      manually. Uniform coatings are, however, preferred.
DETD
PAR  The present method is more particularly described in the following examples
      which are intended as illustrative only, since numerous modifications and
      variations thereof will be apparent to those skilled in the art.
PAC  EXAMPLE I
PAR  A mixture of rutile titanium oxide ore and coke was chlorinated in a
      refractory lined cylindrical fluid bed chlorination vessel. The shell of
      the vessel was lined with several courses of refractory brick. Portions of
      each of three types of refractory brick contained in the refractory lining
      were treated in the manner hereinafter described with pigmentary titanium
      dioxide. Table I lists the approximate composition of the three types of
      brick treated in this example. The ultimate particle size of the
      pigmentary titanium dioxide was between about 0.2 and about 0.3 micron.
      Each hidden face of test refractory brick was manually coated with the
      pigmentary titanium dioxide and the excess brushed off. After the bricks
      in each row were in place, the brick assembly was grouted with the
      pigmentary titanium dioxide, i.e., each of the exposed joints between the
      brick was filled with the pigmentary titanium dioxide. Then, the remaining
      exposed face of each inner row of treated brick was coated with about a
      one-sixteenth inch layer of the pigmentary titanium dioxide. The brick
      surface exposed to the interior of the chlorination vessel was not treated
      with the pigmentary titanium dioxide; however, the joints between the
      bricks were grouted.
PAR  After operating the chlorinator at an operating temperature of about
      1800.degree. F. for about 29 days, the chlorinator was shut down and the
      refractory brick lining was examined. Various segments of untreated brick
      were found to be about 30 percent corroded and were replaced. After 48
      days of total operation, the chlorinator was shut down for a scheduled
      inspection. The refractory brick lining was again examined and the
      refractory brick treated with the pigmentary titanium dioxide were found
      to be substantially unaffected by corrosion
TBL                TABLE I                                                     
     ______________________________________                                    
     COMPOUND Brick A     Brick B   Brick C                                    
     ______________________________________                                    
     Al.sub.2 O.sub.3                                                          
              45.1        46.5      42.5 - 45.0                                
     SiO.sub.2                                                                 
              51.9        48.7      51.0 - 53.5                                
     Fe.sub.2 O.sub.3                                                          
              1.4         1.8       1.0 -   2.0                                
     TiO.sub.2                                                                 
              1.7         2.3       1.5 -   2.5                                
     CaO      0.1         0.2       0.2 -   0.8                                
     MgO      Trace       0.2       0.1 -   0.6                                
     Alkalies 0.3         0.08      0.5 -   1.0                                
     ______________________________________                                    
PAC  EXAMPLE II
PAR  Following the scheduled shutdown of the chlorinator of Example I, eroded
      refractory brick was replaced and treated with pigmentary titanium dioxide
      in accordance with the procedures of Example I. The chlorinator was
      operated continuously for 60 days until a scheduled shutdown. Inspection
      of the refractory lining showed that treated refractory brick suffered
      little or no deterioration, while untreated brick was substantially
      eroded.
PAR  Examples I and II show that treatment of a dry assembly of refractory brick
      with refractory metal oxide, e.g., finely divided titanium dioxide,
      prolongs the life of the refractory brick and permits the operation of the
      process (chlorination) in the vessel containing the treated refractory for
      extended periods of continuous operation until scheduled shutdowns.
PAC  EXAMPLE III
PAR  Refractory brick in the working section of the chlorinator of Example I are
      treated with finely divided aluminum oxide (Al.sub.2 O.sub.3) in the
      manner described in Example I. Other sections of refractory brick in the
      disengaging section of the chlorinator are treated with pigmentary
      titanium dioxide in the manner described in Example I. The chlorinator is
      then operated continuously until a scheduled shutdown. Refractory brick
      treated with the aluminum oxide and titanium dioxide are then inspected
      and show little or no deterioration in comparison with untreated
      refractory brick cemented together with bonding mortar.
PAC  EXAMPLE IV
PAR  The chlorinator of Example III is operated with zircon treated refractory
      brick in the working section (instead of aluminum oxide treated brick) and
      pigmentary titanium dioxide treated brick in the disengaging section until
      a scheduled shutdown. Results similar to that of Example III are observed.
PAR  While there are above described a number of specific embodiments of the
      present invention, it is obviously possible to produce other embodiments
      and various equivalent modifications thereof without departing from the
      spirit of the invention.
PAR  Having set forth the general nature and specific embodiments of the present
      invention, what is claimed is set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dry assembly of refractory bricks wherein joints between individual
      bricks are grouted with material consisting essentially of substantially
      dry, finely divided, free flowing refractory metal oxide powder having a
      melting point greater than the temperature to which the refractory brick
      is exposed, the exposed faces of said grouting consisting essentially of
      said refractory metal oxide powder.
NUM  2.
PAR  2. An assembly according to claim 1 wherein the refractory metal oxide is
      selected from the group consisting of the oxides of silicon, titanium,
      zirconium, magnesium, aluminum and mixtures thereof.
NUM  3.
PAR  3. An assembly according to claim 1 wherein the refractory metal oxide is
      titanium dioxide.
NUM  4.
PAR  4. An assembly according to claim 3 wherein the titanium dioxide is
      pigmentary titanium dioxide.
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ABST
PAL  A one-story building having a concrete foundation, a wooden roof and
      interior and exterior walls of precast concrete panel construction, the
      walls being formed from precast concrete panels and installed in place
      without benefit of rigid interconnecting joints therebetween.
      Additionally, the wall panels are connected to the foundation at their
      bottom ends, and to the wooden roof at their upper ends, by means of
      nonrigid, as opposed to rigid, connection. Each of the exterior wall
      panels has an inner, structural slab of steel-reinforced concrete, a thin
      intermediate layer of a compressive, insulative material and an equally
      thin outer layer, or skin, of wire-reinforced concrete. The interior walls
      of the building are interrupted by door openings, or the like, to permit
      expansion and contraction of each wall segment as an independent unit.
      Because of the lack of rigid structural ties between the separate panels
      of the building walls, and between the wall panels and other parts of the
      building, each of the panels is free to move independently without
      creating strains in the overall structure that could lead to cracking or
      spalling of its walls. Also, the intermediate layers of compressive,
      insulative material in the exterior wall panels cooperate to form a
      pliable cocoon around the structural inner portion of the exterior wall
      shell which serves to insulate that portion of the shell from ambient
      temperature extremes and cushions the outer skin from the force of
      movements within the wall proper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an improved building of precast
      concrete panel construction, and more particularly to such a building with
      inherent resistance to cracking, spalling, and other deteriorative
      reaction to the influence of temperature extremes, weather conditions,
      siesmic forces, and the like.
PAR  Precast concrete panels, reinforced with steel, have been used for some
      time in building construction to take advantage of the desirable
      properties of concrete as a building material. In presently employed
      building techniques, however, rigid structural ties are used between
      precast wall panels, as well as between the panels and building roofs and
      foundations, and this practice results in cracking, spalling, and/or other
      deterioration of the concrete after it has been subjected to ambient
      temperature variations and the influence of strong winds, siesmic
      movements, etc., over a period of time, sometimes of relatively short
      duration. One reason for this is the tendency of concrete to expand in all
      directions under heat excitation and the consequent creation of structural
      stresses in rigid connections between the panels or between the panels and
      other parts of the building. Because the connections are rigid, something
      must eventually give, either the connections themselves or the panels at
      their weakest points (or at predictable intervals). Damage to the panels
      also occurs when they are subjected to erratic wind, siesmic, or other
      forces which cause strains at rigid points of connection therebetween
      leading to breakage of the panel connections and/or cracking, spalling,
      etc., of the panels themselves.
PAR  The exterior walls of buildings of precast concrete panel construction are
      often provided with a decorative skin of stucco or the like. This skin is
      normally applied to the building walls after they are erected, a rather
      expensive process, involving relatively high labor costs. The stucco, or
      equivalent, skin is adherent to the concrete walls surfaces, and thus all
      stresses and strains on the walls as a result of temperature, weather,
      siesmic, etc., influences is transmitted directly thereto. Consequently,
      any cracking, spalling, or other unsightly damage to the walls as a result
      of such stresses and strains is likewise transmitted directly to the skin.
      Finally, the stucco-coated walls of conventional concrete panel buildings
      have little insulative protection from ambient temperature changes since
      the stucco skins, or coatings, of these walls have essentially no
      insulating ability. Thus, such walls are exposed to approximately the full
      range of temperature variation between furnace-like summer days and
      freezing winter nights, and are thereby subject to a high probability of
      damage as a result of the interaction of rigidly fastened concrete panels
      under such conditions.
PAR  To summarize, concrete has many advantages as a building material, but it
      also has characteristics which lead to its gradual deterioriation when
      employed in presently conventional precast concrete panel buildings. An
      economical means of utilizing precast concrete panels for the construction
      of buildings in a way to negate these disadvantages, and thus realize the
      full potential of concrete as a strong, free-form building material, would
      be a boon to the building industry. If such means could be provided which
      would permit a reduction in building costs below the costs of conventional
      precast concrete panel construction work, everyone involved, including, in
      particular, home buyers, would benefit. To date, however, no way of
      accomplishing these highly desirable results has, to my knowledge, been
      proposed.
PAC  SUMMARY OF THE INVENTION
PAR  I have now, by this invention, provided a means of constructing a building
      with precast concrete panel walls absent the inherent propensity of
      conventional precast concrete buildings toward gradual deterioration as a
      result of expansion and contraction of their wall panels with temperature
      changes; relative movement of the panels under wind, siesmic, and other
      outside forces; etc. I accomplish these highly desirable results by
      deviating from standard building procedures in the construction of
      one-story buildings in ways which, I have found, lead to finished
      buildings uniquely immune to deterioration of the above-indicated type.
      One distinctive feature of the resulting buildings is the absence of any
      rigid structural connections between the precast concrete panels from
      which their walls are formed. My novel buildings are typically provided
      with concrete foundations and wooden roofs, and the precast wall panels
      are connected by nonrigid fastening means to the foundations at the
      bottom, and by other nonrigid fastening means to the roofs at the top.
      Each panel is therefore free to expand or contract under the influence of
      temperature changes independently of any other panel, or to move
      independently of any other panel under the influence of weather or siesmic
      forces. There is thus no interaction of the panels at rigid tie points,
      and consequently, no tendency of the panels to crack, spall, or otherwise
      deteriorate as a result of such interaction.
PAR  The unique buildings of this invention are each provided with a cocoon, or
      envelope, of a compressive, insulative, weather impervious material around
      its exterior wall surfaces. Typically, this cocoon, rather than being in
      the form of a continuous coating or jacket, is made up of a plurality of
      coterminous layers of suitable material, preferably rigid polyurethane
      foam, adherent to the outer surfaces of the concrete panels forming the
      exterior walls of the building. A continuous skin, preferably of
      wire-reinforced concrete, overlies the cocoon to provide a decorative
      finish for the building in its preferred form. One good way of providing
      these cocoon- and skin-encased building walls is to form the precase
      exterior wall panels complete with intermediate layers of the compressive,
      insulative, weather impervious material and outer layers of
      wire-reinforced concrete skin, so that it is a relatively simple matter to
      thereafter erect the walls by assembling the panels in their proper
      positions at the building site and providing certain finishing touches,
      described hereinafter, for converting the separate panel skins into a
      continuous covering for the exterior wall surfaces. This method of
      construction results in a building with an exterior shell of structural
      concrete having an outer decorative skin overlying a layer of compressive
      material forming an insulative cocoon between the structural concrete and
      skin. The structural concrete portion of the wall shell is thus insulated
      from ambient temperature excesses and maintained pretty much at the
      prevailing (and more constant) temperature environment of the building
      interior. The wall shell panels, consequently, undergo far less expansion
      and contraction from temperature changes then do their uninsulated
      counterparts in precast concrete buildings of conventional construction,
      hence are less subject than the latter to cracking, spalling, etc., as a
      result of such expansion and contraction.
PAR  In addition to providing thermal insulation for the structural concrete
      portion of the exterior wall shell of the novel building of this
      invention, the aforesaid cocoon serves as a shock absorbing cushion
      between that portion and the skin of the wall shell. The presence of this
      cushion permits the structural inner portions of the wall panels to move
      with minimal shock effect on the skin so that the latter is protected
      against the cracking, or other, damage, which could obviously result from
      the shock effect it would experience in the absence of the cocoon. Besides
      insulating the structural portion of the exterior wall shell from ambient
      temperature extremes, and mechanically isolating the skin from the
      structural portion of said shell, the compressible cocoon helps
      weatherproof the building against moisture seepage, drafts, etc., during
      stormy weather.
PAR  If the building has interior walls, as it normally will have, the panels
      forming these walls must, of necessity, be interrupted by door openings,
      hallway entrances, intersections with other wall panels, and the like, to
      allow them to expand, contract, etc., without developing cracks, spalling,
      or otherwise damaging themselves in a way to lessen their eye-appeal or
      deleteriously effect the integrity of the building structure and thereby
      create maintenance problems. Where an interior wall panel terminates at
      the latch side of a door opening, the space between the latch jamb of the
      opening and the closed door must be large enough to permit free expansion
      of the panel without interference from the door. When an interior wall
      panel abuts an exterior wall, the panel can expand and push against the
      wall without damage to either, since the pushing force is absorbed by the
      cocoon of compressive material around the exterior wall shell.
PAR  Because the unique buildings of this invention require no rigid structural
      ties between wall panels and, as will be seen, the exterior wall panels
      can be precast in sufficiently finished form to minimize the need for
      touchup work after erection, the buildings can be completed faster, and
      with less experienced workers, hence at lower cost, than can presently
      conventional buildings of concrete panel construction. The plastic
      properties of concrete, as will be appreciated by those skilled in the
      art, give designers the freedom to design buildings within the scope of
      this invention of attractive appearance and great aesthetic appeal, since
      their designs need not be compromised to allow for the movement of
      concrete under various external forces or influences, as such designs must
      be in the case of conventional concrete buildings. The novel buildings of
      this invention possess the necessary structural integrity to meet any
      presently existing code requirements, even those in zones of the highest
      siesmic activity. Moreover, the buildings can be more easily inspected
      than conventional concrete panel buildings, a mere visual check of the
      number and spacings of certain standard connections between building parts
      being sufficient for the purpose, as will shortly become evident.
      Widespread adoption of the building techniques taught herein would
      undoubtedly lead to lower demands on available timber resources, an
      ecologically beneficial result, at least in the eyes of environmentalists.
PAR  From the foregoing, it will be evident that the novel precast concrete
      panel buildings of this invention are highly resistant to the cracking,
      spalling, and other deteriorative tendencies of concrete panel buildings
      of conventional design. It is thus a principal object of this invention to
      provide concrete-walled buildings capable of withstanding the rigors of
      seasonal temperature changes, extremes of weater, siesmic forces, and the
      like, without any, or very little, consequential cracking or other
      unsightly damage.
PAR  Another object of the invention is to provide such buildings of more
      attractive appearance, greater durability, lower initial cost and lower
      upkeep than concrete-walled buildings of presently conventional design.
PAR  Other objects, features, and advantages of the invention will become
      apparent in the light of subsequent disclosures herein.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a one-story dwelling with walls of precast
      concrete panel construction in accordance with this invention, the
      location of a hidden seam between two adjoining panels in an exterior wall
      being shown in dashed lines.
PAR  FIG. 2 is an enlarged fragmentary sectional view of an exterior wall of the
      dwelling, taken along line 2--2 of FIG. 1 through the aforesaid seam
      between adjoining wall panels, and showing, additionally, a fragmentary
      section of an interior wall panel abutting the exterior wall at said seam.
PAR  FIG. 3 is a fragmentary sectional view of the two adjoining panels, but
      showing the panels in spaced apart relationship to illustrate how
      reinforcing wire segments extending from the edges of outer layers of skin
      on the panels cooperate at the aforesaid seam to help provide skin
      continuity thereacross.
PAR  FIG. 4 is an enlarged fragmentary perspective view taken partly in section
      through adjoining exterior wall panels at the right-hand corner of the
      dwelling, as seen in FIG. 1, a portion of the skin over the seam between
      the panels being shown stripped from reinforcing wire embedded therein to
      illustrate how the wire is employed to reinforce the skin at the seam.
PAR  FIG. 5 is a fragmentary cross-sectional view of the adjoining wall panels
      of FIG. 4, but showing the panels separated to indicate how the
      reinforcing wire is employed to reinforce the skin at said seam, the
      panels being depicted in positions of 90.degree. rotation from their FIG.
      4 positions to achieve a more balanced drawing layout.
PAR  FIG. 6 is an enlarged fragmentary view, mostly in vertical section, through
      nonrigid fastening means between an exterior wall panel of the dwelling
      and a concrete foundation, not visible in FIG. 1, forming a part of said
      dwelling.
PAR  FIG. 7 is a fragmentary view of the nonrigid fastening means, taken mostly
      in section along line 7--7 of FIG. 6.
PAR  FIG. 8 is an exploded perspective view of various components cooperating to
      form said nonrigid fastening means, the components being arranged as they
      would appear if seen in exploded relationship from an elevated vantage
      point to the right of their FIG. 7 position.
PAR  FIG. 9 is an enlarged fragmentary view, mostly in vertical section, through
      an interior wall panel and the roof of the FIG. 1 dwelling, taken along
      line 9--9 of FIG. 1 and showing nonrigid fastening means between the panel
      and roof constituting an important feature of the invention.
PAR  FIG. 10 is a fragmentary perspective view, partly in vertical section, of
      the upper portion of one of the panels of the visible exterior wall of the
      FIG. 1 dwelling, portions of the outer skin on the panel (except for the
      reinforcing wire embedded therein) and a layer of compressive, insulative,
      weather impervious material underneath the skin being shown broken away.
PAR  FIG. 11 is a fragmentary, cross-sectional, downwardly directed view through
      a portion of an interior wall panel framing one side of a doorway in a
      building constructed in accordance with this invention, and a portion of a
      door occupying the opening, the door being shown closed to reveal a spaced
      relationship between it and the panel constituting an important feature of
      the invention.
PAR  FIG. 12 is a downwardly directed view showing the wall arrangement and
      floor plan of another embodiment of a dwelling in accordance with this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Considering now the drawings in greater detail, with emphasis first on FIG.
      1, there is shown generally at 8 a dwelling having a wooden roof 9 and
      exterior walls of reinforced concrete panel construction, the exterior
      wall of one side of the dwelling being shown at 10. The wall 10 is formed
      from two equally sized precast concrete panels 12 and 14, respectively,
      reinforced with steel rods in accordance with standard procedures known to
      those skilled in the art. The panels 12 and 14 are supported on a concrete
      foundation, not visible in FIG. 1 but shown fragmentarily in FIGS. 6 and
      7, in a manner subsequently to be described. The panels are erected in
      coplanar relationship and spaced slightly (preferably three-eighths inch)
      apart, the position of the resulting space or "seam" being indicated by
      the dashed line 11 in FIG. 1. Panels 12 and 14 are not fastened rigidly
      together, as are the panels of conventional precast concrete building
      walls, but the space therebetween is filled with a suitable material of
      resilient character such as, for example, mastic caulking. Mastic caulking
      is a commercially available material well known to contractors and others
      skilled in the building construction arts.
PAR  FIG. 2 shows a cross section through the seam between panels 12 and 14, the
      filler material being indicated by the reference numeral 26. The precast
      concrete panels forming those exterior walls of dwelling 8 not shown in
      the drawing are of similar structural character to panels 12 and 14, but
      differ in width as necessary to satisfy the wall dimensions of the
      dwelling. Some of these other panels also differ in certain structural
      details from panels 12 and 14 to permit the joinder of wall panels at the
      corners of the dwelling, as will be explained. A fragmentary portion of
      one such panel which cooperates with panel 14 to form the right-hand
      corner of dwelling 8, as seen in FIG. 1, is shown in cross section at 35
      in FIGS. 4 and 5.
PAR  Each of the exterior wall panels of dwelling 8 can be precast with
      conventional precasting equipment such as employed in the casting of
      ordinary concrete building panels. Although made with conventional casting
      equipment, however, these exterior wall panels differ from ordinary
      precast concrete panels in several important respects. More specifically,
      each of the exterior wall panels of building 8 is formed with an inner
      structual slab, preferably four inches thick, substantially identical to a
      conventional precast wall panel; an adherent intermediate layer,
      preferably one inch thick, of a compressive, insulative, weather
      impervious material; and an adherent outer layer, or skin, preferably one
      inch thick, of wire-reinforced concrete. The intermediate layer of
      compressive, insulative, weather impervious material is formed from an
      otherwise suitable material having a yield point below that of concrete
      and sufficient resiliency to act as a shock absorbing cushion in the
      manner taught herein, the preferred material being rigid polyurethane
      foam. Other materials suitable for the purpose include styrofoam, celotex,
      and the like. The compressive intermediate layer of material in panel 12
      and the outer skin on that panel are shown at 16 and 20, respectively, and
      their counterparts on panel 14 at 18 and 24, respectively, in FIGS. 2 and
      3.
PAR  The inner slab, or structural portion, of each of the exterior wall panels
      is reinforced with crossing steel rods, not shown, properly positioned in
      accordance with good building practice, and appropriate building code
      requirements where applicable, and the reinforcing wire for the outer skin
      is anchored in position in properly spaced relationship, again in
      accordance with good building practice, with the inner structural portion
      of the panel, by means of hooked wire pins. Each of the wire pins has a
      straight shank extending substantially perpendicularly through the
      compressive, insulative intermediate layer of the wall panel, and into the
      inner concrete slab, and is hook-shaped at its outer end to engage the
      reinforcing wire in the outer skin of the wall panel. Representative ones
      of these wire pins are shown at 84 in FIGS. 2 and 10, FIG. 2 in particular
      showing how the pin shafts extend through intermediate layers 16 of panel
      12 and into the concrete slab, indicated by the reference numeral 98 of
      that panel, and how the hooked ends of the pins engage the reinforcing
      wire, indicated by the reference numeral 31, to hold the wire in position
      in skin 20. The reinforcing wire for the concrete skin of the panels is
      standard "chicken wire" of the type employed in stucco finishing work, and
      is embedded in the skin similarly to the way such wire is embedded in
      conventional stucco wall finishes. The exterior wall panels of my
      invention can, if desired, be finished with a stucco skin, rather than the
      concrete skin described above, although the latter is preferred. The
      principal distinction between these two types of skin is in the manner of
      application, stucco, as that term is normally understood in the building
      trades, being a finish coating applied to standing walls, and my concrete
      skin being a coating applied to the wall panels in the precasting process.
      The center spacing of the reinforcing wire pins in the concrete skin on my
      novel building panels can be determined in the same way as the center
      spacing of anchoring pins, or the like, for stucco reinforcing wire.
PAR  A preferred procedure for casting my external wall panels with conventional
      precasting equipment is to first cast the inner wall slab of each panel in
      a casting machine and, while the concrete is still soft, place the
      intermediate layer of compressive, insulative, weather impervious material
      in position on the slab. As the concrete hardens, a mechanical bond is
      formed between the slab and the compressive material which tends to hold
      the latter in position. Preferably, but not necessarily, before the
      concrete hardens, the skin reinforcing pins (84) are inserted through the
      layer of compressive material and into the concrete slab. The skin
      reinforcing wire is next positioned so that the hooked ends of the pins
      help to hold it in place, and the concrete outer skin is then formed by
      the machine as a surface or finish layer on the wall panel.
PAR  For a reason soon to be explained, the exterior wall panels of this
      invention are formed with their outer skins indented at adjoining edges,
      the extent and character of the resulting indentations of the outer skins
      of the panels 12 and 14 at the adjoining edges of the panels being shown
      at 32 and 34, respectively, in FIG. 3. The indentations occur only in the
      concrete skins themselves, and not the reinforcing wire embedded in those
      skins, the wire being cut to extend beyond the adjoining edges of the
      panels, as illustrated at 28 and 30, respectively, in FIG. 3. When
      adjacent panels are erected in proper alignment, as in the case of panels
      12 and 14 in dwelling 8, the extending edges of the reinforcing wire from
      the indented, facing edges of their outer skins overlap in the manner
      illustrated at 86 in FIG. 4 (which, although it occurs at a corner joint,
      rather than at the butt joint between panels 12 and 14, is aptly
      illustrative of the type of wire overlap under present consideration).
      Preferably, the confronting edges of skin flanking the panel seams are
      indented about two inches from the edges of the adjoining panels and the
      distance of reinforcing wire extension from the skin boundary on each
      panel is sufficient to permit the wire to reach substantially, or very
      nearly, across the gap between the two skin boundaries when the panels are
      erected in position for use on a building foundation or the like. After
      the adjoining panels are so erected, the aforesaid gap is filled in with
      concrete to hide the panel seam and provide continuous skin coverage from
      panel to panel. The overlapping segments of reinforcing wire in the gap
      furnish good continuity of skin reinforcement thereacross to hold the
      strip of filler concrete at the panel seam firmly in position.
PAR  A thin strip of polyurethane foam, or equivalent material, can be inserted
      in the gap between the facing edges of the intermediate layers of
      compressive material in adjacent panels, but this is not necessary since
      the small space (preferably, as noted above, three-eighths inch)
      therebetween is of insufficient magnitude to require such tedious
      measures.
PAR  As previously indicated, the corner joints of the exterior walls of
      dwelling 8 differ from the butt joints between the wall panels. Thus, at
      each corner joint, the intermediate layer of compressive material extends
      around an edge of one of the adjoining wall panels, and the outer layer of
      skin extends part way around this edge to a terminus indented from the
      outer edge of the layer of compressive material. The distance of
      indentation of this outer skin is the same as that of each of the
      confronting skin boundaries on panels 12 and 14, this being preferably 2
      inches, as pointed out above. See, in this connection, FIG. 4, which
      shows, in fragmentary perspective, a sectional view through the right-hand
      corner (as seen in FIG. 1) of the exterior wall shell of dwelling 8. The
      adjoining corner panels of FIG. 4, previously identified as panels 14 and
      35, are disposed at right angles to one another and positioned to form a
      seam comprising a three-eighth-inch space filled with mastic caulking, as
      shown at 37. The intermediate layer of compressive material in concrete
      panel 35 is shown at 41, this material being preferably rigid polyurethane
      foam, as in the case of the intermediate compressive layers of panels 12
      and 14. The outer skin on panel 35 is shown at 42. A part of this skin
      extends around the corner edge of the panel, as shown at 38, and
      terminates in a boundary 39. The terminal edge of the indented skin of
      panel 14 confronting boundary 39 of the skin on panel 35 is shown at 43 in
      FIG. 4. The space between the indented edges 39 and 43 of the outer skins
      of panels 35 and 14, respectively, is filled with concrete similarly to
      the way the corresponding space at seam 11 is filled. Here, as in the case
      of the joint between panels 12 and 14, reinforcing wire extends outwardly
      from the indented, confronting edges of the skins of panels 14 and 35 far
      enough to permit overlap of the resulting strip of exposed wire in the
      space between said confronting edges, as shown at 86, previously referred
      to, in FIG. 4. These overlapping layers of wire serve the purpose
      discussed at some length above in connection with the joint between panels
      12 and 14. The separate wire layers are shown at 92 and 94, respectively,
      in FIG. 5, which is a cross-sectional view of fragmentary portions of
      panels 14 and 35 in spaced-apart relationship to illustrate the manner in
      which the wire segments extend from their respective skin panels, and the
      degree of extension of said segments from said skins. In FIG. 5, panels 14
      and 35 are rotated 90.degree. from their FIG. 4 positions to give better
      form and balance to the drawings.
PAR  Dwelling 8 has a foundation 45 with a peripheral sill 52 adapted to snugly
      receive and support the exterior wall panels of the building, said sill
      being backed by a vertical riser 54, all as shown fragmentarily in FIG. 6.
      The exterior wall panels are erected in position on the sill 52, and are
      fastened to the foundation by means of a plurality of bolts (preferably
      3/4-inch bolts) and cooperating inserts, which latter are molded into the
      panels and foundation in the below-described manner. One of the bolts is
      shown at 58 in FIGS. 6 and 7, and the cooperating inserts consist of a
      plurality of internally threaded bolt-receiving inserts 46 and an equal
      plurality of slotted plate inserts 48 (one of each of which can be seen,
      in various views, in FIGS. 6, 7 and 8). The bolt-receiving inserts 46 are
      commercially available, off-the-shelf items, consisting of female members
      sized to receive the aforesaid bolts in threaded engagement. Each of the
      inserts 46 has a pair of anchor rods (preferably formed from 1/4-inch
      diameter steel reinforcing rod stock) welded thereto in parallel
      relationship, as best shown in FIG. 8 where a pair of the rods can be seen
      at 60. The bolt-receiving inserts are spaced equidistantly from the bottom
      of the exterior walls of dwelling 8, preferably at 6-foot intervals
      therearound, at a height less than the height of the vertical riser 54
      above the sill 52 of the foundation 45.
PAR  The slotted plate inserts 48 are mounted in foundation 45 directly opposite
      the bolt-receiving inserts 46 in the exterior wall panels. To make this
      possible, the foundation is formed with a plurality of suitably sized
      pockets (preferably 4 inch .times. 4  inch .times. 3 inch pockets) around
      the periphery of riser 54, one such pocket being shown at 56 in FIG. 6 and
      7. The foundation is poured with one of the slotted plate inserts 48
      positioned across the outer opening of each of the pockets in the manner
      illustrated in FIGS. 6 and 7. The insert is simply a rectangular plate
      with a centered longitudinal slot 51 (see FIG. 8), and it has a pair of
      angled anchor rods 50 fixedly secured thereto in the positions shown in
      FIGS. 7 and 8. The rectangular plate is preferably of 4 inch .times. 1/4
      inch .times. 10 inch size and formed from cold-rolled steel stock. The
      anchor rods 50 are preferably 12-inch lengths of 1/2-inch diameter
      concrete reinforcing rod stock, each bent so that about a quarter of its
      length is weldably securable to the inner face of one of the inserts,
      leaving the remaining length free to angle inwardly into the body of the
      concrete foundation, all in the manner illustrated in FIG. 7, where the
      shortened portions of a pair of anchor rods are shown at 53, and the
      angled, longer portions of the rods are shown at 55.
PAR  The slotted plate inserts are positioned so that their slots 51 leave the
      openings of the bolt-receiving inserts 46 in the wall panels free to
      receive the bolts 58, after the wall panels are erected in position on
      foundation 45, into the bolt-receiving inserts 46 through the slots in the
      plate inserts 48, and drawn snug. Since the bolts are merely drawn snug,
      rather than being torqued into a tight fit, the resulting connections
      between the panels and the foundation are structurally flexible, and not
      rigid. After the exterior wall panels have been secured to foundation 45
      by means of bolts 58 and the cooperating hardware described above, the
      pockets 56 are filled in, preferably with concrete (either regular
      concrete or a dry concrete filler which requires no water and is free of
      shrinkage upon setting, the latter being a readily available product known
      to those skilled in the art as "Dry Pack"), although any suitably
      equivalent filler material can, if desired, be used in lieu of concrete.
PAR  The panels forming the exterior walls of dwelling 8 serve as vertical beams
      for the support of the wooden roof 9 of the dwelling. The roof and wall
      panels are, of course, joined together, but here again, as in the case of
      the connections between the panels and foundation, those between the
      panels and roof are of nonrigid character. These results are achieved by
      providing wooden top plates for the exterior walls, preferably
      two-by-fours secured in place by means of anchor bolts 64 (preferably 5/8
      .times. 12-inch bolts) passing upwardly through the top plates from the
      concrete wall panel slabs at appropriate intervals (preferably 6-foot
      intervals) in the manner illustrated in FIG. 9, which shows one such
      anchor bolt holding a top plate 62 in position on the wall panel 12, with
      the help of a nut 65. The top plate 62 runs along the inner structural
      (concrete slab) portion of the wall panel, which is 2 inches shorter than
      the intermediate compressive and outer skin layers of the panel. On the
      top plate, between neighboring pairs of rafters and joists of the roof
      structure, conventional horizontal and vertical blocking members are
      nailed in place in accordance with conventional building procedures. In
      FIG. 9, the horizontal blocking is illustrated at 66 and the vertical
      blocking at 68, the horizontal blocking being cut from 2-by-4 lumber and
      the vertical blocking from two-inch thick lumber of sufficient width for
      the purpose. The nails, not shown, fastening the blocking to top plate 62
      provide nonrigid fastening means between the roof and external walls of
      dwelling 8. This, coupled with the flexible nature of the wooden roof, or
      diaphragm, as such a roof is sometimes referred to by builders, virtually
      eliminates any possibility of damaging stresses or strains on or in the
      dwelling walls as a result of interaction between the walls and roof.
PAR  As previously indicated, the interior wall panels of buildings constructed
      in accordance with this invention are interrupted by door openings and the
      like to permit unhindered expansion and contraction of the panels without
      localized stress buildup and the deteriorative effect of such buildup on
      the interior walls of said buildings. FIG. 12 is included to illustrate
      various ways in which the interior walls of my novel buildings can be
      interrupted for purposes of this invention. That figure is a diagrammatic
      view of the walls and floor plan of a prototype building in accordance
      with this invention, looking down from a plane just below the roof of said
      building. Where the vertical edge of an interior wall panel is dressed to
      serve as the jamb for the latch side of a doorway opening, a suitable
      space must be provided between the jamb and the closed door to permit the
      wall panel to expand without jamming the door. FIG. 11 illustrates, at 79,
      such a space between the door jamb 78 at one edge of an interior wall
      panel 76, and a cooperating door 80. Because the interior wall panels of
      my novel building are protected from exposure to the weather, and for
      other apparent reasons, those panels are merely precast, reinforced
      concrete slabs, preferably 4 inches thickn rather than laminated panels
      with layers of compressive material and skin such as the exterior wall
      panels.
PAR  By virtue of its manner of construction, dwelling 8 has an exterior wall
      shell consisting of an inner structure of reinforced concrete formed by
      the concrete slab portions of adjacent panels, encased by a cocoon of
      compressive, insulative, weather impervious material and finished off with
      a decorative skin of wire-reinforced concrete. The exterior wall panels
      are connected to a concrete building foundation at the bottom and to a
      wooden roof at the top by nonrigid fastening means. As a result of this
      method of construction, the wall panels are free of rigid contact with
      each other or separate parts of the building, and can therefore move
      individually without creating stresses and strains of a damaging type at
      rigid tie points or elsewhere. The compressive, insulative, weather
      impervious cocoon protects the inner structure of the exterior walls from
      ambient temperature excesses to minimize contraction and expansion of the
      concrete slabs forming that structure and thereby reduce the possibility
      of wall damage, as a result of panel movement, even further. The
      intermediate layer of compressive, insulative, weather impervious material
      also serves as a cushion between the inner structure and outer skin of the
      wall shell to absorb forces which would otherwise be transmitted to the
      skin as a result of movements of the concrete slab panels forming said
      structure.
PAR  The exterior wall panels of precast concrete buildings are generally
      erected with 3/8-inch spaces, more or less, therebetween, since it is
      impracticable to attempt building construction with closer tolerances than
      this. In building 8, these spaces are filled with a suitably resilient
      material, such as mastic caulking or the like. I have found in practice,
      however, that the problem of filling the spaces can be simplified by
      utilizing a concrete filler of some sort, for example. Dry Pack, in
      conjunction with mastic caulking or its equivalent, the concrete filler
      being packed in each space to narrow the opening to a thickness of
      approximately one-eighth-inch, and the resilient filler then being packed
      into the reduced opening. Good building practice requires that the spaces
      between aligned panels in the exterior walls of my novel buildings be
      covered on the inwardly facing sides of the walls, where possible, by
      abutting interior wall panels. This manner of coverage is illustrated in
      FIG. 2, which fragmentarily shows an interior wall panel 96 abutting the
      exterior wall formed by panels 12 and 14 so as to cover the filled space,
      or seam, therebetween. The resulting T-joint space (shown at 99),
      similarly to the space between panels 12 and 14, is filled with mastic
      caulking or the like.
PAR  While the use of a resilient filler (with or without a cooperating concrete
      or equivalent filler) in the spaces between the wall panels of my novel
      buildings is generally desirable, there are at least some instances within
      the scope of my invention where such spaces can be left partially, or even
      entirely, unfilled. These include instances in which the spaces are
      concealed from view in some way, such as, for example, in the case of the
      seam 11 space between panels 12 and 14 of dwelling 8. Where a resilient
      filler is employed, however, it should, for best results, be one which has
      weatherproofing characteristics, mastic caulking being a prime example of
      such as material,
PAR  While the novel building construction of this invention has been herein
      illustrated and described in what are considered to be preferred
      embodiments, it will be appreciated by those skilled in the art that
      various departures may be made therefrom within the scope of the
      invention. Some of these departures have already been mentioned, and
      others will occur to those skilled in the art in the light of present
      teachings. In summary, the scope of the invention extends to all variant
      forms thereof encompassed by the language of the following claims.
CLMS
STM  What I claimed is:
NUM  1.
PAR  1. A structure comprising an exterior wall shell encircling an interior
      area, which wall shell cooperates with roof and foundation means to form a
      building:
PA1  a. said exterior wall shell being formed from precast wall panels, each
      panel comprising an inner slab of reinforced concrete constituting the
      main or structural part of the panel and a layer of compressive,
      insulative material adherent to the outer face of said slab;
PA1  b. said panels being arranged in slightly spaced apart side-edge to
      side-edge adjacency, with their concrete slab portions facing toward said
      interior area, to form said exterior wall shell;
PA1  c. said exterior wall shell having a continuous layer or reinforced
      surfacing material adherent to the layers of compressive, insulative
      material on the concrete slab portions of said panels, which continuous
      layer forms a continuous integral outer skin from panel to panel on said
      shell;
PA1  d. the layers of compressive, insulative material adherent to the concrete
      slab portions of said panels cooperating to form a cocoon around said slab
      portions and thereby insulate the latter against ambient temperature
      extremes and act as a shock absorbing cushion between said slab portions
      and said layer of reinforced surfacing material to protect the latter
      against damage from any movements of said concrete slab portions in the
      exterior wall shell of said structure;
PA1  e. said exterior wall shell having no connecting means between the inner
      slabs of said wall panels which prevent relative movement therebetween
      during conditions of use, and said structure including cooperating
      fastening means for interconnecting said wall panels and said roof and
      foundation means;
PA1  f. said cooperating fastening means being attached to said panels only at
      their inner slab portions and being adaptable to permit sufficient
      movement of the wall panels relative to said roof and foundation means
      whereby each panel is mechanically insulated from its adjacent structural
      environment to the extent that stress interaction between the panel and
      said environment, as a result of the influence of ambient and
      environmental conditions on the structure, is substantially avoided, and
      physical deterioration of the exterior wall shell of the sort brought
      about by such stress interaction between precast concrete wall panels, and
      between said panels and their adjacent structural enviroment, in a
      conventional building with precast concrete panel walls is substantially
      obviated.
NUM  2.
PAR  2. A structure in accordance with claim 1 in which each of the precast
      panels from which said exterior wall shell is formed has, in addition to
      said inner slab of reinforced concrete and said layer of compressive,
      insulative material, a portion of said outer layer of said reinforced
      surfacing material adherent to said layer of compressive, insulative
      material;
PA1  and in which said panels are designed so that there are greater spaces
      between the edges of the portions of the other layer of surfacing material
      on adjacent ones, when they are positioned in side-edge to side-edge
      adjacency to form said shell, than between the remaining portions of the
      panels;
PA1  and in which said exterior wall shell has a suitable filler occupying said
      spaces to unite said portions of the outer layer of surfacing material
      into said continuous layer constituting said skin on said shell.
NUM  3.
PAR  3. A structure in accordance with claim 2 in which the layers of
      compressive, insulative material on said precast wall panels forming said
      exterior wall shell comprise rigid polyurethane foam and the portions of
      the outer layer of reinforced surfacing material adherent to said layers
      of compressive, insulative material are layers of concrete reinforced by
      suitable reinforcing wire.
NUM  4.
PAR  4. A structure in accordance with claim 3 in which the edges of said
      portions of the outer layer of reinforced surfacing material bonding said
      spaces between said edges on adjacent panels are set back from the
      corresponding edges of said layers of compressive, insulative material,
      respectively, and said reinforcing wire extends outwardly from said edges
      of said portions of the outer layer to overlap in said spaces and provide
      reinforcement for said filler therein.
NUM  5.
PAR  5. A structure in accordance with claim 4 in which said interior walls are
      formed from reinforced precast concrete panels and no interior wall
      extends for more than the span of a single panel-width without
      interruption.
NUM  6.
PAR  6. A structure in accordance with claim 1 comprising a one-story building
      which has interior walls.
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PAL  The baseboard arrangement includes a fairing unit, which is used in
      conjunction with a baseboard member of the type comprised of a flat foot
      portion adapted to lie flat against a floor surface and a vertical
      wall-facing portion adapted to lie flat against the meeting wall surfaces
      of a projecting corner of a room or corridor, for example. The flat foot
      portion of the baseboard member is slitted in direction transverse to the
      elongation of the baseboard member, with the slit terminating at the
      vertical wall-facing portion of the baseboard member. Accordingly, the
      baseboard member, at the region of such slit, can be bent around the
      projecting corner, thereby causing the slit to spread and form a larger
      corner gap. The fairing unit includes two flat leg portions adapted to lie
      flat against the floor surface along the meeting walls of the projecting
      corner, underneath part of the foot portion of the baseboard member, and
      these leg portions enclose a substantially right angle. The fairing unit
      is furthermore comprised of a raised corner portion adapted to fill the
      corner gap in the bent baseboard member, and at least one vertical
      wall-facing portion adapted to lie flat against at least one of the
      meeting wall surfaces of the projecting corner, behind part of the
      vertical wall-facing portion of the baseboard member, and is connected to
      at least one of the leg portions along the inner edge of such leg portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to fairings for plastic baseboards.
PAR  In order to achieve a smooth transition between the floor and wall surfaces
      of a room use is nowadays made of baseboards which are almost universally
      of plastic material. Such plastic baseboards are essentially comprised of
      a flat foot portion which lies flat on the floor surface and of a vertical
      wall-facing portion which is joined to the foot portion at the inner edge
      of the latter and which projects vertically upwards and lies flat against
      the wall surface. Usually, the baseboard is held in place by means of
      cementing material connecting the baseboard to the floor and/or to the
      wall surfaces.
PAR  When laying down plastic baseboards of this type, difficulties have always
      arisen when the baseboard is to be made to travel around a projecting
      corner, e.g., a portion where two wall surfaces meet at right angles. If a
      plasticmaterial baseboard member is to be bent around a projecting corner
      of a room, and if no special steps are taken, the flat foot portion of the
      baseboard member, which is supposed to lie flat against the floor surface,
      will instead bulge upwards and bend up into contact with the edge of the
      projecting corner and even into contact with the wall-facing portion of
      the baseboard member. This is of course intolerable from an aesthetic
      viewpoint, and furthermore interferes with cleaning in the vicinity of
      this portion of the baseboard.
PAR  Accordingly, the baseboard foot portion, the portion which is to lie flat
      against the floor surface, is sometimes cut in the region of the baseboard
      which is to engage the projecting corner, in order to prevent the
      development of such a bulge. However, instead of the bulge, one now is
      presented with an unsightly interruption in the continuity of the foot
      portion of the baseboard member.
PAR  In order to avoid this discontinuity, use is sometimes made of two separate
      baseboard members, the foot portions of which are cut off at an angle of
      135.degree., so that when the two baseboard members are placed against the
      wall surfaces, their foot portions form a bevel-type joint. In actual
      practice, this expedient does not constitute a satisfactory solution,
      because the meeting free end portions of two such baseboard members tend
      not to be held tightly enough to the wall and floor surfaces at such
      corner. Generally, these meeting free end portions of the baseboard
      members become more or less detached within a time period as short as 4 to
      6 weeks.
PAR  Current practice is to stretch the foot portion of the baseboard member in
      the region where it is to engage the meeting wall portions of the
      projecting corner, and then to lay such properly deformed baseboard member
      into place. However, to effect the necessary stretching prior to laying
      down of the baseboard, resort must be had to methods which are relatively
      expensive and time-consuming to perform. Moreover, the expedient itself is
      usually not completely successful, and the stretching of the corner
      portion of the baseboard member will often not be exact enough to prevent
      the development of a bulge in the wall-facing portion of the baseboard
      member, just above the foot portion of the baseboard member.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the invention to provide a fairing unit which
      permits the laying of plastic baseboards around projecting corners in a
      neat, quick and relatively inexpensive manner.
PAR  This object, and others which will become more understandable from the
      description of specific embodiments, can be met, according to one
      advantageous concept of the invention, by providing a fairing unit
      comprised of a flat portion comprised of two flat leg portions which
      enclose between themselves an angle of about 90.degree., or somewhat more.
      The fairing unit further includes a raised corner portion intermediate the
      two flat leg portions, the raised corner portion being elevated above the
      upper surface of the two flat leg portions. The fairing unit is further
      comprised of vertical wall-facing portions which are joined to the flat
      floor-engaging leg portions at the inner edge portions of the leg
      portions. The fairing unit is cemented or otherwise secured in place,
      firmly hugging the projecting corner defined by two meeting wall surfaces
      and the adjacent floor surface. An elongated plastic baseboard member is
      then slit, in direction transverse to its elongation, across the entire
      foot portion thereof, the slit terminating at the wall-facing portion of
      the baseboard member. The baseboard member is then laid into place, being
      bent around the projecting corner, so that the two cut surfaces bounding
      the slit in the foot portion of the baseboard member spread apart to form
      a more or less right angle. These two cut surfaces abut tightly against
      the flanks of the raised corner portion of the fairing unit.
PAR  In preparation for the laying down of the baseboard member, the fairing
      unit is put into place against the adjoining floor surface. The bottom of
      the fairing unit is cemented to the floor surface, and the vertical
      wall-facing portions of the fairing unit are cemented to the wall
      surfaces. The fairing unit can be secured in place by other means, for
      example by means of nails. However, cementing is preferred. The slitted
      plastic baseboard member is then put into place in the manner described
      just above, and is cemented to the wall and to the adjoining surfaces of
      the fairing unit.
PAR  The leg portions and the vertical portions of the fairing unit permit a
      reliable cement connection with the free ends of the slitted foot portions
      of the baseboard member. When the baseboard member is laid down using a
      fairing unit according to the invention, no great force is required to
      effect the desired bending of the baseboard member around the projecting
      wall corner. Also, the securing in place of the fairing unit, the slitting
      of the foot portion of the baseboard member, and the subsequent laying
      down of the baseboard member in place upon the fairing unit and around the
      wall corner, all require relatively little time.
PAR  Instead of the exemplary fairing units illustrated in the drawing and
      described below, use could also be made of a simpler fairing unit in the
      form of a single angle member not provided with vertical wall-facing
      portions. Such a fairing unit would still exhibit many of the advantages
      of the fairing units illustrated herein. However, such simpler fairing
      units might be somewhat difficult to secure by means of cement because of
      their smaller surfaces. The same difficulty would arise with fairing units
      consisting essentially of a corner portion filling in the gap constituted
      by the spread-open slit which develops when the slitted baseboard member
      is bent around the projecting wall corner. But both above-mentioned
      embodiments are deemed to be advantageous embodiments according to the
      invention.
PAR  The facing surfaces bounding the slit in the foot portion of the base
      member, described above, should most advantageously tightly abut against
      the flanks of the raised corner portion of the fairing unit, so that no
      visible seam is formed, and so that the overall impression is a neat one.
PAR  Advantageously, the elevated corner portion of the fairing unit is located
      intermediate two lines which extend in direction perpendicular to the
      elongation of the leg portions of the fairing unit and which intersect
      where the inner edge portions of the two leg portions of the fairing unit
      meet with each other. This results in a gap-free connection between the
      raised corner portion of the fairing unit and the cut surfaces bounding
      the aforedescribed slit in the foot portion of the baseboard member.
PAR  Preferably, the two leg portions of the fairing unit enclose an angle
      greater than 90.degree.. The advantage of this resides in the
      consideration that the meeting wall surfaces of the projecting wall
      corner, particularly for example in the region of radiators and the like,
      may form an angle greater than 90.degree.. If the fairing unit is composed
      of readily deformable plastic material, then, if the angle enclosed by its
      leg portions is greater than the angle formed by the meeting wall
      surfaces, the leg portions can be bent together until the angle which they
      enclose equals the angle formed by the meeting wall surfaces. In such
      event, the fairing unit will bulge only in the region of its elevated
      corner portion, in downwards direction, and only slightly. This slight
      downwards bulging is scarcely noticeable, however, and can be ignored.
PAR  In dependence upon the angle expected to be formed by the meeting wall
      surfaces at the wall corner, the angle enclosed by the two leg portions of
      the fairing unit can be between about 90.degree. and about 110.degree..
      Experience has shown that an angle of about 100.degree. is particularly
      advantageous. In any event, the angle enclosed by the two leg portions of
      the fairing unit should not be smaller than the angle formed by the
      meeting wall surfaces in the region of the wall corner, since otherwise
      the fairing unit would bulge in upwards direction in the region of its
      elevated corner portion in response to bending of the leg portions thereof
      in a direction increasing the angle enclosed thereby; such bulging in
      upwards direction is to be avoided.
PAR  The elevated corner portion of the fairing unit will have side surfaces
      which enclose between themselves an angle having its vertex near the inner
      corner portion of the fairing unit, i.e., near the portion closest to the
      wall corner. Advantageously, this angle will be the 180.degree.supplement
      of the angle enclosed by the leg portions of the fairing unit. If the
      fairing unit is thusly configurated, it is assured that there will be no
      gaps at the side surfaces of the elevated corner portion of the fairing
      unit, and it is assured that the foot portion of the baseboard member will
      not overlap the elevated corner portion of the fairing unit. The
      assumption is that the leg portions of the fairing unit will always be
      bent together to such an extent as to include between themselves the same
      angle as is included between the meeting wall surfaces of the projecting
      corner.
PAR  In order that the portions of the fairing unit which underlie the foot
      portion of the baseboard member not be disagreeably conspicuous, it is
      advantageous to make the width of the flat leg portions of the fairing
      unit equal to the width of the foot portion of the baseboard member. If,
      on the other hand, the leg portions of the fairing unit are not be be
      visible whatsoever, then their width must be smaller than the width of the
      foot portion of the baseboard member.
PAR  Advantageously, the height of the raised corner portion of the fairing
      unit, measured up from the upper surfaces of the leg portions of the
      fairing unit, is equal to the thickness of the foot portion of the
      baseboard member, so that the upper surfaces of both the foot portion of
      the baseboard member and also of the raised corner portion of the fairing
      unit will be at the same level.
PAR  In order that the top surfaces of the foot portions of the baseboard and
      the top surface of the raised corner portion of the fairing unit merge
      smoothly into each other without any projecting edges, the dimensions and
      the form of the side surfaces of the raised corner portion of the fairing
      unit are advantageously made to correspond to the form and dimensions of
      the cut surfaces of the foot portion of the plastic baseboard member, when
      the cut is made perpendicular to the direction of elongation of the
      plastic baseboard member. If the baseboard member has such a cross-section
      that its vertical wall-facing portion merges with a considerable radius in
      its foot portion, the fairing unit has to be of a corresponding form. That
      means, that the surface of the raised corner and the surface of the flat
      leg portions raises from their front ends rearwardly in correspondence
      with the surface of the baseboard member.
PAR  In order to create an aesthetically pleasing overall impression, the outer
      corner of the fairing unit in the region of its raised corner portion is
      rounded off.
PAR  The length of the leg portions of the fairing unit advantageously amounts
      to between about 2 and about 10 cm, and preferably about 6 cm, in order to
      assure a good securing and especially a good cementing to the fairing unit
      to the floor surface.
PAR  In order that the ends of the leg portions of the fairing unit not show
      through the overlying parts of the baseboard member, and most certainly
      not form a conspicuous discontinuity in the visible surfaces of the
      baseboard member, it is advantageous to so configurate the fairing unit
      that its leg portions decrease in thickness in direction parallel to the
      wall surfaces and away from the raised corner portion of the fairing unit
      and/or in direction away from the wall surfaces.
PAR  Advantageously, the leg portions and the raised corner portions of the
      fairing unit are of one piece with each other. However, where it appears
      to be advantageous, the raised corner portion can be manufactured as a
      separate member and then mounted on top of the intersection of the two leg
      portions of the fairing unit by means of cement, rivets, welding, or the
      like.
PAR  Advantageously, the vertical wall-facing portions of the fairing unit have
      a height equal to the height of the vertical wall-facing portion of the
      baseboard member. In this way, the vertical wall-facing portions of the
      fairing unit will not project upwardly beyond the overlying vertical
      wall-facing portion of the baseboard member. Alternatively, the vertical
      wall-facing portions of the fairing unit can have a height less than the
      height of the vertical wall-facing portion of the baseboard member. In
      this way, the vertical wall-facing portions of the fairing unit will not
      be visible at all.
PAR  In order that the vertical wall-facing portion of the baseboard member lie
      as smoothly and flat as possible against the wall surface, and in order
      that the presence of the underlying vertical wall-facing portions of the
      fairing unit be as little noticeable as possible, the fairing unit is
      advantageously so designed that the thickness of the vertical wall-facing
      portions of the fairing unit decreases in thickness in upwards direction
      and/or decreases in thickness in direction away from the corner portion of
      the fairing unit.
PAR  The room and corridor corners formed by meeting wall surfaces are often
      non-uniform, uneven, or in order manner not of ideal form. In order to
      permit an adjustment of the fairing unit to the particular situation
      encountered, it is advantageous that the vertical wall-facing portions of
      the fairing unit not be connected with each other at the portion
      corresponding to the intersection of the meeting wall surfaces, and that
      such vertical wall-facing portions instead be slitted at this region, or
      otherwise separated so as to form a gap which widens in upwards direction,
      i.e., in direction perpendicularly away from the floor surface. This makes
      for very easy fitting of the fairing unit into place against a corner
      having a somewhat irregular or imperfect shape.
PAR  The fairing unit is advantageously composed of plastic material. In order
      that the fairing unit be easily fitting into place against the wall and
      floor surfaces of the corner of a room or corridor, it is advantageous
      that such plastic material be relatively easily deformable. Depending upon
      the method of manufacture of the fairing unit, it will be advantageous to
      use a duroplastic or thermoplastic material. The fairing unit can
      advantageously be cast or injection molded. Advantageously the fairing
      unit, including its leg portions, raised corner portions and vertical
      wallfacing portions, is composed of one single piece of material. In order
      that the fairing unit blend into the baseboard member in as convincing a
      manner as possible, the fairing unit is preferably of the same color,
      material and surface finish as the baseboard member.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of one fairing unit according to the
      invention;
PAR  FIG. 2 is a sectional view, taken along section line 11--11 of FIG. 1;
PAR  FIG. 3 is a top view of the fairing unit shown in FIG. 1;
PAR  FIG. 4 is a perspective view of a partially slitted baseboard member used
      in conjunction with the illustrated fairing unit;
PAR  FIG. 5 is a perspective view of the fairing unit of FIG. 1 and the
      baseboard member of FIG. 4 fitted into place against the wall surfaces of
      the projecting corner of a room or corridor;
PAR  FIG. 6 is a top view of a second fairing unit according to the invention;
PAR  FIG. 7 is a section taken along line VII--VII of FIG. 6;
PAR  FIG. 8 is a section taken along line VIII--VIII of FIG. 6;
PAR  FIG. 9 is a perspective view of another embodiment of a fairing unit
      according to the invention;
PAR  FIG. 10 is a perspective view of another embodiment of a fairing unit
      according to the invention;
PAR  FIG. 11 is a perspective view of a baseboard member the vertical
      wall-facing portion of which curves and merges into the foot portion; and
PAR  FIG. 12 is a perspective view of another embodiment of a fairing unit
      according to the invention adapted for use with the type of baseboard
      member shown in FIG. 11.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The fairing unit shown in FIG. 1 is comprised of a flat base portion 1
      having two leg portions 2 and 3. The leg portions 2 and 3 enclose between
      themselves an angle .alpha. = 100.degree. (see FIG. 3). A raised corner
      portion 4 (see FIG. 3) is provided in the middle part of the upper face of
      the base portion 1 between the two leg portions 2 and 3. The raised corner
      portion 4 is rounded off in the region of the outer corner portion 5 of
      the fairing unit, as can be seen in FIG. 1.
PAR  The side faces 6 of the raised portion 4 on the base portion 1 enclose
      between themselves an angle .beta. = 80.degree. (see FIG. 3).
PAR  Projecting vertically upwards from the base portion 1 at the inner edge
      portions 7 of the leg portions 2 and 3 are vertical wall-facing portions
      9, 10. The adjoining edge portions 11 of these vertical wall-facing
      portions 9, 10 define a gap 12, which widens in upwards direction.
PAR  As can be seen clearly in the sectional view of FIG. 2, the leg portion 2
      and the vertical wall-facing portion 9 decrease in thickness in direction
      away from the inner edge portion 7.
PAR  The fairing unit shown in FIGS. 1-3 has the following dimensions: The
      breadth of the leg portions 2, 3 is 12 mm. The length of the leg portions
      2, 3 is 50 mm each. The height of the raised portion 4, measured upwards
      from the upper surface level of the leg portions 2, 3, is 1.2 mm. The
      height of the vertical portions 9, 10 is 40 mm. The thickness of the leg
      portions 2, 3 decreases from 0.8 mm at the inner edge portions 7 thereof
      to 0.4 mm at the outer edge portions 8 thereof. The gap 12 has a breadth
      of 4 mm at its bottom and 8 mm at its top.
PAR  The fairing unit of FIGS. 1-3 consists of a single unitary structure, for
      example, molded from polyvinylchloride plastic. The plastic material
      employed is advantageously such that the fairing member can be deformed
      easily, i.e., so that, for example, the leg portions 2 and 3 can be bent
      together somewhat to effect a decrease of the angle .alpha. (see FIG. 3).
PAR  FIG. 4 depicts a plastic baseboard member comprised of a foot portion 13
      and a vertical wall-facing portion 14. The foot portion 13 is cut in
      advance at 15 so that it can be used with the fairing unit depicted in
      FIGS. 1-3.
PAR  The actual laying down of a plastic baseboard member around a projecting
      corner will be described with reference to FIG. 5.
PAR  To lay down the baseboard, first of all the fairing unit is cemented in
      place engaging the projecting corner 16 and the floor surface of the room.
      In the event that the meeting wall surfaces 18 of the corner meet at an
      angle smaller than the angle .alpha. of the fairing unit, then the leg
      portions 2, 3 of the fairing unit must be bent towards each other until
      the inner edge portions 7 of the fairing unit lie flat against the wall
      surfaces 18.
PAR  In the event that the leg portions 2, 3 are bent together somewhat in the
      manner just mentioned, then care must be taken to see that the portion of
      the fairing unit 1 provided with the raised portion 4 bulges downwardly
      and not upwardly.
PAR  When the fairing unit depicted in FIGS. 1-3 is employed, the vertical
      wall-facing portions 9, 10 thereof will be cemented to the wall surfaces
      18. In this way there is achieved an especially good securing of the
      fairing unit. Thereafter, the slitted plastic baseboard member 13, 14 of
      FIG. 4 is bent around the projecting corner 16, so that the cut side
      surfaces bounding the now widened slit 15 of the baseboard foot portion 13
      abut tightly against the side walls 6 of the raised portion 4. Thereupon,
      the baseboard member is cemented onto the fairing unit and as usual onto
      the wall.
PAR  FIG. 6 depicts a second embodiment of a fairing unit, similar to that of
      FIGS. 1-3. Like that of FIGS. 1-3, the fairing unit of FIG. 6 is comprised
      of two leg portions 2, 3, of an elevated portion 4, and of vertical
      portions 19, 20 connected to the leg portions 2, 3 at the inner edge
      portions of the latter. When the fairing unit is cast, the two portions
      19, 20 lie in the same plane as the leg portions 2, 3, as shown in FIG. 6
      with respect to the one portion 19, and as also indicated in the section
      view of FIG. 7. When used, the portions 19, 20 will of course be bent
      upwards into vertical orientation, and to facilitate this there is
      provided on the underside of the fairing unit, between the portions 19, 20
      and the leg portions 2, 3, an elongated groove or slit 21, so that this
      portion of the structure is of reduced cross section. Alternatively, the
      groove or slit 21 could be provided on the upper surface of the fairing
      unit 1. Also, in place of the groove or slit 21, an elongated weakened
      zone can be created by other means, for example by means of perforations
      and the like. The edge portions 22, 23 of the wall-facing portions 19, 20
      are advantageously so inclined, as shown in FIG. 6, that the portions 19,
      20 do not overlap each other when they both lie in the plane of the leg
      portions 2 and 3.
PAR  The embodiment of FIG. 6 has several advantages. For one, the casting of
      the fairing unit can be performed using a simpler mold than would be
      necessary to cast the fairing unit of FIGS. 1-3, since the fairing unit of
      FIG. 6, when cast, would be more or less all in one plane. For another,
      fairing units such as shown in FIG. 6 can be stored flat, and therefore
      take up less storage room than a fairing unit such as shown in FIG. 1-3.
      The embodiment of FIG. 9 is the same as shown in FIG. 1 and described
      above but does not include the vertical wall-facing portions 9, 10 of FIG.
      1. The embodiment of FIG. 10 is the same as shown in FIG. 9 and described
      before but does not include the two leg portions 2 and 3 shown in FIG. 1
      nor the vertical wall-facing portions 9 and 10 shown in FIG. 1. The
      baseboard member shown in FIG. 11 has a vertical wall-facing portion which
      curves down and merges into its foot portion. This baseboard member is
      prepared for laying down by forming a cut 23. The embodiment shown in FIG.
      12 is fairing unit adapted to be used with the baseboard member of FIG.
      11. As in the case of the baseboard member of FIG. 11 the vertical
      wall-facing portions 24, 25 of the fairing unit merge with a curve of
      considerable radius into its leg portions 26, 27. Also the surface of the
      raised corner portion of the fairing unit is curved to properly engage the
      curved surface of the baseboard member of FIG. 11. With respect to its
      other details the fairing unit of FIG. 12 is similar to the fairing unit
      of FIG. 1.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other constructions,
      configurations and assemblies differing from the type described above.
PAR  While the invention has been illustrated and described as embodied in a
      fairing unit adapted to lie against the meeting wall and floor surfaces of
      a projecting corner of a room or corridor, it is not intended to be
      limited to the details shown, since various modifications and structural
      changes may be made without departing in any way from the spirit of the
      present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In a baseboard arrangement, a synthetic plastic fairing unit for use in
      conjunction with a synthetic plastic baseboard member of the type
      comprised of a flat foot portion adapted to lie flat against a floor
      surface and a vertical wall-facing portion adapted to lie flat against the
      meeting wall surfaces of a projecting corner and slitted all the way
      through along the flat foot portion in direction transverse to the
      elongation of the baseboard member so that the baseboard member at the
      region of such slit can be bent around such projecting corner thereby
      causing the slit to spread and form a larger corner gap, the fairing unit
      comprising two flat leg portions adapted to lie flat against a floor
      surface along the meeting walls of a projecting corner underneath part of
      the foot portion of the baseboard member and enclosing between themselves
      a substantially right angle, a raised corner portion adapted to fill the
      corner gap in the bent baseboard member, and at least one vertical
      wall-facing portion adapted to lie flat against at least one of the
      meeting wall surfaces of a projecting corner behind part of the vertical
      wall-facing portion of the baseboard member and being connected to at
      least one of said leg portions along the inner edge portion of such leg
      portion. adapted to lie flat against a floor surface and a vertical
      wall-facing portion adapted to lie flat against the meeting wall surfaces
      of a projecting corner, the flat foot portion being slitted all the way
      through in direction transverse to the elongation of the baseboard member,
      the slit terminating at the vertical wall-facing portion of the baseboard
      member, and the baseboard member being bent at the region of said slit
      with said slit spread out to form a larger corner gap filled in by said
      raised corner portion of said fairing unit.
NUM  2.
PAR  2. In a baseboard arrangement as defined in claim 1, wherein said leg
      portions have respective inner edge portions adapted to lie close to the
      meeting wall surfaces of a projecting corner, and wherein said inner edge
      portions meet at the portion of the fairing unit adapted to lie against
      the line of intersection of the meeting wall surfaces, and wherein said
      raised corner portion is located in between two imaginary lines which are
      each perpendicular to the direction of elongation of a respective one of
      said leg portions, which are both parallel to the general plane of the leg
      portions, and which intersect each other where said inner edge portions of
      said leg portions meet.
NUM  3.
PAR  3. In a baseboard arrangement as defined in claim 1, wherein said angle is
      between about 90.degree. and about 110.degree..
NUM  4.
PAR  4. In a baseboard arrangement as defined in claim 1, wherein said angle is
      about 100.degree..
NUM  5.
PAR  5. In a baseboard arrangement as defined in claim 1, wherein said raised
      corner portion has side walls which enclose between themselves an angle
      approximately equal to the 180.degree.-supplement of the angle enclosed
      between said leg portions.
NUM  6.
PAR  6. In a baseboard arrangement as defined in claim 1, and further including
      a synthetic plastic baseboard member comprised of a flat foot portion
      adapted to lie flat against a floor surface and a vertical wall-facing
      portion adapted to lie flat against the meeting wall surfaces of a
      projecting corner, the flat foot portion being slitted all the way through
      in direction transverse to the elongation of the baseboard member, the
      slit terminating at the vertical wall-facing portion of the baseboard
      member, and the baseboard member being bent at the region of said slit
      with said slit spread out to form a larger corner gap filled in by said
      raised corner portion of said fairing unit.
NUM  7.
PAR  7. In a baseboard arrangement as defined in claim 6, wherein said vertical
      wall-facing portion of said fairing unit has a height at most equal to the
      height of said vertical wall-facing portion of said baseboard member, so
      that the vertical wall-facing portion of said fairing unit does not
      project upwardly beyond the vertical wall-facing portion of said baseboard
      member.
NUM  8.
PAR  8. In a baseboard arrangement as defined in claim 6, wherein the width of
      said leg portions of said fairing unit is at most equal to the width of
      said foot portion of said baseboard member.
NUM  9.
PAR  9. In a baseboard arrangement as defined in claim 6, wherein the height of
      said raised corner portion of said fairing unit, as measured from the
      upper surface of said leg portions, is equal to the thickness of said foot
      portions of said baseboard member.
NUM  10.
PAR  10. In a baseboard arrangement as defined in claim 6, wherein said raised
      corner portion of said fairing unit has side walls having a form and
      dimensions corresponding to those of the facing side surfaces of the slit
      in said foot portion of said baseboard member.
NUM  11.
PAR  11. In a baseboard arrangement as defined in claim 1, wherein the fairing
      unit in the outer region of said raised corner portion thereof is rounded
      off.
NUM  12.
PAR  12. In a baseboard arrangement as defined in claim 1, wherein each of said
      leg portions has a length of between about 2 and about 10 cm.
NUM  13.
PAR  13. In a baseboard arrangement as defined in claim 1, wherein each of said
      leg portions has a length of about 6 cm.
NUM  14.
PAR  14. In a baseboard arrangement as defined in claim 1, wherein the thickness
      of said leg portions decreases in direction from the inner edge portions
      thereof to the outer edge portions thereof.
NUM  15.
PAR  15. In a baseboard arrangement as defined in claim 1, wherein the thickness
      of said leg portions decreases to either side of said raised corner
      portion of said fairing unit.
NUM  16.
PAR  16. In a baseboard arrangement as defined in claim 1, wherein the thickness
      of said leg portions decreases in direction from the inner edge portions
      thereof to the outer edge portions thereof and also to either side of said
      raised corner portion of said fairing unit.
NUM  17.
PAR  17. In a baseboard arrangement as defined in claim 1, wherein said vertical
      wall-facing portion of said fairing unit has a thickness which decreases
      in upwards direction.
NUM  18.
PAR  18. In a baseboard arrangement as defined in claim 1, wherein said vertical
      wall-facing portion of said fairing unit has a thickness which decreases
      in the horizontal direction.
NUM  19.
PAR  19. In a baseboard arrangement as defined in claim 1, wherein said vertical
      wall-facing portion of said fairing unit has a thickness which decreases
      both in upwards direction and in the horizontal direction.
NUM  20.
PAR  20. In a baseboard arrangement as defined in claim 1, wherein said fairing
      unit is comprised of two vertical wall-facing portions each adapted to lie
      flat against one of the meeting wall surfaces of a projecting corner
      behind part of the vertical wall-facing portion of the baseboard member
      and each connected to a respective one of said leg portions along the
      inner edge portion of such leg portion, and wherein said vertical
      wall-facing portions of said fairing unit have facing edge portions in the
      region of said corner portion, extending upwards from the respective leg
      portions and spaced from each other to define a gap.
NUM  21.
PAR  21. In a baseboard arrangement as defined in claim 20, wherein said
      vertical wall-facing portion of said fairing unit are so shaped that said
      gap widens in direction upwards from said leg portions.
NUM  22.
PAR  22. In a baseboard arrangement as defined in claim 21, wherein the material
      of said facing unit is so flexible that each of said wall-facing portions
      of said fairing unit can be bent downwards to lie in substantially the
      same plane as the respective leg portion of the fairing unit, and wherein
      said wall-facing portions of said fairing unit are so configurated that
      when they both lie in substantially the same plane as the respective leg
      portions of said fairing unit the wall-facing portions of said fairing
      unit do not overlap each other, whereby to permit flattening of the
      fairing unit for purposes of compact storage.
NUM  23.
PAR  23. In a baseboard arrangement as defined in claim 22, wherein the material
      of said fairing unit is weakened in the regions where the wall-facing
      portions thereof are connected to the respective leg portions thereof to
      facilitate bending of the wall-facing portions of the fairing unit into
      substantially the planes of the respective leg portions.
NUM  24.
PAR  24. In a baseboard arrangement as defined in claim 23, wherein said fairing
      unit is provided with elongated weakening grooves each extending along the
      length of the region where a respective one of the wall-facing portions of
      the fairing unit is connected to the rspective leg portion, to facilitate
      such bending.
NUM  25.
PAR  25. In a baseboard arrangement as defined in claim 1, wherein said fairing
      unit is composed of a single piece of material.
NUM  26.
PAR  26. In a baseboard arrangement as defined in claim 1, wherein said fairing
      unit is comprised of duroplastic material.
NUM  27.
PAR  27. In a baseboard arrangement as defined in claim 1, wherein said fairing
      unit is comprised of thermoplastic material.
NUM  28.
PAR  28. In a baseboard arrangement as defined in claim 1, wherein said fairing
      unit is a cast part.
NUM  29.
PAR  29. In a baseboard arrangement as defined in claim 1, wherein said fairing
      unit is an injection-molded part.
NUM  30.
PAR  30. In a baseboard arrangement, in combination, a synthetic plastic
      baseboard member comprised of a flat foot portion adapted to lie against a
      floor surface and a vertical wall-facing portion adapted to lie flat
      against the meeting wall surfaces of a projecting corner and slitted all
      the way through along the flat foot portion in direction transverse to the
      elongation of the baseboard member with the baseboard member at the region
      of such slit being bent for placement around such projecting corner so
      that the slit is spread and forms a corner gap; and a fairing unit
      comprised of a synthetic plastic corner portion fitting into and filling
      said corner gap, wherein said fairing unit is further comprised of at
      least one flat leg portion adapted to lie flat against a floor surface
      along one of the meeting walls of a projecting corner underneath part of
      the foot portion of the baseboard member, said flat leg portion being
      connected to said corner portion.
NUM  31.
PAR  31. In a baseboard arrangement as defined in claim 30, wherein said corner
      portion has side surfaces, and wherein the foot portion of the baseboard
      member has side surfaces formed by the slitting of said foot portion, and
      wherein the side surfaces of the corner portion and the side surfaces of
      the slitted foot portion of the baseboard member have such cross-sectional
      configurations that the upper surface of the corner portion merges
      continuously into the upper surfaces of the adjoining parts of the foot
      portion.
NUM  32.
PAR  32. In a baseboard arrangement, as defined in claim 30, wherein said
      fairing unit is further comprised of at least one vertical wall-facing
      portion adapted to lie flat against at least one of the meeting wall
      surfaces of a projecting corner behind part of the vertical wall-facing
      portion of the baseboard member and being connected to said leg portion
      along the inner edge portion of such leg portion.
NUM  33.
PAR  33. In a baseboard arrangement as defined in claim 30, wherein said
      baseboard member is so configurated that said vertical wall-facing portion
      of said baseboard member is connected to said flat foot portion by an
      intermediate portion having a curved cross-sectional configuration, and
      wherein said corner portion is so configurated that the sides of said
      corner portion merge continuously into the upper surfaces of the adjoining
      parts of said foot portion and furthermore merge continuously into the
      upper surfaces of the adjoining parts of said intermediate portions.
NUM  34.
PAR  34. In a baseboard arrangement, in combination, a synthetic plastic
      baseboard member comprised of a flat foot portion adapted to lie flat
      against a floor surface and a vertical wall-facing portion adapted to lie
      flat against the meeting wall surfaces of a projecting corner and slitted
      all the way through along the flat foot portion in direction transverse to
      the elongation of the baseboard member with the baseboard member at the
      region of such slit being bent for placement around such projecting corner
      so that the slit is spread and forms a corner gap; and a fairing unit
      comprised of a synthetic plastic corner portion fitting into and filling
      said corner gap, wherein said baseboard member is so configurated that
      said vertical wall-facing portion of said baseboard member is connected to
      said flat foot portion by an intermediate portion having a curved
      cross-sectional configuration, and wherein said corner portion is so
      configurated that the sides of said corner portion merge continuously into
      the upper surfaces of the adjoining parts of said foot portion and
      furthermore merge continuously into the upper surfaces of the adjoining
      parts of said intermediate portion, wherein said fairing unit is further
      comprised of at least one flat leg portion adapted to lie flat against a
      floor surface along the meeting walls of a projecting corner underneath
      part of the foot portion of the baseboard member, said flat leg portion
      being connected to said corner portion.
NUM  35.
PAR  35. In a baseboard arrangement as defined in claim 34, wherein said fairing
      unit is further comprised of at least one vertical wall-facing portion
      adapted to lie flat against at least one of the meeting wall surfaces of a
      projecting corner behind part of the vertical wall-facing portion of the
      baseboard member and an intermediate portion connecting said vertical
      wall-facing portion of said fairing unit to said flat leg portion thereof
      and having a curved cross-sectional configuration similar to the
      configuration of said intermediate portion of said baseboard member so
      that the intermediate portion of said baseboard member lies in contact
      with the intermediate portion of said fairing unit.
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ABST
PAL  A tapered tubular pole with base connection wherein the tubular multi-sided
      pole wall is connected to the anchor bolts of the concrete and steel base
      by a multiplicity of individual connector bodies arranged in side by side
      relation around the periphery of the tubular sidewall at the lower end
      thereof, each of the connector bodies having a structural flange bearing
      against the outside of the tubular sidewall and connected thereto by a
      structural weld, the connector body having anchor bolt-receiving holes,
      and a diaphragm extending transversely across the pole and within the
      tubular sidewall and at the level of the structural welds by which the
      connector bodies are connected to the sidewall, the diaphragm being
      affixed to the sidewall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Tubular poles of various shapes have been used for supporting high voltage
      electric power transmission lines and lighting systems for several years.
      The poles are normally fabricated of steel plate but could be fabricated
      from other suitable materials, and have eight or 12 or more flat sides.
      The poles taper convergently toward the top and the flat sided walls of
      the poles are much thicker at the bottom of the pole than at the top to
      withstand loading.
PAR  Such poles must withstand loading caused by the weight of the transmission
      lines, and also caused by the wind applying horizontal forces on the lines
      and poles thereby tending to bow or flex the poles. Unusual loading must
      also be expected and planned for, such as the loading caused by ruptured
      transmission lines which may apply forces in many directions on the poles,
      but often will apply torsion forces tending to twist the pole about
      upright axes extending longitudinally through the pole.
PAR  It is significant to note that such tubular towers are usually used without
      guying, even at corners and dead-end locations in transmission lines. Also
      of particular significance is that such towers are used to support
      extremely heavy loads at extreme elevations. Poles of 110 to 125 feet in
      height are very common, and poles of 160 to 180 feet in height are not
      uncommonly used.
PAR  All of the loading on the tubular towers must be transmitted to its base in
      the ground. Such bases are of steel and concrete extending deep into the
      ground and long anchor bolts extending down through the base. The anchor
      bolts protrude slightly from the top of the base to connect to the pole.
PAR  In the past, it has been common practice to weld a steel base plate across
      the bottom of the pole with the edge of the base plate protruding outside
      of the periphery of the pole for receiving the anchor bolts. The entire
      loading on the pole is borne by the base plate which therefore must be
      extremely strong and tough.
PAR  However, there are practical limits to the sizes in which such base plates
      can be manufactured. For instance, the base plate of high quality steel
      must be approximately 9 inches thick and 6 to 8 feet across for towers of
      110 feet to 160 feet in height, depending upon loading. Of course, base
      plates for higher towers must be still thicker and larger in width.
PAR  A major problem with such large and thick base plates is that they are
      often not homogeneous throughout. The steel must be strong and tough, and
      not brittle. The thicker the plate the less likely it is to be
      homogeneous. Of course, failure of a base plate caused by brittleness may
      cause collapse of a vital pole in a transmission line, and loss or outage
      of the transmission line can be a very dangerous and expensive situation.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides for the elimination of the base plate of a
      high strength tapered tubular pole for connection to the anchor bolts of
      the pole base. This invention also serves to accomplish effective and
      efficient transfer of the bending moment or force of a tubular pole to the
      pole's foundation system.
PAR  The connection between the pole and the base is provided by a plurality of
      individual connector bodies welded to the exterior surface of a flat sided
      wall of the pole at the lower end of the pole. The pole and the connector
      bodies are fabricated from any suitable structural materials, preferably
      steel plate; the material employed to fabricate the connector bodies being
      selected on the basis of compatibility for welding purposes with the
      structural material from which the pole is fabricated.
PAR  Each connector body is located at and has an upright hole to receive a
      respective anchor bolt of the base, or may have holes to receive tandemly
      arranged anchor bolts at one location peripherally of the tower. A main
      structural weld between the wall of the pole and each connector body
      extends across the top of the connector body.
PAR  The invention also includes as a part of the connection, a diaphragm, which
      is also fabricated from a suitable and compatible structural material,
      preferably steel plate, lying transversely of the pole and located within
      the pole opposite the main structural welds across the tops of the
      connector bodies which are spaced about the periphery of the pole wall.
      The periphery of the diaphragm conforms to the shape of the interior
      periphery of the flat sided pole wall and is welded thereto.
PAR  The diaphragm serves to distribute transverse loading or forces to various
      parts of the pole wall and to various of the connector bodies and anchor
      bolts.
PAR  The external connector bodies may be arranged about the pole wall to
      conform to the loading expected, and may be regularly spaced about the
      periphery, or may be clustered in close spacings at certain portions of
      the wall periphery, and more widely dispersed at other portions of the
      wall periphery.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of a transmission line pole incorporating the
      present invention.
PAR  FIG. 2 is a greatly enlarged detail section view taken approximately at
      2--2 in FIG. 1.
PAR  FIG. 3 is an enlarged detail section view taken entirely through the lower
      end of the pole with the central portion of the pole wall and diaphragm
      broken away.
PAR  FIG. 4 is an enlarged detail section view taken approximately at 4--4 in
      FIG. 3.
PAR  FIG. 5 is an enlarged detail section view similar to FIG. 3, but showing a
      modified form of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The tapered tubular pole is indicated in general by numeral 10 and has a
      sidewall 11 formed with a multiplicity of flat sides 11.1, each being at
      an oblique and obtuse angle with respect to the adjacent sides. The
      cross-sectional configuration of the pole 10 may be oblong or generally
      elliptical so that the pole will have greater dimensions in one transverse
      direction than in another transverse direction. Otherwise, the pole may be
      flat sided and generally round so that all of the transverse dimensions of
      the pole are equal. Additionally, the pole may be formed with eight or 12,
      or some other number, flat sides, but in the drawings, the tower is
      illustrated to have 12 flat sides, and to have an oblong or generally
      elliptical cross-sectional configuration. The sidewall 11 may be
      fabricated from a number of sheets of steel which progressively vary in
      thicknesses from the bottom to the top of the pole and, of course, the
      thickest and strongest steel plate is used at the bottom of the pole.
      Alternatively, the sidewalls may be fabricated of other suitable
      structural materials such as aluminum, fiberglass, structural metallic
      alloys, and the like.
PAR  As illustrated in FIG. 1, a concrete and steel reinforced base 12 is
      constructed in the ground G, and anchor bolts 13 protrude upwardly from
      the base 12 in a predetermined pattern, for securing the base 12 to the
      pole 10.
PAR  The pole 10 is typically used to support a high voltage power transmission
      line 14, and, accordingly, will have suitable crossarms 15 which suspend
      the insulators 16 on which the transmission line 14 is mounted.
PAR  The base connection between the tubular pole wall 11 and the anchor bolts
      13 is in the form of a plurality of connector bodies 17 which as
      illustrated are substantially of rectangular block configuration. These
      connector bodies are preferably formed of a hypoeutectic steel alloy so as
      to be weldable. However, the connector bodies may be formed from any
      suitable structural material such as aluminum, fiberglass, structural
      metallic alloys and the like which are compatible with the sidewall
      material to enable structural connection such as weld connection
      therebetween.
PAR  Manufacture of the connector bodies 17 from steel alloy is preferably
      accomplished by forming rolled steel plate into the desired shape such as
      the rectangular block configuration best illustrated in FIGS. 2 and 3. As
      depicted, these connectors 17 have relatively thin sections so as to
      prevent the creation of undesired stresses by the welding heat.
PAR  It will be seen in FIGS. 2 and 3, that a multiplicity of the connector
      bodies are utilized in rather closely spaced relation at a multiplicity of
      positions around the periphery of the tubular pole wall 11 and at the
      lower end of the wall. The connector bodies may be variously located
      around the periphery of the tubular wall 11, depending upon the loading
      which may be applied to the tower. In the form illustrated, the connector
      bodies 17 are regularly spaced around the periphery of the tubular pole
      wall; however, it may be desirable to widely space the connector bodies
      from each other at certain peripheral portions of the pole and to cluster
      the connector bodies 17 together into closely spaced relation at other
      portions of the periphery of the tubular pole wall.
PAR  As seen in FIGS. 3 and 4, each of the connector bodies 17 has a structural
      connecting flange 18 which extends inwardly to the outer surface of the
      pole wall 11. The structural flange 18 of each of the connector bodies
      extends across the full width of the connector body and has a bevel 19 or
      cutaway portion at the top front corner which, when the connecting flange
      18 is disposed in confronting relation with the pole wall 11, forms a
      groove to receive the main structural full penetration weld 20 which
      entirely fills the beveled space and transfers the full load between the
      connector body 17 and the adjacent portion of the pole wall 11. It will be
      noted that the depth of the weld 20 from top to bottom is of the same
      order of dimension as the thickness of pole wall 11, and the structural
      connecting flange 18 is also of the same order of thickness as the
      thickness of the pole wall 11.
PAR  Each of the connector bodies 17 also has a pair of upright and inwardly
      extending confining flanges 21, at opposite sides of the connector body
      and depending from the opposite ends of the structural connecting flange
      18. The confining flanges 21 serve to confine the space beneath the flange
      18 which is left open in order to minimize the sectional thickness of the
      adjacent portions of the connective body so as to prevent creation of
      undue stresses which would otherwise be caused by welding heat. The edges
      of the flanges 21 are affixed to the pole wall 11 by fillet welds 22.
PAR  Each of the connector bodies 17 also has an elongate upright anchor
      bolt-receiving hole 23 extending entirely from top to bottom through the
      connector body. The anchor bolt 13 will extend through the hole 23 and
      protrude sufficiently above the connector body so that clamping and
      locknuts 13.1 may be threaded onto the threaded anchor bolt to affix the
      connector body and pole in the desired position relative to the base 12.
PAR  A diaphragm 24 preferably fabricated from steel plate is confined wholly
      within the tubular pole wall 11 and is oriented transversely of the wall
      11. The periphery of the diaphragm 24 conforms to the multi-sided shape of
      the tubular tower wall 11. It is important that the diaphragm 24 be
      disposed adjacent the upper portions of the several connector bodies 17
      welded to the outside of the pole wall. The peripheral edge 25 of the
      diaphragm is beveled and is obliquely shaped as relates to the plane of
      the diaphragm 24 so as to define a groove in cooperation with the inner
      surface of the pole wall 11. A weld 26 which may be a full penetration
      weld but preferably a fillet weld is applied between the peripheral edge
      of diaphragm 24 and the inner surface of pole wall 11, and extending
      around the entire periphery of the diaphragm and pole wall so as to affix
      the diaphragm integrally to the pole opposite the upper portions of the
      connector bodies 17. The diaphragm 24 absorbs and distributes transversely
      oriented forces, both compression and tension, which are applied between
      the connector bodies 17 and the pole wall 11. The diaphragm 24 cooperates
      with the pole wall in preventing the exertion of extremely high
      compression or tensile forces at any particular connector body 17 and
      distributes the compressive and tensile forces throughout a number of
      connector bodies which are adjacent each other. The diaphragm 24 has the
      same order of thickness and strength as the adjacent tubular pole wall 11,
      although the actual strength characteristics of the diaphragm will vary
      somewhat depending upon the overall loading which is to be applied to the
      pole.
PAR  The pole 10 may also be provided with a tie plate 27 preferably fabricated
      of steel which is annular in shape and which underlies the lower end of
      the tubular pole wall 11. The tie plate 27 also underlies the band of
      connector bodies which are disposed in side by side relation around the
      periphery of the pole wall 11. The tie plate 27 has a plurality of anchor
      bolt-receiving holes 28, and each of the holes 28 is aligned with a
      respective anchor bolt-receiving hole 23 of one of the connector bodies
      17. The interior periphery of the annular tie plate 27 is located slightly
      inwardly of the inner periphery of the pole wall 11 and is secured to the
      lower end of the pole wall as by a fillet weld 29. Each of the connector
      bodies 17 bears against the upper surface of the tie plate 27, and a weld
      30 such as a fillet weld extends around the lower edge of the connector
      body affixing the connector body to the tie plate 27. As illustrated in
      FIG. 3, the anchor bolts 13 extend through the aligned holes 28 and 23 in
      the tie plate and connector bodies respectively, and leveling nuts 13.2 on
      the anchor bolts 13 underlie the tie plate 27 for supporting the pole 10
      and cooperating with the nuts 13.1 in clamping the connector bodies 17 and
      tie plate 27 and thereby affixing the pole 10 to the base 12 in proper
      position.
PAR  It will be recognized that when the pole 10 is erected and in operating
      condition as illustrated in FIG. 1, all of the loading of the pole 10 is
      transmitted to the base 12 through the connector bodies 17 and anchor
      bolts 13. Under certain load conditions, the forces exerted through the
      connector bodies 17 and structural welds 20 will be compressive, and in
      other load situations, the connector bodies 17 and main structural welds
      20 will be under tension. Likewise, under certain load conditions, one
      peripheral portion of the diaphragm 24 and the adjoining portions of the
      weld 26 will be under compression while the remainder of the disc 24
      together with the adjacent portions of weld 26 will be under tensile
      forces; and under varying load conditions from time to time, the various
      portions of the diaphragm 24 and weld 26 will vary between compression and
      tensile forces. As a result of the use of the connector bodies together
      with the diaphragm 24, the loads applied from the tubular pole wall 11 to
      the base are distributed over a larger area and because of the larger
      area, the loads applied at any one location are significantly less.
PAR  In the modified form of the invention illustrated in FIG. 5, all of the
      features of the form of the invention illustrated in FIGS. 1-4 are
      incorporated and, in addition, provision is made for securing each of the
      connector bodies to a pair of tandemly arranged anchor bolts, both
      disposed at one location along the periphery of the tubular pole wall, but
      disposed in tandem relation to each other at various distances from the
      pole wall.
PAR  More specifically, in FIG. 5, the tubular pole wall 11' is supported and
      connected to the base by the connector body 17'. The connector body 17'
      has a structural connecting flange 18', beveled at 19' and affixed by the
      main structural full penetration weld 20' to the adjacent pole wall 11'.
      The connector body 17' has one of its anchor bolt-receiving holes 23.1
      extending entirely from top to bottom through the connector body, and the
      outer portion 17.1 is of reduced height and has a top shoulder 31 spaced
      below the top of the body 17'. The second anchor bolt-receiving hole 23.2
      extends entirely from the botton of the connector body through the outer
      portion 17.1 and upwardly through the shoulder 31. The diaphragm 24' is an
      important part of the pole employing the multiplicity of connector bodies
      17 for connecting the pole to the anchor bolts 13'. The disc 24 is
      similarly oriented and located as described in connection with FIGS. 1-4,
      and the edge of the disc is affixed to the pole wall by a weld 26' located
      opposite the plurality of structural welds 20' at the tops of the
      connector bodies 17'. The double bolt form illustrated in FIG. 5 permits
      the anchor bolts to be tandemly arranged at different spacings from the
      pole wall 11' so as to increase the available number of anchor bolts for
      taking the load of the pole while the width of the connector body 17' need
      not be increased beyond that illustrated in FIG. 2 wherein only a single
      anchor bolt hole is provided in the connector body. As in the other form
      of the invention, the form illustrated in FIG. 5 also has the confining
      flanges 21' connected by fillet welds 22' to the pole wall 11', and a tie
      plate 27' is also provided beneath the lower end of the pole wall and
      beneath the connector body and is connected thereto by fillet welds 29'
      and 30'.
PAR  It will be seen that I have provided a new and improved tubular multi-sided
      pole with base connection for connection to the concrete and steel base
      which supports the pole without guying. The base connection requires a
      multiplicity of connector bodies arranged in side by side relation around
      the periphery of the tubular pole wall and at the lower end thereof. These
      connector bodies are attached to the pole wall by main structural full
      penetration weld and have anchor bolt-receiving holes for attachment to
      the anchor bolts which are a part of the base. A diaphragm traverses the
      inside of the tubular pole wall opposite the main structural weld by which
      the connector bodies are affixed to the pole wall. The diaphragm is also a
      main structural member, having the same order of thickness and strength
      characteristics as the pole wall and is affixed to the pole wall by a
      fillet weld or by a full penetration structural weld so as to absorb and
      distribute tensile and compressive forces among several connector bodies
      at various portions of the periphery of the tubular pole wall. It will
      further be seen that a tie plate may be provided beneath the pole wall and
      connector bodies to protect the connector bodies from damage. The lower
      portions of the connector bodies and the tie plate are secured to the pole
      wall by fillet welds and are secured together by fillet welds.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pole with base connection to be supported on a concrete and metal base
      with anchor bolts comprising:
PA1  an upright tubular pole wall having a lower end to be supported upon such a
      base;
PA1  a plurality of elongate upright connector bodies in spaced and side by side
      relation to each other and lying against the exterior of the pole wall
      adjacent the bottom of the pole, each of said bodies having a
      substantially retangular block-like configuration with the top surface
      thereof being spaced above the lower edge of the pole wall and with the
      bottom surface disposed adjacent the lower edge of the pole wall, each of
      the bodies having a structural connecting flange projecting horizontally
      to the pole wall at the top surface of the body, each of the bodies having
      an upright anchor bolt receiving hole entirely therethrough and through
      the top and bottom surfaces thereof and the structural flange of each
      connector body being affixed to the pole wall by a main structural weld
      therebetween and extending across the top of the flange; and
PA1  a diaphragm within the tubular pole wall and oriented transversely of the
      pole wall, the diaphragm conforming to the shape of the interior periphery
      of the tubular pole wall and being affixed to the pole wall, the diaphragm
      being disposed opposite the tops of the connector bodies and the
      structural welds and distributing transverse compressive and tensile
      loading among several of the connector bodies.
NUM  2.
PAR  2. The pole with base connection according to claim 1 wherein each of said
      pole wall, said connector bodies and said diaphragm are fabricated of
      steel plate.
NUM  3.
PAR  3. The pole with base connection according to claim 1 wherein said
      diaphragm is affixed to said pole wall by welding.
NUM  4.
PAR  4. The pole with base connection according to claim 1 and including a steel
      tie plate underlying the pole wall and all of the connector bodies and
      having anchor bolt holes in alignment with the holes of the connector
      bodies, the tie plate being secured to the pole wall and connector bodies
      with fillet welds.
NUM  5.
PAR  5. The pole with base connection according to claim 1 and said hole
      extending through the top of the connector body adjacent the structural
      weld, each of said connector bodies having a second upright anchor bolt
      receiving hole, said holes being spaced from each other in a direction
      transversely of the pole wall, said holes being arranged in tandem with
      each other at one location along the periphery of the pole wall.
NUM  6.
PAR  6. A pole with base connection to be supported on a concrete and steel base
      with anchor bolts, for carrying transmission lines and the like,
      comprising:
PA1  an upright tubular steel plate pole wall having a lower end to be supported
      upon such a base;
PA1  a plurality of elongate upright steel connector bodies in spaced and side
      by side relation to each other adjacent the bottom of the pole, each of
      said connector bodies having a structural connecting flange projecting
      horizontally against the pole wall and being affixed thereto, each of the
      bodies having an upright anchor bolt receiving hole entirely therethrough
      and each connector body being affixed to the pole wall by a main
      structural weld therebetween, and
PA1  a steel plate diaphragm within the tubular pole wall and oriented
      transversely of the pole wall, the diaphragm conforming to the shape of
      the interior periphery of the tubular pole wall and being affixed to the
      pole wall, the diaphragm being disposed opposite the tops of the connector
      bodies and the structural welds and distributing transverse compressive
      and tensile loading among several of the connector bodies.
NUM  7.
PAR  7. The connector with base connection according to claim 6 wherein said
      flange extends transversely across substantially the entire width of the
      body and has a bevelled top corner across the full width of said flange
      and adjacent the pole wall.
NUM  8.
PAR  8. The connector with base connection according to claim 6 wherein each of
      said connector bodies has a pair of upright confining flanges respectively
      disposed at opposite sides of the body and both projecting toward the pole
      wall to confine the space beneath the structural connecting flange.
NUM  9.
PAR  9. The connector with base connection according to claim 7 and including
      fillet welds connecting the confining flanges to the pole wall.
NUM  10.
PAR  10. A pole with base connection to be supported on a concrete and steel
      base with anchor bolts, for carrying transmission lines and the like,
      comprising:
PA1  an upright tubular steel plate pole wall having a lower end to be supported
      upon such a base;
PA1  a plurality of elongate upright steel connector bodies in spaced and side
      by side relation to each other adjacent the bottom of the pole, each of
      the connector bodies having a structural connecting flange projecting
      horizontally against the pole wall, the flange extending transversely
      across substantially the entire width of the connector body and having a
      bevelled top corner across the full width of the flange and adjacent the
      pole wall, each of the connector bodies being affixed to the pole wall by
      a main structural weld therebetween and extending across the top of the
      flange at said bevelled top corner, and each of the connector bodies
      having an upright anchor bolt receiving hole extending entirely
      therethrough from the top to the bottom of the body, and means confining
      the space below said structural flange and between the connector body and
      the pole wall, and each of said connector bodies having an inner side
      adjacent the pole wall, and also having an outer side defining a shoulder
      beneath the top of the body, each of the connector bodies having a second
      upright anchor bolt receiving hole extending entirely through the outer
      side of the body from the shoulder to the bottom; and
PA1  a steel plate diaphragm within the tubular pole wall and oriented
      transversely of the pole wall, the diaphragm conforming to the shape of
      the interior periphery of the tubular pole wall and being welded to the
      pole wall, the diaphragm being disposed opposite the tops of the connector
      bodies and the structural welds and distributing transverse compressive
      and tensile loading among several of the connector
NUM  11.
PAR  11. A pole with base connection supported on a steel and concrete base with
      anchor bolts, for carrying high voltage transmission lines and the like,
      comprising:
PA1  an upright tubular and flat sided steel plate wall tapering convergently in
      an upward direction and having a lower end to be supported upon such a
      base;
PA1  a plurality of elongate and upright connector bodies, said upright
      connector bodies being disposed in spaced and side by side relation to
      each other and lying against the exterior of the steel plate pole wall
      adjacent the lower end thereof, each of said connector bodies having a
      structural connecting flange projecting horizontally inwardly against the
      pole wall, the flange extending transversely across substantially the
      entire width of the connector body and having a beveled top cornor across
      the full width of the flange and adjacent the pole wall, each connector
      body being affixed to the pole wall by a main structural weld in said
      beveled top corner and extending across the top of the connector body to
      rigidly secure the structural connecting flange of the connector body to
      the pole wall, each of the bodies also having an upright anchor bolt
      receiving hole entirely therethrough, each of said connector bodies also
      having a pair of upright space-confining flanges respectively disposed at
      opposite sides of the connector body and respectively depending from the
      structural flange and in close proximity with the steel plate pole wall,
      said confining flanges being connected to the pole wall with fillet welds,
      the sectional thickness in the connector bodies being minimal consistent
      with strength requirements thereby preventing undesired stresses due to
      welding heat;
PA1  a steel diaphragm within the tubular pole wall and oriented transversely of
      the pole wall, the diaphragm conforming to the shape of the interior
      periphery of the pole wall and being welded to the pole wall at a location
      opposite the main structural welds between the connector bodies and the
      pole wall, the steel plate diaphragm having thickness and strength
      characteristics of the same order as the tubular pole wall to distribute
      transverse compressive and tensile forces among several of the connector
      bodies; and
PA1  an annular tie plate underlying the lower end of the tubular pole wall and
      also underlying the connector bodies, said tie plate having anchor bolt
      holes in alignment with the holes of the connector bodies and being
      secured to the pole wall and connector bodies with fillet welds.
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ABST
PAL  A framework for housing automobiles or the like including, as its main
      components, joint base plates, vertical and horizontal pipes, and diagonal
      beams, and capable of being assembled side by side and one on the other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a framework for use in transporting or
      housing automobiles or goods (hereinafter refered to as automobiles or the
      like) and, more particularly, a framework capable of being assembled in
      the hatch of a ship or at a harbour for the purpose of shipping or
      temporarily housing automobiles or the like. Further, the present
      invention relates to a framework capable of being used as a common garage
      for automobiles.
PAR  Conventionally, there have been used foldable containers built with heavy
      iron frames to transport automobiles or the like. However, these
      containers have had functional disadvantages that: for example, these
      containers can be used only in such a manner as a unit of container per an
      automobile, of whatever size it may be; cranes, fork lifts or the like are
      needed to install or move these containers; the space necessary for
      housing automobiles or the like is occupied by these empty containers
      after use; total weight of automobiles or the like to be loaded in a ship
      must be greatly reduced due to the weight of these heavy containers; and
      the cost per unit of container is noneconomically high. These
      disadvantages as mentioned above have become a barrier in transporting
      automobiles or the like.
PAR  Further, conventional steps adopted to temporarily house automobiles or the
      like at the harbour were to instal permanent garages or to park
      automobiles or the like in wide open spaces. However, these steps have
      resulted in high cost in building permanent garages and made it
      disadvantageous to load or unload automobiles or the like into or from a
      ship at a narrow harbour.
PAR  Further, in order to park numerous automobiles gathering to, say, a fair,
      there has been no efficient step but using wide open spaces.
PAR  The present invention is intended to eliminate the above mentioned
      disadvantages encountered at the time of housing automobiles or the like.
      Therefore, an object of the present invention is to provide a framework
      permitting both assembly and dismantling thereof to be easily accomplished
      when used for shipping automobiles or the like in a ship and wherein the
      dismantled components of the framework after use occupy an extremely small
      space. A further object of the present invention is to provide a framework
      capable of housing numerous automobiles or the like in a narrow space at a
      harbour. Another object of the present invention is to provide a framework
      permitting both assembly and dismantling thereof to be easily accomplished
      when used for temporarily accommodating numerous automobiles or the like
      in a small space.
PAR  Other objects and other advantages of the present invention will be clearly
      understood from the following description of some preferred embodiments of
      the present invention taken along with the accompanying drawings wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 through 11 show a first embodiment of the present invention, in
      which;
PAR  FIG. 1 is a plan view of a joint base plate,
PAR  FIG. 2 is a sectional view taken along the line A--A in FIG. 1,
PAR  FIG. 3 is an elevational view of a vertical pipe,
PAR  FIG. 4 is a side view of the vertical pipe as shown in FIG. 3,
PAR  FIG. 5 is an elevational view of a horizontal pipe,
PAR  FIG. 6 is a side view of a partly cut away beam for supporting floor decks,
PAR  FIG. 7 is an elevational view showing the end of the beam as shown in FIG.
      6,
PAR  FIG. 8 is an elevational view of diagonal beams,
PAR  FIG. 9 is an elevational view showing the state in which the vertical and
      horizontal pipes are assembled on the joint base plates,
PAR  FIG. 10 is a side view showing the same state as shown in FIG. 9,
PAR  FIG. 11 is an elevational view showing the state of the framework in which
      an automobile is accommodated therein;
PAR  FIGS. 12 through 16 show a second embodiment of the present invention, in
      which;
PAR  FIG. 12 is a plan view of a joint base plate,
PAR  FIG. 13 is a side view of the joint base plate,
PAR  FIG. 14 is a sectional view taken along the line B--B in FIG. 12,
PAR  FIG. 15 is an elevational view showing the state in which the framework is
      assembled,
PAR  FIG. 16 is a side view showing the same state of the framework as shown in
      FIG. 15,
PAR  FIGS. 17 through 33 show a third embodiment of thhe present invention, in
      which;
PAR  FIG. 17 is a plan view of a base,
PAR  FIG. 18 is a sectional view taken along the line C--C in FIG. 17,
PAR  FIG. 19 is a sectional view of the vertical pipe,
PAR  FIG. 20 is a side view of a core rod,
PAR  FIG. 21 is a bottom view of a member for fixing the core rod,
PAR  FIG. 22 is a sectional view taken along the line D--D in FIG. 21,
PAR  FIG. 23 is a plan view of a nut through which the upper end of the core rod
      is threaded,
PAR  FIG. 24 is a sectional view taken along the line E--E in FIG. 23,
PAR  FIG. 25 is a plan view of a connecting rod,
PAR  FIG. 26 is a side view of the connecting rod shown in FIG. 25,
PAR  FIG. 27 is a plan view of an arm pipe,
PAR  FIG. 28 is a sectional view taken along the line F--F in FIG. 27,
PAR  FIG. 29 is a side view of a partly cut away beam for supporting floor
      decks,
PAR  FIG. 30 is a bottom view of the beam shown in FIG. 29,
PAR  FIG. 31 is a side view, partly cut away, showing the state in which the
      framework is assembled,
PAR  FIG. 32 is a sectional view taken along the line G--G in FIG. 31,
PAR  FIG. 33 is an elevational view showing the same state of the framework as
      shown in FIG. 31,
PAR  FIGS. 34 through 40 show an embodiment of the assembly floor deck suitable
      for use in the framework of the present invention, in which;
PAR  FIG. 34 is a plan view of a floor deck,
PAR  FIG. 35 is an elevational view of the deck shown in FIG. 34,
PAR  FIG. 36 is a side view of the floor deck shown in FIG. 34,
PAR  FIG. 37 is a plan view of a trough-shaped connecting plate,
PAR  FIG. 38 is a side view of the trough-shaped connecting plate,
PAR  FIG. 39 is a perspective view showing the state in which the decks are
      connected,
PAR  FIG. 40 is an elevational view showing the state in which the floor deck is
      connected with the trough-shaped connecting plate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The first embodiment of the present invention will now be described in
      detail with reference to FIGS. 1 through 10. In FIGS. 1 and 2, reference
      numeral 1 denotes a joint base plate having two or four leg pipes (two leg
      pipes are shown in the Figures) secured thereon by welding and four bolt
      holes 6 provided therein. In each side of the leg pipe there is provided a
      slit 3, through which the bent portion of the foot of a U-spring 4, which
      has been inserted into the leg pipe 2, is projected outside. In FIGS. 3
      and 4, reference numeral 7 represents a vertical pipe having a collar 8
      secured slighly below the upper end thereof and pins 9, 10 secured at one
      side and at the upper and lower portions thereof. These pins 9,10 are
      intended to fix diagonal beams which will be later described. Reference
      numeral 11 in FIG. 5 denotes a horizontal pipe, to both ends of which
      short pipes 12, 12'are secured respectively perpendicular to the
      horizontal pipe. These short pipes 12, 12' are placed on the upper end
      portions of the vertical pipes. Reference numeral 13 in FIG. 6 represents
      a floor deck supporting beam made of a square pipe, at the bottom face and
      at the end and central portions of which are provided lock rods 14,
      14',15, 15' to be mounted on the horizontal pipes to hold these pipes.
      Reference numeral 16, 16' denoted diagonal beams having the center secured
      loosely by a pin 17 as shown in FIG. 8 and both ends thereof are provided
      with holes 18, 19, 18',19', through which the pins 9, 10 on the vertical
      pipe 7 are inserted.
PAR  The first embodiment of the present invention having the above-mentioned
      components is assembled by arranging the desired number of joint base
      plates at predetermined positions, for example, on the deck of a ship;
      putting the bottom end of each of the vertical pipes 7 on eachh of the leg
      pipes 2; engaging short pipes 12, 12', provided at both ends of the
      horizontal pipe 11 onto the upper ends of left and right vertical pipes 7
      to be supported by the collars 8 as shown in FIG. 9; and inserting pins 9,
      10 of the forward and rear vertical pipes 7 into holes 18, 19, 18', 19' of
      both ends of the diagonal beams 16, 16' respectively as shown in FIG. 10,
      thereby to securely fix all of the vertical pipes 7. The bottom portion of
      each of the vertical pipes is secured stable because the bent portion 5 of
      the U-spring 4 projected outside through the slit 3 of the leg pipe is
      urged against the inside of the vertical pipe 7. Alternatively the
      vertical pipe may be securely engaged with the leg pipe 2 by screwing a
      threaded bottom portion of the vertical pipe 7 onto a threaded leg pipe 2.
      Adjacent vertical pipes 7 are connected with each other by inserting the
      leg pipes 2 of the joint base plate 1, which is reversed upside down, into
      the upper ends of the vertical pipes 7. As described above, the frameworks
      of as many units as desired can be rigidly assembled in all derections of
      the already assembled framework. In case of building the framework one on
      the other in an upward direction, the joint base plates are mounted on the
      reversed joint base plates 1 at the upper four corners of the framework
      assembled as described above and secured with bolts 20 inserted into the
      bolt holes 6 of these joint base plates 1; onto the leg pipes 2 of the
      upper joint base plates 1 are put the lower end portions of the vertical
      pipes 7; onto the upper end portions of the vertical pipes 7 are put the
      short pipes 12, 12' of the horizontal pipes 11; adjacent vertical pipes 7
      are connected with each other by inserting the leg pipes 2 of the reversed
      joint base plates 1 into the short pipes 12, 12' of the horizontal pipes
      11 and the upper end portions of the vertical pipes 7; and diagonal beams
      16, 16' are hung by the pins 9, 10 of the vertical pipes 7. Then, floor
      decks supporting beams 13 are mounted on the horizontal pipes 11 with lock
      rods 14, 14', 15, 15' thereof holding the horizontal pipes 11 and rigidly
      secured by fastening members 21 to the horizontal pipes 11. Further, at
      the center and both ends of the horizontal pipes 11 is mounted support
      timbers 22 on which are laid any suitable floor decks 23 to load an
      automobile thereon.
PAR  The second embodiment of the present invention will now be described with
      reference to FIGS. 12 through 16. In FIGS. 12 through 14, the joint base
      plate 1 has bolt holes 6 and two leg pipes 2, 2', between which is secured
      a seat plate 25 having holes 24, 24' for fitting pins of reinforcement
      diagonal beams. The vertical pipe 7 is arranged to be fitted onto the leg
      pipe 2 of the joint base plate 1, to have a collar 8 at the upper portion
      thereof and a plate 26 below the collar, said plate being intended to
      secure a diagonal brace 28. The horizontal pipe 11 has short pipes 12
      secured at both ends thereof perpendicular thereto and fitted onto the
      upper end of the vertical pipe 7. The horizontal pipe 11 has also a plate
      27 secured at the underside thereof, said plate 27 corresponding to the
      plate 26 secured at the side of the vertical pipe 7. Floor deck support
      timbers 22 are mounted on the vertical pipes 11 on which floor decks are
      laid to be secured thereon by means of U-fasteners 21.
PAR  Assembly of these components is made as shown in FIGs. 15 and 16. The joint
      base plate 1 is bolted to a concrete foundation on the levelled ground or,
      in case of temporarily installation, directly on the ground; onto the leg
      pipe 2 of the joint base plate 1 is fitted the lower end of the vertical
      pipe 7, while onto the upper end of vertical pipe 7 is fitted the short
      pipe 12 provided at the end of the horizontal pipe 11 to be supported by
      the collar 8; into the upper ends of the adjacent vertical pipes 7 are
      inserted the leg pipes 2 of the joint base plate 1 upside down to hold the
      adjacent vertical pipes 7 stable; and the other short diagonal beams 28
      are attached between the plates 26 of the vertical pipes and the ones 27
      of the horizontal pipes. In the second embodiment of the present
      invention, other diagonal beams 29, 29' are further attached at one end of
      each of the holes 24, 24' of the upper and lower seat plates 25 provided
      between the leg pipes 2 and 2' of the upper and lower joint base plates
      respectively and are tightened by means of, for example, a turnbackle 30,
      while between the seat plates 25 facing diagonally with each other are
      also attached other diagonal beams 31, 31', thus securing the vertical and
      horizontal pipes rigidly. On the horizontal pipes 11 of the framework
      assembled as described above are mounted the floor decks support timbers
      22, on which are laid the floor decks to be rigidly secured to the
      horizontal pipes by means of, for example, U-binders 21. In case of
      building further frameworks one on the other, after the joint base plates
      1 have been bolted through the bolt holes 6 to the reversed joint base
      plates 1 on the upper ends of the vertical pipes, other vertical pipes are
      fitted onto the leg pipes 2 of the bolted joint base plates 1 and then an
      assembly of other components will be made in three dimensions as described
      above.
PAR  The third embodiment of the present invention will be now described with
      reference to FIGS. 17 through 33. In FIGS. 17 and 18, reference numeral 32
      represents a hollow base having rectangular collars 33, 33' at the upper
      and lower ends and an axially bored projection 35 on the upper collar 35
      thereof. In FIG. 19, reference numeral 7 denotes a vertical pipe fitted
      onto the projection 35 of the base 32, said vertical pipe having pins 9,
      10 secured at the side thereof, to which diagonal beams are attached. In
      FIG. 20, reference numeral 37 is a core rod inserted through the base 32
      and the vertical pipe 7, and provided with a collar 38 at the lower end
      and a thread 39 at the upper end. Reference numeral 40 denotes a fixing
      member provided with an axial bore 41 through which the upper portion of
      the core rod is passed, and a rectangular collar 42 at the upper end (see
      FIGS. 21 and 22). Reference numeral 43 represents a nut having a thread 44
      along its central axis so as to engage with the thread 39 of the core rod
      37, a hollow projection 46 and a collar 45. The hollow projection 46
      functions as support for a hollow projection to be laid thereon when
      frameworks are further assembled one on the other (see FIGs. 23 and 24).
      Reference numeral 47 denotes a connecting rod having annular portions 48,
      48' at both ends thereof, said annular portions permitting the vertical
      pipes 7 to be passed therethrough (see FIGS. 25 and 26). Reference numeral
      49 represents an arm pipe having also annular portions 50, 50' at both
      ends thereof (see FIGS. 27 and 28). Reference numeral 51 denotes a floor
      deck support beam having lock rods 52 welded to the underside thereof, a
      coupld of said lock rods holding the arm pipes in such a manner that the
      support beams do not slide when the support beams are mounted on the arm
      pipes (see FIGS. 29 and 30).
PAR  Components of the third embodiment as described above are assembled as
      shown in FIGs. 31 and 32 by arranging a desired number of the bases 32 at
      predetermined positions, for example, on the deck of a ship; securing
      washers 53 and, then, the annular portions 50, 50' of the arm pipes 49
      onto the lower portions of the vertical pipes 7; erecting the vertical
      pipes 7 onto the projections 35 of the bases 32; letting the core rods 37
      pass through the axial bores 34 of the bases 32 and the vertical pipes 7
      and project above the upper ends of the vertical pipes 7; securing other
      washers 53' at predetermined portions below the upper ends of the vertical
      pipes 7; putting the annular portions 48, 48' of the connecting rods 47
      onto the upper portions of the vertical pipes 7 and on the washers 53',
      thus connecting desired number of the vertical pipes with one another;
      fitting the fixing members 40 into the upper ends of the vertical pipes 7
      with the core rods 37 penetrated therethrough to hold them stable;
      engaging the thread portions 44 of the nuts 43 with the upper thread
      portions 39 of the core rods 37; mounting the floor decks support beams 51
      on arm pipes 49 at the both end and the center thereof, with the lock rods
      52, 52' holding the pipes 49 to support the floor decks thereon; and
      attaching diagonal beams 16, 16' and connecting bars 55 to the sides of
      the framework thus assembled and diagonal beams 56 to the front and back
      faces of the framework in such a manner that the diagonal beams 56 can be
      freely detached.
PAR  The above description relates to assembly of the framework in two
      dimensions, but when the framework is assembled in three dimensions one on
      the other, the bases 32 having the core rods 37 passing therethrough are
      put onto the projections 46 of the nuts 43 and the following assembly of
      other components is made similarly as described above.
PAR  There will now be described in detail a floor deck suitable for use in the
      framework of the present invention. The floor deck is suitable for use,
      particularly in a framework assembled outdoors in three dimensions and
      also serves as a roof which prevents dirty water from falling directly on
      the automobile positioned under the floor deck.
PAR  Referring to FIGS. 34 through 36, reference numeral 57 represents a floor
      deck having convex coupling rims 58, 59 at both longitudinal sides
      thereof. Along the under face of the coupling rim 58 is welded a U-plate
      60, and the coupling rims 58, 59 and the U-Plate 60 are provided with
      plural bores 61 through which stop pins 62 are inserted. Both left and
      right sides of the floor deck as shown in FIG. 34 are provided with
      U-coulping rims 63, 63'. Referring to FIGS. 37 and 38, reference numeral
      64 denotes a coupling trough having a section of reversed U-shape and
      being arranged to be mounted on coupling rims 63, 63' at the both the left
      and right sides of the floor deck 57. The coupling rough 64 is provided
      with bolt holes 65 in the upper face thereof. On the floor decks support
      timbers or beams of the frameworks assembled as already described above
      are mounted such number of the floor decks as corresponds to that of the
      assembled framework. Connection between the adjacent floor decks can be
      accomplished as shown in FIGS. 39 and 40, that is, by mounting the
      U-trough 64 upside down or the adjacent U-coupling rims 63, 63'; attaching
      to the under faces of these U-coupling rims a plate 68 on which are fixed
      female nuts 67 corresponding to the bolt holes 65 in the U-trough 64;
      inserting bolts 70 through the bolt holes 65 to be screwed into the female
      nuts 67 respectively and to rigidly secure the coupling rims 63, 63'
      between the plate 68 and the flanges of the U-trough 64; and water-tightly
      overlapping on the convex coupling rim 58 the adjacent one 59 with a
      packing therebetween so as to permit the stop pins 62 fitted in the upper
      rim 59 to pass through the corresponding bores in the lower rim 58,
      respectively.
PAR  After the floor decks have been coupled with one another, as described
      above, on the floor decks support timbers or beams of the frameworks
      alredy assembled side by side and one on the other, slopes are attached to
      some suitable places of the frameworks so as to enable automobiles to get
      into or out of each floor of the frameworks.
PAR  When the floor decks are applied to the frameworks of the present
      invention, water falling along various components of the frameworks and
      contaminated with oil or the like is gathered into the U-channel formed at
      the connection between the U-coupling rims of the adjacent floor decks to
      flow out from both ends of the U-channel, thereby preventing contaminated
      water from falling directly onto the automobiles parked respectively under
      the floor decks. Further, since the connection between the convex coupling
      rims of the adjacent floor decks is made only by overlapping one of the
      coupling rims on the other and inserting stop pins through the
      corresponding bores of both rims, assembly and dismantling of the floor
      decks can be easily done only by inserting or removing the stop pins
      through or from the bores of both rims.
PAR  The framework of the present invention for use in housing automobiles or
      the like as described above can provide such useful effects that: assembly
      and dismantling of the framework can be easily done; dismantled components
      of the framework can be kept in a small space, thus making it efficient to
      use the framework particularly in a ship; increase or decrease of the
      framework can be easily done; standardization of each of the components of
      the framework enables mass production and great reduction of cost; each of
      the components of the framework can be exchanged with a new one, thus
      making it easy to repair the framework; assembly of the framework does not
      depended on the space where the framework is assembled; and assembly and
      dismantling of the frameworks does not require skilled engineers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A framework for supporting automobiles and the like comprising elongated
      vertical support members spaced from one another, interconnecting means
      received on the longitudinal ends of said vertical support members, said
      interconnecting means comprising a flat base plate and two cylindrical
      pipe elements extending from said flat base plate, said two cylindrical
      pipe elements having axes disposed perpendicular to said base plate, said
      two cylindrical pipe elements being spaced from one another, a vertical
      plate secured to said base plate between said spaced cylindrical pipe
      elements, elongated horizontal support members extending between said
      interconnecting means, said horizontal support members having cylindrical
      portions on their longitudinal ends thereof with the axes of said
      cylindrical portions being disposed substantially perpendicular to the
      longitudinal axis of the respective elongated horizontal member, said
      vertical support members and said horizontal support members being
      disposed in a first generally common plane, and pairs of diagonal support
      elements extending between said vertical support members and crisscrossing
      one another at a position intermediate said spaced vertical support
      members, said diagonal support elements being disposed in a second
      generally common plane disposed perpendicularly to said first generally
      common plane, said pairs of diagonal support elements being secured to
      said vertical plate, support beams extending between said elongated
      horizontal support members, and flooring means mounted on said support
      beams, said interconnecting means providing for joining two such
      interconnecting means one on top of the other of the other to thereby
      provide for vertical build-up of a plurality of identical frame structures
      one on top of the other.
NUM  2.
PAR  2. A framework for supporting automobiles and the like comprising elongated
      vertical support members spaced from one another, interconnecting means
      received on the longitudinal ends of said vertical support members,
      elongated horizontal support members extending between said
      interconnecting means, said horizontal support members having cylindrical
      portions on their longitudinal ends thereof with the axes of said
      cylindrical portions being disposed substantially perpendicular to the
      longitudinal axis of the respective elongated horizontal member, said
      vertical support members and said horizontal support members being
      disposed in a first generally common plane, and pairs of diagonal support
      elements extending between said vertical support members and crisscrossing
      one another at a position intermediate said spaced vertical support
      members, said diagonal support elements being disposed in a second
      generally common plane disposed perpendicularly to said first generally
      common plane, support beams extending between said elongated horizontal
      support members, said interconnecting means providing for joining two such
      interconnecting means one on top of the other to thereby provide for
      vertical build-up of a plurality of identical frame structures one on top
      of the other, and flooring means mounted on said support beams, said
      flooring means comprising an elongated floor plate, a first convex
      coupling element disposed along one longitudinal side of said floorplate,
      a second convex coupling element disposed along the other longitudinal
      side of said floor plate, said first convex coupling element having a pin
      protruding therefrom, said second convex coupling element having a
      U-shaped part secured thereto, said U-shaped part and said second convex
      coupling element having aligned openings to receive a pin of an adjacent
      first convex coupling element when two first and second convex coupling
      elements are arranged in overlapping fashion, and packing means disposed
      between said overlapping convex coupling elements.
NUM  3.
PAR  3. A framework according to claim 2 wherein said floor means further
      comprises U-shaped elements on the longitudinal ends of said elongated
      floor plates, a base plate element extending betwen two U-shaped elements
      of a pair of juxtaposed elongated floor plates, an inverted U-shaped
      element having its two spaced legs disposed in said two U-shaped elements,
      and fastening means extending between said inverted U-shaped element and
      said base element for providing a fastened connection between said base
      plate element and said inverted U-shaped element.
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ABST
PAL  An annular object is disposed between upper and lower thermally fusible
      thermoplastic foils which are pushed together and cut away in an annular
      weld seam by a pair of tool halves brought vertically together in the
      central opening of the object. The lower tool half fits between a pair of
      spaced-apart transport bands which serve to carry the packaged object away
      after its center is cut out. The object can be supported above the bands
      on a fork so that the two tool halves can be brought together at a plane
      in the middle of the thickness of the object. If the object rests on the
      bands, the upper foil is deformed downwardly to the level of the
      undeflected bottom foil so that the lower foil is not deformed and ripped.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method of and an apparatus for forming
      concentric welds (heat seals) and cut edges in the center of an annular
      object packaged in thermoplastic foil and, more particularly, to an
      improved system for packaging an annular object which is preferably flat,
      in a shrinkable foil.
PAC  BACKGROUND OF THE INVENTION
PAR  The packaging of annular objects such as automobile tires in thermoplastic
      synthetic resin foils presents some difficulty. Firstly it has been found
      to be extremely handy to have the packaging material follow the annular
      shape of the tire, with a hole in the center i.e. to hug the inner and
      outer periphery of the packaged object for easiest handling and transport.
      The removal of the center web, however, is fraught with difficulties since
      it must be done with accuracy and at the same time rapidly, in the course
      of production.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      method of and apparatus for removing the center of a package of an annular
      object.
PAR  Another object of the invention is to provide a method of cutting the
      center out of package, thereby forming an annular or doughnut-shaped
      package, without puncturing either of the foils.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained in a system of packaging an annular object in
      which the object is placed between a pair of thermoplastic sheets which
      are joined together at their leading ends. A two-part tool as described in
      the copending application Ser. No. 333,306 filed Feb. 16, 1973 now U.S.
      Pat. No. 3,868,291 is closed on the two sheets at the center of the object
      to form concentric cuts and welds and remove this center, all without
      pulling the lower sheet between the support and the object.
PAR  According to another feature of this invention the object is supported on a
      pair of spaced transport elements, belts or chains, which leave the
      object's center exposed so that the tool can punch out this center. A fork
      holds the object above these elements during the welding and cutting
      operation which is carried out in a plane passing horizontally through the
      center of the object. Thus the lower sheet is not pinched between the
      object and the transport elements.
PAR  In accordance with another feature of this invention the object is placed
      on the lower sheet on the transport elements and thereafter its center is
      punched out. In this arrangement the lower tool half is only lifted to the
      level of the bottom of the object so that the lower sheet is not deformed
      at all, this deformation taking place in the upper sheet entirely.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become apparent
      from the following with reference to the accompanying drawing in which:
PAR  FIG. 1 is a side view of a first embodiment of the present invention;
PAR  FIGS. 1A - 1D are views similar to FIG. 1 showing the operation of the
      apparatus;
PAR  FIG. 2 is a top view of the apparatus of FIG. 1;
PAR  FIGS. 3A and 4A are respectively side and top views of a second embodiment
      of the present invention;
PAR  FIGS. 3B and 4B are respectively end and top views of the film feed for the
      device of FIGS. 3A and 4A; and
PAR  FIG. 5 is a detail of a tool for use in the system of FIG. 1, in enlarged
      scale.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIGS. 1 and 2 an apparatus for packaging an annular object R
      between a pair of polyethylene films F.sub.1 and F.sub.2 has a pair of
      feed rolls 3' and 3" for these films, and a pair of transport systems
      T.sub.1 and T.sub.2 with respective drives 4' and 4". There is provided at
      the first transport system T.sub.1 a first welding and cutting station
      S.sub.1 and a station S.sub.2 where the center of the package is removed.
      The second transport system T.sub.2 is provided with side welding and
      cutting devices S.sub.3 and S.sub.4 and leads into a shrinking tunnel 5
      constituting a fifth treatment station S.sub.5. A loading arrangement G is
      provided downstream of the station S.sub.1, relative to the transport
      direction shown by arrow A.
PAR  Transport system T.sub.1 comprises two relatively wide spaced-apart endless
      belts 6' and 6" separated by a distance x'  and two relatively narrow
      spaced-apart belts 7' and 7". At the downstream end these belts are
      spanned over respective idler pulleys 4a of width corresponding to the
      belt widths, and at the upstream end over a single drum 4b connected to
      the motor 4'.
PAR  The transport system T.sub.2 (FIG. 1) in line with the downstream end of
      system T.sub.1 comprises two outer belts 8', 8" of the same width as the
      belts 6' and 6", but spaced apart by a distance smaller than distance x'
      and greater than distance x, with a belt running down the center of the
      space between these two belts 8'. The belts 8' and 8" and the center belt
      are spanned over a common drive drum 8a connected to the motor 4".
PAR  The delivery apparatus G comprises a horizontally displaceable support 9
      carried on four wheels 10 riding in a track 11. A fork 12 having a pair of
      adjustable arms 12' and 12" and a pusher 13 is vertically displaceable on
      the support 9 by a motor 9'. The arms 12' and 12" are adjusted to engage
      between the belts 6', 7' and 6", 7" respectively. These belts are also
      adjustable transversely to the transport direction A depending on the size
      of the object R. A horizontal cylinder 14 serves to reciprocate the
      assembly G in the transport direction A. A device above this unit serves
      to load objects R onto the form 12.
PAR  The welding and cutting station S.sub.1 comprises a pair of straight bars
      15 and 16 shown in detail in FIG. 5 and each carried on a respective
      hydraulic cylinder 17 for vertical reciprocation. The upper bar 15 is
      provided with a thermostatically controlled heating element 15' and has
      two parallel edges 15" giving it the shape of a downwardly open channel.
      The lower bar is provided with its own thermostatically controlled heating
      element 16' and is formed centrally with a longitudinally extending sharp
      edge that engages between the welding rims 15". The two bars 15 and 16,
      when brought together over two separate thermoplastic sheets thus form two
      spaced-apart welds separated by a cut. These bars 15 and 16 are much wider
      than the foils F.sub.1 and F.sub.2. The welders-cutters at stations
      S.sub.3 and S.sub.4 are identical to the bars 15 and 16 except that they
      are arcuate and flank the transport T.sub.2.
PAR  The station S.sub.2 is provided with a pair of tool halves 1 and 2 operated
      by cylinders 18 (only one shown) and is identical to the system described
      in the above-cited copending application. The upper half comprises a
      support 19. The half 2 is lowered down to a plane P and the lower half 1
      is raised to this plane for the welding and cutting operation. This lower
      half is simply a circular platen 26 carrying a silicone rubber disk 27
      acting with the half 2 to press together the two foils F.sub.1 and
      F.sub.2.
PAR  The device described above functions as follows:
PAR  Initially the leading ends of the two films F.sub.1 and F.sub.2 are welded
      together and trimmed by the bars 15 and 16 in the station S.sub.1 as shown
      in FIG. 1A. At this time the delivery apparatus G is retracted and the
      mold halves 1 and 2 are fully separated.
PAR  Then as shown in FIG. 1B the bars 15 and 16 are separated and the delivery
      device G advanced to pull a quantity of film off the rolls 3" and 3' by
      pushing the object R against the closed end of these two films F.sub.1 and
      F.sub.2. The mold halves 1 and 2 are now brought together to the plane P
      which lies in the middle of the thickness of the object R. Since this
      object is still supported above the transport belt system T.sub.1,
      however, their closing simply deforms the two films and pulls them off the
      reels 3' and 3" a little more. The halves 1 and 2 cut a circle C out of
      each of the films at the center of the object R and weld together the
      edges.
PAR  Thereupon as shown in FIG. 1C the two halves 1 and 2 are separated and the
      delivery fork 12 is dropped down to rest the object on the transport
      T.sub.1. The center portion C drops out and falls through between the
      belts.
PAR  FIG. 1D shows how the delivery apparatus G is now withdrawn and the two
      bars 15 and 16 are brought together again to cut the object free from the
      sources of film and allow it to be transported away in direction A by the
      transport system T.sub.1 while closing the end of the films for another
      such cycle. Thereafter the sides of the package are trimmed off and welded
      shut by the units S.sub.3 and S.sub.4 and the now fully closed package is
      shrunk tight around the tire R in the tunnel 5 by heat. The transport
      systems operate synchronously and intermittently to advance the object R
      through these various steps. A controller 28 is provided to operate the
      culinders 14, 17, and 18 and the motors 4' and 4" in the order described
      above.
PAR  This arrangement forms a very tight package around an annular object while
      leaving a hole in its center for easiest transport and handling. Since the
      object R is held in the air by the fork during the operation when its
      center is punched out and sealed, the lower film is not damaged by being
      pulled between the object and the support on which it rests, clearly since
      the film passes under the fork 12. The belts of transport device T.sub.1
      are spaced so as to allow the lower half 1 to pass up to a level above
      them so as to make a completely uniform package.
PAR  FIGS. 3A, 3B, 4A, and 4B show another version of the present invention
      where an object R' is first completely enclosed between two foils F.sub.1
      ' and F.sub.2 '. The round central welding and cutting operation is formed
      in a station S.sub.3 ' after the ends and sides of the two films have been
      joined together and trimmed in stations S.sub.1 ' and S.sub.2 '. In this
      case, however, the center is cut out when the object R' is lying on
      transport belts 29' and 29" spaced apart by a distance y to accommodate
      the two stamp halves 1 and 2. The lower half 1 is only lifted to a plane
      P' level with the bottom of the object or the foil F.sub.1 ' so that once
      again the lower foil is not pulled between the object and its support and
      damaged.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of packaging a massive annular object comprising the steps of,
      in succession:
PA1  a. supporting said annular object in a substantially horizontal plane on a
      pair of arms parallel to a transport direction and spaced apart by a
      distance greater than the central opening of said object above a transport
      path extending in said direction;
PA1  b. sealing an upper sheet and a lower sheet of thermoplastic material
      together at the leading side of said object in said direction;
PA1  c. passing said upper sheet over said object and said lower sheet under
      said object and said arms, so that said lower sheet lies between said
      transport path and said arms;
PA1  d. deforming said upper sheet downwardly into said opening and said lower
      sheet upwardly into said opening so that said sheets meet within said
      opening at substantially a median location between the top and bottom of
      the object;
PA1  e. forming an annular seam around the perimeter of said opening between the
      meeting sheets and an annular cut within said annular seam;
PA1  f. lowering said object onto said path and supporting said object therein
      by said lower sheet upon a pair of spaced-apart bands extending along said
      transport path;
PA1  g. withdrawing said arms from between said lower sheet and said object;
PA1  h. displacing said object and said sheets on said bands in said direction;
      and
PA1  i. sealing said sheets together along a trailing side of said object.
NUM  2.
PAR  2. An apparatus for packaging a massive annular object between a pair of
      thermoplastic sheets, comprising:
PA1  a. a pair of spaced-apart transport bands extending in and displaceable in
      a transport direction and defining a transport path;
PA1  b. a fork having a pair of arms extending in said direction and
      transversely spaced by a distance greater than the width of said opening
      and adapted to extend over said path to support said object above said
      bands;
PA1  c. means for applying an upper thermoplastic sheet to the top of said
      object and a lower thermoplastic sheet to the bottom of said object
      between said fork and said bands;
PA1  d. an upper plunger and a lower plunger adapted to press said upper sheet
      and said lower sheet together substantially to a median location in the
      height of said object within said opening and between said arms while the
      object is supported by said arms, said plungers being provided with means
      forming an annular heat seal seam in the pressed-together sheets within
      said opening, and cutting said sheets within said seal;
PA1  e. means for retracting said arms from between said lower sheet and said
      object, thereby depositing said object upon said bands on which said
      object rests via said lower sheet;
PA1  f. means for displacing said bands to move said object in said direction;
      and
PA1  g. means for heat-sealing said sheets together at a leading side and a
      trailing side of said object.
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ABST
PAL  A method and apparatus for packaging products such as foodstuffs in which
      containers are made by heat deforming a band of thermoplastic material in
      which the band is deformed, the containers are filled, and a metallic
      cover coated with a thermoplastic material is secured to the filled
      container in a pressurised environment for example, in the presence of
      superheated dried steam. The containers are cooled in a connected chamber
      prior to leaving a housing in which the environment is produced and
      cutting of the containers from the band and one another.
BSUM
PAR  The present invention relates to a method and apparatus for packaging.
PAR  According to a known method of this type, one forms initially the
      containers by heat deformation of a plastics material band, one fills the
      said containers with a product to be packaged, one then closes the
      containers with the aid of covers sealed on the edges of the containers
      and obtained starting from a metallic sealing band covered with a
      thermoplastic material and finally one cuts from the two superposed bands
      the filled sealed containers.
PAR  A known packaging installation for effecting the above mentioned method
      comprises in series a station for stocking and feeding the plastics
      material band, a step by step transport mechanism for the thermo-plastic
      band through the installation, a heating station receiving the
      thermo-plastic band in an unrolled state, a forming station for forming
      the containers from the thermo-plastic bag, a filling station for
      introducing the products to be packaged into the containers formed, a
      container closing station to hermetically close the said containers with
      the aid of a metallic sealing band covered with a thermoplastic material
      and sealed on the edge of the containers, a cutting station for separating
      the filled and sealed containers, from, on the one hand, both the plastic
      and metallic band, and, on the other hand, the adjacent containers, and
      then a discharge station for transporting the cut containers individually
      or in groups towards a collector or stocking station.
PAR  This packaging method and installation do not permit the packaging with the
      aid of thermoplastic containers of products under pressure or giving rise
      to the formation of an internal pressure when, once it has been
      hermetically sealed, they are subjected to a heat treatment, for example
      with a view to sterilisation.
PAR  According to the present invention there is provided a method of packaging,
      said method comprising constructing containers by heat deforming a
      plastics material band, filling the said containers with a product to be
      packaged, feeding a sealing metallic band covered with a thermoplastic
      material, closing the containers with a sealed cover on the edges of the
      container formed from said band, cutting the band the filled and sealed
      containers, at least the filling and the closing of the containers being
      effected in an environment under pressure, of which the pressure is above
      atmospheric pressure and is at least of a value such that one may avoid
      all boiling of the product at the filling temperature of the product.
PAR  In this manner, it is possible to maintain the products, for example
      pre-sterilized at their pre-sterilization pressure and to avoid splashing
      of the product at the moment of its introduction into the containers. The
      suppression of the splashing guarantees the correct edges of the container
      and due to this fact, one closes perfectly hermetically the containers.
PAR  This new method of packaging lends itself also to the sterilization of the
      products at the moment of their introduction into the containers.
PAR  According to another feature of the invention, one effects the filling of
      the containers with the product to be packaged in the fixed environment of
      sterilization of which the temperature is equal to or greater than the
      temperature of sterilization and of which the pressure is sufficient to
      avoid, at the temperature of the environment, boiling of the product, one
      maintains the containers full in the sterilization environment during a
      lapse of time sufficient for the sterilization of the product and the
      containers, one effects the closing of the filled containers in the
      sterilization environment. To avoid exploding of the closed containers and
      containing a presterilized or a sterilized product, at the moment where
      the containers are returned to an ambient environment at a normal pressure
      and temperature, one passes the closed containers in a fixed cooling
      environment, of which the pressure is substantially equal to that of the
      environment of overpressure or of sterilization, but of which the
      temperature is clearly lower than that of the said sterilization
      environment.
PAR  In order to sterilize the containers before their filling and the sealing
      band before its application on the containers, it is advantageous to let
      the said containers and the said band remain in the said sterilization
      environment for a sufficient time before the filling and closing of the
      said containers.
PAR  In order to avoid all pollution of the containers between their forming and
      their closing, one carries out the forming of the containers in the
      sterilization environment.
PAR  For practical reason of introduction of the thermoplastic band into the
      overpressure or sterilization environment and to reduce the loss of
      pressure to a minimum, one effects the heating of thermoplastic band in
      the overpressure or sterilization environment.
PAR  With the view to avoid a large overpressure in the hermetically sealed
      containers, overpressure causing a bulging of the cover of the containers,
      one utilized in the zone of the overpressure environment, a zone
      associated with filling and closing of the recipient, of superheated dry
      steam.
PAR  The invention also provides an installation for forming and filling
      containers, comprising a fluidtight housing, means for connecting said
      housing to a source of gaseous fluid pressure, step-by-step transport
      means extending into and out of said housing, an entry airlock at the
      upstream end of said housing and an outlet airlock located at the
      downstream end of said housing, said transport means passing through said
      airlocks, a stocking and feeding station for a thermoplastic material
      band, a heating station for receiving the thermoplastic band in an
      unrolled state, a forming station for making containers from the
      thermoplastic band, a filling station to introduce the products to be
      packaged into the containers formed, means for feeding a metallic sealing
      band provided with a thermoplastic film, a closure station for the
      container, to close hermetically the said containers with said band on the
      edges of the containers, a cutting station to separate the filled and
      sealed containers from the assembled thermoplastic and metallic bands and
      from the neighbouring containers, and a discharge station to transport the
      cut containers individually or in groups towards a collecting station, at
      least the filling station and the closure station being located in said
      housing.
PAR  It is advantageous to provide the entry airlock upstream of the heating
      station and for the housing to extend upstream of the heating station.
      With this arrangement, it is sufficient to provide on the front cover of
      the said housing an entry slot of which the dimensions correspond to those
      of the thermoplastic band and to mount on the interior face of the said
      front cover on each side of the slot, a lipseal of which the lips are
      directed towards the heating station.
PAR  In the zone of overpressure, the housing may comprise at its upper part,
      between the filling station and the closing station an airlock for the
      sealing band.
PAR  In order to provide for cooling under pressure of the products being
      subjected, before or after their introduction into the containers, a
      heat-treatment such as a sterilization treatment, one can extend the
      sealed housing as far as the closing station up to the outlet airlock.
PAR  The housing may be of round transverse sections inscribed in a rectangle,
      preferably equilateral and of which the curved lateral faces which are
      tangential to the sides of the rectangle, of a radius of curvature which
      is much greater than at the parts of the section which are situated at the
      angles of the rectangle which join progressively the curved lateral faces.
PAR  According to a feature of the invention, the sealed housing is subdivided
      into several sections of which a first is associated with the heating
      station, of which the second is associated with the filling and closing
      stations and of which a third is associated with the cooling zone situated
      between the closing station and the outlet airlock, each section of the
      housing being provided with a closable conduit going towards a source of
      pressure having a temperature measuring device and a calibrated
      overpressure valve.
PAR  The forming and sealing stations and a part of the outlet airlock rest on
      the ground by means of pillars and serve to support the sections of the
      housing which, by their end flanges are fixed in a fluid type manner to
      the forming and receiving stations and to the outlet airlock. The
      step-by-step transport mechanism for the thermoplastic band and the
      containers fixed on the band comprise two endless chain conveyors provided
      with grippers to seize each band on its edges, conveyors which are
      disposed one behind the other, the one at the interior of the fluidtight
      housing between the entry airlock and the outlet airlock and the other
      downstream of the said outlet airlock and which are driven in synchronism.
PAR  Preferably the stepwise advance of the containers disposed downstream of
      the outlet airlock is slightly greater than that of the conveyor disposed
      in the housing.
PAR  The section of the housing associated with the cooling zone may include on
      its exterior face, cooling vanes.
PAR  At the interior of the section of the housing associated with the cooling
      zone, may be provided a cooling tank disposed below the level of the
      thermoplastic band, vertically movable and actuated by a jack disposed
      below the said bath and of which the movement is at least equal to the
      height of the containers and of which the actuation takes place
      immediately before and after each advance step of the thermoplastic band,
      the cooling bath being provided with a liquid refrigerant circuit.
PAR  In order to reduce the heat exchange between the cooling zone and the
      overpressure zone associated with the filling and closing stations, this
      can be provided between each of these two zones, a heat barrier
      constituted by two screens having supple lips which are mounted in the
      same vertical plane on the downstream frontal face of the closure station
      and are disposed with respect to one another in such a manner to leave a
      passage for the containers while resting applied by the lips on at least
      the cover and the bottom of the said containers.
PAR  In order to reduce the heat exchange between the heating zone for the
      thermoplastic band and the overpressure zone associated with the filling
      and closing stations, a thermal barrier constituted by two screens having
      supple lips is mounted on the frontal vertical face of the forming
      station, such that the two lips are applied one on each face of the
      thermoplastic band.
PAR  The outlet airlock comprises two valve of which the one if fixed and of
      which the other is movable parallel to the plane of movement of the
      thermoplastic band and of the containers and is associated with a control
      jack.
PAR  The fixed door of the outlet airlock may comprise, a separation partition
      fixed laterally in a fluidtight manner on a section of the housing,
      preferably on that one associated with the zone of cooling, and provided
      with a passage opening for the thermoplastic band and the containers, and
      two vertical closure valve which are disposed one above the other and on
      each side of a horizontal plane determined by the thermoplastic band which
      are applied by one of their lateral faces under the effect of pressure
      existing in the overpressure zone or the cooling zone, and which are
      acting in a fashion to provide alternately opening and closing of the
      passage opening of the separation partition, at least the lower valve
      being movable in a plane parallel to that of the partition and having a
      thickness lower than the separating thickness of the closest parts of two
      adjacent containers in the sense of movement of the said containers.
PAR  The movable door of the outlet airlock comprises a piston support of a part
      located in an immovable and fluidtight manner in another section of the
      housing of which one end is mounted in a fluidtight manner on the
      downstream lateral face of the separation partition and, on the other
      hand, provided with a cylindrical bore of which the generatrices are
      parallel to the horizontal plane determined by the thermoplastic band, an
      extraction piston which is guided in a fluidtight manner in the
      cylindrical bore by the piston support, the piston being connected to the
      movable member of a control jack of which the fixed member is connected to
      the said piston support, which comprises moreover a pierced passage
      aligned with the passage opening of the said partition such that two
      vertical closure valves which are mounted on the extraction piston on each
      side of a horizontal plane determined by the thermoplastic band, act in a
      fashion to enable alternate freeing and closing of the pierced passage,
      and of which at least the lower valve is movable, is guided in a
      fluidtight manner in a vertical slot of the extraction piston, and is of a
      thickness less than the thickness separating the closest parts of two
      adjacent containers measured in the direction of movement of the said
      containers.
PAR  The movable valves of the two doors of the outlet airlock are each
      associated with a control jack, the jack associated with the movable valve
      of the extraction piston being fixed to the latter.
PAR  The path of movement of the control jack of the extraction piston
      synchronized with the step-by-step advance movement of the thermoplastic
      band and is equal, or slightly greater, than the advance step of the
      conveyor located in the overpressure housing.
PAR  In order to reduce the volume of the chamber, the chamber delimited by the
      two doors of the outlet airlock and the part of the housing supporting the
      two doors, the minimal spacing between the valves of the two doors is
      equal to the thickness of a container, measured in the sense of advance of
      the thermoplastic band, that is to say the length of an advance step of
      the conveyor located in the overpressure housing.
PAR  The chamber of the outlet airlock is capable of being connected to a source
      of fluid under pressure.
PAR  In order to enable adaptation to a number of different advance movements of
      the thermoplastic band the length of the sections of the housing between
      two adjacent fixed stations such as the forming station, the closure
      station, the fixed door and the piston support of the outlet airlock, and
      the cutting station, one provides at least one adjustment ring between the
      flange of a section of the housing and the neighbouring lateral face of a
      corresponding station.
DRWD
PAR  The invention will be better understood from the following description,
      given by way of example, reference being made to the accompanying drawings
      in which:
PAR  FIG. 1 is a vertical longitudinal section through a packaging installation
      according to the invention;
PAR  FIG. 2 is a vertical longitudinal enlarged section through an outlet
      airlock of the installation;
PAR  FIG. 3 is a vertical transverse section through a fixed door of the outlet
      airlock taken along the line III--III of FIG. 2;
PAR  FIG. 4 is a vertical partial transverse section through the movable door of
      the outlet airlock taken along the line IV--IV of FIG. 2; and
PAR  FIG. 5 is a horizontal section through the movable valve of the movable
      door taken along the line V--V of FIG. 4.
DETD
PAR  As is represented schematically in FIG. 1, the packaging installation
      comprises in series firstly a stocking and feeding station 1 of a
      thermoplastic material band 2 and in which are formed the containers 3, a
      heating station 4, provided in a fluidtight heating housing 5, a forming
      station 6, a filling station 7 serving to introduce under pressure a
      liquid paste or granular or powder product into the containers 3 and
      disposed in a fluidtight chamber 8 under pressure, a closure or sealing
      station 9 equally provided in the chamber under pressure 8 and serving to
      close hermetically the containers 3 with the aid of a cover formed
      starting from a metallic sealing band 10 provided on one face with a
      thermoplastic material, a cooling chamber 11, an outlet airlock 12, a
      cutting station 13 serving to cut from the two welded and assembled bands
      2 and 10 the filled and closed containers 3, as well as an evacuation post
      14 to transport the cut containers individually or in groups towards a
      stocking or discharging station (not shown).
PAR  The forming, closure or sealing and cutting stations 6, 9 and 13 are in
      themselves known, with the exception that they have annular vertical plane
      faces, and there is no need for them to be described in further detail.
      One should however remark that they are supported by vertical posts 15, 16
      and 17 which together with those (18, 19,) of the outlet airlock 12, are
      the only mountings of the installation on the floor of the factory. A
      frame (not shown) of the installation is fixed on the posts 15 to 19,
PAR  The housing of the heating chamber 5 is defined by a cylindrical tubular
      section 21 provided with two end flanges 22, 23, of which one (22)
      situated on the side of the stocking station 1 is closed in a fluidtight
      manner by a tied frontal cover 24 providing an entry or access airlock 25
      for the thermoplastic band 2. The entry airlock 25 is constituted by a
      horizontal entry slot 25 of which the dimensions are adapted to those of
      the band 2 which is guided upstream of the said slot via a pair of
      transport rollers 27 of which the generatrix of contact is perpendicular
      to the edges of the said band 2 and situated in the same horizontal plane
      as the slot 26. The entry or access airlock 25 equally comprises on an
      interior face of the cover 24, on one side and the other of the slot 26, a
      lip seal 28 of which the lips converge in a direction of the heating post
      towards the horizontal plane passing through the slot. The horizontal
      plane constitutes moreover the plane of transport or advancement 29 of the
      band 2 to the packaging installation.
PAR  The other end flange 23 of the housing section 21 is fixed in a fluidtight
      manner on one of two annular plane faces 30, 31 of a forming post 6 of
      which the control jacks 32, 33 form part of the endless support 34 of the
      said station 6. A heat barrier 35 formed by two screens having supple lips
      touching the thermoplastic band 2 and converging towards the front cover
      24 cover the opening left between the annular support 34 and is fixed on
      the frontal face 30 of the support, the face turned towards the heating
      chamber 5.
PAR  The housing of the overpressure chamber 8 is defined by the forming post 6,
      a closure or sealing post 9 and by a section of a cylindrical tube section
      35 provided with end flanges 36, 37. The sealing section 9 comprises as
      the forming post 6, an endless support 38 resting on posts 16 and having
      two annular plane frontal faces 39, 40. 1, 36, of the end flanges of the
      cylindrical tube section 35 is fixed in a fluidtight manner on the frontal
      annular face 31 of the annular support 34 of the forming station 6 and the
      other flange 37 is fixed in a fluidtight manner on the annular frontal
      face 39 of the closure station 9. On the annular support 38 is mounted, to
      the exterior of the cylindrical tube section 35, a support 41 for a roller
      42 of the metallic sealing band 10 which, on the face destined to be
      applied on the horizontal edges of the containers 3, is constituted by
      horizontal parts which are not deformed of the thermoplastic band 2 these
      having a thermoplastic film. The sealing band 10 is guided by several
      guide rollers 43, 44 and passes into the overpressure chamber 8 through an
      entry airlock 45 provided in the upper part of the tube section 35 and
      constituted, as in the case 25, by a slot and a lip seal disposed on one
      side and the other of the slot for the band 10 on the interior face of the
      tube section 35. The closure station 9 comprises two control jacks 46, 47
      for the sealing tools, the jacks being provided at the interior of the
      periphery of the annular support 39 which is, mounted on the support posts
      16. On the downstream frontal face 40, the annular support 38 of the
      closure station 9 is provided with a heat barrier 48 constituted by
      screens having supple lips which are disposed one above the other in a
      fashion to leave a passage for the sealed containers and resting applied,
      by their lips, at least on the covers and the bottoms of the containers.
PAR  The cooling chamber 11 is delimited by the sealing station 9, the upstream
      extremity of the outlet airlock and by the cylindrical tube section 49 of
      which the end flanges 50, 51 are fixed in a fluidtight manner, on one hand
      on the frontal downstream face 40 of the sealing station 9 and on the
      other hand by the frontal upstream face 52 of the outlet airlock 12. The
      section 49 of the housing surrounding the cooling chamber 11 is, for
      example, provided on its exterior face with cooling vanes 53. In use of
      the installation the cooling bath 54 having a liquid refrigerant circuit
      not shown, is disposed below the plane 29 of the thermoplastic band 2, and
      is vertically movably mounted under the effect of a control jack 55
      provided in the cooling chamber 11. The depth of the bath 54 is slightly
      greater than the height of the containers 3 and its length taken in the
      direction of advance of the containers is equally more than an advance
      step, for example three advance steps. The path of movement of the jack 55
      is greater than the height of the containers such that in its lower
      position of the bath 54, the containers 3 can advance without being
      hindered by the latter. After each advance step, the bath is lifted and
      comes into its raised position where the containers 3 are plunged into the
      liquid refrigerant and preferably the edge of the bath 54 supports the
      containers 3 by their edges constituted by the flat parts which are not
      deformed of a thermoplastic band 2, and separated in certain instances by
      two neighbouring containers.
PAR  The thermoplastic band 2 is displaced step-by-step in the packaging
      installation by means of a transport mechanism which comprises in series
      two endless chain conveyors 56, 57. Each conveyor 56, 57 comprises two
      pairs of toothed feed rollers 58, 59 and 60, 61, and two endless lateral
      chains 62 and 63. The endless chains 62, 63 are provided with grippers,
      not shown, and capable of sealing and gripping the edges of the
      thermoplastic band 2 on the upper run of the chains, along a path which
      coincides substantially with the horizontal plane 29 determined by the
      band 2. The first conveyor 56 is disposed between the two airlocks 25 and
      12 and is therefore entirely located in the fluidtight housing. The second
      container 57 is provided downstream of the outlet airlock 12 and is
      located in the free air. The downstream pairs of rollers 59 and 61 of
      conveyor 56, 57 are driven in synchronism by a common motor 62 by means of
      a transmission 63 comprising for each pair of downstream rollers 59, 61, a
      speed variator 64 and 65 and acting at the exterior of the chamber on the
      shafts of the said rollers. In order that the thermoplastic band 2 should
      always be slightly tensioned one regulates the speed variator 65,
      associated with the second conveyor 57 such that its advance steps are
      slightly greater than those of the first conveyor 56. In order that the
      containers, above all when they are filled, should not be without support
      for too great a distance, one provides also in the overpressure chamber 8
      as well as the cooling chamber 11 support slide rails 66, 67 on which can
      rest and slide the bottoms of the said containers 3. In order to control
      at will the temperature and pressure existing in the different chambers 5,
      8 and 11, each of these chambers, which are in principle at the same
      pressure of a value greater than that of atmosphere, it is provided with a
      control thermometer 68, 69, 70, a safety valve 71, 72, 73 against
      excessive overpressure and a feed conduit 74, 75, 76 each having a closure
      77, 78, 79 and connected to a gaseous source of fluid under pressure (not
      shown). Just as the heating chamber 5 and the overpressure chamber 8 are,
      in general, connected to a source of heated fluid under pressure, the
      cooling chamber 11 is connected to a source of cold gaseous fluid under
      pressure.
PAR  The outlet airlock 12 shown in detail in FIGS. 2 to 5, comprises between 2
      doors 80 and 31, an airlock chamber 82 delimited moreover by a cylindrical
      tube section 83 of which the two end flanges 84, 85 are fixed on the one
      hand in a fluidtight manner on the downstream frontal face 36 of the
      upstream door 80 and on the other hand on the upstream frontal face 87 of
      the cutting station 13. The upstream door 80 is at a fixed position and
      comprises a separation partition 88 which by the peripheral part of its
      two frontal faces 52 and 86 is mounted in a fluidtight manner between the
      downstream flange 51 of section 49 and the upstream flange 84 of tubular
      section 83. At the level of the containers, the partition 88 is provided
      with a passage aperture 89 for the thermoplastic band 2 and the containers
      3 which are attached thereto for example in sets of 4, 6, 8 or even 12.
      The upstream door 80 equally comprises two closure valves 90, 91
      superposed parallel to the partition 88 and applied in a fluidtight
      fashion against the upstream frontal face of the latter under the effect
      of the pressure existing in the cooling chamber 11. The closure valve 90,
      91, laterally guided in vertical lateral guide grooves 92 of the partition
      88, are disposed on each side of the plane 29 determined by the
      thermoplastic band 2 and act in a manner alternately to free and close the
      opening of the passage 89 of the partitions 88 in separating or
      approaching one another, parallel to the plane of the partition, the said
      plane 29 existing in the form of the non-deformed parts of the band 2
      which are left between the neighbouring containers 3. The two closure
      valves 90, 91 are vertically movable under the action of jacks 93, 94
      acting simultaneously in the opposite senses, but the upper valve 90 can
      alternatively be fixed. When the two valves 90, 91 press between them and
      the non-deformed plane parts of the band 2, existing between the two
      transverse groups of containers 3, a sufficient fluidtightness is assured
      between the cooling chamber 11 and the airlock chamber 82. The thickness
      of the lower valve 91 at least is less than the spacing between two
      adjacent transverse groups of containers 3.
PAR  The movable door 81 of the outlet airlock 12 comprises a piston support 95
      which is located in a fluidtight manner on its periphery in the housing
      section 83 and which is provided by a cylindrical bore 96 of which the
      generatrices are parallel to the horizontal plane 29 determined by the
      thermoplastic band 2. In this bore 96 is mounted, in a movable and
      fluidtight fashion, an extraction piston 97 which is capable of being
      displaced alternately in the same sense and in the opposite sense to the
      thermoplastic band 2 under the effect of a control jack 98 of which the
      movable member is connected to the said piston 97 and of which the fixed
      member is for example fixed to the piston support 95. The fluidtightness
      between the extraction piston 97 and the cylindrical bore 96 is assured by
      sealing gaskets 99, 100 fixed, either to the support 95 or to the piston
      97. The extraction piston 97 comprises moreover a pierced passage 101 of
      which section is identical to that of the passage opening 89 of the
      partition 88 and which is horizontally aligned with the said opening 89.
      On the extraction piston 97, for example, close to its upstream face, are
      provided on each side of the horizontal plane 26 and perpendicular to the
      direction of advance of the thermoplastic band 2, two closure valves 102,
      103 of which at least the lower valve 103 is movable and guided in a
      fluidtight fashion in a vertical slot 104 formed in the lower part and in
      a lower protuberance 105 of the extraction piston 97. The lower valve 103
      has a vertical path at least slightly higher than the containers 3 and it
      is movable by a control jack 106 located in a lower protuberance 105 of
      the piston 97. The upper valve 102 is fixed and extends, by its lower
      extremity up to the level of the horizontal plane 29. The thickness of the
      lower valve 103 is at least slightly less than the spacing between two
      transverse neighbouring sets of containers 3. When the lower valve 103 is
      operated by the jack 106 against the plane non-deformed part of the band
      2, and the said part against the lower extremity of the upper valve 102,
      the movable door 81 of the outlet airlock 12 closes hermetically the
      chamber of the airlock 82 with respect to the exterior. The chamber 82 can
      be fed from a source of compressed gaseous fluid, preferably cooled, by
      means of a conduit 107 provided with a closure valve 108.
PAR  To be able to adapt the length of the chambers 8 and 11 between two fixed
      stations, for example between the forming station 6 and the sealing
      section 9 or between the latter and the upstream door 80 of the outlet
      airlock 12 or between the latter and the cutting station 13, there is
      provided one or more adjustment rings 109, 110 between the flange, for
      example 84 of the tube section 83 and the neighbouring frontal face 86 for
      example of the corresponding station, for example the door 80.
PAR  The method of packaging capable of being put into effect with the aid of
      the above described installation will readily be understood. Due to the
      fact that one produces in a chamber, notably the overpressure chamber 8, a
      superior pressure to that of the atmosphere and sufficient to avoid a
      product arriving from the station 7, under a certain internal pressure,
      would decompose partially or be boiled at the temperature existing in the
      chamber 8 and that one maintains this overpressure in the said chamber up
      until near the fluidtight closing of the containers 3 filled under the
      station 7, one can utilize plastics materials for the packaging of
      products under pressure. When the product arrives in the chamber 8, it can
      already be at a temperature corresponding to the temperature of
      sterilization for the pressure at which it is subjected in the filling
      station 7 and in the chamber 8, but can equally carry the product at its
      temperature of sterilization after having been introduced into the
      containers 3 in the chamber 8 where one maintains the overpressure which,
      for the temperature of sterilization, considered and mainly less than the
      softening temperature of the thermoplastic material for the fabrication of
      the containers 3, one avoids boiling or partial evaporation of the
      product. It is to be remarked that the cooling chamber 11 need only be
      used when the product contained in the containers 3 is to be cooled
      rapidly. Otherwise, this chamber 11 can be omitted and the outlet airlock
      12 is connected directly to the sealing station 9.
PAR  The two doors 80 and 81 of the outlet airlock 12 are opened and closed
      alternately. Moreover, the extraction piston 97 withdraws for example from
      an advanced step in the direction of the fixed door 80 when the valves
      102, 103 are in an open and advanced position in synchronism with the band
      3 after the fluidtight closure of the said valves. In order not to disturb
      the pressure existing in the neighbouring chamber, for example the cooling
      chamber 11, one can after each bringing to atmosphere of the airlock
      chamber 82 and its closure, establish the overpressure in the said chamber
      with the aid of the conduit 107. If one desired to introduce periodically
      a cold fluid under pressure into the cooling chamber 11, one can feed the
      airlock chamber 82 by letting escape a part of the fluid between reheating
      times and in order to permit a new feed of the chamber 11 with a cold
      fluid without increasing the value of the predetermined overpressure.
PAR  The packaging method of the products in the plastics material packages
      according to the invention, is distinguished by the fact that the feeding
      and/or the heat treatment of the products in the containers of plastics
      material is effected in an overpressure housing 8 as the containers are
      advanced step-by-step.
PAR  It can be applied notably to the manufacture of preserved foodstuff where
      for example the products to be preserved are predviously sterilized at a
      temperature above 100.degree.C, and then conveyed at a temperature above
      100.degree.C in the chamber 8 where there exists the pressure above that
      of atmospheric pressure and sufficient to avoid boiling of the product. In
      this chamber 8 is to be found the feed system 7 which distributes the
      products to be preserved in the plastics material containers previously
      formed in the chamber 8. After filling which is effected under pressure, a
      jet of dry steam can be utilized to purge the air contained in the upper
      part of the containers 3 which remains empty, then the containers 3 are
      sealed in a fluidtight manner by heat sealing a sealing band 10 on their
      opening.
PAR  These filled and sealed containers are then sterilized in the chamber 8,
      then cooled in the chamber 11 of which the pressure is also at the
      overpressure of the chamber 8. During the cooling, the dry steam contained
      in the containers 3 is condensed and forms a space in the container 3 or
      reduces at least considerably the initial overpressure.
PAR  In a modification, more particularly intended for continuously packaging
      products which cannot be presterilized or dosed continuously, the forming
      and filling of the containers 3 is effected in a non-sterile fashion, then
      the filled but not yet sealed containers are placed in the chamber 8 under
      overpressure as previously where it is sterilized, before or after their
      closure, then cooled in the cooling chamber 11.
PAR  This method permits not only the packaging of preserved foodstuffs in
      plastic packages, but equally that packaging in plastic packages of
      products which are to be fed under pressure and not necessarily having a
      heat treatment as is the case for example for beer.
PAR  It is obvious, that the embodiment previously described can be subjected to
      numerous modifications without going beyond the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of packaging products comprising the steps of:
PA1  establishing and maintaining an environment of substantial superatmospheric
      pressure;
PA1  forming connected containers by heating and deforming successive portions
      of a plastic band;
PA1  directing said connected containers through said environment;
PA1  feeding a product, under pressure at least equal to that of said
      environment into said containers in said environment;
PA1  feeding a band of metallic cover material, coated with a thermoplastic into
      said environment in covering relation to said containers and sealing the
      same thereto;
PA1  heating said product to its sterilization temperature while maintaining
      said pressure at a value to prevent boiling of said product and holding
      said product at said temperature and pressure for a sufficient time to
      effect complete sterilization; and
PA1  removing said sealed containers from said environment to an ambient
      environment and severing said containers from said bands.
NUM  2.
PAR  2. The method of claim 1 including the further step of cooling said sealed
      containers after said sterilization while maintaining said
      superatmospheric pressure thereon.
NUM  3.
PAR  3. The method of claim 1 wherein said heated and formed containers are held
      in said environment for a time sufficient to sterilize the same before
      said feeding step.
NUM  4.
PAR  4. The method of claim 1 wherein said container forming step is performed
      in said environment.
NUM  5.
PAR  5. The method of claim 1 wherein the step of heating said plastic band is
      performed in said environment.
NUM  6.
PAR  6. The method of claim 1 wherein the atmosphere in said environment
      comprises superheated steam.
NUM  7.
PAR  7. The method of claim 1 wherein the step of heating said product to its
      sterilization temperature is performed before feeding said product into
      said containers.
NUM  8.
PAR  8. The method of claim 1 wherein the step of heating said product to its
      sterilization temperature is performed after the feeding of said products
      into said containers, but before said sealing of said cover material to
      said containers.
NUM  9.
PAR  9. The method of claim 1 wherein the step of heating said product to its
      sterilization temperature is performed after the feeding of said product
      into said containers and said sealing of said cover material to said
      containers.
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ABST
PAL  The invention provides for lapping a continuous length of unexpanded
      structural honeycomb material, a guideway for guiding the material
      downwardly to an outlet whilst restraining it from shearing movement, a
      reciprocable support for receiving the material from the outlet, and
      compensating means for permitting movement of the outlet relative to the
      support to compensate for the accumulation of material lapped by
      reciprocation of the support. Conveniently, the outlet has a pair of
      gates, one on either side, operable to prevent feeding of the material in
      the wrong direction. By making the feeding of the material through the
      outlet and the reciprocation responsive to the existence of a minimum head
      of material, the apparatus is rendered self-adjusting to the rate of
      supply of honeycomb material.
BSUM
PAR  The present invention relates to structural honeycomb materials and
      especially to apparatus for providing said materials in a readily usable
      form.
PAR  In Specification No. 591,772 and other specifications we have described the
      production of structural honeycomb material by slicing blocks formed of
      layers of sheet material, usually paper or thin cardboard, adhesively
      secured together by bands of adhesive. The slices thus obtained, are
      expandable to the open cellular, normally generally hexagonal state by
      pulling them open in a direction corresponding with the thickness
      direction of the blocks. Forming slices in this way gives great
      versatility in production as it is a simple matter to vary the thickness
      of the slices cut from the blocks. It is also simple to change the width
      of sheet material used in forming the blocks, and/or the spacing between
      the bands of adhesive. The versatility is obtained together with a
      commercially satisfactory rate of production but the provision of the
      material in the form of slices is inconvenient for some purposes. Problems
      arise in handling them automatically, and there can be cutting losses when
      the size of expanded material required is not an integral multiple of that
      obtained from a single slice.
PAR  The manufacture of the material in a continuous form is a known alternative
      to manufacture in slices, but tends to be more expensive, to be less
      versatile and to introduce handling problems. In accordance with the
      present invention, there is provided apparatus for lapping a continuous
      length of unexpanded structural honeycomb material to provide a supply of
      the material in the form of a pile of superposed unexpanded layers, in
      which pile each intermediate layer is connected at one end (taken in the
      direction of expansion of the material), via a bend in the material, with
      the adjacent layer on one side thereof and at the opposite end, via
      another bend in the material, with the adjacent layer on the opposite side
      thereof, said apparatus comprising a guideway formed and arranged to guide
      the material downwardly to an outlet from the guideway whilst restraining
      it from shearing movement and deliver it through the outlet in a
      compressed state, a support for reception of the pile or a container
      therefor, means for producing a reciprocal lapping motion of the support
      relative to the outlet from the guideway, and compensating means
      permitting movement of the outlet relative to the support to compensate
      for the accumulation of material lapped by the lapping motion.
PAR  With the apparatus, a pile of lapped, unexpanded material is obtainable in
      a reliable manner. The continuous length of material may be manufactured
      directly as such or may be produced by glueing slices together. In the
      latter case, the compressed state referred to is conducive to good
      adhesion. We have previously described the provision of unexpanded
      honeycomb material in lapped form as feedstock for a continuous lamination
      process. Successful results were obtained, and feedstock of this kind was
      found to be attractive but difficult to produce except by careful manual
      effort. The correction of inevitable errors was a very laborious
      operation. Desired results are achieved in accordance with the present
      invention, in spite of the mechanical properties of the material without
      inordinate capital cost.
PAR  Advantageously, the apparatus has a transducer operable to permit the
      lapping motion and passage of material through the outlet only when the
      guideway contains an amount of oncoming material sufficient to maintain
      the material at the outlet under adequate compression. Adequate
      compression ensures that the layers are formed ragularly with the
      honeycomb in an unexpanded state and is accordingly readily recognisable
      when obtained, perhaps after simple experiment.
PAR  For best results the outlet from the guideway may be provided with a pair
      of closure devices, one on each side thereof, said closure devices being
      operable to prevent feeding of the material in the non-required direction
      during lapping. Any feeding of the material in the non-required direction,
      even for a brief period, can be very difficult to correct. Suitably, the
      closure devices are shutters provided with fluid operable, preferably
      pneumatic actuators.
PAR  The guideway is preferably provided in the form of a pair of contractable
      guide members arranged to define a passageway for the downward feeding of
      the material therebetween, and the compensating means is operable to
      contract said guide members as the lapped material accumulates. This
      arrangement is convenient in practice as it allows the support to be
      reciprocated at a constant level, thus avoiding lowering and lifting
      problems. For a large and heavy pile, such problems are significant.
      conveniently the support is a carriage, e.g. a wheeled carriage mounted on
      rails, reciprocable by a fluid operated, preferably hydraulic, ram, to
      produce the lapping motion.
PAR  The guide members are advantageously contractable by flexible tension
      members, such as wires, metal tapes, or chains. Tension members of this
      kind are readily operated. They may be pulled to contract the guide
      members by winding them on a drum or drums, or they may be pulled linearly
      (not necessarily in the direction of contraction) by, for example, fluid
      operated devices or lead-screw operated devices.
PAR  For feeding the material to the guideway, the apparatus is preferably
      provided with a feedway constituted to exert pressure upon the material so
      that the material is compressed in its direction of travel and restrained
      from shearing movement on being pushed through the feedway to the
      guideway. A suitable form of feedway is two sets of bars extending in the
      direction of travel of the material, said sets of bars being biased
      together to exert pressure upon the material as it is pushed therebetween
      towards the guideway.
DRWD
PAR  The following description in which reference is made to the accompanying
      drawings is given in order to illustrate the invention. In the drawings:
PAR  FIG. 1 is a diagrammatic general view of an apparatus in accordance with
      the invention,
PAR  FIG. 2 shows, on a larger scale than FIG. 1, the manner in which the
      honeycomb material is lapped, and
PAR  FIG. 3 shows in perspective a modified form of guideway which may be
      provided on an apparatus according to FIG. 1.
DETD
PAR  The apparatus of FIG. 1 has a wheeled trolley 1, reciprocable along
      floor-mounted rail track 2 by a hydraulic ram 3, serving as a support for
      a stillage 4 of wood or other convenient material. Continuous unexpanded
      honeycomb material 5 is push-fed into the apparatus between a set of
      parallel bars 6 which extend in the direction of travel and a platen 7
      carried by pneumatic rams 8. These rams enable the platen to be lowered
      when setting-up the machine and raised to give the material 5 a close
      sliding fit below the bars 6.
PAR  Connected with the bars 6 by lengths of spring steel 8', are upwardly
      sloping parallel bars 9 arranged above a lower set of parallel bars 10.
      These two sets of bars are spring biased together (as diagrammatically
      indicated at 11) to provide a feedway through which the material is pushed
      upwardly under confining pressure.
PAR  As it emerges from the end of the feedway, the material is curved
      downwardly by curved strips of spring steel attached to the ends of the
      bars 9 to enter the top of a vertical guideway. This guideway is formed of
      vertical wires 12 and 13, carried by winding drums 14 and 15, and
      interconnected by horizontal bars 16 to form a suspended structure of
      variable length. At its lower end the guideway has an outlet provided with
      a pair of shutters 17 and 18, one on either side, mounted to be opened one
      at a time by raising them by pneumatic actuators (not shown).
PAR  During its descent through the guideway, the material is confined by the
      wires and bars so that it is restrained against shearing motions and is
      maintained in a compressed state. Especially, at the outlet, the
      compression is promoted by the weight of the descending material. As the
      material is fed downwardly, the trolley and stillage are reciprocated by
      the ram 3 so that the material is laid with the stillage in layers. When
      the motion is reversed, the on-coming material is folded back through
      180.degree. to be laid upon the last-formed layer.
PAR  Referring to FIG. 2, it will be seen that as the stillage and trolley move
      in the direction A, the shutter 18 is open to feed the emergent material
      to the required side of the outlet. Shutter 17 is closed to prevent
      emergent material spilling out in the non-required direction. At the end
      of each stroke, the shutters are reversed and the outlet is raised through
      a distance equal to the thickness of the material by rotation of the drums
      14 and 15.
PAR  The guideway shown in FIG. 3 avoids the provision of the horizontal bars
      16. It is formed of two similar assemblies, one for each face of the
      descending material, of which only one assembly appears in FIG. 3.
PAR  Each assembly has an outlet section generally indicated at 19, in which a
      framework consisting of an upper transverse member 20 and a pair of lower
      transverse members 21, 21' joined by pairs of struts 23, 23' connected
      with their outer faces, houses a shutter 18' provided in the form of two
      aluminium panels arranged end to end, is slidable vertically between the
      lower members 21, 21' and has two rollers 24, one at the bottom edge of
      each panel for engagement with the honeycomb material 5. The upper edges
      of the shutter 18' is shown at 42.
PAR  The upper and lower transverse members of each assembly connect with fork
      members 25 which slidably engage vertical guide columns 26 and 27 mounted
      one on either side of the rail track 2, so that the stillage 4 and trolley
      1 are reciprocable between them. The assemblies are thus constrained to
      move only in the direction of delivery of the material 5.
PAR  A pair of pneumatic rams 28 carried by the upper transverse member 20 is
      arranged to raise and lower the panels of the shutter 18' as required.
PAR  A pair of pneumatic or hydraulic rams 29, one for each aluminium panel is
      arranged to press its panel against the descending material 5. Rams 29 and
      3 are controlled by a circuit responsive to a photo responsive device 30.
      When light is received by device 30 through the descending material 5, the
      (four) panels are clamped against the material to prevent its descent, and
      movement of the stillage 4 by the ram 3 is stopped. The accumulation of
      descending material eventually cuts off light from device 30 to unclamp
      the gates and actuate the ram 3. Device 30 is arranged at a level such as
      to provide an adequate head of compression of the material for
      satisfactory lapping in the stillage. Thus, the lapping operation is
      performed intermittently in such a manner as to adjust itself to the rate
      of supply of the material. The absence of any requirement that the rate of
      supply should be uniform, or at any particular average rate, makes the
      apparatus very versatile.
PAR  In FIG. 3, the material 5 is shown as it appears when illumination of
      device 30 is about to cease or about to begin. Above the level of device
      30, the material is in a partially expanded state.
PAR  The upper transverse member 20 is suspended between two pairs of steel
      tapes 31 and 32, carried by a winding shaft (not shown: cf. 14 and 15),
      for raising and lowering them as required.
PAR  Above the member 20, is a horizontal cross bar 33 extending between the two
      pairs of tapes and linked with member 20 by four arms 34, 35, 36 and 37,
      of such thickness as to have a close sliding fit between the tapes. The
      upper ends of arms 34 and 35, and the lower ends of arms 36 and 37, are
      pivotably attached to the bar 33 and the member 20 respectively, and the
      other ends are joined as shown by strips 38 and 39 of spring steel. The
      arms 34 to 37 and the pairs of tapes 31, 32 co-operate to form a fence of
      variable height for confining the descending material. A similar fence
      arrangement (not shown) is provided above the bar 33.
PAR  The assembly just described with reference numerals 19 to 24 and 28 to 39
      is duplicated (apart from the rams 29) to confine the descending material
      on both sides. The fork members 25 are common to the two assemblies and
      thus link them together.
PAR  During lapping, the gate which is down rests upon the laid material by its
      weight only and does not disturb this material. The gate which is up, is
      held by pneumatic pressure in its operating rams. Limit switches such as
      the switch 41 provide a holding function.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system of apparatus for lapping a continuous length of unexpanded
      structural honeycomb material to form an accumulation of superposed
      unexpanded continuously connected layers comprising the combination of:
PA1  A. a guideway to confine and guide the material downwardly and allow the
      material to compress under its own weight and to deliver it in a
      compressed state confined and restrained from buckling to;
PA1  B. an outlet from said guidway;
PA1  C. support means for reception of the confined and compressed material from
      said outlet;
PA1  D. means for reciprocal lapping motion of said support relative to said
      outlet;
PA1  E. compensating means permitting movement of said outlet relative to said
      support to compensate for accumulation of compressed material lapped; and
PA1  F. means responsive to the amount of material in the guideway which means
      controls feed of the material into the guideway.
NUM  2.
PAR  2. Apparatus according to claim 1, in which the outlet from the guideway is
      provided with a pair of closure devices, one on each side thereof, said
      closure devices being operable to prevent feeding of the material in the
      non-required direction during lapping.
NUM  3.
PAR  3. Apparatus according to claim 2 in which the closure devices are shutters
      provided with fluid-operable actuators.
NUM  4.
PAR  4. Apparatus according to claim 1 in which the guideway is provided in the
      form of a pair of contractable guide members arranged to define a
      passageway for the downward feeding of the material therebetween, and the
      compensating means is operable to contract said guide members as the
      lapped material accumulates.
NUM  5.
PAR  5. Apparatus according to claim 4 in which the guide members are
      contractable by flexible tension members.
NUM  6.
PAR  6. Apparatus according to claim 4, in which the contractable guide members
      are constrained to move only in the direction of delivery of the material
      by engagement with guide columns.
NUM  7.
PAR  7. Apparatus according to claim 1, having a transducer operable to permit
      the lapping motion and passage of material through the outlet only when
      the guideway contains an amount of oncoming material sufficient to
      maintain the material at the outlet under adequate compression.
NUM  8.
PAR  8. Apparatus according to claim 1 having a feedway for delivering the
      material to the guideway, said feedway being constituted to exert pressure
      upon the material so that the material is compressed in its direction of
      travel and restrained from shearing movement on being pushed through the
      feedway to the guideway.
NUM  9.
PAR  9. Apparatus according to calim 8 in which the feedway is provided in the
      form of two sets of bars extending in the direction of travel of the
      material, said sets of bars being biased together to exert pressure upon
      the material as it is pushed therebetween towards the guideway.
NUM  10.
PAR  10. Apparatus according to claim 1 in which the said support is a carriage
      reciprocable by a fluid operated ram to produce the lapping motion.
NUM  11.
PAR  11. In a system of apparatus for lapping a continuous length of unexpanded
      structural honeycomb material to form an accumulation of superposed
      unexpanded continuously connected layers comprising the combination of:
PA1  A. a guideway to confine and guide the material downwardly and allow the
      material to compress under its own weight and to deliver it in a
      compressed state confined and restrained from buckling to;
PA1  B. an outlet from said guideway;
PA1  C. support means for reception of the confined and compressed material from
      said outlet;
PA1  D. means for reciprocal lapping motion of said support relative to said
      outlet;
PA1  E. compensating means permitting movement of said outlet relative to said
      support to compensate for accumulation of compressed material lapped; and
PA1  the improvement in which the outlet from the guideway is provided with a
      pair of closure devices, one on each side thereof, said closure devices
      being operable to prevent feeding of the material in the non-required
      direction during lapping.
NUM  12.
PAR  12. In a system of apparatus for lapping a continuous length of unexpanded
      structural honeycomb material to form an accumulation of superposed
      unexpanded continuously connected layers comprising the combination of:
PA1  A. a guideway to confine and guide the material downwardly and allow the
      material to compress under its own weight and to deliver it in a
      compressed state confined and restrained from buckling to;
PA1  B. an outlet from said guideway;
PA1  C. support means for reception of the confined and compressed material from
      said outlet;
PA1  D. means for reciprocal lapping motion of said support relative to said
      outlet;
PA1  E. compensating means permitting movement of said outlet relative to said
      support to compensate for accumulation of compressed material lapped; and
PA1  the improvement in which the guideway is provided in the form of a pair of
      guide members, contractable by flexible tension members and arranged to
      define a passageway for the downward feeding of the material therebetween,
      and the compensating means is operable to contract said guide members as
      the lapped material accumulates.
NUM  13.
PAR  13. In a system of apparatus for lapping a continuous length of unexpanded
      structural honeycomb material to form an accumulation of superposed
      unexpanded continuously connected layers comprising the combination of:
PA1  A. a guideway to confine and guide the material downwardly and allow the
      material to compress under its own weight and to deliver it in a
      compressed state confined and restrained from buckling to;
PA1  B. an outlet from said guideway;
PA1  C. support means for reception of the confined and compressed material from
      said outlet;
PA1  D. means for reciprocal lapping motion of said support relative to said
      outlet;
PA1  E. compensating means permitting movement of said outlet relative to said
      support to compensate for accumulation of compressed material lapped; and
PA1  the improvement in which there is provided a transducer operable to permit
      the lapping motion and passage of material through the outlet only when
      the guideway contains an amount of oncoming material sufficient to
      maintain the material at the outlet under adequate compression.
NUM  14.
PAR  14. In a system of apparatus for lapping a continuous length of unexpanded
      structural honeycomb material to form an accumulation of superposed
      unexpanded continuously connected layers comprising the combination of:
PA1  A. a guideway to confine and guide the material downwardly and allow the
      material to compress under its own weight and to deliver it in a
      compressed state confined and restrained from buckling to;
PA1  B. an outlet from said guideway;
PA1  C. support means for reception of the confined and compressed material from
      said outlet;
PA1  D. means for reciprocal lapping motion of said support relative to said
      outlet;
PA1  E. compensating means permitting movement of said outlet relative to said
      support to compensate for accumulation of compressed material lapped; and
PA1  the improvement in which there is provided a feedway for delivering the
      material to the guideway, said feedway being constituted to exert pressure
      upon the material so that the material is compressed in its direction of
      travel and restrained from shearing movement on being pushed through the
      feedway to the guideway.
PATN
WKU  039423018
SRC  5
APN  5790972
APT  1
ART  324
APD  19750520
TTL  Apparatus for producing low-oxygen content packages
ISD  19760309
NCL  7
ECL  1
EXP  McGehee; Travis S.
NDR  4
NFG  5
INVT
NAM  Domke; Klaus
CTY  Stuttgart-Weilimdorf
CNT  DT
ASSG
NAM  Fr. Hesser Maschinenfabrik AG
CTY  Stuttgart - Bad Cannstatt
CNT  DT
COD  03
RLAP
COD  72
APN  367645
APD  19730606
PSC  03
CLAS
OCL   53110
XCL   53112R
XCL   53112B
EDF  2
ICL  B65B 3102
FSC   53
FSS  7;12;110;112 R;112 B
FSC  141
FSS  7;66;64
UREF
PNO  1406380
ISD  19220200
NAM  Heath et al.
XCL  141 64
UREF
PNO  1673236
ISD  19280600
NAM  Fleischer
OCL   53124B
UREF
PNO  2768487
ISD  19561000
NAM  Day et al.
XCL   53110
UREF
PNO  2817936
ISD  19571200
NAM  Peterson
OCL   53126
UREF
PNO  3619975
ISD  19711100
NAM  Johnson et al.
XCL   53110
LREP
FR2  Sachs; Edward E.
ABST
PAL  A packaging apparatus for forming, filling and gas flushing, evacuating and
      sealing packaging materials to produce low-oxygen content packages. The
      apparatus contains a conveyor for transferring packaging containers from a
      container forming work station to various intermediate work stations to an
      evacuating and sealing station and thence to an exit station of the
      packaging machine. A protective gas-confining cover is provided over the
      path followed by the containers, and gas-flushing means are provided for
      the filler materials and the containers.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 367,645,
      filed June 6, 1973, and now abandoned.
BSUM
PAR  The invention relates generally to packaging machines and more specifically
      to machines for producing packages having a low-oxygen content.
PAR  The apparatus to which this invention pertains relates to a method of
      producing low-oxygen content packages in which an inert, or protective gas
      is passed in counterflow through the filler material, or contents of the
      package, during the filling operation and the gases contained in the
      filler material are partly or almost wholly drawn off before an air-tight
      seal is formed to close the package. The method may be used on
      prefabricated packaging containers as well as tubular bag packages and the
      evacuation process may be carried out in evacuation chambers.
PAR  In the operation of packaging machines, it is desirable to be able to check
      the weight of a filled container and to remove an incorrectly filled
      container from the machine before it is sealed. The path between the
      filling and evacuating stations may be relatively long necessitating a
      larger supply of the protective gas. Also, since some packaging containers
      are not rigid, they may change shape during the weight check causing a
      "breathing" effect. In order to prevent entry of air into the package
      under these conditions, the amount of protective gas supplied must be
      increased. This increases the cost of the operation.
PAR  It is the primary object of the present invention to provide an apparatus
      for producing low-oxygen content packaging containers.
PAR  A further object of the present invention is to provide an apparatus for
      producing low-oxygen content packages, including prefabricated ones, in
      which the apparatus includes a gas distributing and cover means which
      minimizes the use of the protective gas.
PAR  An aspect of the invention resides in providing an apparatus for producing
      low-oxygen content packages and in which a protective gas is supplied and
      confined by a cover arranged above the path along which the packages
      travel during the packaging operation. The cover is arranged over a
      conveyor to carry the packages and extends substantially from a filling
      station past intermediate work stations to an evacuating station having at
      least one working chamber.
PAR  A further aspect of the present invention resides in the provision of an
      apparatus which forms part of a packaging machine used for forming,
      filling and gas flushing, evacuating, and sealing of packaging material.
      The apparatus includes a cover having a protective-gas distributing duct
      in the upper portion thereof. The protective gas passes into a channeled,
      or skirted, space above and around the packages through a plurality of
      small, finely spaced apertures in the lower surface of the distributing
      duct.
PAR  Another aspect of the present invention resides in the provision of an
      additional gas-flushing station between the filling station and the
      evacuating station to act on the unfilled space, or head area, of the
      packaging container and thus to permit a reduction in the amount of gas
      necessary to produce low-oxygen content packages. The economics of the
      operation can therefore be improved.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is had to the following description
      taken in connection with the accompanying drawings, and its scope will be
      pointed out in the appended claims.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic plan view of a packaging machine showing the general
      arrangement of the work stations;
PAR  FIG. 2 is a vertical cross-sectional view of a portion of the apparatus
      shown in FIG. 1;
PAR  FIG. 3 is a vertical view of a gas-flushing device according to the
      invention; and
PAR  FIG. 4 is a vertical view of a modified gas-flushing device according to
      the invention.
PAR  FIG. 5 is a schematic plan view of a conventional evacuation apparatus.
DETD
PAR  Referring now the drawings, there is shown part of a packaging machine
      comprising work stations for forming, filling and gas-flushing,
      evacuating, and sealing tubular bags. A work station 10 is arranged at one
      end of a packaging machine 9. The work station 10 has a plurality of
      forming mandrels 11 around which bag-like packaging containers 6 are
      formed from gas-tight foil drawn from a storage roll 12. The containers 6
      are erected and inserted on a conveyor 5 by a transfer device 13. The
      conveyor 5 transfers the containers 6 to a gas-flushing station 14 where
      the air in the container 6 is at least partly replaced with an inert gas
      before the container 6 moves on to a filling station 1. The filling
      station 1 has a gas inlet 15 through which the flushing gas is introduced
      into a filler material 16 during the filling operation. The flushing gas
      is directed in such a manner that it flows counter to the direction of the
      filler material 16 and purges the air therefrom.
PAR  The conveyor 5 is provided with a cover 2 extending from the vicinity of
      the filling station 1 approximately to an evacuating station 4 having at
      least one chamber located at the opposite end of the packaging machine 9
      from the bag forming station 10. As the containers 6 are moving on the
      conveyor 5 to the evacuating station 4, an opening 17 and a head-space 18
      of the container 6 are covered and substantially confined by the cover 2.
PAR  The cover 2 is comprised of a protective-gas distributing duct 19 in the
      upper portion thereof. The lower surface of the duct 19 is a gas-permeable
      plate 20 arranged just above the filling opening 17 of the container 6.
      The plate 20 contains finely spaced apertures 21 which permit gas to flow
      from the duct 19 into the head-space 18 of the containers 6. Sufficient
      flow of the protective gas prevents entry of ambient air, and oxygen, into
      the containers 6. The gas is substantially confined by a skirt depending
      from the duct 19 and telescoped over the containers 6.
PAR  The portion of the conveyor 5, between the flushing station 14 for empty
      containers and the filling station 1, may also be covered by a cover 2a.
      In both the covers 2 and 2a, the gas-permeable plate may be replaced by a
      close meshed wire fabric, sintered ceramic plate, or the like.
PAR  The conveyor 5 transfers the containers 6 to a weight-checking station 22
      and then to an ejecting station 23 arranged along the conveyor 5. The
      ejecting station 23 removes incorrectly filled containers 6. Since ambient
      air may enter the head-space 18 of the containers 6 when the supply of
      protective gas confined by the cover 2 is low, or when the container 6
      "breathes" during the weight-checking operation, a protective-gas flushing
      station 3, arranged after the ejecting station 23, flushes more protective
      gas into the container 6. While an increased supply of protective gas can
      eliminate the need for the flushing station 3 and its mechanical
      complexity, the consumption and cost of the protective gas would be
      increased. The flushing station 3 can, therefore, be eliminated only when
      adequately stiff packaging containers are to be filled and sealed.
PAR  The flushing station 3 comprises a gas distributing arrangement. In the
      preferred embodiment, a plurality of cannula 24 in the form of hollow
      needles is provided through which the protective gas is introduced from a
      distributing chamber 25 in the upper portion of the flushing station 3.
      The cannula 24, which extend essentially coaxial to the length of the
      packaging container, are lowered into the head space 18 of the container 6
      or into the filler material 16 contained in the container 6. The
      protective gas flows from the distributor chamber 25 through the cannula
      24 and apertures 26 located proximate to the terminal ends thereof. The
      apertures 26 are formed to release the protective gas in a direction
      substantially perpendicular to the axis of elongation of the cannula 24.
      This operation purges ambient air from the headspace 18 as well as from
      the filler material 16. The flushing station 3 may be provided with a
      shaker device 27 located below the gas distributing chamber as shown in
      FIG. 3 and between work stations for filling and evacuating the container.
      The device 27 is effective to shake the material 16 during the flushing
      operation in order to achieve more thorough flushing.
PAR  The shaker 27 is mounted on a stationary support 34 acn comprises an
      elastically supported table 36, facing container 6. Two spaced helical
      coil springs 35 are interposed between the table 36 and support 34 as well
      as an electromagnetic device having a coil 38 disposed in a magnet 37
      secured to support 34 and facing an armature 39 attached to table 36. The
      armature 39 drives magnet 37 to impart movement to table 36 in response to
      feeding alternating current through coil 38.
PAR  An alternate flushing station 3 may be provided for use with dense filler
      material which differs from the flushing station 3 just described above to
      the extent that the cannula 24 are replaced by a displacement piston 28.
      The piston 28 can be lowered into the head-space 18 of the container 6 to
      displace the ambient air therein with protective gas ejected through
      apertures 30 in the lower surface 29 of the piston 28. The shaker 27 may
      again be employed to permit more thorough flushing of the filler material
      at the surface 31.
PAR  After the flushing operation occurs at the flushing station 3, the
      container 6 may be transferred, if necessary, by the conveyor 5 to a
      pre-closing station 32 of a conventional type. The container 6 is
      pre-closed to such an extent that only evacuating openings are left which
      are relatively easy to close while still allowing access to the gaseous
      contents. At the same time, the flow of ambient air into the container 6
      is inhibited because of the small evacuating openings.
PAR  Some types of packaging containers may require flattening means, not shown,
      for flattening the necks of the containers at the pre-closing station 32.
      In this event, the flattening means may be provided with ducts for gas
      flushing.
PAR  The container 6 is moved from the pre-closing station 32 by the conveyor 5
      to a device 7 which transfers the container 6 from the conveyor 5 to the
      evacuating station 4, after which the container or bag 6 is completely
      sealed and then transferred by device 8 back to the conveyor 5. The
      container 6 is then moved to an exit location of the packaging machine 9.
PAR  In FIG. 5 there are shown further details of conventional evacuation
      apparatus 4. The apparatus includes a  rotatable drum 40 having evacuating
      chambers 42, means for transporting the container 44 to and from the
      chambers, means for regulating the supply of protective gas, etc. Such an
      apparatus is shown and described in U.S. Pat. No. 3,006,120, dated Oct.
      31, 1961, which is incorporated herewith by this reference.
PAR  A flushing station 3, equipped with cannula 24, as described above is not
      restricted to a packaging apparatus equipped with an evacuating device 4.
      Such cannula 24 may also be used successfully where flushing of the empty
      packaging container and/or the filler material during the metering or
      filling operation is omitted. Another use may be in the case where the
      packaging containers are to be closed under atmospheric pressure. In this
      case the cannula will be longer and will be immersed almost to the bottom
      of the packaging container.
PAR   While there have been described what are at present considered to be the
      preferred embodiments of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention, and it is aimed, therefore,
      in the appended claims to cover all such changes and modifications as fall
      within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an automatic packaging apparatus for producing low-oxygen content
      packages:
PA1  a plurality of work stations spaced along a predetermined path including a
      station having a device effective for filling said packages, and a station
      having a device effective for evacuating gases from filled packages;
PA1  conveyor means connecting said work stations and effective to move said
      packages along said path;
PA1  and a conduit for carrying and distributing inert or protective gas, said
      conduit defining a hood extending to and between said stations comprising
      said filling and evacuation devices, said hood providing two spaced
      downwardly extending sidewalls with a distributor plate therebetween
      provided with a plurality of finely spaced gas outlet apertures.
NUM  2.
PAR  2. A packaging apparatus according to claim 1, wherein said work stations
      include a station providing protective gas flushing device located between
      said filling and evacuating stations, said flushing station being
      effective to purge the ambient air from the unfilled, or headspace, of the
      packaging container.
NUM  3.
PAR  3. A packaging apparatus according to claim 2, wherein said flushing device
      includes gas distributing means having a piston provided with gas conduits
      insertable into the packaging container.
NUM  4.
PAR  4. A packaging apparatus according to claim 2, wherein said station
      defining a flushing device is provided with a plurality of downwardly
      extending cannula having a common support and being simultaneously
      immersible into said filler material contained within said package.
NUM  5.
PAR  5. A packaging apparatus according to claim 2, and a station providing a
      shaker device effective to act upon said filler material within said
      container, said shaker being arranged between said filling and evacuating
      work stations and adjacent to said flushing station.
NUM  6.
PAR  6. A packaging apparatus according to claim 5, wherein said shaker device
      is arranged below said gas flushing station.
NUM  7.
PAR  7. A packaging apparatus according to claim 5, wherein said shaker device
      is operable simultaneously with said flushing device.
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ABST
PAL  An end gathering machine for gathering the loose ends of flexible wrapping
      material at the end of roll wrapped articles, the machine being located
      between an infeed conveyor and a discharge conveyor which are used to
      intermittently transport the roll wrapped articles in a timed sequence to
      the end gathering machine, the articles being initially aligned with the
      lead end positioned in the machine and subsequently aligned with the
      trailing end positioned within the machine. The machine includes first and
      second sets of upper and lower slides which are movable simultaneously
      toward and away from each other to gather the loose material at the axis
      of the rolled article and including automatically sequenced clip
      assemblies for binding the gathered material to seal the article, the
      slides being adjustable to gather the material at the axis of the article,
      the system being electrically interconnected to automatically sequence the
      movement of the wrapped articles from a storage position through the end
      closing machine to a loading conveyor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Articles wrapped in plastic materials must be sealed to protect the article
      against dirt and moisture damage. Many types of systems are presently
      being used some of which are quite costly, such as heat sealing machines
      and some of which are inadequate to provide a positive seal, such as hand
      twisted wire ties. Articles of the type contemplated herein consist of
      rolled carpets of various diameters which are wrapped in plastic material
      to form a sleeve or tube. The loose ends extend outwardly from each end of
      the roll wrapped article and must be gathered preparatory to binding by
      tightly wrapping a clip or staple around the gathered material. It is
      important in achieving a tightly wrapped and sealed package to gather the
      material at the axis of the rolled material.
PAC  SUMMARY OF THE INVENTION
PAR  The end closing machine of the present invention provides for the automatic
      gathering of the loose materials at the end of the roll wrapped material.
      The gathered material is then automatically sealed by applying a clip or
      staple to the gathered material. The machine is selectively adjustable to
      vary the location of the axis of the gathered material so that it
      corresponds to the axis of the roll wrapped article. The end gathering
      machine is combined with an electrically controlled conveyor system so
      that it is fully automatic. Prewrapped articles are fed intermittently to
      the end gathering machine and are continuously sequenced to gather the
      material at the lead end and the trailing end independently. The ability
      to perform the end gathering function at each end of the roll
      independently provides for fast operation of the system.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a schematic plan view of the wrapping system showing the location
      of the end closing machine;
PAR  FIG. 2 is a schematic side view of the wrapping system as shown in FIG. 1;
PAR  FIG. 3 is an elevation view of the inlet side of the end closing machine
      taken on line 3--3 of FIG. 4;
PAR  FIG. 4 is a side elevation view of the end closing machine taken on line
      4--4 of FIG. 3;
PAR  FIG. 5 is a schematic view of the chain drive assembly for the slides;
PAR  FIG. 6 is a top view of the Tipper Tie clipper;
PAR  FIG. 7 is a side view of the Tipper Tie clipper;
PAR  FIG. 8 is an enlarged side view of the upper slide;
PAR  FIG. 8A is a view taken on line A--A of FIG. 8; and
PAR  FIG. 8B is a view taken on line B--B of FIG. 8.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention generally relates to an end closing machine 10 for
      gathering the flexible wrapping material that extends outwardly from the
      ends of roll 6 wrapped in a flexible material 8. Generally, the rolls 6
      are wrapped in plastic sleeves or tubes which must be sealed at the ends
      to protect the wrapped roll from moisture or dust. In order to achieve a
      tight wrap at the ends, it is essential that the material be gathered at
      the axis of the roll. The end closing machine 10 of the present invention
      provides a means for achieving this result.
PAR  In this regard, the end closing machine 10 forms a part of a wrapping
      system which includes an infeed conveyor 12 located on one side of the
      machine 10 and a discharge conveyor 14 located on the discharge side of
      the machine 10. The prewrapped rolls 6 are intermittently fed from a
      storage table 16 onto the infeed conveyor 12. The sealed rolls 6 are
      ejected from the discharge conveyor 14 onto a loading conveyor 18 by means
      of an eject assembly 20.
PAR  The rolls 6 which are to be sealed in the plastic tubes or sleeves 8 by the
      machine 10 of the present invention, are rolled articles such as carpets
      or the like. The rolls 6 are initially rolled or wrapped in the flexible
      wrapping material 8 to form a sleeve or tube. More specifically, the
      wrapping material is in the form of a plastic material such as polyvinyl
      chloride. The sleeves or tubes of wrapping material extend outwardly from
      the ends with the loose ends 22 and 24 of the wrapping material extending
      axially outwardly from the ends of the roll 6. The wrapped rolls 6 are fed
      intermittently in a timed sequence as described hereinafter from the
      storage table 16 to the infeed conveyor 12 which carries the wrapped roll
      6 to the inlet side of the end closing machine 10. The lead end 22 and
      trailing end 24 of wrapping material on the wrapped roll 6 are gathered
      together for binding by the end closing machine 10.
PAR  Means in the form of a Tipper Tie clipper 26 is used to apply a clip or
      staple 28 to the lead end 22 which has been gathered together by the end
      closing machine 10 to seal the lead end 22. The partially sealed roll 6 is
      then transported through the end closing machine 10 to the discharge
      conveyor 14 and stopped with the trailing end 24 of the wrapped roll 6
      aligned with the discharge side of the end closing machine 10.
PAR  Means in the form of a second Tipper Tie clipper 26 is used to apply a
      second clip or staple 28 to the trailing end 24 of the wrapped roll 6. The
      roll 6 is then sealed within the wrapping material 8 and is transported by
      the discharge conveyor 14 to a position adjacent the load conveyor 18. The
      finally wrapped roll 6 is then ejected by means of the eject assembly 20
      onto the loading conveyor 18.
PAC  THE END CLOSING MACHINE (FIGS. 3 THROUGH 5)
PAR  In accordance with the present invention, the end closing machine 10
      includes a frame 30 which is positioned between the discharge end of the
      infeed conveyor 12 and the inlet end of the discharge conveyor 14. The
      lead end 22 of the wrapped roll 6 is gathered together by means of an
      upper slide 32 and a lower slide 34 supported for vertical motion on the
      inlet side of the frame 30. The trailing end 24 of the wrapping material
      is gathered together by means of an upper slide 36 and a lower slide 38
      supported for vertical motion on the discharge side of the frame 30. Each
      of the upper slides 32 and 36 includes a set of plates a, b and c secured
      together in a spaced parallel relation by transverse side plates 40. The
      plate a includes a "V" shaped notch 44 and is supported in a parallel
      relation to plates b and c and is movable into a space between
      corresponding plates x and y on the lower slide as described hereinafter.
      The plates b and c are spaced from the plate a a distance sufficient to
      accommodate one of the Tipper Tie clippers 26 and cooperate with a
      corresponding plate z on the lower slide as described hereinafter. The
      upper slide 32 is arranged with the plate a located at the discharge end
      of the conveyor 12. The upper slide 36 is identical to the slide 32 but is
      turned 180.degree. with respect to the upper slide 32 and is located with
      the plate a adjacent to the inlet end of the discharge conveyor 14.
PAR  Each of the lower slides 34 and 38 includes a set of plates x, y and z each
      of which includes a "V" notch 46. The plates x, y and z are supported in a
      spaced parallel relation by side plates 48. The plates on the upper slide
      32 are spaced so that plate a will move into the space between the plates
      x and y on the lower slide 34 and the plates b and c on upper slide 32 are
      spaced to receive the plate z on the lower slide 34. The lower slide 34 is
      located at the discharge end of the infeed conveyor 12. The lower slide 38
      is identical to slide 34 but is turned 180.degree. with respect to the
      lower slide 34 and is located at the inlet end of discharge conveyor 14.
PAR  Means are provided on the upper slides 32 and 36 for aligning the wrapping
      material into the notch 46 in the lower slides 34 and 38. Such means, as
      seen in FIGS. 8, 8A and 8B, is in the form of a pair of steel blocks 33
      and 35 secured to plates a and b, respectively. The block 33 is located at
      the apex of notch 44 and includes a cross bar 37. The block 35 is mounted
      on plate b at the apex of the notch 44. The blocks 33 and 35 force the
      gathered material into the notch 44 of the Tipper Tie clipper to assure
      that the gathered wrapping material is in a proper position for the clip
      as described hereinafter.
PAR  Each of the upper slides 32, 36 and lower slides 34, 38 are supported for
      vertical motion on Thompson shafts 52 by means of ball bushings 54
      provided on the sides of the slides. The upper slides are suspended from
      chain beams 66 by means of a selectively adjustable mechanism 72. The
      slides are moved simultaneously toward and away from each other on the
      shafts 52 by means of a pneumatic actuated assembly 56, as seen in FIG. 5.
PAR  In this regard, the assembly 56 includes a penumatic cylinder 58 which is
      connected at its upper end to the frame 30 and a piston rod 60 which is
      connected to the lower slide 34. A pair of chains 62 and 64 are connected
      to each side of the slides to provide equal but opposite motion to the
      upper and lower slides 32 and 34. The slides 36 and 38 are moved in the
      same manner by an assembly identical to assembly 56.
PAR  Referring to FIG. 5, one of the chains 62 is shown connected to the bottom
      of the lower slide 34 and to the bottom of the chain beam 66. The chain 62
      is wrapped around a sprocket 68 on the end of an equalizer shaft 70. The
      second chain 64 is connected to the top of the lower slide 34 and to the
      top of the chain beam 66. The chain 64 is wrapped around a sprocket 68 on
      the end of an equalizer shaft 75. Each of the equalizer shafts 70 and 75
      are provided with similar sprockets at the opposite ends for the chains on
      the opposite sides of the slides.
PAR  Whenever the pneumatic assembly 56 is actuated to raise the lower slide 34
      or 38, the upward motion of the lower slides will lower the chain beam 66
      toward the lower slides. The plate a on the upper slide will move into the
      space between plates x and y on the lower slide. The plate z on the lower
      slide will move into the space between plates b and c on the upper slide.
      Any material located between the slides will be forced by the sides of
      notches 44 and 46 toward the axis of the wrapped rolls.
PAR  The flexible material should be gathered at the axis of the roll 6 in order
      to provide a tight compact roll. This is accomplished by means of the
      adjustable mechanism 72. This mechanism 72 includes a screw threaded shaft
      71 on the chain beam 66 and a corresponding threaded nut 73 on the top of
      the upper slide 32. The upper slide 32 can be adjusted with respect to the
      chain beam to align the apex of the notch 44 with the axis of the roll 6.
PAR  A transfer conveyor 91 is provided in the end closing machine 10 between
      the first set of slides 32 and 34 and the second set of slides 36 and 38.
      The transfer conveyor 91, as well as the infeed conveyor 12, discharge
      conveyor 14 and loading conveyor 18, are all conventional belt type
      conveyors with separate drive motors. The drive motors are energized off
      of switches as described hereinafter.
PAC  THE TIPPER TIE CLIPPER
PAR  The material gathered at the ends of the wrapped rolls 6 is bound by means
      of the Tipper Tie clippers 26 provided in the lower slides 34 and 38. A
      Tipper Tie clipper is a conventional type of device for applying clips to
      the ends of a wrapped package.
PAR  Generally, the Tipper Tie clippers are identical and the following
      description relates to the Tipper Tie clipper 26 in the lower slide 34.
      This clipper, as seen in FIGS. 6 and 7, includes a base 74 which is
      mounted on the brace plate 50 which is mounted between plates y and z of
      the lower slide 34. A pivot arm or handle 76 is pivotally secured to the
      base 74 by a pin 78. A clip storage or feed rack 80 is provided along one
      side of the base 74 and holds a plurality of clips 28 in a position to be
      fed into the base 74. The base 74 is provided with a notch 84 into which
      the gathered material at the ends of the wrapped articles is forced by the
      slides 32 and 34. The handle 76 is then pivoted to bind a clip 28 around
      the gathered material.
PAR  More particularly, the base 74 as seen in FIG. 7 includes a square shaped
      notch 84. A pneumatic cylinder 86 is mounted on one end of the base with
      the piston rod 89 positioned to align the clip 28 with the notch 84. In
      this regard, when handle 76 is closed over opening 84 by cylinder 88, the
      handle 76 will depress a pushbutton switch 77 to actuate cylinder 86. The
      handle 76 includes a bending die which is aligned with clip 28 in the
      closed position. The piston rod 89 of the cylinder 86 will push clip 28
      through the die to encircle the material gathered between the slides.
PAR  The Tipper Tie clippers 26 are aligned in the lower slide 34 between the
      plates y and z. The notch 84 is aligned with the V-notch 46 provided in
      the plates x, y and z. When the slides 32 and 34 are closed to gather the
      material at the ends of the wrapped package, the notches 44 and 46 in the
      slides 32 and 34 will force the material into the notch 84 in the Tipper
      Tie clipper. When the slides 32 and 34 reach the closed position, the
      cylinder assembly 88 is actuated to pivot the handle toward the notch 84
      to bend the clip 28 into tight engagement with the gathered material at
      the end of the roll.
PAC  THE SWITCH CIRCUITS
PAR  The prewrapped articles which are fed to the storage table 16 automatically
      sequence from the storage table 16 to the loading conveyor 18 by means of
      a switch circuit provided throughout the wrapping system. The switch
      circuit automatically feeds the prewrapped rolls 6 from the storage table
      16 to the infeed conveyor 12, stops the infeed conveyor 12 when the lead
      end 22 of the wrapped roll is aligned with the inlet side of the end
      closing machine 10. After applying the clip 28 to the gathered material at
      the lead end 22 of the wrapped roll, the roll is sequenced to the
      discharge conveyor 14 and stopped with the trailing end 24 aligned with
      the end closing machine 10. After the material at the trailing end of the
      roll is gathered and clipped, the roll is moved to the end of the
      discharge conveyor 14 and ejected onto the loading conveyor 18.
PAR  More particularly, the prewrapped rolls 6 are retained on the storage table
      16 by means of a stop plate 90 as seen in FIGS. 1 and 2. The wrapping
      system is started by depressing a manual switch in the control panel 92
      which energizes the system. With a roll on the storage table 16 it
      depresses LS-1 thereby releasing the stop plate 90 allowing a roll 6 to
      roll onto the infeed conveyor 12. In doing so, the roll 6 will interrupt a
      beam from photocell 94 across infeed conveyor 12 to reflector 96. The roll
      6 is carried along infeed conveyor 12 and the beam will be re-established.
      A timer in photocell 94 will time out and allow the stop plate 90 to
      return to a vertical position. With a roll 6 actuating LS-1, the stop
      plate 90 will be actuated to allow the next roll to roll onto the infeed
      conveyor.
PAR  As the lead end 22 of the roll 6 reaches the end of the infeed conveyor 12,
      the conveyor 12 will be stopped by means of a second stop plate 98 located
      at the end of the infeed conveyor 12 in a transverse relation thereto. As
      the roll 6 depresses the second stop plate 98, switches LS-2 and LS-3 will
      be tripped. Switch LS-2 actuates a brake to stop the infeed conveyor.
      Switch LS-3 deenergizes the conveyor drive motor and energizes the end
      closing machine 10.
PAR  Actuation of the end closing machine 10 initiates the movement of the upper
      slide 32 and lower slide 34 toward each other by pressurizing the
      pneumatic cylinder assembly 56. It should be noted that the slides 32 and
      34 will gather the flexible wrapping material at the axis of the roll 6.
      When the slides 32 and 34 reach the fully closed position, a switch LS-4
      will be closed actuating a timer for the first Tipper Tie clipper 26 to
      seal the lead end 22 of the roll 6 by applying a clip 28 to the material
      gathered in the notches of the slide. On completion of the clip applying
      sequence, the timer for the first Tipper Tie 26 will actuate the pneumatic
      assembly 56 to return the slides 32 and 34 to their initial position. On
      return of the lower slide 32 to its initial position, a switch LS-6 is
      closed to start the infeed conveyor 12 and the transfer conveyor 91.
PAR  The infeed conveyor 12 and the transfer conveyor 91 will transport the roll
      6 through the end closing machine 10. The lead end of the roll 6 as it
      passes through the end closing machine 10 will engage a switch plate 99
      that actuates a switch LS-7 that starts a timer for the discharge conveyor
      14. When the timer times out, the transfer conveyor drive and discharge
      conveyor drive will be deactivated with the trailing end 24 aligned with
      the slides 36 and 38. The timer automatically sequences the end closing
      machine 10 to close the slides 36 and 38. The lower slide 38 actuates a
      switch LS-8 to actuate a timer for the second Tipper Tie clipper 26. A
      clip 28 will be attached to the material gathered at the trailing end 24
      of the roll 6.
PAR  After the timer for the second Tipper Tie clipper has timed out, the
      discharge conveyor 14 is restarted when the slides 36 and 38 are fully
      open to trip a switch LS-11. The discharge conveyor 14 will move the roll
      to the end of the discharge conveyor where a switch LS-12 is tripped to
      actuate the eject assembly 20. The eject assembly 20 will push the wrapped
      roll onto the load conveyor. When the eject assembly 20 reaches the end of
      its stroke, a switch LS-13 will be tripped to start the load conveyor 18
      and return the eject assembly to the start position.
PAC  OPERATION
PAR  The wrapping system as described above is used to gather the ends of
      prewrapped rolls or articles 6 and to bind the ends with a clip 28 to seal
      the flexible material at the ends of the rolls. The prewrapped rolls 6 are
      rolled onto a storage table 16 where they are retained by means of a stop
      plate 90.
PAR  The system is activated by depressing a manual start button on a control
      panel 92 to activate a switch LS-1 that releases the stop plate allowing
      the wrapped roll to roll onto the infeed conveyor 12 and start the infeed
      conveyor 12. As the roll rolls onto the conveyor 12, it will interrupt the
      beam between the photocell 94 and the reflector 96.
PAR  The infeed conveyor will move the roll axially toward the end closing
      machine 10. As the roll clears the beam between the photocell 94 and
      reflector 96. A timer in photocell 94 will time out and the switch LS-1
      will again be tripped allowing the next roll to roll onto the infeed
      conveyor.
PAR  The timer in the photocell 94 provides time to properly space the rolls on
      the infeed conveyor 12. When the first roll reaches the end of the
      conveyor it engages a stop plate 98 actuating switches LS-2 and LS-3.
      Switch LS-2 will activate a brake to stop the conveyor. Switch LS-3 will
      set up an open circuit to the conveyor drive and energizes the end closing
      machine 10 to initiate an end closing operation by the first set of slides
      32 and 34.
PAR  When the end closing machine completes the end closing operation on the
      lead end 22 of the wrapped roll, the first set of slides will move to
      their open positions actuating a switch LS-6 closing the circuit to the
      infeed conveyor and the transfer conveyor 91. The first roll will be moved
      through the end closing machine 10 by means of the transfer conveyor 91
      and the infeed conveyor will move the second roll toward the end closing
      machine in the same sequence as described above for the first roll. The
      lead end of the second roll as it passes through the end closing machine
      will engage a switch plate 99 that actuates a switch LS-7 to start a timer
      for the discharge conveyor 14. When the timer times out both the transfer
      conveyor drive motor and the discharge conveyor drive motor will be
      deactivated with the trailing end aligned with the second set of slides 36
      and 38. The timer automatically sequences the operation of the end closing
      machine 10 to automatically apply a clip to the material gathered at the
      trailing end 24 of the wrapped roll.
PAR  Upon completion of the operation of the second set of slides, a switch
      LS-11 is closed to actuate the discharge conveyor. The discharge conveyor
      will move the roll axially into engagement with a switch LS-12 which
      deactivates the transfer conveyor drive motor and simultaneously actuates
      the eject assembly 20. The eject assembly 20 will push the roll onto the
      load conveyor 18 and on reaching the end of its stroke will actuate a
      switch LS-13 to start the load conveyor and return the eject assembly 20
      to neutral. When the eject assembly 20 reaches the neutral position, a
      switch LS-10 will be closed setting up an interlock circuit for the
      discharge conveyor.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for gathering the ends of a wrapping material on a rolled
      article, said apparatus comprising:
PA1  an infeed conveyor,
PA1  means at the end of the infeed conveyor for gathering the ends of the
      wrapping material,
PA1  means for binding the gathered end of said material,
PA1  an intermediate conveyor for transporting the wrapped roll to a discharge
      conveyor,
PA1  means at the inlet end of the discharge conveyor for gathering the loose
      end of the wrapping material adjacent the inlet end of the discharge
      conveyor,
PA1  means for binding the gathered ends of said wrapping material,
PA1  and means for ejecting the wrapped material from the discharge conveyor.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said gathering means
      comprises an upper and lower plate each having a V-notch and including
      means for moving said plates towards and away from each other to gather
      the loose material in the V of said notches.
NUM  3.
PAR  3. An end closing machine for gathering the ends of a wrapping at each end
      of a rolled article, said machine comprising:
PA1  a frame,
PA1  an upper and a lower slide supported in a spaced relation on said frame for
      movement toward and away from each other, said upper slide including a
      number of plates mounted in a parallel spaced relation and each plate
      having an inverted V-shaped notch, said lower slide including a number of
      plates mounted in a parallel spaced relation and each plate including a
      V-shaped notch corresponding to the inverted V-shaped notch of the plates
      on said upper slide,
PA1  two of said plates on said upper slide being arranged to cooperate with a
      single plate on the lower slide for gathering loose material at the end of
      the prewrapped roll at the axis of the roll,
PA1  two pairs of stabilizing sprockets mounted on said frame,
PA1  one of said pair being located above the upper slide and the other pair
      being located below the lower slide,
PA1  a chain beam,
PA1  a first pair of chains having one end connected to the lower slide and
      wrapped around the upper pair of equalizer sprockets, the other end of the
      chain being connected to the chain beam,
PA1  a second pair of chains having one end connected to the lower slide wrapped
      around the lower equalizer sprockets and the other end connected to the
      chain beam,
PA1  means for connecting the said upper slide to said chain beam,
PA1  a pneumatic piston and cylinder assembly having one end connected to the
      frame and the other end connected to said lower slide whereby on movement
      of said lower slide said upper slide will move an equal distance in the
      opposite direction,
PA1  and means mounted on said lwoer slide for binding the gathered ends of
      loose material to seal the package.
NUM  4.
PAR  4. The apparatus according to claim 3 including means on said slides for
      aligning said gathered material in said binding means.
NUM  5.
PAR  5. The machine according to claim 3 wherein said chain beam is selectively
      adjustable to vary the axis of the gathered material in accordance with
      the diameter of the prewrapped roll.
NUM  6.
PAR  6. A wrapping system for binding the ends of rolls wrapped in flexible
      material, said system including:
PA1  an end closing machine,
PA1  an infeed conveyor positioned to carry the rolls axially towards the
      machine and a discharge conveyor to carry rolls axially away from said
      machine, the machine including
PA1  a first means for gathering the flexible material at the lead end of the
      roll when the roll is located at the end of the infeed conveyor and a
      second means for gathering the flexible material at the trailing end of
      the roll when the roll is located at the beginning of the discharge
      conveyor, said first and second means including clip means for attaching a
      staple to the material gathered at the ends of said roll.
NUM  7.
PAR  7. The system according to claim 6 including means for adjusting the first
      and second means to gather the material at the axis of the prewrapped
      roll.
NUM  8.
PAR  8. The assembly according to claim 6 wherein said first and second means
      each include an upper slide and a lower slide, means for moving said
      slides simultaneously towards and away from each other, each slide
      including a V-shaped notch whereby material will be gathered at the apex
      of said notches.
NUM  9.
PAR  9. The assembly according to claim 8 wherein each of said lower slides
      includes means for automatically applying a clip to the material gathered
      in the notches of the slides.
NUM  10.
PAR  10. An end closing machine for sealing the ends of the flexible material
      wrapped around a rolled article, said machine comprising a frame,
PA1  means for conveying the wrapped article axially in a step by step manner,
PA1  a first pair of slides mounted on one side of said frame for movement
      toward and away from each other to gather the flexible material at the
      axis of the lead end of said article at the end of one step of movement of
      the conveyor,
PA1  a second pair of slides mounted on the other side of said frame for
      movement toward and away from each other to gather the flexible material
      at the axis of the trailing end of said rolled article at the end of the
      next step of movement of the conveyor,
PA1  and means on one of said slides for securing a clip to the gathered
      material.
NUM  11.
PAR  11. The machine according to claim 10 wherein each pair of slides includes
      an upper slide and a lower slide, each upper slide including a pair of
      plates having V-notches and being positioned for movement transverse to
      the ends of said rolled articles and said lower slides including a single
      plate having a V-notch and being positioned to move transverse to the ends
      of said rolls in cooperation with said pair of plates on said lower
      slides.
NUM  12.
PAR  12. The machine according to claim 10 wherein said machine includes
      pneumatic piston and cylinder assemblies which move said slides
      simultaneously toward and away from each other.
NUM  13.
PAR  13. The machine according to claim 12 wherein said piston and cylinder
      assemblies include means for adjusting the position of said upper slides
      to correspond to the axis of said rolled articles.
NUM  14.
PAR  14. The apparatus according to claim 1 wherein said gathering means
      includes means for aligning the gathered material in said binding means.
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ABST
PAL  A method of packing biscuits and similar flat cakes into elongated boxes of
      the type adapted to receive a pile of biscuits with the axis of the pile
      extending in the longitudinal direction of the box and with the single
      biscuits in the pile forming an oblique angle with this direction, the
      biscuits being filled down into the box through an elongated opening in
      the top side thereof, whereafter this opening is closed normally by means
      of a transparent sheet material. The biscuits are successively transferred
      from the delivery end of a tunnel oven into a fixed delivery position
      above a piling receptacle and the first biscuit is brought to stand
      edgewise on a releasable bottom portion of the receptacle and leaned in an
      inclined position against a displaceable end wall portion of the
      receptacle, and the end wall portion is displaced a distance corresponding
      to the thickness of one biscuit, whereafter the next biscuit is brought
      correspondingly from said delivery position to an inclined position
      supported by said bottom portion and leaned against said first biscuit,
      and so forth until the lying pile has the desired length, whereafter the
      said bottom portion is released so as to cause the entire pile to fall
      down from the receptacle into a box placed therebeneath. The invention
      also comprises an apparatus for handling the biscuits according to this
      method, the apparatus preferably being made so as to be able to handle
      several rows of biscuits by each operation cycle.
BSUM
PAR  The present invention relates to packing of biscuits and similar products,
      and more specifically to methods and means for filling an elongated sales
      carton box with a pile of biscuits in such a manner that the biscuits
      assume an inclines position in the carton relatively to the axis of the
      pile. To an increasing degree different biscuit products are packed in
      elongated boxes of rectangular cross section adapted to rest on a table
      with one of their long sides, the top side of the box being open for
      receiving the biscuits, whereafter this side is closed e.g. by an easily
      removable transparent sheet material. At one end the box is provided with
      an inclines wall portion upstanding from the bottom so as to define a
      transverse biscuit support surface extending from the top of the end wall
      and downwardly-inwardly towards the bottom, e.g. at an angle of
      45.degree.. Hereby the biscuits are supported so as to generally be
      inclined 45.degree. relatively to the length axis of the horizontal pile
      or row of biscuits as defined by the length dimension of the box.
PAR  While it is relatively easy to arrange the biscuits manually in the box in
      this manner there has been considerable difficulties in providing
      automatic means for carrying out the packing in connection with the
      delivery of biscuits from an industrial baking oven of the running-through
      or tunnel type, the biscuits in question normally being baked in an oven
      of this type.
PAR  It is the purpose of this invention to provide a method and an apparatus
      enabling the biscuits to be automatically piled and packed as described in
      a reliable and rapid manner.
PAR  According to the invention there is used an intermediate receptacle to
      which the biscuits are successively fed from the delivery end of the oven
      so as to be arranged with the desired pile shape in the receptacle,
      whereafter, when the receptacle is filled, one long side thereof is
      temporarily opened or removed and the prearranged pile is transferred to a
      packing box through the open receptacle side.
DRWD
PAR  By way of example, an embodiment of a system according to the invention is
      illustrated in the accompanying drawing, in which:
PAR  FIG. 1 is a schematic perspective view of an apparatus for receiving the
      biscuits from an oven and stacking them in boxes in the manner described,
PAR  FIG. 2 is a sectional side view of the apparatus, and
PAR  FIG. 3 is a perspective fragmentary view illustrating details of the
      apparatus.
DETD
PAR  In FIG. 1 is shown a tunnel oven 2 the baking plate of which is made as an
      endless conveyor belt 4 on which the biscuits 6 are arranged in
      consecutive transverse rows. At the delivery or output end of the oven,
      this end being shown in FIG. 1, at least four rows of biscuits are
      exposed, whereby it is possible by automatic means to remove the biscuits
      in these rows and transfer them to the stacking apparatus described below.
      This removal and transfer may be made by an arrangement similar to that
      described in our British Patent Specification No. 1,305,901, i.e.
      including an overhead carrier structure 8 provided with a number of
      sucking heads 10 arranged so as to be able to pick up all the biscuits in
      the first four rows of the conveyor plate 4, preferably upon the biscuits
      being scraped off to well defined delivery positions as also described in
      our said earlier Patent Specification. The structure 8 is movable along an
      arched path as shown by the dotted arrows a so as to be reciprocable
      between a pick up position above the end of the conveyor plate 4 and a
      delivery position above the stacking apparatus, which is generally
      designated 12. The transfer system may correspond to that described in the
      earlier Patent Specification with the exception that it is here preferred
      to use a sucking head structure having sufficient sucking heads for
      handling four rows of biscuits in each operation cycle, though of course
      the figure four is taken as a practical example only.
PAR  The stacking device 12 is made as a box structure the top side of which is
      divided into 4 times 6 receptacle units 14 arranged so as to be operable
      to each receive a biscuit from the transfer structure, 6 being the number
      of biscuits in each row in the example shown; this number, of course, is
      an example only.
PAR  Each of the receptacle units 14 have a top plate 16 which is inclined in
      such a manner that when a biscuit, released from the particular sucking
      head upon reaching the position shown at the top of the right hand side of
      FIG. 2, is deposited on this plate the biscuit will slide down along the
      plate 16 and thus, due to the downwardly increasing inclination of this
      plate as most clearly illustrated in FIGS. 2 and 3, be turned into an
      upright position and fall down into a receptacle compartment 18 underneath
      the lower end of the inclined plate 16. The bottom of this compartment or
      rather the bottom of each of these compartments in each of the 6
      longitudinal rows of these compartments is constituted by a pair of
      horizontal rods 20, on the top surface of which the falling biscuits are
      brought to rest. The rods 20, as explained below, are retractable for
      release of the biscuits in the different compartments 18.
PAR  Each compartment 18 is defined between two side walls 22, a front wall 24,
      and a rear wall 26. The front walls 24 are rigid vertical elements having
      forwardly tapering lower end portions 28 and serving to carry at their top
      the gliding plate 16 belonging to the next compartment 18. The rods 20 are
      most clearly shown in FIGS. 2 and 3. They pass through holes 21 in the
      lower ends of the rigid front wall plates 24 so as to be easily
      retractable therefrom. For each row of receptacle compartments the two
      bottom rods 20 are disposed symmetrically about the middle line of the
      aligned compartment bottoms. The two rods could be substituted by a flat
      strip as shown for the sake of simplicity at 20' in FIG. 1.
PAR  The rear walls 26 are constituted by inclined plate members which adjacent
      their side edges are rigidly secured, as shown at 27 in FIG. 3, to
      horizontal carrier strips or rods 30 mounted adjacent the opposed sides of
      the compartments 18 so as to be movable in the longitudinal direction of
      the device 12 between an initial position shown in dotted lines in FIG. 2
      and a final position shown in full lines. For example, the rods or plate
      strips 30 may be interconnected by means of a transverse beam 32 to which
      there is secured a screw spindle 34 cooperating with a stationary gear
      motor 36 for rotating a driving screw inside the motor housing and thus
      reciprocate the plate members 26 as desired. The plate members 26 in their
      initial positions define a narrow vertical space behind the respective
      front walls 24, and the first biscuits sliding down along the plates 16
      will be received in these spaces and assume a slightly inclined position
      therein, resting against the bottom rods 20 and the plate member 26. When
      the first set of biscuits has been transferred to the device 16 and the
      transfer structure 8 is moved away for picking up a new set of biscuits
      from the baking plate 4, the motor 36 is energized shortly for moving the
      inclined plates 26 one step rearwardly, corresponding to the thickness of
      a biscuit, and as explained below also the bottom rods 20 are moved
      correspondingly, whereby the biscuit is moved rearwardly and leaves space
      for the next biscuit to be received.
PAR  The bottom rods 20 are interconnected by means of a cross beam 38 to which
      there is secured a piston rod 40 of a cylinder 42 operable to retract the
      bottom rods entirely from their positions underneath the receptacle
      compartments. As illustrated schematically the upper cross beam 32 is
      provided with a fixed abutment arm 44 which engages loosely behind the
      cross beam 36; when the cross beam 32 is moved rearwardly for moving the
      plate members 26 the said steps rearwardly the abutment arm will cause the
      cross beam 38 and therewith the bottom rods 20 to be moved the same steps,
      and in this manner the biscuits already deposited on the rods will be
      moved as a whole, leaving the said space for the next biscuit to be
      received. Normally the biscuits will be supported in the horizontal cross
      direction by means of the strips or rods 30, and since these participate
      in the retraction of the plate members 26 the free retractability of the
      biscuits will not be compromised by any frictional engagement between the
      edges of the biscuits and the rigid side walls 22.
PAR  When the next set of biscuit has been transferred to the device 16 the
      plates 26 and the rods 20 are moved a further step, and this operation is
      continued until the receptacle compartments have been filled, e.g. with 4
      or 5 biscuits each, whereby the plates 26 assume their final positions.
PAR  With the plates 26 in their final positions, as soon as the last set of
      biscuits has landed on the bottom rods 20 the cylinder 42 is actuated so
      as to cause full retraction of these rods 20 from all the compartments.
      Underneath each longitudinal row of compartments 18 there is placed a
      support for a carton box adapted to receive the biscuits as they are in
      this manner released from the compartments. One of these boxes is shown in
      a sectional view in FIG. 2. It is an elongated box 46 having at one end an
      inclined inner wall portion 48 projecting from the box bottom towards the
      upper end edge of the box, whereby it can support a biscuit in an inclined
      position, e.g. of 45.degree.. At the lower ends of the front wall members
      24 there are secured inclined guiding plates 50 which extend down into the
      box and serve to guide the biscuits in such a manner that they are
      deposited in the box in expressed inclined positions. When the box is
      thereafter moved downwardly the biscuits will fall or tilt to rest on each
      other with the rearmost biscuit supported on the wall portion 48, i.e.
      with all biscuits assuming uniform inclined positions in the desired
      manner.
PAR  The box 46 is supported by a lift support table 52 which is adapted to move
      up and down substantially in the direction of the lower guiding plates 50,
      whereby the filled box may be lowered without the lower ends of the
      guiding plates causing the biscuits to be raised to a vertical position.
      The direction of movement may even be still more inclined than the guiding
      plates, whereby the biscuits will be gently laid down into their final
      positions. Thus, as indicated schematically in FIG. 1, the support table
      may be moved by means of inclined working cylinders 54.
PAR  It is preferred, however, to let the support table 52 be pivotally
      connected with the outer ends of a pair of crank members 56 which are
      reciprocated by means not shown so as to move the table 52 along the
      dotted line b, whereby the release movement from the guiding plates 50
      takes place in the desired direction. The foremost guiding plate is
      designated 51 and is not inclined; it projects vertically downwardly and
      serves as an abutment for the interior side of the left hand end of the
      box, whereby it constitutes a centering means for the box.
PAR  In the lower position of the support table 52 the filled boxes may be
      removed and new boxes placed on the table. This exchange may be carried
      out in any convenient manner, also fully automatically, but it is not the
      purpose of the invention to describe this function in more detail.
      However, in FIG. 1 is shown a transverse row of boxes 46 resting on a
      support table or conveyor 47 so as to be ready to be pushed forwardly onto
      the lift support 52 when this support assumes its lowered position.
PAR  As soon as the biscuits have left the compartments the motor 36 is actuated
      so as to move the plate members 26 back into their initial positions, and
      the cylinder 42 is actuated for bringing the bottom rods 20 back into
      their operative positions, before the next set of biscuits is received by
      the continued operation of the transfer system. This, of course, takes a
      certain time, but it will be appreciated that sufficient time may be
      provided for due to the fact that the transfer system handles several
      transverse rows of biscuits at the same time, i.e. in each operation
      stroke.
PAR  It can be difficult to ensure that the biscuits are really deposited in a
      rearwardly inclined position on the bottom rods 20 upon their sliding down
      along the upper plate members 16, so a special security arrangement has
      been provided to this end, i.e. for ensuring that the biscuits are brought
      to rest against the plate members 26 in a position in which they follow
      the stepwise retraction of these plates and thus clear the space in front
      of them for receiving the next biscuits. This arrangement comprises a
      compressed air nozzle 58 mounted in the front wall portion 24 of each
      compartment and operating to send an air jet against the upper half of the
      biscuits deposited on the bottom rods 20. Experiments have shown that this
      is sufficient for obtaining the desired result. The nozzles 58 are fed
      through channels 60 connected to distributor tubes 62 mounted crosswise in
      the device 12 underneath the top plates 16 and above the top of the plate
      members 26.
PAR  The invention is in no way limited to the embodiment shown and described,
      since numerous modifications are possible within the scope of the
      invention. Thus, the inclined guiding plates 16 could be avoided if the
      biscuit transfer system is adapted to otherwise deliver the biscuits to
      the front end of the receptacles with the biscuits assuming an upright
      position, e.g. if the sucking heads 10 are mounted so as to be able to
      swing the biscuits into a substantially vertical position prior to
      releasing the biscuits. For the invention itself it is not of primary
      importance how the biscuits are delivered to the inlet openings of the
      piling compartments 18, but it will be appreciated that the preferred
      system as schematically illustrated in FIG. 1 can be made so as to operate
      in a rapid and reliable manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for piling and packing biscuits and similar flat cakes and
      comprising a piling receptacle having a retractable bottom portion
      operable to support a number of biscuits placed generally edgewise
      thereon, an inlet opening located above said bottom portion and through
      which biscuits are consecutively introduceable into the receptacle so as
      to be supported by said bottom portion, a horizontally displaceable end
      wall member operable to support a first biscuit standing on said bottom
      portion in a slanting position leaned against said wall member, control
      means for gradually moving said end wall member rearwardly from an initial
      position adjacent said inlet opening so as to bring the said first biscuit
      away from the position in which it was introduced through the inlet
      opening and thus provide space for the following consecutive biscuits to
      be introduced into the receptacle and form a lying pile therein, and
      outlet control means operable to retract said bottom portion for releasing
      the pile of biscuits in the receptacle and allowing the pile to fall down
      into a box situated on support means underneath said receptacle.
NUM  2.
PAR  2. An apparatus according to claim 1, comprising a number of aligned piling
      receptacles and control means for simultaneously moving said end wall
      members thereof, and said outlet control means being operable to release
      the bottom portions of the receptacles substantially simultaneously.
NUM  3.
PAR  3. An apparatus according to claim 1, in which the bottom portion of the
      receptacle is connected with said end wall member so as to be operable to
      participate in the gradual rearward movement thereof.
NUM  4.
PAR  4. An apparatus according to claim 1, in which at the top of the receptacle
      there is provided an inclined support plate member operable to receive a
      biscuit and forming a chute along which the biscuit may slide to said
      inlet position.
NUM  5.
PAR  5. An apparatus according to claim 1, in which in a fixed end wall portion
      of the receptacle in front of the rearwardly movable end wall member there
      is provided an air nozzle operable to blow an air jet against the front
      side of the last introduced biscuit in the receptacle.
NUM  6.
PAR  6. An apparatus according to claim 2, in which underneath the bottom
      portions of the receptacles there is mounted a number of stationary,
      inclined guiding plates operable to guide the biscuits downwardly into an
      underlying packing box, and in which a support member for said packing box
      is arranged underneath the receptacles so as to be reciprocal
      substantially in the direction of the inclined guiding plates between a
      raised position in which the guiding plates extend down into a packing box
      standing on said support, and a lower position in which the top side of
      the box is situated in a level underneath the lower ends of the guiding
      plates.
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ABST
PAL  Packaging apparatus for packaging units in flexible sheet material with the
      units spaced longitudinally in a tube formed of the material and with the
      tube sealed together between successive units. The apparatus includes a
      rotary sealing wheel carrying a series of sealing assemblies for sealing
      the tube, the sealing assemblies being uncoupled from the wheel and held
      at a hold position for again being released in timed relation to movement
      of the tube for sealing the tube between successive units. The sealing
      assemblies are releasably coupled to opposite sides of the wheel, and in
      accordance with this invention an arrangement is provided for
      simultaneously uncoupling and coupling the sealing assemblies from both
      sides of the wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to packaging apparatus, and more particularly to
      apparatus for packaging a product in a tubular bag having its ends sealed
      closed.
PAR  Specifically, this invention relates to an improvement of packaging
      apparatus as disclosed in U.S. Pat. No. 2,976,657 to Cloud in which a
      product to be packaged is placed on a web, and the web is formed into a
      tube around the product and sealed and severed in front of and behind the
      product to form a bag. In the above-mentioned Cloud patent, the entubed
      products pass around a so-called rotary turret or wheel. A plurality of
      clamping assemblies or die sealing units are held stationary in a rest or
      hold position at one location on the wheel with the wheel rotating
      relative to the sealing units when the latter are in their hold position.
      In timed-relation to movement of the portions of the tube between
      successive products therein, the sealing units are released one at a time
      from the hold position and are coupled to the wheel for being driven by
      the wheel. Each sealing unit has a fixed lower jaw and a hinged upper jaw
      swingable from an open to a closed position as the sealing unit moves from
      the hold position so as to clamp the tube between the jaws intermediate
      successive products in the tube. The jaws may be heated so as to heat-seal
      the tube, or may include other means to otherwise seal the tube
      transversely across the tube. Also, the jaws may carry a severing blade
      (or a heated wire) for severing the tube within the seal formed by the
      jaws thereby to form the trailing end seal of a leading bag and the
      leading end seal of a trailing bag. The jaws securely grip the web as the
      die moves with the wheel and thus pull the tube and products therein
      through the apparatus at the speed of the wheel. In the above-mentioned
      Cloud patent, sealing units are coupled to the wheel by means of a
      so-called clutch at one side of each sealing unit.
PAR  Other packaging apparatus similar to the above-described apparatus are
      known which have means for releasably coupling the sealing units to the
      wheel at both sides of the sealing units. However, in the apparatus shown
      in the above-mentioned U.S. Pat. No. 2,976,657 and in the above-mentioned
      similar apparatus, the coupling means sometimes causes the sealing units
      to cant or cock relative to the wheel which in turn results in an oblique
      seal being formed or in the jaws closing on a portion of the product.
      Furthermore, this canting or cocking of the sealing units may cause them
      to stick to the wheel thus preventing their release at the hold position
      and thus they may be forceably driven into the other sealing units at the
      rear of the hold position with possible consequent damage to the
      apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of this invention may be noted the provision of
      apparatus, such as above-described, which consistently forms end seals for
      packages being formed which are perpendicular to the sides of the
      packages; the provision of such apparatus in which the sealing units are
      reliably uncoupled from and coupled to both sides of the wheel
      simultaneously; and the provision of such apparatus which is of simple and
      rugged construction and which is reliable in operation at relatively high
      production speeds. Other objects and features of this invention will be in
      part apparent and in part pointed out hereinafter.
PAR  Briefly, apparatus of this invention packages units in flexible sheet
      material (e.g., heat-sealable plastic film) wherein the units are spaced
      longitudinally in a tube of the material. The apparatus includes means for
      sealing the tube between the units comprising a wheel having two sides
      rotatable on an axis. A series of sealing units or assemblies is carried
      by the wheel and each sealing unit has means for coupling it to the wheel
      at both sides thereof for travel with the wheel and is adapted for
      uncoupling the sealing unit from the wheel to allow the wheel to rotate
      while the sealing unit remains stationary. Means is provided for arresting
      a first sealing unit at a hold position and for actuating its coupling
      means to uncouple the sealing unit from the wheel. Successive sealing
      units trailing the first sealing unit are arrested by interengagement
      behind the arrested unit and the coupling means of these successive
      sealing units are actuated to uncouple the sealing units from the wheel by
      the above-mentioned interengagement. The arresting means comprises a pair
      of stops, one at each side of the wheel, movable between an operative
      position wherein they are engageable by the coupling means of the first
      sealing unit to arrest the first sealing unit and to uncouple it from both
      sides of the wheel and a retracted position for release of the sealing
      unit to travel with the wheel and to couple it to the wheel. A single
      actuator is provided for the two stops, and a linkage arrangement
      interconnects the actuator and the two stops for simultaneously releasing
      the first sealing unit from both sides of the wheel simultaneously
      coupling it to both sides of the wheel for travel of the sealing unit with
      the wheel upon operation of the actuator.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified side elevational view of apparatus of this invention
      with parts broken away and with other parts omitted to illustrate key
      components of the apparatus;
PAR  FIG. 2 is an enlarged view of a portion of the apparatus shown in FIG. 1
      with some parts broken away illustrating a wheel, a series of sealing
      units carried by the wheel, and means for arresting a plurality of the
      sealing units at a hold position and for releasing the first sealing unit
      at the hold position to travel with the wheel;
PAR  FIG. 3 is an enlarged vertical cross section taken on line 3--3 of FIG. 2
      illustrating a sealing unit with its upper jaw (shown in phantom) in a
      raised or open position;
PAR  FIG. 4 is an enlarged view of a portion of the apparatus shown in FIG. 2
      illustrating the arresting means in its operative position;
PAR  FIG. 5 is a view similar to FIG. 4 illustrating the arresting means in its
      retracted position;
PAR  FIG. 6 is an enlarged side elevational view of an actuator for the
      arresting means; and
PAR  FIG. 7 is a plan view of the actuator.
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, packaging apparatus 1 of this invention is
      shown to comprise a frame 3 for supporting a roll 5 of flexible web
      material W, such as heat-sealable plastic film, heat-sealable laminated
      sheet material, or the like. The web travels over rollers 7 along a path P
      through the apparatus. More particularly, web W moves past a loading
      station 9 at which point units U are fed onto the upper face of the web at
      substantially equal longitudinal intervals along the web by an infeed
      conveyor (not shown). As indicated at 11, means is provided along the path
      P for forming the web into a tube T surrounding the units. This tube
      forming means folds up the side margins of the web on the units and forms
      a continuous longitudinal back seal joining the side margins of the web.
      The tube with the units U therein is moved along its path P toward means
      generally indicated at 13 for sealing and severing the tube between
      successive units U at package length intervals thereby to form a sealed
      bag around each unit.
PAR  More particularly, sealing means 13 comprises a wheel 15 rotatable on a
      horizontal axis X and having two spaced, circular side plates 17a, 17b.
      The sealing means further comprises a series of sealing assemblies or
      units, each sealing unit being indicated at 19, carried by the wheel. Each
      sealing unit 19 has means 21 (see FIGS. 2-5) for coupling it to both side
      plates 17a, 17b of wheel 15 for travel with the wheel and for uncoupling
      it from the wheel to allow the wheel to rotate relative to the sealing
      unit while the sealing unit remains stationary. As indicated at 23, means
      is provided for arresting a first sealing unit 19 at a hold position H and
      actuating its coupling means 21 to uncouple it from the wheel. Successive
      sealing units 19 trailing the first unit are arrested by interengagement
      behind the arrested unit, and the coupling means thereof are actuated to
      uncouple the successive sealing units from wheel 15. As shown in FIG. 2,
      arresting means 23 comprises a pair of stops 25a, 25b, one at each side of
      the wheel, movable between an operative position (as shown in FIG. 4)
      wherein the stops are engageable by coupling means 21 of the first sealing
      unit at hold position H to simultaneously uncouple this first sealing unit
      from both side plates 17a, 17b of wheel 15 and a retracted position (see
      FIG. 5) for release of the sealing unit to travel with the wheel and for
      simultaneously coupling it to both sides of the wheel. A single cylinder
      actuator unit 27 is provided for stops 25a, 25b, and a linkage
      arrangement, generally indicated at 29, interconnects actuator cylinder
      unit 27 and stops 25a, 25b for simultaneous movement of the stops between
      their operative and retracted positions.
PAR  More particularly, wheel plates 17a, 17b are spaced apart a distance
      somewhat greater than the maximum width of units U which can be packaged
      by apparatus 1. The plates are secured to a shaft 31 which is journalled
      by frame 3. Each side plate has a respective groove 33a, 33b in its inner
      face adjacent its periphery (see FIG. 3). Wheel 15 is rotatably driven by
      a motor M via a chain and sprocket drive assembly 34.
PAR  As shown in FIGS. 3-5, each sealing unit 19 includes a base 35 extending
      laterally between and beyond wheel plates 17a, 17b, this base constituting
      a fixed or lower sealing jaw and hingedly carrying an upper sealing jaw 37
      swingable between an open position (e.g., the position of the upper jaws
      of sealing units 19 in hold position H) and a closed position (e.g., the
      position of the upper jaws of sealing units at the right side of wheel 15
      in FIG. 2) in which the jaws clamp tube T therebetween. As disclosed in
      the heretofore-mentioned U.S. Pat. No. 2,976,657, the jaws may be heated
      for heat-sealing the tube and may carry blades (not shown) for severing
      the tube between successive units U. With the jaws closed and clamped to
      the tube and with the sealing units positively coupled to the wheel 15,
      the sealing units pull web W and tube T along path P through the apparatus
      as the sealing units rotate with the wheel through a sealing zone S. As
      shown in FIG. 2, more than one sealing unit grips the tube at any one time
      and thus the tube is continuously conveyed along its path P at
      substantially the surface speed of the sealing units carried by wheel 15.
PAR  More particularly, base 35 of each sealing unit 15 has a pair of rollers at
      each side thereof, each of these rollers being indicated at 39, received
      in grooves 33a, 33b in wheel plates 17a, 17b. These rollers transmit
      substantial clamping forces from the base to wheel 15 as sealing units 19
      pass through sealing zone S and also permit movement of wheel 15 relative
      to the sealing units when the latter are arrested at hold position H. A
      cam roller 41 (see FIG. 2) is carried by the outer end of movable jaw 37.
      These rollers are received in a guide track 43 when sealing units 19 are
      in their hold position to hold the jaws open. The guide track has a cam
      closing portion 45 which closes the jaws of each sealing unit as the
      latter is released from hold position H and as it travels with the wheel
      toward sealing zone S. An arc-shaped pressure cam 47 is spaced from the
      outer periphery of wheel 15 and extends around a portion of the wheel. The
      length of pressure cam 47 generally defines sealing zone S. The pressure
      cam has a cam surface 49 engageable with cam rollers 41 to firmly hold jaw
      37 closed on its fixed jaw 35 thereby to positively grip tube T and to
      seal the tube as heretofore described. Upon exiting the pressure cam, the
      upper jaw is swung open by gravity (see FIG. 2) and the packaged unit U
      drops free of wheel 15 onto an outfeed conveyor (not shown).
PAR  As shown in FIGS. 3-5, each sealing unit base 35 has a coupling bar 51
      extending laterally of the sealing unit out beyond the lateral ends of the
      sealing unit and beyond side plates 17a, 17b of wheel 15. This coupling
      bar is received within an enlarged bore 53 in base 35. At each side of
      base 35 an inclined ramp 55a, 55b is spaced radially outwardly of the
      outer peripheral surface of wheel plates 17a, 17b with the end of this
      inclined ramp surface toward the direction of movement of wheel 15 being
      spaced from the outer periphery of the wheel a distance somewhat less than
      the thickness of coupling bar 51. A resilient flat spring 56a or 56b is
      provided on the downwardly facing surface of respective ramps 55a and 55b
      for resiliently biasing the coupling bar into engagement with the outer
      peripheral surfaces of wheel side plates 17a, 17b. Compression coil
      springs 57a, 57b at opposite lateral ends of base 35 bias coupling bar 51
      in the direction of rotation of the wheel toward a coupling position (see
      FIG. 5) in which the coupling bar is wedged between the outer peripheral
      surfaces of wheel plates 17a, 17b and springs 56a, 56b thereby to lock the
      sealing unit to the wheel. The coupling bar is movable against the bias of
      springs 57a, 57b to an uncoupled position in which the coupling bar is
      clear of the peripheral surfaces of wheel plates 17a, 17b thereby to
      uncouple the sealing unit from the wheel. Coupling bar 51 carries a pair
      of interengagement pins 59a, 59b which are received in apertures in base
      35 and which project out beyond the forward end of the base for
      interengagement with a previously arrested sealing unit 19 at hold
      position H as the sealing unit enters the hold station. Upon
      interengagement, pins 59a, 59b move coupling bar 51 from its coupled to
      its uncoupled position thereby to effect uncoupling of the sealing unit
      upon interengagement with the next successive unit in the hold position.
PAR  More particularly, arresting means 23 comprises a rocker arm 61a or 61b on
      each side of wheel 15 pivoted intermediate its ends to frame 3 by a pivot
      pin 63 carried by the frame. Each rocker arm 61a, 61b has a respective
      elongate link or rod 65a, 65b pivotally connected to one of its ends and
      it carries a cam roller 67a or 67b on its other end. These cam rollers
      constitute stops 25a, 25b. When rocker arms 61a, 61b are in a raised
      position (as shown in FIGS. 2 and 4) the stops (i.e., cam rollers 67a,
      67b) are in their above-stated operative positions and are engageable by
      the outer ends of coupling bar 51 of the first sealing unit 19 at hold
      position H. As best shown in FIG. 4, cam rollers 67a, 67b are adapted to
      be engaged by the coupling bar above the rotary axis of the cam rollers
      when the rocker arms are in their operative position (as shown in FIGS. 2
      and 4). This insures that the cam rollers may readily be moved downwardly
      to their retracted position. Each sealing unit 19 includes brake means
      (not shown) frictionally engageable with wheel 15 for preventing the
      sealing unit from moving from the top of the wheel toward sealing zone S
      at a speed greater than the rotational speed of the wheel. Thus, wheel 15
      applies a force to the sealing units via the abovementioned brake means
      and via rollers 39 idling in grooves 33a, 33b to urge sealing units 19 at
      hold position H in the direction of rotation of the wheel. With coupling
      rod 51 of the first sealing unit in the series of sealing units at hold
      station H in engagement with cam rollers 67a and 67b above the center
      thereof, the force transmitted to rocker arms 61a, 61b by the sealing
      units in the hold position causes cam rollers 67a, 67b to move downwardly
      and thus causes the rocker arms to place their respective rods 65a, 65b
      under tension loading.
PAR  Linkage 29 further comprises a horizontal crankshaft 69 (see FIG. 7)
      journalled in bearings 71 secured to frame 3. This crankshaft extends
      beyond the sides of wheel 15 and has crank arms 73a, 73b fixedly secured
      to its outer ends. The lower ends of rods 65a, 65b are pivotally secured
      to the outer face of a respective crank arm 73a, 73b offset from the
      center of crankshaft 69. Actuator cylinder 27 is shown to be an air
      cylinder having a cylinder body 75 which is pivotally secured to frame 3
      and a piston and piston rod assembly 77 axially movable within the
      cylinder between an actuated position (not shown) in which the piston and
      piston rod assembly is moved outwardly relative to the cylinder body and
      an unactuated or retracted position (see FIG. 6) in which the piston and
      piston rod assembly is retracted into the cylinder body. The free end of
      the piston rod is pivotally connected to the inside face of crank arm 73a
      and is spaced laterally from the connection of the lower end of rod 65a to
      the crank arm. Cylinder body 75 has a stop 79 engageable by piston and
      piston rod assembly 77 to prevent inward movement of the latter into the
      cylinder beyond a predetermined location. With rocker arms 61a, 61b in
      their operative positions, it will be noted that the lower ends of rods
      65a, 65b are directly below the axis of crankshaft 69 and preferably on
      the side of the crankshaft toward actuator cylinder unit 27 so that the
      tension loading of rods 61a, 61b (as heretofore described) biases the
      piston and piston rod assembly 77 into body 75. Thus, the arrangement of
      rods 65a, 65b, piston rod assembly 77 on crank arms 73a, 73b, and stop 79
      constitutes overcenter locking means for preventing movement of stops 25a
      and 25b from their operative position. Upon pressurization or energization
      of actuator cylinder 27, crankshaft 69 rotates in clockwise direction (as
      viewed in FIG. 6) and thus causes rocker arms 61a, 61b to simultaneously
      rotate in counterclockwise direction to effect movement of stops 25a, 25b
      (i.e., cam rollers 67a, 67 b) from their operative to their retracted
      position thereby to release coupling bar 51 of the first sealing unit 19
      at hold station H and thus to permit the coupling bar to move from its
      uncoupled to its coupled position for coupling the sealing unit to wheel
      15 for effecting travel of the sealing unit with the wheel. Shortly after
      coupling bar 51 moves past cam rollers 67a, 67b, actuator cylinder 27 is
      actuated in reverse direction to return rocker arms 61a, 61b and their cam
      rollers 67a, 67b to their respective operative positions in which they are
      in position for engagement by the coupling bar 51 of the next successive
      sealing units 19 in the series of sealing units at hold position H. It
      will be noted that with a single actuator cylinder 27 and with linkage 29,
      stops 25a, 25b are simultaneously retracted from the coupling bar 51 of
      the first sealing unit at both sides of wheel 15 thereby to insure that
      both sides of the sealing unit are simultaneously coupled to the wheel.
      This prevents one side of the sealing unit from being coupled to the wheel
      before its other side and thus eliminates canting or cocking of the
      sealing units relative to the wheel.
PAR  It will be understood that actuator cylinder 27 is actuated by a solenoid
      valve (not shown) under the control of a photoelectric control system
      (also not shown) which senses units U in tube T or senses registration
      marks printed on web W and which releases sealing units 19 from hold
      station H in timed relation to movement of tube T and units U therein.
      Since this photoelectric control system is described in the abovementioned
      U.S. Pat. No. 2,976,657 and since these systems are well known in the art,
      a detailed description of them is deemed unnecessary to the understanding
      of the present invention.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for packaging units in flexible sheet material wherein the
      units are spaced longitudinally in a tube of said material and the
      apparatus has means for sealing the tube between the units, said sealing
      means comprising:
PA1  a wheel rotatable on an axis and having two sides;
PA1  a series of sealing units carried by the wheel;
PA1  each sealing unit having means for coupling it to the wheel at both sides
      thereof for travel therewith and adapted for uncoupling of the sealing
      unit from the wheel to allow the wheel to rotate while the sealing unit
      remains stationary;
PA1  means for arresting a first sealing unit at a hold position and for
      actuating its coupling means to uncouple said sealing unit from the wheel;
PA1  successive sealing units trailing said first sealing unit being arrested by
      interengagement behind said arrested unit, and the coupling means thereof
      being actuated to uncouple said sealing units from the wheel by said
      interengagement;
PA1  said arresting means comprising a pair of stops, one at each side of the
      wheel, movable between an operative position wherein they are engageable
      by said coupling means of said first sealing unit to arrest said first
      sealing unit and to uncouple it from both sides of the wheel and a
      retracted position for release of said sealing unit to travel with the
      wheel and to couple it to the wheel;
PA1  a single actuator for the two stops; and
PA1  a linkage interconnecting said actuator and said two stops for
      simultaneously releasing said first sealing unit from both sides of the
      wheel and simultaneously coupling it to both sides of the wheel for travel
      of the sealing unit with the wheel upon operation of said actuator.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein said single actuator is a
      fluid cylinder unit, and wherein said linkage comprises a crankshaft
      generally parallel to said wheel axis extending beyond the sides of the
      wheel, a crank arm secured to said crankshaft adjacent each end thereof
      beyond the sides of the wheel, and a link interconnecting the crank arm
      and the stop at each side of the wheel for simultaneous movement of the
      stops between their operative and retracted positions upon actuation of
      said fluid cylinder unit.
NUM  3.
PAR  3. Apparatus as set forth in claim 2 wherein each said stop is a rocker arm
      pivoted intermediate its ends having its respective said link pivotally
      connected to one of its ends for rocking said rocker arm on its pivot
      between said operative position in which its other end is disposed for
      engagement by said coupling means of said first sealing unit for arresting
      the latter at said hold position and said retracted position in which its
      said other end is clear of said coupling means.
NUM  4.
PAR  4. Apparatus as set forth in claim 3 further comprising a cam roller
      carried by said other end of said rocker arm engageable by said coupling
      means.
NUM  5.
PAR  5. Apparatus as set forth in claim 3 wherein said wheel urges said sealing
      units at said hold position in the direction of rotation of said wheel,
      said other end of said rocker arm holding said sealing units in said hold
      position against the urging of said wheel, and wherein said apparatus
      further comprises means for locking said rocker arms in their operative
      position, said fluid cylinder unit unlocking said rocker arms upon
      actuation of the fluid cylinder unit.
NUM  6.
PAR  6. Apparatus as set forth in claim 5 wherein said fluid cylinder unit has a
      cylinder body, a piston and piston rod assembly movable axially within
      said body, and a stop for preventing movement of said piston and piston
      rod assembly in one direction beyond a predetermined point relative to the
      body, and wherein with said rocker arms in their operative position, said
      other ends of said rocker arms holding said first sealing unit at said
      hold position, said stop, said fluid cylinder unit, and said linkage
      constituting said means for locking said rocker arms in their operative
      position.
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ABST
PAL  A sulky hitch in the form of a generally wishbone-shaped or Y-shaped
      assembly having two rearwardly diverging tubular members attached to the
      cut-off forward ends of the conventional shafts of a sulky, upwardly and
      inwardly curving portions contoured to the hind quarter area of a horse
      and a forwardly and downwardly extending member attached to an upstanding
      post on the forward portion of the horse's back.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to sulkies and more particularly a
      hitch for connecting a sulky to a horse pulling the sulky in order to
      enable the horse to more effectively perform and enable the driver more
      effective control of the horse and safer operation of the sulky.
PAR  2. Description of the Prior Art
PAR  Sulkies have for many years employed two forwardly extending shafts which
      extend along opposite sides of a horse pulling the sulky with the forward
      end portions of the shafts being secured to opposite sides of the horse.
      While such arrangements have been used in racing for many years, the
      movement of the horse is considerably restricted which results in certain
      limitations on the speed attained by the horse.
PAR  Recently, there has been developed an arrangement known as a single shaft
      sulky in which there is a single, generally Z-shaped shaft disposed
      immediately in front of the driver with a rearwardly extending portion
      supporting the driver and a forwardly extending portion disposed
      immediately above the horse and extending forwardly for attachment to a
      harness post at the forward end of the back portion of the horse. In such
      arrangements, the stirrups for the driver's feet are located closely
      adjacent each side of the pole thus providing rather poor balance and
      stability for the driver. Also, the pole disposed directly in front of the
      driver has been found to present a dangerous condition in case of an
      accident inasmuch as a driver being catapulted forwardly would immediately
      hit the upwardly extending pole that is disposed in front of him. Also, in
      this type of sulky, the supporting structure for the wheels is disposed
      interiorly thereof which exposes the wheels with no forks or covering
      which introduces a dangerous situation since the wheels may more easily
      hook with wheels of another sulky. Thus, while the single shaft sulky has
      provided some benefit insofar as the speed of the horse is concerned, many
      racing officials and horsemen do not consider the single shaft sulky
      sufficiently safe in operation and the single shaft sulky is generally
      considered more difficult to drive in view of the driver's feet being
      closer together.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a sulky hitch of wishbone
      configuration connected to the cut-off shafts of a conventional sulky
      immediately forwardly of the conventional stirrups for the feet of the
      driver with the two side members of the hitch extending forwardly
      alongside of the hindquarters of the horse and then upwardly to a single
      forwardly and downwardly extending member oriented above the back of the
      horse thereby elminating the location of a pole directly in front of the
      driver and maintaining the feet of the driver spread in a desired widely
      spaced condition to provide the driver with proper balance and stability
      and also enable the conventional wheel receiving fork structure to be
      utilized to reduce the possibility of hooking wheels thus maintaining the
      safety features of the sulky hitch while also providing the advantages of
      a single shaft hook-up by freeing the horse of restrictions of movement.
PAR  Another object of the invention is to provide a sulky hitch in which the
      side elements thereof are constructed of tubing which can be telescoped
      over the ends of the cut-off shafts of a conventional sulky and easily
      attached thereto with the side members being contoured to the horse and
      attaches to the harness at a single point thereby eliminating restrictions
      in movement of the horse and providing an upward pull on the harness at
      the point of attachment thus taking weight off of the horse due to the
      driver's weight oriented rearwardly of the rotational axis of the wheels
      and the downward pitch of the forward portion of the hitch where it
      attaches to the harness.
PAR  Still another object of the invention is to provide a sulky hitch which is
      easily connected with a conventional sulky after the forwardly extending
      shafts have been cut off just forwardly of the stirrups with the hitch
      being relatively simple in construction and inexpensive but yet effective
      for obtaining the advantages derived from a single point hook-up and
      maintaining the safety features of a conventional sulky.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a sulky with the sulky hitch connected
      thereto and illustrating its association with the harness on the horse.
PAR  FIG. 2 is a plan view of the assembly of FIG. 1.
PAR  FIG. 3 is an exploded group perspective view illustrating the hitch
      connecting assembly for connecting the hitch to the harness on the horse.
PAR  FIG. 4 is a rear view of the hitch taken generally along section line 4--4
      on FIG. 2 illustrating further structural details of the hitch.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now specifically to the drawings, the sulky hitch of the present
      invention is generally designated by reference numeral 10 and is
      associated with a sulky generally designated by the numeral 12 which is of
      substantially conventional construction except where it has been adapted
      for acceptance of the hitch 10. For purposes of illustration, a horse 14
      is illustrated in combination with the sulky 12 and sulky hitch 10. The
      sulky 12 includes two wheels 16 supporting a framework 18 which is
      arcuately curved and is supported from the wheels by downwardly extending
      fork assemblies 20 having wheel axles or stub shafts 22 at the lower ends
      thereof as illustrated in FIG. 1. The sulky 12 also includes a seat 24
      supported from the framework 18 with the seat 24 being centrally located
      and disposed rearwardly of the rotational axis of the wheels 16. The frame
      18 includes forwardly extending side members 26 in the form of shafts
      which normally extend forwardly alongside of the horse 14 for connection
      with the harness at the forward portion of the horse adjacent the shoulder
      area in a conventional manner. The shafts 26 include foot stirrups 28
      secured thereto by suitable brackets 30 so that the driver seated upon the
      seat 24 may position his feet in the stirrups 28 in a well known manner to
      provide wide spacing of his feet for stabilizing and balancing himself
      during a race thus leaving his hands free to properly control the horse.
      All of the aforementioned description of the sulky represents a
      conventional sulky with the shafts 26 normally extending forwardly some 86
      to 88 inches and being tied down on each side of the horse which restricts
      movement of the horse to a certain extent.
PAR  In adopting the hitch 10 of the present invention to a conventional sulky,
      the shafts 26 are cut off just forwardly of the stirrups 28 and the hitch
      10 is connected to the shafts. The hitch 10 includes a pair of tubular
      members 32 and 34 which may be of light weight metal or the like such as
      aluminum which telescope over the cut off ends of the shafts 26 and are
      secured thereto by suitable fastening bolts 36 or the like. The tubular
      members 32 and 34 form extensions of the shafts 26 and extend in the same
      direction as the shafts as illustrated in FIGS. 1 and 2. The forward ends
      of the two tubular members 32 and 34 are provided with bends 38 which form
      a transition from the forwardly extending side members to a pair of
      upwardly and inwardly converging members 40 and 42 which generally follow
      the contour of the hindquarter area of the horse 14 as illustrated in FIG.
      4. The members 40 and 42 are continuations of the members 32 and 34 and
      are of unitary construction therewith and extend to a point above the back
      of the horse forwardly of the hindquarters as illustrated in FIG. 1. At
      this point, the two members 40 and 42 are provided with acute angular
      bends 44 and then extend downwardly as flattened members 46 and 48 which
      parallel each other and are slightly spaced apart from each other and
      provide a longitudinal recess therebetween with the inner surfaces of the
      members 46 and 48 being concavely arcuate for receiving a relatively short
      connecting member 50 which may be of tubular construction and secured
      thereto by fastening bolts 52. The forward end of the connecting member 50
      is provided with a forwardly extending attaching tongue or strap 54 having
      an obtuse angular bend 56 therein so that the tongue 54 is generally
      horizontally disposed when in use. The forward end of the tongue 54 is
      provided with an aperture 58 which is received over an upstanding
      connecting post 60 on a plate 62 received in the harness 64 connected with
      the horse 14 in a conventional manner by the use of appropriate harness
      bands 66. The post 60 is shouldered and extends through the aperture 58
      and the tongue 54 is connected thereto by a fastening element 68 such as a
      push-pull spring loaded detent pin insertable through an aperture 69 in
      the reduced upper end of the post 60. Also, the tongue 54 is provided with
      an offset loop 70 therein receiving a short strap 72 having rings 74 at
      the ends thereof for connection with a safety strap or band 76 to retain
      the hitch in position even though the fastener 68 may become disengaged.
PAR  With this construction, the weight of the driver provides an upward pull or
      force on the hitch point rather than a downward force thus taking weight
      off the horse rather than adding weight thereto. This is due to the
      orientation of the seat rearwardly of the wheel axis and due to the upward
      slant of the shafts and the components of the hitch including the
      downwardly inclined portions 46 and 48. Also, this arrangement eliminates
      restrictions alongside of the horse which to some extent restricts
      movement of the horse. This removal of restrictions improves the speed of
      the horse and thus provides the advantages as the single shaft type of
      sulky. The driver of the sulky is associated with the sulky in the same
      manner with his feet spread far apart and with the horse being directly in
      front of the driver rather than a pole which exists in the single pole or
      shaft sulky and the wishbone, offset configuration of the hitch 10 follows
      the contour of the rear upper hindquarter area of the horse which
      generally will retain the horse properly aligned with the sulky which
      alignment is normally retained by the reins under the control of the
      driver but in some instances, when a single pole sulky is used, the rear
      portions of the horse can become laterally displaced in relation to the
      sulky thus reducing the speed of the horse and sulky. The hitch is of
      light weight construction and has an effective strength equal to if not in
      excess of conventional shafts and does not alter the relationship of the
      driver to the sulky and to the horse thereby enabling the hitch to be
      employed with very little practice time required. Also, the hitch
      facilitates the connection of the sulky to the horse and facilitates
      manual manipulation of the sulky when not connected to a horse. The
      inclusion of the conventional fork assemblies exteriorly of the wheels
      reduces the tendency of hooking of the wheels in the same manner as a
      conventional sulky which is not employed in the single shaft or single
      pole sulky.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination, a two-wheeled sulky having a frame with support
      assemblies rotatably supporting the wheels, a centrally disposed driver's
      seat on the frame above the wheels and rearwardly of the rotational axis
      of the wheels, a pair of forwardly and upwardly extending shafts above the
      wheels at the seat level and rigid with the frame with each shaft having a
      foot receiving stirrup oriented forwardly of the wheels and laterally
      outwardly of the seat to enable the driver to balance and stabilize
      himself in the seat, and a hitch assembly comprising a pair of side
      members forming extensions of said shafts, said side members including
      rear portions extending alongside the upper portion of the hindquarters of
      a horse and in laterally spaced relation thereto below the back of the
      horse, a pair of upwardly and inwardly extending intermediate portions
      forming rigid continuations of the rear portions adapted to extend
      upwardly and inwardly alongside the front area of the hindquarters of the
      horse to a point above the back of the horse forwardly of the
      hindquarters, a pair of forwardly and downwardly extending forward
      portions forming rigid continuations of the intermediate portions and
      extending therefrom in acute angular relation and in parallel spaced
      relation to each other and adapted to be disposed above the back of a
      horse, a downwardly and forwardly extending tongue member rigidly secured
      to the forward end portions, and means at the forward end of the tongue
      member adapted to be received on an upstanding post carried by the harness
      adjacent the shoulder area of the horse with the weight of the driver
      exerting an upward force on the harness post for removing weight from the
      horse.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein said hitch assembly is
      generally Y-shaped in configuration and generally conforms with the
      contour of the back and hindquarter areas of a horse for reducing
      restrictions of movement of a horse caused by conventional sulky shafts
      which extend forwardly alongside the side surface areas of a horse.
NUM  3.
PAR  3. The structure as defined in claim 2 wherein the rearward end portion of
      the tongue member is disposed between the forwardly and downwardly
      extending forward portions of the side members for a substantial distance,
      and fastening means rigidly securing the tongue member and the forwardly
      and downwardly extending forward portions rigidly together, each of the
      support assemblies including a portion extending radially inwardly from
      the periphery of the wheel to the axis of rotation thereof at a point
      laterally outwardly of the wheel to prevent entanglement of the wheels on
      the sulky with the wheels of an adjacent sulky during a race, the rear
      portions of the side members overlapping the forward ends of the shafts
      and rear portions of the side members forming continuations of each other
      and being oriented adjacent the vertical plane of the wheels and laterally
      outwardly of the hindquarters of the horse, said sulky frame and shafts
      being generally U-shaped in plan configuration and combining with the
      Y-shaped configuration of the assembly to provide a generally oval-shaped
      area enclosed by the hitch assembly and sulky frame.
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ABST
PAL  Animal noise protection devices of various forms are provided for
      insulating the animal from environmental noise. In certain forms, an
      enclosure for the animal is constructed of sound insulation material, with
      means in the form of hinged doors being provided for permitting ingress
      and egress of the animal to and from the shelter. Other type devices
      comprise a collar harness or head band for the animal which encircles at
      least the ears of the animal and is formed by or has associated therewith
      sound insulation material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates as indicated to animal noise protection
      devices and relates more particularly to such devices which are suitable
      for protecting a domestic pet such as a dog from loud and/or sudden noises
      occurring in the proximity of the animal.
PAR  It is common knowledge that many household pets, and particularly dogs, are
      extremely sensitive to loud and sudden noises which occur near the dog.
      The problem of noise pollution is a constantly increasing one due not only
      to technological advances which are frequently noise-producing but the
      greater concentration of people within a particular area. Typical noises
      which are bothersome to household pets such as dogs include noises arising
      within the home caused by noise-generating appliances, the slamming of
      doors, and even loud conversations. Noises occuring outside the home to
      which dogs and other pets are commonly subjected include vehicular
      traffic, construction work and the like, not to mention the sound of gun
      fire where the habitat of the pet permits hunting or the discharge of
      guns.
PAR  The consideration of the above problems led to the invention disclosed in
      my earlier filed, pending application Ser. No. 339,372, filed Mar. 8,
      1973, entitled "Animal Shelter". Although the shelter disclosed and
      claimed in my earlier application is completely satisfactory for the
      purposes intended, other noise protection devices for animals such as dogs
      have occurred to me since my earlier invention, and it is to these
      additional devices which the present application relates.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of the present invention to provide noise
      protection devices which can be used either to suitably house a variety of
      domestic pets or which can be placed on and worn by such pets to provide
      protection for these pets from noises which occur in the vicinity of the
      pet.
PAR  A further, more specific object of the invention is to provide a pet
      shelter of various type constructions, all of which are extremely simple
      in construction and formed of lightweight and noise-resistant materials.
      In all the forms of pet shelters in accordance with the present invention,
      these shelters can be employed either in a fixed or stationary position
      or, due to their portability, can be easily moved from place to place.
PAR  A further object of the present invention is to provide such shelter and
      protection devices which combine the effects of both sound and heat
      insulation. The devices thereby serve to protect the pet from naturally
      occurring environmental elements such as wind, rain and cold weather,
      while at the same time providing noise protection as indicated.
PAR  In accordance with the invention, various forms of pet shelters are
      provided which completely house and thus shelter the dog, with means being
      provided in each instance for movement of the pet into and out of the
      shelter. In accordance with other forms of the invention, the
      noise-protection devices take the form of collars or caps which are
      adapted to enclose the neck and/or head of the pet, and particularly its
      ears, so as to protect the same against environmental noises. These latter
      devices too can be provided with heat insulating material to serve the
      dual purpose of providing both sound and heat insulation for the animal.
PAR  These and other objects and advantages of the present invention will become
      apparent from the following detailed description of the invention, in
      which particular references is made to the application drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE APPLICATION DRAWINGSS
PAR  FIG. 1 is a respective view of one form of pet shelter constructed in
      accordance with the present invention;
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged sectional view through a wall of the pet shelter
      constructed in accordance with FIGS. 1 and 2;
PAR  FIG. 4 is a sectional view similar to FIG. 3, showing an alternative form
      of wall construction of the pet shelter of FIGS. 1 and 2;
PAR  FIG. 5 is a front elevational view of a further form of the invention
      comprising a collar harness which fits around the shoulders, neck and ears
      of the pet to provide noise insulation;
PAR  FIG. 6 is a front elevational view similar to FIG. 5 showing a modified
      form of collar harness;
PAR  FIG. 7 is a cap-like noise protection device which can be disposed around
      the head ears of the pet;
PAR  FIG. 8 is a device similar to FIG. 7 only in closed, cylindrical form;
PAR  FIG. 9 is a perspective view of a modified form of pet shelter, with the
      covering portion thereof shown detatched from the end sections of the
      shelter to which is adapted to be connected, and
PAR  FIG. 10 is a perspective view of a still further modified form of pet
      shelter constructed in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in more detail to the drawings, wherein like parts have been
      indicated by like reference numerals, and initially to the form of the
      invention illustrated in FIGS. 1-3, the animal shelter is generally
      indicated at 10 and comprises top wall 12, end walls 14 and 16, and side
      walls 18 and 20, all of which are integrally formed and preferably molded
      of a high density foam plastic material, such a styrofoam, polyethylene
      foam, polyurethane foam or similar high density, relatively low weight
      plastic materials. The shelter 10 is open at the bottom, and the shelter
      is adapted to be secured to a base member 22 which forms the floor of the
      shelter when the assembly is completed.
PAR  The end walls 14 and 16 of the shelter are formed with openings 24 and 26,
      respectively, and mounted in the openings are swinging door assemblies
      generally indicated at 28 and 30, respectively. Each assembly 28 and 30
      includes a door commonly designated at 32 which is pivotally mounted about
      the axis of a hinge 34 forming part of the assembly. The doors swing both
      outwardly and inwardly thereby permitting ingress and egress from the
      shelter by the pet at either end thereof. The doors normally hang
      vertically thereby providing a fully enclosed housing for the animal.
PAR  Mounted within the outer walls of the shelter in spaced relation thereto is
      an inner supporting wall structure generally indicated at 36 which
      includes a top wall 38, end walls 40 and 42, and side walls 44, only one
      of which is visible in FIG. 2. The inner supporting walls may likewise be
      molded of high density foam plastic material of the types referred to
      above with respect to the outer wall structure.
PAR  Disposed between the inner and outer walls is a sound barrier and absorbing
      material 46, with such material serving not only to provide the desired
      noise barrier for animals within the shelter but also serving to uniformly
      space the inner and outer walls of the structure. The material 46 can be
      of any satisfactory material for the purpose intended, including wool,
      cotton, felt, plastic fibers, foam rubber or plastic, or a relatively
      recently introduced noise abatement material sold under the trademark
      Feltmetal by Brunswick Corporation, Skokie, Illinois. The last mentioned
      material is an acoustical product characterized by the inclusion of
      sintered aggregates of metal fibers in an acoustical matrix material, and
      is specifically designed for sound absorption. Although the material 46
      can constitute any of the above noted materials, it will also be
      understood that various combinations of these materials can be used as
      well.
PAR  In addition to the above noted materials which can be used for the outer
      and inner walls 12-20 and 38-44 of the shelter housing, other suitable
      materials may also be used, such as steel, aluminum, leaded vinyl, and
      fiberglass, with certain of these materials being inherently weatherproof.
      Where the materials used in the outer wall construction are not
      weatherproof, a suitable coating can be sprayed on and adhered to the
      outer surface of the walls, for example, a metallic powder coating, to
      provie the desired water-proofing characteristics.
PAR  The inner supporting structure 36 is internally rigidified by bracing in
      the form of braces 50 and 52 which are secured inn any suitable manner to
      at least the side walls 44 of the inner structure to rigidify the same.
      Only one set of such braces is shown in FIG. 2, and it will be understood
      that a similar pair is provided on the opposed side wall, and such bracing
      may be provided as well on the end walls 40 and 42 if further
      rigidification is necessary or desirable.
PAR  Positioned within the inner supporting frame 36 is the actual shelter for
      the dog, which shelter is generally indicated at 60. The shelter 60
      includes top wall 62, end walls 64 and 66, and side walls 68, all of which
      are integrally joined to form a structure comparable in shape but smaller
      in dimension than the inner supporting structure 36. The shelter 60 is
      positioned within the inner supporting structure 36 and uniformly spaced
      relation by means of spacing blocks commonly designated at 70 between the
      top, side and end walls of the shelter and the enclosed structure. The
      spacing blocks serve not only to uniformly space the shelter 60 form the
      enclosed walls but also provide therebetween an insulating space which
      serves to enhance the sound barrier characteristics of the unit. The inner
      shelter 60 can be formed of the same materials mentioned above with
      respect to the walls which form the outer enclosure, and the sound barrier
      and possibly heat insulation characteristics of the inner shelter 60 serve
      further to enhance protection of the animal from environmental noises and
      adverse weather. The spacing blocks 70 may likewise be formed of
      insulating materials.
PAR  The end walls 64 and 66 of the shelter 60 are formed with openings commonly
      designated at 72 which are aligned with the openings 24 and 26 formed in
      the end walls of the outer enclosure to permit the doors 32 to swing
      inwardly of the unit for ingress into the unit.
PAR  The inner shelter 60 is preferably rigidly connected to the supporting
      walls 36, and this can be accomplished by interconnecting the adjacent
      walls to the spacing blocks 70, although it will be understood that other
      fastening means can as well be employed.
PAR  The animal shelter thus described is portable and self-contained and can be
      simply positioned on the ground or on a base member such as base 22. If a
      permanent connection of the shelter with the base 22 is desired, suitable
      fasteners commonly designated at 74 can be provided which extend through
      the base 22 for connecting to the inner supporting frame 36. If desired,
      the connection can be accomplished through the braces 50 and 52, which can
      extend through openings provided therefore in the base 22 for suitable
      connection to locking nuts or the like. In the form shown, the base 22 is
      somewhat enlarged relative to the outside dimensions of the shelter 10,
      although the actual dimensions of the base can be selected as desired. The
      base 22 can be constructed of any suitable materials, and this member too
      is preferably waterproof.
PAR  Referring to FIG. 4, there is illustrated therein an alternative form of
      outer wall construction for the shelter 10. The outer wall 12 and inner
      supporting wall 38 can be formed of the same materials above described, as
      can be the insulating material 46 disposed therebetween. However, in this
      form of the invention, the layer 46 is formed with air spaces or pockets
      commonly designated at 80 for insulating effect. The pocket 80 permit a
      reduction in the amount of insulating material required without, however,
      significantly reducing the noise or heat insulation characteristics of the
      composite wall structure.
PAR  Referring now to FIG. 5, there is illustrated therein a collar harness
      generally indicated at 90 which includes a main body portion 92 which can
      be extended to an essentially flat condition, and a collar 94 integrally
      secured to the main body portion 92 and extending upwardly therefrom.
      Embedded within the collar 94 is a strip 96 of sound barrier material to
      protect the animal against environmental noises. Extending from the
      lateral edges of the main body portion 92 are straps 98 and 100, with the
      latter carrying at its outer end a buckle 102 for selective connection to
      the strap 98 through openings 104 formed in the latter, in the same manner
      as a belt.
PAR  In the use of the collar harness 90, the main body portion is placed around
      the shoulders and neck of the animal, with the collar 94 enclosing part of
      the head of the animal, with the collar 94 enclosing part of the head of
      the animal, particularly the ears. In order to facilitate use of the
      harness with various size animals, the material which forms a collar 94 is
      preferably expansible, for example a woven or knit textile fabric, as is
      the strip 96 of sound barrier material embedded within the collar.
      Ideally, the strip 96 overlies the ears of the animal thereby providing
      the desired protection against environmental noises. When the collar has
      been positioned as described, the harness can be secured to the animal
      through the fastening of straps 98 and 100.
PAR  Referring to FIG. 6, the collar harness is generally indicated at 106 and
      is similar in certain respects to the collar harness shown in FIG. 5,
      being formed with a main body portion 108 and connecting straps 110 and
      112. However, in the FIG. 6 form, the collar portion 114 of the harness is
      flat when fully extended rather than closed as in the FIG. 5 form.
      Embedded within the collar portion 114 is a strip 116 of sound barrier
      material as above described, and extending from the lateral edges of the
      collar portion 114 are straps 118 and 120, with the latter having a buckle
      122 carried at its outer end, and the strap 118 being formed with openings
      124 to receive the buckle.
PAR  The collar harness 106 is applied in essentially the same manner as the
      harness 90, except that the collar portion 114 is retained in position
      enclosing the head of the animal by means of the buckle 122. The collar
      portion 114 as well as the strip 116 are preferably formed of expansible
      material to permit use of the harness with various size pets. When the
      harness is applied, the dog is protected against environmental noises,
      with the collar in addition providing some protection against climatic
      conditions.
PAR  Referring to FIG. 7, there is illustrated therein a headband generally
      indicated at 130 which is generally cylindrical in cross section and open
      at one side thereof as shown in 132 to facilitate positioning the same
      around the head of the animal, particularly the ears. Tie strings commonly
      designated at 134 are secured to an extend from the headband for tieing
      the band around the neck of the animal after the same has ben secured in
      place.
PAR  The band 130 can be formed entirely of sound barrier material of the type
      described above, or can be formed of a suitable natural or synthetic
      textile material, with sound barrier material embedded therein.
PAR  There is illustrated in FIG. 8 an alternative form of headband, generally
      indicated at 136. This form of band is cylindrical and comprised entirely
      of sound barrier material or of other suitable materials in which the
      sound barrier material is embedded. The material is preferably elastic or
      provided with embedded elastic material in order to permit use of the band
      with various size animals. As in the FIG. 7 form, the collar 136 in use is
      placed over the head of the animal, and particularly over the ears to
      provide the desired protection against environmental noise.
PAR  Referring to FIG. 9, an alternative form of animal shelter or enclosure is
      generally indicated at 140 and includes a base 142 and generally circular
      end sections 144 and 146 rigidly secured to the base and extending
      upwardly generally perpendicular thereto. A separate top enclosure member
      148 is provided one end of which is secured to one side of the base 142 as
      illustrated. The enclosure 148 is otherwise entirely separate from the
      base and ends and is adapted to be operatively connected thereto by means
      of clip members commonly designated at 150 connected to the ends 144 and
      146, and clips commonly designated at 152 attached to the free end 154 of
      the enclosure member. The male clip members 152 are adapted to engage
      stud-like fasteners commonly designated at 156 mounted on and extending
      laterally from the side edge 158 of the base member, with the members 156
      being equal in number to and aligned with the male fasteners 152.
PAR  The top enclosure member 148 is shown detached in FIG. 9 to permit cleaning
      of the shelter, and it will be understood that to reassemble the shelter,
      the top enclosure member 148 is pulled toward the side edge 158 of the
      base 142, and the male fasteners 152 fastened to the fastening members 156
      provided on the base. In such position, the outside surface of the top
      enclosure member will be generally aligned with the top surface of the end
      walls 144 and 146, after which the clips 150 can be positioned over the
      top enclosure member thereby retaining the same in place.
PAR  Openings 160 and 162 are formed in the end walls 146 and 144, respectively,
      and doors commonly designated at 164 are mounted in such openings and
      hinged to the end walls by hinges commonly indicated at 166. The hinges
      are constructed and arranged to permit swinging of the doors inwardly or
      outwardly thereby permitting ingress or egress from the shelter at either
      end thereof.
PAR  The base 142, end walls 144 and 146, and top enclosure member 148 are
      formed of sound barrier material of the type referred to above and, if
      desired, the exteriorly exposed surfaces of the shelter can be provided
      with weatherproofing material.
PAR  Referring to FIG. 10, there is illustrated therein a tent-like animal
      shelter generally indicated at 170 which includes side walls 172, only one
      of which is visible in FIG. 10, and end walls 174. The side and end walls
      can be interconnected in any suitable manner such as, for example, by
      zippers commonly indicated at 176 provided at the adjoining corners of the
      walls.
PAR  A side flap 178 is provided in the form shown, which in this instance is
      integrally formed with the opposed side wall of the shelter to provide an
      outside sheltered area adjacent the adjoining side wall. The flap 178 is
      formed with a bottom flange 180 which can if desired be tucked under the
      adjacent side wall 172.
PAR  Both the walls and the flap 178 of the shelter 170 are formed of sound
      barrier material so as to provide the necessary protection against
      environmental noise, and the exteriorly exposed surfaces of the enclosure
      are preferably made waterproof.
PAR  Each end wall 174 of the shelter is formed with an opening 182 in which is
      mounted a closure member 184 which can, for example, be formed by the same
      material and provided in two sections each of which is secured along the
      outer edge thereof to the material forming the opening 182. The sections
      are spaced centrally of the opening and the animal can enter the enclosure
      simply by forcing the sections either inwardly or outwardly as the animal
      enters or leaves the shelter.
PAR  It will be understood that changes can be made from the foregoing
      description without, however, departing from the spirit of the invention.
      For example, the animal shelter shown in FIGS. 1-3 could be modified so
      that the outer housing is formed of a single sound insulating material of
      uniform thickness throughout, rather than the spaced inner and outer wall
      construction as shown between which the sound insulating material is
      positioned. Any of the materials above described could be used for such
      purpose, and the inner shelter would be spaced in the same manner from the
      outer one-piece housing. The exterior walls of the one-piece housing could
      be provided with a protective coating as described for weather proofing
      purposes.
CLMS
STM  I claim:
NUM  1.
PAR  1. An animal noise protection device suitable for protecting the animal
      from environmental noises comprising means for encircling at least part of
      the head of the animal, particularly the ears, said means comprising a
      collar harness having a main portion which is flat when unfolded and which
      is adapted to extend around the shoulders of the animal, and means at the
      lower end of said main portion of said harness for securing the same in
      place, and an upper, head encircling portion integral with said main
      portion and adapted to partially encircle the head and particularly the
      ears of the animal, and sound insulation material embedded in said upper
      part of said harness to protect the animal from environmental noises.
NUM  2.
PAR  2. The noise protection device of claim 1 wherein said upper end of said
      harness is cylindrical in form.
NUM  3.
PAR  3. The animal noise protection device of claim 1 wherein said upper portion
      of said harness is essentially flat when unfolded and is provided with
      cooperative strap means at the lateral edges thereof for removably
      securing said upper portion in a position encircling a part of the head of
      the animal.
NUM  4.
PAR  4. The animal noise protection device of claim 1, wherein said collar
      harness is formed of textile fabric having embedded therein a strip of
      sound barrier material, said strip when said collar harness is in place
      being disposed over the ears of the animal.
NUM  5.
PAR  5. An animal noise protection device suitable for protecting the animal
      from environmental noises comprising a head band for encircling the ears
      of an animal, said head band being comprised of sound insulating material,
      and means for removably retaining said band in a position encircling the
      head of the animal.
NUM  6.
PAR  6. The noise protection device of claim 5 wherein said head band is
      partially cylindrical and provided with means carried by said band for
      retaining said band in place around the ears of said animal.
NUM  7.
PAR  7. The noise protection device of claim 5 wherein said head band is
      cylindrical and provided with elastic means embedded therein for retention
      of said band around ears of said animal.
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ABST
PAL  Chain and slat type elevator for pieces of chopped sugar cane in a sugar
      cane harvester has a slope of between 50.degree. and 90.degree. with
      respect to the horizontal. An endless belt of wire mesh above the working
      run of the elevator engages the cane pieces and prevents them rolling
      back.
BSUM
PAR  This invention realates to sugar cane harvesters having cane base cutting
      means operative to sever cane sticks from their roots and cane dividing
      means operative to cut each cane stick into two or more pieces.
PAR  In sugar cane harvesters of this kind an elevator may be provided for the
      cane pieces. The elevator may serve to elevate the cane pieces before they
      are dropped through a trash removal zone. Alternatively, or in addition,
      the elevator may serve to elevate the cane pieces to a discharge point
      from which they can fall into a container for transportation to a cane
      processing station.
PAR  In either case, the problem arises that the combination of cane base
      cutting means, cane dividing means and the elevator requires the overall
      length of the harvester to be such that its stability and manoeuvrability
      characteristics are somewhat handicapped.
PAR  An object of the present invention is to provide means whereby a sugar cane
      harvester of the kind referred-to above can be constructed so as to have a
      shorter overall length than hitherto.
PAR  According to the invention there is provided a sugar cane harvester
      comprising cane base cutting means capable of severing cane sticks from
      their roots, cane dividing means capable of cutting each cane stick into
      two or more pieces, and an elevator capable of elevating the cane pieces,
      characterized in that at least part of the travel of the elevator extends
      upwards at an inclination of from 50.degree. to 90.degree. with respect to
      the horizontal when the harvester is standing on horizontal ground, and
      that cane retaining means is provided, said cane retaining means extending
      in the direction of travel of the elevator and being positioned above the
      cane-engaging surface thereof so as to be capable of engaging cane carried
      thereon and of thereby resisting rolling back of cane pieces carried by
      the elevator.
PAR  Preferably the cane retaining means comprises a drivable cane-engageable
      member mounted so as to be capable of moving in the direction of travel of
      cane carried by the elevator.
DRWD
PAR  An embodiment of the invention will now be described by way of example with
      reference to the accompanying drawings in which:
PAR  FIG. 1 shows, somewhat diagrammatically, the sugar cane harvester in side
      elevation and partially cut-away to reveal its internal crop-handling
      apparatus;
PAR  FIG. 2 shows a sectional view of the elevator taken on line 2--2 of FIG. 1;
PAR  FIG. 3 shows an enlarged view of the elevator.
DETD
PAR  A sugar cane harvester 10 comprises rear traction wheels 12 and front
      steerable wheels 14. A pair of drivable crop lifters 16 are mounted above
      respective spaced gathering walls 18.
PAR  Cane base-cutting means comprises a pair of drivable contra-rotatable discs
      20 carrying blades 22.
PAR  Stick feeding apparatus for conveying rearwards cane sticks severed by the
      base-cutting means comprises a large paddle roller 24 mounted above base
      cutter discs 20, a paddle-type butt-lifter roller 26, and two pairs of
      paddle-type cleaning and feeding rollers 28, 30 and 32, 34.
PAR  Cane dividing means comprises a pair of contra-rotatable chopper drums 36,
      38 each carrying a pair of axially-extending blades 40.
PAR  A chain and slat type elevator 42, described more fully below, is provided
      to carry cane pieces or billets from chopper drums 36, 38 to trash removal
      apparatus 44. A second chain and slat elevator 46 leads from a hopper 48
      to second trash removal apparatus 50. A trailer 52 is pulled by the
      harvester to receive the harvested cane.
PAR  The structure of elevator 42 will now be described in detail.
PAR  Elevator 42 comprises a pair of endless roller chains 54, 56 carrying
      transverse scrapers each in the form of a cane pushing plate 58 which
      travel in a box-shaped housing defined by a floor 60, over which the cane
      pieces slide, and by elevator side walls 62, 64. Each plate 58 extends
      across substantially the full width and height of the housing.
PAR  As shown in FIG. 1, elevator 42 comprises a loading portion 66, an
      elevating portion 68 and an unloading portion 70 having angles of
      inclination with respect to the horizontal of 43.degree., 70.degree. and
      43.degree. respectively. Chains 54 and 56 are guided and driven around
      these three runs by sprockets 72, 74, 76, 78 and guides 80, 82.
PAR  Cane retaining means in the form of a wire mesh belt 84 is provided
      immediately above plates 58 in elevating portion 68 of elevator 42 to
      resist rolling back of the cane pieces carried by the elevator. Belt 84 is
      trained around end rollers 86, 88 of which roller 88 is driven by a chain
      90 through sprockets 92, 94. Sprocket 94 is mounted on a radius arm 96
      which pivotally interconnects the axes of sprockets 92, 94.
PAR  Rollers 86, 88 are mounted on a floating framework comprising side members
      98 on which the rollers are journalled. Two pairs of coiled compression
      springs 100, 102 act between side members 98 and a fixed part 104 of the
      harvester's body and bias the side members against respective stops 106
      also fixed to the harvester's body. The framework is thus capable of
      upward movement against the action of the springs from the position shown
      in FIG. 2.
PAR  A backing plate 108 is mounted above the lower run of belt 84 and extends
      across the full width thereof. The backing plate is mounted on side
      members 98 by means of a transverse structure 110 and supports 112
      depending therefrom.
PAR  In use, standing cane passes between crop lifters 16 and is severed by base
      cutters 20. The severed cane sticks are fed by rollers 24 to 32 between
      chopper drums 36, 38. As shown in FIG. 1, cane pieces or billets emerging
      from the chopper drums fall onto the loading portion 66 of elevator 42 and
      are carried through elevating portion 68 to unloading portion 70. Trash
      removal apparatus 44 and 50 then effect cleaning of the billets before
      they are deposited in trailer 52.
PAR  As the cane billets pass up elevating portion 68 of elevator 42, wire mesh
      belt 84 ensures that there is no downward overflow of billets past the
      plates 58 despite the steep inclination of the said portion. The belt 84
      moves at the same speed as the plates and defines, with floor 60 and side
      walls 62, 64, a tunnel through which the billets are moved.
PAR  When elevator 42 becomes overloaded, springs 100 permit upward movement of
      belt 84 to allow the glut of cane to pass but the belt nevertheless
      prevents any significant downward overflow of billets.
PAR  The principal advantage provided by the embodiment of the invention
      described above is that portion 68 of elevator 42 extends at an angle of
      inclination greater than 50.degree.. This results in a reduction in the
      overall length of the harvester in consequence of which the harvester's
      stability and manoeuvrability are improved.
PAR  In the absence of cane retaining belt 84, elevator 42 would have to be
      mounted at an angle of inclination of less than 50.degree. -- as in the
      case of elevator 46 in FIG. 1 -- in order to prevent the billets rolling
      back. The elevator would then occupy much more space in the longitudinal
      direction of the harvester than in the above embodiment.
PAR  Among modificiations which can be made to the above embodiment and which
      nevertheless embody the invention are:
PA0  1. use of angles of inclination of elevator 42 of up to 90.degree. i.e.
      vertical;
PA0  2. use of an elevator 42 in which the unloading portion has the same
      inclination to the horizontal as the elevating portion;
PA0  3. use of a ceiling member in place of belt 84, the ceiling member not
      moving with the cane on elevator 42, but having a smooth lower surface for
      sliding engagement therewith. A rotatable roller which may or may not be
      driven is provided at the lower end of the ceiling member. This
      arrangement is similar to the embodiment described above with reference to
      the drawings, but with belt 84 removed, backing plate 108 and roller 86
      constituting the ceiling member and the roller respectively.
PAR  It will of course be understood that it is the peculiar nature -- as
      regards rolling characteriztics -- of short lengths of sugar cane which
      has resulted in the details of the structure of the elevator 42 and cane
      retaining means 84 as described above. This structure is in no way
      relevant to the conveying of other crops having different transport
      characteristics -- such as unthreshed grain crops -- and no claim in that
      respect is made herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sugar cane harvester comprising cane base cutting means capable of
      severing cane sticks from their roots, cane dividing means capable of
      cutting each cane stick into two or more pieces, and an elevator capable
      of elevating the cane pieces, characterized in that at least part of the
      travel of the elevator extends upwards at an inclination of from 50 to 90
      degrees with respect to the horizontal when the harvester is standing on
      horizontal ground, and that cane retaining means is provided, said cane
      retaining means including a cane retainer frame supported on the harvester
      adjacent to the elevator for elevating cane pieces, a ceiling member with
      a smooth lower surface mounted on the cane retainer frame above at least a
      portion of the upper run of the elevator and cooperating therewith to
      define an upwardly-extending tunnel through which cane is conveyed, and a
      rotatable feed roller mounted on the cane retainer frame adjacent to the
      lower end of the ceiling member for insuring that cane pieces carried by
      the elevator are fed under the ceiling member.
NUM  2.
PAR  2. A sugar cane harvester according to claim 1 characterized in that the
      elevator comprises a drivable endless tension member and transverse cane
      pushing members attached thereto, each cane pushing member being of such
      dimensions as to extend from adjacent the cane-engaging surface of the
      elevator to adjacent the cane retaining means.
NUM  3.
PAR  3. A sugar cane harvester according to claim 1 characterized in that the
      elevator comprises a loading portion at the lower end thereof, the loading
      portion leading to the said part which extends at an inclination of from
      50.degree. to 90.degree., the inclination of the loading portion with
      respect to the horizontal being less than that of the said other part.
NUM  4.
PAR  4. A sugar cane harvester according to claim 3 characterized in that the
      said loading portion is positioned to receive cane pieces falling from the
      cane dividing means.
NUM  5.
PAR  5. A sugar cane harvester according to claim 1 characterized by cane trash
      removal apparatus positioned to act upon the cane pieces discharged from
      the upper end of the elevator.
NUM  6.
PAR  6. The sugar cane harvester of claim 1 including drive means for rotating
      the rotatable feed roller mounted on the cane retainer frame.
NUM  7.
PAR  7. The sugar cane harvester of claim 1 including resilient means mounted on
      the harvester and in contact with the cane retainer frame to resist
      movement of cane retainer frame, the ceiling member and the rotatable feed
      roller mounted on the cane retainer frame, away from the elevator.
NUM  8.
PAR  8. The sugar cane harvester of claim 6 including drive means for rotating
      the rotatable feed roller mounted on the cane retainer frame.
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ABST
PAL  A combination power driven lawn mower and lawn care chemical dispensing
      machine is disclosed in which a hopper for dry granular chemicals is
      affixed to the top of the lawn mower frame in such a manner that the
      chemical may be dispensed over an area defined by the swath of lawn cut by
      the blade. In one embodiment, a trough type of hopper is positioned
      between the rear axles of the mower and has a dispensing area whose width
      is the diameter of the blade arc. In an alternative embodiment, a special
      type of dispensing blade is employed which is connected to the hopper by
      means of a communicating trunk cut through the bedplate of the mower.
BSUM
PAR  This invention relates to lawn care equipment and more particularly to an
      improvement in power driven lawn mowers.
PAC  BACKGROUND OF THE INVENTION
PAR  The use of the gasoline powered lawn mower, especially the so-called
      "self-propelled" machine has greatly reduced the amount of manual labor
      involved in one phase of lawn care. As Americans continue to find more
      creative uses for their leisure time, however, the time required to be
      devoted to proper lawn maintenance is spent ever more reluctantly.
      Unfortunately, proper lawn care demands additional and appropriately timed
      maintenance than mere mowing. The lawn should be fertilized spring and
      fall. Pre-emergent weed control chemicals may have to be applied. Some
      lawns may need applications of crab grass and dandelion inhibitors and in
      many cases insect control chemicals to fight chinch bugs may be necessary.
      All of these operations require additional hours of labor that many people
      would rather spend elsewhere. Heretofore, each of the aforementioned tasks
      has had to be undertaken independently of and in addition to the weekly
      mowing job in an effective manner. Many home owners have therefore given
      up the effort and have employed professional lawn care companies to take
      over the care of their lawns.
PAR  It would be of great advantage and convenience if one or more of the lawn
      care operations involving the dispensing of lawn care chemicals could be
      combined with the tasks of mowing. Accordingly, we have devised an
      improved lawn mower which, particularly when the new lightweight lawn care
      chemicals are employed, can dispense these chemicals in an efficient and
      convenient manner which will neither interfere with the cutting of the
      grass nor collection of the cuttings, which confines the distribution of
      chemicals to a determinable area of the lawn and which has a chemical
      hopper that will not require refilling any more frequently than the
      intervals during which the lawn mower must be stopped to empty the grass
      catcher.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects and features of our invention are achieved
      in one illustrative embodiment in which an adjustable-coverage chemical
      dispensing hopper is affixed to the frame or body of a lawn mower in such
      a manner that the chemicals may be efficiently distributed over the width
      of the swath of lawn that has just been cut by the rotary blade of the
      mower. According to one aspect of our invention, the hopper is dimensioned
      to contain a load of chemicals sufficient to cover a normal swath of lawn
      that can be traversed while filling the conventional grass catcher bag. In
      one embodiment the hopper is positioned between the rear wheels of the
      mower in such a manner that its dispensing chute extends the width of the
      blade swath. An agitator fitted inside the hopper and adjacent the hopper
      chute is rotated as the mower covers the lawn so that its vanes feed the
      chemical granules from the hopper through the chute. The agitator may be
      linked by belt or friction drive to the lawn mower wheels or, preferably,
      mounted so as to be coaxial with the rear axle of the mower housing.
PAR  According to one aspect of our invention the rear idler wheels of the mower
      which conventionally are separated by no more than the blade swath
      diameter are now further extended to permit the hopper chute of our
      invention to have a transverse dimension equal to the blade swath.
PAR  It is a further aspect of our invention and one which is of particular
      utility in mowing machines that have the grass ejection chute rearwardly
      extended and upwardly raised to discharge the grass cuttings into a grass
      catcher positioned between the control handles (thus providing a lawn
      mower requiring a clearance no wider than the blade swath) to dispense the
      new lightweight chemical fertilizers from a dispensing hopper which is
      integrally attached to the mower base housing between the rear wheels.
PAR  In still another embodiment of our invention, a dispensing trunk is affixed
      to the mower body with its upper end communicating with a chemical storage
      hopper mounted atop the lawn mower housing and which discharges the
      contents of the hopper into a toroidal chamber affixed to or integral with
      the mower blade. Distributing channels radiate from the chamber along both
      arms of the blade carrying the chemical granules from the chamber to
      dispensing apertures in the blade arms from which apertures the granules
      are distributed as the blade rotates to cut the swath of grass.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and features of our invention may become
      more apparent by referring now to the drawing in which
PAR  FIG. 1 show the side view of one illustrative embodiment of our invention
      in which the hopper is mounted on the lawn mower housing and having its
      agitator coaxial with the rear wheels of the mower;
PAR  FIG. 2 shows a top view of the embodiment of FIG. 1.
PAR  FIG. 3 shows the side view of and alternative embodiment in which the mower
      is equipped with a dispensing trunk communicating with a centrifugal
      distributing cutting blade;
PAR  FIG. 4 shows a top view of the embodiment of FIG. 3.
PAR  FIG. 5 shows a centrifugal distributing cutting blade suitable for use with
      the embodiment of FIGS. 3 and 4;
PAR  FIG. 6 shows an alternative form of centrifugal distributing blade having
      elongated distributing holes and in which the central chamber is integral
      with the distributing cowl; and
PAR  FIG. 7 is a section through one of the distributing cowls of the embodiment
      of FIG. 6.
DETD
PAC  GENERAL DESCRIPTION
PAR  Referring now to FIG. 1, a side view of a lawn mower is shown having a base
      housing 1 supporting an engine 2 which drives rotary mowing blade 3. The
      mower has front wheels 5, 5' (see FIG. 2) which advantageously may be
      driven by engine 2 in the conventional manner (through drive means, not
      shown) and rear wheels 6, 6'. The control handle 7 is affixed to base
      plate 1 by means of mounting bracket 9.
PAR  In FIG. 2 a top view of our first embodiment is shown in which the rear
      wheels 6, 6' have been positioned further apart than the front wheels 5,
      5'. In conventional mowers the spacing between the wheels 5, 5' and 6, 6'
      is dictated by the swath diameter cut by rotary blade 3. Further, in
      conventional mowers the spacing between wheels 5 and 5' is quite arbitrary
      but is usually less than that of the blade swath and similarly the spacing
      between wheels 6 and 6' is also quite arbitrary and also usually somewhat
      less than the blade swath. In accordance with our invention, however, a
      chemical dispensing hopper 10 is positioned between wheels 6 and 6' which
      have been spaced apart so that dispensing chute 10S may have a transverse
      length equal to the length of blade 3. Hopper 10 is affixed to base plate
      1 by brackets 11. Internal to dispensing hopper 10 is an agitator 10A
      whose drive shaft is integral with or concentrically affixed to rear wheel
      axle 6A.
PAR  In operation, the hopper 10 is filled from a bag of lawn care chemicals.
      Hopper 10 is dimensioned to contain a load of lawn care chemicals so that
      it will not be exhausted prior to the time that the engine 2 of the mower
      must be stopped to empty the usual grass bag (not shown) attached to
      ejection chute IES. With the use of the modern, controlled-concentration
      lawn care chemicals even such comparatively bulky products as fertilizer
      may be loaded into hopper 10 without requiring a refilling more often than
      at the intervals when the grass catcher must be emptied. The weight-load
      of such chemcials for a mower having a 21-inch width blade will normally
      not exceed some 15 to 18 pounds for a 5,000 square foot application.
      Normally, no more than 5,000 square feet of grass can be cut before it is
      necessary to empty the grass catcher. Accordingly, an integrated lawn care
      tool has been disclosed in FIGS. 1 and 2 whereby mowing can be
      accomplished at the same time that lawn care chemicals can be efficiently
      distributed over the mown swath.
PAR  In FIGS. 3 and 4 there is shown, respectively, side and top views of an
      alternative embodiment of our invention in which a chemical dispensing
      hopper 50 is fitted atop the base housing of the mower and a special
      chemical dispensing blade 53 replaces the conventional mower blade 3 of
      FIGS. 1 and 2. The mower blade 53 of FIGS. 3 and 4 (which blade is shown
      in greater detail in FIGS. 5, 6, and 7) is fitted with a drum chamber 52.
      Between the chemical dispensing hopper 50 and the drum chamber 52, a
      communicating trunk is provided which extends through the mower base
      housing so that the contents of hopper 50 may be fed to blade 53.
PAR  Referring now to FIGS. 5 and 6, there are shown two alternative embodiments
      for the dispensing blade employed in the mower of FIGS. 3 and 4. In FIG.
      5, a blade 7 is affixed to the lower end of the motor drive shaft 73 by
      means of the usual shaft end nut, lock washer and washer arrangement, not
      shown. The sharpened cutting edges of the blade 7 have also not been
      shown. In accordance with our invention, a central annular chamber 71 is
      affixed to the upper central portion of blade 7 and concentric with drive
      shaft 73. The annular drum chamber 71 is provided with two apertures 74
      and 75 to which apertures are affixed radial distributing cowls 76 and 77.
      Cowls 76 and 77 and chamber 71 may be affixed to blade 7 by spot welding
      or any other convenient method. Cowls 76 and 77 define a dispensing
      channel along the upper surface of blade 7. Beneath cowls 76 and 77 and
      through blade 7 are drilled a plurality of distributing holes 78 radiating
      outwardly of central chamber 71. Holes 78 may advantageously be of
      differing diameter to compensate for the centrifugal effects of rotation
      on the granules of chemical fed into chamber 71 and hurled outwardly
      through the dispensing channel defined by cowls 76 and 77.
PAR  Referring now to FIG. 6, there is shown an alternate embodiment in which
      the central chamber 81 is integral with distributing cowls 86 and 87 all
      of which are affixed to the upper surface of blade 8. In addition, an
      alternate form of distributing aperture 88 has been cut through the blade
      beneath the cowls 86 and 87. FIG. 7 shows a section through cowl 86
      showing how the trailing edge of the cowl may be allowed to overlap the
      trailing edge of blade to facilitate the distributing of certain types of
      granular material through the edge gap 89.
PAR  Accordingly, we have shown several alternative embodiments of a chemical
      dispensing lawn mower together with a new type of blade useful therewith.
      Furtherand other modifications may be apparent to those of skill in the
      art without departing from the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A power lawn mower comprising a base housing, a pair of front driving
      wheels and a pair of rear idler wheels attached to said base housing, an
      engine mounted on said base housing, rotary blade means positioned beneath
      said base housing and connected to be driven by said engine, hopper means
      integrally attached to said base housing between said rear wheels and
      having a width substantially equal to that of said rotary blade means,
      said hopper means having an agitator and a dispensing chute.
NUM  2.
PAR  2. A power lawn mower as in claim 1 wherein said agitator includes axle
      means colinear with the axis of said rear wheels.
NUM  3.
PAR  3. A power lawn mower as in claim 2 wherein said rear wheels are separated
      from each other by a greater distance than the spacing between said front
      wheels and wherein said dispensing chute extends along the length of said
      agitator axle means throughout a length substantially equal to the length
      of said rotary blade.
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ABST
PAL  A method of making compacted steel wire strand having a central core wire
      and at least one layer of wires wound around the core wire in which
      uncompacted strand is made by pulling the wires through a closing die and
      the wire is then compacted in not more than two reducing dies the dies
      being arranged so that the wires forming the strand are free to move
      relative to one another to prevent birdcaging during the reduction in area
      of the strand to compact it.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to steel wire strand of the kind, hereinafter called
      "the kind specified", comprising a central core wire and at least one
      layer of wires wound around the core and the invention is concerned in
      particular with a method of and apparatus for making such strand.
PAR  2. Description of the Prior Art
PAR  Steel wire strand of the kind specified is normally made by laying up a
      plurality of wires of round, i.e. circular, cross section so as to form a
      strand by advancing through a closing die the individual wires from
      wire-carrying bobbins supported for rotation within a cage itself
      supported for rotation about the longitudinal axis of the closing die, the
      resultant strand having a cross section which is circumscribed by a
      circle.
PAR  In such known practice the rotation of the individual bobbins is braked
      merely to the extent necessary to keep the individual wires taut upstream
      of the closing die.
PAR  It is also known to treat the strand so produced to compact it, i.e. to
      deform the individual wires from their circular cross section and thus to
      obtain a strand with a higher fill factor than that of the uncompacted
      strand. (The fill factor is the percentage of the area of a circle
      circumscribing the section of the strand which is filled by metal). Steel
      wire strand is used, inter alia, for prestressing tendons in concrete
      structures and in some applications where space for the tendons is limited
      it is desired to have as much metal as possible in a given cross-sectional
      area so that compacted strand is then preferred to uncompacted, round-wire
      strand.
PAR  The present commercially used method of making compacted steel wire strand
      comprises drawing a length of the already formed wire strand (see U.S.
      Pat. No. 3,083,817) of the kind specified and which is uncompacted and in
      which the wires have a round cross section, through a reducing die so as
      simultaneously to consolidate and reduce the cross section of the strand
      with consequent deformation of the wires with the assistance of a
      specially applied back tension to the strand during the passage of the
      strand through the reducing die.
PAR  If one draws round-wire strand of the kind specified from a reel through a
      reducing die without special precautions, "bird-caging", takes place, that
      is to say in front of the die the outer wires lift away from the core wire
      and form a "birdcage". This happens because, during drawing, the outer
      wires have their cross-sectional areas reduced to a greater extent than
      the core wire. As drawing commences the outer wires go slack on the core
      wire upstream of the die and this slackness goes back to the reel. On the
      reel, however, the strand is effectively clamped due to the turns of the
      strand on the reel so that relative movement of the wires of the strand is
      not possible in the turns. As drawing proceeds, therefore, the elongation
      of the outer wires relative to the core wire causes bird-caging in front
      of the die. It is for this reason that back tension is applied to the
      strand, the back tension being sufficient at least plastically to elongate
      the core wire so that elongation of the core wire and the outer wires are
      the same. As normally carried out the method includes the application of a
      back tension sufficient to elongate not only the core wire but also the
      outer wires.
PAR  The back tension is normally provided by a braked capstan or drum around
      which the strand is advanced without slip before passing to the reducing
      die. Obviously the haul-off capstan to pull the strand through the die
      must be extremely powerful to overcome both the back tension and the
      drawing resistance.
PAR  The foregoing requirements for carefully controlled back tension
      necessitates the provision of sophisticated, powerful and relatively
      expensive equipment. We have now found, surprisingly, that it is possible
      to form compacted strand of the kind specified without applying more back
      tension than is normally used during the formation of uncompacted strand.
PAR  The present invention has for its object the provision of a method and
      apparatus for producing compacted strand of the kind specified by which it
      is believed that a substantial saving in plant costs and a significant
      saving in skilled labour costs can be effected and without any likelihood
      of the above mentioned tendency to bird-caging arising.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of this invention, we provide a method of making
      compacted steel wire strand comprising a central core wire and at least
      one layer of wires wound around the core wire comprising the steps of:
PAR  a. advancing to a closing die a plurality of separate strand forming steel
      wires each of round, i.e. circular form in cross section, each wire being
      advanced from a separate rotatable bobbin,
PAR  b. braking the rotation of the bobbins to an extent so as merely to
      maintain the wires taut so that no plastic flow of the wire takes place,
      between the bobbins and the die,
PAR  c. by said closing die assembling the separate round section wires into
      uncompacted strand, comprising a central core wire and at least one layer
      of wires wound around the core wire without substantially changing the
      cross-sectional shapes or sizes of the wires, and
PAR  d. advancing the strand emerging from the closing die through a reducing
      die to deform to non-circular section at least the outer wires of the
      strand and to reduce the cross-sectional area of such wires, thus
      increasing the fill factor of the strand, the reducing die consisting of
      two spaced-apart die elements between which the strand is lubricated the
      percentage reduction in cross-sectional area of the strand in the or each
      die element being not less than 10%,
PAR  e. the method being such that the wires forming the strand are free to move
      relative to one another in the directions of their lengths throughout
      their passage from the bobbins to their exit from the reducing die through
      distances corresponding to the differences in length of the individual
      wires caused by drawing the strand through the reducing die thus to
      prevent bird-caging.
PAR  In the performance of the foregoing method, a conventional form of
      stranding machine is employed in which the individual wires are supplied
      from the usual bobbins, the rotation of which in relation to the cage of
      the stranding machine is as is normal in the manufacture of uncompacted
      strand of the kind specified, restrained merely to the extent necessary to
      maintain the wires taut as they enter the closing die.
PAR  In particular, no back tension is applied to any of the strand-forming
      wires so as thereby to effect any plastic elongation thereof upstream of
      the reducing die such as to reduce, in the case of the outer wires, the
      radial load on the die being used to compact the strand. The greater the
      radial load mentioned above the greater degree of compaction, but if back
      tension is applied which causes the outer wires to flow longitudinally
      upstream of the die this longitudinal movement is at the expense of the
      desired lateral movement required to fill in the voids between the wires.
      Thus the elimination of back tension is in this respect considered
      advantageous and it is surprising, in view of the generally accepted
      belief that substantial back tension is required, that satisfactory
      results are obtained with the method of the invention.
PAR  It is an essential characteristic of the method just described that there
      is the foregoing freedom for relative movement as above specified between
      the individual wires in the directions of their length and this is ensured
      by performing the compacting step on the just formed strand as opposed to
      using as the starting material strand wound on a reel for the reasons
      explained above.
PAR  One would expect that die wear would be reduced by increasing the number of
      die elements used to effect the reduction in area of the strand leaving
      the closing die. We have found however, that increasing the number of die
      elements increases the value of the force required to pull the wire
      through the die elements and this force can increase to such an extent as
      to cause breakage of the strand. We have found that, in the present state
      of die-making technology, the optimum number of die elements is two.
PAR  The overall reduction in cross-sectional area (i.e. the area of the
      circumscribing circle of the strand) of the strand leaving the reducing
      die will normally be between 19 and 30%. That is to say the
      cross-sectional area of the strand leaving the exit of the reducing die
      will be between 19 and 30% smaller than the cross-sectional area of the
      strand leaving the closing die. Since the reducing die consists of two die
      elements the exit of the die will be the exit of the second element. We
      have also found that the percentage reduction of cross-sectional area in
      each element should not be less than 10% otherwise excessive wear of the
      die occurs.
PAR  As the strand is formed from circular section as opposed to pre-formed,
      non-circular wires, the wires, during the formation of the strand, are not
      torsionally twisted about their own axes, so that the resultant strand is
      free from residual torsional stress which, if present, results in sudden
      unravelling of the strand when cut to length on site with consequent
      difficulty and possible damage to the operator.
PAR  The invention further comprises strand of the kind specified compacted by
      the foregoing method, as well as rope formed from a plurality of lengths
      of strand produced by the foregoing method.
PAR  Tests which we have so far carried out on strand produced by the method of
      this invention indicate a substantial improvement in the breaking load of
      the strand as compared with an uncompacted strand of the same diameter and
      for a seven wire strand comprising a single core wire and six peripheral
      wires with a nominal outside diameter of the order of 0.6 inch an increase
      in the breaking load of at least 20%.
PAR  The above increase is an increase in breaking load rather than in breaking
      stress and is for the same size strand, for example, with compacted strand
      made by the method of this invention, having a final diameter of 0.6 inch
      after the reducing i.e. compacting operation, with a diameter before
      compaction of about 0.675 inch, the breaking load would be about 68,000
      lbs. This compares very favourably with the breaking load of 0.6 inch
      diameter normally fully formed but uncompacted round wire strand, the wire
      of which is of the same composition and which has a minimum breaking load
      of 51,000 lbs. (average breaking load 3,000 or 4,000 lbs. above this
      minimum).
PAR  This increase in breaking load by at least 20% is partly due to the
      reduction in the area of the voids between the outer wires of the strand
      and the circumscribing circle of the strand section, consequential on the
      compacted strand having a periphery substantially nearer a true circle as
      compared with the peripheral shape of uncompacted strand, as well as in
      consequence of the filling of voids between the adjacent wires comprised
      in the strand. The total reduction in the area of said voids in the above
      example is of the order of 10% to 15%. The other part of such increase,
      namely, between about 5 to 10% is consequential on the additional
      mechanical work which has been performed on the metal during its
      advancement through the reducing die.
PAR  The invention further comprises apparatus for carrying out the foregoing
      method, comprising:
PAR  1. a stranding machine for forming individual round steel wires into
      uncompacted wound strand comprising a central core wire and at least one
      layer of wires wound around the core wire, the machine comprising
      rotatable bobbins for carrying the wires, a closing die for receiving the
      wires from the bobbins and assembling the wires into said uncompacted
      strand, and means capable of braking the rotation of the bobbins, only to
      the extent of keeping the wire taut between the bobbins and the closing
      die,
PAR  2. a reducing die adjacent to the closing die to receive the uncompacted
      strand emerging from the closing die and to deform and reduce the cross
      sectional area of at least the outer wires of the strand thus to increase
      the fill factor of the strand, the reducing die consisting of two die
      elements spaced apart in the direction of strand advancement, each element
      being arranged to effect a percentage reduction in area of at least 10%,
PAR  3. Means to lubricate the strand between the die elements,
PAR  4. means for drawing the wires off the bobbins and through the closing die
      and for drawing the strand through the reducing die.
PAR  5. the dies being such that the wires forming the strand are free to move
      relative to one another in the directions of their lengths throughout
      their passage from the bobbins to the exit from the reducing die through
      distances corresponding to the differences in length of the individual
      wires caused by drawing the strand through the reducing die thus to
      prevent bird-caging.
PAR  Each of the two reducing die elements will embody an inwardly tapered
      entrance throat with an angle of taper between 8.degree. and 35.degree..
      For a reduction in cross-sectional area of the strand of 20% the angle of
      taper is advantageously about 24.degree. while for a reduction in area of
      10% an angle of taper of about 20.degree. is advantageous. The above
      angles give the minimum die pull required to draw the strand through the
      die but this is not the only criterion and departures from these angles
      may be necessary as determined empirically. We have found it advantageous
      to effect equal percentage reductions in the cross sectional area of the
      circumscribing circle corresponding to the overall diameter of the strand
      in the two elements.
PAR  For the successful performance of the invention, we have further found it
      necessary to form the leading end portion of each of the wires, including
      the core wire, of reduced cross section, preferably terminating in a
      pointed extremity. Such reduced cross section enables the several wires
      readily to be threaded successively through the closing die and the
      reducing die elements at the commencement of the formation of a length of
      strand. To facilitate the foregoing, the overall length of the reduced
      section end portion of each wire would be made greater than the spacing of
      the die elements.
PAR  For instance, in our experiments to date, the end portion of each wire has
      been reduced by first drawing through a small die so that we have 20 feet
      or so of parallel wire of a reduced section terminating in a conical
      extremity of length of about 0.1 inch.
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings, in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are diagrams illustrating the conventional arrangements of
      bobbins cage which may be employed in carrying out the invention; and
PAR  FIG. 3 is a perspective view of the arrangement of closing die and reducing
      die elements in apparatus embodying the invention.
PAR  FIG. 4 is a sectional view through a reducing die element illustrating the
      angle of the tapered entrance throat.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Apparatus for carrying the invention into effect comprises an elongated
      frame 10, one end of which is connected to a stranding machine which may
      be of the form diagrammatically shown in FIG. 1 or FIG. 2. This stranding
      machine is of the known type and may comprise either a `sun and planet`
      type of machine shown in FIG. 1 in which the usual rotating cage C
      supports the rotatable wire-carrying bobbins B at positions spaced from
      the central axis of rotation of the cage so that the bobbins rotate
      planet-fashion about such axis, or the stranding machine may be of known
      tubular type shown in FIG. 2 in which the wire carrying bobbins B are
      mounted in a cage C in axially spaced relationship for rotation about the
      central axis, i.e. the axis of rotation of the cage.
PAR  As will be seen from FIG. 3, the stranding machine is provided with the
      usual lay plate 11 which rotates with the cage C and which is provided
      with the usual holes 12 for the passage of the individual wires 13 from
      the bobbins B to the usual closing die 14 mounted on stationary die
      support 15 carried on frame 10. Thus the lay plate 11 rotates relative to
      the non-rotating closing die 14, thus in the known way winding the several
      wires 13 around the central or core wire 13a in a helical fashion to form
      the uncompacted strand 16.
PAR  The just-wound strand is now advanced through a first of the reducing die
      elements, namely, die 17 mounted within cooling jacket 18 supported on die
      support 21 and appropriately spaced in the direction of strand advancement
      from closing die 14.
PAR  A second reducing die element 20 is similarly mounted, within cooling
      jacket 19 supported on die support 22 and appropriately spaced in the
      direction of strand advancement from the first die element 17.
PAR  The two die supports 21 and 22, together with their respective die
      elements, are supported from frame 10. The strand is lubricated before
      entering each die element by means of a lubricant stream supplied through
      valved supply nozzles 23 to which the lubricant is fed through pipe 24
      from lubricant supply tank 25 by means of pump 26, into which tank 25 the
      lubricant is recirculated through return pipe 27.
PAR  The valved supply nozzles 23 may be single or multi-head arrangements and
      are arranged such that the lubricant is fed simultaneously onto the
      advancing strand and into the throats of dies 17 and 20.
PAR  Cooling jackets 18 and 19 are supplied with a fast flowing stream of water
      via supply pipes 28 and returned via return pipes 29.
PAR  A conventional haul off capstan 30, FIGS. 1 and 2, is provided for applying
      the necessary drawing force to the compacted strand 31 for drawing the
      uncompacted strand 16 through the two die elements 17 and 20 and thus
      advancing the wires from the bobbins of the stranding machine.
PAR  In operation of the apparatus, wire is drawn off the bobbins B as the cage
      C rotates. The outer wires 13 pass through the holes 12 in the lay plate
      11 and the core wire 13a passes through a central aperture in the lay
      plate. The bobbins B are provided with conventional braking means
      indicated generally at 32. These braking means are only capable of
      retarding the rotation of the bobbins to such an extent as to retain the
      wires taut between the bobbins and the lay plate. The brakes are not
      capable of exerting so much back tension on the wires as to cause plastic
      elongation in the wires upstream of the closing die or reducing die
      elements.
PAR  The diameter of the closing die is such as merely to assemble the wires 13
      and 13a together to form uncompacted strand without effecting any
      substantial compaction or deformation of the individual wires from their
      initial round cross section. Indeed, the closing die is usually
      dimensioned to have some clearance with respect to the circumscribing
      circle of the uncompacted strand 16. It will be appreciated from the
      foregoing that up to the formation of the uncompacted strand 16 the method
      is conventional. The uncompacted strand now passes through the two die
      elements 17 and 20 each of which effects a reduction in cross-sectional
      area of at least 10%, the overall reduction being between 19 and 30%.
      These die elements compact the strand, increasing the fill factor thereof
      and deforming at least the outer wires of the strand into keystone shape.
      The strand is lubricated from the nozzles 23 before entering either of the
      die elements 17 and 20. A high pressure lubricant is required, there being
      a tendency for the lubricant to be scraped off into the voids between the
      wires as the strand is compacted.
PAR  Upon the passage of the strand through the die element 17, the outer wires
      13 will elongate relative to the core wire 13a. The wires can, however,
      move relative to one another in the directions of their lengths through
      the closing die 14 and the lay plate 11 with the result that less wire
      will be taken from the bobbins B carrying the outer wires 13, due to
      elongation of the outer wires, than if the strand had not been compacted.
      Similarly, further elongation of at least the outer wires will be effected
      by the die element 20 and the wires can move relative to one another
      through the die element 17 and closing die 14 to again reduce the length
      of the wire taken from the bobbins holding the outer wires 13 as compared
      to what would be taken were the strand not compacted.
PAR  FIG. 4 is a cross-section through the die element 17; a cross-section
      through the die element 20 would be similar. It will be seen that the die
      element 17 has a tapered entrance throat 17a and a parallel sided exit
      portion 17b. The angle of taper of the entrance throat is indicated by the
      angle A and this angle may, as described above, be between 8.degree. and
      35.degree..
PAR  This possibility of relative movement prevents bird-caging in front of
      either of the die elements 17 and 20. Bird-caging is prevented because any
      elongation of one wire relative to another can be accommodated by the
      difference in lengths of the wires drawn from the appropriate bobbins B.
      This is to be compared with the example given above of the conventional
      process where strand is drawn from a reel for compaction and although
      relative movement can take place between the wires from the reducing die
      to the reel, relative movement cannot take place between the wires on the
      reel thus resulting in bird-caging due to the elongation of the outer
      wires as the drawing continues.
PAR  It will be seen that the invention provides a simple method of forming
      compacted strand which does not require expensive or sophisticated
      apparatus. The invention also provides a simple apparatus for making
      compacted strand.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making compacted steel wire strand comprising a central core
      wire and at least one layer of wires wound around the core wire comprising
      the steps of:
PA1  a. advancing to a closing die a plurality of separate strand forming steel
      wires each of round, i.e. circular form in cross-section, each wire being
      advanced from a separate rotatable bobbin,
PA1  b. braking the rotation of the bobbins to an extent so as merely to
      maintain the wires taut so that no plastic flow of the wires takes place
      between the bobbins and the die,
PA1  c. by said closing die assembling the separate round section wires into
      uncompacted strand, comprising a central core wire and at least one layer
      of wires wound around the core wire, without substantially changing the
      cross-sectional shapes or sizes of the wires, and
PA1  d. advancing the strand emerging from the closing die through a reducing
      die to deform to non-circular section at least the outer wires of the
      strand and to reduce the cross-sectional area of such wires, thus
      increasing the fill factor of the strand, the reducing die consisting of
      two spaced-apart die elements between which the strand is lubricated, the
      percentage reduction in cross-sectional area of the strand in each die
      element being not less than 10%,
PA1  e. the method being such that the wires forming the strand are free to move
      relative to one another in the directions of their lengths throughout
      their passage from the bobbins to their exit from the reducing die through
      distances corresponding to the differences in length of the individual
      wires caused by drawing the strand through the reducing die thus to
      prevent bird-caging.
NUM  2.
PAR  2. A method according to claim 1 wherein equal percentage reductions in
      cross-sectional area are made in each of the two die elements.
NUM  3.
PAR  3. Compacted strand comprising a central core wire and at least one layer
      of wires wound around the core wire and made by the method as claimed in
      claim 1.
NUM  4.
PAR  4. Wire rope formed from a plurality of lengths of strand as claimed in
      claim 3.
NUM  5.
PAR  5. Apparatus for making compacted strand comprising a central core wire and
      at least one layer of wires wound around the core wire comprising:
PA1  1. a stranding machine for forming individual round steel wires into
      uncompacted wound strand, comprising a central core wire and at least one
      layer of wires wound around the core wire, the machine comprising
      rotatable bobbins for carrying the wires, a closing die for receiving the
      wires from the bobbins and assembling the wires into said uncompacted
      strand, and means capable of braking the rotation of the bobbins, only to
      the extent of keeping the wires taut between the bobbins and closing die,
PA1  2. a reducing die adjacent to the closing die to receive the uncompacted
      strand emerging from the closing die and to deform and reduce the
      cross-section area of at least the outer wires of the strand thus to
      increase the fill factor of the strand, the reducing die consisting of two
      die elements spaced apart in the direction of strand advancement, each
      element being arranged to effect a percentage reduction in area of at
      least 10%.
PA1  3. means to lubricate the strand between the die elements,
PA1  4. means for drawing the wires off the bobbins and through the closing die
      and for drawing the strand through the reducing die,
PA1  5. the dies being such that the wires forming the strand are free to move
      relative to one another in the directions of their lengths throughout
      their passage from the bobbins to the exit from the reducing die through
      distances corresponding to the differences in length of the individual
      wires caused by drawing the strand through the reducing die thus to
      prevent bird-caging.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein each die element is arranged to
      produce an equal percentage reduction in cross-sectional area of the
      strand entering the element.
NUM  7.
PAR  7. Apparatus according to claim 5 wherein the or each reducing die element
      has an entrance throat with an angle of taper between 8.degree. and
      35.degree..
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PAL  A machine for manufacturing garlands comprising a device for producing a
      tube from filament-like or strip-like material on two conveyor screws
      arranged at a distance from one another, which are mounted on one side,
      driven at the same speed in opposite directions, and have opposite threads
      by using two parallel pairs of threads, each of said pairs of threads
      consisting of a core wire or thread extending through a longitudinal bore
      of said conveyor screws, and an outer wire or thread, and means for
      twisting said pairs of wire or thread around sections of said winding
      material, said sections being formed by severing said tube, and with means
      for drawing off the pairs of wire or thread. The conveyor screws are
      located at two corners of an imaginary polygon which is symmetrical around
      the center of the line connecting said corners. Additional conveyor screws
      are arranged at the remaining corners of said polygon driven at the same
      speed, so that the number of conveyor screws having one direction of
      rotation is equal to the number of conveyor screws having an opposite
      direction of rotation. A cutting device is arranged at each side of the
      intersecting lines for centrally severing the corresponding half of the
      tube.
BSUM
PAR  The invention relates to a machine for manufacturing garlands which
      comprises a device for producing a tube from filamentary or band-shaped
      winding material on two conveyor screws arranged at a distance from one
      another which are mounted on one side, are driven at the same speed in
      opposite directions, and which have opposite threads, using two parallel
      pairs of wire or thread, each pair consisting of a core wire or thread
      extending through a longitudinal bore of the conveyor screws, and an outer
      wire or thread, and an apparatus for twisting the wires or threads around
      sections of the winding material which are formed by severing open the
      tube, and with an apparatus for drawing off the pairs of wires or threads.
PAR  Known machines of this type (German patent No. 1,435,244 corresponding to
      U.S. Pat. No. 3,330,103) have the advantage that the winding material is
      positively advanced by the conveyor screws onto the core wires and
      delivered to the cutting device, and the conveyor screws take up the
      winding tension. This means that as a winding material not only very thin
      silk threads but also coarser or very smooth winding material can be used
      and garlands manufactured which have a relatively thick diameter. Winding
      the material on the two conveyor screws which results in the formation of
      a flat tube presents some difficulties with such winding material, since
      its stiffness or lack of toughness makes it hard to wind on the conveyor
      screws with a small radius of curvature. In addition, the discontinuous
      advance of the winding material limits the work speed.
PAR  The object of the invention is to improve known machines so as to be able
      to use very stiff and very fragile winding material, and to increase the
      work speed. For solving this problem, the invention starts from a machine
      of the type set forth above and is characterized in that the conveyor
      screws are located at two corners of an imaginary polygon which is
      symmetrical about the center of the line connecting said corners, that at
      the remaining corners of the polygon there are additional conveyor screws
      driven at the same speed so that the number of conveyor screws having the
      same direction of rotation is equal to the number of conveyor screws
      having the opposite direction of rotation, and that at both sides of the
      intersecting lines there is arranged a cutting device for severing each
      half of the tube at the center.
PAR  In that way, it is not a flat tube which is formed from the winding
      material but by means of the additional conveyor screws the tube has a
      polygonal section and is thus near the theoretical ideal of a circular
      section. Hence the winding material may be wound more uniformly and at a
      wider radius of curvature, so that for instance finished garlands can be
      used as a winding material for a garland of a higher order. The advantages
      of known machines, that is, positively forwarding the tube on the core
      wires and feeding it to the cutting device, is maintained. Severing is
      facilitated in addition by each cutting device only severing one wall of
      the tube.
PAR  The definition of polygons whose corners are symmetrical around a definite
      point of reference comprises a multitude of polygons with an even number
      of corners. The best arrangement with regard to a maximum approximation to
      a circular section on the one hand, and to design requirements on the
      other hand is obtained if the conveyor screws are located at the corners
      of a regular hexagon. In this case, it is advantageous that the conveyor
      screws having core wire bores and the two associated conveyor screws have
      the same direction of rotation and the same thread.
PAR  The diameter of the finished garlands is determined by the circumference of
      the wound tube. Hence, it is a further object of the invention to mount
      the conveyor screws on a common base which is attached to the machine so
      as to be easily removed. For manufacturing garlands of different diameter
      thus different base plates can be used on which the conveyor screws are
      arranged at a corresponding distance. The conveyor screws are
      advantageously driven by means of chains, in a way that the conveyor
      screws having the same direction of rotation are driven by a chain which
      runs on the sprocket of a drive shaft and on the sprockets of the conveyor
      screws. The sprockets can be arranged on the rear side of the
      interchangeable base and can be covered so as to exclude any troubles.
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PAR  With these and other objects in view which will become apparent in the
      following detailed description, the present invention will be clearly
      understood in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a side elevation of a machine designed in accordance with the
      invention;
PAR  FIG. 2 is a sectional view of the machine according to FIG. 1;
PAR  FIG. 3 is a partial front view of the machine according to FIGS. 1 and 2.
DETD
PAR  Referring now to the drawings and in particular to FIG. 1, a frame 1 which
      may consist, for example, of profiled bars, receives the individual
      component parts of the machine. Extending from the frame is a draw-off
      track 2 with supports 3. A carriage 4 operated, for example, by a chain 5
      runs on the draw-off track 2. Arranged on the carriage 4 is a motor 6
      supplied by means of a flexible lead (not shown). The motor drives
      twisting heads 8 by way of a belt drive 7, the transmission ratio of which
      is gradually adjustable by changing the pulley diameter. For example,
      simple hooks to which the core wires and outer wires are attached can be
      used.
PAR  A motor 9 is arranged in frame 1, which drives an intermediate shaft 11 by
      way of a belt drive 10. The other end of the intermediate shaft drives
      through a worm and a worm wheel 13 and an intermediate gear 14 and chain 5
      for the draw-off movement of the carriage 4. Another belt drive 15, having
      stepwise variable transmission ratio, leads from the intermediate shaft 11
      to a second intermediate shaft 16. This last-mentioned shaft drives by way
      of the belt drives 17, 18 and 19 a belt pulley 20 for the power
      transmission to the conveyor screws 21, a winding frame 22 and an
      eccentric wheel 23. A steel wire 24 leads from the eccentric wheel to
      scissors 25 which sever the tube consisting of winding material 26.
      Scissors 25 are opened by means of suitable springs.
PAR  The core wires or threads 27 are withdrawn from spools 28, run over guide
      rollers 29 through a bearing tube 30 of the winding frame 22, and then
      pass through the conveyor screws 21 to the twisting heads 8. The outer
      wires 31 run over suitably arranged guide rollers 33 to the core wires 27
      and are twisted with them at 34.
PAR  Referring now again to the drawing and in particular to FIG. 3 which is a
      front view of the machine, and to FIG. 2 which is a sectional view, there
      are arranged on a plate 45, in addition to the two conveyor screws 21
      through whose longitudinal bores 44 run the core wires 27, two each
      additional conveyor screws 21a at top and bottom in a way that all the
      conveyor screws together form the corners of a regular hexagon.
PAR  The conveyor screws 21, 21a are driven by means of two shafts 35. One shaft
      is driven by the belt pulley and turns the other shaft in the opposite
      direction by way of gear train 36. The shafts 35 extend through the
      bearing tube 30 for the winding frame 22 which is mounted on the tube 30
      by means of a ball bearing 37. Mounted on the shafts at the front end
      thereof with respect to the drawing-off direction are sprocket wheels 38
      which drive the sprocket wheels 40 of the conveyor screws 21, 21a by means
      of chains 39 (cp. FIG. 3). The total drive of the conveyor screws 21, 21a
      mounted on the rear side of plate 45 and consisting of sprockets 38, 40
      and chains 39 is covered by a cover plate and a circumferential wall 53.
PAR  The total unit consisting of both plates 45, 51, of the conveyor screws and
      their drive, as well as of circumferential wall 53 is attached to the
      bearing tube 30 in a way as to be easily removable (not shown). Thus, the
      total unit can be replaced by another unit which is equally provided with
      6 conveyor screws but which have a bigger or smaller distance from one
      another, for manufacturing garlands having a bigger or smaller diameter.
PAR  The winding material 26 is fed from supply spools or rolls arranged in
      cages 49 of the winding frame 22. Disposed at the supply opening 50 is a
      suitable braking device (not shown) which permits any desired tension of
      the winding material 26. After the winding material has left the braking
      device, it is wound on the conveyor screws 21, 21a to form a tube 52 which
      has a regular hexagonal section in accordance with the arrangement of the
      conveyor screws.
PAR  The conveyor screws 21, 21a cause the tube 52 to positively move off the
      screws onto the two scissors 25 (FIG. 1). Owing to three conveyor screws
      having one direction of rotation, and three conveyor screws having another
      direction of rotation, it is ensured that tube 52 does not take part in
      the rotary movement of the screws. After severing the tube between the two
      top conveyor screws 21, and the two bottom conveyor screws 21a, the fibers
      thus formed and consisting of the winding material 26 are bound in between
      the core wires and outer wires 27 and 31 respectively, and are secured in
      this position by twisting.
PAR  The core and outer wires or threads can be selected according to the
      winding material employed and the desired form and strength of the
      garlands. It may be expedient that they consist in each case of a
      plurality of wires or threads, or of combinations of the two. In
      particular, plastic filaments or combinations thereof with metallic wires
      may also be especially advantageous.
PAR  As has already been explained, the winding material 26 may consist of any
      desired filaments and in fact also of stiff and smooth filaments. Garlands
      of a smaller diameter formed in a first operation or by a different
      procedure may also be used as a winding material. It is not necessary for
      the two filaments wound on the conveyor screws to be of the same material.
      Winding frame 22 may in addition be provided with more than two cages 49.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for manufacturing garlands comprising a plurality of conveyor
      screws arranged at a distance from one another at the corners of an
      imaginary polygon which is symmetrical around the center of a line
      connecting two opposite corners, two of said conveyor screws which are
      opposite one another having longitudinal bores through which core wires
      are drawn,
PA1  means for driving said screws at the same speed,
PA1  alternate screws having a thread thereon extending in the same direction,
      alternate screws being driven in a direction opposite screws adjacent
      thereto,
PA1  means for supply of winding material to the periphery of conveyor screws to
      form a tube as the screws rotate,
PA1  means for cutting said tube at opposite sides thereof to form severed
      portions of said tube,
PA1  means for supplying outer wires,
PA1  means for twisting each said core wire, its respective outer wires and its
      respective severed portion of said tube together.
NUM  2.
PAR  2. A machine according to claim 1, characterized in that the conveyor
      screws are located at the corners of a regular hexagon.
NUM  3.
PAR  3. A machine according to claim 1, characterized in that the conveyor
      screws are mounted on a common base which can be easily removed from the
      machine and replaced with a base having screws thereon at different
      distances from one another.
NUM  4.
PAR  4. A machine according to claim 3, characterized in that the conveyor
      screws having the same direction of rotation are driven by a drive shaft,
      a sprocket on said drive shaft, sprockets on said conveyor screws, and a
      chain trained over said sprockets, and on the sprockets of the conveyor
      screws.
NUM  5.
PAR  5. A machine according to claim 4, characterized in that said sprockets are
      mounted on the rear side of the base and covered by a covering plate.
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ABST
PAL  To start-spin a thread with open-end spinning, the end of the thread is
      inserted back into the spinning rotor against the normal direction of draw
      and placed on a ring of separated fibres. In order to simplify placing the
      thread on the ring and to improve the strength of the start-spinning point
      in the thread, before being placed on the ring of fibres, the returned end
      is freed of the twist in the thread produced during spinning, causing this
      end to be in a condition which corresponds generally to the condition of
      the ring of separated fibres.
BSUM
PAR  The present invention relates to a method and an apparatus for
      start-spinning a thread on an openend spinning machine, in which a ring of
      separated fibres is deposited in a spinning rotor, with which an end of
      the thread which is reinserted into said spinning rotor against the
      direction in which it is drawn off is connected.
PAR  On an open-end spinning machine, start spinning is necessary when the
      machine is started or to remedy a thread break. To accomplish this, the
      end of the thread is reinserted into the spinning rotor, whereby special
      aids ensure that a given length of the end of the thread is inserted with
      a given speed at a given moment in order to provide proper start-spinning.
      While the known apparatuses herefor do permit start-spinning, the yarn is
      generally of lower quality at the start-spinning point, as the strength of
      the yarn must usually be reduced there and the yarn is often thicker
      there. To fabricate quality yarns, it has hitherto been necessary to clean
      the yarn fabricated on an open-end spinning machine during an additional
      rewinding operation, i.e. to trim out yarn defects and knot the ends of
      the thread.
PAR  In order to reduce the effort required herefor somewhat, it is known
      practice (German Laid Open Patent application No. 2,133,135) to avoid an
      additional rewinding operation by again separating and re-knotting the
      start-spun thread with a fully automatic apparatus on the open-end
      spinning machine. However the effort required herefor is still very
      considerable.
PAR  It is the object of the present invention to improve the start-spinning
      operation in such a manner as to avoid excessive thickness or excessively
      reduced strength in the yarn in the area of the start-spinning points,
      permitting additional yarn cleaning measures to be eliminated. According
      to the present invention, the spinning twist in the end of the thread is
      at least partially eliminated prior to or during reinsertion in the
      spinning rotor. By eliminating the previous spinning twist in the end of
      the thread, this end is placed in a condition which generally approximates
      the condition of the fibres deposited in the spinning rotor, permitting
      the yarn connection at the start-spinning point to be made more simply and
      more thoroughly, without being thicker and with almost no loss in
      strength.
PAR  In a further development of the invention, the spinning twist of the end of
      the thread is at least partially eliminated by twisting the thread in the
      opposite direction. While it is possible to eliminate the spinning twist
      by splicing, uncombing or air turbulence, etc., untwisting is especially
      advantageous.
PAR  In a further development of the invention, the end of the thread is drawn
      apart longitudinally after or during elimination of its spinning twist and
      prior to being reinserted into the spinning rotor. Drawing the thread
      apart further opens the end, in which the partial fibres are additionally
      loosened and made parallel, thus making them easier to start spin. In
      addition, no fibres are torn out, as is the case with the known
      start-spinning methods.
PAR  In order to maintain uniform conditions for start spinning, in a further
      development of the invention at least two means are provided for clamping
      the end of the thread, of which at least the outer means can be caused to
      rotate about the longitudinal axis of the thread. The amount of rotation
      can be monitored by counting the revolutions of the clamping means, for
      example. It is possible to provide for the end of the thread to be
      released and inserted into the spinning rotor automatically after a given
      number of revolutions.
PAR  In order to also permit the end of the thread to be drawn apart, in a
      further development of the invention at least one means for clamping the
      end of the thread is attached to drive means which are movable in the
      longitudinal direction of the thread. These drive means can also be
      actuated by means of a counter connected with the rotating means, for
      example.
DRWD
PAR  The above discussed and other objects, features and advantages of the
      present invention will become more apparent from the following description
      thereof, when taken in connection with the accompanying drawings, in which
PAR  FIG. 1 shows a simple apparatus for performing the method according to the
      invention, and
PAR  FIG. 2 shows an additional apparatus with which an additional step of the
      method can be performed.
DETD
PAR  Referring now to the drawings, wherein like reference numerals designate
      like parts throughout the several views, FIG. 1 shows only a yarn removal
      channel 2, a spinning rotor 3 and delivery rollers 4 and 5 of an open-end
      spinning machine, with which a thread 1 is drawn off to an unillustrated
      winding apparatus. Delivery roller 4 can preferably be driven in both
      senses of rotation, while delivery roller 5 is designed as a pressure
      roller which can swivel about axle 6. Delivery rollers 4 and 5 belong to
      an unillustrated start-spinning apparatus, with which a given length of
      thread 1 can be returned to spinning rotor 3 through yarn removal channel
      2 when a start-spinning operation is to be performed. The end of thread 1
      is then connected with a ring of fibres which is deposited continually in
      spinning rotor 3. In doing this, certain conditions must be maintained if
      the ring of fibres is to have given dimensions. This means that the return
      of the end of the thread to the spinning rotor must be matched to the
      unillustrated means for feeding and separating the fibres.
PAR  In order to permit neat start-spinning of the end of the thread with the
      ring of fibres deposited in the spinning rotor, the end of the thread is
      opened in such a manner that the spinning twist produced in it during
      spinning is eliminated. This is accomplished by opening the end of thread
      1 between two clamping means. In the embodiment according to FIG. 1, one
      clamping means is the pair of delivery rollers 4 and 5, while the other
      clamping means is a rotary clamp 7.
PAR  Rotary clamp 7 contains two clamping levers 8 and 9, which are connected
      one with the other in a rotary manner about an axle 12. Clamping lever 9
      has a clamping member 10, which is preferably resiliently yielding, to
      which a clamping surface 11 is associated on clamping lever 8. Clamping
      levers 8 and 9 are mounted by means of a shaft 14ain bearings 14, which
      are located in a housing 15, which is mounted pivotally about an axle 16.
      Housing 15, and thus rotary clamp 7, is held in the illustrated position,
      in which housing 15 is in a contacting relationship with the positioning
      member 19 of a solenoid switch 18, by a spring 17. In this position, a
      gear 20, for example a helical gear, arranged on shaft 14a meshes with a
      gear 21, also a helical gear for example, associated thereto and arranged
      on a drive shaft 22.
PAR  To start the machine, or to permit start-spinning in the event of a thread
      break, thread 1 is inserted in rotary clamp 7, if necessary after being
      trimmed to a given length, manually or automatically. The rotary drive for
      rotary clamp 7 is then switched on temporarily. Thread 1 is now opened by
      being rotated against its spinning twist in the area between the
      stationary pair of delivery rollers 4 and 5 and rotary clamp 7, as well as
      in the area located below rotary clamp 7. The amount the thread opened is
      controlled by unillustrated control means, whereby, for example, it is
      possible to count the number of revolutions of shaft 14a. The control
      means then switch off the rotary drive after thread 1 has been opened
      sufficiently. Thereafter, the control means actuate solenoid switch 18,
      which swivels housing 15 and rotary clamp 7 in such a manner, by means of
      its positioning member 19, that they are located in the area of the
      opening of yarn removal channel 2. Clamping lever 8 is then located in the
      dash-dotted position 8a. Associated to clamping lever 9 in this position
      is a magnet 24, which can also be energized by means of the above
      mentioned control means and which then attracts clamping lever 9 in
      dash-dotted position 9a to it, causing thread 1a to extend from the mouth
      of yarn removal channel 2 as shown by the dashed line. It is then sucked
      into spinning rotor 3 with the aid of a vacuum. The course of the
      sucking-in operation of the opened end of the thread can be determined by
      controlling the drive of delivery rollers 4 and 5, for example. After
      start-spinning has been completed, delivery rollers 4 and 5 switch off,
      permitting the thread to be drawn off through yarn removal channel 2 and
      advanced to its winding bobbin in an unillustrated manner.
PAR  Starting and stopping of the fibre feed and opening means can be controlled
      in an unillustrated manner by a thread stop-motion arranged in the area of
      the outlet of yarn removal channel 2, which responds to the thread tension
      present. If there is an insufficient thread tension, it switches off the
      fibre feed and opening means and, if desired, the drive of spinning rotor
      3 as well. The above are not switched on again until there is sufficient
      thread tension again after thread 1 has been returned.
PAR  The apparatus according to FIG. 2 operates with a rotary clamp 27 and with
      a second means for clamping the end of the thread, i.e., a thread trapper
      38. Rotary clamp 27 consists primarily of two clamping levers 8 and 9, a
      rotatable shaft 14a, as well as a housing 28, in which bearings 14 for
      shaft 14a are located. Shaft 14a, and thus clamping levers 8 and 9, can be
      rotated temporarily by means of helical gears 20 and 21 and a drive shaft
      22. Clamping lever 9 can be swivelled about an axle 12 of clamping lever 8
      against the force of a tension spring 13. A clamping member 10 presses
      thread 1 against a surface 11 located on clamping lever 8.
PAR  Rotary clamp 27 is opened by means of a solenoid switch 32 responding to
      unillustrated control means, whereby the plunger 33 of solenoid switch 32
      swivels a bent lever 30 about point 31 against the force of a tension
      spring 34. Surface 37 of bent lever 30 presses against clamping lever 9,
      placing it in the dash-dotted position 29. A flexible hose 35 can be
      attached to bent lever 30 by means of a clip 36 for exhausting any thread
      remains.
PAR  Thread trapper 38 is formed by a lever mechanism, comprised primarily of a
      temporarily driven swivel lever 54, a control lever 39, as well as a
      double lever consisting of the two lever arms 40 and 41. Swivel lever 54
      can be swivelled about axle 44 in the direction of arrows A and B by means
      of drive means controlled in an unillustrated manner. Under the effect of
      a tension spring 52, a roller contact surface 49 of control lever 39
      presses against an eccentric 48, driven temporarily by unillustrated
      means, which swivels about eccentric shaft 50. Rigidly connected with
      eccentric 48 is a cam 51, which comes into a contacting relationship with
      surface 40a of double lever 40, 41 when rotated in the direction of arrow
      D, rotating lever arm 40 against the force of a tension spring 47 about
      axle 42 arranged at control lever 39. The thread trapper 45, 46 can be
      opened by this rotary motion of double lever 40, 41. As a result of a
      swivel motion of swivel lever 54 in the direction of arrow B and
      simultaneous rotation of eccentric shaft 50 in the direction of arrow D,
      control lever 39 moves somewhat to the right and is simultaneously lifted
      distance c, thereby opening, actuated by cam 51, thread trapper 45, 46.
      The new position is indicated at 53 with dash-dotted lines.
PAR  The method of operation of this apparatus is as follows:
PAR  Thread 1 to be start-spun, inserted in rotary clamp 27 and thread trapper
      38 by unillustrated means is opened enough to at least partially separate
      the existing spinning twist. During this operation or thereafter, thread
      trapper 38 is lifted upward the distance c, thereby pulling thread 1 apart
      somewhat. Opening thread trapper 38 in the dash-dotted position 53 and
      opening rotary clamp 27 places opened and drawn apart thread 1 in the
      dash-dotted position 1b, so that it is drawn into yarn removal channel 2,
      and thus into spinning rotor 3, as a result of the underpressure in the
      unillustrated spinning chamber. It is important for the end of thread 1,
      which is start-spun to the ring of fibres, to really be opened and
      untwisted. This is generally only the case when the free end extending
      beyond rotary clamp 7 or 27 is kept short. It is also possible to cut off
      thread 1 between the two clamping means and to then reinsert it in
      spinning rotor 3. This ensures that the trimmed, reinserted thread is
      untwisted and opened in the pre-determined manner at the cutting point.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It should therefore be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than specifically described.
CLMS
STM  Having thus fully disclosed my invention, what I claim is:
NUM  1.
PAR  1. A method for start-spinning a thread on an open-end spinning machine, in
      which a ring of separated fibres is deposited in a spinning rotor, with
      the end of said thread which is reinserted into said spinning rotor
      against the direction in which it is drawn, being connected with said ring
      of fibres, whereby the spinning twist produced in said thread through
      spinning is eliminated at said end of the thread by untwisting said thread
      in the opposite direction so that the end of said thread is reduced to
      fibre tuft prior to or during reinsertion into said spinning rotor.
NUM  2.
PAR  2. The method according to claim 1, in which the end of said thread is
      drawn apart longitudinally prior to being reinserted in said spinning
      rotor.
NUM  3.
PAR  3. An apparatus for start-spinning a thread on an open-end spinning
      machine, containing means for opening and inserting threads into a
      spinning rotor and containing means for reinserting the end of said thread
      into said spinning rotor against the direction of draw of said thread,
      said means containing at least two means for clamping the end of said
      thread, of which at least the outer means can be caused to rotate about
      the longitudinal axis of said thread to eliminate the spinning twist
      produced in said thread so that the end of said thread is reduced to fibre
      tuft.
NUM  4.
PAR  4. The apparatus according to claim 3, in which at least one of said means
      for clamping the end of said thread is attached to drive means which are
      movable in the longitudinal direction of said thread.
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ABST
PAL  A textile false twist texturing machine having improved thread-up
      comprising for each thread working position means for removing fumes given
      off in the heaters and means for threading up and guiding the thread in
      the upper part of the machine, and wherein the means for threading up and
      guiding the thread extends continuously from the outlet of the first
      thread delivery means to the entry of the first heater, and is coupled at
      the entry into the first heater with the fume removal means.
PARN
PAR  This is a continuation of application Ser. No. 464,211, filed Apr. 25, 1974
      now abandoned.
BSUM
PAR  The present invention relates to a machine for treating a textile thread,
      and in particular a machine having improved means for transfer of the
      thread from a thread supply station to a thread receiving or take-up
      station. It relates more particularly to means for transferring a thread
      on a machine, which has considerable size, especially in height, such as a
      machine for texturing a thread by fixed false twist. Such a fixed false
      twist machine contains, in particular, two thread heating components,
      commonly known as heaters, disposed in series in the thread path and in
      general alignment with each other.
PAR  In one embodiment of such a machine, in order, in particular, to reduce the
      machine height, the machine is provided with two separate frames spaced
      from one another in facing relation, one of the frames comprising support
      means for the thread supply bobbins and the thread take-up components, and
      the other frame comprising the thread treating components, i.e., heaters,
      spindles, as well as the thread advancing or delivery means. The two
      frames of the machine are joined essentially at their base by a platform
      on which the operator can walk to service the frames. Such a machine is
      described in U.S. Pat. No. 3,165,881.
PAR  In a recent machine embodiment, the thread supply supports are placed above
      the thread receiving or take-up components and face the first heater, a
      raised catwalk linking the two opposing faces or sides of the machine,
      with the distance between the lower operator platform and the raised upper
      catwalk being greater than the average height of the human operator.
      According to this type of machine, the other thread treatment components,
      i.e., thread delivery means, spindles and second heater, are placed below
      the catwalk, and hence are easily accessible to the operator who normally
      moves between the two sides of the machine on the lower platform.
PAR  This particular arrangement of the various components of the machine has
      been made necessary by the fact of the increase in treatment speeds which
      entailed an extension in length of the heaters in order to retain a
      sufficient heating time for the thread.
PAR  In U.S. Pat. application Ser. No. 459,7ll, filed Apr. 10, 1974 now
      abandoned, there has been described a solution to the problem of handling
      a thread during thread-up of a texturing machine of the fixed false twist
      type in which the thread supply and the first heater are placed in the
      bottom part of the machine and the second heater and the thread take-up
      are placed in the top part of the machine. In the embodiment described in
      said application, use is made of pneumatic means of transport to
      facilitate the thread-up of the machine, the pneumatic means extending
      substantially from the output of the second thread advancing means to the
      thread take-up station. Such pneumatic conveyor means comprises, in
      combination,
PAR  1. an aspiration-to-waste component capable of aspirating the thread from
      the second heating component,
PAR  2. pneumatic means (blast heads) for transporting thread into and through
      the heating channel of the second heating component, the third advancing
      means, and beyond, and
PAR  3. a pneumatic conveyor tube having a mouthpiece situated in proximity to
      and below the third thread advancing means, and an outlet located in the
      vicinity of the thread take-up or receiving station.
PAR  Although the thread conveying system described above is satisfactory for
      the handling of the thread in fixed false twist texturing machines in
      which the thread treatment components are positioned on the same side with
      the first heater located in the lower part of the machine, it is not
      adapted to machines in which the thread supply stations and the first
      heaters are placed face to face in the upper part of the machine.
      Furthermore, it is necessary to recognize that the solution in U.S. Pat.
      application Ser. No. 459,711, filed Apr. 10, 1974 has certain drawbacks in
      spite of its effectiveness. The installation requires a large amount of
      conveying fluid during the thread-up because of passage of the thread in
      the open air between the second heater and the input of the pneumatic
      conveyor tube leading to the thread take-up station. Moreover, the device
      is rather complex since it requires a blast head device at the input to
      the second heater. Finally, it is well known that synthetic threads are
      oiled at the time of spinning, and that, while the thread is being heated
      in a false twist machine, the textile oils are generally transformed into
      fumes and recondense in the form of oil. Consequently, fixed false twist
      machines must contain components which eliminate these fumes. French Pat.
      No. 1,363,920, which corresponds to U.S. Pat. No. 3,283,414, describes a
      process and a device for recovery of the fumes, the process consisting of
      aspirating away outside air and fumes at the outlet end of the heating
      components, and blowing air into the entrance of the heating components in
      the direction of movement of the thread.
PAR  The present invention provides a solution to the problems reviewed above
      and facilitates thread-up of a false twist machine as well as effectively
      eliminates the fumes and oils which can form in the heaters during the
      treatment. The invention relates to a machine for the treatment of a
      thread by false twist which contains two spaced frames positioned in
      facing relation, one of the frames containing the thread supply bobbins
      and the thread collection components for the treated thread, and the other
      frame supporting the heaters and spindles for treatment of the thread. The
      thread supply bobbins and the first heaters are placed in the upper part
      of the machine. Each thread working position contains means for
      eliminating the fumes given off by the thread in the heaters, as well as
      means for transporting and guiding of the thread in the top part of the
      machine, characterized in that, for each position, the first textured
      thread delivery or advancing means is placed on the same side as the
      thread treatment components within the reach of the operator, the thread
      transporting and guidance means extending continuously from the outlet
      from the first delivery means to the entry of the first heating component.
PAR  According to a preferred form of embodiment, the thread transporting and
      guidance means in the upper part of the machine appear in the form of a
      duct connected on a level with the entry into the first heating component
      with the means of fume evacuation. The connection of the various
      components at the entry to the first heat treatment component is
      accomplished, in one form of embodiment, by means of a junction member, or
      duct, in the form of a T, whereby the duct is joined to the entry to the
      heater, one of the arms being curved at the end and joined to the end of
      the guidance and transporting duct and the other arm being joined to the
      end of the fume elimination blast duct. Furthermore, in order to
      facilitate the passage of the thread inside the junction member, guides,
      preferably of ceramic, are placed in the zones where the thread undergoes
      a change in direction. And finally, the junction member contains an
      internal fluid distribution chamber in order that the fluid coming from
      the fume elimination blast member will be directed in the direction of the
      moving thread.
PAR  The passage of the thread through the various components of the machine
      during thread-up is advantageously done by means of a pneumatic aspiration
      gun. For this, according to the invention, it is arranged that the outlet
      from the first heater, and optionally from the second heater, has a form
      adaptable to the aspiration head of the thread manipulation air gun. The
      length of the gun is such that the operator may attend the outlet from
      each heater while remaining on the lower platform.
DRWD
PAR  The invention will be better understood with the aid of the example to
      follow and the drawings, given by way of illustration, but non-limiting.
PAR  FIG. 1 represents, diagrammatically, an end view of a fixed false twist
      machine according to the invention.
PAR  FIG. 2 is a sectional view of the member connecting the thread delivery and
      transporting duct, respectively, with the upper end of the first heater
      and with the end of the fume evacuation blast duct.
DETD
PAR  The fixed false twist machine represented in FIG. 1 is an end elevation
      view of the type machine containing two spaced frames 1, 2 connected at
      the bottom by a platform 3, and in the middle by a catwalk 4, on which the
      operator can move. The drawing shows only the components comprising a
      single thread working position of the machine, but it is to be understood
      that the machine is composed of a plurality of such positions extending in
      side by side relation along the length of platform 3.
PAR  Frame 1 has at the top supports 5 for bobbins 6 supplying thread 7, and at
      the bottom the components receiving the treated thread and optionally a
      thread delivery means 40. It also supports thread guides and tensioners 9
      as well as guidance members 10 which conduct the threads from the upper
      part of the machine to beneath the catwalk 4.
PAR  Frame 2 carries, for each treatment position, a first thread delivery means
      shown as a driven roller and belt 11 which advance the thread positioned
      below catwalk 4, a first heating member 12 of the curved tubular heater
      type positioned in the upper part of the machine, a false twist spindle 13
      spaced from the first heater 12 to provide a path in the open air for the
      thread as it leaves the heater, a second thread delivery means 14, a
      second heater 15, and a third thread delivery means 16. As mentioned, each
      thread delivery means is illustrated as a cooperating roller and endless
      belt arrangement which are suitably driven and grippingly engage the
      thread to advance the same along the yarn path, although other means might
      be employed, if desired.
PAR  According to the invention, the machine contains means of elimination of
      the fumes given off in the heaters, as well as thread transporting and
      guiding means in the upper part of the machine. The fume elimination means
      is embodied according to the embodiment described in French Pat. No.
      1,363,920, and U.S. Pat. No. 3,283,414 and comprises, essentially, a blast
      duct 17 connected to the entry 20 of the first heater 12, and aspiration
      or suction heads 18, 19 placed, respectively, in proximity to the outlets
      21, 22 from the two heaters 12 and 13.
PAR  The thread transporting and guidance means in the upper part of the machine
      is comprised of a guide tube 23 extending continuously from the outlet of
      the first thread delivery means 11 to the entry 20 of the first heater 12.
      According to a preferred embodiment of the invention, the connections of
      the blast duct 17 and the guide tube 23 to the entry 20 of the first
      heater are made by means of a common junction member 24 having three
      openings. This method of connection is illustrated in FIG. 2.
PAR  As can best be seen in FIG. 2, the entry 20 to the first heater is
      connected both to the end of the continuous straight transporting and
      guidance duct 23 and to the end of the fume removal blast duct 17 by means
      of a junction member 24 having three openings 25, 26, 27. This junction
      member, in the form illustrated in FIG. 2, comprises the shape of a T, the
      base 25 of which is connected to the entry to the heater 20. As seen, one
      of the arms of the T is curved at its end and connected to the end of the
      continuous, straight guidance duct 23, while the other end 27 of the T is
      connected to fume elimination blast duct 17. In order to facilitate the
      passage of thread, guides 28, 29, which are preferably of ceramic, are
      placed inside the junction member in the zones where the thread undergoes
      a change in direction. Furthermore, the junction member contains a chamber
      30 for distribution of pressurized gas or fluid coming from the blast
      member 17, the current of fluid being directed in the direction of
      movement of the thread through the machine.
PAR  The thread-up of the thread in the fixed false twist machine according to
      an example is as follows. Thread 7, supplied from feed bobbins 6, is
      passed manually through disc tensioner 9 and guide 10. From this moment
      on, and except when it is necessary to replace the feed bobbins, all the
      operations of thread-up and work are normally carried on from platform 3
      by a single operator, without the operator's having to climb onto catwalk
      4. The thread 7, then issuing from guide 10, is passed into the first
      thread delivery means 11. The end of an aspiration gun is then placed at
      the outlet 21 from the first heater 12, the end of the gun being guided to
      some extent to the outlet by a plate 31. The aspiration or suction of the
      air from the heater tube 12 entrains or pulls the thread into tube 23,
      junction member 24, and through heater 12. The thread is then passed in
      conventional fashion through the other components of the machine (spindle
      13, thread delivery means 14, heater 15, thread delivery means 16) and
      finally into the thread take-up system.
PAR  The invention, of course, is not limited to the example described, but
      encompasses variants thereof. The invention may be employed if there is no
      fume blast head and the guidance and transport tube is connected directly
      to the entry to the first heater.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In a machine for the false twist texturing of textile threads in a
      plurality of side by side thread treating positions comprising two
      up-standing spaced support frames positioned in facing relation, an
      operator walkway at the bottom of and extending between said frames to
      permit access to said thread treating positions, one of said frames
      supporting thread supply and thread take-up means and the other of said
      frames supporting thread heaters and false twist spindles for treating the
      threads, the thread supply means and the first heater of each thread
      treating position being located in an upper portion of the frames above
      the level of the head of an operator, each first heater including an
      elongate, thread passageway having a inlet at its upper end in the upper
      portion of the frame and a thread outlet at its lower end adjacent the
      level of an operator's head, means for removing fumes given off by the
      heated thread in the heater passageway operatively connected to said
      thread inlet, and means for transporting and guiding the thread at each
      thread treating position in a path from said thread supply means through
      said first heater and to said thread take-up means; the improvement
      therein comprising a first thread delivery means positioned in said thread
      path adjacent the head level of an operator within reach of the operator's
      hands, and wherein said means for transporting and guiding the thread
      includes means in the upper portion of the machine for pneumatically
      conveying the thread continuously from the outlet of said first delivery
      means to the inlet of said first heater.
NUM  2.
PAR  2. A machine as defined in claim 1 wherein said means for pneumatically
      conveying the thread includes an elongate thread guide tube extending from
      the outlet of said first thread delivery means to said heater passageway
      inlet and is operatively connected to said means for removing the fumes
      given off by the threads.
NUM  3.
PAR  3. A machine as defined in claim 2 wherein said fume removal means includes
      means for introducing a fluid current, and said pneumatic conveying means
      and said means for removing the fumes includes junction means connected to
      the inlet of said first heater passageway, said junction means including a
      generally T-shaped passageway, the base of which is connected to the inlet
      of the heater passageway and the arms of which are connected to said
      current introducing means and said guide tube.
NUM  4.
PAR  4. A machine as defined in claim 3 wherein said junction member includes
      ceramic guide means in said T-shaped passageway to facilitate changing
      direction of the thread in its path of travel through said passageway.
NUM  5.
PAR  5. A machine as defined in claim 3 wherein said junction member includes an
      internal chamber for directing fluid from said current introducing means
      in the direction of movement of thread in the thread path of travel
      through said passageway.
NUM  6.
PAR  6. In a machine for the false twist texturing of textile threads in a
      plurality of side by side thread treating positions comprising two
      up-standing spaced support frames positioned in facing relation, an
      operator walkway at the bottom of and extending between said frames to
      permit access to said thread treating positions, one of said frames
      supporting thread supply and thread take-up means and the other of said
      frames supporting thread heaters and false twist spindles for treating the
      threads, the thread supply means and the first heater of each thread
      treating position being located in an upper portion of the frames above
      the level of the head of an operator, each first heater including an
      elongate, thread passageway having a inlet at its upper end in the upper
      portion of the frame and a thread outlet at its lower end adjacent the
      level of an operator's head, and means for transporting and guiding the
      thread at each thread treating position in a path from said thread supply
      means through said first heater and to said thread take-up means; the
      improvement therein comprising a first thread delivery means positioned in
      said thread path adjacent the head level of an operator within reach of
      the operator's hands, and wherein said means for transporting and guiding
      the thread includes a thread guide tube extending from adjacent the outlet
      of said first delivery means to the inlet of said first heater for
      pneumatically conveying the thread continuously from the outlet of said
      first delivery means to the inlet of said first heater.
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ABST
PAL  A false twisting apparatus having three spindles supporting over-lapping
      friction discs and having a means for feeding a thread between the
      friction discs where it will be false twisted and into a balloon
      preventing member is provided with an improved means for threading the
      apparatus by moving a thread into position between the friction disc
      comprising a thread guide member on an arm supported by a rotatable shaft
      with the guide member above the friction disc, the rotatable shaft being
      rotatable from a position where the guide member is disposed above the gap
      between the edges of the friction disc to where the guide member is
      disposed outside the friction disc and a thread slide member supported on
      a shaft and projecting inwardly between longitudially spaced friction
      discs, the slide member having arcuate shaped edges over which the thread
      can slide as it is moved by the thread guide member into or out of the gap
      between the friction members.
BSUM
PAR  This invention relates to apparatus for false-twisting a thread and more
      particularly to such an apparatus having an improved thread feeding means.
PAR  An apparatus for false-twisting threads by means of friction elements, in
      particular for crimping synthetic threads, comprising three rotatably
      mounted spindles each provided with at least one rotationally symmetrical
      friction element, which spindles form, in plan view, the corners of an
      equilateral triangle and are each adjustable, the thread to be
      false-twisted passing between the friction elements in a zig-zag path, to
      provide for common adjustability of the spindles with respect to the path
      of the thread in such a way that in each position of adjustment the
      spindles lie at the corners of an equilateral triangle in plan view, the
      path of the thread lying at the middle of the triangle is disclosed in
      German OS No. 2,213,147 and U.S. Pat. application Ser. No. 342,085 filed
      Mar. 16, 1973.
PAR  In a further development of this known apparatus, in particular with a view
      to facilitating threading up the thread or yarn which is to be
      false-twisted, it has already been proposed to provide a hollow angularly
      movable mandrel, co-axial with the path of the thread, with an eccentric
      which projects between the spindles and has three profile cam surfaces,
      against each of which an associated housing of a respective spindle is
      resiliently urged, the eccentric being movable between an open position,
      in which the friction elements on the spindles leave free an axial
      clearance passage for the thread, and a closed position, in which the
      friction elements overlap one another.
PAR  As a rule the friction elements are circular discs. The three spindles are
      coupled together so that they always rotate in the same direction. In
      order to impart to the thread, which always passes through the apparatus
      in the same direction, for example downwards, an S twist or a Z twist, the
      direction of rotation of the spindles is set correspondingly to be
      clockwise or counter-clockwise, the friction elements being arranged so
      that, as the thread passes between the friction elements they act on it
      not only to provide a twisting force component but also a component acting
      in the direction of travel of the thread in order to transport the thread.
PAR  False twisters with three rotatably mounted spindles, each provided with at
      least one rotationally symmetrical friction element, which spindles are
      arranged at a fixed mutual spacing so that in plan view they lie at the
      corners of an equilateral triangle, do not, it is true, provide the
      advantage of optimum adjustment of the spindles but they are cheaper to
      manufacture. Once the optimum setting has been obtained and the spindles
      have been clamped in place on the appropriately constructed base plate,
      this optimum adjustment is maintained. Moreover, repeatable settings from
      one spinning frame to another or from one false-twisting frame to another
      are obtainable with regard to the height tolerances.
PAR  It is an object of this invention to provide apparatus of the kind
      described above which allows simple threading-up of the thread which is to
      be false-twisted. Still another object of the invention is to provide a
      false-twisting apparatus of the type described above with an improved
      thread guiding means.
DRWD
PAR  Other objects will become apparent from the following description with
      reference to the accompanying drawing wherein
PAR  FIG. 1 is a diagrammatic plan view of one embodiment of the apparatus
      provided by the invention;
PA1  Fig. 2 is a section taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a section taken along the line III--III of FIG. 1; and
PAR  FIG. 4 is a diagrammatic plan view of the set of friction discs shown in
      FIG. 3 showing thread guiding tongues; these tongues being omitted from
      the remaining Figures in the interest of greater clarity.
DETD
PAR  The foregoing objects and others are accomplished in accordance with this
      invention, generally speaking, by providing a false-twisting apparatus of
      the type described above with at least one thread guide which is
      displaceable between a diverted position in which the thread runs clear of
      the friction discs and a false-twisting position in which the thread runs
      between the discs in a zig-zag path.
PAR  The provision of one or more displaceable thread guides not only allows the
      apparatus to be threaded up but also allows the thread to be taken out of
      the apparatus when the spindles are running, which may be advantageous in
      false twisting in many cases. Particularly favorable is such a thread
      guide arrangement in which the thread, on displacement from the diverted
      position into the false-twisting position, comes into engagement with that
      region of the disc at the entry and (i.e., the disc first encountered by
      the thread at the entry end of the apparatus) in which the disc is moving
      towards the center of the apparatus. The entry-end disc is preferably
      driven in such a direction of rotation that, in the region overlapping the
      next friction disc on a different spindle, its peripheral edge is moving
      towards the center of the apparatus, and the thread, on displacement of
      the thread guide from the diverted position to the false-twisting
      position, passes into that wedge-shapped gap which the entry-end disc
      forms with the next disc.
PAR  An additional thread guide can be provided, which is displaceable together
      with the first thread guide. While the first thread guide is provided at
      the thread entry-end of the apparatus, the second thread guide is provided
      at the exit end.
PAR  Also a tandem arrangement of two false twisters each with a displaceable
      thread guide is advantageous in a form in which the thread guides of the
      two twisters are coupled together and displaceable simultaneously. Then
      only the thread guide or pair of guides of one twister needs to be
      actuated, and the guide or pair of guides of the other twister follows its
      movement automatically.
PAR  Particularly advantageous is the combination of a displaceable thread guide
      or pair of guides with fixed thread guiding tongues which are placed at
      the levels of the third, and sixth friction discs and so on and have a
      portion provided with a contoured edge projecting into the region of the
      periphery of the second and fifth friction discs and so on, each tongue
      being placed at the portion of the periphery past which the thread moves
      on displacement of the thread guide. The thread guiding tongues not only
      act so that, on threading-up into the apparatus and preferably on removal
      from it, the thread is guiding past the regions of the peripheries of the
      second and fifth discs and so on, which are moving away from the center of
      the apparatus, but also achieves the result of a minimum rotation of the
      thread on entry, so that the danger of breakage of the thread is reduced.
      In particular the thread guiding tongues act in this regard on
      false-twisting of threads of low denier and/or is of particular advantage
      when the friction discs have a relatively sharp-edged profile.
PAR  The first disc, i.e., the entry-end disc, and the fourth disc and so on are
      mounted on a first spindle, while the second, fifth and so on discs are
      mounted on a second spindle and the third, sixth and so on discs finally
      are mounted on the third spindle.
PAR  Displaceable thread guides in apparatus for friction false-twisting threads
      are known in themselves. The thread guides serve to urge the thread to be
      false-twisted into the wedge-shaped gap between two sets of mutually
      overlapping friction discs, to bring the thread against these discs and
      allow it to run against them. The sets of friction discs are mounted on
      two mutually parallel axes. According to one known proposal of this kind,
      a tandem arrangement of two such sets of friction discs is provided in
      such a way that the two thread guides of each set are actuated
      simultaneously (German OS No. 1,510,770). In another proposal of this
      kind, there are two pairs of thread guides, which are pivoted
      simultaneously and serve solely for guiding the thread in the diverted
      position. When they are swung away from this position they leave the
      thread free (German OS No. 2,220,375).
PAR  A preferred embodiment of the false twister according to the invention in a
      tandem arrangement is described by way of example with reference to the
      accompanying drawing.
PAR  Referring to FIGS. 1 and 2, two false-twister apparatus assemblies are
      provided on a common base plate 1. Each apparatus has three spindles 2
      which, in plan view, lie at the corners of an equilateral triangle. Each
      spindle 2 is provided with a sealed bearing 3 secured to the base plate 1
      by means of a nut 4. At the lower end as viewed in FIG. 2 each spindle is
      furthermore provided with an externally toothed wheel 5. All three wheels
      5 of each false twister are enclosed by a common internally toothed belt
      6.
PAR  On each spindle 2 there is secured a set of friction discs 7. The discs 7
      on each spindle 2 overlap the discs 7 on the other two spindles 2 of each
      false twister. While the two sets 8 and 9 which are in front in FIG. 2 in
      each of the two false twisters have three discs 7 on them, the rear set 10
      may have only two discs 7.
PAR  Each of the two false twisters is provided with a stationary tubular
      balloon-preventer 11 which, in the case illustrated, lies at the center of
      the above-mentioned triangle of spindles and passes through the base plate
      1. Furthermore, each false twister has associated with it a movable thread
      guide member 12, at the opposite face of the discs 7 from the
      balloon-preventer 11.
PAR  The thread guide member 12 is provided on an arm 13 on a shaft 14 which is
      parallel to the spindles 2 and which is rotatably mounted in the base
      plate 1 at that end which is farthest from the arm 13. A pinion 15 is
      mounted on each shaft 14. The two pinions 15 mesh with one another.
PAR  On the left hand shaft 14 as viewed in FIGS. 1 and 2 there is also mounted
      an actuating lever 16 which can pivot between two stops 17 and 18, as
      shown in FIG. 1.
PAR  Referring to FIG. 4, each of the two false twisters has a stationary thread
      guiding tongue 19 associated with it, for example made of sheet metal. The
      tongues 19 of each false twister are secured to a common post 20 parallel
      to the spindles 2, and lie one above the other so that in the plan view
      shown in FIG. 4 only the uppermost tongue 19 is visible insofar as it is
      not hidden by the discs 7. This hidden part is indicated in broken lines
      in FIG. 4.
PAR  On each post 20 the thread guiding tongues 19 are each secured at the level
      of the third and sixth disc 7 counting from the top downwards in FIGS. 2
      and 3, these discs being on the rear or left hand spindle 2 of the
      associated false twister. A third tongue 19 is provided below the lowest
      disc 7 on that spindle 2 which carries the second and fifth disc 7 and so
      on. If this is missing then also the third thread guiding tongue 19 can be
      omitted.
PAR  As shown in FIG. 4 the thread guiding tongues 19 have a contoured portion
      21 which extends into the region of the periphery of the respective disc 7
      which lies directly above, and in fact the region of that portion of the
      periphery over which the thread which is to be false-twisted passes on
      displacement of the thread guide member 12. The profiled edge of the
      portion 21 therefore runs from that wedge-shaped gap 22 between the sets
      of friction discs 8 and 9 into which the thread passes on displacement of
      the thread guide member 12 from the diverted position to the
      false-twisting position, towards the center of the apparatus, that is to
      say the center of the triangle of spindles, following the periphery of the
      disc 7 which is directly above, as shown in FIG. 4. The profiled edge or
      contoured portion 21 is in the shape of an arc of a circle with a radius
      of curvature substantially equal to the radius of the discs 7. Likewise,
      the opposing edge of each tongue 19 is shaped correspondingly. The two
      mutually opposite edges meet at a rounded portion 23 at the end which is
      farthest from the post 20. Each tongue 19 is accordingly symmetrical with
      respect to its longitudinal axis.
PAR  In operation the sets 8, 9 and 10 of friction discs of each false twister
      rotate in the same direction as indicated by the arrows 24 and 25 in FIGS.
      1 and 4. Assuming the thread passes through each false twister in a
      downward direction then in the left hand apparatus as viewed in FIG. 1, it
      receives an S twist and in the right hand apparatus it receives a Z twist.
      However, the two false twisters could also be made identical with regard
      to the arrangement of the sets of friction discs 8, 9 and 10 so that the
      thread which passes through each of the two twisters receives an S twist
      or a Z twist.
PAR  What is important is simply that the wedge-shaped thread entry gap 22 in
      each false twister is formed by the two sets of friction discs 8 and 9
      with the first disc 7' at the entry-end and the following second disc 7",
      the set of discs on the spindle designated 8 in FIG. 2 which includes
      friction disc 7' rotating in such a direction of rotation that the
      periphery of the discs in the region where they overlap the set 9 is
      moving from the gap 22 towards the center of the apparatus, that is to
      say, towards the center of the above-mentioned triangle of spindles. This
      favors a gentle and satisfactory thread entry, the thread guiding tongues
      19 preventing possible damage by the discs of the set 9 of which the
      peripheries are moving from an inward to an outward direction.
PAR  In FIG. 1 the thread guide member 12 and the operating lever 16 are shown
      in the false-twisting position in full lines, which is also illustrated in
      FIG. 2. The two threads, now shown, each pass through the associated
      thread guide member 12 and then along a zig-zag path through the
      associated sets 8, 9 and 10 of friction discs and through the
      balloon-preventer 11, which is aligned with the thread guide member 12,
      and then out of the false twister.
PAR  In FIG. 1 the operating lever 16 lies against the stop 17 which is
      provided, for example, on the base plate 1. By movement of the lever 16 in
      the direction of the arrow 26 until it engages the second stop 18,
      likewise provided, for example, on the base plate 1, the two threads are
      guided out of the two false twisters, so that they engage the edges of the
      contoured portions 21 of the respective thread guiding tongue 19 and slide
      over them. The diverted position of the two thread guides 12, shown in
      broken lines in FIG. 1, is ultimately reached. While the left hand thread
      guide member 12 in FIGS. 1 and 2 is pivoted directly by the operating
      lever 16 the right hand guide member 12 is taken with it by means of the
      meshing pinions 15, which turn in the direction of the arrows 27.
PAR  As shown in FIG. 3, in the diverted position of the thread guide 12, the
      associated thread 29, moving in the direction of the arrow 28, runs clear
      of the associated sets of friction discs 8, 9 and 10. When the operating
      lever 16 is now moved from the position shown in broken lines in FIG. 1,
      against the direction of the arrow 26, into the position shown in full
      lines to come into engagement with the stop 17, then the two thread guides
      move likewise together from the diverted position shown in broken lines
      into the false-twisting position shown in full lines, the respective
      thread 29 moving into the associated gap 22 and sliding along the edge of
      the contoured portion 21 of the respective tongue 19, in order finally to
      run in the middle of the respective apparatus or triangle of spindles in a
      zig-zag path past the associated sets 8, 9 and 10 of friction discs.
PAR  In FIG. 3, the discs 7 of the set 9 are shown in broken lines, as is the
      thread guide 12 of the apparatus illustrated in the false-twisting
      position.
PAR  Although the invention has been described in detail for the purpose of
      illustration, it is to be understood that such detail is solely for that
      purpose and that variations can be made therein by those skilled in the
      art without departing from the spirit and scope of the invention except as
      it may be limited by the claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus for false twisting threads by means of friction discs
      which comprises three rotatably mounted spindles, each provided with at
      least one friction disc, the spindles lying at the corners of an
      equilateral triangle in plan view and being arranged at a fixed mutual
      spacing and driven in the same direction of rotation, the friction discs
      on each spindle overlapping the discs on the two other spindles and means
      for passing the thread which is to be provided with a false twist through
      at least one thread guide, a thread guide which is movable between a
      diverted position in which the thread runs clear of the friction discs and
      a false-twisting position in which it runs between the discs in a zig-zag
      path.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the thread guide is arranged whereby
      the thread, on displacement from the diverted position to the
      false-twisting position, comes into engagement with that region of the
      first friction disc at the entry-end of the thread in which the said first
      friction disc is moving towards the center of the triangle of spindles.
NUM  3.
PAR  3. The apparatus of claim 1 wherein there is provided a stationary thread
      guiding tongue for the or each disc the periphery of which moves in use
      from an inward to an outward direction in that region of the periphery
      along which the thread is moving on displacement of the thread guide, said
      tongue being positioned at the level of the following disc as viewed from
      the thread entry-end and having a contoured portion which extends into the
      said region of the periphery of the associated disc for slidingly
      supporting the thread on said displacement of the thread guide.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the thread guiding tongues have a
      contoured portion having edges which are arcs of circles with a radius of
      curvature substantially equal to the radius of the friction discs.
NUM  5.
PAR  5. The apparatus of claim 3 wherein the thread engages the contoured
      portion of the tongues both on displacement of the thread guide from the
      diverted position into the false-twisting position and also on movement in
      the opposite direction.
NUM  6.
PAR  6. The apparatus of claim 3 wherein each thread guiding tongue has a shape
      which is symmetrical with respect to its longitudinal axes.
NUM  7.
PAR  7. The apparatus of claim 3 wherein the thread guiding tongues are secured
      on a post which is parallel to the spindles.
NUM  8.
PAR  8. The apparatus of claim 1 wherein a pair of thread guide members are
      provided and both thread guide members are displaceable together.
NUM  9.
PAR  9. The apparatus of claim 1 wherein at least one of the thread guide
      members is provided with an arm pivotably disposed on a shaft about and
      parallel to the spindles between two end positions.
NUM  10.
PAR  10. The apparatus of claim 9 wherein the shaft has an operating lever which
      can swing between the two end positions.
NUM  11.
PAR  11. A tandem arrangement of two sets of the apparatus of claim 1 having
      thread guides which are coupled together and are displaceable
      simultaneously.
NUM  12.
PAR  12. The tandem arrangement of claim 11 wherein each thread guiding means
      comprises a shaft having a longitudinal axis parallel to the longitudinal
      axes of the spindles and pivotable between two positions where the thread
      is guided between the friction discs and where the thread is removed from
      between the friction discs, said shafts being geared together, and an arm
      disposed above the first friction disc carrying a thread guiding member
      fixed to each of said shafts.
NUM  13.
PAR  13. In a false-twisting apparatus comprising spindles having overlapping
      friction discs disposed where a thread passing therebetween will pass over
      the edges thereof and means for guiding a thread between the said discs
      and into a balloon preventer, a thread feeding means for moving a thread
      into and out of a position where it is false twisted comprising a thread
      guide member, an arm supporting said guide member and a rotatable shaft
      supporting said arm with the guide member above the top friction disc,
      said rotatable shaft being rotatable from a position where the guide
      member is disposed above the gap between the edges of the friction discs
      to where the guide member is disposed outside said friction discs, and a
      thread slide member supported between a pair of longitudinally spaced
      friction discs and having opposite arcuate shaped edges over which the
      thread slides as the thread guide member moves the thread into and out of
      said gap.
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ABST
PAL  A noise and vibration attenuating mounting for a textile spindle assembly
      includes a rigid inner member having an elongate sleeve adapted for
      attachment to the spindle assembly and a support ring carried by and
      extending radially from the sleeve. An elastomeric annulus includes
      portions secured to opposite radial faces of the support ring, preferably
      in radially spaced relation to the sleeve. A rigid washer is secured along
      a first free radial face of the annulus in radially spaced relation to the
      sleeve. A cylindrical casing portion of a holder concentrically surrounds
      the annulus and support ring in radially spaced relation to the support
      ring. The holder includes a radially inwardly extending clamping flange
      secured to the other free radial face of the annulus in radially spaced
      relation to the sleeve. At least a portion of the washer extends axially
      beyond the holder. Mounting flanges are provided for attachment of the
      casing portion of the holder to the spindle rail of a textile machine and
      allow for precompression of the elastomeric annulus between the washer and
      clamping flange upon installation to the spindle rail.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to mounting assemblies for textile
      spindles and relates more particularly to a spindle mounting of a novel
      noise and vibration attenuating construction.
PAR  Vibration of revolving textile spindles has been a long existent problem in
      textile plants. Such vibrations limit the permissible speeds of operation
      of revolving spindles, otherwise adversely affect the performance of the
      spinning operation and create undesirable noise levels within the plant.
PAR  A large number of arrangements have been proposed for reducing the
      vibrations of textile spindles. Many of the proposals suffer from undue
      complexity which for economic reasons would preclude their acceptance.
      Furthermore, most proposals cannot be retrofitted to existing spindles
      without costly alterations. For these and other reasons, despite
      considerable development efforts, an effective and economical solution to
      the problem has not been developed prior to the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, a simple and relatively inexpensive vibration
      attenuating mounting has been developed which can be used with
      conventional textile spinning machinery with minimal alterations. The
      mounting comprises a rigid inner member including an elongate sleeve for
      attachment around a nonrotating mounting portion of the spindle assembly
      and a support ring carried by an extending radially from the sleeve. An
      elastomeric annulus is provided with portions secured to opposite radial
      faces of the support ring, preferably in radially spaced relation to the
      sleeve. A rigid washer is secured along a first free radial face of the
      annulus in radially spaced relation to the sleeve. A cylindrical casing
      portion of a holder concentrically surrounds the annulus and support ring
      in radially spaced relation to the support ring. The holder includes a
      radially inwardly extending clamping flange secured to the other free
      radial face of the annulus in radially spaced relation to the sleeve. At
      least a portion of the washer extends axially beyond the cylindrical
      casing portion. The holder includes radially outwardly directed mounting
      flanges carried by the casing portion for attachment to the spindle rail
      of a textile machine. It is preferred that a significant portion of the
      elastomeric annulus be radially spaced from both the inner sleeve and
      casing portion of the holder to facilitate shearing of the elastomeric
      annulus between the support ring and washer and support ring and clamping
      flange. The elastomeric annulus is preferably bonded to the support ring,
      washer, and clamping flange to provide a unitary assembly for installation
      to the spindle assembly and spindle rail.
PAR  As shown in the preferred embodiment of the present invention, the sleeve
      preferably extends axially beyond the washer and clamping flange. The
      sleeve may be received through the conventional spindle receiving opening
      of the spindle rail and secured to the spindle assembly such that it is
      isolated from the spindle rail by the mounting of the present invention
      without undue restriction of the motions permitted by the mounting. The
      mounting is attached to the spindle rail by placing the washer in abutting
      relation to the spindle rail and bolts or screws are disposed through
      enlarged openings in the mounting flanges and received in threaded bores
      located in the spindle rail. Upon tightening of the bolts, the elastomeric
      annulus will be precompressed. The enlarged bolt openings in the mounting
      flanges allow for centering of the textile spindle and mounting relative
      to other operating structure of the textile machine.
PAR  It is accordingly a first object of the present invention to provide an
      improved textile spindle mounting which minimizes the transmission of
      noise and vibration.
PAR  A further object of the invention is to provide a spindle mounting as
      described which can be easily retrofitted to existing spindles.
PAR  An additional object is to provide a spindle mounting of a relatively
      simple construction which can be economically manufactured and installed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view partly in section of a textile spindle
      mounted on a spindle rail of a textile machine by means of a mounting in
      accordance with the present invention;
PAR  FIG. 2 is an enlarged sectional view taken along line 2--2 of FIG. 1 and
      showing details of the spindle mounting;
PAR  FIG. 3 is a partial sectional view of a portion of the spindle mounting
      showing the elastomeric annulus in the uncompressed condition;
PAR  FIG. 4 is a perspective view of the present mounting prior to installation;
      and
PAR  FIG. 5 is a graphical representation of the vibration attenuating
      effectiveness of the present mounting with various degrees of
      precompression of the elastomeric annulus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, a textile spindle assembly 10 is shown secured
      to the spindle rail 12 of a textile machine by a mounting 14 in accordance
      with the present invention. The spindle assembly 10 is of a conventional
      construction, including a spindle 16, bearing housing 18, whorl 20 and
      spindle step 22. A drive belt 24 passing around the whorl 20 drives the
      spindle 16 and the yarn package carried thereon (not shown) in rotation
      relative to the spindle step 22.
PAR  The spindle assembly 10 is supported perpendicularly to the spindle rail 12
      by the mounting 14 with the spindle step 22 extending through an enlarged
      opening 26 in the rail 12. The opening 26 is conventionally larger than
      required for passage of the spindle step 22 to permit the accurate
      alignment of the spindle assembly 10 with cooperative elements of the
      machine.
PAR  The mounting 14 comprises a rigid inner member 28 which includes an
      elongate sleeve 30 and a support ring 32 carried by an extending radially
      outwardly from the sleeve 30. The sleeve 30 is adapted to fit
      concentrically around the cylindrical portion 34 of the spindle step 22
      and be received through the rail opening 26 while reserving a radial space
      between the sleeve 30 and spindle rail 12 to permit alignment of the
      spindle assembly 10. One end of the sleeve 30 abuts a mounting collar 36
      carried by the spindle step 22 of the spindle assembly 10 and is clamped
      axially against the collar 36 by a washer 38 and nut 40 on threaded
      portion 42 of the spindle step 22. In the illustrated embodiment, the
      support ring 32 is secured to the sleeve 30 by press fitting the ring 32
      onto a reduced diameter portion of the sleeve 30 lower end intermediate of
      the spindle rail 12 and washer 38. If desired, the sleeve 30 and support
      ring 32 could be formed as a unitary member either by molding, casting,
      machining, or the like forming operation.
PAR  An elastomeric annulus 44 includes portions secured, preferably bonded, to
      opposite radial faces of the support ring 32. It is highly desirable that
      most of the annulus 44 be radially spaced from the sleeve 30. However,
      some engagement with the sleeve 30 is employed in the present embodiment
      adjacent the support ring 32 to help secure and maintain it in place on
      the sleeve 30. The elastomeric annulus 44 also preferably encases the
      outer edge of the support ring 32. A rigid washer 46, which is preferably
      made of a material such as nylon or Teflon to reduce noise transmission,
      is secured, preferably bonded, to the upper free radial face of the
      annulus 44. The washer 46 is radially spaced from the sleeve 30 and
      adapted to abuttingly engage the rail 12. The annulus 44 also encases the
      outer peripheral edge of the washer 46.
PAR  A holder 48 is provided which includes a hollow cylindrical casing portion
      50 that is concentric with and extends the axial length of the annulus 44
      to surround same. The holder 48 also includes an annular clamping flange
      52 extending radially inwardly from the lower edge or end of the casing
      portion 50 that is secured, preferably bonded, to the lower radial free
      face of the annulus 44. An annular lip portion 54 of the annulus 44
      encases the inner edge of the clamping flange 52. The casing portion 50 is
      radially spaced from the support ring 32, washer 46 and the annulus 44
      except for a shoulder portion 56 at the lower end thereof. The clamping
      flange 52 is also radially spaced from the sleeve 30. A pair of mounting
      flanges 58 extend in diametrically opposed relation radially outward from
      the upper end of the holder casing portion 50. An enlarged or oversized
      opening 60 is provided in each of the mounting flanges 58 and disposed
      therethrough is a mounting bolt or screw 62, provided with washer 64,
      which is received within a threaded bore 66 of the rail 12.
PAR  Since the fatigue life of most elastomers is relatively short under tension
      or stretch conditions, it is desirable that all portions of the
      elastomeric annulus 44 be maintained in compression under all operating
      conditions of the spindle assembly. To this end, the annulus 44 and washer
      46 as shown in FIG. 3 are selected with a predetermined combined axial
      length slightly greater than the depth of the holder 48 so that at least a
      portion of the washer 46 extends axially above the upper surface of the
      holder 48 in the relaxed condition of the annulus 44. Upon installation of
      the mounting 14 to the spindle rail 12, the elastomeric annulus 44 will be
      precompressed between the washer 46 and clamping flange 52. The friction
      between the washer 46 and the spindle rail 12 will prevent slippage
      therebetween during operation of the spindle assembly. It will be apparent
      that the degree of precompression obtained upon installation of the
      mounting 14 will depend upon the degree to which the washer 46 extends
      axially beyond the casing portion of the holder 48 in its unmounted
      condition.
PAR  The collar 36 should be adequately spaced above the top of the spindle rail
      12 so as to preclude contact therewith. Similarly, the washer 38 should be
      spaced sufficiently below the holder 48 by the extension of the sleeve 30
      to prevent contact therebetween.
PAR  As indicated above, the mounting 14 is preferably an integral unit with the
      inner member 28, washer 46 and holder 48 being bonded to the elastomeric
      annulus 44. The mounting 14, having the appearance shown in FIG. 3, may be
      readily installed by sliding the spindle step 22 of the spindle assembly
      10 into the sleeve 30 of the mounting 14 and applying and tightening the
      nut 40 to secure the sleeve 30 against the collar 36. The bolts or screws
      62 are disposed through the mounting flanges 58 and threaded into the rail
      bores 66. When the spindle assembly 10 is properly aligned with the
      cooperating elements of the machine, the bolts or screws 62 are tightened
      to bring the holder 48 into engagement with the rail 12 and compress the
      elastomeric annulus 44 to the predetermined degree. The oversize opening
      60 in the holder mounting flanges 52 as well as the oversize opening 26 in
      the rail 12 permit any adjustments required for alignment of the spindle
      assembly.
PAR  In view of the foregoing description, it will be apparent that the mounting
      14 will resiliently mount the spindle assembly 10 to a spindle rail 12.
      Axial loads, upward or downward, are resiliently absorbed by the
      elastomeric annulus 44 within its limits of compression and stretch.
      Radial loads are resiliently absorbed by shearing of the elastomeric
      annulus 44. Combinations of axial and radial loads, cocking, are also
      resiliently absorbed by the elastomeric annulus 44. The resiliency of the
      mounting in these various modes can be adjusted to comply with the desired
      operating characteristics of the mounting by modifications in design of
      the elastomeric annulus and its precompression. Contact between various
      rigid parts of the mounting 14 is precluded by the portions of the
      elastomeric annulus 44 that encases edges of the support ring 32, washer
      46 and clamping flange 52. While the mounting 14 has been illustrated and
      described as being installed to the underside of the rail 12, it could be
      readily applied to the upperside of the rail 12 with apparent
      modifications.
PAR  With reference to FIG. 1, during operation the drive belt 24 exerts a
      cocking force on the spindle assembly 10 which as illustrated tends to
      displace the spindle 16 from its normal vertical alignment by an angle Y,
      the degree of which has been exaggerated in the drawings for purposes of
      illustration. Among other things, the cocking stiffness of the mounting 14
      is dependent upon the degree of precompression of the annulus 44 as
      illustrated in graphical form in FIG. 5. Curve A of FIG. 5 illustrates for
      a typical spindle assembly the forces transmitted between the spindle
      assembly and rail over a range of operating speeds without the mounting of
      the present invention. Curve B shows the transmitted force utilizing the
      present mounting but without any precompression of the annulus 44. It will
      be noted that the transmitted force is relatively low, but that the
      deflection of the spindle due to the cocking force of the drive belt,
      0.100 inch measured at the upper end of the spindle is relatively high. In
      curve C, a precompression of 0.015 inch results in a transmitted force
      somewhat higher than that of curve B but materially stiffens the spindle
      mounting against cocking, resulting in a deflection approximately
      one-third of that in the uncompressed condition. In curve D, a
      substantially higher precompression of the annulus, 0.045 inch, results in
      considerably more transmitted force but produces a cocking stiffness
      allowing only a 0.015 inch deflection of the spindle with the same drive
      belt force as in curves B and C.
PAR  Although a variety of materials could be utilized for the inner member,
      washer and holder, a rigid plastic material such as nylon is particularly
      wellsuited for such purposes, especially for the washer and holder to
      further minimize noise transmission to the rail. The elastomeric annulus
      may be formed of a natural or synthetic rubber and may be molded in place
      or bonded to the mounting elements by an adhesive to provide a unitary
      assembly.
PAR  Manifestly, changes in details of construction can be effected by those
      skilled in the art without departing from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A noise and vibration attenuating mounting for a textile spindle
      assembly comprising a rigid inner member including an elongate sleeve
      adapted for concentric attachment to the spindle assembly and a support
      ring carried by and extending radially from said sleeve, annular
      elastomeric means having portions secured to opposite radial faces of said
      support ring, a rigid washer secured along a first free radial face of
      said elastomeric means in parallel relation to said support ring and in
      radially spaced relation to said sleeve, a holder having a cylindrical
      casing portion concentrically surrounding said elastomeric means and
      support ring in radially spaced relation to said support ring and
      including radially outwardly directed mounting flanges, said holder
      including a radially inwardly directed annular clamping flange spaced from
      said sleeve and secured to a second free radial face of said elastomeric
      means opposite said first radial face, said washer at least partially
      extending axially beyond said mounting flanges of the holder, at least one
      annular axial surface of said elastomeric means being spaced radially from
      an adjacent axial surface of one of said elongate sleeve and said casing
      portion of the holder so as to permit radial shearing of the elastomeric
      means, the axial extent of the washer beyond the mounting flanges and the
      radial spacing of said elastomeric means being such that upon attachment
      of said mounting to a textile machine said elastomeric means is
      precompressed between the washer and the clamping flange and said axial
      surface of the elastomeric means remains spaced from said adjacent axial
      surface.
NUM  2.
PAR  2. The mounting, as claimed in claim 1, wherein at each point along its
      length said elastomeric means is spaced radially about a circumference
      from at least one of said elongate sleeve and said casing portion of said
      holder and wherein a portion of said elastomeric means is radially spaced
      from both said elongate sleeve and said casing portion of said holder.
NUM  3.
PAR  3. The mounting, as claimed in claim 1, wherein said mounting flanges
      comprise a pair of diametrically opposed flanges.
NUM  4.
PAR  4. The mounting, as claimed in claim 1, wherein said elastomeric means is
      bonded to said inner member, washer and holder.
NUM  5.
PAR  5. The mounting, as claimed in claim 1, wherein said elongate sleeve
      extends axially beyond said washer and mounting flange.
NUM  6.
PAR  6. In combination, a textile spindle assembly, a textile machine spindle
      rail having an opening adapted to receive therethrough a downwardly
      extending portion of said spindle assembly and a noise and vibration
      attenuating mounting securing said spindle assembly to said rail, said
      mounting comprising a rigid inner member including an elongate sleeve
      concentrically secured about said downwardly extending portion of said
      spindle assembly and received through said rail opening in radially spaced
      relation to said rail and a support ring carried by and extending radially
      from said sleeve in axially spaced relation to said rail, annular
      elastomeric means having portions secured to opposite radial faces of said
      support ring, a rigid washer secured along a first free radial face of
      said elastomeric means adjacent said rail in parallel relation to said
      support ring and in radially spaced relation to said sleeve, a holder
      having a cylindrical casing portion concentrically surrounding said
      elastomeric means and support ring in radially spaced relation to said
      support ring and including radially outwardly directed mounting flanges,
      said holder including a radially inwardly directed annular clamping flange
      spaced from said sleeve and secured to a second free radial face of said
      elastomeric means opposite said first radial face, and means for securing
      said mounting flanges to said rail, the washer at least partially
      extending axially beyond the mounting flanges of the holder in the
      uncompressed condition of the elastomeric means, at least one annular
      axial surface of said elastomeric means being spaced radially from an
      adjacent axial surface of one of said elongate sleeve and said casing
      portion of the holder so as to permit radial shearing of the elastomeric
      means, the axial extent of the washer beyond the mounting flanges and the
      radial spacing of said axial surfaces being such that when the mounting
      flanges of the holder are secured to the rail said elastomeric means is
      precompressed between the washer and the clamping flange and said axial
      surface of the elastomeric means remains spaced from said adjacent axial
      surface.
NUM  7.
PAR  7. The invention, as claimed in claim 6, wherein said spindle assembly
      includes a mounting collar spaced from said rail on the side thereof
      opposite said mounting with opposite ends of said sleeve clamped between
      said collar and abuttment means carried by said spindle assembly.
NUM  8.
PAR  8. The invention, as claimed in claim 6, wherein said means for securing
      said mounting flanges to the rail comprises an opening in each mounting
      flange, a threaded bore in said rail corresponding to each said flange
      opening, a bolt disposed through each said flange opening and threadably
      received in the corresponding rail bore, said flange openings being
      oversized relative to said bolts to permit adjustment of the spindle
      alignment during installation.
NUM  9.
PAR  9. The invention, as claimed in claim 8, wherein said mounting flanges
      comprise a pair of diametrically opposed flanges.
NUM  10.
PAR  10. The invention, as claimed in claim 6, wherein at each point along its
      length said elastomeric means is spaced radially about a circumference
      from at least one of the elongate sleeve and the casing portion of the
      holder, and wherein a portion of said elastomeric means is spaced radially
      from both the elongate sleeve and the casing portion of the holder.
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ABST
PAL  A method is provided for treating textile goods in which a treating agent
      such as a dye or washing agent is forced through the goods by
      simultaneously with the treatment partially centrifuging the treating
      agent from the goods.
BSUM
PAR  The invention relates to a method and an apparatus for the dyeing, washing,
      winding or other treatment of textile fibre products, such as yarns,
      threads, ribbons or tapes.
PAR  Devices are already known for applying dye liquors to fibre products or
      yarn skeins by means of rollers pressed against one another and also
      devices for the applying of dye liquors by means of nozzles through which
      the yarn is led together with the dye liquor. The application of dye
      liquors or any other form of treating fluid to yarns by mutually-pressing
      rollers can only take place relatively slowly however, since the effective
      application time available is only very short. The improved method, in
      which the yarn is passed through a nozzle together with the dye liquor and
      if required through a connected tube, provides for higher operating
      speeds, but does not always ensure a uniform application of the dye
      material, particularly from one operating location to another. At times
      too great a residue of dye liquor or washing liquor material remains on
      the fibre product, which impairs the efficiency of the accompanying fixing
      and/or drying chamber.
PAR  An object of the invention is to provide a method for applying a fluid
      treating agent such as a dye, a treating or a washing liquor material to a
      moving impregnatable fibre band in a treating zone. The treatment includes
      forming the band into a loop by rotating the same about an axis extending
      from the treating zone whereby centrifugal forces are imparted to such
      band. The band portion disposed in the treating zone is thus intensively
      impregnated with the treating agent while the loop portion having the
      greatest centrifugal forces imparted thereto is disposed exteriorly of
      said zone and simultaneously has the treating agent removed therefrom.
PAR  It is also an object of this invention to provide a method for the
      treatment of impregnatable yarns with a fluid treating agent moving
      through a treating zone in which a rotating fibre loop is formed and the
      loop end portion disposed exteriorly of the treating zone passes through a
      rotating guide and abruptly changes direction so as to maximize
      centrifugal forces imparted thereto.
PAR  It is another object of this invention to provide a process for treating an
      impregnatable band with a fluid treating agent in which a plurality of
      rotating bands are treated simultaneously and twisted together during the
      treating step. The direction of rotation may also be directed to open the
      twist in a rotating yarn.
PAR  In accordance with the invention, this is achieved in that the fibre band,
      the yarn or the thread skein is subjected to centrifugal forces after or
      during the application of the treating agent, which force the agent
      through the fibre product and partly fling or centrifuge it off
      simultaneously or subsequently.
PAR  In the simplest case, the centrifugal force of the yarn loop which forms on
      withdrawing the yarn from the spool can be used for this purpose. As the
      number of revolutions of the withdrawn yarn about the spool increases as
      the spool diameter decreases, the centrifugal force acting on the yarn at
      different spool diameters remains substantially constant, particularly if
      the wall thickness of the spool is selected so as not to be too large.
      This otherwise very simple method is, however, suitable only for
      relatively high thread withdrawal velocities, at which correspondingly
      high centrifugal forces are applied to the withdrawn yarn. In many cases
      however, it is more advantageous to dispense with the centrifugal force of
      the yarn loop and to guide the fibre product or yarn through the dye or
      treating liquor to a rotary plate and by its rotation form a thread loop
      with a predeterminable centrifugal force and a simultaneous liquor control
      effect. For more intensive take-up of the liquor, the yarn loop can
      circulate partly in the liquor and for better use of the rotary plate two
      or more yarns can pass through it together. In a further embodiment,
      several yarns or thread skeins, e.g. in the form of a hank, are subjected
      to centrifugal forces in such a way that their directions of travel are
      altered abruptly at least once and the treating liquor is thus forced
      through it at the turns by the centrifugal force acting at them and is
      then flung off from the yarn.
PAR  The liquor flung or centrifuged off can be collected in all cases to a
      large extent in collecting troughs and can be removed or re-treated in
      liquor preparation tanks and finally admixed again with the treating
      liquor.
PAR  Further features of the invention are described below in conjunction with
      the accompanying drawings in which several preferred embodiments of
      apparatus according to the invention are shown partly in front elevation
      and partly diagrammatically. The features shown in the drawings can be
      employed separately or in any desired combination in the various other
      embodiments of the invention.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 shows an apparatus for treating cross spools in a liquor and also
      for centrifuging (hydroextracting) the yarn by the centrifugal force of
      the thread as it is being withdrawn;
PAR  FIG. 2 shows an apparatus for dyeing the thread loop in the lower part and
      for centrifuging off the excess dye liquor in the upper part of the thread
      loop;
PAR  FIG. 3 shows an apparatus for dyeing, improving or washing and subsequently
      centrifuging fibre bands or yarns by means of a centrifuge plate;
PAR  FIG. 4 shows an apparatus for treating individual yarns or fibre hanks in a
      liquor with subsequent centrifuging caused by abrupt direction changes
      around guide bars or rollers;
PAR  FIGS. 5 and 6 show a rotating centrifuge plate with a preceding or
      succeeding yarn friction ring; and,
PAR  FIG. 7 shows a preferred treating apparatus with rotating centrifuge plate
      and a riser pipe for the simultaneous passage of the treating agent
      through the yarn product to be treated and of the cyclically supplied
      treating liquor.
DETD
PAR  In FIG. 1 an apparatus is shown partly in front elevational view and partly
      in section for dyeing or treating yarns on spools in a liquor or under the
      action of liquor spray nozzles with subsequent centrifuging away of the
      excess dye liquor material by means of the centrifugal force of the yarn
      loop.
PAR  The yarn 1 to be dyed or to be otherwise treated is passed from a spool 4
      mounted in a container 2 on a spool mandrel 3 through a loop eye 5 by way
      of guide rods 6, 7, 8 as well as over a yarn guide roller 9 to a fixing or
      drying chamber (not shown). The spool mandrel 3, the loop eye 5, the guide
      rods and the yarn guide roller are secured to a mounting member 11 guided
      in and supported upon a guide 10.
PAR  The treating liquor 13 is supplied through a liquor inlet duct 12 to the
      container 2 and its amount is regulated by a drainage tube 14 which is
      adjustable in height. The liquor can be heated to the desired temperature,
      for instance by means of a heating coil 15, through which steam or another
      heating medium flows and/or can circulate through a continuous supply of
      new agent into the bath 2 and thus remain at a uniform composition
      throughout the whole treating process.
PAR  At the beginning of operation, the mounting member 11 is drawn up together
      with the parts mounted upon it, the spool 4 to be treated is placed on the
      mandrel and the yarn is withdrawn from the spool through the loop eye 5,
      over the guide pins 6, 7 and 8 and round the yarn supply roller 9. After
      returning the mounting member 11 with the spool 4 to the treating liquor
      13, withdrawal of the yarn from the spool can begin.
PAR  Depending upon the yarn withdrawal velocity and the diameter of the spool,
      the yarn begins to rotate at 200 to 1,000 rpm about the spool in the
      treating liquor and is withdrawn from this at, for instance, a velocity of
      80 to 400 m/min. Through the high peripheral velocity of the yarn about
      the spool, centrifugal forces are exerted upon it which lead to the
      formation of the so-called yarn loop. The section of the yarn in the loop
      which is located in the bath is thus intensively impregnated. In the
      longer section of the yarn loop located above the dye liquor, the
      entrained liquor is forced through the yarn by the centrifugal forces of
      acting upon it and is then partly centrifuged off from it so that it
      proceeds for further treatment whilst simultaneously impregnated with the
      treating liquor.
PAR  If however in washing for instance a very intensive centrifuging of the
      washing agent from the yarn is desired, this can be guided additionally
      about the guide pin 6, 7 and 8 which can be located in different planes
      from the axis of the spool. By the abrupt direction changes of the yarn
      about the guide pins, additional centrifugal forces arise which are not
      increased by the tension of the yarn around the guide pins but discharge
      from it the washing liquor remaining in the yarn. The additional yarn
      tension in the section 16 arising from the direction changing of the yarn
      as it passes about the guide pins is in most cases desirable. If the yarn
      tension becomes too high by the yarn being guided about several guide
      pins, they can be replaced by rollers 9 which undergo rotation by means of
      the yarn, so that the yarn tension is decreased since the friction of the
      yarn is reduced. The rotating guide rollers also have the additional
      advantage that no liquor can be discharged at the guide pins, since this
      is flung off likewise by the centrifugal force acting at the rotating
      guide rollers.
PAR  The treating liquor centrifuged from the yarn is caught by the wall of the
      circular container 2 and flows back into the liquor bath 13. Reflux of the
      centrifuged liquor is thus prevented by the upwardly extended container
      wall 13 with a drainage trough 18 and outlet pipe 19. The liquor flowing
      down the container wall 17 thus passes into the outlet or it can be
      returned to a liquor preparation tank.
PAR  In some cases, e.g. when dyeing, it can be a disadvantage that the spool
      remains immersed in the liquor 13 for long periods, since its end faces in
      particular remain longer than the other portions of the yarn in contact
      with the dye liquor. This can be avoided by not locating the liquor in a
      container, but in a hollow inwardly-perforated liquor spray ring 20 into
      which the dye liquor is pumped through inlets 21 and 22. The dye liquor
      sprays from the perforations of the ring 20 on to the surface of the spool
      and thus on to the yarn rotating round the spool. The advantage of this
      construction also lies in the relatively large resistance of the liquor to
      the yarn circulating in the liquor no longer applies and, by timed
      interruptions of the supply of liquor the yarn can be left undyed and/or
      can be less intensively dyed as it is withdrawn from the spool, so that a
      special effect dyeing is obtained. On the other hand, the spray ring can
      be divided into several chambers with individual dye liquor supply lines,
      into which differently coloured dye liquors are supplied and the yarn can
      thus be subjected to multicoloured dyeing.
PAR  In FIG. 2, a device is shown in side view partly in section for dyeing the
      yarn loop with different dyes and centrifuging off the excess dyes.
PAR  The apparatus according to FIG. 2 consists of a round tube 23 at the base
      24 of which an axially bored spool mandrel 25 with a cross spool 26 is
      secured. A liquor collecting ring 27 is mounted in the tube 23 and its
      inner peripheral edge 28 forms an annular slot-like loop guide with the
      edge 29 of a funnel 30 projecting into the bore of the mandrel. Through
      openings 31 in the collecting ring 27 and the bore 32 of the funnel, the
      dye liquor coming from above can pass into the lower part of the tube 23
      without thereby moistening the cross spool, and it then flows away through
      a discharge connection 33.
PAR  Above the spool 26, a loop eye 34 is located, to which the yarn 35 is
      guided from the spool through the narrow gap between the collecting ring
      27 and the funnel 30. This arrangement has the advantage that the yarn
      loop in the section 35 remains at substantially the same size
      independently of the size of the spool and its distance from the dye
      applicator devices 36, 37 and 38 is only negligibly altered. The dye
      applicator devices, which can be arranged mainly round the lower part of
      the yarn loop, are provided with nozzle openings 39 and supply pipes 40
      and 41, through which differently-coloured dye liquor are pumped, under
      the control of a programming device, alternately and/or intermittently, by
      means of pumps, into the dye applicator devices, and are sprayed on to the
      yarn loop 35 from the nozzles 39.
PAR  By the centrifugal force acting on the yarn in the upper part of the yarn
      loop, the excess dye liquor is centrifuged radially through the yarn and
      then from it to the inner wall of the tube 23, so that intermingling of
      differently-coloured dye liquors cannot occur, if this is not otherwise
      intended by operation of the programming device, which can control several
      devices simultaneously. The mixture of dye liquors centrifuged off is
      collected and led away at the lower part of the tube 23.
PAR  In order to be able to change the spool 26 rapidly, without having to
      remove, the liquor collecting ring 27 and thread guide 34, the base holder
      24 is secured to the tube 23 so as to be readily detachable, for instance
      by means of annular permanent magnets 42 and 43.
PAR  In the devices previously described, the centrifugal force acting on the
      yarn is determined substantially by the speed of withdrawal of the yarn
      from the spool. In many cases however, it is necessary to operate with a
      lower yarn withdrawal speed and to dye, treat, wash and/or very
      intensively centrifuge the fibre band, hank or yarn to be dyed or treated
      in can, warp beam, cop, winding, skein forming, yarn cleaning, twisting,
      doubling or spinning machines.
PAR  For these purposes, the apparatus shown diagrammatically in front view in
      FIG. 3 is especially suitable, in which the dyeing, washing or other
      treatment as well as the centrifuging of fibre bands or yarns is carried
      out by means of a centrifuge plate 57.
PAR  The fibre band supplied from a can or the yarn 44 withdrawn from a spool is
      guided, in FIG. 3, over a guide roller 45 between squeezing rollers 46 and
      47, the roller 46 of which is driven at the prescribed speed and the
      roller 47 is pressed on to the roller 46 by a weight 50 and is rotated by
      it, the roller 47 being located by a pin 48 on a guide rod 49.
PAR  The guide rod can be moved upwardly in the guide 51 and held in this
      position, for instance by means of a catch 52, so that the yarn 44 can be
      guided outside the liquor 54 located in the tank 53 round the roller 55
      and through the yarn loop limiting ring 56 to the centrifuge plate 57,
      which is stationary at this stage. The roller 55 and the limiting ring 56
      are adjustably mounted on the guide rod 49 by means of a mounting
      arrangement 58, whereby the guide roller and the limiting ring can be
      moved on the mounting so that these parts can be located either in or
      above the liquor 54 during the centrifuging process.
PAR  The centrifuge plate 57 provided with one or more yarn eyelets 59 and 60 at
      various distances from its centre is secured to a hollow shaft 62 provided
      with a yarn guide opening 61, which shaft is rotatably mounted in a
      bearing 63 and is driven via a belt wheel 64 and a driving belt 65 from a
      driving pulley 66 having an adjustable velocity.
PAR  The yarn coming from the guide roller 55 is led in the direction of the
      arrow through one of the yarn eyelets 59 or 60, the yarn guide opening 61
      and the hollow shaft 62 to a yarn take-up device (not shown), for example
      a fixing or drying chamber. After passage of the yarn through the various
      devices described, the guide rod 49 is freed from the catch 52, the yarn
      is immersed in the liquor and the air contained between the fibres is
      expressed by the squeezing rollers 46 and 47, so that the liquor can
      penetrate well into the fibre band or the yarn. The centrifuge plate 57 is
      made to rotate at the same time and begins to rotate the section of yarn
      between the roller 55 and the yarn eyelet 60 at the prescribed number of
      revolutions, so that the yarn loop 67 is formed by reason of the
      centrifugal force. Also, the centrifuge plate 57 produces a false lay or
      twist in the same direction of yarn, the size of which is determined by
      the yarn advance speed and the number of revolutions of the centrifuge
      plate, whereby several factors which have still to be described act
      satisfactorily upon the treatment and/or upon the centrifuging of the
      yarn.
PAR  The liquor centrifuged off is collected by a tube 69 secured to the
      container 53 and provided with an outlet channel 68 and is led off from
      the channel through a pipe 70. For access to the centrifuge plate 57, e.g.
      on threading the yarn through, a flap or door 71 is provided in the tube
      69. In the lower part of the tube 69, as described in relation to FIG. 1
      or FIG. 2, additional liquor spray rings or several dyeing and treating
      liquor spray devices can be provided, from which, as regulated by control
      devices, various dye liquors and/or treating agents can be sprayed on to
      the yarn as desired.
PAR  The apparatus of FIG. 3 can also consist however only of the rotary plate
      57, the tube 69 with the liquor collecting channel 68, the corresponding
      liquor spray devices and a loop eyelet or twist stop device, whereby the
      yarn supply and the yarn removal are determined by supply rollers or by
      the preceding and succeeding devices.
PAR  Operation with the false twist device in the form of a centrifuge plate 57
      according to FIG. 3 has several advantages. It is possible with this
      device considerably to compact or solidify untwisted or only lightly
      twisted fibre bands, by the false twisting, and to establish high
      centrifugal forces. The twisting effect can be stopped at this position by
      a single wrapping of the fibre band or the yarn round the roller 55, so
      that the fibre band or yarn runs through the treating agent or liquor only
      lightly twisted. Naturally, it is also possible to stop the twisting only
      at the squeezing rollers. Highly twisted yarns or doublings can be rotated
      in contrast to the twisting or doubling direction by the centrifuge plate
      57 and thus can pass in a loosely twisted stage through the treating
      liquor or agent, so that this can be impregnated more rapidly into the
      yarn or into the doubling. If the guide roller 55 and/or the loop limiting
      ring 56 is immersed in the treating liquor, the yarn is additionally
      intensively impregnated by the liquor by reason of the rapid speed of
      rotation in it. If the fibre band, yarn or doubling has to be very
      intensively dried, e.g. after washing, operation can proceed with a higher
      degree of twist, so that a considerably higher false twisting of the yarn
      occurs at the increase centrifugal force, which forces the excess liquor
      from the yarn, so that in many cases a further drying of the yarn is
      rendered unnecessary.
PAR  When dyeing highly shrinking yarns or doublings, such as high bulk acrylic
      or polyester yarns or their mixtures with wool, levelling or flattening of
      the yarn or doubling often occurs, which can be avoided with the device
      according to FIG. 3, by opening out the dyed yarn to a greater or lesser
      extent, by rotation of the centrifuge plate 57 contrary to the yarn laying
      or doubling direction and, at the same time, the yarn is subjected to
      steam or warm air treatment and is then shrunk, opened out, shaped and
      thus becomes very voluminous with a corresponding lower tension in the
      yarn or doubling.
PAR  Synthetic and particularly textured yarns are often contaminated with
      damaging amounts of monomers or oligomers. If a device according to FIG. 1
      or FIG. 3 is interposed in the winding process between the dyed skein,
      doubling or winding package and the winding position, the monomers or
      oligomers can be washed out during the winding process and the yarn can
      simultaneously be centrifuged so as to be dry ready for winding.
PAR  If the structure of the yarn or doulbing must not be affected in any way
      during the treatment and the centrifuging process, e.g. with special
      effect yarns or doublings, two or more yarns must be led simultaneously
      through the centrifuge plate 57, so that these are largely doubled
      separately and the yarn structure or the doubling composition cannot be
      adversely affected. This also has the advantage that, with equivalent
      action of the device, several yarns or doublings can be treated together,
      which can subsequently be wound separately.
PAR  In FIG. 4, a device for treating and centrifuging away the liquor by
      centrifugal forces from yarn skeins is illustrated diagrammatically in
      side view.
PAR  The skein 72 to be treated is withdrawn from a skein former or a warp beam
      73, by means of driven withdrawal and squeezing rollers 75 and 76 which
      are partially located in the dye or treating liquor 74. The rollers 75 and
      76 simultaneously free the yarn from included air, so that the liquor 74
      can rapidly penetrate the yarn. In the liquor container 77,
      rotatably-mounted and, if required, driven guide rollers 78 are provided,
      round which the skein is guided and is abruptly diverted several times
      from its original direction of movement into a new direction of travel.
PAR  By the multiple abrupt direction changes of the skein as it is guided
      through the liquor at high speed, high centrifugal forces are imparted
      repeatedly to its individual yarns, so that the treating agent or liquor
      present in the yarn is forced out from them and replaced by fresh liquor
      material, which results in an intensive passage of the dye or treating
      liquor through the yarn. At the point where the skein 72 leaves the liquor
      containers 77, a part of the excess liquor is expressed by the likewise
      driven squeezing rollers 79 and 80 and it flows from the skein back into
      the container 77. The skein treating section in the liquor container is
      followed by a skein centrifuging section, which consists essentially of
      several lightly mounted and, if required, driven guide rollers 81 over
      which the skein is guided, as shown in FIG. 4. By the repeated abrupt
      direction changes of the yarn skein as it is guided at high speed round
      the guide rollers, the liquor remaining in the yarn is subjected to such
      high centrifugal forces that it is flung off at the positions of change of
      direction and is collected by a container 82 as well as by a curved cover
      83 provided with liquor collecting channels 84 and can flow back through
      outlet pipes 85, 86. Finally, the yarn skein 72 is passed from outlet pull
      rollers 87 and 88 to a fixing or drying chamber, not shown, or to a
      further treating tank.
PAR  The advantage of the apparatus described in relation to FIG. 4 is that if
      the guide rollers 78 and 81 are driven, the squeeze rollers 75, 76 and 79,
      80 pressed against one another and also the pull rollers 87 and 88, which
      closely limit the throughput velocity of the yarn skein, become
      unnecessary and the treated band or skein can be guided through the device
      with a higher velocity, for the same treating and drying effect.
PAR  In all the cases described, the treating agent can be applied to or sprayed
      on, not only as dyeing, treating, washing or winding liquor but also as
      adhesives and/or solid pulverulent materials, gases, air, steam and/or
      water-steam mixtures in the cold or warm state to the fibre band, ribbon,
      tape, hank, yarn, skein or the like. It is naturally also possible to form
      two or more similar or different ones of the described devices one after
      the other, into a continuous treating plant.
PAR  It has proved particularly advantageous to apply the treating liquors or
      agents at those parts of the yarn sections under centrifugal force at
      which the centrifugal force is at its smallest and to carry out the
      subsequent centrifuging at the places having the greatest centrifugal
      force.
PAR  The centrifugal force of the devices described in relation to FIGS. 1 and 2
      can be further increased by mounting the spools on rapidly rotating
      spindles instead of on mandrels, whereby on the one hand the centrifugal
      force acting on the yarn section located between the spool and the loop
      eyelet is increased and on the other hand the treatment of the yarn can be
      coupled with its twisting or doubling.
PAR  Within the scope of the present invention, many advantageous modifications
      and improvements are possible, particularly in relation to the centrifuge
      plate described in relation to FIG. 3.
PAR  It has been found, in the operation of the device according to FIG. 3, that
      by the action of large centrifugal forces on the yarn, its projecting
      fibre ends are centrifuged free from the dye and/or treating liquor so
      strongly that they are wetted by the treating liquor less than the core of
      the yarn, which forms a so-called grey film or fog, particularly with dark
      dyes, which can be notably disadvantageous. This can be avoided, according
      to FIG. 5, by subjecting the yarn 67 to be treated, directly before it
      leaves the region of the centrifugal force of the yarn loop, to a further
      centrifugal force at a stationary ring 90 of metal, plastics material or
      ceramic material surrounding and lightly constraining the yarn loop, so
      that the liquor remaining in the yarn is simultaneously distributed to the
      yarn core and the fibre ends projecting from the yarn by contact of the
      ends with the yarn core and the friction upon the ring 90.
PAR  A more intensive distribution of the liquor between the yarn core and the
      projecting fibre ends results if, according to FIG. 6, after passing out
      from the bore of the centrifuge plate shaft 62 the yarn 67 is passed over
      the edge of a friction ring 91 secured to the shaft 62, in the direction
      of the arrow. With this arrangement, the yarn 67 rolls upon the friction
      ring 91, which is advantageously made of rubber or a similar material, so
      that depending upon the diameter of the friction ring 91 and the yarn
      tension the liquor remaining in the yarn core is wrung out to the yarn
      surface and thus moistens the projecting fibre ends.
PAR  Since the amounts of liquor remaining in the yarn are also determined by
      the loop diameter and this varies according to the yarn tension, it is
      advantageous to provide the centrifuge plate 57 according to FIG. 7 with a
      yarn storage plate 92. This is of hood-like shape and is secured above a
      neck-like projection 94 forming a thread guide groove 93 at the underside
      of the centrifuge plate 57. At a normal yarn tension, the section of yarn
      between the eyelet 60 and the inlet opening 61 lies approximately upon
      half the circumference in the groove 93 of the storage plate 92. As soon
      as the yarn tension varies, the section of yarn in the groove 93 shortens
      or lengthens, so that the diameter of the yarn loop remains constant even
      with tension variations. At the same time by reason of the air resistance,
      the yarn in this embodiment is drawn obliquely over the surface of the
      storage plate 92, which thus acts similarly to the ring 91 already
      described in avoiding a grey film or fog effect.
PAR  As also shown in FIG. 7, the squeezing rollers 46 and 47 in the embodiment
      according to FIG. 3 can be replaced by simple guide rollers 95 or guide
      pins 96. The oncoming yarn 44 is thus guided one or more times round the
      guide rollers or pins. The guide rollers or pins can alternatively be so
      secured on or connected to the door 71 (see FIG. 3) that, on opening the
      door, the rollers and/or the pins are raised so as better to thread the
      yarn out from the treating liquor 54.
PAR  The construction according to FIG. 7 has also proved to be very
      advantageous as regards the supply of the liquor and yarn. The liquor is
      pumped from the collecting container 98 into the container 53, by means of
      a pump 97, passing through a duct 99 and a valve 100 to a riser pipe 101.
      The excess liquor material overflows at the upper end of the riser pipe
      101, which is advantageously widened out in funnel fashion, and passes
      into the container 53 from which it flows via an outlet 102 through a
      filter 103 back to the collecting container 98. For better threading of
      the yarn 44 into the riser tube 101, the latter is provided with a venturi
      nozzle 104 through the opening 105 of which the yarn 44 passes into the
      riser tube 101, which functions simultaneously at its funnel-like widened
      end 101' as a loop-forming eyelet. Obviously, several operative stations
      of a machine can be supplied with dye or treatment liquor from a single
      liquor container 98 and a pump 97, so that it can become necessary in many
      cases to heat the liquor before its entry into the riser tube 101. In
      addition, the enclosure in which the centrifuge plate is located can be
      heated, for instance by incoming steam or from outside by means of heating
      agents.
PAR  Since with such apparatus the dye of the dye liquor is often changed or the
      composition of the treating agent modified and manual washing out would
      take much too much time, in all the containers 53 and/or enclosures, spray
      nozzles 106 are provided through which the devices can be washed for
      instance with hot water.
PAR  Finally, it has been found, particularly in treating thicker yarns, hanks,
      skeins, tapes, fibre bands or strips, that the expressing (wringing out)
      of excess treating liquor by the action of the false loop formed between
      the false twist former and the liquor applicator device proceeds to a
      relatively large extent. In this case, the centrifugal forces which act on
      the material to be treated only play a subordinate roll. The projecting
      fibre ends are then sufficiently wetted by the treating liquor.
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STM  I claim:
NUM  1.
PAR  1. In a method for treating a fluid-impregnatable textile fibre band with a
      fluid treating agent, the steps comprising contacting such fibre band with
      such treating agent while moving through a zone containing such treating
      agent; forming the treated fibre band material into a loop by rotating a
      length of such treated fibre band material about an axis of rotation
      extending from such treating agent zone so as to subject such loop to
      centrifugal forces; one end portion of said loop being disposed in said
      treating agent zone during rotation thereof, whereby said one end portion
      is intensively impregnated with said treating agent; the portion of said
      loop subjected to the greatest centrifugal forces being disposed
      exteriorly of said treating agent zone after passing through said zone,
      whereby said treating agent is readily removed from said latter loop
      portion by centrifugal forces, and guiding the end portion of the loop
      disposed exteriorly of said treating agent along said axis of rotation
      whereat said band is withdrawn away from said treatment zone.
NUM  2.
PAR  2. In a method for treating a fluid-impregnatable fibre band with a fluid
      treating agent, the steps comprising contacting such fibre material band
      with such treating agent while moving through a zone containing such
      treating agent; forming the treated fibre band material into a loop by
      rotating a length of such treated fibre band material about an axis of
      rotation extending from such treating agent zone so as to subject such
      loop to centrifugal forces; one end portion of said loop being disposed in
      said treating agent zone during rotation thereof, whereby said one end
      portion is intensively impregnated with said treating agent; passing the
      end portion of said loop disposed exteriorly of said treating zone through
      a rotating guide means opening spaced from and rotating about the axis of
      loop rotation; said textile fibre band abruptly changing direction after
      passing through said guide means and then passing through said axis of
      rotation.
NUM  3.
PAR  3. The method of claim 1 in which the fibre band is compressed to remove
      air therefrom whereafter it is allowed to decompress while immersed in the
      treating agent so that said agent may better penetrate said band.
NUM  4.
PAR  4. The method of claim 1 in which said treating agent is a member of the
      class consisting of liquid, powder, gas, air steam and a steam-water
      mixture.
NUM  5.
PAR  5. The method of claim 1 in which a plurality of bands are simultaneously
      treated by the formation of rotating loops of substantially uniform
      centrifugal force which are wound up together after treatment on a winding
      device.
NUM  6.
PAR  6. The method of claim 1 in which the fibre band comprises a yarn which is
      revolved in a direction of revolution when subjected to centrifugal forces
      so as to open the twist therein.
NUM  7.
PAR  7. The method of claim 1 in which said textile fibre band rotates about a
      substantially vertical axis of rotation and a lower portion of said loop
      is disposed in said treating zone at a generally acute angle relative to
      said axis of rotation.
NUM  8.
PAR  8. The method of claim 1 in which said treating agent comprises a plurality
      of different dyes which engage said textile fibre material.
NUM  9.
PAR  9. The method of claim 2 in which said guide means comprises an apertured
      plate and a plurality of textile fibre bands simultaneously pass through a
      plurality of spaced openings in said plate and form loops rotating about
      said axis of rotation; said plate rotation simultaneously imparting a
      twist to said bands as a result of said rotational movement, and in
      combination with the step subsequently winding the commonly treated bands
      after passing through said plate.
NUM  10.
PAR  10. The method of claim 2 in which said rotating guide means comprises an
      apertured rotating plate; said textile fibre band abruptly changes
      direction after passing through said plate and is in combination with the
      step of drawing said band away from said plate along said axis of
      rotation.
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ABST
PAL  A casing for an electronic watch whose movement is powered by one or more
      miniature battery cells. The casing has a generally rectangular form and a
      back opening surrounded by a flange. The casing is divided into two
      sections, one of which is occupied by the movement or electronic module
      and the other by the power cells. The back of the casing is enclosed by
      two adjoining hatch pieces, one covering the movement section and the
      other the power section. The opposing ends of the two hatch pieces are
      provided with lips which fit under the flange of the casing whereas the
      adjoining ends of the pieces have complementary grooves formed therein to
      define a bore for receiving a removable locking pin. The movement hatch
      piece is screwed to the casing and can only be taken off by a suitable
      tool, whereas the power hatch piece carries on its underside depressible
      contact springs which engage the poles of the cells seated in the power
      section of the casing whereby when the locking pin is removed, the
      released springs cause this hatch piece to jump up to expose the power
      section and permit replacement of the cells without disturbing the
      movement section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to casings for watches, and more
      particularly to a waterproof casing for a solid-state electronic watch,
      the casing having two distinct sections, one for the electronic module and
      the other for batteries to power the module.
PAR  The term solid-state electronic timepiece, as used herein, is limited to
      timepieces provided with an electro-optic time display and having no
      moving parts. The traditional, springpowered mechanical watch produces
      rotary motion for driving gear works that operate the moving hands or time
      indicators. In those electronic watches which also have a moving hand
      read-out, the oscillations of a balance wheel or the vibrations of a
      tuning fork are electronically-sustained, those oscillations or vibrations
      being converted into rotary motion for driving the gear train. Hence
      moving parts are included in electronic timepieces of this type.
PAR  However, in recently-introduced types of solid-state electronic watches
      such as those disclosed in U.S. Pat. Nos. 3,756,103 and 3,759,031
      electrical pulses derived from a crystal-controlled time base serve to
      actuate a multi-digit electro-optic display formed either by
      light-emitting diodes (LED) or by liquid-crystal elements (LCD). Hence in
      such solid-state electronic timepieces, no moving parts are entailed. In
      such solid state watches, the high-frequency output of the time base is
      fed to a frequency converter constituted by a chain of integrated circuit
      divider stages. The output of the converter consisting of low-frequency
      timing pulses (i.e. 1 Hz), is applied to a display actuator in the form of
      a miniature time-computer module that counts the input pulse train,
      encodes it in binary form and then decodes and processes the results so as
      to provide the appropriate signals at the display stations.
PAR  Battery-operated electronic watches, whether of the type having moving
      parts or of the solid-state type, require one or more miniature battery
      cells to power the electronic movement. Because these cells have a limited
      life and must be replaced from time to time, the design of the watch
      casing is necessarily such as to provide access to the cell. In some
      electronic watch designs, the back of the casing is removable by means of
      a special tool to expose both the electronic movement and the battery
      cell. Since a special tool is entailed and care must be exercised, the
      cell cannot safely be replaced by the watch owner but only by a qualified
      watch repairman. There are several practical drawbacks to this
      arrangement, for the owner cannot himself immediately replace a dead
      battery but must find and pay for the services of a repairman. Also
      because the entire movement is exposed when the casing back is removed, a
      careless replacement of the battery may result in damage to the movement.
PAR  In order to avoid having to remove the entire casing back in order to
      replace a battery cell, it is known to provide backs with threaded,
      disc-shaped waterproof hatches which may be removed by the owner by means
      of a coin to provide access only to the battery cell. This has the
      advantage of permitting the owner to replace the cell without having to
      engage a repairman, but this design involves a more costly casing.
PAR  Where, in the case of existing types of solid-state watches, it is
      necessary to provide two battery cells to produce a voltage whose level is
      sufficient to power the LCD or LED display, it is not feasible to have a
      casing with two access hatches, one for each battery, nor is it desirable
      to have a casing whose back must be removed in order to replace the cells,
      for in doing so the delicate electronic movement is exposed and may be
      damaged.
PAR  It must be borne in mind that in a solid-state watch, the electronic
      circuits are embodied in an integrated circuit chip which is connected by
      fine leads to a display unit, connections also being made to various
      control switches. Thus an electronic assembly or module can only be safely
      handled by a specialist, and should the casing arrangement be such as to
      expose the movement each time as battery change is made, the likelihood of
      damage to the movement is increased.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide a casing for an electronic watch whose movement is powered by one
      or more battery cells, the casing being divided into two sections, one for
      the movement and the other for the cells, access to the power section
      being through a separate hatch piece whereby the cells may be replaced
      without disturbing the movement.
PAR  More particularly, it is an object of the invention to provide a casing of
      the above type, in which the hatch piece for the power section is locked
      by means of a pin which may be easily removed by the user without the need
      for a tool, the arrangement being such that when the pin is withdrawn, the
      power hatch piece springs open.
PAR  A significant feature of the invention is that both sections of the casing
      are water-proofed by a common panel of elastomeric material which
      underlies the hatch pieces and serves to blanket and protect the movement
      and the power cells.
PAR  Also an object of the invention is to provide a divided casing of the above
      type in which the movement section is isolated from the power section and
      in which the movement hatch piece is screwed in place, so that to obtain
      access thereto one must use a tool to remove the screws. Hence, while the
      user can readily remove the power hatch piece to replace batteries, the
      integrity of the delicate movement section is protected against careless
      mishandling.
PAR  Briefly stated, these objects are attained in a casing of generally
      rectangular form which is divided into two sections, one of which is
      occupied by the movement or electronic module of the solid-state watch,
      the other by one or more power cells. The back opening of the casing is
      surrounded by a flange and is closed by two adjoining hatch pieces, one
      covering the movement section and the other the power section. The
      opposing ends of the hatch pieces are provided with lips which fit under
      the flange, whereas the adjoining ends have complementary grooves formed
      therealong to define a split bore for receiving a removable locking pin
      which bridges the sides of the casing.
PAR  The movement hatch piece is screwed to the casing and can only be taken off
      by a tool, whereas the power hatch piece carries depressible contact
      springs on its underside which engage the poles of the cells seated in the
      power section whereby when the locking pin is removed, the released
      springs cause this piece to jump up to expose the power section and permit
      replacement of the cells without disturbing the movement section.
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PAC  OUTLINE OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      description to be read in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a perspective view of one preferred embodiment of a solid-state
      watch casing in accordance with the invention, the casing being positioned
      relative to the viewer to present the time display;
PAR  FIG. 2 shows the back of the same casing;
PAR  FIG. 3 is the same as FIG. 2, but with the power section hatch piece
      removed to reveal the battery cells;
PAR  FIG. 4 is the same as FIG. 2 but with both the power section and the module
      section hatch pieces as well as the waterproofing panel removed to reveal
      the contents of the casing;
PAR  FIG. 5 is a perspective view, as seen from the rear of another preferred
      embodiment of a casing in accordance with the invention;
PAR  FIG. 6 is a rear plan view of the casing shown in FIG. 1, with both hatch
      pieces in place to close the casing back;
PAR  FIG. 7 is the same as FIG. 6 but with both hatch pieces removed and with
      the waterproofing panel cut away to expose the casing sections;
PAR  FIG. 8 is a longitudinal section taken through the casing shown in FIG. 1,
      with both hatch pieces in place;
PAR  FIG. 9 is the same as FIG. 8 but with the power section hatch piece
      removed;
PAR  FIG. 10 is the same as FIG. 8 but with both the power and the module hatch
      pieces, as well as the waterproofing panel removed;
PAR  FIG. 11 is a detail showing the abutting ends of the two hatch pieces; and
PAR  FIG. 12 is a detail showing the recess in the casing flange for receiving
      the lips of a hatch piece.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is shown a partitioned watch casing 10 for a
      solid state watch, the casing having a generally rectangular configuration
      and being provided with end lugs 11 to which the straps 12 of a watch band
      are attachable in the usual manner by means of retractable pins.
PAR  The viewing end 13 of the casing is sloped, and formed therein is a
      rectangular window 14 behind which is disposed the digital elements of a
      display unit 15 which may be of the liquid crystal or light-emitting diode
      type. This display unit is integrated with the logic circuits and other
      electronic components of a solid state module housed in the module section
      of the casing. The top wall 16 of the casing is blank and may serve an
      ornamental purpose, for the user of the watch obtains time-related
      information from the sloped end display.
PAR  Referring now to FIGS. 2, 3 and 4 which show the back of the casing 10, it
      will be seen that the back is composed of a hatch piece 17 which is
      secured to the casing by screws 18 and 19, and a separate hatch piece 20
      which is held in place by a removable pin 21 having a head 22. Hatch piece
      17 covers a module section A which accommodates an electronic module 23,
      while hatch piece 20 covers a power section B having circular wells
      therein for receiving battery cells 24 and 25. Both sections of the casing
      are blanketed by a waterproofing panel 26 of silicone rubber or other
      elastomeric material. The panel is provided with two large circular
      openings 26a and 26b which register with the battery wells in the power
      section and two small holes 26c and 26d for admitting screws 18 and 19
      into threaded bores 18' and 19' formed in the rear of the casing.
PAR  The inside face of the power hatch piece 20 has secured thereto a
      wing-shaped contact element defining depressible spring fingers 27 and 28.
      These fingers, when this hatch piece is in place, press against and
      electrically engage the end poles of battery cells 24 and 25 respectively,
      thereby connecting these poles to the casing which represents ground. The
      opposing poles of these cells engage contacts at the bottom of the battery
      wells, which contacts are connected to the electronic module. Thus the
      module is powered only when the hatch piece 20 is in place to complete the
      battery circuits.
PAR  As best seen in FIGS. 6 and 7, the back opening of the casing is surrounded
      by a peripheral flange 29, the hatch pieces 17 and 20 fitting neatly into
      the flange. Underlying the flange is a recess 30 (see FIGS. 8, 9, 10 and
      12) whose serrated edge 31 is engaged and gripped by the margins of the
      waterproofing panel 26 so that the panel is prevented from shifting, the
      serrations aiding in sealing the casing.
PAR  The opposite ends of hatch pieces 17 and 20 are provided with projecting
      lips 17 and 20, respectively, which are received within recess 30 thereby
      holding these ends of the hatch pieces in the back of the casing. The
      adjoining ends of the hatch pieces 17 and 20, as best seen in FIG. 11,
      have complementary grooves 17G and 20G formed therein to define a split
      bore to receive pin 21. As will be evident in FIG. 6, pin 21 when inserted
      in this bore, bridges the sides of the casing, the head 22 of the pin 21
      lying within a socket 22s on one side of the casing and the top lying
      within a small socket 21s on the other side. In practice it is not
      necessary that the pin bridge the casing and in fact a holding action is
      obtainable with a shortened pin which does not reach the other side of the
      casing.
PAR  Thus when pin 21 is inserted, it locks in hatch piece 17. But when the pin
      is removed, hatch piece 17 is now free and the spring fingers 27 and 28
      which had been pressed against the poles of the battery cells, are
      released, as a result of which hatch piece 17 is caused to jump up and
      expose the cells.
PAR  While there have been shown and described preferred embodiments of a
      sectioned casing for electronic watches in accordance with the invention,
      it will be appreciated that many changes and modifications may be made
      therein without, however, departing from the essential spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A partitioned casing for a solid state electronic watch having an
      electronic module and battery cells for powering the module, said casing
      having a movement section accommodating said module and a power section
      receiving said cells, said casing having a back opening surrounded by a
      flange, the back being closed by two adjoining rectangular hatch pieces,
      one covering the movement section and the other the power section, the
      opposing ends of the hatch pieces having lips which fit under the flange,
      the adjoining ends of the hatch pieces having complementary grooves
      defining a split bore receiving a removable locking pin, the movement
      hatch piece carrying on its underside depressible contact springs which
      engage the poles of the cells seated in said power section whereby when
      the locking pin is withdrawn, the released springs cause the hatch piece
      to jump up to expose the power cells.
NUM  2.
PAR  2. A casing as set forth in claim 1, wherein said rectangular casing has an
      arcuate cross-sectional formation to conform the casing to the wrist of
      the wearer, said hatch pieces having an arcuate formation.
NUM  3.
PAR  3. A casing as set forth in claim 1, wherein said module is provided with a
      display unit at one end thereof, the unit being exposed to the viewer by a
      window formed in the corresponding end of said casing which is sloped.
NUM  4.
PAR  4. A casing as set forth in claim 1, wherein said movement hatch piece has
      holes therein to receive screws for locking said piece to said casing.
NUM  5.
PAR  5. A casing as set forth in claim 1 further including a panel of
      elastomeric material underlying said hatch pieces and waterproofing said
      sections.
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ABST
PAL  Component parts for watch movements which consist of a plastic body shaped
      by molding with heavy metal particles dispersed throughout to produce a
      component part having a specific gravity of more than 7.
BSUM
PAR  This invention relates to component parts, having a specific gravity of
      more than 7, for watch movements.
PAR  Processes for molding plastics or thermosetting synthetic resins are known
      to be advantageous in the manufacture of component parts for watch
      movements in that they make it possible to obtain parts of various,
      sometimes very complicated shapes, needing no correction, for they leave
      the molding operation ready for use.
PAR  However, since the plastics which can be utilized for such applications are
      light, i.e., their specific gravity is in the neighborhood of 1 and
      amounts, for example, to 1.05 for the most commonly used materials, such
      processes are not applicable to component parts which, owing to their
      functions, must be relatively heavy, such as winding weights or balances.
PAR  Self-lubricating bearings have already been made from a plastic loaded with
      particles of bronze, but the quantity of metal incorporated in these
      bearings was such that their average specific gravity did not exceed about
      3. Moreover, these parts were of a very simple geometric form. Until now,
      high-inertia parts such as balances or winding weights intended for watch
      movements have always been produced by machining methods, with or without
      removal of chips, by casting of heavy metals, or by sintering. However,
      all these methods involve finishing operations, so that the cost of the
      parts is relatively high. In certain cases, such components have hitherto
      been manufactured in several parts, and this has necessitated assembly
      operations as well.
PAR  It is therefore the object of this invention to reduce the cost price of
      component parts for watch movements which, owing to their functions, must
      have considerable mass, and the average specific gravity of which is
      consequently more than 7.
PAR  To this end, the component parts according to the present invention each
      consist of a plastic body shaped solely by molding and of a load of
      particles of a heavy metal dispersed throughout that body.
PAR  The watch movement components according to this invention will preferably
      be either winding weights, particularly winding weights made in one piece
      with a pinion and a hub, or else balances intended to be mounted on a
      staff.
DRWD
PAR  With the aid of several examples and accompanying drawing figures
      illustrating the production of component parts for watch movements
      according to the present invention, it will now be explained how the
      invention can be carried out.
PAL  In the drawing:
PAR  FIG. 1 shows a plan view of a winding weight;
PAR  FIG. 2 is a cross-sectional view of the winding weight taken along line
      II--II of FIG. 1;
PAR  FIG. 3 is a plan view of a balance wheel; and
PAR  FIG. 4 is a cross-sectional view of the balance wheel taken along line
      IV--IV of FIG. 3.
DETD
PAR  It was found first of all that it was possible to mold plastic parts
      comprising a load of heavy metal particles such that the average specific
      gravity of the parts was more than 7. To manufacture such a part, the
      first step is to produce plastic granules or pellets by extrusion in an
      extrusion machine. The raw material is fed into the extrusion machine
      together with the loading metal. The plastic material is in the usual
      form, while the loading material is charged in the form of powder or of
      granules varying from about 5 microns to 200 microns in size. The
      respective proportions of plastic and metal are adjusted at the opening
      into the extrusion machine. This machine then proceeds, in the known
      manner, to mix the materials fed into it, to heat the plastic until it
      reaches the plasticized state, and finally to extrude the mixture under
      pressure in the form of a continuous bar which is cut up so as to yield
      the pellets or granules which can be used for the following operation. It
      has been found that in an extruder of this type, it is possible to form
      pellets of plastic loaded with metal in which the proportion of heavy
      metal amounts to 20-80% by volume. Preferably, a compound comprising about
      50% by volume of heavy metal will be produced. The metal may be any heavy
      metal capable of being reduced to powder or to granules of the
      aforementioned size; however, it is possible to obtain particularly
      favorable results with tungsten owing to its very high specific gravity.
      The tungsten must be relatively pure and contain no alloy elements. It has
      been found indispensable to have a purity of at least 99%. In particular,
      traces of carbon are to be avoided as far as possible.
PAR  By way of example, a charge intended for a molding machine was prepared in
      the following manner: 112 g. of "Rilsan"--brand thermoplastic material in
      natural powder form and 2 kg. of powdered tungsten are mixed for 2 min. in
      a "Henschel"--brand mixer rotating at a speed of 900 rpm. The mixture is
      vacuum-dried at 80.degree. C., then poured into an extruder, e.g., a
      screw-type extruder without filter, turning at a speed of 20/25 rpm. The
      mixing and extrusion operations may likewise be carried out with other
      types of machines. The conversion temperatures may be adjusted to the
      following values: 165.degree., 185.degree., 205.degree., and 200.degree.
      C. The cooling vat is situated immediately after the extrusion die. The
      bar leaving the extruder is then broken up into pellets as mentioned
      above.
PAR  The pellets thus prepared may serve to feed the hopper of a conventional
      molding installation capable of heating the plastic and its metal load
      until the plastic melts, then pressing it through the distribution ducts
      into the mold intended to form the desired components. It has been found
      that this injection operation can take place under normal conditions as
      concerns the temperature and pressure.
PAR  Components having an average specific gravity of 10 and even 12 can be
      produced by the foregoing method. Molded parts of a complicated shape can
      be produced in a single shaping operation and need no correcting or
      finishing operation.
PAR  Various kinds of components used in the manufacture of watch movements may
      be produced in this manner. In particular, it is possible to produce
      winding weights for automatic watch movements as shown in FIGS. 1 and 2.
      These components may comprise, in one piece, the oscillating sector 1, the
      pinion 2 for transmitting oscillating movements to the winding-train, and
      the hub 3 provided with a cylindrical bore 4 for the pivoting of the
      winding weight.
PAR  In another embodiment, however, the molded plastic component having a load
      of metal particles might comprise only the oscillating sector proper, the
      flat surface of this sector being provided with a square hole in which the
      arbor of the pinion of the oscillating weight would be engaged, held in
      place by a screw.
PAR  In still another embodiment shown in FIGS. 3 and 4, the component part of a
      watch movement according to the invention might be the wheel 5 of a
      balance. In this case, the hub 6 of the balance would be provided, for
      example, with a square or cylindrical hole 7 intended to be engaged or
      driven onto a square or cylindrical bearing surface of the balance-staff.
      The staff would then be made of metal.
PAR  As will be seen, the process described above makes it possible to produce,
      with a quite common and conventional technique, watch movement components
      which must have both great inertia and compact dimensions, taking
      advantage at the same time of the ease and convenience offered by plastic
      molding technology.
PAR  Besides tungsten, the specific gravity of which is about 19 grams per cubic
      centimeter, the following metals may also be used: gold, having
      practically the same specific gravity as tungsten, or tantalum, the
      specific gravity of which is on the order of 16 grams per cubic
      centimeter. Silver and molybdenum might also enter into consideration, as
      well as nickel, although their specific gravity is less. Moreover, several
      metals which are appreciably heavier than tungsten might also be
      considered to the extent that they are not prohibitive in cost.
PAR  As for the plastics which may be used for manufacturing the component parts
      described, they comprise most of the usual plastics, and especially both
      thermoplastic materials and thermosetting resins.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A component part for watch movements, consisting of a plastic body
      shaped solely by molding, with particles of a heavy metal dispersed
      throughout said body, said part having an average specific gravity of more
      than 8.
NUM  2.
PAR  2. A component part in accordance with claim 1, having an average specific
      gravity of more than 10.
NUM  3.
PAR  3. A component part in accordance with claim 2, having an average specific
      gravity substantially equal to 12.
NUM  4.
PAR  4. A component part in accordance with claim 1, containing from 20% to 80%
      by volume of said particles.
NUM  5.
PAR  5. A component part in accordance with claim 4, containing about 50% by
      volume of said particles.
NUM  6.
PAR  6. A component part in accordance with claim 1, wherein said heavy metal is
      selected from the group consisting of tungsten, gold, tantalum, silver,
      molybdenum, and nickel.
NUM  7.
PAR  7. A component in accordance with claim 6, wherein said heavy metal is
      tungsten.
NUM  8.
PAR  8. Parts in accordance with claim 7, wherein the size of said particles is
      between about 5 microns and 200 microns.
NUM  9.
PAR  9. Component parts for a watch movement comprising a one-piece winding
      weight for automatically winding said movement, said winding weight
      comprising an oscillating sector portion, a pinion portion, and a hub
      portion with a cylindrical bore therein, said winding weight further
      consisting of a plastic body and of a load of particles of a heavy metal
      dispersed throughout said body, said weight being shaped solely by molding
      and having a specific gravity of more than 8.
NUM  10.
PAR  10. Component parts for a watch movement comprising a balance wheel in one
      piece with a hub provided with a cylindrical hole intended to be engaged
      onto a cylindrical surface of a balance-staff, said one piece being shaped
      solely by molding and consisting of a plastic body and of a load of
      particles of a heavy metal dispersed throughout said body in such a manner
      that the specific gravity of said one piece be more than 8.
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PAL  A digital indication electronic wristwatch having a liquid crystal display
      panel driven by the output of a standard oscillator through frequency
      divider circuitry. Time regulation is provided by means of a first switch
      for resetting the entire frequency dividing circuit and a second switch
      for individually resetting that portion of the frequency divider circuit
      whose output corresponds to a 1-second or 1-minute signal. If desired,
      further switches may be provided for individually resetting those portions
      of the frequency divider circuit whose output corresponds respectively to
      the 10-second, 10-minute or 1-hour signal.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a division of my co-pending application Ser. No. 204,064, filed
      Dec. 2, 1971 now U.S. Pat. No. 3,795,098 issued Mar. 5, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application relates to a device for effecting time correction and
      regulation in digital indication electronic wristwatches utilizing liquid
      crystal displays. In the art, such watches have generally been provided
      with correction devices which are far inferior to the correction devices
      incorporated in mechanical watches, when the ease of time correction is
      considered, or not provided with such time correction devices at all.
      Regulation was generally performed by providing a device which permitted
      only the resetting of the display of the watch as a unit, in other words,
      the resetting of the display back to the zero second, zero minute, zero
      hour position.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a digital indication
      electronic wristwatch is provided having standard high frequency
      oscillator means, frequency divider circuit means coupled to said
      oscillator means for dividing the frequency output thereof into time
      indication signals, liquid crystal display means, means for applying said
      time indication signals to said liquid crystal display means for the
      digital display of time, and time regulation means including first switch
      means for resetting said frequency divider circuit means as a unit, and
      second switch means coupled to the portion of said frequency divider
      circuits producing a 1-second or 1-minute signal for resetting said
      individual portion. Further switch means may be provided for individually
      correcting each of the portions of said frequency divider circuit means
      producing the 10-second, 10-minute and 1-hour signals.
PAR  Accordingly, it is an object of this invention to provide a time correction
      and regulation device for digital indication electronic wristwatches which
      permits time correction and regulation to be easily and accurately
      performed by anyone, without the need for special skills.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specifications and drawings.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a block diagram of the digital indication electronic timepiece
      incorporating a time correction device according to the invention;
PAR  FIG. 2 is a circuit diagram of a COS/MOS inverter according to the
      invention; and
PAR  FIG. 3 is a COS/MOS ripple carry counter according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a block diagram of one embodiment of a digital
      indication electronic watch provided with a time correction and regulation
      device is depicted. In said block diagram, X refers to a time standard
      crystal oscillator, the frequency of which is generally selected at 2.sup.
      n so as to permit efficient frequency division. The output signal of said
      crystal oscillator is amplified and reversed in phase by an inverter and
      applied to a ripple carry counter 1 formed from metal oxide semi-conductor
      transistors arranged in complimentary-symmetry configurations, and
      hereinafter referred to as "COS/MOS transistors".
PAR  A circuit diagram of an inverter formed of COS/MOS transistors and the
      input and output wave forms thereof is depicted in FIG. 2. Said inverter
      circuit is formed of a pair of MOS transistors aligned in the
      complimentary-symmetry configuration.
PAR  Referring now to FIG. 3, a circuit diagram and input and output wave forms
      of one step of the ripple carry binary counter 1 are depicted. Said
      counter begins counting when the voltage on the reset terminal R is low
      and is reset when the voltage on reset terminal R is high. The input
      signals, taken from the crystal oscillator and inverters are applied to
      terminals .phi. and .phi. while the outputs at each step are taken at
      terminals Q and Q.
PAR  Referring again to FIG. 1, ripple carry counter 1 has n steps and produces
      a 1-second signal at output terminal Q which is applied to the next
      frequency dividing step. Circuit network 2 includes a decade counter and a
      segment decoder, and is adapted to produce a 10-second signal from the
      1-second signal, while at the same time, producing the 1 -second timing
      signals which are applied through a segment decoder 8 to operate the
      seconds units digit of the liquid crystal display panel 7. Said seconds
      units digit, as well as the other digits of the liquid crystal display
      panel each consist of a 7 bar display, said segment decoder serving to
      excite the appropriate segments for display of the required number from
      zero to 9. Said segment decoder operates in the same manner as the "0-9
      DECODER" described in U.S. Pat. No. 3,576,099, which issued to Richard S.
      Walton on Apr. 27, 1971, except that the logic circuitry of segment
      decoder 11 would produce a seven element output code for driving the seven
      bar display 7 rather than the thirteen-element output code required for
      the thirteen-point display of U.S. Pat. No. 3,576,099, in a manner well
      known in the art.
PAR  Circuit networks 3 and 5 each consist of a 1/6 frequency divider. Circuit
      network 3 is coupled to the seconds tens digit of the liquid crystal
      display panel through segment decoder 9 while circuit network 5 is
      connected to the minutes tens digit of the liquid crystal display panel
      through segment decoder 11. Circuit network 4 includes a decade counter
      and is coupled to the minutes units digit of said display panel through
      segment decoder 10. Finally, circuit network 6 includes a 1/24 frequency
      divider, and is coupled to the hour digits of the liquid crystal display
      panel through segment decoder 12.
PAR  Circuit networks 1, 2, 3, 4, 5 and 6 are connected in series, a capacitor
      and a pair of inverters being connected in series between each adjacent
      network pairs.
PAR  Regulation of the circuit of FIG. 1 is effected, in the first instance, by
      a switch S.sub.1, which, when closed, resets all of the circuit networks
      1, 2, 3, 4, 5 and 6. The resetting voltage is applied through the diode
      and inverters. Thus, in effect, the opening and closing of switch S.sub.1
      permits the use of the watch as a stopwatch. However, where the watch is
      to be utilized for ordinary purposes, the switch S.sub.1 would permit the
      setting of the watch only once a day at 24 o'clock, an arrangement which
      is completely inconvenient.
PAR  The foregoing deficiency is eliminated by the provision of switch S.sub.2,
      which permits the separate resetting of circuit network 1, so that the
      time indication can be set at the proper time at any time of the day.
      Where the liquid display panel setter is provided with only an hours and
      minutes display, resetting at the correct time once a minute is made
      possible by positioning switch S.sub.2 so that it is capable of
      simultaneously resetting circuit networks 1, 2 and 3.
PAR  Complete time correction is achieved by means of switches S.sub.3, S.sub.4,
      S.sub.5, S.sub.6 and S.sub.7. Taking switch S.sub.3 as an example, the
      operation of each of said switches is explained as follows. Since the DC
      portion of the output signal is cut by capacitor C.sub.1, the input of the
      inverter which drives circuit network 2 is maintained at "low"
      (voltage=V.sub. ss) by the resistance R.sub.1 except during the transition
      period when the output signal is reversed. For this reason, when the
      switch S.sub.3 is turned on, a high voltage (V.sub.DD) is applied at the
      input signal of the inverter which in turn applies a suitable input signal
      to circuit network 2. Thus, for each close-open cycle of switch S.sub.3, a
      signal is applied to circuit network 2, by means of which the indication
      at the corresponding seconds units digit may be corrected.
PAR  By the same principal, each unit of indication may be individually
      corrected by means of the switches S.sub.4, S.sub.5, S.sub.6 and S.sub.7.
      Such correction can be effected rapidly and precisely both when the
      electric power source is first applied, and during normal use, when the
      time indication of the watch is incorrect.
PAR  It will thus be seen that the objects set forth above, and those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a digital indication electronic wristwatch comprising standard high
      frequency oscillator means; frequency divider circuit means coupled to
      said oscillator means for dividing the frequency output thereof into time
      indication signals, said frequency divider circuit means being formed of
      COS/MOS circuit elements and including a plurality of series connected
      stages, said divider stages being adapted to each advance in count by one
      upon the application of each pulse to the input thereof, the count of each
      of a plurality of said divider stages producing time indication signals
      representative of a digit of time; digital display means adapted for the
      digital display of said digits of time; means coupled to said frequency
      divider circuit means for receiving said time indication signals therefrom
      and to said display means for applying said time indication signals
      representative of digits of time to corresponding digits of said display
      means for driving said display means; and time correction means including
      a source of d.c. voltage, a manually operable time correction switch and
      means connecting said switch in series with said d.c. voltage source and
      the input of one stage of said frequency divider circuit means associated
      with at least one digit of time display of said display means so that said
      switch is positioned between said d.c. voltage source and said input of
      said one stage of said frequency divider circuit and so that said switch
      is out of the series connection of said divider stages, said switch
      controlling the application of said d.c. voltage to the input of said one
      stage to apply a pulse to said one stage for each manual operation of said
      switch for advancing the count of said stage by one for each manual
      operation of said switch without opening the circuit between said one
      stage and the stage in advance of said one stage, so that the associated
      digit of time advanced by one for each manual operation of said switch is
      displayed on said display means.
NUM  2.
PAR  2. A digital indication electronic wristwatch as recited in claim 1,
      wherein said d.c. voltage source is a source of a high potential, said
      time correction means including capacitor means connected in the series
      connection of said divider stages at a position between the output of the
      stage in advance of said one stage and said one stage, said switch being
      connected to the input of said one stage through a point in the series
      connection of said divider stages located between said capacitor means and
      said input of one stage, a source of a low potential, and resistor means
      connected between said low potential source and said point in said series
      connection.
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ABST
PAL  This invention disclosure relates to the incorporation of a high
       nitrogenntaining compound selected from tetrazole and bitetrazole in the
      form of a doughnut forward of the nozzle throat or in the form of a
      toroidal ring attached to the aft end of the nozzle exit cone. Both have
      been demonstrated as an effective means of reducing the quantity of water
      in the exhaust plume to an acceptable level which does not impart adverse
      effects on sensors or cause a reactive effect on the graphite constituents
      of the rocket nozzle. The compound, bitetrazole or tetrazole, can also be
      incorporated into the solid propellant where it will function similarly as
      a means or mechanism for water removal from the exhaust plume. Because of
      its contribution to the propellant's performance through the generation of
      near-incompressible gases, N.sub.2, H.sub.2 and CO, it is a desirable
      propellant ingredient.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Exhaust gases which provide the propulsion force for a propulsion system
      generally contain water molecules in substantial amounts. The propulsion
      gases may also contain particulate matter. The transmission of signals and
      the reception of signals by a propulsion vehicle can be greatly effected
      by the presence of the water molecule or particulate matter in the gases.
PAR  This invention is concerned with the problem caused by the presence of
      water molecules in exhaust gases from propulsion systems. The problem
      involves infrared radiance bands and radiance intensity of the water
      molecule which will seriously degrade the on-board detector's performance
      of certain advanced terminal interceptors.
PAR  In particular, water is recognized as being a highly undesirable
      constitutent insofar as its adverse effects on the long-wave infrared
      sensor performance is concerned. Experience has demonstrated that if the
      exhaust products contain more than 25% water, it would completely mask out
      the signal from the sensor. The masking out of the signal is very
      prevalent for a non-aluminized propellant of the difluoroamino type which
      contains 26% water in their exhaust products and of the smokeless
      composite propellants which contain about 37% water in their exhaust
      products.
PAR  An object of this invention is to provide means for the removal of water
      molecules from the exhaust gases of the main rocket motor and from
      reaction control devices of propulsion systems which employ on-board
      detectors whose performance is seriously degraded from the infrared bands
      and radiance intensity of the water molecule.
PAR  Another object of this invention is to provide a means which can serve as a
      propellant constituent which is reactive with the water molecule and which
      also acts to provide propulsion gases having high nitrogenous content and
      lower flame temperature.
PAC  SUMMARY OF THE INVENTION
PAR  High nitrogen-containing compounds selected from tetrazole and bitetrazole
      provide means for obtaining substantially water-free exhaust gases. The
      reaction of these compounds with water can be depicted as follows:
      ##EQU1##
PAR  A selected specified compound may be either incorporated into the
      propellant as an ingredient, affixed in the shape of a doughnut forward of
      the nozzle throat of a propulsion system, or affixed as a toroidal ring to
      the aft end of the nozzle exit cone of a propulsion system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in section of a propulsion system utilizing an insert of a
      high nitrogen-containing compound, doughnut shaped, affixed forward of the
      nozzle throat.
PAR  FIG. 2 is a view in section of a propulsion system utilizing a toroidal
      ring of a high nitrogen-containing compound, affixed to the aft end of the
      nozzle exit cone.
PAR  FIG. 3 is a view in section of a test rocket motor configuration for
      determining the influence of a high nitrogen-containing donut on the
      spectral scan data of propellant combustion products.
PAR  FIG. 4 is a short wave infrared spectral scan (scale of about 2-6 microns)
      of solid propellant exhaust products, with and without a water scavenger.
PAR  FIG. 5 is a spectral scan (scale of about 6-12 microns) of solid propellant
      exhaust products, with and without a water scavenger.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The means for obtaining substantially water-free solid propellant exhaust
      gases comprise high nitrogen-containing compounds selected from tetrazole
      and bitetrazole. The specified high nitrogen-containing compounds may be
      either incorporated into the propellant as an ingredient, affixed in the
      shape of a doughnut forward of the nozzle throat of a propulsion system,
      or affixed as a toroidal ring to the aft end of the nozzle exit cone of a
      propulsion system.
PAR  Reference to the accompanying drawings are made wherein FIG. 1 depicts a
      T-configured propulsion system 10 which employs donut shaped structures of
      bitetrazole 16 forward of the nozzle throat. FIG. 1 illustrates the
      associated parts of the propulsion system wherein the propellant case 12
      contains the solid propellant charge 14 within the case. Attached to the
      case is an exhaust nozzle 20. The nozzle throat 18 has in communication
      therewith a pair of doughnut shaped structures of bitetrazole 16 through
      which the propulsion system exhaust gases exit. Water molecules of the
      exhaust gases are involved in reactions with the bitetrazole to form
      gaseous products which include nitrogen, hydrogen, and carbon monoxide.
      The reactions result in obtaining substantially water-free exhaust gases.
PAR  FIG. 2 illustrates a second embodiment wherein a toroidal ring of
      bitetrazole 22 is affixed to the aft end of the nozzle exit cone 24 of the
      propulsion system 10. Similarly, as in the embodiment of FIG. 1 the gases
      which exit from the exhaust nozzle undergo reactions with bitetrazole to
      yield substantially water-free exhaust gases.
PAR  FIG. 3 depicts a test motor configuration for determining the influence of
      a bitetrazole donut on the spectral scan data of exhaust products of
      propellant. The test motor 30 comprises a rocket motor combustion chamber
      32 which contains propellant web inserts 34. A bitetrazole donut 36 is
      shown positioned forward of the nozzle throat area 38 of the exhaust
      nozzle 40 which is detachably secured to the rocket combustion chamber or
      rocket motor case. The exhaust plume envelope is designated as 42 and a
      spectrometer's field of view (2-12 .mu.m scan) is illustrated as 44.
      During a test procedure the spectrometer instruments are positioned in a
      radiometer mode in which fixed wavelength bandpass data are acquired. The
      instruments are positioned diametrically across the test chamber so that
      each act as a cold, trapped background for the other, line-of-sight
      variations through the plume is obtained by moving the rocket motor
      relative to the fields-of-view.
PAR  FIG. 4, curve A, depicts spectral scan data for a typical non-metallized
      solid propellant without a water scavenger. Curve B depicts spectral scan
      data for a non-metallized solid propellant using bitetrazole as water
      scavenger. The scan curves depict radiance .times. 10.sup.-.sup.1 against
      wavelength (microns), for range from about 2-6 microns. Radiance .times.
      10.sup.-.sup.1 equals W-cm.sup.2 - sr.sup.-.sup.1 -.mu. m.sup.-.sup.1.
      Whether the curves relate to millivolt output or radiance to wavelength,
      the relationship of lower radiance values or lower millivolt output when
      the water scavenger is used is plainly illustrated. The reduction of the
      water molecules in the exhaust plume and the corresponding reduction in
      radiance provide a much needed improvement in reducing adverse effects on
      sensors and reducing the reactive effect on the graphite constituents of
      rocket nozzle.
PAR  FIG. 5, curve C, depicts spectral scan data for a typical non-metallized
      solid propellant without a water scavenger. Curve D depicts spectral scan
      data for a non-metallized solid propellant using bitetrazole as water
      scavenger. The scan curves depict millivolt output (arbitrary scale)
      against wavelength (microns), for the range from about 6-12 microns.
PAR  Alternately, the high nitrogen-containing compounds may be employed in the
      propellant as an ingredient. The high nitrogen-containing compounds are
      energetic monopropellants which have a high positive heat of formation.
      Therefore, tetrazole and bitetrazole also act to provide propulsion gases
      with a lower flame temperature because of their high nitrogenous content.
PAR  Compression molding of the high nitrogen-containing compounds to the
      desired shape or molding in place to the nozzle exit cone or molding in
      place forward of the nozzle throat can be accomplished using standard
      procedures and pressures of generally in the range of from 10,000 to
      20,000 psi. A compatible binder material such as a curable rubbery binder
      composition (e.g. polybutadiene with curatives) can be used in combination
      with the described molding procedure as an assist for affixing the donut
      or toroidal ring shaped material in place.
PAR  Representative non-metallized propellants, of the composite-modified double
      base, nitrogen-fluorine or polybutadiene types yield exhaust products
      which contain 1.0-1.5 moles of water vapor per 100 g of gaseous exit
      species. Thus, to tie up the water in these propellant would require
      ##EQU2##
      0.69 g bitetrazole to tie up the water vapor calculated to be in 1 gram of
      the gaseous exit species. About 70 grams of bitetrazole reacts with 1 mole
      of water. The weight of the bitetrazole required for a particular use is
      readily calculated by using the above formula. By a similar formula the
      amount of tetrazole is likewise readily calculated. Similarly, bitetrazole
      or tetrazole can be employed as a propellant ingredient in the calculated
      amount. The amount of the water scavenger required for each propellant
      grain or an assembly of a multitude of grains would constitute only a
      fractional part of the total weight of the grain since the amount required
      is based on the water vapor to be reacted with. As noted earlier,
      additional contributions are realized from using the high nitrogen
      compounds in addition to the water scavenger function which they preform
      since the products of reactions are propulsion gases with a high
      nitrogenous content which means lower flame temperatures.
PAR  Because several factors influence the reduction of the signal-to-noise
      ratio, the amount of bitetrazole that needs to be used for a particular
      application does not have to be such that it reacts fully with all of the
      water, but it is only necessary to reduce the water content in the exhaust
      plume to acceptable levels.
PAR  The removal of water by scavenging it from the exhaust gases of a solid
      propelled rocket motor provides an additional benefit. This is so because
      the most reactive ingredient present in the combustion products of a
      propellant towards the graphite constituents of the rocket nozzle is water
      vapor. The reaction of steam and carbon is thermodynamically highly
      favored at temperatures about 3300.degree.K (6000.degree.F). Water is
      present in reasonably high concentrations in all contemporary solid
      propellants, namely, about 15% in aluminized, ammonium
      perchlorate-oxidized composite propellants, about 37% in non-aluminized,
      ammonium perchlorate-oxidized, smokeless composite propellants, and about
      26% in TVOPA-plasticized, ammonium perchlorate-oxidized, non-aluminized
      difluoroamino propellants. As a consequence, removal of water from the
      exhaust would be highly beneficial from the standpoint of nozzle erosion
      and plume-sensor interactions. The plume-sensor interaction is not limited
      to the long wave infrared but also occurs in the short range infrared. A
      further discussion of the possible mechanisms of sensor interaction is
      given below after Table I.
PAR  The exhaust gas compositions of various types of typical propellants, both
      solid and liquid, are presented in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     EXHAUST GAS COMPOSITIONS OF REPRESENTATIVE                                
     PROPELLANT TYPES                                                          
     SOLID PROPELLANT      EXHAUST CONSTITUENTS (%)                            
                           H.sub.2 O                                           
                                 HCl  CO    CO.sub.2                           
                                                  H.sub.2                      
                                                     HF Al.sub.2 O.sub.3       
                                                             NH.sub.3          
                                                                 N.sub.2       
     __________________________________________________________________________
     Difluoroamino*        26    14   9     15       21                        
     Smokeless Composite** 37    16   17    9     10                           
     Aluminized Composite***                                                   
                           15    14   21    3     26    8                      
     LIQUID PROPELLANT                                                         
     Hydrazine              1                     43         28  28            
     Hydrogen Peroxide     70-80                                               
     Hydrazine-Nitrogen Tetroxide                                              
                           50               3                                  
     Monomethylhydrazine-Nitrogen Tetroxide                                    
                           29    18   8                          42            
     __________________________________________________________________________
       *5.21 wt % Polyethyl acrylate-acrylic acid prepolymer, 29.5%            
      1,2,3-tris[.alpha.,.beta.-bis(difluoramino)ethoxy]propane (TVOPA), 1.33% 
      4,5-epoxycyclohexylmethyl 4',5'-epoxycyclohexylcarboxylate (Unox 221),   
      1.0% Carbon, 63% ammonium perchlorate                                    
       **50.0% Nitrocellulose, 34.9% Nitroglycerin, 10.5% Diethyl phthalate/2.0
      2-Nitrodiphenylamine, 1.2% 2-Nitrodiphenylamine, 1.2% lead salicylate,   
      1.2% lead 2-ethyl hexoate, 0.2% Candelilla wax                           
      ***10.5% Carboxyl-Terminated polybutadiene polymer plus curatives, 2.5%  
      n-Butylferrocene, 16.0% aluminum, 71.0% ammonium perchlorate             
PAC  SENSOR SIGNAL-TO-NOISE INTERACTIONS
PAR  Two possible mechanisms by which a plume can reduce the sensor
      signal-to-noise ratio can be identified as: (1) impingement of exhaust
      constituents (gas or particles) from the attitude control systems, vernier
      engines, and main motors on the cold surfaces of the sensor and (2)
      through radiation from the particles and gases of the plume which have
      been excited by several different mechanisms to radiate within the
      sensor's wavelength region and field-of-view.
PAR  The magnitude of the reduction of the signal-to-noise ratio is dependent
      upon many variables, including: the composition of the propellant, the
      nozzle configuration, the altitude and velocity of the missile, the angle
      between the plume axis and the velocity vector of the missile, the optical
      sensor's field-of-view, and the location and orientation of the sensor
      relative to the nozzle. Other factors which influence the radiation from
      the plume include: the size of the particles produced by the solid
      propellant and the size of the liquid droplets from liquid propellants.
PAR  The evaluation of this invention included making measurements of the
      radiance from the exhaust plume of a test rocket motor as described below
      under the headings: "Description of the Solid Propellant Test Motor",
      "General Description of the Long-Wave Infrared Diagnostic Optical System",
      and "General Description of Motor Testing Procedures".
PAC  DESCRIPTION OF THE SOLID PROPELLANT TEST MOTOR
PAR  The test motor consists of a combustion chamber, propellant web inserts,
      bolt-on nozzle, nozzle closure diaphragm and ignition system. The
      propellant is loaded into the combustion chamber on reusable metal
      propellant holder inserts. Almost any grain geometry (wedges, star,
      cruciform, concentric cylinders, etc.) can be provided by this technique.
      The propellant is cut into thin strips which are approximately 35 mils
      thick, and bonded onto the interior surface of a cylindrical propellant
      holder which is then inserted into the motor combustion chamber.
PAC  GENERAL DESCRIPTION OF THE LONG-WAVE INFRARED DIAGNOSTIC OPTICAL SYSTEM
PAR  The principal radiance data is obtained with two cooled-optics long-wave
      infrared instruments which cover the general ranges between 6-12   and
      12-24 micrometers. For these tests, these instruments are used in a
      radiometer mode in which fixed wavelength bandpass data are acquired. The
      instruments are located diametrically across the test chamber so that each
      acted as a cold, trapped background for the other. Line-of-sight
      variations through the plume are obtained by moving the rocket motor
      relative to the fields-of-view. Ge:Hg and Si:As detectors are used, with
      fixed or circular variable filters to cover the 6-12 and 12-24 micrometer
      wavelength ranges. The circular filters are spun at high speeds, thereby
      providing complete spectral scans during the 10-40 milliseconds of
      steady-state test-time duration in the rocket motor test chamber.
PAR  The instruments are situated on opposite sides of the diameter of the test
      chamber so that each served as a cold background for the other. In this
      manner, any performance degradation from the ideal 70.degree.K liquid
      nitrogen optics and background resulted only from stray light from the
      room temperature tank walls. The detectors are focused onto the plume
      axis, and a rotating circular variable filter (CVF) is used to achieve the
      spectral scan. Each circular variable filter is a one-piece substrate disc
      which scans from 6 to 12 to 6 micrometers and from 12 to 24 to 12
      micrometers in one revolution. Appropriate Ge:Hg and Si:As detectors are
      used. The circular variable filters are spun at 3600 rpm and, as a result,
      a spectrum is recorded every 8 msec. This rate is consistent with the
      facility test time intervals of 10-40 msec.
PAC  GENERAL DESCRIPTION OF MOTOR TESTING PROCEDURES
PAR  The testing to acquire spectral scan data on solid propellants is carried
      out in a simulated-altitude facility which is capable to producing the
      conditions existing in the exoatmosphere. The propellant is bonded onto
      and around the motor wall to provide a surface area of 192 in.sup.2.
      Propellant ignition is accomplished by means of a hydrogen/oxygen mixture
      (O/F = 20) and a spark system. A series of test firings is first carried
      out to obtain the propellant burn surface required to produce a particular
      motor pressure (Pc .about. 450 psi) and to properly size the thickness of
      the mylar diaphragm needed to insure rapid ignition.
PAR  The test motor configuration for determining the spectral scan for the
      comparison of the various solid propellant is depicted in FIG. 3 as
      further described hereinabove.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a solid propellant propulsion system comprised of a
      combustion chamber for burning propellant, a solid propellant composition
      contained in said combustion chamber for supplying propulsion gases as
      said propellant combustion is burned, and an exhaust nozzle connected to
      said combustion chamber for exhausting said propulsion gases, a means for
      reducing the quantity of water in said propulsion gases, said means
      comprised of a high nitrogen-containing compound selected from tetrazole
      and bitetrazole.
NUM  2.
PAR  2. The combination of claim 1 wherein said high nitrogen-containing
      compound selected is bitetrazole.
NUM  3.
PAR  3. The combination of claim 2 wherein said bitetrazole is in the form of a
      doughnut positioned forward of the nozzle throat of said exhaust nozzle.
NUM  4.
PAR  4. The combination of claim 3 wherein said bitetrazole is in the form of a
      pair of doughnuts in communication with the nozzle throat of said exhaust
      nozzle of a T-configured propulsion system.
NUM  5.
PAR  5. The combination of claim 2 wherein said bitetrazole is in the form of a
      toroidal ring attached to the aft end of the nozzle exit cone of said
      exhaust nozzle.
NUM  6.
PAR  6. The combination of claim 2 wherein said bitetrazole is included in said
      propellant composition in a ratio of about 70 grams of bitetrazole per 1.0
      to 1.5 moles of water calculated to be contained in each 100 grams of said
      propulsion gases that are to be exhausted from said exhaust nozzle.
NUM  7.
PAR  7. The combination of claim 1 wherein said high nitrogen-containing
      compound selected is tetrazole.
NUM  8.
PAR  8. The combination of claim 7 wherein said tetrazole is in the form of a
      doughnut positioned forward of the nozzle throat of said exhaust nozzle.
NUM  9.
PAR  9. The combination of claim 7 wherein said tetrazole is in the form of a
      toroidal ring attached to the aft end of the nozzle exit cone of said
      exhaust nozzle.
NUM  10.
PAR  10. The combination of claim 7 wherein said tetrazole is included in said
      propellant composition in a ratio of about 70 grams of tetrazole per 1.0
      to 1.5 moles of water calculated to be contained in each 100 grams of said
      propulsion gases that are to be exhausted from said exhaust nozzle.
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ABST
PAL  A solid boron fuel burning ramjet engine having a cylindrical primary
      burner located within a ramjet combustion chamber. A portion of the air
      bypasses the primary burner to provide secondary burning at the outlet of
      the primary burner. Solid boron fuel pellets are ground to powder in a
      wire brush fuel mill with the fuel then being carried to the primary
      burner by air which is passed through the fuel mill.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States for all governmental purposes without the
      payment of any royalty.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This is a Continuation-In-Part of our application "Solid Fuel Burner for
      Ramjet Engine" Ser. No. 349,900, filed Apr. 9, 1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The burning of solid fuels such as boron in ramjet type engines has
      presented many problems. It has been difficult to supply the boron to the
      burner at a uniform rate and it has been difficult to maintain the
      ignition temperature for the boron.
PAR  When air or other gas has been used as a carrier for the solid boron fuel,
      it has been difficult to maintain a uniform flow. Solid boron fuel slurry
      has been found to be difficult to pump and regulate and it has been
      difficult to provide a uniform burning for solid boron fuel delivered in
      this manner. In the past, solid boron has always been burned in the
      presence of another more easily burned fuel.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to this invention, a uniform fuel flow rate is achieved by
      grinding boron fuel pellets in a specially constructed mill having a gas
      flow therethrough for delivering the boron fuel to the combustion chamber.
PAR  The burner for the boron fuel is built by providing a chamber with a wall
      of a refractory material wherein the wall becomes heated so that the
      incoming solid particles are heated, to combustion temperature, by
      radiation from the burner wall.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic view partially in section of a solid boron fuel
      ramjet according to one embodiment of the invention.
PAR  FIG. 2 is an isometric view of the fuel mill for the device of FIG. 1.
PAR  FIG. 3 is a sectional view of the device of FIG. 2 along the line 3--3.
PAR  FIG. 4 is a schematic view partially in section of a solid boron fuel
      ramjet according to another embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Reference is now made to FIG. 1 of the drawing which shows a ramjet 10,
      having a combustion chamber 12. A primary burner 14 is supported within
      the combustion chamber by means of supports 16. The burner may be made of
      a refractory material such as Z.sub.r O.sub.2, or may be steel tube coated
      on the inner surface with graphite, magnesia, alumina or other refractory
      coating. The burner 14 should have a ratio of length L to diameter D great
      enough to prevent excessive radiation loss through the ends of the tube.
      It has been found difficult to maintain uniform burning of the solid boron
      fuel in burners wherein the ratio L/D = 2 or less. Burners with a ratio
      L/D approximately three to one have been found to provide very
      satisfactory operation. Any burner with a ratio L/D greater than two and a
      half to one will provide adequate burning; however, for some applications
      greater lengths may be desired.
PAR  A solid boron fuel is supplied to a nozzle 18 in the manner shown in FIGS.
      2 and 3. The boron pellets are stored in a fuel pellet chamber 22. The
      fuel mill 24 consists of a wire brush 26 rotating in a chamber 28. The
      brush 26 is made to substantially fill the chamber 28, leaving very little
      void space for fuel particles to collect. The brush may be driven by a
      motor 27 or a belt and pulley or other well known means. Air or other gas
      under pressure is supplied to the chamber 28 from gas supply 30 through
      supply duct 32. The gas and fuel particles leave the mill 24 through
      outlet 34. The direction of rotation of the wire brush is such that the
      particles removed from boron fuel pellets 21 are moved toward outlet 34.
      The drive 36 for piston 38 may be a hydraulic drive for some applications
      or may be a screw drive with the advance of the screw drive being made to
      conform to the desired milling rate for the fuel pellets. A pyrotechnic
      flare 40 is provided for igniting the ramjet engine in a conventional
      manner.
PAR  While the device has been described for use with boron pellets, it could be
      adapted for use with other pellets such as aluminum or coal pellets. The
      pellets are made from material which has been ground to about 1 micron
      size and compressed into elongated round pellets approximately equal to
      the inner diameter of pellet chamber 22. The feed for the fuel, as shown,
      is only illustrative as the system used would normally provide for a much
      larger quantity of fuel, such as with a system for recharging the feed
      system. Also, the size given for the pellets is only illustrative and
      systems using larger or smaller pellets could also be provided.
PAR  In one device constructed, the feed tube 22 was stainless steel with 3/4
      inch bore about 44 inches long. The pellets were approximately 11/16 inch
      diameter and about 3 inches long. The piston 38 was driven by a worm gear
      which in turn was driven by a 1 hp motor. The wire brush in the fuel mill
      was also driven with a 1 hp motor. The brush was a standard 21/2 inch
      brush with 0.015 mill wire and a 5/8 inch arbor hole. The brush was driven
      at 6,000 RPM. Air at 30 psi was supplied to the mill through a 3/8 inch
      plastic tube with the fuel being supplied to the burner through a 1/4 inch
      stainless steel tube. The burner was Z.sub.r O.sub.2 with a 3/4 inch
      inside diameter and a length of 20 inches which provided nearly 100%
      burning efficiency. However, with bypass air path to provide after burning
      shorter tubes may be used.
PAR  For some applications, it may be desirable to mount the ramjet burner at
      the aft end of a vehicle as shown in FIG. 4, wherein the fuel supply is
      the same as described above but with the secondary air being supplied
      through inlets 42 and with the air for the primary burner being supplied
      through an inlet 44. A variable inlet gate 46 may be provided for
      controlling the air flow to the primary burner 14'.
PAR  While not shown, a variable inlet could also be provided with the device of
      FIG. 1. Also, though only one primary burner has been shown in the ramjet
      combustion chambers, in some applications more than one primary burner may
      be provided.
PAR  There is thus provided a ramjet system for burning solid boron pellets,
      wherein a portion of the boron reacts on the hot refractory wall releasing
      its heat of formation, and wherein radiant energy transfer from the hot
      wall alone can be used to elevate the temperature of boron to the ignition
      temperature. This system also provides for burning of boron in the absence
      of any aerodynamic recirculation zones to act as a flame holder, as is the
      usual practice for ramjets and turbojets which employ many cans, baffles,
      steps or swirl zones of stagnant hot gas for ignition, and eliminates the
      drag of such devices and the power they require.
CLMS
STM  We claim:
NUM  1.
PAR  1. A solid boron fuel burning ramjet engine, comprising, a combustion
      chamber; said combustion chamber having an air inlet at one end and an
      exit nozzle at the other end; a burner for powdered solid boron fuel
      within said combustion chamber; said burner having a substantially
      cylindrical tubular member with a refractory inner wall; said tubular
      member having a length to diameter ratio of at least 2.5 to 1; a fuel
      mill; said fuel mill having a circular chamber and a wire brush positioned
      within said chamber, substantially filling said chamber; means for
      rotating said brush at a predetermined speed; means for continuously
      supplying solid boron fuel pellets to the fuel mill; said means for
      continuously supplying solid boron fuel pellets to said fuel mill
      including means for positioning a fuel pellet against the periphery of
      said wire brush; means for advancing pellets toward the wire brush at a
      predetermined rate; a fuel outlet positioned adjacent the periphery of
      said brush at a position angularly displaced from said pellet positioning
      means; means, connected to said fuel outlet, for supplying powdered solid
      boron fuel from the fuel mill to said burner; means for providing a gas
      flow through said circular chamber around said wire brush to said outlet
      and then to the burner to carry the fuel from the fuel mill to the burner;
      means for supplying air from said air inlet to said burner; said burner
      being spaced from the wall of said combustion chamber for providing a
      secondary air flow path around the burner to thereby provide secondary
      burning at the outlet of said burner; means for igniting said burner.
NUM  2.
PAR  2. The device as recited in claim 1 including means for varying the flow of
      air to said burner; a separate inlet means for providing air flow in the
      secondary air flow path.
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ABST
PAL  A valve for distributing secondary air from an engine driven pump between
      the engine exhaust conduit and an accessory device has a valve chamber
      with an inlet from the air pump and an outlet to the exhaust conduit and a
      pressure chamber with an outlet to the accessory device and a movable wall
      biased inward by a spring. A fixed wall between the valve and pressure
      chambers has a central opening and peripheral openings. A shaft fixed to
      the movable wall extends through the central opening into the valve
      chamber and has a valve member on its end for opening and closing the
      valve chamber outlet. A flexible annular sealing valve member has an inner
      circular bead sealingly engaging a groove in the shaft, an outer
      circumferential groove sealingly engaging the periphery of the central
      opening and an outer peripheral flap valve portion covering the peripheral
      openings within the pressure chamber to act as a check valve for allowing
      air flow only from the valve chamber to the pressure chamber. The movable
      wall, spring, valve member and check valve combine to maintain secondary
      air pressure at a minimum or greater pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Small engine accessory devices not directly driven by an engine, and
      especially such intermittently operated devices as automatically
      controlled valves and switches for vehicle air conditioning or emission
      control systems, are generally actuated by carburetor manifold vacuum.
      However, the use of engines without carburetors or with widely varying
      manifold vacuum levels suggests the use of some other source of power for
      actuation of these accessory devices. Engines equipped with an engine
      driven air pump providing secondary air flow for exhaust emission control
      purposes already have a source of air at positive pressure which is
      available for intermittent use.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is a valve for distributing secondary air from an air pump
      between an engine exhaust system and at least one engine accessory device.
      A particular feature of this valve is that it maintains the secondary air
      supply to the accessory device at a minimum or greater pressure, providing
      that the air pump itself supplies air at that minimum pressure. The valve
      employs a novel construction to be described in the specification and
      particularly including a flexible annular sealing valve member which
      coacts with openings in a wall between two chambers to form a seal around
      a shaft passing through one of the openings and form a check valve with
      the other openings to allow air flow in only one direction between the
      chambers.
DRWD
PAR  Further details and advantages of this invention will be apparent from the
      accompanying drawings and following description of a preferred embodiment.
PAC  SUMMARY OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram showing a valve of this invention in its
      environment.
PAR  FIG. 2 is a cutaway view of a valve according to this invention.
PAR  FIG. 3 is a view along lines 3--3 in FIG. 2, the view being partially cut
      away to show an internal detail of construction.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, an engine 2 receives air and fuel through a carburetor
      4 and discharges exhaust gases through an exhaust conduit 6. Engine 2
      drives an air pump 8 through a belt 10; and the output of air pump 8 is
      supplied through a conduit 12 to an air supply valve 14, which is the
      valve of this invention.
PAR  Air supply valve 14 distributes air either through conduit 16 to an
      accessory 18, which is representative of all the air actuated accessories,
      or through a conduit 20 to diverter valve 22. Diverter valve 22 is a
      standard device for supplying air through a conduit 24 to exhaust conduit
      6 or dumping the air to atmosphere, according to a manifold vacuum signal
      received from carburetor 4 through conduit 26.
PAR  Referring to FIGS. 2 and 3, valve 14 has a housing 30 defining a valve
      chamber 32 with an inlet 34 for connection to air pump 8 and an outlet 36
      for connection to diverter valve 22 and communication therethrough to
      exhaust conduit 6. In actual practice as shown in FIG. 2, valve 14 is
      designed to be attached directly to air pump 8 and diverter valve 22 with
      resultant elimination of separate conduits 12 and 20.
PAR  Housing 30 further defines a pressure chamber 38 and an outlet tube 39
      forming an outlet from pressure chamber 38 to be connected through conduit
      16 to accessory 18. Pressure chamber 38 is separated from valve chamber 30
      by a fixed wall 40 having a central opening 42 and one or more peripheral
      openings 44. Fixed wall 40 forms the side of valve chamber 32 directly
      opposite valve chamber outlet 36, and central opening 42 is axially
      aligned with outlet 36. A movable wall such as flexible diaphragm 46 forms
      the wall of pressure chamber 38 directly opposite fixed wall 40. A shaft
      48 has a valve member 50 at one end within valve chamber 32 adjacent valve
      chamber outlet 36 and another end in a shaft guide 52 on the opposite side
      of diaphragm 46. Shaft 48 extends through central opening 42, is axially
      aligned with valve chamber outlet 36 and is fixed to diaphragm 46 for
      axial co-movement therewith.
PAR  A spring 54 in a cup portion 56 of housing 30 biases diaphragm 46 toward
      fixed wall 40 and shaft 48 with valve member 50 toward valve chamber
      outlet 36. A cup shaped stop member 58 limits movement of diaphragm 46 and
      shaft 48 in this direction to maintain a minimum force on diaphragm 46 in
      this direction while limiting the load on valve member 50 as it closes
      valve chamber outlet 36.
PAR  A flexible annular sealing valve member 60 completes the separation of
      valve chamber 32 from pressure chamber 38. Flexible member 60 has a
      central circumferential bead 62 sealingly engaging a circumferential
      groove 64 in shaft 48 and an outer peripheral groove 66 which sealingly
      engages the periphery of central opening 42. A peripheral flexible flap
      portion 68 of member 60 extends along the pressure chamber 38 side of
      fixed wall 40 to cover peripheral openings 44. Flap portion 68 is
      preferably in the form of a single outer peripheral flap but can also
      assume the form of a plurality of separate flaps for multiple openings.
      Flap portion 68 is normally slightly self-biased against fixed wall 40 to
      form a check valve to allow air flow through peripheral openings 44 only
      from valve chamber 32 to pressure chamber 38.
PAR  In operation, air enters valve chamber 32 through inlet 34 from air pump 8.
      If valve member 50 is pulled away from outlet 36, the air is able to flow
      out through outlet 36 to diverter valve 22. If the air pressure within
      valve chamber 32 exceeds that within pressure chamber 38, some air flows
      through peripheral openings 44 and past flap portion 68 into pressure
      chamber 38. The pressure within pressure chamber 38, acting over the total
      surface of flexible diaphragm 46 generates an upward force on diaphragm 46
      and shaft 48 which is opposed by a downward force exerted by spring 54.
      Spring 54 is installed so that it is compressed even when stop 58 engages
      fixed wall 40 so that valve member 50 will close valve chamber outlet 36
      for all pressures within pressure chamber 38 less than a certain desired
      minimum pressure. For pressures within pressure chamber 38 greater than
      the minimum pressure, diaphragm 46 moves upward until it is balanced
      between the air pressure within chamber 38 and the force of spring 54 and
      thus valve member 50 is pulled away from valve chamber outlet 36 to open
      outlet 36. Flap portion 68 of flexible member 60 prevents air from leaking
      back from pressure chamber 38 to valve chamber 32 when the pressure in
      pressure chamber 38 is higher.
PAR  Thus, as long as the pressure of air in pressure chamber 38 is equal to or
      greater than the minimum desired secondary air pressure for accessory 18,
      the air will be retained within pressure chamber 38 for the actuation of
      accessory 18, and flexible diaphragm 46 and shaft 48 will pull valve
      member 50 away from valve chamber outlet 36 to allow air flow from pump 8
      to diverter valve 22. However, whenever air pressure within pressure
      chamber 38 drops below the minimum desired level, valve member 50 closes
      outlet 36 long enough for the resultant increase of air pressure within
      valve chamber 32 to cause air to flow through peripheral openings 40 into
      pressure chamber 38 and increase the air pressure therein to the desired
      minimum.
PAR  The described embodiment of this invention is a preferred embodiment, but
      not the only embodiment that will occur to those skilled in the art.
      Therefore, the invention should be limited only by the claim which
      follows.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A valve for distributing secondary air from an engine driven pump
      between an engine exhaust conduit for emission control and at least one
      accessory device for actuation thereof and further for maintaining a
      minimum or greater pressure in the air supplied to the accessory device,
      the valve comprising a housing defining a valve chamber with an inlet from
      the air pump and an outlet to the exhaust conduit and a pressure chamber
      having an outlet to the accessory device; a fixed wall separating the
      valve and pressure chambers, the fixed wall having a central opening and
      one or more peripheral openings opposite the valve chamber outlet; a
      movable wall forming one side of the pressure chamber; a shaft fixed to
      the movable wall for co-movement therewith, the shaft having one end
      projecting through the fixed wall central opening into the valve chamber
      adjacent the valve chamber outlet and a circumferential groove; a valve
      member on the one end of the shaft, the valve member being effective to
      open and close the valve chamber outlet with movement of the movable wall
      away from and toward, respectively, the fixed wall; a spring in the
      housing, the spring biasing the movable wall toward the fixed wall in
      opposition to the pressure of air within the pressure chamber, the valve
      member closing and opening the valve chamber with pressure chamber air
      pressure less than and greater than, respectively, the secondary air
      minimum pressure; and a flexible annular sealing valve member having a
      central circumferential bead sealingly engaging the shaft circumferential
      groove, an outer peripheral groove sealingly engaging the periphery of the
      fixed wall central opening, and at least one flexible flap portion
      covering the fixed wall peripheral openings within the pressure chamber
      and being effective to act as a check valve for allowing air flow only
      from the valve chamber to the pressure chamber, which air flow maintains
      the pressure chamber air pressure at or above the secondary air minimum
      pressure.
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ABST
PAL  A percussion tool is hydraulically operated by a piston whose stroke is
      controlled by a spring biased valve. A pressure accumulator is connected
      to the working pressure chamber of a hydraulic cylinder and receives
      pressure therefrom during the return stroke of the piston while
      discharging pressure during the working stroke. A piston is displaceably
      mounted in the pressure accumulator for movement into an end position when
      the pressure is discharged and a second valve is actuated by the piston in
      the end position to control the spring biased valve.
PAR  The invention refers to an improvement in hydraulic percussion tools.
PAR  Hydraulic percussion tools, for rock drilling, breaking or the like of
      known construction have a reciprocating working piston in a cylinder,
      driven by a pressure liquid, usually hydraulic oil, during the
      reciprocating movement. The pressure liquid is usually supplied from a
      continuously operating hydraulic pump and is fed pulsewise into the
      cylinder via valve means at a rate corresponding to the desired percussion
      frequency of the working piston. The impact energy of the working piston
      is transferred to an exchangeable tool arranged co-axially with the piston
      and having the shape of a rock drill, breaker or the like.
PAR  In percussion tools of this kind it is desirable to enable variation of the
      piston stroke within comparatively large limits. A given impact frequency
      answers purely physically to each stroke. It is therefore natural and in
      practice as good as necessary to let the movement of the working piston
      regulate the valve means for the pressure pulses to the cylinder.
PAR  An example of such a solution is described in Swedish Pat. No. 354,029. In
      this construction the valve means consists of a four-way slide valve
      having two discharge ducts connected respectively to a cylinder chamber on
      each side of the working piston, an inlet duct for the pressure oil and an
      outlet duct for return oil from the cylinder. When the working piston
      after a return movement has reached a turning point, it coacts with a
      pressure oil cylinder whereat the slide is set from a first position where
      the working piston makes a movement towards impact. Return of the slide
      from this second position to the first position for the working piston
      return movement is actuated by means of a pressure spring biassed against
      the opposing pressure caused by the pressure oil cylinder. This opposing
      pressure which must be reduced to a certain low value in order that the
      compression spring shall be capable of resetting the slide is determined
      in its turn by the outflowing speed and pressure of the return oil from
      the valve means. Regulation, i.e., adapting the slide resetting to a rate
      corresponding to the impact frequency of the piston (i.e., indirectly to
      the stroke) is limited in this device to variation of the dynamic pressure
      from the outgoing return oil.
PAR  Practical experience has shown that there are certain disadvantages with
      this construction. For example, the outflowing speed of the return oil is
      dependent on the impact frequency (stroke). Moreover, variations in the
      oil viscosity can cause alterations in the flow pressure which, in their
      turn, effect the resetting of the slide. Adjustment of the slide operation
      is therefore not so simple and positive as is required in the practical
      use of a tool of the kind in question.
PAR  According to the present invention, a device is provided for the regulation
      of the slide operation which produces a complete and positive resetting of
      the slide completely independently of the return oil. The invention is
      applicable to the kind of percussion tool as described in the above
      mentioned patent, but can also be applied to similar devices which are
      constructed according to the same principle, i.e. with a reciprocating
      working piston obtaining pressure pulses via a 4-valve. According to the
      invention, the necessary opposing pressure reduction for the slide is
      achieved by means of a special valve means, so that the slide can be moved
      from the second position to the first position by the pressure spring, the
      valve means being reset so that the opposing pressure to the slide is
      momentarily reduced at a definite position of the working piston. An
      instantaneous readjustment of the slide is thereby obtained at a
      predetermined and completely unaffected point of time in the cycle, so
      that a positive slide operation is obtained independent of the impact
      frequency of the working piston, and identical initial conditions for the
      working cycle are obtained.
PAR  The distinguishing features of the invention are defined in the claims.
DRWD
PAR  By way of example, an embodiment of the invention is described hereinafter,
      with reference to the attached drawing.
PAR  FIG. 1 shows a hydraulic circuit diagram for a hydraulic percussion tool
      with a piston reciprocating in a cylinder and actuated by oil pressure via
      a first valve means in which a slide is positionally set by a second valve
      means according to the invention, the piston being shown in a first
      position.
PAR  FIGS. 2 and 3 show the diagram according to FIG. 1, with the piston in a
      second and third position, respectively.
DETD
PAR  The components of the hydraulic percussion tool according to the invention
      are purely schematically illustrated. In practice, the components are
      built into a compact unit which can be placed on the boom of a trenching
      machine or the like and are directed towards the point which is to be
      worked on. The pipe lines shown in the Figures are suited to the
      constructional design of a percussion tool.
PAR  The drawing shows reciprocating piston 2 with piston rod 3 arranged in
      cylinder 1. The cylinder 1 has heads 4,5 through which piston rod 3 passes
      sealed by sealing rings 6,7. In a lower position, when the piston 2 has
      completed a working stroke, a lower end surface 8 of the piston rod 3
      strikes against a percussion tool 10, e.g. a breaker or the like. The
      percussion tool is arranged movably lengthwise in holder 9. Support rod 11
      is affixed to the end of the cylinder 1 which is opposite to that at the
      percussion tool 10 and displaceably carries a holder 12 with an operating
      cylinder 13. The holder 12 and cylinder 13 may be held in position on rod
      11 by fixing means, such as set screw 12a. A piston 14 with piston rod 15
      reciprocates in the operating cylinder 13. FIG. 1 shows the position of
      working piston 2 when the lower end surface 8 of piston rod 3 strikes
      against the percussion tool 10, there being a distance S between an upper
      end surface 16 of the piston rod 3 and a lower end surface 17 of the
      piston rod 15.
PAR  The cylinder 1 has an upper or working pressure chamber 18 and a lower or
      return pressure chamber 19, which are connected by ducts 20,21 to a first
      valve means generally designated by 22 and which regulates the pressure on
      working piston 2.
PAR  A slide 23 operable by a pressure spring 24 is arranged in slide valve 22.
      The bias of the pressure spring 24 can be regulated by means of an
      adjusting screw 25. Illustrated slide valve 22 is of the 4-way type with a
      pipe 26 for supply of pressure oil and a pipe 27 for return of the oil.
      The arrows p1,p2 indicate the flow direction for the pressure oil through
      the pipe 26 and the direction for returning oil from pipe 27, the pipes
      26,27 being connected to a pressure oil system not shown. A receptacle 29
      is connected to the pipe 27 by a branch pipe 28, the chamber of the
      receptacle 29 being provided with a means which is respectively expandable
      and compressible, e.g., a rubber bladder 30 filled with gas under
      pressure. The receptacle 29 serves the function of a levelling accumulator
      for pressure peaks in the oil flowing out through the pipe 27 from chamber
      19 of the cylinder 1.
PAR  A branch pipe 31 further connects valve chamber 32 for the pressure spring
      24 in the valve means 22 with the pipe 27. The branch pipe 31 has the task
      of transferring any oil leaking past the slide 23 to the pipe 27 so that
      no excess pressures disturbing the valve function occur in the chamber 32,
      i.e. under the slide 23.
PAR  Opposite valve chamber 33 of valve means 22 is connected with the operating
      cylinder 13 via a pipe 34. A first branch 35 connects pipe 34 to a second
      and for the invention characterizing valve means generally designated by
      36, and a second branch pipe 37 connects the pipe 34 with the pipe 27 for
      the return oil. Check valve 38 is arranged on pipe 34, between branch
      pipes 35,37 to prevent oil flow in the direction of the operating cylinder
      13. In a similar manner the branch pipe 37 has a one-way valve 39 mounted
      in it so that a flow in the direction from the operating cylinder 13 to
      the pipe 27 is prevented. The function of the one-way valves 38,39 is
      dealt with more fully hereinafter.
PAR  Duct 20 is shown connecting the valve means 22 with the chamber 18 in
      cylinder 1, there being a branch pipe 40 connected to a chamber 41 in the
      second slide valve 36, chamber 41 being in direct communication with lower
      chamber 42 of a pressure accumulator 43 having an upper chamber 44. A
      piston 45 with a piston rod 46 operates in the pressure accumulator 43.
      The upper accumulator chamber 44 is suitably filled with a gas which is
      inert in relation to the pressure oil used, and which may be under a
      certain excess pressure.
PAR  The second valve means 36 has slide 47 operated by a pressure spring 48.
      The chamber in which the spring 48 is arranged is in communication with
      the pipe 40 by a pipe 48', whereby there is always the same pressure on
      both sides of the slide 47. Apart from the previously mentioned branch
      pipe 35 connecting the valve means 36 with the pipe 34, the valve means 36
      is also connected by the pipe 49 to the pipe 27 for the return oil.
PAR  Check valve 50 is arranged in a shunt pipe 51 which at a lower position of
      piston 2 shown in FIG. 1, connects the upper chamber 18 in cylinder 1 with
      the pipe 21 for the return oil from the lower chamber 19. The one-way
      valve 50 is so directed that it allows oil to be discharged from the
      chamber 18 to the pipe 21 but prevents flow in the opposite direction.
PAR  FIGS. 1-3 show three different operational phases for the described device,
      with the different moving portions shown in the positions corresponding to
      the respective operational phase. The pressure oil in the pipes has been
      denoted by dots, a smaller distance between the dots indicating higher
      volume pressure.
PAR  In the following description of the operation, the upper and lower
      positions of certain parts are referred to, which positions refer to those
      shown on the drawing.
PAR  FIG. 1 shows a first operational phase, in which the piston 2 with the
      piston rod 3 has just imported a blow against the tool 10 and is ready for
      a return movement according to the arrow P3. The slide 23 in the valve
      means 22 is then in an upper position so that the pressure oil can flow
      via the valve means 22 to the lower chamber 19 in the cylinder 1 through
      the pipes 26,21 according to the arrows P4. The slide 47 in the valve
      means 36 is in a lower position, which means that the pipe 35 is in
      communication with the pipe 49 and thereby also with the pipe 27 for the
      return oil. This means that the oil pressure in the chamber 33 of valve 22
      above the slide 23 is the same as for the return oil and the same as in
      chamber 32. The one-way valve 50 is automatically closed by the pressure
      from the oil supply in pipe 21, so that no oil flow can take place through
      the shunt pipe 51 to the chamber 18.
PAR  It should be noted that in the position shown in FIG. 1, the piston 14 in
      the operating cylinder 13 as well as the piston 45 in the pressure
      accumulator 43 are in their lower position. The piston rod 46 of the
      piston 45 thereby keeps the slide 47 in the valve means 36 pressed down in
      the previously mentioned lower position. The rubber bladder 30 in
      receptacle 29 is compressed by the immediately preceding flow of oil from
      the chamber 19.
PAR  The upper position of the slide 23 in the valve means 22 also causes, as
      may be seen from FIG. 1, the chamber 18 above the piston 2 as well as all
      chambers are pipes in communication with it to be closed.
PAR  When the piston 2 under the influence of the oil pressure in the chamber 19
      moves upwards according to the arrow P3, a displacement of the oil from
      the chamber 18 via the pipe 40 and the chamber 41 to chamber 42 takes
      place, whereby piston 45 is pressed upwardly in the pressure accumulator
      43 while compressing the pre-pressurized gas enclosed in the chamber 44.
      As the piston rod 46 of the piston 45 moves away from the slide 47, the
      slide is pressed by the pressure spring 48 to an upper position so that
      the communication between pipes 35,49 is interrupted.
PAR  When the piston rod 3 has reached an upper turning point, FIG. 2, the upper
      end surface 16 of the piston rod 3 contacts piston rod 15 and presses
      piston 14 in the operating cylinder 13 into an upper position. Oil above
      the piston 14 has thereby been pressed through the pipe 34 past the
      one-way valve 38 into chamber 33 in the valve means 22, and has pressed
      down the slide 23 to a lower position at which the upper chamber 18 in
      cylinder 1 is put into communication with the pressure oil pipe 26 via the
      valve means 22 and pipe 20. At the same time, the lower chamber 19 is put
      into communication with the pipe 27 for the return oil and thereby also
      with receptacle 29 via the pipe 21 and the valve means 22. It should be
      noted from FIG. 2 that the rubber bladder 30 in receptacle 29 has expanded
      during the upward movement of the piston 2 due to the return flow of oil
      through the pipe 27.
PAR  When slide 23 has assumed its lower position, pressure oil is supplied to
      the chamber 18 above the piston 2 through supply pipe 26 and duct 20, and
      this begins a downward movement according to the arrow P6. The oil
      collected in the pressure accumulator 43 during the upward stroke of the
      piston 2 is now under the same or higher pressure than the pressure oil
      supplied via pipe 26, and thus contributes to the downward movement of
      piston 2 by flowing to the chamber 18 through the pipe 40 according to the
      arrow P7. At the same time, the piston 45 in the pressure accumulator 43
      moves downwardly, until in an end position, the piston rod 46 engages
      slide 47 in the valve means 36 (see FIG. 3) and pushes the slide to a
      lower position while piston rod 3 simultaneously strikes the tool 10 and
      the piston 2 exposes the pipe 51 for discharge of oil from chamber 18.
PAR  FIG. 3 shows a momentary position in which the slide 23 in the valve means
      22 is still in the lower position and the piston 45 in the pressure
      accumulator 43 has pressed the slide 47 downwards in the valve means 36
      toward a position in which the pipes 35,49 begin coming into communication
      with each other. At approximately this position, the piston 2 has come so
      far down in the cylinder 1 that the shunt pipe 51 is beginning to be
      exposed, which means that the excess oil from the chamber 18 flows past
      the one-way valve 50 according to the arrow P8. This oil, as well as the
      amount of oil which was displaced from the chamber 19 during the downward
      movement of the piston 2, has to some extent been accumulated in
      receptacle 29, compressing the rubber bladder 30 while the remaining
      amount of oil has flowed out through the pipe 27.
PAR  When the piston 45 in the pressure accumulator 43 has pushed slide 47 in
      the valve means 36 to the final lower position, the pipes 35,49 have come
      into complete communication with each other. The pressure oil in the
      chamber 33 in the valve means 22 then flows through pipe 34, brand pipe 35
      and via the valve means 36 and pipe 49 into the pipe 27 for return oil. At
      the same time, the slide 23 in the valve means 22 is pressed into the
      upper position by the compression spring 24. At this juncture, the piston
      14 is pressed back into its lower position by oil from the pipe 27 via the
      valve 39 and pipes 37 and 34. On the other hand, the one-way valve 39
      prevents a direct flow of oil to the pipe 27 when the piston 14 is pressed
      upward for resetting the slide 23 in the valve means 22.
PAR  This means that the initial position according to FIG. 1 is reattained and
      that the piston 2 with attached piston rod 3 once again starts its upward
      movement according to the arrow P3 and that the described cycle of
      movement is repeated.
PAR  The one-way valve 38 has the task of closing the pipe 34 so that oil from
      the chamber 33 in the valve means 22 can flow directly into the pipe 27
      via the pipes 35,49 through valve means 36.
PAR  Thus valve means 36 according to the invention provides resetting of the
      valve means 22 from a lower position to an upper position for the slide 23
      at exactly the right moment, i.e. just when the piston 2 is at a lower
      position. Resetting the valve means 22 takes place completely
      independently of the flow conditions for the return oil, and no special
      adjustment of the valve means 36 to the piston stroke S need to be made.
      The same resetting, exact and correct in time, of the valve means 22 takes
      place completely automatically at all strokes and impact frequences
      respectively, while emptying the pressure accumulator 43 to continuously
      the same initial conditions is ensured.
PAR  Furthermore, the valve means 36 may constitute a standard component, and it
      can be built into the unit in a simple way with the remaining parts of the
      percussion tool.
PAR  The valve means 36 has been described and illustrated in the form of a
      slide valve. However, it is quite clear that a suitably designed globe
      valve or other like valve means can also be used.
PAR  In order to alter the impact frequency in a simple manner, instead of
      making the cylinder device 12-15 adjustable, distance pieces of different
      length can be inserted between the engaging surfaces 16 and 17 along the
      rod 11.
PAR  The percussion tools according to the invention can, apart from the
      mentioned applications for rock drilling, breaking etc. also be used
      within the workshop industry, e.g. for cutting heavy blanks, shearing
      plates, hammering, chiseling and the like.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An arrangement for hydraulically operating a percussion tool and the
      like, comprising
PA1  1. a cylinder and a piston reciprocable therein through a working stroke
      and a return stroke, the piston dividing the cylinder into a working
      pressure chamber and a return pressure chamber,
PA1  2. a first, spring-actuated valve means controlling the strokes of the
      piston,
PA1  3. a pressure accumulator connected to the working pressure chamber of the
      cylinder, the accumulator receiving pressure from the working pressure
      chamber during the return stroke and discharging the pressure during the
      working stroke,
PA1  4. a member displaceably mounted in the pressure accumulator for movement
      into an end position when the pressure is discharged from the pressure
      accumulator, and
PA1  5. a second valve means actuated by the displaceable member in the end
      position thereof to control the first valve means so that the first valve
      means causes the piston to perform the return stroke.
NUM  2.
PAR  2. The arrangement of claim 1, comprising a pressure line between the
      second and first valve means, a slide in the second valve means, a
      compression spring moving the slide into a valve closing position, and the
      displaceable member moving the slide into a valve opening position in the
      end position of the displaceable member to supply pressure through the
      pressure line and control the first valve means.
NUM  3.
PAR  3. The arrangement of claim 2, wherein the displaceable member is a piston
      having an attached piston rod, the member being arranged for coaction of
      the piston rod with the slide in the end position of the member.
NUM  4.
PAR  4. The arrangement of claim 1, wherein the first valve means comprises a
      housing, a slide in the housing and a compression spring acting on the
      slide to move it in a first direction, the slide and the housing defining
      a chamber, and further comprising an operating cylinder, a pressure supply
      line including said pressure line connecting the operating cylinder to the
      chamber in the first valve means, the operating cylinder being arranged to
      deliver a pressure pulse to said chamber through the pressure supply line
      to counteract the compression spring acting on the slide of the first
      valve means in response to the return stroke movement of the piston, a
      first branch line connecting the pressure supply line to the second valve
      means, a return line connected to the return pressure chamber, a second
      branch line connecting the return line to the second valve means, and said
      chamber being in communication with the return line through the branch
      lines when the second valve means is in the open position thereby
      eliminating any excess pressure in the chamber caused by the pressure
      pulse and permitting the compression spring to move the slide in the first
      direction.
NUM  5.
PAR  5. The arrangement of claim 4, further comprising a check valve in the
      pressure supply line between the first branch line and the operating
      cylinder, the check valve being arranged to prevent pressure flow in the
      direction of the operating cylinder.
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PAL  A hydro or oleopneumatic device comprises a pressure transformer consisting
      of a single or multiple pneumatic cylinder having one or a number of
      stages in which the piston is rigidly coupled to an accumulator. The
      accumulator piston discharges the liquid to a function jack which utilizes
      the energy produced by the pneumatic pressure. The pneumatic cylinder is
      not provided with compressed-air exhaust ports and is freely connected to
      a compressed-air reservoir at the working pressure. The volume VR of the
      reservoir is large in comparison with the volume VC of the pneumatic
      cyclinder, the ratio VC/(VR + VC) being equal to the permissible variation
      in the working pressure of the air according to the intended use of the
      device.
BSUM
PAR  This invention relates to piston-type hydro and oleopneumatic devices, that
      is to say devices in which the piston of a single-stage or multi-stage
      pneumatic cylinder driven by compressed air is rigidly coupled to the
      piston of a hydraulic cylinder which discharges its fluid towards a
      so-called "function " jack which utilizes the energy supplied.
PAR  The hydraulic cylinder is usually referred-to as an accumulator whilst the
      assembly which is formed by this latter in conjunction with the pneumatic
      cylinder is referred-to as a pressure transformer.
PAR  In a device of this type, the liquid of the accumulator is only a
      convenient means for transmitting pressure. It is clear that a judicious
      choice of the ratios between the different diameters of the pistons (of
      the accumulator and of the stage or stages of the pneumatic cylinder)
      makes it possible to obtain a high predetermined pressure at the outlet of
      the accumulator without exceeding in the case of compressed air a moderate
      pressure which is compatible with the strength of a simple structure of
      the pneumatic circuit and of its joints, that is to say a pressure below
      twelve bars and usually of the order of seven bars in workshops.
PAR  Certain piston-type hydro or oleopneumatic devices are of the so-called
      "resistant" type and two examples in which these latter are employed for
      the practical application of a pressure transformer in accordance with the
      invention will be given hereinafter. The very great majority of these
      devices, however, are of the so-called "driving" type: in this case the
      pneumatic cylinder of the pressure transformer of known devices is
      supplied with compressed air by a compressor or a distribution network.
      When the piston of the pneumatic cylinder or of each stage of the
      pneumatic cylinder reaches the end of the active stroke, the
      compressed-air supply of said cylinder is closed whilst one or a number of
      exhaust ports are opened. The return stroke is obtained whilst the air
      exhaust ports remain open by admitting a fluid under pressure into the
      function jack chamber opposite to the chamber which is connected to the
      accumulator; said fluid is usually air delivered by the compressor or the
      network since the only resistances to be overcome are friction forces and
      the inertia of sliding components (pistons and piston rods).
PAR  The use of hydro or oleopneumatic control systems tends to develop as the
      improvements achieved in the efficiency of tools and the design of
      machines reduce the length of machining operations since dead times
      accordingly assume increasing significance. Pneumatic control systems are
      in fact capable of carrying movements at much higher speeds than hydraulic
      control systems; they also exhibit a higher degree of flexibility
      (progressive start-up) as well as being of more simple and more rugged
      design. When employed alone, however, these hydraulic systems are subject
      to a disadvantage in that they lack precision in the law of motion and
      cannot readily be operated at higher pressures, with the result that
      provision cannot be made for jacks of small overall size although this is
      often an essential requirement in machines in which available space is
      always limited.
PAR  In order to overcome the drawbacks mentioned in the foregoing while
      benefiting by the main advantages of pneumatic control systems, use is
      accordingly made of hydro or oleopneumatic control units, that is to say
      pneumatic control units of the type in which provision is made for
      hydraulic transmission systems. As has been stated in the foregoing, it is
      possible by this means to obtain high pressures in the hydraulic function
      jack and also to obtain hydraulic control of the speed of motion of the
      jack without thereby relinquishing flexibility of operation of the
      pneumatic control system.
PAR  However, pneumatic transmission of energy always takes place with very low
      efficiency by reason of the fact that the expansion is not utilized. In a
      pneumatic control system, the energy of expansion of air is never utilized
      since it is endeavored to obtain good specific mass output and to prevent
      cooling and above all because maximum effort and consequently maximum
      pressure are required at the end of travel. The quantity of energy thus
      lost is greater as the working pressure is higher but even in the case of
      relatively low pressures such as those employed in workshops (7 to 8 bars)
      the efficiency is lower than 35 %. This major disadvantage of pneumatic
      energy from the point of view of capital outlay (immobilization of capital
      in installed power capacity and operating costs) does not disappear simply
      by adding a hydraulic transmission system and remains in hydro or
      oleopneumatic control devices of known types.
PAR  Moreover, the compressor which feeds the pneumatic cylinder draws-in
      atmospheric air together with its dust particles and its humidity. In
      order to retain the dust particles, the air must therefore be filtered
      usually on the downstream and on the upstream side of the compressor,
      provision being preferably made for a dehydrating filter on the downstream
      side. A reservoir fitted with a manual or automatic drain system must also
      be provided at each bottom point of the system for the purpose of
      collecting the condensed water. In spite of these precautions,
      condensation in piping and utilization cylinders is substantial and gives
      rise to oxidation of metallic surfaces by reason of the fact that the
      proportion of water vapor in atmospheric air is far from being negligible
      (between 5 and 10 g/m.sup.3 in France) and that the volume of indrawn air
      is substantial (of the order of 500 m.sup.3 /hr with a 100 HP compressor
      on a 50 % load). Finally, exhausts are often discharged directly into
      workshops, thus giving rise to reduction in room temperature both as a
      result of cooling caused by expansion and as a result of continuous
      renewal of the air in the workshop, thereby increasing heating costs
      during the winter.
PAR  While they prove wholly satisfactory from the strict viewpoint of action,
      hydro or oleopneumatic control systems are subject to economic
      disadvantages which all arise from the exhaust of the pneumatic portion of
      the system.
PAR  For this reason, the invention provides an arrangement such that the
      exhaust aforesaid is entirely suppressed together with the expansion of
      compressed air, the pressure of which remains substantially constant or at
      least within two limits which are as close together as may be desired. For
      this reason alone the efficiency is more than doubled and the
      disadvantages arising from humidity and ambient cooling are eliminated
      since the air is not changed.
PAR  Furthermore, since the pressure obtained at the outlet of the accumulator
      is also substantially constant, a "resistant" device can be equipped with
      the pressure transformer which is not liable to cause any overload or
      abrupt return.
PAR  A hydro or oleopneumatic device in accordance with the invention is
      distinguished by the fact that the pneumatic cylinder of the pressure
      transformer is not provided with exhaust ports for the discharge of
      compressed air and is freely connected to a compressed-air reservoir at
      the working pressure, the volume VR of said reservoir being substantial in
      comparison with the volume VC of said pneumatic cylinder, the ratio
      ##EQU1##
      being equal to the permissible variation in the working pressure of the
      air according to the intended use of the device.
DRWD
PAR  A clearer understanding of the invention will be gained from the following
      description of three nonlimitative examples of application which are shown
      diagrammatically in the accompanying drawings, wherein:
PAR  FIG. 1 illustrates the oleopneumatic control system of a die-stamping
      press;
PAR  FIG. 2 shows the structure of a regulator for balancing retaining jacks;
PAR  FIG. 3 illustrates the device which is employed as a pressure regulator in
      a circuit for the hydraulic control of a press.
DETD
PAR  In FIG. 1, the active stroke of the function jack 1 of a die-stamping press
      is controlled by an oleopneumatic pressure transformer 2. The transformer
      2 comprises a hydraulic accumulator 3 which delivers its oil towards the
      jack 1 via a pipe 10 and the piston 4 of which is actuated by a
      three-stage pneumatic cylinder 5. Each stage of the cylinder 5 is provided
      with a compressed-air admission port 6a, 6b, 6c which opens into the
      pressure chamber in the vicinity of the end-wall of the stage considered
      and at the opposite extremity with a port 7a, 7b, 7c for communication
      with free air. Valves 8a, 8b placed at the inlets of at least two stages
      serve to limit the admission of air to one or two stages or on the
      contrary to supply the three stages together. Each piston 9a, 9b is
      capable of producing action on the following piston by means of its
      piston-rod and the last piston 9c is rigidly fixed to the piston 4 of the
      accumulator. The function jack 1 is a double-acting jack and a port 12 for
      supplying the chamber which is traversed by the rod 14 of the piston 13 is
      provided at the end remote from the port 11 through which the pipe 10
      opens into the chamber formed and limited by the free face of the piston
      13 of said jack.
PAR  The arrangement described thus far is identical with the arrangement found
      in conventional oleopneumatic control systems. In these latter, however,
      the compressed-air supply pipe 15 is connected to one of the outlets of an
      electrovalve which is fed by a compressor (or a distribution network) and
      provided with two other outlets, one outlet being connected to the port 12
      of the jack 1 and the other outlet being intended to discharge to free
      air. In one position of the electrovalve, the pipe 15 is in communication
      with the compressor whilst the port 12 communicates with the exhaust and,
      in the other position of the electrovalve, the port 12 is connected to the
      compressor whilst the pipe 15 communicates with the exhaust. The
      electrovalve is controlled by any suitable means such as a programmer, for
      example.
PAR  On the contrary, in the construction according to the invention, the pipe
      15 is connected to a compressed-air reservoir 16 which is at the working
      pressure and has a large volume. The port 12 is supplied with oil from a
      power-driven pump set (not shown) through an electrovalve 17 which is
      provided in known manner with an exhaust port 18 for delivery to the oil
      reservoir of said pump set.
PAR  The operation is readily apparent. Apart from the fact that only certain
      stages of the cylinder 5 may be supplied in order to make it possible in
      accordance with conventional practice to reduce the speed of approach of
      the punch as this latter reaches the vicinity of the part to be formed in
      a press, the pneumatic pressure is very substantially constant. In actual
      fact, this pressure decreases very slightly during the active stroke as a
      result of an increase in the total volume of the chamber which encloses
      the compressed air. If VR is the volume of the reservoir and of the supply
      pipes and VC is the volume of the three stages of the cylinder 5 when the
      pistons 9a, 9b, 9c are at the end of the active stroke, the pressure P1 of
      the comprssed air at this moment with respect to the pressure P0 initially
      existing within the reservoir 16 is such that:
      ##EQU2##
PAR  If the ratio
      ##EQU3##
      is small, that is to say if the volume VR of the reservoir is very large
      in comparison with the volume VC of the cylinder, the working pressure of
      the compressed air or in other words the pneumatic pressure exerted on the
      piston 4 of the accumulator 3 will vary to a very slight extent. This
      arrangement is wholly practicable since it is possible in the case of a
      cylinder 5 having a capacity of about 20 liters to make provision for a
      reservoir 16 having a capacity of 2,000 liters; a capacity of this order
      is mentioned by way of example since it is commonly employed although this
      value can in fact be considerably exceeded when so required.
PAR  In order to obtain the return stroke towards the initial position, the
      compressed air must be discharged in the direction of the reservoir and it
      is therefore necessary to apply to the piston 13 on that face which
      carries the rod 14 a force which is higher than that developed by the
      constant pressure exerted on the other face. This does not present any
      difficulty since the oil pressure delivered by the pump set is not limited
      by considerations of efficiency and leak-tightness as in the case of
      pneumatic pressure.
PAR  In spite of this need to develop a power which is higher than the driving
      power for the return stroke, the fact that the loss of the energy of
      expansion of the air which exists in conventional installations is
      suppressed accordingly makes it possible to obtain a substantial gain.
      This gain is further increased by the fact that the efficiency of the pump
      of a power-driven pump set is distinctly higher than the efficiency of a
      compressor. It has thus been possible in an existing installation to
      replace a 100 HP compressor set by a 38 HP power-driven pump set.
      Moreover, in the arrangement in accordance with the invention, the fact
      that the air is not changed overcomes the disadvantages arising from
      humidity and from ambient cooling.
PAR  In FIG. 2, the oleopneumatic device which is illustrated is a resistant
      device which performs the functions of regulator and balancing unit at the
      same time.
PAR  The device comprises a pressure transformer constituted by an accumulator
      20, the piston 21 of which is connected by means of its rod 22 to the
      pistons 23a and 23b of a multiple pneumatic cylinder having two bodies 24a
      and 24b. This connection is established by means of a cross-member 25
      which interconnects the two rods of the pistons 23a and 23b, the
      piston-rod 22 of the accumulator being pivotally attached to said
      cross-member at the midpoint of this latter. The complete assembly is
      mounted within a rigid frame 26 and all the cylinders are disposed
      vertically in the example which is illustrated, the accumulator 20 being
      located above the pneumatic bodies 24a and 24b. The sole object of the
      pneumatic cylinder structure in the form of two bodies is to obtain a
      large pneumatic pressure surface (the combined pistons 23a and 23b) while
      limiting the diameter of each cylinder, thus resulting in easier
      manufacture.
PAR  The lower chamber of the accumulator is provided at its base with a port 28
      which opens to free air and the same applies to the upper chambers of the
      bodies 24a and 24b which are each provided with a port 29a, 29b. The lower
      chambers of the pneumatic bodies 24a and 24b are connected in parallel via
      a pipe 30 to a reservoir 31 containing compressed air at working pressure.
PAR  As stated earlier with reference to FIG. 1, the pneumatic pressure
      transmitted to the piston 21 of the accumulator is substantially constant
      when the volume VR of the reservoir 31 is large in comparison with the
      volume VC of the combined assembly of both bodies 24a and 24b, if
      ##EQU4##
      for example, the pressure exerted on the piston 21 decreases by 1 % when
      the pistons 23a and 23b move from their bottom positions to their top
      positions.
PAR  The upper chamber 27 of the accumulator is connected by means of a pipe 32
      to a plurality of function jacks (not shown), the pressure chambers of
      said jacks being supplied in parallel by said pipe 32. The chambers of the
      jacks, the pipe 32 and the chamber 27 are filled with oil. The quantity of
      oil is invariable and is such that the piston 21 is located in the
      vicinity of its top position when the jacks are extended. If P is the
      practically constant pressure of the compressed air, S is the surface area
      of each piston 23a and 23b and s is the surface area of the piston 21, the
      oil transmits to each of the function jacks a practically constant
      pressure H = 2 P (S/s)
PAL  and each jack develops a practically constant force which is equal to this
      pressure H multiplied by the surface area of the piston of the jack
      considered.
PAR  Each of the function jacks can be employed as a resilient means for
      retaining and restoring for example any mechanical component which is
      subjected to a variable effort. When this effort exceeds the force
      developed by the jack, the oil of this latter discharges into the
      accumulator, thus causing the pistons 23a and 24a in turn to discharge a
      predetermined volume of air into the reservoir. As already stated, the
      pressure P of the compressed air does not in that case vary to any
      appreciable extent, the result thereby achieved being that on the one hand
      the force developed by each of the other jacks undergoes practically zero
      variation and no overload is produced and that on the other hand, when the
      effort applied to the mechanical component decreases, said component is
      restored to its initial position without any abrupt return motion. The
      speed or return motion could in any case be controlled and adjusted if so
      required by making provision in known manner for an adjustable
      constriction in the oil circuit.
PAR  In FIG. 3, the oleopneumatic device is employed as a pressure regulator in
      the hydraulic circuit of a function jack 39, it being assumed by way of
      example that said jack actuates the punch (not shown) of a press. The
      pneumatic portion of the pressure transformer of this device is identical
      with the pneumatic portion of the transformer shown in FIG. 2. Thus the
      same references are employed to designate the same components, namely the
      reservoir 31, the compressed air pipe 30, the pneumatic bodies 24a and 24b
      together with their pistons 23a, 23b and their upper ports 29a, 29b, the
      coupling cross-member 25 and the rigid frame 26. On the other hand, the
      accumulator 40 is slightly modified: the lower port which provides a
      communication with free air is replaced by a port 48 which forms the
      opening of a pipe 46. Said port 48 is located laterally at a point such
      that said pipe 46 is in communication with the upper chamber 47 of the
      accumulator when the piston 41 of this latter is at its bottom dead
      center. At the top portion of the accumulator, the chamber 47 is connected
      by means of a pipe 45 to the pipe 44 which serves to supply oil to the
      active pressure chamber 43 of the jack 39. The pipe 45 opens into the pipe
      44 at a point located between the jack 39 and the electrovalve or the
      slide-valve (not shown) which ensures intermittent supply of the chamber
      43 from a power-driven pump set (not shown). The pipe 46 is connected to
      the oil reservoir of said pump set.
PAR  As stated earlier in connection with the preceding examples, the pressure
      of the oil within the chamber 47 is practically constant. The choice of
      diameters of the pistons 41, 23a and 23b and of the pressure of compressed
      air within the reservoir 31 is such that the oil pressure aforesaid is
      equal to the theoretical working pressure of the oil within the hydraulic
      circuit 44-43 when the piston 41 is located at a short distance from the
      top end of the accumulator 40. The device remains static as long as said
      working pressure does not vary. If the jack 39 encounters a hard point
      which slows-down its downward motion, the accumulator absorbs the
      production of the pump by discharging the air to the reservoir while
      maintaining a very substantial constant force on the piston of the jack
      39, thus enabling said jack to pass the obstacle without any jerks. As
      soon as the force utilized by the jack reverts to its normal value, the
      complete assembly is slowly restored to its initial position and the
      accumulator returns the quantity of oil which it has absorbed. If the
      piston of the jack 39 were completely jammed during its travel, the
      accumulator would absorb the production of the pump until the piston 41
      reaches its bottom dead center, thus putting the chamber 47 into
      communication with the oil reservoir of the pump via the port 48 and the
      pipe 46, thereby establishing a circulation of oil in a closed circuit.
      This arrangement makes it possible to obviate faulty operation of the
      safety valve which is usually fitted in any hydraulic pump, said valve
      being now considered as only a complementary safety device.
PAR  The device in accordance with the invention can be either oleopneumatic or
      hydropneumatic; the pneumatic portion can comprise either a single
      cylinder or a cylinder having a number of parallel bodies (as shown in
      FIGS. 2 and 3) whilst said cylinder or each body can have a number of
      identical stages (as shown in FIG. 1) or stages having decreasing
      diameters. This device has many other potential applications which call
      only for detail modifications.
CLMS
STM  I claim:
NUM  1.
PAR  1. An oleopneumatic pressure transformer including at least one first
      cylinder means having a high pressure side and a low pressure side open to
      atmosphere with first piston means reciprocal therein in response to
      pneumatic pressure being introduced into said cylinder on the high
      pressure side,
PA1  an accumulator having a second cylinder with a second piston reciprocal
      therein which is rigidly coupled to said first piston means and actuatable
      by said first piston means and containing liquid responsive to actuation
      of said second piston,
PA1  hydraulic utilization means coupled to said second cylinder of said
      accumulator to utilize the energy produced by the pneumatic pressure, and
PA1  a pneumatic reservoir at working pressure coupled to said first cylinder
      means in closed circuit relationship completely isolated from said liquid
      and means for introducing said pneumatic pressure into said first cylinder
      means so that the piston therein acts as a motor element,
PA1  the volume VR of said reservoir being substantial in comparison to the
      volume VC of said first cylinder means, so that the pneumatic working
      pressure is substantially constant, the ratio VC/(VR + VC) being equal to
      the permissible variation in the pneumatic pressure according to the
      energy use of said hydraulic utilization means.
NUM  2.
PAR  2. The oleopneumatic pressure transformer as claimed in claim 1 further
      including pump means acting through said accumulator for discharging
      pneumatic pressure from said first cylinder means back into said reservoir
      upon the total utilization of the energy by said hydraulic utilization
      means.
NUM  3.
PAR  3. The oleopneumatic pressure transformer as claimed in claim 1 wherein
      said first cylinder means comprises a plurality of stages connected to
      said reservoir in parallel.
NUM  4.
PAR  4. The oleopneumatic device as claimed in claim 2 wherein said pump means
      is connected to said hydraulic utilization device.
NUM  5.
PAR  5. The oleopneumatic device as claimed in claim 1 wherein said hydraulic
      utilization means comprises a plurality of hydraulic jacks connected in
      parallel and wherein the liquid under pressure in said accumulator is held
      substantially constant.
NUM  6.
PAR  6. The oleopneumatic device as claimed in claim 2 wherein said pump means
      is also directly connected to said accumulator so that said pneumatic
      pressure acts against both said pump means and said hydraulic utilization
      device and so that a surge in liquid pressure will be absorbed by
      pneumatic pressure in said first cylinder means.
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ABST
PAL  A hot gas engine including an injector for introducing a mixture of air and
      fuel into the combustion chamber to heat the working medium which is
      circulated in a system of ducts. Fresh air for the combustion of the fuel
      is preheated in a heat exchanger by exhaust gases from the combustion
      chamber and conducted to the fuel injector. A heating system for passing a
      heat exchange fluid to a space to be heated surrounds the combustion
      chamber, and the heat exchange fluid is thus heated by heat exchange with
      the exhaust gases.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a hot gas engine, for instance the
      Stirling engine, in which a mixture of fuel and air is injected into the
      combustion chamber to supply external heat to the working medium in the
      engine. The fresh air is preheated in a heat exchanger by heat exchange
      with the use of exhaust gases from which is provided with chamber, the
      combustion means for the admission intake of the thus preheated fresh air
      and, which intake means are connected with the fresh air outlet of the
      heat exchanger through a channel.
PAR  According to the working principle of such hot gas engines the completely
      enclosed working medium is circulated on the one hand through a heater
      associated with the and on the, through a cooler as well as a regenerator
      situated therebetween. Water is usually used as cooling medium. To obtain
      optimum efficiency and performance of a hot gas engine, the cooling water
      temperature should be as low as possible, and consequently the difference
      between the temperatures of the entering and the leaving cooling water
      will also be very small. For this reason the cooling water in the hot gas
      engine cannot be used for heating purposes without substantially
      increasing the cooling water temperature and said temperature difference
      with consequent great losses in engine efficiency and performance. This is
      in contrast to the high temperature of the cooling water from the cooling
      gaskets in conventional explosion engines.
PAR  Heating of a space in conjunction with a hot gas engine, for instance a
      boat cabin or the interior of a vehicle, must thus be accomplished by the
      use of a special heating equipment such as a space heater, or other
      separate heating device.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, contemplates using the hot gas engine and the
      specific qualities thereof also for heating purposes by a better
      utilization of the combustion heat developed in the combustion chamber of
      the engine. With an arrangement according to the invention the cost and
      space of an auxilliary heater for heating the selected space is saved. In
      addition, the operating cost for heating said the desired space is
      reduced. With a preferred embodiment of the invention, an increased
      combustion chamber life is also achieved.
PAR  The present invention thus relates to a hot gas engine for external
      combustion of a fuel with air, which air is preheated by exhaust gases in
      a heat exchanger, the heat of the thus preheated air being partly used for
      heating purposes. The characteristics of the invention that have made said
      advantages possible are the provision of a second heat exchanger between
      the air preheater and the air intake of the combustion chamber for heat
      exchange between the preheated combustion air and a separate medium for
      heating purposes.
PAR  Said second heat exchanger comprises a medium passage means provided within
      and in heat exchange relationship with the channel connecting the fresh
      air outlet of the preheater with the combustion chamber intake means and
      is preferably disposed generally concentrically around said combustion
      chamber.
PAR  In a preferred embodiment of the invention the medium passage means is
      disposed generally adjacent to those parts of the combustion chamber that
      are particularly exposed to combustion heat, causing a heat exchange to
      occur also between said medium passage means and the combustion chamber
      wall in addition to producing increased combustion chamber life.
PAR  In a particularly suitable embodiment of the invention the medium to be
      heated is introduced in that part of the combustion chamber that is
      located in the vicinity of the fuel injector means causing the coldest
      medium to meet the hottest exhaust gases. This means that the length of
      life of this particularly exposed part of the combustion chamber is
      increased.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The attached drawing is a schematic sectional view of the heater section of
      a hot gas engine adapted for using part of the heat of the preheated fresh
      air for heating purposes.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The heater section of the engine is provided with a heat exchanger 1
      functioning as a preheater of the combustion air with an inlet 2 and an
      outlet 3 for fresh air. The outlet 3 opens out into a space or channel 4
      surrounding a combustion chamber 5. Said combustion chamber is provided
      with annularly disposed inlet openings 7 for the intake of preheated fresh
      air, which openings surround an injector nozzle 8 for liquid fuel. Within
      said combustion chamber 5 there are annularly disposed along the chamber
      wall 6 heater tubes 9, through which tubes the completely enclosed working
      medium of the engine (helium, hydrogen or other gas) is flowing
      circulated. The heater tubes 9 are heated partly by heat radiation and
      partly by convection, as the exhaust gases are streaming pass and between
      the tubes 9 to a space 10 surrounding said tubes, which space is connected
      with the inlet 11 of the heat exhcanger for the exhaust gases that are
      leaving the heat exhcanger via the outlet 12. The heater tubes 9 are
      connected with a regenerator 17 and the upper part of a cylinder 18 in
      accordance with the principal construction of a hot gas engine.
PAR  In the space or channel 4 surrounding the combustion chamber 5 is arranged
      a second channel 14 surrounding and in close relation with said chamber.
      The channel 14 is swept by preheated exhaust air, and inside the channel
      there is a medium for heating purposes. This second channel 14 has an
      inlet 15 and an outlet 16 and is lying close to particularly exposed parts
      of the combustion chamber, such as section 13 near the injector nozzle 8.
PAR  It is previously known to use the fresh air introduced for the combustion
      of the injected fuel and preheated by the exhaust gases for diesel heating
      purposes by drawing off part of the preheated fresh air immediately ahead
      of the combustion chamber and supplying this air to the space to be
      heated. However, the volume of air passed through the heat exchanger must
      in such a case be increased in proportion to the volume of air drawn off
      for heating purposes. Such a process thus has the disadvantage of making
      the combustion process dependent on the heat demand because of variations
      in the volume of combustion air. The proper fuel/air ratio is important
      from combustion economy point of view. Hence the ratio of fuel and air
      must be adjusted to the degree of heating desired at every particular
      occasion, which calls for a very complicated control device.
PAR  However, with a device according to the invention, where the heat is drawn
      off through a special heat exchanger situated between the air preheater
      and the combustion chamber, the combustion process becomes substantially
      independent of the heating demand, as here the volume of combustion air is
      constant while the temperature of the air varies instead. The proper ratio
      of fuel and air is therefore always obtained regardless of how much heat
      is being drawn off from the preheated air. This is very advantageous as
      the heating device does not negatively affect the capacity of the hot gas
      engine.
PAR  Another advantage inherent in the device of the present invention results
      from the fact that the heating system may be operated with media free of
      compulsion, e.g. fresh air or water, and is not tied to exhaust gas. In
      the latter case the channel 14 together with a radiator or a water/air
      heat exchanger is part of a circulation circuit. It is also possible to
      use circulating cabin air, optionally mixed with fresh air, as the medium
      in channel 14. The air heated in the channel 14 may be mixed with cold air
      before being blown into the space to be heated. The desired temperature is
      obtained through adjustable regulating valves in the hot and cold air
      pipes.
PAR  Because of the channel 14 being situated close to the combustion chamber 5
      and thus close to those parts of the combustion chamber that are
      particularly exposed to combustion heat, the usable life of the combustion
      chamber is increased.
PAR  While the present disclosure presents a specific embodiment of the
      invention, it is understood that a variety of modifications and changes
      may be devised without departing from the spirit and scope of the
      invention. The channels 4 and 14 are thus not limited to the shape and
      location illustrated on the drawing even if this particularly preferred
      embodiment gives the best result of the heat and thus the greatest
      efficiency as well as increased combustion chamber life. The channel 14
      may be located in the space 4 surrounding the combustion chamber 5, for
      instance in the immediate vicinity thereof but not in absolute contact
      therewith.
PAR  Similarly the heater part of the engine may be located above the cylinder
      without changing the principal idea of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hot gas engine in combination with a combustion chamber for generating
      a heating medium to heat a selected space, comprising:
PA1  a. injector means for injecting fuel into said combustion chamber;
PA1  b. intake means for passing combustion air from the atmosphere to said
      injector means;
PA1  c. means for passing exhaust gas from said combustion chamber in heat
      exchange relationship with said intake means; and
PA1  d. passage means for passing a heat exchange fluid from an intake to an
      outlet to heat a selected space, said air passage means being disposed in
      heat exchange relationship with said air intake means and said combustion
      chamber.
NUM  2.
PAR  2. A hot gas engine according to claim 1, in which said passage means is
      disposed substantially concentrically about the combustion chamber.
NUM  3.
PAR  3. A hot gas engine according to claim 1, in which a portion of said
      passage means is disposed adjacent the fuel injector means.
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ABST
PAL  A throttle actuator for accelerating and decelerating the speed of an
      internal combustion engine in response to work demand where the engine
      drives the pump of a hydraulic system. In one aspect, the invention is
      directed to a throttle actuating piston and rod arrangement for operating
      the throttle of the engine and a pulsation intensifier for sensitively
      controlling the piston's movement. The pulsation intensifier is connected
      in a pressure line from the pump and comprises a free spring biased
      floating piston of configuration such that there is a differential in area
      across the piston for fluid pressure intensification purposes. The
      intensifier piston in one embodiment also has an axial passage
      therethrough and an orifice communicating with the throttle actuating
      piston. Both pistons are slidably mounted in housings which have springs
      to normally position the pistons in directions to cause the engine to
      return to idle speed when there is no work demand.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hydraulic throttle actuators such as those used
      for accelerating and decelerating an internal combustion engine which
      drives a pump in a hydraulic system. Particularly, the invention is
      directed to that type of throttle actuator which is operated responsive to
      pressure changes within the system resulting from the positioning of a
      selector valve and work demand.
PAR  Although the invention is primarily intended for use in conjunction with
      the prime mover of mobile equipment, it is adaptable for use with other
      hydraulic systems where the pump of the system is driven by an internal
      combustion engine. In many cases the hydraulic system is used only when
      the mobile equipment is in a stationary condition, the system itself being
      operated on an intermittent basis. The hydraulic systems generally are
      designed in such a manner that during inoperative periods, the valving in
      the system allows fluid, which is being pumped on a continuous basis, to
      pass through certain portions of the system and return back to the
      reservoir--thus fluid is in a constant state of movement whether the
      system is doing work or is in an idle condition. This type of system is
      referred to as an open-center hydraulic system. To those skilled in the
      art it will be apparent that certain rotary control valves, not shown, may
      be used, but for the purpose of the present disclosure reference will be
      made to a spool selector valve. In a system as herein described, when work
      is demanded of the system, the speed of the internal combustion engine is
      increased to cause the pump to apply fluid at higher pressures and flow
      rates. The most common means for controlling engine speeds utilizes fluid
      pressure from the hydraulic system itself, and is actuated only upon
      demand. Such means are normally called hydraulic throttle actuators.
      Although several hydraulically operated throttle actuators are presently
      available, they have operational disadvantages in that they are incapable
      of operating over the broad range of pressures encountered in such
      hydraulic systems and particularly are incapable of accurately sensing
      lower pressures.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the invention is to provide a hydraulic throttle actuator
      capable of sensing the full range of pressures encountered in the
      hydraulic system, whereby the engine can be accelerated and decelerated in
      a manner to achieve optimum performance of the hydraulic system.
PAR  A further object is to provide, in an open center hydraulic system, spring
      adjustment means to overcome high back pressures encountered when the
      engine is running at a high speed and the selector valve is shifted to the
      no work demand position.
PAR  Another object of the invention is to provide a fluid intensifier effective
      in a hydraulic system to intensify pressure pulses to overcome the force
      of a return spring acting on the throttle actuating piston under a work
      cycle condition wherein such pressure pulses are of less magnitude than
      the system maximum back pressure.
PAR  Another object is to provide a hydraulic throttle actuator having means for
      accurately adjusting the stroke of the throttle actuating piston.
PAR  These and other objects of the invention will become apparent from the
      following description and the accompanying drawings,
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a hydraulic system employing a throttle
      actuator according to the invention,
PAR  FIG. 2 is an enlarged vertical sectional view of the actuator shown in FIG.
      1 and showing the same connected with the throttle lever of an internal
      combustion engine,
PAR  FIG. 3 is a front elevational view of a clamp bracket for adjustably
      supporting the cylinder of the throttle actuator piston, and
PAR  FIGS. 4, 5, and 6 illustrate further embodiments of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The hydraulic system shown in FIG. 1 is for a mobile unit having a working
      cylinder 10 for operating any of various hydraulically operated
      implements, illustrated in block form at 10A, and which may include for
      example cranes, packer blades in refuse trucks, tailgate hoists, back hoes
      on tractors, etc. The engine 11 shown is a prime mover for a vehicle and
      also drives a hydraulic fluid pump 12 which is part of the hydraulic
      system. The selector valve 13 is conventional and is not, therefore,
      herein described in detail. The valve 13 is connected with the pump 12 by
      a pressure line 14 and with a fluid reservoir tank 15 by a return line 16.
      Similarly, working lines 17 and 18 extend to the ends of the cylinder 10.
      The system as shown includes a regulator valve 19 in the pressure line 14
      and a bypass line 20 to the reservoir 15. To complete the primary system,
      there is a supply line 21 connecting the reservoir 15 with the pump 12.
PAR  A throttle actuator according to the present invention operates the
      throttle lever 22 of the engine's carburetor 23 and, as shown, is mounted
      on the engine head 24 by means of a clamp bracket 25. A cylinder 26,
      herein referred to as an actuator cylinder, is mounted in the clamp
      bracket 25 parallel with the engine's accelerator rod 27. A throttle
      actuating piston 28 (see FIG. 2) is slidably mounted in the cylinder 26
      and has a circular flange 29 on the extending end of its piston rod 30 for
      contacting an adjustable stop 31 on the engine's accelerator rod 27.
      Piston rings, cylinder seals and means for mounting the flange 29 on the
      piston rod are shown but not numbered.
PAR  Within the actuator cylinder 26, and in the end thereof opposite the piston
      rod 30, there is a coiled piston return spring 32 which normally extends
      the flange 29 outwardly of the cylinder. A cylindrical spring adjuster 33
      is threaded in and projects from the cylinder 26 and adjusts the
      compression of the piston return spring 32. A stop 34 is threaded through
      the axis of the spring adjuster 33 and adjustably limits the stroke or
      travel of the piston 28.
PAR  A pulsation intensifier cylinder 35 has one end 35A connected with the
      system's pressure line 14 by an auxiliary pressure line 36A. The other end
      35B of the cylinder 35 is connected with the cylinder 26 and is in fluid
      communication therewith by way of an opening 26A formed in the cylinder 26
      at the rod end of the piston 28, in the embodiment of FIG. 2.
PAR  In FIG. 2, the intensifier cylinder 35 is connected directly with the
      actuator cylinder 26. The intensifier cylinder 35 of FIG. 4 is the same as
      that of FIG. 2 except that it is connected with an actuator cylinder by
      way of a length of conduit 36B. Reference will be made both to FIG. 2 and
      FIG. 4 for a detailed description of the intensifier cylinder 35.
PAR  Cylinder 35 has openings 35C and 35D in opposite ends thereof and bores 42
      and 43 of different size diameters respectively. Located within the
      cylinder 35 is a free-floating intensifier piston 37 having ends 37A and
      37B of different size diameters for sliding movement in the bores 42 and
      43 respectively of the cylinder 35. The intensifier 37 has oppositely
      facing surfaces of different areas to be exposed to the hydraulic fluid
      for providing a differential in area across the piston for fluid pressure
      intensification purposes. These surfaces include surfaces 37C and 37D
      facing in one direction and surface 37E facing in an opposite direction.
      Although not illustrated in FIG. 2, the end of the cylinder 35 surrounding
      the opening 35C may be curved or conical-shaped as illustrated at 35E in
      FIG. 4 to allow surface 37C always to be exposed to the hydraulic fluid.
PAR  Extending through the intensifier piston 37 is an axial passageway 39 which
      provides a continuously open, two-way fluid flow path between the openings
      35A and 35B in opposite ends of the cylinder 35. The piston 37 has an
      orifice 40 or restricted opening at one end to allow restricted flow
      through the piston 37 to and from the actuator piston. A coiled reset
      spring 41 around the smaller diameter 37B of the piston 37 normally
      positions the piston 37 adjacent the cylinder's connection with the
      auxiliary pressure line 36A. As illustrated the spring 41 seats on
      shoulders 35F and 37F formed in cylinder 35 and on piston 37 respectively.
PAR  When the selector valve 13 is in its neutral or open center position and
      the engine 24 is operating at idle speed, hydraulic fluid is circulated by
      the pump 12 at a low pressure and at which time the engine 11 is running
      at low speed. However, when the valve 13 is manipulated to actuate the
      working cylinder 10 the pressure in the pressure line 14 and the auxiliary
      line 36A is increased and moves the actuator piston 28 away from the
      cylinder opening 26A against the force of the return spring 32 in the
      cylinder 26. The flange 29 on the piston rod 30 moves the stop 31 on the
      accelerator rod 27 and thus operates the throttle lever 27 to increase the
      engine speed. After the selector valve 13 has been returned to neutral,
      the pressures are decreased and the return spring 32 extends the piston
      rod 30, and thus returns the throttle lever to its idle position.
PAR  Since the spring biased intensifier piston 37 has a difference in
      transverse area, any pressure pulse acting against the larger face of the
      piston 37 moves the piston in the cylinder 35 and, in turn, compresses
      fluid against the actuator piston 28 at a rate faster than it can return
      through the pressure balancing orifice 40. Thus, any system fluid pressure
      pulses are intensified on the smaller side of the piston 37 in proportion
      to the differential in area across the piston, less the small loss back
      through the restricting orifice 40.
PAR  During those portions of a work cycle of the hydraulic system when working
      pressures are required that are lower than the maximum back pressure,
      fluid intensification by the fluid intensifier is very important in order
      to overcome the high compression force of the actuator piston return
      spring, the latter of which compression force is required in order to
      overcome the high back pressures encountered when the engine is running at
      a high speed and the selector valve is shifted to the no work demand
      position.
PAR  One instance where the working pressures are lower than the maximum back
      pressure, occurs in the starting of a work cycle occasioned by shifting
      the selector valve, for example, to lower the boom of a crane. In the
      normal selector valve shifting operations, minute pressure pulses
      generally are produced by the flats or lands of the spool valve passing
      over the flats or lands of the valve body. Further minute pressure pulses
      are produced in the beginning portion of the work cycle as various system
      components, such as cylinder pistons, rods, and seals, go through a
      transition from the static to the dynamic condition. The present
      intensifier is capable of intensifying these small pressure pulses to
      values above the maximum pressure setting of the actuator return spring so
      that the actuator piston will be moved to effectively accelerate the
      engine during this portion of the work cycle.
PAR  When a pressure pulse occurs, for example in the starting of a work cycle,
      it will rapidly move the piston 37 to intensify the fluid pressure on its
      smaller side and at the same time compress the reset spring 41. The
      restricting orifice 40 delays bleedback of the fluid through the piston 37
      and hence delays resetting of piston 37 to allow the next pressure pulse
      to shift the piston 37 further in the event that it has not reached its
      full stroke. The pressure pulses may occur relatively close together such
      that the orifice 40 is effective to allow the intensifier piston to
      continue to intensify the pressure pulses, thus causing the engine to be
      accelerated.
PAR  The restricting orifice 40 acts to delay bleedback of the fluid through the
      piston 37 such that sufficient pressure is maintained on the actuator
      piston 28 to prevent any significant return movement thereof during a
      period of pressure rebalance, during which period, the intensified
      pressure on the actuator piston 28 is relatively constant while the
      working pressure is increasing toward the level of the intensified
      pressure. When a pressure balance is reached across the piston 37 by way
      of the restricting orifice 40, the reset 41 returns the piston 37. When
      this occurs, the piston 37 is reset and hence is ready for any further
      pressure intensififer action that may be required. The piston 37 is
      capable of doing work as long as there is stroke left in the actuator
      piston. In the event that a pressure pulse shifts the piston 37 its full
      stroke and the working pressure is higher than the back pressure, the
      fluid pressure will continue to flow through the passageway 39 to move the
      actuator piston as long as it has not reached its full stroke.
PAR  When the boom of a crane is being raised, the selector valve is shifted to
      stop movement of the boom when its desired height is reached. At that
      time, the engine is running at its maximum throttle setting and fluid is
      being pumped and bypassed at a maximum rate whereby a very high back
      pressure is created. As indicated above, the setting of the return spring
      of the actuator cylinder is adjusted to overcome the high back pressure to
      return the actuator piston to its normal position whereby the engine may
      be returned to idle after the operating cycle. When the return spring
      pushes the actuator piston back to its normal position, fluid is squeezed
      back through the intensifier piston orifice to the larger side of the
      piston 37 thereby allowing the actuator piston to be returned to its
      normal position at a relatively slow rate and hence allowing the engine to
      be gradually decelerated.
PAR  This somewhat delayed or gradual engine deceleration action results in
      certain advantages. For example, since the engine does not immediately
      decelerate when a first selector valve is centered, a second work valve
      may be shifted to start a second work function while the engine speed is
      still near its normal work speed.
PAR  A further example where the fluid intensifier is useful in overcoming the
      high compression force of the return spring, occurs in the lowering of
      outriggers of a truck crane to stabilize the crane prior to a lifting
      operation. In the lowering of these outriggers, there is no high pressure
      required since the outriggers will almost "free-fall". As the selector
      valve is shifted and the outriggers begin to descend, there is no high
      pressure buildup, so that the engine remains essentially at idle. Thus,
      normally it would take a long period of time for the outriggers to descend
      to ground level. It is desirable, however, to have the engine operate at a
      higher rate of speed to obtain more fluid flow to bring the outriggers
      down at a faster rate. This is accomplished with the present intensifier
      which senses and intensifies the small pressure pulses occurring during
      the beginning portion of this work cycle to cause the engine to speed up
      or accelerate so that the outriggers are lowered at a rapid rate.
PAR  In a typical application, the ratio of the larger surface relative to that
      of the smaller and oppositely facing surface of the intensifier piston 37
      is 3.5 to 1. The orifice 40 has a length of 0.94 of an inch and a diameter
      of 0.09 of an inch. The high pressure supply chamber comprising the volume
      of the bore 43, with the piston 37 in its normal position, is 0.095 of a
      cubic inch. The actuator return spring 41 is capable of overcoming a
      maximum back pressure of 300 p.s.i.
PAR  Now that one embodiment of the invention has been described, other
      embodiments and modifications will be discussed. In addition to the means
      34 for adjusting the stroke of the piston 28, in the embodiment of FIG. 2,
      the actuator cylinder 26 may be longitudinally adjusted in the bracket 25.
      As best shown in FIG. 3, the bracket 25 is provided with a split opening
      44 for receiving the cylinder 26 and a bolt 45 in the bracket near the
      split end of the opening for adjusting the spacing between the actuator
      cylinder 26 and the stop 31 on the accelerator rod 27.
PAR  Referring now to FIGS. 4 and 5, there will be described alternative
      embodiments of the invention. In the embodiment of FIG. 4, the return
      spring 32 is located on the outside of the cylinder 26 and seats against
      the cylinder face 26B and a washer 51 held in place by an adjustable nut
      53 threaded to the piston 30. In this embodiment, the spring also urges
      the rod 30 and the actuator piston 28 toward the left, as shown in FIG. 4,
      to normally maintain the piston 28 next to the opening 26A. The
      compression force of the spring 28 may be adjusted by adjustment of the
      nut 53. The adjustable stop 34 is threaded into sleeve 55 and held
      securely by a nut 57.
PAR  In the embodiment of FIG. 5, the return spring 32 is located within the
      cylinder 26 and normally urges the piston 28 towards the opening 26A. The
      piston rod 30 is located on the same side of the piston 28 and extends
      through the spring 32 and through a sleeve 61 which is employed as the
      stop for adjusting the stroke of the piston. Sleeve 61 is threaded into
      sleeve 63 which in turn is threaded into cylinder 26. Sleeve 63 is
      employed for adjusting the compression force of the spring 32. Nuts 65 and
      67 are provided for securely holding the sleeves 61 and 63 in place.
      Although not shown, suitable coupling will be had between the piston rod
      30 and the throttle lever 22, and the cylinder 26 will be located in a
      position whereby movement of the piston 28 and piston rod 30 away from the
      opening 26A will move the engine's throttle lever 22 in a direction to
      accelerate the engine.
PAR  In the embodiment of FIG. 6, the passageway 39 and orifice 40 are formed by
      a conduit 71 which has opposite ends 71A and 71B coupled to the conduits
      36A and 36B respectively to provide a stationary, two-way fluid passageway
      between the ends of the cylinder 35 and which bypasses the cylinder 35. In
      this embodiment the intensifier piston 37' is a solid member with no
      passageway extending therethrough. The two-way passageway of FIG. 6,
      formed by conduit 71, and which bypasses the cylinder 35 and hence the
      piston 37', provides the same functions as the axial passageway 39 and
      orifice 40 of the embodiments of FIGS. 2 and 4.
PAR  The invention is not limited to the exemplary construction herein shown and
      described, but may be made in various ways within the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid pressure intensifier for use in a hydraulic system comprising:
PA1  a cylinder having openings in opposite ends thereof,
PA1  a free-floating piston located in said cylinder for movement therein,
PA1  said piston having oppositely facing surfaces of different areas to be
      exposed to hydraulic fluid by way of said openings for providing a
      differential in area across said piston for fluid pressure intensification
      purposes,
PA1  the larger of said surfaces facing one end of said cylinder,
PA1  biasing means for normally urging said piston toward said one end of said
      cylinder, and
PA1  a continuously open passageway including a restrictive orifice
      communicating between the ends of said cylinder on opposite sides of said
      piston for providing a two-way fluid flow passageway between the ends of
      said cylinder.
NUM  2.
PAR  2. The fluid pressure intensifier of claim 1 wherein said continuously open
      passageway including said restrictive orifice extends through said piston.
NUM  3.
PAR  3. The fluid pressure intensifier of claim 1 wherein said continuously open
      passageway including said restrictive orifice comprise a two-way fluid
      passageway coupled to opposite ends of said cylinder and which bypasses
      said cylinder.
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ABST
PAL  A hydraulic brake force-multiplying device includes a body, an output
      member fitted slidably in the body, a working chamber defined between the
      output member and the body, a pressure chamber defined in the body and
      receiving pressure fluid introduced from a source of pressure fluid, a
      valve seat member positioned in the pressure chamber and urged against the
      body under fluid pressure of the pressure chamber, a rod member provided
      integrally with the valve seat member and extending to the interior of the
      working chamber, a guide bore extending through the rod member axially, a
      valve stem having a valve portion adapted to cooperate with a valve seat
      of the valve seat member, thereby forming a valve mechanism in combination
      with the valve seat, and being sealingly and slidably fitted in the guide
      bore, an input shaft provided in the body adjacent to one end of the valve
      stem remote from the working chamber, an intermediate chamber defined
      between the input shaft and the valve stem and adapted to be communicated
      by way of the valve mechanism with the pressure chamber, a passage
      provided in the valve stem and communicating the intermediate chamber with
      the working chamber by way of the guide bore, and a passage provided in
      the input shaft for providing communication between the intermediate
      chamber and a drain tank, the communication therebetween being blocked
      when the input shaft is actuated so as to engage with the valve stem.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hydraulic brake force multiplying device of the
      type which is connected directly to a master cylinder in a brake system of
      an automobile or the like, and wherein when fluid pressure from a source
      of pressure fluid (a power pump, etc.) is in normal condition, the device
      is adapted to operate as a so-called non-stroke type device (stroke of an
      input shaft is determined merely so as to open or close a valve mechanism
      involved in the device, irrespective of the stroke of the master
      cylinder), and wherein when pressure source fails the device is adapted to
      directly actuate the master cylinder.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide a hydraulic
      brake force-multiplying device, wherein a valve stem for providing the
      valve mechanism is reduced in size, thereby improving the sealing
      performance of the valve mechanism and giving an improved manipulating
      feeling to a driver.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Description will be given of a preferred embodiment of the present
      invention with reference to the accompanying drawing.
PAR  The accompanying drawing shows a cross-sectional view of a preferred
      embodiment of a fluid brake force-multiplying device according to the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The body 1 of the device is composed of members 1' and 1", which are
      secured together and are connected by a cylindrical spacer 2 to a master
      cylinder 3. The body 1 has a projecting portion 4 extending from the
      member 1' toward the master cylinder 3.
PAR  Shown at 5 is a cup-shaped output member, which receives therein the outer
      periphery of the aforesaid projecting portion 4 slidably and sealingly, in
      such a manner that a working chamber 6 is defined by the bottom wall of
      the output member 5 and the end wall of the projecting portion 4. The
      output member 5 is urged in the direction of a stopper portion 1a of the
      body 1 under the action of a spring 7. The output member 5 has a closed
      end 5a and is associated with a projecting portion 8a extending from a
      piston 8 of the aforesaid master cylinder 3.
PAR  Designated 9 is a pressure chamber, to which pressure fluid is introduced
      by way of a fluid introducing passage 10 from a source of pressure fluid
      such as a hydraulic pump or an accumulator, the pressure chamber 9 being
      defined within a hollow portion 11 provided in the member 1'. The hollow
      portion 11 has a diametrically smallest portion 11a, a diametrically
      enlarged portiion 11b and a diametrically reduced portion 11c which is
      contiguous to the end of the member 1" and has a diameter slightly smaller
      than the diametrically enlarged portion 11b. Provided between the
      diametrically reduced portion 11c and the end wall 1"a of the member 1" is
      an O-ring 12 for providing sealing therebetween.
PAR  Denoted at 13 is a valve seat member positioned in the pressure chamber 9.
      The valve seat member 13 has a valve seat 13a, a cylindrical portion 13b
      extending rightwards therefrom as viewed in the drawing and a
      diametrically enlarged portion 13c provided in the right-hand portion and
      fitted in the aforesaid diametrically reduced portion 11c of the hollow
      portion 11, thereby providing sealing in combination with the O-ring 12. A
      space is left between the outer periphery of the diametrically enlarged
      portion 13c and the inner periphery of the diametrically enlarged portion
      11b of the hollow portion 11. The valve seat member 13 is provided with a
      projecting portion 13d extending from the valve seat 13a leftwards as
      viewed in the drawing, which projecting portion 13d is carried on the wall
      of diametrically smallest portion 11a of the aforesaid hollow portion 11.
      The valve seat member 13 is normally urged rightwards as viewed in the
      drawing under the fluid pressure from the pressure chamber 9, whereby the
      end wall of diametrically enlarged portion 13c bears against the end wall
      1"a of the member 1" to be retained therein.
PAR  Shown at 14 is a rod member, whose one end 14a is diametrically enlarged
      and fitted in a recess of projecting portion 13d of valve seat member 13
      in a manner to bear against the shoulder of projecting portion 13d and to
      be securely coupled to the valve seat member 13 by means of a retaining
      ring 13'. The other end 14b of rod member 14 sealingly and slidably
      extends through the bottom wall 4a of the projecting portion 4 to extend
      into the working chamber 6. The rod member 14 is provided with a guide
      bore 15 extending in the axial direction thereof.
PAR  Shown at 16 is a valve stem, whose one end portion 16a is sealingly and
      slidably fitted in the guide bore 15 of the rod member 14, and which has a
      valve portion 16b in the right-hand portion, the valve portion 16b being
      adapted to contact or detach from the valve seat 13a of the valve seat
      member 13, thereby providing a valve mechanism. The valve stem 16 is urged
      under the action of a spring 17 in the direction of urging the valve
      portion 16b against the valve seat 13a of valve seat member 13.
PAR  Shown at 18 is an input shaft, which has land portions 18a, 18b and a
      diametrically reduced portion 18c, the land portion 18a being sealingly
      and slidably fitted in a bore 19 provided in the member 1" and the land
      portion 18b being sealingly and slidably fitted in a hollow portion of the
      valve seat member 13. The land portion 18b defines an intermediate chamber
      20 with the valve stem 16 in the interior of the hollow portion of the
      valve seat member 13. The intermediate chamber 20 is brought into
      communication with the pressure chamber 9 when the valve portion 16b of
      valve stem 16 is detached from the valve seat 13a but the communication
      therebetween is normally blocked by the valve mechanism 16b, 13a. The
      input shaft 18 is provided with a projecting portion 18d extending from
      the land portion 18b toward the interior of intermediate chamber 20, with
      the end thereof positioned in the vicinity of the valve seat 13a of the
      valve seat member 13. The end face of the land portion 18b of the input
      shaft 18 bears against a stopper 21 provided on the diametrically enlarged
      portion 13c of the valve seat member 13, thereby controlling the rightward
      motion of the input shaft. Shown at 22 is a spring for biassing the input
      shaft 18 to its home position shown in the drawing.
PAR  A passage 23 and at least one radial passage 16d, for communicating the
      working chamber 6 with the intermediate chamber 20 by way of the guide
      bore 15, are provided in the valve stem 16. Shown at 24 is a passage for
      communicating the intermediate chamber 20 provided in the input shaft 18
      with a drain tank or a reservoir (not shown), the passage 24 being
      connected by way of an annular space 25 to a fluid discharging passage 26.
      The annular space 25 is adapted to be communicated with the pressure
      chamber 9, but when in the source of fluid pressure is in the normal
      condition, the annular hollow portion 25 is blocked from the pressure
      chamber 9 by means of the diametrically enlarged portion 13c of the valve
      seat member 13 and the O-ring 12 which serve as a sealing member.
PAR  A valve 16c is provided in the end portion of valve stem 16 positioned
      within the intermediate chamber 20, and a valve seat 27 is provided in the
      projecting portion 18d of the input shaft 18. The valve 16c and the valve
      seat 27 are brought into contact with or detached from each other, thereby
      providing a valve mechanism, which opens or closes the passage 24 for
      communicating the intermediate chamber 20 and the drain tank with each
      other or cutting off communication therebetween.
PAR  The hydraulic brake force multiplying device having the construction as
      described operates as follows.
PAR  If a manipulating force is applied to a brake pedal by a driver so as to
      bring into operation the hydraulic brake force multiplying device which
      has been maintained in the inoperative position shown in the drawing, the
      input shaft 18 is shifted leftwards. The leftward movement of the input
      shaft 18 causes the valve seat 27 to engage with the valve 16c of the
      valve stem 16, to thereby interrupt the communication of the fluid
      discharge passage 26 with the intermediate chamber 20 and the working
      chamber 6. The further leftward movement of the input shaft 18 moves the
      valve stem 16 in the same direction, whereby the valve portion 16b is
      detached from the valve seat 13a of the valve seat member 13, thereby
      communicating the pressure chamber 9 and the intermediate chamber 20 with
      each other. Consequently, pressure fluid is introduced through the
      passages 16d, the passage 23 and the guide bore 15, into the working
      chamber 6, so that the output member 5 will be moved leftwards, thereby
      actuating the piston 8 in the master cylinder 3 in the same direction,
      whereby the braking action is conducted.
PAR  Since the input shaft 18 receives at its inner end, i.e. the left end in
      the drawing, pressure which has been introduced in the working chamber 6
      during the above movement, a driver experiences reacting force or an
      operating feeling, by way of the input shaft 18.
PAR  If, during the above movement, reacting force due to fluid pressure acting
      on the input shaft 18 becomes slightly larger than the manipulating force
      which is being applied to the input shaft 18 by a driver, the input shaft
      18 is slightly moved backwards (rightwards), as a result of which the
      valve stem 16 is also moved backwards under the actions of the fluid
      pressure and the spring 17, so that the valve portion 16b will come to a
      position just contacting the valve seat 13a, thereby cutting off
      communication between the pressure chamber 9 and the intermediate chamber
      20. Such action is effected within the scope of resilient deformation of
      the valve seat 27, and hence such action is effected with the valve seat
      27 and the valve 16c of valve stem 16 maintained in contact.
PAR  When the input force applied to the brake pedal is relieved, the input
      shaft 18 is moved backwards (rightwards as viewed in the drawing) under
      the actions of the fluid pressure and the return spring 22 until the land
      portion 18b comes into contact with the stopper 21. Consequently, the
      valve seat 27 of the input shaft 18 detaches from the valve 16c of the
      valve stem 16, thereby communicating the intermediate chamber 20 with the
      fluiid discharge passage 26. Thus, the output member 5 is shifted
      backwards, causing fluid pressure within the working chamber 6 to
      discharge to the discharge passage 26, until the member 5 comes to bear
      against the stopper 1a under the actions of the spring 7 and a return
      spring (not shown) for the piston 8 in the master cylinder 3.
PAR  In case the manipulating force is abruptly applied to the brake pedal, the
      valve portion 16b would normally be detached from the valve seat 13a to be
      spaced apart therefrom to a considerable extent for a short period of
      time, so that a large quantity of pressure fluid within the pressure
      chamber 9 would be streamed into the intermediate chamber 20 to act as an
      impact on the input shaft 18 and output member 5. This would be
      responsible for an unstable motion of the input shaft and the output
      member. The problem, however, is avoided in the present invention by the
      provisions of the projecting portion 18d in the input shaft 18 and the
      valve seat member 13.
PAR  That is, even if a driver abruptly applies manipulating force to the brake
      pedal, the valve seat member 13 remains in the position shown in the
      drawing, as long as the pressure source is in the normal condition.
      Accordingly, once the projecting portion 18d of input shaft 18 bears
      against the valve seat 13, the input shaft 18 will no longer be moved in
      the same direction. Thus, there is no risk that the valve portion 16b is
      spaced apart from the valve seat 13a to a greater extent. In this case,
      the opening of the valve is substantially equal to or slightly larger than
      that in the case where the manipulating force is gradually applied to the
      brake pedal.
PAR  When the function of the pressure source is lost, the above-described
      operation due to fluid pressure does not take place, but the manipulating
      force applied to the brake pedal will be transmitted directly to the
      master cylinder.
PAR  When the function of the pressure source is lost, the pressure within the
      pressure chamber 9 will be lowered, so that the valve seat member 13 will
      be allowed to move in the same direction as the motion of the valve stem
      16 in the direction of opening the valve. Thus, if the brake pedal is
      actuated, the input shaft 18 is moved leftwards, and then the projecting
      portion 18d of input shaft 18 comes to contact against the valve seat
      member 13. Subsequently, the left end 14b of the rod member 14 which moves
      integrally with the valve seat member 13 comes to contact against the
      closed end 5a of the output member 5, thereby actuating the output member
      5.
PAR  In this case, when the valve seat member 13 is moved leftwards, the
      diametrically enlarged portion 13c thereof becomes detached from the
      O-ring 12, thereby communicating the pressure chamber 9 with the drain
      tank by way of the annular space 25, whereby the working chamber 6 and the
      intermediate chamber 20 are brought into communication with the drain tank
      by way of the pressure chamber 9. Fluid within those chambers 6, 9 and 20
      has no effect on the movement of the valve seat member 13.
PAR  If the input which has been applied to the brake pedal is relieved, the
      output member 5 is moved rightwards to its home position under the actions
      of the spring 7 and the return spring for the piston 8 in the master
      cylinder 3, whereby the rod member 14, the valve seat member 13 and the
      input shaft 18 are all returned to their home positions.
PAR  As is apparent from the foregoing, when the function of the pressure source
      is lost, the device of the present invention makes it possible to directly
      actuate the master cylinder 3. Since the valve stem 16 does not
      participate in such actuation of the output member 5, the valve stem 16
      may be reduced in size, with the result of providing an improved sealing
      performance between the valve stem and the valve seat 13a as well as
      permitting the use of a weak spring 17. This contributes to extending
      service life of the valve seat 27, because of the force to be exerted
      thereon being reduced.
PAR  The hydraulic brake force multiplying device having the construction and
      functions as described provides the below-mentioned advantages.
PAR  a. The valve stem 16 is reduced in size, thereby providing an improved
      sealing performance between the valve stem and the valve seat 13a, as well
      as permitting use of a weak spring, with the result of extension in
      service life of the valve seat 27.
PAR  b. Since the stroke of the input shaft 18 is limited by the valve seat
      member 13, irrespective of whether the manipulating force is applied
      gradually or abruptly to the brake pedal, an excellent operating feeling
      is given to a driver. This contributes to enhancing safety, particularly
      in case the device of the present invention is applied as a brake device
      to an automobile or the like.
PAR  c. The device is so adapted as to operate as a so-called stroke type device
      when the pressure source is in the normal condition, and to directly
      actuate the master cylinder when the function of the pressure source is
      lost, with the result that a driver is relieved from fatigue, with
      resultant improved safety.
PAR  d. When there is a failure of the pressure source, fluid within the
      pressure chamber 9, the working chamber 6 and the intermediate chamber 20
      has no effect on the movement of the valve seat member 13, so that the
      manipulation of the brake pedal is easy and smooth.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A braking force multiplying device for use in a hydraulic braking system
      of the type including a master cylinder, a source of hydraulic fluid, and
      a fluid drain, said device comprising:
PA1  a body coupled to said master cylinder, said body having a projecting
      portion extending toward said master cylinder;
PA1  a cup-shaped power piston having a first open end and a second closed end,
      said projecting portion having an outer periphery sealingly and slidably
      received through said open end of said power piston, said closed end of
      said power piston cooperating with a piston of said master cylinder;
PA1  a working chamber defined between said power piston and said projecting
      portion;
PA1  a bore extending through said body coaxially with respect to said power
      piston;
PA1  a valve seat member slidably fitted in said bore, a first end of said valve
      seat member extending into said working chamber and sealingly extending
      through a first diameter portion of said bore, a second end of said valve
      seat member being in a second diameter portion of said bore, said second
      diameter portion having a greater diameter than said first diameter
      portion, said valve seat member and said body defining therebetween a
      pressure chamber, said pressure chamber being permanently connected to
      said source of hydraulic fluid;
PA1  said valve seat member having a guide bore extending therethrough;
PA1  a valve stem member being slidably and sealingly fitted in said guide bore;
PA1  a first normally closed valve means formed by a valve body on said valve
      stem member and a seat on said valve seat member;
PA1  an input shaft slidably and sealingly fitted in said body, said input shaft
      being normally spaced from said valve seat member;
PA1  an intermediate chamber defined between a first inner end of said input
      shaft and said valve seat member;
PA1  first passage means in said valve stem member for permanently communicating
      said intermediate chamber with said working chamber;
PA1  second passage means in said input shaft for providing communication
      between said intermediate chamber and said fluid drain;
PA1  a second valve means formed between said input shaft and said valve stem
      member, when said input shaft is moved inwardly of said body, for blocking
      communication between said intermediate chamber and said fluid drain; and
PA1  said input shaft comprising means, when said input shaft is moved inwardly
      of said body, for opening said first valve means and for communicating
      said intermediate chamber with said pressure chamber.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said second end of said valve
      seat member comprises an increased diameter portion, and said second
      diameter portion of said bore has a tapering reduced diameter section,
      said increased diameter portion of said second end of said valve seat
      member being urged to engagement with said tapering reduced diameter
      section by the pressure in said pressure chamber.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein said first end of said valve
      seat member comprises a reduced diameter section.
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ABST
PAL  An external combustion engine, such as the vapor cycle engine, produces
      power by the expansion of a working fluid vapor. A vapor generator
      vaporizes a suitable working fluid which is fed to an expander. The
      vaporized working fluid expands and is subsequently fed back to the vapor
      generator. A burner provides energy for the vapor generator. The fuel and
      air supply for the burner is controlled by a system responsive to
      operating conditions of the engine. That is, the power input to the vapor
      generator is correlated by a control system with the demand on the engine.
      The control system disclosed involves a servomechanism which may suitably
      respond, for example, to either the working fluid flow rate or the input
      from an accelerator which commands a change in the working fluid flow
      rate.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional of U.S. patent application Ser. No.
      250,638, filed May 5, 1972 for External Combustion Engine and Control
      Mechanism Therefor in the name of William B. Noe, now issued as U.S. Pat.
      No. 3,826,282.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention pertains to a system for controlling the admission of fuel
      and air to a burner for an external combustion engine such as a vapor
      cycle engine. In a typical engine, a working fluid vaporized in a vapor
      generator by heat energy from a burner is admitted to an expander and
      expands to produce work. Thereafter the expanded vapor passes through a
      condenser to be liquefied and pumped back to the vapor generator for
      repeating the cycle.
PAR  The amount of heat energy produced by the burner must be correlated to the
      demand on the engine so that the required amount of power will be produced
      when the power demand is relatively high, and so that the engine will not
      either overheat or operate inefficiently under conditions of reduced power
      output requirements.
PAR  The proper correlation of the fuel burning rate with the engine output may
      be achieved by controlling the firing rate as a function of an engine
      operating condition such as the working fluid flow rate or the magnitude
      of an accelerator input which commands a change in the engine output.
      Accordingly, a control system is provided which derives signals
      functionally related to the selected engine operating conditions and, in
      accordance therewith, adjusts devices for varying the admission of fuel
      and air to the burner. A feedback signal to the control system may be
      provided so that the control system output will be constantly monitored by
      the input.
PAR  The control mechanism may comprise a servo-valve having ports to a
      relatively high pressure fluid supply, a fluid responsive valve means for
      controlling admission of a combustible mixture to the burner and a
      relatively low pressure fluid reservoir. The servo-valve controls fluid
      communication between the ports in accordance with the character of the
      combustible mixture to be admitted to the burner means. When increased
      burner output is required, communication will be established between the
      supply port and the fluid pressure responsive valve means so that the
      relatively high pressure of the fluid supply port is applied to the valve
      means to increase flow. When reduced burner output is desired, fluid
      communication is established between the fluid responsive valve and the
      reservoir so that the relatively low pressure of the reservoir is applied
      to the valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing one embodiment of a vapor cycle engine
      constructed in accordance with this invention;
PAR  FIG. 2 is a block diagram of another embodiment of a vapor cycle engine
      constructed in accordance with this invention;
PAR  FIG. 3 is a schematic view showing an embodiment of the control system of
      the present invention corresponding to that shown in FIG. 1;
PAR  FIG. 4 is a perspective view showing one embodiment of the control system
      of this invention;
PAR  FIG. 5 is a sectional view showing a component of the apparatus of FIG. 4;
PAR  FIG. 6 is a sectional view showing another component of the apparatus of
      FIG. 4;
PAR  FIG. 7 shows in detail other elements of the apparatus of FIG. 4;
PAR  FIG. 8 is a detailed view showing a portion of the apparatus of FIG. 7;
PAR  FIG. 9 is an exploded perspective view of certain elements illustrated in
      FIG. 5;
PAR  FIG. 10 is a schematic view of a prior art fourway valve;
PAR  FIG. 11 is a schematic view of the prior are fourway valve of FIG. 10
      modified to operate as a threeway valve; and
PAR  FIG. 12 is a schematic view showing a threeway valve constructed in
      accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Reference will now be made to FIG. 1. A vapor generator 10 evaporates any
      suitable working fluid such as trifluoroethanol, thiophene, pyridine or
      water, which is admitted through an intake control valve 12 to an expander
      14. Work produced by the expanded fluid may drive an alternator 16 and an
      appropriate driven device such as a transmission 18. Expanded working
      fluid passes from the expander 14 through the vapor side of the
      regenerator 20, to a condenser 22. A feedpump 24 drives the condensed
      working fluid from the condenser, through a signal orifice 26 and the
      liquid side of the regenerator 20, back to the vapor generator 10. A high
      pressure bypass 28 provided between the feedpump 24 and the signal orifice
      26 permits working fluid to pass from the feedpump directly back to the
      condenser 22 in the event of excessive feedpump output. The feedpump means
      24 is driven directly to the shaft input to the transmission, as indicated
      at 30. The output of the feedpump 24 is variable as a function of a vapor
      generator discharge pressure signal 36.
PAR  The valve control means 32 is responsive to an electrical signal 31 from
      the alternator 16 and determines the extent to which the intake valve 12
      is opened. The valve control may also have an additional input 34 which
      may, for example, be from an accelerator which provides a signal source to
      command a change in the working fluid flow rate when a change in the power
      output rate is desired. The intake valve control mechanism is described in
      more detail in U.S. patent application Ser. No. 215,838, filed Jan. 6,
      1972, now U.S. Pat. No. 3,748,966, entitled "Vapor Engine Speed Control"
      and assigned to the assignee of the present invention. It will be
      understood, however, that the particular means described to control the
      admission of working fluid vapor to the expander is by way of example and
      that any suitable means may be used.
PAR  It will be apparent that an increased power output of the engine requires
      an increased flow of working fluid and that the flow of working fluid is
      decreased to reduce the power output level. Accordingly, the heat input to
      the vapor generator 10 is varied in accordance with the desired power
      output. This is achieved by providing a servo-mechanism 38 responsive to
      various engine operating conditions for controlling the fuel and air
      mixture admitted to a burner 40 which supplies the heat energy to the
      vapor generator 10. The servomechanism 38 controls the fuel and air
      mixture by controlling the operation of an air control valve 42, a fuel
      control 44 and an atomizing air control 46. The fuel control 44 determines
      the amount of fuel fed to the burner from a fuel supply 48. The air
      control valve 42 controls the amount of air mixed with the fuel to make a
      combustible mixture and the atomizing air control 46 provides air for
      atomizing the fuel when it is admitted to the combustion chamber.
PAR  The servo-mechanism 38 operates as a function of working fluid flow rate
      and vapor generator temperature. The transient input to the
      servo-mechanism is derived from the working fluid flow rate. A pressure
      drop is produced across the signal orifice 26 and differential pressure
      signals represented as 50' and 50" provide inputs to the servo-mechanism.
      The vapor generator temperature provides independent input signals 52 and
      54 which, respectively, provide a signal to modify the working fluid flow
      rate signal and a signal for safety control. The feedback signal 56 to the
      servo-mechanism is derived at any convenient point from the
      servo-mechanism output. The operation of the servomechanism will be more
      particularly described with reference to FIGS. 3 through 5.
PAR  Reference will be made to FIG. 2 wherein there is shown a schematic view of
      a Rankine cycle engine similar to that shown in FIG. 1. (Like numerals are
      used to designate like parts.) The primary distinction is that the
      servomechanism 38 responds directly to an accelerator input rather than to
      the flow rate of the working fluid. The accelerator displacement provides
      an input for a mechanical-to-pneumatic transducer 75. The transducer 75
      provides a fluid pressure signal to the servomechanism 38 and produces an
      effect analogous to that produced by the pressure drop occurring across
      the signal orifice 26 of the engine shown in FIG. 1. The accelerator also
      provides an input 34 to the valve control 32 as in the engine of FIG. 1.
      Further, there is schematically illustrated a vapor generator of the type
      disclosed in U.S. Pat. No. 3,477,412 which was issued Nov. 11, 1969 to the
      assignee of this invention. This vapor generator includes a tube 76 for
      conducting working fluid through the vapor generator and a concentric tube
      78 forming a jacket surrounding the tube 76. The jacket 78 contains a
      buffer fluid for evenly distributing heat from the burner 40 to all parts
      of the tube 76 to avoid hot spots, in a manner fully described in the
      aforesaid patent. The buffer fluid within the jacket 78 provides a
      particularly favorable locus for obtaining a signal proportional to the
      wall temperature of the tube 76. Accordingly, this input to the
      servomechanism 38 may be obtained by extending a temperature-sensing
      device into the buffer fluid and transmitting the signal resulting
      therefrom to a transducer 59 and thence to the servomechanism 38.
PAR  Reference will now be made to FIG. 3 which shows a schematic diagram of an
      engine constructed according to the emboidment of FIG. 1. (Like numerals
      are used to designate like parts.) The vapor generator 10 is associated
      with burner 40, an expander 14, a condenser 22 and a pump 24. Between the
      pump 24 and the vapor generator 10 is located the signal orifice 26. From
      the high pressure side of the signal orifice 26, a high pressure signal
      50' is admitted to the servomechanism 38 and, from the low pressure side
      of the signal orifice, a low pressure signal 50" provides another input to
      the servomechanism. The servomechanism is also responsive to the transient
      and limiting temperature signals 52 and 54 from the vapor generator 10.
      The output from the servomechanism 38 controls the air control valve 42 to
      determine the amount of air admitted to the burner 40 from the combustion
      air blower 49 for producing a combustible air and fuel mixture in the
      burner 40. The air control valve 42 provides a feedback 56 to the
      servovalve 38 and an input to the fuel control 44.
PAR  The burner 40 includes a fuel inlet nozzle 58 through which fuel is
      admitted to the burner through a line 60 from the fuel control 44. The
      fuel discharge through the nozzle 58 is atomized by air supplied from the
      blower 51 and modulated by the atomizing air control 46. The modulating
      input to the air control 46 is a function of the setting of the air
      control valve 42, as indicated at 235. The atomizing air control 46 may be
      an electro-mechanical valve wherein the position of the valve 42
      determines the output of the potentiometer 234 which controls the volume
      of air passing from the blower 51 to the nozzle 58.
PAR  Associated with the fuel control 44 and the fuel supply, or reservoir, 48
      is a pump 68 for pumping fuel at an elevated pressure from the reservoir
      48 to the control 44. There is provided a pressure regulator 70 with a
      feedback to the supply 48 and an expansion chamber 72 to insure a constant
      fuel supply to the control 44. The control 44 admits a carefully
      controlled volume of fuel through the lines 60 to the nozzle 58. The
      element 74 limits the maximum fuel flow to the burner 40.
PAR  FIG. 4 shows a preferred assembly of the servomechanism 38, the fuel
      control 44, the air control valve means 42, and a pneumatic-to-mechanical
      transducer 220. A gear sector 228 and a gear 230 transmit motion from the
      transducer 220 to a butterfly valve 214 forming part of the valve means
      42. Cams 84 and 86 move in response to movement of the butterfly valve 214
      and, respectively, provide a feedback signal to the servomechanism 38 and
      a variable input to the fuel control 44. Cam follower means 94 and 96
      associated with the servomechanism 38 and the fuel control 44 cooperate
      with cams 84 and 86.
PAR  A fixed element 88 and an element 90 movable with the butterfly valve 214
      cooperate to provide a visual indication of the butterfly valve position.
      Members 92 are supports for the atomizing air control 46 shown in FIG. 7.
      The element 83 at one end of the servomechanism 38 is a transducer for
      giving a signal responsive to the position of the cam follower 94. It may
      be of any convenient type, such as well known mechanical-to-electrical or
      mechanical-to-pneumatic devices. The output of the transducer 83 may serve
      either a control or an indicating function. The servomechanism 38 and the
      fuel control 44 will be fully described in connection with FIGS. 5 and 6.
PAR  The servomechanism 38, as shown in FIG. 5, includes a first housing section
      98 and a second housing section 100. The housing section 98 includes a
      ported servovalve 101 and the housing section 100 includes an operator
      means 102 for the servovalve. The servovalve 101 communicates with a
      supply passage 104, a control passage 106 and a reservoir passage 108
      which communicate, respectively, with the outlet of the fuel pump 68, the
      pneumatic-to-mechanical transducer 220 and the fuel supply tank 48. Fluid
      conducting plates 110 through 124, having fluid conducting ports formed
      therein, are stacked in face-to-face relationship so that the individual
      plates communicate in a cooperative fashion which will be described in
      detail in connection with FIG. 9. However, for purposes of the present
      discussion, it suffices to observe that two supply plates, 110 and 112,
      are placed in face to face, contiguous relationship with each other and
      communicate with the supply passage 104. Outwardly of the supply plates
      are a pair of control plates 114 and 116 having passages which communicate
      with the control passage 106. Outwardly of the control plates are a pair
      of reservoir plates 118 and 120 communicating with the reservoir passage
      108. Contiguous to the reservoir plate 120 is a spacer plate 122 and
      adjacent to the spacer plate is a collector plate 124. A cylindrical bore
      126 is formed through all of the plates and the ports within each of the
      plates 110 through 120 communicate with the cavity formed by the
      cylindrical bore 126. Within the cylindrical bore is a spool 128 forming
      three annular lands 130, 132 and 134. Extending from opposite ends of the
      spool 128 are mounting rods 136 and 138. The mounting rod 138 is supported
      by a mounting diaphragm 140 and the mounting rod 136 is fastened to a
      threaded member 182 associated with the operator means 102. Suitable
      supports along the lengths of rods 136 and 138 may be provided, if
      necessary. The diaphragm means 140 and 142 are each provided with fluid
      seals which prevent the loss of fluid from the cylindrical bore 126. The
      spool 128 is positioned so that, when in neutral position, the lands, 130,
      132 and 134 are aligned respectively with the reservoir disc 120, supply
      disc 112 and control disc 114. In the neutral position, the lands prevent
      fluid communication between the fluid supply passage 104, the reservoir
      passage 108 and the control passage 106. Movement of the spool 128 in the
      direction of the arrow 99 will permit fluid to pass from the supply
      passage 104 to the control passage 106 and movement of the spool 128 in
      the opposite direction permits flow of fluid from the control passage 106
      to the reservoir passage 108.
PAR  The operator means 102 incorporates the sealing diaphragm 142 and further
      includes diaphragm means 144 and 146, the diaphragm means 146 also
      constituting a sealing diaphragm between the operator means 102 and the
      environment. Each of the diaphragms includes a rigid portion 148 and a
      flexible member 150 which divide a cavity 152 into first and second
      pressure chambers 154 and 156, respectively. Each of the pressure chambers
      forms a signal input area; the servovalve 101 responds in its movements to
      pressure difference across each of the diaphragm means 142, 144 and 146.
      The pressure chamber 154 for the diaphragm means 146 is exposed to the
      surrounding environment and the chamber 156 receives the temperature
      signals 52 and 54. Chambers 154 and 156 of the diaphragm means 144 receive
      the pressure differential signals 50' and 50". Chamber 156 of the
      diaphragm means 142 faces the bore 126.
PAR  It will be understood that the operator means 102 will accommodate any
      signal inputs delivered to it. For example, if the engine system of FIG. 2
      is utilized rather than that of FIG. 1, the accelerator input is direct to
      the operator means 102. This input may be a pressure which increases as a
      function of accelerator position and is fed to the pressure chamber 154 of
      the diaphragm means 144 so that it acts essentially as the signal 50'. The
      chamber 156 on the opposite side of the diaphragm means 144 is thus free
      to receive another signal, or it may be exposed to the environmental
      pressure and serve as a reference to the input signal from the
      accelerator. It will further be noted that no signal has been described
      which serves as an input to the chamber 154 of the diaphragm 142. This
      chamber may be left unused or it stands ready to receive any other
      appropriate signal which may be applied thereto. Further, the number of
      diaphragms may be reduced or increased or the character or the operator
      means 102 may be changed entirely depending upon the number and character
      of the functions to which the servovalve 101 must respond.
PAR  The diaphragm means 142, 144 and 146 are associated with an assembly
      including a centershaft 160, sleeves 162 and 164 and bellows sealing means
      166 and 168. The bellows sealing means 166 and 168 include, respectively,
      relatively large end caps 170 and 172 and relatively small end caps 174
      and 176. The bellows seal 168 prevents communication between pressure
      chamber 154 of diaphragm means 142 and pressure chamber 156 of diaphragm
      144. The bellows seal 166 similarly prevents communication between
      pressure chamber 154 of the diaphragm means 144 and the pressure chamber
      156 of the diaphragm means 146. This is accomplished by sealing one end
      cap on each bellows seal to the sleeve 162 or 164 with which it is
      associated and sealing the other end cap to the housing body 100.
PAR  The shell 162 extends between diaphragm means 146 and 144 and the shell 164
      extends between diaphragm means 142 and 144. These shells space the
      diaphragms means apart so that they may be held in rigid assembly. The
      rigid assembly is established by a centershaft 160 which extends through
      the shells and includes an enlarged end 178 engageable with the diaphragm
      means 146 and a nut 180 engageable with the diaphragm means 142.
PAR  Mounted within the centershaft 160 is the threaded member 182 connected to
      the mounting rod 136. In this manner the operator means 102 is rigidly
      connected to the servovalve 101 so that movement of the operator means is
      transferred to the servovalve. The threaded member is sealed within the
      centershaft 160 by tight fit or by an appropriate sealing dope or by any
      other convenient means. Optionally, the open end of the centershaft may be
      sealed by a plug or the like. However, the advantage of sealing by tight
      fit or with a sealing dope is that it permits the position of the threaded
      member 182 to be adjusted by means of an instrument inserted through an
      opening 184 in the end of the housing means 100. Adjustment of the member
      182 permits recalibration of the position of the spool 128 with respect to
      the various plates 110 through 122. From the foregoing, it will be
      understood that the operator means 102 and the servovalve means 101 act
      together as a unitary single assembly. For simplicity of description, the
      transducer 83 shown in FIG. 4 is not illustrated in FIG. 5.
PAR  Reference is now made to FIG. 6. The fuel control valve means 44
      incorporates the cam follower means 96 similar to the cam follower means
      94 described in connection with FIG. 5. The cam follower means 96 includes
      a cam follower 196 supported by an arm 198 pivotally supported by a
      bracket 200. The position of the cam follower 196 determines the setting
      of a fuel valve assembly 202 and thereby the volume of fuel supplied from
      a fuel inlet chamber 204, which communicates with the outlet of the fuel
      pump 68, through a passage not shown, to a fuel outlet passage 206. The
      fuel valve assembly includes cooperating fuel metering members 201 and 203
      having, respectively, a slot 205 and an edge 207. The fuel valve assembly
      202 is shown in its fully closed position and is biased to its fully open
      position by a spring 208. Bellows sealing means 210 prevents the loss of
      fuel from the fuel control 44. The pressure of the fuel in the inlet
      chamber 204 opposes the bias of the spring 208 and serves to bias the fuel
      valve assembly 202 to its closed position. The bias resulting from fuel
      pressure in the chamber 204 exceeds the bias of the spring 208 during
      normal operation so there is a resulting bias urging the following means
      96 against the cam 86. The input to the cam follower 196 is transferred
      along the rod 212 to the fuel valve assembly. An opening force is
      transmitted to the assembly when the cam 196 is moved toward the fuel
      valve 202 and movement in the opposite direction results in closing
      movement of the valve 202. By reference to FIG. 4, it will be seen that
      the cams 84 and 86 are constructed such that the movements of the cam
      follower means 94 and 96 are correlated with each other. Admission of fuel
      through the fuel valve assembly 202 is thus correlated with the volume of
      air admitted to the combustion chamber under the control of the servovalve
      means 101 and the operator means 102.
PAR  FIGS. 7 and 8 show the valve means 42 for controlling the admission of air
      to the combustion chamber 40. A butterfly valve 214 mounted on a shaft 216
      within the air conduit 218. The position of the butterfly valve 214 is
      determined by the diaphragm means 220 responsive to the control pressure
      from the servomechanism 38. The control pressure is transmitted through
      the control passage 106 which is shown in FIGS. 5 and 7. The diaphragm
      means 220 defines an expansible chamber 222 which is maintained at the
      control pressure. The control pressure acts upon a diaphragm 224 in
      opposition to a biasing spring 226. The diaphragm 224 is linked to a
      pivoted gear sector 228 which cooperates with a gear 230 to adjust the
      position of the butterfly valve 214. A stop means 230 limits the movement
      of the diaphragm means 224 under the influence of the spring 226. A high
      control pressure produces expansion of the chamber 222 against the bias of
      the spring 226 and results in an opening movement of the butterfly valve
      214. Relatively low pressure in the chamber 222 produces a reduction in
      the size of the expansible chamber 222 under the influence of the spring
      226 so the diaphragm 224 advances toward the stop 230 and the gear sector
      228 and gear 230 then cooperate to close the butterfly valve 214. By
      reference to FIG. 7, it will be noted that the cams 86 and 84 are fixedly
      mounted with respect to the butterfly valve shaft 216. In this manner, the
      cam 84 provides a feedback input to the servomechanism 38 and the cam 86
      provides a fuel controlling input to the fuel control 44 which are
      functionally related to the volume of air being admitted to the burner 40
      through the conduit 218. Also associated with the shaft 216 is a
      transducer 234 for providing a control signal for the atomizing air
      control 46. The transducer 234 is connected to the shaft 216 by a key 240
      and provides an output proportional to the shaft position. The transducer
      may be a potentiometer which produces a variable electrical signal to
      which the atomizing air control 46 responds. The amount of atomization air
      is thereby variable proportionally with variation in the volume of fuel
      and air which are admitted to the combustion chamber 40.
PAR  The particular flow pattern established by the plates 110 through 124 of
      the servovalve 101 will now be described in connection with FIG. 9. Also
      associated with the plates is an aligning plate 242 and a sealing plate
      244. The plates 242 and 244 serve to hold the other plates in proper
      alignment and, in addition, the plate 244 includes a supply port 246 and a
      control port 148. Associated with the plates 242 and 244 are a pair of
      clamping rods 250 which are generally of a "C" shape. These rods are
      compressed and passed through the openings 252 in each of the plates. When
      released, the rods 150 expand and positively hold the plates in their
      respective positions of alignment. Each of the plates includes a portion
      of the cylindrical bore 126 and other passages. The plates 110 and 112
      include passages 254 and 256, respectively, which communicate with the
      cylindrical bore 126. Similarly, plates 114 and 116 include, respectively,
      passages 258 and 260 which communicate with bore 126, the passages 258 and
      260 being at right angles to the passages 254 and 256. The passages 254
      through 260 all pass entirely through their respective plates. The plates
      118 and 120 are substantially mirror images of each other and include,
      respectively, passages 262 and 264 which communicate with the bore 126 but
      which do not pass through their respective plates from face to face. The
      open side of the passage 262 faces plate 242 and the open side of passage
      264 faces plate 122. The passages 262 and 264 communicate with a chamber
      265 formed by recessed portions 266 in the plates 110 through 120 and an
      annular recess 268 formed in the housing 98 adjacent the plates 110
      through 120. The chamber 265 communicates with the passage 108 and thereby
      to the fuel reservoir 48. (See FIG. 5.)
PAR  The collector plate 124 includes a first passage 268 which communicates
      with the supply port 246 and forms first and second supply tubes 270 and
      272 which communicate with the passages 254 and 256 in the supply plates
      110 and 112. Also in the collector plate 124 is a second passage 274 which
      communicates with the control port 248 and a pair of control tubes 276 and
      278. Masking plate 122 is provided to isolate the passage 274 from the
      passage 264 in the reservoir plate 120. The control tubes 276 and 278
      extend from the collector plate 124 through the masking plate 122 and the
      reservoir plate 120 to the passage 260 in the control plate 116, and from
      the control plate 116 through the supply plates 112 and 110 to the passage
      258 in the control plate 114.
PAR  The flow paths of fluid through the servovalve 101 will now be described in
      connection with FIGS. 5 and 9. It will be noted that the lands 130, 132
      and 134 of the spool 128 are aligned, respectively, with the plates 120,
      112 and 114 when the servovalve is in a "neutral" position wherein fluid
      communication is prevented between the control plates and either the
      supply or reservoir plates. This neutral condition represents a static
      condition wherein fluid is flowing neither to nor from the control passage
      106. Movement of the spool 128 in the direction of arrow 99 produces
      communication between the control plate and the supply plates; movement in
      the opposite direction will result in communication between the control
      plate and the reservoir plates. Since the bore 126 extends through the
      plates and the lands 130, 132 and 134 of the spool 128 are circular and of
      substantially the same cross section, their tight fit avoids fluid
      communication when they are in the neutral position. However, a slight
      movement from the neutral position will produce a relatively large flow
      passage because the annular opening which appears between the lands and
      the plates has a large flow area relative to the magnitude of the linear
      placement of the spool 128. For example, a displacement of .+-. 0.011
      inches from the neutral position has been found optimum for the herein
      described embodiment. That is, a small spool displacement gives a high
      gain in fluid flow.
PAR  When the spool 128 is shifted in the direction of the arrow 99, the land
      130 continues to prevent communication between the control plate 116 and
      the reservoir plate 120 while the lands 132 and 134, respectively, permit
      communication between the supply plates 110 and 112 and the control plates
      114 and 116. The land 134 continues to block communication between the
      control plate 114 and the reservoir plate 118. Fluid then flows from the
      supply passage 108 through the supply tube 270 to the passages 254 and 256
      in the supply plates 110 and 112. This fluid then flows into the bore 126
      and passes therefrom into the passages 258 and 260 of the control plates
      114 and 116. From the passages in the control plates, the fluid flows
      through the control tubes 276 and 278 to the passage 274 in the collector
      plate. From the passage 274 the fluid passes through the control port 248
      to the control passage 106.
PAR  If the spool then moves back to its neutral position, the fluid which
      passed into the passage 106 is trapped and will remain there. Movement of
      the spool further in the direction opposite the arrow 99 will result in
      the passages which were previously opened between the supply plates and
      the collector plates being closed and the previously closed passages
      between the supply plates and the reservoir plates being opened. When
      communication is permitted between the supply and reservoir plates, fluid
      enters the servovalve 101 through the control port 248 and passes to the
      passage 274 in the collector disc 124. From the passage 274 it travels
      along control passages 276 and 278 to the passages 260 and 258 in the
      control plates 116 and 114, respectively. From the passages 258 and 260
      the fluid communicates with the bore 226 and, from the bore, with the
      passages 264 and 262 in the reservoir plates 120 and 118, respectively.
      From the passages 264 and 262 the fluid travels to the chamber 265 and,
      from the chamber 265, to the passage 108. Passage of fluid from the supply
      plates to the control plates applies equal and opposite forces on the
      spool 128 and thereby results in no net imbalance of dynamic forces.
      Similarly, passage of fluid from the control plates to the reservoir
      plates results in equal and opposite dynamic forces which do not result in
      unbalance.
PAR  Further explanation of the operation of the servovalve 101 will be given in
      connection with FIGS. 10 through 12. FIG. 10 shows a conventional 4-way
      valve system wherein a central supply 280 is flanked on either side by
      first and second control passages 282 and 284. The control passages are
      adjacent, respectively, to reservoir passages 286 and 288. Lands 290, 292
      and 294 of a reciprocally mounted 3-land spool are respectively aligned
      with passages 286, 280 and 288. Thus, in a neutral position, communication
      between all passages is prevented. When the spool is moved in the
      direction of the arrow 296, communication is established between the
      supply 280 and the control 282 and between the control 284 and the
      reservoir 288. On the other hand, when the spool is moved in the direction
      opposite the arrow 296, communication is established between the supply
      280 and the control 284 and between the reservoir 286 and the control 282.
      It can thus be seen that 4-way operation is established wherein the supply
      280 communicates with either of two different control passages, each of
      the control passages having separate reservoir passages associated
      therewith. When communication between a supply passage and single control
      passage is desired, it has been frequently accomplished by utilizing the
      structure of FIG. 11 which is simply the structure of FIG. 10 with one of
      the control passages blocked by an appropriate means 298 so that
      communication takes place only between the supply passage 280, the control
      passage 282 and the reservoir passage 286. Thus, movement of the spool in
      the direction of the arrow 296 produces communication between the supply
      280 and the control passage 282 while movement of the spool in the
      opposite direction produces communication between the control passage 282
      and the reservoir passage 286.
PAR  Further, with reference to FIG. 10, it should be noted that fluid flow,
      such as that from the supply 280 to the control 282, produces a force
      which tends to oppose the motion of the spool and thereby produce a
      dynamically unstable condition. The flow of fluid from the control chamber
      284 to the reservoir chamber 288 is in the direction of the movement of
      the spool and tends to produce a dynamically unstable condition. Since the
      two forces oppose each other, they cancel out and there is no resulting
      instability of the spool. On the other hand, when one of the control
      passages is blocked to provide 3-way operation, as illustrated in FIG. 11,
      there will be occasion when the flow of fluid will oppose the motion of
      the spool and produce a dynamically unstable condition. By reference to
      FIG. 12, showing a schematic of a servovalve similar to the servovalve
      101, it will be appreciated that equal and opposite flows are produced
      under all conditions and thereby the 3-way operation of the servovalve
      will always be characterized by dynamic stability. The supply 300 is wide
      relative to the land 316 of the spool and, when the spool is moved in the
      direction of arrow 312, the supply can simultaneously communicate with
      both control passages 302 and 304. These control passages combine into a
      single control passage 306. Equal and opposite dynamic forces are produced
      by the fluid passage. When the spool is moved in the direction opposite
      the arrow 312, communication is established between the control passages
      302 and 304 and the reservoir passages 308 and 310. Again, equal and
      opposite dynamic forces of the spool are produced.
PAR  Referring now to FIGS. 3 through 9, a description will be given of a vapor
      engine constructed in accordance with this invention. When the engine is
      operating, working fluid passes through the vapor cycle described above.
      The fuel pump 68 delivers fuel from the fuel reservoir 48 to the fuel
      inlet chamber 204 through the subassembly 202 and the fuel outlet chamber
      206 to the nozzle 58 in the combustion chamber 40. The atomizing air
      blower 51 supplies air through the atomizing air control 46 and the line
      64 to the nozzle 58 so that fuel will adequately be atomized in the burner
      40. The fan 49 delivers an air supply through the conduit 66 and the
      control valve means 42 to the combustion chamber 40. In the combustion
      chamber, the fuel and air mix, burn and supply heat to the vapor generator
      10. The volume of air admitted from the blower 49 to the burner and from
      the blower 51 to the nozzle 58 is controlled by the servomechanism 38.
      Inputs to the servomechanism 38 are designated 50', 50", 52 and 54. Signal
      50' is a high pressure signal from the upstream side of the signal orifice
      26 which communicates with the pressure chamber 154 associated with the
      diaphragm means 144 in the operator means 102. The signal 50" is taken at
      the downstream side of the signal orifice and is low relative to the
      pressure of the signal 50'. The signal 50" is in communication with
      pressure chamber 156 of the diaphragm means 144. The signals 50' and 50"
      cooperate to urge the spool 128 in the direction of arrow 99 so as to
      establish communication between the supply and control plates with a force
      the intensity of which is a function of the magnitude of the pressure drop
      across the signal orifice 26. The signals 52 and 54 each communicate with
      the chamber 156 associated with the diaphragm means 146. Accordingly, they
      bias the spool 128 from movement in the direction opposite the arrow 99.
      Accordingly, at any given time, the position of the spool 128 will depend
      upon the bias applied thereto by the spring means 186 and 188 and the
      magnitude of the signals 50', 50", 52 and 54. The signal 52 is
      proportional to the temperature of the engine working fluid at the boiler
      outlet. It may conveniently be provided by a temperature responsive device
      53, such as a bi-metallic rod, variably opening a valve means 55 as a
      function of the boiler output temperature to provide a variable pressure
      signal from the atomizing air blower 51 to the servomechanism 38. The
      pressure of the signal 52 might typically vary from 3 psi to 15 psi
      depending on boiler outlet temperature. The signal 54 is a safety control
      and operates on an on-off basis. A temperature signal 57 is applied to a
      valve means 59. If the boiler heats to a predetermined level, the valve 59
      will open and a signal 54 be transmitted to the pressure chamber 156 of
      the diaphragm means 146 which is strong enough (i.e., in excess of 15 psi)
      to completely nullify the signal 52 and the other control inputs to the
      servomechanism 38 and drive the spool valve 128 to its extreme position in
      the direction of arrow 99 so that maximum communication between the
      control plates 114 and 116 and the reservoir plates 118 and 120 is
      established. The valves 55 and 50 essentially apply a modulated pressure
      from the blower 51 to the servomechanism 38.
PAR  When the operating condition of the engine changes, the flow rate of the
      working fluid through the vapor generator will change. An increase in flow
      rate will result in increase in pressure drop across the signal orifice 26
      and, oppositely, a decrease in the power output of the engine will result
      in a decrease of the pressure drop. When the pressure drop increases, the
      diaphragm means 144 is shifted in the direction of arrow 99, thus moving
      the spool 128 in the same direction. This established communication
      between the outlet of the pump 68, through the passage 108 and the passage
      106, to the expansion chamber 222. The application of the relatively high
      pressure from the pump outlet to the expansion chamber causes the
      diaphragm 224 to move against the bias of the spring 226. This causes
      rotation of the gear sector 228 and the gear 230 so that the butterfly
      valve 214 opens to increase the flow of air to the conduit 218. Rotation
      of the valve 214 produces a corresponding rotation of the indicator means
      232, the cams 84 and 86, and the transducer 234. The indicator means 232
      is a visual indication of the butterfly valve position. The cam 84 causes
      the cam follower 190 to move in the direction opposite of the arrow 99.
      This increases the force of the spring means 188 upon the diaphragm means
      140 and tends to urge the spool in the direction opposite the arrow 99 to
      reduce the magnitude of pressure applied to the expansible chamber 222.
      The cam 84 and the cam follower means 94 thus produce a feedback from the
      butterfly valve 214 to the servovalve 38. The feedback to the servovalve
      38 provides positive control of the butterfly valve 214 position.
PAR  Simultaneously with the increased flow of air through the conduit 218 (66)
      to the burner 40, there is a corresponding increase of fuel supply and
      atomizing air through the nozzle 58. Rotation of the shaft 216 advances
      the cam 86 against the cam follower 96 of the fuel control 44. This
      advances the cam follower 96 in the direction of the arrow 99 and moves
      the member 203 of the fuel valve assembly 202 so that the slot 205 extends
      beyond the edge 207 of member 201 by an increased amount and thereby
      permits a larger flow of fuel from the inner chamber 204 through to the
      fuel outlet 206 to the line 60. The fuel passes through the element 74
      which produces no change in the flow rate unless it exceeds a preset
      maximum. The fuel is then discharged into the combustion chamber 40
      through the nozzle 58. The transducer 234 produces a signal proportional
      to the rotational displacement of the shaft 16 to increase the supply of
      atomizing air from the atomizing air blower 51 to the nozzle 58. The
      increased air, atomization of air and fuel to the combustion chamber
      results in increased heat output and thus in increased capacity of the
      vapor generator 10.
PAR  A reduction in demand on the engine will be accompanied by a corresponding
      reduction of the working fluid admitted to the expander 14. The resulting
      decrease in the pressure drop across the signal orifice 26 will reduce the
      pressure drop across the diaphragm means 144 and it will advance in the
      direction opposite the arrow 99. The spool 128 will be drawn in the same
      direction so as to constrict communication between the high pressure fluid
      supply and the expansible chamber 222. As this movement continues, the
      spool 128 will eventually move to a position wherein communication between
      the supply and the expansible chamber is cut off and communication is
      established between the expansible chamber and the lower pressure fluid
      reservoir 48 through the passage 108. This switch in fluid connection is
      accomplished as the spool passes the neutral position. Fluid from the
      expansible chamber 222 is expelled under the force of the spring 226 and
      passes along the passage 106 and through the servovalve 101 and the
      passage 108 to the low pressure reservoir 48. Contraction of the chamber
      222 results in a movement of the gear sector 228 and the gear 230 which
      reduces the extent to which the butterfly valve 214 permits the passage of
      air through the conduit 218. Corresponding reductions are then carried
      out. The cam 84 retracts from the cam follower means 94 so that the force
      that the spring means 188 applies to the diaphragm means 140 is reduced.
      Thus, there is produced a feedback signal which tends to oppose the main
      input signal from the pressure drop across the diaphragm 144. Similarly,
      the cam 86 is drawn from the cam follower means 96 of the fuel control 44.
      The fuel pressure in the inlet chamber 204 expands the inlet chamber
      against the bias of the spring 208 and draws the member 203 back into the
      member 201 so that the opening produced by the slot 205 and the edge 207
      is constricted and reduced fuel volume is fed to the outlet 206 and to the
      burner 40. The transducer 234 signals the atomization air control 46 to
      reduce the amount of air from the atomization air blower 51 which is
      permitted to pass along the line 64 to the nozzle 58. There is thus
      produced a corresponding reduction in air supply, fuel supply and
      atomization air supply which results in a lower combustion level in the
      burner 40 and therefore in reduced output of the vapor generator 10.
PAR  This invention has been described with reference to various preferred
      embodiments. It should be understood, however, that modifications may be
      made by those skilled in the art without departing from the scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vapor cycle engine comprising:
PA1  a. means for burning a combustible fuel and air mixture to product heat
      energy;
PA1  b. a vapor generator associated with said burning means for vaporizing a
      working fluid;
PA1  c. expander means for expanding working fluid vapor to produce work, the
      power output level of said expander being functionally related to the
      volume of working fluid vapor expanded;
PA1  d. means for condensing vaporized working fluid exhausted from said
      expander means;
PA1  e. means for transporting condensed working fluid to said vapor generator;
PA1  f. means for controlling admission of such fuel and air mixture to said
      burning means;
PA1  g. means for biasing said controlling means toward a predetermined setting,
      the biasing force being functionally related to the flow rate of working
      fluid through said vapor generator;
PA1  h. first means for communicating with a pressurized fluid supply;
PA1  i. second means for communicating with a fluid reservoir at a pressure
      level below the pressure of said fluid supply; and
PA1  j. valve means associated with said first and second means establishing
      fluid communication between said fluid supply and said controlling means
      for providing a fluid pressure signal to overcome said biasing means and
      establishing fluid communication between said controlling means and said
      reservoir means for permitting said biasing means to overcome said fluid
      pressure signal.
NUM  2.
PAR  2. A vapor cycle engine according to claim 1 wherein said valve means
      comprises:
PA1  a. means forming at least one fluid supply plate;
PA1  b. a pair of control plates positioned outwardly of said supply plate
      means, each control plate being contiguous with an opposite surface of the
      supply plate means;
PA1  c. a pair of reservoir plates positioned outwardly of said control plates,
      each of said reservoir plates being positioned contiguous with the
      remaining surface of one of said control plates;
PA1  d. means forming an elongated cavity extending through all of said plates;
PA1  e. means in said supply plate means forming fluid passages communicating
      with said elongated cavity and said first means;
PA1  f. means in each of said control plates forming fluid passages
      communicating with said elongated cavity and said controlling means;
PA1  g. means in each of said reservoir plates forming fluid passages
      communicating with said elongated cavity and said second means; and
PA1  h. means movably mounted within said elongated cavity for blocking fluid
      communication both between said control plates and said elongated cavity
      and said reservoir plates and said elongated cavity when in a first
      position, for permitting fluid communication between said control plates
      and said supply plate means through said elongated cavity while preventing
      fluid communication between said reservoir plates and said elongated
      cavity when in a second position, and for permitting fluid communication
      between said control plates and said reservoir plates through said
      elongated cavity while preventing fluid communication between said supply
      plate means and said elongated cavity when in a third position.
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PAL  A pivotal canal gate, mounted in a predetermined size canal, opens and
      closes by a controllable weight movable in response to a float-switch
      mechanism for maintaining a predetermined level in the downstream side of
      the gate in the canal; water passing under the gate is directed into a
      dead-water pool breaking up the velocity of the flowing water, providing a
      control pool for maintaining a constant head over a discharge weir
      providing a predetermined quantity of water into the downstream canal.
BSUM
PAR  Water for irrigation and other purposes is normally withdrawn from a
      source, usually a river or other stream, through a headgate into
      distribution canals and ditches for the distribution of the water to
      points of use. Stream flow in any stream is not uniform, varying somewhat
      hour by hour and varying substantially season to season of the year. The
      variation of flow provides a considerable problem for maintaining a
      uniform flow in the distribution canals and ditches. Particularly in times
      of high water, even at flood stage, control of the water entering the
      canals requires exact movement of the control gates to provide for the
      prescribed flow in the distribution channels. Automatic gates have been
      provided in the art for controlling the withdrawal of water from the
      source, and in my U.S. Pat. No. 3,665,715, issued May 30, 1972, I have
      described one type of automatic gate wherein small fluctuations are
      countered by means of a supply of control water, weighting the gate by
      means of a container screwed on the downstream side of the gate. Larger
      fluctuations are accomplished by a movable weight, controlled by a
      float-switch arrangement in the downstream side. Other types of gates have
      been proposed in the prior art, and while each is useful to some extent,
      each has some operational difficulties.
PAR  According to the present invention I have provided a pivotal gate, the
      opening and closing of which is controlled by a movable weight responsive
      to a float switch mounted closely adjacent the gate, and the water
      discharging under the gate enters a dead-water pool breaking up the
      velocity of the water, thereby maintaining a predetermined head over the
      discharge weir from the dead-water pool. This maintains a constant flow of
      water in the downstream canal. The water weighting fluctuation control
      described in my above-mentioned patent may, also, be used with the gate of
      the present invention if desired, providing optimum control of the gate
      for minor variations in flow. The gate of the invention opens and closes
      directly into the dead-water pool, whereby the water released under the
      gate is of a substantially reduced velocity maintaining a downstream
      control pool for actuating a float-switch mechanism controlling the
      position of the gate.
PAR  Included among the objects and advantages of the present invention is a
      pivotal canal gate for controlling the flow of water from a source to a
      distribution canal.
PAR  Another object of the invention is to provide a canal gate operating in a
      pool of dead water in a manner to reduce the velocity of water passing
      under the gate into the dead-water pool to provide a control pool on the
      downstream side of the gate.
PAR  Yet another object of the invention is to provide a pivotal canal gate
      opening and closing directly in a dead-water pool whereby flowing water is
      directed into a dead-water pool upstream of the gate and into the
      dead-water pool downstream of the gate.
PAR  Still another object of the invention is to provide an automatic canal gate
      having a discharge lip which directs flowing water into the bottom of a
      control basin providing accurate control of the depth of the basin water
      downstream of the gate.
PAR  A further object of the invention is to provide a dead-water pool for a
      pivotal gate having closely adjacent control means which provides optimum
      control for the depth of the pool downstream the gate and controls the
      heighth of the water flowing over a discharge weir from the pool.
DRWD
PAR  These and other objects and advantages of the invention may be readily
      ascertained by referring to the following description and appended
      illustrations in which:
PAR  FIG. 1 is a cross-sectional view of an automatic canal gate, according to
      the invention;
PAR  FIG. 2 is a top-plan view of the canal gate of FIG. 1.
PAR  FIG. 3 is a side-elevational cross-section of the device of FIG. 1
      schematically showing the operation of the canal gate in reference to the
      canal; and
PAR  FIG. 4 is a schematic side-elevation showing the flow characteristics of
      the head water passing under the canal gate of the invention.
DETD
PAR  The head-gate shown in FIG. 1 is mounted in a predetermined size canal of a
      rectangular cross section, which is usually made of concrete to provide
      accurate dimensions of an entry canal for the distribution canals. The
      control canal section includes sidewalls 10 and 12 and a bottom 14, stated
      as before made normally of concrete, however may be metal such as steel or
      the like where desired. At the head end of the canal is a dam 16, and a
      dam 18 on the downstream side of the canal provides a weir 20. The dams 16
      and 18 provide a basin or dead-water pool of a depth shown by the dash
      line 22 extending between the tops of the two dams. A clean-out gate 24
      should be provided for the removal of trash and sediment from the
      dead-water pool. The predetermined size canal section is preferably
      mounted on footings and the like shown at 26 and 28 preventing undermining
      of the canal section.
PAR  A canal gate, shown in general by numeral 30 is pivotally mounted on a
      pivot shaft 31 mounted in pillow blocks 32 on opposite sides of the canal.
      The gate is positioned so that it opens and closes into the dead-water
      pool, with lower lip 33 of the gate arranged to close against the bottom
      14 of the dead-water pool. The gate 30 is provided with parabolic section
      35 terminating in the lower lip 33. The gate 30 is reinforced by brace
      members 36 welded or otherwise secured to the downstream side,
      strengthening the gate to accommodate the pressures involved. An elongated
      brace member 37 extends from the rear of the gate 30 to a top gate
      extension framework 38. The framework 38 supports an endless chain
      tramway, shown in general by numeral 40, which includes sprockets 41 and
      42 mounted respectively on axles 41a and 42a supported for rotation on the
      framework. Axle 42 is a drive-axle having mounted thereon a worm-wheel 44
      rotated by a worm-gear 45. The worm-gear 45 is driven by a reversing
      electric motor 46, so as to operate equally in either direction. The axles
      41 and 42 are mounted in the necessary bearing sets mounted on the
      framework 38 for proper rotation. Secured to and movable by the chain is a
      wheeled tramway 48 (moving along a rail 48a) having suspended from it a
      weight 49 by means of a support 50. The motor 46 is arranged to operate
      the endless chain so as to move the weight forwardly and rearwardly of the
      framework 38, to balance the gate 30 in response to a float-switch
      mechanism. A float-switch mechanism is mounted in a housing 55 outside the
      wall 10, and an orifice 56 provides communication between the housing 55
      and the canal 56. A float 57 is mounted in the housing 55 and is arranged
      to rise and fall according to the depth of the water in the dead-water
      basin. Water enters through the diverging orifice 56. The orifice 56 may
      be placed at the lowest water level of the canal operation and since the
      housing 55 is open, the water therein, entering through the orifice, will
      assume the depth of the water in the canal downstream of the gate. The
      float 57 is interconnected with a movable switch mechanism 58 which
      operates the motor 46 to move the weight 49 toward the gate 30 at low
      water, and move the weight 49 away from the gate 30 at high water, to
      thereby balance the gate for its opening to control the flow of water
      under the gate. The switch mechanism is adjustable to provide desired
      elevation 60 in the basin below the gate 30. The float-switch mechanism,
      also, controls the position of the gate as the entering water level
      changes on the upstream side of the gate. Thus, as the level of incoming
      water increases, the gate is weighted reducing the opening and thereby
      reducing the water flow but maintaining the desired depth in the basin. If
      the incoming water reduces in volume and a lower level, the gate is
      unweighted, opening it to increase the water flow.
PAR  By maintaining the pool of dead water, with the gate opening and closing
      into the dead water, the velocity of the water passing under the gate is
      substantially reduced and a predetermined level of water in the basin
      below the gate 30 is readily maintained. Therefore, the float mechanism
      may be placed immediately downstream of the gate (in close proximity)
      providing very accurate control of the quantity of water to be released
      over the weir 20. As shown in FIG. 3, the gate 30 is in its closed
      position when the weight 49 is moved adjacent the pivot shaft 31 of the
      gate, shown by the dashed lines 49' adjacent to shaft 31. This condition
      is used to stop water flow in the downstream canal. When the upstream flow
      is low, the weight 49 may be moved to the outside position 49" to raise
      the gate, to the dashed position, where the full flow of the stream goes
      under the gate into the canal. This condition occurs where the stream flow
      was less than the desired canal flow. Between these two conditions the
      weight 49 prepositions the gate in relation to the placement of the
      switch, controlled by the float 57. As explained above, a weighting
      container may be secured to the backside of the gate 30 provided with a
      predetermined orifice and with inlets such as shown in my above-mentioned
      patent providing a damping action for minor fluctuations of the water,
      thereby preventing wild fluctuations of the gate with the fluctuation of
      the water.
PAR  As shown in FIG. 1, a flood water level 70 is indicated which is the
      maximum level that should impinge upon the gate, and to maintain the level
      70 as the maximum level, a flood gate arrangement 72, FIG. 2, is provided
      downstream of the dam 16, controlled by a float mechanism 73 in a housing
      74 downstream of the dam 16. The gate 72 may be any conventional flood
      gate arrangement, including pivoted and shutter type gates, which are
      actuated by conventional means when the float 73 reaches the elevation
      designated as the flood level. When the float 73 reaches such an
      elevation, the flood gates 72 open releasing the excess water to an
      overflow canal 75. Such flood overflow mechanisms are known in the art and
      are not part of the present invention. These are described solely to
      explain the control of the gate within predetermined minimum and maximum
      levels.
PAR  As illustrated in FIG. 4, the gate 30 is arranged to control the flow of
      water under the lip 33 from a minimum flow level 69 to a maximum level 70.
      For example, at a level 80 from a source, the gate 30 is positioned to
      provide a level 60 in the basin below the gate with the water flowing
      through the orifice 56 into the float-switch arrangement. Under these
      conditions the flow of water 81 under the gate is propelled by the water
      head between level 60 and level 80 providing a relatively high velocity of
      water passing under the lip 33 into the pool below the gate. But as
      illustrated, the flow 80 is broken up by the dead water so that it becomes
      a relatively slow-moving pool passing over the weir 20 and providing a
      heighth H as desired. The heighth of the orifice 56 behind the gate 30 is
      determined by the flow characteristics of the stream and a quantity of
      water flowing through the canal. At very low flows of the source, all of
      the water in the head canal will pass under the gate into the distribution
      canals and the gate may be fully opened. However, at greater flows it is
      necessary to control the flow of water into the distribution canals and
      the gate 30 is controlled by means of the weights moving in response to
      the float-switch arrangement. The dead pool arrangement provides means for
      moving the float-switch arrangement immediately adjacent the gate 30 to
      provide better control of the water flowing into the pool, and it also
      provides for placing the weir closer to the gate reducing the control
      structure of the canal before the water enters the distribution canals
      downstream.
CLMS
STM  I claim:
NUM  1.
PAR  1. Gate apparatus for automatically regulating water flow into distribution
      canals and the like, comprising:
PA1  a. a rectangular canal section having upright walls, a generally
      horizontal, flat bottom and having inlet and outlet ends;
PA1  b. a low-height dam at the inlet end and a low-height dam at the outlet end
      providing a dead-water pool therebetween;
PA1  c. a gate means pivotally mounted on a shaft supported by said upright
      walls, and positioned to close against said bottom in said pool;
PA1  d. extension means depending from said gate inclusive of a carriage having
      weights for moving toward and away from the gate balancing the same in
      relation to inlet water against the gate means;
PA1  e. means for moving said carriage;
PA1  f. adjustable float-switch means arranged closely adjacent said gate means
      on the downstream side of said gate means, operable by the depth of water
      in the downstream side of said gate means, and connected with and
      operating said means for moving said carriage; and
PA1  g. said gate means including a rearwardly curved lower portion terminating
      at a discharge lip for directing incoming water under said gate means and
      into said dead-water pool for reducing the gross velocity thereof.
NUM  2.
PAR  2. Gate apparatus according to claim 1 being further characterized by a
      weir on said downstream dam.
NUM  3.
PAR  3. Gate apparatus according to claim 1 wherein said extension means depends
      from said gate means on the opposite side of said shaft.
NUM  4.
PAR  4. Gate apparatus according to claim 3 wherein said carriage is movable by
      endless chain means operable by a reversing motor.
NUM  5.
PAR  5. Gate apparatus according to claim 1 wherein said float-switch means
      communicates with the downstream side of said gate by a diverging aperture
      in the wall of said canal section.
NUM  6.
PAR  6. Gate apparatus according to claim 1 being further characterized by flood
      release means ahead of said gate means.
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ABST
PAL  A flexible rock bolt for use in anchoring mine structures to ground
      formations and in supporting such structures which consists of a rock bolt
      helically coiled into a spring shape having relatively large pitch and a
      spring index of at least two which allows the rock bolt to elongate upon
      application of tension and torsion loading and allows the rock bolt to
      contract under compression.
BSUM
PAR  This invention relates to mining and related constructions and particularly
      to rock bolts for use therein. Rock bolts are typically used to attach
      and/or reinforce portions of a mine shaft formation to itself or to the
      rock formation. Rock bolts are typically placed in holes bored into the
      rock formation and they may be anchored therein to secure sections of rock
      formation together. When attached to the rock formation the rock bolts may
      further serve to support the parts of the mine structure which are
      thereafter formed.
PAR  Rock bolts are typically used primarily as anchors and also as reinforcing
      bars when concrete and other grouts are poured around the bolts during
      formation of the mine structure. In either use the bolts are typically
      from 5 to 50 or more feet in length and will be subject to tremendous
      pressures when the rock formation shifts due to natural shifting of the
      rock or to subsequent tunnel blasting and boring. If it is desired to
      utilize the bolt anchored to the structure as a reinforcing bar the grout
      is poured around it after installing the bolt in a hole in a pre-stressed
      condition. The grout holds the bolt and also transfers forces to the rock
      formation. The forces acting on the bolts are very large in either use and
      should the forces exceed the ultimate strength of the bolt failure of the
      mine structure and cave-in can result.
PAR  Although the problem of shifting of the supported structures has been
      recognized it was typical to use rigid rock bolts and to use anchors which
      had some degree of flexibility but were rigidly encased in grouting. It
      was generally the purpose and desire of the art to avoid any but the
      slightest movement in a secured rock bolt. The bolts were strengthened so
      that their strength approximated the yield point of the bolt by cold
      working and other methods designed to increase the load which the bolts
      could bear.
PAR  As just mentioned some limited degree of flexibility was provided in the
      bolts. This was generally found in structures intended as reinforcing
      elements. It was essential when grouting a bolt to secure the bolt to the
      grout in order that the forces transmitted by the bolt to the grout would
      be evenly distributed thereby avoiding local failure of the grout. Such
      efforts generally resulted in providing a rock bolt with corrugations,
      undulations and other protrusions which anchor the bolt to the grout. One
      particular effort in this regard is illustrated in U.S. Pat. No. 3,653,217
      wherein protrusions are provided on a rock bolt surface at no more than a
      15.degree. angle to provide for a wedging action upon movement of the bolt
      in the grout. Another is shown in U.S. Pat. No. 3,160,988 where some
      flexibility of a rock bolt is provided via undulations which vary in pitch
      along the bolt length. However, in spite of these bolts which provide some
      limited degree of movement of the bolt in the grout it was generally
      assumed that a rigid rock bolt installed in a stressed condition was
      necessary to adequately support a mine structure. If the load changed by
      increasing the grout was felt to provide some transmission by distribution
      of the stresses, and if the load decreased, the rigidity of the bolt
      itself would resist contraction.
PAR  Because of the rigidity of the art's rock bolts, changes in the rock
      formation cannot be accommodated adequately. If the change is such as to
      remove load from the bolt, the bolt should desirably recover or contract
      elastically and continue to support the formation and conversely if the
      shift is such as to add load to the bolt the bolt should elastically
      extend to accommodate the new load. Quite clearly the prior art structures
      could not provide this adaptability because of their rigidity except in
      the slightest changes of load. Even adjustable anchors do not protect
      against sudden changes of load. In this field, either extreme, removing
      all load or exceeding the breaking load, are equally disastrous as no
      support of the rock structure by the rock bolt is provided.
PAR  Now in accordance with this invention it has been discovered that provision
      of a helical flexible rock bolt will allow greater strength and load and
      also much better load accommodation upon shift in the load. This invention
      provides a rock bolt intended primarily for use as an anchor but which can
      also be grouted for use as a reinforcing bar when a flexible grout is
      provided. In summary the rock bolts of this invention provide a helical
      shape with a spring index of at least two. Spring index as used herein is
      defined as the ratio of the helical outside diameter to the diameter of
      the rod forming the rock bolt. Furthermore the helical rock bolt of this
      invention must have a large pitch preferably 10 to 20 times the rock bolt
      diameter. A lesser pitch results in a "flat" spring which under torsional
      load flattens out before the ultimate strength of the bar forming the
      spring is reached. The number of turns of the helix for a given length can
      be varied to control the extensibility and strength of the helix. By use
      of this structure the bolt is flexible and adaptable to unusually great
      changes in load. Under changes of load this bolt automatically adjusts and
      supports immediately without need to mechanically adjust the anchor when,
      and if, discovered. Under tension and torsion resulting from an increased
      load the bolt may extend many times that extension experienced by a
      commonly used relatively rigid rock bolt. Under such loading, tension, in
      the direction of the axis, and torsion, in a plane normal to the axis, are
      experienced upon a change in load. The rock bolt of the invention has a
      tri-axial state of stress that gives greater strain energy in the bar
      within the elastic limits of the material than is possible with the prior
      art bolts where the normal and most of the shearing stresses act in the
      same plane in the direction of the rod length. Under compression quite
      clearly the prior art rock bolt can only contract to the extent that it
      has been elastically deformed and this is an exceedingly small portion of
      its overall length. On the contrary the helical rock bolt of this
      invention can be compressed many times the compression experienced by
      prior art bolts.
DRWD
PAR  The invention will be more fully understood by reference to the annexed
      drawings wherein:
PAR  FIG. 1 is an elevation view of a rock bolt section showing the helical rock
      bolt of this invention,
PAR  FIG. 2 shows a top view of the bolt of FIG. 1,
PAR  FIG. 3 shows a sectional view along lines 3--3 of FIG. 2,
PAR  FIG. 4 shows the forces acting on the bolt of FIGS. 1 through 3 during
      loading,
PAR  FIG. 5 illustrates a typical prior art bolt in cross-section taken along
      lines 5--5 of FIG. 6,
PAR  FIG. 6 is a top view of the prior art bolt shown in FIG. 5.
DETD
PAR  Referring more specifically to FIGS. 1 through 4 a rock bolt 2 of FIG. 1 is
      shown as a somewhat exaggerated helix placed in a hole 4 in a rock
      formation 6 having a surface plate 8 and nut assembly 10 at one end
      securing the bolt and the rock formation together. At the other end
      conventional anchoring means 11, i.e., as depicted in the aforementioned
      U.S. Pat. No. 3,653,217 may be provided which are activated as known to
      the art by tightening nut 10. The rod diameter D.sub.R is shown in FIG. 1
      as well as the helical diameter D.sub.H which latter diameter is at least
      twice the former diameter. The pitch, P, shown is variable but is
      preferably 10 to 20 times D.sub.R and about 4 to 8 times D.sub.H. In FIG.
      2 the relation of the diameters is quite clearly shown. In FIG. 2, L is
      the centerline or axis of the helix on which load F acts. Referring now to
      FIG. 3 a section along line 3--3 of FIG. 2 illustrates the forces acting
      in the rock bolt. In FIG. 3 the offset from center or eccentricity of F is
      designated e. The eccentricity of the helix is greater than the rod
      diameter by reason of the specification that the spring index must be at
      least 2. The section 3--3 then cuts the rod in the shaded areas and these
      areas are separate and able to move relative to one another under load.
      The torsion acting on these areas when a force acts with an eccentricity e
      across the coil width twists the rod between the forces so that the coil
      tends to unwind like a tension spring when stretched. The resulting
      stresses on a cross-section of rod of circular shape (not the elliptical
      cross-sections of the shaded areas) are a normal stress S.sub.N acting in
      the centerline direction of the rod and a torsional stress S.sub.T acting
      normal to the normal stress. These force components are shown in FIG. 4.
      Because of the helical shape and size of the offset which produces free
      and isolated elliptical sections 12 the force component S.sub. N and
      S.sub.T do not add as they would in other bolt formations. The torque
      produced in the structure of FIG. 3 by a force F on the axis of the bolt
      is F times e or S.sub.T. The torque causes an untwisting action in a plane
      normal to the stress S.sub.N which allows great extension of the bolt
      length. If the load is decreased the spring simply contracts with a
      corresponding reduction in the stresses in the bolt but as previously
      mentioned the amount of contraction available with the rock bolt of this
      invention is 10 to 20 times that of the previous used bolts.
PAR  Referring to FIGS. 5 and 6 the most analogous prior art structure is shown
      which is provided with a helical undulation similar to a screw thread on a
      basically straight and rigid rock bolt. Here if it were considered that
      this structure has a spring index the spring index would be, for a 1 inch
      diameter rod having an outer helical diameter of 1.07 inches, only 1.07.
      Similarly the ratio of pitch to rod diameter is slightly over 1.
PAR  The advantages of the rock bolt of the instant invention are considered
      fairly apparent but as opposed to a straight or untreated rock bolt it is
      quite clear that in a straight rod of circular cross-section upon
      application of stress in an axial direction by a force F the limit of the
      rod in terms of the normal stress over any cross-section is the elastic
      limit of the material. If F is increased beyond that point the rod will be
      permanently deformed and will be ultimately broken. If F is decreased the
      rod will recover to its unloaded shape but no more. An undulating rod of
      circular cross-section loaded with the same force F will be subject to a
      normal stress across the cross-section and a bending stress which add
      according to principles of mechanics on one side of the bar and substract
      on the opposite side. On the side where the stresses add as tension forces
      the stress will exceed the elastic limits and the rod will be permanently
      deformed. Upon decreasing the load again the rod only assumes its unloaded
      shape. Considering the modified bolt of FIGS. 5 to 6, upon application of
      an axial force F the section 5--5 is loaded primarily by normal stress.
      There will be minor bending stresses and torsion stresses (due to the
      small eccentricity) but the normal stress almost completely controls the
      behavior of the rock bolt. Before any significant torsional stress is
      produced the normal stress has exceeded the elastic limits of the
      material. Therefore for practical purposes the bar of FIGS. 5 to 6 acts as
      a straight bar and simply breaks upon exceeding the elastic limit of the
      bar and on decreasing of load simply assumes its unloaded position.
PAR  From this hypothetical example it is quite clear that the helical rock bolt
      of the present invention is much more adaptable and can accommodate
      substantially larger variations in loads than any known prior art rock
      bolt. In extension under increased load there are several important
      reasons why the unusually long elastic extension of the rock bolt of this
      invention is desirous. If a mine structure deforms so as to remove the
      bolt load the work that a straight bolt can do on the structure before it
      becomes unloaded is F times e or for example 8,000 pounds times 0.07 (for
      the illustrated prior art structure) or 560 inch pounds of work. On the
      other hand the bolt of this invention can perform even with a 9/16 inch
      diameter rock bolt 8,000 times about 0.75 or 6,000 inch pounds of work.
      The difference is in the eccentricity where the eccentricity of this
      invention is always greater than the bolt diameter but the eccentricity of
      the most analogous prior art is a minor fraction of the bolt diameter.
      Furthermore if the normal bolt length is changed under load even 0.072
      inches from the 8,000 pound loaded condition the load will change from 0
      to 16,000 pounds neither of which is desirable. The invented bolt however
      will change its load only plus or minus 10% for the same change in length
      to from 7200 to 8800 pounds. This type behavior where the bolt flexes with
      the change in structure geometry is very desirable to maintain good ground
      control behavior in the mining process where changes due to blasting and
      mining operations occur.
PAR  The materials of construction and relative sizes are not intended to in any
      way limit the invention. Steel rock bolts and anchors are desirable and
      they may or may not be cold worked prior to formation into the helix of
      this invention. In formation, a steel rod of e.g. 1.0 inch diameter may be
      wound into a tight helix with the ends left straight. The ends may be
      threaded or upset to form a bolt head. Then a force is applied to the ends
      tending to straighten the helix and elongate the bolt to the desired,
      reduced helix. After formation the reduced helix should be annealed or
      tempered. Any other material can also be used and any anchoring means can
      be used. The diameter of the rock bolt will typically be a 1 inch diameter
      or a 9/16 inch diameter stock material. A 9/16 inch bolt coiled with a
      pitch of 9 inches and a helical diameter of 1.5 inches has been used but
      it is intended to encompass any and all dimensions within the invention's
      limits. Similarly the cross-section of the rock bolt is immaterial and it
      is possible to use either a circular, square, rectangular, or other
      cross-sectional shape which is preferably solid. The only material which
      affects the invention as disclosed is the grout. It is not believed to be
      desirable to utilize rigid grout such as concrete in connection with the
      helical rock bolt of this invention since such grouts would unduly limit
      and restrict the movement desired under load change. There are however
      flexible grouts known to the art which could be utilized. The particular
      chemical composition of the grout is not material so long as the grout may
      flex and accommodate the changes in bolt shape under changes in load. For
      this purpose the grout, when set, should have sufficient elasticity to
      allow relatively free extension or compression of the rock bolt. Foamed
      grouts are preferred because of their compressibility. Epoxy grouts may be
      used as one embodiment. Grouts may or may not be used with the instant
      invention but when used, for example to provide temporary additional
      support or to prevent water seepage, they should be of a flexibility as
      aforesaid.
CLMS
STM  Having described my invention what is claimed is:
NUM  1.
PAR  1. In a combination of a ground formation wherein an inner surface
      constitutes a borehole extending from an outer surface thereof, a rock
      bolt, and means affixing said rock bolt to said ground formation, said
      rock bolt having an elongated portion thereof disposed within said
      borehole in longitudinal alignment therewith, said portion being a rod
      element having a substantially uniform, generally circular cross-sectional
      area and a form characterizable as a flexible helix of a substantially
      uniform diameter throughout and a pitch that is large relative to a
      diameter of said rod element wherefore the spring index of said rod
      element is greater than 2, and said means affixing comprising first and
      second means securing said bolt to said inner and outer surfaces of said
      formation, respectively.
NUM  2.
PAR  2. The combination of claim 1 wherein said spring index is from about 2.3
      to about 2.8.
NUM  3.
PAR  3. The combination of claim 1 wherein said first means securing includes a
      mass of flexible grout packed between said rod element and said inner
      surface of said ground formation and an anchor means at an end of said rod
      element within said borehole, and said second means securing includes a
      plate on an end of said rod element outside said borehole and in contact
      with said outer surface, and a nut on said outside end normally bearing
      against said plate.
NUM  4.
PAR  4. The combination of claim 1 wherein said pitch of the helix is from about
      10 to about 20 times said rod diameter.
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ABST
PAL  Method and apparatus for removing oil and water vapors from compressed gas
      wherein process gas is first passed through an oil filter and a portion of
      the gas is then fed to a vortex tube. The cold gas output from the vortex
      tube is delivered to a gas-to-gas heat exchanger to condense water vapor
      in the balance of the process gas not having been fed to the vortex tube.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates generally to the treatment of gases and is
      particularly useful in the extraction of contaminants from compressed gas,
      such as oil and water vapors. More specifically, the invention relates to
      method and apparatus employing a filter for removing oil vapor from
      process gas and a vortex tube for producing a low temperature gas required
      for the condensation of water vapor in the process gas with a heat
      exchange relationship.
PAR  In the past, there have been dehumidification systems devised wherein a
      cooling process is used to condense the water vapor contained in a stream
      of compressed air or other gas. Most of these prior systems are
      characterized by a structural complexity that results in an unduly high
      production cost. Furthermore, the various cooling units utilized by
      existing systems typically require a substantial amount of external power
      in order to properly cool the gas, which leads to excessive operating and
      utility costs.
PAR  The present invention overcomes these and other disadvantages of the prior
      art systems by providing a structurally simple apparatus for drying gases
      and extracting oil vapor therefrom. Oil vapor in the process gas is first
      trapped in a filter and the gas is then split into primary and secondary
      streams. A vortex tube operates without an external power source to lower
      the temperature of a portion of the secondary stream which is then passed
      through a heat exchanger to cool the primary stream and condense water
      vapor therefrom.
PAR  An object of this invention is to provide a method and apparatus for
      removing oil and water vapors from compressed gas.
PAR  Another object of the invention is to provide a cooling unit having no
      moving parts for condensing the water vapor contained in a process gas.
PAR  Yet another object of the invention is to provide gas drying apparatus
      wherein the energy of a portion of the inlet gas is utilized to produce
      the low temperature required for water condensation, thereby eliminating
      the need for an external power source.
PAR  A further object of the invention is to provide gas drying apparatus of a
      simple and reliable construction to function economically to remove water
      and oil from process gas with minimal maintenance and repair.
PAR  Other and further objects of the invention, together with the features of
      novelty appurtenant thereto, will appear in the course of the following
      description.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the accompanying drawing, which forms a part of the specification and is
      to be read in conjunction therewith, and in which like reference numerals
      are utilized to indicate like parts in the various views:
PAR  FIG. 1 is a schematic process flow diagram of an oil and water extraction
      system employing a preferred embodiment of the invention; and
PAR  FIG. 2 is a fragmentary, partially sectional view of the cooling unit
      employed in the gas drying section of the system.
DETD
PAR  The method of the invention employed to remove oil and water vapors from a
      compressed gas will be apparent with reference to the schematic flow
      diagram of FIG. 1 illustrating the process. Generally, the process
      includes, when conditions require the removal of oil vapors, passing the
      compressed gas through an oil filtering section of the system. Thereafter,
      the process gas is divided and a portion is fed through a vortex tube
      where the cool gas discharge is employed in a heat exchange relationship
      with the balance of the process gas to condense water vapor therefrom.
PAR  Referring now to the drawing in greater detail, compressed gas is fed to
      the processing units through inlet line 10 which branches into lines 11
      and 12. Line 11 is an oil filter by-pass line and includes a valve 13
      therein. Line 12 includes a valve 14 and leads to an oil filter unit 15. A
      valve 16 is disposed in the discharge line 17 from the filter unit 15 and
      line 17 joins the by-pass line 11 to form a common line 18.
PAR  The filter 15 is preferably a conventional element-type filter employing
      tissue paper or like material which extracts and absorbs oil vapor from
      the gas flowing therethrough. Although the illustration of FIG. 1 includes
      only one filter 15, it should be noted that any desired level of
      efficiency of oil vapor extraction may be obtained by employing a
      plurality of similar filters connected in a series or parallel
      arrangement, or a combination series and parallel arrangement.
PAR  The line 18 is divided to form a heat exchanger influent line 19 and a side
      stream line 20 which includes a valve 21 and is connected to a vortex tube
      22. Vortex tube 22 is a conventional and commercially available processing
      device for obtaining from a pressurized gas two gas streams at different
      temperatures. As described in U.S. Pat. No. 1,952,281, issued Mar. 27,
      1934, to Ranque, the vortex tube includes a chamber having the shape of a
      surface of revolution, such as a cylinder. An inlet conduit tangentially
      introduces the gas into this chamber and a gyratory motion is thereby
      imparted to the inlet gas. The vortex tube includes a means for dividing
      the gas into two concentric sheets moving along one another so that the
      outer sheet is compressed by the inner sheet and by centrifugal force
      exerted thereupon. The work thus produced causes a substantial rise in the
      temperature of the outer sheet (which exits as a hot gas discharge) and a
      corresponding drop in the temperature of the inner sheet (which exits as a
      cold gas discharge).
PAR  Accordingly, in the vortex tube 22 shown in the drawing, a hot gas effluent
      line 23 equipped with a valve 24 exits the vortex tube 22 for discharging
      hot gas generated in vortex tube 22 to the atmosphere or to further
      processing such as heat recovery units in manners well known to those
      skilled in the art. The cold gas effluent line 25 from the vortex tube 22
      is connected to the coils 26a disposed within shell 26b of heat exchanger
      26. At the opposite end of the exchanger 26, coils 26a are connected to an
      exit line 27 which extends through the shell 26b.
PAR  It should be noted that any conventional gas-to-gas heat exchanger may be
      employed for use with the invention. And, although a counter current heat
      exchange relationship is illustrated, co-current heat exchange and other
      heat exchange techniques known in the art may be satisfactorily utilized
      herein.
PAR  Heat exchange influent line 19 is connected to the shell 26b at one end
      thereof. At the opposite end is connected effluent line 28 which may be
      equipped with a water collector or trap 29 to receive condensate water
      from the process gas. Alternatively, a drain may be installed in the
      bottom of the heat exchange shell 26b in order to discharge the
      condensate. Wherever located, the trap 29 may be either of the manual or
      automatic draining type.
PAR  In operation, the valve 13 is normally closed and the valves 14 and 16 are
      open. As incoming gas passes through filter 15 (or a plurality of similar
      filters) the oil vapor contained therein is absorbed by the filter
      element. Of course, if it is not desired to remove oil vapor from the gas,
      filter 15 may be by-passed by closing valves 14 and 16 and opening valve
      13.
PAR  The filtered gas then flows through line 18 where the flow is split into
      two streams with flow control regulated by valve 21. The primary stream is
      carried by line 19 to the heat exchange 26 and the secondary stream is
      carried by line 20 to the vortex tube 22. Hot gas generated in the vortex
      tube 22 discharges through line 23 and the cold gas generated passes
      through line 25 to cooling coils 26a and then out discharge line 27. The
      primary stream of process gas, that in line 19, encounters cooling coil
      26a as it flows through heat exchange shell 26b. As the gas temperature is
      thus lowered to near 0.degree.C by circulation about the coil 26a, the
      moisture in the process gas condenses and is removed from the system
      through a drain such as water trap 29. The process gas, having been
      processed according to the goals of the invention, is then discharged from
      the system.
PAR  From the foregoing it will be seen that this invention is one well adapted
      to attain all the ends and objects hereinabove set forth together with
      other advantages which are obvious and which are inherent to the
      structure.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  Since many possible embodiments may be made of the invention without
      departing from the scope thereof, it is to be understood that all matter
      herein set forth or shown in the accompanying drawings is to be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A process for removing water vapor from a compressed gas stream, the
      steps of said process comprising:
PA1  dividing said gas stream into first and second streams;
PA1  generating a cold gas stream and a hot gas stream by directly passing said
      first stream, without intermediate heat exchange, through a vortex tube
      separator;
PA1  cooling said second stream by passing same in heat exchange relationship
      with said cold gas stream to cause the temperature lowering of said second
      stream and the condensation of water vapor therefrom; and
PA1  separating the condensate from said second stream.
NUM  2.
PAR  2. The process as in claim 1 including the step of filtering oil vapor from
      said compressed gas prior to said first named step.
NUM  3.
PAR  3. The process as in claim 1 wherein said last named step comprises
      collecting said condensate, and removing the collected condensate from
      contact with said second stream.
NUM  4.
PAR  4. Apparatus for removing water vapor from a compressed gas stream, said
      apparatus comprising:
PA1  flow dividing means receiving and splitting said gas stream into first and
      second streams;
PA1  a vortex tube separator connected to said flow dividing means at a first
      portion to receive said first stream therefrom and to generate a cold gas
      stream and a hot gas stream; and
PA1  a gas-to-gas heat exchanger connected to said flow dividing means at a
      second portion to receive said second stream therefrom and to said vortex
      tube separator to receive said cold gas stream therefrom whereby said
      second stream is cooled in heat exchange relationship with said cold gas
      stream to cause the temperature lowering of said second stream and the
      condensation of water vapor therefrom and means separating the condensed
      water vapor from the second stream connected to said heat exchanger.
NUM  5.
PAR  5. Apparatus as in claim 4 including oil filter means connected to said
      flow dividing means to remove oil vapor from said gas stream prior to
      introduction to said flow dividing means.
NUM  6.
PAR  6. Apparatus as in claim 4 including water collection means connected to
      said heat exchanger to remove condensate from said second stream.
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ABST
PAL  An improved cryogenic tank is provided which has insulation secured to the
      inner surface of the tank and a relatively thin sealing membrane within
      the tank to contain cryogenic liquid. Space containing the insulation is
      maintained at a reduced pressure sufficient to maintain the insulation in
      engagement with the outer tank wall.
BSUM
PAR  Cryogenic tanks having internal insulation and a relatively thin sealing
      membrane disposed within the insulation have been found desirable for use
      with cryogenic liquids. Generally such tanks have a relatively thick outer
      shell which provides the desired strength to the tank and an internal
      thermal insulation such as plastic foam and the like. The innermost
      surface of the tank is a low strength wall of either thin metal or
      synthetic resinous material such as polyester film or sheeting which
      prevents a liquid contained within the tank from directly contacting the
      insulation or outer tank wall. Such an insulated tank may be readily
      prepared. However, on filling of the tank with cryogenic liquid the thin
      inner membrane contracts and the foam insulation contracts while the outer
      tank wall remains at close to ambient temperature. As a result of the
      thermal contraction, stresses are set up which tend to separate the
      insulation from the outer tank wall. Oftentimes such a separation occurs
      in a tank which is supported on a fixed base; such tanks, however, are
      still useable. Separation of the insulation from the outer tank wall can
      present serious problems when the tank is employed as a mobile container;
      that is, on a tank truck or on board a ship. Oftentimes minor leakage or
      permeation occurs of the cryogenic liquid through the inner sealing
      membrane or inner tank wall and the location of the general area of the
      leak is frequently extremely difficult to establish.
PAR  It would be advantageous if there were available an improved cryogenic
      container having insulation disposed within the container.
PAR  It would also be desirable if there were available an improved cryogenic
      container wherein the inner insulation could be maintained against an
      exterior tank wall.
PAR  It would further be desirable if there were available an improved cryogenic
      container which would permit the localization of leaks through its inner
      surface.
PAR  These benefits and other advantages in accordance with the present
      invention are achieved in a cryogenic container, the cryogenic container
      comprising an exterior container wall, an interior container wall, the
      interior container wall being thin and flexible relative to the outer
      container wall, the inner and outer container walls being in generally
      fixed spaced apart relationship, a synthetic resinous cellular insulation
      being disposed between the inner container wall and the outer container
      wall, the container having closure means, the improvement which comprises
      a conduit in operative communication with space between the inner
      container wall and the outer container wall, the conduit being located
      generally external to the inner container wall and in combination with
      means to maintain a subatmospheric pressure between the inner wall and the
      outer wall, said pressure being sufficient to distend the inner container
      wall and cause the inner container wall to exert sufficient pressure on
      the insulation to maintain said insulation in contact with an inner
      surface of the outer container wall.
DRWD
     Further features and advantages of the present invention will become more
      apparent from the following specification taken in connection with the
      drawing wherein:
PAR  FIG. 1 is a schematic sectional representation of a container in accordance
      with the present invention.
PAR  FIG. 2 is a partially sectional representation of an alternate embodiment
      of the invention.
PAR  FIG. 3 is a partial sectional view of an alternate configuration of a
      container wall in accordance with the present invention.
DETD
     In FIG. 1 there is schematically depicted a cryogenic vessel 10 in
      accordance with the present invention. The vessel 10 comprises a housing
      or outer vessel wall 11 defining therein a space or cavity 12. The vessel
      10 has a closure 13 which provides optional or selective communication
      between the space 12 and space external to the outer vessel wall 11. An
      inner vessel wall 15 is disposed within the space 12 and is enclosed by
      the outer wall 11. The inner wall beneficially is of polyethylene
      terephthalate, aluminum, or the like. A cellular synthetic resinous or
      plastic foam insulation 16 is disposed between the outer wall 11 and the
      inner wall 15 and as depicted is in engagement with both the inner and
      outer walls. Suitable insulation is polystyrene foam, polyurethane foam,
      epoxy resin foam, phenolic resin foam, polyvinyl chloride foam and the
      like well known to the art. The insulation 16 defines a first conduit 18
      generally adjacent the uppermost portion of the vessel 10. The conduit 18
      has a generally spiral configuration and terminates at a first end 19 and
      a second end 20. The second end 20 has disposed therein a valve 21. The
      first end 19 has disposed therein a valve 22. The valve 22 is in operative
      communication with a gas detecting means 23. A second conduit 18a  is
      disposed in a helical manner generally adjacent the conduit 18 and has a
      first end 19a and a second end 20a. The end 20a is in operative
      communication with a valve 21a. The first end 19a is in operative
      communication with a valve 22a which in turn communicates with a gas
      detecting means 23a. A similarly equipped conduit 18b is disposed toward
      the bottom of the vessel and is provided with corresponding valves 21b, 22
      b and gas detecting means 23b. In the bottom of the vessel is a conduit
      18c, the inner and outer walls having valves 21c,  22c and a gas detector
      23c. The gas detecting means 23a, 23b and 23c are in operative
      communication with a vacuum header or conduit 25 which in turn is in
      communication with evacuating means or a vacuum pump 27.
PAR  In operation of the vessel 10 of FIG. 1, the vacuum source 27 initially
      draws gases from the conduits 18, 18a, 18b and 18c. As the conduits are
      formed in synthetic resinous insulating material such as polyurethane foam
      (such foam has a finite permeability to gases such as air, methane and the
      like), the pressure in the space between the inner and outer walls is
      reduced by difusion or transmission of gases through the foam and the
      pressure in the interior of the vessel (atmospheric or greater) forces the
      thin inner wall outwardly against the foam insulation to maintain it in
      contact with both inner and outer walls. Such an arrangement provides a
      significant advantage in that the foam plastic insulation is held in place
      and adhesives or the like are not relied upon to maintain the foam in
      position. Mechanical working of the foam in a space between the inner and
      outer walls of the tank can lead to gradual degradation of the structure
      by abrasion or brittle failure. Advantageously, the embodiment depicted in
      FIG. 1 divides what might otherwise be considered a single conduit into a
      conduit of four zones; that is, equivalent to the conduits 18, 18a, 18b,
      and 18c. Any leakage of the liner or inner wall 15 permitting escape of
      the cryogenic fluid through the wall and into the synthetic resinous or
      plastic insulation will be localized into one of the four zones as the
      concentration of gas, as indicated by one of the gas detectors 23, 23a,
      23b and 23c, roughly localizes the damaged area. Suitable gas detectors
      are well known in the art. One useable gas detector for such an
      application is a Pirani gauge. Maintaining cryogenic tanks in accordance
      with the method of the present invention results in significantly less
      cracking of the foam insulation on cooling than is obtained when the
      vacuum is not applied.
PAR  In FIG. 2 there is schematically depicted a partially cutaway view of a
      generally spherical vessel in accordance with the present invention
      generally designated by the reference numeral 30. The vessel 30 comprises
      an outer or rigid wall 31 having defined therein a space 32. The vessel 30
      has a closure 33 being in selective communication with the interior space
      32. The vessel 30 has an inner wall 35 in generally fixed spaced
      relationship to the outer wall 31. Between the inner wall 35 and the outer
      wall 31 is disposed a synthetic resinous insulating member 36 defining a
      generally helically disposed groove 37 providing general communication
      between an evacuation conduit 38 and the interior of the vessel adjacent
      the outer wall 31. The conduit 38 has disposed therein a valve 39, a gas
      detector 40 and an evacuation means 41.
PAR  Operation of the vessel 30 is generally similar to that of the vessel 10 of
      FIG. 1 with the exception that a single zone of evacuation is provided by
      means of the groove 37 extending about the outer surface of the insulating
      material 36. The groove 37 may have any desired configuration about the
      surface of the insulation but a path for gas flow must be provided over at
      least a major portion of the outer wall 31.
PAR  FIG. 3 depicts a fractional sectional view of a vessel wall in accordance
      with the present invention generally designated by the reference numeral
      50. The vessel wall 50 comprises a first rigid outer wall 51 having an
      external surface 52 and an internal surface 53. Adjacent the wall 53 is a
      fibrous readily gas permeable insulating material 54 such as a glass fiber
      batt. Adjacent the fibrous material 54 and remote from the inner surface
      53 is a cellular synthetic resinous insulating member 55 having defined
      therein a generally centrally disposed passageway 56. The passageway 56
      beneficially extends in a generally spiral or helical path within the
      insulation. A plurality of synthetic resinous cellular insulating
      particles 57 are disposed within the conduit 56. Adjacent the insulation
      55 and remote from the insulation 54 is another layer of fibrous gas
      permeable insulation 58. A thin deformable vessel inner wall 59 is
      disposed adjacent the insulation 58 and remote from and generally parallel
      to the inner surface 53 of the outer wall 51.
PAR  The wall configuration depicted in FIG. 3 is particularly advantageous
      where extreme dimensional variations will occur when the tank is filled
      with a cryogenic liquid. The use of the fibrous thermal insulation
      adjacent the inner and outer skins provides a cushion for the resinous
      insulation 55. In the event any movement occurs abrasion of the synthetic
      resinous insulation 55 is significantly reduced if not entirely
      eliminated. The fibrous insulation provides an additional path for any
      gases which may permeate the inner wall 59 and also aids in the initial
      removal of gas. Beneficially the synthetic resinous particles 57 disposed
      within the conduit 56 increases the insulating value by reducing
      convection currents within the conduit which would serve to transfer heat
      from the outer wall of the tank toward the inner wall. Usually for most
      cryogenic tanks the reduced pressure between the inner and outer walls may
      be of relatively high value such as 1 and 2 pounds per square inch below
      atmospheric pressure. However, as the inner wall becomes more rigid, lower
      pressures are required to maintain sufficient deflection of the inner wall
      to press or grasp the insulation between the inner and outer walls.
      Generally pressures lower than about 7 pounds per square inch below
      atmospheric are not necessary.
PAR  The particular designs, dimensions and the like for cryogenic containers in
      accordance with the present invention are readily chosen by anyone skilled
      in the art of cryogenic tank design.
PAR  As is apparent from the foregoing specification, the present invention is
      susceptible of being embodied with various alterations and modifications
      which may differ particularly from those that have been described in the
      preceding specification and description. For this reason, it is to be
      fully understood that all of the foregoing is intended to be merely
      illustrative and is not to be construed or interpreted as being restictive
      or otherwise limiting of the present invention, excepting as it is set
      forth and defined in the hereto-appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a cryogenic container, the cryogenic container comprising:
PA1  an exterior container wall and
PA1  an interior container wall, the interior container wall being thin,
      deformable and flexible relative to the exterior container wall, the
      interior and exterior container walls being in generally fixed spaced
      apart relationship,
PA1  a synthetic resinous cellular foam insulation being disposed between the
      interior container wall and the exterior container wall, the container
      having
PA1  closure means, the improvement which comprises
PA1  a conduit in operative communication with space between the interior
      container wall and the exterior container wall, the conduit being located
      generally adjacent to the exterior container wall, the conduit being in
      combination with means to maintain a subatmospheric pressure between the
      interior wall and the exterior wall, said pressure being sufficient to
      distend the interior container wall and exert sufficient pressure on the
      insulation to maintain said insulation in contact with an inner surface of
      the exterior container wall.
NUM  2.
PAR  2. The container of claim 1 wherein the conduit is in communication with
      passageways formed within the foam insulation.
NUM  3.
PAR  3. The container of claim 1 including a plurality of conduits external to
      the exterior wall, wherein said external conduits are each in
      communication with a conduit formed within the insulation which are in
      communication with space between the interior and exterior container
      walls.
NUM  4.
PAR  4. The container of claim 1 including a fibrous thermally insulating
      material disposed between the inner wall and the outer wall adjacent the
      foam insulation.
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ABST
PAL  A combination liquid trapping suction accumulator and evaporator pressure
      regulator device used intermediate the compressor and evaporator in a
      vapor-compression refrigeration system as a protective device for the
      compressor. The device is characterized by the positioning of the
      evaporator pressure regulator chamber intermediate the inlet and outlet
      ports of the accumulator housing. Thus, evaporator pressure regulation is
      accomplished simultaneously with liquid accumulation in a compact and
      readily serviceable, unitary housing.
PARN
PAR  This is a division of application Ser. No. 388,281, now U.S. Pat. No.
      3,858,407, filed Aug. 14, 1973.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  A modification of the assignee's earlier filed application entitled LIQUID
      TRAPPING SUCTION ACCUMULATOR (Ser. No. 359,569), filed May 11, 1973, now
      abandoned.
PAR  The present application is characterized in its combining of an evaporator
      pressure regulator device with a liquid trapping suction accumulator.
PAC  BACKGROUND OF THE INVENTION
PAR  Automobile air conditioning and refrigeration systems are conventionally
      subject to a high rate of failure, due principally to liquid entering the
      compressor. These failures frequently occur after a short shut-down of the
      automobile which defeats the thermostatic expansion valve, permitting
      liquid to migrate from the condenser into the evaporator. As the
      automobile air conditioning system is restarted, the liquid goes to the
      compressor with damaging results. The automobile system is characterized
      by the extraordinarily wide range of flow rates, a principal aim being to
      return the oil through the eductor, regardless of flow rate.
PAR  Liquid suction accumulators are widely employed to solve the problem of
      liquid entering the compressor. However, there is no prior art showing a
      combination of these elements within a single working system and utilizing
      pressure drops obtained, for example, through the evaporator pressure
      regulator as an assistance in the eduction of oil through the system.
PAC  SUMMARY OF THE INVENTION:
PAR  According to the present invention, an evaporator pressure regulator (EPR)
      is interposed between the inlet and outlet ports of an accumulator
      chamber. The evaporator pressure regulator (EPR) may include an evaporator
      pressure regulator device of the bellows or other type, regulating
      vaporous flow from inlet to outlet, according to pressure within the
      system. The pressure drop obtained through the evaporator pressure
      regulator device is utilized in drawing oil through the eductor tube.
PAR  Modification of the invention includes positioning of an expansion valve
      within the accumulator housing, use of a combined thermostatic expansion
      valve and a filter drier adjacent to the accumulator chamber, positioning
      of both the expansion valve and a desiccant within the accumulator
      chamber, utilization of a fixed orifice or capillary feeding device
      intermediate the filter drier and the evaporator in the system,
      positioning of the evaporator pressure regulator device perpendicularly
      with respect to the top of the accumulator chamber and providing the
      evaporator pressure regulator chamber with quick disconnects, fitting and
      sealing fixtures.
PAR  Specifically herein according to the species of FIG. 2 an accumulator
      chamber includes a removable adapter means having colinear horizontally
      disposed inlet and outlet ports. Furthermore, the adapter body includes a
      a threaded portion engaging a correspondingly threaded portion in said
      outlet port to further define an annulus between the adapter body and the
      outlet port.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a schematic view, partially in vertical section, showing a
      combined evaporator pressure regulator chamber and accumulator, according
      to the present invention;
PAR  FIG. 2 is a schematic view, partially in vertical section, showing the
      evaporator pressure regulator horizontally and removably disposed with
      respect to the accumulator chamber and its inlet port exiting vapor
      axially from the accumulator chamber.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The primary function of a suction accumulator is to prevent liquid
      refrigerant from entering the compressor. It must also provide positive
      oil return at all system flow rates. Conventional accumulators are
      designed to provide adequate pressure drop for positive oil return at
      minimum system flow rates. However, when systems experience high maximum
      to minimum flow rate ratios, accumulator pressure drops at high load
      conditions become excessive. The combining of the EPR and accumulator can
      solve this problem. The EPR represents a finite pressure drop in the
      suction line at all operating conditions. In fact, the pressure drop
      across the EPR is generally greatest at low loads. Integration of the
      accumulator and the EPR allows the pressure drop across the EPR to be
      utilized for positive oil return. This arrangement allows the accumulator
      to be designed for minimum pressure drop while still performing its liquid
      trapping function. In FIG. 1 the refrigerant-oil mixture is shown entering
      the accumulator vessel 2 at inlet connection 1. Oil is returned through
      eductor tube 3 which is connected to outlet orifice 4. Orifice 4 is
      arranged to bypass the EPR 10, hence taking advantage of its pressure
      differential for oil return. The oil is mixed with the refrigerant vapors
      exiting the EPR 10 in chamber 6 and returned to the compressor through
      outlet connection 7. O-ring 8 provides a positive seal between the inlet
      and outlet of EPR 10 and compression spring 9 provides positive retention
      of the EPR 10 in its socket. EPR may be of the bellows-type containing an
      inert gas such as nitrogen which is charged through nipple 11. Pressure
      changes move the bellows which moves a spool or slide across peripheral
      slots 12, so as to regulate vaporous flow. A tangential entry device 13
      may be positioned adjacent inlet connection 1, to provide consistent
      liquid and vapor separation.
PAR  FIG. 2 schematically shows the combination EPR-accumulator (described in
      FIG. 1) in a complete system, including a filter-drier or receiver-drier
      2' with a desiccant mounted therein. However, the receiver-drier is no
      longer fully required, since the accumulator can perform the liquid
      storage function for which the receiver was previously required. A
      thermostatic expansion valve 15 may be positioned intermediate
      filter-drier 14 and the evaporator. Two additional advantages are also
      obtained with this arrangement. First, loss of liquid subcooling, which
      normally occurs in a receiver, may be reduced. The much smaller
      filter-drier 14 is always liquid full, which enables it to better retain
      any subcooling obtained in the condenser. In fact, filter-drier 14 may
      provide additional subcooling, if it can be located in an ambient somewhat
      below condensing temperature. The second advantage is that evaporator
      performance can be improved, since proper control arrangement will allow
      "over-feeding" of the evaporator without risk of liquid entering the
      compressor.
PAR  The functions of the filter-drier may also be located within accumulator 2
      as described, above.
PAR  FIG. 2 schematically shows a modified system that will function in a manner
      similar to the one described in FIG. 1. The accumulator/EPR hardware,
      however, has been arranged to allow horizontal mounting of the EPR. The
      accumulator chamber 2' is defined by a casing vertically extending and
      having a top and a bottom with colinear horizontally disposed inlet and
      outlet ports in the top opening into said chamber and respectively adapted
      for operative connection into said evaporator and said compressor. The
      removable adapter means 43 and 45 form an evaporator pressure regulator
      chamber positioned in said outlet port in communication with said
      accumulator chamber. Outlet fitting adapter 43 has connector 45 threadably
      removable adjacent the top of said accumulator chamber wherein this
      removable adapter means includes a threaded portion engaging a
      correspondingly horizontally threaded portion in said outlet port to
      further define an annulus between the adapter body and the outlet port 47.
      The adapter body 43 contains the pressure responsive evaporator pressure
      regulator 10' horizontally therein in compressive sealing relationship to
      the adapter means so as to guage admission of vapor through said
      evaporator pressure regulator chamber and said outlet. The eductor tube 3'
       extends independently from the bottom of said accumulator chamber into
      the evaporator pressure regulator chamber through annulus 48 and the
      adapter wall of said annulus via discharge orifice 47.
PAR  In the FIG. 2 system the EPR is installed in a "tee flow" type hardware
      arrangement 42 located at the top of the accumulator vessel 2'. This
      configuration also allows horizontal mounting of the EPR with access being
      provided by removal of the outlet fitting adapter 43. This configuration
      also provides in-line "in and out" connections 44, 45. By relocating the
      inlet conector 44, left and right angle patterns could also be arranged.
      Oil return control orifice 47 is thereby positioned intermediate annulus
      48 and the evaporator pressure regulator chamber.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid trapping suction accumulator adapted for insertion in a
      vapor-compression refrigeration system between the evaporator and
      compressor, comprising:
PA1  A. an accumulator chamber defined by a casing vertically extending and
      having a top and a bottom;
PA1  B. colinear horizontally disposed inlet and outlet ports in the top, and
      opening into said chamber and respectively adapted for operative
      connection into said evaporator and said compressor;
PA1  C. removable adaptor means forming an evaporator pressure regulator chamber
      positioned in said outlet port in communication with said accumulator
      chamber; said adaptor means being further characterized as:
PA2  i. being threadably removably positioned adjacent the top of said
      accumulator chamber wherein said removable adaptor means includes a
      threaded portion engaging a correspondingly horizontally threaded portion
      in said outlet port and further defining an annulus between said adaptor
      body and said outlet port;
PA2  ii. said adaptor body containing a pressure responsive evaporator pressure
      regulator device horizontally therein and in compressive sealing
      relationship to the adaptor means so as to guage admission of vapor
      through said evaporator pressure regulator chamber and said outlet;
PA1  D. an eductor tube extending independently from the bottom of said
      accumulator chamber into said evaporator pressure regulator chamber
      through said annulus, the adaptor wall of said annulus including a
      discharge orifice perpendicular to said evaporator pressure regulator; and
PA1  E. a filter-drier positioned between the outlet of the condenser in the
      system and a thermostatic expansion valve at the inlet of the evaporator
      in the system.
NUM  2.
PAR  2. A liquid trapping suction accumulator as in claim 1, said evaporator
      pressure regulator including a pressure sensitive bellows valving device.
NUM  3.
PAR  3. A liquid trapping suction accumulator as in claim 2, wherein said
      evaporator pressure regulator chamber is horizontally positioned with
      respect to the top of said accumulator chamber.
NUM  4.
PAR  4. A liquid trapping suction accumulator as in claim 1 wherein said inlet
      port includes a conduit introducing said vapor axially with respect to
      said chamber.
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ABST
PAL  A suction throttling valve is provided which is especially adapted for use
      as a part of a compact unit consisting of a thermostatic expansion valve,
      a suction throttling valve, and a receiver-dryer, in an automotive air
      conditioning system. The suction throttling valve is characterized by the
      incorporation therein of a bellows assembly of unique construction, which
      includes a bellows, an evacuating tube for evacuating the bellows to a
      predetermined pressure, and a needle valve. The bellows assembly can be
      easily and quickly adjusted relatively to the valve housing, in a manner
      such as to obviate the use of extremely expensive and sophisticated
      testing equipment. Construction has also been simplified to eliminate
      certain parts previously used in other valves of this character.
BSUM
PAR  In U.S. Pat. No. 3,525,234, a suction throttling valve is disclosed, which
      is especially designed for use in a compact unit combining it with a
      receiver and a removable thermostatic expansion valve.
PAR  The suction throttling valve is held in place by a projection of a
      removable wall which engages a perforated plate which is a part of the
      valve assembly.
PAR  The suction throttling valve includes a one-piece cup-shaped housing
      containing an enlarged bore which slidably receives a piston valve. The
      piston valve contains a central recess having side outlets communicating
      with an annular groove which, in turn, is connected by a restricted
      passage to a spring chamber containing a supporting coil spring beneath
      the piston valve. This spring, together with the pressure in the spring
      chamber, controls the position of the piston valve in conjunction with the
      pressure applied to the top of the piston valve beneath the aforesaid
      perforated plate.
PAR  The pressure in the spring chamber is controlled by a sealed bellows
      located beneath the spring chamber. The top of the bellows is supported by
      and bonded to a cup-shaped press-fitted perforated bellows support which
      also serves as a spring retainer for the bottom of the spring. The housing
      is provided with a closing wall at the bottom containing an outlet opening
      and a self-aligning valve seat disc for a valve which has a cone-shaped
      lower needle which is adapted to extend into and close an aperture in the
      disc. The upper surface of the bottom wall is plane and smooth to make a
      seal surface with the flat bottom face of the seat disc surrounding the
      aforesaid outlet opening. The bottom flat surface of the seat disc is held
      against the flat upper surface of the bottom wall by a weak coil spring
      which extends between the bottom of the bellows and a shoulder on the rim
      of the seat disc. This flat upper surface allows the seat disc and its
      aperture to shift laterally relative to the closed bottom of the bellows
      to align this aperture with the conically pointed valve needle.
PAR  The bellows contains an interior spring extending between the bottom of the
      bellows and an internal upper spring retainer. The conically pointed valve
      needle is in the form of a pin which is press-fitted through the central
      aperture in the closed bottom end of the bellows and extends coaxially
      upwardly a sufficient distance to engage the upper internal spring
      retainer when the bellows is partially collapsed to prevent the complete
      collapse of the bellows.
PAR  The internal spring within the bellows, together with the spring of the
      bellows itself and the weak coil spring determine the pressure at which
      the bellows will collapse. This collapsing pressure is selected to cause
      the needle valve to be closed whenever the absolute pressure within the
      evaporator shown in the patent falls substantially below the freezing
      point of water. This pressure and temperature is determined by determining
      the temperature at which frosting of the evaporator will begin under
      adverse operating conditions, a suitable setting being about 29 to 30 lbs.
      gage of 43.2 to 44.2 lbs. per square inch absolute. Additional calibration
      is provided by the press fit location of the bellows support which
      determines the location of the upper end of the bellows.
PAR  The suction throttling valve, as thus described, consists of an excessive
      number of parts which are difficult to assemble, and which substantially
      increase the cost of manufacture and assembly.
PAR  The pressure setting of the needle valve is accomplished by press-fitting
      of the perforated bellows support, designated by numeral 193 in the
      patent, to a fixed point within the housing 171, and the fact that this
      support is bonded to the upper end of the bellows precludes any adjustment
      of the bellows relatively to the housing. The determination of this fixed
      point setting, combined with the fact that the bellows does not have an
      evacuating tube, requires the use of extremely expensive and sophisticated
      testing equipment in order to determine the precise fixed point at which
      the bellows support should be located.
PAR  I have found that a suction throttling valve of the aforesaid character can
      be manufactured with a minimum number of parts of relatively low cost, and
      assembled without difficulty, to provide a highly desirable valve which is
      especially adapted for replacement purposes.
PAR  I have found, also, that by providing a convenient means of adjusting the
      location of the bellows relatively to the valve housing, and by
      incorporating a bellows evacuating tube in the bellows assembly, I can
      provide a suction throttling valve of this character which does not
      require the use of expensive and highly sophisticated testing equipment,
      to which reference has been made.
DRWD
PAR  Other objects and advantages of the invention will become apparent in the
      course of the following description, taken in conjunction with the
      drawings forming a part of this application, and wherein
PAR  FIG. 1 is a top plan view of a suction throttling valve, embodying the
      invention;
PAR  FIG. 2 is a side elevational view of the valve, as viewed from the bottom
      of FIG. 1;
PAR  FIG. 3 is a cross-sectional view, on an enlarged scale, taken on the line
      3--3 of FIG. 2;
PAR  FIG. 4 is a transverse cross-sectional view, taken on the line 4--4 of FIG.
      3;
PAR  FIG. 5 is a fragmentary cross-sectional view, taken on the line 5--5 of
      FIG. 3;
PAR  FIG. 6 is a top plan view of the adjusting nut of the valve;
PAR  FIG. 7 is a cross-sectional view, taken on the line 7--7 of FIG. 6;
PAR  FIG. 8 is a side elevational view of the piston valve of the suction
      throttling valve;
PAR  FIG. 9 is a top plan view of a perforated member which holds the suction
      throttling valve in place in the unit which combines the valve with a
      receiver and a removable thermostatic expansion valve;
PAR  FIG. 10 is a side elevational view of the perforated member of FIG. 9, as
      viewed from the bottom of FIG. 9, and
PAR  FIG. 11 is a side elevational view of the perforated member of FIG. 9, as
      viewed from the left side of FIG. 9.
DETD
PAR  Referring more particularly to the drawings, the suction throttling valve
      comprises a one-piece cup-shaped body or housing 20 having an enlarged
      bore 21 which slidably receives a piston valve 22. The piston valve 22 is
      adapted to cover and uncover ports 23, 24 and 25 in the side wall of the
      body or housing 20.
PAR  The piston valve 22 is provided with a central recess 26 having an inclined
      outlet 27 connecting with an annular groove 28 in the exterior of the
      piston valve.
PAR  The piston valve 22 is also provided with an axial passageway 29 which
      interconnects the central recess 26 with an enlarged central passageway or
      bore 30 in the lower portion of the piston valve.
PAR  The portion of the bore 21 below the piston valve 22 provides a spring
      chamber containing a supporting coil spring 31 beneath the piston valve.
      The spring 31 together with the pressure in the spring chamber 21 controls
      the position of the piston valve in conjunction with the pressure applied
      to the top of the piston valve beneath the perforated member 32. This
      perforated member 32 is a one-piece stamping which comprises a flat upper
      portion 33 having a central opening 34, spaced flanges 35 and 36 depending
      from diametrically-opposite edges of the portion 33 and terminating
      respectively in radially-extending flanges 37 and 38. The flanges 35 and
      36 are provided with elongated openings 39.
PAR  The flanges 35 and 36 are resiliently movable toward each other, so that
      the perforated member 32 may be assembled with the valve body 20 by moving
      these flanges toward each other, locating the member 32 in the approximate
      position shown in FIGS. 1 and 3, and then releasing the flanges 35 and 36,
      to cause the outer edges of the flanges 37 and 38 to slide into an annular
      groove 40 in the valve body 20, thereby securely locking the member 32 to
      the valve body. The member 32 is adapted to engage a removable wall (not
      shown) which, when removed, provides complete access to the chamber in the
      aforesaid combined unit which contains the suction throttling valve, and
      thus serves to hold the throttling valve in place in such unit.
PAR  The recess 26 is covered by a concave screen 41 which stops the flow of any
      particles in the refrigerant, and is frictionally held in place by means
      of a lock washer 42.
PAR  The valve housing 20 has an annular upper flange 20a which is adapted to
      rest upon an annular shoulder of the chamber (not shown) of the unit in
      which the suction throttling valve is mounted. The space between such
      chamber and the flange 20a is sealed by means of an O-ring 43, which is
      mounted in an annular recess 44 in the periphery of the flange 20a.
PAR  The pressure in the chamber in which the spring 31 is mounted, and which
      pressure has been referred to above, is controlled by a sealed bellows 45,
      which is disposed below the spring 31.
PAR  The bellows 45 is part of a bellows assembly or unit, which is best seen in
      FIGS. 3, 5, 6 and 7, and will now be described.
PAR  The bellows 45 has a closed cup-shaped lower end 46 (see FIG. 5) to the
      periphery of which is soldered or brazed, as by a solder or braze ring 47,
      a pilot valve sub-assembly, comprising a valve adaptor 48 having a central
      bore 49, and a valve stem 50 which is press-fitted in the bore 49 and is
      provided with a cone-shaped needle 51. The needle 51 constitutes a valve
      which is adapted to extend into and close an aperture 20b in the bottom
      wall 20c of the housing 20.
PAR  The top of the bellows 45 is open and its upper edge is soldered or brazed,
      as by a solder or braze ring 52, to the periphery of an adjusting nut 53.
      The nut 53 is threadedly secured to internal threads 54 on the inner wall
      of the housing 20.
PAR  The nut 53 is provided with an axial bore 55, through which an evacuating
      tube 56 extends from the interior of the bellows 45 to a point within the
      lower portion of the central passageway or bore 30 of the piston valve 22.
      The tube 56 is soldered or brazed to the nut 53, as by means of a solder
      or braze ring 57. The tube 56 is used for the purpose of evacuating the
      bellows to a pressure within the range of 29 to 30 inches of mercury, and
      after such evacuation, the tube is sealed by pinching it, as at 58, and
      dip soldering the end of the tube, as at 59.
PAR  The nut 53 is provided in its upper end with spaced aligned slots 60 and
      61, adapted to be engaged by a spanner tool or the like, whereby the nut
      53, and consequently, the entire bellows assembly, may be adjusted
      longitudinally of the housing 20, for a purpose to be presently described.
      It may be noted, in this connection, that the upper end of the spring 31
      is in engagement with the piston valve 22, while the lower end of the
      spring rests upon the nut 53.
PAR  The adjusting nut 53 is also provided adjacent the radially outer ends of
      the slots 60 and 61, with downwardly extending slots 62 and 63, which
      provide vertical passageways for the passage of refrigerant between the
      chamber 21 and the portion of the interior of the housing 20 which is
      below the nut 53.
PAR  The bellows 45 contains an interior coil spring 64 extending between the
      bottom of the nut 53 and a spring support or stop 65, which, in turn, is
      supported by and within the cup-shaped lower end 46 of the bellows.
PAR  The spring 64 together with the spring of the bellows 45 determines the
      pressure at which the bellows will collapse. This collapsing pressure is
      selected to cause the needle valve 51 to be closed whenever the absolute
      pressure within the evaporator of the air conditioning system falls
      substantially below the freezing point of water. This pressure and
      temperature is determined by determining the temperature at which frosting
      of the evaporator will begin under adverse operating conditions. A
      suitable setting is about 29 to 30 lbs. gage of 43.2 to 44.2 lbs. per
      square inch absolute. Additional calibration is provided by the press fit
      location of the bellows support 193 in the aforesaid Widdowson patent,
      which determines the location of the upper end of the bellows 191 in that
      patent. Once the press fit location of that bellows support is determined,
      it is virtually impossible to change its location, so that the location
      is, in effect, a fixed location.
PAR  In the present invention, however, the location of the nut 53 may be
      adjusted in the manner described above, so that the setting at which the
      needle valve will close can be easily, efficiently, and accurately
      determined.
PAR  This adjustability, combined with the use of the evacuating tube, by means
      of which the bellows can be easily and quickly evacuated through the use
      of inexpensive and readily available equipment, obviates the use of
      extremely expensive and sophisticated testing equipment, as required in
      the bellows of the aforesaid Widdowson patent.
PAR  Moreover, the suction throttling valve of this invention has been
      simplified over that shown in the aforesaid U.S. Pat. No. 3,525,234 by the
      elimination of certain parts of the latter valve, such, for example, as
      the part 199, the spring 222, and the retainer for the upper end of the
      valve 220, and the location of the needle valve 51 and part 48 completely
      externally of the bellows.
PAR  The use or operation of the suction throttling valve of the present
      invention is similar in many respects to that of the corresponding valve
      in U.S. Pat. No. 3,525,234, and reference to that patent may accordingly
      be had for an explanation of such use or operation.
PAR  However, the use or operation of the present valve may be described as
      follows:
PAR  With the automobile engine turned off and the car parked in a garage, the
      bellows 45 would be in collapsed condition, and the tube would be resting
      against the stop 65, so that the needle 51 would be disengaged or unseated
      from the passageway 20b, thereby opening this passageway.
PAR  At the same time, the spring 31 would be holding the piston 22 against the
      member or stamping 33. There is then a flow of Freon through the screen
      41, through passageway 29, down through passageway 30 and slots 62 and 63
      of the nut 53, into the bellows chamber and out of the passageway 20b.
PAR  If the car is parked in a garage and the ambient temperature in that garage
      is 65.degree. F., then there will be 65 pounds of pressure throughout the
      enclosed or hermetically sealed Freon system.
PAR  If, under these conditions, the car engine is started and the
      air-conditioner turned on, the compressor of the air-conditioning system
      will start to draw the pressure down to below 28 pounds, causing the
      bellows to expand and the needle 51 to seat upon and close the passageway
      20b. At the same time, the piston 20 will compress the spring 31 and open
      the slots 23, 24 and 25.
PAR  As the car proceeds along the road, and the temperature in the passenger
      compartment of the car increases, this temperature is reflected into the
      suction throttling valve by an increase in pressure in the evaporator of
      the air-conditioning system, which, in turn, is reflected onto the bellows
      assembly. The higher pressure in the bellows chamber area of the valve
      will cause the bellows 45 to collapse.
PAR  The function of the bellows is to open and close rapidly. In opposite
      reaction, the piston 22 will close when the needle valve 51 of the bellows
      assembly closes the passageway 20b, the piston 22 closes the slots 23, 24
      and 25. When the needle valve opens, the pressure behind the piston will
      drop, and the pressure ahead of the piston will force the piston back. As
      soon as the needle closes, the pressure begins to build up behind the
      piston and moves it back to close the slots.
PAR  The suction throttling valve actually operates between the evaporator and
      compressor of an air-conditioning unit only. Its function is to starve and
      flood the compressor when the temperature in the evaporator increases or
      decreases. In other words, it constitutes an automatic defrosting valve
      for the evaporator.
PAR  As seen in FIGS. 2, 3 and 4, the piston 22 is provided with a flat 22a,
      which permits an escape of pressure from the outer surface of the piston.
      It also permits starting of motion of the piston and allows escape of
      pressure through the passageway created by the flat 22a and the slotted
      openings 23, 24 and 25.
PAR  The inclined passageway 27 allows the mixture of liquid Freon and
      refrigerant lubricant, which is normally used in the air-conditioning
      system, to enter the groove 28 and act as a liquid seal between the piston
      22 and the wall of the bore 21 of the body or housing 20. This liquid
      seal, of course, aids in the up and down or open to closed movement of the
      piston 22. The groove 28, in other words, being moistened with the
      liquified mixture of Freon and refrigerant lubricant, acts as a seal to
      allow the piston to be lifted or depressed by pressure, and seals off the
      clearance between the piston and the housing or cylinder 20.
PAR  It is thus seen that I have provided a suction throttling valve which
      fulfills all of the stated objects of the invention.
PAR  It is to be understood that the form of my invention, herewith shown and
      described, is to be taken as a preferred example of the same, and that
      various changes may be made in the shape, size and arrangement of parts
      thereof, without departing from the spirit of the invention or the scope
      of the subjoined claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In a suction throttling valve of the character described, a cup-shaped
      valve body having an open top and a closing bottom wall provided with a
      central aperture, said body having ports below said open top communicating
      the interior of said body with the space exteriorly of said body, a piston
      valve slidably mounted in the upper portion of said body and adapted to
      cover and uncover said ports, the portion of said body below said piston
      valve constituting a spring chamber, means for controlling the position of
      said piston valve, said means comprising a supporting coil spring mounted
      in said spring chamber and acting in conjunction with fluid pressure in
      said spring chamber and fluid pressure applied to the top of the piston
      valve, means for controlling the fluid pressure in said spring chamber,
      said last-named means consisting of a bellows assembly comprising a
      bellows having a closed lower end and an open upper end, and a nut secured
      to and closing said open upper end of the bellows, said nut being in
      threaded engagement with the inner wall of said body, whereby said bellows
      assembly may be rotated to vary or adjust the axial position of said
      assembly relatively to said body, and a pilot valve subassembly secured to
      the lower end of said bellows, said subassembly comprising a needle
      adapted to close said aperture upon expansion of said bellows.
NUM  2.
PAR  2. A suction throttling valve, as defined in claim 1, wherein said nut is
      provided at its periphery with slots disposed diametrically from each
      other and providing passageways for flow of a refrigerant from above said
      nut to below said nut.
NUM  3.
PAR  3. A suction throttling valve, as defined in claim 2, including means for
      rotating said nut.
NUM  4.
PAR  4. A suction throttling valve, as defined in claim 3, including a bellows
      evacuating tube mounted axially in said nut and extending from the space
      within said bellows to the space above said bellows assembly.
NUM  5.
PAR  5. A suction throttling valve, as defined in claim 4, wherein a stop
      element is disposed within the lower end of said bellows, and a
      compression coil spring is interposed between said nut and said stop
      element.
NUM  6.
PAR  6. A suction throttling valve, as defined in claim 5 in which said pilot
      valve sub-assembly comprises a valve adaptor secured to the lower end of
      said bellows, and a cone-shaped needle having a stem mounted in and
      disposed axially of said adaptor.
NUM  7.
PAR  7. In a suction throttling valve of the character described, a cup-shaped
      body having an open top and a bottom wall, said body having ports below
      said open top communicating with the interior of said body and with the
      space exteriorly of said body, a piston valve slidably mounted in the
      upper portion of said body and adapted to cover and uncover said ports,
      the portion of said body below said piston valve constituting a spring
      chamber, means for controlling the position of said piston valve, said
      means comprising a supporting coil spring mounted in said spring chamber
      and acting in conjunction with fluid pressure in said spring chamber and
      fluid pressure applied to the top of the piston valve, said piston valve
      having a recess in the upper end thereof, a bore in the lower end thereof
      adapted for the reception of a bellows-evacuating tube, and an axial
      passageway of a diameter smaller than that of said recess and bore into
      interconnecting said recess and bore, an annular groove in the periphery
      of said piston valve, and an inclined passageway interconnecting said
      recess with said groove, whereby to provide for gravity flow of a
      lubricant-saturated refrigerant to said groove to provide a liquid seal
      between said piston valve and the inner wall of said valve body.
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ABST
PAL  A power driven ice dispenser in a freezer-refrigerator or the like
      discharges ice down a chute through the front of the unit. The chute is
      closed by a spring-loaded door opened by a lever. When the lever is
      released, an inertia motor delays closing of the door until the chute is
      emptied of ice.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,798,923 to Pink et al. discloses a power driven ice
      dispenser which discharges ice down a chute through the front of a
      freezer-refrigerator while the co-pending application of John J. Pink,
      Ser. No. 433,901, filed Jan. 16, 1974 is directed to an improved version
      of that dispenser. In both those instances, the lower end of the chute is
      closed by an outwardly swinging door hinged along its top which is opened
      when a depending actuating lever is pushed rearwardly, the lever also
      starting the dispenser at the same time. When the lever is released, the
      door is closed and the dispenser is shut off. Obviously some ice could be
      trapped in the chute after the dispenser ceases if closing of the door is
      not delayed a few seconds to allow the chute to clear. If ice is trapped
      in the chute or between it and the door, it will slowly melt, making a
      mess in both instances, and in the case of the latter instance, will also
      allow warm, moist air up into the dispenser and frost up the chute and
      other parts.
PAR  Various schemes have been used, in other arrangements for dispensing ice
      down a chute through the front of a freezer-refrigerator, to delay closing
      of the door in the circumstances explained above. But these tend to be
      elaborate and piecemeal as well as requiring considerable space. Their
      reliability may also be suspect. Hence, the primary object of the present
      invention is the provision of a compact, neat and reliable mechanism to
      delay closing the door at the lower end of the chute until it has been
      emptied of all ice from the dispenser after the latter is shut off.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, the door is spring-loaded to its closed position
      and the activating lever separately spring-loaded to its forward position.
      When the lever is pushed rearwardly, closing a switch to start the
      dispenser, at the same time it opens the door against the spring loads of
      both the door and the lever. When the lever is released, it alone
      immediately returns to its forward position. The closing of the door,
      however, is delayed owing of the action of an inertia motor.
PAR  The motor comprises a gear train with a very high step up ratio from its
      input shaft, which is connected to the door, to its output shaft which
      drives a small fly wheel. A slip clutch, in effect, disconnects the input
      shaft from the fly wheel when the door is opened so that the motor does
      not impede door opening. But when the spring load of the door later
      attempts to close it, the gear train and fly wheel act to resist closing a
      sufficient time for the chute to clear itself of ice.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial isometric view of a fixed panel which closes a portion
      of the front of the freezer compartment in a typical side by side
      refrigerator-freezer, certain portions being broken away to show the ice
      discharge chute, its door when closed, the activating lever, the inertia
      motor and other parts of the apparatus.
PAR  FIG. 2 is similar to FIG. 1, but illustrates the door in its open position.
PAR  FIG. 3 is a detail view taken along the line 3--3 of FIG. 1.
PAR  FIG. 4 is a partially exploded view of the inertia motor itself, certain
      portions being broken away to illustrate its details.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1, 10 depicts the fixed panel or closure, as shown in the
      aforementioned patent and application, across the front of the freezer
      compartment of a typical side by side freezer refrigerator, the door
      closing the portion of freezer compartment above the panel 10 being
      indicated at 11 and the door for the adjacent refrigerator compartment
      being indicated at 12. Behind the panel 10 is disposed the power driven
      ice dispenser 13, which is closed over by a shelf plate 14, in the freezer
      compartment. Fitting up into a pocket 15 in the upper portion of the panel
      10 is a laterally extending, integrally molded mounting assembly 20 having
      adjacent recesses 21 and 22 separated by a vertical mullion 23 to the
      front of which is secured a plate 24 carrying a lamp 25 for purposes of
      illumination. The recess 21 carries the dispensing mechanism (not shown)
      for chilled water, while recess 22 includes a downwardly leading ice chute
      26 (see FIGS. 2 and 3), molded integrally with the assembly 20, which
      leads from the ice dispenser 13 into the panel pocket 15.
PAR  The lower end of the chute 26 is closed by a door 27, over whose edges is
      fitted and retained an elastomeric gasket 28 flanged at 29 so that the
      door 27 will seal against the chute 26. The outer face of the door 27 is
      clipped at 30 to a wire-formed hinge assembly 31 having two rearward legs
      31a bent toward each other at 31b. The ends 31b are pivoted beneath
      retainers 32 screwed to suitable bosses 32a, integral with the top wall
      26a of the chute 26, to provide a hinge for the top of the door 27. The
      latter is biased toward its closed position by a suitable spring 33 about
      one of the hinge legs 31b. The door is opened by a vertical lever 34
      having a depending bar and cross member 35 adapted to be engaged by a
      container to be filled with ice. The upper portion of the lever 34 is
      formed as a yoke having side legs 36 straddling the door 27 and connected
      across their top ends by a bar 37. The outer faces of the lower ends of
      the yoke legs 36 are provided with trunnions 38 (See FIG. 3) on which the
      lever is pivoted in the adjacent side walls of the recess 22, a suitable
      spring 39 biasing the lever 34 to its forward position shown in FIG. 1.
      Toward the upper ends of the yoke legs 36 and to the inner faces of the
      latter are attached a pair of cylindrical knobs 40 which engage the rear
      of the hinge side members 31a just below the hinge legs 31b. Hence, when
      the cross member 35 is pushed rearwardly by a container, the door 27 is
      opened as shown in FIG. 2 against the resistance of both springs 33 and
      39. At the same time, the upper cross bar 37 is moved forwardly to close a
      switch 41 secured to the top of the recess 22 in order to actuate the ice
      dispenser 13.
PAR  One member of the hinge assembly 31 is laterally extended toward the
      adjacent side wall of the recess 22 and bent in order to form a crank arm
      42. The latter slides in an elongated slot 43 inwardly from the outer end
      of an arm 44 fixed at its inner end to the input shaft 45 of an inertia
      motor M. The motor M is enclosed by a cupped housing 46 and secured by a
      back plate 47 to a boss 48 in the recess 22 between the outer side wall of
      the latter and the chute 26. Basically, the motor M is an adaptation of a
      gear train from a timer and comprises a series of step-up gears G1-10 all
      journalled between two spaced mounting plates 49 and 50 separated by
      stools 51. The output shaft 52 from the gear G10 passes through the plate
      50 and to its outer end is fitted a small flywheel F. The motor M is
      manufactured by Bristol Saybrook Company of Old Saybrook, Connecticut, and
      the step-up ratio between its input and output shafts 45 and 52 is
      1:3,600. A small slip clutch mechanism 53 is interposed between gears G2
      and G3 so that the gears G3-10 and the flywheel F are not driven when the
      input shaft 45 is rotated in the direction indicated by the arrow A, but
      are driven when the shaft is rotated in the direction indicated by the
      arrow B. When the lever 34 is pushed to open the door 27, the crank arm 42
      rotates the shaft arm 44 and input shaft 45 in the direction A so that the
      motor M offers little resistance to the opening of the door 27. When the
      lever 34 is released, its spring 39 returns it immediately to its normal
      position independently of the door 27. The motor M, however, since its
      input shaft is being rotated in direction B and thus all the gears G1-10
      and the flywheel F are being driven, delays the closing of the door 27
      despite its spring 33 so that all the ice in the chute 26 can escape
      before the door 27 finally closes.
PAR  Through the present invention has been described in terms of a particular
      embodiment, being the best mode known of carrying out the invention, it is
      not limited to that embodiment alone. Instead, the following claims are to
      be read as encompassing all adaptations and modifications of the invention
      falling within its spirit and scope.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a freezer-refrigerator unit having a vertical front closure and power
      driven means for dispensing ice from the interior of the unit to the
      exterior thereof down an inclined chute through the front closure, the
      chute having a door closing its lower exterior end and hinged for upward
      movement for gravitational discharge of ice from the chute when the
      dispensing means is activated, the combination therewith of a door
      operating lever movable between door closed and door open positions,
      switch means operated by the lever to activate de-activate the dispensing
      means when the lever is in its door open and door closed positions,
      respectively, the lever being operatively associated with the door to
      positively open the same when the lever is moved to its door open
      position, door biasing means normally maintaining the door in its closed
      position, lever biasing means normally maintaining the lever in its door
      closed position, the lever when moved to its door open position positively
      opening the door against both of the door and lever biasing means, and an
      inertia motor operatively associated with the door effective to delay
      return of the door to its closed position after return of the lever to its
      door closed position, said lever biasing means alone returning the lever
      to its door closed position when the lever is released, the door biasing
      means thereafter returning the door to its closed position against the
      action of the inertia motor independently of the return of the lever to
      its door closed position.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the motor includes a gear train having
      input and output shafts, the input shaft being rotated in one direction by
      the door for drive of the gear train upon movement of the door toward its
      closed position, the gear train having an overall step-up ratio from the
      input to the output shafts and a flywheel driven by the output shaft when
      the latter is rotated as aforesaid.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the gear train includes means
      disconnecting drive of the flywheel by the input shaft when the input
      shaft is rotated in the opposite direction by the door upon its opening
      movement.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the disconnecting means comprises a
      slip clutch.
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ABST
PAL  A constant velocity universal joint for transmitting motion between two
      shafts which are intended to be run at an angle. An even number of
      spindles preferably equal to, or greater than, four are mounted on a hub
      member fixed to one of the shafts. Rollers with part-spherical outer
      rolling surfaces are slidably and rotatably mounted on the spindles and
      cooperate with corresponding opposed pairs of grooves formed in a cup
      member fixed to the other shaft. The angle formed between the longitudinal
      axis of one of the spindles with the axis of its respective shaft being
      equal to the angle formed between the longitudinal axis of its
      corresponding pair of opposed grooves and the axis of the latter's
      respective shaft. This angle between 15.degree. and 45.degree. may differ
      from one spindle and its pair of opposed grooves to another such unit.
      Alternatively two spindles and two grooves could be fixed on one shaft and
      two other grooves and two other spindles could be fixed to the other shaft
      for cooperation with one another. The axes of the spindles may either
      converge or diverge beyond the free ends of their respective shafts.
BSUM
PAR  The present invention relates to constant velocity universal joints for
      rotational power transmission and more particularly such joints in which
      the force transmitting members are part-spherical rollers which rotate and
      slide on smooth spindles fixed relative to one another and to a first
      shaft and which roll and slide in grooves circular in cross-section formed
      in a member fixed to another shaft.
PAR  Different types of constant velocity universal joints of this variety have
      been proposed. For example, German Pat. No. 563,825 describes a constant
      velocity joint which comprises two rollers carried by spindles diverging
      from the end of one of the shafts to be coupled and cooperating with
      straight grooves in two diverging portions carried at the end of the other
      shaft to be coupled. Although this is not expressly mentioned in the
      German patent, in order to operate properly, such a joint requires a
      particular centering means which in addition must withstand very large
      radial pulsating forces when the joint runs at an angle. Further, the
      centering means has to be extremely accurate for true constant velocity
      operation of the joint. This makes such joints very expensive, large in
      size, sources of friction and therefore considerably diminishes the
      interest in industrially developing them: moreover, to the extent of the
      applicant's knowledge, such joints have not been extensively marketed.
PAR  It has also been proposed to provide such joints comprising three rollers
      carried by the spindles on one of the shafts cooperating with three
      grooves assemblies formed in a member fixed to the other shaft (c.f.,
      French Pat. No. 1,272,730 in particular). Such a joint has perfect
      constant velocity characteristics without needing to incorporate
      particular centering means and its operation gives full satisfaction in a
      wide variety of application in drives of front wheel drive motor vehicles.
      Nevertheless, such joints have a drawback by the fact that they develop,
      when they run at angle with transmitting a torque, considerable axial
      pulsating forces at the rate of one per revolution which constitutes a
      serious disadvantage when such a device is used in a free sliding joint,
      these pulsations being more difficult to overcome as the path of sliding
      movement of the rollers along their spindles does not permit a
      substitution of needle bearings, for example, for the sliding.
PAR  Finally, it has already been proposed to provide joints of the
      aforementioned type with four rollers mounted on the spindles located in a
      plane perpendicular to the shaft carrying the same, but such joints are
      only possible in practice if the spindles have the possibility of
      oscillating which not only brings about considerable complications in
      construction, but in addition renders constant velocity operation
      uncertain.
PAR  Unexpectedly it has been found that by using an even number of rollers
      equal to or greater than four mounted on spindles arranged obliquely with
      respect to the shaft on which they are carried, it is possible under
      certain particular conditions to provide joints of the sought after type
      which have perfect constant velocity transmission without requiring
      particular centering or other means and which do not produce axial
      pulsating movements nor relative planetary movement, jerking or eccentric
      operation, when running at an angle.
PAR  Consequently, an aspect of the invention consists in a constant velocity
      universal joint in which transmission of motion between the two shafts
      which are adapted to form an angle between one another is ensured by an
      even number of rollers with spherical outer rolling surfaces mounted for
      rotational and sliding movement on spindles fixed to one of the shafts,
      the axes of the shafts being situated in planes passing through the axis
      of said one shaft and obliquely with respect thereto, each of the rollers
      cooperating with a pair of opposed grooves part-circular in cross-section,
      corresponding to the outer surface of the rollers and formed in a member
      fixed to the other shaft, the longitudinal axes of the pairs of grooves
      also being located in planes passing through the axis of said other shaft
      and obliquely with respect thereto, wherein the improvement comprises at
      least four rollers and corresponding spindles, the angles made by the axis
      of a spindle and by the axis of the corresponding pair of grooves with the
      axes of the shafts to which the spindle and the pair of grooves are fixed
      respectively, are equal to one another and preferably between 15.degree.
      and 45.degree., the angular distribution and the spatial arrangement of
      the spindles and the pairs of grooves on their respective supports being
      optically symmetrical when said shafts are in alignment.
PAR  The rollers and therefore the corresponding spindles and pairs of grooves
      are preferably four in number. The axes of the spindles and the pairs of
      cooperating grooves may diverge with respect to the axis of the shaft on
      which they are carried beyond the end thereof, or conversely they may
      converge with respect to the axis of the shaft beyond the end thereof. The
      axes of all the spindles and all the pairs of grooves need not make the
      same angle with the axis of the corresponding shaft, provided this angle
      is the same for a given spindle and its corresponding pair of cooperating
      grooves. Thus, it is possible to provide joints with four spindles
      including two so-called divergent spindles in a first diametral plane of
      the shaft carrying them and two so-called convergent spindles in another
      diametrical plane thereof, the grooves cooperating with these spindles are
      naturally arranged in a corresponding manner.
PAR  Likewise, the spindles, and therefor pairs of grooves cooperating
      therewith, need not be angularly spaced equally about the axis of the
      shaft carrying them provided the two cooperating parts are perfectly
      symmetrical with respect to a plane perpendicular to the axis of the shaft
      when the latter are in alignment. Therefore an unequal spacing of the
      spindles at the end of one of the shafts is possible provided this unequal
      angular spacing is symmetrically the same as that of the grooves.
PAR  Nor is it necessary for the spindles to be fixed to a given one of the
      shafts and the grooves to be consequently formed in a member adapted to be
      integral with the other shaft. A member adapted to be integral with one of
      the shafts may, for example, carry a pair of diametrically opposed
      spindles cooperating with grooves formed in a member integral with the
      other shaft, the last mentioned member itself carrying two spindles
      cooperable with pairs of grooves formed in the member fixed to the first
      shaft.
PAR  Owing to the above arrangements, the joint according to the invention has
      perfect constant velocity operation when running at an angle, the drive
      members or rollers being strictly maintained in a plane bisecting the
      angle between the shafts coupled for rotation, the resulting constant
      velocity operation of the two shafts which constantly passes through a
      point in the bisector plane providing operation free of relative planetary
      movement of jerks or eccentric operation.
PAR  The relative radial centering of the two shafts is of course ensured by the
      rollers and the torque transmission by the simultaneous action of at least
      four rollers which are received in a space of reduced diameter without
      creating lost space thus resulting in a high output per given volume of
      space.
PAR  Moreover, the telescopic sliding movements in both axial direction, are
      very free when the joint runs at an angle under no-load conditions in
      spite of sliding between spindles and the rollers as well as between the
      rollers and the grooves. Indeed, when the joint runs at an angle with
      transmitting a torque, the rollers rotatably and slidably reciprocate on
      the spindles and rollingly and slidingly reciprocate in the grooves.
      Consequently, first angular operation of the joint by movements created in
      the connecting members ensures the cancelling of the friction of the
      connecting operation, ensures the cancelling of the sliding friction
      function which involves the same sliding movements and which therefore can
      operate very smoothly without substantial axial resistance and with very
      small forces.
PAR  Finally, during running of the joint at an angle with transmitting a
      torque, the directions of sliding and rotational movements, and rolling
      and sliding movements of the rollers are opposite for diametrically
      opposed rollers; the friction forces produced cancel each other out for
      each pair of rollers without pulsating axial efforts resulting in other
      words, in the joint according to the invention the running at an angle
      does not introduce spurious axial pulsations in the sliding movement as is
      the case in joints having an odd number of connecting members in a
      coordinate arrangement.
PAR  As previously mentioned, the angle of inclination of the axis of a spindle
      and that of its corresponding pair of cooperating grooves is preferably
      between 15.degree. and 45.degree..
PAR  An angle less than 15.degree. could lead to precarious operation especially
      since this angle could be even further reduced and that the sliding
      conditions -- surface conditions and lubrication -- could be less
      favorable.
PAR  Above 45.degree. the possibilities of axial sliding movements are greatly
      reduced and such a joint is of no practical interest.
DRWD
PAR  Various embodiments of the joint according to the invention are described
      hereinafter with reference to the accompanying drawings in which:
PAR  FIG. 1 is a longitudinal section view of a first embodiment of the joint
      with the shafts in alignment with each other;
PAR  FIG. 2 is a detail view, partly in section, taken on line II--II in FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view of an alternative embodiment from
      only the point of view of the make up of the shafts to be coupled in the
      joint shown in FIGS. 1 and 2, the joint being illustrated in a position in
      which the driving shaft and the driven shaft are not in alignment forming
      a certain angle other than a straight angle therebetween;
PAR  FIG. 4 is a longitudinal sectional view of yet another embodiment of the
      joint according to the invention;
PAR  FIG. 5 is a similar view for a further embodiment;
PAR  FIG. 6 is a sectional view taken on line VI--VI in FIG. 5;
PAR  FIG. 7 is a longitudinal sectional view of (a novel) an embodiment of the
      joint according to the invention;
PAR  FIG. 8 is an end view of the cup member of the joint illustrated in FIG. 7;
PAR  FIG. 9 is a longitudinal sectional view of an even further embodiment of
      the joint according to the invention;
PAR  FIG. 10 is a sectional view taken on the line X--X in FIG. 9; and
PAR  FIG. 11 is a similar view of yet one more embodiment.
DETD
PAR  As illustrated in FIGS. 1 and 2, the joint according to the invention is
      intended to couple a first shaft 1 to a second shaft (not shown in FIG. 1,
      but the equivalent thereof is shown at 2a and 2b in FIGS. 3 and 4,
      respectively).
PAR  The hollow tubular shaft 1 has a hub member 3 welded at the end thereof.
      Four holes 4 are provided in the hub member 3, the axes of two of the
      holes lying in a first plane passing through the axis of the shaft 1, the
      axes of the other two holes lying in a second plane perpendicular to the
      first plane and also passing through the axis of the shaft 1, and the axes
      of the holes making 30.degree. angles with the axis of the shaft 1. Each
      of the four holes 4 receives a spindle 5 on which a roller 6 is mounted
      for rotational and sliding movement. An internally splined sleeve 7 is
      mounted on the second shaft and welded to the closed end of a conical cup
      member 9 in which straight channels are cut defining the grooves or flanks
      10 which are part-circular in cross-section with the centers along the
      median longitudinal axis 11 of each channel. The axes 11 of the channels
      are grouped in pairs in the planes perpendicular to each other passing
      through the longitudinal axis of the second shaft, each axis 11 making an
      angle of 30.degree. therewith. Each of othe channels which are open
      inwardly and outwardly of the cup member 9 receives one of the rollers 6
      having a spherical outer surface with a radius equal to or slightly less
      than that of the grooves 10. The rollers 6 are adapted to roll and slide
      in the grooves 10 for transmitting useful driving force of the joint
      between the shafts through the hub member 3, the spindles 5 the grooves 10
      and the cup member 9 and, if necessary, the sleeve 7, the transmission
      could be effected from the first shaft 2 to the second shaft or from the
      second shaft to the first shaft.
PAR  In the alternative embodiment of FIG. 3, the same basic elements are
      present and are designated with the same references with the addition of
      an a. The sole practical constructional differences compared to the
      embodiment of FIGS. 1 and 2 are that the hub member 3a and the spindles 5a
      which are fixed to one another are integral with one another here and form
      one piece with the solid shaft 1a and that the cup member 9a also forms a
      single piece with the shaft 2. The two cooperating members of this joint
      may be obtained by a method and apparatus of cold-forming such as
      described copending in French Patent application No. 73.13 830, and the
      spindles 5a being effected by extrusion.
PAR  It is noted that the two shafts may be axially displaced as well as
      angularly inclined with respect to one another, the centers of the rollers
      6 (or 6a ) remaining in any case in the plane bisecting the angles formed
      by the axes of the shafts and shown in the plane of FIG. 3 as a line 12;
      owing to the same, the joint is of perfect constant velocity operation.
      The presence of the four rollers effect a self-stabilization of the joint
      without axial pulsation. As previously stated, it is of primary importance
      that the angle .alpha. between the axis of a spindle 5 and the axis of the
      shaft 1 should be equal to the angle formed between the axis of the cup
      member 9 and the shaft to which it is fixed, grooves 10 with which the
      roller carried by the spindle cooperates, this angle is not necessarily
      the same for all spindle-grooves units as indicated hereinafter.
PAR  Moreover, the angular distribution and the arrangement of the spindles 5
      and the grooves 7 on the hub member 3 and in the cup member 9
      respectively, must be perfectly symmetrical with respect to the bisector
      plane 12 (FIG. 3) of the angle between the two shafts which does not
      preclude an angularly unequal distribution of the spindles 5 and the
      grooves 10 about the axis of their respective shafts as will be described
      hereinafter.
PAR  In the embodiment of FIG. 4, the same basic elements as in the preceding
      embodiments are shown again and designated by the same reference number
      with the addition of a b. In this embodiment, the hub member 3b fixed to
      the first shaft 1b is formed as a conical flange in which bores 4b are
      provided for receiving the spindles 5b such that the axes of the spindles
      make with the longitudinal axis of the shaft 1b an angle of 30.degree.
      symmetrically with respect to the bisector plane and equal to the angle
      the axis of the shaft 1 makes with the spindles 5 in the embodiment of
      FIG. 1, i.e., the spindles 5b converge towards the axis of the shaft 1b
      beyond the hub member 3b instead of diverging as is the case with the
      spindles 5 extending from the hub member 3 in the embodiment of FIG. 1.
      Correspondingly, the cup member 9b which is integrally formed with the
      second shaft 2b forms a convergent structure starting from closed end 8b
      of the cup member toward the axis of the shaft 2b. The angles between the
      axes 11b of the channels formed by the grooves 10b in the cup member
      converge as previously mentioned, being 30.degree. here too, i.e., equal
      to the angles the axes of the spindles 5b make with the axis of the shaft
      1b. For the sake of clarity, only a part of the third spindle 5b is shown
      in FIG. 4, the corresponding roller of this spindle also being omitted.
PAR  In the embodiment of FIGS. 5 and 6 in which elements corresponding to those
      of the preceding embodiment are designated by the same reference numerals
      with a c, and in certain cases, also with a prime ('), a combination of
      the arrangements of the embodiments of FIGS. 1 (or 3) and 4 is provided,
      insofar as two pairs of spindles 5c and corresponding channels 10c
      converge beyond the shafts on which they are carried, whereas another pair
      of spindles 5'c located in a plane perpendicular to that of the first pair
      of spindles 5c, as well as their corresponding grooves 10'c diverge beyond
      the end of the shaft on which they are carried. In this case, the angles
      which the axis of each spindle and the axis of each groove 10c makes with
      the axes of their respective shafts are equal, but these angles are
      opposite from one spindle-grooves unit to the adjacent spindle-grooves
      unit.
PAR  In the embodiment of FIGS. 7 and 8, members corresponding to those in the
      preceding examples are designated by the same reference numerals with the
      addition of the reference letter d. The arrangement of the members of this
      embodiment is similar to that of the embodiment illustrated in FIG. 3 to
      the extent that the four spindles 5d diverge beyond the hub member 3d
      whereas the grooves 10d formed in the cup member 9d diverge beyond the end
      of the shaft 2d with which the cup member is integrally formed. However,
      the angle .alpha. that the axes of the spindles 5b make and the axes 12d
      of the grooves 10d make with the axis of the shaft 2d are only
      17.degree.30. In addition, the grooves 10d are not open to the outside of
      the cup member, the cup member having a continuous outer wall which makes
      it possible to provide a fluidtight casing for retaining lubricant in the
      joint owing to an elastic bellows 13, for example made of silicon rubber
      or similar elastomeric material, which may be secured about the hub member
      3d and about the cup member 9d by means of elastic (piano string) rings
      (not shown) which clamp the ends of the bellows 13 in annular grooves 14
      and 15 formed in the hub member 3d and the cup member 9d respectively, the
      bellows 13 being shown in its position before its ends are clamped to
      secure it in place.
PAR  The embodiment shown in FIGS. 9 and 10 differs from the previous
      embodiments to the extent that instead of comprising a hub member
      integrally formed with one of the shafts and carrying four spindles on
      which are mounted the rollers cooperating with the grooves formed in a cup
      member integrally formed with the second shaft, possibly by means of a
      sleeve, the shaft 1e and the sleeve 7e are each fixed at their ends to
      identical members 16 and 16'. The member 16 carries two spindles 5e with
      axes in a common plane passing through the axis of the shaft 1e in a
      manner similar to that of one of the pairs of spindles 5 in the embodiment
      of FIG. 1, and two projecting portions 17 in which channels defined by
      grooves 10e are formed thereby providing a pair similar to one of the
      pairs of opposed channels in the cup member 9 of FIG. 1. The member 16',
      as previously noted, is identical to the member 16, and in the same way,
      it carries spindles 5'e and projecting portions 17' in which the grooves
      10'e are formed. The spindles 5e carried by the member 16 integral with
      the shaft 1e cooperate through rollers 6e with grooves 10'e in the
      projecting portions 17' of the member 16' fixed to the other shaft by the
      sleeve 7e, whereas the spindles 5'e carried by the member 16' cooperate
      through rollers 6'e with the grooves 10e in the projecting portions 17 of
      the member 16.
PAR  FIG. 11 illustrates a joint according to the invention of the type shown in
      FIG. 1 (similar members are designated by the same reference numerals with
      a reference letter f), the difference being that the cup member 9f is
      formed integrally with a member having a sleeve 7f which is used to
      connect it to the second shaft (not shown). This joint is provided with a
      sealing arrangement comprising a cylindrical tube 18, made of metal or
      rigid plastic, to the ends of which are fastened, by means of elastic
      (piano string) rings 19, two diaphragm bellows 20 and 21 which are
      fastened respectively to the hub member 3f and the sleeve 7f by means of
      elastic (piano string) rings 22 which clamp the bellows in the annular
      grooves 23 and 24 formed in the hub member 3f and the sleeve 7f,
      respectively.
PAR  In addition to ensuring the fluidtightness of the joint by enabling the
      continuous lubrication thereof, the tube 18 fulfills an interesting
      function while preventing, after assembly of the joint, the rollers 6f
      from coming off their spindles 5f or out of their grooves 10f in case of
      excessive stressing of the joint during elongation. Indeed, in the absence
      of such tube, if the shaft 1f moves too far away from the sleeve 7f in the
      axial direction, the rollers 6f sliding on the spindles 5f and sliding in
      the grooves 10f, may come entirely out of the grooves and come off the end
      of the spindles 5f. The presence of the tube 18 limits the radial
      displacement of the rollers 6f, and therefore excessive relative axial
      displacement of the two shafts coupled by the joint. In order to assemble
      the joint, the rollers 6f are passed on the spindles 5f and they are
      introduced into the grooves 10f without difficulty from the ends of the
      latter, thereafter the sleeve 7f  and the shaft 1f are urged toward each
      other so that the rollers are fully received in the grooves. The tube is
      then passed over the sleeve 7f and about the joint and the diaphram
      bellows 20 and 21 are fastened. Joints assembled in this manner may be
      stored and mounted without risks of the component part coming apart.
PAR  Various modifications and alternatives within the skills of the man in the
      art may be applied to the embodiments described hereinbefore within the
      scope of the invention defined in the appended claims. In particular, in
      all the above embodiments, four spindles and four corresponding channels
      or groups of grooves are provided, but it would also be possible to use a
      large number of pairs of spindles and corresponding grooves, for example
      six spindles and six grooves. Nevertheless, the addition of spindles may
      create problems of bulkiness and, practically speaking, may only be
      employed in very large size joints for transmitting very high torque. On
      the other hand, as previously indicated, the number of four spindles is
      the absolute minimum without which the joint does not function absolutely
      properly.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A constant velocity universal joint for transmitting motion between two
      shafts capable of running at an angle to one another, said joint
      comprising at least four units each including a spindle with the number of
      said units being an even number, a roller and a pair of opposed grooves,
      each roller being slidably and rotatably mounted on a respective one of
      said spindles and having a part-spherical outer rolling surface, each of
      said shafts including a member, said pair of opposed grooves of each unit
      being formed in one of said members and each groove being part-circular in
      cross-section corresponding to the outer part-sperical surface of a
      respective one of said rollers and cooperating therewith; each of said
      units having said spindle thereof fixed relative to and mounted for
      movement with one of the shafts and said pair of opposed grooves thereof
      fixed relative to and mounted for movement with the other shaft, the
      longitudinal axis of said spindle being disposed in a plane passing
      through the axis of said one shaft and obliquely thereto, the longitudinal
      axis of said pair of opposed grooves being disposed in a plane passing
      through the axis of said other shaft and obliquely thereto, the angle
      formed between the longitudinal axis of said spindle and the axis of said
      one shaft being equal to the angle formed between the longitudinal axis of
      said pair of opposed grooves and said other shaft, the angular and spatial
      distribution of said spindles and the pairs of opposed grooves relative to
      their respective shafts being symmetrical when said shafts are in axial
      alignment.
NUM  2.
PAR  2. A constant velocity universal joint according to claim 1, wherein said
      angles are between 15.degree. and 45.degree..
NUM  3.
PAR  3. A constant velocity universal joint according to claim 1, wherein there
      are four units.
NUM  4.
PAR  4. A constant velocity universal joint according to claim 1, wherein the
      longitudinal axes of the spindles and the longitudinal axes of the pairs
      of opposed grooves diverge from the axis of those ones of said shafts with
      which they are mounted for movement, beyond the free ends thereof.
NUM  5.
PAR  5. A constant velocity universal joint according to claim 1, wherein the
      longitudinal axes of the spindles and the longitudinal axes of the pairs
      of opposed grooves converge towards the axis of the shaft with which they
      are mounted for movement, beyond the free ends thereof.
NUM  6.
PAR  6. A constant velocity universal joint according to claim 1, wherein the
      longitudinal axes of some of the spindles and the longitudinal axes of
      their corresponding pairs of opposed grooves converge towards the axis of
      the shaft with which they are mounted for movement, beyond the free ends
      thereof, and the longitudinal axes of the rest of the spindles and the
      longitudinal axes of their corresponding pairs of opposed grooves diverge
      from the axis of the shaft with which they are mounted for movement,
      beyond the free ends thereof.
NUM  7.
PAR  7. A constant velocity universal joint according to claim 3, wherein all of
      said spindles are fixed for movement with said one shaft and all of said
      pairs of opposed grooves are fixed for movement with said other shaft.
NUM  8.
PAR  8. A constant velocity universal joint according to claim 7, wherein said
      member of said other shaft is a cup member fixed for movement with said
      other shaft, and wherein said member of said one shaft is a hub member on
      which said spindles are fixed for movement with said one shaft.
NUM  9.
PAR  9. A constant velocity universal joint according to claim 8, wherein said
      spindles are integrally formed with said hub member and said one shaft,
      and wherein said cup member is integrally formed with said other shaft.
NUM  10.
PAR  10. A constant velocity universal joint according to claim 3, wherein the
      longitudinal axes of two of said spindles are located in a first plane
      perpendicular to the plane in which the axes of the other two spindles are
      located.
NUM  11.
PAR  11. A constant velocity universal joint according to claim 1, further
      comprising means for retaining a lubricant around the joint.
NUM  12.
PAR  12. A constant velocity universal joint according to claim 3, wherein said
      member on said other shaft carries two spindles cooperating with two pairs
      of opposed grooves formed in said member on said one shaft, and wherein
      the two spindles carried by said one shaft member cooperate with two pairs
      of opposed grooves formed in said other shaft member.
NUM  13.
PAR  13. A constant velocity universal joint according to claim 1 wherin said
      member of said other shaft is a cup member fixed for movement with said
      other shaft, and each said pair of grooves are open to the interior of
      said cup member and closed to the exterior of said cup member by a
      peripheral portion of said cup member with said cup member having a
      continuous exterior surface.
NUM  14.
PAR  14. A constant velocity universal joint according to claim 13 together with
      tubular means for retaining a lubricant around the joint, said tubular
      means having one end thereof connected to said cup member continuous
      exterior surface.
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PAL  Universal or Cardan joints of a power shaft are joined by an axially
      sliding coupling which is sealed by a combination bearing and wiper having
      a low co-efficient of friction. One of the universal joints has an
      internally splined hub receiving an externally splined pin on an
      intermediate shaft secured to the other joint so that the axial spacing of
      the two joints can be varied without loss of power transmission. A sleeve
      or pipe secured at one end to the pin surrounds the hub and carries in its
      other end a plastics material sealing ring with a rigid bearing portion
      and a flexible lip portion riding on the hub to hold the sleeve
      concentrically around the hub and seal the chamber between the sleeve and
      hub.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a sliding coupling between universal joints of a
      power shaft accommodating variations in axial spacings of the joints
      without loss of power transmission and sealing telescoped coupling
      components against ingress of dirt or egress of lubricant. Specifically,
      the invention deals with a universal or cardan joint having an internally
      splined hollow hub or boss portion, a second universal or Cardan joint on
      one end of a shaft having an externally splined pin on the other end
      slidable in the hub in non-rotatable relation with a tube carried by the
      pin surrounding the hub and having a plastics seal member riding on the
      hub to hold the tube in concentric relation therewith and having flexible
      sealing lips to retain lubricant and exclude dirt from the coupling. The
      hub may be coated with a low friction plastics material to facilitate
      sliding of the seal.
PAR  2. Prior Art
PAR  Seals for sliding couplings have heretofore accommodated radial
      displacement of telescope parts causing an imbalance of the seal bringing
      about excessive wear and friction. For example, in U.S. Pat. No. 3,633,383
      issued Jan. 11, 1972 to the assignee of this application, radial movement
      between the splined shaft hub and the surrounding tube can occur on
      eccentric loading of the tube relative to the hub or on the application of
      bending forces on the tube. These bending forces or eccentric loads will
      cause elastic deformation of the tube so that the seal is heavily loaded
      in certain areas causing premature wear because of unequal load
      distribution and, of course, increasing the sliding friction
PAC  SUMMARY OF THE INVENTION
PAR  The present invention now provides a slidable coupling of a type protected
      by a surrounding seal which is not affected by eccentric loads and
      resilient or permanent deformations of a coupling housing sleeve. The
      coupling of this invention has a covering sleeve surrounding an internally
      splined hub and carried by an externally splined pin keyed in the hub with
      a plastics block member carried in the mouth of the sleeve riding on the
      hub to support the sleeve against radial shifting while accommodating free
      axial shifting and carrying flexible wiper lips which are free to deflect
      without causing undue wear. The plastics block thus acts as a supporting
      ring for the free end of the sleeve as well as a seal and in its preferred
      form, need only be inserted in the free end of the sleeve to be held by
      lugs projecting through holes in the sleeve and having a pair of axially
      spaced outwardly inclined sealing lips riding on the hub and an overlying
      wiper also riding on the hub to clean the hub surfaces for the sealing
      lips. The sealing block or ring is molded in one piece and preferably
      composed of plastics material such as a polyurethane, synthetic rubber, or
      caoutchouc. The surface of the hub on which the seal rides is preferably
      also coated with a low friction plastics material such as a polyamide.
PAR  It is then an object of this invention to provide a sliding coupling
      between two universal joints of a power shaft accommodating variations in
      axial spacing of the joints without loss of power and sealed by a ring
      supporting a coupling sleeve having axially spaced flexible sealing and
      wiper lips.
PAR  Another object of this invention is to provide a seal for slidable splined
      couplings which includes a sleeve carried by one coupling part surrounding
      another coupling part and supported at its free end by an inserted
      plastics ring riding on the other coupling part and having a series of
      deformable lips riding on said other coupling part.
PAR  Another object of this invention is to provide a seal for splined couplings
      providing a slide bearing and a lip seal.
PAR  Another object of this invention is to provide a slidable splined coupling
      with a protecting sleeve projecting from one coupling part over the other
      coupling part and carrying a seal which also acts as a bearing supporting
      the sleeve on the other coupling part.
PAR  A specific object of the invention is to provide a plastics material
      combining bearing and lip seal for slidable couplings.
PAR  Other and further objects of this invention will be apparent to those
      skilled in this art from the following description of the annexed sheet of
      drawings which, by way of a preferred example only, illustrates one
      embodiment of the invention.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partially in longitudinal section, of a
      drive shaft with a slidable coupling according to this invention; and
PAR  FIG. 2 is an enlarged fragmental longitudinal sectional view of the slide
      coupling illustrating the details of the coupling seal.
DETD
PAC  AS SHOWN ON THE DRAWINGS
PAR  In FIG. 1 the reference numerals 1 and 2 designate generally two Cardan or
      universal joints in a power shaft assembly including an intermediate shaft
      3. This intermediate shaft 3 consists of an internally splined cylindrical
      hub or boss 4 extending from the joint 1, an externally splined shaft pin
      5 with circumferentially spaced longitudinally extending spline teeth 6
      slidably meshed with the internal teeth of the hub 4 and a tubular shaft 7
      of desired length welded at one end to the pin 5 and at the other end to
      the joint 2. Thus, the Cardan shaft ends 1 and 2 of the power shaft can
      move axially toward and away from each other by sliding of the pin 5 in
      the hub 4 but cannot rotate relative to each other because of the meshed
      engagement of the spline teeth 6 of the pin 5 with the internal teeth of
      the hub 4.
PAR  A sleeve or pipe 8 is welded to the axial inner end of the pin 5 and is of
      large enough diameter to surround the hub 4 in spaced relation providing a
      chamber 9 around the hub and pin components of the coupling.
PAR  The chamber 9 is sealed by a plastics material ring block 10 mounted in the
      free end or mouth of the sleeve 8 and slidable on the hub 4.
PAR  As best shown in FIG. 2, the ring block 10 has a radially inward
      projecting, somewhat flexible wiper flange 11 at the axial outer end
      thereof, a pair of axially spaced radially inwardly extending more
      flexible sealing lips 12 and 13 intermediate its ends and a thick
      relatively stiff bearing ring or block portion 14 at its inner axial end.
      This bearing block portion 14 rides on the tubular hub 4 and supports the
      free end of the sleeve 8 in concentric relation around the hub. The wiper
      flange 11 and the sealing lips 12 and 13 have inner peripheries of smaller
      diameter than the hub 4 so as to be deflected to the inclined operative
      positions shown in FIG. 2 when riding on the hub. As also shown in FIG. 2,
      the wiping flange 11 is thicker and therefore more rigid than the sealing
      lips 12 and 13.
PAR  The flange 11, lips 12 and 13, and bearing block 14 are axially spaced to
      provide grooves therebetween and the groove between the flange 11 and
      outer lip 12 is vented to the atmosphere by one or more bleed holes 15
      thus providing for the drying out of any moisture trapped between the
      flange 11 and outer sealing lip 12. The flange 11 acts as a scraper or
      wiper cleaning the hub 4 in advance of the sealing lips 12 and 13 so that
      these lips will have a clean surface on which to ride and effectively
      seal.
PAR  The bearing block end 14 of the seal has one or more longitudinal grooves
      16 in its inner periphery providing channels venting the chamber 9 with
      the groove between the bearing and the inner sealing lip 13. A lubricant
      in the chamber 9 can thus be fed to the sealing lip 13 and pressures in
      excess of atmospheric pressure in this chamber 9 can be relieved since the
      lips 12 and 13 will be raised off of the hub 4, permitting air to escape
      to the vent holes 15. Conversely, external pressures greater than the
      pressure in the chamber 9 will act through the vent holes 15 to more
      tightly press the lips 12 and 13 against the hub 4.
PAR  The outer periphery of the seal ring 10 has a series of axially spaced
      radially projecting beads 17 separated by annular grooves and adapted to
      be radially deformed to provide a tight press fit of the seal ring 10 in
      the free end or mouth of the sleeve 8.
PAR  To prevent rotation of the seal 10 and the sleeve 8 and to further lock it
      to the sleeve, one or more radial projecting lugs or pins 18 integral with
      the bearing ring 10 are provided intermediate the ends of the ring to seat
      in correspondingly shaped radial holes in the sleeve 8.
PAR  The seal ring 10 is also provided with an integral peripheral collar or
      shoulder 19 bottomed against the end face of the sleeve 8.
PAR  The seal 10 is formed in one piece and is composed of a plastics material
      rigid enough to provide a good bearing support for the sleeve 8 and
      flexible enough to accommodating flexing of the sealing lips 12 and 13
      into good sealing engagement with the hub 4. Plastics materials such as
      polyurethane, synthetic rubber or natural rubber are useful.
PAR  In addition, it is preferred that the peripheral surface of the hub 4 on
      which the seal ring 10 rides, be coated with a low friction plastics
      material such as a polyamide resin.
PAR  From the above descriptions it will be understood that the power shaft of
      this invention has an efficiently sealed sliding splined coupling
      accommodating variations in axial spacing of power transmitting Cardan or
      universal joints without accommodating relative rotation between the
      splined together sections of the shaft. The splined coupling joining the
      shaft sections has a protecting cover or sleeve which is adequately
      supported at its free end by the seal ring of this invention in such a
      manner so that if the sleeve should be cocked, bent, or otherwise
      deflected, it will not unevenly load the seal, cause any damage to the
      seal, or create any excessive wear conditions for the seal. The seal is
      composed of low friction plastics material to accomodate free axial
      movement of the spline components.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A power shaft having univeral joints adapted to move toward and away
      from each other without accommodating relative rotation therebetween which
      comprises a first universal joint having a hollow internally splined
      cylindrical hub projecting therefrom, a second universal joint, an
      externally splined pin extending from said second universal joint into
      said hollow hub in splined connected engagement therewith, a sleeve
      rigidly secured on and supported by the axial inner end of said pin
      enveloping said hub in radially spaced relation therewith having a free
      end intermediate the ends of the hub and defining a chamber surrounding
      the hub and pin, a bearing and seal combination anchored directly to the
      sleeve in the mouth of free end of said sleeve and having a stiff bearing
      ring riding on said hub to hold the sleeve in concentric relation with the
      hub and a flexible sealing ring axially outward from said bearing ring
      riding on the hub to seal the chamber between the sleeve and hub, and said
      pin and hub adapted to slide axially relative to each other but held
      against relative rotation by the splined teeth thereof.
NUM  2.
PAR  2. A spline coupling for power shafts which comprises a first Cardan Joint
      having a tubular internally splined hub extending axially therefrom, a
      second Cardan Joint having an externally splined pin extending axially
      therefrom inserted in said hub in nonrotatable slidable relation, a rigid
      sleeve fixedly secured at one end to said pin having a free end
      surrounding said hub in spaced relation therefrom, a seal ring combination
      anchored near the free end of said sleeve and having a stiff bearing ring
      riding on said hub to hold the sleeve in concentric relation with the hub
      and a flexible sealing ring riding on said hub to seal the space between
      the sleeve and hub.
NUM  3.
PAR  3. A slide coupling for power shafts which comprises a first internally
      splined coupling part, a second externally splined coupling part in
      toothed engagement with the first part, a protecting sleeve fixedly
      secured at one end on said second part projecting around said first part
      in spaced relation providing a chamber therebetween having a free opposite
      end, and a combination plastics material bearing and seal ring carried by
      the free end of said sleeve having a rigid first ring portion riding on
      the first part to hold the sleeve in spaced relation around the first part
      and a flexible second ring portion forming a seal for the chamber between
      the first part and sleeve.
NUM  4.
PAR  4. The power shaft of claim 1 wherein the seal ring is a one-piece molded
      plastic block with a stiff bearing portion at one end, a flexible wiper
      flange on the other end, and flexible sealing lip means between said ends.
NUM  5.
PAR  5. The power shaft of claim 1 wherein the sealing ring has a thick rigid
      bearing portion and a plurality of radially projecting flexible lip
      portions spaced axially from said bearing portion and from each other.
NUM  6.
PAR  6. The coupling of claim 2 wherein the seal ring is locked in the mouth of
      the sleeve with radially projecting lugs seated in holes in the sleeve.
NUM  7.
PAR  7. The coupling of claim 2 wherein the portion of the hub on which the seal
      rides has a low friction coating.
NUM  8.
PAR  8. The coupling of claim 3 wherein the seal ring has a stiff rigid bearing
      block portion at one axial end thereof, a semi-rigid wiper flange portion
      at the other axial end thereof, and a pair of flexible lips between said
      end portions.
NUM  9.
PAR  9. The seal ring of claim 8 wherein the bearing portion has a channel
      therethrough venting an adjacent sealing lip with the end of the bearing
      ring.
NUM  10.
PAR  10. The seal ring of claim 8 wherein the wiper flange has a bleed hole
      therethrough.
NUM  11.
PAR  11. The coupling of claim 3 wherein the seal ring has peripheral radially
      raised beads adapted to be flattened in the sleeve to provide a tight seal
      pressed fit with the sleeve.
NUM  12.
PAR  12. The seal ring of claim 11 wherein a collar is provided on the axial
      outer end bottomed against the end of the sleeve.
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ABST
PAL  A torque limiting device employing a clutch disposed within a cylindrically
      shaped housing and coupling first and second members coaxially mounted in
      the respective ends of the cylindrically shaped housing. The first and
      second members are rotatably mounted in the housing and adapted for
      engagement with the torqueing device and work respectively or vice versa.
      Manual rotation of one housing section relative to the other housing
      section adjusts to predetermined maximum value the torque which is
      transmitted through the device, viz., between the first and second
      members.
BSUM
PAR  This invention relates to a torque limiting device and, more particularly,
      to such a device which is manually adjustable to the maximum torque
      desired and may be positioned by a mechanic between his ratchet handle and
      socket to prevent the application of excessive force to a nut, bolt, or
      other work.
PAR  The prior art including, e.g., U.S. Pat. No. 2,151,953 to Zimmerman, U.S.
      Pat. No. 2,250,736 to Torresen, and U.S. Pat. No. 3,691,826 to Graborac,
      show torque indicating, measuring, and limiting devices and may be
      contrasted to the present device which may be adjusted manually to a
      selected maximum torque by simple rotation of one section of the housing
      relative to the other section to a corresponding vernier setting between
      the housing sections.
PAR  Accordingly, it is an object of this invention to provide a compact,
      self-contained torque limiting device having a variable torque limit
      easily set by hand manipulation of the housing and which can be readjusted
      without uncoupling the device from the torqueing force driving it and the
      object being torqued.
PAR  It is another object of this invention to provide a torque limiting device
      which may be inserted between a torque transmitting source and a torque
      receiving device and which will limit torque in either a clockwise or
      counterclockwise direction.
PAR  It is a further object of this invention to provide a torque limiting
      device which incorporates repetitive reset when the torque limit set has
      been exceeded.
PAR  It is still another object of this invention to provide an adjustable
      torque limiting device wherein the torqueing force may be coupled at
      either end of the cylindrical housing with the work coupled to the
      opposite end.
PAR  It is yet another object of the present invention to provide an adjustable
      torque limiting device wherein the housing may be held fixed as by the
      hand of an operator while guiding the application of the torqueing force
      through the driven rotating member at one end of the housing to a
      receiving rotating member at the other end of the housing connected to the
      work.
PAR  According to the present invention the torque limiting device includes a
      clutch, the clutch members are coaxially disposed within a cylindrically
      shaped housing and one of said clutch members is fixed against axial
      movement within the housing while axial movement of the other clutch
      member away from said one of said clutch members is resisted by a
      compressive spring force which is adjustable to provide a corresponding
      torque limit by rotating one section of the cylindrically shaped housing a
      predetermined distance relative to the other section. A plurality of
      bearings are disposed in recesses formed between the opposing surfaces of
      the clutch members and when the applied torque slightly exceeds the
      selected compressive spring force, torque transmission momentarily ceases,
      while the bearings in the recesses in the surface of a clutch member move
      out and circumferentially a predetermined distance between recesses and
      into the next sequence of recesses on the clutch member, thereby providing
      automatic reset without exceeding the selected torque setting.
PAR  In a preferred embodiment the compressive spring force is provided by a
      stack of compression springs coaxially disposed about the central axis of
      the cylindrical housing and intermediate the clutch member disposed for
      axial movement and an inner end wall of said cylindrical housing.
DRWD
PAR  The present invention will be further described by way of example with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a front elevational view of a torque limiting device in
      accordance with an embodiment of the present invention;
PAR  FIG. 2 is a front elevational view partially in section of the embodiment
      shown in FIG. 1;
PAR  FIG. 3 is an exploded isometric view of the internal clutching mechanism
      portion of the device shown in FIG. 2;
PAR  FIG. 4 shows an exploded isometric view of the spring assembly for
      generating compressive spring forces in the device shown in FIG. 2;
PAR  FIG. 5 is a view taken in section of a portion of the clutch mechanism
      shown in FIG. 2 showing the disposition of the parts for the condition of
      minimum torque limit setting; and
PAR  FIG. 6 is a view taken in a section of a portion of the clutch mechanism
      shown in FIG. 2, however, showing the disposition of the parts for the
      condition of a maximum torque limit setting.
DETD
PAR  Turning now to FIG. 1, the cylindrically shaped housing for the device is
      seen to comprise a first cup shaped section 1 having an outer threaded
      surface 31 (see FIG. 2) on the cylindrical portion thereof which is
      rotatably supported within the overlying mating inner threaded surface 33
      of second cup shaped section 2. A first member 35 disposed coaxially about
      the central axis 37 of the device is shaped at one end into a conventional
      socket engaging stud 3 projecting from the end of cylindrically shaped
      housing section 1 while the other end of first member 35 within
      cylindrical housing section 1 includes a first disk shaped clutch member
      38 which clutch member is fixed against axial movement since at least a
      certain minimal force is exerted at all times as hereinafter described by
      the opposing face surface of second clutch member 40 against bearings 7
      pressing on the face surface of first clutch member 38. Actually, briefly
      in passing, wave spring 9 sandwiched between washers 10 as seen in FIG. 2
      (and in more detail in FIG. 4) exerts a small compressive force through
      second clutch member 40 and bearings 7 against the face of clutch member
      38 so that all bearing 7 surfaces remain in physical contact with the
      opposing surfaces of both clutch members 38 and 40 throughout the
      adjustable torque limiting range of the device. A bushing 15 of a material
      exhibiting low frictional properties which is seated in the end of
      cylindrical housing section 1, surrounds first member 35 permitting easy
      rotation thereof and prevents axial movement of clutch member 38 due to
      the aforementioned small compressive force against the face thereof which
      is resisted by the portion of bushing 15 extending between the outer face
      41 of clutch member 38 and the inner end wall 43 of cylindrical housing
      section 1. Second member 55 has a second disk shaped clutch member 40
      terminating one end thereof within the cylindrical housing, and the other
      end 4 exposed through the bottom of cylindrical housing section 2 is
      rotatingly supported similarly as member 35 by a bushing 25 which is
      adapted to receive the socket engaging stud of a conventional socket
      wrench.
PAR  It can be noted from an observance of parts making up the torque limiting
      device within the cylindrically shaped housing as shown in FIG. 2 that the
      clutch assembly includes a pair of clutch members 40 and 38 having
      opposing driving faces containing recesses 47 and 49 respectively (see
      also FIG. 3) which are separate particularly formed recesses (V-shaped
      slots in the configuration shown) extending radially and equiangularly
      displaced around the circumference of the facing surfaces of the
      respective disk shaped clutch members, one face surface being the mirror
      image of the other in this particular embodiment. There are twelve
      V-shaped slots in each clutch member face surface and twelve ball type
      bearings 7 distributed one in each slot. A spacer, member 6, (seen in more
      detail in FIG. 3) disposed between the opposing face surfaces of clutch
      members 38 and 40 and having a plurality of slots equal to the number of
      bearings (here twelve) around the periphery thereof is required to
      maintain the proper positioning of ball bearings 7. Its purpose is to fix
      the radial distance of the bearings 7 from the center of the disk shaped
      clutch members 38 and 40 so that the bearings may be stepped over a
      surface area 59 between slots negotiated upon reaching the torque limit
      set and to thereby enable proper recycling of the device. While a
      particular form of recesses 47 and 49 (V-shaped slots) are shown and
      bearings cooperating therewith, another shape bearing could require
      another slot configuration and might be utilized. An exploded view of the
      internal clutching mechanism of the device of FIG. 2 showing parts in
      isometric deemed helpful in further identifying the internal working parts
      is shown in FIG. 3.
PAR  The compressive force to urge a closing of the gap or spacing between
      clutch members 38 and 40 is provided principally by a spring assembly
      comprising a stack 8 of compression springs with a minimal force as
      hereinbefore mentioned provided by wave spring 9. Turning now to the
      spring assembly of FIG. 4, it will be noted that wave spring 9 is inserted
      between washers 10 while the stack 8 includes a plurality (in the example
      shown 6) of conical washers disposed between washers 10, and another
      common washer 10 being utilized between the wave spring 9 and the top of
      the stack 8.
PAR  FIGS. 5 and 6 are deemed helpful in understanding the operation of the
      device shown in FIG. 2 under minimum and maximum adjusted torque limit
      settings respectively. These figures show the relative position of clutch
      members 38 and 40 after the initial application of sufficient torque
      required to flatten wave spring 9. FIG. 5 shows the relative position of
      clutch members 38 and 40 and bearing 7 with respect thereto for minimum
      torque setting and consequent minimum compression of stack 8 urging upward
      to close the gap between the opposing facing surfaces of clutch members 38
      and 40 while FIG. 6 shows the relative position of parts for maximum
      torque limit setting of the device. The minimum and maximum settings set
      the gap between opposing face surfaces of clutch members 38 and 40. The
      extent of this distance between opposing face surfaces determines the
      height of the full depth of a recess that a bearing 7 has to negotiate
      prior to clearing slots, e.g., 47 (see FIG. 3) and passing over the
      surface area 59 between the tops of adjacent slots. Reduction of the
      distance between opposing surfaces of clutch members 38 and 40 (as shown
      in FIG. 6) results in a larger slot depth which must be negotiated (the
      device has "bounced its clutch") by bearing 7 against the higher
      compressive forces provided by adjustment of the amount of compression of
      stack 8.
PAR  Turning now to an understanding of the manner of operation of the device
      and making reference to FIGS. 1 and 2, it will be noted that a torque is
      applied through the handle of the customary mechanics ratchet wrench (not
      shown) which has the stud thereof inserted in the female receptacle in end
      4, which torque also turns socket engaging stud 3 at the same rate of
      speed and in unison with end 4 while the operator holds outer cylindrical
      housing sections 1 and/or 2, since bearings 7 retain slots 47 opposite
      slots 49. An increasing resistance to the aforementioned turning is
      transmitted to stud 3 by the item being tightened and wave spring 9 is
      first flattened with clutch member 40 thus increasing the gap between
      opposing facing surfaces of clutch members 40 and 38. In the case of the
      minimum transmittable torque setting on the circumferential scale
      inscribed on cylindrical housing section 1 or 2 (shown here on section 2)
      with respect to the hairline on the opposing cylindrical housing (shown
      here on section 1) stack 8 is under minimum compression with only leaf
      spring 9 compressed thereby allowing bearings 7 to almost clear the top of
      the V-shaped recesses 47 as shown in detail in this condition in FIG. 5
      and thus the minimal amount of torque only applied against a minimum
      compressive force on stack 8 clears bearings 7 to the next recesses thus
      recycling the torque limiting device. In the case of maximum torque
      limiting setting with less than 360.degree. of rotation (one revolution)
      between cylindrical housing sections 1 and 2 from the minimum torque
      setting, the compressive force on stack 8 is at a maximum to urge the
      clutch members together to provide a minimum gap therebetween as shown in
      FIG. 6 which maximum compressive force must be overcome by the opposing
      resistive force supplied from the work piece through stud 3 and clutch
      member 38 to the bearings 7 before bearings 7 can travel out of their
      respective slots to negotiate the next slots in similar manner against a
      gap provided there again by the preset compressive forces of stack 8. This
      recycling continues as long as the applied torque continues to exceed the
      selected torque limit. The torque limiting function is provided by the
      present device independent of the direction of the applied torque, e.g.,
      clockwise or counterclockwise.
PAR  In a specific working embodiment of the present torque limiting device
      adopted for use with a 1/2 inch drive ratchet handle, the cylindrical
      housing comprising the two cylindrically shaped sections had a diameter of
      about 21/4 inches and a length of about 21/4 inches, and the
      self-contained torque limiting device operated over a useful range of 50 -
      200 ft. lbs. torque. For a 3/8 inch drive mechanics ratchet handle and a
      1/4 inch drive handle, the present cylindrically shaped housing would be
      relatively smaller, and developing correspondingly less torque. The device
      may be designed in accordance with the above teachings for various other
      torque limiting spectra by varying the size of the housing to accommodate
      compressive spring means having, e.g., a stack 8 containing a different
      number of compression springs. The present torque limiting device, since
      similar in size and appearance to a socket in a mechanics socket set may
      be stored in housings holding such sockets conventionaly, utilized between
      ratchet handle and sockets in the set, and adjusted by a simple vernier
      setting between cylindrical housing sections to a reading in ft. lbs.
      torque.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A torque limiting device comprising in combination:
PA1  a cylindrically shaped housing comprising first and second cup shaped
      sections, said first cup shaped section having an outer threaded surface
      around the lip portion thereof, and said second cup shaped section having
      a mating internal thread around the lip porition thereof, said first
      section rotatable relative to said second section about the axis of said
      cylindrical housing;
PA1  first and second shafts disposed along the axis of said cylindrical
      housing, said first shaft rotatably supported in the bottom of said first
      cup shaped section, and said second shaft rotatably supported in the
      bottom of said cup shaped second section;
PA1  a clutch assembly disposed in said housing and interconnecting said first
      and second shafts, said clutch assembly including two clutch members
      operative to separate and break the interconnection between said first and
      second shafts when the torque resistance to rotation of said first or
      second shaft exceeds a predetermined level; and,
PA1  said rotation of one of said cup shaped sections relative to the other
      providing adjustment of the gap between said two clutch members.
NUM  2.
PAR  2. A torque limiting device having means for selecting any torque limit
      value between minimum and maximum torque limit capabilities of said device
      comprising:
PA1  an input shaft adapted for transmission of torque by means of a
      supplemental torqueing tool;
PA1  an output shaft adapted for coupling to a workpiece;
PA1  a housing surrounding said input and output shaft, said housing comprising
      first and second sections, one of said sections rotatable relative to the
      other section;
PA1  a clutch assembly disposed in said housing and interconnecting input and
      output shafts, said clutch assembly including two clutch members operative
      to separate and break the interconnection between said input and output
      shafts when the torque resistance to rotation of said input or output
      shaft exceeds a preselected torque limit value;
PA1  compressive spring means within said housing responsive to hand rotation of
      one of said housing sections relative to the other for providing a
      compressive force through a first of said two clutch members against the
      second of said two clutch members throughout the adjustable torque
      limiting range of said device; and,
PA1  further including a compressive spring assembly within said housing for
      resisting separation of the variable gap existing between said two clutch
      members when the applied torque is transmitted by said input shaft to said
      output shaft.
NUM  3.
PAR  3. A torque limting device comprising:
PA1  first and second clutch members having facing surfaces;
PA1  a two section cylindrical housing have one part rotatable relative to the
      other for increasing or decreasing the variable gap which exists between
      the facing surfaces of said first and second clutch members when applied
      torque is transmitted through the device;
PA1  compressive spring means disposed within said housing responsive to hand
      rotation of one of said two housing sections relative to the other for
      providing a compressive force through a first of said two clutch members
      against the second of said two clutch members throughout the adjustable
      torque limiting range of said device; and, further including
PA1  a compressive spring assembly disposed within said housing for resisting
      separation of the variable gap between said two clutch members when the
      applied torque is transmitted through said device.
NUM  4.
PAR  4. A torque limiting device having means for selecting any torque limit
      value between minimum and maximum torque limit capabilities of said device
      comprising:
PA1  an input shaft adapted for transmission of torque by means of a
      supplemental torqueing tool;
PA1  an output shaft adapted for coupling to a workpiece;
PA1  a two section housing surrounding said input and output shafts, one of said
      two sections rotatable relative to the other for controlling the variable
      gap between the facing surfaces of first and second clutch members when
      applied torque is transmitted through said device;
PA1  said first and second clutch members fixed to said input and output shafts
      respectively, and said clutch members disposed within said two section
      housing;
PA1  a wave spring coaxially disposed about the central axis passing through
      said input and output shafts of said device, said wave spring responsive
      to hand rotation of said one of said housing sections relative to the
      other for providing a compressive force through a first of said two clutch
      members against the second of said two clutch members throughout the
      adjustable torque limiting range of said device; and,
PA1  a plurality of conical shaped spring washers coaxially disposed about said
      central axis for providing compressive spring force for resisting
      separation of the variable gap between said two clutch members when the
      applied torque is transmitted through the device.
NUM  5.
PAR  5. A torque limiting device having a two section housing, one of said two
      sections hand rotatable relative to the other section for adjusting the
      torque limit to a selected value, said device further including:
PA1  a clutch assembly comprising a pair of clutch members disposed within said
      housing, said clutch members operative to separate the variable gap
      therebetween and break the interconnection between input and output shafts
      connected to said clutch members respectively when said selected torque
      limit is exceeded;
PA1  a first spring means comprising a spring disposed within said housing and
      responsive to hand rotation of one of said housing sections relative to
      the other for providing a compressive force through a first of said two
      clutch members against the second of said two clutch members throughout
      the adjustable torque limiting range of said device; and further,
PA1  second spring means comprising a plurality of conical shaped spring washers
      coaxially disposed within said housing for resisting separation of the
      variable gap existing between said two clutch members when applied torque
      is transmitted through said device.
PATN
WKU  039423387
SRC  5
APN  4474716
APT  1
ART  345
APD  19740304
TTL  Torque limiting coupling
ISD  19760309
NCL  17
ECL  1
EXA  Heald; Randall
EXP  Wyche; Benjamin W.
NDR  1
NFG  6
INVT
NAM  Furlette; James L.
CTY  Fenton
STA  MI
INVT
NAM  Stadler; Donald A.
CTY  Fenton
STA  MI
ASSG
NAM  Excel Corporation
CTY  Fenton
STA  MI
COD  02
CLAS
OCL   64 30D
XCL   64 11R
XCL   64 27NM
XCL  192 56R
EDF  2
ICL  F16D  702
FSC   64
FSS  30 D;30 E;30 R;27 NM;27 R;11 R;29
FSC  192
FSS  56
UREF
PNO  3007652
ISD  19611100
NAM  Heckman
OCL   64 30D
UREF
PNO  3618310
ISD  19711100
NAM  Balchunas
OCL   64 30D
FREF
PNO  922,502
ISD  19490700
CNT  DT
OCL   64 27NM
FREF
PNO  1,008,063
ISD  19570500
CNT  DT
OCL   64 27NM
LREP
FRM  Gifford, Chandler & Sheridan
ABST
PAL  A torque limiting coupling for transmitting torque to a tubular member from
      a driving shaft extending axially throughout the tubular member, and more
      particularly for driving a conveyor roller from a power shaft, the torque
      limiting coupling comprising the driving shaft having a polygonal
      peripheral shape about its portion projecting through the tubular member,
      and an elongated resilient cylindrical member disposed loosely in the
      tubular member between the peripheral surface of the polygonal portion of
      the shaft and the inner bore surface of the tubular member, the diameter
      of the resilient member being larger than the widest distance between the
      peripheral surface of the polygonal shaft portion and the inner bore
      surface of the tubular member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to torque limiting, or torque overload,
      couplings for transmitting torque and motion from a drive shaft to a
      tubular member, which is capable of preventing the transmission of
      excessive torque when such excessive torque may be detrimental to related
      apparatus, and which is capable of transmitting only insignificant torque
      and no motion when the driven mechanism becomes frozen through mechanical
      failure or for any other reason.
PAR  Although not exclusively limited to such applications, the torque overload
      coupling of the invention has particular applications as a coupling for
      driving a conveyor roller from a power or drive shaft. In a conveyor
      system, one or more rollers are generally power driven, while a plurality
      of supporting and guiding rollers, engaging the conveyor belt, are simply
      supported by appropriate support means for free rotation about their axis.
      In the event of a jam of the articles transported by the conveyor, damage
      may result to the articles on the conveyor belt, to the conveyor itself,
      or to the conveyor driving mechanism, if the conveyor belt is continuously
      power driven. It is therefore desirable that the conveyor be stopped
      immediately, either through manual controls, thus necessitating the
      presence of an operator constantly at the controls, or by means of some
      automatic device, in order to prevent damage to the articles on the
      conveyor, to the conveyor itself, or personal injury to personnel. Torque
      limiting slip clutches and other mechanisms may be used, but torque
      limiting clutches, automatic torque limiting devices and other automatic
      shut-off devices are rather complex and costly.
PAR  The present invention, by providing a simple torque limiting coupling for
      driving a conveyor roller from a power shaft, automatically prevents
      damage in the event of a jam or of an obstruction tending to slow down or
      stop the motion of the conveyor belt. The present invention also permits
      the provision of a plurality of drive rollers for a conveyor system
      capable of individually adapting their respective driving torque to load
      conditions and to power upsurges, and capable of accepting variations in
      driving speed from one power shaft to another. Furthermore, the present
      invention permits tailoring of the torque transmitting factor of the
      coupling as a function of the physical dimensions of an intermediary
      coupling member, and as a function of its resiliency. The present
      invention provides a torque overload coupling utilizing rolling forces
      and, when operating in a disengaged mode, does not utilize slippage of
      friction surfaces, or engagement and disengagement of connecting elements,
      as is generally the case in prior art devices. The invention further
      provides a simple structure consisting of a single simple intermediary
      coupling element, and it utilizes substantially the same inventory of
      parts for making torque transmitting members such as a conveyor drive
      roller or free-wheeling support elements such as free-wheeling conveyor
      rollers.
PAC  SUMMARY OF THE INVENTION
PAR  The many objects and advantages of the present invention are achieved by
      providing a simple structure consisting of a hollow or tubular driven
      member coaxially disposed for free rotation about a driving shaft having a
      portion of peripheral polygonal shape disposed within the tubular member,
      and an elongated resilient intermediary cylindrical member, of a diameter
      slightly wider than the maximum space provided between the flat sections
      of the polygonal shaft, disposed between the polygonal portion of the
      shaft and the inner bore surface of the tubular member, such that the
      elongated intermediary member acts as a resilient wedge element
      transmitting the rotation from the shaft to the tubular member as long as
      the resistant torque applied to the tubular member does not exceed a
      predetermined limit. When the torque opposing the rotation of the tubular
      member exceeds such a limit, the tubular member ceases to rotate and the
      driving shaft continues to rotate, thus causing the intermediary elongated
      cylindrical member to roll in the space between the shaft and the inner
      bore of the stalled tubular member. The resilient intermediary cylindrical
      member passes through consecutive phases of relative diametrical
      compressions and expansions while rolling over the edges and the flats of
      the polygonal driving shaft, respectively.
PAR  The many objects, advantages and applications of the present invention will
      become apparent to those skilled in the art when the following description
      of an example of the best mode contemplated for practicing the invention
      is read in conjunction with the accompanying drawings wherein:
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PAC    BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, with portions broken away to show the
      internal construction, of an example of application of the invention to a
      drive roll such as a conveyor drive roll;
PAR  FIG. 2 is an end view thereof;
PAR  FIGS. 3-4 are each a transverse section thereof, at an enlarged scale,
      showing the operation of the torque overload couping of the invention in a
      torque transmitting mode; and
PAR  FIGS. 5-6 are views similar to FIGS. 3-4 showing the coupling of the
      invention in a torque overload mode.
DETD
PAC    DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing and more particularly to FIGS. 1 and 2
      thereof, the invention is shown embodied in a torque overload coupling, or
      torque limiting coupling, for a roller such as a conveyor drive roller.
      The roller consists of a tubular member 10 supported at each end by a
      generally disc-shaped end member, shown at 12, consisting, for example, of
      the outer race of an appropriate bearing 13 such as a roller, ball,
      needle, or plain bearing, the inner race 14 of which is supported by a
      shaft 16 disposed axially throughout the tubular member 10. In this
      manner, the tubular member 10 is free to rotate in any direction
      independently of the shaft 16. When used as part of a conveyor the roller
      may support and guide a conveyor belt, not shown, a plurality of such
      rollers being normally disposed and supported by a frame, not shown.
PAR  The tubular member 10 is fastened to the end bearing means 13 by any
      conventional means such as having the outer race 13 of each bearing
      press-fitted on an end of the tubular member 10, or welded or cemented
      thereto, and the shaft 16 which, in the example illustrated is shown as
      being of polygonal shape in cross-section and more specifically as being
      hexagonal, is passed through the central bore 18 of the bearing inner race
      14, appropriate conventional means such as a transversely extending pin or
      other means being used for holding the shaft 16 against longitudinal
      displacement relative to the inner race 14.
PAR  As shown at FIG. 1 and at FIGS. 3-6, an elongated substantially cylindrical
      member 20 is disposed in the space 22 formed between the inner bore 24 of
      the tubular member 10 and the peripheral surface of the shaft 16 extending
      throughout the tubular member. The elongated intermediary cylindrical
      member 20 has an outside diameter larger than the widest distance
      separating the peripheral surface of the shaft 16 and the inner bore
      surface 24 of the tubular member 10. Such widest distance corresponds to
      the distance separating the center of a flat face 26 of the shaft 16 to
      the inner bore surface 24 of the tubular member 10 along a radius of the
      shaft and tubular member assembly. The elongated intermediary cylindrical
      member 20 is made of a resilient elastic material, preferably an elastomer
      such as rubber or a resilient plastic such as polyester, polyethylene,
      polypropylane, polystyrene, and the like. The elongated intermediary
      member 20 may also be made of a rod of such elastomer material or,
      alternatively and preferably, as shown, it may be of a tubular shape.
PAR  The shaft 16 is normally power driven in rotation, for example in the
      direction of the arrow 28, by conventional means such as an electrical
      gear motor or the like, not shown, and normally drives the tubular member
      10 in rotation in the same direction, as shown at FIG. 3, as long as the
      torque required for driving the tubular member 10 does not exceed a
      predetermined torque. The drive between the shaft 16 and the tubular
      member 10 is effected by means of the elongated resilient intermediary
      member 20 being placed in compression between a flat face 26 of the shaft
      16 and the inner bore surface 24 of the tubular member 10, the elongated
      member acting as a resilient wedge between the shaft flat face 26 and the
      inner bore surface 24 of the tubular member 10. The greater the load
      applied to the tubular member 10 opposing the rotation of the tubular
      member, the greater the intermediary member 20 is compressed and rollingly
      displaced in a counterclockwise direction, relative to the showing of the
      drawing, thus rolling closer to an edge 30 between two consecutive flat
      faces 26 of the shaft 16, as illustrated at FIG. 4. Under those conditions
      of very small load or, alternatively, of increased load not exceeding the
      driving torque limit of the coupling of the invention, the shaft 16 and
      the tubular member 10 are rotating in unison. However, as soon as the load
      on the tubular member 10 becomes excessive, as such will be the case in
      the event that a jam occurs in a conveyor system transporting articles, or
      in the event that for any reason the tubular member 10 is prevented from
      rotating, the elongated resilient cylindrical intermediary member 20 is
      caused to roll over and beyond the edge 30 between consecutive faces 26 of
      the shaft 16, thus permitting the shaft 16 to continue rotating without
      driving the tubular member 10, as long as the load on the tubular member
      remains excessive. Under a completely stalled condition, that is under a
      condition preventing the tubular member 10 from rotating, the shaft 16
      continues to rotate by being driven by its driving mechanism, not shown,
      and the intermediary member 20 rolls in the space 22 between the
      peripheral surface of the shaft 16 and the inner bore 24 of the tubular
      member 10, the intermediary member 20 rotating about its axis in the
      direction of the arrow 32 at FIGS. 5 and 6. In the course of its rolling
      action between the peripheral surface of the shaft 16 and the inner bore
      surface 24 of the tubular member, the resilient intermediary member 20
      passes through successive phases of maximum radial compression and minimum
      radial compression while rolling respectively over the edges 30 and the
      center portion of the flat faces 26 on the shaft 16, as shown respectively
      at FIG. 5 and FIG. 6. As soon as the tubular member 10 is again free to
      rotate, the resilient wedging action of the intermediary member 20 is
      reestablished and the tubular member 10 is again coupled to the driving
      shaft 16, thus automatically reestablishing the drive of the tubular
      member.
PAR  Although the tubular member 10 has been illustrated with a circularly
      cylindrical inner bore 24, it will be obvious to those skilled in the art
      that the shaft 16 may be made with a circularly cylindrical periphery and
      the tubular member 10 may be made with a polygonal inner bore cross
      section.
PAR  The torque transmitted by the coupling of the invention may be controlled
      to a desired limit by way of the physical dimensions and the resiliency
      characteristics of the intermediary member 20. For a given diameter of the
      intermediary member 20 made of a given material, the limit of the torque
      transmitted by the coupling is increased as a function of the length of
      the intermediary member. Thus the torque transmitted can be conveniently
      varied by simply providing intermediary members of different lengths. By
      using an intermediary member 20 in the form of a tubular member as
      illustrated, the transmitted torque limit is furthermore a function of the
      wall thickness of the intermediary member, for a given material, the
      length and the diameter of the intermediary member remaining constant. It
      will be also appreciated that although a single intermediary member 20 has
      been shown and described, and a single member only is required in most
      applications, an assembly having a pair or more of such members may be
      useful for some applications.
PAR  It will also be appreciated by those skilled in the art that the torque
      limiting coupling of the invention has many applications other than for
      conveyor roller drive.
CLMS
STM  Having thus disclosed the invention by way of an example of embodiment
      thereof given for illustrative purposes only, what is claimed as new is as
      follows:
NUM  1.
PAR  1. A torque overload coupling for transmitting torque to a tubular member
      from a driving shaft extending axially throughout said tubular member,
      said coupling comprising a pair of bearings rotatively supporting said
      tubular member from said shaft, each of said bearings being disposed at an
      end of said tubular member, an intermediate portion of said shaft between
      said bearings having a polygonal shape in cross section, and a circularly
      cylindrical diametrically resilient elongated member longitudinally
      disposed in said tubular member between the peripheral surface of said
      shaft portion of polygonal shape and the inner bore surface of said
      tubular member and freely rotatable therein, said resilient member having
      a diameter normally larger than the widest distance between the peripheral
      surface of said shaft section of polygonal shape and the inner bore
      surface of said tubular member but being sufficiently resilient to permit
      said resilient member to roll past points where distance between the
      peripheral surface of said shaft section and the inner bore surface of
      said tubular member is the narrowest.
NUM  2.
PAR  2. The coupling of claim 1 wherein the maximum torque transmitted from said
      shaft to said tubular member is a function of the length of said resilient
      member.
NUM  3.
PAR  3. The coupling of claim 1 wherein the maximum torque transmitted from said
      shaft to said tubular member is a function of the diameter of said
      resilient member.
NUM  4.
PAR  4. The coupling of claim 1 wherein said tubular member has a cylindrically
      circular inner bore.
NUM  5.
PAR  5. The coupling of claim 1 wherein said tubular member has a cylindrically
      circular periphery.
NUM  6.
PAR  6. The coupling of claim 1 wherein said shaft portion of polygonal shape is
      hexagonal.
NUM  7.
PAR  7. The coupling of claim 1 wherein said resilient member is tubular.
NUM  8.
PAR  8. The coupling of claim 1 wherein the maximum torque transmitted from said
      shaft to said tubular member is a function of the wall thickness of said
      tubular resilient member.
NUM  9.
PAR  9. A torque limiting coupling for driving a conveyor roller from a power
      shaft, said coupling comprising said roller in the form of a tubular
      member having an inner cylindrical bore of constant diameter, said shaft
      extending axially throughout said tubular member, end plate members
      rotatively and concentrically supporting said tubular member from said
      shaft disposed each at an end of said tubular member, a portion of said
      shaft extending between said end plate members having a polygonal shape in
      cross section, and an elongated diametrically resilient circularly
      cylindrical member longitudinally disposed in the inner bore of said
      tubular member and freely rotatable therein, said resilient member being
      normally diametrically compressed when disposed between a flat surface of
      the portion of said shaft of polygonal shape and the inner bore of said
      tubular member but being sufficiently compressible to permit said
      resilient member to roll completely around the periphery of said shaft.
NUM  10.
PAR  10. The torque limiting coupling of claim 9 wherein the maximum torque
      transmitted from said shaft to said tubular member is a function of the
      length of said resilient member.
NUM  11.
PAR  11. The torque limiting coupling of claim 9 wherein the maximum torque
      transmitted from said shaft to said tubular member is a function of the
      diameter of said resilient member.
NUM  12.
PAR  12. The torque limiting coupling of claim 9 wherein said shaft portion of
      polygonal shape is hexagonal.
NUM  13.
PAR  13. The torque limiting coupling of claim 9 wherein said resilient member
      is tubular.
NUM  14.
PAR  14. The torque limiting coupling of claim 13 wherein said tubular resilient
      member is made of a resilient plastic material.
NUM  15.
PAR  15. The torque limiting coupling of claim 14 wherein the maximum torque
      transmitted from said shaft to said tubular member is a function of the
      wall thickness of said tubular resilient member.
NUM  16.
PAR  16. A torque overload coupling for transmitting torque to a tubular member
      from a driving shaft extending axially throughout said tubular member,
      said coupling comprising a pair of bearings rotatably supporting said
      tubular member with respect to said shaft, said bearings being disposed at
      opposite ends of said tubular member, a circularly cylindrical
      diametrically resilient elongated member longitudinally disposed in said
      tubular member between the peripheral surface of said shaft portion and
      the inner bore surface of said tubular member and freely rotatable therein
      said resilient member having a diameter normally larger than the distance
      between the peripheral surface of said shaft section and the inner bore
      surface of said tubular member but being sufficiently compressible to
      permit said resilient member to roll completely around the periphery of
      said shaft, the length of said resilient member determining the torque
      transmitted from said shaft to said tubular member whereby shortening said
      resilient member provides a reduction in the torque transmitted from said
      shaft to said tubular member.
NUM  17.
PAR  17. A torque overload coupling for transmitting torque to a tubular member
      from a driving shaft extending axially throughout said tubular member,
      said coupling comprising a pair of bearings rotatably supporting said
      tubular member with respect to said shaft, said bearings being disposed at
      opposite ends of said tubular member, a circularly cylindrical
      diametrically resilient elongated member longitudinally disposed in said
      tubular member between the peripheral surface of said shaft portion and
      the inner bore surface of said tubular member and freely rotatable
      therein, said resilient member having a diameter normally larger than the
      distance between the peripheral surface of said shaft section and the
      inner bore surface of said tubular member but being sufficiently
      compressible to permit said resilient member to roll completely around the
      periphery of said shaft, the diameter of said resilient member determining
      the torque transmitted from said shaft to said tubular member whereby
      replacing said resilient member with another resilient member of a larger
      diameter provides an increase in the torque transmitted from said shaft to
      said tubular member.
PATN
WKU  039423395
SRC  5
APN  4388305
APT  1
ART  352
APD  19740214
TTL  Carriage for hand knitting machines having integral Jacquard cam pattern
      changing means
ISD  19760309
NCL  5
ECL  1
EXA  Falik; Andrew M.
EXP  Stein; Mervin
NDR  4
NFG  12
INVT
NAM  Rogers; Howard D.
CTY  Westfield
STA  NJ
ASSG
NAM  The Singer Company
CTY  New York
STA  NY
COD  02
CLAS
OCL   66 75R
XCL   66 60
XCL   66 78
EDF  2
ICL  D04B  700
FSC   66
FSS  64;60 H;78;75;57;169
UREF
PNO  2830446
ISD  19580400
NAM  Opawa
OCL   66 78R
UREF
PNO  3299673
ISD  19670100
NAM  Noll
OCL   66 57
UREF
PNO  3304748
ISD  19670200
NAM  Seiler
OCL   66 64
UREF
PNO  3405542
ISD  19681000
NAM  Beckenstein
OCL   66 57
UREF
PNO  3748873
ISD  19730700
NAM  Nakane et al.
OCL   66 78R
FREF
PNO  1,205,649
ISD  19650100
CNT  DT
OCL   66 78R
FREF
PNO  496,097
ISD  19540600
CNT  IT
OCL   66 78R
FREF
PNO  368,890
ISD  19630600
CNT  CH
OCL   66 60H
FREF
PNO  83,500
ISD  19350500
CNT  SW
OCL   66 78R
LREP
FR2  Breen; Marshall J.
FR2  Schmidt; Edward P.
FR2  Smith; Robert E.
ABST
PAL  A carriage for a hand knitting machine in which a plurality of cams,
      including upper and lower Jacquard cams, are sequentially arranged and are
      adjustable between inoperative and operative positions so as to define at
      least one raceway for the butts of needles reciprocable in the needle bed
      of the machine. At least the upper and lower Jacquard cams are actuable by
      individually operable lever means between said inoperative and operative
      positions. At least one of the lever means is interconnected with at least
      one of the other lever means such that actuation of one of the said lever
      means simultaneously actuates at least one of the other lever means to
      thereby actuate a predetermined combination of said cams.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of hand knitting machines and more
      particularly to an improved carriage and cam control system for a knitting
      machine of this character capable of producing both Punch Lace and Fair
      Isle knitted patterns.
PAR  It is conventional to utilize with the needle bed of a hand knitting
      machine a carriage which mounts a plurality of cams on its underface so
      that when it is reciprocated along the slide rails of the bed the cam
      system operates upon the butts of the needles to effectuate the desired
      knitting pattern. As is well known, the carriage may be manually operable
      or it may be adapted for reciprocation under the influence of a motor
      drive.
PAR  Carriages presently in use are capable of producing various patterns of
      knitting. In order to provide such a capability the several cams are
      adjustable either through direct individual manipulation or indirectly
      through the actuation of a punch key and connecting lever. In the latter
      instances the customary construction links individual punch keys and
      levers with individual cams. Alternately, a selector dial may be rotated
      to a predetermined position in order to establish a specific cam raceway
      for production of a particular knitted pattern. Known carriages of this
      type generally employ escapement cams which are permanently biased and
      are, therefore, susceptible to spring failure. Also, such carriages are
      generally heavy and occupy a relatively large area of the needle bed,
      thereby increasing the possibility of needle jam-up beneath the carriage.
PAR  Further, it has been found desirable to provide a carriage with a
      capability for producing Punch Lace and Fair Isle knitting patterns. The
      Singer Model 2200 knitting machine permits the production of the latter
      pattern but does not enable the operator to produce Punch Lace (a
      simulated lace pattern), wherein a design of a chosen colored yarn is
      produced by means of knit stitches on needles selected to form the design.
      A fine yarn or thread is knit on every needle, thus forming a stocking
      stitch structure. If some (non-selected) needles form knit stitches with
      both colored yarn and fine thread, and the remainder of the needles form
      knit stitches using only the fine thread, a fabric is produced where the
      fine thread is nearly invisible and the design appearance is formed in
      colored yarn.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing it is one object of this invention to provide a
      carriage for a hand knitting machine having the capability of producing
      Punch Lace and Fair Isle knitting patterns.
PAR  It is another object of this invention to provide a carriage for a hand
      knitting machine which is lightweight, occupies a relatively small area of
      the needle bed of the machine, and affords the operator the choice of a
      multiplicity of patterns through a simple punch key and interconnecting
      lever system.
PAR  Yet another object is the provision of a carriage for a hand knitting
      machine having a plurality of punch keys, each of such punch keys being
      operable to actuate at least one cam of the carriage with which such key
      is directly connected and at least one of such punch keys being operable
      to actuate additional cams with which such punch keys are indirectly
      connected.
PAR  According to the present invention there is provided in a carriage for a
      hand knitting machine having a plurality of cams that are sequentially
      arranged and adjustable between inoperative and operative positions to
      thereby define at least one raceway for the butts of needles and in which
      a plurality of said cams are operatively connectable to individually
      actuable lever means to be shifted between said inoperative and operative
      positions, the improvement which comprises means for interconnecting at
      least one of said lever means with at least one other of said lever means
      whereby actuation of one of said lever means simultaneously actuates at
      least one other of said lever means to thereby actuate predetermined
      combinations of said cams.
PAR  According to the present invention there is also provided in a carriage for
      a hand knitting machine having needle selecting, raise and stitch cams
      arranged sequentially at both ends thereof, at least one set of Jacquard
      cams positionable to produce patterned knitting, a cam positioning lever
      associated with each set of said Jacquard cams and a locking plate for
      locking said lever in predetermined position to thereby maintain the
      Jacquard cams associated therewith in the selected pattern, the
      improvement which comprises upper and lower sets of said Jacquard cams,
      first lever means operably associated with said upper Jacquard cams and
      actuable to engage said locking plate and effectuate a shifting of said
      upper Jacquard cams upwardly from a first position into a second operative
      position such that a first path is established whereby selected needles
      are directed over a first of said upper Jacquard cams and beneath the
      other of said upper Jacquard cams to a point along said path where a first
      yarn can be accepted and thence to the upper portion of one of said stitch
      cams and downwardly therealong and out of said carriage, said lower
      Jacquard cams remaining in a first position such that a second path is
      established whereby non-selected needles are directed across the top of
      said lower Jacquard cams to a point where said non-selected needles can
      accept said first yarn and a second yarn before being directed to
      substantially the same upper portion of said one stitch cam and downwardly
      thereof along the same path followed by said selected needles, second
      lever means operably associated with said lower Jacquard cams and actuable
      to engage said locking plate and effectuate a shifting of said lower
      Jacquard cams upwardly from said first position into a second operative
      position such that non-selected needles are directed over a first of said
      lower Jacquard cams and beneath the other of said lower Jacquard cams to a
      yarn-accepting level and thence to join selected needles at a lower region
      of said one stitch cam, engagement of said second lever means with said
      locking plate effecting, when said first lever means has already been
      actuated, sequentially an unlocking of said first lever means from said
      locking plate and then a relocking of said first lever means by said
      locking plate, whereby actuation of only said first lever means enables
      the production of Punch Lace and actuation of said second lever means
      enables the production of Fair Isle knitting.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more fully understood it will now be
      described, by way of example, with reference to the accompanying drawings
      in which:
PAR  FIG. 1 is a perspective view of a carriage embodying the invention;
PAR  FIG. 2 is a bottom plan view of the carriage of FIG. 1;
PAR  FIG. 3 is a perspective view, broken and partly in section, of the lever
      and locking plate construction of the carriage of FIGS. 1 and 2;
PAR  FIGS. 4a, b and c are plan stagewise views of first and second levers and
      of the locking plate during positioning of the upper Jacquard cams for
      production of Punch Lace;
PAR  FIGS. 5a, b and c are plan views similar to that of FIGS. 4a, b and c
      showing stagewise lever and cam settings for production of Fair Isle
      knitting;
PAR  FIG. 6 is a schematic layout of a cam raceway which enables the production
      of Punch Lace;
PAR  FIG. 7 is a view similar to that of FIG. 6 illustrating a cam raceway which
      enables the production of Fair Isle knitting; and
PAR  FIG. 8 is a plan view of the first and second levers according to the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, there is shown a carriage 10 for a hand knitting
      machine. The upper face 11 of the carriage is provided with a plurality of
      punch keys 12 which are connected, through a lever arrangement to be
      hereinafter described, to selected cams located on the underside 13 of the
      carriage. By manipulation of the keys the cams may be arranged in a
      predetermined manner so as to present to the knitting needles a raceway
      through the cam system 14 for the production of the desired pattern. In
      addition to the punch keys, the upper face of the carriage may be provided
      with a stitch size dial 15 by which the size of the knitted stitch may be
      regulated through control of the downward movement of the needles.
      Three-position needle return buttons 16 and 17 are shown and function in a
      manner well known to persons having a familiarity with hand knitting
      machines. A locking plate 18 is mounted on the underside of the carriage
      and is slidable laterally thereof. This plate 18 is spring biased by
      compression spring 55, trapped between the locking plate and a pin 56
      projecting from the underside 13 of the carriage, so as to urge same
      towards an extreme lateral position when all of the punch keys are in a
      nonactuated condition. In such condition the carriage, upon reciprocation,
      will function in a non-stitching mode. In order to produce patterned
      knitting it is necessary to depress one or more of the punch keys and to
      set the three position needle return buttons 16 and 17 to prescribed
      positions, thereby so positioning the cams as to provide a specific cam
      raceway for selected and non-selected needles through the cam system.
PAR  As can be seen most clearly from FIG. 2, in order to provide the capability
      for production of Punch Lace and Fair Isle knitting, pairs of upper and
      lower Jacquard cams 19, 20 resepectively are pivotably mounted on the
      carriage biased towards their upper operative positions. As will be
      described hereinafter, with reference to FIGS. 6 and 7 of the drawings,
      only the upper Jacquard cams need be placed in their upper operative
      position to produce Punch Lace whereas both upper and lower Jacquard cams
      must be in their upper operative positions to produce Fair Isle knitting.
PAR  As viewed in FIG. 2, upper Jacquard cam control lever 21 is mounted on the
      underside of the carriage so as to be slidable in a plane below that in
      which locking plate 18 is adapted to slide and in a direction
      perpendicular to the direction of movement of the locking plate. Referring
      to FIG. 8, lever 21 is shown as being formed as a generally elongated
      member having a main body portion 22 and a shorter offset punch
      key-receiving shank 23. The main body portion is formed with a pair of
      longitudinally extending slots 24, 25 dimensioned to accept guide pins or
      studs 26, 27 which are formed on the carriage and project upwardly
      therefrom. In this manner the lever is capable of guided movement into
      engagement with the locking plate to be locked in position when, upon
      actuation, upper Jacquard cams 19 are moved to their upper operative
      position. The lever is provided on one side of its body portion, adjacent
      the end thereof which is remote from the offset shank 23, with a
      downwardly inclined ramp 28 and with a recess 29. The recess is located
      closely adjacent the terminus of ramp 28 for a purpose which will be
      subsequently described. Preferably, a land 30, which may be flat or
      slightly convex in configuration, connects the end of the ramp and the
      adjacent side wall of the recess. The free end of body 22 is formed with
      an upstanding retaining flange 31 which serves to urge upper Jacquard cams
      19 into their lower position when the lever 21 is itself in a non-actuated
      position.
PAR  A lower Jacquard cam control lever 32 is mounted on the underside of the
      carriage and is positioned on studs 26, 27 overlying lever 21.
      Longitudinally extending slots 33, 34 are provided on the body portion 35
      of lever 32, said slots being in longitudinal alignment with the
      underlying slots of lever 21. As previously described with reference to
      the upper Jacquard cam control lever 21, lever 32 is formed with a
      downwardly inclined ramp 36 and with a recess 37 whose adjacent sidewall
      is spaced from the terminus of ramp 36 by a land 38. This land is
      preferably given the same configuration as land 30. The body portion of
      lever 32 is also provided with a pair of wing projections 39, 40 offering
      lower cam-retaining shoulders 41, 42 by which the lower Jacquard cams may
      be urged into and maintained in their lower position. As with upper
      Jacquard cams 19, the lower Jacquard cams 20 are normally biased upwardly
      towards their upper operative position. The upper surface of the wing
      projections are desirably tapered to permit movement of the lever without
      interference with any of the adjacent elements of the carriage or
      cam-supporting structure. This lever, as with lever 21, is provided with a
      short offset shank portion 23' for reception of a punch key 12.
PAR  As stated previously, locking plate 18 is mounted on the underside of the
      carriage so as to be slidable laterally thereof. A plurality of ramps 43
      are formed thereon at locations where they are respectively engageable by
      lug means 44 carried by each of the punch key-lever combinations. Thus,
      depression of any punch key will cause its associated lug to ride along
      the ramp of the locking plate with which it is engageable to thereby cause
      the locking plate to slide laterally. A recess 45 is provided on the
      locking plate at the end of each said ramp and is dimensioned to accept
      lug 44 of the respective punch key-lever combination. In known manner the
      punch key-lever is operatively connected with one or more cams such that
      when the punch key is actuated the cams operatively connected thereto are
      likewise moved between non-operative and operative positions. Since this
      aspect of the structure is known, for example from the carriage marketed
      by The Singer Company as part of their Model 2200 series of hand knitting
      machines, and is not critical to the present invention this specification
      will not be encumbered by a description of the details of such structure.
      Reference is also made to the disclosure of U.S. Pat. Nos. 3,103,110 and
      3,120,114 issued Sept. 10, 1963 and Feb. 4, 1964 respectively for further
      examples of how punch key-lever combinations may be operatively connected
      to cams of a home knitting machine carriage. Locking plate 18 is also
      provided with an upstanding lug or ear 46 for disposition in either of
      recesses 29 or 37 of levers 21 or 32 depending upon which of the punch
      key-lever combinations is actuated.
PAR  Referring now to FIGS. 4 and 5, the operation of cam control levers 21 and
      32 will be described. When the operator desires to produce Punch Lace,
      upper Jacquard cam control lever 21 is depressed. In their initial
      non-actuated positions levers 21 and 32 are under the influence of spring
      50 which acts upon turned up ears 51 and 51' on the respective levers. The
      lever begins to move upwardly as depicted in FIG. 4a, ramp 28 engaging
      with lug 46 to urge locking plate 18 to the right against the force of its
      biasing spring 55. The lever 21 continues upwards until lug 46 reaches the
      lower terminus of ramp 28. This lug then rides downwardly along land 30 as
      shown in FIG. 4b until it snaps into recess 29 under the influence of the
      locking plate biasing spring 55 as depicted by FIG. 4c. In this condition
      the upper Jacquard cams 19, which are spring biased upwardly but are
      normally restrained in their lower position by retaining flange 31 of
      lever 21, are permitted to be spring-urged upwardly into their upper
      operative position. Since lever 32 has not been actuated, the lower
      Jacquard cams 20 are retained in their lower position by shoulders 41, 42
      of lever 32. Stitch cams 48 and three-position cams 49 having been set as
      shown, a cam raceway for selected needles shown by arrows 47 is thus
      provided and a cam raceway identified by arrows 52 is provided for
      non-selected needles as may be observed from FIG. 6. The needles may, in
      an appropriate configuration, be selected by hand; or by cam as disclosed
      in the U.S. Pat. No. 3,063,270 of Schurich, Nov. 13, 1962; or by
      electromechanical means as taught in the U.S. Pat. No. 2,173,488 of
      Tandler, Sept. 19, 1939; or by a device having a memory means as disclosed
      in the U.S. Pat. No. 3,358,473 of Suzake, Dec. 19, 1967. The more exotic
      designs may be fashioned automatically with a device as disclosed by the
      latter patent, whereas a simple design may be easily implemented by hand,
      or by a cam 58 rotatable on stud 60, wherein every other needle is
      elevated by the lobes 59, of the cam as the carriage is moved across the
      needle bed, alternate needles passing between the lobes. It will be noted
      that the needles which follow the high path through the cam system are
      directed over the left-hand three-position cam 49, over the first of upper
      spring loaded Jacquard cams 19 and thence below the second upper Jacquard
      cam which guides the needles downwardly to a point at the top of the
      right-hand stitch cam 48, and thence out of the carriage. These selected
      needles will accept a thread, such as a nylon yarn, before they are guided
      downwardly by the right-hand stitch cam 48. Concurrently, the non-selected
      needles are guided over the left-hand stitch cam 48, which serves as a
      raise cam for the non-selected needles, and across the top of the lower
      Jacquard cams. These non-selected needles are raised to a level by the
      left-hand stitch cam 48 such that they accept a heavier yarn, preferably
      colored, and the aforementioned thread pulled down to a pickup position
      for the non-selected needles by selected needles already acted on by the
      right-hand stitch cam 48, before then joining the selected needles at
      approximately the same point on the right-hand stitch cam 48 where they
      are then guided downwardly to set the stitch before leaving the carriage
      the transfer of a yarn from the hook of a high level needle to one at a
      low level is best shown in U.S. Pat. No. 3,748,873 on page 7, lines 35-65,
      where the yarn guides 52 and 53 are located at different levels to
      selectively transfer thread to needles following high or low level paths,
      designated as C' and B' in FIG. 5 of the drawings. In the instant case the
      selected needle having picked up a thread from a higher level is brought
      to a lower position by the right hand stitch cam whereby the hook of the
      non-selected needle can catch this thread before it is acted on by the
      right hand stitch cam 48 and brought to a position where its latch is
      closed.
PAR  In order to rearrange the cams so that the operator may then produce Fair
      Isle knitting it is merely necessary to depress cam control lever 32. As
      shown by FIG. 5a, actuation of the lever 32 results in lever movement
      substantially the same as described previously with respect to lever 21.
      Thus, as lever 32 moves upwardly, ramp 36 engages with lug 46 on the
      locking plate and forces the locking plate to the right against the bias
      of the locking plate spring 55. Lug 46 is forced out of recess 29 of lever
      21 --thereby unlocking lever 21. The lug then moves downwardly along ramp
      36 of cam control lever 32 and into recess 37 thereof to lock both of cam
      control levers 21 and 32 into their upper operative positions and thereby
      permitting both of the upper and lower Jacquard cams 19 and 20 to shift
      upwards under the influence of their springs to adopt an upper operative
      locked position. When so positioned, as may be seen from FIG. 7, the
      selected needles follow the high path through the cam system as described
      in connection with the cam alignment for Punch Lace. However, the
      non-selected needles will follow the lower path over the left-hand stitch
      cam, which serves as a raise cam, over the left-hand lower Jacquard cam 20
      and under the right-hand lower Jacquard cam 20 to be directed to a lower
      point on the right-hand stitch cam 48 than where the selected needles join
      said stitch cam. The non-selected and selected needles are then directed
      out of the carriage. In this Fair Isle cam configuration the high path
      needles will accept a first yarn before passing through the upper Jacquard
      cams 19 whereas the lower path needles will accept a second yarn before
      passing through the lower Jacquard cams 20.
PAR  In order to convert the cam system from the Fair Isle pattern configuration
      to an arrangement whereby a stocking knit can be produced, it is merely
      necessary to shift the three-position cams 49 to the appropriate position
      by a different setting of needle return buttons 16 and 17. There is no
      need to vary the position of either the upper or lower Jacquard cams 19
      and 20. As is well known in the art the Jacquard cams are ineffective
      during a stocking knit since all needles are directed by the three
      position cams 49 into a path beneath the upper Jacquard cams 19. The lower
      Jacquard cams 20 are spring loaded as previously noted and are deflected
      away by needle passage thereby as is shown in FIG. 7. The upper Jacquard
      cams 19 are not utilized inasmuch as there in so requirement for high pass
      needles. Stocking knit refers to Jersey knit, i.e. a basic knit fabric. It
      will, of course, be appreciated that with levers 21 and 32 both in a
      non-actuated state it is simply necessary to actuate lever 32 in order to
      shift both sets of Jacquard cams to their upper positions to thereby
      produce Fair Isle knitting. In such event flange 31 of lever 21 is engaged
      by the upper terminus of lever 32 and lever 21 is thus actuated
      concomitantly with lever 32.
PAR  From the foregoing it will be seen that there has been provided an
      interconnected Jacquard cam control lever system whereby upper and lower
      Jacquard cams 19 and 20 can be selectively positioned to achieve either
      Punch Lace or Fair Isle knitting, and that without any modification of the
      position of either of the Jacquard cams the operator can convert to
      stocking knit by simply re-positioning the three-position cams 49.
PAR  Numerous alterations of the structure herein disclosed will suggest
      themselves to those skilled in the art. However, it is to be understood
      that the present disclosure relates to a preferred embodiment of the
      invention which is for purposes of illustration only and not to be
      construed as a limitation of the invention. All such modifications which
      do not depart from the spirit of the invention are intended to be included
      within the scope of the appended claims.
CLMS
STM  Having thus set forth the nature of the invention, what is claimed herein
      is:
NUM  1.
PAR  1. In a carriage for a hand knitting machine having a plurality of cams
      that are sequentially arranged and adjustable between inoperative and
      operative positions to thereby define at least one raceway for the butts
      of knitting needles and in which a multiplicity of said cams are
      operatively connectable to individually actuable lever means to be shifted
      between said inoperative and operative positions, the improvement which
      comprises:
PA1  a first one of said lever means operatively connected to a first plurality
      of said cams for actuating only said first plurality of said cams to said
      operative position;
PA1  a second one of said lever means operatively connected to a second
      plurality of said cams for actuating said second plurality of said cams to
      said operative position; and,
PA1  means associated with said first lever means and said second lever means
      which upon actuation of said second lever means operates on and actuates
      said first lever means whereby said first plurality of said cams and said
      second plurality of cams are both placed in operative positions.
NUM  2.
PAR  2. A carriage according to claim 1, wherein said first plurality of said
      cams include a set of upwardly biased upper Jacquard cams and said second
      plurality of said cams include a set of upwardly biased lower Jacquard
      cams, each of said sets of Jacquard cams being normally maintained in
      their lowest setting by said respective associated first and second lever
      means, said first of said associated lever means being actuable to shift
      said upper Jacquard cams into their upper position, whereas said second
      lever means associated with said lower Jacquard cams is actuable to shift
      said lower Jacquard cams into their upper position and, where said upper
      Jacquard cams have not been shifted by its associated first lever means,
      to also shift the upper Jacquard cams to their upper position.
NUM  3.
PAR  3. A carriage according to claim 1, wherein a locking plate is mounted on
      the underside thereof, said plate being slidable laterally of the
      carriage, means biasing said plate towards one extreme lateral position,
      each of said lever means being mounted on the underside of said carriage
      so as to be slidable in a direction generally perpendicular to the
      movement of said locking plate when actuated to shift said cams from an
      inoperative to an operative position, said lever means and locking plate
      having one each interacting lug means and ramp means for urging said
      locking plate against the force of said biasing means when said lever
      means is actuated to place said cams in said operative position, said lug
      means and one each recess means on said lever means and locking plate
      intermeshed when said cams are in said operative position to retain said
      lever means in said cam operative position, said first one of said lever
      means having an upstanding cam retaining flange at one end thereof, said
      second one of said lever means being positioned in overlying relation to
      said first lever means and adapted upon actuation to initially engage with
      said locking plate and with said cam retaining flange on said first lever
      means to release said first lever means from its retained position and
      upon continued movement to effectuate a simultaneous retaining of said
      first and second lever means by engagement of said lug means and recess
      means in said first and second lever means and said locking plate.
NUM  4.
PAR  4. A carriage according to claim 3, wherein said pairs of upper and lower
      Jacquard cams are spring-biased towards an upper operative position, said
      cam-retaining flange on said first lever means being adapted to prevent
      said upper Jacquard cams from attaining the upper operative position until
      said first lever means is actuated, said second lever means being provided
      with a pair of cam-retaining shoulders adapted to prevent said lower
      Jacquard cams from attaining the upper operative position until said
      second lever means is actuated.
NUM  5.
PAR  5. A carriage according to claim 2, wherein said upper and lower Jacquard
      cams are spring-biased towards their upper operative positions, said first
      lever means being provided with a cam-retaining flange adapted to prevent
      said upper Jacquard cams from attaining the upper operative position until
      said first lever means is actuated and said second lever means being
      provided with a pair of cam-retaining shoulders adapted to prevent said
      lower Jacquard cams from attaining an upper operative position until said
      second lever means is actuated.
PATN
WKU  039423409
SRC  5
APN  4861035
APT  1
ART  243
APD  19740705
TTL  Apparatus for washing and laundering garments
ISD  19760309
NCL  8
ECL  2
EXP  Haroian; Harry N.
NDR  5
NFG  14
INVT
NAM  Kirkby; Christopher Armstrong
CTY  Kendal
CNT  EN
ASSG
NAM  Ibis Engineers Limited
CTY  Kendal
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730709
APN  32662/73
CLAS
OCL   68  3R
XCL   68 10
XCL   68 20
XCL   68205R
EDF  2
ICL  D06F 3100
FSC   68
FSS  3 R;10;20;205 R
FSC   99
FSS  443 C;261
UREF
PNO  1220308
ISD  19170300
NAM  Young et al.
OCL   68 10
UREF
PNO  2138813
ISD  19381200
NAM  Bemis
OCL   99443
UREF
PNO  3550169
ISD  19701200
NAM  Forse
OCL   68  3R
UREF
PNO  3686899
ISD  19720800
NAM  Rosenfeld et al.
OCL   68  3R
LREP
FRM  Norris & Bateman
ABST
PAL  A machine for washing and laundering garments on hangers comprises a
      substantially vertical conveyor for lifting a garment on a hanger,
      transferring the hanger to a stationary conveyor along which it travels at
      two speeds through spraying chambers and dripping chambers, a transfer
      pulley to transfer the hanger from the stationary conveyor to an endless
      conveyor, further spraying chambers, and dripping chambers through which
      the hanger passes to a drying chamber to dry the garment on the hanger or
      set a coating thereon.
BSUM
PAR  This invention relates to improvements in apparatus for washing and
      laundering garments on hangers and also to such machines where the
      garments are subjected to a treatment with a water soluble detergent
      solution applied to the garment and dried thereon to provide a protective
      coating and which is subsequently laundered to remove the coating and
      recoated for subsequent use.
PAR  A process has been proposed in which a water soluble detergent solution has
      a pH value not greater than 6 is applied to the garment and the garment is
      then dried by heat treatment to produce a pliable protective coating on
      the garment resistant to soiling and which is removable from the fabric of
      the garment with any dirt by rinsing in clean water.
PAR  It has also been proposed to launder garments hanging on hangers such
      apparatus being continuously operable and including a conveyor for
      conveying successive garments on hangers with the widths of the hanging
      garments aligned with the direction of travel, a series of successive
      spray stations in a washing zone through which, in use, the garments are
      successively conveyed and including at least one wash spray station and
      one rinse spray station, each said spray station being adapted to direct a
      liquid spray transverse to the direction of travel against the backs
      and/or fronts of the successive garments such that relative movement
      between garments and sprays causes agitated movement of garments portions
      to assist in thoroughly subjecting the garments to said sprays.
PAR  According to the invention a machine for washing and laundering garments on
      hangers comprises a substantially vertical conveyor for lifting a garment
      on a hanger, transferring the hanger to a traversing conveyor along which
      it travels at two speeds through spraying chambers and dripping chambers,
      a transfer pulley to transfer the hanger from the stationary conveyor to
      an endless conveyor, further spraying chambers, and dripping chambers
      through which the hanger passes to a drying chamber to dry the garment on
      the hanger or set a coating thereon.
DRWD
PAR  The invention will be described with reference to the accompanying
      drawings.
PAR  FIG. 1 is a diagramatic plan of a garment laundering process machine.
PAR  FIG. 2 is a diagramatic elevation of one side of the machine.
PAR  FIG. 3 is a diagramatic elevation of the return side of the machine.
PAR  FIG. 4 is an elevation of the feed mechanism for the machine showing a
      hoist in the lower position.
PAR  FIG. 5 is a similar elevation showing the hoist in the raised position.
PAR  FIG. 6 is a detailed elevation showing the mechanism for transferring the
      hangers to a slick rail.
PAR  FIG. 7 is a detail elevation partly in section of one of the traversing
      conveyors.
PAR  FIG. 8 is a diagramatic plan of an endless conveyor.
PAR  FIG. 9 is a detail perspectrol view showing the transfer of a hook from the
      slick rail to the endless conveyor.
PAR  FIG. 10 is a detail view showing the mechanism for removing the hangers
      from the endless conveyor.
PAR  FIG. 11 is a detail view showing the mechanism for raising and lowering the
      jet frames.
PAR  FIG. 12 is a detail view showing hanger being fed on to a second endless
      conveyor for passage through a dryer.
PAR  FIG. 13 is a section on line 14--14 FIG. 13.
PAR  FIG. 14 is detail view showing a hanger being removed from the conveyor on
      emerging from the dryer.
DETD
PAR  Garments on hangers are placed on an inclined garment rail 2 in the loading
      area and are lifted one at a time by a hoist 3 (FIG. 4). The hoist 3
      comprises a vertical rod 4 sliding in guides therein the lower end of the
      arm being connected by a chain or cord 5 passing over a pulley 6 to a
      piston rod 7 of an hydraulic cylinder 8. A spring loaded arm 9 is pivoted
      on the rod 4 as it reaches the lowered position (FIG. 4) engages a lever
      11, pivoted on the garment rail 2.
PAR  The garment Rail 2 is inclined (FIG. 6) at such an angle that the hangers 1
      will not slide down and a vibrator 12 is mounted on the rail to cause the
      hangers to move down. The pivoting of the lever 11 which is connected by a
      spring loaded rod 13 to a second lever 14 pivoted on the rail 2 causes the
      arm 9 in the lowered position FIG. 6 to rock the lever 11 and a hanger 1
      is released and moves onto the arm 9; at the same time a further hanger 1
      is released by the lever 14 from the rail 2 and moves to the lever 11 for
      release therefrom when the arm 9 again reaches the lowest position. The
      arm 9 with a hanger thereon is raised with the rod 4 by the cylinder 8 and
      at the end of the stroke the arm 9 contacts a slick rod 15 and is tipped
      against the action of the spring to allow the hanger to slide off the arm
      onto the slick rod (FIG. 5)
PAR  In order to remove any coating from the garments undergoing laundering the
      hangers sliding down the slick rod 15 are fed to a traversing channel
      shaped conveyor 16. The conveyor 16 is formed with a plurality of equally
      spaced notches 16a to receive the hangers from the slick rail 15. A piston
      rod 17 of a pneumatic cylinder 18 extends into the channel of the notched
      conveyor 16 and is provided with a plurality of pawls 21 pivoted thereon
      with their forward ends spaced apart a distance equal to the spacing of
      the notches 16a.
PAR  The stroke of the cylinder 18 is also substantially equal to the spacing of
      the notches and on the outward stroke of the piston the pawls engage a
      hanger 1 in each of the notches and carry them forward step by step one
      notch on the conveyor 16 and deposit them in a succeeding notch. The last
      pawl moves the forward hanger onto a second traversing conveyor 22. The
      second conveyor is positioned so that if for example the stroke of the
      piston is a length A (FIG. 7) the pawl 21a only moves the pawls 23 a
      distance B and therefore the hangers on the conveyor 22 are only advanced
      a distance B between the notches 24. On the return stroke of the piston
      the pawls 21, 21a, 23, travel back and pivot under the hangers in the next
      rearward notch to be in position to move a succeeding hanger forward on
      the next stroke of the piston, the pawls 23 being returned by a spring 25.
PAR  During the passage of the hangers 1 along the conveyor 16 the conveyor
      passes through a chamber 26 provided with activation sprays 27 which spray
      the garment on both sides, to wet out the garment. A roller 28 is provided
      transversely of the compartment over which the garment on the hanger 1
      passes in order to turn the garment wrong side up as it passes over to tip
      any liquid from the pockets. On passing from the conveyor 16 onto the
      conveyor 22 the hangers 1 enter a drip chamber 29.
PAR  The hangers are pushed off the end of the conveyor 22 by the last pawl 23
      into a slick rod 30 and are deposited on a pin 31 having a button head
      mounted on arms 32 carried by an endless slat conveyor 33 passing over two
      drums 34,35 (FIG. 9).
PAR  The drum 35 is rotated intermittently by a pneumatic cylinder 36 actuating
      an arm 37 loosely mounted on the drum spindle and provided with a pawl 38
      which engages one pair of a plurality of pins 39 at each stroke of the
      piston and on the return stroke moves back to engage a further pair to
      move the slat conveyor step by step.
PAR  The slat conveyor 33 travels through a plurality of compartments 40,41 in
      which the garments on the hangers are subjected to further sprays of
      detergent and rinse or allowed to drip. Filters 42 may be provided below
      the washing compartments through which the liquid passes to tanks 43 and a
      tray 44 in the drip chambers which discharge into tanks 45. A roller 46 is
      provided in the drip chambers over which the garment passes on the hanger
      to turn the garment wrong side up to empty any liquor from the pockets.
PAR  The hangers then pass over the second pulley 35 and travel back through
      further spray and drip chambers 40,41 and are removed from the slat
      conveyor 33 before the conveyor travels over the pulley 34.
PAR  The hooks 1a of the hangers 1 are lifted off the button headed pins 31
      before the conveyor 33 passes over the sprocket 34 by a pivoted arm 47 on
      the frame of the machine. The arm 47 is counter weighted by an arm 48 and
      as a hanger hook engages the arm 47, the arm is raised in the direction of
      the arrow FIG. 10 and lifts the hook off the pin 31 and allows the hanger
      to drop onto a slick rail 49 which deposits the hanger on a further
      stationary notched conveyor 50 the pawls 51 of which are operated by a
      pneumatic cylinder 52.
PAR  The hangers on the conveyor 50 travel through a further chamber 53 to drip
      down a slick rail 54 along a further notched conveyor 55 operated by a
      pneumatic cylinder 56 and pass through a chamber 57 to receive a new
      texturizing coating on their way to a slick rail 58 which deposits the
      hangers on an endless conveyor 59 on which they are carried through a
      drying chamber 60.
PAR  The endless conveyor 59 (FIG. 13) is formed with a tubular casing having a
      slot 60 therein, a flexible member 61 having pegs 62 extending through the
      slot 60 passes through the casing 59. The hangers are moved over the
      casing 59 by the pegs 62.
PAR  The hangers are removed from the conveyor 59 by a ramp 64 on a slick rail
      63 up which a hanger rides and by which the hook is lifted and deposited
      on the slick rail 63 down which the hangers slide into an unloading
      position 65.
PAR  If the garments are not to be protectively coated the hangers may pass
      directly from the slick rail 49 to the drying chamber 60.
PAR  The sprays 65 (FIG. 2)  mounted on frames 66 in each chamber 40 each frame
      66 being connected by a cable 67 to a pivoted arm 68 (FIG. 11) moved by an
      eccentric 69 on a shaft 70 driven by a motor 71 to impart a vertical up
      and down movement to the frames to distribute the spray over the garment.
      The spray frames in the chamber are connected to separate arms 68 arranged
      at 120.degree.to equalise the load on the motor 71. The weight of the
      frames may be substantially spring balanced.
PAR  All the pneumatic cylinders actuating the conveyors to traverse the hangers
      are operated in synchronism.
PAR  The apparatus may be employed for continuously laundering garments on
      hangers as they pass through the spraying and dripping chambers some of
      which spray the garments with detergent and other chemicals whilst others
      spray them with rinsing water.
PAR  Where garments have been previously coated with a protective coating as
      described in British Pat. No. 1211734 the initial sprays remove the
      previous texturizing coating and the final sprays apply a new texturizing
      coating thereto.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for processing garments on hangers comprising means for
      transferring hangers each carrying a garment to be processed from a supply
      region where the hangers are randomly relatively closely grouped onto
      traversing conveyor means with successive hangers disposed in spaced
      relationship along said conveyor means, a treatment station embodying
      successive liquid spray and drip compartments, means for intermittently
      advancing said hangers along said conveyor means at relatively different
      speeds in the respective chambers, and means for extracting said hangers
      from said conveyor means and passing them through subsequent treatment
      stations.
NUM  2.
PAR  2. Apparatus for processing garments on hangers comprising traversing
      conveyor means, means for transferring hangers each carrying a garment to
      be processed from a supply region where the hangers are randomly but
      relatively closely grouped to said conveyor means including means for
      extracting said hangers one at a time from said supply and disposing them
      in spaced relation along said conveyor means, means for intermittently
      advancing said hangers along said conveyor means, means providing a first
      processing station wherein said hangers on said conveyor means are passed
      through liquid spray and drip compartments, means transferring said
      hangers in turn from said conveyor means to an endless conveyor, means
      providing a second processing station wherein said hangers on the endless
      conveyor pass through further liquid spray and drip compartments, means
      subsequently transferring said hangers to further conveyor means, and
      means providing a drying chamber through which the hangers move on said
      further conveyor means.
NUM  3.
PAR  3. The apparatus defined in claim 2, wherein said traversing conveyor means
      is arranged at a higher level than said supply, and said means for
      transferring the hangers from said supply comprises hoist means for
      lifting said hangers to said traversing conveyor means one at a time.
NUM  4.
PAR  4. The apparatus defined in claim 2, wherein said traversing conveyor means
      comprises fluid pressure actuated means connected to drive a reciprocable
      member having spaced pivoted pawls therealong for engaging and advancing
      said hangers when moving in one direction.
NUM  5.
PAR  5. The apparatus defined in claim 2, wherein said endless conveyor is
      mounted on spaced drums, and intermittent drive means is connected to one
      of said drums.
NUM  6.
PAR  6. The apparatus defined in claim 2, wherein said hangers are mounted on a
      downwardly inclined rod in the supply so that they tend to slide toward
      said means for transporting them to the traversing conveyor.
NUM  7.
PAR  7. The apparatus defined in claim 6, wherein vibrator means is provided for
      said rod to aid said downward movement of said hangers.
NUM  8.
PAR  8. Apparatus as defined in claim 2, wherein means is provided for
      periodically raising and lowering spray devices in the spray chambers.
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ABST
PAL  An improved additive dispensing system for sequentially dispensing a
      plurality of treating agents into the wash tub of an automatic fabric
      washing machine at predetermined times during the washing cycle. A
      plurality of compartments are provided for retaining the various laundry
      additives to be dispensed into the wash tub. A channel is in liquid flow
      communication between one compartment and a liquid supply means arranged
      for directing liquid into the channel. An aperture is provided in the
      bottom of the channel for effectively removing contaminating lint from the
      liquid prior to introduction of the liquid into the compartment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to laundry machines, and more particularly to a
      mechanism in the laundry machine to improve the dispensing of laundry
      additives.
PAR  2. Description of the Prior Art:
PAR  Recent automatic clothes washing machines customarily proceed through a
      sequence of operation in order to wash, rinse and spin dry clothes. The
      sequence ordinarily includes a presoak, a first liquid extraction
      operation, a wash operation, a second liquid extraction operation, a rinse
      operation, and a final extraction operation.
PAR  In order to obtain the most desirable results from these machines, it has
      been found advantageous to introduce certain additives into the water or
      liquid used for a particular operation. A pre-wash additive is normally
      used in the soak operation, a soap or detergent is normally used in the
      washing operation and a bleach is often also used in this operation, while
      rinse agents are added to the rinse water.
PAR  In an automatic washing machine, it is desirable that these additives be
      dispensed automatically. When the dispensing of additives is automatic,
      the user may load the fabrics to be washed into the wash tub and place the
      additives into their proper compartments or containers, and the machine
      automatically completes the cycle of operations. Also, the best results
      are obtained if these various additives are dispensed with liquid so that
      additives are metered into the wash tub and evenly distributed rather than
      being concentrated into a few of the articles.
PAR  One such dispensing system for an automatic washing machine is disclosed in
      U.S. Pat. No. 3,727,434 assigned to the same assignee as the present
      invention. As disclosed in that patent the dispenser is normally latched
      to the access cover of the laundry machine for movement with the cover to
      an open position for access to the wash tub for loading fabrics therein,
      and unlatched for movement independent of the cover to a position over the
      tub for introducing treating agents into the dispenser.
PAR  The dispenser includes a plurality of compartments for storing treating
      agents to be dispensed selectively during the prewash, wash and rinse
      operations and a plurality of liquid inlets arranged to communicate with
      the compartments. In its operative effective position over the tub the
      liquid inlets are in a position to cooperate with the outlets of a liquid
      supply device. The liquid supply device is sequentially controlled to
      selectively direct recirculation liquid into preselected ones of the
      liquid inlet for mixing liquid with the treating agents being held in the
      compartments to flush the agents into the wash tub at predetermined times
      in a cycle of the automatic washing machine.
PAR  In such a dispenser as described above the dilution and flushing of bleach
      is particularly troublesome because of its propensity to discolor clothes
      if the bleach has not been properly diluted sufficiently prior to
      introduction into the tub containing the clothes. To accomplish proper
      dilution of the bleach the compartment for dispensing the bleach is
      provided with a siphon tube which has one leg longer than the other with
      the longer leg extending down outside the bleach compartment while the
      shorter leg is terminated a distance above the bottom of the bleach
      compartment so that the bleach solution cannot be dispensed from the
      compartment until water entering the compartment has been raised to above
      the siphon opening thereby assuring dilution of the bleach before
      dispensing into the tub. One of the difficulties with this arrangement
      however is that the dispensing system utilizes recirculation water from
      the tub as the means for flushing the agents into the wash tub.
      Recirculation water, that which has been used previously in the soak
      operation contains lint or other relatively large contaminants which when
      introduced into the bleach compartment can clog the siphon and render its
      operation unusable.
PAR  By my invention I have improved the additive dispensing system in that I
      have provided a means for removing most of the contaminating lint and
      other large particles from the recirculation water just prior to
      introduction into the bleach compartment.
PAC  SUMMARY OF THE INVENTION
PAR  There is provided a treating agent dispenser system for washing machine of
      the top loading type including a dispenser adapted to be mounted above the
      machine's wash tub. This dispenser has a plurality of compartments for
      holding treating agents to be dispensed into the wash tub and a channel
      having a bottom and side walls in liquid flow communication between one
      compartment and a liquid supply means arranged for directing liquid into
      the channel.
PAR  This invention relates to providing a means for removing lint and other
      large contaminants from the liquid prior to introduction into the
      compartment consisting of providing an aperture in the bottom wall of the
      channel upstream of the compartment and spaced from the channel side walls
      with the portion of the aperture adjacent each side wall being divergent
      in a direction away from the side wall.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the dispensing system showing the present
      improvement invention with parts broken away.
PAR  FIG. 2 is a fragmentary enlarged sectional view taken along lines 2--2 of
      FIG. 1.
PAR  FIG. 3 is a fragmentary enlarged sectional view taken along lines 3--3 of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the dispenser 10 for an automatic clothes washer is
      shown with the cover (not shown) removed therefrom to expose the details
      of construction of the present embodiment. The dispenser 10, as shown, is
      generally an annularly-shaped segmented channel or trough defined by
      annular inner and outer walls 12 and 14 respectively. The dispenser 10 is
      divided into four annular compartments 16, 18, 20, and 22. The presoak
      agent is placed in compartment 18 through opening 28, detergent is placed
      in compartment 16 through opening 26, bleach is placed into compartment 20
      through opening 30, and rinse agent is placed in compartment 22 through
      opening 32.
PAR  Unlike compartments 16, 20 and 22, compartment 18 is not designed to store
      a treating agent but merely provides a passageway for introducing prewash
      liquid treating agents directly into the washing machine tub or into a
      filter pan located between the tub and dispenser 10 to be effective during
      the first fill cycle of the machine. To this end the bottom wall portion
      of the compartment 18 has a large opening 33 to facilitate easy dispensing
      of the prewash agent.
PAR  Liquid being pumped from the wash tub is introducted into the dispenser 10
      by a liquid flow diverter mechanism (not shown). The liquid for
      compartment 16 flows through channel 35 from inlet 35 to the compartment.
      Liquid for compartment 22 flows through channel 39 from inlet 41 to the
      compartment. Liquid for compartment 20 flows through channel 40 from inlet
      42 to the compartment.
PAR  The liquid flow diverter mechanism is sequentially controlled to
      selectively direct recirculation liquid into preselected inlets 37, 41 and
      42 for mixing liquid with the treating agents being held in the
      compartments to flush the agents into the wash tub at predetermined times
      in a cycle of the automatic washing machine.
PAR  Detergent or soap to be dispensed from compartment 16 during the wash cycle
      is usually in solid, granular or high viscosity water soluble form. The
      bottom of the compartment 16 is provided with a discharge outlet at one
      end thereof (not shown) for flushing the detergent or soap to be dispensed
      into the wash load.
PAR  Bleach stored in compartment 20 is dispensed during the wash cycle
      subsequent to the dispensing of the detergent in a manner that will
      hereinafter be described in detail. Compartment 20 is defined by a bottom
      wall 34 and side walls, one side wall 36 being shown in FIG. 2. Extending
      into compartment 20 is an outlet end 38 of a passageway or channel 40.
      Channel 40 is located adjacent the cover and connects the compartment 20
      with the liquid inlet area 42. At the proper time in the washing operation
      usually after the detergent is flushed, the machine timer controls
      introduction of recirculation water into liquid inlet area 42 for flow
      through channel 40 and into the bleach compartment 20.
PAR  Provision is made to drain the compartment 20 when there has been a
      sufficient amount of recirculation water introduced into the compartment
      to dilute the concentrated bleach prior to introduction of a diluted
      bleach solution into the wash load. One embodiment is shown in connection
      with the present invention and consists of a siphon tube 44. The siphon
      operates in a normal fashion wherein it has a short leg positioned within
      the chamber 20 and spaced above the bottom wall 34 thereof. The other leg
      of the siphon extends through the bottom of the wall 34 and in
      communication with the interior of the wash tub for dispensing the diluted
      bleach solution into the wash.
PAR  When the diluted bleach solution reaches the top of the siphon the
      siphoning action starts with the diluted bleach solution being drained
      slowly through the siphon and into the wash load. It will be understood
      that this action of draining through the siphon will continue until the
      water entering the compartment 20 through outlet 38 terminates and then
      the mixture of bleach and water in the compartment will continue to flow
      out through the siphon until the compartment 20 is emptied.
PAR  One of the difficulties with this bleach dilution and flushing arrangement
      is that the hole or tube diameter through which the dilute bleach solution
      is dispensed is necessarily quite small due to the desire to add the
      bleach solution to the wash slowly. It has been found that by using
      recirculation water that contains lint and other large contaminants there
      is a possibility that the hole or tube will become clogged and
      detrimentally affect the flushing or evacuating operation. Referring to
      FIGS. 1-3 there is shown means for separating lint and other large
      contaminants from the recirculation water prior to introduction of the
      recirculation water into compartment 20. There is provided an aperture 46
      upstream of the compartment 20 and located in the bottom wall 48 of
      channel 40. The aperture 46 is in communication with the interior of the
      washer through an opening 58 in the bottom of the dispenser and into an
      underlying filter pan if there is one. The aperture 46 extends across a
      major portion of the channel bottom wall 48 and is spaced from upstanding
      channel side walls 50 and 52 with the portion of the aperture adjacent
      each of the respective side walls being divergent in a direction away from
      the side wall. The spacing of the aperture from the channel side walls can
      be varied depending upon the desired liquid flow rate for entering into
      the compartment. The greater the space the higher the flow rate into the
      compartment 20. The aperture may be of various dimensions with the portion
      of the aperture adjacent each of the channel side walls being divergent in
      a direction away from the side wall. In the drawings such an aperture has
      triangular end portions, however, they may also be curved inwardly. In the
      preferred embodiment the aperture 46 is located in a ramp portion 53
      consisting of ascending and descending ramps 54 and 56, respectively,
      which ramp portion forms a part of the channel bottom wall 48. It will be
      noted that the aperture is located between the ascending and descending
      ramps. This ramp arrangement tends to increase the liquid flow velocity in
      the ramp portion 53 and enhances the lint removal from the liquid passing
      along the channel 40. By this arrangement the recirculation water
      traveling through the channel 40 carrying with it lint and other
      contaminant particles encounters the aperture 46 which disrupts the liquid
      flow pattern such that some of the liquid with a large portion of the lint
      and other contaminants carried by the recirculation water passes down
      through aperture 46 while at the same time the other portion of the liquid
      which is relatively lint free passes between the divergent end portions of
      the aperture and the channel side walls and then into the bleach
      compartment 20 via channel outlet end 38. By this relatively simple
      arrangement the lint may be easily and effectively removed from the
      recirculation water and is deposited either into the wash tub or
      underlying filter pan, if there is one, and does not necessitate periodic
      cleaning which would normally be the case should the lint be removed by a
      screen.
PAR  The foregoing is a description of the preferred embodiment of the invention
      and variations may be made thereto without departing from the true spirit
      of the invention, as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a treating agent dispenser system for a washing machine of the top
      loading type including a dispenser adapted to be mounted above the
      machine's wash tub, said dispenser having a plurality of compartments for
      holding treating agents to be dispensed into the wash tub, a channel
      having a bottom and side walls in liquid flow communication between one
      compartment and a liquid supply means arranged for directing liquid into
      the channel,
PA1  the improvement comprising a contaminate separating means including an
      aperture in the bottom wall of the channel upstream of the compartment,
      said aperture being spaced from the channel side walls and that portion of
      the aperture adjacent each side wall being divergent in a direction away
      from the side walls inwardly, whereby contaminates may pass through the
      aperture prior to introduction into the compartment.
NUM  2.
PAR  2. In the treating agent dispenser system of claim 1 wherein the aperture
      extends across a major portion of the bottom wall of the channel.
NUM  3.
PAR  3. In the treating agent dispenser system of claim 1 wherein the bottom
      wall of the channel has an ascending ramp portion and a descending ramp
      portion with the aperture being located between the two ramp portions.
NUM  4.
PAR  4. In the treating agent dispenser system of claim 1 wherein the aperture
      is in fluid flow communication with the wash tub.
NUM  5.
PAR  5. In the treating agent dispenser system of claim 1 wherein the one
      compartment is adapted to hold bleach as the treating agent.
NUM  6.
PAR  6. In the treating agent dispenser system of claim 5 wherein a siphon is
      utilized to evacuate the compartment after the bleach is diluted by the
      liquid from the liquid supply means.
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ABST
PAL  Apparatus to apply dyes to a moving sheet of material to print the same
      which employs dye applicator gun bars constructed to facilitate and
      maintain accurate alignment of the applicator jets of the gun bars across
      the length of the bars wherein the fluid supplying manifolds for the jets
      are incorporated to provide structural support and stability to the
      applicator system.
BSUM
PAR  This invention relates to the application of dyestuffs to textile materials
      and, more particularly, to the printing of textile fabrics having
      relatively porous surfaces, such as pile carpets.
PAR  Textile fibers and fabric materials have long been colored with natural and
      synthetic dyes, and, in particular, printed by color decoration of the
      surface or surfaces of the materials in definite repeated forms and colors
      to form a pattern. The color printing of textile fabrics has been
      accomplished in various ways. Earlier forms of printing used carved blocks
      charged with colored paste pressed against the fabric. Subsequently, speed
      of printing has been increased by the development of roller printing
      wherein moving fabrics are sequentially contacted by engraved metal
      rollers each containing a different color dye to form the desired pattern
      thereon. Textile fabrics are also printed by sequential contact with
      screens each having a porous portion of a pattern and carrying a
      particular color dyestuff.
PAR  More recently, it has been proposed to print textile fabrics, including
      pile carpets, by the programmed spraying or jetting of plural colored dyes
      onto the surface of a moving fabric. Typical of such processes and
      apparatus are described in U.S. Pat. Nos. 3,443,878; 3,570,275; and
      British Pat. No. 978,452. Generally, such apparatus consists of a
      plurality of dye applicator bars spaced along the direction of movement of
      the textile material and each containing multiple dye nozzles or jets
      extending transversely across the moving material. Each jet may be
      activated by suitable electric, pneumatic, or mechanical means to dispense
      dyes onto the moving material in a desired sequence, and pattern control
      of the jets may be accomplished by suitable programming means, such as
      coded punch tapes, magnetic tapes, computers, and the like.
PAR  U.S. Pat. Nos. 3,443,878 and 3,570,275 disclose specific means for applying
      streams of dyes to print a fabric by use of continuously flowing streams
      of dyes which are deflected by a stream of air to either impinge the
      dyestream upon the fabric or recirculate it to a reservoir. Control of
      such systems to form printed patterns may be accomplished by various of
      the aforementioned programming and control means.
PAR  In order to provide a greater variety of colors or shades of colors to the
      fabrics by use of such spray printing apparatus, it has also been proposed
      to apply different colors to the same locations or areas of the fabric to
      thereby blend primary colors in situ.
PAR  It can be appreciated that in the application of different colored dyes to
      the surface of textile fabrics, it is extremely important to accurately
      place each dyestuff on the fabric, particularly when intricate patterns
      are being printed and when in situ blending is employed. In dyeing
      relatively porous textile fabrics, such as pile carpets, it is also
      important that a carefully controlled amount of dye be applied to each
      dyed area on the pile surface to ensure optimum penetration of the dye
      color to the depth of the pile fiber without undesirable spread of the
      color into adjacent areas of the fabric. U.S. Pat. No. 3,393,411 discusses
      such a problem of dye penetration of pile carpet and suggests controlling
      the flow rate of the dyestuff and the speed of movement of the pile carpet
      past the dye application point to provide the desired amount of dye to the
      carpet.
PAR  In printing pile carpets with detailed patterns of colors, it can be
      appreciated that the dye jet applicators are very closely spaced relative
      to each other to permit dyeing in fine detail on the pile surface. The
      mounting, construction or programmed control of various gun bars for
      application of various dyestuffs to moving webs are also disclosed in one
      or more of British Pat. Nos. 1,201,598; 1,201,600; 1,201,599; and
      1,202,345.
PAR  Also, in the pattern printing of wide yardage goods of continuous lengths,
      such as pile carpets wherein the widths being printed may be as much as 15
      feet, it can be appreciated that it is highly desirable and necessary that
      the dye applicator gun bars be well supported and accurately aligned
      throughout their lengths to ensure accurate and proper placement of the
      jets of dye being applied across the entire width of the goods being
      printed. One such design and arrangement of gun bar construction is
      disclosed in commonly assigned co-pending U.S. Pat. application Ser. No.
      430,527, filed Jan. 3, 1974.
PAR  The present invention is concerned with further improvements in apparatus
      for the jet printing of textile products including pile fabrics to
      facilitate accurate placement of desired amounts of dyes at specific
      locations on or in the surface of the pile fabrics to improve pattern
      definition in such fabrics. More specifically, the present invention is
      directed to a unique dye applicator gun bar construction utilized in such
      apparatus to apply multiple streams or jets of dyestuff across the width
      of a moving textile material to be printed.
DRWD
PAR  The invention will be better understood by reference to the accompanying
      drawings which disclose a specific embodiment, and wherein:
PAR  FIG. 1 is a schematic side elevation of an apparatus for the jet dyeing of
      textile materials;
PAR  FIG. 2 is an enlarged schematic side elevation, with parts broken away, of
      the jet dye applicator gun bar section of the apparatus of FIG. 1, showing
      in more detail the arrangement and relation of the jet gun bars to the
      conveying means to transport the materials to be printed;
PAR  FIG. 3 is a further enlarged side elevation view, with parts broken away
      showing an individual dye applicator gun bar of the apparatus of FIGS. 1
      and 2;
PAR  FIG. 4 is a schematic diagram of the system for supplying dye to and from,
      and air under pressure to, each of the gun bars, together with related
      control means for programming same;
PAR  FIG. 5 is a side elevation view, with portions in section, of the gun bar
      of FIG. 3;
PAR  FIG. 6 is an enlarged view of a portion of the dye jet applicator section
      of the gun bar, looking in the direction of arrow 6 of FIG. 5, with
      portions broken away and removed to better show the mounting means for the
      dye jet applicator section and the associated air deflection means;
PAR  FIG. 6a is an enlarged view of a portion of the dye jet applicator section
      of the gun bar, looking in the direction of the arrow 6a of FIG. 5 and
      showing the dye jet orifices and their associated air supply conduits for
      deflecting the dye streams;
PAR  FIG. 7 is an enlarged sectional view of the manifold and jet dye applicator
      section of the gun bar of FIG. 5, taken generally along line 7--7 of FIG.
      6;
PAR  FIG. 8 is an enlarged sectional view of a portion of the gun bar, taken
      generally along line 8--8 of FIG. 6; and
PAR  FIG. 9 is an enlarged sectional view of a portion of the gun bar, taken
      generally along line 9--9 of FIG. 6.
DETD
PAR  Referring more specifically to the drawings, FIG. 1 shows a jet dyeing
      apparatus for color printing of moving materials, such as textile fabrics
      including pile carpets, tiles, and the like. As shown and described, the
      apparatus consists of a fabric supply source such as a tufted carpet roll
      10 from which a continuous length of pile carpet 11 is drawn by a driven
      pin roller 12 and is delivered onto an inclined conveyor 14 which is
      driven by suitable motor means 15 to convey the carpet 11 beneath a dye
      applicator gun bar section 16, each gun bar of which dispenses plural
      streams of dye onto the carpet during its passage. The gun bars may be
      provided with different colored dyes and each of the plural streams of dye
      is programmed in suitable manner so as to apply the dyes to the surface of
      the carpet in a desired pattern.
PAR  The printed carpet leaving the conveyor 14 is directed by suitable
      conveying means, such as guide rolls 18, sequentially through a steam
      chamber 20, a water washer 22, and a dryer 24 where the printed carpet is
      treated in conventional manner to fix the dyes, remove excess dye, and dry
      the printed carpet, respectively. The carpet is then collected on a roll
      26. Details of the dye fixing steam chamber, washer, and dryer do not form
      a part of the present invention and conventional apparatus for performing
      such conventional practices may be employed.
PAR  FIG. 2 is an enlarged side elevation, with portions broken away, of the gun
      bar section 16 and conveyor 14. As seen in both FIGS. 1 and 2, the gun bar
      section 16 and conveyor 14 are supported on a suitable frame 30 which
      includes a movable section 32 mounted on rollers 34 (FIG. 1) to permit
      removal of the conveyor 14 from beneath the gun bar section to facilitate
      cleaning, repair, and alignment of the gun bars.
PAR  As shown, gun bar section 16 includes a plurality of gun bars spaced along
      the conveyor 14 just above the path of travel of the carpet. Each gun bar
      is provided with a suitable color dye and is programmed to apply the dye
      from selected orifices therein to corresponding portions of the surface of
      the moving carpet. For convenience, only the first and last gun bars 36,
      38 of the gun bar section 16 are shown in FIG. 2. The number of gun bars
      may be varied, as desired, depending on the particular color requirements
      of the pattern to be applied to the fabric. The gun bars are of
      substantially identical construction and extend across the conveyor and
      path of travel of the carpet thereon.
PAR  To facilitate disclosure of the construction of the gun bars, the gun bar
      38 of FIG. 2 is exemplary and shown in more detail in FIGS. 3-9. As seen
      in FIG. 3, gun bar 38 is suitably supported by fastening means to a
      diagonal support beam 39 at each end of the frame 30. The particular
      mounting means and the method of positionally adjusting the gun bar on the
      support frame 30 are described and claimed in commonly assigned co-pending
      U.S. Pat. application Ser. No. 471,109 filed May 17, 1974.
PAR  Each gun bar extends across the width of conveyor 14 transversely to the
      direction of movement of the carpet and contains a plurality of jet
      orifices closely positioned along the bar to direct dye in narrow streams
      toward the surface of the carpet as it passes thereby. As best seen in
      FIG. 4, each gun bar includes a separate dye reservoir tank 40 which
      supplies liquid dye by means of pump and conduit means 41 under pressure
      to a manifold 42 of the gun bar which communicates with the individual jet
      orifices 43 (shown in greater detail in FIGS. 6a and 7- 9). During
      operation, liquid dye is expelled continuously in small streams or jets
      from the orifices toward the material to be printed.
PAR  Positioned adjacent and at a right angle to the outlet of each jet orifice
      is an outlet 44 (FIG. 5) of an air supply tube 45, each of which
      communicates with a separate solenoid valve, illustrated collectively by
      the symbol V (FIG. 4). The solenoid valves, which are of the electric to
      fluidic interface type, such as LIF 180D3A12 made by The Lee Company of
      Westbrook, Conn. are suitably supported on mounting cards in a card
      housing 46 and are supplied with pressurized air from a communicating
      manifold 47 and air compressor 48. Although a single valve symbol V is
      employed for convenience, it is to be understood that a solenoid valve and
      individual air supply tube is provided to serve each jet orifice of each
      gun bar such that individual streams of dye can be individually
      controlled.
PAR  The valves are controlled electrically by a pattern control device 49 to
      normally provide streams of air to impinge against the
      continuously-flowing dyestreams and deflect the same into a catch basin or
      trough 50 from which the dye is recirculated to dye reservoir tank 40. The
      pattern control device 49 for operating the solenoid valves may comprise
      various conventional control means, such as a computer with magnetic tape
      transport for pattern information storage. Information from control means
      49 is fed to operate the solenoid valves off and on sequentially to print
      the carpet in a desired pattern as it passes beneath the set of gun bars.
PAR  In operation of the presently disclosed apparatus with the pattern control
      device supplying no information, dye under pressure is continuously
      supplied in a stream from each jet orifice 43 toward the textile material
      to be printed. Every solenoid valve is normally open to supply streams of
      air to impinge against the continuously flowing dye streams and deflect
      them all into the catch troughs of the gun bars for recirculation. As the
      first of the carpet to be printed passes beneath the first gun bar and the
      pattern control device is actuated, as by a trip switch 49a on the
      conveyor, certain of the normally open solenoid air valves are closed so
      that the corresponding dye streams are not deflected but impinge directly
      upon the textile material. Thus, by cutting on and off the solenoid air
      valves in a desired sequence, a printed pattern of dye is placed on the
      carpet during its passage.
PAR  Referring more specifically to the details of the gun bar construction,
      FIG. 5 is a partial sectional view of a portion of the gun bar of FIG. 3.
      As seen, the gun bar construction comprises a main vertically disposed
      structural plate 51 which extends the length of the gun bar across the
      path of material movement. Each end of the plate is attached by bolts to a
      triangularly shaped end plate 52, one of which is seen, partially in
      phantom, in FIG. 3. Each end plate 52 is, in turn, suitably attached to
      the adjacent diagonal beam 39 of the support frame 30. Integrally fixed to
      the upper portion of the vertical plate 51, as by welding, is the air
      supply manifold pipe 47 which extends along the full length of the plate
      51 and provides structural stability to the plate 51 generally
      perpendicular to its longitudinal direction. Angle brackets 56, 58 are
      fixedly bolted to and extend along the lower edge of plate 51 to form
      outwardly extending flanges. The dye supply manifold, shown as a pipe 42,
      is supported by a number of generally C-shaped clamps 62 spaced along the
      flanged edge of plate 51. The clamps are adjustably attached to the
      flanged edge of plate 51 by bolts and the manifold pipe 42 is supportably
      secured in the clamps by wedge fastening member 59. As with the air supply
      mainfold 47, dye supply manifold pipe 42 extends along the full width of
      the support plate 51 to provide dye to the jet applicator section of the
      gun bar, as will be explained.
PAR  As seen, the dye supply manifold pipe 42 is circular in shape and has a
      flattened side portion 66 which receives the jet applicator section 70 of
      the gun bar. As best shown in FIGS. 7-9, the jet applicator section 70
      comprises a first member 72 which extends along the dye supply manifold
      pipe 42 and is fastened to the flattened face thereof by a plurality of
      bolts 74, 75 (FIG. 7). Positioned along the length of the flattened face
      of the pipe 42 are a plurality of passageways or openings 42a which
      communicate with corresponding passageways 76 in member 72 (FIG. 9). Each
      passageway 76 extends through member 72 and communicates with a
      semicircular cavity 78 in an outer face of member 72. Secured to the outer
      face of member 72 by bolt and bridge clamp means 82 is a second applicator
      member 84 having a corresponding semi-circular cavity 86 matingly engaged
      with semi-circular cavity 78 to form a dye receiving chamber to receive
      dye from the manifold pipe 42. One side of the mating face of section 84
      is suitably routed or grooved to provide a plurality of side by side small
      parallel channels which form the dye jet orifices for ejection of dyestuff
      onto the moving material to be printed. The relationship of the dye
      orifices 43 and their corresponding pressurized air outlets 44 are best
      seen in FIGS. 6 and 6a.
PAR  Cavity 86 of section 84 is also provided with a plurality of dye
      recirculation passageways 90 (FIGS. 8 and 9) which permit recirculation of
      the dye to the dye reservoir tank 40 on the upstream side of the jet
      orifices 43. This recirculates some of the dye through the system and aids
      in purging air and removing small particles of foreign matter which might
      tend to clog or disrupt flow of dye through the jet orifices. Passageway
      90 communicates by a conduit 92 with a dye recirculation submanifold 94
      secured to the C-shaped clamp 62 by a bracket 96 (FIG. 7). Sub-manifold 94
      is connected by suitable conduit means, not shown, to return the dye to
      the dye reservoir tank 40. Similarly, the streams of dye emitted from the
      dye jet orifices 43 which are not to be applied to the textile material to
      print a pattern thereon are deflected by pressurized air from air outlets
      44 to be caught in dye collection trough 50 from which the unused dye is
      returned by conduit means 95 (FIG. 4) to dye reservoir tank 40.
PAR  The first and second members 72 and 84 of the jet applicator section 70 of
      the gun bar need not be of continuous length throughout the full length of
      the gun bar and manifold pipe 42. Preferably, to ease construction or
      manufacturing difficulties, members 72 and 84 are composed of multiple
      sections positioned end to end along the manifold pipe. For example, the
      first member 72 may be 18 inches in length while the second member 84 may
      be composed of sections 6 inches in length placed end to end along the gun
      bar. Cavities 78, 86 would also be discontinuous along the length of the
      applicator section to form plural chambers for receiving and distributing
      dye to the jet orifices. As best seen in FIG. 7, the bolt and bridge clamp
      82 are located to urge the second member 84 not only against the mating
      face of the first section 72 but also in an upward direction toward the
      flattened face of the manifold pipe. A set screw 84a located in the upper
      face of the second member 84 engages an opposing lower face of the member
      72. By adjusting the set screw and the bridge clamp and bolt 82, the faces
      of the members 72, 84 forming the jet orifices 43 can be accurately
      aligned. Additionally, a shim element 45a (FIG. 8) is positioned between a
      movable air tube holder 45b and the opposing face of the second member 84.
      By varying the size of the shim 45a, the air outlet 44 may be accurately
      positioned with respect to the jet orifice 43 and held in such position by
      the bridge clamp means 82.
PAR  Thus, it can be seen that by utilizing the dye supply manifold pipe 42 as a
      structural support member for the jet applicator section 70 of the gun
      bar, the overall strength of the gun bar is greatly increased and the
      stability of the gun bar along its length, which in the application of dye
      to carpets may be conveniently 12 to 15 feet, is improved to permit
      accurate positioning of the dye jet orifices and uniform application of
      the dye streams to the material to be printed. Further, by integrally
      fixing the air supply manifold pipe 47 to the support plate 51 extending
      across the length of the gun bar, a structural "I-beam" effect can be
      created to provide further stability to the overall gun bar system.
PAR  As briefly described hereinbefore, each of the C-shaped clamps 62 (FIG. 7)
      supporting the manifold pipe 42 is adjustably attached to the flanged edge
      of plate 51 by threaded bolts 96-98. The center bolt 97 is threadably
      received in a flange 99 of the C clamp and abuts the lower edge of plate
      51, while the two outer bolts 96, 98 extend through clearance holes in the
      flange 99 and are threaded into angle brackets 56, 58. Thus, by adjusting
      these threaded bolts, the position of the dye jet orifices 43 in the
      applicator section on the manifold pipe may be adjusted along the length
      of the gun bar. This permits achieving very accurate straightness and
      alignment of the manifold pipe and thus aids in gaining accurate registry
      of component color elements to form the desired pattern on the material to
      be printed.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In apparatus for applying dye to a moving material to print a pattern
      thereon, including means for moving the material in a path of treatment,
      at least one elongate dye jet gun bar having a plurality of dyeemitting
      jet orifices positioned along the bar for directing the dye in plural
      streams onto the material, and support means having support elements
      positioned on the sides of the path of material treatment for positioning
      the gun bar across the path; the improvement wherein said gun bar
      comprises an elongate structural support plate extending across the path
      of material treatment, means attaching the support plate to said support
      elements for support thereby, means attached to one elongate edge of said
      plate for imparting structural stability thereto, an elongate dye manifold
      pipe having an inlet for receiving dye for distribution and a plurality of
      dye outlets spaced along its length, means securing the dye manifold pipe
      along the other elongate edge of said plate for support thereby, an
      elongate dye applicator section for dispensing dye in plural streams onto
      the moving material, and means securing said dye applicator section to
      said manifold pipe for support thereby with the section extending along
      the length of the manifold pipe and across the path of material treatment,
      said applicator section including dye receiving chamber means and a
      plurality of passageways connecting said chamber means with said dye
      outlets of said manifold pipe, and a plurality of channels in said
      applicator section communicating said chamber means with outlets forming
      said plurality of jet orifices for emitting dye onto the moving material.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said applicator section
      comprises a first elongate member having a cavity therein attached to said
      pipe, said connecting passageways being located in said first elongate
      member communicating with said cavity, a second elongate member having a
      cavity therein positioned in mating relation with the cavity of said first
      member to form said dye receiving chamber means, a positionally adjustable
      air tube holder operatively associated with said second elongate member,
      and means adjustably connecting said second elongate member and said air
      support tube holder to said first elongate member.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said means securing said dye
      manifold pipe to said plate comprises flange means extending from opposite
      faces of said plate along said other edge thereof, clamping means for
      holding said dye manifold pipe, and adjustable means securing said
      clamping means to said flange means to support and adjustably position
      said dye manifold pipe.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein said means attached to said one
      elongate edge of said plate comprises an air supply manifold pipe
      integrally attached to the edge of said plate to stabilize the plate
      against forces directed generally perpendicular to its longitudinal axis.
NUM  5.
PAR  5. Apparatus as defined in claim 4 including means for conducting
      pressurized air from said air manifold pipe to a point adjacent each of
      said dye jet orifices in said gun bar applicator section to deflect dye
      streams emitted by said orifices.
NUM  6.
PAR  6. Apparatus as defined in claim 5 wherein said pressurized air conducting
      means includes valve means supportably attached to said elongate support
      plate for independently controlling flow of pressurized air to each of
      said points adjacent said dye jet orifices.
NUM  7.
PAR  7. Apparatus as defined in claim 1 wherein said dye manifold pipe has a
      substantially circular outer surface, and a portion of the outer surface
      contacting said dye applicator section is flattened to receive said
      section thereagainst.
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ABST
PAL  Apparatus to apply dyes to a moving material to print the same which
      employs dye applicator gun bars to direct a plurality of streams of dye
      onto the moving material, and means for deflecting certain of the streams
      for dye in a predetermined sequence to impart a pattern to the material,
      and wherein adjustable collection means are provided for receiving the
      deflected streams of dye to facilitate the accurate printing of the
      material.
BSUM
PAR  This invention relates to the application of dyestuffs to textile materials
      and, more particularly, to the printing of textile fabrics having
      relatively porous surfaces, such as pile carpets.
PAR  Textile fibers and fabric materials have long been colored with natural and
      synthetic dyes, and, in particular, printed by color decoration of the
      surface or surfaces of the materials in definite repeated forms and colors
      to form a pattern. The color printing of textile fabrics has been
      accomplished in various ways. Earlier forms of printing used carved blocks
      charged with colored paste pressed against the fabric. Subsequently, speed
      of printing has been increased by the development of roller printing
      wherein moving fabrics are sequentially contacted by engraved metal
      rollers each containing a different color dye to form the desired pattern
      thereon. Textile fabrics are also printed by sequential contact with
      screens each having a porous portion of a pattern and carrying a
      particular color dyestuff.
PAR  More recently, it has been proposed to print textile fabrics, including
      pile carpets, by the programmed spraying or jetting of plural colored dyes
      onto the surface of a moving fabric. Typical of such processes and
      apparatus are described in U.S. Pat. No. 3,443,878; U.S. Pat. No.
      3,570,275; and British Pat. No. 978,452. Generally, such apparatus
      consists of a plurality of dye applicator bars spaced along the direction
      of movement of the textile material and each containing multiple dye
      nozzles or jets extending transversely across the moving material. Each
      jet may be activated by suitable electric, pneumatic, or mechanical means
      to dispense dyes onto the moving material in a desired sequence, and
      pattern control of the jets may be accomplished by suitable programming
      means, such as coded punch tapes, magnetic tapes, computers, and the like.
PAR  U.S. Pat. Nos. 3,443,878 and 3,570,275 disclose specific means for applying
      streams of dyes to print a fabric by use of continuously flowing streams
      of dyes which are deflected by a stream of air to either impinge the
      dyestream upon the fabric or recirculate it to a reservoir. Control of
      such systems to form printed patterns may be accomplished by various of
      the aforementioned programming and control means.
PAR  In order to provide a greater variety of colors or shades of colors to the
      fabrics by use of such spray printing apparatus, it has also been proposed
      to apply different colors to the same locations or areas of the fabric to
      thereby blend primary colors in situ.
PAR  It can be appreciated that in the application of different colored dyes to
      the surface of textile fabrics, it is extremely important to accurately
      place each dyestuff on the fabric, particularly when intricate patterns
      are being printed and when in situ blending is employed. In dyeing
      relatively porous textile fabrics, such as pile carpets, it is also
      important that a carefully controlled amount of dye be applied to each
      dyed area on the pile surface to ensure optimum penetration of the dye
      color to the depth of the pile fiber without undesirable spread of the
      color into adjacent areas of the fabric. U.S. Pat. No. 3,393,411 discusses
      such a problem of dye penetration of pile carpet and suggests controlling
      the flow rate of the dyestuff and the speed of movement of the pile carpet
      past the dye application point to provide the desired amount of dye to the
      carpet.
PAR  In printing pile carpets with detailed patterns of colors, it can be
      appreciated that the dye jet applicators are very closely spaced relative
      to each other to permit dyeing in fine detail on the pile surface. The
      mounting, construction or programmed control of various gun bars for
      application of various dyestuffs to moving webs are also disclosed in
      British Pat. Nos. 1,201,598; 1,201,600; 1,201,599; and 1,202,345.
PAR  Also, in the pattern printing of wide yardage goods of continuous length
      such as pile carpets wherein width being printed may be as much as 15
      feet, it can be appreciated that a high degree of accuracy is required in
      alignment of the gun bars and the jet dye streams issuing therefrom in
      order to ensure accurate and proper placement of the pattern across the
      entire width of the goods being printed. One such design and arrangement
      of the gun bar construction is disclosed in commonlyassigned co-pending
      U.S. Pat. Application Ser. No. 430,527, filed Jan. 3, 1974.
PAR  In gun bar constructions utilizing continuously flowing streams of dye
      which are intermittently deflected by a stream of air to produce the
      printed pattern on the material, such as disclosed in aforementioned U.S.
      Pat. Nos. 3,443,878 and 3,570,275, it is essential that the deflected dye
      streams do not inadvertently drip or spatter to contact the surface of the
      printed material. Therefore, it is necessary to provide collection means
      for the deflected dye streams which may be accurately positioned to
      compensate for variations in the path of deflection in the streams due to
      viscosity and/or pressure changes in the dye streams or the deflecting air
      streams.
PAR  The present invention, therefore, is concerned with improved apparatus for
      the jet printing of moving material including textile pile fabrics and the
      like having improved means for collecting deflected dye streams to ensure
      that they do not contact the material being printed.
DRWD
PAR  The invention will be better understood by reference to the accompanying
      drawings which disclose a specific embodiment, and wherein:
PAR  FIG. 1 is a schematic side elevation of an apparatus for the jet dyeing of
      textile materials;
PAR  FIG. 2 is an enlarged schematic side elevation, with parts broken away, of
      the jet dye applicator gun bar section of the apparatus of FIG. 1, showing
      in more detail the arrangement and relation of the jet gun bars to the
      conveying means to transport the materials to be printed;
PAR  FIG. 3 is a further enlarged side elevation view, with parts broken away
      showing an individual dye applicator gun bar of the apparatus of FIGS. 1
      and 2;
PAR  FIG. 4 is a schematic diagram of the system for supplying dye to and from,
      and air under pressure to, each of the gun bars, together with related
      control means for programming same;
PAR  FIG. 5 is a side elevation view, with portions in section, of the gun bar
      of FIG. 3;
PAR  FIG. 6 is an enlarged view of a portion of the dye jet applicator section
      of the gun bar, looking in the direction of arrow 6 of FIG. 5, with
      portions broken away and removed to better show the mounting means for the
      dye jet applicator section and the associated air deflection means;
PAR  FIG. 6a is an enlarged view of a portion of the dye jet applicator section
      of the gun bar, looking in the direction of the arrow 6a of FIG. 5 and
      showing the dye jet orifices and their associated air supply conduits for
      deflecting the dye streams;
PAR  FIG. 7 is an enlarged generally overhead view of the dye collection trough
      of the gun bar seen in FIG. 5;
PAR  FIG. 8 is an enlarged partial plan view of the right hand portion of the
      dye collection trough of FIG. 7; and
PAR  FIG. 9 is a sectional view of the lip plate of the gun bar collection
      trough, and its associated mounting means, taken along line 9--9 of FIG. 8
     .
DETD
PAR  Referring more specifically to the drawings, FIG. 1 shows a jet dyeing
      apparatus for color printing of moving materials, such as textile fabrics
      including pile carpets, tiles, and the like. As shown and described, the
      apparatus consists of a fabric supply source such as a tufted carpet roll
      10 from which a continuous length of pile carpet 11 is drawn by a driven
      pin roller 12 and is delivered onto an inclined conveyor 14 which is
      driven by suitable motor means 15 to convey the carpet 11 beneath a dye
      applicator gun bar section 16, each gun bar of which dispenses plural
      streams of dye onto the carpet during its passage. The gun bars may be
      provided with different colored dyes and each of the plural streams of dye
      is programmed in suitable manner so as to apply the dyes to the surface of
      the carpet in a desired pattern.
PAR  The printed carpet leaving the conveyor 14 is directed by suitable
      conveying means, such as guide rolls 18, sequentially through a stream
      chamber 20, a water washer 22, and a dryer 24 where the printed carpet is
      treated in conventional manner to fix the dyes, remove excess dye, and dry
      the printed carpet, respectively. The carpet is then collected on a roll
      26. Details of the dye fixing steam chamber, washer, and dryer do not form
      a part of the present invention and conventional apparatus for performing
      such conventional practices may be employed.
PAR  FIG. 2 is an enlarged side elevation, with portions broken away, of the gun
      bar section 16 and conveyor 14. As seen in both FIGS. 1 and 2, the gun bar
      section 16 and conveyor 14 are supported on a suitable frame 30 which
      includes a movable section 32 mounted on rollers 34 (FIG. 1) to permit
      removal of the conveyor 14 from beneath the gun bar section to facilitate
      cleaning, repair, and alignment of the gun bars.
PAR  As shown, gun bar section 16 includes a plurality of gun bars spaced along
      the conveyor 14 just above the path of travel of the carpet. Each gun bar
      is provided with a suitable color dye and is programmed to apply the dye
      from selected orifices therein to corresponding portions of the surface of
      the moving carpet. For convenience, only the first and last gun bars 36,
      38 of the gun bar section 16 are shown in FIG. 2. The number of gun bars
      may be varied, as desired, depending on the particular color requirements
      of the pattern to be applied to the fabric. The gun bars are of
      substantially identical construction and extend across the conveyor and
      path of travel of the carpet thereon. Each gun bar is attached by suitable
      means, such as bolts, to diagonal beams 39 at each end of frame 30.
PAR  Each gun bar extends across the width of conveyor 14 transversely to the
      direction of movement of the carpet and contains a plurality of jet
      orifices closely positioned along the bar to direct dye in narrow streams
      toward the surface of the carpet as it passes thereby. As best seen in
      FIG. 4, each gun bar includes a separate dye reservoir tank 40 which
      supplies liquid dye by means of pump and conduit means 41 under pressure
      to a manifold or pipe 42 of the gun bar which communicates with the
      individual jet orifices 43 spaced along the length of the bar (FIGS. 6 and
      6a). During operation, liquid dye is expelled continuously in small
      streams or jets from the orifices toward the material to be printed.
PAR  Positioned adjacent and at a right angle to the outlet of each jet orifice
      is an outlet 44 (FIG. 5) of an air supply tube 45, each of which
      communicates with a separate solenoid valve, illustrated collectively by
      the symbol V (FIG. 4). The solenoid valves, which are of the electric to
      fluidic interface type, such as LIF 180D 3A12 made by The Lee Company of
      Westbrook, Connecticut are suitably supported on mounting cards in a card
      housing 46 and are supplied with pressurized air from a communicating
      manifold 47 and air compressor 48. Although a single valve symbol V is
      employed for convenience, it is to be understood that a solenoid valve and
      individual air supply tube is provided to serve each jet orifice of each
      gun bar such that individual streams of dye can be individually
      controlled.
PAR  The valves are controlled electrically by a pattern control device 49 to
      normally provide streams of air to impinge against the continuouslyflowing
      dyestreams and deflect the same into a catch basin or trough 50 from which
      the dye is recirculated to dye reservoir tank 40. The pattern control
      device 49 for operating the solenoid valves may comprise various
      conventional control means, such as a computer with magnetic tape
      transport for pattern information storage. information from control means
      49 is fed to operate the solenoid valves off and on sequentially to print
      the carpet in a desired pattern as it passes beneath the set of gun bars.
PAR  In operation of the presently disclosed apparatus with the pattern control
      device supplying no information, dye under pressure is continuously
      supplied in a stream from each jet orifice 43 toward the textile material
      to be printed. Every solenoid valve is normally open to supply streams of
      air to impinge against the continuously flowing dye streams and deflect
      them all into the catch troughs of the gun bars for recirculation. As the
      first of the carpet to be printed passes beneath the first gun bar and the
      pattern control device is actuated, as by a trip switch 49a on the
      conveyor, certain of the normally open solenoid air valves are closed so
      that the corresponding dye streams are not deflected but impinge directly
      upon the textile material. Thus, by cutting on and off the solenoid air
      valves in a desired sequence, a printed pattern of dye is placed on the
      carpet during its passage.
PAR  The details of the gun bar construction are best shown in FIGS. 3 and 5
      which are an end view and a partial sectional view, respectively, of a
      portion of a gun bar 38. As seen, the gun bar is composed of a main,
      vertically disposed structural support plate 51 which extends the length
      of the gun bar across the path of material movement. Attached to the plate
      at its upper end is the air supply manifold pipe 47, and attached to the
      lower flanged end of the plate by a suitable bracket and clamp means 62 is
      the dye supply manifold pipe 42. Attached to and communicating with the
      dye supply manifold pipe is a jet applicator section 70 which has a dye
      receiving cavity or chamber 78 connected to the dye manifold 42 to pass
      dye to the plurality of dye jet orifices 43 (FIG. 6a) which emit streams
      of dye onto the material to be printed, as hereinbefore described. The
      details of the gun bar construction form the subject of co-pending,
      commonly assigned U.S. Pat. application Ser. No. 471,110, filed May 17,
      1974.
PAR  As previously mentioned, the streams of dye emitted from the jet orifices
      43 are normally deflected by the pressurized air streams into dye
      collection trough 50. When appropriate signals are sent by the pattern
      control means 49, the valves V controlling the pressurized air to the air
      outlets 44 are sequentially closed and opened to deflect or not deflect
      certain of the streams to place desired colored patterns on the moving
      carpet. Depending on the operating pressure and viscosity of the dye
      streams, as well as the operating pressure of the deflecting air streams,
      the deflected dyes may from time to time take slightly varying paths of
      deflection into the dye collection trough. To facilitate and ensure the
      collection of all of the dye liquid deflected, means are provided for
      adjustably positioning the receiving mouth or lip portion of the
      collection trough.
PAR  As best seen in FIGS. 5 and 7-9 the collection trough 50, which extends
      along the gun bar across the entire width of the conveyor 14, is provided
      with a movable lower lip plate 200 which is adjustable by movement
      generally along its length to position the edge 202 of the lip plate 200
      inwardly and outwardly of the trough.
PAR  As seen the movable lip plate 200 is provided with follower pins or rivets
      206 fixedly secured to the plate at spaced intervals along its length. The
      plate is operatively secured to the bottom wall 208 of the trough 50 by a
      plurality of cam-bracket means 210, each of which consists of a first
      section 212 having a pair of aligned slots 213, 214 (FIG. 8) which extend
      generally parallel to the edge 202 of the lip plate 200, and a second
      diagonally extending slot 215 which receives the follower pin 206 for
      sliding movement therein. First section 212 is operatively attached to the
      wall 208 by a pair of end-threaded bolts 216 which extend through the
      slots 213, 214 and are threadably secured in a second clamping section 218
      on top of section 212.
PAR  Supporting one end of lip plate 200 and extending at an angle therefrom is
      a threaded hex headed adjusting screw 219. The screw extends through a
      thrust plate 220 which is fixedly attached to the collection trough 50.
      Rod 219 is provided with a pair of nuts 221, 222, one of which, 222, bears
      a calibration scale, which positionally secures the rod to the thrust
      plate 220. As best seen in FIG. 7, the longitudinal axis of the adjusting
      rod 219 is parallel to the longitudinal axis of each of the diagonal slots
      215 in the cam-brackets 210. By manually adjusting the nuts on the
      threaded rod the plate 200 can be moved generally longitudinally so that
      its follower pins slide along the diagonal slots of the cam-brackets. The
      slots serve as linear cam surfaces to move the edge 202 of the lip plate
      in or out on the trough 50 and position it closer to or further from the
      dye streams issuing from jet orifices 43. As seen in FIG. 8, the plate 200
      is supported for such sliding movement on a detent 224 in the lower
      collection trough wall 208 and a spacer pin 226 on the cam-bracket 210.
PAR  With the construction described, it is possible to adjust the entire lower
      lip plate to move its edge toward or away from the streams of dye. In
      addition, by individually adjusting the position of each of the fastening
      brackets 210, as by sliding the brackets sideways along their slots 213,
      214, adjacent portions of the edge 202 of the lip plate can be moved
      independently, in or out with respect to the trough 50. Thus, individual
      incremental adjustment along the edge of the lip plate and "gang"
      adjustment of the entire lip plate edge can be accomplished to provide
      accurate alignment of the edge. Therefore, depending on the viscosity and
      pressure of the dye streams and the pressure of the deflecting air, the
      lip plate can be adjusted manually to catch the deflected dye for return
      to the dye reservoir tank. This ensures optimum collection of all of the
      deflected dye streams along the gun bar.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In apparatus for applying dye to a moving material including means for
      moving a material to be dyed in a path of treatment, at least one elongate
      dye jet gun bar positioned adjacent the path and having a row of
      dye-emitting orifices spaced along the bar for directing dye in plural
      streams onto the material, means positioned to one side of said row of
      orifices for selectively deflecting one or more of the dye streams emitted
      by the orifices away from the path of material treatment, and a dye
      collection trough positioned along the other side of said row of orifices
      and having an elongate opening extending along the row of orifices
      adjacent thereto for receiving the deflected dye from said plural streams
      therein; the improvement wherein said dye collection trough includes an
      elongate movable plate having an elongate edge defining the elongate
      boundary of said opening which is remote from said dye-emitting orifices,
      and camming means mounting said plate to said trough for sliding movement
      along said collection trough to variably position the edge of the plate
      relative to the dye orifices and dye streams directed therefrom, whereby
      collection of dye deflected from said streams is facilitated.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said collection trough includes
      a fixed wall, said means mounting said plate for sliding movement
      comprises cam means positioned on said dye collection trough wall and
      engaging said elongate movable plate at points along its length for
      directing the plate edge inwardly and outwardly of said trough in response
      to sliding movement of the plate generally along the length of the dye
      collection trough.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein said cam means comprise a
      plurality of fastening means spaced along said trough wall, each of said
      fastening means having a first elongate slot, and a plurality of pin means
      positioned at corresponding points along said plate engaging said slots
      for sliding movement therein, said slots extending generally parallel to
      each other and at an angle to the longitudinal axis of said plate and the
      edge thereof whereby displacement of the plate in the direction of its
      longitudinal axis causes movement of said edge inwardly or outwardly of
      said trough.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein each of said fastening means
      includes means for independently adjustably positioning said elongate slot
      therein along the length of said trough to produce an inward or outward
      displacement of the adjacent edge portion of said plate due to the camming
      action of said pin means in said slots.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein said means for adjustably
      positioning each of said fastening means comprises a plurality of slots
      extending generally along the longitudinal axis of said plate and trough,
      and pin means positioned for slidable movement in said slots.
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ABST
PAL  A combination lock, including a plurality of dials and associated sleeve
       ns for each dial, has a plug member which is longitudinally movable to
      first and second positions and which is cooperable with the sleeve means
      for being locked in the first position when the dials are off combination.
      A manually operable latch member formed to engage a hasp is longitudinally
      movable from a latching position to an unlatching position only when the
      plug member is not locked in the first position. Longitudinally movable
      pullers are provided for moving the latch member from latching to
      unlatching position and from unlatching to latching position,
      respectively.
BSUM
PAR  This invention relates to combination locks of the multiple-dial type, and
      is more particularly directed to improvements in combination locks of the
      type disclosed in Gehrie U.S. Pat. No. 3,439,515, granted Apr. 22, 1969.
PAC  BACKGROUND OF THE INVENTION
PAR  In the combination lock disclosed in Gehrie U.S. Pat. No. 3,439,515, a
      manually operable latch member cooperable with a hasp has longitudinally
      spaced bars defining slots which receive respective rotatably mounted
      dials having indicia or numbers thereon, each dial having associated
      therewith a sleeve having a flange and a flat portion. When the device is
      in a locked condition or "off combination", a flange of a sleeve
      cooperates with one of the bars of the latch member to block movement of
      the latch member from latching position. When the device is in an open
      condition or "on combination", the sleeves are oriented with the flange
      portions out of blocking position in relation to the bars of the latch
      member so that the latch member can be moved between latching and
      unlatching positions. When the latch member is in unlatching position, the
      bars cooperate with the flat portions of the sleeves to prevent their
      rotation and the rotation of the associated dials, thereby maintaining the
      lock on combination.
PAR  Combination locks made in accordance with the Gehrie patent have been
      satisfactory for use in connection with luggage cases and the like.
      However, because the amount of travel of the latch member between the
      latching and unlatching position is comparatively small (i.e.,
      approximately equal to the thickness of the flat portion of a sleeve), the
      latch member engages a cooperable hasp to this limited extent. It is
      desirable that the amount of travel of the latch member be increased for
      thereby increasing the extent of engagement of the latch member with the
      hasp.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, a principal object of the invention is to provide an improved
      combination lock of the type disclosed in the aforesaid Gehrie patent and,
      more specifically, to provide a combination lock in which the amount of
      travel of the latch member is increased.
PAR  Another object of the invention is to provide a combination lock of the
      above-described type which is provided with longitudinally movable pullers
      for moving the latch member from latching to unlatching position and from
      unlatching to latching position, respectively.
PAR  Another object of the invention is to provide a combination lock of the
      above-described type which may be aesthetically incorporated into the
      handle stud of a luggage case or the like.
PAR  A combination lock constructed in accordance with the invention employs a
      plurality of rotatable dials each having sleeve means associated
      therewith, a plug member supported for longitudinal movement between first
      and second positions and cooperable with the sleeve means for being
      releasably locked in said first position when the lock is off combination,
      and a latch member which is manually movable longitudinally to a latching
      position and an unlatching position. The latch member and the plug member
      have cooperable means for maintaining the latch member in latching
      position when the plug member is locked in the first position.
      Longitudinally movable pullers are provided for moving the latch member
      from latching to unlatching position and from unlatching to latching
      position, respectively, when the plug member is not locked in the first
      position.
PAR  In the preferred embodiment, each sleeve means has a flange and a flat
      portion and the plug member has longitudinally spaced bars defining slots
      which receive respective dials, the flanges on the sleeve means being
      cooperable with the bars for locking the plug member in the first position
      when the dials are off combination. The latch member, which is manually
      movable longitudinally to the latching and unlatching positions by means
      of the first and second pullers, has a hook portion for engaging a
      cooperable hasp.
PAR  When the lock is off combination, with the plug member locked in this first
      position, one end surface of the plug member is cooperable with an
      abutment surface on a vertical wall at one end of the latch member for
      preventing movement of the latch member from latching position to
      unlatching position. However, when the dials are set on combination, the
      flanges are moved out of blocking relation with the bars on the plug
      member so that the latch member can be moved toward unlatching position by
      means of the first puller. During the first part of this movement, the
      abutment surface on the latch member cooperates with the end portion of
      the plug member to move the plug member from the first to the second
      position. Then, cooperable cam surfaces provided by the frame of the
      combination lock and by the latch member cause the abutment surface on the
      latch member to then be shifted out of abutting relationship with the end
      portion of the plug member so that the latch member can then bypass the
      plug member and be moved fully into unlatching position for disengaging
      the hasp. When the latch member is in unlatching position, the bars of the
      plug member cooperate with the flat portions of the sleeve means to
      prevent rotation of the sleeve means and their associated dials from the
      opening combination.
PAR  When it is desired to re-engage the hasp, the latch member is moved in the
      opposite direction into the latching position by means of the second
      puller. A surface on an upstanding wall at the other end of the latch
      member during this motion acts against the corresponding end of the plug
      member to return the plug member to the above-described first position, in
      which position the plug member may then be locked by rotating the dials
      from on to off combination.
PAR  These, and other advantages and improved results furnished by the
      combination lock of the invention will be apparent from the following
      detailed description of an illustrated and preferred embodiment of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a combination lock in accordance with the
      invention incorporated into the handle stud of a luggage case;
PAR  FIG. 2 is a top plan view of the lock of FIG. 1, but with the luggage case
      handle omitted, this view showing the relationship of the latch member to
      a hasp;
PAR  FIG. 3 is a longitudinal cross-sectional view of the lock taken
      approximately in the plane of line 3--3 of FIG. 2, this view showing the
      latch member locked in latching position;
PAR  FIG. 4 is a view similar to FIG. 3, but with the latch member shown in
      unlatching position;
PAR  FIG. 5 is a transverse cross-sectional view taken approximately in the
      plane of line 5--5 of FIG. 2;
PAR  FIG. 6 is a top plan view of the lock of FIG. 1, but with the handle stud
      and face plate omitted and with the pullers in cross section;
PAR  FIG. 7 is a bottom view of the handle stud;
PAR  FIG. 8 is a plan view of a frame employed in the lock; FIG. 9 is a plan
      view of a plug member employed in the lock;
PAR  FIG. 10 is a plan view of a latch member employed in the lock;
PAR  FIG. 11 is a side elevational view of a dial employed in the lock; and
PAR  FIG. 12 is a side elevational view of a sleeve associated with the dial of
      FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, a combination lock A made in accordance with the
      invention is cooperable with a hasp B. Generally, the combination lock
      comprises a face plate C, a frame D, a shaft E, dials F and associated
      sleeve means G, a plug member H, a latch member J, a cover plate K,
      left-hand and right-hand pullers L and R, and resilient means M and N
      acting upon and cooperable with the cover plate and the ends of the latch
      member.
PAR  Referring to FIG. 3, face plate C has a plurality of longitudinally spaced
      slots 12 (FIG. 7). Longitudinally extending shaft E is supported just
      below the face plate by the frame D so that the dials F, which are
      rotatably supported on the shaft with their associated sleeve means G,
      extend partially through the slots 12. As shown in FIGS. 5 and 12, each
      sleeve means G is provided with a flange 14 and a flat portion 16. The
      opposite ends of the shaft E are mounted in respective openings in the
      vertical end wall portions 18 and 20 of the frame D. Lugs 22 and 24
      provided at opposite ends of the frame are received by respective openings
      in horizontal end portions 26 and 28 of bottom cover plate K, which is
      held in position against the face plate by rivets 114, as described more
      fully hereinafter. As shown in FIG. 8, frame D is further provided with
      longitudinally spaced slots 30 which receive respective dials F.
PAR  Supported by the horizontal central portion 32 (FIG. 8) of frame D for
      longitudinal movement between first and second positions shown in FIGS. 3
      and 4, respectively, is the locking member or plug member H, shown most
      clearly in FIG. 9. Longitudinally spaced bars 34 and 36 define slots 38
      which receive respective dials F. These slots are aligned with but are
      wider than the slots 12 in face plate C and slots 30 in frame D so that
      they can also receive the flanges 14 of the associated sleeve means, as
      shown in FIG. 3.
PAR  Referring to FIG. 3, when the dials are off combination, one or more of the
      flanges 14 of the sleeve means are received by slots 38 in the plug member
      so that the flange or flanges are cooperable with bars 34 and 36 of the
      plug member for maintaining the plug member in the position shown in FIG.
      3. On the other hand, when the dials are set to the predetermined opening
      combination, as shown in FIG. 4, the flanges are moved out of blocking
      relationship with the bars so that the plug member can be moved between
      the positions shown in FIGS. 3 and 4.
PAR  Positioned beneath frame D and plug member H is the latch member J which is
      supported for longitudinal movement between the latching and unlatching
      positions shown in FIGS. 3 and 4, respectively. Supported for longitudinal
      sliding movement on the face plate C are longitudinally spaced left-hand
      and right-hand pullers or pushbuttons L and R which engage opposite ends
      of the latch member for manually moving the latch member from latching to
      unlatching position and from unlatching to latching position,
      respectively. Referring to FIG. 3, the left-hand puller L has a projecting
      stud 40 which extends successively through a longitudinal slot 42 in the
      face plate (FIG. 7), an aligned slot 44 in horizontal left end portion 46
      of frame D (FIG. 8), an opening 48 in the horizontal left end portion 50
      of latch member J (FIG. 10), the opening comprising part of a slot formed
      in the horizontal end portion 50 and in the vertical wall portion 78 of
      the frame, and through a longitudinal slot 52 in cover plate K. A washer
      54 mounted at the end of the stud is cooperable with the cover plate for
      holding the puller L in place against the face plate. Resilient biasing
      means in the form of a coil spring M carried by the stud acts against the
      cover plate to urge end portion 50 of the latch member against the
      underside of the face plate. In similar fashion, puller R has a projecting
      stud 56 which extends through a longitudinal slot 58 in the face plate, an
      aligned slot 60 in the horizontal right end portion 62 of the frame, an
      opening 64 in the horizontal right end portion 66 of the latch member
      (formed in the same manner as opening 48), and through a longitudinal slot
      69 in the cover plate, the end of this stud having a washer 71 fixed
      thereto for holding the puller in position against the face plate.
      Resilient biasing means in the form of a coil spring N carried by stud 56
      acts against the cover plate for urging end portion 66 of the latch member
      upwardly against the face plate.
PAR  As shown in FIGS. 4 and 6, the right end portion 66 of the latch member is
      provided with a pair of laterally spaced camming surfaces 68 (FIG. 10)
      which are urged into engagement with a pair of cooperable camming surfaces
      70 on the frame (FIG. 8) by spring N to provide detent means for
      resiliently maintaining the latch member in the respective latching and
      unlatching positions.
PAR  As shown in FIG. 10, the latch member has a hook portion 72 for engaging a
      cooperable hook portion 74 of a hasp B (see FIG. 2) when the latch member
      is releasably locked in the latching position (shown in FIG. 3) by plug
      member H, as described hereinafter.
PAR  When plug member H is locked in the position shown in FIG. 3 by one or more
      flanges 14 of sleeve means G (i.e., when the dials F are off combination),
      latch member J cannot be moved rightwardly into unlatching position by
      pushing on puller or button R. The latch member can be moved rightwardly,
      as viewed in FIG. 3, only a short distance before abutment surfaces 76
      provided by the left vertical wall 78 of the latch member are brought into
      contact with stop means provided by the left end surfaces 80 of the plug
      member, as shown in FIGS. 3 and 6. This prevents further movement of the
      latch member toward unlatching position. During this limited movement,
      camming surfaces 70 and 68 on the frame and the latch member,
      respectively, cooperate to cause the right end portion 66 of latch member
      J to be moved downwardly relative to face plate C against the force of
      coil spring N. Thus, when the manual pressure applied to puller R is
      thereafter released, the coil spring and camming surfaces cooperate to
      return the latch member to the latching position shown in FIGS. 2, 3 and
      6.
PAR  When it is desired to disengage the combination lock from the hasp, the
      dials are rotated to the opening combination so that the flanges 14 of the
      sleeve means G are removed from the slots 38 and clear bars 34, 36 of the
      plug member. Longitudinal rightward movement of the latch member toward
      unlatching position by means of puller R brings abutment surfaces 76 of
      the latch member into contact with end surfaces 80 of the plug member, as
      described previously. However, referring to FIG. 3, because the flanges 14
      on the sleeve means are moved out of blocking relationship with the bars
      on the plug member, further movement of the latch member toward unlatching
      position is permitted, which causes the upstanding abutment surfaces 76 to
      carry or shift the plug member longitudinally with the latch member until
      the bars of the plug member nearly contact dials F, as shown in FIG. 4.
      Just before the plug member is carried fully into this position by the
      latch member, the left end portion 50 of the latch member is brought into
      engagement with a pair of transversely spaced camming surfaces 82 provided
      adjacent the left end portion 46 of the frame (FIG. 6) for causing the
      left end of the latch member to be moved downwardly from face plate C
      against the urging of biasing spring M. Thus, the abutment surfaces 76 on
      the latch member are moved transversely out of abutting relation with end
      surfaces 80 of the plug member. This enables the abutment surfaces of the
      latch member to bypass the end surfaces of the plug member so that the
      latch member can be moved fully into the unlatching position shown in FIG.
      4. Because the plug member and the latch member each have a dead bolt
      action, camming surfaces 68 and 70, provided by the latch member and the
      frame, respectively, in cooperation with springs M and N on the pullers
      resiliently maintain the latch member in unlatching position. Thus, when
      the latch member is in unlatching position, the plug member is in the
      position shown in FIG. 4 and bars 34 and 36 on the plug member cooperate
      with flat portions 16 on the sleeve means for preventing rotation of the
      sleeve means and their associated dials from the predetermined opening
      combination.
PAR  Due to the ability of the latch member to bypass the plug member for a
      portion of its movement, the total travel of the latch member between
      latching and unlatching positions may be about 0.25 inch, for example,
      which is considerably greater than the total longitudinal movement of the
      plug member, which may be about 0.10 inch, for example. This increased
      travel provides for more positive engagement of the hook portion 72 of the
      latch member with hook portion 74 of the hasp.
PAR  To return the latch member to latching position for engaging the hasp,
      puller L is manually moved leftwardly as viewed in FIG. 4. Referring to
      FIG. 6, during this motion surfaces 84 (FIG. 10) on the vertical right end
      wall 86 of the latch member are brought into contact with end surfaces 88
      (FIG. 9) of the plug member for returning the plug member to the position
      shown in FIG. 3. The dials and their associated sleeves may then be
      rotated from on to off combination to lock the plug member in that
      position, thereby locking the latch member in latching position.
PAR  In the preferred form of the invention, the sleeve means G are separable
      from their associated dials F, the sleeves and dials having cooperable
      means for releasably keying them together to permit the selection of a
      combination of one's own choice. For example, the sleeve means G may have
      a pair of teeth 90 (FIG. 12) which are receivable by notches 92 in dials F
      (FIG. 11). As shown in FIG. 4, a spring P is provided around the end of
      the shaft E opposite the end which carries a shift lever Q, the spring
      serving to normally urge the sleeves into keyed relationship with their
      respective dials. The lever Q is rotatably mounted on the shaft E and
      extends between the right end portions 94 of the plug member (see FIG. 9)
      and through aligned longitudinal slots 96, 98 and 100 in the frame (FIG.
      8), the latch member (FIG. 10), and the cover plate, respectively. The
      lever may be rotated and then pushed against the force of spring P to
      disengage the sleeves from their assoicated dials for enabling the dials
      to be rotated to different circumferential positions relative to the
      sleeves for thereby establishing a combination of one's choice.
PAR  In the illustrated form of the invention there are three separate sleeves
      and three associated dials. The three dials each have ten indicia or
      numbers thereon so that there are 1,000 different combinations available.
      It will, of course, be understood that any desired number of dials may be
      used to furnish the desired number of combinations. A spring member T (see
      FIGS. 4 and 5) is cooperably related to the dials so that the dials are
      releasably maintained in selected circumferential positions.
PAR  Also, in the preferred and illustrated form of the invention the
      combination locking means has visual indicator means of the type disclosed
      in Gehrie U.S. Pat. No. 3,416,338 granted Dec. 17, 1968. As shown in FIG.
      3, the flat portion 16 of each sleeve G has indicator means, such as a
      slot 102 (see FIG. 12), adapted to be located by being viewed or felt
      through the slots 38 in the plug member H and aligned openings 104, 106
      and 108 in frame D, latch member J, and cover plate K, respectively. This
      enables the sleeve means to be rotated to the positions shown in FIG. 4 to
      establish the opening combination of the latching device in the event that
      the opening combination is lost while the bottom side of the latching
      device is still accessible.
PAR  The combination lock A and the hasp B may be secured to the parts which
      they are intended to lock together in any suitable manner. For example, as
      illustrated in FIGS. 1 - 5, the combination lock and hasp are applied to a
      luggage case wherein the face plate C comprises part of a handle stud W to
      which a handle X is suitably connected. Referring to FIG. 4, where the
      handle stud is a die-cast part, as preferred, it is provided with
      longitudinally spaced, integral, hollow connecting studs 110 which are
      received by aligned openings 112 provided in a male valance member V which
      is mounted on a luggage case shell S, as shown in FIG. 5. End portions 26
      and 28 of cover plate K are provided with openings through which tapered
      rivets 114 are extended into the bores of the connecting studs 110 to
      connect the handle stud and the cover plate to the valence member V. As
      shown in FIG. 5, the major part of the height of the latching device is
      extended through an opening 116 in valance member V with the longitudinal
      edges 118 of the handle stud resting on the valance member adjacent the
      opening.
PAR  Referring to FIG. 5, the hasp B is secured to a female valance member V'
      carried by the opposing case section or shell S' by any suitable means,
      such as headed rivets 120. As shown in FIG. 2, the engageable faces of the
      hook portion 72 of the latch member and hook portion 74 of the hasp are
      matingly angled to facilitate the drawing together of the luggage case
      sections S and S'  when the combination lock A and the hasp B are used for
      luggage application as herein illustrated. Moreover, when the latching
      device of the invention is incorporated into the handle stud of a luggage
      case or the like, as illustrated in FIGS. 1 - 5, the left and right ends
      of the pullers L and R can be conveniently actuated by thumb pressure from
      the left and right hands, respectively, of an operator to provide a solid,
      positive latching and unlatching action. To ensure proper manipulation of
      the pullers, the leftmost face of the left-hand puller L is received by a
      recess 122 in the handle stud and the rightmost face of the right-hand
      puller R is received by a recess 124 in the handle stud, as shown in FIG.
      3.
PAR  It is believed that the advantages and improved results afforded by the
      combination lock of the present invention will be apparent from the
      foregoing detailed description of a preferred embodiment thereof. Various
      changes and modifications may be made to the preferred embodiment of the
      invention as hereinbefore described without departing from the spirit and
      scope of the invention as sought to be defined in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combination lock comprising:
PA1  a plurality of dials supported for rotation about a longitudinal axis, each
      dial having sleeve means associated therewith;
PA1  a plug member supported for movement longitudinally between first and
      second positions, the sleeve means having means cooperable with the plug
      member for releasably locking the plug member in said first position when
      the dials are off combination; and
PA1  a manually operable latch member longitudinally movable with respect to the
      plug member to a latching position and an unlatching position, the latch
      member and the plug member having engageable means for preventing movement
      of the latch member to unlatching position when the plug member is locked
      in the first position.
NUM  2.
PAR  2. A combination lock as set forth in claim 1, wherein the plug member has
      longitudinally spaced bars defining slots which receive respective dials,
      and wherein each of the sleeve means has a flange and a flat portion, the
      flanges being cooperable with the bars of the plug member for releasably
      locking the plug member in said first position when the dials are off
      combination and for permitting the plug member to be moved between said
      first and second positions when the dials are on combination.
NUM  3.
PAR  3. A combination lock as set forth in claim 2, wherein the plug member has
      stop means cooperable with an abutment surface on the latch member for
      preventing movement of the latch member to said unlatching position when
      the plug member is locked in said first position, and wherein the lock
      further comprises bypass means for enabling the abutment surface on the
      latch member to bypass said stop means when the plug member is not locked
      in said first position so that the latch member can be moved into
      unlatching position.
NUM  4.
PAR  4. A combination lock as set forth in claim 3, wherein the bypass means
      comprises a camming surface cooperable with means provided by the latch
      member for moving the abutment surface of the latch member out of abutting
      relationship with said stop means.
NUM  5.
PAR  5. A combination lock as set forth in claim 3, wherein the abutment surface
      and the stop means cooperate to shift the plug member from said first
      position to said second position as the latch member is moved from
      latching to unlatching position, and wherein the plug member and the latch
      member have cooperable means for returning the plug member to said first
      position when the latch member is moved from unlatching to latching
      position.
NUM  6.
PAR  6. A combination lock as set forth in claim 1, further comprising means for
      resiliently maintaining the latch member in the latching and unlatching
      positions.
NUM  7.
PAR  7. A combination lock as set forth in claim 1, wherein the plug member and
      the latch member each have a dead bolt action.
NUM  8.
PAR  8. A combination lock as set forth in claim 1, wherein the latch member has
      longitudinally spaced first and second pullers associated therewith for
      moving the latch member from latching to unlatching position and from
      unlatching to latching position, respectively.
NUM  9.
PAR  9. A combination lock as set forth in claim 1, wherein the latch member has
      a hook portion for engaging a cooperable hasp when the latch member is in
      said latching position.
NUM  10.
PAR  10. A combination lock as set forth in claim 2, wherein the sleeve means
      are separable from their associated dials, and wherein the lock further
      comprises means for changing the circumferential positions of the dials
      relative to their associated sleeve means.
NUM  11.
PAR  11. A combination lock comprising:
PA1  a face plate having longitudinally spaced slots;
PA1  a plug member positioned beneath the face plate and supported for movement
      longitudinally between first and second positions, the plug member having
      longitudinally spaced bars defining slots in alignment with but of greater
      width than that of the face plate slots;
PA1  a longitudinally extending shaft;
PA1  a plurality of dials rotatably mounted on the shaft and positioned in said
      slots, sleeve means associated with each dial and having a flange and a
      flat portion, the flanges being cooperable with the bars of the plug
      member for releasably locking the plug member in said first position when
      the dials are off combination and for permitting the plug member to be
      moved between said first and second positions when the dials are on
      combination; and
PA1  a latch member supported for movement longitudinally with respect to the
      plug member to a latching position and an unlatching position, the latch
      member and the plug member having engageable means for preventing movement
      of the latch member to unlatching position when the plug member is locked
      in said first position.
NUM  12.
PAR  12. A combination lock as set forth in claim 11, wherein an end surface on
      the plug member is cooperable with an abutment surface on a vertical wall
      at the corresponding end of the latch member for preventing movement of
      the latch member to unlatching position when the plug member is locked in
      said first position, and wherein the lock further comprises a camming
      surface cooperable with means provided at said corresponding end of the
      latch member for moving the abutment surface transversely out of abutting
      relationship with said end surface on the plug member as the latch member
      is moved from latching position to unlatching position when the plug
      member is not locked in said first position, detent means cooperable with
      means provided at the other end of the latch member for resiliently
      maintaining the latch member in the latching and unlatching positions, and
      biasing means for urging said one end and said other end of the latch
      member into engagement with said camming means and said detent means.
NUM  13.
PAR  13. A combination lock as set forth in claim 12, wherein the abutment
      surface and the end surface cooperate to shift the plug member from said
      first position to said second position as the latch member is moved from
      latching to unlatching position, and wherein another surface on another
      vertical wall at the other end of the latch member is cooperable with the
      other end of the plug member for returning the plug member to said first
      position as the latch member is moved from unlatching to latching
      position.
NUM  14.
PAR  14. A combination lock as set forth in claim 12, further comprising
      manually operable first and second longitudinally movable pullers slidably
      supported by the face plate and having means projecting through respective
      openings in the face plate for engaging said one end and said other end,
      respectively, of the latch member for thereby moving the latch member from
      latching to unlatching position and from unlatching to latching position,
      respectively.
NUM  15.
PAR  15. A combination lock as set forth in claim 14, wherein the means
      projecting through openings in the face plate comprises first and second
      studs which are received by openings in said one end and said other end,
      respectively, of the latch member, and wherein said biasing means
      comprises first and second coil springs carried by said first and second
      studs, respectively.
NUM  16.
PAR  16. A combination lock as set forth in claim 11, further comprising detent
      means for resiliently maintaining the latch member in said latching and
      unlatching positions.
NUM  17.
PAR  17. A combination lock as set forth in claim 11, wherein said plug member
      and said latch member each have a dead bolt action.
NUM  18.
PAR  18. A combination lock as set forth in claim 11, wherein the face plate
      comprises part of a handle stud for a luggage case or the like.
NUM  19.
PAR  19. A combination lock as set forth in claim 11, wherein the sleeve means
      and their associated dials are separable and have cooperable means for
      keying them together on the shaft, and wherein the lock further comprises
      resilient means normally urging the sleeve means into keyed relationship
      with their respective dials, and shifting means for moving the sleeve
      means out of keyed engagement from their respective dials.
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ABST
PAL  A key operated locking device of the type using a coded magnetic key to
      operate a plurality of correspondingly coded magnetic tumblers. The device
      serves to selectively lock and unlock relative rotation between inner and
      outer coaxial cylinders in which the inner cylinder has a keyway disposed
      therein for receiving the magnetically coded key and also carries a
      plurality of spring-biased magnetic tumblers which magnetically interact
      with the key. The outer cylinder is provided with a plurality of detents
      cooperating with the magnetic tumblers wherein the tumblers are normally
      spring-biased into engagement with the detents of the outer cylinder and
      are unlocked therefrom by inserting a properly coded magnetic key into the
      inner cylinder keyway to withdraw in concert the tumblers from the detents
      by magnetic attraction. With the key in place the inner cylinder may then
      be rotated relative to the outer cylinder, while the magnetic attraction
      continuously maintains the tumblers in a recessed or condition inside the
      inner cylinder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to magnetic tumbler locks of the type
      using a coded magnetic key to operate in concert a plurality of individual
      magnetic tumblers.
PAR  Prior art magnetic locks of this type have employed a magnetic repulsion
      force to effect the movement of the tumblers for unlocking the cylinders.
      In such devices the magnetic tumbler elements and the biasing springs
      therefore are mounted in the outer lock cylinder for selective engagement
      and locking with cooperating detents formed in the inner cylinder. When
      the magnetic key is inserted in the inner cylinder keyway, the tumblers
      carried in the outer cylinder are magnetically repulsed and thus displaced
      from the inner cylinder detents to allow rotation of the inner cylinder
      and key.
PAR  Devices of this type have been found very useful and have proven to be
      satisfactory in most all respects. However, there are some lock
      applications which require a more positive, reliable magnetic inner action
      between the coded magnetic key and the individual tumblers. Additionally,
      in some cases excessive wear occurs in the prior devices which operate on
      a magnetic repulsion principle, because once the tumblers are repulsed and
      released from the inner cylinder detents, rotation of the key to open the
      lock disrupts the magnetic repulsion force and causes the tumblers to be
      forced under spring bias into abrasive engagement with the inner rotating
      cylinder. This causes undesirable wear on the outer circumference of the
      inner cylinder and leads to a shortened useful life of the lock.
PAR  Positioning the spring-biased tumblers, including the biasing spring
      assembly in the outer lock cylinder, also increases the overall size of
      the lock. In most cases, the tumbler and biasing spring are arranged so as
      to be radially aligned with the magnetic elements of the key so that the
      tumblers are repulsed along a radial line with respect to the cylinders.
      This usual radial alignment requires that the outer locking cylinder have
      relatively large cross-sectional dimensions at least in the region of the
      tumblers to accommodate this radial tumbler motion. It would be desirable
      to provide a more compact lock mechanism, however the nature of the
      magnetic repulsion used by prior art locks of this type necessitates the
      larger construction.
PAR  Accordingly it is an object of the present invention to provide a magnetic
      tumbler lock which is an improvement over the existing, prior art magnetic
      locks and eliminates one or more of the above noted disadvantages thereof.
      More particularly, it is one object of the present invention to provide a
      more reliable positive locking and unlocking action by enhancing the
      magnetic forces which interact between the magnetically coded key and
      plurality of magnetic tumblers.
PAR  Another object of the present invention is to provide a more compact lock
      construction, in which the overall size of the inner and outer cylinders
      is reduced.
PAR  Still a further object of the present invention is to provide a lock
      mechanism of the magnetic tumbler type capable of providing improved lock
      security in terms of the number and orientation of the magnetic elements
      carried by the key and the sensitivity of the magnetic tumblers thereto.
PAR  Additionally, it is an object of the present invention to eliminate the
      mechanical wear on the tumblers as encountered in prior art devices in
      which the tumblers are released after rotating the key so as to forcefully
      engage the rotating inner cylinder under the urging of the spring bias.
PAR  In general these objectives are achieved in the present invention by a key
      operated magnetic tumbler lock construction in which the magnetic tumblers
      are mounted inside the inner cylinder in side-by-side relation to the
      keyway therein with the magnetic poles of the tumblers oriented with
      respect to the magnetic elements of the key so as to cause mutual magnetic
      attraction therebetween. The tumblers are thus normally urged by biasing
      springs also carried by the inner cylinder into a protracted condition
      with respect thereto so as to engage cooperating detents formed in the
      outer cylinder. Insertion of the magnetically coded key causes the
      tumblers to be magnetically attracted, under a stronger and more positive
      magnetic force than available from magnetic repulsion, into a retracted
      condition relative to the inner cylinder to allow the key and inner
      cylinder to rotate. This results in a more compact arrangement because the
      tumblers are mounted in space efficient side-by-side relation with the
      keyway inside the inner cylinder. Additionally, since the tumblers are
      displaced by magnetic attraction rather than repulsion, they continue to
      be held in a retracted or recessed relationship with respect to the outer
      cylinder detents while the inner cylinder is being rotated by the key to
      the unlocked position. No mechanical wear is incurred by the tumblers
      because they are held out of engagement from the inner surface of the
      outer cylinder during the unlocking rotation.
PAR  In one of the embodiments of the invention as disclosed herein, the
      magnetic attraction between the tumblers and coded key is employed to
      provide a locking device having enhanced security. Briefly this is
      achieved by taking advantage of the fact that each of the tumbler magnets
      and the associated key magnets tend to be attracted into a stable magnetic
      relationship in which the magnets are substantially in juxtaposition. This
      is an automatic positioning principle which is used to selectively
      position a plurality of double-ended tumblers which are disposed to
      protrude from either of substantially opposite portions of the inner
      cylinder to engage opposed detents on the inner wall of the outer
      cylinder. The double-ended tumbler must be positioned so as not to
      protrude at either end from the inner cylinder in order to unlock the
      device, and this positioning is achieved by using the self-seeking
      alignment of the magnetic attraction forces.
PAR  These and further objects, features and advantages of the key operated
      magnetic tumbler lock in accordance with the present invention will become
      apparent to those skilled in the art from a consideration of the following
      detailed description and accompanying drawings of the preferred
      embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the coded magnetic key and cooperating
      magnetic tumbler lock of the present invention.
PAR  FIG. 2 is an exploded isometric assembly view of the key and lock of FIG.
      1.
PAR  FIG. 3 is a horizontal sectional view of the key and lock of FIG. 1 with
      the key inserted into the lock keyway.
PAR  FIG. 4 is a transverse sectional view taken through the body of the lock as
      indicated in FIG. 3 by section lines 4--4 with the key being removed.
PAR  FIG. 5 is a view similar to FIG. 4 although here showing a different
      operating mode of the lock with the key inserted in place and the magnetic
      tumblers withdrawn by magnetic attraction from the outer cylinder detents.
PAR  FIG. 6 is a view similar to FIG. 4 of an alternative preferred embodiment
      of the present invention, again with the magnetically encoded key removed.
PAR  FIG. 7 is a view of the same alternative embodiment shown in FIG. 6,
      however illustrating here the displacement of the tumbler in response to
      the insertion of the coded magnetic key.
DETD
PAR  With reference to FIGS. 1 through 5, a coded magnetic key 11 cooperates
      with a magnetic tumbler lock 12 for selectively locking and unlocking
      relative rotation between the lock cylinders. In particular, lock 12
      includes an outer hollow cylinder 13 best shown in FIG. 2 and an inner
      cylinder 14 mated to an interior cylindrical wall 16 of outer cylinder 13
      for coaxial rotation therebetween.
PAR  Outer cylinder 13 may be secured to a wall panel or other structure between
      a circumferential flange 17 and a nut 18 cooperatively threaded to the
      outer circumference of outer cylinder 13 as shown so that inner cylinder
      14 and a cam or locking arm 19 fastened thereto by suitable means may be
      selectively rotated relative to the mounted outer cylinder. In this
      instance, arm 19 is provided with a keyed opening 21 mated to
      correspondingly keyed surfaces 22 of an axially, rearwardly extending
      threaded stud portion 23 of inner cylinder 14. Arm 19 may be mounted to
      stud portion 23 of the inner cylinder and secured thereto by a nut
      fastener 24 as indicated at 26. The rotation of inner cylinder 14 may be
      limited relative to the outer cylinder 13 by a similarly keyed washer 27
      having circumferential stops 28 mounted on said portion 23 inside of arm
      19 for engaging complimentary circumferentially disposed stops 29 on outer
      cylinder 13 as illustrated.
PAR  In accordance with the preferred embodiment disclosed herein, coded
      magnetic, spring-biased tumbler means are mounted substantially inside
      inner cylinder 14 for cooperating with detent means provided on the
      interior circumferential surface 16 of outer cylinder 13 for selectively
      locking and unlocking relative rotation between the cylinders. Here, the
      spring-biased magnetic tumbler means are provided by a plurality of
      individual cylindrically shaped tumblers 31 each being formed of a hollow
      cylindrical nonmagnetic member 32 as best shown in FIGS. 3, 4 and 5 and an
      inner solid cylindrical magnetic member 33 fixedly mounted inside member
      32 for functioning together as a tumbler unit. The spring-biasing is in
      this instance provided by a plurality of coiled compression springs 34
      mounted in axial alignment with tumblers 31 inside tumbler receiving guide
      means provided in inner cylinder 14. The guide means here are in the form
      of a plurality of elongated slots or openings 36 extending substantially
      at right angles to and offset from the axis of the inner cylinder 14 and
      adjacent an inner cylinder keyway 37 which extends longitudinally of and
      substantially coincident with the axis of inner cylinder 14.
PAR  Elongated openings 36 are each formed in this instance to have an open end
      38 at one surface of cylinder 14 and an an abutment 39 distal open end 38
      against which one end of compression spring 34 abuts.
PAR  The detent means provided on outer cylinder 13 are here formed by detents
      41 formed in the interior cylindrical surface 16 of outer cylinder 13 in
      opposed registration with open ends 38 of the tumbler guide openings 36.
      One or more longitudinally extending, continuous recesses or grooves may
      be formed in surface 16 as in this case to define the detents for a
      plurality of tumblers 31. In this manner the spring-biased tumbler
      assemblies are mounted for reciprocation between protracted and retracted
      or flush conditions with each of the tumblers 31 being continuously urged
      by springs 34 toward the protracted condition as best shown in FIG. 4. In
      the protracted condition, tumblers 31 are seated in locked engagement with
      respect to the cooperating outer cylinder detents 41.
PAR  In order to unlock tumblers 31 from detents 41, a coded magnetic key means
      is provided for mated insertion in keyway 37. Here the key means is
      provided by key 11 carrying a plurality of magnetic members 46 arranged
      with the magnetic poles thereof oriented with respect to the magnetic
      poles of the tumbler magnetic members 33 for causing conserted magnetic
      attraction between the key and tumbler magnetic elements. More
      particularly, the magnetic attraction between the plurality of individual
      key magnetic members 46 and the associated plurality of tumbler magnetic
      members 33 causes tumblers 31 to be withdrawn inwardly to a retracted
      condition with respect to inner cylinder 14 and more particularly with
      respect to open ends 38 of guide openings 36 for unlocking relative
      rotation between the cylinders. This mutual magnetic attraction of the key
      and tumbler magnetic members is best illustrated in FIG. 5 of the drawings
      wherein tumblers 31 are withdrawn from detents 41 of the outer cylinder
      toward and into the retracted condition inside the shearline between outer
      and inner lock cylinders 13 and 14.
PAR  It will be observed that the spring-biased tumbler assemblies are all
      carried substantially inside the body of the inner cylinder 14 in a
      compact, space conserving arrangement side-by-side with inner cylinder
      keyway 37. Using the principal of magnetic attraction as opposed to
      magnetic repulsion, the magnetic tumblers 31 are positively, firmly
      withdrawn out of detents 41 to the retracted condition as shown in FIG. 5
      and held in such retracted condition during the succeeding rotation of
      inner cylinder 14 by key 11. There is no tendency for tumblers 31 to rub
      on the interior surface of outer cylinder 13 nor to catch on the edges
      formed by detents 41 as the inner cylinder tumblers are rotated out of and
      into locking registration with the detents.
PAR  To achieve the magnetic attraction between the tumbler and key magnetics,
      the magnetic elements are arranged with the respective magnetic poles
      disposed so that the opposite poles of the respective magnetic members are
      mutually attracted and seek an orientation in which the magnetic field
      lines are substantially closed. That is, with reference to FIG. 5, the
      south (S) -- north (N) poles of tumbler magnetic members 33 are oriented
      in side-by-side opposition to the north (N) -- south (S) poles of magnetic
      key members 46 such that the magnetic field lines 47 close on one another.
      This mutual attraction also causes the opposite poles of the respective
      magnetic members to seek the closest side-by-side proximity that is
      possible under the constraints imposed by the tumbler guide opening 36.
      The strongest magnetic inter-action between the tumbler and key magnetic
      members results when the tumblers 31 are withdrawn from the detents and
      members 33 assume the above-mentioned alignment with the key magnetic
      members 46.
PAR  Key 11 is provided with an elongate portion 51 mated to keyway 37 and
      having a plurality of recesses or detents to serve as a means for
      receiving and retaining key magnetic members 46. In this instance, keyway
      37 and portion 51 of key 11 are formed with mated, rectangular cross
      sections of major and minor dimensions with the major dimensions extending
      substantially diametrically and longitudinally of inner cylinder 14. With
      this configuration of keyway 37, tumbler guide openings 36 are disposed to
      extend along side and parallel to the major dimensions of keyway 37 on one
      or as in the present embodiment both sides of the keyway. Furthermore, the
      magnetic members 33 of the various tumblers 31 may be disposed as in the
      present embodiment with their north-south poles aligned with the axis of
      movement of the tumbler. Similarly, the north-south poles of the
      individual magnetics carried by key 11 may be oriented as shown in
      alignment with the major cross-sectional dimension of keyway 37. With this
      arrangement, the tumbler magnets are positioned for moving along their
      polar axes in parallel juxtaposition with the polar axes of the key
      magnets for achieving the mutual magnetic attraction therebetween for
      withdrawing the tumblers from the outer cylinder detent 41.
PAR  Key 11 may be a relatively flat configuration having an enlarged keyhead
      portion 52 coplanar with elongate portion 51. Elongate portion 51 may be
      constructed to receive and retain the individual magnetic key members 46
      as shown by the provision of a plurality of magnet member receiving slots
      or recesses 53 defining longitudinal spacers 54 for separating members 46,
      all of which are formed in one or both of the minor longitudinal faces of
      elongate portion 51 as best shown in FIG. 2. The major faces 56 of portion
      51 may be extended beyond magnetic spaces 54 as extensions 58 for
      accommodating retaining strips 57 where wall extensions 58 may be peened
      inwardly and over retaining strips 57 for securing magnetic members 46 in
      place as shown in FIG. 1.
PAR  Additionally, key 11 may be provided with opposed teeth 61 here in the
      plane of elongate portion 51 and head portion 52 for cooperating with
      abutments formed adjacent the entry of keyway 37 as it is shown in FIG. 1
      to insure the proper orientation and depth of insertion of key 11 relative
      to tumblers 31. In particular, a front thin wall shield 62 and
      correspondingly shaped structural protection member 63 are attached to a
      circumferentially and forwardly tapered flange 64 of outer cylinder 13 and
      formed with transverse keyway openings 66 and 67 aligned with keyway 37
      and being substantially coterminous with the major cross-sectional
      dimensions thereof. Member 63 seats within an inner circumferential recess
      70 of flange 64 and is oriented in rotation by bosses 74 on recess 70 and
      cutouts 75 on member 63 as shown.
PAR  Shield 62 and structural member 63 are also provided with axially aligned
      annular openings 68 and 69 for accommodating the rotation of key 11 in
      cooperation with grooved portions 71 formed on the body of key 11 between
      teeth 61 and head portion 52 as illustrated. Slotted openings 66 and 67
      are slightly axially offset relative to the axis of the keyway to
      cooperate with a corresponding offset in the placement of teeth 61 on key
      11. This insures that the key 11 can only be inserted fully into the lock
      assembly only if the proper vertical orientation of the key is presented
      to keyway 37. This insures that the coded magnetic members 46 are properly
      disposed relative to the associated coded tumblers 31 carried by cylinder
      14. Also, to insure the proper longitudinal registration of the coded key
      magnets with the coded tumblers, a keyway abutment 72 limits the inward
      insertion of elongate portion 51 of key 11 by engaging a forward face 73
      of one of teeth 61.
PAR  To permit strong magnetic interaction between the key magnets and tumbler
      magnets, the lock structure in the vicinity of these elements are formed
      of nonmagnetic metals. A number of metals are available for this purpose.
      In this particular embodiment a ZnAdc-1 alloy has been used for outer and
      inner cylinders 13 and 14 and key 11. The magnetic members themselves,
      namely magnetic tumbler members 33 and key magnetic members 46 are formed
      of a permanently magnetizable material.
PAR  With reference to FIGS. 6 and 7, an alternative embodiment of the present
      invention is illustrated in which the individual spring-biased tumblers
      are mounted and operative in the inner cylinder for locking engagement
      with detents located on opposed interior surfaces of the outer cylinder.
      In this embodiment the tumblers must be precisely positioned by the coded
      magnetic key such that the opposed ends of the elongate tumbler are
      substantially flush with the inner and outer cylinder interface or
      shearline. Using primed reference numerals to designate corresponding
      unprimed numbered components of the foregoing figures, FIGS. 6 and 7 show
      inner and outer relatively rotatable lock cylinders 14' and 13'. As shown
      in FIG. 6 which is similar to FIG. 4 of the earlier embodiment, inner
      cylinder 14' is provided with a plurality of elongate slots or openings 81
      serving as means for guiding the tumblers and being disposed to extend
      transversely through the inner cylinder to define open ends 82 and 83 on
      substantially opposed surfaces of the cylinder 14'. Mounted for slidable
      axial reciprocation within each of openings 81 is a spring-biased magnetic
      tumbler 84 of elongate configuration. A longitudinal dimension of tumbler
      84 is selected so that when properly centered as shown in FIG. 7 it is
      coextensive with the opening 81 through the inner cylinder. That is, the
      opposed axial ends 86 and 87 of each of tumblers 84 are coterminous with
      tumbler opening 81 when the tumbler 84 is longitudinally centered.
PAR  Outer cylinder 13' is provided on its interior circumferential wall 16'
      with registering, opposed detents 88 and 89 for selectively receiving
      either of the opposed axial ends 86 and 87 of tumbler 84 in seated locking
      engagement therewith. In other words, tumbler 84 is bidirectionally
      displacable within guide opening 81 to lock with either of the opposed
      detents 88 and 89 and is capable of assuming an unlocked condition only
      when the tumbler 84 is longitudinally centered with respect to opening 81.
PAR  Spring-biased means are provided for tumbler 84 within inner cylinder 14'
      for continuously urging one of the opposed axial ends toward and into
      seated engagement with one of the registering detents 88 and 89. In this
      instance, a biasing spring 91 may be mounted in longitudinal juxtaposition
      with tumbler 84 as shown in FIGS. 6 and 7 between a laterally extending
      foot 92 disposed substantially midway on tumbler 84 and an abutment 93
      defined by inner cylinder 14' adjacent opening 81. Abutment 93 may be
      formed at one end of a spring receiving and retaining slot 94 in
      juxtaposition to guide opening 81 but of lesser dimension along the axis
      of the cylinders and longitudinally terminating in abutment wall 93 for
      retaining spring 91 in compression between foot 92 and abutment 93.
PAR  This means for biasing tumbler 84 causes end 86 thereof to be urged
      upwardly in this instance into seated engagement with detent 88 of outer
      cylinder 13.
PAR  In order to release the tumblers from the opposed registering detents, it
      is necessary to selectively displace the various tumblers so that there
      ends are substantially flush with the outer circumference of inner
      cylinder 14'. This is achieved in accordance with the present invention by
      using the principle that magnetic members, when placed in juxtaposition
      with their poles extending north-south and south-north, tend to seek a
      relationship of alignment in which the south pole of one magnetic is
      aligned with the north pole of the other magnetic and vice versa. It will
      be observed in connection with FIGS. 6 and 7, that the magnetic members 96
      of key 11' may be selectively positioned in elevation as shown in the
      figure to cause tumblers 84 and the associated magnetic members 97 thereof
      to withdraw the tumbler by magnetic attraction to its longitudinally
      centered position as shown in FIG. 7. This moves the tumblers to a
      position with their opposed axial ends substantially flush with or
      retracted from the confronting cylindrical surfaces of inner and outer
      cylinders 14' and 13' to allow relative rotation therebetween.
PAR  It will thus be observed that the embodiment of FIGS. 6 and 7 using the
      mutual magnetic attraction between the tumbler magnets and key magnets,
      affords a lock having a greater number of permutations in the magnetic
      coding. For example, the tumbler magnetics 97 may be disposed at any one
      of an infinite number of different elevations on tumbler 84. In order to
      properly displace such tumbler so that both axial ends of the tumbler are
      retracted or flush with respect to the outer circumference of inner
      cylinder 14', key 11' must be provided with an associated magnetic member
      96 properly disposed along the major cross section dimension of the key.
PAR  Unless the associated key magnet is thus properly positioned, the magnetic
      attraction between the tumbler and key magnets may cause excessive
      displacement of the tumbler against the biasing force of spring 91 forcing
      axial end 87 to lock with detent 89, or a weaker magnetic attraction or
      repulsion may cause axial end 86 of the tumbler to be retained in seated
      locking engagement with detent 88. By reason of the greater number of
      permutations afforded by the embodiment of the invention shown in FIGS. 6
      and 7 and because the tumbler elements in this embodiment are more
      sensitive to the magnetic interaction between the key magnets and tumbler
      magnets, this lock construction provides when needed for greater security.
PAR  While only a limited number of particular embodiments of the present
      invention have been disclosed herein, it will be readily apparent to
      persons skilled in the art that numerous changes and modifications may be
      made thereto without departing from the spirit of the invention. For
      example, although the foregoing embodiments illustrate the poles of the
      various key and tumbler magnetics as extending along axial lines which are
      spaced apart and parallel other polar orientations may be employed. For
      example, the magnetic poles may be oriented with their axes extending at
      right angles while still achieving the desired mutual magnetic attraction
      therebetween.
PAR  Accordingly, the foregoing disclosure and description thereof are for
      illustrative purposes only and do not in any way limit the invention which
      is defined only by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a key operated magnetic tumbler lock of the type including an outer
      hollow cylinder, an inner cylinder mated for coaxial relative rotation
      inside said outer cylinder and having an elongate keyway extending
      substantially parallel to the axis of said inner cylinder, a plurality of
      magnetic tumbler assemblies carried in said inner cylinder and a
      corresponding plurality of cooperating detents provided on an inner
      surface of said outer cylinder for selectively locking and unlocking said
      relative rotation therebetween, and a key carrying a plurality of magnetic
      members for insertion in said keyway for magnetically causing the
      disengagement of said associated magnetic tumbler assemblies and
      cooperating detents to unlock said cylinders, the improvement comprising:
PA1  elongate tumbler receiving guides disposed in said inner cylinder and
      extended transversely to and in juxtaposition with said keyway;
PA1  said magnetic tumbler assemblies each including a magnetic tumbler and
      biasing spring mounted in individual ones of said tumbler guides for
      longitudinal slideable reciprocation of said tumblers between a protracted
      condition engaging said detents and a retracted condition juxtaposed said
      keyway, said biasing springs continuously urging said tumblers toward said
      protracted condition, said magnetic tumblers each defining a magnetic
      polar axis and being disposed with said polar axes substantially
      longitudinally aligned with the longitudinal dimension of said guides;
PA1  said detents being provided on an inner surface of said outer hollow
      cylinder in cooperating registration with said tumblers in their
      protracted condition for locking said relative rotation of said cylinders;
      and
PA1  said members of said key each defining a magnetic polar axis and being
      oriented such that when said key has been inserted in said keyway said
      members are disposed with their polar axes in substantial parallel
      juxtaposition and in polar opposition to the polar axes of said tumblers
      to slideably withdraw said tumblers to said retracted condition.
NUM  2.
PAR  2. The improved key operated magnetic tumbler lock of claim 1, wherein said
      inner cylinder has a plurality of elongate slots formed therein to provide
      said guides, the longitudinal dimension of said slots extending
      substantially at right angles to the axis of said inner cylinder adjacent
      said keyway.
NUM  3.
PAR  3. The improved key operated magnetic tumbler lock of claim 1, wherein said
      keyway extends substantially centrally of said inner cylinder and said
      inner cylinder has a plurality of elongate slots extending substantially
      transversely to and offset from the axis of said inner cylinder adjacent
      said keyway to provide said tumbler guides, each said slot opening at one
      end at an exterior surface of said inner cylinder for receiving a tumbler
      assembly and having an abutment formed at an opposite end for retaining
      said biasing spring in compression between said abutment and said magnetic
      tumbler, whereby said biasing springs of said tumbler assemblies
      continuously urge associated said tumblers to said protracted conditions
      for engaging said outer detents.
NUM  4.
PAR  4. The improved key operated magnetic tumbler lock of claim 1, wherein said
      magnetic members of said key and said magnetic tumblers of said tumbler
      assemblies are arranged such that when said key has been inserted in said
      keyway and said magnetic tumblers have assumed said retracted condition
      the magnetic poles of associated said magnetic tumblers and magnetic
      members produce magnetic field lines that substantially close on each
      other.
NUM  5.
PAR  5. The improved key operated magnetic tumbler lock of claim 1, wherein said
      keyway defines a transverse substantially rectangular cross section of
      major and minor dimensions with said major dimension extending
      substantially diametrically of said inner cylinder, said inner cylinder
      having a plurality of elongate slots providing said tumbler guides, each
      of said slots extending substantially at right angles to the axis of said
      inner cylinder and in juxtaposition with at least one of the major
      dimension sides of said keyway, said magnetic tumblers of said tumbler
      assemblies being longitudinally, slideably disposed in said elongate
      slots.
NUM  6.
PAR  6. The improved key operated magnetic tumbler lock of claim 1, wherein:
PA1  said tumbler receiving guides comprise a plurality of elongate slots
      extending substantially transversely through said inner cylinder to define
      slot openings on substantially opposed exterior surfaces of said inner
      cylinder;
PA1  said magnetic tumblers being elongate and slideably mounted in said slots
      for bidirectional reciprocation therein between a retracted condition in
      which opposed axial ends of said tumblers are substantially flush with the
      exterior surface of said inner cylinder and alternate protracted
      conditions in which one and then the other of the axial ends of said
      tumblers protrudes from said inner cylinder surface;
PA1  means mounting said biasing springs in said guide means for continuously
      urging said tumblers to said protracted condition with one of the axial
      ends thereof protruding from said inner cylinder exterior surface for
      cooperating with said detents;
PA1  additional detents provided on said inner surface of said outer cylinder
      opposed to said first named detents and cooperating with the other axial
      ends of said tumblers; and
PA1  said magnetic tumblers each having a magnetic member mounted along the
      length thereof and oriented with the magnetic poles thereof causing mutual
      attraction between an associated magnetic member of said key, said
      associated tumbler and key magnetic member being selectively positioned
      relative to one another to cause said elongate tumblers to slideably
      assume said retracted condition as said magnetic tumbler self aligns
      itself by magnetic attraction with the associated key magnetic member.
NUM  7.
PAR  7. The improved key operated magnetic tumbler lock of claim 6, wherein said
      keyway defines a transverse substantially rectangular cross section of
      major and minor dimensions with said major dimension extending
      substantially diametrically of said inner cylinder, said elongate slots
      disposed substantially parallel to and in juxtaposition with at least one
      of the major dimension sides of said keyway.
NUM  8.
PAR  8. The improved key operated magnetic tumbler lock of claim 7, wherein said
      biasing springs are elongate compression springs and said means mounting
      said springs include an elongate spring receiving slot longitudinally
      juxtaposed each of said guide slots and of lesser longitudinal dimension
      than said guide slots, each said spring receiving slots terminating at one
      end in an abutment, each said tumbler having a lateral foot disposed
      intermediate the ends thereof, and said biasing springs being mounted in
      said spring receiving slots longitudinally juxtaposed to said guide slots
      and in compression between said abutment and foot to urge one axial end of
      said tumblers toward said protracted condition.
NUM  9.
PAR  9. A key operated magnetic tumbler lock comprising:
PA1  inner and outer relatively rotatable coaxially disposed cylinder means;
PA1  coded magnetic tumbler means slideably mounted in tumbler receiving
      openings provided in said inner cylinder means, each said tumbler means
      having magnetic poles defining a polar axis;
PA1  detent means provided on said outer cylinder means for cooperating with
      said tumbler means for selectively locking and unlocking said relative
      rotation between said cylinder means;
PA1  keyway means provided in said inner cylinder means in juxtaposition with
      said tumbler receiving openings; and
PA1  coded magnetic key means mated for insertion in said keyway means and
      having magnetic means defining a plurality of polar axes oriented such
      that when said key means has been inserted in said keyway means said polar
      axes of said key means are disposed in parallel juxtaposition and in polar
      opposition with said polar axes of said tumbler means for causing
      conserted magnetic attraction between said coded key means and said
      tumbler means to slide said tumbler means into juxtaposition with said
      magnetic means of said key means, whereby said tumbler means are withdrawn
      from said detent means to unlock said inner and outer cylinder means for
      allowing relative rotation therebetween.
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ABST
PAL  A disc cylinder lock comprising a number of turnable locking discs, which
      by turning of the key of the lock are turned from a certain initial
      position to a position releasing the lock mechanism. In the central part
      of some of the locking discs, there is an opening comprising two portions
      between which there are at least two substantially radial steps. One of
      the portions of the central opening receives the key of the lock while the
      other, when the key is properly inserted in the lock mechanism, forms at
      the side of the key a free space with a curved border, into which the key
      does not move in any of the functional phases of the lock. In front of the
      last mentioned locking discs, there is at least one other turnable
      element, for instance another type of locking disc, which has also, in its
      central part, an opening for the key. This opening is so formed that its
      border, at the point where its distance from the turning axis of the
      locking discs is the smallest, is located on the turning axis, in its
      immediate vicinity, or at the same side of the turning axis as the
      opposite border of the opening.
BSUM
PAR  The invention relates to a disc cylinder lock comprising a number of
      turntable locking discs which by turning of the key of the lock are turned
      from a certain initial position to a position releasing the lock
      mechanism.
PAR  In the center of the locking discs of a disc cylinder lock, there is an
      opening for the key and this opening is usually semicircular. The linear
      side of the semicircle can, with respect to its function, be divided into
      two different parts. Of these one is located at the position of the
      combination surfaces of the key and works as a transmitting edge for the
      turning movement of the key when the key is turned into the position
      releasing the lock mechanism. The other part is located at the position of
      the return surface of the key and works as a movement transmitting edge
      when the key is turned back to its initial position. However, the linear
      part of the semicular central opening has provided to form a good contact
      surface in case somebody wants to manipulate the lock with some other
      means than the key of the lock. Hence, the usual form of the central
      opening of the locking discs could contribute to make the use of picklocks
      and the development of different picking methods easier. Since the most
      important quality of a disc cylinder lock is its great security,
      especially with respect to picking, the pure chance of success in
      developing a picking method has to be considered a considerable drawback.
PAR  An object of the invention is to provide a disc cylinder lock, with a
      security against picking which has been developed considerably further
      than in known disc cylinder locks. The invention is characterized in that
      in the central part of some of the locking discs, there is an opening
      comprising two portions between which there are at least two substantially
      radial steps, one of which is arranged to receive the key of the lock and
      the other, when the key is properly inserted in the lock mechanism, forms
      at the side of the blade of the key a free space with a curved border,
      into which the key does not move in any of the functional phases of the
      lock, additionally in the lock, in front of said locking discs, at least
      one turnable element is provided, for instance another type of locking
      disc, which has in its central part, an opening for the key, which opening
      is so formed that its border, at the point where its distance from the
      turning axis of the locking discs is the smallest, is located on the
      turning axis, in its immediate vicinity, or at the same side of the
      turning axis as the opposite border of the said opening.
PAR  In a lock according to the invention, special locking discs are combined
      with one or several turnable members of another type which, may also
      function as locking discs. This combination effectively prevents the
      application of known picking methods.
PAR  In a lock according to the invention, quite ordinary locking discs for disc
      cylinder locks can be advantageously used, that is, discs having a
      semicircular central opening for the key. This kind of locking disc
      completely fulfills the requirements stated in the claims for said other
      turnable element.
PAR  The expression "in the immediate vicinity of the turning axis," as used,
      means, in the context where it is used, a distance which is smaller than 1
      mm.
PAR  The most simple embodiment of the special locking disc of a lock according
      to the invention is obtained, if the two portions of the central opening
      of the locking disc are given at least substantially the form of two
      semicircles of different size. The bigger semicircle can then be
      dimensioned to receive an ordinary key with semicircular cross-section.
      Thereby the advantage is obtained, that the lock does not require a
      special key, but quite ordinary semicircular cross-section keys for disc
      cylinder locks can be used.
PAR  The steps present in the central opening of a special locking disc of a
      lock according to the invention should be as small as possible. However,
      it is necessary that in spite of the rather large production tolerances of
      mass production, the combination surfaces and the return surface of the
      key, when the lock is old and worn, always are able to move the locking
      discs in a functionally correct way. Thorough tests have shown that the
      best result is obtained if the radial dimension of the steps is smaller
      than 2 mm and greater than 0.6 mm, preferably smaller than 1.5 mm and
      greater than 0.9 mm. The values are of course relevant for cylinder locks
      of dimensions which do not considerably deviate from the dimensions of
      ordinary cylinder locks. It can be considered a general dimension rule
      that the distance between the inner ends of the steps is about 60 % of the
      distance between the outer ends of the steps.
DRWD
PAR  In the following, the invention will be more fully described with reference
      to the attached drawing in which
PAR  FIG. 1 shows a lock according to the invention in axial section,
PAR  FIG. 2 shows a special locking disc of a lock according to the invention;
      and
PAR  FIG. 3 shows another type of locking disc for a lock according to the
      invention.
DETD
PAR  In the drawing, numeral 1 indicates the fixed outer cylinder of a cylinder
      lock, 2 a turnable inner cylinder inside the outer cylinder, 3 special
      locking discs of the lock, 4 normal locking discs of the lock and 5 a so
      called fixed locking disc. In the drawing, the lock according to the
      invention is shown only schematically, and hence, for instance, the
      generally used intermediate discs between the locking disc are not shown.
      In the drawing, only the parts essential for the understanding of the
      invention are shown.
PAR  From FIG. 2 the form of the central opening of a special locking disc 3
      appears most clearly. Within the central opening is also shown the
      cross-section of key 6, which is semicircular. The turning of the key
      moves a locking disc 3 by means of the steps 7 and 8. Between these steps
      the central opening of the locking disc has been enlarged in a direction
      away from the space required by the key so that a free space 9 is formed,
      which is limited by a circular border 10. However, the border 10 does not
      need to be expressly circular, the main point is that it must be difficult
      to obtain force transmitting contact between the border and a turning
      tool, a picklock or the like. The same is true for the curved border 11 of
      the key receiving part of the central opening.
PAR  As evident from FIG. 2, the distance between the inner ends of the steps of
      the central opening of the locking disc 3 is about 60 % of the distance
      between the outer ends of the steps. This means that if the last mentioned
      distance is 6 mm, which is a fairly suitable value in a small lock, the
      first mentioned distance is about 3.6 mm, so that the dimensions of the
      steps 7 and 8 would be only somewhat greater than 1 mm. The corners and
      angles present are in practice somewhat rounded off so that the linear
      part of the steps 7 and 8 may be smaller than 1 mm.
PAR  The central opening 12 of the normal locking disc 4 shown in FIG. 3 is
      semicircular, that is, has the same form as the upper part of the central
      opening of the special locking disc shown in FIG. 2. The linear border
      part of the central opening of a locking disc according to FIG. 3 passes
      through the turning axis of the locking disc.
PAR  The invention is not limited to the embodiment shown, but covers
      modifications within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A disc cylinder lock comprising a number of turnable locking discs,
      which by turning of the key of the lock are turned from an initial
      position to a position releasing the lock mechanism, there being, in the
      central part of some of the locking discs, an opening having portions
      between which there are two at least two substantially radial steps one,
      of which portions is arranged to receive the key of the lock and the
      other, when the key is properly inserted in the lock, forming, at the side
      of the inserted part of said key, a free space with a curved border, into
      which said key does not move in any of the functional phases of the lock,
      there being further, in the lock in front of said last mentioned locking
      discs, at least one turnable element having in its central part an opening
      for said key, which opening is so formed that its border, at the point
      where its distance from the turning axis of said locking discs is the
      smallest, is located within an area including said turning axis, the space
      between said turning axis and the opposite border of said opening and an
      area in the immediate vicinity of said turning axis remote from said
      opposite border of said opening.
NUM  2.
PAR  2. A lock according to claim 1, in which both said portions of the central
      opening of said first mentioned locking disc are at least substantially
      formed as semicircles of different size arranged along a common diameter.
NUM  3.
PAR  3. A lock according to claim 1, in which the radial extension of said steps
      is between 0.6 mm and 2 mm.
NUM  4.
PAR  4. A lock according to claim 3 in which the radial extension of said steps
      is between 0.9 and 1,5 mm.
NUM  5.
PAR  5. A lock according to claim 1, in which the distance between the radially
      inner ends of said steps is about 60% of the distance between the radially
      outer ends of said steps.
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PAL  A key locating attachment for controlling the depth of penetration of a key
      into a lock. This attachment is engaged with the key and a portion thereof
      engages the face of the lock when the key is placed therein to align the
      complemental parts of the key and the lock to actuate the same. The
      attachment is adjustably fixed to the key in order to permit adjustment
      thereof to compensate for wear on the bearing surfaces of the lock and key
      which would otherwise cause misalignment of the interengaging parts of the
      key and the lock.
BSUM
PAC  BACKGROUND AND OBJECTS
PAR  Conventional pin-tumbler cylinder locks comprise a cylinder having a series
      of pins which are actuated in a well known manner by a key having matching
      serrations, to lock and unlock the same. These locks are usually made of
      relatively soft, non-ferrous metals because of the low corrosion and
      self-lubricating characteristics thereof. The design of most locks is such
      that the tumbler-lifting key serrations and the tumbler pins of the lock
      must be closely aligned in order to effect ready turning of the key in the
      lock cylinder for lifting the tumblers. Keys are conventionally provided
      with a shoulder or stop for engaging the face of the lock when the key has
      been inserted into the lock to a depth to effect the alignment of the key
      serrations and tumbler pins.
PAR  Due to the softness of the metals employed for the key and the lock, rapid
      wear occurs at the bearing point of the key shoulder and the lock. This
      produces misalignment between the key serrations and the tumbler pins
      producing difficulties in attempting to actuate the lock. A new key will
      not correct this condition since the wear occurs on the face of the lock
      cylinder as well as the key itself. Therefore, when this occurs, it has
      been standard practice to discard the entire lock cylinder and key and
      install a replacement.
PAR  It is an object of this invention to provide a key locating attachment for
      controlling the depth of penetration of a key into a lock in order to
      effect alignment between the operating parts of the key and the lock for
      repeatedly actuating the same with ease.
PAR  Another object is to provide an attachment of the character described
      wherein the attachment is longitudinally movably mounted on a key in order
      to adjust the working depth of entry thereof into the lock to compensate
      for wearing of parts of the key and lock.
PAR  A further object is to provide an attachment of the character described
      which is of simple, economic construction, and which may be readily
      attached to a standard key.
PAR  Other objects will be apparent from the following description of the
      presently preferred forms of this invention taken together with the
      appended drawings.
DRWD
PAC  DESCRIPTION OF FIGURES OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the elevation of the key locking
      attachment for controlling the depth of penetration of a key into a lock,
      illustrating its application;
PAR  FIG. 2 is a top elevational view of the same;
PAR  FIG. 3 is an end elevational view of the same;
PAR  FIG. 4 is a fragmentary side elevational view similar to FIG. 1
      illustrating the key with attachment connected thereto and inserted into a
      lock;
PAR  FIG. 5 is a side elevational view of the attachment of the present
      invention per se;
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 5, looking in
      the direction of the arrows;
PAR  FIG. 7 is a side elevational view similar to FIG. 1 but showing a modified
      form of the present invention; and
PAR  FIG. 8 is an end elevational view of the form of invention illustrated in
      FIG. 7.
DETD
PAC  DESCRIPTION OF FORM OF INVENTION ILLUSTRATED IN FIGS. 1 TO 5
PAR  In FIGS. 1 to 5, there is illustrated a key generally designated 10 having
      a key locating attachment 12 for controlling the depth of penetration of a
      key into a lock which is generally designated 14.
PAR  Key 10 includes a head portion 16 having a key ring opening 18. Head
      portion 16 is reduced in width to provide a shank portion 20 having a
      series of milled serrations 22 along one edge in accordance with standard
      procedure. The reduction in width of head portion 16 forms a shoulder or
      stop 24 which normally abuts the face 26 of lock 14 to limit the depth of
      penetration of shank 20 into keyhole 27 of the lock and thereby align
      serrations 22 with the pins (not shown) of the lock.
PAR  In accordance with the objects of the present invention, attachment 12
      includes a flat plate 28 provided with a central elongated slot 30 through
      which a shank of a set screw 32 passes and threadedly engages head portion
      16 of key 10. Plate 28 is in contiguous relation with the face of head
      portion 16 of the key, the forward portion of which plate is bent at
      substantially a right angle to the main portion to provide flanges 34 and
      36 which are spaced apart a distance approximating the width of shank
      portion 20 of the key. As shown to advantage in FIGS. 2 and 3, flanges 34
      and 36 are aligned with, and located in advance of, shoulder 24, the
      length of said flanges being substantially the same as the thickness of
      key 10.
PAR  Attachment 12 is preferably constructed of steel or other hard and durable
      material, and the flanges thereof serve to shield the key from wear at the
      critical depth control bearing point of the key.
PAR  In use of the present invention, key 10 with attachment 12 connected
      thereto is inserted into a cylinder lock, and when the key serrations are
      aligned with the pins of the lock, set screw 32 is loosened to permit
      rectilinear movement of plate 28 longitudinally towards the face of the
      lock of the cylinder lock. When flanges 34 and 36 engage the face of the
      cylinder lock, set screw 32 is tightened to fix the position of the
      attachment relative to the key. Thereafter, key 10 may be inserted into
      the lock and turned immediately without delay or longitudinal manipulation
      of the key within the lock. subsequent adjustment of the present
      attachment may be made as wearing of the parts of the key and lock demand.
PAC  DESCRIPTION OF THE FORM OF INVENTION ILLUSTRATED IN FIGS. 7 AND 8
PAR  In FIGS. 7 and 8, there is illustrated a modified form of the present
      invention and generally includes a key 10' and a key locating attachment
      38. Key 10' is similar in construction to that shown in the form of
      invention illustrated in FIGS. 1 to 6 and like parts are accordingly
      identified by like, primed numbers.
PAR  In this form of the invention, however, attachment 38 is in the form of a
      flat, circular cam 40 which is affixed to head portion 16' by a set screw
      42 which passes eccentrically through flat cam 40 and is threadedly
      engaged with head portion 16'. By virtue of the eccentric mounting of cam
      40, upon rotation thereof, the peripheral portion thereof extends in the
      direction of the lock-engaging portion of the key, the periphery of the
      cam extending beyond shoulders 24' of the key to engage the face of the
      lock.
PAR  When key 10' is inserted into the cylinder lock, and protuberances 22' are
      aligned with the tumbler pins, cam 38 is rotated until a portion of the
      peripheral surface thereof engages the face of the cylinder lock,
      following which set screw 42 is tightened, to retain the cam in the
      adjusted position.
PAR  With the attachment of the present invention, simple and economic means are
      readily provided for standard lock keys for accurately and precisely
      controlling the depth of penetration of a key into a lock. This attachment
      further compensates for any wear either to the lock itself, or the key
      producing misalignment of the operating parts which would otherwise
      produce difficulty in actuating the lock and eventually result in
      discarding of the key and lock cylinder. With this invention also, means
      are provided for repeatedly adjusting the depth of penetration of the key
      by virtue of the adjustable feature of the attachment, thereby extending
      the life of the key and cylinder lock an indefinite period of time.
PAR  While there has been herein shown and described the presently preferred
      forms of this invention, it is to be understood that such has been done
      for purposes of illustration only and that various changes may be made
      therein within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a key having a head portion, shoulder and shank portion, an
      attachment to vary the working depth of the key in a cylinder lock, said
      attachment including:
PA1  a. a key locating member,
PA1  b. said key locating member comprising a flat plate engaged with a face of
      the key head portion,
PA1  c. said flat plate being provided with a longitudinal slot, and
PA1  d. a set screw having a shank extending through the longitudinal slot of
      said flat plate into threaded engagement with the head portion of the key
      for securing the flat plate to the key and permitting adjustment of the
      position of the flat plate with respect to the key,
PA1  e. portions of said flat plate proximate the shank of the key being
      extended to provide flanges which are spaced apart a distance
      approximately substantially equal to the width of the shank of the key,
PA1  f. said flanges being bent at approximately a right angle to said flat
      plate, and positioned in alignment with, and in advance of, the shoulder
      of the key.
NUM  2.
PAR  2. In a key having a head portion, shoulder, and shank portion, an
      attachment to vary the working depth of the key in a cylinder lock, said
      attachment including:
PA1  a. a key locating member engaged with a face of the key head portion,
PA1  b. means for securing said key locating member to the face of the key,
PA1  c. a portion of said key locating member extending longitudinally of the
      key beyond the shoulder to a point adjacent the shank portion thereof for
      engagement with the face of the lock, to limit the depth of penetration of
      the shank of the key into the lock, and
PA1  d. means for changing the position of said key locating member
      longitudinally of the key to adjust the depth of penetration of the shank
      of the key into the lock in order to compensate for wearing of parts of
      the key and lock.
NUM  3.
PAR  3. The attachment of claim 2, wherein:
PA1  a. said key locating member includes a flat plate,
PA1  b. portions of said plate proximate the shank portion of the key being
      extended to provide flanges which are spaced apart a distance
      approximately substantially equal to the width of the shank portion of the
      key,
PA1  c. said flanges being bent at approximately a right angle to said flat
      plate, and positioned in alignment with, and in advance of, the shoulder
      of the key.
NUM  4.
PAR  4. The attachment of claim 3, wherein:
PA1  a. said plate is provided with an enlarged opening through which said means
      for securing said key locating member to the face of the key extends,
      whereby adjustment of said flat plate with respect to the key may be
      effected.
NUM  5.
PAR  5. In a key having a head portion, shoulder, and shank portion, an
      attachment to vary the working depth of the key in a cylinder lock, said
      attachment including:
PA1  a. a disc-like member engaged with a face of the key head portion, and
PA1  b. means for securing said disc-like member to the face of the key,
PA1  c. a portion of the periphery of said disc-like member extending
      longitudinally of the key beyond the shoulder to a point adjacent the
      shank portion thereof for engagement with the face of the lock to limit
      the depth of penetration of the shank of the key into the lock.
NUM  6.
PAR  6. The attachment of claim 5, wherein:
PA1  a. said disc-like member comprises a cam, and
PA1  b. said cam is eccentrically mounted on said means for securing said cam to
      the face of the key, whereby longitudinal adjustment of said cam with
      respect to the key may be effected by rotation of the former.
NUM  7.
PAR  7. The attachment of claim 6, wherein:
PA1  a. said means for securing said cam to the face of the key is a set screw.
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PAL  Cutter dies for cross rolling machines, each of which dies consisting of a
      shaping surface and a finishing surface, the width of the shaping surface
      being increasingly smaller and its height larger towards the end portions
      of the shaping surface, characterized in that the width of the shaping
      surface is further increased in the end portions of the cutter dies from a
      preferred position in an angle substantially less than 15.degree. from the
      end portions of the cutter dies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in cutter dies for the cross rolling
      machine.
PAR  The cross rolling machine for rolling and shaping a graduated shaft is
      conventionally constructed as illustrated in FIGS. 1 and 2. As seen in the
      figures, W denotes a shaped bar material; 01, 01' a pair of rolls mounted
      in parallel on two shafts and rotatable from a preferred drive source in
      the same direction and at same speed; 01a, 01'a rolling dies of a wedge
      shape provided on the outer peripheral surfaces of the rolls 01, 01'; and
      01b 01c, 01'c 01'b cutter dies fixed on the outer peripheral surfaces of
      the rolls 01, 01' on both sides of each of the wedge-shape rolling dies
      01, 01'. A given heated bar material W may be inserted between the rolls
      01, 01' which may be rotated at the same speed in the direction of the
      arrows in the figure. The material W is compressed and rolled between the
      rolling dies 01a, 01'a and formed into a desired shape, and then cut off
      by the cutter dies 01b, 01'b 01c,  01'c finally taken out as a finished
      product. The remaining bar material may be inserted between the rolls 01,
      01' through mechanical elements not shown and subjected to a subsequent
      rolling and shaping operation. In the same manner as described above, a
      bar material experiencing compression and rolling between the rolling dies
      01a, 01'a and further cut off by the cutter dies 01b, 01'b 01c, 01'c,
      which is likewise formed into a product. These operations can be repeated
      continuously for rolling and shaping. The above described cutter dies 01b,
      01c and 01'b, 01'c (cutter 01'c is not shown) are formed as shown in a
      developed view of FIG. 3 and a transverse view of its end portion as shown
      in FIG. 4, respectively (Cutter dies 01'b, 01'c are substantially
      identical as 01b, 01c and therefore not shown). Thus, it is provided that
      a product 02 and a long bar material 04 are cut off by the cutter dies
      01b, 01'b and the product 02 and the remaining portion 03 in the forward
      end of the material are cut off by the cutter dies 01c, 01'c (Refer to
      FIG. 5). In this instance, formation of a service hole in the forward end
      05 can be avoided by preforming an end 05 of a long bar material 04 into a
      conical shape as shown in FIG. 5, which end portion is provided with an
      excess portion. For this purpose, the end portions of the cutter dies 01b,
      01'b have in their transverse sectional surfaces angles .beta. as shown in
      FIG. 4. Preferably the angle .beta. may be 15.degree.-70.degree. and
      particularly 45.degree. as heretofore considered appropriate.
PAR  However, in the above prior art cutter dies, the cutter dies are provided
      to cut into a bar material so that, when the material is cut off slowly,
      the oblique shaping surfaces of the cutter dies tend to extend gradually
      so deep as to reach the central part of the material to cause the shaping
      force F to act ever increasingly on the bar material. This resulted in
      that, as shown in FIG. 6, the product had a deficiency 07 in the shaft
      portion of the product 02 or a deficiency 08 inside the stepped section of
      the product. Hitherto, this drawback was compensated by forming the
      product slightly larger in diametrical dimensions than desired, such
      compensation partly bringing bad yield in the product. The same also
      applied to the case of the cutter dies 01c, 01'c.
PAR  To overcome the drawback in the conventional cutter dies, the inventors
      have proposed novel cutter dies for the cross rolling machine, which
      construction is characterized in that a cutter die consists of a shaping
      surface and a finishing surface and the shaping surface may have its width
      increasingly smaller and the height larger closer toward the end portion
      of the shaping surface.
PAR  Formation of the described shaping surface may be illustrated with
      reference to the accompanying drawings, particularly to FIGS. 7-12.
PAR  In FIG. 7, numeral 1 denotes rolls, 2 end portions of wedge-shaped rolling
      dies attached to the outer peripheral surfaces of the rolls, 3 cutter dies
      on the outer peripheral surfaces of the rolls 1 on the outside of one of
      the rolling die end portions 2, and 3' cutter dies on the outer peripheral
      surfaces of the rolls 1 on the outside of the other of the rolling die end
      portions. The cutter dies 3 serve to cut off the product 02 from the bar
      material 04 and the cutter dies 3' cut off the product 02 from the
      remaining portion 03 in the forward end of the bar material respectively.
      Each of the cutter dies 3 are constituted by a shaping surface 3a and a
      finishing surface 3b, which are connected by a zenith line 7, and each of
      cutter dies 3' are constituted by shaping surface 3'a and finishing
      surface 3'b connected by a zenith line 8, respectively. The
      above-mentioned zenith lines 7, 8 are moderately sloping curves more
      inclined closer to the wedge-shape dies 2, nearer the end portions of the
      cutter dies 3, 3'. That is, the width of shaping surfaces 3a, 3'a become
      increasingly smaller toward the end portions of the cutter dies 3, 3' and
      the finishing surfaces 3b, 3'b are formed to have their width increasingly
      larger. The shaping surfaces 3a, 3'a also may have their height
      increasingly larger in the end portions of the cutter dies 3. As shown in
      the enlarged views of FIG. 11, (I), (II), and (III), the shaping surface
      3a may have the width increasingly smaller as shown respectively by
      a.sub.0 -b.sub.0, a.sub.1 -b.sub.1, and a.sub.2 -b .sub.2 closer to the
      end portion of the cutter dies. The height of the cutter dies is formed
      increasingly greater as shown respectively by h.sub.0, h.sub.1, and
      h.sub.2 also closer to the end portions of the cutter dies. The above
      described shaping surface 3a is deeply cut into the central part of the
      material while shaping the bar material during rolling and shaping
      operation to accomplish the cutting and separation of the material 04 and
      the product 02. The shaping is thus achieved by the shaping cutter
      substantially in contact with the material and taking a part of the
      material to be transferred.
PAR  The finishing surface 3b, on the other hand, as shown in FIG. 11, (I),
      (II), and (III), may have increasingly larger widths closer to the end
      portions of the cutter dies 3 as shown by b.sub.o, b.sub.1 -c.sub.0, and
      b.sub.2 -c .sub.1 respectively at points on the material. This finishing
      surface 3b can not serve to transfer volume of the material during rolling
      and shaping of the material. The shaping surface 3a is finished up in the
      way slightly contacting the surface shaped by the described shaping
      surface 3a. The angles .beta..sub.1, .beta..sub.2 made respectively on the
      inclined surfaces of the shaping surface 3a and the finishing surfaces 3b
      may normally be 15.degree. to 70.degree.. Experiment provided 25.degree.
      for .beta..sub.1 and 45.degree. for .beta..sub.2 respectively which were
      taken most appropriate for the angles. In the similar way, the angle of
      inclination in the shaping surface 3'a and the finishing surface 3'b may
      be adequately selected. Although omitted from the drawings, the cutter
      dies of the same construction as above described may be likewise provided
      in the other rolls of the cross rolling machine.
PAR  The cutter dies as conventionally proposed and having the construction as
      above described are arranged such that the product 02 and the bar material
      04 can be rolled and shaped with a pair of rolls into a stepped shaft with
      flanged parts and they are cut off separately. The shaping surfaces 3a of
      the cutter dies 3 are slowly cut into the material. The product 02 and the
      bar material 04 are cut off separately on the shaping surface 3a. In this
      instance, the material is extended outwardly to balance with the shaping
      force F.sub.0 (FIG. 9) of the shaping surfaces 3a in an amount
      corresponding to the volume of cutting of the shaping surface 3a deep into
      the material. On the other hand, the finishing surface 3b provides
      finishing only in the shaping surface 3a without transferring the volume
      of the material while the shaping force produced from the finishing
      surface 3b is acting upon the bar material. Accordingly, the shaping force
      F.sub.0 is so greatly reduced as compared with the conventional cutter
      dies so that the product may not have a deficiency in the surface as
      heretofore encountered.
PAR  The above description also applies to the shaping surface 3'a and the
      finishing surface 3'b as well.
PAR  The inventors have thus manufactured a number of stepped shaft products by
      use of the described cutter dies for the cross rolling machine. After
      continued manufacture of products, a disadvantage was found in the cutter
      dies in that the spring shaping surface of the cutter dies (a.sub.2
      -b.sub.2, particularly a.sub.2 in FIG. 11 (III) ) would wear out gradually
      and the separation of the product from the material was not achieved
      effectively.
PAR  This disadvantage can be removed by the inventors in an attempt to surely
      separate the product from the material even when any wear would remain in
      the cutter dies.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, the cutter dies are obtained in such a way that
      the shaping surface of the cutter dies increases along the length of the
      dies during the finishing operation starting from the end portions of the
      dies where an angle of 10.degree. to 15.degree. is made on the shaping
      surface, thereby applying a tension force in the axial direction. Thus, in
      the obtained cutter dies, the material and the product can be surely cut
      off separately even when the cutter dies wear out and such cutter dies may
      not sufficiently cut into the central part of the material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects and features of the invention will be made apparent from the
      description given by way of example with reference to the accompanying
      drawings, in which:
PAR  FIGS. 1 and 2 are diagrams illustrating the cross rolling machine;
PAR  FIGS. 3-11 are diagrams illustrating the construction and function of the
      conventional cutter dies, of which
PAR  FIG. 3 is a developed view of the conventional cutter dies;
PAR  FIG. 4 is a sectional view taken along the line IV--IV of FIG. 3;
PAR  FIGS. 5 and 6 are views illustrating the separation of the shaped products;
PAR  FIG. 7 is a further developed view of the conventional cutter dies;
PAR  FIGS. 8-10 are sectional views respectively taken along the lines
      VIII--VIII, IX--IX, and X--X of FIG. 7;
PAR  FIG. 11 (I)-(III) are partially enlarged views of FIGS. 8 to 10;
PAR  FIGS. 12-17 illustrate an embodiment of the cutter dies according to the
      invention;
PAR  FIG. 13 is a view taken along the line XIII--XIII of FIG. 12;
PAR  FIG. 14 is a view taken along the line XII--XII of FIG. 12;
PAR  FIG. 15 is a view taken along the line XI--XI of FIG. 12;
PAR  FIG. 16 is a partially enlarged view of FIG. 15; and
PAR  FIG. 17 is a view illustrating the separation of the shaped product.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The embodiment of the invention is now illustrated in more details with
      reference to FIGS. 12 to 17.
PAR  In FIG. 12, numeral 10 denotes rolls; 20 wedge-like dies fixed on the outer
      periphery of the rolls 10; 30 cutter dies attached to the rolls 10 on the
      outside at the end of the dies 20; and 30' cutter dies attached to the
      outer peripheral surfaces of the rolls on the outside.
PAR  The cutter dies 30, as shown in FIG. 17, serve to cut off the product 40
      from the bar material 50, and the cutter dies 30' to cut off the product
      40 from the remaining portion 60 at the end of the material.
PAR  The cutter dies 30 are formed with the shaping surface 30a and the
      finishing surface 30b connected by a zenith line 70. The cutter dies 30'
      are formed with the shaping surface 30'a and the finising surface 30'b
      connected by a zenith line 80. These zenith lines 70, 80 are formed in
      moderate curves with the wedge-shape dies closer to the end portions of
      the cutter dies 30, 30'. The zenith lines 70, 80 are formed in a definite
      shape (5.degree.-10.degree. in the angle of rolling dies) by a
      levelling-off operation and thereafter formed in a substantially straight
      line toward the outside of the wedge-shape dies 20 at a point
      10.degree.-15.degree. less in angle from the end portions of the cutter
      dies (Refer to FIGS. 12-15). Width of the shaping surfaces 30a, 30'a is
      gradually smaller beginning from the end portions of the cutter dies 30,
      30' until a point about 20.degree. (line 0--0 in FIG. 12) less in angle
      from the end portions of the cutter dies 30, 30' and the width of the
      finishing surfaces 30b, 30'b is formed gradually larger, while the shaping
      surfaces 30a, 30b being gradually higher.
PAR  The cross section on the line 0--0 is continued to the line P--P about
      10.degree. less in angle from the end portions, where finishing is
      performed. Normally the height of the cutter dies is determined such that
      in the above-mentioned points the product 40 is cut off from the material
      50 and the product 40 is cut off from the remaining end portions 60.
PAR  The shaping surfaces 30a, 30'a are increased greatly at a point just
      passing over the line P--P about 10.degree. less in angle from the end
      portions of the cutter dies as shown in FIGS. 15 and 16. The finishing
      surfaces 30b, 30'b also are increased in width. For this reason, the
      shaping surfaces 30a, 30'a impart a radical axial force F.sub.1, which is
      not imparted to the shape formed up to the P--P line. By the action of
      this axial force, the product 40 is surely cut off from the bar material
      50 and the product 40 from the remaining end portions 60. The angles
      .theta..sub.1, .theta..sub.2 (in FIG. 12) in the shaping surfaces 30a,
      30'a are preferably less than 10.degree. (5.degree.-10.degree.). Larger
      angles are also available for the separation of the material 50 or the
      remaining portions 60, in which, however, the product 40 and the material
      50 may be unstable and difficult to make precise finishing.
PAR  The cutter dies according to the invention thus can eliminate the drawback
      of the conventional cutter dies in which sure separation of the products
      from the bar material and the product from the remaining end portions may
      not be obtained due to wear in the shaping surfaces of the cutter dies
      from continuous shaping operation. Undesirable effects such as the
      deficiency in the end portions of the product may be avoided which may
      badly affect the rolling and shaping operation by a radical increase of
      the shaping surface and the axial force at the point 10.degree. from angle
      in the end portions of the cutter dies.
PAR  The obtained cutter dies are able to achieve a desired practical result by
      use of the cross rolling method and adapted for a precise and large-scale
      production.
PAR  In the cutter dies according to the invention, the position of increase in
      the width of the shaping surfaces would vary depending on the axial
      diameter of the product but such position may be determined preferably at
      15.degree. or less in angle from the end portions of the cutter dies.
PAR  The invention is not limited only to the rolling and shaping method as
      referred to above and shown in the accompanying drawings but it may also
      be applcable in the cutter dies for the cross rolling machine such as
      fixed on plane surfaces, if the spirit of the invention is maintained for
      the practice of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Cutter dies for cross rolling machines, each of said dies comprising a
      shaping surface, a finishing surface, a beginning portion, and an end
      portion, a first portion of said shaping surface having a width and height
      decreasing and increasing, respectively, along a portion of said cutter
      die from said beginning portion to a point near said end portion, and a
      second portion of said shaping surface having a width and height
      increasing and decreasing, respectively, along the portion of said cutter
      die from said point to said end portion.
NUM  2.
PAR  2. Cutter dies according to claim 1, wherein said first portion comprises a
      part thereof whose width remains approximately constant up to said point.
NUM  3.
PAR  3. Cutter dies according to claim 2, wherein said finishing surface has a
      first portion, the width of said first portion of said finishing surface
      increasing from said beginning portion to said point.
NUM  4.
PAR  4. Cutter dies according to claim 3, wherein said finishing surface has a
      second portion, said second portion of said finishing surface extending at
      an angle relative to said first portion of said finishing surface, said
      angle being determined by the intersection of a center line of said part
      of said first portion of said finishing surface and a center line of said
      second portion of said finishing surface.
NUM  5.
PAR  5. Cutter dies according to claim 4, wherein said angle is between 5
      degrees and 10 degrees.
NUM  6.
PAR  6. Cutter dies according to claim 1, further comprising a roller, two of
      said cutter dies being supported on said roller in parallel relation to
      each other, and said roller comprises a wedged-shaped rolling die parallel
      with and separating said two cutter dies, the finishing surfaces of said
      cutter dies lying a farther distance away from the respective edges of the
      said wedged-shaped rolling die than the respective shaping surfaces.
PATN
WKU  039423492
SRC  5
APN  5371562
APT  1
ART  321
APD  19741230
TTL  Crown die for thread rolling of applicator rolls
ISD  19760309
NCL  5
ECL  2
EXP  Larson; Lowell A.
NDR  1
NFG  2
INVT
NAM  Williams; Edward George
CTY  Macedon
STA  NY
INVT
NAM  LaBombard; Richard George
CTY  Henrietta
STA  NY
ASSG
NAM  Xerox Corporation
CTY  Stamford
STA  CT
COD  02
CLAS
OCL   72 98
XCL   72118
XCL   72103
EDF  2
ICL  B21H  304
FSC   72
FSS  103;104;118;98
UREF
PNO  2645954
ISD  19530700
NAM  Pfingston
OCL   72118
UREF
PNO  2937547
ISD  19600500
NAM  Moeltzner
OCL   72104
UREF
PNO  3651678
ISD  19720300
NAM  Zook, et al.
OCL   72103
ABST
PAL  A die for through feed thread rolling of fine external threads on a
      cylindrical work piece or applicator roll is given whereby a die having
      substantially uniform threads and a variable diameter is employed.
BSUM
PAR  This invention relates to the production of threaded surfaces.
      Specifically, this invention relates to the manufacture of fine pitched,
      high quality, threaded surfaces having utility on applicator rolls as well
      as other conventional uses. More particularly, this invention pertains to
      tools for rolling threads on work pieces as they pass between or through
      one or a cluster of such tools, usually two or three, which are rotated in
      unison to produce surface metal flow on the work piece to form a
      continuous thread configuration.
PAR  In electrostatic recording as typified by xerography, it is usual to form
      an electrostatic latent image on an insulating or photoconductive
      insulating surface, generally conforming to information to be recorded or
      reproduced. This image may then be developed or made visible by the
      application of an electrostatically attractable material which deposits in
      conformity with the electrostatic latent image to produce a visible
      record. In the usual embodiments of electrostatographic development, it is
      conventional to employ finely divided insulating materials, generally
      powders, which are presented to the image bearing surface in particulate
      form. Thus, conventionally, the electrostatic latent image is generally
      developed by cascading across the image surface a mixture of relatively
      large carrier beads or granules bearing on their surfaces finely divided
      pigmented toner particles. Alternatively, insulating or conductive toner
      or liquid developers have been presented to the image in an air
      suspension. Likewise, toner may be carried on the surface of a brush or
      brushlike fiber such as a fur brush or a simulated brush of magnetically
      adhering particles.
PAR  U.S. Pat. No. 3,084,043 issued to Robert W. Gundlach discloses that an
      electrostatic latent image may be developed or made visible by presenting
      to the image surface a liquid or ink-type developer on the surface of a
      suitable developer dispensing member such a developer dispensing member
      comprises a support base having disposed on its surface a raised pattern
      which may comprise a plurality of fine raised lines, dots, or other raised
      material. The patterned material on the developer dispersing surface is
      generally a very finely divided pattern, regular in configuration or at
      least in pattern size, and adapted to maintain spacing between a developer
      dispensing surface and a developer receiving surface sufficient to keep
      the developer out of contact with the recording surface in the background
      areas. The developer dispensing member is prepared by the use of a process
      in which the liquid developer is supplied to fill the roots or valleys
      between the crests, lands, or dots of the pattern. This may be
      accomplished, for example, by wiping the surface with a thoroughly wetted
      cloth or by means of rolls or the like, preferably followed by squeegeeing
      off the excess developer. When prepared in this manner, the developing
      dispensing member bears on its surface substantially uniform film of
      developer punctured by the dots or other raised pattern in such a manner
      that a smooth surface pressed in contact with the developer dispensing
      member is in contact only with the peaks of the pattern and not with the
      developer film. Desirably, sufficient developer should be placed on and
      allowed to remain on the surface of the developer dispensing member so
      that this member may be placed against a sheet of paper or other
      relatively smooth surface without transferring quantities of developer to
      such surface. For image development, the surface of the developer
      dispensing member is pressed either simultaneously or progressively into
      contact with the area in which a pattern is to be developed on the image
      bearing surface causing developer transfer to the image surface in
      conformity with the electrostatic image.
PAR  The working surface of a roll for application of a liquid developer to an
      electrostatically charged photoreceptive surface is composed, for example,
      of a multihelicoid thread pattern having from about 150 to about 350
      threads per inch at about 45 degrees right or left hand lead. Other angles
      may be used such as from about 20 degrees to 80 degrees from axis. The
      thread configuration is typically about 0.0050 inch pitch, about 0.001
      inch top land, and with about 35 to 65 micron depth. The overall roll size
      may be typically about 1 inch in diameter and approximately 9 inches in
      length, exclusive of journals. Typically, such a roll may be made from
      aluminum, brass, zinc, carbon steels, and alloys thereof.
PAR  The manufacture of such rolls is difficult owing to the high manufacturing
      standards required.
PAR  Such rolls may be fabricated by mechanical engraving, but this well known
      technique is very time consuming. On the other hand, conventional rolling
      which as a method of fabrication differs from engraving primarily in that
      in rolling, the roll to be grooved is supported by a backing roll instead
      of on bearings, and is fast and efficient. Unfortunately, high quality,
      fine threaded rolls are not generally available from conventional rolling
      techniques.
PAR  It is conventional practice to have an entry section on thread rolling dies
      such that there is provided a converging opening between the dies that
      permits the work readily to enter therein. The rolling thread producing
      surfaces of the dies thus contact the work piece to initiate metal flow at
      the surface of the work piece that will raise portions corresponding to
      the crests of the finished thread on the work piece and correspondingly
      depress portions of the work piece corresponding to the roots of the
      finished thread. One conventional practice provides a starting section
      having a fully formed thread. This arrangement, namely, the initial entry
      of the sharp edge of the die tooth followed by subsequent edge penetration
      of the same tooth gives rise to a finished thread formation in the work in
      which there appears a fine continuous crevice extending the length of the
      finished thread. This crevice is generally undesirable. A second problem
      generally found in prior art dies is that the threads are often improperly
      formed or damaged in the initial starting section, which generally
      necessitates a second machining step. Another disadvantage of some of the
      prior art dies is that uniform straight profiles on fine pitched surfaces
      is not generally found.
PAR  Various techniques have been suggested for improving thread rolling
      operations such as those described in U.S. Pat. No. 2,720,801 in which a
      set of dies are inclined to the axis of the work and provided with a root
      and crest contour to make full contact with the threads formed in the
      work. This patent suggests maintaining a constant root diameter for the
      thread rolling die in conjunction with a tapered run-on section in which
      there are rounded crests on the initial thread turns. U.S. Pat. No.
      2,828,493 shows a tap including a roller die for producing an internal
      thread in which the metal is compressed rather than redistributed. U.S.
      Pat. No. 3,131,407 shows a thread swaging tap which slides with respect to
      the internal threads which are progressively developed by compressing the
      metal in the wall of the hole. Finally, U.S. Pat. No. 3,651,678 a tap
      having flat surface crests is shown which forms a predetermined angle with
      the axis of the roll and tapers to a diameter at the starting end less
      than the mean heights of the fully formed threads.
PAR  It is an object of this invention to provide for a through feed thread
      rolling die which gives different and in fine thread rolling proved
      products. It is a further object of this invention to provide for a thread
      rolling die which can operate by itself or in a cluster, skewed with
      respect to the centerline of the work piece which will permit straightness
      of thread, improved metal deformation, and structurally sound threads.
      Other objects and advantages will become apparent from a reading of the
      ensuing specification.
PAR  In the present invention, a thread rolling die is adapted to be rotatably
      supported by itself or in a cluster exteriorly to a cylindrical work piece
      with the roll axis skewed from the axis of the work piece. The die has an
      overall crown-type structure. This unique structure can be characterized
      as being similar to the arc of a segmented circle. Typically, the die has
      a variable root and crest diameter which is larger in size at some
      intermediate point from the ends, preferably at the center of the die, and
      smaller at the die edges with a substantially uniform transition between
      the two limits. This structure substantially eliminates misalignment
      problems and assists in developing a smooth subsurface flow of metal. As
      the diameter of the pointed crests on the die increases towards the
      highest level of the crown, a metal deformation is produced which gives a
      fully formed, structurally sound threads having a substantially uniform,
      straight profile, and being free from significant imperfections. The crest
      of the developing thread on the work piece flows uniformly into the root
      of the die thread to produce a fully formed thread which has a crest that
      completely fills the root of the die and has a structural integrity of
      solid metal in contrast to the prior art formation of opposing folds with
      a crevice remaining therebetween.
PAR  This unique flow properties and other advantages of this invention are
      accomplished in the preferred form of the invention by a die having a
      variable root diameter and a variable crest diameter on the outer surface
      of the die roll, both of which are substantially uniform with respect to
      each other, where both variable diameters of the die may be characterized
      as corresponding to the arc of a segmented circle.
PAR  In a second embodiment of the invention, the die is of like structure to
      that described above, but modified such that the die is cut along its axis
      at the point where the diameter of the crown is greatest. For reasons that
      will be discussed later such a structure can be used in an identical
      fashion to the first embodiment with the same useful and advantageous
      results.
DRWD
PAR  The invention will be further described with to the drawings where:
PAR  FIG. 1 is a view partly in section of a thread rolling die having a helical
      thread made in accordance with the invention shown in relation to an
      incoming cylindrical work piece; and
PAR  FIG. 2 is a profile trace of the typical die employing the features of the
      invention.
DETD
PAR  Referring to FIG. 1, a thread rolling die generally indicated as 11 is
      shown in the form of a roll with an external helical thread formed
      thereon. The die 11 may be any desired diameter and is adapted to be
      driven by itself or in a cluster of such dies spaced to form a centerline
      between the dies which is correct for the size of the work to be
      externally threaded. In this embodiment of the invention, a single thread
      is developed on the surface of the die 11 consisting of a plurality of
      turns in the form of a continuous helix. Depending upon the diameter of
      the dies in relation to the work, multiple helical thread configurations
      may also be employed. For simplicity of illustration however, the
      invention is illustrated with respect to a single continuous helical
      thread on the roll with the understanding that the invention can be
      applied to multiple helical thread configurations as well.
PAR  The die of FIG. 1 is shown with the surface sectioned. Crests 12 and 12'
      and roots 13 and 13' are the same continuous surface respectively. The
      profile across the crest surfaces can be seen to be rounded or in the form
      of an arc of a circle. In like fashion, a profile of the roots is seen to
      be rounded or in the form of an arc. As shown, the crests and roots
      respectively, have a variable diameter which is larger in size at the
      approximate center of the die and smaller at the two edges with a
      substantially uniform transition between the two limits. In the
      manufacture of extremely fine threads, the difference between the heights
      of the highest crest and the lowest crest may conveniently range from
      between about 0.0025 and about 0.050 inch. Generally speaking, the lateral
      distance between these two limits, the larger and smaller crests, should
      be about at least 0.12 inch. If the working surface of the die is
      considered to be in the form of an arc of a segmented circle, the initial
      angle between the chord and the arc should be greater than about 1/4 of
      one degree. Also shown in FIG. 1 is a portion of a cylindrical work piece
      20 which is progressing through die 11 with rolling forces applied
      radially inwardly by a backing roll (not shown) in balanced relation to
      the work piece such that the desired external thread formation is rolled
      into the metal surface of the work piece. It will be understood that the
      rolling operation may take place with the die 11 and the other identical
      dies (not shown) each rotating about a central axis, which may or may not
      be parallel to the direction of motion of the work piece 20 indicated by
      the arrow in FIG. 1. The roll axis about which the roll rotates is also
      taken as the axis of reference for the angles of the various portions of
      the helical thread on the surface of the die 11.
PAR  The work piece contacts the die at some initial crest, here shown as 14,
      which is a full size thread and which corresponds in size and pitch to the
      desired finished thread formation for the work 20. Because of the arc
      structure or angle between the die 11 and initial entry point of work
      piece 20, the work piece gradually enters the die and the metal flow which
      forms the thread is gradually initiated. As the work piece is gradually
      engaged, the subsequent crests penetrate deeper into the work piece
      causing a uniform metal flow which progresses into the roots of the die
      without a tendency to produce a crevice in the developing thread structure
      on the work piece 20. The metal flows steadily toward the root of the die
      thread as the crest moves into the work. At the point of the die where the
      crests are of largest diameter, the work is finished in the known and
      conventional manner with the final desired size and tolerance dimension of
      the threaded work piece being that identical to the die at that point. As
      the work piece continues to move through the die, the subsequent die
      crests drop below the threaded work piece permitting it to exit from the
      free end of the die.
PAR  When a cluster of dies is employed, the angle of the arc structure or taper
      is such that the entry end of the die has a diameter which, when mounted
      in a cluster, provides an entrance of greater diameter than the diameter
      of the cylindrical work piece 20 as it enters the die. Thus, the crests
      contact the work piece at some intermediate point suggested at 14 on the
      entry surface and as contact is made, the internal metal flow in the work
      20 is initiated.
PAR  Referring to FIG. 2, the details of the threaded surface of a die of this
      invention are shown. By employing a surface or profile trace such as could
      be obtained by using a Gould Surfanalyzer Model 1200, the unique features
      of this invention can be more easily seen. In using such a device, a
      stylus travels across the surface of the die transmitting a signal to a
      recorder which diagrammatically reproduces the profile. Here in FIG. 2,
      approximately 1/2 inch of width or face of a typical die of this invention
      is shown in the profile trace. The horizontal magnification is 10X and the
      vertical magnification is 500X. The upper crests 30 and the lower roots 31
      are seen to be substantially even in transition between the lesser and the
      greater diameters following the general curve of an arc. The distance
      between the crests and their neighboring roots are seen to approximately
      equal and equivalent to the depth of the desired thread to be formed. The
      spacing between adjacent crests and adjacent roots are likewise
      substantially equal and are equivalent to the thread separation desired.
      In an embodiment of this invention, threads produced by a die similar to
      that profiled in FIG. 2 where the measurements are made normal to the
      thread helix angle will have adjacent crests 0.0054 inch apart, thread
      depth of 0.0025 inch and a groove or thread angle, that is the angle of
      the thread walls adjacent to a root of between about 50.degree. and
      60.degree.. The helix of this die was 671/2.degree..
PAR  In a modified form of the invention, the die may be cut or ended at the
      high point of the crests and roots thus having a truncated section at the
      point where the work piece is finished. Otherwise, the die is identical to
      that described in FIG. 1.
PAR  The tool or die of this invention may be manufactured by any acceptable
      technique. One useful way is by mechanical engraving where a working tool
      is moved along the surface of a die blank to form the desired profile.
PAR  Dies heretofore described carry out a novel method in the formation of
      exterior threads on a cylindrical work piece. The helical thread on the
      die initially engages the cylindrical work piece at the point where the
      crest diameter is small and moves toward the slightly rising surface. As
      the die and the work rotate, the applied force enters into the work piece
      to a greater depth to form the thread. The metal is displaced both
      laterally and generally outwardly beyond the original diameter of the work
      piece. The depth of entry of the tool into the work piece terminates when
      the crest of the largest diameter is encountered. The metal of the work
      piece that is displaced is displaced at a decreasing rate and that part
      moving outwardly enters into a helical space in the tool beyond the
      original circumference of the work piece, which space has a greater
      circumference than the circumference of the space from which the metal has
      been displaced by the tool. Thus, the metal entering into the exterior
      area provided by the tool beyond the original surface of the work piece
      enters into a space of greater volume than that from which it was
      displaced. Hence, the metal forming the outer half of thread beyond the
      pitch line may be of slightly less density than the base portion of the
      thread adjacent the root. From the foregoing, it will be understood that
      the tool performs a method in which the threads are created by
      displacement of metal at a diminishing rate and with that part of the
      thread beyond the pitch line being of no greater density than the density
      of the root portions of the thread. Thus, this method is distinguished
      from many techniques relation to the rolling of threads in which the
      threads are created by compression of the metal.
PAR  The following example further defines, describes, and demonstrates a method
      of utilizing the process of this invention to fabricate rolls.
PAC  EXAMPLE I
PAR  A blank roll of 1040 normalized steel about one inch in diameter and about
      nine inches long with the diameter held within a total tolerance of about
      0.0005 inch is inserted in a machine such as available from Reed Rolled
      Thread Die Company, Holden, Massachusetts, Model B-112. The machine is a
      directly opposing two die straight thru or on center thread rolling
      machine with a capacity of part size from about 1/8 inch to about 21/2
      inches in diameter and up to about 24 inches in length when supported on
      centers, and up to about 20 feet in length on thru feed. One of the
      machine dies is removed and replaced with a cast nylon backing roll which
      is about 5.4 inches in diameter and about 3 inches in length. The nylon
      backing roll has a hardness of about Rockwell R116 hardness and is mounted
      on a spindle. The cast nylon backing roll drive is disengaged. A crown die
      of this invention about 6 inches in diameter and about 0.75 inch in length
      made of hard steel to produce about a 671/2.degree. lead angle helix
      patterned roll containing about 180 threads per inch is mounted on a
      spindle on the other machine head. The crown is approximately 0.003 inch
      high in the center of the die face. The steel blank work roll is mounted
      on centers in the machine and held by hydraulic pressure. The nylon
      backing roll is brought into place to engage the steel blank work roll.
      The machine's centers are free floating, within limits, in a centering
      device so that the work roll is always centered between the die and the
      backing roll during the rolling process. The machine is started at a die
      speed of about 100 rpm and as the die rotates it pulls the blank roll
      forward in the centering device. When the die and backing roll initially
      engage the blank roll and the thread rolling starts there is substantially
      no slippage as is commonly found. With very fine and shallow thread
      rolling, there is normally a tendency for the few initial threads to tear.
      However, this does not occur in the method of this invention using the
      crown die. As the threads are rolled in the blank roll they become the
      gripping surface pulling the part forward. When the part is completely
      rolled, the machine stops and the die and the backing roll retract. The
      centering device pressure is released and the fabricated part is removed
      from the machine. About 1 minute is required to groove the blank roll from
      the time the machine is started. The average thread depth of the grooved
      roll is about 50 microns.
PAR  To determine the quality of the roll fabricated, the grooved surface is
      cleaned with a solvent to remove any contaminents such as grease and oil.
      The roll is mounted in a machine suitable for electrostatographic polar
      liquid development and positioned in contact with a photoreceptor surface.
      The photoreceptor surface is electrostatically charged uniformly by means
      of corona discharge and subjected to imagewise exposure of a light and
      shadow pattern to form an electrostatic latent image thereon. The latent
      image is developed with a liquid developer contained in a trough which is
      applied to the roll by a feed roller. Excess liquid from the roll surface
      is carefully wiped away at every cycle by a doctoring device. The clean
      tips of the ridges on the roll provide a finite spacing between the
      photoconductor and the liquid. The liquid is retained in the grooves of
      the roll and out of mechanical contact with the photoconductive surface.
      Development by electrostatic attraction takes place on the photoconductor
      surface in those areas of the photoconductor containing an electrical
      charge by the liquid creeping up the sides of the roll cell walls into
      contact with the photoconductor. In those areas of the photoconductor
      which are not electrostatically charged, the liquid remains in the roll
      cell walls out of contact with the photoreceptor. The printing speed is
      about ten inches per second. The printed copy produced by the rolled steel
      roll is in general equal to and in some cases superior to that produced by
      a mechanically engraved carbon steel roll having substantially the same
      pattern as the rolled roll and employed as a control. Less background is
      obtained by the roll produced by this invention.
PAR  While this invention has been particularly described with reference to
      specific embodiments, the invention is not so narrow and should be viewed
      only in the light of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thru feed thread rolling die for producing metal flow on the exterior
      surface of a cylindrical metal work piece to form a continuous,
      substantially straight uniform thread configuration free of a crevice
      along the thread crest, comprising a roll formed with a substantially
      uniform external thread having a variable diameter profile corresponding
      to the arc of a segmented circle.
NUM  2.
PAR  2. A thru feed thread rolling die for producing metal flow on the exterior
      surface of a cylindrical work piece to form a continuous, substantially
      uniform thread configuration comprising a roll formed with a substantially
      uniform external thread having a substantially uniform depth and having a
      variable crest diameter profile which is greater at some point
      intermediate of the die ends and smaller at the die ends with a
      substantially uniform transition between the greater diameter and smaller
      diameter.
NUM  3.
PAR  3. The die of claim 2 wherein the diameter of the largest crest is between
      about 0.0025 and 0.05 inch greater than the diameter of the smallest
      crest.
NUM  4.
PAR  4. The die of claim 2 wherein the transition between the greater diameter
      and the smaller diameter is in the profile of and arc of a segmented
      circle.
NUM  5.
PAR  5. The die of claim 4 wherein the angle between the chord of the arc and
      the crest profile is greater than about 1/4 of one degree.
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ABST
PAL  In a rolling mill train for producing wire, a billet is passed from a
      furnace to a single-core roughing train and then into a distributor for
      directing the rolled material into a number of heat-insulated storage
      channels. At the opposite end of each channel an intermediate train is
      arranged immediately followed in rectilinear alignment by a finishing
      train so that the rolled material passes in a straight line directly from
      the storage channel through the intermediate and finishing train for
      forming the finished wire.
PARN
PAR  This is a Continuation of application Ser. No. 459,215, filed Apr. 8, 1974,
      now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a rolling mill train for the
      production of wire from regular and refined steel, with the train
      consisting of a single-core roughing train formed of several groups of
      roll stands arranged in series, a device for distributing the rolled
      material from the roughing train to a number of storage channels and then
      from each storage channel into an intermediate train immediately followed
      in rectilinear alignment by a finishing train.
PAR  Known rolling mill trains of this general type serve to meet the increasing
      demand for greater wire rolling mill capacity by, on one hand, increasing
      the weight and cross section of the billets, and on the other hand, by
      operating the roughing train and the following trains at optimum outlet
      speed.
PAR  Since the output of even single-core roughing trains provided with a
      relatively small number of stands suffice, with proper utilization, to
      supply a plurality of following intermediate and finishing trains with the
      material to be rolled, even if they are operated at a relatively high
      inlet speed, interposed distributing and storing devices serve to afford
      the necessary equalization between the output of the roughing train and
      the operating capacity of the following trains.
PAR  In modern wire rolling mills, storage devices as disclosed in DOS Pat. No.
      1,652,566 are used which employ two-part looping tables of great length
      which receive alternately rolled material issuing from a roughing train
      over a switch so that the rolled material is fed through the stands of an
      intermediate train and then moves through bypasses, changing direction
      repeatedly, before entering one of two concurrently operated finishing
      trains. In another wire rolling mill disclosed in Luxembourg Pat. No.
      93,739, the storage devices consist of four juxtaposed coiling or winding
      furnaces which receive the rolled material issuing from a roughing train
      alternately over a bypass and loop-thrower with the material being
      transferred, after the reversal of its direction of rotation, over the
      loop-thrower and an additional bypass to a finishing train.
PAR  Both the looping tables and the coiling furnaces require the transformation
      of the billets entering the roughing train into bars with a relatively
      small cross section and a correspondingly great length, and such
      transformation necessitates in turn, apart from a greater number of stands
      in the roughing train, special measures and devices for influencing the
      intermediate material by means of heat, so that a rough material of
      uniform temperature over its entire length can be fed to the intermediate
      and finishing trains. Looping tables, coiling furnaces and bypasses render
      the processing of high alloy, brittle steel either more difficult or
      prevent it altogether.
PAR  The present invention is directed to the provision of a rolling mill train
      for producing wire, which permits, with reduced expenditure of space and
      operating means, the optimum utilization of the rolling speeds in both the
      roughing train and the following train, for the single-core straight
      rolling of large billets into wire of commercial cross section and
      corresponding lengths.
PAR  In accordance with the present invention, a rolling mill train includes a
      storage device consisting of a plurality of rectilinear storage channels
      each of which extends from a distributor device arranged at the outlet
      from a roughing train to an intermediate train with the intermediate train
      followed directly by a finishing train which is in rectilinear alignment
      with it. The billet directed into the roughing train passes as a straight
      solid bar through the storage channel for subsequent passage along a
      rectilinear path through the intermediate train and finishing train for
      forming finished wire.
PAR  The straight or rectilinear rolling of billets into wire, which is made
      possible in a rolling mill train of the present invention, renders the use
      of large grouping tables and bypasses between stands of the intermediate
      train and also coiling furnaces and associated loop-throwers as
      unnecessary. Further, it permits the working of high alloy steel without
      sacrificing the utilization of existing stands and without other
      considerations. Because of the relatively large cross section and small
      lengths of the rolled material, passing from the roughing train, which is
      to be stored, a particularly favorable heat balance is achieved with the
      minimum expenditure of means for obtaining temperature equalization over
      the length of the stored material. In addition, high rolling speeds can be
      used even in the roughing train, which consists of a relatively small
      number of stands. By using a relatively small number of stands, the heat
      loss in the rolled material is kept low and overheating of the rolls is
      prevented. Furthermore, a particularly effective and economical
      pressurized water descaling device can be employed in the path of the
      billets passing into the roughing train. This device prevents reactions
      occurring in the following trains based on the operation of the roughing
      train. These problems are kept to a minimum, particularly if an automatic
      signalling device is used for delivering billets from the furnace to the
      roughing train based on the readiness of the following trains to process
      the rolled material. Such a signalling device permits an arbitrary
      limitation on the rolling mill operation to a smaller number of
      intermediate and finishing trains with a correspondingly reduced
      utilization of the roughing train, but without the accumulation of stored
      rolled material which requires heat treatment.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated and described a preferred embodiment of the invention
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  The drawing is a schematic illustration of a rolling mill train embodying
      the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As illustrated in the drawing, the rolling mill train consists of a
      roughing train 1, four identical finishing trains 2 arranged in parallel
      side-by-side relation with an intermediate train 3 located immediately
      ahead of each of the finishing trains. A distributor switch 4 is located
      at the outlet from the roughing train 1 and four rectilinear storage
      channels 5 extend from the distributor switch, each to one of the
      intermediate trains.
PAR  In the path of a billet 6 moving from a furnace 7 to the roughing train 1,
      there is a pressurized water descaling device 8. A pair of rollers 9 is
      located in each storage channel 5 so that the rolled material from the
      roughing train 1 can be braked, as desired, to the inlet speed of the
      following intermediate train or can be stopped temporarily for subsequent
      introduction into the inlet stand of the intermediate train.
PAR  The storage channels 5 are heat-insulated and can be provided with a
      regulable heating system. Storage channels which are formed of well
      insulated and preheated pipes generally afford a sufficient heat
      equalization over the lengths of the rolled material. Accordingly,
      additional heating by the regulable heating system can be limited to the
      parts of the storage channels immediately adjacent the intermediate trains
      or the additional heating can be eliminated altogether. Water cooling
      zones 10 and loop throwers, not shown, which are connected over driving
      apparatus and air cooling zones to loop collecting and binding machines
      are usually arranged downstream from the outlets of the finishing trains
      2.
PAR  In the embodiment shown in the drawings, the roughing train 1 consists of
      four dual stands arranged in H-V arrangement, that is, with the roll axes
      displaced relative to each other by 90.degree., and with the roll axis
      inclined by 45.degree. toward the central vertical rolling plane. The
      roughing train is arranged to transform square billets with an edge
      distance of about 140mm to square bars with an edge distance of about
      85mm.
PAR  In the intermediate trains 3, the rolled bars are roughed down in two H-V
      dual stands and in 10 three-roll stands so that they are drawn into
      hexagonal bars which are processed in the following finishing trains 2 to
      round wires of about 0.5mm diameter. The intermediate and finishing trains
      can be operated continuously with outlet speeds up to 50m/s and more.
PAR  Though the use of several separately driven single-core intermediate and
      finishing trains is preferred, because of the reduced effects on operating
      troubles and because of the twist-free rolling, the present invention does
      not exclude the possible adaptation of several parallel storage channels
      to the inlet passes of multi-wire, intermediate and finishing trains. In
      such an arrangement, the storage channels arranged close together can be
      combined into a single storage conduit with guides for the individual
      bars.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Rolling mill train for use in the production of wire from billets of
      regular and refined steels, comprising a single-core roughing train
      arranged to receive a square billet of approximately 140 mm on a side from
      a billet furnce and to transform the billet into a square bar of about 85
      mm on a side as it moves along a horizontal path, a plurality of
      single-core finishing trains spaced from said roughing train and said
      finishing trains arranged in parallel relationship and arranged to operate
      at an outlet speed of about 50 m/s, an intermediate train for each said
      finishing train located between said finishing train and said roughing
      train and arranged to operate at the same outlet speed as said finishing
      train, and means for distributing rolled material from said roughing train
      to said intermediate trains and for storing the rolled material which
      exceeds the capacity of said intermediate and finishing trains, wherein
      the improvement comprises that said means includes a distributor member
      located at the outlet from said roughing train and a plurality of
      rectilinear storage channels each associated with one of said intermediate
      trains and extending between said distributor member and its associated
      said intermediate train, at least one of said channels being spaced at an
      angle to said roughing train and to said intermediate train with which it
      is associated and adjacent said channels being spaced apart at an acute
      angle to one another, each said channel forming a heat insulated and
      heatable closed passage throughout the length thereof, each said
      intermediate train being arranged in a straight line and located
      immediately adjacent to and in rectilinear alignment with said finishing
      train with which it is associated so that the rolled material from each
      said storage channel can be fed through the associated said intermediate
      train and finishing train for forming finished wires, said distributor
      member being displaceable about a vertical axis for alignment with each of
      said storage channels for feeding the bar issuing from said roughing train
      into a selected one of said storage channels, and a pair of drive rollers
      located in each said storage channel in the path of the rolled material
      passing therethrough for providing a braking effect on the rolled
      material.
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ABST
PAL  While performing an ironing operation (a specific kind of drawing
      operation) on a hollow workpiece by means of a mandrel or punch and a die,
      the workpiece is caused to leave the die at a speed exceeding the speed of
      the mandrel, and the resulting forward slip with respect to the mandrel is
      controlled. The required mandrel stroke is reduced. Stripping of the
      workpiece from the mandrel may be started while the workpiece is still in
      motion relative to the mandrel.
BSUM
PAR  This invention relates to the manufacture of hollow workpieces, and more
      particularly to the ironing of tubular or cup-shaped workpieces such as
      the bodies of cans for beverages or food preservation, shell bodies for
      ammunition, tubing, and the like, especially those which have thin walls.
PAR  In the manufacture of such workpieces, deep drawing or impact extrusion is
      normally used to first produce a heavy or medium gauge hollow blank or cup
      of restricted depth. The succeeding ironing operation which is a drawing
      operation of a specific kind, and which is performed by means of a mandrel
      or punch and a drawing die, serves to reduce the wall thickness of the
      hollow workpiece and to increase the length thereof in a suitable manner.
      The internal diameter of the workpiece remains substantially unchanged
      during ironing. After the ironing operation has been completed, the
      workpiece is stripped from the mandrel.
PAR  When using conventional methods, several ironing steps are normally
      necessary to obtain a desired reduction in wall thickness. Such procedure
      is relatively expensive. Moreover, when a single mandrel is used to pass
      the workpiece through a number of dies arranged in tandem or through a
      stepped die having several spaced ironing portions, the mandrel has a
      relatively long stroke and thus must be of considerable length, which
      often results in eccentricity in the ironed workpiece and non-uniformity
      in wall thickness thereof.
PAR  A method has heretofore been proposed which permits practically unlimited
      reductions during a single passage through a die having one ironing
      portion. This will increase the economy of the process and will reduce the
      required stroke and length of the mandrel and thus decrease the danger of
      eccentricity.
PAR  It is an object of the invention to reduce the stroke and length of the
      mandrel still further.
PAR  It is another object of the invention to achieve practically unlimited
      reductions by a single ironing step in an improved manner at high power
      efficiency.
PAR  It is an additional object of the invention to facilitate the stripping of
      the workpiece from the mandrel and to reduce the required stripping force.
PAR  Further objects and advantages of the invention will become apparent as the
      description proceeds.
DRWD
PAR  In the drawings which illustrate the invention by way of example,
PAR  FIG. 1 is a diagrammatic fragmentary section showing the ironing of a
      cup-shaped workpiece in accordance with the invention;
PAR  FIGS. 2 to 11 are diagrams plotting certain variables.
PAR  FIGS. 12 and 13 illustrate the stripping of a workpiece in accordance with
      the invention.
PAR  FIG. 14 illustrates a modification of the stripping arrangement.
DETD
PAC  GENERAL DESCRIPTION OF IRONING
PAR  Referring to FIG. 1, the arrangement shown therein comprises an ironing
      mandrel or punch 30 having a front face 31 and a coaxial bore 32 which
      extends through the punch. Instead of being coaxial, the bore may be
      eccentrically arranged if desired. The punch is connected at its rear to
      actuating means such as a ram 33 of a press. A die 34 cooperates with the
      punch and is provided with an aperture generally indicated at 36. This
      aperture 36 extends through the die and includes a tapered or conical
      portion 37 having a semi-cone angle .alpha., and a substantially
      cylindrical portion or land 38 of the length L. For better illustration,
      angle .alpha. is shown larger than normally used for the present purposes.
PAR  A hollow workpiece is generally indicated at 40 and consists of metal,
      e.g., aluminum, steel or the like. The workpiece shown here has a cup-like
      shape preformed during a preceding deep drawing or cupping operation to
      produce a can, in particular a beer can. It will be clear that instead of
      being cup-shaped, the hollow workpiece may be in the form of a tube as
      shown, for example, in FIG. 1d of my U.S. Pat. No. 3,685,337.
PAR  The workpiece or can 40 comprises a bottom 41 and an integral side wall 42
      of tubular shape which extends to a rear or end face 43. Designating
      certain dimensions of the workpiece before ironing as original and after
      ironing as final, the side wall 42 has an original outer radius R.sub.o, a
      substantially constant inner radius R.sub.i which further represents the
      outer radius of the punch, and an original wall thickness t.sub.o  which
      is usually much smaller than the radius R.sub.i. The bottom 41 may
      likewise have the original wall thickness t.sub.o.
PAR  To perform an ironing operation, punch 30 is caused to engage the interior
      of the hollow workpiece 40 in a manner such that face 31 of the punch will
      originally contact bottom 41, the hole 32 of the punch providing for
      escape of fluid such as air from the interior of the workpiece. The punch
      with the workpiece thereon is then advanced into aperture 36 of the die so
      that material of the workpiece will be forced to flow through the conical
      portion 37 of the die aperture and the thickness of side wall 42 will be
      reduced while the length thereof will be increased so as to form an ironed
      portion 44 of the side wall. The ironed portion has a final outer radius
      R.sub.f which likewise represents the approximate inner radius of land 38
      of the die, and a final wall thickness t.sub.f corresponding substantially
      to the width of the gap between punch 30 and land 38. The movement of
      punch 30 will normally be continued until the entire workpiece has been
      passed through die 34.
PAR  Ram 33 is adapted to exert a force indicated at P which is applied to punch
      30 and may be transmitted to the workpiece partly through friction in the
      area of deformation and partly through pressure of front face 31 of the
      punch on botton 41 as long as face 31 contacts the bottom of the
      workpiece, deviating from the condition illustrated here in FIG. 1.
      Pressure on bottom 41 may cause the development of tensile stresses in
      wall portion 44 during ironing. If friction between punch and inner
      surface of the workpiece is increased, less tension is present in wall
      portion 44, thus permitting ironing with larger reductions in wall
      thickness.
PAR  To obtain practically unlimited reductions during one pass through a single
      die, friction at the punch should be higher than friction at the die and
      proper die angles should be selected as has been set forth heretofore.
      When the entire punch force P is transmitted to the workpiece by friction
      directly in the area of deformation, front face 31 of the punch will not
      exert any pressure upon bottom 41 of the workpiece and there will be no
      tension in portion 44 of the latter. In the case of such procedure, a
      requirement of minimum necessary reduction may replace the conventional
      criterion of maximum possible reduction.
PAR  Additional details of FIG. 1 will be explained in later parts of the
      description.
PAR  In subsequent calculations, the die friction factor or coefficient will be
      indicated by the symbol m.sub.1, and the punch friction factor or
      coefficient by m.sub.2. The symbol .sigma..sub.xf will be used for front
      pull stress or tension in the ironed portion 44 at the exit of the die.
      Back pull stress .sigma..sub.xb may occur at the entrance to the die,
      e.g., when deep drawing and ironing are combined and both are performed
      during the same stroke of the punch.
PAR  The symbol .sigma..sub.o will designate the nominal flow stress of the
      workpiece material, i.e., tensile stress at the yield point for a specimen
      of rod type. For hollow workpieces of the kind shown, the flow stress is
      slightly higher and equals (2/.sqroot.3) .sigma..sub.o, i.e.,
      approximately 1.15 .sigma..sub.o. The relation of actual stress to flow
      stress (2/.sqroot.3) .sigma..sub.o will be called the relative stress. If
      .sigma..sub.xf /[(2/.sqroot.3) .sigma..sub.o ] equals one, the front pull
      stress has the highest permissible value and under otherwise equivalent
      conditions, relatively large reductions may be obtained.
PAR  When workpiece and punch leave the die at the same speed, there will be no
      sliding friction between workpiece and punch beyond the conical portion of
      the die aperture. Under such conditions, reductions in wall thickness
      obtainable during ironing are indicated by an equation stated in column 8,
      lines 41 to 45, of the aforementioned patent as follows:
      ##EQU1##
      wherein E(.alpha.,.sqroot.3/2) = elliptic integral of second kind.
PAR  The following equation defines the elliptic integral:
      ##EQU2##
      wherein .THETA. = angular coordinate (see FIG. 1).
PAR  Reference is made to pages 402 et seq. and 429 et seq. of my book, "Metal
      Forming: Processes and Analysis", McGraw-Hill Book Company, 1968, where
      the elliptic integral is treated and values thereof are stated for a range
      of .alpha. from 0 to 90.degree. in a table on page 404. It will be
      apparent from this table that for small values of .alpha. not exceeding
      55.degree., the elliptic integral can be approximated by sin .alpha. with
      an error not larger than 5%.
PAR  Eq. (1a) can be represented symbolically as:
      ##EQU3##
PAR  The characteristics of Eq. (1a) are shown in FIG. 2 in which the abscissa
      is the semi-cone angle .alpha. of the ironing die and the ordinate is the
      possible reduction ratio t.sub.o /t.sub.f. Die friction factor and mandrel
      friction factor are constant at their respective values of m.sub.1 = 0.05,
      and m.sub.2 = 0.3, while the length L of the land of the die is zero. It
      should be noted that the following description of FIG. 2 and the
      characteristics thereof prevail only when die friction is lower than
      mandrel friction. The parameter in FIG. 2 is the relative front tension.
      Back pull stress .sigma..sub.xb equals zero in FIG. 2 as is usually the
      case.
PAR  The most extreme line on the right of FIG. 2 indicates the possible
      reduction as a function of angle .alpha. when maximum wall tension is
      permitted. This characteristic has a vertical asymptote at a critical die
      angle of approximately 7.2.degree. for the conditions shown in FIG. 2, and
      all the rest of the lines in the present figure have the same asymptote.
      Thus, moving from large die angles to small die angles, one starts with
      only small possible reductions which increase first gradually and then
      drastically as the die angle approaches its critical value. As the die
      angle becomes the critical angle of 7.2.degree., practically unlimited
      reductions can be obtained. Combinations of die angles and reductions to
      the right of and above the most extreme line at the right are not
      permissible because they would be associated with still higher wall
      tension which would cause bottom or wall tearing.
PAR  Selected lower values of wall tension, for example, .sigma..sub.xf = 0.8
      (2/.sqroot.3) .sigma..sub.o, result in lowering the reduction ratio
      somewhat for die angles larger than the critical angle, but the
      characteristic lines are similar.
PAR  This trend continues for smaller and smaller values of wall tension until a
      switch occurs in that for very small values, close to no wall tension at
      all, the characteristic line snaps to the other side of the critical
      angle. When no tension is permitted, t.sub.o /t.sub.f starts at zero for
      zero die angle, increases first gradually with increasing angle values,
      and then rises drastically to be asymptotic to the vertical line at the
      critical die angle which is about 7.2.degree. in the present FIG. 2. It
      will be clear that the characteristic line for .sigma..sub.xf = 0, which
      is marked by crossed strokes, designates a reduction that can be made
      without any wall tension, the entire power being supplied by ram friction
      only. This line represents the criteria for the minimum reduction required
      for ironing without wall tension. Any practical reduction above this line
      can be achieved and no wall tension is expected. As stated, the area to
      the right of the family of characteristics is not suitable for ironing
      because of tearing. Between the two extreme lines, a varying degree of
      wall tension is expected.
PAC  Forward Slip
PAR  The invention is based on the observation that under certain conditions the
      ironed portion of the workpiece may be caused to leave the die at a speed
      exceeding the speed of the punch, which will result in forward slip of the
      ironed portion with respect to the punch so that a gap 46 will be formed.
      Hole 32 of the punch provides for ingress of air to avoid development of a
      vacuum.
PAR  As compared with prior methods, the required stroke of the punch is shorter
      by the axial extent of gap 46, and the length of the punch may be reduced
      by an equal amount. This will decrease the danger of workpiece
      eccentricity and resulting non-uniformity in wall thickness.
PAR  It has been found that during ironing, forward slip will occur only if
      punch friction is larger than die friction. Further, forward slip is
      possible in the area to the left of the family of characteristic lines in
      FIG. 2, where the operation is performed substantially without wall
      tension.
PAR  To keep the ironed portion free of tensile stresses, angle .alpha. will be
      made smaller than the critical value defined by an equation appearing in
      column 9, line 25, of the aforesaid patent. This may be indicated here as
      follows:
EQU  2E(.alpha.,.sqroot.3/2) + m.sub.1 cos.alpha. - m.sub.2 &lt; 0 3
PAR  Expression (3) can be solved for .alpha. by a successive approximation
      method. The characteristics of expression (3) are plotted in FIG. 3, where
      the abscissa is the mandrel friction factor m.sub.2, the ordinate is the
      critical semi-cone angle .alpha..sub.cr, and the parameter is the die
      friction factor m.sub.1. The diagram is valid for all values of L, the
      length of the land of the die. From FIG. 3 it will be observed that the
      value of the critical angle increases monotonically (almost linearly) with
      an increase in punch friction and with a decrease in die friction.
PAR  Where suitable, expression (3) may be approximated as follows:
EQU  .alpha. .apprxeq. 28.5(m.sub.2 - m.sub.1)                  4
PAC  Velocity Zones
PAR  Reverting to FIG. 1, it will be clear that the die 34 and punch or mandrel
      30 are movable relative to each other. In the arrangement shown, the die
      is stationary while the punch is adapted to move downwards at an
      operational speed U.
PAR  The velocity field indicated in FIG. 1 serves to approximately simulate the
      actual flow and to facilitate mathematical treatment by the upper bound
      approach.
PAR  Thhere are three zones of velocity of the material. In Zone I where
      deformation has not started as yet, the material forming a rigid body
      moves downward in axial direction at an original velocity v.sub.o. Zone I
      is bounded by the end face 43, by two cylinders of radii R.sub.i and
      R.sub.o, respectively, and by a toroidal surface .tau..sub.1 which in the
      sectional view is arc-shaped, and which has a coordinated center 0 and a
      radius r.sub.o. Center 0 which represents an apex for angle .alpha. is
      located on a circle formed by intersection of the extended conical surface
      of the die aperture and the surface of the punch, the circle having the
      radius R.sub.i.
PAR  In Zone II wherein plastic deformation takes place, any particle will move
      in an axial plane towards the respective center or apex O at a varying
      speed v. This zone is bounded by the toroidal surface .tau..sub.1, by a
      cylindrical surface of radius R.sub.i, by a toroidal surface .tau..sub.2
      formed about the apex O and having a radius r.sub.f, and by a conical
      surface which is a portion of the inner conical surface 37 of aperture 36
      of the die. Punch 30 and die 34 are considered here as rigid bodies.
PAR  In Zone III, the ironed portion 44 moves as a rigid body in the axial
      direction of the workpiece at a final velocity v.sub.f. This zone is
      bounded by the toroidal surface .tau..sub.2, by two cylinders of radii
      R.sub.i and R.sub.f, and by a portion of the outer surface of bottom 41.
PAR  In the case of a thin-walled workpiece where
EQU  t.sub.o /R.sub.0 &lt;&lt;1                                       5,
PAL  the relation of exit velocity v.sub.f to entrance velocity v.sub.o is
      calculated in view of volume constancy and may be approximated as follows:
      ##EQU4##
PAR  When forward slip occurs, exit velocity v.sub.f is faster than punch
      velocity U which in turn is faster than entrance velocity v.sub.o, that
      is,
EQU  v.sub.f &gt; U &gt; v.sub.o                                      7
PAC  Interface Conditions, Neutral Point, and Friction at Punch
PAR  Considering the conditions at the interface between punch and workpiece or
      can, a particle of the can originally located at point A and forming a
      part of the rigid body of material in Zone I will first move downward at
      the velocity v.sub.o which is slower than the punch velocity U. Contact
      between the matching surfaces is loose here and the punch does not exert
      any appreciable frictional drag on the workpiece in Zone I.
PAR  As the particle passes the surface .tau..sub.1, its motion downward is
      accelerated because of the convergent flow in Zone II. When the particle
      reaches a certain intermediate position N between .tau..sub.1 and
      .tau..sub.2, its speed is equal to the punch speed U. Moving past point N,
      the velocity of the particle exceeds the punch speed. Point N will be
      called the neutral point because at that point there is no relative motion
      between punch and workpiece.
PAR  Above point N, the punch drags the workpiece along in Zone II by means of
      friction, forcing it to enter the gap between the punch and the die and to
      advance therein. The friction force F.sub.1 (FIG. 1) is the sole
      motivating force when ironing with no wall tension is effected, and this
      frictional drag must supply power to deform the workpiece and to overcome
      friction losses due to contact of die and mandrel with the workpiece. When
      ironing with forward slip, the relative motion between the workpiece and
      the punch at the exit side of the neutral point N causes a reverse drag on
      the can. The corresponding force F.sub.2 opposes the ironing motion.
PAR  When the particle passes the surface .tau..sub.2, the land L of the die
      still exerts pressure on the workpiece, and thus a part of friction force
      F.sub.2 is produced on the can surface below .tau..sub.2. Gradually, the
      can leaves the die, and although can and punch are still in contact,
      friction diminishes.
PAR  Available net effective ram friction is:
EQU  F = F.sub.1 - F.sub.2                                      8
PAR  the position of the neutral point between the surfaces .tau..sub.1 and
      .tau..sub.2 is flexible. It fluctuates with changing conditions, and may
      be classified as a pseudo-independent parameter. When power demand rises
      and exceeds the supply, the exit velocity automatically slows down, the
      neutral point moves to the exit, increasing F.sub.1, decreasing F.sub.2,
      and the effective power supply rises to restore balance between supply and
      demand. The precise reverse occurs when the power supply exceeds the
      demand. The exit velocity rises and balance is restored. Fluctuations in
      the position of the neutral point have the effect of an automatic, instant
      feedback loop control. When power demand increases so greatly that it
      forces the neutral point to move to surface .tau..sub.2, and v.sub.f is
      equal to U, a condition of instability is reached. Higher power demand
      will not be satisfied due to depletion of friction reserves. Then, as a
      result, wall tension will occur.
PAC  Details of Flow in Zone II
PAR  Considering a particle in Zone II at a point B intermediate the punch and
      die in a toroidal coordinate system with the center or origin 0, two
      coordinates are given by the radial distance r and angular coordinate
      .THETA.. In a direction perpendicular to the plane of FIG. 1, there exists
      symmetry with respect to the angular direction around the axis of symmetry
      of the can.
PAR  Since any particle in Zone II moves towards the center 0, the velocity
      vector is
EQU  v = -v.sub.f r.sub.f cos.THETA./r                          9
PAL  The minus sign in Eq. (9) results from the fact that according to the
      notation used here, the velocity v directed toward the center 0 is a
      negative value, but the downwardly directed velocities v.sub.f and U are
      positive values.
PAR  Whereas in Zone I a particle moves at the constant speed v.sub.o in the
      axial direction, such particle when passing the surface .tau..sub.1 and
      commencing its flow towards the apex .tau., will undergo a drastic change
      in direction and magnitude of speed. Volume constancy is maintained. There
      is continuity of the component of velocity normal to .tau..sub.1 during
      passage from Zone I to Zone II across the surface .tau..sub.1, but a
      discontinuity in flow, parallel to the direction of surface .tau..sub.1,
      occurs. For this reason, surface .tau..sub.1 is called a surface of
      velocity discontinuity. Continuing along the radial direction toward the
      apex 0, the velocity of the material particle increases at inverse
      proportion to its radial distance r. It should be noted that the velocity
      will change from particle to particle in accordance with the respective
      angular position .THETA.. The larger .THETA., the slower the flow.
      Further, the angle .THETA. of any particle remains constant throughout the
      flow through Zone II. This is due to the fact that the flow is radial.
PAR  As the speeding material particle reaches the surface .tau..sub.2  which is
      again a surface of velocity discontinuity, it undergoes another drastic
      change in flow direction and magnitude of velocity. Passing surface
      .tau..sub.2, the particle resumes an axial flow at the constant speed
      v.sub.f.
PAR  As stated, at the neutral point the velocity of a particle on the inner
      surface of the can is equal to the punch velocity U. Mathematically
      expressed:
      ##EQU5##
PAR  Eq. (9) may be modified to read
      ##EQU6##
PAR  At the interface between the workpiece and the punch, .THETA. = 0 so that
      Eq. (11a) is reduced to
      ##EQU7##
      or
      ##EQU8##
PAR  Eq. (11b) applied to the neutral point reads:
      ##EQU9##
      or
      ##EQU10##
      or
      ##EQU11##
      As indicated hereinbefore, only when r.sub.N equals r.sub.f will the exit
      velocity of the workpiece be equal to the punch velocity U. When the
      position of the neutral point fluctuates and r.sub.N becomes larger,
      forward slip will start and may gradually become more pronounced.
PAC  Basic Power Requirements
PAR  When drawing solid material in the form of strip, front pull stress is
      determined by Eq. (14.16) on page 405 of the book referred to. This
      equation is applicable to the ironing of hollow workpieces in a slightly
      modified form if, preliminarily, friction at the punch is assumed to be
      zero. When multiplying both sides of the modified equation by the area
      under stress (approximated as 2.pi.R.sub.i t.sub.f for R.sub.i not much
      smaller than R.sub.f) and by the exit velocity v.sub.f, the power J.sub.o
      (J at zero punch friction) is obtained:
      ##EQU12##
PAR  Friction losses over the interface between punch and can will be computed
      next. From surface .tau..sub.1 to point N, punch speed is higher than
      speed of the can, and in view of Eqs. (11c) and (12) the relative velocity
      between punch and can, i.e., the difference in velocity, is in this
      region:
      ##EQU13##
PAR  From r.sub.N to r.sub.f the can material moves at the interface faster than
      the punch so that, with the aid of Eq. (14),
      ##EQU14##
PAR  From the surface .tau..sub.2 on downward, the relative speed is constant at
      ##EQU15##
PAR  The length L.sub.R (FIG. 1) of the area of contact between punch and can
      below .tau..sub.2 where friction is still relevant, is estimated at
EQU  L.sub.R = r.sub.f - r.sub.f cos.alpha. + L = (1 - cos.alpha. + (L/r.sub.f))
      r.sub.f                                                   (19)
PAR  Friction losses occurring over the interface between punch and can and
      caused by shear stresses will be designated W.sub.S which symbol indicates
      work per unit of time under shear. Based on Eq. (5.23) on page 59 of the
      book referred to, these friction losses can be computed as follows:
      ##EQU16##
PAR  Eq. (20b) may be rearranged as follows:
      ##EQU17##
PAR  As will be apparent from FIG. 1, the parameters r.sub.o, r.sub.f are
      geometrically related to t.sub.o, t.sub.f, respectively:
EQU  r.sub.o = t.sub.o /sin.alpha.                              21a
EQU  r.sub.f = t.sub.f /sin.alpha.                              21b
PAL  Considering the parameter r.sub.N, Eq. (14) may be modified as follows:
EQU  r.sub.N /r.sub.f = v.sub.f /U                              21c
PAL  Upon multiplication with r.sub.f /r.sub.o, Eq. (21c) becomes
EQU  r.sub.N /r.sub.o = (r.sub.f /r.sub.o)(v.sub.f /U) = (t.sub.f
      /t.sub.o)(v.sub.f /U)                                     21d
PAR  Accordingly, Eq. (20c) for friction power losses over the interface between
      the punch and the can may be modified to read
      ##EQU18##
      When rearranged, Eq. (22a) becomes
      ##EQU19##
      Eq. (22b) may be reduced to
      ##EQU20##
      Adding punch friction losses by Eq. (22c) to the power J.sub.o presented
      by Eq. (15), the required total power J* becomes:
      ##EQU21##
      Symbolically
      ##EQU22##
      where V.sub.f /U is a pseudo-independent process parameter.
PAR  Dividing both sides of Eq. (23a) by 2.pi.R.sub.i t.sub.f
      U(2/.sqroot.3).sigma..sub.o, the weighted power becomes:
      ##EQU23##
PAR  which symbolically is presented as
      ##EQU24##
PAR  The characteristics of Eq. (24a) are presented in FIG. 4. The abscissa is
      the forward slip, and the ordinate is the weighted power consumption.
      Reduction ratio t.sub.o /.sub. f is a parameter while die angle, punch
      friction and die friction values are held constant, and .sigma..sub.xb and
      L are zero. Each characteristic line exhibits a minimum for some value of
      forward slip. It has been found that the actual value of forward slip
      occurring during ironing tends to coincide with the value of forward slip
      that minimizes the power consumption. Thus an optimal value of forward
      slip may be obtained through the process of minimization of power as
      explained later. While any value of v.sub.f /U is kinematically
      admissible, flow in nature tends to occur under that mode which minimizes
      the required power.
PAR  It should be noted from FIG. 4 that forward slip (the minimum point)
      increases with increasing reductions.
PAC  Minimization of Power
PAR  Each minimum point in Eq. (24a) can be found by the following
      differentiation
      ##EQU25##
PAR  Thus, the amount of forward slip which minimizes power consumption can be
      found by differentiation of Eq. (24a) according to Eq. (25). The result
      is:
      ##EQU26##
      One solution of Eq. (26) is
EQU  V.sub.f /U = 0                                             27
PAL  this solution would be feasible only when the workpiece stalls and no
      ironing is performed. In the case of tube drawing, this situation may
      occur and suitable means to avoid it are to be provided. In can ironing,
      physically, the can having a bottom cannot normally leave the die more
      slowly than the punch and Eq. (27) would prevail only when bottom or wall
      tearing occurs. It should also be noted that Eq. (26) is valid only when
      v.sub.f &gt;  U, thus the solution by Eq. (27) does not apply here.
PAR  The other solution of Eq. (26) will provide the optimal value of v.sub.f /U
      when the term in braces is made equal to zero. Solving explicitly for
      v.sub.f /U, the result can be presented in two ways:
      ##EQU27##
PAR  Both Eqs. (28a) and (28b) which are different in form are identical
      expressions of the same mathematical relations that can be represented
      symbolically by
      ##EQU28##
PAC  Characteristics of Eqs. (28a, b)
PAR  Equation (28b) clearly indicates the relation between v.sub.f /U and
      t.sub.o /t.sub.f for fixed die angle and friction values. The exponential
      expression in the last part of Eq. (28b) is always a value smaller than
      one, while the power expression of t.sub.o /t.sub.f in the first part of
      Eq. (28b) becomes small and approaches one when t.sub.o /t.sub.f is small
      and approaches one. Under such conditions v.sub.f /U may be smaller than
      one so that there would be no forward slip. It is, therefore, clear that
      when very small reductions are attempted, forward slip cannot prevail. For
      forward slip, reduction must be of a certain value or above, that is,
      forward slip and the concept of unlimited reduction prevail only when the
      exponent of t.sub.o /t.sub.f in Eq. (28b) is above zero, a condition that
      is obtained when expression (3) applies.
PAR  The characteristics of Eqs. (28a, b) are presented graphically in FIGS. 5
      to 10 in which the ordinate is the forward slip or relative forward speed
      v.sub.f /U. In FIG. 5, the abscissa is the reduction ratio t.sub.o
      /t.sub.f and the parameter is the punch friction m.sub.2. The die angle,
      die friction, land, and back tension are all kept constant at: .alpha. =
      2.degree., m.sub.1  = 0.03, L = 0 and .sigma..sub.xb  = 0, respectively.
      There is a monotonous increase in forward slip with increase in reduction
      ratio and in punch friction. The insert near the upper left corner of FIG.
      5 is a large scale illustration of the area adjacent t.sub.o /t.sub.f  =
      1 and v.sub.f /U = 1, and here again it should be noted that forward slip
      occurs only when finite reduction is effected and not below a critical
      value, depending upon the magnitude of punch friction. When a can with a
      bottom is made or when tube ironing is effected by pulling a tube and
      mandrel, reduction below the critical value would introduce wall tension.
      However, when tube ironing is effected by pulling the mandrel alone, the
      tube will stop moving if reduction is below the critical value.
PAR  In FIG. 6, the abscissa is the semi-cone angle of the die, and the
      parameter is the reduction ratio. Punch and die frictions are m.sub.2 =
      0.3 and m.sub.1 =  0.03, respectively, while the land and back tension are
      both zero. There is monotonous decrease in relative forward speed or slip
      with increase in die angle and decrease in reduction. The intersection
      with the abscissa at various critical die angle values is evident. If the
      respective critical die angle is exceeded, there will be no forward slip.
PAR  The effects of back tension, and of land, on relative forward speed or slip
      are studied in FIGS. 7 and 8, respectively. In both Figs. the abscissa is
      the semi-cone angle of the die, whereas die and punch friction, and
      reduction ratio are kept constant at m.sub.1 =  0.03, m.sub.2 =  0.3, and
      t.sub.o /t.sub.f =  4, respectively. In FIG. 7 the land is zero and
      relative back tension is the parameter while in FIG. 8 back tension is
      zero and relative length of the land is the parameter. There is a
      monotonous decrease in relative forward speed or slip with increase in die
      angle, in relative back tension (FIG. 7) and length of the land (FIG. 8).
      Here again, the abscissa is intersected at various critical die angles,
      and if these angles are exceeded, no forward slip prevails.
PAR  In FIGS. 9 and 10, die and punch friction are the parameters, respectively.
      The die angle is the abscissa in both figures, and t.sub.o /t.sub.f =  4,
      L = 0, and .sigma..sub.xb =  0 are constants. In FIG. 9, m.sub.2 equals
      0.30, and in FIG. 10, m.sub.1 equals 0.03. Decrease in die friction (FIG.
      9) and increase in punch friction (FIG. 10) cause increase in forward
      slip.
PAR  It will be apparent from the foregoing explanations that forward slip may
      be controlled by suitable selection of related values such as reduction
      ratio, die angle, and friction factors.
PAC  Criteria for Required Minimum Reduction Ratio
PAR  The minimum reduction ratio required for forward slip may be expressed by
      comparison with conditions for zero forward slip.
PAR  When no forward slip occurs and thus v.sub.f /U equals one, and when wall
      tension diminishes and .sigma..sub.xf equals zero, the term in brackets in
      Eq. (28a) becomes zero. For zero forward slip and zero wall tension,
      therefore, Eq. (28a) leads to
      ##EQU29##
PAR  In Eq. (29), provision is made for friction between punch and can beyond
      the exit from the conical portion of the die, whereas such friction is not
      included in Eq. (1a).
PAR  To obtain forward slip, the reduction ratio should be larger than the value
      indicated by Eq. (29).
PAC  Reduction Ratio vs. Forward Slip as Parameter
PAR  Equating the term in braces in Eq. (26) to zero, and rearranging the
      equation, leads to an explicit expression for t.sub.o /t.sub.f as a
      function of the other process variables, including forward slip. The
      expression reads:
      ##EQU30##
      It may be noted that when v.sub.f /U = 1, the present equation is reduced
      to become Eq. (29).
PAR  An explicit expression for t.sub.o /t.sub.f as a function of the other
      process variables can be found also by rearranging Eq. (28b) to read:
      ##EQU31##
PAR  While different in appearance, both Eqs. (30a, b) are identical and may be
      represented symbolically by
      ##EQU32##
PAR  Referring now to FIG. 11, the diagram shown is in part based on FIG. 2, but
      is drawn on a larger scale. The abscissa is the semi-cone angle of the die
      while the ordinate is the reduction ratio. Constants are m.sub.1 =  0.05,
      m.sub.2 =  0.3, L = 0, and .sigma..sub.xb =  0.
PAR  Characteristics of Eqs. (30a, b) are shown in the portion of FIG. 11 to the
      left of the curve marked by crossed strokes, where the solution with
      forward slip and zero wall tension prevails. Forward slip is the variable
      parameter here. To achieve higher and higher values of forward slip,
      higher reduction ratios are needed. Values of t.sub.o /t.sub.f required to
      achieve a desired amount of forward slip become smaller when smaller die
      angles are used.
PAR  The right-hand portion of FIG. 11 substantially corresponds to the diagram
      of FIG. 2 and thus represents ironing with wall tension, the latter being
      the variable parameter in this portion of the diagram.
PAC  Stripping
PAR  In the past, stripping has been started with the mandrel and workpiece
      being at rest relative to each other, and in tight contact with each other
      due to pressure exerted during the preceding ironing operation. As is well
      known, starting friction is much higher than sliding friction and,
      therefore, a force of great magnitude is required to initiate the
      stripping operation in the conventional manner. Once the stripping has
      started, a much smaller force is sufficient to continue the motion.
PAR  According to the invention, at least a partial stripping force is applied
      to the workpiece while forward slip still exists. Thus, forward motion
      relative to the mandrel will be maintained. As a result, stripping will no
      longer start from a rest position of the workpiece, and the previously
      required high initial force will be avoided.
PAR  FIGS. 12 and 13 illustrate the improved procedure in connection with
      conventional mechanical stripping means which are here shown as movable
      stripper fingers 50 located underneath the ironing die 34 and biased in
      the direction toward the axis of symmetry. When mandrel 30 and workpiece
      or can 40 advance downwards, the fingers 50 are pushed outwardly to clear
      the path of the can as indicated in FIG. 12.
PAR  Bore 32 of the mandrel is connectible to a source of fluid under pressure
      such as compressed air, through a hose 52 and a 3-way valve 54.
      Heretofore, such compressed air has been used to assist in overcoming high
      friction when starting to strip from a rest position. According to the
      improved method, valve 54 will be actuated by means of a limit switch 56
      or the like when the can is about to leave the die. The limit switch may
      be operated by an element (not shown) adjustably connected to ram 33 (FIG.
      1). Upon proper adjustment, compressed air will be admitted through bore
      32 to gap 46 previously formed due to forward slip of the can. The air
      pressure should be such as to maintain slipping motion of the can relative
      to the mandrel. An air pressure of about 35 psi. has been found sufficient
      for this purpose in various instances.
PAR  When the position shown in FIG. 13 is reached, the gap will have increased
      as indicated at 46', and tends to become still larger due to the action of
      the air pressure. The stripper fingers 50 have moved inwardly to engage
      the rear face 43 of the can. When now mandrel 30 is reversed, the fingers
      50 will retain the can in generally conventional manner to complete the
      stripping, but only a limited punch force will be required since merely
      sliding friction has to be overcome, instead of starting friction.
PAR  FIG. 14 shows a modification in which a mandrel or punch 60 is equipped
      with a conventional auxiliary knock-out punch 62. Heretofore, such
      auxiliary punch had to overcome high starting friction when actuated to
      strip the workpiece from the mandrel. In the improved method, compressed
      air will be introduced through bore 64 into can 40 at the time the can is
      about to leave die 34 generally as described in connection with FIG. 12 so
      that forward slip will be prevented from fizzling out. When the can has
      completely emerged from the die and the auxiliary punch is actuated, only
      sliding friction need be overcome. Forward slip and final stripping
      movement will blend with each other, whereby a continuous motion will be
      obtained until the stripping has been completed.
PAR  If the conditions are favorable, compressed air alone may be used to carry
      out the entire stripping operation as a continuation of forward slip
      motion. It has been found that in certain cases, an air pressure of about
      50 psi will be sufficient to cause the can to move off the mandrel without
      the use of a conventional stripper.
PAR  The procedure described may be modified so as to apply air pressure
      approximately at the start of the ironing operation or soon after ironing
      has commenced. Any wall tension caused by air pressure of the magnitude
      needed for stripping would be entirely insignificant.
PAR  Instead of using fluid pressure in the interior of the workpiece, means
      engaging the outer surface thereof may be exployed to maintain forward
      slip. For example, power-driven rolls may be actuated and caused to engage
      the outside of the workpiece at the time the latter is about to leave the
      die. Such arrangement is suitable in particular when ironing workpieces
      without bottom, such as tubes, and will again render it possible to blend
      forward slip and stripping movement.
PAR  As stated hereinbefore, back pull stress may be present, e.g., when deep
      drawing and ironing are combined, in which case .sigma..sub.xb is a
      positive value. Instead thereof, back push stress may occur when ironing
      is facilitated by the application of a force to the end face 43 (FIG. 1)
      of the workpiece. Such force will exert extruding pressure, and
      .sigma..sub.xb will then be a negative value in the foregoing equations.
PAR  While certain specific examples have been described and illustrated, it
      will be understood that various modifications and changes may be made
      without departing from the scope of the invention as defined in the
      appended claims. For example, the die aperture 36 may include a portion
      which, instead of being precisely conical, has a similar convergent shape.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of making a hollow workpiece with the aid of a punch and a
      die having an aperture extending therethrough; the steps of providing said
      workpiece with a side wall; causing said punch to engage the interior of
      said hollow workpiece so that the latter is positioned on said punch;
      causing movement of said punch with said workpiece thereon relative to
      said die and into said aperture thereof at an operational speed to iron
      said workpiece and thereby reduce the thickness and increase the length of
      said side wall while subjecting said workpiece to a relatively large
      frictional force at said punch, and a smaller frictional force at said
      die; forcing said workpiece to leave said die at a speed exceeding said
      operational speed of the punch so as to cause forward slip of the ironed
      portion of said workpiece with respect to said punch; and controlling said
      forward slip of the ironed portion.
NUM  2.
PAR  2. In a method of making a hollow workpiece with the aid of a punch and a
      die having an aperture extending therethrough, said aperture including a
      substantially conical portion having a semi-cone angle .alpha. and a
      substantially cylindrical portion adjacent to said conical portion; the
      steps of providing said workpiece with a side wall; causing said punch to
      engage the interior of said hollow workpiece so that the latter is
      positioned on said punch; causing movement of said punch with said
      workpiece thereon relative to said die and into said aperture thereof to
      iron said workpiece and thereby reduce the thickness and increase the
      length of said side wall while subjecting said workpiece to a relatively
      large frictional force at said punch, and a smaller frictional force at
      said die; and forcing said workpiece to leave said die faster than said
      punch so as to cause forward slip of the ironed portion of said workpiece
      with respect to said punch, the reduction in thickness of said side wall
      exceeding the value resulting from the equation
      ##EQU33##
      wherein t.sub.o = original thickness of side wall,
PA0  t.sub.f = final thickness of side wall,
PA0  Exp = exponential function,
PA0  .sigma..sub.xb = back pull stress,
PA0  .sigma..sub.o = flow stress of solid rod specimen of workpiece material,
PA0  m.sub.1 = die friction factor,
PA0  m.sub.2 = punch friction factor,
PA0  L = length of substantially cylindrical portion of die,
PA0  E (.alpha., .sqroot.3/2) = elliptic integral of second kind.
NUM  3.
PAR  3. In a method of making a hollow workpiece with the aid of a punch and a
      die having an aperture extending therethrough, said aperture including a
      substantially conical portion having a semi-cone angle .alpha. and a
      substantially cylindrical portion adjacent to said conical portion; the
      steps of providing said workpiece with a side wall; causing said punch to
      engage the interior of said hollow workpiece so that the latter is
      positioned on said punch; causing movement of said punch with said
      workpiece thereon relative to said die and into said aperture thereof to
      iron said workpiece and thereby reduce the thickness and increase the
      length of said side wall while subjecting said workpiece to a relatively
      large frictional force at said punch, and a smaller frictional force at
      said die; forcing said workpiece to leave said die faster than said punch
      so as to cause forward slip of the ironed portion of said workpiece with
      respect to said punch; and controlling said forward slip in part by said
      semi-cone angle .alpha. being in agreement with the expression
EQU  2E(.alpha.,.sqroot. 3/2) + m.sub.1 cos.alpha. -  m.sub.2 &lt;  0
PAL  and said reduction in thickness being in accordance with the equation
      ##EQU34##
      wherein t.sub.o = original thickness of side wall,
PA0  t.sub.f = final thickness of side wall,
PA0  Exp = exponential function,
PA0  .sigma..sub.xb = back pull stress,
PA0  .sigma..sub.o = flow stress of solid rod specimen of workpiece material,
PA0  m.sub.1 = die friction factor,
PA0  m.sub.2 = punch friction factor,
PA0  L = length of substantially cylindrical portion of die,
PA0  E (.alpha., .sqroot. 3/2) = elliptic integral of second kind,
PA0  v.sub.f = final velocity of workpiece,
PA0  U = velocity of punch.
NUM  4.
PAR  4. A method as defined in claim 3, including the step of applying a
      weighted power j* to said workpiece in accordance with the equation
      ##EQU35##
NUM  5.
PAR  5. A method as defined in claim 4, wherein the magnitude of said weighted
      power is minimized by said forward slip being in agreement with the
      equation
      ##EQU36##
NUM  6.
PAR  6. In a method of making a hollow workpiece with the aid of a punch and a
      die having an aperture extending therethrough; the steps of providing said
      workpiece with a side wall; causing said punch to engage the interior of
      said hollow workpiece so that the latter is positioned on said punch;
      causing movement of said punch with said workpiece thereon relative to
      said die and into said aperture thereof at an operational speed to iron
      said workpiece and thereby reduce the thickness and increase the length of
      said side wall; forcing said workpiece to leave said die at a speed
      exceeding said operational speed of the punch so as to cause forward slip
      of the ironed portion of said workpiece with respect to said punch; and
      stripping said workpiece from said punch by moving said workpiece and
      punch relative to each other, and stripping being started while said
      forward slip is still in progress so that said forward slip and the
      stripping movement will blend with each other and form a continuous motion
      until said stripping is completed.
NUM  7.
PAR  7. In a method of making a cup-shaped workpiece with the aid of a punch and
      a die having an aperture extending therethrough; the steps of providing
      said workpiece with a side wall; causing said punch to engage the interior
      of said hollow workpiece so that the latter is positioned on said punch;
      causing movement of said punch with said workpiece thereon relative to
      said die and into said aperture thereof at an operational speed to iron
      said workpiece and thereby reduce the thickness and increase the length of
      said side wall; forcing said workpiece to leave said die at a speed
      exceeding said operational speed of the punch so as to cause forward slip
      of the ironed portion of said workpiece with respect to said punch; and
      introducing a fluid under pressure into said cup-shaped workpiece at the
      time said workpiece is about to leave said die so as to maintain said
      forward slip and simultaneously start to strip said workpiece from said
      punch.
NUM  8.
PAR  8. A method as defined in claim 7, wherein after leaving said die, said
      workpiece is subjected to the action of mechanical stripping means
      arranged to complete the stripping step in conjunction with said fluid
      under pressure.
NUM  9.
PAR  9. A method as defined in claim 7, wherein said pressure is of a magnitude
      sufficient to completely strip said workpiece from said punch.
NUM  10.
PAR  10. In apparatus for making a hollow workpiece having a side wall; a punch
      for engaging the interior of said hollow workpiece so that the latter is
      positioned on said punch; a die having an aperture extending therethrough;
      means for causing movement of said punch with said workpiece thereon
      relative to said die and into said aperture thereof at an operational
      speed to iron said workpiece and thereby reduce the thickness and increase
      the length of said side wall; means for subjecting said workpiece to a
      relatively large frictional force at said punch and a small frictional
      force at said die, and for forcing said workpiece to leave said die at a
      speed exceeding said operational speed of the punch so as to cause forward
      slip of the ironed portion of said workpiece with respect to said punch;
      and means for controlling said forward slip of the ironed portion.
NUM  11.
PAR  11. Apparatus as defined in claim 10, in which said aperture of the die
      includes a substantially conical portion having a semi-cone angle .alpha.
      and a substantially cylindrical portion adjacent to said conical portion,
      and in which said punch and said aperture of the die are dimensioned and
      arranged to cause a reduction in thickness of said side wall exceeding the
      value resulting from the equation
      ##EQU37##
      wherein t.sub.o = original thickness of side wall,
PA0  t.sub.f = final thickness of side wall,
PA0  Exp = exponential function,
PA0  .sigma..sub.xb = back pull stress,
PA0  .sigma..sub.o = flow stress of solid rod specimen of workpiece material,
PA0  m.sub.1 = die friction factor,
PA0  m.sub.2 = punch friction factor,
PA0  L = length of substantially cylindrical portion of die,
PA0  E (.alpha., .sqroot. 3/2) = elliptic integral of second kind.
NUM  12.
PAR  12. Apparatus as defined in claim 10, in which said aperture of the die
      includes a conical portion having a semi-cone angle .alpha. and a
      substantially cylindrical portion adjacent to said conical portion, and
      said semi-cone angle .alpha. is in agreement with the expression
EQU  2E(.alpha.,.sqroot. 3/2) + m.sub.1 cos.alpha. - m.sub.2 &lt;  0
PAL  and in which said punch and said aperture of the die are dimensioned to
      produce a reduction in thickness of said side wall in accordance with the
      equation
      ##EQU38##
      wherein t.sub.o = original thickness of side wall,
PA0  t.sub.f = final thickness of side wall,
PA0  Exp = exponential function,
PA0  .sigma..sub.xb = back pull stress,
PA0  .sigma..sub.o = flow stress of solid rod specimen of workpiece material,
PA0  m.sub.1 = die friction factor,
PA0  m.sub.2 = punch friction factor,
PA0  L = length of substantially cylindrical portion of die,
PA0  E (.alpha., .sqroot. 3/2) = elliptic integral of second kind,
PA0  v.sub.f = final velocity of workpiece,
PA0  U = velocity of punch.
NUM  13.
PAR  13. In apparatus for making a hollow workpiece having a side wall; a punch
      for engaging the interior of said hollow workpiece; a die having an
      aperture extending therethrough; means for causing movement of said punch
      with said workpiece thereon relative to said die and into said aperture
      thereof at an operational speed to iron said workpiece and thereby reduce
      the thickness and increase the length of said side wall; means for forcing
      said workpiece to leave said die faster than said punch so as to cause
      forward slip of the ironed portion of said workpiece with respect to said
      punch; and means for stripping said workpiece from said punch, said
      last-named means being arranged to start the stripping while said forward
      slip is still in progress.
NUM  14.
PAR  14. In apparatus for making a cup-shaped workpiece having a side wall; a
      punch for engaging the interior of said cup-shaped workpiece; a die having
      an aperture extending therethrough; means for causing movement of said
      punch with said workpiece thereon relative to said die and into said
      aperture thereof at an operational speed to iron said workpiece and
      thereby reduce the thickness and increase the length of said side wall;
      means for forcing said workpiece to leave said die faster than said punch
      so as to cause forward slip of the ironed portion of said workpiece with
      respect to said punch; and additional means for introducing a fluid under
      pressure into said cup-shaped workpiece so as to promote said forward slip
      and start to strip and workpiece from said punch while said forward slip
      is still in progress.
NUM  15.
PAR  15. Apparatus as defined in claim 14, including mechanical stripping means
      arranged to complete the stripping in conjunction with said fluid under
      pressure.
NUM  16.
PAR  16. Apparatus as defined in claim 14, wherein said pressure is of a
      magnitude sufficient to complete the stripping of said workpiece from said
      punch.
NUM  17.
PAR  17. Apparatus as defined in claim 14, including control means for actuating
      said additional means at the time said workpiece is about to leave said
      die.
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ABST
PAL  A seamless pipe made by extrusion or piercing and having eccentric interior
      has the outside of one of its ends turned to concentric dimensions with
      its interior and is pulled through a peeling and scraping tool affixed to
      a positioning die, and over a mandrel which widens the pipe particularly
      in the zone of peeling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in a method of making
      seamless tubes or pipes, wherein a pipe, i.e. a hollow blank, has been
      made first e.g. by piercing or by extruding a billet.
PAR  Hollow blanks made by such a process are often subsequently drawn or
      stretch-rolled or otherwise reduced in diameter. However, it has been
      found that, regardless of such working, the resulting tube or pipe still
      has a bore which is eccentric to its outer surface. The eccentricity
      occurs predominantly in pipes made by extrusion, and subsequent cold
      rolling or drawing will not eliminate the eccentricity, at least not
      completely.
PAR  Pipe extrusion presses as used today operate in that the billet chamber
      receives a heated billet which is pierced by a mandrel, and the billet is
      extruded by a ram, through a die and around the mandrel. The mandrel
      assumes a floating disposition in and with respect to the surrounding
      extrusion flow. Unfortunately, the mandrel may be displaced relative to
      the die, e.g. up to 10% and that accounts for the eccentricity in the
      resulting pipes. Pipes made by piercing exhibit a displacement of center
      lines by about 5%. Subsequent cold rolling or drawing will eliminate some
      of the eccentricity, but not all of it.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to provide a method and equipment
      for improving concentricity in seamless metal pipes.
PAR  In accordance with the preferred embodiment of the invention, it is
      suggested to machine one end of a seamless pipe made e.g. by extrusion or
      piercing in that, by turning this one end, the outer contour is machined
      to be concentric to the inner bore of the pipe. The pipe is drawn through
      a positioning die, over a mandrel for centering the pipe while being
      peeled on its outside, beginning adjacent the turned end, in that cutters
      scrape at least a portion of the surface of the pipe into conformity with
      the turned end and into contricity with the mandrel. The pipe is
      preferably expand slightly in the cutting and peeling zone. This way even
      ovally deformed and/or very eccentric or even indented pipes can be worked
      into exact concentricity with the circular interior.
PAR  In furtherance of the invention, the cutter is connected to the die and the
      mandrel traverses both of them. The pipe is drawn through the die in the
      direction so that the peeling and scraping by the cutter precedes the
      drawing through the die, while the mandrel widens the pipe in the cutting
      and peeling zone.
PAR  It may be advisable to employ multiple cutters to scrape and peel off
      several thin layers, if the eccentricity is significant. This way, one
      will extend the useful life of the cutting blades.
PAR  The scraped off shavings can be recycled to the smelting process to
      minimize waste.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of the process in accordance with the preferred
      embodiment of the invention; and
PAR  FIG. 2 is a cross-section through equipment for practicing the invention in
      accordance with the method outlined in FIG. 1.
DETD
PAR  Proceeding now to the detailed description of the drawings, we turn first
      to FIG. 1. Block A denotes summarily the known processes of working
      billets into seamless pipes or tubes. Such tubes or pipes are made either
      by a rolling process called piercing or by extrusion in a press. Either
      process is well known and does not require elaboration.
PAR  The seamless pipe making as per block A may also include additional
      working, such as stretch rolling and/or drawing to reduce the diameter of
      the pipe. As stated above, these conventional methods of size reducing do
      not eliminate eccentricities as resulting from the original process of
      making a hollow shape from a solid billet.
PAR  In the next step, block B of FIG. 1, one end of the resulting pipe or tube
      is taken and a desired outer diameter is determined in relation to the
      inner dimension of the tube or pipe as produced. This step can actually be
      seen in placing a lathe in particular relation to the center axis of the
      inner dimensions of the tube or pipe, for turning and cutting the outside
      of one end into a particular concentric configuration with the interior.
      Block C denotes the actual turning step so that an end portion of the tube
      or pipe is rather accurately machined here for obtaining an outer contour
      in rather accurate concentric relation of the cylinder as defined by the
      inner tube's wall at that end.
PAR  Block D denotes a subsequent drawing and peeling process which will be
      explained in greater detail with reference to FIG. 2.
PAR  The equipment illustrates in FIG. 2 includes a mandrel rod 1 which is
      secured to a frame or foundation at 2, while carrying a mandrel 3 on the
      other end. The mandrel is releasably secured to the mandrel rod.
PAR  In the illustrated position, mandrel 3 is already inside of a tube or pipe
      4 and has a slightly larger diameter than the pipe. The pipe is quided
      through a positioning die 5 which is concentrically arranged to the
      mandrel 3. The drawing equipment used includes additionally a claw or
      other suitable holder 6 which engages one end of the pipe.
PAR  Die 5 or its support carries a cutter 7 with cutting blades 8 reaching
      towards the pipe 4 for peeling a layer of the pipe prior to insertion of
      any pipe portion into the die. The primary function of die 5, therefore,
      is to position the cutter blades concentric to the die opening as well as
      in concentric relation to the mandrel which traverses die 5. The mandrel
      projects with its rear portion out of the die and is radially aligned with
      the cutter blades.
PAR  After having described the equipment, we continue with the description of
      the process. It is assumed that end portion 10 of pipe 4 was turned in a
      lathe to have outer cylindrical contour which is precisely concentric to
      the inner cylinder  contour of the pierced or extruded pipe at that end.
      This then is the preparation for the subsequent peeling process using the
      equipment shown in FIG. 2, whereby the pipe is worked to obtain uniformly
      concentric outer dimensions under strengthening of the pipe material.
PAR  The mandrel rod 1 is placed inside of the pipe 4 (or the latter is moved
      over the former) and the mandrel 3 is affixed to the end of the rod. At
      this point, mandrel 3 is completely outside of the pipe, but adjacent the
      turned end 10 thereof. Next, this turned end 10 is shifted into die 5.
      Moreover, the die 5 and the mandrel 3 have been placed in exactly
      concentric disposition to each other, and the cutter 7 has also exactly
      concentric position thereto. As the pipe end 10 is inserted into the
      positioning die 5 from the cutter end (from the right in FIG. 2), no
      scraping or peeling takes place, which requires that the pipe end is
      actually machined to a slightly smaller diameter than the cutting circle
      so that the widening of the pipe which will occur right from the pipe's
      end, will not result in cutting as the pipe is moved into the positioning
      die 5. The cutting circle is, however, slightly larger than the die
      opening, so that the die acts also as drawing die causing in effect
      strengthening of the material.
PAR  The pipe may have to be pushed into the die and over the mandrel until the
      end of the machined portion 10 is reached (then abutting the cutter). One
      can see here a rule for the axial length of the machined turned portion
      10; it must be sufficiently long that the end proper of the pipe projects
      through die 5 sufficiently far so that holder 6 can grip that end, before
      the cutters reach the unmachined portion of the pipe.
PAR  The final preparatory step is connecting the pipe 4 to holder 6, and the
      drawing and peeling process begins in that holder 6 pulls the pipe through
      die 5 and over mandrel 3. The portion of the pipe beyond the turned end
      will immediately be cut and peeled to an exactly concentric configuration
      with regard to mandrel 3 which sizes the interior of the tube. The
      scraping and peeling does not necessarily involve the entire surface of
      the pipe, particularly, if removal of eccentricity between inner and outer
      contours is the sole or main purpose. In that instance, the cutting and
      peeling may be restricted or predominantly restricted to the thicker wall
      portions of the pipe.
PAR  It is quite important that the blades 8 of cutter 7 perform the peeling and
      scraping operation right adjacent the mandrel as the mandrel forces
      material into the range of the cutter and the cut portion of the pipe
      passes through die 5, also adjacent the mandrel.
PAR  The equipment shown in the drawing has a single set of cutting blades.
      However, if the material to be removed is extensive, it may be advisable
      to peel several layers and to reduce the outer dimensions in steps of
      peeling and scraping, so that each blade is relieved from taking the
      entire load. Hence, in such instance, one will arrange several sets of
      blades, each following one cutting to slightly smaller diameter than the
      preceding set.
PAR  The pipe shown is of straight configuration, however, one can process also
      curved pipes using a current mandrel rod and mandrel accordingly, to
      obtain a concentric configuration of the pipe with regard to the center
      line.
PAR  One can also size the pipe in the stated manner, if originally the pipe has
      not only excentric interior but is ovally deformed.
PAR  The inventive method permits the manufacture of pipes with rather
      accurately concentric inner and outer surfaces, with lower weight as
      compared with other pipes of similar outer diameter.
PAR  The invention is not limited to the embodiments described above, but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of making seamless tubes or pipes which have been made by
      extruding or piercing metal billets, the improvement comprising:
PA1  turning a pipe at its end to obtain a relatively short end portion of exact
      concentricity of its outer dimensions with regard to the inner dimensions
      of the pipe;
PA1  drawing the pipe through a positioning die and over a mandrel which is
      concentrically arranged to the die, beginning with the turned end;
PA1  said mandrel centering, positioning and supporting the interior of the pipe
      also in relation to a concentric peeling and scraping tool disposed
      radially adjacent to the mandrel, outside of the pipe; and
PA1  peeling and scraping at least a portion of the outer surface of the pipe by
      means of said tool, ahead of the die and adjacent to the mandrel.
NUM  2.
PAR  2. In a method as in claim 1, and including the step of radially widening
      the inner dimensions of the pipe in the zone of peeling.
NUM  3.
PAR  3. In a method as in claim 2, wherein the mandrel has slightly larger
      diameter than the inner diameter of the pipe to obtain a radial expansion
      of the pipe by the mandrel during peeling.
NUM  4.
PAR  4. In a method as in claim 1, wherein the peeling is carried out by several
      sequentially effective cutting steps each cutting the pipe to a slightly
      smaller diameter than the preceding one.
NUM  5.
PAR  5. A device for achieving concentricity along the entire length of a
      seamless tube or pipe which has been made by extruding or piercing a
      billet, the tube or pipe having an end turned to obtain a relatively short
      end postion of exact concentricity of its outer dimensions with regard to
      the inner dimensions of the tube or pipe, comprising a mandrel on a
      mandrel rod held in a particular position for insertion into the pipe and
      supporting the pipe from the inside;
PA1  a positioning die disposed in radial alignment with the mandrel, the
      mandrel projecting somewhat from the die in the direction opposite the
      direction of drawing the pipe over the mandrel; and
PA1  scraping blades disposed at the die, radially facing the projecting portion
      of the mandrel for peeling and scraping off a portion of the outer surface
      of a pipe when moved through the die, beginning adjacent the turned end.
NUM  6.
PAR  6. In a device as in claim 5, the mandrel having slightly larger diameter
      than the inner diameter of the pipe being worked.
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ABST
PAL  A high energy rate counterblow forming machine having opposing
      independently movable coaxial rams movable within pressure chambers
      containing a compressible working fluid for impelling the rams toward one
      another at high velocity from retracted cocked positions, through working
      strokes, into forming impact with work parts held in a bolster located
      between the rams. Operatively connected to the rams are power activated
      ram retractor means for retracting the rams to cocked position and thereby
      compressing the ram working fluid. The rams are held in their cocked
      positions by latches which are releasable in unison to release the rams
      for movement in unison through their working strokes to form the work
      parts without unbalanced impact loads on the machine. One described
      forming machine is adjustable to accommodate work parts of widely varying
      sizes.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 386,871,
      filed Aug. 9, 1973, which, in turn, is a continuation of Ser. No. 247,096,
      filed Apr. 24, 1972, both abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the metal forming art and more
      particularly to an improved high energy rate counterblow forming machine.
PAR  2. Prior Art
PAR  A variety of high energy rate forming machines have been devised. Generally
      speaking, such machines have a pair of relatively massive forming members
      supported on a frame for relative movement toward and away from one
      another. Mounted on these members are forming die parts which are movable
      into work forming relation, wherein the die parts define a die cavity
      conforming to the desired shape of the finished work product to be formed,
      by relative movement of the forming members toward one another. In a
      forming operation, a work part to be formed is placed in one die part, and
      the forming members are impelled together at extremely high velocity by a
      highly compressed working fluid to bring the forming die parts into
      forming relation with very high kinetic energy. The work part is thereby
      subjected to a high intensity or high energy impact which causes the part
      to undergo plastic flow into conforming relation with the die cavity.
PAR  In some forming machines of this kind, one of the forming members is
      stationary and the other forming member is a movable forming ram or the
      like which is impelled toward the stationary member. The resulting impact
      of the movable member with the stationary member produces extreme impact
      loads on the machine which limit the maximum impact forming energy which
      the machines can withstand. Other forming machines employ two movable
      forming members or rams which are impelled toward one another with
      substantial equal kinetic energies to form work parts in such a way that
      the machines are not subjected to any unbalanced impact loads. These
      latter forming machines are commonly referred to as counterblow forming
      machines. My prior U.S. Pat. No. 3,404,555 discloses such a counterblow
      forming machine.
PAR  Proper operation of a counterblow forming machine presents two basic
      problems, namely, compression of the working fluid to the correct high
      pressure levels to impel the forming members toward one another with equal
      kinetic energies and simultaneous release of the forming members for
      movement in unison through their working or forming strokes under the
      force of the compressed working fluid. One method of compressing the
      working fluid is that described in my aforementioned patent. According to
      this method, the forming members move within pressure chambers in which
      the working fluid is confined at an initial high pressure. The fluid is
      further compressed to a higher pressure level suitable for work forming by
      retracting the forming members into their cylinders to cocked positions.
      The forming members are simultaneously released for high velocity movement
      in unison through their working strokes. Other high energy rate forming
      machines are described in U.S. Pat. No. 422,557 and U.S. Pat. No.
      3,488,990.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved high energy rate counterblow
      forming machine which utilizes the same basic working fluid compression
      technique as the forming machine of my prior patent and embodies novel
      means for retracting the forming members to cocked position and then
      releasing the members simultaneously for movement through their working
      strokes. More specifically, the present forming machine has a pair of
      coaxial forming rams movable independently of one another in cylinders or
      pressure chambers containing a compressible working fluid under initial
      relatively high pressure. The rams are movable away from one another into
      their pressure chambers to cocked positions and toward one another through
      working strokes into forming impact with work parts held in a bolster
      mounted on the machine frame between the rams. Retraction of the rams to
      cocked position compresses the working fluid to the proper high work
      forming pressure.
PAR  Ram retractor means are provided for retracting the forming rams to their
      cocked positions, thereby compressing the working fluid in the ram
      pressure chambers or cylinders. The rams are retained in their cocked
      positions by latches which are releasable in unison to release the forming
      rams for propulsion through their working strokes in unison by the
      compressed working fluid.
PAR  In one described embodiment of the invention, the ram retractor means
      comprises a fluid pressure actuator including a pair of telescoping
      retractor members which are movable by fluid pressure relative to one
      another longitudinally along and rotatable in unison about an axis
      parallel to the common axis of the forming rams. These retractor members
      carry laterally projecting latch shoulders which are rotatable in unison
      with the members into and from latching engagement with the rams. The ram
      retractor means includes means for rotating the retractor members and
      thereby their ram latching shoulders in unison about and driving the
      members and their shoulders toward and away from one another along the
      retractor axis.
PAR  In operation of the machine, the ram retractor members are first driven
      longitudinally toward one another and then rotated to engage their
      shoulders with the forming rams. Thereafter, the retractor members are
      driven longitudinally away from one another to retract the rams to cocked
      position and thereby compress the working fluid in the ram pressure
      chambers of cylinders. The rams are released simultaneously for travel in
      unison through their working strokes to form work parts by rotating the
      retractor members to disengage their shoulders from the rams.
PAR  In a second described embodiment of the invention, the ram retractor means
      comprise separate fluid pressure actuators including plungers which are
      directly coupled to the forming rams, respectively, for independently
      retracting the rams to their cocked positions. The rams are latched in
      their cocked positions by latch members which are releasable in unison to
      release the rams for propulsion through their working strokes in unison by
      the compressed working fluid in the ram pressure chambers or cylinders.
      According to a feature of this embodiment, the latch members are embodied
      in latch units which are adjustable along a direction line parallel to the
      common axis of the forming rams to adjust the spacing between the rams in
      their cocked positions and thereby adopt the forming machine to forming
      work parts of varying sizes. The bolster of this machine is also
      adjustable to accommodate the different sized work parts.
PAR  The forming rams and bolster carry cooperating die parts which form the
      work parts upon impact of the rams with the work parts at the end of the
      ram working strokes. The impact loads exerted on the bolster by the
      forming rams are equalized to virtually eliminate unbalanced impact
      loading of the bolster. While the disclosed forming machines of the
      invention have a bolster for clamping work parts to be formed in fixed
      position between the forming rams, it is considered to be within the scope
      of the invention to utilize the ram retraction and releasing means of the
      invention on a counterblow forming machine wherein work parts are formed
      by direct impact of the rams, as in the counterblow forming machine of my
      prior patent.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a forming machine according to the invention;
PAR  FIG. 2 is a side elevation of the machine;
PAR  FIG. 3 is an enlarged section taken on line 3--3 in FIG. 1;
PAR  FIG. 4 is a section taken on line 4--4 in FIG. 3;
PAR  FIG. 5 is a top view with parts broken away of a modified high energy rate
      forming machine according to the invention which is adjustable to
      accommodate a range of work part sizes, opposite ends of the machine being
      shown in two different positions of adjustment and conditions of
      operation;
PAR  FIG. 6 is a side elevation of the modified forming machine;
PAR  FIG. 7 is an enlarged section taken on line 7--7 in FIG. 5;
PAR  FIG. 8 is a section taken on line 8--8 in FIG. 7;
PAR  FIG. 9 is a section taken on line 9--9 in FIG. 7;
PAR  FIG. 10 is a section similar to FIG. 8 with the parts in another position
      of operation;
PAR  FIG. 11 is a section similar to FIG. 9 with the parts in another position
      of operation;
PAR  FIG. 12 is an enlarged section taken on line 12--12 in FIG. 6;
PAR  FIG. 13 is an enlarged section taken on line 13--13 in FIG. 6;
PAR  FIG. 14 is an enlarged section taken on line 14--14 in FIG. 13;
PAR  FIG. 15 is a section taken on line 15--15 in FIG. 14;
PAR  FIG. 16 is a fragmentary section similar to FIG. 14 with the parts in
      another position of operation;
PAR  FIG. 17 is an enlarged section taken on line 17--17 in FIG. 5;
PAR  FIG. 18 is a section taken on line 18--18 in FIG. 17; and
PAR  FIG. 19 is a section taken on line 19--19 in FIG. 17.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The high energy rate counterblow forming machine 10 of the invention
      illustrated in FIGS. 1-4 has a frame 12 with a base 14. Mounted at
      opposite ends of the frame are a pair of forming ram assemblies including
      coaxial horizontal cylinders or pressure chambers 16 receiving axially
      movable forming rams 18. Rams 18 project from the adjacent or confronting
      ends of the pressure chambers and have heads 20 at their outer ends which
      rest slidably on guide pads 22 rigid on the machine frame 12. Ram heads 20
      and guide pads 22 have mating guide ribs and grooves 24 which maintain the
      rams in precise coaxial alignment. The ram pressure chambers 16 are filled
      with a compressible working fluid which is normally under relatively high
      pressure and further compressed by retraction of the forming rams 18 to
      their cocked positions, shown as mentioned earlier and explained in more
      detail presently. The forming rams are sealed to their pressure chambers
      by sealing means 26 to prevent escape of this working fluid.
PAR  Between the forming rams 18 is a bolster 28 for holding work parts 30 to be
      formed. This bolster has a generally block-shaped base 32 rigidly fixed to
      the frame base 14 and a movable clamping block or plate 34 atop the base
      32. Rigidly bolted to the top side of the clamping plate 34 are a pair of
      clamp cylinders 36. Cylinders 36 contain pistons 38 having rods 40 which
      pass slidably through openings in the clamping plate and are firmly
      anchored to the bolster base 32. A hydraulic system (not shown) is
      provided for feeding hydraulic fluid under pressure to and venting the
      fluid from the cylinders 36 to raise and lower the clamping plate 34.
PAR  The work parts 30 to be formed are firmly clamped between the bolster base
      32 and clamp plate 34 during forming operation of the machine by
      pressurizing the clamping cylinders 36 to urge the clamp plate toward the
      bolster base. The clamping pressure applied between the plate and base is
      made sufficient to urge their confronting faces into firm contact so as to
      prevent the formation of "flash" on the work parts during the forming
      operation. The particular work parts shown are metal rows with end heads
      to be formed with axial sockets. The rod heads fit within the cavities of
      forming die parts 42 carried by the bolster base 32 and clamping plate 34.
      The forming rams 18 carry mating die parts 44 for forming the sockets. As
      shown, the illustrated forming machine is designed to simultaneously form
      sockets in opposite ends of two rods. It will be understood, of course,
      that the present forming machine may be used for forming shapes other than
      that discussed above.
PAR  Forming rams 18 are movable between their retracted cocked positions shown
      in the drawings and extended work forming positions wherein the
      cooperating die parts 42, 44 on the bolster 28 and forming rams are
      disposed in work forming relation with the socket forming protrusions 44a
      on the ram die parts 44 projecting into the cavities in the bolster die
      parts 42. Movement of the rams between cocked and extended positions is
      referred to herein as their working strokes. The rams are impelled through
      these working strokes at high velocity by the force of the compressed
      working fluid in the ram pressure chambers 16. As noted earlier,
      retraction of the forming rams to cocked position compresses this working
      fluid to the proper pressure for impelling the rams through their working
      strokes. The ram masses and pressures are such that the rams produce
      substantially equal but opposite impact loads on the bolster 28 during
      each forming operation of the machine. Accordingly, the bolster and
      machine frame 12 are not subjected to any appreciable unbalanced impact
      loads.
PAR  An important feature of the invention resides in ram retractors 46 for
      retracting the forming rams 18 to cocked position against the increasing
      force of the compressing working fluid in the ram pressure chambers 16 and
      then releasing the rams simultaneously for movement in unison through
      their working strokes. The ram retractors are essentially identical and
      each includes a pair of telescoping members 48 and 50 having a common axis
      parallel to the common axis of the forming rams 18. Member 48 has a
      cylinder 52 at one end and a coaxial rod or shaft 54 at the opposite end.
      Member 50 has a plunger 56 at one end slidable in and sealed to the
      cylinder 52 and a coaxial rod or shaft 58 at the opposite end. The
      cylinder and shaft of retractor member 48 are slidable in guides 60 and
      62, respectively, rigidly fixed to the forming machine base 14. Shaft 58
      of retractor member 50 is slidable in a guide 64 rigidly fixed to the
      machine base. Extending coaxially from the end of the shaft 58 is a rod
      mounting a knurled handle 66 whose purpose will be explained shortly.
      Retractor members 48 and 50 have laterally projecting shoulders 68
      engagable with and disengagable from the contronting faces of the ram
      heads 20 by rotation of the members about their common axis.
PAR  Means 70 are provided for feeding hydraulic fluid under pressure to the
      retractor cylinder 52 to force the retractor members 48, 50 apart along
      their common axis. Means 70 includes a hydraulic fluid supply conduit 72
      projecting slidably into and sealed to the wall of a hydraulic fluid
      passage 74 in the shaft 54 of retractor member 48. Retractor members 48,
      50 are rotated in unison about their common axis by fluid pressure
      actuated rack and pinion means 76. Rack and pinion means 76 comprise
      pinions, or more exactly pinion segments, 78 about the retractor members
      and a horizontal rack plate 80 parallel to the retractor axis and meshing
      with the pinions 78. Rack plate 80 is slidably supported by the cylinder
      guide 62 and additional guides 82, 84 rigid on the machine base 14 at
      opposite sides of the cylinder guide. Rack plate 80 is driven edgewise by
      hydraulic fluid actuators 86 including cylinders 88 within the bolster
      base 32 and plungers 90 movable in the cylinders 88 and fixed to the rack
      plate. Means (not shown) are provided for feeding hydraulic fluid under
      pressure to the cylinders 88 to drive the rack plate 80 in each edgewise
      direction.
PAR  The operation of the counterblow forming machine 10 will now be described,
      assuming that the forming rams 18 are initially fully extended by the
      fluid pressure in the ram pressure chambers 16. The ram retractors 48 are
      first contracted longitudinally by pushing to the left on the retractor
      handles 66 to push the retractor plungers 56 into their cylinders 52. The
      retractors are then moved axially to centered positions relative to the
      rams, wherein the ram shoulders 68 are located between the forming rams,
      by exerting appropriate axial forces on the handles 66. The rack plate
      actuator cylinders 88 are then pressurized to move the rack plates 80
      edgewise in directions to rotate the retractor members 48, 50 in
      directions to rotate the retractor shoulders 68 to positions between the
      forming ram heads 20. Thereafter, the retractor cylinders 52 are
      pressurized through the hydraulic fluid conduits 72 to expand the ram
      retractors 46 longitudinally and thereby retract the forming rams 18 to
      their illustrated cocked position. The work parts 30 are then clamped in
      forming position in the bolster 28. Finally, the rack plate actuator
      cylinders 88 are pressurized to drive the rack plates 80 edgewise in
      directions to rotate the retractor shoulders 68 from engagement with the
      forming rams 18 to release the rams for movement in unison through their
      working strokes to form the work parts 30.
PAR  The high energy rate counterblow forming machine 100 illustrated in FIGS.
      5-19 has an elongate base 102 supporting a pair of forming ram assemblies
      104 for adjustment toward and away from one another lengthwise of the
      base. Each ram assembly 104 has a C-frame 106 slidably mounted on the base
      102 for movement lengthwise of the base and carrying a cylinder 108
      containing a forming ram 110. Cylinders 108 and forming rams 110 are
      aligned on a common longitudinal axis of the base 102. Forming rams 110
      are movable into their cylinders 108 to the retracted or cocked position
      of FIG. 17 and from their cylinders to the extended position occupied by
      the right hand forming ram in FIGS. 1 and 2. On the outer ends of the rams
      are forming die parts 111.
PAR  Cylinders 108 have pressure diameters 112 containing a compressible, high
      pressure working fluid which is further compressed by retraction of the
      forming rams 110 to their cocked positions and drives the rams through
      their working strokes. The ram assemblies 104 include means 114 for
      retracting the rams 110 to their cocked positions of FIG. 17, thereby
      compressing the working fluid in the ram cylindner pressure chambers 112
      and means 116 for releasably locking the rams in their cocked positions.
      Operatively coupled to the locking means 116 are actuator means 118 for
      operating the locking means to lock the rams 110 in their cocked positions
      and releasing the rams in unison for propulsion of the rams through their
      working strokes in unison by the compressed working fluid in the ram
      pressure chambers 112.
PAR  Mounted on the machine base 102 midway between its ends is a bolster
      assembly 120 for holding work parts to be formed. Bolster assembly 120
      includes a pair of bolster members 122 supported slidably on the base for
      adjustment toward and away from one another and a spacer member 124
      positioned between the bolster members for maintaining a fixed
      predetermined spacing between the latter member. This spacer member is
      removable for replacement by a spacer member of different length to
      maintain a different spacing between the bolster members. The work parts
      to be formed, which in this instance are rods 126, are placed, as shown in
      FIG. 14, in forming position in the bolster assembly 120. In this forming
      position, the work parts extend through the bolster and spacer members
      122, 124 with their ends protruding into forming dies 128 at the outer
      sides of the bolster members. As explained later, the bolster assembly 120
      is constructed to permit placement of the work parts in and removal of the
      parts from the assembly and to firmly clamp the parts in forming position
      in the assembly.
PAR  Bolster assembly 120 is designed to receive work parts of varying length.
      Thus, when work parts 126 of greater length than those illustrated are to
      be formed, the spacer member 124 is removed and replaced by one of
      appropriately greater width. Similarly, if work parts of shorter length
      are to be formed, the spacer member is replaced by one of appropriately
      narrower width.
PAR  The forming ram assemblies 104 are also adjustable along the machine base
      102 to accommodate the work parts of varying length. More specifically,
      the ram assemblies are adjusted to positions such that the spacing between
      the outer ends of the forming rams 110 when in their retracted cocked
      positions of FIG. 17 and the bolster forming dies 128 is equal to the full
      length of the ram working strokes. Accordingly, the rams undergo their
      full working strokes for every size work part. The ram assemblies are thus
      adjustable along the base 102 by actuator means 130.
PAR  Except for adjustment of the forming ram assemblies 104 and bolster
      assembly 120 to accommodate the particular work parts to be formed, the
      operation of the counterblow forming machine 100 is essentially identical
      to the operation of the machine of FIGS. 1-4. Thus, the forming rams 110
      are retracted by the ram retracting means 114 to their cocked positions,
      thereby compressing the working fluid in the rams cylinder pressure
      chambers 112. The rams are locked in their cocked positions by the ram
      locking means 116. The forming operation is initiated by operating the ram
      lock actuator means 118 to release the forming rams 110 in unison for
      propulsion through their working strokes in unison by the compressed ram
      working fluid. At the ends of these working strokes, the ram die parts 111
      enter into work forming relation with the bolster die parts 128 to form
      the work parts 126. In the particular application illustrated, the die
      parts form the ends of the work parts or rods 126 in the same manner as
      described in connection with the forming machine of FIGS. 1-4.
PAR  Referring now in more detail to the particular forming machine illustrated
      in FIGS. 5-19, the machine base 102 has a frame-like construction
      including a pair of horizontal size rails 132 supported at their ends on
      upright base end members 134. The C-frames 106 of the forming ram
      assemblies 104 are rigidly secured to base plates 136 which overlap and
      rest slidably on the base side rails 132 to slidably support the frames on
      the base for movement along the base. Combined guiding and clamping
      devices 138 are provided for guiding the ram assembly base plates in their
      sliding movement along the base rails 132 and clamping the plates in fixed
      positions to the rails.
PAR  Each C-frame 106 has an upper arm 140 above the frame base plate 136 and a
      lower arm 142 below the plate. As shown best in FIG. 2, the arms of each
      ram assembly frame extend toward the opposite frame such that the concave
      sides of the frames, as it were, open toward or face inwardly toward the
      bolster assembly 120. The cylinder 108 of each ram assembly 104 is mounted
      in fixed position atop the respective frame base plate 136 and extends
      through the vertical portion of the assembly C-frame 106, as may be best
      observed in FIGS. 1 and 2.
PAR  Turning now to FIG. 17, the ram cylinder 108 and forming ram 110 of a ram
      assebmly 104 are shown in enlarged section. The ram cylinder has an inner
      enlarged diameter end containing a relatively large diameter cylinder bore
      144 and a smaller diameter outer end containing a relatively small
      diameter cylinder bore 146. These cylinder bores are coaxially aligned and
      isolated by an intervening seal plate 148, through which the forming ram
      110 extends and to which the ram is sealed, as explained below. Fitted
      within the large cylinder bore 144 is a liner 150 having a coolant passage
      152 extending between a coolant inlet 154 and outlet 156 on the ram
      cylinder 108.
PAR  The forming ram 110 has a relatively slender shaft 158 extending centrally
      through the cylinder bores 144, 146 and through a slide bearing 160 in the
      cylinder plate 148. The ram shaft is sealed to the bearing by seal rings
      162. Threadedly joined to the inner end of the ram shaft 158, that is, the
      right-hand end in FIG. 17, is an enlarged ram head 164. This ram head has
      an inner cylindrical piston end 166 which fits within the cylinder liner
      150 with a small clearance between the liner and piston. Bolted to the
      inner end of the cylinder 108 is an annular slide bearing 168 which
      surrounds and slidably supports the ram head piston 166. This piston is
      sealed to the bearing by seal rings 170. Ram head 164 has an outer
      enlarged rectangular end 172 which mounts the ram die parts 111. As in the
      forming machine of FIGS. 1-4, these die parts are punches which cooperate
      with the bolster dies 168 to head and form sockets in the ends of the work
      parts 126. The cylinder space between the ram cylinder seal plate 148 and
      the ram piston 166 forms the ram pressure chamber 112 mentioned earlier.
PAR  As stated previously, each forming ram assembly includes means 114 for
      retracting its forming ram 110 to the cocked or retracted position of FIG.
      17. Referring to the latter figure, this retracting means comprises an
      elongate tubular piston 174 which surrounds the ram shaft 158 within the
      outer ram cylinder bore 146. Piston 174 has an enlarged head 176 adjacent
      its inner end, i.e., the right-hand end in FIG. 17, which head is slidable
      in the cylinder bore 146 and is sealed to the wall of the bore by seal
      ring 178. The outer or left-hand end 180 of the piston has an elongate
      tubular configuration of reduced diameter relative to the piston head 176
      and extends slidably through a bearing 182 in the outer or left-hand end
      of the cylinder 108 and is sealed to the bearing by seal ring 184. The
      piston has a short tubular end portion 186 at the inner or right-hand side
      of the piston head 176. Piston 174 is slidably supported on the ram shaft
      158 by bearings 188 and is sealed to the shaft by seal ring 190.
PAR  Connected to the ram cylinder 108 are pressure fluid lines 192, 194 for
      admitting fluid under pressure to and venting fluid from the cylinder bore
      146 at opposite sides of the piston head 176 to drive the piston 174 back
      and forth in the bore. Surrounding the piston ends 180, 186 adjacent the
      piston head 176 are tapered buffer sleeves 196 which enter cylindrical
      buffer chambers 198 at the ends of the cylinder 146 as the piston
      approaches the ends of its strokes. These chambers are vented through
      spring loaded check or relief valves 202. The buffer sleeves have a close
      sliding fit in the buffer chambers and cooperate with the chambers and
      their relief valves to arrest the piston at the ends of its strokes.
PAR  Fixed to the outer end of the ram shaft 158 is a collar 204. Fixed within
      the outer end of the retractor piston 174 is a hardened sleeve 206. As
      explained in more detail later, the forming ram 110 is retracted to its
      cocked position by pressurizing the right end of the retractor cylinder
      bore 146 to drive or extend the retractor piston to the left in FIG. 17.
      During this left-hand extension of the piston, its sleeve 206 engages the
      ram collar 204 to draw the forming ram to the left to its retracted
      position against the force of the pressure fluid in the ram pressure
      chamber 112. The retractor piston is then returned to its retracted
      position of FIG. 17 to free the forming ram 110 for propulsion through its
      working stroke.
PAR  Referring particularly to FIGS. 12 and 17, each forming ram assembly 104
      includes means 208 for guiding and supporting its forming ram 110 in its
      working and retraction strokes. Guiding and supporting means 208 comprises
      a mounting bracket 210 supported on the underside of the upper arm 140 of
      the respective C-frame 106 over the outer end 164 of the forming ram 110.
      At the underside of the mounting bracket is a ram guide 212 having arms
      214 which straddle and engage within longitudinal channels 216 in the side
      faces of the ram end 164. The upper faces of these channels are inclined,
      as shown in FIG. 12, and form bearing faces which rest on bearing pads 218
      fixed to the ram guide arms 214. The ram guide 212 is secured to the
      mounting bracket 210 by bolts 220 which are adjustable to vertically
      adjust the guide to a position where the forming ram 110 is accurately
      aligned with its cylinder.
PAR  As mentioned earlier, each ram assembly 104 includes means 116 for locking
      its forming ram 110 in cocked position. Referring particularly to FIGS.
      5-11, the locking means 106 of each ram assembly comprises a pair of
      vertical locking shafts 222 at opposite sides of the ram, in line with its
      outer end 164 when the ram is retracted to its cocked position. Each
      locking shaft extends through ram assembly base plate 136 and is rotatably
      supported at its upper and lower ends by bearings 224 rigid on the
      assembly C-frame 106. On the upper end of each shaft is a radial arm 226
      having a locking shoulder 228 engageable with a locking shoulder 230 on
      the forming ram 110.
PAR  Locking shafts 222 are rotatable between their ram locking positions of
      FIG. 8 and their ram releasing positions of FIG. 10. In the locking
      positions of the shafts, the shaft locking shoulders 228 engage the ram
      locking shoulders 230 in the manner shown in FIG. 8 to lock the forming
      ram 110 in its cocked position. Rotation of the locking shafts in the
      directions of the arrows in FIG. 8 to their released positions of the
      latter figure disengages the locking shoulders 228, 230 to release the
      forming ram 110 for propulsion through its working stroke by the
      pressurized working fluid in the ram pressure chamber 112.
PAR  From the earlier description, it will be recalled that the ram locking
      means 116 are operated by actuator means 118 which release the locking
      means of the two ram assemblies 104 in unison. Turning to FIG. 6, actuator
      means 116 comprises a shaft 232 rotatably supported in bearings 234 on the
      machine base 102 with the shaft axis extending parallel to the direction
      line of adjustment of the forming ram assemblies 104 along the base. Fixed
      on the shaft 232 is a pinion 236. A rack 238 (FIG. 13) meshes with the
      pinion and is slidably supported by a guide 240 on the machine base 102
      for endwise movement to rotate the pinion and thereby the shaft 232.
      Mounted on the base 102 at opposite ends of the rack 238 are a pair of
      fluid pressure actuators 242 having plungers 244 engaging the rack ends.
      From this description, it will be understood that the rack 238 is movable
      endwise in either direction by the actuators 242 to drive the shaft 232 in
      the corresponding direction of rotation.
PAR  Returning to FIG. 6, each end of the shaft 232 has a splined opening
      slidably receiving a splined shaft 246. The outer ends of the splined
      shafts are rotatably supported in bearings 248 fixed on the lower arms 142
      of the ram assembly C-frames 106. Fixed on each splined shaft 246 between
      its bearings 248 is a bevel gear 250 which meshes with a bevel gear 252
      rigid on the lower end of a cam shaft 254 (FIG. 7) between the lower ends
      of and parallel to the ram locking shafts 222 of the corresponding ram
      assembly 104. Cam shaft 254 is rotatably supported at its ends in bearings
      256, 258 on the assembly C-frame 106 and base plate 136. From this
      description, it is evident that rotation of the pinion shaft 232 by the
      pinion rack actuators 242 rotates the cam shafts 254 in unison. The
      slidable splined engagement of the pinion shaft 232 and splined shafts 246
      permits adjustment of the forming ram assemblies along the machine base
      102.
PAR  As shown best in FIGS. 7, 9 and 11, each cam shaft 254 mounts a pair of
      plate cams 260, 262 one above the other. These cams are engaged by cam
      follower rollers 264 rotatably supported on radial arms 266 rigid on the
      lower ends of the corresponding forming ram locking shafts 222. Cams 260,
      262 are shaped and engaged by the followers 264 in the manner shown in
      FIG. 9 such that rotation of the cam shaft 254 in one direction rotates
      the ram locking shafts 222 from their ram locking positions to their ram
      releasing positions. Rotation of the cam shaft on the opposite direction
      rotates the locking shafts from their ram releasing positions to their ram
      locking positions. The cams and followers of the two forming ram
      assemblies 104 are arranged in a manner such that rotation of the pinion
      shaft 232 in one direction by one pinion rack actuator 242 rotates the ram
      locking shafts 222 of the two ram assemblies in unison to their ram
      locking positions. Rotation of the pinion shaft in the opposite direction
      by the other rack actuator rotates the locking shafts in unison to their
      ram releasing positions.
PAR  From the description to this point, it will be understood that the two
      forming rams 110 may be retracted by the ram retracting means 114 to their
      cocked positions to compress the working fluid in their pressure chambers
      112 and locked in these cocked positions by the ram locking means 116. The
      rams are releasable in unison by operation of the ram locking shaft
      actuator means 118 for propulsion of the rams through their working
      strokes by the compressed working fluid to form the work parts 126 held in
      the bolster assembly 120.
PAR  As noted earlier, the bolster assembly 120 comprises a pair of bolster
      members 122 and an intervening spacer member 124. Referring particularly
      to FIGS. 13-16, each bolster member 122 comprises separable upper and
      lower parts 268, 270. The lower bolster part 270 seats slidably on the
      base plate 136 of the adjacent forming ram assembly 104 for adjustment
      lengthwise of the machine, parallel to the direction line of adjustment of
      the ram assemblies. On the underside of the lower bolster part is a
      depending formation 272 which projects through an elongated slot 274 in
      the base plate 136. The lower part is secured to the base plate by guides
      276 which overlap flanges 278 on the part. As shown in FIG. 15, the lower
      bolster part has bearing pads 280 for sliding contact with the upper
      surface of the base plate and the edges of the base plate slot.
PAR  The upper part 268 of each bolster member 122 has upper guides 282 which
      engage in slots in opposite sides of the plunger rod 284 of a fluid
      pressure clamping actuator 286. This actuator has a cylinder 288 rigidly
      mounted on the upper arm 140 of the adjacent forming ram assembly C-frame
      106 and slidably receiving a piston head 290 on the upper end of the
      plunger rod 284. Means (not shown) are provided for pressurizing and
      venting the ends of the actuator cylinder 288 to drive the plunger rod 284
      up and down. The guides 282 connect the upper bolster part 268 to the rod
      for vertical movement of the part with the rod, while permitting
      adjustment of the part with the lower part 270 lengthwise of the machine.
      From this description, it will be understood that the bolster members 122
      are adjustable along the machine parallel to the direction of adjustment
      of the forming ram assemblies 104 and that the clamping actuators 286 are
      operable to elevate the upper bolster parts 268 as shown in FIG. 16 and to
      clamp the upper parts firmly against the lower bolster parts 270, as shown
      in FIG. 14.
PAR  The bolster spacer member 124 comprises a rectangular block-like member
      which seats against the confronting faces of the bolster members 122. The
      spacer member is split into upper and lower parts 292, 294 along a parting
      plane flush with the upper faces of the lower bolster parts 270. Each
      spacer part 292, 294 has ribs 296 along its edges adjacent the bolster
      members which engage in grooves 298 in the corresponding bolster parts,
      whereby the upper spacer part 292 moves vertically with the upper bolster
      parts 268 when the latter are raised and lowered by their clamping
      actuators 286.
PAR  As noted earlier, the work parts or rods 126 to be formed extend through
      the bolster members 122 and the spacer member 124. The bolster members and
      spacer member contain hardened sleeves 300, 302 which receive the rods
      with a close fit. The ends of the rod project into the forming dies 128 on
      the bolster members, as mentioned earlier and shown in FIGS. 14 and 16.
      Sleeves 300, 302 and forming dies 128 are split along the same parting
      plane as the bolster members and spacer member, such that the upper and
      lower halves of the sleeves and dies separate when the upper bolster parts
      268 and spacer part 292 are elevated by the clamping actuators 286, as in
      FIG. 16. The upper and lower sleeve and die halves are secured to their
      respective bolster and spacer parts in any convenient way, as by bolts 304
      in the manner shown in FIG. 15.
PAR  As shown in this latter figure, each upper bolster part 268 carries a
      locating pin 306 for locating the upper part relative to the lower bolster
      part 270. Locating pin 306 is fixed to a piston 308 which slides in a
      cylinder 310. The pin extends slidably through a bearing 312 on the lower
      end of the cylinder 310 and, when extended to its position of FIG. 15,
      projects into a socket 312 in the lower bolster part 270. Means (not
      shown) are provided for pressurizing and venting the ends, of the locater
      cylinder 310 to extend the locating pin 306 to its extended locating
      position of FIG. 15, wherein the pin retains the upper and lower bolster
      parts 268, 270 in alignment, and retract the pin upwardly from the lower
      bolster part socket 312. Each upper bolster part 268 also carries a spring
      loaded work part ejector pin 314.
PAR  As mentioned in the earlier description, the forming ram assemblies 104 and
      the bolster assembly 120 are adjustable to accommodate work parts or rods
      of different lengths. Adjustment of the bolster assembly for this purpose
      is accomplished by sliding the bolster members 122 toward or away from one
      another, as the case may be, and placing between the members a spacer
      member of appropriate width. Fluid pressure actuators 316 are carried by
      the ram guides 212 for adjusting the bolster members. These actuators have
      plungers 318 which are slidably connected to wings 320 on the upper
      bolster parts 268 in a manner such that the upper parts are movable
      endwise of the machine by the actuators 316 but are free to move
      vertically relative to the latter actuators when raised and lowered by the
      clamping actuators 286. Adjustable spacers 322 are provided between the
      ram assembly base plates 102 and the lower projecting formations 242 on
      the lower bolster parts 270 for firmly retaining the bolster members 122
      in their adjusted positions.
PAR  As mentioned previously, the forming ram assemblies 104 are adjustable by
      the actuating means 130. These actuating means comprise lead screws 324
      rotatably supported in housings 326 mounted on the ends of the machine
      base 102 below the ram assembly base plates 136. Within the housings 326
      are nuts (not shown) which are threaded on the lead screws 324 and driven
      in rotation to move the lead screws axially by reversible motors 328
      through right angle gear drives in the housings. The inner ends of the
      lead screws 324 are rotatably connected to the ram assembly C-frames 106,
      whereby axial movement of the screws moves the ram assemblies 104 along
      the machine base 102 toward or away from one another, depending upon the
      direction of lead screw rotation.
PAR  The operation of the forming machine 100 will now be described. The machine
      is conditioned for operation by adjusting the bolster assembly 120 to
      accommodate the length of the particular work parts or rods 126 to be
      formed. The bolster clamping actuators 286 are then operated to elevate
      the upper bolster parts 268 and the upper spacer part 292 and the work
      parts are placed in the bolster assembly. The upper bolster parts and
      upper spacer part are then lowered to clamp the work parts firmly between
      the upper parts and the lower bolster and spacer parts 270, 294. The
      forming ram assembly adjustment actuators 130 are operated to adjust the
      forming ram assemblies 104 to their proper positions relative to the
      bolster assembly 120, wherein the spacing between the inner or leading
      ends of the forming rams 110 and the adjacent bolster members 122 equals
      the working stroke length of the rams.
PAR  After thus setting up the machine, the ram retracting means 114 are
      operated to retract the forming rams 110 to their cocked positions and the
      ram locking means 116 are operated by their actuating means 118 to lock
      the rams in their cocked positions. The machine is now in readiness for
      its forming operation. This forming operation is initiated by again
      operating the lock actuating means 118 to release the forming rams 110 for
      propulsion through their working strokes by the high pressure working
      fluid in their pressure chambers 112. At the end of these strokes, the ram
      punches 111 enter the bolster dies 128 to form the ends of the work parts
      126.
CLMS
STM  I claim:
NUM  1.
PAR  1. A high energy rate impact forming machine, comprising:
PA0  a frame,
PA0  forming means including a pair of coaxial forming rams,
PA0  pressure chambers on said frame receiving said rams for extension and
      retraction of the rams along their common axis toward one another through
      working strokes to extended positions by fluid pressure in said chambers
      and away from one another through return strokes to cocked positions,
PA0  ram retractor means on said frame for retracting said rams to cocked
      position, and
PA0  ram locking means on said frame including a pair of ram locking members,
      means supporting said members for movement to ram latching positions
      wherein said locking members are disposed for latching engagement with
      said rams, respectively, when the rams are in their cocked positions for
      locking said rams in said cocked positions and for movement of said
      locking members to ram releasing positions wherein said locking members
      are disposed for complete disengagement from said rams to release said
      rams for free independent movement through their working strokes without
      movement of said locking members with said rams, and common ram lock
      actuator means connected to said locking members for moving said locking
      members in unison from their ram latching positions to their ram releasing
      positions to effect simultaneous release of said rams for movement through
      their working strokes by said chamber fluid pressure.
NUM  2.
PAR  2. A high energy rate forming machine according to claim 1 including:
PA0  bolster means on said frame between said rams for holding work to be
      formed.
NUM  3.
PAR  3. A high energy rate forming machine according to claim 2 wherein:
PA0  said bolster means includes work clamping means.
NUM  4.
PAR  4. A high energy rate forming machine according to claim 2 including:
PA0  coacting work forming die parts on said rams and bolster means.
NUM  5.
PAR  5. A high energy rate forming machine according to claim 1 wherein:
PA0  said locking member supporting means supports each locking member for
      movement along said frame parallel to said ram axis and for movement into
      and from latching engagement with the corresponding ram when the latter is
      in cocked position, and
PA0  said retractor means comprises retractor actuator means for moving said
      locking members along said frame with said members in latching engagement
      with their rams and in directions to retract said rams to cocked position.
NUM  6.
PAR  6. A high energy rate forming machine according to claim 5 wherein:
PA0  each locking member is rotatable into and from latching engagement with its
      ram about an axis parallel to said ram axis and is movable along its
      rotation axis by said retractor actuator means to retract its ram to
      cocked position.
NUM  7.
PAR  7. A high energy rate forming machine according to claim 6 wherein:
PA0  said retractor actuator means comprises a fluid pressure actuator including
      a pair of telescoping members parallel to said axes and connected to said
      locking members, respectively, for rotation of said locking members in
      unison about their rotation axes into and from latching engagement with
      said rams by rotation of said telescoping members about their longitudinal
      axes and movement of said locking members along their rotation axes to
      retract said rams to cocked position by extension movement of said
      telescoping members, and said telescoping members opening a pressure
      chamber adapted to be pressurized for effecting extension movement of the
      latter members, and
PA0  said ram lock actuator means comprises means for rotating said telescoping
      members about their longitudinal axis.
NUM  8.
PAR  8. A high energy rate forming machine according to claim 7 including:
PA0  bolster means on said frame between said rams for holding work to be
      formed.
NUM  9.
PAR  9. A high energy rate forming machine according to claim 8 including:
PA0  coacting work forming die parts on said rams and bolster means.
NUM  10.
PAR  10. A high energy rate forming machine according to claim 1 including:
PA0  bolster means on said frame between said rams including means for holding
      an elongate work part to be formed with the ends of the part exposed at
      opposite sides of the bolster means for impact by said rams at the ends of
      their working strokes, and means for adjusting said bolster means to
      accommodate work parts of varying lengths, and
PA0  means for adjusting said pressure chambers, their contained rams, and their
      respective ram locking members along said frame parallel to said ram axis
      to accommodate said range of work part lengths.
NUM  11.
PAR  11. A high energy rate forming machine according to claim 10 wherein:
PA0  said locking members are rotatable to and from latching engagement with
      their respective rams about axes normal to said ram axis, and
PA0  said ram lock actuating means comprises telescopic rotatable means on said
      frame parallel to said ram axis and geared to said locking members for
      rotation of the latter members in unison by rotation of said telescopic
      means on its longitudinal axis, and means for rotating said telescopic
      means.
NUM  12.
PAR  12. A high energy rate forming machine according to claim 11 wherein:
PA0  said ram retractor means comprise fluid pressure actuated retractors
      mounted on said pressure chambers, respectively.
NUM  13.
PAR  13. A high energy rate forming machine according to claim 1 wherein:
PA0  said ram retractor means comprise fluid pressure actuated retractors
      mounted on said pressure chambers, respectively.
NUM  14.
PAR  14. A high energy rate forming machine according to claim 1 wherein:
PA0  said locking members are rotatable to and from latching engagement with
      their respective rams about axes normal to said ram axis.
NUM  15.
PAR  15. In a high energy rate impact forming machine, the combination
      comprising:
PA0  a frame,
PA0  forming means including a forming ram, and a pressure chamber on said frame
      receiving said ram for ram extension through a working stroke by fluid
      pressure in said chamber and ram retraction through a return stroke to a
      cocked position, and
PA0  a ram retractor on said frame including aa member movable along and
      rotatable about an axis parallel to the path of ram movement, a shoulder
      on said member rotatable into and from said path by rotation of said
      member about said axis, means for driving said member along said axis, and
      means for rotating said member about said axis, whereby said retractor is
      operable to retract said ram to and latch said ram in cocked position and
      then release said ram for extension through a working stroke.
NUM  16.
PAR  16. A high energy rate forming machine according to claim 15 wherein:
PA0  said retractor driving means comprises a second retractor member disposed
      in telescoping relation with said first retractor member and defining with
      the latter member a pressure chamber, means for pressurizing said
      retractor pressure chamber to effect relative extension of said members
      for ram retraction, and means for effecting relative telescoping movement
      of said members to reengage said retractor shoulder with said ram.
NUM  17.
PAR  17. A high energy rate forming machine according to claim 15 wherein:
PA0  said retractor rotating means comprises a coaxial pinion about said
      retractor member, a rack plate parallel to said retractor axis and meshing
      with said pinion throughout the range of travel of said member along said
      retractor axis, and means for moving said rack plate edgewise.
NUM  18.
PAR  18. A high energy rate forming machine according to claim 15 wherein:
PA0  said retractor driving means comprises a second retractor member disposed
      in telescoping relation with said first retractor member and defining with
      the latter member a pressure chamber, means for pressurizing said
      retractor pressure chamber to effect relative extension of said members
      for ram retraction, and means for effecting relative telescoping movement
      of said members to reengage said retractor shoulder with said ram, and
PA0  said retractor rotating means comprises a coaxial pinion about said first
      retractor member, a rack plate parallel to said retractor axis and meshing
      with said pinion throughout the range of travel of said first member along
      said retractor axis, and means for moving said rack plate edgewise.
NUM  19.
PAR  19. A high energy rate forming machine according to claim 18 including:
PA0  a bolster on said frame, and
PA0  cooperating forming die means on said ram and bolster.
NUM  20.
PAR  20. A high energy rate impact forming machine, comprising:
PA0  a frame,
PA0  forming means including a pair of coaxial forming rams, and pressure
      chambers on said frame receiving said rams for extension of the rams
      toward one another through working strokes to extended positions by fluid
      pressure in said chambers and retraction of said rams away from one
      another through return strokes to cocked positions, and
PA0  a ram retractor on said frame including members movable longitudinally
      relative to one another along a common axis parallel to the path of ram
      movement and rotatable in unison about said axis, shoulders on said
      members rotatable into and from said path by rotation of said members
      about said axis, means for driving said members longitudinally relative to
      one another along said axis, and means for rotating said members in unison
      about said axis, whereby said retractor is operable to retract said rams
      to and latch said rams in their cocked positions and then release said
      rams simultaneously for extension of the rams through their working
      strokes in unison.
NUM  21.
PAR  21. A high energy rate forming machine according to claim 20 wherein:
PA0  said retractor members are disposed in telescoping relation and define a
      pressure chamber, and
PA0  said retractor driving means comprises means for pressurizing said
      retractor pressure chamber to effect relative extension of said members
      for ram retraction, and means for effecting relative telescoping movement
      of said members to re-engage said retractor shoulders with said rams.
NUM  22.
PAR  22. A high energy rate forming machine combination according to claim 20
      wherein:
PA0  said retractor rotating means comprise coaxial pinions about said retractor
      members, rack plate means parallel to said retractor axis and meshing with
      said pinions throughout the range of travel of said members along said
      retractor axis, and means for moving said rack plate edgewise.
NUM  23.
PAR  23. A high energy rate forming machine according to claim 20 wherein:
PA0  said retractor members are disposed in telescoping relation and define a
      pressure chamber,
PA0  said retractor driving means comprises means for pressurizing said
      retractor pressure chamber to effect relative extension of said members
      for ram retraction, and means for effecting relative telescoping movement
      of said members to re-engage said retractor shoulders with said rams, and
PA0  said retractor rotating means comprise coaxial pinions about said retractor
      members, rack plate means parallel to said retractor axis and meshing with
      said pinions throughout the range of travel of said members along said
      retractor axis, and means for moving said rack plate edgewise.
NUM  24.
PAR  24. A high energy rate forming machine according to claim 23 including:
PA0  a bolster on said frame between said rams, and
PA0  cooperating forming die means on said rams and bolster.
NUM  25.
PAR  25. In a high energy rate impact forming machine, the combination
      comprising:
PA0  a frame,
PA0  forming means including a forming ram, and a pressure chamber on said frame
      receiving said ram for ram extension through a working stroke by fluid
      pressure in said chamber and ram retraction through a return stroke to a
      cocked position,
PA0  retractor means for retracting said ram to cocked position,
PA0  ram locking means for latching said ram in cocked position including a ram
      locking member rotatable on an axis normal to the ram axis into and from
      latching engagement with said ram when in cocked position, and means for
      rotating said locking member, and
PA0  means for adjusting said forming means, retractor means, and locking means
      in unison along said frame parallel to the ram axis.
NUM  26.
PAR  26. In a high energy rate impact forming machine, the combination
      comprising:
PA0  a frame,
PA0  forming means including a forming ram, and a pressure chamber on said frame
      receiving said ram for ram extension through a working stroke by fluid
      pressure in said chamber and ram retraction through a return stroke to a
      cocked position,
PA0  retractor means for retracting said ram to cocked position,
PA0  said retractor in position, said retractor means comprising a fluid
      pressure actuated retractor on said pressure chamber including a cylinder,
      a retractor piston movable in said cylinder, and a lost motion connection
      between said piston and ram, whereby said piston is movable in one
      direction to retract said ram and in the opposite direction to release
      said ram for extension through its working stroke, and
PA0  ram locking means independent of said retractor means for latching said ram
      in cocked position, whereby said ram may be retracted to said cocked
      position by said retractor piston and latched in the cocked position after
      which said retractor piston may be moved to release said ram for movement
      through its working stroke while the ram remains latched in cocked
      position.
NUM  27.
PAR  27. A high energy rate impact forming machine, comprising:
PA0  a frame,
PA0  forming means including a pair of coaxial forming rams, and pressure
      chambers on said frame receiving said rams for extension of the rams
      toward one another through working strokes to extended positions by fluid
      pressure in said chambers and retraction of said rams away from one
      another through return strokes to cocked positions,
PA0  retractor means for retracting said rams to cocked position, and
PA0  ram locking means for latching said rams in cocked position including a
      pair of locking members rotatable about axes normal to the ram axis to ram
      latching positions wherein said locking members are disposed for latching
      engagement with said rams when in cocked position and to ram releasing
      positions wherein said locking members are disposed for complete
      disengagement from said rams to release said rams for movement through
      their working strokes without movement of said locking members with said
      rams, and common actuator means connected to said locking members for
      rotating said locking members in unison from their ram latching positions
      to their ram releasing positions to effect simultaneous release of said
      rams for movement through their working strokes by said chamber fluid
      pressure.
NUM  28.
PAR  28. A high energy rate forming machine according to claim 27 including:
PA0  bolster means on said frame between said rams including means for holding
      an elongate work part to be formed with the ends of the part exposed at
      opposite sides of the bolster means for impact by said rams at the ends of
      their working strokes, and means for adjusting said bolster means to
      accommodate work parts of varying lengths, and
PA0  means for adjusting said pressure chambers, their contained rams, and their
      respective ram locking members along said frame parallel to said ram axis
      to accommodate said range of work part lengths.
NUM  29.
PAR  29. A high energy rate forming machine according to claim 28 wherein:
PA0  said means for rotating said locking members in unison comprises telescopic
      rotatable means on said frame parallel to said ram axis and geared to said
      locking members for rotation of the latter members in unison by rotation
      of said telescopic means on its longitudinal axis, and means for rotating
      said telescopic means.
NUM  30.
PAR  30. A high energy rate forming machine according to claim 29 wherein:
PA0  said retractor means comprises ram retractors on said pressure chambers,
      respectively.
NUM  31.
PAR  31. A high energy rate impact forming machine, comprising:
PA0  a frame,
PA0  forming means including a pair of coaxial forming rams,
PA0  stationary bolster means on said frame between said rams for holding work
      to be formed with the work confronting each of the rams,
PA0  coacting work forming die parts on said rams and bolster means,
PA0  pressure chambers on said frame receiving said rams for extension and
      retraction of the rams along their common axis toward one another through
      working strokes to extended positions by fluid pressure in said chambers
      and away from one another through return strokes to cocked positions,
PA0  ram retractor means on said frame for retracting said rams to cocked
      position,
PA0  ram locking means movable into engagement with said rams for latching said
      rams in cocked position and movable from disengagement with said rams to
      release the rams for free independent movement through their working
      strokes without movement of said locking means with the rams, and
PA0  common means connected to said ram locking means for actuating the ram
      locking means in unison such that the rams are released simultaneously.
NUM  32.
PAR  32. A high energy rate impact forming machine according to claim 31,
      wherein:
PA0  the work is a single workpiece and respective portions thereof to be formed
      confront respective ones of said rams.
NUM  33.
PAR  33. A high energy rate impact forming machine according to claim 31,
      wherein:
PA0  the work comprises separate respective workpieces confronting respective
      ones of said rams.
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ABST
PAL  A die system wherein upper and lower die shoes have a basic generally
      standardized form and are adapted for an interchangeable mount of various
      sub-assemblies embodying different die tools. The system features means
      facilitating a precise and quick location of a sub-assembly on its related
      die shoe as well as a quick release thereof. The invention further
      provides a unique pressure cell for backing the material being worked in a
      manner to insure optimal performance of the die and a quality work
      product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved die system embodying means
      facilitating precise location and quick interchange of die tools in a
      working press. It also provides means for improving the working
      performance of die tools. These and other features of the invention will
      become self-evident from the disclosures herein of preferred embodiments.
PAR  A continuing problem in the production of machine parts is the
      ever-increasing cost of material and labor. This problem is often
      compounded by the lack of knowledge or skill on the part of a machine
      operator. For example, if a press operator is not adept or lacks
      experience, the mounting and locating or interchange of the components of
      a die system can be a lengthy and not always accurate procedure. Even
      where an operator is adept and experienced, the prior art die systems with
      which he has to deal oftentimes do not facilitate a rapid interchange or
      precise location of die parts. In most instances a die system must be
      carefully and completely disassembled and reassembled in order to change
      the press from one operation to another. It is for this reason that, in
      general, set up and replacement time is costly and materially affects the
      output from a given press in a given period of time. Further, if the
      mounting of the die tools and the location thereof is not precise, it will
      result in poor and unacceptable work products.
PAR  A primary object of the invention is the solution of problems such as here
      noted and to provide an improved die system featuring means enabling
      unskilled press operators to quickly and accurately position and
      interchange die tools. A further object of the invention is to provide an
      improved back up means for material worked in a press which facilitate an
      economical handling of the material and the production of quality work
      products.
PAR  A further object of the invention is to provide an improved die system for
      use in a press including upper and lower die shoes which are basically of
      the same configuration and each arranged to similarly and releasably
      mount, in an improved manner, a variety of sub-assemblies which embody
      different die tools. In preferred embodiments the sub-assemblies are
      precisely and accurately positioned on the related die shoes by snap fit
      locator means which can be simply and quickly applied.
PAR  A further object of the invention is to provide an improved die system
      wherein the lower die shoe is formed with an opening nesting a
      multi-apertured carrier plate from which is suspended a pressure cell
      including a spring biased platform serving as a base of pins which project
      through apertures in the carrier plate and support, in elevated spaced
      relation to said plate, a pressure plate defining a platform on which
      material may be worked by an opposing die tool or tools.
PAR  Another object of the invention is to provide means for improving the
      production capacity of a press and the quality of its work products.
PAR  An additional object of the invention is to provide an improved die system
      wherein the die halves are comprised of generally standardized die shoes
      to which a variety of sub-assemblies embodying die tools may be slip fit
      and, in the process thereof, precisely located.
PAR  A further object of the invention is to provide a unique positioning device
      for use in locating die tools on a backing plate.
PAR  An additional object of the invention is to provide an improved pressure
      cell for use in a die.
PAR  An additional object of the invention is to provide an improved die system
      and components thereof possessing the advantageous structural features,
      the inherent meritorious characteristics and the means and mode of use
      herein described.
PAR  With the above and other incidental objects in view as will more fully
      appear in the specification, the invention intended to be protected by
      Letters Patent consists of the features of construction, the parts and
      combinations thereof, and the mode of operation as hereinafter described
      or illustrated in the accompanying drawings, or their equivalents.
DRWD
PAR  Referring to the drawings wherein some but not necessarily all the various
      embodiments of the invention are illustrated,
PAR  FIG. 1 is a view, primarily in vertical section, of a blanking die in
      accordance with the invention;
PAR  FIG. 2 is a view generally similar to that of FIG. 1 of a forming die in
      accordance with the invention;
PAR  FIG. 3 is a view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a view taken on line 4--4 of FIG. 2;
PAR  FIG. 5 is an exploded view illustrating the details of the pressure cell of
      the embodiments of FIGS. 1-4, as related to the lower die shoe therein;
      and
PAR  FIG. 6 is an enlarged view of the locator pin of the present invention.
DETD
PAR  An embodiment of the invention which may be used for punching, cutting
      and/or blanking is illustrated in FIG. 1 of the drawings. With reference
      to the orientation of parts as there shown, an upper die shoe adapted to
      be connected to a thrust plate T fixed in turn to the under side of the
      ram or slide of a press is in the form of a rectangular plate 10. Fixed to
      project from the upper surface 11 of the plate 10, in a line parallel to
      its forwardmost edge, are a pair of relatively spaced indexing pins 12
      adapted to seat in mating recesses in the thrust plate T.
PAR  The plate 10 is bored to provide it with various apertures including a pair
      of spaced apertures 14 which also are of a uniform diameter and arranged
      in a line parallel to its front edge 16. As here used, the term "front"
      denotes the edge of the plate 10 which will dispose to the front of a
      press, in its installed position. The apertures 14 are counterbored at 15,
      in a sense inwardly of the plate surface 18 which is lowermost as the
      plate 10 is assembled to the thrust plate T. Press fit or otherwise
      secured in each counterbore 15 is a ring shaped bushing 22 formed,
      preferably, of hardened steel. The plate 10 is provided, also, with a
      series of small diameter apertures 24 the wall surfaces of which are
      tapped in a direction inwardly from the surface 18 to form therein a
      thread. Adjacent each of the three corners thereof, the plate 10 has a
      relatively large diameter aperture 26 arranged to be conventionally rimmed
      by a conventionally mounted dependent guide bushing of tubular
      configuration. Additional apertures 25 provide for the application of cap
      screws 27 to suitably secure the plate 10 to the thrust plate T, and
      thereby to the press slide.
PAR  Fixed to and centered on the surface 18 of the die shoe 10 is a punch
      sub-plate 30. The plate 30 has formed therein a pair of apertures 32 which
      align with and have the same diameter as the apertures 14 in the plate 10.
PAR  In accordance with the invention the sub-plate 30 and the die apparatus
      which mounts in a dependent relation thereto provides a sub-assembly
      forming a package which is first located on the plate 10 by means of snap
      fit plug devices 34.
PAR  Each plug device 34 is comprised of a cylindrically formed body section 36
      sized to be press fit in and to substantially fill the depth of an
      aperture 32 and is thereby secured to the plate 30 prior to the
      application thereof to the plate 10. Integral with and forming an axial
      extension of one end of the body segment 36 is a relatively short, reduced
      diameter neck portion 38 the projected end of which is continued by an
      integrated radially expanded head portion 40 having the general shape of a
      flattened ellipse. The configuration of the head portion 40 provides it
      with spaced parallel portions 42 at its axial limits. The portions 42 have
      a generally circular configuration at their outer peripheries and the
      diameters thereof are substantially equal. One portion 42 joins to the
      projected end of the neck 38 and the other defines the projected end of
      the plug 34. Between the outer peripheral edges of the portions 42, in an
      axial sense, the peripheral surface of the head portion 40 is diametrally
      and generally uniformly expanded from each portion 42 to a plane generally
      centered between said portions 42 and positioned parallel thereto.
      Centered between the portions 42 in a sense axially of the plug 34, the
      generally arcuate peripheral surface of the head portion is provided with
      a narrow circumferential flat or land 44. The diameter of the land 44 is
      such to provide that through the medium thereof the head portion 40 may be
      inserted to achieve a friction fit with the inner wall of the bushing 22.
      More particularly, as seen in axial section, the configuration of the
      outer surface of the head portion 40 of a plug 34 is generally that of a
      uniform arc the apex of which is flatted to produce on the head portion
      the narrow peripheral land 44 affording a limited gripping surface
      dimensioned for frictional contact with the inner surface of a bushing 22.
PAR  As thus provided, the head portions 40 of the plugs 34 project from and
      perpendicular to the uppermost surface 31 of the plate 30, in a line
      adjacent and in a parallel relation to its forwardmost edge. For a quick
      and precise location of the plate 30 on the plate 10 the projected head
      portions 40 snap fit in bushings 22 in a manner to be further described.
PAR  The plate 30 has further apertures 46, each counterbored at the end thereof
      which opens from its surface 31 which, in the assembly thereof, is abutted
      to the surface 18 of the plate 10. Prior to its assembly to the plate 10 a
      punch or blanking tool 48 is fixed, by cap screws 47, to project from and
      perpendicular to the surface 33 of the plate 30 which is remote from and
      parallel to its surface 31. As may be seen in FIG. 1, the cap screws are
      thrust through the apertures 46 to have their head portions seat and nest
      in the counter-bored portions thereof as projected portions of the screws
      are threadedly engaged in the body of the tool 48.
PAR  Formed in the sub-plate 30 is a central, large diameter, aperture 54 in
      which is press fit one end of a hollow tubular dowel member 56. As thus
      applied, a portion of the tubular dowel 56 will project from and
      perpendicular to the surface 33. In line with and spaced radially outward
      from the aperture 54 the plate 30 has a further aperture 58 in which is
      press fit one end of a dowel pin 60. The opposite end of pin 60 projects
      from and perpendicular to the surface 33, to the same extent as the dowel
      56.
PAR  A central recess forms a pocket 62 in the surface of the punch unit 48
      adapted to abut the surface 33 of the sub-plate 30. In the assembly of the
      punch unit the pocket 62 receives therein the projected end of the dowel
      56. Opening at one end to and extending radially from the pocket 62, in
      the surface of the punch unit which abuts the plate 30, is a radial recess
      or groove 64, the projected end of which opens from a side portion of the
      punch 48. In the assembly of the punch 48 to the sub-plate 30, the pocket
      62 receives the projected end of the dowel member 56 and at the same time
      the groove or recess 64 is positioned to receive the projected end of the
      dowel member 60. This association of parts enables, in a simple manner, a
      quick, precise and accurate location of the punch unit in reference to the
      plate 30, prior to the application of the screws 47 and the sub-assembly
      thus provided to the plate 10.
PAR  As will be self-evident, the hollow dowel 56 and the pin 62 provide for X-Y
      and radial control of the location and orientation of the punch unit 48.
PAR  The foregoing description refers to the upper half of the die assembly
      shown in FIG. 1. Fixed to the press bed, either directly or through the
      medium of an interposed bolster 66, is a lower die shoe 70 having a
      rectangular plate form. The plate 70 is similar in configuration to the
      plate 10 and has a group of similarly positioned apertures including a
      plurality accommodating cap screws 68, by means of which it is fixed in a
      vertically aligned relation to the upper die shoe after being precisely
      located by means similar to that described with reference to the plate 10.
      The plate 70 differs from the plate 10, however, in that it has a large
      central opening 72 in the form of a cross.
PAR  As seen in FIG. 1, the respectively opposite end wall portions of each of
      the right angled sections of the cross shaped opening 72 are offset or
      stepped to define, adjacent the upper surface 74 of the plate 70, a pair
      of longitudinally spaced, angularly sloped, upwardly and outwardly
      divergent shoulders 76. The shoulders 76 provide seats for complementarily
      shaped projections 77 to either end of a multi-apertured carrier plate 78.
      So mounted, the plate 78 bridges one of the right-angled sections of the
      cross-shaped opening 72 and its upper surface is disposed thereby in the
      plane of the surface 74.
PAR  The carrier 78 provides the anchor element of a pressure cell 80 and
      mounts, in dependent relation thereto, four rectangularly positioned,
      perpendicularly projected, studs 82. Below the carrier 78, the studs 82
      project first through apertures in a plate 79 and then through apertures
      in a further plate 88. The lowermost end portion of each stud is
      threadedly engaged by a nut 90 and a jamb nut 92. As shown in the
      drawings, these nuts provide a base for the plate 88. Each stud is
      surrounded by a sleeve 98 which projects through the plate 79 to abut, at
      one end thereof, the carrier plate 78 and at the other end the plate 88.
      The relative position of plates 78 and 88 is thereby fixed. Wrapped about
      each sleeve and contained between the plates 88 and 79 is a coil-type
      compression spring 100. Since the springs 100 are firmly based on the
      plate 88, they apply a bias to urge the plate 79 into engagement with the
      under surface of the carrier plate 78. The carrier plate 78 includes
      further apertures 102 the purpose of which will soon be obvious.
PAR  A generally rectangular plate 106, which may be designated as a lower
      sub-plate, mounts in a superposed abutted relation to the surface 74 of
      plate 70. Plate 106 includes apertures 108, arranged in a line parallel to
      its front edge 110. Apertures 108 are of uniform diameter equal in
      dimension to the diameter of the apertures 14. To fix the location of
      plate 106 on the lower die shoe 70, apertures 108 must be in alignment
      with its apertures 114. Each aperture 114 is counterbored at 115, in a
      sense inwardly of the shoe surface 74. Press fit in each counterbore 115
      is a ring-shaped steel bushing 116 identical in form and nature to the
      bushing 22 previously described. Prior to the mount of the plate 106, and
      the die tools which are previously connected, each aperture 108 has press
      fit therein the segment 36 of a locator plug 34, such as previously
      described, to have its neck and head portions relatively project from the
      under surface of the plate. The head portions 42 of the plugs 34 in
      connection with the plate 106 are adapted to be snap fit in the bushings
      115 to thereby precisely locate the plate 106 and attached die components
      on the plate 70, in the same manner as they function in the location of
      the plate 30 on the plate 10.
PAR  Plate 106 is provided with further apertures 117 in which are press fit
      dowel pins 120, the uppermost portions of which project from and
      perpendicular to the uppermost surface of the plate, as seen in FIG. 1.
      Additional apertures 118 in plate 106 are counterbored to accommodate the
      heads of cap screws 122 the threaded bodies of which can project upwardly
      to extend outwardly from and perpendicular to the uppermost surface of
      plate 106 to the same degree as dowel pins 120. The plate 106 further
      includes, centrally thereof, a series of apertures 124 which in assembly
      of the plate to the lower die shoe 70 will vertically and axially align
      with the apertures 102 in the carrier plate 78. The apertures 124 provide
      guide passages which are adapted to receive therein pressure pins 126 the
      lower ends of which project through aligned apertures 102 to seat in a
      free bearing relation to an imperforate area of the upper surface of the
      plate 79. The upper ends of the pins 126 are fixedly connected to the body
      of a pressure plate 128. The springs 100 serve, through the medium of
      their seat on the plate 88 and their engagement with the plate 79, to
      maintain a bias on the pins 126 to the extent the upper surface of the
      plate 128 is established in what may be considered the working station of
      the described die. In peripherally surrounding relation to the upper ends
      of the pins 126 and seated in superposed relation to the upper surface of
      plate 106 is a frame-shaped rectangular filler plate 130. Superposed on
      the plate 130 and of generally similar outline is a die plate 132, the
      inner peripheral edge of which circumscribes a lesser area than that
      circumscribed by the inner peripheral edge of the filler plate 130. It is
      noted that the inner peripheral edge of the frame-shaped die plate 132 is
      a cutting edge which positions in closely spaced relation to the adjacent
      edge of the pressure plate 128. While there is a closely spaced relation,
      the clearance between the pressure plate and the cutting die 132 is
      sufficient to enable the pressure plate 128 to move to and from an
      uppermost biased position in which its uppermost surface is co-planar with
      the uppermost surface of the die element 132.
PAR  The plates 130 and 132 have apertures which in the mounting thereof on the
      plate 106 are aligned and accommodate a press fit of the dowel pins 120 on
      the one hand and the threaded engagement thereof by the cap screws 122 on
      the other hand. In any case, prior to assembly of the plate 106 to the
      lower die shoe 70, the elements 130 and 132 are suitably fixed, as
      described, to the uppermost surface of the plate 106. Further comprised in
      this sub-assembly to be mounted as a package or unit on the upper surface
      of the die shoe 70 is a stripper plate 136. The plate 136 is supported in
      a fixed, spaced, relatively elevated relation to the plate 106 and in
      adjacent relatively elevated relation to the upper surface of the die
      element 132 by means of cap screws 138 the bodies of which are surrounded,
      between the plate 136 and the upper surface of the plate 106, by tubular
      spacers 139.
PAR  The supports so provided for the stripper plate 136 are positioned clear of
      the working area of the die so as to enable strip or sheet material to be
      fed through the die, from right to left as seen in FIG. 1 of the drawings.
      In the course of a feeding operation the strip or sheet material will be
      advanced to position over the uppermost surface of the pressure plate 128
      and the surrounding die 132. In the instance illustrated, immediately
      beyond the working station so provided, the stripper plate 136 has an
      aperture through which is thrust the cylindrically formed body portion of
      a stop member 140. The member 140 includes a radially expanded head 142,
      the uppermost surface of which has a diametral slot, and the peripherally
      projected portion of which is adapted to seat to the upper surface of the
      stripper plate. Nested in the diametral slot is one end of a leaf spring
      144 the opposite end of which is anchored by a screw 146 to the stripper
      plate 136. Under the influence of the spring 144 the stop member 140 is
      biased to have a triangular projection 141 on the lower end thereof extend
      through an opening in the material being fed to determine a limit for its
      movement, which prevents a retracting of the material from the working
      station and establishes the same in a proper position for a cutting
      operation. It will be obvious, of course, that the material being worked
      will have a series of spaced apertures adapted, in the stepped movement of
      the material to the working station, to receive the projection at the
      lower end of the stop member 140. It should be observed that in the case
      illustrated the projection 141 has a triangular configuration wherein the
      following surface is vertical to form a stop and the leading surface is
      inclined downwardly and forwardly to its apex to facilitate the forward
      movement of material from the working station, as and when required.
      Within the general area of the working station, the material will be
      laterally contained by guide pins 150 mounted to and projected upwardly
      from the plate 132.
PAR  FIG. 1 of the drawings illustrates the upper die half in a closed position
      wherein the tool 48, assisted by the cutting edge of the die 132, has
      completed a blanking stroke to separate a portion of the strip material
      within the working area of the die defined in part by the upper surface of
      the pressure plate 128. Due to the balanced nature of the bias applied to
      the pins 126 through the medium of the plate 79 during the blanking
      operation, the plate 128 will firmly maintain the material being blanked
      in a flat condition and against the working face of the tool 48. Moreover,
      in the closing stroke of the tool 48 the springs 100 will react to divide
      the force applied and dissipate the same without any serious consequence
      to the die structure. Further, as the die opens, the pressure plate 128
      will be under a bias which brings the blanked segment of material back
      into the line of movement of the remainder of the material to be advanced
      in a further feeding operation. Thus, as the strip material is advanced to
      bring the next section thereof into the working station, it will move the
      blanked portion of the material ahead of it and discharge it from the die.
      This eliminates need for special attachments to remove the blanked
      portions of the material from the press. The advantages are believed
      obvious, and derive from the unique construction and disposition of the
      pressure cell as here provided.
PAR  It will be seen from the foregoing description that the invention provides
      additional features of novelty such as unique means to locate and mount
      die tools on their sub-plates, namely the plates 30 and 106, and that the
      sub-assemblies achieved thereby may each be individually and quickly
      located on and applied as a unit to the appropriate die shoe.
PAR  The uniqueness and advantage of the locator plugs provided may be seen from
      the following. Referring to FIG. 1, to facilitate the application of the
      upper sub-assembly including the plate 30 and the punch 48 to the upper
      die shoe 10, a pair of hanger strips 152 are fixed to depend from the
      under surface of the plate 10 in laterally spaced parallel relation. At
      their dependent extremities, the strips 152 include horizontal leg
      portions 153 which are directed towards each other. As seen in FIG. 1, in
      the assembled relation of the upper die half, the hanger portions 153 are
      positioned below and in spaced relation to the lateral edges of the plate
      30 to an extent greater than the projection of the head portions 40 of the
      locator plugs 34. In the assembly procedure, following the location of the
      plate 10 on and the connection thereof to the thrust plate T, the
      sub-assembly including the plate 30 and the blanking tool 48 will then be
      applied in the general orientation illustrated but to first have the
      lateral edges of the under surface of the plate 30 seat on the leg
      portions 153 of the hangers 152. As previously described, the locator
      devices in the form of the pair of plugs 34 are in a position to
      vertically project from the uppermost surface of the plate 30, adjacent
      its forward edge. At this point the head portions 40 of the locator
      devices are positioned generally in line with the openings defined by the
      tubular bushings 22. Take particular note of the fact that both the
      locator devices and the bushings which relate thereto are adjacent the
      front of the press to which the die is applied. On grasping the
      forwardmost edge of the plate 30 and rocking it about the rearmost edge of
      the plate which seats on the hanger portions 153, the head portions 40 of
      the locator devices will be tipped as they are brought into the bushings
      22. The angularity of the head portions at this point will determine the
      fact that as the locator devices are moved up into the bushings the
      contact between the heads 40 and their related bushings will be limited to
      what in effect are two points which are diametrically opposite on the head
      portions 40. Due to the tipping of the head portions in this procedure the
      fore and aft dimensions of the head portions are reduced so as to
      facilitate an upward thrust thereof into the bushings. When this is
      effected, the back portion of the plate 30 will be lifted to bring the
      surface 31 thereof in flush abutting contact with the surface 18 of the
      upper die shoe. Using this procedure, one which can be quickly, simply and
      easily executed, the entire sub-assembly is precisely located. As the back
      portion of the plate is tipped up into flush abutting contact together
      with the front portion, the fore and aft dimension of the head portions 40
      of the locator devices are enlarged in their presentation to the bushings
      22 to the point where they will come into full peripheral contact with the
      inner wall of the related bushings. The rotary movement involved with
      respect to the head portions 40 is such that there is a snap action
      thereof in moving to an axially aligned position with reference to their
      related bushings. In this manner the head portions 40 will in each
      instance be thereby established in a frictional gripping relation to the
      bushings in which they nest.
PAR  The orientation of the lower die shoe 70 is, of course, such that the
      sub-assembly embodying the plate 106 requires no particular guide or
      hanger devices. In this instance the plate 106 embodying its related die
      tool and projected locator devices is simply tipped and rocked to
      similarly achieve a nested relation of the head portions 40 in the
      bushings 116. The manner in which this is effected is believed quite
      obvious from the foregoing description.
PAR  In any case, the sub-assembly may be applied as an integrated unit and
      precisely located in a simple and effective fashion requiring no special
      adeptness or capabilities on the part of a press operator. Once the
      sub-assemblies are located it is a simple matter of applying three screws
      to fix them in place. The same three screws may be removed and the
      sub-assemblies tipped out reversely of the manner in which they have been
      inserted. To facilitate a lifting of the lower sub-assembly including the
      plate 106, the invention contemplates the use of notches 155 provided in
      the peripheral edges of its seating surface. A lever device may be applied
      to such a notch or notches to facilitate a tipping of the plate 106 to
      rotate the heads of the locator devices so they may be readily slipped
      from the bushings in which they nest.
PAR  In summary, with reference to the showing in FIG. 1, there has been
      illustrated not only a unique and a very effective pressure cell having
      advantageous functions but also a very simple and effective use of dowel
      means to quickly position a die tool on a backing structure, as well as a
      new concept to simplify the location and application or interchange of a
      sub-assembly embodying the die tools without need for handling the related
      die shoe.
PAR  Not to be overlooked is the simple biasing structure provided for the stop
      member 140. Of course, the basic arrangement of the die shoes facilitates
      the ease and the rapidity with which a die may be assembled or removed.
PAR  FIGS. 2 and 3 of the drawings show a forming die constituting a
      modification of the invention shown in FIG. 1. In this embodiment of the
      invention most components are identical with those illustrated and
      described with reference to FIG. 1. As to such components, they will be
      identified by like numerals, differing only by reason of the application
      of a "prime" (') symbol.
PAR  Referring to the upper die half here illustrated, the sub-assembly
      releasably connected to the upper die shoe in the form of a rectangular
      plate 10' includes the sub-plate 30' which embodies, in connection
      therewith, locator plugs 34', a tubular dowel 56' and a dowel 60'. As in
      the instance first described, the dowels 56' and 60' respectively seat in
      a pocket 62' and a groove 64' extending radially therefrom in the abutted
      surface of the forming tool 165. Moreover, the forming tool 165, once so
      positioned in abutment with the under surface of the plate 30', is
      connected to this plate by cap screws 47'. Thus the forming tool 165
      embodies the simple, accurate and quick locating and positioning structure
      of the tool 48. The difference in the forming tool 165 here illustrated is
      a longitudinal groove in its working surface, which groove is filled by a
      knockoff plate 167. Fixedly connected to the plate 167 is a knockout rod
      169 which extends perpendicular thereto, through a central aperture in the
      forming tool 165 and the dowel 56' to have its uppermost enlarged head end
      position in a central aperture provided in this instance in the plate 10'.
PAR  In the case of the sub-assembly comprising the plate 30', the forming tool
      165 and associated structure, once the die shoe 10' is fixed in place, the
      sub-assembly may be fixed in place in the manner of the sub-assembly of
      the upper die half of FIG. 1.
PAR  Of course, other than its central aperture, plate 10' is identical to the
      upper die shoe utilized in the embodiment of FIG. 1.
PAR  Attention is directed to the fact that in addition to the knockout plate
      167 being suspended by the control rod 169, there is also connected to the
      plate 167 a guide pin 171. The pin 171 bears in a passage 173 provided in
      the body of the tool 165 in a line parallel to the rod 167. This insures
      that in the course of any vertical movement of the knockout plate that it
      will be guided to and from its appropriate nested relation to the forming
      tool without any incidence of misalignment.
PAR  Referring now to the lower die half of FIGS. 2 and 3, the lower die shoe
      and the pressure cell associated therewith is identical in all respects
      with the lower die shoe and the pressure cell described with reference to
      the structure of FIG. 1. Therefore, in this instance also their elements
      will be identified by like numerals, distinguished only by "prime" (')
      symbols.
PAR  Accordingly, in this case the plate 70' constituting a lower die shoe is
      first mounted on and fixed to the press bed through a medium as previously
      described. Following this, the carrier plate 78' and the associated
      pressure cell structure may be set in place. The lower sub-assembly is
      then located and mounted on the lower die shoe using the features
      previously described with reference to FIG. 1.
PAR  Specifically the lower sub-assembly comprises a sub-plate 175 the base of
      which is adapted to seat to the upper surface 74' of the plate 70'. The
      surface of the plate 175 which disposes uppermost has a rectangular
      recess, giving it a cup-like shape. Formed in the peripheral wall of the
      cup-shaped plate 175, at spaced locations in a line adjacent and parallel
      to its forwardmost edge 177, are apertures 179. Each aperture 179 has
      press fit in the lower or base oriented portion thereof the body segment
      36' of a plug 34'. As so mounted, the head portions 40' of the plugs 34'
      will project from the under surface of plate 175. It will be seen that the
      apertures 179 mounting the plugs 34' are arranged in the plate 175 so that
      they will superpose and vertically align with the apertures 114' in the
      plate 70'. This will enable that in a tilting movement of the sub-assembly
      including the plate 175 that the projected head portions 40' of the plugs
      34' may be easily inserted in or removed from bushings 116' in the
      counterbored upper ends of the apertures 114'. The initial, limited,
      diametrally opposite point contact of the flats 44' on the head portions
      40' of the plugs, effected by reason of a tilting of the plate 175 for
      their initial entry to the bushings, will facilitate the achievement of a
      quick and precise location of the plate 175 on the lower die shoe as the
      plate 175 is brought to a firmly seated position.
PAR  It will be thus seen that the sub-assembly to be achieved with the plate
      175 as the base may be quickly, precisely and effectively located. Viewing
      FIG. 2, it will be also seen that the seating edge is provided with a
      peripheral notch or notches 181' which can facilitate the displacement of
      the sub-assembly from the lower die shoe very quickly, once the connecting
      cap screws are released.
PAR  Returning to the description of the lower sub-assembly, nested in the
      cup-shaped recess of the plate 175, and seating to the base thereof, is a
      frame shaped filler plate 183 on which is superposed a frame shaped
      forming plate 185. The elements 183 and 185 are both of rectangular shape
      and suitably connected to the base of the plate 175 by positioning dowels
      187 and cap screws 189. It is believed that the arrangement provided in
      this respect will be clear from FIGS. 2 and 3 of the drawings.
PAR  The configuration of the rails of the forming plate 185 is clearly evident
      from FIG. 3 of the drawings. As shown, it provides that a plate-like part
      W' to be formed may be laid on recessed upper surface portions 193 at the
      inner edges of the opposite rails to be laterally contained by raised
      shoulder portions at their outer edges and positioned in abutment with
      stop pins 191 to one end. In the open position of the forming die the
      pressure plate 128' will normally position with its uppermost surface
      co-planar with the rail surface portions 193 and define therewith the
      working area of the die. In a fashion as described with reference to the
      pressure cell of FIG. 1, the pins 126' in connection with and in dependent
      relation to the plate 128' will project through apertures in the carrier
      plate 78' to bear on floating platform 79'. The bias of the springs 100'
      will consequently maintain the pressure plate 128' in a balanced condition
      and against the workpiece W' between the forming rails throughout the
      working stroke of the tool 165.
PAR  More specifically, as seen in FIGS. 2 and 3, in the forming operation the
      pressure plate will be depressed against the balanced spring pressure
      imposed thereon by the pressure cell but will in all cases maintain the
      flatness of the workpiece portion against which it bears. When the upper
      half of the die moves upwardly to an open position, the bias of the
      pressure cell will return the pressure plate 128' to its working station,
      ready to similarly function on the next stroke of the die. The cell 80'
      functions to insure optimal quality of the work product.
PAR  The knockout plate will be used in a conventional manner, well known to
      those versed in the art.
PAR  FIG. 4 of the drawings is included to show the basically simple nature of
      the lower die shoe utilized in each of the preferred embodiments
      described. This figure features a plan view of the cross shaped opening
      72' and the application thereto of the carrier plate 78' which may be
      optionally disposed in the cross shaped opening at right angles to the
      position illustrated. It should be noted that the lower die shoe afforded
      by the plate 70 or 70', as the case may be, will include in each case a
      large diameter aperture at each of three corners thereof which are adapted
      to vertically align with the large diameter apertures 26 or 26' similarly
      provided in the upper die shoe associated therewith. These large apertures
      at three corners of the lower die shoe each define a location for mount of
      a vertically projected guide post to telescopically nest in the
      conventional bushing which is attached to the upper die shoe, in
      engagement therewith, and to provide means for maintaining a vertical
      guided relation of the upper die shoe with reference to the lower die shoe
      in the press in which they are embodied. Such details are conventional and
      therefore not further described.
PAR  From the foregoing, the advantages in use of the invention features are
      believed obvious. For example, the use of the locator plugs as described
      not only simplifies and speeds the location, application and removal of a
      sub-assembly but in the snap fit application of the head portions of the
      plugs there is achieved, in effect, a line contact thereof with the
      bushings in which they are inserted. This guarantees a precision location
      of parts. The same applies to the invention concept of positioning a die
      tool, such as 48 or 165 as described, in reference to a back up or
      sub-plate. The provision of the pocket 62 as well as a radial groove 64 to
      simultaneously accommodate a central and a radially displaced locating
      dowel lends precision and speed to the application of the tool. Thus,
      there is an ease in the relative positioning of parts in all respects.
PAR  Further, the use of a pressure cell and pressure plate in the arrangement
      provided by the invention offers a control of the material worked in the
      die so that the product of the die operation has an optimal quality.
PAR  Thus, not only have the problems first noted been solved by the
      improvements of the present invention but there has been created an
      improved die system which can be utilized by people less than skilled in
      the art without particular problem.
PAR  From the above description it will be apparent that there is thus provided
      a device of the character described possessing the particular features of
      advantage before enumerated as desirable, but which obviously is
      susceptible of modification in its form, proportions, detail construction
      and arrangement of parts without departing from the principle involved or
      sacrificing any of its advantages.
PAR  While in order to comply with the statute the invention has been described
      in language more or less specific as to structural features, it is to be
      understood that the invention is not limited to the specific features
      shown, but that the means and construction herein disclosed comprise but
      one of several modes of putting the invention into effect and the
      invention is therefore claimed in any of its forms or modifications with
      the legitimate and valid scope of the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. For use in a die system, a die half including a die shoe having a
      through opening, means peripherally of the opening being configured to
      support a carrier plate, a carrier plate received in said opening, a
      sub-plate superposing on said die shoe and confining said carrier plate in
      said opening, a pressure plate overlying said sub-plate and reciprocable
      relative thereto, means on said sub-plate in a generally surrounding
      relation to said pressure plate and defining a die sperture, a pressure
      cell suspended from said carrier plate and depending therefrom to position
      at least a portion thereof within said opening, said cell including a
      spring pressed platform located in an underlying relation to said carrier
      plate, and means based on said platform and extending through said carrier
      plate and said sub-plate into a supporting relation to said pressure
      plate.
NUM  2.
PAR  2. A die half according to claim 1, wherein said die shoe opening is
      comprised of plural intersecting apertures each having peripheral
      configured portions by means of which said carrier plate may be
      selectively installed in said apertures.
NUM  3.
PAR  3. A die half according to claim 1, characterized by means to position said
      pressure plate to cooperate with said means defining said die aperture in
      providing a supporting surface for a work piece.
NUM  4.
PAR  4. A die half according to claim 3, characterized by a stripper plate
      mounted in an overlying relation to said sub-plate having an aperture
      aligned with said pressure plate and adapted to receive a penetrating die
      tool, said stripper plate being disposed in an adjacent spaced relation to
      said pressure plate.
NUM  5.
PAR  5. A die half according to claim 4, characterized by detent means mounted
      to said stripper plate at least a portion of which is arranged to project
      therefrom into the path of a work piece advanced between said stripper
      plate and said means defining a die aperture to limit its movement in one
      direction and preclude a retrograde movement thereof.
NUM  6.
PAR  6. A die half according to claim 4, characterized by means to position said
      stripper plate in a precisely determined spaced relation to said
      sub-plate.
NUM  7.
PAR  7. A die half according to claim 1, characterized by means for quickly and
      precisely locating said sub-plate on said die shoe comprising cooperating
      means which in a relative angular disposition of said sub-plate and the
      die shoe present cooperating portions configured to slip fit and in a
      facing disposition of said sub-plate to the die shoe present cooperating
      portions of different configuration adapted to fix the sub-plate against
      movement in a sense laterally of said die shoe.
NUM  8.
PAR  8. Apparatus as in claim 7 wherein said cooperating means include one
      portion presenting an internal wall surface and a second portion for
      nesting in said one portion presenting a male element the head of which
      presents different transverse dimensions in different positions, the
      dimension of which head presents essentially diametrically spaced point
      contacts therewith in an angular position referenced to said wall surface
      and extended peripheral frictional contact therewith on a relative axial
      alignment with the central axis of said internal wall surface.
NUM  9.
PAR  9. A die half as in claim 1, characterized by means for quickly and
      precisely locating and mounting said sub-plate on said die shoe including
      means defining a plurality of cavities in one of said sub-plate or said
      die shoe and means defining mating projections from the other thereof
      configured and adapted in one relative position of the sub-plate and the
      die shoe to provide point contacts between each said projection and the
      wall of the related cavity and in a position wherein said sub-plate and
      said die shoe are superposed to provide a substantially coextensive
      peripheral contact of each said projection with the wall of its related
      cavity.
NUM  10.
PAR  10. For use in a die system, a sub-assembly comprising a die tool and a
      backing means therefor, said die tool being adapted to be mounted in
      abutted relation to said backing means and means for precisely and quickly
      locating said die tool on said backing means including means defining a
      central recess in one of said tool or backing means and a mating dowel
      projecting from the other and means defining a groove in one of said tool
      or backing means which orients in a line radial to said central recess and
      its mating dowel and a projection defining a dowel on the other, a
      simultaneous alignment of said recess and groove with the respectively
      related dowels facilitating an immediate and direct slip fit of one to the
      other of said tool and backing means to precisely define the required
      position of said die tool on said backing means.
NUM  11.
PAR  11. Apparatus as set forth in claim 10 characterized by one of said tool or
      backing means incorporating therein said central recess and said groove
      and the other thereof mounting said mating dowels.
NUM  12.
PAR  12. A die system including the apparatus as set forth in claim 10 including
      a die shoe for positioning in a press in a backing relation to the backing
      means for said die tool, said backing means and said shoe having surfaces
      adapted to abut in the mounting of one to the other, one of said abutting
      surfaces including means defining at least one pair of projections and the
      other thereof including recesses adapted to receive and mate with said
      projections, and said projections being formed to present, on a relative
      angular disposition of the surfaces, a smaller peripheral dimension to
      said cavities than when the same are directly aligned whereby to
      facilitate the quick positioning of said die tool and its backup means on
      said die shoe by tilting of one thereof relative the other in introducing
      said projections in said cavities, and the relative configuration of said
      projections and the walls of said cavities providing a snap fit thereof
      upon a flush abutted relation of said backing means to said die shoe.
NUM  13.
PAR  13. Apparatus particularly advantageous for use in connection with one
      element of a die for quickly and precisely locating said one element
      relative another element of the die including a body, a projecting end
      portion of which is adapted for application in a passage, cavity or recess
      in the other said element, said end portion having a form to present, upon
      a relative angular disposition of its central axis with reference to the
      wall defining said passage, cavity or recess, a peripheral configuration
      of its cross sectional outline providing for a slip fit entry thereof
      within the confines of said wall, and said end portion having a form to
      present, upon a change of said relative angular disposition of its central
      axis following said slip fit entry, a cross-sectional outline disposing
      transverse to said wall which provides for a substantial friction fit
      engagement thereof to said wall precluding its relative lateral movement.
NUM  14.
PAR  14. Apparatus as in claim 13 wherein said end portion has an axial
      dimension less than its peripheral dimension and a substantially arcuate
      outline intermediate the ends thereof.
NUM  15.
PAR  15. Apparatus as in claim 14 wherein a portion of said arcuate outline is
      flatted.
NUM  16.
PAR  16. Apparatus as in claim 14 wherein said substantially arcuate outline is
      characterized by a circumferential flat defining the cross sectional
      portion of said end portion which is presented to the wall of the related
      passage, cavity or recess to achieve said friction fit engagement
      therewith.
NUM  17.
PAR  17. Apparatus as in claim 16 wherein said body has a plug-like shape, the
      opposite end portion formed for a press fit connection in a passage,
      cavity, or recess in said one element and a necked portion separating said
      end portions.
NUM  18.
PAR  18. Apparatus as in claim 17 wherein the cross sectional outline of said
      end portion presented for said slip fit entry provides for diametrally
      opposite points of contact with said wall.
NUM  19.
PAR  19. Apparatus as in claim 13 for quickly and precisely locating a die plate
      or sub-assembly on a die shoe characterized by one of said die plate or
      shoe having in connection therewith a plurality of said bodies in spaced
      projected relation and the other thereof having a plurality of said
      passages, cavities or recesses to accommodate the same, a tilting of one
      of said die shoe or plate relative the other producing said slip fit entry
      of said projections as defined by said end portions of said bodies and on
      seating of one to the other said friction bearing engagement of said end
      portions to the related walls to preclude relative lateral movement of
      said shoe and the die structure which mounts thereon.
NUM  20.
PAR  20. For use in a die system, a die half including a die shoe, a sub-plate
      separably applied to an outwardly facing surface of said die shoe and a
      die tool applied to an outwardly facing surface of said sub-plate, and
      means acting inherently in the application of said sub-plate to said die
      shoe precisely to locate said sub-plate and to prevent relative angular
      movements thereof and in the application of said die tool to said
      sub-plate precisely to locate said die tool and to prevent relative
      angular movements thereof.
NUM  21.
PAR  21. A die half according to claim 20, wherein the means for locating said
      sub-plate includes plural plug devices, each having a shank portion fixed
      relative to one of said die shoe and sub-plate elements and a projecting
      head to be received in a recess in the other one of said die shoe and
      sub-plate elements, said head having an intermediate location of maximum
      diameter flatted to form a relatively narrow cylindrical band adapted to
      make a close intimate contact with the wall of said recess.
NUM  22.
PAR  22. A die half according to claim 21, wherein the projecting head of each
      of said plug devices is formed on a uniform arc, the intermediate flatted
      location appearing at an apex portion of said arc.
NUM  23.
PAR  23. A die half according to claim 20, wherein the means for locating said
      die tool includes means defining a central recess in one of said die tool
      and sub-plate elements and a mating dowel projecting from the other and
      means defining a groove in one of said die tool and sub-plate elements
      which orients in a line radial to said central recess and its mating dowel
      and a projection defining a dowel on the other, a simultaneous alignment
      of said recess and groove with the respectively related dowels
      facilitating an immediate and direct slip fit of one to the other of said
      die tool and sub-plate elements to precisely define the required position
      of said die tool on said sub-plate.
NUM  24.
PAR  24. For use in a die system, snap action means precisely to locate a pair
      of superposing parallel plates relative to one another, including plural
      plug devices each having a projecting head, the projecting head of each
      having an intermediately positioning short length cylindrical portion from
      which the head decreases in diameter, said plug devices being installed in
      one of said plates and being adapted to have their projected heads
      received in recesses in the other of said plates, said projecting heads
      being introduced into said recesses in a two-phase snap action motion in a
      first of which said plates are held in a tilted relation to one another
      with decreased diameter portions of said heads entering said recesses and
      in a second of which said plates are brought into contacting parallel
      relation straightening said projected heads in said recesses and placing
      each said short length cylindrical surface in close bearing contact with a
      respective recess wall.
NUM  25.
PAR  25. Snap action means according to claim 24, wherein the plate having the
      plug devices installed therein is in underlying relation to the plate
      having the recesses therein, characterized by means defining a rail means
      suspended from the overlying plate providing support for the underlying
      plate in its two-phase application to the overlying plate.
NUM  26.
PAR  26. Snap action means according to claim 24, wherein each of said plug
      devices has longitudinally spaced apart cylindrical surfaces, an outer one
      of which is substantially shorter in length than an inner one, the
      cylindrical surface of shorter length being comprised in the projecting
      head the peripheral surface of which is formed on a uniform arc a narrow
      intermediate portion of which is flatted to define said cylindrical
      surface of shorter length, said one of said pair of plates having
      cylindrical recesses accommodating said plug devices with the cylindrical
      surfaces of greater length having a long bearing contact with the
      respective walls of said recesses in said one plate, the projecting head
      of a plug device being introduced at an angle into a respective recess in
      the said other of said plates and then tilted to place said cylindrical
      surface of shorter length into close bearing contact with the wall of said
      recess in the said other of said plates.
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ABST
PAL  A hot water generator capable of producing a maximum rate of water
      temperature increase without generation of vapors including a heat
      exchanger in the form of an annularly shaped helical coil through which
      the water to be heated is pumped and which is connected to a piping system
      including a load and a combustor for rapidly providing increased
      combustion which is controlled in response to the temperature of the water
      at the outlet of the coil so that the heater can produce a maximum rate of
      water temperature rise without causing boiling and generating vapors in
      the coil. The method concerns the shock testing of piping components by
      producing nearly theoretical maximum heat flux rate very quickly.
PARN
PAR  This is a division of application Ser. No. 437,249, filed Jan. 28, 1974,
      now U.S. Pat. No. 3,890,936, dated June 24, 1975.
BSUM
PAR  This invention relates in general to hot water generators and more
      particularly to a hot water generator operating at high temperatures so
      the heat exchanger of the generator will produce a maximum rate of heat
      absorption and therefore temperature rise without nucleation.
PAR  Heretofore, hot water generators have operated well below the maximum heat
      release obtainable because of heat exchange and pressure control systems
      which would result in generating transient pockets of vapor, some of which
      might become superheated. Pressure transients produced by these vapor
      pockets generate "hammer" or load pressure transients in the heat
      exchanger portion of the generator which is objectionable in damage caused
      to the heat exchanger and audible noise emitted. Superheated vapor pockets
      localize overheating of heat exchanging surfaces that result in decreased
      life. Vaporization of water causes film temperatures at sufficient high
      levels which may produce scaling and/or corrosion. Accordingly, it is
      important that the water heated by the generator never enter the vapor
      phase.
PAR  A prior known water heating apparatus is shown in U.S. Pat. No. 3,282,257,
      wherein a heat exchange structure similar to that of the present invention
      is used in connection with a steam drum to produce controlled quality
      steam. This heater operates at approximately 75 percent of the maximum
      heat release due to variations in load pressure.
PAR  A boiler for producing rapid water temperature increases is shown in U.S.
      Pat. No. 3,651,790, which concerns the use of complex heat transfer
      structures for increasing the heat exchange surface. Structures of this
      type are difficult and expensive to manufacture. Moreover, such structures
      have non-uniform internal pressure distribution during thermal and flow
      transients which result in the generation of undesirable vapor pockets.
PAR  Another complex type of heat transfer water generator is shown in U.S. Pat.
      3,773,019. This structure would likewise be difficult and expensive to
      manufacture.
PAR  Heretofore, fluid loop components were tested for static pressure only,
      usually by hydraulic means at easy to achieve temperatures. It was assumed
      that temperature effects were either insignificant or could be
      predetermined. Recently, however, utilization of large thermal heat
      sources such as nuclear reactors, and subsequent increased concern for
      safety has produced a requirement for testing units under pressure,
      temperature and temperature rates of rise. Testing under rapid temperature
      changes is therefore required to insure operation of fluid loop components
      during variations in thermal strain produced by the combination of
      temperature and pressure.
PAR  The present invention utilizes a heat exchanger structure and a combustor
      similar to that shown in the aforementioned U.S. Pat. No. 3,282,257,
      together with a unique control system for obtaining the maximum rate of
      water temperature increase without generation of vapor pockets. For
      example, the system of the invention can operate to heat water from a
      temperature of about 562.degree. F. and a pressure of about 2282 psig to a
      temperature of about 627.degree. F. and a pressure of about 2266 psig in
      about 50 seconds. This allows the maximum heat flux to be absorbed by the
      heat exchange structure without moving into the area of nucleate or more
      advanced stages of boiling corresponding to the pressures involved.
      Accordingly, the hot water generator of the invention is capable of shock
      testing high performance fabricated piping components such as valves,
      regulators, heat exchangers and the like, by subjecting a component to a
      rapid water temperature rise without nucleation or the generation of vapor
      pockets.
PAR  The controls for operating the generator to obtain the rapid temperature
      rise in the water heated includes a temperature controller monitoring the
      outlet temperature of the water heated by the generator and producing a
      signal for operating a high speed air fuel actuator to provide the maximum
      permissible combustion rate capable of being handled by the heat exchanger
      structure of the generator without generating vapor pockets in the water
      being heated. A blower generating combustion air for the combustor has its
      output controlled by a damper connected to the actuator. A fuel metering
      valve delivering fuel to the combustor is also controlled by the actuator.
      A 24-to-1 turndown ratio of the generator permits generation of a "wall of
      water" which produces rapid increases in the water outlet temperature
      within accurately controlled flow and pressure limits.
PAR  It is therefore an object of the present invention to provide a high speed
      hot water generator capable of producing a high rate of temperature
      increase approaching the theoretical maximum change in water temperature
      without generating vapor pockets.
PAR  Another object of this invention is in the provision of a hot water
      generator and method for shock testing high performance fabricated piping
      components by subjecting a component to a rapid temperature rise of water
      without nucleation.
PAR  Still another object of this invention is in the provision of a high speed
      hot water generator including controls that are capable of operating the
      generator to provide the maximum rapid rate of temperature change without
      generating vapor pockets in the liquid.
PAR  A still further object of the invention is in the provision of a hot water
      generator having a heat exchanger which may be efficiently and
      inexpensively manufactured and which has long service life where
      controlled heat input and extraction produces a maximum rate of heat
      absorption and therefore temperature rise.
DRWD
PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed disclosure, taken in conjunction with the
      accompanying sheets of drawings, wherein like reference numerals refer to
      like parts, in which:
PAR  FIG. 1 is a somewhat diagrammatic and block view of the hot water generator
      according to the invention together with the controls and water flow loop;
PAR  FIG. 2 is a somewhat diagrammatic view of a system including a plurality of
      hot water generators connected in parallel in connection with the shock
      testing of a piping component;
PAR  FIG. 3 is a graphical illustration of the maximum allowable water
      temperature at the hot water generator outlet as a function of outlet
      pressure for a hot water generator according to the present invention;
PAR  FIG. 4 is a graphical illustration of the maximum outlet water pressure and
      temperature of a hot water generator according to the invention as a
      function of water flow rate for prevention of boiling in the heat
      exchanger of the generator;
PAR  FIG. 5 is a typical boiling curve illustrating boiling regimes for hot
      water generators;
PAR  FIG. 6 is a graphical illustration of the time response plotted against
      heater water outlet temperature illustrating the low fire to high fire
      conditions of the generator according to the present invention and the
      maximum temperature rise without nucleation;
PAR  FIG. 7 is a graphical illustration showing the steady state of maximum fire
      rates allowable for operation between low fire outlet heater temperature
      and maximum allowable outlet temperature without boundary layer boiling;
PAR  FIG. 8 is a block diagram of the air fuel control system of the generator
      of the present invention;
PAR  FIGS. 9, 10 and 11 are graphical illustrations of operations pursuant to a
      change in the set point temperature of the controller in relation to the
      control signal, the damper and the temperature of the hot water at the
      outlet of the heat exchanger; and
PAR  FIGS. 12, 13 and 14 show the relationship during the change in load between
      the temperature of the hot water coming into the heat exchanger of the
      generator, the hot water leaving the heat exchanger and the flue gases
      transferred from the combustor to the heat exchanger.
DETD
PAR  Referring now to the drawings, and particularly to FIG. 1, the hot water
      generator of the invention is diagrammatically illustrated as including a
      housing 20 enclosing a combustor section 21 and a coil section 22. A choke
      23 is provided within the housing between the combustor section and the
      coil section to direct the flow of gases from the combustor section to the
      coil section. Within the coil section 22, a coil or heat exchanger in the
      form of a coil and designated generally by the numeral 24 includes a
      plurality of watertubes. The coil is annularly shaped and helical in form
      and wherein the watertubes are arranged in radially arranged layers and
      longitudinally spaced or arranged rows with an inlet 25 at the outermost
      layer of watertubes and an outlet 26 at the innermost layer of watertubes.
      Combustion or flue gases generated in the combustor section 21 flow
      through the choke 23 into the central area of the coil 24 outwardly and
      through a flue gas outlet 27. While the generator is shown
      diagrammatically, it will be appreciated that this part of the generator
      is essentially of a type shown in the aforementioned U.S. Pat. No.
      3,282,257. The helical watertubes define a path for the water which picks
      up heat from the coil that is absorbed from the flue gases which involves
      the transfer of heat to the minimum amount of water moving through the
      coils. It is important that minimum amount of water is involved in the
      heat transfer process in order to obtain the desired rapid rise in
      temperature of the water.
PAR  Combustion gases are generated from an appropriate fossil fuel and air
      mixture. Fuel may be a natural gas or other suitable fossil fuel which is
      delivered from a suitable source of supply through a fuel line 30 to the
      combustor section or the combustion chamber in the combustor section. A
      metering valve 31 controls the fuel flow in the combustor section.
PAR  Primary air or combustion air is generated by a blower 32 and delivered
      through a duct 33 to the combustor section 21. A damper 34 is provided in
      the duct to control the air flow through the duct. In order to maintain
      stability of combustion at low fire condition, a small amount of air is
      bled from the duct 33 ahead of the damper into the fuel line 30 by a bleed
      line 35 to provide some mixture of air with the fuel that is delivered by
      the fuel line into the combustor section. This is important in order to
      provide a high turndown ratio from high fire to low fire. More
      specifically, it assists in providing about a 24-to-1 turndown ratio in
      order to provide the necessary increase in temperature and obtain the
      necessary shock testing in connection with the shock testing of fabricated
      components according to the invention.
PAR  A high speed air fuel actuator 38 is mechanically coupled to the metering
      valve 31 and the damper 34 for controlling the operation thereof and
      therefore the air fuel flow into the combustion section 21. This actuator
      receives a signal from a temperature controller 39 of a suitable type
      which responds to a set point indicator 40 and the temperature of the hot
      water at the outlet 26 of the heat exchanger 24 by virtue of a suitable
      temperature measuring instrument 41.
PAR  A pipe or conduit 45 is connected between the inlet end and outlet end of
      the coil or heat exchanger 24. A pump 46 is provided in the piping 45 to
      cause constant flow of water through the entire water path or loop at all
      times at a desired flow rate. Therefore, forced circulation of water is
      established through the coil 24. A load 47 is also provided in the pipe 45
      for loading the system. As shown, the load is in the form of a heat
      exchanger but may be of any desirable form although it should be such as
      to provide a continuous path in the piping 45. In the event that a
      fabricated component to be shock tested is a heat exchanger, such can be
      inserted at the load 47 position. Should the component to be tested be in
      the form of a valve, a regulator or the like, such can be mounted in the
      piping 45 at the position 48 ahead of the load 47 or at the position 49
      between the load and the pump 46. The load 47 would be matched with the
      coil capacity of the generator.
PAR  As seen in FIG. 2, in the event that the load is of such a magnitude that a
      single hot water generator would be insufficient, a plurality of hot water
      generators may be connected in parallel, as shown by the hot water
      generators 20A, 20B and 20C. Suitable manifolds at the inlet and outlet
      will be provided to facilitate the parallel connecting of such generators.
      While three generators are shown in FIG. 2, it can be appreciated that any
      number may be connected in parallel depending on the load. It can be
      appreciated that suitable balancing valves may be provided at the outlets
      of parallel connected generators so that the same temperature and pressure
      conditions of each generator is delivered into the outlet manifold.
PAR  The generators may use any suitable type of fossil fuel as already
      mentioned. The water used in the system will be de-aerated,
      de-mineralized, and perhaps otherwise treated.
PAR  The air fuel actuator 38 may be of any suitable type which provides a fast
      enough response which is necessary in order to enable the rapid rise in
      temperature of the liquid in the heat exchanger of the generator and also
      to prevent nucleation. For example, if the actuator will provide a full
      stroking time in 2 seconds or less, it will be able to provide the
      necessary quick response needed for the generator of the present
      invention. The response must be faster than the heat absorption capacity
      of the heat exchanger of the generator.
PAR  The typical boiling curve illustrating boiling regimes for hot water
      generators is shown in FIG. 5. Most hot water systems involve operating in
      a state of unsteady equilibrium where several of the boiling regimes
      illustrated in FIG. 5 are traversed. It is preferable that a system
      operate in the incipient nucleate boiling range indicated at 51 which is
      just below the nucleate boiling point A, where the most efficient heat
      transfer is available. The system of the present invention operates at
      point B. Overshoot of the maximum heat rate can move the operation of a
      system into the unstable boiling regions resulting in damage or
      destruction of the heat exchange surfaces. The curve of FIG. 5 shows the
      change in temperature plotted along the horizontal and the heat flow rate
      along the vertical.
PAR  The rate of rise in temperature is dictated by the maximum heat flux which
      can be absorbed by the heat exchanger of the generator without moving into
      the area of nucleate or more advanced stages of boiling corresponding to
      the pressures involved. An illustration of the temperature-time response
      of a generator according to the present invention is shown in FIG. 6
      wherein time in seconds is plotted along the horizontal and heater outlet
      water temperature is plotted along the vertical. As illustrated, the time
      taken to move from low fire to high fire or 100 percent firing rate of the
      generator is about 40 seconds, where the low-fire temperature is
      573.degree. F. and the high-fire temperature is about 627.degree. F.
      Likewise, the rate of drop in temperature is dictated by the maximum heat
      flux absorbable by the heat exchanger. The "trip" point A and the normal
      operating point B are also shown here.
PAR  The curve in FIG. 3 relates to the maximum allowable water temperature at
      the outlet of the coil as a function of outlet pressure for the generator
      of the invention to illustrate what temperature and pressure relationship
      must be maintained to prevent nucleation. The region on the left side of
      the curve represents no boundary layer boiling for the coil, while the
      shaded region on the right side of the curve represents the area to be
      avoided where coil boundary layer boiling does exist. Accordingly, during
      temperature rise of the water, the relationship between the temperature
      and the pressure must be in the region of the left of the curve to prevent
      boiling. The loci of point A from FIG. 5 is shown for water flow rates
      from 50 to 100 percent if the fuel inputs of FIG. 7 are adhered to.
PAR  The curves shown in FIG. 4 represent the limiting hot water generator
      outlet water pressure and temperature as a function of the water flow rate
      for the prevention of boiling in the coil boundary layer therein. Heater
      outlet temperature in degrees Farenheit is plotted along the horizontal,
      while heater outlet pressure in psia is plotted along the vertical.
      Numbers 55, 56 and 57 respectively represent 50 percent, 90 percent and
      100  percent water flow rates. Regions of no boiling are to the left of
      the curves, while regions of boiling are to he right of the curves. The
      steady state maximum temperatures allowable are reached at approximately
      2400 psia at temperatures of 630.degree., 638.degree. and 642.degree. F.
      for the 50, 90, and 100 percent water flow rates. Accordingly, the 2400
      psia limitation is indicated as a "trip" point which is a pressure that
      must be maintained or exceeded in order to prevent entering the boiling
      region which is shown in the shaded portion in FIG. 3.
PAR  The operation of the generator of the present invention according to
      changing from low fire to high fire conditions involves raising a nominal
      or residual temperatureat low fire and establishment of the water flow
      rate at a value corresponding to the amount of heat required. This is
      illustrated in FIG. 7. The curves in FIG. 7 show heat transfer to the
      water in btu's per hour times 10.sup.6 along the horizontal and heater
      outlet temperature in degrees Farenheit along the vertical. These curves
      illustrate maximum fuel fire rates allowable for operation between the low
      fire heater outlet temperature and maximum allowable outlet temperature
      without boundary layer boiling. The percent water flow curves are shown to
      be 50, 60, 70, 80, 85, 90, 95, 100. The 100 percent water flow rate
      represents the maximum heat output of the system. These curves concern a
      generator system with a capability of an output of about 12,000,000 but's
      per hour. The maximum fuel firing rate will vary depending upon the water
      flow rate required. Rapid application of the correct fuel and air mixture
      to approximately 50 percent of the rated flow capacity of the generator of
      the present invention results in a temperature increase along the path of
      curve 60 where the desired heat flux capability is reached at 627.degree.
      F. and the associated controls for handling the fuel and air mixture trip
      and thereby remove the heat input. A temperature higher than 635.degree.
      F. will cause boiling at this water flow rate. Further, it is not possible
      to use a higher maximum fire rate. The time required to meet the
      627.degree. point is approximately 50 seconds.
PAR  It can be appreciated that a definite relationship exists between pressure,
      temperature and flow rate for water heated at 100 percent maximum firing
      rate without creating vapor pockets. Exemplary of flow rate capacity for a
      generator having the characteristics illustrated in FIG. 7 are as follows:
TBL  Water Flow at                                                             
                 Minimum Flow Velocity                                         
                                  Flow Capacity                                
     Maximum Fuel                                                              
                 Inside Tube      Inside Tube                                  
     Firing Rates (%)                                                          
                 (ft/sec)         (lb/hr)                                      
     ______________________________________                                    
     100         5.8              124,833                                      
     95          5.5              118,591                                      
     90          5.2              112,350                                      
     85          4.9              106,108                                      
     80          4.6               99,866                                      
     70          4.1               87,383                                      
     60          3.5               74,900                                      
     50          2.9               62,417                                      
     ______________________________________                                    
PAR  The block diagram of the system shown in FIG. 8 illustrates the temperature
      control 39 as receiving the set point temperature and delivering a signal
      to a summing junction 65 which receives a feedback from the temperature of
      the hot water out (T.sub.ho) which is taken at the temperature measuring
      device 41 in the outlet of the heat exchanger 24. The summation of the
      feedback signal and the signal from the temperature controller is
      delivered to the servo motor or actuator 38 which controls the operation
      of the gas valve 31 and the damper 34. The operation of the gas valve 31
      and the damper 34 results in the weight and temperature of the flue gas in
      the combustor and the heat exchanger 21, 24. Load 47, which removes heat
      and therefore determines the temperature of the hot water into the heat
      exchanger, effects the overall operation of the system.
PAR  The response to the change in set point of the temperature controller
      during an increase in temperature is illustrated in FIGS. 9, 10 and 11 as
      plotted against time. In FIG. 9 the control signal variation of the set
      point temperature (T.sub.sp) is illustrated as being increased along the
      full range of temperature increase desired of about 573.degree. to
      627.degree. F. The temperature and weight of the flue gases (T.sub.fg and
      W.sub.fg) are shown in FIG. 10 in relation to the damper and valve
      operation. The rise in the temperature of the hot water out (T.sub.ho) of
      the heat exchanger is illustrated in FIG. 11. Note the dead zone 68 which
      is also illustrated at 69 in FIG. 6.
PAR  The change in load of the heat exchanger indicated by a decrease in
      temperature is illustrated with the relationship between the hot water
      temperature into the heat exchanger, the hot water temperature out of the
      heat exchanger, and the temperature and weight of the flue gases in the
      combustor and heat exchanger sections is shown in FIGS. 12, 13 and 14.
PAR  Accordingly, it will be seen from the foregoing that the hot water
      generator of the invention may be utilized in the method of shock testing
      of high performance piping components wherein it is desired to produce
      maximum heat flux rate without nucleation so as to provide a hot water
      generator with a heat exchanger of long service life.
PAR  It will be understood that modifications and variations may be effected
      without departing from the scope of the novel concepts of the present
      invention, but it is understood that this application is to be limited
      only by the scope of the appended claims.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. A method of thermal shock testing a high performance fabricated piping
      component by subjecting the component to a rapid water temperature rise
      without nucleation, wherein the method includes use of a hot water
      generator having a high turndown ratio for rapidly increasing the
      temperature of hot water to a point of substantially theoretical maximum
      heat absorption and temperature rise without nucleation, wherein the
      generator includes a housing defining connected coil and combustor
      sections, a coil in the coil section with an open central area for
      receiving combustion gases and defining a water flow path, an inlet and an
      outlet for said coil, piping connected between the inlet and outlet
      defining a closed loop water path, a load in the piping, a pump in the
      piping forcing constant water circulation through the closed loop, a fuel
      and air induction system including fuel and air controls coacting to
      deliver the proper mixture of fuel and air to the combustor section, said
      fuel and air induction system including a fuel line delivering fuel to the
      combustor section, a combustion air line delivering combustion air to the
      combustor section, and means continually bleeding air directly into the
      fuel line to maintain stable combustion in the combustor section at
      minimum fire conditions, a fast response actuator for said fuel and air
      controls, and a temperature controller providing operating signals to he
      actuator in response to a set point temperature and the water temperature
      of the coil outlet to operate the fuel and air controls and cause a rapid
      rate of temperature rise in the outlet water temperature without
      nucleation, said method comprising the steps of mounting said component in
      said piping connected between the inlet and outlet of the coil, operating
      said generator between low and high firing rates in a short period of time
      to produce the maximum heat flux absorbable by the load without incurring
      nucleate boiling, and observing the function of said component.
NUM  2.
PAR  2. The method of claim 1, wherein the step of operating the generator
      between low and high firing rates includes monitoring the temperature of
      the water at the coil outlet to control the increase of firing rate
      between low and high and prevent nucleation at the coil-water interface.
NUM  3.
PAR  3. The method of claim 1, wherein the step of operating the generator
      between low and high firing rates includes circulating the water in the
      closed loop and controlling the flow rate to maintain a pressure related
      to the water temperature to limit the maximum temperature rise just below
      the incipient nucleate boiling point of the water.
NUM  4.
PAR  4. A method of thermal shock testing a high performance fabricated piping
      component by subjecting the component to a rapid water temperature rise
      without nucleation, wherein the method includes use of a hot water
      generator having a housing defining connected coil and combustor sections,
      a coil axially aligned in the coil section with an open central area for
      receiving combustion gases and defining a water flow path, an inlet and an
      outlet for said coil, piping outside the generator connected between the
      inlet and outlet of the coil to define therewith a continuous closed loop
      water flow path, a load in the piping, a pump in the piping causing a
      constant water flow in the flow path, a fuel and air induction system
      including a fuel burner delivering fuel to the combustor section and a
      blower for producing and delivering combustion air to the combustor
      section, a fuel line having a fuel metering valve therein and connected to
      the burner to deliver fuel thereto, a duct connecting the blower to the
      combustor section and having means therein for controlling the amount of
      combustion air to the combustor section, and means for maintaining stable
      combustion in the combustor section at minimum air-fuel openings
      comprising a combustion air bleed line ahead of the combustion air
      controlling means for continually bleeding a small amount of air directly
      into the fuel line downstream of the fuel metering valve, said method
      comprising the steps of mounting said component in said piping connected
      between the inlet and outlet of the coil, operating said generator between
      low and high firing rates in a short period of time to produce the maximum
      heat flux absorbable by the load without incurring nucleate boiling, and
      observing the function of said component.
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ABST
PAL  Apparatus and method for determining the amount of carbon dioxide in
      continuously supplied liquids containing dissolved carbon dioxide, such as
      wine or other beverages. A constant-flow sidestream of the liquid is
      ejected in the presence of a carrier gas which dissolves carbon dioxide
      into a separating chamber under conditions which yield substantially
      instantaneous and substantially complete evolution of carbon dioxide from
      the liquid. The carrier gas and evolved carbon dioxide are conducted from
      the chamber to a carbon dioxide measuring and recording device, and the
      separated liquid that is depleted of carbon dioxide is drained from the
      chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to determination of the level of dissolved
      carbon dioxide in liquids. More specifically, it pertains to apparatus and
      a method for continuous analysis of the amount of dissolved CO.sub.2 in
      beverages or other liquids during a bottling process, and is particularly
      suited for "on-line" application, as for example, in analyzing wine or
      beer supplied from the line feeding bottle filler apparatus.
PAR  It has been recognized that it is exceedingly difficult to obtain
      consistent and accurate measurements of CO.sub.2 in beverages during
      bottling because of the inherent unpredictability of CO.sub.2 when
      subjected to the conditions of known analyzing techniques. However,
      accurate determination of CO.sub.2 content is of importance for
      maintenance of product quality and satisfaction of Federal regulations
      applicable to consumed liquids.
PAR  One prior technique employed in analyzing wine, for example, relies upon
      diffusion of CO.sub.2 through a semi-permeable membrane tapped into the
      wine line. The diffused gas is introduced into a nitrogen stream which is
      then fed at a constant flow rate to an infrared analyzer adapted for
      determining relative CO.sub.2 concentration. The technique suffers the
      drawback of yielding only a relative rather than a quantitative reading.
      It is further deficient as providing non-uniform results since variations
      in alcoholic content, dissolved solids in the wine, temperature, membrane
      permeability, interruptions in the bottle-filling operation and other
      factors affect the readings obtained.
PAR  Heretofore, the procedures employed in analyzing CO.sub.2 in beverages such
      as wines, as standardized by the Association of Official Analytic
      Chemists, and set forth in Official Methods of Analysis (1970) 11th. Ed.,
      A.O.A.C., have mainly been directed to time-comsuming manual techniques
      which have provided less than desirably accurate and reproducible results
      and do not present a continuous reading. These techniques do not satisfy
      the need for a continuous analyzing method for maintaining a uniform level
      of CO.sub.2 in wines and other beverages bottled at high speeds. Of the
      best known manual methods, the manometric method (AOAC 11.053-11.057) and
      volumetric method (AOAC 11.058-11.060) are particularly time-consuming,
      and the enzymatic method (AOAC 11.061-11.062), while somewhat quicker, is
      frequently found to be an inconveniently difficult procedure. All these
      methods require rigorous sample preparation and meticulous manipulations
      with chemical reagents. Recent proposals for analysis of CO.sub.2 in wines
      have been concerned with modifications and improvements of the various
      manual techniques, recognizing their shortcomings.
PAC  SUMMARY OF THE INVENTION
PAR  In the CO.sub.2 analyzing apparatus and method of this invention
      deficiencies in prior techniques are overcome by utilization of a CO.sub.2
      separating or stripping procedure in which a relatively small and constant
      sidestream of liquid, such as wine, is tapped from the main line and is
      mixed with a carefully monitored stream of a carrier gas in which CO.sub.2
      is dissolved, preferably N.sub.2, and ejected under the condition of a
      pressure differential into a CO.sub.2 separating chamber. The pressure
      differential is sufficient to yield substantially instantaneous,
      substantially complete CO.sub.2 evolution. The CO.sub.2 is stripped by the
      N.sub.2 carrier gas because of the greater solubility of CO.sub.2 in the
      N.sub.2 than in the depleted liquid, and the CO.sub.2 is carried in the
      N.sub.2 stream to a device for measuring and quantitatively indicating the
      CO.sub.2 content. In the separating chamber remaining liquid is separated
      and drained from the evolved CO.sub.2 and its N.sub.2 carrier so that
      liquid is not introduced into the CO.sub.2 measuring device. Ejection of
      the liquid with dissolved CO.sub.2 into the separating chamber occurs in a
      high-speed intermittent fashion approaching a continuous ejection, with
      the pressure differential existing at each ejection for extremely rapid
      evolution of CO.sub.2 into the N.sub.2 gas phase.
PAR  In applicants' CO.sub.2 analyzing apparatus and method the constant
      sidestream of wine with dissolved CO.sub.2 tapped from the main wine line
      is conducted to a constant displacement metering pump means from which the
      wine is conducted to a check means which prevents flow of the wine until a
      desired build-up of pressure occurs in the line between the pumping means
      and the check device. A continuous flow of carefully monitored N.sub.2
      carrier gas is introduced into the check device for mixing of the N.sub.2
      with ejected wine passed through the checking device upon attainment of
      the desired pressure. The wine now mixed with N.sub.2 is ejected into the
      separating chamber which is at a low pressure relative to that required to
      open the check device, and ejection results in extremely rapid evolution
      of CO.sub.2 into the N.sub.2 gas phase because of the shock-like effect of
      the pressure differential upon the ejected wine. From the separating
      chamber the combined CO.sub.2 and N.sub.2 gas is conducted to the CO.sub.2
      measuring device wth an associated recording means for permitting a
      continuous quantitative reading of CO.sub.2 content, and the remaining
      liquid is separated, preferably by gravity, and permitted to drain from a
      drain device which at all times seals the interior of the separating
      chamber for preventing loss of CO.sub.2 through the drain.
PAR  With the above described analyzing apparatus and method a continuous,
      quantitative reading of CO.sub.2 content readily may be obtained. In
      essence, by the ejection technique of this invention, the unpredictability
      of CO.sub.2 and the drawbacks of reliance upon measurements based on
      CO.sub.2 partial pressure are avoided by measurement of the very rapidly
      evolved CO.sub.2 under more effective control than achieved with prior
      techniques. Applicants' CO.sub.2 analyzing technique now provides a
      procedure advantageously used during high-speed bottling operations, for
      example, where main line wine flow ranges on the order of 50- 85 gal. per
      minute, as it yields an extremely accurate continuous indication of the
      amount of dissolved CO.sub.2 .
PAR  Accordingly, objects of this invention include provision of CO.sub.2
      analyzing apparatus and a method for accurate and continuous measurement
      and recording; analyzing apparatus and a method more advantageously
      employed in connection with high-speed beverage bottling operations than
      prior techniques; apparatus and a method which avoids resort to
      time-consuming manual procedures; and apparatus and a method in which
      dissolved CO.sub.2 is evolved into a gas phase for measurement under
      conditions which are more favorable to accurate measurement than
      heretofore.
PAR  There are other objects and advantages of the invention as will become
      apparent from the following description of the preferred embodiment of the
      invention.
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a schematic view illustrating the CO.sub.2 analyzing apparatus
      and method of this invention; and
PAR  FIG. 2 is a fragmentary view showing a preferred form of checking device
      utilized in this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the invention generally comprises a constant
      displacement pumping means 10 which receives a beverage such as wine from
      a main line 11. The wine may be introduced to pumping means 10 through a
      line 12 which has imposed therein a valve 13 and a tap 14 through which
      the sidestream of wine may flow from line 11. From pumping means 10 the
      wine with dissolved CO.sub.2 is conducted through the line 15 to a check
      device such as a check valve 16. Check valve 16 also receives a continuous
      flow of monitored carrier gas, such as N.sub.2, from a gas source 17
      through a line 18 in which is a valve 19. The N.sub.2 stream is passed
      through a flow meter 22 then through line 23 into a portion of checking
      device 16.
PAR  A desirable form of checking device 16 (FIG. 2) comprises a seat 25 on
      which is sealingly seated an O-ring 26 which prevents passage of wine to
      be analyzed from line 15 when the check valve 16 is in the checking
      position. In such condition O-ring 26 is in sealing relationship with an
      interior valve member which includes a tapering, hollow, generally conical
      end portion 27 having a pair of apertures 28 in its conical surface. An
      integral hollow valve portion 29, the interior of which is in
      communication with the interior of valve portion 27, receives a helical
      spring 32 compressed between the inner surface of valve portion 29 and a
      spring seat 33 for normally urging valve portion 27 against and in sealing
      relationship with O-ring 26. Within check valve 16 and terminating in the
      interior of hollow valve portion 29 is an outlet 30 for the monitored
      N.sub.2 from source 17. The interior of valve portion 29 communicates with
      stripping chamber 24 through a passage 34.
PAR  Chamber 24 (FIG. 1) is elongated and generally vertically disposed. At its
      upper end is a line 35 communicating between chamber 24 and a CO.sub.2
      measuring and recording device 36. At the lower or drain end of stripping
      chamber 24 is a drain line 37 having a junction with a secondary drain
      line 38. Lines 37 and 38 terminate in a sealing drain device 39 from which
      the spent wine is drained. One desirable conventional form of sealing
      drain device 39 is a diaphragm-type device, and when such device is
      employed, main drain line 37 communicates with a lower drain chamber 39a
      and secondary drain line 38 with an upper drain chamber 39b, such chambers
      being separated by a diaphragm 42.
PAR  In high-speed beverage bottling, as for example in wine bottling, a typical
      rate of flow for wine in main line 11 is on the order of 75 gal. per
      minute. For such an installation, it is desirable in a preferred
      embodiment of this invention to tap a sidestream 12 having a constant flow
      rate of approximately 400 cc. per hr. and pass such stream to a positive
      displacement metering pump which operates at approximately 90 strokes per
      minute. One suitable conventional pump is manufactured by Milton Roy
      Company under Model No. 19-60029-003 and is characterized by its delivery
      of a constant flow. The check valve 16 is typically adapted for opening
      when the pressure in line 15 reaches approximately 150 psi. N.sub.2 gas
      from source 17 may preferably be introduced into line 18 at a pressure of
      approximately 15 psi. and flows through the flow meter 22 which permits a
      flow of 500 cc. per minute into the interior of valve portion 29 in check
      valve 16. The build-up of pressure in wine line 15 between metering pump
      10 and check valve 16 serves an important function of preventing the wine
      from objectionably passing through the metering pump in an uncontrolled
      fashion. It serves a further important purpose of preventing premature
      evolution of the CO.sub.2 from the wine until the occurance of the sudden
      ejection of the wine into separating chamber 24. Check valve 16 also
      rather importantly prevents back flow of dissolved CO.sub.2 into the wine
      line which would affect accuracy of CO.sub.2 measurement.
PAR  Separating chamber 24 is preferably a generally vertically elongated
      cylinder of approximately 1 inch in inside diameter and 15 inches long,
      although other dimensions may be employed. Combined CO.sub.2 and N.sub.2
      flow through the upper portion of stripping chamber 24 and through line 35
      to measuring and recording device 36 which provides a quantitative
      indication of CO.sub.2 content. The rapid operation of metering pump 10,
      e.g. approximately 90 strokes per minute, and the resulting substantially
      constant delivery causes a high frequency of ejection into stripping
      chamber 24 which results in a CO.sub.2 flow to measuring device 36 which
      approaches a desirable constant level.
PAR  The conventional measuring and recording device 36 may take the form of an
      infrared analyzer, such as a BECKMAN Model 315B. Such a device measures
      the differential in absorption of infrared energy in a two-beam system,
      one beam being passed through a flow-through sample cell containing the
      combined CO.sub.2 and N.sub.2 from separating chamber 24 and the other
      beam passing through a sealed reference cell containing a known
      CO.sub.2--N.sub.2 gas mixture, so that a quantitative measure may be
      obtained and recorded. For conservation of N.sub.2 and reduction of the
      amount of wine which need be tapped from the main wine line 11, it is
      desired to utilize a reduced size sample cell in the infrared analyzer.
      Measuring and recording device 36 is of conventional construction and not
      separately illustrated. As the sample cell in the measuring device 36 is a
      flow-through cell the normal pressure within separating chamber 24 absent
      the introduction of wine under pressure from check valve 16 is
      substantially at or very slightly above atmospheric pressure. Thus when
      ejection occurs at the 150 psi. level at which check valve 16 opens a
      severe pressure differential exists resulting in the sudden evolution of
      CO.sub.2 from the wine.
PAR  In stripping chamber 24 spent liquid wine is separated from the evolved
      CO.sub.2 and drains through line 37 into the lower drain chamber 39a of a
      conventional sealing drain device, such as, for example, a diaphragm-type
      device manufactured by A. O. Smith under Model 29, Type 12. When such
      drain device is used a secondary line 38 communicates with an upper drain
      chamber 39b of the drain device 39. The drain device 39 permits flow
      through drain 43, but at a rate of flow that will result in continuous
      maintenance of an amount of spent wine in line 37. At all times line 37
      above the level of the spent wine maintained therein is sealed from
      communication with outlet line 43.
PAR  For still wine, which is one beverage with which the above-described
      CO.sub.2 analyzing apparatus and method are most advantageously employed,
      it can be expected that CO.sub.2 content will be approximately in the 0.25
      grams per 100 milliliter range. In testing of the apparatus of this
      invention on a wine line as above-described it was found that the accuracy
      of CO.sub.2 measurement was high, approaching to within 5 milligrams per
      100 milliliters or better. Test results show that approximately 98% of the
      dissolved CO.sub.2 present in the sampled wine is stripped in chamber 24
      by the carrier gas N.sub.2. Federal Wine Regulations set forth allowable
      CO.sub.2 levels in beverages such as still wine and refer to tolerances of
      approximately 9 milligrams of CO.sub.2 per 100 milliliters, so that the
      accuracy of measurement with applicants' technique is well within such
      tolerances.
PAR  From the foregoing it can be seen that the analyzing apparatus and method
      of this invention involve generating a constant sidestream 12 of the
      liquid to be analyzed and generating a flow of monitored carrier gas from
      a source 17. In the presence of the carrier gas the liquid is ejected into
      the confined volume provided by stripping chamber 24 under conditions
      causing substantially instantaneous and substantially complete evolution
      of CO.sub.2 from the liquid. The combined CO.sub.2 and carrier gas is
      conducted to a CO.sub.2 measuring and recording device 36 and the spent
      wine, depleted of CO.sub.2, is drained from chamber 24.
PAR  It is to be understood that the claims appended hereto are intended to
      cover all changes and modifications of the example herein chosen for
      purposes of disclosure which do not depart from the spirit and scope of
      the invention. For example, while the invention has been described with
      reference to bottling of wines, it should be understood that the
      technique, with suitable modification, may be utilized in analysis of
      CO.sub.2 level in any liquid containing dissolved CO.sub.2.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of determining the amount of carbon dioxide present in a
      continuously supplied liquid containing dissolved carbon dioxide
      comprising the steps of:
PA1  a. generating a constant flow sidestream of said continuously supplied
      liquid;
PA1  b. generating a continuous flow of a gas which dissolves carbon dioxide;
PA1  c. in the presence of said gas ejecting said sidestream into a confined
      volume under the influence of a pressure differential sufficient to cause
      substantially instantaneous and substantially complete evolution of carbon
      dioxide from said liquid leaving said liquid substantially depleted of
      carbon dioxide;
PA1  d. conducting the evolved carbon dioxide and said gas to a carbon dioxide
      measuring station and at said station measuring the amount of carbon
      dioxide in the combination of said gas with said carbon dioxide; and
PA1  e. draining said liquid depleted of carbon dioxide from said confined
      volume.
NUM  2.
PAR  2. The method of claim 1, wherein:
PA1  f. said ejecting occurs at a frequency in excess of one ejection per
      second.
NUM  3.
PAR  3. The method of claim 1, wherein:
PA1  f. said gas is nitrogen.
NUM  4.
PAR  4. The method of claim 1, wherein:
PA1  f. said pressure in said confined volume is substantially atmospheric
      pressure.
NUM  5.
PAR  5. The method of claim 1, wherein:
PA1  f. in said confined volume said combined evolved carbon dioxide and gas are
      separated from said liquid depleted of carbon dioxide by gravity.
NUM  6.
PAR  6. The method of claim 1, in which:
PA1  f. said sidestream presented for said ejecting is wine at a rate of flow of
      approximately 400 cc. per hour; and
PA1  g. said gas is nitrogen having a rate of flow of approximately 500 cc. per
      minute.
NUM  7.
PAR  7. Apparatus for determining the amount of carbon dioxide present in a
      continuously supplied liquid containing dissolved carbon dioxide,
      comprising:
PA1  a. means for generating a constant flow sidestream of said continuously
      supplied liquid;
PA1  b. a continuous source of a gas which dissolves carbon dioxide;
PA1  c. means defining a confined volume;
PA1  d. means for ejecting said sidestream into said confined volume in the
      presence of said gas under the influence of a pressure differential
      sufficient to cause substantially instantaneous and substantially complete
      evolution of carbon dioxide from said liquid into said gas leaving said
      liquid substantially depleted of carbon dioxide;
PA1  e. measuring means for measuring the amount of carbon dioxide in the
      combination of said gas with said carbon dioxide;
PA1  f. a conduit between said confined volume and said measuring means; and
PA1  g. drain means for draining said liquid depleted of said carbon dioxide
      from said confined volume.
NUM  8.
PAR  8. The apparatus of claim 7, wherein:
PA1  h. said ejecting means includes a check means for permitting a pressure
      build-up in said constant flow sidestream.
NUM  9.
PAR  9. The apparatus of claim 8, including:
PA1  i. a constant displacement pumping means in said sidestream for
      substantially constant delivery of said liquid to said ejecting means.
NUM  10.
PAR  10. The apparatus of claim 7, wherein:
PA1  h. said ejecting means is adapted for high-speed ejection of said
      sidestream into said confined volume at a frequency in excess of one
      ejection per second.
NUM  11.
PAR  11. The apparatus of claim 7, wherein:
PA1  h. said means defining said confined volume is an elongated generally
      vertically oriented chamber;
PA1  i. said conduit communicates with the upper portion of said chamber; and
PA1  j. said drain communicates with the lower portion of said chamber.
NUM  12.
PAR  12. The apparatus of claim 7, wherein:
PA1  h. said measuring means is an infrared analyzer device.
NUM  13.
PAR  13. The apparatus of claim 7 wherein said source is a nitrogen source.
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ABST
PAL  An apparatus for checking the contents of closed containers, such as
      baggage, for the presence of substances, such as explosives and drugs,
      which are capable of emitting characteristic vapours. The baggage is
      located in a compartment having means to promote the diffusion of the
      vapours out of the baggage and into the compartment. Such means can be by
      vacuum pumping, by vibration of the atmosphere within the compartment or a
      combination of both. The vapours diffusing into the compartment are drawn
      at substantially constant flow rate into a detector assembly sensitive to
      the presence of the vapours. Initially the concentration of vapours in the
      atmosphere evacuated from the compartment is low and a major proportion of
      this evacuated flow by-passes the detector assembly. As the pressure in
      the compartment is reduced there is an increase in the concentration of
      the vapours in the atmosphere and at a lower pressure limit all the
      exhaust from the compartment passes into the detector.
BSUM
PAR  The present invention concerns an apparatus for checking the contents of
      closed containers, such as suitcases, crates and the like, for gaseous
      content.
PAR  It is known for this purpose to arrange a closed container under test in a
      chamber and to reduce the pressure in the chamber to enable any vapours to
      escape from the interior of the container into the chamber and then into
      an appropriate detector in communication with the chamber. It is assumed
      that the containers under test are not perfectly sealed so as to enable
      the vapours to diffuse into the chamber. However if the checking is to be
      accomplished in a short time period, and this is necessary when a large
      number of containers are to be checked individually, it is required to
      employ a high pumping rate to produce a rapid reduction in the pressure in
      the chamber. The present invention seeks to provide an apparatus which can
      rapidly and thoroughly check a large number of separate items, such as
      baggage at an airport for loading on to an aircraft.
PAR  According to the present invention an apparatus for checking the contents
      of closed containers, hereinafter termed baggage, for the presence of
      substances which are capable of emitting vapours comprises a compartment
      to receive the baggage, means to assist the diffusion of vapours out of
      the baggage into the compartment and means for controlling the vapours to
      flow at a substantially constant rate to a detector assembly sensitive to
      the presence of the vapours.
PAR  Preferably, the means to assist the diffusion of vapours out of the baggage
      comprises vacuum pumping of the compartment or vibration of the atmosphere
      within the compartment or a combination of both. Vibration can occur at a
      frequency in the range from sub-sonic through sonic to ultrasonic. The
      effect of vibrating the atmosphere within the chamber is to increase the
      diffusion rate of vapour from within the baggage. The vibrations can be
      generated by means of a transducer positioned within the compartment, or
      the wall of the compartment.
PAR  Preferably, when vacuum pumping, in order to provide a high pumping rate
      and consequently a rapid evacuation of the chamber, a major part of the
      evacuated flow initially by-passes the detector assembly, valve means
      being provided and operable to maintain a substantially constant flow into
      the detector assembly during evacuation of the chamber.
DETD
PAR  The invention will be described in further detail and by way of example
      with reference to the accompanying diagrammatic drawing.
PAR  An article under test, such as a suitcase 1, is placed within a compartment
      2. The suitcase 1 can be supported on a platform, for example a grid,
      within the compartment 2 and the compartment is then closed and sealed. A
      venting port 3 is provided in a side wall of the compartment and the
      compartment is connected through an exhaust port 4 to a conduit system
      leading to a vacuum pump 6.
PAR  As shown, a branch 20 of the conduit system leads directly to the pump 6. A
      second branch 8, of smaller cross-section than the port 4 and the branch
      20, leads from the port 4 into a chamber 22 accommodating a sampling probe
      23. The chamber 22 is in turn connected through a further passageway 10 to
      the first branch 20 in front of or upstream of the pump 6.
PAR  The sampling probe 23 comprises a head portion 24 having its open end
      facing the branch passage 8 closed by a membrane 26. The membrane is
      chosen to have a greater permeability to the trace gas or gases to be
      detected than to other electron capture material, such as oxygen, present
      in the atmosphere. For example, a membrane which is selectively permeable
      to the vapours emitted by nitro-compounds found in explosives is a
      silastomer such as, methyl silicone elestomer. The volume to the rear of
      the membrane communicates through a conduit 12 with a detector 28, such as
      an electron capture detector. This is a detector which is sensitive to the
      presence of electron absorbers and in effect comprises an ionisation
      chamber containing a source of .beta. radiation, such as a tritium foil or
      Ni.sub.63. A carrier gas, which is a non-electron absorber, is introduced
      into the volume behind the membrane 26 through a duct 30 and sweeps any
      gas or gases which pass through the membrane 26 into the detector. A
      convenient carrier gas is Argon although it will be appreciated that other
      gases which are non-electron absorbers such as nitrogen, can also be used.
      The detector exhaust is connected through a duct 32 to the passageway 10.
      The vacuum pump 6 therefore in addition to exhausting the compartment 2
      also maintains a flow through the detector. The detector output is
      amplified by an amplifier 34 and registered on a meter or other indicating
      device 36. The portion of the apparatus within the dotted outline, that is
      the chamber 22 containing the probe 23 and the detector 28, is maintained
      at an elevated temperature which can be controlled by thermostats. It is
      desirable to maintain the portion within the dotted outline at an elevated
      temperature in order to reduce the possibility of trace gases clinging to
      the walls of the apparatus. The temperature will depend upon the
      particular trace gas to be detected but a typical temperature range can be
      from 75.degree.C to above 150.degree.C.
PAR  A throttle valve 7 is arranged within the branch 20, the valve being
      controlled either mechanically or automatically, in response to means 7A
      within the branch 8.
PAR  In operation, in order to reduce to a minimum the time taken to check a
      suitcase deposited within the compartment 2, it is necessary to set the
      vacuum pump at a very high pumping rate, for example 50 to 100 cubic feet
      per minute. It is required to reduce the pressure within the compartment 2
      to a lower pressure at which any vapours emanating from an object within
      the suitcase 1 can escape into the compartment and preferably this should
      take place in a matter of seconds. Conveniently the reduction in pressure
      should take place in less than 10 seconds and preferably in less than 5
      seconds. However the air flow out of the compartment resulting from this
      high pumping rate can, if passed over the membrane, cause a cooling of the
      membrane. Temperature changes of the membrane can result in changes in the
      diffusion rates of gases through the membrane. It is necessary to avoid
      such changes in diffusion rates as this can lead to spurious or inaccurate
      signals from the detector. For example an electron capture detector is
      sensitive to the presence of oxygen and the diffusion rate of oxygen
      through a membrane can vary with changes in temperature. This can cause a
      change in the output of the detector which could mask any response from
      the presence of the vapour or vapours of interest.
PAR  The invention overcomes this difficulty by maintaining a substantially
      constant flow rate over the membrane whereby to maintain a substantially
      constant temperature at the membrane. The heater compartment surrounding
      the membrane and detector further protects the system from changes and
      fluctuations in ambient temperature.
PAR  Initially the valve 7 is open and during the initial stages of evacuation
      most of the air extracted from the compartment 2 passes along the branch
      20 to the pump 6. As the pressure within the compartment drops any vapour
      or vapours within the suitcase 1 will seep into the compartment and the
      maximum concentration of vapour or vapours in the compartment will occur
      at the lower limit of pressure. When the pressure within the compartment
      reaches its lower limit the valve 7 is actuated to close the branch 20 to
      enable all the exhaust from the compartment to enter the branch 8 and to
      flow over the membrane 26. The vapour or vapours if present can diffuse
      through the membrane and are swept into the detector by the carrier gas
      flow.
PAR  The flow down the branch 8 and across the membrane is maintained
      substantially constant by sensing the differential pressure along the
      branch 8 and adjusting the valve 7 accordingly. The valve adjustment can
      be achieved either electrically or mechanically in a servo-system.
PAR  The restricted entry port 3 to the compartment permits just sufficient air
      to enter the compartment to maintain the pressure therein at its lower
      limit when the valve 7 is actuated to close or substantially close the
      branch 20.
PAR  During the evacuation of the compartment a reduction in pressure occurs in
      front of the membrane and this can lead to an undesired ballooning and
      possible bursting of the membrane. This danger can be avoided by
      connecting the detector exhaust to the passageway 10 and as indicated by
      the reference numeral 13. The detector is connected directly through the
      conduit 12 to the rear of the membrane 26. As a result the pressures at
      the opposite sides of the membrane are substantially equal at all times
      during operation.
PAR  It is possible to extract vapour or vapours from the interior of the case
      by locating a transducer 14 within the compartment. The transducer can be
      actuated by an oscillator and can be operated to vibrate the air within
      the container at a frequency which can be infra-sonic, sonic or
      ultra-sonic. It has been found that the vibration of the air in the
      compartment increases the diffusion rate of any vapour or vapours present
      in the suitcase. This oscillatory pumping of the air within the
      compartment can be used alone, that is without the need to evacuate the
      container, for the detection of vapour or vapours emitted from within the
      case. However it is preferable to use the oscillatory pumping technique in
      combination with the vacuum pumping of the compartment.
PAR  Finally, as an additional check on the contents of the case, an X-ray
      apparatus can be incorporated with the apparatus. For example, with
      reference to the illustrated embodiment an X-ray transmitter can be
      located at one side of the compartment to direct a stream of X-rays
      through the case and on to a screen located at the opposite side of the
      compartment. In this way the contents of the case can be inspected without
      opening the suitcase and simultaneously with the vapour detection step.
PAR  An electron capture detector can detect the presence of vapours emanating
      from nitro-compounds such as explosives but as previously mentioned such a
      detector is also sensitive to oxygen and as a result the atmospheric
      oxygen could mask any signals resulting from the presence of explosives.
      Consequently it is desirable to employ some means, such as the selectively
      permeable membrane, to ensure that the trace gas of interest and not
      oxygen is the predominating detectable component flowing into the
      detector. However the invention can be employed to detect the presence of
      other substances such as drugs which also exude characteristic vapours
      which can be detected in an appropriate detector. The invention is not
      restricted to use with an electron capture detector assembly. Examples of
      other forms of detector are the argon ionisation and the flame ionisation
      detectors. Whilst the detector system employed can be selectively chosen
      to meet particular operational requirements it is necessary to ensure that
      detectable amounts of the vapours or trace gases are conveyed in as short
      a time as possible into the detector in order to achieve a rapid check of
      a large number of containers, such as baggage and the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for checking the contents of closed containers for the
      presence of substances which are capable of emitting vapours comprising a
      compartment to receive the containers, means to promote the rapid
      diffusion of vapours out of the container into the compartment, a detector
      assembly sensitive to the presence of the vapours and connected to said
      compartment by a flow path so as to receive at least a proportion of the
      vapours diffusing into the compartment, means selectively permeable to the
      vapours and located in the flow path to the detector assembly, and means
      for maintaining the selectively permeable means at a constant temperature.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said means for promoting
      diffusion comprises a pump for evacuating the compartment and a first path
      leading directly from the compartment to the pump, said apparatus further
      including a second path leading from the compartment to the pump by way of
      the detector assembly and including said flow path, the second path having
      a portion of reduced cross-section in the flow path between the
      compartment and the detector assembly, said temperature maintaining means
      including valve means in said first path, and means sensing a pressure
      differential along the reduced cross-section portion of the second path
      for controlling the valve means to maintain a substantially constant flow
      rate along the second path to the detector assembly during evacuation of
      the compartment whereby to maintain the selectively permeable means at
      said substantially constant temperature.
NUM  3.
PAR  3. Apparatus according to claim 2 including a vent port in the compartment
      to allow the pressure in the compartment to stabilise at a lower limit
      during evacuation of the compartment, said sensing means actuating the
      valve means to substantially close the first path at said lower pressure
      limit.
NUM  4.
PAR  4. Apparatus according to claim 1 in which the means to promote the rapid
      diffusion of vapours out of the container and into the compartment
      comprises the combination of oscillatory means in said compartment for
      vibrating the atmosphere within the compartment and pump means connected
      to said compartment for evacuating same to a lower pressure limit.
NUM  5.
PAR  5. Apparatus according to claim 4 in which said vibration means operates in
      a frequency range from sub-sonic through sonic to ultra-sonic.
NUM  6.
PAR  6. Apparatus for rapidly checking the contents of closed containers for the
      presence of substance capable of emitting vapours, comprising:
PA1  a compartment for receiving the containers and having an exhaust port;
PA1  a vacuum pump;
PA1  first relatively high flow rate passage means connecting said vacuum pump
      to said compartment exhaust port for rapid initial evacuation of said
      compartment to a lower limit of pressure whereat vapours seeping into the
      compartment from substances in a said container achieve a maximum
      concentration in the compartment;
PA1  second relatively low flow rate passage means in parallel with said first
      passage means and connecting said vacuum pump to said compartment exhaust
      port, said second passage means including a reduced cross-section portion
      receiving vapors from said compartment exhaust port, and a detector feed
      conduit coupled thereto;
PA1  means for maintaining a preselected flow rate through said reduced
      cross-section portion and including valve means interposed in said first
      passage means and (1) actuable to an open condition for maximizing the
      rate of evacuation of said compartment by said vacuum pump until said
      lower limit of pressure is reached, and (2) thereafter actuable to
      substantially close said first passage means for causing substantially all
      the exhaust flow from said compartment through said reduced cross-section
      portion;
PA1  detector means connected to said detector feed conduit for detecting the
      presence of vapours of interest passing through detector feed conduit;
PA1  whereby initial pumping is primarily through said first passage means and
      rapidly draws vapours from said containers in said compartment to maximize
      the amount of such vapours in the compartment exhaust, and subsequent
      pumped flow of compartment exhaust is at least primarily through said
      second passage means for detection of vapours of interest.
NUM  7.
PAR  7. Apparatus according to claim 6 including selectively permeable means in
      said second passage means and coupling said reduced cross-section portion
      to said detector feed conduit, said selectively permeable means comprising
      a permeable membrane capable of passing therethrough vapours of interest
      while substantially blocking passage therethrough of other gases drawn
      through the second passage means, means for maintaining the permeability
      of said permeable membrane substantially constant, said maintaining means
      being responsive to obtaining of said lower limit of pressure for
      adjusting said valve means to maintain said lower limit of pressure in
      said reduced cross-section portion, whereby the exhaust gas flow to said
      permeable membrane is held substantially constant to eliminate temperature
      variations at said membrane due to flow rate variations and hence to avoid
      variation in membrane permeability characteristics.
NUM  8.
PAR  8. Apparatus according to claim 7 in which said maintaining means includes
      heater compartment means surrounding said membrane for protecting said
      membrane from fluctuations in ambient temperature, thereby further tending
      to prevent temperature change induced variations in membrane permeability
      characteristics and in which said heater compartment means surrounds the
      reduced cross-section portion of said second passageway means, said
      membrane and said detector and holds same at an elevated temperature for
      reducing the possibility of trace gases clinging to interior wall surfaces
      thereof.
NUM  9.
PAR  9. Apparatus according to claim 6 including a duct interconnecting a
      portion of said second passage means, downstream of said membrane, to a
      point in said detector downstream of said detector feed conduit, enlarged
      chamber means in said second passage means intermediate said reduced
      cross-section portion and said duct and housing said membrane loosely
      therein to permit bypassing of exhaust gas components not of interest
      around the membrane and downstream along said second passage means to said
      pump, said duct and said chamber means equalizing the pressure on the
      upstream and downstream sides of said membrane and avoiding undesirable
      ballooning and possible bursting of the membrane.
NUM  10.
PAR  10. Apparatus according to claim 6 in which second passage means includes
      an enlarged chamber communicating with the downstream end of said reduced
      cross-section portion and containing said membrane loosely therein, a head
      member in said chamber having an open end substantially facing said
      reduced cross-section portion and closed by said membrane, said open end
      of said head terminating the upstream end of said detector feed conduit
      for placing same in communication with the downstream face of said
      membrane and duct means coupled to a carrier gas supply and communicating
      with the space between the downstream face of said membrane and said open
      end of said member for providing to said detector a mixture of carrier gas
      and vapours penetrating said membrane, a downstream portion of said
      detector being coupled to said vacuum pump for maintaining a flow through
      said detector from said detector feed conduit.
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ABST
PAL  The present invention refers to a method of ultrasonic testing a workpiece
      by the pulse-echo technique and an apparatus therefor. An initial portion
      of a workpiece to be tested is conveyed past an array of electroacoustic
      transducer probes. The transit time through the workpiece of the
      transmitted ultrasonic signals from each probe comprising the array is
      measured. The maximum measured transit time is stored. Subsequently as a
      slightly shifted second portion of the workpiece is conveyed past this
      array of transducers, the transit time through the workpiece of ultrasonic
      signals transmitted by each probe of the array is again measured. The
      stored value is updated responsive to the latter obtained values. The
      final updated value is conducted to a flaw detector circuit for
      terminating a defect gate used in conjunction with testing the workpiece
      for defects by the pulse-echo test method.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention refers to an ultrasonic test method and more specifically
      concerns a method for automatically adjusting a defect gate in response to
      the thickness of a moving workpiece using the pulse transit time method in
      combination with one or more transmit-receive transducer probes.
PAR  It is known to equip production machines with test stations for
      nondestructively testing workpieces by ultrasonic energy and, most
      commonly, transmit-receive transducer probes are used which operate in the
      pulse-echo mode.
PAR  Contrasted with manual testing, when using automatic test equipment which
      forms a part of the production process, it is necessary to automatically
      adjust the test equipment for the thickness of the particular workpiece
      under test. During the translating motion of the workpiece through the
      test station, changing characteristics of the workpiece must be recognized
      and the automatic equipment must be responsive to the new conditions by
      effecting a corresponding adjustment of the defect gate in such a manner
      as to preclude that an unacceptably wide thickness region within the
      workpiece in proximity to the rear wall remains untested.
PAR  In the case of an automated test station adapted for testing flat
      workpieces, such as plate stock, which are subjected to translating motion
      by feed means past a test station, a distinction can be made between two
      sets of adjustments deemed necessary:
PA1  1. Adjustments related to the maintenance of the test installation; these
      are required periodically and are made, therefore, at extended time
      intervals;
PA1  2. Adjustments which are necessary prior to or during the feeding of the
      workpiece.
PAR  The adjustments required under the first-stated set of adjustments can be
      designed in such a manner that the service interval for the test station
      is chosen to accomodate the production schedule. The adjustments mentioned
      under the latter set are a function of the workpiece processing. The
      mechanical portion and the ultrasonic portion of a test apparatus must be
      adjusted for the characteristics of the workpiece. Typically, the test
      apparatus must be set for the width, thickness, length, temperature and
      translational speed of the workpiece. These parameters either remain
      constant during the feeding of the workpiece, or the test apparatus must
      be capable of adjusting itself responsive to changes of the parameters.
      The mechanical adjustment of a test station for given workpiece parameters
      and for effecting automatic compensation for changes of such parameters
      provides no insurmountable problems considering the present state of the
      art. Compensation can be accomplished substantially automatically and an
      installation of this type truly can be considered an automatic test
      system.
PAR  The present invention addresses itself to the problem of adjusting the
      ultrasonic test portion of a test system during feeding of the workpiece
      as necessitated by changing properties of the workpiece. Compensating, for
      instance, for the width and length of a workpiece can be accomplished
      automatically with a mechanically coupled sensing device. Adjustment for
      the workpiece thickness, however, must be made manually, i.e., the defect
      gate in the receiver circuit of the ultrasonic test installation must be
      set prior to the feeding of the workpiece so that the gate is set to the
      required pulse width corresponding to the thickness of the workpiece
      region under test. In order to provide automation for this adjustment, an
      additional thickness measuring station would be necessary. Providing an
      automated thickness measuring station in advance of the test station,
      however, entails several difficulties. First, a mechanical arrangement
      utilizing a workpiece contacting member, in most instances, is not
      feasible since there will be an excessive amount of mechanical wear,
      especially when testing hot workpieces. Alternatively, if a noncontacting
      thickness measurement is made using ultrasonic energy, such an arrangement
      operates properly only when a defect free workpiece zone is disposed at
      the thickness measuring location. If erroneous measurements of workpiece
      thickness due to defects in the workpiece are to be avoided, the system
      must be capable of providing several measuring probes operating in a
      spaced parallel relationship and disposed at different locations of the
      workpiece for measuring the thickness dimension when no defect is present
      in the workpiece. However, this method fails if a defect is present
      simultaneously at all of the locations where a measurement is made, i.e.
      when the defect is so extensive as to affect all of the values measured.
PAR  The defect gate must be adjustable responsive to variations in plate
      thickness, as well as responsive to changes in the transit time of the
      ultrasonic energy through the test region caused by temperature changes.
      For example, a temperature increase of 50 degrees C of the transducer
      probe, the coupling medium and the plate stock causes a change in transit
      time of approximately five percent. Expressed otherwise, if the defect
      gate prior to the temperature increase was adjusted to its optimum value,
      then after the temperature increase has occurred, there remains a region
      of several millimeters in proximity to the rear surface which remains
      untested because of the premature closing of the defect gate.
PAR  The instant invention concerns a method which obviates the need for a
      manual adjustment of the ultrasonic test portion of a plate test system
      during feeding and subsequent translational motion of the workpiece
      through such station and avoids, moreover, the need for a separate
      measuring station. Still further, the arrangement disclosed hereafter
      provides for measurements which are more precise and avoids the generation
      of erroneous data.
PAR  The present arrangement, according to the invention, includes means for
      establishing during a first time interval, when the workpiece is initially
      fed into the test station, the time when the ultrasonic energy enters the
      workpiece entrant surface. This is accomplished, for instance, by known
      automatic gate positioning means. Furthermore, each transducer probe is
      sequentially actuated during at least one predetermined time interval and
      the respective transit times of the ultrasonic pulse signals through the
      workpiece are determined, preferably in digital form, and the maximum
      value thereof is stored and used to electronically determine the closing
      of the defect gate. Hence, the gate width corresponds to the thickness of
      the workpiece under test. During an ensuing second time interval the
      maximum value of the transit time for the signal transmitted from each
      probe is determined and the value newly derived is compared with the
      maximum value previously stored. If the last derived value differs from
      the previously stored value, the stored value is updated.
PAR  The above described method avoids the occurrence of an undesired nontested
      thickness region disposed in proximity to the rear wall of the workpiece.
      Still further, the arrangement described above provides automatic
      compensation for changes in the transit time of sound energy occurring
      during the feeding of the workpiece through the test station and such
      compensation is independent of the cause of the change, as for instance,
      temperature variation.
PAR  A principal object of this invention, therefore, is the provision of a
      method for generating a signal for terminating a defect gate in an
      ultrasonic pulse-echo test apparatus.
PAR  A further object of the invention is the provision of a method for
      automatically adjusting a defect gate in a pulse-echo test apparatus to
      compensate for variations of the workpiece thickness and temperature.
PAR  Another salient feature of the invention is the provision of a method for
      generating a defect gate in a pulse-echo test apparatus, the gate width
      being minimally affected by defects disposed in the workpiece.
PAR  A further object of the invention is the provision of a test arrangement
      which obviates the heretofore required use of a separate mechanical
      workpiece thickness measuring station in an ultrasonic pulse-echo test
      system.
PAR  Further and still other objects of the present invention will become more
      clearly apparent from the description when taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an arrangement for ultrasonic thickness measuring
      and pulse-echo defect testing of a workpiece in accordance with the
      present method;
PAR  FIG. 2 is a sectional view of a transmit-receive transducer probe coupled
      to the workpiece;
PAR  FIG. 3 is a graphical representation of the cathode ray tube screen showing
      the transmit pulse and the time delayed echo responsive signal;
PAR  FIG. 4 is a schematic electrical circuit block diagram of a preferred
      embodiment of an electrical circuit used for measuring the maximum
      thickness of the workpiece, and
PAR  FIG. 5 is a schematic electrical circuit block diagram of an electrical
      circuit for use in conjunction with the electrical circuit per FIG. 4 for
      updating the measured thickness value of the workpiece.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the present invention concerns a system for testing
      workpieces, particularly metal plate stock. The plate stock W is
      transported by feed means (not shown) in the direction of arrow 10. A
      bridge type arm 11 is disposed crosswise to the path of the plate stock
      and this arm is provided with a plurality of supports 14 each of which
      supports a respective transmit-receive transducer probe 12. The test
      pattern is defined by a plurality of parallel longitudinal paths extending
      along the length of the workpiece. The transducer probes are not energized
      simultaneously but rather are operated in sequence.
PAR  In FIG. 2, a transmit-receive transducer probe 12, disposed in a respective
      support 14, is coupled to the workpiece W for transmitting ultrasonic
      energy into the workpiece and receiving echo signals therefrom. Ultrasonic
      search pulses are produced by the transmit transducer 16 and are
      propagated via a coupling member 18 and a water gap 20, serving as a
      couplant, to the workpiece W. The transmitted ultrasonic pulses, reflected
      at the rear wall 22 of the workpiece W as shown by the sound beam path 24,
      traverse the workpiece and pass via the water gap 20 and the coupling
      member 26 to the receive transducer 28. The transmit and receive
      transducer halves of the probe are acoustically and electrically decoupled
      by a sound absorbing barrier layer 30. The pictorial representation as
      seen on a cathode ray tube screen is shown in FIG. 3 wherein the signal 33
      indicates the transmitted signal. The transmitted pulse 33 is not visible
      since it is produced at the transmit transducer 16 and the cathode ray
      tube screen indicates normally only the signals received by the receive
      transducer 28.
PAR  The distance a on the cathode ray tube screen is a measure of the transit
      time of sound from the transmit transducer 16 to the entrant surface of
      the workpiece (path through delay line), and the distance x is a measure
      of the thickness of the workpiece W.
PAR  The value a is determined for each probe individually prior to the start of
      the test process and is stored as a digital value since it can be
      considered constant for each individual test channel during the subsequent
      test cycle. Updating of this value is necessary only if wear is
      experienced either at the test probe or at its support. Determination of
      the value a, its storage and recall from storage during testing is
      performed as will be described hereinafter. The time required for the
      sonic energy to traverse the workpiece thickness, that is, t.sub.2
      -t.sub.1 in FIG. 3 has been designated as x. The value x is unknown prior
      to feeding the workpiece into the test station and can be determined by
      using the circuit shown in the schematic electrical block diagram per FIG.
      4.
PAR  The distance a of the coupling path of each transducer probe 12 disposed in
      the array per FIG. 1 is determined by measuring the transit time of the
      ultrasonic energy search pulse signal 33 to travel from the transmit
      transducer 16 to the rear surface of a gage block and reflect back to the
      receive transducer 28. The sound velocity and thickness of the gage block
      are known. The distance a is obtained by subtracting the known thickness
      of the gage block from the length of the ultrasonic energy path measured.
PAR  In the present embodiment, clock 34 provides the timing and synchronizing
      signals for the probe array. A ring counter 36 coupled to the clock 34
      provides output signals on conductors 38 to a decoder 40 which includes
      ultrasonic pulse generating means. The decoder is coupled to the
      respective transmit/receive probes 12 comprising the array. In the present
      illustration four probes 12 are shown but it shall be understood that the
      actual number of probes 12 in the array is dependent upon the width of the
      workpiece W and the scan area of the probes 12. Responsive to the output
      pulse signals from the decoder 40 each probe 12 sequentially transmits and
      receives an ultrasonic signal, which signal is reflected at the rear
      surface of the workpiece. Each probe 12 is coupled to a common receiver 42
      which sequentially provides a signal to a preset counter 44 indicative of
      the rear wall echo signal received by a respective probe 12. It must be
      understood that in lieu of the multiplexing arrangement of the type shown,
      in an alternative embodiment, each probe 12 can be associated with a
      respective pulser/receiver unit.
PAR  An additional clock 46 is provided for causing high frequency pulse signals
      to be applied to the respective counting elements of the circuit shown in
      FIG. 4. The ring counter 36 provides a signal to preset counter 44 for
      causing the preset counter 44 to commence counting at a rate determined by
      the clock 46 from its preset value (equal to the thickness of the gage
      block) as manually set by control 45 substantially simultaneously with the
      transmit pulse 33 being transmitted by the transducer 16. Upon receipt of
      the preset counter 44 of the received signal along conductor 48,
      responsive to the receipt of the rear wall responsive echo signal, the
      counter 44 stops counting. The output of the preset counter 44 is stored
      in memory storage 50 for each respective probe 12 for later recall and
      use. A signal from decoder 40 is provided to memory storage 50 to ensure
      that the count at the output of preset counter 44 is stored in the correct
      storage in memory storage 50 for the respective probe 12. The value thus
      stored is the value a. This coupling distance is stored and recalled from
      storage for adjusting the leading edge of the defect gate at the time t =
      t.sub.1, per FIG. 3, when the respective test probe is used for measuring
      the transit time of the ultrasonic energy through a workpiece. The stored
      values a corresponding to the coupling path length preferably are in
      digital form.
PAR  Responsive to the workpiece being fed into the test system, a signaling
      device coupled to the mechanical portion of the system, produces a "Test
      Start" signal. The Test Start signal zeroizes the test system. That is,
      the Test Start signal is conducted to storage means 56 and storage means
      60 for resetting both the storage means to zero prior to the commencement
      of the transit time measurements. At this time, the events as described in
      connection with FIG. 1 begin. Each transducer probe 12 in the array
      sequentially transmits a transmit pulse signal from transmit transducer
      16, which signal traverses the thickness of the workpiece and the signal
      is received by the receive transducer 28 after being refelected at the
      rear wall 22. The digital counter 52, FIG. 4, starts to count at the time
      t = t.sub.1, the value t.sub.1 being recalled from the memory storage 50.
      Delay circuit 54 is preset to the value a stored in memory storage 50 for
      each respective probe. When the signal 33 is transmitted from transducer
      16, the delay circuit 54 begins to count at the rate determined by the
      clock 46. When the delay circuit 54 has counted a number of clock pulses
      from clock 46 equal to the preset value, an output signal is provided to
      counter 52, causing the counter 52 to commence counting. It is apparent
      that the counter 52 has been delayed for a time interval equal to the
      stored value a or t.sub.1. The time t.sub.1 is the value a stored as
      described above. The counter 52 is stopped at the time t = t.sub.2 whereby
      time t.sub.2 is determined by the receipt of the first echo signal from
      receiver 42 after the transmit pulse signal has entered the workpiece. If
      the workpiece has no defects, the echo signal received is that arising
      from the rear wall 22. The counter 52 now contains a digital number
      responsive to the time interval t.sub.2 - t.sub.1 = x. This number is
      stored in a digital storage means 56.
PAR  During the following test cycle in which the next transducer probe is
      operated the same cycle of events repeats, however, the newly derived
      digital count is stored in storage means 56 only if the newly derived
      value for x exceeds the previous value of x stored in the storage means
      56. The necessary determination is made by the comparator means 58. The
      comparator 58 compares the stored value B in the storage means 56 with the
      present value A at the output of counter 52. When the new or present value
      A representing the distance x is greater than the stored value B, the new
      value A of the distance x replaces the stored value B. The value A then is
      compared with the computed thickness x of the subsequent test cycle. After
      a predetermined quantity of timing cycles, the value of x stored in the
      storage means 56 represents the true maximum value of the individual
      transit times of ultrasonic energy through the workpiece obtained from all
      the probes up to that time.
PAR  If defects are discerned in the workpiece and indicated during the time
      intervals used for determining the maximum transit time, such defects will
      appear as echo signals in the region between t.sub.1 and t.sub.2, that is,
      a value representing x is derived which is not responsive to the actual
      thickness of the workpiece, but which is less than the value stored in
      storage means 56. However, it is improbable that a defect of such size is
      present as to be intercepted by the signals from all of the transducer
      probes of the array. In that case, it is sufficient that the ultrasonic
      energy beam 24, from at least one probe be reflected at the rear wall of
      the workpiece since only the maximum value of x is stored in the storage
      means 56.
PAR  In the event the situation arises when no rear wall echo signal is received
      and only a defect responsive echo signal is received, it is required that
      before defect testing of the workpiece commences another thickness
      measuring station be provided which gauges the distance between the upper
      surface and lower surface of the workpiece and thereby produces an
      approximation of the plate thickness. Aside from a mechanical feeler gage,
      an ultrasonic test system can be used with operates from both sides of the
      workpiece as is well known in the art. In the absence of a work piece in
      the measuring gap, the fixed distance between the opposing ultrasonic
      probes is measured ultrasonically by the through-transmission method. When
      a plate is interposed in the gap, each probe determines the distance to
      the closest, respective surface of the plate by the pulse reflection
      method. The sum of both distances, the distances between the test probes
      and the facing workpiece surfaces, when subtracted from the total fixed
      distance between the probes provides a measure of the plate thickness. The
      value thus derived is used to establish a tolerance range for the values
      of x produced by the counter 52. Only values of x falling within this
      tolerance range are accepted and validated for further evaluation.
PAR  After a predetermined quantity of test cycles deemed necessary for
      establishing the maximum value for x has occurred, the first interval for
      determining the width of the defect gate during the initial feeding of the
      workpiece in the region 15 is concluded. The resultant maximum value for x
      is considered to be a first approximation for the actual value of x. A
      signal defining the end of the first time interval is provided along
      conductor 66 to the storage means 60. The storage means 60, upon receipt
      of the signal, acquires and stores the maximum value of x stored in
      storage means 56. The signal along conductor 66 can be derived from a
      counter which counts a predetermined number of test pulses. Alternatively,
      the signal can be provided from a switch which is actuated after a
      predetermined length of the workpiece has passed the thickness measuring
      station.
PAR  In the ensuing second time interval when another workpiece portion, such as
      the portion 17, passes the transducer array 11, again a predetermined
      quantity of test cycles is used for deriving the final value for x. The
      necessary signal evaluation is made by means of an electrical circuit
      shown in FIG. 5. The digital counter 52 counts in the same manner as
      during the first interval the value x for each test probe. The first value
      x derived during the second interval is compared with the maximum value x
      obtained previously during the first interval. At the beginning of the
      second interval, the maximum value stored in the storage means 56 is
      transferred to the storage means 60 as stated hereinabove. The comparison
      means 62 performs the comparison between the previous maximum value B and
      the newly measured thickness value A. If the value A derived during the
      second interval is smaller than the maximum value for B obtained during
      the first interval and stored in storage means 60, the maximum value x
      then stored in storage means 60, is decreased in the arithmetic means 64
      by one count and inserted as a new base value x in the storage means 60.
      However, if the value x derived during the second interval is larger than
      the maximum value obtained during the first interval, the first obtained
      value is increased by a count "one" in the arithmetic unit 64 and such new
      value x is inserted as a new base value in the storage means 60. Also, if
      the value x obtained during the second interval equals the maximum value
      previously obtained, the arithmetic unit 64 is not operated and the
      maximum value stored in the storage means 60 remains unchanged and is
      retained as the base value. The same cycle of events occurs for each probe
      during the second interval. Responsive to the comparison determination
      between the value stored in the storage means 60 and the value derived
      during the current or second test interval, the base value for x is either
      increased by one count, decreased by one count or remains unchanged. After
      the passage of a sufficiently large quantity of test cycles the value for
      x appearing at the output of the storage means 60 corresponds to the most
      likely value of x. This value corresponds to the actual wall thickness of
      the workpiece, provided that it is not affected too often by defect
      responsive echoes. By limiting the values of x measuring during the second
      time interval to those values which exceed a predetermined minimum as
      stated heretofore, the undesired effect caused by receipt of defect
      responsive echoes affecting the value x can be limited to only those
      defects which are disposed in close proximity to the rear wall of the
      workpiece. However, in practice, defects of this kind occur only rarely
      and, therefore, do not affect the value of x during the second interval
      and thus do not provide an erroneous measurement for the actual wall
      thickness of the workpiece. At the conclusion of the second interval, the
      digital count for x produced and stored in storage means 60 is conducted
      to a flaw detection device, not shown, for terminating the open state of
      the defect gate used for inspection of the workpiece by the transducer
      probes in transducer array 11 during the ensuing defect test interval.
PAR  In the flaw detector, the distance a for each probe in the array is
      measured and stored either in a manner as described above or by using any
      known method for measuring the value a, see German Patent Application OS
      23 21 699.1. The defect gate is opened after the time interval a
      associated with a respective probe in the array has elapsed. The defect
      gate width is determined by the value x provided from the storage means 60
      described hereinabove.
PAR  An embodiment for operating the defect gate comprises a clock and a preset
      counter. The counter initially is preset to the value x derived in the
      storage means 60. Upon the expiration of the time interval a the defect
      gate is opened. A signal is provided to the counter to cause the counter
      to commence counting clock pulses. After a quantity of pulses equal to the
      preset value are counted, the counter provides a signal for closing the
      defect gate. For example, the defect gate can be the output from a
      bistable multivibrator which is triggered by the delay pulse at time
      t.sub.1 and retriggered by the counter after the time interval x. It is
      apparent that while one embodiment for generating a defect gate is
      described, many variations using the thickness of the workpiece x as a
      base value may be constructed.
PAR  It is also apparent that in an alternative thickness measurement and defect
      testing arrangement, especially for testing non-uniform workpieces, i.e.
      wedges or workpieces with irregular contours, each probe in the thickness
      measurement array 11 is associated with a respective probe in an
      additional array of probes for providing defect gates of varying duration
      across the width of the workpiece, which gate durations conform to the
      thickness of the workpiece region associated with the respective test
      probe.
PAR  Testing of the workpiece for internal defects occurs after the second time
      interval when the updated value for x is stored in storage means 60. The
      counter 52 operates at all times and counts during each test pulse the
      value of x. The value of x in storage means 60 is updated as described in
      connection with the second interval concurrently with the defect testing.
      Since during the test cycle the defect gate is operative, an erroneous
      value for x can be considered to be nearly impossible if only those echo
      signals for updating x are processed which occur later in time than the
      closing of the defect gate.
PAR  Additionally or alternatively, the value of x obtained from counter 52 can
      be screened and only those values of x which fall within a narrow
      tolerance range are used for terminating the counting of counter 52. The
      reference value of the tolerance range is not fixed, rather the prevailing
      defect gate width can serve as a reference value.
PAR  In the event the value x changes by only a small amount between two
      consecutive test cycles, being caused, for example, by a change in the
      thickness tolerance of the plate stock along its transverse or
      longitudinal axis, the value for x is updated for each transmit pulse
      responsive to the altered condition. That is, the actual count for x
      established in the preceding test pulse is compared with the adjusted gate
      width and if necessary is corrected by the addition or subtraction of one
      count. Therefore, the defect gate width correction is provided for the
      succeeding defect test pulses occurring across the width of the workpiece.
PAR  When testing hot workpieces, heating of the test probes is unavoidable. The
      heat induced change of the sound velocity in the coupling material 18 and
      the couplant 20 causes an increase of the pulse transit time and, hence,
      an increase for the value of x. Whereas the updating of the value for x
      from transmit pulse to transmit pulse is achieved by only one count, it
      will be apparent that the time taken to compensate the defect gate,
      considering pulse repetition rates in the kilohertz range, is considerably
      shorter than is necessitated by the heating of the test probe.
PAR  While in the above description the stored count is updated by one count
      responsive to the counts measured during the second time interval, it will
      be apparent that the updating can be a predetermined quantity of counts.
PAR  For determining whether there is a proper degree of coupling between the
      probe and workpiece, i.e. whether a correct test was initiated, it is
      possible to utilize the presence of a control signal in the defect gate
      and/or in a gate utilized for the rear surface echo observation, which
      signal indicates "coupling in order" or conversely the absence thereof
      being indicative of "coupling failure." The defect gate and the gate for
      the rear surface echo observation should follow each other in close
      proximity, that is, the rear surface echo gate occurs at the time when the
      defect gate terminates. Since the defect gate terminates at a time when
      the ultrasonic energy is at a point in front of and in close proximity to
      the rear wall, an immediate ensuing rear surface echo gate would occur
      simultaneously with the receipt of a rear wall responsive echo signal. The
      simultaneous occurrence of a rear wall responsive echo signal and the rear
      surface echo gate as measured by a conventional logic gate indicates
      "coupling in order." The failure to receive a rear wall responsive echo
      signal during the rear surface echo gate time interval indicates "coupling
      failure."
PAR  While there has been described and illustrated a preferred embodiment of
      the present invention pertaining to ultrasonic pulseecho testing of
      workpieces, it will be apparent to those skilled in the art that various
      changes and modifications can be made without deviating from the broad
      principle of the invention which is limited only by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of ultrasonic testing a workpiece by the pulseecho technique
      comprising:
PA1  determining at first locations of the workpiece the transit time of an
      ultrasonic signal through the workpiece;
PA1  storing a signal responsive to the longest transit time;
PA1  determining subsequently at second locations of the workpiece the transit
      time of the ultrasonic signal through the workpiece and producing
      respective signals responsive to the transit time at said second
      locations;
PA1  comparing said stored signal with said signals produced at said second
      locations, and
PA1  updating said stored signal responsive to said signals produced at said
      second locations.
NUM  2.
PAR  2. The method of ultrasonic testing as set forth in claim 1, and utilizing
      the updated stored signal for terminating the defect gate in a flaw
      detector circuit.
NUM  3.
PAR  3. The method of ultrasonic testing as set forth in claim 1, said first
      locations being selected to correspond to an initial portion of the
      workpiece.
NUM  4.
PAR  4. The method of ultrasonic testing as set forth in claim 3, said second
      locations being disposed adjacent to the first locations of the workpiece.
NUM  5.
PAR  5. The method of ultrasonic testing as set forth in claim 1, said
      respective transit times at said first locations and second locations
      being determined sequentially.
NUM  6.
PAR  6. The method of ultrasonic testing as set forth in claim 5, updating
      comprising increasing the stored signal by a predetermined amount if a
      respective signal responsive to the transit time at a second location is
      greater, decreasing the stored signal by a predetermined amount if a
      respective signal responsive to the transit time at a second location is
      smaller, or leaving the stored signal unchanged if a respective signal
      responsive to the transit time at a second location is substantially
      identical with said stored signal.
NUM  7.
PAR  7. The method of ultrasonic testing a workpiece by the pulse-echo technique
      comprising:
PA1  providing a plurality of spaced transducer probes for transmitting
      ultrasonic energy into the workpiece in a direction across its thickness;
PA1  coupling respectively first surface locations of the workpiece to said
      probes;
PA1  energizing sequentially said probes for causing each probe to send an
      ultrasonic search pulse into the workpiece at a respective such location
      and to receive an echo signal arising from a change in acoustic impedance
      sensed by said pulse;
PA1  producing for each of said locations a signal responsive to the transit
      time of the associated search pulse from the surface of the workpiece to
      the change in acoustic impedance;
PA1  comparing said signals and storing a digital signal corresponding to the
      longest transit time;
PA1  coupling subsequently respective second locations of the workpiece to said
      probes;
PA1  energizing sequentially said probes for causing each probe to send an
      ultrasonic search pulse into the workpiece at a respective such second
      location and receive an echo signal arising from a change in an acoustic
      impedance sensed by said search pulse;
PA1  producing for each of said second locations a signal responsive to the
      transit time of the associated search pulse from the surface of the
      workpiece to the change in acoustic impedance;
PA1  updating the stored digital signal in dependence upon the transit time
      responsive signals produced at said second locations by comparing said
      last stated signals with the stored signal and changing the stored signal
      by predetermined increments or decrements, and
PA1  utilizing the updated stored signal for terminating the defect gate in a
      flaw detector circuit.
NUM  8.
PAR  8. The method of ultrasonic testing as set forth in claim 7, said
      respective signals responsive to said transit times being digital values.
NUM  9.
PAR  9. The method of ultrasonic testing as set forth in claim 7, said plurality
      of transducer probes forming an array, and providing relative motion
      between the workpiece and said array for coupling during a first time
      interval said first locations to said probes and during a subsequent
      second time interval said second locations to said probes.
NUM  10.
PAR  10. The method of ultrasonic testing as set forth in claim 9, said
      workpiece being plate stock and providing relative motion comprising
      subjecting said plate stock to translating motion relative to said array
      of probes disposed transverse to the direction of said translating motion.
NUM  11.
PAR  11. An ultrasonic pulse echo test apparatus comprising:
PA1  electroacoustic transmit-receive transducer probes disposed in an array for
      transmitting ultrasonic pulse signals into a workpiece and receiving echo
      signals therefrom;
PA1  electrical means coupled to each of said probes for energizing each probe
      sequentially during a first and a second time interval and for receiving
      echo responsive signals from each of said probes;
PA1  counting means coupled to said electrical means for providing counts
      commensurate with the transmit time of the ultrasonic pulse signal from a
      respective probe traveling from the entrant surface to an ultrasonic
      energy reflecting surface in the workpiece;
PA1  first selection and storage means coupled to said counting means for
      selecting and storing the maximum value of said counts provided during the
      first time interval;
PA1  second storage means coupled to said first selection and storage means and
      said counting means for receiving said stored maximum value of said counts
      at the beginning of said second interval and updating said stored maximum
      value responsive to said counts produced during the second time interval
      for providing an updated count, and
PA1  means coupled to said second storage means for providing said updated count
      to a flaw detector for terminating an open defect gate.
NUM  12.
PAR  12. An alternate pulse echo test apparatus as set forth in claim 11, said
      first selection and storage means including comparison means for comparing
      the value stored with the count at the output of said counting means and
      for causing said first storage means to store the larger count for
      obtaining a maximum value.
NUM  13.
PAR  13. An ultrasonic pulse echo test apparatus as set forth in claim 12, said
      second storage means including comparison means for comparing the value
      stored in said second storage means with each count at the output of said
      counting means and providing a signal indicative of which signal is
      larger.
NUM  14.
PAR  14. An ultrasonic pulse echo test apparatus as set forth in claim 13, said
      second storage means further including an arithmetic means coupled to said
      comparison means for causing said stored value in said second storage
      means to be increased by a predetermined count when said signal from said
      comparison means indicates that the value stored is smaller than the count
      at the output of said counting means, or for causing said stored value to
      be decreased by a predetermined count when said signal from said
      comparison means indicates that the value stored is larger than the count
      at the output of said counting means, and causing said stored value to
      remain unchanged when said signal from said comparison means indicates
      that the value stored is substantially equal to the count at the output of
      said counting means.
NUM  15.
PAR  15. A pulse echo test apparatus as set forth in claim 14, said counting
      means including means providing an output count only when said count
      exceeds a predetermined value.
NUM  16.
PAR  16. An ultrasonic pulse echo test apparatus comprising:
PA1  electroacoustic transmit-receive transducer probes each including delay
      means disposed in an array coupled to a workpiece for transmitting
      ultrasonic pulse signals into a workpiece and receiving echo signals
      therefrom;
PA1  electrical means coupled to each of said probes for energizing each probe
      sequentially during a first and a second time interval and for receiving
      echo responsive signals from each of said probes;
PA1  counting means coupled to said electrical means for providing counts
      commensurate with the transit time of the ultrasonic pulse signal from a
      respective probe traveling from the entrant surface to an ultrasonic
      energy reflecting surface of the workpiece;
PA1  first selection and storage means coupled to said counting means for
      selecting and storing the maximum value of said counts provided during the
      first time interval;
PA1  second storage means coupled to said first selection and storage means and
      said counting means for receiving said stored maximum value of said counts
      at the beginning of said second interval and updating said stored maximum
      value responsive to said counts produced during the second time interval
      for providing an updated count, and
PA1  means coupled to said second storage means for providing said updated count
      to a flaw detector for terminating an open defect gate.
NUM  17.
PAR  17. An ultrasonic pulse echo test apparatus as set forth in claim 16, and
      inhibit means coupled to said counting means for delaying the start of the
      count until the pulse signal has entered the workpiece.
NUM  18.
PAR  18. An ultrasonic pulse echo test apparatus as set forth in claim 16, said
      first selection and storage means including comparison means for comparing
      the value stored with the count at the output of said counting means and
      for causing said first storage means to store the larger count for
      obtaining a maximum value.
NUM  19.
PAR  19. An ultrasonic pulse echo test apparatus as set forth in claim 18, said
      second storage means including comparison means for comparing the value
      stored in said second storage means with each count at the output of said
      counting means and providing a signal indicative of which signal is
      larger.
NUM  20.
PAR  20. An ultrasonic pulse echo test apparatus as set forth in claim 19, said
      second storage means further including an arithmetic means coupled to said
      comparison means for causing said stored value in said second storage
      means to be increased by a predetermined count when said signal from said
      comparison means indicates that the value stored is smaller than the count
      at the output of said counting means, or for causing said stored value to
      be decreased by a predetermined count when said signal from said
      comparison means indicates that the value stored is larger than the count
      at the output of said counting means, and causing said stored value to
      remain unchanged when said signal from said comparison means indicates
      that the value stored is substantially equal to the count in the output of
      said counting means.
NUM  21.
PAR  21. A pulse echo test apparatus as set forth in claim 20, said counting
      means including means providing an output count only when said count
      exceeds a predetermined value.
NUM  22.
PAR  22. An ultrasonic pulse echo test apparatus comprising:
PA1  electroacoustic transmit-receive transducer probes each including delay
      means disposed in an array and disposed for transmitting ultrasonic pulse
      signals into a workpiece and receiving echo signals therefrom;
PA1  electrical means coupled to each of said probes for energizing each probe
      sequentially during a first and during a second time interval and for
      receiving echo responsive signals from each of said probes;
PA1  first means coupled to said electrical means for obtaining for each probe a
      respective delay count commensurate with the transit time of the
      ultrasonic pulse signal through the associated delay means;
PA1  storage means coupled to said first means for storing said delay count
      associated with a respective probe in the array;
PA1  counting means coupled to said electrical means for providing a thickness
      count for each probe commensurate with the transmit time of the ultrasonic
      pulse signal from a respective probe through the associated delay means to
      an echo signal producing ultrasonic energy reflecting surface in the
      workpiece;
PA1  second means coupled to said counting means and said storage means for
      subtracting from a respective thickness count in said counting means a
      count commensurate with said delay count stored for the associated probe;
PA1  comparison means coupled to said counting means for determining the maximum
      of said thickness counts during the first time interval;
PA1  additional storage means coupled to said comparison means for storing the
      maximum of said thickness counts at the end of the first time interval;
PA1  additional comparison means coupled to said additional storage means and to
      said counting means for comparing the stored count in said additional
      storage means with the thickness counts of said counting means derived
      during said second time interval and providing an output signal responsive
      to such comparison;
PA1  third means coupled to said additional comparison means and to said
      additional storage means for causing said stored count in said additional
      storage means to be updated responsive to said output signal, and
PA1  fourth means coupled to said additional storage means for providing said
      updated count to a flaw detector circuit for terminating an open defect
      gate.
NUM  23.
PAR  23. An ultrasonic pulse echo test apparatus comprising:
PA1  a plurality of electroacoustic transmit-receive transducer probes disposed
      in an array for transmitting ultrasonic pulse signals into a workpiece and
      receiving echo signal therefrom;
PA1  electrical means coupled to each of said probes for energizing each probe
      sequentially during a first and a subsequent second time interval and for
      receiving echo responsive signals from said probes;
PA1  timing means coupled to said electrical means for providing for each probe
      transit time responsive signals of the associated pulse signal traveling
      from the entrant surface of the workpiece to an ultrasonic energy
      reflecting surface;
PA1  first selection and storage means coupled to said timing means for
      selecting and storing a signal responsive to the longest transit time
      provided during said first interval;
PA1  second storage means coupled to said first selection and storage means and
      said timing means for receiving said signal responsive to the longest
      transit time and updating said last-mentioned signal sequentially
      responsive to the transit time responsive signals produced during the
      second time interval whereby to provide an updated stored signal in said
      second storage means, and
PA1  means coupled to said second storage means for providing said updated
      signal to a flaw detector for terminating an open defect gate.
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ABST
PAL  A system is disclosed through which knocking in an internal combustion
      engine is quantitatively measured by detecting engine vibrations with an
      accelerometer, transmitting the accelerometer signal to an elaboration
      network including an amplifier and a filter, transmitting an ignition
      pulse to a control network, transmitting the output from the elaboration
      network through a gate only during coincidence of a signal from the
      control network, the output of the control network corresponding to the
      angle of revolution of the crankshaft during which knocking usually
      occurs, and detecting the output signal from the gate.
PARN
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 182,673, filed Sept. 22, 1971, now abandoned.
BSUM
PAR  The present invention relates to internal combustion engines and more
      specifically to a method and apparatus for quantitatively measuring
      knocking in internal combustion engines.
PAR  Recently, the problem of measuring knocking in internal engines being run
      at high speeds has been the subject of much consideration. Experimental
      apparatus have been provided, some of which allow a quantitative appraisal
      of the knocking phenomenon.
PAR  Generally, those apparatus which include a survey of the pressure in a
      combustion chamber have provided good results. However, to obtain an
      accurate survey of the pressure variations which characterize knocking it
      is necessary to connect a transducer to the combustion chamber. Such a
      procedure requires the use of a special head including a hole for
      positioning the transducer. Therefore, different heads are required for
      different size engines. Connection ducts are generally unsuitable since
      their presence generally causes resonance which masks the phenomenon under
      study.
PAR  For obtaining measurements on numerous cars, as is necessary for
      investigating the octane requirement of cars in service, or on engines
      where the insertion of a transducer is impossible, other systems have been
      investigaged, e.g., a survey of the temperature, the trend of the
      ionization and, particularly, a survey of the mechanical vibrations of the
      walls of the combustion chambers. This last method appears to be the most
      promising, since a simple accelerometer may be used for measuring
      vibration.
PAR  However, the measurements so far obtained by the aforementioned methods are
      not quantized, but are estimated by determining the irregularities and the
      peaks which are present in a recording of the level of vibration for a
      predetermined frequency.
PAR  It is an object of the present invention to suppress the noise accompanying
      knocking measurements to provide a direct and quantitative measurement of
      knocking both at constant speed and during acceleration.
PAR  The present invention makes use of signal sampling techniques to provide a
      method and apparatus for detecting knocking in internal combustion engines
      which allows a direct and quantitative measurement of knocking both at
      constant speed and during accelerations with remarkable advantages of
      precision and simplicity of measurement. Means is provided to improve the
      signal to noise ratio and permit the passage of the signals only at time
      intervals corresponding to the crank-angle during which the vibrations
      resulting from knocking occur. This angle generally extends between about
      60.degree. to about 80.degree., preferably about 70.degree., beyond the
      highest pressure point.
PAR  It has been observed that the angle between the ignition spark point and
      the highest pressure point remains substantially constant with variations
      in speed and acceleration. Generally the highest pressure point is
      displaced between about 40.degree. and about 50.degree. from the ignition
      spark point. With a suitable delay of the ignition spark, an electronic
      gate is triggered in correspondence with the point of highest pressure.
      The duration of the gate output corresponds to the angle during which
      knocking will occur. The signals resulting from vibration are blocked from
      transmission during the remainder of the ignition cycle, when only noise
      is present.
PAR  The improvement in the signal to noise ratio provided by the present
      invention allows a vibration measurement with a residual noise (ground
      noise) which is no greater than that measured by using conventional
      pressure measurement techniques. Moreover, with the system of the present
      invention, a simple band-pass filter having a passband between about 5 and
      about 10 KHz is sufficient, and conventional elements may be utilized for
      the accelerometer and amplifier of the elaboration network.
PAR  The method which is the subject of the present invention includes the steps
      of detecting the vibrations of the engine by means of an accelerometer
      mounted on the internal combustion engine, transmitting the output signals
      from the accelerometer to an elaboration network in which the signals are
      amplified and filtered, transmitting the output from a control network to
      a gate, the control network output corresponding to the angle of
      revolution of the crankshaft during which knocking usually occurs,
      transmitting the signals resulting from the elaboration network through
      the gate only during coincidence of a signal from the control network,
      detecting the output vibration signal from the gate with a suitable
      detector, and recording the detected signal, as desired.
PAR  The apparatus according to the present invention includes, a transducer for
      the detection of mechanical vibrations, elaboration means for receiving
      the output from the transducer, the elaboration means including an
      amplifier and a filter, control means for receipt of an ignition pulse,
      gate means, and means for detecting the output from the gate means.
DETD
PAR  The present invention is illustrated in the accompanying drawing. An
      accelerometer 1, which may be of the piezo-electric type, is mounted on
      the internal combustion engine (not shown) whose knocking is to be
      measured, e.g., by mounting the accelerometer on one of the central
      clamping bolts of the engine head. The accelerometer 1 detects engine
      vibrations and transmits corresponding electrical signals to an amplifier
      and filter indicated at 2. The filter may be a bandpass filter having a
      passband of between about 5 and about 10KHz. The output signal from the
      amplifier and filter 2 is transmitted to a gate circuit 8, e.g., an AND
      gate. The gate 8 is synchronized with the ignition system of the present
      invention as will be explained in more detail below. The output signal
      from the gate 8 is applied to a resistance-capacitance circuit 10,
      preferably having a time constant of about 2 seconds, for averaging the
      output signals from the gate 8. Such resistance-capacitance circuits are
      well known in the art, see Electronics and Nucleonics Dictionary, John
      Markus, McGraw Hill (1966) at p. 553.
PAR  The output from the resistance-capacitance circuit 10 is applied to a peak
      voltmeter 11 which reads the peak value of the a.c. signal input. Peak
      voltmeters are well known in the art, see Electronics and Nucleonics
      Dictionary, supra, at p. 460. The output signal from the peak voltmeter 11
      is averaged in another resistance-capacitance circuit 12, preferably
      having a time constant of about 2 seconds. The output signal from circuit
      12 is applied to a conventional recorder 13, e.g., a fast potentiometer
      recorder, to provide a permanent record of the knocking intensity as a
      function of time.
PAR  The gate 8 permits passage of the output from the amplifier and filter 2
      only during the time period which corresponds to the crankshaft
      displacement angle when vibrations due to knocking are present. To
      accomplish this, the opening of the gate 8 is synchronized with the
      ignition pulse and occurs after a predetermined phase displacement of the
      ignition pulse which coincides with the highest pressure point. The time
      during which the gate 8 is open corresponds to the normal duration of the
      vibrations due to knocking and generally corresponds to the crankshaft
      angle between about 60.degree. to about 80.degree., preferably about
      70.degree., beyond the highest pressure point.
PAR  The input signal to the gate 8 is obtained from the ignition (distributor)
      in the following manner. An ignition pickup 3 provides an output pulse for
      each spark ignition pulse. The output pulse from the probe 3 is shaped and
      regularized in a pulse former or relaxation oscillator 4. Relaxation
      oscillators are well known in the art, see Electronics and Nucleonics
      Dictionary, supra, at p. 549.
PAR  The output from the pulse former 4 is applied to a bistable means, e.g., a
      flip-flop 5. The flip-flop 5, as is well known in the art, provides an
      output at its first output and another output having the same shape but of
      the opposite phase at its second output. The flip-flop 5 is set (1,0) and
      reset (0,1) in response to each input ignition pulse.
PAR  Only the conditioning of the output from the first output of the flip-flop
      5 will be considered. The signal from the second output (dotted line in
      the drawing) is similarly conditioned, but undergoes a phase shift of
      180.degree..
PAR  The signal resulting from the first output of the flip-flop 5 is
      electrically coupled to a conventional integrator 6. The input signal to
      the integrator 6 is integrated for a half-cycle (first state) to provide a
      final signal inversely proportional to the velocity of the crankshaft; the
      integrator is reset at the next half cycle.
PAR  The output from the integrator 6 is subdivided into two decoupled outputs
      and applied at the same time to capacitors 16 and 17. Capacitor 16 is
      coupled at one terminal to one of the outputs of the integrator 6 and the
      collector of transistor (PNP) 15, and at its other terminal to the emitter
      of the transistor 15 through a suitable resistor 19. Capacitor 17 is
      coupled at one terminal to the other output of the integrator 6 and the
      collector of transistor (PNP) 14. The other terminal of capacitor 17 is
      coupled to the emitter of the transistor 14 through a suitable resistor
      20. Thus, the transistors 14 and 15 are arranged in a common collector
      configuration. The second terminals of capacitors 16 and 17 are grounded.
PAR  Capacitors 16 and 17 are charged during the integration performed by
      integrator 6 and discharge at constant current during the half-cycle
      subsequent to the half-cycle of integration performed by integrator 6. The
      constant current discharges are effected through the common collector
      stage transistors 14 and 15 by a pilot control flip-flop 7, and the
      current discharge of capacitor 16 is different from that of capacitor 17.
      The flip-flop 7 is coupled to the bases of transistors 14 and 15 to
      provide a constant current output to the transistors 14 and 15 to maintain
      them at constant voltage in the half-cycle following the charging in the
      capacitors 16 and 17.
PAR  The instant when capacitor 16 reaches a constant voltage value (at the end
      of the discharge) gate 8 is opened via logic circuitry, including a
      squaring circuit 9 and an EXCLUSIVE OR circuit 18. Gate 8 is closed the
      instant that capacitor 17 is completely discharged.
PAR  The logic circuitry which controls the gate 8 includes a pair of squaring
      amplifiers whose output is electrically coupled to an EXCLUSIVE OR gate.
      The squaring amplifiers transform triangular signals from the capacitors
      16 and 17 into rectangular signals which are then applied to the EXCLUSIVE
      OR gate, well known in the art. Squaring amplifiers are also well known in
      the art, see Transistor Circuits In Electronics, by S. S. Hakim, London
      Iliffe Books Ltd., New York Hayden Book Co., Inc. (1964) at p. 195.
PAR  The opening of the gate 8 occurs during a certain phase displacement of the
      ignition pulse as determined by the capacitors 16 and 17 and the common
      collector stage so that the output of the gate 8 coincides with that
      portion of the ignition cycle in which the effects of knocking are
      detectable, preferably a crankshaft displacement between the highest
      pressure point and a angle of about 70.degree.. During the remainder of
      the ignition cycle the output from the amplifier and filter 2 is prevented
      from passing through the gate 8.
PAR  The output signal from the gate 8 is averaged in the resistance-capacitance
      circuit 10, and transmitted to the peak voltmeter 11. The peak voltmeter
      11, as well as pilot flip-flop 7, is reset by the pulse former 4 which
      provides a pulse of approximately 1 millisecond.
PAR  The output signal from the voltmeter 11 is averaged in the
      resistance-capacitance circuit 12 to improve accuracy and applied to the
      recorder 13. A time constant of approximately two seconds for the circuit
      12 provides sufficient averaging to obtain a recording with desired
      regularity while preventing any prolonged delay in detecting knocking
      during acceleration.
PAR  It should be understood by those skilled in the art that various
      modifications may be made in the present invention without departing from
      the spirit and scope thereof, as described in the specification and
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for quantitatively measuring the knocking in an internal
      combustion engine, comprising the steps of:
PA1  a. sensing engine vibration;
PA1  b. generating electrical signals corresponding to engine vibration;
PA1  c. filtering the generated electrical signals to pass a predetermined band
      of signals;
PA1  d. transmitting the filtered signals to one input of a coincident gate;
PA1  e. sensing ignition signals applied to the engine;
PA1  f. generating pulses corresponding to each ignition signal applied to the
      engine;
PA1  g. integrating the generated pulses to provide signals inversely
      proportional to the velocity of the crankshaft of the engine;
PA1  h. transmitting the integrated signals of a pair of capacitors having
      different discharge rates for charging the same;
PA1  i. discharging the capacitors at constant currents and different rates to
      provide a coincident signal to another input of the coincident gate only
      during the time period between complete discharge of one capacitor and
      complete discharge of the other capacitor, the time period commencing at
      the highest pressure point and terminating at a crankshaft angle of
      between about 60.degree. to about 80.degree. beyond the highest pressure
      point;
PA1  j. passing engine vibration signals through the coincident gate only during
      the coincidence of signals at its inputs; and
PA1  k. detecting the output signals from the coincident gate to provide a
      quantitative measurement of knocking.
NUM  2.
PAR  2. An apparatus for measuring knocking in an internal combustion engine,
      comprising:
PA1  sensor means coupled to the engine for generating electrical signals
      corresponding to engine vibration;
PA1  filter means for filtering the generated electrical signals to pass a
      predetermined band of signals;
PA1  coincident gate means for receiving the filtered signals to provide an
      output only during the presence of coincident signals at its inputs;
PA1  pulse generating means for generating pulses corresponding to each ignition
      signal applied to the engine;
PA1  integrating means for integrating the pulses to provide signals inversely
      proportional to the velocity of the crankshaft of the engine;
PA1  a control circuit for receiving the integrated signals from said
      integrating means, said control circuit including a pair of transistors
      arranged in a common collector configuration and having a pair of
      capacitors with one of said capacitors being electrically coupled to one
      transistor and the other capacitor being electrically coupled to the other
      capacitor to provide discharge of said capacitors at constant current,
      said capacitors having different discharge rates to provide an input
      signal to said coincident gate means only during the time period between
      complete discharge of said first capacitor and complete discharge of said
      second capacitor, the complete discharge of said first capacitor
      commencing at the highest pressure point and the complete discharge of
      said second capacitor terminating at between about 60.degree. to about
      80.degree. beyond the highest pressure point; and
PA1  detecting means for detecting the signals present at the output of said
      coincident gate means to provide a quantitative measurement of knocking.
NUM  3.
PAR  3. The apparatus of claim 2, wherein:
PA1  said control circuit includes a flip-flop electrically coupled to the bases
      of said transistors to hold the transistors at constant voltage during
      discharge of said capacitors.
NUM  4.
PAR  4. The apparatus of claim 3, wherein:
PA1  said pulse generating means means is electrically coupled to said
      flip-flop.
NUM  5.
PAR  5. The apparatus of claim 2 including:
PA1  signal squaring means coupled to said capacitors for squaring the signals
      therefrom; and
PA1  an EXCLUSIVE OR circuit electrically coupling said signal squaring means to
      said gate means.
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ABST
PAL  Liquid containing contaminants is passed through a lamination of a
      plurality of filter papers and the quantities of the contaminants
      deposited on upper and lower filter papers are compared with each other to
      determine the degree of contamination of the liquid.
BSUM
PAC  BACKGROND OF THE INVENTION
PAR  This invention relates to a method and apparatus for measuring the degree
      of contamination of liquids, and more particularly to a method and
      apparatus wherein fine contaminants contained in liquids such as oil
      utilized in hydraulic actuators, lubricating oil or the like are
      accumulated on filter papers for determining the degree of contamination.
PAR  Such oils are contaminated by foreign matters during their preparation,
      storage and use. Such contamination causes troubles in precise hydraulic
      actuators or bearings. Accordingly, it is necessary to measure the degree
      of contamination of such liquids before or during use thereof in order to
      know whether the liquids are clean liquids containing contamitants of less
      than a permissible limit. However, strict control of the degree of
      contamination of such liquids is usually ignored except in certain field
      of application.
PAR  In the United States of America, with the advance of space navigation
      engineering, a number of regulations have been established in connection
      with the degree of purity of liquids, and in Japan some of these
      regulations have been adopted in certain industries. However, as these
      regulations require special apparatus and highly trained engineers they
      are troublesome and uneconomical. Moreover, the methods specified in these
      regulations make possible a large error if the condition of measuring the
      degree of contamination of the liquid is not suitable, and such methods
      lack reproduceability so that in certain cases errors within .+-. 33% are
      permitted.
PAR  In addition to the advance in space navigation engineering, techniques of a
      high degree of accuracy have been developed in other fields of
      engineering, so that it is necessary to control with the same degree of
      accuracy the quality of the liquids, such as oils utilized to operate
      various hydraulic actuators and bearing oils used in such fields. To meet
      such requirements a number of simple methods have been proposed for
      measuring the purity of liquids. Among these methods, a method wherein
      light is projected upon a liquid to be examined for causing the light to
      transmit through or be reflected by the liquid so as to determine the
      degree of contamination of the liquid in accordance with the quantity of
      light transmitted or reflected is used most widely. However, with this
      method, it is extremely difficult to accurately determine the degree of
      contamination because of the difference in the color of the liquid, change
      of the liquid color during measurement, variation in the color caused by
      the presence of contaminants and the coloring of the liquid. For example,
      the operator often is given an illusion that the liquid under measurement
      contains a large quantity of cntaminants due to the coloring of the liquid
      even when the liquid actually contains only a small quantity of the
      contaminants.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a novel method
      and apparatus for enabling an unskilled operator to rapidly and accurately
      determine the degree of contamination of liquids without the difficulties
      described above.
PAR  Another object of this invention is to provide a novel method and apparatus
      for determining the degree of contamination of liquids which is not
      affected by the color of the liquids.
PAR  Still another object of this invention is to provide a novel method and
      apparatus capable of determining not only the concentration of the
      contaminants but also the particle size or particle size distribution of
      the contaminants.
PAR  Yet Yet another object of this invention is to provide an improved
      apparatus for measuring the degree of contamination of liquids without
      errors caused by the difference in the characteristics of elements
      utilized to fabricate the apparatus.
PAR  According to one aspect of this invention there is provided a method of
      measuring the degree of contamination of liquids, characterized in that a
      liquid containing contaminants is filtered by passing it through a
      lamination of a plurality of filter papers and that the quantities of the
      contaminants deposited on the upper and lower filter papers are compared
      with each other thereby measuring the degree of contamination of the
      liquid.
PAR  According to another aspect of this invention there is provided apparatus
      for measuring the degree of contamination of liquids, characterized by
      comprising a filter including a container for receiving a definite
      quantity of a liquid containing contaminants, a lamination of a plurality
      of filter papers contained in the container, and a measuring device
      including a source of light for irradiating upper and lower filter papers
      taken out of the filter with light having a definite wavelength,
      photoelectric converting elements responsive to the light reflected by the
      upper and lower filter papers, respectively, for producing electric
      signals proportional to the quantities of the contaminants deposited on
      the upper and lower filter papers, respectively, and a bridge circuit for
      comparing the electric signals with each other, thus producing a
      differential output signal corresponding to the degree of contamination of
      the liquid.
PAR  Where the lamination comprises a plurality of filter papers having a
      different pore size in which the pore size decreases from the upper to the
      lower, it is possible to determine not only the concentration but also the
      particle size and particle size distribution of the contaminants.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 shows a longitudinal section of a filter utilized in this invention;
PAR  FIG. 2 is a diagrammatic representation for an optical device utilized in
      the measuring apparatus and
PAR  FIG. 3 is a circuit diagram of a bridge circuit utilized in combination
      with the optical device shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 of the accompanying drawings shows a filter comprising a cylindrical
      container 1 made of a material which will not be dissolved by or not
      chemically react with the liquid to be measured, such as synthetic resins,
      polyethylene, polypropylene, polyvinyl chloride, glass, etc. A scale 2 is
      provided on the outer surface of the container 1 to indicate the quantity
      of the liquid contained therein. The upper end of the container 1 is open
      and a neck 3 having an inner diameter a little smaller than the filter
      paper to be used is provided at the lower end. A plurality of sheets of
      filter paper is inserted into the neck 3 through the lower opening of the
      container. According to this invention, at least two sheets 4 and 4' of
      the filter paper are inserted in a superposed relation and a protective
      disc 5 provided with a plurality of small perforations 5a is disposed
      below the stack of sheets of filter paper for supporting them when
      pressure or suction is applied for filtering. Screw threads 6 are formed
      on the outer surface of the neck 3 to receive a cylindrical cap 7 which is
      used to clamp the periphery of the sheets of filter paper between a
      shoulder formed at the lower end of the neck 3 and the protective disc 5.
PAR  Before using the container 1, it is washed with clean water to remove any
      residual contaminant and then dried. A definite quantity of the liquid to
      be measured is then put in the container and filtered by being passed
      through the filter paper by pressure suction which is applied through the
      cylindrical cap 7. After completing the filtering operation, the sheet of
      filter paper are removed by removing the cap 7 and the protective disc 5
      and the condition of the upper filter paper 4 is compared with that of the
      lower filter paper 4'. It will be clear that most of the contaminant is
      deposited on the upper sheet of filter paper 4 so that it is possible to
      determine the quantity of contaminant or the degree of contamination by
      comparing the conditions of the upper and lower sheets of filter paper.
PAR  FIGS. 2 and 3 show apparatus suitable for this purpose. More particularly,
      as shown in FIG. 2, the upper and lower sheets of filter paper 4 and 4'
      are illuminated with monochromatic directional light having a wavelength
      of 7,000A and generated by light sources, for example luminous diodes 10A
      and 10B through semitransparent reflective mirrors 11A and 11B. The light
      reflected by the sheets of filter paper 4 and 4' are reflected by
      reflective mirrors 11A and 11B toward photoelectric converting elements
      12A and 12B to generate electric signals directly proportional to the
      quantities of the contaminants deposited on the upper and lower sheets of
      filter paper. The photoelectric converting elements may be solar cells,
      for example. The outputs from the photoelectric converting elements 12A
      and 12B are amplified by operational amplifiers 13A and 13B, and the
      outputs thereof are applied to a bridge circuit including resistors
      R.sub.1a, R.sub.1b, R.sub.2a, R.sub.2b, R.sub.fa and R.sub.fb and an
      operational amplifier 14. The output of operational amplifier 14 is
      applied to an indicating meter 15.
PAR  Before measurement, two standard sheets of filter paper (not yet used) are
      substituted for the sheets of filter paper 4 and 4' shown in FIG. 3. If
      there is any difference between the characteristics of the light sources
      10A, 10B and photoelectric converting elements 12A, 12B and when the
      bridge circuit is not perfectly balanced, the bridge will produce a
      differential output. Then, one or both of the feedback resistors R.sub.fa,
      R.sub.fb associated with amplifiers 13A and 13B are adjusted to perfectly
      balance the bridge. Then, sheets of filter paper 4 and 4' are substituted
      for the standard filter paper sheets. The output of the bridge circuit
      under these conditions is proportional to the quantity of the contaminants
      contained in the liquid because most of the contaminants deposits on the
      upper sheet of filter paper 4 and because upper and lower sheets are
      colored to the same degree by the liquid. Thus, even when the liquid is
      colored, its color does not affect in any way the result of measurement
      and the output from the bridge circuit is directly proportional to the
      quantity of the contaminants deposited on the upper sheets of filter paper
      or the difference between the quantities of the contaminants deposited on
      the upper and lower sheets of filter paper, or the concentration of the
      contaminants contained in the liquid.
PAR  Filter paper made of any suitable material can be used in this invention
      but it has been found that filter paper made of cellulose ester is
      suitable. However, filter paper for use in chemical analysis are also
      satisfactory. The pore size of the filter paper may range from 0.45 to 3.0
      microns.
PAR  The comparison of the conditions of the two sheets of filter paper can also
      be made by visual inspection or with a microscope. If three or more sheets
      of filter paper having different pore sizes are laminated with that having
      the largest pore size positioned upper most, it is possible to determine
      not only the quantity of the contaminants but also the particle size or
      particle size distribution of the contaminants.
PAR  With the method of this invention it is possible to limit the permissible
      error to less than 5%.
PAR  While the filter illustrated in FIG. 1 is of the vertical type, it should
      be understood that it is also possible to use a horizontal type filter, so
      that the term "upper sheet filter paper" used herein means the sheet of
      filter paper through which the liquid is first passed.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for measuring the degree of contamination of liquids
      comprising a filter having a container for accommodating a definite volume
      of a liquid containing contaminants and a stack of a plurality of sheets
      of filter paper contained in said container, the pore size of said sheets
      of filter paper decreasing from the first to succeeding sheets in the
      direction in which the liquid passes therethrough; and a measuring device
      having a source of light having a definite wavelength and directed against
      the first and succeeding sheets of filter paper respectively having
      contaminants with different particle sizes thereon and which have been
      removed from said filter for irradiating said sheets, photoelectric
      converting elements positioned to receive light reflected from said sheets
      of filter paper and responsive to the light reflected by said first and
      succeeding sheets of filter paper respectively for producing electric
      signals proportional to the quantities of the contaminants deposited on
      said first and succeeding sheets of filter paper respectively, and a
      bridge circuit connected to said converting elements for comparing said
      electric signals with each other and producing a differential output
      signal corresponding to the concentration and the particle size of said
      contaminants.
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ABST
PAL  In an ultrasonic pulse-echo test arrangement which is particularly suited
      for testing heavy-walled workpieces, a plurality of transducer probes are
      used. Two or more transmitting transducer probes are arranged so that each
      probe transmits its sound beam to a respective test zone, the zones being
      staggered relative to each other across the thickness of the workpiece. A
      defect in a respective zone reflects energy to a predetermined location at
      the rear wall of the workpiece, such location being common to all defect
      responsive reflected signals. A receiving transducer probe is disposed for
      receiving all of the defect responsive signals reflected from the stated
      location. Electrical circuit means cause the defect responsive signals
      generated in the receiving circuit to be of the same amplitude
      irrespective of location in the workpiece if the defects are of equal
      magnitude and cause, furthermore, the transmitted and received energy to
      be compensated for individual variations in the coupling quality between
      the respective probe and workpiece surface.
PARN
PAC  CROSS REFERENCE TO PENDING APPLICATION
PAR  This application is a continuation-in-part application of copending patent
      application Ser. No. 353,321, filed Apr. 23, 1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an arrangement for testing thickwalled workpieces
      using the ultrasound method. More specifically, this invention concerns an
      ultrasonic pulse-echo test arrangement for detecting flaws which are
      disposed perpendicular to the surface of the workpiece using two or more
      probes located at one surface of the workpiece whereby sound waves
      reflected from the opposite surface of the workpiece are received by at
      least one probe and the workpiece is divided into scanning zones.
PAC  BAACKGROUND OF THE INVENTION
PAR  Workpieces having a heavy wall, for example, pressure vessels made from
      conventional steel and provided with internal corrosion protection in the
      form of an autenitic cladding, must be scanned for cracks and particularly
      for incipient flaws. The prior art discloses several ultrasonic test
      processes applicable to this problem, such as are described by A. de
      Sterke, "Some Aspects of Radiography and Ultrasonic Testing of Welds in
      Steel with Thicknesses from 100-300 mm", Brit. J. NDT, December 1967, pp.
      94-107; B. J. Lack, "Ultrasonic Examination of Welds in Thick Plates",
      Brit. Weld, J., February 1962, pp. 54-60; and W. Mohr, German OS No.
      2,030,582. In these prior art descriptions a first ultrasonic probe
      applied to the surface of the workpiece usually transmits sound into the
      workpiece. A portion of the sound, upon being intercepted by a crack, is
      reflected toward the rear wall of the workpiece, and from there the
      reflected energy is reflected back again to the surface of the workpiece
      on which a second probe (receiver) is disposed, but of course at a
      spatially separated location. The receiver probe, therefore, must be
      located at the point at which the reflected energy, denoting a crack, can
      be sensed at the workpiece surface.
PAR  The size of a flaw, as long as its size is smaller than the sound beam, can
      be determined from the amplitude of the received ultrasonic signal. This
      determination is impossible if the reflection and acoustic energy
      attenuation characteristics existing at the reflection surface change
      continually from location to location along such surface. Changes in
      reflection characteristics at the reflection surface may affect the
      ultrasonic echo signal amplitude to a greater extent than the size of a
      defect itself.
PAR  Scanning thick-walled vessels using the so-called tandem method, that is
      with two probes which are disposed one behind the other, or side by side
      (see de Sterke supra) and forming an angle with each other (see Lack
      supra) is known by those skilled in the art. One transducer probe is used
      as the transmitter and the other as the receiver of ultrasonic energy. The
      distance between the probes is determined by the depth of the test zone
      below the surface of the workpiece and the beam angle.
PAR  Another known method is to provide dual probe units in such a manner that
      the entire cross-section of the workpiece is divided into vertical layers
      of test zones. One pair of probes is associated with each respective zone.
      If these pairs of probes are connected electronically with an ultrasonic
      instrument, a very rapid scanning of the complete cross-section of the
      workpiece is achieved.
PAR  It is further known, that the individual probes can be equipped with
      so-called coupling control probes which transmit ultrasonic energy into
      the workpiece in a direction perpendicular to the entrant surface of the
      workpiece and respond to the so-called rear wall echo responsive signals.
      The amplitude of the rear wall echo responsive signal serves as a
      measurement of the quality of the coupling achieved between the transducer
      probe and the workpiece entrant surface and can be used for controlling
      the receiver gain.
PAR  In summary, the known arrangements for scanning thick-walled specimens
      entail a relatively high degree of cost. The probes must be either
      mechanically adjusted to scan different zones, which is very
      time-consuming, or a large quantity of probes must be used and connected
      in respective pairs to the ultrasonic instrument. The greater the quantity
      of probes the more costly the entire test installation. It clearly must be
      kept in mind that different sound reflection and attenuation properties
      inherent in the workpiece not only need to be recognized but must be
      compensated for by the test apparatus.
PAR  A principal object of this invention is to reduce the quantity of probes
      used, provide a simplified determination of the reflection and attenuation
      properties, and to make use of these properties for adjusting the scanning
      sensitivity.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In the preferred embodiment the centers of the test zones of a workpiece,
      at any instant of observation, are disposed staggered with respect to each
      other, and located along a common line which intersects the axes of the
      sound beams originating from an array of transmitting probes. This common
      line is such that upon the generation of a reflected sound beam, as from a
      crack in a respective zone, the line is common to the reflected sound beam
      axes over the remaining portion of the total path traversed by the sound.
      The receiving probe is located so that its beam axis intersects the
      opposite wall of the workpiece at the same location as the common line.
      Hence, the centers of all the test zones are disposed along a common line
      and the centers of all sound beams emanating from the various transmitting
      probes and received by the receiving transducer, after reflection at a
      crack in a respective zone, are subjected to identical reflection and
      attenuation losses by reason of the reflection of sound at the common
      location. Hence, cracks or flaws of equal size and located in the
      respective test zones will be indicated by echo signals of equal
      amplitude. The receiving transducer probe senses only those reflections
      which are received via reflection at the rear wall, regardless of their
      origin, and which have been subjected to identical attenuation and
      reflection losses.
PAR  A further object of this invention concerns an arrangement wherein at least
      one receiving probe is responsive to at least one transmitting probe and a
      compensating circuit is provided so that flaws of the same size,
      independent of the properties of the reflection location, are indicated
      with the same signal amplitude. It is further advantageous, in accordance
      with this invention, to use a gain control in the compensating circuit,
      which includes a nominal to actual value comparator for providing a
      variable gain signal applied to a control module so that the echo
      amplitude received via the rear wall reflection by a receiving probe is
      controlled to exhibit a constant amplitude. Another arrangement employing
      this method also provides that each individual probe tests its degree of
      acoustic coupling with the workpiece surface and the sensitivity of the
      scanning system is controlled in response to the coupling condition
      derived from such test.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a test specimen showing the known arrangement
      of scanning zones and a quantity of probes arranged at the surface of the
      workpiece;
PAR  FIG. 2 is a view similar to FIG. 1, but with the scanning zones delineated
      according to the present invention;
PAR  FIG. 3 is a similar view of a test specimen illustrating the condition when
      the reflection location at the rear surface of the specimen exhibits
      different reflection characteristics;
PAR  FIG. 4 is a schematic electrical block diagram showing a quantity of probes
      disposed for testing a specimen and including means for compensating for
      the sound reflection and attenuation characteristics at the rear wall of
      the specimen;
PAR  FIG. 5A is a portion of the schematic block diagram illustrating sound
      attenuation compensation and coupling quality compensation features of the
      invention and the use of the staggered test zones;
PAR  FIG. 5B is another portion of the schematic block diagram illustrating
      sound attenuation compensation and coupling quality compensation features
      of the invention and the use of the staggered test zones;
PAR  FIG. 6 shows the interconnection of the two portions of the schematic block
      diagram (FIGS. 5A and 5B) comprising the preferred embodiment of the
      invention, and
PAR  FIG. 7 is a schematic circuit diagram of a control module used in
      connection with the embodiment per FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A section of a thick-walled specimen 10 is shown in FIG. 1. The
      cross-section of the wall is divided into three zones designated by
      numerals 12, 14 and 16. If a crack 18 perpendicular to the surface of the
      specimen is disposed in the first zone 12, then the sound transmitted by
      the probe 20 is reflected from this crack to the rear wall 22 and is
      reflected again from location 24 to the receiving probe 26. The same
      sequence occurs with the combination of probes 28 and 30 with respect to a
      crack 32 in zone 14 and location 34, and again with probes 36 and 38 with
      respect to a crack 40 in zone 16 and location 46. If there are no cracks
      or other discontinuities in scanning zones 12, 14 and 16, then there will
      be an absence of sound reflections to the corresponding receiving probes.
      An absence of echo signals appearing at the probes 26, 30 and 38 signifies
      that there are no cracks in the workpiece portion under test, no coupling
      between the probe and the workpiece surface, or too much signal
      attenuation in the workpiece.
PAR  In accordance with FIG. 1, two probes are positioned for testing a
      respective scanning zone, and reflections at the rear wall 22 are obtained
      from different locations designated by numerals 24, 34 and 46.
PAR  In FIG. 2 the scanning zones are shifted to form a staggered grouping. The
      zones are no longer aligned vertically below each other, but exhibit a
      staircase type, staggered formation across the thickness of the workpiece.
      The arrangement, as before, is very much dependent upon the probe
      positions and the beam angle.
PAR  It is apparent that the essential advantage of the probe arrangement
      according to the invention resides in the feature that the quantity of
      probes has been reduced from six probes to four probes in the case of
      three zones, and from 2n to n + 1 in the general case of n zones. It can
      be seen further that in FIG. 2 only a single reflection location 24 is
      used at the rear wall 22 for all three scanning zones and that a flaw in
      any of the zones 12, 14 or 16 will cause a defect responsive signal to
      appear at the receiving probe 38.
PAR  When the rear wall 22 is uneven, as indicated in FIG. 3, then the acoustic
      energy does not travel mainly along the path shown by line 48 to reach the
      probe 38, but a deviation, path 50, results. Only the smaller energy
      originating from the periphery of the sound beam will be received by the
      receiving probe 38.
PAR  If the rear wall is provided, furthermore, with austenitic cladding 52 as
      is commonly used in nuclear reactor construction, then the acoustic energy
      arriving at the receiving probe is attenuated to a considerable degree.
      Cladding of this type is shown in FIG. 3. The thicker the austenitic
      layer, the greater the degree of sound attenuation. Hence, as the probes
      are moved along the surface of specimen 10 the sound energy transmitted
      from probe 54, for example, subsequent to its reflection at the rear wall
      22 of the workpiece 10, may exhibit relatively large variations. During
      the welding process unavoidable variations in the thickness of the
      austenitic cladding 52 occur and the receiving probe 38, therefore, does
      not receive a constant amount of reflected energy as is required for
      determining the size of a flaw by means of measuring the amplitude of the
      reflected signal.
PAR  FIG. 4 shows schematically the manner by which the use of a nominal to
      actual value comparator 66 the gain of a control module 56 is controlled
      to cause the received signals from probe 38 to exhibit constant signal
      amplitude. Switches 58 and 62 while shown as mechanical embodiments, are
      preferably of the electronic type.
PAR  When the switches 58 and 62 are set to the position I and I" respectively,
      the pulse generator 64 is connected via switch 62, position I", to the
      transmitting probe 54. The receiving probe 38 is positioned for receiving
      the acoustic energy after the transmitted signal has been reflected at the
      location 24 of the rear wall 22. The receiving probe 38 passes the
      received signal via the control module 56 and switch 58, position I, to
      the nominal to actual value comparator 66 which performs the nominal to
      actual signal comparison and provides a signal for controlling the control
      module 56 responsive to the difference between the received signal and the
      nominal value signal. This step sets the signal level of the control
      module 56 and the control module 56 may now be considered to be
      "normalized". The circuit of the control module 56 has a relatively long
      time constant and a set (normalized) condition will remain substantially
      constant during the time in which the switches 58 and 62 complete one
      cycle of rotation. Only after one cycle of rotation of the switches will
      the signal supplied to the control module 56 be updated by the step just
      described. During the next interval of the cycle, transmitting pulses
      provided by the pulse generator 64 are applied to the probe 20 via switch
      62, position II". The acoustic energy transmitted toward defect 18 is
      reflected toward the rear wall 22 and is reflected once again from the
      rear wall 22, at location 24, to the receiving probe 38. The receiving
      probe 38 converts the reflected echo signal into an electrical signal
      which is attenuated in control module 56 depending upon the circuit
      condition of the module as determined above. The electrical signal
      subsequently reaches an indicator or an evaluating instrument 68 via
      switch 58, position II, and the amplifier 70.
PAR  The sensitivity (gain) of the amplifiers 70, 72, and 74 is individually
      adjustable because the transit time (path length) of the defect responsive
      echoes in the staggered zones in the workpiece is different. Therefore,
      defects of the same size in different zones in the workpiece will cause
      signals of different amplitudes due to the attenuation properties of the
      workpiece. To maintain defect signals of constant amplitude for similarly
      sized defects in different zones of the workpiece the gain of the
      amplifiers must be adjusted.
PAR  The control module 56, see FIG. 7, typically includes a pair of series
      coupled photosensitive resistors 110 in series with the ultrasonic
      transducer. The photosensitive resistors 110 are disposed to be
      illuminated by an incandescent lamp 112 the brightness of which is
      controlled by the control signal from the nominal to actual value
      comparator 66. If the control signal to the lamp increases (large
      difference between nominal signal and reflected signal, such as is the
      case when the signal transmitted from the transducer probe 54 is subjected
      to high attenuation) the brightness of the lamp 112 increases and
      consequently the resistance of the photosensitive resistors 110 decreases.
      A decrease of the resistance of the resistors 110 provides a lower circuit
      impedance or greater sensitivity for the received signals. If the received
      signal is larger than the amplitude of the set nominal signal, the control
      signal reduces the brightness of the lamp 112 to a predetermined value.
PAR  In the next cycle of operation switch positions III and III" are utilized
      to send a search pulse from transducer probe 28 for exploring the
      workpiece zone 14. If no defect is present, no signal will be received at
      probe 38. A defect 32 causes a reflection of the search beam toward
      location 24 and subsequent receipt of the ultrasonic energy by the
      receiver probe 38. The signal is transmitted via control module 56, switch
      58, position III, amplifier 72 to the indicating circuit 68. The just
      described sequence is repeated when the switches 58 and 62 are set to
      positions IV and IV" in the time interval for energizing the search probe
      36 and associated circuits.
PAR  The nominal to actual value comparator 66 also has a timing gate input, not
      shown in FIG. 4. The timing gate is provided to ensure that only echoes
      received during a predetermined time interval (selected to correspond with
      the anticipated receipt of the echo signal) are processed. In this manner
      no random or spurious signal will be processed to change the output signal
      of the comparator and hence the impedance of the associated control
      module.
PAR  If switching is performed by electronic means as in the preferred
      embodiment, the sequence of probe operation occurs so rapidly that even
      when the probe array is mechanically moved with respect to the workpiece
      10 there is practically no change in the position of the reflection
      location 24 during one complete cycle of operation encompassing all of the
      probes.
PAR  It will be understood, of course, that the pulse repetition frequency of
      the signal from the pulse generator 64 and applied to the probes is much
      greater than the frequency of switch operation so that while the switches
      are set for applying a search pulse to a respective probe, such as probe
      20, the probe will transmit sequentially a plurality of search pulses into
      the workpiece before the next search probe is switched into the circuit.
PAR  In the embodiment per FIGS. 5A and 5B, assembled as shown in FIG. 6, in
      addition to maintaining the echo signal amplitude signal normalized
      (constant for defects of equal size and orientation) by the use of a
      common reflection location 24, an acoustic transducer probe coupling
      quality compensation is provided. The acoustic coupling quality
      compensation is added into the cycle of operation. The purpose of the
      coupling quality compensation is to maintain defect responsive echo signal
      indication independent of the quality of acoustic coupling between the
      workpiece surface and the respective transducer probes involved in the
      test cycle. To this end, the search beam energy and the electrical signal
      path in circuit with the defect responsive echo signal are controlled to
      provide compensation for variations of the degree of acoustic coupling
      between the transmitter transducer probe and workpiece, and the receiver
      transducer probe and workpiece respectively.
PAR  The quality of acoustic coupling between a respective transducer probe and
      the workpiece is established by transmitting an ultrasonic search signal
      into the workpiece in a direction substantially normal to the entrant
      surface. This search signal is reflected at the rear surface of the
      workpiece and is received again by the same transducer probe. The
      amplitude of the received signal is a measure of the quality or degree of
      acoustic coupling between the probe and workpiece surface. It is apparent
      that the received signal will be weak if the quality of acoustic coupling
      between the respective probe and workpiece is poor. Conversely, the
      strength of the received signal will increase as the quality of coupling
      between the probe and workpiece is improved, assuming that all other
      variables remain constant.
PAR  The transducer probes 154, 120, 128, 136 and 138 of FIG. 5B are similar to
      the respective probes 54, 20, 28, 36 and 38 of FIG. 4 except that the
      probes have been provided with two additional transducer elements, for
      instance elements 54b and 54c of probe 154, to determine the quality of
      acoustic coupling between the respective probe and the workpiece 10.
      Similarly, probe 120 is provided with elements 20b and 20c; probe 128 with
      elements 28b and 28c; probe 136 with elements 36b and 36c; and probe 138
      with elements 38b and 38c, all for the purpose of determining the quality
      of acoustic coupling between the respective probe and the workpiece 10.
PAR  The determination of the quality of acoustic coupling serves for
      controlling the energy applied to the transducer elements 54a, 20a, 28a
      and 36a which transmit the respective defect search ultrasonic signals.
      The respective energy level is controlled in relation to the degree of
      acoustic coupling between the associated probe and workpiece. In this
      manner a normalized search signal is obtained. Similarly, the described
      test serves also for adjusting the impedance in circuit with the element
      38a, probe 138, for the degree of acoustic coupling between the probe 138
      and workpiece so that the received signals are normalized for coupling
      quality differences.
PAR  The comparators 66, 78, 80, 82, 84 and 86 operate as has been described
      previously.
PAR  Switches 158, 160 and 162, FIG. 5A, have switch positions V, V', V"; VI,
      VI', VI"; VII, VII', VII"; VIII, VIII', VIII"; and IX, IX', IX" for the
      purpose of cycling the coupling quality control test. In these positions
      coupling quality determination is performed for a particular probe as will
      be set forth in detail later.
PAR  Moreover, as compared with the embodiment shown in FIGS. 4 and 7, the
      control modules 57, 90, 92, 94 and 96 are modified to include two sets of
      serially coupled photosensitive resistors 110 which are responsive to the
      light output provided by the respective incandescent lamp 112 of the
      respective module. Typically, in module 57 one set of series connected
      resistors is coupled in circuit with the coupling control transmitter
      transducer element 38c, whereas the other set of resistors is coupled in
      circuit with the path traversed by the coupling control echo signal,
      element 38b, and the path of the signal reflected at the location 24,
      element 38a. The control modules 90, 92, 94 and 96 are connected similarly
      to the transducer elements of the respective probes.
PAR  If the switches 158, 160 and 162 are set to respective positions I, I' and
      I" as shown, the pulse generator 64 via switch 162, position I", control
      module 90, left hand side resistors 110, energizes the element 54a of
      probe 154. The element 54a, consequently, transmits an ultrasonic signal
      into the workpiece 10 toward location 24. The signal is reflected and is
      sensed, in turn, by element 38a of probe 138. The signal is converted to
      an electrical signal which is transmitted via module 57, right hand side
      resistors 110, to switch 160, position I', to switch 158, position I, to
      comparator 66 which generates a control signal whose amplitude is
      dependent upon the received signal compared with a nominal value signal
      supplied to the comparator circuit 66. The control signal from the
      comparator circuit 66 is applied to the lamp 112 of the control module 57.
      The module 57 is normalized for the attenuation characteristics of the
      location 24, but not for the coupling quality between the probe 138 and
      the workpiece. As recited in connection with FIG. 7, the control signal
      supplied to the lamp increases as the echo responsive signal from switch
      158 decreases for causing the resistance provided by the resistors to
      decrease.
PAR  In the next sequence the switches 162, 160 and 158 are set to positions V",
      V' and V. The pulse generator 64 is connected via switch 162, position V",
      control module 90 to the transducer element 54a and element 54b, the
      latter being used for determining the quality of coupling between the
      probe 154 and the workpiece 10. Since the comparator 78 is responsive to
      the signal received by the element 54c and not to a signal received by the
      element 38a by virtue of the present switch setting, the signal
      concurrently transmitted by element 54a and reaching the element 38a is
      not taken into account during the period in which the impedance of the
      module 90 is adjusted responsive to the quality of coupling between the
      probe 154 and workpiece 10.
PAR  As indicated above, the pulse generator 64 via switch 162, position V",
      module 90 (left hand side resistors) energizes the element 54b which
      transmits a sonic signal substantially normal to the workpiece entrant
      surface into workpiece 10. This signal is reflected at location 100 and
      reaches the element 54c, is conducted via module 90 (right hand side
      resistors), switch 160, position V', to switch 158 and from switch 158,
      position V, to comparator 78 which, in turn, provides a control signal to
      the lamp 112 in module 90. If the control signal is large, denoting a weak
      reflection signal at transducer element 54c resulting from low coupling
      quality (coupling losses) the lamp's light output is increased, thereby
      decreasing the resistance of the photosensitive resistors 110 and, hence,
      increasing the energy reaching the transmitter element 54a. This step
      compensates the search pulse energy applied to the transmitter element 54a
      for coupling losses between the probe 154 and the workpiece surface.
PAR  During the next sequential step, switches 162, 160 and 158 are set to
      positions IX", IX' and IX respectively. Pulse generator 64 now is
      connected via switch 162, module 57 (left hand side resistors) to element
      38c for determining the quality of coupling between the probe 138 and the
      workpiece. The transmitted signal from element 38c, reflected at location
      108, is received at element 38b. The resulting electrical signal is
      conducted via module 57 (right hand side resistors), switch 160, position
      IX', switch 158, position IX, to the comparator 86. The output from the
      comparator 86 is fed to the lamp 112 of the module 57. The module 57 is
      now normalized with respect to the attenuation characteristics of the
      reflection location 24 as well as the quality of coupling between the
      probe 138 and the workpiece surface.
PAR  In the ensuing step the switches 162, 160 and 158 are set to positions II",
      II' and II respectively. Pulse generator 64 now energizes the element 20a
      for causing a search signal. Assuming the presence of a defect 18, a
      defect responsive search signal after reflection at location 24 reaches
      the element 38a and from there is transmitted via normalized module 57
      position II', switch 160, to switch 158, amplifier 70 and to indicating
      instrumentality 68 for indicating the defect.
PAR  In the next step the switches 162, 160 and 158 are set to positions VI",
      VI' and VI respectively. Pulse generator 64 now energizes the element 20b.
      The reflected signal at element 20c is fed via module 92 to switches 160
      and 158, positions VI' and VI respectively, to comparator 80 which
      provides a control signal to the lamp associated with the module 92. The
      module 92 is now normalized for the coupling quality between the probe 120
      and the workpiece.
PAR  The steps for the remaining switch settings follow the same pattern.
PAR  It will be noted that by normalizing the modules, the impedance of the
      control modules 90, 92, 94, 96 and 57 is controlled in a manner to provide
      that the transmitting elements 54a, 20a, 28a and 36a receive a
      proportionately larger signal when the quality of coupling between the
      respective probe and workpiece is of low quality. Hence, the search signal
      energy is normalized and compensated for the coupling quality prevailing
      at a particular location. Similarly, the signal conducted by the receiving
      probe 138 to the defect evaluation circuit is normalized for the quality
      of coupling in addition for the attenuation characteristics present at the
      location 24 of the workpiece rear wall.
PAR  It will be apparent moreover, that one complete cycle of operation is
      required to obtain normalization of all circuit components. The amplitude
      of the rear wall echoes, for example, the signal received by element 54c
      resulting from the reflection location 100 will be substantially unchanged
      by variations in the thickness of the austenitic cladding 52 in as much as
      only longitudinal sound pressure waves are transmitted and received. When
      using transducer elements which provide a large sound-beam divergence
      angle, irregularities at the rear surface of the workpiece have no
      appreciable effect upon the amplitude of the rear wall echoes. Hence, only
      the integrated value of surface irregularities will be sensed and
      differences in the amplitude of the rear wall responsive echo signal are
      solely a function of the quality of acoustic coupling between the probe
      and the entrant surface of the workpiece.
PAR  In accordance with the invention the quantity of probes can be reduced
      since the transducer probe (receiving probe) associated with the probe
      pairs always remains the same for any combination of scanning zones. The
      quantity of probes z, compared with the known arrangements, will be
      reduced by the factor z/2+1. It is further advantageous that in any
      combination of scanning regions and probes a single reflection location 24
      at the rear surface of the workpiece be used for reflecting the defect
      responsive signal. This location will shift, of course, when there is
      relative motion between the workpiece and the transducer probe array. The
      shift will be negligible during each complete cycle of the switches,
      encompassing operation of all probes, when high speed electronic switching
      means are employed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for testing thick-walled specimens by the ultrasonic
      pulse-echo method comprising:
PA1  at least a pair of directional transmitting probes and a directional
      receiving probe adapted respectively to transmit and receive ultrasonic
      signals along their directional axes;
PA1  said transmitting probes arranged in spaced aligned relation along one
      surface of a specimen and oriented thereon to direct ultrasonic signals
      transmitted by each probe along oblique substantially parallel paths
      toward a different one of a corresponding plurality of depth zones
      arranged in staggered relation to each other across the thickness of the
      specimen with the respective centers of said zones disposed along a common
      line defining the path of ultrasonic signals reflected in response to
      defects in said depth zones disposed substantially perpendicular to said
      one surface of the specimen;
PA1  said common line intersecting the opposite surface of the specimen at a
      first given location thereon at which such defect responsive ultrasonic
      signals are reflected across the thickness of said specimen to said one
      surface thereof along a common path that intersects said one surface at a
      second given location in spaced alignment with said transmitting probes at
      the side thereof remote from the initial paths of said transmitted
      ultrasonic signals,
PA1  said receiving probe being disposed at said second given location on said
      one surface of the specimen with its directional axis oriented to receive
      said ultrasonic signals reflected along said common path from said first
      given location at the opposite surface of the specimen; and
PA1  electrical circuit means coupled to said receiving probe for sensing the
      reception by said receiving probe of said defect responsive signals
      reflected from said first given location along said common path from any
      of said transmitting probes that is transmitting and for producing
      electrical signals representative thereof.
NUM  2.
PAR  2. The apparatus of claim 1, in which said electrical circuit means
      comprise control means coupled in circuit with said receiving probe for
      causing adjustable attenuation of the reflected signal responsive
      electrical signals provided by said receiving probe, means coupled to said
      control means for adjusting the attenuation characteristics of said
      control means so that the electrical signals provided by said receiving
      probe and arising from defects of equal magnitude exhibit substantially
      the same amplitude independent of the attenuation characteristics of said
      first given location.
NUM  3.
PAR  3. The apparatus of claim 1, in which said electrical circuit means
      comprise:
PA1  means for energizing said transmitting probes sequentially during different
      predetermined time intervals, indicator means having a plurality of
      separate input channels thereto, each of said channels corresponding to a
      different one of said transmitter probes, and means for applying said
      electrical signals selectively at any time to that one of said channels
      corresponding to the transmitter probe from which defect-reflected signals
      are expected to be received at said time.
NUM  4.
PAR  4. An arrangement for testing thick-walled specimens as set forth in claim
      1, and each probe adapted to operate during a part of the test cycle as
      transmitter and receiver of ultrasonic energy for sending ultrasonic
      energy into the workpiece and receiving reflected energy therefrom for
      determining the respective coupling quality of the probe with the specimen
      surface, and additional circuit means coupled in circuit with said
      respective probes for causing the respectively transmitted and received
      signals when processed to be compensated for differences in the coupling
      quality of the respective probes.
NUM  5.
PAR  5. An arrangement for testing thick-walled specimens by the ultrasonic
      pulse-echo method comprising:
PA1  a plurality of transducer probes acoustically coupled to a specimen and
      including at least a pair of transmitting probes and a receiving probe to
      respectively transmit and receive ultrasonic signals;
PA1  said probes disposed in an array along the surface of the specimen to cause
      each transmitting probe to be associated with a respective zone of depth
      in said specimen, and said zones being staggered relative to each other in
      such a manner that the centers of said zones are disposed along a common
      line which intersects the rear surface of the specimen at a given location
      and the center axis of reflected acoustic signals responsive to signals
      from said transmitting probes and arising from defects in said zones,
      which defects are disposed substantially perpendicular to the surface of
      the specimen, coincides with said line, such reflected signals being
      received at said location and reflected therefrom along a common path
      toward said receiving probe for being received thereby;
PA1  control means, which include photosensitive elements disposed to be
      responsive to the brightness of light means, coupled in circuit with said
      receiving probe for providing adjustable attenuation of the reflected
      signal responsive electrical signal provided by said receiving probe;
PA1  electrical circuit means coupled to said control means for affecting the
      brightness of said light means to adjust the attenuation characteristics
      provided by said photosensitive elements and cause the electrical signal
      provided by said receiving probe and arising from defects of equal
      magnitude to exhibit substantially the same amplitude independent of the
      attenuation characteristics of said location, and
PA1  indicating means coupled to said control means for indicating the presence
      of a defect in the specimen.
NUM  6.
PAR  6. An arrangement for testing thick-walled specimens as set forth in claim
      5 wherein the electrical circuit means comprises a comparator circuit to
      provide a control signal to said light means, the amplitude of said
      control signal being caused to decrease as the signal from said receiving
      probe increases over a predetermined level.
NUM  7.
PAR  7. An arrangement for testing thick-walled specimens as set forth in claim
      6, and the amplitude of said control signal being caused to assume the
      value of said predetermined level if the signal from said receiving probe
      falls below said predetermined level.
NUM  8.
PAR  8. An arrangement for testing thick-walled specimens as set forth in claim
      7, and means for energizing said transmitting probes sequentially.
NUM  9.
PAR  9. An arrangement for testing thick-walled specimens as set forth in claim
      5, and including an additional transmitting probe disposed for
      transmitting an ultrasonic energy signal along said common line for being
      received by said receiving probe after reflection at said location, said
      received signal, indicative of the attenuation characteristics at said
      location, being provided to said control means for affecting the
      brightness of said light means.
NUM  10.
PAR  10. The apparatus of claim 1, comprising means responsive to said
      electrical signals for producing indications of said reflected defect
      responsive signals from any of said transmitting probes.
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ABST
PAL  A truss to be tested is laid on its side on a table having an upstanding
      flange along one side. A load cell is interposed between one end of the
      bottom chord of the truss and the table flange and a block is interposed
      between the opposite end of the bottom chord and the table flange. A
      flattened flexible tube is disposed on edge along a similar flange on the
      opposite side of the table. Blocks are inserted between the flexible tube
      and the top chord of the truss to simulate a uniform snow load when the
      tube is inflated. One-half the total load is measured directly by the load
      cell and the deflection of the center of the bottom chord is measured by a
      scale on the table. If the deflection remains within an allowable amount
      so as not to close a limit switch within a prescribed loading interval, a
      timer actuates a rubber stamp to mark the truss as having passed the test.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a machine for testing trusses, particularly for
      buildings and mobile homes which require a large number of identical roof
      trusses.
PAR  Heretofore, the inspection of such trusses by governmental authorities has
      been directed essentially toward theoretical design calculations, quality
      of the wood in the truss members and the performance of the grip plates
      which secure the truss members together. Such inspection and testing
      methods have been slow and generally unsatisfactory but have been
      generally adopted because of the lack of any simple and efficient machine
      for quickly testing a truss as a whole after it has been fabricated.
PAR  Objects of the invention are, therefore, to provide a truss testing
      machine, to provide a machine for applying a simulated snow load on a roof
      truss, and to provide a machine of the type described which is relatively
      simple and inexpensive to build and which gives thoroughly accurate and
      reliable results in operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present machine provides means for quickly and accurately testing a
      complete truss without regard to the numerous details which have
      heretofore been considered, such as theoretical design, quality of the
      wood, strength of the grip plate connections and other such features and
      characteristics. The present machine applies a simple load test under
      which the truss either passes or fails. If the truss passes the test, it
      may be used; if it fails, it is rejected and destroyed.
PAR  The present testing machine comprises a table having an upstanding flange
      along one side. A truss to be tested is laid flat on the table with a load
      cell interposed between one end of the bottom chord of the truss and the
      table flange and a block interposed between the opposite end of the bottom
      chord and the table flange. A flattened flexible tube is disposed on edge
      along a similar flange on the opposite side of the table. Blocks are
      inserted between the flexible tube and the top chord to simulate a uniform
      snow load when the tube is inflated. One-half the total load is measured
      directly by the load cell and the deflection of the center of the bottom
      chord is measured by a scale on the table. If the truss successfully
      passes the loading test, this fact is registered by a rubber stamp
      activated by an automatic mechanism.
PAR  This testing procedure is based on the existence of a recognized
      relationship between the amount of deflection occurring in a short loading
      interval and the amount of deflection occurring after a long interval,
      such as days, weeks or months. This makes if possible to determine in a
      few seconds how a structure will behave under a continuous load existing
      for any specified length of time, as for example, a snow load persisting
      through the winter months.
PAR  The invention will be better understood and additional objects and
      advantages will become apparent from the following description of the
      preferred embodiment illustrated in the accompanying drawings. Various
      changes may be made in the details of construction and arrangement of
      parts and certain features may be used without others. All such
      modifications within the scope of the appended claims are included in the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a machine embodying the invention;
PAR  FIG. 2 is a view on the line 2--2 in FIG. 1;
PAR  FIG. 3 is a view showing the pneumatic system;
PAR  FIG. 4 is a wiring diagram of the electrical system; and
PAR  FIG. 5 is a schematic diagram of the machine functions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 the truss T to be tested has a bottom chord 10, a top chord 11
      and web members 12, all held together by conventional spiked grip plates
      13.
PAR  The truss T is laid flad on a support member 14, such as a layer of slats,
      on a horizontal table 15 which has an upstanding abutment flange 20
      extending along one side thereof. Bottom chord 10 is arranged parallel
      with flange 20 and a block 21 is inserted between one end of chord 10 and
      the flange 20. A conventional load cell 22 is inserted between the
      opposite end of chord 10 and flange 20.
PAR  Load cell 22 has a piston 23 arranged to engage the chord 10. Piston 23
      operates in a hydraulic cylinder to actuate a pressure gauge 24, which is
      calibrated to indicate the number of pounds of load applied to the piston.
      The movement of the piston under load is insignificant in relation to the
      amount of deflection to be measured in the center of the truss.
PAR  Along the opposite side of the table a flattened flexible tube such as a
      fire hose 25 is disposed on edge against an upstanding abutment flange 26
      which is parallel with the flange 20. The opposite ends of tube 25 are
      closed and sealed by a suitable means such as clamps 27.
PAR  A series of blocks 30 is inserted between tube 25 and top chord 11 along
      the entire length of the top chord with the blocks in substantially edge
      to edge relationship. Each block 30 has one end 31 cut off square to abut
      the flattened tube 25 and the other end 32 cut off on an angle
      corresponding to the angle of top chord 11.
PAR  Thus, when tube 25 is inflated the blocks 30 apply uniform loading,
      simulating a snow load on top chord 11. One-half of the total load applied
      to the top chord is registered on load cell scale 24. The deflection of
      the center of bottom chord 10 under a prescribed loading is observed on a
      stationary deflection scale 35 on the table underlying the center of
      bottom chord 10.
PAR  There is sufficient space between bottom chord 10 and flange 20 to permit
      destructive testing if desired. In a destructive test the pneumatic
      pressure in tube 25 is increased until the truss fails, the loading at
      failure being observed on load cell scale 24.
PAR  When a truss passes a test which is not a destructive test, a circular saw
      36 mounted on table 15 is swung down into position to cut off square ends
      on the chord members 10 and 11. Useless sawing operations are thereby
      avoided on trusses which fail to pass the test and on trusses which are
      tested to destruction. Slat support 14 elevates the truss to the level of
      the center of flattened tube 25 and holds the truss above the table for
      the operation of saw 36.
PAR  When the testing and sawing operations are completed, the air is evacuated
      from tube 25, collapsing the tube and allowing the blocks 30 to be pushed
      back so that the truss may be removed from table 15 and a new truss placed
      in position for testing.
PAR  The pneumatic system in FIG. 3 is supplied by a pressure line 40 and vacuum
      line 41. One branch of pressure line 40 is connected to a pressure
      regulating valve 42 which may be adjusted to supply break load pressure to
      tube 25. A second branch of pressure line 40 is connected to a pressure
      regulating valve 43 which may be adjusted to produce a pre-determined
      loading on load cell scale 24 for deflection testing. The break load air
      pressure is indicated on a pressure gauge 44 and the deflection load air
      pressure is indicated on a pressure gauge 45. A three-position manual
      selector valve 46 is arranged to connect the supply pipe 47 for tube 25 to
      pipe 48 for admitting break load pressure, to pipe 49 for admitting
      deflection load pressure and to vacuum line 41 for exhausting the air from
      tube 25 after the test.
PAR  A deflection testing program for each truss is controlled by the electrical
      system shown in FIG. 4. First, manual valve 46 is turned to connect tube
      25 with pressure pipe 49. When manual switch 55 is closed on contact 56,
      ten second timer relay TR is energized, causing the relay to close its
      normally open contacts TR.sub.1 and open its normally closed contacts
      TR.sub.2. The closing of contacts TR.sub.1 energizes the coil of solenoid
      valve SV.sub.1 to inflate tube 25 and load the truss. The inflation
      pressure has previously been adjusted by regulating valve 43 to a value
      which will produce a prescribed loading on the load cell scale 24.
PAR  If the truss does not experience excessive deflection, the electrical
      system does not perform any further function for the duration of the timed
      interval. At the end of the ten second load period, timing relay TR
      deenergizes itself by means of an internal switch (not shown), causing
      closed relay contacts TR.sub.1 to re-open and causing the opened contacts
      TR.sub.2 to re-close.
PAR  The opening of contacts TR.sub.1 deenergizes solenoid valve SV.sub.1 to
      close the valve and shut off air pressure to tube 25. The air is evacuated
      from tube 25 by turning manual valve 46 to connect the tube with vacuum
      line 41. The re-closing of timer relay contacts TR.sub.2 energizes
      solenoid valve SV.sub.2 to open the valve and admit air to stamp cylinder
      57 in FIG. 1 to actuate the rubber stamp 58. Stamp 58 applies some word or
      symbol to the truss, indicating passing of the test and acceptance. Then
      switch 55 is opened and the truss is replaced with the next truss to be
      tested. The opening of switch 55 re-sets the timer relay TR.
PAR  When the next truss is placed on the table for testing, manual valve 46 is
      turned to connect tube 25 with pressure pipe 49 and switch 55 is closed on
      contact 56 as before, energizing timing relay TR for a ten second
      interval. The energizing of relay TR opens the closed contacts TR.sub.2
      and closes the open contacts TR.sub.1 to energize solenoid valve SV.sub.1
      and admit the predetermined air pressure into tube 25 to load the truss
      for a ten second interval. Let it be assumed that this truss does not pass
      the test. In this event, excessive deflection of the truss closes the
      limit switch 60, energizing relay R and truss fail light 61.
PAR  Energization of relay R closes normally open relay contacts R.sub.1 and
      opens normally closed relay contacts R.sub.2. Contacts R.sub.1 close a
      holding circuit for relay coil R and truss fail light 61 so that these
      elements remain energized even if switch 60 opens during or after the ten
      second load period. At the expiration of the ten second load period,
      contacts TR.sub.2 close but the contacts R.sub.2 remain open, causing
      solenoid valve SV.sub.2 to remain deenergized and the rubber stamp 58 is
      not actuated. This truss is, therefore, rejected. Timing relay TR
      deenergizes itself as before and opens contacts TR.sub.1. Solenoid valve
      SV.sub.1 is thereby also deenergized to close valve SV.sub.1 in FIG. 3 and
      permit deflation of tube 25 by manual selector valve 46. After completion
      of the test switch 55 is opened, causing timer relay TR to re-set.
PAR  Thus, a large number of identical trusses may be tested quickly and
      efficiently. When a different shape of truss is to be tested it is only
      necessary to prepare new blocks 30 to fit the truss and make appropriate
      adjustment of pressure regulating valve 43 to produce a prescribed half
      load reading on load cell scale 24.
CLMS
STM  Having now described my invention and in what manner the same may be used,
      what I claim as new and desire to protect by letters patent is:
NUM  1.
PAR  1. A truss testing machine comprising a table adapted to support a truss
      lying on it side, upstanding abutment flange means on one side of said
      table, an abutment block on said table arranged to bear horizontally
      against said flange means and provide an abutment against one longitudinal
      edge of the truss at one end thereof, a force indicating load cell on said
      table arranged to bear horizontally against said flange means and provide
      an abutment against said edge of said truss at the opposite end thereof,
      an upstanding abutment flange extending along the opposite side of said
      table, a flattened flexible tube on said table sealed at its ends and
      extending along said second flange, a series of pressure transmitting
      blocks on said table disposed between said tube and the opposite
      longitudinal edge of said truss, an air pressure supply source to inflate
      said tube, and a vacuum supply source to evacuate said tube, the inflation
      of said tube causing said pressure transmitting blocks to apply
      substantially uniform loading along the length of the truss.
NUM  2.
PAR  2. A machine as defined in claim 1, said tube comprising a hose such as a
      fire hose.
NUM  3.
PAR  3. A machine as defined in claim 1, said pressure transmitting blocks being
      arranged substantially edge to edge to apply substantially continuous
      loading throughout the length of the truss.
NUM  4.
PAR  4. A machine as defined in claim 1 including a transverse scale on said
      table to measure the deflection of the truss intermediate its ends.
NUM  5.
PAR  5. A machine as defined in claim 1, said tube comprising a hose such as a
      fire hose, said pressure transmitting blocks being arranged in
      substantially edge to edge relation to apply substantially continuous
      loading throughout the length of the truss, a scale on said table arranged
      to measure the deflection of the truss intermediate its ends, and a valve
      for connecting said tube selectively with said sources of air pressure or
      vacuum.
NUM  6.
PAR  6. A machine as defined in claim 1, said air pressure supply source
      including an air pressure supply pipe having two branches, a pressure
      regulating valve in one branch for supplying a predetermined air pressure
      to said tube for deflection testing under a constant predetermined load on
      the truss, a pressure regulating valve in the other branch for increasing
      the pressure in destruction testing, said vacuum supply source including a
      vacuum supply pipe, and a selector valve for connecting said tube with
      either one of said branches of said air pressure supply pipe or with said
      vacuum supply pipe.
NUM  7.
PAR  7. A machine as defined in claim 1 including a cut-off saw on said table
      for cutting off protruding ends of chord members in said truss.
NUM  8.
PAR  8. A machine as defined in claim 1 including timing means arranged to shut
      off said air pressure supply source for said tube after a predetermined
      loading interval, and signal means to indicate excessive deflection of the
      truss under load.
NUM  9.
PAR  9. A machine as defined in claim 8, said timing means comprising a timing
      relay and said signal means including a limit switch actuated by
      deflection of the truss.
NUM  10.
PAR  10. A machine as defined in claim 8 including stamp means operable on said
      truss and actuated by said timing means at the end of said loading
      interval in the absence of a signal by said signal means.
NUM  11.
PAR  11. A truss testing machine for a truss having a bottom chord member and a
      top chord member, a flattened flexible tube closed at its ends extending
      the length of said top chord member and arranged to apply substantially
      uniform loading along the length of said top chord member when the tube is
      inflated, means for inflating and evacuating said tube, means engaging the
      ends of said bottom chord member arranged to prevent substantial movement
      of said ends when said top chord member is loaded by inflation of said
      tube, means to indicate the magnitude of said loading, and means to
      indicate excessive deflection of the truss under said loading.
NUM  12.
PAR  12. A machine as defined in claim 11 including timing means to maintain
      inflation of said tube for a predetermined interval of time and then shut
      off said inflating means.
NUM  13.
PAR  13. A machine as defined in claim 12 including stamp means operable on said
      truss and activated by said timing means at the end of said inflation
      interval in the absence of an indication of excessive deflection.
NUM  14.
PAR  14. A machine as defined in claim 11 including a series of pressure
      transmitting blocks disposed between said tube and said top chord member
      of the truss.
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ABST
PAL  A drive-dynamometer system particularly adapted for automated testing of
      parts such as vehicle engines. The dynamometer is a hydrostatic system
      having a fixed displacement motor connected to, and a variable
      displacement pump spaced from the part being tested, the pump having motor
      means for driving it. The system has a closed hydraulic loop connecting
      the motor and the pump whereby the engine may be selectively cold-tested
      or hot-tested, the motor during hot-testing acting as a pump and the pump
      acting as a motor which therefore drives its motor means. Preferably, this
      comprises a synchronous electric motor, which, when acting as a generator,
      creates useful electric power for the plant in which the unit is
      installed. Means are provided for adjusting the displacement of the pump,
      and a control loop system is provided for the pump adjusting means to
      simulate different load or inertia conditions. The fixed displacement
      motor has two motive connections, and a device is preferably provided for
      sensing the pressure differential between said connections to indicate
      positive or negative torque.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 464,061
      filed Apr. 25, 1974 now abandoned and entitled Test Stand for Vehicle
      Engines, which application was in turn a division of application Ser. No.
      363,054 filed May 23, 1973, now U.S. Pat. No. 3,834,22l.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to dynamometers, and more particularly to equipment
      for torque-testing internal combustion engines in an automated manner
      under varying loads and inertia conditions.
PAR  2. Description of the Prior Art
PAR  The closest prior art known to applicants is that cited in the
      aforementioned copending application Ser. No. 464,061. However, these
      prior devices have deficiencies as pointed out in the file history of that
      application.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a novel and improved
      drive-dynamometer system which enables an engine to be selectively
      cold-tested or hot-tested, with a control loop system to simulate
      different load or inertia conditions.
PAR  It is another object to provide a test system of this nature which permits
      power created during hot-testing to be transformed into useful energy.
PAR  It is also an object to provide a drive-dynamometer system of this
      character which is especially adapted for automated testing and in which
      highly accurate measurements may be accomplished.
PAR  Briefly, the invention comprises means supporting an engine to be tested
      and a hydrostatic system comprising a fixed displacement motor connected
      to the engine crank shaft and a variable displacement pump spaced from the
      motor and having motor means for driving it, the system being a closed
      hydraulic loop system unobstructed in either direction throughout its
      extent connecting said motor and pump whereby the engine may be
      selectively cold-tested or hot-tested, the motor during hot-testing acting
      as a pump and the pump acting as a motor, means for adjusting the
      displacement of the pump, and a control loop system for the pump adjusting
      means to simulate different load or inertia conditions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a test stand station incorporating the
      invention;
PAR  FIG. 2 is a side elevational view, partly sectioned, of the drive
      connection between the hydraulic motor and engine crank-shaft;
PAR  FIG. 3 is a diagrammatic layout of a typical production system for total
      engine analysis incorporating the drive-dynamometer system of this
      invention;
PAR  FIG. 4 is a chart showing a test speed profile for the dynamometer; and
PAR  FIG. 5 is a schematic view of the system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is shown in conjunction with a test stand generally indicated
      at 21 for testing engines 26 (reference numerals are those of the parent
      applications). Although the details of the test stand do not in themselves
      form part of the present invention, it may be mentioned that the stand has
      a base generally indicated at 22 supporting a portion 23 having a conveyor
      24 which passes the test stand entrance. The conveyor is adapted to carry
      pallets 25 on which the engines rest. The conveyor carries these engines
      past a plurality of stations, one of which has the test stand. As each
      engine 26 reaches that station, it is diverted into the test stand and
      returned to the conveyor after the testing is completed.
PAR  The test stand comprises an open frame generally indicated at 33 supporting
      an inverted cradle generally indicated at 45 in a manner permitting the
      cradle to rock on vertical and horizontal axes by means of bearing
      assemblies 46, 47. Means are provided for locking the cradle with respect
      to the frame so that it will be properly aligned when the engine is
      positioned therein, and for certain portions of the testing procedure.
      Means are also provided for securely locking engine 26 to cradle 45 in an
      accurate reference position.
PAR  During another portion of testing cradle 45 will be unlocked from frame 22
      and its dynamic unbalance measured by means such as seismic sensors
      activated by sensing probes. The unreferenced parts mentioned above are
      described and shown in further detail in the aforementioned applications.
PAR  When engine 26 is to be cold-tested, that is, driven from a source of
      rotary power, the hydraulic motor 136 is used. This motor, which may be of
      an axial piston fixed displacement swash plate construction, is mounted by
      a bracket 137 on forward plate 63 of cradle 45 (FIG. 2). Motor 136 is
      preferably a relatively small, lightweight unit driven by a larger and
      heavier variable displacement hydraulic pump indicated in dot-dash lines
      at 138 in FIG. 1 which rests on the floor alongside test stand 21. The
      hydrostatic system comprising motor 136 and pump 138 may be closed
      hydraulic loop, open control loop system with fixed mechanical stops on
      the variable displacement pump to permit repetitive accuracy at selected
      test speed settings. Alternatively, repetitive accuracy may be achieved
      without fixed stops by a closed control loop system.
PAR  With a closed control loop arrangement, engine 26 may be hot-tested using
      hydraulic motor 136 as a pump and pump 138 as a motor. The displacement of
      hydraulic unit 138 would be varied to simulate different load or inertia
      conditions imposed on the engine being tested, such as uphill or downhill
      conditions.
PAR  An output shaft 139 of motor 136 is coaxial with the engine crankshaft, the
      hub and associated sheaves of which are indicated in dot-dash lines at 140
      in FIG. 2. A sleeve 141 is fixedly keyed to shaft 138 and carries an
      elastomer coupling generally indicated at 142. This coupling is slidably
      mounted on the sleeve and connected thereto by a key 143. The coupling has
      a metallic inner member 144, a metallic outer member 145 and an elastomer
      intermediate element 146, elements 144, 145 and 146 being bonded together.
      The elastomer element, for example, may be of 60 durometer urethane,
      allowing approximately 0.0l0 inch to 0.015 inch misalignment. This member
      also serves as an isolation damper, dynamically uncoupling the driven
      member 145 from the other parts and serves to further reduce the ratio of
      parasitic weight to weight of the engine.
PAR  The outer end of member 145 has a conical surface 147 for centering
      purposes with respect to the crankshaft hub. A pair of driving lugs 148
      extend from surface 146 and are receivable by a pair of slots indicated in
      dot-dash lines at 149 on the crankshaft hub. Coupling 142 is urged to its
      crankshaft engaging position by a helical coil compression spring 150
      disposed between the outer end of coupling 142 and shaft 139. A toothed
      member 151 is mounted on member 145 and a sensor 152 adjacent this member
      is used to measure rotational speed.
PAR  Means are provided for retracting coupling 142, this means comprising a
      forked lever having jaws 157 with roller bearings 158 positioned on
      opposite sides of member 145. When the forked lever is actuated by a motor
      (not shown) rollers 158 will engage gear 151 to retract the sleeve to its
      dot-dash line position shown partially in FIG. 2.
PAR  FIG. 3 shows a suitable system for engine analysis on a production basis
      which incorporates the drive-dynamometer system of this invention. Parts
      of this system not directly relevant to the present invention would
      include oil system test equipment generally indicated at 201, engine
      ignition spark timing gear 202, exhaust gas analysis equipment 203, a
      pre-heated test water tower 204 and a data printer 205. A test computer or
      other programmer 206 is connected through data printer 205 to dynamometer
      138. Dynamometer 138 is actuated by programmer 206 to motor (drive) engine
      26 through hydraulic motor 136 or absorb output torque of engine 26 when
      running hot while holding a commanded speed. Dynamometer 138 will follow a
      given speed profile either in a motoring mode (engine 26 not firing) or an
      absorbing mode (engine firing and developing output power). The term
      "profile" relates to the outline of the curve which the engine or throttle
      is profiled to follow.
PAR  A hydraulic servo 207 is attached to the throttle mechanism 208 of engine
      26 at carburetor 209. This throttle servo is controlled by programmer 206.
      Upon the command of the programmer, it will follow a throttle position
      angle profile. The engine throttle position determines engine output
      torque. The engine speed is controlled by dynamometer 138. The combination
      of dynamometer speed control and engine throttle control will duplicate
      the basic running conditions that the engine will experience in the
      vehicle on the road. For example, these conditions could be idling and
      load; light, medium and heavy acceleration; light and medium load cruise;
      and light and medium deceleration.
PAR  FIG. 4 shows a typical dynamometer test speed profile over a test period of
      approximately 6 minutes. The first step would be cold-testing of engine
      26, that is, with the engine not firing. This would be followed by a warm
      up hot-test, then an idle test, a high speed acceleration hot-test, in
      idle hot-test and a cruise hot-test.
PAR  FIG. 5 is a hydraulic and schematic circuit diagram of the
      drive-dynamometer system. Portions of the system shown in FIG. 5 are
      disclosed in January, 1971 Bulletin No. 9522-A of Sundstrand
      Hydro-Transmission Division of Sundstrand Corporation. Dynamometer 138 has
      a shaft 211 carrying a swash plate 212 pivoted at 213. The swash plate is
      adjusted by servo cylinders 214 and 215 and drives or is driven by working
      pistons 216 and 217. The pistons are connected by lines 218 and 219
      respectively to the ports 221 and 222 of fixed displacement motor 136. An
      integral synchronized makeup pump 223 prevents cavitating at unit 138 and
      permits the unit to run in either direction. Double charge check valves
      224 and 225 allow pump 223 to feed either side of the unit, and a charge
      release valve 226 regulates the supercharge pressure.
PAR  Servo control cylinders 214 and 215 are connected to a servo valve 227
      which in turn has a torque motor 228 connected to programmer 206. It
      should be understood that torque motor 228 could be subject to manual or
      other programming means within the principles of the invention. A feedback
      potentiometer 229 is linked to swash plate 212 and connected to servo
      amplifier and controller 230 as a feedback indication of the swash plate
      position so as to keep the servo control at null for a given swash plate
      setting selection. Programmer 206 is also connected to servo amplifier and
      controller 230 for setting the desired output of the pump 138, the
      electrical signal from potentiometer 229 being summed with that of
      programmer 206 to control torque motor 228. Suitable units for
      accomplishing these functions are Moog Sundstrand servo amplifiers and
      controllers, described in Sundstrand Hydro-Transmission Bulletin No. 9565,
      Revision B, May 1971, page 8.
PAR  Shaft 211 is connected to an electric motor 231 which either drives unit
      138 when it acts as a pump or is driven by the unit when it acts as a
      motor. Electric drive motor 231 could suitably be a standard AC brushless
      3-phase synchronous motor with a constantly applied voltage from a 3-phase
      main supply 232 of 240 volts. Supply 232 could be that which feeds other
      portions of a plant through a supply bus 233, and thus supplies consuming
      units such as electric motors 234 and lighting units 235 through a
      transformer 236. It is one of the advantages of the present invention that
      when unit 138 acts as a motor it will drive electric motor 231 at a speed
      higher than at its normal speed. The motor will then become a generator
      and supply electricity through supply bus 233 to electric motor 234,
      lighting units 235 and other consuming units in the plant.
PAR  Fluid connections 218 and 219 extend between units 138 and 136, with
      appropriate filtering means such as that indicated at 239. Fixed
      displcement motor 136 is provided with a swash plate 240 connected to
      shaft 139 and operating pistons 241 and 242. High pressure relief valves
      243 are provided at motor 136 for line 238 and a low pressure oil line 244
      connects chamber 245 of motor 136 to servo valve 227. Charge pressure
      relief valve 226 of unit 138, as well as a charge pressure relief valve
      245 at unit 136, are connected to line 244. A conduit 246 leads from
      piston 242 to valve 245, a shuttle valve 247 being interposed in this
      line. A line 248 leads from piston 241 through shuttle valve 247 to the
      relief valve 245. The ends of shuttle valve 247 are connected to lines 218
      and 219 so that the shuttle valve position will be controlled by the
      pressure differential between these two lines. A differential pressure
      transducer 249 is connected to ports 221 and 222 and controls an indicator
      251 which will indicate either positive or negative torque, depending upon
      the running conditions. It has been found that this method of indicating
      positive or negative torque is highly accurate.
PAR  A reservoir 252 is provided having a conduit 253 leading to filter means
      254 to the inlet side of makeup pump 223. A heat exchanger 255 is provided
      for maintaining the hydraulic fluid at a constant temperature, the
      exchanger being connected by a line 256 and filter means 257 to reservoir
      252 and by conduits 258, 259 to unit 138 and conduit 244 respectively. A
      cooling water inlet conduit 261 and an outlet conduit 262 are connected to
      heat exchanger 255, the outlet conduits having a control valve 263
      connected to a temperature sensor 264 in reservoir 252.
PAR  In operation, assuming it is desired to conduct a test on engine 26 with a
      speed profile like that in FIG. 4, a programmer 206 will first signal
      controller 230 to set torque motor 228 so that pump 138 will drive motor
      136 at a rate which will rotate engine 26 at, say, 500 rpm. Speed sensor
      152 will signal the rotational speed of the engine to servo amplifier and
      controller 230 to give closed-loop speed control through torque motor 228
      and servo valve 227 which will adjust swash plate 212 in order to maintain
      a constant rotational speed. Sensor 152 may suitably be a DC tachometer
      which acts as the feedback transducer or a pulse-type non-contacting
      velocity transducer. During this time electric motor 231 will be driving
      pump 138 so that there will be a current drain from supply bus 233.
      Pressure transducer 249 connected between the two motive connections 221
      and 222 of motor 136 will sense the pressure differential between these
      connections and indicate the torque (considered negative) applied to
      engine 26 at indicator 251 and data printer 205 which is not shown in FIG.
      5.
PAR  Following a predetermined cold-test time, engine 26 will be started for the
      warm-up hot-test shown in FIG. 4. Programmer 206 will cause throttle servo
      207 to follow a throttle position angle profile through a control 265
      (FIG. 3). This will determine output torque, with engine speed being
      controlled by the setting of unit 138 as controlled by the programmer. The
      speed may be somewhat higher than the cold-test speed, perhaps 2500 rmp
      after a short period of acceleration. At this time, unit 136 will be
      acting as a pump and unit 138 as a motor driven thereby. Electric motor
      231 will speed up and act as a generator, feeding electrical energy to
      supply bus 233 and thence to the consuming units in the plant such as
      electric motors 234 and lighting units 235. This will reduce the amount of
      power needed from the main electrical supply 232. As before, engine rpm
      and swash plate position will be fed back into controller 230 so that a
      constant speed will be maintained. Changes in torque will again be
      indicated at unit 251, but this time the differential pressure will be in
      the opposite direction, showing positive torque. The remaining portions of
      the test speed profile will be carried out in a similar manner.
PAR  In the illustrated embodiment of the invention the two independently
      programmable variables are throttle opening and speed. That is, programmer
      206 will command the throttle position angle profiles and engine rpm.
      Measured torque at indicator 251 is the test criterion or the determining
      factor in deciding whether the engine being tested is acceptable or should
      be rejected. As an example, assume that during a hot-test of engine 26,
      dynamometer unit 138 is commanded by programmer 206 to produce an engine
      rpm of 2500, as indicated by sensor 152 and that the programmer also
      commands throttle servo 207 to set throttle 208 at a 1/3 opening angle.
      With these settings the torque as measured by indicator 251 should be,
      say, 100 foot pounds. Should the indicated torque by only 85 foot pounds
      because of a defect in the engine being tested, the dynamometer will still
      maintain a 2500 rpm speed, and the throttle would remain at the 1/3
      setting.
PAR  Alternatively, the arrangement could be such that a low torque reading
      would cause the throttle servo to open the throttle until the torque
      reading is back to 100 foot pounds, and the additional opening angle of
      the throttle used as the test criterion. However, it is generally
      recognized that torque sensing is advantageous for determining engine
      capabilities because of its high resolution characteristics for
      sensitivity as compared with throttle settings. Moreover, combined torque
      and speed readings enable horsepower to be directly measured.
PAR  Measurement of torque by pressure differential sensing has been found to be
      particularly accurate and reliable. One reason for this accuracy is that a
      volumetric device is being sensed. Secondly, the fact that differentials
      are being measured eliminates leakage as a factor in accuracy, slight
      leakage being normal in a hydraulic system. Thirdly, a differential
      pressure measurement gives a good dynamic or running level of torque,
      tracking changes with minimum error.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a test stand for vehicle engines, means supporting an engine to be
      tested, and a hydrostatic system comprising a fixed displacement motor
      connected to the engine crankshaft and a variable displacement pump spaced
      from said motor and having motive means for driving it, said system being
      a closed hydraulic loop system connecting said motor and pump whereby the
      engine may be selectively cold-tested or hot-tested, the motor during
      hot-testing acting as a pump and the pump acting as a motor, means for
      adjusting the displacement of said pump, and a control loop system for
      said pump adjusting means to simulate different load or inertia
      conditions.
NUM  2.
PAR  2. The combination as set forth in claim 1, wherein said control loop
      system is closed.
NUM  3.
PAR  3. The combination according to claim 1, wherein said control loop system
      is open, and fixed mechanical stops on said variable displacement pump to
      permit repetitive accuracy at selected test speed settings.
NUM  4.
PAR  4. The combination as set forth in claim 1, said closed hydraulic loop
      system being unobstructed in either direction throughout its extent.
NUM  5.
PAR  5. The combination according to claim 4, said fixed displacement motor
      having two main motive connections, and a device for sensing the pressure
      differential between said motive connections, whereby positive or negative
      torque may be indicated.
NUM  6.
PAR  6. The combination according to claim 1, said fixed displacement motor
      having two main motive connections, and a device for sensing the pressure
      differential between said motive connections, whereby positive or negative
      torque may be indicated.
NUM  7.
PAR  7. The combination according to claim 1, said motive means for driving the
      variable displacement pump comprising an electric motor, said system being
      in a plant having a supply bus with which said motor is connected, whereby
      during hot-testing of the engine being tested said motor will act as a
      generator and supply electric power to said supply bus.
NUM  8.
PAR  8. In a hydrostatic drive-dynamometer system for hot-testing or
      cold-testing vehicle engines, a fixed displacement motor connected to the
      engine crankshaft and having two main motive connections, a variable
      displacement pump spaced from said motor and having motive means for
      driving it, said system being a closed hydraulic loop system unobstructed
      in either direction throughout its extent connecting said motor and pump
      whereby the engine may be selectively cold-tested or hot-tested, the motor
      during hot-testing acting as a pump and the pump acting as a motor, a
      servo controller for said variable displacement pump, a programmer
      connected to said servo controller for commanding engine speed, a speed
      feedback sensor connecting said fixed displacement motor with said servo
      controller, a throttle servo connected to the engine carbureto, a
      connection between said programmer and said throttle servo, and a pressure
      differential sensor connected to the motive connections of said fixed
      displacement motor for indicating positive or negative torque.
NUM  9.
PAR  9. The combination according to claim 8, said motive means for driving the
      variable displacement pump comprising an electric motor, said system being
      in a plant having a supply bus with which said motor is connected, whereby
      during hot-testing of the engine being tested said motor will act as a
      generator and supply electric power to said supply bus.
NUM  10.
PAR  10. In a test stand for vehicle engines, means supporting an engine to be
      tested, and a hydrostatic system comprising a fixed displacement motor
      unit and a variable displacement pump unit, one of said units being
      connected to the engine crankshaft and the other spaced from the first
      unit and having motive means for driving it, said system being a closed
      hydraulic loop system connecting said motor and pump whereby the engine
      may be selectively cold-tested or hot-tested, the motor during hot-testing
      acting as a pump and the pump acting as a motor, means for adjusting the
      displacement of said pump, and a control loop system for said pump
      adjusting means to simulate different load or inertia conditions.
NUM  11.
PAR  11. The combination according to claim 10, said motive means for driving
      the variable displacement pump comprising an electric motor, said system
      being in a plant having a supply bus with which said motor is connected,
      whereby during hot-testing of the engine being tested said motor will act
      as a generator and supply electric power to said supply bus.
NUM  12.
PAR  12. In a hydrostatic drive-dynamometer system for hot-testing or
      cold-testing vehicle engines, a first fluid unit connected to the engine
      crankshaft, a second fluid unit spaced from said first fluid unit, one of
      said units comprising a fixed displacement motor having two main motive
      connections, the other unit comprising a variable displacement pump spaced
      from the motor and having motive means for driving it, said system being a
      closed hydraulic loop system unobstructed in either direction throughout
      its extent connecting said motor and pump whereby the engine may be
      selectively hot-tested or cold-tested, the motor, during hot-testing
      acting as a pump and the pump acting as a motor, a servo controller for
      said variable displacement pump, a programmer connected to said servo
      controller for commanding engine speed, a speed feedback sensor connecting
      said fixed displacement motor with said servo controller, a throttle servo
      connected to the engine carburetor, a connection between said programmer
      and said throttle servo, and a pressure differential sensor connected to
      the motive connections of said fixed displacement motor for indicating
      positive or negative torque.
NUM  13.
PAR  13. The combination according to claim 12, said motive means for driving
      the variable displacement pump comprising an electric motor, said system
      being in a plant having a supply bus with which said motor is connected,
      whereby during hot-testing of the engine being tested said motor will act
      as a generator and supply electric power to said supply bus.
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ABST
PAL  A device for indicating certain undesirable operating conditions of an
      automobile engine or the like. The device is preferably incorporated with
      the usual speedometer or tachometer normally situated on the instrument
      panel of the vehicle. Accordingly, since the device functions in
      conjunction with the usual speedometer needle or the like, included
      therewith is a second needle indicator which normally is aligned with the
      speedometer needle and disposed in front of or behind it, i.e., when the
      efficiency of the engine is within certain predetermined desirable limits.
      The device includes a bellows assembly which is responsive to the changes
      in the intake manifold vacuum of the engine normally brought about by
      certain settings of the throttle. Also included is a shifter assembly
      which is operably interposed between the speedometer needle, or the like,
      and the second needle and is responsive to the bellows assembly for
      proportionably displacing the second needle from the speedometer needle as
      the engine efficiency diminishes below the predetermined desirable limits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of instruments for indicating engine
      efficiency.
PAR  2. Description of the Prior Art
PAR  Applicant is aware of the following U.S. patents: the Dickinson U.S. Pat.
      No. 1,187,279; the Clark U.S. Pat. NO. 1,401,315; the Brandenburg U.S.
      Pat. No. 1,527,114; the Davis U.S. Pat. No. 1,552,119; the Schulz U.S.
      Pat. No. 2,430,413; the Leto U.S. Pat. No. 3,440,870; and the Cuff U.S.
      Pat. No. 3,608,368. None of the above patents suggest or disclose
      applicant's device.
PAR  It should be pointed out that the nation is currently in the midst of an
      energy crisis, particularly in short supply for the tremendous demand is
      gasoline and oil. Accordingly, a need exists for vehicle operators to be,
      as a part of their normal driving procedures, made constantly aware of
      conditions which result in poor gasoline mileage. In other words, it is
      believed that most vehicle operators are concerned about the fuel crisis
      and would voluntarily take the necessary corrective action to improve the
      operating efficiency of the automobile engine if provided with proper
      means which constantly remind and qualitatively educate about efficiency
      in engine operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed towards overcoming the problems and
      disadvantages of previous engine efficiency indicating instruments. The
      concept of the present invention is to provide a device for indicating
      certain undesirable operating conditions of an automobile engine or the
      like. The device is incorporated with the usual speedometer or tachometer
      normally situated on the instrument panel of the vehicle. Accordingly,
      since the device functions in conjunction with the usual speedometer
      needle or the like, included therewith is a second pointer or indicator
      which normally is aligned with the usual speedometer or tachometer
      indicator when the efficiency of the engine is within certain
      predetermined desirable limits. The device includes a bellows assembly
      which is responsive to the changes in the intake manifold vacuum of the
      engine which normally are brought about by certain settings of the
      throttle. Also included is a shifter assembly which is operably interposed
      between the speedometer indicator, or the like, and the second or added
      indicator and is responsive to the bellows assembly for proportionably
      displacing the second indicator from the normal speedometer indicator as
      the engine efficiency diminishes below the predetermined desirable limits.
PAR  A specific embodiment of the present invention would directly indicate both
      vehicle speed (or rpm) and quantitatively indicate that segment of the
      vehicle engine manifold vacuum spectrum normally interpretive that: 1.
      Engine fuel/air ratios are enriched for added power at the expense of
      vehicle mileage economy. 2. The vehicle automatic transmission is
      restrained to lower ratios for added power at the expense of vehicle
      mileage economy. 3. The engine timing is not set at the optimum setting.
      4. Some other engine function normally controlled by or recognizable
      through manifold vacuum is functioning at the expense of vehicle mileage
      economy. The relative displacement of the second point to the primary
      speed may be scaled by a dial attached to either pointer. The term
      manifold vacuum as used herein is defined for clarity of explanation as
      vacuum referenced to atmospheric pressure. Also included within the term
      are carburetor venturi induced vacuums, variable positive pressures from
      supercharged engines, and any of the other commonly accepted sources of
      pressure or vacuum which are related to vehicle control and/or performance
      and referenced to full vacuum atmospheric or any secondary pressure
      pertinent to the determination of vehicle efficiency.
PAR  The present invention is particularly desirable to assist the operator in
      the manipulation of the engine throttle in a manner that will preclude
      opening the throttle so wide that the carburetor system advances the
      fuel/air ratio, thus lowering vehicle fuel economy. Applicant recognizes
      that many instruments are available to quantitatively indicate the
      manifold vacuum. Some of these are equipped with additional scale faces
      which also interpret manifold vacuum in normally accepted terms of fuel
      economy. Several instruments are available for a yes/no interpretation of
      manifold vacuum with accompanying acceptable or non-acceptable fuel/air
      ratios.
PAR  In the light of the foregoing the primary object of the present invention
      is to make available a simplified direct reading instrument that will: 1.
      Firmly indicate when the engine is being operated inefficiently. 2.
      Provide quantitative manifold vacuum and speed information useful to the
      operator in making the necessary adjustment to the throttle. 3. Provide
      the information in a form that will require no additional operator visual
      attention beyond that normally accorded the vehicle speed (or engine rpm)
      indicator. 4. Provide the information in a single instrument requiring no
      more instrument panel space than allocated to a standard vehicle speed
      indicator or tachometer. 5. Provide qualitative indications interpretive
      in terms of relative fuel economy for operator selected throttle openings
      which advance fuel/air ratios at the expense of mileage economy.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of the engine efficiency indicator of the
      present invention shown suitably connected to a diagrammatically depicted
      internal combustion system with the view of the indicator being taken as
      on a vertical plane through the center line of the indicator.
PAR  FIG. 2 is an enlarged sectional view taken as on the line II--II of FIG. 1
      with certain structure being deleted for brevity to clearly show the
      interlocking relationship of a sliding sleeve member concentrically
      disposed about a rotatable shaft.
PAR  FIG. 3 is a side elevational view of the sliding sleeve member.
PAR  FIG. 4 is a front elevational view depicting one embodiment of the face
      portion of the indicator of the present invention.
PAR  FIG. 5 is a front elevational view depicting another embodiment of the face
      portion of the indicator of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The engine efficiency indicator of the present invention is generally
      character referenced in the drawings by the numeral 11. However, it should
      be understood that the engine efficiency indicator 11 of the present
      invention is shown in combination with certain rate indicator means, e.g.,
      well-known speed indicator means or tachometer means. In other words,
      typical speed indicator devices and/or tachometers include an instrument
      case section 13 for housing certain components, e.g., the indicator needle
      and dial, etc., and a standard drive case 15 for housing other components,
      e.g., rotating permanent magnet, etc. The conventional drive case 15 does
      not contribute structure for disclosing the present invention. Therefore,
      the drive case 15 is simply diagrammatically depicted in FIG. 1 of the
      drawings. Other structure diagrammatically depicted in FIG. 1 includes an
      internal combustion engine 17 having an intake manifold 19, a carburetor
      21 conveniently operated by a conventional throttle or accelerator 23.
      Coupled to the drive case 15 is a conventional flexible drive cable 25,
      only one end thereof being shown. It should be understood that the remote
      end of the drive cable (not shown) is connected to the engine 17 in the
      usual manner when the engine efficiency indicator 11 is intended to be a
      tachometer. On the other hand, the drive cable 25 is conveniently attached
      to the transmission (not shown) or other convenient structure of the
      vehicle in the event the engine efficiency indicator 11 of the present
      invention is intended to be a speed indicating device.
PAR  Accordingly, the indicator 11 includes the usual first visual indicator,
      character referenced by the numeral 27, disposed a spaced distance
      outwardly from an instrument dial characterized by the numeral 29. The
      dial 29 preferably is protected by a transparent disc 31. It should be
      understood that the first visual indicator 27 depicted in the drawings is
      the pointer or needle type, however, it is anticipated that the present
      invention may be incorporated with conventional rate indicators of the
      type which depicts an elongated line or bar which varies in length in
      proportion to the speed of the vehicle, etc. Therefore, the first visual
      indicator 27 depicted in the drawings is intended to be only one way of
      incorporating the engine efficiency indicator of the present invention
      with typical rate indicators.
PAR  The engine efficiency indicator means 11 of the present invention is
      intended for indicating within limits the operating efficiency of the
      internal combustion engine 17 which includes the intake manifold 19 and
      the throttle 23 as previously mentioned. The engine efficiency indicator
      means 11 of the present invention generally includes a second visual
      indicator generally shown in FIG. 1 by the numeral 33, which is normally
      aligned with the first visual indicator 27 when the efficiency of the
      engine 17 is within certain predetermined desirable limits. Also included
      are pressure relative to atmospheric pressure sensing means, as at 35,
      responsive to the intake manifold vacuum of the engine 17 for sensing
      changes in the magnitude of the intake manifold vacuum normally brought
      about by certain settings of the throttle or accelerator 23. Additionally,
      the indicator means 11 includes shifter means, as at 37, responsive to the
      pressure sensing means 35 and is operably interposed between the first and
      second visual indicators 27, 33 for proportionably displacing the second
      visual indicator 33 from the first visual indicator 27 as the efficiency
      of the engine 17 diminishes below the certain predetermined desirable
      limits above mentioned.
PAR  From FIG. 1 of the drawings it may clearly be seen that the first visual
      indicator alluded to above includes a shaft 39 conveniently journaled to
      the instrument case section 13 for free rotation without axial movement
      thereof and a rate indicating needle 41 as best shown in FIG. 4 of the
      drawings. The rate indicating needle 41 is fixedly attached to the shaft
      39 by a bolt or screw 43 or the like. The second visual indicator 33
      alluded to above includes an engine efficiency indicating needle 45 as
      clearly shown in FIG. 4 of the drawings. The needle 45 is concentrically
      disposed about an intermediate member 47 (FIG. 1) and is fixedly attached
      thereto in any well-known manner as with a bolt or screw 49 or the like.
      The intermediate member 47 is concentrically disposed about the shaft 39.
      The needle 45 and the intermediate member 47 are free to pivotally swing
      independently of the shaft 39, and are restrained from axial displacement
      relative to the shaft 39.
PAR  The shifter means 37 alluded to above includes a sleeve member 51
      concentrically disposed about, and being rotationally driven by, the shaft
      39 with the sleeve member 51 being free to slide to and fro along the
      rotating axis of the shaft 39. The shifter means 37 also generally
      includes first connecting means, as at 53, for connecting the pressure
      sensing means 35 to the sleeve member 51 whereby changes in the magnitude
      of the intake manifold vacuum cause the sleeve member 51 to slide axially
      along the shaft 39. Further, the shifter means 37 generably includes
      second connecting means, as at 55 for connecting the sleeve member 51 to
      the engine efficiency indicating needle 45 whereby the sliding movement of
      the sleeve member 51 proportionably displaces the engine efficiency
      indicating needle 45 in an appropriate direction from the rate indicating
      needle 41, as illustrated in FIG. 4 of the drawings.
PAR  From FIGS. 2 and 3 of the drawings it may clearly be seen that the sleeve
      member or sleeve means 51 is elongated in side elevational view and is
      provided with internal spline structure, as at 57, for being rotatably
      driven by the shaft 39. The shaft 39 includes an external spline portion,
      as at 59, for interlocking engagement with the sleeve member 51, i.e., the
      sleeve means 51 being free to slide to and fro along the rotating axis of
      the shaft 39.
PAR  The pressure sensing means 35 alluded to above preferably includes bellows
      means, as at 61, which is communicated with the intake manifold 19 through
      a tubular member 63 as clearly shown in FIG. 1 of the drawings. The
      bellows means 61 includes a fixed base member 65, a movable member 67, and
      a compression spring 69 which yieldably urges the movable member 67
      outwardly away from the fixed base member 65 at manifold vacuums less than
      the design vacuum. It should be understood that the movable member 67
      includes a lug portion 71 having a pivot pin 73 attached thereto for
      purposes to be described. The pivot pin 73 is shown in unbroken lines at
      its outermost position and is shown in broken lines at its innermost
      position indicated by the numeral 73'.
PAR  It will be appreciated by those skilled in the art that the pivot pin 73 is
      moved to its outermost position when the engine 17 is not operating, i.e.,
      the pressure within the intake manifold 19 simply being atmospheric
      pressure. Additionally, with proper structure and dimension of the bellows
      means 61, the pivot pin 73 is carried to its innermost position 73' when
      the engine 17 is operating efficiently, i.e., the vacuum within the intake
      manifold 19 being usually greater than 8 inches of mercury.
PAR  The following are some factual data for typical operating conditions of an
      engine: The intake manifold vacuum of an engine operating at about half
      throttle or propelling a vehicle steadily on a level surface at about 45
      miles per hour would be about 21 inches of mercury. Also, a wide open
      throttle would reduce the manifold vacuum to less than one inch of
      mercury. In this regard, it should be mentioned that typical carburetors
      incorporate what is commonly known in the art as a vacuum acutated
      enrichment valve which begins to act at some design manifold vacuum
      normally occurring between a throttle close position and a throttle wide
      open position. Normally, the enrichment valve is designed to enrich the
      fuel/air ratio at manifold vacuum of less than 8 inches of mercury on
      standard automobile engines.
PAR  The most inefficient condition of the engine is during the time that the
      enrichment valve in the carburetor is open. Therefore, the engine
      efficiency indicator 11 of the present invention is intended to visually
      indicate to the vehicle operator the starting instant of this inefficient
      condition, and the extent of the condition as it progresses. In other
      words, the engine efficiency indicating needle 45 preferably remains at
      all times aligned with the rate indicating needle 41 during normal
      efficient engine running, e.g., with manifold vacuum between 21 and 8
      inches of mercury. Therefore, the fixed base member 65 preferably includes
      a stop portion 75 which prevents movement of the movable member 67 at
      manifold vacuums great enough to maintain closure of the enrichment valve
      in the carburetor.
PAR  It should be understood that for certain embodiments the stop portion 75
      may be deleted without departing from the spirit and scope of the present
      invention. In this event, the engine efficiency indicating needle 45
      would, of course, quantitatively displace past the rate indicating needle
      41 in proportion to the extent of manifold vacuum excursions greater than
      8 inches of mercury, e.g., 15 or 21 inches of mercury or the like. The
      fixed base member 65 preferably is attached to the instrument dial 29 in
      any well-known manner as by bolts 77 or the like.
PAR  The first connecting means 53 alluded to above includes providing the
      sleeve means 51 with a concentric groove, as at 79, disposed adjacent one
      end thereof as clearly shown in FIGS. 1 and 3 of the drawings.
      Additionally, the first connecting means 53 includes a first nub, as at
      81, which extends into the concentric groove 79 for urging the sleeve
      means 51 to slide axially along the shaft 39 as the bellowslike pressure
      sensing means 35 responds to changes in the intake manifold vacuum.
PAR  The second connecting means 55 alluded to above includes providing the
      sleeve means 51 with a helical groove, as at 83 in FIG. 3, disposed a
      spaced distance from the concentric groove 79. The second connecting means
      55 also includes a second nub, as at 85 in FIG. 1 of the drawings. The nub
      85 extends into the helical groove, as best shown in FIG. 3 of the
      drawings for urging the engine efficiency indicating needle 45 to a
      position which is displaced from the rate indicating needle 41. Therefore,
      when the intake manifold vacuum becomes less than the design vacuum the
      sleeve means 51 is caused to slide proportionately as the efficiency of
      the engine 17 diminishes below the desirable limits. The sliding action of
      the sleeve 51 angularly displaces or advances the second visual indicator
      33 ahead of the first visual indicator 27.
PAR  More specifically, the engine efficiency indicator 11 of the present
      invention includes lever means, as at 87, which is pivotally connected at
      the one end thereof to the pivot pin 73 and the other end carries the
      first nub 81. The lever means 87 is pivotable about a pivot pin 89 which
      is rigidly supported by a support member 91. The support member 91 is
      fixedly attached to the instrument dial 29 in any well-known manner, as by
      bolts 93 or the like. Therefore, it should readily be seen that as the
      vacuum within the intake manifold 19 changes from a nominal 8 inches of
      mercury toward 0 inches of mercury, the pivot pin 73 moves away from the
      position 73' and the first nub 81 moves away from the position referenced
      by the numeral 81'. Accordingly, movement of the first nub 81 from the
      position 81' slides the sleeve means 51 away from the position referenced
      by the numeral 51'.
PAR  The intermediate member 47 is free to rotate about the shaft 39 and carries
      the second nub 85 as clearly shown in FIG. 1 of the drawings. Therefore,
      slidable movement of the sleeve means 51 away from the position 51' is
      effective to cause the second nub 85 to travel along the helical groove 83
      which causes rotation of the intermediate member 47 about the shaft 39.
      Since the engine efficiency indicating needle 45 is fixedly attached to
      the intermediate member 47, the engine efficiency indicating needle 45 is
      angularly displaced from the rate indicating needle 41 in a manner to be
      even more fully described.
PAR  Particular attention is now directed toward FIG. 4 of the drawings wherein
      it may be seen that the instrument dial 29 includes a plurality of
      graduation marks or indicia 95 which are individually designated as 95a,
      95b and 95c, etc. Minimum displacement of the engine efficiency indicating
      needle 45 in relation to the rate indicating needle 41 is illustrated in
      FIG. 4 of the drawings in broken lines and character referenced by the
      numeral 45 having a suffix consisting of the letters "min". On the other
      hand, maximum displacement of the needle 45 in relation to the rate
      indication needle 41 is illustrated in broken lines and character
      referenced by the numeral 45 having a suffix consisting of the letters
      "max."
PAR  More specifically and still referring to FIG. 4, the rate indicating needle
      41 is shown moved from its minimum position 41' where it is shown by
      broken lines to be aligned with the graduation indicia 95a, to the
      position 41 where it is shown by solid lines to be aligned with the
      graduation indicia 95c. Likewise, at fixed manifold vacuum the same
      fractional rotation of the shaft 39 is effective to angularly displace the
      engine efficiency indicating needle 45 an equal amount from the position
      shown in broken lines by the numeral 45' to the position shown in solid
      lines by the numeral 45. In other words, fractional rotation of the shaft
      39 when manifold vacuum is constant is effective to cause simultaneous
      fractional rotation of both needles 41 and 45 irrespective of the relative
      positions they may have one with the other, i.e., both needles 41 and 45
      being angularly displaced the same number of degrees by the turning action
      of the shaft 39.
PAR  In order to more fully explain displacement of the engine efficiency
      indicating needle 45 in relation to rate indicating needle 41 it would be
      helpful to assume that the engine efficiency indicator 11 as depicted in
      FIG. 4 is being utilized as a speed indicating device, i.e., as opposed to
      a tachometer. Additionally, assume that the graduation indicia 95c
      represents 45 miles per hour. Under these conditions, the vehicle is shown
      by the rate indicating needle 41 as traveling at 45 miles an hour.
      Displacement of the engine efficiency indicating needle 45 from an aligned
      position behind the needle 41 (where it cannot be seen) to the position 45
      min is achieved by minimal opening of the throttle 23 to the extent that
      the enrichment valve in the carburetor is beginning to be actuated, i.e.,
      the rate indicating needle 41 initially continues to indicate the 45 miles
      per hour. However, disregard the fact that the vehicle may speed up or the
      rate indicating needle 41 may start moving away from the graduation
      indicia 95c, particularly if the vehicle is not going uphill. Opening the
      throttle 23 all the way causes further reduction in manifold vacuum, i.e.,
      the manifold vacuum is now approaching atmospheric pressure, which causes
      the needle 45 to advance to the position 45 max even though the rate
      indicating needle 41 may still continue to indicate 45 miles per hour,
      i.e., disregard the fact that the vehicle may speed up. Actually, since
      the vehicle may be going up a steep hill or some other condition may
      prevail which creates a load on the engine 17 the speed may not vary even
      though the throttle 23 is wide open. However, it should be understood that
      when the rate indicating needle 41 does advance, i.e., move toward the
      graduation indicia 95d, the angular displacement between the needles 45,
      41 remains constant unless there is a change in manifold vacuum.
PAR  From FIGS. 1 and 4 of the drawings it may be seen that the indicator 11
      includes a scale, as at 97, having certain indicia, as at 99, for visually
      indicating degrees of less than desirable operating efficiency of the
      engine 17. More specifically, the scale 97 includes a transparent disc
      segment 101 fixedly attached to the rate indicator needle 41 in any
      well-known manner as with the bolts 103 or the like. From FIG. 1 of the
      drawings it may be seen that the engine efficiency indicating needle 45 is
      disposed behind the transparent disc segment 101 whereby the displacement
      thereof may readily be observed through the transparent disc segment 101
      and measured by the indicia 99 aligned therewith. The indica 99 may
      include graduations or the like but preferably includes certain colors to
      aid in warning the operator of various degrees of less than desirable
      engine efficiency. In this regard, the indicia 99 as shown in FIG. 4
      includes a short green portion 99a, a yellow portion 99b, and a red
      portion 99c. Accordingly, the needle 45 is shown in FIG. 4 in an
      intermediate position and aligned with the yellow indicia 99b.
PAR  Another embodiment of the instrument dial 29 is herein disclosed and is
      shown in FIG. 5 of the drawings and character referenced therein by the
      numeral 29'. The instrument dial 29' includes an opaque disc, as at 105,
      with the rate indicating needle 41 constituting a radially aligned segment
      thereof. In other words, the rate indicating needle 41 may, for the most
      part, simply be scribed onto the opaque disc 105. The opaque disc 105 is
      provided with a transparent window, as at 107, which is disposed
      coincident with at least a portion of the rate indicating needle 41 as
      clearly shown in FIG. 5 of the drawings. Additionally, the engine
      efficiency indicating 45" is fan shaped as clearly shown in FIG. 5 and is
      disposed behind the opaque disc 105, i.e., portions of the opaque disc 105
      are cut away to reveal the fan shaped efficiency indicating needle 45". A
      portion of the fan shaped needle 45" is visible through the transparent
      window 107 and the fan shaped engine efficiency indicating needle 45"
      includes indicia 109 constituting at least two colors but preferably three
      or a color gradient, or any combination which establishes the scale 97,
      i.e., the indicia 109 constituting a green portion 109a, a yellow portion
      109b, and a red portion 109c. Therefore, the instant of displacement of
      the engine efficiency indicating needle 45" from the rate indicating
      needle 41 may readily be observed through the transparent window 107, with
      the degree of efficiency generally being indicated and measured by the
      particular color, color gradient, or colors being visibly displayed
      through the transparent window 107. The preferred displacement of the fan
      shaped needle 45" relative to the rate indicating needle 41 is
      counter-clockwise as manifold vacuum lowers in order that when varied
      indicia colors are at the same time visible through the transparent window
      107, that color normally associated with increasing danger will be located
      on the side toward increasing rate indicia.
PAR  It should be understood that the interior of the instrument case section 13
      is vented to the atmosphere in any well-known manner, as with a vent hole
      111 or the like, in order that the pressure sensing means 35 shall be
      responsive to manifold vacuum relative to atmospheric pressure. Where the
      invention is incorporated into vehicles requiring response to previously
      defined alternatives to manifold vacuums referenced to atmospheric
      pressure, vent hole 111 may be deleted and the interior of the case 13
      referenced to a full vacuum or any secondary pressure by suitable
      connecting means, or the pressure sensing means 35 may be of standard
      conventional design for pressure sensing relative to full vacuum,
      atmospheric or any secondary pressure, all without departing from the
      spirit and scope of the present invention.
PAR  The instrument dial 29' as above disclosed optionally eliminates the need
      for the stop portion 75. In other words, the length of the green indicia
      109a may simply be of sufficient degrees of angular displacement of the
      needle 45" so that intake manifold vacuum from 30 inches of mercury to 8
      inches of mercury does not change the color of the indicia being visibly
      displayed through the transparent window 107. In other words, the yellow
      indicia 109b preferably commences to appear in the transparent window 107
      at the precise point in which the enrichment valve in the carburetor
      begins to be actuated, i.e., approximately manifold vacuum of 8 inches of
      mercury. It should be understood that the yellow indicia 109b could be
      rearranged so as to appear at some other manifold pressure without
      departing from the spirit and scope of the present invention.
PAR  Although the invention has been described and illustrated with respect to
      preferred embodiments thereof, it is not to be so limited since changes
      and modifications may be made therein which are within the full intended
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a speed rate indicator means for a vehicle having a
      throttle and intake manifold and incorporating a first visual indicator
      for said means, an engine efficiency indicator means for revealing within
      limits the operating efficiency of the vehicle internal combustion engine,
      said engine efficiency indicator means being pivotally mounted with
      respect to said speed rate indicator means, said engine efficiency
      indicator means including a second visual indicator normally pivoted a
      select degree by movement of said first visual indicator regardless of the
      vehicle speed when the operating engine is within a predetermined
      efficiently functioning range, pressure sensing means responsive to the
      intake manifold vacuum of the engine for sensing changes in the magnitude
      of its vacuum normally brought about by various settings of the throttle,
      shifter means operatively associated with said speed rate indicator means
      and normally maintaining said second visual indicator pivoted to the
      select degree with respect to said first visual indicator, said shifter
      means being responsive to the said pressure sensing means and capable of
      displacing said second visual indicator from its normally fixed position
      with respect to said first visual indicator for displaying when the
      operating engine departs from the limits of its predetermined efficiently
      operating range.
NUM  2.
PAR  2. The combination of claim 1 in which said first visual indicator includes
      a rotatable shaft having a rate indicating needle fixedly attached thereto
      and said second visual indicator includes an engine efficiency indicating
      needle concentrically disposed axially around said shaft and being free to
      pivotally swing independently of said shaft; and said shifter means
      includes a sleeve member concentrically disposed around and being axially
      driven by said shaft with said sleeve member being free to slide to and
      fro along the rotating axis of said shaft, first connecing means for
      connecting said pressure sensing means to said sleeve member whereby
      changes in the magnitude of the intake manifold pressure causes said
      sleeve member to slide axially along said shaft, and second connecting
      means for connecting said sleeve member to said engine efficiency
      indicating needle whereby the sliding movement of said sleeve member
      proportionally displaces said engine efficiency indicating needle from
      said rate indicating needle.
NUM  3.
PAR  3. The combination of claim 2 in which is included a scale having indicia
      for visually indicating degrees of less than desirable operating
      efficiency of the engine.
NUM  4.
PAR  4. The combination of claim 3 in which said scale includes a transparent
      disc segment fixedly attached to said rate indicating needle with said
      engine efficiency indicating needle being disposed behind said transparent
      disc segment whereby the displacement thereof may readily be observed
      through said transparent disc segment and measured by said indicia aligned
      therewith.
NUM  5.
PAR  5. The combination of claim 3 wherein said first visual indicator includes
      an opaque disc with said rate indicating needle constituting a radially
      aligned segment thereof, said opaque disc being provided with a
      transparent window disposed coincident with at least a portion of said
      rate indicating needle and said engine efficiency indicating needle being
      fan shaped and disposed behind said opaque disc with a portion of said fan
      shaped needle being visible through said transparent window, said fan
      shaped engine efficiency indicating needle including indicia constituting
      at least two colors which establish said scale whereby the displacement of
      said engine efficiency indicating needle from said rate indicating needle
      may readily be observed through said transparent window with the degree of
      efficiency generally being indicated and measured by the particular color
      being visibly displayed through said transparent window.
NUM  6.
PAR  6. The combination of claim 1 in which said rate indicator means
      constitutes speedometer means for indicating the speed of a vehicle.
NUM  7.
PAR  7. The combination of claim 1 in which said rate indicator means
      constitutes tachometer means for indicating the speed of the engine
      revolutions.
NUM  8.
PAR  8. In combination with a rate indicator means having a rotatable shaft with
      a rate indicating needle fixedly attached thereto, an engine efficiency
      indicator means for indicating within limits the operating efficiency of
      an internal combustion engine having an intake manifold and a throttle,
      said engine efficiency indicator means comprising an engine efficiency
      indicator needle normally aligned with said first visual indicator when
      the operating efficiency of the engine is within certain predetermined
      limits, said engine efficiency indicator needle being concentrically
      disposed about said shaft and being free to pivotally swing independently
      of said shaft, bellowslike pressure sensing means responsive to the intake
      manifold vacuum of the engine for sensing changes in the magnitude of the
      intake manifold vacuum normally brought about by select settings of the
      throttle, elongated sleeve means concentrically disposed about and being
      axially driven by said shaft with said sleeve means being free to slide to
      and fro along the rotating axis of said shaft, first connecting means
      coupling said pressure sensing means to said sleeve means, said sleeve
      means being provided with a concentric groove disposed adjacent one end
      thereof, said first connecting means including a first nub extending into
      said concentric groove for urging said sleeve means to slide axially along
      said shaft as said bellowslike pressure sensing means responds to changes
      in the intake manifold vacuum, second connecting means coupling said
      sleeve means to said engine efficiency indicator needle, said second
      connecting means including providing said sleeve means with a helical
      groove disposed a spaced distance from said concentric groove, said second
      connecting means additionally including a second nub extending into said
      helical groove for urging said engine efficiency indicating needle to a
      position which is displaced from said rate indicating needle by the
      sliding movement of said sleeve means as the efficiency of the engine
      diminishes below predetermined limits.
NUM  9.
PAR  9. The combination of claim 8 and including a scale having certain indicia
      for visually indicating degrees of less than predetermined desirable
      operating efficiency of the engine.
NUM  10.
PAR  10. The combination of claim 9 in which said scale includes a transparent
      disc segment fixedly attached to said rate indicating needle with said
      engine efficiency indicating needle being disposed behind said transparent
      disc segment whereby the displacement thereof may readily be observed
      through said transparent disc segment and measured by said indicia aligned
      therewith.
NUM  11.
PAR  11. The combination of claim 9 in which is included an opaque disc with
      said rate indicating needle constituting a radially aligned segment
      thereof, said opaque disc being provided with a transparent window
      disposed coincident with at least a portion of said rate indicating needle
      and said engine efficiency indicating needle being fan shaped and disposed
      behind said opaque disc with a portion of said fan shaped needle being
      visible through said transparent window, said fan shaped engine efficiency
      indicating needle including indicia constituting at least two colors which
      establish said scale whereby the displacement of said engine efficiency
      indicating needle from said rate indicating needle may readily be observed
      through said transparent window with the degree of efficiency generally
      being indicated and measured by the particular color being visibly
      displayed through said transparent window.
NUM  12.
PAR  12. In combination with a speed rate indicator means incorporating a first
      visual indicator and for use upon a vehicle having a throttle and an
      intake manifold, an engine efficiency indicator means having a second
      visual indicator for revealing within limits the operating efficiency of
      the vehicle engine, said engine efficiency indicator being coupled to said
      speed rate indicator for simultaneous positioning of their visual
      indicators regardless of the vehicle speed, and shifter means operatively
      associated with said indicator means and structurally responsive to vacuum
      changes in the intake manifold for displacing said second visual indicator
      from its positioning with respect to said first visual indicator for
      indicating when the operating engine departs from the limits of its
      predetermined efficiency range.
NUM  13.
PAR  13. In combination with a speed rate indicator means incorporating a first
      visual indicator and for use in conjunction with an engine and a motor, an
      efficiency means having a second visual indicator for revealing within
      limits the operating efficiency of the said engine, said efficiency
      indicator being coupled to said speed rate indicator for simultaneous
      positioning of their visual indicators regardless of the speed rate
      indication, and shifter means operatively associated with said indicator
      means and structurally responsive to efficiency changes in the said engine
      for displacing and second visual indicator from its positioning with
      respect to said first visual indicator for indicating when the operating
      engine departs from the limits of its predetermined efficiency range.
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ABST
PAL  Means for and method of testing the power of an internal combustion engine.
      A tachometer means coupled to the engine generates one electrical pulse
      per engine cycle of the engine. While the engine is full-throttle
      accelerated, a computer means measures the time periods between successive
      pulses, each time period constituting the reciprocal of the average engine
      speed during the particular engine cycle. One-half of the time period
      corresponding with a low speed and one-half of the time period
      corresponding with a high speed are added to the intermediate time periods
      to determine an acceleration time period which is a measure of engine
      power. The acceleration rate is determined by subtracting the reciprocal
      of the time period corresponding with the low speed from the reciprocal of
      the time period corresponding with the high speed to determine the speed
      change, and dividing the speed change by the acceleration time period.
      Brake torque is determined by multiplying the acceleration rate by the
      known inertia of the engine. The engine is then shut off and the
      deceleration rate is determined and is multiplied by the known inertia of
      the engine to determine the friction torque of the engine. The brake
      torque is added to the friction torque to determine the indicated (total)
      torque of the engine.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder with the Department of the Army.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The full-load, full-speed testing of internal combustion engines for
      indicated power, brake power and friction power can be accomplished by
      connecting the engine to a motoring dynamometer capable of absorbing the
      full-load output of the engine and capable of driving the maximum
      frictional load of the engine while measuring speed and torque. Such
      dynamometers are very large, very expensive, and very inconvenient to use.
PAR  A much more economical and convenient apparatus for testing spark-ignition
      internal combustion engines under simulated full-load conditions is
      apparatus for operating the engine with all but one of n ignitions
      interrupted, where n may be greater than the number of cylinders, so that
      all cylinders are operated in sequence under full power conditions. The
      engine operates at full speed driving frictional and pumping loads,
      without danger of overspeeding and damaging the engine.
PAR  An economical and convenient brake power test of compression-ignition
      internal combustion engines under simulated full-load conditions is the
      acceleration burst test in which an engine initially operating at idle
      speed is suddenly given full throttle and caused to accelerate to a
      maximum governed speed. The inertia of the engine is the load on the
      engine, and the time taken to accelerate through a low speed to a high
      speed is a measure of the full-power output capability of the engine. This
      test is particularly useful for testing diesel engines, and provides a
      somewhat less accurate indication of the condition of a spark-ignition
      engine equipped with a carburetor instead of fuel injectors.
PAR  The accuracy with which the full output power capability of the engine is
      given by the time taken to accelerate from a low speed to a high speed
      depends on the accuracy of the speed measurements, which are in units of
      angular displacement (such as revolutions) divided by units of time (such
      as minutes or seconds). An accurate measurement of speed is complicated by
      the fact that the burst acceleration from a low speed to a high speed
      takes only about one second or less. Another complication has been found
      to be due to pulsations in instantaneous speed which are due to explosions
      and compressions in individual cylinders of the engine. The pulsations in
      instantaneous speed are particularly disturbing if they are non-uniform
      due to malfunctioning of one or more individual cylinders of the engine.
PAR  An additional problem associated with this type of test is that of
      interpreting the results. A low output power indication may be caused by
      relatively high power absorption of the engine and its accessories. Large
      variations in frictional load can be expected from test to test on
      different vehicles in different conditions with different accessory loads
      since the frictional load on an engine is dependent on oil type and
      temperature, accessory load, and other effects. Thus, a very significant
      engine power test parameter is the indicated (total) power developed
      within the engine. Knowing this and the brake (output) power capability of
      an engine allows for differentiation between internal and external engine
      problems, and sometimes differentiation between real and apparent engine
      problems.
PAC  SUMMARY OF THE INVENTION
PAR  In a test of the power of an engine, tachometer means generates one
      electrical pulse per engine cycle of the engine (one pulse per revolution
      of a two stroke engine, or one pulse per two revolutions of a four-stroke
      engine). An engine-cycle time period between successive electrical pulses
      is the reciprocal of the average speed during the engine cycle.
      Instantaneous speed fluctuations, which occur due to power and compression
      strokes in individual cylinders, follow the same pattern during all engine
      cycle time periods. The electrical pulses, which always occur at the same
      relative time in each engine cycle, are used to accurately measure the
      time taken to accelerate from a low engine speed to a high engine speed
      without errors due to instantaneous speed fluctuations. One half of the
      time period between successive pulses in a predetermined low engine speed
      range and one half of the time period between successive pulses in a
      predetermined high engine speed range are added to the intermediate time
      periods to provide an accurate time measure of the full-power condition of
      the engine.
PAR  The average acceleration rate is determined by subtracting the reciprocal
      of the time period corresponding with the low speed from the reciprocal of
      the time period corresponding with the high speed to determine the speed
      change, and dividing the speed change by the acceleration time period.
      Brake torque is determined by multiplying the acceleration rate by the
      known inertia of the engine. The engine is then shut off and the
      deceleration rate is similarly determined and is multiplied by the known
      inertia of the engine to determine the friction torque of the engine. The
      brake torque is added to the friction torque to determine the indicated
      (total) torque of the engine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of apparatus used for an acceleration burst test
      of the full-power condition of an internal combustion engine;
PAR  FIG. 2 is a chart of engine speed vs. time showing instantaneous speed
      fluctuations during acceleration of a four-cylinder engine;
PAR  FIG. 3 is a chart of engine speed vs. time during acceleration which will
      be referred to in describing the operation of the invention;
PAR  FIG. 4 is a chart of engine speed vs. time during a test including a
      deceleration portion following the acceleration portion.
PAR  FIG. 5 is a logic diagram of the elapsed time device included in the system
      of FIG. 1;
PAR  FIG. 6 is a flow chart of a program used in the computer in the system of
      FIG. 1 to control the test procedure and compute the test result; and
PAR  FIG. 7 is a chart showing torque vs. speed curves for a typical
      compression-ignition engine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in greater detail to the drawing, FIG. 1 shows an internal
      combustion engine 10, such as a diesel engine, equipped with a pulse
      tachometer 12, from which electrical pulses are applied over line 13 to an
      elapsed time device 14. The elasped time device (shown in detail in FIG.
      5) operates under the control of a computer 16 to measure time intervals.
      The computer 16 computes the test results for display by a display device
      18.
PAR  The pulse tachometer 12 may be simply a housing with a shaft driven by the
      engine, and a tooth or teeth on the shaft which passes or pass a magnetic
      pick-up to produce one electrical pulse in the winding or coil of the
      pick-up for each tooth on the shaft. The pulse tachometer 12 produces one
      or more electrical pulses per revolution of the engine crankshaft, and
      these pulses are applied to an elapsed time device 14 which, if necessary
      reduces the number of pulses to one pulse per engine cycle.
PAR  The acceleration burst test to be described utilizes one electrical pulse
      per engine cycle. One engine cycle is defined as the time taken for the
      engine to accomplish intake, compression, power and exhaust in one
      cylinder. One engine cycle occurs in one crankshaft revolution of a two
      stroke engine because all four functions are accomplished in two strokes
      of the piston. On the other hand; one engine cycle occurs during two
      crankshaft revolutions of a fourstroke engine because the four functions
      are accomplished in four strokes of the piston.
PAR  FIG. 2 is a speed-time chart showing the acceleration characteristic 20 of
      an engine from 1000 rpm to 2000 rpm in a time period T. The solid vertical
      lines of the chart represent the boundaries of individual engine cycles
      and the times of electrical pulses from the tachometer 12. The line 20 in
      the chart shows speed fluctuations recuring similarly in each engine
      cycle. The engine represented is a four-cylinder engine having four power
      pulses per engine cycle causing four instantaneous speed peaks. It can be
      seen that the instantaneous speed fluctuations may result in a short-term
      reduction in speed while the average speed is increasing. These speed
      fluctuations introduce inaccuracies into any ordinary method of measuring
      the time T required to accelerate from a speed of 1000 rpm to a speed of
      2000 rpm. The inaccuracies are even greater when the engine has one or two
      faulty cylinders which cause even greater irregularities in instantaneous
      speed during acceleration.
PAR  The accuracy with which the average acceleration time T can be measured is
      improved by deriving all time and speed measurements from tachometer
      pulses occurring once per engine cycle. All pulses occur at the same
      relative part of the respective engine cycles. Therefore, the time
      interval from a pulse at a low engine speed to a pulse at a high engine
      speed is unaffected by instantaneous speed changes during engine cycles.
      The average engine acceleration is assummed to be linear during an engine
      cycle.
PAR  FIG. 3 is a speed-time chart similar to FIG. 2 but with the speed
      characteristic 22 smoothed to average out the instantaneous speed
      fluctuations. The acceleration time T from 1000 rpm at time t.sub.a to
      2000 rpm at time t.sub.b is not measured, but rather the acceleration time
      C.sub.1 is measured. Time C.sub.1 equals onehalf of the first engine cycle
      time period A.sub.1 corresponding with an average speed greater than 1000
      rpm, plus one-half of the first engine cycle time period A.sub.2 with an
      average speed greater than 2000 rpm, plus the intermediate time periods C.
      The average speed S.sub.1 during engine cycle A.sub.1 is the reciprocal of
      the time period A.sub.1 and is greater than 1000 rpm. Similarly, the
      average speed S.sub.2 during engine cycle A.sub.2 is greater than the high
      speed of 2000 rpm.
PAR  FIG. 4 is a speed-time chart similar to FIG. 3, but illustrating both the
      acceleration and deceleration portions of the test. In addition to the
      parameters shown in FIG. 3. FIG. 4 also shows the measured deceleration
      time F.sub.1, which equals one-half of the first engine cycle time period
      D.sub.1 corresponding with an average speed less than 2000 rpm (after
      acceleration), plus one-half of the first engine cycle time period D.sub.2
      with an average speed less than 1000 rpm, plus the intermediate time
      periods.
PAR  FIG. 5 is a circuit diagram of the elapsed time device 14 of FIG. 1. Device
      14 receives electrical pulses from tachometer 12 over line 13 and applies
      them through a divide-by-N-counter 15 to a one-shot multivibrator 114. The
      divider 15 is provided if the tachometer used produces more than one pulse
      per engine cycle. The output 29 from the divider 15 is one pulse per
      engine cycle.
PAR  The elapsed time device 14 includes a 16-bit counter each consisting of
      four 4-bit integrated circuits 102. The counter counts the pulses applied
      over clock line 104 from a clock (not shown). The 16 outputs from the
      counter are coupled to 16 stages of a corresponding count latch consisting
      of integrated circuits 106. The count latch 106 receives and holds the
      count in the counter 102 when enabled by a transfer signal on line 108
      from the transfer latch 112. Transfer latch 112 receives relatively
      infrequent pulses having a duration greater than the 0.1 msec duration of
      one cycle of the 10 kHz clock from a one-shot multivibrator 114, which
      responds to input pulses on line 29 from the divide-by-N counter 24.
PAR  The elapsed time unit 14 also includes a 16-bit buffer 126 consisting of
      four integrated circuits, which can be enabled over line 128 to transfer
      the 16-bit count in the count latch 106 to the computer 16 via the
      16-conductor data bus 132. The buffer 126 is enabled by signals through
      inverter 134 from nand gate 136. Gate 136 provides an output when it
      receives both a device select signal over line DS from the computer and an
      appropriate "data in" control signal over line DI from the computer. In
      this way the computer can sample the data stored in the counter latches
      under program control as required. From the counter latches, the computer
      periodically receives the count which represents the time period between
      two pulses representative of the engine speed.
PAR  In normal operation the elapsed time device 14 is initialized by the
      computer 16 by a "start" signal applied over line 138 to nand gate 142,
      simultaneously with a device select signal over line DS. The output of
      gate 142 causes the third latch 124 to assume a "busy" state. The latch
      124 remains in the busy state until set to the "done" state by a signal
      through inverter 144 from the one-shot 118 when the count in counter 102
      is transferred to the count latch 106. The busy or done status of the
      counter of the timing unit is available to the computer 41 through lines B
      and D whenever the gates 146 and 148 are enabled by a "device select"
      signal on line DS from the computer.
PAR  In summary, the elapsed time device 14 continually measures and latches the
      time periods between successive pulses occurring once per engine cycle,
      and sets its own state to "done" each time an engine cycle time period is
      stored. The computer can then cause a transfer of the store count in the
      latch through the buffer to the computer. The computer sets the timing
      device to the "busy" state whenever continued measuring of time periods is
      needed.
PAR  The elapsed time device 14 is not needed if the computer 16 employed
      includes a real time clock, and the program for the computer causes the
      computer to perform the time period measuring and storing function
      performed by the device 14.
PAR  The computer 16 may, by way of example only, be a "Nova 1200" minicomputer
      manufactured and sold by Data General Corporation, Southboro,
      Massachusetts 01772. The Nova 1200 is a low cost minicomputer designed for
      general purpose applications. It has a 16-bit word, multi-accumulator
      central processor, and a full memory cycle time of 1200 nanoseconds. It
      executes arithmetic and logical instructions in 1350 nanoseconds. The
      entire Nova 1200 central processor fits on a single 15-inch-square printed
      circuit subassembly board. The basic computer includes four thousand
      16-bit words of core memory, a Teletype interface, programmed data
      transfer, automatic interrupt source identification, and a direct memory
      access channel. User programming conveniently can be in the BASIC
      language.
PAR  The display device 18 (FIG. 1) for use with the Nova 1200 computer may be a
      conventional Teletypewriter, a printer, a 4-digit display such as one
      including Numitron character display tubes, or any other similar display
      device.
PAC  OPERATION
PAR  The operation of the system of FIG. 1 will now be briefly described with
      references to the chart of FIGS. 3 and 4, and later will be described in
      greater detail with references to the flow chart of FIG. 6.
PAR  In the initial condition, the engine 10 is operated at an idle speed of
      about 700 rpm, the tachometer 12 supplies pulses to the elapsed time
      device 14 which is continuously counting the time periods between engine
      cycle pulses after receiving a "start" signal from the computer 16, and
      the display 18 is displaying a "full throttle" message received from the
      computer 16.
PAR  The human test operator applies full throttle to the engine causing it to
      accelerate to a governed high limit speed.
PAR  The computer continuously receives the count from the counter in device 14
      for the time between engine cycle pulses until a count for an engine cycle
      A.sub.1 is reached corresponding to an average speed greater than the
      predetermined low speed of 1000 rpm. The preceding engine cycle
      corresponds to an average speed less than the predetermined low speed of
      1000 rpm. The computer then computes the time period A.sub.1 /2 (FIG. 3)
      and starts adding the counts of the following engine cycle time periods.
PAR  The computer continuously receives the count from the counter in device 14
      for the time between engine cycle pulses until a count for an engine cycle
      A.sub.2 is reached corresponding to a speed greater than the predetermined
      high speed of 2000 rpm. The preceding engine cycle corresponds to a speed
      less than the predetermined high speed of 2000 rpm. The computer then
      stops adding counts and computes the time period A.sub.2 /2.
PAR  The computer then adds the measured time period A.sub.1 /2 and the time
      period A.sub.2 /2 to the counted time C to arrive at the time period
      C.sub.1. The time period C.sub.1 represents the time required by the
      engine to full-throttle accelerate from a low speed S.sub.1 to a high
      speed S.sub.2.
PAR  The computer then uses time periods A1, A2, and C1 to calculate the engine
      acceleration rate B; where:
      ##EQU1##
      Following this calculation the result is displayed to the operator as an
      indication that the acceleration portion of the test is complete and that
      he should shut off the engine. Then the engine will decelerate, and the
      test system will measure or calculate D1, D2, and F1 in a manner similar
      to the acceleration portion of the test. FIG. 4 illustrates this portion
      of the test, as well as the acceleration portion of the test. From D1, D2,
      and F1 the computer will calculate the deceleration rate E, where:
      ##EQU2##
PAR  The computer will then calculate and display the values of indicated, brake
      and friction, torques (and horsepowers, if desired) for the 1000-2000 rpm
      speed range of the engine from the acceleration rate B and deceleration
      rate E. From these values, the operator can easily evaluate the power
      development capability of the engine as well as its frictional load in
      comparison with known characteristics, such as are shown in FIG. 7, of a
      good engine.
PAR  Reference is now made to the program flow chart of FIG. 6 for a description
      of the operation of the system of FIG. 1.
TBL  ______________________________________                                    
     Statement                                                                 
     Number                                                                    
     Program Step and Description                                              
     ______________________________________                                    
     201     CALL 1. When the computer executes this                           
             instruction, the engine should be running                         
             at idle. The instruction causes the                               
             computer to send a START pulse to the                             
             elapsed time device 14. This sets the                             
             device to the Busy State which initializes                        
             the system preparing it for time period                           
             (speed) measurements.                                             
     202     DISPLAY "FULL THROTTLE". This instruction                         
             outputs the message "FULL THROTTLE" to the                        
             display 18 indicating to the operator                             
             that the system is ready. At this point                           
             the vehicle should still be operating at                          
             idle speed.                                                       
     203     CALL 2, A1. This instruction causes the                           
             system to wait for the next engine period                         
             pulse and then the computer inputs the time                       
             period between the last two pulses. This                          
             input value is saved as parameter A1. For                         
             a four cycle engine such as the LD465 with                        
             one pulse per engine cycle (2 revolutions)                        
             the A1 input at idle will be about 170.0                          
             msec or A1 = 1700 (this corresponds to                            
             about 706 RPM).                                                   
     204     If A1 &gt; L1 THEN GO TO 203. This instruc-                          
             tion is testing the vehicle speed looking                         
             for the beginning of the acceleration. If                         
             the acceleration rate in the 1000 to 2000                         
             RPM range is desired from one pulse per                           
             engine cycle L1 would be 120 msec or 1200                         
             (for 4 cycle engine) since the system                             
             measures time in 0.1 msec units. On execu-                        
             tion of this instruction, the computer will                       
             compare the most recent input value of A1                         
             with L1 and if it is greater than L1 the                          
             computer jumps back to instruction 203                            
             again. Otherwise it will continue on to                           
             the next sequential instruction 205.                              
     205     LET C = 0. At this point in the program                           
             the acceleration in the range of interest                         
             has just begun. The parameter C is going                          
             to be used to accumulate the total time                           
             period between start and stop of the                              
             acceleration portion of the test. Thus,                           
             C must be initialized to zero which is all                        
             this instruction does.                                            
     206     CALL 2, A2. Like instruction 203 this                             
             instruction causes the system to wait for                         
             the next pulse and then inputs a new time                         
             period measurement. This time the                                 
             measurement is saved as A2.                                       
     207     IF A2 &lt; L2 THEN GO TO 209. This instruc-                          
             tion is trying to detect a speed in excess                        
             of the upper speed limit. If the                                  
             measured time period A2 is less than the                          
             limit L2 (for four cycle engines with one                         
             pulse per engine cycle an L2 corresponding                        
             to 2000 RPM would be 60 msec or L2 = 600                          
             in system time units, 0.1 msec), then the                         
             program jumps to statement 209 to proceed                         
             with acceleration rate calculations. If                           
             A2 is greater than or equal to L2 the                             
             computer executes the next sequential                             
             Instruction 208.                                                  
     208     LET C = C + A2. When the last measured                            
             value of A2 is still within the speed                             
             range of interest the computer will take                          
             this branch of the program. This instruc-                         
             tion thus, acts as a time accumulator                             
             summing all the A2 measurements occurring                         
             within the acceptable speed range and saving                      
             the sum as parameter C. Each execution                            
             of this statement simply adds the last                            
             measured value of A2 to the previously                            
             accumulated value of C.                                           
     208'    GO TO 206. This instruction simply causes                         
             the computer to branch back to step 206                           
             forming a program loop.                                           
     209     LET C1 = C + A1/2 + A2/2. Execution of                            
             this statement performs the following                             
             function:                                                         
                       A1          A2                                          
                C1 = C +     +                                                 
                       2           2                                           
             This value is used by the next instruction                        
             for the acceleration rate calculation which                       
             needs the total time period between the                           
             first time period (A1) and the last time                          
             period (A2). Since the speed cross points                         
             used within the acceleration rate                                 
             calculation (step 210) are derived from the                       
             inverse of the time period, they are                              
             actually an average speed measurement for                         
             the given time period. However, by                                
             assuming a linear speed versus time                               
             characteristic within the time period, the                        
             time of an instantaneous speed corresponding                      
             to the measured average value can easily                          
             be interpolated by division by 2. Thus,                           
             this program statement corrects the                               
             accumulated total time period by adding                           
             to it one half of the first and last time                         
             periods (A1 and A2).                                              
     210     LET B = (1/A2 - 1/A1)*4*10.uparw.8*3.14159/C1.                    
             Execution of this instruction performs the                        
             calculation:                                                      
                          1         1                                          
                                -          (4 .times. 10.sup.8).pi.            
                          A 2       A1                                         
                B =                                                            
                   C1                                                          
             where B is the acceleration rate in rad/sec.sup.2                 
             (which is directly proprotional to engine                         
             output torque). The 1/A2 factor is the                            
             average speed of the final time period                            
             measurement and 1/A1 is the average speed                         
             of the initial time period measurement.                           
             (4 .times. 10.sup.8).pi. is simply a units conversion             
             factor. For the test example shown in                             
             FIG. 4:                                                           
                    1         1                                                
                          -           (4.times.10.sup.8).pi.                   
                    581       1013                                             
     B=                                      = 167.52 rad/sec.sup.2            
             5506                                                              
     211     DISPLAY "ACCELERATION RATE", B. This                              
             instruction simply outputs the message                            
             "ACCELERATION RATE" and the calculated value                      
             of B to the display 18. This informs the                          
             operator that the acceleration portion of                         
             the test is complete. At this time, or                            
             soon after, he should shut off the engine so                      
             that the system can run the deceleration                          
             portion of the test.                                              
             NOTE: Statements 212 through 219 perform                          
             the same function during the engine decelera-                     
             tion as statements 203 through 210 on                             
             acceleration except for the comparisons                           
             of 213 and 216. These are naturally                               
             inverted since the speed versus time                              
             characteristic has the sign of the slope                          
             changed. Execution of all of these steps                          
             results in the calculation of the                                 
             deceleration rate, E. For an LD465 engine                         
             (such as for the acceleration test example                        
             given) a normal deceleration rate would be                        
             about E = 73 rad/sec.sup.2.                                       
     220     LET brake torque T1 = I*B.                                        
     221     LET friction torque T2 = I*B. Execution of                        
             these statements multiplies B by I, and E                         
             by I, respectively, where I is the inertia                        
             of the test engine (I = 1.427 ft. lb. sec.sup.2                   
             for LD465 engine). T1 is the average                              
             brake torque (or output torque available)                         
             and T2 is the average friction torque of                          
             the test engine in the test speed range.                          
     222     LET T3 = T1 + T2. This instruction sums                           
             T1 and T2 (brake and friction torque) to                          
             give T3 which is the indicated torque or                          
             total torque developed within the engine.                         
     223     DISPLAY B, T1, E, T2, T3. This instruction                        
             simply outputs the key resultant test                             
             parameters to the operator. The values                            
             displayed are:                                                    
             B = Acceleration rate in rad/sec.sup.2                            
             T1 = Brake torque in ft. lbs.                                     
             E = Deceleration rate in rad/sec.sup.2                            
             T2 = Friction torque in ft. lbs.                                  
             T3 = Indicated torque in ft. lbs.                                 
             Thus, in one simple acceleration/deceleration                     
             test the operator gets key test parameters                        
             that in the past took considerable time                           
             and bulky expensive equipment.                                    
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Means for testing the power of an internal combustion engine during a
      full-throttle acceleration of the engine, comprising
PA1  tachometer means coupled to said engine to generate one electrical pulse
      per engine cycle of the engine,
PA1  a display device, and
PA1  a computer means receptive to the output of said tachometer and providing
      an output to said display device, said computer means being programmed to
      measure the time periods between successive pulses, each time period
      constituting the reciprocal of the engine speed during the particular
      engine cycle, and being programmed to add one-half of the time period
      corresponding with a low speed and one-half of the time period
      corresponding with a high speed to the intermediate time periods to
      compute an acceleration time period which is a measure of engine power.
NUM  2.
PAR  2. The combination as defined in claim 1, wherein said computer means is
      programmed to determine said time period corresponding with a low speed to
      be the first time period following achievement of a specific predetermined
      low speed, and to determine said time period corresponding with a high
      speed to be the first time period following achievement of a specific
      predetermined high speed.
NUM  3.
PAR  3. The combination as defined in claim 1 wherein said computer means is
      also programmed to determine the acceleration rate by subtracting the
      reciprocal of the time period corresponding with the low speed from the
      reciprocal of the time period corresponding with the high speed to
      determine the speed change, and dividing the speed change by said
      acceleration time period, and to display the resulting acceleration rate
      on said display device.
NUM  4.
PAR  4. The combination as defined in claim 3 wherein said computer means is
      also programmed to multiply the said acceleration rate by the known
      inertia of the engine to compute the brake torque of the engine, and to
      display the brake torque on said display device.
NUM  5.
PAR  5. The combination as defined in claim 4 wherein said computer means is
      also programmed to similarly compute the deceleration rate during a
      deceleration of the engine, and to multiply said deceleration rate by the
      known inertia of the engine to compute the friction torque of the engine.
NUM  6.
PAR  6. The combination as defined in claim 5 wherein said computer means is
      also programmed to add said brake torque to said friction torque to
      compute the indicated torque of the engine.
NUM  7.
PAR  7. The method of testing the power of an internal combustion engine having
      a tachometer producing one electrical pulse per engine cycle of the
      engine, comprising the steps of
PA1  full-throttle accelerating the engine from an idle speed to a high governed
      speed,
PA1  measuring the time periods between successive pulses, each time period
      constituting the reciprocal of the engine speed during the particular
      engine cycle,
PA1  comparing the measured time periods with time periods corresponding with a
      predetermined low speed and a predetermined high speed,
PA1  selecting a low speed and a high speed time period, and
PA1  adding one-half of the selected low speed time period and one-half of the
      selected high speed time period to the intermediate time periods to
      determine the acceleration time period which is a measure of engine power.
NUM  8.
PAR  8. The method as defined in claim 7 wherein said selected low speed and
      high speed time periods are the first measured time periods following
      achievement of the specific predetermined low and high speeds,
      respectively.
NUM  9.
PAR  9. The method as defined in claim 7, and, in addition, the steps of
      determining the acceleration rate by subtracting the reciprocal of the
      selected time period corresponding with the low speed from the reciprocal
      of the selected time period corresponding with the high speed to determine
      the speed change, and dividing the speed change by said acceleration time
      period.
NUM  10.
PAR  10. The method as defined in claim 9, and, in addition, the step of
      multiplying the said acceleration rate by the known inertia of the engine
      to compute the brake torque of the engine.
NUM  11.
PAR  11. The method as defined in claim 10, and, in addition, the steps of
      decelerating the engine and similarly computing the deceleration rate of
      the engine, and multiplying the said deceleration rate by the known
      inertia of the engine to compute the friction torque of the engine.
NUM  12.
PAR  12. The method as defined in claim 11, and, in addition the step of adding
      said brake torque to said friction torque to compute the indicated torque
      of the engine.
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ABST
PAL  A fuel injection nozzle for internal combustion engines is normally closed
      by an axially movable needle valve. The needle valve is operatively
      arranged to actuate, at least mediately, an electrical switch after
      lifting from its valve seat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fuel injection arrangement for internal
      combustion engines which includes a fuel injection nozzle normally closed
      by an axially movable needle valve. The invention relates, more
      particularly, to such a fuel injection arrangement in which the needle
      valve is operatively arranged to actuate an electrical switch.
PAR  It has become increasingly desirable, after installation on an internal
      combustion engine, to test the efficiency with respect to poison-free
      exhaust gases in order to be able to adapt the fuel injection system
      optimally to a particular engine. The test is conducted with so-called
      diesel test apparatus by means of which the speed (rpm), the injection
      point adjustment, the initiation of fuel supply and related operating
      parameters are all measurable. The sensing units of such test apparatuses
      can be mounted at very widely different locations of the fuel injection
      system.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a fuel injection
      arrangement for internal combustion engines which serves to sense at least
      speed (rpm), the injection point adjustment and the initiation of fuel
      supply.
PAR  It is another object of the present invention to provide a fuel injection
      arrangement which is both inexpensive and technically reliable in
      determining operating parameters.
PAR  It is a further object of the present invention to provide a fuel injection
      arrangement which avoids the necessity of positioning sensing units at
      widely different locations of the fuel supply system.
PAR  The foregoing objects, as well as others which are to become clear from the
      following text, are achieved in accordance with the present invention by
      providing, in a fuel injection arrangement which includes a fuel injection
      nozzle normally held closed by an axially movable needle valve resting on
      its seat, an electrical switch actuated, at least mediately, by the
      lifting of the needle valve from its seat. The electrical switch serves as
      a needle lift sensor of a test instrument.
PAR  According to an advantageous embodiment of the invention, the electrical
      switch controls a connection between a nozzle holder (ground) and a
      current source in the test instrument. Furthermore, the electrical switch
      is installable subsequently into mass-produced conventional injection
      nozzles.
PAR  According to a supplementary embodiment of the invention, the electrical
      switch includes a probe (sensor) which is connected with the test
      instrument and extends axially from the end of the injection nozzle facing
      away from the internal combustion engine into a spring chamber. This test
      probe is insulated with respect to a nozzle holder and its contact with
      the needle valve is controlled by the movement of the latter.
PAR  According to another embodiment of the invention, the switching function is
      performed by a yieldable piston disposed in a fuel leakage channel or in a
      fuel leakage line and loaded by a spring which also functions as a current
      carrier. The yieldable piston interrupts an electrical circuit between the
      test instrument and a nozzle holder when the piston is displaced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional view of a first exemplary embodiment of a fuel
      injection arrangement according to the present invention in which
      electrical contact is made by lifting the needle valve.
PAR  FIG. 2 is a cross-sectional partial view of a second exemplary embodiment
      of a fuel injection arrangement according to the present invention in
      which electrical contact is interrupted by lifting the needle valve.
PAR  FIG. 3 is an enlarged section of FIG. 2.
PAR  FIG. 4 is a cross-sectional view of a third exemplary embodiment of a fuel
      injection arrangement according to the present invention in which fuel
      displaced by the needle valve interrupts electrical contact.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the fuel injection nozzle shown only partially in FIG. 1, a needle valve
      3 is disposed axially movable in a nozzle holder 1 and a nozzle body 2.
      The needle valve 3 cooperates with its associated valve seat 4 and is
      lifted from the seat 4 by the force of fuel streaming through a fuel
      supply channel 5 in opposition to the force of a valve-closing spring 6. A
      chamber 7, in which the spring 6 is located, is connected with a leakage
      fuel line (not shown) through interconnected channels 8. The fuel leakage
      line leads away fuel that is collected in the spring chamber 7 from leaks
      between the nozzle body 2 and the needle valve 3. An electrically
      conductive probe 9 extends into the spring chamber 7, and it is fastened
      in an apertured, electrically insulating screw 10. The probe 9 is
      electrically insulated with respect to the nozzle holder 1 and carries a
      spade (plug-on) electrical connection 11 by means of which an electrical
      conductor (not shown) leads to a diesel testing instrument (not shown). On
      the side of the probe 9 facing away from the spade connection 11, a
      turned-down portion 12 of the probe 9 carries a contact spring 13 which
      comes into contact with the needle valve 3 as soon as the latter has
      lifted from its seat 4, i.e., as soon as fuel injection has begun. Contact
      between the probe 9 and the needle valve 3 is broken when fuel injection
      ends. During the process of further opening strokes of the needle valve 3,
      the contact spring 13 is further compressed and thereby maintains, in such
      condition, an electrical circuit between the diesel test instrument and
      the nozzle holder 1 because of its elasticity, the circuit including the
      probe 9, the spring 13, the needle valve 3 and the nozzle body 2. Only
      when the needle valve 3 has again been pushed onto its seat 4 by the
      spring 6 is the electrical circuit again interrupted. The testing
      instrument counts the number of the nozzle openings and therefore the
      speed (rpm) and it further indicates the beginning and/or the end of each
      opening stroke and thereby records the injection adjustment and/or the
      fuel supply onset. The probe 9, the contact spring 13 and the spade
      connection 11 can be installed in a majority of the mass-produced
      conventional fuel injection nozzles without any alteration of the
      precision parts. All that is required is a conventional tensioning screw
      14 having an opening at one end and another in its wall, the latter
      providing communication to an annular tube connection 15 leading to the
      leakage line via one of the channels 8.
PAR  FIGS. 2 and 3 show an exemplary embodiment of another fuel injection
      arrangement direction from that of FIG. 1. As shown in FIG. 2, the second
      embodiment includes a closing spring 20 which lies further below. The
      spring 20 is disposed in a spring chamber 21 into which one end of an
      electrically conductive probe 22 extends. The other end of the probe 22
      extends into a leakage fuel line 23. An insulating plastic bushing 24 is
      pressed into the space between the wall of the leakage fuel line 23 and
      the probe 22. The bushing 24 has an axial slit (not shown) for the passage
      of the leakage fuel. The probe 22 is fixed in the leakage fuel line 23 by
      a transversely disposed conductive rod 25 which serves as a plug-on,
      electrical connector and by means of a fastening screw 26. The probe 22
      has a turned-down portion 27 into which a contact sleeve 28 having a
      shoulder 29 engages, as best seen in FIG. 3, which shows these parts in
      enlarged scale. When the injection nozzle is closed, the contact sleeve 28
      is in contact, on the one hand, with a spring support disc 30, through
      which the forces of the spring 20 are transmitted to a needle valve 31,
      and, on the other hand, with an end 32 of the probe 22 as limited by the
      shoulder 29. Radially between the contact sleeve 28 and the turned-down
      portion 27 of the probe 22, an insulating bushing 33 of synthetic material
      is disposed. An insulating sleeve 34 having a stepwise bore is supported
      on the end face formed by the turned-down portion 27 of the probe 22
      facing away from its end 32. A contact spring 35 is disposed between the
      insulating sleeve 34 and the contact sleeve 28. The purpose of the contact
      spring 35 is to ensure that the contact sleeve 28 maintains a contact with
      the spring disc 30 and, therefore, always maintains contact with the
      nozzle holder or with electrical ground. A play equalization spring 37,
      having a lesser pretension than that of contact spring 35, is disposed
      between the insulating sleeve 34, axially slidable on the probe 22, and an
      upper face 36 of the spring chamber 21. When the entire switching system
      is installed, i.e. the probe, the springs and the sleeves, the fastening
      screw 26 is tensioned only after, with a closed injection nozzle, the
      quiescent position for the switching system has occurred because of the
      action of a play equalization spring 37, i.e. the contact sleeve 28 must
      touch the spring disc 30, and, furthermore, the shoulder 29 of the contact
      sleeve 28 must touch the end 32 of the probe 22. After that, as soon as
      the needle valve 31 is lifted from its seat (not shown), the contact
      sleeve 28 is moved in opposition to the force of the contact spring 35 and
      the end 32 of the probe 22 is separated from the shoulder 29 of the
      contact sleeve 28 and, in this way, the electrical connection between the
      nozzle holder (ground) and the test instrument is interrupted.
PAR  FIG. 4 shows the connection of a fuel injection nozzle from the side of the
      leakage line, the switching system having been installed in the nozzle. In
      this third exemplary embodiment, the fuel displaced from a spring chamber
      (not shown) during the opening stroke of a needle valve is used to
      displace a yielding piston 40 in opposition to force of a return spring 41
      positioned in a spring chamber, where the return spring 41 is in
      electrically conductive contact with a bolt 42 to which a spade connector
      43 of the conductor leading to a test instrument is fastened. In its
      quiescent position, the yielding piston 40 touches an electrically
      conductive plate 44 which is connected within a fastening screw 45 which
      also holds a hollow semi-spherical member 46. A bushing 48 is disposed
      between the yielding piston 40 and the bore 47 of the fastening screw 45
      and it is guided within that bore permitting a predetermined amount of
      fuel leakage. The bushing 48 is insulated electrically, with respect to
      the yielding piston 40, by a plastic member 49. As soon as the needle
      valve lifts from its seat, the fuel displaced from the spring chamber acts
      to separate the yielding piston 40 from the conductive plate 44 and thus
      interrupts the connection from the test instrument to the nozzle holder
      (ground).
PAR  It is to be understood that the foregoing description of the illustrative
      embodiments has been given by way of example, not of limitation. Numerous
      variants and other embodiments are encompassed within the spirit and scope
      as defined in the appended claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In a fuel injection arrangement for internal combustion engines which
      includes a fuel injection nozzle normally closed by an axially movable
      needle valve resting on its seat, the improvement comprising electrical
      switch means serving as a sensor for a test instrument, a nozzle holder,
      insulating means, a spring chamber into which one end of the needle valve
      extends, and a spring mounted within the spring chamber and engageable
      with the needle valve for controlling the movement of the needle valve
      during its opening and closing strokes, and wherein said switch means
      includes a probe and a contact spring, said probe being electrically
      connected at one end to the test instrument and at its other end to the
      contact spring which is mounted thereon, said probe extending axially from
      an end of said nozzle facing away from the internal combustion engine and
      into said spring chamber so that it and the contact spring are
      substantially coaxial with said spring, said insulating means being
      positioned between said probe and said nozzle holder at that end of said
      probe which is connected to the test instrument, and contact of said probe
      with said needle valve being controlled by movement of the latter, said
      contact spring coming into contact with the needle valve after opening of
      said injection nozzle and maintaining this contact yieldingly during the
      opening and closing strokes of the needle valve.
NUM  2.
PAR  2. In a fuel injection arrangement for internal combustion engines which
      includes a fuel injection nozzle normally closed by an axially movable
      needle valve resting on its seat, the improvement comprising electrical
      switch means serving as a sensor for a test instrument, coupled to said
      needle valve and responsive to lifting of said needle valve, a nozzle
      holder and a fuel leakage channel means, and wherein said switch means
      includes a yielding piston disposed in said channel means and a spring
      member loading said piston, said piston when displaced interrupting
      electrical circuit continuity between said nozzle holder and said test
      instrument.
NUM  3.
PAR  3. An arrangement according to claim 2, wherein said spring member is
      electrically conductive and forms part of a circuit between said nozzle
      holder and said test instrument.
NUM  4.
PAR  4. In a fuel injection arrangement for internal combustion engines which
      includes a fuel injection nozzle normally closed by an axially movable
      needle valve resting on its seat, the improvement comprising electrical
      switch means serving as a sensor for a test instrument, a nozzle holder,
      insulating means, a spring chamber into which one end of the needle valve
      extends, and a spring mounted within the spring chamber for controlling
      the movement of the needle valve during its opening and closing strokes,
      and wherein said switch means includes a probe which is electrically
      connected at one end to the test instrument, a displaceable sleeve
      connected to the needle valve and to the other end of said probe, and a
      contact spring which engages the displaceable sleeve and biases it so that
      it is connected to the needle valve, said probe extending axially from an
      end of said nozzle facing away from the internal combustion engine and
      into said spring chamber so that it, the displaceable sleeve and the
      contact spring are substantially coaxial with said spring, said insulating
      means being positioned between said probe and said nozzle holder at that
      end of said probe which is connected to the test instrument, said
      displaceable sleeve having a first shoulder and said probe having a second
      shoulder so that during opening of said nozzle said needle valve displaces
      said sleeve against the bias of said contact spring effecting
      disengagement between said first shoulder and said second shoulder thereby
      interrupting electrical contact between said probe and said sleeve.
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ABST
PAL  A device for measuring transport torques and tensions of magnetic video
      tape record/reproduce units includes a cartridge with a housing that is
      preferably similar to that of a normal video tape cartridge. Two reels are
      rotatably disposed in the housing and are provided with torque and tension
      measuring components in order that measurement of the torque and tensions
      of a record/reproduce unit may be readily performed upon loading the
      cartridge in the unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a device for measuring the transport
      torques and tensions of magnetic video tape record/reproduce units.
PAR  2. Description of the Prior Art
PAR  Prior to the present invention, there was no convenient means for measuring
      the transport torques and tensions of magnetic video tape record/reproduce
      units. Yet it is often desirable to make such measurements to determine if
      a video tape unit is operating properly to provide quality recording or
      reproducing without damaging the tape transported thereby. It is
      particularly important to make such measurements on video tape units
      because of the potential loss of not only expensive video tape but also of
      valuable programs that may be recorded thereon. Heretofore, such
      measurements were made on video tape units by placing tape reels from a
      typical video cassette cartridge on the reel drive shafts of a tape unit
      and then measuring the torques and tensions of the unit by attaching a
      spring scale to the end of the tape on the reels. Although such prior
      measurement method produced relatively accurate results, it required skill
      and experience beyond the average user's ability and was, therefore,
      usually performed only by trained service personnel. The present
      invention, in contrast to the above procedure, provides a measuring device
      that is highly convenient to employ and may be utilized by users having
      little or no instruction in making transport torque and tension
      measurements.
PAR  A device for measuring transport torques of magnetic tape audio cassette
      record/reproduce units has been employed in the past and includes a
      housing that is identical to that of a standard cassette. A single reel is
      disposed in the housing and is attached to a spring biased indicator
      needle, the movement of which provides an indication of the torque exerted
      on the reel of the device by a record/reproduce unit. Such device differs
      from the present invention in that it is not designed for employment in
      video record/reproduce units and, therefore, does not provide the
      capability of making the various measurements of tensions and torques that
      must be made to determine whether a video record/reproduce unit is
      operating with acceptable tensions and torques.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a cartridge for readily measuring transport
      torques and tensions of a magnetic video tape record/reproduce unit and
      includes a first reel rotatably mounted in the cartridge and having a cord
      that is wound about the reel in a direction opposite to that in which the
      reel is rotated by the tape unit in a rewind mode. The free end of the
      reel cord is positioned through one of the cartridge side walls and may be
      attached to a force indicating means for determining the amount of force
      that must be applied on such cord to overcome rewind torque of the tape
      unit or the brake tensions of same.
PAR  The cartridge may also include a second reel having a cord wound in a
      direction opposite to that in which such reel is rotated when the tape
      unit is in a record, reproduce or fast forward mode. The free end of the
      second reel cord is connected to a spring that serves as a bias means for
      opposing rotation of the reel. Calibration markings are carried on the
      second reel and are correlated to indicate the record, reproduce or fast
      forward torque of the tape unit.
PAR  The cartridge housing is preferably shaped similar to that of typical
      cartridges used in video tape units, the tensions and torques of which are
      to be measured. Thus, the cartridge may be loaded in the unit in identical
      fashion to a typical cartridge and serves to enable the tape unit in an
      operating mode. Thereupon, the cartridge may be employed for providing a
      convenient means of measuring the torques and tensions of the tape unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a preferred embodiment of a measuring device of
      the present invention which is shown with the top wall of its housing
      partially cut away to expose interior components; and
PAR  FIG. 2 is a longitudinal sectional view taken along the line 2--2 of FIG. 1
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and with reference to both FIGS. 1 and 2, a
      preferred embodiment of the measuring device of the present invention is
      shown in the form of a cartridge 1 that is particularly adapted for
      measuring transport torques and tensions of typical magnetic video tape
      record/reproduce units.
PAR  The cartridge 1 includes a housing 2 that is basically identical to the
      housing of standard video tape cassette cartridges in order that it may be
      loaded into a record/reproduce unit to enable the operating mode of the
      unit so that normal transport functions such as "record," "reproduce,"
      "fast forward," "rewind," or "stop" can be activated. The cartridge 1
      includes a top cover 3 and a bottom cover 4 each having peripheral side
      portions 5 and 6 respectively that merge with one another to close the
      housing 2. The top and bottom covers 3 and 4 are substantially rectangular
      in shape except for a notch 10 in one side, and are preferably held
      together in standard fashion by screws (not shown) or ultrasonic welding.
PAR  Disposed in the interior of the housing 2 are a pair of reels 11 and 12
      that respectively include hubs 13 and 14. The hub 13 has a central axial
      bore 15, a flange 16 of small diameter formed at its lower end and a
      flange 17 of large diameter formed at its upper end. The hub 14 has a
      central axial bore 18, a lower flange 19 of large diameter and an upper
      flange 20 of small diameter. The lower ends of the bores 15 and 18
      generally conform in size to respective apertures 21 22 in the bottom
      cover 4 of the housing 2, and the upper ends of the bores 15 and 18 are
      necked down to closely conform to axle shafts 23 depending from the top
      cover of the housing 2. The shafts 23 serve to hold the reels 11 and 12
      with their respective bores 15 and 18 in registration with the apertures
      21 and 22 in order that when the cartridge 1 is loaded in a tape unit,
      drive shafts (not shown) of the tape unit will protrude into the housing 2
      through the apertures 21 and 22 to drivingly engage the reels 11 and 12.
PAR  The structure of the cartridge 1 described thus far is basically the same
      as that of standard video cartridges of the type described in U.S. Pat.
      Nos. 3,797,779, 3,802,647, 3,802,648 and 3,735,939. In addition to such
      structure the cartridge 1 includes a window 24 in the housing top cover 3,
      a cord 25 that is wrapped about the reel 12 and has a looped end
      protruding through an opening 26 in the housing 2, and a cord 27 that is
      wrapped about the reel 11 and is connected at one end to a coil spring 28
      fixed to one corner of the housing 2. Also, the upper surface of the reel
      flange 17 is calibrated with markings 29, and an opaque rectangular tab 30
      is attached to the notched side of the housing 2. The opaque tab 30
      cooperates in the enabling of a tape unit by serving to cover a photo
      transistor that normally activates the automatic stop of the unit when a
      tape break occurs.
PAR  The cord 25 is wrapped about the reel 12 in a direction opposite to that in
      which the reel 12 is driven by a tape unit in a rewind mode. In similar
      fashion, the cord 27 is wound on the reel 11 in a direction opposite to
      the direction of rotation of such reel when driven by a tape unit in a
      record, reproduce or fast forward mode. Thus, unwinding pressure exerted
      on the cords 27 and 25 opposes driving rotation of the reels 11 and 12
      respectively. The cords 25 and 27 are employed to provide measurement of
      transport torques and tensions of a tape unit in the following manner.
PAR  Measurement of forward drive torque requires actuation of the record or
      reproduce mode of the unit to drive the reel 11 in a forward direction for
      winding the cord 27 on the hub 13 and extending the spring 28. The spring
      28 thereby exerts a force on the cord 27 in opposition to forward drive of
      the reel 11. Extension of the spring 28 continues only so long as drive
      torque of the tape unit exceeds the opposing force provided by the spring
      28. Once these two forces become equal, the reel 11 will cease rotating.
      Thus, rotation of the reel 11 directly correlates to forward drive torque.
      The calibration markings 29 on the flange 17 of the reel 11 are indicative
      of such correlation and may be seen through the window 24 to provide
      visual indication of the forward drive torque exerted on the reel 11.
      Measurement of fast forward drive torque may be made in similar fashion.
PAR  Rewind torque, fast forward hold-back tension (threading brake tension) and
      stop brake force all may be measured by means of the cord 25 on the reel
      12 which, as previously described, is wound on the reel 12 so that
      unwinding force on the cord opposes rewind rotation. However, to make such
      measurements it is necessary to attach a force indicating means (not
      shown), such as a spring scale, to the looped end of the cord 25.
      Measuring rewind torque may be accomplished by unwinding an amount of the
      cord 25 from the reel 12, actuating the unit in its rewind mode, and
      exerting sufficient force on the cord 25 via the force indicating means to
      permit no rewinding or only slow rewinding of the cord 25 back on the reel
      12. The magnitude of the torque exerted on the reel 12 will be evidenced
      by the force indicating means.
PAR  In measuring stop brake force, the tape unit is actuated in a stop mode and
      sufficient force is exerted on the force indicating means to slowly pull
      the cord 25 out of the housing. In this way, the force indicating means
      will indicate the force exerted on the cord 25 to overcome the stop brake.
      This same procedure may be followed to measure fast forward hold-back
      tension by actuating the tape unit in a fast forward condition.
PAR  Thus, the measuring device of the present invention provides a ready,
      convenient means for making torque and tension measurements of magnetic
      video tape record/reproduce units in relatively simplistic fashion. By the
      use of such device the operation of tape units may accurately be tested by
      unskilled personnel in order that improper tension or torque levels may be
      discovered before tape damage occurs.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cartridge for measuring rewind torque and brake tensions of a video
      magnetic tape record/reproduce unit and having a housing in which at least
      a first reel is rotatably disposed in registration with an aperture in one
      of the side walls of said housing in order that when said cartridge is
      loaded in a video record/reproduce unit, said reel can be driven by said
      unit, said cartridge comprising:
PA1  a cord wrapped about said reel in a direction opposite to that in which
      said reel is rotated when said record/reproduce unit is actuated in a
      rewind mode, such cord having a free end disposed through an opening in
      said housing so that a determinable pressure may be exerted on said cord
      for opposing rewind rotation of said reel or overcoming brake force on the
      same.
NUM  2.
PAR  2. A cartridge as recited in claim 1 that includes a second reel disposed
      in registration with another aperture in said one of the side walls of
      said housing so that said second reel can also be drivingly engaged by
      said unit, said cartridge further comprising:
PA1  calibration markings on said second reel;
PA1  a window in said housing for viewing at least one of said calibration
      markings;
PA1  a cord wrapped about said second reel in a direction opposite to that in
      which said second reel is rotated by said record/reproduce unit when
      actuated in a record or reproduce mode; and
PA1  a bias means connected to one end of said cord wrapped about said second
      reel to provide a force opposing rotation of said second reel so that said
      reel is driven by said record/reproduce unit in a record or reproduce mode
      only an amount correlated to the record or reproduce torque of said unit
      by one of said calibrated markings viewed through said window.
NUM  3.
PAR  3. A cartridge as recited in claim 1 that further includes an opaque tab
      disposed on said housing to cover a tape break photo transistor of said
      unit and cooperate in enabling said record/reproduce unit in an operating
      mode.
PATN
WKU  039423689
SRC  5
APN  5040809
APT  1
ART  244
APD  19740909
TTL  Portable pull testing unit for installed earth anchors
ISD  19760309
NCL  7
ECL  1
EXP  Ruehl; Charles A.
NDR  1
NFG  1
INVT
NAM  Hoyt; Robert M.
CTY  Centralia
STA  MO
ASSG
NAM  A. B. Chance Company
CTY  Centralia
STA  MO
COD  02
CLAS
OCL   73141R
XCL   73 84
XCL   73 95
EDF  2
ICL  G01L  500
ICL  G01N  310
FSC   73
FSS  88 E;84;101;141 R
UREF
PNO  2280592
ISD  19420400
NAM  Le Mieux, Jr.
OCL   73 84
UREF
PNO  2674876
ISD  19540400
NAM  Caudill
OCL   73 84
UREF
PNO  3738163
ISD  19730600
NAM  McEntire
OCL   73 95
UREF
PNO  3797301
ISD  19740300
NAM  Hawes
OCL   73 84
UREF
PNO  3820384
ISD  19740600
NAM  Brill
OCL   73 84
FREF
PNO  575,050
ISD  19330400
CNT  DD
OCL   73 84
LREP
FRM  Schmidt, Johnson, Hovey & Williams
ABST
PAL  A lightweight, compact, portable pull-testing device is disclosed which is
      especially adapted for testing the load capabilities of installed,
      relatively small earth anchors such as those utilized with hold-down
      equipment for mobile homes or the like. The device includes a
      tripod-mounted, vertically adjustable, hydraulically actuated piston and
      cylinder assembly securable to the upper protruding end of an earth anchor
      shaft, with generally upright tripod support legs positioned closely
      adjacent the protruding shaft end to permit use of the device by a single
      operator in crowded areas such as beneath a mobile home where space is at
      a premium. Novel creep indicator apparatus is also disclosed for the
      accurate measurement of anchor creepage independent of any settling of the
      device itself into the earth which may occur during pull testing.
BSUM
PAR  The invention relates to pull-testing apparatus for use in measuring the
      load capabilities of relatively small, embedded earth anchors. More
      particularly, it is concerned with such pull-testing apparatus which is
      lightweight and compact in nature to permit use thereof in crowded work
      areas by a single operator, and which includes unique creep indicator
      structure for measuring the amount of anchor creepage separate from any
      settling of the loading device itself into the earth.
PAR  In recent years there has been a tremendous increase in the use of
      relatively small earth anchors in situations where a secure hold-down is
      required. For example, many states and municipalities now require that
      mobile homes be securely anchored to the earth to resist adverse effects
      from untoward wind loads. These increasingly stringent regulations have
      come into being because of past experience with mobile homes wherein the
      latter have been severely damaged or even picked up and completely
      destroyed during wind conditions. Thus, in order to overcome these
      problems, so-called "mobile home anchors" have been developed for use in
      conjunction with hold-down straps or the like which are positioned over
      the mobile homes. In this connection, many governmental agencies and
      insurance companies have developed specifications relating to the
      performance of such mobile home anchors, and accordingly there has
      developed a need for a small, portable testing unit to verify that
      installed mobile home anchors do indeed meet required load capabilities.
PAR  A MAJOR DRAWBACK WITH MANY TESTING MACHINES CURRENTLY USED TO TEST EARTH
      ANCHORS STEMS FROM THE VERY LARGE AND BULKY NATURE THEREOF. Until
      recently, emphasis has been on testing anchors of relatively large load
      capacity and therefore the test units have been very large and heavy and
      not at all suitable for use beneath a mobile home or the like. In
      addition, prior testing machines have normally provided no means for
      measuring the extent of upward anchor creepage during pull testing
      independent of the downward settling of the tester itself.
PAR  One prior anchor testing device is disclosed in U.S. Pat. No. 3,738,163.
      The device described in this patent weighs nearly 200 pounds and utilizes
      a hydraulically actuated piston and cylinder assembly mounted on support
      structure having relatively widely spaced support legs adapted to contact
      the earth. Thus, not only is this patented unit far too heavy to be
      handled by a single operator, use thereof beneath a mobile home is
      severely limited by virtue of the bulky, unwieldy nature of the device.
      Finally, this test unit is deficient in not providing any mechanism for
      measuring the extent of test-induced anchor creep, which is an exceedingly
      important parameter needed for evaluating the load capabilities of small
      mobile home anchors.
PAR  It is therefore the most important object of the present invention to
      provide a lightweight, compact, portable pull-testing apparatus for
      load-testing installed earth anchors and which can be operated by a single
      operator beneath a mobile home or the like where space is at a premium,
      while moreover providing a creep measuring function for determining the
      load capabilities of installed, relatively small earth anchors. The
      compactness of the present test apparatus results principally from the
      discovery that generally upright, closely spaced support legs situated
      proximal to the protruding end of the earth anchor can be utilized without
      fear that erroneous test results will be generated or that the apparatus
      will be unsteady in use.
PAR  Another aim of the invention is to provide pull-testing apparatus of the
      type described wherein the anchor creep measurement structure associated
      therewith is capable of measuring the extent of upward anchor creepage
      induced during testing independently of any downward settling of the
      overall device which can occur as a result of reaction forces created
      during such testing. In particular, a separate calibrated rule is inserted
      into the earth adjacent the test unit with an indicator coupled to the
      latter for measuring the extent of anchor creep on the rule independently
      of any downward movement occurring by virtue of settling of the support
      legs into the earth adjacent the embeded anchor.
DRWD
PAR  In the drawing:
PAR  The single FIGURE is a perspective view of pull-testing apparatus in
      accordance with the present invention, shown operatively coupled with an
      installed earth anchor for testing of the latter.
DETD
PAR  A compact, portable pull-testing apparatus 10 weighing only about 50 pounds
      is shown in the drawing and broadly includes tripod support structure 12,
      hydraulically actuated piston and cylinder assembly 14 mounted thereon,
      and hydraulic pump assembly 16 operatively coupled with piston and
      cylinder assembly 14 for the purpose of actuating the latter.
PAR  In particular, support structure 12 includes a generally triangular tripod
      platform 18 having a series of three downwardly opening, tubular leg
      sockets 20 spaced about the periphery of the platform at the apexes
      thereof. Platform 18 includes a central aperture 22 circumscribed by an
      upright, annular collar 24. Conventional hydraulic cylinder 26 is secured
      within collar 24 by means of setscrews 28, while the pressure-responsive
      internal piston (not shown) within cylinder 26 is journaled on a
      vertically oriented, downwardly extending ram 30 which extends through
      aperture 22 in platform 18.
PAR  A longitudinally adjustable leg assembly 32 is fixedly secured within each
      leg socket 20 and includes an uppermost tubular section 34, and a
      lowermost tubular section 36 telescoped within the latter. An
      earth-engaging, force-spreading foot pad 38 is fixedly secured to the
      lowermost end of each tubular section 36 for evenly spreading the reaction
      forces developed during actuation of apparatus 10 to thereby minimize
      settling of apparatus 10 into the earth. The respective foot pads 38 are
      preferably positioned closely proximal to the protruding end of the
      embedded anchor in order to present the most compact profile for the
      overall apparatus.
PAR  In this connection, each generally upright leg asembly 32 is preferably set
      at an angle of about 10.degree. with respect to the vertical and is
      longitudinally adjustable by provision of a series of complementary,
      transverse bores 40 and 42 in sections 34 and 36 respectively. Releasable
      locking mechanism in the form of an elongated, transversely apertured
      locking pin 44 is provided which extends through the mated bores 40 and 42
      of sections 34 and 36 for the purpose of releasably locking the latter in
      a desired relative position. In this respect a "klik pin" assembly 46 is
      preferably utilized which includes an elongated pin member 48 extending
      through the transverse aperture of locking pin 44 to hold the latter in
      position.
PAR  A generally U-shaped clevis 50 is fixedly secured to the lowermost end of
      ram 30 for the purpose of coupling apparatus 10 to the upright, preferably
      threaded, protruding end 52 of a relatively small earth anchor 54 depicted
      in phantom in the drawing. Representative anchor 54 includes an elongated
      shaft 55 having a single flight helical blade 56 adjacent the lowermost
      end thereof, with the threaded, uppermost end 52 of the shaft protruding
      above the surface of the earth. A conventional eye 58 is threadably
      attached at the uppermost terminus of end 52. As illustrated in the
      drawing, clevis 50 fits over eye 58 with a conventional, releasable
      transverse pin 60 extending through clevis 50 and eye 58 to complete the
      connection between test apparatus 10 and anchor 54.
PAR  An elongated, horizontally oriented indicator rod 62 is releasably, but
      fixedly secured to clevis 50 such that rod 62 moves in unison with the
      latter during testing operations. In addition, a separate and independent
      stake 64 is driven into the earth adjacent the tripod unit and includes a
      calibrated rule 66 attached to the upper end thereof. The end of rod 62
      remote from clevis 50 extends into proximal relationship with calibrated
      rule 66 such that the two elements cooperatively serve to permit
      measurement of anchor creepage during testing operations later to be
      described.
PAR  Hydraulic pump assembly 16 is of the conventional variety and includes a
      pump chamber 68 and a reciprocable pump handle 70 for the purpose of
      delivering pressurized increments of hyrdraulic fluid from chamber 68. A
      specially calibrated pressure gauge 72 is also provided at the outlet end
      of pump assembly 16 for the purpose of directly indicating the load on the
      anchor being tested. Flexible hydraulic fluid line 74 is interconnected
      between the outlet of gauge 72 and cylinder 26 for the purpose of
      delivering pressurized hydraulic fluid to the latter to thereby move the
      pressure-responsive internal piston and ram 30 secured thereto.
PAR  In practice, apparatus 10 is set up over an installed earth anchor as
      depicted in the drawing, with clevis 50 being connected to eye 58 and foot
      pads 38 situated closely adjacent anchor end 52. Indicator rod 62 is
      provided along with independent stake 64 and rule 66 for the purpose of
      measuring the load-resisting capabilities of anchor 54, which may vary
      widely depending principally upon the type of soil into which the anchor
      is installed. During testing operations, pump assembly 16 is utilized to
      pressurize piston and cylinder assembly 14 to thereby draw ram 30 upwardly
      in opposition to embedded anchor 54, and any upward anchor creepage is
      measured as a function of the relative movement of indicator rod 62 along
      rule 66. Moreover, any settling of apparatus 10 induced by the downward
      reaction forces developed during test operations does not interfere with
      the accuracy of upward anchor creepage measurement, since rule 66 is
      supported independently of the tripod-mounted test unit. Thus, accurate
      test results can be obtained with the present testing apparatus in
      virtually all types of soils, even immediately after anchor installation.
PAR  Finally, it should also be noted that the compact nature of apparatus 10 is
      enhanced through the use of generally upright tripod support legs, with
      the earth-engaging foot pads thereof positioned closely adjacent the
      protruding end of anchor 54. It has heretofore been thought necessary to
      situate the support legs at a position somewhat remote from the earth
      about the embedded anchor, which in turn greatly increases the size and
      bulkiness of the test unit. However, in practice it has been found that
      the exceedingly compact and lightweight support leg arrangement disclosed
      produces no untoward test results, expecially when the present creep
      measuring apparatus is used in conjunction therewith so that any downward
      settling of the test unit is automatically compensated for and does not
      lead to inaccuracies of measurement.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. In combination:
PA1  an earth anchor embedded into the earth for anchoring a mobile home or the
      like and having an elongated shaft with one end thereof protruding from
      the earth and a generally tranversely extending, loadbearing member
      adjacent the remaining, embedded end of said shaft;
PA1  pull-testing apparatus, including
PA1  selectively actuatable tensioning means positioned generally above the
      protruding end of said shaft for applying an upwardly directed tension
      force on said anchor in opposition to said load-bearing member;
PA1  means operatively coupling said tensioning means and protruding end;
PA1  means supporting said tensioning means including a plurality of generally
      upright, closely spaced support legs each having an earth-engaging,
      force-spreading foot pad on the lowermost end thereof which are each
      positioned closely adjacent the protruding end of said earth anchor shaft;
PA1  means for determining the extent of tension forces exerted on said anchor
      when the tensioning means is actuated; and
PA1  means for measuring the extent of upward anchor creepage when said
      tensioning means is actuated and independently of any settling of the
      pull-testing apparatus into the earth,
PA1  said earth anchor and pull-testing apparatus being cooperatively configured
      and designed such that during actuation of said tensioning means the test
      results generated accurately reflect the actual load capabilities of said
      embedded earth anchor.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein:
PA1  said measuring means comprising separate and independent stake means driven
      substantially vertically into the ground adjacent said protruding end and
      having a series of vertically arranged calibrations thereon; and
      substantially horizontal indicator means coupled with said tensioning
      means, the end of said indicator means remote from said tensioning means
      being positioned adjacent said calibrations for indicating the extent of
      anchor creepage thereon during actuation of said tensioning means.
NUM  3.
PAR  3. The combination as set forth in claim 1 wherein said tensioning means
      comprises a pressure-responsive piston and cylinder assembly having a
      depending, vertically movable ram extending therefrom and secured to the
      protruding end of said earth anchor, and pump means operatively connected
      to said cylinder for selectively actuating said piston for moving said ram
      upwardly to apply a tension force to said earth anchor.
NUM  4.
PAR  4. The combination as set forth in claim 3 wherein said piston and cylinder
      assembly is hydraulically actuatable.
NUM  5.
PAR  5. The combination as set forth in claim 1 wherein each of said support
      legs is longitudinally adjustable to permit variance of the heights
      thereof.
NUM  6.
PAR  6. The combination as set forth in claim 1 wherein each of said support
      legs is positioned at an angle of about 10.degree. with respect to the
      vertical.
NUM  7.
PAR  7. The combination as set forth in claim 1 wherein said support means
      comprises a generally horizontal platform with three generally upright,
      depending support legs attached thereto.
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ABST
PAL  Resonant vibration is employed for imparting oscillations to a stressed
      wire, cable or metallic strip for the purpose of measuring its tension or
      for setting the vibrated member at a desired tension. A U-shaped magnetic
      resonator has an air gap to receive a stressed wire or cable and to impart
      vibrations thereto, the air gap being of such a width as to permit the
      received element to vibrate freely at its resonant frequency. The tension
      of the stressed element can be measured by varying the frequency of the
      resonator and noting when the condition of resonance exists or the tension
      of the element may be set by varying its tension while subjected to a
      steady predetermined pulsating magnetic flux field until the condition of
      resonance is noted. Either operation is performed in the absence of
      current flow through the stressed element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to that field of art pertaining to the
      measurement and setting of the tension of a stressed member such as a wire
      or cable.
PAC  SUMMARY OF THE INVENTION
PAR  An important object of the invention is to provide an improved method of
      and apparatus for measuring and setting the tension of a stressed member,
      such as a wire or cable.
PAR  Another important object is to provide an improved method of and apparatus
      for producing accurately tensioned wire or cable members enabling the use
      of a simple and economical procedure and equipment for this purpose.
PAR  In carrying out these objects, the present invention contemplates the
      utilization of a magnetic transducer shaped to partially surround a
      stressed member, such as a cable or wire element, and by pulsing the
      magnetic flux field thereof to either measure or set the tension of the
      member at the time its condition of resonance is exhibited.
PAR  More particularly, the invention contemplates a resonator having an air gap
      of such size to receive a tensioned member and to permit it to oscillate
      at its natural frequency therewithin, the resonator being driven by an
      oscillator that produces pulsations in the magnetic field of the resonator
      for attracting the stressed member at the driving frequency of the
      oscillator. Provision is made for either varying or adjusting the tension
      of the stressed member until a condition of resonance is exhibited by the
      large vibrating displacement of the stressed member and for varying the
      frequency of the oscillator until the resonant frequency of the stressed
      member is reached at which time its tension will be noted. The invention
      finds particular usage in the setting of stressed wires or cables employed
      for controlling the movements and positioning of bodies along predefined
      paths where precise movements are necessary and especially where several
      similarly tensioned members are employed in either the same or like
      equipment.
PAR  Apparatus designed for the above objects can be fabricated from
      comparatively simple components and can be operated by relatively
      semi-skilled operators, yet having the important advantage of precisely
      determining the tension of a stressed member or of accurately setting it
      in a desired tensioned condition simply by visual observation.
PAR  The above listed objects and advantages, and other objects, advantages and
      aspects of the invention, will be more fully explained in the following
      detailed description. For a more complete understanding of the invention,
      reference may be had to the following detailed description in conjuction
      with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a fixture designed for measuring the
      tension of a stressed member in accordance with this invention, and
      particularly illustrating the utilization of the equipment for measuring
      the tension of a tensioned cable for moving an object along a track or
      bar;
PAR  FIG. 2 is an enlarged fragmentary cross-sectional view of the air-gap area
      of a magnetic frequency transducer, the air-gap serving to receive the
      stressed member;
PAR  FIG. 3 is a perspective view of a carriage movable along a track or a bar
      controlled by a tensioned cable and for which the invention is applicable;
PAR  FIG. 4 is a schematic view of a cable system for moving the object along
      the bar of FIG. 1 and showing the location of the magnetic frequency
      transducer;
PAR  FIG. 5 illustrates a preferred oscillator circuit for operating the
      frequency transducer; and
PAR  FIG. 6 is a detailed view of the circuit portion of the resonator
      oscillator employed in the circuit of FIG. 5.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  The invention is particularly useful in setting the tension of a cable,
      wire or tape, which may be of cylindrical or flat metallic stock, and
      which is designed to control the motion of a part of an apparatus where
      precise movement and subsequent stationary positioning of the part is
      extremely important. One such example is a carriage employed in the ledger
      transport system of data processing apparatus for advancing and retracting
      a document gripping device, as disclosed in the co-pending application for
      patent filed in the names of Harold M. Frederick and Edward A. Nicol, Ser.
      No. 52,612, filed July 6, 1970, now U.S. Pat. No. 3,663,010, and of common
      ownership herewith. The invention is also usable in setting the tensions
      of flexible elements such as the metallic retaining tapes used for
      controlling the angular motions of ball-type printing heads employed in
      typewriters and similar equipment for the printing of characters.
PAR  With reference to FIG. 1, there is illustrated a suitable fixture for both
      measuring and setting the tensions of such motion controlling cables and
      tapes. The fixture includes a supporting base plate 10 to one side of
      which is secured an extension 12 cradling a force gage 14 of conventional
      construction. The extension 12 is adjustably movable relative to the base
      plate and in a straight line parallel to the plate thereof. For this
      purpose, a screw member 16 having fine threads on its shank and a knurled
      head 18 may be provided. The screw 16 is threaded into one or more flanges
      20--20 of the extension and its inner end is in abutting engagement with a
      depending flange of the base plate such as exhibited at 22. Two upright
      members 24--24 on the extension provide the cradle for mounting the force
      gage 14, the latter having dial 26 from which readings in pounds may be
      made for indicating the varying tensions being applied to the cable or
      tape being subjected to test or setting.
PAR  The fixture of FIG. 1 illustrates equipment which may be used for both
      testing and setting of a cable utilized in the data processing equipment
      of the aforesaid patent for moving one of the document gripping devices
      disclosed therein. More specifically, the subject matter of the mechanism
      to be tested and adjusted comprises an elongated rod or bar 28 of
      rectangular cross-section forming a track along which a carriage 30 is
      movable from one end to the other end thereof. A looped metallic cable 32
      extends the length of the track member 28 and has its opposie end portions
      reversely wound around individual winding drums, one of which is
      represented at 76 in FIG. 4, secured to a driving shaft 33. Rotation of
      the shaft will cause the drums to pay out one cable section while the
      other cable section is pulled in. A midportion of the cable is fixed to
      the carriage 30 with the result that rotation of the shaft in one or the
      other direction will cause the carriage to move back and forth on the
      track member 28.
PAR  Approximately midway of one section of the cable 32 is a magnetic resonator
      generally indicated at 34 in FIGS. 1 and 4 and shown supported from the
      base plate 10 by a standard 36. The resonator has a portion thereof shaped
      to partially surround the cable 32 to apply a pulsating magnetic flux
      thereto. The resonator is connected by lead wires 38 to a variable
      frequency oscillator 40 which may be of conventional construction for
      establishing the frequency of the pulsating magnetic field.
PAR  FIG. 2 illustrates in enlarged scale the cable embracing portion of the
      resonator 34. The upper portion of the resonator is stepped and shaped
      with an upwardly opening air gap 42 into which the wire or cable element
      32 is received as illustrated in FIG. 2. The air gap is especially shaped
      so as to permit the cable to freely vibrate at its resonant condition, one
      extreme position being illustrated in dotted outline in the gap. The
      vibrating resonator may be fabricated from a magnetic tape read/write head
      customarily used in the electronic computing field for recording upon or
      reading from magnetic tapes. Such a head is usually formed of a plurality
      of generally U-shaped, magnetically permeable laminations, one lamination
      of which is illustrated at 44. The laminations may be compactly held
      together by a screw member 46 extending through the laminations and
      threadedly engaged in the resonator housing. A wire coil 48 surrounds a
      common leg portion of the laminations in the manner shown in FIG. 2 to
      which the leads 38 are connected. It is apparent that the oscillator will
      produce a pulsating current in the coil 48 and this in turn will generate
      a pulsating magnetic field in the air gap in which the cable is received
      and produce vibrations in the cable. It is only at the natural frequency
      of the stressed cable that the displacement of the cable will become large
      and clearly visible, indicating that the frequency of the alternations in
      the magnetic field coincides with the natural frequency of the stressed
      cable.
PAR  FIG. 3 illustrates in enlarged scale the forward end of the track member 28
      where the cable 32 is shown wound around a pulley 50 fixed to the
      extremity of the track member. Suspended under the track member is the
      carriage 30 which includes three wheels or rollers 52 disposed in the
      manner shown on opposite sides of the track member 28 and guided along the
      side edges thereof to provide the to and fro motion of the carriage along
      the track. For the desired precise movement, as well as for the purpose of
      suspending the carriage 30 under the track member, the side edges of the
      member may be concavely shaped as shown at 54 and the rollers 52 may have
      their peripheries complementarily rounded to ride in these concave edges.
      The track member 28 is broken away in FIG. 3 to show the securement of the
      inside section of the cable 32 to the carriage 30 in the manner as
      indicated by stud 55. The forward end of the carriage is provided with a
      pair of jaws 56 which when the carriage is at the outer end of the track
      will open to receive and later close to grip the leading edge of a
      document, such as a magnetic striped ledger, and thereafter to control the
      movement of the same forwardly and rearwardly along the track member 28.
PAR  When such a track member and its associated parts are mounted on the
      fixture illustrated in FIG. 1, the forward are mounted on the fixture
      illustrated in FIG. 1, the forward end of the track member bearing the
      pulley 50 is brought up close to the cradle and in alignment with the
      force gage 14. A small endless loop of wire indicated at 58 is connected
      at one end to the track member 28, such as by partially encircling the
      pulley 50 or its stub shaft and connected at its other end to a hook 60
      attached to the interior mechanism of the force gage. It is to be
      understood that a plate 62 carries the pulley 50 and is adjustably mounted
      on the extremity of the track member by a pair of nut and bolt assemblies,
      one of which is shown in exploded relation in FIG. 3. Actually, each bolt
      is in the form of a threaded stud 64 having a rectangular head 66 fitting
      the underside channel of the track member preventing its rotation and any
      movement other than in the direction of the track formed by the bar 28.
      The studs extend upwardly through oversize holes 68 in the track member to
      provide the desired amount of adjustment of the plate 62 relative to the
      track member. A nut 70 and washer 72 complete the fastening assembly.
      Normally the plate 62 is rigidly secured to the track member by the pair
      of nut and bolt assemblies 64-72. However, for the purpose of testing the
      tension of the cable as well as setting it at the desired tension, the two
      nuts 70--70 are loosened sufficiently to release the plate 62 for movement
      relative to the track member 28 as the screw 16 associated with the force
      gage is rotated to shift the gage relative to the base support. Such
      movement of the gage, acting through the connection formed by the endless
      loop 58 and the hook 60, will be opposed by the tensioned cable 32 and
      therefore the plate 62 will move only very slightly in one direction or
      the other depending upon whether the force applied by the gage 14 is in an
      increasing or decreasing direction. The dial 26 of the gage will indicate
      the extent of force being applied.
PAR  FIG. 4 schematically illustrates a cable system similar to that employed in
      FIG. 1 where a force acting on the pulley 50 of plate 62 in the direction
      of the arrow 74 will increase the tension on the stressed cable 32,
      assuming the winding drum 71 is held against rotation. The force gage 14
      is capable of doing this when the screw 16 is rotated in the direction to
      shift the gage away from the support plate 10. FIG. 4 illustrates a cable
      system in which only one winding drum is provided, the other end being
      fixed as at 78. However, as previously mentioned, the latter end portion
      of the cable could be oppositely wound on a second drum also fixed to the
      drive shaft 33. The position of the magnetic transducer, represented by
      the resonator 34, is indicated midwaay of one section of the cable 32.
PAR  FIG. 5 illustrates an oscillating circuit suitable for pulsating the
      magnetic field of the resonator 34. Included in the circuit is a
      unijunction transistor 80 which forms the basic oscillator whose frequency
      can be varied by use of an adjustable potentiometer represented at 82. For
      the purpose of measuring and setting the tension of stressed cables for
      the carriage 30 in the example illustrated in FIG. 1, the potentiometer
      may have a maximum resistance of 100 K which is capable in the illustrated
      circuit of adjusting the frequency of the oscillator from 300 to 600 Hz. A
      NAND gate 84 shapes the clock pulses to toggle the clock input flip flop
      86. The flip flop emits square wave pulses of 0 to 5 volts and at half the
      frequency of the unijunction transistor 80 and all of one polarity. A NAND
      gate 88 forms the driver for the transducer coil 48 previously described
      and forming part of the resonator unit 34. This coil may have an ohmic
      resistance of 200 ohms. Included in the circuit of the resonator 34, as
      illustrated in FIG. 6, is a zener diode 90 which produces +5V for the IC
      logic from a voltage source 92 of 12 volts. A frequency monitor connector
      indicated at 94 may be employed to display the pulsed output of the
      oscillator on a frequency counter.
PAR  When using the apparatus hereinabove described for measuring the tension of
      a stressed element, an intermediate portion of the element is enclosed by
      the air gap 42 of the resonator 34. A desirable location for the
      application of the resonator for the looped cable 32 of the example
      illustrated in FIG. 1 is midway of one of the half sections of the cable.
      The oscillator 40 is operated to provide a pulsating magnetic flux field
      in the air gap which will oscillate the element. The potentiometer 82 is
      varied to vary the frequency of the oscillator and the magnetic field
      produced thereby until a condition of resonance exists in the stressed
      element which is clearly evidenced by the wide vibration thereof in the
      air gap such as represented by the dotted position of the cable 32 in FIG.
      2. When this condition of resonance is reached for the cable of FIG. 1, a
      resonant vibrating displacement of approximately 0.050 to 0.060 inch. will
      occur which will be clearly visible to the operator. The vibrating string
      formula, frequency = (2 .times. length).sup.-.sup.1
      (tension/mass).sup.+.sup.1/2is used to establish the above condition. For
      a particular cable, the curve of tension and resonant frequency can be
      calibrated and found to be linear within a range of forces applied to
      stress the cable, such as from 3.0 to 8.0 lbs. in the case of a Bergen
      cable. The tension vs. resonant frequency relationship can be plotted and
      a table prepared for various types of cables and other elements subject to
      axial stress. The following formula may be used for determining factors in
      this relationship: Tension (lb.) = 0.04426 .times. Frequency (Hz)-4.780 or
      Frequency (Hz) = 22.5948 .times. Tension (lb.) + 108.0779.
PAR  When using the apparatus described hereinabove for setting a stressed
      element at a desired tension, an intermediary portion of the element is
      enclosed within the air gap 42 of the resonator 34. The coil 48 of the
      resonator is driven from the square wave oscillator 40 causing the
      magnetic field to intermittently attract the cable at the driving
      frequency of the oscillator. From the previously mentioned table
      calibrated for the particular stressed element or cable, the tension of
      the element or cable at its condition of resonance can be ascertained.
      Setting the oscillator at the frequency for this resonant condition, the
      operator can then vary the tension of the stressed element until a
      condition of resonance is exhibited in the air gap. When such occurs, the
      element has been tensioned to the desired amount and thereafter may be
      fixed or set at such stressed condition represented by its resonant
      frequency. In the example illustrated herein, such setting may take place
      by tightening the nuts 70--70 on their respective studs 64--64 to rigidly
      clamp the pulley carrying plate 62 in the desired adjusted position on the
      track member 28. It is apparent from the arrangement illustrated in FIG. 1
      for mounting the stressed element that the operations of measuring or
      setting the stressed element may be performed in the absence of current
      flow through the element. There is no need to apply a potential drop
      across that portion of the stressed element extending through the gap for
      producing a current flow therethrough
PAR  In lieu of a force gage 14 and its screw 16 for varying the tension of a
      stressed element or cable 32, other means may be provided for shifting the
      plate 62 relative to the track member 28 to vary the tension on the cable.
      One such means may be a wedge element capable of being interposed between
      the end of the plate 62 opposite to the pulley 50 and a stationary
      abutment formed on the track member. When the nuts 70--70 are loosened the
      wedge can be slowly advanced by a screw between the plate and the abutment
      in the direction to gradually increase the tension on the cable until the
      condition of resonance is observed in the air gap 42. When such occurs,
      the plate 62 may then be rigidly secured to the track member thus setting
      the stressed cable at the desired tensioned condition. A wedging tool of
      this character provides a simple expedient for production line usage. All
      like cables can have their tension similarly adjusted with the result that
      all usch cables act the same in either the same or similar equipment.
PAR  Although the invention is intended primarily for acting upon wire-like
      elements composed of material which is magnetically permeable, it is
      possible to adapt the invention for vibrating non-magnetic elements of
      this wire-like character by wrapping a part of the element with a shim of
      magnetic permeable material and disposing such part of the element in the
      air gap of the magnetic transducer.
PAR  While a paricular embodiment of the invention has been shown and described,
      it will be understood, of course, that it is not desired that the
      invention be limited thereto since modifications may be made and it is
      therefore contemplated by the appended claims to cover any such
      modifications as fall within the true spirit and scope of the invention
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of setting a stressed element at a desired tension which
      includes the steps of subjecting an intermediate portion of the stressed
      element to a magnetic flux field pulsating in one polarity at a given
      frequency and in the absence of electrical current flow through the
      element thereby to cause the element to oscillate at the given frequency
      of the magnetic field, and varying the tension of the stressed element
      while subject to such pulsating magnetic field until a condition of
      resonance is exhibited by the element.
NUM  2.
PAR  2. The method as set forth in claim 1 including the subsequent step of
      setting the stressed element in the tensioned condition represented by its
      resonant frequency.
NUM  3.
PAR  3. The method as set forth in claim 1 wherein said given frequency is the
      natural resonant frequency of the element.
NUM  4.
PAR  4. Apparatus for setting a wire-like element which is responsive to
      magnetic fields at a desired tensioned condition which includes, in
      combination:
PA1  a magnetic transducer having an air gap for receiving such an element and
      being of a size to permit the element to vibrate freely therein at its
      resonant frequency,
PA1  means for mounting a wire-like element so as to extend through the air gap
      of the magnetic transducer and without a potential drop across that
      portion of the element extending through the gap,
PA1  means for producing a pulsating magnetic flux field in said air gap
      operating at the frequency coinciding with the resonant frequency of the
      element received therein, and
PA1  means for varying the tension of the element while subjected to the
      pulsating magnetic field until the condition of resonance is exhibited by
      the element.
NUM  5.
PAR  5. The apparatus as set forth in claim 4 characterized in that means is
      provided for rigidly mounting the wire-like element in the tensioned
      condition represented by its exhibited resonant frequency.
NUM  6.
PAR  6. The apparatus as set forth in claim 4 characterized in that the magnetic
      transducer includes an energizing coil and in that said pulsating magnetic
      field producing means is an oscillator circuit electrically connected to
      the coil of the transducer.
NUM  7.
PAR  7. The apparatus as set forth in claim 6 characterized in that the
      oscillator circuit includes means for delivering square wave pulses of one
      polarity to the coil of the magnetic transducer.
NUM  8.
PAR  8. In apparatus for affecting the tensioning of a magnetically responsive
      wire-like element wherein means is provided for mounting such element in
      tensioned condition, the combination including:
PA1  a magnetic resonator including an energizing coil enclosing a portion of a
      body of magnetic material having an air gap for receiving such a tensioned
      element, the air gap being of a size to permit the portion of the element
      received therein to accommodate the displacements of the element at its
      natural frequency, and
PA1  an oscillator circuit connected to the coil and operable to produce
      uniformly spaced apart current pulses of one polarity in the coil for
      generating a pulsating magnetic field of the same frequency in the air
      gap.
NUM  9.
PAR  9. The apparatus as set forth in claim 8 characterized in that means is
      provided for rigidly mounting such element in the tensioned condition
      represented by its natural frequency.
NUM  10.
PAR  10. Apparatus for affecting the tension of a magnetically responsive
      wire-like element comprising, in combination:
PA1  a magnetic resonator including an energizing coil enclosing a portion of a
      body of magnetic material having an air gap for receiving such an element,
      the air gap being of a size to permit the portion of the element received
      therein to accommodate the displacements of the element at its natural
      frequency,
PA1  means for mounting a wire-like element so as to extend through the air gap
      of the magnetic resonator and without the application of a potential drop
      over that portion of the element extending through the gap,
PA1  an oscillator circuit connected to the coil and operable to produce current
      pulses in the coil of substantially square shape and all of one polarity
      for generating a pulsating magnetic field of the same frequency in the air
      gap,
PA1  means in the oscillator circuit for varying the frequency of the current
      pulses delivered to the coil for similarly varying the frequency of the
      magnetic field generated in the air gap, and
PA1  means for varying the tension of the wire-like element received in the air
      gap of the magnetic resonator while subjected to the pulsating magnetic
      field generated in the air gap.
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ABST
PAL  A method for determining the preferred direction of rotation of a vehicle
      tire including determining the direction of rotation of the tire in which
      the lateral structural force acting on the tire is greater. After this
      determination the tire is marked in a manner indicating the direction of
      rotation in which the lateral structural force is greater. In this way the
      tire may be mounted on a vehicle so that the conventionally forward
      direction of rotation of the tire is in the direction of greater lateral
      structural force so that the effect of the forces acting on the tire which
      tend to alter its direction of travel are minimized.
PAL  An alternative method to accomplish the same result is to determine the
      direction of rotation of the tire in which the angular difference between
      the slip angle of the tire due to the lateral structural force acting on
      the tire and the slip angle of the tire due to the self-aligning torque
      acting on the tire is smaller and to mark the tire in such a manner that
      the tire may be mounted on a vehicle so that the conventionally forward
      direction of rotation of the tire is in the direction of smaller angular
      difference whereby the effect of the forces acting on the tire which tend
      to alter its direction of travel are minimized.
BSUM
PAR  This abstract is not to be taken either as a complete exposition or as a
      limitation of the present invention, however, the full nature and extent
      of the invention being discernible only by reference to and from the
      entire disclosure.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for determining the preferred direction
      of rotation of a vehicle tire and more particularly to such a method
      whereby the tire may be mounted on a vehicle so that when the tire is
      rotating in the forward direction of the vehicle the forces acting on the
      tire, which tend to cause the vehicle to "pull" to one side, may be
      minimized.
PAR  It has long been noted that if an automobile is being driven in a straight
      path and the steering wheel is released, the vehicle will usually tend to
      pull or drift toward one side or the other of the straight path. It has
      been more recently noted that the problem is exacerbated by the
      utilization of modern, belted, radial ply tires, by which is meant radial
      ply carcass tires which are constructed with a breaker or belt interposed
      between the crown region of the tire carcass and the tire tread, the
      breaker being usually comprised of two layers or plies of tire cords or
      cables which are generally inextensible, similar but opposed low bias
      orientations of the cords or cables being employed in successive plies.
PAR  This problem of tire pull, which is hazardous due to the fatigue induced in
      the driver of the vehicle by the necessity of constantly utilizing force
      to maintain a straight path of vehicle travel and due to the fact that
      even a momentary release of the steering wheel may result in a loss of
      vehicle control, is caused by forces which the tire absorbs from the road
      surface over which the tire is traveling. The two forces here of primary
      interest, commonly referred to in the art as lateral structural force and
      self-aligning torque, each cause the tire, when in service on a vehicle
      and thus under load, to follow a path which is angularly offset from the
      median equatorial plane of the tire. The lateral structural force acting
      on the tire causes an angular offset or "slip angle" .alpha. s while the
      self-aligning torque acting on the tire causes an angular offset or slip
      angle .alpha. m, and it is the fact that these two slip angles, .alpha. s
      and .alpha. m, are generally unequal which causes the aforementioned
      problem of pull or drift.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an important object of the present invention to provide a
      method for orienting tires on a vehicle by means of which the aforesaid
      drawbacks and disadvantages may be most efficaciously avoided.
PAR  It is a further object of this invention to provide a method for
      determining the preferred direction of rotation of a vehicle tire whereby
      the tendency of the tire to pull toward one side of a straight path is
      minimized.
PAR  The objectives of the present invention may be realized by a method for
      determining the preferred direction of rotation of a vehicle tire
      comprising the steps of determining the direction of rotation of the tire
      in which the lateral structural force acting on the tire is greater, and
      marking the tire in a manner indicating the direction of rotation in which
      said lateral structural force is greater, whereby the tire may be mounted
      on a vehicle so that the conventionally forward direction of rotation of
      the tire is the direction of greater lateral structural force, whereby the
      effect of the forces acting on the tire which tend to alter its direction
      of travel are minimized.
PAR  The objectives of the present invention may also be realized by a method
      for determining the preferred direction of rotation of a vehicle tire
      comprising the steps of determining the direction of rotation of the tire
      in which the angular difference between the slip angle of the tire due to
      the lateral structural force acting on the tire and the slip angle of the
      tire due to the self-aligning torque acting on the tire is smaller, and
      marking the tire in a manner indicating the direction of rotation in which
      said angular difference is smaller, whereby the tire may be mounted on a
      vehicle so that the conventionally forward direction of rotation of the
      tire is the direction of smaller angular difference whereby the effect of
      the forces acting on the tire which tend to alter its direction of travel
      are minimized.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and features of the invention will be more
      clearly understood from the following detailed description thereof when
      read in conjunction with the following drawings, in which:
PAR  FIGS. 1 and 2 are top schematic views of a tire under load illustrating
      direction of tire travel and various forces acting thereon; and
PAR  FIG. 3 is a graphical representation of the forces acting on the tire
      versus the slip angle of the tire.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to FIG. 1, there is illustrated a top view of a tire 3 which
      rotates around the axis 5 in the direction indicated by arrow. 7. The tire
      3 includes a tread 9 beneath which there is maintained a conventional belt
      including two superpositioned plies of generally inextensible belt cords
      and the tire is constructed to be symmetrical relative to its meidan
      equatorial plane, indicated at X-Y. The tire 3, when mounted on a vehicle
      and in service is subject to forces which deform the tread 9 and form a
      footprint indicated at 11.
PAR  The tire 3 illustrated in FIG. 1 is capable of free rotation in the
      direction indicated by arrow 7, and in the opposite direction, and it is
      also capable of free lateral displacement. It is, however, prevented from
      turning about its vertical turn axis (which extends perpendicularly
      through the footprint 11), by locking the steering linkage of the vehicle
      on which tire 3 is mounted. The tire 3 is now rotated in the direction
      indicated by the arrow 7 and the tire moves laterally until the effective
      lateral structural force S on the tire 3 is zero. In this condition the
      tire 3 is acted upon by a self-aligning torque, indicated by M, which may
      be measured by conventional means known in the art, which torque attempts
      to rotate the tire 3 about its vertical turn axis. The self-aligning
      torque is here absorbed, however, by the aforementioned locked steering
      linkage. At this time the direction of travel of the tire 3 is indicated
      by the arrow 15, and the oblique angle between the median equatorial plane
      of the tire, X-Y, and the direction of travel of the tire 3, which is the
      slip angle of the tire 3 caused by lateral structural force when the tire
      is rotating in the direction of arrow 7, is indicated as .alpha. s, and
      this angle may be measured by conventional means known in the art.
PAR  Turning now to FIG. 2, where the same numerals and letters are utilized to
      indicate corresponding directions and components, there is illustrated a
      tire 3 operating in the same manner and under similar conditions as the
      tire 3 illustrated in FIG. 1, with the exception that the steering linkage
      of the vehicle utilized in FIG. 2 has been unlocked and the tire 3 is
      therefore free to turn about its vertical turn axis. The tire 3 is now
      rotated in the direction indicated by the arrow 7 and the tire rotates
      about its vertical turn axis until the effective self-aligning torque M
      acting on the tire 3 is zero. In this condition the tire 3 is acted upon
      by a lateral structural force, indicated at S, which is measured, which
      attempts to move the tire 3 laterally so that it will travel the curved
      path indicated by the arrow 19. Although, as just stated, the tire 3 tends
      to follow the curved or arched path indicated by the arrow 19, the
      instantaneous direction of travel of the tire 3 is indicated by the
      straight arrow 21. The oblique angle formed between the median equatorial
      plane of the tire, X-Y, and the instantaneous direction of the travel of
      the tire, indicated by arrow 21, which is the slip angle of the tire 3
      caused by self-aligning torque when the tire is rotating in the direction
      of arrow 7, is indicated, in FIG. 2, as .alpha. m and this angle is
      measured.
PAR  The foregoing illustrates the preferred methods for determining .alpha. s,
      the slip angle of a tire due to lateral structural force and .alpha. m,
      the slip angle of a tire due to self-aligning torque as well as the
      methods for determining S, the lateral structural force and M, the
      self-aligning torque which induce the slip angles. Although the methods
      have been discussed for only one direction of rotation, clearly the
      methods described are applicable to either direction of rotation.
      Measurement of the forces acting upon, and the slip angles of, a tire in
      both directions of rotation have resulted in the discovery that, not only
      do the slip angles .alpha. s and .alpha. m vary in dependence on the
      direction of tire rotation, but that the angular difference between the
      slip angles also varies in dependence on the direction of tire rotation.
      It has further been found that the lateral structural force S is always
      greater in the direction of rotation in which the angular difference
      between .alpha. s and .alpha. m is smaller.
PAR  Turning now to FIG. 3, there is illustrated a graphical representation of
      the lateral structural force S and the self-aligning torque M plotted
      against the tire slip angle .alpha.. In this representation the subscript
      7 refers to one direction of tire rotation and the subscript 7' refers to
      the opposite direction of rotation. It may be seen in FIG. 3 that the
      angular difference between the slip angle .alpha. m measured in accordance
      with the method described in FIG. 2 and the slip angle .alpha. s measured
      in accordance with the method described in FIG. 1, in the direction of
      rotation opposite to that illustrated in FIGS. 1 and 2 and indicated in
      FIG. 3 as .DELTA. .alpha. 7', is smaller than the corresponding angular
      difference measured in the opposite direction of rotation and indicated in
      FIG. 3 as .DELTA. .alpha. 7. It may also be seen from FIG. 3 that the
      lateral structural force S, in the direction of rotation opposite so that
      indicated in FIGS. 1 and 2, and indicated in FIG. 3 as S7', is greater
      than the corresponding lateral structural force measured in the opposite
      direction of rotation and indicated in FIG. 3 as S7.
PAR  It may now be seen that since, as previously noted, it is desirable to
      mount a tire on a vehicle so that in the usually forward direction of
      rotation of the tire the angular difference between the slip angles
      .alpha. s and .alpha. m is smaller, the required determination may be
      accomplished in two ways. That is, the slip angles .alpha. s and .alpha. m
      may be measured for both directions of rotation and the angular
      differences calculated or the lateral structural force acting on the tire
      may be measured for both directions of rotation, since, as discussed with
      respect to FIG. 3, the direction of tire rotation in which the lateral
      structural force is greater is also the direction of rotation in which the
      aforementioned angular difference is smaller.
PAR  The preferred direction of rotation may be indicated on the tire in any
      manner desired. For example, an arrow or a dot may be marked on the tire
      with, for example, paint or crayon, or one side of the tire may be
      magnetically marked on the rubber of the tire may be molded with a
      suitable indicator.
PAR  It will be understood that the foregoing description of the preferred
      embodiments of the present invention is for purposes of illustration only,
      and that the various features as herein disclosed are susceptible to a
      number of modifications and changes none of which entail any departure
      from the sprit and scope of the present invention as defined in the hereto
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for determining the preferred direction of rotation of a
      vehicle tire comprising the steps of:
PA1  determining the direction of rotation of the tire in which the angular
      difference between the slip angle of the tire due to the lateral
      structural force acting on the tire and the slip angle of the tire due to
      the self-aligning torque acting on the tire is smaller; and
PA1  marking the tire in a manner indicating the direction of rotation in which
      said angular difference is smaller,
PA1  whereby the tire may be mounted on a vehicle so that the conventionally
      forward direction of rotation of the tire is in the direction of smaller
      angular difference whereby the effect of the forces acting on the tire
      which tend to alter its direction of travel are minimized.
NUM  2.
PAR  2. A method according to claim 1 further comprising the steps of:
PA1  rotating the tire in a first direction;
PA1  measuring the first slip angle of the tire while it is rotating in said
      first direction when the self-aligning torque acting on the tire is zero;
PA1  measuring the second slip angle of the tire while it is rotating in said
      first direction when the lateral structural force acting on the tire is
      zero;
PA1  rotating the tire in a second direction;
PA1  measuring the third slip angle of the tire while it is rotating in said
      second direction when the self-aligning torque acting on the tire is zero;
      and
PA1  measuring the fourth slip angle of the tire while it is rotating in said
      second direction when the lateral structural force acting on the tire is
      zero.
NUM  3.
PAR  3. A method according to claim 2 further comprising the steps of:
PA1  determining the angular difference between said first and second slip
      angles; and
PA1  determining the angular difference between said third and fourth slip
      angles.
NUM  4.
PAR  4. A method according to claim 2 further comprising the step of preventing
      the turning of the tire about its vertical axis to eliminate the lateral
      structural force acting on the tire thereby enabling the measurement of
      said second and fourth slip angles.
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PAL  A bubble generating device consisting of two tube assemblies presenting a
      substantially linear support portion leading into a second portion of
      generally U-shape. In operation liquid is passed through the annular space
      between the two assemblies and air or some other gas is passed down the
      inner of the two assemblies. In one of the embodiments described, only one
      tube assembly is present. This latter embodiment can be used to provide
      bubbles in liquid flows, gas or coloured liquid being passed through the
      device in such cases.
BSUM
PAR  The present invention relates to a device for generating bubbles, e.g., for
      use in flow visualisation techniques in a gaseous flow.
PAR  Bubble generating devices are already known which in essence comprise two
      co-axial tubes bent or mitred so that, in operation, one portion of the
      device extends across the flow to be indicated and this supports a second
      portion arranged co-axially with this flow and terminating (at its
      downstream end) in an exit part. Bubbles are formed at this part from a
      gaseous flow passing through the inner of the two tubes, and a liquid flow
      passing through the annular space between the two tubes.
PAR  The whole purpose of the device in flow visualisation techniques is of
      course that the bubbles should accurately indicate the direction of the
      gaseous flow in which the exit part of the device is located.
PAR  Unfortunately, with existing bubble generating devices however, the stream
      of bubbles does not indicate the direction followed by the gaseous stream
      in the absence of the bubble generating device because the wake of the
      device deflects the stream of bubbles towards the support portion side of
      the exit part.
PAR  According to the present invention, a device for generating bubbles in a
      fluid flow includes one or two passageways defined, in part, by a
      substantially linear support portion of the device and, in part, by a
      shaped second portion of the device which terminates as an outlet port for
      the or each passageway, the second portion of the device extending beyond
      the support portion and bending away from and then back towards an
      extension of the axis of the support portion.
PAR  Conveniently, the passages are provided by two tube assemblies one within
      the other. In such cases, the inner assembly preferably stops short of the
      outer one at the outlet port of the device e.g., by an amount equal to
      half the internal diameter of the outer assembly of said port.
PAR  Preferably the tubes in the two assemblies are co-axial at least
      immediately adjacent the outlet port of the device.
PAR  In preferred embodiments, the second portion of the device terminates as a
      substantially straight section lying substantially perpendicular to the
      axis of the support portion.
PAR  Conveniently the outlet port of the device lies on the extension of the
      support portion axis.
PAR  The device may be of "swan-necked" form with the second portion bent in a
      generally U-shape.
PAR  The invention also includes an assembly comprising the combination of a
      bubble generating device according to the present invention with a supply
      of liquid for the passageway or, if two such passageways are present, for
      the innermost of these two passageways, and, if said two passageways are
      present, a supply of air for the outermost of the two passageways.
PAR  The invention further includes a bubble generating system including such an
      assembly and a wind tunnel or other such fluid flow assembly, the outlet
      port of the device lying on or near the axis of said apparatus if desired.
DRWD
PAR  Embodiments of the invention are shown, by way of example, only, in the
      accompanying drawings in which:
PAR  FIG. 1 is a partially diagrammatic cross-sectional plan view of a bubble
      generating system utilising a first embodiment of a device (shown to
      scale) in accordance with the present invention;
PAR  FIGS. 2 - 5 show, on a reduced scale, plan views of alternative embodiments
      of the device;
PAR  FIG. 6 shows a side view of another bubble generating system utilising the
      embodiment of FIG. 1;
PAR  FIG. 7 shows a schematic side view indicating another use of a device in
      accordance with the invention;
PAR  FIG. 8 is a plan view of a modified form of the device shown in FIG. 1; and
PAR  FIG. 9 shows a plan view illustrating the use of extension tubes for the
      embodiment of FIG. 1.
DETD
PAR  Thus referring first to FIG. 1, this shows a device 10, in accordance with
      the present invention, for generating bubbles in an air flow 12 of a
      rectangular section wind tunnel 13.
PAR  The device includes a substantially linear support portion 14 leading into
      a shaped second portion 15 and these together define a first passageway 16
      passing along the centre line of the device and an annular second
      passageway 18 surrounding the first passageway. The passageways terminate
      at the discharge section 20 of the device which should be parallel to,
      e.g. aligned with, the axis DD of the wind tunnel. Only one wall (13) of
      the tunnel is shown in the Figure. It will be observed that the shaped
      second portion of the device (to the right of line CC as viewed in FIG. 1)
      bends first away from the extended axis AA of support portion 14 and then
      (to the right of line BB) back towards that axis to meet it, in the
      illustrated embodiment, at the outlet port of the device.
PAR  In more detail the device comprises a series of interfitting brass or
      stainless steel tubes 24-26 which enclose a series of inner tubes 30-34.
      Tube 31 can be locked in tube 24 by means of grub screws 35, 36 to fix the
      axial position of the inner series of tubes relative to the series of
      outer tubes, and as inner tube 33 should preferably stop short of the
      discharge end 20 of the device by some predetermined amount, tube 34 is
      made of flexible material e.g., nylon, to allow a measure of adjustment
      during assembly before the grub screws are screwed home. In accordance
      with a preferred feature of the invention for example the ratio of the
      distance by which tube 33 stops short of tube 26 to the internal diameter
      of the tube 26 is about 1:2. In the illustrated embodiment for example the
      inner tube stops short by about 4 mm and the internal diameter of tube 26
      is 3/16 inch. Apart from tube 34, the rest of the inner tubes are made of
      brass or stainless steel.
PAR  Although for reasons of clarity, it has not been shown in the drawing, the
      outside of tube 33 is axially splined (except for the last 1/8 inch or so)
      in order to hold it centrally within outer tube 26. Having the final
      length of tube 33 without splines allows the flows passing between the
      splines to join up again before they reach the end of tube 33.
PAR  A branch pipe 40 leads into a chamber 42 bounded by tube 24 and the
      connection piece tube 31 for tubes 30, 32 of the inner passageway. Two
      rubber O-rings 44, 45 prevent the escape of fluid from the chamber 42 past
      the connection piece 31.
PAR  The arrangement is completed by a compressed air line (shown
      diagrammatically at 48) and a peristaltic pump 50 connected between a tank
      52 of bubble solution and branch pipe 40. A needle valve 54 is also
      included by means of which the pressure of the air flow through the inner
      passageway can be varied between the pressure at the source 48 (typically
      up to 2 p.s.i.) and zero.
PAR  The tank 52 may contain any suitable bubble solution, e.g., one part water
      to two parts of Hyamine (by volume). Hyamine is currently available from
      Lennig Chemicals Limited of Croydon, England. As an alternative, a
      solution of a commercially available washing up fluid could be used.
PAR  To commence operation and assuming the wind tunnel has been switched on,
      the peristaltic pump is started to pump solution into chamber 42 at a
      suitable rate e.g. of the order of 3-5 cc/minute with the illustrated
      embodiment. The needle valve 54, which has been previously closed, is now
      opened gradually to allow an air flow through passageway 16. Initially
      bubbles will be discharged from end 20 of the device in an uneven fashion
      and the bubbles will usually be badly formed. However, as the air flow
      through passageway 16 is gradually increased, the bubble discharge will
      finally reach a steady discharge of well formed bubbles (of about 3/8 inch
      diameter) and the needle valve can be left at its then setting.
PAR  In operation, the major part of the boundary layer formed on the upstream
      side of shaped portion 15 will tend towards the support portion 14 of the
      device away from outlet port 20 so that any flow disturbance produced by
      the device downstream of port 20 will be negligible and almost entirely
      restricted to that produced by the small length of the discharge portion
      located to the right of line B-B.
PAR  FIGS. 2-5 show other devices in accordance with the invention in which the
      operational advantages of the first described embodiment will be at least
      to some extent maintained. The same reference numerals have been used to
      indicate corresponding parts in the different embodiments.
PAR  Although FIGS. 1-5 are plan views of the device and the wall 13 is a side
      wall of the wind tunnel, it will be appreciated that the devices of the
      present invention can be used in any other desired orientation. FIG. 6,
      for example, is a side view showing the first embodiment supported from
      the floor 60 of the tunnel. Equally well of course the device could be
      supported from the roof or from one of the four corner edges of the
      tunnel. In all cases, however, it is desirable to have the support portion
      substantially perpendicular to the longitudinal axis of the wind tunnel.
      It will also be understood of course that the device is not limited to use
      in any particular shape of tunnel. It can, for example, be used equally
      well in tunnels of square, rectangular, octagonal, circular or any other
      suitable cross-section.
PAR  Although operation of the device has been described above by way of example
      in connection with a wind tunnel, it is not limited to this use. For
      instance as shown in FIG. 7 the device 10 could be used in the atmosphere,
      e.g., to provide a bubble flow over the windscreen 62 of a moving car 64.
PAR  Nor need the ambient flow necessarily be gaseous and the device could be
      used in liquid flows in which case the inner series of tubes could be
      omitted if desired and air, or a coloured liquid (e.g. a solution of
      fluorescein, or fluorescein sodium, in water), fed in at branch pipe 40
      could be discharged as bubbles from the device to be entrained in the
      surrounding flow. FIG. 8 shows one such case in which the device differs
      from that of FIG. 1 essentially only in that the inner series of tubes is
      absent and that connection piece 31 is solid instead of tubular. It will
      be understood that the embodiments of FIGS. 2-5 can be similarly modified.
PAR  If the discharge end of the device has to be located further from the
      device support, e.g., as when the device is used in larger wind tunnels
      than those shown in FIGS. 1-6, then extension pieces may be needed. FIG. 9
      shows by way of example one such case in which the device of FIG. 1 is
      being mounted for use in an 8 foot diameter square section wind tunnel 66.
      Reference numeral 67 indicates the extension pieces which are screwed into
      a connector 68 (shown in FIGS. 1-6) to position the discharge outlet of
      the device in the desired location, e.g., near the center line D--D of the
      wind tunnel. Reference numeral 69 indicates the feed tube to branch pipe
      40, and numeral 70 a strut to support connector 68 to give the assembly
      greater rigidity. Obviously the embodiments of FIGS. 1-8 can be similarly
      modified where circumstances so dictate.
PAR  It will be appreciated that if the outlet port of the device 10 lies on the
      extended axis A--A of the support portion, any unintentional change in
      orientation of the device does not substantially alter the point of
      introduction of the tracer bubbles into the flow 12.
PAR  Although in the operation of the embodiments described above, air has been
      chosen as the bubble gas, obviously other gases could, if desired, be used
      instead.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for generating bubbles in a direction of fluid flow, the device
      comprising:
PA1  a support portion having an inlet adapted to be supplied from a source of
      material used in forming bubbles and having at at least one end thereof a
      substantially linear axis;
PA1  a curved portion joined to said one end of the support portion, said curved
      portion, with increasing distance from the support portion, bending away
      from and then back towards an extension of said axis from the support
      portion, said curved portion being bent away from the support portion in a
      direction opposite that of the fluid flow; and
PA1  at least one passage within the support and curved portions, said passage
      extending from the inlet of said support portion to an outlet port from
      the curved portion.
NUM  2.
PAR  2. A device as claimed in claim 1 in which two passages are provided by two
      tube assemblies, one within the other, the end of one of said tubes at the
      support portion being joined to said inlet and the end of the other of
      said tubes at the support portion being adapted to be supplied from a
      second source of material used in forming bubbles.
NUM  3.
PAR  3. A device as claimed in claim 2 in which the inner assembly stops short
      of the outer assembly at the outlet port of the device.
NUM  4.
PAR  4. A device as claimed in claim 3 in which the inner assembly stops short
      of the outer assembly by an amount roughly equal to half the internal
      diameter of the outer assembly at the outlet port of the device.
NUM  5.
PAR  5. A device as claimed in claim 2 in which the tubes in the two assemblies
      are co-axial at least immediately adjacent the outlet port of the device.
NUM  6.
PAR  6. A device as claimed in claim 1 in which the second portion of the device
      terminates as a substantially straight section lying substantially
      perpendicular to the axis of the support portion.
NUM  7.
PAR  7. A device as claimed in claim 1 in which the outlet port of the device
      lies on the extension of the support portion axis.
NUM  8.
PAR  8. A device as claimed in claim 1 in which the curved portion is bent in a
      generally U-shape.
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ABST
PAL  A technique for testing marine propellers by analyzing the type of
      cavitation appearing on a reduced-scale model of the associated actual
      ship, and thereby obtaining data for correcting imperfections in propeller
      design, and for reducing pressure fluctuations at the lower sternframe
      portion of the ship. The technique inculdes simulating the water flow
      acting on the propeller. The procedure is characterized by adjusting the
      denominator of the cavitation index of the model in order to achieve an
      approach in the tests to equality between the cavitation indices of the
      model and the actual ship. This adjustment is achieved in the tests by
      increasing the towing speed or the propeller revolution rate of the model
      until the above-mentioned equality of cavitation indices is reached,
      ignoring the influence that the actual component of the wake speed due to
      wave formation might have in the tests. The procedure includes
      consideration of the increase in pressure of the propeller disc points due
      to the increased draught caused by the wave formation, and establishing a
      water line for the model corresponding to the loading condition to be
      tested, by the use of a steel sheet, or the like, on the hull of the model
      of adequate thickness and dimensions. The procedure enables tests to be
      conducted in conventional ship model basins without requiring vacuum, or
      in open water with the model in the loading condition desired, either
      floating on the surface or, made watertight and being totally submerged,
      taking into consideration the immersion of the model when the numerator of
      the above-mentioned cavitation index is calculated, and the tests being
      conducted at the speed for which the cavitation indices of the model and
      actual ship are equalized, the dimensional thrust coefficient K.sub.T of
      the model being identical to that of the actual ship.
BSUM
PAR  The present Specification refers to, a new procedure to effect tests of
      propeller cavitation, like for instance marine propellers, pump impellers,
      etc. Although the description of the procedure herein deals with the field
      of application of marine propellers since said propellers present the most
      complex problems for effecting a test, the procedure is applicable to any
      other type of impellers. Since the beginning of cavitation tests at the
      end of the last century, up to the present, the steps which have been
      employed in this field are the following:
PA1  1. Cavitation tests in the presence of a uniform flood tide.
PA1  2. Cavitation tests in the presence of a variable flood tide. The
      simulation of the variable flood tide began to be made by deploying metal
      nets, solids of revolution, etc. adjacent the propeller, whose purpose was
      to reproduce the axial variation of the wake speed.
PA1  3. Afterwards, the investigation techniques followed the trend of improving
      the simulation of the flood tide and therefore they began to introduce in
      the cavitation tunnels some streamlike bodies which stern-simulated
      generally simulated the stern forms of the vessel. The introduction of
      these stern bodies, not rigorously similar to those of the vessel, was
      necessary, provided that the installations existing during those days had
      not been thought of for effecting cavitation tests in the presence of a
      variable flood tide, and their dimensions were not able to allow use of a
      model fully similar to that of the vessel.
PAR  It was required the Reynolds number be sufficiently high, since the
      diameters of the propellers which were being tested were the biggest
      possible, compatible with some minimum blockade effects generated by the
      walls of the tunnel.
PAR  The scale at which the models of the propellers are built results in that
      the dimensions of the models of the hull, if these are to be rigorously
      similar to those of the vessel, be compatible with the dimensions of the
      watch cabin in the cavitation tunnels.
PAR  Aside from the differences stated in the previous item, the new tunnels of
      cavitation which have been built were of adequate dimensions so that in
      the inner part of the tunnel could be introduced models of forms
      rigorously similar to those of the vessel. In this type of tunnel, are
      simulated the components of frictional wake and potential wake, but not
      that of wave formation due to the fact that its effect is practicably
      insignificant in comparison with the two others. The comparison between
      the cavitation phenonema arising in the model and those noticed on the
      vessel, in those cases where measurements were made, has been quite
      acceptable.
PA1  4. In order to obtain the simulation of the wakes due to the wave
      formation, the subsequent step consisted in building circulation channels
      in which the water circulating has a free surface, with which the
      interaction between the water flow and the model of the vessel produces
      the formation of the wave at the head and stern of the model.
PA1  5. Finally, the most modern installations that have been made include the
      use of a testing tank in which the model is towed while the propeller
      turns. The tank makes up a fully sealed enclosure in which vacuum can be
      maintained.
PAR  Until the present time the installations that have been built in the world
      to effect cavitation tests are characterised by the feature that for the
      realisation of the experiment or test it is necessary to provide a vacuum.
      It is admitted that the conditions for the cavitation phenomenon developed
      in the model to keep a certain likeness with that developed on the vessel,
      be the following:
PA1  1. Similarity of cavitation indexes
PA2  - either as per the conventional cavitation index:
      ##EQU1##
      - or either, following the reccommendation of the 11
      ##EQU2##
      2. Identity of dimensionless thrust deduction coefficient K.sub.T. 3. That
      there is a certain similarity between the flood tide which acts on the
      propeller of the model and the flood tide received by the real propeller.
PAR  Until now all the experimation centers existing have followed the practice
      of simulating the cavitation index of the real vessel on the basis of
      diminishing the numerator of the index of cavitation of the model and
      therefore it was indispensable to provide a vacuum in the installation,
      since the speed V.sub.a or either the product nD of the model is lower
      than the one corresponding to the real vessel.
PAR  The essence of the procedure to effect cavitation tests, is characterised
      by the use of a procedure which is followed to make the indexes of
      cavitation equal which consists of increasing the denominator of the index
      of cavitation of the model until an index is obtained which is the same as
      that of the vessel, taking into consideration the pressure existing at the
      point of the model for which the index of cavitation is obtained.
PAR  When trying to equalize the cavitation indexes, corresponding to the vessel
      and the model, it was traditionally thought that since the denominator of
      the index of cavitation corresponding to the model is lower than the
      denominator corresponding to the index of cavitation of the vessel, the
      only possible procedure to obtain this would have to also include
      diminishing the numerator of the index of cavitation corresponding to the
      model.
PAR  The only possible procedure to diminish the numerator of the index of
      cavitation corresponding to the model would have to consist necessarily in
      imposing the vacuum on the circuit. This characteristic is the one which
      mostly burdens the cost of the installation.
PAR  It has been seen that while progress has been made in the knowledge of the
      phenomenon of cavitation, it has been judged that it was of the greatest
      need to reproduce in the tests a flood tide of similar characteristics to
      those which are received by the real propeller. Therefore it was advisable
      that the phenonemon of cavitation be reproduced in the presence of the
      stern shell of the model and there is no doubt that the best solution
      would have to consist of introducing in the enclosure where the test is
      being made the same model that has been tested in tow and self-propulsion.
PAR  The size of the model which is tested in tow and self-propulsion has been
      increasing in a continuous way during recent years, due to the fact that
      in the specific case of big tankers, the information available for the
      realisation of the extrapolations is scarce and therefore it was
      considered necessary to reduce as much as possible the scale effect of not
      complying with Reynolds' law.
PAR  The cost of the installations which are made necessary to effect the
      cavitation tests is enormously increased too by the foreseeable size of
      same taking into consideration that it is desirable that these have
      capacity for the models of big size.
PAR  The yield of these relatively expensive installations can be considered if
      they are analyzed commercially. It is thought that the greatest
      vulnerability of same consists in that it is only possible to effect in
      them cavitation tests, flood tide measurements and mostly, pressure
      fluctuations.
PAR  On the other hand, the modern solution which is the vacuum channel
      developed by the NSMB though it offers a great amplitude of possibilities,
      has price disadvantages which is the biggest argument against it when it
      is seriously considered to adopt said solution in other centers of
      experience of the future.
PAR  However, it is not necessary the cavitation tests be made in the presence
      of a certain degree of vacuum.
PAR  It has been mentioned that in the previously employed method vacuum is
      required so that in the tests the same cavitation number which the actual
      propeller has can be reached.
PAR  The cavitation index .sigma..sub.b of the actual propeller has the
      expression:
      ##EQU3##
PAR  The index of cavitation .sigma..sub.m of the model propeller in the absence
      of vacuum will have the expression:
      ##EQU4##
      where the subscripts b and m respectively refer to the actual propeller
      and the model propeller, and where
PA1  .lambda. is the scale of the model
PA1  T is the draught aft of the vessel
PA1  E is the height of the propeller shafting
PA1  o is the elevation of the profile of the wave relative to the equilibrium
      surface of the sea in the vertical direction of the propeller
PA1  Po - e is the difference between the absolute pressure and that of the
      saturation of the steam of the liquid
PA1  .rho. is the value of the density
PA1  n is the number of revolutions per second
PA1  D is the diameter of the propeller
PA1  V is the speed of advancement of the vessel
PAR  To obtain a condition of equality of the cavitation indices for the actual
      propeller and the model it is necessary to comply with the following
      condition:
      ##EQU5##
PAR  Because the thrust coefficient K.sub.T of the model in the tests should be
      the same as that of the actual vessel, the advancement speed
      (V.sub.A).sub.m of the model should be related to the speed
      (V.sub.A).sub.b, namely, that of the actual vessel.
PAR  This condition is expressed as follows:
      ##EQU6##
      where J.sub.b is a constant such that
EQU  J.sub.b D.sub.b n.sub.b = (V.sub.A).sub.b
PAR  From this is obtained the expression:
      ##EQU7##
PAR  (V.sub.A).sub.m is the average speed of the water which acts on the model
      propeller where said model works with a thrust index value K.sub.T
      corresponding to that of the real propeller.
PAR  This speed is considerably greater than the one which will corresponding
      speed in a test of self-propulsion which was made following Froude's law
PA1  When:
EQU  .lambda. = 1
PAR  It happens that:
      ##EQU8##
      and besides the effective wakes of the model and vessel would be equalled.
PAR  In the event that .lambda. tended to become infinite, (model infinitely
      small), one would get to:
      ##EQU9##
      While the size of the model is increased, it also increases the value of
      the speed (V.sub.A).sub.m getting to the value given by equation (3) if
      the model were as big as the vessel itself.
PAR  On the contrary, the smaller the size of the model, the smaller the value
      of (V.sub.A).sub.m will be, without this value being less than that of
      equation (4). As per the reasons given above, there is no difficulty
      against effecting the cavitation tests in the absence of vacuum.
PAR  When obtaining the equality of indexes of cavitation by means of increasing
      the revolutions of the model propeller, it becomes necessary to impose a
      propulsive force upon the model ship, which alleviates the load on the
      propeller until the model works with the index K.sub.T desired, while it
      rotates with a rate of revolutions n.sub.m adequate to obtain the index of
      cavitation of the vessel.
PAR  As a consequence, it is possible to reproduce the phenomenon of cavitation
      employing the conventional testing tanks. For that end it is necessary
      that the drive means of their test carriages be adequate for their
      obtaining the necessary (V.sub.A).sub.m speed, simultaneously supplying to
      the model the adequate impulsing force.
PAR  It is expected that in the near future, models of a large size will be
      built, incapable of being tested in the present testing tanks because of
      their dimensions, with which speed trials will be made, similar to those
      of the actual vessels, these models being free and being self-propelled by
      propulsion devices similar to those of the real vessel. Since data for
      friction deduction for the self-propulsion tests does not exist, the
      results of these tests will be extrapolated by Taniguchi's procedure. With
      these models, also maneuverability tests will be made and also it is
      expected that there will be the possibility of making simultaneous tests
      of cavitation and of pressure fluctuations. It has been observed that for
      the reproduction of the cavitation phenomenom it is necessary that the
      model advance at a certain speed which is obtained by propelling it with
      an additional force. At the same time, the propeller should rotate at such
      speeds or rates of revolution that these allow the obtainment of the
      cavitation index of the real propeller. The additional impulsing force
      should be such that the propeller works with the coefficient K.sub.T of
      the real propeller. The propulsion could be made by towing the model by
      means of a constant tension winch or similar device, pushing it with a
      tug, or either driving it by an air propeller, or by means of other marine
      propellers adequately situated so that they do not disturb the flood tide
      which the propeller whose behaviour it is desired to study receives. These
      last procedures appear to be the most adequate ones due to the autonomy
      provided by the model. No matter propelling device is employed, it should
      be of nature which permits that its propelling force be graduated widely
      so that it can be so adjusted that the model propeller under test works
      with the K.sub.T coefficient, which corresponds to that of the real
      propeller. It should also be characterised by the fact of not disturbing
      the waters situated ahead of the model.
PAR  Therefore the new procedure is based on increasing the denominator of the
      cavitation index of the model, for which it will be necessary that either
      the rate of revolution of the propeller or the towing speed of the model
      (as per that the expression of the cavitation index adopted be what is
      reccommended by the 11 ITTC or the conventional one) be the adequate one
      to obtain the already cited equality of indexes between model and real
      vessel, not being therefore necessary in the procedure, to make vacuum
      tests the tests being made not only in conventional testing tanks,
      existing or new, but also on the sea or at a lake, the selection of the
      place for making the tests depending on the dimensions and characteristics
      of the model, and therefore of the vessel. As per this new procedure, the
      tests can be made on the surface or with the model, duly watertight, fully
      submerged, and in the tests can be adopted, as per convenience, the
      following measures in the simulation of the wake speed due to the
      formation of waves:
PA1  A. ignore the influence of the axial component of the wake speed due to the
      formation of waves, taking only into consideration the pressure increase
      which is produced on the points of the propeller due to the increase of
      the draught aft.
PA1  B. accept the formation of the waves, insuring that the water flood tide
      which acts upon the propeller disc of the model is similar to the one
      which would be produced on its cavitation tunnel, materialising the
      corresponding waterline plan to the load situation expected through use of
      a steel plate of adequate thickness and sizes.
PA1  C. materialisation of the waterline plan through use of the aforesaid
      plate, guaranteeing that the water flood tide on the propeller disc will
      be the adequate one, reducing to the minimum the free-board of the model
      and making this watertight for the making of the test, with the model
      fully submerged.
PAR  The most serious problems of visualisation of the cavitation phenomenon
      developed by the propeller is presented in the conventional testing tanks.
PAR  Due to the relatively high speeds at which the tow carriage should be
      moved, this carriage runs the length of the channel in a relatively short
      time. Since the time available for contemplating the cavitation developed,
      is very small, it is believed that direct the visual inspection, should be
      disregarded, and that it should be transmitted by a closed television
      circuit, with the possibility of obtaining a simultaneous recording.
      Another possibility could be to register it on a high speed film, whose
      later projection would allow the making of appropriate analyses.
PAR  In both cases simultaneous views could be made of the active face and the
      back of the propeller to observe any type of cavitation which is presented
      in same.
PAR  In the event that the test is made on a big size model, while it sails,
      being helped by its marine propeller and with the additional push capacity
      supplied by its air propeller or from any other impulsion system such as
      has been previously indicated, it will be enough to make a film
      registration of the phenomenon, using for that end a high-speed camera.
      Additionally, the projection of the stern structure of the model can be
      taken simultaneously with measurements for it therefore making it possible
      to provide a direct inspection of the cavitation process.
PAR  Not only if the inspection of the process is ocular and direct but also if
      it is kept in a film or is obtained through a television circuit, it is
      indispensable to employ adequate stroboscopic equipment.
PAR  Herewith below is a detailed description of the new procedure in accordance
      with the invention, with reference to the drawings which are attached, in
      which it is represented by way of just like an example, not limitative, a
      preferred form of the invention, susceptible of those detail variations
      which do not require a fundamental alteration of the essential
      characteristics of the invention.
DRWD
PAR  In said drawings is illustrated:
PAR  FIG. 1 -- A side elevational view of the test model, as per the mode of the
      procedure which ignores the axial component of the wake speed due to he
      formation of the waves.
PAR  FIG. 2 -- A plan view from a higher point of view of the model
      corresponding to FIG. 1.
PAR  FIG. 3 -- A side elevational view of the test model as per the mode of the
      procedure including accepting the formation of the waves, materialising
      the waterline plan corresponding to the load situation expected and making
      the test on the surface.
PAR  FIG. 4 -- A plan view from a higher point of view of the model
      corresponding to FIG. 3.
PAR  FIG. 5 A side elevational view of the test model as per the mode of the
      procedure including accepting the formation of the waves, materialising
      the waterline plan corresponding to the load situation expected and making
      the test with a watertight model fully submerged.
PAR  FIG. 6 -- A plan view from a higher point of view of the model
      corresponding to FIG. 5.
PAR  It has been previously mentioned, in the exposition of the essential basis
      of the procedure which is known, that to obtain the cavitation number
      which corresponds to the real propeller it is necessary that the model
      advance at a speed considerably higher than that which would correspond to
      it if it followed Froude's law of similarity. The result is that the waves
      which the model will produce when advancing at the adequate speed so that
      the expected cavitation index is obtained, are higher, not corresponding
      to reality. For this problem, the following measures can be adopted:
PAR  Ignore the influence of the axial component of the wake speed due to the
      formation of the waves which appear in the test. Under these
      circumstances, the method illustrated in FIGS. 1 and 2 (no steel plate)
      may be employed.
PAR  This measure, reflected in FIGS  1 and 2, implies that the model 1 should
      be provided with a maximum free-board or protection area 2 so that the
      model does not take on water. Said model 1 will be provided with the hitch
      holders 3 adequate to serve as the lag means for the outgoing cables 4 of
      the cables of the watching instruments of the test which the model should
      bear. By the line 5 is indicated the immersion area of the model,
      representing the total height of the formation of the wave 6. The area 7
      corresponds to the watching area of the test.
PAR  There will only be taken into consideration at this stage of the procedure,
      making the test through tow or additional propulsion of the model afloat
      at the load condition desired and at the speed for which the cavitation
      indexes are equalled, and also the increase in pressure which is produced
      on the points of the disc of the propeller 8 due to the increase of the
      draught aft 9 which is generated by the formation of the wave 6. When
      calculating the value of the parameter "o" (lifting of the profile of the
      wave 6 on the equilibrium surface of the sea in the vertical direction of
      the propeller 8) represented by 10 there will be taken into consideration
      the height of the profile of the wave 6 in the plane of the propeller disc
      8.
PAR  B. Accept the formation of the waves, but in turn arrange that the water
      flood tide which acts on the propeller disc 8 of the model 1 be similar to
      that which would be produced on its cavitation tunnel with no resistance
      of free surface, eliminating in this way any self-defeating influence
      which might affect the wake component due to the formation of waves in
      some events.
PAR  This measure, reflected in FIGS. 3 and 4 and where the same reference
      numbers used in FIGS. 1 and 2 are used to indicate the same terms, would
      be translated into the construction of the model 1 with a big pillar,
      being the condition associated with a draught equal to that corresponding
      to the load situation which is the object of the test.
PAR  The waterline plan corresponding to the load situation which is desired to
      test is realized through the use of a steel plate 11 of an adequate
      thickness and which adequately stands out over the longitudinal and
      transversal dimensions of the model 1. Logically, the profile of the wave
      6 should always remain above the plate 11, though this requirement is not
      absolutely indispensable.
PAR  The plate 11 guarantees that the water flood tide incident on the propeller
      8 will be similar to the one the model would have on the self-propulsion
      tests corresponding to the Froude number of the vessel, with the
      reservation of having eliminated the influence of the wake speed component
      due to the formation of waves. In calculating the cavitation index of the
      model it will be necessary to take into consideration the immersion of the
      propeller 8 with respect to the profile of the wave 6 which is formed.
      Preferably, this measure will be adopted when it is intended to make tests
      with big size models on the sea or on a lake, these tests logically being
      made by means of towing the vessel by adequate means, the model being
      afloat, and moving and at the speed for which the cavitation indexes are
      equaled.
PAR  In this measure, reflected in FIGS. 5 and 6, it is intended to materialise
      the waterline plan in the way indicated in measure B, use of steel plate
      11 and instead of increasing the free-board of the model to the maximum,
      same is reduced to the minimum possible so that afterwards, once
      introduced and the instruments set, the model can be first sealed with a
      streamlined watertight cap 12, and then tests are made with the model
      fully submerged. The plate 11 will guarantee that the water flood tide on
      the disc of the propeller 8 will be the adequate one. The immersion of the
      model 1 will be taken into consideration when the numerator of cavitation
      index is calculated. This form of actuation will be adopted, preferably,
      when the tests are made in conventional testing channels, said test being
      logically made through towage of the model by adequate means, the model
      being fully submerged, and moving at the speed for which the cavitation
      indexes are equaled, this measure offering the advantage that the
      necessary traction forces to tow the model are reduced considerably by
      having eliminated the component of the resistance, due to the formation of
      the waves. As to the influence on the tests of the wake speed component
      due to the formation of waves, in measures A, B or C above described, this
      new procedure cannot offer the possibilities of the vacuum channels which
      due to a high cost are provided with different characteristics, being in
      turn analogous to the cavitation tunnels which do not have a free surface,
      not being affected by the blockade effect existing in these latter ones.
PAR  It must be taken into consideration that for vessels for which the speed is
      lower, to a Froude number of 0.3 the component which has been ignored has
      a practically insignificant influence.
PAR  The visualisation of the tests, not only in the vacuum tanks but also in
      this new procedure, has the fault of not being comfortable and is
      temporarily limited, unless the tests are repeated, which on the other
      hand, does not mean any serious inconvenience.
PAR  With regard to the technology used for visualising the test, it can be
      affirmed that the procedure set in the new vacuum tank of the NSMB is
      fully applicable to the procedure which is known.
PAR  Nevertheless, the cheapest method of visualising the tests as per this new
      procedure consists in filming the test with high speed cameras and make
      the analysis of the phenomenom by projecting the film at an adequate
      speed. This method of visualisation offers the possibility of going back
      on the film thus facilitating a review which is worthwhile taking into
      consideration.
PAR  In the event of making the tests with big size models in free waters there
      is the possibility of obtaining a direct visualisation, besides the other
      visualisation possibilities mentioned above.
PAR  In constructing new testing tanks in which it is contemplated making the
      same tests of cavitation following this new procedure, their length should
      not be less than 450 meters. In this way, in those tests which are made at
      a speed of 10 m/sec. (really critical) there would be available some
      thirty seconds nett for filming time.
PAR  To take advantage of the possibilities which are derived from this
      exceptional tank length, it would be advisable that two experiment or test
      carriages be installed, with bases on the ends opposite the tank, by means
      of which the experimenting possibilities would be doubled. To avoid the
      possibility that the waves produced by one of the models which is tested
      in one of the carriages could disturb the waters through which the other
      model has to pass, there is the possibility of having available,
      transversally, wirecloth rolls in the center of the tank in order to
      absorb the water oscillations.
PAR  With regard to the Reynolds' number of the test, this new procedure has
      advantages exceeding the possibilities offered by the vacuum tunnel, since
      in the vacuum technique in order to reach in the tests the Froude's number
      of the vessel, the carriage speed cannot excede 4,5 m/sec. The greater the
      Reynolds' number is on the tests (counting on the non production of the
      waves associated at that speed), the less will be the thickness of the top
      layer of the model and therefore th flood tide will be more similar to
      that of the true vessel.
PAR  On the other hand, the circulation speed in the vacuum tunnels when inside
      them are introduced tri-dimensional models, rarely exceeds 4 m/sec., with
      which the Reynolds number will be quite lower. The speed in the
      circulation tunnels with a free surface is likewise less. In the tunnels
      for simulation of axial components, speeds of up to 8 m/sec. can be
      reached, but the consequences of the tri-dimensional flood tide in this
      case make useless any comparison of possibilities. With regard to the
      Froude number in the tests, this new procedure offers similar
      possibilities to those of the cavitation tunnels without a free surface.
PAR  With regard to the blockade effect on the part of the walls of the conduit
      or of the installation in this new procedure, this effect is comparable to
      that of the vacuum tank. It has been stated previously that the existence
      of this effect was the reason whereby even in the hypothetical event that
      the flood tide of the model and of the vessel is similar, the identity of
      values K.sub.T and J were not produced simultaneously for the vessel and
      for the model.
PAR  With regard to the reproduction of a tri-dimensional flood tide, the
      possibilities of this procedure are comparable only to those of the
      cavitation tunnels of a big size with a possibility of introduction inside
      them of models of 8 mts. or larger, and with those of the vacuum tanks.
PAR  With regard to the preparation of the water, since it is not necessary to
      employ a vacuum in this new procedure, the importance is reduced in the
      development of the cavitation of the air and gas contents not dissolved in
      the water.
PAR  The great advantage of this procedure with respect to the cost and yield of
      the installations necessary for the development of the tests is readily
      apparent, being susceptible of application to presently existing tanks
      with nothing else required but making the appropriate changes in the test
      carriages and visualization means.
PAR  In the event of making tests simultaneously of cavitation and pressure
      fluctuations, the installations proposed for tanks higher to 450 mts. or
      up would undoubtedly offer more advantages in possibilities than those
      which could be offered by a vacuum tunnel. Their technical advantages
      would only be comparable to those of a vacuum tank, which would have less
      possibilities of making conventional tests.
PAR  The advantages set in this new procedure to effect cavitation tests, are
      substantial in comparison to other known procedures, its main feature
      being the possibility of effecting the tests without requiring vacuum,
      with the subsequent economisation of the necessary installations and the
      possibility of making the tests in conventional testing tanks or in free
      water.
PAR  In brief, this new procedure consists in the equalisation of the cavitation
      indexes of the model and of the true vessel through the increase of the
      denominator of the cavitation index of the model, taking into
      consideration the pressure existing at the point of the model at which
      said cavitation index is obtained, said equality being obtained through
      the increase, either of the rate of revolution of the propeller or of the
      speed of towage of the model, according to the index of cavitation
      adopted. Thus, the tests can be made with the model on the surface or duly
      watertight, fully submerged, it being guaranteed under any circumstances,
      that the water flood tide which acts on the disc of the propeller of the
      model is similar to that which would be produced in its cavitation tunnel,
      and employing various measures in the procedure, according to the test,
      with regard to the axial component of the wake speed due to the formation
      of waves, which as has previously been mentioned, has a practically
      negligible influence for vessels whose speed is lower than that giving a
      Froude number of 0.3.
PAR  The form, materials and sizes of elements employed can be varied, provided
      that it does not alter, change or modify the general concept of the
      procedure which is herein described. The terms with which this invention
      is described are typical, and should be taken broadly and never in a
      limitative way.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of visualizing cavitation phenomena produced by the propeller
      of a vessel, comprising mounting a scale model propeller on a
      corresponding reduced scale model of the associated ship, driving said
      scale model ship under ordinary atmospheric pressure conditions through a
      body of water open to atmosphere at a speed (V.sub.A).sub.m and
      simultaneously operating the scale model propeller at a rate n.sub.m such
      that the same cavitation index .sigma. and the same thrust coefficient
      K.sub.T are obtained as for the associated ship, and wherein said
      cavitation index for a vessel with a propeller is given by
      ##EQU10##
      where T is the draught of the vessel
PA1  o is the elevation in the vertical of the propeller tips of the wave
      generated by the vessel
PA1  E is the height of the propeller shaft
PA1  V is the speed of the vessel
PA1  .rho. is the water density
PA1  n is the number of revolutions per second of the propeller and
PA1  D is the diameter of the propeller, and wherein said thrust coefficient is
      given by
      ##EQU11##
      in which T is the thrust
PA1  .rho. is the water density
PA1  n is the number of revolutions per second of the propeller and
PA1  D is the propeller diameter
PAL  and observing the cavitation conditions in the region adjacent the scale
      model propeller.
NUM  2.
PAR  2. The propeller testing method of claim 1, and establishing a water line
      for the reduced scale model ship corresponding to a predetermined loading
      condition of said actual associated ship.
NUM  3.
PAR  3. The propeller testing method of claim 2, and wherein the water line for
      the scale model ship is established by employing a sheet member projecting
      outwardly from the scale model ship.
NUM  4.
PAR  4. The method of claim 1, and wherein the reduced scale model ship is
      floated in a model basin.
NUM  5.
PAR  5. The method of claim 1, and wherein the adjustment for obtaining equality
      of said cavitation indices is obtained by varying te rate of propulsion of
      the reduced scale model ship through the water.
NUM  6.
PAR  6. The method of claim 1, and wherein the adjustment for obtaining equality
      of said cavitation indices is obtained by varying the rate of rotation of
      the scale model propeller.
NUM  7.
PAR  7. The method of claim 1, and visually observing cavitation conditions in
      the region of the scale model ship adjacent the scale model propeller.
NUM  8.
PAR  8. The method of claim 7, and wherein observation of said cavitation
      conditions is performed by employing a closed circuit television channel.
NUM  9.
PAR  9. The method of claim 7, and wherein observation of said cavitation
      condition is performed by employing a high speed motion picture camera
      located to obtain views of cavitation occurring at surfaces of the scale
      model propeller.
NUM  10.
PAR  10. The propeller testing method of claim 1, and establishing a water line
      for the reduced scale model ship corresponding to a predetermined loading
      condition of said actual associated ship by employing a sheet member
      projecting outwardly from the scale model ship, with the scale model ship
      submerged and sealingly covered while it is propelled through the water.
NUM  11.
PAR  11. The method of visualizing cavitation phenomena of claim 1, and wherein
      the scale model ship is fully submerged while being driven through said
      body of water.
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ABST
PAL  A new and improved well tool apparatus and method for sensing and testing
      conditions in a well, such as stuck drill pipe, temperature, metal creep,
      and the like, and for performing certain operations in the well, such as
      backing off, or loosening, the stuck pipe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to testing conditions and performing
      operations in well bores.
PAR  2. Description of Prior Art
PAR  Prior art well testing apparatus, as exemplified by U.S. Pat. Nos.
      2,686,039; 2,689,920; 2,717,039; 2,814,019; 2,817,808; 2,869,072;
      3,004,427; 3,006,186; 3,095,736; and 3,233,170, have been used to locate
      the freepoint, or location at which pipe or tubing was stuck, in a well
      bore. Several problems have existed in the prior art.
PAR  Accuracy of the readings obtained in freepoint sensing has been limited by
      the linearity of the response and the range of displacement of the
      freepoint sensor. Alignment or placement of the freepoint sensor at a
      proper null or reference was necessary before reliable readings were
      obtained. However, movement of the sensor through the well bore into a
      position for testing often moved the sensor out of proper alignment.
PAR  Additionally, when a back-off tool was used to loosen the stuck pipe in
      conjunction with freepoint sensing, further problems arose. Isolation
      between electrical circuits of the freepoint indicator and back-off tool,
      necessary from a safety standpoint, was often difficult to maintain.
      Further, the shock formed when the back-off tool was used to loosen pipe
      often damaged the relatively sensitive downhole electronic circuits in the
      freepoint indicator.
PAR  Further problems have arisen for these tools when used in recently drilled
      wells which generally extend to greater depths than prior wells. Heat at
      these greater depths significantly limited the operation of the
      electronics used in the well tools, particularly in the freepoint
      indicators. The increased length of wireline necessary to lower the tools
      to the greater depths has increased the electrical resistance of the
      wireline, requiring an increase in the electrical current sent from the
      surface to insure operation of the backoff tool, thus increasing the
      voltage drop along the wireline.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention provides a new and improved well tool
      apparatus and method for sensing and testing conditions in a well bore and
      for performing certain operations in the well bore.
PAR  The apparatus and method of the present invention include a sensor for
      sensing whether the pipe is stuck at a test location in the well bore, and
      a reference means which moves the sensor into a reference position, or
      first operating position, at the test location in the well bore so that
      accurate readings can be obtained in response to movement of the pipe when
      stressed, and a means for forming a time delay, during which operation of
      the reference means takes place, once the sensor is at the test location
      so that the sensor may move into the proper reference position for
      accurate sensing operations.
PAR  The apparatus and method of the present invention further include a backoff
      means operable when the apparatus is at a second operating position which
      loosens pipe above the stuck point once the stuck point of the pipe is
      located, with the time delay forming means preventing movement of the
      apparatus from the second operating position to the first operating
      position during backoff operations so that the sensor and the structure
      moving the apparatus in the well are protected from shock and damage
      during backoff operations.
PAR  The sensor of the present invention includes a magnetic rotor and stator
      and an intermediate core which form a magnetic circuit whose parameters
      vary, and thus vary the inductance of a coil, in response to movement of
      the pipe when stressed, with improved accuracy resulting during freepoint
      sensing operations.
PAR  The apparatus and method of the present invention further permit backoff
      operations in deeper wells notwithstanding the increased wireline
      resistance due to the increased depths, by using alternating current which
      is sent at a reduced current level down the wireline and increased in
      amplitude to a desired level by a transformer adjacent the backoff tool.
PAR  The apparatus of the present invention provides a new and improved
      apparatus for sensing temperature conditions in a well bore and metal
      creep and the like in pipe in the well bore due to these temperature
      conditions, as well as a new and improved inclinometer for sensing the
      degree of inclination of a well bore.
PAR  It is an object of the present invention to provide a new and improved
      apparatus and method for operations such as freepoint sensing and backoff
      in pipe in well bores.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the apparatus of the present invention;
PAR  FIGS. 2A through 2D are side views, partially in section, from top to
      bottom, respectively, of a portion of the apparatus of FIG. 1;
PAR  FIGS. 3 and 4 are side views taken partly in section, of the aparatus of
      FIGS. 2A through 2D, with the parts thereof moved to different operating
      positions;
PAR  FIG. 5 is a cross-sectional view taken along the lines 5--5 of FIG. 4;
PAR  FIG. 6 is a side view taken partly in section of a transformer subassembly
      of the apparatus of FIG. 1;
PAR  FIG. 6A is a cross-sectional view taken along the lines 6A--6A of FIG. 6;
PAR  FIG. 7 is a schematic waveform diagram of voltage waveforms present in the
      apparatus of FIG. 1;
PAR  FIG. 8 is a side view, taken partly in cross-section, of the sensor portion
      of the apparatus of FIGS. 2A and 2B;
PAR  FIGS. 9, 10 and 11 are cross-sectional views taken along the lines 9--9,
      10--10 and 11--11, respectively, of FIG. 8;
PAR  FIG. 12 is a schematic diagram of a temperature sensing apparatus of the
      present invention;
PAR  FIG. 13 is a schematic diagram of an inclinometer apparatus of the present
      invention;
PAR  FIG. 14 is a schematic diagram of an alternative apparatus of the present
      invention; and
PAR  FIG. 15 is a schematic diagram of the apparatus of the present invention
      adapted for use as a probe and collar detector.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  APPARATUS
PAR  During drilling and other operations in a well bore B (FIG. 1), a pipe or
      casing P sometimes becomes stuck as indicated at 10 due to cave-ins and
      other subsurface earth movements and the like. In the drawings, the letter
      A (FIG. 1) designates generally the apparatus of the present invention for
      sensing and testing conditions at various test locations in the well bore
      B, which includes a surface electronic circuit E and a downhole tool T for
      use in the well bore B.
PAR  The downhole tool T is lowered through the well bore B by an electrically
      conductive wireline W. The tool T additionally has conventional sinker
      bars (not shown) mounted therewith in order to furnish additional weight
      to facilitate movement of the tool T through the pipe P in the well bore
      B.
PAR  The tool T includes a cable head subassembly, or sub, H which electrically
      connects the wireline W to the remainder of the tool T in the conventional
      manner. The cable head sub H has a conventional slip joint J mounted
      therebeneath which forms a mechanical and electrical connection between
      the cable headset H and a conventional casing collar locator L.
PAR  An upper bowspring U and a lower bowspring G mount a sensor unit S between
      spaced upper and lower portions of the drill pipe P in the well bore B. As
      will be set forth below, and as shown in FIG. 1, when the drill pipe P is
      stuck at the test location, the sensor S detects that the pipe is so stuck
      by sensing lack of movement of the pipe P. Alternatively, when the pipe P
      is free at the test location, relative movement of the drill pipe P when
      stressed by torque or tension from the surface is transmitted to the
      sensor means S by the upper bowspring U and lower bowspring G indicating
      that the drill pipe P is free at the test location. The tool T is moved
      through the bore B to various locations during testing.
PAR  The sensor unit S thus indicates in a manner to be set forth below, the
      point where the drill pipe is stuck so that a detonator or backoff shot or
      other conventional backoff apparatus D may be used, as will be set forth,
      to free the drill pipe P above the stuck point. A transformer sub assembly
      F transfers power to the detonator D while increasing the electrical
      current level, so that the power consumption and voltage drop along the
      wireline W is reduced permitting operation of the detonator D at increased
      depths for deeper wells, while assuring that proper operating voltage and
      current levels are presented to the detonator D, as will be set forth.
PAR  The surface electronic circuit E includes a detonator control circuit and
      power supply C, a collar locator indicator circuit I and a sensor monitor
      circuit M which are selectively electrically connected to the downhole
      tool T by a multi-position control switch K through a variable resistor
      12. The variable resistor 12 is adjusted for impedance matching with the
      resistance and impedance of the downhole tool T and wireline W.
PAR  The detonator control circuit C receives alternating current input power
      over input conductors 14 and 16 from a suitable alternating current
      source, such as a generator at the drilling rig or the like. A power
      supply circuit 18, a conventional voltage regulating direct current power
      supply, receives the incoming alternating current power from the
      conductors 14 and 16 and provides positive direct current bias potential
      at a positive output terminal 18a and negative direct current bias
      potential at a negative output terminal 18b. The power supply 18 thus
      provides operating direct current potential for the electronic circuits in
      the monitor circuit M and the indicator circuit I. The power supply 18 may
      be of the type providing plural direct current bias levels if the
      electronic components of the circuit E so require.
PAR  A first control switch 20 and a second control switch 22 of the detonator
      control circuit C electrically connect input alternating current power
      when closed from the input conductors 14 and 16 to a current reducing
      transformer 24 so that the detonator D may be energized when the control
      switch K is in the proper position. It is preferable to use two control
      switches 20 and 22 in order to prevent inadvertent depression of a single
      control switch causing operation of the detonator D at an improper time,
      although it should be understood that only one control switch in the
      control circuit C may be used, if desired. The current reducing
      transformer 24 reduces the current received over the input conductors 14
      and 16 to a low level, so that the current sent through the control switch
      K and the wireline W to the detonator D is at a low level and thereby the
      voltage drop due to the resistance of the wireline W is reduced. The
      transformer F increases the current level from that received over the
      wireline W to a sufficiently high level to energize the detonator D.
PAR  The monitor circuit M of the surface electronics E includes a conventional
      operational amplifier oscillator circuit 26 providing output alternating
      current with a predetermined frequency through a coupling capacitor 28 and
      a buffer operational amplifier 30 to an isolation transformer 32. The
      oscillator 26 has an output frequency determined by the phase shift
      imposed on a portion of its output signal and fed back to its input
      terminal through a conventional R-C feedback impedance network 26a.
PAR  The buffer amplifier 30 provides an impedance match between the oscillator
      26 and the isolation transformer 32 and furnishes the output alternating
      current signal from the oscillator 26 through a coupling capacitor 30a to
      the transformer 32 so that the output signal from the oscillator 26 is
      furnished through the control switch K, when such switch is in the proper
      position, to the sensor unit S over the wireline W for freepoint sensing
      operations, to be set forth below. Isolation transformer 32 further
      prevents direct current offset signals formed in the sensor unit S during
      freepoint sensing from charging capacitor 30a.
PAR  The monitor circuit M further includes an integrator or low pass filter 34
      which responds to the direct current offset signal formed by the sensor
      means S and accumulates charge in integrating capacitors 34a and 34b
      therein. A resistor 34c is connected in parallel with the capacitors 34a
      and 34b and a resistor 34d is connected in series between such capacitors
      to set a time constant for the integrator 34. The voltage represented by
      the stored charge in the capacitors 34a and 34b of the integrator circuit
      34 is provided through an offset amplifier 36 having a control variable
      feedback resistance or potentiometer 36a, a variable calibration
      resistance or potentiometer 36b and a bias network 36c permitting a direct
      current voltmeter 38 to be set to a zero or null reading when the sensor
      unit S has been moved to the reference position, in a manner to be set
      forth below.
PAR  A two position switch 40 electrically connects the meter 38 to the output
      from amplifier 36 and the integrating network 34 so that positive and
      negative polarity direct current offset readings from the sensor unit S
      may be sensed by the monitor circuit M.
PAR  A gain control potentiometer 42 and input resistance 44 electrically
      connect the collar locator indicator circuit I through the control switch
      K to the collar locator L of the tool T. The potentiometer 42 is adjusted
      to set the current output level of the collar locator L furnished to the
      indicator circuit. The indicator circuit I includes an input amplifier 46
      electrically connected through rectifying diodes 48a and 48b to a buffer
      amplifier 50 so that the alternating current output from the collar
      locator L is rectified and provided as a direct current signal through the
      amplifier 50 and a connecting resistor 52 to a direct current voltmeter 54
      which provides a direct current output reading in response to the
      proximity of the collar locator L to a drill pipe collar in the drill pipe
      P, as is conventional in the art.
PAR  The electrical portion of the downhole tool T includes a coil 56 and
      magnetic core 58 of the collar locator L which responds to the proximity
      of the collar locator L to a casing generating an electromotive force
      (EMF) in the coil 56 which is sensed at the meter 54 of the indicator of
      the indicator I in the surface electronic portion E.
PAR  The sensor S is electrically connected through the wireline W and the line
      compensating resistance 12 through the multiposition control switch K to
      the monitor circuit M. The sensor S includes a first ferromagnetic stator
      core 60 operably connected through the upper bowspring U at a first point
      of contact to pipe P and a second, or lower, ferromagnetic stator core 62
      which is also operably connected to the pipe P at the first contact point
      thereof by means of the upper bowspring U, as will be set forth below. The
      sensor unit further includes an intermediate ferromagnetic core 64
      operably connected with the first contact point of the pipe along with the
      stator cores 60 and 62.
PAR  The sensor S further includes a first, or upper, ferromagnetic rotor core
      66 and a second, or lower, ferromagnetic rotor core 68, each of which is
      operably connected with a second point of contact of the pipe P by means
      of the lower bowspring G spaced from the first point of contact with the
      pipe P. A first or upper inductive coil 70 is mounted between the first
      stator 60, the intermediate core 64 and the first rotor core 66.
      Similarly, a second inductive coil 72 is mounted between the second stator
      core 62, the second rotor core 68 and the intermediate core 64.
PAR  The stator core 60, the rotor core 66 and the intermediate core 64 form a
      ferromagnetic circuit whose reluctance and other ferromagnetic parameters
      change in response to relative movement between the first and second
      spaced points of contact with the pipe P, varying the inductance of the
      inductive coil 70 so that relative movement of the pipe P forms a current
      sensed by the monitor circuit M of the surface electronics E to indicate
      that the pipe P is not stuck at the test location. In a like manner,
      relative movement of the first and second spaced contact points of the
      pipe changes the parameters of the magnetic circuit formed by the second
      stator core 62, the second rotor core 68 and the intermediate core 64,
      varying the inductance of the inductive coil 72 to indicate relative
      movement of the spaced portions of the pipe P. As will be set forth below,
      the reference position mounting of the rotor cores and stator cores in the
      sensor S provides an accurate and sensitive indication of movement of the
      pipe P during freepoint sensing.
PAR  The sensor means S is energized by alternating current sent down from the
      oscillator 26 of the surface electronics E through the control switch K,
      the line compensating resistor 12 and the wireline W. Unidirectionally
      conductive diodes 74 and 76, or other suitable unidirectionally conductive
      circuit components energize the inductive coil 70 and the second inductive
      coil 72 on alternate half-cycles 71a and 71b, respectively, (FIG. 7) of
      the alternating current. Due to the alternate energization of the
      inductive coil 70 and 72, variations in the reluctance parameters of the
      ferromagnetic circuit in the sensor S due to relative movement between the
      upper bowspring U and lower bowspring G during freepoint testing result in
      an offset direct current, as indicated at 73, to be formed in the sensor S
      in response to movement of the pipe P. The polarity of the direct current
      offset further indicates the direction of movement of the pipe P. This
      direct current offset current provides increased accuracy freepoint
      readings and permits use of relatively temperature insensitive magnetic
      components in the sensor S, without requiring additional downhole
      electronics which are temperature sensitive and thus undesirable for use
      in deeper wells.
PAR  The downhole tool T is movable between a first operating position for
      sensing operations by the sensor S at a test location in the bore B and a
      second operating position for backoff operations by the detonator D at the
      test location. A sensor contact 78 completes an electrical circuit through
      the sensor S to an electrical ground when the downhole tool is in the
      first operating position, electrically connecting the sensor S to the
      wireline W by completing the electrical circuit therebetween. A backoff
      contact 80 electrically connects the detonator D to the wireline W when
      the downhole tool T is in the second operating position permitting backoff
      operations. As will be set forth below, the sensor contact 78 and the
      backoff contact 80 are mutually exclusively operable, electrically
      isolating the sensor means S from the detonator D during downhole
      operations. This electrical isolation between the sensor S and detonator D
      protects the ferromagnetic circuits of the sensor D from being excessively
      or permanently magnetized by the high voltage sent down the wireline W to
      activate the detonator D, and also prevents power loss in the sensor S by
      sensor loading during backoff operations insuring full power transfer to
      the detonator D from the wireline W.
PAR  A voltage threshold responsive means, such as a Zener diode 82,
      electrically connects the backoff contact 80 to a current increasing
      transformer 84 in the transformer sub F of the downhole tool T. The Zener
      diode 82 serves as further protection and isolation between the sensor S
      and the detonator D by preventing sensor voltage from the sensor S from
      firing the detonator D during sensing operations and other operations.
PAR  The transformer 84 has two primary coils 84a electrically connected in
      parallel between the Zener diode 82 and a tap 84b electrically connected
      by a return conductor 84e to ground. Two magnetic cores 84c magnetically
      link each primary 84a of the transformer 84 to a corresponding secondary
      coil 84d thereof. The secondary coils 84d are electrically connected by a
      conductor 84f to the detonator D and to electrical ground by a ground
      conductor 84g. The turns ratio between the primary coils 84a and secondary
      coils 84d of the transformer 84 is chosen to be a sufficiently large
      ratio, for example 20:1, so that the level of the electrical current sent
      from the control circuit C through the switch K over the wireline W to the
      detonator D is significantly increased in the transformer 84. In this
      manner, a low level current can be sent over the wireline W, decreasing
      the voltage drop due to the resistance in the wireline, reducing power
      loss therein, while insuring sufficient current to ignite the detonator D,
      particularly those detonators for high temperature well operations which
      require high current levels to ignite, and permit backoff operations in
      the well bore B once the stuck point of the pipe P has been located by the
      sensor S, in a manner to be set forth below. It should be understood that
      transformers with a single primary coil and secondary coil, or more than
      two sets of primary and secondary coils are also suitable for use with the
      present invention. The dual arrangement shown was used as a convenience
      only to fit the transformer into the successfully constructed embodiment.
PAC  SENSOR AND TIME DELAY
PAR  An upper sub 86 of the sensor S (FIG. 2A) is mounted at a threaded surface
      86a to a lower end 88 of the upper bowspring assembly U, with an O-ring 90
      or other suitable sealing means mounted therebetween. A sensor sub 92 is
      mounted at an upper end 92a thereof to a lower threaded end 86b of the
      upper connector sub 86, with an O-ring 94 or other suitable sealing means
      mounted therebetween. A fluid seal block 96 is mounted within the sensor
      sub 92 adjacent the lower end 86b of the upper connector sub 86, and an
      O-ring 97 is mounted between seal block 96 and sub 92.
PAR  A threaded socket 96a is formed in the fluid seal block 96 and receives a
      conduit post 98 formed from suitable insulative material along a threaded
      surface 98a thereof. A conventional banana plug 100 is mounted with its
      associated lock washer and solder lug at an upper end 98b of the conduit
      post 98 in order to form an electrical connection between the sensor S
      through the upper bowspring U to the collar locator L and the wireline W.
      A conduit 102 is formed extending downwardly through the conduit post 98
      in order that electrical conductors (not shown) may electrically connect
      the banana plug 100 to electrical connector plugs 104 mounted in
      associated conduits 96b in the fluid seal block 96.
PAR  A plurality of solder lugs 106 are mounted in the conduit 102 in order to
      hold the electrical conductors in place therein. A collar 108 made of a
      suitable heat absorbing material is mounted as a heat sink in an annular
      groove adjacent a surface 98c formed on the conduit post 98. The heat sink
      collar 108 surrounds a portion of the post 98 and a trough 110 therein
      containing the unidirectionally conductive diodes 74 (FIG. 2A) and 76
      (FIG. 1) which are electrically connected by suitable conductors (not
      shown) to the banana plug 100 and connector plugs 104 and the collar
      locator L and the wireline W, as has been set forth.
PAR  A threaded inlet port seal or pipe lug 112 is mounted in a threaded socket
      92b formed in the sensor sub 92 to permit the sensor S to be filled
      through an inlet chamber 114 so that the sensor S may be filled with a
      suitable fluid, such as a silicone base fluid adapted for use at various
      downhole temperatures.
PAR  An electrically insulative four jack terminal or block 116 is mounted by
      conventional mounting screws (not shown) with a sensor spacer sleeve 120
      in the sensor S. Four electrical connector jacks 122, two of which are
      shown (FIG. 2A) are mounted within the terminal 116 and provide electrical
      connection there-through so that electrical connection is formed between
      the wireline W through the sensor S to the inductive coils 70 and 72 and
      to the detonator D. An inner passage 116a is formed in the terminal 116 to
      permit return of the requisite electrical conductors (not shown) from the
      inductive coils and to permit passage of the fluid from the chamber 114 to
      the remainder of the sensor S therebelow in order that the interior of the
      sensor S may be filled with such fluid.
PAR  Electrically conductive threaded sleeves 124 are mounted with lower ends of
      connector jacks 122 in order to provide a flow path for electrical current
      through the insulating block 116. Suitable mounting screws hold the block
      116 in place in the spacer 120.
PAR  The magnetic sensing portion of the sensor S (FIGS. 2A, 2B and 8-10) is
      mounted with an upper support sleeve or bearing 126 mounted in place
      between the upper sensor spacer 120 and a sensor covering sleeve 128. The
      upper sleeve bearing 126 has plural ports formed extending vertically
      therethrough for passage of fluid from the chamber 114 thereabove into an
      interior chamber 129 in the sensor S. An inner magnetic shield sleeve 132
      and an outer magnetic shield sleeve 134 enclose the magnetic sensor
      portion of the sensor S in order that magnetism in the drill tubing does
      not unduly affect operation of the sensor S. The inner shield sleeve 132
      and the outer shield sleeve 134 are formed from a suitable magnetic
      shielding material, such as that known in the art as mumetal.
PAR  The first annular stator core 60 is mounted with the sleeve bearing 126 by
      downwardly extending screws 136, or other suitable fastening means. The
      stator core 60 is further externally threaded to engage a threaded inner
      surface in the sleeve 128 (FIG. 8), with the threaded surfaces not shown
      in FIG. 2A to more clearly show other structural details. The annular
      intermediate ferromagnetic core 64 is mounted with the sleeve 128 by set
      screws 142 (FIG. 2B). The first inductive coil 70 is wound about a spool
      or bobbin 138 held in place between the annular ferromagnet 60 and the
      ferromagnetic core 64 by an annular spacer 140. The spool 138 is
      preferably formed from a suitable non-magnetic material, such as a
      synthetic resin.
PAR  The second, or lower, annular stator core 62 is mounted with a sleeve
      bearing 148 by plural mounting screws 150 or other suitable attaching
      means. The core 62 is further externally threaded to engage a threaded
      inner surface in the sleeve 128 (FIG. 8), with such threaded surfaces not
      shown in FIG. 2B to more clearly show other structural details. The
      second, or lower, inductive coil 72 is wound about a spool or bobbin 144
      held in place between the intermediate core 64 and the second stator core
      62 by a lower annular spacer 146. The terminal 148 is mounted between the
      sleeve 128 and a lower sensor spacer 152. The terminal 148, in a like
      manner to the upper bearing 126, has plural fluid passage ports formed
      therein for passage of fluid from the chamber 129 to the remainder of the
      interior of the apparatus A therebelow.
PAR  A groove or race 130 (FIGS. 8 and 11) is formed in the sensor covering
      sleeve 128 in communication with a groove 140a formed in the spacer 140
      and a like groove 146a formed in the spacer 146. The groove 130 permits
      passage of electrical conductors (not shown) through the cover 128 to
      openings 130a and 130b (shown in phantom in FIG. 8) in order to
      electrically connect the coils 70 and 72 to the wireline W (FIG. 1).
PAR  The stator core 60 has plural ferromagnetic pole pieces 60a, 60b, 60c and
      60d formed thereon extending inwardly (FIG. 9) towards a corresponding
      plurality of outwardly extending ferromagnetic core pole pieces 66a, 66b,
      66c and 66d of the upper rotor 66.
PAR  The second or lower, annular stator core 62 has plural ferromagnetic pole
      pieces 62a, 62b, 62c and 62d formed thereon extending inwardly (FIG. 10)
      towards a corresponding plurality of outwardly extending pole pieces 68a,
      68b, 68c and 68d of the lower, or second, rotor 68.
PAR  The upper rotor 66 is mounted by a set screw (not shown) or other suitable
      mounting means with a rotatable and longitudinally movable shaft 154 (FIG.
      8). The shaft 154 is formed from a central ferrous rod 154a, formed from a
      suitable ferromagnetic material with a non-ferrous material upper end 154b
      and a non-ferrous lower end 154c welded or otherwise suitably mounted
      therewith.
PAR  The upper ferromagnetic rotor 66 is mounted with the central ferrous rod
      154a adjacent the junction of the central ferrous rod 154a and the upper
      end 154b (FIG. 8). The lower ferromagnetic rotor 68 is mounted by a set
      screw (not shown) or other suitable mounting means with the central
      ferrous rod 154a adjacent the junction of such ferrous rod 154a and the
      lower end 154c. The upper stator core 60, the upper rotor 66, the upper
      portion of the ferrous rod 154a and the intermediate core 64 form a
      magnetic circuit including such core elements and the air gaps between
      individual ones thereof. A magnetic flux flows through this magnetic
      circuit and the intensity of such flux controls the inductance of the coil
      70. Relative movement of the ferromagnetic core components of this
      magnetic circuit with respect to each other in response to movement of the
      pipe P when stressed or torqued changes the reluctance in such magnetic
      circuit, varying the inductance of the coil 70 forming a current sensed by
      the monitor circuit M of the surface electronics E.
PAR  In a like manner, the lower stator core 62, the lower rotor core 68, the
      lower portion of the ferrous rod 154a and the intermediate core 64 form a
      second magnetic circuit including such core elements and the air gaps
      between such elements. A magnetic flux flows through this magnetic circuit
      and the intensity of such flow establishes the inductance of the second,
      or lower, inductive coil 72 so that relative movement of the ferromagnetic
      core components of this second magnetic circuit with respect to each other
      in response to movement of the pipe P changes the reluctance of the second
      magnetic circuit, varying the inductance of the coil 72, forming a current
      sensed by the monitor circuit M.
PAR  With the present invention, it has been found that the upper rotor core 66
      and the lower rotor core 68 can be mounted with the ferrous rod 154a with
      respect to the upper stator core 60 and the lower stator core 62,
      respectively, so that relative movement of the pipe P when stressed on the
      surface changes the inductance of the coils 70 and 72 to form a
      unidirectionally offset current, providing freepoint readings of increased
      accuracy and sensitivity.
PAR  The upper rotor core 66 is mounted with the ferrous rod 154a (FIG. 9) so
      that the pole pieces 66a, 66b,66c and 66d thereof are aligned with respect
      to the corresponding pole pieces 60a, 60b, 60c and 60d, respectively, of
      the upper stator core 60 over only a fractional extent thereof (FIG. 9).
      In this manner, a relatively slight rotational movement of the shaft 154,
      either clockwise or counterclockwise, in response to relative movement
      between the upper bowspring U and the lower bowspring G causes a
      significant decrease or increase, respectively, in the common surface area
      between the pole pieces of the rotor core 66 and the stator core 60, with
      a corresponding change in the reluctance parameter of the magnetic
      circuit. Such change in the reluctance in the magnetic circuit causes a
      corresponding change in the inductance of the coil 70, with a
      corresponding change in the current sensed by the monitor circuit M. The
      lower rotor core 68 is mounted with the ferrous rod 154a so that the pole
      pieces 68a, 68b, 68c and 68d thereof are aligned with respect to the
      corresponding pole pieces 62a, 62b, 62c and 62d, respectively, of the
      lower stator core 62 for only a fractional extent thereof (FIG. 10). In
      this manner, a relatively slight rotational movement of the shaft 154,
      either clockwise or counterclockwise, in response to relative movement
      between the upper bowspring U and the lower bowspring G causes a
      significant increase or decrease, respectively in the common surface area
      between such pole pieces of the second magnetic circuit, causing a
      corresponding change in the inductance of the coil 72, with an attendant
      change in the current sensed by the monitor circuit M.
PAR  It is noted, for reasons to be set forth below, that due to the mounting of
      the rotor cores 66 and 68 with respect to the stator cores 60 and 62,
      respectively, relative counterclockwise movement of shaft 154 increases
      the inductance of the upper coil 70 while decreasing the inductance of the
      lower coil 72. Accordingly, energization of the upper coil 70 on positive
      half-cycle 71a of current from the oscillator O has an increased current
      flow therethrough, while energization of the lower coil 72 on negative
      half-cycle 71b of the current from the oscillator O causes a decreased
      current forming the offset current 73 in the manner set forth above,
      providing freepoint readings of improved accuracy and sensitivity.
PAR  The annular intermediate magnetic core 64, in contrast to the stator core
      60 and 62 has no inwardly extending pole pieces formed thereon, but rather
      has an interior face 64a extending circumferentially (FIG. 8) about the
      ferrous shaft 154a and being equidistant in spacing therefrom about such
      circumferential extent. Accordingly, relative longitudinal and rotational
      movement of the shaft 154 with respect to the intermediate core 64 does
      not affect the common surface area between such shaft and such core and
      thus does not affect the reluctance parameters of the magnetic circuits of
      the sensors S, permitting the relative movement between the pole pieces of
      the rotor cores 66 and 68 and the pole pieces of the stator cores 60 and
      62, respectively, to vary the parameters of the magnetic circuit of the
      sensor S and provide an indication of movement of the pipe P of improved
      accuracy.
PAR  The upper rotor core 66 and the lower, or second rotor core 68 accordingly
      move with the movable shaft 154 in order that relative movement between
      the upper bowspring U and the lower bowspring G in response to movement of
      the pipe P when stressed or torqued is transmitted to the sensor S in
      order that relative movement of the pipe P may be sensed in the sensor S.
PAR  A reference resilient spring 156 (FIG. 2A) is mounted with a clamp 158 held
      in place by a bolt 160 at an upper end 154d of the rod 154. The resilient
      spring 156 passes about a stop pin 162, mounted with the rod 154, which
      limits vertical movement of the rod 154, and into a downwardly extending
      socket 126a formed in the bearing 126 (FIG. 2A). A stop and shock absorber
      163 of suitable resilient material engages the stop pin 162 at the lower
      movement limit.
PAR  The resilient spring 156 forms a reference means moving the sensor S into a
      reference position and aligning the pole pieces of the rotor cores 66 and
      68 with respect to those of the stator cores 60 and 62, in the alignment
      set forth above, so that slight changes in the magnetic parameters of the
      magnetic circuit of the sensor S in response to movement of the pipe P may
      be detected for more accurate downhole readings in order to locate the
      free point in the well bore B. The reference spring 156 moves the sensor S
      into the reference, or first operating position in the absence of action
      of a retaining means 168 having a normal operating position restraining
      the operation of the reference spring 156 when the sensor S is being moved
      through the well bore B by the wireline W into position for sensing
      operations. In this manner, the sensor S is not required to be in the
      reference position while being lowered or raised through the well bore B,
      preventing possible damage or misalignment of such sensor during movement
      in the well bore B.
PAR  The retaining means 168 (FIG. 2B) includes a receiving cup or clutch cup
      164 and upwardly extending fingers 166 which restrain the reference spring
      156 when the sensor S is moved through the well bore B by the wireline W.
      The receiving cup 164 is mounted with a threaded lower end 154e of the
      shaft 154 by a bolt 170 or other suitble fastening means. The receiving
      cup 164 is electrically connected by a conventional set screw to ground
      conductors (not shown) from the coils 70 and 72. The cup 164 is
      electrically insulated from the shaft 154 by disk insulators 171a and 171b
      and on insulating bushing 171c (FIG. 8).
PAR  A stop and shock absorber 172 is preferably formed from a suitable
      resilient material for shock absorbing purposes and is mounted on the
      lower insulative support terminal 148. A stop pin 173 is mounted extending
      outwardly from the rod 154 below the absorber 172 and engages the absorber
      172 to form an upper limit for movement of the shaft 154 to protect the
      sensor S from damage by unrestricted movement.
PAR  The freepoint contact fingers 166 are formed extending upwardly from a time
      delay piston 174 (FIG. 2B) which is relatively movable with respect to a
      delay housing 176 having a chamber 178 therein adapted to receive the
      fluid injected into the sensor S through the inlet port 112 (FIG. 2A). The
      freepoint finger contacts 166 have lugs 166a formed extending outwardly
      therefrom to engage an inner surface 164a formed in the receiving cup 164
      when the sensor S is in a first operating position (FIG. 2B) for sensing
      operations so that relative movement of the pipe P when stressed or
      torqued from the surface causes relative movement between the upper
      bowspring U and the lower bowspring G. The freepoint contact fingers 166
      further perform the function indicated schematically by the switch 78
      (FIG. 1) grounding the coils 70 and 72 during freepoint sensing by
      contacting the cup 164 which is electrically connected to such coils in
      the manner set forth above.
PAR  Outwardly extending shoulders 166b are formed on the freepoint contact
      fingers 166 below the lugs 166a. The shoulders 166b are adapted to engage
      an upper end 176a of the delay housing 176, moving the lugs 166a out of
      engagement with the inner surface 164a of the receiving cup 164 (FIGS. 3
      and 4), for reasons to be more evident below.
PAR  Shooting contacts 180 of backoff contact 80 are mounted with a shooting
      rivet 182 to provide electrical connection between the wireline W and the
      detonator D when the sensor and time delay unit S is in a second operating
      position at a test location in the well bore B for backoff operations.
      Structural details of the mounting arrangement for the shooting contacts
      180 and the shooting rivet 182 are not set forth in FIG. 2B, in order to
      preserve clarity therein, but are rather set forth in FIG. 4.
      Additionally, the shooting contacts 180 and shooting rivets 182, and the
      freepoint finger contacts 160 are shown in the same plane (FIG. 2A through
      2D, 3 and 4) for ease of illustration. However, in actual use of the
      apparatus A, the freepoint contact fingers 166 are mounted in the sensor S
      in a plane (FIG. 5) transverse that of the shooting contacts 180 and
      shooting rivets 182.
PAR  Considering the structural details of the mounting of the shooting contacts
      180 and the shooting rivet 182 (FIG. 4), the shooting rivet 182 is mounted
      with a jack 184 mounted within a shooting insulator tube 186 in a socket
      174a formed in an upper portion of the delay piston 174. The jack 184
      forms an electrical connection at a lower end 184a with a shooting lead
      188 covered with an insulated coating (omitted for the sake of clarity)
      except at an upper end 188a thereof.
PAR  The shooting contacts 180 form an electrical connection between the
      shooting lead 188 and a shooting insert ring 190 when the apparatus A is
      in a second operating position (FIG. 3), or backoff position, for
      energizing the detonator D and loosening of the pipe after stuck point
      thereof has been found. An ear 190a (FIG. 4) formed on the shooting insert
      ring 190 forms an electrical connection with the electrical conductor (not
      shown) to the detonator D passing from the four-jack terminal 116 past the
      sensor S. The shooting insert ring 190 is mounted within an upper shooting
      insert insulator 192 mounted with the lower sensor spacer 152 by set
      screws 194 (FIG. 2B and 4). A lower shooting insert spacer 196 is mounted
      beneath the shooting contact ring 190 and held in place by a shooting lock
      nut 198 having a threaded external surface engaging a threaded internal
      surface 92c at a lower end 92d of the sensor sub 92 (FIG. 4). The lock nut
      198 has ports 198a (FIG. 4) formed therein so that the fluid introduced
      into the inlet 112 may pass therethrough to an annular interior chamber
      199 externally of the delay housing 176.
PAR  A delay housing sub 200 (FIG. 2B) is inserted at a threaded upper surface
      thereof into the threaded surface 92c at the lower end 92d of the sensor
      sub 92 beneath the shooting locknut 198 and an O-ring 202 or other
      suitable sealing means is mounted between the subs 92 and 200. The delay
      housing 176 and the delay piston 174 are mounted within the annular
      interior chamber 199 formed within the delay housing sub 200. The interior
      chamber 199 in the delay housing sub 200, together with the interior of
      the sensor sub 92 thereabove including the chamber 114 are filled with the
      fluid of the type set forth above, as is the chamber 178 in the delay
      housing 176.
PAR  In its most general sense, and as is set forth in detail herein, the
      invention provides a resilient fluid mounting for delay housing 176 with
      an inherent slow settling time. More specifically, the upper spring U is
      fixed to the sub 200, the lower spring G is fixed to the piston 174, and
      the delay housing 176 effectively "floats" between the two. The fluid
      flows in this area produce the various advantages, as is set forth herein.
PAR  The piston 174 is movable with respect to the delay housing 176 in the
      chamber 178 to a contracted position (FIGS. 3 and 4) from an expanded
      position (FIG. 2B). Movement of the piston 174 in the chamber 178 takes
      place in accordance with relative movement of the upper bowspring U with
      respect to the lower bowspring G, in a manner to be set forth below, in
      accordance with force exerted on the wireline W from the surface.
PAR  As the piston 174 moves from the expanded position (FIG. 2B) to the
      contracted position (FIGS. 3 and 4) a valve V (shown schematically in
      FIGS. 2B and 3, whose structural details are set forth in FIG. 4), permits
      release of fluid from the chamber 178. However, as will be set forth
      below, the valve V prevents inlet of fluid into the chamber 178 (FIG. 4)
      when the piston 174 experiences relative motion to the expanded position
      from the contracted position, forming a time delay affording several
      important features of the present invention.
PAR  A plurality of ports 176b (FIG. 4) are formed in a lower portion of the
      delay housing 176 providing fluid communication from the chamber 178 to an
      annular delay seat 204. The delay seat 204 is resiliently urged to a
      position blocking the ports 176b by a coil spring 206 held in place in a
      delay outlet chamber 208 formed between the delay housing 176 and a delay
      nut 210 which is free to move relative to the piston together with the
      delay housing 176. Outlet ports 210a are formed in the delay nut 210
      permitting escape of the fluid from the delay outlet chamber 206 into the
      chamber 200a within the ball bushing sub 200.
PAR  Accordingly, as the upper bowspring U moves with respect to a stuck lower
      bowspring G during the operation of the apparatus A, relative motion
      occurs between the piston 174 and the housing 176 which varies the size of
      the chamber 178 therebetween. As the housing 176 moves up from the
      expanded position (FIG. 2B) to the contracted position (FIG. 3), the fluid
      in the chamber 178 is forced outwardly past the valve V into the chamber
      200a. On relative movement between the lower bowspring G and a stuck upper
      bowspring U, however, the valve V prevents rapid reverse flow of the fluid
      from the chamber 200a into the chamber 178, causing the housing 176 to
      move upwardly with the piston 174, retaining the freepoint contact fingers
      166 in place within the upper end 176a of the housing 176 and holding the
      lugs inwardly with respect to, and out of engagement with the interior
      surface 164a of the retainer cup 164 (FIG. 4).
PAR  A first leakage orifice 212 is formed in the annular space between the
      piston 174 and the housing 176 at an upper end thereof (FIG. 4) and a
      second leakage orifice is formed adjacent an annular groove 176c in the
      housing 176, through which orifices fluid in the chamber 200a seeps
      gradually when the piston 174 is in the contracted position in housing 176
      (FIG. 4). The spring 175 in the chamber 178 urges the housing 176
      downwardly with respect to the piston 174 reducing the pressure in the
      chamber 178 and causing seepage of fluid past the leakage orifice 212 at a
      slow rate. The time during which this seepage occurs is a time delay
      during which the shoulders 166b of the freepoint contact fingers 166
      slowly move out of contact with the upper end 176a of the housing 176,
      permitting the (ugs 166a to move gradually outwardly into engagement with
      the inner surface 164a of the retaining cup 164. The time duration for
      this movement is a suitable time delay for movement of the sensor S
      between the first and second operating positions, which during the
      operation of the present invention isolates and protects the sensor S from
      damage during operation of the detonator D, permits the retaining spring
      156 to move the magnetic circuits of the sensor S into the proper
      reference position for more accurate readings at test locations of
      interest in the well bore, permits minor movements of the apparatus A to
      settle out before sensing operations begin, and further protects the
      uphole structure of the apparatus A above the retaining means 168 from
      damage during operation of the detonator D.
PAR  A retaining ring 214 is mounted with a lower portion 174a of the piston 174
      (FIG. 2B) forming a lower limit for downward movement of the housing 176
      with respect to piston 174 in response to the forces exerted by the spring
      175.
PAR  A backup ring 216 and a bearing retainer 218 are mounted between the delay
      housing sub 200 and a ball bushing housing sub 220. An annular passage
      216a is formed in the backup ring 216 to permit fluid passage
      therethrough. A ball bushing 222 is mounted within the retaining ring 218
      permitting relatively free movement of the piston 174 therethrough. The
      delay housing sub 200 and the ball bushing sub 220 are threadedly engaged
      along threaded surfaces 224 with an O-ring 226 or other suitable sealing
      rings mounted therebetween. The chamber 220a of sub 220 receives fluid, in
      a manner to be set forth below, of like characteristics to the fluid in
      the upper portion of the sensor S above the ball bushing sub 220.
PAR  A jam nut 228 is used to mount the piston 174 to a positioning member 230
      at an upper end thereof. A ground screw 232 mounts an upper end of an
      electrical ground wire so that the positioning member 230, time delay
      piston 174 and contact fingers 166 may be electrically grounded. Of
      course, this screw 232 does not contact the shooting lead 188. A lower
      housing 234 is mounted with the ball bushing sub 220 along a threaded
      surface 236 (FIG. 2C). An O-ring 238 or other suitable means is mounted
      therebetween (FIG. 2B). A groundwire nut 240 (FIG. 2C) and a bearing lock
      nut 242 are mounted with the threaded surface 236 in the interior of the
      lower housing member 234 with a screw 244 inserted into the ground wire
      nut 240 in order that the electrical ground wire may be mounted therewith
      and form an electrical ground connection for the positioning member 230
      and contact fingers 166. A flexible ground wire, not shown, is connected
      between the ground screws 232 and 244 for this purpose. An upper limit
      bearing 246 is mounted between the bearing lock nut 242 and a bearing
      sleeve 248 mounted within the lower housing member 234. The upper bearing
      246 engages an upper limit washer 250 mounted on an outwardly extending
      collar 230a formed on the positioning member 230 when the upper bowspring
      U and the lower bowspring G are in a closed position relative to each
      other and the apparatus A is in the sensing position for freepoint
      operations (FIG. 2C).
PAR  A lower limit washer 252 is mounted beneath the collar 230a on the
      positioning member 230 and engages a lower bearing 254 (FIG. 3) when the
      upper bowspring U has been moved upwardly with respect to the lower
      bowspring G by exertion of sufficient force at the well surface on the
      wireline W, so that the shooting contacts 180 engage the shooting insert
      ring 190 for backoff operations, or when it is desired to permit the
      reference spring 156 to move the sensor S to the proper position for
      sensing operations, as will be more evident below. A chamber 248a within
      the bearing sleeve 248 and an annular passage 242a in the lock nut 242
      receive fluid and permit fluid to be introduced therethrough to the
      chamber 220a thereabove.
PAR  A limit pin sleeve 256 is mounted between a support bearing 258 and the
      lower bearing 254 within the lower housing 234. The support bearing 258
      permits rotational and longitudinal movement of a stress transfer member
      260 and the positioning member 230 with respect to the lower housing 234
      in response to relative movement between the upper bowspring U and the
      lower bowspring G. A positioning member lock nut 262 mounts the
      positioning member 230 with the stress transfer member 260. An interior
      passage 262a between the lock nut 262 and the pin sleeve 256 receives
      fluid and permits fluid passage upwardly therethrough to chambers 248a and
      220a.
PAR  Inwardly extending limit pins 264 are mounted in threaded sockets 234a
      formed in the lower housing 234. The limit pins 264 extend inwardly into
      corresponding slots 266 formed in the stress transfer member 260 to limit
      relative rotational movement and act as centralizers between the lower
      housing 234 and the stress transfer member 260. A cylindrical shield
      member 268 having a plurality of perforations or openings 270 formed
      therein is mounted with the lower housing member 234 to protect a flexible
      separator 274 during movement of the apparatus through the well bore B. An
      annular passage 234b (FIG. 2C) between the lower housing 234 and the
      stress transfer member 260 receives fluid and permits upward flow of such
      fluid as fluid is introduced until such passage and the chambers and
      passages thereabove are fluid-filled.
PAR  A bearing retainer 276 and a damper ring 278 (FIG. 2D) mount a separator
      bearing 280 with a lower end of the housing member 234 permitting movement
      of the stress transfer member 260 with respect to the housing 234 in a
      like manner to the bearing 258. The damper ring 278 has a shoulder 278a
      extending inwardly towards the stress transfer member 260 to restrict
      fluid flow therebetween during backoff operations, protecting the
      apparatus A from damage due to rapid movement. A lower sub 282 is
      threadedly mounted with a threaded lower end 260a of the stress transfer
      member 260 in order to couple the stress transfer member 260 to the lower
      bowspring G. The flexible separator 274 is mounted with the bearing
      retainer 276 along a lower portion and at an outer upper surface 282a of
      the lower sub 282 (FIG. 2D), forming a fluid receiving chamber 275 between
      the flexible separator 274 and the stress transfer member 260.
PAR  The shooting lead 188 extends downwardly from the piston 174 (FIG. 2B), as
      has been set forth, through the positioning member 230 and the stress
      transfer member 260 to a bare or uncovered conductive lower end 188b (FIG.
      2D) of the shooting lead 188 mounted in a connector jack 284 which is held
      in place by a lower insulator 286.
PAR  Fluid passage ports 288 are formed in the threaded lower portion 260a of
      the stress transfer member 260 adjacent the lower sub 282 in order to
      permit passage of fluid through an opening adjacent a fluid seal nut 290
      into the lower portion of the sensor S. The fluid seal nut 290 is mounted
      with a threaded surface 282a formed in the lower sub 282. The fluid seal
      nut 290 is removed so that the sensor S may be filled by means of a funnel
      or other suitable means with the silicone base fluid, of the type set
      forth above, for operations in the well bore B. When the sensor S is
      filled with fluid, the fluid seal nut 290 is mounted with the lower sub
      282, sealing the fluid within the sensor S.
PAR  A connector plug 294 is formed extending upwardly into the connector jack
      284 and electrically connects the shooting lead 188 to the metallic fluid
      seal nut 290. A connector plug 296 is formed extending downwardly from the
      metallic fluid seal nut 290 into a lower jack 298 which is mounted in a
      receiving socket 300, which together with a contact insert 302 are mounted
      with an insulator 304 by a set screw 306 at the lower end of the lower sub
      282. The contact insert 302 receives a banana plug (not shown) from the
      lower bowspring G. The lower bowspring G is mounted with a threaded
      external surface 282b of the lower sub 282 in order to mount the lower
      bowspring G therewith. The contact insert 302 provides electrical
      connection between the shooting lead 188 and the detonator D through the
      lower bowspring G in the conventional manner in order that backoff
      operations may be performed with the detonator D.
PAC  TRANSFORMER SUBASSEMBLY
PAR  The transformer subassembly F (FIGS. 1, 6 and 6A) receives the reduced
      current level alternating current from the wireline W through the upper
      subassemblies including the slip joint J, the collar locator L, the upper
      bowspring U, the sensor subassembly S and the lower bowspring G. The
      transformer subassembly F is mounted along a threaded internal surface
      310a of a subassembly housing 310 to a threaded lower portion (not shown)
      of the lower bowspring G. A banana plug 312 is inserted into a contact
      insert (not shown) mounted in the lower bowspring G, forming an electrical
      connection therebetween. The banana plug 312 is mounted with an upper
      surface 314 of an upper insulator plug insert 316. A pieshaped portion of
      the insulator plug insert 316 is removed adjacent surfaces 316a and 316b
      (FIG. 6A) to allow clearance for wire, etc. A solder lug 318 is formed
      extending outwardly from the banana plug 313 on the upper surface 314 of
      the insulator plug insert 316 in order that an electrical conductor 319
      may electrically connect the banana plug 312 to a first contact 82a of the
      Zener diode 82. The contact 82a and a second contact 82b are formed
      extending upwardly from the Zener diode 82 into an interior hollow portion
      320 of a spacer 322 which supports the insulating block 316. A pair of
      screws 321 are inserted into threaded sockets in the insulating block 316
      and spacer 322 to mount the block 316 with the spacer 322. The Zener diode
      82 is mounted with a lock nut 324 which is engaged in a threaded socket
      325 of an insulating spacer 326 above an upper plug 328. A set of screws
      332 mounts the insulating spacer 326 with the upper plug 328.
PAR  A pair of electrical conductors 330 electrically connect the second contact
      82b of the Zener diode 82 through the insulating spacer 326 to the input
      terminals of the pair of primary coils 84a. The conductors 330 preferably
      pass through suitable grooves (not shown) formed in spacer 326 and plug
      328. A second conductive screw 334 in the plug 328 forms an electrical
      ground.
PAR  As has been set forth above, each of the primary coils 84a has an
      individual common core 84c magnetically linking primary coil 84a with a
      secondary coil 84d. The turns ratios of the primary coils 84a and the
      secondary coils 84d are chosen so that a significant increase in the
      current level sent down the wireline W is formed in the transformers 84 so
      that reduced current levels may be sent down the wireline W to increased
      depths and then increased in the transformer F to a sufficiently high
      level to operate the detonator D. A metallic sleeve 337 is mounted in the
      housing 310 to retain a suitable protective potting electrical resin for
      the transformer 84 therein.
PAR  The return conductor 84e (FIGS. 1 and 6) electrically connects the side of
      the primary coils 84a opposite the input terminals to a ground screw 333
      mounted in a spacer sleeve 335, electrically grounding the primary coils
      84. The return conductor 84e passes through suitable grooves (not shown)
      formed between the subassembly housing 310, the lower plug 336, a lower
      insulator 338 and the spacer sleeve 335.
PAR  A lower plug 336 is mounted by set screws with the spacer sleeve 335 in the
      transformer subassembly 310, and a lower insulator 338 is mounted
      therewith by suitable screws 339 or other fastening means.
PAR  The conductor 84f (FIGS. 1 and 6) electrically connects an output terminal
      of secondary coils 84d of the transformer F to a contact tab 340. The
      ground conductor 84g electrically grounds the other terminal of the
      secondary coils 84d to the ground screw 333. The contact tab 340 is formed
      extending outwardly from a conductive disk 342. The conductive disk 342 is
      held in place adjacent a lower end 338b of the lower insulator 338 by a
      contact insert 344 having a threaded external surface for insertion into
      and engagement with a threaded internal surface formed adjacent a socket
      338a in the lower insulator 338. A conventional banana plug 346 is mounted
      with its associated washer and lock nut atop a lower insulator mount 348
      adjacent a lower surface 310b within the transformer housing 310. A
      conductor 310c is formed in the transformer housing 310 extending
      downwardly from the surface 310b to permit insertion of contact inserts or
      other suitable conventional electrical connectors so that electrical
      connection is provided between the banana plug 346 and the detonator
      subassembly D therebeneath.
PAR  A threaded external surface 310d is formed at a lower end of the
      transformer housing 310 in order that the transformer subassembly F may be
      mechanically connected with the detonator subassembly D therebeneath. An
      O-ring 350 or other suitable sealing means is mounted for sealing between
      the lower end of the transformer housing 310 and the detonator subassembly
      D.
PAC  OPERATION OF INVENTION
PAR  In the operation of the present invention, should the pipe P become stuck
      in the well bore B during drilling or other operations, the downhole tool
      T of the apparatus A is lowered by the wireline W to a suitable test point
      in the pipe P in the conventional manner. When the casing collar locator L
      indicates that the tool T is at the desired test point, sufficient tension
      is exerted on the wireline W from the surface in the conventional manner
      to move the upper bowspring U with respect to the lower bowspring G,
      moving the fingers 166 out of contact with the cup 164, permitting the
      reference spring 156 to move the core pieces of the sensors S into the
      reference position for freepoint testing, with the tool T in the first
      operating or freepoint sensing position (FIGS. 2A-2D).
PAR  The pipe P is then stressed, by being stretched or torqued, from the
      surface in the conventional manner, and for points above the stuck point
      10, the upper bowspring U moves with respect to the lower bowspring G in
      response to movement of the pipe P, causing a change in the reluctance of
      the two magnetic circuits in the sensor S, causing the sensor S to form
      the offset current 73 on the wireline W which is sensed in the monitor
      circuit M.
PAR  When the tool T is located at or below the stuck point 10, the force
      applied to the pipe P does not cause relative movement between the
      bowsprings U and G, due to the stuck pipe P thereabove. Accordingly, the
      sensor S forms no offset current, indicating at the monitor M the stuck
      pipe P.
PAR  The invention magnetic sensor circuitry is so sensitive that it can detect
      motion between the upper and the lower bow springs over merely the length
      of the tool, about five feet in the successfully constructed embodiment,
      even when the tool is in free pipe. When the tool is in stuck pipe, no
      such relative motion occurs. In use therefore, the stuck location is
      bracketed. That is, the operator starts above the stuck position detecting
      motion as he moves the tool down the pipe until finally no motion is
      detected. The change is indicative of the location of the stuck pipe. In
      operation, the operator pulls on the wire line W, and the outside housing
      moves up, striking the underside of the cup 210. The cup 210 moves up,
      compressing the spring 175 and forcing oil out of the valve V. During that
      step the lower bow spring and the piston 174 attached thereto do not move
      at all. Next the fingers 166 are squeezed, and the sensor is released for
      use. Then the operator relaxes the wire line. This releasing of the wire
      line causes the upper bow spring to move, while the lower one still
      remains stationary. At this point the floating piston 176 is no longer
      being pushed up, and the spring 175 is free to push the floating housing
      176 down with respect to the fixed piston 174. This creates a partial
      evacuated condition in the chamber 178.
PAR  In order to free the pipe P above the stuck point 10, the downhole tool T
      is moved to the desired shot location in the pipe P by the wireline W in
      the conventional manner. Sufficient force is then exerted on the wireline
      W to move the tool T into the second operating or backoff position (FIG.
      3) and maintain the tool T in such position with the shooting contacts 180
      in electrical connection with the shooting insert ring 190, forming an
      electrical connection between the wireline W and the transformer sub F.
PAR  The control switch K of the surface electronics E is then moved to
      electrically connected the control circuit C to the wireline W, and
      switches 20 and 22 are depressed sending alternating current through the
      current-decreasing transformer 24 through the wireline W, the shooting
      contact ring 190 and the shooting contacts 180 to the transformer sub F.
      The current increasing transformer coils 84a in the transformer sub F
      increase the level of the current from the wireline W so that sufficient
      amperage is present to ignite the detonator D and free the pipe P above
      the point where backoff operations are being performed.
PAR  Ignition of the detonator D moves the portions of the tool T operably
      connected with the lower bowspring G upwardly to an intermediate position
      (FIG. 4). However, the time delay piston 174 prevents rapid movement of
      the apparatus from the second operating position (FIG. 3) to the first
      operating position (FIGS. 2A and 2B) and consequently prevents the fingers
      166 from contacting the cup 164 until the time interval determined by the
      rate of fluid flow through the leakage orifices 212 and 176c has elapsed,
      protecting the sensor S from shock and damage during backoff operations
      and protecting the portions of the toll T above the detonator D which move
      the backoff detonator D through the pipe P from such shock and damage.
PAR  The firing fingers 180 do contact the shooting ring 190 each time the tool
      is moved. However, the shot does not fire unless the selector switch K at
      the surface is in position to supply energy to the transformer to in turn
      fire the shot. That is, the firing mechanism is enabled each time the tool
      is moved, but the current is not supplied until it is desired to fire the
      shot.
PAC  TEMPERATURE SENSING APPARATUS
PAR  In a remote temperature sensing apparatus A-1 (FIG. 12) of the present
      invention, like structure and components to that of the apparatus A bear
      like reference numerals. In the apparatus A-1, the oscillator or
      alternating current source 26 sends electrical current through the
      isolation transformer 32 down the wireline W to a remote sensor S-1
      mounted in a suitable capsule in the well bore for a sensing temperature
      conditions therein.
PAR  The remote sensor S-1 includes a first resistor 360 electrically connected
      between the unidirectionally conductive diode 74 and the electrical ground
      contact 78. The resistor 360 has a resistivity temperature coefficient of
      substantially zero, so that the resistance value thereof is substantially
      temperature invariant. The sensor S-1 further includes a second resistor
      362 electrically connected between the ground contact 78 and the diode 76.
      The resistor 362 has a resistivity temperature coefficient of some finite
      number, such as four parts per thousand. The resistance value of the
      resistor 362 is selected to equal that of the temperature invariant
      resistance 360 at a predetermined temperature, for example 0.degree.F.
      When the sensor S-1 is lowered into the pipe P of the well bore B to sense
      temperature conditions therein, the resistance value of the resistor 362
      changes in accordance with the damage in temperature therein, while the
      resistance value of the resistor 360 remains substantially constant.
      Accordingly, when the alternating current from the generator 26 is
      received over the wireline W for positive half-cycles through the diode
      74, the current through the resistor 360 does not change. However, on the
      negative half-cycles through the diode 76, the current through the
      resistor 362 decreases, forming an offset current which can be monitored
      by the integrator 34 in the manner set forth above and the voltage level
      representing the accumulated offset current in the integrator 34 is
      amplified through the amplifier 36 and provided through the calibration
      resistor 36b to a meter 38 so that temperature conditions in the well bore
      may be sensed by the apparatus A-1.
PAC  INCLINOMETER
PAR  In an inclinometer apparatus A-2 of the present invention (FIG. 13), like
      structure to that of the apparatus A and A-1 bears like reference
      numerals. The apparatus A-2 is used for sensing the inclination of a well
      bore.
PAR  The apparatus A-2 receives alternating current operating power from the
      generator or oscillator 26 which is provided through the isolation
      transformer 32 down the wireline W to an inclinometer S-2 of the apparatus
      A-2.
PAR  The sensor S-2 is a modified embodiment of the sensor S, being mounted in a
      ferromagnetic cylindrical case 364. The sensor S-2 has the upper and lower
      stator cores 60 and 62 and the intermediate core 64 forming a magnetic
      circuit in conjunction with the ferrous center portion 154a of the shaft
      154.
PAR  The shaft 154 is mounted at the upper end 154b to a support leaf spring 336
      by a screw 368. The support spring 366 engages a cylindrical spacer 370 at
      outer ends thereof and suspends the shaft 154 therebelow. The support
      shaft 154 extends from the support spring 366 through an enlarged opening
      372 formed in a circular end plate 374 of the sensor S-2. The enlarged
      opening permits free movement of the shaft 154 with respect to the case
      364 of the sensor S-2.
PAR  The shaft 154 is mounted at a lower end 154c with a second support leaf
      spring 376 by a screw 378 or other suitable mounting means. The support
      spring 376, in a like manner to the support spring 366 is mounted at outer
      ends thereof with a cylindrical spacer 380. The lower end 154c of the
      shaft 154 extends through an enlarged opening 382 formed in a lower end
      plate 384 of the sensor S-2.
PAR  The sensor S-2 is calibrated by having the shaft 154a mounted therein so
      that the inductance of the coils 70 and 72, as influenced by the magnetic
      circuits formed by the stators 60, 62 and 64 therein, is substantially
      equal when the sensor S-2 is vertically suspended. The sensor S-2 is
      mounted in a suitable casing and lowered into the pipe P and the well bore
      B by the wireline W. As the well bore B deviates from vertical, the weight
      of the shaft 154 exerting a downward force on the support spring 366
      becomes less, due to the deviation from vertical, permitting the support
      spring 366 to move the shaft 154 upwardly, changing the reluctance
      parameters of the magnetic circuits affecting the coils 70 and 72, forming
      the offset current which is accumulated in the integrator 34 to provide a
      voltage level through the amplifier 36 and the calibrating resistance 36b
      to the meter 38 in order to indicate the deviation of the well bore B from
      true vertical.
PAC  ALTERNATING CURRENT FREEPOINT INDICATOR
PAR  The motions along the axis of the shaft 164 are very small, in the
      neighborhood of millionths of an inch or thousandths of an inch at the
      most. The compressability of the insulator caps on the coils 70 and 72 is
      sufficient to allow these small motions to in turn produce meaningful
      results in regard to inclination of the bore hole.
PAR  In certain wells, the presence of salt water in fluids in the well bore B
      often gives rise to galvanic electromotive forces, reducing the
      effectiveness of the apparatus A which forms direct current offset signals
      during freepoint testing, in the manner set forth above. An apparatus A-3
      (FIG. 14) with a sensor S-3 operating to form alternating current
      derivative pulse signals to indicate freepoint in the pipe P is adapted
      for use in these wells. In the apparatus A-3, like structure to that of
      the apparatus A performing like functions bear like reference numerals,
      while certain portions of the apparatus A-3 unmodified from, and operating
      in the same manner as in the apparatus A, such as the collar L,
      transformer F, detonator D, detonator control circuit C, and indicator
      circuit I are not shown in the drawings (FIG. 14) for purposes of brevity
      and to preserve clarity therein.
PAR  A transformer 402 receives the output from the amplifier 30 through the
      capacitor 30a in a primary winding 402a. A secondary winding 402b of the
      transformer 402 is electrically connected to ground through a line ballast
      resistor 404. The secondary winding 402b of the transformer 402 is
      electrically connected through a line nulling potentiometer 406, the
      switch K and the wireline W to the sensor S-3, providing an alternating
      current signal indicated by a waveform 408.
PAR  In the sensor S-3, a D.C. blocking capacitor 410 receives the input signal
      from the wireline W while preventing direct current formed due to galvanic
      action in the well bore B from affecting the sensor S-3. Diode 74
      energizes the coil winding 70 on alternate half-cycles in the manner set
      forth above, while damper diode 412 prevents reverse current flow through
      coil 70. The reverse current flow prevented by the diode 412 is that which
      would otherwise occur (as indicated by a shaded portion 415a of a waveform
      415) due to the abrupt termination of current flow of input signal to the
      coil 70 from the wireline W at the end of the conductive half-cycle by the
      steering diodes 74 and 76.
PAR  In a like manner, diode 76 energizes the coil winding 72 on the other set
      of alternate half-cycles of the input signal, while damper diode 414
      prevents reverse current flow therethrough due to abrupt termination of
      input current to the coil 72 at the end of each conductive half-cycle.
PAR  A monitor cycle M-3 of the apparatus A-3 is electrically connected to a tap
      406a of the line nulling potentiometer 406 at a capacitor 416a of an R-C
      high-pass filter 46, which also includes a resistor 416b. A buffer
      amplifier 418, with a gain control feedback resistor 418a receives the
      output of the high-pass filter 416, and furnishes such output to a peak
      detector circuit 420.
PAR  In the peak detector circuit 420, steering diodes 422 and 424 pass pulses,
      formed in the sensor S in a manner set forth below, to storage capacitors
      426 and 428, respectively on alternate half-cycles. The capacitors 426 and
      428 store the charge provided in the form of pulses to the peak detector
      circuit 420, and provide a voltage respresenting the level of the charge
      so stored to opposite terminals of a potentiometer 430. A tap 430a of the
      potentiometer 430 electrically connects the peak detector 420 to the
      amplifier 36 at an input bias resistor 431 and to meter 38 of the monitor
      M-3, which operate as set forth above in the monitor M of the apparatus A.
PAR  In operation of the apparatus A-3, the sensor S-3 is lowered in the well
      bore B and moved to the reference or null position. With the sensor S-3 in
      the reference position, the coils 70 and 72 form substantially equal
      amplitude impulses of opposite polarity through the switch K, as indicated
      by a waveform 432. The potentiometer 430 of the peak detector 420 is then
      adjusted and calibrated so that the voltmeter 38 reads zero volts with the
      sensor S-3 providing the waveform 432 in the reference position.
PAR  The pipe P is then stretched or torqued, causing relative movement between
      the bowsprings U and G if the pipe P is not stuck.
PAR  The coils 70 and 72 respond by changes in their inductance due to relative
      movement of the rotor cores 66 and 68 with respect to their stator cores
      60 and 62, in the manner set forth above for sensor S, forming
      peak-to-peak offset impulses of different magnitude and different
      polarity, as exemplified by a waveform 434 with a negative going impulse
      434a being larger in absolute magnitude than a positive going impulse 434b
      due to the movement of the rotors 66 and 68 with respect to the stators 60
      and 62, respectively. The pulses in the waveform 434 are carried by the
      wireline W through the switch K, high-pass filter 416 and amplifier 418 to
      the peak detector circuit 420.
PAR  The steering diode 422 passes the negative polarity pulses from the sensor
      S-3 for storage in the capacitor 426, while the steering diode 424 passes
      the positive polarity pulses from the sensor S-3 for storage in the
      capacitor 428. When the sensor S-3 forms offset impulses of different
      nagnitude in the manner set forth above, the capacitor receiving the
      larger magnitude impulses stores a greater charge than the other capacitor
      and thus attains a higher voltage level, causing a voltage drop across the
      potentiometer 430, which is sensed over the potentiometer tap 430a through
      the amplifier 36 to form an output indication of the relative movement of
      the sensor S-3 in response to movement of the pipe P, and the magnitude
      and direction of such movement.
PAR  When the sensor S-3 does not move in response to movement of the pipe P
      where such pipe is stuck the equal amplitude impulses formed in the sensor
      D-3 stored in the capacitors of the peak detector circuit 420 do not
      unbalance the null reading indicated on the meter 38 from the
      potentiometer 430, indicating the stuck pipe P.
PAC  PROBE AND COLLAR DETECTOR
PAR  The sensor S-3 of the apparatus A-3 is also suitable for use, referring to
      FIG. 15, as a probe for ferrous objects in the well bore and as a collar
      detector to locate collars in the well pipe or tubing, by sensing ferrous
      mass changes in the well tubing. In order to insure high sensitivity as a
      probe or collar detector, the sensor S-3 is preferably mounted in a
      conventional non-ferrous case shown schematically at 440 for movement in
      the well bore and the rotors 64, 66, and 68 and the stators 60 and 62 are
      removed so that magnetic flux from each of the coils 70 and 72 links with
      the object to be detected, whether a ferrous object or a pair of pipe
      collars, rather than with the flux of the other of such coils. The
      electrical characteristics of the coils 70 and 72 are altered in the
      presence of the ferrous object or ferrous mass change to be detected.
PAR  When the sensor S-3 is used as a probe or collar locator, the fields of the
      coils 70 and 72 remain balanced in the presence of an object which affect
      both fields equally and no unbalanced indication is furnished to the
      monitor circuit M-3. When, however, the coils 70 and 72 of the sensor S-3
      are moved into the presence of the ferrous mass, or the ferrous mass
      change in the tubing due to the pipe collars, to be detected so that the
      ferrous material unequally affects the magnetic fields of the coils 70 and
      72, the sensor S-3 forms peak-to-peak offset pulses, in the manner set
      forth above, which is indicated by the monitor circuit M-3. The sensor S-3
      can then be gradually moved and changes in the readings of the meter 38 in
      the monitor circuit M noted to more closely locate the ferrous object for
      which the sensor S-3 is probing.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape,
      materials, components, circuit elements, wiring connections and contacts
      as well as in the details of the illustrated circuitry and construction
      may be made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for testing pipe in a well bore at a test location therein,
      comprising:
PA1  a. sensor means for sensing whether the pipe is stuck at the test location
      in the well bore;
PA1  b. reference means for moving said sensor means into a reference position
      from which movement of the pipe when stressed indicates whether the pipe
      is stuck at the test location; and
PA1  c. means for causing a time delay during which said reference means moves
      said sensor means into the reference position after said sensor means is
      at the test location, wherein said sensor means is in proper reference
      position for accurate sensing operations.
NUM  2.
PAR  2. The structure of claim 1, further including:
PA1  a. retaining means having a normal operating position restraining said
      reference means when said sensor means is moved through the well bore into
      position for sensing;
PA1  b. means for urging said retaining means into said normal operating
      position; and
PA1  c. means for releasing said retaining means.
NUM  3.
PAR  3. The structure of claim 2, wherein said means for causing a time delay
      comprises:
PA1  means responsive to said means for releasing for causing a time delay
      between operation of said means for releasing and said means for urging
      said sensor means into said reference position for sensing operations.
NUM  4.
PAR  4. The structure of claim 1, further including:
PA1  a. means for mounting said sensor means between spaced upper and lower
      positions in the pipe; and
PA1  b. means for transmitting relative movement between said upper and lower
      spaced positions of the pipe to said sensor means.
NUM  5.
PAR  5. The structure of claim 1, wherein said reference means comprises:
PA1  a resilient spring moving said sensor means into said reference position.
NUM  6.
PAR  6. The structure of claim 1, further including:
PA1  a. retaining means having a normal operating position restraining said
      reference means when said sensor means is moved through the well bore into
      position for sensing, said retaining means comprising:
PA2  1. a receiving cup mounted with said sensor means; and
PA2  2. finger means engaging said receiving cup in said normal operating
      position and restraining said reference means when said sensor means is
      moved through the well bore.
NUM  7.
PAR  7. The structure of claim 6, further including:
PA1  a spring urging said finger means into said normal operating position
      engaging said receiving cup.
NUM  8.
PAR  8. The structure of claim 6, further including:
PA1  means for moving said finger means out of engagement with said receiving
      cup thereby permitting said reference means to move said sensor means into
      said reference position.
NUM  9.
PAR  9. The structure of claim 1, wherein said means for causing a time delay
      comprises:
PA1  a. a housing having a chamber therein adapted to receive a fluid;
PA1  b. a piston moving said chamber to a contracted position from an expanded
      position when said sensing means is at the test location;
PA1  c. means for permitting release of fluid from said chamber during movement
      of said piston from said expanded position to said contracted position;
PA1  d. return means for returning said piston into said expanded position from
      said contracted position; and
PA1  e. leakage orifice means formed adjacent said chamber for permitting fluid
      to gradually enter said chamber as said return means moves said piston so
      that a time delay elapses during movement of said piston from said
      contracted to said expanded position.
NUM  10.
PAR  10. An apparatus for sensing the location of stuck pipe in a well bore,
      comprising:
PA1  a. means for mounting the apparatus at a test location between first and
      second spaced portions of the pipe;
PA1  b. sensor means for detecting movement of the pipe when forces are applied
      thereto, said sensor means comprising:
PA2  1. stator core means operably connected with a first spaced portion of the
      pipe, said stator core means comprisng an annular ferromagnetic core;
PAR  2. rotor core means operably connected with a second portion of the pipe
      spaced from said first portion, said rotor core means comprising a
      ferromagnetic core mounted within said annular ferromagnetic core and
      being longitudinally and rotatably movable with respect to said stator
      core means in response to movement of the pipe;
PA2  3. inductive coil means;
PA2  4. said stator core means and said rotor core means forming a ferromagnetic
      circuit whose parameters change in response to relative movement between
      the first and second spaced portions of the pipe, varying the inductance
      of said inductive coil means; and
PA1  c. means for transferring movement of the pipe to said sensor means when
      forces are applied to the pipe, wherein movement of the pipe indicates
      that the pipe is not stuck at the test location.
NUM  11.
PAR  11. The apparatus of claim 10, further including:
PA1  intermediate core means operably connected with the first portion of the
      pipe, said intermediate core means forming a portion of said ferromagnetic
      circuit with said stator core means and said rotor core means.
NUM  12.
PAR  12. The structure of claim 10, further including:
PA1  monitor means at the surface responsive to said inductive coil means for
      indicating movement of the pipe.
NUM  13.
PAR  13. The structure of claim 10, wherein:
PA1  a. said annular ferromagnetic core has plural inwardly extending pole
      pieces formed thereon; and
PA1  b. said rotor ferromagnetic core has plural outwardly extending pole pieces
      formed thereon.
NUM  14.
PAR  14. The structure of claim 10, wherein said sensor means further includes:
PA1  a. a second stator core means operably connected with the first portion of
      the pipe;
PA1  b. a second rotor core means operably connected with the second portion of
      the pipe spaced from said first portion, said second rotor core means
      moving with respect to said second stator core means in response to
      movement of the pipe;
PA1  c. a second inductive coil means; and
PA1  d. said second stator core means and said second rotor core means forming a
      second ferromagnetic circuit whose parameters change in response to
      relative movement between the first and second spaced portions of the
      pipe, varying the inductance of said second inductive coil means.
NUM  15.
PAR  15. The structure of claim 14, wherein:
PA1  a. said stator core means and said second stator core means comprise
      annular ferromagnetic cores mounted at spaced positions in said sensor
      means; and
PA1  b. said rotor core means and said second rotor core means comprise
      ferromagnetic cores mounted within said annular ferromagnetic cores and
      being rotatably and longitudinally movable with respect thereto.
NUM  16.
PAR  16. The structure of claim 15, wherein:
PA1  a. each of said annular ferromagnetic stator cores has inwardly extending
      pole pieces formed thereon;
PA1  b. each of said rotor ferromagnetic cores has outwardly extending pole
      pieces formed thereon.
NUM  17.
PAR  17. The structure of claim 16, further including:
PA1  reference means for moving said sensor means into a reference position at
      the test location from which relative movement of the pipe when stressed
      indicates whether the pipe is stuck.
NUM  18.
PAR  18. The structure of claim 17, wherein said annular ferromagnetic stator
      cores and said rotor ferromagnetic cores have like numbers of pole faces,
      and wherein:
PA1  said reference means comprises means for moving said rotor ferromagnetic
      cores with respect to said annular ferromagnetic stator cores to a
      position wherein said pole faces of said stator core and said rotor core
      are aligned to a like extent as said pole faces of said second stator core
      and said second rotor core.
NUM  19.
PAR  19. The structure of claim 17, further including:
PA1  means for mounting said rotor core and said second rotor core in said
      reference position with respect to said stator core and said second stator
      core, respectively, so that movement thereof in response to said means for
      transferring movement causes opposite changes in the inductance of said
      inductive coil and said second inductive coil.
NUM  20.
PAR  20. The structure of claim 14, wherein said sensor means is energized by
      alternating current sent down a wireline from the surface of the well and
      further including:
PA1  a. means for alternately energizing said inductive coil and said second
      inductive coil on alternate half-cycles of the alternating current; and
      wherein
PA1  b. said ferromagnetic circuit and said second ferromagnetic circuit respond
      to the alternating current to form an offset direct current in response to
      movement of said sensor means due to movement of the pipe.
NUM  21.
PAR  21. The structure of claim 14, wherein said sensor means is energized by
      alternating current sent down a wireline from the surface of the well and
      further including:
PA1  a. means for alternately energizing said inductive coil and said second
      inductive coil on alternate half-cycles of the alternating current; and
      wherein
PA1  b. said ferromagnetic circuit and said second ferromagnetic circuit respond
      to the alternating current to form peak-to-peak offset impulses of
      different magnitude and polarity in response to movement of the sensor due
      to movement of the pipe.
NUM  22.
PAR  22. The structure of claim 21, further including:
PA1  blocking capacitor means for protecting said sensor means from direct
      current formed in the well bore.
NUM  23.
PAR  23. A method of testing pipe at a test location in a well bore to determine
      whether the pipe is stuck in a well bore, comprising the steps of:
PA1  a. mounting a sensor at the test location in the well bore;
PA1  b. moving the sensor up to a reference position in the test location from
      which movement of the sensor in response to movement of the pipe indicates
      whether the pipe is stuck;
PA1  c. causing a time delay to elapse during movement of the sensor to the
      reference position so that the sensor may assume the proper reference
      position for sensing operations;
PA1  d. applying force to the pipe; and
PA1  e. sensing with the sensor whether the pipe moves when the force is applied
      thereto.
NUM  24.
PAR  24. The method of claim 23, further including the steps of:
PA1  a. moving the sensor through the well bore to the test location;
PA1  b. restraining the sensor against movement during said step of moving
      through the well bore; and
PA1  c. releasing the sensor from restraint prior to said step of moving same to
      a reference position.
NUM  25.
PAR  25. A method of locating the point where pipe is stuck in a well bore with
      a sensor portion of a free point/back-off apparatus and loosening the pipe
      above such stuck point with a backoff position of the apparatus comprising
      the steps of:
PA1  a. moving the apparatus to a first operating position for sensing
      operations;
PA1  b. sensing whether the pipe is stuck;
PA1  c. moving the apparatus to a second operating position for backoff
      operations;
PA1  d. loosening the stuck pipe; and
PA1  e. preventing rapid movement from the second operating position to the
      first operating position during said step of loosening wherein the sensor
      is protected against shock and damage during loosening operations.
NUM  26.
PAR  26. The method of claim 25, wherein the sensor portion and the backoff
      portion of the apparatus are electrically operated further including the
      step of:
PA1  preventing electrical connection between the sensor portion and the backoff
      portion.
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ABST
PAL  An oil well usually has a quantity of water admixed with the oil and it is
      frequently desirable to determine how much water is present. This
      invention provides a method and a tool which can be lowered into the oil
      well from the surface and whereby the relative amount of water admixed
      with the oil can be determined in situ at selected portions of the well
      through which the tool passes.
PARN
PAR  This application is a continuation in part of application Ser. No. 731,445,
      filed May 23, 1968 now U.S. Pat. No. 3,650,148.
BSUM
PAR  This invention relates to a device and method for sampling the fluid in
      selected zones of an oil well which may contain a mixture of water and oil
      and determining the relative proportions of water and oil at such
      locations.
PAR  This is provided by sampling portions of the fluid at selected locations
      and isolating them from the rest of the fluid in the oil well and allowing
      stratification of the water and oil and then determining a parameter of
      the mixture which is a function of the composition to wit:, the ratio of
      the water and oil in the stratified sample. The preferred parameter is the
      resistance of the stratified portions of the isolated sample from which
      the position of the interface between water and oil in the isolated sample
      may be determined.
PAR  In the preferred embodiment, the fluid at the selected zone is permitted to
      pass into the zone of isolation, for example a sample chamber, and the
      isolated sample is trapped and the rest of the stream in the well is
      allowed to bypass the isolation chamber. The fluid in the chamber is then
      allowed to stratify and the position of the interface is determined, for
      example, by measuring the resistance of an electrode immersed in water in
      the sample chamber from which it may be determined where the interface
      between the water and oil is positioned, and therefore the relative
      volumes thereof.
PAR  It is an object of my invention to provide a novel method and tool which
      will determine the quantity of oil and water at selected locations in the
      well, and which will permit the determination of the relative quantities
      of water and oil present at the tested location.
PAR  It is a further object of my invention to provide for means to record the
      relative quantities of water and oil at the surface.
PAR  Another object of my invention is to isolate a sample, at a selected
      location of a flowing well, in a sample chamber and to allow the oil and
      water to stratify in said chamber and to determine the relative quantities
      of said water and oil in said chamber.
PAR  It is a further object of my invention to allow the fluid flow in the well
      to bypass the said isolated sample in the sample chamber.
PAR  It is a further object of the method and apparatus of my invention to
      discharge the sample from said sample chamber and to move the tool to a
      new location in the well where the sampling and testing of the fluid at
      the new location in the well may be made.
PAR  Another object of my invention is to provide a novel oil and water testing
      tool of the character stated which includes valves within the tool, the
      valves being both opened and closed to trap a sample from the fluid in the
      well by means of an electric motor, and the motor being started and
      stopped from the surface of the ground.
DRWD
PAR  Other objects, advantages and features of invention may appear from the
      accompanying drawing, the subjoined detailed description and the appended
      claims.
PAR  FIGS. 1a, 1b, 1c, 1d, 1e and 1f are sequential portions of the preferred
      embodiment of my invention shown in section with parts in elevation.
PAR  FIG. 2 is a partial sectional view of a portion of the tool of FIG. 1 in a
      different status of the tool.
PAR  FIG. 4 is a sectional view on line 4--4 of FIG. 1c.
PAR  FIG. 5 is a partial sectional view of one of the valves in one status of
      the valve.
PAR  FIG. 6 is a sectional view on line 6--6 of FIG. 5.
PAR  FIG. 7 is a sectional view taken on line 7--7 of FIG. 1d.
PAR  FIG. 8 is a partial sectional view of one of the valves in one status of
      the valve.
PAR  FIG. 9 is a sectional view taken on line 9--9 of FIG. 8.
PAR  FIG. 10 is a sectional view taken on line 10--10 of FIG. 1b.
PAR  FIG. 11 is a schematic of the electrical read out circuit.
PAR  FIG. 12 is an elevation of another form of the tool of my invention.
PAR  FIGS. 13 and 14 are sequential sectional views of the tool with parts in
      elevation.
PAR  FIG. 15 is a sectional view on line 15--15 of FIG. 14.
DETD
PAR  FIGS. 1a, 1b, 1c, 1d, 1e and 1f are sequential portions of the instrument
      shown in the position prior to the introduction into the well. The device
      is composed of a sectional case 1, that is screwed together as is shown in
      the drawings. Positioned at the top of the case is a cap 2 through which
      the armored cable 3 passes to be connected to the surface and to recording
      instruments as is conventional in down hole electrical measuring units, as
      will be understood by those skilled in the art. The device may be lowered
      into the well on the cable 3. The cable 3 which is grounded to the case 1
      through its armor sheath has its live conduit connected through a banana
      plug 5 in a fitting 4, as is shown in FIG. 1a and is connected to the
      connector 6 as will be described more fully below.
PAR  Positioned within the case 1 and below the connector plug is a hollow tube
      7 extending the length of the casing as described below, and notched in
      various places by windows 8. Mounted below the connector 6 is a reversible
      motor and reduction gear 9, connected to the tube 7, by suitable set
      screws as shown or by any other suitable means. The drive shaft of the
      motor and reduction gear, shown at 11, is connected through a universal
      joint to a shaft 13 on which is mounted a bracket 14 carrying reversal
      toggle switch 15. The toggle lever 17 is actuated by an interference in
      the form of a screw 18 mounted in the tube 7. The connecting terminal
      wires 16 pass through a bore 17 in the tube 7 and through window 8 to be
      connected to the connector 6.
PAR  Mounted on the shaft 13 below the toggle switch is a pair of thrust
      bearings 20 and 23 composed of a bearing retaining collar 19 held in
      position by a suitable set screw and a nut 21 positioned in the tubular
      sleeve 22 which carries a shoulder 25. The thrust bearing 20 is positioned
      between the collar 19 and the nut 21 and the thrust bearing 23 positioned
      between the nut 21 and the shoulder 25 formed internally of the sleeve 22
      and a shoulder 24 formed on the shaft 26. The case 1 is screw connected to
      the sleeve at 22 as is shown in FIG. 1b. The sleeve 22 is notched at 27 to
      permit the positioning of the conduit 33, see FIGS. 1b and 1c. The sleeve
      is bored to provide the passage of the shaft 26 suitably sealed by seal 28
      (see FIG. 1c), thus forming a barrier wall 30 in which is positioned the
      insulated conduit 29 to which is connected the electrical conduit 33 which
      passes through the groove 27 in sleeve 22 and through the windows 8 to be
      connected to the connector 6 as shown in FIGS. 1a, 1b and FIG. 1c.
PAR  The case 1 has ports 31 positioned below the barrier 30. The rod 26 carries
      a valve member 41 cooperating with a tubular member 37 having a base 38
      connected to the case 1 by means of the screw 39 and notched at 40. The
      valve member 41 is connected to the rod 26 by means of the set screw 42
      and is mounted to move over the sleeve 37. The valve member 41 is notched
      with three grooves 43 to register with the three notches 40 as will be
      described below. See FIGS. 1c, 4, 5 and 6. The rod 26 is grooved at 32 to
      permit the passage of the electrical conductor 33.
PAR  Mounted on shaft 26 below the valve 41 are a plurality of closely spaced
      electrodes 34 insulated from the shaft and electrically connected by
      electrical conductors 36 insulated from the shaft 26 and connected to the
      connector 6 by electrical conductor 33.
PAR  Mounted below the electrodes (see FIG. 1d) is a valve member 44 having a
      top 45 and mounted on the shaft 26 by means of the set screw 47 and
      provided with three notches 46 (see FIGS. 1d, 7, 8 and FIG. 9 and with
      ports 48).
PAR  Positioned within the valve member 44 is a sleeve 49 having a top 51
      notched with three notches 52 and provided with a port 53. The sleeve 49
      is mounted in the case 1 by means of the set screw 50.
PAR  The ports 53 and 48 are designed to register with the port 54 in case 1
      when the top 51 closes notch 46 and 45 closes notch 52.
PAR  The shaft 26 passes through the interior 55 of the sleeve 49. Positioned
      below the valve 44 is a sleeve 56 mounted in the case 1 and through which
      the shaft 26 extends.
PAR  The sleeve 56 is reduced in external diameter at 57 and ported at 58 (see
      FIG. 1e). The shaft 26 terminates in a cam member 62 carrying a groove 64
      which is in registry with a port in the tubular member 57 and in which is
      positioned the ball 66. The cam member 62 is connected to the shaft 26 by
      pin 63.
PAR  Positioned in slidable relationship with the tubular member 57 and below
      the end of the shaft 26 is a sleeve member 69 having an annular internal
      shoulder 68 at the top thereof carrying an annular groove 67 which in the
      position shown at FIG. 1e is in registry with the port 65 carrying the
      ball 66.
PAR  The tube 57 at the terminal end thereof is connected to a rod 70 by
      suitable connection shown at 71 and carries thereon a fitting 73 acting as
      an abutment for a terminal connection for the spring 59 which, for
      example, may be 8 in number and which are connected at their upper end to
      the sleeve 56 as it will appear in FIGS. 1e and 1f. The upper half of the
      spring members are interconnected by a shroud 59a which is oil and water
      tight as is conventional for fluid deflectors of this kind. As shown, a
      membrane such as rubber impregnated cloth is supported by the springs and
      makes a conduit for fluid to be described below and acts as a flow
      deflector and isolation member for the purpose described below.
PAR  The section terminates half way the length of the springs leaving the lower
      half uncovered for introduction of fluid between the springs 59 and inside
      the shroud 59a. The rod carries at its lower end a spring retaining nut 75
      and a compression spring 74 positioned between the spring abutment nut 75
      and the spring retaining nut 75a.
PAR  The electric circuitry shown in the FIG. 11 is grounded on one side by
      connection to the armoured cable 3 and to case 1 at the cap 2 and is
      carried by the insulated conduit contained in the cable 3. The connection
      for operation of the motor is shown in schematic form as shown in FIG. 11.
      The measurement circuit may be used as will be understood by those skilled
      in the art. The live line 76 in cable 3 is connected to a variable voltage
      constant current source 77 through a Zener diode 78 to the polarity
      reversing switch 15 via the oppositely poled diodes 80 and 82 to the motor
      9 and ground via the cable 3 and case 1. The electrodes 34 are mounted in
      parallel with the motor and connected to the line 76 ahead of the Zener
      78.
PAR  The unit in position as shown prior to being lowered into the hole is as
      shown in FIGS. 1a to 1f. This is attained by rotation of the shaft 26 to
      place the cam element 62 in the position shown in FIG. 2. The toggle
      switch being in position to permit the rotation of the shaft 26 to place
      the cam with the slot opposite the port 65. The rod 70 may be pulled down
      carrying sleeve 57 past the ball 66 which is pushed into the groove 64
      (see FIG. 2).
PAR  The rotation of the shaft will also cause the toggle to have reversed the
      polarity of the switch 15 as shown in FIG. 11. The circuit is completed
      through diode 81. By applying a potential at the Zeners 78 properly poled
      and above the breakdown potential of the Zener to cause the Zener to
      become conductive, motor 9 will rotate the rod 26 and bracket 14. The
      toggle 17 having met the interference 18 the switch flips to open the
      circuit through the diode 80 and close the circuit through the diode 82.
      The potential is now poled in the opposite direction to be conductive
      through Zener 78 and the motor is rotated in the opposite direction. As
      the motor is rotated through the required portion of one rotation the
      toggle again meets the interference 18 and the switch 15 is reversed to
      bring the contact to close the circuit through the diode 80 and open the
      circuit through 82.
PAR  This arrangement permits the circuit to be placed in a condition upon each
      rotation of the motor and shaft, whereby upon the imposition of a properly
      polarized potential at the Zeners above their break down potential, the
      motor will rotate in the opposite direction.
PAR  The shaft 26 is thus rotated to cause the cam 62 to move to the position
      shown in FIG. 1e whereupon the ball 68 is in the annular groove 67 so
      holding the springs 59 extended against the action of spring 74.
PAR  In the position shown in FIG. 1a-1f, the valves are in a position shown in
      1c and 1d and fluid circulates as the unit is lowered between the springs
      59 inside the shroud 59a and through the ports 58 into the tubular member
      57, sleeve 56 and out through the ports 53, 48 and 54 which are all in
      registry. Ports 46 and 52 in valve 49 and channel 43 in valve member 41
      are blocked as is shown in FIGS. 1c and 1d so that the sample chamber 26a
      between the valves is sealed from fluid and is under atmospheric pressure.
      The fluid which enters between the lower portions of the spring 59 bypass
      the sample chamber 26a by flowing through the ports 58 through 56 around
      and out the ports 53, 48 and 54 as described above.
PAR  As described above a properly poled potential above the breakdown potential
      of the Zener 78 is applied completing the circuit through the diode 82 to
      the motor and to ground. The motor rotates the shaft 26 thus moving the
      cam 62 into the position shown in FIG. 2 permitting the spring 74 to pull
      75 toward the stop 75a. The springs 59 are extended, bowing them until
      they contact the wall (see FIGS. 3a and 3b). The shroud acts as a barrier
      between the portion of the well above and the portion of the well below
      the shroud. The shroud thus acts as a zone isolator separating the zone in
      the well above and below the shroud. It acts as a fluid deflector,
      deflecting the fluid flow beneath the shroud through the ports 58 and
      upwards through the annular space about the rod 26 and finally out of the
      port 54 to bypass the sample chamber 26a.
PAR  The rod 26 is rotated to rotate the valve 49 to bring the notch 52 in
      registry with the notch 46 and blocking the port 48 and thus port 54. A
      similar situation occurs with the valve 41, the valve having been rotated
      until the groove 43 is in registry with the notch 40. Flow is thus
      permitted to pass upward from underneath the shroud 59a through the ports
      58 up the annular space around the shaft 26 through the port 52 and 48
      into the chamber 26a, and out through the notches 40 and the groove 43
      then through the ports 31 and into the annulus of the well to the surface.
PAR  When flow has been established, the motor is reversed by proper poling of
      the potential at diodes 80 and 82 to move the valves into the position
      shown in FIGS. 1c and 1d thus trapping the sample in the chamber 26a and
      bypassing the flow that enters underneath the shroud and through the ports
      58 and the annular chamber around 26 through the port 53, 48 and 54 which
      are now in registry to bypass the chamber 26a.
PAR  A suitable time is allowed for the oil and water to stratify in the chamber
      26a and to establish a stable interface between the oil and water. The
      voltage is adjusted to below the breakdown potential at the Zeners and
      thus deactivating the motor and establishing a potential at the electrodes
      34 and the resistance drop between the electrodes 34 and case 1 which is
      measured through suitable instruments 83 at the surface. As will be seen,
      the number of electrodes which are in the circuit will depend upon the
      level of the water in the chamber since the oil can be considered to be
      practically an insulator. The resistance of the series of electrodes 34 in
      the circuit may be considered to be only that of the electrodes immersed
      in the oil. The water being saline and thus highly conductive will short
      circuit the electrodes immersed in the water. The magnitude of this
      resistance depends on the number of electrodes immersed in the oil. Thus
      by measuring the total resistance of the circuit, the resistance of the
      circuit in series with the electrodes being known, the water completing
      the circuit, the number of electrodes immersed in the oil and therefore
      the respective height of the oil and water columns may be known.
PAR  When the in situ test described above has been completed, the tool is moved
      to a new location in the well. The resilience of the springs permit the
      movement of the tool and shroud over the wall of the bore hole to the new
      location. The motor is then actuated to again position the valves in the
      state shown in FIGS. 5, 6, 8 and 9 and flow is thus established under well
      fluid pressure under the shroud 59, ports 58, 46 and 43 thus discharging
      the fluid in the chamber through the port 31. The motor is then actuated
      as described above to close port 40 and 46 thus trapping a new sample in
      the chamber. This sample is then tested in situ as previously described.
PAR  While I presently prefer the embodiment of my invention described above,
      the following is also a useful form of my invention. This form is like the
      previously described form except for a difference in the form of the
      valves and the drive connection between the reversible motor and the
      valves and the bypass means.
PAR  Referring more particularly to the drawing, the numeral 101 indicates the
      outer cylindrical and tubular housing. This housing is provided with a
      suitable cable socket 102 at its upper end which is usual and well known
      in the art for oil well tools. A cable 103 is attached to the socket 102
      and extends to the surface. Electrical leads 104 extend through the cable
      and are controlled by the operator. The cable 103 also acts as a means to
      support or move the tool in the bore of the well. Usual hoisting equipment
      (not shown) accomplishes this purpose. An electric motor 105 is mounted
      within the housing 101 and adjacent the upper end thereof, and the power
      is supplied to the motor 105 through the electric lead 104. The operator
      at the surface can thus start and stop the electric motor 105 at will, for
      a purpose to be subsequently described. The motor 105 is fixedly
      positioned within the housing 101 and is provided with a drive shaft 106
      which is journaled in the bearing 107. The bearing 107 is fixedly mounted
      within the housing 101 in any suitable manner so that it will effectively
      support the shaft 106. A threaded shaft 108 extends downwardly from the
      drive shaft 106 and this shaft is threaded into a nut 109 which is mounted
      for vertical movement in the housing 101 but is prevented from rotating by
      engagement with the vertical ribs 110. An operating tube 111 extends
      downwardly from the nut 109 and may be an integral part of this nut. This
      tube will move vertically within the housing 101 with the nut 109 as the
      threaded shaft 108 is rotated, as will be evident.
PAR  A rod 112 is coupled or attached to the tube 111 in any suitable manner
      and, consequently, will move vertically with the tube. As thus far
      described, when the motor 105 is actuated the threaded shaft 108 will
      rotate in one direction or the other, depending upon the direction of
      rotation of the motor 105. The motor 105 being reversible, can be
      controlled as required by the operator at the surface. Consequently, the
      nut 109 and the tube 111, together with the rod 112 can be raised or
      lowered within the housing 101.
PAR  A testing chamber 113 is provided within the housing 101 and this chamber
      will have considerable length so that a substantial quantity of fluid can
      be entrapped in this chamber, as will be subsequently described. A valve
      seat 114 is provided at the upper end of the chamber 113, and a second
      valve seat 115 is provided at the lower end of the chamber. A valve 116 is
      fixedly secured to the rod 112 and will rest on the seat 114 in one
      position of the parts and can be lifted off of this seat to the position
      shown in FIG. 13. A second valve 117 is also fixedly attached to the rod
      112 and moves relative to the seat 115, that is, it will be lifted off of
      the seat as shown in FIG. 13 in one position of the parts. The housing 101
      is provided with fluid intake ports 118 which are positioned above the
      seat 114 and permit entrance of fluid past the seat 114 and into the
      chamber 113 when the valve 116 is raised. A second set of ports 119 in the
      housing 101 are positioned below the seat 115. These latter ports are
      opened or closed by means of a tubular sleeve valve 120 which is attached
      to the rod 112. When the valves 116 and 117 are seated, the sleeve valve
      120 is moved downwardly to open the ports 119. As shown in FIG. 13 when
      the valves 116-117 are unseated the valve 120 closes the ports 119. When
      the ports 119 are closed the chamber 113 will fill with fluid and will be
      subsequently tested.
PAR  An electrode tube 121 is attached to the rod 112 and extends substantially
      the entire length of the chamber 113 and vertically within that chamber as
      shown. An electrical wire 122 extends from the electrode tube 121 to the
      surface through suitable electronic elements 123 which are usual and well
      known in the art. In other words, the electrode tube 121 will determine
      electrical resistance of the fluid in the chamber 113 and this electrical
      resistance will vary, depending on the amount of oil and water within the
      chamber.
PAR  A fluid deflector and tool stabilizer 124 consists of a plurality of spring
      fingers 125 which are attached to the lower end of the housing 111. These
      fingers engage the bore of the well and will deflect fluid outwardly as
      the tool is raised and also will tend to centralize and stabilize the
      tool. A suitable type of webbing 126 extends between the fingers 125 and
      is formed of either a metallic or nonmetallic material, as desired. A cap
      127 is secured to the lower end of the rod 112 and this cap fits over the
      lower end of the fingers 125 to hold the deflector 124 in collapsed
      position when the tool is being lowered into the well. When bottom is
      reached the rod 112 together with the cap 127 is pushed downwardly by the
      motor 105 in the manner previously described, thus releasing the fingers
      125 which spring outwardly to their extended position and remain in this
      position during the time that the tool is being raised to the surface.
PAR  The housing 101, with the other elements therein, is lowered in the oil
      well entirely to the bottom or approximately to the bottom. While the tool
      is being lowered the fluid deflector 124 is in the closed position, as
      shown in FIG. 12, and the valves 116-117 are seated. The sleeve valve 120
      is in the open position, that is, the port 119 is open. When bottom is
      reached the motor 105 is actuated to unseat the valves 116-117 and
      simultaneously the sleeve valve 120 will close the port 119. The chamber
      113 can now fill with fluid from the ports 118 and the tool is permitted
      to remain stationary in a vertical position for a length of time,
      permitting the water to settle to the bottom of the chamber 113 and the
      oil to float on top of this quantity of water. The electrode tube 121
      extends into the separated water in the chamber 113 and extends through
      the demarcation line or surface between the oil and water. The resistance
      to the flow of electricity through the electrode tube 121 is read at the
      surface, and this will indicate the amount of water in the bottom of the
      chamber 113. In other words, this indicates the water "cut" in the oil.
      After a reading has been taken the motor 105 is reversed in direction and
      the valves 116-117 are lifted off of their seats, permitting the fluid in
      the chamber 113 to flow out through the ports 119. The rod 112 during this
      motor operation is moved downwardly, which pushes the cap 127 downwardly
      releasing the fingers 125 and permitting the tool stablizer 124 to spring
      outwardly acting as a fluid deflector and as a stablizer. The tool is now
      raised to the next desired position, after which the motor 105 is again
      actuated to close the valves 116-117, again trapping a sample of fluid
      (oil and water) in the chamber 113, and after separation of the fluids has
      been accomplished a second reading is taken as before, and this operation
      is repeated as many times as required throughout the depth of the well.
PAR  When the body member 101 is lowered into the well, the valve members 116
      and 117 are seated and the fluid deflector 124 is in closed position (see
      FIG. 12). The sleeve valve 120 is down below the port 119 which is in open
      position. Port 118 is open. On reaching the bottom, the motor 105 is
      actuated to raise the rod 112. This opens the ports 114 and 115 to the
      port 118. Before reaching the extreme upward position of the rod 121, the
      sleeve 120 will traverse the port 119 during which period communication is
      established between 118, sample chamber 113 and port 119, permitting any
      fluid to circulate through the sample chamber between port 118 and port
      119. This permits a circulation of fluid through the sample chamber during
      this stage of the movement of the rod 121.
PAR  When the upward limit of the travel of the rod 121 is obtained, the valve
      120 closes ports 119 and fluid which has entered through 118 has filled
      the sample chamber. The rod now moves down closing ports 114 and 115 and
      opening port 119. When the valves 116 and 117 are seated, port 119 is open
      and sample fills are trapped in 113. When the valves close the sample
      chamber, fluid entry into the sample chamber is shut off and circulation
      in the well from the formation is bypassed around the body 101.
PAR  The fluid which fills the sample chamber 113 and has been trapped in the
      sample chamber 113 is permitted to settle and separate. The electrode 121
      and the attendant electrical system will record the resistance of the
      unit, which in the case of water and oil, will be dependent entirely upon
      the length of the electrode which is in the oil. The water, being highly
      conductive, will short the portion of the electrode which is not in the
      oil. The resistance of the electrical system including electrode 121 is
      thus dependent upon the height of the oil in the system, and this permits
      a record of the oil in the chamber, from which the relative volumes of oil
      and water can be ascertained.
PAR  In order to sample the fluid in the well at various positions, isolation of
      the sampled zone from other portions of the well is desirable at all
      positions so that the true sample can be obtained at that position. To
      accomplish this objective the zone isolator 126 acts to separate an upper
      portion from a lower portion of an oil well so that a section of the well
      to one side of the separating means is sampled.
PAR  Obviously, any flow from the formation of the well which has not entered
      into the test chamber has bypassed the chamber simultaneously with the
      introduction of the fluid into the sample chamber.
PAR  Instead of the specific form of zone isolator referred to above (see FIG.
      3a and FIGS. 12 and 13) I may employ any other equivalent zone isolator
      such as an inflatable packer well known in this art for isolating zones in
      an oil well.
CLMS
STM  I claim:
NUM  1.
PAR  1. An oil well tool for determining the proportions of water and oil in an
      oil well, comprising: a sample chamber having inlet and outlet ports;
      means for trapping a sample of the liquid in the oil well in the sample
      chamber, said means for trapping said sample of liquid including rotary
      inlet and outlet valves operatively connected with the inlet and outlet
      ports of said sample chamber and a port in said tool means for directing
      the flow of liquid in said well through the inlet valve, sample chamber
      and outlet valve and out to the exterior of the tool; means in said tool
      connected with said valves to rotate said valves to close said valves
      simultaneously to trap a sample in said chamber and means to open said
      valves simultaneously to open a port to direct the flow to bypass said
      sample chamber, and means at the surface for determining in situ the
      relative proportions of oil and water in said trapped sample.
NUM  2.
PAR  2. The tool of claim 1 including means for passing the fluid in said well
      about said tool containing said trapped sample.
NUM  3.
PAR  3. The tool of claim 1 including means to discharge said sample from said
      tool into the well and means for moving said tool to a new location.
NUM  4.
PAR  4. A tool to determine the quantity of oil in the bore of an oil well,
      comprising an elongated tubular housing, said housing having a cylindrical
      chamber therein, rotary valve means at each of the upper and the lower
      ends of the chamber, motor drive means within the housing and operatively
      connected to both of said valve means to open and close said valve means,
      means remotely spaced from the motor means to control the operation of
      said motor means, electrode in said chamber extending lengthwise thereof,
      and an electrical circuit including the electrode and extending to a
      remotely spaced resistance recording means.
NUM  5.
PAR  5. A tool to determine the quantity of oil in the bore of an oil well as
      recited in claim 4 and ports in said housing and means to bypass fluid
      through said port on closure of said valves.
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ABST
PAL  The testing method and means of the present invention utilizes a
      conventional dynamometer for testing a hydraulic pump. The dynamometer is
      used to mechanically drive the pump and the hydraulic system of the
      dynamometer is used to supply the test pump with hydraulic fluid. A flow
      rater is connected to the tested pump for registering the pressure, flow
      rate, and temperature of the fluid being pumped by the test pump.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method and means for testing hydraulic pumps.
PAR  The testing of hydraulic pumps involves complicated and cumbersome
      equipment for supplying the hydraulic fluid to the pump and for
      registering the effiency of the pump. Furthermore, carefully controlled
      means must be provided for driving the test pump during testing.
PAR  The present invention utilizes a dynamometer for supplying the hydraulic
      fluid and for driving the test pump. Dynamometers are normally utilized
      for measuring the horsepower or torque output of driven shafts. A typical
      example of the use of a dynamometer is the testing of farm tractors. The
      dynamometer is attached to the power takeoff shaft of the tractor so that
      the tractor drives a shaft within the dynamometer. The drive shaft of the
      dynamometer drives a dynamometer pump in a dynamometer hydraulic circuit.
      By varying the resistance within the hydraulic circuit, it is possible to
      measure the effect on the performance of the tractor engine.
PAR  The present invention utilizes the dynamometer to drive a test pump and
      also utilizes the dynamometer hydraulic circuit to supply the hydraulic
      fluid to the test pump. The various gauges and meters on the dynamometer
      may be used to evaluate the performance of the test pump. In addition, a
      flow rater is inserted into the hydraulic circuit with the test pump so as
      to further measure the performance of the test pump. The dynamometer is
      driven by the power takeoff of a tractor or by other suitable power means.
PAR  Therefore, a primary object is the provision of a method and means for
      testing hydraulic pumps.
PAR  A further object of the present invention is the provision of a device
      which utilizes the hydraulic circuitry, gauges, and drive mechanism of the
      dynamometer.
PAR  A further object of the present invention is the provision of a device
      which requires only slight modification of the dynamometer in order to
      rest a hydraulic pump.
PAR  A further object of the present invention is the provision of a device
      which does not interfere with the capability of the dynamometer to perform
      its normal horsepower and torque measurement capabilities.
PAR  A further object of the present invention is the provision of a device
      which is simple in construction.
PAR  A further object of the present invention is the provision of a device
      which can test both radial piston pumps and gear pumps.
PAR  A further object of the present invention is the provision of a device
      which can vary the charge pressure of the pump being tested from neutral
      to any level desired.
PAR  A further object of the present invention is the provision of a device
      which is economical to manufacture and durable in use.
DRWD
PAC  BRIEF DESCRIPTION OF THE VIEWS OF THE DRAWINGS
PAR  The invention consists in the construction, arrangements and combination of
      the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawing in which:
PAR  FIG. 1 is a perspective view of the dynamometer modified to test a
      hydraulic pump.
PAR  FIG. 2 is a rear perspective view of the device shown in the FIG. 1.
PAR  FIG. 3 is a schematic diagram of the hydraulic circuitry and mechanical
      drive train of the device shown in FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, the numeral 10 generally designates the testing
      device of the present invention. A dynamometer 12 is shown modified for
      use with the present invention. An example of a dynamometer which may be
      utilized for the present invention is the model T-2000 manufactured by M &
      W Gear Company, Gibson City, Ill. 60936. This dynamometer includes a frame
      14 mounted on wheels 16 and having a tongue 18 and hitch 20 which permit
      transporting of the dynamometer to the device being tested. The
      dynamometer includes first and second drive shafts 22, 24 which extend
      from gear box 26. Shaft 22 is normally adapted to be connected to the
      power takeoff shaft 28 of a conventional tractor. Gear box 26 connects
      shaft 24 to shaft 22 in a predetermined ratio which normally causes shaft
      24 to rotate at the same rpm at the speed of the tractor engine. However,
      this ratio may be varied without detracting from the invention.
PAR  Before modification for the purpose of the present invention, dynamometer
      12 includes a hydraulic dynamometer pump 30 which is driven by shaft 24
      and which is included in a hydraulic circuit including a reservoir 32, a
      pressure gauge 34, and a gate valve 36. Also, a tachometer 38 is
      associated with gear box 26 to register the rpms of shaft 24.
PAR  The above referred to structure is conventionally found in dynamometers.
      The dynamometer is modified for purposes of the present invention by
      connecting a charge line 40 into the hydraulic circuit of the dynamometer.
      Charge line 40 includes two branches 42, 44 each of which is connected
      into the hydraulic circuit on opposite sides of gate valve 36. A spool
      valve 46 is mounted in branch 42. At the juncture between branches 42, 44
      is a pressure release valve 48 which is preferably adjustable. Beyond
      pressure release valve 48 is a charge pressure gauge 50 having a filter 52
      associated therewith. Charge line 40 includes a coupling 54 adapted to be
      connected to a test pump 56.
PAR  Test pump 56 includes a charge opening 58, a discharge opening 60, and a
      rotor shaft (not shown) which may be rotated to operate test pump 56. A
      mounting member 62 is provided on the front of dynamometer 12 for
      temporarily mounting test pump 56 during the testing thereof.
PAR  Connected to discharge opening 60 of test pump 56 is a coupling 64 of a
      return line 66. Mounted within return line 66 is a flow rater 68 having
      three gauges 70, 72, 74 for registering gallons per minute, temperature
      and pressure of the fluid passing through return line 66. While various
      types of flow raters are available in the art, an example of the
      satisfactory flow rater is a device made by Nuday Company, Detroit,
      Michigan. model ND-1575.
PAR  Return line 66 is connected to reservoir 32 so that the fluid from test
      pump 56 progresses through flow rater 68 and back into reservoir 32 of the
      dynamometer.
PAR  The dynamometer is also used to drive test pump 56. A chain 76 is trained
      around a sprocket 78 mounted on shaft 24 and is also trained around a
      sprocket 80 on the end of a pump shaft 82 which extends beneath
      dynamometer 12 to a flexible coupling 84. A stub shaft 86 extends from
      flexible coupling 84 and is temporarily connected to the rotor shaft (not
      shown) of test pump 56. Thus, rotation of shaft 24 of dynamometer 12
      causes the rotor of test pump 56 also to be driven to cause test pump 56
      to perform. While the rotational speed of test pump 56 may be varied
      depending upon the size sprocket used in the drive train, it is preferable
      to rotate pump 56 at the same speed as shaft 24 of the dynamometer. This
      will enable the operator to read the dynamometer tachometer to determine
      the exact speed at which test pump 56 is being driven.
PAR  In normal operation of the dynamometer, spool valve 46 is closed so as to
      render the modified circuitry of the present invention inoperable. In this
      condition the dynamometer may function for its normal purposes to
      determine the horsepower of a driven shaft such as shaft 28.
PAR  However, when it is desired to test a hydraulic pump, the pump 56 is
      mounted on mounting member 62 and lines 40, 66 are connected to the charge
      opening 58 and discharge 60, respectively. Stub shaft 86 is connected to
      the rotor of the test pump 56.
PAR  Next, gate valve 36 is closed and spool valve 46 is opened so as to direct
      hydraulic fluid through charge line 40. Pressure relief valve 48 functions
      to protect dynamometer pump 30 in the event of undue pressure in line 40.
      In the event that the pressure builds up beyond a predetermined pressure,
      pressure relief valve 48 redirects the excess fluid through branch 44 back
      to reservoir 32. Charge pressure gauge 50 registers the pressure of the
      fluid being delivered to test pump 56. In the case of radial piston pumps,
      it is desired to deliver a charge pressure to the test pump. Other types
      of pumps may require no charge pressure at all. The particular pressure
      delivered to test pump 56 may be varied by adjusting pressure relief valve
      48.
PAR  First draft shaft 22 is connected to a power source such as a conventional
      power takeoff shaft 28 of a farm tractor. Rotation of shaft 22 causes
      rotation of shaft 24, which through chain 76, shaft 82 and stub shaft 86
      causes rotation of the rotor of test pump 56. As soon as test pump 56
      begins operating, the various pressures, temperatures and flow rates, will
      be registered on flow rater 68. The pump may be tested for its efficiency
      at various rpms, with the rpms being readily determined by tachometer 38
      of dynamometer 12.
PAR  From the foregoing it can be seen that a method and means are provided for
      testing the hydraulic pump. The method of the present invention utilizes
      the hydraulic circuitry, gauges, and drive mechanism of a conventional
      dynamometer. Only slight modification of the dynamometer is required, and
      there is no interference with the capability of the dynamometer to perform
      its normal horsepower measurement functions. The device is simple in
      construction and is capable of testing both radial piston and gear pumps.
      It is possible to vary the charge pressure of the pump being tested from
      neutral to any level desired. Thus it can be seen that the device
      accomplishes at least all of its stated objectives.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for testing a hydraulic pump having a charging inlet, a
      discharge outlet, and a rotor shaft, said device comprising:
PA1  a dynamometer comprising a drive shaft, a dynamometer pump, and means
      connecting said drive shaft to said dynamometer pump for driving said
      dynamometer pump, said dynamometer pump being hydraulically connected in a
      hydraulic circuit for pumping hydraulic fluid through said circuit in
      response to rotation of said drive shaft;
PA1  a tachometer connected to said drive shaft for measuring the rotational
      speed thereof;
PA1  a first conduit connected to said hydraulic circuit of said dynamometer,
      said first conduit having first coupling means thereon for coupling said
      conduit to said charging inlet of said test pump;
PA1  a second conduit connected to said dynamometer hydraulic circuit for
      returning fluid to said dynamometer circuit, said second conduit having a
      second coupling means for connecting said second conduit to said discharge
      end of said test pump;
PA1  a flow rater connected to said second conduit and having gauges for
      registering the rate of flow of fluid in said second conduit; and
PA1  mechanism connected to said drive shaft of said dynamometer and having
      means adapted to be connected to said rotor shaft of said test pump for
      driving said test pump in response to rotation of said drive shaft of said
      dynamometer.
NUM  2.
PAR  2. A device according to claim 1 wherein valve means are in said first
      conduit for regulating the rate of fluid flow from said dynamometer pump
      to said test pump.
NUM  3.
PAR  3. A device according to claim 2 wherein said valve means comprise a
      pressure relief valve having an overflow outlet adapted to discharge fluid
      which is introduced to said pressure relief valve at a rate greater than a
      preselected rate, means connecting said overflow outlet to said
      dynamometer hydraulic circuit.
NUM  4.
PAR  4. A device according to claim 3 wherein said pressure relief valve
      includes adjustment means for selectively varying said preselected rate of
      flow.
NUM  5.
PAR  5. A device according to claim 4 wherein gauge means are connected to said
      first conduit between said pressure relief valve and said test pump for
      registering the pressure of fluid being introduced to said test pump.
NUM  6.
PAR  6. A method for testing a hydraulic test pump having a charging inlet, a
      discharge outlet, and a rotor shaft, said method comprising:
PA1  connecting a dynamometer drive shaft to a rotational power source, so as to
      drive a hydraulic pump within said dynamometer; said dynamometer having a
      tachometer for registering the rotational speed of said drive shaft;
PA1  priming the charging inlet of said test pump with hydraulic fluid from said
      dynamometer hydraulic circuit,
PA1  mechanically connecting said rotor shaft of said test pump to said drive
      shaft of said dynamometer whereby said rotor shaft will be rotated in
      response to rotation of said drive shaft;
PA1  measuring and registering the rate of flow of fluid exiting from said test
      pump,
PA1  measuring the rotational speed of said test pump with said tachometer of
      said dynamometer;
PA1  returning the fluid exiting from said test pump to the hydraulic circuit of
      said dynamometer pump;
PA1  comparing the rotational speed of said test pump with the rate of flow of
      fluid exiting from said pump to determine the efficiency of said pump.
NUM  7.
PAR  7. A method according to claim 6 comprising regulating the pressure of
      fluid from said dynamometer pump to said charging inlet of said test pump
      at a predetermined charge pressure.
NUM  8.
PAR  8. A device according to claim 5 wherein said mechanism comprises a gear
      box within said dynamometer drivingly connected to said drive shaft and
      having a second drive shaft, a first sprocket on said second drive shaft,
      a pump shaft rotatably mounted to said dynamometer and having a second
      sprocket thereon, a drive chain trained around said sprockets for
      transferring rotational movement from said first mentioned drive shaft to
      said pump shaft.
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ABST
PAL  An angle of attack indicator for use as a cockpit instrument including
      movable variable-area diaphragms which respond to the differences in
      pressure at selected points on the aircraft. The pressure points may
      include the total pressure sensed by the aircraft pitot tube and two other
      pressures at least one of which varies strongly with the angle of attack.
      The mechanism divides the difference between total pressure and one of the
      other two pressures by the difference between the total pressure and the
      other of the other two pressures obtaining a pressure coefficient which
      depends only on the shape and angle of attack of the aircraft. The use of
      the variable diaphragm as the sensitive element of a low level pressure
      sensor as in an aircraft airspeed indicator is described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an angle of attack indicator and, more
      particularly, the invention is concerned with providing a diaphragm type
      instrument for use on aircraft to give an indication of the angle of
      attack based on movement of the point of maximum pressure down around the
      leading edge of the wing, or other aerodynamic shape, as the angle of
      attack is increased and the pressure decreases as one moves away from the
      point of maximum pressure.
PAR  The "angle of attack" may be defined as the term given to the angle of air
      flow relative to the chord line of a wing. This value is critical during
      most phases of flight especially including takeoff, climb, cruise, glide,
      approach, missed approach and landing. In takeoff the normal procedure is
      to head the aircraft down the runway at full throttle and accelerate the
      aircraft to takeoff airspeed and then apply a slight amount of back
      pressure to the control column. The airspeed must then increase to a point
      of providing sufficient lift to support the aircraft in flight. Since we
      are depending on airspeed alone, the lift-off point is rather uncertain
      and can be unnecessarily delayed by too little or too much back pressure
      on the control column. Too little back pressure will cause the aircraft to
      attain higher than normal speed before sufficient lift is obtained. This
      can produce a time delay and result in the use of additional runway. Too
      much back pressure to the control column will cause a decrease in the
      forward velocity of the aircraft because of the increase in drag,
      resulting in a loss of lift and an aborted takeoff.
PAR  Since the wing lift is related to its angle of attack, an indication of
      this angle to the pilot can improve his takeoff procedure and make his
      control function positive. The takeoff procedure utilizing the angle of
      attack information would be to proceed down the runway while accelerating
      to the takeoff airspeed recommended for the particular aircraft and then
      apply a steadily increasing back pressure to the control column while
      referring to the angle of attack indicator. Utilizing this procedure, the
      aircraft will become airborne when its wing angle of attack is the proper
      value for sustaining lift. By following the above procedure the aircraft
      will become airborne in the least distance with a positive reference to
      the actual wing lift.
PAR  During final approach and landing, it is important to maintain the aircraft
      at the minimum maneuvering airspeed which is normally 30 per cent above
      stall airspeed. The actual airspeed is a compromise at the discretion of
      the pilot to compensate for varying conditions of aircraft load, weather
      and wind velocity and windshear. However, because of the aircraft's
      inertia as well as the natural lag in response of the airspeed indicator,
      it is difficult for the pilot to keep the airspeed constant and,
      consequently, keep the glide angle constant. Thus, it would be desirable
      to provide an angle of attack indicating system which is instantaneously
      responsive so that the pilot could maintain the aircraft at the best
      approach angle of attack and, therefore, a constant glide angle. This
      would enable the pilot to fly the aircraft closer to the stall angle with
      confidence especially if it were necessary to land in a relatively short
      runway distance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with providing a diaphragm type angle of
      attack indicator for use in inexpensive aircraft or aircraft operating in
      severe conditions, such as icing, rough ground handling, combat etc. The
      operation of the indicator is based on the principle that pressures sensed
      at appropriately selected points on an aircraft can be used to obtain the
      pressure coefficient which is formed by dividing the difference of one
      pair of pressures by the difference of a second pair of pressures. The
      pressure coefficient thus formed depends only on the angle of attack of
      the aircraft. A large variety of mechanisms can be designed for utilizing
      this principle to obtain the aircraft angle of attack.
PAR  The operation of the diaphragm type angle of attack indicator can be
      explained by observing the pressure coefficient which is given by:
      ##EQU1##
      where:
PAR  p.sub.o is the total pressure sensed by the aircraft pitot tube,
PAR  p.sub..infin. is the atmospheric pressure sensed by the aircraft static
      pressure port, and
PAR  p is the pressure sensed by a static pressure port on the wing surface. The
      pressure coefficient is a function of the shape of the aircraft, the
      position of the static pressure port on the wing surface and the angle of
      attack of the wing. Therefore, if one fixed the geometry of the airplane
      and the position of the static port on the wing surface, then the pressure
      coefficient, C.sub.p, depends only on the angle of attack.
PAR  Accordingly, it is an object of the invention to provide an angle of attack
      indicator based on the principle that a non-trivial pressure coefficient
      formed by dividing the difference of two pressures by a different
      difference of two pressures, a minimum of three pressures being required,
      depends only on the angle of attack.
PAR  Another object of the invention is to provide a balance type angle of
      attack indicator that is inexpensive to manufacture yet is reliable and
      rugged making it especially suitable for use in relatively inexpensive
      aircraft. The pilots of lighter military aircraft can be provided with an
      angle of attack indicator, for the first time, leading to more accurate
      and safer approaches with fewer missed approaches.
PAR  Still another object of the invention is to provide a diaphragm type angle
      of attack indicator wherein the pressure coefficient is determined by
      conveying the changes in pressure from various points on the aircraft to a
      variable area diaphgragm arrangement which operates a linkage system to
      indicate the angle of attack of the aircraft.
PAR  A further object of the invention is to provide a diaphragm type angle of
      attack indicator wherein the means for mechanically dividing one pressure
      difference by another includes a variable area diaphragm.
PAR  A still further object of the invention is to provide a variable area
      diaphragm mechanism for use as a low level pressure sensor suitable for an
      air speed indicator.
PAR  Another still further object of the invention is to provide a variable area
      diaphragm mechanism for use as an accurate laboratory pressure gage.
PAR  These and other objects, features, and advantages will become more apparent
      after considering the following detailed description taken in conjunction
      with the annexed drawings and appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a diaphragm type angle of attack indicator
      according to the invention showing the variable area diaphragm mechanism
      and the positions on the aircraft from which the pressures are conveyed;
PAR  FIG. 2 is a schematic view of a mechanism for displaying the cone position
      to the pilot by the use of a connecting rod and crank mechanism;
PAR  FIG. 3 is a schematic view of another display mechanism wherein the two
      variable area diaphragms are separated by a string wrapped around a shaft
      which rotates in response to lateral motion and drives an indicator
      needle;
PAR  FIG. 4 is a schematic view of a variable area diaphragm mechanism which
      would be suitable for use as a low pressure level pressure gage to
      indicate airspeed; and
PAR  FIG. 5 is a schematic view of a variable area diaphragm mechanism which
      would be suitable for use as a laboratory pressure gage to accurately
      measure very small pressure differences.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, in FIG. 1 there is shown one of the
      preferred embodiments of the invention which indicates the angle of attack
      of the aircraft 13. The indicator itself includes an enclosure 15 which is
      effectively divided into three sections. The first of the sections 17 is
      operatively connected to the static pressure port 19 of the aircraft 13 by
      means of the tube 21 through the opening 23 in the enclosure 15. A
      variable area diaphragm mechanism consisting of a light aluminum backing
      plate in the form of a surface of revolution such as a cone 27 and a thin
      "Mylar" correspondingly configurated diaphragm in the formr of a plastic
      cone 29 separates the section 17 from the remainder of the enclosure 15.
      "Mylar"  is a trademark of the E. I. Dupont Co. for transparent film of
      polyethylene terephthalate resin. A second section 31 is operatively
      connected to the wing static pressure port 33 of the aircraft 13 by means
      of the tube 35 through the opening 37 in the enclosure 15. Likewise, the
      section 31 is separated from the other sections of the enclosure 15 by
      another variable area diaphragm mechanism consisting of another light
      aluminum cone 41 and another thin "Mylar" plastic cone 43. The remainder
      51 of the enclosure 15 is operatively connected to the aircraft pitot tube
      45 by means of the tube 47 through opening 49 in the enclosure 15. The two
      light aluminum cones 27 and 41 are attached to each other near their
      apexes by the specially shaped bolt 53. The O-ring 59 is compressed to
      hold the "Mylar" against the aluminum to prevent leaks.
PAR  The total pressure sensed at the pitot tube 45 and conveyed to the central
      section 51 through tube 47 and opening 49 is the highest pressure in the
      system causing the "Mylar" cones 29 and 43 to be pressed against their
      respective aluminum cones 27 and 41 near the center; and also causing the
      "Mylar" cones to retain an inflated conical shape near their outside
      edges. As the aluminum cones 27 and 41 move together to the left and right
      the creases 55 and 57 in the "Mylar" cones roll along the aluminum cones
      turning the "Mylar" cones insideout in the process. The aluminum cones 47
      and 41 require no separate supporting structure. The aluminum cones 27 and
      41 are supported by the inflated "Mylar" cones 29 and 43 much as the steel
      wheel of an automobile is supported by the tire.
PAR  As the angle of attack of the aircraft 13 is increased, the pressure p,
      sensed at the wing static pressure port 33 becomes lower reflecting the
      increased lift. The pressure p.sub.o sensed at the aircraft pitot tube 45
      and the pressure p.sub..infin. sensed at the aircraft static pressure port
      19 remain unchanged assuming constant speed, air density and atmospheric
      pressure. The lowered pressure p is conveyed from the wing static pressure
      port 33 through tube 35 to section 31 in the cockpit mounted enclosure 15.
      The reduced pressure in section 31 causes the two aluminum cones 27 and 41
      to move to the right. As the aluminum cones 27 and 41 move to the right
      the crease 57 in "Mylar" cone 43 rolls into a smaller radius while the
      crease 55 in "Mylar" cone 29 rolls out to a larger radius. In this
      displaced position (indicated by the broken lines in FIG. 1) the pressure
      difference between sections 51 and 31 acts over a smaller area than
      previously while the pressure difference between sections 51 and 17 acts
      over a larger area. The effective area of the variable area diaphragm
      mechanisms 25 and 39 is the area inside the circular creases 55 and 57
      respectively. The aluminum cones 27 and 41 seek an equilibrium position
      where the pressure difference between sections 51 and 31 times the area
      inside circular crease 57 equals the pressure difference between sections
      51 and 17 times the area inside circular crease 55. Thus, each aircraft
      angle of attack results in a single equilibrium position of the cones 27
      and 41. Conversely the position of the cones 27 and 41 is an indication of
      the angle of attack.
PAR  To show that the position of the cones 27 and 41 does not change as the
      airspeed of the aircraft 13 is changed at constant angle of attack,
      consider first the particular case where p = p.sub..infin. causing the
      cones 27 and 41 to be in equilibrium at mid position shown by the solid
      lines in FIG. 1. As the speed is increased, p.sub.o, is increased causing
      equal increases in pressure on the variable area diaphragm mechanisms 25
      and 39. p.sub..infin. is of course unchanged by the acceleration. The
      pressure coefficient at the wing static pressure port 33 is given by
      ##EQU2##
      and depends only on the shape of the airplane 13 and its angle of attack.
      If p = p.sub..infin. before the acceleration, then C.sub.p =0 and since
      the angle-of-attack and/or shape of the airplane were not changed during
      the acceleration, C.sub.p = 0 after the acceleration also. Therefore p =
      p.sub..infin. after the acceleration and the pressure difference across
      the two variable area diaphragm mechanisms increased by an equal amount
      and since the areas were the same for this case; there is no net force
      developed to move the aluminum cones.
PAR  A similar argument can be constructed for any equilibrium position of the
      cones, but is is easier to show mathematically that the position of the
      cones depends only on the pressure coefficient C.sub.p which in turn
      depends only on the angle of attack for an aircraft of given shape.
PAR  We begin by equating the pressure difference between sections 51 and 17
      times the area of the left variable diaphragm mechanism to the pressure
      differences between section 51 and 31 times the area of the right variable
      area diaphragm mechanism
EQU  A.sub.l (p.sub.o - p.sub..infin. ) = A.sub.r (p.sub.o - p)
PAL  The effective area of the left variable area diaphragm mechanism A.sub.l is
      equal to .pi.r.sub.l.sup.2 when r.sub.l is the radius of crease 55. The
      effective area of the right variable area diaphragm mechanism A.sub.r is
      equal to .pi.r.sub.r.sup.2 where r.sub.r is the radius of crease 57.
      ##EQU3##
      Now r.sub.l and r.sub.r are functions of the position of the cones "x" by
      the kinematics of the variable area diaphragm mechanisms.
EQU  f(x) = 1 - C.sub.p
PAL  Therefore the position of the cones "x" depends only on the pressure
      coefficient C.sub.p and consequently only on the angle of attack for an
      aircraft of fixed shape.
PAR  To avoid tapping into the existing aircraft pitot-static system the three
      ports 23, 49, 37 may be operatively connected to the three ports 72, 73,
      and 74 respectively of a probe 75 which is mounted on the exterior of the
      aircraft much as the common pitot tube. The operation similar to that
      described above except that the relevant pressure coefficient is
      ##EQU4##
      where p.sub.c is the pressure sensed at the center port 73, p.sub.l is the
      pressure sensed at the lower port 72, and p.sub.u is the pressure sensed
      at the upper port 74. As the angle-of-attack is increased the point of
      maximum pressure moves downward on the rounded nose of the probe causing a
      reduction in pressure at the upper port 74 and an increase in pressure at
      the lower port 72. These pressure changes conveyed to chambers 31 and 17
      through tubes 35 and 21 respectively cause the cones to be displaced to
      the to the right. The equilibrium position of the cones is again
      insensitive to aircraft speed or altitude and depends only on the angle of
      attack by the same argument as presented above for the configuration
      making use of the aircraft total and static pressure ports.
PAR  In order to make a useful pilot instrument the position of the cones 27 and
      41 must be displayed to the pilot. Possible mechanisms for displaying the
      cone position to the pilot are shown in FIGS. 2 and 3. In FIG. 2 a simple
      connecting rod 61 and crank 63 mechanism converts the linear motion of the
      cones to rotary motion of the indicating needle. In FIG. 3, the two
      variable area diaphragm mechanisms are separated and restrained from
      outward movement by a string 65 wrapped around a shaft 67 windless
      fashion. As the cones move back and forth the shaft rotates driving the
      indicating needle. Clearly, any number of mechanisms can be devised to
      indicate the position of the aluminum cones and consequently the angle of
      attack to the pilot.
PAR  The aluminum backing plates and "Mylar" diaphragms need not be flat sides
      but could have convex or concave sides provided the aluminum and "Mylar"
      cones have the same shape so that the "Mylar" will roll smoothly along the
      aluminum.
PAR  A low pressure level pressure gage suitable as an airspeed indicator can
      also be constructed using the variable area diaphragm mechanism. Such a
      device is shown in FIG. 4 where the single variable area diaphragm
      mechanism is arranged to deflect a calibrated spring 69 with increasing
      airspeed.
PAR  Another pressure gage more suitable for laboratory work is illustrated in
      FIG. 5 where the variable area diaphragm mechanism acts against a fixed
      weight. In this case the enclosure 15 is made transparent or some other
      optical means is provided for observing the position of the internal
      mechanism. Because of the complete absence of mechanical friction this
      instrument is able to accurately measure very small pressure differences.
PAR  Angle of attack indicators generally lead to more accurate and safer flight
      in all phases, especially take off, approach, missed approach and landing.
      The hereinbefore described apparatus is also useful as an airspeed
      indicator where accurate measurement of low airspeed is necessary as in
      helicopter and S.T.O.L. aircraft. The low level pressure sensor is
      particularly useful in general laboratory work.
PAR  Although the invention has been illustrated and described in terms of
      preferred embodiments thereof, it will be apparent to those skilled in the
      art that certain changes, alterations, modifications and substitutions,
      particularly with respect to the construction details, can be made in the
      arrangement and location of the various pressure sensings elements without
      departing from the true spirit and scope of the appended claims.
CLMS
STM  Having thus set forth and disclosed the nature of my invention, what I
      claim is:
NUM  1.
PAR  1. A diaphragm type angle of attack indicator for use as an aircraft
      instrument comprising, means for sensing three pressures on the aircraft,
      at least one of said three pressures varying strongly with angle of
      attack, another of said three pressures being greater than the other two
      pressures, tubing means for transmitting the pressures to a central area,
      and means at the central area for dividing the difference between the
      greatest pressure and one of the two lesser pressures by the difference
      between the greatest pressure and the other of the two lesser pressures,
      said dividing means including an enclosure having three operatively
      connected sections, pressure from a different point on the aircraft being
      transferred to each of the sections in said enclosure, the first of the
      sections being operatively connected to one of the two lesser pressures,
      the second of the sections being operatively connected to the other of the
      two lesser pressures, the third of the sections being operatively
      connected to the greatest pressure, a pair of rigid, members shaped as
      surfaces of revolution, one each being positioned in each of the first and
      second sections and having their apexes fixedly attached to each other, a
      pair of flexible plastic diaphragms positioned in the third section one
      each being in contact with the back surface of each of said rigid members,
      said flexible diaphragms effectively separating the third section from the
      first and second sections, such that changes in pressure in the first and
      second sections produces a lateral movement in said pair of rigid members,
      said movement corresponding to the difference in pressures at pressure
      points on the aircraft and to the angle of attack thereof.
NUM  2.
PAR  2. The diaphragm type angle of attack indicator defined in claim 1 wherein
      said pair of flexible plastic diaphragms are formed of high strength clear
      plastic film.
NUM  3.
PAR  3. The diaphragm type angle of attack indicator defined in claim 2 wherein
      the pressure in the third section causes said clear plastic film to be
      pressed against said rigid members and roll therewith as the rigid members
      move laterally in response to pressure changes in the second section to
      expose varying areas of the rigid members to the pressure differences
      between the sections thereby maintaining the rigid members in equilibrium.
NUM  4.
PAR  4. The diaphragm type angle of attack indicator defined in claim 3 wherein
      a connecting rod is connected to one of said rigid members for lateral
      movement therewith, a crank mechanism pivotably connected to the outer end
      of said connecting rod, and an indicator needle attached to said crank
      mechanism for movement therewith to convert the linear movement of the
      rigid members to rotary motion of the indicating needle.
NUM  5.
PAR  5. The diaphragm type angle of attack indicator defined in claim 3 wherein
      the rigid members are joined at their apexes by a string wrapped around a
      shaft and an indicating needle attached to said shaft for movement
      therewith such that lateral movement of said rigid members produces a
      corresponding rotary motion of said shaft and indicating needle.
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ABST
PAL  An electromagnetic flowmeter comprising an alternating current magnetic
      system embracing a section of a pipeline with electrodes attached thereto
      for removing potentials proportional to the flow rate of the medium and a
      metering circuit for converting the signals from the electrodes to an
      output signal proportional to the flow rate of the medium, characterized,
      according to the invention, in that the pipeline has additional electrodes
      attached thereto for removing potentials proportional to the eddy currents
      in the medium, with the metering circuit being made as a comparison
      circuit whose one input is connected to the main electrodes and the other
      to the additional electrodes.
BSUM
PAR  The present invention relates to flow measurements in electroconducting
      media and, more particularly, to an electromagnetic flowmeter, and can be
      applied to flow measurements in liquids with ionic conductivity and metals
      in the metallurgical, chemical, nuclear and other industries.
PAR  Known in the prior art are electromagnetic non-contact flowmeters for
      electroconducting media based on the interaction between the variable
      travelling magnetic field and the fluid. Their readings are independent of
      the magnetic induction magnitude and conductivity of the medium. No
      preliminary calibration is required for such flowmeters.
PAR  In particular, a non-contact flowmeter is known to have a sinusoidal
      pulsating magnetic field distributed along the pipeline. The flowmeter
      comprises inductors for setting up and receiving the magnetic field and an
      indicator.
PAR  A disadvantage of such a flowmeter resides in that the value of the signal
      therein is proportional to the medium conductivity.
PAR  Therefore, such a flowmeter is inadequate for measuring low-conducting
      media when the magnitude of the signal becomes commensurable with
      interferences.
PAR  Also known in the art is an electromagnetic flow-meter comprising an
      alternating current magnetic system embracing a section of a pipeline with
      electrodes attached thereto, whose output signal proportional to the flow
      rate of the medium is removed with the aid of a metering circuit.
PAR  The value of this signal is determined by a number of factors among which
      is the magnitude and character of distributing the magnetic field over the
      area where the pipeline with the electrodes is located. The latter is
      determined both by the type of the magnetic system and by the accuracy of
      placing it on the pipeline. Therefore, to ensure high-accuracy
      measurement, it is necessary to calibrate the electromagnetic flowmeter
      for each particular case, which, in some cases, e.g. when employing the
      flowmeter for measuring aggressive media, may turn out to be complicated
      and expensive.
PAR  In the process of operation, need also arises for a control calibration
      which is often difficult to carry out or undesirable, e.g. in the case of
      a continuous cycle.
PAR  An object of the invention is to eliminate special calibration when
      installing and replacing the magnetic system, as well as control
      calibrations in the course of operation, thereby improving the reliability
      and accuracy of measurement.
PAR  In attaining this object, the section of the pipeline embraced by an
      alternating current magnetic system includes, according to the invention,
      in addition to the main electrodes for removing potentials proportional to
      the flow rate with the aid of a metering circuit, additional electrodes
      for removing potentials proportional to the eddy currents in the medium,
      and the metering circuit is made as a comparison circuit whose one input
      is connected to the main electrodes, and the other input, to the
      additional electrodes.
PAR  The electrodes are arranged on the pipeline according to the type of
      magnetic system used.
PAR  When using an alternating current magnetic system setting up a magnetic
      flux, which is not equal to zero, in the closed loop of the pipeline, the
      additional electrodes are arranged along the generatrices of the pipeline,
      passing through each main electrode.
PAR  When using an alternating current magnetic system setting up a magnetic
      flux equal to zero along the axis of the pipeline, the additional
      electrodes are arranged along the generatrix of the pipeline, passing
      through one of the main electrodes.
PAR  When using an alternating current magnetic system setting up a magnetic
      field distributed sinusoidally along the axis of the pipeline, the
      additional electrodes are arranged along the generatrix of the pipeline,
      passing through one of the main electrodes, each additional electrode
      being arranged with respect to the main electrode at a distance equal to
      one-fourth of the spatial wave length of the magnetic field.
PAR  When using an alternating current magnetic system setting up a magnetic
      field distributed sinusoidally along the axis of the pipeline, the main
      and additional electrodes are arranged along one generatrix of the
      pipeline, the adjacent electrodes being spaced at one-fourth of the
      spatial wave length of the magnetic field.
PAR  An electromagnetic flowmeter embodying the present invention helps to
      attain the above objects.
DRWD
PAR  To better understand the nature of the invention, a more detailed
      description of embodiments there of is given below with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 represents an embodiment of the magnetic system in an
      electromagnetic flowmeter of the present invention setting up a magnetic
      flux which is not equal to zero in the closed loop of a pipeline;
PAR  FIG. 2 is a block diagram of an electromagnetic flowmeter with the magnetic
      system of FIG. 1;
PAR  FIG. 3 illustrates one of the ways in which the magnetic field is
      distributed along the axis of a pipeline when the flowmeter employs a
      magnetic system setting up a magnetic flux equal to zero along the axis of
      the pipeline;
PAR  FIG. 4 shows a section of a pipeline with main and additional electrodes
      attached thereto, according to the invention, when using a magnetic system
      with the magnetic field distributed along the axis of the pipeline as
      shown in FIG. 3;
PAR  FIG. 5 illustrates a sinusoidal distribution of the magnetic field along
      the axis of a pipeline, set up by the alternating current magnetic system;
PAR  FIG. 6 shows a section of a pipeline with additional electrodes arranged
      along the generatrix passing through one of the main electrodes at a
      distance equal to one-fourth of the spatial wave length of the magnetic
      field set up along the axis of the pipeline, as shown in FIG. 5;
PAR  FIG. 7 shows a section of a pipeline with the main and additional
      electrodes arranged intermittently along one generatrix, with adjacent
      electrodes being spaced at one-fourth of the spatial wave length of the
      magnetic field for the embodiment of the magnetic system setting up a
      magnetic field distributed sinusoidally along the axis of the pipeline.
DETD
PAR  The electromagnetic flowmeter comprises an alternating current magnetic
      system 1 (FIG. 1) embracing a section of a pipeline 2 accommodating main
      electrodes 3 (FIG. 2) for removing potentials proportional to the flow
      rate of the medium and additional electrodes 4 for removing potentials
      proportional to the eddy currents. The main and additional electrodes 3
      and 4 are connected to the inputs of a metering circuit 5. The metering
      circuit represents a comparison circuit and comprises a summing unit 6
      whose inputs are connected to two or more pairs of the additional
      electrodes 4, amplifiers 7 and 8 whose inputs are connected to the output
      of the summing unit 6 and the main electrodes 3, respectively, detectors 9
      and 10 whose inputs are connected to the outputs of the amplifiers 7 and
      8, a comparison unit 11 whose inputs are connected to the detectors 9 and
      10 and whose output is connected to an indicator instrument 12. The
      summing unit 6 is made, e.g. as an operational amplifier with a plurality
      of inputs, while the comparison unit 11 may be made as a differential D.C.
      amplifier. If only one pair of additional electrodes is attached to the
      pipeline, the unit 6 is eliminated from the metering circuit 5 and the
      additional electrodes 4 are directly connected to the input of the
      amplifier 7.
PAR  When the alternating current magnetic system 1 is energized, currents of
      two types appear in the pipeline 2. These are, firstly, eddy currents due
      to variations of the magnetic field in time, and, secondly, currents
      proportional to the flow rate of the medium. Accordingly, the distribution
      of the electrical potential associated both with the eddy currents and
      with the currents proportional to the flow occurs over the surface of the
      pipeline. A signal proportional to the flow rate taken is from the main
      electrodes 3, and a signal proportional to the eddy currents is taken from
      the additional electrodes 4. The electrical potentials of these signals
      are shifted in phase by 90.degree., with the phase of the signal
      proportional to the flow coinciding with the induction phase. Owing to the
      phase relationships mentioned above, these potentials can be separated
      while taking measurements. The prior-art electromagnetic flowmeter employs
      the measurement of a potential proportional to the flow.
PAR  In addition to the main electrodes 3 for removing the signal proportional
      to the flow rate, use is also made of the additional electrodes 4 to
      remove the signal proportional to the eddy currents thereof.
PAR  The signals from the main and additional electrodes equally depend on the
      magnitude of the magnetic field induction. Besides, the difference of
      potentials being removed from the additional electrodes 4 arranged along
      the pipeline 2 and the difference of potentials being removed from the
      main electrodes 3 equally depend on the distribution of the magnetic field
      in space.
PAR  The signal from the main electrodes 3 is amplified by the amplifier 8 and
      passes on to the phase-sensitive detector 10 producing a signal
      proportional to the flow rate.
PAR  The signal from the additional electrode 4 is summed up in the unit 6 if
      the number of the additional electrodes exceeds two to be subsequently
      amplified by the amplifier 7 and detected by the phase-sensitive detector
      9 producing a signal proportional to the eddy currents.
PAR  The output voltages from the units 9 and 10 are compared in the comparison
      unit 11 whose output voltage is measured by the instrument 12.
PAR  The transformation coefficients of the signals from the main and additional
      electrodes being equal, the output signals of the detectors 9 and 10 are
      equal when the flow rate is proportional to the frequency of the magnetic
      field, the distance between the additional electrodes and the diameter of
      the pipeline. It is precisely this that makes it possible to calibrate the
      flowmeter in the course of operation.
PAR  Measurements can be taken by various methods. It is possible, for example,
      to vary the frequency .omega. of feeding the magnetic system until the
      instrument 12 reads zero. In this case, the rate of flow of the medium is
      found from the formula:
EQU  V = (.omega..DELTA./2)                                     (I)
PAL  where .DELTA. is the distance between the additional electrodes.
PAR  It is also possible to measure the voltage difference across the output of
      the comparison unit 11 at a fixed frequency of the magnetic field. Since
      it is possible to ensure a 100 per cent deflection of the pointer of the
      instrument 12 at V = 0, taking into account the linear dependence of the
      readings on the rate of flow and the fact that the instrument will read
      zero at rate of flow determined by the relation (I), the flow rate can be
      measured by directly reading the instrument 12.
PAR  In the flowmeter employing an alternating current magnetic system setting
      up a magnetic flux which is not equal to zero in the closed loop of the
      pipeline, the additional electrodes 4 should be arranged along the
      generatrices of the pipeline 2 passing through each one of the main
      electrodes 3 (FIGS. 1 and 2). This is explained by the fact that under the
      effect of the magnetic flux which is not equal to zero, currents circulate
      through the closed loop of the pipeline 2 embraced by the magnetic system
      under consideration inducing electromotive forces in the electrodes 4
      causing errors in measurements. To eliminate the effect of these currents,
      the signals from both pairs of the additional electrodes 4 are fed to the
      summing unit 6 wherein useful signals proportional to the eddy currents
      are summed up, and signals proportional to the currents circulating
      through the loop due to the magnetic flux which is not equal to zero are
      subtracted. The signal from the summing unit 6 is fed to the amplifier 7
      and subsequent operating conditions are similar to those already
      described.
PAR  For the case when an alternating current magnetic system is used wherein
      the magnetic flux equal to zero is set up along the axis of the pipeline
      2, only two additional electrodes 4 (FIGS. 3, 4) will be sufficient.
PAR  The device operates in the same manner as the one described above.
PAR  The magnetic system setting up a magnetic flux equal to zero along the axis
      of the pipeline can be provided, for example, by a linear inductor.
PAR  With the sinusoidal distribution of the magnetic field along the axis of
      the pipeline 2 (FIG. 5), which can be accomplished by the linear inductor
      with a preset distribution of the linear current load, it is expedient
      that the additional electrodes 4 be arranged at a distance equal to
      one-fourth length of the magnetic field wave .lambda. along the generatrix
      passing through one of the main electrodes 3 (FIG. 6).
PAR  In this case, the device operates in a manner similar to that described
      above, with the only distinction being that instead of relation (I) use
      should be made of the relation:
EQU  V = (.omega..lambda./2.pi.)                                (2)
PAL  with a sinusoidal magnetic field, the main and additional electrodes 3 and
      4 can be spaced intermittently at one-fourth of the magnetic field wave
      length (FIG. 7). The operation of the device in this case is similar to
      that described above.
PAR  Each of the proposed embodiments of the electromagnetic flowmeter has
      definite advantages. For example, the embodiment of FIG. 2 using a
      magnetic system with a magnetic flux which is not equal to zero is
      preferable as for as the simplicity of the magnetic system design is
      concerned. The well-known C-shaped, O-shaped, saddle-shaped and other
      systems can be employed as the magnetic system in this embodiment. Such
      systems show promise in facilitating thermal insulation of large-diameter
      pipelines and high-temperature installations. However, the structural
      design of a pipeline with the electrodes and metering circuit of this
      embodiment is more complex.
PAR  The embodiment of the flowmeter using a magnetic system with a
      sinusoidally-distributed magnetic field is simpler in that it is easier to
      adapt a pipeline to electrodes arranged according to this system, it is
      also possible in this embodiment to arrange the electrodes on one side of
      the pipeline (FIG. 5) but this complicates the design of the magnetic
      system.
PAR  All the embodiments of the proposed electromagnetic flowmeter make it
      possible to conduct flow measurements (rate of flow) of a medium
      irrespective of the magnitude of the magnetic field induction and final
      effects, thereby enabling their characteristics to be rather accurately
      calculated without calibrating such flowmeters in advance or performing
      periodic calibrations in the course of operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electromagnetic flowmeter for measuring the flow rate of a fluid
      medium including an alternating current magnetic flux generating system
      positioned to apply said magnetic flux across a section of a pipeline;
      main electrodes mounted on said pipeline section at diametrically opposed
      locations thereof adapted to sense potentials proportional to the flow
      rate of the medium in the pipeline; at least two pairs of additional
      electrodes mounted on the same pipeline section on generatrixes of said
      section of the pipeline which extend through each of said main electrodes
      and adapted to sense potentials proportional to eddy currents produced in
      the medium due to magnetic field changes with time; and a measuring system
      including an adder unit having a first input thereof connected to a first
      pair of said additional electrodes positoned on a first of said
      generatrixes extending through one of said main electrodes and a second
      input thereof connected to a second pair of additional electrodes
      positioned on a second of said generatrixes extending through the other of
      said main electrodes; a first amplifier having the input thereof connected
      to said main electrodes; a first phase-sensitive detector adapted to
      discriminate a signal proportional to the flow rate of the medium having
      the input therof connected to the output of said first amplifier; a second
      amplifier having the input thereof connected to the output of said adder
      unit; a second phase-sensitive detector adapted to discriminate a signal
      proportional to eddy currents having the input thereof connected to the
      output of said second amplifier; and a comparator unit connected to the
      outputs of said first and second phase-sensitive detectors, said
      comparator unit being adapted to compare the signals from said main and
      additional electrodes and provide an indication of the flow rate of said
      medium.
NUM  2.
PAR  2. An electromagnetic flowmeter according to claim 1, wherein said
      additional electrodes are positioned with respect to said main electrodes
      at a distance equal to one-fourth wave length of the magnetic flux
      generating system.
NUM  3.
PAR  3. An electromagnetic flowmeter according to claim 2, wherein the magnetic
      field is sinusoidally distributed along the axis of said pipeline.
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ABST
PAL  A fluid flow measuring system utilizing semiconductor devices as heating
      and temperature sensitive elements produces an electrical output signal
      which is linearly proportional to the rate of flow of a fluid and which
      automatically compensates for changes in fluid density.
BSUM
PAR  This invention relates to a fluid flow measuring system utilizing
      semiconductor heating elements and semiconductor temperature sensitive
      elements. The system produces an electrical output signal which is
      linearly proportional to the rate of flow of a fluid and automatically
      compensates for changes in fluid density without need for external
      pressure and temperature sensors.
PAR  Fluid flow measuring systems comprising thermistors or electrical
      resistance heating wires used as bridge elements are known in the prior
      art. The basic principles upon which such systems depend for their
      operation as rate of fluid flow indicators are the cooling effect of a
      flowing fluid upon the thermistor or hot wire elements, which are
      thermally coupled to the fluid, and the resultant change in electrical
      resistance of the elements with change in temperature. In these fluid flow
      measuring systems, it is known to make use of two such elements in a
      balanced bridge circuit, one element being thermally coupled to the
      flowing fluid and the other element being thermally coupled to a
      substantially stationary fluid, but both elements being exposed to the
      same ambient or "background" conditions so that the circuit is not
      sensitive to changes in conditions which are common to both
      temperature-sensitive elements. An unbalance measuring meter, centrally
      connected between the two sides of the bridge, then indicates the
      magnitude of any unbalance therein which reflects the measure of fluid
      flow producing a cooling influence on the element exposed directly to the
      flowing fluid.
PAR  In such measuring systems, the electrical output signal of the measuring
      meter has not been linearly proportional to the rate of fluid flow. Other
      types of fluid flow systems, including those where the flow rate of the
      fluid is indicated by the electrical power supplied to a heating element
      exposed directly to the flowing fluid, have also not provided a linear
      output signal. Consequently, such measuring systems have been difficult to
      calibrate, especially those systems which do not automatically compensate
      for changes in fluid density, and the task of incorporating the output
      signals of such non-linear calibrated systems into other related measuring
      systems, such as automotive miles-per-gallon indicator systems, is
      relatively complex and has required extensive circuitry.
DRWD
PAC  IN THE DRAWING
PAR  The FIGURE is a circuit diagram illustrating the present fluid flow
      measuring system together with a partial diagrammatic plan view of a fluid
      flow conduit showing schematically where electrical elements of the system
      are thermally coupled to a fluid in the conduit.
DETD
PAR  Referring to the FIGURE, there is shown a conduit 10 which has a first
      region 12 therein containing a flowing fluid 14, the direction of flow of
      which is shown by the flow arrow 16, and a second region 18 therein
      containing fluid 14 which is substantially stationary. Preferably, the
      first and second regions 12 and 18 comprise separate first and second flow
      channels with the cross-sectional area of the portions of the second
      region 18 which connect the second region 18 to the first region 12 being
      small in order to restrict the flow of fluid 14 through the second region
      18 to a level where the fluid 14 therein is substantially stationary.
PAR  The FIGURE also shows a circuit diagram illustrating a preferred embodiment
      of the present fluid flow measuring system which has electrical elements
      thermally coupled to the fluid 14. First and second heating elements which
      in the preferred embodiment are semiconductor heating transistors, 20 and
      22, are thermally coupled to the fluid 14 in the first and second regions
      12 and 18 respectively. Preferably, the first and second heating
      transistors 20 and 22 are components of first and second semiconductor
      chips 24 and 26 respectively which also comprise first and second
      temperature sensitive elements respectively. The first and second
      temperature sensitive elements are shown in the present embodiment as
      temperature sensitive diodes 28 and 30 which are thermally coupled to the
      first and second heating transistors 20 and 22 respectively. In addition,
      a third temperature sensitive element, shown as part of a third
      semiconductor chip 34, comprising, for example, a temperature sensitive
      diode 32, is thermally coupled to the fluid 14 and is positioned on the
      conduit 10 to measure the ambient temperature of the fluid 14 entering the
      conduit 10. The first, second and third temperature sensitive elements in
      combination with additional circuit means comprise means for maintaining
      the temperature of both the first and second heating elements at a
      constant number of degrees higher than the ambient temperature of the
      fluid 14. In the FIGURE, the third chip 34 is positioned near the entrance
      of the first channel 12. Preferably, the first, second and third chips 24,
      26 and 34 are components of a fluid flow sensor configuration such as
      disclosed in my co-pending application, Ser. No. 484,092, filed
      concurrently herewith, and the first and second chips 24 and 26 are
      combined into one long and thin integrated cicuit chip which has the
      heating transistors 20 and 22 positioned at its two ends, respectively,
      thermally coupled to the fluid 14 in the first and second channels 12 and
      18.
PAR  In the preferred embodiment, the purpose of the temperature sensitive
      diodes 28, 30 and 32 is to generate comparative control voltages which are
      utilized to control the current to the first and second heating
      transistors 20 and 22 and thereby maintain the chips 24 and 26 at a
      constant number of degrees higher than the ambient temperature of the
      fluid 14, preferably about 30.degree. C higher. When the temperature of
      the diodes 28, 30 and 32 increases, their anode-to-cathode voltage
      decreases if the diodes 28, 30 32 are supplied with a constant current.
      Accordingly, by comparing the voltages present across the first and second
      diodes 28 and 30 with the voltage present across the third diode 32, the
      differences in voltage can be measured and utilized as a signal to control
      the current to the first and second heating transistors 20 and 22 and
      thereby to maintain the chips 24 and 26 at a temperature about 30.degree.
      C higher, in this example, than the ambient temperature of the fluid 14.
      This is achieved in the present embodiment by first and second
      differential amplifiers 36 and 38. A first potential source, shown as a
      first battery 40, supplies power to the first, second and third diodes 28,
      30, and 32. The current to the diodes 28, 30 and 32 is maintained
      substantially constant by means of resistors 42 having a large resistance
      relative to the resistance of the diodes 28, 30 and 32 each connected in
      series with one of the diodes.
PAR  The first differential amplifier 36 has a first input terminal 44 connected
      to the anode of the third diode 32. A second input terminal 46 is
      connected to one side of a second potential source, shown as a second
      battery 48, and the other side of the battery 48 is connected to the anode
      of the first diode 28. An output terminal 50 of the differential amplifier
      36 is connected to the base electrode of the first heating transistor 20.
      The second differential amplifier 38 has a first input terminal 52
      connected to the anode of the third diode 32, a second input terminal 54
      in series with a third potential source, shown as a third battery 56,
      connected to the anode of the second diode 30, and an output terminal 58
      connected to the base electrode of the second heating transistor 22. The
      second and third batteries 48 and 56 are used to keep the voltage of the
      second input terminals 46 and 54 sufficiently higher than the voltage of
      the first input terminals 44 and 52 so as to maintain the temperature of
      the chips 24 and 26 about 30.degree. C higher, in this example, than the
      ambient temperature of the fluid 14.
PAR  Also shown in the FIGURE are circuit means for comparing the power
      dissipated in the first and second heating transistors 20 and 22 which
      produce respectively first and second current signals proportional to the
      power dissipated therein, to produce a difference signal at a circuit node
      60 proportional to the difference in power dissipated between the heating
      transistors 20 and 22, and circuit means for squaring this difference
      signal. In the preferred embodiment, the circuit means for comparing the
      power dissipated in the heating transistors 20 and 22 comprises a third
      differential amplifier 62 which measures the difference in the
      collector-to-emitter currents of the first and second heating transistors
      20 and 22. The power dissipated in the heating transistors 20 and 22 is
      proportional to the collector-to-emitter currents drawn by the heating
      transistors 20 and 22 when a substantially constant voltage is applied to
      their collector electrodes. The collector electrodes of the heating
      transistors 20 and 22 are supplied with such a substantially constant
      voltage by the first battery 40, as shown in the FIGURE, with low
      current-sensing resistors 64 in series therewith.
PAR  The third differential amplifier 62 has a first input terminal 66 connected
      to the collector electrode of the first heating transistor 20, a second
      input terminal 68 connected to the collector electrode of the second
      heating transistor 22, and an output terminal 70 connected to a means for
      squaring the resulting difference signal, this means comprising a squaring
      amplifier 72 in the preferred embodiment. The squaring amplifier 72
      squares the difference signal and produces an electrical output signal at
      a circuit node 74 which is linearly proportional to the rate of flow of
      the fluid 14. The output of the squaring amplifier 72 is connected to one
      side of a linearly calibrated meter 76, the other side of which is
      connected back to the battery 40. The meter 76 then indicates the rate of
      flow of the fluid 14.
PAR  The operation of the present fluid flow measuring system is based on a heat
      transfer expression which relates the power dissipated in the chips 24 and
      26 to the temperatures of the chips 24 and 26 and, consequently, the fluid
      14. This heat transfer expression, a known thermal resistance equation, is
      as follows:
EQU  T.sub.c -T.sub.a =.theta.P                                 (1)
PAL  where:
PA1  T.sub.c is the temperature of the chips 24 and 26;
PA1  T.sub.a is the ambient temperature of the fluid 14;
PA1  .theta. is the thermal resistance between the chips 24 and 26 and the fluid
      14; and
PA1  P is the power dissipated in the chips 24 and 36.
PAL  Experiments have shown that the inverse of .theta., i.e. the thermal
      conductivity between the chips 24 and 26 and the fluid 14, can be
      expressed as follows:
EQU  1/.theta. = A+(BU).sup.n                                   (2)
PAL  where:
PA1  A represents the thermal conductivity between the chips 24 and 26 and the
      fluid 14 under conditions where the fluid 14 is not flowing;
PA1  B is a coupling coefficient representing the additional thermal
      conductivity throughout the fluid due to the presence of flow conditions;
PA1  U is the mass rate of flow of the fluid 14; and
PA1  n is an exponent whose value depends upon the level of turbulence of the
      fluid 14.
PAL  Both A and B are dependent upon the thermal conductivity of the fluid 14
      and therfore dependent upon the density of the fluid 14. By substituting
      for .theta. in the thermal resistance equation (1), the following
      expression is obtained;
EQU  (T.sub.c -T.sub.a) (A+(BU).sup.n)=P                        (3)
PAL  experiments have shown that the exponent n becomes about 0.5 if the flow of
      the fluid 14 is laminar or only slightly turbulent. Such flow can be
      achieved by using a fluid flow sensor configuration whose elements do not
      extend into the flow channels 12 and 18, such as disclosed in my
      co-pending application, mentioned above.
PAR  The above information may be applied to the first and second flow channels
      12 and 18 of the present fluid flow measuring system in which the flow is
      non-turbulent to obtain the following expressions:
EQU  (T.sub.c12 -T.sub.a) (A+(BU.sub.12).sup..5)=P.sub.12       (4)
EQU  (T.sub.c18 -T.sub.a) (A+(BU.sub.18).sup..5)=P.sub.18       (5)
PAL  where subscripts indicate the conditions in the first and second channels
      12 and 18 respectively. If the temperature of both chips 24 and 26 is at a
      constant number of degrees higher than the ambient temperature of the
      fluid 14, the above two expressions may be substracted to obtain the
      following expression:
EQU  (C) (B).sup..5 (U.sub.12.sup..5 -U.sub.18.sup..5) = P.sub.12 -P.sub.18 (6)
PAL  where C is a constant representing the constant difference in temperature
      between the chips 24 and 26 and the fluid 14. For each specific design of
      the conduit 10, the rate of flows of the fluid 14 in the flow channels 12
      and 18 are held in a specific proportion represented by a constant value
      .gamma. equal to U.sub.18 /U.sub.12. By substituting this proportion in
      the above expression, the following linear expression is obtained:
EQU  (1-.gamma.)(C)(B).sup..5 U.sub.12.sup..5 =P.sub.12 -P.sub.18 (7)
PAL  since the fluid 14 in the second flow channel 18 is substantially
      stationary, U.sub.18, and therefore .gamma., will be close to zero. By
      squaring the above expression and expressing P as a product of voltage E
      and current I, the following expression is obtained:
EQU  (K)(B)U.sub.12 =(I.sub.1 -I.sub.2).sup.2                   (8)
PAL  where:
PA1  I.sub.1 and I.sub.2 are the collector-to-emitter currents of the first and
      second heating transistors 20 and 22 respectively under the application of
      a substantially constant voltage, E, to the collectors of both transistors
      20 and 22; and
PA1  K is a constant which is a function of the system constants C, E, and
      .gamma..
PAL  The right side of the above expression, (I.sub.1 -I.sub.2).sup.2, now
      becomes equal to the electrical output of the squaring amplifier 72 of my
      fluid flow measuring system. Although B, the coupling coefficient of the
      fluid 14 due to the presence of flow conditions, is a function of the
      density of the fluid 14, variations in B due to changes in the density of
      the fluid 14 are relatively insignificant compared to variations in A.
      Therefore, from a practical standpoint, B may be treated essentially as a
      constant, and (I.sub.1 -I.sub.2).sup.2 is a true rate of flow signal which
      not only is linearly proportional to U.sub.1, the rate of flow of the
      fluid 14, but also has automatically compensated for any change in the
      density of the fluid 14 since it is not dependent upon the value of A,
      which was eliminated in the difference equation (6).
PAR  Since the rate of flow of the fluid 14 is linearly proportional to the
      electrical output of the squaring amplifier 72 which has essentially
      compensated for any change in the density of the fluid 14, the present
      fluid flow measuring system can be readily calibrated, and the electrical
      output signal can be easily incorporated into other related systems which
      require information concerning the rate of flow of a fluid 14, such as
      miles-per-gallon indicator systems. Always maintaining the temperature of
      both heating transistors 20 and 22 at a constant number of degrees above
      the ambient temperature of the fluid 14 not only allows for convenient
      linearization but also provides for good sensitivity and response time
      regardless of large variations in the ambient temperature of the fluid 14.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid flow measuring system for measuring the rate of flow of a fluid
      in a first region of a conduit adapted to contain said fluid, said conduit
      including a second region therein wherein said fluid is substantially
      stationary, comprising:
PA1  a first heating element adapted to be thermally coupled to said fluid in
      said first region, said first heating element producing a first current
      signal proportional to the power dissipated in said first heating element,
PA1  a second heating element adapted to be thermally coupled to said fluid in
      said second region, said second heating element producing a second current
      signal proportional to the power dissipated in said second heating
      element,
PA1  means electrically connected to said first and said second heating
      elements, including a first potential source, for supplying a
      substantially constant voltage to said first and said second heating
      elements,
PA1  means including temperature sensitive elements thermally coupled
      respectively to said first heating element, to said second heating
      element, and to said flowing fluid entering said conduit thereby sensing
      the ambient temperature thereof, said means for controlling the current to
      said first and said second heating elements and thereby maintaining the
      temperature of both said first and said second heating elements at a
      constant number of degrees higher than the ambient temperature of said
      fluid,
PA1  circuit means connected to said first and said second heating elements for
      comparing said first and said second current signals to produce a
      difference signal proportional to the difference in power dissipation
      between said first and said second heating elements, and
PA1  circuit means connected to said comparing means for squaring said
      difference signal to produce an output signal, said output signal being
      substantially linearly proportional to the rate of flow of said fluid in
      said first region and being substantially compensated for changes in the
      density of said fluid.
NUM  2.
PAR  2. A fluid flow measuring system as defined in claim 1 wherein said
      controlling and maintaining means comprises:
PA1  a first temperature sensitive element thermally coupled to said first
      heating element,
PA1  a second temperature sensitive element thermally coupled to said second
      heating element,
PA1  a third temperature sensitive element adapted to be thermally coupled to
      said flowing fluid, said third temperature sensitive element positioned to
      measure the ambient temperature of said flowing fluid entering said
      conduit,
PA1  means electriically connected to said first, said second and said third
      temperature sensitive elements, including said first potential source, for
      supplying a substantially constant current to said first, said second and
      said third temperature sensitive elements,
PA1  circuit means connected to said first and said third temperature sensitive
      elements and responsive thereto for maintaining the temperature of said
      first heing element at a constant number of degrees higher than the
      temperature of said third temperature sensitive element, and
PA1  circuit means connected to said second and said third temperature sensitive
      elements and responsive thereto for maintaining the temperature of said
      second heating element at said constant number of degrees higher than the
      temperature of said third temperature sensitive element.
NUM  3.
PAR  3. A fluid flow measuring system as defined in claim 2 wherein said first
      and said second regions are separate channels of said conduit.
NUM  4.
PAR  4. A fluid flow measuring system as defined in claim 2 wherein said first
      and said second heating elements are semiconductor heating transistors
      having base, collector, and emitter electrodes, and said first, said
      second and said third temperature sensitive elements are temperature
      sensitive semiconductor diodes.
NUM  5.
PAR  5. A fluid flow system as defined in claim 4 wherein said circuit means
      responsive to said first and said second temperature sensitive diodes
      comprises a first differential amplifier having a first input terminal
      thereof connected to respond to changes in potential across said third
      temperature sensitive diode, a second input terminal thereof placed in
      series with a second potential source and connected to respond to changes
      in potential across said first temperature sensitive diode, and an output
      terminal thereof connected to the base electrode of said first heating
      transistor, and wherein said circuit means responsive to said second and
      said third temperature sensitive diodes comprises a second differential
      amplifier having a first input terminal thereof connected to respond to
      changes in potential across said third temperature sensitive diode, a
      second input terminal thereof placed in series with a third potential
      source and connected to respond to changes in potential across said second
      temperature sensitive diode, and an output terminal thereof connected to
      the base electrode of said second heating transistor.
NUM  6.
PAR  6. A fluid flow system as defined in claim 4 wherein said circuit means for
      comparing said first and said second current signals comprises a third
      differential amplifier having a first input terminal thereof connected to
      respond to changes in the collector-to-emitter current of said first
      heating transistor and a second input terminal thereof connected to
      respond to changes in the collector-to-emitter current of said second
      heating transistor.
NUM  7.
PAR  7. A fluid flow system as defined in claim 6 wherein said circuit means for
      squaring said difference signal comprises a squaring amplifier.
NUM  8.
PAR  8. A fluid flow system as defined in claim 7 wherein said constant number
      of degrees is about 30.degree. C.
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ABST
PAL  A gage mechanism for determining the level of a liquid, comprising a
      measuring means joined to a liquid level indicating device, a floating
      stilling chamber circumscribing the periphery of the liquid level
      indicating device, said stilling chamber having walls extending above wave
      action of the liquid, and vertical guide means for controlling lateral
      movement of the chamber at all levels at which the liquid level is to be
      measured.
BSUM
PAR  This invention relates to liquid level measuring devices. More
      particularly, this invention is concerned with an improvement in liquid
      level measuring devices which suppresses the effect of wave action on the
      measuring of a liquid level.
PAR  There are many instances where it is important that the level of a liquid
      be known with relatively good accuracy. Thus, the level of lakes, rivers
      and reservoirs must often by known so that various water control programs
      can be operated effectively, such as for flood control, irrigation and
      hydro-electric power generation. It is also important to know the water
      level in water storage towers as well as the liquid level in tanks used
      for storing oil and other organic liquids such as gasoline, kerosene,
      alcohol and the like. Turbulent liquids, or liquids with low boiling
      temperatures, such as liquefied natural gas, cause particular gauging
      problems because of their unsteady surface.
PAR  One way in which the liquid level is presently determined is by use of a
      float on the liquid. The float is connected to a measuring wire or tape
      which is then fed to a suitable gage head where the height of the liquid
      level can be read off directly by observing markings on the tape or wire.
      Such a measuring system provides accurate readings for a liquid level only
      when the liquid level is free of waves. This is true even in those
      instances where vertical movement of the float is guided by wires or rods
      which extend upright into and above the liquid level to thus prevent the
      float from being displaced laterally by wave or wind action.
PAR  Other devices are sometimes used in place of a float to determine the
      location of the liquid level. Some of these devices are temperature
      sensors, thermal and electrical conductivity devices, and liquid
      displacers. All such devices, however, require elimination of wave action
      against the device to obtain an accurate indication of the liquid level.
PAR  To prevent wave action from interfering with a liquid level indicating
      device, it has been common to put the device in a large diameter vertical
      pipe which communicates with the liquid and which extends from an
      anticipated low liquid level to a high liquid level. The pipe provides a
      stilling chamber containing the liquid in which the liquid level
      indicating device is essentially unaffected by wave action. While such a
      system performs satisfactorily it is often expensive since the pipes
      sometimes must be 100 feet or more long and must at times be made of
      costly metal alloys. There is thus a need for simple, less expensive means
      for protecting a liquid level indicating device from wave action so that
      accurate measuring can be achieved.
PAR  According to the present invention, there is provided a gage mechanism for
      measuring liquid level comprising a measuring means joined to a liquid
      level indicating device, a floating stilling chamber circumscribing the
      periphery of the liquid level indicating device, said stilling chamber
      having walls extending above wave action of the liquid level, and vertical
      guide means for controlling lateral movement of the floating stilling
      chamber at all liquid levels at which it is to be used. For most suitable
      results the stilling chamber walls project about one wave height or more
      below a steady liquid level to thereby prevent wave action from affecting
      the liquid level indicating device.
PAR  The vertical guide means advisably comprises at least two equally
      spaced-apart wires which extend for a height at least equal to the maximum
      and minimum liquid levels to be measured. The floating stilling chamber is
      vertically slidable on the wires. It is, in addition, desirable that
      another spaced-apart set of wires be positioned within the floating
      stilling chamber and that the liquid level indicating device to be
      vertically slidable thereon and be guided thereby to center it within the
      chamber.
PAR  The floating stilling chamber can be open at the top and the bottom and be
      in the shape of a vertically positioned shell. The shell can be circular
      in horizontal cross-section or any other suitable shape. However, the
      chamber can have a bottom wall, provided there is an opening to the inside
      of the chamber which permits the same liquid level inside as well as
      outside of the chamber.
DRWD
PAR  The invention will be described further in conjunction with the attached
      drawings, in which:
PAR  FIG. 1 is a vertical sectional view through a storage tank for a liquid,
      such as oil or a liquefied gas having a liquid level gage mechanism;
PAR  FIG. 2 is a partial vertical sectional view showing the gage mechanism with
      a float as the liquid level indicating device, and the floating stilling
      chamber used in the tank of FIG. 1; and
PAR  FIG. 3 is a view like FIG. 2 but with the stilling chamber having a bottom
      wall.
PAR  So far as is practical, the same parts or elements which appear in the
      different views of the drawings will be identified by the same numbers.
DETD
PAR  The tank 100 shown in FIG. 1 has a metal outer bottom 10 and an outer
      vertical cylindrical circular wall 11 on which domed roof 12 is supported.
      Load bearing insulation 13 is placed on the inner surface of outer bottom
      10. Inner tank bottom 14 is supported by insulation 13. Inner tank shell
      15 is joined at its lower edge to the peripheral edge of inner bottom 14.
      Insulation 16 is positioned between the outer wall 11 and the inner wall
      15.
PAR  Metal deck 17 is suspended by rods 18 from domed roof 12. Insulation 19 is
      placed on the deck 17 to insulate the storage space beneath the deck so
      that the tank can be used for storing a liquefied gas at a low
      temperature, such as liquefied natural gas at -260.degree.F. and 15 psia.
      Pipe 50 is used to feed liquid to the tank and to remove it therefrom.
      Pipe 51 communicates with the tank liquid storage space and is used to
      remove vapor therefrom or to add a gas during tank emptying.
PAR  The gage mechanism 20 mounted on the tank 100 shown in FIG. 1 has a guide
      pipe 21 which communicates at its bottom end with gage head 22 and at its
      top end with an opening in the domed tank roof 12. Knuckles 23 in pipe 21
      contain pulleys (not shown) on which measuring tape 24 rides. The
      measuring tape 24 is joined at its lower end to a reel mechanism (not
      shown) mounted in gage head 22. The liquid level in the tank 100 is read
      by observing a measurement or marking on the measuring tape through the
      gage head 22.
PAR  As shown in FIGS. 1 and 2, floating stilling chamber 30 has a vertical
      cylindrical circular wall 31. The wall 31 can be made of a material less
      dense than the liquid, or it can be made of a more dense material and a
      buoyancy chamber or float attached to it. Laterally projecting tabs 32 are
      provided with holes to receive the guide wires 33 and 34. The guide wires
      33 and 34 are attached at their upper ends to the inside surface of domed
      roof 12. The bottom ends of guide wires 33 and 34 are attached to weight
      35 which hangs just above the inner tank bottom 14. Lateral motion of the
      weight 35 is prevented by restraining flanges 36 which extend upwardly
      from the inner tank bottom 14. In this way expansion and contraction with
      changes in temperature of the guide wires 33 and 34 can be accommodated
      without over-stressing the wires and causing them to break.
PAR  Float 37 is attached to measuring tape 24. Float guide wires 38 and 39 pass
      through holes in tabs 40 on float 37. The guide wires 38 and 39 are
      attached at their upper ends to the inner surface of domed roof 12 and at
      their lower ends to weight 35. In this way lateral movement of float 37 is
      prevented, and the float 37 is maintained centered in floating stilling
      chamber 30.
PAR  As shown in FIG. 2 the floating stilling chamber guide wires 33 and 34 are
      parallel to one another and the float guide wires 38 and 39 are parallel
      to each other and to the chamber guide wires.
PAR  The floating stilling chamber 30 is advisably made of a height and to float
      so that its top extends above the liquid level higher than any expected
      waves. Furthermore, the chamber cylinder is made of such a length that it
      extends below the liquid level surface a distance equal to at least one
      wave height. The floating stilling chamber as provided and illustrated
      prevents wave action from affecting the float 37 within the floating
      stilling chamber 30. The floating stilling chamber is independent of the
      float and can float up and down with liquid level change without wave
      action interfering with accurate liquid level measurements at any time.
      The guide wires 33 and 34 prevent the floating stilling chamber from
      rocking action due to waves and horizontal displacement or any other
      motion which might generate waves on the liquid surface within the
      stilling chamber.
PAR  With reference to FIG. 3, the floating stilling chamber 50 has a vertical
      cylindrical circular wall 51 which is joined to a bottom wall 52. The
      bottom wall 52 has holes 53 through which the float guide wires 38 and 39
      are threaded. The holes 53 are made large enough so that liquid can flow
      in and out of the floating stilling chamber 50 to maintain the same liquid
      level inside as well as outside of the chamber.
PAR  Although the gage mechanism device with the floating stilling chamber has
      been illustrated with respect to use in a tank, the same mechanism can be
      used for measuring the liquid level of open bodies of liquid, such as
      lakes, rivers, reservoirs and oceans.
PAR  It should also be understood that any other liquid level indicating device
      besides a float can be used in practicing the invention. Such other
      devices will also give accurate liquid level readings when positioned in
      the stilling chamber where wave action is avoided.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gage mechanism for determining the level of a liquid, comprising:
PA1  a measuring means joined to a liquid level indicating device;
PA1  a floating wave stilling chamber circumscribing the periphery of the liquid
      level indicating device, said stilling chamber having walls extending
      above wave action of the liquid, said floating stilling chamber having at
      least one opening in the top and in the bottom; and
PA1  vertical guide means for controlling lateral movement of the chamber at all
      levels at which the liquid level is to be measured.
NUM  2.
PAR  2. A gage mechanism according to claim 1 in which the stilling chamber
      walls project at least one wave height below the liquid level.
NUM  3.
PAR  3. A gage mechanism for determining the level of a liquid, comprising:
PA1  a measuring means joined to a gage float which floats on liquid;
PA1  a floating wave stilling chamber circumscribing the periphery of the gage
      float, said stilling chamber having walls extending above wave action of
      the liquid, said floating stilling chamber having at least one opening in
      the top and in the bottom; and
PA1  vertical guide means for controlling lateral movement of the chamber at all
      levels at which the liquid is to be measured.
NUM  4.
PAR  4. A gage mechanism according to claim 3 in which the stilling chamber
      walls project at least one wave height below the liquid level.
NUM  5.
PAR  5. A gage mechanism according to claim 3 in which the vertical guide means
      includes at least two equally spaced-apart guides which extend for at
      least the height of the liquid to be measured and the chamber is
      vertically slidable thereon.
NUM  6.
PAR  6. A gage mechanism according to claim 5 in which at least two equally
      spaced-apart guides are positioned within the chamber and the float is
      vertically slidable thereon and is guided thereby to center it within the
      chamber.
NUM  7.
PAR  7. A gage mechanism according to claim 3 in which the chamber is
      substantially completely open at the top and bottom.
NUM  8.
PAR  8. A gage mechanism according to claim 3 in which the chamber has a bottom
      wall and the opening in the chamber permits the same liquid level inside
      and outside of the chamber.
NUM  9.
PAR  9. A tank having a gage mechanism for determining the liquid level in the
      tank;
PA1  said gage mechanism comprising a measuring means joined to a liquid level
      indicating device;
PA1  a floating wave stilling chamber circumscribing the periphery of the liquid
      level indicating device, said stilling chamber having walls extending
      above wave action of liquid in the tank, said floating stilling chamber
      having at least one opening in the top and in the bottom, and
PA1  vertical guide means in the tank for controlling lateral movement of the
      chamber in the tank at all liquid levels in the tank.
NUM  10.
PAR  10. A tank according to claim 9 in which the stilling chamber walls project
      at least one wave height below the liquid level.
NUM  11.
PAR  11. A tank having a gage mechanism for determining the liquid level in the
      tank;
PA1  said gage mechanism comprising a measuring tape joined to a gage float
      which floats on liquid in the tank;
PA1  a floating stilling chamber circumscribing the periphery of the gage float,
      said stilling chamber having walls extending above wave action of liquid
      in the tank, said floating stilling chamber having at least one opening in
      the top and in the bottom, and
PA1  vertical guide means in the tank for controlling lateral movement of the
      chamber in the tank at all liquid levels in the tank.
NUM  12.
PAR  12. A tank according to claim 11 in which the stilling chamber walls
      project at least one wave height below the liquid level.
NUM  13.
PAR  13. A tank according to claim 11 in which the vertical guide means includes
      at least two equally spaced-apart guides which extend for at least the
      liquid storage depth of the tank and the chamber is vertically slidable
      thereon.
NUM  14.
PAR  14. A tank according to claim 13 in which at least two equally spaced-apart
      guides are positioned within the chamber and the float is vertically
      slidable thereon and is guided thereby to center it within the chamber.
NUM  15.
PAR  15. A tank according to claim 11 in which the chamber is substantially
      completely open at the top and bottom.
NUM  16.
PAR  16. A tank according to claim 11 in which the chamber has a bottom wall and
      the opening in the chamber permits the same liquid level inside and
      outside of the chamber.
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PAL  A rod and tube thermosensing device adapted for high temperature use has a
      first rod member comprising a rod of refractory metal having a metal
      cladding thereon which protects the refractory metal against excessive
      oxidation and which cooperates with the rod of refractory metal in
      providing the first member with a relatively low effective coefficient of
      thermal expansion. This first rod member is coaxially disposed in a tube
      of a metal of relatively higher coefficient of thermal expansion and has
      one end of the rod member secured to a corresponding end of the tube,
      whereby the opposite ends of the first rod member and tube are free to
      move relative to each as an indication of the temperature to which the
      device is subjected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of temperature sensing and control and
      more particularly to an improved differential displacement thermosensing
      device.
PAR  Among the most practical and advantageous thermosensing devices which
      operate on the differential displacement principle is the rod-and-tube
      thermostat. This device has a rod positioned concentrically within a tube
      and rigidly attached to the tube at one end of each. The tube and rod are
      constituted of dissimilar metals of significantly differing thermal
      coefficients of expansion so that on change of temperature, the relative
      displacement between the free end of the tube and the free end of the rod
      can be utilized for measurement and control purposes.
PAR  Rod-and-tube differential displacement thermosensing devices have proved to
      be practically useful in numerous applications. A relatively new
      application for which rod-and-tube thermostats are particularly well
      adapted is in measurement and control of the temperature of catalytic
      converters or afterburners in automotive exhaust systems. Since the
      catalyst utilized in these systems is adversely affected by excessive
      temperatures, it is important to provide systems for both alerting the
      driver to a high-temperature condition and automatically controlling the
      exhaust temperature so as to avoid damage to the catalyst before
      appropriate adjustments or maintenance necessary to eliminate the cause of
      high temperatures can be performed. The thermal response of the
      rod-and-tube thermostat probe may be used, for example, as an indication
      of excessive temperature which can be transmitted to the dashboard for
      warning the driver, and as a means for initiating automatic control action
      such as opening a valve to permit flow of outside air over the catalyst to
      cool it.
PAR  In order to provide reliable and sensitive temperature indication and
      control, the rod and the tube members of the differential displacement
      thermosensing device should have coefficients of thermal expansion which
      differ as widely as possible. For fabrication purposes, it is also
      desirable that the materials from which the device is produced have good
      workability and be readily welded or brazed to provide for a rigid
      attachment at positions on each member of the device.
PAR  For reliability over an extended period of operation, it is also important
      that the materials from which the thermosensing device is fabricated be
      resistant to both corrosion and mechanical deterioration. It is especially
      important that both the rod and tube of a rod-and-tube thermosensing
      device be resistant to creep so that the device consistently and
      repeatably provides the same indication and control function at a given
      temperature in the environment in which it is utilized. Because of the
      high temperatures and potentially corrosive atmospheres prevailing in the
      catalytic converter chamber of an automotive exhaust system, corrosion
      resistance and creep strength represent demanding and difficult critera
      for a rod-and-tube thermostat to be used in such a system.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the present invention, therefore, may be noted
      the provision of an improved differential displacement thermosensing
      device, in particular one of the rod-and-tube type; the provision of such
      a device which provides a reliable and repeatable response to variations
      in temperature of the environment in which the device is used; the
      provision of such a device which may be readily fabricated from relatively
      low-cost materials; and the provision of such a device whose members are
      resistant to corrosion and creep at temperatures through 2,000.degree.F.
      Other objects and features will be in part apparent and in part pointed
      out hereinafter.
PAR  The present invention, therefore, relates to an improvement in a
      differential displacement thermosensing device comprising a first member
      free at one end thereof and rigidly attached at another position
      therealong to a second member whose dimensional response to a change in
      temperature differs from that of the first member, the second member
      including a free end whose displacement from the free end of the first
      member varies with and thereby senses the temperature of the device. In
      this improvement the first member comprises a core of a material whose
      coefficient of thermal expansion differs from that of the second member. A
      corrosion-resistant ductile metal cladding on the core protects the core
      from deterioration in an environment in which the device may be used. The
      dimensions of the cladding and the strength of its constituent metal are
      such that, in the direction of temperature-sensing displacement, any
      mechanical strain in the first member resulting from differences between
      the thermal coefficient of expansion of the core and that of the cladding
      occurs predominantly in the cladding and not in the core.
PAR  The invention is particularly directed to a rod-and-tube thermosensing
      device where the rod has a core of a refractory metal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section illustrating a rod-and-tube thermosensing
      device made in accordance with the invention;
PAR  FIG. 2 is a schematic and longitudinal sectional view illustrating a method
      of cladding a tungsten core to provide a clad rod of the type useful in
      the device of the invention; and
PAR  FIG. 3 is a longitudinal sectional view illustrating a method for cladding
      a tantalum, molybdenum or niobium core to provide a rod useful in the
      device of the invention.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Refractory metals have been found to be highly advantageous materials of
      construction for one member of the differential displacement thermosensing
      device. Particular metals which are suitable for this purpose include
      tungsten, molybdenum, tantalum, niobium and certain alloys of these metals
      with one another and with other metals such as titanium and zirconium.
      Useful alloys include an alloy consisting of 90% by weight tantalum and
      10% by weight tungsten, and alloy TZM comprising molybdenum alloyed with
      0.5% by weight titanium and 0.08% by weight zirconium and containing
      0.015% by weight carbon. The unalloyed elemental refractory metals are
      generally preferred, however, since they are more readily workable than
      the alloys.
PAR  Refractory metals and their alloys retain their strength and creep
      resistance at elevated temperatures (through 2,000.degree.F.) and may be
      fabricated by working, welding or brazing. They are especially
      advantageous in a differential displacement thermosensing device because
      they exhibit very low coefficients of thermal expansion. If a refractory
      metal member is used in conjunction with another member having a high
      thermal coefficient of expansion, the thermosensing device constructed
      therefrom exhibits a high rate of differential thermal expansion with
      respect to temperature.
PAR  Refractory metals, however, suffer from the disadvantage of poor resistance
      to oxidation. If the refractory metal, as such, is used as the material of
      construction of one member of a rod-and-tube or other differential
      displacement thermosensing device, therefore, it undergoes oxidation at
      elevated temperatures which leads to its deterioration and ultimately to
      its destruction.
PAR  In accordance with the present invention, it has been discovered that a
      refractory metal may be used for the core of the rod member of a
      rod-and-tube thermosensing device and this core protected against
      oxidation by a cladding of a ductile corrosion-resistant metal. Although
      most satisfactory corrosion-resistant cladding materials have coefficients
      of thermal expansion substantially higher than that of the refractory
      metals, the selection of a cladding material having a sufficiently low
      strength at operating temperatures avoids any significant deleterious
      effect on the sensitivity or repeatability of the device due to the
      cladding's tendency to expand rapidly in response to temperature. If the
      thickness of the cladding is relatively small relative to the thickness of
      the core, and the strength of the constituent metal of the cladding is
      relatively low, any longitudinal mechanical strain in the rod resulting
      from differences between the thermal coefficient of expansion of the core
      and that of the cladding occurs predominantly in the cladding and not in
      the core, and the dimensional response to temperature of the rod is not
      substantially different from that of the core in the absence of the
      cladding. As a result, a measurable change in displacement is provided
      between the free end of the rod and the free end of the tube if the tube
      comprises a relatively high coefficient of expansion material.
PAR  A cladding material which has been found to be highly effective in
      protecting refractory metals from oxidation in the typical environment in
      the converter chamber of an automotive exhaust system, is a ferrite
      stainless steel designated at "Type 430."   Type 430 stainless steel
      contains about 17% by weight chromium, up to about 0.12% by weight carbon
      and the balance essentially iron. At elevated temperatures in an oxidizing
      atmosphere, 430 stainless steel forms a tightly adherent protective film
      of chromic oxide. It has a high ductility and low strength at temperatures
      in the range of 1,500.degree.-2,000.degree.F.
PAR  Where the rod core is a refractory metal, the tube member of the
      thermosensing device is desirably a relatively high coefficient of thermal
      expansion material. It has been found that a high expansion metal which is
      resistant to corrosion by automotive exhaust gases and retains its creep
      strength at temperatures through 2,000.degree.F. is that designated as
      Type 800 stainless steel. Type 800 stainless steel consists of
      approximately 32% by weight nickel, approximately 25% by weight chromium,
      approximately 46% by weight iron, approximately 0.04% by weight carbon,
      approximately 0.4% by weight titanium, and approximately 0.4% by weight
      aluminum. 800 stainless steel has a coefficient of thermal expansion of
      10.1 .times. 10.sup..sup.-6 at 1,700.degree.F. and in addition to its
      creep strength, exhibits good oxidation resistance, good weldability, and
      excellent resistance to cracking under thermal cycling conditions. In
      particular, this alloy does not become embrittled by sigma phase
      precipitation.
PAR  FIG. 1 shows a rod-and-tube thermosensing device of the type described
      above. Rod 1 has a refractory metal core 3 clad with a jacket 5 of type
      430 stainless steel. Rod 1 is concentrically positioned within tube 7 of
      800 stainless steel and rigidly attached thereto at 9 as by welding or
      brazing. Free ends 11 and 13 of rod 1 and tube 7, respectively, expand in
      response to increases in temperature. The differential displacement
      between these ends provides an indication of temperature and may be used
      to operate and/or initiate operation of a control valve or other
      temperature control device. The rod-and-tube device of FIG. 1 is readily
      fabricated and the cost of its constituent materials is sufficiently low
      to make the device attractive as a thermostat probe for catalytic
      converters in automotive exhaust systems.
PAR  FIGS. 2 and 3 illustrate methods of cladding the rod of the device shown in
      FIG. 1. FIG. 2 is directed to the method of cladding tungsten, while FIG.
      3 shows the cladding of tantalum, niobium or molybdenum. Each of the
      refractory metals has a body centered cubic crystal structure and
      undergoes a ductile brittle transition as the temperature is lowered. At
      temperatures in the brittle range, forming and fabricating are generally
      impractical. Molybdenum, niobium and tantalum have relatively low
      transition temperatures and can be worked at room temperature. Tungsten,
      however, has a transition temperature of about 600.degree. F. and is
      preferably worked at temperature on the order of 1200.degree. F. To avoid
      oxidation during working, tungsten is preferably worked in a controlled
      atmosphere, e.g., in hydrogen.
PAR  The following examples illustrate the invention:
PAC  EXAMPLE 1
PAR  Referring to FIG. 2, at 5a is shown a Type 430 stainless steel capsule
      provided with a 430 stainless steel plug 6 welded in one of its ends. The
      capsule was 0.385 inch in diameter by 7 inches long, and had a wall
      thickness of 0.025 inch. A tungsten core, 0.312 inch in diameter by 41/2
      inches long, was inserted in the capsule. A nozzle 15, having a flange 17
      and a nipple 19, was then welded into the end of the capsule into which
      the tungsten core had been inserted. The common port of a three-way valve
      21 was then connected to the outer end of nipple 19, and a hydrogen supply
      line 23 and vacuum line 25 were respectively connected to the other ports
      of valve 21. Capsule 5a was evacuated through line 25 and back-filled with
      hydrogen under positive pressure through line 23. The capsule was then
      sealed and hot-swaged at 1,200.degree.F. to an outside diameter of 0.093
      inch providing a clad rod having a 430 stainless steel cladding 10 mils
      thick metallurgically bonded to the tungsten core. Excess 430 stainless
      steel cladding material was then removed from the ends and the rod was
      then cut into the desired lengths for the rod of a rod-and-tube
      thermostat. Each length of rod was concentrically inserted in an 800
      stainless steel tube closed at one end, having an outside diameter of
      0.175 inch and an inside diameter of 0.097 inch. Using a tungsten inert
      gas-welding system, the rod and tube were welded together at the closed
      end of the tube and the free end of the tube was fused to seal the
      cladding over the free end of the core.
PAC  EXAMPLE 2
PAR  Referring to FIG. 3, a molybdenum core 0.312 inch in diameter by 41/2
      inches long, was inserted in 430 stainless steel capsule 5c which was
      0.385 inch in diameter by 7 inches long. The ends of capsule 5c were then
      swaged as shown at 27 and 29 to avoid sliding of the core within the
      capsule. The entire capsulecore assembly was then swaged to an outside
      diameter of 0.093 inch, causing a metallurgical bond to be formed between
      the 430 stainless steel cladding and the molybdenum core. Excess stainless
      steel was then trimmed off the ends to provide a rod which was utilized to
      fabricate rod-and-tube thermosensing devices in the manner described in
      Example 1.
PAR  Rod-and-tube thermosensing elements as described above have been tested by
      subjecting them to 1000 hours of cycling between 1,000.degree.F. and
      1,800.degree.F. At the conclusion of such tests, no evidence of
      dimensional change has been noted.
PAR  Although the materials referred to above have been found to be especially
      advantageous in a rod-and-tube thermosensing device designed for use in
      the catalytic converter unit of an automobile exhaust system, other
      combinations of materials may be more appropriate in other environments.
      The essential characteristics of the cladding material are that it be
      resistant to corrosion in the environment in which the device is to be
      used and that its dimensions and strength be such that, in the direction
      of thermosensing displacement, any mechanical strain resulting from
      differences between the thermal coefficient of expansion of the cladding
      and that of the core occur predominantly in the cladding, and not in the
      core.
PAR  In accordance with the invention, a corrosionresistant cladding may also be
      provided for the tube member of a rod-and-tube thermosensing device. If
      only one of the two dissimilar metals used as differential expansion
      materials in such a device is subject to corrosion in the environment in
      which it is to be used, however, it is preferable that the material
      susceptible to corrosion be used as a core for the rod rather than for the
      tube.
PAR  Although the rod-and-tube configuration is the most practical differential
      displacement thermosensing device for many applications, it will be
      understood that the principle embodied in this invention is applicable to
      other differential displacement thermosensing devices such as, for
      example, parallel rods or other elongate members rigidly attached to one
      another at one end of each and free at the other.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A temperature thermosensing device useful at a temperature above
      approximately 1,000.degree.F. comprising a first rod member having a core
      constituted by a core rod of a refractory metal selected from the group
      consisting of tungsten, tantalum, molybdenum, niobium and alloys thereof
      and having a metal cladding of a selected thickness metallurgically bonded
      to the core rod for protecting the core metal from oxidation and for
      adapting the first member to undergo dimensional change of a selected
      degree in response to change in temperature, and a second tube member of a
      metal having a relatively greater coefficient of thermal expansion than
      the selected refractory core metal adapting the second member to undergo
      relatively greater dimensional change than the first member in response to
      said temperature change, the second member being disposed in spaced
      coaxial surrounding relation to the first member, the first member having
      a first end thereof secured to a corresponding first end of the second
      member and having its opposite end free to move relative to the
      corresponding opposite end of the second member as an indication of the
      temperature to which the device is subjected.
NUM  2.
PAR  2. A device as set forth in claim 1 wherein the cladding metal is selected
      to display low strength relative to the core metal when the first member
      is heated to a selected temperature and wherein the thickness of the
      cladding is selected relative to the relative cross-sectional size of the
      core rod and to the coefficients of thermal expansion of the core and
      cladding metals so that the first member undergoes a selected dimensional
      change when heated to said selected temperature substantially
      corresponding to the dimensional change that would be displayed by the
      core rod alone when heated to said selected temperature.
NUM  3.
PAR  3. A device as set forth in claim 2 wherein the cladding metal comprises a
      stainless steel consisting essentially of approximately 17 percent by
      weight chromium, up to about 0.12 percent by weight carbon, and the
      balance essentially iron.
NUM  4.
PAR  4. A elevated temperature thermosensing device for use in a corrosive
      environment comprising a first rod member having a core constituted by a
      core rod of a refractory metal selected from the group consisting of
      tungsten, tantalum, molybdenum, niobium and alloys thereof and having a
      metal cladding metallurgically bonded to the core enclosing all surfaces
      of the core for protecting the core metal from oxidation, the cladding
      metal comprising a stainless steel consisting essentially of approximately
      17 percent by weight chromium, up to about 0.12 percent by weight carbon
      and the balance essentially iron having a low strength relative to the
      core metal at a selected temperature, the cladding having a thickness
      selected relative to the cross-sectional size of the core rod and to the
      coefficients of thermal expansion of the cladding and core metals so that
      the first member undergoes a selected dimensional change when heated to
      said selected temperature substantially corresponding to the dimensional
      change that would be displayed by the core rod alone when heated to said
      selected temperature, and a second tube member of a stainless steel
      consisting essentially of, by weight, about 32 percent nickel, about 20.5
      percent chromium, about 46 percent iron, about 0.04 percent carbon, about
      0.4 percent titanium, and about 0.4 percent aluminum so that the second
      member undergoes relatively greater dimensional change than the first
      member when heated to said selected temperature, the second member being
      disposed in coaxial surrounding relation to the first member, the first
      member having a first end secured to a corresponding first end of the
      second member and having the opposite end of the first member free to move
      relative to the corresponding opposite ends of the second member as an
      indication of the temperature to which the device is subjected.
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PAL  An ultrasonic pressure test method and apparatus that utilizes a
      reflectoscope, and an oscilloscope and an ultrasonic crystal and wherein
      the length of time that it takes for an echo to be returned is measured to
      provide a method and means for measuring and using the ultrasonic readings
      to determine whether the contents or pressure of a bottle, container or
      other member is proper or of the desired or safe quantity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The present invention relates to ultrasonic pressure testing devices and a
      method of utilizing the same.
PAC  SUMMARY OF THE INVENTION
PAR  A method and means for using ultrasonic energy to test gas pressure in
      modules, bottles, pressure tanks, air conditioning systems, or any other
      suitable members is provided. With the present invention, a reflectoscope
      and an oscilloscope are electrically connected to an ultrasonic crystal,
      and wherein the crystal is arranged in engagement with the pressure bottle
      or other member being tested so that the user can measure the time
      utilized in passing sound thru a member in order to determine the
      condition of the member or unit being tested.
PAR  The primary object of the present invention is to provide a method and
      means for testing using ultrasonic energy wherein signals are passed thru
      a member or unit being tested and returned so that the lapsed time is
      measured and determined in order to provide an exact and useful reading
      for determining the contents or condition of the unit or member being
      tested.
PAR  Still another object of the present invention is to provide an ultrasonic
      pressure test method and apparatus that is relatively simple and
      inexpensive to utilize or carry out and which is generally easy to
      operate.
PAR  Other objects and advantages will become apparent in the following
      specification when considered in the light of the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view illustrating the test apparatus of the
      present invention;
PAR  FIG. 2 is a schematic view illustrating the present invention;
PAR  FIG. 3 is a perspective view showing a bottle or container being tested and
      illustrating the ultrasonic crystal connected thereon;
PAR  FIG. 4 is a fragmentary perspective view illustrating a remote location
      being tested by using an elongated member;
PAR  FIGS. 5 through 11 are schematic views illustrating typical wave patterns;
      and
PAR  FIG. 12 is a perspective view illustrating a modified form of the present
      invention wherein there is provided a portable ultrasonic pressure test
      device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, the numeral 30 indicates an
      ultrasonic crystal which is adapted to be used for or in conjunction with
      other elements for measuring or testing pressure in a bottle, or the like
      as indicated by the numeral 31 in FIG. 3. The test apparatus is indicated
      generally by the numeral 41 in FIGS. 1 and 2.
PAR  As shown in the drawings, the test apparatus 41 consists of a reflectoscope
      32 and oscilloscope 34. The reflectoscope 32 has the ultrasonic crystal 30
      connected thereto as by means of a cable 33. The oscilloscope 34 and
      reflectoscope 32 are electrically connected together by means of cables or
      lines 35 and 36.
PAR  Referring now to FIG. 4 of the drawings, the numeral 38 illustrates a means
      whereby members such as the bottle 37 can be tested at a remote location
      and for this purpose, an elongated rod 38 is provided that is adapted to
      have the cable 33 wrapped therearound, and the rod 38 has an angularly
      arranged end portion 39 so that the ultrasonic crystal 30 can be
      positioned in the desired location relative to the member 37 being tested.
      The rod 38 may have a hand gripping portion 40 for facilitating the manual
      manipulation thereof.
PAR  Referring now to FIGS. 5 through 11 of the drawings, there is illustrated
      typical wave patterns and the numerals 42, 43, 44, 45, 46, 47 and 48
      generally indicate these particular figures.
PAR  Attention is now directed to FIG. 12 of the drawings, wherein the numeral
      49 indicates a modified or alternative form of the present invention that
      is in the form of a portable device that has the ultrasonic crystal 50
      connected thereto by means of a cable 51, and the device 49 may have a
      handle 52 thereon for facilitating the carrying of the device.
PAR  From the foregoing, it will be seen that there has been provided an
      ultrasonic pressure test device and method for use with the parts arranged
      as shown in the drawings; when the pressure on a member such as the bottle
      31 of FIG. 3 is to be tested, the ultrasonic crystal 30 is arranged as
      shown and the apparatus will give a reading on the instruments as to the
      lapsed time for the echo to bounce off of the member or substance being
      tested whereby the user can determine the pressure or contents in the
      member such as the bottle 31.
PAR  The parts can be made of any suitable material and in different shapes or
      sizes as desired or required.
PAR  FIG. 12 illustrates a variation or modification which is in the form of a
      hand held portable ultrasonic tester that is indicated by the numeral 49.
      The device of the present invention can be used for determining the Freon
      pressure in a closed air conditioning system wherein the device will save
      refrigeration repairmen considerable time. As an example, a service man
      testing air conditioners may have a tester together with a booklet having
      the various model numbers and/or sizes printed therein and opposite the
      same will be the Freon pressure which the unit contained when delivered
      from the manufacturer. The service man would merely place the crystal on
      the line and by the reading registered on the tester, would quickly
      ascertain by checking the book whether or not additional Freon was needed.
PAR  With further reference to the hand held portable ultrasonic tester 49, this
      device may have self-contained batteries for power or may be plugged into
      a standard outlet. It incorporates integrated circuitry, and measures the
      time interval between an initial "output" pulse and the return echo. Peak
      return may be shown on a digital readout display in microseconds or any
      time indicating readout. Separate transmit and receive crystals can also
      be utilized.
PAR  Some of the uses of the present invention may be as follows: It has the
      capability to check pressures in pressure bottles such as bottles used to
      inflate automobile crash bags. It could also be used for determining
      liquid levels in tanks or bottles with or without content under pressure
      such as CO.sub.2 fire extinguishers (used from the bottom to the top of
      the liquid level) or as depth meters. The device can also be used to
      determine the Freon pressure in a closed air conditioning system without
      breaking open the system.
PAR  With further reference to the device 49 shown in FIG. 12, the number 53 can
      indicate a green "OK" light, and the numeral 54 may be a red "NO-GO"
      light. The numeral 55 indicates an "ON-OFF" switch and the numeral 56
      indicates a peaking adjustement knob. The numberal 57 indicates a cord
      outlet, or the device may be of the self-contained battery powered type.
      The numeral 58 indicates a digital readout unit that indicates in
      microseconds the desired information. The cable 51 may have a suitable
      length such as three feet long, and may be in the form of a coaxial cable
      with the ultrasonic crystal 50 thereon as shown in the drawings.
PAR  It will be noted that much of the equipment involved or used is
      conventional, such as the reflectoscope and oscilloscope. In addition to
      the previously described purposes of the present invention, the device can
      be used for checking out air conditioning by a service man whether in the
      home or large commercial installations.
PAR  FIG. 3 illustrates how the ultrasonic crystal 30 is placed on a convenient
      location on the cylinder portion of a pressure source bottle 31. This
      operation can be accomplished in an aircraft, for example, as well as on
      the bench with identical results. A small amount of petroleum jelly placed
      between the crystal 30 and the bottle 31, or between the crystal 30 of
      FIG. 4 and the bottle 37, is used to transmit the sound wave into the
      bottle. A light pressure is required to maintain the crystal in position.
      Rocking the crystal back and forth will not affect the accuracy of the
      reading appreciably, but it will affect the amplitude of the signal. In
      order to get a good strong signal, it may be necessary to try several
      spots on the bottle until one spot is found which will give satisfactory
      results. If a pressure source bottle has no pressure in it at all, no
      reading will be obtained, because it takes too long for the echo to return
      to be measured. This provides a failsafe device for preventing erroneous
      readings from being obtained.
PAR  As shown in the drawings, the equipment required to perform the ultrasonic
      testing may consist of a reflectoscope 32 that is of the type that is
      readily available wherever ultrasonic testing is being accomplished. The
      crystal is connected to the receiving section of the reflectoscope at a
      frequency such as a frequency of 2.25 megacycles, and is employed to
      perform the test.
PAR  In actusl use, the leads may be tapped off the back side of the
      reflectoscope 32 and introduced into an oscilloscope such as the
      oscilloscope 34, and any standard delay function oscilloscope can be used
      for this job. For example, a Hewlett Packard oscilloscope can be used, but
      it is to be understood that the present invention is not limited to any
      specific type of such equipment. The 2.25 megacycle ultrasonic crystal,
      such as the crystal 30, and appropriate hookup cables are also used with
      this equipment. The output signals from the reflectoscope 32 are tapped
      off the back at the plug provided thereon and a suitable ground connection
      or the like may be provided. The parts can be arranged to trigger the
      sweep on the screen and the output from the reflectoscope may be routed by
      means of a cable to the vertical amplifier section of the oscilloscope 34.
      The purpose in utilizing the two pieces of equipment is for the
      reflectoscope 32 to produce the basic sonic pulse sent through the bottle
      such as the bottle 31, and the oscilloscope is used to conveniently and
      accurately measure the return echo. By utilizing a delay digital rheostat
      on the oscilloscope, a very accurate determination of the actual time
      required from the initial pulse to the return echo can be determined, and
      will be shown displayed on the oscilloscope. By measuring the amount of
      time required from the initial impulse echo and comparing this time
      quantity to that of the table of allowable limits for a similar average
      bottle, will give a very good indication of the amount of pressure in that
      bottle and can be as accurate as plus or minus 20 PSI in 4000 PSI
      (one-half of 1 percent).
PAR  The actual microsecond time measurement is read from the "delay rheostat"
      knob 59 at the lower right hand side of the oscilloscope 34, after the
      "first return echo" has been properly positioned and expanded at the left
      side of the display screen. This is accomplished by rotating the "delay
      rheostat" 59 and "sweep multiplier" 60, FIG. 1. To obtain the signal with
      the impulse displayed as in FIG. 5 the delay rheostat 59 must be as close
      to "000.0" microseconds as possible. The signal will drop out (no trace at
      all) as "000.0" microsecond position is approached, and thus the delay
      rheostat knob 59 must be rotated clockwise until the trace reappears. The
      sweep multiplier 60 can be set at a proper setting such as 50 microseconds
      position. The final ultrasonic reading is taken by reading the delay
      rheostat knob 59 after having moved the first curve of the first return
      echo to the left side of the oscilloscope screen 61 as demonstrated in
      FIGS. 5 through 11.
PAR  The values indicated herein are approximate ultrasonic values to expect at
      a temperature such as 70.degree. Fahrenheit. The exact ultrasonic limits
      to be expected can be taken from suitable tables which may give the upper
      and lower acceptable limits for each type of bottle. The tables and
      accessories may be calibrated to compensate for readings at temperature
      variations and the like. However, in actual practice it is important that
      the inside of the bottles approach the proper temperature as close as
      possible so that when equipment is being tested, preferably the test
      temperature is achieved by permitting the parts to assume the proper test
      temperature for at least a couple of hours prior to conducting the test.
      The outside shell of a bottle such as the bottle 31 or 37 may be an
      excellent insulator and resist rapid temperature changes.
PAR  It will be noted that if the readings obtained from the bottles fall within
      the limits established on the table for that bottle, at the temperature
      the readings were taken, then the bottle passes the ultrasonic pressure
      test and its use may be continued. However, if the ultrasonic readings
      fall outside the allowable limits, the bottle must be pulled and the
      weight checked.
PAR  Thus, in conclusion, some of the problems that may be encountered are as
      follows: temperature may have an effect on the readings so that it is
      important to carefully monitor the temperature during the test and compare
      the test results with the ultrasonic readings to be expected at the
      temperature.
PAR  Also, machine warm-up is very important, since machine warm-up can affect
      as much as three microseconds difference in the ultrasonic readings and
      can best be accounted for by allowing the machine to warm up for one hour
      prior to conducting the test without unplugging the unit at any time
      during this period until readings have been taken.
PAR  Furthermore, occasionally, a bottle may fail to pass the ultrasonic test,
      but will pass the weight check. In this case, a bottle may be continued to
      be used in service and a careful notation of the ultrasonic reading should
      be made in the records. This reading can be compared with later readings
      and the bottle may not have to be unnecessarily removed a second time. The
      later consecutive readings should be within five microseconds of the
      initial reading, or the bottle is again to be pulled for a weight check.
PAR  FIG. 3 illustrates the ultrasonic crystal 30 placed on the cylinder portion
      of the bottle 31 and petroleum jelly may be used to transmit sound waves
      into the bottle.
PAR  When testing hard to reach equipment, an ultrasonic probe pole assembly and
      an ultrasonic test coaxial cable assembly may be used for ultrasonic
      pressure test procedures. The pole assembly including the member 38 shown
      in FIG. 4 can be used for performing ultrasonic tests of parts in remote,
      difficult to reach locations.
PAR  When testing fiberglas pressure sources, the present invention can be used
      to verify that fiberglas pressure sources are adequately charged. As
      previously noted the pressure sources should have been at tested
      temperatures within 3.degree.F for at least two hours prior to the test.
      Test preparation consists of gaining access to pressure sources and
      preparing test equipment for ultrasonic readings. Various parts can be
      moved in order to permit access to be gained thereto. Also, suitable
      procedures can be initially followed for setting up the test equipment,
      such as calibrating the test equipment. The reflectoscope 32 can be
      adjusted to obtain a response on the cathode ray tube screen using certain
      necessary initial control settings. The instruments are adapted to be
      synchronized when being used. The crystal such as the crystal 30 or the
      crystal 50 function as ultrasonic transducers. Petroleum jelly or the like
      is used to assure that there is an adequate couplant between the
      transducer and the pressure source.
PAR  Attention is further directed to the typical wave patterns shown in FIGS. 5
      - 11. In FIG. 5, the numeral 62 indicates the initial pulse, while the
      numeral 63 indicates the first return echo, and there is shown in FIG. 5
      the time interval that is measured. With further reference to FIG. 5, the
      main sweep multiplier, delay time multiplier, and sensitivity are adjusted
      to locate the initial pulse and first echo. Horizontal position is
      adjusted to align the initial pulse with the first scale mark on the left
      of the screen.
PAR  In FIG. 6, the numeral 64 indicates the first return echo, and the delay
      time multiplier may be rotated counterclockwise to move the first echo to
      the left of the screen. In FIG. 7 the numeral 65 indicates the first
      return echo that can be moved to the left by rotating the delay rheostate
      clockwise, and in FIG. 7 the numeral 66 indicates the second return echo.
      In FIG. 8, the numeral 67 indicates the first return echo expanded by
      rotating the sweep multiplier clockwise. In FIG. 9, the numeral 68 shows
      the first return echo expanded by rotating the sweep multiplier in a
      suitable direction such as in a clockwise direction. In FIG. 10, the
      numeral 69 shows the first return echo expanded by rotating the sweep
      multiplier in a suitable direction such as a clockwise direction. FIG. 11
      illustrates the leading edge of signal aligned with the first scale mark,
      and the delay time multiplier may be rotated to align the leading edge of
      the signal to the left of the screen.
PAR  Also, suitable evaluation procedures are adapted to be carried out for each
      pressure source being tested.
PAR  It will be noted that any suitable equipment can be used with the present
      invention. For example, while a Hewlett Packard oscilloscope has been
      illustrated or described, it is to be understood that any equivalent
      equipment such as a suitable delayed type of oscilloscope can be utilized.
      Furthermore, while a Sperry type of reflectoscope has been illustrated, it
      is to be understood that any similar equivalent equipment can also be used
      in place of the Sperry reflectoscope.
PAR  As previously noted, the wave patterns of FIGS. 5 through 11 are merely
      illustrative of typical wave patterns, and the various readings would, of
      course, change with each type of pressure source as well as the pressure
      and temperature in the particular bottle.
PAR  The test equipment of the present invention can be used for testing
      equipment on aircraft. However, it is to be understood that the present
      invention is not limited to such use since it has various other
      applications. By using the present invention, there will be an important
      cost savings in performing such tests by using the herein described
      ultrasonic technique as for example, instead of using conventional
      weighing procedures in connection with glass bottle pressure sources.
      These savings occur mainly in eliminating the maintenance man hours for
      equipment removal to gain access to the bottles for weighing and the
      material cost for replacement of bottles, weighing and reinstallation.
      Thus, when used for testing airplane apparatus, there will be additional
      savings from the advantage of extending the bottle service life to the
      life cycle of the airplanes.
PAR  It will therefore be seen that in accordance with the present invention,
      there is provided a process and apparatus that employs ultrasonic sound to
      measure the pressure of gas in bottles or other containers. A measurement
      is taken of the time required for an impulse of a high frequency sound
      wave to travel through the gas, echo off the other side of the container
      wall, and return to the receiver transmitter crystal. The principle behind
      this technique is that the velocity of a sound wave varies inversely with
      the pressure of the medium through which it is passing. In other words,
      for geometrically identical bottles, it will take longer for an impulse to
      travel through the one at a lower pressure.
PAR  The present invention thus uses sound to determine pressure, and uses sound
      waves to measure pressure or contents in containers. The invention uses
      sound waves to measure gas pressure in containers, and utilizers
      ultrasonic reflection to determine gas pressure in pressure containers
      such as metal cylinders, fiberglas cylinders and the like, without
      breaking the seal on the container. There is provided a more precise
      method by using an oscilloscope to extend the range and effectiveness of a
      reflectoscope. The present invention allows the pressure of a gas to be
      measured accurately without tapping into the container, disturbing the
      seal, or in any way affixing an external gauge.
PAR  The present invention is especially suitable for testing installed pressure
      sources in aircraft. Thus, the present invention can be used for measuring
      the pressure in aircraft pressure source bottles wherein such bottles may
      be of the type that are used to inflate the impact attenuation, flotation
      and self-righting bags during emergency egress of the crew. Previously,
      the bottles had to be removed and weighed to determine pressure. The
      ultrasonic pressure test technique allows the pressure to be measured
      without removing the bottles from the aircraft nor disturbing the sealed
      contents.
PAR  With further reference to testing of aircraft equipment, as is known,
      pressure source bottles for various bags associated with aircrafts need to
      be checked periodically for leakage. The procedure for accomplishing this
      check presently requires removing the bottles from the aircraft and
      weighing them. It involves taking off the windshields, removing the
      recovery parachute and disconnecting several pyrotechnic lines, among
      other operations. All of this handling exposes these items to damage and
      adds up to many man hours of labor simply to check the pressure of the
      various bottles in one aircraft.
PAR  The present invention provides a faster, safer and more accurate method for
      completing this task, wherein ultrasonic sound is used to directly measure
      the pressure of the nitrogen gas or other gas in the bottles. A
      measurement is taken of the time required for an impulse of a high
      frequency sound wave to travel through the gas, echo off the other side of
      the cylinder wall, and return to the receiver transmitter crystal. The
      principle behind the techique is that the velocity of a sound wave varies
      inversely with the pressure of the medium through which it is passing. In
      other words, for geometrically identical bottles, it will take longer for
      an impuse to travel through the one with the lower pressure.
PAR  In actual use, a crystal need only be placed against a given bottle while
      it is still in the aircraft, and the resulting reading examined to
      determined if it falls within certain limits. If not, it should then be
      pulled and weighed, probably to be replaced. The advantage of this
      technique is in its simplicity. After an initial approximate half hour of
      equipment warm-up time, it would take a team of two men about fifteen
      minutes to check approximately five bottles on one airplane. The equipment
      required is easily operated and is usually available where such aircrafts
      are to be serviced.
PAR  Furthermore, another important consideration is that the bottles remain in
      place at all times. Not only will this eliminate leakage caused by
      removing and installing them, but it will reduce the chances of damage due
      to careless handling of other equipment.
PAR  Suitable tables, charts and the like are adapted to be used or provided
      with the equipment to give the acceptable high and low ultrasonic limits
      to be expected from that particular type of bottle or equipment at any
      test temperature such as from 16.degree. Fahrenheit to 120.degree.
      Fahrenheit.
PAR  Having thus described the preferred embodiment of the invention, it should
      be understood that numerous structural modifications and adaptations may
      be resorted to without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an ultrasonic pressure testing apparatus, a reflectoscope, an
      oscilloscope, electrical circuit means electrically connecting said
      reflectoscope to said oscilloscope, an ultrasonic crystal providing a
      transducer, and electrical cable means connecting said transducer to said
      reflectoscope, said apparatus using ultrasonic sound to measure the
      pressure of gas in containers, and wherein when the transducer is placed
      against one side of a container a measurement is taken of the time
      required for an impulse of a high frequency sound wave to travel through
      the contents of the container, echo off the far side of the container, and
      return to the receiver transmitter crystal.
NUM  2.
PAR  2. A method of using ultrasonic sound to measure directly the pressure of
      gas in bottles or other containers or systems comprising placing an
      ultrasonic crystal transducer against the side of the container,
      connecting a reflectoscope to the crystal, connecting an oscilloscope to
      the reflectoscope, driving the crystal at an ultrasonic frequency to send
      a high frequency impulse through the container to its far side, receiving
      an echo impulse from the far side of the container in response to the
      driven impulse, and measuring the time lapse between the driven impulse
      and receipt of the echo, the lapsed time being indicative of the pressure
      of gas within the container.
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ABST
PAL  A pressure transducer including a measuring cell which is partly filled
      with a liquid and with the remainder being filled with a gas; a conduit
      filled with the liquid extending from the measuring cell, and which is
      open at an end thereof remote from the measuring cell; and means in the
      pressure transducer for generating an electrical value which corresponds
      to the particular gas volume.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a pressure transducer and, more
      particularly, a pressure transducer for medical and physiological pressure
      measurements.
PAC  DISCUSSION OF THE PRIOR ART
PAR  Generally, as a rule, for medical and physiological pressure measurements
      there are employed liquid-filled plastic material catheters for the
      hydraulic transmission of the pressure signals from the region being
      measured to an externally located pressure transducer, the latter of which
      converts the liquid pressure into an electrical signal. The disadvantage
      of these measuring arrangements, however, consists of in that the
      electrical signal which is generated by the pressure transducer does not
      correspond precisely to the measured pressure due to inadequate
      transmission properties. On the basis of the foregoing, there have been
      developed presently miniature pressure transducers, which may be applied
      directly to the measuring region, for example, in a blood vessel. In an
      embodiment of that type of miniature pressure transducer, the movements of
      a membrane which is located within the tip of the catheter are sensed by
      strain gauges or indicators, for example, semiconductor elements, and
      converted into electrical signals. Notwithstanding the satisfactory
      results obtained, these pressure transducers have not found application in
      actual practice, since their costs are extremely high, and the
      introduction of electrically powered components in proximity to vital
      organs is connected with various risks to the patients.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a
      miniature pressure transducer having a construction which is extremely
      simple so as to become substantially less expensive in manufacture in
      comparison with previous transducers. Furthermore, during use of the
      inventive pressure transducer, the latter affords absolute safety to the
      patients.
PAR  The foregoing object is inventively achieved in that the pressure
      transducer includes a measuring cell which is partly filled with a liquid
      and with the remainder being filled with a gas; a conduit filled with the
      liquid extending from the measuring cell, and which is open at an end
      thereof remote from the measuring cell; and means in the pressure
      transducer for generating an electrical value which corresponds to the
      particular gas volume.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Reference may now be had to the detailed description of an exemplary
      embodiment of a pressure transducer pursuant to the present invention,
      taken in conjunction with the sectional view shown in the single FIGURE of
      the accompanying drawing.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now in detail to the FIGURE of the drawing, the pressure
      transducer is constituted of two concentrically positioned plastic
      material catheters 1 and 2, intermediate which there are located two
      platinum wires 3. The thinner or inner catheter 2 has one end surface
      thereof forming the boundary of a cylindrical chamber 4, the latter of
      which comprises the actual measuring cell.
PAR  A capillary tube 5 is sealingly connected with the catheter 2 so as to
      connect the inner space of the hollow catheter 2 with the inner space of
      the chamber 4, and extends into this chamber.
PAR  The catheter components are connected with each other by means of an epoxy
      resin 6 (ethoxylin resin) which also has a sealing function. When
      physiological saline solution 7 is sprayed through the thinner catheter 2
      into the chamber 4, an air volume 8 is enclosed, and which extends from a
      connector 9 into the cylindrical chamber 4. When a cock 10 is subsequently
      closed, and the catheter with the open connector 9 thereof at its
      left-hand end introduced into a liquid vessel, for example, a blood
      vessel, the enclosed air volume 8 varies in accordance with
      Boyle-Mariottes' Law. The particular air volume thus corresponds to the
      pressure of the saline solution 7, and consequently to the pressure which
      is to be measured, and is converted into an electrical signal through
      intermediary of the platinum electrodes 3 which are located in a bridge
      provided for resistance measurement.
PAR  The resistance between the wires 3 is namely dependent upon the length of
      the column of the saline solution which borders the air volume 8. The
      resistance bridge 12, 13 is powered by means of an alternating current
      source 11 in order to avoid polarization of the electrodes 3. For
      receiving the output signals of the bridge 12, 13 there is utilized an
      amplifier 14. The electrical pressure signal is then further processed by
      an arrangement 15, for example, indicated. The dimensions of the
      transducer components 1 through 10 may be maintained extremely small. In
      an exemplary embodiment, the outer diameter thereof was 1.3 mm, and the
      length of the capillary tube 5 was 1.9 mm.
PAR  The pressure transducer distinguishes over most of the constructions
      described in publications in that it utilizes an enclosed elastic gas
      volume in lieu of a membrane. The advantage thereof is that a high degree
      of sensitivity may be attained on the basis of the elasticity of the gas
      volume, and the difficulty manufactured membrane attachment is eliminated.
PAR  For the exclusion of temperature influences due to the thermal expansion of
      the gas volume, the arrangement may be provided with a resistance which
      has a negative thermal coefficient. Since electrolytes, for example,
      saline solutions, belong to this type of resistance media, by employing an
      electrolyte of the above-described type there are obtained very good
      thermal operating properties. The electrolyte itself thus forms the
      resistance having negative thermal coefficients. The measured temperature
      influences are comparable with the best published values, approximately
      0.5 mm Hg/.degree.C.
PAR  The invention is not restricted to the utilization of an ohmic resistance
      variation for generation of the electrical pressure signal. Thus, for
      example, a capacitive pressure transducer can be formed, having the same
      construction as that above-described. The foregoing is achieved when the
      wires 3 in the measuring chamber 4 are insulated from the liquid 7 through
      the interposition of an insulating material cylinder 16. The insulating
      material cylinder 16 may be provided only for capacitive measurements, and
      consequently is shown in chaindotted representation. In this instance, the
      liquid must have a high specific resistance and a high dielectric value.
      The pressure variations are herein converted into changes in the
      capacitance between the electrodes 3. The temperature balance is present
      when the thermal dependency of the dielectric value of the liquid balances
      the thermal expansion of the gas.
PAR  Since Boyle-Mariottes' Law is a non-linear relationship, the indicator will
      evidence a particular non-linearity which, nevertheless, has a simple
      analytical formula.
      ##EQU1##
      wherein u = the output voltage of the arrangement 15, .alpha. and .beta.=
      constants, and p = the applied pressure. Measurements have shown that the
      above-mentioned function is valid with a degree of precision of better
      than .+-. 1% across that pressure range which comes into consideration for
      biomedical measurements.
PAR  The equation (1) can be employed in order to form a linearized supply
      circuit which will correct the non-linearity of the pressure transducer.
      Connected to the supply circuit may be a known analog multiplier, which is
      employed for the purpose of dividing the output voltage which is received
      from the arrangement 15 with the difference between an adjustable constant
      voltage and the output voltage. After this arithmetic mathematical
      operation which may be carried out in an analog form, there is received an
      output signal which, with respect to the applied pressure, is linear at a
      precision which is better than .+-. 2%. The arithmetic mathematical
      operations may also be carried out with a corresponding digital
      arrangement.
PAR  The hydrodynamic expansibility of the pressure transducer, as well as the
      inertia and viscosity of the liquid column, determine the dynamic
      properties of the system. Through experiments with rapid pressure
      variations it has been ascertained that the pressure transducer with the
      described measurements evidences a resonsance frequency which lies at
      about 95 Hz at an attenuation factor of 0.5. At a further reduction of the
      measurements, the resonance frequency is significantly increased.
PAR  The construction of the pressure transducer system may be varied within the
      scope of the invention, depending upon the degree of safety which is
      required for the measurement. It is suitable that the pressure transducer
      be galvanically protected from ground, so as to prevent leakage current.
      This may be effected by means of, for example, known insulating
      amplifiers, which facilitate the control of a power operated recorder or
      the like by the pressure signal.
PAR  The exemplary embodiment requires very little energy, so that an energy
      source which is insulated from ground, for example, a battery, may be
      employed without difficulty when a DC/AC converter is associated
      therewith. The input voltage of the resistance bridge should have a low
      amplitude, approximately 100 mV, and a relatively high frequency,
      approximately 25 kHz.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure transducer for generating an electrical signal in conformance
      with a liquid pressure, said transducer comprising a measuring cell
      including a chamber partly filled with a liquid and the remaining part
      thereof with a gas entrapped in said chamber; a conduit filled with said
      liquid having one end thereof communicating with the liquid-filled part of
      the chamber of said measuring cell, said conduit having an open end remote
      from said measuring cell communicating with a fluid-filled vessel for
      measurement of the fluid pressure in the latter; tube means extending into
      said chamber connected to a source for supplying quantities of said liquid
      to said chamber; valve means for selectively restricting flow of liquid
      from said liquid supply source and for sealing said tube means, said gas
      volume in said chamber being varied responsive to the fluid pressure in
      said fluid vessel acting on the liquid in said conduit; and means in said
      transducer for generating an electrical value of a magnitude in
      conformance with the particular gas volume.
NUM  2.
PAR  2. A pressure transducer as claimed in claim 1, comprising a thermally
      dependent resistance adapted to influence the electrical signal in
      conformance with the particular temperature in said measuring cell.
NUM  3.
PAR  3. A pressure transducer as claimed in claim 1, said liquid in said
      measuring cell comprising an electrolyte.
NUM  4.
PAR  4. A pressure transducer as claimed in claim 3, said liquid comprising
      physiological saline solution.
NUM  5.
PAR  5. A pressure transducer as claimed in claim 3, comprising two electrodes
      extending into said liquid; and a circuit arrangement connected to said
      electrodes for measuring the particular ohmic resistance between said two
      electrodes.
NUM  6.
PAR  6. A pressure transducer as claimed in claim 5, said electrodes being
      constituted of platinum.
NUM  7.
PAR  7. A pressure transducer as claimed in claim 1, comprising two condensor
      layers being located interiorly of said transducer; and means insulating
      said condensor layers from said liquid, said condensor layers being
      positioned so that the quantity of liquid therebetween varies in
      conformance with the pressure being measured.
NUM  8.
PAR  8. A pressure transducer as claimed in claim 5, said liquid in said
      measuring cell having the thermal coefficient for the specific resistance
      thereof selected so as to eliminate temperature influences on said gas
      volume.
NUM  9.
PAR  9. A pressure transducer as claimed in claim 7, said liquid in said
      measuring cell having the specific dielectric value thereof selected so as
      to eliminate temperature influences on said gas volume in said measuring
      cell.
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PAL  A static wheel balancer is provided having a universally tiltable balancing
      head that is small enough to fit in the glove compartment of an
      automobile.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A Wheel Balancing Device sufficiently compact as to be storeable in the
      glove compartment of an automobile and comprising a supportive plate,
      spindle and collar, and ball-rocker, so combined as to provide a highly
      sensitive, yet simple-to-use instrument especially suited for
      non-professional operators.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the inter-relationship of the plate 1, the spindle 2, and the
      spindle collar 3 from above.
PAR  FIG. 2 shows the placement of the ball-rocker 4 from below.
PAR  FIG. 3 shows the relationship of the total unit in position on the wheel
      and in relation to a plane surface 5, a wood block 6, and a bubble-level 7
     .
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  This invention relates to a manually portable device for the static
      balancing of pneumatic automobile tires together with their supporting
      wheels, consisting of a supporting plate 1 to which is affixed a spindle 2
      for centering-reference, and whose upper surface is paralell to the
      supporting plate so as to support correctly thereon a circular
      bubble-level, a spindle collar 3 composed of resilient material and placed
      between the spindle and the wall of the wheel center hole, said spindle
      collar being interchangeable with others of different diameters so as to
      accomodate an unlimited range of wheel sizes, and a hemispherical
      protrusion 4 at the center of the under surface of the supporting plate to
      serve as a pivotal support for the total assembly of tire, wheel, and
      balancing device.
PAR  In operation, this device is pressed into place in the center of the wheel
      with the spindle and its collar being pushed through the center hole of
      the wheel from the deep or hollow side of the wheel, and until the
      supporting plate is firmly in contact with the wheel's mounting surface.
      Due to the dimensions and resiliency of the collar, the device remains
      firmly held in its centered position on the wheel. The entire assembly of
      tire, wheel, and balancer, acting as a unit, is then placed so that it
      rests by means of the ball-shaped center protrusion on any suitable and
      substantially level plane surface, and the bubble-level is placed on top
      of the spindle.
PAR  The operator has innumerable options in selecting a suitable object for
      this purpose, such as a conveniently sized piece of metal or plastic,
      supported on top of a convenient object such as a block of wood, a masonry
      brick, or a can. FIG. 3 illustrates the general arrangement of this
      support, with 5 being the plane surface, in turn resting upon any
      convenient object 6. The bubble-level 7 can be utilized to check the level
      condition of this surface prior to the testing of the wheel itself.
PAR  As can be seen from FIG. 3 this device takes advantage of the
      above-center-of-gravity placement of the mounting inner face of automobile
      wheels in such a way that the wheel is in fact suspended on the ball
      rocker, thereby allowing a gentle rocking range of several degrees in any
      direction, so that the wheel is free to tilt to the heavy side, causing
      the bubble to render a radial indication of the location of the imbalance
      resultant. Then by the application of conventional balancing weights, the
      tire and wheel can be brought into correct balance.
PAR  A high degree of sensitivity and accuracy in this device results from the
      absense of energy-absorbing mechanisms such as damping systems to limit
      oscillations. The performance of prototypes of the device has shown such
      oscillations to be inconsequential, since they represent no more than a
      few seconds of time in the balancing of a single wheel.
PAR  The absence of integral legs or base results in compactness such that the
      device can easily be stored in the glove compartment of the average
      automobile.
PAR  The present disclosure of the invention presents only one illustrative
      embodiment of the device and should not be construed as a limitation of
      its form. For example; additional optional forms which the disclosure and
      drawings contemplate include one form of the device in which the
      hemispherical protrusion, or ballrocker may be positioned within a hollow
      spindle and either fixed in its height above the plane of the supporting
      plate or variable in this respect, yet without departing essentially from
      the basic invention itself. In the same context, various configurations of
      the supportive plate 1 other than disc-shape are admissable.
PAR  The above described features of this invention combine to effect its
      objective of providing a device that is sensitive, accurate, compact,
      portable, and simple to operate, so as to create a wheel balancing device
      suitable for use by non-professional operators, including automobile
      owners.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for detecting the imbalance of automobile wheels comprising a
      flat plate to which is affixed at the center of one surface of said plate
      a spindle of cyclindrical configuration for the purpose of centering
      reference and a mating collar of cylindrical configuration surrounding
      said spindle, the greater diameter of said collar being slightly larger
      than the diameter of the center hole of the wheel to be tested, and said
      collar being composed of resilient material whereby being introduced into
      the deep or hollow side of the wheel to be balanced and brought face to
      face with the center hole of the wheel, the resilient collar can be
      manually pressed through the hole so as to bring said plate into firm
      contact with the wheel's mounting surface, whereupon the resilient collar,
      by virtue of being somewhat compressed uniformly within the wheel opening
      then retains the position of the device securely in the wheel; and on the
      opposite surface of said plate and integral therewith at its center, a
      protrusion of symmetrically convex configuration whereby the wheel may be
      positioned over an appropriate plane surface so as to rock or pivot on the
      said plate, and the wheel's imbalance shown by means of placing a
      spirit-level on top of the said spindle.
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PAL  A Swashplate Machine having a non rotatable swash plate mounted so that
      rotation of a shaft causes oscillation of the swash plate and one or more
      baffles mounted in slots in the swash plate dividing the swash plate into
      portions which oscillate to cause the volume of chambers to vary.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to swashplate machines.
PAC  BACKGROUND OF THE INVENTION
PAR  Swash plate engines and pumps have been devised in the past in which
      pistons are disposed in cylinders placed parallel to the axis of the shaft
      of the engine but at a distance therefrom, the pistons driving the swash
      plate mechanism to rotate the shaft. This construction has the
      disadvantage of a multiplicity of parts so that the engine has few if any
      advantages over an ordinary crankshaft engine.
PAR  It is, therefore, an object of the present invention to provide a swash
      plate machine which will obviate or minimise the foregoing disadvantages
      in a simple yet effective manner or which will at least provide the public
      with a useful choice.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly the invention consists in a swash plate machine comprising a
      casing including two end members and a member or members providing curved
      surfaces, a shaft mounted in at least one of said end members, a non
      rotatable swash plate mounted in said casing, a bearing between said swash
      plate and part of said shaft, rotation of said part of said shaft causing
      oscillation of said swash plate within said casing, and one or more
      baffles and seals between said casing, said baffle and said swash plate,
      said baffle or baffles each operating in a slot in said swash plate so
      that the swash plate is divided into one or more portions, each portion
      oscillating in a chamber defined by two side walls of said baffle or
      baffles, a part of said curved surface of said casing, a surface of said
      swash plate, a surface of one of said end members, and one or more of said
      seals, the construction and arrangement being such that in use as said
      swash plate oscillates, it causes the volume of each said chamber to vary.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the scope of the
      invention as defined in the appended claims. The disclosures and the
      description herein are purely illustrative and are not intended to be in
      any sense limiting.
DRWD
PAR  One preferred form of the invention will now be described together with
      other embodiments of the invention, each other embodiment being shown in a
      preferred form with reference to the accompanying drawings in which,
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a transverse cross section through a swash plate machine
      according to the invention,
PAR  FIG. 2 is a perspective sketch of swash plate machine parts showing baffles
      and seals,
PAR  FIG. 3 is a diagrammatic cross section of a swash plate machine showing a
      swash plate assembly arrangement,
PAR  FIG. 4 is a plan view of a pump according to the invention, and,
PAR  FIG. 5 is a further diagrammatic cross section on the line V--V FIG. 4 and,
PAR  FIG. 6 is a longitudinal diagrammatic cross section of a modified machine
      showing water cooling.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 of the drawings, a swash plate machine for use as a
      pump will be described.
PAR  In this construction, two end plates 1 & 2 are made, and the end plate 1
      carries a shaft 3 mounted in suitable bearings, e.g., ball, but preferably
      roller bearings. The shaft 3 extends to a non rotating swash plate 4
      mounting on an inner side of the end plate. The swash plate mounting
      includes bearings, e.g., thrust bearings 5 & 6 mounted at a suitable angle
      to the shaft and a further bearing 7. The swash plate 4 comprises, in
      addition to an annular disc 8, a spherical ball portion 9 having an
      aperture therein through which a part of the shaft projects. The thrust
      bearings 5 & 6 have the planes thereof lying parallel to the plane of the
      disc 8 of the swash plate and a cut out portion 10 of the spherical
      portion of the swash plate permits the swash plate to oscillate over an
      arc due to the angular mounting of the swash plate relative to the
      longitudinal axis of the shaft. The end plate 1 has a cylindrical hollow
      pad having a spherical depression on its face through which the shaft
      protrudes, and portions of the swash plate spherical part 9 bear against
      this surface to provide a seal. If desired additional resilient or spring
      loaded seals or other seals may be provided on this portion, for example,
      O rings could be provided adjacent the edge of the junction between the
      spherical portion and a flat portion of the end plate which is positioned
      just beyond the range of movement of the swash plate as it oscillates over
      its range of movements. Where seals run over flat or curved surfaces, the
      seals may comprise half cylinders having plane surfaces lying on a
      diametral line, such half cylinders carrying slots extending into the half
      cylinders from the plane surface, and such slots carrying spring loaded
      strip seals. These half cylinders then run in half cylindrical depressions
      in the surfaces of members where the seals are to be provided.
PAR  The further end plate 2 is formed in a similar manner, having a part
      spherical depression therein in which part of the ball 9 of the swash
      plate moves and, again, seals may be provided and the end plate also has
      flat portions positioned just beyond the range of movement of the disc
      portion of the swash plate.
PAR  These two end members are spaced apart from each other by further members
      having inner surfaces which are parts of spheres, and which will thus
      maintain substantially the same clearance from the edge 15 of the swash
      plate as it moves over the arc. These surfaces are, preferably, provided
      on a pair of curved wall casing parts, and the two end plates and these
      two casing parts form the casing of the engine.
PAR  To provide chambers in which parts of the swash plate can move to give
      either a pumping action or to enable a motor action by the two or four
      stroke combustion engine cycles operate, baffles 16 are provided
      comprising plates inserted in slots 17 in the casing and as shown the
      plates or baffles 16 lie opposite each other on either side of the axis 17
      of the shaft 3 and lie on a diametral plane running through that axis.
      However, only one baffle 16 may be provided if desired. If two baffles 16
      are provided then there are four pumping chambers, two on each side of the
      disc 8. Of course if only one baffle 16 is provided then there are only
      two chambers one on either side of the swash plate 4 i.e. on either side
      of the annular disc 8. An inlet and an outlet is provided to each pumping
      chamber and as shown connections 18 are provided which in the case of the
      double baffle would be duplicated in the lower part of FIG. 1 and such
      duplication has been omitted for clarity.
PAR  In the form shown in FIG. 1 as the shaft 3 is rotated the swash plate 4
      oscillates in the chambers defined by walls of the baffles 16 adjacent
      walls of the casing and by movement of the swash plate 4 in these
      chambers. in this way a pumping action is given and by the addition of
      suitable valve mechanism an engine action could be given.
PAR  Referring to FIG. 2 seals 41 are shown in half trunnions 40 placed between
      the swash plate ring 8 and the baffle 16. As may be seen in this Figure,
      the edges 42 of the swash plate ring 8 are cut away to allow movement of
      the swash plate ring around adjacent the baffle and the seals 41 are
      mounted in depressions 43, the surfaces of which lie on a cylinder so that
      rotation of the ring 8 relative to the baffle 16 still permits sealing.
      The seals 41 may comprise, for example, shaped pieces of PTFE or any other
      suitable material. Additional seals 48 may be inserted if it is felt that
      these are required.
PAR  The construction shown in FIG. 2 also illustrates an additional and
      different type of baffle comprising baffle plates 45 which are mounted on
      pivots 46, the pivots 46 oscillating in bearings in the casing (not shown
      in FIG. 2 for clarity) of the pump or engine. Seals e.g. seals 48 are
      provided as necessary between adjacent moving surfaces and surfaces 49a
      are curved to give clearance.
PAR  Although four baffles have been above described, it is clear that other
      numbers of baffles may be provided depending on the purposes to which the
      machine is to be put in use, in which event some of the baffles are freely
      mounted. Thus in FIG. 2 baffles such as baffle 49 are freely mounted in
      the casing being retained in a slot 50 the walls of the slot maintaining
      the baffle 49 at the appropriate angle e.g. right angles to the swash
      plate 8.
PAR  The inter-engagement of the fixed baffles 16 with the slots in the swash
      plate will prevent the swash plate from rotating. If now, the shaft is
      rotated, the pressure on the thrust bearing will cause the swash plate to
      oscillate. and as a result, in each chamber on each side of the part of
      the swash plate in that chamber, there will be a variation in the volume
      between the swash plate disc and the walls of the casing on that side of
      the swash plate.
PAR  In one example above quoted, there are, therefore eight chambers four on
      each side of the swash plate -- and these chambers may be used for pumping
      or for prime mover purposes. Because the baffles are sealed against the
      parts with which it engages, such as the interior of the casing, the
      exterior of the ball portion of the swash plate mechanism and the swash
      plate itself, and the result is that oscillation of the swash plate will
      cause rotary motion of the shaft, the shaft being mounted in suitable
      bearings.
PAR  Referring now to FIGS. 3 to 5 the constructions shown in these Figures are
      similar to that described in FIG. 1 and similar parts have similar
      reference numbers. In FIG. 3 the swash plate 8 is provided in two parts
      having a zig zag joint line 51 with mating surfaces 52 arranged so that
      screws 53 may be inserted to hold the parts together. This enables the
      operating faces of the swash plate to have plane surfaces. In FIG. 4 and
      FIG. 5 may be seen a different arrangement of inlet and outlet connections
      for a pump, thus in the arrangement shown since there is only one baffle
      16 there are accordingly two pumping chambers each having an inlet 61 and
      an outlet 62, these being disposed adjacent the baffle 16. In this view it
      may be seen that the baffle 16 is engaged in recess 63 in the casing parts
      1 and 2.
PAR  From the foregoing it will be seen that a basic motion for a swash plate
      engine or pump is achieved in a simple yet effective manner. The ancillary
      equipment will depend on the end use, thus, for an internal combustion
      engine valving or porting means will be provided to give either a two
      stroke or four stroke cycle, and for the two stroke cycle, for example, a
      chamber on one side of the swash plate will be used to compress an inlet
      charge and transfer port arranged to transfer this compressed charge over
      into the firing chamber on the opposite side of the swash plate where a
      sparking plug will be fitted to fire the mixture at the appropriate time.
PAR  The advantages of this construction are considerable, and the moving parts
      are kept to a minimum with a consequent reduction in cost. The machining
      is to spherical or other simple geometric forms, which can be readily
      machined under production conditions. The engine is compact thus little
      space is taken up by the arrangement.
PAR  Cooling of the swash plate may be effected by providing inlet and outlet
      connections in the spherical depression in the end plate not carrying the
      shaft and these communicate with ducts in the spherical portion of the
      swash plate which ducts, in turn, lead to the disc portion of the swash
      plate.
PAR  Lubrication and sealing are readily effected. In some cases, the seals may
      be rings or strips let in the edge of the swash plate, e.g., adjacent the
      slots in which the baffles are positioned and, if desired, continuous
      rings may be provided around the edge of the swash plate to bear against
      the curved portions of the casing parts, and the seals against the baffles
      may overlap the end seals if desired.
PAR  In FIG. 6 a cooling passageway 71 in the shaft 3 connects through conduit
      72 with an annular conduit 73 and then with conduit 74 to pass to outlet
      75 for the purpose of enabling a cooling fluid e.g. water to be passed
      through the shaft and swash plate for cooling purposes. The body or casing
      may also be provided with cooling passageways.
PAR  I believe the engine has the following advantages:
PA0  1. a very compact engine is provided.
PA0  2. very low dynamic loads result from the arrangement of the mechanism,
PA0  3. the components move only over a low total movement and there is,
      therefore, less movement than in normal engines and consequently, less
      wear,
PA0  4. there is ample room for multiple sealing grids or strips if required,
PA0  5. the surface velocity of the sealing grids or strips is low,
PA0  6. most of the sealing grids or strips are not loaded except by gas
      pressure,
PA0  7. sealing grids have constant geometric clearance from the surfaces with
      which they engage,
PA0  8. because of low speeds and low loads on working surfaces, the life of the
      engine is likely to be greater than any other engine of equivalent output,
PA0  9. there are only two main bearings, and these may be needles, rollers or
      ball or plain bearings, as desired,
PA0  10. a high compression ratio engine is possible both as a four or an eight
      chamber model, and the compression ratio of up to 19:1 is possible on an
      eight chamber motor as above described in the preferred form,
PA0  11, the total number of major parts which may amount to 42 on a normal V8
      engine amounts to only 13 on the swash plate eight chamber engine as
      described in the form of FIG. 2,
PA0  12. high load is limited to two reaction surfaces only,
PA0  13. the engine is balanced except for a small rocking couple,
PA0  14. all surfaces exposed to the flame of combustion if an engine is being
      used can be water cooled, including the swash plate surfaces themselves,
PA0  15. the single high speed swash plate edge is not loaded in any way except
      by ring pressure and all other sealing surfaces are of low speed,
PA0  16. positive displacement of nearly any fluid (Gas or Liquid)
PA0  17. easily made on simple machine tools,
PA0  18. high capacity to bulk ratio
PA0  19. constant flow characteristics, therefor no inertia losses,
PA0  20. design lends itself well to mass production methods,
PA0  21. very wide range of materials suitable,
PA0  22. extremely low dynamic loads,
PA0  23. can be made as a motor or pump,
PA0  24. range of sizes wide (From dentists drill size to 100 ft. diameter)
PA0  25. high volumetric efficiency
PA0  26. high rotation speeds possible,
PA0  27. can be made to deliver oil free air to B.S.S.
PA0  28. materials may be selected for end use,
PA0  29. easily assembled and dismantled,
PA0  30. adjustable for wear,
PA0  31. likely to be very long lived indeed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A swash plate machine comprising a casing including two end members and
      a at least one member providing curved surfaces, a shaft mounted in at
      least one of said end members, a swash plate non-rotatably mounted in said
      casing, a bearing between said swash plate and part of said shaft so
      arranged that rotation of said part of said shaft causes oscillation of
      said swash plate within said casing, and at least one substantially
      parallel sided baffle, and seals between said casing, said baffle and said
      swash plate, said baffle operating in a slot in said swash plate so that
      the swash plate is divided into portions, each portion oscillating in a
      chamber defined by two side walls of said baffle, a part of said curved
      surface of said casing, a surface of said swash plate, a surface of one of
      said end members, and said seals, said swash plate when oscillating
      forming variable-volume chambers, at least one baffle being fixed at the
      edges in said casing and operating in a slot in said swash plate, the
      walls defining said slot on each side having a cylindrically-shaped
      central depression flanked on either side by bevelled faces with trunnions
      having cylindrical surfaces on one side of each shaped to engage said
      cylindrically-shaped central depression.
NUM  2.
PAR  2. A swash plate machine as claimed in claim 1 wherein said one baffle is
      provided fixed at the edges in said casing.
NUM  3.
PAR  3. A swash plate as claimed in claim 1 wherein two baffles are provided
      fixed at the edges of said casing so as to lie substantially in the same
      plane and on opposite sides of said shaft.
NUM  4.
PAR  4. A swash plate machine as claimed in claim 3 wherein two further baffles
      are provided pivotally mounted in said casing and disposed symmetrically
      between said fixed baffles.
NUM  5.
PAR  5. A swash plate machine as claimed in claim 1 wherein seals are provided
      between relatively moving parts.
NUM  6.
PAR  6. A swash Plate machine as claimed in claim 5 wherein the walls defining
      each said slot in said swash plate are cylindrical and a part trunnion
      engages said walls and said swash plate.
NUM  7.
PAR  7. A swash plate machine as claimed in claim 1 wherein said swash plate has
      a spherically contoured central portion and said baffle is contoured to
      fit against said central portion.
NUM  8.
PAR  8. A swash plate machine as claimed in claim 7 wherein said end members
      have walls defining spherically contoured depressions which bear against
      said central portion of said swash plate.
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ABST
PAL  An actuating mechanism for imparting oscillatory motion to an output shaft
      journalled for pivotal movement about a fixed pivot axis. The actuating
      mechanism is adapted to be driven by a reversible motor means and
      comprises a power shaft carrying a drive worm, a worm gear in mesh with
      the drive worm and coupled to a drive shaft, and an articulated crank and
      link means coupling the drive shaft to the output shaft for translating
      rotation of the drive shaft into oscillation of the output shaft through
      an arc of predetermined angular size.
PAL  The drive shaft is journalled in a slide means. A guide means supports the
      slide means for shiftable movement in a direction parallel to the
      longitudinal axis of the power shaft between first and second positions,
      the slide means being shiftable from one position to the other upon the
      direction of rotation of the motor being reversed. The movement of the
      slide means causes corresponding movement of the drive shaft journalled
      therein toward or away from the fixed pivot axis of the output shaft
      thereby to shift the angular position of the arc through which the output
      shaft is oscillatable.
PAL  The actuating mechanism has particular utility in a vehicle windshield
      wiper system in which a wiper blade is oscillated through a wipe pattern
      and then shifted to a displaced position for parking in an inoperative
      position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art is replete with actuating mechanisms for imparting
      oscillatory motion to an output shaft journalled for pivotal movement
      about a fixed pivot axis. Such mechanisms have particular utility in
      vehicle windshield wiper systems in which a wiper blade is oscillated
      through a wipe pattern.
PAR  Most windshield wiper mechanisms utilize a rotary crank as part of the
      linkage between a drive motor and the output shaft. A desirable feature of
      such systems is the ability to shift the wiper blade to a depressed "Park"
      position outside of the normal wipe pattern when the wiper mechanism is
      inoperative. This frequently is accomplished by provision of a means for
      varying the throw of a rotary crank upon reversal of the direction of
      rotation of the drive motor coupled to the crank. Rotary movement of the
      crank is translated into oscillatory movement of the pivot shaft through a
      suitable linkage system.
PAR  Patents that are representative of the prior art include U.S. Pat. No.
      2,831,354 issued Apr. 22, 1958 to William A. Schnepf for a "Windshield
      Wiper Actuating Mechanism." This patent discloses a mechanism utilizing a
      screw element operatively connected through an automatically disengageable
      and engageable clutch to the wiper transmission. Through the screw element
      and clutch, the effective length of the crank may be varied so as to alter
      the amplitude of oscillation imparted to a driven member.
PAR  U.S. Pat. No. 3,091,128 issued May 28, 1963 to D. D. DeReese et al. for a
      "Windshield Wiper Mechanism" discloses a mechanism wherein the throw of
      the rotary crank is varied by eccentric means controlled by an
      electromagnet. U.S. Pat. No. 2,768,530 issued Oct. 30, 1956 to A. D.
      Brundage for a "Windshield Wiper Drive and Parking Control" discloses a
      system involving an eccentric operative to increase the effective length
      of the crank arm upon reverse rotation of a motor shaft, the position of
      the eccentric being mechanically controlled.
PAR  It is an object of the present invention to provide a novel actuating
      mechanism for imparting oscillatory motion to an output shaft, the
      mechanism having the capability of shifting the oscillation pattern in
      direct response to a change in direction of rotation of a drive motor
      without the use of any type eccentric device for changing the effective
      length or throw of a rotary crank.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises an actuating mechanism for imparting
      oscillatory motion to an output shaft journalled for pivotal movement
      about a fixed pivot axis. The actuating mechanism is adapted to be driven
      by a reversible motor means and comprises a power shaft carrying a drive
      worm, a worm gear in mesh with the drive worm and coupled to a drive
      shaft, and an articulated crank and link means coupling the drive shaft to
      the output shaft for translating rotation of the drive shaft into
      oscillation of the output shaft through an arc of predetermined angular
      size.
PAR  The drive shaft is journalled in a slide means. A guide means supports the
      slide means for shiftable movement in a direction parallel to the
      longitudinal axis of the power shaft between first and second positions.
      The slide means is shiftable from the first position to the second
      position upon the direction of rotation of the rotor being reversed. The
      movement of the slide means causes corresponding movement of the drive
      shaft journalled therein toward or away from the fixed pivot axis of the
      output shaft thereby to shift the angular position of the arc through
      which the output shaft is oscillatable.
PAR  The actuating mechanism has particular utility in a vehicle windshield
      wiper system in which a wiper blade is oscillated through a wipe pattern
      and then shifted to a displaced position along the wiping pattern arc for
      parking in an inoperative position.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  Further features and advantages of the present invention will be made more
      apparent as this description proceeds, reference being had to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a plan view of a windshield wiper motor assembly embodying the
      actuating mechanism of the present invention;
PAR  FIG. 2 is an enlarged view of the windshield wiper motor assembly with the
      cover plate removed to show the actuating mechanism;
PAR  FIG. 3 is a section view on the line 3--3 of FIG. 2; and
PAR  FIG. 4 is a diagrammatic view illustrating the shift in the oscillation
      pattern achieved when the direction of rotation of the drive motor is
      reversed.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, there is shown in FIG. 1 the general
      orientation of a windshield wiper drive unit designated 10. The windshield
      wiper drive unit 10 comprises a housing 11 containing the novel actuating
      mechanism, generally designated 12, embodying the present invention.
      Adapted to be supported at one end 13 of the housing 11 is a reversible
      electric motor 14. At its other end 15 the housing journals a shaft 16
      adapted to receive at its upper end 17 a windshield wiper blade support
      arm 18 (see FIG. 3).
PAR  The reversible motor 14 is coupled to a power shaft 19 extending into the
      housing and carrying a drive worm 21. The drive worm 21 is in mesh with a
      worm gear 22 contained within an enlarged chamber 23 in the housing 11. As
      best seen in FIG. 3, the worm gear 22 is carried on a drive shaft 24
      journalled in a bushing 25 carried on a slide means 26. The slide means 26
      comprises, preferably, two plastic plates 27-28 of generally rectangular
      shape that are riveted or pinned together on opposite sides of a base
      plate portion 29 of the housing 11 extending lengthwise of the latter. The
      rivets or pins 31 holding the plates 27-28 extend through elongated slots
      32 extending parallel to the longitudinal axis of the motor shaft 19.
PAR  The bushing 25 and drive shaft 24 journalled therein also extend through an
      elongated slot 33 and the base plate 29. The worm gear 22 is thus
      supported for movement in a direction parallel to the longitudinal axis of
      the power shaft 19. Stated another way, the pivot axis of the shaft 24
      supporting the worm gear 22 is linearly movable toward and from the fixed
      pivot axis of the windshield wiper blade support shaft 16, the line of
      movement being parallel to the longitudinal axis of the power shaft 19.
PAR  An articulated link and crank means provides a driving connection between
      the drive shaft 24 and the wiper blade supporting shaft 16. The
      articulated link and crank means comprises a first crank arm 34 fixed to
      the lower end of the drive shaft 24 and a second crank arm 35 fixed to the
      lower end of the wiper blade supporting shaft 16. The two crank arms are
      operatively coupled to each other by an elongated link 36 pivotally
      connected at each of its ends to a respective crank arm.
PAR  FIG. 4 is a schematic representation of the actuating mechanism 12 as
      described to this point. With reference to this diagram, the operation of
      the mechanism is as follows:
PAR  In the forward or normal direction of rotation of the reversible electric
      motor 14, the drive worm 21 drives the worm gear 22 in a counterclockwise
      direction, as shown in solid outline and labeled as the "Forward"
      direction. In a windshield wiper application of the mechanism, this is
      labeled the "Run" mode.
PAR  The meshing engagement between the drive worm and worm gear creates not
      only a force couple causing rotation of the worm gear in the forward or
      run direction but also a force component acting through the center of the
      driveshaft 24 urging the worm gear 22, drive shaft 24 and slide means 26
      assembly to the left, as viewed in FIG. 4, along a line parallel to the
      longitudinal axis of the power shaft 19. The relationship of the pins
      securing the plates 27-28 of the slide means 26 to each other in the slots
      32 and the drive shaft 24 in the slot 33 determines the final position of
      the center of the drive shaft 24. The location of drive shaft 24
      determines the rotation circle of the free end 37 of the crank arm 34.
      This in turn determines the forward oscillation or run pattern of the
      crank arm 35 connected to the wiper blade supporting shaft, as shown in
      solid outline at the left side of FIG. 4.
PAR  If the direction of rotation of the reversible motor is reversed, the drive
      worm 24 will drive the worm gear 22 in a clockwise direction, as shown in
      dot and dash outline in FIG. 4 and labeled as the "Reverse" direction. (In
      a windshield wiper application, this is labeled as the "Park" mode.) As
      the direction of rotation of the worm gear 22 is reversed, the reaction
      forces between the drive worm 21 and the worm gear 22 causes the latter to
      tend to walk longitudinally of the power shaft 19 from left to right. This
      is permitted by the slide means 26 which carries the drive shaft 24 in a
      direction parallel to the power shaft 19 longitudinal axis. This
      left-to-right movement continues until the pins 31 abut the right ends of
      the slots 32 and the shaft 24 abuts the right end of slot 33. This
      displacement is labeled as such in FIG. 4. This causes the free end 37 of
      the crank arm 34 to be shifted away from the fixed pivot axis of the shaft
      16. The free end 38 of crank 35 is upwardly displaced causing a shift in
      the oscillation pattern. There is no substantial change in the arc length
      or angular size of the oscillatory movement, but the reverse oscillation
      pattern is shifted from the forward oscillation pattern to the extent
      shown in FIG. 4.
PAR  In the application of the actuating mechanism 12 to a windshield wiper
      unit, the displacement of the oscillation pattern in a reverse direction
      of rotation of the power shaft 19 may be utilized to place or Park the
      windshield wiper blades below the lowermost position at one end of the
      normal wipe pattern.
PAR  As best seen in FIG. 3, the housing 11 has a cover plate 39 covering the
      chamber 23 containing the worm gear 22. Mounted on the cover 39 is a
      switch unit 41 and a depending switch element 42. The switch element 42
      projects downwardly into a circular groove 43 in a face 44 of the worm
      gear 22 where it rides on the base surface 44 of the groove when the worm
      gear is in the forward or run position. Upon the worm gear 22 having its
      direction of rotation reversed, the switch element moves relatively
      laterally of the groove 43 through a gate 45 into the deeper centrally
      recessed portion 46 of the worm gear 22 causing the switch element 42 to
      move to an open circuit position.
PAR  The present invention does not include the electrical circuitry for
      controlling the operation of the reversible motor. A number of such
      systems are disclosed in the prior art. As noted in U.S. Pat. No.
      2,959,968 issued Nov. 15, 1960 to L. R. Gute et al. for "Windshield Wiper
      Actuating Mechanism," a typical control system for the reversible motor
      would include a manual switch having park, low, and high speed positions,
      a relay operative reversing switch having an energized position, a
      de-energized position and an off position, and circuits controlled by the
      switches. When the manual control switch is in either the low or high
      speed position, the relay switch is energized and circuits are completed
      for energizing the motor in the forward direction. When the manual control
      is moved to the Off or Park position, the relay switch, in the present
      case the switch 43, is de-energized and completes an energizing circuit
      for the motor in the reverse direction. The relay operator switch is moved
      to an Off position when the crank arms, and therefore the wiper blades,
      arrive at a predetermined position. That is, when the wiper blades arrive
      at the Park position, the motor is de-energized.
PAR  It is to be understood this invention is not limited to the exact
      construction illustrated and described above, but that various changes and
      modifications may be made without departing from the spirit and scope of
      the invention as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An actuating mechanism for imparting oscillatory motion to an output
      shaft journalled for pivotal movement about a fixed pivot axis,
PA1  the actuating mechanism including a power shaft adapted to be driven by a
      reversible motor means,
PA1  the power shaft carrying a drive worm,
PA1  a worm gear in mesh with the drive worm and coupled to a drive shaft,
PA1  articulated crank and link means having components of fixed length,
PA1  the crank and link means coupling the drive shaft to the output shaft for
      translating rotation of the drive shaft into oscillation of the output
      shaft through an arc of fixed length,
PA1  a slide means journalling the the drive shaft,
PA1  and guide means supporting the slide means for shiftable movement in a
      direction parallel to the axis of rotation of the power shaft,
PA1  the slide means being self-positioning in a first or second position on
      said guide means in response to the direction of rotation of the worm
      gear,
PA1  the drive shaft journalled in the slide means being positioned by the
      latter closer to the fixed pivot axis of the output shaft in the first
      position of the guide means than in the second position of the latter to
      bodily displace the angular position of the fixed length arc through which
      the output shaft is oscillatable.
NUM  2.
PAR  2. An actuating mechanism according to claim 1, in which:
PA1  the articulated crank and link means comprises:
PA1  a first crank coupled to the output shaft and a second crank coupled to the
      drive shaft,
PA1  and link means extending between the two cranks.
NUM  3.
PAR  3. An actuating mechanism according to claim 2, in which:
PA1  the slide means comprises plate members slidably supported on a plate
      portion of a housing containing the actuating mechanism,
PA1  the plate members and plate portion having coacting stop means limiting the
      movement of the plate members and thereby the placement of the drive shaft
      relative to the output shaft.
NUM  4.
PAR  4. An actuating mechanism according to claim 1, in which:
PA1  the slide means comprises plate members slidably supported on a plate
      portion of a housing containing the actuating mechanism,
PA1  the plate members and plate portion having coating stop means limiting the
      movement of the plate members and thereby the placement of the drive shaft
      relative to the output shaft.
NUM  5.
PAR  5. An acutating mechanism for driving an output shaft mounted for rotary
      oscillation about a fixed axis,
PA1  the actuating mechanism comprising a housing,
PA1  a drive shaft,
PA1  a slidable means journalling the drive shaft for rotation about an axis
      parallel to the fixed axis of the output shaft,
PA1  the slidable means comprising slide members,
PA1  guide means supporting the slidable members on a plate portion of the
      housing for linear shiftable movement between a first and a second
      position toward or from the fixed pivot axis of the output shaft,
PA1  linked crank means coupling the output shaft to the drive shaft constructed
      and arranged so that rotation of the drive shaft causes rotary oscillation
      of the output shaft through an arc of fixed length,
PA1  a worm gear coupled to the drive shaft having meshing engagement with a
      drive worm,
PA1  the drive worm being mounted for rotation on a worm shaft the axis of which
      parallels the line of movement of the slidable means,
PA1  reversible motor means coupled to the drive worm for rotating the latter in
      either direction,
PA1  the reaction force between the drive worm and the worm gear during rotation
      having a force component causing the slidable means to shift axially of
      the worm shaft toward or from the fixed pivot axis of the output shaft,
      depending on the direction of rotation of the reversible motor,
PA1  the slide members and plate portion having coacting stop means limiting the
      movement of the slide members toward or from the fixed pivot axis of the
      output shaft,
PA1  the shift of the slide means and thereby of the drive shaft causing
      displacement of the fixed length arc through which the output shaft is
      oscillatable.
NUM  6.
PAR  6. An actuating mechanism according to claim 5, in which:
PA1  the linked crank means comprises a first crank coupled to the output shaft
      and a second crank coupled to the drive shaft,
PA1  and link means extending between the two cranks.
NUM  7.
PAR  7. A windshield wiper actuating mechanism for oscillating a windshield
      wiper blade supporting shaft,
PA1  the actuating mechanism being adapted to be driven by a reversible motor
      means and comprising a housing,
PA1  the motor means being coupled to a power shaft extending into the housing
      and carrying a drive worm,
PA1  a worm gear carried on a drive shaft and in mesh with the drive worm,
PA1  articulated crank and link means providing a driving connection between the
      drive shaft and the wiper blade supporting shaft for imparting oscillatory
      movement to the latter to move a wiper blade mounted thereon through a
      wiping pattern arc of predetermined size,
PA1  a slide means journalling the drive means,
PA1  and guide means supporting the slide means for shiftable movement in a
      direction parallel to the longitudinal axis of the power shaft between a
      first and a second position,
PA1  the slide means when in the first position maintaining a drive shaft and
      wiper blade mounting shaft relationship in which the articulated crank and
      link means is adapted to drive the wiper blade over a wipe pattern of
      predetermined length on a windshield,
PA1  the slide means when shifted to the second position shifting the drive
      shaft relative to the wiper blade shaft and causing the articulated crank
      and link means to displace the wipe pattern without changing the length
      thereof,
PA1  the slide means position being determined by the direction of application
      of the reaction force between the drive worm and worm gear resulting from
      the direction of rotation of the rotatable motor.
NUM  8.
PAR  8. A windshield wiper actuating mechanism according to claim 7, in which:
PA1  the articulated crank and link means comprises a first crank coupled to the
      wiper blade supporting shaft,
PA1  a second crank coupled to the drive shaft,
PA1  and fixed length link means extending between the two cranks.
NUM  9.
PAR  9. A windshield wiper actuating mechanism according to claim 8, in which:
PA1  the slide means comprises plate members slidably supported on a plate
      portion of the housing,
PA1  the plate members and plate portion having coacting stop means limiting the
      movement of the plate members relative to the wiper blade supporting
      shaft.
NUM  10.
PAR  10. A windshield wiper actuating mechanism according to claim 7, in which:
PA1  the slide means comprises plate members slidably supported on a plate
      portion of the housing,
PA1  the plate members and plate portion having coacting stop means limiting the
      movement of the plate members relative to the wiper blade supporting
      shaft.
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PAL  The gear box contains three parallel shafts, two of which are
      interconnected by a system of locking dogs. The third shaft is set in
      motion at selected different rates of rotation by either a direct drive
      gear or by a reduction gear. The direct drive gear and the reduction gear
      are formed of a single member constituted by a compact casting
      characterized in that it occupies a minimum of space.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a gear box with integral differential for use in
      automotive vehicles and more particularly is designed for use in compact
      vehicles of the air transportable type.
PAR  Gear boxes with integral differential are well known. They are normally
      constituted of a housing which encloses three spaced, parallel shafts
      referred to, respectively, as the reduction control shaft (lay shaft), the
      upper or driving shaft, and the differential shaft. The differential shaft
      is axially movable and its longitudinal displacement is effected by a gear
      shift lever having a fork engaged with an idler gear which provides a
      mechanical connection between the differential shaft and the driving shaft
      which is coupled to the vehicle transmission. The upper or driving shaft
      receives an idler gear which is axially movably splined upon said shaft
      and is capable of being selectively engaged either with the teeth of the
      ring gear which is a gear of the same modulus to provide direct drive
      (without reduction) or with the teeth of a second gear of smaller modulus
      called the reduction gear. The direct drive gear or the reduction gear
      energized by the idler thus imparts different speeds to the differential
      gear borne by the third or differential shaft. The differential gear
      provides, by the action of a differential gear system which consists of
      planetary and ring gears, the rotation of the differential shaft itself.
      The later consists of two parts which are susceptible of being coupled by
      a system of locking dogs under the control of a control handle. Each part
      of the differential shaft is connected to the forward and rear deck of the
      axles of the vehicle and are capable of rotating at the two different
      speeds.
PAR  This gear box, of known type and the integral differential, has the
      drawback of being massive and requires much space which makes it
      incompatible with the requirements imposed upon compact air transportable
      vehicles. This type of vehicle has rigorously limited dimensions to enable
      it to be loaded into a cargo plane. It must be designed and developed on
      the basis of mechanical components whose shape and size are specifically
      designed to conform to the mission of the vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide a gear box with
      integral differential in which the mechanical components have been
      individually designed so that their assembly occupies a reduced volume
      which does not detract from the compact design of the other components of
      the vehicle, such as the chassis, body, etc.
PAR  This and other objects which will appear are achieved by utilizing in the
      gear box a direct gear and a reducing gear to provide a connection between
      the drive shaft and the differential shaft in a single, unitary member.
      This unitary form of the two cast gears makes it possible, without
      reducing the strength, to reduce very appreciably the space occupied by
      the two gears, which heretofore were separate, and to correspondingly
      reduce the mass and weight of the gear box.
PAR  In addition and as a further feature, the differential gear, which in known
      embodiments was separate from the differential housing itself, has herein
      been made integral with the housing. As in the case of the rearrangement
      of the direct drive gear and the reduction gear, this makes it possible to
      reduce, through greater strength, the dimensions of the components in
      question, as well as the danger of breakage of the coupling elements and
      also the assembly time. Thus, needless assembly operations are eliminated
      and with it understandable errors which represent wasted time thereby
      unnecessarily increasing the cost of the machinery.
DRWD
PAR  For further details, reference is made to the description which follows in
      the light of the accompanying drawings wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational cross sectional view of the gear box; and
PAR  FIG. 2 is a side elevational cross sectional view of a complimentary power
      take off suitable for coupling to the gear box of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  The gear box embodying the invention, as shown in cross section in FIG. 1,
      comprises three spaced apart, parallel shafts which are mechanically
      connected to each other. The first such shaft, namely the reduction
      control shaft 1 is axially moveable. Its longitudinal displacement is
      caused by a gear shift lever (not shown) attached to the extremity of the
      shaft 1 by a universal joint 2. The shaft 1 has three annular grooves 3, 4
      and 5 respectively corresponding to the positioning of the shaft in direct
      drive, neutral or reduction drive. The shaft 1 is selectively latched in
      each of these three positions by a latching ball 6 by the bias of the
      helical spring 7. The diameter of this ball 6 corresponds to the concavity
      of the three grooves. The end 1.sub.1 of the shaft 1 opposite that
      connected to the gear shift lever, slides in the main housing 8 and cover
      9 of the housing which is provided with a blind hole 10. By means of a
      cotter pin 11, a fork 12 is attached to the shaft 1 to activate an idler
      gear 13 which is axially slidable on a second shaft 14, which is splined.
      This shaft is called the upper or driving shaft. Shaft 14 supports a ring
      gear 15 having both internal teeth 16 and external teeth 17. The ring gear
      15 meshes with another gear 18 of the same modulus and the gear 18 is in
      turn connected to the differential gear 19. The splined shaft 14 is
      supported at its lateral ends by conventional roller bearings which are
      liberally greased and lubricated through channels 21 opening into the
      lubricant storage chamber 22. The end of the shaft 14 at the power take
      off side is closed off by a lid or cover 23 which is attached by bolts 24.
      The cover 23 is removable and can therefore be taken off to permit direct
      attachment to this driving shaft of a power take off unit when the gear
      box is not in use. This unit, shown in FIG. 2, will hereinafter be more
      fully discussed.
PAR  The gear 18 which is interposed between the driving shaft 14 and the
      differential shaft 31 has the distinctive feature of being unitary or of
      one piece, formed by casting and of having two distinct sets of gear teeth
      25 and 26 which are separated by an annular groove 27. Each of the two
      sets of teeth have a different modulus. The teeth 25 have the same modulus
      as the ring gear 15 which correspond to direct drive when the components
      are in the position shown in FIG. 11. On the other hand, the teeth 26 are
      in a ratio of one half to the idler gear 13, when the idler gear 13 meshes
      with the teeth 26, this corresponds to a gear reduction. The double tooth
      gear 18 which functions as both direct drive and reduction gear drive
      occupies a space which is smaller than that which would be required by two
      separate gears supported by a shaft. Thus this unitary, cast arrangement
      of two sets of gear teeth 25, 26 enables substantial reduction of the
      overall size of the gear box. Moreover, the increased strength of this
      component permits a reduction of its thickness and therefore also a
      lightening of the weight of the gear box. The gear 18 is supported at each
      end by a roller bearing 28 which is also freely lubricated by channels 29
      opening into the lubricant storage chamber 30. The bearings supporting the
      gears 18 are therefore continuously lubricated to prevent premature
      wearing out.
PAR  The shaft 31 which is the differential shaft, is formed of two parts
      31.sub.1 and 32.sub.2, susceptible of being coupled together by a locking
      dog system comprising a control handle 32 which is axially movable
      relative to the gear reduction shaft. This shaft carries a fork 33
      engaging an idler gear 34 which latches the differential. This gear has
      teeth 35 capable of engaging the outer teeth 36 of differential gear 19.
      The control handle 32 has two indentations 37 and 38 corresponding to the
      two possible positions of the control handle 32, namely to the engaged and
      disengaged positions of the idler gear 34. In the form shown in FIG. 1 the
      latching ball 39 is in position in the recess 38 corresponding to the
      disengaged position of the gear 34. The other part 31.sub.2 of the
      differential shaft is splined and therefore fixed for rotation with the
      gear 19. The latter and this is also new, simultaneously constitutes the
      housing 40 of the differential. As previously indicated, the differential
      gear 19 and its enclosure were heretofore made of two pieces attached to a
      hollow shaft which considerably increased the weight and size of these
      mechanical components.
PAR  In accordance with the present invention, and with the object of reducing
      the weight and size of the gear box, the gear and housing of the
      differential are combined in a single unitary component of greater
      strength. This permits a reduction in the thickness of this component.
      This unitary gear 19 within the housing drives in conventional manner, the
      differential shaft 31 through the differential pinions 41, bevel pinions
      42 and crown wheels 43. The differential assembly is enclosed in the main
      housing 8. The differential shaft 31 and its gear 19 are journalled in
      heavy duty roller bearings 44 and 45 which are lubricated and greased by a
      large channel 46 which communicates with the lubricant reservoirs 47, 48,
      49 and 50.
PAR  This system operates as follows in the illustration of FIG. 1 wherein the
      gear changing control lever and the reduction control shaft 1 are in the
      direct drive position. This means that the idler gear 13 is positioned by
      its fork 12 with its outer teeth engaging the inner teeth 16 of the ring
      gear 15. Since the idler gear 13 is fixed for rotation on the splined
      driving shaft 14, this idler imparts rotation to the ring gear 15 which,
      being directly engaged with the gear 18 by meshing its external teeth 17
      with the gear teeth 25 and having the same modulus, imparts rotation at
      the same speed to the gear 18. This rotation transmitted to the gear 18 is
      then further transmitted to the differential gear 19 which, through its
      housing imparts rotation to the differential pinions 41, the bevel gears
      42 and the crown wheels 43 and, through them, to the differential shaft
      31. In that position, only the portion 31.sub.2 of the differential shaft
      31 connected to the drive shaft leading to the rear axle housing is caused
      to rotate, since the portion 31.sub.1 of the shaft is disconnected. This
      permits differences in speed between these two portions of the shaft.
      Coupling of the two portions 31.sub.1 and 31.sub.2 is obtained by
      displacing the control handle 32 toward the interior of the housing so
      that the latching ball 39 lodges in the recess 37. To reach that position
      the fork 33 which forms part of the handle 32 is displaced toward the
      right by a distance equal to that separating the two recesses 37 and 38
      and this fork in turn displaces the idler gear 34 whose teeth 35 then
      slide onto mesh with the teeth 36 of the differential gear 19. The two
      portions 31.sub.1 and 31.sub.2 are then coupled and the gear box works in
      direct drive.
PAR  To place the gear box in neutral, all that needs to be done is to pull on
      the reducing control shaft 1 in such a way that its groove 4 becomes
      engaged by the latching ball 6. This displacement of the control shaft
      equally displaces toward the left thereby drawing the fork 12 and the
      idler 13 which is integral therewith. Thus, the gear teeth of the idler
      become disengaged from the interior gear teeth 16 of the ring gear 15
      without however becoming engaged with the gear teeth 26 of the gear 18.
      The gear teeth of idler 13 therefore become positioned between the two
      sets of gear teeth 25 and 26.
PAR  To operate in gear reduction mode, the pull on the control shaft 1 is
      continued until the annular groove 5 registers with the latching ball 6.
      This longitudinal displacement of the shaft 1 has the effect of displacing
      further to the left the fork 12 and its idler 13 so that its teeth become
      engaged with the teeth 26 of the gear 18. Since that gear 18 has a modulus
      twice that of the idler, the relationship which results is approximately
      one-half. Driving of the gear 18 again produces driving of the
      differential shaft 31 by its differential gearing system.
PAR  When the gear box is in neutral, i.e. when the driving shaft 14 is set into
      rotation and does not transmit its movement to the differential shaft 31,
      it is possible to couple to this driving shaft 14 a power take-off system
      such as illustrated in FIG. 2, to which reference may now be made. To that
      end, as previously indicated, it suffices to remove the cap 23 and to
      mount on the housing 9 the system in question which is constituted
      primarily of the housing 51, a power take-off shaft 52 supported by
      bearings 53, and a locking system comprising, again, a shaft 54 which is
      connected to a control lever 55. The lever 55 and integral shaft 54 has
      mounted thereon a fork 56 to provide longitudinal displacement of a
      follower 57 which is capable of being connected to the fixed coupling 58
      of the upper or driving shaft 14. In FIG. 2, the system is shown in
      decoupled position. To obtain coupling, it suffices to displace the shaft
      54 in the direction of the arrow to a position wherein the recess 60 is
      lined up with the latching ball 61 which is biased by the spring 62.
      Displacement of this shaft 54 corresponds to displacement toward the left
      of the fork 56 and its follower 57. This movement of shaft 54 and its
      follower corresponds to engagement of the teeth of the mobile interlock of
      the follower 57 and fixed interlock 58. The follower 57 being fixed for
      rotation by the shaft 52 imparts rotation to it when it is coupled to the
      fixed interlock 58. Thus the shaft 52 may receive for example the
      attachment of excavating equipment or other tools requiring motive force.
      The follower 57 alternatively engages a tangential gear driving an oil
      pump which circulates oil within the gear box when the latter is in
      neutral.
PAR  This gear box with integral differential has the advantage of being about
      thirty per cent lower in weight and size then equivalent gear box whose
      nominal input couple is 30 mkgs and whose maximum imput couple is 210
      mkgs. Thus, a gear box capable of this performance weighs only 109 kgs. It
      is also noted that gear box embodying the invention is such that the gears
      have progressive arrangement from the reduction control lever to the
      differential shaft. All the thicknesses and mechanical components are
      reduced which requires the use of a special malleable alloy (alloy GS) and
      continuous lubrication. Accordingly the arrangement of the lubricating
      channels provided in the housing makes this possible and prevents
      premature failure of the components during usage.
PAR  Because of its execution with comparatively small size and low weight, this
      gear box is particularly suitable for compact or low profile vehicles of
      the type called air transportable.
PAR  It will be understood that the example given above does not limit the
      invention and that other variants will occur to those skilled in the art
      without departing from the inventive concept.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gear box with integral differential comprising:
PA1  a unitary gear having a first set of gear teeth of predetermined pitch and
      pitch diameter, and a second set of teeth axially spaced from the first
      set by an annular groove and of substantially different pitch and/or pitch
      diameter;
PA1  a ring gear whose outer teeth permanently engage said first set of gear
      teeth;
PA1  a differential drive gear whose teeth also permanently engage said first
      set of gear teeth; and
PA1  a gear reciprocable between three axially spaced positions, engaging the
      inner teeth of said ring gear in one said position, engaging said second
      set of teeth in said unitary gear in another of said position, and being
      aligned with said groove in said unitary gear in the third of said
      positions.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said gears are of increasing volume
      going from the ring gear toward the differential drive gear.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said unitary gear is a one-piece
      casting, thereby obtaining high mechanical strength.
NUM  4.
PAR  4. The apparatus of claim 1, wherein said differential drive gear is one
      piece with the differential casing
NUM  5.
PAR  5. The apparatus of claim 1, wherein said reciprocable gear is slidably
      engaged on the main drive shaft of the gear box, and the trailing end of
      said shaft has a cover which is removable to permit attachment of a power
      take-off mechanism to said shaft.
NUM  6.
PAR  6. The apparatus of claim 5, wherein said power take-off mechanism
      comprises an axially reciprocable gear sliding on a shaft between two
      spaced positions, in one of which it engages said main drive shaft while
      in the other it does not.
NUM  7.
PAR  7. The apparatus of claim 6, wherein said axially reciprocable gear has
      external teeth engaging a tangentially disposed pinion driving an oil pump
      for recirculating the oil in said gear box.
NUM  8.
PAR  8. The apparatus of claim 1, wherein lubricating ports and reservoirs are
      provided at the bearing of the moving parts of the apparatus.
NUM  9.
PAR  9. The apparatus of claim 1, wherein said differential has two power output
      shafts, one permanently connected to an output gear of the differential,
      and the second disconnectable from the other output gear of the
      differential.
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ABST
PAL  An angle gear box for a helicopter main rotor drive has a more compact
      arrangement of the usual gear train elements of the input section as well
      as a freewheel unit. The input section gear train includes a power input
      shaft mounted on bearings and having a bevel pinion and a power output
      shaft mounted on bearings and having a bevel gear meshing with the pinion.
      The output shaft has an axial chamber in which the freewheel unit is
      housed and from which it can be readily removed without disturbing the
      mounting elements of the gear train and the critical relationship of the
      high speed bevel gears.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to helicopters and particularly to means for
      transmitting power from the output shaft of an engine to the angularly
      related main rotor drive shaft of the helicopter. Such a power
      transmitting means usually consists of an angle gear box in which the
      meshing bevel gears are mounted on bearings carried by the gear box. A
      freewheel unit is associated with the gear box, either externally thereof
      or within the gear box which in flight enables the rotor to continue to
      rotate in autorotation free from the engine if the latter is stopped or is
      rotating very slowly.
PAR  2. Description of the Prior Art
PAR  Prior to this invention all the elements of the transmission were either
      enclosed in a single gear box, in which case it was extremely difficult or
      impossible to gain access to critical units of the transmission, or
      various units were mounted externally of the gear box where they could be
      serviced. Where elements of the transmission could be removed, this could
      be done only by disturbing other elements of the gear train which require
      critical adjustment in reassembly.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved angle gear box for
      a helicopter main rotor drive in which modular assemblies are provided in
      a single gear box to provide all of the various functions of the power
      input section.
PAR  Another object of this invention is to provide such an angle gear box in
      which a power input shaft, a power output shaft and a freewheel module are
      all independently supported in the gear box and in which the freewheel
      module can be removed for service without disturbing elements of the input
      and output shafts.
PAR  A further and important object of the invention is the provision of a
      freewheel unit inside the gear box which can be removed and reinstalled
      without altering the critical mesh and alignment of the high speed bevel
      gears on the input and output shafts.
PAR  A still further object of the invention is the provision of a removable
      freewheel unit inside the gear box consisting essentially of an axial
      torque assembly which can be removed by axial withdrawal and can be
      replaced in the same manner with great facility.
PAR  More specifically it is an object of this invention to provide an improved
      and more compact angle gear box input section for a helicopter main rotor
      drive in which a power input shaft and a power output shaft are provided
      each mounted on bearings in the gear box and having a bevel pinion and an
      intermeshing bevel gear, respectively. To obtain compactness of the input
      section, the output gear shaft is enlarged at one end to provide a chamber
      which is occupied by the freewheel unit. The freewheel unit, or module, is
      a unidirectional axial torque assembly which can be readily withdrawn from
      this shaft chamber through an access port provided in the gear case. This
      module may be easily reinserted into this chamber to complete the power
      train's torque transmitting continuity by connecting its input and output
      members to that of the output gear and torque shaft respectively.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view through the improved angle gear box input
      section; and
PAR  FIG. 2 is a sectional view on a somewhat smaller scale showing the
      freewheel unit withdrawn from the gear box.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The improved angle gear box shown in FIGS. 1 and 2 of the drawings includes
      an engine support housing 10 on which the gear box input section,
      generally indicated at A, is mounted. The engine, of which only the shaft
      11 is shown, drives a power input shaft 12 mounted on bearings 14 and 16
      of module B and carries a bevel pinion 18 located on shaft 12 between
      bearings 14 and 16. Input module B is removably attached to support
      housing 10 and to gear box section A by cap screws 20 and can be removed
      bodily from the gear box without disturbing input shaft 12 or bearings.
PAR  Input module cartridge 23 is secured to input module center housing 22
      (FIG. 1) by fasteners 20. Center housing 22 is in turn connected to the
      outboard flange of transition housing 26 by fasteners 24. Transition
      housing 26 connects input housing module 22 to the main transmission
      module 28 by fasteners 25. The main transmission module 28 contains
      additional reduction gearing in addition to supportive members for the
      helicopter main rotor system which is not shown.
PAR  An angled power output shaft 32 is supported on transition housing 26 at
      its inner end by roller bearings 34 and is supported at its outer end on
      center housing 22 by a bearing 36. Power output shaft 32 is tubular and is
      enlarged at its outer end to form an axial chamber 37. About midway of the
      enlarged end, shaft 32 carries a bevel gear 30 which meshes with bevel
      pinion 18.
PAR  A torque shaft 38 connects the output side of the freewheel module C with
      the main transmission module through a subsequent reduction gear set not
      shown. In this manner the power of two or more input modules may be
      combined in the main transmission module 28 (not shown) to drive the main
      rotor system of the helicopter. Torque shaft 38 therefore extends into the
      freewheel module chamber 37 mating external spline 42 with freewheel
      module internal spline 61.
PAR  Freewheel unit C includes inner and outer sleeves 46, 48 which are mounted
      for relative rotation on bearings 45 located between them and are
      connected at their inner ends by clutch rollers 50 which react with
      inclined surfaces, or ramps, on one of the sleeves to drive the inner
      sleeve in power-on rotation of the gear train but allow the inner sleeve
      to rotate freely relative to sleeve 48 under power-off conditions when the
      rotor is turning in autorotation.
PAR  Inner sleeve 46 carries a support bearing 52 which can be moved axially
      with unit C into position to engage bearing support surface 54 on shaft
      32. Sleeve 48 carries a pilot flange 56 and input splines 58 (FIG. 2)
      which mate respectively with a bore 60 and splines 44 on shaft 32. With
      the above mating parts in engagement, internal splines 61 on inner sleeve
      46 will mate with external splines 42 on torque shaft 38 thus establishing
      a driving connection between output shaft 32 and torque shaft 38 through
      the freewheel unit.
PAR  Freewheel unit C is releasably held in operating position in chamber 37 by
      a sleeve 62 which is externally threaded at 64 and is threaded into the
      outer end of shaft 32 which is provided with internal threads 66. Sleeve
      62 bears against sleeve 48 of unit C to provide axial support for the
      latter. Lock tab 63 is keyed to sleeve 62 and is connected to sleeve 48 by
      bolt 67 to secure sleeve 62. Bolt 67 also serves to secure bearing
      retaining nut 65.
PAR  Accessory bevel gear 68 is driven by splines 69 which mate with splines 70
      of inner sleeve 46, the output side of freewheel unit C. Gear 68 meshes
      with bevel pinion 72 (FIG. 2) to drive the accessories located in housing
      74 which is secured to housing 22 by suitable bolts (not shown). Accessory
      drive gear 68 is secured to unit C by means of a nut 76 which engages
      threads 78 on inner sleeve 46 of unit C. Gear box A has an opening axially
      aligned with output shaft 32 that is closed by a cover 80 secured to the
      gear box by fasteners 82 and has a diameter at least as great as the
      diameter of chamber 37 to permit release of unit C and its easy withdrawal
      from the gear box.
PAR  In operation, power is transmitted from the engine through shaft 12 and
      pinion 18 to gear 30 and into the outer sleeve 48 of freewheel unit C by
      input splines 58 and 44. Power is then transmitted across the locked
      freewheel unit rollers 50 to the inner sleeve 46 of this unit and thence
      to the torque shaft 38 by connection of splines 61 and 42.
PAR  With the engine power off and the rotor turning in autorotation, the inner
      sleeve 46 of unit C will rotate on bearings 45 relative to the engine
      connected sleeve 48. The connecting splines 69 and 70 on accessory drive
      gear 68 and sleeve 46 allow this gear to drive the accessories in this
      mode of operation.
PAR  To withdraw and replace the freewheel unit C does not require the
      disassembly of any element of the power train on either the power input or
      the power output side of unit C. Power input module B including pinion 18
      and bearings 14, 16 are not disturbed. Also gear 30 and its shaft 32
      mounted on transition housing 26 and torque shaft 38 remain undisturbed.
      This is particularly important because shafts 12 and 32 which carry mating
      bevel gears 18 and 30 transmit the entire power output to the main rotor
      at high speed and consequently are subjected to tremendous lateral thrust
      loads as they transmit this power around an acute corner. Accordingly it
      is very important that the initial shimmed adjustment of these gears and
      their precise relationship to one another should not be disturbed by
      maintenance to unit C. Unit C on the contrary does not require the same
      accuracy of axial location relative to other system components since its
      driving parts are concentric and required to transmit torque through
      axially engageable splined connections.
PAR  The freewheel unit C, in its operating position, is supported within the
      bell-shaped chamber of shaft 32 at its inner end by bearing 52 which mates
      with bore 54. It is guided into this position by engagement of pilot
      flange 56 on sleeve 48 with bore 60 which assists in engaging splines 58
      with mating splines 44 on shaft 32. Bearings 52 and bore 54 as well as the
      mating splines can be made with a free sliding fit, since unit C transmits
      torque only and is not subject to axial loads.
PAR  While we have shown only one embodiment of our invention, we do not wish to
      be limited to the exact details shown herein, as various modifications
      will occur to one skilled in this art which fall within the scope of the
      following claims.
PAR  For example, the invention may be practiced using a freewheel unit wherein
      the inner sleeve is the driver member and the outer sleeve is the driven
      member. Similarly, the use of internal or external splines is optional.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a helicopter main rotor drive, an angle gear box, a power input shaft
      mounted on bearings in said gear box having a bevel pinion, an angularly
      related output shaft mounted on bearings in said gear box having a bevel
      gear meshing with said pinion, said output shaft comprising a tubular
      member having a bell-shaped outer end forming an axial chamber of
      substantial diameter, said gear box having an unobstructed opening aligned
      with the chamber in said output shaft at least as large in diameter as the
      diameter of said chamber, a torque shaft coaxial with the inner end of
      said output shaft with its outer end in communication with said chamber,
      and a clutch and freewheel unit axially insertable into said chamber and
      axially removable therefrom through said opening, said unit and both said
      output shaft and said torque shaft having cooperating axial splines for
      establishing a driving connection between said output shaft and said
      torque shaft upon insertion of said unit into said chamber.
NUM  2.
PAR  2. In a helicopter main rotor drive, an angle gear box, a generally
      horizontal power input shaft mounted on bearings in said gear box having a
      bevel pinion, an angularly related output shaft mounted on bearings in
      said gear box having a bevel gear meshing with said bevel pinion, said
      output shaft comprising a tubular member having a relatively
      small-diameter inner portion and having its outer portion enlarged to form
      a chamber of substantial diameter, one of the bearings for said output
      shaft being located at its smaller end portion and another being located
      adjacent the mouth of said chamber, a concentric torque shaft extending
      from the small-diameter end portion of said output shaft, said gear box
      having an opening axially aligned with and adjacent the outer end of said
      output shaft at least as large in diameter as the diameter of said
      chamber, a cover forming a closure for said opening, and a clutch and
      freewheel unit insertable axially through said opening into said chamber
      and removable axially therefrom, said unit comprising an axial torque
      assembly including concentric inner and outer sleeves having axially
      spaced bearings and clutch rollers therebetween, one of said sleeves
      having ramps cooperating with said rollers to lock said sleeves for
      rotation as a unit in one direction of rotation, means for connecting one
      of said sleeves to said output shaft and said other sleeve to said torque
      shaft by the axial insertion of said unit into said chamber, and means
      accessible through said opening in said gear box for releasably locking
      said unit in its shaft connecting position within said chamber.
NUM  3.
PAR  3. In a helicopter main rotor drive, an angle gear box, a generally
      horizontal power input shaft mounted on bearings in said gear box and
      having a bevel pinion, an angularly related output shaft mounted on
      bearings in said gear box comprising a tubular member of relatively small
      diameter at its inner end having its other end enlarged to form an axial
      chamber of substantial diameter open at its outer end, one of the bearings
      for said output shaft being located externally of its smaller end and
      another being located externally of the open end of said chamber, a bevel
      gear mounted between said bearings on said output shaft meshing with said
      bevel pinion, a torque shaft concentric with said output shaft extending
      from the inner end of the latter, said torque shaft having splines at its
      extended end, said output shaft having an internal bore for a bearing
      located adjacent said splined end of said torque shaft and also having
      axial splines within said chamber, said gear box having an opening axially
      aligned with said output shaft and at least as large in diameter as the
      diameter of said chamber, and a freewheel unit comprising an axial torque
      assembly in said chamber, said unit including spaced inner and outer
      sleeves having bearings and clutch rollers between them, one of said
      sleeves having ramps cooperating with said rollers to lock said sleeves as
      a unit in one direction of rotation, said unit also having means for
      connecting said output shaft to said torque shaft comprising external
      axial splines on one of said sleeves meshing with the internal splines on
      said output shaft and axial splines on the other of said sleeves meshing
      with the splines on the end of said torque shaft, a bearing fixed on the
      inner end of said freewheel unit axially insertable into said internal
      bore of said output shaft, and means at the open end of said chamber for
      releasably locking said freewheel unit to said output shaft against axial
      displacement from said chamber.
NUM  4.
PAR  4. The combination of claim 3 in which the means for releasably locking
      said freewheel unit against axial displacement from the chamber in said
      output shaft comprises means accessible through said opening in said gear
      box for releasably connecting one of said sleeves of said freewheel unit
      to the outer end of said output shaft.
NUM  5.
PAR  5. The combination of claim 3 in which circumferential guiding means is
      provided on one of said sleeves adjacent the splines on said sleeve for
      facilitating the axial insertion of said freewheel unit into said chamber.
NUM  6.
PAR  6. In a helicopter main rotor drive, a compact angle gear box, a generally
      horizontal power input shaft mounted on bearings in said gear box having a
      bevel pinion, an angularly related output shaft mounted on bearings in
      said gear box having a bevel gear meshing with said bevel pinion, said
      output shaft comprising a tubular member of relatively small diameter at
      its inner end and a larger diameter at its outer end forming an axial
      chamber of substantial diameter, axial splines on the internal surface of
      said output shaft, a torque shaft extending from the inner end of said
      output shaft having a splined end communicating with said chamber, said
      gear box having an opening aligned with the chamber in said output shaft
      which is substantially as large as the diameter of said chamber, a cover
      forming a removable closure for said opening, and means axially insertable
      through said opening into said chamber and readily removable therefrom for
      operatively connecting said output shaft with said torque shaft comprising
      a freewheel unit, said unit including an axial torque assembly having
      spaced inner and outer sleeves with axially spaced bearings and clutch
      rollers therebetween, one of said sleeves having ramps cooperating with
      said rollers to lock said sleeves for rotation as a unit in one direction
      of rotation, axial splines on the surfaces of both of said sleeves
      engageable with the splines on the surface of said output shaft and said
      torque shaft upon axial movement of said freewheel unit into said chamber,
      and means at the open end of said chamber for securing said unit removably
      in said chamber including means for securing the outer sleeve of said unit
      to said output shaft.
NUM  7.
PAR  7. In a helicopter main rotor drive, an angle gear box, a power input shaft
      mounted on bearings in said gear box having a bevel pinion, an output
      shaft angularly related to said input shaft mounted on bearings in said
      gear box having a bevel gear meshing with said pinion, said output shaft
      comprising a tubular member of relatively small diameter at its inner
      portion having its outer portion enlarged to form a chamber of substantial
      diameter, a torque shaft concentric with said output shaft communicating
      with said chamber through the small-diameter end portion of said output
      shaft, said gear box having an opening of substantial diameter aligned
      with the chamber in said output shaft, and a freewheel unit freely
      removable from said chamber and freely insertable into said chamber
      through said opening for completing the driving connection between said
      output shaft and said torque shaft while the adjustment of said bevel gear
      and pinion and the bearings for their mounting shafts remain undisturbed.
NUM  8.
PAR  8. In a helicopter main rotor drive, a compact angle gear box, a power
      input shaft mounted on bearings in said gear box having a bevel pinion, a
      tubular power output shaft in said gear box angularly related to said
      input shaft having a bevel gear meshing with said pinion, said output
      shaft having a relatively small diameter portion at one end at which one
      of its bearings is located and having a larger diameter portion at its
      other end forming a large diameter chamber of substantial axial length at
      which another of its bearings is located, said output shaft having axial
      splines on its internal wall, said gear box having an opening axially
      aligned with said chamber of a diameter approximately as large as the
      diameter of said chamber, a torque shaft in communication with the small
      diameter portion of said output shaft having a splined outer end, a clutch
      and freewheel unit insertable through said opening in said gear box into
      said chamber and freely removable therefrom, and means for establishing a
      driving connection between said output shaft and said torque shaft by the
      axial insertion of said freewheel unit into said chamber including splines
      on said unit which mesh with said axial splines on said output shaft wall
      and with the splines on said torque shaft.
NUM  9.
PAR  9. In a helicopter main rotor drive, an angle gear box, a power input shaft
      mounted on bearings in said gear box having a bevel pinion, an output
      shaft angularly related to said input shaft having a bevel gear meshing
      with said pinion and mounted on bearings in said gear box, said output
      shaft comprising a tubular member of relatively small diameter at its
      inner portion and having its outer portion enlarged to form a chamber of
      substantial diameter, a torque shaft for the main rotor drive concentric
      with said output shaft having its outer end extended through said
      small-diameter portion of said output shaft into said chamber, said gear
      box having an unobstructed opening axially aligned with said chamber of a
      diameter approximately as large as the diameter of said chamber, and means
      operative to make and break the driving connection between said output
      shaft and said torque shaft with the adjustment of said bevel gear and
      pinion and the bearings for their mounting shafts undisturbed, comprising
      a freewheel unit freely removable from said chamber and freely insertable
      into said chamber through said opening in said gear box.
NUM  10.
PAR  10. The main rotor drive shaft for a helicopter recited in claim 9 in which
      the freewheel unit includes inner and outer concentric sleeves, one of
      which has a ramp, and a cooperating roller between said sleeves to lock
      said sleeves for rotation as a unit in one direction of rotation, said
      sleeves having axial splines which cooperate with axially aligned splines
      on the outer end of both said output shaft and said torque shaft to
      establish the driving connection between said shafts when said
      freewheeling unit is inserted axially into said chamber.
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ABST
PAL  A device for taking test samples from a fluid material including passing
      the material gravitationally downwardly through a first chamber and
      through a sample divider plate having a plurality of radially extending
      openings with a sample takeoff passage receiving a sample through one of
      the openings and directing the sample to a second chamber which is
      provided with a second sample divider plate also having openings and with
      a second sample takeoff receiving a sample from one of the openings and
      directing it to a third chamber having a sample divider with a plurality
      of openings and taking a sample through one of said openings with a third
      sample takeoff passage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a mechanism for continuously taking test specimens
      or samples, such as from sludges or pulps, wherein the sample is
      accurately representative of the flow of material. More particularly, the
      invention relates to a mechanism for flowing fluid material
      gravitationally downwardly and taking a sample truly representative of the
      flow and passing that sample to another chamber where another sample is
      taken representative of flow and thereafter passing the second sample to a
      third chamber where another sampling is taken.
PAR  Sampling devices for test specimens from pulps or sludges have been known
      before in the art, and an example of such device is shown in German Pat.
      No. 745,782. In this patent a sampling spoon is moved back and forth and
      driven by an electric motor which drives the device to move the spoon in
      arbitrarily regulable periods of time through the stream from which the
      sample is to be taken. The sampling spoon is carried by an arm driven by
      the motor and a time switch controls the mechanism so that the samples are
      taken from the stream of liquid noncontinuously. The sampling spoon is
      connected with the discharge conduit inclined downwardly through which the
      test specimen flows to a collector.
PAR  The operation of such a sampler requires the constant supply of driving
      energy and, of course, requires operating parts which exhibit wear with
      the passage of time. Also, a timing mechanism must be provided which must
      be reliable and requires that a source of operating power for the timer be
      provided. Also, by the nature of such a structure, it must operate
      intermittently, and therefore, it is not possible to actually take a
      continuous sample, which can lead to inaccuracies in sampling.
PAR  An object of the present invention is to provide a mechanism which
      furnishes a fully representative sample of fluid material, such as liquid
      sludges or pulps, which avoids disadvantages of samplers heretofore
      available and by which a truly continuous withdrawal even of an extremely
      small quantity of a sample is made possible from a large quantity of flow.
      The mechanism is practical for use in laboratories which have high
      requirements with respect to the representative nature of the samples and
      provide such a sample which can be used for analytical control or for
      supervision of a process.
PAR  A feature of the invention is to provide a chamber through which the
      material flows gravitationally with the lower area of the chamber
      constructed as a sample divider having a plurality of passage openings.
      The chamber is constructed so that flow will be fully uniform and
      representative through each of the passage openings, and the sample is
      removed through an takeoff passage receiving flow from only one or a small
      number of the passage openings. Since the passage openings are uniform in
      size, location, and shape, and relationship to the main flow through the
      chamber, a fully representative sample is taken, and the flow continues
      through the chamber with the fluid continuing to mix homogeneously. By the
      use of gravitational flow, the power requirements of previous devices is
      eliminated and losses of material occurring due to erratic operation or
      power failure are eliminated.
PAR  In accordance with the principles of the invention, the lower chamber area
      is constructed rotatably with respect to the upper chamber area, and the
      lower chamber area has a sample divider plate with the openings being a
      plurality of radially extending slots which increase in width radially
      outwardly. By interchange of plates with different size openings or by
      selectively blocking a portion of the openings in a uniform manner so that
      the flow through the remaining areas is representative, the quantity of
      continuous sampling can be controlled.
PAR  In providing a divider plate wherein the passage openings are radially
      extending slots, a uniform impingement of the flow of material against the
      plate is obtained and is particularly useful in sludges or pulps. In these
      types of flows, the formation of strands or build-ups of coagulated or
      concentrations of materials can occur in ordinary devices, but is avoided
      so that by the taking of samples, the homogeneity of the flow is not
      destroyed.
PAR  In the preferred embodiment, the initial chamber, and subsequent chambers
      are cylindrically shaped with the inlet discharging tangentially into the
      upper area of the chambers. This invokes a whirling movement of the
      liquids to prevent settling out or coagulation which can occur in sludges
      or pulps, particularly at the area of the inlet where whorls or whirlpools
      can form having an adverse effect on the even distribution of the material
      in suspension in the liquid. By continuing the uniform distribution of
      material throughout the liquid the quantities of samples drawn off are
      fully representative and are an average of the flow of the entire quantity
      of material. This is particularly important wherein statistics to be
      produced from the samples indicate analytically the results of a process
      through which the material has been subjected or control the process to
      which the material is to be subjected later.
PAR  In the cylindrical chamber beneath the inlet is arranged a frustoconical
      distributor shield with a central opening discharging downwardly toward
      the sample divider plate. This complements the whirling action of the
      material entering the chamber tangentially. Directly below the
      frusto-conically shaped downwardly depending skirt is an upwardly
      extending cone positioned in the center of the distributor plate with the
      radial openings extending outwardly and arranged symmetrically around the
      cone. With this arrangement, the flow through the skirt and onto the cone
      will be distributed uniformly out over the sample divider plate and over
      the passage openings so that each passage opening is equally impinged as
      to quantity of material. The sampling is taken from at least one of the
      passage openings which discharges downwardly into takeoff passage with the
      takeoff passage feeding to a second chamber constructed similarly to the
      first chamber, and an takeoff passage from the second chamber delivering
      to a third chamber from which a sample is taken. Thus, the first sampling
      removes only a small representative part of the total flow, and the second
      sampling represents a small representative part of the first sampling, and
      the third sampling removes only a small representative part of the second
      sampling so that the final sample is a very minute part of the whole, but
      truly representative thereof.
PAR  In the construction of the chambers, the lower portion is removable so that
      the sample divider plate can be readily and quickly exchanged to provide a
      new plate with different size openings for different sample requirements.
      In the arrangement above described, the several chambers are arranged in
      sequence so that the fluid continues to flow gravitationally, and the
      gravitational flow is channeled and handled in such a manner so as to
      maintain uniform flow about the central axis of each of the chambers and
      with the flow continued to be agitated in a manner so that the fluid is
      homogeneous at all circumferential locations. The rejected portion of the
      first sample and of the second sample are fed back into a main discharge
      from the main chamber with the entire unit constructed so as to require
      relatively small headroom and minimum restriction to flow of the fluid
      being sampled.
PAR  Other objects, advantages and features of the invention will become more
      clear, with equivalent structures and methods which are intended to be
      covered hereby, in the disclosure of the specification, claims, and
      drawings in which:
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a vertical elevational view in section, shown somewhat
      schematically of a sample taking device constructed and operating in
      accordance with the principles of the present invention;
PAR  FIG. 2 is a horizontal sectional view taken substantially along line II--II
      of FIG. 1; and
PAR  FIG. 3 is a fragmentary view of a portion of FIG. 2 showing additional
      mechanism for controlling flow volume.
DETD
PAC  DESCRIPTION
PAR  The sample taking device illustrated in FIGS. 1 and 2 preferably includes
      three chambers 1, 2 and 3 which are interconnected. The chambers and the
      associated structure are arranged so that a truly representative sample is
      taken from the complete flow which gravitationally flows through the first
      chamber, and a sample of that sample removed in chamber 1 is taken in the
      second chamber, and another sample of the second sample is taken in
      chamber 3. Thus, the final sample becomes very small, but truly
      representative of the total flow.
PAR  The chambers 1, 2 and 3 are constructed so that each has a discharge
      housing shown respectively at 4, 5 and 6. Each of the chambers is provided
      with a tangential inlet shown respectively for the three chambers at 7, 8
      and 9. Each of the discharge housings 4, 5 and 6 is provided with a
      central discharge with the main discharge shown at 13 for chamber 1. The
      discharges 14 and 15 for chambers 2 and 3 feed back into the main
      discharge pipe 16 for the first chamber so that the unused or excess
      amounts of sample material are returned to the main flow. The chamber 3 is
      uniquely positioned so as to be centrally located, and in essence, pushed
      partially into the discharge housing 5 of the chamber 2 thereby reducing
      the amount of vertical and lateral space required.
PAR  While three chambers are preferably shown, it will be understood that in
      some instances, the principles of the invention may be used with a single
      chamber or with two chambers, or in some instances, more chambers than
      three may be provided. In accordance with the method, the sample of the
      fluid material is permitted to flow gravitationally downwardly, and a
      first representative portion is detoured as a sample, and a portion of
      that sample is taken as a representative sample and thereafter a portion
      of that sample portion is taken.
PAR  The chambers are preferably cylindrical in shape, and the tangential inlet
      causes the material to maintain a motion to keep any solids in suspension
      and uniformly distributed throughout the liquid or to keep any fluid
      material homogeneous throughout. Extending across the first and second
      chambers 1 and 2 are sample divider plates 17 and 18. These plates have a
      plurality of circumferentially uniformly distributed radially extending
      passage openings 20 and 21 for the plates. These passage openings are
      arranged symmetrically with respect to the center of each of the plates so
      that each slot receives a representative flow. One or more of the slots
      shown at 25 and 26 are in communication with a take-off conduit shown at
      10 and 11. These take-off conduits have upper ends 23 and 24 which are
      open and are in alignment with the slots 25 and 26 so that flow through
      the slots passes into the conduit. The conduits 10 and 11 discharge
      tangentially into the chambers 2 and 3 respectively.
PAR  At the center of each of the sample divider plates is positioned a cone at
      27 and 28 which slopes downwardly and outwardly so that the material flows
      outwardly and evenly across the radial openings 20 and 21.
PAR  Positioned above each of the cones 27 and 28 in the chambers is a
      downwardly extending frusto-conical distributor shield 33 and 34. The
      shield has a central opening shown at 30 and 31 for the chambers 1 and 2,
      and material flows through the opening to the divider plates therebelow.
PAR  The chamber 3 may be constructed similarly to 1 and 2 with a plate
      extending thereacross, but is illustrated as having slightly different
      construction with a cone shaped divider plate 29 having passage openings
      22, positioned in the lower portion of the third chamber. The openings 22
      receive a portion of the flow passing down through the third chamber, and
      the cone has a bottom 19 which channels the sample of material down
      through the conduit 12 which delivers the final sample. In certain
      environments it may be desirable not to utilize all of the openings 22,
      but to provide selective blockages for these openings to reduce the size
      of the eventual sample which is taken. Because the material is uniformly
      distributed over the cone 29 by virtue of a downwardly depending
      frusto-conical skirt 35 in the third chamber, having an opening 32, a
      uniform flow will occur over all of the openings 22 around the
      circumference of the deflector 29, which is located in the lower portion
      36 of the third chamber.
PAR  The divider plates 17, 18 and 29 have the elongated slots which increase in
      width in a radial outward direction. This increase in width provides for
      representative flow at all radial points of the slot through which the
      sample is being taken. This permits blocking of a portion of the slot to
      reduce the portion of the sample being taken. One form of blocking the
      slot is shown in FIG. 3 wherein a radial vane 40 may be moved
      circumferentially to block a part of the slot 25. The radial vane may be
      connected to an inner ring 41 encircling the base of the cone 27 for
      holding the ring 40 in its stable position, or other structure may be
      employed for the vane 40. Another way of controlling the amount of sample
      being taken is to change the plates 17, 18 or 29 with other plates of
      different sizes. For this purpose, the lower parts of each of the chambers
      1 and 2 are removable, or in other words interchangeable, and the unit 19
      in the third chamber is interchangeable. It will also be seen that the
      vane 40 may take various shapes such as having teeth or projections which
      extend across the slot 25 or may be arranged to progressively cover an
      inner portion or outer portion of the slot as it is shifted either
      radially or circumferentially. A similar valving device such as the vane
      40 may be provided for the plates 18 29 of the other chambers.
PAR  The lower portion of each of the chambers is shown flanged at its upper
      end, and as will be recognized by those versed in the art, gaskets may be
      provided to prevent leakage and permit interchangeability.
PAR  In operation, the entire flow of material to be tested flows
      gravitationally downwardly and where material such as liquid or sludge or
      pulp is to be tested, it is introduced tangentially into the inlet 7,
      flows in a strongly whirling motion downwardly over the shield 33 through
      the opening 30 onto the cone 27 and uniformly through each of the slots
      20, with the sample portion flowing through the slot 25 into the conduit
      10. The sample portion then passes through the conduit 8 tangentially into
      the second chamber 2, downwardly over the shield 34 onto the cone 28 and
      uniformly through the slots 21. The usable sample portion is taken through
      the opening 26 into the conduit 11 and flows tangentially into the chamber
      3 whereupon it flows over the skirt 35 through the openings 22 and down to
      the conduit 12 which provides the final sample. The unused sample portions
      from chamber 1 flow downwardly through the conduit 13, and the unused
      portions of the chambers 2 and 3 flow through the conduits 14 and 15 to
      join the main flow in the pipe 16. In each of the chambers, the liquids
      continue to whirl maintaining homogeneous flow and the flow remains the
      same at all circumferential locations of the chamber as well as all radial
      locations when it reaches the divider plate. With the arrangement
      described, and in accordance with the principles of the method of the
      invention, the sample taken is the average of the total quantity. Flow is
      accomplished and sampling is taken without the use of any power driven or
      moving parts and gravitational flow is utilized with a mechanism requiring
      a minimum of space. In addition to being able to sample liquid materials,
      finely grained pulverulent materials may also be sampled, and divider
      plates may be chosen of a precise portion of total quantity of flow, and
      the sample removed can be tested to be representative of flow or it may
      fed into automatic testing equipment and be used to operate a programmed
      operating computer to control an overall process in a plant automatically.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A mechanism for continuously obtaining a representative sample from a
      fluid material such as from sludges or pulps comprising in combination:
PA1  a circular chamber with an inlet opening and a main discharge opening;
PA1  a sample divider in the chamber having a plurality of sample openings
      uniformly distributed circumferentially;
PA1  said inlet opening discharging tangentially into the upper end of said
      chamber and creating a whirling circular motion in the material in the
      chamber so that the material has rotary turbulence in passing said sample
      openings; and
PA1  a sample takeoff passage connected to at least one of said sample divider
      openings for a sample flow with the remaining flow through the chamber
      passing through the unconnected sample divider openings to said main
      discharge opening.
NUM  2.
PAR  2. A mechanism for continuously obtaining a representative sample from a
      fluid material such as from sludges or pulps in accordance with claim 1:
PA1  wherein said sample divider is rotational relative to said sample off-take
      so that with relative rotation selective different numbers of sample
      divider openings can be placed in communication with said sample off-take.
NUM  3.
PAR  3. A mechanism for continuously obtaining a representative sample from a
      fluid material such as from sludges or pulps in accordance with claim 1:
PA1  wherein said sample divider includes a plate extending completely across
      said chamber and an annular distributor positioned above said plate.
NUM  4.
PAR  4. A mechanism for continuously obtaining a representative sample from a
      fluid material such as from sludges or pulps in accordance with claim 1:
PA1  wherein said sample divider openings comprise a plurality of radially
      extending slots.
NUM  5.
PAR  5. A mechanism for continuously obtaining a representative sample from a
      fluid material such as from sludges or pulps in accordance with claim 1:
PA1  and including a frusto-conically shaped distributor having a central
      opening and positioned above the sample divider.
NUM  6.
PAR  6. A mechanism for continuously obtaining a representative sample from a
      fluid material such as from sludges or pulps in accordance with claim 5:
PA1  and including a conically shaped deflecting body having its apex centrally
      located relative to the distributor and positioned above said sample
      divider.
NUM  7.
PAR  7. A mechanism for continuously obtaining a representative sample from a
      fluid material such as from sludges or pulps in accordacne with claim 6.
PA1  wherein the sample divider is in the form of a horizontally extending plate
      and the divider openings are in the form of radially extending slots
      arranged substantially symmetrically about the center of the chamber
NUM  8.
PAR  8. A mechanism for continuously obtaining a representative sample from a
      fluid material constructed in accordance with claim 1:
PA1  including means for controllably blocking said sample take-off opening.
NUM  9.
PAR  9. A mechanism for continuously obtaining a representative sample from a
      fluid material such as from sludges or pulps comprising in combination:
PA1  a circular chamber with an inlet opening and a main discharge opening;
PA1  a sample divider in the chamber having a plurality of sample openings
      uniformly distributed circumferentially;
PA1  means creating a whirling circular motion in the material in the chamber so
      that the material has rotary turbulence in passing said sample openings;
PA1  a sample takeoff passage connected to at least one of said sample divider
      openings for a sample flow with the remaining flow through the chamber
      passing through the unconnected sample divider openings to said main
      discharge opening;
PA1  a second chamber receiving sample material from said takeoff passage;
PA1  a sample divider in said second chamber having a plurality of sample
      openings; and
PA1  a sample takeoff passage connected with at least one of said divider
      openings.
NUM  10.
PAR  10. A mechanism for continuously obtaining a representative sample from a
      fluid material such as from sludges or pulps in accordance with claim 9.
PA1  including a third chamber connected to receive material from said off-take
      passage from the second chamber;
PA1  a sample divider in said third chamber having a plurality of sample
      openings;
PA1  and a sample off-take passage connected to at leat one of said divider
      openings in the third chamber.
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ABST
PAL  A worm gearing having a worm and worm gear in meshing engagement. The worm
      consists of a thread which is produced by winding a strandlike member into
      a helix configuration. The strandlike member has two rows of projections
      and recesses on opposite sides of the strand which, in the wound-up
      condition, engage the projections and recesses of the next adjacent row to
      thereby prevent a relative reciprocal shifting therebetween during use
      thereof.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a worm gear apparatus having a worm and a worm
      gear in meshing engagement and the worm consists of a thread which is
      produced by winding a strandshaped member.
PAC  BACKGROUND OF THE INVENTION
PAR  Known worm gearings of this type serve to transmit relatively small
      torques. In the gearing arrangement according to German Patent No.
      253,658, which for example is used for driving a contact roller for
      advertisement illumination purposes, the worm grips around the worm gear
      over 180.degree. of the periphery thereof. The worm gear consists of a
      soft material, into which the worm windings are to cut grooves. In a
      further known gearing (U.S. Pat. No. 3,220,278), which for example is used
      for driving a tape recorder, the worm gear has a plurality of teeth right
      from the start. The worm surrounds the worm gear over an angle of
      270.degree.. A special advantage of such worm gearings is that a larger
      number of threads can simultaneously engage the worm gear. However, a
      gearing of the above-mentioned type is also known (U.S. Pat. No. 2,635,479
      ), in which the worm has a straight axis. The worm can for the purpose of
      an uncoupling be released by means of a movement mechanism from its
      engagement with the worm gear. The elasticity of the worm is to prevent
      impacts during recoupling.
PAR  It has been proven that the known gearings of the abovementioned type are
      only suited for transmitting larger torques, if a longer lifetime of the
      gearings is not important. The lifetime of the gearings is limited because
      the worm, depending on the direction of rotation, is either pulled
      together or widened. Both the diameter and also the thread change hereby,
      through which a clamping occurs between the worm thread and the teeth of
      the worm gear. This leads relatively quickly to a breakage of the worm so
      that such gearings do not reach the service life which is necessary, for
      example for a car window gearing or other adjusting gearings, for example
      for roller shutter operations.
PAR  The basic purpose of the invention is to construct in a gearing of the
      above-mentioned type a worm so that the windings can no longer shift
      relative to one another.
PAR  This purpose is attained according to the invention by the strandlike
      member having two rows of projections and recesses, whereby in wound-up
      condition of the strandlike member the projections of the one row engage
      the recesses of the other row to prevent a relative reciprocal shifting
      between the adjacent windings.
PAR  In a so constructed worm gearing, a reciprocal shifting of the windings is
      neither possible in the sense of a pulling together of the worm nor in the
      sense of a widening of the worm, since the positive engagement of the
      projections in the recesses prevent reciprocal shiftings between the
      windings. Thus the worm maintains at all times its diameter and therefore
      fits with the provided clearance into the teeth of the worm gear, so that
      damaging jammings are avoided. Through this a much greater lifetime for
      the worm can be achieved.
PAR  The projections and recesses may have many different shapes. For example,
      tooth profiles are advantageous so that so to speak two racks are provided
      on the strandlike member.
PAR  The projections and recesses of the one row can be offset with respect to
      the projections and recesses of the other row, however, they must not have
      such an offset. The offset depends on the desired diameter of the worm
      and, therefore, differs from case-to-case.
PAR  The projections and recesses can be constructed wedge-shaped in such a
      manner that the spacing between the side edges of the projections, seen in
      peripheral direction of the worm and which lie opposite to one another,
      decreases from the outside edge thereof to the inside edge. As a result,
      radial planes on the side surfaces of the projections and recesses which
      go through the axis of the worm extend fan-shaped with respect to one
      another, so that an abutment of the projections in the recesses can only
      be accomplished over the entire radial thickness of said projections and
      recesses by the utilization of a wedge shape. However, one can also do
      without this, in particular when the radial thickness of the projections
      and recesses is small in relationship to the diameter of the worm.
PAR  The strandlike member may have an approximately T-shaped cross section,
      whereby the T-shaped strand forms the teeth engaging the worm gear teeth
      and the T-crossbeam forms a foot flange lengthwise along the two side
      edges at which the projection/recess rows are arranged. Such a strandlike
      member can be wound up particularly well to a worm, because the foot
      flange forms a good abutment surface for resting on a winding mandrel.
PAR  In a different embodiment of the invention, the strandlike member has an
      approximately cross-shaped cross section, whereby one crossbar forms the
      thread engaging the worm gear teeth and two crossbars which lie opposite
      one another form flanges, lengthwise the edges of which the
      projection/recess rows are arranged. Such a strandlike member is
      particularly advantageous with respect to the rigidity thereof, because
      fixation against shifting lies close to the stressed threads. The worm may
      be constructed both with one thread or also with several threads. In the
      latter case, several strandlike members are wound-up parallel with one
      another. By using worms which have a plurality of threads thereon enables
      the transmission of large forces.
PAR  The axis of the worm may be straight. In this case, the advantage is
      utilized that the worm can be manufactured inexpensively. In a preferred
      embodiment of the invention, however, the axis of the worm is curved over
      at least a portion of its length so that several threads simultaneously
      engage the worm gear. Here the advantage mentioned in the beginning is
      utilized, that a flexible worm can be adjusted to the worm gear. It is
      then possible to transmit with a relatively thin worm relatively large
      torques, so that the gearing can be constructed very flat.
PAR  The strandlike member may consist of any suitable material. Suitable is for
      example, metal, in particular steel, if we deal with the transmission of
      greater forces. In transmitting smaller forces, nonmetallic materials can
      also be used, thus, for example, plastic.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Exemplary embodiments of the invention are illustrated in the drawing, in
      which:
PAR  FIG. 1 is a partially cut-open side view of a worm gearing arrangement;
PAR  FIG. 2 is a cross-sectional view taken along the line II--II in FIG. 1;
PAR  FIG. 3 is a top view of a strandlike member for the manufacture of a worm;
PAR  FIG. 4 is a cross-sectional view taken along the line IV--IV of FIG. 3;
PAR  FIG. 5 is an enlarged diametrical cross-sectional view of a straight worm;
      and
PAR  FIG. 6 is an enlarged illustration of an area, in which two adjacent worm
      windings engaged.
DETD
PAC  DETAILED DESCRIPTION
PAR  The main parts of the gearing apparatus are, according to FIGS. 1 and 2, a
      housing 1, a plate-shaped worm gear 2 and a worm 3. The structure of these
      main structural parts and their cooperation will be discussed in detail
      hereinbelow.
PAR  The housing 1 consists of two laterally spaced plates 4, 5 and a center
      spacer plate 6. The plates 4, 5 and 6 are connected by means of not
      illustrated connecting means, for example by means of screws. Grooves 7, 8
      are provided in the interfacing sidewalls of the plates 4, 5 and receive
      the worm 3 therein. The center plate 6 has a circular opening 9 therein
      for receiving the worm gear 2. Furthermore, the center plate 6 has an
      elongated slot 10 therein for receiving the worm, which slot has
      enlargements 11 and 12 at its ends. Aligning windowlike openings 13, 14
      and 15 exist in the side plates 4, 5 and in the center plate 6.
PAR  A pin 16 is supported approximately in the center of the housing, which pin
      is graduated several times and also has a polygon cross section part 17,
      here square. The sections 18 and 19 serve to support the pin. The polygon
      section 17 engages a polygon-shaped hole 20, here square, in the center of
      the worm gear 2. The worm gear 2 has teeth 21 on its periphery.
PAR  The worm 3 consists of a strandlike member which will be described later on
      and has a sleeve 22 secured thereto at its one end, which sleeve is
      supported in one of the enlargements 11 in the slot. A bearing part 23 is
      fixedly connected to the other end of the worm, which bearing part is
      received in the other enlargement 12 in the slot. The bearing part 23 has
      a flange 24, which projects through the aligned windowlike openings 13,
      14, 15 to fix the worm against an axial displacement. A drive shaft is
      connected at 25 and a not illustrated driven shaft is connected to the pin
      16 at the end indicated by reference numeral 26.
PAR  The strandlike member, of which the worm 3 is comprised, is illustrated
      more in detail in FIGS. 3 to 6. As a whole, the strandlike member has the
      reference numeral 27. As can be seen from FIG. 4, the cross section of the
      strandlike member is approximately T-shaped. The thick T-stem 28 has a
      rounded end portion 29 and forms the actual thread. The arms 30 and 31 of
      the T form end flanges. As can be seen from FIG. 3, these edge flanges 30
      and 31 have teeth formed therein. The teeth are identified on one side by
      reference numeral 32 and on the other side by reference numeral 33, while
      the gaps between the teeth on one side are identified by reference numeral
      34 and on the other side by reference numeral 35. The teeth 32, 33 form
      projections, which fit into the recesses formed by the gaps 34, 35 between
      the teeth 32, 33. The teeth 32 on the one side are offset by an amount V
      with respect to the teeth 33 of the other side. The radial thickness s of
      the edge flange 30, 31 is relatively small.
PAR  To manufacture a worm, the strandlike member 27 is wound onto a winding
      mandrel, whereby the foot surface 36 rests on the winding mandrel. This
      very substantially simplifies the winding, because the T-stem 28 of the
      strandlike member extends radially outwardly and is achieved automatically
      by reason of the abutment of the surface 36 on the mandrel. During this
      winding up, the teeth of the one row are inserted into the gaps between
      the teeth of the next adjacent row. The displacement V depends on the
      diameter of the worm. There are also instances in which a displacement V
      does not exist, because the displacement is then, so to speak, a whole
      multiple of the tooth pitch.
PAR  FIG. 5 illustrates a double threaded worm. It consists of two strandlike
      members 37 and 38, which are constructed like the strandlike member 27.
      Both of the strandlike members 37 and 38 are wound parallel. The
      engagement of the teeth with one another is illustrated at 39 where a
      fragment thereof is shown. FIGS. 3, 4 and 5 illustrates teeth 32, 33
      having straight flanks. FIG. 6 shows that it is also possible to use teeth
      with curved or involute flanks.
PAR  From inspecting the drawing, in particular FIG. 5 (at 39) and FIG. 6, it is
      clear that through the engagement of the teeth with one another a relative
      reciprocal shifting of the strandlike member under the effect of the
      driving torque is prevented. Through this, diameter and lead of the worm
      are maintained and a jamming of the worm windings 28 between the teeth 21
      of the worm gear are avoided. As a result, a substantially longer lifetime
      can be achieved than without the toothing of the strandlike member.
PAR  As is shown in FIG. 1, the worm 3 has a curved axis 40 so that several worm
      windings simultaneously engage the worm gear 2. This permits at relatively
      small dimensions, the transmission of relatively large torques.
PAR  Although particular preferred embodiments of the invention have been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A worm gearing having a worm and a worm gear in meshing engagement and
      the worm consists of a thread, which is produced by winding a strandlike
      member, comprising the improvement wherein the strandlike member has two
      rows of projections and recesses, whereby in wound-up condition of the
      strandlike member, the projections of the one row engage the recesses of
      the other row to prevent a relative reciprocal shifting between the
      adjacent windings.
NUM  2.
PAR  2. The improved worm gearing according to claim 1, wherein the rows of
      projections and recesses are constructed as teeth.
NUM  3.
PAR  3. The improved worm gearing according to claim 1, wherein the projections
      and recesses of the one row are offset with respect to the projections and
      recesses of the other row.
NUM  4.
PAR  4. The improved worm gearing according to claim 1, wherein the projections
      and recesses are constructed wedge-shaped in such a manner that the
      distance of their side surfaces which seen in peripheral direction of the
      worm lie opposite to one another decreases from outside to the inside.
NUM  5.
PAR  5. The improved worm gearing according to claim 1, wherein the strandlike
      member has an approximately T-shaped cross section, whereby the T-stem
      defines the thread engaging the worm gear teeth and the T-crossbeam forms
      a foot flange, lengthwise the two side edges at which the
      projection/recess rows are arranged.
NUM  6.
PAR  6. The improved worm gearing according to claim 1, wherein the strandlike
      member has an approximately cross-shaped cross section, whereby one
      crossbar forms the teeth engaging the worm gear teeth and two crossbars
      which lie opposite one another form flanges lengthwise the edges of which
      the projection/recess rows are arranged.
NUM  7.
PAR  7. The improved worm gearing according to claim 1, wherein the worm has one
      thread.
NUM  8.
PAR  8. The improved worm gearing according to claim 1, wherein the worm has
      several threads, preferably double thread, and consists of two or more
      strandlike members which are woundup parallel with one another.
NUM  9.
PAR  9. The improved worm gearing accordingg to claim 1, wherein the axis of the
      worm is straight.
NUM  10.
PAR  10. The improved worm gearing according to claim 1, wherein the axis of the
      worm is curved over at least a portion of its length so that several
      threads simultaneously engage the worm gear.
NUM  11.
PAR  11. The improved worm gearing according to claim 1, wherein the strandlike
      member consists in a conventional manner of metal, preferably of steel.
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ABST
PAL  A track laying tractor has a front mounted engine and rear mounted pair of
      transmissions and right-angle drive units, each transmission and driveunit
      being provided for one of the two tracks. A single engine output shaft
      provides input for the two transmissions, through gearbelts, and output
      speed reducing sprockets and chains are employed between the transmissions
      and gear boxes for the necessary speed reduction. There are two
      self-centering track control handles, the left-hand handle controlling the
      left-hand track, and the right-hand handle controlling the right-hand
      track.
PARN
PAR  This is a division of application Ser. No. 358,048, filed May 7, 1973, now
      U.S. Pat. No. 3,853,193.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to track-laying tractors, and more
      particularly to a small sized tractor with precision convenient controls
      facilitating safe operation.
PAR  2. Description of the Prior Art
PAR  Of course there are small, track-laying tractors known. Those of which I am
      aware employ cone clutch arrangements or single transmission units to
      control the tracks. They have had problems of size, cost, difficulty of
      maintenance, difficulty of replacement, or combinations of such problems.
      It is a general object of the present invention to provide an improved
      tractor drive and control system minimizing or eliminating such problems.
PAC  SUMMARY OF THE INVENTION
PAR  Described briefly, in a typical embodiment of the present invention, a
      drive and control system employs separate hydrostatic transmissions and
      right-angle drive gear boxes to provide power from a common engine output
      shaft to the left and right-hand tracks, separately and independently.
      Means are provided for returning the controls to neutral, whenever
      released by the operator, and the arrangement of the controls,
      transmissions, and gear boxes is compact and yet readily serviced, if
      needed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a tracked vehicle, partially cut-away
      to show interior details, and with some of the links of the right-hand
      track being shown by solid lines, but the rest being indicated by dashed
      lines.
PAR  FIG. 2 is a fragmentary top plan view, with portions broken away to show
      interior details.
PAR  FIG. 3 is a section taken at line 3--3 in FIG. 1 and viewed in the
      direction of the arrows.
PAR  FIG. 4 is a view along the axis of the control handle, and showing the
      operation of the detent ball.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, the tractor 11 is supported on two
      horizontally spaced tracks such as 12, by means of four wheels on each
      side of the tractor. At the rear, the track runs around the drive sprocket
      14, and at the front it runs around an idler sprocket 16, which is spring
      loaded to maintain tension on the track. Below the seat 17 there are
      transmissions and right-angle drive units arranged according to this
      invention, and below the hood 18 there is an engine 15. Two control
      handles 19 and 21 are provided, to control the right-hand track and the
      left-hand track, respectively.
PAR  Referring more particularly to FIG. 2, an output shaft 22 from the engine
      is supported in bearings 23, 24 and 26. The front end of this shaft is
      connected through a universal joint 20 to the crankshaft of the engine.
PAR  Two hydrostatic transmissions 27 and 28 are affixed to the vehicle by means
      of bolting the mounting flanges 29 and 31 respectively thereof to
      transmission mount castings 32 and 33 respectively, these castings being
      affixed to the bottom plate 40 of the tractor chassis. A description of
      one of these transmissions will suffice for both.
PAR  Transmission 27 has an input shaft at the front end, to which a gearbelt
      pulley 34 can be keyed, splined, or affixed by means of a set screw. This
      pulley is driven by a gearbelt 36 mounted to the gearbelt pulley 37 keyed
      or splined to the power shaft 22. The other transmission is powered in the
      same way.
PAR  A sprocket 38 is affixed to the output shaft of transmission 27. This is
      typically a 13 tooth sprocket and is connected by a chain to a 26 tooth
      sprocket 39 which is part of the cluster-sprocket assembly 41 mounted by
      means of a bushing on a short, cluster-sprocket support shaft 25, but
      freely rotatable with respect thereto. The shaft 25 is directly below
      input shaft 22, and is secured between a pair of brackets 30 and 35
      affixed to the tractor chassis bottom plate 40. The cluster-sprocket
      assembly 41 has a small, thirteen tooth output sprocket 42 thereon driving
      a chain 43 driving a 26 tooth sprocket 44 connected to the input shaft 46
      of the right-angle drive unit 47. The output shaft 48 of the drive unit
      mounts the track drive sprocket 49 which is keyed or splined thereto.
PAR  A transmission which has been found suitable for this purpose is the Model
      10 hydrostatic transmission marketed by Eaton Corporation, Fluid Power
      Division, Marshall Plant, 1101 West Hanover Street, Marshall, Mich. 49068.
      As an example, those employed in the present invention are both identical,
      and the input shaft rotation is clockwise. The part number is ET-15014-2.
PAR  As an example of the right-hand angle drive unit, the Model 66, Hub City
      right angle bevel gear box, part number 02-21-01795-503, as marketed by
      the Hub City Division of Safe Guard Industries, Inc., of Aberdeen, S.D.
      57401 is suitable for the intended use.
PAR  The same kind of arrangement as described for the transmission of power
      from transmission 27 to the drive unit 47, is employed between the
      transmission 28 and drive unit 51 for the left track drive pulley which,
      in the illustrated embodiment, is a sprocket just as it is for the right
      track drive. It may be noted that the sprocket on the input shaft of the
      drive unit 51 is located nearer the unit itself than is the sprocket 44 on
      the drive unit 47, in order to accommodate the end-to-end arrangement of
      the cluster-sprockets on the cluster-sprocket support shaft 25.
PAR  As is best shown in FIG. 3, each of the transmissions is provided with a
      control shaft, extending downward from the bottom. Shaft 52 is provided on
      transmission 27, and shaft 53 is provided on transmission 28. The linkage
      from control handle 19 to control shaft 52 will be described and, as it is
      essentially the same for control handle 21 and control shaft 53, the
      latter will not be described.
PAR  A right-hand control lever 54 is mounted on the tapered surface of control
      shaft 52, keyed thereon, and secured in place by the nut and lock washer
      assembly 56. A ball swivel unit 57 is threadedly received in the arm 54
      inboard of the control shaft 52 and secured in place by the jam nut 58. A
      link 59 is connected between this swivel post and a swivel post 61
      threadedly received and thereby affixed in the lower end portion 62 of the
      control lever arm 63 to which the handle 19 is mounted at the top. The
      linkage member 59 has a socket 64 at the transmission end, and a socket 66
      at the control lever, and each of these sockets is threadedly received on
      the linkage rod itself for linear adjustment with respect thereto and to
      thereby provide the desired distance between the center 67 of the pivot
      point at the lever ball, and the center 68 at the pivot point of the hand
      lever ball. Jam nuts are provided on the socket units to lock them in
      place once the desired adjustment has been obtained.
PAR  The arm 63 has affixed thereto a journal 71 rotatably mounted on a
      horizontal axis 72 in a drive shaft mounting bracket 73 affixed to the
      bottom plate 40 of the tractor chassis. Suitable shims 74 are provided and
      a snap ring 76 retains the journal in its mounting.
PAR  Another feature of the invention is a self-centering spring loaded detent
      ball 78 received in a bore 79 in the bracket 73 and urged downwardly by a
      spring 81. The spring is loaded by a cap screw 82 which is threadedly
      received in the bracket 73.
PAR  This ball is received in a hemispherical socket 83 and, as best shown in
      FIG. 4, will ride up toward the edge of the socket 83 as the lever is
      moved from the neutral position shown in the solid outline in FIG. 1, to
      either the full forward, or full reverse positions shown respectively by
      the dotted lines 19F and 19R in FIG. 1. Therefore, once the operator
      releases the handle, it will be returned to the neutral position by urging
      of the ball against the wall of the socket or cup 83, returning it to
      neutral. When the lever is in the neutral position, the transmission
      control lever 54 is in the neutral position, and it is the nature of the
      transmissions employed according to this invention, that the output shaft
      thereof is thereupon locked. Thus when the lever 54 is in the neutral
      position, the output sprocket 38 of transmission 27 cannot turn. So it is
      seen that, if the operator should happen to release both handles, both
      tracks stop and the vehicle cannot be moved. This is an important safety
      feature.
PAR  For cooling the transmissions, fans are provided on the transmission input
      shafts immediately under the seat behind the front seat-support wall 86 to
      provide a movement of air in the direction of arrow 87 at all times that
      the engine is running, regardless of whether or not the vehicle is
      running. This flow of air also tends to cool the feet of the operator
      which are normally disposed on either side of the input or drive shaft
      bracket 73.
PAR  While the invention has been disclosed and described in some detail in the
      drawings and foregoing description, they are to be considered as
      illustrative and not restrictive in character, as other modifications may
      readily suggest themselves to persons skilled in this art and within the
      broad scope of the invention. For example, speed ratios other than the
      preferred two to one ratios, can be employed by using different sprocket
      or gearbelt pulley sizes and tooth numbers, and by using different
      right-angle gear box reductions from the two-to-one reduction in the above
      described gear boxes. For some overall ratios, it may be possible to
      eliminate the jackshaft 25 and clusters thereon.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A track drive control lever comprising:
PA1  an arm having a horizontally extending journal near a lower end thereof,
      and a handle near the upper end;
PA1  a bearing bracket receiving said journal therein for pivoting of said arm
      about a horizontal axis from an arm home position forward to stop at a
      full forward position and rearward to stop at a full reverse position; and
PA1  detent means in said bracket and journal and constantly urging said arm
      toward a home position from every possible position of said arm between
      full forward position and full reverse position,
PA1  said detent means including a bolt adjustable, spring loaded detent ball in
      the bracket; and
PA1  detent ball pocket in the journal, said pocket having a wall curved up both
      ways from the bottom of the pocket toward opposite edges of the pocket at
      the surface of the journal, said pocket receiving the detent ball therein,
      the size of the ball and extent of the pocket being established to
      maintain the ball in contact with at least a portion of the pocket at all
      pivoted positions of said arm between said full forward position and said
      full reverse position, whereby as the ball rides up the wall toward one of
      said edges as said arm is pivoted toward one of said full positions, the
      spring loaded ball urged downwardly against the wall urges said arm toward
      home position.
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ABST
PAL  A bio-mechanical impact protection is provided in a depressed steering
      wheel wherein a shock absorbing element is tiltably mounted on the
      steering wheel hub for tilting into frontal disposition if the steering
      wheel is bent down on impact. In the frontal disposition the element
      intercepts the horizontally accelerated and propelled driver in flat
      surface-to-surface contact, offering the full-thickness of the element for
      compression and impact energy dissipation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a steering wheel for motor vehicles and
      having a rim and depressed hub above which is disposed a restraining
      device for impact protection, through absorbtion and dissipation of impact
      shock.
PAR  Restraining and protection devices arranged in the steering wheel are
      specifically designed to protect the driver of a car, when not having the
      seat belts fastened, against injuries in the case of a collision at low or
      medium speeds. The restraining device in the steering wheel will not only
      protect the upper part of the body, particularly the chest of the driver,
      but should also prevent his head from being thrown against the windshield.
      If the driver has the seat belts fastened, the restraining device is
      particularly of interest for collision at medium and high speeds, avoiding
      injury through the seat belts particularly when strained up to the limit
      of elastic extension. Particularly in the latter case the driver's head
      could still hit e.g. the steering wheel unless the restraining device
      intercepts the motion of the head towards the wheel rim.
PAR  Shock energy absorbing and dissipating devices are known in considerable
      varieties as part of the effort to provide for passively working
      protection of the driver. For example, impact absorbers are disposed
      between steering wheel and column, and the hub is frequently cushioned by
      means of rather thin foam parts. One has also tried to place cylindrical,
      metallic elements on the hub, which elements may be deformed rather
      easily, but not too easily, so that deformation, even crushing, does
      absorb impact energy. These elements are additionally provided with a foam
      cover.
PAR  Other types of steering wheels have several rims, arranged one above
      another and connected to the hub so that upon impact they undergo
      deformation in particular sequence for sequentially dissipating the impact
      shock. Other energy dissipating devices have mushroom-shaped configuration
      and are of laminated construction with several, differently stiff, plastic
      lamina for energy dissipation and absorbtion. Another proposal relates to
      dish-shaped steering wheels wherein a thick and large impact absorber made
      of cellular material is disposed in the dish.
PAR  All these various devices are deficient in one way or another and do not
      provide adequate protection nor do they prevent injuries with a sufficient
      degree of certainty.
PAR  We have discovered that one of the reasons for the inadequate protection
      afforded by the known devices is to be seen in the orientation of the
      impact surface of the protecting device in relation to the most likely
      direction of impact by a body part of the driver. Ideally, the latter
      direction should be at right angles particularly in the instant of impact.
      In such a case, the body part would engage the surface of the restaining
      device immediately over a large area, and the interaction between the body
      part and the device while causing deformation of the device over a large
      zone, would not dangerously react against the body part in a localized,
      focusing effect. This case can be regarded as constituting the most
      favorable bio-mechanical situation for alleviating the danger of injury.
PAR  However, the situation is quite different in practice. The displacement of
      the driver on impact is in the horizontal direction, particularly when the
      driver is seated in front of the steering wheel which is obliquely
      disposed to him as well as to the direction of displacement and impact.
      Thus, the ideal situation as far as impact protection is concerned is not
      realizable per se.
PAR  The French patent No. 1,090,586 discloses an impact protection device
      wherein in correspondence to the wheel rim deformation the protecting
      device becomes vertically oriented to meet the horizontally accellerated
      driver. The device however is very complicated, expensive and does not
      dissipate a sufficient amount of impact energy which feature, however, is
      the primary prerequisite for the prevention of injuries.
PAR  Another approach to the problem is to provide for a deformable steering
      wheel support on the column so that upon impact the angle of the steering
      wheel increases. Such an arrangement provides for some improvement but it
      requires that the steering wheel is no longer operatively connected to the
      spindle in the instant of impact, but in just that moment the drive may
      carry out an evading maneuver which is being interrupted when the
      connection between wheel and spindle breaks away. Thus, it is definitely a
      drawback to construct the protection device or feature in a manner which
      causes the vehicle to be no longer steerable in the emergency situation.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide for a restraining and
      impact protection device in motor vehicles which optimizes the
      bio-mechanical interaction as between device and driver in the case of a
      collision.
PAR  It is a specific object of the present invention to provide for a
      protection device which, in the case of a collision offers a large,
      vertically oriented surface to the chest of the driver, while permitting
      dissipation of energy over a large volume of material that is being
      deformed in broad surface-to-surface contact with body parts of the driver
      when propelled against the restraint.
PAR  Therefor, it is another object of the present invention to provide for a
      principle concerning impact protection inside of the steering wheel of a
      motor vehicle functioning independently from the orientation of the
      steering column and of the steering wheel.
PAR  It is still another object of the present invention to provide for an
      impact protection device in motor vehicles preventing the driver from
      having his head thrown against the windshield, i.e. the protection must be
      effective to restrain forward propelling of the driver above the steering
      wheel.
PAR  It is a further object of the present invention to prevent the head of a
      driver from hitting the steering wheel in the last phase of an impact when
      a shoulder harness held back the body of the driver, but not the head.
PAR  In accordance with the preferred embodiment of the invention a steering
      wheel with rim, depressed hub and spokes is provided with a deformable
      cushion as shock absorbing and impact energy dissipating element which is
      articulated on the hub and bears against the spokes so that upon bending
      down of the spokes and lower rim portion of the steering wheel, the upper
      surface of that element is tilted into a vertical or near vertical
      disposition. In the preferred form of practicing the invention the
      dissipating element is mounted on the hub in a ball and socket or ball
      joint-like arrangement, whereby the ball-part is established for example
      by a spherical segment on the hub, and the socket part is a spherical
      recess in the bottom of the shock absorbing element. The relationship
      could, however, be reversed, with the shock absorber element carrying a
      ball and the socket defining part being mounted on the hub.
PAR  It should be noted, that the tilting of the shock absorbing element depends
      on the bending down particularly of the lower portion of the steering
      wheel rim. This however does not impede the maneuverability of the
      steering. One can still turn the wheel and the steering spindle as
      connected thereto.
PAR  The shock absorbing and impact energy dissipating restraining element
      should be a thick, single piece having a large surface in and above the
      steering wheel plane, and being made of strong rigid foam which is not
      soft-resilient but can undergo plastic deformation. Rigid poly urethane
      foam for example, can be deformed i.e. compressed by up to 70 to 80
      percent of its original thickness without elastic memory. The surface of
      such a foam element should form a closed skin. Such an element can be
      deformed under dissipation of energy, i.e. it can be already compressed
      under an impact force of 500 kiloponds (kilogram - weight), performing
      deformation work in the compressing and thereby absorbing and dissipating
      impact energy. The human chest can take up such force without injury. Up
      to 2000 kilogram weight can be taken in that manner and dissipates if the
      element is sufficiently thick and can be compressed progressively under
      consideration of further deformation of the spokes.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a front view of a steering wheel for a motor vehicle showing also
      the impact protection and restraining device in accordance with the
      preferred embodiment of the present invention;
PAR  FIG. 2 shows the same steering wheel but the protection device has been
      removed;
PAR  FIG. 3 is a side elevation of the steering wheel as shown in FIGS. 1 and 7
      (viewing lines 3--3 in FIG. 7);
PAR  FIGS. 4, 5 and 6 together can be regarded as an exploded side elevation of
      the three major components as shown in FIG. 3, with FIG. 4 showing the
      impact disposition, FIG. 5 showing a ball mount for the dissipator, and
      FIG. 6 showing the steering wheel and can be regarded as side view of FIG.
      2;
PAR  FIG. 7 is a side elevation of the steering wheel of FIGS. 1 through 6 but
      installed and mounted on the steering column;
PAR  FIG. 8 is a section view through and in a plane parallel to the viewing
      plane of FIG. 7; and
PAR  FIG. 9 shows the same section of FIG. 8 but on an enlarged scale with
      phantom lines indicating disposition changes in the case of a collision
      impact of the vehicle.
DETD
PAR  Proceeding now to the detailed description of the drawings, the steering
      wheel without the protective device is comprised of a rim part 1, a
      depressed hub 2, wide spokes 3 and narrower support spokes 4. (See FIGS. 2
      and 6). The dish-shaped configuration of the steering wheel provides for
      an internal space in which is disposed a deformable element 5 as impact
      shock dissipator and cushion, made of rigid foam and having a rather large
      outwardly oriented surface (FIG. 1) while being quite thick.
PAR  The hub 2 of the steering wheel is a circular disk with a central opening
      for the steering spindle 9. The spokes 3 and 4 extend integrally from that
      disk 2 and carry the rim 1 basically at its lower half.
PAR  The shock dissipator element 5 has an upper portion with a bottom-like rim
      5e from which extends a bottom portion 5c with a completely circular
      bottom proper. The upper portion has an upwardly and outwardly oriented
      frustoconical surface portion 5d by means of which the dissipator 5 rests
      firmly on spokes 3 and 4. These spokes as extending from hub 2 define also
      a cone of like apex angle so that indeed element 5 can rest firmly on the
      spokes in surface-to-surface contact and well supported disposition.
PAR  The element 5 has a slightly radially inwardly curving contour in its upper
      part but fills to a substantial degree the entire lower half of the
      steering wheel dish, "lower" being understood to refer to within the plane
      of the rim circle, as seen in FIG. 1. The element 5 leaves, however,
      sufficient space between its periphery and the rim to permit unrestrained
      gripping of rim 1 by the driver.
PAR  The element 5 as seen in top elevation (FIG. 1) is not completely round but
      recessed in the upper part to enlarge the viewing range through the upper
      half of the steering wheel for observation of the instrument panel. The
      rear or upper end face 5b falls rather steeply towards the bottom, thus
      interrupting the annulus from which bottom part 5c extends.
PAR  Reference numeral 5a refers to the impact area of element 5 having about
      300 cm.sup.2 for a normal size steering wheel (a little under 50 square
      inches) and permitting large area interaction between any object hitting
      it on impact. Shock dissipator 5 is a thick, single piece, large area (5a)
      element made of only plastically deformable, homogenic, rigid polyurethane
      foam. Upset and deformation hardness and compression force vs. deformation
      characteristics are determined essentially by its density and volumetric
      weight.
PAR  The semi-circular, large impact area 5a is slightly downwardly inclined
      from its higher extending rear edge 5aa, until about registering with the
      lower rim portion, see 5ab. Thus, the front face 5a of dissipator 5 has
      already a more favorable inclination relative to the driver than the plane
      of the steering wheel rim.
PAR  Dissipator element 5 has a lower concavely tapering bottom portion 5c with
      concave bottom proper. A pan or trough 6 of like configuration receives
      portion 5c and carries element 5 accordingly. Pan 6 is made of plastic or
      sheet metal and is rather stiff. It engages the portion 5c in positive
      form-fitting relation. Resilient lugs 3a and 4a on the spokes hold the pan
      6. Thus, the pan 6 is also held on the spokes so that the spokes do not
      only support element 5 directly along rim portion 5d, but additionally
      through intervention of the lugs and of the pan as held thereon. The
      spokes 3 and 4 as extending integrally from that disk 2, do not only carry
      the rim 1, basically at its lower half, but the inner surface of the
      spokes support also the body 5 at the frustoconical surface portion 5d
      thereof.
PAR  The spokes 3 are about twice as wide as the spokes 4 and are, therefor,
      differently stiff. The spokes are so arranged that wide spokes 3 extend in
      diametrically opposed directions, while narrow spokes 4 are arranged in
      the lower half of the steering wheel, as per orientation shown in FIG. 2,
      and hold the rim 1 in the desired disposition, together of course with
      spokes 3. All spokes taper slightly towards rim 1. This arrangement
      provides for controlled stiffness in the overall spoke arrangement. The
      two narrower spokes 4 bend under a smaller load than the diametrically
      extending spokes 3, while spokes 3 twist on a radial axis when spokes 4
      are bent down upon bending down of the lower steering wheel rim.
PAR  Spindle 9 is contained in steering column 10, and hub 2 is disposed at the
      upper end of the steering column, having preferably slightly larger
      diameter than the column 10. A spherical segment 7 is mounted on hub 2.
      Segment 7 carries the pan 6 in a ball and socket-like joint. As can be
      seen, element 5 and here particularly bottom portion 5c has a spherical
      recess; pan 6 has a matching recess 6a which defines the socket portion of
      the joint and mount. Spherical element 7 is the ball part of that joint.
      Thus, pan 6 with element 5 is articulatedly mounted on socket part 7 which
      in turn is mounted on the hub 2.
PAR  The principle function of the stiff pan 6 is to avoid direct mounting of
      the plastic element 5 on the spherical segment 7. Nevertheless, portion 5c
      together with pan 6 defines the socket portion of this ball and socket
      mount. It will be appreciated that the tiltability of the assembly 5-6 on
      spherical segment - socket 7 does not come into play under normal
      circumstances. The disposition of the pan on the spokes and engagement
      with lugs 3a and 4a as well as the direct engagement of element 5, via
      frustoconical surface 5d, with spokes 3 and 4 prevents any tilting
      displacement of that assembly 5-6. The lugs may hold the pan so that the
      assembly 5-6 cannot be lifted off the steering wheel.
PAR  The outer edge portion of segment 7 is provided with a narrow, cylindrical
      collar 8 having an inner diameter about equal to the outer diameter of hub
      2, so that the caplike element 7 can be slipped over hub 2 and held
      thereon in press fit. The collar 8 is provided with four differently wide
      recesses 8a, through which extend the spokes when segment 7 is mounted on
      hub 2. Collar 8 extends not only over hub 2 and receives the upper portion
      of steering column 10, but in a clearing disposition.
PAR  One can readily see, that segment 7 can easily be placed onto the existing
      hub and does not in the least interfere with the mounting of the hub, with
      integral spokes and mounted rim, onto the spindle 9. The arrangement can
      be assembled in that manner before mounting the dissipator 5.
PAR  Pan 6 mounts element 5 on segment 7 in such a manner, that the orientation
      of the mutually engaging calotte surfaces permits changes in the
      orientation of element 6 if the spokes 4 are bent down so that element 5
      tilts its front face 5a in a more vertical disposition while remaining
      seated on segment 7 (see FIG. 9).
PAR  Considering the impact situation more fully, the following can be derived
      from the drawings. Normally, pan 6 with appropriate contour sits on
      segment 7 in an articulated mount-like fashion. As stated, articulated
      movement, however, is not permitted, because the pan rests also on spokes
      3 and 4 and tongues 3a, 4a secure the pan thereto.
PAR  The dissipator element 5 as seated in the trough 6 in form fitting
      disposition projects slightly above the rim 1 of the steering wheel except
      that its upper surface 5a is already steeper than the plane of the wheel.
PAR  In the case of an impact (arrow A) the driver will bend the lower portion
      of the steering wheel down twisting spokes 3 and bending down spokes 4.
      However, the assembly 5-6 remains in engagement with spokes 4, even if
      tongues 3a and 4b may disengage. The bending down of spokes 4 should be
      more accurately defined. The arrow A of driver acceleration relative to
      the vehicle occurs at an angle to the plane of the steering wheel as well
      as to the direction transverse to that plane which is the direction of the
      column, as well as the direction in relation to which the hub 2 is
      depressed relative to rim 1 of the steering wheel. Bending of spokes 4
      occurs under the gripping force of the driver acting therefor in direction
      of arrow A. The bending has a radially outwardly directed component as
      well as a component in direction towards the steering wheel column. That
      in turn results in a down bending of rim and spokes 4 while spokes 3 are
      twisted.
PAR  As spokes 4 are bent down, the lower support for assembly 5-6, in fact,
      recedes and that in turn permits down tilting of pan 6 on segment 7,
      thereby changing the orientation of element 5, and its upper face 5a is
      tilted to a near vertical disposition as shown in dotted lines in FIG. 9.
      Since this bending of the steering wheel occurs before any body part of
      the driver hits element 5, the latter has the desired vertical disposition
      and orientation when the impact occurs. The impact occurs, therefor, in
      broad surface-to-surface contact and not just at a narrow edge as
      projecting towards the driver before the steering wheel was bent. Thus,
      without tilting of the element 5 into a vertical disposition of its impact
      surface 5a, little deformation work would be performed by the element and
      little energy would be dissipated accordingly. The vertical disposition of
      the surface 5a of element 5 when intercepting the body of the driver
      ensures energy dissipation over a large zone without local concentration
      and corresponding localized reaction with the driver's body. The broad
      surface contact between driver body and element 5 ensures also that a
      large volume of the element 5 is compressed and performs deforming work so
      that large amounts of impact energy are dissipated.
PAR  One can see further that the function of the absorbing device is not
      impeded for considerable deflection angles of the steering wheel, because
      of the multidirectional tilt permitted for the assembly 5-6. On the other
      hand the steerability is not impeded by the operation and function of the
      shock and impact absorber and dissipator assembly 5-6. Bending of the
      steering wheel rim and of spokes 4 as well as twisting of spokes 3 does
      not prevent turning of the hub and of the spindle via rim 1, the assembly
      5-6 does not interfer.
PAR  The invention is not limited to the embodiments described above but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  We claim:
NUM  1.
PAR  1. Shock absorbing arrangement for impact protection and driver restraint
      in a steering wheel for motor vehicles, the wheel having a depressed hub
      and a rim held by spokes extending radially outwardly and upwardly from
      the hub to the rim, comprising:
PA1  a shock dissipating and absorbing deformible element having a contour to
      bear againt the spokes and being held by and on the spokes; and
PA1  means for mounting the element on the hub for tilting of the element on the
      hub, at least one of the spokes being sufficiently flexible, so that the
      element as mounted tilts on and relative to the hub, whereby the upper
      surface of the element facing the driver tilts relative to the plane of a
      normal disposition the steering wheel has relative to the hub, such
      tilting of the element resulting from tilting of the rim, whereby at least
      one of the spokes against which the element bears and continues to bear is
      being bent radially outwardly and in a direction running transverse to the
      plane of the steering wheel rim and toward the hub; said element as
      mounted tilting independently from the tilting of the rim relative to the
      hub.
NUM  2.
PAR  2. Shock absorbing arrangement as in claim 1, wherein the means for
      mounting includes a ball and socket mount as between the hub and the
      element.
NUM  3.
PAR  3. Shock absorbing arrangement as in claim 2, the ball and socket mount
      including a pan for holding the bottom portion of the element.
NUM  4.
PAR  4. Arrangement as in claim 1, wherein the means for mounting includes a
      spherical segment on the hub, the element having a concave bottom for
      articulated seating on the segment.
NUM  5.
PAR  5. Arrangement as in claim 4 and including a mounting pan holding the
      element and being articulatedly mounted on the hub.
NUM  6.
PAR  6. Arrangement as in claim 4, the hub being a flat disk, the segment
      provided with a receiving collar slipped onto the disk and held thereon,
      the collar having recesses traversed by the spokes as extending from the
      hub.
NUM  7.
PAR  7. Arrangement as in claim 1, wherein the element is flexibly secured to at
      least some of the spokes.
NUM  8.
PAR  8. Shock absorbing arrangement as in claim 1, wherein the element is a body
      made of a non-elastic, homogenic, deformable foam.
NUM  9.
PAR  9. Arrangement as in claim 8, wherein the element is made of polyurethane
      foam.
NUM  10.
PAR  10. Arrangement as in claim 8, and including a mounting pan holding the
      foam body and being articulatedly mounted on the hub.
NUM  11.
PAR  11. Shock absorbing arrangement for impact protection and driver restraint
      in a steering wheel for motor vehicles, the wheel having a depressed hub
      and a rim held by spokes extending radially outwardly and upwardly from
      the hub to the rim, comprising:
PA1  a shock absorbing and dissipating element made of rigid foam and having a
      substantially flat upper surface contour;
PA1  a ball and socket-like mount with articulated and interengaging
      concave-convex surfaces for mounting the element on the hub so that the
      element may tilt relative to the hub, the element normally resting on the
      spokes in dispositions radially displaced from the ball and socket-like
      mount without tilting;
PA1  the element tilting relative to the hub when locations of engagement of the
      spokes with the element as well as the rim of the wheel as held by the
      spokes are tiltably displaced relative to the hub, whereby the element
      tilts independently from the tiltable displacement of the rim by operation
      of said ball and socket mount while continuing to be held by the spokes.
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ABST
PAL  A straight dental handpiece comprising a pair of telescoping housing
      barrels which can swivel relative each other, one containing a chuck and
      the other containing a vane type air motor. A change speed transmission is
      entrained between the motor and the chuck, such transmission being
      adjustable to change speeds by relative endwise movement of the barrels.
      Opening and closing of the chuck is accomplished by relative rotation
      thereof a limited amount. A reversing valve, also on the handpiece, is
      movable into either of two positions to apply air under pressure to either
      of two passages to drive the motor in one direction or the other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates to fluid driven dental handpieces, particularly of
      the straight type.
PAR  2. Description Of The Prior Art
PAR  Modern dental handpieces of the above type generally comprise a chuck or
      collet which is powered by an air driven motor located in the handpiece
      itself. Turbine motors are not generally satisfactory for straight type
      handpieces as they operate most efficiently at high speeds, on the order
      of 250,000 rpm or more, and have relatively low torque. The speed of the
      turbine can be reduced by throttling the supply of air applied thereto
      under pressure but in doing so, the torque is further reduced.
PAR  For certain types of dental work, it is often desirable to operate a
      handpiece at relatively lower speeds and at higher torque. For example, it
      has been found that certain tooth cleaning, drilling and other operations
      are best performed at speeds on the order of 5,000 rpm whereas certain
      polishing operations are better performed at somewhat higher speeds, on
      the order of 15,000 to 25,000 rpm. Vane type air driven motors with gear
      reduction have been used heretofore in order to obtain such lower speeds
      and higher torque. However, here also, reduction in speed, as required for
      certain types of dental operations, is generally accomplished by
      throttling the air supply which tends to reduce the torque of the motor.
      Further, the vanes in such vane type motors tend to stick in retracted
      positions in their rotor slots due to accumulation of foreign matter
      therein. Such foreign matter is partly derived from products of internal
      motor wear. Such sticking results in erratic motor start-up, requires
      excessive air pressure and generates unpredictable break-away speeds.
PAR  Accordingly, a principal object of the present invention is to provide a
      compact dental handpiece or the like including an air motor and a readily
      adjustable change speed transmission means intermediate the motor and the
      chuck.
PAR  Another object is to facilitate selection of different drive ratios in a
      speed transmission means in a dental handpiece or the like.
PAR  Another object is to provide a simple and compact chuck for a dental
      handpiece or the like which is readily adjustable between open and closed
      conditions.
PAR  Another object is to reduce sticking of vanes in retracted positions in the
      slots of a vane type air motor for dental handpieces or the like.
PAR  Another object is to enable a swivel action between the finger grip area of
      a forward barrel and a rear barrel to nulify a build-up of torsional
      forces in the flexible conduits between the handpiece and the source of
      air under pressure.
PAR  Another object is to eliminate the need for periodic lubrication of the
      operating parts.
PAR  Another object is to facilitate dismantling of a dental handpiece of the
      above type.
PAC  STATEMENT OF THE INVENTION
PAR  According to the present invention, a dental handpiece is provided
      comprising a rotatable collet or chuck driven by an air motor through a
      change speed transmission, all mounted within the housing of the
      handpiece. In one aspect of the invention, the housing is in the form of a
      pair of telescoping barrels and the speed of the transmission is changed
      by relative positioning of the barrels. Opening and closing of the chuck
      is also accomplished by relative movement of the barrels. A reversing
      valve is provided which is rotatably mounted on the handpiece to apply air
      under pressure to either of two passages for driving the motor in either
      of opposite directions. The air motor is of the vane type with means for
      positively precluding diametrically opposed vanes from sticking in their
      slots in retracted positions. A part of the reversing valve may be
      displaced by a suitable tool to permit removal of the valve and
      dismantling of the handpiece.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 jointly form a longitudinal sectional view through a straight
      dental handpiece embodying the present invention and illustrate the same
      in a slow speed setting.
PAR  FIG. 3 is a fragmentary longitudinal sectional view through the handpiece,
      illustrating the same in a high speed or direct drive setting.
PAR  FIG. 4 is a fragmentary longitudinal sectional view similar to FIG. 3, but
      illustrating the handpiece in a locked setting for opening or closing the
      collet.
PAR  FIG. 5 is a fragmentary longitudinal sectional view, with parts shown in
      full outline, showing the limit stop arrangement for the forward housing.
PAR  FIG. 6 is a transverse sectional view taken along the line 6--6 of FIG. 2,
      illustrating part of the reversing controls for the air motor.
PAR  FIG. 7 is a transverse sectional view taken along the line 7--7 of FIG. 2,
      illustrating the air motor.
PAR  FIG. 8 is a transverse sectional view taken along the line 8--8 of FIG. 1,
      illustrating the planetary gear drive system.
PAR  FIG. 9 is a fragmentary longitudinal sectional view illustrating an
      alternate means for locking the forward housing for opening or closing the
      collet.
PAR  FIG. 10 is a fragmentary longitudinal sectional view illustrating an
      alternate form of planetary gear drive system.
DETD
PAC  DESCRIPTION OF THE EMBODIMENT SHOWN IN FIGS. 1 TO 8
PAR  In general, the handpiece comprises a rear outer housing barrel 11
      containing an air motor generally indicated at 12, and a forward inner
      housing barrel 13 slideable and rotatable within the outer barrel 11 and
      containing a collet or chuck generally indicated at 14 for a dental burr
      or other dental tool. A change speed transmission generally indicated at
      15 is provided intermediate the motor 12 and collet 14 to enable the speed
      of the collet drive to be changed from a high speed 1 to 1 ratio, i.e., a
      direct drive to a low speed 1 to 4 ratio.
PAR  More specifically, the rear barrel 11 has integrally secured thereto by a
      suitable adhesive a counter-bored nosepiece 16. A ring gear 17, forming
      part of the transmission unit 15, is also suitably secured within the
      barrel 11.
PAR  An air motor cylinder or stator 18, FIGS. 1, 2 and 7, is also suitably
      secured within the barrel 11 and is located between two ball bearings 20
      and 21 which are fitted within bearing housings 22 and 23, respectively,
      suitably secured within the barrel 11. The cylinder 18 has a bore 19, FIG.
      7, therein whose axis is eccentric to the axis of the barrel 11 and
      bearings 20 and 21.
PAR  A rotor 24 is located within the bore 23 and has trunnion bearing portions
      25 and 26 supported for rotation within the bearings 20 and 21
      respectively. The outer periphery of the rotor 24 is concentric with the
      axes of the bearings 20 and 21 and six equally-angularly spaced radially
      extending slots 27 are formed along the length thereof to receive mating
      28a 28a to 28f adapted to slide radially within the slots.
PAR  In order to convey air to and from the motor 12 to drive the same in either
      direction, two longitudinally extending passages 30 and 31 are formed
      along the length of the cylinder 18 and are located 90.degree. apart, as
      viewed in FIG. 7. Parts of such passages also extend circumferentially
      approximately 60.degree. as indicated at 32 and 33, and small holes 34 are
      formed in the wall of cylinder 18 intermediate the passages 32, 33 and the
      bore 19 of the cylinder to convey air under pressure to one side of the
      rotor 24 and to exhaust the air from the other side of the rotor during
      driving movement of the latter in either direction.
PAR  According to one aspect of the invention, and in order to substantially
      eliminate sticking of the vanes 28a, etc., in the rotor slots 27 of the
      rotor 24 which would otherwise eliminate or reduce the available starting
      torque, the pairs of diametrically opposed vanes are held to a minimum
      total diametrical dimension by pairs of spaced pins 35a, 35b, and 35c
      slideably mounted within bearing holes formed radially through the rotor
      24. For example, vanes 28a and 28d are separated by pins 35a while vanes
      28b and 28e are separated by pins 35b, which are spaced axially from the
      pins 35a, and pins 35c separate vanes 28c and 28f. Thus, the diametrically
      opposed vanes of each pair slide in unison radially of the rotor during
      rotation of the latter. Such pins 35a, etc., maintain a close running
      clearance between the vanes 28a to 28f and the rotor bore 19.
PAR  In order to introduce air under pressure to either of the passages 30 and
      31 to determine the direction of rotation of the rotor 24, and to exhaust
      such air through the other passage, a reversing control valve 36 is
      screw-threaded at 37 within the rear end of the barrel 11 for limited
      rotation. An 0-ring 38 of an elastomeric material is located within a
      groove 40 in the valve 36 and slideably engages the inner surface of the
      barrel 11 to prevent leakage of air along the threads 37.
PAR  Also threaded in the threads 37 is an annular motor retaining nut 41 which
      maintains a valve plate 42 in intimate contact with the bearing housing
      23, a longitudinal key 39 being provided to prevent rotation of the valve
      plate 42, the bearing housings 22 and 23, the cylinder 18 and the ring
      gear 17 relative to the barrel 11.
PAR  A pair of openings 43 and 44, see also FIG. 6, are formed in the valve
      plate 42 and these communicate through respective slots 144 and 145 in the
      bearing housing 23 with respective ones of the passages 31 and 30 in
      cylinder 18.
PAR  The reversing valve 36 is provided with an air inlet passage 45 and an air
      exhaust passage 46 extending longitudinally through. A tube 47 suitably
      affixed in the passage 45 communicates with a flexible air inlet conduit
      48 carried by a cap member 50 threadably secured to the reversing valve 36
      at 51. Likewise, a tube 52 secured in the exhaust passage 46 communicates
      with a flexible exhaust conduit 53 also carried by the cap member 50.
PAR  The inlet conduit 48 leads to a suitable air pump, or other supply of air
      under pressure while the exhaust conduit 53 leads to a suitable sound
      muffling device preferably located remotely from the handpiece so that any
      noise generated or conducted by the air passing through the air motor 12
      will not disturb either the dentist or the patient.
PAR  An air inlet tube 54 slideably mounted within the passage 45 is closely
      fitted to minimize air leakage. The tube 54 is yieldably urged forward by
      a compression spring 55 extending between the same and tube 47 to maintain
      a frusto-conical forward end thereof in intimate sealing contact with a
      mating annular chamfered section 56 formed in the valve plate 42
      surrounding the passage 43. A similar chamfered section 57, FIG. 6, is
      formed in the plate 42 surrounding the passage 44. The outlet passage 46
      merely communicates with the space intermediate the valve 36 and the plate
      42.
PAR  By rotating the valve 36 through 90.degree., the inlet tube 54 may be
      connected to the passage 44, and in either position, engagement of the
      tube 54 with the chamfered surface 56 or 57 will act to seal the
      connection and to detent the ring in either of such two positions.
PAR  From the foregoing it will be seen that when the valve 36 is set in its
      illustrated position air under pressure is transmitted through tube 54,
      passages 43, 144, 31 and holes 34 to exert pressure against the adjacent
      two or three vanes, causing a clockwise rotation of the rotor 24, as
      viewed in FIG. 7. Exhaust air is carried around the periphery of the rotor
      by the vanes and is exhausted through the holes 34 in the opposite passage
      30 from whence it is conveyed through passages 145, 44 and exhausted
      through passage 46 and conduit 53. By rotating valve 36 through
      90.degree., the inlet tube 54 will be aligned with passage 145 in the
      valve plate 42, causing rotation of the rotor 24 in a counterclockwise
      direction, in which case the exhausted air will pass through passage 31 to
      the exhaust passage 46.
PAR  A raised semi-circular boss 58 or other stop means is formed on the valve
      plate 42 to limit rotation of the reversing valve 36 through substantially
      90.degree. and to prevent accidental or intentional unscrewing of the
      reversing valve 36. However, when it is desired to remove the reversing
      valve 36 for access to the interior of the handpiece, the cap 50 is
      removed and a suitable hook (not shown) is passed through the tubes 47 and
      54 to catch within one of several holes 61 formed in the latter. The tube
      54 is then withdrawn beyond the level of the boss or stop 58, whereupon
      the valve 36 may be completely unscrewed from the barrel 11.
PAR  In case it is desired to permit the exhaust air to escape at the handpiece,
      the conduit 53 may be removed and air exhaust openings could be formed in
      the valve member 36 leading from the exhaust passage 46 to the atmosphere.
PAR  Describing now the collet and the change speed transmission, the collet 14
      is formed on the forward end of a collet tube 62 which is slotted as shown
      at 63 to form four radially flexible collet fingers 64 effective to grip a
      suitable dental burr or other tool, not shown. The tube 62 is slideably
      mounted within the inner race of a ball bearing 64 fitted within the
      forward barrel 13 and is attached by screw-thread 65 to a planetary gear
      carrier 66 forming part of the drive transmission unit 15 and mounted
      within a ball bearing 67 fitted within a shift ring member 68 which is
      screw-threaded at 70 over the rear end of the forward barrel 13. A spring
      retaining sleeve 71 is assembled over tube 62 and planet carrier 66a and
      compresses a spring 72 which applies a collet closing force through a
      spring cup washer 73 and the inner race of bearing 64 to a collet closing
      sleeve 74. The latter, along with the inner race of bearings 64 is
      slideable along the collet sleeve 62 and engages over frusto-conical cam
      surfaces 75 on the collet fingers 64 to close the latter into their
      illustrated clutching positions. Opening of the collet will be described
      later.
PAR  The drive transmission unit 15 comprises three planetary gears 76, FIGS. 1
      and 8, fitted within slots 77 formed in the wall of the carrier 66 and
      rotatably mounted on pins 78 extending in the carrier. When the forward
      barrel 13 is located in its forward position shown in FIG. 1, the
      planetary gears 76 mesh with both the ring gear 17 and a sun gear 80
      affixed to the forward trunnion extension 25 of the rotor 24. Accordingly,
      rotation of the sun gear 80 will cause the planetary gears 76 to revolve
      about their axes with the stationary ring gear 17, causing the carrier 66
      and collet 14 to rotate at a lower speed, the gear ratios being such that
      the collet 14 will rotate at one quarter the speed of the rotor 24. When
      the barrel 13 is slid rearward to an intermediate position shown in FIG.
      3, in a manner to be described later, the planetary gears 76 are moved
      endwise out of mesh with the ring gear 17 but will remain in mesh with the
      sun gear 80. At this time, a forward extension 81 of the forward trunnion
      extension 25, having a square or splined cross-section, is moved into
      driving engagement with a square or mating hole 82 formed in the carrier
      60 to form a direct high speed drive between the air motor and the collet.
PAR  For the purpose of enabling swiveling and/or telescoping movement of the
      forward barrel 13 within the rear barrel 11 and for locking the same in
      either its forward position of FIG. 1 or its rear position of FIG. 3, the
      shift ring 68 is provided with two axially spaced circumferential grooves
      83 and 84 engageable by balls 85 movable transversely through holes 86 in
      the wall of barrel 11 and retained in their locking positions in FIGS. 1
      and 3 by a locking ring 87. The latter is slideable along the rear barrel
      11 and is normally held in its illustrated locking position by a
      compression spring 88 to hold the balls 85 partly in holes 86 and partly
      in one of the grooves 83 and 84.
PAR  The locking ring 87 is provided with an inner circumferential groove 90,
      and when the ring is shifted rearward, groove 90 is aligned with the balls
      85, permitting the balls 85 to move transversely outward in holes 86,
      thereby freeing the forward barrel 13 to be shifted from its position
      shown in FIG. 1 to that shown in FIG. 3 or vice versa where it can again
      be locked by releasing the locking ring 87 to the action of spring 88.
PAR  For the purpose of opening or closing the collet 14, the barrel 13 is
      screwed into the shift ring 68 a limited amount, causing a counter-bored
      shoulder 91 in the forward barrel to engage the forward end of the
      clamping sleeve 74, moving the same rearward against the action of spring
      72 to thus allow the collet fingers 64 to spring outwardly.
PAR  For the purpose of locking the shift ring 68 against rotation to enable
      relative rotation of the forward barrel 13 to open or close the collet 14,
      axially extending teeth 92 are formed on the stationary ring gear 17 which
      are engageable by similar teeth 93 formed on the shift ring 68.
      Accordingly, by releasing the locking ring 87 and moving the barrel 13,
      and thus shift ring 68, to their rearmost positions shown in FIG. 4
      relative to the barrel 11, the teeth 92 and 93 interlock, preventing
      relative rotation, whereupon the barrel 13 may be screwed into the shift
      ring 68 to release the collet sleeve 74 to open the collet 14 or to
      unscrew the barrel 13 to permit spring 72 to close the collet.
PAR  Means are provided to limit rotation of the barrel 13 to less than one
      revolution during collet opening or closing operations. For this purpose,
      a tooth 95, FIG. 5, is formed in the forward end of the shift ring 68, and
      is engageable by a tooth 96 formed on the nut 97 threaded on the barrel 13
      and secured in position by a suitable adhesive. In order to detent the
      barrel 13 in its illustrated collet closing position, a circular wire
      detent spring 98 is fitted in a notch 100 in the shift ring 68 and
      yieldably engages the tooth 96 when the barrel is rotated to its
      illustrated collet closing position.
PAR  A plug 120 is secured within the collet tube 62 by a suitable adhesive to
      limit the depth to which a dental burr or other tool can be inserted in
      the collet 14. The plug has a stepped formation 121 at its forward end
      which may be engaged by a suitable mating tool for the purpose of
      threading the collet tube onto the planetary carrier 66.
PAR  An important feature of the construction described above is that when the
      handpiece is in either its high speed setting depicted in FIG. 3 or its
      low speed setting depicted in FIG. 1, the rear barrel 11 may freely swivel
      any amount relative to the forward barrel. Normally, the handpiece is held
      by gripping the forward barrel 13 only so that any torsional forces
      resulting from twisting or bending of the flexible conduits 48 and 53 will
      merely cause swiveling of the rear barrel 11 and will therefore not
      interfere with or influence manipulation of the handpiece.
PAC  DESCRIPTION OF ALTERNATE EMBODIMENT SHOWN IN FIG. 9
PAR  FIG. 9 illustrates an alternate embodiment for temporarily locking shift
      ring 68 from rotation relative to barrel 11 to enable opening or closing
      of the collet. Those parts which are similar to the parts shown in FIGS. 1
      to 8 are identified by the same reference numerals.
PAR  In this construction, the interlocking teeth 92 and 93 of FIGS. 1, 3 and 4
      are omitted and, in their place, a locking button 101 is provided, being
      mounted on a leaf spring 102 fitted and retained in a recess 103 formed in
      the barrel nosepiece 16a or on the outside of barrel 11. The button 101
      extends outwardly through a hole in the wall of the barrel nosepiece 16a
      and has an inwardly extending locking projection 104. Upon depression of
      the button 101 and rotating the barrel 13, the locking projection 104 will
      find and engage in one of a series of notches 107 formed in the shift ring
      68a to lock the same against rotation so that the barrel 13 may be screwed
      into the shift ring 68a a small distance for the purpose of compressing
      the spring 72 to open the collet 14. Closing of the collet 14 is effected
      by unscrewing the barrel 13.
PAC  DESCRIPTION OF ALTERNATE EMBODIMENT SHOWN IN FIG. 10
PAR  FIG. 10 illustrates an alternate form of drive transmission unit. In this
      case, the forward barrel, including ring member 68b, similar to shift ring
      68 of FIG. 1, is not shiftable endwise relative to the rear barrel 11a and
      therefore the locking arrangement including locking sleeve 87 and balls 85
      are omitted. Sun gear 80a carried by the rotor meshes with planetary gears
      76 carried by the planetary gear carrier 66a. Carrier 66a has an external
      gear or spline 105 integral therewith. A ring gear 106 is free to slide
      and/or rotate within the rear barrel 11a and meshes with the planetary
      gears 76. A circumferential groove 107 formed in the ring gear 106 is
      engaged by pins 108 carried by a shift ring 110 slideable lengthwise along
      barrel 11a, the pins 108 being movable through elongated slots 111 in the
      barrel.
PAR  When the ring gear 106 is located in its position shown in FIG. 10, it
      engages and is locked by teeth 112 formed on a sleeve 113 suitably secured
      within the barrel 11a. Accordingly, rotation of the sun gear 80a will
      cause the planetary gears 76, to revolve in mesh with the now locked or
      stationary ring gear 106, causing the planetary carrier 66a, and therefore
      the collet, to rotate at a reduced speed relative to the sun gear 80a.
      However, when the ring gear 106 is shifted forwardly it moves out of
      locking relation with the teeth 112 and into locking engagement with the
      teeth 105 on carrier 66a. Now, since the planetary gears 76 are locked
      against rotation relative to the carrier 66a, the sun gear 80a will
      transmit a direct drive to the collet at a relatively high speed.
PAR  For the purpose of detenting the ring gear 106 in either of its two endwise
      shifted positions, it is permanently magnetized and polarized axially. The
      ring 68b and sleeve 113 are formed of ferrous magnetic material.
      Accordingly, when the ring gear 106 is shifted rearwardly by means of
      shift ring 110 into its illustrated position, it will be magnetically
      detented by sleeve 113 and when it is moved forwardly, it will be
      magnetically detented by the ring 68b.
PAR  Alternatively, the shift ring 110 may be mechanically detented in either
      the forward or aft position by suitable spring detents, not shown, and
      additionally can provide axial support and location for a throwout bearing
      which positions the floating ring gear 106 axially relative to the shift
      ring 110 while allowing it to rotate freely in the direct drive mode or
      holding the ring gear fixed against the sleeve 113 in the 4 to 1 speed
      reducing mode.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dental handpiece comprising
PA1  a first housing barrel,
PA1  a second housing barrel manually slideable in said first barrel,
PA1  said second barrel being slideable from a first position to a second
      position,
PA1  means for selectively locking said second barrel in either of said
      positions,
PA1  a motor carried by one of said barrels,
PA1  a rotary chuck rotatable in the other of said barrels,
PA1  a variable speed transmission mechanism intermediate said motor and said
      chuck,
PA1  means responsive to movement of said second barrel to said first position
      to adjust said transmission mechanism to transmit rotation to said chuck
      at one ratio and responsive to movement of said second barrel to said
      second position to adjust said transmission mechanism to transmit rotation
      to said chuck at a different ratio.
NUM  2.
PAR  2. A dental handpiece as defined in claim 1 wherein said last mentioned
      means is responsive to movement of said second barrel to said second
      position to adjust said transmission mechanism to directly connect said
      motor to said chuck.
NUM  3.
PAR  3. A dental handpiece as defined in claim 1 wherein said second barrel is
      slideable endwise in said first barrel from one of said positions thereof
      to the other.
NUM  4.
PAR  4. A dental handpiece as defined in claim 3 wherein one of said barrels is
      adapted to freely swivel relative to the other in either of said two
      positions of said second barrel.
NUM  5.
PAR  5. A dental handpiece as defined in claim 1
PA1  wherein said locking means comprises a sleeve member manually movable
      lengthwise relative to said barrels to a first location to lock said
      second barrel in either of said positions thereof and movable to a second
      location to enable movement of said second barrel between said positions
      thereof.
NUM  6.
PAR  6. A dental handpiece comprising
PA1  a first housing barrel,
PA1  a second housing barrel movable in said first barrel from a first position
      to a second position,
PA1  a motor carried by one of said barrels,
PA1  a rotary chuck carried by the other of said barrels,
PA1  a variable speed transmission mechanism intermediate said motor and said
      chuck,
PA1  said transmission mechanism comprising
PA1  a drive element operatively connected to said motor,
PA1  a driven element operatively connected to said chuck,
PA1  a sun gear carried by one of said elements,
PA1  a planetary gear carrier carried by the other of said elements,
PA1  a planetary gear carried by said carrier and meshing with said sun gear,
      and
PA1  a ring gear carried by said first barrel,
PA1  said second barrel being effective upon movement to said first position
      thereof to mesh said planetary gear with said ring gear and effective upon
      movement to said second position thereof to couple said drive element to
      said driven element and to demesh said planetary gear from said ring gear.
NUM  7.
PAR  7. A dental handpiece comprising a rotatable chuck,
PA1  a motor,
PA1  a drive element operatively connected to said motor,
PA1  a driven element operatively connected to said chuck,
PA1  a sun gear carried by one of said elements,
PA1  a planetary gear carrier carried by the other said elements,
PA1  a planetary gear rotatably carried by said carrier and meshing with said
      sun gear, and
PA1  a stationary ring gear,
PA1  one of said elements being shiftable endwise relative to the other of said
      elements to a first position to mesh said planetary gear with said ring
      gear and being shiftable endwise to a second position to couple said
      elements together and to demesh said planetary gear from said ring gear.
NUM  8.
PAR  8. A dental handpiece comprising a rotatable chuck,
PA1  a motor,
PA1  a drive element operatively connected to said motor,
PA1  a driven element operatively connected to said chuck,
PA1  a sun gear carried by one of said elements,
PA1  a planetary gear carrier carried by the other said elements for rotation
      about an axis concentric with the axis of said sun gear,
PA1  a planetary gear rotatably carried by said carrier and meshing with said
      sun gear,
PA1  a ring gear meshing with said planetary gear,
PA1  a fourth gear carried by said carrier concentrically of said sun gear, and
PA1  means for locking said ring gear from rotation,
PA1  said ring gear being movable endwise to a first position to engage said
      locking means and to demesh from said fourth gear and movable endwise to a
      second position to mesh with said fourth gear and to disengage from said
      locking means.
NUM  9.
PAR  9. A dental handpiece as defined in claim 8 comprising means for detenting
      said ring gear in each of said positions thereof.
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ABST
PAL  A control system for regulating or controlling the actuating force of
      shifting elements which in automatically shifted change-speed
      transmissions act on friction elements that selectively brake, hold fast
      and release a structural element of such a change-speed transmission as a
      function of operating parameters; one of the operating parameters which is
      thereby used in the system of this invention is the predetermined change
      of the engine rotational speed as a function of time (dn/dt).
BSUM
PAR  The present invention relates to an installation for the regulation or
      control of the actuating force of shifting members, which in automatically
      shifted change-speed transmissions act on friction elements that
      selectively brake, hold fast and release a structural element of such a
      change-speed transmission in dependence on operations parameters.
PAR  Automatically shifted transmissions utilize customarily planetary gear sets
      which are shifted by means of force-locking servo-members (lamellae
      clutches as well as band or lamellae brakes). Shifting-up operations
      without the interruption of power flow are thereby possible by a suitable
      matching of engagement and disengagement of the servo-members
      participating in the speed change. When shifting-up, for example, from
      first to second speed, the engine rotational speed which initially has a
      predetermined high value, has to be lowered to a lower rotational speed
      value corresponding to the transmission jump between the two speeds. Up to
      the end of this rotational speed decrease, slippage exists in the
      servo-member that has been newly engaged, and heat is therefore produced
      thereat. By reason of the deceleration of the engine (decrease of the
      kinetic energy), a torque overincrease occurs at the output during the
      shifting period, whose sudden beginning and end are noticed as shifting
      shock as soon as the torque jump exceeds a predetermined amount. A general
      reduction of the torque overincrease over the duration of the shifting
      operation by a decrease of the oil pressure increases the shifting time
      and is possible in the respective servo member only up to a predetermined
      limit by reason of the increase of the heat development connected
      therewith. A further reduction of the shifting pressure therebeyond is
      possible only by a brief pressure decrease at the beginning and at the end
      of the shifting operation.
PAR  It is known to reduce the jerk at the beginning of the shifting operation
      when shifting-up, by the application of so-called accumulators or
      receivers. These accumulators or receivers supply a working pressure for
      the respective shifting member increasing as a function of time. One
      obtains thereby a soft engagement and simultaneously a sufficient excess
      for the holding condition of the lamellae clutch or of the brake band.
PAR  With this type of pressure control, the end of the shifting operation
      cannot be improved. A soft transistion at the end of the operation would
      mean that shortly prior to the end of the shifting operation, the working
      pressure is again being decreased and is brought back again to its safety
      value only after completed shifting operation.
PAR  An automatically shifted change-speed transmission functioning well over a
      long period of time, which shifts with the aid of friction elements,
      presupposes that the friction value varies only within very narrow limits.
      The solution of this task is difficult and it requires a high expenditure
      to match oil and friction element in such a manner that the problem can be
      solved.
PAR  It is the aim of the present invention to provide a device of the
      aforementioned type in which one is free of the conditions of the
      constancy of the friction value.
PAR  The underlying problems are solved according to the present invention in
      that the operating parameter is the predetermined change of the engine
      rotational speed as a function of time (dn/dt).
PAR  Accordingly, it is an object of the present invention to provide a control
      system for controlling the shifting members of automatic change-speed
      transmissions which avoids by simple means the aforementioned shortcomings
      and drawbacks encountered in the prior art.
PAR  Another object of the present invention resides in an installation for
      controlling the shifting members of automatic change-speed transmissions
      which assures a soft engagement of the speeds, particularly both at the
      beginning and at the end of a shifting operation.
PAR  A further object of the present invention resides in an installation for
      controlling the shifting members of automatically shifted change-speed
      transmissions in which shifting shocks and jerks are effectively minimized
      if not completely eliminated by simple means.
PAR  Still another object of the present invention resides in a shifting control
      system of the type described above which is relatively independent of the
      friction value.
DRWD
PAR  These and other objects, features, and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, several embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a schematic diagram illustrating the characteristic curves of
      speed, torque and pressure as a function of time in a shifting control
      installation according to the present invention;
PAR  FIG. 2 is a block diagram for a control system in accordance with the
      present invention;
PAR  FIG. 3 is a block diagram for a modified embodiment of the control system
      of FIG. 2;
PAR  FIG. 4 is a schematic circuit diagram for use in a control system of the
      present invention to achieve a still softer transition;
PAR  FIG. 5 is a block diagram for a modified embodiment of the system of FIG. 2
      to produce a still better adaptation; and
PAR  FIG. 6 is a block diagram of a modified embodiment of a control system in
      accordance with the present invention for a still further improved
      rounding-off of the transitions.
DETD
PAR  Referring now to the drawing, wherein like reference numerals are used
      through the various views to designate like parts, and more particularly
      to FIG. 1, this figure illustrates at the top the curve for the desired
      progress of the engine rotational speed n when shifting-up. Such a curve
      configuration can be achieved with the measures to be described more fully
      hereinafter. The torque progress Md at the transmission output is
      indicated by the center curve. A higher output torque is associated with
      the left higher engine rotational speed than with the right lower
      rotational speed. Disposed therebetween is a range of initially increased
      torque. The lower curve finally illustrates the oil pressure p in the
      supply line which is influenced by the measures to be described more fully
      hereinafter. All curves are indicated schematically. The higher pressure
      level always exists when no shifting operation is to be initiated or to be
      terminated, and more particularly the general shifting pressure. The curve
      in dash line shows the pressure in the shifting member of the speed to be
      engaged.
PAR  It is desirable during the shifting operation that during the braking of
      the engine, a certain rotational speed deceleration (dn/dt) is not
      exceeded. The magnitude of the permissive dn/dt under certain
      circumstances is to be dependent on the one hand, on the engine rotational
      speed, in the best way at the beginning of the shifting operation, and on
      the other, on the existing engine torque. Additionally, a dependence may
      also be desirable on the type of change in speed, i.e., whether shifting
      from third into fourth or from second into third speed, etc., on the
      transmission oil temperature, on the load condition of the vehicle, etc.
PAR  However, also more simple controls are feasible within the scope of the
      present invention in which the operating parameter is, for example, only
      the engine rotational speed alone or in which also individual ones of the
      aforementioned operating parameters are omitted.
PAR  FIG. 2 illustrates a control installation which controls the working
      pressure for the respective shifting member corresponding to a
      predetermined dn/dt. At first, the working pressure is determined as a
      function of the torque, the temperature and the rotational speed by the
      use of a constant voltage U.sub.1 applied to an amplifier V.sub.1 by way
      of a switch S.sub.1 ; the amplifier V.sub.1 controls the control stage S
      for the respective pressure control member. Consequently, initially a
      constant pressure corresponding to the aforementioned values and
      magnitudes exists. If the shifting-up operation is initiated, then at the
      end of the filling of the working cylinder of the shifting element, the
      switch S.sub.1 and the switch S.sub.2 are shifted over. By shifting over
      the switch S.sub.1, at first the voltage U.sub.1 is reduced by a
      predetermined amount 1/K. As a result thereof, the "constant" oil pressure
      decreases. The control device R is connected with the aid of the switch
      S.sub.2 to the point of summation of the operational amplifier V.sub.1 of
      any conventional construction. As a result thereof, the control required
      during the shifting operation can now be carried out, and more
      particularly in the following manner:
PAR  The "intended" or "desired" value for dn/dt is now applied to one input of
      the control device R while the "existing" or "actual" value is applied to
      the other input of the control device R. The control device R is of any
      conventional construction as known in logic circuitry, for example, a
      suitable operational amplifier. The "actual" or "existing" value is formed
      as follows: The rotational speed is measured at the engine, or still
      better at the input of the change-speed transmission. For that purpose,
      all known methods are feasible (d.c-a.c. generator, pulse method, etc.).
      In the instant case, the exmaple of the detection of the rotational speed
      with the aid of pulses will be discussed. A gear then exists at the
      measuring place while the detection can take place either
      photoelectrically or magnetically. The pulses are converted in a
      conventional frequency-voltage converter FSU.sub.1 into a voltage
      proportional to the rotational speed whereby the usual arrangement is used
      in which the pulses control a monostable flip-flop circuit which supplies
      rectangular pulses of accurately defined area content. These pulses are
      already proportional to the rotational speed n.sub.1. They are
      subsequently filtered in a filtering element. At the output of the filter
      element, one then obtains a d.c. voltage accurately proportional to the
      rotational speed. The rotational speed progress is determined in a
      differentiating element D of conventional construction. At the output of
      the differentiating element D, one now has the "actual" or "is" value for
      dn/dt.
PAR  The desired value for dn/dt may be, for example, a defined voltage which
      can be taken off at a potentiometer P from a voltage source U.sub.2.
PAR  An absolutely constant value for dn/dt, however, is unfavorable. The value
      of dn/dt should be capable of being varied corresponding to the existing
      rotational speed, the torque, the change-speed in question, the load, the
      operating temperature and, above all, the rotational speed as described
      hereinabove.
PAR  This is realized in the following manner: For obtaining this existing or
      "is" value for dn/dt, voltages are fed to an operational amplifier
      V.sub.2, which stem or are derived from the torque, the rotational speed
      and the temperature. Since depending on the change in speed or
      transmission ratio, the shifting operation has to be more rapid or more
      slow, also the change in speed has to be given as an input. To that end, a
      switch S.sub.3 is provided in the transmission; the switch S.sub.3 picks
      up one of the voltages U.sub.1 -U.sub.4 which are supplied from a constant
      voltage source so that corresponding to the speed, larger or smaller
      voltages are predetermined which are applied to the operational amplifier
      V.sub.2. For detecting the load condition, one may proceed from the inward
      spring deflection. It then has to be connected with a member measuring the
      spring deflection, for example, with a potentiometer. Of course, one may
      also start with the level regulation. The pressure has to be detected in
      that case, and the pressure has to be used for establishing a
      pressure-dependent voltage. For the introduction of the dependency of the
      rotational speed or drive velocity, initially the measurement of the
      rotational speed on the output side is necessary. In the illustrated
      embodiment, the pulse method with a frequency-voltage converter is again
      provided. The rotational speed produced by the output side then has to be
      translated to the input side. This takes place with the aid of the switch
      S.sub.4 which like switch S.sub.3 indicates the speed position and
      therewith converts or translates the output rotational speed corresponding
      to the engaged speed. The voltage picked-up by switch S.sub.4 is also
      applied to the operational amplifier V.sub.2.
PAR  In case of lesser demands as regards the shifting behavior, also the engine
      rotational speed may be utilized in lieu of the output rotational speed
      whereby the translation can then be dispensed with.
PAR  A voltage now results at the output of the operational amplifier V.sub.2
      which is composed of all of these components. This voltage is the
      "intended" or "desired" value for dn/dt.
PAR  As soon as S.sub.1 /S.sub.2 is actuated, i.e., engaged during the beginning
      of the shifting operation, the control operation is initiated and an oil
      pressure for the control of the change-speed transmission results in the
      pressure-regulating member which is controlled corresponding to the
      predetermined dn/dt.
PAR  The transition during the beginning of the shifting operation is the softer
      the slower the control system operates. In order therefore to obtain a
      soft transition, the control itself can be influenced in that one
      provides, for example, nozzles as throttle points in the oil line.
      However, one can also engage only slowly the desired value setting or
      signal. For example, an RC-element constructed as low-pass filter can be
      utilized, or one can engage slowly the rotational speed signal necessary
      for the desired value in that one designs correspondingly the filter
      elements present in the frequency-voltage converter FSU.sub.2.
PAR  A rounding-off of the transition at the end of the shifting operation can
      be achieved only in that the dn/dt-value is reduced at the end of the
      shifting operation so that also the actual value is reduced. Either a
      simple shifting or switching can take place thereby or also a reduction
      may take place, for example, with the aid of a potentiometer according to
      a predetermined program. In order to achieve this, the end of the shifting
      operation has to be known beforehand or possibly has to be computed
      continuously.
PAR  A solution for computing the end of the shifting operation by a rotational
      speed comparison is shown in FIG. 3. The two rotational speeds n.sub.1
      (engine rotational speed according to FIG. 2) and n.sub.2 (output
      rotational speed translated to the engine side according to FIG. 2) are
      applied to a conventional comparator G. If the engine rotational speeds
      have become equal, then the comparator G flips over. A voltage is produced
      in its output, whereby a switch S.sub.5 can be shifted over. This switch
      S.sub.5 can be represented by a relay or also by a conventional gate
      circuit. In the switched-over position, only a part of the previously
      existing dn/dt-value is detected and transmitted. A rounding-off of the
      shifting operation is achieved thereby, even though only at an instant at
      which the rotational speeds are already equal which is too late. In order
      to obtain the reduction of the desired value already at a pre-determined
      differential rotational speed, a d.c. voltage is additionally applied to
      the comparator G which permits to so displace the zero point of the
      comparator G that the flipping over occurs at a predetermined rotational
      speed difference.
PAR  In many cases it is desirable not only to switch-over the desired value but
      to control the same slowly in order to obtain a more soft transition. This
      is possible, for example, according to FIG. 4 by means of an RC-element,
      which controls slowly a transistor connected in the line of the desired
      value transmitter when the comparator G has flipped over.
PAR  The use of an absolute differential rotational speed for switching-over the
      desired value is not favorable because at lower rotational speeds, the
      rounding-off of the transition is too large and at high rotational speeds
      too small. A device is therefore provided according to this invention
      which controls the engagement of the desired value change not in
      dependence of an absolute rotational speed but in dependence on a relative
      rotational speed. This takes place according to FIG. 5 as follows:
      Initially, the rotational speed signals n.sub.1 and n.sub.2 again are
      applied to an operational amplifier RV.sub.1. The difference n.sub.1
      -n.sub.2 is formed in the operational amplifier RV.sub.1. This value is
      applied to a quotient former Q of conventional construction in which the
      desired quotient
EQU  n.sub.1 - n.sub.2 /n.sub.1
PAL  is formed with the aid of the rotational speed n.sub.2.
PAR  The usual methods are applicable for the quotient formation, for example,
      the time-division method. This quotient now reaches the comparator G as
      before, to which is applied additionally--as before-- the differential
      value to be adjusted. In this embodiment, a function former F of
      conventional construction is provided which may consist, for example, of a
      series of biased diodes. The function former F can further change the
      quotient according to a predetermined function. This switch S.sub.5 or the
      RC-element with the transistor (FIG. 4) is again connected in the output
      of the function former F, as described above.
PAR  If according to the circuit illustrated in FIG. 2 the value for dn/dt is so
      selected in dependence on the different magnitudes that for all possible
      shifting operations necessarily the same shifting time results, then also
      a more simple timing-circuit can be realized as illustrated in the upper
      part of FIG. 6. However, it is assumed in connection with these
      considerations that the output rotational speed does not vary very
      strongly during the shifting operation.
PAR  By means of switch S.sub.6 disposed at the transmission which operates like
      the switch S.sub.1 and S.sub.2 (FIG. 2), a voltage U.sub.3 is applied to a
      time element at the beginning of the shifting operation. The time element
      may be, for example, a customary monostable flip-flop circuit. The time
      element runs out and after its return actuates the switch S.sub.5 whereby
      the change-over of the desired value is realized. However, if the shifting
      time is not constant but if dependencies on the temperature of the
      transmission, on the engine rotational speed, on the torque and on the
      load and the engaged speed exist, then the system according to FIG. 6 can
      be complemented as follows: The time element is thereby changed in its
      time-delay corresponding to the aforementioned factors. A change of the
      time-constant of the time-element with a monostable flip-flop is possible,
      for example, in that one varies the supply voltage of the time-element.
      For this purpose, the aforementioned individual factors are applied to an
      operational amplifier V and are added thereat. The result is fed to a
      function former F again of conventional construction which permits the
      introduction of a functional relationship as a function of the magnitudes
      and therewith controls the time element described hereinabove so that is
      starts under all operating conditions always shortly before the end of the
      shifting operation.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An installation for the regulation or control of the actuating force of
      shifting members which in automatically shifted change-speed transmissions
      act on friction elements that selectively brake, hold fast, and release a
      structural element of such a change-speed transmission in dependence on
      operating parameters of a vehicle, characterized by a control system for
      controlling said actuating force including control means for varying sid
      actuating force as a function of at least one operating parameter
      corresponding to a desired change of engine rotational speed as a function
      of time (dn/dt), and means for calculating the desired dn/dt in accordance
      with other vehicle parameters, the control means controlling the oil
      pressure which serves as an actuating force of the shifting member, said
      control means varying the oil pressure from an upper level to a lower
      level and causing the oil pressure to drop from the upper level to below
      the lower level and then rise to the lower level at the beginning of a
      shifting operation.
NUM  2.
PAR  2. An installation according to claim 1, wherein said control means causes
      the oil pressure to drop below the lower level and then rise to the upper
      level at the end of a shifting operation.
NUM  3.
PAR  3. An installation according to claim 1, characterized in that the control
      means includes means for influencing said operating parameter of the
      desired dn/dt by the engine rotational speed.
NUM  4.
PAR  4. An installation according to claim 3, characterized in that said
      last-mentioned means influences said operating parameter of the desired
      dn/dt by the engine rotational speed at the beginning of the shifting
      operation.
NUM  5.
PAR  5. An installation according to claim 4, characterized in that the control
      means includes means for influencing the operating parameter by the engine
      torque.
NUM  6.
PAR  6. An installation according to claim 1, characterized in that the control
      means includes means for influencing the operating parameter by the engine
      torque.
NUM  7.
PAR  7. An installation according to claim 6, characterized in that said control
      means includes means for influencing the operating parameter by the
      shifting direction and selected shifting step.
NUM  8.
PAR  8. An installation according to claim 7, characterized in that said control
      means includes means for influencing said operating parameter by the
      transmission oil temperature.
NUM  9.
PAR  9. An installation according to claim 1, characterized in that said control
      means includes means for influencing the operating parameter by the
      shifting direction and selected shifting step.
NUM  10.
PAR  10. An installation according to claim 1, characterized in that said
      control means includes means for influencing said operating parameter by
      the transmission oil temperature.
NUM  11.
PAR  11. An installation for the regulation or control of the actuating force of
      shifting members which in automatically shifted change-speed transmissions
      act on friction elements that selectively brake, hold fast, and release a
      structural element of such a change-speed transmission in dependence on
      operating parameters, characterized by a control system for controlling
      said actuating force including control means for varying said actuating
      force as a function of at least one operating parameter corresponding to a
      predetermined desired change of engine rotational speed as a function of
      time (dn/dt), means for producing the desired value of dn/dt and means for
      producing an existing value of dn/dt, said control means including a
      control circuit means having an adding means controlling a respective
      shifting member, said adding means having several inputs, one input being
      connected with a first switching means which applies to the one input of
      the adding means in one position a voltage corresponding to at least one
      parameter and in its other position said last-mentioned voltage reduced by
      a predetermined amount, another input of the adding means being controlled
      by a control amplifier means having several inputs, one input of said
      control amplifier means being controlled by the existing value of dn/dt
      and another input thereof being controlled by the desired value of dn/dt.
NUM  12.
PAR  12. An installation according to claim 11, wherein the voltage applied to
      the one input of the adding means corresponding to several parameters such
      as temperature, rotational speed and torque.
NUM  13.
PAR  13. An installation according to claim 11, characterized in that the
      existing value is produced by a circuit means which includes frequency
      converter means receiving pulses proportional to the engine rotational
      speeds and producing in its output rectangular pulses of defined area
      content, and a differentiating element connected in the output of said
      frequency converter means.
NUM  14.
PAR  14. An installation according to claim 11, characterized in that the
      desired value is supplied by a constant voltage source whose voltage is
      substantially equal to the desired value dn/dt.
NUM  15.
PAR  15. An installation according to claim 11, characterized in that a second
      adding means having several inputs is provided whose one input is
      connected to a voltage corresponding to the engine torque, whose second
      input is connected to a voltage corresponding to the driving velocity and
      whose third input is connected to a voltage corresponding to the engaged
      speed, and in that the output of the second adding means is operatively
      connected with said another input of the control amplifier means.
NUM  16.
PAR  16. An installation according to claim 15, characterized in that a voltage
      corresponding to at least temperature is applied to a further input of the
      second adding means.
NUM  17.
PAR  17. An installation according to claim 15, characterized in that the
      voltage corresponding to the driving velocity is determined by the output
      rotational speed of the change-speed transmission influenced by the
      engaged speed.
NUM  18.
PAR  18. An installation according to claim 11, characterized in that a
      time-delay means is connected into the control circuit means.
NUM  19.
PAR  19. An installation according to claim 18, characterized in that said
      time-delay means is an electric low-pass filter.
NUM  20.
PAR  20. An installation according to claim 11, characterized in that the
      desired value input of the control amplifier means is connected with a
      switching means with several inputs to be selectively engaged, the
      condition of said last-mentioned switching means being controlled by the
      output of a comparator means having several inputs, said comparator means
      receiving at its inputs a first voltage corresponding to the engine
      rotational speed, a second voltage corresponding to the driving velocity
      and a third voltage causing the comparator means to flip over at a time
      prior to equality of the first and second voltages, and in that one input
      of the switching means is connected with a voltage source that corresponds
      to the desired value of dn/dt whereas the other input is connected with
      the same voltage reduced by a predetermined constant factor.
NUM  21.
PAR  21. An installation according to claim 20, characterized in that a
      time-delay element is connected in the feed line of the circuit means
      corresponding to the desired value.
NUM  22.
PAR  22. An installation according to claim 21, characterized in that the
      time-delay element is an RC-element which slowly controls a transistor
      connected in the circuit means of the desired value transmitter during the
      flipping over of the comparator means.
NUM  23.
PAR  23. An installation according to claim 11, characterized in that the
      desired value input of the control amplifier means is connected with a
      switching means whose condition is controlled by the output of a
      comparator means having several inputs, in that a subtracting means is
      provided having two inputs to which is applied a voltage corresponding to
      the engine rotational speed and a voltage corresponding to the driving
      velocity, respectively, in that the output of the subtracting means is
      connected with the input of a quotient former means whose other input
      receives a voltage corresponding to the engine rotational speed, and in
      that the voltage resulting in the output of the quotient former means and
      corresponding to the value of (n.sub.1 - n.sub.2)/n.sub.1 is supplied to
      the comparator means.
NUM  24.
PAR  24. An installation according to claim 23, characterized in that a further
      voltage is applied to an input of the comparator means causing the
      comparator means to flip over at a predetermined value of the output of
      quotient former means.
NUM  25.
PAR  25. An installation according to claim 23, characterized in that a function
      former means is provided between the comparator means and the switching
      means.
NUM  26.
PAR  26. An installation according to claim 11, characterized in that a
      time-element is provided whose input voltage is adapted to be selectively
      applied by a transmission-switch, and in that a switching means for the
      desired value is connected in the output of the time element.
NUM  27.
PAR  27. An installation according to claim 26, characterized in that voltages
      corresponding to the operating parameters to be considered are applied to
      the inputs of an amplifier means, that a function generator means is
      operatively connected to the output of the last-mentioned amplifier means
      and in that the time constant of the timing element is controllable by the
      output voltage of the function generator means.
NUM  28.
PAR  28. An installation according to claim 13, characterized in that the
      desired value is supplied by a constant voltage source whose voltage is
      substantially equal to the desired value dn/dt.
NUM  29.
PAR  29. An installation according to claim 13, characterized in that a second
      adding means having several inputs is provided whose one input is
      connected to a voltage corresponding to the engine torque, whose second
      input is connected to a voltage corresponding to the driving velocity and
      whose third input is connected to a voltage corresponding to the engaged
      speed, and in that the output of the second adding means is operatively
      connected with said another input of the control amplifier means.
NUM  30.
PAR  30. An installation according to claim 29, characterized in that a voltage
      corresponding to temperature is applied to a further input of the second
      adding means.
NUM  31.
PAR  31. An installation according to claim 30, characterized in that the
      voltage corresponding to the driving velocity is determined by the output
      rotational speed of the change-speed transmission influenced by the
      engaged speed.
NUM  32.
PAR  32. An installation according to claim 29, characterized in that a
      time-delay means is connected into the control circuit means.
NUM  33.
PAR  33. An installation according to claim 32, characterized in that said
      time-delay means is an electric low-pass filter.
NUM  34.
PAR  34. An installation according to claim 30, characterized in that the
      desired value input of the control amplifier means is connected with a
      switching means with several inputs to be selectively engaged, the
      condition of said last-mentioned switching means being controlled by the
      output of a comparator means having several inputs, said comparator means
      receiving at its inputs a first voltage corresponding to the engine
      rotational speed, a second voltage corresponding to the driving velocity
      and a third voltage causing the comparator means to flip over at a time
      prior to equality of the first and second voltages, and in that one input
      of the switching means is connected with a voltage source that corresponds
      to the desired value of dn/dt whereas the other input is connected with
      the same voltage reduced by a predetermined constant factor.
NUM  35.
PAR  35. An installation according to claim 34, characterized in that a
      time-delay element is connected in the feed line of the circuit means
      corresponding to the desired value.
NUM  36.
PAR  36. An installation according to claim 35, characterized in that the
      time-delay element is an RC-element which slowly controls a transistor
      connected in the circuit means of the desired value transmitter during the
      flipping over of the comparator means.
NUM  37.
PAR  37. An installation according to claim 31, characterized in that the
      desired value input of the control amplifier means is connected with a
      switching means whose condition is controlled by the output of a
      comparator means having several inputs, in that a subtracting means is
      provided having two inputs to which is applied a voltage corresponding to
      the engine rotational speed and a voltage corresponding to the driving
      velocity, respectively, in that the output of the subtracting means is
      connected with the input of a quotient former means whose other input
      receives a voltage corresponding to the engine rotational speed, and in
      that the voltage resulting in the output of the quotient former means and
      corresponding to the value of (n.sub.1 - n.sub.2)/n.sub.1 is supplied to
      the comparator means.
NUM  38.
PAR  38. An installation according to claim 37, characterized in that a further
      voltage is applied to an input of the comparator means causing the
      comparator means to flip over at a predetermined value of the output of
      quotient former means.
NUM  39.
PAR  39. An installation according to claim 28, characterized in that a function
      former means is provided between the comparator means and the switching
      means.
NUM  40.
PAR  40. An installation according to claim 13, characterized in that a
      time-element is provided whose input voltage is adapted to be selectively
      applied by a transmission-switch, and in that a switching means for the
      desired value is connected in the output of the time element.
NUM  41.
PAR  41. An installation according to claim 40, characterized in that voltages
      corresponding to the operating parameters to be considered are applied to
      the inputs of an amplifier means, that a function generator means is
      operatively connected to the output of the last-mentioned amplifier means
      and in that the time constant of the timing element is controllable by the
      output voltage of the function generator means.
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ABST
PAL  Finishing sharpener including a handle having a pair of wings extending
      therefrom and each wing being in the form of a flat bar defining a
      sharpening edge that is arcuate in cross section and smooth. The method of
      using the sharpener is concerned with the proper positioning of a knife
      blade relative the wings and a proper engagement between the knife edge
      and the sharpening edges of the wings.
BSUM
PAR  This invention relates in general to a finishing sharpener for applying a
      finishing edge to a cutting tool, and more particularly a finishing
      sharpener for applying a finising edge to the cutting edge of a knife
      blade, and stll more particularly to the method of using the finishing
      sharpener of the invention.
PAR  Heretofore, there have been many types of sharpening steels or finishing
      sharpeners for sharpening of a knife blade, such as shown in U.S. Pat.
      Nos. 198,668, 317,591, 618,880, 1,154,375, 1,443,259, 1,888,102,
      2,058,348, and 2,380,539.
PAR  Most of the heretofore known sharpening steels have been intended for
      effecting a sharpening of a knife blade, and therefore the edges against
      which a blade is drawn are usually rough. While some sharpening steels
      have shown smooth surfaces against which a knife edge may be drawn, such
      surfaces have generally had a relatively large arcuate in cross section
      configuration which presents difficulties in use. Moreover, heretofore
      known steels have not been arranged such as to guide or assist in guiding
      the proper engagement between the knife blade and the steel.
PAR  The present invention obviates the above difficulties in providing a
      relatively simple form of finishing sharpener which may be easily and
      economically constructed and which may be easily used to finish the
      cutting edge of a knife blade.
PAR  While reference will be made herein to the finishing of knife blades, it
      will be appreciated that the finishing sharpener of the invention could be
      used for finishing the edge on any cutting tool. The finishing sharpener
      includes a pair of wings mounted on a handle. For convenience, the handle
      is hollow and the wings are foldable into the handle. However, it is
      important that the wings which are in the form of flat bars may be
      adjustably positioned relative the handle in order to properly position
      the wings during a finishing operation on a knife blade. The handle serves
      as a guide for drawing the knife blade cutting edge across the sharpening
      edges formed on the wings at the proper angle. It is important that the
      sharpening edges are provided with a smooth arcuate surface having a
      relatively small radius so that only a small point of the knife edge
      engages the sharpening edge at any one time. Thus, the sharpening edges of
      the wings are specially constructed to provide a arcuate in cross section
      surface of relatively small radial extent and of a highly smooth
      configuration. It may be appreciated here that the sharpening steel of the
      invention is not intended to remove material from the cutting edge of a
      knife blade but is intended to follow a properly prepared edge to produce
      a silky smooth edge.
PAR  Use of the finishing sharpener of the present invention is effective only
      when the cutting edge of a knife blade has been properly prepared, such as
      by sharpening on a hone or wheel. No value is obtained by using the
      finishing sharpener of the invention in connection with a knife blade
      having a dull edge. While the invention is essentially set forth so as to
      provide the sharpening edges by forming bar-shaped wings, it should be
      appreciated that the sharpening edge may be provided on a wheel.
      Preferably, the small angle between a knife blade and the sharpening edge
      during the finishing operation is between 20.degree. and 30.degree..
      Merely the weight of the knife blade is utilized when drawing the knife
      blade across the sharpening edge of the sharpener.
PAR  It is therefore an object of the present invention to provide a new and
      improved finishing sharpener for finishing a cutting edge of a cutting
      tool or knife blade, which sharpener may be inexpensively and simply
      constructed and easy to use.
PAR  Another object of this invention resides in the provision of a new and
      improved finishing sharpener for applying a finish to the cutting edge of
      a knife blade which includes a pair of flat bar-shaped wings defining
      sharpening edges against which a knife blade may be drawn and wherein the
      wings may be adjustably positioned to properly relate the sharpening edges
      to a knife blade during the finishing operation.
PAR  A still further object of this invention is in the provision of a finishing
      sharpener for finishing the cutting edges of knife blades which provides a
      finish to a cutting edge materially superior to any heretofore known
      finishing sharpener.
DRWD
PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed disclosure, taken in conjunction with the
      accompanying sheet of drawings, wherein like reference numerals refer to
      like parts, in which:
PAR  FIG. 1 is a perspective view of the finishing sharpener according to the
      invention in the folded and carrying position;
PAR  FIG. 2 is a perspective view of the sharpener showing the wings extending
      from the handle in the position for applying a knife edge against the
      sharpening edges of the sharpener;
PAR  FIG. 3 is a greatly enlarged cross-sectional view taken substantially along
      line 3--3 of FIG. 1;
PAR  FIG. 4 is a greatly enlarged cross-sectional view taken substantially along
      line 4--4 of FIG. 2;
PAR  FIGS. 5 and 6 illustrate the manner in which a person may hold the
      finishing sharpener and a knife and the drawing of a knife edge along the
      sharpening edges of the sharpener;
PAR  FIG. 7 is a diagrammatic front elevational view illustrating the
      positioning of a knife blade relative to the handle of the sharpener; and
PAR  FIG. 8 is a perspective view of a modification where the sharpener is in
      the form of a wheel.
DETD
PAR  While the device of the present invention is referred to as a finishing
      sharpener, it should be appreciated that the device is not intended to
      sharpen blades in the sense of removing material from the blades to apply
      a suitable edge. The finishing sharpener of the invention is useful only
      once a cutting edge of a knife blade has been properly sharpened on an
      abrasive wheel or on a hone so that a finishing operation can be applied
      to the cutting edge to thereby ultimately produce a finer cutting edge
      which will reduce the amount of pressure necessary in cutting operations.
      For example, cutting of meats involves the slicing of meat by the
      application of cutting strokes with a knife. The better the cutting edge
      the lesser the work involved in cutting of the meat. It is the finishing
      sharpener of the present invention which will provide a silky smooth edge
      of the ultimate in sharpness on the cutting edge of a knife blade. This
      edge will last longer and may be periodically renewed by the finishing
      sharpener of the invention.
PAR  The preferred form of the finishing sharpener according to the invention is
      shown in FIGS. 1 to 7 and generally designated by the numeral 15. The
      sharpener 15 includes a handle 16 and a pair of wings 17. The handle 16 is
      hollow to permit the wings to be folded thereinto, as shown in FIG. 1, or
      to be folded outwardly, as shown in FIG. 2.
PAR  The handle 16 may be of any suitable material, such as metal or plastic,
      and includes upper and lower panels 20 and 21 respectively connected at
      one end by an arcuate bight portion 22. A fastener 25 is mounted at the
      other ends of the panels 20 and 21 and which includes a bolt or cap screw
      26 and a nut 27. The bolt 25 extends through suitable holes formed in the
      handle panels 29 and 21 and also through suitable holes formed in one end
      of each of the wings 17. By tightening and loosening the nut 27 on the
      bolt 26, it will be appreciated movement and fixing the position of the
      wings relative to the handle can be accomplished. Accordingly, the wings
      17 may be adjustably positioned relative to the handle 16. Preferably, for
      a finishing operation of a knife blade, the wings 17 are inclined relative
      the handle 16 and form an angle therewith of between 20.degree. and
      30.degree. .
PAR  Each wing 17 is in the form of a flat bar and includes parallel opposed
      faces 30, 30 and parallel opposed arcuate in cross section sharpening
      edges 31 and 32. The thickness of the wings 17 is preferably such as to
      provide suitable rigidity to the wings and preferably between 0.050 and
      0.250 inches. The radial extent of the arcuate edges 31 and 32 is
      preferably small and between 0.025 and 0.125 inches so as to provide a
      fine contacting edge for a knife blade cutting edge. The sharpening edges
      31 and 32 are smooth as they do not function to remove metal but merely
      function to follow the cutting edge properly. For example, if the cutting
      edge includes burring or a slight bend relative the vertical axis of the
      blade, such will be eliminated by use of the sharpener of the invention.
PAR  The wings are preferably made of steel, such as 1020 cold rolled steel.
      After forming the opposite edges 31 and 32 with the desired radii, all
      surfaces of the wings are polished to form a fine finish on the edges.
      Preferably, the micro surface finish of the edges is at least 15AA. The
      wings are next carbon nitrided. One edge and preferably the outer edge 31
      is then polished and the entire wing is then hard chromed to render it
      corrosion resistant. The polished edge would therefore be smoother than
      the unpolished nitrided edge 32. However, it is appreciated both edges
      could be polished and hard chromed. Preferably, a finishing operation on a
      knife blade cutting edge would be conducted relative to the smoothest edge
      of each wing, although the user could choose the rougher edge.
PAR  The finishing sharpener is used by grasping the handle 16 in one hand,
      picking up the knife with the other hand and bringing the back edge of the
      knife cutting edge onto the sharpening edge of the wing, such as shown in
      FIGS. 5 and 6. Only the weight of the knife and the hand of the person
      places the knife edge against the wing sharpening edge. The hand is moved
      to draw the knife blade along the sharpening edge of the wing and at the
      same time move the knife edge along the extent of the wing edge. Relative
      movement between the knife blade and the sharpener should be slow as a
      rapid motion may result in dulling the knife edge. After the cutting edge
      of the knife blade has been drawn against one of the wings, it is next
      drawn against the other of the wings to further the finishing operation. A
      plurality of alternate strokes will be sufficient where each successive
      stroke involves preferably less and less pressure so that the last strokes
      of the knife blade relative to the wings will barely make contact between
      the cutting edge of the knife and the wings. As seen in FIG. 7, it is
      important that the knife blade 35 extend parallel to the handle 16 of the
      finishing sharpener when the knife blade is drawn against the arcuate edge
      31. Thus, the handle serves as a guide. The edge of the knife blade is
      preferably placed in contact at the upper end of each wing prior to a
      stroking operation. Where the knife blade is moved downwardly along the
      edge of the wing, it is also then pulled along the length of the knife
      blade so that the combined action provides a contact between nearly all of
      the knife blade cutting edge and nearly all of each wing. While any number
      of finishing operations may be performed with the finishing sharpener,
      about twenty strokes is usually sufficient. While the sharpener has been
      described as having adjustable wings, it could be appreciated the
      sharpener could be made with wings in a fixed position relative the
      handle.
PAR  The embodiment of FIG. 8 differs from that of FIGS. 1 to 7 only in that the
      finishing sharpener is shown in the form of a wheel 38 adapted to be
      mounted on a rotating shaft. Again, the edge 39 defined by the relatively
      thin wheel will have an arcuate smooth surface like that provided on the
      wings of the sharpener 15. When the wheel is being power driven, the
      cutting edge of a knife blade may then by stroked across the edge 39
      relative both sides of the knife blade to give a finishing edge to the
      knife blade. Again, the angle between the edge 39 and the knife blade must
      be maintained constant.
PAR  It will be understood that modifications and variations may be effected
      without departing from the scope of the novel concepts of the present
      invention, but it is understood that this application is to be limited
      only by the scope of the appended claims.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. A finishing sharpener comprising a handle and a pair of wings, said
      wings mounted on and extending from one end of the handle such that when
      the handle is vertically positioned the wings extend from the uppper end
      thereof and downwardly at an incline, each wing having a flat body
      defining a rectilinear sharpening edge with a smooth surface against which
      a knife edge can be engaged for finish sharpening, said sharpening edge
      being arcuate in cross section and having a radius of relatively small
      extent.
NUM  2.
PAR  2. A finishing sharpener as defined in claim 1, wherein said wings are
      adjustably mounted relative the handle.
NUM  3.
PAR  3. A finishing sharpener as defined in claim 1, wherein the sharpening edge
      radius of each wing is no greater than 0.125 inch.
NUM  4.
PAR  4. A finishing sharpener as defined in claim 1, wherein the sharpening edge
      radius of each wing is between 0.025 and 0.125 inches.
NUM  5.
PAR  5. A finishing sharpener as defined in claim 1, wherein each wing defines
      parallel opposed sharpening edges and one edge having a smoother surface
      than the other.
NUM  6.
PAR  6. A finishing sharpener as defined in claim 1, wherein the sharpening edge
      radius of each wing is polished to a minimum of 15AA micro finish.
NUM  7.
PAR  7. A finishing sharpener as defined in claim 1, wherein the sharpening edge
      radius of each wing is provided with a carbon nitrided, polished and hard
      chrome finish.
NUM  8.
PAR  8. A finishing sharpener as defined in claim 5, wherein one sharpening edge
      is provided with a carbon nitrided, polished and hard chrome finish, and
      the other edge is provided with a carbon nitrided finish.
NUM  9.
PAR  9. A finishing sharpener as defined in claim 1, wherein the thickness of
      each wing body is between 0.050 and 0.025 inches, and the sharpening edge
      radius of each wing is between 0.025 and 0.125 inches.
NUM  10.
PAR  10. A finishing sharpener as defined in claim 9, wherein one of the
      sharpening edges of each wing has a micro surface finish of about 15AA.
NUM  11.
PAR  11. A finishing sharpener as defined in claim 2, wherein said handle is
      hollow and the wings are foldable into the handle.
NUM  12.
PAR  12. A method of finish sharpening a knife edge on a finishing sharpener
      which includes a handle having a pair of wings extending from one end of
      the handle on opposite sides thereof and inclined thereto and each wing
      having a smooth edge of relatively small arcuate extent against which the
      knife edge engages, which method includes the steps of positioning a knife
      blade in parallel to the handle and the knife edge thereof first against
      the wing on one side of the handle and drawing the knife edge therealong
      over the sharpening edge while maintaining the knife blade parallel to the
      handle thereof, and second against the wing on the other side of the
      handle and drawing the knife edge therealong over the sharpening edge
      thereof while maintaining the knife blade parallel to the handle.
NUM  13.
PAR  13. A method as defined in claim 12, which further includes multiple
      drawing of the knife edge over each of the sharpening edges.
NUM  14.
PAR  14. A finishing sharpener comprising a handle and at least one wing, said
      wing being mounted on and extending from one end of the handle such that
      when the handle is substantially vertically positioned the wing extends
      from the upper end thereof and downwardly at an incline, said wing having
      a flat body defining a rectilinear sharpening edge with a smooth surface
      against which a knife edge can be engaged for finish sharpening, and said
      sharpening edge being arcuate in cross section and having a radius of
      relatively small extent.
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PAL  The application discloses an apparatus for removing bottle caps in which a
      lever is pivotally mounted at one end in a housing in a passageway into
      which the bottle, of which the cap is to be removed, is inserted. The
      lever has a cap removing hook intermediate its ends and a spring at the
      end away from the pivoted end pivots the lever to remove the cap. The
      lever is moved to spring loaded cap-removing position by a motorized cam
      having a lever pressing pin at its periphery.
BSUM
PAR  This invention relates to an apparatus for removing bottle caps.
PAR  It has, up to now, been commonly known to remove bottle caps by means of
      manually operated bottle openers. These devices usually take the form of a
      lever provided with a hook which is adapted to engage the rim of the cap
      and operated with one hand while the bottle is held with the other hand.
      Another well known type of bottle opener is a small hook which is mounted
      on a wall. The rim of the cap is engaged underneath such hook while the
      bottle is pivoted so as to remove the cap. These devices are manual and,
      consequently, require a fair amount of energy to operate them, more
      particularly from women and children. They may even become tiresome for
      men, specially baretenders who have to open a large number of bottles at
      rush hours. In addition, the manipulation of the bottles during removal of
      the caps, often causes foaming resulting in spillage of their content.
PAR  An object of the invention is therefore to provide an apparatus capable of
      avoiding the above mentioned disadvantages, which apparatus comprises a
      housing having a passageway for the manual insertion of a capped bottle of
      which the cap is to be removed; a lever and means pivotally mounting the
      lever, at one end, to the housing and in the passageway, the lever having
      a hook into intermediate the ends thereof located so as to become inserted
      beneath the rim of the crown cap when the bottle is at the end of the
      passageway inside the housing. Means is also provided which holds the
      lever when the bottle is at the end of the passageway to cause pivoting of
      the lever to remove the cap and to reset the lever when the cap is
      removed. Finally, further means are provided for holding the bottle steady
      with respect the housing while the cap is being removed.
DRWD
PAR  The invention will now be disclosed, by way of example, with reference to
      preferred embodiments thereof and to the accompanying drawings in which:
PAR  FIG. 1 illustrates a perspective view of the housing of an apparatus for
      removing bottle caps in accordance with the invention;
PAR  FIG. 2 illustrates the apparatus of FIG. 1 with a portion of the housing
      cut away to illustrates the mechanism for removing bottle caps;
PAR  FIG. 3 illustrates a section view of a member for holding the bottles
      inside the housing;
PAR  FIGS. 4 to 8 illustrate the operation of the mechanism of FIG. 2;
PAR  FIGS. 9 to 12 are electrical diagrams illustrating the operation of the
      various limit switches controlling the operation of the motor operating
      the cam which reloads the lever of the mechanism for removing bottle caps;
PAR  FIGS. 13 to 15 illustrate various views of a second embodiment of a device
      for removing bottle caps;
PAR  FIGS. 16 to 19 illustrate the operation of the second embodiment of the
      invention;
PAR  FIG. 20 illustrates a section view through a second lever or flap of the
      second embodiment which is used for holding the caps;
PAR  FIG. 21 illustrates a plan view of a lever used in a third embodiment of an
      apparatus in accordance with the invention;
PAR  FIG. 22 illustrates a side view of the lever arrangement of FIG. 21;
PAR  FIG. 23 illustrates a diagram of the circuit for operating the motor used
      for resetting the lever of the mechanism of the apparatus of FIGS. 21 and
      22;
PAR  FIG. 24 illustrates a fourth embodiment of an apparatus for removing bottle
      caps; and
PAR  FIG. 25 illustrates a fifth embodiment of an apparatus in accordance with
      the invention.
DETD
PAR  Referring to FIGS. 1 and 2 there is shown a first embodiment of an
      apparatus for removing bottle caps. Such an apparatus is inclosed in a
      housing 10 having a passageway 12 for receiving the neck of a bottle 14. A
      member 16 is secured to the housing 10 and made integral therewith for
      holding the bottles by the neck. As illustrated more clearly in FIG. 3,
      such member has a configuration such as to closely conform to the shape of
      the neck of the bottle. The bottom of the housing is provided with a door
      18 which may be opened for picking up the bottle caps which as it will be
      disclosed later, are ejected towards the bottom of the housing after
      having been removed from the bottles.
PAR  As illustrated more clearly in FIG. 4, the mechanism for removing the
      bottle caps comprises a lever 20 which is pivotably mounted at one end to
      an L-shaped bracket 22 itself pivotably mounted on the housing 10. This
      arrangement allows limited axial displacement of the lever 20. The latter
      is provided with a hook 24 adapted to engage underneath the rim of the
      bottle caps for removing the cap when the lever is operated. The lever 20
      is operated by a spring 26 attached at one end to the housing 10 and at
      its other end to the end of the lever which is remote from the hook 24.
      The lever 20 is reset into inoperative position against the action of
      spring 26 by means of a cam 28 having at least one peripheral pin 30
      thereon adapted to engage the lever. The cam 28 is rotated by an electric
      motor 32 the operation of which is controlled by switches SWB, SWC and SWL
      which are operated respectively by the bottle, the cam and the lever, the
      circuitry being shown in the electrical diagrams of FIGS. 9 to 12.
PAR  The operation of the apparatus so far disclosed is as follows, referring
      the FIGS. 4 to 12 of the drawings. In the first position illustrated in
      FIGS. 4 and 9 of the drawings the spring 26 is tensioned by pin 30 of cam
      28 which bears against lever 20 holding it down. Since the spring 26 is at
      an acute angle with the lever, such lever is beared to the left forcing
      the vertical portion of L-shaped bracket 22 to engage the housing.
PAR  When the bottle is pushed into slot 12 and the finger 24 engages the neck
      of the bottle underneath the edge of the cap, the lever 20 is moved to the
      right as indicated by the arrow A in FIG. 5 and switch SWB is opened, FIG.
      10. The distance travelled by the lever 20 is limited by the horizontal
      portion of the L-shaped bracket 22 which is adapted to contact the housing
      after having pivoted as indicated by arrow B. The movement of lever 20 to
      the right causes the pin 30 of cam 28 to move into a slot or cut-out 34
      provinding a through aperture in the lever 20 and the latter thus becomes
      free to move upwarly under the action of spring 26 as indicated by arrow C
      in FIG. 6. In so doing the cap of the bottle will be removed. It is
      understood that, during such operation, the bottle does not move because
      it is held by member 16 which conforms to the shape of the neck of the
      bottle. This will therefore prevent foaming. The upward movement of lever
      20 is arrested by a damper 36.
PAR  When the bottle cap is removed from the bottle it is pushed away from the
      hook 24 by means of a spring 38 located adjacent hook 24 and is ejected
      towards the bottom of the housing 10 by means of another spring 40 located
      opposite spring 38 as illustrated in FIG. 7 of the drawings.
PAR  When lever 20 reaches its upward position switch SWL is closed as
      illustrated in FIG. 10 of the drawings and, when the bottle is removed,
      switch SWB is again closed, as illustrated in FIG. 11 to operate motor 32
      through energization of the coils 42.
PAR  The energyzation of motor 32 causes the rotation of cam 28 and pin 30 moves
      the lever 20 against the action of spring 26. The motor is maintained
      energized by switch SWC which is closed as soon as pin 30 moves past it
      (see FIGS. 8 and 12.) The following pin 30 eventually opens the switch SWC
      and deenergizes the motor (FIGS. 4 and 9.). The motor 32 is equipped with
      an electromagnetic brake which is released when the motor is energized and
      stops the motor as soon as the latter is deenergized. The cam 28 thus
      immediately stops the moment the switch SWC is opened by pin 30 in the
      position shown in FIG. 4 of the drawings.
PAR  It is to be understood that the cam 28 does not require more than one pin
      30 to return the lever 20 to its rest position. The switch SWC would then
      be operated by the same pin 30 which moves the lever 20. However it is
      more convenient to have plural pins so as to limit the angle of rotation
      of the cam and thus the time required to return the lever 20 to its rest
      position.
PAR  The present invention is not limited to the arrangement above disclosed.
      Other arrangements are also contemplated such as the one illustrated in
      FIGS. 13 to 20. In this embodiment, the lever 20 is identical to the one
      of the first embodiment except that L-shaped bracket 22 is provided with
      an abutment 44 which is adapted to contact the top of the bottle prior to
      removal of the cap and performs the same function as the member 16 of the
      first embodiment, that is the function of holding the bottle down when the
      lever 20 is pivoted upwardly.
PAR  Of course, abutment 44 bears against the edge of the bottle cap which is
      opposite to the one engaged by the hook 24 as to provide a fulcrum for
      lever 20.
PAR  The arrangement of FIGS. 13 to 20 is provided with a second lever or flap
      46 for guiding the bottle which flap, as best seen in FIG. 15, pivots
      around a shaft 48 in the housing. Because flap 46 has to move with lever
      20 during insertion of the bottle, slots 50 are provided in the flap 46 so
      that it can slide with respect to shaft 48. A spring 52 biases the flap 46
      to its rearward position, as illustrated in FIGS. 13 to 15. As best seen
      in FIGS. 14 and 20, flap 46 is provided with two inturned cap guiding
      portions 54 adapted to engage underneath the rim of the caps so as to
      guide the bottles prior to removing the caps. The flap 46 is also made in
      two portion which are pivoted at the same point as lever 20, so as to
      permit the portion of the flap holding the caps to follow the movement of
      lever 20 during opening of the bottles as illustrated in FIG. 19.
PAR  When the caps are removed from the bottles, the latter are freed and the
      caps are moved from underneath hook 24 by means of a spring 56 as
      illustrated in FIG. 19. The flap 46 thus falls down as illustrated in FIG.
      16 and the caps slide automatically towards the bottom of the housing 10.
PAR  In the arrangement of FIGS. 13 to 20, the lever 20 is operated in the same
      way as in the first embodiment and reset by a cam 28 which is also
      identical to the one of the first embodiment.
PAR  It is to be understood that, any type of lever arrangement is contemplated
      for opening the bottles. Another lever arrangement is illustrated in FIGS.
      21 and 22 of the drawings and includes two legs 60 which are pivoted at 62
      and include transverse portion provided with a fulcrum 64 which bears
      against the bottle caps and a hook 66 which is adapted to contact the rim
      of the caps. The transverse portion of the lever arrangement is wide
      enough so as not to require accurate positioning of the bottles.
PAR  The lever arrangement of FIGS. 22 and 23 is operated by a spring 68 and
      reset by a cam 70 which is slightly different from the one of the provious
      embodiments, the area of rotation of cam 70 is slighty lower than lever 60
      when in its rest position and the downward movement of lever 60 is
      arrested by switch SWL (FIG. 23), just before tooth 72 falls into slot 74
      of the lever. When a new bottle is placed into the housing, switch SWB is
      operated to start the motor and tooth 72 fails in slot 74. Lever 60 is
      therefore freed and is moved upwardly by spring 68 to open the bottle.
PAR  FIG. 24 shows another alternative embodiment of the invention wherein the
      arrangement for resetting lever 20 is different from the ones of the
      previous embodiment. Here the cam 28 is provided with pins 76 which simply
      move the lever 20 down and the motor 32 does not have to be equipped with
      an electromagnetic brake for stopping the cam 28 at a precise position. In
      this embodiment the lever 20 is held in its rest position by means of a
      catch 78 biased by a spring 80. The motor 32 is energized and deenergized
      by a circuit arrangement identical to the one shown in FIGS. 9 to 12.
PAR  FIG. 25 illustrates another embodiment of an apparatus in accordance with
      the invention wherein the lever 20 is operated by a solenoid 82 having a
      portion 84 attached thereto. Means (not shown) may be provided for
      operating the solenoid when the bottles are fully inserted into the member
      16 of the housing 10. Such means may be energized by switch SWB which is
      adapted to contact the side of bottles.
PAR  Although the invention has been disclosed with reference to preferred
      embodiments thereof, it is to be understood that these embodiments have
      been described by way of example only and that the scope of the invention
      is to be limited by the claims only.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for removing the crown cap of a capped bottle, said
      apparatus including a housing defining an inner chamber and having a
      passageway into which said capped bottle is to be inserted, said
      passageway opening into said chamber, comprising:
PA1  A. a cap removing lever extending from said passageway into said chamber
      and means mounting one end of said lever inside said passageway for
      pivotal movement about an axis transverse to said lever, said lever having
      a cap removing hook intermediate its other end and its pivotal axis;
PA1  B. a second lever pivotally mounted in said passageway and having in-turned
      flanges to engage under the rim of said cap when said bottle is inserted
      in said passageway so as to retain said cap after it is removed from said
      bottle, said second lever being pivotable downwardly when the uncapped
      bottle is removed said second lever formed to allow said cap to slide
      freely under its own weight towards the inside of said housing; said
      second lever being made of two portions pivoted to one another, one
      pivoted also to said housing and the other carrying said flanges and
      pivoting with said lever when said cap is removed;
PA1  C. an L-shaped bracket pivotally mounted at the apex thereof to said
      housing and movable between active and inactive positions where the legs
      of said bracket alternately abut said housing, said cap-removing lever
      being pivoted at one end of one of said legs;
PA1  D. a biasing member attached at one end to said housing and at the other
      end to said lever said biasing member being inclined to bias said lever to
      said inactive position of said bracket which corresponds to a reset
      position of said cap-removing lever;
PA1  E. said L-shaped bracket formed with a downwardly projecting abutment
      member to engage the top of said bottle cap at a point thereof opposite
      that where said hook is engaged so as to provide a fulcrum for the
      cap-removing lever when pivoted for removing the cap;
PA1  F. said cap-removing lever having a through aperture between said hook and
      said other end thereby enabling said L-shaped bracket to allow limited
      axial displacement of said cap-removing lever;
PA1  G. a rotary cam having at least two peripheral pins of which one is
      engageable, upon rotation of said cam, with said cap-removing lever to
      pivot it to reset position against the biasing action of said biasing
      member, said pin resting on the edge of said cap-removing lever aperture
      in said reset position; and
PA1  H. an electrical circuit comprising:
PAR  1.  a motor for rotating said cam;
PA2  2. a normally closed bottle switch to be opened by said bottle as the
      latter reaches the inner end of said passageway and said cap is engaged by
      said hook, further movement of said bottle in said passageway displacing
      said cap-removing lever axially causing said one cam pin to fall in said
      aperture to release said lever an to allow said biasing member to pivot
      said lever to thus remove said cap;
PA2  3. a normally opened lever switch closing upon being hit by said
      cap-removing lever after pivotal thereof by the action of said biasing
      member; the closing of said bottle switch when said bottle is removed and
      the closing of the lever switch energizing said motor causing rotation of
      said cam;
PA2  4. a cam switch opened by the other of said cam pins when said cap-removing
      lever is in said reset position, said cam switch closing when said cam
      starts rotating and being opened again where hit by said one pin thereby
      opening said circuit and deenergizing said motor.
NUM  2.
PAR  2. An apparatus as defined in claim 1, wherein said switch means comprises
      a pair of switches mounted in parallel, one switch being responsive to the
      insertion of said bottle in said passageway for energizing said motor and
      cause said pin to desengage said lever so as to permit said lever to pivot
      under the action of said spring and remove said cap from said bottle.
NUM  3.
PAR  3. An apparatus as defined in claim 1, wherein said lever is pivotally
      mounted to a bracket member which is itself pivotally mounted on said
      housing so as to permit relative movement of said lever with respect to
      said locking means, and further comprising biasing means for biasing said
      bracket to rest position, said lever being moved by said bottle when
      inserted in the housing against the action of said spring so as to
      desengage said locking means from said lever and permit the spring to
      pivot said lever and thus remove said cap.
NUM  4.
PAR  4. An apparatus as defined in claim 1, wherein said biasing member for
      pivoting said lever is a solenoid.
NUM  5.
PAR  5. An apparatus as defined in claim 1, wherein said biasing member is a
      spring.
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ABST
PAL  A tool designed to fit into the breech end of an artillery piece to engage
     he rim of a ruptured cartridge case and to cause extraction of the
      cartridge case, comprising, a tubular housing having mounted on one end
      expandable jaws which act as a clutch head, a rod coaxially disposed
      within the tubular housing and having a cone on one end for camming said
      jaws outwardly to engage the cartridge rim and a strong back coupled to
      the tubular housing and through which the extraction force is applied.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The extraction of a cartridge will occasionally leave the forward end of
      the case lodged in the chamber while the flanged portion is removed. The
      present invention relates to the field of art dealing with those tools
      especially constructed for the extraction of such ruptured cartridge
      cases.
PAR  2. Description of the Prior Art
PAR  In the past, one tool for extracting a broken cartridge case was comprised
      of two half moon plates with two compression springs inserted between
      them. The springs could be compressed to allow the tool to slip through
      the cartridge case where the springs would spread the plates into point
      contact with the inside of the barrel. A problem with this tool was that
      the half moon plates had a shorter radius of curvature than that of the
      barrel due to the fact that they had to pass through the cartridge case.
      Since there was only a small area of contact between the plates and the
      inner rim of the cartridge case, the case would sometimes bend, or its
      edges break off, or the tool would slip off upon extraction leaving the
      cartridge still stuck in the barrel.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a simple and effective device whereby
      ruptured cartridge cases may be quickly and safely extracted from the gun
      barrel without damage to the barrel. It also provides for segmented
      extraction jaws with their radius of curvature equal to that of the barrel
      so that the surface contact area between the inner rim of the cartridge
      case and the jaws is substantially increased, thereby causing extraction
      of the entire cartridge upon removal of the tool.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING(S)
PAR  FIG. 1 is a view partially in cross-section of the extraction device with
      the extracting jaws expanded and in position in the gun barrel.
PAR  FIG. 2 is a partial view of device of FIG. 1 with the extraction jaws
      closed as in the insertion position.
PAR  FIG. 3 is a cross-sectional view taken along the 3-3 line of FIG. 1 and
      illustrating better the configuration of the extraction jaws.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Attention is now directed to the drawings, and more particularly to FIG. 1
      wherein is disclosed a case extracting tool generally designated by the
      reference numeral 10 in position in a gun barrel 11 beyond a sheared
      cartridge case 12 with extraction jaws 14 expanded and engaging the inner
      rim 13 of the cartridge 12. The extraction jaws 14 are disposed between a
      back up disc 15 and a retaining disc 16 and are held in place by bolts 17.
      Bolts 17 limit the radial expansion of the jaws 14 by virtue of the slots
      24 (FIG. 3) and align the back up disc 15 with the retaining disc 16. The
      retaining disc 16 is mounted on a turbular housing 18, wherein a rod 19 is
      co-axially disposed. A cone 20, which causes the extraction jaws 14 to
      contract and to expand, is secured to the end of the rod 19.
PAR  On the other end of the rod 19 is a jam nut 21. On the other end of the
      tubular housing 18 is mounted a strong back 22, of sufficient length to
      span the breech face of the barrel 11, and an extractor nut 23 is threaded
      thereon.
PAC  OPERATION
PAR  In order that a better understanding of the invention might be had, its
      mode of operation will now be described. The tool 10 is inserted into the
      breech end of the gun 11 by screwing the jam nut 21 counter-clockwise,
      causing the cone to move to the right as viewed in FIG. 2, and hence the
      extraction jaws 14 are closed. After the extraction jaws 14 pass through
      the remaining portion of the cartridge case 13, the jam nut 21 is turned
      clockwise till tight, the cone 20 camming the extraction jaws 14 outwardly
      until they are lodged firmly against the inside of the barrel 11, as in
      FIG. 1. At this time, the strong back 22 is flush against the breech face
      of the barrel 11. To remove the cartridge case, the extraction nut 23 is
      turned clockwise, causing the extraction jaws 14 to dislodge the cartridge
      case 13.
PAR  From the foregoing it will be readily apparent that Applicant has provided
      a case extracting tool embodying numerous advantageous features not found
      in prior art devices. The circle defined by the arcuate peripheries of the
      jaws 14 when expanded has the same diameter as the outside diameter of the
      cartridge case 13. This insures that substantially the entire inner rim of
      the cartridge case is engaged by the extraction jaws rather than the two
      limited areas of contact provided by the prior art devices with their
      reduced diameters which were limited to, at best, the inner diameter of
      the cartridge case.
PAR  It is to be understood that the invention may be practiced other than as
      specifically described. Obviously, many modifications and variations of
      the present invention will readily occur to those skilled in the art in
      the light of the above teachings. It is therefore to be understood that
      within the scope of the appended claims the invention may be practiced
      otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tool for extraction of ruptured cartridge cases from large caliber
      guns comprising:
PA1  an elongated tubular housing;
PA1  a plurality of jaws slidably mounted on one end of said housing for radial
      movement with respect to said housing, the periphery of each jaw being
      arcuate in configuration and having a radius of curvature equal to the
      radius of curvature of the gun barrel; and
PA1  means on said housing for camming said jaws outwardly into engagement with
      the gun barrel whereby said jaws will engage the inner rim of the
      cartridge case and dislodge the cartridge case upon extraction of the
      tool.
NUM  2.
PAR  2. A tool as defined in claim 1 wherein means are provided on the other end
      of said housing for applying an extracting force to said housing.
NUM  3.
PAR  3. A tool as defined in claim 2 wherein said extracting force applying
      means comprises a strongback mounted on the end of said housing to
      straddle the breech opening, and an extraction nut threaded on said
      housing and engaging said strongback.
NUM  4.
PAR  4. A tool as defined in claim 1 wherein said camming means comprises a rod
      co-axially disposed in said housing having a cam at one end engaging said
      jaws, whereby movement of said rod effects movement of said jaws radially
      with respect to said housing.
NUM  5.
PAR  5. A tool as defined in claim 4 wherein a jam nut and washer are threaded
      on the other end of said rod for engaging the outside end of said tubular
      housing and effecting movement of said rod.
NUM  6.
PAR  6. A tool as defined in claim 3 wherein said camming means comprises a rod
      co-axially disposed in said housing having a cam at one end engaging said
      jaws, whereby movement of said rod effects movement of said jaws radially
      with respect to said housing.
NUM  7.
PAR  7. A tool as defined in claim 6 wherein a jam nut and washer are threaded
      on the other end of said rod for engaging the outside end of said tubular
      housing and effecting movement of said rod.
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ABST
PAL  A stripper for stripping covering from covered wire comprising a cutter
      head including a front plate formed with at least one inserting bore for
      passing the covered wire; a pair of cutter members having cutter edges
      behind the inserting bore and arranged in the cutter head symmetrically on
      the opposite sides of the covered wire to be inserted therein, the pair of
      cutter members being pivotally movable and openable from aligned position
      toward the direction of insertion of the wire; and a spring member
      retained on and interconnecting the pair of cutter members to render the
      cutter members pivotally movable along paths symmetrical with respect to
      the wire and to urge the cutter members in closing direction when they are
      moved pivotally backward in the closing direction. The stripper further
      includes work members for gripping the wire forwardly of the cutter
      members with a force increasing with the increase in stripping resistance,
      the work members being movable away from the cutter members to pull the
      wire in operative relation to pivotal returning movement of the cutter
      members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a stripper for removing a portion of
      covering from the end of covered electric wire, more particularly to
      improvements in the hand-operated stripper for stripping the ends of
      electric wires ranging from covered wires such as polyvinyl chloride wires
      having small diameters and used only as lead wires to those having large
      diameters such as cabtyre cords insulated with polyvinyl chloride.
PAR  To connect together covered electric wires such as cabtyre cords having a
      large diameter, it is generally necessary to remove a portion of
      insulation covering the conductor and a part of sheath covering the
      insulation in a stepwise fashion or individually. Thus a desired length of
      wire is stripped by cutting the sheath to remove the sheath first and then
      the insulation of rubber, vinyl chloride or the like is incised and
      removed to expose part of the conductor. Conventionally, such stripping
      work is usually done by cutting the covering with a knife or nipper little
      by little, this resulting in low efficiency and an unsightly cut end and
      making it very likely that the conductor itself will be damaged and cut.
      Accordingly, the work requires much experience. To overcome such
      drawbacks, stripping tools have already been provided and put to use as
      disclosed in U.S. Pat. Nos. 3,516,307, 3,515,018, 3,538,796, etc. However,
      these known devices include many parts to be adjusted and are complex in
      construction and difficult to handle in the wiring site. In fact, in the
      case where a major portion of covered wire is embbeded for example in the
      wall with only a part thereof left exposed therefrom for stripping, it is
      substantiallly difficult to strip the short exposed portion. Although the
      conventional devices may be adapted to strip covered wires of a small
      diameter such as polyvinyl chloride wire, it is impossible for them to
      strip a cabtyre cord or like covered wire of a large diameter. Moreover,
      many of them are expensive to make and prone to failures.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to overcome the foregoing drawbacks of the
      conventional construction by employing a specially designed mechanism for
      supporting a cutter to make an incision in the insultion of covered wires
      and to thereby provide a novel and improved stripper which is inexpensive
      and easy to use.
PAR  Another object of this invention is to provide a stripper wherein a pair of
      cutter members are pivotally movable to a stripping position axially of
      the wire to be stripped so as to support the wire therebetween, the pair
      of the cutter members being adapted to be maintained in this position
      automatically and elastically while being held opened to a specified
      extent against possible deviation, the construction further being such
      that when the wire or stripper is pulled the pair of cutter members are
      returnable pivotally axially of the wire while progressively wedging their
      way into the covering of the wire so as to complete the wedging action
      when the cutter members are finally brought into alignment with each
      other, the cutter members thus assuring an effective pulling action in the
      course of the movement described.
PAR  Another object of this invention is to provide an improved novel stripper
      which permits the covering on the wire to have a neat end when the severed
      portion thereof is removed therefrom and which will not damage and
      accidentally cut the conductor.
PAR  Another object of this invention is to provide a stripper having a pair of
      gripping jaws disposed in front of the cutter members to grip the wire and
      movable forward away from the cutter members while gripping the wire with
      a force increasing with the increase in stripping resistance when a
      gripping lever is grasped and to thereby make it sure that the wire will
      be stripped by manipulating the stripper with one hand.
PAR  Another object of this invention is to provide a stripper wherein the
      covered wire can be released from the gripping jaws automatically after
      the covering has been cut by the cutter members completely.
PAR  Another object of this invention is to provide a stripper including
      adjusting means for preventing slippage of the gripping jaws when the jaws
      move forward away from the cutter members in gripping engagement with the
      wire.
PAR  Still another object of this invention is to provide a stipper which is so
      adapted that when the covered wire is to be stripped to expose a desired
      length of the conductor, the length of the conductor to be exposed can be
      determined with the eyes and which can be used by anybody with ease and
      without much experience.
PAR  The stripper of this invention includes in its cutter head a pair of cutter
      members in the form of blades pivotally movable axially of a covered wire
      to be stripped and disposed symmetrically on the opposite sides of the
      wire. The cutter members are in alignment with each other before use but
      are opened to a given angle by the wire to be stripped when it is placed
      in between the edges of the cutter members or by manipulation with the
      finger of user. To assure that the bladelike cutter members will be opened
      correctly to a specified extent, the pair of cutter members are provided
      with a coiled spring or like spring member. Accordingly, the cutter
      members are opened against the spring member to permit the covered wire to
      be placed in between the cutter members. The pair of cutter members, as
      opened to the specified extent, are held in elastic contact with the
      covered wire by the spring member. The cutter members are pivotally moved
      open in the direction of insertion of the wire. The pair of cutter members
      are ready for stripping operation when opened to the specified extent with
      their edges in engagement with the covered wire. The covered wire in front
      of the cutter members or the stripper main body is then pulled away from
      each other, whereby the cutter members are pivotally returned in the
      closing direction while wedging their edges progressively into the
      covering, the arrangement being such that when both the cutter members are
      restored into alignment with each other the covering will be completely
      cut. In the course of wedging of the cutter edges, the spring member
      retained on and interconnecting the cutter members acts to keep the edges
      in correct position against deviation and adds to the pulling force
      (operating force) during stripping.
PAR  According to this invention, the stripper is further provided, on the side
      wall of the cutter head, with a pair of sliders having gripping jaws
      positioned in front of the cutter members and movable away from the cutter
      members. The gripping jaws of the sliders opposing each other permit the
      wire to pass therebetween at first and thereafter pull the wire, firmly
      gripping the wire with an increasing force as they are moved away from the
      cutter members by manipulating a gripping lever. The gripping jaws are
      returnable to the original position automatically when the gripping lever
      is released. The movement of the jaws away from the cutter members takes
      place in sliding fashion substantially axially of the covered wire.
      Accordingly, the gripping jaws are supported on the cutter head along with
      the sliding movement guiding members.
PAR  After the cutter members have been made ready for stripping action with
      their edges elastically engaging the covered wire therebetween, the
      gripping jaws grip the covered wire at a position in front of the cutter
      members, the construction being so designed that when the gripping lever
      is grasped, the gripping jaws move forward away from the cutter members,
      gripping the covered wire and thereby causing the cutter members to
      pivotally move backward in the direction of movement of the jaws, with
      their edges wedging their way progressively into the covering. As the
      edges are forced into the covering progressively, stripping resistance
      increases, so that it is desired for the gripping jaws to grip the wire
      with an increasing force. To this end, the mechanism for slidingly move
      the sliders having the jaws includes cam means to progressively reduce the
      space between the opposing jaws as the jaws move forward. The cam means
      comprises a cam groove formed in each of the sliders and a guide member in
      contact with the cam surface of the cam groove.
PAR  The cam means is so constructed that when the cutter members are brought
      back into alignment with each other and the covering is thereby completely
      cut with the cutter edges, the covered wire will be freed from the
      gripping engagement with the jaws instantaneously and automatically.
      Subsequently, the stripper main body is pulled away from the covered wire,
      whereby the severed portion of covering is stripped off the wire, with its
      cut end supported by the back of the cutter members.
PAR  To assure smooth operation, a stationary grip extends rearward from the
      cutter head including therein the pivotal cutter members described. The
      front wall of the cutter head is formed with wire inserting bores in
      conformity with the size of the covered wire to be stripped. The cutter
      members are disposed behind the inserting bores. To strip the covered wire
      in stepwise fashion, the wire inserting bores are plural in number and the
      cutter edges are positioned substantially behind the bores. The stationary
      grip is U-shaped in cross section and marked with a scale along its
      opening. The aforementioned gripping lever, when grasped, is pushed toward
      the stationary grip against a return spring.
PAR  The above and other objects, features and advantages of this invention will
      become more apparent from the following description with reference to the
      accompanying drawings showing the invention embodied as a stripper for
      vinyl chloride cabtyre cord for illustrative purposes only.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the appearance of a stripper of this
      invention in its entirety;
PAR  FIG. 2 is a side elevation in section;
PAR  FIG. 3 is an enlarged view in section taken along the line III--III in FIG.
      2,
PAR  FIGS. 4 and 5 are views in section taken along the line IV--IV and the line
      V--V in FIG. 3 respectively, FIG. 4 showing the arrangement of cutter
      members in a cutter head, FIG. 5 showing a mechanism included in the
      cutter head to slide gripping jaws;
PAR  FIGS. 6(I) and (II) are a plan view and a sectional view, respectively,
      showing means for adjusting the space between the opposing jaws to prevent
      slippage of the same;
PAR  FIGS. 7(I) and (II) are sectional views showing the cutter members as ready
      for stripping action and after they have been moved to completely cut the
      covering of wire; and
PAR  FIGS. 8(I) and (II) are views showing the sliding movement of the gripping
      jaws.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIGS. 1 to 4, a stationary grip 1, U-shaped in cross
      section, has a head 2 projecting at its opposite sides. As seen in FIG. 4,
      the opposing inner side walls of the head 2 flare as at 3 and 3. The head
      2 is provided on its top and bottom with upper and lower plates 4 and 5
      projecting forward to support a front plate 6 between their free ends. The
      front plate 6 is positioned some distance forward from the front end of
      the head 2. The front plate 6, upper and lower plates 4 and 5 and head 2
      form a cutter head 7 in the shape of a quadratic prism having an interior
      space.
PAR  The front plate 6 is formed with wire inserting bores 8 and 9 arranged in
      vertical alignment and having an elongated circular shape. The bore 8 is
      in conformity with the outer shape of the sheath of wire, whilst the bore
      9 is in conformity with the inner configuration of the sheath. As will
      become apparent from the description given later, the sheath of wire will
      be removed when the wire is inserted into the bore 8, and the bore 9
      receives the wire when removing the insulation of wire.
PAR  Disposed in the rear of the front plate 6 are a pair of bladelike cutter
      members 10 and 10 which are positioned symmetrically on the opposite sides
      of axes of the bores 8 and 9. The cutter members 10 and 10, pivotally
      supported as at 11 and 11 by the upper and lower plates 4 and 5, are
      pivotally movable about the pivots 11 and 11. When in alignment with each
      other as seen in FIG. 4, the cutter members 10 and 10 have their sheath
      removing edges 10a and insulation removing edges 10b positioned behind the
      bores 8 and 9 respectively. The space defined by the edges 10a is in
      conformity with the external shape of the insulation, while the spaces
      defined by the edges 10b correspond to the conductors as arranged in the
      wire, the embodiment shown in the drawings being adapted to strip a vinyl
      chloride cabtyre cord including three conductors arranged in parallel. At
      a position between the edges 10a and edges 10b, holder blocks 13 and 13
      are secured to the rear surfaces of the cutter members 10 and 10
      respectively by screws 14 screwed through these members from their front
      surfaces, the holder blocks 13 and 13 being arranged symmetrically and
      having spring holding cavities 12 and 12 opposing each other. As shown in
      detail in FIG. 4, a spring member 15 in the form of a coiled spring is
      received in the cavities 12 and 12 in slightly compressed state. The
      holder blocks 13 and 13 are partially exposed from the opposite sides of
      the cutter head 7. Accordingly, if one of the holder blocks 13 and 13 is
      pushed forward as by a finger, the pair of cutter members 10 and 10 will
      be pivotally moved about the pivots 11 and 11 against the spring member
      15. The pivotal movement of the cutter members is limited by the contact
      of the holder blocks 13 and 13 with the flaring walls 3 and 3 (see FIG.
      7(I)).
PAR  The cutter members 10 and 10, as positioned in FIG. 7(I), are ready for
      stripping operation. The spring member 15 assures that the cutter members
      10 and 10 will be brought to this position with the edges 10a and 10b
      following the correct paths of movement thereof, symmetically of the axes
      of the inserting bores 8 and 9 without deviation.
PAR  Thus when the cutter members 10 and 10 are brought to the stripping
      position with the covered wire W passed through the bore 8 and located
      between the members 10 and 10 and the holder block 13 is then relieved of
      the forward pressure, the edges 10a and 10a of the pair of cutter members
      come into elastic contact with the outer peripheral surface of sheath of
      the wire W, the cutter members thereby being located symmetrically of the
      wire W in gripping engagement therewith. Of course if the wire W inserted
      into the bore 8 is rigid enough to overcome the spring member 15 to push
      open the pair of cutter members 10 and 10, the wire W need only be placed
      in through the bore 8 to bring the cutter members 10 and 10 to the
      stripping position as seen in FIG. 7(I), without the necessity to push the
      holder block 13 with the finger. To remove the sheath from the covered
      wire W such as cabtyre cord as illustrated, the cutter members 10 will be
      brought to the stripping position only by the insertion of the wire W into
      the bore 8, whilst the holder block 13 may preferably be pushed forward
      when the wire W already stripped of the sheath is to be inserted in
      through the bore 9 to remove the insulation. The construction that the
      cutter members 10 and 10 can be opened by manipulating one of the holder
      blocks 13 and 13 is advantageous to adjust the amount of insertion of the
      covered wire namely the length of covering to be removed, when the wire W
      has been inserted into the stripper to excess.
PAR  The sheath will be removed in the following manner by the cutter members 10
      and 10 in the position of FIG. 7(I). One of the covered wire W and the
      stationary grip 1 is pulled away from the other, whereby the cutter edges
      10a and 10a in elastic contact with the outer peripheral surface of the
      sheath are forced into the sheath progressively to make an incision
      therein.
PAR  Thus the pair of cutter members 10 and 10 are pivotally moved backward
      about the pivots 11 and 11 in the opposite direction to the direction of
      insertion of the covered wire W while the cutter edges 10a and 10a  are
      being prevented from deviation by the spring member 15. Further during the
      backward movement of the cutter members, the spring member 15 adds to the
      stripping force acting on the sheath.
PAR  More specifically, when the cutter members 10 and 10 in the position of
      FIG. 4 are brought to the position shown in FIG. 7(I), the spring member
      15 as retained in the spring holding cavities 12 and 12 is slightly
      displaced in the cavities and exerts its restoring spring force on the
      cutter members 10 and 10 in the direction to close these members.
      Consequently, if one of the covered wire W and stationary grip 1 is moved
      away from each other, the cutter edges 10a and 10a gradually wedge their
      way into the sheath with the backward pivotal movement of the cutter
      members 10 and 10 in the closing direction. In the course of this
      movement, the restoring force of the spring member 15 adds to the pulling
      force, making it possible to effect stripping operation with a smaller
      force.
PAR  The cutter members 10 and 10 are returned to the position of FIG. 4 in
      alignment with each other, whereupon the end portion of the sheath is cut
      off by the cutter edges 10a and 10a which have been progressively forced
      into the sheath.
PAR  The stripping operation further proceeds to pivotally move the cutter
      members 10 and 10 slightly to the position shown in FIG. 7(II), permitting
      the severed piece of sheath to be supported by the back surfaces of thick
      portions of the cutter members adjacent their edges 10a and 10a. The
      support for the severed piece of sheath is given substantially by the
      bearing contact of the heads of screws 14 with the rear surface of the
      front plate 6.
PAR  The slight pivotal movement of the pair of cutter members 10 and 10 in the
      direction opposite to the direction of insertion of the wire as
      illustrated in FIG. 7(II) serves to prevent the severed sheath removing
      force from acting directly on the cutter members 10 and 10 but permits a
      component of the force to act thereon, thereby mitigating fatigue of the
      cutter edges 10a and 10a. More specifically, when the stationary grip 1 or
      the wire W is moved away from each other after the desired length of
      sheath has been cut off by the cutter edges 10a and 10a, there is produced
      a frictional force between the length of severed sheath and the insulation
      which frictional force will mainly act on the front plate 6 through the
      cutter members 10 and 10. If the cutter members 10 and 10 are inclined as
      seen FIG. 7(II), the frictional force, namely the force to withdraw the
      length of severed sheath, will act in such manner that only a component
      thereof acts on the cutter members 10 and 10. This serves to prevent
      fatigue of the cutter edges 10a  and 10a.
PAR  With the stripper of this invention, stripping resistance will increase as
      the pair of cutter edges 10a and 10a wedge their way into the sheath
      progressively. Accordingly, the stripper includes means movable away from
      the cutter members 10 and 10 while gripping the wire W at a position
      forward of the cutter members with a force increasing with the increase in
      the stripping resistance as will be described below.
PAR  The upper plate 4 is centrally formed with a cut-away guide groove 4a
      extending from its rear end to a front portion thereof. Mounted on the
      upper plate 4 are a pair of opposing sliders 16 and 16, on which is
      positioned a lever guide plate 17. The lever guide plate 17 is formed with
      a guide groove 17a identical in shape to the guide groove 4a of the upper
      plate 4.
PAR  The front ends of the sliders 16 and 16 are bent downward as at 18 and 18
      to provide gripping jaws 19 and 19, respectively, which project forward
      and which have toothed surfaces opposing each other so as to grip the
      covered wire W forwardly of the inserting bore 8. Before gripping the wire
      W, the opposing jaws are spaced apart by a distance L.sub.1, permitting
      the wire W to pass therebetween.
PAR  As shown in FIG. 5, the pair of opposing sliders 16 and 16 are formed with
      cam grooves 20 and 20, respectively, the straight base line portions 20a
      and 20a thereof being spaced apart by a progressively increasing distance
      rearward. The rearmost ends of the base line portions 20a and 20a are
      curved toward each other to provide recesses 20b and 20b which are spaced
      by the smallest distance.
PAR  At intermediate portions of the sliders 16 and 16 close to the rear end
      thereof, there are provided pins 22 and 22 pivotally supporting a
      connecting piece 21a at the base end of a gripping lever 21 which piece
      extends into the guide groove 4a. The opposite sides of the connecting
      piece 21a are guided by the opposing side surfaces of the guide grooves 4a
      and 17a in sliding contact therewith. The free end of the gripping lever
      21 extends rearward in opposing relation to the stationary grip 1. A
      support rod 25 is pivoted at its opposite ends to an intermediate portion
      of the lever 21 and to an intermediate portion of the stationary grip 1 by
      pins 23 and 24 respectively, the gripping lever 21 thus being tiltably
      supported by the rod 25. A return spring 26 is wound around the pin 24 and
      has one end bearing against the stationary grip 1 and the other end,
      against the support rod 25. The gripping lever 21 is therefore held in
      position by the action of the spring 26. The rear ends of the sliders 16
      and 16 are bent into the guide groove 4 a to provide opposing guide pieces
      27 and 27. As seen in FIG. 5, the opposing outer surfaces 27a and 27a of
      the guide pieces 17 and 27 are spaced apart by an increasing distance
      toward the front so as to permit the sliders 16 and 16 to reduce the
      distance between the opposing jaws 19 and 19 as they slide along forward
      by being guided by the sliding contact of the outer surfaces 27b and 27b
      of the guide pieces 27 and 27 with the surfaces defining the guide groove
      4a.
PAR  One of guide members 28 engaged in the cam grooves 20 is mounted on the
      upper plate 4, with the other guide member 28 attached to the under
      surface of lever guide plate 17. According to a preferred embodiment of
      this invention, the guide member 28 provided on the lever guide plate 17
      is eccentrically secured to the lower end of a screw rod 29 as shown in
      FIGS. 6(I) and (II), the screw rod 29 extending through and projecting
      upward from the lever guide plate 17 to carry a lock not 30 screwed
      thereon. A groove 31 is formed in the upper end of the projection. The
      lock nut 30 is hexagonal, and graduations 32 are marked in the surface of
      the guide plate 17 in opposing relation to the corners of the nut 30.
      Accordingly, for the fine adjustment of the space L.sub.1 between the
      opposing gripping jaws 19 and 19, the lock nut 30 is loosened, the screw
      rod 29 is turned by a driver fitted in the groove 31 to vary the amount of
      eccentricity of the guide member 28 and the nut 30 is fastened again. The
      adjustment thus effected serves to prevent the possible slippage of the
      gripping jaws 19 and 19 that will occur as the sliders 16 and 16 including
      the gripping jaws 19 and 19 are moved forward when the sheath of the
      covered wire W, mostly made of vinyl chloride, gets softened.
PAR  Before stripping operation is initiated, the downwardly extending portions
      18 and 18 of the sliders 16 and 16 are in contact with the front plate 6,
      with the guiding members 28 and 28 located in the front portions of the
      cam grooves 20 and 20. In this state, the gripping jaws 19 and 19 are held
      spaced apart by a distance L.sub.1 permitting passage of the covered wire
      W.
PAR  The covered wire W is inserted through the bore 8 rearward to open the
      cutter members 10 and 10 against the spring member 15 and to bring the
      same to the stripping position as shown in FIG. 7(I).
PAR  The amount of insertion of the covered wire W, namely the length of sheath
      to be removed can be measured by a scale 34 provided on the edge of
      opening 33 of the stationary grip 1 as seen in FIG. 1. The amount of
      insertion of the wire can be adjusted by manipulating the holder block 13
      and with reference to the scale 34.
PAR  The gripping lever 21 is then pushed toward the stationary grip 1 by
      grasping, causing the sliders 16 and 16 to move forward away from the
      cutter members 10 and 10, inasmuch as the connecting piece 21a of the
      lever 21 is pivoted to the sliders 16 and 16 by the pins 22 and 22.
PAR  During the above-mentioned forward movement, the sliders 16 and 16 are
      prevented from vertical displacement by the upper plate 4 and lever guide
      plate 17. Further to assure smooth forward movement of the sliders 16 and
      16, three spacers 35 are interposed between the upper plate 4 and the
      lever guide plate 17 on the rear opposite sides of the sliders and at a
      front position centrallly thereof as seen in FIG. 5, the spacers 35 being
      secured by screws 36.
PAR  As the gripping lever 21 is pushed further toward the grip 1, the sliders
      16 and 16 advance, reducing the space between the opposing gripping jaws
      19 and 19, since the guide members 28 and 28 are held in sliding contact
      with the straight base line portions 20a and 20a of the cam grooves 20 and
      20 which portions are spaced apart by a progressively increasing distance
      rearward. Consequently, the jaws grip the covered wire W in front of the
      front plate 6, pulling the covered wire W forward. This pivotally moves
      the cutter members 10 and 10 backward in the closing direction about their
      pivots 11 and 11 without deviation, wedging the cutter edges 10a and 10a
      gradually into the sheath while entailing an increasing stripping
      resistance. The cam base line portions 20a and 20a spaced apart by an
      increasing distance to the rear serve to augment the gripping force of the
      jaws 19 and 19 with the increase in the stripping resistance.
PAR  The advance of the sliders 16 and 16 brings the approximate terminal ends
      of the base line portions 20a and 20a into contact with the guide members
      28 and 28, giving the smallest distance L.sub.2 between the opposing
      gripping jaws 19 and 19 as illustrated in FIG. 8(I) to enable the jaws to
      grip the covered wire W firmly. At this time, the cutter members 10 and 10
      are in slignment with each other as shown in FIG. 4 to completely cut the
      sheath. Subsequently, the gripping lever 21 is further grasped, slightly
      advancing the sliders 16 and 16, which in turn pivotally move the cutter
      members 16 and 16 to inclined position as seen in FIG. 7(II), causing the
      cutter members 16 and 16 to bear against the front plate 6. At the same
      time, the guide members 28 and 28 fit into the recesses 20b and 20b of the
      cam grooves 20 and 20, whereupon the distance between the opposing jaws 19
      and 19 increases to L.sub.3. As a result, the covered wire W is freed from
      the gripping force. The stripper main body is thereafter withdrawn, with
      the result that the predetermined length of severed sheath is removed from
      the insulation with its cut end supported by the back surfaces of the
      cutter members 10 and 10 as already described. The removed piece of sheath
      is contained in the opening 36 of the stationary grip 1.
PAR  The parts are returned to the original positions by the restoring forces of
      the spring member 15 and return spring 26 and by removal of the grasping
      force and are made ready for the next operation. The severed piece of
      sheath removed is taken out from the opening 33 of the stationary grip 1.
PAR  To remove the insulation, the insulated wire is inserted into the stripper
      through the bore 9, and the same procedure as above is followed. In the
      case where the insulated conductor is not rigid enough to push open the
      cutter members 10 and 10 against the spring member 15, the holder block 13
      will be manipulated to pivotally open the cutter members 10 and 10. The
      insulation is removed by the edges 10b and 10b of the cutter members 10
      and 10 to expose a length of conductor as desired for connection.
PAR  The objects of this invention can be fully achieved by the construction
      described above. The invention is not limited to the foregoing
      construction but it is to be understood that modifications and alterations
      can be made without departing the scope of the invention as defined in the
      appended claims.
PAR  For example, the edges of the cutter members may be modified in conformity
      with the shape of covered wire to be stripped, the gripping jaws of the
      sliders may be made serviceable for both the wire inserting bores, the
      cams of the cam grooves may be otherwise modified in shape, the guide
      members for adjusting the space between the gripping jaws may be adapted
      to serve also as spacers, and both the guide members may be in the form of
      eccentric cam.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stripper for stripping covering from covered wire comprising:
PA1  a cutter head including a front plate formed with at least one inserting
      bore for passing the covered wire;
PA1  a pair of cutter members each attached to a holder block and having cutter
      edges behind the inserting bore and arranged in the cutter head
      symmetrically on the opposite sides of the covered wire to be inserted
      therein, the pair of cutter members being pivotally movable and openable
      from aligned position toward the direction of insertion of the wire; and
PA1  a spring member retained on and interconnecting the holder blocks to render
      the holder blocks and cutter members pivotally movable along paths
      symmetrical with respect to the wire and to urge the cutter members in
      closing direction when they are moved pivotally backward in the closing
      direction, at least one of said holder blocks projecting from the cutter
      head.
NUM  2.
PAR  2. The stripper as set forth in claim 1 wherein after the cutter members
      have been pivotally moved backward in the closing direction into alignment
      with each other, the cutter members are further pivotally movable in the
      same direction to inclined position to bear against the rear surface of
      the front plate.
NUM  3.
PAR  3. A stripper for stripping covering from covered wire comprising:
PA1  A cover head including a front plate formed with at least one inserting
      bore for passing the covered wire;
PA1  a pair of cutter members each attached to a holder block and having cutter
      edges behind the inserting bore and arranged in the cutter head
      symmetrically on the opposite sides of the covered wire to be inserted
      therein, the pair of cutter members being pivotally movable and openable
      from aligned position toward the direction of insertion of the wire;
PA1  a spring member retained on and interconnecting holder blocks to render the
      cutter members pivotally movable along paths symmetrical with respect to
      the wire and to urge the cutter members in closing direction when they are
      moved pivotally backward in the closing direction, at least one of said
      holder blocks projecting from the cutter head;
PA1  a stationary grip of U-shaped cross section extending rearward from the
      cutter head and provided with a scale on an edge of its opening, and
      further including sliders disposed on a side of the wall cutter head and
      slidable along the wire by a gripping lever provided in opposing relation
      to the stationary grip, a pair of gripping jaws attached to the sliders
      respectively and opposing each other to permit passage of the wire
      therebetween and to grip the wire forwardly of the front plate and means
      for reducing the space between the opposing gripping jaws to cause the
      jaws to grip the wire when the sliders advance while moving the jaws away
      from the cutter members at the same time to pull the wire.
NUM  4.
PAR  4. The stripper as set forth in claim 3 wherein the distance between the
      jaws is increased immediately before an extremity of stroke of the
      gripping jaws to free the wire from gripping engagement with the jaws.
NUM  5.
PAR  5. The stripper as set forth in claim 3 further including means for
      previously adjusting the space between the opposing gripping jaws, the
      adjusting means comprising an eccentric guide member, a screw rod and a
      lock nut.
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ABST
PAL  A gear head wrench particularly suited for use in applying torque to bolts
      without transferring torsional stresses to bolt-receiving structures. The
      wrench is characterized by a coupling including a socket, for connecting a
      bolt head with a torque multiplying gear-train, provided within a housing
      having an annulus concentrically related to the socket and adapted to be
      coupled with a spacer interposed between the bolt head and the juxtaposed
      surface of the bolt-receiving structure for applying a balancing
      counter-torque to the spacer as torque is applied to the bolt head whereby
      the bolt-receiving structure is substantially isolated from torsional
      stress. As a result of the foregoing, the operator of the wrench is
      substantially isolated from any forces which may be imposed.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 U.S.C. 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention generally relates to gear head wrenches and more particularly
      to an improved gear head wrench adapted rapidly to drive bolts into
      bolt-receiving structures without inducing therein substantial torsional
      stress.
PAR  It will be understood, of course, that as a bolt is torqued and thus
      "snugged-down" or tightened the head thereof is caused to engage the upper
      surface of a spacer normally interposed between the head and a selected
      bolt-receiving structure. As a consequence, frictional forces are
      developed between the juxtaposed surfaces of the head, spacer and
      structure so that torque is thus transmitted from the head to the spacer
      and thence to the bolt-receiving structure as the spacer attempts to
      rotate with the bolt head.
PAR  As can be readily appreciated by those familiar with the assembly of
      structural components, difficulty often is encountered in performing
      simple assembly techniques utilizing headed, screw-threaded bolts, because
      of torsional stresses induced in bolt-receiving structure as a consequence
      of torque applied to the heads of the bolts and transmitted to the
      structure through spacers, as the juxtaposed surfaces of the heads,
      spacers, and structure are brought into frictional engagement.
PAR  Such difficulties often are encountered, for example, in spacecraft
      assembly operations, wherein because of imposed weight limitations,
      structural components frequently are designed to withstand only expected
      forces applied to the structure during lift-off. Unfortunately, such
      components are subject to failure simply because of the existence of
      torsional stresses induced as a consequence of the tightening of certain
      bolts employed during assembly operations.
PAR  Additionally, as can be appreciated by those familiar with the fabrication
      and assembly of structure wherein bolts must be snugged-down in the
      assembly of components supported for rotation about an axis substantially
      paralleling the longitudinal axis of the bolts, a great deal of difficulty
      often is experienced in supporting such components against rotation
      induced as a consequence of torque transmitted thereto through spacers,
      such as washers and the like, interposed between the heads of the bolts
      and the adjacent surfaces of the components. For example, such
      difficulties often are experienced in the installation of propeller bolts,
      the torquing of axle bolts, a tightening of steam cylinder heads, and
      similar operations.
PAR  Finally, in instances wherein a bolt must be inserted and snugged-down in a
      space to which limited access is afforded, a great deal of difficulty
      often is encountered in inserting a bolt and washer into a bolt-receiving
      opening, such as an internally threaded bore. Consequently, the time
      expended in performing even simple assembly operations often results in
      increased labor costs because of the increased time required to perform
      such an operation.
PAR  2. Description of the Prior Art
PAR  Gear head wrenches, often referred to as torque wrenches and as torque
      multipliers, are notoriously old. Such devices, of course, are provided
      with a planetary gear train which serves to multiply input torque of the
      wrench. Such wrenches are provided with reaction bars attached to housings
      provided for the gear trains and are utilized to support the housings
      against rotary motion reactively induced as torque is applied to the input
      of the wrench for tightening threaded fasteners, such as bolts and the
      like.
PAR  Unfortunately, wrenches of the aforementioned type often are difficult to
      employ simply because reaction bars must be manipulated simultaneously
      with the input of torque to the torque input shaft, thus requiring that
      additional space be made available in which to manipulate the wrench.
      Moreover, and quite importantly, such wrenches simply include no means for
      isolating bolt-receiving structure from stress resulting from torque
      applied to the bolt head and transmitted through an interposed spacer, as
      the bolt is snugged-down.
PAR  It is, therefore the purpose of the instant invention to provide a gear
      head wrench having a capability of applying counter-torque to a spacer and
      adapted to be employed simply and efficiently for rapidly installing, in
      bolt-receiving structure, headed bolts circumscribed by annular spacers,
      such as washers, lugs, bosses and the like, while isolating the
      bolt-receiving structures from torque-induced stress.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the instant invention to provide a gear head
      wrench which overcomes the aforementioned difficulties and disadvantages.
PAR  Another object is to provide an improved gear head wrench which
      particularly is adapted to snug-down a bolt head, screw-threaded without
      inducing substantial torsional stress in structure which serves to receive
      the bolt.
PAR  It is another object to provide a gear head wrench particularly suited for
      use in applying torque to bolts having concentrically related spacers
      interposed between the heads thereof and the adjacent surfaces of
      bolt-receiving structure.
PAR  It is another object to provide a gear head wrench particularly adapted to
      apply counteracting torque to an annular spacer interposed between the
      head of a screw-threaded bolt and an adjacent surface of bolt-receiving
      structure as torque is applied to the head of the bolt for thus balancing
      the torque applied to the spacer for isolating the bolt-receiving
      structure from torsional stress.
PAR  These and other objects and advantages are achieved through a gear head
      wrench having a socket, or similar coupling, adapted to connect the wrench
      with the head of a screw-threaded bolt received in an opening formed in a
      structural component, a coupling for connecting the wrench with an annular
      spacer, such as a washer, lug, or boss, disposed in juxtaposition with the
      surface of the structural component and concentrically related with the
      bolt, a first drive train for applying torque in a given direction to the
      bolt and second drive train, for applying reactive counter-torque to the
      spacer, for thereby restraining the spacer from rotation induced as a
      consequence of torque applied to the bolt head as the juxtaposed surfaces
      of the component, bolt head and spacer become frictionally engaged, as
      will become more readily apparent by reference to the following
      description and claims in light of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a gear head wrench which embodies the principles
      of the instant invention.
PAR  FIG. 2 is an enlarged, partially sectioned, fragmented view of the gear
      head wrench including a gear train for applying torque to a bolt head and
      counter-torque to a spacer concentrically related with the head of the
      bolt.
PAR  FIG. 3 is a partially sectioned, fragmented view of the gear train employed
      in transmitting torque and counter-torque to the bolt and spacer shown in
      FIG. 2.
PAR  FIG. 4 is a top plan view of the gear train shown in FIG. 3.
PAR  FIG. 5 is a cross-sectional view taken generally along line 5--5 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, with more particularity, wherein like
      reference characters designate like or corresponding parts throughout the
      several views, there is shown in FIG. 1 a gear head wrench, generally
      designated 10, which embodies the principles of the instant invention. As
      a practical matter, the wrench 10 includes a so-called pistol grip 12,
      connected to a wrench motor 14, which is, in turn connected with a drive
      unit 16.
PAR  The pistol grip 12 is of a suitable design and preferably includes a
      manipulatable actuator button 18 through which the motor 14 is selectively
      energized. It will, of course, be appreciated that while the wrench motor
      14, as shown, comprises a portable electrically energizable motor, a
      stand-supported pneumatic motor, or any other suitable motor can be
      employed equally as well. In any event, it is to be understood that for
      purposes of acquiring a rotary output, an operator energizes the motor 14
      in a manner well understood by those familiar with power tools.
PAR  As shown, the motor 14 is encased in a cylindrical housing 20 to which the
      pistol grip 12 is rigidly affixed, while the drive unit 16 is encased in a
      housing 22 also connected with the housing 20. Mated annular flanges, not
      designated, are provided for the housings 20 and 22, while bolts 24
      extended through openings formed in the flanges are provided for joining
      the housings in a manner well understood by those familiar with
      conventional assembly techniques.
PAR  The wrench motor 14 is suitably coupled with a shaft 26 which serves as a
      torque input shaft for the drive unit 16. The torque shaft 26, of course,
      is supported for rotary motion and is connected with a torque multiplier,
      generally designated 28, through which torque is multiplied and
      transmitted to a shaft 30 which serves as a torque output shaft.
PAR  The torque multiplier 28 is of a known design and, preferably, includes a
      gear train, generally designated 32, seated in a rigid shell 34, FIG. 2.
      The shell 34, in turn, is concentrically related to the housing 22 and
      rigidly secured thereto. As a practical matter, the shell 34 is seated on
      an annular shoulder 35, provided internally of the housing 22 and is
      connected with the housing 22 through a coupling including a key 36,
      seated in mated key-ways, not designated, provided in the housing 22 and
      the shell 34.
PAR  Since the gear train 32 is of known design, a detailed description thereof
      is not deemed necessary to provide a complete understanding of the instant
      invention. However, it is to be understood that preferably, the shell 34
      includes an internal wall surface which defines an internal gear 38 of an
      annular configuration. Concentrically related to the internal gear 38 is a
      sun gear 40. This gear, in turn, is rigidly connected to the shaft 26
      extended concentrically therethrough. Where desired, the sun gear 40 and
      the shaft 26 are provided with mated key-ways, not designated, for
      receiving therein a key 42 through which a rigid coupling of the sun gear
      40 to the shaft 26 is achieved. Moreover, where desired, a setscrew 44
      additionally is provided for coupling the sun gear 40 with the shaft 26.
PAR  The shaft 30 is supported in coaxial alignment with the shaft 26 and is
      provided with a driving plate 46 fixed thereto in concentric relation
      therewith. An annular array of planetary gears 48 is rotatably supported
      by the driving plate 46. These gears are meshed with both the internal
      gear 38 and the sun gear 40.
PAR  It should be appreciated that the plate 46 is connected with the shaft 30
      in any suitable manner. Where desired, the plate 46 is connected with the
      shaft 30 in a manner similar to that in which the sun gear 40 is connected
      with the shaft 26. Additionally, it is to be understood that a pair of
      oppositely disposed, suitably configured cover plates 50 are joined to the
      shell 34 by an array of fasteners 51 for thus enclosing the gear train 32.
      It should, in view of the foregoing, be apparent that as torque is applied
      to the output shaft 30, by the shaft 26 acting through the gear train 32,
      a counteracting torque is applied, reactively, to the housing 22 through
      the shell 34. Moreover, torque thus applied to the housing 22
      substantially equals the torque applied to the shaft 30.
PAR  In order to transmit the torque applied to the shaft 30 to a bolt, the
      shaft 30 is connected at its distal end with the bolt 53 through a
      suitable coupling 54. As a practical matter, the coupling 54 is of a
      configuration dictated by the configuration of the head of the bolt. As
      shown, the coupling 54 comprises a female socket suitably connected with
      the shaft 30 through a stub shaft 56 and a coaxially aligned union 58.
      However, the manner in which the coupling 54 is connected with the shaft
      30 may be varied as desired.
PAR  As shown in FIG. 2 of the drawings, the bolt 53 is circumscribed by a
      spacer, designated 60. As illustrated, the spacer 60 is of an annular
      configuration and is seated in an interposed relationship between the
      juxtaposed surfaces of the head of the bolt and bolt-receiving structure,
      generally designated 62, within which there is provided an internally
      threaded bore. It is significant that the spacer 60 is frictionally
      engaged with the structure 62 to thereby provide a frictional lock. The
      spacer 60, as shown, comprises a lug collar having a radially extended key
      64 configured to be received in a radially extended key-way 66 provided in
      the housing 22.
PAR  The key-way 66 is formed in an annulus, not designated, defined by the open
      end of the housing 22. Hence, it will be appreciated that the spacer 60 is
      mated and thus connected with the housing 22 as the consequence of the key
      64 being inserted into the key-way 66. Additionally, within the housing
      22, where so desired, there is provided an annular shoulder 68 against
      which the spacer 60 is permitted to seat as an axially directed force is
      applied to the housing 22 for thus applying an axially directed force to
      the spacer 60 and the coupling 54 as the bolt 53 is driven into the bore
      or other opening within which it is seated.
PAR  It should, at this point, be appreciated that the spacer 60 can readily be
      received by the annulus defined by the open end of the housing 22 and
      supported in this position by the shoulder 68 and the key-way 66 for thus
      facilitating a rapid insertion of the bolt 53 into bolt-receiving
      structure 62. Moreover, it should be apparent that while the
      bolt-receiving structure 62 is illustrated as including an internally
      screw-threaded bore for receiving the bolt 53, nuts or other suitable
      structure secured against rotation in a suitable manner can be provided
      for receiving the bolt. Additionally, the annulus defined by the open end
      of the housing 22 is of any suitable configuration dictated by the
      configuration of the spacer 60. Moreover, the key 64 and key-way 66 can be
      omitted in favor of other couplings, including splines, flats and similar
      structure.
PAR  Therefore, while the annulus defined by the open end of the housing 22, as
      shown in FIG. 2, is configured to receive a collar having a radially
      extended key, the housing 22 can be configured to receive a spacer, such
      as a washer, boss, or lug collar of substantially any configuration
      through which angular motion of the spacer relative to the housing 22 is
      precluded.
PAC  OPERATION
PAR  It is believed that in view of the foregoing description, the operation of
      the device will readily be understood and it will be briefly reviewed at
      this point.
PAR  With the gear head wrench 10 assembled in the manner hereinbefore
      described, the head of a bolt 53 is inserted into the coupling 54 while a
      spacer 60 of an annular configuration is mounted on the bolt 53 in a
      concentric relationship therewith. The key 54 of the spacer 60 is seated
      in the key-way 66 as the spacer is urged into engagement with the surface
      of the shoulder 68 formed in the housing 22. In this configuration, the
      bolt 53 is readied to be received within a suitable opening such as an
      internally threaded bore defined in the bolt-receiving structure 62.
PAR  An operator gripping the pistol grip 12 positions the bolt 53 in the
      bolt-receiving opening and depresses the button 18 for thus energizing the
      wrench motor 14. As the wrench motor 14 is energized, rotary motion is
      imparted to the shaft 26. This motion is, in turn, transmitted to the sun
      gear 40 for driving the planetary gears 48 in a common orbit about the sun
      gear. Since the pistol grip 12 is held by an operator, a reactive force is
      applied manually to the housing 22 of the drive unit 16, through the
      housing 20 of the wrench motor 14. Consequently, rotary motion is imparted
      to the bolt 53 via the coupling 54, shafts 56 and 30 and the torque
      multiplying gear train 32.
PAR  Of course, as the bolt 53 approaches a seated relationship within the bore
      formed in the bolt-receiving structure, the torque required to advance the
      bolt is increased in order to overcome the frictional forces developed
      between the surface of the bolt head and the upper surface of the spacer
      60. Due to the fact that the housing 22 is connected directly with the
      internal gear 38, the counter-torque applied to the spacer 60, by the
      housing 22 via the key 64 seated in the key-way 66, substantially equals
      the torque applied to the bolt head 53 for overcoming the frictional
      forces developed between the surfaces of the spacer and the bolt head.
      Consequently, the spacer is supported in fixed relation with the bore and
      the torsional stress transmitted by that resulting from torque required to
      overcome thread friction and thread lead friction is transmitted to the
      spacer 60 as a consequence of the aforementioned frictional lock. Thus,
      the bolt-receiving structure 62 is effectively isolated, by the spacer 60,
      from torsional stress resulting from frictional engagement of the lower
      surface of the bolt head with the upper surface of the spacer 60.
PAR  In view of the foregoing, it should readily be apparent that the wrench of
      the instant invention provides a practical solution to the perplexing
      problem of rapidly inserting bolts into bolt-receiving structure without
      transmitting torsional stress to the bolt-receiving structure through
      annular spacers interposed between the heads of the bolts and the adjacent
      surface of bolt-receiving structures.
PAR  Although the invention has been herein shown and described in what is
      conceived to be the most practical and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved gear head wrench adapted to be employed for torquing bolts
      seated in a threaded bore formed in a structural member and circumscribed
      by a spacer comprising:
PA1  A. a motor including a first housing and a selectively driven torque input
      shaft projected axially from said first housing; and
PA0  B. a drive unit disposed in juxtaposition with said motor and connected
      thereto for torquing a selected bolt seated in a threaded bore formed in a
      structural member and having a concentrically related spacer characterized
      by a radially extended key and a face disposed in frictional engagement
      with the member including,
PA1  1. a second housing of a substantially cylindrical configuration rigidly
      affixed to said first housing in coaxial alignment with said torque input
      shaft and having an open end disposed in spaced relation with said first
      housing,
PA1  2. a sun gear concentrically related to one end of said torque input shaft,
      being rigidly affixed thereto and supported thereby for driven rotation
      about an axis coincident with the longitudinal axis of symmetry for said
      second housing,
PA1  3. a torque output shaft disposed within said second housing and supported
      for driven rotation in coaxial alignment with said torque input shaft,
PA1  4. a driving plate disposed in juxtaposed, coaxial relation with said sun
      gear and rigidly affixed to said torque output shaft,
PA1  5. an annular array of planetary gears mounted for rotation on said driving
      plate in concentric relation with said torque output shaft and in coplanar
      meshed relation with said sun gear,
PA1  6. an internal gear disposed in circumscribing, meshed relation with said
      annular array of planetary gears and rigidly affixed to said second
      housing,
PA1  7. coupling means affixed to said torque output shaft in spaced relation
      with said drive plate adapted to receive in coupled relation the head of
      said bolt, and
PA1  8. a receiver for said spacer including an annulus defined by the open end
      of said second housing concentrically related to said coupling means,
      including a keyway for receiving the radially extended key, whereby the
      housing is adapted to receive said spacer in an interlocked relationship
      as the coupling is caused to receive the head of said bolt.
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ABST
PAL  Apparatus for slicing onions and other hard vegetables. The apparatus
      comprises carrier means mounted for movement through a cutting path in a
      first direction. A plurality of cutting blades is disposed within the path
      in a downwardly descending ramp. Each of the blades includes a leading
      edge and a trailing edge, with the leading edge forming the cutting edge
      of the blade. The blades are sequentially offset from one another in said
      one direction and parallel to one another in the direction normal to said
      one direction, with the leading edge of one blade spaced from the trailing
      edge of the preceding blade by a distance at least equal to the thickness
      of the blade.
PAL  The carrier means serves to carry the vegetable through the path and into
      sequential contact with succeeding blades to effect the sequential slicing
      of the vegetable.
PAL  The carrier means comprises a base for supporting the vegetable and a
      pusher member. The pusher member is arranged to apply a force on the
      vegetable at an area thereon opposite to the blade then in contact with
      the vegetable to force the vegetable cleanly through the blade. The pusher
      member is preferably curved and is arranged to pivot as the carrier moves
      along the cutting path while making contact with the base at all times to
      preclude any portion of the vegetable from falling out of the carrier.
BSUM
PAR  This invention relates generally to apparatus for cutting vegetables and
      more particularly to manual apparatus for cutting onions and other hard
      vegetables into slices.
PAR  Various manually operable apparatus and devices for slicing vegetables and
      fruits have been disclosed in the patent literature and some are
      commercially available.
PAR  Such devices commonly include plural blades disposed parallel to one
      another and lying either in a horizontal or vertical plane(s). A vegetable
      is forced through the blades by a pusher assembly to effect the slicing of
      the vegetable. See for example U.S. Pat. Nos: 557,914 (Struble et al.),
      1,003,674 (Veitch), 2,250,028 (Miller), 2,323,760 (Walfinger), 2,441,027
      (Masrob), 2,487,431 (Floyd), 2,911,023 (Kennedy), 2,924,256 (Reiland) and
      3,765,287 (Borner).
PAR  While such devices may be effective for slicing vegetables into elongated
      strips, such as strips used for making french fries, such devices are not
      suitable for effectively slicing onions into thin slices or wafers. In
      particular, insofar as onions are concerned, prior art manual slicing
      machines have exhibited the following drawbacks: they are slow in
      operation and require the application of a substantial force to effect the
      slicing. In addition, prior art slicing machines frequently allow the
      vegetable to rotate during the slicing operation, thereby producing
      non-uniform and misshapen slices. The rotation of the vegetable during the
      slicing operation in prior art slicing machines is also frequently
      accompanied by the crushing of the entire vegetable or only the part being
      sliced and the squeezing of juice therefrom. The above described
      disadvantages are particularly significant in large scale commercial food
      processing or preparing operations.
PAR  Accordingly, it is a general object of this invention to overcome the
      disadvantages of the prior art vegetable slicers.
PAR  It is a further object of this invention to provide a manually operable
      device for slicing onions and other hard vegetables into uniform slices.
PAR  It is still a further object of this invention to provide a quick and
      efficient, manually operable device for slicing onions and other hard
      vegetables.
PAR  It is yet a further object of this invention to provide a simple and
      inexpensive, manually operable device for slicing onions and other hard
      vegetables.
PAR  These and other objects of this invention are achieved by providing
      apparatus for slicing hard vegetables. The apparatus comprises carrier
      means mounted for movement through a cutting path in a first direction.
      Plural cutting blades are disposed within the path and have respective
      cutting edges sequentially offset from one another in said one direction
      and parallel to one another in a direction normal to said one direction.
      The carrier means serves to carry the vegetable through the path and into
      sequential contact with succeeding blades to effect the slicing of the
      vegetable. The carrier comprises a base for supporting the vegetable and a
      pusher for applying force on the vegetable at an area thereon which is
      opposite to the blades then in contact with the vegetable to force the
      vegetable cleanly through such blades.
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PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of an onion slicing machine in accordance with
      this invention;
PAR  FIG. 2 is a decreased top plan view, partially broken away, of the device
      shown in FIG. 1;
PAR  FIG. 3 is a side elevational view, partially broken away, of the device
      shown in FIG. 1;
PAR  FIG. 4 is an end view, partially broken away, of the device shown in FIG.
      1;
PAR  FIG. 5 is an enlarged top elevational view of a portion of the blade
      assembly of the device shown in FIG. 1;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 5;
PAR  FIG. 7 is a side elevational view, partially in section, of a portion of
      the device at the beginning point in the cutting operation;
PAR  FIG. 8 is a view similar to that of FIG. 7 but showing the device during
      the production of the first few slices from an onion;
PAR  FIG. 9 is a view, similar to that of FIG. 8 at an intermediate point in the
      operation of the device;
PAR  FIG. 10 is a view, similar to that of FIG. 9 showing the device at a later
      point in the operation thereof; and
PAR  FIG. 11 is a view, similar to FIG. 10 but showing the device at the end of
      the slicing operation.
DETD
PAR  Referring now in greater detail to the various figures of the drawing
      wherein like reference characters refer to like parts, there is generally
      shown at 20 in FIG. 1 an improved manually operable onion or hard
      vegetable slicer in accordance with this invention.
PAR  The device 20 basically comprises a frame 22 for supporting a cutting blade
      assembly 24, formed of plural cutting blades to be described later, and a
      vegetable carrier assembly 26. The carrier assembly is basically arranged
      to carry an onion 27 or other hard vegetable in a first direction,
      hereinafter called the downstream direction, along a horizontal cutting
      path and sequentially through the blades of the cutting assembly disposed
      therein to slice the onion into uniform slices or wafers 29.
PAR  The frame 22 is an open one and comprises a pair of side walls 28 and 30, a
      front wall 32 and a rear wall 34. A foot 36 is provided in each corner of
      the frame 22 for supporting the frame on the work or cutting table. A
      handle 23 is provided at the back wall to enable the device to be carried
      readily.
PAR  As can be seen in FIG. 1 the respective top edges 38 of the side walls 28
      and 30 are ramp-like, that is they descend downward in the downstream
      direction from the rear wall 34 to the front wall 32 of the frame 22 at a
      predetermined angle to the horizontal cutting path.
PAR  The blade assembly basically comprises a plurality of individual cutting
      blades which are mounted on the top edge of the side walls 28 and 30. As
      can be seen in FIGS. 5 and 6 each blade is in the form of a generally
      planar elongated strip 42 having a planar top surface 44 and a planar
      bottom surface 46. Each blade is of a predetermined width and includes a
      front edge 48 and a rear edge 50 spaced from the front edge. The top
      surface 44 of each blade is tapered sharply contiguous with the front edge
      to define the cutting edge of the blade. Mounting flanges 52 are provided
      at the respective sides of each of the blades. The flanges 52 are
      generally planar and include openings (not shown) through which fastening
      means (not shown), such as screws, extend to secure the flanges to the
      respective top edges of the side walls 28 and 30 of the frame 22. The
      flanges extend at a predetermined angle with respect to the planar portion
      42 of the blade. The predetermined angle is substantially the same as the
      angle that the top edges 38 of the side walls of the frame make with
      respect to the horizontal cutting path, such that when secured in place on
      the top edges of the frame, the planar portion 42 of each blade is
      disposed in a horizontal plane and parallel to the cutting path.
PAR  The blades are mounted at equal intervals along the descending side wall
      edges such that they lie in equally spaced parallel planes, but with their
      respective cutting edges sequentially offset in the downstream direction
      along the cutting path. Accordingly, the cutting edges of all the blades
      are in a common plane, which according to a preferred embodiment of this
      invention is parallel to the top edges of the side walls 28 and 30.
PAR  As will be considered in detail later the heretofore described downwardly
      stepped arrangement of the blades in the downstream direction along the
      cutting path enables the slicing of wafers 29 from the onion 27 by the
      sequentially succeeding blades 40, starting at the top of the onion and
      working downward, as the onion is carried down the cutting path and
      through the blades by the carrier means. This is shown schematically in
      FIG. 1 and in detail in FIGS. 8-11.
PAR  By virtue of the fact that only a few blades are in contact with the onion
      to slice it at any one instant (as will be seen clearly later) relatively
      little force is required to effect the clean and quick slicing of the
      entire onion.
PAR  As can be seen clearly in FIG. 7 the blades are sequentially offset in a
      downstream direction in such a manner that there is a predetermined
      dimensioned space, denoted by the reference numeral 54 and measured in the
      downstream direction, between the rear edge 50 of one blade and the
      cutting edge 48 of the next succeeding downstream blade. In accordance
      with the preferred embodiment of this invention, the predetermined spacing
      is at least equal to the thickness of the blade stock, i.e., the dimension
      between the top surface 44 and the bottom surface 46 of the blade 40, but
      is less than three times the thickness thereof. Such an arrangement
      enables the slices formed by the cutting edges to pass freely between the
      blades without being squeezed or crushed thereby.
PAR  It has been found that if the spacing between the rear edge of one blade
      and the cutting edge of the next downstream blade is greater than
      approximately three times the thickness of the blade stock, an undesirable
      rotational force in the counter-clockwise direction (in views of FIGS.
      8-11) may be imparted to the onion. Such a force results in the production
      of non-uniform slices, the crushing of the slices and squeezing of the
      juice therefrom, which undesirable results have characterized prior art
      devices as described heretofore.
PAR  In accordance with the preferred embodiment of this invention, the
      thickness of each blade is approximately 0.06 inch (1.5 mm), the width of
      each blade, that is the distance between the cutting edge 48 and the rear
      edge 50 is approximately 0.56 inch (14.3 mm) and the spacing between the
      rear edge of one blade and the cutting edge of the next succeeding
      downstream blade is approximately 0.15 inch (3.8 mm).
PAR  The plane in which all the cutting edges lie, called the plane of the blade
      assembly, makes an angle within the range of 10.degree. to 15.degree. with
      the horizontal cutting path. The angle selected is a function of two
      countervailing factors. The more shallow the angle the fewer blades make
      contact with the onion at any given moment during the cutting operation.
      With less blades in contact with the onion at any given time, less force
      is required to effect the slicing. However, the use of a blade assembly
      whose plane is a shallow angle necessitates the use of a relatively long
      support frame to accommodate all of the blades in the cutting path. This
      is undesirable from a size standpoint.
PAR  It has been found that by mounting the blades such that the plane of their
      cutting edges descends downward at an angle of approximately 12.degree.
      with the cutting path an efficient and readily operable cutting device
      results, which device is still relatively compact in size.
PAR  With the blades dimensioned, disposed and spaced like that described
      heretofore the device 20 produces uniform and clean onion slices of
      approximately 0.15 inch (48 mm) thickness. Such slices are suitable for
      general use. By increasing the width of the blade while maintaining the
      proper spacing between the rear edge of one and the cutting edge of the
      succeeding blade, as described heretofore, correspondingly thicker onion
      slices will be produced. Such thick slices may be used for special
      purposes, e.g., for french fried onion rings.
PAR  As can be seen in FIG. 1 the blade assembly is mounted in approximately the
      middle of the frame 22. To the rear of the blade assembly the frame is
      open and this open area 55 serves as the onion receiving portion of the
      device, that is the station at which the onion is inserted on the carrier
      for subsequent slicing. At the front of the blade assembly, that is
      immediately downstream of the last or lowest blade, the frame is also open
      to provide a space 56 for receiving and collecting onion slices produced
      by the operation of this device.
PAR  As noted heretofore the function of the carrier assembly 26 is to support
      and carry the onion 27 down the cutting path and through the descendingly
      stepped blades of the blade assembly. In accordance with another aspect of
      this invention, the carrier includes means for directing the cutting force
      applied to the onion to the area thereon which is opposite to the blades
      then in contact with the onion. This feature precludes the onion from
      rotating during the slicing operation and ensures that the slices are
      uniform and not wedge shaped or otherwise misshapen, crushed or squeezed
      dry. In addition, this feature ensures that the slicing operation occurs
      quickly and with a minimum of applied force, since the major force
      component effecting the slicing of the onion is along the cutting path and
      not at an angle thereto.
PAR  As can be seen in FIG. 1 the carrier basically comprises a base member 60
      and a pusher 62. The base member is a horizontally disposed planar member
      adapted to slide along the cutting path and to support the onion for
      carriage through the blade assembly. In order to accomplish those ends a
      pair of horizontal tracks 64 and 66 (FIGS. 1 and 6) are cut in the inside
      surfaces of the side walls 28 and 30, respectively. The outside edges 68
      of the base member 60 are disposed loosely within the respective tracks to
      enable the base to be slid therealong.
PAR  The pusher member 62 is arranged to move the base 60 along the tracks 64
      and 66 while ensuring that the cutting force is applied to the onion at
      the proper area as described above. To that end, the pusher member 62
      includes an upper end 70, a lower end 72 and a curved intermediate portion
      73 therebetween, with the radius of curvature of said portion decreasing
      from the lower end 72 to the upper end 70 such that when viewed laterally,
      like that in FIGS. 7-11, the curved pusher member appears as a portion of
      a spiral. As will be described in detail the inner surface 74 of the
      curved pusher serves as the force applying means for the onion during the
      cutting operation and also serves as means effecting the translation of
      the base member along the horizontal cutting path.
PAR  The pusher is mounted in the following manner. A pair of bolts 75 (FIG. 4),
      each including a threaded end are screwed within coaxial threaded openings
      76 extending into the side edges 78 of the pusher adjacent the lower end
      72 thereof. The coaxial bolts 75 serve as a lower pivot axis about which
      the pusher rotates. To that end, an unthreaded midportion 80 of each bolt
      extends outward from the side edges 78 of the pusher and through a
      respective one of a pair of horizontal slots 82 and 84 in the side walls
      28 and 30, respectively. The slots extend almost the full length of the
      frame in the side walls. The upper end 70 of the pusher is mounted in a
      similar manner. Accordingly, a pair of rods 86 each including a threaded
      end are screwed within coaxial threaded openings 88 extending into the
      side edges 78 of the pusher adjacent the upper end 70 thereof. The coaxial
      rods 86 serve as an upper pivot axis about which the pusher rotates. To
      that end, the unthreaded ends 90 of the rods extend outward from the side
      edges 78 of the pusher and within a pair of parallel tracks 92 and 94 cut
      in the inside surface of the side walls 28 and 30, respectively. As can be
      seen the tracks 92 and 94 descend downward in the downstream direction
      toward the horizontal path through which the base member 60 moves. The
      angle that the tracks 92 and 94 make with respect to the horizontal
      cutting path is the same as the angle of the plane of the blade assembly,
      e.g., approximately 12.degree..
PAR  As will be described in detail later, the pusher member 62 is arranged to
      slide in the downstream direction down the cutting path starting from the
      position shown by the phantom lines in FIG. 3, and ending at the position
      shown by the solid lines therein. All during such movement the pusher
      pivots counterclockwise about the upper pivot axis and the lower pivot
      axis as viewed in FIGS. 7-11. Such rotation ensures that a cutting force
      is applied to the onion by the inside surface 94 of the pusher and
      opposite to the blades then in contact with the onion, while another
      portion of the curved inside surface of the pusher maintains contact with
      the upstream edge 96 of the base 60 to effect the sliding thereof down the
      cutting path, irrespective of the position of the carrier in the cutting
      path. In addition, the contact between the pusher and the upstream edge of
      the base ensures that no onion pieces fall out through the bottom of the
      carrier.
PAR  It should be pointed out at this juncture that the pusher of the instant
      invention can be shaped differently from the curved shape shown in the
      drawing. However, it is of utmost importance that such a different shaped
      pusher includes some portion(s) which is (are) in contact with the onion
      at an area thereon opposite to the blades then in contact with the onion,
      irrespective of the carrier's position within the cutting path. As will be
      appreciated from a discussion of the operation of the preferred embodiment
      shown herein during the bulk of the cutting cycle the top portion of the
      pusher's inside surface is the portion applying the cutting force to the
      onion.
PAR  While I contemplate the use of motor means to move the pusher, in
      accordance with the preferred embodiment shown herein, the movement of the
      pusher is accomplished manually, via a handle assembly 98. As can be seen
      in FIG. 3 the handle assembly 98 includes a pair of side bars 100 and 102
      including openings 104 and 106, respectively, through which the heads 108
      of bolts 80 extend to pivotally secure the side bars to the carrier
      assembly 26. A handle bar 110 bridges and is connected between the side
      bars 100 and 102 to serve as the portion of the handle which is grasped in
      the operator's hand.
PAR  As should be appreciated, by merely pushing the handle assembly forward the
      operator moves the carrier assembly 26 down the horizontal cutting path.
      The horizontal slots 82 and 84 serve to guide such horizontal motion while
      the coaction of the rods 86 and tracks 92 and 94 effect the rotation of
      the pusher as described heretofore to ensure proper force application.
PAR  Operation of the onion slicing device 20 can best be appreciated by
      reference to FIGS. 7-11. With the carrier assembly 26 in its retracted
      position, that is pulled back close to the rear wall 32 of the frame, an
      onion 27 or other hard vegetable to be sliced is inserted within the
      opening 55 in the frame and onto the planar base 60 of the carrier
      assembly. The onion is disposed on the base immediately adjacent the rear
      edge 96 and in abutment with the inside surface 74 of the pusher as shown
      in FIG. 7. The onion is now ready for slicing.
PAR  The operator grasps hand bar 110 and begins pushing forward, that is
      downstream, on the handle. The translational force applied to the handle
      bar is coupled through the handle assembly to the carrier assembly,
      whereupon the carrier assembly with the onion thereon begins moving down
      the cutting path, with the pusher forcing the onion carrying base
      therealong. As the carrier moves down the cutting path the pusher rotates
      counterclockwise as can be seen in FIG. 8. By the time that the onion
      reaches the first blade 40 of the blade assembly, that is the highest
      disposed blade, the pusher has rotated to a position such that some
      portion of the inside surface thereof in contact with the onion (in the
      view shown in FIG. 8 this portion is at the top 70 of the pusher) is in
      contact with that portion of the onion directly opposite to the first few
      blades. Accordingly, the major component of the cutting force applied by
      the operator is applied to the onion aligned with the blades then in
      contact therewith. This action ensures that the cuts are made easily and
      with a minimum of applied force.
PAR  Since, as can be seen in FIG. 8, the onion first makes contact with the top
      blade and proceeds to make contact with each succeeding blade, the first
      slice of the onion occurs at the top thereof. Each succeeding slice is
      formed between one blade and the next succeeding blade and proceeds down
      the onion.
PAR  By virtue of the tapered cutting edge of each blade and the spacing between
      the blades the slices are formed cleanly and uniformly and curve upward to
      exit from the blade assembly.
PAR  In FIGS. 9 and 10 there is shown succeeding points in the cutting operation
      of the device 20. As can be seen therein, at all times some portion of the
      inside surface 73 of the pusher 62 is in contact with the portion of the
      onion opposite the blade then cutting, while some portion of such surface
      is in contact with the edge 96 of the base 60. This action continues to
      ensure proper slicing and that no pieces fall out through the bottom of
      the carrier assembly.
PAR  As can be seen in FIG. 11, even at the end of the cutting cycle, the pusher
      is still in proper contact with the onion to effect the clean slicing
      thereof by the last, that is lowest, blades.
PAR  Upon completion of the traversal of the cutting path in the downstream
      direction the entire onion will have been sliced with very little wastage.
      The slices exit the blade assembly and slide down the assembly and into
      the open front portion 56 of the frame for collection. To that end, a pan
      may be disposed within space 56.
PAR  The handle assembly is then retracted to pull the carrier assembly back to
      its starting position for receipt of another onion to be sliced in an
      identical manner.
PAR  It should be pointed out at this juncture that while the cutting blades are
      shown as being planar strips, it is to be understood that such elements
      can be of different shapes, e.g., crinkle blades or ribbed blades.
PAR  As should be appreciated from the foregoing, the onion slicing device of
      the instant invention is quick and simple to operate, is capable of
      relatively high speed operation and produces slices which are of a uniform
      size. In addition, the device is extremely simple in construction and
      hence can be made inexpensively, provides easy access to its cutting
      components to expedite cleaning, can be assembled and disassembled readily
      for service and is nevertheless relatively compact and light weight for
      ready transportability. In short, the device 20 of the instant invention
      presents a viable approach to onion slicing for large scale food
      operations.
PAR  Without further elaboration, the foregoing will so fully illustrate my
      invention, that others may, by applying current or future knowledge,
      readily adapt the same for use under various conditions of service.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. Apparatus for slicing hard vegetables comprising carrier means mounted
      for movement through a cutting path in a first direction, plural cutting
      blades disposed within said path and having respective cutting edges
      sequentially offset from one another in a ramp arrangement in said one
      direction and parallel to one another in the direction normal to said one
      direction, said carrier means serving to carry said vegetable through said
      path and into sequential contact with succeeding blades to effect the
      sequential slicing of said vegetable, said carrier means comprising a
      movable base for supporting said vegetable and a pusher member for moving
      said base along said path to carry said vegetable through said blades and
      for applying a force to said vegetable and directing said force at an area
      thereon opposite to the blade then in contact with said vegetalbe and
      maintaining said force thereon irrespective of the position of said
      vegetable along said path to force said vegetable cleanly through said
      blade.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said ramp descends in said one
      direction.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said path is linear.
NUM  4.
PAR  4. Apparatus for slicing hard vegetables comprising carrier means mounted
      for movement through a cutting path in a first direction, plural cutting
      blades disposed within said path and having respective cutting edges
      sequentially offset from one another in said one direction and parallel to
      one another in the direction normal to said one direction, said carrier
      means serving to carry said vegetable through said path and into
      sequential contact with succeeding blades to effect the sequential slicing
      of said vegetable, said carrier means comprising a base for supporting
      said vegetable and a pusher member pivotable as it moves along said path
      in said first direction for applying a force on said vegetable at an area
      thereon opposite to the blade then in contact with said vegetable to force
      said vegetable cleanly through said blade.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said pusher member is curved and
      includes an upper portion and a lower portion.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said cutting edges are mounted in a
      ramp with said ramp descending in said one direction and with the lower
      portion of the curved pusher member being arranged to move in said first
      direction while the upper portion thereof moves in a path down the ramp
      whereupon the curved pusher member pivots as the carrier moves along said
      cutting path.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the curved pusher member is mounted
      with respect to said base to effect the movement of said base along the
      path as the pusher is moved, and said pusher making contact with said base
      at all times to preclude any portion of the vegetable from falling out of
      said carrier.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said path is linear and wherein the
      radius of curvature of said pusher decreases from its bottom portion to
      its top portion.
NUM  9.
PAR  9. The apparatus of claim 1 wherein each of said blades includes a leading
      edge and a trailing edge, with the leading edge forming the cutting edge
      thereof, said blades being disposed in a descending ramp and offset from
      one another such that the leading edge of one blade is spaced from the
      trailing edge of the preceding blade by a distance at least equal to the
      thickness of the blade.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said distance is no more than three
      times the thickness of said blade.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said descending ramp is at
      approximately 10.degree. to 15.degree. with respect to said first
      direction.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said ramp is at approximately
      12.degree. with respect to said first direction.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said blade thickness is approximately
      1.5 mm.
NUM  14.
PAR  14. The apparatus of claim 13 wherein the distance is approximately 4 mm.
NUM  15.
PAR  15. The apparatus of claim 10 wherein the blade thickness is approximately
      1.5 mm.
NUM  16.
PAR  16. The apparatus of claim 15 wherein the distance is approximately 4 mm.
NUM  17.
PAR  17. The apparatus of claim 7 wherein each of said blades includes a leading
      edge and a trailing edge, with the leading edge forming the cutting edge
      thereof and with said blades being disposed in a descending ramp and
      offset from one another such that the leading edge of one blade is spaced
      from the trailing edge of the preceding blade by a distance at least equal
      to the thickness of the blade.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said distance is no more than three
      times the thickness of said blade.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said ramp is at approximately
      12.degree. with respect to said first direction.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said blade thickness is approximately
      1.5 mm.
NUM  21.
PAR  21. The apparatus of claim 20 wherein the distance is approximately 4 mm.
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ABST
PAL  A corner shearing machine has two pairs of shears, the lower blade of one
      pair intersecting the lower blade of another at a right angle, and the
      upper blade of one pair intersecting the upper blade of the other pair at
      a right angle, the lower blades being mounted to a base and the upper
      blades to a reciprocable ram. Adjusting wedge assemblies, with screw
      drives and manually operable cranks facilitate adjustment of blade
      clearance, and hydraulically energized pressure pads maintain zero
      clearance between ram guide slides and guideway blocks therefor. Ram drive
      is by one or another of two hydraulic cylinders operating through a rocker
      shaft and linkage connected to the ram, and hydraulic clamps secure the
      work.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a division of application Ser. No. 280,248, filed Aug. 14, 1972 now
      U.S. Pat. No. 3,828,639.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to shearing machines, and more
      particularly to a corner shearing machine, such as shown and described in
      my co-pending application Ser. No. 42,047, filed June 1, 1970, now U.S.
      Pat. No. 3,691,887 entitled AUTOMATIC SHEARING METHOD AND APPARATUS.
PAR  As it becomes desirable to shear greater thicknesses or larger sheets of
      tougher materials, the loads on shear blades become higher. For long blade
      life and good shearing performance, it is my opinion that selection and/or
      control of blade clearance is important. The present invention is directed
      toward convenience and reliability in establishing, selecting, and
      maintaining desired blade clearances.
PAC  SUMMARY OF THE INVENTION
PAR  Described briefly, in a typical embodiment of the present invention a
      corner shearing machine is provided with two pairs of shears and means for
      adjusting the clearance between the upper and lower blades of the one pair
      when the blades are closed, and for adjusting the clearance between the
      upper and lower blades of the other pair when the blades are closed, and
      facilitating such adjustment. Means are also provided to establish and
      maintain zero clearance between the guide slides secured to the moving
      blade, and the guideway secured to the base, to avoid changes in blade
      clearance with changes of blade loading. Full or half-stroke blade drive
      is provided by energization of alternate drive means therefor.
DRWD
PAC  Brief Description of the Drawings
PAR  FIG. 1 is a perspective view of a corner shearing machine incorporating a
      typical embodiment of the present invention.
PAR  FIG. 2 is a top plan view on a somewhat larger scale than FIG. 1 and
      showing the portion thereof enclosing the blade and drive assembly and
      adjustment apparatus.
PAR  FIG. 3 is a further enlarged side section taken at line 3--3 in FIG. 2 and
      viewed in the direction of the arrows, and illustrating the left-hand side
      of the ram frame, upper side blade drive cranks and links.
PAR  FIG. 4 is a top plan view of a portion of the assembly of FIGS. 2 and 3 and
      on the same scale as FIG. 3 and partially sectioned to show details of the
      ram lock and of the swivel bearings.
PAR  FIG. 5 is a schematic top plan view of the ram assembly and adjustment
      means therefor.
PAR  FIG. 6 is a schematic corner view as taken at line 6--6 in FIG. 5 and
      viewed in the direction of the arrows.
PAR  FIG. 7 is a top plan view on a scale larger than FIG. 2 and smaller than
      FIG. 4 and omitting the upper blade mounting ram and rocker shaft and
      linkage therefor.
PAR  FIG. 8 is a much enlarged section through the adjustment assembly taken at
      line 8--8 in FIG. 7 and viewed in the direction of the arrows.
PAR  FIG. 9 is a section taken at line 9--9 in FIG. 8 and viewed in the
      direction of the arrows.
PAR  FIG. 10 is a still further enlarged top plan view of the right front corner
      portion of the view of FIG. 7 and including a portion of the ram assembly,
      particularly the front guide block thereof.
PAR  FIG. 11 is an elevation of the structure shown in FIG. 10 behind the line
      11--11 in FIG. 10 and viewed in the direction of the arrows.
PAR  FIG. 12 is a section taken at line 12--12 in FIG. 10 and showing a portion
      of the hold-down system.
PAR  FIG. 13 is a hydraulic schematic diagram.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing in detail, and more particularly to FIG. 1,
      the machine includes a vertically reciprocable ram 11 which mounts upper
      front and side blades (not shown in FIG. 1) behind the front cover plate
      12 and left side cover plate 13, respectively, and meeting in a corner.
      These blades are disposed above lower blades, likewise meeting in a corner
      behind the corner 14. These features are shown schematically in FIGS. 5
      and 6 and described in more detail hereinafter. The ram is operable by
      cylinder means 16 to drive the upper blades in shearing relation with the
      lower blades.
PAR  The stock to be sheared is mounted on a "Y-axis" table top 16 and is
      gripped by a set of grippers mounted on an "X-axis" carriage inside the
      housing 17. A stationary table top 18 is provided immediately in front of
      a stationary cover plate 19 immediately in front of the lower front blade.
      This stationary top is slotted at 21 to accommodate an upstanding support
      from a bearing assembly mounted on a Y-axis guide rod in housing 22
      similar to Y-axis guide rods 23 and 24 in their respective housings, all
      of which support bearings supporting a Y-axis carriage to which the table
      top 16 and housing 17 are affixed for movement toward the blades in the
      direction of arrow 26 and movement away from the blades in direction of
      arrow 27. Similarly, appropriate guide rods are provided in housing 17
      supporting the X-axis carriage for movement of the grippers toward the
      blades in the direction of arrow 28 and away from the blades in the
      direction of arrow 29. A conveyor assembly is provided at 31 to remove
      sheared corner blanks from below the ram 11 in the direction of arrow 32.
      This general type of shearing machine construction is shown and described
      in detail in my aforementioned co-pending patent application. The primary
      interest in the present application is the mounting, adjustment, and drive
      for the blades.
PAR  An understanding of the concepts involved might be more quickly appreciated
      upon consideration of FIGS. 5 and 6. FIG. 5 shows a ram 11 having affixed
      thereto adjacent the right-hand front corner a front slide guide block 33
      projecting upwardly therefrom. Adjacent the left rear corner of the ram is
      another block which will be referred to as the side guide slide block 34.
      The upper front blade affixed to the ram is designated schematically at
      36U and the lower front blade affixed to the base is designated
      schematically at 36L. The upper side blade affixed to the ram is
      designated 37U and the lower side blade is designated 37L. For extra
      durability, a corner block 38 is provided at the corner and serves as an
      extension of the blades 36U and 37U to the corner. A similar type of
      construction can be provided at the junction of the lower blades, if
      desired.
PAR  The blade clearance between the front blades is designated by the dimension
      CF and the clearance between the side blades is designated by the
      dimension CS. This is the clearance measured perpendicular to the gauge
      faces when the blades are closed by the shear ram being down.
PAR  To adjust the side clearance, there are screw operated wedges 39 and 41
      bearing against wedges 42 and 43, respectively, which engage the
      right-hand side faces of the side and front guide slide blocks 34 and 33,
      respectively. Adjustment of the screw driven wedges 39 and 41 is effective
      to drive the ram assembly sideways to the left in the direction of arrow
      44 and reduce the side blade clearance CS.
PAR  Screw operated wedges 46 and 47 engage wedges 48 and 49 respectively which
      engage the rear faces of the side and front guide slide blocks,
      respectively. Operation of these wedges is effective to drive the ram
      forward in the direction of arrow 51 to reduce the front blade clearance
      CF.
PAR  To maintain zero clearance between the wedges and the slide blocks, force
      is applied in a rearward direction opposite arrow 51 as indicated by the
      arrows pointing to each of the slide blocks, and also force is applied to
      the right opposite the direction of arrow 44 and in the direction of the
      arrows 53 pointing to the slide blocks. The means by which this is
      accomplished will be described hereinafter. In the interim, while still
      referring to the schematic diagram of FIG. 5, reference should be made to
      FIG. 6 which shows that the upper edges of the lower blades are in a
      horizontal plane, while the lower edges of the upper blades are disposed
      at an angle. This feature is described in the aforementioned patent
      application and provides a rake beginning with the right-hand corner 36R
      of the upper blade 36U and continuing through the rear corner 37P of the
      side blade 37U. The amount of this rake is approximately 150 thousandths
      of an inch per foot of length of the blade. Typically the overall length
      of the front blade is 66 inches, and the overall length of the side blade
      is 48 inches, the blades being one inch thick and three inches high.
PAR  Referring again to FIGS. 1, 2 and 7, a structure which may be referred to
      as the ram housing includes a weldment including a left side 56, right
      side 57, rear cross member 58 and center support 59, and ram drive
      cylinder rear mounting bracket 61. A drive crankshaft (tube) has its
      opposite ends mounted to the left and right side of the ram housing
      through crank bearing assemblies 63 secured to the sides 56 and 57. The
      main drive crank 64 affixed to the crankshaft 62 has a swivel bearing
      therein receiving a pin connecting the crank clevis 66 thereto, this
      clevis being connected to the end of the piston rod 67 of hydraulic
      cylinder 68. Another hydraulic cylinder 69 is secured to cylinder 68 in an
      end-to-end arrangement, and the piston rod thereof 71 is pinned to bracket
      61. Extension of the piston rod of either of these cylinders serves to
      rock the crankshaft forward in the direction of arrow 72 to drive the ram
      11 downward. For this purpose a pair of links 73 is pinned to the crank 64
      and to a bracket affixed to the ram frame 11. Similarly another pair of
      links 74 is pinned to a bracket 76 (FIG. 3) affixed to the top of the ram
      frame 11, the upper ends of these links being pinned to a crank 77 affixed
      to the crankshaft 62. Crank 77 has a link assembly comprising short link
      78 and long link 79 affixed together and pinned to crank 77 at 81. This
      pair of connecting links 78 and 79 is affixed together by cross members
      such as 82 and 83 (FIG. 4) and is pinned to a driven crank 84 mounted to a
      driven crankshaft 86 supported in bearing assemblies contained in housing
      87 and 88 (FIG. 4) secured respectively to the crank frame sides 89 and 91
      which are part of a crank frame including bottom plate 90A, cross brace
      90B, and back plate 90C, with side 89 and back plate 90C secured to the
      left side 56 and rear cross member 58 respectively of the ram housing. As
      shown in FIG. 3, another bracket 92 is mounted to the top of ram frame 11
      and it has a pair of connecting links 93 pinned thereto and pinned to the
      driven crank 84. Therefore, as either of the ram drive cylinders 68 or 69
      rotates the crankshaft in the direction of arrow 72, the connecting links
      73, 74, and 93 drive the ram downward in the direction of arrow 94.
      Conversely, retracting of the piston rod in either of the cylinders 68 or
      69 will lift the ram frame.
PAR  To prevent the ram from creeping downward in the absence of hydraulic
      pressure, a ram lock arrangement is provided. This includes an actuator
      rod 96 (FIG. 4) having a shear pin mount 97 secured thereto by a lock pin
      98. This shear pin mount is received in a guide cylinder 99 and has a
      shear pin end 101 connected thereto by means of the shear pin 102 which is
      a part of or secured to the shear pin mount 97. The shear pin end 101 is
      received in the aperture 103 in the rear end of the long connecting link
      79 as the ram lock actuator spring 104 seated on the crank frame wall 106
      bears against the shoulder of the shear pin mount 97 urging it to the left
      in the direction of arrow 107. A ram release cylinder 108 mounted to the
      crank frame wall 106 has its piston connected to the actuator rod and is
      capable of driving the pin to the right against the load of the spring 104
      when hydraulic pressure is applied in the cylinder 108. It thus removes
      the shear pin end from the locking aperture 103 in the long connecting
      link 79 and enables the ram drive cylinders 68 and 69 to operate the ram.
      A limit switch 109 senses the position of the actuator rod, and a rotary
      limit switch 111 senses the rotational position of the driven crank shaft.
PAR  As is best shown in FIG. 3, the upper side blade 37U is affixed to the ram
      frame 11 by a plurality of horizontally spaced socket head bolts 112. The
      upper front blade is secured to the ram frame in the same way, and the
      corner blocks may be secured in the same way, or by screws threadedly
      received in the ram frame itself rather than having nuts on the other ends
      thereof.
PAR  The lower side blade is secured to the ram housing side 56 by bolts in the
      same way and the nuts received on the outer ends thereof are apparent at
      113 in FIG. 1. The lower front blade 36L is secured to the lower front 114
      of the ram housing, in the same way as shown in FIG. 3.
PAR  Further as shown in FIG. 3, the pressure pad 116 of the hold down assembly
      is directly above the top surface of the lower blade 36L behind the relief
      groove 117 in the blade. Thus it is disposed to clamp the sheet stock or
      plate stock 118 directly between it and the upper edge of the blade, 36L.
      This pressure pad is secured by dowel pin 119 to guide pin 121 received in
      bushing 122. It is drivable downwardly by hydraulic cylinder 123. This
      cylinder is affixed to bracket 124 which is, in turn, affixed to plate 126
      whose upper edge 128 abuttingly engages the lower edge 127 of the upper
      front wall 60 of the ram housing. Plate 126 is affixed to the front cover
      plate 12 of the hold-down frame, which is bolted to the upper front wall
      60 of the ram housing. FIG. 12 shows one hold-down or clamp unit (and part
      of another) at the opposite (right-hand) end of the front cover plate 12.
      It illustrates that each end of a hold-down pressure pad 116 is connected
      to a guide pin in the same manner as shown in FIG. 3. For each hold-down
      pad, there is a return spring 131 received under washer 132 retained on
      the stud 133 by the nuts 134. The lower end of the stud is pinned to the
      hold-down and the lower end of the spring is seated on the bottom 136 of
      the counterbore in the guide pin bushing mounting bracket 137 affixed to
      the front frame cover plate 12. Accordingly, in the absence of pressure in
      the hold-down cylinders, the spring for each pressure pad returns the pad
      to a position of engagement of the upper face 138 of the pressure pad with
      the lower face of the guide bushing mounting bracket 137. There are eight
      such hold-down assemblies along the front of the machine behind the front
      frame cover plate 12 and six of them along the side of the machine behind
      the side frame cover plate 13.
PAR  Referring now to FIGS. 7 through 10, details of the blade clearance
      adjusting means will be described. The wedges described above with
      reference to FIG. 5 are shown in their actual form in FIGS. 8 and 9. Of
      course these are for the right front corner and serve to provide the
      guideway for the front guide block 33 of the ram. The wedge 41 is disposed
      between the face 141 of a plate 142 of the guideway housing, this plate
      being affixed to the right side 57. The tapered face of wedge 41 engages
      the tapered face of wedge 43, the latter being confined vertically between
      the way cap 143 at its upper end and the top surface 144 of the bottom
      plate 146 of the guideway housing, the latter being affixed with respect
      to the plate 142 thereof and the rear plate 147 thereof.
PAR  A wedge screw 148 is threadedly received in the wedge nut 149 received in a
      cavity in the wedge 41 and prevented from rotation in the cavity whereby
      the wedge can be driven downwardly and upwardly upon rotation of the wedge
      screw 148. The wedge screw shaft passes upwardly through the gear box 151
      secured to the front gear box mounting plate 152 which is secured to the
      front guideway housing. This gear box includes a gear keyed to the wedge
      screw shaft and driven by a worm on a shaft to which the U-joint assembly
      153 is connected. Similarly, a gear box assembly 154 is mounted to the
      front gear box mounting plate to drive the wedge screw shaft 156 having
      the screw thread thereon threadedly receiving the nut 157 confined in a
      cavity in the wedge 47. Wedge 47 has a vertically extending slot 158
      therein receiving a screw 159. This is the same kind of screw as shown at
      161 having a spring around it at 162 bearing on a seat 163 of a bore in
      the wedge 43, the threaded end of the screw being secured in the plate 142
      and passing through a vertically extending slot 164 in the moveable wedge
      41 which is like slot 158 of movable wedge 47. The purpose of the screw
      161 is to retain the spring which urges the wedge 43 in the direction of
      arrow 166 against wedge 41. The same effect is provided as to wedge 49 by
      a spring around screw 159 urging wedge 49 against wedge 47. The wedge 49
      is confined in the same way as is wedge 43 so that it does not move
      vertically while wedge 47 is moved vertically.
PAR  At the left rear of the ram assembly there is another guide housing fixed
      with respect to the left side 56 and the center support 59 and having a
      rear gear box mounting plate 167 secured to the top of it. The gear box
      assembly 168 is connected to the screw shaft for movable wedge 46 (FIG.
      5), and gear box assembly 169 is connected to the screw shaft for wedge
      39. To provide simultaneous and equal amounts of movement of the movable
      wedges to reduce the clearance between the front blades, a rear adjuster
      shaft 171 is connected through suitable couplings 172 to the worm shafts
      of the gear boxes 154 and 168. Similarly to provide simultaneous and equal
      movement of the wedges to change the clearance between the side blades a
      front adjuster shaft 173 is connected between the worm shafts of the gear
      boxes 151 and 169. As is best shown in FIG. 10, for the gear box 154 there
      is an extension shaft 176 from the universal joint assembly 177 connected
      to the worm shaft of the gear box. The extension shaft is carried in a
      support collar 178 received in an aperture in the side wall 57 and the
      extension shaft has a wrench adapter nut 179 affixed to the outer end
      thereof. This receives a matching socket of an adjusting wrench which, in
      the illustrated example, is the socket 181 connected to a crank 182 having
      a handle knob 183 thereon. Rotation of this crank by manual effort serves
      to simultaneously operate wedges 47 and 46. The same kind of extension
      shaft construction is provided at the universal joint 184 for gearbox 168
      and at the universal joint 153 for gearbox 151 (FIG. 7), and at the
      universal joint 186 for gearbox 169. The adjuster shafts synchronize
      operation of gearboxes, which provides a choice of two locations for
      adjusting side blade clearance, and two locations for adjusting front
      blade clearance. Use of a wrench at either location will provide uniform
      horizontal movement of both ends of the blade involved, and will provide a
      clearance change that is uniform throughout the length of the respective
      blade. The swivel bearings at the rocker arm to link, link to ram, and
      cylinder to rocker arm, connections, avoid binding regardless of blade
      clearance adjustment.
PAR  For purposes of gauging, for the front blade clearance there are two gauge
      bushings 187 and 188 in the front hold-down frame plate 12 (FIG. 1),
      adjacent opposite ends of the upper front blade, and two gauge bushings
      189 and 191 in the cover plate 13 of the side hold-down assembly, adjacent
      opposite ends of the upper side blade. Each of these bushings is identical
      to the others, and a description of one should suffice for all. Referring
      again to FIG. 10, bushing 187 is received in plate 12 and secured in place
      by a set screw or other suitable means. It fittingly receives the adaptor
      plug 192 of a gauge unit 193 having a flange 194 locating against the
      outer face of the bushing 187. The gauge unit includes a pin 196 whose
      inner end is engageable with the front face of the upper front blade 36U.
      The gauge unit includes a dial indicator 197 mounted therein for operation
      by the pin 196. The height of the bushing in the front frame 12 is such
      that the pin on the gauge unit remains in contact with the front face of
      the upper front blade from the ram up condition to the ram down condition.
PAR  It was mentioned above that means are provided according to this invention
      whereby zero clearance is maintained between the ram guide slide blocks
      and the guideways provided by the fixed wedges. For this purpose and as
      best shown in FIGS. 8 and 9, on the left-hand side of the front guide
      slide block 33 there is a way take-up block 198 having its right hand face
      engaging the left hand face of the slide block 33. This way take-up block
      is urged to the right in the direction of arrow 166 by a pair of hydraulic
      cylinders 199. This same arrangement is provided on the left-hand side of
      the side guide block 34 by means of take-up block 200 and operating
      cylinders 210 therefor in FIG. 7. The same kind of arrangement is provided
      on the front face of the side guide block 34 by means of the way take-up
      block 201 and operating cylinders 202 therefor. It should be mentioned
      with reference again to FIG. 8 that the cylinders 199 are affixed to a
      cylinder mounting block 203 affixed to upstanding plate 147.
PAR  Take-up force in the direction of arrow 52 against the front face of the
      front guide slide block 33 is applied by means of a pivoting way block 204
      pivotally mounted at pin 206 to a pivoting way plate or lever 207 having a
      hydraulic cylinder 208 affixed to the opposite end thereof and having a
      pressure pad 209 on the piston thereof bearing against the end face 211 of
      the guideway housing plate 142. The pivoting way plate is connected by a
      pivot pin 212 to the upper and lower arms 213 and 214, respectively
      (better shown in FIG. 11), of the pivoting way clevis which is affixed to
      an end face of the right side 57 by four screws 216. This construction is
      employed at this particular corner location to conserve space and
      accommodate the hold-down assembly which is disposed immediately in front
      of it.
PAR  Thus it can be seen that the present invention enables maintenance of zero
      clearance between the guide slides and guide wedges, and thereby maintain
      a desired blade clearance constantly under all conditions. One might say
      that as the two upper blades are moved vertically in their respective
      perpendicular planes for closure with their counterpart blades affixed to
      the base, for shearing material, a hydraulic balance of guide separating
      forces is achieved by gib pressure hydraulically applied through the
      take-up blocks (or gib pressure pads). Each such block may exert a force
      depending on the size of the associated cylinders, and pressure therein,
      and it is believed that between 2000 and 4000 pounds force for each block
      should suffice for most operating conditions.
PAR  Referring now to FIG. 13, the ram drive cylinders 68 and 69 are shown in a
      back-to-back arrangement with hydraulic lines connected to chambers on
      both sides of the pistons on each. Cylinder 68 has a stroke twice that of
      cylinder 69 and the strokes are two and one half inch and one and one
      quarter inch, respectively. The purpose of the short stroke or half stroke
      cylinder 69 is to drive the ram approximately one and one quarter inch for
      shearing only with the front blade, considering the rake from the right
      hand corner of the front blade to the left hand end thereof. The full
      stroke cylinder is used for a complete two and one half inch stroke of the
      ram for shearing with both the front and side blades. The shearing with
      the front blade alone is used for a slitting operation as described in the
      aforementioned patent application.
PAR  The take-up cylinders are shown at 199, 202, 208, and 210. The ram lock
      release cylinder is shown at 108. The hold-down cylinders are also shown
      at 123.
PAR  Hydraulic supply for the system is provided by pumps 221 and 222 driven by
      motor 223. By way of example, pump 221 provides an output on line 224 at
      one thousand pounds per square inch. Pump 222 provides an output on line
      226 at two thousand pounds per square inch. An adjustable unloading valve
      to return to sump 227 is provided at 228.
PAR  By following the hydraulic connections, it will be seen that the take-up
      cylinders are provided with hydraulic fluid from pump 222 at two thousand
      pounds per square inch. This pressure is established whenever the pump
      motor 223 is running. Also it will be noted that pressure from the high
      pressure pump 222 will be applied to the ram lock release cylinder 108
      whenever the pump cylinder is running, and solenoid valve SV8 is energized
      shifting it in the direction of arrow 229 against its return spring. It
      might also be noted that this particular solenoid valve will by-pass the
      high pressure line to the sump when the valve is in the position shown and
      only when it is shifted by energization to block the return to the sump,
      will it be possible to activate the ram lock release cylinder and the
      take-up cylinders.
PAR  The pressure line 224 from the low pressure pump 221 is connected to the
      junction 231 from which it is delivered through the half stroke cylinder
      control valve SV2 to the rod end of the half stroke cylinder 69. It is
      also delivered through the full stroke cylinder control valve SV1 to the
      rod end of the full stroke cylinder 68. When it is desired to operate the
      half stroke cylinder, valve SV2 is shifted by the solenoid thereof to
      deliver hydraulic fluid from junction 231 to the head end of the piston in
      cylinder 69, venting the rod end to sump 227. Thus a pressure up to 1000
      pounds per square inch would be applied to the piston to drive the ram
      downwardly. If the thickness of the material or other conditions required
      an increase in pressure, solenoid valve SV4 can be energized to apply
      pressure from line 226 established in accumulator AC1 through valve SV4 to
      the junction 231 and thence to the head end of cylinder 69. The same type
      of operation can be effected for the full stroke cylinder 68 but it is not
      intended that both cylinder piston rods be extended at the same time.
PAR  FIG. 13 also shows the eight pairs of hold-down cylinders 123 for the eight
      hold-down pressure pads above the front lower blade 36L, and the six pairs
      for the six hold-down pressure pads above the side lower blade 37L.
      Pressure is to these through solenoid valve SV5, when energized, and flow
      controller 232. The needed volume is obtained from pump 221 through check
      valve 233, and maximum pressure, upon clamping, is achieved from pump 222
      through flow control orifice 234. Pressure levels in these cylinders are
      sensed by pressure operated switches 236 and 237 for electrical control
      functions not a part of this invention.
PAC  OPERATION
PAR  In setting up the machine for the desired blade clearance, the procedure to
      be followed may begin with the ram up and the movable wedges fully up.
      With new blades in the machine, this should provide a blade clearance of
      approximately 0.060 inches. Then the ram is jogged downwardly by
      momentarily shifting the valve SV3 until the upper and lower blades have
      closed sufficiently with each other to be in registry, both at the front
      and at the side. Although the rake of the upper blades has been described
      above, and is shown in an exaggerated form in FIG. 6, the overall height
      of each blade being approximately three inches is sufficient that it is
      possible to establish registry or a face-to-face relation between at least
      a portion of the upper and lower front blades and upper and lower side
      blades throughout the length of each. Then shim stock of known thickness
      can be placed between the facing surfaces of the upper and lower blades,
      then the hand cranks for the wedge drive gear boxes are turned to the
      extent required to move the ram in the direction necessary to close up the
      clearance until there is a drag established on the shim stock. This may be
      done first with the wedges adjusting the side blade clearance, or first
      with the wedges adjusting the front blade clearance.
PAR  If the machine is so well constructed that with the wedges fully up, the
      clearance is exactly the same at one end of the blade as at the other
      before adjustment of the wedges, then the adjuster shaft associated with
      the wedges for adjusting those blades can be connected initially. For
      example, if it is the front blades which are in perfect spacing throughout
      their length, then the adjusting shaft 171 can be connected before the
      above described desired clearance adjustment is made. In this way, the
      cranking at the right-hand side by use of a wrench or crank on the adaptor
      179 will serve to simultaneously establish the desired clearance
      throughout the length of the front blades. On the other hand, if the
      blades are not of precisely the same clearance at both ends when the
      wedges are fully up, then, with the adjuster shaft 171 out, the necessary
      adjustment can be made at gear box 154 and gear box 168 by using the hand
      crank separately on the extension shafts for the respective gear boxes,
      prior to installation of the synchronizing adjuster shaft 171. The same
      can be done for the side blade. It may be found more convenient to use the
      crank at the left hand side of the machine for adjusting the side blades,
      than at the right hand side.
PAR  The gear ratio in the gear boxes is such that, combined with the ramp of
      the wedges, it requires approximately ten turns of a crank on the
      extension shaft to achieve a blade clearance change of approximately
      0.0010 inches. It is believed that for thicknesses of 0.080 or less hot or
      cold rolled mild steel, a front and side blade clearance of approximately
      .0050 inches with new blades will give satisfactory blade life.
PAR  The maintenance of high pressure and therefore high forces on the guide
      slide blocks of the ram, establishing zero clearance between them and the
      gib wedges against which they slide, assures that the desired blade
      clearance will be maintained at all times. Also the very moderate slope of
      the wedges assures that the gib will not move out of place, and it is
      preferable that when adjusting the wedges, the adjustment be terminated as
      the wedges are being driven downward, rather than as they are coming up,
      in order to avoid the possibility of change of adjustment due to
      tolerances in screw threads, nuts, gears and the like.
PAR  It has previously been mentioned that there are four bushings provided
      which may be used for mounting a dial indicator. Once a known blade
      clearance has been established by use of the shim stocks as described
      above, the dial indicator located in the bushing associated with that
      blade can be noted for a reading thereon. This reading can then be used as
      a reference for blade clearance changes without the necessity of again
      using the shim stock technique. The employment of bushings near both ends
      of each of the blades facilitates verification of uniformity of change of
      blade clearance at both ends. While it is believed that the blade
      clearance of the front and side blades is likely to be the same, it is
      possible that where the bulk of the work will be done with the front
      blades, or that for other reasons, depending upon the nature of the work
      done and the size of the cuts made and the materials being cut, a
      different clearance may be employed between the front blades than that
      employed between the side blades. Although perhaps it is unnecessary to
      mention, the dial indicator gauge would not remain installed during
      operation of the shearing machine on the work to be sheared.
PAR  While the invention has been illustrated and described in detail in the
      drawings and foregoing description, the same is to be considered as
      illustrative and not restrictive in character. For example, while the
      present disclosure affixes the lower blades to a fixed base in the form of
      the lower front and left side wall of a ram and conveyor housing, it is
      conceivable that aspects of the present invention could be practiced where
      lower blades are adjustable for clearance, and/or drivable for shearing
      operations, and that front and side blades might be separately drivable
      for shearing operations. Also it might be considered desirable that, in
      lieu of the shim stock technique, the blades in registry be moved into
      face-to-face abutment, the dial indicator or indicators set at a reference
      mark designating zero blade clearance, and then the wedges backed out to
      provide a dial indicator reading representing the desired blade clearance.
      Therefore it should be understood that only the preferred embodiment has
      been shown and described and that all changes and modifications that come
      within the spirit of the invention are desired to be protected.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of shearing metal or other materials in sheet form using
      power-driven shears and comprising the steps of:
PA1  introducing the sheet to be sheared into the space between the blades of a
      pair of shears;
PA1  moving one blade of said pair of shears in a first plane for closure
      thereof with another blade of a pair along a first line to shear said
      sheet along said line;
PA1  moving said one blade in said plane and away from said another blade after
      shearing said sheet along said line; and
PA1  applying force to said one blade in a direction perpendicular to said first
      plane by application of fluid pressure to said one blade to hold said one
      blade against guide means during said closure during movement of said one
      blade away from said another blade, said force being applied in a
      direction tending to increase side clearance between said blades;
PA1  moving one blade of a second pair of shears in a second plane for closure
      thereof with another blade of the second pair on a second line
      intersecting said first line to shear said sheet along said second line;
PA1  moving the one blade of the second pair in said second plane and away from
      said another blade of the second pair after shearing said sheet along said
      second line;
PA1  and applying force to said one blade of said second pair in a direction
      perpendicular to said second plane by application of fluid pressure to
      said one blade of said second pair to hold said one blade of the second
      pair against guide means during closure and during movement of said one
      blade of said second pair away from said another blade of said second
      pair.
NUM  2.
PAR  2. A method of shearing metal or other materials in sheet form using power
      driven shears and comprising the steps of:
PA1  introducing the sheet to be sheared into the space between the blades of a
      pair of shears;
PA1  moving one blade of said pair of shears in a first plane for closure
      thereof with another blade of a pair along a first line to shear said
      sheet along said line;
PA1  applying force to said one blade in a direction perpendicular to said first
      plane by application of fluid pressure to said one blade to hold said one
      blade against guide means during said closure;
PA1  applying said force in a direction tending to increase side clearance
      between said blades;
PA1  moving one blade of a second pair of shears in a second plane for closure
      thereof with another blade of the second pair on a second line
      intersecting said first line to shear said sheet along said second line;
PA1  and applying force to said one blade of said second pair in a direction
      perpendicular to said second plane by application of fluid pressure to
      said one blade of said second pair to hold said one blade of the second
      pair against guide means during closure;
PA1  adjusting said guide means to provide a known clearance between cutting
      edges of said blades when closed;
PA1  registering on a gauge the position of a movable one of said blades when
      said clearance is established; and
PA1  further adjusting at least one of said guide means while registering on
      said gauge a change of position of said movable one of said blades
      effected by further adjusting said one guide means to provide the
      clearance desired between the cutting edges when closed and while said
      pressure is applied.
NUM  3.
PAR  3. A method of shearing metal or other materials in sheet form using power
      driven shears and comprising the steps of:
PA1  introducing the sheet to be sheared into the space between the blades of a
      pair of shears;
PA1  moving one blade of said pair of shears in a first plane for closure
      thereof with another blade of a pair along a first line to shear said
      sheet along said line;
PA1  applying force to said one blade in a direction perpendicular to said first
      plane by application of fluid pressure to said one blade to hold said one
      blade against guide means during said closure;
PA1  applying said force in a direction tending to increase side clearance
      between said blades;
PA1  moving one blade of a second pair of shears in a second plane for closure
      thereof with another blade of the second pair on a second line
      intersecting said first line to shear said sheet along said second line;
PA1  applying force to said one blade of said second pair in a direction
      perpendicular to said second plane by application of fluid pressure to
      said one blade of said second pair to hold said one blade of the second
      pair against guide means during closure;
PA1  adjusting said guide means to provide contact between cutting edges of said
      blades of said first pair when closed, and contact between cutting edges
      of said blades of said second pair when closed;
PA1  registering on a gauge the positions of said movable blades of said pairs
      when in contact;
PA1  and then adjusting said guide means to provide the clearance desired
      between cutting edges of said first pair when closed and to provide the
      clearance desired between the cutting edges of said second pair when
      closed.
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ABST
PAL  A method and apparatus for cutting threads, particularly threads formed of
      mineral substances such as glass, are disclosed. A rotating drum carrying
      a plurality of radially extending cutting blades operates in conjunction
      with a rotating support drum which carries and supports the thread for
      cutting by the cutting blades. Ejector elements carried by the cutting
      drum and positioned in the spaces between the cutting blades are urged
      radially outwardly by centrifugal force and compress the thread against
      the surface of the support drum. The ejector elements then serve to strip
      cut sections of the thread from between the blades as the cutting blades
      move away from the support drum. Compressed air is supplied to the spaces
      between the cutting blades to remove waste material resulting from the
      cutting operation.
PARN
PAC  RELATED CASE
PAR  This application is a division of application Ser. No. 343,205 filed Mar.
      21, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to cutting threads into short sections, particularly
      threads in the form of rovings of untwisted or slightly twisted strands of
      a mineral substance such as glass fibers.
PAR  Short pieces of glass fiber rovings, usually in lengths between three to
      six millimeters have been found to be useful as a reinforcement material
      in synthetic polymeric resins which are cast or molded into complex
      shapes. Rovings possess relatively little cohesion, and as a consequence,
      the individual strands of which they are constituted tend to separate
      during the cutting operation in which the pieces are cut from a continuous
      length of roving. This results in the formation of a considerable quantity
      of waste material in the form of fibers and particles which, as the
      cutting operation proceeds, tends to fill and to be packed into the spaces
      between cutting blades carried by a rotating cutting drum, and this tends
      to make the cutting process faulty.
PAR  2. Description of the Prior Art
PAR  It has been known to cut rovings into short lengths by the use of a
      rotating drum having radially extending cutting blades, which drum acts in
      conjunction with a rotating support drum; the rovings being carried on the
      support drum and being cut by the blades as the blades come into contact
      with the surface of the support drum.
PAR  U.S. Pat. No. 3,555,947 shows such roving cutting apparatus employing means
      for ejecting the cut pieces from between adjacent cutting blades. In that
      device, a drum formed of a plurality of ejecting bars is mounted for
      rotation eccentrically with respect to the axis of rotation of the drum to
      which the cutting blades are attached. Ejection of the cuttings is
      confined to a very narrow area immediately adjacent the point of cutting.
      Further, this device has no means for preventing the waste material
      resulting from the cutting action from accumulating in the spaces between
      the blades. The buildup of waste material between the blades can be quite
      considerable, particularly where short lengths are being cut, and it is
      difficult to remove because of the formation of electrostatic fields which
      tend to cause the waste material to be retained in the spaces between the
      cutting blades.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of this invention is to provide a method and means for
      accurately and reliably producing short length cuttings, reliably and
      completely ejecting the cuttings from cutting drum, and inhibiting the
      collecting of waste material between the cutting blades.
PAR  In the process according to the invention, rovings are carried by a
      supporting device to a primary zone in the immediate vicinity of cutting
      elements, and while in the primary zone, are compressed against the
      surface of the supporting element. This facilitates the process of
      ejecting the cut piece and also improved the cutting process. After the
      roving is cut, it is carried to a secondary zone where the cut pieces are
      ejected from the cutting element by the action of ejector elements which
      are driven radially outwardly by centrifugal force. The formation of waste
      between the blades is inhibited by supplying a compressed gas, for
      instance air, to the spaces between the cutting blades.
PAR  Apparatus for carrying out the method set forth above includes a supporting
      element comprised of a rotatable drum, and a cutting element comprised of
      a second drum which is rotatable about an axis parallel to the axis of
      rotation of the support drum and which is provided with a plurality of
      radially outwardly extending cutting blades. Ejector elements are located
      between the cutting blade and are movable radially outwardly by the
      centrifugal force developed by the rotating drum. The ejector elements
      compress the rovings against the surface of the supporting drum and strip
      the cut pieces from the spaces between the cutting blades.
PAR  The cutting drum is provided with slots or channels through which
      compressed air may pass from the interior of the drum outwardly through
      the spaces between the cutting blades, thereby dislodging and carrying
      away fibers and particles accumulating in the inter-blade spaces.
PAR  In a particularly advantageous embodiment of apparatus, the ejector
      elements are comprised of plates or rods fastened to the cutting drum at
      their two ends but unattached at the center, the central section thereof
      being displaced radially outwardly by the action of centrifugal forces
      developed by the rotation of the cutting drum.
PAR  According to one embodiment of the invention, compressed air that inhibits
      the accumulation of waste in the spaces between blades is supplied through
      a hollow shaft about which the cutting drum rotates. The hollow shaft is
      supplied with longitudinal slots for supplying compressed air to the
      interior of the drum.
PAR  In another embodiment of the invention, the cutting drum carries a blower
      that produces compressed air which is in turn supplied to the spaces
      between the cutting blades.
PAR  Other characteristics and advantages of the invention will become evident
      from a consideration of the detailed description of several embodiments
      that follows, which description is given by way of example and not
      intended to limit the scope of the invention.
DRWD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a partial schematic view showing the general layout of apparatus
      embodying the invention.
PAR  FIG. 2 is a schematic drawing of a cutting drum, some of the cutting blades
      of which are used to constitute a centrifugal blower.
PAR  FIG. 3 is a schematic drawing of another form of cutting drum wherein a
      centrifugal blower is located inside the drum.
PAR  FIG. 4 is a detail view of an ejector element showing the element in a
      relaxed condition.
PAR  FIG. 5 is a perspective view of one embodiment of a cutting drum assembly
      having an internal blower and slots for supplying compressed air to the
      spaces between cutting blades, some parts being shown in section and some
      being broken away to disclose other parts within the drum assembly.
PAR  FIG. 6 is an axial sectional view of a cutting drum similar to that shown
      in FIG. 5, with the exception that the grooves in the drum for supplying
      air are replaced by space apertures.
PAR  FIG. 7 is a transverse sectional view taken as indicated by the line
      VII--VII of FIG. 6.
PAR  FIG. 8 is a detail view of a section of a cutting drum showing angularly
      disposed slots in the drum for supplying air to the spaces between cutting
      blades.
PAR  FIG. 9 is a detail view of a section of a cutting drum showing how cutting
      blades are installed on the drum.
PAR  FIG. 10 is a detail view of another embodiment which utilizes ejector
      elements comprised of rods having a circular cross section.
PAR  FIG. 11 is a perspective view, partially cut away, of an assembly
      comprising a cutting drum and a cooperating roving support drum mounted on
      a base.
PAR  FIG. 12 and 13 are schematic drawings showing cutting apparatus according
      to the invention in operating environments, according to Examples I and II
      respectively, set forth below.
DETD
PAR  FIG. 1 is a schematic representation of a device for carrying out the
      process according to the invention which device is comprised of a
      supporting element or "anvil", which usually consists of a support or
      anvil drum 1, rotatable around an axis in the direction of the arrow f,
      and a cutting drum 2 that turns about an axis in the direction of the
      arrow f.sub.1. The cutting drum has a plurality of radially extending
      cutting blades 3 mounted thereon and an ejector means that is comprised of
      a plurality of ejector elements such as plates 4. Each of the plates is
      located in a space between adjacent cutting blades and is fastened only at
      its two ends, and may be flexible so that when the cutting drum is at
      rest, the central portion of each plate is depressed and may be in contact
      with the surface of the drum 2. When the cutting drum is rotating at its
      normal speed, the central portions of plate 4 are urged radially outwardly
      by centrifugal force to the level of the cutting edges of the blades 3.
PAR  The rovings 5 are introduced into the apparatus and pass over the support
      drum 1. They first pass through a primary zone A where they are subjected
      to compression. This compression is produced by the plates 4 which press
      the rovings against the surface of the drum 1 by reason of the centrifugal
      force to which the plates are subjected by the rotation of the drum 2. The
      cutting blades cut the rovings into short sections, after which the cut
      sections pass into a secondary zone B, where the cut pieces are ejected
      and where the waste is eliminated by the passage of compressed air through
      slots 6 located in the drum 2, as will hereinafter be described in more
      detail.
PAR  Because of the action provided by the ejector plates 4, which are
      positioned between the blades 3 at the moment of cutting and which
      thereafter regain their outward position so that their surfaces are more
      or less at the level of the cutting edge of blades 3, the cut pieces are
      forcefully ejected from the cutting drum. This action is supplemented by
      the centrifugal forces acting on the cut pieces. Furthermore, the jets of
      compressed air issuing from the slots 6 inhibit the accumulation of any
      waste material.
PAR  Air at greater than atmospheric pressure can be obtained by making use of
      the rotation of the drum. For example, in FIG. 2, there is shown a cutting
      drum wherein some of the cutting blades 3a, are longer than the normal
      cutting blades 3 and constitute the vanes of a centrifugal blower. In this
      case, the drum 2 may not be slotted, and the compressed air passes
      directly between the cutting blades 3 and the ejector plates 4 to remove
      waste material.
PAR  According to another arrangement shown in FIG. 3, a centrifugal blower 7 is
      provided inside the drum. The blower rotates with the drum and the
      compressed air issuing from the blower passes through the drum, via the
      slots 6, into the spaces between cutting blades 3.
PAR  The compressed air may also be supplied from outside the apparatus and may
      be introduced inside the drum 2 via the passage 25 in the hollow shaft 20
      shown in FIG. 5. In this embodiment, a distributor (not shown) may be
      provided that directs the compressed air, so that it is concentrated on
      the zone where the cut pieces are ejected.
PAR  The ejector elements 4 may have any cross section that is suitable from the
      standpoint of mechanical strength. If the cross section of the ejector
      elements has a low moment of inertia in the direction in which the
      centrifugal force acts, such as the flat plates as shown in the foregoing
      FIGS. 1-4, it has been found to be advantageous to shape the ejector
      elements so that they have a longitudinal curvature as indicated by the
      arrow f.sup.1 in FIG. 4. The degree of curvature is dependent on the
      desired speed of rotation of the cutting drum to which the ejector element
      is to be attached. Preferably, the curvature indicated by the arrow
      f.sup.1 will then be neutralized and the ejector element will be
      substantially straight when the cutting drum has reached its normal
      operating speed.
PAR  It should be understood that the anvil drum 1 and the cutting drum 2 are
      driven by suitable drive means (not shown).
PAR  FIG. 5 is a view in perspective of one embodiment of a cutting drum
      according to the invention. In this figure and also in several of the
      other figures, the supporting drum or anvil 1 is not pictured. It should
      be realized that the drum 1 can be a cylindrical body of flexible
      material, for instance rubber, mounted on a shaft or may be a cylindrical
      drum coated or covered with a flexible material, such as rubber, both of
      such drums being types which are currently utilized for purpose herein
      disclosed.
PAR  In FIG. 5, the ejector elements comprising plates 10, are installed on the
      drum 2, on which are mounted the cutting blades 3, the ejector plates 10
      being located in the spaces between the cutting blades. The plates 10 are
      held at their extremities inside grooves 11 of the covers 12, as shown in
      FIGS. 5 and 6. The plates 10 are precluded from longitudinal movement by
      the covers 12, but are movable in a radial direction by the centrifugal
      forces arising from the rotation of drum 2. The depth of each space
      between the cutting blades corresponds to the height of the cutting blades
      3 projecting beyond the surface of the drum 2, and the thickness of the
      ejector plates 10 in a radial direction is significantly less than this
      height. Thus plates 10 can sweep the entire depth of the space from the
      outer surface of the drum 2 to the cutting edges of the cutting blades 3.
PAR  As shown in FIGS. 6 and 9, the cutting blades 3, are mounted on the drum 2
      in grooves 13 and are retained in the grooves by means of corrugated
      springs 14. The blades 3 are held at their ends by two flanges 15 having
      tapered projections 16. The wall of the drum 2 is traversed by grooves 6,
      which are positioned between each of the cutting blades and which are
      directed toward the ejector plates 10.
PAR  The drum 2 is cylindrical and is mounted for rotation about its axis by two
      flanges 17, which are rotatably mounted to a central shaft 20 by bearings
      such as ball bearings 18. The assembly comprised of the drum 2 and the
      flanges 17 is secured together by tie rods 19, and this assembly is
      attached to the covers 12 by bolts 21. The ball bearings 18 allow the
      assembly comprised of the drum 2, flanges 17 and covers 12 to turn freely
      in relation to the central shaft 20.
PAR  The shaft 20 has longitudinal slots 22 positioned at its center section for
      reasons as will hereinafter be explained.
PAR  In the space between the inner wall of the drum 2, the flanges 15, and the
      shaft 20 is mounted a centrifugal blower 23. This blower is held in
      position with respect to the flanges 15 by the tie rods 19, which pass
      through end plates 23a of the blower as shown in FIGS. 5 and 6.
PAR  The flanges 15 are held in position in relation to the drum 2 by means of
      projections or keys such as key 24 shown in FIG. 6.
PAR  When the drum assembly is rotated about the fixed shaft 20, the blades of
      the blower 23 draw air through the passage 25 of the shaft 20 and thence
      through the slots 22. When the air comes in contact with the blades of the
      turbine, it is impelled by centrifugal force through the slots 6 of the
      drum 2 and escapes through the gaps between the edges of the plates 10 and
      the cutting blades 3, carrying with it any waste material which is
      present.
PAR  FIGS. 6 and 7 illustrate an embodiment analogous to that described in
      connection with FIG. 5. In this embodiment the slots 6 which permit the
      passage of compressed air to the spaces between the cutting blades are
      replaced by holes 26 spaced at regular intervals along the surface of the
      drum 2.
PAR  In the preceding description, the slots 6 or the holes 26 are machined so
      as to be perpendicular to the tangent passing through the intersection of
      the axis of the groove or hole with the inner wall of the drum 2.
      Alternatively, as shown in FIG. 8, the holes or slots can be made so that
      the axis thereof is disposed at an angle with respect to the tangent
      passing through the intersection of the axis of the slot or hole with the
      inner wall of the drum 2, so that the angle .alpha. has a value other than
      90.degree..
PAR  As is shown in FIG. 9, the openings of the grooves 6 between the cutting
      blades 3 can be V-shaped in form, with the point of the V disposed toward
      the bottom of the groove. Conversely, the exits of the holes 26 may have a
      tapered form (not shown).
PAR  As may also be seen from FIG. 9, the plates 10 may have a shallow V-shape
      in cross section, the apex at the V being disposed downwardly toward the
      grooves or holes.
PAR  In FIG. 10 there is shown another form of ejector element in the form of a
      rod 27 having a circular cross section. Of course, the rod 27 could be of
      any cross sectional shape which yields the desired flexibility and
      mechanical strength.
PAR  FIG. 11 is a perspective view of an assembled cutting apparatus in
      conformity with the invention. In this apparatus there is provided a base
      member 35 which has mounted thereon a pair of parallel rails 29, one of
      which is shown in FIG. 11. Slidably mounted on rails 29 are a pair of
      bearing blocks 34 which rotatably support the respective ends of shaft 30
      on which support drum 1 is mounted. Longitudinal positioning of the
      support drum 1 relative to the base 35 is accomplished by means of
      threaded adjustment members 31 coactive between the base 35 and the blocks
      34. Similarly, blocks 32 are slidably mounted on rails 29 and support
      respective ends of shaft 20 of the cutting drum 2. Longitudinal
      positioning in the cutting drum 2 is accomplished by threaded adjusting
      members 33.
PAR  Hingedly secured to the base 35 by means of the shaft 37 are a pair of arms
      38. Fixed to the arms 38 is a protective cover 36. A compression roll 28
      is rotatably mounted between the arms 38. The arms 38 are held in position
      during operation by the spring 39 which is affixed at one to the curved
      handle 38a joining the arms 38.
PAR  In operation, roving 5 is drawn into the apparatus in the direction as
      indicated and is pressed against the support drum 1 by the compression
      roll 28. The roving 5 is carried to the point of intersection of the knife
      blades 3 and the surface of support drum 1 and the cut pieces 5a are
      ejected vertically downwardly out of the apparatus.
PAR  Some examples are given below of applications utilizing the above described
      invention.
PAC  EXAMPLE I
PAR  Cut threads are produced, 3-6 mm in length, from glass fiber rovings. The
      equipment utilized, which is represented schematically in FIG. 12, has a
      comb 40 used to guide a plurality of rovings 41 onto the support drum 1.
      An exhaust or vacuum system 42 is connected to the hood or top of the
      housing 43, which housing encloses the support drum 1 and the cutting drum
      2, for reasons as will hereinafter appear. A transverse back and forth
      motion is imparted to the comb 40 and this in turn causes the rovings to
      move back and forth over the surface of the drum 1. This reduces wear on
      the cutting blades and permits them to wear more evenly. The exhaust
      system 42 carries off the dust and waste material formed by the cutting
      operations and maintains the air in the working area free of such
      material.
PAR  Rovings are fed to the cutting apparatus from a creel, a number of these
      rovings being equivalent to 10,000 tex. The equipment is located in an air
      conditioned environment having a relative humidity of 80-90%, and a
      temperature of about 18.degree.-20.degree.C. The volume of air drawn off
      by the exhaust 42 is about 0.1 cubic meters per second.
PAR  The cut pieces thus obtained have a low waste content, the waste being
      removed and evacuated by the compressed air issuing from the cutting drum
      2 and the exhaust equipment 42. The products collected in the bin 44 are
      free of waste material and have an excellent appearance. The situation of
      pieces being cut more than once, which often occurs when pieces less than
      3 mm are being produced, is eliminated by the action of the ejector
      elements.
PAR  During tests, a total of 50 hours of operation was achieved without any
      interruption for cleaning the cutting drum. After shutdown following the
      50 hours of operation, it was found that the cutting drum did not have the
      slightest trace of textile waste or size deposits.
PAR  On this type of equipment, it has been found that shut downs need be made
      only for the purpose of changing the cutting blades or the rubber jacket
      of the supporting drum, when these have become worn from use.
PAC  EXAMPLE II
PAR  Cuttings 3-6 mm in length were made from rovings coming from a creel, one
      roving being equivalent to 10,000 tex. Referring to FIG. 13, the threads
      of material 45 coming from the spools were guided through rings to a comb
      46, over which they were distributed. These threads were passed through an
      enclosure 47, having a plurality of water sprayers 48 and the threads were
      given a moisture content equivalent to air saturated with water.
PAR  The threads were then passed over a selector comb 40 and drawn into the
      apparatus comprised of the support drum 1 and the cutting drum 2, this
      assembly being of the same type as used in Example I. The machinery is
      likewise equipped with an exhaust or vacuum system 42, as in Example I.
PAR  The results with respect to the quality of cut sections, the anti-waste
      effect of the cutter drum, and the duration of operation are identical to
      those of Example I.
PAR  In these two examples the speed of rotation of the cutting drum was 1300
      rpm, which corresponds to an unwinding speed for the roving to be cut of
      500 meters per minute. It is thus possible to obtain a rate of flow, with
      a roving of 10,000 tex., of 300 kg/hr. of cut thread.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of cutting thread into short lengths and separating waste
      material therefrom comprising supporting the thread on a rotating support
      element, compressing the thread against the support element in a first
      zone, cutting the thread into short lengths by a rotating cutting drum
      having a plurality of spaced successive cutting blades, while the thread
      is in a compressed condition, conveying the cut lengths of thread to a
      second zone, ejecting the cut pieces of thread radially outwardly from
      between adjacent cutting blades by ejector elements which urge the cut
      pieces away from the cutting blades, and providing against accumulation of
      waste material resulting from the cutting operation between the blades by
      blowing compressed gas outwardly through the spaces between the cutting
      blades to remove waste material from the spaces between adjacent cutting
      blades.
NUM  2.
PAR  2. A method as in claim 1 which further comprises ejecting the cut pieces
      of thread downwardly from between adjacent blades at an ejection zone into
      a collection means, and removing waste resulting from the cutting
      operation by directing fluid under pressure between the cutting blades to
      urge waste material outwardly of the cutting drum into an exhaust stream
      which carries the waste material in a direction away from the collecting
      means.
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ABST
PAL  A movable table-like surface formed from a continuous loop-belt member is
      provided to carry drapery material along a straight edge which keeps the
      material in a proper squared alignment as it is conveyed in a time-saving
      manner to a cutter that is adjustably movable along the edge of the belt
      member. The cutter is mounted on track means that is at a right angle with
      respect to the straight edge and the movement of the material on the belt
      such that any desired length of material can be cut off as measured from
      the straight edge.
BSUM
PAR  The present invention relates to a material squaring and cutting apparatus.
PAR  More particularly, the apparatus of the present invention provides for
      rapidly squaring drapery material as it is carried along on a moving belt
      type of surface to a movable cutter such that conventional sizing,
      squaring and cutting times can be vastly reduced.
PAR  In the drapery manufacturing business, it has been conventional to use a
      large, fixed work table having straight edge members at each end of the
      work surface and at least one of the straight edge members will be movable
      so as to provide for cutting different lengths of material. In the sizing
      operation, the material is straightened out on the table and the straight
      edges used to try and obtain a "squared" piece of material. After the
      squaring and sizing to measurement, the excess material at one end is cut
      off to obtain an even length.
PAR  This conventional sizing and cutting procedure averages some four minutes
      of time, even when using persons that are trained and skilled in the
      operation. This timing may seem relatively short, however, in view of the
      highly competitive nature of the drapery manufacturing business, it is, of
      course, necessary to reduce the time involved in each and every step of
      the overall operation. Thus, where a major handling step, such as the
      sizing and cutting of squared, even lengths of material, can be
      accomplished in a fraction of the prior conventional time period involved,
      then there can be a vast savings in labor and an accompanying competitive
      advantage in the industry.
PAR  In this instance, it may be considered a principal object of the present
      invention to provide an improved form of sizing and cutting apparatus
      which can convey the drapery material on a moving belt and along a
      straight edge such that the material is carried to a powered cutter means,
      with the entire stage of the operation completed in less than about
      one-fourth of a minute as compared to about four minutes of time.
PAR  It may also be considered an object of the present invention to provide an
      apparatus which has the cutter along track means positioned such that a
      powered cutter blade or scissor means will be easily moved and positioned
      to provide any desired length of drapery material, with the measurement
      being taken from the straight edge portion of the apparatus and from what
      will be the top edge of the drapery.
PAR  It may be considered a still further object of the invention to have
      marking means mounted on the track means for the cutter blade such that a
      suitable marking can be made along the drapery material as it is fed to
      the edge of the table-like work surface and such markings used to
      advantage in a subsequent hem making operation.
PAR  Other objects and advantages will be set forth hereinafter. In any event,
      it is to be noted that the improved apparatus will not only provide labor
      savings and lowered costs, but will provide quality, squared products
      which can result in truly "custom draperies", as known in the trade.
PAR  Broadly, the present invention provides a drapery material alignment and
      cutting apparatus which comprises in combination: (a) a generally
      horizontal continuous loop-belt member providing a material receiving
      surface of extended area to accommodate the placement of drapery material;
      (b) drive roller means and belt support means holding said loop-belt
      member; (c) motor means and drive means connective to said drive roller
      means to effect a desired periodic movement of said belt member and its
      material receiving surface; (d) a straight-edge alignment means along a
      side of said movable loop-belt member and extending parallel with the
      movement direction of such belt member whereby material will be aligned to
      move evenly and in a squared relationship with the movable belt member;
      (e) a material cutter means movably mounted on track means extending
      perpendicular to the movement of the belt member and adjacent the edge
      portion of the belt member where the latter moves from the top surface to
      the bottom to change direction; and (f) material hold-down means extending
      along and over said belt member at a right angle with respect to the
      straight-edge alignment means, whereby the material being received and
      moving along with the belt member will in turn be held in a straight
      perpendicular relationship to the cutter means as it is fed toward the
      latter.
PAR  The loop-belt member which provides the moving table-like surface for
      handling the drapery material may comprise various types of materials but
      will generally be fabricated of a rubber or plastic-like material such
      that it may be passed around spaced apart roller members, one of which
      will be a driven roller to, in turn, provide for the movement of the belt
      and the table-like surface. Also, the belt material may have a rubberized
      interior surface which is against the roller means so as to provide a
      suitable "friction surface" to be readily driven by the roller means. The
      driven roller will, of course, connect to suitable electric motor means
      which in turn may be controlled by a knee operated lever or a foot pedal
      such that an operator can readily start and stop the movement of the belt
      and the table-like surface.
PAR  The straight edge member which extends along one side of the moving belt
      surface in order to provide the principle alignment means for the material
      which is to be fed onto and conveyed by the table may be fabricated or
      formed from various structural straight edge members. For example, the
      straight edge alignment means may be the edge of an angle or channel
      member or may comprise the outer side portion of a square or
      rectangular-form tubular member. In each apparatus, the straight edge
      member must be in careful parallel alignment with the edge of the moving
      belt member and perpendicular to the roller support means for the belt
      member such that there will be an accurate squaring and straightening of
      the material fed onto the surface of the conveyor belt-member and, in
      turn, provide a resulting aligned and squared section of drapery material
      as it is cut. Generally, in the handling of drapery materials, there will
      have been a hemmed edge including buckram, or other stiffener material,
      which provides the top edge of a finished drape. As a result, there is a
      relatively stiff and rigid edge provided on drapery-types of materials
      prior to the feeding of the long piece of material into or onto the
      present type of apparatus for effecting the sizing and cutting of a
      desired length for a drape.
PAR  Various types of electric scissors or cutting wheels may be provided to
      serve as the cutter means which in turn is mounted on the track means
      extending along the downstream edge portion of the moving belt member.
      However, in each instance, the cutter should be mounted or positioned in a
      manner to engage the drapery material as it reaches the edge of the moving
      table, as the latter descends around the roller means to make its
      180.degree. reverse movement. Separate switch means is also provided that
      will be readily accessible to an operator to effect the starting and
      stopping of the cutting means. It should also be noted that it can be of
      particular advantage to have measurement means directly on the fixed track
      means for the movable cutter means such that an operator can readily
      determine the various length measurements from the fixed straight edge
      means which, in turn, maintains the straight alignment for the top end of
      the drapery material. Thus, there may be a rapid movement and setting of
      the cutter means at a desired fixed point on the track means such that
      there will be a desired length of drape, as measured from the top of the
      drape along the straight edge means, with the necessary allowance for
      subsequently making a bottom hem on the drapery material.
PAR  As still another added feature in combination with the movable cutter
      means, there may be a suitable marking member attached to the cutter or to
      the support means for the cutter means so that at a predetermined
      measurement away from the cut edge of the material there can be a mark to
      assist in making the bottom hem. In other words, a suitable mark will be
      formed on the material as it is conveyed with the moving belt member and
      such marking will extend across the entire resulting piece of sized and
      cut material at a predetermined distance up from the cut edge.
PAR  The preferred form of the sizing and cutting apparatus will also utilize
      various material hold-down means to assist in holding the drapery material
      in a proper aligned position on the moving table-like surface of the belt
      member. For example, it has been found to be of particular advantage to
      use spaced knurled surface wheels on a rotatable shaft member that extends
      along the entire length of the moving belt table-like surface at a
      location relatively close to the track means such that the material is
      being held in a straight aligned position as it is conveyed off the
      downstream edge of the conveying table surface. Also, the knurled wheel
      members may be made movable along the shaft member so that at least one of
      the knurled wheels will be relatively close to the cutter means in order
      to hold the material against the moving belt table-like surface in the
      zone of the cutting means. Additional smooth rod means may be spaced along
      the length of the table-like surface, at right angle to the movement of
      the table, in order to insure the smoothing out of the material and the
      holding of the material evenly over the entire conveyor belt surface. Such
      hold-down rods may be adjustable as to height or mounted in such a manner
      that they can be lifted and rotated in order to preclude excessive weight
      or pressure against the material, or against the table-like surface.
PAR  In still another modification, it has been found to be of advantage to have
      one or more roller means positioned at spaced distances relatively close
      to the straight edge alignment member such that the edge of the material
      which is being conveyed with the belt surface will be held down against
      the moving surface and there is a resulting mechanical assistance in
      maintaining the moving material, along with the moving belt member,
      against the side of the straight edge member to, in turn, insure resulting
      squared and properly aligned material which will be sized and cut to
      length by the apparatus.
PAR  Reference to the accompanying drawing and the following description thereof
      will serve to illustrate one embodiment of the present invention as well
      as assist in pointing out additional advantageous features which are
      incorporated in the apparatus for effecting the rapid sizing and cutting
      of drapery materials.
DRWD
PAR  FIG. 1 of the drawing is a partial plan view indicating the placement of a
      straight edge member along the side of a movable belt member serving as a
      conveying type of table surface, as well as the positioning of a movable
      cutter means along track means located in a manner to move at right angles
      with respect to the belt means.
PAR  FIG. 2 of the drawing is a sectional elevational view through the sizing
      and cutting apparatus, as indicated by the line 2--2 in FIG. 1.
PAR  FIG. 3 of the drawing is a slightly enlarged partial sectional view through
      the straight edge member and a portion of the moving belt member to
      indicate roller means mounted near the straight edge member for holding
      material onto the belt surface, as indicated by the line 3--3 in FIG. 1.
PAR  FIG. 4 of the drawing illustrates, in an enlarged partial sectional
      elevational view, a marking means which may be mounted on the cutter
      support member, as indicated by the line 4--4 in FIG. 1.
PAR  FIG. 5 of the drawing illustrates, also in a slightly enlarged partial
      sectional elevational view, the arrangement of a material hold-down member
      as being supported from the straight edge member, as indicated by the line
      5--5 in FIG. 1.
DETD
PAR  Referring now particularly to FIGS. 1 and 2 of the drawing, there is
      indicated the utilization of a continuous loop-belt member 1 to provide a
      movable table-like surface for the handling of cloth-like materials,
      particularly for the manufacture of draperies, with such member being
      supported around spaced roller means 2 and 3. As indicated in the drawing,
      the roller member 2 will have shaft means 4 extending on through a
      suitable pillow-block or bearing means 5 and have a sheave or pulley means
      6 to connect through belt means 7 to a pulley means 8 on motor means 9
      whereby the roller 2 will be powered to move the belt member 1. As best
      shown in FIG. 2 of the drawing, pulley 2 will be driven counterclockwise
      to move the top surface of the belt member 1 toward the left and toward a
      cutter wheel 10 which is mounted from the shaft of a motor means 11 on
      support 12. The latter is, in turn, being supported by spaced track member
      13 and 14. A foot pedal switch 15 connects to motor means 9 such that
      there may be the easy starting and stopping of the movement of the
      loop-belt 1 and the conveyance of material thereon to the cutter blade 10.
PAR  Various types of supporting structures may be utilized in fabricating the
      present sizing and cutting apparatus and it is to be realized that the
      table-like supporting structure of FIGS. 1 and 2 is merely diagrammatic.
      In this instance, there is indicated the utilization of spaced post means
      16 and 17 and cross beams 18 and 19 suitable to hold motor means 9 as well
      as the bearing means 5 for roller 2 and bearing means 47 for the end of
      roller means 3 at the upper end portion of the apparatus. In addition,
      there is the straight edge member 20 which extends between the post means
      16 and 17 closely adjacent the side edge of the loop-belt member 1 to
      serve as the straight edge alignment means to maintain the proper aligning
      and squaring of material being fed onto the conveying belt surface. As a
      result, it is necessary that the straight edge member 20 be in an accurate
      parallel alignment with the movement of the belt member 1 and
      perpendicular to the roller means 2 and 3 over which the belt member will
      operate. Suitable posts, cross beams, bearing means, etc., (not being
      shown) will, of course, be provided at the other end of the apparatus to
      support the rollers 2 and 3 and other longitudinal members. Also, still
      other beams or brace members may well be utilized in effecting the
      suitable support of the sizing and cutting apparatus without effecting the
      scope of the present invention.
PAR  As heretofore noted, it is a particular feature of the present invention to
      have a mechanical or motor operated cutting means to effect the rapid
      cutting of the material as it is carried to the downstream edge portion of
      the belt member 1 and insure the accurate squared cutting of the material
      with respect to the straight edge alignment member 20. Thus, track means
      13 and 14 are necessarily positioned to be perpendicular to the straight
      edge member 20 and in parallel relationship with the edge of loop-belt
      member 1 where the surface moves from the top to the bottom, over roller
      means 2. In this instance, cutter motor 11 and cutter wheel 10, which is
      attached to the shaft from the latter, is mounted on a slidable support
      plate 12 which is readily movable along the entire length of the track
      means 13 and 14 such that any length of drapery material may be cut off as
      measured from the side of straight edge member 20.
PAR  In order to assist in making rapid accurate measurements, there may be
      suitable markings 21 on the track means 14, or on track means 13, such
      that support plate 12 and cutter wheel 10 may be moved to a desired
      predetermined distance from straight edge member 20. A knurled knob,
      threaded screw member 22, is indicated as extending through a front edge
      portion 24 of support plate 12 and is positioned to clamp against the side
      portion of the front track means 13 so that support plate 12 and the
      acompanying motor and cutter means will be fixedly held at a desired
      cutting position; however, other conventional locking means may be used to
      provide for the holding of the cutter means and its supporting plate 12 at
      a desired location along the track means 13 and 14. Also, it is not
      intended to limit the present invention to any one type of track means
      inasmuch as a wide single support member may well be utilized in lieu of
      the separate spaced apart members 13 and 14 that are presently indicated
      to provide a suitable support for the cutter means. There is also
      indicated the placement of a switch means 23 on a front plate portion 24
      of support plate 12 in order to provide easily accessible stopping and
      starting means for the cutter motor 11 and the material cutting operation.
      Where desired, the switch means for the cutter motor 11 may well be in the
      form of a foot pedal or a treadle type of switch on the floor of the
      workroom.
PAR  With reference to FIGS. 1 and 3 of the drawing, there is indicated the
      placement of spaced roller means 25 parallel to and relatively closely
      adjacent to the side of the straight edge member 20. As best shown in FIG.
      3 of the drawing, the roller means 25 may be suspended from shaft means 26
      held by a spring biased arm means 27 that is in turn held by post means 28
      from straight edge member 20. A spring member 29 is indicated as extending
      from an end portion of arm 27 to a holding member 30 from straight edge
      member 20 such that there is a downward biasing of the roller 20 onto the
      surface of conveyor member 1; while at the same time, by virtue of pin
      means 31 from post member 28, the pressing of the opposing end portion 32
      of arm member 27 will permit the raising of the roller member 25 from
      above the surface of belt member 1. It has been found that the utilization
      of the spaced roller means 25 is a particular advantage in holding the
      material being fed on the belt member in good contact with the latter and
      against the side of the straight edge member 20 such that the entire piece
      of material extending outwardly over the surface of the continuous belt
      loop member 1 can be maintained in a squared, aligned relationship with
      the straight edge member 20.
PAR  It has also been found that knurled surface wheel members 33, shown as
      mounted from shaft 34, that extends parallel with the track means 13 and
      14 above the surface of loop member 1, will assist in holding the
      downstream portion of the drapery material against the loop-belt surface 1
      and assist in the overall squaring and aligning of the material on the
      conveyor belt surface. As heretofore noted, it is of advantage to have at
      least one of the knurled wheel members 33 relatively close to the zone of
      cutting wheel 10 such that the material is being properly held at the zone
      of the material cutting operation. Thus, in order to have adjustability of
      positioning for the knurled wheel members 33, such members may have hub
      portions 35 and set screw means 36 to permit longitudinal adjustability
      along the length of shaft means 34. The latter is in turn indicated as
      being held by suitable pillow-block means 37 from the top surface of
      straight edge member 20. Normally, it is unnecessary to have the shaft
      means 34 power operated inasmuch as it may merely idle or rotate
      responsive to the movement of the material and the power operated
      loop-belt member 1.
PAR  As still another advantageous feature of the present apparatus, there may
      be the utilization of a suitable marking member in combination with the
      support plate 12 or the motor for cutter means 10 whereby a mark may be
      provided across the width of the drapery material at a predetermined
      distance from the cut edge. For example, where it is known that some 8 to
      15 inches of material are required to provide a hem from the cut edge of
      the material, then the marking means will be located to be at the
      predetermined distance from the cut of the material and result in
      assisting in the subsequent hemming of the drapery material. Specifically,
      as best shown in FIG. 4 of the drawing, there is diagrammatically
      indicated the placement of post-like support means 38 along the cutter
      support plate 12 and a pivot arm means 39 from pin member 40 such that
      depending arm means 41 may hold a marking wheel 42 that is adapted to move
      across the material being conveyed on loop-belt member 1. It will also be
      noted that spring means 43 is utilized between the end portion of the arm
      member 39 and the lower portion of post member 38 such that there is a
      downward spring biasing to provide pressure from the marking wheel 42 onto
      the material passing under such wheel. The present drawing is merely
      diagrammatic and other methods of supporting a marking means may well be
      employed. Also, the marking need not be from a wheel member 42 but may be
      made from a fixed piece of chalk or from conventional material marking
      means. The support for the marking means may also be adjustably mounted on
      the plate 12 to provide a varying dimension from the cut edge.
PAR  As still another aspect, there is diagrammatically indicated the placement
      and utilization of additional longitudinal positioned hold-down means such
      as smooth bar means 44 which, as best shown in FIG. 5, is supported from
      clamping means 45 mounted from the top of straight edge member 20. The
      support member 45 may be provided in a manner to permit rotation of member
      44 whereby it can be raised or lowered with respect to the top surface of
      conveyor belt member 1 by virtue of twisting an end portion 46. Typically,
      the elongated bar member 44, as shown in FIG. 1, will be spaced slightly
      above the surface of the conveyor loop-belt member 1 such that material
      can pass therebetween but will be smoothed and held against the conveyor
      belt surface as it is carried therewith to the cutting edge of the
      apparatus. Actually, a plurality of hold-down members 44 may be spaced one
      from another across the length of the table-like surface of the apparatus
      such that there is assistance in smoothing and holding material over the
      entire length of the apparatus.
PAR  Minor modifications in construction and operation will be apparent to those
      skilled in the construction and use conveyor means and in the handling of
      cloth materials. For example, spaced idle rollers, such as 48, are
      indicated in FIG. 2 of the drawing to assist in the support of the upper
      portion of the moving belt 1 in order to maintain a relatively flat and
      smooth table-like surface for the conveying of the drapery material.
      Additional rollers may also be utilized under the lower return portion of
      the loop-belt member 1; however, such types of rollers are not indicated
      in the present drawing. Various types of materials may well be used in
      fabricating the continuous loop-belt member as well as various portions of
      the entire apparatus. Typically, the loop-belt member may comprise a
      reinforced rubber-like material capable of being powered and carried over
      the spaced rollers 2 and 3. Specifically, the belt material may comprise
      "Hycar" belting with a smooth top finish and a frictional surface on the
      pulley side. In each instance, the motor power means for powering the
      drive roller 2, the motor means for the cutter blade 10, and the pulley
      and belt arrangements, as well as the switch means indicated, are merely
      diagrammatic and other conventional motor drive means and control means
      may well be utilized within the scope of the invention.
PAR  In the use of the apparatus, operators will be positioned on each side of
      the continuous loop-belt member such that material can be fed onto the
      leading edge of the conveyor table-like surface and maintained against the
      side of the straight edge member 20 and such that an operator will be
      adjacent the cutter means and the switching means which will operate the
      movement of the conveyor loop-belt means 1 and the cutter blade 10. Of
      course, the positioning of the support plate 12 and the cutter thereon
      will be preset to be fixed at a proper dimension to suit the desired
      length of drapery, as measured from the straight edge 20. By virtue of the
      straight edge, the various hold-down rollers and the bar means such as 44,
      the material being conveyed on the loop-belt member will be retained in a
      squared and properly aligned positioning such that there is a resulting
      straight, right angle cut across the bottom of the drapery material. In
      the event that long lengths of drapery are required, it may be necessary
      to have two operators on each side of the sizing and cutting apparatus
      such that the material is uniformly fed onto the conveyor surface and
      maintained in alignment along the straight edge member as well as being
      maintained in alignment on the downstream edge of the loop-belt member
      while being fed into the cutter means.
PAR  As still another modification which may be used to advantage, there may be
      the use of a perforated loop-belt member and air suction means provided to
      effect a relatively uniform suction through the top surface and on the
      material being fed onto the conveyor belt means so as to assist in holding
      the material tightly to the surface. The air intake duct means below the
      top surface of the loop-belt means can be conventional and can connect to
      the intake of a blower to effect the desired suction effect through the
      belt and on to the material. Perforations are indicated diagrammatically
      at 49 in FIG. 1 of the drawing; however, conventional air intake duct
      means to extend under the top of belt 1 and which would lead to fan intake
      means has not been shown, as such duct work could vary and would be
      obvious to one skilled in installing suction means.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A drapery material alignment and cutting apparatus which comprises in
      combination:
PA1  a. a generally horizontal continuous loop-belt member providing a material
      receiving surface of extended area to accommodate the placement of drapery
      material;
PA1  b. drive roller means and belt support means holding said loop-belt member;
PA1  c. motor means and drive means connective to said drive roller means to
      effect a desired periodic movement of said belt member and its material
      receiving surface;
PA1  d. a continuous straight-edge alignment means along one side of said
      movable loop-belt member and extending parallel with the movement
      direction of such belt member whereby material of varying lengths can be
      aligned to move evenly and in a squared relationship with the movable belt
      member;
PA1  e. a material cutter means movably mounted on a dimensioned track means
      separate from said alignment means and extending perpendicular to the
      latter and to the movement of the belt member and adjacent the edge
      portion of the belt member where the latter moves from the top surface to
      the bottom to change direction; and
PA1  f. material hold-down means extending along and over said belt member for
      the full width thereof and at a right angle with respect to the
      straight-edge alignment means, whereby the material being received and
      moving along with the belt member will in turn be held in a straight
      perpendicular relationship to the cutter means as it is fed toward the
      latter for the cutting of a desired length measured from said
      straight-edge alignment means.
NUM  2.
PAR  2. The alignment and cutting apparatus of claim 1 further characterized in
      that a pressure operated switch means connects to the motor means for the
      drive roller effecting the periodic movement of the belt member, whereby
      an operator can affect the easy starting and stopping of the belt member.
NUM  3.
PAR  3. The alignment and cutting apparatus of claim 1 further characterized in
      that spaced rotatable knurled surface wheel members are provided along a
      longitudinal shaft means extending parallel to and over the surface of the
      continuous loop-belt member adjacent the track means, whereby such wheel
      members will assist in holding material against the top surface of the
      belt member in a straight alignment.
NUM  4.
PAR  4. The alignment and cutting apparatus of claim 1 further characterized in
      that spaced roller means are provided along and closely adjacent to the
      side of said straight edge alignment means in a position whereby the
      rollers can contact material moving on the surface of the continuous
      loop-belt member and assist in holding such material on the surface
      thereof and against said alignment means.
NUM  5.
PAR  5. The alignment and cutting apparatus of claim 1 further characterized in
      that said movably mounted material cutter means comprises a motor operated
      circular blade positioned to be parallel with said straight edge means and
      at right angles with respect to the belt member where it passes over a
      support roller, whereby the material will be cut in a straight line
      parallel to the straight edge means.
NUM  6.
PAR  6. The alignment and cutting apparatus of claim 1 further characterized in
      that measurement markings are provided along the length of said track
      means whereby there may be the rapid setting of the cutter means thereon
      to provide desired measured lengths of material from said straight edge
      means.
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ABST
PAL  For use in the pivotal connections of wooden members in a piano action, a
      bushing formed of a suitable plastic or elastomeric material, such as
      Teflon, is inserted in bushing holes in each arm of a forked action member
      for supporting a bearing pin secured to the tongue portion of a mating
      action member. The bushing has an internal bore of substantially uniform
      diameter throughout its length, and an outer diameter at the end portions
      of that portion received in the bushing hole smaller than the outer
      diameter over the portion thereof mediate the end portions, whereby the
      bushing can rotate along its axis relative to the bushing hole so as to be
      self-aligning with the bearing pin received in the internal bore. Because
      of the "barrel shape" of the bushing, variations in the tolerance on the
      size of the bushing holes are taken up by compression, causing a slight
      reduction in the diameter of the internal bore and thereby providing a
      low-friction essentially line contact between the bushing and the bearing
      pin. Thus, the bushing is tightly held in the bushing hole, yet the center
      works freely, despite distortion of the wood parts when subjected to
      extreme climatic conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to bearings, and more particularly, to bearings
      between parts made of wood or equivalent materials subject to swell and
      shrink due to changes in atmospheric conditions. The invention has
      particular utility in connection with the pivotal connections in a piano
      action, that is, the centers on which the action members swing back and
      forth, and will be described and illustrated in that context.
PAR  A piano action consists of a series of levers, usually made of wood, which
      are pinned together at certain hinge points known as "centers". These
      connections are usually effected with tongue-and-fork arrangement held
      together by means of a lateral or transverse pin. These pins are generally
      of "German silver" with considerable nickel content so that they will not
      corrode, and are manufactured with precise tolerances on diameter and
      concentricity. The pin is held firmly in the central or tongue member, as
      the hole is drilled for an interference fit. The fork member turns
      relative to the pin and is provided with a bushing with a view toward
      achieving a noiseless, efficient and durable action.
PAR  The bushing has for many years been made of bushing cloth, a special
      all-wool felted fabric especially designed and manufactured for this
      purpose. It has resilience and softness sufficient to eliminate noises,
      and to absorb impacts in order to eliminate failure of the action parts
      through fracture and to maintain accurate alignment of the parts. However,
      this material is hygroscopic, tending to swell in moist atmospheric
      conditions and to shrink in dry conditions. Consequently, under moist
      conditions the center often becomes so tight as to interfere with the
      functioning of the pivotal connection and the corresponding piano key
      either loses all speed and sensitivity of action or fails to function
      entirely. A common "fix" for malfunctions due to tightening of the center
      because of high humidity is the application of a drop of light oil, or an
      alcohol and water mix, which usually relieves the pivot only temporarily
      in that it tends to tighten up again with continued exposure to moist
      conditions. Conversely, with dry conditions the centers occasionally
      become too loose, resulting in rattles in the action and inaccuracy in the
      alignment of parts, with consequent loss of power and control in the
      so-called "touch qualities" of the action.
PAR  Other shortcomings of the use of bushing cloth are the inconvenience
      involved in inserting it in the small holes in the fork members, the
      necessity for glueing or otherwise securing it to the fork members, and
      the rather frequent requirement that they be re-glued when, after a period
      of use, the original glue dries out and the bushing tends to work itself
      out of the hole in the fork arm. Also, the glue has a tendency to
      penetrate through the bushing cloth, causing noisy centers.
PAR  These costly disadvantages have been eliminated to a considerable extent by
      providing between the mating action parts a one-piece bushing of suitable
      plastic or elastomeric material, such as a fluorocarbon resin of the type
      marketed under the name "Teflon, " as described in U.S. Pat. No.
      3,240,095, assigned to the assignee of the present application. The
      bushing described therein is provided with an integral annular flange at
      one end, which is positioned on the internal or tongue side of each arm of
      the fork member. The bushing is inserted from the inside into a bushing
      hole of correct size to afford a light push fit so as to eliminate any
      possible distortion of the internal diameter. The flange prevents any
      possible movement of the bushing outwardly, and, with proper fit, no
      movement whatsoever, either rotary or inwardly toward the tongue member
      can occur. The design of the bushing eliminates the necessity for glueing
      it in place thereby removing the risk of loose and consequently noisy and
      inaccurate bushings, and of glue-soaked bushings and of bushings uneven in
      their action because of uneven distribution of glue. The flange also
      stiffens the bushing and also acts as a spacer to provide the necessary
      clearance between the mating parts.
PAR  Although the bushing described in the aforementioned patent performs
      admirably when the bushing holes in the fork arms are accurately aligned,
      the mating parts accurately sized, and the bushing pin and the internal
      bore of the bushing are sized relative to each other to provide the proper
      interference fit, and indeed, these conditions have been achieved
      sufficiently well that bushings of the design described in the patent have
      been used in preference to bushing cloth for about ten years in the pianos
      manufactured by applicant's assignee. However, this long-term experience
      with the patented bushing has demonstrated that it is not without fault.
      For example, in spite of observance of usual care in the fabrication of
      the wooden parts of the piano action, the drilled holes in the two fork
      arms are not perfectly aligned with each other, or may be misaligned with
      the drilled pin-receiving hole in the tongue part, with the consequence
      that the internal bores of the two bushings, when inserted with a push fit
      in the drilled holes in the fork arms, are likewise misaligned with the
      bearing pin, thus causing the pin to bind in the bushing and not rotate
      with the desired ease. This problem is compounded by the sizing of the
      bushings relative to the size of the holes in the fork arms to afford a
      light push fit, so as to eliminate any possible distortion of the internal
      diameter of the bushing and to increase the effective length of the
      contact between the bearing pin and the internal bore of the bushing.
      Also, it has been found that, contrary to the thinking expressed in the
      patent that the clearance between mating parts could be reduced to zero,
      or even operated under compression (by virtue of the low friction of
      Teflon), it has been found in practice that when the clearance is reduced
      to this degree the center does not work freely when the wood parts are
      distorted by extreme conditions of moisture and/or temperature. It has
      been found, also, that when the bushings are manufactured to a tolerance
      slightly less than 0.001 inch, as taught in the patent, variations in
      diameter between bushings become sufficiently significant that sizing or
      reaming, both during manufacture and in the field, is often necessary to
      cause the center to work with the correct freedom; obviously, this
      contributes to the cost of manufacture of the piano as well as to the cost
      of servicing and maintenance.
PAR  It is an object of this invention to eliminate these costly disadvantages
      of the currently used one-piece Teflon bushing through the provision
      between the mating action parts of an improved one-piece bushing.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, the bushing, formed of a suitable
      plastic or elastomeric material, such as Teflon, has at one end an
      integral annular flange which is positioned on the internal or tongue side
      of each arm of the fork member, the bushing being inserted from the inside
      into a bushing hole seized to provide a press fit. The bushing has an
      internal bore of substantially uniform diameter throughout its length, and
      an outer diameter at the end portions of that portion received in the
      bushing hole smaller than its outer diameter over the portion thereof
      mediate the end portions, whereby the bushing can rotate along its axis
      relative to the bushing hole so as to be self-aligning with the bearing
      pin received in the internal bore. In a preferred embodiment, the radius
      of the portion mediate the end portions varies along its length in
      accordance with the arc of a circle of predetermined radius centered on
      the axis of the internal bore. Variations in the tolerance of the bushing
      holes are taken up by compression of the bushing at its larger diameter
      region, this compression, in turn, causing a slight reduction in the
      diameter of the internal bore at the point of compression thereby to
      provide essentially a line contact between the bushing and bearing pin
      instead of contact throughout the length of the bushing. Thus, the bushing
      is tightly held in the bushing hole, yet the center works freely,
      primarily because of improved alignment and reduction of the length of the
      pin and bushing contact, despite distortion of the wood parts caused by
      extreme climatic conditions. The surface of the flange which engages the
      inner surface of the fork arm is inclined outwardly to provide clearance
      between the flange and the fork arm to allow the bushing sleeve to be
      rotated along its axis, and its surface which confronts the tongue portion
      is chamfered at its outer periphery and at the internal bore for reducing
      the area of contact of the annular flange with the tongue portion to
      reduce the friction between the opposed surfaces of the tongue portion and
      the flange.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the improved bushing will become
      apparent from the following detailed description, taken in conjunction
      with the accompanying drawings, in which:
PAR  FIG. 1 is a fragmentary section of the front portion of a grand piano
      showing one key and its hammer action in side elevation to illustrate the
      hinge points at which the improved bushing is utilized;
PAR  FIG. 2 is a fragmentary plan view on a larger scale of the forked end of
      the hammer shank and its flange of FIG. 1, connected by the improved
      bearing of this invention;
PAR  FIG. 3 is a cross-sectional view on a still larger scale of the improved
      bushing used in the bearing of FIG. 2; and
PAR  FIG. 4 is a fragmentary view partly in section and on the scale of FIG. 3
      of the bearing of FIG. 2 illustrating the configuration and arrangement of
      the bearing bushings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The piano construction shown in FIG. 1 is conventional, consisting of a
      key-frame 10, key 12, hammer 14, hammer shank 16, hammer flange 18, flange
      rail 20, pivotal connection 22 between the hammer shank and hammer flange,
      wippen 24, wippen pivot 26, jack fly 28, pivot 30 between wippen and jack
      fly, repeating lever 32 and pivot 34 between wippen and repeating lever.
      The improved bushing of this invention is useable to advantage in all of
      the pivotal connections 22, 26, 30 and 34, which are representative of
      such connections in actions of both upright and grand pianos. Since the
      bearings at all of these pivotal connections have the same construction,
      only the bearing 22 is illustrated in FIG. 2, 3 and 4.
PAR  As seen in FIGS. 2 and 4, the bearing 22 comprises a cylindrical metal pin
      36, usually formed of "German silver," having a tight or driven fit with a
      hole extending laterally through the tongue portion 38 of the wooden
      hammer flange 18, both ends of the pin projecting beyond the sides of the
      tongues to form trunnions. In the present embodiment, the bearing pin has
      a diameter of 0.048 inch, plus 0.000 inch and minus 0.0002 inch. These
      trunnions are surrounded by cylindrical bushings 40 of a suitable plastic
      or elastomeric material, preferably the fluorocarbon resin sold under the
      trademark Teflon, retained in holes provided to receive them in the arms
      42 of the bifurcated or forked end of the wooden hammer shank 16, which in
      the present embodiment have a diameter of 0.0097 .+-. 0.001 inch. Thus,
      the hammer shank is pivoted to the tongue portion 38 of the hammer flange
      18, the bushings 40 turning about the trunnion ends of the bearing pin 36.
PAR  The improved bushing according to the invention, shown ten times actual
      size in FIGS. 3 and 4, is preferably manufactured on an automatic screw
      machine, for most accurate results. The present embodiment of the bushing
      has an overall length of 0.120 .+-. 0.003 inch and an internal bore 40a of
      uniform diameter throughout its length of 0.049 .+-. 0.0005 inch. The
      outer end of the bushing is chamfered at 40b to facilitate insertion in
      the bushing holes in the arms of the forked hammer shank.
PAR  The inner end of the bushing is provided with an integral flange 40c which
      engages the inner surface of the fork arm and acts as a spacer between the
      associated arm 42 and the tongue portion 38 of the hammer flange 18,
      providing the necessary clearance between the mating parts. The surface
      40d of the flange which confronts the fork arm is inclined outwardly by a
      small amount, typically 8.degree. from the vertical, to provide clearance
      between the flange and the fork arm for a purpose to be discussed
      presently. The inner end of the bushing is chamfered at its outer
      periphery as at 40e, and around the internal bore, as at 40f, so as to
      reduce the area of contact of the flange with the confronting tongue
      portion thereby to reduce the friction between opposed surfaces of the
      tongue portion and the associated flanges. For example, a 30.degree.
      chamfer at both the outer periphery of a flange 42c having a diameter of
      0.120 inch and at the internal bore of diameter 0.049 inch reduces by 60%
      the area of the flange which contacts the tongue portion, with a
      corresponding reduction in the friction between the tongue and the
      associated flanges.
PAR  An important feature of the improved bushing is that the outer diameter of
      the portions 40g and 40h of that portion of the bushing that is received
      in the bushing hole is smaller than the diameter of the portion 40j
      mediate the end portions. In this embodiment, the maximum outer diameter
      of the portion 40j is larger by 0.008 inch than the diameter of the end
      portions 42g and 42h and varies in accordance with the arc of a circle
      having a radius of 0.051 inch, centered on the axis of the bushing and
      inwardly 0.070 inch from the outer surface of the flange. The resulting
      "barrel-shape" over a portion of the length, which is closer to the inner
      end of the bushing than it is to the flange, reduces the area of
      engagement between the bushing and the bushing hole and allows the bushing
      to be rotated along its axis relative to the bushing hole so as to be
      self-aligning with the bearing pin regardless of misalignment of the
      bushing holes in the respective fork arms. It will now be appreciated that
      the inclination of the surface 40d of the flange is necessary to allow
      rotation of the bushing along its axis after it is seated in the bushing
      hole.
PAR  The bushings, which have a maximum outer diameter of 0.102 .+-. 0.0005
      inch, are inserted from between the arms 42 into the bushing holes, which
      as was noted earlier, have a diameter of 0.097 .+-. 0.001 inch, thereby to
      provide a press fit. Another important advantage of the "barrel shape" is
      that variations in tolerances on the size of the bushing hole and on the
      maximum outer diameter of the bushing are taken up by compression of the
      bushing in the region 40j, which results in a decrease in the diameter of
      the internal bore 40a in the portion of its length corresponding to the
      region 40j as shown, exaggerated, in the left-hand bushing in FIG. 4. The
      result is that the bushing is tight in the fork member in which it is
      inserted, yet the pin 36 is free to rotate relative to the bushing on the
      essentially line contact between the pin and the bushing. In manufacture,
      the variation in internal diameter between bushings can be held to
      .+-.0.0005 inch, so that variations become relatively insignificant, and
      because of the compressibility, sizing or reaming as with bushing cloth or
      with the bushing of U.S. Pat. No. 3,240,095 is unnecessary, resulting in
      manufacturing and maintenance economies.
PAR  By reason of its hygroscopic and mechanical properties as set forth in U.S.
      Pat. No. 3,240,095, the bushing is preferably made of a fluorocarbon resin
      such as polytetrafluoroethylene marketed under the trademark Teflon. In
      trials of piano actions equipped with the improved bushing in a range of
      humidity environments from moderate low to moderate high humidities, the
      percent change in the force necessary to actuate them (i.e., the change in
      the friction of the action) was negligible; these tests demonstrate that
      the bushing will remain free-acting but firm in all normal climates, and
      even under extreme environmental conditions, and afford a reliable and
      efficient performance. Extensive testing of the improved bushings in
      concert pianos in almost daily use, and activation of the centers on a
      testing machine for over 8,000,000 cycles have confirmed their
      performance. The bushing remains resilient, noiseless, with no side play
      or rattle, and yet free and solid in movement. Abrasion resistance of the
      bushing has proved excellent, with no perceptible wear or looseness in
      use.
PAR  Although a bushing having specific dimensions in relation to the size of
      the bushing hole in which it is received and the diameter of the bearing
      pin has been described, it will be understood that the advantages of the
      invention can be realized by appropriately altering either or both of the
      inner and outer diameters to accomodate to bushing holes and/or bearing
      pins having diameters other than those specifically described. For
      example, in others of the "centers" of the piano action of FIG. 1, bearing
      pins of the same 0.048 .sub.- .sub.0.0002 diameter are used, but the
      bushing holes in the fork arms have a diameter of 0.129 .+-. 0.001 inch;
      for this case, the dimensions of the bushing are as described above except
      that it has a maximum outer diameter of 0.134 .+-. 0.0005 inch, its end
      portions have a diameter of 0.126 .+-. 0.0005 inch, and the center of arc
      defining the "barrel-shape" is displaced from the center line of the
      internal bore by 0.016 inch.
PAR  Thus, it will be seen that the self-aligning and compressibility features
      of the bushing of this invention enables the production of an action
      center having negligible friction and which is virtually free from
      maintenance problems. The need for sizing and reaming during manufacture
      and/or in the field is essentially eliminated. This is of particular
      advantage because of the difficulty (and the high cost, when available) of
      obtaining competent service on pianos and the tendency of owners to
      neglect the need for such servicing. The present bushing provides
      trouble-free service throughout the life of the instrument.
CLMS
STM  I claim:
NUM  1.
PAR  1. A piano action assembly comprising in combination with a bifurcated
      piano action member having fork arms and a piano having a tongue portion
      disposed between and in spaced relation to said fork arms to provide
      opposed surface portions at opposite sides of said tongue portion, a
      pivotal connection between said tongue portion and said fork arms
      comprising:
PA1  a metal bearing pin traversing and fixedly carried by said tongue portion
      and projecting from opposite sides of said tongue portion to provide a
      trunnion end portion at each of said opposite sides,
PA1  said trunnion end portions each being journalled in and surrounded by a
      bushing formed of a resilient, inert elastomeric material seated in a
      bushing hole in the respective fork arms, which bushing holes are normally
      aligned but subject to slight misalignment, said bushings each having an
      internal bore of substantially uniform diameter throughout its length
      within which the corresponding trunnion end portion of the bearing pin is
      received with an interference fit and an outer diameter at the end
      portions of that portion of its length that is seated in the bushing hole
      less than its outer diameter over a portion thereof mediate said end
      portions, the mediate portion of said bushing being in press fit with its
      respective bushing hole,
PA1  said bushings each having an integral annular spacing flange at one end
      thereof, said flanges being disposed in substantially close-fitting
      surface engagement with the inner surface of its respective fork arm and
      disposed at opposite sides of said tongue portion between said tongue
      portion and said fork arms, the surface of the flange which engages the
      inner surface of the fork arm being inclined outwardly from the surface of
      the fork arm sufficiently to provide clearance between the flange and the
      fork arm to allow the bushing to be rotated along its axis about the
      larger outer diameter portion thereof to effect alignment of the internal
      bore thereof with the bearing pin whereby the bushings are self-aligning
      with the bearing pin and with each other regardless of misalignment of the
      bushing holes in the respective fork arms.
NUM  2.
PAR  2. A piano action assembly in accordance with claim 1 in which the surface
      of the flange which confronts said tongue portion is chamfered at its
      outer periphery and around the internal bore for reducing the area of
      contact thereof with said tongue portion thereby to reduce the friction
      between opposed surfaces of said tongue portion and the associated
      flanges.
NUM  3.
PAR  3. A piano action assembly in accordance with claim 1 in which the outer
      radius of the mediate portion of the bushing varies along its length in
      accordance with the arc of a circle of predetermined radius, and said end
      portions have substantially equal uniform diameters throughout their
      respective lengths.
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PAL  An optical metronome having a belt moved at a speed set for the music with
      vertical lines on the belt passing behind a transparent sheet with musical
      notations thereon in timed relationship according to the speed at which
      the notes are to be played.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for aiding the teaching of timing
      or duration in the study of music.
PAR  It is an object of the present invention to provide a teaching device which
      will impart timing and rhythm to the student in the study of music by
      indicating the timing when each note is to played.
PAR  It is also an object of the present invention to allow the student to view
      the whole music sheet without impediment to the view of any of the notes
      thereon, with the same view that he will have after he no longer has need
      for the present device.
PAR  It is a further object of the present invention to allow the teaching
      device to be a very simple and comparatively inexpensive device.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an optical form of metronome having a
      casing within which are mounted a pair of rollers, one a driving roller
      and the other an idler roller, having a continuous web passing
      therebetween, with at least two vertical lines on said web and transverse
      thereto, and a transparent sheet with musical notation thereon supported
      in front of said web.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects and advantages will be apparent from the following
      description, reference being had to the accompanying drawing wherein:
PAR  FIG. 1 is the optical metronome of the present invention in a casing;
PAR  FIG. 2 is an enlarged view of the device of FIG. 1 with the case removed;
PAR  FIG. 3 is an enlarged top plan view of the device of FIG. 1 with only the
      top of the case removed; and
PAR  FIG. 4 is an enlarged cross-sectional view of FIG. 1 along lines 4--4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, there is shown the device of the present
      invention encased in case 10 with a transparent sheet 11 having musical
      notation thereon insertable in music sheet holder frame 12 mounted on the
      front of case 10. A glass cover plate 13 attached on frame 12 and cover
      plate 13' mounted as a window over a front opening in case 10 aid in
      maintaining transparent music sheet 11 in its position in front of case
      10. Plates 13 and 13' could also be transparent plastic instead of glass
      as mentioned above.
PAR  An enlarged view with case 10 removed is shown in FIG. 2. Enlarged cutaway
      views of the device are shown in FIGS. 3 and 4. On a supporting backboard
      14 there are mounted rollers 15 and 16 which are mounted by means of
      brackets to backboard support 14. A continuous web or belt 17 which may be
      either opaque or transparent and which has a width approximately that of
      the music sheet 11 passes over rollers 15 and 16 and is moved by them. If
      a transparent web is used, a backing would be necessary between front and
      back portions of web 17 to prevent the distraction of the return portion
      of the web being seen moving behind the moving front portion of the web.
      Driving roller 15 is driven by a motor contained in box 18 and connected
      to roller 15 by appropriate gearing. The motor in box 18 has controls (not
      shown) which may be used to operate it at different speeds in accordance
      with the timing required for the particular sheet of music. Such control
      with the motor could be a rheostat or alternatively a multiple geared and
      clutching arrangement.
PAR  In order to maintain web 17 under tension, a tension maintaining device 19
      is shown in FIGS. 2, 3 and 4. Idler roller 16 turns on its axle 21 held in
      brackets 22 which in turn pivot at points 23 on brackets 24 which in turn
      are attached to backboard support 14. Springs 25 attached to bracket 22 at
      the opposite end from their connection at pivot point 23 maintain the
      proper tension on web 17.
PAR  A vertical line 26 on web 17 as shown in FIGS. 1 and 2 moves across and
      behind transparent music sheet 11 in timed relation to the music being
      played, with the timing determined by the motor in box 18 and its
      attachment to roller 15. Other vertical lines 26 also drawn transversely
      of web 17 are at the same time passing between the rollers 15 and 16 on
      their side closest to backboard support 14 and are placed on web 17 so as
      to be positioned at the beginning of the lines of music just as the
      preceding vertical line has reached the end of a line of music. Depending
      upon the size of the device and of web 17 there may be more or less than 3
      vertical lines 26 but not less than 2 of these vertical lines. Although
      not shown as part of the invention, the casing may be so arranged as shown
      in FIG. 1 so that the music sheet 11 protrudes above glass cover plate 13
      so that it may be easily removed when finished.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered limited to what is shown in the drawings and
      described in the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical type of metronome comprising
PA1  a transparent music sheet with musical composition thereon,
PA1  a pair of rollers mounted in spaced relation to each other,
PA1  a continuous web passing around and between said rollers and positiond
      behind said transparent sheet,
PA1  at least two vertical lines drawn on said web transversely of said web,
PA1  means to drive said rollers to move said vertical lines past and behind
      said transparent sheet in timed relation to the musical composition on
      said transparent sheet,
PA1  supporting means for said transparent sheet including
PA2  transparent rigid support sheets positioned in front of and behind said
      transparent music sheet.
NUM  2.
PAR  2. The type of metronome of claim 1, further characterized by
PA1  said web being of opaque material.
NUM  3.
PAR  3. The type of metronome of claim 1, further characterized by
PA1  said web having at least three vertical lines spaced from each other and
      drawn transversely of said web.
NUM  4.
PAR  4. The metronome of claim 1 further characterized by
PA1  said transparent music sheet being of flexible sheet material adapted for
      folding or rolling of said sheet.
NUM  5.
PAR  5. The type of metronome of claim 1, further characterized by
PA1  tension means connected to the other of said rollers than the one connected
      to said driving means,
PA1  said tension means including
PA2  pivotal means supporting said other of said rollers,
PA1  and spring means connected to the other end of said pivotal means from the
      end at which it pivots
PA1  whereby said web is maintained under proper tension for operation.
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ABST
PAL  A screw having a shank and a tapered portion with an especially sharp point
      for attaching gypsum board to metal building studs having multiple threads
      occuring within the other in the body portion. In the tapered portion of
      the screw one of the threads gradually decreases in diameter and fades
      into the tapered portion of the shank and terminates. The other thread
      continues on toward the point end, decreases in diameter and fades into
      the tapered portion of the shank at a point nearer the pointed end of the
      screw.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Gypsum board sheets are fastened to sheet metal building studs by self
      drilling and tapping screws. Commercially, the screws are inserted by
      electrically powered screw guns which rotate at about 2500 rpm. The screw
      point moves rapidly through the soft gypsum board and the outer layers of
      paper on both faces of the sheet, but when the point of the screw reaches
      the outer surface of the metal stud, it is essential that the screw
      penetrate the metal stud in the shortest possible time and without
      hesitation. If the screw hesitates, i.e., the screw gun continues to
      rotate the screw rapidly without forward motion of the screw or with a
      greatly diminished velocity, the screw threads will strip the threads made
      in the gypsum board and in effect, the screw will become a drill auger and
      bring to the surface of the gypsum board, the soft gypsum. Further, the
      screw threads will rip and tear the paper surface of the gypsum board and
      the ragged edges of the paper will protrude from beneath the edges of the
      head of the screw. The paper edges, known as "frizzies" in the trade, must
      be hand picked from the gypsum board wall so that the thin coat of plaster
      can properly cover the screw heads to leave a smooth unblemished wall
      surface.
PAR  Numerous approaches to the "point" problem have been taken. Some screw
      manufacturers have patented special chisel points such as Knohl, U.S. Pat.
      No. 3,207,023.
PAR  Some manufacturer's have attempted to form a sharp point by using an eight
      threads per inch design so that there will be sufficient material at the
      point end of the screw to form the necessary sharp unthreaded cone portion
      at the tip.
PAR  The problem with the eight thread per inch screw for fastening to sheet
      metal, however, is the fact that thread pitch or spacing between the
      threads exceeds the thickness of the metal and the thread lacks holding
      power with the metal.
PAC  SUMMARY OF THE INVENTION
PAR  The gist of the present invention is a screw which has a tapered point
      portion with a substantial portion having only eight threads per inch and
      a body portion with sixteen threads per inch. All threads on the body
      portion have the same minor diameter, the same major diameter, and the
      same pitch. Further, the screw is formed with one thread formed
      intermediate the other thread.
PAR  The very tip of the tapered portion forms a very sharp conical point which
      quickly penetrates about 20 gauge or lighter metal. The first thread which
      begins on the tapered conical point, gradually increases in diameter and
      thread height from a termination point where the thread may have the same
      diameter as the conical tapered portion of the screw. With the gradually
      increasing diameter of a single thread and thread height for a single
      thread, it is much easier for the screw to cut into the sidewall of the
      opening made by the conical point and begin to thread into the metal.
PAR  After the first thread has begun to form a thread groove in the metal, a
      second thread, gradually increasing in diameter from its termination point
      in the tapered point, in which the thread has the same diameter as the
      conical portion of the screw forms a second thread groove in the gypsum
      board and the metal
PAR  Since both threads within the shank portion are of equal pitch, as for
      example 8 threads per inch, travel is very rapid. Finally, since the
      second thread is intermediate, or within the first thread, the net result
      is for example a 16 thread per inch format which gives good holding power
      in thin metal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the screw constructed in accordance with the
      present invention.
PAR  FIG. 2 is a plan view of the head of the screw shown in FIG. 1.
PAR  FIG. 3 is a side view of the screw as shown in FIGS. 1 and 2 entering a
      gypsum board and metal stud.
PAR  FIG. 4 is a side view of another form of the screw.
PAR  FIG. 5 is a side view of the screw shown in FIG. 4 but rotated 180.degree..
PAR  FIG. 6 is a side view of still another form of the invention.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE PRESENT INVENTION
PAR  The screw 1 of the present invention shown in FIGS. 1, 2, and 3 is a sharp
      pointed, self-drilling and tapping fastener which is primarily useful for
      attaching gypsum board A having an outer paper layer B and an inner layer
      C to a face D of a sheet metal stud E.
PAR  The screw consists briefly of a shank 2 having a body portion 3 which has a
      uniform minor diameter 4 with a head 6 at the head end and a tapered
      section 7 terminating in a sharp point 8 at the point end. The first
      thread 9 is formed in the body portion and continues into the tapered
      section as shown by threads 9a and 9b and has a uniform pitch 10 extending
      from the head end through the body portion and terminates adjacent the
      point 8 at a terminal point 11. The first thread has a uniform major
      diameter 12 in the body portion and gradually decreases in diameter and
      thread height in the tapered portion and terminates at or near the point
      of the screw as shown by threads 9a and 9b.
PAR  A second thread 13 is located intermediate the first threads and has a
      uniform pitch 14 substantially equal to the pitch of the first thread
      extending from the head end, through the body portion and terminating in
      the tapered section short of the termination point of the first thread.
      The second thread has a uniform major diameter 16 substantially equal to
      the major diameter of the first thread and gradually decreases in diameter
      and thread height adjacent the tapered end as shown by thread portion 13a
      until the thread fades at terminal point 17 into the tapered portion.
PAR  The second thread terminates at approximately the distance of one half or
      1.5 times the thread pitch short of the termination point of the first
      thread. As shown in FIGS. 1 and 3, the second thread termination point 17
      is 1.5 times the pitch distance from the termination point 11 of the first
      thread. The purpose of starting the second thread soon after entry of the
      first thread is to insure that the screw will enter the thin metal stud
      and continue advancing into the stud without hesitation.
PAR  The tapered portion of the screw ends with a point 8 and is substantially
      conical in shape. As shown in the drawings, the conical end portion 19 is
      free of any threads and forms a sharp point for penetrating the metal. As
      an example, the distance 19 may vary from 0 to 0.030 in.. Where
      manufacturing processes permit, the thread helix angle should vary at the
      end to be more nearly parallel to the axis of the screw so that the thread
      is able to initially help cut into the metal. The helix angle varies
      between 25.degree. and 45.degree. from a plane perpendicular to the axis
      of the screw.
PAR  As shown in FIGS. 1 and 3, the second thread terminates at point 17 which
      is at the junction of the body portion and the tapered portion. This is a
      logical point from the viewpoint of manufacture as there is metal
      available at this point for making a second thread. Preferably the second
      thread should be started near the point end so as to grip the sheet metal
      and continue the forward direction of the screw without hesitation. In
      some instances, however, it may be permissible to terminate the second
      thread in the body portion of the screw above and adjacent to the junction
      of the tapered portion and the body portion. This placement of the thread
      is slightly less desirable as the screw is at its greatest minor diameter
      in the body portion and the second screw thread is not as easily started.
PAR  The screw threads of the present invention have a substantially triangular
      cross section throughout their entire length. The more nearly perfectly
      triangular and pointed the threads can be formed greatly enhances their
      ability to cut into the metal and turn freely once the grooves are formed
      in the metal. Screw threads which have double points at the apex of the
      triangular thread and which vary in thickness at their apexes will cause
      uneven grooving in the metal and will not have the holding power of a
      thread of uniform triangular cross section.
PAC  BRIEF DESCRIPTION OF AN ALTERNATE FORM OF THE INVENTION
PAR  The screw 25 of the alternate form of the invention is shown in FIGS. 4 and
      5.
PAR  The screw 25 consists briefly of a shank 26 having a body portion 27 which
      has a uniform minor diameter 28 with a head 29 at the head end and a
      tapered section 31 terminating in a sharp point 32 at the point end. The
      first thread 33 is formed in the body portion and continues in to the
      tapered section as shown by threads 33a and 33b and has a uniform pitch 36
      extending from the head end through the body portion and terminates at the
      point 32. The first thread 33 has a uniform major diameter 37 in the body
      portion and gradually decreases in diameter in the tapered portion as
      shown by threads 33a and 33b.
PAR  A second thread 41 is located intermediate the first threads and has a
      uniform pitch 42 substantially equal to the pitch of the first thread
      extending from the head end, through the body portion and terminating in
      the tapered section short of the termination point of the first thread.
      The second thread has a uniform major diameter 43 substantially equal to
      the major diameter of the first thread and gradually decreases in diameter
      adjacent the tapered end until the thread 41a fades at terminal point 44
      into the tapered portion.
PAR  The second thread terminates at approximately the distance of 1.5 times the
      thread pitch short of the termination point of the first thread. The
      purpose of starting the second thread soon after entry of the first thread
      is to insure that the screw will enter the thin metal stud and continue
      advancing into the stud without hesitation. As shown in FIG. 5, the thread
      helix angle should vary at the end so that it is nearly parallel to the
      axis of the screw so that the thread is able to help cut into the metal.
      The helix angle varies between 25 and 45 degrees from a plane
      perpendicular to the axis of the screw.
PAR  As shown in FIGS. 4 and 5, the second thread indicated as 41a terminates at
      point 44 in the tapered portion between the first turn 33b and second turn
      33a of the first thread. The second thread terminates near the point end
      so as to grip the sheet metal and continue the forward direction of the
      screw without hesitation.
PAR  The screw threads of the present invention have a substantially triangular
      cross section throughout their entire length. The more nearly perfectly
      triangular and pointed the threads can be formed greatly enhances their
      ability to cut into the metal and turn freely once the grooves are formed
      in the metal.
PAC  BRIEF DESCRIPTION OF ANOTHER ALTERNATE FORM OF THE INVENTION
PAR  The screw 46 of the second alternate form of the invention shown in FIG. 6
      consists briefly of a shank 52 having a body portion 53 which has a
      uniform minor diameter 54 with a head 56 at the head end and a tapered
      sections 57 terminating in a sharp point 58 at the point end. The first
      thread 59 is formed in the body portion and continues into the tapered
      section as shown by threads 59 and 59b and has a uniform pitch 60
      extending from the head end through the body portion and terminates
      adjacent the point 58 at a terminal point 61. The first thread has a
      uniform major diameter 62 in the body portion and gradually decreases in
      diameter in the tapered portion as shown by threads 59a and 59b.
PAR  A second thread 63 is located intermediate the first threads and has a
      uniform pitch 64 substantially equal to the pitch of the first thread
      extending from the head end into the body portion and terminates in the
      body portion short of the conical tapered section. The termination point
      should be within a distance of one thread pitch of the intersection of the
      intersection of the body portion and the tapered portion so that the
      second thread will start easily in the metal.
PAR  The tapered portion of the screw ends with a point 58 and is substantially
      conical in shape. As shown in the drawings, the conical end portion 69 is
      free or practically of any threads and forms a sharp point for penetrating
      the metal.
PAC  EXAMPLE SPECIFICATIONS
PAR  As an example of a screw manufactured in accordance with the present
      invention, the screw may be rolled from a number 6 wire which is 1 in. to
      approximately 1 5/8 in. long. The material may be SAE 1018 steel, case
      hardened and have a phosphate finish. The head should have a diameter of
      approximately 0.355 in. to 0.330 in. with a major diameter of
      approximately 0.154 in. to 0.147 in. and a minor diameter of approximately
      0.102 in. to 0.096 in.. The helix angle of both threads is approximately
      18.degree..
PAR  The tapered point section preferably has an angle 81 of approximately
      30.degree.and the length of the tapered portion should be approximately
      0.24 in.. Both threads should be approximately 8 threads per inch. The
      triangular shape of the threads, (the included angle) should be 60.degree.
      or less.
PAR  The screws are held to the end of a screw gun as by a magnet or other
      mechanical device. The operator inserts the screw by turning on the screw
      gun which rotates at 4000 to 4500 rpms, and presses the screw into the
      gypsum board. When the screw has drilled into the metal and pulled itself
      into the stud and the gypsum board until the head is sunk just slightly
      below the face of the gypsum board, the screw gun automatically stops.
CLMS
STM  I claim:
NUM  1.
PAR  1. A piercing sharp pointed, self drilling and tapping gypsum board screw
      conprising:
PA1  a. a shank having a body portion having a uniform minor diameter with a
      head at the head end and a tapered conical section terminating in a sharp
      point at the point end;
PA1  b. a first thread formed in said body portion and said tapered section and
      having a uniform pitch extending from said head end through said body
      portion and terminating adjacent said pointed end;
PA1  c. said first thread having a uniform major diameter in said body portion
      and gradually decreasing in diameter and thread height in said tapered
      portion until said thread fades substantially completely;
PA1  d. a second thread located intermediate said first threads spaced from said
      first thread and having a uniform pitch substantially equal to the pitch
      of said first thread extending from said head end, through said body
      portion and terminating in said tapered section immediately adjacent the
      junction of said body portion and said tapered section short of the
      termination point of said first thread;
PA1  e. said second thread having a uniform major diameter substantially equal
      to the major diameter of said first thread and gradually decreasing in
      diameter and thread height adjacent said tapered end until said thread
      fades substantially completely at its termination point;
PA1  f. said tapered conical section is formed so as to have an included angle
      of less than approximately 30.degree. and a length of at least
      approximately 1.5 times the thread pitch; and
PA1  g. the portions of said first and second threads located in the tapered
      portion of said screw gradually diminish in the height of the threads from
      the tapered surface to the top edge of the thread as a function of the
      distance from said screw point until the thread merges with the tapered
      portion with a substantially minimal thread height.
NUM  2.
PAR  2. A screw as described in claim 1 comprising:
PA1  a. said second thread terminates at approximately the distance of one half
      of one thread pitch short of the termination point of said first thread.
NUM  3.
PAR  3. A screw as described in claim 1 comprising:
PA1  a. said second thread terminates at approximately the distance of one and a
      half times said thread pitch short of the termination point of said first
      thread.
NUM  4.
PAR  4. A screw as described in claim 1 comprising:
PA1  a. said tapered portion of said screw ends with a point portion
      substantially conical in shape; and
PA1  b. said tapered portion carries less than about 1.5 turns of said first
      thread.
NUM  5.
PAR  5. A screw as described in claim 1 comprising:
PA1  a. said tapered portion of said screw ends with a point portion
      substantially conical in shape and free of threads.
NUM  6.
PAR  6. A screw as described in claim 1 comprising:
PA1  a. said first and second threads have a substantially triangular cross
      section throughout their entire length.
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PAL  A self-tapping fastener and method of manufacture wherein said fastener is
      provided with a unique tapping section, in addition to a driving head and
      an intermediate threaded portion of generally conventional design. The
      tapping section is defined by a plurality of interrupted thread turns of
      an asymmetrical configuration. Each turn includes a pair of diametrically
      opposed lobe portions, with a pair of opposed side portions disposed
      intermediate said lobes. One said side portion is defined by a complete
      absence or void of material provided by a gap of controlled dimensions,
      while the other is provided by a thread form of an incomplete or
      under-filled configuration. The fastener of the invention is fabricated by
      rolling a specially designed blank between a pair of standard thread
      rolling dies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Present invention relates to self-tapping fasteners, and more particularly
      to a novel fastener design employing but two thread-forming lobe portions
      and providing increased radial relief thereby reducing the driving torque
      required to engage said fastener in a pilot aperture.
PAR  There are available numerous forms or types of self-tapping fasteners, such
      as illustrated in U.S. Pat. Nos. 3,681,963 and 3,218,905. While these
      fasteners have filled a prior commercial need for self-tapping devices,
      and have met with a great degree of commercial success, these fasteners
      are not without their problems or disadvantages, and there exists
      considerable room for improvement. For example, certain of these prior art
      fasteners have proved relatively expensive to manufacture; the driving
      torque required in fully seating the fastener is relatively high, thus
      necessitating expensive driving tools. Still an additional problem
      encountered with the prior art design is that of effecting the initial
      thread-forming engagement with the wall surface of the pilot aperture.
PAR  The present invention overcomes a number of these problems, and obviates,
      to a great extent, other of the problems inherent with the prior art
      devices. With the present invention, the thread-forming portion on the
      fastener, i.e., the generally tapered portion adjacent the work entering
      end, is provided with a specific type of thread form that facilitates
      initial engagement and materially reduces the driving torque required,
      without sacrificing quality in the female thread thus formed. In this
      regard, each thread turn includes but one pair of diametrically opposed
      lobes which effect cold working of the pilot aperture wall surface.
      Intermediate these lobes are provided a pair of asymmetrical side portions
      having a crest height less than the maximum crest height of the lobe
      portions in a particular thread turn. One of the aforementioned side
      portions is defined by a controlled gap or void in the thread form, viz.,
      a complete absence of material. The thread turns rearwardly of the thread
      forming portion are preferably of a conventional design. The radial extent
      of said controlled gaps decreases in a direction away from said work
      entering end toward the driving head. As such, the overall cross-sectional
      area of the tapered, work entering end is reduced, thus facilitating
      initially engagement of the fastener in the pilot aperture.
PAR  The above-discussed thread construction also provides increased radial
      relief, as compared with the prior art designs, and correspondingly a
      reduction in the required driving torque for comparable size fasteners.
      Furthermore, as discussed above and as will be more apparent from the
      following discussion, this increased radial relief is achieved without
      sacrificing ease of initial engagement of the fastener in the pilot
      aperture, or the quality of the female thread formed in the wall of the
      pilot aperture.
PAR  The degree or extent of the gap provided in the thread configuration of the
      present invention is controlled, such that while the angular extent of the
      gap increases toward the work entering end of the fastener, the included
      angle defined by the extremities of the gap is always less than
      180.degree.. This feature, as will be explained hereinafter, enables the
      thread configuration to include a pair of opposed edge portions that are
      of a crest height less than that of the lobe portion of the particular
      thread turn. The fact that the height of the edges is controlled in this
      manner enables the female thread to be formed by cold working of the wall
      material, rather than by a cutting or metal removal process. More
      explicitly, maintaining of the discontinuity in the thread turn at less
      than 180.degree. is achieved by controlling the shape of the blank from
      which the fastener is rolled. In this regard, a generally circular blank
      is provided with a slabbed or flattened portion disposed proximate the
      work entering end and disposed at an angle with respect to the blank axis.
      The disposition of said plane is controlled, such that a plane containing
      said flattened portion will not intersect the blank axis short of the work
      entering end. Thus, any section taken through the blank in the vicinity of
      the flattened portion would include a flat portion having an angular
      extent of less than 180.degree..
PAR  Thus, when a thread is formed on said blank by a thread-rolling process,
      there is always sufficient material to produce the above-discussed
      diametrically opposed lobes, and the thread edges of less height than said
      lobes, on all thread turns. Such would not be the case, if the flattened
      portion extended for more than 180.degree.. Assuming a situation wherein
      the gap extends for more than 180.degree., the thread edges produced would
      be in the area of the lobes and would be of a relatively sharp nature such
      that they would engage and bite into the surface of the pilot aperture,
      acting essentially as cutting edges, and effecting metal removal in the
      formation of the female thread. By controlling the angular extent of the
      discontinuity, it is assured that any edges thus produced are of a rounded
      configuration having a height less than the lobe portion so that only cold
      working of the aperture wall is employed in the formation of the internal,
      female thread.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  With the above in mind, attention is now directed to the drawings wherein:
PAR  FIG. 1 is an elevational view of a blank of the type employed in
      fabrication of the present invention;
PAR  FIG. 2 is an elevational view similar to FIG. 1, with the blank rotated
      90.degree.;
PAR  FIG. 3 is a sectional view through the blank of FIG. 2, taken along the
      line 3--3;
PAR  FIG. 4 is a schematic view illustrating the conditions existing during
      rolling of the blank of FIGS. 1-3 between a pair of opposed parallel
      thread-forming dies;
PAR  FIG. 5 is a partial elevational view of the work entering end of the
      fastener resulting from the blank of FIGS. 1-3 being rolled as illustrated
      in FIG. 4;
PAR  FIG. 6 is a partial elevational view of the fastener of FIG. 5 rotated
      180.degree.;
PAR  FIG. 7 is a partial sectional view illustrating the condition upon initial
      engagement of the fastener of the present invention with the pilot
      aperture;
PAR  FIG. 8 is a view similar to FIG. 7 with the fastener engaged with said
      pilot aperture in thread-forming relationship;
PAR  FIGS. 9, 10 and 11 are sectional views taken along the corresponding lines
      of FIG. 8; and
PAR  FIG. 12 is a sectional view similar to FIG. 9, but on an enlarged scale,
      and illustrating the forces created during engagement of the fastener of
      the present invention with a pilot aperture.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  While a detailed discussion of the novel fastener design and method of
      fabricating, which make up the present invention follows hereinafter, the
      above discussion of the prior art and the general overall structural and
      operational features of the present invention are incorporated herein by
      reference. More specifically, in FIGS. 1-4, the method of fabricating the
      fastener of the present invention is illustrated; FIGS. 5 and 6 show
      basically the general overall configuration of the thread-forming portion
      of the fastener; and FIGS. 7-12 illustrate, in a somewhat schematic
      manner, the conditions existing during the various stages of engagement of
      the fastener of the present invention in a pilot aperture.
PAR  Attention is first directed to FIGS. 1-4, and most specifically FIGS. 1 and
      2 where a blank of the type employed in constructing the fastener of the
      present invention is shown. The blank is designated generally 20 and
      includes a substantially circular elongated shank portion 22 with a
      driving head 24 formed at one end thereof. The opposite end of the blank,
      designated generally 26 includes a slightly tapered portion 27 and will,
      upon completion of the threadforming process, provide the work entering
      end of the fastener. It should be noted that the hex-type driving head
      illustrated is but one type of the various drive arrangements that may be
      employed with the present invention.
PAR  While the shank portion 22 was described above as being generally circular,
      it should be noted that a segment adjacent the work entering end 27 has in
      effect been removed to provide a flattened surface 28. The flattened
      surface 28 is preferably planar, but may be slightly concave or convex, if
      desired. Regardless of the degree of flatness of the surface 28, said
      surface is disposed generally at an angle (designated A) with respect to
      the axis 30 of the blank, FIG. 1. This angle A is selected, such that a
      plane containing the surface 28 does not intersect the axis 30 along the
      length of the shank. Or, to phrase it differently, a plane containing the
      surface 28 will only intersect axis 30 at some point beyond the work
      entering end portion 27.
PAR  The blank 20 may be formed initially with the entire shank portion 22
      circular in cross-section and a segment thereafter removed to form the
      substantially planar surface 28. Preferably, the flattened or planar
      surface 28 and the illustrated tapered end portion 27 are formed by an
      extrusion process in conjunction with the upsetting operation employed to
      form the driving head 24.
PAR  By controlling the angle of inclination A of surface 28 relative to the
      axis 30 it can be assured that intersection of this surface with the axis
      30 does not occur. Control of the angle A produces an additional,
      important result, namely, it also insures that angular extent of the
      flattened surface is maintained at a value less than 180.degree.. In this
      regard, attention is directed to FIG. 3, a sectional view through the end
      portion 26. The angle B defines the angular extent of surface 28, and is
      always less than 180.degree..
PAR  To form the threaded portion on the blank 20, said blank is disposed
      between a pair of thread rolling dies 32 and 34 of generally standard
      design. In this regard, the dies are designed to perform an upsetting
      operation on the blank 20 thereby cold forming an external or male-type
      thread thereon. One of the dies, 34 as illustrated, is movable relative to
      the other thereby producing relative rotation of the blank 20 causing said
      blank to move along the length of the dies and thereby producing a
      helically disposed thread formation or pattern thereon. It should be noted
      that in FIG. 4 the fastener blank 20 is viewed looking from the driving
      head toward the work entering end. The distinction is important, as the
      numerous sectional views of FIGS. 9-12 are taken in an opposite direction,
      that is looking from the work entering end toward the driving head. It
      should also be kept in mind that FIG. 4 is of a generally schematic,
      illustrative nature, the dies 32 and 34 being representative of the
      various known thread-rolling methods that could be employed.
PAR  The rolling of threads on a blank is well-known in the fastener art and
      only brief detail will be set forth herein as to the general concept, with
      particular attention being directed to what transpires with regard to the
      configuration of the thread formed on section 26 of the blank 20. The
      thread formed on the cylindrical surface of portion 22 of blank 20 will be
      of conventional design, i.e. fully formed and generally circular in
      section.
PAR  Briefly, during the rolling operation, the material of blank 20 is upset
      and cold worked to produce the helical thread configuration. That is to
      say, essentially no metal is removed, but only a re-working of the
      existing metal takes place, the final crest diameter of the fully formed
      fastener being greater than the original diameter of the blank 20. The
      configuration of the thread formed upon the relatively circular portion of
      the blank will be of a conventional nature. As will be explained, the
      thread configuration achieved approximate the work entering end 27 of the
      blank 20 will be of a lobular form, due to the employment of the planar
      portion 28. For purposes of discussion, the blank in either its threaded
      or unthreaded state will be designated by the reference character 20. In a
      similar manner reference characters 22, 26 and 27 are used to designate
      the threaded portions of the blank.
PAR  During rolling with the parellel dies 32 and 34, one of said dies is moved,
      while the other is maintained stationary. As such, the blank 20 is rolled
      between the opposed die and moves longitudinally thereof from one end to
      the other. During this movement, the spacing between dies 32 and 34 is
      maintained at a selected, preset distance, with the thread-forming grooves
      36 on said dies, cold working the exterior surface of the blank 20 into
      the form of a helical thread.
PAR  Considering first the circular portion 22 of blank 20, as this portion is
      of a generally uniform configuration, the engagement or pressure exerted
      by the grooves 36 will be constant throughout the thread-rolling
      operation, thereby producing a uniform, standard thread configuration.
      Also, due to the generally symmetrical nature of the blank portion 22, the
      path of movement of the axis 30 during rolling will be substantially a
      straight line, there being essentially no wobbling of the blank 20.
PAR  The portion of the blank containing the planar surface 28 is of a generally
      asymmetrical configuration with respect of the axis 30. Thus, equal
      pressure will not be applied to the portion 26 during the rolling
      operation, with FIG. 4 illustrating generally, what transpires during
      rolling of the blank portion 26. For purposes of illustration, a reference
      or datum line 40 is employed. In the condition illustrated in the right
      hand portion of FIG. 4, said datum line 40 is disposed generally parallel
      to the cross-sectional projection of surface 28 and perpendicular to the
      opposed surfaces of dies 32 and 34. Keeping in mind that what is being
      dealt with here is a cold working operation, when the blank 20 is in the
      position wherein the datum line 40 is perpendicular to the die surfaces,
      sufficient blank material is available and presented to the thread-forming
      grooves 36 such that a complete thread profile will be attained coincident
      with said datum line 40. The crest height of the thread thus formed
      decreases about the periphery of the blank 20 in a direction away from the
      datum line 40. In this regard, it should be noted that the blank material
      extends to the bottom of the thread forming groove 36, which defines the
      thread profile on the fastener, with the exterior or land portion of said
      groove forming the root of the fastener thread.
PAR  As the blank 20 continues to rotate, it will move toward the condition as
      illustrated in the left hand portion of FIG. 4 with datum line 40 moving
      approximately 90.degree. to a position disposed generally parallel to the
      die surfaces. In the illustrated condition, due to the fact that the flat
      surface 28 is now brought into position opposite an associated groove 36,
      insufficient blank material is presented to said groove, such that a
      complete thread profile cannot be formed. In point of fact, little if any
      engagement will be obtained proximate the planar surface 28 which results
      in the production of a gap or void in the thread form. This factor also
      affects the degree of engagement of the opposed die member. In this
      regard, it will be recalled that due to the engagement of the dies 32 and
      34 with the circular portion 22 of blank 20 and the fixed spacing of said
      dies, the blank 20 will not wobble during rolling. Accordingly, with
      regard to the portion of the blank opposite the planar portion 28, the
      absence of wobbling taken in conjunction with the absence of material
      produced by said planar portion 28 results in an insufficiency in forming
      pressure. Thus the groove 36 is not filled opposite surface 28 thus
      resulting in an incomplete or underfilled thread profile at the locations
      diametrically opposed to said surface 28. In addition, as the material is
      cold worked toward the planar surface 28, a pair of spaced abrupt edges
      will be formed which define the discontinuity in the thread configuration,
      said edges being designated generally 42 and 44, respectively.
PAR  It is to be kept in mind, that with the condition illustrated in the left
      hand portion of FIG. 4, the dies cannot move toward each other, due to the
      presetting of their spacing, and the engagement of said dies with the
      circular portion 22 of the blank. Thus, while there may be some bending of
      the end portion 26 the blank axis 30 will move generally in a straight
      line. As mentioned above the absence of material produced by employment of
      the planar surface 28 is reflected in the thread form disposed oppositely
      thereof, in that said thread will be of an incomplete or underfilled
      profile.
PAR  The thread configuration thus produced with the above-discussed method is
      such that a pair of diametrically opposed lobular portions 46 and 48
      result, the lobular portions being generally coincident with the datum
      line 40 and having their maximum crest height at a point along said datum
      line. The side portions of the thread form produced with the described
      method are designated generally 50 and 52, and are of a lesser crest
      height than the lobular portions 46 and 48. These side portions are
      disposed on opposite sides of the datum line 40. The side portions 50 and
      52, as will be discussed in further detail, are of a generally
      asymmetrical configuration.
PAR  The thread form produced pursuant to the rolling of the blank portion 26 is
      best viewed and understood with reference to FIGS. 5 and 6. Looking first
      to FIG. 5, it can be seen that the thread form, designated 60 on the end
      portion 26, includes a plurality of gaps 62 of controlled dimension. The
      gaps 62 decrease in extent in a direction away from the work entering end
      27, and define the side portion 52 as referred to previously. In FIG. 6,
      which is a view similar to FIG. 5 but rotated 180.degree., it can be seen
      that the opposite side portions 50 are in the form of incomplete thread
      formations, referred to in the art as underfilled threads. The degree or
      extent of the underfilling also decreases in a direction away from the
      work entering end of the fastener.
PAR  Returning now to FIG. 4, it should be noted that the root of the thread
      formation produced with the above-discussed method, and designated
      generally 64, is of a circular configuration. As such, the thread height
      (which is defined as the distance from the root to the crest of the
      thread) will be maximum along the datum line 40 for the lobe portions 46
      and 48, with the maximum thread height at the edges 42 and 44 being a
      value less than that for the lobes 46 and 48.
PAR  Attention is now directed to FIGS. 7-12 which illustrate the conditions
      existing upon engagement of the threaded blank or fastener 20 in a pilot
      aperture 70. With reference to FIG. 7, there is illustrated the initial
      condition, wherein the fastener is first engaged with a pilot aperture 70
      having a center line 72. Due to the extent of the gaps 62 in the threads
      immediately adjacent the work entering end 26, which produces the overall
      asymmetrical configuration, a considerable segment of said threaded end 26
      will be disposed in the aperture 70. However, it should be noted that the
      fastener 20 will be offset with respect to said pilot aperture, i.e., the
      center line 30 of said fastener being displaced with respect to the center
      line 72 of said aperture. This displacement results in a number of the
      interrupted thread turns 60 being disposed within the aperture and in
      engagement with surface wall 74 thereof. Accordingly, with the fastener 20
      initially disposed in the aperture 70 as shown in FIG. 7, and assuming
      rotation thereof coupled with the application of an axially directed
      force, the interrupted thread turns 60 will have purchase with the wall
      surface 74. This engagement will result in the interrupted thread turns 60
      gripping or cold working the wall surface 74 thereby pulling the fastener
      20 interiorly with said aperture 70. The above-mentioned cold working
      continues, and increases in degree as the fastener 20 moves inwardly of
      aperture 70, and results in the formation of an internal thread
      configuration; the fastener 20 ultimately arriving at the intermediate
      condition illustrated in FIG. 8.
PAR  It should be noted that in FIG. 8, the fastener 20, although not fully
      engaged within the aperture 70, has moved to a coaxial position, viz.,
      axis 30 of the fastener and axis 72 of the aperture coincide. The forces
      which result in this movement will be discussed hereinafter with regard to
      FIG. 12. It should be noted, however, that continued driving of the
      fastener from the position as illustrated in FIG. 8 will result in the
      entire aperture wall being cold worked to form an internal thread and will
      bring the generally circular thread portion 22 of the fastener into
      engagement with the internal threads thus formed.
PAR  It should be noted that the interrupted threads 60 on the end portion 26
      are possessed of a generally tapered configuration, in that the maximum
      crest diameter of the lobe portions increases in a direction away from the
      work entering end. This results due to the decrease in the extent of the
      gaps 62, and correspondingly an increase in the amount of material
      available for the formation of a thread profile in the areas removed from
      the work entering end 27. As such, the material of the wall surface 74 of
      aperture 70 will be cold worked in a progressive manner to produce the
      desired internal thread configuration. The thread configuration on the
      shank 22 positioned beyond the interrupted threads 60 are designated
      generally 65 and, as discussed above, are of a standard, circular
      configuration. These threads will have a maximum thread height which is
      approximately equal that of the last lobe portion 46 or 48 on the
      self-tapping section 26 so as to have full engagement with the internal
      thread formed by the self-tapping portion 26 and thereby resist
      inadvertent withdrawal of the fastener.
PAR  The conditions of engagement at various locations along the tapered,
      self-tapping portion 26 once the fastener has reached the coaxial
      disposition in the aperture 70 are illustrated in FIGS. 9-11. In this
      regard, it must be kept in mind that the illustrations are of a somewhat
      schematic nature, in that the thread profile is not planar as illustrated,
      but is disposed about a helix. Therefore, with specific reference to FIG.
      9, for example, the overall dimension from the center line 30 to the lobe
      portion 48 will be slightly greater than that to the lobe portion 46, due
      to the aforementioned tapered configuration. Of course, the thread height
      of the lobes 46 and 48 on the thread turns of FIGS. 10 and 11 will have an
      overall radial height greater than those of FIG. 9. It is this gradual
      progression in the overall radial thread height of the lobe portions 46
      and 48 which produce the gradual, yet effective cold working of the
      aperture wall 74 to produce the internal thread 80.
PAR  Referring specifically to FIG. 9, there is shown a condition of engagement
      relatively adjacent the work entering end 27 of the fastener 20. In this
      regard, it should be noted that the side portion 52 defined by the gaps 62
      is maximum. Correspondingly, the degree or extent of the underfill of the
      thread form on the opposed side surface 50 of this thread turn is also at
      a maximum. Thus, there results a considerable amount of radial relief at
      this location with only the relative tips of the lobe portions 46 and 48
      being brought into engagement with the aperture wall 74.
PAR  Fastener 20 will be rotated in a direction indicated by the arrow 76. It
      should be noted that FIG. 9, as well as FIGS. 10-12, are sectional views
      taken in a direction looking from the work entering end 27 toward the
      driving head 24 of the fastener 20. Accordingly, the edge 44 of the thread
      form 60 will in effect be the leading edge, with the edge 42 the trailing
      or following edge of the thread turn illustrated. Also of importance here,
      is the fact that the maximum cross-sectional diameter of the tapping
      portion 26 in the area of FIGS. 9-11 will be through the lobe portions 46
      and 48. Keeping in mind here again the fact that the thread form is
      disposed on a helix, the overall radial height of the lobe 48 in each
      instance will be slightly greater than that of the lobe 46. With the
      maximum value of the overall height of the lobes increasing along the
      length of the externally threaded self-tapping portion 26 until the
      circular thread 65 is reached, whereupon the radial height of the threads
      on fastener 20 remain substantially constant.
PAR  In FIGS. 10 and 11, it can be seen that the extent of the gaps 62 in the
      thread form 60 has been decreased, and correspondingly, the degree of
      underfill of the opposed side portion 50 is also less. Thus, the extent of
      radial relief at the location of FIGS. 10 and 11 is diminished from that
      of FIG. 9 with the form of the thread gradually becoming circular upon
      entry into the threaded portion 64, wherein little or no radial relief is
      provided.
PAR  The importance of radial relief in a self-tapping thread configuration
      cannot be overstressed. As mentioned above, the tapping or forming of a
      female thread is a cold working operation requiring that the metal of the
      pilot aperture be swaged and then reformed into an internal thread
      configuration. This operation, of necessity, requires physical movement of
      the metal about the inner periphery of the pilot aperture. Thus, if the
      forming or male thread is in engagement about 360.degree., there is no
      space into which the displaced material can move and galling will result.
      Where radial relief is provided, there exists areas or zones into which
      the displaced metal can move and subsequently be reshaped by the lobular
      portions 46 and 48 of the fastener. The greater the extent or amount of
      radial relief provided, the lower the driving torque required for the
      fastener.
PAR  Attention is now directed to FIG. 12 which illustrates essentially the
      condition existing shortly after initial thread forming engagement is
      achieved. In this regard, the female internal thread is designated
      generally 80, with the initial offset position of the fastener relative to
      the aperture being shown by the respective center lines 30 and 72. It must
      be kept in mind, that the illustration of FIG. 12 is that before coaxial
      positioning is achieved. Here again, it should be noted that the thread
      form illustrated will now be of a planar disposition, but will be more
      properly helical in nature.
PAR  Attention is now invited to both FIGS. 7 and 12 wherein the offset
      relationship can be viewed. Assuming rotation of the fastener 20 in a
      direction indicated by arrow 76 in FIG. 12, it will be noted that the lobe
      portion 46, to the right as viewed, is the leading lobe. As such, the
      degree of interference or engagement with the aperture side wall will
      initially be greater for the leading lobe, than it will be for the
      trailing lobe 48, disposed to the left as viewed. The difference in the
      degree of engagement will produce a force vector, indicated by the arrow
      82 which will tend to move the center line 30 of the fastener toward the
      center line 72 of the aperture.
PAR  During the initial thread forming engagement, and thereafter upon the
      obtaining of coaxial engagement, the lobe portions will operate to produce
      a cold working of the aperture wall 74 to produce the internal thread 80.
      In view of the fact that the lobe portions 46 and 48 have a height greater
      than the height of the edges 42 and 44, these edges will not be brought
      into engagement with the material of the aperture wall and thus no cutting
      action results.
PAR  While there has been disclosed herein, a preferred embodiment of the
      invention, it is by no means intended that same shall define the full
      limits of the present invention. Applicant is well aware that those
      skilled in the art may readily devise various modifications, changes or
      alterations from the specific designs shown, which do not depart from the
      spirit and scope of the invention, as these are defined by the claims
      appended hereto.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A self-tapping fastener capable of forming a female thread in a pilot
      aperture, said fastener comprising: an elongate shank having driving means
      thereon, such that the end of said shank remote from said driving means
      constitutes the work entering end of said fastener; and a threaded portion
      formed on said shank extending from said work entering end toward said
      driving means, said threaded portion including a tapered thread-forming
      section proximate said work entering end, and a cylindrical portion having
      a circular thread formation disposed intermediate said thread-forming
      section and said driving means, said thread-forming section including a
      plurality of discontinuous rolled thread turns, characterized in that the
      crest formation of each thread turn includes a pair of generally
      diametrically disposed lobe portions, with diametrically spaced
      asymmetrical side portions disposed intermediate said lobes on each thread
      helix, said side portions having a thread height less than that of said
      lobe portions, and one of said side portions being defined by a single gap
      in the thread turn, while the other side portion is defined by an
      under-filled, incomplete thread crest formation, said gap producing a
      first, following thread edge and a second, leading thread edge spaced from
      said first edge along the thread helix, said leading thread edge being of
      an inwardly rounded configuration, the maximum angular extent of said gap
      in each thread turn being less than 180.degree. such that the thread
      height at said first and second thread edges for each thread turn is less
      than the maximum thread height of the lobe portions of said turn, and the
      angular extent of said gap for the thread turns decreasing progressively
      in a direction away from the work entering end of said fastener.
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ABST
PAL  The invention relates to a screw anchoring device adapted to be inserted in
      a bored hole and of the type having a tubular anchoring member moulded
      from plastics material and provided with longitudinally -- for example
      axially or helically -- extending slits or slots. The anchoring member
      cooperates with a screw in such a manner that the anchoring member may be
      axially compressed and thereby radially expanded by tightening of the
      screw. A sleeve or tubular member inserted in one end of the anchoring
      member cooperates with an internal shoulder abutment within the anchoring
      member, whereby the anchoring device is made universally applicable so
      that it may be mounted as well in through holes in panels or plates as in
      nonthrough holes in solid walls whether these walls are made from more or
      less pressure resistant materials and whether the diameters of the bored
      holes correspond more or less to the outer diameter of the anchoring
      device. The sleeve inserted in the tubular anchoring member may be of a
      semi-rigid, deformable material, and between the sleeve and the internal
      shoulder an expansion member may be arranged. The expansion member is
      driven into the adjacent end of the sleeve when the anchoring device is
      axially compressed to assist radial bulging of the respective end portion
      of the anchoring member.
PARN
PAR  This is a continuation of application Ser. No. 237,044, filed Mar. 22,
      1972, which is a continuation-in-part of application Ser. No. 39,886 filed
      May 22, 1970 both now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an expandable anchoring device to be inserted in
      and fastened within a bored hole, said device comprising a tubular
      anchoring member moulded from a deformable plastics material and being
      provided with an internal abutment or shoulder and a thread portion for
      cooperating with a screw, longitudinally extending slits or slots being
      provided in the wall of said anchoring member.
PAR  2. Description of the Prior Art
PAR  Such an anchoring device is disclosed in for example U.S. Pat. No.
      2,918,841. Anchoring devices of said type are used in cases where an
      object is to be fastened to thin walls, plates or panels, the back of
      which is inaccessible or accessible only with difficulty for example, wall
      elements formed by spaced panels or plates defining between them a cavity
      which may be filled with a soft or crisp insulating material. The slits or
      slots of the anchoring member may for example, be axially or helically
      extending, separate the wall of the anchoring member into strip-formed or
      band-formed parts. When an anchoring device of the type described is
      inserted in a bored hole in a wall or plate in such a manner that the
      inserted end portion of the anchoring device projects beyond the back of
      the plate or wall and the deformable anchoring device is then compressed
      by screwing the screw into engagement with the thread portion of the
      anchoring member, the inner end of the anchoring member will be moved in
      relation to the plate or wall, and the anchoring member will mainly tend
      to bulge at that inner end being moved, whereby the strip-formed or
      band-formed parts at the projecting end portion of the anchoring member
      are bended outwardly and form against the back of the plate an abutment,
      and thereby an object of some kind may be fastened to the accessible front
      of the plate or wall.
PAR  When a fastening device of the type described is mounted in a plate of a
      relatively soft material, such as a plasterboard and the screw is
      vigorously tightened the expanded parts of the anchoring device forming
      the said abutment against the back of the plate will be pressed into the
      back of the soft plate whereby the plate may be damaged. If,
      alternatively, the anchoring device is mounted in a plate of a relatively
      hard material, such as a plate or hardened masonite or a plywood panel, a
      vigorous tightening of the screw may cause cutting of the bended
      band-formed parts of the anchoring member because said parts are pressed
      against the edges around the bored hole. If the band-formed parts are cut,
      the anchoring device will of course become ineffective.
PAR  Furthermore, various types of dowels or wall plugs adapted to be mounted
      within non-through holes in solid walls are known. The effect of these
      dowels or wall plugs is based on the fact that their inner diameter is
      smaller than the outer diameter of the core of the belonging screw --
      which is normally a self-tapping screw such as wood screw -- and thus the
      dowel is expanded radially when the screw is screwed into the same whereby
      the dowel is wedged in the bored hole. The pressure thereby exerted on the
      wall material may cause peeling of wall material around the mouth or
      entrance of the bored hole, unless the outer end of the dowel is pushed
      inwardly so as to be spaced from the said entrance of the hole.
      Furthermore, when using the said dowels, it is not possible to obtain a
      satisfactory wedging within a bored hole if the inner diameter of the same
      substantially exceeds the outer diameter of the dowel.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a universally applicable
      anchoring device of the type described which may be mounted in through
      holes as well as in non-through holes and by which the disadvantages
      mentioned in connection with the known anchoring devices or dowels may be
      partly or totally eliminated.
PAR  At the end opposite to said thread portion the anchoring device according
      to the invention is provided with a sleeve or tubular member inserted in
      the anchoring member and aligned with said internal abutment.
PAR  Preferably said sleeve or tubular member is substantially less compressible
      in axial direction than the anchoring member. This reduced compressibility
      may be obtained by selecting a suitable cross-section area and/or
      material.
PAR  In the present specification the term "thread portion" is intended to
      comprise an inner surface having preformed internal threads as well as an
      inner surface intended to cooperate with a self-tapping screw.
PAR  When the anchoring device according to the invention is to be mounted in a
      through hole in a plate or wall, the length of the sleeve or tubular
      member is preferably selected so as to exceed the thickness of said plate
      or wall. The sleeve or tubular member may be removably inserted in the
      anchoring member. In that case one and the same anchoring member may be
      used in connection with plates or panels of widely varying thicknesses, if
      desired, because the anchoring member may be provided with a sleeve having
      a length selected so as to correspond to the thickness of the plate in
      connection with which the anchoring device is to be used. When the
      anchoring device according to the invention has been mounted within a
      bored hole in a plate or panel and the screw is then vigorously tightened,
      the anchoring member will be compressed until the sleeve and the internal
      shoulder or abutment of the anchoring member aligned therewith present
      further axial compression of the anchoring member. Thus this cooperation
      between the sleeve and the internal abutment prevents damage of the back
      of the plate or panel as well as cutting of the band-formed parts of the
      anchoring member.
PAR  The use of said sleeve or tubular member also counteracts an inwardly
      directed radial deformation of the part of the anchoring member positioned
      within the bored hole. Thereby a perfect engagement between the anchoring
      member and the wall of the bored hole may be obtained, and this is
      especially important when the fastening device is used for fastening a
      relatively heavy object.
PAR  The anchoring device according to the invention may, however, also be
      mounted within non-through holes bored in the heavy solid wall. This
      increased applicability of the anchoring device according to the invention
      is primarily permitted by the presence of said sleeve or tubular member.
      Then an anchoring device according to the invention is mounted in a bored
      hole in a solid wall of gas concrete or light concrete or another porous
      and less pressure resistant building material, and the screw of the
      anchoring device is thereafter tightened, the anchoring member will mainly
      tend to bulge at its inner end being moved in relation to the wall as
      mentioned previously. The sleeve or tubular member inserted in the
      anchoring member will, however, limit the outward movement of the bulged
      inner end of the anchoring member, whereby the bulged part will be
      positioned at a certain distance from the entrance of the bored hole even
      when the anchoring device is vigorously tightened. The said distance may
      be determined by selecting the length of the sleeve. In case the anchoring
      device was not provided with the said sleeve or tubular member said bulge
      could be moved or drawn out to the entrance or mouth of the bored hole so
      that in fact no anchoring effect would be obtained by vigorously
      tightening of the screw cooperating with the anchoring device.
PAR  In case the non-through hole is bored in a more pressure resistant
      material, such as concrete or brick, the anchoring device according to the
      invention will not be able to displace the said material to any
      substantial degree when the belonging screw is tightened. However, the
      compressed anchoring member will be pressed against the wall of the bored
      hole with a substantial pressure so that an effective anchoring is
      obtained.
PAR  Even if the bored hole has an inner diameter substantially exceeding the
      outer diameter of the untightened anchoring member, an excellent anchoring
      of the anchoring device according to the invention may be obtained,
      because by tightening the screw the anchoring member will be shortened and
      its outer diameter will simultaneously be increased until the anchoring
      member is pressed in engagement with the wall of the oversized bored hole
      with a substantial pressure.
PAR  According to the invention the said sleeve may be of a relatively stiff or
      rigid material, and a tube of a soft deformable material, for example soft
      plastic or rubber, may then be arranged between said stiff sleeve and the
      internal abutment in the anchoring member. When the screw of the anchoring
      device is tightened the soft tube will be radically compressed axially,
      and thereby it will expand radially. The tube compressed in this manner
      serves as a kind of buffer counteracting the tendency of cutting and
      damaging the strip-formed or band-formed parts of the anchoring member by
      vigorously tightening of the screw belonging to the anchoring device.
PAR  It has been found that it is possible to obtain a similar effect by using a
      sleeve made from a semi-rigid deformable material and by omitting the said
      tube of soft material. In that case the sleeve is preferably selected with
      a greater length than when the sleeve is made from a more stiff or rigid
      material. When a sleeve made from a semi-rigid material is used, the inner
      end portion of the sleeve may advantageously be slit by a number of
      longitudinally extending slits. These slits may, for example, be axial,
      helical or inclined in relation to the longitudinal axis of said sleeve.
      These slits facilitate radial bulding of the end portion of the sleeve
      when the anchoring device is compressed axially.
PAR  According to the invention it may be advantageous to arrange a tubular
      expansion member within the tubular anchoring member between said internal
      abutment or shoulder and the tubular member, said expansion member having
      a maximum cross section exceeding that of the bore of the adjacent tubular
      member, which may be the said soft tube or said sleeve, and being adapted
      to be driven into and to expand the adjacent end of the tubular member
      when the anchoring device is axially compressed by tightening of the
      corresponding screw. The said expansion member promotes the initial
      bulging of the end portion of the adjacent tubular member, which may be
      the said semi-rigid sleeve or the said soft tube. Additionally, the
      tubular expansion member which is made from a material being more hard or
      stiff than the material from which the adjacent tubular member is made,
      secures a very uniform radial bulging of the tubular member into which it
      is driven. Furthermore, the rather stiff tubular expansion member
      surrounding the screw prevents that the material from the tubular member
      is pressed inwardly into contact with the threads of the screw when the
      anchoring device is axially compressed by tightening the screw. Such
      contact between the material of the tubular member and the screw would
      tend to make it more difficult to tighten and unscrew the screw.
PAR  The expansion member may for example be an axially extending projection
      formed on and integrally with said abutment or shoulder. The expansion
      member is, however, preferably a separate tubular member tapered at one
      end and advantageously at both ends. The last-mentioned tubular member
      with tapered ends also comprises a member having a spheric or ball-shaped
      outer surface and a diametrically extending bore.
PAR  The thread portion of the anchoring member may according to the invention
      be constituted by a nut secured to the anchoring member at one end
      thereof, the inner end of said nut extending beyond the roots of the
      band-formed parts defined between the slits or slots in the wall of the
      anchoring member, said inner end of the nut being separated from the
      band-formed parts and forming the internal abutment of the anchoring
      member. Thereby the bending stresses generated at the roots of the
      band-formed parts by tightening the screw of the anchoring device are
      diminished. The nut secured to the anchoring member may be made from any
      suitable material, but the nut is preferably made from glass fibre,
      reinforced plastics, or from metal so that the threads of the nut are
      proof against a vigorous tightening of the screw.
PAR  A tubular anchoring member of the type described may be moulded in a mould
      having a number of mould parts corresponding to the numbers of slits or
      slots in the anchoring member. However, in a mould of that type only
      rather few anchoring members may be moulded by each moulding operation.
PAR  Normally the anchoring members described are provided with an abutment
      flange at the end opposite to the thread portion. In the anchoring member
      used in connection with the anchoring device according to the invention
      the slits or slots are extended right up to the said abutment flange. The
      anchoring member may then, if provided with a tubular member or sleeve of
      a suitable length, be used as well for anchoring device adapted to be
      mounted in a very thin plate or panel as in a plate or panel having a
      substantial thickness or, as described previously, in a solid wall.
PAR  The tubular anchoring member may, however, advantageously be produced in a
      mould cavity with a cylindrical core extending into said cavity and being
      provided with longitudinally extending, mutually parallel and spaced ribs
      the radial heigth of which is greater than or equal to the wall thickness
      of the tubular fastening member to be moulded, but smaller than the radial
      width of the flange, said method comprising arranging the core in such a
      manner that said ribs extend through the flange of the fastening member
      during moulding and removing the fastening member from the core after
      moulding by providing an axial displacement of said fastening member in
      relation to the core in the direction of the ribs. It is appreciated that
      by this method a mould separated into only two moulds may be used, and any
      number of mould cavities may be formed in the said mould so that a
      considerable number of anchoring members may be produced by each moulding
      operation.
PAR  In the anchoring members produced by the method described the slits or
      slots extend right up to and even through the collar or flange of the
      anchoring member and therefore such anchoring member is especially
      suitable for use in connection with the previously described anchoring
      device according to the invention.
PAR  The anchoring member may, for example, be produced with straight axial
      slits or with helically formed slits or slots, and in these cases the core
      used in the method described must also be provided with straight and
      helically formed ribs, respectively.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other and further objects and advantages of the present invention will be
      apparent from the following description when taken in connection with the
      accompanying figures, wherein:
PAR  FIG. 1 is a side view of a first embodiment of the expandable screw
      anchoring device according to the invention,
PAR  FIG. 2 illustrates a longitudinal section of the screw anchoring device
      shown in FIG. 1,
PAR  FIG. 3 is a side view and partially sectional view of the anchoring device
      shown in FIGS. 1 and 2 mounted in a bored hole in a plate or panel and
      being in a partially tightened condition,
PAR  FIG. 4 is a side view of a second embodiment of the screw anchoring device
      according to the invention,
PAR  FIG. 5 illustrates a longitudinal section of the embodiment shown in FIG.
      4,
PAR  FIG. 6 illustrates the anchoring device shown in FIGS. 4 and 5 in its
      tightened condition and mounted in a bored hole in a plate or panel as
      viewed from the back of the plate.
PAR  FIG. 7 illustrates the anchoring member or anchoring body of the anchoring
      device shown in FIGS. 1-5 as viewed from the front or right (as shown on
      the drawings) end thereof,
PAR  FIG. 8 illustrates the anchoring device shown in FIGS. 4 and 5 placed in a
      bored hole having an inner diameter corresponding substantially to the
      outer diameter of the anchoring member being shown before tightening of
      the screw,
PAR  FIG. 9 illustrates the same as FIG. 8, but after tightening of the screw,
PAR  FIG. 10 illustrates the anchoring device shown in FIGS. 4 and 5 placed in a
      bored hole having an inner diameter substantially exceeding the outer
      diameter of the anchoring member being shown before tightening of the
      screw,
PAR  FIG. 11 illustrates the same as FIG. 10, but after tightening of the screw,
PAR  FIG. 12 illustrates the anchoring device shown in FIGS. 4 and 5 mounted and
      tightened within a hole bored in a solid wall of gas concrete or light
      concrete or a similar material,
PAR  FIG. 13 illustrates the screw anchoring device shown in FIGS. 4 and 5
      mounted and tightened within a hole bored in a relatively thin plate or
      panel,
PAR  FIG. 14 illustrates an anchoring of the type shown in FIGS. 4 and 5, but
      slightly modified and mounted in a plate or panel substantially thicker
      than that shown in FIG. 13,
PAR  FIG. 15 illustrates a side view and partially sectional view of a third
      embodiment of the anchoring device mounted in a bored hole in a panel or
      plate,
PAR  FIG. 16 illustrates the same as FIG. 15, but in a partially tightened
      condition,
PAR  FIG. 17 illustrates a sectional view of the anchoring device shown in FIGS.
      15 and 16 in its fully tightened condition,
PAR  FIG. 18 illustrates a sectional view of a slightly modified embodiment of
      an anchoring device of the type shown in FIGS. 15-17,
PAR  FIG. 19 illustrates a side view and partially sectional view of a fourth
      embodiment of the anchoring device according to the invention in a
      partially tightened condition, and
PAR  FIGS. 20 and 21 illustrate diagrammatically sectional views of a mould
      adapted for moulding anchoring members or anchoring bodies of the type
      shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The expandable anchoring device 10 illustrated in FIGS. 1-3 comprises a
      screw 11 the shank portion of which is surrounded by a tube section 12
      (FIG. 2) of a soft deformable material, such as rubber or soft plastic. By
      way of example, the tube section 12 may be made of polyvinyl chloride
      having a specific weight of 1.24 grams per cubic centimeter and a hardness
      of about 65.degree.D(ASTM D 1706/61). Further, by way of example, the tube
      section 12 may be made with an outer diameter of about 7.4 millimeters and
      a wall thickness of about 1.2 millimeters. The tube section 12 is
      surrounded by a tubular anchoring member or anchoring body 13 which is
      preferably integrally formed from plastic material. By way of example, the
      anchoring body 13 may be made of polyamide having a hardness of about
      shore 65.degree.D (DIN 53505), an outer diameter of about 10 millimeters
      and a cylindrical wall thickness of about 1.2 millimeters. The tube
      section 12 fits between the screw 11 and the anchoring member 13 with a
      light fit. By way of example, the tube section 12 may have a wall
      thickness about equal to the wall thickness of the anchoring member 13.
      Alternatively, the tube section 12 may be omitted for example as described
      herein after in connection with the embodiment of FIG. 14.
PAR  At one end the anchoring member is provided with an axially extending, bore
      or threaded hole 14, and thus the said end serves as a nut for the screw
      11. The cylindrical wall of the anchoring member 13 is provided with a
      number of uniformly circumferentially spaced and axially extending slits
      or slots 15 dividing the said wall up into a number of strip- or
      band-formed parts 16. At the end opposite to the threaded hole 14 the
      anchoring member 13 is provided with an abutment flange or collar 17 and
      knife-shaped axial ribs 18. The anchoring device may also be provided with
      a washer 20 for the head of the screw 11, and as shown in FIG. 2 a stiff,
      tubular sleeve member or distance member 21 is inserted in the end portion
      of the anchoring member 13 being provided with the ribs 18.
PAR  The expandable anchoring device described may especially advantageously be
      used in cases where an object is to be fastened by means of a screw to a
      plate or wall 22 the back surface of which is inaccessible or accessible
      only with difficulty as is the case by wall elements containing an inner
      space which may possibly be filled with a non-supporting insulating
      material. When the anchoring device is to be used a hole having an inner
      diameter substantially equal to the outer diameter of the anchoring member
      13 is bored in the plate or wall, whereafter the end portion of the
      anchoring member 13 provided with the threaded hole 14 is pushed into the
      bored hole till the flange 17 abuts the front surface of the plate 22. The
      ribs 18 will simultaneously cut into the wall of the bored hole and
      thereby prevent rotation of the anchoring member within said hole. The
      tubular sleeve member 21 imparts such a stiffness to the end portion of
      the anchoring member provided with the flange 17 that the ribs 18 are
      prevented from retreating radially inwardly. Thereby the effective area of
      abutment between the anchoring member 13 and the wall of the bored hole is
      increased. The sleeve member of distance member 21 has another important
      function which will be described below. The screw 11 may now be screwed
      into the threaded hole 14 whereby the anchoring member 13 and the
      deformable sleeve 12 are compressed axially. The strip- or band-formed
      parts of the anchoring member 13 will thereby be bended and yield
      laterally as shown in FIG. 3. The distance member 21 is not compressed in
      an axial direction to any noticable extent.
PAR  Provided that the length of the screw 11 is sufficient the object which is
      to be fastened by means of the anchoring device may be placed between the
      head of the screw and the flange 17 before the screw is tightened.
      Alternatively it is possible, however, to remove the screw 11 when the
      anchoring device has been compressed, and the fastening of the said object
      may now take place by a renewed insertion and tightening of the screw 11.
PAR  A second embodiment 23 of the anchoring device according to the invention
      is shown in FIGS. 4-6. This embodiment differs from that shown in FIGS.
      1-3 mainly thereby that the slits or slots 15 in the cylindrical wall of
      the anchoring member 13 are helical (FIG. 4), and that the screw 11
      cooperates with a separate nut 24 arranged at the end of the anchoring
      device opposite to the flange 17, and said nut may for example be made
      from metal, a hard plastics material reinforced with e.g. glass fibres, or
      from a similar hard material. By way of example, the nut 24 may be made of
      modified polyphenylene oxide having a hardness of M 90/L 106 Rodswell R
      scale (ASTM No. D785). The nut may for example be fastened to the
      anchoring member 13 by screw threads or by moulding the respective end of
      the anchoring member around the nut. Furthermore, the sleeve or distance
      member 21 is provided with a collar or flange engaging the flange 17 of
      the anchoring member.
PAR  When the anchoring device shown in FIGS. 4 and 5 is mounted within a bored
      hole in a plate or panel 22 and the screw 11 cooperating with the nut 24
      is thereafter tightened so that the deformable tube section 12 and the
      anchoring member 13 are compressed the helical strip- or band-formed parts
      16 are bended outwardly to a spiral-like shape so as to partly overlap
      each other as shown in FIG. 6. The abutment provided by the strip-formed
      parts bent in the manner described is rather compact, stiff and resistant
      to a heavy tightening of the screw 11, because said parts tend to arrange
      themselves on their edges whereby their resisting moment is increased.
PAR  The helical slits or slots 15 are preferably formed in such a manner that
      the pitch of the slots rotates in the same direction as the pitch of the
      screw 11. In this case the torsion imparted to the end of the anchoring
      member provided with the screw tends to twist the anchoring member to a
      certain small degree in the same direction as that in which said slots
      rotate. If the pitch of the slots rotated in a direction opposite to the
      rotation of the pitch of the screw the torsion imparted to the threaded
      end of the anchoring member 13 by the screw would tend to straighten the
      helical slits or slots 15 and thus to counteract the above described
      advantageous effect which may be obtained by the helical form of the slits
      or slots, i.e. the obtainment of the stiff and compact abutment described
      above.
PAR  By all the embodiments described above the slits or slots 15 are
      advantageously extended through the flange 17 as illustrated in FIG. 7.
      The anchoring device may then be mounted in walls or plates even if they
      have a relatively small thickness. Furthermore, the said extension of the
      slots through the flange permits a cheaper and simpler production of the
      anchoring member 13 as will be described later on.
PAR  FIG. 8 illustrates an expandable anchoring device of the type shown in
      FIGS. 4 and 5 inserted in a non-through hole 26 bored in a solid wall 25
      of a relatively pressure resistant material such as brick or concrete. The
      hole is bored with a diameter being substantially the same as the outer
      diameter of the anchoring member. When the screw 11 is tightened, the
      anchoring member is pressed vigorously against the inner wall of the bored
      hole 26. Due to the fact that the anchoring member cannot be expanded to a
      larger extend within the bored hole, the length of the anchoring member is
      correspondingly diminished to a rather small degree only (FIG. 9).
PAR  FIG. 10 also illustrates an anchoring device of the type shown in FIGS. 4
      and 5 inserted in a non-through hole bored in a solid wall of a pressure
      resistant material, but here the hole 26 has an inner diameter
      substantially greater than the outer diameter of the anchoring device.
      When the screw 11 is tightened the anchoring member is considerably
      compressed axially, and thereby the anchoring member will also be expanded
      radially till the anchoring member engages the inner wall of the bored
      hole under a considerable pressure. Thus, also in the present case an
      effective anchoring is obtained (FIG. 11).
PAR  In FIG. 12 the wall 25 consists of gas concrete or another porous building
      material with a relatively small resistance to pressure, and an expandable
      anchoring device of the type shown in FIGS. 4 and 5 intended for mounting
      an object 27 of some kind is inserted in the bored hole 26. When the screw
      11 belonging to the anchoring device is tightened the anchoring member
      will bulge out as shown in FIG. 12 and displace a part of the porous
      material whereby the anchoring device is firmly anchored within the hole
      26. The axial position of the bulge 28 is determined by the length of the
      sleeve or tubular distance member 21 used in connection with the anchoring
      device for the reason described previously.
PAR  When the anchoring device accoring to the invention is to be mounted in a
      plate or panel having a thickness being substantially smaller than the
      length of the anchoring device said anchoring device is preferably
      provided with a sleeve or distance member 21 the length of which exceeds
      the thickness of the plate to some extent. When the screw 11 is tightened
      the anchoring member 13 is compressed till the innermost end of the
      distance member 21 is not very far from a shoulder or an abutment 29
      provided within the anchoring member, only the tube section 12 being
      placed between said distance member and said shoulder in a highly
      compressed condition (FIG. 13). Thereafter the screw 11 cannot be further
      tightened, and thus the distance member prevents the bulged or expanded
      part of the anchoring device from penetrating into and damaging the back
      of the plate 22. This is very important if the said plate is of a rather
      soft material. The compressed soft tube section 12 may serve as a buffer
      between the bended band-formed parts 16 and prevents damaging or shearing
      of these parts when the anchoring device is compressed. The tube section
      12 also serves as a filler member which bulges radially outwardly when
      compressed axially and thereby provides a greater diameter of the rosette,
      i.e., the overlapping strip- or band-formed parts 16 shown in FIGS. 6 and
      13, formed by the anchoring member 13 when the anchoring device is
      tightened. Thus the distance member may be provided in different lengths
      depending on the thickness and character of the plate or panel 22. In such
      cases, the tube section 12 may be made in different lengths so that the
      total length of the member 21 and tube section 12 remains the same.
PAR  FIG. 13 shows an anchoring device mounted in a relatively thin plate or
      panel, whereas FIG. 14 shows a corresponding anchoring device having a
      longer sleeve or distance member 21 and being mounted in a substantially
      thicker plate or panel 22. The embodiment of the anchoring device
      according to the invention shown in FIG. 14 is, however, not provided with
      a tube section 12. Instead, the inner end of the nut 24 is formed as a
      projection 30 extending beyond the roots of the band-formed parts 16, but
      not being connected thereto. In the embodiment shown in FIG. 14 the free
      end of the said projection forms the internal abutment 29 of the anchoring
      member.
PAR  The embodiments 50 and 70 shown in FIGS. 15-17 and 19 are provided with a
      sleeve member 21 made from a semi-rigid, deformable plastics material, for
      example high density polyethylene, and the length of the sleeve member
      substantially exceeds the thickness of the plate 22 in which the anchoring
      device is mounted. In other words, the sleeve member 21 extends into the
      bored hole in the plate or wall 22 substantially beyond the position where
      it is desired to obtain the final position of the bulge on the anchoring
      device.
PAR  By way of example, the sleeve member 21 in the embodiments of FIGS. 15-17
      and 19 may be made of polyethylene having a nominal density of 0.922 grams
      per cubic centimeter (British Standard 3412), a hardness of about shore
      53.degree.D, a modules of elasticity of about 2600 kilograms force per
      square centimeter (100 seconds, 0.2% deflection, see "Creep In
      Thermoplastics" on page 386 of "British Plastics" No. 37 from 1964), an
      outer diameter of about 7.4 millimeters and a cylindrical wall thickness
      of about 1.2 millimeters. In the embodiment 50 shown in FIGS. 15-17 a
      separate tubular expansion member 51 tapered at both ends is arranged
      between the internal abutment or shoulder 29 which is formed by the inner
      end of the nut 24 and the adjacent end of the sleeve member 21. The
      expansion member 51 is more rigid or stiff than the sleeve member 21, and
      is preferably made from a material harder than the material from which the
      sleeve member 21 is produced.
PAR  By way of example the expansion member 51 may be made of polyamide having a
      hardness of about shore 65.degree.D (DIN 53505) an outer diameter of about
      7.2 millimeters and a maximum wall thickness of about 1.1 millimeters.
PAR  When the screw 11 is tightened the tapered end of the expansion member 51
      is driven into the bore of the adjacent end portion of the deformable
      sleeve member 21, and thereby start a radial bulging of the said end
      portion of the sleeve member (FIG. 16). A further tightening of the screw
      11 will result in a more extensive radial expansion of the sleeve member
      21 and the surrounding anchoring member 13 as shown in FIG. 17. It has
      been found that the expansion member 51 substantially facilitates the
      radical bulging of the semi-rigid sleeve member 21 and also secures
      substantially symmetrically bulging of the sleeve member about the
      longitudinal axis thereof. Furthermore, as illustrated in FIG. 17, the
      tubular expansion member 51 surrounds and protects the threads of the
      screw 11 and thereby prevents plastics material of the deformable sleeve
      member 21 from being pressed into contact with said threads. Such contact
      between the threads of the screw and the material of the sleeve member
      would make a subsequent unscrewing of the screw and demounting of the
      object 27 more difficult.
PAR  Although the present invention should not be limited to any specific theory
      about its function, it is believed that the importance of the tubular
      member or sleeve member 21 inserted in the anchoring member 13 of the
      anchoring device according to the invention may be explained as follows:
      when the anchoring device is inserted in a bored hole and the screw 11 is
      being tightened, the anchoring member 13 will be compressed axially.
      During compression the outer end portion of the anchoring member remains
      stationary whereas the threaded portion 14 or the nut 24 is moved
      outwardly in relation to the wall or plate in which the hole is bored.
      Therefore, the inner end portion of the anchoring member 13 adjacent to
      the threaded portion 14 or the nut 24 will mainly tend to bulge. When the
      axial compression of the anchoring device proceeds, the radial extend of
      said bulge increases, and the bulge is being displaced outwardly towards
      the outer end of the bore. Whether the sleeve member 21 is more or less
      axially compressible, it will sooner or later prevent further compression
      of the anchoring device even when the screw 11 is vigorously tightened.
PAR  In FIGS. 15-17, the sleeve member 21 also functions as a filling and
      bulge-promoting agent, as in the case of the tube section 12 in the
      embodiments of FIGS. 1-13, and also to impart a stiffness to the end
      portion of the anchoring member as in the embodiments of FIGS. 1-14. When
      the anchoring device is mounted in a through-going hole in a plate as
      shown in FIGS. 15-17, the sleeve section adjacent to the head of the screw
      is backed up or supported by the walls of the bored hole, and therefore,
      that sleeve section is still less inclined to expand radially than the
      inner part of the sleeve 21. When an anchoring device of the type shown in
      FIGS. 15-17 is mounted in a bored hole in a solid wall as shown in FIG.
      12, the sleeve 21 is backed up or supported by the cylindrical wall of the
      hole in its total length. However, in such case the position where the
      initial bulging takes place may effectively be determined by the action of
      the expansion member 51 or the slits 52, see FIGS. 16 and 19. If an
      anchoring device of the type shown in FIGS. 15-17, but without the
      expansion member 51, is mounted in a bored hole in a solid wall, the
      position at which the anchoring device will bulge when tightened will be
      determined by the general theory described above but may easily be
      influenced by the characteristics and nature of the material in which the
      device is installed.
PAR  The embodiment 60 shown in FIG. 18 substantially corresponds to the
      embodiment 23 shown in FIGS. 4-6, the main difference being that in the
      embodiment shown in FIG. 18, an expansion member 51 is arranged between
      the internal shoulder 29 and the adjacent end of the soft tube section 12.
      In the latter case the expansion member is driven into the bore of the
      tube section 12 and function in substantially the same manner as
      previously described when the screw 11 is tightened. The sleeve member 21
      in the anchoring device 60 is made from a relatively stiff or rigid
      material and has a length slightly exceeding the thickness of the wall or
      plate 22. The tube section 12 is made from a soft material, such as rubber
      or a soft plastics material.
PAR  The embodiment 70 shown in FIG. 19 corresponds substantially to the
      embodiment shown in FIGS. 15-17. In FIG. 19, however, the expansion member
      51 has been eliminated. Instead, the sleeve member end portion adjacent to
      the nut 24 or abutment 29 is provided with a number of axially extending
      slits 52 for facilitating the radial bulging of that end portion. The
      slits 52 may be alternatively inclined in relation to the longitudinal
      axis of the sleeve member 21 or have a helical form. It should be noted
      that it may be advantageous to use an expansion member 51 in connection
      with a sleeve member 21 slitted as shown in FIG. 19.
PAR  A method of moulding a tubular anchoring member 13 of the above type will
      now be described with reference to a mould illustrated diagrammatically in
      FIGS. 20 and 21.
PAR  The mould comprises two mould parts 31 and 32 of which the mould part 31 is
      provided with a substantially cylindrical core 33, whereas the mould part
      32 contains a mould cavity 34. The mould cavity 34 is defined by a sleeve
      35 and by a spring loaded bottom part 36.
PAR  The cylindrical surface of the core 33 is provided with a number of helical
      ribs 37 corresponding to the slits or slots in the anchoring member to be
      moulded. Furthermore, at its free end the core is provided with a
      projection for receiving a nut 24 which is to be embedded in the anchoring
      member. The core 33 projects through a bore 39 in a slip-off plate 40
      which may be moved along the core 33 by means of a rod 41, for example by
      pneumatic, hydraulic, or mechanical means.
PAR  The mould described operates in the following manner:
PAR  When the mould parts 31 and 32 are in the relative positions shown in FIG.
      15 a nut 24 is placed on the projection 38, whereafter the mould parts are
      moved towards each other whereby the core 33 is pushed into the
      cylindrical mould cavity 34. The dimensions of the mould cavity and the
      core are such that the peripheral surface parts on the ribs of the core
      closely engage the cylindrical inner wall of the mould cavity, and when
      the mould parts are closed the nut placed on the projection 38 abuts the
      spring loaded bottom part 36, whereby the nut is pressed towards the core
      33. When the mould parts are closed the front surface 42 of the slip-off
      plate 40 engages the opposite surface of the mould part 32. It is to be
      understood that in this position of the mould parts the ribs 37 on the
      core extend into a chamfering 44 at the outer end of the sleeve 35, in
      which chamfering the abutment flange 17 of the anchoring member is formed.
      Plastic or another suitable moulding material is now introduced into the
      mould cavity through an injection passage not shown. When the anchoring
      member 13 has been formed within the mould cavity the mould parts are
      separated and the moulded anchoring member is moved out from the mould
      cavity together with the core and remain on the same till the slip-off
      plate is moved to the right (as shown in FIG. 21) by means of the rod 41.
      Thereby the anchoring member 13 is pushed from the core, the said
      anchoring member moving helically in relation to the core.
PAR  Although a mould having only a single mould cavity has been described it
      should be understood that each mould may contain any desired number of
      mould cavities. Furthermore, it should be understood that within the scope
      of the invention a number of modifications of the described embodiments of
      the anchoring device and the method according to the invention may be
      made. For example, the anchoring device according to the invention may be
      of the type comprising a self-tapping screw cooperating with an inner
      cylindrical surface part of the anchoring member.
PAR  It will be appreciated that the expandable anchoring device according to
      the invention is very universal because it is effective as well for
      through holes in plates or panels as for non-through holes in solid walls
      whether these walls are made from more or less pressure resistant
      materials and whether the diameters of the bored holes correspond more or
      less to the outer diameter of the anchoring device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A screw anchoring device of the expandable type comprising:
PA1  a deformable elongated tubular anchoring member molded of plastic material
      and having elongated wall parts defined by slits or slots therein
      extending longitudinally up to a first end of the anchoring member,
PA1  a circumferentially continuous flange at said first end of the anchoring
      member,
PA1  an internal abutment defined within a second end portion of the tubular
      anchoring member,
PA1  a portion having a bore hole at said second end of the tubular anchoring
      member,
PA1  elongated tubular means inserted in said anchoring member and extending
      between said first end and said internal abutment, said tubular means
      comprising first and second tubular members of like diameter slidably
      snugly received in said tubular anchoring member and axially disposed in
      end-to-end relationship therein, one of said tubular members being less
      compressible in an axial direction than the other, said less compressible
      tubular member being adjacent said first end of the anchoring member at
      least one of said tubular members of said tubular means being
      substantially less compressible in an axial direction than said slitted
      anchoring member,
PA1  a threaded screw extending into said anchoring member from said first end
      thereof, through said tubular means and into said bore hole to threadedly
      engage the latter to draw said second end of said anchoring member toward
      said first end and thereby axially compress said tubular means and cause
      said elongated wall parts to bow outwardly under control of said tubular
      means.
NUM  2.
PAR  2. A screw anchoring device according to claim 1, in which one of said
      tubular members of said tubular means comprises an axially compressible
      plastic tube.
NUM  3.
PAR  3. A screw anchoring device according to claim 1, in which one of said
      tubular members of said tubular means comprises a semi-rigid tube the
      inner end of which is spaced from said internal abutment in an initial
      position of said device.
NUM  4.
PAR  4. A screw anchoring device according to claim 3, in which said semi-rigid
      tube at its outer end has an annular flange engaging said flange at the
      first end of said anchoring member.
NUM  5.
PAR  5. A screw anchoring device according to claim 1, in which said first
      tubular member of said tubular means comprises a relatively rigid first
      tube extending in from said first end of said anchoring member with an
      inner end spaced from said internal abutment and said second tubular
      member of said tubular means comprises an axially compressible second tube
      disposed between the inner end of said first tube and said internal
      abutment.
NUM  6.
PAR  6. A screw anchoring device according to claim 1, in which said slits or
      slots extend in a helical manner.
NUM  7.
PAR  7. A screw anchoring device according to claim 6, in which the pitch of the
      threads of said threaded screw rotates in the same direction as the pitch
      of said helical slits or slots.
NUM  8.
PAR  8. A screw anchoring device according to claim 1, in which said portion
      having a bore hole comprises a nut molded into said second end portion of
      said anchoring member and having an internally threaded bore.
NUM  9.
PAR  9. A screw anchoring device of the expandable type comprising:
PA1  a deformable elongated tubular anchoring member molded of plastic material
      and having elongated wall parts defined by slits or slots therein
      extending longitudinally up to a first end of the anchoring member and
      terminating short of a second end of the anchoring member,
PA1  a circumferentially continuous flange at said first end of the anchoring
      member,
PA1  an internal abutment defined within said second end portion of the
      anchoring member,
PA1  a portion having a bore hole at said second end of the anchoring member,
PA1  elongated tubular means inserted in said anchoring member and extending
      between said first end of the anchoring member and said internal abutment,
      said tubular means being slidably snugly received in said slitted
      anchoring member and at least a substantial part of said tubular means
      being substantially less compressible in an axial direction than said
      slitted anchoring member,
PA1  a tubular expansion member positioned within said anchoring member between
      the abutment therein and said tubular means, said expansion member having
      an outer diameter substantially the same as that of the tubular means and
      being slidably snugly received in said anchoring member in axially
      disposed end-to-end relationship with said elongated tubular means, said
      expansion member having a tapered end adapted to be driven into the
      adjacent end portion of said tubular means for expanding the same radially
      when the anchoring device is compressed axially, and
PA1  a threaded screw extending into said anchoring member from said first end
      thereof, through said tubular means and tubular expansion member and into
      said bore hole to threadedly engage the latter to draw said second end of
      said anchoring member toward said first end and thereby cause said
      expansion member to enter and radially expand said tubular means and to
      compress said tubular means axially to cause said elongated wall parts of
      said anchoring member to bow outwardly under control of said tubular
      means.
NUM  10.
PAR  10. A screw anchoring device according to claim 9, wherein said tubular
      means comprises a relatively rigid first tube extending from said first
      end of the anchoring member, and a relatively soft, axially compressible
      second tube disposed between the inner end of said first tube and said
      expansion member.
NUM  11.
PAR  11. A screw anchoring device according to claim 9, in which said expansion
      member is tapered at both ends.
NUM  12.
PAR  12. A screw anchoring device of the expandable type comprising:
PA1  a deformable elongated tubular anchoring member molded of plastic material
      and having longitudinally extending elongated wall parts defined by slits
      or slots therein extending longitudinally up to a first end of the
      anchoring member and terminating short of a second end of the anchoring
      member,
PA1  a circumferentially continuous flange at said first end of the anchoring
      member,
PA1  an internal abutment defined within said second end portion of the
      anchoring member,
PA1  a portion having a bore hole at said second end of the anchoring member,
PA1  an elongated semi-rigid deformable tubular plastic member inserted in said
      anchoring member and extending inwardly from said first end thereof, said
      tubular member being slidably snugly received in said anchoring member and
      being substantially less compressible in an axial direction than said
      anchoring member,
PA1  a tubular expansion member positioned within said anchoring member between
      said abutment therein and said tubular member, said expansion member
      having an outer diameter substantially the same as that of said tubular
      plastic member and being slidably snugly received in said anchoring member
      in axially disposed end-to-end relationship with said tubular plastic
      member, said expansion member having a tapered end adapted to be driven
      into the adjacent end portion of said tubular plastic member for expanding
      the same radially, and
PA1  a threaded screw extending into said anchoring member from said first end
      thereof, through said tubular member and said expansion member and into
      said bore hole to threadedly engage the latter to draw said second end of
      said anchoring member towards said first end and thereby force the
      expansion member into the adjacent end portion of the tubular member to
      expand the same and to compress said tubular means axially to cause said
      elongated wall parts of said anchoring member to bow outwardly under
      control of said tubular member.
NUM  13.
PAR  13. A screw anchoring device according to claim 12 in which said expansion
      member is tapered at both ends.
NUM  14.
PAR  14. A screw anchoring device of the expandable type comprising:
PA1  a deformable elongated tubular anchoring member molded of plastic material
      and having elongated wall parts defined by slits or slots therein, said
      anchoring member having a circumferentially continuous flanged first end
      portion and a circumferentially continuous second end portion,
PA1  engageable means having a bore hole at said second end portion of said
      anchoring member,
PA1  an abutment means at said second end portion of said anchoring member,
PA1  elongated tubular means in said anchoring member extending inwardly from
      said first end portion of said anchoring member, said tubular means being
      slidably snugly received in said anchoring member and at least a
      substantial part of said tubular means being substantially less
      compressible in an axial direction than said anchoring member,
PA1  a tubular expansion member in said anchoring member between said abutment
      means and said elongated tubular means, said expansion member having an
      outer diameter substantially the same as said tubular means and being
      slidably snugly received in said anchoring member in axially disposed
      end-to-end relationship with said tubular means,
PA1  a threaded screw extending into said anchoring member from said first end
      portion thereof through said tubular means and said expansion member and
      into said bore hole of said engageable means to threadedly engage the
      latter to draw said second end of said anchoring member toward said first
      end and thereby cause said wall parts of said anchoring member to bow
      outwardly, said tubular expansion member having a portion which is
      insertable radially between said threaded screw and said tubular means to
      expand the tubular means radially when the anchoring device is compressed
      axially.
NUM  15.
PAR  15. A screw anchoring device according to claim 14, wherein said tubular
      means comprises a single tubular element extending inwardly from said
      first end of said anchor member to engage said expansion member.
NUM  16.
PAR  16. A screw anchoring device according to claim 15, wherein said tubular
      means comprises a first tube element extending from said first end portion
      of said anchor member and a second tube element disposed between the inner
      end of said first tube element and said expansion member, said first tube
      element being more rigid than said second tube element in that the first
      tube element remains substantially intact and substantially axially
      uncompressed while said second tube element is axially compressed to cause
      the walls thereof to bow radially outwardly as said second end of said
      anchoring member is drawn to said first end of said anchoring member.
NUM  17.
PAR  17. A screw anchoring device according to claim 1, wherein said abutment
      means and said portion having a bore hole are integrally formed as a nut,
      said second end portion of said anchoring member being molded around said
      nut.
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ABST
PAL  The method of hermetically sealing the ammunition between the bullet and
      casing of an ammunition round and establishing a jacket with a soft,
      lubricous, plastic inner layer of hydrogenated vegetable oil and a thin
      hard, dry frangible outer layer of carnuba wax on and about the bullet
      forward of the casing and about the forward portion of the casing, said
      method comprising dipping the bullet and forward end of the casing in a
      heated molten mixture of oil and wax and permitting the round to heat
      sufficiently to expand and drive air and moisture out of the casing
      between the bullet and casing, extracting the round from the solution and
      first chilling the surface of the solution on the round to cause the wax
      at and adjacent to said surface to coelesce, set and harden, whereby the
      outer layer of the jacket is established to contain the inner layer and to
      thereafter permit the round to cool and the oil and wax beneath the outer
      layer to solidify.
BSUM
PAR  This invention has to do with a novel process for treating and protecting
      ammunition more specifically. The invention relates to a novel method of
      establishing dry, hermetically sealed and coated rounds of ammunition such
      as is provided for use in firearms, such as rifles and pistols and which
      includes elongate metallic shells or casings in which powder is contained,
      metallic bullets engaged in and projecting from one end of the casings and
      primers or detonators engaged in and carried by the other end of the
      casings.
PAR  In the art of ammunition of the character referred to above, large
      quantities of ammunition rounds are produced and are stored for protracted
      periods of time. Such ammunition is stored for the military throughout the
      world in all different climatic zones and is often subjected to extremely
      adverse environmental conditions.
PAR  The casings of such ammunition are made of brass and the bullets are made
      of lead and are frequently provided with a protective brass jacket.
PAR  In the manufacture of such ammunition, that is, during loading of
      ammunition, when the primer or detonator means are related to the casings;
      when the powder is deposited in the casings and when the bullets are,
      finally, engaged in the casings, every effort is made to keep the primer
      and the powder as dry and free of moisture as is possible, to establish as
      near as is possible, a hermetic seal between the casing and the bullet, so
      that when the ammunition is stored in humid environments, the primer and
      powder will not pick up or collect moisture and be rendered defective and
      so that the interior of the casing and the portion of the bullet therein
      will not oxidize and become fouled.
PAR  In one form of ammunition, the rear end of the casing is closed and the
      detonator is engaged therein from the other or open front end thereof.
      Such ammunition is ordinarily that form or class of ammunition referred to
      as rim fire ammunition and is such that no sealing problem exists at the
      rear end of the casing.
PAR  In another and most common form of ammunition, referred to as center fire
      ammunition, the rear end of the casing is provided with a central
      rearwardly opening primer receiving socket and a fire opening or port
      establishing communication between the bottom of the socket and the
      interior of the casing. The primer in such ammunition consists of a
      forwardly opening metallic cup press fitted in the socket and carrying a
      phosphor material which is ignited and burns when subjected to an
      appropriate impact, as by means of a firing pin.
PAR  In such ammunition, the primer can be and is normally effectively
      hermetically sealed by a soft pastelike sealing compound which is
      deposited between the cup and the side wall of the socket, as by a simple
      wiping operation.
PAR  In light of the above, it will be apparent that in the art, as now
      practiced, no real sealing problem exists with respect to the rear ends of
      the casings.
PAR  As regards the front ends of such casings, that is, the ends thereof with
      which the bullets are related, a practical, effective and dependable
      sealing means has yet to be provided. Those sealing means which have been
      provided and which are effective and dependable have proven to be so
      costly to establish as to be impractical.
PAR  The standard or conventional relationship between casings and bullets in
      most ammunition consists of a crimped or radially inwardly formed
      cylindrical, front edge portion on casings, in snug holding engagement on
      and about cylindrical rear end portions of the bullets arranged within the
      open front end portion of the casing. The crimped portion of the casings
      must establish sufficiently tight engagement with the bullets to prevent
      their accidental or free displacement therefrom. but must not be so tight
      as will result in deformation and scarring of the bullets and/or prevent
      their free separation from the casings when the ammunition is fired in
      related firearms or rifles.
PAR  As a result of the above requirements, a sufficiently close and right
      engagement between a bullet and a casing to effect a dependable hermetic
      seal therebetween is not ordinarily attainable.
PAR  In many cases, bullets are provided with radially outwardly openings
      annular, orienting and retaining grooves in their rear portions and in
      which the forward, crimped, front end portions of related casings are
      engaged. Such grooves are most frequently characterized by serrated
      surfaces which can be deformed by the crimped portions of the casing so
      that a matted engagement which is less apt to permit relative working
      between the bullets and casings is established. While the above end is
      effectively attained by such structures, the establishment of an effective
      seal between the casings and bullets is practically eliminated.
PAR  In efforts to seal between the bullets and casings of ammunition, the prior
      art has sought to apply a coating of sealing material on and about the
      forward portion of the ammunition, which material overlies the space
      between the casing and the bullet at the front end of the casing. Such
      coatings are applied cold as by submerging the ammunition in a liquid body
      of the sealing material, or by spraying the ammunition with such material.
      Dipping or submerging of the ammunition is considered less desirable than
      spraying, as the material is extremely thin or light and tends to flow
      into the casing and contaminate the powder.
PAR  In any event, when coating such ammunition in the above or similar manners,
      any and all of the moisture in the casings, at the time of coating the
      ammunition, is trapped therein.
PAR  The materials used by the prior art, in efforts to seal between the bullets
      and casings of ammunition and to protract the exterior of the ammunition
      from the corrosive effects of moisture have been petroleum oils and/or
      waxes, which materials are so sticky that they tend to pick up, collect
      and carry dirt or foreign matter which is injurious to the firearms in
      which the ammunition is to be used and which tends to burn, carbonize and
      leave varnish-like residues when subjected to the temperature generated
      when the ammunition is used or fired and which foul the firearms.
PAR  As a result of the above, and to reduce the undesirable effects or results
      to be found in the use of such materials, such materials are applied to
      the ammunition as thin as is possible. In doing so the amount of dirt
      collected and the amount of residue that will be left is reduced, but
      also, the chances or odds that an effective seal will result is also
      reduced appreciably.
PAR  In many instances, where it is anticipated that ammunition is to be stored
      for long periods of time or is to be stored in humid clinates, a heavy
      protective coating is applied thereto, which coating must be removed by
      means of an appropriate solvent before the ammunition can be used. In such
      cases the ammunition is not ready for immediate use and requires the
      expenditure of considerable time, effort and material to make it ready for
      use.
PAR  At this time, I have no knowledge or information about any protective
      coating which is applied to ammunition by the prior art which does not
      readily collect and carry foreign matter and/or which does not burn and
      leave residue which foul the guns in which the ammunition is fired.
PAR  In the munitions art, it is common practice to provide rounds of ammunition
      of the general character here referred to which are such that when they
      are fired and the bullets travel through the air, they leave and are
      trailed by smoke and/or particles of burning material which can be
      visually observed. Such bullets are referred to as tracer bullets and are
      employed to aid or assist aiming and directing the fire or direction of
      other, conventional bullets from the firearm in which they are fired.
PAR  Conventional tracer bullets are wanting in many respects. Such bullets are
      hollowed out and filled with a combustible material which burns away as
      the bullets travel through the air and which leaves the desired trail.
      With such a structure, the weight of the bullet and its resulting
      trajectory and penetrating or impact characteristics are variable and
      totally different from a conventional bullet and the combustible material
      employed serves as an incendiary substance and is subject to igniting
      materials it comes into contact with, which materially restricts the use
      of such bullets.
PAR  An object of my invention is to provide a jacketed bullet of the character
      referred to which is such that the inner layer of its jacket vaporizes as
      the bullet travels through the air and is heated, whereby a visible vapor
      trail is left by the bullet to aid or assist in aiming the firearm from
      which the bullet is fired, for firing the next, succeeding round or rounds
      therefrom.
PAR  Further, I have no knowledge or information about a protective coating
      which is applied to ammunition by the prior art which can be applied in
      sufficient thickness to assure a seal about and between the bullets and
      casings, which has desirable lubricating characteristics and which leaves
      no undesirable residue in the firearms in which it is used or fired.
PAR  A object and feature of my invention is to provide improved hermetically
      sealed and lubricated ammunition of the character referred to.
PAR  Another object and feature of my invention is to provide ammunition of the
      character referred to in which excess moisture is exhausted from within
      the casing before the ammunition is sealed.
PAR  Still another object and feature of my invention is to provide ammunition
      with an improved coating or lubricous jacket having a hard, dry surface on
      or with which foreign matter will not stick or cling, a jacket the
      material of which lubricates the parts of a firearm in which it comes into
      contact with and which vaporizes when subjected to the temperatures
      generated when the ammunition is fired and so that it leaves no
      appreciable harmful or deleterious residue in the firearms.
PAR  Yet another object and feature of my invention is to provide a protective,
      sealing, lubricous jacket structure for ammunition characterized by an
      outer layer or skin of hard, dry, frangible material and a softer, viscous
      inner layer.
PAR  It is another object and feature of my invention to provide a novel method
      of producing ammunition and establishing a jacket of the character
      referred to above.
PAR  Finally, it is an object and feature of my invention to provide ammunition
      of the character referred to above wherein the protective, lubricous
      jacket is sufficiently tough and durable to withstand normal handling, is
      stable and long-lasting and is extremely easy and economical to establish
      or manufacture.
DRWD
PAR  The foregoing and other objects and features of my invention will be fully
      understood from the following detailed description of typical preferred
      forms and application of my invention throughout which description
      reference is made to the accompanying drawing, in which:
PAR  FIG. 1 is a side elevational view of an ammunition round established in
      accordance with and embodying my invention;
PAR  FIG. 2 is an enlarged detailed sectional view taken substantially as
      indicated by line 2--2 on FIG. 1;
PAR  FIG. 3 is a view taken as indicated by line 3--3 on FIG. 2;
PAR  FIG. 4 is a sectional view of another form of ammunition round.
PAR  FIG. 5 is a view taken as indicated by line 5--5 on FIG. 4;
PAR  FIG. 6 is a diagrammatic view of the steps performed in one carrying out of
      my new process;
PAR  FIG. 7 is a diagrammatic view of the steps of another carrying out of my
      new process; and
PAR  FIG. 8 is a diagrammatic view showing the steps of a third form of the
      process that I provide.
DETD
PAR  The ammunition round A, hereinafter called the "round", shown in FIGS. 1
      through 3 of the drawings includes an elongate, tubular, cylindrical
      casing C with a closed rear end 10 and an open front end 11, a primer or
      detonator D in the rear end of the casing, a powder charge P within the
      casing, a bullet B engaged in the open front end of the casing and a
      lubricous, sealing jacket J about the bullet B and a portion of the
      casing.
PAR  The casing C is established of a resilient metal, preferably brass.
PAR  The front end 11 of the casing is characterized by a radially inwardly
      turned or crimped edge X.
PAR  The closed rear end 10 of the casing has a central longitudinally outwardly
      opening detonator receiving socket opening 12 and has a central opening 13
      between and communicating with the bottom of the socket 12 and the
      interior of the casing.
PAR  In addition, the rear end portion of the casing C is provided with a
      radially outwardly opening annular extractor groove 15.
PAR  The detonator D is a forwardly opening, cylindrical metal cup filled with a
      phospor primer material and is press-fitted in the socket 12, as shown in
      FIG. 2 of the drawings.
PAR  The detonator D is sealed in the socket by a body of sealing compound 16
      deposited in the annular space between the sides of the cup and socket as
      illustrated. The compound is applied by wiping it across the rear end of
      the casing.
PAR  In the form of round A shown in FIGS. 1 through 3 of the drawings, the
      forward end portion of the casing is reduced and is smaller in diameter
      than the rear portion thereof.
PAR  In FIGS. 4 and 5 of the drawings, another form of ammunition round A' is
      illustrated. In this form of round, the casing C' is straight, its rear
      end 11' is imperforate and is formed to establish a radially outwardly
      projecting extractor bead 15'; the detonator D' is arranged within the
      casing with its edge at or with the bead 15', the bullet B' is
      press-fitted in the front end 10' of the casing C' and the jacket J',
      extends about the front portion of the casing and about the portion of the
      bullet projecting therefrom.
PAR  The last form of the round is typical of that form of class of ammunition
      called "Rim Fire" ammunition, while the first form or class of ammunition
      is commonly referred to as "center fire" ammunition.
PAR  Referring once again to the first form of ammunition, the bullet B is an
      elongate metal projectile or part with a cylindrical rear portion 20
      slidably engaged in the front portion of the casing C and has a serrated,
      radially outwardly opening annular channel or groove 21 in which the
      crimped edge of the casing is entered to form and establish snug, mated
      engagement with the radially outermost parts or peeks of the serrated
      surface of the groove.
PAR  It is to be understood that the term "serrated" as above and hereinafter
      employed, has been selected and is used in a general and broad sense and
      is meant to include any surfacing which establishes spaced parts or
      portions which are engaged by the crimped edge of the casing and deformed
      thereby to establish a snug matted fit therebetween and/or between which
      portions of said edge of the casing engage to establish such a fit
      therebetween.
PAR  The bullet next and finally includes forwardly convergent, pointed front
      end portion 22.
PAR  The Powder P is a loose granular body of gun powder deposited in the
      casing.
PAR  The jacket J is a structure which occurs about the forward end portion of
      the casing and thence forwardly and about the portion of the bullet
      projecting forwardly from the casing. The jacket J is characterized by an
      inner layer I of plastic lubricous non-hydroscopic material and an outer
      layer or skin S of hard, dry, frangible material. The jacket J is bonded
      to the casing and the bullet to protect the adjacent surfaces thereof from
      the effects of the ambient atmosphere and extends across and seals the
      joint or connection between the bullet and the crimped edge at the forward
      end of the casing, to hermetically seal the interior of the casing.
PAR  The outer layer of skin S of the jacket is established of Carnuba Wax and
      is intimately bonded and mechanically locked onto and with the thin layer
      I. The inner layer I is established primarily hydrogenated vegetable oil,
      such as Safflower oil, which is hydrogenated to an extent that it is
      stiff, non-fluid and plastic in nature and includes a limited quantity of
      Carnuba Wax which wax serves to stiffen and/or reinforce the oil and
      mechanically connects and bonds the inner layer and outer skin together.
PAR  The inner layer I is such that it vaporizes at a temperature below its
      flash point or temperature of combustion and the Carnuba wax contained
      therein is sufficiently finely divided and disbursed in the layer I so
      that when the oil is vaporized, the wax is carried by the vapor.
PAR  The skin S is extremely thin and so brittle and frangible that upon impact
      and/or upon loss of support by the inner layer, when the inner layer is
      removed as by vaporization, it breaks down into finely divided particles
      which are readily carried to a substantial extent by the vaporous material
      of the inner layer, by the air and/or by the gases of combination of the
      powder P when the ammunition is fired in a related firearm, such as a
      rifle.
PAR  The oil of the layer I is hydrogenated so that its latent temperature of
      vaporization is, for example, from 600.degree. F. to about 700.degree. F.
PAR  In practice, the layer I is made up or contains about 3/4 hydrogenated
      vegetable oil and 1/4 Carnuba Wax.
PAR  The ammunition round A that I provide is exhausted of excess moisture
      ladened air and is hermetically sealed so that the powder P is free of
      excess moisture and is maintained dry.
PAR  The jacket J serves to effectively and efficiently lubricate the parts and
      surfaces of the firing chamber and the barrel of the firearm or rifle
      which it is urged into contact with when it is engaged therein or
      therewith for firing and when it is fired therein.
PAR  The temperature generated and/or encountered and the movement of gases in
      the firearm or rifle when the round A is fired are sufficient to liquefy
      and/or vaporize the oil and to vent and carry away the vaporous oil and
      the wax carried thereby.
PAR  It is to be noted that the latent temperature of vaporization of the
      Carnuba Wax is approximately 1,000.degree. F., well above the temperatures
      which are encountered in the rifle, except in the direct presence of or
      contact with the burning powder. As a result of the above, the wax not
      contacted by the burning powder and instantly vaporized and/or burned
      cleanly thereby remains in the form of hard and dry finely divided
      particles.  pg,15
PAR  In establishing my new ammunition round A, the round is preassembled in
      accordance with common and regularly practiced procedures for the
      production of ammunition rounds, except for establishing or application of
      the jacket J thereon. That is, the detonator D is engaged and sealed in
      the casing, the powder P is deposited therein, the bullet B is engaged in
      the casing and the casing is crimped into engagement with the bullet to
      establish what is and will be hereinafter referred to as a "preassembled
      unjacketed round".
PAR  Following the above, the preassembled unjacketed round is dehydrated or
      excess moisture is drawn or evacuated therefrom, the round is hermetically
      sealed and the jacket J is established and/or applied thereon in
      accordance with the following novel method or process that I provide and
      diagrammatically illustrate in FIG. 6 of the drawings.
PAR  A liquid solution or mixture L of hydrogenated vegetable oil and Carnuba
      Wax is heated and melted in an opening vessel V. The preassembled
      unjacketed round A is arranged on a vertical axis above the level of the
      heated liquid solution L with its front end disposed downwardly,
      substantially as shown at 40 in FIG. 6 of the drawings.
PAR  The round is next lowered into the vessel to an extent that the forward
      portion of the bullet B projecting from the casing C is fully submerged in
      the heated liquid solution and to an extent that the front, lowermost,
      edge of the casing occurs at or below the surface of the heated solution
      as indicated at 41.
PAR  The round is suspended or left immersed in the heated solution a sufficient
      time to heat and expand the air and moisture in the casing and to cause it
      to vent between the bullet and the front end of the casing and thence into
      and thence out of said liquid solution.
PAR  The escape of the moisture ladened air can be visually detected by the
      presence of bubbles from the solution escaping from about the front end of
      the casing.
PAR  The round is also permitted to remain in the solution for a sufficient
      period of time to permit the solution to climb upwardly and about the
      forward portion of the casing, by capillary attraction and as indicated at
      42.
PAR  The round A is next elevated and extracted from the solution, as shown at
      43 and is permitted to cool. As the round A cools, the surface of the
      solution coating the round cools first. Since the Carnuba Wax has a higher
      melting point than the hydrogenated oil, the wax at the surface of the
      coating sets and hardens first and the wax within the coating adjacent the
      surface thereof coalesces with the wax at the surface to establish the
      hard, dry skin S of the jacket J and the mechanical bond between the skin
      and the layer I beneath it. Finally, the layer I solidifies.
PAR  As the jacket cools and sets, it effectively hermetically seals the casing
      and prevents the movement of air and moisture back into the casing.
PAR  When the jacket has set and the round has cooled sufficiently, it is
      finished and is appropriately packaged and stored for distribution and
      subsequent use.
PAR  In practice, the solution L contains about 1/4 wax, 3/4 oil and is heated
      to about 300.degree. F. The round A is dipped for approximately 10 seconds
      and a jacket J, about 1 mill in thickness is established thereon.
PAR  By varying the period of time, the round is submerged in the solution L and
      the extent to which it is heated, the amount of moisture ladened air that
      is urged from the casing can be varied and the thickness of the jacket J
      can be varied.
PAR  The longer the period of dip is extended, the more heat is absorbed by the
      round and the more moisture ladened air is driven therefrom. At the same
      time, the hotter the round is let to become, the thinner the jacket will
      be about the front end of the casing and the rear portion of the bullet.
      Also, the thickness of the jacket at the front end of the bullet will be
      greater than the thickness of the jacket about the rear portion thereof
      and about the casing, due to the tendency of the coating to flow or slump
      slightly as the round is permitted to cool.
PAR  In FIG. 2 of the drawing, the dotted line 55 indicates the manner in which
      the front portion of the jacket can be made thicker than the rear portion
      thereof.
PAR  By varying the temperature of the solution and/or by varying the melting
      range of the hydrogenated oil, further control of the dip period and the
      resulting thickness of the jacket can be attained.
PAR  In practice, when the round is extracted from the solution and cooling
      begins, a small amount of the solution is or may be drawing up into the
      annulus between the bullet and casing to assure a proper desired seal.
PAR  It is important to note that the temperature maintained in carrying out the
      above process are well below the flash point of the primer and powder and
      is safe.
PAR  From the foregoing, it will be apparent that the process that I provide to
      establish my new jacketed, hermetically sealed, lubricating and vapor
      trailing ammunition round is extremely easy and simple and is such that it
      can be effectively carried out or performed by simple mechanical means.
PAR  In practice, and in addition to the process illustrated in FIG. 6 and
      described above, the round A can, as illustrated in FIG. 7 of the
      drawings, be heated in a suitable oven O, before dipping, to heat and
      drive excess moisture from the casing before dipping and to thereby reduce
      the dip period materially. In this modified carrying forward of my
      invention, the round can be heated to, for example, about 300.degree. F.
      for a sufficiently long period of time to assure that all excess moisture
      is driven therefrom, following which it is dipped, sealed and its jacket J
      is established.
PAR  Still further, in carrying forward the process and in addition to the basic
      process illustrated in FIG. 6 and/or in addition to the process
      illustrated in FIG. 7, the round can be chilled following dipping to set
      the skin of the jacket more rapidly and thereby better control the
      thickness and disposition of the jacket material. Chilling of the round A,
      following dipping, also reduces the cooling time following dipping and
      speeds production.
PAR  In FIG. 8 of the drawings, I have illustrated the process shown in FIG. 7
      and in addition thereto have shown a suitable chilling chamber
      (refrigerated chamber) R and through which the round A is advanced after
      dipping.
PAR  While the latent temperature of vaporization of the carnuba wax is
      approximately 1,000.degree. F. when mixed with and in the presence of the
      hydrogenated oil, the temperature of vaporization of which is 600.degree.
      F. or 700.degree. F., the carnuba wax will vaporize with and at near the
      same temperature of the oil. While it has not be determined exactly what
      temperatures the oil and wax vaporize, it has been determined that the oil
      and wax are substantially completely vaporized at about 750.degree. F.
PAR  Having described only one typical preferred form and application of my
      invention, I do not wish to be limited or restricted to the specific
      details herein set forth, but wish to reserve to myself any modifications
      and/or variations that may appear to those skilled in the art to which
      this invention pertains.
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STM  Having described my invention, I claim:
NUM  1.
PAR  1. The method of making an ammunition round comprising an elongate tubular
      metal casing with an open front end and a closed rear end, an elongate
      metallic bullet with a rear end engaged and held in the front end of the
      casing and a forward portion projecting forwardly from the casing and a
      lubricous protective jacket structure about the forward portion of the
      bullet and continuing rearwardly about the forward portion of the casing
      to seal about and between the bullet and casing, said jacket comprising an
      inner layer of soft, viscous plastic lubricous material and a thin outer
      skin of hard, dry, frangible material, said method comprising; first,
      assembling the casing, and bullet; second, heating a volume of a mixture
      of normally non-fluid, plastic, viscous, hydrogentated vegetable oil and a
      normally hard, dry, brittle carnuba wax to a liquid state; third,
      arranging the assembly with its longitudinal axis vertically disposed and
      the bullet disposed downwardly; fourth, lowering the assembly to submerge
      the bullet and the front end of the casing into the heated liquid mixture;
      fifth, elevating and extracting the assembly from the heated liquid
      mixture with a layer of said mixture deposited thereon; and sixth,
      permitting the heated assembly to cool whereby the wax at and adjacent to
      the surface of the deposit first cools and hardens and establishes the
      hard, dry, frangible skin of the jacket about the remainder of the deposit
      and said remainder of the deposit next solidifies to establish the inner
      layer of the jacket.
NUM  2.
PAR  2. The method set forth in claim 1 wherein during said fourth step, the
      assembly is left to remain in the heated liquid mixture a sufficient time
      to heat and expand air and moisture in the casing, whereby excess moisture
      is urged from within the casing through the front end thereof and about
      the bullet.
NUM  3.
PAR  3. The method set forth in claim 1 wherein during said fourth step, the
      assembly is left to remain in the heated liquid mixture a sufficient time
      to heat and expand air and moisture in the casing, whereby excess moisture
      is urged from within the casing through the front end thereof, about the
      bullet and whereby a portion of the deposit is subsequently drawn between
      the casing and the bullet to seal therebetween when the assembly cools and
      air in the casing contracts.
NUM  4.
PAR  4. The method set forth in claim 1 which further includes heating the
      assembly before step four to heat and expand the moisture and air in the
      casing and cause excess moisture to escape from within the casing from the
      front end thereof and about the bullet.
NUM  5.
PAR  5. The method set forth in claim 1 which further includes heating the
      assembly before step four to heat and expand the moisture and air in the
      casing and cause excess moisture to escape from within the casing from the
      front end thereof and about the bullet whereby a portion of the deposit to
      be drawn and to seal between the casing and the bullet when the assembly
      cools and air in the casing contracts.
NUM  6.
PAR  6. The method set forth in claim 1 which further includes subjecting the
      assembly to a chilled atmosphere during step six to harden the skin
      quickly whereby the extent to which the deposit flows relative to the
      casing and bullet and resulting variations in thickness of the jacket is
      controlled.
NUM  7.
PAR  7. The method set forth in claim 6 wherein during said fourth step, the
      assembly is left to remain in the heated liquid mixture a sufficient time
      to heat and expand air and moisture in the casing whereby air and excess
      moisture are urged from within the casing through the front end thereof,
      about the bullet.
NUM  8.
PAR  8. The method set forth in claim 6 wherein during said fourth step, the
      assembly is left to remain in the heated liquid mixture a sufficient time
      to heat and expand air and moisture in the casing whereby air and excess
      moisture are urged from within the casing through the front end thereof,
      about the bullet, and whereby a portion of the deposit is drawn and seals
      between the casing and the bullet when the assembly cools and air in the
      casing contracts.
NUM  9.
PAR  9. The method set forth in claim 6 which further includes heating the
      assembly before step four to heat the moisture and air in the casing and
      about the powder to cause excess moisture to escape from within the casing
      from the front end thereof and about the bullet.
NUM  10.
PAR  10. The method set forth in claim 1 wherein the mixture contains about 1/4
      carnuba wax and 3/4 hydrogenated vegetable oil.
NUM  11.
PAR  11. The method set forth in claim 1 wherein the mixture contains about 1/4
      carnuba wax and 3/4 hydrogenated vegetable oil, the oil being hydrogenated
      to an extent that its latent temperature of vaporization is about
      600.degree. F.
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ABST
PAL  A digital launch sequence timing network in a single rail launcher which
      interprets signals from the aircraft and generates the signals necessary
      to automatically prepare and launch a missile. In order to launch the
      missile, a number of signals must be sent from the launcher to the missile
      in a particular time sequence. The launcher must first send an activate
      pulse to the missile battery which lasts for a predetermined amount of
      time, until the missile battery reaches its operational condition. Next,
      the launcher delivers a pulse to activate the missile rocket motor to
      provide the propulsion needed by the missile when it leaves the launcher.
      The preparation steps needed to prepare and launch the missile must take
      place in an exact time sequence which is provided by the digital timing
      network, composed of several shift registers. The single rail launcher is
      used for carrying and launching the maverick missile.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a digital shift register timing network, and more
      particularly to a shift register digital timing network in a single rail
      launcher for controlling the timing of the launch sequence for the
      missile.
PAR  2. Description of the Prior Art
PAR  In order to launch a missile, it is necessary to first follow several steps
      of preparation, which are initiated by a fire command from the pilot of
      the aircraft. After the missile leaves the launcher, it must provide its
      own power, which is supplied by the missile battery. This battery is
      activated shortly before the missile is launched to assure there is no
      interruption of the missile power during the missile launch. A certain
      amount of time must elapse after the activation of the battery and prior
      to the interruption of the power from the launcher to the missile in order
      to allow the battery to reach its operational condition. Next, after
      another predetermined amount of time, the missile rocket motor must be
      activated. These several steps in preparation for the missile launch must
      take place at exact times and for a predetermined duration.
PAR  In the art, the timing of the sequence of events for preparation and launch
      of the missile were accomplished by using analog timing networks or by
      using numerous binary counters. The present invention uses a series of
      shift registers to deliver the necessary timing sequence to the missile in
      order to accomplish launch of the missile. Since Complimentary Metal Oxide
      Semiconductor (CMOS) shift registers are used, the timing network of the
      present invention is simpler to manufacture, smaller in size and
      dissipates less power than prior art timing networks.
PAR  The digital timing network of the present invention is packaged inside the
      aft portion of the launcher. A single rail launcher is used instead of a
      three-rail launcher, so that the missile can be carried on lighter
      aircraft and to permit a flexible weapon mix under various tactical
      conditions. This single rail launcher is designed to carry and launch the
      Maverick missile.
PAC  SUMMARY OF THE INVENTION
PAR  The shift register timing network, in accordance with the invention,
      consists of a NAND gate, a flip-flop, and three shift registers, in a
      single rail launcher which delivers the proper timing sequence for the
      necessary steps in preparing and launching the missile when the pilot in
      the aircraft initiates a missile launch signal.
PAR  Accordingly, it is an object of this invention to provide a digital launch
      sequence timing network, for preparing and launching a missile.
PAR  Another object of this invention is to provide an improved timing system in
      a single rail launcher to automatically prepare and launch a missile.
PAR  A further object of the present invention is to provide a timing network,
      in a single rail launcher, composed of a plurality of shift registers.
PAR  Other objects and advantages of this invention will become apparent through
      the following portion of the specification, the claims, and the attached
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front profile view of a typical fighter aircraft with two
      maverick single rail launchers and a maverick missile attached to each
      launcher.
PAR  FIG. 2 is a view of the maverick single rail launcher.
PAR  FIG. 3 is the schematic of the digital timing network of the maverick
      single rail launcher.
PAR  FIG. 4 is a timing diagram for the shift register timing network.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, the aircraft 10 has two missiles 12 and 13 mounted
      upon separate launchers 14 and 15, which are attached to wings 16 and 17,
      respectively. The aircraft 10 can be of a light-weight type, since it is
      carrying only a single missile per wing. The missile launcher 14
      interfaces between the aircraft and the missile to provide the necessary
      signals to successfully prepare and launch the missile.
PAR  FIG. 2 shows the single rail launcher 14, with its electronic assembly 18.
      The launcher provides the mechanical and electrical interface between the
      missile and its carrier aircraft. The launcher structure is a hollow
      aluminum alloy extrusion and accomodates the launcher functional equipment
      and bomb hooks 1 and 2, which attach the launcher to the wing of the
      aircraft. The four sway braces 3, 4, 5, and 6 prevent the missile from
      rotating while being carried by the launcher. Connector 7 receives signals
      from the aircraft and delivers them to the launcher electronics and
      missile umbilical connector 8 delivers signals from the launcher to the
      missile. Connector 9 delivers A/C from the aircraft to the launcher. Shear
      pin 11 is bolted through the hollow rail to provide missile longitudinal
      restraint and launch release.
PAR  In FIG. 3 there is shown the schematic of the shift register timing network
      of the present invention. NAND gate 26 has three inputs: the first input,
      via line 20, receives a firing or launch signal from the pilot, when it is
      his desire to initiate a launch; the second and third inputs, via lines 22
      and 24, can be used as safety or operational interlocks. The output of
      NAND gate 26, via line 29, is connected to the input of delay flip-flop
      28. The output of NAND gate 26 is also connected, via line 30, to the set
      of flip-flop 28 and the reset R is connected to ground. Also, a clock
      pulse 31 is delivered to flip-flop 28. The output Q of the flip-flop is
      connected to the J input, via line 32, of the synchronous 4-bit shift
      register 33. The K input of the shift register 33 is connected to +voltage
      34, and the clock pulse input 31 is also entered to shift register 33. The
      Q1 output of shift register 33 is connected to launch latched, which locks
      the missile into the launch condition, and to launch signal inverter 37.
      The Q2 output of shift register 33 is not connected and the Q3 output is
      connected to logic signal inverter 42 and 44 which are connected to the
      missile battery power 46. The Q3 output of shift register 33 is also
      connected, via line 40, to the D1 input of an 18-stage shift register 52,
      which delays the input signal at D1 for 18 clock pulses. The output Q of
      shift register 52 is connected to the DA input of dual 4-bit shift
      register 56. The reset RA of shift register 56 is connected to the output
      of logic signal inverter 37. Reset RB of shift register 56 is connected to
      ground and clock inputs A and B are connected to the common clock line 31.
      The Q2A output is connected, via line 58, to logic inverters 60 and 62
      which are connected to the missile rocket motor 64. The Q4A output is
      connected, via line 66, to the DB input of shift register 56; and the Q3B
      output of shift register 56 signals that the launch cycle is complete.
PAC  THE OPERATION
PAR  FIG. 4 is a timing diagram for the shift register timing network in order
      to show its operation. The normal condition of timing network 19, before
      the aircraft operator has initiated the launch signal, is shown in FIG. 4,
      at time t0. Line 20, to NAND gate 26, is at a logic low level, causing the
      D input to flip-flop 28 to be a logic high and the flip-flop's Q output to
      be low, thereby disabling the subsequent shift registers.
PAR  If a false pulse (a spike) should appear on line 20, at time t1 in FIG. 4,
      the D input to flip-flop 28 will go to a logic low level but the Q output
      will not go high until the rising edge of a clock pulse. If the pulse
      disappears prior to the next positive clock transistion, flip-flop 28 will
      immediately set disabling register 33, thereby providing a safe guard
      against false pulses causing the timing network 19 to accidently prepare
      and launch a missile.
PAR  When the pilot initiates a launch signal, the input 20 to NAND gate 26 goes
      to a logic high level; if the safety interlocks 22 and 24 are also a
      binary high, the output of NAND gate 26, via line 29, will be at a logic
      low level; therefore, the D input to the flip-flop 28 will also be at a
      low level. (see time t2 on FIG. 4) After the arrival of the first clock
      pulse from the clock pulse line 31, the Q output of flip-flop 28 will be
      at high level only if the output from NAND gate 26 has remained low for
      the entire period from one clock pulse until the next clock pulse. The
      purpose of this is to maximize safety by assuring that the irreversible
      functions of the missile are not initiated by a glytch or false signal to
      the launch input.
PAR  The Q output of the flip-flop 28 next enters the J input of the synchronous
      4-bit shift register 33. The signal is shifted with each clock pulse, so
      that it appears one clock pulse later in time on the outputs Q1, Q2, Q3,
      and Q4, in sequence. When the signal reaches the Q3 output, a signal is
      delivered to activate the missile battery power 46. When the signal
      reaches the Q4 output, it is then fed into the parallel serial input 50;
      this causes the shift register 33 to accept the parallel inputs 1, 2, 3,
      4, rather than the serial inputs from the J input. The parallel inputs are
      fixed; therefore, Q1 and Q4 are fixed at a logic high level; and Q2 and Q3
      are fixed at a low level. Shift register 33 is locked into this mode until
      a reset signal is received, indicating that the launch has been completed.
      The signal from the Q3 output of shift register 33 has been high for a
      time period equalled to twice the interval between consecutive clock
      pulses and then it has returned false; this is shown in FIG. 4. Thus, the
      Q3 output generates a timing period which can be used to time the duration
      of the pulse to activate the missile battery 46.
PAR  The Q3 output of shift register 33 is next delivered to the D1 input of
      18-stage shift register 52. As can be seen in FIG. 4, the D1 input to
      shift register 52 is delayed for 18 clock pulses and the register's output
      is delivered to the DA input of the dual 4-bit shift register 56.
PAR  When the RA reset of shift register 56 goes low, shift register 56 is able
      to accept data from the Q output of shift register 52. After two clock
      pulses, the signal at the DA input to shift register 56 appears at the Q2A
      output of said shift register. This output is used to time the duration of
      the missile rocket motor initiate pulse which is delivered, via line 58,
      to the missile rocket 64. The time between the end of the missile initiate
      pulse at 46 and the start of the missile rocket motor initiate pulse at 64
      has been determined by the delay introduced by the 18-stage shift register
      52. After two more clock pulses the signal at Q2A appears at output Q4A
      which is fed to the DB input of shift register 56. After a delay of three
      clock pulses, the signal at the DB input appears at the Q3B output of
      shift register 56. This delay indicates that sufficient time has elapsed
      for the missile to have left the launcher, so that the launch cycle
      complete signal, via line 68, can be generated and appropriate action
      taken to turn off or reset the launcher.
PAR  Although the device which has just been described appears to afford the
      greatest advantages for implementing the invention, it will be understood
      that various modifications can be made thereto without going beyond the
      scope of the invention, it being possible to replace certain elements by
      other elements capable of fulfilling the same technical functions therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital launch sequence timer in a single rail launcher for
      controlling the timing of the sequence of events necessary to launch the
      missile having a battery and a motor, and means under the control of the
      aircraft pilot for producing a launch signal for starting the timing
      sequence, wherein the improvement comprises:
PA1  a NAND gate for receiving said launch signal, said NAND gate having an
      output;
PA1  a first shift register being connected to said output of said NAND gate,
      said register having two outputs;
PA1  said first output of first register for delivering a pulse of predetermined
      duration to activate the missile battery;
PA1  a second shift register having a motor firing signal output, said second
      shift register having its input connected to said second output of said
      first register, said second shift register delaying the initiation of said
      firing signal by a predetermined period;
PA1  said second register having an output carrying the delayed firing
      initiation signal; and
PA1  a third shift register connected to said output of said second register for
      timing the duration of said launch pulse signal to said motor.
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PAL  Firearm apparatus embodied in a semi-automatic, blowback operated rifle.
      The firearm includes a receiver made of two plates spaced apart to receive
      a bolt mechanism including a bolt mounted for reciprocal motion within a
      channel-shaped member; the operating spring for the bolt assembly is
      received in a slot within the bolt and is retained in place by the
      channel-shaped member. A unitary firing pin/extractor carried by the bolt
      functions as a firing pin and also provides multiple extractor functions.
      A simplified firing mechanism includes a hammer positioned to the rear of
      a cartridge magazine and operatively connected by a three-finger sear bar
      to a trigger mounted in front of the magazine. A safety mechanism is
      provided in conjunction with the trigger guard. Numerous components of
      this firearm apparatus provide multiple functions contributing to the
      economy and efficiency of the present firearm apparatus.
PARN
PAR  This is a division of application Ser. No. 250,006, filed May 3, 1972, now
      U.S. Pat. No. 3,850,076.
BSUM
PAR  The present invention relates in general to firearm apparatus and in
      particular to a firearm having improved overall design and incorporating a
      number of improved subassemblies and components.
PAR  While the prior art of firearms includes examples of autoloading and
      semi-automatic firearms too numerous for specific mention, these firearms
      generally employ operating mechanisms including a substantial number of
      moving parts which have close tolerances and which, therefore, are
      expensive to manufacture. The mechanical complexity of such firearms
      inevitably results in a weapon in which the desired capability of
      semi-automatic or autoloading operation is obtained at the cost of
      increased weight, difficulty of cleaning and maintenance, and increased
      likelihood of malfunctioning, undesirable features of a firearm whether
      intended for use as a sporting arm or a combat weapon.
PAR  Accordingly, it is an object of the present invention to provide improved
      firearm apparatus.
PAR  It is another object of the present invention to provide improved
      autoloading firearm apparatus.
PAR  It is another object of the present invention to provide improved
      semi-automatic firearm apparatus.
PAR  It is still another object of the present invention to provide improved
      bolt assembly apparatus for use in a firearm.
PAR  It is yet another object of the present invention to provide improved
      firing pin and cartridge extractor apparatus for use with a firearm.
PAR  It is a further object of the present invention to provide improved firing
      mechanism for use with a firearm.
PAR  It is another object of the present invention to provide safety apparatus
      for use with a firearm.
PAR  It is another object of the present invention to provide sight apparatus
      for use with a firearm.
DRWD
PAR  Other objects and many of the attendant advantages of the present invention
      will become apparent from the following description of a disclosed
      embodiment of the invention, including the following drawings, in which;
PAR  FIG. 1 shows a partially sectioned elevation view of a rifle according to a
      disclosed embodiment of the present invention;
PAR  FIG. 2 shows a plan view of the rifle shown in FIG. 1;
PAR  FIG. 3 shows an exploded view of the receiver assembly of the disclosed
      embodiment;
PAR  FIG. 4 shows an exploded view of the bolt assembly contained in the
      receiver assembly of FIG. 3;
PAR  FIG. 5 is a partial section view showing details of the firing mechanism,
      the safety, and other features of the disclosed embodiment;
PAR  FIG. 6 is a section view taken along line 6--6 of FIG. 1 and illustrating
      an interconnection between the halves of the stock according to the
      present embodiment;
PAR  FIG. 7 is a section view showing an alternative to the stock
      interconnection of FIG. 6 and including a loop for attaching a sling;
PAR  FIG. 8 is a section view taken along line 8--8 of FIG. 3, showing the
      internal arrangement of the bolt assembly;
PAR  FIG. 9 is a plan view showing a disclosed embodiment of the firing
      pin/extractor of the present invention;
PAR  FIG. 10 shows an exploded view of the rear sight according to the disclosed
      embodiment of the present invention; and
PAR  FIG. 11 shows a partial view of the front sight according to the disclosed
      embodiment of the present invention.
DETD
PAR  Stated in general terms, the firearm of the present invention includes an
      operating mechanism designed to be fabricated substantially or completely
      from stamped components which require only a minimal amount of precision
      machining operations. A receiver assembly is provided including a pair of
      parallel, spaced-apart plates within which is positioned the bolt
      assembly, which includes a bolt housing defining a channel for reciprocal
      movement of a bolt member disposed therein. A combination firing
      pin/extractor disposed on the bolt provides multiple functions associated
      with the firing of a round and subsequent extraction of the cartridge
      casing. Ejection of the cartridge is provided by an extension of a member
      forming the rear wall of the magazine housing. A firing mechanism is
      provided including a sear bar having separate fingers for trigger contact,
      hammer release, and hammer engagement to prevent hammer-followthrough
      action, and includes a safety actuating member mounted within the trigger
      guard. The trigger guard also forms part of the magazine housing and the
      cartridge loading ramp. A rear sight is provided including an adjustment
      feature, and a front fixed sight is provided to be capable of permanent
      adjustment.
PAR  Stated more particularly and with reference taken to the Figures, the
      disclosed embodiment of the present invention as particularly seen in
      FIGS. 1 and 2 includes a rifle indicated generally at 15 and of the type
      known as a carbine. The rifle 15 includes a stock 16 advantageously formed
      of two halves 17 and 18 which envelope most of the receiver and the
      barrel, as pointed out below. The halves 17 and 18 of the stock may be
      molded from a suitable plastic material having the desired resistance to
      physical stress and the like. The two halves of the stock 16 may be
      secured together at two or more locations, one of which is shown in FIG. 1
      and is detailed in FIG. 6, including a pair of bosses 19 and 20 extending
      to provide the proper spacing between the two halves of the stock. A
      suitable fastening member such as the bolt 21 extends through aligned
      openings in the bosses 19 and 20. The opening through the boss 20 has a
      threaded portion 22 for engagement with the threaded portion 23 of the
      bolt 21, and has an unthreaded remainder portion 24 of sufficient diameter
      to permit free passage of the bolt threaded portion 23. The opening 25
      extending through the boss 19 is threaded along a portion of its length.
      The presence of the unthreaded portion 24 enables the stock halves 17 and
      18 to be separated by unscrewing the threaded portion 23 of the bolt from
      the corresponding threaded portion 22, thereby enabling the bolt to be
      removed from the threaded portion 22 of the opening while selectively
      retaining the bolt 21 in captivity on the stock half 18.
PAR  Although only a single stock connecting location is shown on the drawings,
      it will be understood that at least one other such connection is provided
      preferably at a location adjacent the front end 28 of the stock. If it is
      desired to equip the rifle 15 with a sling, the necessary sling connection
      may advantageously be provided as shown in FIG. 7, by removing each bolt
      21 and substituting a swivel connector including a sling loop 29 mounted
      in a bushing 30 retained against the stock by a bolt 31 which differs from
      the bolt 21 primarily in the provision of an elongated shank 32. In this
      way, a rifle according to the present invention can be normally furnished
      to all users having the stock interconnection as shown in FIG. 6, and can
      be rapidly and inexpensively converted to receive a sling without required
      drilling and with only a conventional screwdriver.
PAR  Returning to FIG. 1, the rifle 15 includes a receiver section shown
      generally at 34 and including a bolt member 35 positioned therein. The
      bolt member 35, which includes a cocking member 36 extending outwardly of
      the receiver section and the stock 16, is mounted for reciprocal movement
      by a first member such as the dowel pin 37 extending through a first slot
      38 in the bolt member, and by a second member such as a second dowel pin
      40 extending through a bolt bushing 39 slidably received within a second
      slot 41 of the bolt member. The bolt member 35 is normally maintained in
      the fully-forward position by an operating spring such as the compression
      coil spring 42 disposed in the second slot 41 to interact between the bolt
      bushing 39 and end of the slot.
PAR  The bolt member 35 includes a cartridge moving member 46 which extends
      downwardly from the remainder of the bolt member and on which is
      positioned the firing pin/extractor 47. The construction and operation of
      the cartridge moving portion 46 and the firing pin/extractor 47 is
      discussed in detail below.
PAR  The rifle 15 includes a rifle barrel 48 having a cartridge-receiving
      chamber 49 positioned immediately adjacent the front face 50 of the
      cartridge moving member 46.
PAR  It is particularly apparent in FIGS. 1 and 5 that the front face 50
      includes a portion defining a surface 51 which is spaced forward a
      predetermined distance relative to the front face 50. The normal position
      of the bolt member 35 in the full-forward position defined by engagement
      of the dowel pin 37 with the back end of the first slot 38, under the
      influence of the spring 42, is selected with reference to the positioning
      of the barrel 48 to provide a small amount of clearance at 53 between the
      surface 51 and the chamber end 52 of the barrel. It will be understood by
      those skilled in the art that the head spacing clearance 53 defined
      between the front face 50 of the cartridge moving member 46 and the
      chamber end 52 of the barrel must be suited to the rim of the particular
      cartridge for which the rifle is chambered. It will be seen that the
      disclosed embodiment of the present invention is chambered and otherwise
      designed for the .22 caliber rimfire cartridge.
PAR  The exploded view of FIG. 3 shows in detail the receiver section 34, which
      includes a pair of spaced-apart receiver plates 55 and 56 which may be
      identical in configuration and which may be advantageously manufactured by
      a suitable stamping operation. The desired spacing between the receiver
      plates 55 and 56 is maintained by spacing elements 57 and 58, by the
      trigger guard 59, and by the barrel 48; the spacing elements 57 and 58 are
      depicted as having tab-and-slot interconnection between the two receiver
      plates, and it will be understood that this interconnection may be
      supplemented or provided by permanent fastening techniques such as
      welding, riveting, or the like. The chamber end of the rifle barrel 48,
      which may be secured between the receiver plates 55 and 56 by rivets 60a,
      60b, 60c, and 60d, also functions to maintain the spacing between the
      receiver plates. The receiver plates 55 and 56 protrude upwardly from the
      stock 16 to form the ears 61 and 62, and the spacing element 58 positioned
      between the ears also functions as a base for the rear sight, as set forth
      below.
PAC  BOLT ASSEMBLY
PAR  Positioned between the receiver plates 55 and 56 is the bolt assembly
      indicated generally at 65 in FIG. 3 and shown separately in exploded view
      in FIG. 4. The bolt assembly 65 includes the bolt member 35 disposed
      within a bolt housing 66 which at least partially surrounds three sides of
      the bolt, as shown in FIG. 8, and which may be fabricated by appropriate
      operations including stamping and bending. Each of the first and second
      dowel pins 37 and 40 extend from the respective slots of the bolt member
      and through corresponding pairs of openings 67 and 78 formed in the
      spaced-apart parallel walls 69 and 70 of the bolt housing. Each of the
      openings 67 and 68 is preferably dimensioned relative to the diameters of
      the corresponding dowel pins 37 and 40 to permit the dowel pins to provide
      a snug, noninterference fit, so that the dowel pins can be removed from
      the bolt assembly without requiring tools. As mentioned previously, the
      dowel pin 37 and the corresponding first slot 38 in the bolt member
      defines the maximum forward travel of the bolt member, and so the location
      in the bolt housing 66 of the opening pair 67 should be precisely defined
      with respect to the location of the rifle barrel.
PAR  The pairs of openings 67 and 68 in the bolt housing are provided on the
      interiors of the walls 69 and 70 with corresponding pairs of spacing
      elements which surround such openings. The spacing members surrounding the
      opening 67 are shown at 71a and 71b in FIG. 8, and these spacing members
      may be provided by suitable expedients such as welding separate
      washer-like spacers in place, by dimpling the metal of the side wall 69
      and 70, or the like. It can be seen from FIG. 8 that the areas of the
      spacing members, including 71a and 71b, provide the only frictional
      contact with the bolt member 35. The cocking member 36 extends upwardly
      through a slot 72 provided in the upper wall of the bolt housing 66.
PAR  The operating spring 42 is captured in the slot 41 between the bolt bushing
      39 and the end wall 73 of the slot. The diameter of the spring 42, in the
      disclosed embodiment, is somewhat larger than the thickness of the bolt
      member 35, so that the sides of the spring 42 make a loose sliding contact
      along approximately line areas of the interiors of the bolt housing side
      walls 69 and 70 during reciprocation of the bolt member. At the same time,
      reciprocation of the bolt member causes sliding contact of the operating
      spring 42 along another pair of approximately line contact areas where the
      individual coils of the operating spring contact the bottom wall 74 and
      the top wall 75 of the slot 41. As a consequence, the movement of the
      operating spring 42 in compression and expansion during reciprocation of
      the bolt member is frictionally impeded only along the aforementioned four
      line contact surfaces. This reduction in the frictional force acting
      against both the operating spring 42 and the bolt member 35 results in a
      firearm having an operating action which is significantly faster than
      provided, for example, by actions in which the bolt slides along machined
      ways or in which the operating spring is substantially enclosed within a
      tube or other member causing frictional contact around the periphery of
      the individual spring coils.
PAR  Referring again to the exploded view of FIG. 3, it will be seen that each
      of the dowel pins 37 and 40 is sufficiently long to extend out of the
      respective openings 67 and 68, and through the respective openings 77a,
      77b and 78a, 78b to be retained in a pair of corresponding aligned
      openings (not shown) disposed in each of the stock halves 17 and 18. The
      dowel pin openings formed in the two receiver plates 55 and 56 are also
      dimensioned to permit a snug, noninterfering fit with the respective dowel
      pins, and it will be understood that the dowel pins 37 and 40 are retained
      in assembled positions by the aforementioned recesses within each of the
      stock halves. Thus, the bolt assembly 65 is readily removable from the
      rifle by separating the two stock halves and then simply manually
      withdrawing the dowel pins 37 and 40 from the two receiver plates, the
      bolt housing 66, and the bolt member 35, whereupon the bolt assembly is
      freed to be removed from the spaced-apart receiver plates.
PAR  The receiver plate 56, which is disposed on the right side of the rifle 15,
      includes an opening 83 which functions as an ejection port for spent
      cartridges. Since each of the receiver plates 55 and 56 can be identically
      configured for economy of manufacture, as mentioned above, the receiver
      plate 55 in the disclosed embodiment contains an opening 84 similar to the
      ejection port. While the opening 84 is useful to provide ventilation of
      gases from the chamber, it will be understood that the opening 84 is
      optional and is nonessential in a firearm designed to eject cartridges in
      the conventional or right-side manner.
PAC  FIRING PIN/EXTRACTOR MEMBER
PAR  The firing pin/extractor member 47 is provided by a flat stamping having a
      base portion 85 and a pair of generally parallel arms 86 and 87 extending
      outwardly from the base member, as best shown in FIGS. 4 and 9. The firing
      pin is provided for rimfire cartridges (in the disclosed embodiment) by
      the projection 88 adjacent the end of the arm 87, and it will be
      understood by those skilled in the art that the firing pin 88 would be
      appropriately repositioned for use in a rifle intended to receive
      center-fire cartridges. The arm 86 includes a right extractor lug 89 in
      opposition to and spaced a distance 90 beyond the firing pin 88. The left
      extractor is provided by the surface 91 which is disposed at the end of
      the arm 87 and which confronts the right extractor 89.
PAR  The arm 87 of the firing pin/extractor is mounted in a groove 92 contained
      along one side of the cartridge moving member 46, and the base member 85
      is at least partially received within a slot 93 (FIG. 3) at the rear end
      of the cartridge moving member. A retaining lug 94 on the arm 86 is
      received in the aperture 95 of the cartridge moving member 96 to permit a
      limited extent of fore-aft movement of the firing pin/extractor member
      relative to the cartridge moving member. It will be appreciated that the
      relative dimensions of the retaining lug 94 and the aperture 95 are
      selected so that the firing pin 88 is behind the front face 50 when the
      firing pin/extractor is positioned rearwardly, and so that the firing pin
      88 extends in front of the front face 50 when the firing pin/extractor is
      positioned forwardly of the cartridge moving member 46.
PAR  When a cartridge is positioned in the chamber 49 as described below, the
      head of the cartridge as shown in phantom in FIG. 9 is positioned between
      the left extractor 91 and the right extractor 89; the spring action
      provided by the length of the arm 87 enables the left extractor to
      maintain the cartridge head engaged behind the right extractor lug 89.
PAR  A rib 96 extending downwardly from the lower edge of the cartridge moving
      member 46 functions to move cartridges from a magazine to the chamber 49,
      as outlined below.
PAC  FIRING MECHANISM AND SAFETY
PAR  The firing mechanism assembly of the rifle 15 is best shown in FIG. 5, and
      the individual components of the firing mechanism are shown in the
      exploded view of FIG. 3. The firing mechanism includes the hammer 100
      mounted for rotation on a pin 101 and biased by the spring 102 toward the
      position shown by the arrow in FIG. 5. The hammer is retained in the
      cocked position, shown in FIG. 5, by engagement of the sear notch 103 with
      the middle finger 104 of the sear bar 105. The sear bar additionally
      includes a rear finger 106 and a front finger 107, with all three fingers
      extending substantially transversely of the sear bar 105.
PAR  Each of the three sear bar fingers extends through a corresponding pair of
      slots 108, 109, and 110 formed in the receiver plates 55 and 56, with the
      sear bar fingers permitted a limited amount of fore-aft movement within
      such slots. The compression spring 111 acting against the middle finger
      104 urges the sear bar 105 and all three fingers toward the rear position.
PAR  The middle finger 104 of the sear bar contains a pair of forwardly-facing
      notches 117 and 118 which retain the spring 111 in place against the
      middle fingers; the force of the spring 111 pressing into the notches 117
      and 118 also serves to retain the sear bar 105 in the firing mechanism
      assembly.
PAR  The hammer 100 includes a holding surface 112 for selective engagement with
      the rear finger 106, and includes first and second camming surfaces 113
      and 114 which enable the hammer to urge forward the spring-biased sear bar
      fingers 104 and 106 when the hammer is rotated in a counter-clockwise
      direction as explained below. The hammer 100 additionally includes a
      striking surface 116 for engaging the base member 85 of the firing
      pin/extractor member 47, and a holding surface 115 which is positioned to
      engage a noncritical surface of the middle finger 104 if the hammer is
      allowed to fall while the bolt assembly 65 is removed from the rifle.
PAR  The front finger 107 of the sear bar extends in front of the pushing
      surface 120 of a trigger 121 pivotally mounted as at 122. The trigger 121
      includes a stop surface 123 which contacts a confronting portion of the
      trigger guard 59 to limit the forward motion of the trigger in response to
      the springbiased rearward motion of the front finger 107. When the trigger
      121 is pulled, the pushing surface 120 contacts the front finger 107 to
      move this finger, along with the other sear bar fingers 104 and 106,
      forward against the force of the spring 111. This forward movement causes
      the middle finger 104 to be removed from the sear notch 103, permitting
      the hammer 100 to be moved forwardly by the spring 102. This forward
      movement continues until the striking surface 116 strikes the base member
      85 of the firing pin, causing the firing pin 88 to move forward and fire
      the round in the chamber. When the bolt member 35 is blown backwardly by
      the fired round, the bolt member moves the hammer 100 in a
      counter-clockwise direction until the middle finger 104 again engages the
      sear notch 103. If the pulled trigger has not been released to permit the
      necessary rearward movement of the sear bar, however, the camming surface
      114 of the hammer engages the rear finger 106 to move the sear bar in a
      rearward direction so that the finger 106 can engage the holding notch
      112. When the trigger 121 is finally released, the rear finger 106 is
      removed from the holding notch 112 and the hammer 100 falls forward to the
      position where the sear notch 103 engages the properly positioned middle
      finger 104.
PAR  A safety apparatus for the disclosed rifle is provided by a safety lever
      125 which is movable around a bushing 126 rotatably disposed on a pin 136
      and loosely positioned to be biased toward one end of a slot 127 by the
      compression spring 128. The safety lever 125 includes a stop notch 129,
      which is movable to engage and block the bottom of the front finger 107 of
      the sear bar, and a stop surface 130, which is shown contacting the top of
      the trigger guard 59.
PAR  The safety apparatus additionally includes an actuating member 131
      extending downwardly from the pivot bushing 126 through a slot 132 formed
      in the front of the trigger guard 59. The actuating member 131 terminates
      in a pair of camming surfaces 133 and 134, which selectively contact the
      lower end 135 of the trigger guard slot 132.
PAR  In the operation of the safety apparatus, it will be seen that the
      actuating member 131 is normally biased downwardly to place one or the
      other of the camming surfaces 133 and 134 into contact with the lower end
      135 of the trigger guard slot. Assuming that the actuating member 131 and
      the safety lever 125 are in the position shown in FIG. 5, the sear finger
      107 is free to be moved forwardly by the trigger 121 to release the hammer
      and fire the rifle. A rearward motion applied to the actuating member 131
      causes the camming surface 133 to ride along the lower end 135 of the
      trigger guard slot, with the slot 127 being moved upwardly relative to the
      bushing 126 and the pin 136. Continued rearward movement of the actuating
      member 131 causes the camming surface 134 to move onto the lower end 135,
      at which time the actuating member 131 flips in toggle-action to move the
      stop notch 129 upwardly to engage and block forward movement of the front
      finger 107. The safety apparatus thus remains engaged, preventing further
      firing of the rifle, until the actuating member 131 is again moved
      forwardly against the toggle action, as by forward movement of a person's
      finger inserted through the trigger guard 59.
PAC  TRIGGER GUARD AND MAGAZINE HOUSING
PAR  A housing to receive and retain the cartridge magazine 139 is defined in
      part by a wall portion 140 formed as an integral extension of the trigger
      guard 59. The wall portion 140 terminates at a ramp portion 141, which is
      disposed forwardly to provide a surface directing a cartridge removed from
      the magazine for movement toward the chamber 49. It is thus seen that the
      trigger guard 59 provides the functions of partially defining a magazine
      chamber, a cartridge feed ramp, a safety apparatus retainer, and a trigger
      positioning device, in addition to the conventional trigger-surround
      function.
PAR  The rear wall of the magazine chamber is formed by a flat metallic stamping
      142 including a wall portion 143, a deformed portion 144 which curves
      rearwardly to contact the interior surface 145 of the stock portion
      surrounding the magazine housing, a magazine contacting portion 146
      including a catch surface 147, and a thumbpiece 148 which extends
      rearwardly from the lower end of the stamping. The upper end of the
      stamping terminates in the ejector 149, which is located immediately below
      the cartridge moving member 46 and to one side of the cartridge feed rib
      96 thereon. The stamping 142 may be provided with plural tabs 150 which
      engage in a corresponding plurality of slots 151 formed in the two
      receiver plates 55 and 56.
PAR  It can be particularly seen in FIG. 5 that a magazine 139 having a notch
      152 on its rear side is retained in place by resilient movement of the
      catch surface 147 into the magazine notch.
PAC  OPERATION
PAR  Considering the operation of the firearm as described, it is assumed that a
      cartridge-containing magazine 139 is fully inserted into the magazine
      housing and that the chamber 49 is presently empty. When the bolt member
      35 is moved back by manual movement of the cocking member 36, the
      cartridge feed rib 96 becomes positioned behind the first cartridge in the
      magazine, and this rearward movement also moves the hammer 100 to the
      cocked position shown in FIG. 5. When the cocking member 36 is released,
      the bolt member is moved forward by the operating spring 42 and the feed
      rib 96 strips the top cartridge from the magazine to move this cartridge
      along the ramp 141 and into the chamber 49. During this forward movement
      of cartridge, the right and left extractors 89 and 91 become engaged with
      the rim of the cartridge. The firearm is now in condition for firing.
PAR  The firing mechanism operates as described above to strike the surface 116
      of the hammer against the firing pin/extractor member, moving this member
      forward on the cartridge moving member 46 to the extent permitted by the
      free play of the retaining lug 94 within the aperture 95. The resulting
      forward movement of the firing pin 88 discharges the round, and the bolt
      member 35 is moved backwardly. The spent cartridge is withdrawn from the
      chamber 49 by the backward movement of the extractors 89 and 91, the
      resilient action of the left extractor 91 maintaining the cartridge rim in
      engagement behind the right extractor lug 89. This backward movement of
      the spent cartridge continues until the underside of the cartridge is
      forced against the ejector 149, as seen in FIGS. 5 and 8, whereupon the
      cartridge is dislodged from the extractors and ejected out of the ejection
      port 83 in the receiver plate 56. The rearward movement of the bolt member
      35 continues until the hammer 100 is again cocked and the front end of the
      slot 38 contacts the dowel pin 37, whereupon the operating spring 42
      forces the bolt member forward and the loading cycle repeats.
PAC  FRONT AND REAR SIGHTS
PAR  The rear sight of the type providing a "click" elevation adjustment is
      provided, according to the present invention, as another function of the
      receiver plate spacing element 58. The forward portion of the spacing
      element 58, shown in detail in FIG. 10, provides a ramp 156 disposed on a
      slope relative to the boresight of the rifle barrel 48, and an opening 157
      is formed in the ramp. The actual rear sighting element, in the disclosed
      embodiment, is provided by the peep sight opening 158 mounted to extend
      upward from the sight slide 159. The sight slide 159 contains a plurality
      of contiguous overlapped openings 160, and the sight slide is attached to
      the ramp 156 with a fastener 161 having a conical surface 162. The shank
      of the fastener 161 passes freely through the openings 160 and the opening
      157 in the ramp 156, and is retained with the conical surface 162 drawn
      into one of the openings 160 by the resilient force of a fastening member
      such as the retaining ring 163 having the shape of a conic section.
PAR  Movement of the sight slide 159 in either direction along the ramp 156
      provides a number of "click" elevation adjustments for the sight opening
      158 as the conical surface 162 moves between the adjacent ones of the
      openings 160. A rear sight is thus provided which affords click-elevation
      adjustment at relatively little additional cost and which also utilizes
      the spacing element 58, an integral part of the disclosed embodiment of
      the invention. The upper end of the receives plate ears 61 and 62 (FIG. 2)
      shield and define the region in which the sight opening 158 moves.
PAR  Considering the front sight 167 as shown in FIGS. 1, 2, and 11, the actual
      visual sighting furction is provided by the end 168 of a blade 169 which
      extends downwardly to a lower end 170 preferably secured permanently as by
      welding or the like to the exterior of the rifle barrel 48. The blade 169
      is surrounded on the left and right sides by a pair of protective members
      171 and 172, which may be fabricated from a single piece of metal to
      include a looped portion 173 disposed around and secured to the rifle
      barrel 48. Each of the protective members 171 and 172 terminates in a
      protective ear 174 and 175, respectively, with these ears being spaced
      apart from the sight end 168 to define and protect this sight.
PAR  The protective members 171 and 172 include adjustment openings, one of
      which is shown at 176, through which the blade 169 can be contacted with a
      suitable tool to be bent. It is contemplated that the front sight 167,
      once initially installed during the manufacture of the rifle, would be
      sighted-in by bending the blade 169 as necessary to achieve the proper
      horizontal location for the sight end 168. The protective members 171 and
      172, including the ears 174 and 175, protect and substantially surround
      the blade 169 to protect this blade from becoming easily damaged or
      otherwise misaligned from any physical contact with the blade. Even if
      damage occurs in some manner, the blade 169 can again be bent to sight-in
      the rifle.
PAR  Although the foregoing disclosure of an embodiment of the present invention
      sets forth a complete firearm having numerous operating assemblies and
      features, it will be apparent to those skilled in the art that many of
      these features can be applied separately to firearms of different overall
      design without detracting from the operation and the advantages afforded
      by each particular assembly. For example, it will be understood that a
      firearm could be provided having a bolt assembly according to the present
      invention, without requiring a firing mechanism as disclosed herein.
      Similarly, a safety apparatus according to the present invention could be
      provided for many different types of firearms.
PAR  The overall firearm design of the present invention permits extensive use
      of components which can be manufactured by relatively inexpensive
      techniques such as stamping, bending, and the like, and which require
      little or no precision machining, apart from portions such as the bolt
      member and the dowel pins as aforementioned. A firearm thus can be
      provided according to the present invention which is inexpensive and light
      of weight, and which additionally provides a low-friction action which is
      rapid, dependable, and easily broken down for cleaning or other purposes.
      In the disclosed embodiment of the invention, for example, the complete
      action consists of four basic moving parts: the bolt member, the hammer,
      the sear bar, and the trigger.
PAR  Moreover, it will be apparent to those skilled in the art that only a
      preferred embodiment of the present invention is disclosed, and that
      numerous modifications and alterations may be made therein without
      departing from the spirit and scope of the invention as defined in the
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Firing mechanism for a firearm having a pair of spaced apart receiver
      side plates, comprising:
PA1  a substantially flat sear bar having an elongate member, and first and
      second flat fingers extending outwardly from spaced apart locations on
      said elongate member;
PA1  each of said fingers extending through and being received in a respective
      first slot in one of said side plates and a respective second slot in the
      other said side plate, so that each of said fingers extends between the
      side plates, with each of said slots being elongated to a greater extent
      than the corresponding dimension of the finger received therein to allow
      the fingers to undergo an extent of sliding movement within said slots;
PA1  said first one of said sear bar fingers having a sear surface;
PA1  a hammer mounted for firing movement along a predetermined path from a
      cocked position to contact a firing member, said hammer having a sear
      contact means which selectively engages said sear surface to block said
      firing movement; and
PA1  trigger means mounted in operative relation to said second sear bar finger
      to urge said second sear bar finger and thus said sear bar for movement in
      a direction which withdraws said sear surface from engagement with said
      sear contact means, so that said hammer is freed for firing movement along
      said predetermined path to contact the firing member.
NUM  2.
PAR  2. Firing mechanism as in claim 1, wherein said elongate member of said
      sear bar lies outside the receiver side plates and is supported by said
      fingers within said slots.
NUM  3.
PAR  3. Firing mechanism as in claim 2, wherein each of said flat fingers is
      substantially coplanar with at least a contiguous portion of said elongate
      member, and said fingers extend outwardly from alongside said elongate
      member to be received in said respective slots.
NUM  4.
PAR  4. Firing mechanism as in claim 1, wherein said sear surface is provided by
      a flat surface of said first finger.
NUM  5.
PAR  5. Firing mechanism as in claim 1, wherein:
PA1  said firearm has a magazine receptacle positioned between the receiver side
      plates and interposed between said hammer and said trigger means;
PA1  said elongate member of said sear bar lies outside of the receiver side
      plates to bypass said magazine receptacle;
PA1  said first sear bar finger extends through a pair of said slots located in
      said side plates on one side of said magazine receptacle and adjacent said
      hammer; and
PA1  said second sear bar finger extends through another pair of said slots
      located in said side plates on another side of said magazine receptacle
      adjacent said trigger means.
NUM  6.
PAR  6. Firing mechanism as in claim 1, wherein:
PA1  said sear contact means is a first such means which maintains said hammer
      in cocked position when engaging said sear surface; and
PA1  said hammer includes a second sear contact means which is positioned to
      engage said sear surface only when said sear surface has been withdrawn
      from said first sear contact means and said hammer has traveled along said
      predetermined path beyond the normal point of firing member contact.
NUM  7.
PAR  7. Firing mechanism as in claim 1, further comprising:
PA1  receptacle means formed on an edge of one of said fingers and positioned
      between said receiver side plates;
PA1  resilient means disposed between said side plates and positively engaging
      said receptacle means to maintain a predetermined positional relationship
      between said one finger and said resilient means; and
PA1  said spring means is operative to urge said one finger and thus said sear
      bar in a direction in opposition to sear bar movement imparted by said
      trigger means.
NUM  8.
PAR  8. Firing mechanism as in claim 1, wherein said finger are substantially
      flat and said elongate member of said sear bar is bent so that said
      fingers occupy separate parallel planes; and
PA1  each pair of respective first and second elongate slots in the receiver
      side plates occupies separate parallel planes mating with said fingers to
      allow said fingers and said elongate member to undergo said extent of
      sliding movement.
NUM  9.
PAR  9. Firing mechanism as in claim 1, further comprising:
PA1  a third finger extending outwardly from said elongate member of said sear
      bar;
PA1  said third finger being received in respective elongated first and second
      slots formed in said receiver side plates;
PA1  said third finger having a sear surface;
PA1  said sear contact means of said hammer being a first such means; and
PA1  said hammer having a second sear contact means positioned for selective
      engagement with said sear surface of said third finger when said hammer is
      moved behind said cocked position and said sear bar is positioned by
      movement of said trigger means to place said first finger out of
      engagement with said first sear contact means.
NUM  10.
PAR  10. Firing mechanism as in claim 9, wherein said hammer has a cam surface
      positioned to contact one of said first and third fingers, as said hammer
      travels backwardly along said predetermined path from firing member
      contact toward cocked position so as to move said sear bar to position
      said third finger and the sear surface thereof for engagement with said
      second sear contact surface.
NUM  11.
PAR  11. For use in the firing mechanism of a firearm which includes a pair of
      spaced apart vertical side plates defining the receiver, a sear bar,
      comprising:
PA1  a substantially flat elongate member which extends along the outside of one
      of said spaced apart side plates;
PA1  first and second flat fingers unitary with said elongate member and
      extending outwardly from said elongate member at spaced apart locations
      therealong;
PA1  each of said flat fingers occupying mutually parallel planes; and
PA1  each of said fingers having length sufficient to extend through respective
      pairs of aligned slots formed in each of the side plates, so that each of
      said fingers extends between the side plates while said elongate member is
      disposed along the outside of a side plate;
PA1  sear surface on one of said flat fingers; and
PA1  a trigger contacting surface on the other said flat fingers.
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ABST
PAL  A cutting apparatus employs a cutting wheel which is rotated about an axis
      perpendicular to a support surface on which sheet material is positioned
      for cutting. A stripping plate is mounted in closely spaced relationship
      with the cutting wheel so that shredded material generated by the wheel
      during a cutting operation is sheared off. The cutting wheel in a cutting
      operation is advanced relative to the sheet material so that the leading
      cutting edges of the wheel, rather than the trailing edges, move along the
      desired line of cut. The material being cut is positioned on a bed that
      can be penetrated by the wheel and the depth of penetration of the wheel
      into the bed is regulated to remain substantially constant as the tool
      moves along the line of cut.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for cutting and, more
      particularly, is concerned with a method and apparatus for cutting
      patterns from sheet material such as cardboard, plastics, thin metal and
      similar sheet materials.
PAR  It is already well known to cut pattern pieces from sheet material by means
      of an automatically controlled cutting machine. Such patterns may be used
      as templets or guides in future cutting operations or for other purposes.
      In the garment industry, it is well known to use such patterns to lay out
      a marker, that is the array of patterns as they are cut from a piece or
      layup of fabric material.
PAR  U.S. Pat. No. 3,477,322 issued on November 11, 1969 illustrates and
      describes an automatically controlled cutting machine which produces two
      dimensional pattern pieces from a cutting program defined in a memory
      device, such as a magnetic tape, a punched tape or a deck of punched
      cards. The cutting program can also be generated "on line," that is, the
      cutting operation is carried out simultaneously with the marker generation
      process or the operation determining the shapes of the pattern pieces, for
      example, a pattern grading operation.
PAR  It is also known, as indicated by U.S. Pat. No. 3,495,492 issued on Feb.
      17, 1970 and having the same assignee as the present application, to
      utilize a numerically controlled cutting machine to cut out the actual
      garment, upholstery or other pieces from a layup of limp fabric material
      in accordance with a marker that has previously been formed from a
      plurality of patterns.
PAR  The cutting of patterns from cardboard and the like and the cutting of the
      actual garment or upholstery pieces from a layup of limp sheet material
      has been performed in the past with different cutting tools on different
      cutting tables because of the different natures of the two cutting
      operations. In generating patterns, only a few layers of cardboard, not
      generally exceeding three, are cut at a single time and, therefore, a
      chisel-type tool such as shown in U.S. Pat. No. 3,477,322 operating
      against a relatively rigid surface supporting the cardboard sheet material
      is adequate. On the other hand, the cutting machine which cuts out the
      garment or upholstery pieces from a multiply layup of limp fabric sheet
      material utilizes a reciprocating type cutting blade and the table
      supporting the layup has a penetrable support bed that is penetrated by
      the reciprocating blade as shown and described in U.S. Pat. No. 3,495,492.
      Another related cutting machine with a reciprocating cutting blade is
      shown in U.S. Pat. No. 3,533,320 which discloses a pair of conveyors
      placed end to end to establish an intermediate throatway through which the
      reciprocating cutting blade operates while the fabric material is moved
      under the blade by the conveyors.
PAR  Although the cutting tools and the support beds of fabric cutting machines
      differ from the tool and bed used to generate patterns, much of the
      equipment including the control computers and carriages which translate
      the tools and materials relative to one another is basically the same and
      represents a substantial portion of the cost of the cutting machines. If a
      single, automatically controlled machine could be adapted to perform both
      operations, substantial savings would be had. Pattern cutting and layup
      cutting could be performed on a single machine in which the high-cost
      portions, that is the control computer, the basic support table and
      carriage drive mechanisms, are utilized in both operations.
PAR  It is, accordingly, a general object of the present invention to disclose a
      cutting machine which is adapted to both pattern cutting and fabric
      cutting operations. More particularly, it is an object of the present
      invention to disclose apparatus which uses the basic supporting table,
      control computers and drive carriages of a fabric cutting machine for
      cutting patterns.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in an apparatus for cutting workpieces such
      as sheet materials including cardboard, plastic, thin metals and the like.
PAR  The apparatus includes support means defining a support surface on which
      the workpiece is placed during a cutting operation. In a preferred form of
      the invention, the support means is a penetrable bed formed by bristles
      having their free ends in a common plane defining the support surface on
      which sheet material may be placed in a flattened condition.
PAR  A cutting tool for cutting patterns or templets from the sheet material is
      positioned over the support surface on which the workpiece is placed. The
      tool includes a cutting wheel having cutting edges arranged coaxially of
      an axis of rotation which is located in perpendicular relationship to the
      support surface during cutting. A stripping member is also included as
      part of the cutting tool and is arranged coaxially of the wheel in closely
      spaced relationship with the cutting edges. The stripping member
      cooperates with the cutting edges to shear chips or shredded material
      which is cut from the workpiece.
PAR  Controlled drive means connected with the support means and the tool
      translate the tool and workpiece relative to one another parallel to the
      work surface. During translation, the tool advances through the workpiece
      along a desired line of cut which defines, for example, the periphery of
      the pattern to be generated.
PAR  The rotating cutting wheel is suitable for cutting materials such as
      cardboard, heavy paper or plastic or thin metals which may later be used
      as patterns or templets for cutting pieces from a multiply layup of
      fabrics on the same support means with a reciprocating cutting blade. The
      support means is normally provided with a penetrable bed that cooperates
      with the reciprocating cutting blade during a layup cutting operation, and
      the rotating cutting wheel utilized for generating patterns is entirely
      compatible with such a penetrable bed because the wheel must generally
      extend below the support surface to perform its cutting operation. Where
      the support surface is defined by a bristled bed, the bed is effectively a
      non-destructive bed since the free ends of the bristles can deflect away
      from the wheel as it advances through a workpiece. Movement of the wheel
      through sheet material is preferably controlled to cause the advancing or
      leading cutting edges to follow the desired line of cut. The depth of
      penetration of the wheel through the sheet material and into the
      penetrable bed is also regulated to maintain substantially the same plane
      of the wheel in cutting relationship with the material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing one embodiment of the cutting
      apparatus in accordance with the present invention.
PAR  FIG. 2 is a front elevation view of the cutting tool and tool mount
      utilized in the apparatus of FIG. 1.
PAR  FIG. 3 is a sectional view of the cutting tool and tool mount as viewed
      along the sectioning line 3--3 of FIG. 2.
PAR  FIG. 4 is an enlarged fragmentary view of the rotating cutting wheel in
      cutting engagement with sheet material on a penetrable support table.
PAR  FIG. 5 is a fragmentary plan view showing the rotating cutting wheel as it
      translates in a given direction through the sheet material.
PAR  FIG. 6 is a fragmentary view of the sheet material illustrating the kerf
      along a closed cutting path that is formed by the rotating cutting wheel
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates one embodiment of the apparatus of the present
      invention. The apparatus, generally designated 10, includes an
      automatically controlled cutting machine 12 including a control computer
      14 and interconnecting cabling 16. The computer 14 reads a cutting program
      from a program tape 18 and translates the programmed information into
      command signals which control the operation of the cutting machine 12 to
      cause patterns of selected shapes to be cut from sheet material such as
      cardboard, plastic, thin metal or similar workpieces. Other automatic
      pattern programming equipment may also be used as input devices for the
      cutting machine so that cutting programs can be produced "on line" or
      simultaneously with the cutting operation.
PAR  The cutting machine 12 includes a cutting table 20 for supporting the sheet
      material S in a flat condition, and a cutting tool 22 which is translated
      over the table in cutting relationship with the material. The table 20 has
      a support bed 24 which in a preferred form of the invention is a
      penetrable bed that may be comprised of bristled mats arranged in adjacent
      relationship so that the free ends of the bristles project upwardly to a
      common plane and define a support surface in that plane on which the sheet
      material may be placed in a flattened condition. The bed may also be
      provided with a vacuum system to generate a low pressure region at the
      support surface and thereby hold the sheet material fixedly in position
      during a cutting operation. A cutting table having a penetrable bed of
      this type is described and shown in greater detail in U.S. Pat. No.
      3,765,289 issued Oct. 16, 1973 and having the same assignee as the present
      application. As indicated in the patent, such a table along with the
      control computer 14 is adapted for cutting layups of fabric material with
      a reciprocating cutting blade as well as for cutting patterns in
      accordance with the present invention.
PAR  A pair of tool supporting carriages 26 and 34 are mounted above the bed 24
      for translating the tool 22 back and forth over the support surface in the
      illustrated X and Y coordinate directions. The X-carriage 26 is supported
      at the lateral sides of the table on a pair of rails or ways 28 extending
      parallel to the X-coordinate direction. Gear racks 30 adjacent the ways 28
      are engaged by pinions (not shown) which are mounted on the X-carriage 26
      and which are operated by an X-drive motor 32 in response to command
      signals generated by the computer 14 and transmitted to the table through
      the cabling 16.
PAR  The Y-carriage 34 is mounted on the X-carriage 26 and is movable relative
      to the X-carriage 26 and the penetrable bed 24 in the illustrated
      Y-direction. A lead screw (not shown) but threadably engaged by the
      Y-carriage 34 is rotatably driven by a Y-drive motor 36 in response to
      commands received from the computer 14. Composite motions of the X- and
      Y-carriages translate the cutting tool 22 over the support surface of the
      bed 24 and advance the tool along a desired or programmed cutting path to
      cut a pattern from the sheet material S. If desired, several layers of
      sheet material may be stacked upon the bed 24 for simultaneous cutting by
      the tool 22.
PAR  Although the cutting machine 12 is adapted to utilize reciprocating cutting
      tools for cutting fabric layups, the cutting tool 22 illustrated and
      described in greater detail below is utilized for cutting patterns.
PAR  FIGS. 2 and 3 illustrate the cutting tool 22 and the tool mount 40 that
      attaches the tool to the Y-carriage 34 in place of a reciprocating cutting
      tool such as described in U.S. Pat. No. 3,495,492 or U.S. patent
      application Serial No. 398,255 filed Sept. 17, 1973 and entitled CUTTING
      APPARATUS WITH SHARPENER AND SHARPENING METHOD. The tool 22 is comprised
      principally of a drive motor 44 and a rotatable cutting wheel 46 mounted
      on the drive shaft of the motor.
PAR  The tool mount 40 includes a mounting plate 50 which is fixedly secured in
      a preselected position to the Y-carriage 34 by bolts and dowel pins (not
      shown) and a pair of slide rods 52 and 54 fixedly secured to the mounting
      plate 50. A slide assembly is formed by the rods 52, 54 and a pair of
      clamping brackets 56 and 58 which are clamped to the motor 44 and slide up
      and down on the rods 52 and 54 in a vertical direction relative to the
      support surface of the penetrable bed 24 shown in FIG. 1.
PAR  An actuator 60 controlled by commands from the computer 14 is also
      supported from the mounting plate 50 by means of a bracket 62 for dropping
      the cutting tool 22 downwardly onto the support bed and bringing the
      cutting wheel 26 into cutting engagement with the sheet material S. The
      actuator 60 may be singleacting pneumatic or electrical actuator having an
      operating rod 64 which is lowered or pushed outwardly of the housing of
      the actuator when power is applied. The actuating rod 64 is connected to a
      sliding sleeve 66 on the rod 54 by a link 68 so that the sleeve is pushed
      downwardly by the energized actuator to allow the bracket 56 to move
      downwardly from its phantom position to the position shown. It will be
      understood that such movement of the bracket 56 is also accompanied by a
      corresponding downward movement of the bracket 58, the motor 44 and the
      cutting tool 22 so that the cutting wheel 46 engages the sheet material S
      on the penetrable bed of the cutting table 20. The downward displacement
      of the sleeve 66 is greater than the displacement of the motor 44 needed
      to bring the cutting wheel 46 into engagement with the sheet material so
      that the weight of the motor and brackets forces the cutting wheel to
      penetrate through the sheet material. Of course, it is also possible that
      drill flutes could be added to the lower side of the cutting wheel 46 to
      insure penetration through heavier sheet materials such as plastics or
      thin metals.
PAR  The cutting wheel 46 is lifted out of cutting engagement with the sheet
      material by the compression spring 70 interposed between the link 68 and a
      collar 72 fixed to the slide rod 54 when the actuator 60 is deenergized.
      The spring 70 pushes the sleeve 66 upwardly against the bracket 56 and
      lifts the bracket upwardly to its phantom position along with the motor 44
      and the cutting wheel 46. Since the compression spring 70 opposes to
      operation of the actuator, the mechanism for moving the cutting wheel 46
      in and out of cutting engagement with the sheet material is fail-safe to
      the extent that the wheel 46 is disengaged from the material by the spring
      whenever power for the actuator 60 is lost. The sheet material, therefore,
      will not be cut unless the system receives the power needed.
PAR  FIG. 4 illustrates the lower end of the cutting tool 22 in greater detail
      during a cutting operation. The cutting wheel 46 on the drive shaft 78 has
      a plurality of helical cutting edges which are coaxially arranged about
      the common axis 80 of rotation of the drive shaft 78 and the wheel 46. A
      presser foot 82 for holding the sheet material down is coaxially
      positioned about the wheel 46 and includes a hardened stripping plate 84
      for shearing chips or shredded material from the sheet material S. The
      stripping plate 84 in one form is an annular hard steel or tungsten
      carbide bushing press-fitted into an aperture within the foot 82 and has
      an inner periphery in close-fitting relationship with the cutting edges of
      the wheel 46.
PAR  During a cutting operation, the wheel 46 is rotated in a direction which
      permits the helical cutting edges to pull the sheet material upwardly in a
      peaked position such as that shown. Shreds of the sheet material are cut
      between the wheel and closely fitted stripping member and are pulled
      further upwardly through the presser foot by the helical edges into a
      vacuum chamber. The chamber is formed by a closed sleeve 86 attached to
      the presser foot 82 and surrounding the upper end of the wheel 46 and the
      lower end of the drive shaft 76. A vacuum hose or conduit 88 is connected
      to the sleeve 86 and leads from the carriage 26 to a vacuum pump 90 as
      shown in FIG. 1 to evacuate air from the chambers. The vacuum hose 88 is a
      flexible hose that follows the cutting tool 22 over the support surface of
      the table 20 during the cutting operation and together with the vacuum
      pump 90 aids the cutting wheel in drawing the shredded material upwardly
      through the presser foot to a low pressure region in the vacuum chamber
      and away from the table.
PAR  The presser foot 82 is attached to the lower end of the motor 44 by means
      of a stationary bracket 92, a support rod 94 which can slide up and down
      within the bracket 92 and a set screw 96 for fixing the presser foot 82
      and rod 94 adjustably relative to the bracket 92 and the cutting wheel 46.
      The presser foot is adjusted to a position which permits the cutting wheel
      46 to extend downwardly through the sheet material S and into the
      penetrable bed 24 of bristles when the bottom or pressing surface of the
      foot rests on the sheet material. In FIG. 4, the pressing surface of the
      foot appears to be spaced above the sheet material but such illustration
      is merely for the purpose of illustrating the peaked condition of the
      sheet material produced by the helical cutting edges of the wheel 46.
      Though the wheel penetrates partially into the penetrable bed, the
      bristles forming the bed 24 are deflected away from the wheel without
      injury. The bristles, therefore, provide a non-destructible bed for
      supporting the sheet material.
PAR  Adjustment of the support rod 94 and the presser foot 82 relative to the
      motor 44 changes the portion of the cutting wheel 46 which is brought into
      engagement with the sheet material S. Thus, if one portion of the wheel
      becomes dulled by extensive cutting, the height of the wheel relative to
      the bed 24 can be adjusted so that another portion of the wheel engages
      the sheet material. Also, if the thickness of the sheet material or the
      number of plies is increased, it may be necessary to adjust the presser
      foot so that at least some portion of the wheel remains below the support
      surface of the bed to insure complete severance of the material along the
      cutting path being followed. Since the presser foot 82 regulates the depth
      to which the cutting wheel penetrates the bed 24, the unevenness in the
      support surface will have little effect upon the depth of penetration
      below the support surface.
PAR  It has been found that in the cutting materials such as tagboard, that is,
      a high quality cardboard used in the garment industry for patterns, it is
      preferable to translate the cutting wheel 46 in a specified manner so that
      the advancing or leading cutting edges track along the desired line of
      cut. The leading cutting edges are the cutting edges at one side of the
      wheel having a tangential velocity generally parallel to and with the same
      sense as the translation of the wheel. Therefore, when the wheel 46 is
      rotated about the axis 80 perpendicular to the support surface and is
      advanced along a cutting path parallel to the support surface, the leading
      cutting edges are at one side of the advancing wheel. The cutting edges at
      the diametrically opposite side of the wheel move with a sense opposite
      that of the wheel advancement and are defined as the trailing cutting
      edges. It has been noted in this regard that the leading and trailing
      edges produce lines of cut in the sheet material which lines are slightly
      different in quality. For example, in FIG. 5, when the cutting wheel 46
      advances in the direction of the arrow a and is rotated in the direction
      indicated by the arrow b, the line of cut c generated by the leading
      cutting edges has a quality superior to the line of cut d generated by the
      trailing edges. Due to the fact that the leading cutting edges are cutting
      into the sheet material while the trailing cutting edges are cutting out
      of the sheet material, the line  c is sharply formed and distinct while
      the line d frequently has a frayed appearance attributed to the line by
      shreds which are not cut cleanly away from the rest of the sheet material.
      Such fraying results in spite of the stripping plate 84 in the presser
      foot 82.
PAR  Accordingly, it is desirable to pre-program the memory tape 18 or program
      the control computer 14 to coordinate the direction of rotation of the
      cutting wheel and the direction of translation of the wheel so that the
      leading cutting edges advance along the desired line of cut. For example,
      FIG. 6 shows a kerf k that is produced in the sheet material by the
      cutting wheel when the wheel circumnavigates a closed cutting path. If the
      wheel is rotated in a clockwise direction and the exterior profile g of
      the inner pattern is the desired profile, then the cutting wheel should be
      translated in a counterclockwise direction tangentially about the pattern
      to insure that the leading cutting edges produce the profile g. On the
      other hand, if the interior profile h on the outer pattern surrounding the
      kerf is the desired profile, the cutting wheel should be translated in the
      clockwise direction about the closed cutting path.
PAR  It will, of course, be noted that both of the profiles g and h in FIG. 6
      are slightly different profiles, one being larger than the other due to
      the diameter of the cutting wheel. In generating patterns to be used as,
      for example, templets in laying out a marker to be cut from a layup of
      fabric material, if the diameter of the wheel 46 is small, that is in the
      range of 0.030 - 0.100 of an inch, the rotational axis 80 of the wheel can
      be moved precisely along a cutting path corresponding to that which will
      be followed by a reciprocating cutting blade in the fabric even though the
      resulting pattern may be slightly undercut by an amount equal to the
      radius of the wheel. Such undercutting merely compensates for the
      thickness of a pencil that is later used to trace the outline of the
      pattern either directly on the fabric material or on a marker defining the
      array of pieces to be cut from the fabric material. Of course, if precise
      correspondence of the pattern being cut and the fabric piece to be cut is
      desired, the wheel must be offset to a tangential position at one side or
      the other of the desired cutting path depending upon whether an interior
      or exterior profile pattern is desired. If the direction in which a
      cutting tool moves along a desired profile is limited by other factors,
      the direction of rotation of the drive motor for the cutting wheel and the
      pitch of the helical cutting edges may be reversed so that the leading
      cutting edges may always produce the desired line of cut, and a lifting
      force pulls the sheet material toward the stripping plate.
PAR  While the present invention has been described in a preferred embodiment,
      it should be understood that numerous modifications and substitutions can
      be had without departing from the spirit of the invention. For example, it
      is not essential that a vacuum chamber be utilized to draw the shreddings
      away from the cutting wheel during a cutting operation. A positive
      pressure system possibly utilizing the drive motor 44 may be used to blow
      the shreddings from the wheel into a conduit that leads to a suitable
      disposal. The stripping plate 84 may be mounted to the presser foot 82 in
      a manner different from that shown or may be mounted from the casing of
      the motor 44 independently of the presser foot. The mounting within the
      presser foot, however, is preferred since it places the member directly
      above the sheet material and insures shearing of the chips from the
      material as soon as they are generated by the cutting wheel 46. The
      suspension of the cutting tool by means of the specific slide assembly
      shown is not essential and it is contemplated that a fully automated slide
      assembly and adjustable actuator may be used to positively position the
      cutting wheel and presser foot at specified stations above the cutting
      surface or the sheet material. Accordingly, the present invention has been
      described in a preferred embodiment by way of illustration rather than
      limitation.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for cutting a workpiece such as sheet material comprising:
PA1  support means defining a support surface on which the workpiece may be
      placed during a cutting operation;
PA1  a cutting tool positioned over the support surface for cutting the
      workpiece, the tool including a cutting wheel having cutting edges
      arranged coaxially of an axis of rotation located in perpendicular
      relationship to the support surface and a stripping member arranged
      coaxially of the wheel and in cooperating close-fitting relationship with
      the cutting edges to shear chips being cut from the workpiece; and
PA1  controlled drive means connected with the support means and the tool for
      translating the tool and the workpiece relative to one another parallel to
      the work surface to advance the tool through the workpiece along a desired
      line of cut.
NUM  2.
PAR  2. Apparatus for cutting a workpiece as defined in claim 1 wherein:
PA1  the support means comprises a support bed having a support surface defined
      by a material nondestructively penetrated by the tool.
NUM  3.
PAR  3. Apparatus for cutting as defined in claim 2 wherein the support bed is
      comprised of a bed of bristles having free ends defining the support
      surface.
NUM  4.
PAR  4. Apparatus for cutting as defined in claim 1 wherein the support means
      comprises a vacuum bed for holding the workpiece on the work surface.
NUM  5.
PAR  5. Apparatus for cutting a workpiece as defined in claim 1 wherein:
PA1  the cutting wheel has helical cutting edges coaxially arranged about the
      axis of rotation.
NUM  6.
PAR  6. Apparatus for cutting as defined in claim 1 further including:
PA1  a tool mount translatable with the tool relative to the support means, the
      tool mount including one portion movable toward and away from the support
      surface to move the cutting wheel in and out of cutting engagement with
      the workpiece on the support surface.
NUM  7.
PAR  7. Apparatus for cutting as in claim 6 wherein the tool mount includes
      controlled actuating means for moving the tool in and out of cutting
      engagement with the workpiece on command.
NUM  8.
PAR  8. Apparatus for cutting as in claim 7 wherein the actuating means includes
      a spring urging the tool and the one movable portion of the mount away
      from the support surface and an actuator opposing the spring when
      actuated.
NUM  9.
PAR  9. Apparatus for cutting as defined in claim 6 wherein:
PA1  a presser foot having a pressing surface is connected to the movable
      portion of the tool mount with the pressing surface in predetermined
      relationship with the cutting wheel to expose a selected portion of the
      wheel.
NUM  10.
PAR  10. Apparatus for cutting as defined in claim 9 wherein the presser foot
      connection with the movable portion of the tool mount is adjustable to
      expose different selected portions of the wheel.
NUM  11.
PAR  11. Apparatus for cutting as defined in claim 1 wherein:
PA1  a presser foot is connected with the cutting tool for translation with the
      tool over the support surface; and
PA1  the stripping member is an annular member surrounding the cutting wheel in
      closely spaced relationship with the cutting edges and is mounted on the
      presser foot.
NUM  12.
PAR  12. Apparatus for cutting as defined in claim 1 wherein the cutting tool
      includes a rotational drive motor for rotating the cutting wheel about the
      axis of rotation, and the cutting edges on the wheel are helical cutting
      edges pitched in accordance with the direction of motor rotation to apply
      a force lifting the workpiece away from the support surface and toward the
      stripping member.
NUM  13.
PAR  13. Apparatus for cutting as defined in claim 1 wherein:
PA1  the cutting tool includes a rotational drive motor for rotating the cutting
      wheel about the axis of rotation while the tool advances along a selected
      line of cut whereby the leading cutting edges are disposed at one side of
      the cutting wheel and trailing cutting edges are disposed at the
      diametrically opposite side; and
PA1  means are provided within the control means for advancing the side of the
      cutting wheel having the leading cutting edges along the desired line of
      cut.
NUM  14.
PAR  14. Apparatus for cutting as defined in claim 1 further including:
PA1  a vacuum pump; and
PA1  conduit means having one end connected with the pump and another end
      supported adjacent the stripping member and the cutting wheel for drawing
      away shreddings of the sheet material made by the cutting wheel.
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ABST
PAL  A fluid control system for master-slave power steering combinations
      includes master and slave steering units, a pump, a low pressure discharge
      line from the master unit, a low pressure transfer space in the slave unit
      and a low pressure return line to the pump. The transfer space receives
      heated, low pressure exhaust fluid through the discharge line from the
      exhaust chamber or space of the master unit. The fluid return line is
      connected to the transfer space of the slave unit to feed the intake side
      of the pump. Build-up of pressure in the slave unit is prevented.
      Secondly, the fluid circulated through the transfer space of the slave
      unit transfers heat generated in the pump and the master unit. The
      temperature gradient between the master and slave unit is thereby
      minimized to effect cooling or heating in the system, as needed. Further,
      build-up or accumulation of air bubbles in the slave unit is alleviated.
      The steering units are preferably integral steering gears with the
      discharge means of the master unit and the transfer space of the slave
      unit including the space that encloses the output pinion. Single fluid
      transfer hoses interconnect the power chambers of the steering units. The
      piston of the slave unit is hollow with plugs closing the ends.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to dual power steering systems, and more
      particularly, to a fluid control circuit for a dual system.
PAC  BACKGROUND OF THE INVENTION
PAR  It has become increasingly popular in the truck and off-the-road vehicle
      field to use multiple power steering units. This need has arisen due to
      the substantial increase in capacity of these vehicles in recent times.
      The tires of the vehicles are larger and the heavier weight contributes to
      the additional power needed to comfortably steer a truck or similar
      vehicle.
PAR  Another factor that has affected going to multiple power units, usually
      dual power units, has been the desirability of keeping the units to a
      reasonable size and capacity. The space requirements under a truck have
      always been critical and the linkage running from the power unit to the
      wheels is more economically designed if the power is distributed at least
      adjacent the two front wheels.
PAR  The truck owner today has a choice of providing the dual power steering
      units with double or completely separate fluid supply circuits, or a
      single supply circuit. In a dual supply system, there is complete
      redundancy; i.e., the system includes two separate pumps, valves and sets
      of transfer hoses. If one system fails, the other system is provided as a
      complete independent back-up system. For safety's sake, this dual system
      is desirable and may be required by government regulation in the near
      future.
PAR  In a dual supply system, the separate control valves for the two power
      units are usually mounted in or on one of the units, which is called the
      master gear. The unit that is exclusive of a valve, but is controlled by
      the valve on the master unit, is referred to as the slave power unit.
PAR  In the simplified single supply circuit, there is only one valve and one
      pump with the slave unit being supplied directly from the cylinder of the
      master unit.
PAR  In designing a slave power unit for single circuit systems, it is most
      desirable to have single fluid transfer means connecting each of the power
      chambers. This allows alternate introduction of high pressure working
      fluid on one side of the piston for power and concurrent exhausting on the
      other side of the piston. No separate returns for the low pressure fluid
      are provided. However, when this is done, a problem arises in that the
      space enclosing the output gear of the slave power steering unit is
      susceptible to the build-up of pressure. This results from minor leakage
      around the sealing rings of the piston. Since it is highly desirable to
      have the output shaft of the unit sealed only by a low pressure seal,
      there must be provided a means for bleeding this space or any other
      similar space within the slave unit.
PAR  In my previous patent, entitled "Power Steering Gear Assembly", U.S. Pat.
      No. 3,822,759, issued July 9, 1974, I provide a slave gear assembly
      modification that solves the problem. In this previous patent, the high
      pressure fluid trapped in the space is bled during each power stroke to
      the exhaust side of the piston through check valve means. The patented
      system works satisfactorily with either single or double control circuits
      and has gained acceptance in the field.
PAR  Even though the modified structure of the slave gear of the previous patent
      had no particular shortcomings and does solve the pressure build-up
      problem, it was natural to seek different, possibly better ways of
      accomplishing this function in a master-slave combination. It occurred to
      me that this better way could be by modification of the fluid circuit,
      either the conventional, single power supply circuit or the more recent
      double power supply system. The modification of the control system would
      be in lieu of the modification of the slave-gear unit structure, and thus
      the slave unit of my new arrangement would not require the check valves at
      the ends of the piston.
PAC  OBJECTIVES OF THE INVENTION
PAR  It is thus one object of the present invention to provide a new fluid
      control circuit that prevents build-up of pressure in the slave gear unit.
PAR  It is another object of the present invention to provide a fluid control
      circuit for a dual power steering system of the type described wherein
      attendant advantages of (1) minimizing the temperature gradient between
      the master and the slave unit and (2) continual purging of air bubbles
      from the system, are provided.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  According to the invention of the present application, a fluid control
      circuit for a dual power steering system is provided wherein exhaust fluid
      from the master unit is circulated through a transfer space in the slave
      unit. The primary purpose of this fluid circulation is to prevent the
      build-up of pressure due to inevitable leakage around the sealing rings of
      the operating piston. Desirable heat transfer and air bubble purging are
      important secondary advantages, as will be explained later.
PAR  In the inventive system, pump means, which can either be single or double
      pumps (one for each unit), provide high pressure fluid to the power units.
      The exhaust from the master unit is fed by fluid return means through the
      transfer space of the slave unit. As the low pressure fluid moves through,
      it entrains any fluid that has leaked around the piston, and the low
      pressure is thus maintained. In the preferred embodiment shown, after the
      exhaust fluid from the master unit is circulated through the transfer
      space of the slave unit, it is returned through fluid return means
      directly to the intake side of the single pump.
PAR  Of particular importance to the present invention are the secondary
      advantages. First, the circulation of the discharge fluid from the exhaust
      side of the master unit through the slave unit brings the slave unit up to
      a temperature approximating that of the master unit. This is important
      since, with the slave unit in effect becoming a heat sink, the temperature
      gradient between the master and the slave unit is minimized, or
      effectively eliminated. Under severe steering conditions, the working
      fluid in the master unit would become very hot and circulation through the
      slave unit provides a body through which the oil may be effectively
      cooled. In cold weather, when the vehicle has just been started, the
      circulation of fluid through the slave unit warms the unit providing
      smoother and more efficient operation.
PAR  Secondly, the circulation of fluid through the slave unit provides an
      effective way to bleed or purge the unit of any air bubbles that might
      become entrapped in the system. This problem is particularly acute in the
      type of dual systems described above. The limited back and forth movement
      of hydraulic fluid trapped in the single fluid transfer hoses between the
      working chambers of the two units makes if difficult for the air to work
      itself to the exhaust side of the pump where it can escape to the
      atmosphere. Trapped air can cause erratic movement of the slave unit, a
      loss of synchronization between the units and thus undesirable chattering
      of the units as they fight against each other. In the present invention
      the fluid flowing through the transfer space entrains the bubbles in the
      hydraulic fluid, returns the fluid and the bubbles to the intake of the
      pump and the bubbles can escape.
PAR  Preferably, the piston for the slave unit is a piston that has been bored
      out so that the metal may be more effectively heat trated for hardening of
      the metal. In fact, the piston may (for economic reasons) be just like the
      piston for the master unit, but without the internal control valve. The
      ends of the piston are closed by solid plugs to prevent direct flow of
      fluid between the power chambers of the slave unit and the low pressure
      transfer space.
PAR  Still other objects and advantages of the present invention will become
      readily apparent to those skilled in this art from the following detailed
      description, wherein I have shown and described only the preferred
      embodiment of the invention, simply by way of illustration of the best
      mode contemplated by me of carrying out my invention. As will be realized,
      the invention is capable of other and different embodiments, and its
      several details are capable of modification in various obvious respects,
      all without departing from the invention. Accordingly, the drawings and
      description are to be regarded as illustrative in nature, and not as
      restrictive.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view showing the dual power steering system of the
      present invention with the fluid control circuit including the inventive
      principles; and
PAR  FIG. 2 is a cross-sectional view of the slave gear unit used with the fluid
      control system shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENT INVENTION
PAR  In FIG. 1, a schematic form of a dual power steering system is shown to
      illustrate the principles of the present invention. Wheels W.sub.1,
      W.sub.2 are provided on a vehicle (not shown) with the wheels being
      supported on a conventional cross axle 10. The wheels W.sub.1, W.sub.2 are
      suitably mounted on respective spindles 11, 12 to accommodate pivoting
      action for steering on pivot pins 13, 14. The pins are held in sockets 15,
      16 formed in the ends of the axle 10.
PAR  Fixed to the pivot pins 13, 14 are corresponding steering arms 17, 18
      connected to respective drag links 19, 20. Crank arms 21, 22 also fixed on
      the pivot pins 13, 14, respectively, are interconnected by a conventional
      tie rod 23 that assures synchronization and thus proper turning and
      alignment of the wheels W.sub.1, W.sub.2. As shown, the physical
      interconnection of the drag links 19, 20 and the tie rod 23 are made by
      ball and socket joints to permit the necessary angular and rotative
      movement.
PAR  The drag links 19, 20 are operated by two steering subsystems. The first
      subsystem includes a slave steering unit U.sub.1 and the second subsystem
      includes a master steering gear unit U.sub.2.
PAR  The slave steering unit U.sub.1 includes a housing 30 forming a cylinder
      with end closure plates 31, 32 and an off-set portion 33 formed integrally
      with the housing and a crank 33a extending therefrom (see FIG. 2). Within
      the cylinder housing 30 is a reciprocating piston 34 forming alternate
      power and exhaust chambers 35, 36 at opposite ends thereof. Conventional
      sealing rings 37, 38 may be provided at the ends of the piston to seal the
      chambers. As can be seen in FIG. 2, the off-set portion 33 encloses the
      output gear 39 and the output shaft 40 to which the crank 33a (shown in
      FIG. 1) is attached. The piston includes a rack 41 meshing with the gear
      39 to effect translating of the power from the reciprocating piston 34 to
      the output gear 39.
PAR  The slave gear unit U.sub.1 is alternately fed pressurized fluid and
      exhausted by single transfer hoses 45, 46 connected to the end plates 31,
      32 at tapped openings 45a, 46a, respectively. With this arrangement, no
      supplemental hoses to the respective chambers are needed to exhaust the
      fluid and return it to the intake or sump of the pump. This minimizes the
      cost of manufacture and also importantly minimizes the possibility of
      failure of mechanical parts, and thus the maintenance requirements are
      kept as low as possible.
PAR  The slave unit U.sub.1 could, if desired, be controlled by a separate
      control system. Such a system would utilize a separate pump, control valve
      and transfer lines. Typically, the control valve would be mounted
      piggy-back (not shown) on the steering shaft S. However, in order to
      simplify the description, the preferred embodiment shown is of the single
      control circuit design. There is only one pump means, generally designated
      by the reference numeral 53. This includes a drive shaft 54 rotated by a
      belt and pulley from the engine of the vehicle (not shown) and a feed line
      55 running to the master unit U.sub.2. A sump or intake reservoir 56 is
      provided to receive the supply of fluid returning from the gear units
      U.sub.1, U.sub.2, as will be explained in further detail later.
PAR  The master steering gear unit U.sub.2 is or may be considered essentially
      like the unit shown in my previous patents, Sheppard U.S. Pat. Nos.
      3,092,083 or 3,566,751. In this type of unit, the control valve is mounted
      within the piston (not shown in this application) and the inlet line 55
      feeds into the unit on the top (as shown in the drawing) and is then
      distributed to the internal control valve. Depending upon the rotation of
      the steering shaft S, the control valve is shifted to provide the pressure
      fluid from the line 55 to one side or the other of the piston within the
      unit. The side of the piston not receiving the pressurized fluid is
      exhausted at the same time by the valve. The exhaust or discharge from the
      soft side of the piston is fed into the space or chamber in off-set
      portion 43, that is like the off-set portion 33 of the slave unit U.sub.1,
      shown in FIG. 2. Because the exhaust pressure is essentially low-pressure
      fluid, the output shaft supporting the crank 40a may also be sealed only
      with a low pressure seal. From the space within the off-set portion 43,
      the low pressure fluid is fed into discharge or exhaust line 57.
PAR  In accordance with the present invention, the discharge line 57 is
      connected to space 58 within the off-set portion 33 through a suitable
      inlet orifice 57a (see FIG. 2). The fluid flows around the output pinion
      39 and is then emptied through fluid return line 58 connected through the
      orifice 58a on the opposite side. As shown in FIG. 1, the return line is
      connected to the intake or sump 56 of the pump 53.
PAR  The advantages of providing a control system of the present invention
      should now be apparent. First, the low pressure fluid flowing through
      discharge line 57 sweeps through the transfer space 58 and picks up by
      entrainment any high pressure fluid that has escaped around the sealing
      rings 37, 38 preventing any build-up of pressure.
PAR  Secondly, this fluid has been originally heated in the pump 53 and in the
      master unit U.sub.2. The residual heat in the fluid is advantageously then
      available to warm the slave unit U.sub.1 by heat transfer. Note that the
      fluid not only contacts the housing portion 43 forming space 58, but also
      travels around the output gear 39 and up in contact with the reciprocating
      piston 34 so that a subsantial surface area is contacted. Through the
      metal of these parts of the slave gear U.sub.1, the heat is absorbed and
      the unit quickly, after start up, reaches a temperature substantially the
      same as the master unit U.sub.2.
PAR  It should be noted at this point that without this positive circulation of
      fluid through the slave unit, little direct heat transfer to the unit is
      possible. The single transfer lines 45, 46 from the drive chambers of the
      master unit U.sub.2 do not allow any significant amount of heat transfer.
      This is so since the fluid trapped in these lines works as a solid
      reciprocating mechanical part with a relatively low heat transfer
      coefficient. The fluid adjacent the slave unit U.sub.1 is essentially
      trapped and isolated from the warmer fluid that is flowing through the
      work chambers of the master unit U.sub.2. But for the circulation of the
      exhaust fluid through line 57 into the transfer space 58 a substantial
      temperature gradient between the units would exist. With the present
      invention, the slave unit U.sub.1 and the master unit U.sub.2 are
      maintained at essentially the same temperature. Or to put it another way,
      the temperature gradient between the two is minimized.
PAR  In warm weather and under severe steering conditions, the heat radiated
      from the housing of the slave unit U.sub.1 helps keep the system operating
      at a reasonably low temperature. In cold weather, the slave unit is
      quickly heated to operating temperature eliminating cold "slugs" of
      hydraulic fluid from the system that can disrupt the synchronization of
      the units, cause annoying noises or even harm the pump.
PAR  Another distinct advantage of providing the flow of low pressure fluid
      through the transfer space 58 of the slave unit U.sub.1 is that any
      trapped air bubbles or foam is immediately purged from the system and fed
      back to the sump or intake reservoir 56 where the bubbles can escape. This
      is particularly important where maintenance has required opening the fluid
      circuit. Any amount of air can be removed within a short time after
      start-up.
PAR  The slave unit U.sub.1, shown in FIG. 2, is preferably made with the
      reciprocating piston 34 having an internal chamber 70. This is of
      importance when the part is being originally hardened. Also, it is clear
      that this same piston 34 can be machined on the same tape controlled
      machine tool as the piston of the pressure unit U.sub.2, thus saving on
      the manufacturing cost. Solid plugs 71, 72 close off the end of the
      interior 70 and complete the formation of the piston 34.
PAR  In summarizing the present invention, the exhaust fluid from the master
      steering unit U.sub.2 is circulated through the slave unit U.sub.1 to
      accomplish several advantageous results. The build-up of pressure around
      the output pinion or gear 39 is prevented. Thus, only low pressure seal 60
      is required for the output shaft 40. Secondly, the temperature gradient
      between the two units U.sub.1, U.sub.2 is minimized. During hot seasons
      and under heavy working conditions the slave unit U.sub.1 serves as a heat
      sink to dissipate heat by radiation, and thus maintains the system at a
      normal working temperature. In colder climates, the transfer of heat is
      important to quickly bring the slave unit U.sub.1 up to operating
      temperature, thus gaining a more efficient operation. Slugs of cold fluid
      that might otherwise cause problems are eliminated by circulation of the
      heated fluid through the slave unit U.sub.1. Thirdly, any trapped air
      bubbles or foam within the slave unit U.sub.1 that would otherwise be
      trapped are purged.
PAR  In this disclosure, there is shown and described only the preferred
      embodiment of the invention, but, as aforementioned, it is to be
      understood that the invention is capable of use in various other
      combinations and environments and is capable of changes or modifications
      within the scope of the inventive concept as expressed herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid control circuit for a power steering system having at least two
      power units with reciprocating pistons each in a cylinder with opposed
      working chambers comprising:
PA1  pump means for supplying a flow of pressurized fluid to said units,
PA1  discharge means connected to at least one of the units to receive the flow
      of fluid including the fluid from the chamber on the exhaust side of the
      piston,
PA1  a transfer space in the other unit separate from the chambers connected to
      said discharge means of said one unit to receive the flow of low pressure
      exhaust fluid, and
PA1  fluid return means to receive said flow of fluid connecting said transfer
      space with the intake side of said pump means, whereby the temperature
      gradient between said units is minimized and build-up of pressure in said
      other unit is prevented.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said steering units are integral master
      and slave power steering gear units including output pinions, with low
      pressure spaces enclosing the output pinions, the discharge means of said
      master unit including its low pressure space, and the transfer space of
      said slave unit including its low pressure space.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said slave unit includes a housing
      forming power chambers at opposite ends of the piston, the low pressure
      transfer space being separated and sealed from the chambers by the ends of
      the pistons, and single fluid transfer means for each of said chambers to
      allow alternate introduction of higher pressure working fluid to one of
      said chambers to power the piston and concurrent exhausting of the other
      chamber, whereby to minimize the flow of high pressure fluid.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said piston is hollow, the ends of said
      piston being sealed by solid plugs to prevent direct flow of fluid between
      said chambers and said low pressure transfer space.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said single fluid transfer means are
      connected directly to the respective power chambers at the ends of said
      master unit.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said one unit is a master unit and said
      other unit is a slave unit.
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ABST
PAL  A load limiting hydraulic control system for a hydraulic cylinder adapted
      to raise or tilt a load including a control valve having an inlet port and
      a movable valving member adapted to direct pressure flow to said cylinder.
      A fluid responsive valve is connected to a source of fluid supply and said
      inlet port. A control circuit is provided connected to the control valve
      and the fluid responsive valve, and the fluid responsive valve is
      responsive to the pressure in the control circuit to control the fluid
      supplied to said control valve. The system incorporates a unique limit
      valve mechanism connected to the cylinder and the control circuit and is
      responsive to a predetermined pressure at the cylinder to interrupt the
      control circuit to reduce the fluid supply and prevent further actuation
      of the cylinder.
BSUM
PAC  Summary of Invention
PAR  In hydraulic control systems for controlling hydraulic work cylinders, for
      example those operating the lift forks of a lift truck, certain schemes
      have been developed such as limit switches to prevent the lifting and
      transporting of unsafe loads. The present invention comprises a mechanism
      to control the hydraulic cylinders for lift truck forks for both the lift
      and tilt functions providing a unique load limit system which prevents the
      operator from tilting the load forward or raising the load when the load
      moment acting on the truck is so large as to be unsafe. In a lift truck,
      for example, the load moment can be defined as the mathematical product of
      the force exerted by the load and the horizontal distance between the
      front axle centerline and the vertical projection of the load center of
      gravity.
PAR  The unique load limit system incorporates limit valves that respond to the
      pressure in one chamber of the tilt cylinder or cylinders. In a modified
      embodiment, the limit valves are connected to respond to the differential
      pressure between the two chambers of a tilt cylinder or cylinders. In
      cylinders used for tilting of a load, the chamber which is pressurized to
      tilt the load in a rearward direction under most conditions is also
      pressurized by the load attempting to tilt forward under its own weight,
      this pressure then reflects the amount of the load moment and can be used
      as a control signal. Due to the use of the unique logic system described
      in the present control system and described in particular in U.S. Pat.
      Nos. 3,526,247 and 3,693,506 of common assignee, a separate limit valve
      can be provided for the tilt manual control valve and the lift manual
      control valve each with its own pressure responsive setting. The unique
      system described herein also advantageously allows lowering or rearward
      tilting of a load under excess load moment conditions, at all times, since
      the valves of the load limiting system are connected with the logic
      control system described so as to be effective only during the lift and
      the tilt forward functions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A is a part of a schematic view of a control system for hydraulic
      cylinders,
PAR  FIG. 1B is the second part of a schematic view showing the load limiting
      system which together with FIG. 1A discloses a complete control system for
      hydraulic cylinders incorporating the principles of the present invention,
PAR  FIG. 2 is a schematic view showing the modification of the system of FIG. 1
      to operate with a "closed-center" hydraulic system, and
PAR  FIG. 3 is a schematic view of a modified form of the invention of FIGS. 1A
      and 1B.
DETD
PAR  Referring to FIG. 1, a load-responsive hydraulic control circuit 10 is
      illustrated for controlling a hydraulic motor or cylinder 12 for lifting a
      load and hydraulic cylinders or motors 14 and 16 for tilting a load. The
      particular hydraulic cylinders illustrated are used, for example, in lift
      trucks wherein the lift cylinder 12 would be used to raise and lower the
      lift forks 13 of the truck and the cylinders 14 and 16 referred to as tilt
      cylinders are used to tilt the mast 15 upon which the lift forks 13 ride
      up and down when a load is to be transported on the lift truck type of
      vehicle.
PAR  The circuit illustrated is similar to the load-responsive system disclosed
      and claimed in U.S. Pat. No. 3,693,506 of common assignee and the
      disclosure thereof is incorporated herein by reference. For a more precise
      and complete description of the operation of the manual control valves to
      control the cylinders 12, 14 and 16 than given herein, reference may be
      had to this patent.
PAR  Incorporated within the circuit 10 for controlling hydraulic cylinders 12,
      14 and 16 is shown a fixed displacement pump 18 having a sump 19, an
      unloading or bypass valve 20, a manual control valve 22 for lift cylinder
      12, a manual control valve 24 for tilt cylinders 14 and 16, and a flow
      control valve 26.
PAR  The circuit 10 further includes a control signal or logic system 28 to
      control operation of bypass valve 20 which incorporates three port shuttle
      valves or fluid responsive means 30, 32 and 34. A main relief valve 36 is
      provided to allow a predetermined maximum pressure within the control
      circuit for bypass valve 20. The invention described herein, comprises a
      unique load limiting system 40 incorporated in the circuit 10 which is
      adapted to prevent a lift truck or other device incorporating such a
      system from lifting or tilting unsafe loads which could be dangerous to
      the operator or the vehicle.
PAR  Manual control valves 22 and 24 are similar in operation each being
      patterned after the control valve 25 of FIG. 2 of U.S. Pat. No. 3,693,506.
      The valves 22 and 24 are three position valves each having a neutral
      position 50 and actuating positions 52 and 54. The manual control valves
      22 and 24 each include an inlet port 60, a return port 66, and motor ports
      68. Manual control valve 22 being used for single acting cylinder 12 has a
      single control port 62. Manual control valve 24 controlling double acting
      cylinders 14 and 16 has a pair of control ports 62 and 64, and an
      additional motor port 70.
PAR  The motor port 68 of valve 22 is connected by a conduit 80 with a fluid
      chamber 82 of lift cylinder 12 whereby the piston 84 of the cylinder 12
      can be actuated to lift a load. The cylinder 12 also includes a fluid
      chamber 86 on the opposite side of piston 84.
PAR  Manual control valve 24 has its motor ports 68 and 70 connected to
      hydraulic cylinders 14 and 16. Motor port 70 is connected by conduit 90
      with fluid chambers 92 of cylinders 14 and 16 whereby the pistons 94 of
      the cylinders may be actuated to move the mast 15 of the lift vehicle in a
      forward or clockwise direction as illustrated in FIG. 1. Motor port 68 of
      valve 24 is connected by a conduit 98 with fluid chambers 96 of cylinders
      14 and 16 which are adapted when supplied with pressure to actuate pistons
      94 to tilt the mast 15 counterclockwise or rearwardly as illustrated in
      FIG. 1. Provided in conduit 98 is a valve 100 having a tilt-lock function
      which acts to prevent depletion of pressure from chambers 96 of the tilt
      cylinders to prevent the mast 15 and the load carried thereby from tilting
      forward under undesirable conditions. The operation of the valve 100 is
      completely described in pending application U.S. Ser. No. 422,636 of
      common assignee and is valve 10 of FIG. 1 of that application. A conduit
      99 connects valve 10 to the output of shuttle valve 32 to control valve 10
      in the manner described in application Ser. No. 422,636 and corresponds to
      conduit 92 of that application.
PAR  The shuttle valve 32 of logic system 28 is connected to control port 62 by
      a conduit 63 and control port 64 by a conduit 65. When the system is in
      operation the shuttle valve 32 will connect the highest pressure in the
      motor ports 68 or 70 to the shuttle valve 34. Shuttle valves 34 and 30 are
      connected with a control signal conduit 102 which is adapted to actuate
      bypass valve 20 in the manner described in U.S. Pat. No. 3,693,506 with
      respect to bypass valve 18 therein illustrated to vary the pressure
      supplied to a supply conduit 104 to each of the inlet ports 60 of the
      manual valves 22 and 24. Provided in the supply conduit 104 in connection
      with inlet port 60 of valve 24 is a flow control valve 26 which is similar
      to the flow control valve disclosed and claimed in U.S. Pat. No. 3,592,216
      of common assignee being valve 27 of that patent. The valve 26 serves to
      provide a pressure to manual control valve 24 controlled in accordance
      with the requirements of cylinders 14 and 16, a low standby pressure to
      valve 24 when it is in its neutral position, act as a load check valve
      when the pressure to one of the chambers of the cylinders exceeds the
      pressure supplied to the manual control valve, and provide a maximum
      pressure limit for the cylinders 14 and 16. The operation of the flow
      control valve 26 to obtain these functions is completely described in U.S.
      Pat. No. 3,592,216 mentioned above.
PAR  A relief valve 35 is provided connected to conduit 33 and flow control
      valve 26 by a conduit 37. Relief valve 35 determines the maximum load
      pressure which can be supplied to cylinders 14 and 16.
PAR  A return conduit 110 is provided connected to sump 19 to return fluid to
      the sump. Conduit 110 is connected to the bypass valve 20 by conduit 112,
      to chamber 86 of the lift cylinder 12 by conduit 114, relief valve 35 by
      conduit 115 and is adapted to return fluid to sump 19 from each of these
      locations. The conduit 110 is also connected to the return port 66 of
      valve 22 by a conduit 118 and to return port 66 of manual valve 24 by
      conduit 120. Conduit 116 may connect shuttle valve 34 to sump 19 as
      illustrated, or if other manual control valves are used in the system will
      connect shuttle valve 34 to additional similar shuttle valves.
PAR  Manual valve 22 when actuated to its position 52 connects inlet port 60 to
      motor port 68 to supply pressure to chamber 82 of cylinder 12 to lift a
      load. As is more completely described in U.S. Pat. No. 3,693,506 as well
      as U.S. Pat. No. 3,526,247 each of common assignee, at the same time the
      connection between the inlet port 60 and motor port 68 is made, a
      connection is made between motor port 68 and control port 62. Control port
      62, assuming load limiting system 40 is not interrupting, will communicate
      the pressure in motor port 68 and in chamber 82 by a conduit 53 to valve
      150 (to be described) and conduit 55 to shuttle valve 30. Shuttle valve 30
      will compare this pressure with the highest motor port pressure of manual
      valve 24 from shuttle valve 34 and will automatically select the highest
      pressure to be supplied through conduit 102 to bypass valve 20, whereby
      bypass valve 20 will be set to meet the pressure requirements of the
      highest pressure indicated at either of the manual valves 22 or 24. This
      operation of the manual valves 22 and 24 to connect the motor port
      pressure to a control port whereby it is supplied to a control signal
      conduit 102 by means of logic system 28 to control pump 18 is particularly
      described in U.S. Pat. No. 3,526,247 and will not be repeated in detail in
      this description.
PAR  In position 54 of manual valve 22 the motor port 68 connected to chamber 82
      is connected to the return port 66 whereby fluid will be exhausted from
      chamber 82 so that the pressure load is reduced and the load lowered. It
      should be understood that the amount of fluid supplied or exhausted can be
      adjusted since a variety of positions are available between the neutral
      and actuating positions of the manual valves creating an orifice between
      the inlet and motor ports or between the motor ports and return ports so
      that the work cylinders 12, 14 and 16 may be properly controlled.
PAR  With respect to manual control valve 24, it will be seen that in the power
      position 52 fluid from the inlet port 60 is connected to motor port 68 to
      act in chambers 96 and move pistons 94 to tilt the mast 15 of a lift truck
      counterclockwise as illustrated in FIG. 1. At the same time the pressure
      in chamber 96 is communicated to control port 62 whereby it flows through
      shuttle valve 32 and thus through shuttle valve 34 to be compared to the
      pressure in shuttle valve 30. At the same time in position 52 control port
      64 and motor port 70 are connected to return port 66 to exhaust pressure
      from chambers 92 of cylinders 14 and 16 whereby movement of pistons 94 is
      permitted. In position 54 of manual valve 24 it will be seen that the
      inlet port 60 is connected to motor port 70 and that motor port 68 is
      connected to return conduit 120 to move the pistons 94 in the opposite
      direction to tilt the mast clockwise as illustrated in FIG. 1.
PAR  The above description describes briefly a control circuit for controlling
      work cylinders 12, 14 and 16 in a manner similar to the control system
      described in U.S. Pat. No. 3,693,506 mentioned above, however, the
      invention described herein relates to the above described control system
      with the addition of a unique load limiting system 40 which will now be
      described in detail.
PAR  Load limiting system 40 in general includes a lift limit valve 150, a tilt
      limit valve 152, and an over-ride valve 154. A conduit 156 connects each
      of the limit valves 150 and 152 with chambers 96 of hydraulic cylinders 14
      and 16 whereby the valves 150 and 152 may be actuated by the pressure in
      those chambers. A spring 158 is provided for each of the limit valves 150
      and 152 and acts on the valve in opposition to the pressure received
      through conduit 156. An actuator 159; which may comprise, for example, a
      fluid responsive area on a valve member; is provided for each of the
      valves 150 and 152. Actuators 159 are connected to conduit 156. Each of
      the valves 150 and 152 has an inactive position 160 and an active or load
      limiting position 162. As will be apparent when the pressure in chambers
      96 of hydraulic cylinders 14 and 16 exceeds a predetermined value for the
      setting of either of the limit valves 150 or 152 actuator 159 will move
      the valve from position 160 to limiting position 162.
PAR  Limit valve 150 is in series between manual valve 22 and shuttle valve 30
      and in the inactive position 160, valve 150 connects control port 62,
      which in turn is connected to the chamber 82 of lift cylinder 12, to the
      shuttle valve 30 through conduit 55 so that the manual valve 22 can
      operate to actuate or lift a load. In the limiting position 162, valve 150
      connects control port 62 and thereby motor port 68 and chamber 82 of
      cylinder 12 to return conduit 110 by means of a conduit 163. It will be
      apparent then that when valve 150 is in position 162, with control port 62
      connected to return conduit 110, the valve 22 will be incapable of
      supplying additional pressure to chamber 82 of lift cylinder 12.
PAR  Tilt limit valve 152 is inactive in position 160, however, in position 162
      to which it is moved by pressure in conduit 156, it will connect, by means
      of conduit 170, control port 64 of manual valve 24 to return conduit 110
      by means of conduit 165, and thus manual valve 24 is unable to supply
      pressure to conduit 90 (as is normally the case in position 54 of manual
      valve 24) to actuate hydraulic cylinders 14 and 16 to move pistons 94 to
      tilt the mast 15 and the load forward, since a connection is open between
      control port 64 and return conduit 110. At this time, when the pressure in
      chambers 96 drops indicating a safe load condition, the spring 158 will
      return limit valve 152 to its inactive position interrupting the
      connection to the return line 110 and permitting normal operation of
      manual valve 24 to actuate hydraulic cylinders 14 and 16 in either
      direction.
PAR  Provided in the conduit 170 is a two position over-ride valve 154 which can
      act to over-ride the operation of the tilt limit valve 152 under certain
      conditions. Over-ride valve 154 has an inactive position 200 in which
      conduit 170 is not interrupted and the tilt limit valve 152 can operate to
      prevent actuation of hydraulic cylinders 14 and 16 in the forward tilting
      phase. In the active position 202, valve 154 will interrupt conduit 170 to
      over-ride the operation of tilt limit valve 152 and permit normal
      operation of manual valve 24 even though the load, as measured in chambers
      96, is exceeding a safe limit. A spring 204 urges valve 154 to its
      inactive position. A cam and follower arrangement is schematically
      illustrated in FIG. 1 which comprises a follower 206 attached to valve 154
      and a cam 208 attached to the lift forks 13 on a lift truck for example.
      As will be apparent as the lift forks 13 are lowered they will reach a
      position in which cam 208 acts on follower 206 to move valve 154 to
      position 202 to interrupt conduit 170 and over-ride operation of the tilt
      limit valve. The function of the over-ride valve 154 is to permit tilting
      of the load when the load is below a predetermined maximum height since
      although the pressure of the load as reflected in chambers 96 would
      indicate that an unsafe load moment condition is present the operator will
      still be able to tilt the load to place the load for example, on the
      floor, since the load is at a very low position as indicated by the cam
      208 and it would not be unsafe at this time to be able to operate the tilt
      controls. As will be apparent, the over-ride valve 154 can over-ride only
      the tilt limit valve function when the load moment is exceeding safe
      limits the lift limit valve 150 still being operative at such time to
      prevent lifting the load to any additional height. However, it will be
      apparent that the over-ride valve 154 could be connected to also over-ride
      the lift limit valve 150 to permit lifting the load under certain
      conditions, if deemed desirable.
PAR  The system of FIG. 1, is of the "open-center" type having a fixed
      displacement pump and a bypass valve to control the pump. Referring to
      FIG. 2, there is schematically illustrated a variable displacement pump
      18a which can be used with the present control circuit for what is termed
      a "closed-center" system. In such a system the line 102a, which is the
      control signal conduit carrying a load responsive signal, will operate to
      change the displacement of pump 18a to vary the pump supply pressure in
      conduit 104a in accordance with the control signal in conduit 102a. In a
      manner similar to the embodiment of FIG. 1, when the load limiting system
      interrupts or connects the control signal conduit 102a to the sump or to
      conduit 110a, the pump displacement will correspondingly be reduced to
      reduce the output being supplied to conduit 104a and thus prevent further
      actuation of the tilt forward function or the lift function as described
      above with respect to FIG. 1.
PAR  Referring again to the system of FIG. 1, the flow control valve 26 as
      mentioned above, which is particularly described in U.S. Pat. No.
      3,592,216 of common assignee, operates as a pressure reducing valve so
      that in the system disclosed herein the operation of manual valve 24
      comprising the tilt circuit for a lift truck for example, can be adjusted
      to operate at a pressure level supplied to inlet port 60 lower than the
      system pressure being delivered to inlet port 60 of control valve 22 for
      the lift circuit. As discussed, tilting in a rearward direction or
      counterclockwise as viewed in FIG. 1, is to be permitted even for an
      over-capacity load, but it is important not to allow further elevation or
      lifting of the load while tilting in the backward direction. Due to the
      pressure reducing function of the flow control valve 26, the tilt circuit
      is operating at a lower pressure level than the lift circuit further
      lifting of the load will be impossible so that the load can be tilted in a
      rearward direction but the lift cylinder not be actuated since the lift
      cylinder is operating at a higher pressure capability.
PAR  With the addition of the flow control valve 26 acting as a pressure
      reducer, the lift limit valve 150 can be spring biased to a higher
      limiting level than the tilt limit valve 152. Therefore, as the critical
      load moment is reached, and the tilt limit valve 152 vents the control
      signal pressure in conduit 170, as is clearly described in U.S. Pat. No.
      3,592,216, the flow control valve 26 will move to a position blocking the
      passage of fluid between supply conduit 104 and inlet 60 of manual valve
      24 thus preventing further tilt cylinder movement. Under these conditions
      then only the lift circuit can be operated and the manual valve 22 be
      functional to lift the load at the particular pressure levels between the
      setting of lift limit valve 150 and tilt limit valve 152.
PAR  In FIG. 3 is shown a modified form of the invention disclosing a system in
      which the limit valves 150 and 152 are responsive to the differential
      pressure between chambers 92 and 96 of the hydraulic cylinders 14 and 16.
      Valves 150 and 152 each have an actuator 259 therewith on the same end of
      the valve as spring 158. Actuator 259, which for example, would comprise a
      fluid responsive area on a valve spool, is connected by a fluid conduit
      256 with chambers 92 of cylinders 14 and 16. As will be apparent, the
      valves 150 and 152 will be moved between positions 160 and 162 by the
      differential pressure between chambers 92 and 96. During conditions of
      unsafe load moment, the differential pressure between chambers 96 and 92
      will be high, chamber 96 having the higher pressure, and valves 150 and
      152 will be urged to the 162 position to prevent further tilt forward or
      lift movement.
PAR  From the above it will be apparent that the present invention provides a
      unique and improved hydraulic control circuit particularly adapted to
      control the lift and tilt cylinders for a lift or industrial truck. This
      system is a load responsive system having a unique load limiting feature
      preventing the lifting or forward tilting during conditions of unsafe load
      moments. The system as described above, also prevent similtaneous lifting
      or forward tilting during the over-capacity condition. The system
      advantageously also allows lowering of an over-capacity load at all times
      since the location of the lift limit valve 150 and tilt limit valve 152 in
      the logic circuits enables these valves to be effective only on the lift
      function and the tilt forward function. While providing the above
      advantages and safety features, at the same time, the unique system
      permits complete system performance as normal, when safe load moment
      conditions are encountered.
PAR  The various features of the invention have been particularly shown and
      described, however, it should be obvious to one skilled in the art that
      modifications may be made therein without departing from the scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a hydraulic control system including a source of fluid supply; a
      fluid motor; a control valve connected to said motor; said control valve
      having an inlet port and a movable valving member which communicates
      pressure flow to said motor; a fluid responsive valve means connected to
      said source of fluid supply and said inlet port; a control circuit
      connected to said control valve and said fluid responsive valve means;
      said fluid responsive valve means being responsive to said control circuit
      to control the fluid supplied to said control valve; limit valve means
      connected to said motor and said control circuit; said limit valve means
      being responsive to predetermined pressure conditions at said motor to
      reduce the pressure in said control circuit to thereby reduce the fluid
      supply and prevent further actuation of said motor.
NUM  2.
PAR  2. A control system as claimed in claim 1 wherein said limit valve has at
      least one fluid responsive area connected to said motor to move said valve
      to reduce the pressure in said control circuit and a spring resisting such
      movement.
NUM  3.
PAR  3. A control system as claimed in claim 2 wherein said limit valve has an
      inactive position and a limit position to which it is moved by pressure
      acting on said fluid responsive area, and said limit valve in said limit
      position providing a connection between said control circuit and said
      return conduit.
NUM  4.
PAR  4. In a hydraulic system including a source of fluid supply comprising a
      pump, a fluid motor; a control valve connected to said source and said
      motor and having an inlet port, first and second motor ports, first and
      second control ports, and a movable valving member to direct pressure flow
      to said motor, to receive flow back from said motor; and to connect one of
      said control ports to one of said motor ports when said one motor port is
      connected to said inlet port; conduit means connecting said pump to said
      inlet port, and said motor ports to said motor; a fluid responsive means
      connected to said conduit means interconnecting said source of fluid
      supply and said inlet port and responsive to a control signal pressure to
      control the fluid supplied to said control valve; shuttle valve means
      connected to said first and said second control ports; a control conduit
      connecting said shuttle valve and said fluid responsive means; said
      shuttle valve means being effective to allow fluid from the control port
      that is connected to the motor port by said movable valving member to flow
      to said fluid responsive means for use as said control signal pressure;
      limit valve means connected to said control conduit and said fluid motor;
      said limit valve means being responsive to predetermined fluid pressure
      conditions at said motor to reduce the signal pressure in said control
      conduit and prevent further actuation of said motor; said limit valve
      means has a fluid responsive area connected to said fluid motor; said
      limit valve means having an inactive position and a limit position to
      which it is moved by pressure acting on said fluid responsive area; and
      said limit valve means in said limit position providing a connection
      between said control circuit and said return conduit.
NUM  5.
PAR  5. A control system as claimed in claim 4 wherein said fluid motor has two
      chambers and said limit valve has a fluid responsive area connected to
      each of said chambers to move said valve to reduce the pressure in said
      control circuit and a spring resisting such movement.
NUM  6.
PAR  6. In a hydraulic control system including a source of fluid supply; a
      first fluid motor having a piston connected to a load for moving the load
      through one path of movement; a second fluid motor connected to the load
      to move same through a different path of movement; the first motor having
      a pair of fluid chambers; the load acting to create a pressure in one of
      said chambers which will vary directly with the load; a control valve
      connected to each of said motors and each having an inlet port and a
      movable valving member adapted to direct pressure flow to the motors to
      actuate same; a fluid responsive valve connected to said source of fluid
      supply and said inlet ports; a control circuit connected to said control
      valves and said fluid responsive valve; said fluid responsive valve being
      responsive to said control circuit to control the fluid supplied to said
      control valves; a first limit valve associated with said first motor and
      connected to said one chamber and said control circuit; a second limit
      valve associated with said second fluid motor and connected to said one
      chamber and said control circuit; each of said limit valves being
      responsive to a predetermined pressure in said one chamber to reduce the
      pressure in said control circuit to thereby reduce the fluid supply and
      prevent further actuation of its respective motor.
NUM  7.
PAR  7. A control system as claimed in claim 6 wherein each of said limit valves
      has a fluid responsive area to move said limit valves to reduce the
      pressure in said control circuit and biasing means imposing a force on
      said valve resisting such movement.
NUM  8.
PAR  8. A control system as claimed in claim 7 wherein said biasing means
      imposes a different force on one of said limit valves as compared to the
      other whereby one of said limit valves will reduce the pressure in said
      control circuit at a different pressure in said one chamber as compared to
      the pressure at which said other limit valve will interrupt said control
      circuit.
NUM  9.
PAR  9. A control system as claimed in claim 6 wherein an over-ride valve means
      is connected between said control circuit and one of said limit valves,
      cam means connected to said load and movable therewith during lifting and
      lowering movement of said load, whereby at predetermined heights of said
      load said over-ride valve will be actuated by said cam means to prevent
      said limit valve means from interrupting said control circuit.
NUM  10.
PAR  10. In a hydraulic control system including a source of fluid supply; a
      fluid motor having a piston connected to a load; the motor having a pair
      of fluid chambers; the load acting to create a pressure in one of said
      chambers which will vary directly with the load; a control valve connected
      to said fluid motor having an inlet port and a movable valving member to
      direct pressure flow to said motor; a fluid responsive means connected to
      said source of fluid supply and said inlet port; a control circuit
      connected to said control valve and said fluid responsive means; said
      fluid responsive means being responsive to said control circuit to control
      the fluid supplied to said control valve; limit valve means connected to
      said chambers and said control circuit; said limit valve means being
      responsive to the pressure differential of said chambers to reduce the
      pressure in said control circuit to thereby reduce the fluid supply and
      prevent further actuation of said motor.
NUM  11.
PAR  11. In a hydraulic control system including a source of fluid supply; a
      first fluid motor having a piston connected to a load and adapted to move
      the load through one path of movement; a second fluid motor connected to
      the load adapted to move same through a different path of movement; the
      first motor having a pair of fluid chambers; the load acting to create a
      pressure in one of said chambers which will vary directly with the load; a
      control valve connected to each of said motors and each having an inlet
      port and a movable valving member to direct pressure flow to the motors to
      actuate same; a fluid responsive valve connected to said source of fluid
      supply and said inlet ports; a control circuit connected to said control
      valves and said fluid responsive valve; said fluid responsive valve being
      responsive to said control circuit to control the fluid supplied to said
      control valves; a first limit valve associated with said first motor and
      connected to said chambers and said control circuit; a second limit valve
      associated with said second fluid motor and connected to said chambers and
      said control circuit; each of said limit valves being responsive to a
      predetermined pressure differential between said chambers to interrupt
      said control circuit to thereby reduce the fluid supply and prevent
      further actuation of its respective motor.
NUM  12.
PAR  12. In a hydraulic control system adapted for use with a load-lifting
      vehicle having at least one hydraulic tilt cylinder for tilting a load; a
      source of fluid supply; a return conduit to return fluid to said source;
      said tilt cylinder having a piston connected to a load; the tilt cylinder
      having a first hydraulic chamber for forward tilting and a second
      hydraulic chamber for rearward tilting; the load acting to create a
      pressure in said second chamber which will vary directly with the size of
      the load; a control valve connected to said cylinder having an inlet port
      and a movable valving member to direct pressure flow to said motor; a
      fluid responsive means connected to said source of fluid supply and said
      inlet port; a control circuit connected to said control valve and said
      fluid responsive means; said fluid responsive means being responsive to
      said control circuit to control the fluid supplied to said control valve;
      limit valve means connected to said first and second hydraulic chambers
      and said control circuit; said limit valve means being responsive to a
      predetermined pressure differential between said first and second chambers
      to reduce the pressure in said control circuit to thereby reduce the fluid
      supply and prevent further actuation of said motor.
NUM  13.
PAR  13. A hydraulic control system as claimed in claim 12 including a hydraulic
      lift cylinder adapted to move said load to selective heights; said lift
      cylinder having a pressure chamber and a piston connected to said load; a
      second limit valve means connected to said first and second hydraulic
      chambers and said control circuit; said second limit valve means being
      responsive to a predetermined pressure differential between said first and
      second hydraulic chambers to interrupt said control circuit to thereby
      reduce the fluid supply and prevent further lifting of said load by said
      second hydraulic cylinder.
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ABST
PAL  A hydraulic device which is primarily intended for use as a motor, includes
      an annular stator having an internal cam surface consisting of a plurality
      of outwardly and inwardly extending reaction surfaces, and a rotor
      disposed within said stator having a plurality of open-ended fluid
      pressure chambers with a rolling element therein engaging the outwardly
      and inwardly extending reaction surfaces and extending the width of the
      rotor. The rotor is mounted on a shaft and when operating as a motor is
      rotated by the rolling elements reacting on the outwardly extending
      reaction surfaces to rotate the shaft. Fluid inlet and outlet passages are
      disposed in a port plate disposed along the side of the rotor and
      communicate with the fluid pressure chambers through one of their open
      ends.
PARN
PAR  This application is a continuation of my copending application Serial No.
      876,543 filed November 13, 1969 now abandoned.
BSUM
PAR  The conventional vane and gear type hydraulic motors and gerotor motors are
      extensively used in hydraulic power transmission systems and will perform
      satisfactorily under normal operating conditions and will have a
      reasonably long operating life at low and moderate hydraulic pressures.
      However, at relatively high pressures these motors frequently have only a
      limited life, and their efficiency is often impaired within a relatively
      short time at the higher pressures. The parts of these conventional motors
      often are subjected to excessive wear at normal pressures, and in order to
      obtain the required operating efficiency, relatively close tolerance must
      be maintained during fabrication of the motor parts. Further, under
      certain conditions of operation, such as when the motor is being driven by
      the equipment normally driven by the motor, cavitation may occur in the
      hydraulic system anterior to the motor, which may place an undue burden on
      the equipment and system or render the system inoperative. It is therefore
      one of the principal objects of the present invention to provide a
      hydraulic motor which can be operated efficiently under high pressure and
      at high torque for extended periods of time without failure, and which is
      so constructed and designed that the parts thereof have a long life
      throughout the normal pressure operating range.
PAR  Another object of the invention is to provide a motor having a plurality of
      reaction elements, which will not become pumping elements in the event the
      equipment, normally driven by the motor, drives the motor, and which hence
      will not cause cavitation in the hydraulic lines of the system, but rather
      becomes free wheeling whenever the foregoing condition develops in the
      motor-equipment installation, thus minimizing the braking action of the
      motor during such operating conditions.
PAR  Still another object is to provide a relatively simple, compact and
      versatile hydraulic motor having a series of reciprocating elements
      forming a pressure responsive means in individual chambers, which have a
      wear compensating and fluid sealing structure, for increasing the
      operating efficiency and extending the effective life of the elements, and
      which is easily serviced and repaired to maintain the motor in optimum
      operating condition.
PAR  A further object is to provide a motor of the aforementioned type having a
      stator and a rotor in which the rotor and the output shaft therefor are
      hydraulically balanced.
DRWD
PAR  Additional objects and advantages of the invention will become apparent
      from the following description and accompanying drawings, wherein:
PAR  FIG. 1 is an elevational view of the present hydraulic motor;
PAR  FIG. 2 is an enlarged cross-sectional view of the hydraulic motor shown in
      FIG. 1, the section being taken on line 2 -- 2 of the latter figure;
PAR  FIG. 3 is a transverse cross-sectional view of the hydraulic motor shown in
      the preceding figures, the section being taken on line 3 -- 3 of FIG. 2;
      and
PAR  FIG. 4 is a cross-sectional view of the hydraulic motor, the section being
      taken on line 4 -- 4 of FIG. 2.
DETD
PAR  Referring more specifically to the drawings, numeral 10 indicates generally
      the present hydraulic motor having fluid inlet passage 12, fluid outlet
      passage 14, and power output shaft 16. While the description is directed
      to the present device as a hydraulic motor, it may be used as a hydraulic
      pump if desired, with few or no changes in the basic structure thereof;
      however, the description herein will be directed primarily to the use of
      the device as a hydraulic motor. The system in which the motor is used
      normally includes a hydraulic pump for providing the necessary hydraulic
      pressure through a line from its pump to inlet 12 and a return line
      connected to outlet 14. The system, including the pump which is normally
      driven by an electrical motor or an engine and the motor, may be used to
      drive a variety of different types of machines or equipment, connected to
      shaft 16 of the motor.
PAR  The motor 10 consists of a rotor 20 having a plurality of fluid chambers 22
      and rolling elements 24 in the fluid chambers operating in effect as
      pistons. The rotor is mounted on output shaft 16 and secured there by key
      26 disposed in key-ways 28 and 30 in the rotor and shaft, respectively.
      The rotor is disposed in a stationary stator 40 or reaction member, the
      external part of which forms the periphery of housing 42 which includes
      end sections 44 and 46 and intermediate section or port ring 48. The four
      sections 40, 44, 46, and 48 are secured together to form a rigid housing
      structure by a plurality of bolts 50 extending through holes in the
      sections and being threadedly received in holes 52 in section 44, and the
      sections are preferably sealed by gaskets such as O-ring 49. Shaft 16 is
      journaled in bearings 54 and 56 disposed in annular recesses on the
      internal face of sections 44 and 46, the shaft being sealed by an annular
      seal 58 in the enlarged opening 60 through the end section 44 in which the
      shaft rotates. The shaft is held against end-wise axial movement by a
      collar 62 engaging bearing 54 and shoulder 64 engaging bearing 56. The
      outer end of shaft 16 is provided with a key and key-way in order to
      connect the shaft to the driven mechanism or equipment. A sheave, gear, or
      other drive transmission element may be mounted on the shaft, or the shaft
      may be coupled directly to the input shaft of the driven equipment.
PAR  The chambers 22 in rotor 20 consist of slots extending across the periphery
      of the rotor, and the rolling elements 24 form a relatively snug rotative
      fit in chambers 22 and are adapted to reciprocate therein from the
      internal end of the chamber, as viewed in the one at the top of FIG. 4, to
      their fully extended position as illustrated by the two cylinders in
      approximately the 4 and 8 o'clock positions as viewed in FIG. 4. The
      rolling elements are forced outwardly by the pressure in the chambers on
      the internal side of the elements 24 and the elements react against the
      increasing surfaces 70 of each lobe 72 on the cam surface of reaction
      member 40. When the pressure is relieved in chambers 22, the fluid is
      ejected therefrom through outlet 14 at a relatively low pressure, as the
      rolling elements 24 engage decreasing cam surfaces 74. The number of lobes
      72 on the cam surface is different from the number of chambers and rolling
      elements, either greater or fewer in number, in order to maintain a
      uniform operation in the device. The rolling elements 24 are cylindrical
      in shape and are substantially the same length as the width of rotor 20
      and form a relatively snug fit at the ends between sections 44 and 48, as
      seen in FIG. 2, thus eliminating or minimizing the flow of fluid from the
      inner end of chambers 22 to the spaces 80 between lobes 72, although some
      fluid may seep into the spaces 80, and a drain is provided therefor. The
      spaces are connected to one another by an annular passage 81 in the inner
      face of section 44. The fluid finding its way into spaces 80 is removed by
      a drain passage 82 extending inwardly to a transverse passage 84 adjacent
      shaft 16. This transverse passage communicates with a drain cavity 86
      which is in turn drained by a conduit (not shown) connected to cavity 86
      through threaded hole 88. Thus the fluid is not permitted to build up a
      back pressure in the spaces 80, which might otherwise react against the
      rolling elements and interfere with the proper operation of the motor.
PAR  Chambers 22 are alternately connected to the high pressure inlet 12 and low
      pressure outlet 14 by ports 90 and 92 in port plate or section 48, the
      ports 90 being connected by an annular groove 96 in section 46 with inlet
      port 12, and ports 92 being connected by annular groove 94 in section 46
      with outlet port 14. When chambers 22 are communicating with ports 90, the
      rolling elements 24 are traversing outwardly extending inclines 70 of the
      cam surface on the stator, and when the chambers are in communication with
      ports 92, the rolling elements are traversing inwardly extending surfaces
      74. The rolling elements are urged outwardly by the high pressure
      transmitted to the chamber from conduit 12 and ports 90, against the
      inclined surfaces 70, thus causing rotational movement of rotor 20. The
      inwardly inclined portions 74 return the rolling elements to the inner
      ends of chambers 22, causing the fluid in the chambers to be ejected
      through ports 92 and low pressure outlet 14. The rotor is hydraulically
      balanced by the transmittal of hydraulic fluid to the side of the rotor 20
      opposite ports 90 and 92. These ports are connected by a passage 100
      extending completely through the rotor to slots 102, which are shown as
      located in the surface of section 44, but which may be located in the
      respective side of the rotor. Passage 100 communicates directly with
      chambers 22 and transmits the pressure of either ports 90 or ports 92 to
      the opposite side of the rotor, and since slots 102 communicate with
      passage 100, the pressure of the fluid received from passage 100 is
      applied to the left hand side of the rotor as viewed in FIG. 2, i.e. to
      the side opposite the side on which the ports 90 and 92 are located. The
      slots 102 are positioned with respect to ports 90 and 92 in such a way as
      to vary the pressure in response to the varying communication of chambers
      22 with one or the other of ports 90 or 92. Thus each of the slots 102
      contains a fluid under a pressure representing the pressure being applied
      at the particular moment on the opposite side of the rotor.
PAR  In the operation of the present motor, with the motor being connected to a
      mechanism or other equipment to be driven thereby, the fluid is
      transmitted from a high pressure source to inlet 12. The high pressure
      fluid then passes through annular groove 96 and ports 90 into the chambers
      which are in communication with ports 90. These chambers contain the
      rolling elements in contact with the outwardly extending inclined portions
      70 of the cam surface of the stator. The high pressure forcing the rolling
      elements outwardly causes the rotor to rotate in the clockwise direction,
      as viewed in FIG. 4. The chambers containing the rolling elements in
      contact with the inwardly extending inclined surfaces 74 are in
      communication with the ports 92, which in turn are in communication with
      groove 94 and outlet port 14. The movement of the rolling elements
      inwardly on inclined surfaces 74 ejects the low pressure fluid from
      chambers 22. As pointed out previously herein, in this embodiment, fewer
      chambers 22 and rolling elements 24 are provided in the rotor than lobes
      72 on the stator, so that there is a constant and uniform rotational
      movement of the rotor with substantially constant pressure being applied
      at spaced points around the periphery thereof as the rolling elements
      react on inclined surfaces 70. As the rotor rotates, the pressure on
      opposite sides of the rotor is maintained substantially equal in the
      manner previously described herein, by the fluid transmitted through
      passage 100 to the slots 102. Thus the rotor is hydraulically balanced on
      all principal axes.
PAR  While only one embodiment has been described in detail herein, various
      changes and modifications may be made without departing from the scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic motor comprising an annular shaped stator defining a
      compartment and having an internal cam surface having a plurality of lobes
      forming alternate outwardly and inwardly extending reaction surfaces, a
      rotor concentrically mounted within said stator compartment and having a
      plurality of spaced fluid pressure chambers disposed around the periphery
      and extending from side-to-side of the rotor to provide the chambers with
      opposite open ends in the sides of the rotor, each chamber having a slot
      in the inner end extending to at least one end of said rotor and having
      two straight opposed wall portions extending parallel with the axis of the
      rotor and being parallel to one another, a rolling piston element of
      cylindrical shape on an axis parallel with the axis of the rotor between
      said wall portions in each of said chambers engaging by direct contact
      said outwardly extending surface for rotating said rotor and engaging said
      inwardly extending reaction surface for ejecting fluid from said chamber,
      only one piston element contacting a particular lobe at any given time,
      and the number of pistons being similar in number to but different from
      said lobes to substantially balance the radical forces on said rotor, a
      member disposed at one side of and in operative contact with said rotor
      and having alternate high and low pressure ports connected to said
      compartment and directly with an open end of said chamber slots at the
      side of the rotor and corresponding in number to the number of said lobes,
      the width of said slots of said chambers being substantially the same size
      as said ports in the circumferential direction of said rotor, a fluid
      inlet port connected to said high pressure ports, a fluid outlet port
      connected to said low pressure ports, and a power output shaft connected
      to said rotor.
NUM  2.
PAR  2. A hydraulic motor as defined in claim 1 in which said rotor is mounted
      on a shaft concentrically located with respect to said cam surface.
NUM  3.
PAR  3. A hydraulic motor as defined in claim 1 in which outwardly and inwardly
      extending reaction surfaces define nine inwardly extending lobes on said
      cam surface and in which said rotor has seven fluid pressure chambers
      around the periphery thereof.
NUM  4.
PAR  4. A hydraulic motor as defined in claim 2 in which said rotor is mounted
      on a shaft axially located with respect to said cam surface.
NUM  5.
PAR  5. A hydraulic motor as defined in claim 1 in which a wall section is
      disposed on one side of said stator and is provided with alternately high
      and low fluid pressure ports and a wall section is disposed on the other
      side of said stator.
NUM  6.
PAR  6. A hydraulic motor as defined in claim 5 in which a wall section is
      disposed on the side of said rotor opposite said section having said ports
      and contains a plurality of slots for applying a pressure to said rotor
      substantially equal to the pressure applied to the opposite side of said
      rotor.
NUM  7.
PAR  7. A hydraulic motor as defined in claim 5 in which means communicates
      pressure from said pressure ports to the opposite side of said rotor to
      hydraulically balance said rotor.
NUM  8.
PAR  8. A hydraulic device comprising an annular shaped stator defining a
      compartment and having an internal cam surface having a plurality of lobes
      forming alternate inwardly and outwardly extending reaction surfaces, a
      rotor concentrically mounted within said stator compartment and having a
      plurality of spaced fluid pressure chambers disposed around the periphery
      thereof and extending from one side to the other to provide the chamber
      with opposite open ends in the sides of the rotor, each chamber having a
      slot in the inner end extending to at least one end of said rotor and
      having two straight opposed wall portions extending parallel with the axis
      of the rotor and being parallel to one another, a single roller piston
      element of cylindrical shape on an axis parallel with the axis of the
      rotor and co-extensive therewith between said wall portions in each of
      said chambers responding to fluid pressure in said chambers and engaging
      by direct contact alternately said inwardly and outwardly extending
      reaction surfaces, only one piston element contacting a particular lobe at
      any given time, and the number of pistons being similar in number to but
      different from said lobes to substantially balance the radial forces on
      said rotor, a member disposed at one side of and in operative contact with
      said rotor and having alternate high and low pressure ports connected to
      said compartment adjacent said chambers and communicating directly
      therewith at an open end of said chamber slots at the side of the rotor
      and corresponding in number to the number of said lobes, the width of said
      slots of said chambers being substantially the same size as said ports in
      the circumferential direction of said rotor, a fluid inlet passage
      connected to one of said alternate ports, and a fluid outlet passage
      connected to the other of said alternate ports, the number of pairs of
      said inwardly and outwardly extending reaction surfaces being different
      from the number of said fluid chambers in said rotor.
NUM  9.
PAR  9. A hydraulic motor as defined in claim 8 in which means communicates
      pressure from said pressure ports to the opposite side of said rotor to
      hydraulically balance said rotor.
NUM  10.
PAR  10. A hydraulic motor as defined in claim 8 in which a wall section is
      disposed on the side of said rotor opposite said section having said ports
      and contains a plurality of slots for copying a pressure to said rotor
      equal to the pressure applied to the opposite side of said rotor.
NUM  11.
PAR  11. A hydraulic motor as defined in claim 8 in which said rotor is mounted
      on a shaft axially located with respect to said cam surface.
NUM  12.
PAR  12. A hydraulic motor as defined in claim 8 in which outwardly and inwardly
      extending reaction surfaces define nine inwardly extending lobes on said
      cam surface and in which said rotor has seven fluid pressure chambers
      around the periphery thereof.
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ABST
PAL  A fluid actuated power cylinder comprising a housing means and attached
      base means for pivotal mounting of the cylinder characterized by a
      structural arrangement for strongly attaching the base by welding
      techniques without causing heat imposed distortion of cylindrical surfaces
      of the working surfaces. The apparatus is further characterized by a
      quickly detachable base plate construction which permits ready access to
      the interior components of the cylinder via the base end thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fluid actuated power cylinders and more
      particularly to a novel cylinder base construction for apparatus of this
      type.
PAR  More particularly, the power cylinder comprises a tubular housing means for
      containing the piston and ram apparatus, which housing means is provided
      with a novel base means for pivotally mounting the cylinder to a base
      pivot, and includes a novel structural arrangement that makes possible
      forming a welded junction between the tubular housing means and the base
      means without causing heat imposed distortion of the cylindrical surfaces
      of the interior components of the power cylinder.
PAR  The novel power cylinder is further provided with a quick detachment
      structural arrangement for a base plate means which provides ready access
      to the interior components of the device.
PAC  PROBLEMS IN THE ART
PAR  In the construction of power cylinders of the large industrial type, such
      as are used on truck dump bodies, there has been the practice in the art
      to fabricate such cylinders by welding base end plates directly to the
      cylindrical housing and such mounting practices have presented a problem
      in that heat imposed distortion of the cylindrical working surfaces has
      often occurred with resulting distortion of the interior cylindrical
      working surfaces. Hence remachining of such surfaces after welding has
      often been required.
PAR  Also in such prior power cylinder construction the end closures for the
      base end and ram end have generally been welded in place making access to
      the interior of the power cylinder by breaking of the welds relatively
      difficult when disassembly for servicing and repair becomes necessary.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the above mentioned power
      cylinder is provided with a unique base means structure provided with a
      bore for receiving the base end of the cylindrical housing, as well as
      arcuate welding access slots positioned at the extreme rear edge of the
      cylindrical housing such that the formation of the subsequent mounting
      weldment will not produce heat imposed distortion of the closely machined
      internal working surfaces of the power cylinder.
PAR  As another aspect of the present invention the above mentioned cylindrical
      housing is provided with a quick detachment base plate construction and
      the above mentioned novel base means in provided with an access opening
      axially aligned with said base plate so as to permit its easy removal and
      replacement thereby facilitating servicing and repair of the device.
PAR  It is therefore an object of the present invention to provide a novel power
      cylinder that includes housing base means uniquely adapted for rapid
      assembly and disassembly.
PAR  It is another object of the present invention to provide a novel power
      cylinder that includes an improved base means construction that can be
      ruggedly mounted on the device by welding without causing heat imposed
      distortion of machined surfaces of the internal working components.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein a preferred form of embodiment of the invention is
      clearly shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partially in section, of a power
      cylinder constructed in accordance with the present invention, the section
      being taken along a vertical plane through the centerline of the
      apparatus;
PAR  FIG. 2 is a partial enlarged sectional view corresponding to FIG. 1;
PAR  FIG. 3 is an end elevational view of the apparatus of FIG. 1; and
PAR  FIG. 4 is an end sectional view of the apparatus of FIG. 1, the section
      being taken along the line 4--4 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring in detail to the drawings, FIG. 1 illustrates a power cylinder
      constructed in accordance with the present invention which comprises an
      outer tubular housing means indicated generally at 20, and a base means
      indicated generally at 22, the latter including a unique base plate
      construction 140-142 removably attached to with respect to the housing
      means in a manner later to be described.
PAR  Housing means 20 contains a plurality of piston and cylinder tube
      assemblies, the first stage being indicated generally at 24. The second,
      third, and fourth stage tube assemblies are indicated generally at 26, 28
      and 30 respectively and a central ram assembly, comprising the fifth stage
      is indicated generally at 32.
PAR  Housing 20 includes an inner cylindrical surface 34 and the cylindrical
      inner surfaces of the successive stages are designated 36, 38 and 40.
PAR  Each of the above mentioned stages includes an outer piston sleeve 44, the
      end of which comprises an abutment 46 that is arrested by a respective
      stop 48, 49, 51, 53, or 55 provided by permanently attached end caps 50,
      57, 59, 61, or 63, the latter including seals 52 and inernal wear rings
      54.
PAR  It should be mentioned that the annular piston sleeves 44 are provided with
      seals 56 and wear rings 58.
PAR  Referring particularly to FIG. 2, each of the piston and cylinder tube
      assemblies 24 through 30 includes a respective transfer disc 62, 64, 66,
      and 68. Each transfer disc is secured to its respective cylindrical member
      by a snap ring such as the relatively large snap ring 70 used in the first
      stage.
PAR  Referring particularly to the first stage, transfer disc 62 comprises
      confronting disc members 72 and 74 joined together by a plurality of cap
      screws 76 and the surface 78 of disc member 74 is provided with an annular
      recess 80, which recess together with the surface 82 on disc member 72
      form a slot that confronts a second annular slot 86 with said confronting
      slots serving to mount the previously mentioned snap ring 70.
PAR  It will now be understood that when cap screws 76 are removed the disc
      member 74 can be pulled outwardly from cylindrical member 45 thereby
      permitting removal of snap ring 70 and the inner disc member 72.
PAR  Each of the succeeding second, third and fourth stages are of the same
      construction. However, here the snap rings 90, 92, and 94 are of lighter
      construction since they are not required to resist axial stresses as high
      as those imposed on the larger diameter first stage.
PAR  It should next be mentioned that oil passages 90 are provided between the
      confronting faces of the transfer discs 62, 64, and 66 such that oil
      cannot be trapped between the stages, for example, in the annular space 92
      between the first and second stages. It will be understood that fluid is
      free to pass from the annular space 92 via oil passage 90 to a central
      chamber 94 formed by openings in the center of the transfer discs.
PAR  Referring next to the central ram indicated generally at 32, it should be
      pointed out that since the cylinder is of the double acting type it
      necessarily includes two oil inlet-outlet openings 102 and 104. When port
      102 is pressurized fluid will flow via passage 106, annular chamber 108
      and thence through the axial bores 110 to the end surfaces 46-53 of the
      piston sleeves of the various stages. Conversely when the other port 104
      is pressurized, oil will flow via passage 112 and chamber 94 and into
      pressurized engagement with the annular areas formed by the other ends of
      the piston and cylinder assemblies.
PAR  It should now be mentioned that as each of the various stages extend
      beginning with first stage 24, its movement with be arrested when the
      respective end surface or abutment 46 on its piston sleeve 44 engages an
      end stop 48-55. It should be mentioned that these end stops are integrally
      formed by the end closures 50, 57, 59, 61 and 63 of the various stages.
      Also, it should be noted that the piston and cylinder tube assembly of
      each stage utilizes its respective piston sleeve 44 and more particularly
      the end thereof as the stop engaging means for arresting the movement of
      the particular stage. Hence the need for any separate stop ring structure
      is completely eliminated by the present unique construction.
PAR  It will be noted from FIG. 1 that the central ram 32 is provided with a
      bore 120 which forms a bearing hole for the pivot pin on the load.
PAR  Reference is next made to the construction of the previously mentioned base
      means 22, which comprises an annular collar 126 provided with a recess
      surface 128 which is sized to slide over outer surface 130 on the end of
      the tubular housing. Annular collar 126 is provided with arcuate slots 132
      which provide access for forming weld beads 134 which secure collar 126 to
      the end of the cylindrical housing.
PAR  With continued reference to FIG. 1, collar 126 includes bearing bushings
      136, each of which includes a bearing hole 138 for receiving a pivot pin
      for mounting the base of the cylinder to the load.
PAR  At this point it should be pointed out that collar 126 is secured to
      housing means 22 only be welds 134 which are made at the very end of the
      housing means and on opposite sides thereof via the access slots 132, such
      that the only welding between the base collar 126 and cylindrical housing
      20 is remote from the machined inner surface of cylinder wall 34 of the
      housing means as well as remote from the operating components within the
      housing means.
PAR  Hence, it will be understood that the bearing surfaces and operating
      components are, due to the particular attaching means for the base, remote
      from the intense heat necessarily applied during the welding operation.
PAR  Referring particularly to FIG. 2, the base means 22 further includes an
      inner base plate 140 joined to an outer base plate 142 at confronting
      surfaces 144 and 146. The outer base plate 142 is provided with a bore 147
      and a cap screw 148 is extended through the bore and into threaded
      engagement with a hole 150 in inner base plate 140. It will be noted that
      outer base plate 142 includes a recess 152 that forms an annular groove
      that confronts an annular groove 154 in the cylindrical member in the
      housing member 20. A base snap ring 160 is removably disposed in the
      confronting grooves 152 and 154. Hence it will be understood that when the
      cap screws 148 are removed then outer base plate 142 can be pulled out of
      the bore. The base snap ring 160 is next contracted by gripping the ring
      at the leg holes 71 and pulled out of the bore. Hence the inner base plate
      140 is now free to be pulled out of the outer bore.
PAR  In operation, when the central passage 94 is pressurized via extension port
      104, then the fluid pressure exerted on the annular surfaces of the piston
      and cylinder assembly, will cause all of the stages to move out together.
      When this occurs it will be understood that the major force is exerted on
      the first stage 24 and such fluid force is transmitted mechanically to the
      next successive stages 26, 28, and 30 and thence to the central ram 32.
PAR  The first stage 22 will continue to extend until its stop-engaging shoulder
      46 is arrested by stop 48 on front closure 50.
PAR  After extension of the first stage, stages two, three, four, and the center
      ram will start to extend and here the hydraulic stress imposed upon second
      stage 64 will be transmitted axially via stages three and four directly to
      the inner end 175 of central ram 32.
PAR  The stages will progressively extend with the central ram 32 moved to its
      full extension as the last movement of the assembly.
PAR  It will now be understood that due to the novel arrangement of the transfer
      disc 62-68 that the hydraulic forces exerted on the snap rings 70 and 90
      through 94 are reduced to a minimum thereby permitting the use of such
      snap rings for the beneficial advantages of ease of fabrication and
      disassembly for servicing.
PAR  While the form of embodiment of the present invention as herein disclosed
      constitutes a preferred form, it is to be understood that other forms
      might be adopted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A power cylinder comprising, in combination, an outer tubular housing
      means including a housing inner wall, a housing base end provided with a
      housing base opening, and a housing outer end provided with a housing
      outer opening; base means mounted on said housing base end and including
      an annular base member including an annular bore for receiving said
      housing base end, said base means further including a central base plate
      access opening axially aligned with said housing base opening, transverse
      bearing holes for pivotally receiving a base pivot pin, and a peripherally
      extending welding access slot overlapping said housing base end; a weld
      connecting said base means to said housing means at said housing base end;
      and piston means slideably mounted within said housing inner wall and
      including a ram portion extended outwardly through said housing outer
      opening.
NUM  2.
PAR  2. A power cylinder comprising, in combination, an outer tubular housing
      means including a housing inner wall, a housing base end provided with a
      housing base opening, and a housing outer end provided with a housing
      outer opening; base means mounted on said housing base end and including
      an annular base member including an annular bore for receiving said
      housing base end, said base means further including a central base plate
      access opening axially aligned with said housing base opening, transverse
      bearing holes for pivotally receiving a base pivot pin, and a peripherally
      extending welding access slot overlying said housing base end; a weld
      connecting said base means to said housing means at said access slots; a
      base plate means removably mounted on said housing base end and including
      an inner annular base member and an outer annular base member removably
      fastened together at confronting base member surfaces, certain of said
      surfaces including an annular groove confronting an annular groove in said
      housing means; a snap ring removably mounted in said confronting annular
      grooves; and piston means slideably mounted within said housing inner wall
      and including a ram portion extended outwardly through said housing outer
      opening.
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ABST
PAL  An apparatus for refolding a tapered, transversely sealed, gussetted bag
      into a gussetted square bottom bag, comprising: opening means whereby the
      wall portions are formed into distinct walls having a generally
      rectangular configuration; a rotating main drive assembly; an expandable
      rectangularly shaped member mounted to said rotating assembly; gripping
      means mounted to said rotating assembly for pulling said bag, open end
      first, around said rectangularly shaped member; means for expanding said
      member as said bag is pulled around said member thereby forming a
      rectangularly shaped bag bottom; means for gussetting said side walls
      toward each other in a plane generally parallel to said seal; and means
      for gusseting said rectangularly shaped bag bottom in a plane generally
      perpendicular to said seal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention concerns the refolding of a tapered, transversely sealed
      gussetted bag into a bag having side pleats and a rectangularly shaped
      bottom.
PAR  2. Description of the Prior Art
PAR   Thermoplastic material may easily be formed into bags having a tapered or
      pinched bottom and gussetted side walls. According to such a process, a
      cylindrical thermoplastic film is expelled from an extrusion die. This
      cylindrical film may then be gussetted and collapsed flat. The film is
      then sealed perpendicularly to the edges of the sides thus forming the
      bottom of the bag. This seal is typically a single seam, usually produced
      by heating the thermoplastic material at the seam to a temperature which
      will fuse the two sides of the bag. As there is but a single relatively
      narrow seam at the bag bottom, the sides gradually taper to the sealed
      bottom forming a V. The thermoplastic material is then severed, again
      perpendicularly to the edges of the sides, in order to form a bag top. As
      the bags thus made are formed from long sheets of plastic, the point of
      severing, producing the top of one bag, is just below the bottom seam of
      the next adjacent bag.
PAR  While tapered bottom bags made according to the previously described method
      or a similar method are suitable for many purposes, they have an inherent
      disadvantage in that they cannot be stood upright as can a square or
      rectangularly bottomed bag. Grocery bags, such as those used in
      supermarkets, are preferentially designed with a square or rectangular
      bottom upon which they may be stood upright, the vertical side panels
      being in an upright position for easy filling.
PAR  The majority of such grocery bags presently in use fulfull this self
      standing requirement, and are made of paper. Such paper bags have the
      distinct disadvantage of generally low strength, and have a particularly
      low "wet strength," that is, an extremely low tensile force resistance
      capability upon becoming wetted, even if only locally. Coating paper bags
      with water-repellent or water-proof materials, such as plastics, is
      excessively expensive.
PAR  Paper bags have the additional disadvantage that paper sheets must be
      secured together at fold lines with a separately applied adhesive. Some
      types of adhesive used, as well as the bags themselves, attract vermin
      which are imported into the homes of the purchasing customer, frequently
      concealed between folds of the paper bag.
PAR  Bags made of plastic material have the outstanding advantage of being
      waterproof, verminproof, resistant to penetration of grease, oils or the
      like, and sufficiently flexible to follow contours of articles packed
      within the bag to prevent tearing, for example by corners of square boxes,
      cans or the like. In spite of these advantages, however, plastic grocery
      bags have not found substantial acceptance due to their inability to
      remain open, and erected, for ease of packing without any additional
      external support devices.
PAR  It is an objective of this invention to provide a means for refolding a
      gussetted, tapered bag so as to produce a bag having a square or
      rectangular shaped bottom which is capable of standing upright.
PAR  Other and additional objectives of this invention will be apparent in light
      of the entire specification and claims.
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus for refolding a tapered, transversely sealed, gussetted and
      tapered bottom bag into a gussetted square bottom bag, said tapered
      bottomed bag having front and back wall portions generally parallel to
      said seal, gussetted side wall portions generally transverse to said seal
      and an open end disposed at the end of said bag opposite said seal, said
      apparatus comprising: opening means whereby said wall portions are formed
      into distinct walls having a generally rectangular configuration; a
      rotating main drive assembly; an expandable rectangularly shaped member
      mounted to said rotating assembly; gripping means mounted to said rotating
      assembly for pulling said bag, open end first, around said rectangularly
      shaped member; means for expanding said member as said bag is pulled
      around said member thereby forming a rectangularly shaped bag bottom;
      means for gussetting said side walls toward each other in a plane
      generally parallel to said seal; and means for gussetting said
      rectangularly shaped bag bottom in a plane generally perpendicular to said
      seal.
PAR  In a preferred embodiment the tapered bottomed bag is made of thermoplastic
      material such as a thin foldable film.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an apparatus adopted in accordance with this invention.
PAR  FIG. 2 is a cross-sectional view of the apparatus of this invention. FIGS.
      3 and 3A are side views of the apparatus of this invention.
PAR  FIGS. 4 - 11 illustrate the sequential operation of an apparatus adapted in
      accordance with this invention; FIGS. 4 - 11 are side view and FIGS. 4A -
      11A are end views.
PAR  FIG. 12 is a timing chart representing the sequential operation of the
      apparatus fo this invention.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  Referring first to FIG. 1, a tapered V bottomed bag 4, having a top side 8,
      a bottom side 10 and a tapered V bottom 6, may be fed by moving belt
      feeding means 17 and 19 into a bag folding apparatus 5. Upper vacuum means
      14 and lower vaccum means 12 open the top of V bottomed bag 4, thus
      forming a front wall 8, a back wall 10 and two side walls 9 and 11.
PAR  Gripping means 20 and 22 may be extended from a rotating drive assembly
      (not shown), the assembly rotating a shaft 3, by means of a support member
      28, and grip the side wall 9. Gripping means 20 and 22 may then grip the
      side wall 11. Gripping means 24 and 26 correspondingly may grip both sides
      of the side wall 9. Gripping means 20 and 22 and 24 and 26 then diverge so
      as to form a bag top shape wider than the finished bag top, this allowing
      the bag top to be pulled into position over the "duckbill" plates 30 and
      36 with little or no interference around the circumference of the opened
      top. This widening of the bag top is accomplished by making the gripping
      means 20, 22, 24 and 26 narrower than the finished bag top (See FIGS. 5,
      5A, 6A, 7 and 7A).
PAR  The gripping means 20 and 22 and 24 and 26 may pull the V bottomed bag 4
      over expandable rectangularly shaped "duckbill" plates 30 and 36 which may
      also be mounted on the rotating drive assembly 1. The duckbills 30 and 36
      having been inserted into the opened bag 4, the duckbills 30 and 36
      gradually expand while the gripping means 20, 22, 24 and 26 are pulling
      the bag 4 over the duckbills 30 and 36, thereby forcing the bottom 6 of
      the bag 4 into a rectangular shape. The gripping means 20, 22, 24 and 26
      do not disengage the bag until the "duckbill" plates 30 and 36 have
      completely opened. It is this very important synchronism of operations
      which allows for a smooth, fully controlled opening of the bag 4 and
      results in the bag 4 being snugly pulled into position on the duckbills 30
      and 36 as they are fully expanded.
PAR  The bag 4, now having a rectangular bottom, may be positioned by the
      rotating drive assembly adjacent to side tuckers 40 and 42 and end tucker
      44, which are contained in housing 7. The side tuckers 40 and 42 and the
      end tucker 44 form a pleat or gusset in the sides and end of the bag 4,
      simultaneously the duckbills 30 and 36 are closed.
PAR  Finally, pull grippers 60 and 62 having engaging members 65 and 67 and
      pivoting about points 64 and 66 respectively (See FIG. 11) may remove the
      bag 4 from the collapsed duckbills 30 and 36. The folded rectangularly
      shaped bottom bag 80 may then pass through the ironing rolls 72 and 74.
PAR  The sequential operation of the apparatus shown in FIG. 1 is shown in
      greater detail by FIGS. 4 - 11 and FIGS. 4A - 11A which illustrate each of
      the steps in both a side and end view.
PAR  FIG. 2 is a detailed side view illustrated in detail the mechanism of the
      side tuckers 40 and 42 and the end tucker 44.
PAR  Reciprocating members 530 and 510 pivoting about points 53 and 51
      respectively are attached to member 50 at points 531 and 511 and are
      attached to the side tucker 40 at points 513 and 534 respectively.
PAR  Similarly relating members 520 and 550 are attached to member 52 and side
      tucker 42. Finally, the end tucker 44 is operated by rotating members 590
      and 580.
PAR  Illustrative of the operation of these rotating members, the mechanism of
      member 510 will be examined in detail. The member 510 is fixed to member
      50 at point 511. As member 50 moves downward, the rotating member 510
      pivots about point 51. Element 516 is moved to position 516A.
PAR  Points 512 and 513 located at either end of 516 are similarly rotated to
      positions indicated as 512A and 513A. As the element 516 is attached to
      the side tucker 40 at a point 513, the rotation of the point 513 to an
      inward position 513A causes the side tucker to move inward so as to form a
      tuck or gusset in a bag positioned adjacent to the side tucker 40.
PAR  FIGS. 3 - 3A illustrate in detail the operation of the expansion of the
      duckbills 30 and 36. FIGS. 3 and 3A illustrate the opening of the
      duckbills when viewed from the side. Points 312 and 314 are stationary.
      Points 313 and 311 move outward in a straight line linkage to points 313A
      and 311A as the member 301 moves to a position 301A as required by the
      connection of point 301 (301A in FIG. 3A) to the actuating track 300.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for refolding a tapered, transversely sealed, gussetted
      plastic film bag into a gussetted square bottom plastic film bag, said
      tapered bag having front and back wall portions generally parallel to said
      seal, gussetted side wall portions generally transverse to said seal and
      an open end disposed at the end of said bag opposite said seal, said
      apparatus comprising:
PA1  a. a shaft;
PA1  b. an expandable rectangularly shaped member mounted for rotation about
      said shaft;
PA1  c. means for opening plastic film bags for delivery to said expandable
      member;
PA1  d. feeding means for supplying said bags onto said expandable rectangularly
      shaped member;
PA1  e. means for expanding the rectangularly shaped member after said bag is
      placed thereon, thereby forming a rectangularly shaped bag;
PA1  f. means for gussetting said side wall portions toward each other in a
      plane generally parallel to said seal; and
PA1  g. an end tucking means utilized to form a gusset across said rectangularly
      shaped bag bottom and generally parallel to said seal and toward said open
      end.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 wherein a feeding means and a
      removing means are each positioned at two separate locations approximately
      180.degree. apart when measuring from the axes about which said expandable
      member rotates.
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ABST
PAL  A dispenser carton for use in dispensing sheet material from a roll
      contained within the carton comprises bottom, rear, front, and end panels
      joined to one another to form a hollow carton body open at its top. One
      edge of a top panel is hingedly joined to the upper edge of the rear panel
      so as to overlie the top of the carton and its opposite edge is joined to
      a flap which partially overlies the front panel. At the juncture between
      the front and bottom panels is a gap defining two spaced apart edges both
      of which carry an abrasive adhesive which forms tearing means for sheet
      material dispensed from the carton.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 320,110,
      filed Jan. 2, 1973, now abandoned.
BSUM
PAR  The invention disclosed herein relates to the manufacture of a carton
      adapted to contain sheet material wound on a roll and from which any
      desired length of material may be unwound and severed or torn from the
      remainder of the material. The tearing of the sheet material is
      facilitated by a tear strip forming an integral part of the carton.
PAR  Cartons of the kind to which the invention relates are in wide usage,
      particularly for the dispensing of materials such as foil, waxed paper,
      various kinds of synthetic wrapping materials, and the like. All such
      cartons incorporate tearing means of one kind or another for the purpose
      of enabling a length of material withdrawn from the carton to be severed
      from the roll of material. The provision of an adequate tearing device has
      been particularly troublesome. Because cartons of the kind described
      conventionally are used in kitchens where water abounds, the tearing
      device must be resistant to deterioration due to water contact. Moreover,
      the carton itself must be capable of withstanding contact with water
      without undue weakening or other deterioration of the structural integrity
      of the carton.
PAR  From a structural point of view, the most reliable tearing device
      heretofore in use with dispensing cartons is a metal strip having a
      toothed or serrated edge against which the sheet material may bear so as
      to tear the material. A metal strip, however, has many disadvantages. For
      example, it must be manufactured separately from the carton itself and
      then staked, adhered, or otherwise affixed to the carton. These operations
      require machinery and manpower, thereby increasing the cost of manufacture
      and assembly of such cartons. In addition, metal tearing devices can mar
      counters, tables, appliances, and the like on which the cartons are used.
      Moreover, metal tearing devices having serrated or toothed edges can cause
      injury to the person using a carton equipped with such a tearing device.
PAR  Another disadvantage of metal tearing devices is that they are likely to
      rust unless they are formed of rust inhibiting metal or are treated with a
      rust inhibiting coating. Such metals and coatings add to the expense of
      the cartons.
PAR  A further disadvantage of metal tearing devices is that they prevent or
      interfere with recycling of the carton bodies unless the metal strips
      first are removed from the bodies. In either case, the metal strips must
      be handled in a manner differently from that in which the cartons
      themselves are handled or treated in recycling operations.
PAR  The disadvantages of metal tearing devices as described above are well
      known, and many proposals have been made for effecting substitution of
      some other kind of tearing device for the metal strips. Most, if not all,
      of these proposals have required modification of the carton itself, with
      the consequent modification or redesign of the carton manufacturing and
      erecting machinery presently in use. Such machinery represents a
      substantial capital investment on the part of carton manufacturers who
      understandably have been reluctant to incur the expense of such
      modifications or redesign, particularly in view of the highly competitive
      nature of the carton manufacturing industry.
PAR  An object of this invention is to provide a dispensing carton having a
      self-contained tearing device and which overcomes or greatly minimizes the
      disadvantages referred to above.
PAR  Another object of the invention is to provide a tearing device for a
      dispensing carton and which reinforces the carton and can be applied to
      the carton during the manufacture of the latter.
PAR  A further object of the invention is to provide a carton having an integral
      tearing device and which may be manufactured and erected by machinery
      presently in use.
PAR  Another object of the invention is to provide a dispensing carton and
      tearing device combination which is less expensive to manufacture than
      cartons currently manufactured for similar purposes and which is
      recyclable.
PAR  A further object of the invention is to provide a method of manufacturing a
      carton of the character described.
DRWD
PAR  Other objects and advantages of the invention will be pointed out
      specifically or will become apparent from the following description when
      it is considered in conjunction with the appended claims and the
      accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a blank from which a carton according to the
      invention may be manufactured;
PAR  FIG. 2 is a fragmentary, isometric view on an enlarged scale of a carton
      formed from the blank shown in FIG. 1;
PAR  FIG. 3 is a sectional view taken on the line 3--3 of FIG. 2, but
      illustrating the carton in condition for the dispensing of sheet material
      wound on a roll;
PAR  FIG. 4 is a front elevational view, on a reduced scale, illustrating the
      carton shown in FIG. 2; and
PAR  FIG. 5 is a greatly enlarged view of a portion of FIG. 3.
DETD
PAR  A carton constructed in accordance with the invention is manufactured from
      a blank 1 of a suitable material such as 16 or 18 point solid kraft
      paperboard which is die cut and which is scored along the lines a, b, and
      c shown in FIG. 1 to provide a plurality of panels 2, 3, and 4 which may
      be bent or folded to form an open top carton 5 in which the panel 2 forms
      the bottom wall, the panel 3 forms the rear wall, and the panel 4 forms
      the front wall. The panel 2 has extensions 6 which form end walls for the
      carton 5 and each extension terminates in a tab 7 which may be bent to
      project inwardly of the carton as is best shown in FIG. 2. The panels 3
      and 4 have tabs 8 and 9, respectively, severed from the extensions 6 by
      slits 10, so as to enable them to be folded inwardly of the carton and
      glued to the inner surfaces of the adjacent extensions 6 to reinforce the
      end walls of the carton.
PAR  Joined to the panel 3 is one edge of a similar panel 11 which forms the top
      wall of the carton. Joined to the opposite edge of the panel 11 is one
      edge of a panel or flap 12 which is adapted to overlie the front wall 4 of
      the carton in the manner shown in FIG. 2. Between the panels 11 and 12 is
      a score line d.
PAR  The length and width of the panels 2, 3, 4, and 11 are substantially
      uniform so that the carton formed thereby is substantially square in
      cross-section. The length of the flap 12 corresponds substantially to the
      length of the other panels and its opposite ends taper toward its free
      edge. The width of the flap 12 is substantially 1/2 the width of the panel
      4.
PAR  The score line a between the panels 2 and 4 is a cut score. That is, the
      skin of the stock from which the blank 1 is made is cut, but the depth of
      the cut is less than the thickness of the stock. When the blank 1 is in
      its flat condition, as shown in FIG. 1, the opposing edges 13 and 14 of
      the cut score abut one another.
PAR  An abrasive adhesive 15 is applied to the adjacent edges of the panels 2
      and 4 in such manner that it forms a strip 16 which overlies the cut score
      a. The adhesive is applied by any conventional striping process or any
      other conventional process. The abrasive adhesive preferably comprises a
      waterproof, volatile, quickly drying printing ink or commercially
      available adhesive in which is suspended a large quantity of silicate or
      other grit. The printing ink or adhesive preferably is one which is
      capable of impregnating the edges of the cut score a so as to swell and
      reinforce the edges. The printing ink or adhesive, upon drying, bonds the
      grit to the cutting teeth to provide a myriad of sharp, abrasive particles
      extending the length of the strip 16.
PAR  The flap 12 has its inner surface provided with a plurality of beads of
      separable adhesive 17 adjacent the free edge of the flap so as to enable
      the free edge of the flap to be bonded lightly to the front wall 4 of the
      carton and in overlapping relation therewith.
PAR  To erect the carton, the panels 2, 3, 4, 11, and 12 are bent about the
      score lines a - d, and the flaps 6 folded to form end walls. Prior to
      folding and securing of the end flaps 6, a roll of sheet material 18 wound
      on a core 19 is placed within the carton. Afterward, the flaps 6 and the
      tabs 8 are secured to form the finished carton.
PAR  When the panels 2 and 4 are bent about the cut score line a, the edges 13
      and 14 of the cut score a are spread apart by about 90.degree. as is shown
      in FIG. 5. These edges are sharp and are reinforced by the adhesive. In
      addition, each edge has a myriad of sharp, abrasive particles extending
      substantially the length thereof, thereby providing a tear strip for the
      sheet material 18. The sharpness of the of the edges 13 and 14 is related
      to the thickness of the adhesive and to the extent of impregnation of the
      edges by the adhesive. Accordingly, the thickness of the adhesive strip
      should be only that necessary to assure firm retention of the grit
      particles. The thickness of the adhesive thus will depend in part on the
      size of the particles and may be determined empirically.
PAR  To dispense sheet material from the carton, the flap 12 is separated from
      the front wall 4 and is swung upwardly, together with the top panel 11,
      about the juncture of the top panel with the rear wall 3, as is indicated
      in chain lines in FIG. 2, so as to enable the leading end 20 of the sheet
      material 18 to be withdrawn from the interior of the carton. Thereafter,
      the flap 12 may be fitted into the carton with the leading end of the
      sheet material interposed between the flap and the inner surface of the
      front wall 4.
PAR  To sever a length of the sheet material, the leading end 20 is withdrawn
      from the carton and is caused to bear against the abrasively coated
      cutting edges 13 and 14. The sharpness of the cutting edges, coupled with
      the abrasiveness of the gritty particles, facilitates the tearing of the
      sheet so as to enable a desired length of material to be severed from the
      roll.
PAR  The impregnation of the adjacent edges of the carton walls 2 and 4
      reinforces the latter at the zone of greatest stress, such stress being
      generated by the tearing of the sheet. The reinforcement of the adjacent
      portions of the walls 2 and 4 of the carton, coupled with the water-proof
      character of the abrasive adhesive 15, enhances the ability of the carton
      to withstand deterioration due to contact with moisture.
PAR  The disclosed embodiment is representative of a presently preferred form of
      the invention, but is intended to be illustrative rather than definitive
      thereof. The invention is defined in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of forming a dispensing carton adapted for the dispensing of a
      selected length of material from a roll thereof, said method comprising
      forming a blank of material; scoring said blank to form a plurality of
      panels; slitting said blank between two adjacent panels to a depth less
      than the thickness of said material; applying a strip of abrasive material
      to each of said two panels and overlying the slit therebetween; folding
      said two panels about said slit to a position in which they are
      substantially normal to one another; and folding the remainder of said
      panels to form with said two panels a container for said roll, the folding
      of said two panels about said slit effecting separation of the edges of
      said two panels on opposite sides of said slit.
NUM  2.
PAR  2. The method according to claim 1 wherein the slit between said two panels
      extends substantially the full length thereof.
NUM  3.
PAR  3. The method according to claim 2 wherein the slit is uninterrupted from
      end to end.
NUM  4.
PAR  4. The method according to claim 1 wherein said strip of abrasive material
      is applied by impregnating said two panels adjacent the slit with an
      adhesive substance and embedding gritty particles in said substance.
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ABST
PAL  A machine for producing helically wound tubular bodies from patterned strip
      material where the strip material is wound on a mandrel to form an axially
      movable tube having recurring indicia thereon marking points where the
      tube is to be cut into discrete lengths at the recurring indicia includes
      a carriage having a knife array movable into position to cut the tube into
      the discrete bodies, the carriage being movable axially with respect to
      the axially movable tube and into synchronization therewith, the carriage
      supporting structure for sensing one of the recurring indicia and
      controlling the speed of winding of the tube so that the knife array cuts
      the tube into discrete bodies at the recurring indicia.
PAL  The machine is further characterized by a pair of such carriages which move
      axially to and fro, the two carriages being locked together and released
      from locking for traverse of the carriages between advanced and retracted
      positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Helically wound container bodies having helically wound labels thereon have
      long been known, but by reason of printing errors on the label strips,
      varying winding speeds, conditions of varying humidity or the like, the
      wound label changes in dimension and it has been difficult to achieve
      bodies of substantially identical appearance, label misregistration being
      the principal problem.
PAR  Heretofore misregistration correction has been achieved by cutting trim
      rings from a stick of wound container bodies, the trim ring being wasted,
      altogether not too desirable.
PAR  2. The Prior Art
PAR  The most pertinent art relating to the problem appears to be exemplified in
      the following U.S. Pat. Nos. developed in a search:
TBL  Robinson et al  2734432       Cl 93/80                                    
     Glasby          3133483       "                                           
     Glasby          3139011       "                                           
     Glasby          3150574       "                                           
     Couzens et al   3150575       "                                           
     Brigham         3158074       "                                           
     Brigham         3220320       "                                           
     Yovanovich      3229598       "                                           
     Lindberg        3636827       "                                           
     Woelbel         3664239       "                                           
PAC  SUMMARY OF THE INVENTION
PAR  The invention herein relates to a machine for helically winding tubular
      bodies having identical intelligence thereon in such a fashion that the
      winding errors introduced by aberrations in the winding strip are
      automatically compensated for. This is accomplished by cutting the
      individual bodies into discrete lengths before the errors in the wound
      strip have accumulated to an extent whereby a large error has occurred, by
      sensing recurring indicia in the wound label strip, correcting the winding
      and the advance thereof, so that severing into discrete bodies occurs
      before large cumulative errors have occurred.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of a helically wound container body winding
      machine illustrating the invention;
PAR  FIG. 1a is a similar view illustrating operation of the structure according
      to the invention;
PAR  FIG. 1b is a view similar to FIG. 1a illustrating another step in
      operation;
PAR  FIG. 2 is a detailed plan view of the apparatus seen in the preceding
      views;
PAR  FIG. 3 is an elevational view taken along the line 3--3 of FIG. 2 looking
      in the direction of the arrows;
PAR  FIG. 4 is a transverse sectional view taken along the line 4--4 of FIG. 2
      looking in the direction of the arrows;
PAR  FIG. 5 is an elevational view, to an enlarged scale, looking in the
      direction of the arrows 5--5 of FIG. 4;
PAR  FIG. 6 is a view showing structure for controlling the speed of winding of
      the label strip; and
PAR  FIGS. 7 to 11 inclusive are schematic representations showing sequences of
      operation of the apparatus according to the present invention.
DETD
PAR  The apparatus according to the present invention is denoted generally by
      the reference numeral 20 and includes structure for winding a label strip
      LS on a mandrel M. Label strip LS has recurring intelligence I thereon in
      the form of a strip which may have a width of the order of 0.090, a
      practice common in the art.
PAR  Label strip LS may have other intelligence thereon, and when same is wound
      on mandrel M the intelligence I forms an eye track R, the distance between
      such eye tracks marking the dimension of a container body CB on the
      mandrel M, and label strip LS may be adhered to base laminae previously
      formed on mandrel M. Label strip LS may be formed of additional laminae
      which may be glued along the edges thereof to define such stick, if
      desired. If the stick is formed of base laminae covered by a label strip
      the speed of advance of the base laminae will be controlled similarly to
      the speed of advance of the wound label strip LS.
PAR  Formation of the stick and advance thereof along mandrel M is achieved by a
      belt 21 trained about pulleys 22 and 23, a reach of belt 21 being wrapped
      about the helically wound label strip LS and mandrel M to advance wrapped
      label strip LS along mandrel M.
PAR  The recurring spaced eye tracks in the form of rings R mark the dimensions
      of discrete tubular bodies CB which are cut from stick S. By reason of
      aberrations in label strip LS, and the winding of same upon mandrel M, the
      stick S would have resultant cumulative errors giving rise to variations
      in appearance of the discrete bodies cut from the stick.
PAR  According to the present invention the eye tracks R are sensed continuously
      along the stick S, and sensing structure is operable to control the
      advance of the stick S along mandrel M in such a fashion that the
      individual bodies are severed only along eye tracks R. In order to correct
      for any aberrations in the winding, the severing of the stick into
      individual bodies CB is achieved by a pair of cut-off carriages each
      sensing a ring R and controlling such advance, the carriages being mounted
      on opposite sides of the advancing stick S and having advancing and
      retracting motions in sequential order longitudinally of stick S. The
      carriages are each provided with "docking" devices whereby they move in
      unison for a part of their operation, the docking being alternately
      released and engaged in accordance with the advance and retraction of the
      carriages.
PAR  Referring now particularly to FIGS. 1 to 1B inclusive, advancing stick S is
      severed into the discrete bodies CB by identical cut-off carriages, each
      referred to generally by reference numeral 25, each being mounted to a
      side of the advancing stick S.
PAR  Each carriage 25 includes a frame 26 mounted for sliding movement upon
      pairs of spaced rails 27 flanking the advancing stick S and supported on
      longitudinally spaced abutments 28, 29. Movement of each frame 26 along
      the rails 27 is achieved by a cylinder 31 secured to abutment 29 and
      having a piston rod 32 secured to frame 26.
PAR  Each carriage 25 supports a knife array 33 including spaced cutter knives
      34 mounted on a support 36 slidable laterally of stick S by a cylinder 37
      fast on carriage 25 and having a piston rod 38 connected to support 36.
      Control of the cylinder 37 is achieved by circuitry, not shown, for such
      purpose and timed in accordance with the positions of carriage 25.
PAR  One of the carriages 25 has longitudinally spaced female docking devices 39
      adapted to cooperate with male docking devices 41 of an opposite carriage
      25, the latter being movable into docking relationship with female docking
      device 39 by a cylinder 42 mounted on the other carriage 25, and having a
      piston rod 43 supporting docking device 41, and movable between docking
      and undocking positions.
PAR  Each of the carriages 25 includes a sensor 46, each including spaced
      photo-electric devices or eyes 47 and 48, see FIG. 5, adapted to sense
      ring R on stick S. The function of eyes 47 and 48 is to control the speed
      of advance of stick S by controlling the driving speed of belt 21. It is
      driven by a motor 49, see FIG. 6, through a speed reducer 51 having an
      output shaft 52 fast to pulley 22. Speed reducer 51 is controlled by an
      arm 53 varied in its speed controlling position by control windings 54 and
      56, an armature 57 being connected to control arm 53 and being movable by
      said windings.
PAR  The cells 47 and 48 are arranged to sense the ring R in such a fashion that
      carriage 25 is locked in with the rings R so that the cutter knives 34 cut
      along each ring R. If, for example, the speed of carriage 25 and the
      advance of stick S drifts, the eyes 47 and 48 with control circuitry make
      an appropriate speed correction to the winding belt 21. Also, for example,
      if eye 47 moves from ring R it will activate a circuit 58 to increase the
      speed of speed reducer 51. If eye 48 on carriage 25 drifts back and off
      ring R indicating too high a speed of advance of stick S with respect to
      carriage 25, eye 48 activates a circuit 59 to decrease the speed of
      winding belt 21.
PAR  As seen in FIG. 6 eyes 47 are connected in parallel leads 61 to circuit 58,
      it having leads 62 therefrom to solenoid 54. Eyes 48 have parallel leads
      63 therefrom to circuit 59, it having leads 64 to solenoid 56.
PAR  The structure according to the present invention is characterized by at
      least one of the carriages 25 being "locked on" to the advancing stick S
      and being operable for its knife array 33 to cut the leading end of the
      advancing stick S into discrete bodies CB. The invention is also
      characterized by the other carriage being locked in to the one carriage by
      the docking structure, so that it is "locked on" to the advancing stick
      both during and after the one carriage has completed its cutting function
      and has been undocked from the other carriage to retract and resume its
      subsequent operations.
PAR  The sequence is best understood with reference to FIGS. 7 to 11 inclusive,
      which illustrate the sequences obtaining. FIG. 7 shows the two carriages
      in docked relationship and in synchronism with the advancing stick with
      the cutter arrays 43 in register with rings R. FIG. 8 shows the other
      carriage 25 docked with the one carriage to cut stick S into discrete
      bodies CB. The cylinders 37 have been actuated in each case to move the
      knife array against stick S to sever same. Circuitry for controlling
      cylinder 37 is under the control of additional circuitry, not shown, for
      controlling cylinders 31 in the movement of carriages 26 in their movement
      to synchronize with the advance of stick S. Such circuitry forms no part
      of the present invention.
PAR  FIG. 9 shows the one carriage 25 as having completed its operation to sever
      stick S, male and female docking structures 39 and 41 being disengaged,
      and the one carriage 25 being retracted by cylinder 31 coacting therewith.
      Other carriage 25 is locked in with its sensor 46, see FIGS. 1 to 1B, and
      continues its advance in synchronism with advancing stick S to sever same
      into bodies CB which drop from mandrel M at the end thereof. It, like the
      one carriage, has its knife array 33 moved into cutting position by its
      cylinder 37.
PAR  FIG. 10 shows the one carriage 25 in its retracting movement, the other
      carriage continuing its advance with the advancing stick S and severing
      the same into the bodies CB.
PAR  FIG. 11 shows the one carriage in its retracted position ready to dock with
      the other carriage and to advance with same to repeat a sequence as seen
      in FIG. 7. Sensing of the eye tracks R takes place as before, and movement
      to cutting position of its array 33 takes place after the docking
      operation takes place.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine, for the production of helically wound tubular bodies from
      strip material, comprising:
PA1  a. means for winding strip material on a mandrel to form a tube having
      recurring registration indicia thereon and for moving the tube axially
      along the mandrel;
PA1  b. a pair of carriages each having a knife array thereon and being
      independently movable into position to cut said tube into individual
      bodies along the registration indicia between each body;
PA1  c. means for moving each of said carriages axially with respect to said
      axially movable tube and into synchronism therewith;
PA1  d. means for moving said knife array against said tube when the carriage
      having said knife array is synchronized in speed with said axially moving
      tube;
PA1  e. means for sensing said indicia;
PA1  f. means operable in response to said sensing means for varying the speed
      of advance of said axially movable tube whereby said knife array cuts said
      tube on the registration indicia without the formation of waste in said
      tube.
NUM  2.
PAR  2. The machine according to claim 1 wherein said carriages include means
      for maintaining said carriages in relationship for movement in unison by
      means for docking said carriages in such relationship.
NUM  3.
PAR  3. The machine according to claim 2 wherein said carriages includes a
      docking structure engageable with a mating docking structure on the other
      carriage.
NUM  4.
PAR  4. The machine according to claim 1 wherein said carriages are movable
      longitudinally of said axially movable tube between advanced and retracted
      positions.
NUM  5.
PAR  5. A machine, for the production of helically wound tubular bodies from
      strip material, comprising:
PA1  a. means for winding strip material on a mandrel to form a tube having
      recurring registration indicia thereon and for moving the tube axially
      along the mandrel;
PA1  b. a pair of carriages each having a knife array thereon and being movable
      into position to cut said tube into individual bodies along the
      registration indicia between each body;
PA1  c. means for moving each of said carriages axially with respect to said
      axially movable tube and into synchronism therewith;
PA1  d. means for moving said knife array against said tube when the carriage
      having said knife array is synchronized in speed with said axially moving
      tube;
PA1  e. each of said carriages including sensing means for sensing said
      registration indicia for synchronizing the movement of said carriages;
PA1  f. means operable in response to said sensing means for varying the speed
      of advance of said axially movable tube whereby said knife array cuts said
      tube on the registration indicia without the formation of waste in said
      tube.
NUM  6.
PAR  6. A machine, for the production of helically wound tubular bodies from
      strip material, comprising:
PA1  a. means for winding strip material on a mandrel to form a tube having
      recurring registration indicia thereon and for moving the tube axially
      along the mandrel;
PA1  b. a pair of carriages each having a knife array thereon and being movable
      into position to cut said tube into individual bodies along the
      registration indicia between each body;
PA1  c. means for moving each of said carriages axially with respect to said
      axially movable tube and into synchronism therewith;
PA1  d. means for moving said knife array against said tube when the carriage
      having said knife array is synchronized in speed with said axially moving
      tube;
PA1  e. means for sensing said indicia;
PA1  f. means operable in response to said sensing means for varying the speed
      of advance of said axially movable tube whereby said knife array cuts said
      tube on the registration indicia without the formation of waste in said
      tube;
PA1  g. means for docking said carriages for movement in unison, including means
      on each carriage for synchronizing movement with said registration indicia
      irrespective of whether said carriages are in docked relationship.
NUM  7.
PAR  7. A machine, for the production of helically wound tubular bodies from
      strip material, comprising:
PA1  a. means for winding strip material on a mandrel to form a tube having
      recurring registration indicia thereon and for moving the tube axially
      along the mandrel;
PA1  b. a pair of carriages each having a knife array thereon and being movable
      into position to cut said tube into individual bodies along the
      registration indicia between each body;
PA1  c. means for moving each of said carriages axially with respect to said
      axially movable tube and into synchronism therewith;
PA1  d. means for moving said knife array against said tube when the carriage
      having said knife array is synchronized in speed with said axially moving
      tube;
PA1  e. means for sensing said indicia;
PA1  f. means operable in response to said sensing means for varying the speed
      of advance of said axially movable tube whereby said knife array cuts said
      tube on the registration indicia without the formation of waste in said
      tube;
PA1  g. said carriages including means for maintaining said carriages in
      relationship for movement in unison for docking said carriages;
PA1  h. each of said carriages having a docking structure engageable with a
      mating docking structure on the other carriage;
PA1  i. said docking structures being released for retracting movement of a
      carriage at the end of its advance movement.
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ABST
PAL  An air stream projecting device especially suitable for cooling, heating
      and ventilating large enclosures by providing both horizontal and vertical
      control of air streams. The device is usually mounted on the side or end
      of an air duct and serves as an outlet for the air contained in the duct
      under pressure. The device includes a rectangular frame in the opening in
      which a hollow barrel-shaped member is journaled for limited angular
      movement. One side of the barrel member is opened to the duct to receive
      air therefrom and the opposite side is opened to discharge air therefrom
      into the atmosphere of the enclosure. A wall surrounds the discharge
      opening of the barrel member and projects therefrom beyond the rectangular
      frame. Carried within the walled opening of the barrel member are a
      plurality of vanes for directing the discharging air. These vanes are
      preferably individually pivotally adjustable but may be connected together
      for joint pivotal movement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Earlier devices of this same general character have been employed but
      because of certain limitations in their construction and operation they
      have not been too successful. In such devices a drum or barrel-shaped
      hollow body wholly enclosed all of the vanes and their side supports
      therewithin, with the result that not only did these interior parts of the
      device interfere with and obstruct the flow of air through the
      hollow-shaped barrel or drum but the disposition of the vanes within the
      barrel member required dismantling of the device to adjust the vanes,
      assuming such adjustability was built into the device. As a result of such
      designs, these earlier air-flow devices were inefficient, lacking
      convenient adjustment on the one hand for attaining the desired air
      diffusion and having interior obstructions to air flow which interfered
      with the volume and throw of the discharged air.
PAC  SUMMARY OF THE INVENTION
PAR  It is an important object of the invention to provide a highly efficient
      air stream diffusing equipment for use in cooling, heating and ventilating
      enclosures.
PAR  Another important object of the invention is to provide an improved air
      stream distributing device attachable to ducts containing air under
      pressure which is so designed as to discharge a substantially greater
      volume of air with constant duct pressure and size.
PAR  A further important object of the invention is to provide air diffusing
      equipment having novel provision for convenient adjustment of the
      direction and throw of the discharged air and without requiring
      dismantling of any assembled parts of the equipment.
PAR  A still further object of the invention is to provide an improved air
      diffusing unit which avoids interior obstructions to the flow of air
      therethrough.
PAR  In carrying out these and other objects, the present invention contemplates
      an air diffusing device having provision on the one hand for ready
      attachment to source of air under pressure and having means on the other
      hand for conveniently controlling the direction and diffusion of the air
      stream discharging from the device, and accomplishing these results in a
      highly efficient manner.
PAR  More particularly, the invention comtemplates a stationary portion of the
      device in the form of a frame member which is attached to an air duct and
      secured in position around an air opening therein. Mounted interiorly of
      the frame member is a movable portion of the device in the form of a
      barrel-shaped member which is cut away on opposites thereof to form
      aligned side openings in its barrel shape for forming an air passage
      therethrough. Means carried by the frame member pivotally mounts the
      barrel member for limited rotating movement about its axis which, in the
      assembled positions of the parts making up the device, is disposed
      parallel to the frame member and such that the side openings of the barrel
      member are located on opposite sides of the plane of the frame member.
PAR  A significant feature of the invention is the provision of a walled
      extension framing the discharge opening of the barrel member which serves
      as a nozzle for projecting the air stream discharging therefrom in a given
      direction. Positioned within this nozzle portion of the device are a
      plurality of vanes or baffles which serve to diffuse the discharging air
      stream. In a preferred embodiment of the invention, the vanes are
      individually adjustably mounted as by pivotal mountings for this purpose.
      For accomplishing the previously mentioned object of convenient
      adjustability, the vanes are preferably pivotally mounted on parallel axes
      extending across and through the walled frame around the discharge opening
      and such that portions of the axes exterior of the walled frame are all
      beyond the circumference of the barrel-shaped member. Thus, releasable
      fastening means can be provided exteriorly of the device for permitting
      adjustable movement of the vanes either individually or collectively if
      connected to a common control member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Various other objects, advantages and meritorious features of the invention
      will become more fully apparent from the following specification, appended
      claims and accompanying drawing figures, wherein:
PAR  FIG. 1 is a perspective view of a plurality of air diffusing units
      embodying the invention shown installed in clustering relationship about a
      large air duct for directing the air therein in several different
      directions;
PAR  FIG. 2 is a perspective view of an individual one of the units embodying
      the invention showing in larger scale the air discharge side thereof;
PAR  FIG. 3 is a plane view of the unit of FIG. 2 showing the air input side
      thereof;
PAR  FIG. 4 is a longitudinal sectional view of the unit taken along line 4--4
      of FIG. 3; and
PAR  FIG. 5 is a cross sectional view of the unit taken along line 5--5 of FIG.
      3.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  For such an embodiment of the invention each air diffusing unit 10
      comprises a frame member 12, preferably formed of metal and having the
      rectangular shape shown, which serves to secure the unit onto a duct
      containing air under pressure, such as illustrated at 14 in FIG. 1, and
      also to support the operating elements of the unit interiorly of the
      frame. The side and end sections 12a and 12b respectively of the frame
      member 12 are preferably of similar L-shaped cross sections as best shown
      in FIGS. 4 and 5. The frame member 12 may be apertured at spaced apart
      locations 16 for receiving bolts or other fastening means for securing the
      unit to an air duct.
PAR  Positioned inside the frame member 12 and occupying nearly all of the space
      enclosed thereby is a barrel-shaped member generally indicated at 18. One
      side of this member is opened as indicated at 20 in FIGS. 4 and 5 to form
      an air inlet to the unit for receiving air under pressure from the duct to
      which the unit is attached. The side of the barrel-shaped member 18
      opposite to the inlet opening 20 is likewise opened as indicated at 22 to
      form an air outlet from the interior of the barrel member as best shown in
      FIG. 5. The result is that the barrel member is fairly extensively reduced
      from a conventional barrel shape but still retains the major portions of
      the cylindrical side wall 24 and opposite end walls 26--26.
PAR  The barrel member 18 is mounted within the frame member for limited
      rotation about its axis on pivot mounts generally indicated at 28--28 and
      individually secured to the end sections 12b of the frame. Preferably,
      each pivot mount is positioned in place by a metal plate 30 secured to the
      end section 12b of the frame in inwardly projecting relationship as shown.
      The pivot mounts may be of any suitable form and are herein shown as
      comprising a bolt extending through the plate 30 and the end section 12b
      of the frame and carrying a pair of nuts on its opposite extremities which
      when loosened will permit the barrel member to pivot and when tightened to
      hold the barrel member in adjusted position. A spacer 32 on each bolt may
      be located between the end walls 26 of the barrel member and each plate
      30. It is evident that by virtue of the two pivot mountings 28--28, the
      axis of the barrel member 18 is located parallel to the plane of the frame
      12 and such that the inlet 20 of the barrel member is positioned on the
      duct side of the frame and the outlet 22 is disposed on the other side of
      the frame as illustrated in FIG. 5. It is also evident from the drawing
      figures that the outlet or discharge opening 22 of the barrel member has
      the same length as the inlet opening 20 but approximately one half the
      width thereof.
PAR  Carried by the barrel member, and preferably forming an integral part
      thereof, is a walled extension 34 which surrounds the outlet opening 22 of
      the barrel member 18 and preferably has a depth in the direction of air
      flow of nearly the distance separating the inlet and outlet openings of
      the barrel member. Dimensionally, the walled extension 34 is preferably
      rectangular in transverse cross section and its air discharge opening is
      of the same extent as the discharge outlet 22 of the barrel member. In
      operation, the walled extension 34 forms a spout or nozzle for directing
      the air under pressure which it receives from the barrel member in a given
      direction from the duct to which the whole assembly is attached.
PAR  Distributed at spaced locations in the walled extension 34 are a plurality
      of vanes or baffles 36. It is preferred that most if not all of these
      vanes be pivotally mounted within the walled extension or outlet duct 34
      of the barrel-shaped member and such that the vanes may be pivotally
      adjusted to assume a desired fixed position within the nozzle. Varied
      positions of the vanes are illustrated in FIGS. 2, 3 and 4. The
      illustrated vanes are flat plate-like members fitting with relatively
      close tolerance the inside dimensions of the walled extension 34. The
      vanes are fixedly mounted on rods 38 extending crosswise of the air flow
      passage of the walled extension preferably at equally spaced-apart
      intervals therewithin. The rods 38 may be formed by long bolts having
      their extremities passing through the side walls of the extension 34 and
      having a head at one end and receiving a nut 40 threaded on the other end.
      Each vane is individually associated with a rod 38 and has its inner edge
      welded or otherwise secured to the shank of its associated rod so that
      these welded parts of the assembly are jointly rotatable about the axis of
      the bolt when the nut on the bolt is unthreaded sufficiently to permit
      this rotation. When angled to the desired amount, each vane is fixed in
      adjusted position by tightly threading its nut home against the adjacent
      side wall of the outlet duct 34. As a result of the extension of the
      barrel-shaped member 18 beyond its outlet opening to form the nozzle or
      air discharge duct 34, the opposite ends of the pivot pins or rods 38 are
      able to be disposed outside of the curvature of that surface of revolution
      conforming to the cylindrical wall 24 of the barrel member thereby
      enabling convenient external access to the nuts 40 for adjusting the
      angularity of the vanes 36 and without requiring dismantling of the air
      diffusing unit 10. Moreover, by locating the middle portions of the rods
      38 within the surface of revolution of the barrel member, as best
      illustrated in FIG. 5, the rods are positioned close to the inner end of
      the outlet duct 34 with the result that the vanes are extended forwardly
      therefrom in the general direction of the air flow. It also it is apparent
      that the barrel member 18 together with its outlet duct 34 can be
      adjustably rotated as indicated in FIG. 5 and then fixed in adjusted
      position at the time of installation in the main air duct 14 to which the
      air diffuser unit is attached.
PAR  While a particular embodiment of the invention has been shown and
      described, it will be understood, of course, that it is not desired that
      the invention be limited thereto since modifications may be made, and it
      is therefore contemplated by the appended claims to cover any such
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A barrel-type air diffuser for providing both horizontal and vertical
      controls of air streams including, in combination:
PA1  a frame member providing a central rectangularly-shaped opening;
PA1  a barrel-shaped member fitting the opening of the frame member with slight
      clearance with the side and end sections thereof, said barrel member being
      opened along one side to serve as an air inlet and being opened on the
      opposite side to serve as an air outlet;
PA1  pivot mounts carried by the frame member and connected to the barrel member
      for providing limited rotation thereof about an axis generally
      corresponding to that of the barrel member and disposed parallel to the
      plane of the frame member;
PA1  an outlet duct mounted on the barrel member in surrounding relation to the
      air outlet opening thereof and having the side and end walls thereof
      projecting outwardly beyond the opening to serve as a nozzle for
      controlling the direction of the air stream discharged through the outlet
      opening of the barrel member;
PA1  a plurality of similarly formed vanes mounted crosswise in the outlet duct
      of the barrel member in spaced apart relation to one another for further
      controlling the direction of the air stream discharged from the outlet
      duct; and
PA1  said air inlet of the barrel member as well as the interior of the barrel
      member being free of any obstruction to the flow of air through the barrel
      member to the outlet duct.
NUM  2.
PAR  2. The air diffuser defined in claim 1 wherein said plurality of vanes are
      each mounted for pivotal movement about parallel axes extending across the
      outlet duct from one side wall section to the opposite side wall section
      thereof, and wherein a part of each vane extends through one of said side
      wall sections of the outlet duct for adjusting the pivotal position of the
      vane.
NUM  3.
PAR  3. The air diffuser defined in claim 2 wherein the part on the outlet duct
      for adjusting the pivotal positions of the vanes comprises a pivot rod
      fixedly associated with each vane for joint pivotal movement having an end
      portion of the rod extending through a side wall section of the duct
      adjacent to but forwardly of the curved exterior of the barrel shaped
      member, and means on the end portion of each such rod for releasably
      locking its associated vane in pivotally adjusted position.
NUM  4.
PAR  4. The air diffuser defined in claim 3 wherein the means for releasably
      locking each vane in pivotally adjusted position is a member threadedly
      engaging the end portion of each rod and operative to releasably clamp the
      rod and its vane to the wall section of outlet duct through which the end
      portion of the rod extends.
NUM  5.
PAR  5. The air diffuser defined in claim 4 wherein the interior cross sectional
      area of the air outlet opening of the barrel-shaped member is
      approximately half that of the air inlet opening of the barrel-shaped
      member.
NUM  6.
PAR  6. A barrel-type air diffuser for controlling the direction of air streams
      including, in combination:
PA1  a frame member providing a central rectangularly-shaped opening;
PA1  a barrel-shaped member substantially fitting the opening of the frame
      member and having side portions thereof located on opposite sides of the
      plane of the frame member, the cylindrical wall of said barrel-shaped
      member being opened along one side portion to serve as an air inlet and
      being opened on the opposite side portion to serve as an air outlet;
PA1  pivot mounts carried by the frame member and connected to the barrel member
      for providing limited rotation thereof about an axis generally
      corresponding to that of the barrel member and disposed parallel to the
      plane of the frame member;
PA1  an outlet duct mounted on the barrel member in surrounding relation to the
      air outlet opening thereof and having its side and end wall sections
      thereof projecting forwardly beyond the opening to serve as a nozzle for
      controlling the direction of the air stream discharged through the outlet
      opening of the barrel member;
PA1  a plurality of vanes mounted crosswise in the outlet duct of the barrel
      member in spaced apart relation to one another and further acting to
      control the direction of the air stream discharged from the outlet duct,
      each of said vanes being secured to a pivot rod which has an end portion
      thereof extending through a side wall of the outlet duct and projecting
      externally of the duct and forwardly of the curvature of that surface of
      revolution conforming to the cylindrical wall of the barrel-shaped member;
PA1  means operatively associated with the externally projecting end portion of
      each such pivot rod for releasably locking its associated rod and vane in
      pivotally adjusted position in the outlet duct; and
PA1  said air inlet of the barrel member as well as the interior of the barrel
      member being free of any obstruction to the flow of air through the barrel
      member to the outlet duct.
NUM  7.
PAR  7. The air diffuser defined in claim 6 wherein the rods for said plurality
      of vanes are mounted for pivotal movement about parallel axes extending
      across the outlet duct from one side wall section to the opposite side
      wall section thereof, the mid portions of said rods being located within
      the curvature of that surface of revolution conforming to the
      circumference of the barrel member.
NUM  8.
PAR  8. The air diffuser defined in claim 7 wherein the means for releasably
      locking each vane in pivotally adjusted position is a nut which threadedly
      engages the externally projecting end portion of each rod and which is
      operative when threaded in one direction to releasably clamp the rod to
      the outlet duct thereby to hold the rod and its vane in adjusted position.
NUM  9.
PAR  9. A barrel-type air diffuser for controlling the direction of air streams
      including, in combination:
PA1  a barrel-shaped member dimensionally shaped to fit within the opening of an
      air duct such as to have side portions thereof located on opposite sides
      of the plane of the duct opening, the cylindrical wall of said
      barrel-shaped member being opened along one side portion to serve as an
      air inlet and being opened on the opposite side portion to serve as an air
      outlet;
PA1  pivot mounts carried by the barrel-shaped member for mounting the same in
      an opening in an air duct for rotation about an axis generally
      corresponding to that of the barrel member and disposed parallel to the
      plane of the duct opening in which the barrel member is installed;
PA1  an outlet duct mounted on the barrel member in surrounding relation to the
      air outlet opening thereof and having its side and end wall sections
      thereof projecting forwardly beyond the opening to serve as a nozzle for
      controlling the direction of the air stream discharged through the outlet
      opening of the barrel member; a plurality of vanes mounted crosswise in
      the outlet duct of the barrel member in spaced apart relation to one
      another and further acting to control the direction of the air stream
      discharged from the outlet duct, each of said vanes being secured to a
      pivot rod which has an end portion thereof extending through a side wall
      of the outlet duct and projecting externally of the duct, and beyond the
      curvature of that surface of revolution conforming to the cylindrical wall
      of the barrel-shaped member;
PA1  means operatively associated with the externally projecting end portion of
      each such pivot rod for releasably locking its associated rod and vane in
      pivotally adjusted position in the outlet duct; and
PA1  said air inlet of the barrel member as well as the interior of the barrel
      member being free of any obstruction to the flow of air through the barrel
      member to the outlet duct.
PATN
WKU  039424200
SRC  5
APN  4673751
APT  1
ART  344
APD  19740506
TTL  Spray booth for electrostatic powder coating
ISD  19760309
NCL  10
ECL  1
EXA  Capossela; Ronald C.
EXP  O'Dea; William F.
NDR  5
NFG  11
INVT
NAM  Marino; Frank P.
CTY  Cos Cob
STA  CT
ASSG
NAM  Interrad Corporation
CTY  Stamford
STA  CT
COD  02
CLAS
OCL   98115SB
XCL   52 79
XCL  118326
XCL  118DIG7
XCL  312257A
EDF  2
ICL  F23J 1100
FSC   98
FSS  115 SB
FSC   52
FSS  79
FSC  312
FSS  3;4;257 A;257 SK;257 SM
FSC  118
FSS  312;326;DIG. 7
UREF
PNO  2263510
ISD  19411100
NAM  Lindsay
OCL  312257SM
UREF
PNO  2774808
ISD  19561200
NAM  Bullock
OCL  312357SM
UREF
PNO  3814002
ISD  19740600
NAM  Rombach et al.
OCL   98115SB
LREP
FRM  Mandeville and Schweitzer
ABST
PAL  The disclosure is directed to a spray booth for electrostatic power coating
      processes, including a hopper section, and a removably secured housing
      section. The housing portion consists of a basic skeleton of structural
      supporting members, to which are removably attached a plurality of
      standard size panel modules. The panel modules may, for example, be closed
      wall panels, may include an access door, may provide a sealed access slot
      for a reciprocating coating applicator, may have louvered air controlled
      panels, etc. The modular panels may be assembled in various combinations,
      so that an essentially standard spray booth structure may be easily
      customized to the specific needs of the user. The spray booth is also
      constructed and arranged to provide an inwardly shingled relationship of
      wall forming elements, such that powder overspray tends to fall by gravity
      into the hopper section of the booth, without contacting any upwardly
      facing horizontal or near horizontal surfaces.
PAL  The new spray booth structure is constructed in a unique manner to provide
      for relatively higher velocity of downward air flow along the outer walls
      of the housing and relatively lower velocity of air flow in the central
      portions, through which the work is being transported. The thus controlled
      air velocity gradients within the spray booth housing serve to improve
      coating transfer efficiencies, while at the same time promoting
      selfcleaning of the booth walls.
PAL  The construction and arrangement of the spray booth housing is such as to
      enable it to be quickly and easily dismantled for clean out purposes.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  One of the important processes for the application of coating materials to
      commercial products is the use of electrostatic powder coating techniques.
      Electrostatic coating of products with liquid coating materials is, of
      course, well known and highly developed. However, the need for using
      volatile solvents as vehicles in connection with most liquid coating
      materials presents increasingly difficult problems in terms of solvent
      recovery techniques and systems, to satisfy antipollution regulations and,
      more currently, in terms of the difficulty of obtaining the solvent
      materials in the first instance. These factors, in addition to the fact
      that certain coating characteristics may not be obtainable with solvent
      based liquid coating materials have led to an increasingly wide-spread
      utilization of electrostatic powder coating techniques. In powder coating
      processes, dry thermoplastic powder is entrained in a directed flow of
      carrier gas, and the suspended and entrained particles of powder are given
      a high voltage electrostatic charge much in the same manner as in liquid
      electrostatic processes. The charged dry particles are thus caused to be
      attracted to the workpieces to be coated. After application of the
      coating, the workpiece is exposed to heat to fuse the deposited
      thermoplastic particles, to thereby achieve the desired homogeneous
      coating.
PAR  As will be appreciated, the application of powder coating materials
      requires careful control over the flow of powder, so that the powder is
      properly deposited or permitted to deposit upon the work in the first
      instance, and is not subsequently blown off of the workpiece by
      uncontrolled air flows, prior to fusing of the powders. In addition, care
      must be exercised in and about the spray booth area, so that excess
      coating material, usually referred to as overspray, does not escape into
      the general atmosphere of the plant. Thus, it is typical practice to
      conduct the electrostatic powder coating of workpieces in an enclosed
      spray booth area which is maintained at a slightly negative pressure
      relative to the outside ambient, to provide for a general inflow of
      outside air and thereby minimize or preclude the escape of powder
      overspray.
PAR  The present invention relates to improvements in the construction and
      arrangement of spray booth assemblies, intended specifically for the
      confinement, collection and recovery of overspray in powder coating
      processes, which include a number of improvements and advantages in
      relation to spray booth structures heretofore known and available.
PAR  In accordance with one feature of the invention, a novel and improved spray
      booth structure is provided which includes means for guiding and directing
      the flow of air, carrying entrained powder overspray, toward and into
      exhaust duct areas, from which the air and powder overspray may be
      withdrawn from the spray booth and processed for recovery of the powder
      and purification of the air. Of course, the withdrawal of air and
      overspray for powder recovery is, as a generality, well known. However,
      the present invention includes specifically novel arrangements for this
      purpose which provide for controllable and optimum flows of air within the
      spray booth enclosure, in about the vicinity of the workpiece being
      coated, such that air velocity in the vicinity of the workpiece is
      maintained both low and relatively uniform. In this connection, the spray
      booth structure of the invention includes, among other things, means for
      encouraging the development of a transverse air velocity gradient within
      the spray booth area, providing for increased downward air velocity in the
      vicinity of the spray booth walls and relatively reduced downward air
      velocity in the immediate vicinity of the workpiece. This has the twofold
      advantage of minimizing air disturbance around the workpiece, which might
      otherwise interfere with proper deposition and/or retention of the powder
      coating material, while at the same time providing for a desirably greater
      flow velocity along the spray booth walls to minimize the deposition of
      powder on such walls.
PAR  The spray booth structure of the invention is useful to great advantage in
      connection with conveyor supported workpieces, which are carried through
      the spray booth area and, while confined within the booth, are exposed to
      the application of electrostatically charged powder spray particles,
      typically by means of vertically reciprocating spray devices. Usually a
      spray booth of the type contemplated by the invention is somewhat
      elongated in the direction of conveyor travel, and the spray booth
      structure of the invention advantageously includes overspray recovery
      means of an improved and optimized form arranged to provide a desired
      velocity gradient across the width of the booth, as referred to above,
      while at the same time providing for maximum uniformity of downward air
      velocity in the lengthwise direction. Thus, ideally, the vertically
      downward air velocity in the booth in a given vertical plane, extending
      lengthwise of the spray booth, should be uniform throughout the length of
      the booth. Such ideals are, of course, not capable of being fully
      realized. Nevertheless, the apparatus of the invention serves to optimize
      the air flows in the direction of the desired ideal.
PAR  In accordance with another aspect of the invention, a powder containment
      and recovery booth is provided which is of a highly simplified structural
      make up and yet which is capable of a modular assembly, such that a single
      basic booth skeleton may accommodate a wide variety of specific booth
      structures tailored to the specific needs of the customer.
PAR  A further significant feature of the invention resides in the provision of
      a spray booth intended especially for electrostatic powder coating, and
      including overspray recovery means, which in addition to having the
      various advantageous features mentioned above is especially configured and
      constructed throughout to reduce to an absolute minimum the presence of
      surfaces within the booth on which powder overspray might collect and be
      retained, thus interfering with the efficiency of the overspray recovery
      and complicating clean up of the booth as may be necessary from time to
      time for color change, for example. The new spray booth thus includes a
      novel and advantageous "shingle" type of construction in which, wherever
      practicable, the lower edges of vertical wall panels overlap on the inside
      of the wall panels or other structure below them, such that upwardly
      facing horizontal surfaces are substantially avoided. In this connection,
      the booth construction of the invention, includes a novel arrangement of
      removable and interchangeable modular wall panels, which can be quickly
      installed in the desired shingle fashion, such that the modular assembly
      concept is made fully compatible with the avoidance of powder collecting
      surfaces.
PAR  In accordance with another and more specific feature of the invention, the
      spray booth structure of the invention may incorporate a variety of
      special purpose, specifically advantageous wall panel modules. One such
      wall panel module includes a plurality of downwardly extending, inwardly
      overlapped louvers, which can be slightly opened, when desired, to provide
      a controlled, downwardly directed inflow of outside air along selected
      side walls of the spray booth, forming an effective barrier to prevent or
      minimize powder overspray particles from coming into contact with such
      walls. Other special wall panels include an advantageous form of sealing
      panel permitting the entry and vertical reciprocation of a spray gun or
      supporting arm for a spray gun, and providing optimum sealing
      effectiveness without compromising the ability of the spray device to be
      properly reciprocated.
PAR  For a better understanding of the above and other features and advantages
      of the invention, reference should be made to the following detailed
      description and to the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a powder recovery spray booth assembly
      incorporating the features and advantages of the invention, with parts
      broken away to illustrate details of construction.
PAR  FIG. 2 is a top plan view of the spray booth structure of FIG. 1.
PAR  FIG. 3 is an end elevational view of the spray booth structure of FIG. 1.
PAR  FIG. 4 is an enlarged, fragmentary, cross sectional view taken generally on
      line 4--4 of FIG. 3.
PAR  FIGS. 5-10 are enlarged, fragmentary cross sectional views taken generally
      along lines 5--5 through 10--10 respectively of FIG. 1.
PAR  FIG. 11 is an enlarged, fragmentary cross sectional view showing further
      details of the panel assembly of FIG. 10.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawings, the reference numerals 10, 11 designate
      generally upper and lower sections respectively of a spray booth assembly.
      The lower section, sometimes referred to as the hopper section, includes a
      plurality of legs or supports 12, to which is welded or otherwise secured
      an assembly of side rails 13, 14 and end rails 15, 16 comprising a rigid
      support for the upper or housing section 10 of the booth.
PAR  Suspended from the side rails 13, 14 is a hopper bottom structure,
      generally designated by the numeral 17 and including bottom panel sections
      18-21 arranged generally in a cross sectional configuration of a W. At
      their upper ends, the outer hopper walls 18, 21 are connected to vertical
      wall sections 22, 23, which extend upward along the inside surfaces of the
      channels 13, 14, terminating a few inches above the top surfaces of the
      channels to form a lip (see FIG. 5). To advantage, the vertical wall
      extensions 22, 23 are simply integral upward extensions of the hopper
      walls 18, 21.
PAR  At each end the hopper bottom 20 is closed off by an end wall panel 24 or
      25. The panels 24, 25 typically are welded to the ends of the bottom wall
      panels 18-21, serving both to close off and add rigidity to the hopper
      structure. In addition, the end walls 24, 25 include upward extensions 26
      extending along the inside channels 15, 16 and sufficiently above the
      channels to provide, in conjunction with the extensions 22, 23, a hopper
      lip extending completely around the inside of the channel structure 13-16
      and terminating a few inches above it.
PAR  As reflected particularly in FIG. 3, the W-shaped hopper bottom forms a
      pair of hopper sections 27, 28 extending longitudinally from one end to
      the other of the spray booth. Each of these hopper sections 27, 28 is, to
      advantage, provided with a radiused bottom wall portion 29, 30. The end
      wall 24, at one end of the spray booth, is provided with circular openings
      in which are secured cylindrical outlet duct sections 31, 32. Desirably,
      the rounded bottom wall extremities of the hoppers 27, 28 are formed with
      the same radius (e.g., about 4 inches) as the duct sections 31, 32 such
      that the lower portions of the duct sections form, in effect,
      continuations of the surfaces of the rounded hopper bottoms. As will be
      more fully apparent hereinafter, such surface continuity provides for the
      free and unimpeded outflow of recovered powder overspray from the hopper
      area, as is desired. In this respect, the conduit sections 31, 32 are, in
      a typical installation of the spray booth equipment connected to the low
      pressure side of a suitable blower, which extracts air from within the
      spray booth at an appropriate volume rate and causes it, with its
      entrained overspray powder, to be directed through appropriate separating
      and filter means, forming no part of the present invention and therefore
      not illustrated. The filter and separating means typically is of several
      stages, such that the eventual air discharge to the atmosphere is
      substantially free of the particles, and the latter are suitably collected
      for processing and re-use.
PAR  As will be more fully explained, the outlet ducts 31, 32 constitute the
      only air outlet from the spray booth structure, and it is intended and
      contemplated that the air outflows through the duct sections 31, 32 will
      be at such a velocity rate as to effectively entrain and convey any
      particles of powder overspray which are collected in the bottoms of the
      hoppers. For this purpose, it has been found that the horizontal velocity
      of air flow through the hopper bottom area and out through the duct
      sections 31, 32 should, for optimum effectiveness, be maintained within
      the range of from around 3,500 feet per minute to around 4,000 feet per
      minute. At the same time, air velocities within the upper portion or
      housing 10 of the spray booth should be substantially limited. Thus, in
      general, the flow of air through the upper portion 10 of the spray booth
      is vertically downward, with some horizontal air flow being experienced
      through the end openings 33 of the housing as well as through access
      openings, if any, that may be provided along the side wall structure of
      the housing.
PAR  Ideally, the vertical downward velocities of air in the vicinity of a
      workpiece 34 being carried longitudinally through the booth by a conveyor
      35 should not exceed about 60 feet per minute. On the other hand, downward
      air velocity within the housing 10 but adjacent in side walls can be
      somewhat higher, and is in fact, in accordance with the invention,
      controlled to be higher, since it does not adversely affect the coating of
      the part but does function to advantage in assisting in the continuous
      cleansing of the side wall areas of the booth. Likewise, horizontal
      inflows of air, through the end openings, and through any access openings,
      desirably are kept typically at 100 feet per minute. Experience has
      indicated that, as long as the air flows are maintained within the before
      mentioned limits, the spray coating material discharged by the
      reciprocating spray devices, indicated by the reference numeral 36, can be
      carried out in a highly efficient and effective manner.
PAR  In accordance with one aspect of the invention, each of the respective
      hopper sections 27, 28 is provided with a two part baffle assembly 37, 38.
      The baffle assembly for each hopper section is the same, and therefore
      only one of them will be described specifically.
PAR  With reference to FIG. 6, each of the principal baffle sections 37, 38 is
      formed of a section of sheet metal bent into the form of an inverted V, to
      provide upwardly converging principal side walls 39, 40, a rounded apex
      area 41, and downwardly converging flange sections 42, 43 at the lower
      extremities of the side walls 39, 40. At two or more locations along each
      of the in-turned flanges 42, 43 there are provided adjustable spacing legs
      44 which, for convenience may be conventional bolts, which are adjustably
      secured to the flanges by lock nuts 45, 46. As reflected in FIG. 6, the
      spacing legs 44 may be adjusted to provide discharge slots 47, 48 of
      predetermined width extending along the full length of the baffle assembly
      37, 38 on each side. In accordance with one of the specific features of
      the invention, the supporting legs 44 for the baffle assemblies provided
      in each of the respective hopper sections 27, 28 are so adjusted as to
      provide for an asymmetrical inflow of air and overspray powder through the
      respective passages 47, 48. These passages are so adjusted that a
      substantially greater flow of air, and therefore a greater air flow
      velocity, is provided through the outer slots 48 than through the inner
      slots 47. Usually, the slot dimensions will be adjusted throughout the
      length of the baffle assembly, thus providing uniformity in the downward
      flow of air over any given longitudinal vertical cross section, while
      providing for a desired gradient or variation in the velocity of downward
      air flow in any given transverse vertical cross section. Although the
      precise adjustment of the supporting legs 44 is somewhat empirical with
      respect to a specific booth structure, the desired effect typically is
      achieved by providing a somewhat wider area in the discharge slot 48 and
      in the inner slot 47.
PAR  In order to achieve a uniform velocity flow throughout the length of the
      spray booth housing, provision is made in the baffle assembly 37, 38 to
      progressively restrict the cross section of the lower region of the hopper
      sections 27, 28 which form, in effect, horizontal discharge ducts leading
      to the outlet duct sections 31, 32. To this end, the baffle sections
      include horizontal baffle plates 49, 50 extending from one end to the
      other of the baffle assembly at a slight upward incline from the remote
      end (right hand in FIG. 1) to the discharge end of the duct passage. By
      gradually restricting the duct passage area 51 over its length, it is
      assured that a relatively uniform pressure exists in the region of the
      discharge slots 47, 48 throughout their full length.
PAR  Because the interior of the spray booth housing must be cleaned out from
      time to time, as when preparing for a color change, for example, the
      baffle assemblies 37, 38 are of a removable design. To this end, the full
      length of the baffle structure is made up, in the present instance, of two
      sections, each provided with handle grips 52 to facilitate handling. At
      the remote end of the second baffle section 38, there is a recessed end
      plate 53, which seals off the unused chamber in the upper portion of the
      baffle section and accommodates the reception of supporting lug 54. The
      lug 54 is welded or otherwise secured to the hopper end wall 25 and is
      received within the rounded apex portion 41 of the baffle section (see
      FIG. 6). The supporting lug 54 serves to loosely support and locate the
      baffle in a symmetrical location with respect to the hopper side walls, to
      prevent accidental tilting of the baffle.
PAR  In the center region of the hopper section, where the respective baffle
      sections 37, 38 join, the sections are provided with recessed end walls
      55, 56, and the baffle section 38 is provided with a short underlapping
      extension section 57 projecting beyond the end of its principal side walls
      39, 40. The arrangement is such that, a slight gap 58 may be provided
      between the adjacent ends of the baffle sections 37, 38 to facilitate
      placement and removal of these sections, with the underlapping extension
      57 serving to close off the gap area.
PAR  Advantageously, the restricting wall 50 of the baffle section 38 extends to
      the end of the underlapping section 57, somewhat beyond the end of the
      principal baffle walls 39, 40. The restricting wall 49, of the other
      baffle section 37, terminates short of the end of its principal walls 39,
      40, but somewhat beyond the end of its recessed end wall 56. The
      arrangement is such that, with the two baffle assemblies installed in
      end-to-end relationship, the dividing walls 49, 50 may be substantially
      butted together, one forming a continuation of the other.
PAR  At the discharge end of the baffle section 37, a recessed end wall 59 is
      provided to connect with the dividing wall 49, forming a recess 60 in the
      upper portion of the baffle assembly for receiving a supporting or
      stablizing lug 61. The function of the lug 61 is similar to that of the
      lug 54 previously described.
PAR  To install the baffle assembly 37, 38, the remote end of baffle assembly 38
      is first placed in position, butted tightly against the remote end wall 25
      of the hopper. The near end baffle assembly 37 is then lowered into
      position and arranged so that its near end extremity abuts the near end
      wall 24 of the hopper. The underlapping connecting extension 57
      accommodates manufacturing tolerances and thermal or other dimensional
      changes without compromising the overall integrity and efficiency of the
      baffle structure.
PAR  As reflected in FIG. 4, the maximum width of the baffle assembly 37, 38
      desirably is at least slightly greater than the diameter of the discharge
      duct sections 31, 32. In a typical commercial system of the type
      illustrated, these ducts may have a diameter of, for example, around 8
      inches. With the baffle assemblies in place, each of the hopper sections
      27, 28 in itself forms a double hopper section of W-shaped cross section.
      This arrangement, in conjunction with the provision of asymmetrically
      dimensioned air discharge slots 47, 48, enables a desired distribution of
      air velocity across the width of the booth, achieving relatively lower
      downward velocities in and about the workpiece 34 and relatively higher
      velocities in the vicinity of the housing side walls. The provision of a
      multiple section hopper bottom also enables the overall depth of the
      hopper to be reduced without compromising the self-cleaning
      characteristics of the hopper walls. In this respect, it is desired to
      keep the hopper walls at an angle of at least about 60.degree. to the
      horizontal. Experience has established that by having the hopper walls
      thus sharply inclined, coating powders typically utilized in industrial
      applications will slide freely downward into the bottom areas of the
      discharge trough. When the particles reach the bottom, the significantly
      higher velocities of air flow there provided assure effective entrainment
      of the particles and their removal from the spray booth enclosure.
PAR  The upper section 10 of the illustrated spray booth is formed in two
      symmetrical halves 70, 71 providing between them a passage, including end
      openings 33, for the workpiece 34, and providing a slot-like opening 72 in
      the top of the housing to accommodate the lengthwise passage of a conveyor
      element 35. Each of the symmetrical housing halves comprises a plurality
      of rib elements 73, which may be formed of structural channel or
      structural tubing, for example, and which include vertical side panel
      supports 74 and horizontal top panel supports 75 connected by generously
      curved upper corner sections 76. Desirably, the rib elements 73 are of a
      suitable size and cross section to have substantial rigidity, so that the
      upper, horizontal sections 75 are substantially self-supporting in a
      cantilever fashion. At the end extremities, vertical support elements 77
      may be provided to add rigidity to the end most ribs 73, as well as
      provide support for end panels of the housing, to be described.
PAR  Welded to the inside and lower surfaces of the rib portions 75 are roof
      panels 78 which, in one or more sections, extend for a full length of the
      housing section, interconnecting and adding rigidity to the assembly of
      rib sections 73. Desirably, the roof panel 78 includes inner, slot forming
      flange sections 79 defining the conveyor receiving slot 72 in the
      assembled structure. The horizontal upper portions 80 of the roof panels
      are welded to the upper portions 75 of the ribs, and the curved portions
      81 of the panels are likewise welded to the curved portions 76 of the
      ribs. The outer portions of the roof panels extend downward a short
      distance from the top of the housing and, in accordance with the
      invention, the lower extremities of the roof panel section remain free of
      the supporting ribs 73 to form a free skirt 82. Thus, as reflected
      particularly in FIG. 5, the welded attachment of the panel 78 to the ribs
      73 continues around the curved part 76 and down to a terminal point 83.
      From that point on down to the lower edge of the panel section, the panel
      skirt 82 is free of the support and capable of being flexed inward
      therefrom to receive other panels of the housing assembly as will appear.
      As reflected in FIG. 2, window panels 78a may be provided in the roof
      panels to admit lighting from external sources.
PAR  At their lower ends, the housing sections 70, 71 are provided with a flange
      strip 84, which extends around the bottom of the housing section and is
      welded or otherwise secured to the lower extremities of the ribs 73 and
      supports 77. The flange strip 84 is provided with a plurality of openings
      (not shown) aligned with a plurality of openings in the channel sections
      13-16, for receiving connecting bolts 85. In accordance with the
      invention, the internal dimensions of the flange strip 84 correspond with
      those of the channel structure 13-16 of the hopper support. The
      arrangement is such that the housing structure, consisting of the sections
      70, 71 may be placed over the hopper structure and bolted thereto, with
      the ribs 73 and vertical supports 77 located immediately outside of the
      upstanding lips 22, 23, 26 of the hopper walls.
PAR  In the illustrated form of the invention, end wall panels 86, 87 are welded
      to the inside surfaces of the support channels 77 and serve to define the
      end openings 33 of the spray booth housing. Desirably, the end openings 33
      are no greater in size than necessary to accommodate the largest size of
      part to be carried by the conveyor, taking into account normal swinging
      and turning movements of the part as it moves with the conveyor. In
      addition, it is contemplated that additional, removable end wall panels
      (not shown) may be provided, to enable the end opening 33 to be reduced in
      size and changed in shape, as necessary or desirable, when smaller parts
      are being handled.
PAR  In accordance with one aspect of the invention, the full length end panels
      87 are arranged to have an inward overlapping or inwardly shingled
      relationship with the upwardly extending hopper lip 26 (see FIG. 4). Thus,
      the panels 87 are welded to the end supports 77, as well as to the end
      ribs 73, but terminating short of the lower end extremity of the panel, to
      form a flap section 90, as reflected in FIG. 4. The arrangement is such
      that, when the individual housing sections 70, 71 are initially assembled
      in place on the hopper structure, the end panel flaps 90 are deflected
      inwardly, so as to lie on the insides of the hopper lips 26. This provides
      for the desired inwardly shingled relationship between the panels 87 and
      the lips 26 to facilitate the cleaning of powder overspray particles from
      the panel walls.
PAR  In accordance with another aspect of the invention, some and preferably all
      of the rib elements 73 are arranged in a uniformly spaced relationship
      along the length of the housing sections 70, 71. Thus, the skeleton
      structure of the housing sections 70, 71 is such as to provide uniform
      rectangular openings along the sides of the housing. In the assembled
      structure, the openings extend vertically from the lower lip 91 of the
      roof panels 80 to the upper edges of the hopper lips 22, 23, 26. The sides
      of the openings are defined by the side edges of the rib sections 73
      themselves. Pursuant to the invention, these uniform side wall openings
      are closed off by means of a plurality of side panel module sections, each
      of a standard, uniform overall size and shape, but each having individual
      features desired for the arrangement of the specific booth structure in
      question. In all cases, the modular panel units are arranged for
      installation in the booth structure in a manner providing for an inwardly
      shingled internal wall surface to facilitate downward flow and clearance
      of powder overspray particles.
PAR  Referring initially to FIGS. 1 and 5 of the drawing, the reference numeral
      92 refers to a standard form of closed wall panel comprising a flat
      section 93 of sheet metal of a width substantially equal to the
      center-to-center spacing between ribs 73 and of a height greater than the
      spacing between the lower extremity 91 of the roof panel skirt and the
      upper extremity of the hopper lip. Along the outside surface of the sheet
      metal panel 93 are welded a pair of angle sections 94, which extend
      vertically, adjacent the side edges of the panel. The angle sections are
      spaced inwardly somewhat from the edge extremities of the panel 93,
      enabling the outwardly projecting flanges of the angle sections to be
      received closely between a spaced pair of the rib elements 73. The lower
      ends 95 of the angle sections terminate a few inches above the lower edge
      extremity 96 of the panel, as reflected in FIG. 5, and the lower edge 95
      forms an abutment surface adapted to engage the upper edge of the hopper
      lip 22. At their upper ends, the angle sections 94 may also terminate
      below the upper extremities of the panel 93 and, preferably, the upper
      edge of the panel has a flap like section 97 which is folded over flat
      against the front surface of the panel.
PAR  Welded to the inner flanges 98 of the angle members are positioning lugs
      99, advantageously provided with outwardly bent lower tabs 100. The
      locating lugs 99 extend somewhat below the lower extremities of the angle
      members 94 and are arranged in conjunction with the projecting lower
      portions of the panels 93 to embrace the upper edge of the hopper lip 22
      to position and support the lower end of the panel assembly 92.
PAR  As reflected particularly in FIG. 5, the lower extremity 83 of the weld, by
      which the roof panel 78 is attached to the rib elements 73, lies well
      above the upper edge extremity 101 of the standard panel 92, when the
      latter is in its installed position. The free space of the panel skirt 82,
      above the edge 101 is somewhat greater than the downward projection of the
      locating lug 99 below the abutment surface 95. Thus, installation of the
      panel assembly 92 into the overall housing structure may be accomplished
      by initially inserting the entire panel through the appropriate opening,
      so that the panel lies entirely inside of the housing skeleton. The upper
      edge of the panel is then inserted between the free skirt flap 82 of the
      roof panel and the spaced pair rib members defining the opening to be
      filled in by the panel. When thus inserted, the panel assembly 92 is
      forced upwardly a sufficient distance to enable the locating lugs 99 to
      clear the upper edge of the hopper lip 22. The lower edge of the panel is
      then drawn forward, until the lower edge of the panel engages the inside
      surface of the hopper lip. The entire panel assembly is then pushed
      downward, until the abutment surfaces 95 of the angle members 94 engage
      the hopper lip. As will be apparent in FIG. 5, the arrangement thus
      described enables the panel assembly 92 to be securely locked into the
      housing structure, with the roof panel skirt flap 82 extending below and
      inside of the wall panel upper edge, in the desired inward shingle
      fashion, and with the lower edge of the removable panel extending inside
      and below the upper edge of the hopper lip 22, also in the desired shingle
      fashion. Typically, the panel assembly 92 may be provided with suitable
      handles 102 (FIG. 1) to enable the panels to be equally gripped for
      installation and removal.
PAR  As will be appreciated, and as will be further described, standard panel
      modules may be provided, having a variety of structural and functional
      features, but in each case interchangeably insertable in an open space in
      the housing skeleton, in the manner just described relating to the panel
      92. Accordingly, with a standard housing skeleton structure, and a
      plurality of panel modules of various functional and structural
      characteristics, the spray booth housing may be quickly assembled to
      custom specifications, and may be quickly and easily rearranged
      subsequently, to accommodate such changes as may be necessary or
      desirable.
PAR  With reference now to FIG. 1, the spray booth housing therein shown
      includes a variety of forms of wall panel modules, which are
      representative of the types of panel modules that may be employed. The
      arrangement in which the panel modules are employed in FIG. 1 does not
      necessarily reflect a desirable commercial arrangement, but merely
      illustrates the typical variety of panels that might be usefully employed
      in the construction of custom spray booth housings for specific purposes.
      Thus, in FIG. 1, the housing is shown as having seven panel modules on
      each side. On the illustrated side, the first, third and seventh panels,
      starting from the left, are of standard wall panels 92, as just described.
      The second panel is a special access door panel, which may be opened from
      time to time for various purposes, such as to permit an operator to
      perform touchup spraying, as the workpiece travels from right to left
      through the housing. The fourth and fifth panels are special sealing
      panels arranged to receive vertically reciprocating spray gun units 36.
      The sixth panel is a special louvered panel arranged to provide for the
      downwardly directed inflow of outside air, as may be advantageous under
      certain circumstances.
PAR  With reference now to FIG. 7, there is shown a cross sectional
      configuration of an access door panel assembly, generally designated by
      the reference numeral 105. The door panel assembly includes a frame
      section 106 of flat sheet metal material, the peripheral configuration of
      which corresponds substantially to that of the standard closed panel 92,
      including the provisions of vertically disposed angle members 107, which
      correspond in function to the angle members 94 of the closed panel 92. A
      sheet metal frame section 106 is provided with an access opening 108,
      which may extend over as far as the inner flanges 109 of the angle members
      but which terminates short of the upper and lower extremities of the frame
      panel 106. Thus, the frame panel 106 has upper and lower margins and side
      margins, by means of which the entire panel assembly may be bodily
      inserted in an opening in the structure and then installed by first
      slipping the upper edge of the frame panel under the free skirt flap 82 of
      the roof panel. The door panel 105 is also provided with positioning lugs
      99 adapted to overhang the front of the lip 22, while the lower margin of
      the frame projects downward behind the lip in the manner desired.
PAR  An access door 110, typically formed of sheet metal, is supported by a
      plurality of hinges 111 at one side, which are welded to the outwardly
      extending flange of one of the angle members 107. At the other side, the
      access door is provided with an outwardly extending flange 112 and an
      inwardly extending flange lip 113, by means of which the door may be
      conveniently gripped for opening and closing. Magnetic elements 114 are
      advantageously utilized to maintain the door in closed position. In this
      respect, it is desired to avoid latch means or the like projecting through
      the wall structure into the interior of the housing, as any such
      projections could form surfaces for retaining deposited powder overspray.
      Likewise, insofar as is practicable, welded, rather than bolted
      construction is utilized in the housing to avoid bolt or nut projections
      from the interior walls.
PAR  As reflected in FIG. 7, when a series of panel modules are installed in the
      housing skeleton frame, the opposed edges of adjacent panels are in
      substantially butting relationship, with perhaps 1/16 to 1/8 inch
      clearance between to accommodate normal manufacturing tolerances,
      expansion and contraction, etc.
PAR  With reference to FIG. 8, there is shown a sealing panel generally
      designated by the numeral 115, which consists primarily of a flat sheet
      metal panel 116 provided with vertically disposed angle members 117
      adjacent its side edges and otherwise having an edge construction similar
      to the standard closed panels 92 to accommodate easy manual insertion and
      removal in the same manner as the panel 92. Suitable handles 118 may be
      provided to facilitate such handling. In the center of the sealing panel
      there is provided a vertically elongated opening 119, which extends
      throughout a substantial portion of the length of the panel, but
      terminates short of its upper and lower end extremities.
PAR  Secured to the vertical edges of the panel 116, adjacent the opening 119,
      are flexible sealing elements 120, and these typically are attached by
      means of a plurality of stud bolts 121 and nuts 122. The studs 121
      advantageously are welded to the sheet metal of the panel 116, to avoid
      any internal projection on the inside of the housing. To advantage, the
      sealing elements 120 are formed of a suitable resilient, flexible
      sheet-like material, such as neoprene. The sheet material is folded into a
      double thickness configuration, with the free edges being secured together
      by the rows of fastening nuts 122. As reflected in FIG. 8, the arrangement
      of the folded over sealing elements 120 is such that an opposed pair of
      the sealing elements are butted together under compression in the plane of
      the panel to form a normally closed but openable vertical slot. The
      geometry of the sealing elements and the mounting thereof is such that the
      two sealing elements are butted together under some degree of compressive
      force at the centerline, causing the doubled over folded edge of the
      sealing elements to bulge out into a somewhat rounded configuration, as
      reflected at 123 to form a tight seal with each other.
PAR  The resilient seal formed by the elements 120 accommodates the entry of
      reciprocator elements 36, which may be electrostatic powder spray guns or,
      more typically, will be reciprocator arms which will mount the spray guns
      internally of the spray booth housing. In any case, as reflected in FIG.
      1, the particular configuration of doubled over and compressed sealing
      elements accommodates the entry and vertical reciprocation of the elements
      36, with the sealing elements functioning to close and reseal only a short
      distance above and below the through-projecting elements 36. In this
      respect, the looped and butted sealing element configuration is
      substantially superior to the more conventional configuration of
      overlapped resilient elements, in that the reclosure of the sealing
      elements above and below the through-projecting element 36 occurs in a
      much shorter distance in the arrangement of the invention.
PAR  Referring now to FIG. 9, there is shown a special louvered panel structure,
      generally identified by the reference numeral 130 and comprising a
      plurality of hinged louvered panels 131. The panel structure includes a
      sheet metal frame section 132, defining vertical side margins and top and
      bottom margins, for installation in the skeleton structure of the housing,
      substantially in the manner heretofore described with respect to the other
      panels. A pair of vertically disposed angle members 133 is secured to the
      front of the panel frame 132, and the outwardly projecting flanges 134
      thereof serve to define the side edges of a large panel opening extending
      generally from the top to the bottom of the panel structure, except for
      the sheet metal margins at the top and bottom. Typically, the angle
      members 133 are secured by welding of the inner flanges 136. The outer
      edges of the last mentioned flanges also cooperate with the sides of a
      spaced pair of rib members 73 to position the panel assembly properly in
      its installed relationship.
PAR  In the illustrated arrangement, the louvered panel assembly includes four
      louvered panels 131, although it will be understood that any appropriate
      number of louvers may be utilized. The individual louvers, as shown in
      FIG. 10, are of sheet metal construction folded at their upper edges 138
      and welded at their lower extremities 139 to provide a downwardly tapering
      double walled louver. Pivot pins 140 are welded inside the upper edges of
      the louvers and extend through appropriate openings in the angle member
      flanges 134 to accommodate pivoting movement. The lower portion of each
      louver panel overlaps the upper portion of the one below it, and the lower
      edge of the lowest louver extends below and overlaps on the inside the
      hopper lip 22 (or 23, as the case may be).
PAR  Typically, there is enough friction in the pivoting arrangement of the
      louver panels 131 that the louvers will remain in any position in which
      they are manually set. However, where necessary or desirable, appropriate
      holding means may be utilized. In typical operation, the louvered panels
      may be opened slightly to the inward, providing for the downwardly
      directed flow of outside air along the wall section formed by the louvers.
      The louvers, of course, overlap on the inside, so that the desired shingle
      configuration is realized. In addition, the constantly moving wall or
      boundary layer of air flowing down along the panel assembly as it enters
      from the outside tends to continually cleanse the louvered panel section.
PAR  In the spray booth arrangement shown in FIG. 1, a variety of wall panel
      modules is shown installed in a booth structure, not necessarily as
      representing an especially advantageous arrangement of such panels but
      merely showing the variety of panels which may be installed. Frequently,
      an entire wall of the housing might be made up of louvered panel
      assemblies 130, for example, as where the spray coating devices were
      positioned all on the opposite side of the spray booth. Thus, the
      overspray particles issued from the spray gun devices and traveling past
      the workpiece as it is conveyed longitudinally through the booth may tend
      to be carried toward the back wall of the spray booth. In such cases, the
      overspray particles would be intercepted by the downwardly flowing
      boundary layer, simultaneously cleansing the back wall of the housing and
      causing the overspray particle to be migrated downward toward the hopper
      trough, where the particles can be picked up in the high velocity outflows
      and extracted from the booth. The louvered panel assemblies also are
      highly useful in regulating the pattern of air flows within the spray
      booth housing. Thus, if under a given set of conditions the air flow
      velocities downward to the center slot 72 and inward through the end
      openings 33 tend to be excessive in any respect, outside air may be
      permitted to flow in through one or more of the louvered panels in greater
      volume than otherwise, such that the necessary pressure balances within
      the housing are achieved by downward air flow along the outside walls,
      with the effect of reducing the velocity of flow around the workpieces
      themselves.
PAR  The spray booth structure of the invention is highly advantageous in that,
      among other things, it may be easily and inexpensively customized to the
      specific needs and requirements of the customer, by simply making an
      appropriate selection of modular panel assemblies and installing those
      assemblies appropriately in the basic skeleton structure of the booth
      housing. Moreover, where the customer requirements are changing with
      changes in product line (e.g. a given product may require more or fewer
      reciprocating spray devices) the customer may equip himself with extra
      modular panel assemblies of appropriate type, enabling him to re-customize
      the booth structure from time to time as appropriate. The recustomizing
      operation, of course, can be completed in a few minutes time, merely by
      exchanging and/or relocating various types of the modular panel
      assemblies.
PAR  In addition to the high degree of construction flexibility, the spray booth
      assembly of the invention is extremely efficient in terms of its
      self-cleansing characteristics. All of the modular panel assemblies, when
      snapped into place, have an inwardly shingled relationship with the other
      panels of the booth, avoiding upwardly facing surfaces on which powder
      overspray can be deposited. Insofar as is practicable, all of the surfaces
      in the interior of the spray booth are disposed at a large angle (around
      60.degree. or more) to the horizontal, experience having shown that the
      powder overspray tends to slide easily downward along surfaces so
      inclined. This avoids undesirable and sometimes unsafe accumulations of
      powder within the interior of the booth.
PAR  Another advantageous feature of the invention resides in the provision of
      adjustable hopper baffles, providing for a controlled distribution of
      vertically downward air flows over the transverse cross section of the
      spray booth. By providing, in combination with a hopper bottom of
      W-configuration, a pair of adjustable hopper baffles in each of two
      longitudinally extending hopper troughs, it is possible to provide for a
      relatively increased downward flow of air long the outside of the booth
      walls and a relatively decreased flow of air down the center of the booth,
      in the vicinity of the workpiece to be coated. This simultaneously
      increases deposition efficiency and spray booth cleansing, both highly
      desirable objectives.
PAR  In addition to the above, the various wall panels and the adjustable hopper
      baffles are so constructed and arranged as to accommodate easy and fast
      removal and replacement, as may be necessary from time to time for clean
      out of the spray booth.
PAR  It should be understood, of course, that the specific form of the invention
      herein illustrated and described is intended to be representative only, as
      many changes may be made therein without departing from the clear
      teachings of the disclosure. Accordingly, reference should be made to the
      following appended claims in determining the full scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spray booth structure for a coating system, which comprises
PA1  a. a skeleton structure defining a spray booth housing frame and including
      at least one pair of horizontally spaced, vertically extending structural
      rib elements,
PA1  b. a roof panel extending between said rib elements and forming an upper
      part of said spray booth housing,
PA1  c. said roof panel having a skirt portion extending downward for a distance
      along said rib elements but unattached thereto,
PA1  d. a panel-receiving lip element in the lower portion of said spray booth
      housing extending horizontally between said rib elements and upwardly for
      a distance along said rib elements,
PA1  e. said lip element forming an open space between the top of the lip and
      the bottom of the skirt, and
PA1  f. a removable side wall panel assembly formed in part of sheet-like
      construction and having width and height dimensions greater than those of
      said open space,
PA1  g. said wall panel assembly enclosing a portion of the spray booth and
      having an upper margin received between said skirt and said rib elements,
      side margins received inside of said rib elements, and a bottom margin
      received inside of said lip.
NUM  2.
PAR  2. A spray booth structure according to claim 1, further characterized by
PA1  a. said wall panel assembly including positioning means for supporting the
      lower end of said assembly in relation to said lip, and
PA1  b. said wall panel assembly being held in place in said booth structure
      substantially by its upper and lower margins.
NUM  3.
PAR  3. A spray booth structure according to claim 2, further characterized by
PA1  a. said positioning means comprising a positioning lug secured to the front
      face of said wall panel assembly and extending downwardly in spaced
      relation thereto, and
PA1  b. said lip being engaged between the lower margin of said panel assembly
      and said positioning lug.
NUM  4.
PAR  4. The spray booth structure of claim 2, further characterized by
PA1  a. said wall panel assembly comprising sheet metal means forming said side
      margins and said upper and lower margins,
PA1  b. angle members secured to the front face of said panel assembly and
      extending vertically upward along the respective side margins, and
PA1  c. said angle members serving to strengthen said sheet metal sections and
      to cooperate with said rib elements to position said panel assembly in
      said booth structure.
NUM  5.
PAR  5. A spray booth structure according to claim 4, further characterized by
PA1  a. said angle members terminating above the lower edge of said panel
      assembly and forming supporting abutment means for engagement with the
      upper edge of said lip.
NUM  6.
PAR  6. A spray booth structure according to claim 1, further characterized by
PA1  a. said rib elements extending vertically upward and being bent around to
      extend inward toward the center of the booth structure, and
PA1  b. said roof panel being secured to the inwardly extending portions of said
      rib elements, to form a top wall of the booth, and extending around the
      bent-over portion of the rib elements and downward for a distance along
      the vertical portions thereof.
NUM  7.
PAR  7. A spray booth structure according to claim 1, further characterized by
PA1  a. said wall panel assembly comprising a substantially closed wall panel
      formed of a generally flat section of sheet metal.
NUM  8.
PAR  8. The spray booth structure of claim 1, further characterized by
PA1  a. said wall panel assembly comprising a plurality of louver panels pivoted
      near their upper edges about horizontal axes and extending downward in
      inwardly overlapped relation, and
PA1  b. said louver panels, when partially opened, accommodating downward flow
      of outside air along the inside walls of the spray booth structure.
NUM  9.
PAR  9. A spray booth structure according to claim 1, further characterized by
PA1  a. said wall panel assembly having an access door therein, and
PA1  b. said access door being hinged for outward opening to accommodate access
      to the interior of said spray booth while workpieces are being conveyed
      there through.
NUM  10.
PAR  10. A spray booth structure according to claim 1, further characterized by
PA1  a. said wall panel assembly having a vertically elongated slot for the
      reception of a reciprocating element, and
PA1  b. sealing elements extending vertically along each of the side edges of
      said opening and meeting in the center thereof to provide an openable seal
      for accommodation of a moving reciprocating element, said sealing elements
      comprising sections of sheet-like, resilient material folded and secured
      with their folded edges in pressure butting relationship to form a seal.
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ABST
PAL  A fume hood is provided with seal strips to prevent or inhibit leakage of
      air through the sash clearance opening at the top of the hood. A front
      seal is mounted on the rear wall of the auxiliary air chamber and
      essentially engages the front surface of the sash when the sash is
      partially or completely raised, and a rear seal is mounted on the front
      wall of the working chamber and essentially engages the rear surface of
      the sash when the sash is raised. If desired, either or both of the seals
      can have a width sufficient to extend all the way across the sash
      clearance opening when the sash is lowered to seal the sash clearance
      opening.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  This invention relates to fume hoods, and more particularly, to fume hoods
      which are equipped with auxiliary air chambers.
PAR  As explained more fully in U.S. Pat. No. 3,747,504, some fume hoods are
      equipped with auxiliary air chambers in order to decrease the amount of
      conditioned room air that is exhausted through the fume hood. Auxiliary
      air systems conventionally supply about 75% of the air which is exhausted
      by the fume hood, and the remaining 25% is drawn from the laboratory room
      to prevent fume counterflows from entering the room.
PAR  Most fume hoods include a sash which may be raised or lowered to close the
      working chamber of the hood. The top of the hood is provided with a
      clearance to permit the sash to be raised, and this opening presents a
      possibility of air leakage.
PAR  Further, we have found that fumes from within the hood may cling to the
      rear surface of the sash or may be carried or drawn upwardly by the sash
      as it is raised. As these fumes move upwardly through the sash clearance
      opening, they can escape into the laboratory.
PAR  The invention utilizes a pair of seals to prevent or inhibit air leakage
      through the sash clearance opening, and the rear seal also wipes the sash
      clean of any clinging fumes as it is raised, resulting in greater safety
      and efficiency. Auxiliary air which otherwise might escape through the
      opening is routed through the hood. When the sash is raised, the rear or
      upper seal contacts the rear surface of the glass. The seals may be
      provided in such sizes that when the sash is lowered the rear seal will
      contact the rear wall of the auxiliary air chamber and the front seal will
      contact the front wall of the working chamber. The rear seal will thereby
      prevent room air from entering the working chamber when the sash is
      raised, partially lowered, and completely lowered and will wipe the sash
      of clinging fumes as the sash is raised. The front seal will prevent loss
      of auxiliary air through the sash clearance opening when the sash is
      raised, partially lowered, and completely lowered.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The invention will be explained in conjunction with illustrative
      embodiments shown in the accompanying drawing, in which;
PAR  FIG. 1 is a front elevational view of a fume hood equipped with one
      embodiment of seals in accordance with the invention, showing the sash
      partially raised;
PAR  FIG. 2 is a sectional view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary sectional view similar to FIG. 2 and also
      showing the sash in a slightly higher position in dotted outline;
PAR  FIG. 4 is a fragmentary sectional view showing the lower seal when the sash
      is fully lowered;
PAR  FIG. 5 is a view similar to FIG. 3 showing another embodiment of seals and
      the sash fully lowered;
PAR  FIG. 6 is a view similar to FIG. 5 showing the sash partially raised; and
PAR  FIG. 7 is a view similar to FIGS. 5 and 6 showing the sash fully raised.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  Referring first to FIGS. 1 and 2, the numeral 10 designates generally a
      fume hood of the type described in U.S. Pat. No. 3,747,504, to which
      reference may be had for details. The fume hood includes a work surface
      11, a pair of side walls 12 and 13, and a sash 14 which is slidably
      mounted in channels or tracks in the side walls.
PAR  An auxiliary air chamber 18 is mounted on the front of the fume hood and
      includes front and rear walls 19 and 20, an air diffuser 21, and an air
      grille 22. Auxiliary air is forced through an air inlet 23 by an air
      blower (not shown) and leaves the auxiliary air chamber through a
      directional air grille 24. An air dividing plate 25 extends upwardly
      behind the grille 24.
PAR  The sash 14 is movable within a sash clearance opening 26 which is provided
      between the rear wall 20 of the auxiliary air chamber and a front wall 27
      of the fume hood which extends downwardly from the top wall 17. The sash
      is slidably mounted in channels 28 secured to the side walls 12 and 13,
      and the upper and lower edges of the sash glass are covered by upper and
      lower sash channels or frame members 29 and 30, respectively. The sash is
      movable between a fully lowered position in which the lower sash channel
      30 contacts the foil 31 and a fully raised position in which the lower
      edge of the sash is adjacent the bottom of the auxiliary air chamber.
PAR  Referring now to FIG. 3, an upper or rear seal 33 is secured to an angle 34
      attached to the front wall 27 by screw 35 and extends across the sash
      clearance opening to the rear wall 20 of the auxiliary air chamber when
      the sash is below the upper seal as illustrated in solid outline in FIG.
      3. The seal extends for the full length of the sash clearance opening
      between the channels 28 in which the sash slides, and the width of the
      seal is such that a substantial end portion sealingly contacts the wall
      20. The seal is formed of suitable flexible and resilient material, and in
      one specific embodiment a chemical resistant tape made of neoprene and a
      woven fiberglas base sold under the name "Clairtex" was used. This tape
      was cemented to the support angle 34 by a fast-drying cement sold under
      the name "Locktite 404."
PAR  A lower or front seal 36, also made of flexible and resilient material, is
      secured to a mounting angle 37 which is attached to the auxiliary air
      chamber by screw 38. The width of the seal 36 is such that the seal
      extends across the sash clearance opening and sealingly engages the lower
      edge of the wall 27 when the upper edge of the sash moves below the lower
      seal as shown in FIG. 4. The seal 36 also extends along the full length of
      the sash clearance opening between the channels 28.
PAR  When the sash is raised beyond the rear seal as indicated in dotted outline
      at 14' in FIG. 3, the rear seal sealingly engages the rear surface of the
      sash as indicated at 33', and the lower or front seal sealingly engages
      the front surface of the sash as indicated at 36'. The air inside the
      working chamber of the hood is at negative pressure relative to the
      auxiliary air chamber and the laboratory room, and the upper seal prevents
      room air from entering the working chamber through the sash clearance
      opening at the roof of the hood. The lower seal prevents leakage of
      auxiliary air, which is at positive pressure, up through the space between
      the sash and the auxiliary air chamber and into the laboratory room.
PAR  The rear seal also performs another, perhaps more important function. We
      have observed that fumes inside the working chamber sometimes cling to the
      rear surface of the sash. These fumes may be carried upwardly by the sash
      as it is raised, or the upwardly moving sash may create air currents that
      will cause fumes to move upwardly toward the sash clearance opening at the
      roof of the fume hood. If the fumes are carried through the sash clearance
      opening, they can escape into the laboratory. The rear seal wipes the rear
      surface of the sash free of clinging fumes as the sash is raised and
      prevents fumes from passing through the sash clearance opening.
PAR  As the sash is lowered, the friction between the seals and the sash and the
      edge mount 29 causes the seals to flex toward the direction of sash
      movement and reverse themselves. Thus, the lower seal flexes from the
      position illustrated in dotted outline to the position illustrated in
      solid in FIG. 3 as the sash is moved to the partially raised position
      illustrated in solid. The curvature of the upper seal 33 is also reversed,
      and as the sash passes below the upper seal, the upper seal flexes
      upwardly to sealingly engage the rear wall of the auxiliary air chamber as
      shown in solid in FIG. 3.
PAR  When the sash is in the partially lowered position indicated in solid
      outline in FIG. 3, the upper seal completely seals the sash clearance
      opening and prevents room air from entering. The lower seal contacts the
      front of the sash and prevents auxiliary air from short circuiting over
      the upper edge of the sash into the working chamber.
PAR  When the upper edge of the sash moves below the lower seal, the lower seal
      flexes upwardly into sealing contact with the lower edge of the wall 27 as
      shown in FIG. 4. In the fully lowered position of the sash, both of the
      seals prevent room air from entering the hood through the sash clearance
      opening at the roof of the hood.
PAR  When the sash is raised, it contacts first the lower seal and then the
      upper seal, and loss of auxiliary air or entry of room air through the
      sash clearance opening at the roof of the hood is prevented at all times.
PAR  The resilience of the seals is such that the seals prevent passage of
      auxiliary air and room air even when they are flexed toward the direction
      in which the air force is exerted on them. For example, when the upper
      seal is in the solid position of FIG. 3 and the lower seal is in the
      dotted position, room air and auxiliary air, respectively, exert a force
      on the upper and lower seals in the same direction as the curvature of the
      seals. However, the upper seal remains in sealing contact with the
      auxiliary air chamber and the lower seal remains in sealing contact with
      the sash to prevent passage of air.
PAR  The seals illustrated in FIGS. 1-4 may produce a noise when they spring
      into contact with the opposed wall as the sash is lowered below each seal
      or when they reverse direction. In some cases this noise might be
      objectionable. Further, the seals may create a drag on the sash which some
      users might find undesirable. FIGS. 5-7 illustrate another embodiment of
      the seals which eliminate these possible objections while still sealing
      the sash clearance opening when the sash is raised. The rear seal of this
      embodiment also provides the important wiping action for the rear surface
      of the sash.
PAR  The fume hood 110 is identical to the fume hood 10 previously described and
      includes an auxiliary air chamber 118 having a rear wall 120 and a working
      chamber with front wall 127. The two walls define a sash clearance opening
      126 therebetween. An upper or rear seal 133 is secured to an angle 134 on
      the front wall 127, and a lower or front seal 136 is secured to a mounting
      angle 137 for the air grille.
PAR  The front and rear seals are advantageously made of flexible and resilient
      material, and may be made of the same material and secured in the same way
      as the seals 33 and 36. The primary difference between the seals 133 and
      136 and the seals 33 and 36 is that the former seals do not extend all the
      way across the sash clearance opening when the sash is in the lowered
      position as illustrated in FIG. 5. The seals therefore do not provide a
      sealing action when the sash is lowered, but they may inhibit to some
      extent air leakage through the sash clearance opening.
PAR  The front seal 136 has a width, i.e., a dimension extending toward the
      working chamber, sufficient to contact the front surface of the sash 114
      as the sash is raised above the front seal, as illustrated in FIG. 6. The
      front seal extends for substantially the full length of the sash clearance
      opening between the sides of the fume hood, and when the sash is raised
      above the front seal, the seal sealingly engages the sash and prevents
      loss of auxiliary air through the sash clearance opening and short
      circuiting of auxiliary air over the top of the sash and into the working
      chamber.
PAR  The width of the rear seal 133 is sufficient to sealingly engage the rear
      surface of the sash when the top of the sash is raised above the rear seal
      as illustrated in FIG. 7. The length of the rear seal 133 extends for
      substantially the entire length of the sash clearance opening, and when
      the top of the sash is raised above the rear seal, the rear seal prevents
      room air from entering the working chamber through the sash clearance
      opening at the roof of the hood. The rear seal also wipes the rear surface
      of the sash free of any clinging fumes as the sash is raised and prevents
      such clinging fumes or fumes which may be drawn upwardly adjacent the sash
      from escaping from the working chamber into the laboratory.
PAR  Although the seals 133 and 136 are wide enough to sealingly engage the rear
      and front surfaces of the sash, they are not wide enough to cause
      objectionable flopping noise when the direction of movement of the sash is
      reversed. The resilient seals will maintain sealing contact with the sash
      when the movement of the sash is reversed, and the seals will reverse to
      some extent but in a substantially noiseless manner. The narrower seals
      133 and 136 also create less drag on the sash than the wider seals 33 and
      36.
PAR  While we have described the preferred embodiments of the seals as having
      widths sufficient to sealingly engage the sash, leakage of air through the
      sash clearance opening can be substantially prevented even if the seals do
      not contact the sash but extend adjacent to the sash. Although a slight
      space might remain between each seal and the sash surface, leakage of air
      would be substantially inhibited. Also, the important wiping action of the
      rear seal can be obtained even if the rear seal does not contact the rear
      surface of the sash. Substantially all of the fumes will be retained by
      the seal even if there is a slight spacing between the rear seal and the
      sash, but for optimum wiping action, the rear seal should contact the
      sash.
PAR  At times a fume hood user might not be too concerned about preventing short
      circuiting or leakage of auxiliary air through the sash clearance opening.
      For example, many fume hoods are not equipped with an auxiliary air
      chamber. In such cases, the fume hood could be equipped only with the rear
      seal means to provide the wiping action and to seal the sash clearance
      opening against leakage of room air into the working chamber.
PAR  On the other hand, on a fume hood which is equipped with an auxiliary air
      chamber, only a front seal means might be used. This seal means would
      prevent loss of auxiliary air through the sash clearance opening at the
      roof of the hood.
PAR  Although the specific embodiments of the front and rear seal means
      described are formed from a flexible and resilient material, other types
      of seal means can be used. For example, either or both of the front seals
      can be provided by an elongated brush which extends for the length of the
      sash clearance opening and which is provided with bristles or the like
      which contact the sash as it is raised.
PAR  While in the foregoing specification detailed descriptions of specific
      embodiments of the invention were set forth for the purpose of
      illustration, it is to be understood that many of the details herein given
      may be varied considerably by those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a fume hood having a frame, the frame including a pair of
      spaced-apart walls providing a sash clearance opening, and a sash having
      front and rear surfaces and being slidably mounted in the frame for
      movement within the sash clearance opening between raised and lowered
      positions, the improvement comprising seal means mounted on one of the
      pair of spaced-apart walls and extending into the sash clearance opening,
      the seal means extending toward the sash when the sash is raised whereby
      the clearance opening between the sash and said one wall is substantially
      sealed.
NUM  2.
PAR  2. The structure of claim 1 in which the seal means has a width sufficient
      to extend across the sash clearance opening to engage the other wall of
      the pair of spaced-apart walls when the top of the sash is below the seal
      means whereby the sash clearance opening is substantially sealed when the
      sash is in the lowered position.
NUM  3.
PAR  3. The structure of claim 1 in which the seal means is formed from an
      elongated strip of flexible and resilient material.
NUM  4.
PAR  4. The structure of claim 1 in which the seal means has a width sufficient
      to extend into engagement with the front surface of the sash when the sash
      is raised.
NUM  5.
PAR  5. The structure of claim 1 in which the seal means has a width sufficient
      to extend in engagement with the rear surface of the sash when the sash is
      raised.
NUM  6.
PAR  6. In a fume hood having a frame and a sash having front and rear surfaces,
      the frame including a first wall spaced forwardly from the front surface
      of the sash and a second wall spaced rearwardly from the rear surface of
      the sash to provide a sash clearance opening, the sash being mounted in
      the frame for movement within the sash clearance opening between raised
      and lowered positions, the improvement comprising front seal means mounted
      on the first wall and extending toward the front surface of the sash when
      the sash is raised whereby the sash clearance opening between the sash and
      the first wall is substantially sealed when the sash is raised, and rear
      seal means mounted on the second wall and extending toward the rear
      surface of the sash when the sash is raised whereby the sash clearance
      opening between the sash and the second wall is substantially sealed when
      the sash is raised.
NUM  7.
PAR  7. The structure of claim 6 in which the front seal means has a width
      sufficient to extend into engagement with the front surface of the sash
      when the sash is raised.
NUM  8.
PAR  8. The structure of claim 6 in which the rear seal means has a width
      sufficient to extend into engagement with the rear surface of the sash
      when the sash is raised.
NUM  9.
PAR  9. The structure of claim 6 in which the front seal means has a width
      sufficient to extend into engagement with the front surface of the sash
      when the sash is raised and the rear seal means has a width sufficient to
      extend into engagement with the rear surface of the sash when the sash is
      raised.
NUM  10.
PAR  10. The structure of claim 6 in which the rear seal means has a width
      sufficient to extend across the sash clearance opening to engage the first
      wall when the top of the sash is below the rear seal means whereby the
      sash clearance opening is substantially sealed when the sash is in the
      lowered position.
NUM  11.
PAR  11. The structure of claim 6 in which the front seal means has a width
      sufficient to extend across the sash clearance opening to engage the
      second wall when the top of the sash is below the front means whereby the
      sash clearance opening is substantially sealed when the sash is in the
      lowered position.
NUM  12.
PAR  12. The structure of claim 6 in which the front seal means is formed from
      an elongated strip of flexible and resilient material.
NUM  13.
PAR  13. The structure of claim 6 in which the rear seal means is formed from an
      elongated strip of flexible and resilient material.
NUM  14.
PAR  14. The structure of claim 6 in which each of the seal means is formed from
      a flat strip of flexible and resilient material, the flexibility of each
      seal means being sufficient to permit the contour of the seal means to
      reverse as the sash moves from the raised position to the lowered
      position.
NUM  15.
PAR  15. The structure of claim 6 in which the front seal means is mounted below
      the first seal means.
NUM  16.
PAR  16. The structure of claim 6 in which the fume hood includes an auxiliary
      air chamber, said first wall being part of the auxiliary air chamber.
NUM  17.
PAR  17. The structure of claim 6 in which the front seal means has a width
      sufficient to extend across the sash clearance opening to engage the
      second wall when the top of the sash is below the front seal means and the
      rear seal means has a width sufficient to extend across the sash clearance
      opening to engage the first wall when the top of the sash is below the
      rear seal means whereby the sash clearance opening is substantially sealed
      when the sash is in the lowered position.
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ABST
PAL  A roof ventilator comprising a pipe provided with an opening therein, a
      shutter means adapted to be raised above or lowered over said opening, a
      supporting arm associated with a rotating shaft which is rotatably
      disposed within said pipe, a fan means housed in said pipe below said
      shutter means and attached to said shaft, means for rotating said shaft
      and the fan associated therewith, said shutter means being supported on
      said supporting arm by two pairs of foldable arms, each pair of arms being
      pivotally connected to each other and to the terminating top end portion
      of said supporting arm at one end and to the shutter means at the other
      end so that a unitary upward movement of said pairs of foldable arms and
      said shutter means is achieved by the rotation of the fan means disposed
      therebelow.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a roof ventilator for exhausting air from
      and taking air into a room. More particularly, the present invention
      relates to a roof ventilator adapted for use in locations where a desired
      temperature must be constantly maintained, such as for example, a
      laboratory or an agricultural warehouse.
PAR  In the locations mentioned above, the maintenance of a constant temperature
      is required because otherwise, detrimental effects will be produced. In
      conventional ventilating systems, problems have been encountered in either
      admitting unexpected cold or warm outside air into rooms, or in allowing
      the inside air to escape therefrom. In order to overcome these problems, a
      number of proposals have been made, including a ventilator having a
      floating shutter which operates against the opening in the piping.
      According to this device, when the ventilator is in operation, the shutter
      rises up due to air pressure produced by a power driven fan, thereby
      creating a gap between the hood and the opening in the pipe. When the
      operation of the ventilator is stopped, the shutter moves downwards due to
      gravity to ensure the closure of the pipe. However, it has been proven
      that the upward movement of the shutter is prevented by the pneumatic
      repercussion under the hood, and also by the intake or exhaust air
      whirling thereunder which produces an unstable movement of the shutter. In
      addition, the shutter is subjected to vibrations, which causes
      disagreeable noises. Furthermore, the raising of the shutter, even if
      successfully achieved, is possible only when air is exhausted from the
      building through the pipe.
PAR  An object of the present invention is to avoid the prior art disadvantages
      found in roof ventilators used for introducing air into and removing air
      from a specific location.
PAR  Another object of the present invention is to provide a roof ventilator
      containing a shutter which is capable of preventing air from passing
      therethrough when the ventilator is not in operation, thereby maintaining
      a desired constant room temperature.
PAR  Other objects and further scope of applicability of the present invention
      will become apparent from the detailed description given hereinafter; it
      should be understood, however, that the detailed description and specific
      examples, while indicating preferred embodiments of the invention, are
      given by way of illustration only, since various changes and modifications
      within the spirit and scope of the invention will become apparent to those
      skilled in the art from this detailed description.
PAR  Pursuant to the present invention, a floating shutter is carried by
      foldable supporters which fold in the upward direction due to the
      centrifugal action produced when a ventilating fan is driven in either
      direction for taking in or exhausting air through the device. The movement
      of the shutter is facilitated by a gearing arrangement associated with the
      foldable supporters. Accordingly, when the shutter is forced in the upward
      direction, or lowered as a result of gravity, the movement of the shutter
      is ensured without producing any substantial noise and with little chance
      of failure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will become more fully understood from the detailed
      description given hereinbelow and the accompanying drawings which are
      given by way of illustration only, and thus are not limitative of the
      present invention and wherein,
PAR  FIG. 1 is a vertical section through a roof ventilator according to the
      present invention;
PAR  FIG. 2 is a vertical section on an enlarged scale of the main part of the
      roof ventilator illustrated in FIG. 1;
PAR  FIG. 3 is a fragmentary cross-section on an enlarged scale illustrating the
      connection of the shutter to the supporting rod, and
PAR  FIG. 4 is a bottom view on an enlarged scale illustrating the connection of
      the shutter and supporting rod to the rotating shaft of the fan.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein like reference numerals are used
      throughout the various views to indicate identical elements, the roof
      ventilator of the present invention comprises a ventilation pipe 1 having
      a reversible electric motor 4 mounted therein for driving a fan wheel A.
      In the preferred embodiment which is illustrated, a pair of supporting
      beams 2 extend across the pipe 1, said supporting beams containing
      supporting rests 3 and 3'. On the supporting rest 3, the motor 4 is
      mounted, and on the other supporting rest 3' a pair of bearings 5 are
      provided, said bearings supporting a rotating shaft 8 which in turn
      supports the fan wheel A through the use of a boss 7. Element 6 indicates
      the individual vanes of the fan wheel. The rotating shaft 8 is connected
      to the motor by means of pulleys 9, 9' and a belt 10. Element 4' indicates
      the spindle of the motor 4. The motor can be rotated in either direction
      depending upon the need for admitting or exhausting air.
PAR  A shutter 22 having the shape of a concave plate is provided with a hub
      portion B, and is designed to ensure its closure against the opening
      provided in the pipe 1. In addition, the shutter 22 is provided with an
      appropriate number of apertures 23 in the rim portion thereof, through
      which guide rods 25 are passed, said guiding rods extending upwardly from
      the terminating end portion of the pipe wall 1. The hub portion B includes
      a bearing 16 housed in a bearing case 20, which is provided with an
      extended portion 21 so as to provide a connecting base with the shutter
      22. In the embodiment illustrated, the shutter 22 is fastened to the
      bearing case 20 by means of a bolt and nut 35. In the bearing 16 a sleeve
      19 is passed therethrough, said sleeve being provided with a ring-shaped
      flange 17 disposed in the lower portion thereof for the hub portion B to
      rest upon as illustrated in FIG. 3. As is evident from the
      above-description, the sleeve 19 is rotated in the bearing 16 independent
      of the hub portion B of the shutter 22.
PAR  A supporting rod 13 passes through the sleeve 17, which, as described
      below, is associated with the rotating shaft 8 of the fan wheel A. The
      supporting rod 13 is provided with a plate element 26 at the top portion
      thereof, which pivotally supports a pair of arms at pivot points 33. Said
      pair of supporting arms consist of an upper arm 29 and a lower arm 32,
      which are pivotally connected by pivots 33 with weights 31 interposed
      therebetween. The upper supporting arms 29 have semi-circular portions 29'
      provided with teeth 30. The teeth 30 of each semi-circular portion 29'
      mesh with each other so as to ensure rotations in opposite directions. The
      lower supporting arms 32 are pivotally connected to the sleeve 19. For
      this purpose, a sleeve 19 may be provided with a bracket 27, as
      illustrated in FIG. 2. Thus, the supporting arms 29 and 32 are secured
      between the plate element 26 and the sleeve 19, and are ready to be folded
      when the sleeve 19 is raised. The folding of the arms 29 and 32 will be
      facilitated by the meshing of the teeth 30 of the semi-circular portions
      29'. In this manner, the supporting arms 29 and 32 are foldable like a
      pantograph. Above the opening of the pipe 1, a hood 24 is provided which
      communicates with the atmosphere.
PAR  As described above, the supporting rod 13 is associated with the rotating
      shaft 8 of the fan wheel A, in order to ensure an associated rotation when
      the motor 4 is started. In a preferred embodiment illustrated, a resilient
      element 12, for example, a rubber element, is fastened to the terminating
      end of the rotating shaft 8 by means of crossed pins 11, thereby ensuring
      a unitary rotation of the resilient element and the rotating shaft. The
      resilient element 12 has broken portions 12', and the supporting rod 13 is
      capped with a stand 14 at the extreme end thereof, said stand 14 having
      legs 14'. The supporting rod 13 is connected to the rotating shaft 8 with
      the legs 14' of the capped stand being fitted in the broken portions 12'.
      The stand 14 and the resilient element 12 are covered with a pair of
      coverage elements 15, said pair of coverage elements being fastened
      together by means of a bolt and nut 34. By virtue of the resiliency of the
      resilient element 12, the supporting rod 13 is allowed to swing around on
      the rotating shaft 8. This is particularly advantageous in ensuring a
      governed centrifugal action of the weights 31 when the supporting rod 13
      is rotated in association with the rotating shaft 8.
PAR  The operation of the present invention is as follows: Depending on whether
      it is desired to take in air or exhaust air, the motor 4 is started in the
      appropriate direction, thereby causing the fan wheel A to rotate in the
      appropriate direction. With the rotation of the rotating shaft 8, the
      supporting rod 13 and therefore the supporting arms 29 and 32, are also
      rotated. The sleeve 19 also rotates, whereas the shutter 22 stands
      independent of the rotation of the sleeve, as is apparent from the
      foregoing description. In the course of the rotation of the supporting rod
      13, the supporting arms 29 and 32 are subjected to a centrifugal force
      which is accelerated by the weights 31. In addition, the rotation of the
      supporting arms is maintained smooth by the weights and also by the
      resiliency of the element 12. The supporting arms 29 and 32 gradually
      begin to fold due to the centrifugal action, thereby enabling the sleeve
      19 to rise in the upward direction. The folding of the supporting arms is
      helped by the meshing of the teeth 30 of the supporting arms. Thus, the
      shutter 22 resting on the sleeve 19 is caused to rise up under the
      guidance of the guiding rods 25, whereby an air passable gap is produced
      between the hood 24 and the opening in the pipe 1. The folded condition of
      the supporting arms is shown by the dotted lines in FIG. 2.
PAR  When the operation of the fan wheel A is stopped by de-energizing the motor
      4, the folded arms are gradually unfolded to their original stretched
      condition, thereby causing the shutter 22 to be lowered which closes the
      opening of the pipe 1. During this stage of the operation, the weights 31
      serve to make the downward movement of the shutter smooth and efficient.
      When the supporting arms are fully stretched, at their original position,
      it is preferred that they are bent slightly inward, that is, the weights
      31 are oriented inward as indicated by the real lines in FIG. 2, thereby
      ensuring that the arms are locked. This is advantageous in that the
      shutter 22 is prevented from floating up under an unexpected draft passing
      through the pipe 1. However, the locked arms are readily released by the
      centrifugal action initiated by the revolution of the supporting rod 13.
      If the roof ventilator of the present invention is built with a tilt or a
      slant, one pair of the arms are more severely locked by the weight.
      However, in this situation, the meshed teeth 30 are particularly helpful
      in releasing the locked arms.
PAR  The free end of the supporting rod 13 extends in a relatively large space
      under the hood 24, and additionally, the root portion thereof is supported
      on the resilient element 12. This is helpful for the weights 31 to govern
      the rotating speed of the supporting rod 13. The movement of the shutter
      is maintained smooth with the aid of the meshed teeth, thereby creating no
      undesirable large noises. Otherwise, noises would be amplified due to
      resonance created under the hood 24. As state above, the shutter 22 is
      held at the periphery thereof by guiding rods 25, whereby the shutter is
      prevented from flapping whether the ventilator is in operation or not. As
      referred to above, the roof ventilator of the present invention can be
      built with a tilt or a slant, if required, and also it can be safely
      mounted in windy locations.
PAR  The invention being thus described, it will be obvious that the same may be
      varied in many ways. Such variations are not to be regarded as a departure
      from the spirit and scope of the invention, and all such modifications are
      intended to be included within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A roof ventilator adapted to be housed in a pipe provided with an
      opening therein which comprises, a substantially unitary shutter means
      adapted to extend across the opening in a pipe and to be raised above or
      lowered over such an opening, a supporting rod connected to a rotating
      shaft for rotatable disposition within such a pipe, a fan means to be
      housed in such a pipe below said shutter means and attached to said shaft,
      means for rotating said shaft and the fan associated therewith, said
      shutter means being supported on said supporting rod by two pairs of
      foldable arms, said foldable arms being disposed above said shutter means,
      each pair of arms being pivotally connected to each other and to a
      terminating top end portion of said supporting rod at one end and
      associated with the shutter means at the other end so that upon the
      rotation of the fan means a unitary upward movement of said pairs of
      foldable arms is achieved which lifts the shutter means above the end of a
      pipe.
NUM  2.
PAR  2. The roof ventilator of claim 1, wherein the supporting rod is connected
      with the rotating shaft by a means which includes a resilient element.
NUM  3.
PAR  3. The roof ventilator of claim 1, wherein the end portions of each pair of
      foldable arms which are pivotally connected to the top of the supporting
      rod are provided with opposing tooth portions, said tooth portions being
      placed into engaging relationship with each other so as to ensure the
      rotation of said toothed portions on a vertical plane in opposite
      directions and wherein a weight is disposed at the point where each pair
      of said arms are pivotally connected to each other.
NUM  4.
PAR  4. The roof ventilator of claim 3, wherein when the two pairs of foldable
      arms are in a fully extended position each arm is bent slightly inward at
      the point where they are pivotally connected, thereby ensuring that the
      arms are locked in this position.
NUM  5.
PAR  5. The roof ventilator of claim 3, wherein a plurality of guide rods extend
      upwardly from the terminating end portion of a pipe wall and said shutter
      means is provided with a corresponding number of apertures in the
      periphery thereof adapted to accomodate said guide rods.
NUM  6.
PAR  6. A roof ventilator adapted to be housed in the opening of a pipe which
      comprises a shutter means adapted to extend across a pipe opening, a shaft
      disposed for rotatable disposition in such a pipe, said shaft extending
      through said shutter means and above and below said shutter means, fan
      means operatively attached to said shaft below the shutter means, motor
      means for rotating the shaft and fan means attached thereto, two pairs of
      foldable arms disposed above said shutter means, each pair of arms being
      pivotally connected to each other and to a terminating top end portion of
      the shaft at one end for rotation therewith and associated with the
      shutter means at the other end, the end portions of each pair of foldable
      arms which are connected to the top of the shaft being provided with
      opposing tooth portions, said tooth portions being in engaging
      relationship with each other so that upon the rotation of the fan, a
      unitary upward movement of said pairs of said foldable arms and said
      shutter means if achieved which causes said tooth portions of each of said
      pairs of foldable arms to rotate in a vertical plane and in opposite
      directions.
NUM  7.
PAR  7. A roof ventilator housed in a pipe provided with an opening therein
      which comprises in combination; a substantially unitary shutter means
      extending across the opening in said pipe and positioned to be raised
      above or lowered over said opening, a supporting rod connected to a
      rotating shaft which is rotatably disposed within said pipe, a fan means
      housed in said pipe below said shutter means and attached to said shaft,
      means for rotating said shaft and said fan means associated therewith,
      said shutter means being supported on said supporting rod by two pairs of
      foldable arms, said foldable arms being disposed above said shutter means,
      each pair of arms being pivotally connected to each other and to a
      terminaling top end portion of said supporting rod at one end and
      associated with the shutter means at the other end so that upon the
      rotation of the fan means, a unitary upward movement of said pairs of
      foldable arms is achieved which lifts the shutter means above the end of
      the pipe; and hood means positioned above the opening of said pipe.
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ABST
PAL  A device for aging wine or the like comprises an elongated wooden rod
      having opposite ends and at least one longitudinal bore extending from one
      end toward the other. Sealant means is provided for sealing the exterior
      surface of the rod adjacent the one end. The rod is made from heartwood of
      white oak of a type which produces tyloses in the heartwood. Examples of
      suitable white oak are quercus alba and quercus bicolor.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending U.S. patent
      application Ser. No. 368,252, filed June 8, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application pertains to the art of aging wine or the like, and more
      particularly to a device for aging wine in non-wooden impervious
      containers in order to obtain substantially the same aging qualities as
      are obtained in a wooden cask.
PAR  Many arrangements and devices have been proposed for aging wine or the like
      in impervious non-wooden containers in an attempt to obtain aging
      qualities similar to those obtained in a wooden cask. U.S. Pat. No.
      429,826, issued June 10, 1890, to Wagoner discloses an arrangement wherein
      high pressure air is forced through a porous plug positioned in a wine
      container. The porous plug of Wagoner is disclosed as being made of
      California redwood and its walls are very thin. The Wagoner device
      requires high pressure in order to keep the wine from entering the hollow
      porous plug. Forcing air under high pressure into wine or the like
      provides oxygen diffusion at too rapid a rate and undesirable qualities
      are imparted to the wine. Diffusion of oxygen into wine, and diffusion of
      carbon dioxide out of the wine, must be carried on at a very slow rate in
      order to prevent formation of undesirable compounds in the wine.
PAR  U.S. Pat. No. 2,108,661, issued Feb. 15, 1938, to Farrier discloses an
      arrangement wherein a wooden plug member is sufficiently porous so that
      liquid in the container may seep therethrough into an internal bore. Such
      an arrangement is undesirable because a large surface area must be
      provided in order to obtain desirable diffusion and evaporation rates. In
      addition, Farrier has a lateral hole through his dowel near the neck of
      the bottle. Such a hole prevents diffusion through the wood itself and
      will not provide properr aging.
PAR  U.S. Pat. No. 2,114,009, issued Apr. 12, 1938, to Ramsay discloses an
      arrangement wherein a wooden dowel has a bore which is completely open at
      the bottom end of the dowel and a plurality of longitudinally-spaced
      lateral bores are formed through the dowel intersecting the longitudinal
      bore. Such an arrangement does not allow diffusion and evaporation through
      the wood itself and desirable aging properties cannot be obtained.
PAR  U.S. Pat. No. 2,203,229, issued June 4, 1940, to Nilsson discloses a
      plurality of different embodiments, and in FIG. 5 discloses an arrangement
      wherein a wooden dowel has a blind longitudinal bore therein for obtaining
      diffusion and evaporation through the dowel itself.
PAC  SUMMARY OF THE INVENTION
PAR  A device for aging wine or the like comprises an elongated wooden rod
      having opposite ends and a longitudinal bore extending from one of the
      ends toward the other. Sealant means is provided for sealing the exterior
      surface of the rod adjacent the one end. Applicant has found that
      undesirable capillary action will take place around the stopper on the rod
      unless the exterior surface of the wood is thoroughly sealed. Any suitable
      sealant may be used provided it is approved for use in devices which are
      used for processing food or liquid for human consumption. In one
      arrangement, the sealant may comprise a silicone rubber adhesive applied
      to the exterior surface of the rod adjacent the one end thereof. Natural
      or neoprene rubber adhesives may also be used. It is also possible to mold
      an elastomeric stopper onto one end portion of the rod so that it will
      inherently bond to the rod and seal the exterior surface of same. In a
      preferred arrangement, a stopper is applied to the one end portion of the
      rod before the sealant means is cured so that the stopper will be securely
      bonded to the one end portion of the rod and the stopper will be sealed
      against the rod for preventing liquid from flowing upwardly between the
      rod and stopper by capillary action.
PAR  Applicant has found that it is necessary to form the rod from heartwood of
      white oak of a type which produces tyloses in the heartwood when the
      sapwood is converted to heartwood. Any other type of wood is too porous
      and a proper evaporation or diffusion rate cannot be obtained.
PAR  This invention relates to methods for the aging and maturing of alcoholic
      liquids as in fermenting and fermented wines and wine-like beverages.
PAR  A main object is to furnish a means which may be used with non-porous and
      non-gas-diffusing containers such as for example glass carboys, to convert
      them to the "equivalent" (to be defined) of normally used wooden aging and
      maturing casks.
PAR  Another object is to furnish a means which together with a non-porous and
      non-gas-diffusing container of a specified size forms an aging and
      maturing unit "equivalent" in maturing properties to a wooden aging and
      maturing cask of any other specified size.
PAR  A further object is to furnish a means whereby the amount and rate on a per
      gallon basis of oxygen diffusing into and the amount and rate on a per
      gallon basis of carbon dioxide diffusing out of the liquid contained in a
      non-porous and non-gas-diffusing container may be adjusted to the same
      amount and rate on a per gallon basis as normally occurs in any type or
      size wooden cask as may be specified.
PAR  Another object is to furnish a means whereby the amount of water and
      alcohol on a per gallon basis evaporating from non-porous and
      non-gas-diffusing containers may be adjusted to approximate the
      evaporation of said water and alcohol on a per gallon basis from any type
      and size wooden cask as may be specified.
PAR  Another object is to furnish a means which together with a non-porous and
      non-gas-diffusing container allows the same surface contact area on a per
      gallon basis between wood and liquid in said container as said liquid
      might have on a per gallon basis in any specified size aging and maturing
      cask.
PAR  With these objects in view, the invention consists of a certain novel
      apparatus by which the said objects and certain other objects which will
      hereinafter appear are attained, the invention being more particularly
      pointed out in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing shows an impervious non-wooden container having the wine aging
      device of the present invention positioned therein.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawing, wherein the showing is for the purpose of
      illustrating the preferred embodiment of the invention only and not for
      purposes of limiting same, an impervious non-wooden container A of glass
      or other suitable materials has a generally cylindrical neck opening 12.
      Container A is adapted to hold a predetermined volume of wine or the like
      shown generally at 14.
PAR  An elongated cylindrical rod B made from heartwood of white oak of a type
      which produces tyloses in the heartwood is suspended in container A
      through inlet neck 12. Rod B has upper and lower ends 16 and 18, and a
      centrally located cylindrical bore 20 extends through rod B from end 16
      toward end 18 and terminates in a bore bottom 22 short of rod end 18.
PAR  Rod B is provided with a small diameter portion 24 adjacent end 16 and this
      provides a circumferential shoulder 26 on rod B. An elastomeric stopper 30
      is positioned around small diameter end portion 24 for cooperation with
      the surface of neck inlet opening 12 to seal between such inlet neck and
      stopper 30 for preventing escape or ingress of gases to container A.
      Stopper 30 may be made of any suitable materials including silicone
      rubber, or natural or neoprene rubber.
PAR  In accordance with an important aspect of the invention, the exterior
      surface of rod B around small diameter portion 24, shoulder 26 and a small
      portion adjacent the shoulder 26 are sealed with sealant means. When a
      stopper is simply positioned around rod B, it has been found that
      capillary action takes place drawing liquid up between the inner surface
      of stopper 30 and the exterior surface of rod B around small diameter
      portion 24. Such capillary action also takes place across shoulder 26.
      This saturates the outer surface of rod B along with end 16 and produces
      unequal swelling of the wood so that cracking occurs. In addition, such
      capillary action draws liquid from the container where it evaporates at
      end 16. In order to prevent this undesirable capillary action, sealant
      means is provided to completely seal the pores in the outer surface of rod
      B adjacent end 16. In one arrangement, it is possible to provide any
      suitable adhesive, such as a silicone rubber adhesive, or a natural or
      neoprene rubber adhesive to the exterior surface of rod B around small
      diameter portion 24, shoulder 26 and a small portion of rod B adjacent
      shoulder 26. Obviously, other sealants can also be used. In a preferred
      arrangement, stopper 30 is positioned on small diameter portion 24 before
      the sealant has cured so that stopper 30 will be securely bonded to rod B
      in sealing relationship thereto. In another arrangement, it is possible to
      mold stopper 30 directly on small diameter end portion 24 of rod B so that
      it will inherently bond and seal to the exterior surface of rod B. It is
      important that the sealant not be applied to the exterior surface of rod B
      except in the general area of stopper 30. Otherwise, such sealant would
      prevent diffusion and evaporation through rod B in the desired manner.
PAR  Rod B and bore 20 are desirably dimensioned in order to obtain
      substantially the same aging properties as are obtained on a per gallon
      basis in a wooden cask or the like. One example will be described with
      respect to a 5 gallon container. Where container A is a standard 5 gallon
      glass jug, rod B has a length of approximately 17 inches so that end 18
      will be spaced approximately 11/2 inches from the bottom of container A.
      End 18 of rod B is preferably spaced between one and two inches from the
      bottom of container A in order to prevent diisturbing of sediment in the
      bottom of container A when rod B is removed. Bore end 22 is spaced between
      one and two inches from rod end 18, and preferably is spaced approximately
      11/2 inches from end 18. A relatively large spacing is necessary because
      the grain of the wood runs parallel to the longitudinal axis of rod B and
      bore 20, and a relatively thick lower end is necessary to prevent bleeding
      of the liquid into bore 20 through end 18. Rod B has a diameter of
      approximately 1 inch, and bore 20 has a diameter of approximately 7/16
      inch. With such dimensions for use in a 5 gallon jar, it has been found
      that diffusion and evaporation rates are substantially the same on a per
      gallon basis as those obtained in a wooden cask of approximately 50
      gallons capacity. With such a rod, the seal is applied to the exterior
      surface thereof over a length of approximately 1/2 inch from shoulder 26
      in addition to being applied to such shoulder and the exterior surface of
      small diameter portion 24.
PAR  In the process of the production of wine or wine-like beverages it is
      common practice to store freshly produced wine or wine-like beverages in
      wooden casks for an extended period of time to allow said wine or
      wine-like beverage within said cask to age and mature prior to bottling or
      consumption. During the time the wine or wine-like beverage is stored in a
      wooden cask changes occur in the chemical composition of the wine or
      wine-like beverage due to (a) very slow diffusion of oxygen through the
      wooden surface of the cask into the interior of said cask where said
      oxygen is absorbed and dissolved into the said wine or wine-like beverage
      causing said chemical changes and reactions, a too rapid diffusion of
      oxygen into the wine or wine-like beverage resulting in a final product
      which does not have the best sensory qualities and is inferior to wine or
      wine-like beverages aged and matured in casks having proper rate and
      amount of oxygen diffusion; (b) the slow removal of carbon dioxide from
      the wine or wine-like beverage through the wooden surface of the cask to
      the exterior of said cask where said carbon dioxide is dispersed; (c) an
      exchange of chemicals between the interior wooden surface of the cask and
      the wine or wine-like beverage in contact with said wooden interior
      surface of said cask.
PAR  The rate at which changes occur is important in producing high quality wine
      or wine-like beverages. The rate is generally controlled by use of an
      appropriate size wooden cask, said appropriate size being determined by
      required surface to volume ratio of said wooden cask. It is well known
      that casks of small volume have a surface to volume ratio which is too
      large for the production of high quality wine or wine-like beverages, said
      large surface to volume ratio producing an oxygen diffusion rate at which
      chemical reactions occur which do not produce high quality product.
PAR  The apparatus for converting a glass or other non-porous, non-gas-diffusing
      container to the "equivalent" of a wooden cask is as follows. A round
      wooden rod is made of such a diameter that it will pass into and through
      the neck of the glass or other container and of such length as to reach
      from approximately 1 inch above the lip of said container to approximately
      the bottom of said container. The wood of which said rod is made is the
      same wood as would normally be used for wooden casks. A circular hole is
      drilled through the length of the wood rod starting at the top of said rod
      and ending approximately 1/2 inch short of the bottom of said rod. The
      diameter of said drilled hole controls the wall thickness of the now
      constructed closed bottom wood tube, said tube wall thickness in turn
      regulating rate of diffusion of oxygen into and carbon dioxide out of wine
      or wine-like beverage within said container and external to said wooden
      tube. As an example the wall thickness of a wood tube in a container
      holding 5 gallons of wine or wine-like beverage may be adjusted to allow
      the same amount of oxygen per gallon to diffuse into and the same amount
      of carbon dioxide per gallon to pass out of the contained liquid as would
      occur in a 50 gallon wood cask, said tube would then be labeled a "5
      gallon to 50 gallon equivalent" tube. Similarly with thicker walls or a
      shorter tube one can construct a "1 gallon to 50 gallon equivalent " tube.
      A tube as above constructed may be made more fully equivalent to any size
      wooden cask for any size glass container as follows. The difference in
      surface area per gallon between the surface area of any normally used
      wooden cask and the surface area per gallon of the "equivalent" tube is
      made up by carving into the exterior surface of the tube grooves, either
      circular or similar to threads on machine screws, or grooves running the
      length of the tube. The purpose of said grooves is to increase the surface
      area of wood tube such that it becomes approximately equal on a per gallon
      basis to inside wood surface exposed to liquid of normally used wooden
      cask again on a per gallon basis. The depth and number of grooves and
      spacing is determined so that the above-mentioned equality of surface area
      on a per gallon basis will be achieved. Optionally, the use of all or a
      part of the grooves may be avoided at a slight cost in the quality of the
      wine or wine-like beverage produced.
PAR  In practice air must be passed down to the bottom of the drilled hole
      through a piece of rubber tubing (or tubing of any material) of smaller
      diameter than said drilled hole to expel carbon dioxide, water vapor and
      alcohol vapor which would otherwise collect inside drilled hole of wooden
      tube. The top of the tube is sealed to the container with airtight gasket,
      or rubber stopper having a hole to accept tube and making airtight joint
      to said tube, said stopper having outside diameter making airtight
      connection to inside diameter of neck and container.
PAR  I have made such a tube and used it in the production of wine and the aging
      and maturing of wine and have found that it works well and gives a
      resulting wine which is superior to the same wine made without the special
      aging and maturing tube described herein.
CLMS
STM  The embodiments of the invention in which an exclusive property of
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A device for aging wine or the like comprising; an elongated wooden rod
      made from heartwood of white oak of a type which produces tyloses in the
      heartwood and with the grain running parallel to the longitudinal axis of
      said rod, said rod having opposite ends, at least one longitudinally
      extending bore in said rod extending from one of said ends toward the
      other of said ends to leave a thickened end which prevents bleeding of the
      wine into said bore, and sealant means for sealing the exterior surface of
      said rod adjacent said one end, the wall of said bore between said
      opposite ends of said rod allowing slow penetration of gases only and
      preventing seeping of wine into said bore.
NUM  2.
PAR  2. The device of claim 1 wherein said sealant means includes an elastomeric
      stopper sealingly bonded to the exterior surface of said rod adjacent said
      one end.
NUM  3.
PAR  3. The device of claim 2 wherein said rod has a small diameter portion
      adjacent said one end which provides a circumferential shoulder axially
      spaced from said one end, said stopper being sealingly bonded to the
      exterior surface of said small diameter portion and to the surface of said
      circumferential shoulder.
NUM  4.
PAR  4. The device of claim 1 wherein said rod has a small diameter portion
      adjacent said one end which provides a circumferential shoulder axially
      spaced from said one end, said sealant means being applied to said rod for
      sealing the exterior surface of said small diameter portion and the
      surface of said circumferential shoulder.
NUM  5.
PAR  5. The device of claim 1 wherein said bore has a bore bottom spaced at
      least one inch from said other end.
NUM  6.
PAR  6. The device of claim 1 wherein said rod is for use with a non-wooden
      container having a predetermined volume, said rod having an outer surface
      area and said bore having a predetermined diameter and length so that the
      amount of oxygen and carbon dioxide respectively diffusing in and out of
      liquid in said container through said rod is substantially the same on a
      per gallon basis as it would be in a wooden cask of predetermined size.
NUM  7.
PAR  7. The device in claim 1 wherein said rod extends through a neck opening in
      an impervious non-wooden container, and stopper means sealed around said
      rod adjacent said one end and sealingly engaging said neck opening.
NUM  8.
PAR  8. The device of claim 7 wherein said other end of said rod is positioned
      between one and two inches above the bottom of said container and said
      bore terminates between one and two inches short of said other end of said
      rod.
NUM  9.
PAR  9. The device of claim 8 wherein said container has a liquid capacity of
      approximately 5 gallons, said rod having a length of approximately 17
      inches and a diameter of approximately 1 inch, and said bore having a
      diameter of approximately 7/16 inch.
NUM  10.
PAR  10. The device of claim 7 wherein said rod is dimensioned to obtain
      substantially the same aging qualities on a per gallon basis for wine in
      said container as is obtained in a wooden cask of predetermined size.
NUM  11.
PAR  11. The device of claim 1 and including a stopper sealingly bonded to said
      rod adjacent said one end.
NUM  12.
PAR  12. A device for aging wine or the like comprising; an elongated wooden rod
      made from heartwood or white oak of a type which produces tyloses in the
      heartwood and with the grain running parallel to the longitudinal axis of
      said rod and having opposite rod ends, a bore in said rod extending from
      one of said ends thereof toward the other of said ends and terminating
      short of said other end to leave a thickened end which prevents bleeding
      of the wine into said bore, said rod and bore being dimensioned for
      obtaining substantially the same aging action on a per gallon basis as is
      obtained in a wooden cask of predetermined size, the wall of said bore
      allowing slow penetration of gases only and preventing seeping of wine
      into said bore.
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ABST
PAL  A coffee maker pump for conveying fluid from a well area to a container for
      coffee grounds is provided with a restricted outlet opening for
      controlling the delivery of such fluid to the grounds in said container,
      and a by-pass opening intermediate the ends of said pump for relieving
      back pressure therewithin produced by said restriction. The amount of
      water which is supplied to the coffee grounds by said pump may be
      controlled by changing the size of the outlet restriction, or the size of
      the by-pass opening, or both thereby changing the back pressure in the
      pump stem which directly effects the amount of water delivered by the
      outlet end to the grounds retained within the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the art of coffee making, and more particularly
      to the construction and operation of a pump utilized in coffee
      percolators.
PAR  In a percolator for brewing coffee, water is heated in a container and
      passed upwardly through a pump stem to a basket or retainer containing
      coffee grounds. The heated water is passed through the bed of coffee
      grounds retained within the basket to extract the flavor therefrom and
      produce a palatable brew. During the brewing cycle, water is heated in a
      well at the bottom of the container to its boiling temperature and forced
      upwardly through the pump stem of a pump positioned within such well and
      discharged at its upper end for flow into a bed of coffee grounds retained
      within a basket positioned adjacent the upper end of such pump. The
      quality of the brew produced, as the water filters downwardly through the
      coffee media to extract the essence thereof, is dependent upon the time
      period during which the water is circulated through the grounds, the
      temperature of the water as it is passed therethrough, and the quantity of
      the coffee and water utilized. The present invention is particularly
      directed to the control of the volume of water which is passed through the
      coffee bed so as to produce a high quality of brewed coffee. If too much
      water is provided, undesirable compounds will be extracted from the coffee
      grounds producing an unpalatable brew, and flooding of the grounds may
      occur resulting in the obtainment of undesirable sediment within the
      brewed coffee. If, on the other hand, too little water is utilized, an
      underdeveloped or weak brew will result.
PAR  Accordingly, the instant invention has overcome the problem of controlling
      the volume of water which is passed through the coffee grounds in a
      conventional perking operation, by providing a correct volume of water to
      such grounds during each timed cycle to thereby produce a quality brew.
PAC  SUMMARY OF THE INVENTION
PAR  In its very simplest form, the present invention is directed to an improved
      pump for use in a coffee percolator which controls the amount of water
      delivered to coffee grounds retained within a basket or container. The
      pump has an outlet orifice at its upper end which is provided with a
      restriction so as to produce a back pressure within the pump, and a bypass
      opening is provided in the side of the pump to relieve the back pressure
      and permit a controlled amount of water to pass outwardly therethrough for
      recycling into the main body of water without passing through the grounds,
      and thereby control the amount of water which actually passes through the
      coffee bed.
PAR  It thus has been an object of the present invention to provide a novel
      relatively easily manufacturable pump assembly for a coffee percolator
      which, without any moving parts, controls the volume of water supplied to
      and passed through a bed of coffee grounds for consistently obtaining an
      improved palatable brew with each timed cycle of the coffee maker.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat schematic view of a coffee maker containing the
      improved pump assembly of the present invention.
PAR  FIG. 2 is a side elevational view, partially in section, of the improved
      pump assembly of the present invention shown in position within a
      fragmental portion of a basket or coffee ground container.
PAR  FIG. 3 is a top plan view of the pump assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, an electric percolator is schematically shown at
      10, including an upper cover portion 12, a container or bowl portion 14
      for retaining liquid, and a base portion 16 which may include conventional
      heating elements. The base portion 16 has a heating well 18 provided in
      its upper surface, which communicates with the bowl or container portion
      14. A basket or retainer 20 for containing coffee grounds is shown
      positioned upon a pump assembly 30, which in turn is positioned within the
      well 18. The maximum operable level of fluid, such as water, which may be
      maintained within container 14 is shown at 22, and as will be noted in
      FIG. 1, such level is below the level of the bottom wall 24 of basket 20.
PAR  As shown more clearly in FIG. 2, the basket 20 has a central opening 26
      extending upwardly from the bottom wall 24 for receiving a stem portion 32
      of the pump assembly. The bounding walls 27 about the lower portion of
      central opening 26 are expanded outwardly to provide a passageway 28
      between the stem portion 32 and the expanded lower portion 27. Collar
      means 34 is provided on stem portion 32 for flexibly retaining basket 20
      on the pump assembly 30 through the utilization of spring means, not
      shown, which operatively cooperates with the collar means 34 and a
      shoulder means 29 intermediate the ends of central opening 26 of basket
      20.
PAR  The pump assembly 30 has a foot or base portion 36 secured to its lowered
      end which fits downwardly within heating well 18. The base portion 36 has
      an outwardly flared dish portion 38 which cooperatively engages with a
      flange 19 of well 18 (see FIG. 1) to retain the base portion 36 in spaced
      relation from the bottom of the well 18. A plurality of openings 40 are
      provided within the dish portion 38 in order to supply the lower heating
      portion of well 18 with water from the container 14.
PAR  As shown in FIGS. 2 and 3, the pump assembly 30 is provided with a
      longitudinally extending central passageway 42 which extends the length of
      stem portion 32 from the foot portion 36 at its lower end to a restricted
      outlet opening 44 at its upper end. As will be noted particularly in FIG.
      2, the walls 46 of stem portion 32 are curved inwardly at the upper end 48
      of the stem 32 to provide the restricted outlet opening 44. A side by-pass
      or relief opening 50 is provided through the walls 46 of stem 32
      intermediate its upper and lower extent. Although the side opening 50 may
      be formed by any suitable manner, when punched it may leave a pressed-in
      tab 52. As shown in FIG. 2, the side opening 50 communicates with the
      passageway 28 formed in the lower portion 27 of central opening 36
      extending through basket 20. Further, as shown in FIG. 1, the side opening
      50 is positioned above the maximum operable water level 22 within
      container 14.
PAR  In operation, with the pump assembly 30 positioned within heating well 18
      and basket member 20 operatively mounted upon pump assembly 30, water from
      container 14 is fed by gravity into the lower portion of heating well 18
      by means of openings 40 formed in the dish portion 38 of base portion 36.
      The water is heated by conventional means and forced up the longitudinally
      extending central passageway 42 of pump stem 32 and outwardly through
      restricted opening 44 formed in the upper end portion 48 of the pump stem.
      The water is then directed to coffee grounds retained within basket 20 and
      filters downwardly therethrough extracting the essence therefrom, with the
      brew flowing downwardly through conventional openings in the bottom wall
      24 of the basket 20 back into the container 14. However, the restricted
      opening 44 controls the flow of the water to the grounds within the basket
      and prevents detrimental surges and flooding of the grounds, by building
      up a back pressure within the pump stem and allowing only a controlled
      flow of water through the outlet opening 44 to the coffee grounds. Side
      opening 50, relieves the back pressure provided by the restricted opening
      44 and a controlled amount of liquid passes through the by-pass side
      opening 50 downwardly through the passageway 28, formed in the lower
      portion 27 of central opening 26, countercurrent to flow within the pump
      stem and downwardly into the liquid retained in container 14, without
      having passed through the coffee grounds retained in basket 20. Thus, the
      amount of water passing through the grounds can be controlled by changing
      the size of the outlet restriction 44, the size of the bypass hole or slot
      50 formed in the side of the stem, or both, thereby varying the back
      pressure in the pump stem 32 and regulating the volume of water permitted
      to flow through outlet opening 44 in a given time cycle.
PAR  Although we have disclosed the utilization of our improved pump assembly in
      connection with an automatic electric coffee maker, it will be apparent
      that the same principle may be utilized with a stove top coffee maker
      wherein the time and temperature of the brewing cycle may be manually
      regulated. It is further understood that various changes and modifications
      may be made to the preferred embodiments disclosed herein without
      departing from the spirit and scope of the invention as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved coffee maker pump assembly for controlling the volume of
      water delivered to coffee grounds for extracting a brew therefrom which
      comprises, a stem portion, a base portion connected to said stem portion
      adjacent one end thereof, a passageway extending longitudinally within
      said stem portion, inlet means adjacent said base portion for supplying
      water to said passageway, restricted outlet means formed in said stem
      portion and communicating with said passageway for controlling the volume
      of flow from said passageway delivered to coffee grounds retained
      exteriorly of said passageway during a brewing period and for
      simultaneously providing a back pressure within said passageway while
      delivering such flow from said outlet means, and relief means formed in
      said stem intermediate said restricted outlet means and said base portion
      for relieving back pressure within said passageway and for discharging
      fluid therefrom for flow countercurrent to flow within said passageway.
NUM  2.
PAR  2. A pump assembly as defined in claim 1 wherein said restricted outlet
      means is positioned adjacent an end of said stem portion opposite to the
      end connected to said base portion.
NUM  3.
PAR  3. A pump assembly as defined in claim 1 wherein said relief means is an
      opening extending through a side wall of said stem portion and
      communicating with said passageway at a level above the surface of a
      supply of water feeding said inlet means.
NUM  4.
PAR  4. In a coffee maker for percolating coffee by forcing water from a
      container thereof upwardly through a pump for discharge into a basket
      containing coffee grounds wherein the water seeps through such grounds
      extracting the essence thereof as it flows downwardly into the container
      of water to form a coffee brew, the improvement comprising a pump assembly
      having a stem portion and a base portion, said base portion being
      connected to a bottom end of said stem portion, a passageway extending
      longitudinally within said stem portion, inlet means communicating with
      said passageway adjacent said base portion for supplying water to said
      passageway from a bottom portion of the container for said water,
      restricted outlet means formed in said stem portion and communicating with
      said passageway adjacent the top end of said stem portion for controlling
      the volume of water discharged by said passageway to coffee grounds
      contained within a basket positioned about an upper portion of said stem
      during a timed perking cycle and for providing back pressure within said
      passageway while simultaneously discharging said water to said coffee
      grounds, by-pass means formed in a side wall of said stem portion below
      said outlet means for relieving back pressure built up within said
      passageway by said restricted outlet means as water is discharged from
      said outlet means, and said by-pass means being positioned above the level
      of the water retained by said water container.
NUM  5.
PAR  5. In a coffee maker as defined in claim 4 wherein said by-pass means
      cooperates with said restricted outlet means to control the amount of
      liquid delivered from said passageway to said coffee grounds within said
      basket during the timed perking cycle, and said by-pass means includes an
      opening in said stem portion for discharging liquid from said passageway
      above the level of the bottom of said basket without passing through the
      coffee grounds retained by said basket.
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ABST
PAL  This device consists primarily of a base of refractory material in which is
      mounted an electric motor which by elongated shaft means, will serve to
      rotate a cylinder which by hook means will support various meats to be
      smoked on the interior of a transparent cylinder mounted to the base. The
      device includes an upper cover having manually rotatable, vent control
      means and the device further includes illuminating means for the interior
      of the cylinder and the circuit includes heating element means, rheostat
      means and switch means for controlling the heat, the motor, and the
      illuminating means.
BSUM
PAR  This invention relates to smoke producing device, and more particularly to
      a combination meat smoking device and merchandise display case.
PAR  It is therefore the principal object of this invention to provide a
      combination meat smoking device and merchandise display case, which will
      effectively smoke meats and will be adaptable for use in commercial
      packing plants.
PAR  Another object of this invention is to provide a device of the type
      described, which will include a structure consisting of an outer cylinder
      made of a clear and transparent plastic which is heat resistant and will
      enable the viewers to actually see the smoking of meats on the interior of
      the device.
PAR  Another object of this invention is to provide a device of the type
      described, which will have the outer cylinder mounted to a base portion
      having roller bearing means so as to enable the device to be mobile and
      motor means within the base so as to rotate the inner cylinder which is
      made of an opaque plastic of heat resistant material.
PAR  Another object of this invention is to provide a device of the type
      described, of which the inner cylinder will have hook means from which the
      meats may suspend in a spaced apart relationship along the outer
      peripheral surface of the inner cylinder.
PAR  A further object of this invention is to provide a device of the type
      described, which will have lower grill means for the supporting of meats
      and the interior of the device will have a heating element and
      illuminating means.
PAR  A still further object of this invention is to provide a device of the type
      described, which will employ a suitable sawdust or hickory chips for the
      smoking process, which will be ignited by the electric heating element
      within the lower extremity of the structure, the heat range being
      controlled by rheostat means.
PAR  An even further object of this invention is to provide a device of the type
      described, which will have removable cover means having manually
      manipulated and perforated disc means serving as control vent means for
      the upper portion of the device and the base will include suitable draft
      passageway means covered by plate valve means which will be manually
      manipulated or otherwise.
PAR  Other objects of the invention are to provide a combination meat smoking
      device and merchandise display case, which is simple in design,
      inexpensive to manufacture, rugged in construction, easy to use and
      efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawings, wherein:
PAR  FIG. 1 is a vertical view of the present invention shown in section, with
      the meats being shown in phantom lines.
PAR  FIG. 2 is an enlarged view taken along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a schematic wiring diagram of the invention.
PAR  FIG. 4 is an enlarged diagrammatic plan view of the outer cylinder showing
      the hinged sections and doors, in phantom lines, in the partially opened
      position.
PAR  FIG. 5 is an enlarged fragmentary view of the outer cylinder showing the
      mounting of one of the doors.
PAR  FIG. 6 is an enlarged fragmentary view showing the mounting of one of the
      outer cylinder sections to the frame of the device.
PAR  FIG. 7 is a fragmentary plan view showing a segmented heating element for
      the invention.
PAR  FIG. 8 is a fragmentary side view showing how the segments of FIG. 7, are
      placed together.
DETD
PAR  According to this invention a combination meat smoking device and
      merchandise display case 10, is shown to include a circular base 11 made
      of a suitable refractory material. Secured fixedly to base 11 in a
      suitable fashion, is nickel plated metal frame 12. Frame 12 consists of a
      pair of spaced apart metal rings 13 one of which is secured fixedly to the
      upper portion of base 11. A plurality of spaced apart vertical members 14
      are fixedly secured between the rings 13 so as to support a transparent
      outer cylinder 15 which is made of a suitable heat resistant plastic.
      Outer casing or cylinder 15 includes hinged door 16 means which are
      provided with handle grips 17 for the opening and closing thereof. Doors
      are secured to hinges 18 by suitable fasteners 19. An electric motor 20 is
      removably secured within the center of base 11 by suitable manner fixedly
      within the center of turntable 22 and the outer peripheral edge of
      turntable 22 is secured fixedly in a suitable manner, through the lower
      internal periphery of inner casing or cylinder 23 which is made of a
      suitable opaque and transparent plastic material which is heat resistant.
      An extension shaft 24 carried by shaft 21 of motor 20, extends the length
      of inner cylinder 23 on its interior and mounted to extension 24, are a
      pair of spaced apart hubs 25. Hubs 25 are fixedly secured to extension 24
      and a plurality of radially spaced apart rods 26 extend therefrom. Rods 26
      of hubs 25 are secured fixedly in a suitable manner, through the inner
      periphery 26a of inner cylinder 23 so as to thus provide rigidity for the
      rotating cylinder 23. A plurality of radially spaced apart hooks 27 extend
      from the outer periphery 27a of inner cylinder 23 so as to provide support
      means for the various meats 28 which are to be smoked. On the lower
      extremity of cylinder 23 are projecting and radially spaced apart rods 29
      which provide support means for grills 30 upon which meats may be placed
      so as to barbecue them. Base 11 is provided with spaced apart passageways
      within the heating element 31 so as to easily ignite the hickory chips 32
      or other suitable sawdust. An on-off switch 33 is wired in series with
      heating element 31 and rheostat 34, the rheostat 34 providing heat control
      means for device 10. The circuit of device 10 includes an on-off switch 35
      which is wired in series with motor 20 and a plurality of spaced apart
      bulbs 36 are wired in parallel with the circuit of device 10 and switch 37
      enables the bulbs 36 to be switched on and off when desired. Bulbs 36 are
      removably received within sockets 38 which are fixedly secured to pipes 39
      which are radially spaced apart and extend from the outer periphery 27a of
      inner cylinder 23, the bulbs 36 enable the device 10 to be illuminated so
      that a person or persons may view the smoking of the meats 28. The upper
      opened end of cylinder 15 removably receives a a cover 40 which is
      provided with a plurality of spaced apart openings 41 for smoke passage. A
      valve plate 42 is provided with similar openings 43 which serve as
      controllable aperture means for covering and uncovering openings 41 of
      cover 40. Valve plate 42 rotatably carried on the shaft 44 fixedly secured
      to cover 40 and a handle 45 upon shaft 44 enables cover 40 to be removed
      from cylinder 15. An extending handle 46 of valve plate 42 enables the
      user to manually manipulate valve plate 42 so as to control the smoke
      coming out of device 10. A plurality of passageways 47 within base 11
      provide for draft means so that oxygen may support the combustion of chips
      32. Passageways 47 are covered and uncovered by means of a circular valve
      plate 48 which is pivotably secured to base 11 by means of a pin 49
      secured fixedly to base 11. The valve plates 48 are manually manipulated
      by means of knobs 50 and the plates 48 fixedly engage the outer periphery
      of base 11 in order that the passageways 47 may be partially covered and
      uncovered when desired. Heating element 31 includes a plurality of arcuate
      members 51 and 52 the arcuate members 51 having extending tongues 53 and
      grooves 54 on members 52 so as to be replaceable when needed. The tongues
      53 and grooves 54 serve to interlock to form a complete circuit.
PAR  In use, the lower door 16 is opened so as to place the hickory chips 32 in
      the bottom of cylinder 15 so that they may be ignited by means of the
      heating element 31. The doors 16 are opened so to enable the user to place
      the meats 28 in a suspending manner from the hooks 27. The doors 16 are
      then closed and the switches 33, 37 and 35 are switched to the on position
      thus starting the smoking process and the air supporting the combustion of
      chips 32 is entered into the passageways 47 which are controllable by
      means of the valve plate 48 and the smoke control is achieved by
      manipulating or rotating the handle 46 which will cover and uncover the
      openings 41 of the cover 40.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A combination smoking and merchandise display device adapted to treat
      food products by smoke producing means comprising
PA1  a base,
PA1  an outer transparent casing including upper and lower ends,
PA1  the lower end of said outer casing secured to said base,
PA1  a cover secured to the upper end of said outer casing,
PA1  an inner casing mounted in said outer casing,
PA1  means in said base to rotate said inner casing,
PA1  food product support means on said inner casing,
PA1  said smoke producing means adapted to be supported on said base
      intermediate said inner and outer casings,
PA1  means in said base to control the amount of air to said smoke producing
      means,
PA1  means in said cover to control the amount of smoke emitted from said device
      upon ignition of said smoke producing means.
NUM  2.
PAR  2. The invention of claim 1 further including at least one heating element
      supported on said base intermediate said inner and outer casings and
      adapted to ignite said smoke producing means.
NUM  3.
PAR  3. The invention of claim 1 further including means in said device to at
      least partially illuminate said food products.
NUM  4.
PAR  4. The invention of claim 1 further including at least one shelf secured to
      said inner casing above and in proximity to said smoke producing means
      whereby food products placed thereon are barbequed.
NUM  5.
PAR  5. The invention of claim 1 further including an elongated, vertically
      extending shaft driven by said means to rotate said inner casing, and
      connecting means intermediate said shaft and said inner casing.
NUM  6.
PAR  6. A combination smoking and merchandise display device adapted to treat
      food products by smoke producing means comprising
PA1  a base,
PA1  an outer transparent cylinder including upper and lower ends,
PA1  the lower end of said outer cylinder fixedly secured to said base,
PA1  a cover secured to the upper end of said outer cylinder,
PA1  an inner cylinder coaxially mounted in said outer cylinder,
PA1  means in said base to rotate said inner cylinder about its longitudinal
      axis,
PA1  food product support means on said inner cylinder,
PA1  said smoke producing means adapted to be supported on said base
      intermediate said inner and outer cylinders,
PA1  means in said base to control the amount of air to said smoke producing
      means,
PA1  means in said cover to control the amount of smoke emitted from said device
      upon ignition of said smoke producing means.
NUM  7.
PAR  7. The invention of claim 1 further including at least one door in said
      outer transparent casing.
NUM  8.
PAR  8. The invention of claim 1 wherein said outer transparent casing comprises
      a plurality of hinged doors.
NUM  9.
PAR  9. The invention of claim 6 further including a plurality of doors in said
      outer transparent cylinder.
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ABST
PAL  A sandwich bin for fast food restaurant service. The sandwich bin provides
      always open front and rear service openings and air curtains for each of
      the service openings. The air in the air curtains is recycled through
      chambers at the sides of the sandwich bin to beneath the floor from where
      it is recirculated through ducts and over heaters to be discharged through
      air curtain forming nozzles. The turbulence in the sandwich bin is at a
      minimum, thereby providing an atmosphere in which sandwiches will remain
      hot and moist, without significant drying.
BSUM
PAR  This invention relates to a bin for maintaining sandwiches in a hot, moist
      condition and for holding them in that condition until they are to be
      served to a customer.
PAR  Fast food operations depend, in part, upon the preparation of food and
      sandwiches in anticipation of orders by customers. Thus sandwiches and
      other foods are sometimes prepared minutes before a customer orders them
      so that when the customer does order, he may be served immediately. For a
      quality operation, the quality of the food held for several minutes should
      be the same as, or very close to, that which is freshly made.
PAR  Substantial time and effort has gone into attempts to develop suitable
      holding bins for hot sandwiches, such as hamburger sandwiches, which will
      keep them both hot and moist, and which also make placement in and removal
      from the bin of such sandwiches quick and easy. However, all of the
      commonly available sandwich keepers leave something to be desired in one
      or more of these important regards.
PAR  One of the more prominently used sandwich bins is a pass-through bin having
      front and rear service openings and which is heated radiantly. Radiant
      heat tends to heat locally, cannot readily be measured and controlled as
      to internal bin temperature and tends to dry out sandwiches which are
      exposed to such heat. Although radiantly heated bins are better than some
      prior art sandwich keeping bins and have pass-through and
      first-in-first-out capabilities, the quality of the kept sandwich is not
      optimal.
PAR  The sandwich bin of this invention provides both first-in-first-out and
      pass-through capability and substantially improved means for keeping
      sandwiches hot and suitably moist. It provides for accurate temperature
      control and provides an atmosphere within the bin which minimizes
      desiccation of the sandwiches while keeping them at substantially elevated
      temperatures. This is accomplished by providing continuously heated air
      which curtains always-open front and rear service openings, which
      maintains an internal atmosphere which is hot and which replenishes the
      internal atmosphere without excessive internal air movement, thereby
      minimizing the transfer of moisture from the sandwiches to the heated air.
PAR  Of course air curtains are known and are widely used for diverse purposes,
      some of which have related to food keeping. For example, U.S. Pat. Nos.
      25,735, 3,123,988 and 3,306,068 disclose typical devices having air
      curtains for maintaining refrigerated atmospheres in stores without the
      employment of doors. Kirk U.S. Pat. No. 907,609 discloses the use of
      blasts of air to protect bakery products, and the like, from flies, dust
      and other foreign materials. Bressickello U.S. Pat. No. 3,502,020
      discloses a food display and warming device which provides a curtain of
      heated air which flows upwardly between a frontal access opening of a
      display cabinet and moving trays of a conveyor on which food products are
      supported for removal through the access opening.
PAR  However, these prior art devices do not provide for many of the advantages
      derived from the sandwich bin of this invention.
PAR  Sandwich bins in accordance with this invention provide a controllable
      internal atmosphere which may be held nearly uniform throughout the
      sandwich holding area, without localized substantially elevated
      temperatures and which shields the sandwiches from desiccating drafts and
      cold air. The bin provides an atmosphere which may be controlled and
      maintained at different elevated temperature levels, all while providing
      always-open service openings through which sandwiches may be introduced
      and from which they may be removed without interference.
PAR  These advantages and others are achieved by the provision of a sandwich bin
      which generates temperature controlled air curtains at its front and rear
      service openings and which comprises a housing including a front wall, a
      rear wall, a top, a pair of side walls and a bin floor, said front and
      rear walls each defining an always-open service opening substantially
      across the width of the bin through which sandwiches may be inserted and
      from which they may be withdrawn in first-in-first-out order. A plurality
      of guided means are provided for guiding rows of sandwiches from the rear
      service opening to the front service opening.
PAR  The bin further includes front blowers and rear blowers which have
      associated air intakes. Duct means receive the discharge of the blower and
      communicate with discharge nozzles at the front and rear service openings.
      The nozzles discharge air curtains across the front and rear service
      openings. Heaters are disposed in the ducts for heating the air to be
      discharged through the nozzles, and the housing defines air return
      chambers for receiving air from the air curtains and for providing for
      return of air to the air intakes. Preferably, the ducts have means for
      diffusing the air across the width of the nozzles to provide relatively
      uniform air curtains for the front and rear service openings.
PAR  The air return chambers are each defined by a side wall and a corresponding
      inner wall which terminates forwardly and rearwardly in the front wall and
      in the rear wall. Each inner wall has a top or upper edge which is spaced
      from the top of the housing and defines an inlet for air to be introduced
      into the chamber. A filter is positioned in that space. Air is returned
      from the chamber, below the bin floor and to the blowers for recirculation
      as an air curtain.
PAR  The blowers are positioned between the bin floor and the base and force air
      into the ducts. Air flows through the ducts and is discharged through
      nozzles, forming air curtains across the width of the front and rear
      service openings. The blowers cause air to recirculate by entering the
      chambers through the inlets and exiting the chambers through the outlets.
DRWD
PAR  Further objects, features and advantages of this invention will become
      apparent from the following description and drawings, of which:
PAR  FIG. 1 is a cross-sectional view of a sandwich bin of this invention taken
      substantially along the plane 1--1 of FIG. 2;
PAR  FIG. 2 is a front elevational view of a sandwich bin of this invention;
PAR  FIG. 3 is a rear elevational view of the sandwich bin of FIG. 2;
PAR  FIG. 4 is a cross-sectional view, partially broken away, taken
      substantially along plane 4--4 of FIG. 1;
PAR  FIG. 5 is a fragmentary cross-sectional view taken substantially along
      plane 5--5 of FIG. 1; and
PAR  FIG. 6 is a circuit diagram of the sandwich bin of FIG. 2.
DETD
PAR  Referring now to the drawings, a pass-through sandwich bin 10 of this
      invention comprises an external shell or housing, including an insulated
      top 12, sides 14, a front wall 16 defining a front access or service
      opening 18 and a rear wall 20 defining a rear access or service opening
      22. Top 12 includes a pair of formed metal sheets between which a layer of
      insulation 24 is disposed. The lower reaches of front wall 16 includes an
      internal wall portion 26F which, with a portion of front wall 16, defines
      an air chamber 28F (see FIG. 1) through which air may pass by convection
      to keep the lower portion of front wall 16 reasonably cool to the touch.
      Similarly an internal wall portion 26R defines an air chamber 28R through
      which air may pass by convection to keep the lower portion of rear wall 20
      reasonably cool to the touch.
PAR  Bin sides 14 each include an outer side wall 30 and an inwardly spaced
      inner side wall 31 which terminate at their lower edges in an interior bin
      floor 32. At their upper edges, side walls 31 abut suitably removable and
      replaceable filters 34 through which air to be heated passes. Inner walls
      31 terminate forwardly and rearwardly in front wall 16 and in rear wall
      20, respectively, where they are suitably secured as by welding or
      brazing. Thus, each inner wall 31 and its associated outer side wall 30
      defines a chamber 40 which is closed by walls 16 and 20 at its front and
      rear, but which is open at its top via a filter 34 and open at its bottom
      to return air to be heated for recirculation through sandwich bin 10.
PAR  Suitable guides are provided for carrying and guiding sandwiches loaded
      through rear service opening 22 toward front service opening 18. In the
      embodiment illustrated, a suitable plurality of guides each comprises
      formed sheet metal chutes 36 (FIGS. 1 and 5) which are open-topped and
      generally U-shaped in transverse cross section and which may easily be
      dropped into place and removed for cleaning. Side edges 38 serve to
      maintain and guide the sandwiches S which may be wrapped or boxed. A
      plurality of these may be located side by side to separate rows of
      sandwiches and to provide for first-in-first-out usage. Other guides and
      separators may be used as well, such as wire-form guides.
PAR  As illustrated in FIGS. 1, 4, and 5, blowers 42, 44 are provided below the
      bin floor 32 for recirculating air. Blowers 42, 44 have an intake side and
      a discharge side. Front blowers 42 draw air in at their intake side
      through air intakes 46 (FIG. 4), whereas rear blowers 44 draw air inwardly
      at their intake sides through air intakes 48. The front blowers 42
      discharge air at their discharge sides through discharge passages 50 which
      extend through openings 51 in the right wall 49 of discharge duct 52.
      Front wall 49 closes one end of the duct. Discharge duct 52 tapers to
      restrict the area through which the air passes, thereby increasing the
      velocity of the air. Further, a generally U-shaped perforated sheet metal
      baffle 53 is provided in duct 52 to help diffuse the air across the width
      of the duct and also to increase its velocity locally.
PAR  Heater means for increasing the air temperature are provided at the forward
      end of the duct 52. Heaters 54, 56 may be finned electric strip heaters.
      Innermost heaters 54 are preferably always on and outermost heaters 56 are
      preferably of the on-off type and are under the control of a suitable
      thermostat. After the air discharged by blowers 42 passes through baffle
      53 and over heaters 54, 56, and it has then been suitably heated, the air
      passes through a discharge nozzle 60 which extends across the width of the
      service opening 18. Because the cross-sectional area of nozzle 60 is
      substantially reduced, the air is discharged at a relatively high
      velocity, thereby to direct it upwardly to provide a heated air curtain
      across the front of the sandwich bin 10 and to curtain the front service
      opening 18.
PAR  Similarly, rear blowers 44 provide a heated air curtain for rear service
      opening 22. To that end, air drawn through air intakes 48 is discharged
      through discharge passages 64 into a tapered discharge duct 66. Like duct
      52, duct 66 has a front wall enclosing one end of the duct and provides
      openings for passages 64 through which air is discharged from the blowers
      44. Duct 66 extends across the width of the bin. The air passes through a
      U-shaped baffle 67, which is like baffle 53, and then passes over heaters
      68, 70. Heaters 70 are thermostatically controlled and heaters 68, like
      heaters 54, are always on. After being suitably heated, the air passes
      through a rear discharge nozzle 72 which extends across the width of
      service opening 22 where its velocity is suitably increased to provide an
      air curtain for rear service opening 22.
PAR  Of course, some of the heated air mixes with ambient air and escapes from
      the bin. Also, some of the heated air diffuses inwardly of the bin to
      provide and to help maintain an internal atmosphere which is well above
      ambient temperature. However, there is relatively little air movement
      internally of the sandwich bin, thereby minimizing drying out of the
      sandwiches contained in the bin.
PAR  Blowers 42, 44 are positioned on base 74 which is spaced from bin floor 32
      and disposed therebeneath. Base 74 is secured to the bottom wall of ducts
      52 and 66 and together extend between internal wall portions 26F, 26R and
      sides 14 to enclose the bottom of chambers 40 and to provide for the
      return of air to air intakes 46, 48 below bin floor 32.
PAR  Some of the heated air, and air from the internal atmosphere of the bin, is
      continuously recycled and returned to the blower section for reheating. As
      shown in FIGS. 1, 2, and 5, the recycled air first passes through filters
      34 at the upper sides of the inner side walls 31. Grease and dust and
      other foreign particles are removed by the filters 34 and the clean air is
      then drawn downwardly through the chambers 40 to below the bin floor 32.
      From there, the air is drawn inwardly below the bin floor, where it is
      again drawn through blower air intakes 46, 48 for reheating and
      recirculation.
PAR  Referring now to FIG. 6, power is supplied via a suitable 240 volt power
      source. A suitable on-off switch 100 operates the circuitry when it is in
      the on position, that is indicated by a power-on indicator lamp 102. Front
      and rear blowers 42, 44 are powered by suitable motors 43, 45,
      respectively.
PAR  A thermocouple 104 (FIG. 1) is provided for indicating the temperature at
      its location, in bin 10. This operates a pyrometer 105 which gives a
      direct temperature reading. The on-off heaters are not controlled by
      thermocouple 104, but rather by thermostats, preferably located near the
      air intakes 46, 48 to sense the temperature of the return air before it is
      heated for recirculation.
PAR  On-off heaters 56 are under the control of a suitable adjustable
      thermostate 106. In the embodiment illustrated, thermostat 106 is of the
      bulb type and has two bulbs, one for each air intake 46, as shown in FIG.
      4. The bulbs are connected by suitable capillary tubing, all of which is
      suitably supported in bin 10, which operates a thermostatic switch to
      energize heaters 56. A suitable lamp 108 is provided to indicate when
      heaters 56 are on. A similar thermostat 110 and indicator lamp 112 are
      provided for the rear on-off heaters 70. A fluorescent lamp 120 is
      provided in the bin to enhance visibility of the contents. Lamp 120 is
      preferably provided with a plastic safety shield to contain glass if, for
      any reason, the lamp should break. A suitable on-off switch 122 is
      provided for lamp 120.
PAR  A typical sandwich bin constructed in accordance with this invention may be
      about 60 inches wide, about 42 inches deep and about 22 inches high at the
      front. The heaters may be finned electric heaters about 55 inches long.
      The filters may be replaceable metal filters which can suitably snap into
      guide channels or spaced clips for retention and easy removal.
PAR  The side walls define chambers approximately two inches wide. Nozzles 60
      and 72 extend across the width of the access openings and are
      approximately 1/4 inch wide. Blowers 42 and 44 at the front and the rear
      at their rated speeds are each capable of moving approximately 187 cfm of
      air through each of the nozzles.
PAR  In using the air curtain bin disclosed herein, sandwiches have been kept
      hot and moist, and for much longer than in prior art sandwich bins, such
      as in those using radiant heat. Sandwiches do not tend to dry out or cool
      as quickly as they do in a radiant heated bin. Further, temperatures
      within the air curtain bin are not only controllable, but they can be
      accurately measured. On the other hand, temperatures in a radiant bin
      cannot be effectively measured; therefore, temperature adjustment and
      attempts at control is guesswork at best.
PAR  The air curtains not only shield the sandwich product from cold air blasts,
      but also act to retain the heat in the sandwich storage area within the
      bin. On the other hand, radiant bins act like chimneys, continually
      allowing cool ambient air to pass over the product, necessitating more
      intensive radiant heat penetration into the product, which in turn
      produces undesired crusting of the sandwiches. Holding temperatures in a
      range of 130.degree.-160.degree.F. are obtainable with the bin of the
      present invention and are maintained quite uniformly throughout the bin.
PAR  Although but one presently preferred embodiment of this invention has been
      disclosed, it will be apparent to those skilled in the art that
      modifications may be made without departing from the spirit and scope of
      this invention. Accordingly, it is not intended to be limited, except
      insofar as may be necessary in accordance with the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sanitary sandwich bin for maintaining elevated temperatures
      therewithin without excessive desiccation of sandwiches kept therein and
      providing front and rear alway-open service openings, comprising a
      housing, said housing including a front wall, a rear wall, a thermally
      insulated top, a pair of side walls and a floor, said front and rear walls
      each defining an always-open service opening substantially across the
      width of the bin through which sandwiches may be inserted and from which
      they may be withdrawn in first-in-first-out order, and guide means for
      guiding rows of sandwiches from the rear service opening to the front
      service opening, front blowers and rear blowers having an intake side and
      a discharge side, a rear air discharge nozzle across the width of the rear
      service opening for discharging an air curtain across the rear service
      opening, a front air discharge nozzle across the width of the front
      service opening for discharging an air curtain across the front service
      opening, separate duct means communicating the discharge of each of said
      front and rear blowers with its respective front and rear nozzles,
      electric heaters in said front and rear ducts for heating the air to be
      discharged through said nozzles, and air-return chambers defined by said
      housing for receiving air from the air curtains and communicating with the
      intake side of said blowers.
NUM  2.
PAR  2. A sanitary sandwich bin in accordance with claim 1 further comprising
      means in said ducts for diffusing the air across the width of said nozzles
      thereby to provide relatively uniform air curtains across the front and
      rear service openings.
NUM  3.
PAR  3. A sanitary sandwich bin in accordance with claim 1 including air filters
      communicating with said chambers to filter the air to be returned to the
      intake sides of said blowers.
NUM  4.
PAR  4. A sanitary sandwich bin in accordance with claim 1 wherein each said
      chamber is defined by one side wall and by a corresponding inner wall
      spaced therefrom which terminates forwardly and rearwardly in said front
      wall and in said rear wall.
NUM  5.
PAR  5. A sanitary sandwich bin in accordance with claim 4 wherein said air is
      drawn through said air chambers by said blowers and beneath said floor for
      return to the blower intake sides.
NUM  6.
PAR  6. A sanitary sandwich bin in accordance with claim 1 wherein said front
      heaters and said rear heaters each comprises a pair of heater means, one
      of said heater means in each pair being always on, and temperature control
      means for the other of said heater means in each pair for selectively
      energizing and de-energizing said other heater means in each pair as the
      temperature sensed increases and decreases.
NUM  7.
PAR  7. A sanitary sandwich bin in accordance with claim 4 wherein said inner
      wall has a top which is spaced from said top of said housing and further
      including air filters which are positioned between said top of each said
      inner wall and said top of said housing in the path of the air to be
      returned to the air intake sides of said blowers.
NUM  8.
PAR  8. A sanitary sandwich bin in accordance with claim 1 wherein said guide
      means comprise open-topped, generally U-shaped chutes.
NUM  9.
PAR  9. A sanitary sandwich bin in accordance with claim 4 wherein each said
      duct has a bottom wall, and said housing further comprises closure means
      merging with said bottom walls, said closure means and said duct bottom
      walls extending between said front wall and said rear wall and between
      said pair of side walls to close off the bottom of said air-return
      chambers.
NUM  10.
PAR  10. A sanitary sandwich bin in accordance with claim 1 wherein the lower
      reaches of said front wall and said rear wall include corresponding
      internal wall portions which, with a portion of said front wall and said
      rear wall, define air chambers through which air may pass by convection to
      keep the lower portions of said front wall and said rear wall cool to the
      touch.
NUM  11.
PAR  11. A sanitary sandwich bin in accordance with claim 1 wherein said ducts
      are tapered to restrict the area through which air passes to increase the
      velocity of the air, and said diffusing means comprises baffles which also
      locally increase the velocity of the air.
NUM  12.
PAR  12. A sanitary sandwich bin in accordance with claim 1 wherein said ducts
      have a front wall provided with openings for receiving the discharge of
      air from said blowers, said front wall preventing air from escaping from
      said ducts.
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ABST
PAL  A receptacle has an end wall with an upper edge against which to crack
      eggs. The bottom of the receptacle extends beyond the end wall to form a
      shelf to catch egg drippings which fall outside of the receptacle. Side
      walls of the receptacle also extend beyond the end wall to form
      reinforcing gussets for the shelf. The opposite end wall is sloped and
      cooperates with the side walls to form an egg-delivery chute. A rib
      projects outwardly of the chute to pivotally engage the lip of a vessel to
      which eggs are delivered when the receptacle is tilted.
BSUM
PAR  This invention relates generally to a kitchen utensil for use in cracking
      the shells of eggs and transferring the eggs to a cooking vessel, or the
      like. More particularly, the present invention comprises an improvement
      over the utensil disclosed and claimed in my copending application Ser.
      No. 396,226 filed Sept. 11, 1973 and entitled "Egg Aid."
PAR  The object of the present invention is to provide an egg cracking device
      and transferring receptacle which is of improved simplicity to facilitate
      low cost of manufacture and which nevertheless is improved in its mode of
      use with respect to safety, convenience, tidiness and reduction in the
      number of broken yolks in the course of transferring eggs to a cooking
      vessel, or the like.
DRWD
PAR  One form of the invention is shown in the accompanying drawings.
PAR  FIG. 1 is a perspective view of a utensil according to the present
      invention;
PAR  FIG. 2 is a sectional view on line 2--2 of FIG. 1;
PAR  FIG. 3 is a front end elevational view of the utensil;
PAR  FIG. 4 is a side elevational view partly in section illustrating an
      egg-transferring use of the utensil.
DETD
PAR  Shown in the drawings is a utensil 10 according to the present invention.
      The utensil comprises a receptacle having a substantially flat bottom 12,
      laterally spaced side walls 14 and longitudinally spaced end walls 16, 18.
      The side walls and end walls arise substantially vertically from bottom
      12. Side walls 14 are substantially parallel to one another and are
      substantially perpendicular to end wall 16.
PAR  End wall 16 has an upper edge 20 which provides a surface against which egg
      shells may be struck for cracking. Surface 20 is preferably upwardly
      concave as illustrated. Bottom 12 extends longitudinally beyond its
      juncture 22 with end wall 16 to form a shelf 24 outside of the receptacle
      and disposed beneath surface 20. Side walls 14 also project longitudinally
      beyond their junctures 26 with end wall 16 and adjoin the sides of shelf
      24 at 28 to form gussets 30 between the shelf and end wall 16. The end
      edges 32 of the gussets extend upwardly at an angle from the free edge 34
      of shelf 24 to the upper side edge portions 36 of end wall 16.
PAR  Wall 18 has a lower portion 40 which adjoins bottom 12 at 42 and which
      extends upwardly and away from end wall 16 at a relatively steep slope.
      End wall 18 has an upper portion 44 which adjoins lower portion 40 in a
      curved juncture 46, upper portion 44 extending upwardly and away from end
      wall 16 at a slope which is less than that of lower wall portion 40. Side
      walls 14 adjoin and cooperate with end wall portions 40, 44 to form a
      chute generally indicated at 48 (FIG. 1) having an open end 50.
PAR  Lower portion 40 of end wall 18 is provided with an outwardly projecting
      external rib 52 generally adjacent its juncture 42 with bottom 12. Rib 52
      has an upwardly disposed surface 54 contoured and dimensioned to be
      pivotally abutted against an upper lip or edge L of a cooking vessel V, or
      the like, FIG. 4.
PAR  In use, bottom 12 of utensil 10 is simply rested upon any convenient
      surface such as a table or counter top. To crack an egg shell, it is
      struck against upper surface 20 of end wall 16, the upward concavity of
      this surface tending to increase the peripheral extent of the crack around
      the shell. The egg is then held over the receptacle between its side and
      end walls and broken open to release the contents into the receptacle.
PAR  During the process of cracking the shell against surface 20, some of the
      relatively fluid egg white frequently drips and runs down the inner and
      outer sides of end wall 16. This is inconsequential as to that part of the
      egg white that runs down into the receptacle. However, it would be
      consequential as to that part of the egg white which runs down the outside
      of end wall 16 because it would create a certain amount of untidiness or
      mess on the table or counter top beneath utensil 10. Shelf 24, however,
      being disposed beneath surface 20, catches such external drippings and
      abates or eliminates this untidy nuisance.
PAR  To transfer the contents of receptacle 10 into a vessel V, or the like,
      edge 54 of rib 52 is simply abutted against the upper lip or edge L of the
      vessel, and the opposite end of receptacle 10 is lifted. This results in a
      pivotal movement of the entire receptacle about the interengaged rib and
      lip and consequent upward tilting of bottom 12. The egg or eggs in the
      receptacle first slide downwardly until they reach lower portion 40 of end
      wall 18 which forms a shelf which momentarily arrests their downward
      movement. This occurs, for example, when receptacle 10 is in about the
      position of FIG. 4. Upon further upward tilting, the eggs slide over
      juncture 46 and upper portion 44 of end wall 18 and then outwardly through
      open end 50 into vessel V.
PAR  This mode of transferring the eggs is very convenient. All one need do is,
      by the use of one hand, abut rib surface 54 against lip L, and tilt
      receptacle 10 upwardly. Several benefits flow from this convenience. First
      of all, the user is induced to position the receptacle immediately
      adjacent the top of vessel V during the transferring procedure so that the
      egg falls only a short distance into vessel V, thus reducing the number of
      yolks broken in the fall. Moreover, the user is induced to utilize the
      arresting effect of lower wall portion 40 of end wall 18 which reduces the
      velocity at which eggs enter vessel V, thereby further reducing the number
      of egg yolks broken in the transfer process.
PAR  Perhaps more importantly, the user is induced to keep his hand away from
      the open top of vessel V which may contain, for example, spattering grease
      thereby minimizing the danger of injury to the user.
PAR  Alternatively to a single, continuous, laterally extending rib 52, a series
      of projections could be employed. Such series of projections might, for
      example, comprise merely two or three projections distributed across the
      outer face of end wall 18. The single continuous rib 52 is preferred,
      however, to facilitate manufacture and to provide maximum resistance to
      wear and adequate lateral stability of receptacle 10 during the egg
      transfer procedure.
PAR  Gussets 30 reinforce shelf 24 and protect it from accidental damage or
      fracture which it might otherwise sustain, for example, should receptacle
      10 be dropped. The slope of edges 32 of the gussets insures convenient
      access to shelf 24 to facilitate removal of any egg drippings which it may
      receive. This slope also generally approximates that of lower portion 40
      of end wall 18, and thus improves the esthetic appearance of the
      receptacle.
PAR  Utensil 10 can be molded by conventional commercial molding procedures from
      a single integral body of any one of a number of commercially available
      plastics such as polycarbonate or nylon. The utensil can thus be very
      inexpensively made.
CLMS
STM  I claim:
NUM  1.
PAR  1. A kitchen utensil for cracking eggs and transferring them to a cooking
      vessel, or the like, comprising,
PA1  a receptacle defined by a bottom, laterally spaced side walls and
      longitudinally spaced end walls extending upwardly from junctures with
      said bottom wall,
PA1  one of said end walls having an upper edge portion which forms a surface
      against which eggs may be struck for cracking,
PA1  said bottom having a portion which extends longitudinally beyond its
      juncture with said one end wall and forms a shelf outside of said
      receptacle and below said upper edge portion for catching egg drippings,
PA1  the other end wall and said side walls having portions which cooperate to
      define a chute having an open end for slidable delivery of eggs from said
      receptacle responsive to tilting said receptacle,
PA1  said other end wall having laterally extending rib means on its exterior
      dimensioned and contoured to pivotally engage an upper surface portion of
      a vessel to facilitate egg-delivery tilting of said receptacle relative to
      such vessel.
NUM  2.
PAR  2. The structure defined in claim 1 wherein said side walls project
      longitudinally beyond said one end wall and form extensions outside of
      said receptacle which adjoin the sides of said shelf.
NUM  3.
PAR  3. The structure defined in claim 2 wherein said shelf has a free end which
      extends between said sides thereof, said extensions having sloped free
      edges which extend at a substantially like angle upwardly from said edge
      of said shelf to said upper edge of said one end wall.
NUM  4.
PAR  4. The structure defined in claim 3 wherein said egg cracking surface is
      upwardly concave.
NUM  5.
PAR  5. The structure defined in claim 3 wherein said other end wall has a first
      portion which adjoins said bottom and extends upwardly along a slope in a
      direction away from said one end wall,
PA1  said other end wall having a second portion which adjoins said first
      portion and which extends upwardly and away from said one end wall along a
      slope which is less than that of said first portion,
PA1  and laterally extending rib means on the exterior of said first portion
      dimensioned and contoured to pivotally engage an upper surface portion of
      a vessel to facilitate egg-delivery tilting of said receptacle relative to
      such vessel.
NUM  6.
PAR  6. The structure defined in claim 5 wherein said bottom is substantially
      flat, said side walls and one end wall extending substantially vertically
      from said bottom, said side walls being substantially parallel to one
      another and substantially perpendicular to said one end wall.
NUM  7.
PAR  7. The structure defined in claim 6 wherein said receptacle is formed
      integrally of a single body of moldable plastic material.
NUM  8.
PAR  8. The structure defined in claim 1 wherein said other end wall is sloped
      upwardly from its juncture with said bottom and away from said one end
      wall.
NUM  9.
PAR  9. The structure defined in claim 1 wherein said other end wall has a first
      portion which adjoins said bottom and which extends upwardly at a
      relatively steep slope, said other end wall having a second portion which
      adjoins said first portion thereof and which extends upwardly along a
      lesser slope than that of said first portion, said rib means projecting
      outwardly from said first portion.
NUM  10.
PAR  10. The structure defined in claim 9 wherein said rib means comprises a
      single rib which extends laterally continuously across said first end wall
      portion between the sides of said receptacle.
NUM  11.
PAR  11. A kitchen utensil for cracking eggs and transferring them to a cooking
      vessel, or the like, comprising,
PA1  a receptacle defined by a bottom, laterally spaced side walls and
      longitudinally spaced end walls extending upwardly from junctures with
      said bottom wall,
PA1  one of said end walls having an upper edge portion which forms a surface
      against which eggs may be struck for cracking,
PA1  the other end wall and said side walls having portions which cooperate to
      define a chute having an open end for slidable delivery of eggs from said
      receptacle responsive to tilting said receptacle,
PA1  said other end wall having laterally extending rib means on its exterior
      dimensioned and contoured to pivotally engage an upper surface portion of
      a vessel to facilitate egg-delivery tilting of said receptacle relative to
      such vessel.
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ABST
PAL  In apparatus for removing roots from bulbs or the like corms, the bulbs are
      thrown upwards towards pairs of cooperating rollers, which catch the roots
      of the bulbs in the nips between the rollers and draw off the roots from
      the bulbs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for removing roots from bulbs
      or the like corms, comprising at least one pair of rollers wherein the two
      rollers of each pair are rotated in opposite directions for pulling off
      the roots of the bulbs.
PAR  Such apparatus is known from Dutch pat. specification No. 7010507 laid open
      to public inspection. The known apparatus comprises a plurality of grooves
      wherein one of the walls of each groove consists of the upper run of an
      endless conveyor belt which extends in horizontal direction as seen in the
      longitudinal direction of the upper run, but, as seen in a direction
      perpendicular thereto, is inclined in order to form a part of one of the
      walls of the groove concerned. The corresponding pair of rollers comprises
      a comparatively thick roller and a smaller roller. The smaller roller is
      arranged at the bottom of the groove and the larger roller is arranged
      side by side and a little above the smaller roller in such a way that a
      part of the circumference of the larger roller forms the other side of the
      groove concerned.
PAR  In using this apparatus, the bulbs is passed along the groove with the
      longitudinally extending axis of the bulb, extending almost parallel with
      one of the side walls of the groove (parallel with the inclined upper run
      of the conveyor band) and with the root end resting against the larger
      roller and in such a way that the bulb, when the conveyor band moves, is
      rotated about its longitudinal axis. During such rotation, the root ball
      may be gripped by the nip between the smaller and larger roller and pulled
      off the bulb. However, if the bulb does not move in the groove with the
      axis thereof orientated as explained above, the tip of the bulb may easily
      be damaged.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus according to the present invention is characterized in that
      the pair or pairs of rollers are arranged above a support for the bulbs
      wherein a moving mechanism abruptly moves the support upwardly towards the
      pair or pairs of rollers. By experiments forming the background of the
      present invention, it has been proved that the movement of the support
      will apply a throwing movement to the bulbs supported by the support. This
      throwing movement will move the bulbs towards the pair or pairs of
      rollers. At the end of this movement, the pair or pairs of rollers can
      catch the roots which hit the pair or pairs of rollers in the vicinity of
      the nips thereof, and if a pair of rollers once has caught a part of the
      root ball on a bulb, such pair of rollers will very gently pull off the
      root ball. Moreover, it has been proved that if the bulbs should be thrown
      towards their rollers with the tips facing the rollers, such tips will not
      be caught and the bulbs will fall back upon the support for being again
      thrown towards the rollers during the next abrupt movement. However, it
      may be appropriate to orientate the bulbs before the throwing movement is
      applied thereby enabling the size of the apparatus to be reduced because
      such orientation will increase the tendency for the root balls to be
      caught during the first throw. In accordance with the present invention,
      such orientation may be achieved by constructing the support in the form
      of a grid, the rods of which form downwardly narrowing grooves
      therebetween. Placed in such grooves the bulbs will have a pronounced
      tendency to be orientated by the support with the root ball facing
      upwards.
PAR  The apparatus according to the present invention involves a further
      advantage because such apparatus in a very simple manner may be combined
      with a plant for sortening the bulbs, inasmuch as the grid of the
      apparatus according to the present invention may be arranged as an
      extension of a throw-screen. Under such circumstances, it is possible to
      move both the throw-screen and the grid by the same moving mechanism.
PAR  Further features of the invention will be apparent from the following
      detailed description of an embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the lower part of an embodiment of the apparatus according to
      the present invention combined with a sorting screen,
PAR  FIG. 2 a side view of the lower part illustrated in FIG. 1,
PAR  FIG. 3 an end view of the lower part illustrated in FIGS. 1 and 2, wherein
      an upper part of the apparatus is indicated in dotted lines,
PAR  FIG. 4 shows a top view of the upper part of the apparatus in increased
      scale,
PAR  FIG. 5 shows a side view of the upper part illustrated in FIG. 4,
PAR  FIG. 6 shows an end view of the upper part of FIG. 4, and
PAR  FIG. 7 shows a drawing illustrating the operation of the apparatus shown.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As it appears from FIGS. 1-3, the lower part of the apparatus shown therein
      comprises a subframe 1 having four legs 2. By means of springs 3,4 an
      inner frame 5 is suspended in the subframe 1. At the left hand end
      thereof, the inner frame 5 supports different screens 6,7 for screening
      bulbs in accordance with their sizes. The portion of the inner frame 5
      shown at the right hand end of FIG. 1 carries a support formed as a grid
      which as a whole is provided with the reference numeral 8. The grid
      consists of grid rods 9 arranged pair by pair and having triangular cross
      section areas with the corners of the triangles facing upwardly. On the
      drawing, only two such pairs of grid rods are shown but it will be
      understood that further pairs of grid rods are arranged along each side of
      the pairs shown. However, for the sake of clarity such further pairs of
      grid rods have been omitted from the drawing. To the sub-frame 1 inwardly
      extending abutments 10 are secured, the lower surface of which are covered
      with felt pieces 11 for cooperation with the top surface of the
      inner-frame 5. The frame 5, which carries the screens 6,7 and the grid 8
      is at the lower surface thereof is provided with two U-formed brackets
      12,13, having lower transversally extending beams 14, FIG. 3. Beams 14
      cooperate with two inclined guiding plates 15,16, FIG. 2. Between the two
      legs 2 at the right hand end of the apparatus in FIG. 2, a motor 18 is
      secured which via a gear train drives an excentric 19, the form of which
      appears clearly from FIG. 3. The excentric is driven by the motor 18 in
      the direction of rotation indicated by the arrow 20, FIG. 3, and
      cooperates with the outer race of a ball bearing 20a which by means of a
      longitudinally extending rod 21 and two transversely extending stays 22 is
      connected to the two downwardly extending brackets 12 and 13. By means of
      a handle 24, FIG. 3, it is possible to adjust the inclination of the
      guiding plates 15 and 16 via a shaft 25 to which the handle 24 is
      connected. The shaft 25 is journalled in bearings (not shown on the
      drawing) secured to the legs 2 and is rigidly connected to the guiding
      plate 16. A connecting member 26 connects the guiding plate 16 and the
      guiding plate 15 which by means of a shaft 27 is journalled in brackets
      (not shown on the drawing) secured to the legs.
PAR  The part of the apparatus illustrated in FIGS. 1-3 works in the following
      way:
PAR  When the motor 18 rotates the excentric 19, the excentric will move the
      frame 5 downwardly due to the cooperation with the ball bearing 20a and
      during such movement the screen plates 6,7 and the grid 8 will be
      subjected to a movement directed downwardly to the left in FIG. 2 due to
      the cooperation between the beams of the two brackets 12,13 and the
      inclined guiding plates 15,16. When the wide portion of the excentric 19
      moves from the position shown in FIG. 3, the excentric will release the
      ball bearing 20a and, accordingly, the springs 3,4 will pull the screen
      plates 6,7 and the grid 8 upwardly. During this movement the inner frame 5
      will be guided by means of the guiding plates 15,16 and the upward
      movement will be interrupted when the frame 5 hits the felt pieces 11 on
      the abutments 10. Due to the abrupt movement, bulbs positioned upon the
      screens 6,7 will be thrown in an inclined direction upwards and to the
      right in FIG. 2. In this way the bulbs will be screened by means of the
      screen plates 6 and 7, as it is generally known from throw-screens. Only
      bulbs having the correct size will pass the last screen 7 and will be
      thrown over upon the grid 8. In the embodiment illustrated on the drawing,
      the grid rods 9 are arranged pair by pair with a distance between two
      adjacent pairs which is a little greater than the distance between the two
      grid rods of each pair. In order to avoid the bulbs from falling down
      through the spacings between adjacent pairs of grid rods, guiding means 28
      as indicated in FIG. 1 are provided, but it will be understood that also a
      grid may be used having equidistant grid rods.
PAR  The apparatus also comprises an upper part 30 indicated in dotted lines in
      FIG. 3. The upper part is shown on an increased scale in FIGS. 4,5 and 6
      and consists of a rectangular upper frame 31 which, as indicated in FIG.
      3, is arranged over the portion of the lower part of the apparatus
      comprising the grid 8. In the upper frame and in the longitudinal
      direction thereof pairs of rollers 32,33 are journalled, of which,
      however, only one pair is shown in FIG. 4, whereas two pairs are shown in
      FIG. 3. From FIG. 3 it will be seen that each pair of rollers is arranged
      directly above the groove formed between each pair of grid rods 9. The two
      rollers of each pair are pressed towards each other by means of springs
      34,35, FIG. 4, and the shaft of each roller is at the right hand end, as
      seen in FIG. 4, provided with a worm gear 37 and 38, respectively. Each of
      the worm gears engages a screw spindle 39 and 40, respectively, journalled
      in the upper frame 31. The screw spindles 39 and 40 are driven at one end
      thereof by means of a motor 42 arranged on the upper frame 31. The two
      screw spindles 39 and 40 are arranged at different levels, viz. so that
      the screw spindle 39 engages the worm gears 37 of the rollers 32 from
      beneath, whereas the spindle 40 engages the worm gears 38 of the rollers
      33 from above. The two spindles 39 and 40 are driven in the same direction
      of rotation by means of the motor 42 via two belts 43 and 44 as shown in
      FIG. 5. Accordingly, the two rollers 32 and 33 of each pair of rollers are
      driven in opposite directions as indicated by the arrows 47 and 48 in FIG.
      7. The rollers are coated with a plastic material available on the market
      under the registered trade mark "Neopren WHV 50-70 shore."
PAR  Above each pair of rollers a suction box 50 is arranged as indicated in
      FIG. 7.
PAR  The apparatus operates as follows:
PAR  After the transfer of the bulbs to the grid by means of the throw-action
      explained above, the bulbs will, due to the inclined walls of the grooves,
      occupy a position inversed with respect to the position the bulbs occupy
      when growing. In other words, the bulb will be orientated with their root
      balls uppermost as shown in FIG. 7. This orientation will result almost
      immediately when the bulbs fall into the grooves. In order to offer the
      bulbs an opportunity to occupy this position, the upper part 30 of the
      apparatus is arranged a little offset to the right with respect to the
      left hand end of the grid 8 as shown in FIG. 5.
PAR  During the throw-movements explained above and applied to the bulbs by
      means of the grid, the root balls of the bulbs will be caught by the nips
      of the pair of rollers 32,33 and it has been proved that if a pair of
      rollers catches only a portion of the root ball of a bulb, the complete
      root ball will be pulled off and sucked out through the box 50 as
      indicated by the arrows 51, FIG. 7. Due to the position which the bulbs
      occupy and due to the reciprocating movement, the bulbs cannot be caught
      anywhere in the apparatus and, accordingly, the root ball is removed in a
      very gentle way.
PAR  In FIG. 7, the grid 8, represented by a pair of grid rods 9, is shown in
      its uppermost position wherein the frame 5 contacts the abutments 10 and
      the throw movement is initiated. In this position the average height h of
      the lowermost portions of the rollers 32,33 above the centers of the bulbs
      is 50-80 mm (depending upon the sizes of the bulbs) and, accordingly, the
      bulbs move the remaining distance up to the rollers solely due to the
      throw movement. Experiments have proved that a speed of the rollers
      amounting to 150-300 revolutions per minute combined with a diameter of
      the rollers between 20-50 mm gives satasfactory results.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for removing roots from bulbs or the like corms, the
      apparatus comprising:
PA1  a plurality of pairs of rollers for engaging the roots of the bulbs;
PA1  an upper frame supporting said pairs of rollers;
PA1  means for rotating rollers of each said pair in opposite directions for
      pulling off the roots of the bulbs;
PA1  bulb supporting means positioned below said pairs of rollers, said
      supporting means being movable between upper and lower positions and being
      spaced a distance below said rollers in said upper position so as to
      accommodate a bulb resting upon said supporting means at a position below
      said rollers;
PA1  means for moving said supporting means downwardly from said upper position
      to said lower position; and,
PA1  means for rapidly moving said support means upwardly towards said upper
      position so as to throw the bulbs from said support means towards said
      rollers to enable the roots to be engaged and removed by said rollers.
NUM  2.
PAR  2. An apparatus as defined in claim 1, wherein said supporting means is
      formed as a grid having a plurality of rods, said rods having a shape such
      as to define downwardly tapering grooves.
NUM  3.
PAR  3. An apparatus as defined in claim 2, wherein said grid is arranged in
      extension of a throw-screen.
NUM  4.
PAR  4. An apparatus for removing roots from bulbs or the like corms, the
      apparatus comprising:
PA1  two frames;
PA1  means for moving one of said frames downwardly with respect to the other of
      said frames to a lower position;
PA1  said other frame supporting a plurality of pairs of rollers;
PA1  means for rotating said rollers of each said pair in opposite directions;
PA1  said one frame including supporting means forming grooves having sloping
      walls for supporting the bulbs;
PA1  abutment means for preventing said supporting means from moving towards
      said pairs of rollers beyond a predetermined upper position, said upper
      position being so selected that a bulb, resting upon said supporting means
      in said upper position is accommodated below said rollers; and,
PA1  spring means connected between said frames and serving to rapidly move said
      supporting means upwardly towards said upper position so as to throw the
      bulbs from said supporting means towards said rollers to enable the roots
      of the bulbs to be engaged and removed by said rollers.
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ABST
PAL  Baling apparatus including a baling chamber and a compression ram mounted
      for reciprocal movement therein and a bale strapping chamber positioned
      adjacent the baling chamber. The cycle is started by positioning a
      strapped bale in the strapping chamber between upper and lower platform
      members. Bale material such as newspapers and cardboard is introduced into
      the baling chamber and the compression ram is reciprocated to
      progressively form a bale against one end of the strapped bale in the
      strapping chamber. During such bale forming operation the newly formed
      bale is gradually pushed between the upper and lower platform members to
      thereby force the strapped bale out from between such platform members on
      to a take-away conveyor. A pair of pivotally mounted gate members are
      mounted on opposite sides of the baling chamber at the exit thereof. The
      take-away conveyor can be tilted to separate the adjacent ends of the
      unstrapped and strapped bales. After the strapped bale has been completely
      pushed from the strapping chamber and separated from the unstrapped bale,
      the gate members are pivoted to retract position to expose all four sides
      of the completed but unstrapped bale in the strapping chamber. A strapping
      mechanism is then actuated to progressively install a series of horizontal
      straps tightly around the bale. When the bale has been completely
      strapped, the side gates are pivoted back to their closed position and the
      operation described above is repeated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  This invention relates to a method and apparatus of forming a bale and more
      particularly relates to automatic apparatus for forming and strapping
      bales of paper or other similar material.
PAR  II. Description of the Prior Art
PAR  As indicated above, this invention relates to apparatus which will form and
      strap a bale automatically with a minimum amount of manual attention.
      Prior automatic baling apparatus known to applicant is shown in U.S. Pat.
      Nos. 3,576,161 and 3,613,556. The present invention provides automatic
      operation but with apparatus of considerably simplified construction and
      therefore of considerably lower cost.
PAC  SUMMARY OF THE INVENTION
PAR  Baling apparatus comprising a bale compression means which includes a
      baling chamber and a compression ram mounted for reciprocal movement
      therein. The bale compression means further includes a pair of pivotally
      mounted gate members mounted on opposite sides of the baling chamber at
      the exit thereof, which gate members are movable between an operating
      position and a retracted position. A bale strapping means is provided
      which includes a bale strapping chamber adjacent the baling chamber. The
      strapping chamber is comprised of upper and lower platform members,
      between which material from the baling chamber is progressively forced by
      the compression ram when the gate members are in operating position to
      thereby progressively form a bale in the strapping chamber. The bale
      strapping means further includes a strapping mechanism adapted when
      actuated to apply a plurality of horizontal straps to the bale when the
      gate members are pivoted to retracted position. A bale take-off conveyor
      is also provided to receive a strapped bale from the bale strapping means
      and transfer it from the baling apparatus.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of one embodiment of a baling apparatus of the
      present invention;
PAR  FIG. 2 is a side elevation view (with some parts broken away) of the baling
      apparatus shown in FIG. 1;
PAR  FIGS. 3, 4, 5 and 6 are fragmentary partially schematic side elevation
      views showing the sequence of operation of the baling apparatus of the
      present invention;
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 2;
PAR  FIG. 8 is a fragmentary top plan view of one of the side gate mechanisms
      employed in the baling apparatus of the present invention; and
PAR  FIG. 9 is a fragmentary side elevation view of that portion of the baling
      apparatus in which the bale is strapped.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, the baling apparatus shown in FIGS. 1
      and 2 is comprised of three basic components, namely: a bale compression
      means 10, a bale strapping means 12 and a bale take-away conveyor means
      14. As shown in FIG. 2, the baling apparatus is supported on suitable
      support members numbered 16, 18 and 20.
PAR  The bale compression means 10 is comprised of a baling or compression
      chamber 22 having a vertically extending feed chute 24 through which the
      material to be baled (such as paper or cardboard) is charged into the
      chamber 22. A compression ram 26 and hydraulic drive cylinder 28 of
      conventional design is mounted adjacent chamber 22. Bale compression means
      also includes a pair of side gate mechanisms 32, 32.
PAR  The strapping means 12 is comprised of a strapping chamber 30 and an
      automatic strapping mechanism 34. As best shown in FIGS. 2 and 7,
      strapping chamber 30 is comprised of a stationary lower deck structure 36
      and a pivotally mounted upper deck structure 38. Deck 38 is pivotally
      mounted at the entrance end of chamber 30 by a pin 40 and is pivotally
      actuated by a pair of hydraulic cylinders 42, 42. Cylinders 42, 42 are
      pivotally mounted at the lower end of support member 20 and are pivotally
      connected at their upper ends to a transverse support member 44 which in
      turn is fastened to upper deck structure 38 by welding or other suitable
      means.
PAR  Side gate mechanisms 32 (FIG. 8) are of identical construction and are
      comprised of a gate member 46 pivotally mounted (by pins 48) on each side
      of the baling chamber 22 at the exit end thereof. Each gate member is
      equipped with four dog members 50 pivotally mounted on the outer faces of
      the gate members by pins 52. The end of each dog projects through openings
      54 in the gate members and the dogs are biased to such projecting
      positions by springs 56 mounted on rods 58 between a shoulder 60 on the
      end of each rod and a bracket 62 fastened to the outer face of the gate
      members. As will be explained in greater detail hereinafter each dog
      member 50 is provided with a camming surface 64 and a restraining surface
      66. Each gate member 46 is pivoted between an operating position as shown
      in solid lines in FIG. 8 and a retracted position as shown in dotted lines
      in FIG. 8 by means of a hydraulic cylinder 68.
PAR  In addition to dog members 50 on gates 32, 32 the exit to the baling
      chamber 22 is also provided with pairs of upper and lower dog members 78,
      each of which is comprised of a pivotally mounted retaining dog member 80
      having an arm 82 for connection to a biasing spring 84 (FIG. 9). A stop
      means 86 comprising a pivotally mounted stop member 88 actuated by a
      cylinder 90 is mounted at the exit of the strapping chamber 30 as best
      shown in FIG. 9. The function and operation of dogs 50 and 80 and stop
      member 88 will be described in detail hereinafter.
PAR  The particular construction of the automatic strapping apparatus 34 for
      strapping the bale in the strapping chamber is not a part of the present
      invention and thus is not shown or described in detail herein.
PAR  Briefly stated, strapping apparatus 34 is comprised of a strapping track 94
      mounted on a support structure 92. Track 94 is automatically indexed to
      its designated vertically spaced positions (FIG. 7) at which positions
      straps 96 are applied to the bale and properly tensioned. The strap is
      then knotted by a twister pinion (not shown) to form a tie. The tie is
      then cut free from the supply wire and ejected from the slot of the
      twister pinion. Automatic strapping apparatus of the type suitable for use
      in the baling apparatus of the present invention is available from United
      States Steel Corporation and identified by the manufacturer as United
      States Steel Automatic Strapping Machine Model 238-00. A knotter mechanism
      suitable for use in the strapping apparatus is shown in U.S. Pat. No.
      3,295,436.
PAR  The bale take-away conveyor means 14 is comprised of a powered conveyor
      mechanism 70 driven by a motor 72. The conveyor 44 is pivotally connected
      at one end to the outlet end of the strapping chamber 30 by pins 74, 74.
      The conveyor can be pivoted between the solid line position and the dotted
      line position of FIG. 2 by means of a hydraulic cylinder 76.
PAC  OPERATION
PAR  Referring particularly to FIGS. 3-6, the description of the operation will
      be best understood by assuming the presence of a strapped bale 78 in the
      strapping chamber 30 as shown in FIG. 3. The making of the initial bale
      can be accomplished in any suitable manner such as temporarily blocking
      the outlet of the compression chamber with boards, then completely forming
      the initial bale in the compression chamber, then pushing the unstrapped
      bale into the strapping chamber and then operating the strapping mechanism
      34 to strap the bale.
PAR  Referring now to FIG. 3, with a strapped bale 78 in the strapping chamber
      and with side gates 32 in closed or operating position and with stop
      member 88 in open position, material 80 is charged into the baling chamber
      22 through feed chute 24. Ram 26 is then reciprocated to compress material
      80 against the end of bale 78. It will be appreciated that as a new bale
      is being formed against the end of the strapped bale 78, bale 78 will be
      frictionally squeezed between upper and lower decks 38 and 36 of the
      strapping chamber with the pressure exerted on the bale being controlled
      by cylinders 42, 42 (see FIGS. 7 and 9).
PAR  As shown in FIG. 4, as reciprocation of ram 26 is continued, the new bale
      82 being formed against the end of bale 78 will progressively force bale
      78 out of the strapping chamber and on to the take-away conveyor means 14.
      The operation of squeezing cylinders 42, 42 is coordinated  with the
      operation of ram cylinder 28 by means of a suitable control system (not
      shown) so that when the ram cylinder pressure exceeds a given value, the
      pressure in the squeezing cylinders will be automatically reduced to
      permit the baling process to continue in a controlled manner to thereby
      form a bale of a predetermined bulk density.
PAR  It will also be noted that as new bale 78 is being formed, the material
      being moved past the inner surfaces of closed side gate members 46 during
      each power stroke of ram 26 will bear against cam surfaces 64 on dog
      members 50. The dog members will be thereby pivoted toward their retracted
      positions to thus permit free movement of the bale material in the power
      stroke direction. When the ram is retracted at the end of each power
      stroke, dogs 50 will be returned to their projecting positions by springs
      56. In such position the restraining surfaces 66 on the dogs will restrain
      the tendency of the baled material to spring back into the compression
      chamber 22 at each side during each retracting stroke of the ram. During
      the above described bale forming or compression operation the ram in its
      forward or compression stroke will travel to the plane of restraining
      surfaces 66 on dogs 50 as indicated by the dotted line A on FIG. 2.
PAR  Reciprocation of ram 26 continues until a new bale 82 is completely formed.
      At this point ram 26 is activated to its maximum stroke position to
      thereby force new bale 82 completely into the strapping chamber (FIG. 5).
      During this stroke ram 26 will travel to the plane of dog members 80, as
      indicated by dotted line B on FIG. 2. This final movement of new bale 82
      will push strapped bale 78 completely out of the strapping chamber onto
      the take-away conveyor 14 (FIG. 5). With the bales 78 and 82 positioned as
      shown in FIG. 5, the baler control system will actuate the conveyor tilt
      cylinder 76 and conveyor motor 72 to thereby tilt the conveyor to the FIG.
      6 position and cause the bale to be transferred off the take-off conveyor
      onto some other conveyor means (not shown). The downward tilting of the
      take-away conveyor will separate the adjacent ends of the bales 78 and 82
      and thereby facilitate the subsequent transfer of the strapped bale from
      the take-away conveyor.
PAR  As the strapped bale is transferred from the baler as described above, side
      gates 32, 32 will be pivoted to their retracted positions by cylinders 68,
      68. At the same time stop member 88 will be actuated to its closed
      position (FIG. 9) by cylinder 90. The closing action of stop member 88
      will push any bale material sticking out the top end of the bale back into
      the bale and thus prevent any interference between the bale and the
      strapping track 94 in the subsequent operation of the strapping means 34.
      It will also be appreciated that when the unstrapped bale reaches
      strapping position (FIG. 5) dog members 80 will assume the position shown
      in FIG. 9 to thereby provide a restraining action on the left end of the
      bale. Thus with the strapped bale 78 removed and gates 32, 32 retracted,
      ram 26 is retracted to expose all four sides of the completed but
      unstrapped bale (FIG. 6). The strapping mechanism 34 is then actuated to
      thereby progressively install a series of horizontal straps 96 tightly
      around the bale. When the bale is completely strapped, gates 32, 32 will
      be pivoted back to their closed position, stop member 88 will be actuated
      to its open position and the operation described above is repeated.
CLMS
STM  We claim:
NUM  1.
PAR  1. Baling apparatus comprising:
PA1  bale compression means including a baling chamber and a compression ram
      mounted for reciprocal movement therein, said bale compression means
      further including a pair of pivotally mounted gate members mounted on
      opposite sides of said baling chamber at the exit thereof, said gate
      members movable between an operating position and a retracted position,
      said gate members when in said operating position operable to serve as a
      partial enclosure of said baling chamber at one end thereof, said gate
      members when in said retracted position exposing said one end of said
      baling chamber;
PA1  bale strapping means including a bale strapping chamber adjacent said
      baling chamber, said strapping chamber comprising upper and lower platform
      members between which material from said baling chamber is progressively
      forced by said compression ram when said gate members are in operating
      position to thereby progressively form a bale in said strapping chamber,
      said bale strapping means further including a strapping mechanism adapted
      when actuated to apply a plurality of straps to a bale when said gate
      members are pivoted to retracted position; and
PA1  bale take-away conveyor means adapted to receive a strapped bale from said
      bale strapping means and transfer it from the baling apparatus.
NUM  2.
PAR  2. A baling apparatus according to claim 1 in which said gate members have
      a plurality of spring biased dog members mounted thereof to restrain the
      tendency of the baled material to spring back into the baling chamber at
      each side during each retracting stroke of said compression ram.
NUM  3.
PAR  3. A baling apparatus according to claim 1 in which said strapping means
      further includes a pivotally mounted stop member mounted at the exit of
      said strapping chamber.
NUM  4.
PAR  4. A baling apparatus according to claim 1 in which said take-away conveyor
      means is comprised of a bale support platform pivotally mounted at one end
      to the exit end of said lower platform member and a means for pivoting
      said support member from a horizontal to a tilted position to thereby
      facilitate separation of the end of the strapped bale and the end of the
      unstrapped bale.
NUM  5.
PAR  5. A baling apparatus according to claim 1 in which said upper platform
      member of said bale strapping chamber is pivotally mounted at one end
      thereof to permit it to pivot towards and away from said lower platform
      member to thereby provide a squeezing force to the top and bottom of the
      bale as it is being formed in said strapping chamber, said strapping
      chamber further including a power cylinder means operatively connected to
      said upper and lower platform members to thereby control the squeezing
      pressure exerted on the bale.
NUM  6.
PAR  6. A baling apparatus according to claim 1 in which said bale strapping
      means further includes a plurality of pivotally mounted spring biased dog
      members mounted at the top and bottom of said bale strapping chamber at
      the entrance end thereof, said dog members adapted to provide a
      restraining action at one end of the unstrapped bale during the strapping
      thereof.
PATN
WKU  039424308
SRC  5
APN  4777875
APT  1
ART  242
APD  19740610
TTL  Trash compactor
ISD  19760309
NCL  37
ECL  1
EXP  Wilhite; Billy J.
NDR  4
NFG  10
INVT
NAM  Day; David Roger
STR  32397 Dolly Madison Drive, Apt. 25B
CTY  Madison Heights
STA  MI
ZIP  48071
INVT
NAM  McElroy; Lucian Grant
STR  2206 Village West Drive North
CTY  Lapeer
STA  MI
ZIP  48446
CLAS
OCL  100 52
XCL  100 53
XCL  100127
XCL  100250
XCL  100269R
XCL  100272
XCL  100295
XCL   53124B
EDF  2
ICL  B30B 1522
FSC  214
FSS  82;83.3
FSC  100
FSS  295;249;250;52;127;53;269 R;245;233;270;271;272;179;187;240;283
FSC   74
FSS  96
FSC   53
FSS  124 B
UREF
PNO  856803
ISD  19070600
NAM  Phillips
XCL  100295
UREF
PNO  872850
ISD  19071200
NAM  Rowekamp
XCL  100295
UREF
PNO  2084806
ISD  19370600
NAM  Hubenet
XCL  100245
UREF
PNO  2293679
ISD  19420800
NAM  Barker
OCL  100187
UREF
PNO  2865286
ISD  19581200
NAM  Newell
OCL  100295
UREF
PNO  3039383
ISD  19620600
NAM  Windle et al.
OCL  100240
UREF
PNO  3100423
ISD  19630800
NAM  Dalba
UCL   74 96
UREF
PNO  3274922
ISD  19660900
NAM  Hefner
OCL  100 52
UREF
PNO  3353478
ISD  19671100
NAM  Hopkins
XCL  100295
UREF
PNO  3580166
ISD  19710500
NAM  Longo
XCL  100 52
UREF
PNO  3772983
ISD  19731100
NAM  Nichols
OCL  100295
LREP
FRM  McGlynn and Milton
ABST
PAL  A compactor assembly for compacting matter including a housing, a compactor
      plate within the housing movable between a retracted position and a
      compacting region for compacting matter wherein the compactor plate is
      inclined with respect to the path of motion in the retracted position and
      moves toward the perpendicular with respect thereto in the compacting
      region, the compactor plate including collapsible means for permitting
      collapse thereof as it approaches the perpendicular.
PAL  In one preferred embodiment, the compactor plate includes stapling means
      for stapling adjacent layers of matter together during the compaction
      process wherein the stapling means includes a plurality of movable teeth.
BSUM
PAR  This invention relates to compactors for compacting waste matter such as
      paper, bottles, cans, organic solids and other trash and waste materials.
PAR  In recent years, the amount of waste matter and refuse produced has
      increased tremendously and continues to increase. Finding satisfactory
      methods for disposing of all this waste matter has become a serious
      problem. Included among the solutions suggested are recycling and the
      using of waste matter as fuel. A major roadblock plaguing many of these
      potential solutions to the disposal problem, however, is the need to
      reduce the bulk waste matter to a form which can be handled easily and
      economically. For this reason, trash compactors must play an important
      role in any economically feasible plan for disposing of trash or refuse.
      Therefore, there is a great need for a compactor which is efficient,
      durable, and relatively simple in design and manufacture, yet is
      inexpensive.
PAR  Heretofore, most of the trash compactors, or related machines for baling,
      employ a compactor plate which is moved by suitable power means into
      compacting engagement with the matter being compacted. During such
      movement, the compactor plate remains in a plane which is perpendicular
      with respect to the direction or path of motion. Consequently, the
      compacting force developed is distributed equally over the entire face of
      the compactor plate, therefore, fixing the force per unit area acting upon
      the matter being compacted. Items of trash which would normally be crushed
      or compressed by the compactor plate can become wedged against the
      compactor plate and prevent further movement thereof. To alleviate such
      problems, trash compactors or balers have been provided with an inclined
      compactor plate which tends to roll the trash along in plow-like fashion
      to prevent jamming or wedging. The compactor plate in such compactors is
      pivotally mounted to the ram or other movable support mechanism so that it
      may assume an upright or perpendicular position when it engages the trash
      to compact the same. However, such devices disclosed having inclined
      compactor plates are subject to a serious defect in that there is a gap or
      space between the upper and lower edges of the compactor plate and the
      adjacent walls of the compactor housing when the compactor plate is in the
      inclined position. These gaps or spaces are, of course, required to allow
      the compactor plate to pivot to the upright or perpendicular. The problem,
      however, is that some of the matter being compacted can pass over or
      beneath the compactor plate and enter the area behind the compactor plate
      and eventually jam the compactor.
PAR  Another problem encountered in compactors or balers heretofore known
      involves the power means for moving the compactor plate. For example,
      compactor plate may be driven by a cylinder and piston arrangement, a
      driven screw, or a mechanical ram. Each of these mechanisms effectively
      move the compactor plate linearly, into and out of compacting engagement
      with the waste matter. The problem, however, is that a great deal of space
      is required for such "linear" actuators. The space requirement is
      particularly acute in vertical compactors since the height of the unit is
      limited by the height of the ceiling. Oftentimes, the height of the
      compactor is reduced by decreasing the length of the linear actuator. This
      is done, however, at the expense of a diminished range of motion in the
      compactor plate. Consequently, in many units, the compactor plate does not
      travel all the way to the end of the compaction cavity, thus reducing the
      efficiency of the compaction process.
PAR  Accordingly, the instant invention provides a compactor plate assembly
      including a compactor plate disposed within a compactor housing movable,
      through suitable power means, between a retracted position and a
      compacting region for compacting matter wherein the compactor plate is
      inclined with respect to the path of motion in the retracted position and
      moves toward the perpendicular with respect thereto in the compacting
      region. The compactor plate includes collapsible means for permitting
      collapse thereof as it approaches the perpendicular. Due to the
      collapsible means, the leading and trailing edges of the compactor plate
      remain in contact with the walls of the housing substantially throughout
      the movement of the compactor plate between the retracted position and the
      compacting region. Additionally, the compactor plate functions in
      plow-like fashion to roll the trash along in front of it to prevent
      jamming. Furthermore, as the compactor plate moves from the inclined
      position toward the perpendicular, a pincer-like crushing action is
      exerted on the trash.
PAR  The power means for moving the compactor plate includes a drive member
      which produces a rotary output and linkage means connecting the drive
      member to the compactor plate for translating the rotational motion of the
      drive member to linear motion. Preferably, the linkage means includes an
      arm member connected to the drive member for rotation therewith and a
      connecting arm pivotally connected to the arm member and to the compactor
      plate.
PAR  When metal cans, or other permanently deformable refuse of like nature, are
      being compacted, it is desirable to produce a cohesive bundle or block of
      compressed material which remains intact without the use of a container or
      of banding material. Accordingly, the instant invention provides a
      compactor plate which includes stapling means for stapling adjacent layers
      of matter together wherein the stapling means includes a plurality of
      movable teeth. The teeth are arranged in such fashion so as to staple
      adjacent layers of the cans together and are movable to permit release
      from the layers after the stapling function has been completed.
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PAR  Other purposes and functions of the instant invention will be readily
      appreciated as the same becomes better understood by reference to the
      following detailed description when considered in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a cross-sectional elevational view of a preferred embodiment of
      the instant invention;
PAR  FIG. 2 is a cross-sectional view taken generally along line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the compactor plate means of the
      instant invention taken generally along line 3--3 of FIG. 1;
PAR  FIG. 4 is a view taken generally along line 4--4 of FIG. 3;
PAR  FIG. 5 is a broken-away enlarged view of a compactor plate constructed in
      accordance with the instant invention;
PAR  FIG. 6 is a view taken generally along line 6--6 of FIG. 5;
PAR  FIGS. 7a, 7b and 7c illustrate the operation of the compactor plate means
      shown in FIG. 5; and
PAR  FIG. 8 is a schematic view of a power system for use with the instant
      invention.
DETD
PAR  Referring to the drawings, a compactor assembly for compacting matter is
      generally shown at 10 in FIGS. 1 and 2. The compactor assembly 10 includes
      a housing, generally indicated at 12, having a plurality of walls 14 of
      suitable structural material which form a cavity 16 within the housing 12.
      The side walls 14 of the housing 12 may be provided with depending
      extensions 18 which serve as legs to support the compactor assembly 10 in
      a horizontal position as shown. It is noted, however, that the horizontal
      compactor assembly 10 is shown by way of example and that the instant
      invention is similarly applicable to a vertical or upright compactor
      assembly. The housing 12 is further provided with a loading door 20
      through which waste matter can be introduced into the housing 12 and an
      unloading door 22 through which the waste matter can be removed from the
      housing 12 after compaction. Both of the doors 20 and 22 are provided with
      suitable hardware (not shown) such as hinges and latches for permitting
      opening and closing movement of the doors 20 and 22 and for securing the
      doors in the closed position.
PAR  The floor of the housing 12 may be provided with one or more drain openings
      21 to permit escape of liquids squeezed from the waste matter being
      compacted. A drain pan (not shown) may be disposed beneath the housing 12
      to cath the liquids escaping through the drain openings 21 or suitable
      drainage pipes may be connected to the drain openings 21 to conduct the
      escaping liquids to a sanitary drain or the like.
PAR  The portion of the cavity 16 of the housing 14 adjacent the unloading door
      22 is adapted to receive a container 23, such as a hard paper box, open at
      its inner end 25, into which the waste matter may be compacted. In the
      compactor assembly shown, the interior surfaces of the walls 14 are
      suitably recessed so that the walls of the container 23 will be flush with
      the remaining wall sections. In some cases it will not be necessary to
      employ the container 23. In such cases, a liner, open at both ends, is
      employed to fill the recessed areas of the walls 14.
PAR  Compactor plate means, generally indicated at 24, is disposed within the
      housing 12 and is movable by suitable power means, generally shown at 26,
      between a retracted position, shown in FIG. 1 in solid lines, and a
      compacting region for compacting matter. The compacting region generally
      comprises the open space between the compactor plate means 24 in the
      retracted position and the unloading door 22, which region is available
      for receiving waste matter. As shown in FIG. 1, the compactor plate means
      24 is inclined or tilted with respect to the path of motion in the
      retracted position and moves toward the perpendicular with respect to the
      path of motion in the compacting region. The perpendicular position of the
      compactor plate means 24 is shown in phantom in FIG. 1.
PAR  The height of the compactor plate means 24 must be greater in the inclined
      position to cover the distance between the upper and lower walls 14 of the
      housing 12 than in the upright or perpendicular position. Accordingly, the
      compactor plate means 24 includes collapsible means, generally indicated
      at 28, for permitting collapse of the compactor plate means as it
      approaches the perpendicular. In other words, the compactor plate means 24
      includes a leading edge 30 and a trailing edge 32 wherein the distance
      between the edges 30 and 32 diminishes as the compactor plate means 24
      approaches the perpendicular.
PAR  More specifically, the compactor plate means 24 includes a body member 34
      having an internal cavity 36 for telescopically receiving a retractable
      member 38. The collapsible means 28 includes resilient means, such as the
      coil spring members 40, disposed between the body member 34 and the
      retractable member 38 for permitting collapse of the compactor plate means
      24 by telescopic movement between the body member 34 and the retractable
      member 38. The coil spring members 40, however, also urge expansion of the
      compactor plate means 24; that is, the coil spring members 40 urge the
      retractable member 38 to the extended position.
PAR  The body member 34 is provided with a plurality of spring-retaining pins 42
      which are in axial alignment with spring-receiving bores 44 in the
      retractable member 38. As shown in FIG. 3, the body member 34 and the
      retractable member 38 are provided with eight sets of spring-retaining
      pins 42 and spring-receiving bores 44; however, only four of the sets are
      provided with coil spring members 40. Accordingly, additional coil spring
      members 40 may be added for increasing the spring force or resistance to
      collapse which is afforded by the coil spring members 40. Conversely, one
      or more of the coil spring members can be removed to reduce the spring
      force resisting collapse of the compactor plate means 24.
PAR  The compactor plate means also includes guide means, generally indicated at
      46, for guiding the movement between the body member 34 and the
      retractable member 38. The guide means 46 includes a plurality of guide
      slots 48 in the retractable member 38 and a plurality of guide pins 50 in
      the body member 34 which are in cooperating engagement with the guide
      slots 48. As shown in FIG. 4, the guide pins 50 extend between the forward
      walls 52 and rear wall 54 of the compactor plate means 24.
PAR  The rear wall 54 of the compactor plate means 24 may be provided with
      reinforcing ribs 56 for increasing the structural strength of the
      compactor plate means.
PAR  In operation, waste matter is introduced into the cavity 16 through the
      loading door 20. The loading door 20 is then closed and locked in place
      and the power means 26 is activated to move the compactor plate means 24
      toward the left, as viewed in FIG. 1. Initially, as the compactor plate
      means 24 advances through the compacting region, it remains in the
      inclined or tilted position. Due to the inclined position of the compactor
      plate means 24, the waste matter will be moved or rolled by the plow-like
      action of the compactor plate means 24. Consequently, elongated objects
      which would normally tend to wedge between the compactor plate means 24
      and the unloading door 22 are picked up by the leading edge 30 of the
      retractable member 38 and lifted out of the way.
PAR  During the initial plowing action of the compactor plate means 24, the
      retractable member 38 remains extended due to the force of the spring
      members 40. Eventually, however, as enough waste matter is built up and
      compressed against the unloading door 22, the force exerted on the leading
      edge 30 of the retractable member 38 begins to overcome the force of the
      spring members 40. When this occurs, the retractable member 38 moves
      telescopically into the body member 34 and the compactor plate means 24
      moves toward the perpendicular due to the force exerted behind the
      compactor plate means 24 by the power means 26. Such movement toward the
      perpendicular is unrelated to the location of the compactor plate means 24
      in the housing 12, but depends on the amount of compacted matter therein.
      As more waste matter is introduced into the compactor assembly during
      subsequent compacting cycles, the compactor plate means 24 will move
      toward the perpendicular at positions farther removed to the right from
      the unloading door. For purposes of illustration, FIG. 1 shows the final
      position of the compactor plate means 24 when the compactor assembly is
      empty. In other words, the compactor plate means 24 remains in the
      inclined position until the retractable member 38 meets the unloading door
      22. The unloading door 22 resists further forward motion of the
      retractable member 38 so that the compactor plate means 24 moves toward
      the perpendicular.
PAR  Due to the spring force, the compactor plate means 24 does not pivot freely
      toward the perpendicular. The reaction force of the matter being compacted
      must always exceed the spring force. Consequently, a pincer-like force is
      exerted on the matter as the compactor plate means moves toward the
      perpendicular. This pincer-like action tends to concentrate the force
      exerted by the power means 26, thereby increasing the compacting
      capability. Such pincer-like action is particularly helpful in crushing
      hard objects such as glass bottles and metal cans. Another important
      feature is that the spring members 40 keep the leading edge 30 and
      trailing edge 32 in constant engagement with the adjacent walls 14 to
      prevent gaps.
PAR  As indicated above, the compactor assembly 10 includes power means 26 for
      moving the compactor plate means 24 between the retracted position and the
      compacting region. It should be apparent that a number of various
      mechanical, electrical or hydraulic power sources which produce a linear
      output only may be employed successfully in the compactor assembly 10 to
      provide the power means. However, the specific power means is particularly
      well suited for the compactor assembly 10 and contribute advantages to the
      compactor assembly 10 which have heretofore been unknown since it
      comprises a drive mechanism producing a rotary output.
PAR  Specifically, the power means 26 includes drive means comprising a
      hydraulically driven rotary actuator 58 of well known design. More
      specifically, and referring to FIG. 8, the rotary actuator 58 includes a
      rotatably supported shaft 60 within the actuator to which a vane 62 is
      attached. The vane 62 and an internal wall 64 define two cavities within
      the rotary actuator 58. Supplying hydraulic fluid, under pressure, to one
      of the cavities causes the vane 62 and the shaft 60 to rotate due to the
      generally incompressible nature of the hydraulic fluid.
PAR  With reference to FIG. 1, the rotatable shaft 60 includes an integral shaft
      extension 62 extending from each side thereof. Linkage means, generally
      indicated at 64, connects the compactor plate means 24 to the shaft
      extension 62 of the rotary actuator 58 for translating the rotational
      output of the rotary actuator 58 into linear motion for moving the
      compactor plate means 24. The linkage means 64 includes a pair of arm
      members 66 which are connected to the shaft extensions 62 for rotational
      movement therewith. A pair of connecting arms 68 are pivotally attached to
      each of the arms 66 by pins 70 and to the rear wall 54 of the body member
      34 of the compactor plate means 24 by pins 72. To provide the connection
      between the connecting arms 68 and the compactor plate means 24, the rear
      wall 54 thereof is provided with a pair of rearwardly extending,
      triangularly shaped flange portions 74, each of which includes a pair of
      slots 76 for receiving the ends of the connecting arms 68. The ends of the
      connecting arms and the flange members 74 include apertures for receiving
      the pins 72 to complete the pivotal connection.
PAR  Although a hydraulically driven rotary actuator is described, it is noted
      that other drive means may be employed which gives a rotary output. In
      other words, any mechanical, electrical, or hydraulic unit which produces
      a rotary drive may be employed to move the compactor plate means 24, such
      units being generally characterized as "rotary" actuators. The use of a
      rotary actuator saves space, an attribute which is particularly important
      in vertical compactor assemblies. Since the range of motion of the
      compactor plate means 24 is less dependent upon space limitations due to
      the use of a rotary actuator, the length of the arm members 66 and
      connecting arms 68 are made so that the compactor plate means 24 is
      capable of traveling the entire distance to the end of the compaction
      cavity 16, in short, all the way to the unloading door 22. Furthermore,
      since the linkage mechanism is structurally more stable than many of the
      cylinder-piston arrangements, guide rails within the compactor housing for
      guiding the compactor plate can be eliminated.
PAR  The power means 26 further includes fluid pump means for providing
      hydraulic fluid, under pressure, to the rotary actuator 58. The fluid pump
      means comprises a pump 76 and a motor 78 for driving the pump. The rotary
      actuator 58, the pump 76, and the motor 78 may all be secured to the
      bottom wall 14 of the compactor assembly 10 by means of an anchor plate
      80. Suitable bolts (not shown) extend between the individual elements and
      the anchor plate 80 to hold the elements in place. Included in the power
      means 26 is control means, generally shown at 82 in FIG. 8, for
      controlling the movement of the compactor plate means 24. The control
      means 82, shown in schematic in FIG. 8, is a suitable hydraulic control
      system for operating the compactor assembly 10. It is noted, however, that
      various other control systems may be designed which provide comparable
      results once the intended functions of the control means 82 is recognized.
      The specific arrangement of the control means 82 is, therefore, intended
      to be exemplary only and the invention is not limited to the specific
      details thereof.
PAR  Appropriate electronic circuitry is provided for cooperation with the
      control means for operating the compactor assembly 10. Generally, the
      electronic circuitry includes a main "on" switch for initially activating
      the motor 78 and pump 76. A sequencing device is also provided which
      automatically reverses the direction of motion of the compactor plate
      means 24 after it has completed its compacting function to return it to
      the retracted position and also automatically shuts the power off when the
      compactor plate means 24 reaches the retracted position. The design of
      such a sequencing device is well within the capability of the skilled
      technician and, therefore, the specific details thereof need not be shown
      due to the many possible alternatives. Suffice it to say that the specific
      electronic circuitry is not critical to the operation of the compactor
      assembly and that the following description is made for the purpose of
      setting forth the best mode of operation presently known.
PAR  The control means 82 includes a hydraulic fluid reservoir 84 which is
      connected to the pump 76 through a line 86. Hydraulic fluid, under
      pressure, passes from the pump 76 through a main supply line 88 which
      divides into two branches 90 and 92. Fluid flow through the branches 90
      and 92 is controlled by means of a rotary valve 94. In other words, the
      position of the rotary valve 94 determines whether fluid will be permitted
      to pass from branch 92 to branch 92a to supply hydraulic fluid to the left
      side of the rotary actuator 58 or from branch 90 to branch 90a to supply
      fluid to the right side of the rotary actuator 58. Another rotary valve 96
      is provided for controlling the flow of hydraulic fluid away from the
      rotary actuator 58 to a main return line 98 which returns the hydraulic
      fluid to the reservoir 84. To accommodate return flow, both of the
      branches 92a and 90a include return lines 100 and 102, respectively, which
      are connected to the second rotary valve 96.
PAR  By way of example, when the rotary valves 94 and 96, which act in unison,
      are in the positions shown in FIG. 8, hydraulic fluid is conducted through
      the main supply line 88, branch 92, rotary valve 94, and branch 92a to the
      left side of the rotary actuator 58. The pressure of the hydraulic fluid
      forces the vane 62 and the shaft 60 to rotate in a counterclockwise
      direction. Counterclockwise motion of the shaft 60 tends to move the
      compaction plate means 24 in a direction from the retracted position
      through the compacting region. Hydraulic fluid on the right side of the
      rotary actuator 58 escapes through branch 90a, line 102, rotary valve 96,
      and main return line 98 to the reservoir 84. Reversing the rotary valves
      94 and 96 causes hydraulic fluid to flow through branch 90, rotary valve
      94, and branch 90a to the right side of the rotary actuator 58, thereby
      causing the vane 62 and the shaft 60 to rotate in a clockwise direction.
      Clockwise rotation of the shaft 60 tends to move the compactor plate means
      24 from the compacting region to the retracted position. Hydraulic fluid
      escapes from the left side of the rotary actuator through branch 92a, line
      100, rotary valve 96, and main return line 98 to the reservoir 84.
PAR  The control means further includes pressure responsive means 104 responsive
      to a predetermined level of pressure exerted by the compactor plate means
      24 on the matter being compacted for returning the compactor plate means
      24 to the retracted position from the compacting region. More
      specifically, when the compactor assembly 10 is being loaded, the
      compactor plate means 24 is in the retracted position, as shown in FIG. 1.
      When the pump 76 is activated by the main switch to start the compaction
      process, the rotary valves 94 and 96 are in the positions shown in FIG. 8
      and hydraulic fluid is supplied to the left side of the rotary actuator
      58, thereby causing the compactor plate means 24 to move from the
      retracted position through the compacting region. As the compactor plate
      means 24 meets the compresses the matter to be compacted, resistance to
      further movement of the compactor plate means 24 increases, thereby
      creating a pressure buildup in main supply line 88. When the pressure
      buildup reaches a predetermined level, the pressure responsive means 104,
      which is connected to the electric sequencing device by leads 105, causes
      the sequencing device to reverse the positions of the rotary valves 94 and
      96 through a switching device 106. Reversing the direction of flow through
      the rotary actuator 58 moves the compactor plate means 24 from the
      compacting region to the retracted position.
PAR  When the compactor plate means 24 reaches the retracted position, the arms
      66 engage rest pads 109 which prevent further motion and the pressure in
      the main supply line 88 again builds up. When the pressure in main supply
      line 88 again reaches the predetermined level, the pressure responsive
      means 104 produces a signal. The second signal transmitted by the pressure
      responsive means 104 causes the sequencing device to shut off the power to
      the pump 76. In other words, the first signal from the pressure responsive
      means 104 causes the sequencing device to reverse the rotary valves 94 and
      96 to automatically move the compactor plate means 24 toward the retracted
      position after compaction, and the second signal from the pressure
      responsive means 104 causes the sequencing device to automatically shut
      off the power. Alternatively, an electric switch may be provided which is
      thrown when the compactor plate means reaches the retracted position to
      shut off the power. In short, it is only necessary that the control means
      includes some type of first power shutoff means for stopping the motion of
      the compactor plate means 24 when it reaches the retracted position.
PAR  After the compactor plate means 24 has completed one cycle, that is, after
      it has moved from the retracted position, compacted the matter in the
      compacting region and returned to the retracted position, additional waste
      matter may be introduced for compaction. In other words, the compactor
      assembly 10 is loaded and recycled a number of times until the compacted
      waste matter fills the volume of the housing available for compaction
      purposes. When such volume is filled, it is desirable to disable the
      compactor assembly to prevent introduction of additional waste matter
      which would be excessive. Accordingly, power shutoff means is provided for
      stopping the motion of the compactor plate means in the compacting region
      when the compactor plate means becomes perpendicular at a predetermined
      location in the housing corresponding to a filled condition.
PAR  This predetermined position is reached when the compactor plate means 24 is
      no longer capable of moving to the left from the retracted position as
      shown in FIG. 1. In other words, the compacted waste matter fills the
      entire, generally rectangular, space between the unloading door 22 and the
      leading edge 30 of the retractable member 38 defined by the container 21.
      Accordingly, when this situation exists, the compactor plate means 24
      merely pivots about its leading edge 30 as it moves from the inclined
      position toward the perpendicular without any substantial forward linear
      movement. To shut the power off under these conditions, an electric switch
      108 is disposed on the bottom wall 14 of the housing, as shown in FIG. 1.
      The electric switch 108 is connected to a solenoid-operated valve 112 in
      the main supply line 88. When the compactor plate means 24 reaches the
      perpendicular position adjacent the switch 108, a lever 110 on the body
      member 34 throws the switch 108 thereby activating the solenoid-operated
      valve 112 in the main supply line 88 to shut off fluid flow to the rotary
      actuator 58. The switch 108 may also be employed to activate
      solenoid-actuated latch members for locking the loading door 20 closed.
      Accordingly, further loading or operation of the compactor assembly 10 is
      precluded. The compactor assembly 10 must then be unloaded by opening the
      unloading door 22. Such operations function to reset the switch 108 and to
      release the loading door 20 to permit subsequent operation of the
      compactor assembly.
PAR  The main supply line 88 is also connected to the reservoir through a line
      114 which includes a relief valve 116. In the event that the pressure in
      line 88 builds up to an excessive level due to some malfunction in the
      system, the relief valve 116 opens to allow hydraulic fluid to pass from
      the main supply line 88 to the reservoir 84 to prevent damage to the
      components of the assembly. The main supply line 88 also includes a check
      valve 118 to prevent backflow through the pump 76. Consequently, the
      compactor assembly 10 may be manually shut off when the compactor plate
      means 24 is exerting compacting pressure on the waste matter to maintain
      such pressure on the waste matter when the compactor assembly is not in
      use.
PAR  Oftentimes, waste matter which is being compacted is relatively permanently
      deformable, such as when metal cans are being crushed. In such instances,
      it is desirable that the cans be joined in some manner so as to produce a
      cohesive bundle or block which will remain intact without the use of a
      container or banding material. Accordingly, compactor plate means,
      generally shown at 120 in FIG. 5, includes stapling means for stapling
      adjacent layers of matter together. The stapling means includes a
      plurality of movable teeth 122 which are supported in parallel rows by
      movable support bars 124. As best shown in FIG. 6, the teeth 122 in each
      row face in a direction opposite to that of immediately adjacent rows such
      that adjacent rows move in opposite directions as will become better
      understood hereinafter.
PAR  Each of the teeth 122 extends through an elongated aperture 126 disposed in
      a support plate member 128. The support plate member 128 is adapted for
      attachment to the forward face 52 of the compactor plate means 24. The
      support plate member 128 is preferably removably connected to the forward
      face 52 of the compactor plate means 24 so that it may be mounted or
      removed therefrom in view of the waste matter to be compacted. In other
      words, the stapling means 120 would not generally be required when paper,
      cardboard, or organic wastes are being compacted. In such cases, the
      stapling means 120 can be removed until such time that metal cans are
      being compacted.
PAR  Each of the movable teeth 122 includes a first cam surface 130 engageable
      with the matter being compressed for moving the tooth 122 in a first
      direction and a second cam surface 132 engageable with the matter being
      compressed for moving the tooth 122 in a second direction. The teeth 122
      also include deforming means 134 for deforming the matter laterally with
      respect to the path of motion of the compactor plate means 24 while the
      teeth 122 are moving in the first direction. FIGS. 7a, 7b and 7c
      illustrate the operation of the stapling means. In these figures, layers
      of material 136 are shown by way of example only. Of course, in actual
      operation of the compactor plate means 24, it would simultaneously crush
      and staple the cans together. For convenience, the waste matter is shown
      in layers and these figures merely illustrate the movement of the teeth
      122.
PAR  Specifically, when the teeth first engage the matter to be operated upon,
      they are positioned at the side of the aperture 126 adjacent the first cam
      surface 130 as shown in FIG. 6. As shown in FIG. 7, the teeth 122 remain
      stationary with respect to the elongated aperture 126 during initial
      penetration of the waste matter 136. However, as the compactor plate means
      advances toward the matter 136 causing further penetration of the teeth
      122, the matter engagess the first cam surface 130 and forces the teeth
      122 to move laterally with respect to the direction of motion of the
      compactor plate means (as indicated by the arrows in FIG. 6). Such lateral
      motion causes the deforming means 134, comprising a laterally extending
      shoulder, to move or deform the matter 136 laterally. Keeping in mind that
      adjacent rows of teeth are moving in the opposite direction, the lateral
      movement of material is sufficient to staple or lock adjacent rows of
      matter 136 together. The extent of lateral motion of the teeth 122 is
      limited by the length of the elongated aperture so that the teeth 122 come
      to rest. In other words, when the teeth 122 engage the end of the aperture
      126 adjacent cam surface 132, lateral motion is terminated.
PAR  When the compactor plate assembly is moved away from the matter 136 toward
      the retracted position, it is necessary to release the teeth 122 from the
      matter in such a manner so as to prevent pulling the layers of matter
      apart. In other words, it is necessary to maintain the stapled condition.
      This function is accomplished by the second cam surface 132 which engages
      the matter 136 upon withdrawal to move the teeth 122 in a second
      direction, opposite to the first direction, to disengage the deforming
      shoulder 134 from the matter. By way of example, the tooth 122 shown in
      FIG. 7 moves to the left as the compactor plate means 24 moves away from
      the matter. In this way, the teeth 122 can be removed without disturbing
      the stapled condition. Accordingly, layers of matter, such as metal cans,
      can be built up into a cohesive block or bundle for easy handling upon
      removal.
PAR  The invention has been described in an illustrative manner, and it is to be
      understood that the terminology which has been used is intended to be in
      the nature of words of description rather than of limitation.
PAR  Obviously, many modifications and variations of the instant invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that the invention may be practiced otherwise than as
      specifically described and yet remain within the scope of the depending
      claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A compactor assembly for compacting matter comprising: a housing,
      compactor plate means within said housing movable along a path of motion
      between a retracted position and a compacting region for compacting matter
      wherein said compactor plate means is inclined with respect to the path of
      motion in said retracted position and moves toward the perpendicular with
      respect thereto in said compacting region, said compactor plate means
      including a leading edge and a trailing edge, said edges being in
      continuous contact with opposite surfaces of said housing, and means
      mounting said edges for permitting relative movement therebetween to
      reduce the distance between said edges as said compactor plate means
      approaches the perpendicular whereby said edges contact the walls of said
      housing throughout the movement of said compactor plate means, and power
      means for moving said compactor plate means.
NUM  2.
PAR  2. An assembly as set forth in claim 1 wherein said means is collapsible
      and includes resilient means for urging expansion of said compactor plate
      means.
NUM  3.
PAR  3. An assembly as set forth in claim 2 wherein said compactor plate means
      includes a body member and a retractable member.
NUM  4.
PAR  4. An assembly as set forth in claim 3 wherein said body member includes an
      internal cavity for telescopically receiving said retractable member.
NUM  5.
PAR  5. An assembly as set forth in claim 4 wherein said resilient means
      includes at least one spring member disposed between said body member and
      said retractable member.
NUM  6.
PAR  6. An assembly as set forth in claim 5 wherein said compactor plate means
      includes guide means for guiding the movement between said body member and
      said retractable member.
NUM  7.
PAR  7. An assembly as set forth in claim 6 wherein said guide means includes a
      plurality of guide slots in said retractable member and a plurality of
      guide pins in said body member in cooperating engagement with said guide
      slots.
NUM  8.
PAR  8. An assembly as set forth in claim 7 wherein said retractable member
      includes a plurality of spring-receiving bores.
NUM  9.
PAR  9. An assembly as set forth in claim 8 wherein said body member includes a
      plurality of spring retaining pins in axial alignment with said
      spring-receiving bores.
NUM  10.
PAR  10. An assembly as set forth in claim 9 wherein said compactor plate means
      includes stapling means for stapling adjacent layers of matter together,
      said stapling means including a plurality of movable teeth.
NUM  11.
PAR  11. An assembly as set forth in claim 10 wherein said stapling means
      includes a support plate member and a plurality of elongated apertures in
      said support plate member, each aperture receiving one of said movable
      teeth for limiting the extent of movement thereof.
NUM  12.
PAR  12. An assembly as set forth in claim 11 wherein each of said movable teeth
      includes a first cam surface engageable with the matter being compacted
      for moving said teeth in a first direction and a second cam surface
      engageable with the matter for moving said teeth in a second direction.
NUM  13.
PAR  13. An assembly as set forth in claim 12 wherein said stapling means
      includes a plurality of support bars for supporting said teeth in parallel
      rows.
NUM  14.
PAR  14. An assembly as set forth in claim 13 wherein said teeth in each row
      face in a direction opposite to that of immediately adjacent rows such
      that adjacent rows move in opposite directions.
NUM  15.
PAR  15. An assembly as set forth in claim 14 wherein said rows of teeth extend
      transversely of the path of motion of said compactor plate means.
NUM  16.
PAR  16. An assembly as set forth in claim 15 wherein said power means includes
      control means for controlling the movement of said compactor plate means,
      said control means including first power shutoff means for stopping the
      motion of said compactor plate means when it reaches the retracted
      position and second power shutoff means for stopping the motion of said
      compactor plate means in the compacting region when the compactor plate
      means becomes perpendicular at a predetermined location in said housing.
NUM  17.
PAR  17. An assembly as set forth in claim 16 wherein said control means
      includes pressure responsive means responsive to a predetermined level of
      pressure exerted by said compactor plate means on the matter for returning
      the compactor plate means to the retracted position from the compacting
      region.
NUM  18.
PAR  18. An assembly as set forth in claim 17 wherein said power means includes
      a rotary actuator means and linkage means for connecting said actuator
      means to said compactor plate means.
NUM  19.
PAR  19. An assembly as set forth in claim 18 wherein said rotary actuator means
      is hydraulically driven and said power means includes fluid pump means for
      providing fluid to said rotary actuator means and valve means for
      controlling the direction of flow through said rotary actuator means.
NUM  20.
PAR  20. An assembly as set forth in claim 1 wherein said compactor plate means
      includes stapling means for stapling adjacent layers of matter together,
      said stapling means including a plurality of movable teeth.
NUM  21.
PAR  21. An assembly as set forth in claim 20 wherein said stapling means
      includes a support plate member and a plurality of elongated apertures in
      said support plate member, each aperture receiving one of said movable
      teeth for limiting the extent of motion thereof.
NUM  22.
PAR  22. An assembly as set forth in claim 21 wherein each of said movable teeth
      includes a first cam surface engageable with the matter being compressed
      for moving said tooth in a first direction and a second cam surface
      engageable with the matter being compressed for moving said tooth in a
      second direction.
NUM  23.
PAR  23. An assembly as set forth in claim 22 wherein said teeth include
      deforming means for deforming matter laterally with respect to the path of
      motion of the compactor plate means.
NUM  24.
PAR  24. An assembly as set forth in claim 23 wherein said stapling means
      includes a plurality of support bars for supporting said teeth in parallel
      rows.
NUM  25.
PAR  25. An assembly as set forth in claim 24 wherein said teeth in each row
      face in a direction opposite to that of immediately adjacent rows such
      that adjacent rows move in opposite directions.
NUM  26.
PAR  26. An assembly as set forth in claim 25 wherein said rows of teeth extend
      transversely of the path of motion of said compactor plate means.
NUM  27.
PAR  27. An assembly as set forth in claim 1 wherein said power means includes
      control means for controlling the movement of said compactor plate means,
      said control means including first power shutoff means for stopping the
      motion of said compactor plate means when it reaches the retracted
      position and second power shutoff means for stopping the motion of said
      compactor plate means in the compacting region when the compactor plate
      means becomes perpendicular at a predetermined location in said housing.
NUM  28.
PAR  28. An assembly as set forth in claim 27 wherein said control means
      includes pressure responsive means responsive to a predetermined level of
      pressure exerted by said compactor plate means on the matter for returning
      the compactor plate means to the retracted position from the compacting
      region.
NUM  29.
PAR  29. An assembly as set forth in claim 28 wherein said power means includes
      rotary actuator means and linkage means connecting said actuator means to
      said compactor plate means.
NUM  30.
PAR  30. An assembly as set forth in claim 29 wherein said rotary actuator means
      is hydraulically driven and said power means includes fluid pump means for
      providing fluid to said rotary actuator means and valve means for
      controlling the direction of flow through said rotary actuator means.
NUM  31.
PAR  31. A compactor plate assembly comprising:
PA1  a movable compactor plate member, stapling means carried by said compactor
      plate member for stapling adjacent layers of matter together, said
      stapling means including a plurality of movable teeth, support bars for
      supporting said teeth, a support plate member, a plurality of elongated
      apertures in said support plate member, each aperture receiving one of
      said movable teeth for limiting the extent of travel thereof during
      relative motion between said support bars and said support plate member.
NUM  32.
PAR  32. An assemly as set forth in claim 31 wherein each of said movable teeth
      includes a first cam surface engageable with the matter for moving said
      tooth in a first direction and a second cam surface engageable with the
      matter for moving said tooth in a second direction.
NUM  33.
PAR  33. An assembly as set forth in claim 32 wherein said teeth include
      deforming means for deforming matter laterally with respect to the path of
      motion of the compactor plate means.
NUM  34.
PAR  34. An assembly as set forth in claim 32 wherein said teeth in each row
      face in a direction opposite to that of immediately adjacent rows such
      that adjacent rows move in opposite directions.
NUM  35.
PAR  35. An assembly as set forth in claim 34 wherein said rows of teeth extend
      transversely of the path of motion of said compactor plate means.
NUM  36.
PAR  36. A compactor assembly for compacting matter comprising: a housing,
      compactor plate means within said housing movable between a retracted
      position and a compacting region for compacting matter wherein said
      compactor plate means is inclined with respect to the path of motion in
      said retracted position and moves toward the perpendicular with respect
      thereto in said compacting region, said compactor plate means including a
      body member, a retractable member retractably associated with said body
      member, and resilient collapsible means acting between said body member
      and said retractable member for permitting collapse of said compactor
      plate means as it approaches the perpendicular, and power means for moving
      said compactor plate means.
NUM  37.
PAR  37. A compactor plate assembly for compacting matter comprising: a housing,
      compactor plate means within said housing movable between a retracted
      position and a compacting region for compacting matter wherein said
      compactor plate is inclined with respect to the path of motion in said
      retracted position and moves toward the perpendicular with respect thereto
      in said compacting region, said compactor plate means including a body
      member, a retractable member retractably associated with said body member,
      said members defining a leading edge and a trailing edge, said edges being
      in continuous contact with opposite surfaces of said housing, and
      resilient collapsible means acting between said body member and said
      retractable member for permitting the distance between said edges to
      diminish as said compactor plate means approaches the perpendicular, and
      power means for moving said compactor plate means.
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ABST
PAL  A press comprising a base, a lower bolster mounted on the press, an upper
      bolster mounted on the press for movement with respect to the lower
      bolster, power means for moving the upper bolster vertically, a
      substantially horizontal track mounted on the base, a die set comprising a
      pair of die plates having post means guiding the plates for movement with
      respect to each other, means for guiding the die set on the track, and
      power means for causing the die set to travel back and forth along the
      track between a press position intermediate the upper and lower bolsters,
      and a loading and unloading position at a point remote from the press
      position. The apparatus may be used for molding metal or plastic material,
      blanking, stamping and piercing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of Invention
PAR  The present invention relates to presses, and is more particularly
      concerned with a press of the type comprising means for clamping together
      the member of a die set having members mounted therebetween for such
      processes as the molding of plastics or metals, blanking, stamping and
      piercing.
PAR  2. Prior Art
PAR  Molding machines for molding plastics or metals as well as machines for
      blanking, stamping and piercing are well known in the art. Such presses
      generally include a stationary plate or bolster mounted on a base and a
      movable plate mounted for up-and-down or lateral movement with respect to
      the stationary plate. Die sets are generally utilized in which one member
      is affixed to the lower bolster and the other member to the upper bolster.
      Complementary mold members are generally mounted on the die set plates.
      The upper bolster is generally powered by either a hydraulic cylinder or a
      toggle assembly causing it to clamp the die set against the lower bolster
      under high pressure. Such types of apparatus have many disadvantages.
      First, it is dangerous for the operator to reach between the bolsters with
      his hands to load the moldable material and remove the finished molded
      products, since the bolsters may be accidentally actuated with resulting
      injury to the operator. Moreover, it is difficult and time consuming to
      perform such an operation. Additionally, it is difficult to change dies
      when they are permanently mounted on the bolsters. Molding machines have
      been disclosed in which the lower bolster and lower die plate are moved
      out of the molding position for unloading, but in doing so the upper die
      plate must be moved off the leader pins with resultant danger of their
      destruction.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a press
      and die set in which the die set is not permanently affixed to the
      bolsters of the press. It is a further object to provide a press in which
      the entire die set is automatically removed from the molding position
      between the bolsters when the molding operation is complete. It is still
      an additional object to provide a press in which the die set may be loaded
      and unloaded at a remote position from the press position. It is still an
      additional object to provide a die set in which the die set automatically
      opens to a position with the die members in spaced-apart condition
      permitting the molded or stamped object or article to be removed when the
      upper bolster is retracted. It is a further object to provide a press
      having protective gate means on the front of the press to prevent the
      operator from extending his hands between the bolsters when the die set is
      in the molding or stamping position. Still other objects will readily
      present themselves to one skilled in the art upon reference to the ensuing
      specification, the drawing, and the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing,
PAR  FIG. 1 is a side elevational view of the press according to the invention,
      showing the apparatus in the loading position, and
PAR  FIG. 2 is a fragmentary side elevational view showing the press in molding
      or stamping position, and
PAR  FIG. 3 is a fragmentary front elevational view showing a modified form of
      the lower die plate mounted on the track members, and
PAR  FIG. 4 is a fragmentary front view showing a modified embodiment for
      mounting the lower die plate on the track members.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1-3, a press 10 according to the invention is shown,
      comprising a base 11, a vertical frame 12 and an upper frame 13. A lower
      bolster 14 is affixed to the frame base 11 and an upper bolster 15 is
      affixed to a shaft 16 slidably mounted for vertical movement in the upper
      frame 13 and powered by suitable power means including a hydraulic
      cylinder or toggle assembly (not shown), or eccentric crank 9 (as shown).
      In certain embodiments, a ram plate may be affixed to the shaft and the
      upper bolster removably affixed to the ram plate.
PAR  A pair of track members or rails 17 and 18 are affixed to the lower bolster
      14 defining a space 19 therebetween. A die set 20 is mounted on the track
      members 17 and 18 and comprises a lower die plate 21 and an upper die
      plate 22. The lower die plate 21 is mounted on a slide plate 23 having a
      guide 24 affixed thereto and disposed intermediate the track members 17
      and 18.
PAR  The lower die plate 21 is provided with a pair of apertures having a pair
      of posts or guide pins 25 mounted therein. The upper die plate 22 is
      provided with apertures having bushings 29 mounted therein, the bushings
      29 being arranged to travel slidably on the posts 25. A coil compression
      spring 30 is mounted on each post 25, alternatively can be anywhere
      between the plates, although not mounted on a post, and is arranged to
      bias the lower and upper die plates to spaced-apart position. A pair of
      mold members 44 and 45 are shown affixed to the upper die plate 22 and
      lower die plate 21 respectively.
PAR  A protective cover or gate 31 is hingedly mounted on ears 32 affixed to the
      upper frame 13 by means of hinge pins 33. A hydraulic cylinder 34 operated
      by either air or a hydraulic liquid is mounted on the press frame and has
      a first port 35 and a second port 36. Slidably mounted inside the cylinder
      34 is a piston 37 affixed to a piston rod 38 which in turn is affixed at
      the other end by means of a fitting 39 to the lower die plate 21. A fluid
      valve 40 is connected to the second port 36 by means of a tube or hose 51.
      Another fluid valve 41 is connected by a tube or hose 52 to trip the
      press, thereby causing the upper bolster 15 to descend and clamp the die
      plates together. A pair of levers 42 operate valves 43 to apply fluid
      through a tube 46 to the first port 35.
PAR  FIG. 4 illustrates a modified embodiment of the invention in which the
      lower die plate 21 and slide plate 23 are mounted on tracks 47 and 48
      oblique inner edges. The guide plate 49 is provided with complementary
      oblique edges, the two structures forming a dovetail arrangement which
      retains the moving structure against the track members 47 and 48 and
      prevents the lower plate member from being raised away from the track
      members during travel.
PAR  The molding press of the present invention is in normal rest position as
      shown in the solid lines in FIG. 1. In order to place the press into
      operation, the two hand-operated levers 42 are actuated to open the valve
      43 to which they are attached. This causes the fluid, either air or a
      hydraulic liquid, to be pumped into the port 35. The fluid pressure causes
      the piston 37 to move toward the other end of the hydraulic cylinder 34,
      thereby pulling the die set 20 into molding position between the lower
      bolster 14 and the upper bolster 15. The die set 20 slides on the track
      member 17 and 18 and is guided by the guide 24. When the die set reaches
      the molding position, it engages the lever of the valve 41 and opens the
      valve, thereby causing hydraulic fluid to be pumped into the tube,
      tripping the press and causing the press ram or upper bolster to move
      downwardly against the die set, and causing the die plates to move
      together and to close the mold. The plastic or metal in the mold is then
      molded to form while under pressure. After a timed period, the pressure is
      removed, and the upper bolster is raised, the coil springs 30 causing the
      die plates to be opened and the molded part to be exposed. As the upper
      bolster reaches its upper traverse, it trips the valve 40, causing fluid
      to be pumped into the tube 51, moving the piston 37 to the other end of
      the cylinder 34, and causing the die set 20 to be pushed out to the
      loading and unloading position. At this position, with the die plates
      open, the molded part can be readily removed and the mold reloaded.
PAR  As a safety feature of the invention, when the die set is moved into
      molding position, the door or gate 31 closes, preventing the operator's
      hands from being accidentally inserted between the mold plates. When the
      die set 20 travels to the unloading position, the door is automatically
      raised, permitting the die set to move outwardly.
PAR  The molding or blanking press of the present invention has many advantages
      over prior art presses. In conventional equipment in which the die sets
      are opened by clamping the upper die member to an upper bolster of the
      press and clamping the lower die member to the lower bolster of the press,
      there is considerable danger of injury to the operator. Moreover,
      additional time is consumed in reaching into the molding position each
      time to load and unload the molds. The use of hand-operated valves to
      initiate the cycle by causing the die set to travel into the molding
      position avoids the need for foot pedals. The avoidance of hand loading
      enables certain industrial safety standards to be met. By maintaining the
      upper and lower die plates in engagement at all times, the danger of
      damaging the plates and the guide posts by disengaging them at each cycle
      is obviated. Additionally, the use of a die set in which the die plates
      are spring-biased to normally separated position greatly facilitates the
      loading and unloading of the molded material and molded parts.
PAR  It is to be understood that the invention is not to be limited to the exact
      details of operation or structure shown and described, as obvious
      modifications and equivalents will be apparent to one skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a press comprising a base, a lower bolster fixedly mounted on said
      base, an upper bolster mounted on said base above said lower bolster for
      movement vertically with respect thereto, and power means for moving said
      upper bolster, the improvement comprising a die set having a lower die
      plate and an upper die plate superposed over said lower die plate and
      mounted for movement toward and away from said lower die plate, guide
      means for maintaining said upper and lower die plates in superposition,
      means biasing said upper and lower die plates to normally spaced-apart
      position, and means for moving said die set alternatively to a press
      position intermediate said upper and lower bolsters and to a loading and
      unloading position removed from said press position, said last named means
      comprising a slide plate adapted to support said lower die plate, a pair
      of forwardly projecting parallel rails mounted on top of said lower
      bolster and underlying said slide plate, said rails extending beyond the
      front edge of said bolster a distance such that in the loading position,
      the die set is completely removed from the work area of the press, and die
      set guide means projecting downwardly from said slide plate into the space
      between said rails and having outer sides complementary to the inner sides
      of said parallel rails.
NUM  2.
PAR  2. In a press according to claim 1, the improvement wherein the inner
      surfaces of said rails are provided with obliquely disposed surfaces and
      the outer surfaces of said die plate guide means are provided with
      complementary obliquely disposed surfaces thereby cooperating to define a
      dove-tail assembly.
NUM  3.
PAR  3. In a press according to claim 1, the improvement wherein a
      fluid-operated cylinder is mounted on said press having a piston disposed
      therein and a piston rod connected to said piston at one end and coupled
      to said die set at the other end.
NUM  4.
PAR  4. In a press according to claim 3, the improvement wherein a plurality of
      valve means are provided comprising a hand-operated valve arranged upon
      actuation to introduce fluid into one end of said fluid-operated cylinder
      thereby actuating said fluid-operated cylinder for moving said die set
      from said loading and unloading position to said press position, a second
      valve is mounted to be actuated by said die set when it reaches the press
      position, thereby tripping said press mechanism and causing said bolsters
      to be closed, and a third valve is mounted to be actuated by said upper
      bolster when it reaches the open position after the press operation has
      taken place arranged to provide fluid to said hydraulic cylinder to cause
      said die set to be returned to the loading and unloading position.
NUM  5.
PAR  5. In a press according to claim 3, the improvement wherein a plurality of
      hand-operated valve means arranged upon actuation to introduce fluid into
      one end of said fluid-operated cylinder, thereby actuating said
      fluid-operated cylinder for moving said die set from said loading and
      unloading position to said press position, and a second valve mounted to
      be actuated by said die set when it reaches the press position, thereby
      tripping said press mechanism and causing said bolsters to be closed.
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ABST
PAL  An automatic control system for use with a known type of vehicle crushing
      press that is presently equipped with manual or semi-automatic controls.
      The press includes a base and a pressure head that can be moved vertically
      toward the base to crush a vehicle positioned thereon. Movement of the
      pressure head is effected by an independently operable hydraulic cylinder
      at each end of the head, and the control system of the invention is
      adapted to be integrated with the hydraulic system for the cylinders. The
      control system provides for automatic skewing of the pressure head during
      the crushing operation, automatic termination of the crushing operation
      and, if desired, automatic repetition of the operation after a
      predetermined time lapse.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to apparatus for crushing junked vehicles,
      and has particular reference to an automatic control system for use with a
      known type of vehicle crushing press.
PAR  The vehicle press for which the control system of the invention is
      particularly adapted is manufactured and sold by Mobile Auto Crushers
      Corporation of America, Oklahoma City, Okla. It is described in U.S. Pat.
      No. 3,404,622, granted Oct. 8, 1968, and reference may be had to this
      patent for a detailed description of the press.
PAR  Briefly, the press comprises a base and a pressure head that can be moved
      vertically toward the base to crush a vehicle positioned thereon. Movement
      of the pressure head is effected by an independently operable hydraulic
      cylinder at each end of the head, and the control system of the invention
      is adapted to be integrated with the hydraulic system for the cylinders.
PAR  At present, the hydraulic system for the press is operated by hand levers
      or, if desired, it may be operated by radio remote control. In either
      case, the operation of the press must be controlled by an operator who is
      on the spot or within a few hundred yards, and generally the operator must
      be within sight of the press during operation. Thus, the operator must
      sense when the pressure head should be changed from a straight downward
      movement to an inclined or skewed downward movement, and also when the
      crushing has been completed so that the pressure head can be raised to its
      starting position.
PAC  SUMMARY OF THE INVENTION
PAR  The control system disclosed herein is a self-contained, independently
      powered control package that can be integrated with an existing manually
      controlled or remotely controlled vehicle press hydraulic system to
      provide fully automatic operation of the press. For a manually controlled
      hydraulic system, the control system of the invention also includes a
      supplemental closed loop hydraulic system as will be explained
      hereinafter. With the control system, the operator is freed for other work
      as, for example, operating a front-end loader to bring vehicles to the
      press.
PAR  The control system of the invention provides for automatic skewing of the
      pressure head during the crushing operation and also automatically
      terminates the operation and returns the head to its elevated, starting
      position. If desired, the system can be set for automatic repetition of
      the operation after a predetermined time lapse.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating the electronic control portions of
      the control system of the invention;
PAR  FIG. 2 is a block diagram illustrating the control system of the invention
      as integrated with an existing remotely controlled or semi-automatic
      vehicle press hydraulic system;
PAR  FIG. 3 is a block diagram illustrating the control system of the invention
      as integrated with an existing manually controlled hydraulic system;
PAR  FIG. 4 is a fragmentary side elevation illustrating the manner in which a
      slave cylinder forming a part of the control system of the invention is
      connected to a valve hand lever in the arrangement shown in FIG. 3;
PAR  FIG. 5 is a top plan view of a control panel for the control system of the
      invention; and
PAR  FIG. 6 is a side elevation of a transmitter that can be used for remote
      control operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, in each of FIGS. 2 and 3 there is a
      schematic illustration of the most essential components of a vehicle
      crushing press of the type disclosed in U.S. Pat. No. 3,404,622 cited
      above. These components are a base 10 and a pressure head 12 that can be
      moved vertically by independently operable hydraulic cylinders 14,16
      toward the base to crush a vehicle (not shown) positioned thereon.
PAR  The left cylinder 14 has a DOWN port 18 and an UP port 20 respectively
      connected to fluid conduits 19 and 21. Similarly, the right cylinder 16
      has DOWN and UP ports 22 and 24 connected to conduits 23,25. The direction
      of the fluid through conduits 19 and 21 is controlled by a solenoid
      operated two-way valve 26, FIG. 2, which is also connected by conduit 28
      to the fluid pump and by a return line 30 to the fluid tank (pump and tank
      not shown) of a conventional hydraulic system, the fluid in the preferred
      embodiment being oil. Fluid through conduits 23 and 25 is controlled by a
      solenoid operated two-way valve 32 that is also connected by conduits
      34,36 to the hydraulic system pump and tank respectively.
PAR  Electric power for the control system of the invention is provided by a
      twelve volt storage battery 38, FIG. 1, and in conjunction with this
      battery there are four switches that may be operator controlled. These are
      the MANUAL/AUTOMATIC switch 40, the RAISE switch 42, the LOWER switch 44
      and the AUTO-RECYCLE OFF/ON switch 46. These switches are assembled in an
      auxiliary control panel 48, FIG. 5, which can be suitably mounted in the
      operator's compartment of the vehicle crushing press.
PAR  To initiate a crushing operation, switch 40 is placed in the automatic
      position to energize the control circuitry after which the RAISE switch 42
      is closed, FIG. 1. This completes a circuit through the two switches, a
      conductor 50 and two normally closed limit switches 52,54 to the solenoid
      valves 26 and 32. The connections to the valves in this circuit are such
      that the spring loaded spool 26a of valve 26 moves to the left as viewed
      in FIG. 2 and the spring loaded spool 32a of valve 32 moves to the right
      whereby fluid is pumped to the UP ports 20 and 24 of the cylinders 14,16.
PAR  Pumping fluid to the UP ports of the cylinders raises the pressure head 12
      to its uppermost or starting position at which point the head engages
      rockable actuating fingers 52a and 54a, FIGS. 2 and 3, on the normally
      closed limit switches 52 and 54 causing the latter to open. At the same
      time, a pair of normally open switches 56 and 58, FIG. 1, which are
      interconnected with switches 52,54, are closed for a purpose to be
      described. Opening the switches 52,54 operates to open switch 42 and also
      causes the spring loaded spools of solenoid valves 26 and 32 to return to
      their neutral positions in which positions fluid cannot be pumped to
      either port of the cylinders 14,16.
PAR  After the pressure head 12 has been raised to its starting position, a
      vehicle to be crushed is deposited on the base 10 and the LOWER switch 44,
      FIG. 1, is closed. This completes a circuit through switch 40, conductor
      60, switch 44, conductor 62 and combining circuitry 64, forming a part of
      the electronic controls, to solenoid valves 26 and 32. However, in this
      circuit the connections to the valves are such that spool 26a moves to the
      right, FIG. 2, and spool 32a moves to the left whereby fluid is pumped to
      the DOWN ports 18 and 22 of the cylinders 14,16 causing the pressure head
      to move downwardly. As the head moves out of contact with the limit switch
      fingers 52a and 54a, the switches are again closed.
PAR  The control circuit includes in the DOWN port side of each cylinder 14,16 a
      pair of pressure switches, the switches being shown at 66 and 68 for
      cylinder 14 and at 67 and 69 for cylinder 16 in FIGS. 2 and 3. Switches 66
      and 67 are set for approximately 2200 psi and switches 68 and 69 are set
      for approximately 2500 psi. As indicated in the block diagram of FIG. 1,
      the 2200 psi switches 66,67 are arranged in parallel and the 2500 psi
      switches 68,69 are in a series type arrangement.
PAR  During its initial downward movement, pressure head 12 is disposed in a
      substantially horizontal position. Upon encountering the vehicle during
      continued downward movement of the head, resistance builds up in the
      hydraulic system proportional to the pressure needed to crush the vehicle.
      As previously noted, the cylinders 14,16 are independently powered and
      controlled and therefore at some point it is very probable that the
      pressure sensed by one cylinder will be different from that sensed by the
      other due to variations in the contour and structure of the vehicle from
      end to end.
PAR  At some point during the crushing operation, the pressure in the hydraulic
      system will increase to 2200 psi and when this happens either switch 66 or
      67 will close depending on which cylinder senses this pressure. When
      either switch 66 or 67 closes, a circuit is completed through switch 40,
      conductor 60, switch 44 and a conductor 70 to energize skewing control
      circuitry 72 and place the control system in the automatic skewing mode.
      Upon energizing the skewing control circuitry, a conventional time delay
      circuit in the control circuitry operates after a short time to lock
      pressure switches 66 and 67 out of the system and current flow is switched
      from conductor 62 to a lock-out bypass conductor 74 leading to the skewing
      control 72.
PAR  In the automatic skewing mode, the skewing control 72 operates to
      alternately energize the solenoid valves 26,32 for the left and right
      cylinders 14,16, FIG. 2, starting with the cylinder that did not first
      sense the 2200 psi pressure in its hydraulic system. Each solenoid valve
      remains energized for a predetermined length of time, as for example 5
      seconds, the time duration being controlled by a pair of skewing timer
      controls 74 and 76 connected in parallel between the skewing control 72
      and combining circuitry 64. The timer controls 72, 72,74, which include
      conventional time delay networks, respectively control the time of
      energization of solenoid valves 26,32 and thus the time that fluid is
      pumped to the DOWN ports 18 and 22 of cylinders 14,16.
PAR  With the control system in the automatic skewing mode, alternate
      incremental downward movement of the cylinders will continue until a
      pressure of 2500 psi is sensed in both cylinders causing the pressure
      switches 68 and 69 to close. When this happens, a circuit is completed
      through switch 40, conductor 60, switch 44, conductor 70, switches 68 and
      69 and a conductor 78 to the combining circuitry 64. This causes the
      latter to deenergize the skewing control 72 and the solenoid valves 26,32
      whereby the spring loaded valve spools return to neutral position. At the
      same time, current in conductor 78 flows through conductor 80 and the
      limit switches 52,54 to energize solenoid valves in the opposite
      direction, i.e. so that fluid is pumped to the UP ports 20 and 24 of
      cylinders 14,16. In this connection, it will be recalled that switch 42
      was opened after the pressure head 12 was previously raised to its
      starting position.
PAR  Pumping fluid to the UP ports of the cylinders again raises the pressure
      head to its starting position at which point the actuating fingers 52a and
      54a, FIG. 2, of limit switches 52,54 are engaged by the head causing the
      switches to open. This in turn deenergizes solenoid valves 26,32 and
      operates to open switch 44 whereupon the crushing cycle is completed.
PAR  Prior art vehicle presses that are equipped with remotely controlled or
      semi-automatic hydraulic systems include solenoid valves such as valves 26
      and 32 in FIG. 2 to control the direction of the fluid through the
      conduits that connect the cylinder ports with the pump and tank.
      Electronic circuitry as shown in FIG. 1 for controlling the valves is not
      provided; rather, radio control is employed. Thus, the system includes a
      two-channel tone decoder/receiver that is directly connected to the
      solenoid valves and a remote two-channel tone encoder/transmitter that
      controls the receiver to raise or lower the pressure head, operating the
      cylinders either together or individually.
PAR  As the remote control feature may at times be desirable it is incorporated
      in the electronic controls of the invention. Referring to FIG. 2, the
      controls include a two-channel tone decoder/receiver 82, the receiver
      being diagrammatically shown in two parts 82a and 82b in FIG. 1. The parts
      82a, 82b of the receiver are respectively connected in parallel with the
      RAISE and LOWER switches 42,44 whereby the crushing cycle described above
      can be carried out without the necessity for an operator to manually close
      the switches.
PAR  The receiver 82 can be controlled from a point remote from the vehicle
      press by a two-channel tone encoder/transmitter 84, FIG. 6, which is
      contained in a pocket sized enclosure. The transmitter has RAISE and LOWER
      pushbuttons 86,88 corresponding to switches 42,44 in FIG. 1 and a three
      position channel selector switch 90 for selection of either or both of the
      channels. The transmitter also includes an internal antenna (not shown)
      and a telescoping external antenna 92 for longer range.
PAR  In addition to providing for automatic control in a single cycle of
      operation (in which one vehicle is crushed), the control system of the
      invention provides for automatic repetition of the cycles without
      intervening operator control. Thus, in the circuitry of FIG. 1 there is a
      circuit that bypasses the LOWER switch 44, the circuit including a
      conductor 94 connected to conductor 60, the normally open switches 56 and
      58, an auto-recycle timer control 96 and the auto-recycle OFF/ON switch
      46, all in series, with one side of the switch being connected to
      conductor 70.
PAR  In the description of a cycle of operation above, it was stated that when
      the pressure head 12 is raised to its uppermost or starting position,
      after initially closing the RAISE switch 42, normally closed limit
      switches 52,54 open and the interconnected, normally open switches 56,58
      close. Now, if at this time the auto-recycle switch 46 is in the ON or
      closed position, a circuit will be completed through the bypass circuit
      just described to the point designated 98 in the circuitry just as though
      the LOWER switch 44 had been closed. Accordingly, since the pressure head
      automatically returns to its starting position at the end of each cycle as
      above described, if the auto-recycle switch 46 is in the ON position,
      recycling will automatically occur until switch 40 or 46 is opened.
      However, because a vehicle is usually deposited on or removed from the bed
      10 of the press between successive cycles, the bypass circuit includes the
      timer control 96 which has a conventional time delay circuit for delaying
      the start of each new cycle for a predetermined time interval.
PAR  FIG. 3 illustrates how the control system of the invention can be
      integrated with an existing manually controlled hydraulic system in a
      vehicle press. In the manually controlled system, the direction of the
      hydraulic fluid through the conduits 19, 21, 23 and 25 is controlled by
      hand lever operated two-way valves 100 and 102, FIGS. 3 and 4. These
      valves are connected by suitable conduits to the pump and tank (not shown)
      of the existing system and, while not shown in FIG. 3, valve 100 is
      connected to conduits 19 and 21 and valve 102 is connected to conduits 23
      and 25. With this arrangement, forward or backward movement of the valve
      hand levers 101 and 103 causes fluid to be pumped to the DOWN or UP ports
      of cylinders 14 and 16.
PAR  For the manually controlled hydraulic system, the control system of the
      invention provides a pair of slave hydraulic cylinders 104,106 that are
      respectively connected to valve hand levers 101,103 to operate them in the
      same manner as the hand of an operator. FIG. 4 shows how the piston rod
      108 of slave cylinder 104 is connected by a clevis and pin connection 110
      to hand lever 101, there being the same kind of connection between slave
      cylinder 106 and hand lever 103.
PAR  For operation of the slave cylinders 104,106, the control system of the
      invention includes an independent, auxiliary hydraulic power unit
      comprising a low pressure, low volume pump 112 having a built-in tank or
      reservoir 114 and return line filter 116. The pump 112 is connected by a
      conduit 118 to a pair of solenoid operated two-way valves 120 and 122, the
      valves being connected by a return line 124 to the tank 114. Valve 120 is
      connected by conduits 126,128 to the U and D ports of slave cylinder 104
      and valve 122 is connected by conduits 130,132 to the U and D ports of
      slave cylinder 106.
PAR  From the above description, it will be apparent that the valves 120 and 122
      control the direction of the fluid from the auxiliary hydraulic power unit
      through the conduits 126,128 and 130,132 and therefore control the
      direction of the fluid in the existing hydraulic system through the
      conduits 19,21 and 23,25. The valves 120 and 122 for the manually
      controlled hydraulic system therefore serve exactly the same function as
      valves 26 and 32, FIGS. 1 and 2, in the control system for the
      semi-automatic hydraulic system. This being the case, the same electronic
      circuitry can be used for controlling valves 120 and 122 as is used for
      controlling valves 26 and 32. This circuitry is shown schematically within
      a dash line enclosure 134 in FIGS. 2 and 3 and is represented by the
      electronic controls within the dash line enclosure 136 in FIG. 1. The same
      feed-back devices, e.g. the limit switches 52,54 and pressure switches
      66-69, that coact with the electronic controls in the control system of
      FIGS. 1 and 2 occupy the same locations and coact in the same manner with
      the electronic controls in the control system of FIG. 3.
PAR  With the arrangement just described, placing the MAN-AUTO switch 40 in the
      automatic position and closing the RAISE switch 42, FIG. 1, will cause the
      control system of FIG. 3 to operate the vehicle press just as described
      for the control system of FIGS. 1 and 2, with automatic repetition of the
      crushing cycles being achieved if desired by placing the auto-recycle
      switch 46 in ON position. It should be noted in this connection that, like
      the spring loaded spools of the solenoid valves 26,32 and 120,122, the
      hand lever operated valves 100 and 102 in FIG. 3 are of the spring return
      to neutral type and must be held in position to operate.
PAR  From the foregoing description, it will be apparent that the invention
      provides a novel and very advantageous automatic control system for use
      with a commercially available type of vehicle crushing press. As will be
      understood by those familiar with the art, the invention may be embodied
      in other specific forms without departing from the spirit or essential
      characteristics thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A control system for a vehicle crushing press, said press including an
      elongated base, an elongated pressure head that can be moved vertically
      toward the base to crush a vehicle positioned thereon and a power unit at
      each end of the pressure head for moving the latter toward and away from
      the base; the improvement comprising a lower control and a raise control
      normally operable to simultaneously actuate the pressure head power units
      to respectively move the head toward or away from the base, a skew control
      forming a part of the lower control and operable when actuated to cause
      alternate actuation of the pressure head power units, means responsive to
      a build-up of a first predetermined pressure in either power unit to
      actuate the skew control, means responsive to the build-up of a second and
      higher predetermined pressure in both power units to render the lower
      control inoperable and the raise control operable, and means forming a
      part of the raise control to render the latter inoperable when the
      pressure head reaches its uppermost position.
NUM  2.
PAR  2. A control system as defined in claim 1 wherein the pressure head power
      units are cylinders with fluid actuated pistons.
NUM  3.
PAR  3. A control system as defined in claim 1 wherein the skew control includes
      time delay circuits for controlling the length of time that each power
      unit is actuated.
NUM  4.
PAR  4. A control system as defined in claim 1 wherein the means responsive to
      the pressure build-ups in the power units are pressure switches.
NUM  5.
PAR  5. . A control system as defined in claim 1 including an automatic recycle
      control, said last-named means including a time delay circuit and means
      operable when the pressure head reaches its uppermost position to render
      the lower control operable after a delay controlled by the time delay
      circuit.
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ABST
PAL  This invention relates to an improvement in a roller arrangement for
      removing water from fibrous material in which the material is fed between
      a pair of endless sieve bands which rotate in contact with each of upper
      and lower rollers. The improvement comprises upper and lower rollers each
      having a smaller diameter in the operating direction of the sieve bands
      than the preceding roller, and the vertical axial distances of the rollers
      also decrease in the operating direction. The invention also includes an
      improvement in which an additional roller is mounted above at least one
      upper roller contacted by both of the sieve bands, and the additional
      roller having a smaller diameter than the upper roller, whereby the sieve
      bands pass around the rollers in a Z-shaped path.
PARN
PAR  This is a continuation of application Ser. No. 358,598, filed May 9, 1973.
BSUM
PAR  The present invention relates to a roller arrangement in presses, which
      arrangement is designed for the removal of water from materials,
      particularly cellulose, fibrous material, or the like, wherein a sheet, or
      web, of material from which the water is to be removed is fed, or passed
      through, between two synchronously moving, endless screens or sieves which
      rotate about horizontally-positioned pairs of rollers, or about offset
      upper and lower rollers.
PAR  A roller arrangement such as has been proposed for the aforementioned
      presses serves for removing the water from fibrous material in as simple
      and as rapid a fashion as is possible. Introduced for this purpose if
      fibrous material in a known, or prior art, installation which consists of
      a plurality of superimposed pairs of rollers between which extend one
      screen or sieve for the upper rollers and another screen or sieve for the
      lower rollers. The screens are endless belts, and the fibrous material is
      disposed therebetween. By means of the rollers, the screen is pressed upon
      the fibrous material, and the dehydration, or the removal of water, is
      achieved thereby. In order to accelerate the dehydration, or removal of
      water, a kind of wedge-shaped configuration of the pairs of rollers is
      provided for at the inlet of the installation. As a result thereof, the
      pressure which is exerted upon the sheet of material is increased with
      every roller. Since the degree or extent of the dehydration progresses
      with every roller, a change in volume of the fibrous material also will be
      produced as a result, so that with the continuing or progressive process
      or procedure also the intermediate distance between the pairs of rollers
      must be reduced. This type of wedge-shaped configuration in such an
      installation is initially designated as the wet or registering portion. It
      is followed by the preliminary squeezing portion, and the main pressing or
      squeezing portion of the installation adjoins it in a manner known per se.
      The roller mechanism is disposed in the preliminary squeezing portion
      preferably in an offset manner in order that it be possible to achieve a
      better degree of squeezing out of the fibrous material. This essentially
      preliminarily dehydrated fibrous material then passes into the main
      squeezing or pressing portion. The latter consists again of pairs of
      rollers having a greater diameter and operating at such a high contact
      pressure that even any residual moisture is squeezed out of the fibrous
      material.
PAR  Installations or devices of this kind are known, for example, from Austrian
      Pat. No. 198,131 as a double-belt press. In further developing this type
      of device it therefore has been attempted to additionally increase the
      already high efficiency thereof by means of uniformly increasing the
      contact pressure of the screen band or belt upon the fibrous material, and
      by enlarging the contact surface even more. It would be conceivable to
      further increase the number of pairs of rollers, but this is
      contraindicated because of the fact that the machine would become much too
      big. One therefore seeks to increase the contact surface, to uniformly
      distribute the pressure, and to nevertheless reduce the structural volume
      of this machine to a minimum.
PAR  The present invention was conceived with the object of satisfying the
      aforementioned requirements by selecting an appropriate roller arrangement
      in presses for the dehydration, or for the removal of water from,
      materials, particularly cellulose, fibrous material, or the like, wherein
      a sheet or web of material to be dehydrated is likewise passed through, or
      fed, between two uniformly-moved, endless screen or sieve sheets or belts
      which rotate about horizontally-positioned rollers.
PAR  This object is obtained, in accordance with the present invention, by
      virtue of the fact that the upper and the lower rollers have in each case
      a smaller diameter than the preceding rollers in the operating or
      traveling direction of the screen belts, and that the vertical axial
      distances of the rollers decrease in the same sense. In order to further
      enhance the utilization of space, it is proposed -- in accordance with a
      further development of the present invention -- that an additional pair of
      rollers, for example one that is greater than the preceding roller, be
      disposed ahead of the reversal of the screen or sieve belts, i.e. in the
      main pressing or squeezing portion, which additional pair consists of an
      upper roller over or above which a further roller having a smaller
      diameter is positioned and about which the two sieve or screen belts or
      bands are guided in Z-shaped courses or paths. By virtue of this
      construction it is now possible that the contact pressure is
      correspondingly adapted to the degree at which the dehydration progresses,
      and that, in addition thereto, the structural volume of the installation
      can be considerably decreased since the looping angle, or angle of grip,
      of the screen or sieve belts may be designed to a maximum.
DRWD
PAR  The present invention will now be explained in further detail hereinafter
      on the basis of one embodiment thereof and taken in connection with the
      accompanying drawings, wherein
PAR  FIG. 1 is a schematic illustration of a dehydrating installation with the
      inventive provision of the rollers, and
PAR  FIG. 2 illustrates a double-roller arrangement in the main pressing or
      squeezing portion.
DETD
PAR  As is apparent from FIG. 1, a dehydrating or water-removing installation is
      schematically shown therein. This figure shows particularly the provision
      of the individual rollers. On the right-hand side of the figure, some
      rollers 1 have been disposed in the horizontal position thereof.
      Positioned thereover is the same number of rollers 2, and they have a
      greater distance with respect to the rollers 1 at the inlet of the
      material to be dehydrated. This distance becomes progressively smaller
      until at the end of the device or arrangement of the rollers 2 only a very
      small clearance exists. This grouping of rollers 1 and 2 may be designated
      as the wedge portion. The diameter of these rollers 1 and 2 is
      approximately the same.
PAR  Disposed adjacent, or following, this wedge portion is the pressing or
      squeezing portion. In this connection, further rollers 3 are disposed at a
      certain distance at the lower or underside. Added above the interstices of
      the rollers 3 are the upper rollers 4. Further provided at the end of the
      pressing or squeezing portion are also the drive rollers 5 and 6 for the
      drive of the upper and lower screen belts or bands 11 and 12. Disposed
      approximately in the center of these roller arrangements above and,
      respectively, below are carrying rollers 9, 10 and, at the reversing
      points of the sieve or screen bands or belts 11 and 12 are reversing
      rollers 7 and 8. The row of rollers, for example for the upper sieve or
      screen band or belt 12, thus consists of the rollers 2 of the wedge
      portion, the rollers 4 of the pressing or squeezing portion, the roller 5
      serving for the drive, and the carrying roller 9, together with the
      reversing roller 7. The upper sieve or screen band or belt is tightened
      about these rollers and moves with the same circumferential speed as the
      lower sieve or screen band or belt 11. Analogously to this arrangement,
      the rollers 1 are disposed at the underside in the wedge portion and
      adjacent thereto the rollers 3 of the pressing or squeezing portion.
      Disposed adjacent to the latter, in turn, are the drive roller 8, the
      carrying roller 10, and the reversing roller 8. Disposed above these
      rollers is the lower screen or sieve band or belt 11.
PAR  As has been set forth at the outset, the pairs of rollers 1 and 2 are
      superimposed in the wedge portion, and the axial or center distances of
      the rollers 1 and 2 are gradually decreased in the operating or traveling
      direction of the sieve or screen bands or belts 11 and 12 so that a wedge
      formation will be produced thereby. The pressing or squeezing portion
      follows this wedge portion. The rollers 3 and 4 are now no longer
      superimposed with respect to each other, but in each case in the
      interstices thereof; in other words, upon a roller 3 follows a roller 4.
      Here again, similarly to the wedge portion, the axial or center distances
      of the rollers 3 and 4 with respect to each other in the traveling or
      operating direction of the sieve or screen bands or belts 11 and 12 are
      gradually decreased. In addition thereto, also the diameters of the
      rollers 3 and 4 are reduced. This arrangement affords the advantage that
      the looping angle, or angle of grip, is increased as the stage of the
      dehydration, or water removal, progresses. Due to, and because of, the
      decrease of the diameters of the rollers 3 and 4, also the contact
      pressure is increased to the same extent. Accordingly, the diameter of the
      rollers 3 and 4 is dimensioned in dependence upon the drying process or
      operation. The contact pressure is increased in the traveling or operating
      direction of the sieve or screen bands or belts 11 and 12 in proportion to
      the drying rate.
PAR  The drive rollers 5 and 6 are again so positioned that the axial or center
      distance half will not coincide, in the horizontal plane, with the upper
      surface line of the last roller 3 but is instead positioned slightly
      thereabove, so that a downwardly-directed oblique path will be produced
      and result for the material discharge. The arrows at the rollers 4 are
      intended to symbolize the displaceability thereof in the vertical
      direction. The same is true for the horizontal direction of the reversing
      rollers 7 and 8. Further shown at the drive rollers 5 and 6 are arrows
      regarding the direction of rotation of the rollers. The arrows ahead of
      the wedge portion between the sieve or screen bands or belts 11 and 12
      indicate the operating or traveling direction of the fibrous material, as
      well as -- with dashed arrows -- the throughput or discharge thereof
      following the drive rollers 5 and 6.
PAR  FIG. 2 illustrates anothr embodiment of a roller arrangement in the main
      pressing or squeezing portion. There again, the lower rollers 1 are shown
      initially, and positioned thereabove are the upper rollers 2. The axial or
      center distances are once more provided variable, and the surfaces lines
      result jointly in a wedge-shaped gap. The widened gap of the wedge shape
      is provided for the introduction or inlet of the drying medium.
PAR  In this case, the pressing or squeezing portion is again disposed adjacent
      the wedge portion. The former consists in this particular case of at least
      one pair of rollers 13 and 14 which is disposed superimposed. In other
      words, the roller 13 is positioned in a manner such that the sieve or
      screen bands or belts 11 and 12 will come to rest against the lower, or
      underside, of the surface line of the roller 13 approximately in the
      horizontal plane starting from the wedge portion. The roller 13 may be
      slightly larger than the rollers 1 and 2 of the wedge portion. Secured
      above the roller 13 is the roller 14 which, in turn, has a diameter
      smaller than that of the roller 13. The sieve or screen bands or belts 11
      and 12 are passed, or extend, jointly in an Z-shape around these two
      rollers. Disposed at the end of the roller 14 -- viewed in the operating
      or traveling direction of the sieve or screen bands or belts -- are the
      drive rollers 5 and 6. They are positioned in such a manner that there
      always will be produced a downwardly-directed oblique path or course for
      the material discharge.
PAR  In the embodiment shown in FIG. 2, the pressing or squeezing portion has
      been shown in a contracted or compact structural manner. For this very
      reason it can operate with only one pair of rollers 13 and 14 because of
      the fact that the loop angle, or angle of grip, is very large so that the
      contact pressure for the dehydration is effectively raised. Collecting
      means are arranged below the roller 14 in order to prevent liquid from
      being transferred to the roller 13 disposed there-below.
PAR  This arrangement of rollers in presses designed for dehydrating, or
      removing the water from, materials affords the advantage that the
      efficiency thereof can be considerably increased as compared to the prior
      art installations and devices. Furthermore, the contracted, or compact,
      structure thereof affords the additional advantage that the same useful
      effect is obtained with a relatively small machine.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
NUM  1.
PAR  1.  In a roller arrangement for removing water from fibrous material in
      which the material is fed between a pair of endless sieve bands which
      rotate in contact with upper and lower rollers,
PA1  the improvement comprising at least one upper roller contacted by both of
      said sieve bands and an additional roller mounted directly above said
      upper roller, and said additional roller having a smaller diameter than
      said upper roller, whereby said sieve bands pass around said rollers in a
      Z-shaped path.
NUM  2.
PAR  2. A roller arrangement according to claim 1 including drive roller means
      effecting reversal of direction of said sieve bands, said means being so
      positioned that a downwardly-directed oblique path results for the
      material discharge.
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ABST
PAL  A device for adjusting the roller gap of superimposed rollers of a calender
      with upwardly and downwardly movable spindles suspended on both sides of
      the calender which extend through supporting means on lateral ends of
      roller bearings. Below each supporting means a spindle nut is adjustable
      relative to the pertaining supporting means. The distance between each
      spindle nut and the supporting means thereabove is adapted to be sensed.
      Each supporting means carries a feeler head of a proximity switch and a
      vertical guiding bar having guided thereon a marker adjustable by the
      respective spindle nut on the pertaining guiding bar in the longitudinal
      direction of the pertaining guiding bar.
BSUM
PAR  The present invention relates to a device for setting the roller bight of
      calender rollers arranged one above the other, which device is provided at
      both calender sides with suspended spindles adapted to be lifted and
      lowered. These spindles extend through supporting members provided on the
      lateral ends of the roller bearings while on said spindles below each
      supporting member a spindle nut is adjustable relative to the respective
      adjacent supporting member; the distance between the respective spindle
      nut and the adjacent supporting member thereabove is adapted to be sensed
      or scanned.
PAR  The calender rollers arranged one above the other after a certain period of
      use have to be turned off so that their diameter will be reduced or when
      the diameter has dropped below a certain length, have to be exchanged for
      new rollers. Furthermore, for purposes of pulling in the web of goods to
      be treated and when a paper tear is involved and when folds move into the
      roller gap whereby the surface of the roller and of the web of goods is
      harmfully affected, it is necessary within a short time to lift the
      superimposed rollers off each other by a slight distance of from 3 to 10
      millimeters. This lifting off to the mentioned extent has to be effected
      independently of whether the rollers are turned off or have been replaced
      by new ones, in other words, it has to be effected independently of the
      change in diameter of the rollers.
PAR  To this end, two suspended spindles adapted to be lifted and lowered are
      provided on both calender sides, which spindles extend through the lateral
      supporting members of the roller bearings and on which spindles spindle
      nuts are provided which are spaced from the supporting members by a
      distance corresponding to the desired distance of adjacent rollers when
      the latter are lifted off from each other. The spindle nuts in conformity
      with the above described post-turning or machining of the rollers or in
      conformity with the replacement of the rollers by new rollers have to be
      set or adjusted on the spindle nut. This adjustment of the spindle nuts
      also following the exchange or re-machining of the rollers is generally
      effected manually by means of gauges or measured by the eye. This,
      however, requires considerable time.
PAR  Therefore, it has been suggested to effect the adjustment of the spindle
      nuts by a motor. According to one of these suggestions, the spindle nuts
      are adjusted relative to the suspended spindles by holding said spindle
      nuts by an arresting device stationary relative to the turning spindles so
      that the spindle is adjusted in its axial direction relative to the
      arrested nut. With this embodiment, a pushrod rests on the nut which when
      not held stationary turns with the spindle. The shank of said pushrod
      extends through the supporting member and its head moves against two
      stationary contacts of the supporting member whereby a circuit is closed
      which actuates the arresting device for the respective spindle nut.
PAR  This arrangement has the drawback that the contact pushrod rests on a
      turning spindle nut and either brakes the same and affects the adjustment
      of the spindle nut, or the movement and arrangement of the pushrod within
      the bore of the supporting member and the contacts require a continuous
      observation of the parts.
PAR  It is, therefore, an object of the present invention to provide a device of
      the above mentioned general type by means of which an inexpensive
      trouble-free and precise pulse emission is effected for the adjustment of
      the spindle nut on the suspended spindle. The dust containing atmosphere
      of the calenders, in particular the bending of the spindles, the play of
      the spindle nuts on the spindles and the play in the guiding means for the
      supporting members on the calender stands have to be taken into
      consideration.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 shows a part of a calender side with a device according to the
      present invention.
PAR  FIG. 2 illustrates on a scale larger than that of FIG. 1 a cutout of the
      calender side of FIG. 1 and a section taken along the line II--II of FIG.
      4.
PAR  FIG. 3 represents a detail of the arrangement of the approximation switch
      and represents a section along the line III--III of FIG. 2.
PAR  FIG. 4 is a section taken along the line IV--IV of FIG. 2. FIG. 5 is a
      section taken along the line V--V of FIG. 2.
PAR  FIG. 6 shows the pulse emitter on the worm shaft of the spindle nut drive.
DETD
PAR  For purposes of solving the problem underlying the present invention, the
      present invention starts with a device of the above described general type
      and provides that each supporting member of the roller bearings supports a
      feeler head of an proximity switch and also supports a vertical guiding
      bar on which there is guided an adjusting marker or switching flag which
      is adjustable by the spindle nut on the guiding bar in the longitudinal
      direction thereof.
PAR  Inasmuch as proximity switches have become known in various forms and for
      various uses the scope of the device according to the invention is
      intended only for the specific adaptation and arrangement of the parts of
      the proximity switch with regard to the above mentioned device for setting
      the roller bight as well as to the specific design of the parts of the
      device themselves.
PAR  The difficulty of the utilization of known contact-free proximity switches
      with devices of the described type consisted primarily in that deviations
      in the spindle axiality, the play of the nuts on the spindles and lack of
      precision in the guiding of the supporting members on the calender stands
      may cause errors which when added together might amount to from 5 to 10
      millimeters so that a sufficiently high sensing precision is impossible.
      These errors are eliminated in conformity with the present invention, and
      an error-free sensing is realized by arranging the feeler head and the
      adjusting marker on the same calender part, namely, the supporting part
      while the adjusting markers are adjustable as to height by the pertaining
      nut.
PAR  According to one embodiment of the invention, the feeler head is adjustable
      as to height on the adjusting member. According to other embodiments or in
      addition thereto, the feeler head may also be arranged laterally adjacent
      the path of movement of the adjusting marker or laterally of the extension
      of the path of movement of such adjusting marker and may be adjustable
      toward said path or its extension thereof and may also be adjustable away
      therefrom.
PAR  According to a further development of the invention, the rim of the spindle
      nut may surround the adjusting marker at the upper and lower end. On the
      other hand, an annular bead may be provided on the outer rim of the nut
      and may engage the fork-shaped adjusting marker or a similar intermediate
      element.
PAR  A particularly advantageous embodiment of the invention consists in a
      device in which the spindle nut is provided with an annular or holding
      element surrounding said spindle nut, said annular member or holding
      member being nonrotatable in view of a vertical bar of the supporting
      member. German Gebrauchsmuster No. 1,901,299  shows and describes such
      suspended spindles for calenders of considerable height in which the
      spindle nut is embraced by a nonrotatable ring or holding member which has
      a transmission for driving the spindle nut. With a device of this type,
      according to a further development of the invention, the adjusting marker
      is guided on the bar for the ring and holding member. As a result thereof,
      a relatively light and space saving arrangement of the proximity switch is
      obtained. Preferably, the feeler head is connected to a motor for each
      spindle nut on the ring or annular member.
PAR  According to an embodiment in which each spindle nut is driven by a worm
      shaft, a pulse emitter may be arranged on said worm shaft, which pulse
      emitter is connected to the proximity switch or its connecting line to the
      spindle nut motor. This pulse emitter may be formed by an armature
      arranged on the worm shaft and rotating within a magnetic field. The pulse
      emitter sees to it that if one of the motors of a spindle nut fails, or
      when said spindle nut does not turn for another reason, a pulse for
      turning off all motors is emitted so that a non-uniform adjustment of the
      spindle nuts will be avoided.
PAR  Referring now to the drawings in detail, the rollers 1 - 7 of the calender
      are arranged one above the other in said calenders while the rollers 1 - 6
      are held on each calender side by supporting members 8 - 13, these
      supporting members supporting bearings for the nonillustrated roller
      shafts. Each supporting member 8 - 13 is passed through on each calender
      side by a threaded spindle 14 which is nonrotatably but longitudinally
      adjustable from a lower starting position to an upper position and vice
      versa. With this longitudinal movement, the roller bights 15 - 20 may be
      increased to from 3 to 10 millimeters so that on one hand the web of goods
      will be introduced between the rollers 1 - 7 and on the other hand, when a
      paper tear occurs or when folds are formed in the web of goods, an
      immediate lifting off of the rollers from each other can be effected in
      order to protect the roller surfaces against damage.
PAR  According to the specific showing in FIG. 1, the there illustrated threaded
      spindle 14 occupies its starting position. For purposes of lifting the
      rollers 1 - 6, in other words, its supporting parts 8 - 13, each threaded
      spindle 14 is provided with nuts 21 - 26 which are arranged on the spindle
      14 below the supporting parts 8 - 13 pertaining thereto. The distance
      between a spindle nut and its supporting member as shown in FIG. 1 is
      different and is provided with the reference numeral 59. If each roller is
      to be lifted off from the roller therebelow, for instance, by 5
      millimeters, the distance of the uppermost spindle nut from its supporting
      member amounts to 5 millimeters, whereas the spindle nut therebelow is
      spaced from its supporting member already by 10 millimeters, and while the
      third spindle nut has a distance of approximately 50 millimeters, etc., so
      that the magnitude of the distances 59 increases in downward direction
      from the top.
PAR  When the rollers are re-machined or trued, for instance, if the roller 3 is
      machined to a diameter D.sub.1 and the roller 5 is machined to the
      diameter D, it will be appreciated that in this way the distance between
      the axles of the individual rollers and the nuts 23 - 26 require a
      corresponding adjustment. In order with this post adjustment to be able in
      a simple manner to ascertain whether the desired distance of the spindle
      nuts from their supporting members has been obtained, the following
      arrangement according to the invention is provided.
PAR  The spindle nuts 21 - 26 are, as particularly clearly shown in FIG. 5
      surrounded by a two-sectional ring or holding member 27. This ring member
      or holding member 27 consists of two sections 28, 29, which are held
      together by screws 30. The inner ring 31 (FIG. 2) of the semicircular
      recesses 32, 33 of each ring or holding section 28, 29 extends into a
      rectangular groove 34 (FIG. 2) which is open toward the outside and is
      provided in the spindle nuts 21 - 26 so that the spindle nut will be able
      to turn within the annular or holding member 27. On the other hand, an
      annular bead B may be provided on the nut holding member 27 of the nut 26
      and may engage the fork-shaped adjusting marker 50 or similar intermidiate
      element. The ring or holding member 27 which as will be described further
      below in detail, is prevented from rotating, can be adjusted with the
      spindle nut 21, 26 in the longitudinal direction of the suspended spindle
      14. For turning the spindle nuts 21 - 26 within the ring or holding
      members 27, there is provided a worm thread 35 arranged on the
      circumference of the spindle nut at the level of the groove 34.
PAR  Arranged tangentially with regard to the spindle nuts 21 - 26, and more
      specifically, in the part 29 of the ring or holding member 27 is a bore 36
      into which at 37 the spindle nut extends with its thread 35. The bore 36
      has arranged therein two bearings 38, 39 for a worm shaft 40 on which a
      worm 41 is arranged which meshes with the thread 35 of the spindle nut 21
      - 26. The worm shaft 40 is driven by a motor 42, the shaft 43 of which is
      connected through a coupling 44 to the worm shaft 40.
PAR  Parallel to each suspended spindle 14 on each calender side and between
      adjacent supporting members 8 - 13 there extends vertically one bar 45
      each which extends through an outwardly open rectangular slot 46a of the
      section 46 of the ring or holding member 27 (FIG. 5). By means of this bar
      45, the ring or holding member 27 is prevented from rotating but is still
      able with the spindle nut 21 - 26 to carry out a vertical movement which
      means to carry out a movement along the spindle 14. The bars 45 are
      connected to the supporting members 8 - 13 and can be replaced by a bar
      which is mounted on the supporting members 8 - 13 and replaces the
      individual bars while extending over the height of the calender stand.
PAR  Each of the supporting members 8 - 13 has a lateral extension 47 with
      intermediate members 47a which hold the bar 45 on which two jaws 48 are
      vertically guided between which an adjusting marker 50 is held by means of
      screws 49. This marker 50 has a height which corresponds to the width of
      the holding member 27. If necessary, spacer members may be employed. The
      rims 46b and 46c of the rectangular slot 46a of the section 46 of holding
      member 27 extend into the frame-shaped body formed by the jaws and the
      marker 50. The marker 50 is thus precisely vertically guided on the
      supporting member 8 - 13, whereas the spindle nut 21 - 26 can
      independently thereof carry out any lateral movement. On the other hand,
      its vertical movement is precisely conveyed to the marker 50.
PAR  Arranged on the intermediate member 47a connected to the supporting member
      8 - 13 is a strip 51 which has a bore 52 for receiving a threaded pin 53.
      The free lower end of pin 53 has a clamp 54 through which extends the
      feeler head 55 of the proximity device. Thus, the feeler head 55 by
      adjusting the threaded pin 53 by means of nuts 57 can be adjusted as to
      height relative to the strip 51 and by a longitudinal adjustment in the
      clamp 54 can be adjusted in the direction of the arrow 56. The connection
      58 of the feeler head is connected to the motor 42 or an intermediate
      control device.
PAR  As will be evident from FIGS. 1 and 2, the marker 50 projects beyond the
      supporting member 8 - 13 in such a way that the path of movement of the
      marker 50 will not be affected, whereas on the other hand the adjustment
      of the feeler head 55 may likewise be effected in any desired fine manner.
      In this connection, the marker 50 and the feeler head are together
      supported by the holding member which means that they are together
      directly or indirectly arranged on the bar 45.
PAR  Inasmuch as the sensing device according to the invention cannot prevent
      that in case of failure of a motor 42 the spindle nuts of the individual
      spindles are moved in a different manner with regard to each other, there
      is provided on shaft 40 extension 60 which carries an armature 61 arranged
      in the extension 62 of a bushing 63. In this extension 62 of the bushing
      63 there is provided an annular magnet 64 adapted to build up a magnetic
      field. As long as shaft 40 rotates, the magnetic field is influenced in a
      certain manner. If, however, the shaft does not rotate due to the failure
      of motor 42 or due to a break in the coupling, the magnetic field is not
      changed and a pulse is generated which either actuates a signaling device,
      or stops all remaining motors of the device until all motors have again
      been put into operative condition.
PAR  The impulse generator is arranged upon the extension 60 of the worm shaft
      40. The extension supports an armature 61 which projects into an annular
      magnet 64. This magnet according to FIG. 6 is connected by way of a line
      or conduit 65 on the one hand with a signal generator 66 or, however, with
      several remaining motors 42. Hereby there is provided what is
      selfunderstood for every average man skilled in the art, namely, and
      equalizer in the line 65 in the form for instance of a bridge and the like
      (bridge circuit) so that during standing still of the shaft 40 there
      becomes generated an impulse whereas during rotation of the shaft an
      equalization becomes achieved or attained in such a manner that neither
      the signal device nor the motors receive an impulse.
PAR  As will be evident from the above description, the spindle nut 21 - 26 is
      adapted to carry out any desired relative horizontal movements relative to
      the marker 50, however, the said spacing ratio between the marker 50 and
      the feeler head remains the same.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims. Thus, the
      present invention also comprises an embodiment in which the guiding bar is
      connected to the ring or holding member 21, 26, and in which the feeler
      head is guided by bars.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for adjusting the roller bight of superimposed rollers of a
      calender, which includes in combination: a plurality of supporting means
      arranged at both sides of said calender and comprising means for rotatably
      supporting said rollers, said supporting means being arranged in
      vertically spaced relationship to each other, continuous spindle means
      movable upwardly and downwardly and extending through said supporting
      means for movement therethrough, a plurality of spindle nuts respectively
      threadedly mounted on said spindle means below the respective supporting
      means and adjustable relative thereto, and a plurality of sensing means
      respectively supported by said supporting means and each including a
      proximity switch with feeler head and also a guiding bar with a marker
      movably guided on said guiding bar, each of said markers being adjustably
      connected to the pertaining spindle nut for movement on the pertaining
      guiding bar.
NUM  2.
PAR  2. A device in combination according to claim 1, in which each of said
      feeler heads and markers is associated with a common guiding bar.
NUM  3.
PAR  3. A device in combination according to claim 1, in which said feeler head
      of each proximity switch is adjustable as to height on the pertaining
      supporting means.
NUM  4.
PAR  4. A device in combination according to claim 1, in which each one of said
      feeler heads is arranged laterally of and adjacent to the path of movement
      of the pertaining marker and is adjustable toward and away from saaid path
      of movement.
NUM  5.
PAR  5. A device in combination according to claim 1, in which each of said
      spindle nuts has an outer rim portion thereof embracing the pertaining
      marker from above and from below.
NUM  6.
PAR  6. A device in combination according to claim 4, in which each of said
      markers has a fork-shaped portion and in which the outer rim of each of
      said nuts has aan annular bead engaging the fork-shaped portion of the
      pertaining marker.
NUM  7.
PAR  7. A device in combination according to claim 3, which includes a plurality
      of holding members respectively surrounding said spindle nuts, and
      respectively held non-rotatably by said guiding bar, said marker being
      guided accurately on the pertaining guiding bar.
NUM  8.
PAR  8. A device in combination according to claim 7, which includes a plurality
      of motor means respectively operatively connected to said feeler heads
      associated with the respective spindle nut.
NUM  9.
PAR  9. A device in combination according to claim 8, which includes a plurality
      of worm shafts respectively operable by said motors and drivingly
      connected to the pertaining spindle nuts, and pulse emitter means
      respectively arranged on the respective worm shaft and connected to the
      pertaining proximity switch.
NUM  10.
PAR  10. A device in combination according to claim 8, which includes a
      plurality of worm shafts respectively operable by said motors and
      drivingly connected to the pertaining spindle nuts, and pulse emitter
      means respectively arranged on said worm shafts and electrically connected
      to the respective motor.
NUM  11.
PAR  11. A device in combination according to claim 10, in which said pulse
      emitters are formed by armatures rotatably arranged on the pertaining worm
      shaft in a magnetic field.
PATN
WKU  039424359
SRC  5
APN  5390214
APT  1
ART  337
APD  19750106
TTL  Depository for receiving, imprinting and storing deposited articles of
      variable thickness
ISD  19760309
NCL  10
ECL  1
EXA  Coven; Edward M.
EXP  Burr; Edgar S.
NDR  3
NFG  8
INVT
NAM  Aultz; Thomas R.
CTY  Cincinnati
STA  OH
INVT
NAM  Kistner; Jerome L.
CTY  Cincinnati
STA  OH
ASSG
NAM  The Mosler Safe Company
CTY  Hamilton
STA  OH
COD  02
CLAS
OCL  101 44
XCL  346 22
XCL  109 25
XCL  101316
EDF  2
ICL  B41F 1700
FSC  101
FSS  4;35;41-44;306;316;317;379-380
FSC  109
FSS  25;45;46;48;59;66
FSC  346
FSS  22
FSC  232
FSS  47;57;43.3;28;44
UREF
PNO  1259399
ISD  19180300
NAM  Hipnell et al.
XCL  346 22
UREF
PNO  2030313
ISD  19360200
NAM  Murtaugh
OCL  109 46
UREF
PNO  3094920
ISD  19630600
NAM  Priesmeyer
OCL  101 41
UREF
PNO  3272119
ISD  19660900
NAM  Keramas
OCL  101 44
UREF
PNO  3465955
ISD  19690900
NAM  De Baer et al.
XCL  232 43.3
UREF
PNO  3784090
ISD  19740100
NAM  Markham
XCL  232 47
UREF
PNO  3836980
ISD  19740900
NAM  Grosswiller et al.
XCL  232 44
UREF
PNO  3866235
ISD  19750200
NAM  Maynard et al.
XCL  109 66
LREP
FRM  Wood, Herron & Evans
ABST
PAL  A depository for receiving, imprinting and storing deposited articles of
      varying thickness including a housing having a slot in the front thereof
      through which articles of variable thickness are inserted, a vault also
      located within the housing into which articles inserted through the
      housing slot are ultimately transferred for storage, and a movable tube
      for temporarily storing an article inserted therein through the housing
      slot while the same is imprinted with a date of deposit or the like and
      thereafter transferring the imprinted article to the vault. The tube is
      movable between a first, article-receiving position in which an article
      receiving end communicates with the housing slot to permit an inserted
      article to be received within the tube; a second, article-discharge
      position in which the article stored in the tube is discharged under the
      force of gravity into the vault via an opening in the other end of the
      tube; and third, article-imprinting positions variably located
      intermediate the first and second positions in which the articles of
      varying thickness in the tube are imprinted by a printer mounted on the
      tube, which printer moves into imprinting relationship with the
      temporarily stored article as an incident to movement of the tube between
      the first, article-receiving position and the second, article-discharge
      position. The slot in the housing is dimensioned such that it is smaller
      than the tube in which the inserted articles are temporarily stored to
      effect imprinting, to prevent insertion into the tube of an article which,
      with respect to the tube, is oversized and which could lodge in the tube
      and fail to be discharged into the vault under the force of gravity when
      the tube is placed in its article-discharge position.
BSUM
PAR  This invention relates to depositories for imprinting and storing articles
      inserted therein, and more particularly to depositories of the foregoing
      type which are capable of imprinting deposited articles of varying
      thickness.
PAR  Depositories for storing articles, such as envelopes containing cash,
      negotiable instruments and the like, have for many years been widely used
      in the banking field to facilitate deposits by bank customers during
      nonbanking hours, e.g., when the bank is closed. These depositories, often
      known as "night depositories", are typically provided with means for
      imprinting the deposited article with various kinds of information useful
      to the bank, including the date of deposit, the bank branch where the
      depository is located, and a serial number unique to each deposited
      article. The serial number, if a receipt is provided to the depositor,
      will also be imprinted on the receipt along with the date and bank branch
      location.
PAR  To achieve consistent and uniformly legible imprints on deposited articles
      it is essential that the face of the printhead squarely strike the
      imprint-receiving surface of the deposited article, and further that it
      strike the deposited article with a force sufficient to achieve the
      desired imprint yet not so large as to damage the printing mechanism
      and/or produce a blurred imprint. These problems of achieving consistently
      uniform engagement of the printhead with respect to both squareness of the
      print face and striking force is readily solved where the articles to be
      imprinted do not vary in thickness. Specifically, in a case of deposit
      articles of uniform thickness, the location of the imprint-receiving
      surface of the deposited article, once within the depository, is
      relatively fixed in space. As a consequence, the travel of the printhead,
      including its orientation at the movement of imprint and its limit of
      movement in the imprinting direction, can be selected for any given
      thickness and the printer adjusted to achieve the desired squareness and
      imprinting force for deposited items of that thickness. Once the travel of
      the printhead has been adjusted for articles of a predetermined thickness,
      and assuming the thickness of the articles does not change and the machine
      remains in adjustment, consistently uniform imprints on deposited articles
      can be expected.
PAR  Apparatus of the foregoing type is unsatisfactory when the depository must
      imprint articles which vary in thickness to any significant extent. For
      example, when an article is inserted having a thickness greater than that
      for which the imprinter is adjusted, the printhead will strike the article
      permaturely. Premature striking of the article may, if the printhead
      travels through an arcuate path, result in the print face thereof striking
      the imprint-receiving surface of the article skeined or oblique fashion,
      i.e., producing an illegible imprint. In addition, since the printhead
      strikes the thicker article permaturely, the resulting imprinting force
      may be larger than desired, causing damage to the equipment and/or
      illegible, blurred imprints. On the other hand, if an article has a
      thickness less than that for which the imprinter is adjusted, the
      printhead may reach its limit of travel without ever striking the
      imprint-receiving surface of the inserted item, resulting in no imprint.
      Should the imprinter be designed to provide some overtravel, the printhead
      thereof may strike the thinner article, but if the path of travel of the
      printheadd is arcuate, it may strike the article obliquely, resulting in
      an imperfect imprint.
PAR  It has been an objective of this invention to provide a depository of the
      imprinting type which is capable of providing uniformly consistent
      imprints on articles of varying thickness without need for interim
      readjustments as the article thickness varies. This objective has been
      accomplished in accordance with certain principles of this invention by
      providing, in a depository having a slotted housing into which articles
      are inserted, a vault into which articles are transferred for storage
      following imprinting, and a movable transfer tube for transferring the
      inserted articles to the vault, the novel and unobvious combination of (a)
      an imprinter having a printhead aligned with an opening in the side wall
      of the transfer tube, (b) guide means mounted on the tube for moving the
      imprinter along a path between an outer position in which the tube
      interior is unobstructed and varying inner positions depending upon the
      thickness of the inserted article temporarily stored in the tube, and (c)
      yieldable means mounted on a stationary support within the housing for
      driving the imprinter through the tube opening toward the inserted article
      in response to movement of the tube between an article-receiving position
      and an article-discharge position, which yieldable means terminates
      imprinter movement relative to the tube as a consequence of continued
      movement of the tube following imprinting.
PAR  In a preferred embodiment of the invention, the imprinter guide includes a
      parallel linkage assembly which interconnects the imprinter and tube to
      guide the printhead for movement along a slightly curved path through the
      tube opening toward the inserted article temporarily stored in the tube
      and the yieldable means includes a link pivotally mounted on a stationary
      support within the housing which releasably engages the parallel linkage
      assembly to drive the printhead into the tube as the tube moves and upon
      the imprinter striking the article to automatically release upon further
      movement of the tube, thereby terminating advancement of the printhead at
      varying points depending upon the thickness of the imprinted article.
PAR  The imprinter, in the preferred form of the invention, is mounted to what
      constitutes the underside of the tube when the latter is in its
      article-imprinting position, which position is intermediate the location
      of the tube in its article-receiving and article-discharge positions. With
      the printer so located, when the parallel linkage is released from
      engagement with the stationarily-mounted yieldable link as an incident to
      movement of the tube following imprinting, the imprinter is free to move
      under the force of gravity to a lower position which, with respect to the
      tube, returns the printhead to its outboard position. This leaves the
      interior of the tube unobstructed and imprinted items free to fall under
      the force of gravity into the vault when the tube reaches the discharge
      position upon continued movement thereof subsequent to imprinting.
PAR  In accordance with a further feature of the invention an improved interlock
      mechanism is provided for locking a cover provided for the housing slot
      when the tube, in which is stored an inserted item, is moved from the
      article-receiving position to effect imprinting and thereafter further
      moved to discharge the imprinted article into the vault. The improved
      interlock includes a slideable detent which is advanced by a cam on the
      tube when the latter moves from the article-receiving position aligned
      with the slot. The advancement is in a direction to engage the detent with
      a cooperating recess provided on a rearwardly projecting extension of the
      slot cover, thereby locking the cover to prevent movement from its closed
      position, sealing the slot. When the tube has returned to its
      article-receiving position in alignment with the article insertion slot in
      the housing, the detent, which is spring-biased toward its retracted
      position, returns to its retracted position, disengaging the cooperating
      recess associated with the cover, and thereby unlocking the door.
PAR  In accordance with a still further feature of the invention, the article
      insertion slot in the housing is dimensioned such that it is smaller in
      both width and length than that of the transfer tube in which inserted
      articles are temporarily stored during imprinting. By so dimensioning the
      housing slot relative to the transfer tube, the largest article insertable
      through the slot will be smaller than the maximum size article which the
      tube can accommodate, thereby insuring that articles received in the
      transfer tube will, when the tube moves to its discharge position, be free
      to slide under the force of gravity from the tube into the vault.
DRWD
PAR  These and other advantages and objectives of the invention will become more
      readily apparent from a detailed description of a preferred embodiment
      thereof taken in conjunction with the drawings in which:
PAR  FIG. 1 is a perspective view of the depository of this invention showing,
      in schematic form, the article insertion slot in the housing, the vault
      into which imprinted articles are ultimately stored, and the transfer and
      imprinting mechanism which imprints and transfers to the vault articles
      inserted into the housing slot;
PAR  FIG. 2 is a side elevational view, partially in cross-section, of thhe
      imprinting and transfer mechanism in the article-receiving position;
PAR  FIG. 3 is a side elevational view, partially in cross-section, showing the
      imprinting and transfer mechanism in one of its article-imprinting
      positions;
PAR  FIG. 4 is a side elevational view, partially in cross-section, showing the
      imprinting and transfer mechanism in the article-discharge position;
PAR  FIG. 5 is a side elevational view, partially in cross-section, of the slot
      cover interlock mechanism, with the tube in nonalignment with the housing
      slot, showing the detent thereof cammed to its outer position to lock the
      door in the closed position;
PAR  FIG. 6 is a side elevational view, partially in cross-section, of the cover
      interlock mechanism, with the tube in the article-receiving position
      aligned with the slot showing, and the detent in its retracted position
      unlocking the slot cover;
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 of FIG. 2; and
PAR  FIG. 8 is a cross-sectional view taken along line 8--8 of FIG. 2.
DETD
PAR  With reference to the drawings, particularly FIG. 1, the preferred
      embodiment of the depository of this invention is seen to include a
      housing 10, which takes the general form of a box or cabinet for enclosing
      the various depository operating components. The housing 10 includes a
      front face or wall 11 provided with a slot 12 into which a customer of a
      bank or the like, whereat the depository is located, can insert a
      generally flat deposit article, such as an envelope containing money,
      negotiable instruments, etc. Once inserted into the slot 12, the deposit
      article is imprinted and thereafter transferred by means of an article
      imprinting and transfer mechanism 13 to be described, to a vault 14
      located within the housing in the lower section thereof.
PAR  Slot 12 is provided with a cover 15 hinged along its upper horizontal edge
      16 to the front wall 11 of the housing 10 above the upper edge of the
      slot. The cover 15, in a manner also to be described, is selectively
      lockable. The housing 10 also includes a side door 17 provided in a
      housing side wall 18 to facilitate access to the vault 14 by bank
      personnel, such at the end of each day, for removal of the contents of the
      vault. Completing the housing 10 is a top 19, a side wall 20, a rear wall
      21, and a bottom 22. The housing 10, in addition to enclosing the
      depository structure of this invention, could also enclose other equipment
      appropriate to a banking installation such as cash dispensing apparatus
      and the like.
PAR  The imprinting and transfer mechanism 13, considered in more detail in
      connection with FIGS. 2, 3, 4, and 8 includes an elongated hollow tube 25
      having a generally rectangular cross-section defined by a bottom wall 26,
      a top wall 27 and opposite side walls 28 and 29. Bottom wall 26 is
      provided with an opening 30 therein intermediate its ends for reasons to
      be apparent hereafter. The tube 25 is mounted for pivotal movement about a
      horizontal axis 31 by mounts 32 and 33 which pivotally interconnect tube
      side walls 28 and 29 with spaced points 34 and 35 of a stationary
      supporting frame 36 located within the housing 10. A drive mechanism 37
      interconnecting the stationary frame 36 and the upper wall 27 of the tube
      25 is provided to pivot the tube clockwise through a predetermined path
      from an article-receiving position (FIG. 2) to an article-discharging
      position (FIG. 4). In the course of moving from the article-receiving
      position (FIG. 2) to the article-discharging position (FIG. 4), the tube
      25 moves through variable article-imprinting positions (FIG. 3), only one
      of which is shown for convenience. The variable article-imprinting
      positions, which are intermediate the article-receiving and
      article-discharging positions, each corresponding to a slighly different
      position of the tube occupied when articles of respectively different
      thickness are imprinted, in a manner to be described.
PAR  In the article-receiving positon of the tube 25 depicted in FIG. 2 an open,
      article-receiving end 41 of the tube is aligned with the lower end 42 of a
      stationarily mounted chute 43, the upper end 44 of which is aligned with
      the article insertion slot 12 formed in the housing front wall 11. When in
      the article-receiving position shown in FIG. 2, tube 25 is designed to
      receive a deposited article, such as envelope 45 inserted through the tube
      opening 41 via chute 43 and slot 12. When in the article-discharge
      position (FIG. 4), the discharge end 46 of the tube 25 is aligned over
      vault slot 47 to facilitate gravity discharge of an imprinted article 45
      from chamber 48 for storage in the vault 14.
PAR  The cross-section of chute 43 is generally coextensive with that of tube
      25. The cross-section of slot 12 is, however, purposely dimensioned to be
      less than that of tube 25 to prevent insertion of an oversized article in
      the tube chamber 48 which, when the tube is in its discharge position
      (FIG. 4), might jam and fail to discharge from the tube into the vault 14
      under the force of gravity. Stated differently, since the cross-sectional
      area of the slot 12, with respect to both width and length, is less than
      that of the tube 25, an article insertable through the slot 12 will,
      providing it does not expand, easily fit within the tube chamber 48 and
      discharge under the force of gravity into the vault 14 when the tube is
      moved to its discharge position shown in FIG. 4.
PAR  The drive mechanism 37 includes a motor, rotary solenoid or the like 50
      stationarily mounted on the frame 36, which has an output shaft 51
      rotatable about a horizontal axis. Fixedly secured and extending radially
      from the drive shaft 51 is a drive arm 52. A drive link 53 is pivotally
      interconnected at one end 54 to a bracket 55 projecting outwardly from the
      tube wall 27 and at the other end 56 to the outer end 57 of the drive arm
      52. Rotation of the arm 52 in a clockwise direction about the drive shaft
      51 in response to energization of the device motor or rotary solenoid 50
      pivots the tube 25 in a clockwise direction about pivot mounts 32 and 33
      to move the tube from its article-receiving position shown in FIG. 2,
      through variable article-imprinting positions shown in FIG. 3, to the
      article-discharge position shown in FIG. 4.
PAR  A stationary shield 59 in the form of a slightly curved panel is secured to
      the frame 36 slightly spaced from the discharge end 46 of the tube 25 when
      the tube is in its article-receiving position (FIG. 2) and its
      article-imprinting positions (FIG. 3). Stationary shield 59 prevents an
      article 45 temporarily stored in the tube chamber 48 from gravity induced
      discharge therefrom via tube end 46 before the tube had pivoted past the
      imprinting position (FIG. 3) in the course of moving from the
      article-receiving position (FIG. 2) to the article-discharge position
      (FIG. 4). Shield 59 also inhibits access to the underlying vault 14 via
      the tube 25 when the tube is in the article-receiving position (FIG. 2)
      with its article-input end 41 aligned with the end 42 of the stationary
      tube 43.
PAR  As noted, rotation of drive arm 52 in a clockwise direction from the
      position shown in FIG. 2 to the position shown in FIG. 3 is operative to
      effect imprinting of an article 45 temporarily stored in the tube chamber
      48, and when further rotated in a clockwise direction is effective to
      rotate the tube to the position shown in FIG. 4 for gravity discharge of
      the imprinted article into the vault 14 via the opening 47 in the top
      thereof. Once arm 52 has been rotated to the position shown in FIG. 4, the
      tube 25 can be returned to the article-receiving position of FIG. 2 by
      either further clockwise motion of the arm 52 or by counterclockwise
      motion thereof. In the article-discharge position of the tube (FIG. 4),
      arm 52 is aligned with and overlaps the drive link 53 and rotation of the
      arm 52 in either a clockwise or a counterclockwise direction is operative
      to return the tube 25 to its article-receiving position (FIG. 2) from the
      article-discharge position (FIG. 4).
PAR  The imprinting and transfer mechanism 13 also includes an imprinter 60
      having a printhead 61 at one end thereof. The imprinter 60 may be any of
      the commercially available varieties such as that manufactured by
      Practical Automation, Inc., Sheldon, CT model CM10P/Z/S which is suitably
      electrically controlled to render the printhead 61 effective to print
      desired information on the article 45 temporarily stored in the chamber 48
      when the printhead 61 strikes the article, in a manner to be described.
      The imprinter 60 has its printhead 61 aligned with the opening 30 in wall
      26 of tube 25 and is mounted for movement in a predetermined path relative
      to the tube 25 via a linkage 62 between an outer position (FIG. 2) and
      varying inner positions (FIG. 3) in which the printhead extends through
      the opening 30 into the chamber 48 differing amounts to accomodate
      imprinting articles of respectively different thickness temporarily stored
      in the chamber 48.
PAR  The linkage 62, in a preferred form, includes an S-shaped link 63 and a
      straight link 64 which are not disposed in a single plane, but which
      although not actually parallel and equal in length, effectively constitute
      a parallel linkage mechanism due to the fact that the axes about which the
      opposite ends of each of the links pivot define four vertices of a
      parallelogram in all operative orientations. Link 64 which is straight, is
      pivotally connected at one end 65 to a bracket 66 projecting from the
      outer surface of the tube bottom wall 26 and at its other end 67 is
      privotally connected to the side 68 of imprinter 60. Link 63, which is
      S-shaped, is pivotally connected at one end 70 to the side 68 of imprinter
      60 and at its other end to a pin 71 fixed to the bracket 66, the pin 71
      having a shoulder to space the arm from the bracket 66 proximate the
      longitudinal center of the tube 25. Linkage 62 also includes links 63-1
      and 64-1 which, like links 63 and 64 are S-shaped and straight so that
      they are not disposed in a single plane, but are not parallel and equal in
      length, yet function as a parellel linkage mechanism due to the fact that
      the axes about which the opposite ends of each pivot, define four vertices
      of a parallelogram in all operative orientations. Link 64-1 is straight
      and pivotally interconnected at its end 67-1 to the side 68-1 of the
      imprinter 60 and at its other end 65-1 is pivotally interconnected to the
      bracket 66-1. Link 63-1, which is S-shaped, is pivotally connected at one
      end 70-1 to the side 68-1 of the imprinter 60 and at its other end to a
      pin 71-1 fixed to the bracket 66-1, the pin 71-1 having a shoulder to
      space the arm from the bracket proximate the longitudinal center of the
      tube 25 and thus proximate the other S-shaped arm 63.
PAR  By virtue of the two parallel linkage mechanism 63, 64 and 63-1, 64-1,
      connected in the manner described, the imprinter 60 is movable, relative
      to the tube 25, in only a straight line path which, in a preferred
      embodiment, is perpendicular to the tube wall 27 and hence to the side
      surface 45a of an article 45 temporarily stored in the tube 25 upon which
      the imprint with the printhead 61 is made when the imprinter is advanced
      to the imprint positions depicted in FIG. 3. In this way, the printhead 61
      squarely strikes the surface 45a of an article 45 in chamber 48 regardless
      of its thickness, and hence regardless of the displacement of its surface
      45a from the tube wall 27.
PAR  To advance the imprinter 60, and hence the printhead 61, through the tube
      opening 30 to strike the article surface 45a to form an imprint on an
      article 45 temporarily stored in the tube chamber 48 when the tube 25
      rotates from the article-receiving position (FIG. 2) to the
      article-imprinting position (FIG. 3), a yieldable element 75 is provided
      which interconnects, via auxiliary links 76 and 77, the stationary frame
      36 and the linkage 62. The yieldable element 75, which preferably is in
      the form of an elongated link is pivotally connected at its end 78 to the
      stationary frame 36 and biased in a clockwise direction by a sprint 79.
      The yieldable element 75 at its free end is provided with a detent or
      shoulder 80. Shoulder 80 normally engages the free end 81 of auxiliary
      link 77 which at its other end is pivotally mounted by a pin 82 fixed
      between brackets 83. Auxiliary link 76 is pivotally connected at one end
      to an intermediate portion of link 77 and at its other end to a pin 84
      fixed between links 63 and 63-1.
PAR  In operation, and assuming that tube 25 is in the article-receiving
      position shown in FIG. 2 with the detent 80 of spring-biased arm 75
      engaged with end 81 of link 77, when the tube 25 is rotated clockwise
      about its axis 31 by drive mechanism 37, link end 81 is restrained against
      motion relative to stationary frame 36. With end 81 of link 77 restrained
      against motion, the link 77, which is pivotally connected at its other end
      to pin 82 spanning brackets 83 which are mounted for movement with tube
      25, pivots counterclockwise about pin 82 relative to the tube 25.
      Counterclockwise pivotal motion of link 77 about pin 82 pivots, via link
      76, parallel links 63, 64 and 73-1, 64-1 clockwise relative to the tube 25
      about their ends 65, 71 and 65-1, 71-1. Clockwise pivotal motion of
      parallel links 63 and 64, in the manner indicated is effective to advance
      the imprinter 60, and hence the printhead 61, through the opening 30 of
      tube wall 26 into the chamber 48 of tube 25 toward tube wall 27 and hence
      toward the surface 45a of article 45 temporarily stood in the chamber 48.
PAR  Continued pivotal motion of tube 25 about axis 31 under the action of drive
      mechanism 37 continues to advance the imprinter 60 through the opening 30
      toward tube wall 27 and hence toward imprint-receiving surface 45a of
      article 45, until such time as the printhead 61 strikes the surface 45a of
      article 45 located against tube wall 27 at which time the imprint is made.
      When the printhead 61 has struck the article to imprint surface 45
      thereof, the imprinter 60 is no longer able to advance further through the
      tube opening 30 toward the tube wall 27. Thus, relative movement of the
      parallel links 63, 64 and auxiliary links 76 and 77 with respect to the
      tube 25, which tube continues to rotate under the action of drive
      mechanismm 37, must terminate. With pivotal motion of line 77 about its
      pivot 82 relative to tube 25 no longer possible due to abutment of
      printhead 61 against article 45 which is itself in contact with tube wall
      27, continued clockwise rotation of the tube 25 from the
      article-imprinting position shown in FIG. 3, causes the link end 81 to
      disengage shoulder 80.
PAR  As should be apparent, depending on the thickness of the article 45 in
      chamber 48, the imprint-receiving surface 45a will be spaced from tube
      wall 27 differing distances, the distance increasing and decreasing as the
      thickness of the article increases and decreases, respectively. In turn,
      the spacing of the printhead 61 from tube wall 27 at the instant of
      striking artice surface 45a to form an imprint depends on the thickness of
      the article, the distance being greater and lesser as the thickness
      increases and decreses, respectively. Since rotation tube 25 produces the
      movement of the printhead 61 relative to the tube 25, the pivotal position
      about axis 31 of tube 25 at the instant of imprint, i.e., at the instant
      printhead 61 strikes article surface 45a, varies as the thickness of the
      imprinted article varies, the tube positon at the instant of imprint being
      further clockwise as the thickness decreases and vice versa.
      Correspondingly, the shoulder 80 and link end 81, which disengage at an
      incident to imprinting an article with printhead 61, will occur earlier or
      later in the pivotal cycle of tube 25 depending upon the thickness of the
      article imprinted, disengagement being earlier as the thickness increases
      and vice versa. Significantly, the depository of this invention
      accommodates different thickness articles, producing uniformity
      interfacing of the printhead and article surface in terms of imprint force
      and squareness, to assure consistent imprint quality, and does so
      automatically and without need for interim adjustments as the thickness of
      the article varies.
PAR  Disengagement of shoulder 80 of spring-biased link 75 from end 81 of
      auxiliary link 77 which, as noted, occurs as a result of continued
      clockwise motion of the tube 25 after the printhead 61 has abutted an
      article 45 located against the tube wall 27, permits the parallel links
      63, 64 and 63-1, 64-1 to pivot counterclockwise about their ends 65, 71
      with respect to tube 25. With links 63, 64 free to pivot clockwise about
      their pivotally connected ends 65, 71 the imprinter 60 will, under the
      force of gravity, move downwardly and withdraw the printhead 61 from the
      printing position (FIG. 3) to the article-discharging position (FIG. 4).
      With the printhead 61 withdrawn from the chamber 48, the imprinted article
      45 is free to discharge from chamber 48 into vault 14 via tube end 46 and
      vault slot 47 uninhibited by any mechanical interference with printhead
      61.
PAR  The imprint force, which is independent of the thickness of the article
      being imprinted, is a function of the resistance to release of arm end 81
      which shoulder 80 presents during movement of the tube 25. Thus, the
      greater (or lesser) the force applied by shoulder 80 to arm end 81, the
      greater (or lesser) the imprint force. However, for any given release
      force, the imprint force will be constant regardless of the thickness of
      the article being imprinted.
PAR  Once the tube 25 reaches the position shown in FIG. 4 and the imprinted
      article is discharged therefrom into the vault 14, the drive mechanism 37
      returns the tube 25 to the article-receiving position shown in FIG. 2 in
      the course of which end 81 of auxiliary link 75, camming the link 75
      counterclockwise about pivot 78 to again engage link end 81 with shoulder
      80 as shown in FIG. 2. The tube is now in the article-receiving position
      and an article receipt in the tube, imprinting thereof, and discharge of
      the imprinted article to the vault 14, can be repeated in accordance with
      the steps described.
PAR  As previously noted, the article insertion slot 12 formed in the front wall
      11 of the housing 10 is provided with a cover 15 which is hinged along
      cover edge 16 to the housing front wall for movement between an open
      position (FIG. 6) and a closed position sealing slot 12 (FIG. 5). To
      prevent opening of the cover 15 after an article has been inserted via
      slot 12 into the tube 25 and prior to its imprinting and ultimate
      discharge into the vault 14, a cam-operated lock mechanism 90 is provided.
PAR  The lock mechanism 90 includes an elongated lock member or bar 91 which is
      mounted for bi-directional sliding movement by guide shoulders 93 and 94
      formed on one side wall 92 of the chute 43. The lock bar 91 is normally
      biased in the direction of arrow 95 by compression spring 96 located
      between a shoulder 97 of the lock bar 91 and a stop 98 secured to chute
      side wall 92. A movable cam 99 having an inner cam surface 100 and an
      outer cam surface 101 is provided which, in one cam position wherein inner
      cam surface 100 abuts lock bar end 102, shifts the lock bar 91 to its
      inner or retracted position (FIG. 6) and in another cam position in which
      cam surface 101 abuts lock bar end 102, shifts the lock bar 91 to its
      outer position (FIG. 5).
PAR  In the retracted position of lock bar 91, wherein lock bar end 102 engages
      inner cam surface 100, the outer detent end 103 of the lock bar 91 is
      disengaged from a recess 104 formed in a structural bracket 105 extending
      rearwardly from the cover 15, permitting the cover 15 to be opened. Thus,
      when the tube 25 is in the article-receiving position depicted in FIG. 2,
      the inner cam surface 100 is seated behind lock bar end 102, permitting
      the lock bar 91 to be retracted and the detent 103 to be disengaged from
      the recess 104 formed on the cover extension 105, in turn permitting the
      cover to move from the closed position to the open position (FIG. 6).
      However, when the tube 25 rotates from the article-receiving position
      (FIG. 2) toward the imprinting position (FIG. 3) and the discharge
      position (FIG. 4), outer cam surface 101 moves into engagement with lock
      bar end 102, urging the lock bar 91 in an outer direction parallel to
      arrow 106, advancing the detent 103 into engagement with the recess 104
      formed in the extension 105 secured to the back of cover 15 (FIG. 5). With
      the lock bar detent 103 engaged with recess 104, pivotal motion of the
      cover 15 about hinge 16 is prevented and cover 15 cannot be opened,
      prohibiting access to the interior of the housing 10 via slot 12. Of
      course, when the tube 25 returns to the article-receiving position (FIG.
      3) inner cam surface 100 once again underlies the end 102 of lock bar 91
      allowing it to retract under the bias of spring 96 to disengage detent 103
      from recess 104, again permitting the cover 15 to pivot about hinge 16 and
      provide access to the slot 12 for insertion of an article into the tube
      chamber 48 (FIG. 6).
PAR  A slightly curved shield 110 extending downwardly from the article
      insertion end 41 of the tube 25, in addition to constituting the outer cam
      surface 101 which urges the lock bar 91 to its outer lock position, also
      functions to block the lower end 42 of chute 43 when the tube 25 moves
      from the article-receiving position (FIG. 2) to the article-imprinting
      position (FIG. 3) and the article-discharge position (FIG. 4).
PAR  As those skilled in the art will appreciate, it is desirable to include
      control circuit means (not shown) for sensing the presence in the tube
      chamber 48 of a deposited article 45, and in response thereto energizing
      the motor 50 to effect rotation of the tube from its article-receiving
      position (FIG. 2) to the imprinting position (FIG. 3) and thereafter to
      the article-discharge position (FIG. 4). A suitable sensor could include a
      light source and phototransducer positioned within the tube 25 at
      locations such that an inserted article 45 interrupts the beam of light
      from the source to the phototransducer. The article detection arrangement
      could also be utilized to control motor 50 for returning the tube 25 to
      its article-receiving position (FIG. 2) when the article has been
      discharged into the vault 14 following imprinting. Suitable controls of
      the kind indicated are conventional and accordingly are not further
      detailed herein.
PAR  Pursuant to the requirements of the patent statutes, the principle of this
      invention has been explained and exemplified in a manner so that it can be
      readily practiced by those skilled in the art to which it pertains, or
      with which it is most nearly connected, such exemplification including
      what is presently considered to represent the best embodiment of the
      invention. However, it should be clearly understood that the above
      description and illustrations are not intended to unduly limit the scope
      of the appended claims, but that therefrom the invention may be practiced
      otherwise than as specifically described and exemplified herein, by those
      skilled in the art, and having the benefit of this disclosure.
CLMS
STM  What is claimed as being patentably novel is:
NUM  1.
PAR  1. A depository for receiving and imprinting generally flat articles of
      varying thickness inserted therein, comprising:
PA1  a housing having an article-insertion slot provided in one wall thereof,
PA1  a hollow tube within said housing having an interior defining a chamber for
      temporarily storing an article to be imprinted, said tube having an
      article-receiving opening and an article-discharge opening disposed at
      opposite ends thereof in communication with said chamber, said tube having
      an additional opening intermediate its opposite ends,
PA1  a mount connected to said tube for mounting said tube for movement through
      a predetermined path between (a) an article-receiving position, in which
      said article-receiving opening of said tube communicates with said
      article-insertion slot of said housing to facilitate insertion of an
      article into said chamber via said housing slot and article-receiving
      opening, and (b) an article-discharge position in which said slot and
      article-receiving opening are non-communicative and said article-discharge
      opening is disposed lower than said article-receiving opening to
      facilitate gravity discharge through said article-discharge opening of an
      article temporarily stored in said tube, said predetermined tube movement
      path including movement through variable article-imprinting positions
      whereat different thickness articles are imprinted,
PA1  an article imprinter having a printhead aligned with said additional
      opening in said tube intermediate the opposite ends thereof,
PA1  a linkage interconnecting said imprinter and said tube for facilitating
      movement of said imprinter along a predetermined path between (a) variable
      inner positions in which said printhead extends through said additional
      opening varying distances into said chamber to imprint articles of
      different thickness temporarily stored in said tube, and (b) an outer
      position in which said printhead is substantially withdrawn from said
      chamber,
PA1  drive means connected to said tube to move said tube from said
      article-receiving position through said variable article-imprinting
      positions to said article-discharge position,
PA1  a stationary suport within said housing, and
PA1  a yieldable means connecting said stationary support and said linkage, said
      yieldable means being operative prior to yielding to advance said
      imprinter from its outer position to one of said variable inner positions
      associated with a predetermined article thickness whereat said printhead
      imprints an article having said predetermined thickness temporarily stored
      in said chamber as said drive means moves said tube from said
      article-receiving position to said one article-imprinting position, said
      yieldable means being operative to yield as an incident to said imprinting
      to prevent further advancement of said imprinter relative to said
      imprinted article while said tube continues to move toward said
      article-discharge position past said one article-imprinting position.
NUM  2.
PAR  2. The depository of claim 1 wherein said article-receiving opening in said
      tube is dimensioned relative to said article-insertion slot in said
      housing to accommodate thicker articles for storage in said tube chamber
      than can be inserted therein via said insertion slot, thereby preventing
      insertion of an oversized article in said tube chamber which would fail to
      discharge under the force of gravity when said tube is positioned in said
      article-discharge position.
NUM  3.
PAR  3. The depository of claim 1 further including a stationary shield within
      said housing mounted proximate said discharge opening of said tube to
      block said discharge opening except when said tube is in said
      article-discharge position.
NUM  4.
PAR  4. The depository of claim 1 further including
PA1  a cover mounted to said housing for movement between an open position in
      which said slot in said housing is accessible and a closed position
      blocking access to said slot,
PA1  a cover lock member movable between a lock position in which said cover is
      locked in said closed position by said lock member and an unlock position
      in which said cover is unlockd, and
PA1  a cam mounted for movement incident to movement of said tube, said cam
      being movable between (a) a first position in which said lock member is
      cammed into said unlock position when said article-receiving opening of
      said tube communicates with said article-insertion slot of said housing
      and (b) a second position in which said lock member is cammed by said cam
      to its lock position when said tube is moving toward its article-discharge
      position.
NUM  5.
PAR  5. The depository of claim 4 further including a detent mounted on one of
      said cover and lock member and a recess in the other of said cover and
      lock member, and wherein said cam is mounted for movement with said tube
      to cam said lock member and engage said recess and detent to lock said
      cover closed when said tube moves away from said article-receiving
      position.
NUM  6.
PAR  6. The depository of claim 1 wherein said yieldable means is releasably
      connected to one of said stationary support and said linkage and
      operative, prior to release, to effect said imprinter advance toward said
      article stored in said chamber and operative, upon imprinting, to release
      and prevent further advancement of said printhead into said chamber.
NUM  7.
PAR  7. The depository of claim 6 wherein said imprinter is mounted below said
      tube to move downwardly under the force of gravity upon release of said
      yieldable means to at least partially withdraw said printhead from said
      chamber and thereby enhance gravity-induced discharge of an imprinted
      article from said tube when said tube moves toward said discharge position
      following imprinting.
NUM  8.
PAR  8. The depository of claim 6 wherein said linkage includes a parallel
      linkage assembly interconnecting said imprinter and said tube to promote
      uniform interfacing of said printhead and an article stored in said tube
      for different thickness articles.
NUM  9.
PAR  9. The depository of claim 8 wherein said yieldable means includes a link
      pivotally connected at one point to said stationary support and releasably
      connected at another point to said linkage for pivoting said parallel
      linkage assembly to advance said imprinter as said tube moves toward its
      discharge position, said link releasing said parallel linkage assembly
      upon imprinting an article in said tube chamber to terminate imprinter
      advance as said tube moves further toward said discharge position.
NUM  10.
PAR  10. A depository for receiving and imprinting generally flat articles of
      varying thickness inserted therein, comprising:
PA1  a housing having an article-insertion slot provided in one wall thereof,
PA1  a hollow tube within said housing having an interior defining a chamber for
      temporarily storing an article to be imprinted, said tube having an
      article-receiving opening and an article-discharge opening disposed at
      opposite ends thereof in communication with said chamber, said tube having
      an additional opening intermediate its opposite ends,
PA1  a mount connected to said tube for mounting said tube for movement through
      a predetermined path between (a) an article-receiving position, in which
      said article-receiving opening of said tube communicates with said
      article-insertion slot of said housing to facilitate insertion of an
      article into said tube chamber via said housing slot and tube
      article-receiving opening, and (b) an article-discarge position in which
      said slot and article-receiving opening are non-communicative and said
      aritcle-discharge opening is disposed lower than said article-receiving
      opening to facilitate gravity discharge through said discharge opening of
      an article temporarily stored in said tube,
PA1  an article imprinter having a printhead aligned with said additional
      opening in said tube intermediate the opposite ends thereof,
PA1  means mounted on said tube for guiding said imprinter for relative
      bidirectional motion along a path which includes (a) an outer position
      wherein said printhead is substantially withdrawn from said tube and (b)
      variable inner positions in which said printhead extends into said chamber
      differing amounts to imprint differing thickness articles stored in said
      tube chamber,
PA1  drive means connected to said tube to move said tube from said
      article-receiving position to said article-discharge position,
PA1  a stationary support within said housing,
PA1  means for relatively moving said imprinter toward an article in said tube
      chamber when said tube moves toward said discharge position under the
      action of said drive means, and
PA1  means for terminating said relative movement of said imprinter toward said
      article before said tube reaches said discharge position.
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ABST
PAL  A supplemental printer is mounted piggy-back fashion atop a conventional
      high speed chain printer or other form of computer output printing
      equipment; and prints, upon the same print-out sheet as the high speed
      printer, information generated by the same electronic digital computer to
      which the high speed printer responds. The supplemental printer is capable
      of printing postage or other special indicia not easily incorporated into
      the print symbol repertoire of the high speed printer. In order to make
      the supplemental printer operate rapidly enough to be compatible with
      electronic data processing equipment, its print impression is divided into
      parts printed by individual type segments, each actuated by its own
      individual print solenoid. Some of the segments are equipped with
      solenoid-actuated variable numerical print modules for the purpose of
      printing postage or other variable numerical information. After printing,
      the segments return to positions at unequal levels in order to deter
      "wiping off" unauthorized postage or other valuable print impressions.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a division of applications Ser. Nos. 195,729 and
      377,234 filed Nov. 4, 1971 and July 9, 1973, respectively, now U.S. Pats.
      Nos. 3,832,946 and 3,889,592 respectively.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to the fields of postage metering and
      computer peripheral printing equipment. It particularly concerns a
      supplemental printer physically associated with a computer output printer
      and designed for rapid, computercontrolled printing of postage or other
      valuable indicia.
PAC  BACKGROUND OF THE INVENTION
PAR  In certain instances it is desirable to achieve rapid printing of
      computer-generated information which can not be satisfactorily handled by
      conventional high speed computer peripheral printers. Some applications,
      for example, may require special purpose indicia which are not available
      on conventional high speed printers, or can not be provided on such
      printers without unacceptable size reductions. In addition, the special
      purpose indicia may have certain security problems associated therewith,
      if the indicia have value validating significance. One application in
      which one or both of these problems may arise is the preparation of
      paychecks; and another is the printing of postage.
PAR  With regard to the postage printing application in particular, it is
      conventional for high volume mailers to avail themselves of the high
      speeds offered by modern electronic digital computers and output printers,
      in order to increase their output. A typical prior art installation
      includes a computer which is programmed to receive information as to the
      weight and destination of a package, and from that information to
      calculate the required postage. A high speed chain printer is slaved to
      the computer to print out the destination information on an address label
      which is subsequently affixed to the package.
PAR  The computer also provides the calculated postage amount information to
      shipping department employees in some form which enables them to affix the
      proper amount of postage to the package. The most common way of
      accomplishing this is for the high speed printer to receive the postage
      amount information from the computer, and print it directly on the address
      label for the information of the employees. This print-out is not a
      government-authorized postage impression of the kind provided by a postage
      meter. The printer impression made in a prior art installation as
      described above includes only the postage amount without any authorized
      postage validation symbols, and is provided for information only.
      Thereafter authorized postage of like amount must be affixed by an
      employee by means of postage stamps or a conventional manually controlled
      mechanical postage meter.
PAR  The intervention of a human being, or of a mechanical postage metering
      device, slows down a high volume mailing operation of the kind described.
      Therefore it is desirable to have the authorized postage impression
      printed automatically in response to the computer-generated postage
      calculation. Some form of secure, fixed-program postage accounting
      equipment must also be provided.
PAR  It would be possible to use a mechanical postage meter which comprises a
      secure housing containing authorized postage printing means, a mechanical
      descending register for storing the postal credit balance, and mechanical
      means for guaranteeing that all printed postage amounts are decremented
      from the register. An electrically actuated controller device may then be
      provided to translate electrical signals from the computer into mechanical
      inputs for controlling all meter functions.
PAR  The latter approach meets all security requirements, but is considered too
      slow to meet the speed requirements of some high volume mailing
      operations. When used in conjunction with an electronic digital computer
      and high speed printer, it may be necessary for the postage printer to
      produce approximately two or three postage impressions per second.
      Mechanical postage meters, however, typically are motor-driven printing
      devices with mechanical postage-amount-changing mechanisms. Their maximum
      output rate, about two postage impressions per second, is barely adequate
      for the application described. Moreover, their output rate drops to about
      half of that maximum if it is necessary to change the postage amount
      between print cycles. Thus the utility of mechanical meters in data
      processing environments is largely limited to fixed-postage-amount
      applications.
PAR  It is possible to use the printing capability of the high speed printer
      itself for postage purposes, by making appropriate modifications such as
      replacing standard print characters by special postage symbols. That
      approach, however, runs into the problem of character size limitations
      which are inherent in standard high speed printing equipment. It also
      involves undesirable interference with the electrical interface between
      the computer and the high speed printer, i.e., breaking into the
      electrical cable which connects the computer and the high speed printer in
      order to insert special circuitry for performing postage security
      accounting functions. It is also necessary to house the printer and the
      postage accounting circuitry in a large security enclosure to prevent
      cheating by an unscupulous computer programmer.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, these problems and disadvantages are
      circumvented by mounting a supplemental printer atop the conventional
      computer output printer, in position to print special purpose indicia upon
      the same print-out sheet. In security-sensitive applications such as the
      printing of authorized postage or paychecks, security of electronic
      accounting procedures is achieved by providing separate electrical control
      connections to the conventional computer output printer and to the
      supplemental value-printing device respectively. Therefore this approach
      also avoids the need for breaking into the electrical interface between
      the computer and its standard peripherals.
PAR  According to another aspect of the invention, the speed limitations of
      conventional postage printing mechanisms are circumvented by providing a
      segmented, solenoid-actuated postage printing mechanism, in which the
      entire postage impression field is divided into individual parts each
      printed by an independently actuated type slug, and each slug is
      independently actuated by its own solenoid. The individual segments are
      fired in sequential relationship, in order to improve the print quality.
      For application where numerical values are concerned, individual print
      segments are provided with solenoid-operated variable numerical amount
      printing modules. In order to deter wiping off of unauthorized print
      impressions that have postal or other economic value, the type face
      surfaces of the print segments are maintained at different levels when in
      their home positions, so that it is difficult to reach the recessed
      surfaces.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a computer output printer having a
      supplementary authorized postage printing accessory mounted thereon in
      accordance with this invention. The cover of the computer output printer
      has been partially broken away for clarity of illustration.
PAR  FIG. 2 is an enlarged perspective view of the supplemental printer of FIG.
      1, and the supporting structure which mounts it on the computer output
      printer.
PAR  FIG. 3 is a vertical section taken through the supplemental printer of FIG.
      2.
PAR  FIG. 4 is a sectional view taken along the lines 4--4 of FIG. 3, looking in
      the direction of the arrows.
PAR  FIG. 5 is another sectional view, this time taken along the lines 5--5 of
      FIG. 3, looking in the direction of the arrows.
PAR  FIG. 6 is a top plan view of the supplemental printer and portions of the
      mounting mechanism of FIG. 2, with parts broken away for clarity of
      illustration.
PAR  FIG. 7 is an elevational view of the ink ribbon advance mechanism of the
      supplemental printer.
PAR  FIG. 8 is a perspective view of a fixed information printing slug which
      forms one part of the authorized postage impression of FIG. 10.
PAR  FIG. 9 is a similar perspective view, with parts broken away for clarity of
      illustration, of a variable numerical information printing slug which
      forms another part of the postage impression.
PAR  FIG. 10 is an enlarged illustration of an authorized postage impression
      made by the supplemental printer.
PAR  FIG. 11 is a schematic illustration of a solenoid and ratchet drive
      mechanism for one of the number wheel modules in the printing slug of FIG.
      9.
PAR  FIG. 12 is a perspective view of a locking mechanism for the postage
      printer of this invention.
PAR  FIG. 13 is a schematic diagram of an electrical circuit for firing the
      print solenoids sequentially.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a high speed computer output printer 10 having an
      auxiliary printing mechanism 12 mounted thereon. The computer output
      printer 10 may be any standard form of high speed printer of the kind
      which is normally driven by an electronic digital computer in conventional
      data processing installations. The particular high speed printer 10
      illustrated here is basically a standard IBM Model 1403 chain printer,
      which has been modified only to the extent necessary to mount the
      supplemental printer 12 thereon.
PAR  The supplemental printer 12 may be designed to print any of a variety of
      special purpose indicia which, for one reason or another, are not printed
      directly by the chain printer 10 itself. In the case of special validating
      symbols for postage impressions or paychecks, it may be important from the
      standpoint of readability that the validating symbol be larger than the
      type face capacity of the chain printer 10. Or one may wish to avoid the
      loss of a standard print symbol by replacement with a postage validation
      symbol. Or in the case of numerical value despensing applications, such as
      postage or paycheck printing, a separate printing mechanism may be
      desirable in order to have separate electrical data input leads for
      controlling both the high speed printer 10 and the supplemental printer
      12, in order that accounting problems associated with the supplemental
      printer 12 in these applications may be handled by secure, fixed-program,
      special purpose electronic circuitry without the need for disrupting the
      data connection between the computer and its high speed printer 10. Thus,
      in the illustration of FIG. 1 the high speed printer 10 and the
      supplemental printer 12 receive their data inputs over separate data input
      cables 14 and 16 respectively.
PAR  In this specification the supplemental printer 12 will be discussed in
      terms of an authorized postage printer used in computer-controlled high
      volume mailing operations; but it will be readily appreciated that many of
      the security and accounting problems are the same for other
      value-dispensing applications such as the preparation of paychecks. The
      supplemental printer 12 mounted upon the computer output printer 10 is
      only the postage printing portion of an authorized postage metering
      system. In order to make such an installation complete, the other end of
      the data input cable 16 is connected to an electronic postage metering
      circuit (not shown) which performs the necessary postal accounting
      functions under secured conditions. The cable 16 is a secured cable, the
      postage printer 12 is enclosed in a secure housing 20, the metering
      circuit is also enclosed in a secure housing, and the cable 16 is
      connected to the metering circuit by a secured connector. For a complete
      disclosure of the design of such secured cables and connectors, and of an
      electronic postage metering and printing system which employs the
      supplemental printer of this invention and deals fully with the postal
      security and accounting problems involved, see U.S. patent application
      Ser. No. 195,694 filed the same day as this application by Eckert, Jones,
      Hinman, McFiggans, Check and Lupkas, and assigned to the assignee of the
      present application.
PAR  The chain printer 10 impresses printed data upon a paper web 24 in response
      to computer-generated signals received over the data cable 14. The paper
      is advanced through the printer line-by-line by means of conventional
      paper tractors (not shown) acting upon sprocket holes 26 along either edge
      of the paper web. For mailing label applications, the paper web 24
      comprises a backing sheet 28 which has the sprocket holes 26 punched
      therein and is wide enough to engage the paper tractors on either side of
      the printer 10, plus a centrally located front strip 30 which is narrower
      and consists of a series of individual mailing labels 30.1, 30.2, etc.
PAR  Printing by the chain printer 10 takes place somewhat below the level of
      the supplemental postage printer 12, and after each segment of the mailing
      label strip 30 is completed the paper web 24 is pulled upwardly by the
      tractors. At a somewhat higher location within the printing station of the
      high speed printer, the supplemental printer 12 makes its postage printing
      impression upon the same mailing label strip 30, in response to data which
      arrives over the secured cable 16 and advises the postage printer of the
      computer-calculated amounts of postage required for each package. Because
      of their different print locations along the path of the paper web, there
      is a time difference between the related printing operations of printers
      10 and 12, of which the computer must be programmed to take account. After
      both printing mechanism 10 and 12 have finished printing their respective
      impressions thereon, the label strip 30 is separated from the backing
      sheet 28 and divided into individual mailing labels 30.1, 30.2, etc. which
      are then affixed to respective packages for mailing.
PAR  The conventional frame structure of an IBM Model 1403 chain printer 10
      includes a pair of upper and lower frame members 22 and 23 repsectively
      which extend horizontally across the printing station, and are used as the
      basic support for the supplemental postage printer 12 (FIG. 2). A pair of
      side bars 32 are each bolted at their upper ends to the upper frame member
      22 and at their lower ends to the lower frame member 23 of the main
      printer 10. At their lower ends, these side brackets 32 are formed with
      rearwardly projecting bar-supporting lugs 34 which receive the opposite
      ends of a threaded bar 36, and forwardly projecting hinge lugs 38 which
      interengage with hinge lugs 40 formed on a pair of end brackets 42. Hinge
      pins 44 and 46 pass downwardly through vertical holes which are drilled
      through all the hinge lugs 38 and 40 to secure the end brackets 42 to the
      side brackets 32 at either side of the printing station (see also FIGS. 3
      and 6). The supplemental postage printer 12 is supported on a pair of
      slide rails 48 which extend horizontally between the two end brackets 42,
      and permit the postage printer 12 to slide horizontally to a position of
      printing relationship with the label strip 30. Set screws 50 hold the
      printer 12 in place after initial adjustment.
PAR  As best seen in FIG. 6, a special platen assembly 52 for cooperating with
      the postage printer 12 is located directly behind the paper web 24, and is
      supported, with provision for lateral position adjustment, by threaded
      engagement with the bar 36 and clamping engagement with the lower frame
      member 23. The threaded engagement with the bar 36 is accomplished by a
      pair of upwardly and rearwardly extending tapped lugs 54. The clamping
      engagement with the lower frame member 23 is accomplished by front and
      rear plates 56 and 58 respectively which surround the lower frame member
      23, as seen in FIGS. 4 and 6. Bolts 60 passing through the front plate 56
      are threaded to the rear plate 58 to secure them in clamping relationship
      about the lower frame member 23. The actual platen surface is a hard
      rubber insert 62 which is received within an appropriate recess on the
      front surface of the front clamping plate 56.
PAR  An inked ribbon 64 passes entirely around the outside of the postage
      printer housing 20 and downwardly between the postage printer mechanism 12
      and the paper print-out sheet 24, in order to provide ink for postage
      impressions. As seen in FIGS. 2, 6 and 7, the ribbon 64 is advanced
      continuously by a roller 66 journaled between plates 68 and 69 and driven
      by a ribbon advance motor 70 secured to the plate 68. Both plates 68 and
      69 are mounted on the exterior of the housing 20. Idler rollers 72 are
      rotatably mounted on a shaft 76 carried by links 74, and the links in turn
      are pivotally mounted upon a shaft 78 journaled between the mounting
      plates 68 and 69. Torsion springs 80 are wrapped around shaft 78 and react
      against pins 81 and shaft 76 for biasing the idler rollers 72 against the
      ink ribbon 64 to maintain driving engagement with the motor-driven roller
      66.
PAR  The speed of the computer output printer is such that it can turn out about
      two or three mailing labels per second. Therefore, if the supplemental
      postage printer 12 of this invention is to be compatible, it must be able
      to make two or three postage impressions per second. Conventional
      mechanical postage printing mechanisms, of the kind that are now widely
      used for postage metering, are barely capable of such operating speeds,
      and only under certain limited conditions. Conventional postage printing
      mechanism are motor-driven. The inertia of the mechanism and the looseness
      of the mechanical linkages between the motor and the type elements is such
      that a print cycle typically takes about half a second when the fastest
      mechanical postage printers are used. Ideally, then, such printers can
      turn out two labels per second; but only if the postage amount is not
      changed between print impressions. Changing the postage amount in a
      mechanical postage meter typically consumes an additional half second in
      the fastest mechanical devices, thus increasing the total cycle time to a
      full second. Consequently, in variable postage applications the production
      rate would drop to little more than one label per second. The present
      invention avoids these problems by providing a fast, fully
      solenoid-operated postage amount changing and printing mechanism which has
      low inertia and a direct coupling to the type elements.
PAR  In addition, most motor-driven postage meters employ a rotary printing
      action. In addition to the inertia and loose coupling problems mentioned
      above, rotary mechanisms have dynamic balance problems when operated a
      high speed. The present invention avoids that problem by providing a flat
      bed postage printer, i.e., one in which the type elements have a linear
      print motion. Flat bed printers have been employed for postage
      dispensation in the past, but they suffered from high inertia and slow
      response, not only because they were motor-driven, but also because the
      entire postage impression was formed by one massive, large-area type
      element. In contrast, the present invention employs a segmented printing
      mechanism in which the area of the postage impression is divided into a
      plurality of parts, each of which is printed by an independently moveable
      type slug actuated by its own individual solenoid. As a result, the
      printing forces and the inertial mass which each solenoid must handle are
      drastically reduced. The individual printing slugs also have their own
      individual return spring mechanism, to reduce the inertial problems
      affecting return of the print mechanism, and thus contribute to the
      overall operating speed of the mechanism.
PAR  As seen in FIG. 10, an entire postage field 90 to be printed by the
      mechanism of this invention is divided into a plurality of parts 90.1 -
      90.8 separated by boundaries 92 (these boundaries are imaginary; they are
      shown only to indicate the division of the overall postage field 90, and
      are not actually visible when postage is printed). Each of the segments
      90.1 - 90.8 is printed by an individual type slug 94a; 94b. Examples of
      two different types of printing slugs 94a and 94b which are employed to
      make the print impressions for the segments 90.1 - 90.8 are seen in FIGS.
      8 and 9 respectively. The slug 94a illustrated in FIG. 8 is of the kind
      used to make the printing impressions for the first four segments 90.1 -
      90.4, which contain only fixed subject matter such as part of the postage
      validating symbol, geographical information, etc. The segment 94b
      illustrated in FIG. 9 is of the kind used to print the last four segments
      90.5 - 90.8, which contain the remainder of the postage validating symbol
      plus variable numerical data (e.g. 1421) for forming the postage amount.
PAR  Each of the fixed information print slugs 94a is a generally rectangular
      solid member having a narrow end surface 96 formed with type face elements
      98 for printing the fixed portion of the postage impression 90. Each of
      the variable data print slugs 94b comprises a jacket 100 of simillar
      external shape but formed in two halves 100.1 and 100.2 shaped to define a
      rectangular hollow interior 102 into which is inserted a variable
      numerical print module 104. The module 104 comprises a rotatable wheel 106
      having a set of numerical type face elements 107, one of which protrudes
      through a window 108 formed in the end surface 110 of the slug. Above and
      below the number window 108 are additional type face elements 112 which
      cooperate with the type face elements 112 and 98 of other slugs 94a; 94b
      for printing the fixed portion of the postage impression 90. The fixed
      information type face elements 98 and 112 on the fixed and variable slugs
      94a and 94b respectively are aligned with each other so as to form mating
      lines 113 in the postage impression 90 as seen in FIG. 10. The variable
      number modules 104 are formed with ribs 105 above and below, which are
      received by complementary-shaped recesses formed internally of the
      respective halves 100.1 and 100.2 of the variable print slug jacket 100,
      so that end surfaces 105a of these ribs retain the variable number modules
      104 within the print slug interiors 102 against the force of print impact
      exerted against the number wheels 106.
PAR  The variable number modules 104 are commercially available, for example
      from Practical Automation Company of Shelton, Connecticut. As seen in FIG.
      11, they include respective number selection solenoids 238 for rotating
      the number printing wheels 106 to a desired numerical position, and
      respective printed circuits 114 which protrude from the slugs 94b (see
      FIG. 4) and have electrical leads for conducting number selection input
      signals to the number selection solenoids and number verification output
      signals for data feedback to the computer. These leads permit a computer
      connected to the data cable 16 to send signals to the variable number
      wheel modules 104 to select the amount of postage, and to receive back
      signals which verify whether or not the postage amount has been correctly
      set.
PAR  The number wheel 106 is rotatably mounted upon a shaft 210. Coupled to the
      wheel 106 for rotation therewith is a ratchet wheel 212 having a plurality
      of peripheral teeth 214. A twopronged drive pawl 216 includes an upper
      tooth 218 and a lower tooth 220. Pawl 216 is fixed upon a horizontal shaft
      222 for rotation therewith. Also fixed to that shaft is a rocker crank 224
      having a crank arm 226 and a drive handle 228 at the end of the arm. The
      handle is substantially circular in configuration and is rotatably
      embraced by a drive collar 230 formed at the end of a drive link 232. The
      link is reciprocated by means of a solenoid 238 which is wound on a
      U-shaped iron core 240. When the core is energized, the core attracts an
      armature 242 which is affixed to the drive link 232. The armature 242 has
      a guiding pin 244 which passes through a suitable opening in a fixed guide
      member 246. A biasing spring 248 is coiled about the guide pin 244, and
      compressed between the armature 242 and the guide member 246. In operation
      the number wheel 106 is advanced one numerical step by the pawl 216 for
      each electrical drive pulse applied to the coil 238. The coil 238 is
      energized from the printed circuit 114, and wiper contacts 250 mounted on
      the wheel 106 cooperate with the printed circuit 114 to reveal the
      numerical position of the wheel 106.
PAR  This type of solenoid-actuated number wheel setting mechanism is very much
      faster than the mechanical linkages used for postage amount changing in
      present-day postage meter mechanisms. In actual tests of equipment
      constructed according to this invention, it has been determined that under
      worst case conditions (i.e. if number wheel rotation is unidirectional and
      the resetting displacement in a given instance is only one less than the
      total number of numerical increments), the maximum resetting time is 140
      milliseconds, compared to 500 ms. for prior art mechanisms having
      mechanical number wheel resetting linkages.
PAR  As best seen in FIGS. 3, 4 and 5, the printing mechanism is mounted on a
      U-shaped machine guide block 119 contained within the secure housing 20
      and having upper and lower wings 120 and 122 respectively which are spaced
      apart to define a print slug guideway between them. As seen in FIG. 3,
      eight print solenoids 124.1 - 124.8 are mounted within appropriate
      recesses formed in the guide block. In order to avoid crowding, the
      odd-numbered solenoids 124.1 - 124.7 for four alternately spaced print
      slugs 94a; 94b are mounted on one guide block wing 122, and the
      evennumbered solenoids 124.2 - 124.8 for the intervening print slugs 94a;
      94b are mounted on the other guide block wing 120.
PAR  Each solenoid 124 has a plunger 126 which moves to the right (as seen in
      the view of FIGS. 4 and 5) at the time of solenoid energization. For each
      print slug 94a; 94b and its actuating solenoid 124, there is a bail
      assembly 128 (FIGS. 3 and 4) which is pivoted at one end by means of pivot
      shafts 130 or 132 secured at opposite ends to the housing 20. Each bail
      assembly 128 is engaged at the opposite end by a connecting pin 136
      passing between two spaced lugs 138 formed on each solenoid plunger 126.
PAR  As best seen in FIG. 3, each bail assembly 128 comprises a pair of
      individual bail members 128' which are spaced apart where they are pivoted
      to the shafts 130 and 132 and where they pass over the print slugs 94a;
      94b; but which meet where they pass between the two lugs 138 of the
      solenoid plungers 126. The connecting pins 136 pass over the bail members
      128', and nest within notches 140 formed in the bail members as best seen
      in FIG. 4. Thus, as the solenoid plungers 136 move to the right, the pins
      136 rotate the free ends of the bail assemblies 128 pivotally about their
      respectivie shafts 130 and 132.
PAR  The mid-portions of each bail member 128' are formed with lugs 142 having
      circularly shaped tips 142' received within a pair of circularly shaped
      openings 144 on each print slug 94. The variable number printing modules
      104 are substantially longer than the print slug jackets 100, and
      therefore extend beyond the associated bail assemblies 128 (as seen in
      FIG. 4). Spacing the individual bail members 128' apart allows a central
      clearance space for the variable print modules 104 (see FIG. 3). In
      addition, the use of two laterally spaced bail members 128' causes the
      tips 142 (FIG. 4) to exert actuating forces evenly on both sides of the
      associated print slugs 94a; 94b, so that there are no unbalanced dynamic
      forces during printing.
PAR  As seen in FIGS. 4, 6, 8 and 9, the print slugs 94 are formed with front
      and rear guide lugs 146 at opposite sides thereof, which mount the slugs
      94a; 94b for sliding motion by slipping into guide recesses 148 formed in
      the faces of the guide block wings 120 and 122 (FIG. 3). Thus the motion
      of the print slugs 94a; 94b is translational in nature, as they
      reciprocate along the paths defined by the guide recesses 148. The motion
      of the bail assemblies 128 is pivotal about their shafts 130 and 132, but
      the circular shape of the drive lug tips 142' (FIG. 4) and of their
      receiving recesses 144 assures that the force exerted by the bail
      assemblies 128 upon the print slugs 94a; 94b will always be parallel to
      the direction of print slug motion.
PAR  The print mechanism is designed so that the solenoid plungers 126 bottom
      before the print slugs 94a; 94b make printing impact. As a result, the
      slugs 94a; 94b then coast through the remainder of their printing travel
      momentarily uncoupled from the solenoids 124. This allows the slugs 94a;
      94b to make a brief printing impact against the ink ribbon 64, paper 24
      and platen 62, and then to rebound cleanly for the sake of high print
      quality. In FIG. 4, solely for the purposes of illustration, the bail
      assembly 128 at the left is seen in its returned position prior to
      solenoid actuation, and the other bail assembly 128 is seen displaced to
      the right and at the point of uncoupling. Note that the space between
      plunger surface 150 and bail assembly 128 allows the bail sufficient
      clearance to coast free of the connecting pin 136.
PAR  For particular applications in which the printer of this invention is
      controlled by general and/or special purpose computing equipment to keep
      account of postage or other value dispensed by printing, it would be
      desirable to have some means of confirming that the print operation
      ordered by the computing equipment has actually taken place, so that
      corrective measures can be taken in the event that some malfunction
      prevents printing. Thus the bail assemblies 128 are provided with heel
      extensions 128a which are arranged to close normally open print
      confirmation switches 151 only when the bail assemblies are at or near the
      position corresponding to print impact of the slugs 94a; 94b. The switches
      151 illustrated in FIG. 4 are of the leaf-sprung type, mounted on the
      interior wall of housing 20. But if desired, magnetically actuated
      glass-enclosed reed switches could be used for print confirmation
      purposes. In either case, contact bounce problems can be eliminated by
      using the electrical outputs of the print confirmation switches to latch
      conventional bistable circuits, which then store print confirmation data
      until reset.
PAR  The return motions of the bail assemblies 128 and print slugs 94a; 94b are
      driven by coil springs 152 which surround the solenoid plungers 126 and
      are compressed between the bail assemblies 128 and the solenoids 124 in
      order to store mechanical energy as the solenoid is actuated. The
      spring-biased return of the bail assemblies 128 allows the print
      confirmation switches 151 to re-open, and also causes the solenoid
      plungers 126 to return because of the driving connection made via pins
      136. Return motion of the plungers 126 is limited by cushions 154 mounted
      on L-shaped stop brackets 156.
PAR  With reference to FIGS. 2 and 3, it is occasionally necessary to swing the
      supplemental postage printer 12 out of the way in order to provide access
      to paper web 24, the printing chain or other portions of the high speed
      printer 10. This is accomplished by removing either one of the hinge pins
      44 or 46 and swinging the entire assembly of the postage printer 12, the
      slide rails 48 and the end brackets 42 outwardly about the remaining hinge
      pin 44 or 46. The arrow 157 in FIG. 2, for example, illustrates the
      outwardly swinging motion of this assembly about the hinge pin 46 which
      could be accomplished if hinge pin 44 were removed. In FIGS. 5 and 6 it is
      seen that the printing slugs 94a; 94b protrude through a window 160 in the
      rear of the postage printer housing 20, so as to have printing access to
      the inked ribbon 64, paper web 24 and platen 62. Clearly, when the
      piggy-back printer assembly is swung out about one of its hinge pins as
      just described, this will provide easy access to the inked ribbon 64 and
      the postage printing type faces 98, 107 and 112 of the print slugs 94a;
      94b. This situation creates a temptation for postage fraud by "wiping
      off"; i.e., by pressing paper against the inked ribbon and postage
      printing type faces to accomplish an artificial postage printing
      impression without actuation of the print solenoids, and therefore without
      decrementing the electronically stored postal accounting balance.
PAR  In order to prevent such cheating, the printing mechanism is so arranged
      that when all print slugs 94a; 94b are in their return positions the
      postage printing type faces are in different planes. This is clearly seen
      in FIGS. 5 and 6, where the typeface-bearing surfaces 96 and 110 of the
      slugs 94a; 94b are seen to be unequally spaced from the printing platen
      62. It is not necessary for the printing surface of each slug to be in its
      own plane. It suffices, and simplifies the mechanical design, if there are
      at least two different planes, the type faces of some slugs being in one
      plane which is relatively close to the platen, and the type faces of at
      least one other slug being in another plane which is further from the
      printing platen. Thus one or more of the slug surfaces 96 or 110 is
      recessed relative to the others. The amount of separation of the two
      planes, i.e. the degree of recessing, is made large enough in relation to
      the breadth of the slug surfaces 96 and 110 so that it is difficult to
      reach the more recessed of these surfaces to wipe off an unauthorized
      postage impression therefrom. In addition, the slug 94b containing the
      least significant digit of numerical information is recessed the most.
      Although worth the least, that digit is always used, and is therefore the
      most indispensable of all digits if the postage impression wiped off is to
      look authentic.
PAR  The described uneven placement of the slug surfaces makes it difficult to
      obtain a fraudulent postage impression, but this advantage would be lost
      if a postage thief could force the print slugs 94a; 94b into alignment
      with each other, thus forming a planar printing surface. Other features of
      this mechanism, however, prevent that from happening.
PAR  First, it is not possible to force the more exposed print slugs 94a; 94b
      backwardly, in the direction opposite to their print stroke. If this were
      attempted, the print slugs would only force their drive bail assemblies
      128 against the connecting pins 136, which in turn would force the
      solenoid plungers 126 against their L-shaped stop brackets 156.
PAR  The opposite approach, that of forcing the recessed print slugs to move
      outwardly in the direction of the printing stroke, is also difficult. In
      addition to the secured housing 20 which makes access to the internal
      mechanism very difficult, there is also a locking mechanism which prevents
      any of the slugs 94a, 94b from moving through any portion of their print
      stroke unless an unlocking command comes from the computing equipment over
      the secured cable 16.
PAR  As seen in FIG. 5, a locking comb 158 extends horizontally through the
      postage printing mechanism, and is horizontally slideable (see FIG. 3)
      between the upper guide block wing 120 and the print segments 94a; 94b,
      and also in a slot 159 milled in the central portion of the guide block
      119 (see FIG. 12). The upper rear guide ribs 146 (FIGS. 8 and 9) of the
      print slugs 94a; 94b are located behind the locking comb 158 and move
      toward the locking comb during their forward print stroke (see FIGS. 3 and
      4). The locking comb is formed with alternate teeth 158a and intervening
      recesses 158b. Sliding motion of the comb causes either the teeth 158a or
      the recesses 158b all to line up with the adjacent guide ribs 146, thus
      determining whether the print slugs 94a; 94b are blocked or are released
      to perform their printing stroke. A tension spring 161 is anchored at one
      end by an L-shaped bracket 162 secured to guide block 119, and is secured
      at its other end to the locking comb 158 for biasing it into the blocking
      position. The comb can only be moved into the releasing position by a
      solenoid 164 (FIGS. 3 and 5) on computer command. The solenoid 164 is
      received within a recess in the upper guide block wing 120.
PAR  This solenoid has a plunger 166 which is provided with a connecting pin 168
      captured between the fingers of a yoke 170 (see FIG. 12). The yoke in turn
      is staked on a shaft 172 which is journalled on a U-shaped bracket 176
      secured to guide block 119 by a bolt 177. A drive link 178 has a
      connecting pin 180 which is received within a comb notch 158c as best seen
      in FIGS. 5 and 12. A bushing 174 is secured to the shaft 172 for rotation
      therewith. The bushing has a larger diameter 174a for spacing the members
      170 and 178 apart, and a smaller diameter 174b to which the link 178 is
      staked. Thus, when the solenoid 166 is energized, the plunger 166 and pin
      168 thereof rotate the yoke 170, the shaft 172 and the link 178 as a unit,
      causing the pin 180 to drive the locking comb 158 in the releasing
      direction, extending the comb return spring 161 (FIG. 5). The locking comb
      is seen in FIG. 5 in its releasing position, wherein the guide ribs 146
      are free to move into the comb recesses 158b when the print slugs are
      actuated by their solenoids 124. Subsequently, when the electrical signal
      terminates, the solenoid 164 no longer holds the locking comb 158 in
      locking position. But the locking comb 158 cannot return to its biased
      position until after all the print segments 94a; 94b have returned,
      because until that time the guide ribs 146 are in the comb recesses 158b,
      interfering with the teeth 158a, and thereby preventing sliding motion of
      the comb 158. Eventually, however, the comb is biased back to its original
      position in which the teeth 158a are in blocking relationship to the guide
      ribs 146. Then it is no longer possible to move the print slugs 94a; 94b
      toward the platen 62. The locking comb 158 is retained in its slot 159
      (FIG. 12) by a lug 176a bent laterally from bracket 176 (FIGS. 3 and 12),
      and by a shim 163 (FIG. 3) belted to the guide block 119.
PAR  The position of the actuating mechanism for the locking comb 158 is
      monitored electrically, to provide information which is useful for print
      confirmation purposes. As seen in FIGS. 3 and 12, a conventional
      double-pole, double-throw switch 260 is mounted on the guide block 119 and
      actuated by a plunger 262 located in the path of a lever 264 staked to the
      releasing shaft 172 of the locking comb 158. When shaft 172 rotates link
      178 to release the locking comb, it also rotates lever 264 to strike the
      plunger 262 and actuate the switch 260. In an exemplary print confirmation
      circuit which is disclosed in the Eckert, et al application cited above,
      release of the locking comb produces a first output from the switch 260
      which starts an operating cycle of the print confirmation circuit, and
      re-locking of the comb 158 produces a second output from the switch 260
      (because it is a double-pole, double-throw device) which consummates the
      operating cycle of the print confirmation circuit. To avoid contact bounce
      problems, these outputs from switch 260 are preferably used to switch one
      or more latching circuits.
PAR  Test printing operations with the described mechanism, in which all the
      print solenoids 124 were fired substantially simultaneously, have
      demonstrated that such simultaneous firing noticeably degrades the print
      quality. Presumably this is because the supplemental printer 12 of this
      invention, which is small in relation to the conventional high speed
      printer 10 of FIG. 1, does not have sufficient reaction mass of its own,
      and cannot be mounted sufficiently rigidly on the high speed printer 10,
      to press the print slugs 94a; 94b firmly against the print surface under
      the shock of simultaneous firing. In accordance with an additional aspect
      of this invention, however, excellent print quality is obtained if the
      print solenoids 124 are fired sequentially, even if the spacing is no
      greater than 1 to 2 milliseconds between consecutive solenoid firings.
      Apparently this spreads the printing shock over a large enough time span
      to reduce the peak shock intensity, resulting in print quality which is
      not noticeably inferior to that obtained in low speed printing operations.
PAR  FIG. 13 illustrates an exemplary circuit which may be used for separating
      the print solenoid firing times in accordance with this invention. An
      externally generated print signal sets a start flip-flop 300, causing it
      to insert a zero into the first stage of a shift register 302 which is
      continually shifted by a clocking oscillator circuit 304 having a period
      equal to the desired time spacing between print solenoid firings. The zero
      inserted into the first shift register stage is therefore propagated
      through each successive register stage.
PAR  The outputs from the successive shift register stages are labeled LC and
      PB1 through PB8 in that order, to indicate that they are connected to turn
      on the locking comb solenoid 164 and the print bail solenoids 124.1
      through 124.8 respectively. Each shift register stage output LC and
      PB1-PB8 is connected through a respective inverter stage 306 to the gate
      of a respective SCR 308 which controls energization of the respective
      solenoid 164 or 124.1-124.8. Because of the logical inversion introduced
      by stages 306, the SCR's 308 of solenoids 164 and 1124.1-124.8 are fired
      in that order as the initial zero is propagated along the shift register
      302. The time delay between solenoid firings is determined by the clocking
      rate of the shift register, which in turn equals the frequency of the
      clocking oscillator 304.
PAR  The turning on of each SCR 306 in turn discharges a respective capacitor
      309 through the associated solenoid 164 or 124.1 - 124.8. After
      discharging the capacitors 309, the SCR's 308 are turned off and the
      capacitors 309 are recharged from power terminal 311. The capacitor
      recharge time is preferably small enough so that, by the time print
      segments 94a; 94b return to home position and the number wheels 106 are
      reset, the print cycle can be repeated. Therefore, recharging the
      capacitors 309 is not a limiting factor so far as printing rate is
      concerned. Diodes 315 are employed to isolate the capacitors 309 from each
      other during print discharge. Resistors 313 are employed to protect the
      SCR's 308 from the inductive kick-back of solenoids 164 and 124.1-124.8
      when the SCR's are turned off. FIG. 13 does not show any explicit
      provision for turning off the SCR's 308 after printing, in order to avoid
      unnecessary detail which forms no part of the present invention. Turning
      off of the SCR's must be done by momentarily opening their anode-cathode
      circuits after discharge of capacitors 309, as is well known in the art.
      Various circuits for accomplishing this are disclosed, for example, in the
      General Electric SCR Manual, 4th Edition.
PAR  When an external stop signal subsequently arrives over lead 310, it enables
      a coincidence gate 312 and presets the shift register 302 (i.e. forces all
      shift register stages to assume a logical one state). This assures that
      all the inverters 306 are turned off, and energizes a lead 314 connected
      to the output of the first shift register stage (LC). The signal on lead
      314 then passes through the enabled gate 312 and resets the start
      flip-flop 300, concluding the print cycle.
PAR  The described solenoid-operated printing mechanism provides significant
      improvement in speed over prior art postage printers. It was pointed out
      above that the maximum number wheel resetting time is about 140
      milliseconds. Once number wheel setting is accomplished, the time required
      to drive the print slugs 94a; 94b to impact and return them to rest
      position is of the order of 50-60 milliseconds, even allowing for the
      delaying effect of the time spread circuit in FIG. 13. Thus the maximum
      total cycle time is slightly over a quarter second even in the worst case
      (i.e. maximum number wheel setting displacement). Such a cycle time would
      permit a production rate of nearly four postage impressions per second,
      even if the number wheel setting displacement were always maximum.
      Statistically, the average number wheel setting displacement is much less
      than maximum for any normal distribution of postage amounts. Therefore
      under normal conditions the maximum production rate of this printer can
      exceed four postage impressions per second, which is better than twice as
      fast as the production rate of mechanically driven postage meters.
PAR  It will now be appreciated that the present invention provides a segmented,
      solenoid-actuated special purpose printer which is capable of speeds
      compatible with data processing equipment. The segments return to uneven
      home positions, to deter "wiping off". The printer employs a combination
      of variable information and fixed information printing means to combine
      variable amount information and a special validating symbol. This printing
      concept may be embodied in a supplemental printer mechanism physically
      mounted in piggy-back relationship upon an otherwise conventional computer
      output printer, which prints upon the same print-out sheet and in response
      to commands from the same computer. Print quality is preserved by
      spreading out the individual segment print impacts along the time axis.
      The piggy-back printer is useful in postage printing and various other
      applications requiring over-sized or non-standard printing symbols in a
      computer-controlled installation, or in any application where security
      problems are an important consideration.
PAR  Since the foregoing description and drawings are merely illustrative, the
      scope of protection of the invention has been more broadly stated in the
      following claims; and these should be liberally interpreted so as to
      obtain the benefit of all equivalents to which the invention is fairly
      entitled.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A flat bed postage printer comprising, in combination:
PA1  a plurality of discrete individually spaced print impact segments
      consisting of more than two said segments;
PA1  a flat platen;
PA1  means separately mounting each said segment for individual rectilinear
      movement between a respective home position and a print impacting
      engagement with said platen;
PA1  separate actuating means operatively coupled to each said segment to drive
      their respective segments from their respective home positions into print
      impacting engagement with said platen;
PA1  separate restoring means operatively coupled to each said segment for
      returning their respective segments to their respective home positions;
PA1  a type face element carried by each said segment in opposed relation to
      said platen, said segments being arranged such that, upon assuming their
      respective home positions, most of said type face elements are
      differentially spaced from said platen and each other to provide an uneven
      meander-like type impression, so as to prevent a wiping off of an
      impression therefrom, said type face elements carried by said segments
      being positioned in contiguous side-by-side relationship in order to print
      individual portions of a postal insignia and invidivual digits of a
      multi-digit postal value number, with each digit thereof being of
      different mathematical significance, said type elements in printing
      combination providing a complete postage meter impression containing a
      postage value and a postal insignia, the one of said type face elements
      for printing the least significant digit of said postal value number being
      spaced the greatest distance from said platen when said segment carrying
      it assumes its home position; and
PA1  an electrically controlled locking slide member operatively engageable with
      said segments for controlling the movement of said segments from their
      respective home positions towards said platen, said slide member being
      operative between a first segment locking position barring the movement of
      said segments, and a second position freeing said segments for movement
      toward said platen, said slide member being normally biased toward said
      first position, and being electrically driven to said second position
      incidental to the actuating means becoming operative to drive each segment
      into printing engagement with the platen.
NUM  2.
PAR  2. The flat bed postage printer defined in claim 1, which further comprises
      electrical switching means actuated by said locking member upon assuming
      its second position to signal the fact that said segments are freed for
      movement into print impacting engagement with said platen.
NUM  3.
PAR  3. A flat bed postage printer comprising, in combination:
PA1  a plurality of discrete impact segments arranged in a contiguous
      side-by-side relationship, each said segment being formed with a pair of
      circular recesses formed in opposed external surfaces thereof;
PA1  a flat platen;
PA1  means separately mounting each said segment for individual rectilinear
      movement between respective home positions and print impacting engagement
      with said platen;
PA1  separate actuating means operatively coupled to each said segment, each
      including a solenoid having an armature and a bail operatively coupled to
      said armature, said bail being pivoted at a point intermediate its ends,
      coupled to said solenoid at one extremity, and coupled to said segment
      recesses intermediate said extremity and said pivot point, each said bail
      having means forming a substantially circular projection accommodated in
      said segment recess for converting the pivotable movement of said bail in
      response to solenoid actuation into rectilinear movement of its respective
      segment into print impacting engagement with said platen, each said bail
      comprising a pair of spaced bail elements, said spaced bail elements each
      being provided with said means forming circular projections for
      accommodation in said circular recesses of each said segment to provide
      laterally balanced drive coupling therebetween; and
PA1  separate restoring means operatively coupled to each said segment for
      returning their respective segments to their respective home positions.
NUM  4.
PAR  4. The flat bed postage printer defined in claim 3, wherein each said
      solenoid armature is formed having a bifurcated end, said spaced bail
      elements of each bail converging into contiguous relation for entry into
      said armature bifurcated end, a drive pin bridging said bifurcated
      armature end to retain the converged portion of said bail therein, the
      depth of such said armature end bifurcation being sufficient to provide a
      lost motion coupling between said bail and said armature during print
      impacting engagement of the respective segment with said platen.
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ABST
PAL  This chain printer has a type chain which includes an endless flexible belt
      capable of installing numerous type slugs. Each print slug includes a
      printing portion containing at least one type character and a pair of
      cantilevers extending from the printing portion. The print slugs are
      changeably mounted onto the belt by means of a U-shaped spring which
      permits a better printing performance and a simplified type-changing
      process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to chain printers and, more particularly, to an
      improved type belt for a chain printer.
PAR  2. Prior Art
PAR  The prior art to which this invention is directed teaches an arrangement
      for the type belt for a chain printer in which the print slug is fixed to
      the timing belt by means of pins mounted into extensions of the print slug
      and elongated coil springs. These are disclosed by U.S. Pat. Nos.
      3,621,778 and 3,633,500. However, the above described system has some
      disadvantages. First, it consumes a considerable amount of time in
      mounting and demounting the print slugs from the timing belt, and in
      addition a greater number of parts are required. Another disadvantage of
      the prior art is the manufacturing complexity. That is, the system
      necessitates an intricate configuration of parts in order for the timing
      belt to gear properly with the driving pulley. In the case of U.S. Pat.
      No. 3,633,500, the shape of the driving pulley must be so designed as to
      avoid the interference between the driving pulley and the elongated coil
      springs, while in the case of U.S. Pat. No. 3,621,778, the pin mounted
      onto the extension of the printing slug is divided into upper and lower
      parts to protect it from interference between the pin and the printing
      slug. Accordingly, a longer time is spent in the manufacturing process of
      the devices described above. In addition, the arrangement in which the
      timing belt engages the driving pulley is likely to cause wear and tear of
      the timing belt after some period of operation. This will result in the
      deterioration of the printing performance of the device.
PAR  This invention solves these problems which the prior art devices described
      above have failed to solve.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is the primary object of this invention to provide a type belt that has
      fewer parts and that will simplify the process of mounting and demounting
      print slugs.
PAR  Another object of this invention is to provide a type belt arranged in such
      a manner that the print slugs mounted on the type belt accurately engage
      the driving pulley.
PAR  A further object of this invention is to improve the printing performance
      and to insure a longer life of the timing belt.
PAR  The novel features which are believed to be characteristic of the invention
      together with further objects and advantages thereof, will be better
      understood from the  following description considered in connection with
      the accompanying drawings in which presently preferred embodiments of the
      invention are illustrated by way of example. It is to be expressly
      understood, however, that the drawings are for the purpose of illustration
      and description only and are not intended as a definition of the limits of
      the invention.
DRWD
PAC    BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the first embodiment of this invention.
PAR  FIG. 2 is a front view of the same embodiment of this invention.
PAR  FIG. 3 is a cross-sectional view along Lines III -- III shown in FIG. 2.
PAR  FIG. 4 is a perspective view of the second embodiment of this invention.
PAR  FIG. 5 is a rear view of the second embodiment of this invention.
PAR  FIG. 6 is a cross-sectional view along Lines VI -- VI shown in FIG. 5.
PAR  FIG. 7 is a perspective view of the third embodiment of this invention.
PAR  FIG. 8 is a front view of the third embodiment of this invention.
PAR  FIG. 9 is a cross-sectional view along Lines IX -- IX shown in FIG. 8.
PAR  FIG. 10 is a cross-sectional view along Lines X -- X shown in FIG. 9.
PAR  FIG. 11 is a perspective view of a modification of the third embodiment of
      this invention.
DETD
PAC    DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIGS. 1 through 3, there is shown a preferred embodiment
      of this invention. FIG. 1 illustrates a perspective view of a part of the
      device in which print slugs 24 are fixed on timing belt 20 that is
      flexible and endless having a first and a second side. The second side of
      timing belt 20 is provided with a plurality of teeth 22, which are
      arranged and configured to mesh with a driving pulley 62 (FIG. 10). The
      first side faces print slug 24 and is coupled thereto by means of U-shaped
      spring members 56. Thus belt 20 is disposed between slugs 24 and U-shaped
      spring members 56. Print slug 24 comprises printing portion 26 and a pair
      of upper and lower cantilever members 28 and 30 which extend almost
      perpendicularly at the upper and lower ends of printing portion 26. Upper
      cantilever member 28 has projection 29 and lower cantilever 30 has
      projection 31. The cantilevers and the projections extend from the first
      side of the belt 20 to the second side thereof. Cantilevers 28 and 30 have
      a length in excess of the belt's width in order to grip timing belt 20.
      Cantilevers 28 and 30 in cooperation with U-shaped spring 56 work to
      prevent the vertical offset (shown by arrows A and B in FIG. 1) of print
      slug 24 during operation. Type base 50 consisting of two printing types or
      fonts as a unit is fixed upon printing portion 26 by means of
      protuberances 32 and 34 of printing portion 26 which fit into holes 52 and
      54 provided in type base 50. U-shaped spring 56 (FIG. 2) has bent,
      outwardly extending portions 60 at the free ends and two straight leg
      members 58a and 58b. Spring 56 is so placed that the straight leg members
      58a and 58b capture and hold tooth 22 of timing belt 20 between printing
      portion 56 and projections 29 and 31 by urging the belt toward printing
      portion 26. Thus, U-shaped spring 56 prevents horizontal offset (shown by
      arrows C and D) of print slugs by positioning each tooth member 22 between
      each leg 58a and 58b thereof.
PAR  The process of mounting print slugs 24 onto timing belt 20 with U-shaped
      spring 56 is, for example, as follows:
PA1  1. first, as shown in FIG. 3, install print slug 24 upon timing belt 20,
PA1  2. then set U-shaped spring 56 through opening 36 and opening 38 provided
      in cantilevers 28 and 30 respectively,
PA1  3. move U-shaped bottom section 59 of spring 56 to the angle shown by the
      broken line, and
PA1  4. finally, fix U-shaped spring 56 to the position shown by the solid line.
PAR  This installation procedure results in U-shaped spring 56 abutting the
      inside wall along opening 36 with bent portion 60 being firmly caught by
      an upper face of cantilever 28. In additon, bottom section 59 of U-shaped
      spring 56 is fixed by projection or protuberance 40. Accordingly, the
      device thus organized assures durability of performance without causing
      shifting or sliding. In the case of demounting print slugs 24 from timing
      belt 20, the reverse process shall be followed. Thus, it should be evident
      that the mounting-demounting process is considerably simplified.
PAR  Now referring to FIGS. 4 through 6 which illustrate another embodiment in
      which print slug 24 and type base 50 are moulded as a single unit, instead
      of two separate elements as shown in FIGS. 1 through 3. FIG. 4 shows a
      perspective rear view of a part of the device, where U-shaped spring 56 is
      supported by means of grooves 44 (shown as a generally rectangular cut-out
      area) provided in the interior side wall of cantilever 43 at the interior
      of recess 47, and side holes 42 formed in the inside wall of opening 45
      (FIG. 5). Bent portion 60 of the spring fits into side hole 42 arranged in
      the inside wall of cantilever 30 which faces opening 36 so that spring 56
      will be free from loosening or dislocating during operation (FIG. 5). In
      this case, the process of mounting print slug 24 onto timing belt 20 with
      U-shaped spring 56 is exemplarily shown as follows:
PA1  1. first, insert the tip of bent portion 60 of U-shaped spring 56 into side
      hole 42 (see FIG. 5),
PA1  2. move it to the position shown by the broken line in FIG. 6,
PA1  3. place timing belt 20 between print slug 24 and U-shaped spring 56 as
      shown in FIG. 6,
PA1  4. rotate U-shaped spring 56 with timing belt 20 around bent portion 60 as
      the fulcrum to fit with print slug 24, and
PA1  5. finally, set U-shaped spring member 56 fixed with groove 44 of
      cantilever 30 as shown by the solid line in FIG. 6. As apparent from the
      above, leg members 58a and 58b are placed in contact with teeth 22 of
      timeing belt 20, and U-shaped spring member 56 clamps or otherwise
      disposes timing belt 20 toward printing portion 26. Thus, print slug 24
      will not experience any horizontal or vertical offset during operation.
      The demounting process can also be the reverse of the mounting process
      described above.
PAR  FIGS. 7 through 10 illustrate still another embodiment of this invention.
      FIG. 7 shows a part of the device of the embodiment which is slightly
      different from that discussed above in that cantilevers 49 and 51 are
      provided with recesses 46 and 48 to mesh or otherwise coupled with spring
      member 56 such that the driving pulley proceeds between each tooth and
      each U-shaped member. In the operation, driving pulley 62 meshes with
      intermeshing recesses 46 and 48 rather than with timing belt 20 as shown
      in FIGS. 9 and 10. In the event driving pulley 62 rotates in the direction
      shown by arrow E (FIG. 10), timing belt 20 will be under tension at one
      side and under pressure or compression at the other side. A printing
      hammer (not shown) is arranged in the side that is under pressure. Print
      slugs 24 are moved by driving pulley 62 along the printing line in
      sequence, but the moving process in this case is that print slugs 24 touch
      each other and are pushed out one after another. Therefore, the printing
      performance will not be affected by errors such as in measurement or
      expansion of timing belt 20. Accordingly, as long as the dimension of
      print slug 24 is measured accurately, the distance between the printed
      letters will be almost constant and an excellent printing performance can
      be obtained. In fact, the measurement control of the print slugs is much
      easier than that of the timing belt 20. In addition to this, since it is
      not the timing belt 20 but the intermeshing recesses 46 and 48 which gear
      with driving pulley 62, tooth 22 of the timing belt along with the
      U-shaped spring member 56 is used only for fixing the print slug 24 to the
      belt along with U-shaped spring member 56. Therefore, it would be possible
      to use flat belt 64, as shown in FIG. 11, if the spring force of the
      U-shaped spring member 56 with respect to the belt is set strong enough to
      fix the slugs on the belt.
PAR  Having now described particular embodiments of the invention in detail, it
      should be evident that the present invention has a number of advantages
      with respect to present technology. This invention provides a type belt
      that has fewer parts thus simplifying the process in the
      mounting-demounting of print slugs.
PAR  Another advantage of the present invention is that it is not necessary to
      design the U-shaped spring and the driving pulley for the special profile
      because the devices may be built in such a way that the print slugs gear
      with the driving pulley. A further advantage of the present invention is
      that is provides the chain printer with high printing performance without
      complexity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A chain printer having a driving pulley comprising:
PA1  a flexible, endless belt having first and second sides;
PA1  printing slugs coupled to said belt, said slugs having a printing portion
      extending outwardly from said first side of said belt and upper and lower
      cantilever members for positioning said slugs on said belt, said
      cantilever members extending from said printing portion of said slug
      across said belt to said second side thereof; and
PA1  flexible U-shaped spring members for coupling said slugs to said belt, each
      said U-shaped spring member having first and second spaced-apart leg
      members, said spring members disposed against said second side of said
      belt and selectively interlocked in said upper and lower cantilever
      members, said lower cantilever member having grooves arranged and
      configured such that each said spring member extends up through said
      grooves with a section of said spring member remaining in said lower
      cantilever member, and said upper cantilever member having engaging means
      for selectively retaining the ends of each said leg member such that said
      ends may be flexed and selectively released from said upper cantilever
      member while said section of said spring member in said lower cantilever
      member remains substantially in place
PA1  whereby said belt is disposed between said slugs and said U-shaped spring
      members.
NUM  2.
PAR  2. The chain printer of claim 1 wherein said driving pulley has a plurality
      of outwardly extending members, and said second side of said belt has a
      plurality of tooth members arranged and configured to mesh between said
      outwardly extending members of said driving pulley.
NUM  3.
PAR  3. The chain printer of claim 2 wherein alternating tooth members are
      disposed between said first and second leg members of one of said U-shaped
      spring members.
NUM  4.
PAR  4. The chain printer of claim 1 wherein said engaging means are two
      openings disposed in said upper cantilever member with the end of each
      said leg member disposed in said openings.
NUM  5.
PAR  5. The chain printer of claim 1 wherein each said leg member has an
      outwardly extending projection at the corresponding ends of each said leg
      member, and said lower cantilever member has a recessed area joining said
      grooves arranged and configured to selectively permit said leg members to
      pass therethrough and into said grooves.
NUM  6.
PAR  6. The chain printer of claim 1 wherein said grooves in said lower
      cantilever member extend up the length of said lower cantilever member,
      such that each said first and second leg members are disposed in said
      grooves, each said first and second leg members have outward extending
      projections at the ends of each said leg members, and wherein said
      engaging means are two openings arranged and configured to selectively
      retain the ends of each said U-shaped spring member therein.
NUM  7.
PAR  7. A chain printer having a driving pulley comprising:
PA1  a flexible, endless belt having first and second sides, said driving pulley
      having a plurality of outwardly extending members and said second side
      having a plurality of tooth members arranged and configured to mesh
      between said outwardly extending members of said driving pulley;
PA1  printing slugs coupled to said belt, said slugs having a printing portion
      extending outwardly from said first side of said belt and upper and lower
      cantilever members for positioning said slugs on said belt, said
      cantilever members extending from said printing portion of said slug
      across said belt to said second side thereof; and
PA1  U-shaped spring members for coupling said slugs to said belt, each said
      U-shaped spring member having first and second spaced-apart leg members,
      said U-shaped spring members disposed against said second side of said
      belt and selectively interlocked in said cantilever members, said lower
      cantilever member having grooves arranged and configured such that each
      said spring member extends up through said grooves in said lower
      cantilever member with said first and second leg members coupled to said
      upper cantilever member, each said leg member having an outwardly
      extending projection at the corresponding end of each said leg member,
      said projection selectively disposed in an engaging means in said upper
      cantilever member,
PA1  whereby said belt is disposed between said slugs and said U-shaped spring
      members.
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ABST
PAL  A dyestuff applicator inside a cylindrical printing screen comprises an
      elongate hollow body with a bottom portion contacting the inner screen
      surface and an outlet for ink supplied to that body through one of two
      tubular extremities thereof, these extremities being clamped in respective
      mountings with their axes disaligned to generate stresses counteracting
      the forces of gravity and friction which tend to deform the outlet from
      its linear shape. Each end mounting may comprise a pair of axially spaced
      rigid rings with toroidal inner surfaces, of adjustable relative
      elevation, or an elongate sleeve cradled in a vertically adjustable
      bearing frame in which the sleeve can be immobilized at a desired
      inclination to the horizontal and the vertical. The sleeve may have a
      yieldable lining or be braced by damping springs and dashpots against
      oscillations of the applicator body.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a dyestuff applicator for a printing
      machine, more particular a screen printer in which an apertured printing
      screen overlies a substrate to be imprinted and is movable together with
      that substrate in a predetermined direction.
PAC  BACKGROUND OF THE INVENTION
PAR  As described for example in my copending application Ser. No. 426,909 filed
      20 Dec. 1973, such a dyestuff applicator has a stationary, elongate hollow
      body extending axially within the screen, this body having an inlet for
      the admission of liquid dyestuff (generally through an extremity of the
      body projecting axially beyond the screen) and further having a body
      portion contacting the inner screen surface.
PAR  With screens of large width, requiring dyestuff applicators of considerable
      length, the weight of the liquid-filled applicator body tends to cause
      same to sag so that greater contact pressure is exerted upon a middle
      region of the screen surface than upon its end regions. A certain
      deviation from parallelism with the screen axis also results from
      frictional forces effective along the contact area between the screen and
      the bottom portion of the applicator.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of my present invention, therefore, is to provide an
      improved support structure for the axially extending extremities of such
      an applicator body designed to maintain the linearity necessary for even
      printing.
PAR  Another object is to provide means in such a mounting structure for
      minimizing friction-induced oscillations to which the applicator may be
      subjected in operation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my present invention, the stationary applicator body is
      provided with independently adjustable mountings for its extremities
      disposed alongside the screen on a supporting frame, each of these
      mountings comprising holding means engaging a respective extremity, and as
      an elongate sleeve held in a bearing member, and fastening means for
      fixedly retaining the holding means in a position of inclination of the
      engaged extremity with reference to the screen axis. I further provide
      cushioning means, such as a deformable sleeve lining or damper between the
      sleeve and an extension of its bearing member, for absorbing oscillations
      to which the engaged extremity may be subjected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a side-elevational view (with parts broken away) of a printing
      screen provided with applicator mountings according to my invention;
PAR  FIG. 2 is a fragmentary sectional elevation of the right-hand end of the
      applicator provided with another mounting according to my invention;
PAR  FIG. 3 is a top view of the assembly shown in  FIG. 2; and
PAR  FIGS. 4 and 5 are views similar to those of FIGS. 2 and 3, respectively,
      illustrating a further modification.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 I show a rotary screen 1 with two heads 2 and 3 at its ends. The
      head 2 bears a gear 4 which engages a pinion 5 set in rotation by a
      driving mechanism (not shown) in the machine frame 6. Below the rotary
      screen 1 there is a printing table 7 whose top supports a web-shaped
      substrate to be imprinted. Within the screen 1 there is located a
      box-shaped ink applicator 8 which in this case is closed on all sides
      except for an elongate bottom outlet in the form of a slot or a series of
      holes. The extremities 9 and 10 of the applicator body are designed as
      pipes and are supported in pairs of clamping blocks 11. The right-hand end
      10 has an inlet coupling 12 connected to a supply conduit 13 which feeds
      printing ink from a nonillustrated pump into the applicator box 8. The
      blocks 11 comprise frames 14 in which mounting rings 16 can slide up and
      down under the control of screws 15. It can be seen that these mounting
      rings 16 have toroidal inner surfaces which are slightly convex toward the
      pipes 9, 10. If all rings 16 are placed with their axes aligned and at the
      same level, the axis 17 of the applicator box 8 will also be on this level
      and extend along a straight line. On the other hand, if the rings 16 of
      the two inner blocks 11 closer to the screen heads 2, 3 are raised above
      the rings 16 of the outer blocks, then the axis 17 will be upwardly
      cambered to an extent depending on the difference in the height of the
      centers of the outer and inner rings 16. In this way the sagging of the
      box 8 under its own weight and that of its ink filling, which may be very
      substantial, can be virtually eliminated. The double support by the two
      pairs of blocks 11 on opposite sides of the screen considerably improves
      the linearity of the applicator box 8 even when the axes of the rings 16
      are located at the same level and therefore aligned with one another. With
      such a mounting the lower part of the applicator, which bears upon the
      inner screen surface, makes uniform contact with the screen 1. It is thus
      possible to obtain an effective seal against leakage over the entire
      length of the applicator between its slot-shaped ink outlet and the screen
      surface so that the ink flows only through the screen apertures onto the
      underlying substrate. The end mounting shown in FIG. 1 can also be used
      with ink applicators wherein a doctor blade scrapes the screen surface, in
      order to insure uniform deformation of the scraping edge over the entire
      printing width.
PAR  In FIGS. 2 and 3, the same reference numbers have been used for similar
      parts as in FIG. 1. In this case the right-hand end 10 of the box 8 is
      shown held in a support which comprises a rigid sleeve 18 lined by a
      tubular rubber cushion 19. The sleeve 18 has a spherical outer portion 20
      received in a corresponding recess in a bearing frame 21 and clamped
      therein by a screw 22. The axis of the sleeve 18 can thus assume any
      desired angular position and be secured in this angular position by means
      of the screw 22. The sleeve 18 is slitted in its longitudinal direction in
      a horizontal plane and, together with its rubber cushion 19, can be firmly
      pressed against the extremity 10 by means of a clamping screw 22'. The
      frame 21 is displaceable in a vertical direction 26 by means of ribs 23
      guided in corresponding recesses of a holder 24, which is fastened rigidly
      to the machine frame 25, and can be held fast by a setscrew 27 at any
      desired height.
PAR  With the holder illustrated here it is also possible to give the axis 17 of
      the applicator box 8 any desired deformation in a vertical plane.
      Furthermore, the rubber cushion 19 acts as a damper upon the applicator
      when the latter is excited to torsional or flexural oscillations.
PAR  In FIGS. 4 and 5, where again the same reference numbers have been used for
      corresponding elements as in the preceding Figures, the right-hand
      extremity 10 of the applicator is in this case also clamped in a sleeve 18
      which has a spherical protrusion 20. The clamping is effected via a screw
      28; the spherical protrusion 20 rests in a corresponding recess of a guide
      sleeve 29, acting as a bearing member, which is displaceable in the
      vertical direction with the aid of ribs 23 sliding in corresponding
      grooves of the frame 24 which is fixed on the machine bed 25 and carries a
      setscrew 27. Sleeve 29 forms with the complementary spherical protrusion
      20 a universal joint whereby the pipe 10 can be inclined from its
      illustrated position by means of setscrews 30 and Belleville springs 32 in
      a vertical plane and by means of setscrews 31 and Belleville springs 33 in
      a horizontal plane. It is thus again possible to impart to the axis 17 any
      desired deformation superimposed on the deformation to which it is
      subjected by the weight of the applicator or by the frictional forces
      acting between the latter and the screen, i.e. a horizontal bending moment
      in a direction opposing the frictional drag in addition to the vertical
      bending moment producing the aforementioned upward camber.
PAR  Furthermore, this illustrated mounting of the extremity 10 of the
      applicator also makes it possible to apply thereto a dynamic moment which
      has a component coming into existence upon a deformation of the springs 32
      and 33 when the extremity 10 is placed in oscillation. A further component
      of this moment is imparted to the end 10 at its clamping point 34 by means
      of two dashpots 35, 36 becoming effective in mutually perpendicular axial
      planes (vertical and horizontal) when the pipe 10 oscillates about the
      center of the spherical surface 20. The oscillatable free end of sleeve 18
      is articulated to pistons 37 and 38 of the horizontally and vertically
      disposed dashpots 35, 36 which are provided with bores for the throttled
      passage of a damping liquid as is well known per se. This results in a
      damping moment around the center of the spherical surface 20, acting upon
      the clamping point 34, whose amplitude and frequency depend on the
      amplitude and the frequency of the oscillator whereby this oscillation is
      attenuated. That attenuation can be optimized through suitable choice of
      the Belleville springs 32, 33 through which the setting means 30, 31
      engage the sleeve 18 and therefore the extremity 10 in the aforementioned
      mutually perpendicular planes.
PAR  The present invention is not limited to the embodiments shown. Thus, for
      instance, in FIG. 2 the elastic rubber cushion 19 can be replaced by a
      cushion of so-called high-hysteresis rubber, which helps damp any
      oscillations of the applicator. A plurality of damper pistons can be
      provided in each plane; also, an anti-oscillation moment can be exerted by
      magnetic fields, weighting or similar loading means instead of hydraulic
      damping.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a printing machine, in combination:
PA1  a supporting frame;
PA1  a cylindrical printing screen rotatable on said frame about a horizontal
      axis;
PA1  a stationary applicator having an elongate hollow body extending axially
      within said screen, said body having an inlet for liquid dyestuff and
      further having a bottom portion contacting the inner screen surface, said
      bottom portion being provided with an elongate outlet for said dyestuff,
      said body terminating in a pair of extremities projecting generally
      axially from opposite sides of said screen;
PA1  independently adjustable mountings for said extremities disposed on said
      frame alongside said screen, each of said mountings comprising an elongate
      sleeve surrounding the respective extremity and fastening means for
      imparting a generally upward bending moment to said body by fixedly
      retaining each sleeve in a position of inclination of the engaged
      extremity with reference to the screen axis; and
PA1  cushioning means in said mountings for absorbing oscillations of said
      extremities.
NUM  2.
PAR  2. The combination defined in claim 1 wherein each of said mountings
      further comprises a bearing member for each sleeve enabling both vertical
      and horizontal inclination thereof relative to the screen axis.
NUM  3.
PAR  3. The combination defined in claim 2 wherein each sleeve and bearing
      member are provided with complementary spherical surfaces.
NUM  4.
PAR  4. The combination defined in claim 2 wherein said cushioning means
      comprises a deformable lining in each sleeve.
NUM  5.
PAR  5. The combination defined in claim 2 wherein each sleeve is in rigid
      contact with the engaged extremity, said cushioning means comprising
      damping means anchored to each sleeve and to an extension of the
      respective bearing member.
NUM  6.
PAR  6. The combination defined in claim 5 wherein each bearing member engages
      the respective sleeve at an end thereof proximal to said screen, said
      damping means comprising two stacks of Belleville springs bearing upon an
      intermediate portion of said sleeve and two dashpots bearing upon a free
      end of each sleeve in two mutually perpendicular axial planes.
NUM  7.
PAR  7. The combination defined in claim 5 wherein said damping means comprises
      a horizontally disposed damper and a vertically disposed damper.
NUM  8.
PAR  8. The combination defined in claim 7 wherein each of said dampers
      comprises a Belleville spring.
NUM  9.
PAR  9. The combination defined in claim 7 wherein each of said dampers
      comprises a dashpot.
NUM  10.
PAR  10. In a printing machine, in combination:
PA1  a supporting frame;
PA1  a cylindrical printing screen rotatable on said frame about a horizontal
      axis;
PA1  a stationary applicator having an elongate hollow body extending axially
      within said screen, said body having an inlet for liquid dyestuff and
      further having a bottom portion contacting the inner screen surface, said
      bottom portion being provided with an elongate outlet for said dyestuff,
      said body terminating in a pair of extremities projecting generally
      axially from opposite sides of said screen;
PA1  independently adjustable mountings for said extremities disposed on said
      frame alongside said screen, each of said mountings comprising a universal
      joint engaging the respective extremity on at least two axially spaced
      points and fastening means for fixedly retaining said extremity in a
      position of inclination of the engaged extremity with reference to the
      screen axis; and
PA1  setting means on said frame engaging each of said extremities in two
      mutually perpendicular axial planes for imparting to said body a bending
      moment with an upward component counteracting the effect of gravity and a
      horizontal component counteracting the frictional drag exerted by said
      screen surface on said bottom portion.
NUM  11.
PAR  11. The combination defined in claim 10 wherein said setting means
      comprises a set of adjustable screws engaging each of said extremities in
      said mutually perpendicular planes and damping springs interposed between
      said screws and said extremities.
NUM  12.
PAR  12. The combination defined in claim 11, further comprising a pair of
      dashpots anchored to each of said extremities and to said frame in said
      mutually perpendicular planes.
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ABST
PAL  A downwardly open applicator housing, surrounding and mounted on a
      dyestuff-supplying tube within a cylindrical printing screen, carries an
      elastic diaphragm which spans its lower end in a slack state so as to hang
      down with a convex underside under the weight of a load of dyestuff in the
      housing and a pair of bars bearing upon the diaphragm from above. The
      central region of the diaphragm, flanked by the weighting bars, has a
      series of axially spaced openings for the discharge of the dyestuff; a
      flexible but substantially inextensible reinforcing strip of low-friction
      material, having a longitudinal slot registering with these openings, is
      bonded to the underside of the diaphragm to facilitate relative sliding of
      the screen and seal the gap region against leakage of dyestuff onto the
      inner screen surface. The upper diaphragm surface may have gap-bridging
      elements such as threads or wires bonded thereto as additional
      reinforcements.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application relates to subject matter disclosed in my copending
      applications Ser. Nos. 320,739 filed 3 Jan. 1973, Ser. No. 364,560 filed
      29 May 1973, and Ser. No. 376,714 filed 5 July 1973.
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a dyestuff applicator for a printing
      machine of the type wherein a perforated cylindrical screen is rotatable
      about a horizontal axis and surrounds a housing forming an axially
      extending gap just above the nadir of the screen for the controlled
      discharge of printing liquid (referred to hereinafter as ink) through the
      perforations of the screen onto a substrate for imprinting the latter in
      accordance with a predetermined pattern.
PAC  BACKGROUND OF THE INVENTION
PAR  In my above-identified copending applications I have disclosed various
      structures defining the discharge gap at the bottom of the applicator
      housing. According to application Ser. No. 320,739. the gap is formed
      between two sealing strips weighted down by two parallel rods attracted
      downwardly by a magnetic force. Application Ser. No. 364,560 discloses an
      applicator housing with a downwardly convex bottom member of elastic
      material having an axially extending slot, this slot being spanned by
      transverse pins, wires or other substantially inextensible reinforcing
      means secured to the housing bottom and leaving clearances for the passage
      of the printing liquid. In application Ser. No. 376,714 I have divulged an
      arrangement wherein the bottom of the downwardly open applicator housing
      is spanned by two perforated layers separately fastened to the housing
      wall, specifically a rubber diaphragm and a metal foil.
PAC  OBJECT OF THE INVENTION
PAR  The object of my present invention is to provide a simplified construction
      of the type disclosed in my prior applications which not only maintains a
      constant gap width but also effectively prevents the leakage of ink from
      the region of the gap onto the inner screen surface whence the liquid
      might pass outwardly through the perforations of the screen to smudge the
      substrate.
PAC  SUMMARY OF THE INVENTION
PAR  I realize this object, in conformity with my present invention, by the
      provision of a preferably elastic diaphragm which extends across the open
      bottom of the applicator housing, hanging down under the weight of an
      overlying body of dyestuff in the housing so as to approach the nadir of
      the surrounding printing screen, a central region of that diaphragm being
      provided with one or more rows of axially spaced outlet openings; a
      flexible but substantially inextensible reinforcing strip is secured to
      the underside of the diaphragm in that central region, the strip having a
      median slot which registers with the outlet opening to form the discharge
      gap.
PAR  The strip advantageously consists of a low-friction material, such as a
      mixture of Teflon with a filler, in order to facilitate the relative
      sliding motion of the rotating screen contacted by the strip.
PAR  Especially if the strip is adhesively bonded to the diaphragm, the bridges
      formed between the axially spaced outlet openings of the latter prevent
      any substantial widening of the slot present in this strip, and therefore
      of the discharge gap. Further stabilization of the gap width may be
      achieved by the provision of supplemental reinforcing means, such as wires
      or other elongate elements, secured to the upper diaphragm surface and
      extending across the perforated region thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will mow be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a cross-section through a screen printing machine which is
      provided with a dyestuff applicator embodying my invention;
PAR  FIGS. 2 and 3 are transverse and partial longitudinal cross-sections,
      respectively, of the application shown in FIG. 1; and
PAR  FIG. 4 is a cross-sectional detail view showing a partial modification.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIG. 1, a cylindrical silk screen 1 is clamped in a fixed axial
      position by means of two end pieces 2 and 3 but mounted for rotation about
      its axis on a printing machine. The left end piece 3 carries a drive wheel
      4 which meshes with a pinion 5 driven by the machine via a transmission
      located in a gear box 6; the gear box 6 and a dummy box 7 form part of the
      machine frame which also includes beams 8 as well as a printing table 9.
      The unit just described is duplicated a number of times in the
      longitudinal direction of the machine, i.e. in a direction normal to the
      plane of FIG. 1. The upper run 10 of an endless web mounted on the
      printing table 9, whose lower run is indicated at 12, supports during the
      printing operation a substrate 11, glued thereto, for unidirectional
      motion under the printing screen 1. Within the printing screen 1 there is
      disposed an applicator 13 which is carried by an ink tube 14 mounted in
      two adjustable holders 15 and 16. These holders 15 and 16 permit a change
      in the vertical position of the applicator 13 as well as a swinging of
      that applicator about the tube axis.
PAR  The tube 14 receives dyestuff from an ink pump (not shown) via an elbow 17
      and a conduit 18.
PAR  As more particularly illustrated in FIGS. 2 and 3, applicator 13 comprises
      a housing 19 surrounding the ink tube 14, housing 19 being reinforced by
      an internal rib 20 in its upper region. The ink can emerge from tube 14
      via bore holes 21 (only one shown). In order to permit adjustment of the
      pressure of the ink in the housing 19, as it issues from tube 14, I
      provide each hole 21 with a throttle screw 22 whose tapered end 23
      enlarges or reduces the effective width of that hole, depending upon the
      position of the screw 22. The housing 19 is completely filled with ink
      during operation. In order to resist the hydrostatic pressure of the
      liquid dyestuff acting upon the walls of the housing 19, these walls are
      interconnected by tie rods 24 and bear upon square pipes 25 which in turn
      are held apart by spacers 37 more fully described hereinafter. This
      construction also stiffens the housing 19 against flexural stresses. The
      lower region of the housing is closed by an elastic diaphragm 26
      consisting, for example, of rubber. The diaphragm 26 is fastened at its
      edges by clamping strips 27 and screws 28 to the housing 19 and is
      provided at its lowest point with outlet openings 29 for the distribution
      of the ink onto the substrate 11 through the perforations of screen 1. The
      diaphragm 26 has a substantially inextensible low-friction cover strip 30
      secured to its underside which on the one hand assures easy sliding of the
      screen 1 across the region provided with discharge openings 29 and on the
      other hand reinforces the elastic diaphragm in that central region.
PAR  The cover strip 30 has a median slot 31, serving as a discharge gap, in the
      region of the openings 29, immediately above the nadir of screen 1; this
      slot is continuous in the longitudinal direction, in contradistinction to
      the outlet openings 29 of the slack, flexible diaphragm 26 which are
      separated by bridges 32 (FIG. 3) spanning the longitudinal slot edges 33
      and 34. Thus, the applicator 13 can rest on the screen 1 with maintenance
      of a constant gap width 35, in order to seal the assembly against leakage
      of dyestuff onto the inner screen surface from the gap, the seal being
      effective even with applicators of considerable axial length and substrate
      widths between about 2 and 5 meters for which the prevention of leakage
      has heretofore been realizable only with very great difficulties. The
      strip 30 preferably consists of a mixture of Teflon and an organic or
      inorganic filler, e.g. powdered glass; a metal foil or some other material
      could also be used. Strip 30 is preferably connected with diaphragm 26 by
      adhesive bonding. The stabilization of the gap width by bridges 32 assures
      that the width 35 of the slot 31 always remains constant. This slot also
      constitutes a flow channel enabling pressure equalization in the body of
      ink passing from the discharge openings 29 through the perforations of the
      screen 1 to the underlying substrate 11.
PAR  The close contact between the strip 30 and the screen 1 is insured by
      weighting means in the form of round bars 36, preferably of metal,
      flanking the openings 29 and the slot 31. The bars 36 bear upon the layers
      26, 30 either solely under their own weight or with the assistance of
      magnetic forces, as disclosed in my prior applications identified above.
      Furthermore, spring elements preferably bearing upon the tie rods 24 could
      press the bars 26 against the screen 1. The bars 36 are held fast in their
      relative position by spacers 37 which are plates with upstanding lugs 38
      slidably resting against the rectangularly profiled pipes 26 so as to be
      vertically displaceable therebetween. The connecting plates 37, acting as
      bracing means are fastened to the bars 36 by screws 39.
PAR  The ends 40 of the bars 36 are interconnected by respective pressure
      members 41, one of them being shown in FIG. 3. This member also assures
      close contact between the diaphragm 26 and the strip 30 with the screen 1
      at that point. Member 41 conforms at its lower surface 42 approximately to
      the curvature of the printing screen 1. Small deviations in the radii of
      curvature are taken up by the elasticity of the diaphragm 26 and the
      flexibility of strip 30.
PAR  As shown in FIG. 4, the constancy of the width 35 of the gap 31 is
      additionally insured by supplemental reinforcing means in the shape of a
      set of elongate elements, specifically thin wires 43 of a
      corrosion-resistant material such as stainless steel, the wires being
      bonded onto the upper surface of the flexible diaphragm 26, opposite strip
      30. It will be noted that the rods 36 in this case rest on the reinforcing
      elements 43. Instead of thin wires I may also use suitable synthetic
      fabrics, threads or the like.
PAR  The openings 29 in the region of gap 31 could have various geometrical
      shape and may also be arranged in several rows, possibly staggered, so
      that a uniform flow of dyestuff is assured.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dyestuff applicator for a printing machine provided with a perforated
      cylindrical screen centered on a horizontal axis for rotation therearound,
      comprising:
PA1  a downwardly open housing surrounded by said screen;
PA1  a dyestuff-supplying tube opening into the interior of said housing;
PA1  a flexible diaphragm extending across the bottom of said housing and
      hanging down under the weight of an overlying body of dyestuff in said
      housing toward the nadir of said screen, said diaphragm being provided in
      a central region overlying said nadir with at least one row of axially
      spaced outlet openings; and
PA1  a flexible but substantially inextensible reinforcing strip secured to the
      underside of said diaphragm in said central region, said strip being
      provided with a median slot registering with said openings and forming a
      discharge gap for said dyestuff immediately above the nadir of said
      screen, said diaphragm keeping the width of said slot substantially
      constant.
NUM  2.
PAR  2. A dyestuff applicator as defined in claim 1 wherein said strip is
      secured to said diaphragm by adhesive bonding.
NUM  3.
PAR  3. A dyestuff applicator as defined in claim 1 wherein said diaphragm is
      elastic.
NUM  4.
PAR  4. A dyestuff applicator as defined in claim 1 wherein said strip includes
      a low-friction material.
NUM  5.
PAR  5. A dyestuff applicator as defined in claim 4 wherein said low-friction
      material comprises a mixture of Teflon with a filler.
NUM  6.
PAR  6. A dyestuff applicator as defined in claim 1, further comprising
      weighting means bearing from above upon said diaphragm on opposite sides
      of said slot.
NUM  7.
PAR  7. A dyestuff applicator as defined in claim 6 wherein said housing is
      provided with internal bracing means above said diaphragm, said weighting
      means being a pair of bars secured to said bracing means.
NUM  8.
PAR  8. A dyestuff applicator as defined in claim 1 wherein said housing is
      mounted on said tube.
NUM  9.
PAR  9. A dyestuff applicator as defined in claim 8 wherein said tube is
      centered on said axis.
NUM  10.
PAR  10. A dyestuff applicator as defined in claim 1, further comprising
      supplemental reinforcing means secured to the upper surface of said
      diaphragm and extending across said central region.
NUM  11.
PAR  11. A dyestuff applicator as defined in claim 10 wherein said reinforcing
      means comprises a set of elongate elements.
NUM  12.
PAR  12. A dyestuff applicator as defined in claim 10 wherein said reinforcing
      means is bonded to said upper surface.
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ABST
PAL  A printing form is made by heating a foil of synthetic thermoplastic
      material and embossing one surface thereof with a plurality of spaced
      depressions, with the resulting formation at the opposite surface of a
      corresponding plurality of protuberances.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the printing art, and more
      particularly to a printing form and to a method and apparatus for making
      the same.
PAR  Printing forms of metal, for instance aluminum, which are embossed so as to
      have on one surface a plurality of spaced protuberances, are already known
      in the art. For instance, one such printing form is disclosed in U.S. Pat.
      No. 3,651,759 (Ritzerfeld) to which reference may be had for details.
PAR  Printing forms of this general type have heretofore had the depressions and
      corresponding protuberances cold-embossed by means of an embossing roller.
      When the form is to be used for printing purposes, that is when an image
      area is to be produced which can be printed, then writing was produced on
      it by means of a typewriter, a ballpoint pen or a scribing tool, or of
      course a drawing or the like was produced by means of a ballpoint pen or a
      scribing tool. In so doing, some of the protuberances were flattened out
      again to thus produce lines or areas which subsequently were to print a
      desired image corresponding to these lines or areas. A characteristic of
      these known printing forms provided with protuberances, is that the
      formation of pictures, drawings, writing or the like was produced purely
      mechanically by flattening out various of the protuberances. This has the
      disadvantage that it is impossible to produce the image areas on the
      printing form from a pattern sheet, for instance a transparent pattern
      sheet having image areas which could be correspondingly reproduced on the
      printing form. The image areas always had to be produced by means of a
      typewriter, scribing tool or the like, and for each printing form the
      operation of producing the image areas had to be repeated, even though the
      image areas to be produced on a plurality of printing forms might be
      identical.
PAR  A further disadvantage of the prior-art printing forms of the type here
      under discussion is the fact that any changes or corrections of the image
      areas were very difficult to carry out. If an error had been made, or if,
      after an image area was produced, it had been decided to make a
      correction, the only way this could be done would be to laboriously deform
      the material of the printing form again to in effect "erase" or eliminate
      the previously made deformation which had resulted in the formation of the
      image area, whereupon in the thus corrected portion of the printing form
      new protuberances had to be embossed, an operation which was then followed
      by re-creating the image area in the desired manner.
PAR  Still a further drawback of the prior-art printing forms of the type in
      question was the fact that the aluminum of which they were mostly made is
      relatively expensive. In some instances the aluminum was combined with
      layers or coatings of other material, and this has always heretofore made
      these printing forms relatively uneconomical to use.
PAR  Finally, these printing forms of the prior art have still an additional
      disadvantage, namely the fact that it is very difficult and expensive to
      provide them with form printing which in many instances is desired as a
      guide for the later user who is to produce the image area in the printing
      form, but which form printing must not be embossed into the printing form
      itself. Such form printing might, for instance, direct a user where to
      place a street address, a town of residence, telephone number or the like.
      To do this without at the same time deforming some of the protuberances
      was very difficult and expensive.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to avoid the disadvantages of the
      prior art.
PAR  More particularly, it is an object of the invention to provide an improved
      printing form which is not possessed of these disadvantages.
PAR  Another object of the invention is to provide a method of making such a
      printing form, and of reproducing a printing form which has been provided
      with desired image areas.
PAR  Still another object of the invention is to provide an apparatus for
      carrying out the method.
PAR  In keeping with the above objects, and with others which will become
      apparent hereafter, one feature of the invention resides in a method of
      making a printing form which, briefly stated, comprises the steps of
      heating a foil of synthetic thermoplastic material, and embossing one
      surface of the foil with a plurality of spaced depressions so as to form
      at the opposite surface of the foil a corresponding plurality of similarly
      spaced protuberances.
PAR  I have found that a particularly well suited material is polyvinylchloride,
      and that the foil of synthetic thermoplastic material advantageously
      should have a thickness of between 0.03 and 0.1 mm, preferably
      approximately 0.04 mm. The embossing is advantageously carried out by
      means of an embossing roller, and the heating can be carried out by
      heating the foil itself or by heating the embossing roller.
PAR  The protuberances have the shape of cones, of pyramids or of hemispheres,
      and measured diagonally of the foil there may be between 15 and 40
      protuberances per linear centimeter.
PAR  In order to produce image areas on the thusproduced foil, a pattern sheet
      of paper or synthetic plastic material may be used, which should be
      transparent and be readily traversable by infrared radiation. Image areas
      corresponding to those to be produced on the printing form are provided on
      the pattern sheet, on the front and/or the rear side of the latter, and it
      is advantageous if these image areas absorb infrared radiation. Infrared
      radiation is then directed via the pattern sheet at the foil of synthetic
      thermoplastic material, and as a result of differential heating of the
      thermoplastic material --i.e. the areas of the foil located opposite the
      image areas of the pattern sheet become heated to a different extent than
      the areas which are not located opposite the image areas-- the foil is
      softened to such an extent that the individual protuberances flow together
      and form replicas of the image areas on the pattern sheet.
PAR  According to a further concept of the invention, a partial vacuum may be
      created adjacent that surface of the foil which has the protuberances, and
      during the heating of the foil and, preferably, also during the subsequent
      cooling thereof, the softened material of the foil is drawn off by the
      partial vacuum to approximately the level of the tips of the
      protuberances, that is of the highest points of the protuberances.
PAR  I have found that it is advantageous to exert upon the surface of the foil
      having the protuberances a pressure which is as uniform as possible,
      during the application of infrared radiation and during the application of
      the partial vacuum. This pressure can be exerted by means of an
      elastically yieldable material, for instance rubber or elastically
      yieldable synthetic plastic. The material may be a cellular material
      having closed cells to assure that the formation of vacuum between the
      foil and the material is not destroyed by the fact that air can enter
      through the material, as would be the case if the material were of the
      open-cell type. If, however, it is desired for any reason to use foam
      material of the open-cell type, then the latter is enveloped and
      gas-tightly sealed in a synthetic plastic sheet material or the like to
      avoid the aforementioned drawback.
PAR  In lieu of the elastically compressible material, it is also possible to
      locate adjacent the printing form surface in question a chamber which can
      be pressurized with compressed gas and which is closed off with reference
      to the surface of the printing foil by an elastically distendable
      diaphragm or wall that can then be urged against the printing form.
PAR  In order to produce a substantially uniform surface from those portions of
      the printing form which have been softened and raised up or drawn up under
      the influence of the partial vacuum, it is advantageous to arrange between
      the pressure-exerting material or diaphragm and the side of the printing
      form having the protuberances a heatresistant synthetic plastic sheet
      material of advantageously 0.08 - 0.4 mm thickness which preferably should
      not absorb infrared radiation.
PAR  In some circumstances it may be unavoidable that the pattern sheet is of a
      type which will not pass infrared radiation, or will not pass it
      sufficiently for the purposes of the invention. Even under those
      circumstances the present invention makes it possible to nevertheless
      reproduce the image areas of the pattern sheet on the printing form, by
      the so-called reflex method. In this case, the pattern sheet is arranged
      adjacent the side of the printing form having the protuberance, with its
      infrared-absorbend image areas facing the protuberance. Infrared radiation
      is now directed against the printing form which is again softened opposite
      the image areas of the pattern sheet.
PAR  If desired, or if necessary, a gauze or screen of synthetic plastic
      material can be interposed between the source of infrared radiation and
      the transparent pattern sheet, or between the source and that surface of
      the printing form which is embossed with the depressions.
PAR  It is self-evident that on one side the printing form having the image
      areas of the pattern sheet reproduced thereon, will have the image areas
      in form of reverse-reading images, whereas on the other side it will have
      the image areas in form of direct-reading images. Printing of the
      thus-produced printing form can be carried out in two ways.
PAR  On the one hand, the side having the reverse-reading images can be inked
      and the printing form can then be used to print directly onto paper or of
      course any other desired substance. To do this, the printing form is
      mounted on the printing cylinder of a printing machine so that the side
      having the reverse-reading images (i.e. the side having the protuberances)
      will face outwardly from the printing cylinder.
PAR  On the other hand, the printing form may be used for indirect printing. To
      do this, the side having the direct-reading images is inked and is used to
      print onto a cooperating medium or element, from which in turn the printed
      image is transferred to a paper or other material. This latter type of
      printing can be carried out on all offset machines having a stationary or
      exchangeable offset medium or element, and moistening is not necessary in
      this case since the printing can be carried out in effect as a dry-offset
      printing. In this case the image areas are produced on the printing form
      by juxtaposing with that surface that has the depressions formed in it a
      pattern sheet which is formed on its side facing the printing form with
      infrared-absorbent image areas. Infrared radiation is then directed at the
      printing form to locally soften the same sufficiently so that the
      protuberances in the portions of the printing form opposite the image
      areas of the pattern sheet can flow together, aided by the vacuum or
      pressure which may be applied in the manner outlined earlier. This
      produces a direct-reading replica of the image areas from the pattern
      sheet on the printing form, and this replica can then be printed in the
      manner just outlined.
PAR  The arrangement for carrying out the method of the present invention
      advantageously utilizes a flat table which may be transparent and will
      pass infrared radiation. This may be in form of a glass plate or the like
      onto which the embossed foil and the pattern sheet can be placed. An
      infrared radiation source is provided, and the table and source may be
      arranged so that they can be moved with reference to one another. A
      cooling device is also provided. According to the invention, a cover is
      provided which can be moved to and from a position in which it overlies
      the printing form on the supporting table. The cover is provided with a
      vacuum arrangement which produces between the printing form and the cover
      a partial vacuum while at the same time engaging a circumferentially
      extending marginal portion of the printing form so as to seal the space
      between the latter and the cover.
PAR  It is advantageous if an elastically yieldable and compressible material is
      provided in the cover, which exerts a substantially uniform pressure upon
      the printing form when the cover is in its closed position overlying the
      printing form. As pointed out earlier, it is advantageous if the material
      is a closed-cell foam material which is inserted into or secured to the
      cover. However, an opencell foam material can also be used if it is
      enveloped and gas-tightly sealed into a synthetic plastic sheet material
      or the like which is gas impermeable.
PAR  It is advantageous if a sheet material of synthetic plastic, paper or
      cardboard which does not absorb infrared radiation is placed between the
      side of the printing form having the protuberances and the
      pressure-exerting elastically yieldable material. This sheet, is made of
      synthetic plastic material, may have resistance heating wires embedded in
      it to provide additional heat for the printing form.
PAR  If desired, the cover may be provided --in lieu of the elastically
      yieldable material-- with a chamber having an open side facing the
      printing form and covered by an elastically distendable diaphragm or wall.
      The interior of this chamber can then be pressurized with compressed gas
      such as air, and it will be the diaphragm or elastically distendable wall
      which will exert the substantially uniform pressure upon the printing
      form.
PAR  To produce the pressure and/or the vacuum an arrangement for creating such
      pressure and/or vacuum can be provided, for instance in form of
      appropriate pressure or suction pumps. It is also possible to provide the
      arrangement with a valve-controlled surge tank or blast box to produce a
      substantially instantaneous pressure or suction effect.
PAR  Since the suction effect depends upon the engagement of a circumferentially
      extending marginal portion of the printing form by the sealing means on
      the cover, and since it may be desired to simultaneously process printing
      forms of different sizes, the apparatus may be provided with covers which
      are arranged adjacent one another on the supporting table but are of
      different sizes, one or more for each printing form size to be processed.
PAR  The printing form itself according to the present invention is
      advantageously of a synthetic thermoplastic material having a low
      softening point, for instance polyvinylchloride. It may have a thickness
      of between substantially 0.03 mm and 0.07 mm, and the protuberances formed
      in it may be conical, pyramidal or hemispherical. The density of the
      protuberances may be approximately 15 - 40 protuberances per linear
      centimeter measured diagonally of the printing form, and the height to
      which the protuberances project beyond the associated surface of the
      printing form may be between substantially 0.03 mm and 0.08 mm.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary section, on an enlarged scale, through a printing
      form according to the present invention which is ready to be provided with
      image areas;
PAR  FIG. 2 is a diagrammatic side view illustrating an arrangement for making
      the printing form shown in FIG. 1;
PAR  FIG. 3 is a diagrammatic vertical section showing one embodiment of an
      arrangement for providing the embossed printing form with image areas;
PAR  FIG. 4 is an enlarged sectioned fragmentary detail view of FIG. 3;
PAR  FIG. 5 is a view similar to FIG. 3, but illustrating a further embodiment
      of the invention;
PAR  FIG. 6 is a view similar to FIG. 4, but illustrating a detail of FIG. 5;
PAR  FIG. 7 is a view similar to FIG. 3, illustrating an additional embodiment
      of the invention;
PAR  FIG. 8 is a view similar to FIG. 3, illustrating a further embodiment of
      the invention;
PAR  FIG. 9 is another view similar to FIG. 3, illustrating an additional
      embodiment of the invention;
PAR  FIG. 10 is a view similar to FIG. 9, illustrating still a further
      embodiment of the invention;
PAR  FIG. 11 illustrates the embodiment of FIG. 10 in operation;
PAR  FIG. 12 is a view similar to FIG. 10 but showing yet a further embodiment
      of the invention;
PAR  FIG. 13 is a diagrammatic side view illustrating a rotary printing machine
      with a printing form mounted so that the reverse-reading images thereof
      face outwardly;
PAR  FIG. 14 is a view similar to FIG. 13, but showing the printing form with
      its direct-reading images facing outwardly;
PAR  FIG. 15 is an apparatus, shown in partly sectioned somewhat diagrammatic
      view, for making printing forms of different sizes;
PAR  FIG. 15a is a cross-sectional through FIG. 15;
PAR  FIG. 16 is a view similar to FIG. 15, illustrating a further embodiment of
      the apparatus;
PAR  FIG. 16a is a cross-sectional through FIG. 16; and
PAR  FIG. 17 is a view similar to FIG. 10, showing an additional embodiment of
      the apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now firstly to FIG. 1, it will be seen that this shows a
      fragmentary section through a printing form produced in accordance with
      the present invention. The printing form has a body of polyvinylchloride
      thermoplastic foil, and it will be assumed that in this embodiment the
      thickness of the foil 1a is approximately 0.4 mm. One side of the foil,
      the one facing downwardly in FIG. 1, is provided with a plurality of
      spaced depressions as a result of which the other side (the side facing
      upwardly in FIG. 1) is provided with a plurality of corresponding
      similarly spaced protuberances 1b which in this embodiment are of conical
      shape.
PAR  The printing form according to FIG. 1 can be produced in the manner
      suggested in FIG. 2, where the foil 1a is withdrawn from a supply roll 4
      and advanced via a guide roller 5 past a source of heat 2 and around an
      embossing roller 6 which is formed on its periphery with projections which
      form in the material of the foil 1a which has been softened by the heat
      source 2, the embossments or protuberances 1b. The thus-embossed foil 1a
      is then advanced via the guide rollers 7 and 8 and the cooling device 3
      (for instance an air blower) to a take-up roll 9. It is rolled up onto
      this roll 9 and can later be cut to the desired size.
PAR  Instead of forming the protuberances 1b so as to have the conical
      configuration shown in FIG. 1, they may also be given a pyramidal shape or
      a hemispherical shape.
PAR  Seen diagonally of the printing form, that is of the plastic foil 1a, the
      density of protuberances 1b can be between substantially 15 and 40 per
      linear centimeter. The number may be smaller or greater, but the range
      just mentioned has been found to produce the most acceptable results when
      the form is later used for printing.
PAR  FIGS. 3 and 4 show one embodiment of an apparatus for providing the form
      shown in FIG. 1 and produced in accordance with FIG. 2, with image areas
      which are subsequently to be printed. In FIGS. 3 and 4 a transparent
      pattern sheet 10 of paper or synthetic plastic material has image areas 11
      and is so positioned that these image areas 11 face towards the glass
      plate 12 which serves as the supporting table of the apparatus. The
      pattern sheet 10 is placed onto the plate 12 and the image areas 11 should
      be understood to be infrared-absorbend whereas the remainder of the
      pattern sheet 10 is not. The printing foil 1a is placed onto the pattern
      sheet 10 so that its protuberances 1b face upwardly away from the latter
      towards a resiliently yieldable insert 14 which is arranged in a cover 13
      of the apparatus and whose purpose it is to exert substantially uniform
      pressure upon the printing form 1a and the pattern sheet 10. In addition,
      although not necessarily so, a heat-resistant synthetic plastic sheet
      material 28 (having for instance a thickness of approximately 0.08 mm -
      0.4 mm and being of a material which does not absorb infrared radiation)
      can be placed between the insert 14 and the side 17 of the printing foil
      1a which is formed with the protuberances 1b.
PAR  In the illustrated embodiment the cover 13 is hingedly mounted, although of
      course it could be made removable in other ways. It is provided with a
      heat-resistant sealing element 15 which, when the cover is in the
      illustrated position, presses against the circumferentially extending
      marginal portion of the printing form 1a to form a seal with the same. A
      conduit 16 connects the space between the printing form 1a and the cover
      13 with a diagrammatically illustrated pump P (shown only in FIG. 3) which
      produces adjacent the side 17 a partial vacuum. A source 18 of infrared
      radiation, provided with a reflector 19, is arranged beneath the plate 12
      and can be moved as indicated by the double-headed arrow (see FIG. 3) so
      that the printing form 1a will be differentially heated by the radiation
      emitted from the radiator 18. This results in a flowing of the material of
      those protuberances which are heated to the greatest extent, and the
      thus-softened material is drawn up against the plstic sheet 28 by thee
      action of the vacuum, so that a raised mirror image or reverse-reading
      image of the image areas 11 is produced at the side 17 of the printing
      form 1a.
PAR  The arrangement shown in FIGS. 3 and 4 is used in conjunction with an
      apparatus which is to be described later with reference to FIGS. 15 and
      16. FIGS. 5 and 6 show a somewhat different embodiment wherein a pattern
      sheet 20 of paper or synthetic plastic material is provided which is
      transparent and readily permits the passage therethrough of infrared
      radiation. The front side of the pattern sheet 20 is provided with
      direct-reading image areas 20a and the reverse side is provided with
      reverse-reading image areas 20b, with both the areas 20a and 20b serving
      to absorb infrared radiation. This arrangement, which otherwise is the
      same as and operates in the same manner as the one in FIGS. 3 and 4,
      produces a better transmission of heat to the printing form 1a.
PAR  FIGS. 7, 8 and 9 show how the printing form 1a can be provided with image
      areas by the reflex method. This is necessary if the pattern sheet is not
      transparent. FIGS. 7-9 all show that here the side 17 of the printing form
      faces upwardly away from the glass plate 12, as before, but that the
      non-transparent pattern sheet 21 is located above the side 17, being
      provided with infrared radiation absorbent image areas 22 which face the
      protuberances of the printing form 1a. In FIG. 7 the resiliently yieldable
      insert 23 is a material which is of open-cellular foam character, and
      which for this reason is enveloped and gas-tightly sealed in synthetic
      plastic sheet material 24. As before, its purpose is to exert a
      substantially uniform pressure upon the printing form 1a and the pattern
      sheet 21.
PAR  FIG. 8 is analogous to FIG. 7, except that the material 23 of FIG. 7 is
      replaced in FIG. 8 by a pressure chamber 25 to which compressed air can be
      admitted in the illustrated manner, and the open side of which faces the
      printing form 1a and is spanned by an elastically distendable diaphragm or
      wall 26. It is self-evident that when compressed air is admitted into the
      chamber above the diaphragm 26, the latter will exert a substantially
      uniform pressure upon the printing form 1a.
PAR  The embodiment of FIG. 9 differs from the preceding embodiments in that
      between the side 17 of the printing form 1a and the resiliently yieldable
      material 14 there is located a layer 27 --advantageously of synthetic
      plastic material which does not absorb infrared radiation but is
      heat-resistant-- wherein resistance-heating wires are embedded (not shown)
      the terminals of which are identified with reference numerals 27a. This
      facilitates heating of the printing form 1a.
PAR  FIG. 10 shows an embodiment wherein the printing form 1a is again supported
      on the glass plate 12, but here with its side 17 having the protuberances
      1b facing downwardly towards the plate 12. Located above the printing form
      1a is the pattern sheet 10 the infrared radiation absorbent image areas 11
      of which face towards the printing form 1a. Reference numeral 29
      identifies a conduit which passes through a bore in the plate 12 by means
      of a bushing 30 and which is connected in the manner suggested in FIG. 3
      with a pump P (not shown) capable of producing a partial vacuum between
      the plate 12 and the printing form 1a, for which purpose the sealing means
      15 is again provided. In all other respects this embodiment is the same as
      for instance the embodiment of FIG. 3 and it will be appreciated that the
      printing form 1a will be provided with a raised mirrow-reversed replica of
      the image areas 11 when this vacuum is applied and when the printing form
      1a is heated differentially via the source 18.
PAR  In FIG. 11 the position of the printing form 1a with respect to the glass
      plate 12 is reversed, that is the protuberances face upwardly. Located
      above the printing form 1a is the pattern sheet 10 the infrared-radiation
      absorbent image areas 11 of which face the printing form 1a. In this
      embodiment, the conduit 29 should be understood to be connected to a
      source of pressure (non-illustrated) so that a pressure can be produced
      beneath the printing form 1a, which causes the material which is locally
      softened opposite the image areas 11, to be pushed up and raised
      approximately to the highest level of the protuberances of the printing
      form, producing a raised mirror-reversed or reverse-reading image.
PAR  The embodiment of FIG. 12 shows an arrangement wherein a gauze or screen 31
      of synthetic plastic material is placed between the plate 12 and the
      embossed side of the printing form, that is the side which is not provided
      with the protuberances, in order to produce an air-cushion. In other
      respects this embodiment corresponds to preceding ones.
PAR  FIG. 17 shows an arrangement analogous to FIG. 10, wherein however a blast
      box 56 is provided which is connected with the conduit 29 by means of an
      electromagnetically controlled valve 65 (note the solenoid 64) to produce
      a substantially instantaneous suction in the conduit 29 (as shown in FIG.
      170 or, if the blast box 56 produces pressure, to produce substantially
      instantaneous pressure in the conduit 29, in which case the blast box
      would be used in the arrangement of FIG. 11.
PAR  Coming now to FIG. 13 it will be seen that this shows one arrangement for
      printing the printing form which has been produced and has been given the
      image areas to be printed. FIG. 13 shows a rotary duplicator having a
      printing cylinder 32 on which the printing form 33 is mounted so that its
      reverse-reading images 34 face outwardly. These images are inked by the
      diagrammatically illustrated inking arrangement 35 which is well known to
      those skilled in the art. When the inked printing form subsequently
      cooperates with the roller 40, to which paper or similar sheets 37 are
      supplied from a support 36 via the rollers 38, 39, it will print directly
      onto the sheets 37.
PAR  FIG. 14 shows an arrangement wherein the printing from the printing form
      onto the sheets 37 is indirect. The illustration in FIG. 14 is of an
      offset machine having a printing form cylinder 41, an offset cylinder 42
      and a pressure cylinder 43. The printing form is identified with reference
      numeral 45 and mounted on the cylinder 41 so that its direct-reading image
      area 44 faces outwardly. The image area 44 may be produced for instance in
      accordance with the embodiment of FIG. 10. The printing form 45 is again
      inked by the inking arrangement 46 and prints onto the offset cylinder 42,
      which in turn prints onto the sheets 37 which are supplied by roller 47
      and passed between the cylinder 42 and the cylinder 43.
PAR  FIGS. 15 and 15a show one complete arrangement for carrying out the
      invention, and FIGS. 16 and 16a show another different arrangement.
PAR  Referring firstly to FIGS. 15 and 15a it will be seen that reference
      numeral 48 identifies a housing on which a cover 13 is pivotally mounted.
      The cover 13 can be held in its closed position by the arrangement 49 when
      a vacuum or a pressure is to be produced. The pressure-exerting material
      14 or 23 (not shown) of, for instance FIGS. 3 or 7, will be provided in
      the cover 13. A flexible conduit 16 connects the interior of the cover 13
      with the pump 54 which produces a vacuum or a pressure.
PAR  The glass plate 12 is stationarily mounted in the housing 48 and located
      beneath it is a motor 50 which turns a spindle 52 via a reversing drive
      51, 51a and 51b. In so doing, it moves the infrared radiator 18 with its
      reflector 19 to and fro in a horizontal path, the radiator 18 being
      mounted on a support 53 which is held on the spindle 52.
PAR  After a partial vacuum has been produced between the cover 13 and the plate
      12, the motor 50 is energized and at the same time the radiator 18 is
      switched on. The radiator 18 now moves to and fro in horizontal direction
      along the spindle 52, whereby the printing form 1a (not shown, but
      arranged for instance in the manner shown in FIG. 3) will be
      differentially heated. Below the radiator 18 are provided cooling devices
      such as blowers 55, which prevent the arrangement from becoming overheated
      and which serve to cool the printing form sufficiently after it has been
      heated, so that it again loses its plasticity. The pump 54 can be replaced
      with the blast box 56 which has already been discussed with respect to
      FIG. 17. To assure precise guidance of the radiator 18, rollers 58 are
      associated with the support 53 which slide on shafts 57 as seen in FIG.
      15a.
PAR  Coming, finally, to the embodiment in FIGS. 16 and 16a it will be seen that
      this is reminiscent of the one in FIGS. 15 and 15a. However, in FIGS. 16
      and 16a the radiator 18 and its reflector 19 are mounted stationarily,
      whereas the cover 13 with the plate 12 and the material 14 or the like is
      mounted on a carriage 59. The motor 50 and the reversing drive 60, 60a
      moves the carriage 59 with the cover 15 either towards the left or towards
      the right, depending upon whether a printing form of larger size such as
      61 or of smaller size such as 62 is to be produced.
PAR  After the motor 63 is energized, the pump 54 is switched on and a vacuum is
      produced via the conduit 16. Thereupon, the carriage 59 is driven by the
      motor 50 and the radiator 18 is switched on. The latter can, incidentally,
      be pre-heated in known manner.
PAR  In FIGS. 15, 15a as well as 16, 16a the resistance-heated foil 27 of FIG. 9
      can be employed, if it is desired to increase the heating effect upon the
      printing form.
PAR  If two differently dimensioned types of printing forms are to be produced,
      it would be possible instead of the arrangement of FIGS. 16 and 16a to
      separate the cover and provide for each size a different cover with the
      associated components.
PAR  It should be appreciated that the exemplary embodiments which have been
      disclosed herein are not intended to be considered limiting in any sense.
      In particular it should be understood that techniques used in
      thermocopying apparatus, particularly flat-table thermocopying apparatus,
      can be used to advantage in conjunction with the present invention
      without, however, departing from the inventive concept.
PAR  It is a particular advantage of the present invention that it makes it
      possible for the first time to use transparent or non-transparent pattern
      sheets of papers or synthetic plastic material, whereon the image areas to
      be provided on the printing form and subsequently to be printed with the
      latter, can be readily produced. Moreover, these image areas can be
      readily corrected or changed by the use of appropriate chemicals or even
      by the use of a conventional eraser. Using a single such pattern sheet,
      any desired number of printing forms can be produced according to the
      present invention in a very simple rapid and reliable manner, and at
      economically most attractive cost. This means that the present invention
      opens up applications which heretofore were considered closed to this type
      of printing form. In particular, this invention makes it possible to use
      letter press printing apparatus and inking devices which have been found
      to be particularly reliable and require only a minimum of maintenance and
      supervision. Moreover, the use of synthetic plastic material for the
      printing form substantially reduces the expenses involved in producing the
      same, and at the same time eliminates the difficulties of the prior art in
      terms of deformation of image areas on the printing form and the
      correction of any errors of the carrying-out of changes inn the image
      areas.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in
      thermoplastic printing forms, it is not intended to be limited to the
      details shown, since various modifications and structural changes may be
      made without departing in any way from the spirit of the present
      invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A method of making a printing form comprising the steps of providing an
      embossable foil; embossing the foil to form a multiplicity of depressions
      in one surface which are distributed over said one surface and similarly
      distributed protuberances which project from the opposite surface of the
      foil; placing the free ends of said protuberances in contact with an
      abutment face; differentially heating said foil in accordance with a
      predetermined pattern and thereby causing differential softening of the
      foil in accordance with said pattern; and applying to said protuberances a
      uniform pressure causing at least partial flattening of the protuberances
      in at least one softened region of said foil to form on said other surface
      a replica of said predetermined pattern, whereby the foil is converted
      into a relief printing form.
NUM  2.
PAR  2. A method as defined in claim 1, wherein said foil comprises
      polyvinylchloride having a thickness of between 0.03 mm and 0.1 mm.
NUM  3.
PAR  3. A method as defined in claim 1, wherein said foil comprises
      polyvinylchloride having a thickness of 0.04 mm.
NUM  4.
PAR  4. A method as defined in claim 1, wherein the step of embossing comprises
      contacting said foil under pressure with an embossing roller, and
      transmitting heat to said embossing roller.
NUM  5.
PAR  5. A method as defined in claim 1, wherein the step of embossing comprises
      forming between 15 and 40 of said depressions and corresponding
      protuberances in said foil per lineal centimeter in direction diagonally
      of said foil.
NUM  6.
PAR  6. A method as defined in claim 1, wherein the step of embossing comprises
      forming said depressions so that said protuberances have the shape of
      pointed cones, pyramids or hemispheres.
NUM  7.
PAR  7. A method as defined in claim 1, wherein said foil comprises a
      thermoplastic material.
NUM  8.
PAR  8. A method as defined in claim 1, wherein said heating is performed by
      arranging one side of said foil in overlapping relationship with a
      transparent pattern sheet which permits the passage of heat radiation and
      is provided with image areas arranged in said predetermined pattern which
      absorb heat radiation, and directing heat radiation at said foil via said
      pattern sheet so that first portions of said foil which are located
      opposite said image areas become heated to a greater extent than the
      remaining second portions of said foil due to the absorption of heat
      radiation by said image areas which results in heating of the latter to
      higher temperatures than the remainder of said pattern sheet and which
      also results in a flowing-together of the protuberances in said first
      portions to form said replica.
NUM  9.
PAR  9. A method as defined in claim 1, wherein said heating is performed by
      arranging said opposite surface of said foil in overlapping relationship
      with a pattern sheet having on its side facing said opposite surface
      infrared absorbing images arranged in said predetermined pattern, and
      directing infrared radiation at said opposite surface of said foil via
      said pattern sheet so that portions of said foil which are located
      opposite said image areas become heated and softened and the material of
      the protuberances which are located in said portions flow together to form
      said replica.
NUM  10.
PAR  10. A method as defined in claim 1, said heating being performed by
      arranging one side of said foil in overlapping relationship with a pattern
      sheet having infrared absorbing image areas arranged in said predetermined
      pattern, and directing infrared radiation from a source at said foil via
      said pattern sheet so that portions of said foil which are located
      opposite said image areas become heated and softened and the material of
      the protuberances which are located in said portions flows together to
      form said replica; and wherein an apertured sheet of synthetic plastic
      material is interposed between said foil and said source.
NUM  11.
PAR  11. A method as defined in claim 1, said heating being performed by
      arranging said one surface of said foil in overlapping relationship with a
      pattern sheet having a side which is directed towards said one surface and
      is provided with infrared absorbing image areas arranged in said
      predetermined pattern, and directing infrared radiation from a source at
      said foil via said pattern sheet so that portions of said foil which are
      located opposite said image areas become heated and softened and the
      material of the protuberances which are located in said portions flows
      together to form said replical.
NUM  12.
PAR  12. A method as defined in claim 1, wherein said heating is performed by
      arranging said one surface of said foil in overlapping relationship with a
      pattern sheet having a side which is directed towards said one surface and
      is provided with infrared absorbing image areas arranged in said
      predetermined pattern, and directing infrared radiation at said foil from
      the side of the latter which is provided with said protuberances thereby
      causing portions of said foil which are located opposite said image areas
      to become heated and softened so that the material of the protuberances
      which are located in said portions flows together to form said replica.
NUM  13.
PAR  13. A method as defined in claim 1, said heating being performed by
      supporting said foil on a transparent supporting member and directing
      radiation at said foil through said member; and wherein a porous element
      of synthetic plastic material is interposed intermediate said member and
      said foil.
NUM  14.
PAR  14. A method as defined in claim 13, wherein said foil is arranged with
      said one surface facing away from said member.
NUM  15.
PAR  15. A method as defined in claim 13, wherein a substantially transparent
      pattern sheet provided with radiation absorbing image areas arranged in
      said predetermined pattern is interposed between said foil and said
      element thereby causing portions of said foil which are located opposite
      said image areas to become heated and softened so that the material of the
      protuberances which are located in said portions flows together to form
      said replica.
NUM  16.
PAR  16. A method as defined in claim 1, wherein said heating is performed by
      arranging one side of said foil in overlapping relationship with a pattern
      sheet provided with image areas arranged to form said predetermined
      pattern, and directing radiation towards said foil.
NUM  17.
PAR  17. A method as defined in claim 16, wherein said foil is arranged
      intermediate said pattern sheet and the radiation source.
NUM  18.
PAR  18. A method as defined in claim 16, wherein said pattern sheet is arranged
      intermediate said foil and the radiation source.
NUM  19.
PAR  19. A method as defined in claim 16, wherein said pattern sheet is arranged
      on the side of said foil having said depressions.
NUM  20.
PAR  20. A method as defined in claim 16, wherein said pattern sheet is arranged
      on the side of said foil having said protuberances.
NUM  21.
PAR  21. A method as defined in claim 16, wherein the step of arranging
      comprises utilizing a pattern sheet only one side of which is provided
      with image areas.
NUM  22.
PAR  22. A method as defined in claim 16, wherein the step of arranging
      comprises utilizing a pattern sheet of paper.
NUM  23.
PAR  23. A method as defined in claim 16, wherein the step of arranging
      comprises utilizing a pattern sheet of a synthetic plastic substance.
NUM  24.
PAR  24. A method as defined in claim 16, wherein the step of arranging
      comprises utilizing a pattern sheet having oppositely directed sides each
      of which is provided with image areas.
NUM  25.
PAR  25. A method as defined in claim 24, and comprising the step of elevating
      the temperature of said foil during said embossing.
NUM  26.
PAR  26. A method as defined in claim 24, wherein the step of applying comprises
      subjecting said foil to a negative pressure during said heating.
NUM  27.
PAR  27. A method as defined in claim 24, wherein the step of applying comprises
      subjecting said foil to a positive pressure during said heating.
NUM  28.
PAR  28. A method as defined in claim 24, wherein the step of applying comprises
      exposing said opposite surface of said foil to a negative pressure during
      said heating so that portions of said foil which are sufficiently softened
      by said heating and which are at a level different from that of the tips
      of said protuberances are drawn to approximately the level of said tips to
      form said replica.
NUM  29.
PAR  29. A method as defined in claim 24, said heating being performed by
      arranging one side of said foil in overlapping relationship with a
      transparent pattern sheet which permits the passage of infrared radiation
      and is provided with image areas arranged in said predetermined pattern
      which absorbs infrared radiation, and directing infrared radiation at said
      foil via said pattern sheet so that portions of said foil which are
      located opposite said image areas become heated and softened; and wherein
      the step of applying comprises exposing said opposite surface of said foil
      to a vacuum so as to draw said portions upwardly to substantially the
      level of said protuberances while permitting said protuberances of said
      portions to flow together and form said replica.
NUM  30.
PAR  30. A method as defined in claim 24, wherein the step of applying comprises
      exerting pressure on said protuberances with an elastically yieldable
      element during said heating.
NUM  31.
PAR  31. A method as defined in claim 30, wherein said elastically yieldable
      element comprises closed-cell foam material.
NUM  32.
PAR  32. A method as defined in claim 30, wherein said yieldable element
      comprises an elastic diaphragm which is biased towards said protuberances
      by gas pressure.
NUM  33.
PAR  33. A method as defined in claim 30, wherein a heat-resistant synthetic
      plastic layer which does not absorb infrared radiation is interposed
      between said element and said protuberances.
NUM  34.
PAR  34. A method as defined in claim 30, wherein a heat-resistant synthetic
      plastic layer of substantially 0.08 - 0.4 mm thickness is interposed
      between said element and said protuberances.
NUM  35.
PAR  35. A method as defined in claim 30, wherein said elastically yieldable
      element comprises open-cell foam material which is gas-tightly enveloped
      by a foil.
NUM  36.
PAR  36. A method as defined in claim 35, wherein said enveloping foil comprises
      a synthetic plastic material.
NUM  37.
PAR  37. A method as defined in claim 30, wherein a heat-resistant synthetic
      plastic layer is interposed between said element and said protuberances.
NUM  38.
PAR  38. A method as defined in claim 37, wherein said layer has
      resistance-heating wires embedded in it; and further comprising the step
      of energizing said wires.
PATN
WKU  039424413
SRC  5
APN  4694384
APT  1
ART  221
APD  19740513
TTL  Model rocket-glider
ISD  19760309
NCL  10
ECL  1
EXA  Jordan; C. T.
EXP  Pendegrass; Verlin R.
NDR  2
NFG  5
INVT
NAM  Senoski; Walter E.
STR  1720 Elderslee Road
CTY  Pittsburgh
STA  PA
ZIP  15227
CLAS
OCL  102 341
XCL   46 74A
XCL  102 344
EDF  2
ICL  F42B  408
ICL  F42B  410
FSC  102
FSS  34.1;34.4;34
FSC   46
FSS  74 C;79;81;86 C;74 A
UREF
PNO  3068792
ISD  19621200
NAM  Brown et al.
OCL  102 34.1
UREF
PNO  3157960
ISD  19641100
NAM  Schutz et al.
OCL  102 34.1
UREF
PNO  3719145
ISD  19730300
NAM  Brown et al.
OCL  102 34.4
UREF
PNO  3787013
ISD  19740100
NAM  McKenzie, Sr.
OCL  102 34.1
LREP
FRM  Parmelee, Miller, Welsh & Kratz
ABST
PAL  A model rocket, the nose cone of which is ejected clear of the rocket body
      after the rocket has spent its fuel, including means for replacing the
      ejected nose cone during flight with another nose cone and means for
      altering the configuration wing elevator during flight thereby converting
      the rocket to a glider.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The advent of the space age has engendered a great deal of interest in
      model rocketry. Model rockets, powered by solid fuel propellant can easily
      reach heights of several hundreds of feet. As most model rockets are
      designed for repeated use, recovery means are generally provided to insure
      a soft landing after the rocket has spent its fuel and attained its
      maximum altitude, said recovery means usually consisting of a streamer or
      a parachute. A more sophisticated recovery means comprising a foldable
      rotor assembly is disclosed in my copending U.S. patent application Ser.
      No. 378,595, filed July 12, 1973.
PAR  As an alternative to said recovery means, it would be desirable to provide
      a rocket capable of gliding back to earth after it had attained its
      maximum altitude. However, this cannot be effected simply by enlarging the
      rocket's fins so as to increase the airfoil surface as might be expected,
      as model rockets are balanced for only vertical flight, and to achieve a
      glider effect it is necessary to provide means of altering the balance of
      the assembly as well as the airfoil configuration during flight in order
      that a proper horizontal glide attitude will result.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It is, therefore, the object of this invention to provide a model rocket
      which is capable of performing as a glider after the rocket has completed
      its vertical flight. Generally speaking, the invention comprises a solid
      fuel powered model rocket having a dual nose cone system. The first nose
      cone is utilized in vertical flight and is jettisoned by a second nose
      cone contained within the rocket body, which second nose cone is activated
      by a blow-out charge in the fuel cartridge, the second nose cone replacing
      the jettisoned first nose cone. The activation of the second nose cone
      also activates a wing elevator, directing the craft into a generally
      horizontal glide attitude.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The following drawings are illustrative of the invention:
PAR  FIG. 1 is a side sectional view of a model rocket-glider according to the
      invention;
PAR  FIG. 2 is a rear perspective view of the model rocket-glider of the
      invention;
PAR  FIG. 3 is an enlarged side sectional view of the wing elevator actuating
      assembly, with the wing elevator positioned for vertical take-off;
PAR  FIG. 4 is an enlarged side sectional view of the elevator actuating
      assembly, with the wing elevator positioned for horizontal glide; and
PAR  FIG. 5 is illustrative of the mode of operation of the model rocket-glider
      of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIGS. 1 and 2, 10 generally indicates a model rocket-glider having a
      generally tubular body portion 11, a nose cone 12, wings 13 and a
      stabilizing fin 14. The rocket is further provided with a commercially
      available solid fuel motor 15. The motor 15, usually comprises a
      propellant charge 16 compressed against a ring 17 of refractory material.
      The forward end of the motor is closed by a cap 18. The propellant charge
      16 is made of an explosive composition, such as black powder or the like,
      compounded with other materials as is well known in the art so as to burn
      at the desired rate. The propellant charge is generally formed in three
      sections, i.e., a first charge 19 of compressed black powder having a high
      burning rate; a second charge 20 of slower burning power; and a third or
      blow-out charge 21. As is well known, the first charge 19 provides the
      initial or lift-off thrust to the rocket; the second charge 20 boosts the
      rocket to maximum altitude and the third or blow-out charge 21 provides
      sufficient energy to eject the nose cone 12 from the body 11.
PAR  Of course, the dimensions of the rocket body 11, the dimensions of the
      wings 13 and stabilizing fin 14, as well as the dimensions and propellant
      characteristics of the motor 15, are selected in a manner well known to
      the art, such that the rocket will have the desired vertical flight
      characteristics and horizontal glide attitude.
PAR  The rocket nose cone 12 consists of an upper or outer portion 22 and a
      lower or plug portion 23. The upper or outer portion 22 of the rocket nose
      cone 12 is of any suitable streamlined configuration, such as the conical
      shape shown having a cross-sectional diameter at least as great as the
      outside diameter of the tubular body 11. The plug portion 23 is generally
      cylindrical and coaxial with the upper portion 22. The length and diameter
      of the plug portion 23 are sufficient to permit the same to be
      frictionally engaged by the retainer ring 24 secured in the topmost end of
      the body tube 11. The fit should be snug, but not so snug as to prohibit
      easy ejection of the nose cone 12 from the body portion 11.
PAR  Although the nose cone 12 is described as having two portions, 22 and 23,
      it is generally constructed as a unitary assembly which can readily be
      molded or cast from suitable material such as plastic or carved from wood.
PAR  As shown in FIG. 1, secured to the bottom of the nose cone 12 and coaxial
      therewith is a rod or shaft 25, the lower end of which rod is secured to
      and coaxial with a conical seat block 26, the diameter of which is less
      than the inside diameter of the retainer ring 24. The rear end 27 of the
      seat block 26 contains a depression 28, which depression is configured to
      engage the tip 29 of the glider nose cone 30. The glider nose cone 30
      consists of an upper portion 31 and a lower or sleeve portion 32. The
      upper portion 31 of glider nose cone 30 is of any suitable streamlined
      configuration, such as the conical shape illustrated, the diameter at its
      widest point being such as to be frictionally engaged by the retainer ring
      24. The lower or sleeve portion 32 is generally cylindrical and coaxial
      with the upper portion 31 and has a diameter slightly less than the inside
      diameter of the body tube 11, but greater than the inside diameter of the
      retainer ring 24 such that the nose cone 30 may move freely when disposed
      in the body tube. Movement of the nose cone 30 in the direction of the
      motor 15 is restrained by another retainer ring 33 which is similar to
      retainer ring 24.
PAR  As shown in FIG. 2, an elevator 34 is provided in the trailing edge of the
      wings 13. The elevator 34 is provided with hinges 42 whereby the elevator
      may be angularly disposed with respect to the horizontal plane of the
      wings. The hinges may be made of resilient material such as cloth or the
      like. Resilient means 37 are employed to bias the elevator at a
      predetermined upward angle relative to the top horizontal plane of the
      wings. In the embodiment shown, an elastic band or the like is passed
      through an aperture 41 in the vertical stabilizing fin 14 and each end of
      the rubber band is secured to the elevator. It is, of course, to be
      realized that other suitable biasing means, such as small springs or the
      like, may also be used.
PAR  For vertical flight, the elevator 34 must be maintained parallel to the
      horizontal plane of the wings 13 and means are provided for maintaining
      this configuration, which, as shown in FIG. 3, comprises a generally
      L-shaped member 35. The short arm 36 of member 35 protrudes through a slot
      40 formed in body tube 11 and bears on the sleeve portion 32 of glider
      nose cone 30. The long arm 38 of member 35 is secured to the elevator 34
      and is so sized that when the short arm 36 bears on sleeve portion 32 of
      glider nose cone 30, the elevator 34 is biased against the upward pull of
      the resilient means 37 and is maintained parallel to the horizontal plane
      of the wings 13.
PAR  After maximum vertical flight has been attained and the propellant charge
      has been exhausted, the elevator 34 must be deployed at its predetermined
      up angle relative to the top horizontal plane of the wings 13 in order for
      the rocket-glider to attain a proper horizontal glide attitude. This means
      of deployment is illustrated in FIG. 4. As before described, when
      propellant charges 19 and 20 are exhausted, the blow-out charge 21 is
      ignited. Ignition of charge 21 propels the glider nose cone 30 toward the
      forward end of the body tube 11 in the direction shown by the arrow. The
      glider nose cone 30 in turn ejects the rocket nose cone 12 and associated
      rod 25 and seat block 26 from the body tube 11. The glider nose cone 30 is
      restained from further forward movement by engagement with retaining ring
      24. Due to the forward movement of nose cone 30, the short arm 36 of
      member 35 no longer bears on sleeve portion 32, tension in resilient means
      37 is relaxed, and the elevator 34 is biased in the predetermined up angle
      position relative to the horizontal plane of the wings 13, the short arm
      36 extending into the interior of the body tube 11 and the long arm 38
      lying substantially parallel to the body tube 11.
PAR  The angle at which the elevator is biased is, of course, a function of the
      size, weight, wing loading and overall dimensions of the rocket-glider.
      The precise angle is determined empirically, in a manner well known to the
      art, by test gliding the completed assembly and adjusting the elevator
      accordingly when the desired glide pattern is attained. To achieve proper
      balance it might be necessary to add ballast at various points in the form
      of small weights, such as lead shot, lumps of clay or the like.
      Notwithstanding the size and weight of the assembly, the elevator angle
      should not exceed about 22.degree., as too great an angle will result in
      stalling. After the proper angle has been determined the resilient means
      37 is adjusted so as to bias the elevator at said angle and the L-shaped
      member 35 is sized accordingly.
PAR  FIG. 5 is illustrative of the mode of operation of the rocket-glider of the
      invention. The motor is ignited by suitable means, such as an electric
      igniter (not shown) and the rocket-glider flies upwardly along a
      substantially vertical path. Following burn-out of the propellant charge,
      the blow-out charge ignites with sufficient energy to propel the glider
      nose cone forwardly and eject the rocket nose cone assembly free of the
      body. The glider nose cone becomes frictionally engaged in substantially
      the position previously occupied by the rocket nose cone, the elevator is
      actuated and the assembly glides back to earth. The ejected rocket nose is
      provided with a suitable recovery means, such as the streamer shown, which
      assures a soft landing.
PAR  As shown in FIG. 1, landing skids 39 may be provided to prevent damage to
      the body tube and to protect against scratches to the painted finish upon
      landing. As shown in FIG. 2, hollow stabilizing tubes 43 may also be
      provided which tubes are both decorative as well as useful in balancing
      the assembly during flight. A stabilizing tube 43 is located beneath each
      wing 13, the longitudinal axis of each tube 43 being parallel to the
      longitudinal axis of body portion 11, each tube 43 being secured to the
      underside of each wing 13 and to body portion 11.
PAR  Although a streamer is illustrated as a recovery means for the rocket nose
      cone assembly, which streamer is wrapped around the shaft 25, a parachute
      may also be employed. If a more spectacular display is desired, the rocket
      nose cone assembly may be provided with a deployable rotor device as
      described in the aforementioned copending U.S. application Ser. No.
      378,595, the teachings of which application are herein incorporated by
      reference as regards the construction and employment of said rotor
      assembly.
PAR  The rocket glider described herein may be fabricated from any suitable
      materials known to the scale modeling art, such as light-weight woods,
      plastics and the like. It is to be further understood that the drawings
      and description herein serve to illustrate the preferred embodiments of
      the invention and that many variations may be apparent to, and made
      therein, by those skilled in the art without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A model rocket comprising a body tube, a solid fuel motor having a
      propellant charge and a blow-out charge mounted in the lower end of the
      body tube, a first nose cone frictionally engaged in the upper end of the
      body tube, a second nose cone slidably disposed within the body tube and
      wings affixed to the body tube, said wings having a hinged elevator formed
      in the trailing edge thereof, said second nose cone being propelable
      toward the upper end of the body tube by the ignition of the blow-out
      charge in said motor after the propellant charge has exhausted, whereby
      said second nose cone ejects the first nose cone while the rocket is in
      flight and becomes engaged in the position occupied by the first nose
      cone, further including means for maintaining said elevator parallel to
      the horizontal plane of the wings prior to ignition of said blow-out
      charge and resilient means for biasing said elevator at a predetermined
      up-angle relative to the top horizontal plane of the wings subsequent to
      the ignition of said blow-out charge thereby causing the rocket to assume
      a glider configuration.
NUM  2.
PAR  2. The model rocket of claim 1 wherein said means for maintaining the
      elevator parallel to the horizontal plane of the wings comprises an
      L-shaped member, the shorter arm of which member protrudes through a slot
      formed in the body tube and is in abutting relationship with the second
      nose cone disposed within the body tube and the end of the longer arm of
      which member is secured to the elevator.
NUM  3.
PAR  3. The model rocket of claim 1 wherein the predetermined up-angle at which
      the elevator is biased does not exceed about 22.degree..
NUM  4.
PAR  4. The model rocket of claim 1 further including means for recovering the
      first nose cone after it has been ejected.
NUM  5.
PAR  5. A model rocket comprising a body tube, a solid fuel motor having a
      propellant charge and a blow-out charge mounted in the lower end of the
      body tube, a first nose cone frictionally engaged in the upper end of the
      body tube, wings and a vertical stabilizer affixed to the body tube
      including means for converting the rocket to a glider while in flight,
      said means comprising:
PA1  a. a rod, the top end of which is secured to and coaxial with the underside
      of the first nose cone and the bottom end of which is secured to and
      coaxial with the upper end of a seat block;
PA1  b. a second nose cone slidably disposed within the body tube, the tip of
      the nose cone in abutting relationship with the bottom end of the seat
      block;
PA1  c. a hinged elevator in the trailing edge of the wings including resilient
      means for biasing said elevator at a predetermined up-angle relative to
      the top horizontal plane of the wings; and
PA1  d. elevator restraining means secured to the elevator and cooperative with
      the second nose cone whereby the elevator is maintained parallel to the
      horizontal plane of the wings when the rocket is in vertical flight;
PA2  whereby when the propellant charge in said motor is exhausted and the
      rocket has attained its maximum altitude, a blow-out charge in said motor
      ignites, propelling the second nose cone toward the forward end of the
      body tube which second nose cone ejects the first nose cone and associated
      rod and seat block from the body tube while simultaneously disassociating
      from the elevator restraining means, the elevator becoming biased at said
      predetermined angle, the second nose cone becoming engaged in the position
      occupied by the ejected first nose cone causing the rocket to assume a
      glider configuration.
NUM  6.
PAR  6. The model rocket of claim 5 wherein the resilient means for biasing the
      elevator at a predetermined up-angle relative to the top horizontal plane
      of the wings comprises an elastic band which is passed through an aperture
      formed in the vertical stabilizer, the ends of said elastic band being
      secured to the elevator.
NUM  7.
PAR  7. The model rocket of claim 5 wherein the predetermined up-angle at which
      the elevator is biased does not exceed about 22.degree..
NUM  8.
PAR  8. The model rocket of claim 5 wherein the elevator restraining means
      comprises an L-shaped member, the shorter arm of which member protrudes
      through a slot formed in the body tube and is in abutting relationship
      with the second nose cone disposed within the body tube and the end of the
      longer arm of which member is secured to the elevator.
NUM  9.
PAR  9. The model rocket of claim 5 wherein the bottom end of the seat block has
      a depression formed therein which depression is configured to engage
      therein the tip of the second nose cone.
NUM  10.
PAR  10. The model rocket of claim 5 further including means for recovering the
      ejected first nose cone and associated rod and seat block.
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ABST
PAL  Use of convolutely wound paper-metal foil laminate cases for pyrotechnic
       re compositions comprising a metallic fuel and a solid inorganic oxidizer
      reduces "chimney" and flickering effects and increases the luminous
      efficiency of the flare, as compared with the use of conventional
      convolutely wound paper cases.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The U.S. Army's standard 40 mm. XM 583 White Star Parachute Signal Flare
      employs a pyrotechnic flare composition comprising powdered magnesium fuel
      and sodium nitrate oxidizer contained in a case fabricated of convolutely
      wound kraft paper. A major deficiency of said flare is that it exhibits a
      "chimney" effect due to the failure of the case to burn as rapidly as the
      pyrotechnic composition contained therein, with the result that some of
      the light is obscured and the light efficiency is reduced. Also,
      flickering occurs as the flare burns through portions of the slower
      burning case, thereby exposing varying amounts of burning area.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to minimize or eliminate the
      deficiencies of prior art flares, wherein a convolutely wound paper case
      is used to contain a pyrotechnic composition comprising a powdered metal
      fuel, such as magnesium and aluminum, and a solid inorganic oxidizer, such
      as NaNO.sub.3, KNO.sub.3, NH.sub.4 ClO.sub.4, KClO.sub.4, as well as a
      binder.
PAR  According to the present invention the aforementioned deficiencies of said
      standard and other flares, which utilize a pyrotechnic composition
      comprising a metal fuel and an inorganic oxidizer, can be overcome by
      employing a novel duo-material flare case composed of convolutely wound
      paper laminated to a metal foil. By means of the present invention it is
      possible to reduce or eliminate the "chimney" and flickering effects as
      well as achieve a 20% or greater increase in luminous efficiency
      (candle-seconds/gram composition) of such flares, as compared with
      corresponding flares, wherein the same pyrotechnic composition is
      contained in the usual convolutely wound paper case.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a longitudinal sectional view of a novel flare case containing
      a flare composition.
PAR  FIG. 2 is a cross-sectional view of the case of FIG. 1 along line 1--1.
PAR  FIG. 3 is a longitudinal cross-sectional view of the loaded case provided
      with an aluminim disc closure at one end having an attachment for hanging.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Aluminum foil of 0.0007 in. thickness was bonded to one side of 60 lb.
      kraft paper (strong paper made from wood pulp prepared by the sulfate
      process) with a nitrocellulose base adhesive sold under the tradename DUCO
      cement, and the laminate thus obtained was convolutely wound on a mandrel
      with the same adhesive to form a tube 1.26 in. I.D. and 0.065 in. wall
      thickness, which was cut to 2.4 in. lengths, and shown in FIGS. 1 and 2.
PAR  In similar manner other flare cases were made using aluminum foils of
      0.00035 in. and 0.0028 in. thickness, resp. Still other cases were
      similarly made except that aluminum foil of 0.00035 in. thickness was
      bonded to both sides of the kraft paper.
PAR  The pyrotechnic flare composition used consisted of 49% Mg atomized 30/50,
      43% NaNO.sub.3 and 8% binder (98.5% LAMINAC 4116, a proprietary product
      manufactured by American Cyanamid Co., consisting of a polyester with
      monomeric styrene that effects crosslinking on curing, 1% LUPERSOL DDM
      (methylethylketone in dimethylphthalate) and 0.5% cobalt naphthenate). The
      ingredients were mixed in a Lancaster countercurrent batch mixer under
      ambient conditions of temperature and humidity. The sodium nitrate was
      pre-dried at 110.degree.C. and screened before blending into the
      composition. The liquid binder was added to the powdered magnesium and
      mixed for 5 minutes after which the sodium nitrate was added and the whole
      mixture was blended for 30 minutes.
PAR  The composition thus obtained was loaded into standard convolutely wound
      kraft paper cases and into the kraft paper-aluminum foil laminate cases
      prepared in the above manner under a loading pressure of 5 tons psi. As
      shown in FIG. 3, an aluminum disc closure 10 containing cotter pin 12 to
      facilitate hanging of the flare during testing, was inserted into one end
      of each flare 14 containing the pyrotechnic composition 16 and anchored
      thereto by crimping the case wall 18, and a standard igniter composition
      20 was pressed into the opposite open end in contact with the flare
      composition.
PAR  The time-intensity characteristics of the flares were determined statically
      with the flares suspended vertically from a test stand burning face down.
      The tests were conducted in a pyrotechnic flare tunnel using a
      photocell-recordak combination.
PAR  Table I presents a comparison of the luminous efficiencies of the flares
      provided with the standard cases and the novel duo-material cases prepared
      in the foregoing manner.
TBL                                    Table 1                                 
     __________________________________________________________________________
          Al Foil                                                              
                 No.                Burning                                    
                                         Efficiency                            
     Type of                                                                   
          Thickness                                                            
                 Test                                                          
                     Composition                                               
                            Candlepower                                        
                                    Time 10.sup.3 Candle                       
     Paper                                                                     
          (In.)  Items                                                         
                     Wt. Grams                                                 
                            10.sup.3 Candles                                   
                                    Seconds                                    
                                         Sec./Gm.                              
     __________________________________________________________________________
     Kraft*                                                                    
          none   5   78     73.4    39.0 36.6                                  
     Kraft                                                                     
          0.00035                                                              
                 4   70     81.8    29.5 34.4                                  
          0.0007 5   75     110.1   30.5 44.0                                  
          0.0028 4   78     124.7   26.4 39.2                                  
          0.00035**                                                            
                 4   80     99.5    33.5 41.8                                  
     __________________________________________________________________________
       *Standard paper case                                                    
      **Aluminum foil laminated to both sides of kraft paper. All values are   
      averaged for the number of items noted. Case dimentions: length 2.4 in.; 
      I.D. 1.26 in.; wall thickness 0.065 in.                                  
PAR  As shown in the table, a substantial increase in flare efficiency was
      achieved in most instances by use of a laminated kraft paper-aluminum foil
      flare case. Optimum efficiency was obtained by use of cases having 0.0007
      inch thick aluminum foil laminated to the kraft paper. Use of much heavier
      aluminum foil, e.g. 0.0028 inch thickness, produced less efficient flare
      cases, which suggests that diminishing returns by use of aluminum foil of
      substantially greater than 0.0007 inch thickness. Cases having 0.00035
      inch thick aluminum foil laminated to both sides of the kraft paper, were
      also highly efficient, suggesting that the thickness of 0.0007 inch
      (0.00035 .times. 2) is close to the most efficient in this particular
      system. It was also noted that all flares with the laminated kraft
      paper-aluminum foil cases exhibited little flickering and burned with much
      more uniform light emission from start to end than the standard kraft
      paper case flares.
PAR  Flares prepared in similar manner to the foregoing, except that newsboard
      (paperboard made chiefly from repulped newspapers) was substituted for 60
      lb. kraft paper, were tested in another series of tests, and were found in
      each case to have an efficiency of 25 to 26 times 10.sup.3 candle
      sec./gm., but still higher than that of corresponding flares made without
      the aluminum foil.
PAR  Although the surprisingly superior efficiency of the duo-material flare
      case is not fully understood, it appears to be largely due to the smooth
      disintegration of the case as it burns, which eliminates the
      light-obscuring chimneys noted in the standard cases. Also, it is surmised
      that due to the conductivity of the metal foil in the case, some
      preheating of the flare composition may occur, thereby promoting a more
      efficient burning of the composition.
PAR  In another series of tests flare cases were made in the manner described
      above except that a relatively noncombustible rubber-based adhesive was
      used in place of highly flammable DUCO cement in laminating the aluminum
      foil (aluminum foil of 0.00035 inch thickness was used in these tests) to
      the kraft paper. The cases were loaded as above with the aforesaid
      pyrotechnic composition and the flares were tested for luminous efficiency
      in the foregoing manner. The test results set forth in Table II show that
      the type of adhesive does not appear to have a significant effect on flare
      performance.
TBL                                    Table II                                
     __________________________________________________________________________
             No.                 Burning                                       
                                      Efficiency                               
             Test                                                              
                 Composition                                                   
                        Candlepower                                            
                                 Time 10.sup.3 Candle                          
     Adhesive                                                                  
             Items                                                             
                 Wt. Grams                                                     
                        (10.sup.3 Candles)                                     
                                 (Sec.)                                        
                                      Sec./Gm.                                 
     __________________________________________________________________________
     Nitrocellulose                                                            
     Based   4   70     81.8     29.5 34.4                                     
     Rubber Based                                                              
             4   70     94.3     25.5 35.0                                     
     __________________________________________________________________________
      All values are averages for the number of items noted.                   
PAR  In view of the foregoing it is evident that the efficiency of a pyrotechnic
      flare, comprising a metallic fuel and a solid inorganic oxidizer contained
      in a conventional convolutely wound paper case, can be unexpectedly
      increased by replacing such case with a convolutely wound paper-metal foil
      laminate case.
PAR  As illustrated in part above, the luminous efficiency of the system depends
      upon the thickness and type of metal foil and paper employed, thickness of
      the case wall, case design, the particular pyrotechnic flare composition
      employed, etc., and these variables can be adjusted to provide the desired
      or optimum results. Kraft paper is the preferred paper material for use in
      the novel flare cases, and satisfactory results can be obtained by
      employing 10 to 250 lb. kraft paper, although the invention is not limited
      thereto.
PAR  The foregoing disclosure and drawings are merely illustrative of the
      principles of this invention and are not to be interpreted in a limiting
      sense. I wish it to be understood that I do not desire to be limited to
      exact details of construction shown and described for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flare comprising a tubular case containing a load of solid pyrotechnic
      composition comprising a finely divided magnesium fuel and sodium nitrate
      oxidizer, said case consisting essentially of convolutely wound kraft
      paper of from about 10 pounds to about 250 pounds weight bonded to
      aluminum foil of thickness between 0.00035 inch and about 0.0028 inch with
      an adhesive, said flare exhibiting substantially no chimney effect on
      burning.
NUM  2.
PAR  2. The flare according to claim 1, wherein the case consists essentially of
      about 60 lb. kraft paper bonded to aluminum foil of about 0.0007 inch
      thickness.
NUM  3.
PAR  3. The flare according to claim 2, wherein the pyrotechnic composition
      consists essentially of 49% Mg, atomized 30/50, 43% NaNO.sub.3 and 8%
      polymerized polyester-styrene binder.
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ABST
PAL  An improved projectile suitable for use in artillery pieces, though
      preferably in the higher calibres, is disclosed wherein projectile range
      upon launching by the gun is considerably extended by means of a
      propellant rocket motor in combination therewith which motor is
      characterized by containing in its combustion chamber a flowable
      propellant charge in the form of a fluidizable, shapeable propellant
      charge composition which under the high radial acceleration forces
      imparted to the projectile when fired from a rifled gun barrel, flows and
      shapes itself into the shape of a hollow cylinder and, when ignited in
      flight, burns in the manner of a solid propellant grain of the same shape
      to aid in propelling the projectile a greater distance than is possible
      with the gun alone.
PARN
PAR  This is a continuation, of application Ser. No. 56569 filed July 20, 1970
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Artisans in the field of rocket propelled missiles have for many years
      sought to combine the capability of the ordinary cannon, or artillery
      piece, operating by means of an explosive charge for launching projectiles
      and the like, with the steady state propulsion efficiency derived from the
      burning of a solid propellant in a rocket motor. These devices, known as
      rocket assisted projectiles, or gun boosted rockets, and with which this
      invention is concerned, have not, up to now, proved entirely satisfactory
      nor performed in accordance with expectations. Many reasons have been
      advanced for this, not the least of which is the failure to develop a
      propellant grain which can withstand the acceleration forces experienced
      during the difficult launching, or boost phase of the projectile flight,
      or to develop means to protect the grain. Success has heretofore been
      elusive most often in the past because of propellant grain cracking, or
      other similar deleterious effects induced by the high launching
      acceleration forces to which the propellant is subjected. It is, of
      course, quite obvious that the rocket motor propellant would be subjected
      to very high linear, tangential and radial acceleration forces during the
      launch of the missile and due to the spinning thereof imparted by the
      lands or rifling grooves on the inside surfaces of the barrel of the gun
      which fires the projectile. Accordingly, the invention to be hereinafter
      described provides, by means of a flowable propellant charge, hereinafter
      more specifically referred to as a fluidizable, shapeable propellant
      charge composition, and the advantageous use of the radial acceleration
      forces created by projecting the missile from a rifled gun barrel, a
      workable and operable rocket assisted projectile, which can be safely
      launched by means of ordinary field artillery equipment.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to rocket motors; more particularly, it relates to
      rocket motors adapted for attachment to a gun boosted, or launched,
      projectile.
PAR  It is well known in the artillery art that the range of a gun used to fire
      projectiles, or other ammunition rounds, can be considerably increased by
      the use therein of a rocket motor to impart propulsive forces thereto.
      Such a rocket motor is usually rigidly affixed to the projectile, and the
      gases evolved from the ignited propellant in the rocket motor provide
      augmenting propulsion efficiency. Ignition of the rocket motor can be
      accomplished, after the missile leaves the gun barrel, with a suitably
      designed ignition system contained within the casing and having a delayed
      ignition means.
PAR  There are, however, other problems in the attainment of an operative rocket
      motor for projectiles which do not find such easy solutions. A primary
      concern is the very high acceleration forces experienced by such
      projectiles when launched from a gun, since unwanted and difficult
      problems arise therefrom. With respect to the projectile and its warhead
      pay load, these problems are of relatively little concern since adequate
      solutions have long been available. However, with respect to the rocket
      motor, a different situation exists. Motor castings of ample strength have
      long been available. However, many state-of-the-art propellants are not
      physically suitably durable for such use. Hence, in providing a rocket
      motor for augmenting the propulsion of the projectile after launching by
      the gun, the artisan must insure that a propellant charge, usually in the
      form of a solid propellant grain is included which is capable of
      withstanding the launching forces, so that, upon ignition, smooth
      combustion and, therefore propulsion, is obtained. From the above and
      other considerations to be hereinafter referred to, it is obvious that a
      most critical component in a rocket assisted projectile, from the
      standpoint of satisfactory operation and performance, is the propellant
      charge and its physical form.
PAR  In its preferred embodiment, the present invention sets forth a solution to
      the problem above referred to by providing a propellant charge in the form
      of a flowable propellant charge, i.e. a fluidizable, shapeable propellant
      composition comprising in admixture an inorganic oxidizer material and a
      fluid fuel matrix material. Preferably, the fluid fuel matrix material is
      a liquid form of a material usually used as a binder material in rocket
      propellant compositions, e.g. an uncured form of synthetic polymer, such
      as uncured carboxy terminated polybutadiene of the type taught in U.S.
      Pat. No. 3,235,589.
PAR  The term "flowable propellant charge" as used herein and in the claims is
      intended to mean a propellant charge which is a non-rigid, usually
      viscous, mass which has sufficient viscosity to maintain the solids
      dispersed in the fluid matrix in a substantially non-settling suspension
      and which also is sufficiently fluid to flow as a fluid under high radial
      acceleration forces to assume a cylindrical shape. Essentially, the
      propellant charge must be a fluid, or fluidizable and shapeable, mass
      while under the influence of centrifugal forces from radial acceleration
      forces.
PAR  Accordingly, it is an object of this invention to provide a rocket motor in
      combination with a gun launched projectile for augmenting propulsion of
      the projectile after exit thereof from the launching gun.
PAR  It is another object of this invention to provide a device of the character
      described which utilizes a fluidizable, shapeable propellant composition
      charge contained and supported in the propellant combustion chamber of the
      rocket motor casing, so as to successfully operate even under the extreme
      accleration forces to which it is subjected during the critical launch
      period, and especially to operate advantageously with the assistance of
      the radial acceleration forces imparted to the device when it is fired
      through a rifled gun barrel or by the other projection means which will
      impart a sufficiently high rotational speed to the projectile to cause the
      charge to flow to form the hollow cylindrical shape desired for the
      charge.
PAR  A still further object of this invention is to provide a gun launched, or
      boosted, projectile, adapted to be propelled, after launching, by a
      propellant rocket motor, said motor comprising a sealed casing having,
      preferably, a cylindrical combustion chamber substantially-filled with a
      flowable propellant charge in the form of a fluidizable, shapeable mass,
      e.g. as a viscous mass, which, due to the high radial acceleration forces
      imparted to the casing, flows along the inner side and end walls of the
      combustion chamber of the casing and assumes the form of a hollow cylinder
      within the chamber with the longitudinal axis of the cylinder disposed
      along the longitudinal axis of the projectile.
PAR  With the above and other objects and advantages in mind as will become
      apparent to those skilled in the art to which the invention pertains, the
      present invention comprises a rocket motor adaptable for use with a
      projectile fired from a gun. The rocket motor includes a hollow casing
      having a combustion chamber for retaining the propellant charge, with the
      chamber essentially having a greater volume than the volume of the charge,
      a fluidizable, shapeable propellant charge disposed in the chamber in the
      casing, and an ignition system means associated with the casing,
      combustion chamber and propellant charge for igniting the propellant
      charge. In an alternate embodiment, the propellant charge is retained in a
      substantially-filled, sealed, destructible container which fits into the
      combusion chamber formed by the hollow casing but which has a total volume
      less than that of the hollow space in the casing. The aft end of the
      rocket motor casing communicates with the nozzle of the rocket motor and
      serves, after the charge is ignited, to conduct to the atmosphere the hot
      gases produced by the burning propellant charge during the
      projectile-motor flight. The other end of the casing is affixed by
      suitable fastening and sealing means to the aft end of the warhead and is
      insulated suitably therefrom in a known way. The flowable propellant
      charge, whether or not initially retained in a container, essentially has
      a volume sufficiently smaller than the combustion chamber space within the
      hollow casing, thereby permitting the propellant charge to shape itself
      into the form of a hollow cylinder within the chamber under the forces of
      radial acceleration during flight, before ignition, and during combustion.
PAR  The rocket assisted projectile of the invention may be more readily
      understood from the following description taken with reference to the
      drawings, wherein like reference numerals refer to like parts throughout,
      and in which is described the preferred embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a view, partially in section, illustrating one embodiment of a
      rocket assisted projectile disposed, before projection, in a horizontal
      position and incorporating a rocket motor of the invention with the
      flowable propellant charge sealed in the cylindrical combustion chamber of
      the casing of the rocket motor.
PAR  FIG. 2 is a view, partially in section, of the projectile of FIG. 1 in
      flight, illustrating the shape assumed in flight by the flowable
      propellant charge after the projectile has left the rifled barrel of a gun
      under acceleration forces produced by the gun and has attained a
      centrifugal force, due to radial acceleration produced by the effects of
      the rifling of the gun barrel on the projectile, to cause the propellant
      charge to flow to fill the combustion chamber in the shape of a hollow
      cylinder.
PAR  FIG. 2-a is a cross-sectional view taken along the line 2a-2a of FIG. 2.
PAR  FIG. 3 is a view, partially in section, of the projectile of FIGS. 1 and 2
      in flight, illustrating the rocket motor in operation after ignition of
      the flowable propellant charge and under the continuing effects of radial
      acceleration while also under the added propulsive forces provided by the
      rocket motor exhaust gases.
PAR  FIG. 4 is a chart showing pressure and thrust traces in relationship to
      time during firing of a rocket motor made and fired according to the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  To achieve a more detailed understanding of one embodiment of the invention
      herein presented, reference can be had to FIG. 1. FIG. 1 shows a rocket
      assisted projectile 10, in a horizontal position, in a static condition
      before projection. Included by attachment thereto is a rocket motor 11 and
      a warhead 12. Motor 11 comprises a casing 13 of steel, or other suitable
      pressure vessel material such as reinforced fiberglass, or a laminate
      thereof to obtain a structure capable of withstanding high internal
      pressures and external forces. Casing 13 is fastened to the warhead 12 by
      threads 27 and is sealed against leakage by an O-ring seal 15. Casing 13
      is hollow and encloses between end wall 16 of the warhead 12 and its inner
      side wall 17 and its end wall 18 a combustion chamber 19. Contained in the
      chamber 19 in casing 13 is a flowable propellant charge 14 which is
      fluidizable and shapeable and which is comprised of, preferably, a
      particulate form of inorganic oxidizer, e.g. ammonium perchlorate,
      aluminum powder fuel, and a fluid polymer fuel, such as, an uncured,
      liquid carboxy terminated polybutadiene. Propellant 14 is prepared as in
      hereinafter described and is poured into the open end of the casing 13 in
      a quantity such that when the casing 13 is threaded and fastened to
      warhead 12 by means of threads 27 and combustion chamber 19 will be filled
      to about 80 to 95% of its total volume, leaving a void space 20 within the
      casing. The casing 13 is then fastened to warhead 12, with O-ring 15 is
      position therebetween. The location of the void space 20 will, of course,
      depend on the position relative to ground level in which projectile 10 is
      resting before projection. For example, if the projectile 10 were placed
      in a vertical position, the void space would be adjacent to the end wall
      16 of the warhead 12. If the projectile were tilted along its longitudinal
      axis to any position between vertical and horizontal, the top surface 21
      of the propellant charge 14 would in time move by gravity to find it level
      position level to the earth' surface, with the void space 20 appropriately
      positioned adjacent thereto. A liner or insulator 22 of a carbon-filled
      rubbery material preferably is deposited on the surfaces 16, 17 and 18 of
      chamber 19 in casing 13 before adding the propellant charge 14 to the
      chamber 19. The liner 22 bonds to the surfaces and insulates the
      propellant from the heat of the gun barrel and protects the casing 13 and
      the warhead 12 from the heat of the burning propellant charge 14 when it
      burns during flight. The exact insulating and bonding materials employed
      in liner or insulator 22 are well known in the art and any of such can be
      selected for use with a particular propellant composition. As will also be
      more fully explained in what follows, the flowable propellant 14 is
      selected and formulated to be capable of readily flowing outwardly against
      the side inner wall 17 of the chamber 19 during the high radial
      acceleration phases of projectile 10 as it leaves the rifled gun barrel
      (not shown) from which it is projected. Referring now briefly to FIGS. 2
      and 2-a, under the centrifugal forces in the rifled gun barrel, the void
      space 20 is displaced from its location adjacent to surface 21 into the
      charge 14 to create a cylindrical channel 30, as shown in FIG. 2, running
      through the charge 14 and extending between the end wall 16 of the warhead
      12 and the bottom inner wall 18 of the casing 13 and forming a web of
      propellant 14 extending from the channel 30 to the liner 22 of casing 13,
      as shown in FIG. 2-a.
PAR  Referring again to FIG. 1, the rocket motor 11 is provided with an exhaust
      nozzle 23, which is insulated at its throat 24 with a throat insert 25
      made preferably of a known erodable insulating material, e.g. phenolic
      resin-graphite. An igniter system 26 is positioned and retained in casing
      13 head of nozzle 23, between the throat 24 and the end wall 18 of casing
      13. Liner 22 protects the igniter system 26 from contact with propellant
      charge 14.
PAR  The igniter system 26 is further protected from contact with the propellant
      charge 14 by a shield 28 of a frangible material, e.g. PLEXIGLAS,
      poly(methyl methacrylate), or metal, material, and the propellant charge
      14 is further protected by shield 28 from heat transfer through end wall
      18 of the casing 13 arising from the heat of the propellant used to propel
      the projectile from the gun barrel (not shown).
PAR  Referring now more fully to FIG. 2, the projectile 10 is illustrated in
      flight after the projectile has left the gun barrel from which it was
      propelled. The propulsion of the projectile 10 through the gun barrel
      subjects the projectile to a rotation due to the effect of the rifling of
      the gun barrel on the rotation band 37 of the projectile, shown by marks
      29 left on the band by the lands of the rifling in the gun barrel. For
      example, in its passage through the gun barrel of a 155 mm. Howitzer, the
      projectile attains a rotational speed of about 10,000 to 12,000 rpm in
      about 10 milliseconds. Propulsion of the projectile through the gun barrel
      subjects the flowable propellant charge 14 to a combination of
      longitudinal, tangential and radial, or centrifugal, forces. When the
      radial forces become sufficiently strong to overcome the effect of the
      longitudinal acceleration forces upon the propellant mass, the flowable
      mass of propellant 14, acting under the centrifugal force to which it is
      being subjected, flows outwardly from the longitudinal axis of the mass
      and distributes itself in the combustion chamber 19 of the casing in the
      form of a hollow cylinder having a cylindrical channel 30 which extends
      between the liner 22 on the end wall 16 of the warhead 12 and the liner 22
      on the shield 28 at the aft end of chamber 19. The volume of propellant
      charge 14 present in the chamber 19 preferably is such that the diameter
      of the channel 30 is about the same as the diameter of the igniter system
      26.
PAR  The warhead 12 is preferably provided with a first body of insulation 31,
      preferably phenol resin bound graphite, further embedded in a second body
      of insulation 32 preferably phenol resin bound asbestos, to protect the
      warhead opposite the cylindrical passage 30 from the effects of the hot
      spinning combustion gases 36. (FIG. 3.)
PAR  The igniter system 26 is preferably provided with an inertially activated
      arming device (not shown) of a known type with an appropriate time delay
      means (now shown) also known, which sets off an igniter or fuse means (not
      shown) also known, causing the igniter system to ignite the propellant
      charge 14 in flight after the propellant mass has flowed into the hollow
      cylindrical shape and the projectile is a safe distance from the gun.
PAR  The rocket exhaust nozzle 23 preferably is provided with an expellable body
      of insulation 33, preferably phenol resin bound graphite, which protects
      the igniter system 26 from being ignited by the heat of the gun propellant
      when it burns to propel the projectile 10. The casing 13 is provided with
      threads 35 on the outer wall of the nozzle 23 for receiving threads of a
      sealing cap 34 which further protects the igniter 26 and insulation 33
      from the blast of the gun propellant.
PAR  Referring now to FIG. 3, the projectile 13 is shown in flight shortly after
      the igniter system 26 has functioned to ignite the propellant 14. Upon
      ignition of the propellant charge 14, the gases formed by combustion of
      the propellant generate sufficient pressure to cause the cap 34 to be
      forced from the nozzle 23 and for the insulation 33 to be forced out of
      the nozzle 23. The throat of the nozzle 24 is then clear for passage of
      the exhaust gases through the nozzle 23 for propelling of the projectile
      10 by means of rocket motor 11.
PAR  The flowable propellant charge 14 is maintained in its hollow cylindrical
      shape throughout its burning by the continuing centrifugal forces acting
      upon the charge due to the continuing rotation of the projectile 10.
      Combustion of the propellant charge 14 will be substantially completed
      before the centrifugal forces acting on the charge 14 become less dominant
      than the continuing longitudinal forces which are at this time accentuated
      by the propulsive forces created by the burning of propellant charge 14.
PAR  The radial acceleration forces acting on the mass of flowable propellant
      charge 14 will, of course, depend upon the spin rate of the projectile 10,
      the density of the propellant, and the distance of the propellant 14 from
      the longitudinal axis of the projectile 10. For example, in a rocket motor
      casing 13 having an internal motor length of about 10 inches and and an
      inside diameter in its combustion chamber 19 of about 5 inches, when
      partially-filled to about 80% of its volume with a flowable propellant
      charge 14 weighing 9.6 pounds and having a specific gravity of about 1.65
      and spun in a test stand, at 6,000 rpm on its longitudinal axis, formed a
      hollow cylindrical channel, or passageway, 30 having a diameter of 1.9
      inches. Advantageously, the specific gravity of the propellant 14 will
      preferably be in the range of from about 1.5 to 1.9. The web of propellant
      charge 14 measured about 1.54 inches. The centrifugal force at the inside
      wall of the web was calculated to be about 1,900 gravities (g) and to be
      about 2,500 g at the outside wall of the web. The propellant charge 14
      used in making these gravity calculations by weight consisted of about 82
      parts of ammonium perchlorate, 17 parts of liquid carboxy-terminated
      polybutadiene propellant binder in an uncured state, and about 1 part of
      carbon black powder. The propellant charge had the consistency of a thick,
      viscous paste which slumped and flowed when a slight pressure was applied
      against its surface.
PAR  Upon ignition of the propellant charge 14, the propellant burns radially in
      the manner of an internally burning cylinder of solid propellant grain. A
      graph of the pressure in chamber 19 plotted against time of burning will
      show a highly progressive trace or curve, with the maximum pressure being
      reached at or near burnout time, as shown, for example, in FIG. 4 of the
      drawing.
PAR  Because of the progressivity of the pressure-time curve or trace, and the
      high ratio of maximum to average pressure that would normally be
      encountered with radial burning of propellant charge 14, the throat insert
      25 can be made advantageously of an ablative material. A preferred
      ablative material is a molded phenolic resin filled with asbestos.
      However, other ablative materials, such as an erosive graphite may also be
      used advantageously. With an ablative or eroding throat, the throat
      increases in diameter as the burning surface area of the propellant charge
      14 increases. This permits operation of the motor 11 at a higher average
      pressure, thereby achieving higher rocket-projectile performance.
PAR  The flowable propellant charge 14 may comprise any admixture of oxidizer
      and fuel materials which, with or without the added presence of a liquid
      matrix material, forms a homogeneous, fluidizable, shapeable mass suitable
      for use as a flowable rocket propellant charge according to the invention
      herein disclosed.
PAR  Suitable oxidizer materials include inorganic oxidizing salts, for example,
      ammonium, alkali metal, or alkaline earth metal salts of nitric,
      perchloric or chloric acids or mixtures thereof. More particularly,
      suitable oxidizer materials are sodium, potassium, magnesium and ammonium
      perchlorates; lithium and strontium chlorates; and potassium, sodium,
      calcium and ammonium nitrates. Ammonium perchlorate is especially suitable
      as the oxidizer material because of its wide spread use and availability
      for use in rocket propellant formulations. The propellant charge 14 will
      usually comprise about 60 to 90% by weight of oxidizer material.
PAR  The fuel material in the propellant charge 14 preferably is a liquid fuel
      which serves both as a matrix for the oxidizer material and as a fuel for
      combustion thereby. Suitable fuel materials include uncured synthetic
      polymers. Accordingly, the polymer may be any fluid polymer used in the
      propellant formulating arts. A wide variety of suitable fluid polymers are
      known to the art and such polymers can be mixed with the oxidizer and
      other additive ingredients but left in a liquid, uncured state. These
      include, for example, polyalkyl hydrocarbons, e.g. polyethylene and
      polybutadiene and its copolymers, e.g. GR-S rubber and Hycar; liquid
      polysulfide polymers, e.g. LP-2 and LP-32; polyethers; polyesters,
      particularly hydroxy-terminated polyesters; polyfluorocarbons, e.g. Kel-F;
      natural rubber; polychloroprene; butyl rubber; and uncured oil-enriched
      GR-S rubber, natural rubber, and polybutadiene, such as those taught in
      U.S. Pat. No. 2,991,166, incorporated herein by reference. Preferably, the
      oils used in the latter oil-enriched rubbers and polymers are mineral oils
      of the paraffinic, aromatic or naphthenic types having pour points ranging
      from about -10.degree. to 50.degree.F. Light petroleum oils, such as
      kerosene, advantageously may be used to make the rubber or polymer more
      fluidizable for use in the propellant charge. As pointed out in the
      patent, the oil-rubber compositions can contain from 1 to 25 parts of oil
      per part of rubber, but typically will be about 4:1. Uncured propellant
      product made according to the patent may be quite fluid and can readily be
      poured and used to provide a flowable propellant charge for use in the
      practice of the present invention. Of course, the curing agents described
      in the patent are to be omitted from the formulations described in the
      patent when the formulations are adapted for use in the present invention.
      Other suitable fluid polymeric binders will be found among those described
      in U.S. Pat. Nos. 3,235,589; 3,257,801; 3,260,208; 3,158,991; and
      3,068,129, all incorporated herein by reference.
PAR  Solid fuels, such as finely divided metal or non-metal powders, also can be
      introduced in known quantities into the propellant matrix to enhance the
      specific impulse of the flowable propellant charge 14. Such powders
      include Al, Mg, Zr, B, Be, Ti and Si, preferably Al. The metal particles
      preferably should be within a size range of about 0.25 to 50 microns. Even
      very small amounts of the solid fuel powder, e.g. 1 or 2% by weight,
      increase the density of the propellant mass and its heat of combustion.
      Usually from about 1 to 10% by weight of solid fuel powder will be
      included in a stoichiometrically balanced propellant formulation while
      retaining its flowable characteristics for practice of the invention.
PAR  The ratio of fuel materials to oxidizer materials in the propellant charge
      should be at or close to a stoichiometric ratio in order to promote
      efficient combustion.
PAR  Other additives may be incorporated into the propellant charge composition
      to obtain optiumum burning rate and other desired characteristics. These
      include, for example, burning rate catalysts, such as ammonium dichromate,
      copper chromite and ferric ferrocyanide; coolants for reducing the
      temperatures of the generated gases where necessary to preserve the nozzle
      configuration and to avoid overheating the warhead of the projectile, such
      coolants being, for example, monobasic ammonium phosphate and ammonium
      oxalate.
PAR  Pour point depressants, such as known organic phosphate compounds, may also
      be incorporated with oil fuels or oil-enriched rubbers and polymers to
      ensure flowability of the propellant charge at low ambient temperatures.
PAR  Dyes and metal oxide colorants may also be incorporated into the matrix to
      produce a colored exhaust for tracer purposes.
PAR  The flowable propellant charge may be prepared by the usual known methods
      used in preparing rocket propellant formulations. However, the addition of
      curing agents and curing the propellant mass ore omitted. In general the
      fluid fuel matrix will be blended with the oxidizer material and with the
      solid fuel material, if one is used, along with other additives until a
      homogeneous mass is obtained. The ratio of fluids to solids will be kept
      sufficiently low to minimize sedimentation of the solids.
PAR  In an advantageous form, the flowable propellant charge will be a
      thixotropic propellant, such as taught, for example, in U.S. Pat. No.
      3,197,348, incorporated herein by reference, and will contain a finely
      divided particulate material, e.g. silica, uniformly dispersed in the
      liquid component as a thixotropic agent for rendering the propellant mass
      thixotropic. Suitable particulate material will have a particle size less
      than 20 millimicrons and will be selected from silica, carbon and finely
      divided metals. The amount of such thioxtropic agent will be present in a
      concentration of from about 1 to about 5% by weight of the propellant
      charge.
PAR  The flowable propellant charge will have a viscosity such that whether the
      charge is in liquid, thixotropic, colloidal or pasty form, the charge will
      be sufficiently fluidizable and shapeable into the hollow cylindrical form
      shown in FIG. 2 of the drawing during flight of the projectile 10.
PAR  The invention is further illustrated by the following examples.
PAC  EXAMPLE I
PAR  A rocket motor having a partially-filled (about 80% by volume) steel casing
      combustion chamber containing 9.6 pounds of a slurried (flowable)
      propellant mixture consisting by weight of 82% ammonium perchlorate
      (oxidizer grade), 1% carbon black, and 17% of a liquid polymer, a liquid
      carboxy-terminated polybutadiene polymer, ave. m.w. approx. 3,600,
      (without cure agents), was installed horizontally in a spin stand and spun
      about its longitudinal axis to a rate of 6,000 revolutions per minute
      (rpm), in 50 seconds. When the desired spin rate was reached, the rocket
      motor was X-rayed by means of a Pulse X-ray machine. The X-rays taken at
      6,000 rpm were compared with X-rays taken prior to spin. Before spin, the
      propellant slurry was observed to be lying horizontally in the motor and
      the free volume was located at the top of the motor. At 6,000 rpm, the
      X-rays showed that a clearly defined symmetrical port (or channel) was
      present in the center of the propellant along the entire length. The
      diameter of the port was 1.9 inches, confirming calculations of the free
      volume available. That is, al of the available free volume was centered
      about the longitudinal axis. The internal motor length was just under 10
      inches and the inside diameter of the motor case was slightly less than 5
      inches, giving a propellant (web) thickness of 1.54 inches. This
      experiment confirmed the formation of an internal channel, i.e. a hollow
      cylinder, under spin conditions where the calculated radial acceleration
      forces acting on the propellant ranged from 1,900 gravities (g) at the
      inner bore and up to 2,500 g adjacent to the case (at maximum propellant
      diameter).
PAC  EXAMPLE II
PAR  The same rocket motor described in Example 1 was allowed to remain in an
      horizontal position for about four hours and then was spun to 11,800 rpm
      in 55 seconds, and Pulse X-rays were taken again. The latter X-rays did
      not show any difference from those obtained at 6,000 rpm. That is, the
      port diameter of 1.9 inches was again observed with no anomalies resulting
      from the spin rate that subjected the propellant to radial accelerations
      ranging from 3757 g at the inner bore to 9886 g adjacent to the case.
PAC  EXAMPLE III
PAR  A rocket motor having a casing with the same dimensions as the casing of
      Example 1 and containing 9.6 pounds of the same flowable propellant charge
      composition was spun in a static (spin) test stand to 6,000 rpm and
      ignited with a steel igniter means, while at this spin rate. Pressure and
      thrust were measured during motor operation. The calculated propellant
      port diameter (formed as a result of spin) was found by means of Pulse
      X-ray to be 1.9 inches. The propellant web thickness, similarly measured,
      was 1.54 inches; and the web fraction of the diameter was calculated to be
      61.9%. The progressive pressure and thrust measurements showed that the
      rocket motor generally responded in the manner of a spinning rocket motor
      burning a cylindrically perforated solid grain configuration. The test
      therefore, was considered to be successful. However, the pressure and
      thrust showed severe fluctuations in amplitude that detracted from a
      "clean" combustion. The oscillations apparently were caused by "combustion
      instability" of the propellant, a phenomenon that was not specifically
      associated with the fact that the propellant was in slurry form. In
      evaluating the hardware (after-test), it was noted that the steel igniter
      had melted off and that globules of molten metal had been slung through
      the propellant. Since it was believed that the latter anomaly could have
      triggered and aggravated the combustion instability, the igniter was
      redesigned and a subsequent test made utilizing the same propellant
      composition. Test data are shown in Table 1.
PAC  EXAMPLE IV
PAR  A second spin firing test conducted with the same slurry propellant charge
      composition as was used in Example 1, in a rocket motor which was the same
      as was used in Example 3, at 6,000 rpm. This test incorporated a new
      igniter system design also, the propellant weight was increased to 10
      pounds, thereby resulting in a web fraction of 70% of the diameter under
      radial acceleration. In other respects, this test was a repeat of the
      previous test. Again, the motor operated with a progressive pressure and
      thrust versus time as expected, but the combustion instability experienced
      in the previous test recurred with oscillations of lower amplitude than
      were experienced previously. Although this test further demonstrated the
      feasibility of the flowable propellant concept, the occurrence of
      propellant combustion instability again confounded the results. It was
      therefore decided to change the propellant composition (to get away from
      the combustion instability) and to test a third motor at a higher spin
      rate, representing a far more severe test condition. Test data are shown
      in Table 1.
PAC  EXAMPLE V
PAR  A spin firing test was conducted using an aluminized slurry propellant
      charge composition. The propellant composition weighed 10.15 pounds and
      consisted by weight of 79% ammonium perchlorate (oxidizer grade), 5% of
      aluminum powder (propellant grade), and 16% of liquid carboxy-terminated
      polybutadiene polymer (as in Example I). The rocket motor and igniter were
      of the same design as those used in Example IV. Due to mechanical
      difficulties with the spin stand, this motor was spun twice (once to
      10,800 rpm and then again to 10,200 rpm) before firing. This constituted a
      more severe exposure condition for the propellant from the standpoint of
      solid particle settling than was originally intended. Nevertheless, the
      test was an unqualified success. The propellant burned very smoothly,
      without any oscillations in pressure or thrust, under radial accelerations
      ranging from 2275 g (gravities) at the inner bore to 7,388 g at the case
      wall. Pressure and thrust were progressive and in general the trace shape
      matched expectations for the spin exposures involved. The unplanned dual
      spin-up did apparently cause some solid particle settling that affected
      burning rate, but the actual spin durations in the tests were far in
      excess (and, therefore, far more severe) of tactical requirements for
      applications of the rocket motor in rocket assisted projectiles.
      Therefore, no settling problem is anticipated with this propellant
      composition during flight of projectiles of this invention. The
      incorporation of 5% aluminum powder in the propellant formulation
      eliminated the combustion instability experienced in Example IV. Since the
      motor was spinning during burning, some of the solid combustion products
      (of the aluminum) remainted in the motor as slag deposit. However, the
      slag deposit was evenly distributed within the casing, so that no adverse
      effect on the ballistics performance of the projectile should occur.
PAR  The data of the rocket motor firing test results for Examples III, IV and V
      are shown in Table 1. It is shown that, with the preferred,
      aluminum-containing propellant composition of Example V, that a maximum
      pressure, P.sub.max, of 3875 psia and a maximum force, F.sub.max, of 2890
      lb.sub.f (pounds force) were obtained, with a specific impulse (200-200
      psia) of 221.9 lb-sec/lb. These data compare favorably with the data
      obtained when firing a solid propellant grain made of the propellant
      composition of Example V but including a curing agent and burned in a
      cured state.
PAR  The chart traces of the P.sub.max and F.sub.max obtained in Example 5
      during firing are shown in FIG. 4. The traces show that the slurry
      propellant composition under radial acceleration at 10,200 rpm ignites and
      burns smoothly to attain maximum force in less than 2 seconds.
PAR  The test stand data will make clear to one skilled in the design and
      manufacture of rocket assisted projectiles how to practice the invention
      to obtain the benefits and advantages thereof. It will also be clear to
      those skilled in the art that the invention may be practiced in other
      embodiments where a flowable propellant can be subjected to centrifugal
      forces to shape the propellant into a form which has a cylindrical channel
      along its longitudinal axis and an exterior shape which may be
      cylindrical, spherical or ellipsoidal in form.
PAR  Although the flowable propellant has been shown in an embodiment wherein
      the propellant is deposited in a free flowing state within the casing of
      rocket motor, it also will be found advantageous to prepackage the
      propellant loosely or compactly in a sealed bag or carton type container
      which can be placed in the casing during assembly of the projectile. In
      such an embodiment, the container will be sufficiently expandable,
      flexible or frangible so that under the influence of the centrifugal
      forces of radial acceleration acting upon the projectile in the gun barrel
      from which it is projected, and in flight, the flowable propellant will
      shape itself to the form of a body of propellant having a hollow
      cylindrical channel along its longitudinal axis. The propellant can then
      be ignited and fired in the manner described above.
PAR  Also, although the igniter system 26 has been shown located at the aft end
      of the rocket motor, it will be found advantageous in some rocket motor
      designs to place the igniter system at the aft end of the warhead 12. In
      such an embodiment, the insulations 31 and 32 will be recessed to
      accommodate the igniter system in a known way. The space occupied by
      igniter system 26 in FIGS. 1 and 2 may then be left unfilled. Upon firing
      the igniter of the igniter system in flight, the igniter will ignite the
      shaped flowable propellant from its forward end and the gases of
      combustion will flow out the exhaust nozzle 23 of the rocket motor 11 in
      the manner shown in FIG. 3.
PAR  While the invention is directed in its preferred embodiments to a rocket
      assisted projectile, the invention will also be useful for generation of
      combustion gases in a gas generator means, which means may be the
      combustion chamber of a rocket motor not in combination with a warhead of
      a projectile. The gas generator means may also be in the form of a
      portable or fixed rocket motor casing which is provided with means for
      rotation, such as a direct or friction drive from an electric motor or a
      fluid drive from a hydraulic transmission, which will spin the casing as
      was done during the tests described in the Examples.
PAR  The combustion gases so produced may be used in a known way, as described,
      for example, in U.S. Pat. No. 3,258,917, for driving a turbine,
      reciprocating engine, or the like or in any application requiring high
      temperature or high pressure gas as the source of energy. For example, the
      hot combustion gases from a series of gas generators operated as described
      in this invention and positioned along a runway of an airport can be used
      to rapidly de-ice the runway. For such use, the flowable gas generator
      composition preferably will be placed in a container which can be kept
      warm and which can be rapidly inserted into the gas generator means just
      before spin-up of the combustion chamber of the gas generator at time of
      use.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     SUMMARY OF ROCKET MOTOR FIRING TEST RESULTS                               
     __________________________________________________________________________
                       Example III                                             
                               Example IV                                      
                                       Example V                               
     __________________________________________________________________________
     Liner Weight (case only), lb.                                             
                       0.51    0.50    0.49                                    
     Propellant Specific Weight                                                
                       0.0595  0.0595  0.0601                                  
     (calculated lb.sub.m /in..sup.3                                           
     Propellant Weight, lbs.                                                   
                       9.6     10.0    10.15                                   
     Web Fraction (includes liner),%                                           
                       61.9    70      70                                      
     Web Thickness     1.542   1.716   1.716                                   
     (propellant only), in.                                                    
     Port Diameter     1.9     1.54    1.54                                    
     (calculated, initial), in.                                                
     Type Igniter Case Steel   Fiberglass                                      
                                       Fiberglass                              
     Test Temperature  Approx. 70.degree.F                                     
                               Approx. 70.degree.F                             
                                       Approx. 70.degree.F                     
     Nozzle Throat Diameter                                                    
                       0.632   0.632   0.650                                   
     (initial) in.                                                             
     Spin Rate, RPM    6009    5970    10,200*                                 
     Spin Time Prior to Ignition, sec.                                         
                       60.6    58.0    *                                       
     Ignition Delay Time, t.sub.d 50, sec.                                     
                       0.016   0.014   0.040                                   
     P.sub.max, psia   2535    1715    3875                                    
     F.sub.max, lb.sub.f                                                       
                       1700    1240    2890                                    
     Burn Time (200--200 psia), sec.                                           
                       3.050   3.965   2.085                                   
     P.sub.avg., (200--200 psia)                                               
                       1198    895     1696                                    
     F.sub.avg., (200--200 psia), lb.sub.f                                     
                       699     554     1080                                    
     Total Impulse (200--200 psia),                                            
                       2132    2196    2252                                    
     lb.-sec.                                                                  
     Specific Impulse (200--200 psia),                                         
                       222.1** 219.6** 221.9**                                 
     lb.-sec./lb.                                                              
     __________________________________________________________________________
       *This motor was spun twice. The first spin-up went to 10,800 rpm in 90  
      seconds, followed by a 30-second coast at 10,800 rpm and then 60 seconds 
      to a stop. The second spin-up was to 10,200 rpm in 60 seconds.           
      **Specific impulse values are based on weight of propellant loaded, rathe
      than "weight burned". In Example 5, residual slag weighing 0.676 lb.     
      remained in the case after firing.                                       
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rocket assisted projectile adapted to be ejected from a rifled gun
      barrel and comprising, in combination, a warhead and a rocket motor
      fixedly attached to the aft end of said projectile, said rocket motor
      comprising a combustion chamber containing only a combustible propellant
      charge for producing rocket propulsive gases upon combustion of said
      charge, an exhaust nozzle communicating with said chamber only during
      combustion periods for conducting said propulsion gases from said chamber
      to propel said projectile but closed to said chamber prior to combustion
      by a rupturable closure, and means for igniting said charge, the
      improvement comprising:
PA1  said combustible propellant charge being an uncured slurry of an inorganic
      oxidizer and a liquid fuel and in the form of a flowable and shapable
      viscous fluid the volume of which is less than the volume of said chamber
      so as to provide a free space therein said charge, in response to
      centrifugal force generated by the rotation of said projectile and rocket
      motor imparted thereto by the riflings in said gun barrel, flows radially
      and longitudinally to shape itself into a hollow body of revolution having
      a central substantially cylindrical structurally fully unsupported core
      and an outer surface configuration conforming to the inner configuration
      of said chamber and, said free space being displaced to form said central
      core.
NUM  2.
PAR  2. The projectile according to claim 1 wherein the propellant composition
      further includes suspended particles of a solid fuel.
NUM  3.
PAR  3. The projectile according to claim 2 wherein the solid fuel is selected
      from Al, Mg, Zr, B, Be, Ti and Si.
NUM  4.
PAR  4. The projectile according to claim 1 wherein the propellant composition
      includes at least one inorganic oxidizing salt selected from ammonium,
      alkaline metal and alkaline earth metal salts of nitric, perchloric and
      chloric acids.
NUM  5.
PAR  5. The projectile according to claim 1 wherein the liquid fuel portion is
      selected from liquid synthetic polymers and liquid rubbers.
NUM  6.
PAR  6. In a gas generator having a walled combustion chamber for generating
      gases containing only a combustible charge disposed within said chamber, a
      discharge nozzle communicating with said chamber after combustion has
      occurred for conducting gases obtained from combusting said charge from
      said gas generator but closed to said chamber prior to combustion by a
      rupturable closure, means for igniting said charge, and said generator
      rotating rapidly about its axis coincident with the longitudinal central
      axis of said discharge nozzle, the improvement comprising said combustible
      charge being an uncured slurry of an inorganic oxidizer and a liquid fuel
      and in the form of a flowable and shapeable viscous fluid propellant the
      volume of which is less than the volume of said chamber so as to provide a
      free space in said chamber said charge, in response to the centrifugal
      force generated by rapid rotation of said chamber flows as a viscous fluid
      radially and longitudinally to shape itself into a substantially hollow
      cylinder having a structurally unsupported central core and an outer
      surface configuration confirming to the inner surface configuration of
      said chamber and, said free space being displaced to form said central
      core of said shaped combustible charge.
NUM  7.
PAR  7. The gas generator according to claim 6 wherein the propellant
      composition further includes a solid fuel.
NUM  8.
PAR  8. The gas generator according to claim 7 wherein the solid fuel is
      selected from Al, Mg, Zr, Ve, Ti and Si.
NUM  9.
PAR  9. The gas generator according to claim 6 wherein the propellant
      composition comprises at least one inorganic oxidizing salt selected from
      ammonium, alkaline metal and alkaline earth metal salts of nitric,
      perchloric and chloric acids.
NUM  10.
PAR  10. The gas generator according to claim 6 wherein the liquid fuel is
      selected from liquid synthetic polymers and liquid rubbers.
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ABST
PAL  An apparatus for providing a variable explosive energy source. The
       appara has an outer annular body with a wall containing a plurality of
      radial explosive chambers. A rotatable circular body positioned within the
      annular body and concentric with its axis allows 360.degree. mechanical
      rotation to bring an explosive train in intimate contact with a desired
      number of the explosive chambers. A squib device located within the
      circular body is electrically actuated to ignite an explosive train
      causing detonation of a predetermined number of the explosive chambers
      which are in contact with the explosive train.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to explosive energy devices and
      more particularly concerns a novel energy device that can produce a
      predetermined amount of available energy for use in gas generators or the
      like, that is small in form, and is easy and inexpensive to fabricate in
      large or small quantities.
PAR  Due to the demand in the past few years for explosive warheads and
      explosive weapons to operate more efficiently against a variety of targets
      it has been necessary in some cases to provide initiating devices that
      have more flexibility than prior igniters. For example, it may be
      desirable in many cases to sense a parameter or parameters of a warhead
      such as its speed and cause a change in the initiation pattern of the
      explosive in the warhead. Another situation where a variable explosive
      energy source is desirable is with fuel air explosive devices that are
      designed to operate at high speeds. A common expedient in this type of
      device is to drop fuel loaded canisters from an aircraft. The fuel in the
      canisters is dispersed into a large fuel air cloud a predetermined
      distance above ground in the target area and is detonated whenever the
      fuel air mixture reaches explosive proportions. By enclosing the apparatus
      of the disclosed variable energy source in an enclosed chamber, a gas
      generator can be formed for ejecting a cloud detonator or detonators into
      the explosive cloud formed by a fuel air explosive weapon with a force
      that is dependent upon the free fall velocity of the weapon as it falls
      toward the ground target.
PAR  Prior art attempts to solve the need for a variable energy source have
      involved the use of multiple detonators designed to fire simultaneously
      when initiated by means of electrical circuitry. Other devices have used a
      number of different explosive charges having weighted explosive values. In
      operation, a charge is chosen that has the desired gas generating volume
      and only it is electrically detonated. These types of devices are
      necessarily complex and require dependance on various configurations of
      electrical switching techniques to properly detonate the charge or
      charges. This increased complexity can affect the reliability of operation
      of a system and increase its cost.
PAC  SUMMARY OF THE INVENTION
PAR  A feature of the invention is to provide a variable energy explosive
      apparatus for use as a gas generator or to provide an apparatus that can
      be used as a rotary explosive switch.
PAR  The apparatus is formed of a cylindrical inner portion that is mechanically
      rotatable within an annular body. The cylindrical portion has formed on
      its circumference a number of explosive trains that are in close contact
      with radial apertures or holes filled with explosive. A squib or other
      detonating means positioned within the cylindrical portion is electrically
      actuated to ignite an explosive train to detonate a predetermined number
      of the radial located explosive charges dependent on the position of the
      rotary cylindrical inner portion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the variable energy explosive apparatus.
PAR  FIG. 2 is a diagrammatic sectional view taken in the direction of the
      arrows 2--2 of FIG. 1 showing the structural interrelationship between
      elements of the explosive apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to the drawings and with reference to FIG.
      1 which illustrates a preferred embodiment of the unique variable energy
      apparatus as indicated generally by the number 10 there is shown an
      annular outer body member 11 having a substantial wall thickness to form
      the outermost portion of the variable explosive energy apparatus. A
      centrally located portion 12 of generally cylindrical shape having its
      axis concentric with the axis of annular member 11 is located for rotative
      movement within the annular body member. A circumferential groove 32
      formed in the surface of cylindrical member 12 and positioned midway
      between its two end surfaces forms a means to hold the two members in
      position with respect to one another and to allow rotation of member 12
      through 360.degree.. A spring like metal ring 31 formed in the inner wall
      of member 11 extends outwardly from the wall surface a sufficient amount
      around its inner circumferential surface to permit a portion to extend in
      engagement with groove 32 to effectively lock the two members together.
      Ring 31 permits free rotation whenever sufficient force is exerted on knob
      13, which transmits this force via shaft 14 to member 12. The end of shaft
      14 is located concentric with member 12 at point 15. When no force is
      exerted on knob 13, sufficient contact friction exists between the surface
      of ring 13 and the inner surface portions of circumferential groove 32 to
      prevent rotary movement.
PAR  Formed in the exterior wall surface of annular member 11 is a plurality of
      explosive holding holes or apertures 16 and 17, respectively, extending
      only part of the way through the wall. These have a substantially larger
      diameter than the communicating passageway 18 and 19, respectively, which
      extends completely through the wall of annular member 11. As shown in the
      Figures of the drawings the explosive holding apertures may be formed in
      two tiers extending around the circumference of member 11. An enlarged
      portion 21, 22 is formed in the inner surface of member 11 to allow
      complete coverage on either side of explosive trail 23 and 24,
      respectively.
PAR  Grooves 23 and 24 are formed in the exterior surface so that they extend a
      predetermined distance around the circumference of member 12 in order to
      be in intimate contact with any desired number of explosive holes such as
      16 and 17, respectively. The grooves may extend any desired angular
      distance along the surface of member 12 in order that a segment of the
      groove can come in contact with a given number of explosive holes such as
      16 and 17.
PAR  The inner communicating passageways 25 and 26 within body member 12 are
      best shown with reference to FIG. 2. At the bottom surface of a common
      passageway 36 there is positioned an electrically actuated igniter 27
      having electrical leads 28 attached to an energy source not shown. An
      explosive material is positioned in passageways 26, 25 and 36. Additional
      explosive material is placed within the channels or trails formed by
      grooves 23 and 24, respectively. Explosive charges are formed in each
      explosive hole such as 16 and 17 and additional explosive material fills
      the passageways 18, 19 and enlarged portions 21 and 22. This structural
      configuration permits an explosive trail to extend to each external
      explosive hole depending upon the relationship of annular body member 11
      and inner body member 12.
PAR  In operation, the knob 13 is rotated a desired amount to bring the grooves
      23, 24 in intimate contact with a single or a plurality of explosive holes
      at enlarged portions 21 and 22. Squib 27 may then be electrically fired
      causing a detonation wave front to travel through passageways 25 and 26
      via common passageway 36. Because of the enlarged portions 21 and 22 and
      their closeness of contact to the explosive formed in grooves 23 and 24
      the detonation front will continue on to ignite explosive 34 and 35 within
      holes 16 and 17, respectively. This permits firing of the two charges
      simultaneously, thus allowing the generation of an explosive force equal
      to the two charges. If environmental conditions require more explosive
      force, additional explosive holes or apertures may be brought in contact
      with the explosive trains to ignite a plurality of holes and thus increase
      proportionately the force of the explosive.
PAR  It is to be understood that although the explosive 34 is shown as a short
      plug it could easily be extended linearly to a remote distance from
      apparatus 10 by means of a thicker wall portion or by means of an
      explosive trail. This allows the apparatus to be used in much the same way
      as a rotary electrical switch to supply explosive detonating fronts to a
      plurality of positions from a single initiation point.
PAR  Another use of the unique variable energy explosive apparatus could be a
      gas generator that allows a predetermined gas pressure to be generated.
      This can be accomplished by allowing a multiplicity of explosive holes to
      fire simultaneously while apparatus 10 is in a closed chamber having a
      single or multiplicity of exits.
PAR  Although the preferred embodiment has been described, it will be understood
      that within the purview of this invention various changes may be made in
      the form, details, proportion and arrangement of parts, the combination
      thereof and mode of operation, which generally stated consists in a device
      capable of carrying out the objects set forth, as disclosed and defined in
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An explosive apparatus for supplying a variable source of energy,
      comprising:
PA1  a first member having an annular shape, rectangular in section, and
      concentric about a longitudinal axis, and said first member defining a
      plurality of round chambers therein, each chamber having two opposite ends
      of increased diameter joined by a central corridor of reduced diameter,
      said chambers penetrating said annular member, being aligned radially and
      disposed about the circumference of said annular member in two 180.degree.
      sectors, the chambers in either of said sectors being longitudinally
      displaced relative to the chambers in the other sector, said chambers
      thereby defining two parallel spaced apart planes perpendicular to said
      longitudinal axis, said annular member also having a groove around the
      inner circumference, said groove being longitudinally disposed parallel to
      and between said planes;
PA1  a second member having a right circular cylindrical shape, concentrically
      and coextensively disposed within said first member and having a groove on
      the outer circumference of said second member, aligned longitudinally with
      said inner circumferential groove in said first member;
PA1  said second member further defining an internal explosive retaining passage
      leading from a single ignition source, parallel to and spaced from said
      longitudinal axis, and branching radially to reach the curved surface of
      said cylindrical second member at two locations which are each coplanar
      with one of said parallel planes, and continuing in two oppositely
      directed semicircular channels around said curved surface of said second
      member, each channel lying in one of said parallel planes;
PA1  a locking ring occupying said inner circumferential groove in said first
      member and said outer circumferential groove in said second member, said
      ring being formed to frictionally contact said first and second members
      for constraining said second member within said first member to relative
      frictional rotation;
PA1  an electrically ignited squib fixedly secured to said second member forming
      said single ignition source;
PA1  explosive material filling and retained in said chambers within said first
      member, and in said explosive retaining passages and channels within said
      second member;
PA1  means for rotating said second member relative to said first member;
PA1  for enabling said explosive retained in said channels on said second member
      to achieve intimate contact with said explosive retained in any number of
      said chambers in said first member by rotation of said second member
      relative to said first member thereby selectively arming a predetermined
      number of passages for substantially simultaneous detonation by said squib
      resulting in a single device capable of a range of explosive outputs.
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ABST
PAL  A friction igniter assembly for high altitude operation having a pull wire
     oated with a scratch sensitive composition which is moved through a
      chlorate composition. The scratch sensitive composition containing red
      phosphorus reacts with the chlorate to provide a flash which transfers
      ignition to an adjacent boron-lead dioxide composition. The boron-lead
      dioxide composition is the main igniting charge and provides an intense
      output of heat in a very short time for igniting a pyrotechnic
      composition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an igniter assembly and more particularly
      to an igniter assembly that is highly reliable up to altitudes of 100,000
      feet.
PAR  Present igniter assemblies used by the military work satisfactory at
      altitudes up to about 12,000 feet, however, above 12,000 feet their
      performance degrade and at about 40,000 feet, presently available igniters
      will not sustain ignition. Various military operations require the use of
      igniters at altitudes considerably greater than 40,000 feet and,
      heretofore, none has been available that would provide reliable
      performance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a high altitude friction igniter having a
      housing comprised of two sections that are movable relative to one
      another. One section contains first and second igniter compositions and a
      wire having a red phosphorus scratch mixed on one end portion passes
      through the two igniter compositions and is attached to the second
      section. The first igniter composition is a chlorate composition and the
      second igniter composition is a boron-lead dioxide composition. Movement
      of one section relative to the other section causes a phosphorus-chlorate
      reaction which provides a flash to transfer ignition to the boron-lead
      dioxide composition. The boron-lead dioxide is the main igniting charge
      and provides an intense output of heat in a very short time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE of the drawing is a longitudinal sectional view of a preferred
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, there is shown an igniter housing 11
      consisting of two sections 12 and 13. Section 12 is provided with a
      reduced diameter portion 14 that slip-fits into a central bore 15 of
      section 13 so that sections 12 and 13 can move relative to one another. By
      way of example, housing 11 might have section 12 attached to a piston
      mounted within a case of a decoy flare, and movement of the piston causes
      movement of both sections 12 and 13. When the piston reaches the end of
      the case, it is stopped, along with section 12, however section 13 is
      separated from section 12.
PAR  Section 13 is provided with a second central bore 16, only slightly larger
      in diameter than bore 15. and a thin washer 17 is positioned in bore 16,
      adjacent bore 15. An igniter composition 18 is pressed into bore 16 and
      igniter composition 18 is provided with a plurality of stepped
      counterbores that are filled with a second igniter composition 19. A
      closing disk 20 is cemented to section 13 to retain the igniter
      compositions in bore 16. Igniter composition 18 is comprised, by weight,
      of 89 parts of potassium chlorate, 10 parts of charcoal and 1 part of
      dextrin. In igniter compositions mixed and tested at the Naval Ammunition
      Depot, Crane, Indiana, it has been determined that the following
      tolerances can be used: for potassium chlorate, plus or minus 1.8 parts;
      for charcoal, plus or minus 0.5 part; and for dextrin, plus or minus 0.1
      part.
PAR  Igniter composition 19 is comprised, by weight, of 46.6 percent of lead
      dioxide, 20 percent of boron and 33.4 percent of a binder, such as a
      cellulose nitrate-camphor binder dissolved in acetone. The cellulose
      nitrate is plasticied with camphor and is more fully described in Military
      Specification MIL-B-10854. By way of example, the binder solution might be
      8 parts, by weight, of cellulose nitrate-camphor which has been dissolved
      in 92 parts of acetone. In igniter compositions 19 mixed and tested at the
      Naval Ammunition Depot, Crane, Ind., it has been determined that the
      following tolerances can be used: for lead dioxide, plus 0, minus 3 parts;
      for boron, plus 3, minus 0 parts, and for the binder, plus 6, minus 0
      parts.
PAR  As shown in the drawing, a friction wire 21 is passed through igniter
      compositions 18 and 19, and a loop 22 is formed on one end and soldered in
      a conical cavity 23 in section 12. A portion of cavity 23 is then filled
      with an epoxy filler 24 which is then cured thereby securely fastening
      wire 21 with section 12. The end of wire 21 that extends outside housing
      11 is provided with a plurality of undulations 25 which are coated with a
      scratch mix 26. The scratch mix is comprised, by weight, of 50 parts of
      red phosphorus, 35 parts of a moisture-proof varnish and 15 parts of an
      elastomeric adhesive more fully described in Federal Specification
      MM-A-1617. The elastomeric adhesive is mixed with equal parts of paint
      thinner, such as volatile mineral spirits, and the varnish is also thinned
      with paint thinner by mixing, by weight, 65 parts of varnish and 35 parts
      of paint thinner.
PAR  In operation, relative movement between sections 12 and 13 of housing 11
      causes friction wire 21 to move through igniter composition 18 and the red
      phosphorus on scratch mix 26 reacts with the potassium chlorate to provide
      a flash. This flash ignites the boron-lead dioxide composition, which is
      the main igniting charge and provides an intense output of heat in a very
      short time. By way of example, section 13 might be retained in a bore in a
      pyrotechnic candle and ignition of the boron-lead dioxide composition will
      ignite the pyrotechnic candle.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A high altitude friction igniter comprising,
PA1  a housing having first and second sections adaptable for movement relative
      to one another,
PA1  a first igniter composition contained within said first section comprised,
      by weight, of between 87.2 and 90.8 percent of potassium chlorate, between
      9.5 and 10.5 percent of charcoal and between 0.9 and 1.1 percent of
      dextrin,
PA1  a second igniter composition contained within said first section adjacent
      said first igniter composition, said second igniter composition comprised,
      by weight, of between 43.6 and 46.6 percent of lead dioxide, between 20
      and 23 percent of boron and between 33.4 and 39.4 percent of binder, and
PA1  a friction wire passing through said first and second igniter compositions
      and having both ends thereof extending beyond said compositions, one end
      of said friction wire being attached to said second section, and a length
      of wire extending beyond said housing having a coating of scratch mix
      comprised, by weight, of between 48 and 52 percent of red phosphorus,
      between 33 and 37 percent of a varnish composition and between 13 and 17
      percent of an adhesive composition, whereby relative movement between said
      first and second sections causes engagement of said scratch mix with said
      first igniter composition to produce a flash of flame which ignites said
      second igniter composition.
NUM  2.
PAR  2. A high altitude friction igniter as set forth in claim 1 wherein said
      length of wire extending beyond said housing has a plurality of
      undulations coated with said scratch mix.
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PAL  An optical miss distance detector and/or fuzing device for a missle. Four
      tical ring sensors are disposed around the missile body and the active
      sensing regions of the first and second sensors are disposed at an angle
      of 90.degree. to the missile axis thereby forming first and second cones
      of 90.degree. with respect to the axis while the active sensing regions of
      the third and fourth sensors are disposed at an angle of other than
      90.degree. to the axis thereby forming cones of other than 90.degree. with
      respect to the axis. The third and fourth sensors are positioned along the
      axis so that the apices of the third and fourth cones coincide
      respectively with the apices of the first and second cones. The miss
      distance and relative velocity of the missile and the target are
      determined based on the times of interception of the cones and the
      azimuthal angles of interception. A fuzing arrangement is connected to the
      sensors which generates a detonation signal responsive to a predetermined
      order of interception of the cones indicating that the target is crossing
      the missile within a predetermined range.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the United States Government for governmental purposes without the
      payment to me of any royalty thereon.
BSUM
PAR  The present invention relates to an improved optical detection
      configuration for a missile and comprises an optical miss distance
      detector and/or fuzing device. The invention may be utilized solely as a
      miss distance detector, solely as a fuzing device, or as both depending on
      the specific electronics utilized therewith.
PAR  It is advantageous to provide an optical configuration which can be
      utilized both as a miss distance detector and as a fuze, separate optical
      components for each function therefore not being necessary. Additionally
      the fuze of the invention has desirable countercountermeasure
      characteristics and has the property of not being triggered even though
      the target passes by the missile if the target is not within a
      predetermined distance which distance may be controlled by changing the
      angle of the optical sensors.
PAR  It is thus an object of the invention to provide an improved optical miss
      distance detector and/or fuzing device for a missile.
PAR  It is a further object of the invention to provide a fuze for a missile
      which is activated only when the target passes within a predetermined
      maximum distance of the missile.
PAR  The above objects are accomplished by mounting an optical configuration
      comprised of four optical ring sensors on the missile body. The ring
      sensors are located at different longitudinal positions on the missile
      body and are positioned so that the active sensing regions of the sensors
      observe in the general case four conical directions. In the preferred
      embodiment the active sensing regions of the first and second ring sensors
      are disposed at an angle of 90.degree. to the missile axis thereby forming
      first and second cones of 90.degree. with respect to the axis having
      respective apices at first and second points on the axis and the active
      sensing regions of the third and fourth sensors are disposed at an angle
      of other than 90.degree. to the missile axis thereby forming the third and
      fourth cones of other than 90.degree. with respect to the axis. The third
      and fourth sensors are positioned along the axis so that the apices of the
      third and fourth cones coincide respectively with the first and second
      apices.
PAR  To determine the miss distance, information regarding the times of
      interception of the four cones by the target, and in some cases the
      azimuthal angles of interception of the cones are transmitted to a station
      at earth where appropriate formulae are solved to determine both the miss
      distance and the relative velocity between the missile and the target.
PAR  Further, electronics may be provided on the missile for utilizing the
      optical detector as a fuze having improved countercountermeasures
      properties. The fuze is arranged not to detonate until all four cones have
      been intercepted by the target. Additionally the order of interception is
      detected and means for producing a detonation signal responsive to a first
      predetermined order of interception which indicates that the target is
      within a predetermined distance of the missile is provided.
DRWD
PAR  The invention will be better understood by referring to the drawings in
      which:
PAR  FIG. 1 is a schematic illustration of a missile having the improved optical
      detection configuration of the invention mounted thereon.
PAR  FIG. 2 is a detailed diagram of the optical relationships of the detection
      configuration.
PAR  FIG. 3 is a schematic diagram of an electrical fuzing circuit which can be
      utilized with the invention.
DETD
PAR  Referring to FIG. 1, missile 1 may be a defensive missile whose mission
      would be to destroy an enemy offensive missile towards which it would be
      guided. If missile 1 missed its target then it is useful to controllers on
      the ground to know the distance by which the target was missed as well as
      the relative velocity of the missile and target at passing and it is
      towards these goals which the optical miss distance detector is directed.
      If missile 1 does arrive close enough to the target then it is necessary
      for the missile to detonate to destroy the target and it is towards this
      goal which the fuzing arrangement of the invention is directed. Ring
      optical sensors S.sub.0, S.sub.1, S.sub.2 and S.sub.3 are disposed around
      the periphery of the missile body as shown in FIG. 1 and it is the unique
      configuration and relative arrangement of these ring sensors which enables
      them to be used either as a miss distance detector or as a fuze or as both
      depending on the specific electronics which are adopted for use therewith.
      In FIG. 1 electronics package 2 would contain the appropriate electronic
      components.
PAR  While ring optical sensors S.sub.0, S.sub.1, S.sub.2 and S.sub.3 are shown
      in FIG. 1 as being segmented (that is a plurality of discrete sensors in a
      ring configuration), as will be described below in certain embodiments of
      the miss distance detector yet if the system is to be used only as a fuze
      a ring sensor having a continuous unsegmented optical sensing region may
      be used. As known to those skilled in the art, the optical sensors may be
      either visible or infrared responsive and a wide variety of specific
      sensors utilizing specific radiant sensitive materials may be employed.
PAR  The operation of the invention will be described in conjunction with FIG.
      2. In FIG. 2 it is seen that ring sensors S.sub.1 and S.sub.3 are
      separated by a distance h.sub.0. The active radiant sensing region of ring
      sensor S.sub.3 and the active radiant sensing region of ring sensor
      S.sub.1 face in a direction which is perpendicular to the direction of the
      missile axis and define respectively cones C.sub.3 and C.sub.1. The ring
      sensors S.sub.0 and S.sub.2 each have their active radiant sensing region
      disposed at an angle of .theta..sub.0 with respect to the missile axis
      thereby forming cones C.sub.2 and C.sub.0. While this is not specifically
      shown in the general diagram of FIG. 1 the active sensing areas may be
      fixed at an angle other than 90.degree. to the missile axis by any
      convenient mechanical means. Ring sensors S.sub.2 and S.sub.0 are
      positioned along the longitudinal axis of the missile body so that the
      apices of cones C.sub.2 and C.sub.0 coincide respectively with the apices
      of cones C.sub.3 and C.sub.1 . While in the preferred embodiment of the
      invention four separate ring sensors are used, by a suitable arrangement
      of optics, sensors S.sub.3 and S.sub.2 can be combined as well as sensors
      S.sub.1 and S.sub.0.
PAR  IN FIG. 2, t.sub.0, t.sub.2, t.sub.1 and t.sub.3 indicate the respective
      times that the target intercepts cones C.sub.0, C.sub.2, C.sub.1 and
      C.sub.3. These times of intercept are transmitted by telemetry equipment
      contained in electronics package 2 to a ground station. Also information
      representative of the angles .phi..sub.0 and .phi..sub.2 which are the
      azimuthal angles at which the target crosses cones C.sub.0 and C.sub.2
      respectively are transmitted to the ground station. These azimuthal
      crossing angles are the angles at which the target intercepts the cones
      measured in a plane perpendicular to the axis of the missile by a
      coordinate which is perpendicular to the missile axis in that plane. The
      segmented optical sensors can be used to detect the azimuthal crossing
      angles in a specific electronic circuit arrangement which will be apparent
      to one skilled in the art. That is a specific segmented sensing area
      around the ring will detect the interception of the target with the cone
      and information representative of the identity of that sensing area is
      radioed back to earth. For instance, detection of the target by each
      different segmented sensing area may cause a different modulation to be
      impressed on the signal emitted by the telemetering transmitter. If
      desired it is not necessary to utilize the azimuthal crossing angles in
      the calculations of miss distance and relative velocity and in this case
      .phi..sub.0 and .phi..sub.2 in the formulae below are set equal to 0 but
      if this arrangement is used the crossing angle of the target and the
      missile must be restricted to less than 30.degree. and the results will be
      somewhat less accurate. In FIG. 2 the distances r.sub.0 and r.sub.m are
      measured from the missile axis.
PAR  Thus, in the operation of the device, signals indicative of the times
      t.sub.0, t.sub.2, t.sub.1 and t.sub.3 and possibly the angles .phi..sub.0
      and .phi..sub.2 are radioed to a ground station and the formulae below are
      solved for the miss distance r.sub.m and the relative velocity V.sub.R.
      The distance h.sub.0 is known and .theta. and .phi. are the angular
      spherical coordinates of the relative target trajectory while r.sub.0 is
      the range at which the target interceps cone C.sub.0.
PAR  Mathematical techniques for the solution of the formulas are known to those
      skilled in the mathematical arts and if desired the formulas may be solved
      by programming a general purpose digital computer.
EQU  V.sub.R = - h.sub.o /(t.sub.3 -  t.sub.1) cos .theta.
EQU  r.sup.2.sub.m =  B.sup.2 +  r.sub.o.sup.2 +  h.sub.o.sup.2 +  2r.sub.o
      h.sub.o cos .theta..sub.o
PAL  where
EQU  r.sub.o =  h.sub.o (t.sub.1 -  t.sub.o)/(t.sub.3 -  t.sub.1) cos
      .theta..sub.o
      ##EQU1##
EQU  B - -h.sub.o cos .theta. - r.sub.o cos .alpha.
EQU  cos .alpha. = cos .theta. cos .theta..sub.o + sin .theta. sin .theta..sub.o
      cos (.phi. - .phi..sub.o).
PAR  When the arrangement of the invention is used only as a fuze then the
      computation above may be dispensed with and the fuze is arranged to give a
      command to detonate after the last observation cone has been intercepted
      plus a given time delay. The advantage of utilizing four observation cones
      instead of a lesser number is that the four cone device has inherent
      countercountermeasure abilities which operate against the sun as well as a
      distant artificial source of radiation. The electronics is arranged so
      that if the fuze observes signals simultaneously in cones C.sub.1 and
      C.sub.3, or C.sub.0 and C.sub.2 no detonation command is given.
PAR  The electronics arrangement in FIG. 3 is operative to attain the above
      advantages and additionally to insure that detonation occurs only when the
      target passes the missile within a predetermined range. Referring to FIG.
      2 it is noted that the interception order of the cones beyond the distance
      d from the missile body is t.sub.0, t.sub.2, t.sub.1 and t.sub.3 while
      nearer than the distance d the order of interception is t.sub.0, t.sub.1,
      t.sub.2 and t.sub.3. If the fuze is arranged to detonate only when this
      latter order of times of occurrence is detected then the fuze will cause
      detonation only when the target is within a distance d of the missile.
      This distance can be varied by changing the angle .theta..sub.0 in FIG. 2.
PAR  FIG. 3 shows an electronic circuit for causing activation of the fuze
      response to the t.sub.0, t.sub.1, t.sub.2 and t.sub.3 order of
      intercepting the cones. The output of ring sensor S.sub.0 is fed to the J
      input of flip-flop 3, and the outputs of sensors S.sub.1, S.sub.2 and
      S.sub.3 are fed respectively to AND gates 6, 7 and 8. If the invention is
      used solely as a fuze then continuous as opposed to segmented ring sensors
      may be used and if segmented sensors are used then all of the segments of
      a given ring would be connected to an OR gate and the output of each of
      the four OR gates would be connected to one of the inputs 0, 1, 2, and 3
      in FIG. 3.
PAR  In the operation of FIG. 3 when the C.sub.0 cone is intercepted a signal
      appears at input J of flip-flop 3 thereby causing output Q to go high. If
      the next signal to occur is the interception of cone C.sub.1 then a signal
      will appear at input 1 of AND gate 6 thus causing the output of that gate
      to go high which in turn sets flip-flop 4 and causes the Q output of that
      flip-flop to go high. If the next signal to occur is the interception of
      cone C.sub.2 then a signal appears at input 2 of AND gate 7 causing the
      output of the AND gate to go high which in turn sets flip-flop 5 and
      causes the Q output thereof to go high. If the next signal to occur is the
      interception of cone C.sub.3 then a signal appears at input 3 of AND gate
      8 causing the output thereof to go high which in turn is fed to detonation
      means 10 for causing detonation after a predetermined delay. No other
      order of interception of the cones will cause this output signal to occur.
PAR  The signal produced at the time of interception of cone C.sub.0 also
      activates one shot delay network 9 which emits a pulse after a
      predetermined delay time which is set to be long enough so that the output
      of gate 8 and possibly detonation would have occurred before the one shot
      pulse is produced. This pulse is fed to the K inputs of flip-flops 3, 4,
      and 5 for resetting these flip-flops in the event that the target has
      passed by and has not caused an output of AND gate 8 and therefore
      detonation to occur.
PAR  Additionally, a circuit similar to the one shown in FIG. 3 but responsive
      to the order t.sub.0, t.sub.2, t.sub.1 and t.sub.3 may be provided for
      producing an output signal responsive to that order which is indicative of
      the fact that a target has traversed the missile but is too far away to
      cause activation of the fuze. Such a signal may be radioed to a ground
      station if desired.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications can
      be made by a person skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optical target detection system for a missile comprising, a missile
      having a missile body, and first, second, third and fourth optical ring
      sensors mounted around the circumference of said body at different
      longitudinal positions along its length so that the planes of all of the
      circles defined by said ring sensors are perpendicular to the missile
      axis, the active sensing regions of said first and second ring sensors
      being disposed at an angle of 90.degree. to said missile axis therefore
      forming first and second cones of 90.degree. with respect to said axis
      having respective apices at first and second points on said axis at the
      centers of the circles defined by said first and second rings
      respectively, said third and fourth ring sensors having sensing regions
      which are disposed at an angle of other than 90.degree. to said missile
      axis therefore forming third and fourth cones of other than 90.degree.
      with respect to said axis, said third and fourth sensors being
      longitudinally positioned along said axis so that the apices of said third
      and fourth cones coincide respectively with said first and second apices,
      said third ring sensor being positioned between said first and second ring
      sensors and said fourth sensor being longitudinally displaced along said
      axis from said second sensor the same distance that said third sensor is
      displaced from said first sensor.
NUM  2.
PAR  2. The system of claim 1 wherein said first ring sensor is mounted
      rearwardmost on said missile and said fourth ring sensor is mounted
      forwardmost.
NUM  3.
PAR  3. The system of claim 2 wherein said active sensing region of each of said
      ring sensors comprises a continuous ring of radiant sensitive material.
NUM  4.
PAR  4. The system of claim 2 wherein said active sensing region of each of said
      ring sensors comprises a plurality of discrete areas of radiant sensitive
      material.
NUM  5.
PAR  5. The system of claim 1 further including means for determining whether or
      not said first, second, third and fourth cones are intercepted by a target
      object in a first predetermined order and for generating a signal if they
      are, and detonation means responsive to the occurrence of said signal for
      causing detonation of said missile.
NUM  6.
PAR  6. The system of claim 5 further including means for determining whether
      said first, second, third and fourth cones are intercepted by said target
      object in a second predetermined order, which indicates that said target
      is too far away from said missile for detonation to occur.
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ABST
PAL  A fuzing system in which a third or obscuration channel having a forward
       king narrow beam width detects a target and generates a signal which is
      fed to a sequence computer. If within a predetermined time after receipt
      of the third channel pulse, a second pulse is received from either of the
      two regular infrared channels, a pulse is generated to actuate the firing
      circuit. If the above time sequence of pulses is not present, the fuze
      system then functions in the normal two channel mode of operation.
GOVT
PAR  The invention herein described may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to fuzing systems and more particularly to
      optical fuzing systems wherein the target is detected by a first detecting
      channel and if the target is detected by a second detecting channel within
      a predetermined time interval, a firing signal is generated. This system
      functions with a very high probability of target kills when the missile is
      overtaking the target from the rear hemisphere. When the missile is
      approaching the target from other than the rear, the missile may have
      passed the target before the second channel detector sees the target and
      the result is the warhead explodes too late to damage the target.
PAC  SUMMARY
PAR  The present invention provides a fuzing system which overcomes the
      deficiencies of the prior known two channel infrared systems by providing
      a third channel with a silicon diode detector and having a narrow conical
      detecting beam which looks sufficiently forward of the missile that a
      signal generated by the detection of a target will produce an arming gate
      so that if subsequently either of the two channels detects a target within
      the duration of the arming gate, a firing pulse will be generated. If no
      target is detected by either of the two infrared channels within the
      duration of the arming gate, the fuzing system will return to normal two
      channel operation.
DRWD
PAR  Many of the attendant advantages of this invention will become readily
      appreciated as the same becomes better understood by reference to the
      following detailed description when considered in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a diagram showing the detection beams relative to a target.
PAR  FIG. 2 is a graph showing the time sequence of the intercept of a target.
PAR  FIG. 3 is a block diagram of a preferred embodiment of the invention.
DETD
PAR  Referring now to the drawings there is shown in FIGS. 1 and 3 a missile 10
      launched against a target 12. Mounted in missile 10 are two infrared
      detectors and associated optical assemblies having fields of view
      represented by hollow cones 14 and 16 and an obscuration sensing silicon
      detector optical assembly having a field of view represented by segmented
      hollow cone 18. Maximum range of the system is restricted to ranges at
      which anticipated targets will produce obscuration of a portion of the
      very restricted field of view of the optics of the system. The total
      hollow cone 18 is divided into eight segments of view. Each segment
      contains a complete optical field of view with associated detectors and
      amplifiers as shown in FIG. 3. In a typical fuzing situation and assuming
      the diameter of missile 10 is 6 inches, the range from target 12 is 17
      feet maximum (should coincide with effective range of the warhead used),
      and a beam width of 2.degree. , a cone segment then will be an arc of 16
      feet by 5 inches thickness. An obscuration or interruption of any portion
      of this arc will generate a signal. Glent caused by the sun, reflecting
      light from target 12, reflecting clouds or any condition resulting in an
      increase of ambient light will produce a higher level of detector bias.
      This increase in the level of detector bias is of the opposite polarity to
      the desired obscuration signals and will not be amplified. Glent signals
      will occur only momentarily within the obscuration period and will not
      negate the satisfactory operation of the system. Signals generated by
      energy received in fields of view 14 and 16 are fed to channel I and
      channel II amplifiers 20 and 22 respectively. The output of amplifier 20
      is fed to and triggers gate generator 24 whose output is coupled to "and"
      circuit 26 while the output of amplifier 22 is fed through plume guard
      circuit 28 to "and" circuit 26. Plume guard circuit 28 is of the type
      shown and described in my copending applications Ser. No. 380,957, filed
      July 7, 1964, for Fuze Signal Processing Circuit and Ser. No. 540,145,
      filed Mar. 30, 1966, for Two Channel Optical Fuzing System. If signals are
      received by "and" circuit 26 in the proper time relationship, a signal is
      fed to delay multivibrator 30 which produces an output pulse for
      initiating firing pulse generator 32 which may be a silicon controlled
      rectifier (SCR) driver driving a silicon controlled rectifier.
PAR  The output signal from the obscuration detector when its field of view 18
      (FIG. 2) is obscured by the target 12 is fed to amplifier 34 (FIG. 3). The
      amplified output signal of amplifier 34 is fed through "or" gate 35 to
      gate generator 36 which may be of the type shown and described in patent
      application Ser. No. 540,145 filed Mar. 30, 1966, for Two Channel Optical
      Fuzing System and generates a gate pulse that is fed to Zener diode 38.
      The gate signal passed by Zener diode 38 is fed to diode 40 of "and" gate
      43. The leading and trailing edges of channel I and channel II signals are
      coupled to "or" gate 45. The output signal from "or" gate 45 is fed to
      diode 44 of "and" gate 43. Inverters 47 and 49 are utilized to provide
      proper signal polarity to "or" gate 45. When a signal is present at diode
      44 during the presence of a gate signal at diode 40, a negative output
      signal is coupled through diode 46 to firing circuit 32.
PAR  In operation, channels I and II may be the normal infrared detecting
      channels. Channel III should be operating in the near infrared portion of
      the spectral band from approximately 0.5 to 1.1 microns. The detectors for
      channel III should be of the silicon diode type and operating near
      saturation due to ambient sky light or from reflected light from
      surrounding terrain. The optical units in all three channels should have a
      limited field of view so that optical assembly in each channel sees a
      narrow cone beam around the missile axis with a beam width of from
      2.degree. to 4.degree.. In practice, channel III consists of eight
      separate detectors positioned around the missile axis with ambient light
      sensing restricted to thirty degrees or less around the axis. As the
      missile 10 intercepts a target aircraft or missile 12, the target obscures
      the light from one of the eight optical units of channel III and an output
      signal is produced. If the intercept is from the rear hemisphere, the
      obscuration signal persists beyond the time duration pre-selected for
      firing since no signal is received from either channels I or II.
PAR  If the intercept is such that one or more of detectors is obscured which
      results in an output signal, this signal is fed by "or" gate 35 to
      obscuration gate generator 36 where it is differentiated and the trailing
      edge of the differentiated signal actuates the gate. The intercept
      geometry (FIG. 1) is such that by the termination of the gate signal,
      missile 10 is in a position in relation to target 12 that forward looking
      channel 18 is now looking past the target. Channels 14 and 16 are now in
      or approaching a position that the target 12 jet engine and plume can be
      sensed by their infrared detectors.
PAR  The output of gate generator 36 is fed into computer 37 in addition to the
      leading and trailing edge pulses of channels I and II. With diode 40
      biased by the gate pulse from gate generator 36, the first signal from any
      of the four remaining inputs will cause conduction by diode 46 and the
      silicon controlled rectifier driver of firing circuit 32 will cause a
      firing pulse to be generated.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an optical fuzing system for guided missiles the combination
      comprising:
PA1  a. a first infrared energy detecting channel for detecting an infrared
      energy radiating target,
PA1  b. a second infrared energy detecting channel for detecting said infrared
      energy radiating target,
PA1  c. a gate pulse generator coupled to said first infrared energy detecting
      channel for generating a pulse of a predetermined width after receipt of a
      signal from said first channel,
PA1  d. an "and" circuit coupled to said gate pulse generator and to said second
      infrared energy detecting channel for generating an output pulse when a
      signal is received from said second channel during the time interval of
      the pulse received from said gate pulse generator,
PA1  e. fuze firing pulse generating means coupled to said "and" circuit for
      generating a firing pulse in response to an output pulse generated by said
      "and" circuit,
PA1  f. a third detecting channel being responsive to the obscuration of
      skylight by said target for generating an output signal,
PA1  g. computer circuit means coupled to said first, second, and third
      detecting channels and to said fuze firing pulse generating means and
      being responsive to an output signal from said third channel to pass the
      first output signal received from either of said first and second channels
      to trigger said fuze firing pulse generator to generate a firing pulse.
NUM  2.
PAR  2. In an optical fuzing system for guided missiles, the combination
      comprising:
PA1  a. a first infrared energy detecting channel for detecting an infrared
      energy radiating target,
PA1  b. a second infrared energy detecting channel for detecting said infrared
      energy radiating target,
PA1  c. a gate circuit coupled to said first and second infrared energy
      detecting channels for generating a pulse after receipt of a first signal
      from said first channel and a second pulse from said second channel within
      a predetermined time interval following receipt of the first signal,
PA1  d. fuze firing pulse generating means coupled to said gate circuit for
      generating a firing pulse in response to an output pulse from said gate
      circuit,
PA1  e. a third detecting channel being responsive to the obscuration of
      skylight by said target for generating an output signal,
PA1  f. computer circuit means coupled to said first, second, and third
      detecting channels and to said fuze firing pulse generating means and
      being responsive to an output signal from said third channel to pass the
      first output signal received from either of said first and second channels
      to trigger said fuze firing pulse generator to generate a firing pulse.
NUM  3.
PAR  3. The optical fuzing system of claim 2 wherein said
PA1  a. first channel has a forward looking angle of 45.degree.,
PA1  b. second channel has a forward looking angle of 75.degree.,
PA1  c. third channel has a forward looking angle of 30.degree..
NUM  4.
PAR  4. In a three channel, optical passive fuzing system, using three optical
      channels to detect a target and to compute the optimum time to fire to
      produce maximum kill probability, the combination comprising:
PA1  a. a first infrared energy detecting channel for detecting an infrared
      energy radiating target,
PA1  b. a second infrared energy detecting channel for detecting said infrared
      energy radiating target,
PA1  c. a third detecting channel being responsive to the obscuration of
      skylight by said target for generating an output signal,
PA1  d. a gate pulse generator coupled to said first infrared energy detecting
      channel for generating a pulse of a predetermined width after receipt of a
      signal from said first channel,
PA1  e. a decision circuit coupled to said first, second and third channel for
      generating an output pulse in response to the first signal received from
      either of said first or second channels within a predetermined time
      interval after a signal has been received from said third channel,
PA1  f. a firing pulse generator coupled to said first and second channels and
      to said decision circuit and being responsive to the output signal from
      said decision circuit for generating a firing pulse.
NUM  5.
PAR  5. In a three channel, optical passive fuzing system, using three optical
      channels to detect a target and to compute the optimum time to fire to
      produce maximum kill probability, the combination comprising:
PA1  a. a first channel having a forward looking angle of 45.degree. and being
      responsive to infrared energy radiated by a target of interest to generate
      an output signal,
PA1  b. a second channel having a forward looking angle of 75.degree. and being
      responsive to infrared energy radiated by said target of interest to
      generate an output signal,
PA1  c. a third channel having a forward looking angle of 30.degree. and
      including a detector operating near saturation due to ambient skylight and
      producing an output signal when the ambient skylight is obscured by said
      target of interest,
PA1  d. a decision circuit coupled to said first, second and third channels for
      generating an output pulse in response to the first signal received from
      either of said first or second channels within a predetermined time
      interval after a signal has been received from said third channel,
PA1  e. a firing pulse generator coupled to said first and second channels and
      to said decision circuit and being responsive to the output signal from
      said decision circuit for generating a firing pulse.
NUM  6.
PAR  6. The fuzing system of claim 4 wherein said decision circuit is responsive
      to the leading edge of the first signal received from either of said first
      or second channels within a predetermined time interval after a signal has
      been received from said third channel.
NUM  7.
PAR  7. The fuzing system of claim 4 wherein said decision circuit is responsive
      to the trailing edge of the first signal received from either of said
      first or second channels within a predetermined time interval after a
      signal has been received from said third channel.
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ABST
PAL  A track or switch tamping machine wherein the machine includes tamping and
      ramming units having longitudinal ducts for injecting liquid binder into
      the ballast. The longitudinal ducts terminate in a plate or cavity within
      the lower portion of the tamping and ramming units. A nozzle is also
      included in the unit as is means for conveying liquid binder from a
      storage tank carried on the machine.
BSUM
PAR  This invention relates to apparatus for consolidating ballast with liquid
      binders, consisting of a track or switch (points) tamping machine having
      tamping and ramming units and means for holding and conveying said
      binders.
PAR  The characteristic feature of modern roadbeds is the combination of rails,
      crossties (sleepers) and ballast. One important function of the rails is
      to distribute the load in the longitudinal direction, which means that
      there must be adequate resilience, which is ensured by the yield
      chracteristics of the ballast. In addition, the track laid in the ballast
      should show high resistance to transverse displacement to satisfy an
      important prerequisite for exact alignment of the track over a long period
      of time. On account of the static and dynamic stresses caused by the mixed
      traffic of fast passenger trains and slow goods trains, the ballast
      gradually loosens, particularly where the track is curved, and there is
      unequal settlement. However, this can only be rectified by periodic
      maintenance by means of large machines moving along the rails and tamping
      the ballast beneath the ties. Additional ramming on the shoulders and in
      the cribs enables the entire ballast to be packed firmly together.
      However, it is not possible to achieve permanent consolidation of the
      ballast by this means. For example, slight loosening of the ballast occurs
      when the tampers are removed. Furthermore, the nonlinear behavior of the
      ballast with time further impairs track alignment. The rate at which this
      occurs depends, inter alia, on the subgrade, the amount of traffic, train
      speeds and the ratio of passenger to goods trains. Periodic maintenance
      alone is not sufficient to ensure the necessary standards. For this
      reason, German Published Application 2,063,727 proposes a method of
      bonding the ballast completely or partially, in particular at the points
      of conact, with a binder so as to stabilize the ballast. The binder is
      injected into the ballast and fills up the voids on curing with or without
      the formation of a foam. However, when using this method, no binder
      penetrates to the region beneath the ties, an important load-bearing
      region, this being particularly the case when the ballast has already been
      tamped. Said published application does not disclose any suitable
      equipment by means of which satisfactory bonding of the ballast can be
      achieved.
PAR  We have now found an apparatus of the above kind for bonding ballast and
      obviating the above drawbacks, this apparatus being characterized in that
      each unit has one or more longitudinal ducts which end in a plate in the
      lower part of the unit. Advantageously, nozzles are mounted at the ends of
      the ducts. In one advantageous embodiment of the apparatus, the ducts end
      in a cavity in the lower part of the unit, which cavity communicates with
      at least two nozzle shaped bores. According to a further feature of the
      invention, the said bores are in vertical staggered relationship to each
      other.
PAR  By this means, binders such as polymer dispersions may be introduced into
      the ballast in a desired manner in the course of periodic maintenance.
      Another advantage is the uniformity of the coating of polymer dispersion
      on the ballast rock, even in the lower regions of the ballast.
PAR  One embodiment of the apparatus of the invention is illustrated
      diagrammatically, by way of example, in FIGS. 1 to 4 of the accompanying
      drawings and is further described below.
DRWD
PAR  FIG. 1 is a side view of a track or points tamper equipped with tamping and
      ramming means,
PAR  FIGS. 2 and 3 show two different views of the unit and
PAR  FIG. 4 is a cross-section of the lower part of the unit containing a
      cavity.
DETD
PAR  Referring to FIG. 1, a tamper 1 has, on both sides thereof, tamping means 2
      and ramming means 3. Equipment such as reservoirs 4 and pumps 5 for
      holding and conveying the binder are mounted on the machine. The binder
      generally consists of a polymer dispersion or a mixture of polymer
      dispersions with or without additives. The pump 5 conveys the dispersion
      to a pressure tank or directly to a pipe system from which it passes
      through hoses 6 and 7 and valves or stop-cocks to units 2 and 3. If a
      precipitant is required for bonding the ballast, this is introduced into
      the ballast in a similar manner.
PAR  Units 2 and 3 are provided with one or, preferably, a plurality of ducts 8
      and 9 through which the dispersion passes to nozzles 10 in the plate 11 in
      the lower part of the unit from which it is injected under pressure into
      the zones to be stabilized, particularly the zones beneath the ties and
      rails, as the units 2 are lowered into the ballast and closed while being
      vibrated, and also into the shoulders during ramming (ramming units 3). It
      is possible for the ducts 8 and 9 to end in a cavity 12 leading to from 1
      to about 4 nozzle-shaped bores or nozzles 10, which are advantageously in
      vertical staggered relationship to each other. The nozzles 10 operate only
      during the lifting and compacting operations. After the unit has
      penetrated the ballast, control valves (not shown) are opened usually by
      means of end switches or by mechanical means. When the units re-emerge
      from the ballast, the valves close. Alternatively, the valves may be
      controlled by timers. The time required for insertion of the units and the
      injection rate of the binder may be readily determined for each unit
      according to requirements.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for tamping ballast and consolidating ballast with liquid
      binders which comprises:
PA1  a. base means mounted on wheels for movement on rails of a train bed;
PA1  b. storage means mounted on said base for holding said liquid binder;
PA1  c. tamping and ramming units mounted on said base for contacting railroad
      ballast;
PA1   d. a plurality of injection means within and combined with said tamping
      and ramming units for contacting said ballast with said binder, said
      injection means including an end piece capable of insertion into said
      ballast, a plurality of longitudinal ducts within said end piece and
      nozzle shaped bores in communication with said ducts;
PA1   e. conveyor means for delivering said liquid binder from said storage
      means to said nozzle shaped bores under pressure; and,
PA1  f. means for inserting said end piece into and removing said end piece from
      said ballast.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, wherein the ducts end in a cavity in
      the lower part of the unit, which cavity communicates with at least two
      nozzle-shaped bores.
NUM  3.
PAR  3. Apparatus as set forth in claim 1, wherein said bores are in vertical
      staggered relationship to each other.
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ABST
PAL  A self steering vehicle for a transportation system including a roadway
      having a pair of elongated parallel tracks whose shape in cross-section is
      domed or convex and preferably having a pair of guide flanges positioned
      outwardly of the tracks, the vehicle having wheels provided with resilient
      track-engaging means, such as pneumatic tires, and driving means for
      propelling the vehicle over the roadway. The wheels of the vehicle tend to
      follow the tracks because of the deformation of the tires if they tend to
      move laterally off the center portions of the tracks, and the guide
      flanges engage the tires, upon the wheels having moved off the tracks
      because of the imposition of excessive side loads on the vehicle, to turn
      the wheels back onto the tracks.
PARN
PAR  This is a division of application Ser. No. 258,701, filed 1 June 1972, now
      issued as Pat. No. 3,814,025.
BSUM
PAR  This invention relates to transportation systems and more particularly to a
      self-steering vehicle for a ground transportation system.
PAR  An object of this invention is to provide a new and improved, self-steering
      vehicle for use in a transportation system having a roadway provided with
      parallel tracks, the self-steering vehicle being adapted to automatically
      follow the tracks of the roadway.
PAR  Another object is to provide such a vehicle adapted to follow a roadway
      having a pair of parallel tracks having top surfaces which extend
      divergently downwardly relative to their longitudinal center planes, along
      which resilient wheels of the vehicle roll.
PAR  An important object of the invention is to provide a vehicle having
      individual pairs of wheels, each pair being linked together for
      simultaneous free-turning movement about substantially vertical axes, the
      wheels having resilient peripheral means, such as tires, which deform as
      the wheels tend to move laterally off the central portions of the parallel
      tracks of the roadway to increase the peripheral speed of rotation of the
      portions of the tires tending to move downwardly off the central portions
      of the tracks and thus turn the wheels back onto the central portions of
      the tracks.
PAR  Another object is to provide a vehicle, of the type described, wherein each
      of the wheels is mounted for free-turning movement about a substantially
      vertical axis spaced outwardly of the outer side of the wheel, whereby the
      reaction forces due to the engagement of the wheel with a guide flange
      disposed outwardly of the track, when a wheel turns outwardly and tends to
      move off the track, causes the wheel to turn back onto the track.
PAR  Still another object is to provide a vehicle, of the type described,
      wherein the wheel-mounting means compensate for unbalances of loads on the
      vehicle to cause the wheels to tend to remain on the tracks even though
      the load carried by the vehicle is not centrally positioned on the vehicle
     .
DRWD
PAR  Additional objects and advantages of the invention will be readily apparent
      from the reading of the following description of a device constructed in
      accordance with the invention, and reference to the accompanying drawings
      thereof, wherein:
PAR  FIG. 1 is a side elevational view of a portion of the transportation system
      and showing the vehicle on the roadway of the transportation system;
PAR  FIG. 2 is a front elevational view;
PAR  FIG. 3 is a sectional view taken on line III-III of FIG. 2;
PAR  FIG. 4 is an enlarged sectional view of a wheel of the vehicle on one of
      the tracks of the roadway;
PAR  FIG. 5 is an enlarged sectional view showing the mounting of one of the
      wheels of the vehicle;
PAR  FIG. 6 is a transverse sectional view of a modified form of the roadway;
PAR  FIG. 7 is a transverse sectional view of another modified form of the
      roadway; and
PAR  FIG. 8 is a side view of a modified form of the wheel mounting means of the
      vehicle.
DETD
PAR  Referring now to FIGS. 1 through 5 of the drawings, the transportation
      system 20 includes a roadway R along which vehicles constructed according
      to one embodiment of the present invention, one of which vehicles is shown
      as vehicle V, may move in a predetermined path. The roadway R may be
      formed of concrete, and its upper surface has a pair of parallel tracks 21
      and 22, whose shape in cross-section is convex, located inwardly of a pair
      of guide structures or flanges 23 and 24 whose upwardly divergent surfaces
      23a and 24a, respectively, extend upwardly and outwardly from the outer
      edges of the tracks 21 and 22. The roadway R between the tracks 21 and 22
      provides a flat surface 25. As shown in the drawing, the inner, central
      edges of the tracks 21, 22, in the preferred embodiment, are substantially
      continuous with the roadway R.
PAR  The tracks 21 and 22 are engageable by a pair of rear wheels 26 and 27 and
      a pair of front wheels 28 and 29 of a vehicle V.
PAR  The vehicle V may be propelled along the roadway R by any suitable means
      which, ideally, does not introduce any lateral force to the vehicle. One
      example of a suitable propelling-means is shown in FIGS. 1, 2 and 3 as a
      drive wheel 30 which engages the flat central surface 25 of the roadway
      and is rigidly secured to a shaft 31 rotatably journaled in a suitable
      bearing means of a bracket 32 whose upper end is pivotally secured to the
      underside of the vehicle by means of pivot pins 32a and plates 32b. The
      plates 32b are rigidly secured to the underside of the vehicle body B and
      depend therefrom. The pivot pins 32a extend through aligned apertures in
      the plates 32b and the spaced arms 32c of the bracket 32. A spring 32d
      biases the bracket 32 downwardly, the upper end portion of the spring 32d
      bearing against a spring retainer 32e secured to the underside of the
      vehicle body B and the lower end portion of the spring 32d bearing against
      the crossmember 32f of the bracket 32.
PAR  If the drive wheel 30 is located at the center of the turning geometry of
      the four main wheels 26, 27, 28, 29, then the drive wheel does not have to
      turn separately from the vehicle when the vehicle proceeds around a curve
      in the roadway.
PAR  In another form of propelling means, the drive wheel 30 is located at the
      rear of the vehicle. This location of the drive wheel 30 would necessitate
      a trunnion mount to allow the drive wheel to turn and follow the vehicle
      around a curve in the roadway.
PAR  The drive wheel 30 is driven by any suitable driving means, such as an
      electric motor 33 mounted on the underframe of the vehicle V, whose drive
      shaft is connected to the wheel shaft 31 by any suitable transmission T.
      For example, the transmission T may be of the belt and pulley type
      comprising pulleys 34a and 34b rigidly secured to the drive shaft of the
      motor 33 and the wheel shaft 31, respectively, and a belt 34.
PAR  The wheel 27 of the vehicle V is mounted for turning or steering movement
      about a substantially vertical axis spaced outwardly of the outer side of
      the wheel by means of a kingpin 35 on whose inwardly extending horizontal
      axle portion 36 the wheel is rotatably mounted by any suitable bearing
      means.
PAR  The vertical portion 37 of the kingpin 35 telescopes upwardly into a
      tubular, kingpin housing 38 rigidly secured to the vehicle body B, in any
      suitable manner.
PAR  The kingpin housing 38 is provided at its upper end with an internal,
      annular flange 39 in which is mounted a dry bushing 40. A helical spring
      42, positioned within the interior of the housing 38, extends about the
      upper portion of the kingpin 35.
PAR  A retainer ring 43 is telescoped within the lower portion of the interior
      of the housing 38 and has mounted thereon a dry bearing ring 44 which
      slidingly engages the internal cylindrical surface of the housing. The dry
      bearing ring 44 has the additional function of acting as a friction-damper
      for the helical suspension-spring 42, thereby eliminating the need for a
      hydraulic damper or shock absorber. Because the centerline of the helical
      spring 42 is offset from the centerline of the wheel 27, a moment exists
      which is proportional to the wheel and spring load. This moment is
      resisted by a couple provided between the dry bushings 40 and 44, in
      conjunction with the housing 38, to give a friction-damper force that is
      proportional to the spring load.
PAR  The upper end-portion of the spring 42 engages the annular bottom surface
      of the top bushing 40 while its bottom portion engages the annular top
      surface 46 of the retainer ring 43.
PAR  A roller-bearing assembly 47 is disposed in the retainer ring 43 with the
      upward movement of the assembly in the retainer ring being limited by the
      engagement of the outer race 47a of the bearing assembly with the
      downwardly facing shoulder 46a of the retainer ring. Upward movement of
      the kingpin 35 relative to the roller-bearing assembly 47 is limited by
      the engagement of the annular surface 48 of the external, annular flange
      49 of the kingpin with the bottom surface of the inner race 47b of the
      roller-bearing assembly. As can be seen from the drawing and understood
      from the above description, the wheels 26, 27, 28, 29 and kingpins 35, in
      the preferred embodiment, are freely turnable upon the respective bearings
      47, the kingpins and steering linkages 55, 58 being free of connection
      with any steering mechanism on the vehicle which would impart frictional
      resistance to turning of the kingpins.
PAR  Upward movement of the vehicle relative to the kingpin 35 is limited by a
      stop ring 50 threaded onto the threaded upper end-portion of the kingpin
      above the top flange 39 of the housing 38. The stop ring 50 is locked in
      any adjusted position on the kingpin 35 by a set screw 51. A cover 52 may
      be positioned over the housing 38 and the top end of the kingpin 35.
PAR  The kingpin 35 has an arm 54 which extends forwardly and then inwardly,
      with respect to the vehicle V, and is pivotally connected to one end of a
      tie rod 55 by a suitable pin 56 which may extend upwardly into a suitable
      socket of the tie rod 55.
PAR  The kingpins of the wheels 26, 28 and 29 are identical in structure to the
      kingpin 35 and accordingly, their elements and those of their mounting
      means have been provided with the same reference numerals, to which the
      subscripts a, b and c, respectively, have been added, as the corresponding
      elements of the kingpin 35 and its mounting means.
PAR  The arm 54a of the wheel 26 is pivotally connected by a suitable pivot pin
      57 to the other end of the tie rod 55 from that connected to pin 56 and in
      the same manner as that set forth with respect to arm 54 of the wheel 27.
      Consequently, the turning movement of one rear wheel will cause
      simultaneous turning movement of the other.
PAR  The arm 54b of the kingpin 35b of the front wheel 28 and the arm 54c of the
      kingpin 35c of the other front wheel 29 are connected to opposite ends of
      a tie rod 58 by suitable pivot-pin means 59 and 60, respectively.
PAR  Referring now particularly to FIGS. 2 and 3 of the drawing, it will be
      noted that the vertical axes of the four kingpins are displaced laterally
      outwardly of the outer sides of the wheels, which are rotatably mounted on
      their axle portions, and also outwardly of the guide surfaces 23a and 24a
      of the guide flanges 23 and 24 of the roadway R.
PAR  Referring now particularly to FIG. 4 of the drawings, the wheel 27, which
      is shown schematically, is of the usual automobile type having a metal
      body 64 and is securable by bolts or the like to the bearing means mounted
      on the axle of the kingpin. A tubeless tire 66 is mounted in the usual
      manner on the body 64 and is resilient so that it may deform to conform
      substantially to the curvature of the track 21.
PAR  It will be apparent that if the wheel 27 turns, for example, in a clockwise
      manner as seen in FIG. 3 about the vertical axis of its kingpin, the
      portion of the tire tread 67 disposed outwardly of the central axis Y--Y
      of the track 21 will have a greater radius of rotation than the portion of
      the tire tread engaging the track 21 at the central longitudinal axis
      Y--Y. As a result, the peripheral speed of the portion of the tire tread
      to the right of the axis Y--Y will be greater than the peripheral speed of
      the portion of the tire tread to the left of the axis Y--Y and as a
      result, the wheel 27 will tend to turn about the vertical axis of the
      kingpin 35 in a counterclockwise direction until the tread of the tire is
      again centrally positioned relative to the axis Y--Y.
PAR  It will be apparent of course that any turning movement of the wheel 27 is
      simultaneous with similar turning movement of the wheel 26 due to the
      provision of the tie rod 55. The front wheels 28 and 29 similarly will
      tend to travel on the central portions of the tracks 21 and 22 and any
      lateral displacement thereof from the central portions of the tracks will
      tend to cause the front wheels to turn back onto the tracks.
PAR  It will thus be seen that both the front and the rear wheels are
      self-steering, and no other steering mechanism is required for the
      vehicle.
PAR  The surfaces of the tracks 21 and 22 are preferably somewhat rough (as, for
      example, when the roadway is made of concrete) so as to assure proper
      frictional engagement thereof with the treads of the tires.
PAR  The wheels of the vehicle will normally automatically follow and roll along
      the tracks and around curved portions of the tracks without the tires at
      any time engaging the surfaces 23a and 24a of the guide flanges 23 and 24.
PAR  The roadway may of course be in the form of a loop so that the vehicle may
      travel thereover continuously in one direction.
PAR  The guide surfaces 23a and 24a are preferably smooth and may actually be
      lubricated with a suitable silicone or grease to diminish the frictional
      force between the tires and the guide surfaces 23a and 24a in the event of
      extreme, lateral displacement of the wheels due to excessive side loads
      imposed on the vehicle, as by gusts of wind or other external forces. The
      orientation of the guide surfaces 23a and 24a is 2 or 3 degrees from the
      vertical, such orientation provides much less drag between the tire and
      the guide surface when contact does occur and the tendency for the tire to
      ride-up the guide surface and completely over the guide flange at larger
      angles-of-approach to the curb is thereby reduced.
PAR  If the front wheels 28 and 29 (FIG. 3) are caused to turn in clockwise
      directions about the vertical axes of their kingpins so that the wheels 28
      and 29 are so abnormally displaced from the central portions of the tracks
      21 and 22 that the side surface of the tire of wheel 29 engages the guide
      surface 23a (FIG. 2) both lateral and drag forces between the tire of the
      wheel 29 and the surface 23a cause the front wheels to turn in
      counter-clockwise directions and back onto the central portions of the
      tracks 21 and 22, respectively. The rear wheels 26 and 27 will of course
      similarly tend to turn back onto the central portions of the tracks due to
      the lateral and drag forces resulting from the engagement of the tire of
      wheel 27 with the guide surface 23a, due to the fact that the vertical
      axes of the kingpins are disposed laterally outwardly of the locations of
      engagement of the outer sides of the tires of the wheels with the guide
      surfaces. Likewise, if the front and rear wheels are caused to turn in a
      counter-clockwise direction about the vertical axes of their kingpins so
      that the front and rear wheels are abnormally displaced from the central
      portions of the tracks, then the resulting reaction between the tires of
      wheels 28 and 26 with the surface 24a causes the wheels to turn in a
      clockwise direction and back onto the central portions of the tracks 21
      and 22.
PAR  In use, assuming now that the electric motor 33 is in operation, the
      driving engagement of the drive wheel 30 with the flat central surface 25
      of the roadway R will provide a forward thrust to the vehicle V and the
      vehicle will move forwardly along the tracks. If, due to some lateral
      force exerted on the vehicle, the wheels tend to turn and move to one side
      or the other of the tracks from their central positions on the tracks 21
      and 22, deformation of the tires, as explained above and illustrated in
      FIG. 4, will cause the areas of contact of the tires with the tracks to
      lie in sections of imaginary cones whose main axes are the
      axes-of-rotation of the wheels, and the wheels will turn back onto the
      central portions of the tracks.
PAR  The wheels will of course follow the tracks along curved portions of the
      roadway in the same manner as along straight portions thereof.
PAR  In the event of extreme side loads on the vehicle, which cause such extreme
      lateral displacement of the wheels that the tires actually engage the
      guide surfaces 23a and 24a, the resulting reaction-forces between the
      tires and the guide surfaces will tend to turn the wheels back onto the
      central portions of the tracks.
PAR  Referring now particularly to FIG. 6, a modified form of the roadway R is
      shown positioned on a bed 70 formed of concrete and provided with
      longitudinal and transverse reinforcing rods 71 and 72. The roadway R may
      be formed of sections which may be precast and held onto the bed 70 by
      means of retainer strips 73, of wood or the like, which are secured to the
      bed 70 by means of studs 74 whose lower ends are embedded in the bed 70
      and which extend upwardly through suitable apertures in the retainer strip
      73. Nuts 75 of course are threaded onto the upper ends of the studs 74.
PAR  Referring now to FIG. 7 of the drawings, another modified form of the
      roadway, shown at Ra, is formed of a concrete slab 80 having the tracks 22
      and 21 formed thereon. The slab 80 is provided with suitable longitudinal
      and transverse reinforcing bars. The guide flanges, located outwardly of
      the tracks 21 and 22, are provided by angle members 81 and 82 whose lower
      flanges rest upon the outwardly and downwardly sloping surfaces 83 and 83a
      of the concrete slab 80 and are secured to the slab by means of threaded
      studs 84 and 84a which extend upwardly through suitable apertures in the
      lower flanges of the angle members. Nuts 85 and 85a are threaded onto the
      upper ends of the studs 84 and 84a.
PAR  Referring now particularly to FIG. 8, a preferred form of the means for
      mounting the vehicle on the wheels is illustrated, which provides for
      additional compensation for excessive side loads and for unbalances of
      load on the vehicle. The mounting means are similar to those shown in FIG.
      5 and accordingly, the mounting means illustrated in FIG. 8 are provided
      with the same reference numerals, to which the prefix 1 has been added, as
      the corresponding element of the wheel mounting means illustrated in FIG.
      5. The kingpin housing 138 is inclined downwardly and forwardly relative
      to the body B, and the lower portion 136 of the kingpin 135 is inclined
      forwardly and downwardly relative to the longitudinal axis of the housing
      and the longitudinal turning axis T of the kingpin 135.
PAR  It will be noted that if a lateral force is now exerted on the vehicle, due
      to the forward offset of the axis-of-rotation X of the wheel from the
      axis-of-turning T of the kingpin 135, which results in the center S of the
      area-of-contact of the tire with the track being spaced forwardly of the
      intersection of the turning-axis T with the track, the wheels of the
      vehicle will automatically be turned in directions tending to cause them
      to move back onto the central portions of the tracks as the forward
      movement of the vehicle continues. For example, if a side load is imposed
      on the vehicle V (FIG. 2) from the right to the left, which would tend to
      move the vehicle to the left, the wheels 26, 27, 28, 29 (FIG. 3) will tend
      to turn in a counter-clockwise direction about the axes of their kingpins
      and roll to the right back onto the central portions of the tracks 21 and
      22.
PAR  It will thus be apparent that additional turning forces or moments are
      provided by the offset of the axis-of-rotation X of the wheel from the
      axis-of-turning T of the kingpins which balance or compensate for the
      lateral forces imposed on the vehicle, as by gusts of wind, to maintain
      the vehicle properly positioned and moving on the central portions of the
      tracks.
PAR  Due to the fact that the axis-of-turniing T of each wheel is spaced
      outwardly of the location-of-contact of the wheel with the track over
      which it is rolling, an inward turning moment or force is exerted on each
      kingpin due to the rolling friction of the wheel. It has been found that
      this moment or force varies directly and proportionately with the downward
      load or force exerted on the wheel. If the load is centrally positioned in
      the body B of the vehicle, the turning moments of the wheels of each pair
      are balanced and each pair of wheels will roll properly on the tracks. For
      example, the inward counterclockwise turning moment exerted on the kingpin
      35c of the front wheel 29 is equal to the inward clockwise turning moment
      exerted on the kingpin 35b of the other front wheel 28 since these
      kingpins are connected by the tie rod 58. However, if the load on one
      wheel, for example the front wheel 29, is greater than on the other wheel,
      if the axes-of-turning T of the kingpins were vertical, the front wheels
      would tend to turn to the right as seen in FIG. 2.
PAR  The forward and downward inclination of the turning-axis T causes a turning
      moment or force to be imparted to the kingpin 135 which varies directly
      and proportionately with load and in opposite direction to the turning
      moment exerted on the kingpin due to the rolling friction of the wheel.
      For example, it has been found that a proper balancing of these moments or
      forces is obtained by aligning the turning-axis T of the kingpin 135 at an
      angle ".alpha. "relative to the vertical reference line Y--Y, by causing
      the axis-of-rotation X of the tire and the center S of the area-of-contact
      between the tire and the track 22 to lie on the vertical reference line
      Y--Y, and by causing the value of the angle .alpha. to be such that its
      tangent equals the coefficient of rolling friction between the tire and
      the track 22. This balancing relationship exists because the moment arm
      associated with the rolling friction of the tire with the track 22 and the
      moment arm of the weight moment about the turning-axis T of the kingpin
      135 are always equal in length, such moment arm being the lateral distance
      between the vertical reference line Y--Y passing through the center S of
      the area-of-contact of the tire with the track 22 and the turning-axis T
      of the kingpin.
PAR  It will be apparent that the angle-of-inclination of the turning-axis T is
      so chosen for wheels having particular characteristics that the turning
      moments caused by the inclination of the turning axis and the rolling
      friction of a wheel will vary equally with load so as to balance or null
      each other.
PAR  It will now be seen that while a particular vehicle body and a particular
      vehicle drive have been illustrated and described, the vehicle body may be
      of different form, e.g., in the form of a passenger carrying cab and the
      drive means may be a linear induction motor with its linear station
      embedded in the roadway and its armature connected to the body.
PAR  It will now be seen that a new and improved self-steering vehicle has been
      illustrated and described with reference to its use in a transportation
      system which includes a roadway, which may be in the form of a closed
      loop, the self-steering vehicle being movable over the tracks of the
      roadway without requiring the services of a driver. If the vehicles move
      at a speed about or somewhat greater than the normal walking speed for a
      pedestrian, the vehicles may move continuously over the roadway and the
      passengers may get on and dismount from the vehicles while the vehicles
      are in motion.
PAR  While only one embodiment of the invention, together with several
      modifications thereof, has been described in detail herein and shown in
      the accompanying drawing, it will be evident that various further
      modifications are possible in the arrangement and construction of its
      components without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self steering vehicle for a transportation system having a roadway
      comprising a pair of parallel tracks, each of the tracks having side
      surfaces extending divergently downwardly from the top center line of the
      track, the roadway including a pair of longitudinal guide structures, said
      pair of tracks being positioned between said guide structures, each of
      said guide structures having a guide surface facing toward the tracks, the
      vehicle comprising:
PA1  a body;
PA1  a pair of front wheels and a pair of rear wheels supporting said body, said
      wheels being rotatable about horizontal axes and freely turnable about
      substantially vertical turning axes, the turning axis of each wheel being
      disposed laterally outwardly of the outer side of the wheel, said wheels
      having resilient peripheral portions engageable with the tracks of the
      guideway, said guide surfaces on said guide structures being engageable by
      the wheels of one of said vehicles on an adjacent track when said wheels
      of one of said vehicles tend to move outwardly off the track.
NUM  2.
PAR  2. The vehicle of claim 1, wherein said turning axes are inclined forwardly
      and downwardly to vary the turning forces exerted on each wheel by the
      load carried by the vehicle to vary in accordance with the load.
NUM  3.
PAR  3. A self steering vehicle for a transportation system having a roadway
      comprising a pair of parallel tracks, each of the tracks having side
      surfaces extending divergently downwardly from the top center line of the
      track, said vehicle comprising a vehicle operable in a self guided mode on
      said track in a forward direction, said vehicle including:
PA1  a body;
PA1  a pair of front wheels and a pair of rear wheels supporting said body, said
      wheels being rotatable about respective horizontal axes and turnable about
      respective, substantially vertical turning axes, the axis of rotation of
      each wheel being located forwardly of its turning axis, in the direction
      of travel of the vehicle when the vehicle is in its self guided mode, at
      the location of the axis of rotation.
NUM  4.
PAR  4. The vehicle of claim 3, and means connecting the wheels of each pair of
      wheels for causing simultaneous, substantially free-turning movement of
      the wheels of each pair about their turning axes.
NUM  5.
PAR  5. A self steering vehicle for a transportation system having a roadway
      comprising a pair of parallel tracks, each of the tracks having side
      surfaces extending divergently downwardly from the top center line of the
      track, said vehicle including:
PA1  a body;
PA1  a pair of front wheels and a pair of rear wheels supporting said body, said
      wheels being rotatable about horizontal axes and turnable about
      substantially vertical turning axes, said wheels having resilient
      peripheral portions engageable with the tracks of the roadway, wherein the
      turning axis of each wheel is disposed laterally outwardly of the outer
      side of the wheel; and
PA1  means yieldably supporting said body on said wheels for limited vertical
      movement relative to each wheel.
NUM  6.
PAR  6. The vehicle of claim 5, wherein said turning axes are inclined forwardly
      and downwardly to vary the turning forces exerted on each wheel by the
      load carried by the vehicle to vary in accordance with the load.
NUM  7.
PAR  7. A self steering vehicle for a transportation system having a roadway
      comprising a pair of parallel tracks, each of the tracks having side
      surfaces extending divergently downwardly from the top center line of the
      track and having a substantially planar and horizontal surface between
      said tracks, the inner side surfaces of the tracks extending toward and
      having inner edges substantially continuous with the substantially planar
      surface, said vehicle including:
PA1  a body;
PA1  a pair of front wheels and a pair of rear wheels supporting said body, the
      wheels of each pair of wheels being adapted to roll over respective ones
      of said tracks, said wheels being rotatable about respective horizontal
      axes and freely turnable about respective, substantially vertical turning
      axes in response to reaction of said wheels with said tracks, each wheel
      comprising a body portion and a peripheral, tire portion mounted
      circumferentially on the body and engageable with a respective one of the
      tracks, each tire portion comprising a resilient, peripheral means
      conforming substantially to the countour of an associated track when said
      vehicle is aligned with said roadway for turning the wheels toward the
      centerline in the event the wheels tend to move laterally off the central
      portions of the tracks.
NUM  8.
PAR  8. The apparatus of claim 7, the wheels of each pair of wheels being
      connected for simultaneous free-turning movement about their respective,
      vertical axes, the wheels of each pair of wheels being free of connection
      to any steering mechanism on the vehicle.
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ABST
PAL  An overhead transportation system comprises one or more roller tracks
      joined in a superimposed manner to one or to both sides of a plurality of
      pillars or columns which form the supporting assembly of the system. Each
      of the roller tracks is formed of two U-shaped elements arranged
      parallelly to each other and whose cavities face each other. Each pair of
      U-shaped elements are connected to the supporting assembly parallel to the
      vertical axis thereof or slightly inclined thereto. A movable vertebrated
      or segmented train element includes a series of interconnecting
      compartments which are pivotally joined to each other in an alternate
      manner, about vertical axles at the surface thereof nearest to the roller
      tracks, and about horizontal axles at the base thereof. Tilting, during
      high speed travel around curves, of the compartments is not allowed, but
      tilting of the frames of the seats, completely independent of the
      compartments, is allowed, such tilting being activated hydraulically or
      mechanically to achieve the required inclination. Damping is effected by
      the flexible or resilient surface of the roller track and the fastening
      and guide assemblies, and may be aided by the provision of leaf springs
      incorporated therein.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to an overhead transportation system
      comprising the following fundamental elements which differ from those
      presently known:
PAR  A. At least one, and preferably a plurality of tracks, formed by two
      U-shaped elements made of metal or any other suitable material arranged
      parallelly to each other and the cavities of which face each other. Each
      pair of these U-shaped elements are connected to a supporting assembly
      such that an axis of the two U-shaped elements is parallel, or slightly
      inclined, with respect to the supporting assembly.
PAR  B. A supporting assembly is formed by a plurality or pillars or columns
      which have conventional technical characteristics and which have a
      necessary size to meet the requirements of a particular installation with
      regard to stresses and to the number of circulations or tracks.
PAR  C. A movable vertebrated or segmented train element is as light as is
      allowed in technology and includes a series of interconnecting
      compartments which are pivotally joined to each other in an alternate
      manner. That is, connection between a first and second compartments is
      about a vertical axis at the compartment surface nearest the roller track.
      Connection between the second and a third compartments is about a
      horizontal axis at the lower plane of the compartments. These two types of
      pivotal connection are alternated. The train element is mounted in the
      track by an assembly of wheels connected to each of the axles, such that
      the train element may slide along the track.
PAR  D. Traction or driving movement is imparted to certain of the wheels of the
      wheel assembly, for example by means of electrical energy supplied thereto
      in a known manner and controlled from a control cabin.
PAR  The overhead transportation system of the invention can have different high
      speed propelling means, since its directional stability in a straight
      line, on horizontal curves and on vertical curves is guaranteed, and since
      there is no possibility of its overturning.
PAR  The vertical superimposition of plural tracks, which permits parallel
      circulation in any direction when connected to both sides of the
      supporting assembly, is contemplated when required by the density of the
      traffic, thereby reducing to a minimum the space required, i.e. basically
      the space required for the supporting pillars or columns.
PAR  During displacement of the vertebrated train elements, upward movement of
      the compartments is not permitted, but may be provided for the frames of
      the seats as desired due to the inclination and speed of circulation, and
      may be accomplished, e.g. hydraulically or mechanically.
PAR  Damping of the assembly is achieved by the flexible or resilient surface of
      the driving and fastening assemblies, and may be aided by the provision of
      leaf springs incorporated therein.
PAR  The main traction wheels are located at the end of the axles which extend
      horizontally between alternate compartment connections, i.e. those axles
      which allow for vertical curves, and may be provided with
      electric-generator brakes. The fastening and guide wheels, on the other
      hand, are located at the ends of the vertical axles, i.e. those axles
      which allow for horizontal curves, and may be provided with disc brakes.
PAR  Emergency exits from a vertebrated train element nearest to the ground may
      be provided by extensible stairs or steps from the bottom of the
      compartments. Such exit, in the case of train elements which travel along
      higher tracks, may be provided through the top or bottom of compartments,
      even to other train elements.
PAR  The advantages which this novel overhead transportation system has over
      those presently in use are the following:
PAR  1. A minimum of space is required, since the number of possible
      circulations or tracks is multiplied by two, four, six, etc.
PAR  2. The supporting assembly is fully taken advantage of, since 2, 4, 6 or
      more circulations or tracks are provided.
PAR  3. Maximum directional stability at high speeds is guaranteed by the
      fastening system.
PAR  4. Changes in direction, similar to that of the traditional track system,
      are allowed.
PAR  5. Emergency exits provide safety since evacuation to other train elements,
      upper or lower, is possible.
PAR  6. Rapid and uniform exits for all the passengers at stations is possible.
PAR  7. Simplicity of the track assembly is provided.
PAR  8. The assembly is economic with regard to the structure in relation to the
      number of possible circulations or tracks.
PAR  9. The transport elements may be extremely light weight.
PAR  10. Transportation of both passengers or merchandise is possible.
PAR  11. Very wide ranges of speed are possible, from normal urban to
      inter-urban speeds. Average speeds of up to 300 km. per hour can be
      provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other features of the invention will become apparent from the following
      detailed description, taken with the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic elevational view, partially in cross-section, of an
      overhead transportation system according to the present invention;
PAR  FIG. 2 is a schematic plan view of the system of FIG. 1;
PAR  FIG. 3 is a schematic side view of the system of FIG. 1;
PAR  FIG. 4 is an enlarged schematic view, partially in cross-section, of the
      system of FIG. 1, wherein the alignment of the axis of the track is
      parallel to the vertical axis of the support assembly; and
PAR  FIG. 5 is a view similar to FIG. 4, but wherein the alignment of the axis
      of the track is upwardly and inwardly inclined with respect to the
      vertical axis of the support assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As shown in FIG. 1, the overhead transportation system according to the
      present invention includes a plurality of pillars or columns 2 which form
      a supporting assembly. As can be seen, at both sides of columns 2 and in
      vertical superimposed relationship, there are provided a plurality of
      fixed roller tracks 1, each composed of a pair of U-shaped elements 3 to
      which the interconnecting compartments 5 of movable vertebrated or
      segmented train elements 4 are connected by corresponding wheel assemblies
      which act as fasteners and guides. The dotted lines represent slightly
      inclined positions of the frames of seats 12, the arrangement being such
      that the seats may raise depending on the speed of circulation around
      curves. Naturally, during straight lineal movement, the mechanical or
      hydraulic drives which control the raising of the seat frames will remain
      inoperative, so that the seat frames can adopt a parallel position with
      respect to a horizontal plane.
PAR  As shown in FIGS. 2 and 3, pivotal connection between alternate
      compartments 5 is about axles 9 which extend vertically and which have at
      each end thereof a guide wheel 8. The upper and lower guide wheels 8 of
      each axle 9 contact and ride on the inner surface of the outer legs of the
      respective upper and lower U-shaped elements 3 of the track 1. The pivotal
      connection about vertical axles 9 accounts for horizontal curves in the
      track.
PAR  As also shown in FIGS. 2 and 3, pivotal connection between alternate
      compartments 5, alternate to connection about axles 9, is about horizontal
      axles 11 at the bottom of the compartments. Each axle 11 has the inner end
      thereof a traction wheel 10 which rides on the upper surface of the web of
      the lower U-shaped element 3 of the track 1. The pivotal connection about
      axles 11 accounts for vertical curves in the track.
PAR  FIG. 4 illustrates an arrangement wherein the vertical axis of the track,
      i.e. an axis of both U-shaped elements 3 of track 1, is parallel to the
      vertical axis of support columns 2.
PAR  FIG. 5 illustrates an arrangement wherein the axis of the track is slightly
      inclined upwardly and inwardly with respect to the vertical axis of
      support columns 2.
PAR  The pillars or columns 2 are sized to meet the requirements of a particular
      installation with regard to stresses and to the number of simultaneous
      circulations or tracks which form the supporting assembly of the system.
PAR  Each of the roller tracks 1 is formed of U-shaped elements 3 made of metal
      or any other suitable material. The elements 3 are arranged parallelly to
      each other and with the cavities or channels thereof facing each other.
PAR  Coupling of each pair of U-shaped elements 3 of each roller track to the
      supporting assembly 2 of the system is effected either at an axis parallel
      to the latter (see FIG. 4) or slightly inclined thereto (see FIG. 5). In
      either case, symmetry as well as the possibility of parallel circulation
      in opposite directions are provided.
PAR  The vertebrated or segmented train element 4 is as light of weight as
      permitted by known technology. The compartments 5 are pivotally joined to
      each other in an alternate manner about vertical axles 9, having guide
      wheels 8 on opposite ends thereof, and about horizontal axles 11, having
      on the inner ends thereof traction wheels 10.
PAR  The train element 4 is not itself allowed to raise or tilt when moving at
      high speeds about curves. However, the frames of seats 12 are allowed to
      raise or tilt, depending on the speed of circulation, mechanically or
      hydraulically to adopt a satisfactory inclined position. By way of
      example, FIG. 1 illustrates frames 12 arranged at an inclined position
      with respect to the horizontal plane.
PAR  Reverting again to the wheel assemblies of the system, it will be apparent
      that damping is achieved by the flexible or resilient surface of the
      driving, fastening and guide means, and may be aided by providing leaf
      springs in the system. It is contemplated that the driving or traction
      wheels 10 be fed with electrical energy which may be controlled from a
      control cabin. Wheels 10 may preferably be provided with
      electric-generator brakes while the fastening and guide wheels 8
      preferably would have disc brakes.
PAR  In the overhead transportaion system of the invention, the train elements 4
      may be provided with emergency exits directly to the ground for those
      train elements located near the ground. Such exits may have extensible
      stairs or steps (not represented) leading from within the compartments 5.
      In the train elements 4 which circulate along higher roller tracks 1,
      emergency exits may be arranged in the roof and floor of the compartments
      5 to be connected to upper and lower train elements 4, respectively.
PAR  A rapid and uniform exit for all passengers at stations is achieved due to
      levelling of the lower plane or surface of the train element by the
      contact of wheels 13 on the bottoms of the compartments with the platform
      of the station, thus facilitating the comfortable exit of passengers from
      each of the compartments.
PAR  Various modifications to the specific arrangements described above may be
      made without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An elevated transportation system comprising:
PA1  a plurality of vertical support columns positioned spaced along a desired
      path;
PA1  at least one roller track attached to said support columns, said track
      comprising upper and lower U-shaped elements extending parallel to each
      other and having open channels facing each other;
PA1  a segmented movable train element mounted to move along said track and
      comprising a plurality of successively pivotally connected compartments;
PA1  alternate first junctions, between adjacent of said compartments,
      comprising pivotal connections about vertical axles at lateral sides of
      said compartments closest to said track, said first junctions comprising
      means for accomodating horizontal curves in said track;
PA1  alternate second junctions, intermediate said first junctions, between
      adjacent of said compartments, comprising pivotal connections about
      horizontal axles at the bottoms of said compartments, said second
      junctions comprising means for accomodating vertical curves in said track;
PA1  each of said vertical axles having at the upper and lower ends thereof
      guide wheels which respectively ride within and against said upper and
      lower U-shaped elements of said track; and
PA1  each of said horizontal axles having at the end thereof nearest said track
      a traction wheel contacting said lower U-shaped element of said track.
NUM  2.
PAR  2. A system as claimed in claim 1, including a plurality of tracks
      connected to opposite sides of said support columns and superimposed in
      vertical layers; and a plurality of train elements, one each mounted to
      move along a respective track.
NUM  3.
PAR  3. A system as claimed in claim 1, wherein a vertical axis of both said
      upper and lower U-shaped elements is parallel to a vertical axis of said
      support columns.
NUM  4.
PAR  4. A system as claimed in claim 1, wherein a vertical axis of both said
      upper and lower U-shaped elements is slightly inclined upwardly and toward
      a vertical axis of said support columns.
NUM  5.
PAR  5. A system as claimed in claim 1, further comprising seats in said
      compartments, said seats being mounted to be vertically movable in
      response to the speed and degree of curve of the path of movement of said
      train element.
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ABST
PAL  There is provided, in a railroad car positioning apparatus of the general
      type shown and described in Reissue Patent No. Re. 27,300 dated Feb. 22,
      1972, an improvement in the car positioner arm which is adapted to move
      between a pair of coupled railroad cars and into car pushing engagement
      with the cars centrally thereof. The improvement involves the provision,
      in combination, of force transferring means on the distal extremity of the
      car positioner arm for engaging a coupled coupler between a pair of
      coupled railroad cars, separate force transferring means also on the
      distal extremity of the car positioner arm for engaging an open coupler of
      at least one uncoupled railroad car, and means for shifting the two force
      transferring means for selectively disposing either of them in its
      operative, car-manipulating position and the other in a stored or
      inoperative position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to railroad car positioning apparatus for moving one
      or more railroad cars along a track to a car unloading facility and
      involving a carriage movable parallel to the track at one side thereof and
      carrying means for engaging a single car or a train of coupled cars for
      advancing them to a predetermined position on the track. Typical prior art
      installations of this character are shown in the U.S. Pat. Nos. 3,695,185
      to Blank, granted Oct. 3, 1972; No. 3,169,490 granted Feb. 16, 1965, to
      Saxonmeyer; No. 2,199,470 granted May 7, 1940, to Taylor; and No.
      1,125,355 granted Jan. 19, 1915, to Lovell. The utility of such prior art
      car positioners was limited by the fact that they could not operate
      effectively both to move a single car or a train of two or more coupled
      cars from one end thereof and, also, to move a train of coupled cars by
      engaging the train between the cars. In the same coal unloading terminal,
      some trains to be unloaded may be of the "unit train" type, which are
      intended to remain coupled during unloading, and some trains may be made
      up of random railroad cars not equipped for unit train operation so that
      they must be uncoupled for unloading individually or in pairs, according
      to the character and capacity of the car unloader.
PAR  A more recent development in railroad car positioners is shown in U.S. Pat.
      No. Re. 27,300 granted Feb. 22, 1972, to Ludwig. The apparatus of that
      patent constituted an improvement on the apparatus of the aformentioned
      prior patents by providing means on the carriage for engaging a train of
      railroad cars between pairs of coupled cars for moving the entire train as
      required in the handling of trains of the aforementioned unit train type.
PAR  The present invention is an improvement in railroad car positioning
      apparatus of the type shown in the last-mentioned reissue patent to Ludwig
      and concerns the train engaging portion of the means on the carriage for
      engaging and moving the cars of a train. Unlike the apparatus of that
      prior patent to Ludwig, the coupler engaging assembly of the present
      invention is not only adapted for use between coupled railroad cars of the
      unit train, but is also adapted for use at either end of a single car or
      pair of coupled cars and between a pair of uncoupled cars in a versatile
      manner that enables a train of random cars to be advanced stepwise into
      and through a dumper, either one or two at a time according to the dumper
      capacity.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of the present invention includes the following principal
      elements of the apparatus of the aforementioned patent to Ludwig: A
      carriage disposed for movement parallel to a railroad track; means for
      guiding the carriage alongside the track; a swingable car positioner arm
      mounted on the carriage for rotation on an axis parallel to the track, the
      distal extremity of this arm being configured and dimensioned to be
      positioned between coupled railroad cars in car pushing engagement with
      the cars centrally thereof; and means for selectively moving the car
      positioner arm into and out of car pushing position. The improvement of
      the present invention provides, in combination, a force transmitting
      assembly on the distal extremity of the car positioner arm for engaging
      the engaged couplers of a pair of coupled railroad cars; separate force
      transmitting means on the distal extremity of the car positioner arm for
      engaging an open coupler of at least one uncoupled railroad car; and means
      for shifting said force transmitting means selectively to dispose either
      of them in its operative car pushing position and the other in a stored or
      inoperative position.
PAR  Throughout this specification and appended claims, reference is made from
      time to time in general terms, to bringing a car pusher arm, or means
      mounted thereon, into engagement with a railroad car centrally thereof. As
      such expressions are used herein, the coupler of a car is considered to be
      a part of the car to which it is operatively attached. Thus, the
      engagement referred to may be engagement with a coupler of one car, or
      with the mating couplers of a pair of coupled cars, or with a part of the
      frame of a car, such as a striker plate mounted thereon.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An illustrative and preferred embodiment of the present invention is shown
      in the annexed drawings with views depicting a typical environment in
      which it is suitably employed. In the drawings:
PAR  FIG. 1 corresponds to FIG. 1 of the aforementioned Pat. No. Re. 27,300 to
      Ludwig, and is a top plan view of a railroad car positioning apparatus
      with which the improvements of the present invention are preferably used
      and, in general arrangement, of a series of coupled railroad cars and
      their tracks (shown in phantom outline) with a car engaging arm of the car
      positioning apparatus in an engaged position between a pair of coupled
      cars to advance the coupled train stepwise into a conventional car dumping
      facility (partially shown).
PAR  FIG. 2 corresponds to FIG. 2 of said Pat. No. Re. 27,300 and is a side
      elevation of the car positioning apparatus alone.
PAR  FIG. 3 corresponds to FIG. 3 of said Pat. No. Re. 27,300 and is a
      cross-sectional view of the car positioning apparatus alone, viewed as
      indicated by the line 3--3 in FIG. 1, and showing the general arrangement
      of the car engaging arm and the motive apparatus for moving the carriage
      on which that arm is mounted.
PAR  FIG. 4 is an end elevation of a car engaging device in accordance with the
      present invention, disposed between a pair of coupled railroad cars and
      including one force transmitting assembly engaging the coupled couplers of
      the cars and another superposed force transmitting assembly in a stored,
      inoperative condition and position.
PAR  FIG. 5 is a side elevation of the car engaging device of FIG. 4 in the same
      relationship with the coupled couplers (shown in phantom outline) as shown
      in FIG. 4.
PAR  FIG. 6 is a plan view of the car engaging device of FIGS. 4 and 5,
      similarly disposed between adjacent cars of a unit train (partially shown
      in phantom outline).
PAR  FIG. 7 is a fragmentary end elevation of the car engaging device of FIGS. 4
      - 6, viewed as indicated by the line 7--7 in FIG. 5, and shows a pair of
      swingable arm couplers of the upper car engaging assembly swung to their
      oppositely extending positions for respectively engaging the couplers of
      uncoupled random cars while the other car engaging assembly is disposed in
      a lowered, inoperative position.
PAR  FIG. 8 is a side elevation of the car engaging device of FIGS. 4 - 6 with
      the two force transmitting assemblies disposed as in FIG. 7.
PAR  FIG. 9 is a plan view of the car engaging device of FIGS. 4 - 6 with the
      two force transmitting assemblies disposed as in FIGS. 7 and 8.
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PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIGS. 1 - 3 (reproduced from the aforementioned U.S.
      Pat. No. Re. 27,300), a plurality of railroad cars 10 shown in phantom
      outline represent a portion of a coupled unit train of gondola-type cars
      disposed on railroad tracks 11. The tracks 11 lead from right to left into
      a conventional, rotary, railroad car dumper 12 partially shown in FIGS. 1
      and 2. The rotary car dumper 12 forms no part of the present invention and
      may be replaced by any known railroad car dumping apparatus that is
      adapted to receive a single railroad car, or a plurality of railroad cars,
      and to empty such cars. A currently popular type of car dumper,
      particularly suited for emptying coupled cars in a unit train, inverts the
      cars by revolving them about a longiudinal axis of the draw bars of the
      couplers joining the cars. In order to permit such inverting of the
      coupled cars of a unit train, the couplings are rotatable about that axis
      so that the car or cars 10 being emptied by the rotary dumper 12 may
      rotate relative to the other cars of the balance of the train. Such a unit
      train normally travels as a unit from a remote loading point to and
      through the unloading apparatus.
PAR  If the cars 10 are, however, of random size, type, and/or length, and are
      equipped with nonrotary couplers, the car or cars moved into the rotary
      car dumper 12 must be uncoupled from the balance of the train to permit
      rotation of the car or cars in the dumper.
PAR  For moving the cars 10 sequentially into the rotary dumper 12, either while
      coupled or while uncoupled, they are centrally engaged by a car
      positioning arm 14 mounted on a carriage 15, and the carriage 15 is
      adapted to move back and forth along a carriage trackway 16 disposed
      parallel to the railroad tracks 11. In order for the carriage 15 to be
      movable a sufficient distance along the carriage trackway 16 for advancing
      either a unit train or a train of random cars into a dumper capable of
      receiving two cars simultaneously, the length of the carriage trackway 16
      should be at least sufficient to permit movement of the carriage 15 the
      distance required to move two coupled cars 10 into the dumper in tandem.
PAR  The carriage 15 is partially shown in phantom outline in an advanced
      position at the left-hand extremity of the trackway 16 in FIG. 1, slightly
      more than the length of two coupled railroad cars in advance of its
      initial position at the right-hand extremity of the trackway 16. The
      trackway 16 is supported on a plurality of spaced pedestals 17.
PAR  The car positioner arm 14 is swingable from the generally horizontally
      extending position between a pair of coupled cars shown in FIG. 1 to a
      generally vertical position clear of the cars to one side thereof. As
      hereinafter more particularly described, the distal extremity of the car
      pusher arm 14 carries the car engaging assemblies of the present invention
      for pushing engagement with the cars 10 so that the pushing force is
      applied centrally of the cars in a vertical plane that includes the
      longitudinal axis of the draw bars of the car couplers 13. Any suitable
      motor 18 or the like may be provided for rotating the car positioner arm
      14 about an axis extending longitudinally through a lateral extension 19
      thereof and parallel to the trackway 11 for swinging the arm between its
      generally vertical and horizontal positions. For handling a unit train,
      engagement and disengagement of the car positioner arm 14 and travel of
      the carriage 15 along its trackway 16 may be automatically accomplished by
      any suitable controls programmed according to the length of the cars 10
      and the cycle of the car dumper 12.
PAR  Movement of the carriage 15 along the carriage trackway 16 is conveniently
      effected by advancing cables 20 and retracting cables 21 suitably secured
      to the head extremity 22 of the carriage and the tail extremity 23
      thereof, respectively, these cables being reaved through a suitable head
      sheave 24 and an adjustable tail sheave 25 for coaction with a cable
      winding drum 26. The drum 26 is powered by a suitable motor 27 or the
      like. In order to arrest the carriage 15 at the extremities of its stroke
      along its trackway 16, a head bumper 28 and a tail bumper 29 are provided.
      Car truck lock means 30 may be provided and may employ retractable wheel
      chocks 31 adapted to be positioned on the tracks 11 in the nips between
      the railroad car truck wheels and the tracks 11 both fore and aft the
      wheels. When so positioned, the wheel chocks 31 prevent movement of a unit
      train or train of random cars during the car dumping cycle. Any convenient
      alternative means may be employed for holding a train in a fixed position
      during the dumping cycle and may be automatically operated in any suitable
      manner programmed to coordinate with the operation of the car positioning
      apparatus and the car dumper.
PAR  The car engaging assemblies of the present invention, both mounted on the
      distal extremity of the car positioner arm 14, are shown in detail in
      FIGS. 4 - 8 in their respective operative positions and in stored,
      inoperative positions, and in their relationships with the coupled cars of
      a unit train and with the uncoupled cars of a train of random cars.
PAR  Referring particularly to FIGS. 4 - 6, the car engaging assemblies are
      there shown as they are disposed in relationship with the coupled cars of
      a unit train for unit train manipulation, with one of the car engaging
      assemblies fitted over a coupled rotary coupler assembly of a unit train
      for moving the train along the tracks 11 and with the other car engaging
      assembly raised and stored in a folded, inoperative condition. As there
      shown, the distal extremity 34 of the car positioner arm 14 carries a
      lower car engaging assembly, generally designated 38, adapted, when
      lowered to its illustrated, operative position, to fit over a coupled
      rotary coupler assembly 56 (shown in phantom outline) that connects a pair
      of unit train cars 10a and 10b. That extremity of the arm 14 also carries
      a superposed car engaging assembly, generally designated 40, that
      comprises a pair of pivotally mounted arm couplers 42 and 44. As shown in
      FIGS. 4 - 6, the arm couplers 42 and 44 have been swung together into
      stored positions and, in the illustrated orientation of the car positioner
      arm 14, are raised to an inoperative location, as hereinafter more
      particularly described. Since the two car engaging assemblies 38 and 40
      engage the couplers of coupled and uncoupled cars, respectively, both are
      hereinafter sometimes referred to as "coupler engaging" assemblies.
PAR  The lower coupler engaging assembly 38 comprises a mounting block 46 having
      a plurality of depending, pusher fingers 48 and 50 bolted thereto. The
      pusher fingers 48 and 50 have milled surfaces 52 and 54, respectively,
      which are adapted to engage mating surfaces of the interlocked coupler
      assembly 56 in abutting relationship therewith. The surfaces 52 and 54
      normally engage the coupler assembly 56 for decelerating a train moving
      from right to left in FIGS. 1 and 2, or for accelerating a train in the
      opposite direction if that should be required.
PAR  The pusher fingers 48 and 50 are provided with upstanding pin extensions 49
      and 51, respectively, which pass upwardly through the mounting block 46 to
      receive nuts 57 and 59. To prevent undesired rotation of the pushing
      fingers, each may be provided with a keyway 61 coacting with a key 63 and
      a mating keyway 64 in the mounting block 46 (not shown on pushing finger
      50). Any other suitable means may be employed for blocking the pusher
      fingers 48 and 50 against such rotation.
PAR  The coupler assembly 56, as most completely shown in FIG. 4, is an A.A.R.
      type "F" interlocking coupler. The coacting components of such a coupler
      may be mounted on the railroad cars for rotation about their longitudinal
      draft gear axis so that the cars in a train may be rotated, one or two at
      a time, about the draft gear axis without being uncoupled from the other
      cars of the train. However, as will be clear to those skilled in the art,
      the pusher fingers 48 and 50 may be contoured in any suitable manner for
      engagement with any kind of coupler encountered in unit train systems.
PAR  Also secured to the mounting block 46 of the coupler engaging assembly 38
      is a member 58 designed for pushing engagement with a striker plate 74 of
      the car 10a (FIG. 5), the member 58 being suitably secured to the mounting
      block 46 as by welding. The member 58 engages the striker plate 74 during
      acceleration of a unit train toward the dumper 12 and thereafter as needed
      to maintain an acquired train speed.
PAR  The mounting block 46 may also carry a bracket 66 (FIGS. 4 and 5) for
      mounting a limit switch control comprising a feeler 68 adapted to be
      actuated by contact with the upper surface of the rotary coupler assembly
      56 of a unit train as it is being operatively engaged by the coupler
      engaging assembly 38. Upward actuation of the feeler 68 raises a knocker
      head 70 for tripping a limit switch 72 that is also mounted on the bracket
      66. The limit switch 72 may be connected into any appropriate control
      circuit (not shown) for energizing and de-energizing the motor 18 to raise
      and lower the car positioner arm 14 in an appropriately programmed
      sequence of unit train unloading operations.
PAR  Referring next to the upper coupler engaging assembly 40, which is mounted
      on the distal extremity of the car positioner arm 14 as best shown in
      FIGS. 5 and 7 - 9, the mounting block 46 is provided with a superposed,
      inclined, mounting bracket 94 having spaced slots 96 and 98 formed thereon
      between parallel tongues 104, 106, and 108 of the bracket. The mounting
      end of the arm coupler 42 of this coupler engaging assembly is provided
      with projecting, spaced fingers 100 and 102 that are respectively received
      in the slots 96 and 98 and are pivotally mounted therein by a pivot pin
      110 that passes therethrough and through the slot-defining bracket
      portions 104, 106 and 108 and is locked in place by a retainer 132. The
      mounting end of the other coupler arm 44 of this coupler assembly is
      similarly mounted with spaced fingers 120 and 122 thereof pivotally
      received in slots 116 and 118 of the mounting bracket and hinged therein
      on a pin 130 locked in place by a retainer 134.
PAR  When the car positioner arm 14 is disposed for engaging the lower coupler
      engaging assembly 38 with the coupled coupler 56 as shown in FIGS. 4 - 6,
      the arm couplers 42 and 44 of the upper coupler engaging assembly 40 are
      disposed in a raised, inoperative position with the arm couplers 42 and 44
      swung toward each other and extending upwardly at an inclination of about
      15.degree.. In order to move the upper coupler engaging assembly 40 to an
      operative position for coaction with a coupler element at one end of a
      train or of a single car, or for coaction with both coupler elements at
      adjacent ends of a pair of adjacent uncoupled cars, the car positioning
      arm 14 is lowered about 15.degree. to the orientation shown in FIG. 8,
      whereupon the arm couplers 42 and 44 of the coupler engaging assemblies 40
      are manually swung about their respective mounting pins 110 and 130 to
      extend oppositely (FIGS. 7 and 9) and parallel to the tracks 11 at the
      height of the car coupler elements. This also lowers the lower coupler
      engaging assembly 38 to an inoperative, stored position in which it does
      not interfere with the operation of the upper coupler engaging assembly
      40. Similarly, when the lower coupler engaging assembly 38 is in its
      operative position as shown in FIGs. 4 - 6 and the arm couplers 42 and 44
      of the upper coupler engaging assembly 40 are swung together to their
      stored orientations (FIGS. 4 - 6), the upper coupler engaging assembly 40
      is disposed and confined within a space less than the clear space between
      a pair of coupled railroads cars, as best shown in FIG. 4. When swung
      together to their stored orientations, the arm couplers 42 and 44 clear
      all projecting elements of adjacent coupled cars and do not interfere with
      raising and lowering of the car positioner arm 14.
PAR  To hold the arm couplers 42 and 44 in their stored orientations, they are
      respectively provided with pin-locking mechanisms 78 (only one being shown
      in FIG. 5). Each such mechanism cooperates with a plate 80 extending
      laterally to both sides of a vertical mounting plate 82 secured, as by
      welding, to the mounting block 46. The pin-locking mechanism includes a
      locking pin 86 that is mounted in a bracket 88 for manual sliding movement
      into and out of a hole 84 in the plate 80. A tethered cotter pin 90 may be
      provided to pass through a collar 92 of the bracket 88 and through the
      locking pin 86 for holding the locking pin 86 in its locking position.
PAR  Referring now to FIGS. 7 and 9 showing the arm couplers 42 and 44 in their
      oppositely extended, operative positions, it will be noted that the arm
      coupler 44 is provided with a longer shank 112 than the shank 114 of the
      arm coupler 42. This permits closer positioning of the arm couplers 42 and
      44 in a nested relationship when they are swung to their folded,
      inoperative orientations.
PAR  When the upper coupler engaging assembly 40 has been lowered to its
      operative position and the arm couplers 42 and 44 thereof have been
      manually extended to their operative, oppositely extending orientations,
      it is desirable that automatic means be provided for connecting and
      disconnecting each of the arm couplers with a mating coupler of a railroad
      car. For this purpose, a pair of coupler actuating mechanisms, generally
      designated 140 to 142, are respectively mounted on the arm couplers 42 and
      44.
PAR  Referring to the coupler actuating mechanism 140 mounted on the arm coupler
      42, it comprises an electrically operated actuator 144 of conventional
      design having an extensible arm 146 that is shown in FIG. 7 in its fully
      extended position. The actuator 144 is supported on a bracket assembly 148
      that comprises a mounting block 150 secured to a support plate 152 by
      bolts 154. The support plate 152 is, in turn, suitably secured to the
      coupler arm shank 114, as by welding. A pair of similarly configured
      linkage support arms 156 and 158 are suitably mounted on the mounting
      block 150, as by welding, in laterally spaced relationship straddling the
      actuator 144. The extremities of the support arms 156 and 158 are spanned
      by a sleeve pin 160 having a sleeve 162 rotatably mounted thereon. A lever
      arm 164 is fixedly secured at one of its ends to the sleeve 162 and, at
      its opposite end, rotatably receives a pin 166 spanning the legs of a
      clevis 168 that is rigidly mounted on the projecting end of the extensible
      arm 146 of the electrical actuator 144. Also fixedly secured to the sleeve
      162 is one end of a lever 170 having a clevis 172 at its opposite end. A
      pin 174 spanning the legs of the clevis 172 carries a sheave 176, and a
      wire rope 178 is reaved around the sheave 176 and through an eye 180 in a
      vertically movable coupler lock actuator 181 of a coupler lock lift
      assembly hereinafter described.
PAR  Also secured to the support arms 156 and 158 are cylinder support plates
      184 and 186, respectively, which provide a trunion mount for the
      electrical actuator 144. Trunion pins 188 and 190 respectively extend
      laterally in opposite directions from the electrical actuator 144 and are
      rotatably received in the support plates 184 and 186, respectively.
PAR  Electrical control boxes 192 and 194 on the electrical actuator 144 house
      conventional controls for the electrical actuator and terminals for
      electrical power supply and signal wires employed in controlling the
      extension and retraction of the electrical actuators in response to
      signals received from a master controller (not shown) on the carriage 15.
PAR  In a generally similar arrangement, an electrical actuator 196 is trunion
      mounted on a bracket assembly generally designated 198, and a similar
      linkage system generally designated 200 operatively connects the
      electrical actuator 196 to a coupler lock actuator 202 for the arm coupler
      44.
PAR  The arm couplers 42 and 44 are standard A.A.R. type "E" couplers having
      pivoted knuckles 203 that are locked in their closed positions when
      interlocked in coupled engagement with a standard car coupler element.
      Upon lifting of the coupler lock actuators 181 and 202 by actuation of the
      electrical actuators 144 and 196, respectively, the arm coupler knuckles
      203 are unlocked for release from standard car coupler elements with which
      they may be engaged. Such release permits the knuckles 203 to be swung to
      their open positions shown in the drawings, whereupon the electrical
      actuators 144 and 196 are reversed, permitting the coupler lock actuators
      181 and 202 return to their depressed positions while the coupler knuckles
      remain open. Upon endwise abutting engagement of the arm couplers with
      standard car coupler elements, the coupler knuckles 203 are cammed
      inwardly and are automatically locked in their closed positions to effect
      car coupling action, all as well understood by those skilled in the art.
PAR  Outward swinging movement of the arm couplers 42 and 44 to their oppositely
      extending operative positions is suitably limited by their engagement with
      spring-loaded abutments 204 and 206 (FIGS. 6 and 8) that are suitably
      mounted on opposite sides of the car positioner arm 14 as illustrated in
      detail for only the spring-loaded abutment 204. The illustrated mounting
      may suitably comprise an appropriately configured angular bracket 208
      welded to the arm 14 and having spaced mounting plates 210 and 212
      similarly secured thereto. The spring-loaded abutment may suitably
      comprise a rod 214 extending through the mounting plates 210 and 212, a
      threaded end 216 of the rod being restrained against movement in one
      direction by a pair of locking nuts 222 and 224 and a spacing collar 226.
      The opposite end of the rod 214 is enlarged at 218 and is in free sliding
      relationship with the mounting plate 210 and has a rounded bumper end for
      engagement with the shank 112 of the arm coupler 42. The rod 214 is biased
      by a spring 220 to cushion the shock of such engagement. The other
      spring-loaded abutment 206 is similarly mounted for coacting in the same
      manner with shank 114 of its associated arm coupler 42.
PAR  Considering the situation in which a unit train comprising a multiplicity
      of cars, such as 10a and 10b in FIG. 4, has been moved in coupled
      relationship along the tracks 11 by a yard engine or other locomotive (not
      shown), the train of cars is normally stopped with the lead car advanced
      toward the car dumper 12 at least to a point where the raised car
      positioner arm 14 on the carriage 15 at some point along its trackway 16
      may be lowered between the second and third cars of the train, or between
      a subsequent pair of the cars as shown in FIG. 1. With the arm couplers 42
      and 44 of the upper coupler engaging assembly 40 swung to their
      substantially parallel, stored orientations, the car positioner arm 14 is
      lowered until the coupler engaging assembly 38 engages the coupled coupler
      elements of the pair of cars in the manner shown in FIGS. 4 - 6. Such
      lowering of the car positioner arm is stopped upon actuation of the feeler
      element 68 to trip the limit switch 72. The carriage 15 is then advanced
      along its trackway 16 toward the car dumper 12 for advancing the train to
      move one or two lead cars into the dumper (according to the dumper
      capacity). The succeeding cycles of train advancement and car dumping may
      proceed automatically in accordance with a preset program as disclosed in
      the aforementioned U.S. Pat. No. Re. 27,300 to Ludwig.
PAR  Considering the situation in which a train of random cars has been moved
      into position on the tracks 11 for advancement by the car positioning
      apparatus into the car dumper 12, the train is stopped with the rear end
      of the second car (following the lead car) well within the range of travel
      of the carriage 15, but with the forward end of the lead car well short of
      the limit of carriage travel toward the car dumper 12. Assuming that only
      one car at a time may be accommodated in the car dumper, the carriage 15
      of the car positioner is first run to a location ahead of the lead car;
      the car positioner arm 14 is lowered to its position shown in FIGS. 7 - 9;
      and the arm couplers 42 and 44 of the upper coupler engaging assembly 40
      are swung to their oppositely extended, operative positions as there
      shown. The carriage is then moved rearwardly to couple the arm coupler 44
      with the forward coupler element of the lead car; the second car is
      uncoupled from the third car; and the carriage is advanced slightly toward
      the dumper, pulling the lead car and second car to separate the latter
      from the third car. With forward movement of the carriage, the arm coupler
      44 is uncoupled from the lead car; the arm 14 is raised; the carriage is
      moved rearwardly until the arm 14 is well behind the second car; the arm
      is lowered; the arm coupler 42 is coupled to the rear coupler element of
      the second car by forward movement of the carriage; and the carriage is
      advanced toward the car dumper to push the lead car to an unloading
      position therein. Thereupon, the lead car is uncoupled from the second
      car, and the carriage is moved rearwardly to separate the second car from
      the lead car, leaving the uncoupled lead car in the dumper. During cycling
      of the car dumper to dump the contents of the lead car, the arm coupler 42
      is uncoupled from the second car; the carriage is moved rearwardly to
      couple the arm coupler 44 with the front coupler element of the third car;
      and the carriage is moved forwardly to advance the remainder of the train
      toward the dumper about one car length so that the forward end of the
      fourth car is within the limits of travel of the carriage. Then the third
      car is uncoupled from the fourth car, and the carriage is moved toward the
      dumper to move the third car toward the second car.
PAR  By operations similar to those just described, the car positioner arm 14 is
      disengaged from the front end of the third car, moved behind it, coupled
      to the rear coupler element thereof, and advanced toward the car dumper to
      advance and couple the third car to the second car. Upon completion of the
      dumping of the first car, the carriage is then further advanced toward the
      dumper to advance the third car and second car and couple the second car
      to the first car; and advancement of the carriage is then continued to
      push the first car through and out of the dumper. After uncoupling the
      emptied lead car, the carriage is moved to position the second car in the
      dumper. By successive repetitions of steps just described, each car in the
      train is moved into the dumper, emptied, pushed out of the dumper, and
      replaced by the next succeeding car until the entire train has been
      unloaded.
PAR  As will be evident from the foregoing description of the operation of a car
      positioner embodying the present invention, each successive pair of cars
      may be similarly handled as a single car so that two cars at a time may be
      moved in tandem into a twin car dumper until an entire train has been
      similarly unloaded.
PAR  From the foregoing description of an illustrative embodiment of the present
      invention and the operation thereof, it will be appreciated that an
      inproved car positioning apparatus has been provided that has greater
      versatility than prior art car positioners, making it possible, with the
      same apparatus, to handle the unloading of unit trains in the same manner
      and with the same facility as the apparatus of the prior Ludwig resissue
      patent and, also, to handle the unloading of a random car train, one or
      two cars at a time, with at least the same facility as any of the earlier
      car positioners of the prior art. Thus, instead of a single installation
      being limited to operation with only one kind of railroad cars, it may be
      equipped in accordance with the present invention to handle any cars
      commonly encountered in the rail transportation industry.
PAR  Although the present invention has been illustrated herein with reference
      to a particular, presently preferred embodiment thereof, it will be
      appreciated that it is not restricted to the slavish imitation of each and
      every detail set forth herein. Obviously, numerous variations thereof may
      be made without departing from the scope of the invention as defined in
      the appendant claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a railroad car positioning apparatus for moving one or more railroad
      cars along a track portion and having a carriage disposed for movement
      parallel to said track portion, means for guiding said carriage alongside
      said track portion, a car positioner arm carried by said carriage and
      having a distal extremity dimensioned to be positioned between a pair of
      coupled railroad cars for force applying engagement therewith centrally
      thereof, and means for selectively moving said arm into and out of car
      pushing position, the improvement which comprises in combination on said
      arm means:
PA1  a. first force transferring means on said distal extremity for such force
      applying engagement between a pair of coupled railroad cars;
PA1  b. separate force transferring means on said distal extremity for such
      force applying engagement with either end of a single uncoupled railroad
      car;
PA1  c. means for shifting said force transferring means selectively to dispose
      either of them in its operative car pushing position, and the other in a
      stored inoperative position; and
PA1  d. said separate force transmitting means in its stored inoperative
      position being sufficiently small to allow it to be positioned between
      coupled railroad cars without interference therewith.
NUM  2.
PAR  2. The combination of claim 1 in which said separate force transferring
      means includes two coupler engaging heads swingable between storage
      positions and oppositely extending operative positions.
NUM  3.
PAR  3. The combination of claim 2 wherein said two coupler engaging heads
      extend substantially parallel to each other and substantially
      perpendicular to the direction of said track portion when they are in said
      storage positions.
NUM  4.
PAR  4. The combination of claim 1 in which the shifting means selectively
      disposes either of said force transferring means in its operative car
      pushing position by vertical displacement of said car positioner arm.
NUM  5.
PAR  5. The combination of claim 1 in which the first force transferring means
      includes a plurality of depending means for pushing engagement with a
      coupled coupler.
NUM  6.
PAR  6. The combination of claim 5 in which the depending means include at least
      a pair of coupler engaging fingers.
NUM  7.
PAR  7. The combination of claim 1 in which the first force transferring means
      includes means for engaging a striker plate of a car.
NUM  8.
PAR  8. The combination of claim 1 in which the first force transferring means
      engages a coupled coupler by resting on the upper surface thereof and
      includes depending means operative between the coupled coupler and the
      railroad car.
NUM  9.
PAR  9. The combination of claim 1 in which the first force transferring means
      includes a mounting block carried by the distal extremity of said car
      positioner arm, a pair of coupler engaging fingers depending from said
      mounting block and adapted to abut a coupled coupler for transmitting a
      train moving force in one direction from the fingers to the coupled
      coupler, and means mounted on said mounting block for abutting a striker
      plate of at least one of a pair of coupled railroad cars for transmitting
      a train pushing force in the opposite direction.
NUM  10.
PAR  10. The combination of claim 1 in which the separate force transferring
      means includes at least one arm coupler pivotally mounted at said distal
      extremity.
NUM  11.
PAR  11. The combination of claim 10 wherein the arm coupler is pivotally
      mounted in superposed relation to the first force transferring means and
      for rotation in a plane parallel to the track portion.
NUM  12.
PAR  12. The combination of claim 11 wherein two oppositely extendable arm
      couplers are so mounted.
NUM  13.
PAR  13. The combination of claim 12 including means for retaining said arm
      couplers in folded positions within the space between a pair of coupled
      railroad cars.
NUM  14.
PAR  14. The combination as set forth in claim 1 wherein said car positioner is
      operable in a first mode of operation to engage the couplers of coupled
      cars and move such coupled cars in either direction, and being operable in
      a second mode of operation to couple with an uncoupled coupler at either
      end of a car and to move such car in either direction.
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PAL  A ski lift is provided having cars riding in a track up the slope by means
      of a rope trained about two wheels at opposite ends of the slope. The cars
      are manually engaged with the rope but are so designed that they may not
      be manually disengaged from the rope during their upward travel.
PARN
PAR  This application is a division of my copending application Ser. No.
      863,642, filed Oct. 3, 1969 for SKI LIFT, now U.S. Pat. No. 3,810,427.
BSUM
PAR  This invention relates to ski lifts and in particular provides a ski lift
      wherein the skier may sit down during the trip up the slope as contrasted
      with conventional rope tows.
PAR  One object of the invention is to provide a ski lift which is in part
      controlled by the skier so that the beginning of the trip up the slope is
      under the skier's control.
PAR  Another object of the invention is to provide a ski lift that will not
      disengage and cannot be disengaged by the skier during the ride up the
      slope, thus preventing the car from sliding backward into other skiers.
PAR  Still another object of the invention is to provide an economical ski lift
      of considerably less expense than lifts of the chair type.
PAR  Still another object of the invention is to provide for the portability of
      the ski tow thus permitting it to be moved to alternate sites.
DRWD
PAR  These and other objects of the invention will be apparent to those skilled
      in the art from the following specification an drawings in which:
PAR  FIG. 1 is a side elevation of the invention with the shelter broken away;
PA1  Fig. 2 is an enlarged cross section taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged cross section taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged perspective view of the car with portions broken
      away;
PAR  FIG. 5 is a detail of the line engaging portion of the car;
PAR  FIg. 6 shows the car spacing mechanisms; and
PAR  FIG. 7 shows a modified form of shelter.
DETD
PAR  FIG. 1 shows the ski lift of this invention, generally indicated by the
      reference numeral 10 as comprising a plurality of support legs 12
      extending downwardly from tubular cross supports 14. As best shown in FIG.
      2 the legs 12 are tubular and telescopic in order to adjust the height of
      the support bar 14 above the slope. The bottom end of the legs 12 have
      bolted thereto at 16 foot pads 18 for engagement with the surface of the
      slope. The legs 12 telescope by virtue of the bolt and nut arrangement
      shown at 20.
PAR  While, as shown, the legs 12 are supported by foot pads 18, short (say 18
      inches long) pegs or stakes may be provided to drive into the ground and
      used with or without the foot pads 18. In this way, ample stability and
      support is provided while at the same time permitting the tow to be
      readily moved as compared to previous tows, such as chair lifts or "T"
      bars, which require concrete foundations or other fixed structural
      supports.
PAR  At their upper ends the legs 12 have tubular sleeves 22 encircling the
      tubular cross bar 14 so that the angularity of the legs 12 with respect to
      the bar 14 may be adjusted. To hold the legs 12 in position on the bar 14
      a bolt 24 passing through a nut 26 welded to the sleeve 22 is provided.
      The bolt 24 may be threaded through the nut 26 to engage the outer surface
      of the tubular cross bar 14 and lock the sleeve 22 and its associated leg
      12 from unintentional removal off the end of the tubular bar 14.
PAR  As further shown in FIGS. 1 and 2 the cross bars 14 support a "U" shaped
      upper track 30 and a similar "U" shaped lower track 28.
PAR  At the upper end of the slope suitable supports 32 (also easily moved) rest
      upon railroad ties or the like 32' and support an axle 34 which in turn
      carries a wheel 36 such as a tractor wheel and tire. The axle 34 is driven
      by any suitable means (not shown) such as an electric motor operating
      through a speed reduction gear mechanism. At the lower end of the slope
      similar supports 38 rest upon ties 38' and support an axle 40 which has
      secured thereto another wheel and tire such as a tractor wheel and tire
      42. The wheel and tire 42 will rotate on the axle 40 by virtue of its
      engagement with a line 50 which is continuous and is trained around the
      wheel 42 and the driving wheel 36. The line 50 is preferably a synthetic
      fiber rope but may be natural fiber or a wire cable.
PAR  The line 50 passes upwardly from the lower wheel 42 through the center of
      the "U" channel 30, then around the driving tire 36, and then down the
      slope within or slightly beneath the lower "U" channel 28. The rope is
      driven in the direction of the arrow 44 by virtue of its frictional
      engagement with the driving wheel 36 as best shown in FIG. 3. As shown in
      FIG. 3, the tire 36 has two ribs 46 and 48 on its outer surface with three
      grooves 52, 54 and 56 therein. The groove 52 between the ribs 46 and 48 is
      dimensioned to securely hold the line 50 therein and since the tire is
      rubber will frictionally engage the same and drive the rope in the
      direction indicated by the arrow 44. The wheel 42 has a similar cross
      section to that shown in FIG. 3 for the wheel 36 and accordingly the wheel
      42 is driven by the rope 50.
PAR  As best shown in FIG. 2 the channel 30 has on each side thereof two larger
      and upwardly facing channels 58 and 60 which provide for reception of the
      skis of a skier riding astride the car of the ski lift. These channels 58
      and 60 comprise a lower horizontal portion 62 and 64 respectively which
      are bolted or riveted to flat plates 66 and 68 respectively arranged at
      intervals along the length of the channels 58 and 60. The plates 66 and 68
      are provided at each of the tubular cross bars 14 and are suitably secured
      thereto as, for example, by welding. The portions 62 and 64 of the
      channels 58 and 60 are surfaced with any suitable antifriction material
      such as a bristle mat, synthetic carpeting, plastic, or the like which is
      also weather resistant. Thus a skier sitting on a car 100 may place his
      skis on either side of the track 30 and resting on the surface 62' and 64'
      and ride up the lift without removing his skis. The skis will slide easily
      on the surfaces 62' and 64'. The inner portions of the channels 58 and 60
      are indicated at 70 and 72 respectively and extend upwardly and inwardly
      from the lower portions 62 and 64 respectively. At their upper inner ends
      the sloped portions 70 and 72 of the channels 58 and 60 are turned
      inwardly at 74 and 76 respectively and thence downwardly and under the
      in-turned upper lips 80 and 82 of the channel 30. Thus the portions or
      lips 84 and 86 of the in-turned portions 74 and 76 respectively support
      the channel 30 by means of the flanges 80 and 82 of the channel 30.
PAR  It will be seen that the only support for the channel 30 is the engagement
      of its flanges 80, 82 in the flanges or lips 84, 86 respectively. Heavy
      sheet metal material is used for the channel 30 and the channels 58-70 and
      60-72. It has been found that this provides excellent strength and
      rigidity thus permitting the use of support legs 12, described above,
      rather than expensive concrete foundations. Accordingly, the entire ski
      lift is portable and may be readily moved, lengthened, or shortened. Also
      contributing to this rigidity and to ease of assembly is the fact that the
      channel 30 telescopes into the upper ends of the support channels 58-70
      and 60-72. The channel sections 30 as well as the channel 58-70 and the
      channel 60-72 are provided in modular lengths of, for example, 10 feet,
      though, of course, other modular lengths may be used. During assembly a
      modular length of "U" shaped channel 30 is slid lengthwise into a channel
      58-70 and a channel 60-72 with its flanges 80, 82 engaged respectively
      with flanges 84 and 86. However, the channel 30 is slid into the channels
      58-70 and 60-72 for only about half of its length. The next succeeding
      channels 58-70 and 60-72 will then be slid into the channel 30 until they
      abut the previous channels 58-70 and 60-72. In this way the assembly is
      continued and the channel 30 will bridge the abutted joints between
      successive sections of the channels 58-70 and 60-72. The use of modular
      lengths also aids in ready moveability, lengthening or shortening of the
      tow.
PAR  The lower channel 28 is supported from the cross bars 14 by any suitable
      means such as by welding the bottom portion 88 thereof to the cross bar
      14.
PAR  The cars used in carrying a skier up the slope are best shown in FIG. 4 in
      which the car 100 is shown as comprising a body portion 102 having a seat
      104 supported therefrom by tubular supports 106 and 108 welded to the top
      portion 110 of the body 102. The seat 104 may be of a conventional or
      modified banana-type seat used with bicycles and has been found to be
      particularly advantageous since such a seat gives the rider a moderate
      forward and upward boost to an upright position as the rider dismounts at
      the top of the lift.
PAR  The rear portion of the car 100 is supported by means of wheels 112
      supported by an axle 114 passing through suitable retainers 116 provided
      at the lower portion of each side 103 of the body 102.
PAR  At its forward end the body 102 is supported by wheels 118 supported on an
      axle 120 passing through similar clamps (not shown) provided at the lower
      forward end of the body. The wheels 112 and 118 rotate about the axles 114
      and 120 respectively. The axle 120 has journalled thereon a grooved roller
      130 for reasons hereinafter described. The rearward axle 114 has
      journalled thereon between the wheels 112 and the sides of the body two
      cam-shaped brakes 124 (only one such cam being shown). The wheels 112 and
      118 are of size to fit under the flanges or lips formed on the upper track
      30, and also within the lips of the lower track or channel 28.
PAR  At its forward end the car 100 carries two rods 126 and 128 secured in
      suitable openings in the sides of the inverted "U" shaped body 102.
      Journalled on the forward one of these rods 126 is an inverted "U" shaped
      actuating member 132. This actuating member has secured thereto an
      upwardly extending handle 134. The actuating member 132 has two parallel
      legs 136 and 138. At their lower ends the side members 136 and 138 have
      pivotally secured thereto two rearwardly extending slotted bars 140, 142
      respectively. The bars 140, 142 may be pivoted to the side members 136,
      138 by means of headed pins 144 and 146 respectively which pass through
      suitable openings in the slotted bars 140, 142 and are welded on their
      outer end of the side bars 136 and 138.
PAR  The actuating members 132 is journalled on the rod 126 by means of a loose
      fitting tubular member 148 which has a flange 150 to which is secured
      through an opening thereon one end of a spring 152.
PAR  The rearwardly extending slotted bars 140, 142 have slots 154, 156
      respectively therein for receipt of a short axle 158 having journalled
      thereon a second grooved roller 160. The axle 158 is supported by two side
      supports 162, 164 which are secured at their upper end to a tubular member
      166 journalled upon the axle 128. The tubular member 166 has secured
      thereto as by welding an upwardly extending arm 168 having an opening 168A
      therein for receipt of the other end of the spring 152.
PAR  It will be seen from FIG. 4 and FIG. 5 that upon seating himself upon the
      seat 104 of the car 100 the skier may pull the actuating handle 134
      rearwardly thus moving the slotted actuating bars 140, 142 forwardly. This
      movement will cause the rearward ends of the slots 154, 156 to engage the
      extending ends of the rod 158 to urge it forwardly about the axle 128. As
      shown in FIG. 5 the axis of the roller 160 in its disengaged position
      (shown in solid lines in FIG. 5) is to the right of the line 159 passing
      through the axis of the axle 128 and the axis of the roller 130. After the
      actuating handle 134 is pulled rearwardly by the rider, the axis of the
      roller 160 is positioned to the left of the line 159 (shown in dotted
      lines in FIG. 5). It will be appreciated that this comprises an "over
      center" arrangement whereby the rope 50 is firmly pinched between the
      rollers 130 and 160 and any forward movement of the rope relative to the
      cart (such as any tendency for the cart to move backwards) tends to hold
      the rope in such a pinched condition thus insuring against accidental
      disengagement. When so engaged, of course, the cart moves up the slope
      being moved by the rope 50 and supported by the wheels 112, 118. It will
      also be seen that by virtue of the slots 154, 156 forward movement of the
      handle will not disengage the rollers 130, 160 from the rope 50 and
      accordingly a rider may not disengage his car with the attendant danger of
      rolling backwardly into the following car.
PAR  In order to disengage the car from the rope suitable trips 170, 172 extend
      downwardly from the side supports 162, 164 for engagement with the driving
      wheel 36 as best shown in FIG. 3 where the trips 170 and 172 are shown in
      engagement with the upwardly extending ribs 46, 48 of the wheel 36. By
      virtue of this engagement the trips 170, 172 will be moved rearwardly (see
      FIG. 5) thus moving the roller 160 away from the roller 130 and
      disengaging the car from the rope at the time that it passes about the top
      of the rubber tire 36.
PAR  After release from the rope, the car 100 will continue around the tire 36
      since the wheels 118 are held downwardly in engagement with the grooves 54
      and 56 of the tire by virtue of the fact that the rope 50 is entrained
      over the roller 130 and the axle 120 therethrough. This tends to "pinch"
      the axle, roller, and wheels 118 between the rope 50 and the rubber tire
      36.
PAR  After having passed completely around the tire 36 this "pinched"
      relationship will no longer exist and the car 100 can enter the upper end
      180 of the channel 28 where it will be supported by the wheels 118 and 112
      in an inverted position. From this point the car 100 will travel down the
      slope by friction of the rope on the pinch rollers or gravity while being
      supported by the channel 28.
PAR  While the return of the carts to the bottom end of the lift has been shown
      as being by a free run due to gravity, suitable mechanism can be provided
      to engage the carts to the return run of the rope 50 in order to control
      the descent of the carts and avoid excessive descent speed that might
      damage the carts. In such an arrangement the descending carts provide some
      counterweight to the ascending loaded carts thus decreasing power
      requirements somewhat.
PAR  As shown in FIG. 6 the car 100 will travel down the track 28 until it is
      stopped by engagement with the rearward end of a preceding car 100 or
      until it comes into contact with the stop mechanism generally indicated by
      the reference numeral 200. The stop mechanism 200 comprises a pivoted bar
      202 pivoted at 204 from an upstanding side support 206 which in turn is
      secured to the upper surface of the inverted "U" channel 28. The pivoted
      bar 202 has a downwardly extending stop 210 which extends through a
      suitable opening in the upper surface of the "U" channel 28 and passes
      into the channel 28 to a sufficient distance to engage the axle 120 of the
      car 100. The bar 202 is of greater length than the distance between the
      axles 120 and 114 and at its other end the bar 202 has a depending arm
      212. The arm 212 passes through a suitable opening in the upper surface of
      the channel 28 well rearwardly of the axle 114 of any car 100 that is in
      position with its axle 120 in engagement with the stop 210. A solenoid 214
      may be actuated as hereinafter described to raise the stop 210 out of
      engagement with a car 100 to permit it to continue downwardly in its path
      within the channel 28. When the arm 202 pivots to raise the stop 210, the
      rearward arm 212 is extended downwardly into its dotted line position to
      engage the front portion, axle, or wheel of the next succeeding car in
      order to permit the car just released to continue on its path and thus
      space the cars. When the solenoid 214 is deactivated as hereinafter
      described the arm 202 returns to its solid line position as shown in FIG.
      6 thus permitting the downwardly depending arm 212 to release any car it
      has stopped and permitting it to move forward to engagement with the stop
      210. The solenoid is secured, as indicated in FIG. 6, to one end of the
      arm 202 and is pivoted at 214' to a fixed portion 216 of the adjacent
      supporting framework. Suitable switches, hereinafter described, are used
      to activate and deactivate the solenoid.
PAR  As shown in FIG. 1 a limit type switch 220 is positioned a short distance
      up the track 30. Upon sitting upon the car 100 and pulling back on the
      handle the skier will be carried up the track and past the switch 220
      which will activate the solenoid 214 to raise the stop 210 and permit the
      car 100 trapped thereby to travel downwardly along the track 28 and
      particularly along the lower portion 224 of the track 28. Upon striking
      the limit switch 222 the car 100 will deactivate the solenoid 214
      permitting the spring 209, which is fixed at its ends to the channel 28
      and the arm 202, to lower the stop 210 and raise the stop 212 which has
      held back successive cars. Thereupon the next car will enter the stop
      block and come up against the stop 210 in preparation for the next
      activation of the switch 220 by the next skier going the slope.
PAR  Meanwhile the previous car 100 after having struck the limit switch 222
      will be pinched between the rope 50 and the rubber tire 42 and carried
      around the rubber tire 42 and passed a short distance up the channel 30 by
      its inertia. The car 100 will be prevented from going back down the slope
      along the track 30 by means of the brake cams 124 which engage the inner
      bottom surface of the channel 30. Such cams will also brake the car at any
      time it may tend to move rearwardly in the track 30 such as in the event
      the line broke.
PAR  It will be appreciated that other mechanisms than the pivoted bar 202 may
      be used to space the cars including, for example, a parallelogram linkage
      arrangement which would permit the stop bars 210 and 212 to move
      rectilinearly rather than in an arc. Similarly, direct acting mechanical
      linkage could be provided instead of the solenoids shown.
PAR  Since the ski tow is habitually used in areas exposed to severe weather, a
      problem arises with respect to snow, sleet, freezing rain and the like. In
      order to protect against the elements, a suitable shelter may be provided.
      As shown in FIG. 1 the shelter comprises a plurality of frames 302
      supported from the cross bars 14 and extending up and over the upper track
      30 and any skier riding on cars 100 passing up the slope. A suitable
      plastic or canvas cover 300 is supported by the frame member 302 thus to
      protect the device and any skier riding thereon.
PAR  An alternative shelter arrangement is shown in FIG. 7 as comprising
      truncated "A" frame sections 350 comprising side frame members 352, 354
      and a top section 356. Suitable braces 358 and 362 are provided to
      strengthen the structure. The frame sections 350 rest at their bottom
      directly upon the ground and are provided in sections to be assembled end
      to end. Windows 360 may be provided and hinged at their bottom at 364
      which may be opened in relatively warm weather. Suitable heating, lighting
      and sound systems may be provided in either of the shelters, if desired.
PAR  Still another covering can be provided supported by the legs 12 to enclose
      the underside of the track to prevent snow build-up beneath the lift in
      order to permit free passage of the returning cars.
PAR  As an alternate, when it is not desired to incur the cost of a shelter,
      means are provided for clearing the track 30 and the channels 58-70 and
      60-72. As shown in FIG. 1, a snow plow 400 may be secured by a bracket 402
      to a car 100 by bolting, clamping, or otherwise attaching the same to the
      car. The plow has a portion 404 extending downwardly into the track 30 and
      side portions 406 extending downwardly into the channels 58-70 and 60-72.
      Upon attaching the plow 400 to a car 100 and operating the device, the
      plow 400 will suitably plow the track and ski channels and may then be
      removed.
PAR  Similarly, an electrical heat tape 31 (as shown in FIG. 2 can be provided
      to prevent frozen snow or ice from building up in the track.
PAR  As an alternate means of connecting the plow 400 to the driving line 50 a
      line pinching arrangement such as used on the cars may be used and the
      plow may then be connected directly to the line.
PAR  While reference has been made herein to the use of the lift specifically as
      a ski lift, it is to be understood that the lift has general utility for
      carrying passengers up a slope. For example, it may be used to carry
      passengers without any skis, it being necessary only that the passenger's
      foot gear slide readily upon the surfaces 62' and 64'. Also, depending
      stirrups may be provided on the carts which extend downward close to the
      surfaces 62' and 64' on which a rider with unsuitable foot gear could rest
      his feet.
PAR  The rope 50 can initially be split and then threaded through the gripping
      devices on the cars 100 and then spliced to make a continuous rope, in a
      conventional manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a ski tow having a track, an endless line, power means to move one
      reach of said line up a slope, a wheeled seat supported by said track, and
      means for connecting said seat to said line to move said seat up said
      slope on said track, the improvement comprising said connecting means
      including a first rotatable line engaging roller supported in a fixed
      position relative to said seat, a second rotatable line engaging roller
      supported on a pivot relative to said seat whereby said second roller is
      rotatable about its own axis and is movable through an arc about said
      pivot, said rollers being positioned on opposite sides of said line,
      manually operated lever means for moving said second roller about said
      pivot from a first position in which said line may move through said
      rollers without moving said seat to a second position in which said line
      is pinched between said rollers to move said seat up the slope, said
      manually operable lever means being inoperative to move said second roller
      from said second position back to said first position whereby the rider of
      said seat may control the engagement of said seat to said line but may not
      disengage said seat from said line.
NUM  2.
PAR  2. The article of claim 1 including trip means for automatically moving
      said second roller from its second position to its first position to
      disengage said seat from said line at the top of the slope.
NUM  3.
PAR  3. The article of claim 2 wherein said trip means comprises a downwardly
      extending trip extending to an opposite side of said line from said second
      roller, and a member mounted on said track at the upper end of said slope
      adapted to engage said downwardly extending dogs and move said second
      roller back to said first position.
NUM  4.
PAR  4. In a ski tow having a track, an endless line, power means to move one
      reach of said line up a slope, a wheeled seat supported by said track, and
      means for connecting said seat to said line to move said seat up said
      slope on said track, the improvement comprising said connecting means
      including a first rotatable line engaging roller supported in a fixed
      position relative to said seat, a second rotatable line engaging roller
      supported on a pivot relative to said seat whereby said second roller is
      rotatable about its own axis and is movable through an arc about said
      pivot, said rollers being positioned on opposite sides of said line,
      manually operated lever means for moving said second roller about said
      pivot from a first position in which said line may move through said
      rollers without moving said seat to a second position in which said line
      is pinched between said rollers to move said seat up the slope, said lever
      means being pivotally mounted at locations spaced from said pivot, and a
      connecting link between said lever means and said second roller including
      a slot providing lost motion linkage permitting movement of said second
      roller toward said second position and being ineffective to move said
      second roller away from said second position.
NUM  5.
PAR  5. In a ski tow having a track, an endless line, power means to move one
      reach of said line up a slope, a wheeled seat supported by said track, and
      means for connecting said seat to said line to move said seat up said
      slope on said track, the improvement comprising said connecting means
      including a first rotatable line engaging roller supported in a fixed
      position relative to said seat, a second rotatable line engaging roller
      supported on a pivot relative to said seat whereby said second roller is
      rotatable about its own axis and is movable through an arc about said
      pivot, said rollers being positioned on opposite sides of said line,
      manually operated lever means for moving said second roller about said
      pivot from a first position in which said line may move through said
      roller without moving said seat to a second position in which said line is
      pinched between said rollers to move said seat up the slope, an elongated
      support member, said second rotatable line engaging roller being rotatable
      supported on said elongated support member, said elongated support member
      being mounted on said pivot at location spaced from the axis of said
      second roller.
NUM  6.
PAR  6. The article of claim 5 wherein said pivot is positioned in relation to
      said first roller so that as said power means moves said one reach of said
      line up a slope, drag from said line acting on said second roller tends to
      pinch said line between said first and second rollers.
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ABST
PAL  Disclosed herein is railway apparatus or the like for mixing and
      transporting molten metals, particularly pig iron, which essentially
      comprises a longitudinal, refractory lined cylindrical vessel, provided at
      its opposite ends with removable cover members and also provided with a
      self-contained drive unit for rotating the vessel about its longitudinal
      axis. This vessel, with its associated self-contained drive unit, is
      removably supported beneath its ends upon two spaced railroad trucks,
      through ball joints associated therewith. The vessel and drive unit may be
      readily separated from the underlying trucks for installation,
      maintenance, and/or removal of the refractory lining in any desired vessel
      orientation, while the vessel is rotated by its self-contained drive unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Industry practice with railway mixer-transport cars has shown that the
      efficiency and the economy of operating such vehicles for transporting
      liquid metals is substantially affected by the difficult and burdensome
      methods employed heretofore in installing vessel linings. Approximately
      20-25% of the operating time of these cars is used for the removal of old
      linings and the installation of new ones, typically mostly by inefficient
      procedures utilizing manual operations. This significant loss of operating
      time with conventional mixer-transport cars results in a large measure
      from the difficulty, and in some cases the impossibility, of using
      mechanized operations and automatic tools and devices for removing the old
      lining and installing a new one. Moreover, due to this lack of the
      efficient use of mechanized auxiliary devices, working conditions are
      extremely uncomfortable and oppressive, especially, for example, during
      the fracturing of the old refractory lining and subsequent removal of the
      fragments from the vessel. This, of course, tends to produce an extremely
      unpleasant atmosphere, which is not conducive to efficient work or easy to
      tolerate by the personnel replacing, removing, or repairing liners.
PAR  Accordingly, it is an objective of the present invention to employ modern,
      fully mechanized devices for installing, maintaining, and/or removing the
      lining, and to that end, to make the vessel readily accessible, and
      furthermore, to make possible the rotation of the vessel, after lifting it
      off the supporting railroad trucks to bring it into an inclined or
      vertical position. The identification and satisfaction of these highly
      desirable objectives represent the bases of the present invention. Indeed,
      the new and improved mixer described hereinafter is more efficient and
      more economical to operate than any comparable mixers heretofore known to
      the art.
PAR  For example, German patents DT-OS No. 1,936,770 and DT-OS No. 2,053,030
      disclose mixer-transports of the type known to the art. While these
      patents include some structure found in the present invention, they do not
      disclose or suggest the principles of the present invention. Indeed, the
      mixer-transport of the present invention overcomes many of the
      shortcomings of the earlier patented apparatus.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It is the major object of the present invention to provide a new and
      improved mixer-transport railway car for the transport of liquid metals,
      particularly pig iron. To that end, the apparatus of the present invention
      includes a rotatable, longitudinal, essentially cylindrical vessel
      provided with removable cover or head members on its ends. As a very
      important aspect of the present invention, the vessel is rotated about its
      longitudinal axis by a self-contained drive unit. Moreover, the vessel is
      supported at both ends on railway trucks through a separable ball joint,
      which facilitates and permits the ready separation of the vessel and its
      associated, self-contained drive unit from the underlying railway trucks.
      This unique arrangement, which lends itself to simplified construction,
      overcomes the disadvantages and eliminates many of the shortcomings of the
      prior art mixer-transport cars. Indeed, the vessel, once lifted off the
      underlying trucks, may be oriented into any position, while its interior,
      after both end covers are removed, is freely accessible to the mechanized
      removal, repair and/or replacement of the vessel lining.
PAR  As will be understood, the advantageous operation of the new apparatus is
      achieved, according to the invention, by having the driving unit located
      immediately adjacent the vessel and supported in relation therewith to
      form a structural entity, which entity is not separated or otherwise
      disrupted when the vessel structure is removed from the underlying trucks.
PAR  In accordance with another important aspect of the invention, the vessel is
      supported for rotation upon rollers disposed in races which cooperate to
      form a large roller bearing. The major load-bearing portion of the outer
      race is designed as a reinforced saddle segment, while the remainder of
      the roller bearing outer race is designed as a retaining plate guide. The
      roller saddle segment is firmly connected with the structural members
      supporting the self-contained drive units and, with a spherical rotary
      socket, forming the upper part of the separable ball joint through which
      the vessel is connected to the trucks.
PAR  For a better appreciation of the benefits of and advantages to be derived
      from the practice of the present invention, reference should be made to
      the accompanying drawings and the following detailed description of the
      new and improved mixer-transport apparatus.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial, side elevational view of a mixer-transport railway car
      for the transport of molten pig iron or the like, which embodies the
      principles of the present invention;
PAR  FIG. 2 is a transverse, cross-sectional view of the mixer-transport
      apparatus of FIG. 1 taken along line 2--2 thereof;
PAR  FIG. 3 is an enlarged, schematic, cross-sectional view of a mixer-transport
      vehicle embodying the principles of the present invention;
PAR  FIG. 4 is a cross-sectional view of the apparatus of FIG. 3 taken along
      line 4--4 thereof; and
PAR  FIG. 5 is a fragmentary, side elevational view of the apparatus of FIG. 3
      showing details of mounting of the self-contained driving unit for
      rotating the mixing vessel.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENT INVENTION
PAR  Referring now to FIG. 1, the new and improved mixer-transport railway car
      of the present invention includes an elongated, cylindrical vessel 1
      supported at each end (only the righthand end being illustrated) by
      railway trucks 2 of conventional construction. Specifically, and as shown
      best in FIGS. 1 and 3, the tubular vessel 1 through its support structure
      is mounted upon the underlying railway trucks by a ball joint 3, and is
      stabilized thereon by chocks 4 straddling the ball joint and disposed at
      the edge of the trucks 2. More specifically, the vessel structure 1 is
      supported for rotation about its longitudinal axis in a large, circular
      roller bearing 7, the outer race of which comprises a lower, reinforced,
      saddle member 6 defining a partial outer race and an upper plate-like
      segmented race element 7a. When connected together, the race elements 6,
      7a define a totally circular outer race for the roller bearing member 7,
      which cooperates with the inner race 5 to retain rollers 5a therebetween,
      as shown best in FIG. 3. As shown in FIG. 5, the inner race 5 for the
      roller bearing 7 is affixed directly to the outer shell of the vessel 1.
      The reinforced saddle member 6, which bears most of the load of the vessel
      1 as it is rotated about its longitudinal axis, has a socket formed at its
      centralmost lower surface, which socket engages the ball element of the
      ball joint 3, as will be understood and as is indicated in FIGS. 3 and 4.
PAR  The support structure for the vessel 1 includes laterally extending arms or
      struts 9 projecting outwardly, at the ends of the vessel, from the saddle
      member 6, as shown best in FIGS. 4 and 5. These struts 9 support drive
      units 8, 8a, as shown in FIG. 4, each of which is of sufficient horsepower
      to provide the necessary torque to drive an endless roller chain 14 which,
      in turn, rotates the vessel 1. The chain 14 engages a driving sprocket 13
      mounted on the motor output shaft thereof and a vessel drive sprocket
      wheel 15 fastened directly to the vessel 1 (FIG. 3). More specifically,
      each drive unit 8, 8a includes a motor 11 (FIG. 5), a clutch with a brake
      (not shown) and a reduction gear 12 (indicated schematically in FIG. 5),
      which delivers the driving output to the aforementioned sprocket wheel 13,
      as indicated schematically in FIG. 5.
PAR  The sides of the vessel 1 are provided with lifting lugs 16, which may be
      engaged by a crane or other heavy lifting apparatus to elevate the vessel
      with respect to the underlying railway trucks and to separate the vessel
      therefrom. At the midpoint of the longitudinal vessel 1, a port structure
      17, communicating with the interior of the vessel, is provided for filling
      and emptying the vessel in known manner.
PAR  The opposite ends of the vessel 1 are closed off by cover plates or heads
      18 bolted thereto. As shown, the heads 18 include hook members 19 to
      facilitate their handling by mechanized auxiliary equipment. As is the
      case with all mixer-transports of this general type, the vessel 1 is
      completely lined with conventional refractory material 20.
PAR  As an important advantage of the present invention, the refractory lining
      of the mixer-transport may be replaced in the following manner without
      great difficulty: The head cover members 18 are removed, for example, by
      means of a crane engaging the hooks 19, and the refractory lining closing
      off the ends of the vessel is removed, making the vessel essentially into
      an open cylindrical tube. In this condition, access to the remainder of
      the refractory lining may be easily had, and the lining may be worked upon
      efficiently with mechanized equipment by rotating the vessel through the
      self-contained drive units 8, 8a, in the manner described hereinabove. Of
      course, the specific speeds chosen as well as the torques applied by the
      drive units may be adjusted to the particular equipment and methods being
      employed to fracture and to remove the refractory linings. Advantageously,
      the aforementioned process of removing the refractory, preparatory to
      replacing the same, is performed after the vessel has been removed from
      the underlying railway trucks 2. Typically, a crane or other heavy lifting
      equipment is used to engage the lugs 16 or the arms 9, to lift the vessel
      from the carriage and to place it on a shop stand or other suitable
      support, adjacent the railroad tracks, for engaging the undersides of the
      arms 9. As will be understood and in accordance with the principles of the
      invention, the vessel may be readily rotated while on the shop stand by
      the self-contained drive unit; moreover, the vessel and its self-contained
      drive unit may be supported, after its removal from the underlying railway
      truck, in any particular orientation ranging from the horizontal to the
      vertical. The particular position or positions in which the vessel is
      oriented on the shop stand will be or may be designed for the best results
      and most efficient performance of each of the particular steps in the
      lining process. As will be readily apparent, with the vessel tilted or
      otherwise supported in a steeply inclined position, the fractured
      refractory lining may be removed without the necessity of workers having
      to intervene. Thus, the vessel may be tipped on its end and rotated while
      a hammering mechanism breaks up the refractory, permitting the broken
      refractory to slide downwardly and outwardly of the rotating vessel by
      gravity.
PAR  It should be understood that the mixer-transport railway apparatus herein
      illustrated and described is intended to be representative only, as
      certain changes may be made therein without departing from the teachings
      of the disclosure. Accordingly, reference should be made to the following
      appended claims in determining the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mixer-transport apparatus for molten metals or the like comprising
PA1  a. a longitudinal, cylindrical vessel having a refractory lining and
      removable end covers;
PA1  b. bearing means journalling said vessel for rotation about the
      longitudinal axis thereof;
PA1  c. support structure means connected to said bearing means for supporting
      said bearing means and said vessel;
PA1  d. underlying wheeled truck means mounting said support structure means;
PA1  e. joint means disposed between said truck means and said support structure
      means accommodating the separation of said support structure means from
      said underlying truck means; and
PA1  f. self-contained drive unit means for rotating said vessel mounted on said
      support structure means and forming with said vessel, said bearing means
      and said support structure means, a single structural entity for
      separation as a whole from said underlying truck means.
NUM  2.
PAR  2. The apparatus of claim 1, further characterized in that
PA1  a. said support structure means includes strut means projecting outwardly
      from said vessel;
PA1  b. said self-contained driving means are supported on said strut means.
NUM  3.
PAR  3. The apparatus of claim 1, further characterized in that
PA1  a. said self-contained driving unit means are disposed adjacent the ends of
      said vessel.
NUM  4.
PAR  4. A mixer-transport apparatus for molten metals or the like, comprising
PA1  a. a longitudinal, cylindrical vessel having a refractory lining and
      removable end covers;
PA1  b. bearing means journalling said vessel for rotation about the
      longitudinal axis thereof;
PA1  c. said bearing means including circular roller bearings with inner and
      outer races;
PA1  d. support structure means for said bearing means and said vessel;
PA1  e. said outer race affixed directly to said support structure means and
      said inner race affixed directly to said vessel;
PA1  f. underlying wheeled truck means mounting said support structure means;
PA1  g. joint means disposed intermediately of said truck means and said support
      structure means accommodating the selective separation of said support
      structure means from said underlying truck means; and
PA1  h. self-contained drive unit means for rotating said vessel mounted on said
      support structure means, and forming with said vessel, said bearing means
      and said support structure means, a single structural entity which may be
      selectively separated as a whole from said underlying truck means.
NUM  5.
PAR  5. The apparatus of claim 4, further characterized in that
PA1  a. the central lower portions of said outer race are in the form of a
      reinforced saddle segment.
NUM  6.
PAR  6. The apparatus of claim 5, further characterized in that
PA1  a. the lower surfaces of said saddle segment include socket means for
      engaging a ball means;
PA1  b. said separable joint means is in the form of a ball joint, including
      said socket means and a ball means.
NUM  7.
PAR  7. The apparatus of claim 5, further characterized in that
PA1  a. said outer race includes upper plate-like elements which cooperate with
      said lower saddle segment to define a circular race;
PA1  b. said inner race and said outer race cooperate to define an annular
      retainer;
PA1  c. a plurality of roller elements disposed in said annular retainer end
      accommodate the smooth rotation of said vessel about its longitudinal
      axis.
NUM  8.
PAR  8. The apparatus of claim 7, further characterized in that
PA1  a. sprocket wheel means are affixed to the outer surface of said vessel;
PA1  b. said self-contained driving unit includes a sprocket drive wheel means;
PA1  c. an endless roller chain interconnects said sprocket wheel means for
      transmitting torque from said self-contained drive unit to said vessel to
      rotate the same.
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PAL  The system comprises band anchors uniformly spaced along opposite sides of
      a flat-decked vehicle, such as a railway flatcar. Each band anchor
      includes a pair of transversely extending facing channels flush with the
      deck of the car and having ratchet teeth depending from the top legs of
      the channels. An anchoring member is adjustably mounted between the
      channels and has teeth engageable with the ratchet teeth of the channels
      as tension on the band is taken up. The ratchet teeth cam and retain the
      anchoring members into engagement with the sides of the load as the bands
      are under tension. The anchoring members are non-flexible when under no
      load and each has an outer link with a compression member interposed
      between the outer link and anchoring member to accommodate extension of
      the outer link upon longitudinal shifting of the load.
BSUM
PAC  PRIOR ART
PAR  Pertinent prior art is the Patent to Broling U.S. Pat. No. 3,209,706 and
      the Patent to O'Leary et al. U.S. Pat. No. 3,678,866.
PAC  BACKGROUND, SUMMARY AND ADVANTAGES OF INVENTION
PAR  Flat lading, such as stacks of lumber, has been tied to the deck of a
      flatcar by chains, as shown in U.S. Pat. No. 3,209,706. Chains, however,
      require tensioning devices forming a part of the tiedown, which must be
      stored when the car is empty and are expensive and heavy. Chains are also
      subject to theft, which is quite common in certain areas.
PAR  In order to reduce theft of the chains, double banding has been used, as
      shown in U.S. Pat. No. 3,678,866. Double banding, however, has utilized
      compression units to attach the banding to the sides of the car, which are
      stored beneath the deck of the car and attached to the car by chains,
      welded to the sides of the car. These unit, including the springs and
      chains, must be lifted when banding the load. This increases the effort
      required to band the load and does not confine or protect the load against
      lateral shift. The units are otherwise objectionable due to their
      flexibility with the result that the units tend to flop around when in
      transit and not in use.
PAR  By the present invention, single banding is used and anchoring units are
      adjustable to the width of the load. These anchoring units are close
      coupled, but compressible blocks in the anchoring units allow angular
      movement of the units when the load shifts longitudinally. The anchoring
      units also are cammed to lean against the load into firm engagement with
      the sides of the load as the bands lift the anchoring members by taking up
      of tension on the bands and compressing the elastomeric members.
PAR  An advantage of the present invention, therefore, is the reduction in
      effort required to band the load and the positive engagement and leaning
      of the anchoring members into engagement with the sides of the load.
PAR  A further advantage is in the non-elasticity of the banding members,
      guiding the load when longitudinal shift occurs, and conforming to the
      load without overloading the bands.
PAR  A further advantage is the positive holding of the load from lateral
      shifting and the accommodation of the load to shift longitudinally due to
      impacts on the car.
PAR  A still further advantage in the invention is the arrangement of the system
      for single strand banding and the ability of the anchoring units to take
      care of different widths of bands as required to effectively hold a load
      to a flatcar.
PAR  Another advantage of the invention is the arrangement of the anchoring
      units to be cammed into engagement with the sides of the car as the bands
      are tensioned over the load.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of a preferred embodiment thereof,
      taken in conjunction with the accompanying drawings, although variations
      and modifications may be effected without departing from the spirit and
      scope of the novel conecpts of the disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in side elevation of a railway flatcar in which lading,
      such as packaged lumber, is stacked and tied down by banding in accordance
      with the principles of the present invention;
PAR  FIG. 2 is a top plan view of the loaded flatcar shown in FIG. 1;
PAR  FIG. 3 is an enlarged partial sectional view taken substantially along line
      III--III of FIG. 2;
PAR  FIG. 4 is an enlarged front view of the banding unit shown in FIG. 3;
PAR  FIG. 5 is a view showing the opposite side of the banding unit from that
      shown in FIG. 4;
PAR  FIG. 6 is a sectional view taken substantially along line VI--VI of FIG. 4;
      and
PAR  FIG. 7 is a sectional view taken substantially along line VII--VII of FIG.
      4.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT OF INVENTION
PAR  FIGS. 1 and 2 of the drawings show a lading transporting vehicle, shown as
      being a railway flatcar 10, having a flat deck 11, but which may be a
      flat-decked truck or trailer or other form of transporting vehicle
      commonly used for transporting lumber or other flat stacked material. The
      lumber is shown as being in stacks or bundles in which the bundles are
      stacked one on top of the other and are arranged in end-to-end relation
      along the deck of the car. As shown in FIG. 1, spacers 12 extend
      transversely of the car and space the bundles from the flat deck of the
      car and from each other to provide spacing between the bundles for the
      forks of a fork-lift truck to permit the fork-lift truck to load and
      unload the bundles of lumber from the car.
PAR  The car generally includes side sill structures 14, floor stringers 15 and
      end bulkheads 16 at opposite ends of the car accommodating limited
      longitudinal movement of the lading upon impacts which normally occur upon
      sudden stops and upon the taking up of slack in the draft gear when
      starting the train.
PAR  Spaced along each side of the car are band anchors 17 for load restraining
      members such as bands 18 extending over the load under tension. The bands
      18 are protected from the load by corner protectors 19 and are shown as
      single strand bands extending from the band anchors over the load and
      placed under tension by a conventional tensioning tool (not shown) such as
      a windlass, an over-center leverage device or fluid pressure types of
      tensioning tools commonly used to tension banding. The tension may be in
      the order of 3,000 lbs. Adjacent ends of the tensioned bands may then be
      spliced together by crimp splices 22. The bands may also have a
      conventional safety loop (not shown) connected therein between the
      connected ends of the banding to prevent snapping of the banding when
      cutting. Such safety loop is shown and described in U.S. Pat. No.
      3,678,866 and is no part of the present invention, so need not herein be
      shown or described further.
PAR  The band anchors 17 spaced along the car and aligned with each other on
      opposite sides of the car each comprise a pair of facing channels 21
      recessed level with the top of the deck 11 and welded or otherwise secured
      to the tops of the side sills 14 and floor stringers 15. The channels each
      include vertically spaced legs 23 extending horizontally from the web of
      the channel. An inner wall 24, which may be formed integrally with the
      channel structure, closes the inner end of each channel. The inner walls
      24 extend inwardly of the legs 23 and may be welded or otherwise secured
      together at their inner ends, as shown in FIG. 4.
PAR  Forming an outer continuation of each channel 21 is a guide track 25
      extending downwardly and inwardly of said channel beneath the floor of the
      car and terminating at its inner end in a recess 26 for ratchet teeth 27.
      Said ratchet teeth extend from opposite sides of an anchoring member 29
      for supporting said anchoring member to extend along the side sill 14
      during travel of the car and thereby forming a means for storing band
      anchors to depend along the side sills of the car and impede swinging
      action when car moves empty. The ratchet teeth 27 extending from each side
      of the anchoring member 29 cooperate with ratchet teeth 30 depending from
      the top legs 23 of the channels 21. The ratchet teeth 27 and 30 are
      pitched to retain the associated anchoring member 29 against the load as
      tension is taken up on the banding and to cam a flat inner face 31 of the
      anchoring member into firm engagement with the side of the load as tension
      is taken up on the band 18.
PAR  The anchoring member, thus, may be moved along the channels 21 into
      position adjacent the load. Engagement of the ratchet teeth 27 with the
      ratchet teeth 30 as the band anchor is lifted from the lower legs of the
      channels as tension is taken up on the banding will cam an inner face 31
      of the anchoring member to lean against the side of the load in firm
      engagement therewith. This is attained by tensioning the band without
      lifting the anchoring member 29 except to pivot it towards the load. It is
      thus unnecessary to lift the anchoring member when banding the load and
      the anchoring member is automatically cammed into firm engagement with the
      load as tension is taken up on the band.
PAR  The anchoring member 29 forms a mounting for an outer link 32 of the unit
      and connected with said anchoring member through a U-bolt 33 engaging a
      bar 34 extending across said link and forming a part thereof. As shown in
      FIGS. 3 and 4, the U-bolt 33 slidably extends through a ledge 35 at the
      upper end portion of the anchoring member and through a downwardly spaced
      abutment member 36 slidable relative to said anchoring member. Nuts 37,
      threaded on the lower ends of the legs of the U-bolt, retain the abutment
      member to the U-bolt. Between the legs of the U-bolt and abutting the
      abutment member 36 and ledge 35 at its opposite end is a compressible
      member 39 shown as being a compressible block. The compressible member 39
      may be a rubber block, an elastomeric block or a block made from another
      form of compressible material and serves to retain the link 32 to the
      anchoring member 29 as a relatively solid member when under no load, but
      to accommodate extensible movement of the link 32 relative to the
      anchoring member as said link and the band 18 are placed under tension. A
      stop 40 depends from the cross bar 34 and is engageable with the ledge 35
      to limit retractable movement of said link relative to said anchoring
      member.
PAR  The link 32 has a flattened upper end portion 41, shown as having two
      connector slots 42 and 43 therein to accommodate the connection of
      different widths of banding to the link 32 in accordance with the tension
      required to tie down the load, or handing availability.
PAR  The band 18 is connected to the link 32 by a loop 44 formed therein by a
      connector 45, crimped or otherwise secured to the band 18. The connection
      forming the loop 44 is well known to those skilled in the art and is no
      part of the present invention so need not herein be shown or described
      further.
PAR  Longitudinal shifting of the load between the bulkheads 16, caused by
      impact or taking up slack in the draft gear, is accommodated by the
      compressible member 39. Enough clearance has been provided between the
      U-bolt and link 32 to accommodate angular movement of the link to enable
      the band to conform to the load when the load shifts. The compressible
      member 39 is so designed as to be capable of being compressed for
      substantially 50% of its height. Normal take-up of banding tension
      compresses the block to about 25% of its height. Compression of the
      compressible member is limited by stops 46 extending outwardly of the flat
      rear face of the anchoring member on opposite sides of the compressible
      member, and positioned to engage the abutment member 36 upon extreme loads
      on the bands.
PAR  For normal loads, as light a band as possible is trained through the
      apertured portion 42 of the link and serves to tie down the load. Where,
      however, the narrow or light bands may prove to be inadequate en route,
      due to operating conditions or increased tensile force required to tie
      down the lumber, the light bands may snap. Heavier and wider bands may
      then be connected with the link 32 through the apertured portion 43. Where
      breakage may occur en route, the narrow banding is cut from the connector
      links 32 and wider banding, which is always carried by the railroad, will
      be substituted for the narrow banding.
PAR  A stop 49 is pivoted between parallel ears 47 on a pivot pin 48. The ears
      extend from one channel, as shown, and support the pivot pin to extend
      transversely of the car. The stop 49 is shown as L-shaped in form and is
      movable upwardly to the dotted line position shown in FIG. 4 when it is
      desired to store the anchoring member along the side sill of the car. The
      stop 49 also retains the anchoring member 29 and link 32 to be stored
      horizontally between the channels 21 and retains the anchoring member
      between said channels during travel of the car.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A tie anchor for anchoring stacked lading to the deck of a flat-decked
      vehicle, comprising
PA1  a load restraining member placing said tie anchor under tension,
PA1  a pair of facing channels extending transversely of the deck of the vehicle
      and having vertically spaced upper and lower legs,
PA1  ratchet teeth depending from the upper legs of said channels,
PA1  an anchoring member adjustably movable between said channels and resting on
      the lower legs thereof upon release of tension on the load restraining
      member,
PA1  spaced upwardly facing ratchet teeth on opposite sides of said anchoring
      member and engageable with said downwardly facing ratchet teeth upon the
      taking up of tension on the load restraining member,
PA1  said anchoring member having an outer link forming a solid member with said
      anchoring member and extensible relative thereto upon the placing of said
      load restraining member under a predetermined tension,
PA1  a compressible member disposed between said anchoring member and said outer
      link and compressible as the loads on said outer link increase, and the
      connection between said anchoring member and outer link accommodating
      angular movement of said outer link to enable said load restraining member
      to conform to the load upon longitudinal shifting of the load caused by
      impacts.
NUM  2.
PAR  2. The tie anchor of claim 1, wherein the load restraining member is a
      single strand band, and wherein the compressible member is a block of
      yieldable material.
NUM  3.
PAR  3. The tie anchor of claim 2, wherein the anchoring member has a flat load
      engaging face, and wherein the cooperating ratchet teeth on said anchoring
      member and top legs of said channels cam said load engaging face into
      engagement with the load upon angular upward movement of the anchoring
      member as tension on the load restraining member is taken up.
NUM  4.
PAR  4. The tie anchor of claim 3, wherein the load restraining member is a
      single strand band, and wherein the outer link has a plurality of
      apertures therein to adapt the outer link for different width bands in
      accordance with the load tied down.
NUM  5.
PAR  5. The tie anchor of claim 3, wherein the channels have guide tracks
      forming outward and downwardly spaced inward continuations thereof to
      accommodate storing of the anchoring member and outer link along the side
      sill of a car, and wherein each guide track has an upwardly facing
      recessed portion therein conforming to the ratchet teeth on said anchoring
      member and retaining the anchoring member and outer link from swinging
      movement relative to the side sill when en route.
NUM  6.
PAR  6. The tie anchor of claim 5, wherein a movable stop is pivoted to the
      outward continuation of a channel for movement into the path of movement
      of said anchoring member along said channels to retain the anchoring
      member and outer link for storage between said channels and to accommodate
      movement of the anchoring member and outer link for storage along the side
      sills of the car.
NUM  7.
PAR  7. The tie anchor of claim 5, wherein the compressible member is an
      elastomeric block, and including a stop to limit compression of said
      block.
NUM  8.
PAR  8. In a system for tying down stacked loads to a transportation vehicle
      having a flat deck,
PA1  tie anchors spaced along each side of the deck and load restraining bands
      passing over the load and connected between laterally aligned tie anchors
      under tension,
PA1  each tie anchor comprising
PA1  a pair of facing channel members having longitudinally spaced top and
      bottom legs,
PA1  ratchet teeth depending from the top legs of said channel members,
PA1  an anchoring member guided between said channel members for lateral
      movement therebetween into engagement with the load,
PA1  each anchoring member having upwardly facing ratchet teeth engageable with
      said downwardly facing ratchet teeth upon tensioning of the band over the
      load,
PA1  said anchoring members each having a flat load engaging face cammed into
      engagement with the load by cooperation between the ratchet teeth on said
      anchoring members with the ratchet teeth depending from the top legs of
      said channel upon angular movement of the anchoring members toward the
      load and tensioning of the load restraining band,
PA1  each anchoring member having an outer link mounted for retractable movement
      with respect thereto and forming a connector for a load restraining band,
      and
PA1  a compressible member connected between said anchoring member and outer
      link, retaining said anchoring member and outer link and compressible upon
      the taking up of tension on the band and shifting of the load.
NUM  9.
PAR  9. The system of claim 8, wherein the link has a plurality of apertures
      therein for receiving bands of varying widths in accordance with the load
      to be tied down, and wherein stop means are provided to limit compression
      of said compressible member.
NUM  10.
PAR  10. The anchoring system of claim 9, wherein slack is provided in the
      connection between the anchoring member and outer link to accommodate
      angular movement of the outer link to conform to the banding upon
      longitudinal shifting of the load.
NUM  11.
PAR  11. The anchoring system of claim 9, wherein a U-bolt, slidable relative to
      said anchoring member, connects said anchoring member and outer link, and
      wherein the compressible member is confined between said U-bolt and
      anchoring member.
NUM  12.
PAR  12. The anchoring system of claim 11, wherein the compressible member is an
      elastomer and stop means are provided to limit compression of the
      compressible member to substantially half its length.
NUM  13.
PAR  13. The anchoring system of claim 9, wherein the anchoring member and outer
      link are storable between the channels of said tie anchor, and wherein the
      channels extend outwardly of the side sills of the car and have trackways
      forming downwardly and inward continuations thereof, to accommodate
      storing of the anchoring members along the side sills of the car.
NUM  14.
PAR  14. The anchoring system of claim 13, wherein the trackways have recessed
      portions at the lower inner ends thereof to receive the ratchet teeth on
      said anchoring members and to retain the tie anchors from outward movement
      relative to the side sills of the car when en route.
NUM  15.
PAR  15. The anchoring system of claim 14, wherein selectively operable stop
      means are mounted at the outer ends of said channels for movement into
      position to retain the anchoring members to be stored between said
      channels, and into position to accommodate storing of the anchoring
      members along said side sills of the car.
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ABST
PAL  Combustible debris is burned in an incinerator which has a screw conveyor
      penetrating a combustion chamber for moving debris therethrough. Burning
      of debris is initiated near one end of the combustion chamber and air for
      combustion is delivered through the screw conveyor and distributed
      throughout the chamber for assuring completion of combustion as debris is
      moved through the chamber.
BSUM
PAR  Incinerators and sanitary land fills have heretofore been two of the
      solutions used for the problem of disposing of debris. With some materials
      to be disposed of, incinerators have been satisfactorily operated using
      techniques by which the air supplied for combustion is reduced to control
      temperature conditions and rates of combustion so as to entirely consume
      debris. In other circumstances, such "starved air" incinerators are
      ineffective and reliance has been placed upon conventional sanitary land
      fill techniques as used in the disposal of household garbage and the like.
PAR  While it has been recognized that household garbage is difficult to dispose
      of by burning, due to the frequently wet or soggy nature of that debris,
      it has also been recognized that such debris contains noncombustible
      materials possibly subject to recycling or reuse, such as metal cans and
      the like. Additionally, land available for sanitary land fill use is
      limited, adding to the desirability of incineration as an alternative.
PAR  With the above background in mind, it is an object of this invention to
      accomplish incineration of debris in accordance with a method and through
      the use of an apparatus adapted for handling household garbage and similar
      wet debris which has heretofore presented major problems. In realizing
      this object of the present invention, a screw conveyor is provided for
      moving debris through a combustion chamber as burning of the debris takes
      place.
PAR  Yet a further object of this invention is to assure continuing combustion
      of debris as the debris is moved through an elongate chamber, while
      maintaining the possibility of recovering noncombustible solid materials
      for possible recycling or reuse. In accomplishing this object of the
      present invention, air in excess of the quantities required for combustion
      of the debris is delivered through the screw converyor and is distributed
      throughout the combustion chamber. Inasmuch as the screw conveyor moves
      the debris through the combustion chamber, delivery of air for combustion
      through the conveyor assures that combustion occurs through as much of the
      chamber as is required to complete burning of the combustible materials
      included in the debris. Further, the use of excess air aids in
      facilitating complete disposal of the combustible portion of the debris
      while accommodating delivery of noncombustible debris for subsequent
      segregation and reuse.
DRWD
PAR  Some of the objects of the invention having been stated, other objects will
      appear as the description proceeds, when taken in connection with the
      accompanying drawings, in which --
PAR  FIG. 1 is a perspective view of an incinerator in accordance with the
      present invention;
PAR  FIG. 2 is an end elevation view of the incinerator of FIG. 1, taken
      generally as indicated by the arrow 2 in that figure;
PAR  FIG. 3 is an elevation view, partly in section, taken generally along the
      line 3--3 in FIG. 1;
PAR  FIG. 4 is an enlarged sectional view taken generally along the line 4--4 in
      FIG. 3;
PAR  FIG. 5 is an enlarged sectional view generally similar to FIG. 3, taken
      generally along the line 5--5 in FIG. 4;
PAR  FIG. 6 is a sectional view taken generally along the line 6--6 in FIG. 3;
      and
PAR  FIG. 7 is an enlarged elevation view, partially in section, showing a
      portion of the incinerator as shown in FIG. 3.
DETD
PAR  While the accompanying drawings and the description which follows will be
      directed particularly to the best mode of this invention shown at the time
      that the drawings and description were prepared, it is to be recognized at
      the outset that the persons knowledgeable in the construction and
      operation of incinerators will be able to apply the principal of this
      invention to arrangements and operations other than those specifically
      illustrated and described. Accordingly, it is contemplated that the
      illustration and description be understood broadly, and not as restricting
      on the scope of the present invention.
PAR  Referring now more particularly to the accompanying illustrations, an
      overall view of the apparatus of this invention may be gained by reference
      to FIG. 1, in which incoming debris to be incinerated, generally indicated
      at 10, is shown as being delivered into a pit or the like and fed by a
      lift conveyor 11 into a hopper 12 at an entrance end of an elongate
      combustion chamber means generally indicated at 14. It will be understood
      that other arrangements are comtemplated and may be provided for the
      introduction of such debris into the entrance end of the combustion
      chamber 14.
PAR  As is made more clear from the sectional views, the combustion chamber 14
      preferably defines a generally right circular cylindrical volume and may
      be formed by a generally tubular metallic wall 15 lined with a suitable
      refractory material 16. The chamber 14 has an exit end generally indicated
      at 17, remote from the entrance end adjacent the hopper 12. In accordance
      with important features of this invention, a screw conveyor means
      generally indicated at 20 penetrates into the chamber means 14 for moving
      debris therethrough. The screw conveyor means 20 takes the form of an
      elongate hollow shaft means 21 mounted for rotation within the chamber 14,
      as by means of an entrance end bearing 22 and an exit end bearing 24.
      Drive means, illustrated as taking the form of an electrical drive motor
      25 and a suitable gearing transmission 26 (FIGS. 2 and 3), is provided for
      rotating the shaft 21. As is generally known for screw conveyors, a thread
      means 28 is spiraled about the shaft 21 for engaging debris upon rotation
      of the shaft and thereby for moving engaged debris from the hopper 12
      through the combustion chamber 14 to the exit end 17 of the incinerator.
PAR  As will be noted from FIGS. 3-5, the screw conveyor means 20 is supported
      for rotation about an axis offset from the central axis of the generally
      right circular cylindrical volume of the combustion chamber 14. Such an
      offset provides a clearance volume which is greater to one side of the
      screw conveyor (above the conveyor in the embodiment illustrated) for
      receiving noncombustible debris of sizes otherwise possibly jamming the
      conveyor during operation of the incinerator. Additionally, the thread 28
      spiraled about the shaft 21 has a sloped configuration to one side and a
      generally straight configuration to the other side, so as to better engage
      and move the debris being incinerated.
PAR  In accordance with further important features of this invention, air is
      delivered through the screw conveyor 20 into the combustion chamber 14 for
      combustion with debris moving therethrough. In particular, fan means
      generally indicated at 30 is provided and operatively communicates with
      the hollow shaft 21 for directing air flow thereinto (FIGS. 5 and 7). By
      means of air flow openings 31 longitudinally spaced apart along the shaft
      21 (FIG. 5), air flowing through the shaft 21 is distributed into the
      thread 28. Such air flow then passes through openings 32 formed in the
      axially directed faces of the thread 28 to impinge onto debris engaged by
      the thread and assures combustion of that debris as described more fully
      hereinafter.
PAR  In view of the delivery of air for combustion through the screw conveyor in
      accordance with this invention, the present invention operates by
      initiating combustion of debris as the debris is fed into the combustion
      chamber 14. In the embodiment illustrated, this initiation of combustion
      occurs by means of a burner 34 mounted adjacent the entrance end of the
      combustion chamber 14. For convenience, the burner 34 preferably is a
      conventional gun type burner of the type used in known fuel oil, natural
      gas or propane furnaces, and is operated substantially continuously during
      operation of the incinerator of this invention. As indicated, the function
      of the burner 34 is to initiate combustion, which then continues as debris
      moves through the elongate chamber 14.
PAR  At the exit end 17 of the incinerator of this invention, both solid and
      gaseous effluent are discharged. In order to accommodate possible
      segregation and reuse of noncombustible debris such as metal cans and the
      like, an ash pit means generally indicated at 35 is provided, into which
      solid effluent falls. By means of a chain conveyor generally indicated at
      36 having spaced apart push bars 38 and driven by an appropriate drive
      means 39, solid effluent is removed from the ash pit 35 and discharged
      from the incinerator of this invention for such subsequent handling as is
      deemed necessary or appropriate.
PAR  Gaseous effluent is drawn from the combustion chamber 14 through a stack 40
      and into a cyclonic separator 41 under draft induced by a draft fan 42
      driven by an appropriate drive means 44. In conjunction with the use of
      the cyclonic separator 41, a wet scrubbing effect is achieved by
      delivering running water into the stack 40, which water drains into the
      ash pit 35. A body of water 45 collected there forms a liquid seal for the
      exit end 17 of the incinerator of this invention.
PAR  While a cyclonic separator is shown in the accompanying illustration as a
      means for cleaning gaseous effluent from the combustion chamber and
      discharging the clean gaseous effluent into the ambient atmosphere,
      persons familiar with the control of air pollution will understand both
      the desirability of some provisions for cleaning gaseous effluent and the
      range of alternatives available for consideration in achieving that
      function.
PAR  In the drawings and specification, there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. An incinerator for burning combustible debris and comprising elongate
      combustion chamber means having an entrance end for receiving debris and
      an exit end for discharging effluent, burner means adjacent said entrance
      end for igniting debris received into said chamber means, hollow screw
      conveyor means extending through the length of said chamber means for
      moving debris therethrough, and fan means operatively communicating with
      said screw conveyor means for impelling air flow therethrough, said screw
      conveyor means and said fan means cooperating for distributing throughout
      the length of said chamber means air in excess of that required for
      burning ignited debris so as to facilitate complete incineration thereof
      as such debris is moved through said chamber means.
NUM  2.
PAR  2. An incinerator according to claim 10 wherein said screw conveyor means
      comprises an elongate hollow shaft means mounted for rotation within said
      chamber means and penetrated by longitudinally spaced apart air flow
      openings, drive means for rotating said shaft means, and thread means
      spiraled about said shaft means for engaging debris upon rotation of said
      shaft means and thereby for moving engaged debris.
NUM  3.
PAR  3. An incinerator according to claim 2 wherein said thread means defines a
      hollow interior operatively communicating with said shaft means for
      receiving airflow distributed therealong and for directing air flowing
      into said chamber means to impinge onto debris engaged by said thread
      means.
NUM  4.
PAR  4. An incinerator according to claim 2 wherein said chamber means defines a
      generally right circular cylindrical volume and further wherein said shaft
      means is mounted for rotation about an axis offset from the central axis
      of said volume for facilitating passage through said chamber means of
      noncombustible solid debris.
NUM  5.
PAR  5. An incinerator according to claim 1 further comprising hopper means
      adjacent said entrance end of said chamber means for feeding debris
      thereinto.
NUM  6.
PAR  6. An incinerator according to claim 1 further comprising ash pit means
      adjacent said exit end of said chamber means for receiving solid effluent
      therefrom.
NUM  7.
PAR  7. An incinerator according to claim 1 further comprising gas cleaning
      means operatively communicating with said exit end of said chamber means
      for receiving gaseous effluent therefrom and for cleaning such gaseous
      effluent.
NUM  8.
PAR  8. An incinerator according to claim 1 wherein said chamber means defines a
      generally horizontally disposed right circular cylindrical volume for
      containing burning debris.
NUM  9.
PAR  9. A screw conveyor means for moving debris through an elongate combustion
      chamber while delivering air for combustion of the debris and comprising
      an elongate hollow shaft means mounted for rotation and penetrated by
      longitudinally spaced apart air flow openings, drive means for rotating
      said shaft means, thread means spiraled about said shaft means for
      engaging debris upon rotation of said shaft means and thereby for moving
      engaged debris, and fan means operatively communicating with said shaft
      means for impelling air flow therethrough, said thread means defining a
      hollow interior operatively communicating with said shaft means for
      receiving air flow impelled therethrough and for directing air to impinge
      onto debris engaged by said thread means and cooperating with said shaft
      means and said fan means for distributing air flowing through said shaft
      means therealong and thereby facilitating combustion of debris moved by
      said conveyor means.
NUM  10.
PAR  10. A method of burning combustible debris comprising igniting debris fed
      into an elongate combustion chamber, moving the ignited debris through the
      chamber with a hollow rotating screw conveyor which extends through the
      length thereof, and impelling through the conveyor air in excess of that
      required for combustion of the debris while distributing the air
      throughout the length of the chamber.
NUM  11.
PAR  11. A method according to claim 10 wherein the delivering of air includes
      supplying an excess of air over the minimum required for combustion and
      distributing the air throughout the elongate chamber for continuing
      burning of debris as the debris moves through the chamber.
NUM  12.
PAR  12. A method according to claim 10 further comprising receiving in an ash
      pit solid effluent from the chamber while cleaning gaseous effluent from
      the chamber and discharging cleaned gaseous effluent into the ambient
      atmosphere.
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ABST
PAL  A plurality of similarly constructed gas generators are disposed in the
      ballast tanks of a submarine vehicle, each generator decomposing hydrazine
      in an emergency gase for developing a particular amount of gas for blowing
      all or a part of a ballast tank. Each gas generator has a hydrazine
      reactor, one or two storage containers for hydrazine and either a pump for
      moving hydrazine to the reactor; or a container filled with driving gas
      for the same purpose; or both. The number of gas generators triggered
      depends on the depth of the craft in each instance, and once a generator
      has been triggered, the development of gas by the generator does not
      depend on any control, but a triggered generator develops all of the gas
      it is capable of developing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to rescue equipment for submarine crafts,
      wherein chemical reaction and/or catalytic decomposition of a liquid
      produces gas which establishes additional static lift (buoyancy) for the
      craft.
PAR  Emergency equipment for submarine vehicles includes, for example,
      pressurized gas, stored in appropriate bottles and released for expelling
      the water in the ballast tanks. Of course, if the craft is rather deeply
      submerged large quantities of gas are needed at a rather rapid rate.
      However, the valves may ice when the gas is released at too rapid a rate,
      with catastrophic results. Most importantly, however, one cannot carry
      just any amount of gas in the craft, because the weight will be too large.
PAR  It has been suggested to develop the gas when needed by chemical reaction
      or by catalytic decompositioning. The equipment and fuel needed here is
      lighter. Moreover, such reactions are usually exothermic, so that valves
      will not ice. The disadvantage of the known systems along this line
      require rather complicated control with regard to amount of gas needed
      under different circumstances. Particularly, such control requires to
      provide for more gas the deeper the craft is submerged.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to provide for emergency rescue
      equipment for submarine crafts which permits ready adaptation to depth.
PAR  In accordance with the preferred embodiment of the invention, it is
      suggested to provide a plurality of individual gas generators, each
      operating independently from the others and being controlled in the
      plurality in response to depth of the craft for determining the number of
      generators operated in each instance, to develop the amount of gas needed
      for blowing the ballast tanks.
PAR  The generators are preferably similar in construction as well as in
      capacity of gas development, whereby a single unit develops as much gas as
      needed to surface the craft from the smallest depth. The total number of
      generators should be at least one more than needed to surface the craft
      from the lowest controlled diving depth.
PAR  The gas generators are preferably located outside of the principle pressure
      hull of the craft, e.g. inside of the ballast tanks. Generally, if these
      generators are provided below the water line (for a surfaced vehicle)
      outside of the pressure hull, they add practically no weight to the craft,
      because they can be designed, so that their volume equals or nearly equals
      the volume of displaced water. Another advantageous feature of using
      self-contained gas generators is to be seen in that they can be exchanged
      rather easily, and they do not occupy much space. They can be located in
      the ballast tanks but do not have to be.
PAR  In the preferred form of practicing the invention, it is suggested to use
      hydrazine or a hydrazine derivative and to catalytically decompose that
      material for gas development. This is particularly advantageous for
      several reasons. One reason is the capability of a hydrazine reactor to
      develop large quantities of gas at a relatively high rate. Additionally,
      hydrazine has almost the same specific weight as ocean water, so that such
      generators can be installed into already existing submarines without
      change in controlled volume of the ballast tanks.
PAR  Basically, each gas generator is constructed as a three part unit; a
      storage facility for a chemical to be decomposed; a generator proper which
      converts the chemical into gas and discharges such gas into a ballast tank
      of the vehicle to expell water from the tank; and a means for causing the
      liquid to be forced into and through the generator proper in a manner
      overcoming the effective gas back pressure as developed in the generator
      proper.
PAR  In a first advantageous construction, the three part unit is contained in a
      container, which is protected against sea-water corrosion. This container
      has three separated compartments which are normally separated, one
      containing a driving gas, the second one a decomposible liquid, e.g.
      hydrazine, and the third one containing a catalytic reactor for gas
      generation. The three compartments are normally separated, but communicate
      in the emergency case so that the driving gas forces the hydrazine into
      the reactor.
PAR  In a second construction hydrazine is contained in a flexible, deformable
      container, which is directly subjected to sea-water pressure. In the
      emergency case, a pump pumps the hydrazine into the reactor, whereby the
      pump needs merely to provide for the pressure differential as between
      sea-water and reactor chamber pressure, with additional consideration to
      any pressure loss in ducts, etc.
PAR  A third construction is a combination of the two mentioned.
PAR  The third variant is of particular interest in that decomposing of
      hydrazine by pumping this liquid into and through the reactor may be used
      also as a regular mode of operation for blowing the ballast tanks, while
      the propelling of hydrazine from an inside container or compartment
      through a driving gas is used in the emergency, bearing in mind that the
      pump may not be working.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a section view of a single unit gas generator as provided within
      a rescue system shown schematically.
PAR  FIG. 2a is a top elevation of a plurality of such generators as arranged
      inside of a diving tank;
PAR  FIG. 2b is a section view along line A--A in FIG. 2a;
PAR  FIG. 2c is a section view along line B--B in FIG. 2b; and
PAR  FIG. 3 is a simplified view of a module which is somewhat modified and
      includes additional equipment for connecting the unit with an external
      fuel tank.
DETD
PAR  Proceeding now to the detailed description of the drawings, the Figures
      illustrate a casing 1 made of material resisting chemical reaction with
      sea water. Casing 1 includes a balloon shaped storage tank 2 for
      pressurized nitrogen. The amount of nitrogen stored here is small in
      comparison with the amount of gas to be developed by the particular
      generator. A filling nipple 5 is sealed by a screw cap 6 and test valve 7.
      Tank 2 is disposed in the upper portion of casing 1.
PAR  A central portion of casing 1 contains a storage tank 3 for the liquid to
      be chemically decomposed for development of gas, and a gas generating
      device 4 is positioned in the lower portion of casing 1. The liquid may be
      hydrazine or a hydrazine derivative and the device 4 may be a catalytic
      reactor.
PAR  The two containers 2 and 3 are interconnected by a pressure regulator 8,
      whereby a valve 9 is provided between balloon 2 and regulator 8. Valve 9
      should be constructed as pyrotechnical valve and is operated electrically
      via a cable 10.
PAR  The storage tank 3 for the liquid has an inlet 11 closed by a burst or
      rupture disk 12 which breaks under pressure when valve 9 is opened and
      subjects disk 12 to the pressure of tank 2. The discharge opening 13 of
      tank 3 is connected to a distributor and aperture disk 14 having a
      plurality of injection openings 15. A rupture disk 16 is disposed above
      disk 14 and normally separates the container 3 from generator 4. Disk 16
      constitutes the bottom of container 3. Upon distruction of disk 16 under
      pressure liquid from container 3 is forced into generator 4. However, the
      normal pressure of the liquid in tank 3 is insufficient to rupture disk
      16.
PAR  The generator 4 includes a catalytic material 17 which decomposes the
      liquid injected from tank through openings 15. The pressurized gas once
      developed will destroy another rupture disk 18 disposed across the bottom
      opening 19 of casing 1. Upon rupture of disk 18, the gas developed by
      generator 4 can be discharged through opening 19. If the gas generator is
      disposed directly inside of a ballast tank, no further connections are
      needed, the gas can flow or be forced out of openings 19 directly into the
      ballast tank to cause removal of water therein.
PAR  Generally speaking, casing 1 has three major compartments 2, 3, and 4,
      which are normally separated but interconnected when the generator is
      triggered for operation, so that a pressure medium from the first
      compartment can force decomposable liquid from the second compartment to
      the third one for generation of gas therein.
PAR  In order to take into consideration that the ambient sea water has
      different pressure for different diving depths, the pressure controller 8
      is provided. This pressure controller provides for control operation after
      disk 18 has burst. A sense line 23 in form of a pressure probe runs from
      controller 8 to a location near opening 19 to provide a reference value as
      to pressure. Controller 8 then controls the effective pressure of gas as
      drawn from balloon 2 and as it will be effective as driving agent for
      forcing liquid from tank 3 into and through the generator 4. The ambient
      sea water exerts a certain pressure onto the system through opening 19
      once open. The driving pressure for the liquid must overcome that
      pressure, as well as the back pressure from the gas generator and reactor
      4.
PAR  The multiple arrangement of gas generators in bundles is depicted in FIGS.
      2a, b, c. The bottom openings of respective three generators are connected
      here to a common dischrage pipe 21 which runs the gas as developed in one
      or several generators to the upper part of ballast tank 22. The ballast
      tank is open at the bottom, so that gas in the upper part of the tank will
      force the water out. Each ballast tank of the submarine vehicle may be
      provided with such a bundle of generators, all of them shown to be of
      similar size and construction.
PAR  Reference numeral 50 denotes schematically the controller for the emergency
      system as comprised additionally of several gas generators. The controller
      is not illustrated in great detail, but could be understood, in the broad
      sense to be an analog-to-digital converter. A pressure gauge 51 or the
      like provides an electrical signal indicative of depth of the vehicle in
      any instant. Such an instrument is, of course, already present in the
      submarine and can be used here for the inventive purpose.
PAR  The controller 50 has its input (analog) connected to pressure gauge 51 and
      provides a digital output representative thereof, in the sense that a
      number of output lines 52 of the controller 50 become energizable, which
      number is related to the depth of the craft at that time. The number of
      lines 52 made energizable in this manner is equal to the number of gas
      generators needed to develop sufficient buyoncy for surfacing the
      submarine vehicle. That number is not necessarily linearly related to
      depth as it depends to some extent on where the gas generators are
      located.
PAR  A circuit 53 is provided to control the emergency case. The circuit is e.g.
      manually operated when the emergency case arises, and permits the
      controller to provide electrical signals to those of the lines 52 selected
      on the basis of the input as applied. In terms of circuitry, the emergency
      activating device 53 enables the controller outputs, so that a number of
      the lines 52, corresponding to the measured depth of the craft at that
      instant will provide signals to the gas generator to which they are
      connected. All of the lines 52 will receive such energizing signals only
      when the craft has or is about to reach maximum depth.
PAR  These lines are connected to the respective pyrolytic valves 9 in the
      generators. Whenever the valve 9 of a generator is electrically actuated
      in that manner, it permits the pressure of the propellant gas in balloon 2
      to be applied to the rupture disk 12 in opening 11, breaking the same open
      so that propellant gas is effective on the liquid in tank 3.
PAR  the pressurization of the liquid in tank 3 is effective on disk 16,
      whereupon the disk ruptures, and liquid is now forced by the propellant
      gas through openings 15 into and through the catalytic generator 4. The
      gas as developed rather promptly bursts cover 18 and is discharged into
      the environment (e.g. pipe 21).
PAR  No further control occurs in a regenerator once activated in that manner.
      The generator will develop the entire amount of gas it is capable of
      developing, and expells a corresponding amount of water from a ballast
      tank.
PAR  The pressure controller 8 regulates the flow of gas from tank 2 into tank 3
      under consideration of the water pressure against which gas generator must
      work, so that liquid will indeed be forced from tank 3 into the generator
      4, at the maximum permissible rate to obtain catalytic development of gas
      as fast as possible.
PAR  As it can be seen, the number of lines 52 energized is strictly related to
      depth only when the gas generators are all of the same size and develop
      individually the same amount of gas. However, the generators may differe
      in size and in this case the digital output as provided by controller 50
      must be weighed to reflect the different gas generating capacities. This,
      however, does not change the principle involved here, namely not to rely
      on ballast water expulsion by control operation as to the forcing of gas
      into the ballast tank. Control is provided only as to selection and
      activation of generators on the basis of the known full gas developing
      capacity of each generator so activated.
PAR  The embodiment shown in FIG. 3 has all the parts shown in FIG. 1, and is
      basically of similar construction. There is, however, a relatively small
      space provided between the bottom of tank 3 and the top of catalytic
      generator 4; these two parts are not merely separated by a rupture disk.
      Rather, the connection between the tank and catalytic generator 4 runs
      through a valve 32, which in a first position establishes a connection
      between tank 3 and generator 4. This connection may be the normal state of
      the valve so as to avoid having the connection made dependent on valve
      operation. The pump is not operating under these conditions.
PAR  When the supply of decomposable liquid in tank 3 is exhausted, the valve 32
      may change position through an external command, and pump 31 is set into
      operation. An external, supplemental storage tank 35 may be provided,
      outside of container 1, holding additional liquid that can be decomposed.
      The pump 31 will pump that liquid out of tank 35 and force the liquid
      through the catalytic reactor to continue operation.
PAR  In lieu of a rupture disk at the gas discharge opening of the gas
      generator, a check valve 33 may be provided to permit discharge of gas,
      but preventing sea water from flushing back into the gas generator.
PAR  FIG. 3 is also used to explain another embodiment of the invention. This
      embodiment assumes, that the container 35 is made of a deformible,
      collapsible material. As a consequence, the deformible tank 35 is directly
      exposed to the pressure of the surrounding sea water, but valve 32 blocks
      normally the passage of liquid from tank 35 to the catalytic generator 4.
      After exhaustion of the supply in tank 3 or if valve 9 fails to obey the
      command, valve 32 is operated to permit the content of tank 35 to be
      driven into the generator. The pressure of the surrounding sea water does
      not suffice to provide the propelling force for driving the liquid in tank
      35 into and through the gas generator, because the gas pressure as
      developed by generator 4 must be overcome in addition to force liquid into
      the generator. This then is the function of pump 31. Moreover, the pump
      operates to overcome friction and pressure losses due to flow resistance.
PAR  It should be noted that the operational sequence may be reversed here in
      that normally pump 31 may be provided to force liquid from tank 35 into
      the generator. Only if the pump or its control circuit fails, a command is
      given to blow valve 9. Alternatively, the valve 32 may be provided to
      change connection and to pump also liquid from tank 3 into the generator.
      Only if the pump is not working for any reason, is valve 9 blown and the
      gas from balloon 2 forces liquid into the reactor 4.
PAR  The tank 35 is directly exposed to the sea-water. Should the tank leak, the
      liquid will just be discharged into the sea-water. In the case of
      hydrazine, the liquid is actually rendered harmless, when discharged into
      and heavily diluted with seawater.
PAR  From a certain point of view one can construe a unit as shown in FIG. 3,
      with supplemental external tank 35, as a construction of two gas
      generators with shared reaction chamber, and triggering normally involves
      pump operation. When the external tank 35 has exhausted its supply, the
      valve 9 may, but does not have to be blown also. Therefore, such a unit
      can count as two within the purview of digital, depth-responsive control
      of the emergency equipment.
PAR  The invention is not limited to the embodiments described above but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  We claim:
NUM  1.
PAR  1. Rescue equipment for a submarine vehicle for blowing ballast tanks, the
      vehicle having a diving depth measuring device, the rescue equipment
      comprising
PA1  a plurality of individual gas generators each constructed for developing a
      particular amount of gas by chemical reaction or catalytic
      decompositioning, the generators being located to expell water from the
      ballast tanks whenever triggered;
PA1  control means connected to the depth measuring device and preparing several
      of the generators for independent but at least approximately concurring
      operation; but without triggering them, the number of generators prepared
      for triggering being dependent upon diving depth at the time of an
      emergency and as determined by the depth measuring device; and
PA1  means causing said control means to trigger those of the generators which
      have been prepared by the control means and independently from the
      preparation for triggering.
NUM  2.
PAR  2. Equipment as in claim 1, wherein the generator provides catalytic
      reaction of hydrazine or of a hydrazine derivate.
NUM  3.
PAR  3. Equipment as in claim 1, wherein the generators are located directly in
      the ballast tanks of the vehicle.
NUM  4.
PAR  4. Equipment as in claim 1, wherein the generators are located outside of
      the pressure hull of the vehicle.
NUM  5.
PAR  5. Equipment as in claim 1, wherein each generator of the plurality has a
      container with three compartments, a first one thereof containing a
      pressure medium, a second one of the compartments being fluid-conductively
      connected to the first compartment and containing liquid for development
      of gas, a third one of the compartments being fluid-conductively connected
      to the second one and containing means for generation of gas, the first,
      second and third compartments normally being disconnected as to said
      fluidconducted connections, there being means responsive to triggering of
      the respective generator by the control means to establish said
      connections so that the pressure medium of the first compartment forces
      the liquid in the second compartment through the gas generating means in
      the third compartment.
NUM  6.
PAR  6. Equipment as in claim 5, wherein the container is seawater-resistant and
      disposed in one of the ballast tanks of the vehicle.
NUM  7.
PAR  7. Equipment as in claim 5, wherein a pressure regulator is interposed to
      regulate the flow of pressure medium from the first to the second
      compartment, the regulation being responsive to external seawater
      pressure.
NUM  8.
PAR  8. Equipment as in claim 1, a storage container for liquid and being
      connected to a generator of the plurality, the storage container being
      constructed so as to subject the liquid therein to the pressure of the
      surrounding seawater.
NUM  9.
PAR  9. Equipment as in claim 8, wherein the generator includes a pump for
      pumping the liquid to and through means in the generator for generating
      gas.
NUM  10.
PAR  10. Rescue equipment for a submarine vehicle for blowing a ballast tank,
      comprising
PA1  a diving depth measuring device;
PA1  a plurality of individual gas generators each generator comprising a
      storage means for a decomposible liquid;
PA1  individual reaction means in each of the generators for decomposing such
      liquid;
PA1  control means being connected to the depth measuring device and preparing a
      selected number of the generators for independent but at least
      approximately concurring operation but without triggering said generators,
      the number of generators prepared for triggering being dependent upon the
      diving depth at the time of an emergency and as determined by the depth
      measuring device
PA1  means operated for causing the liquid of the selected generators to flow
      into the respective reaction means to obtain decomposing of the liquid and
      development of a quantity of gas that depends on the selected number of
      generators discharging the gas as developed into one of the ballast tanks.
NUM  11.
PAR  11. Equipment as in claim 10, wherein the storage means is a flexible
      container subjected to seawater, the means for causing being a pump for
      pumping the liquid into the reactor means.
NUM  12.
PAR  12. Equipment as in claim 10, wherein the means for causing includes a
      pressure medium in a container, and means for providing connection between
      the pressure medium container and the storage means.
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ABST
PAL  A water-borne craft is supported by laterally spaced pontoons, wherein an
      open-topped receptacle mounted in the open space between the pontoons is
      movable between a fully elevated position wherein the bottom of the
      receptacle is at or above the water line of the craft and a fully lowered
      position wherein the bottom of the receptacle is submerged beneath the
      water line and the open top of the receptacle is above the water line.
      Water and materials are introduced into and mixed in the receptacle when
      in a fully lowered position, after which the mixture is pumped from the
      receptacle and discharged under pressure through a nozzle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to floating structures having submergible
      receptacles mounted thereon for movement between a fully lowered,
      substantially submerged position and a fully elevated position wherein the
      bottom of the receptacle is at or above the waterline of the craft. The
      present invention is particularly adapted for use in combination with
      apparatus for producing aqueous solutions, wherein various ingredients are
      mixed with water in the receptacle when in the fully lowered position.
      Generally, means are provided for pumping said solution from the
      receptacle for discharge under pressure through a nozzle.
PAR  2. Description of the Prior Art
PAR  Heretofore, watercraft equipped with spraying units or the like have
      comprised tanks or reservoirs which were mounted on and carried by the
      craft, generally above the waterline thereof, as disclosed, for example,
      in U.S. Pat. No. 3,139,060.
PAR  The present invention provides a watercraft wherein a tank or receptacle is
      movable between a fully elevated position and a fully lowered position.
      When the tank is not in use, it may be elevated to a position wherein the
      bottom of the receptacle is at or above the waterline of the craft thereby
      ensuring maneuverability of the craft with minimum drag. When the craft is
      moved to a desired location, the tank may be lowered to a partially
      submerged position, wherein water forming the base for an aqueous solution
      or the like may be drawn from the body of water into the tank without aid
      of a pump or similar means.
PAR  The watercraft and receptacle of the present invention is particularly
      suited for use with hydraulic spraying units or the like for enabling
      particulate seeds and/or fertilizer, as well as other materials such as
      liquid herbicides or insecticides to be sprayed onto the shoreline of a
      lake, reservoir, stream or the like, utilizing the body of water as the
      source for the base of an aqueous solution. In this manner, a large
      quantity of seed, fertilizer and the like may be carried by the craft
      without requiring the additional storage space needed for the water base
      of the solution. Generally, means are provided in the tank for mixing the
      various ingredients with the water while the craft is at the desired
      location. Spraying units such as disclosed in U.S. Pat. No. 2,878,617,
      issued to and owned by the assignee of this application, may be connected
      to the tank for discharging the resulting solution under pressure through
      a nozzle. Of course, it should be understood that the present invention is
      adapted for use with various other apparatus, as well, and the description
      of this, the preferred embodiment, is but one example thereof.
PAR  Therefore, it is the primary object of the present invention to provide a
      watercraft with a tank or receptacle which may be elevated to a position
      at or above the waterline of the craft, minimizing the drag created
      thereby when the watercraft is maneuvered about in a body of water, and to
      provide a tank which draws water directly from the body of water without
      aid of a pump or the like when the tank is lowered to a partially
      submerged position.
PAR  It is further an object of the invention to provide a receptacle adapted
      for use with apparatus for producing an aqueous solution by adding various
      ingredients to a natural water supply and for discharging the resultant
      solution under pressure through a nozzle or the like.
PAR  Other objects and features of the invention will be readily apparent from
      the accompanying drawings and description.
PAC  SUMMARY OF THE INVENTION
PAR  The water-borne craft of the present invention is generally of the type
      supported by a pair of laterally spaced pontoons. A receptacle is disposed
      in the open space intermediate the pontoons and is secured to said
      pontoons by a control mechanism for moving the receptacle between a fully
      lowered position wherein the bottom of the receptacle is adjacent the
      bottom of the pontoons and a fully elevated position wherein the bottom of
      the receptacle is at or above the waterline of the craft. Therefore, the
      craft is subject to minimum drag and is easily maneuvered when the
      receptacle is in the fully elevated position. When in the fully lowered
      position, the receptacle is partially submerged, thereby permitting water
      to be drawn directly from the body of water into the receptacle without
      aid of a pump or the like.
PAR  While it will be understood the present invention is readily adapted for
      use in myriad applications, it has been found particularly advantageous
      for use with apparatus for producing an aqueous solution which is to be
      discharged under pressure through a nozzle onto the shoreline of a lake or
      the like.
PAR  Therefore, the preferred embodiment of the invention includes a plurality
      of containers or bins for housing seed, fertilizer and the like which may
      be selectively added to the receptacle. An inlet port is provided in one
      end of the receptacle and is submerged when the receptacle is in the fully
      lowered position thereby drawing water from the body of water into the
      receptacle. An agitator is provided in the receptacle for agitating and
      thoroughly mixing the ingredients deposited in the receptacle from the
      containers with the water entering through said inlet port. The intake of
      a pump is disposed in communication with the receptacle and the exhaust
      thereof is coupled to a directional nozzle for discharging the resulting
      aqueous solution under pressure.
PAR  While the embodiments described herein disclose apparatus for mixing
      particulate ingredients such as seed and fertilizer with the water, it
      should be understood that the present invention is readily adapted for use
      with other ingredients whether liquid or solid in nature.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating the water borne craft and
      receptacle of the present invention.
PAR  FIG. 2 is a sectional view taken at line 2--2 of FIG. 1, illustrating the
      receptacle in the fully lowered position, enlarged for clarity of detail
      and understanding.
PAR  FIG. 3 is a view taken at line 3--3 of FIG. 2.
PAR  FIG. 4 is a fragmentary view, partially in section, illustrating the
      discharge end of one of the storage bins of the preferred embodiment,
      enlarged for clarity of detail and understanding.
PAR  FIG. 5 is a sectional view taken at line 5--5 of FIG. 4.
PAR  FIG. 6 is a view similar to FIG. 2, illustrating the receptacle in the
      fully elevated position.
PAR  FIG. 7 is a sectional view taken at line 7--7 of FIG. 2.
PAR  FIG. 8 is a sectional view taken at line 8--8 of FIG. 2, enlarged for
      clarity of detail and understanding.
PAR  FIG. 9 is a view taken at line 9--9 of FIG. 8.
PAR  FIG. 10 is a fragmentary view showing the pump and engine assembly of the
      preferred embodiment, enlarged for clarity of detail and understanding.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The water borne craft 20 of the present invention generally includes deck
      22 supported by a pair of laterally spaced pontoons 24, 26 extending the
      length thereof, wherein central opening 28 in the deck corresponds with
      the open space intermediate the pontoons. Tank or receptacle 30 having
      bottom wall 32, opposite end walls 34, 36 and opposite side walls 38, 40
      (see FIG. 2) is disposed in the central opening and is secured to the deck
      and pontoons by control mechanism 42.
PAR  The control mechanism is operable to move receptacle 30 between a fully
      lowered position (FIG. 1) wherein the bottom of the receptacle is beneath
      waterline L of the craft and a fully elevated position (FIG. 6) wherein
      the bottom of the receptacle is at or above the waterline. Uniformly
      satisfactory results have been obtained with parallelogram linkage 52
      illustrates in the drawings, wherein supports 44, 46 are secured to and
      depend from deck 22 at each side of receptacle 30, see FIGS. 2, 6, 7 and
      8. A set of lifting arms 48, 50 are pivotally secured at 52, 53 to each
      pair of supports 44, 46, respectively, and at 56, 57 to link 54. One end
      of each link 58 is pivotally secured at 56 to arm 48 and link 54, and the
      other end of each link 58 is secured at 62 to control lever 60. Control
      lever 60 is pivotally mounted on deck 22 at 64 and simultaneously actuates
      each pair of arms 48, 50 for disposing and locking said receptacle in and
      against accidental or unintentional dislodgment from its fully raised
      position (FIG. 6) and fully lowered position (FIG. 2). A pair of elongate
      guides 66, 68 are secured to each side wall of the receptacle intermediate
      the top and bottom thereof and are adapted to engage ends 70, 72 of
      corresponding lifting arms 48, 50 respectively. Thus, when lever 60 is
      pivoted at 64 from the position of FIG. 2 to the position of FIG. 6,
      receptacle 30 is moved from the fully lowered position to the fully
      elevated position. Brackets 75, secured to each side of receptacle 30, are
      adapted to receive a corresponding vertical post 76, each of which is
      secured to deck 22 at corresponding seat 74. The brackets and posts
      provide vertical guides for the receptacle as it is raised and lowered by
      movement of lever 60.
PAR  In the preferred embodiment, receptacle 30 includes a normally open inlet
      port 78 at end 34 thereof. The inlet port is submerged when the receptacle
      is in the fully lowered position and permits unrestricted entry of water
      into the receptacle from the body of water. Gate 82 is hingedly secured to
      the receptacle at 84 and includes extension 85 fixedly secured thereto as
      shown in FIGS. 8 and 9. Cable 86, attached to extension 85 at 93, is
      carried in cable housing 95 to deck 22, see FIG. 2, for controlling the
      position of the gate relative to the inlet port, permitting selective
      closing thereof when desired.
PAR  Generally, the watercraft of the present invention includes propelling
      means such as, by way of example, motor 87 mounted at the stern end of
      deck 22 intermediate pontoons 24, 26. Therefore, it is advantageous that
      inlet port 78 be in end 34 of receptacle 30 adjacent the bow end of the
      craft, thereby facilitating flow of water W into the receptacle 30 as the
      craft is advanced through the water. The gate acts as a deflector or
      shield not only minimizing the danger of foreign objects entering
      receptacle 30 through port 78, but also acts as a water restrictor to keep
      water from entering the receptacle too fast and flowing over the sides of
      receptacle 30 when the watercraft is traveling in the direction indicated
      by arrow T in FIG. 2. As a matter of convenience, fuel reservoirs 89 are
      secured to and carried by deck 22. The fuel reservoirs are connected to
      motor 87 by suitable means, not shown.
PAR  Containers or bins 88, 90 are secured to and carried by the deck of the
      water craft by a plurality of rigid, upright standards 91 and are disposed
      directly above the open top of receptacle 30 at a height sufficient to
      allow unrestricted raising and lowering thereof. The containers house
      various ingredients such as, by way of example, solid particulate seed S
      and fertilizer F which may be stored in large quantities on deck 22, as
      shown in FIG. 1. It should be understood that various other containers
      could be substituted for those illustrated such as, by way of example,
      containers of the type adapted for housing liquid insecticides, herbicides
      or the like, without departing from the scope of the present invention.
PAR  The bins each include opening 92 and gate 94 in the bottom thereof for
      controlling the discharge of ingredients from the bins into receptacle 30,
      see particularly FIGS. 4 and 5. Gate 94 is slidably carried on tracks 97
      and includes elongated extension 96 having slotted end 98 which receives
      eccentric drive 100 of motor 102. The motor is mounted on bin 90 at 103
      and is powered by a suitable power source, not shown. The shaft of motor
      102 rotates eccentric 100 casing reciprocating motion in gate 94, thereby
      selectively discharging ingredients into receptacle 30. Chute 104 depends
      from bin 90 in the vicinity of opening 92 and minimizes spillage as the
      ingredients are discharged.
PAR  Lever 106 is pivotally secured at 108 to extension 96 of the gate and is
      fixedly secured at 109 to control rod 110. The control rod passes through
      a suitable aperture in bin 90 and is rotatably mounted on an interior wall
      of the bin at bracket 112, see FIG. 3. Upper end 114 of the control rod is
      in the form of an inverted U and passes through slot 116 provided in the
      bin wall. Bracket 118 is fixedly secured to the exterior of the bin
      adjacent slot 126 with locking bracket 122 adjustably mounted thereon. Tab
      127 projects from locking bracket 122 and selectively limits the rotation
      of rod 110. The locking bracket includes slot 124 for receiving screw 126
      which is carried by bracket 118. When the screw is loosened, bracket 122
      may be slidably adjusted with respect to bracket 118, controlling the
      opening at gate 94. Control arm 110 is illustrated in FIG. 3 in the gate
      closed position. However, since bracket 118 is at the extreme left, as
      illustrated, control arm 110 may be rotated about its longitudinal axis
      without restriction, moving gate 94 to the fully open position shown in
      FIG. 5. Calibrations 120 in bracket 118 facilitate accurate adjustment of
      bracket 122. It should be understood various other gates and gate control
      mechanisms could be utilized herein without departing from the scope and
      spirit of the present invention.
PAR  Elongate shaft 130 is rotatably mounted at ends 34 and 36 of receptacle 30
      and includes a plurality of impellors 132 mounted thereon for agitating
      and thoroughly mixing the ingredients discharged from bins 88 and 90 with
      the water therein, as shown in FIG. 2. The shaft is powered by suitable
      means such as, by way of example, the chain drive mechanism 139 comprising
      sprocket gear 136 mounted on end 134, drive gear 137 driven by hydraulic
      motor 140 and chain 138. The hydraulic motor is mounted directly on
      receptacle 30 at 142, as shown in FIG. 6, and moves therewith as the
      receptacle is moved between the fully elevated and fully lowered
      positions. In the preferred embodiment, motor 140 is powered by hydraulic
      pump 146 which is coupled to the motor by flexible hoses 143, 144. The
      hydraulic pump is secured to deck 22 and is driven by engine 148 via the
      belt or chain drive contained in housing 150.
PAR  Discharge pump 152 is secured to and carried by deck 22 and includes intake
      side 155 and discharge side 158. Conduit 157, in communication with the
      interior of receptacle 30 at end 36 thereof, is coupled to intake side 155
      via a suitable connector such as, by way of example, flexible hose 154 and
      the quick disconnect coupling diagrammatically illustrated at 174. The
      disconnect coupling provides means for uncoupling pump 152 from the hose,
      conduit and receptacle when the receptacle is to be moved from the fully
      lowered to the fully elevated position, see FIG. 6.
PAR  Elevated platform 169, supported by uprights 170, carries nozzle 168,
      rotatably mounted at 172 and pivotable about point 173. The nozzle is
      coupled to the discharge side of pump 152 by suitable conduit 166 and
      provides means for controlling the direction and spray pattern of contents
      M discharged therethrough.
PAR  The discharge pump is driven by engine 148 via pump shaft 159 and engine
      shaft 161 which are coupled by suitable means such as, by way of example,
      friction drive coupling 162. A clutch mechanism for selectively engaging
      and disengaging drive shaft 161 is contained in housing 163 and is coupled
      at 165 to clutch control arm 164. The clutch control arm extends through
      platform 169 and is mounted thereon in the vicinity of nozzle 168.
PAR  From the foregoing it will be noted that I have provided a watercraft of
      the type generally supported by a pair of laterally spaced pontoons. A
      receptacle is disposed in the space intermediate the pontoons and is
      secured to said pontoons in such a manner that the receptacle is
      selectively movable between a fully lowered position wherein the bottom of
      the receptacle is beneath the waterline of the craft and a fully elevated
      position wherein the bottom of the receptacle is at or above the
      waterline. While I have illustrated the structure of the present invention
      in combination with apparatus for mixing and spraying an aqueous solution
      containing a variety of ingredients, it should be understood that such use
      is not intended to be either limiting or restrictive. Further, while the
      preferred embodiment has been particularly described herein, it should be
      understood that various modifications and alterations may be made thereto
      without departing from the scope and spirit of my invention as defined by
      the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water-borne craft for floating on a body of water, comprising
      laterally spaced apart pontoons, a deck supported on and spanning the
      space between the pontoons, said deck having an opening therethrough
      between the pontoons, an open top receptacle carried by the deck and
      having opposite side walls, opposite end walls and a bottom wall, means
      supporting the receptacle from the deck for selective movement through the
      opening to a lowered position with the bottom wall of the receptacle
      submerged in the water below the water line of the craft and to a raised
      position with the bottom wall of the receptacle above the water line of
      the craft, one of said receptacle walls having an opening therethrough in
      open communication with the body of water when the receptacle is in its
      lowered position for flow of water into the receptacle, means carried by
      the craft for introducing a material into the receptacle for forming an
      aqueous mixture of the material and the water therein, and means connected
      with the receptacle for discharging the aqueous mixture over a desired
      surface, whereby the material may be mixed with water from the surrounding
      body of water thus eliminating storage of water on the craft, and the
      receptacle may be raised to enable relatively unimpeded movement of the
      craft through the body of water.
NUM  2.
PAR  2. A water-borne craft as called for in claim 1, wherein the deck thereof
      is supported by a pair of elongate pontoons spaced apart to permit the
      free and unobstructed movement of the receptacle between fully raised and
      fully lowered positions.
NUM  3.
PAR  3. A water-borne craft as called for in claim 1, which includes a normally
      open inlet port in an end wall of the receptacle providing unrestricted
      entry of water into said receptacle when in a fully lowered position; and
      means operable for selectively closing said normally open inlet port.
NUM  4.
PAR  4. A water-borne craft as called for in claim 1, which includes means in
      said receptacle for mechanically agitating the contents thereof; and drive
      means therefor which are secured to, carried by and movable with said
      receptacle.
NUM  5.
PAR  5. A water-borne craft as called for in claim 1, wherein said means for
      discharging the material includes means for discharging the contents of
      the receptacle under pressure, through a nozzle from a location above the
      deck of said craft.
NUM  6.
PAR  6. A water-borne craft as called for in claim 5, wherein the means for
      discharging the contents of the receptacle under pressure includes a pump
      which is secured to and carried by said deck.
NUM  7.
PAR  7. A water-borne craft as called for in claim 6, which includes means for
      detachably connecting the inlet of said pump in communication with the
      fluid contents of said receptacle.
NUM  8.
PAR  8. A water-borne craft as called for in claim 1, wherein said means for
      introducing material into the receptacle includes a hopper secured to and
      carried by said deck, and means for selectively controlling the
      gravitational discharge of the contents of the hopper into said
      receptacle.
NUM  9.
PAR  9. A water-borne craft as called for in claim 8, wherein the hopper is
      mounted above and in substantial vertical alignment with the
      receptacle-receptive opening in the deck.
NUM  10.
PAR  10. A water-borne craft as called for in claim 8, wherein means are
      provided for vibrating the hopper during the discharge of the contents
      thereof.
NUM  11.
PAR  11. A water-borne craft as called for in claim 1, wherein the means
      connecting the receptacle to the deck for selective movement between fully
      raised and fully lowered positions comprises a pair of parallelogram
      linkages by which the side walls of the receptacle are connected to the
      deck; and means accessible above the deck for simultaneously actuating
      said linkages for disposing and locking said receptacle in and against
      accidental or unintentional dislodgement from its fully raised and lowered
      positions.
NUM  12.
PAR  12. A water-borne craft as called for in claim 5, which includes a platform
      which is secured to, carried by and disposed in elevated position above
      the deck, and wherein the nozzle is accessible from and movable relative
      to said platform.
NUM  13.
PAR  13. A water-borne craft as called for in claim 4, which includes a hopper
      mounted to discharge particulate material housed therein into said
      receptacle; a nozzle located above the deck of said craft; and a pump for
      delivering the contents of the receptacle, under pressure, to and for
      discharge through said nozzle during those periods of time when the
      receptacle is in a fully lowered position.
NUM  14.
PAR  14. A water-borne craft as called for in claim 1, wherein the open top of
      the receptacle is substantially in the plane of the deck when in the fully
      lowered position.
NUM  15.
PAR  15. A water-borne craft which includes a deck having a receptacle-receptive
      opening therein; a receptacle having bottom, opposite side and end walls,
      means connecting said receptacle to said deck for selective movement
      between a fully raised position wherein the bottom wall of the receptacle
      is disposed at or above the water line of the craft, and a fully lowered
      position for disposing a portion of the receptacle and the bottom wall
      submerged beneath said water line, a hopper secured to and carried by said
      deck, and means for selectively controlling the gravitational discharge of
      the contents of the hopper into said receptacle.
NUM  16.
PAR  16. A water-borne craft which includes a deck having a receptacle-receptive
      opening therein; a receptacle having bottom, opposite side and end walls,
      means connecting said receptacle to said deck for selective movement
      between a fully raised position wherein the bottom wall of the receptacle
      is disposed at or above the water line of the craft, and a fully lowered
      position for disposing the bottom wall submerged beneath said water line,
      said means connecting the receptacle to the deck for selective movement
      between fully raised and fully lowered positions comprising a pair of
      parallelogram linkages by which the side walls of the receptacle are
      connected to the deck; and means accessible above the deck for
      simultaneously actuating said linkages for disposing and locking said
      receptacle in and against accidental or unintentional dislodgement from
      its fully raised and lowered positions.
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ABST
PAL  A water-faring vessel having a plurality of decks and a pilothouse movably
      mounted atop a deck and capable of being elevated above the deck and
      lowered onto the deck comprises a passageway which permits interior human
      passage between the pilothouse and at least one deck when the pilothouse
      is in an unelevated position atop the deck. The passageway also permits
      interior human passage between the pilothouse and at least one deck when
      the pilothouse is in an elevated position above the deck.
BSUM
PAR  The present invention relates to elevating pilothouses for water-faring
      vessels, and, more particularly, to a novel and improved, completely
      enclosed, weatherproof passageway for the pilothouse when it is an
      elevated position.
PAR  In general, water-faring vessels are controlled from a pilothouse located
      near the top of the vessel. When visibility from the pilothouse is
      impaired, the probability of waterway accidents is augmented, thereby
      creating a substantial safety hazard.
PAR  In practice, water-faring vessels, especially tugboats and the like,
      encounter many situations in which the visibility from the pilothouse is
      impaired by sources other than the elements. For example, a single tugboat
      will usually be dispatched to transport a barge from one location to
      another. When the barge is loaded, it has a relatively large draft. Since
      the large draft causes the barge to ride very low in the water, the
      visibility from the pilothouse is essentially unimpaired by the barge.
      However, when the barge is unloaded, the draft is decreased and the barge
      rides higher in the water. Thus the visibility from the pilothouse may be
      disadvantageously impaired by an unloaded barge.
PAR  To eliminate this disadvantage, tugboats have heretofore been provided with
      a permanently elevated main or auxiliary pilothouse. Such elevated
      pilothouses are fixedly mounted upon a rigid structural framework in an
      elevated position above the uppermost deck of the vessel.
PAR  Although the permanently elevated pilothouses improve the visibility from
      the pilothouse, the overall utility and efficiency of the vessel is
      diminished in other respects. Firstly, if both a regular pilothouse and a
      permanently elevated auxiliary pilothouse are employed, each pilothouse
      must be provided with a complete set of controls. The construction of a
      vessel having two fully equipped pilothouses disadvantageously increases
      construction time and cost.
PAR  This disadvantage may be eliminated by dispensing with the regular
      pilothouse and allowing the permanently elevated pilothouse to serve as
      the regular pilothouse. However, this is impractical if the vessel is to
      be used in heavy seas, since a helmsman attempting to navigate the vessel
      in heavy seas from the elevated pilothouse would probably be affected by
      motion sickness due to the exaggerated rolling and pitching of his lofty
      position.
PAR  A second major disadvantage of permanently elevated pilothouses is the
      obstruction they create. One important problem is passing under fixed span
      bridges, particularly on barge canals used for petroleum distribution.
      Because tugboats may also be used to dock ships, a second typical problem
      is that the permanently elevated pilothouse is often damaged by colliding
      against the flair of a ship's bow or stern during the docking operation.
PAR  Because of the various problems attendant with permanently elevated
      pilothouses, certain vessels have been designed with elevating
      pilothouses. In this type of construction, the vessel has a single
      pilothouse which may be elevated and lowered as conditions warrant.
      Elevating pilothouses have heretofore been employed on canal towboats
      having relatively low profiles and on tugboats having higher profiles. On
      canal towboats, the pilothouse is elevated to increase visibility and
      lowered to pass under bridges. On tugboats, the pilothouse is elevated to
      increase visibility when the tugboat is towing high riding barges, as
      explained hereinabove, and lowered when conditions warrant.
PAR  In both instances, however, an interior passageway for crewmen is only
      provided, if at all, when the pilothouse is in an unelevated position.
      Thus when the pilothouse is elevated, human access to the pilothouse has
      been provided in the past by a telescoping or pivoting exterior ladder.
      Furthermore, since no interior passageway is provided when the pilothouse
      is in an elevated position, all control and power cables must communicate
      with the pilothouse exteriorly, thereby being exposed to the elements.
PAR  Exterior human access to the pilothouse creates a real safety hazard, since
      rough water or bad weather make travel up and down the exterior ladder
      extremely treacherous. Even in fair weather or light seas the rolling
      motion of the vessel and the presence of moisture on the exterior ladder
      create a potentially dangerous condition.
PAR  Similarly, exposure of the control and power cables to the elements creates
      a safety hazard by increasing the likelihood of control and power cable
      failure. Failure of the control and power cables could result in the
      tugboat being rendered powerless and uncontrollable, thereby increasing
      the likelihood of a waterway mishap.
PAR  In an elevated position, the pilothouse has a tendency to vibrate,
      particularly when the engine of the vessel is running at maximum power.
      This vibration can cause damage to the delicate electronic equipment in
      the pilothouse. Thus elimination of vibration is important, especially
      since failure of the electronic equipment could create a dangerous
      navigational hazard in bad weather and again increase the likelihood of a
      waterway mishap.
PAR  In accordance with the invention, there is provided a novel and improved
      hydraulic installation for a water-faring vessel having a plurality of
      decks and a pilothouse movably mounted atop a deck. The hydraulic
      installation, which normally includes a source of hydraulic fluid and a
      fluid pressure responsive hydraulic jack capable of elevating the
      pilothouse above the deck and lowering the pilothouse onto the deck, also
      includes a shaftway extending vertically through the decks beneath the
      pilothouse. A plunger of the hydraulic jack is fixedly mounted in a
      vertical position in the shaftway; while a cylinder of the hydraulic jack
      is attached to the pilothouse and slidably mounted about the plunger for
      vertical reciprocating movement thereon.
PAR  The shaftway is designed with rigid structural members and a system of
      roller guides. The rigid structural members and the system of roller
      guides, in conjunction with the relatively large horizontal cross section
      of the shaftway, provide strength and stability for minimizing vibration
      in the pilothouse when it is in an elevated position.
PAR  The invention further includes a stairwell mounted beneath the pilothouse
      for vertical reciprocating movement in the shaftway with the cylinder. A
      stairway completely enclosed within the stairwell is provided for
      permitting interior human passage between the pilothouse and at least one
      deck when the pilothouse is elevated above the deck and for permitting
      interior human passage between the pilothouse and at least one deck when
      the pilothouse is lowered onto the deck. Since the stairway is completely
      enclosed by the stairwell, a safe and weatherproof passageway to and from
      the pilothouse is provided.
PAR  When the pilothouse is mounted atop an uppermost deck the stairwell may
      include a plurality of doors, the number of which is dependent upon the
      number of decks on the vessel. In a preferred embodiment, the stairwell
      includes a first door which provides access to a lowermost deck when the
      pilothouse is lowered onto the uppermost deck and which provides access to
      a deck directly below the uppermost deck when the pilothouse is elevated
      above the uppermost deck to a first predetermined elevation. A second door
      located in the stairwell above the first door provides access to the deck
      directly below the uppermost deck when the pilothouse is elevated above
      the uppermost deck to a second predetermined elevation which is lower than
      the first predetermined elevation. A third door is also located in the
      stairwell above the second door for providing access to the deck directly
      below the uppermost deck when the pilothouse is lowered onto the uppermost
      deck. Thus the present invention allows the pilothouse to be elevated to
      variable heights. More particularly, when the heights to which the
      pilothouse is elevated correspond to the distance between the decks, an
      interior human passageway is provided between the pilothouse and at least
      one deck.
PAR  The stairway may be of the spiral type with a landing adjacent each of the
      doors. By employing a stairwell having a square cross section and a spiral
      stairway, the corners of the stairwell may be employed as an interior
      conduit for housing the control and power cables which communicate with
      the pilothouse.
PAR  To insure maximum safety, an electrical interlock system may be utilized
      for preventing the opening of any door which is elevated above the
      uppermost deck. Also, a safety mechanism may be used to prevent the
      raising and lowering of the pilothouse if any door is open.
DRWD
PAR  For a more complete understanding of the invention reference may be had to
      the following detailed description taken in conjunction with the
      accompanying figures of the drawing, in which:
PAR  FIG. 1 is a side elevational view, partially cut away, of the hydraulic
      installation of the present invention positioned in a tugboat;
PAR  FIG. 2 is a detailed cross sectional view of the hydraulic installation
      shown in FIG. 1;
PAR  FIG. 3 is a cross sectional view, taken along the lines 3--3 in FIG. 2 and
      looking in the direction of the arrows, of the hydraulic installation of
      FIG. 2;
PAR  FIG. 3a is a detailed side elevational view of the rollers and sealing
      mechanism shown in FIG. 3;
PAR  FIG. 4 is a cross sectional view, taken along the lines 4--4 in FIG. 2 and
      looking in the direction of the arrows, of the hydraulic installation of
      FIG. 2;
PAR  FIG. 5 is a cross sectional view, taken along lines 5--5 of FIG. 2 and
      looking in the direction of the arrows, of the hydraulic installation of
      FIG. 2; and
PAR  FIG. 6 is a schematic of the electrical circuitry for operating the
      hydraulic installation of the present invention.
DETD
PAR  In FIGS. 1 and 3, there is shown a tugboat 10 having a lowermost deck 12 a
      main deck 14, an intermediate deck 16 an uppermost deck 18, and a
      pilothouse 20 atop the uppermost deck 18. The tugboat 10 includes an
      hydraulic installation for elevating the pilothouse 20 above the uppermost
      deck 18, as indicated by the phantom lines in FIG. 1, and for lowering the
      pilothouse 20 onto the uppermost deck 18.
PAR  The hydraulic installation includes a shaftway 26 extending vertically
      through the decks 12, 14, 16 and 18 beneath the pilothouse 20. A hollow
      plunger 22 of the hydraulic jack is fixedly mounted in a vertical position
      on a horizontal support plate 42 in the shaftway 26. A cylinder 24 of the
      hydraulic jack is attached to the roof of the pilothouse 20 and slidably
      mounted about the plunger 22 for vertical reciprocating movement thereon.
PAR  In FIG. 2, the plunger 22 houses a vertical fluid conduit or pipe 44. The
      pipe 44 has an inlet located at a lowermost end of the plunger 22 and an
      outlet located in a chamber 64 located at an uppermost end of the plunger
      22. The inlet of pipe 44 is connected to a source of hydraulic fluid (not
      shown) by a horizontal pipe or conduit 92; while the outlet of the
      vertical pipe 44 communicates with the chamber 64 in the uppermost end of
      the plunger 22. An aperture 66 in a sidewall of the chamber 64
      communicates with the cylinder 24. Thus the pipe 44 in the plunger 22
      forms a fluid conduit between the source of hydraulic fluid and the
      cylinder 24. When hydraulic fluid is introduced into the cylinder 24, the
      pilothouse 20 carried thereby may be vertically elevated above the
      uppermost deck 18 to a height determined by the length of the plunger 22
      and the cylinder 24.
PAR  The cylinder 24 includes a pair of bearing and seal combinations 62, 94;
      and a pair of air bleeds 84, 86 (see FIG. 2). The bearing and seal
      combination 62 located at a lowermost end of the cylinder 24 and the
      bearing and seal combination 94 located between the lowermost end and an
      uppermost end of the cylinder 24 provide a fluid tight seal for the
      cylinder 24. The air bleed 86 located at the lowermost end of the cylinder
      24 and the air bleed 84 located at the uppermost end of the cylinder 24
      permit the release of entrapped air from the cylinder 24.
PAR  A stairwell 28 is mounted beneath the pilothouse 20 for vertical
      reciprocating movement in the shaftway 26 with the cylinder 24. In the
      embodiment of FIGS. 1-5, the stairwell 28 is disposed coaxially about the
      cylinder 24. A lowermost end 60 of the stairwell 28 is fixedly attached to
      the cylinder 24; while an uppermost end of the stairwell 28 communicates
      with the pilothouse 20.
PAR  A spiral stairway 30 is located within the stairwell 28 for permitting
      interior human passage between the pilothouse 20 and at least one of the
      decks 12, 14 and 16 when the pilothouse 20 is elevated above the uppermost
      deck 18 and for permitting interior human passage between the pilothouse
      20 and at least one of the decks 12, 14 and 16 when the pilothouse 20 is
      lowered onto the uppermost deck 18. Since the stairway 30 is completely
      enclosed by the stairwell 28, a safe and weatherproof passageway to and
      from the pilothouse 20 is provided.
PAR  When the pilothouse 20 is mounted atop the uppermost deck 18, the stairwell
      28 may include a plurality of doors, the number of which will depend upon
      the number of decks on the tugboat 10. As shown in FIG. 3, the stairwell
      28 includes a first door 46 which provides access to the lowermost deck 12
      through an access opening 88 when the pilothouse 20 is lowered onto the
      uppermost deck 18. When the pilothouse 20 is elevated above the uppermost
      deck 18 to a first predetermined elevation corresponding to the distance
      between the lowermost deck 12 and the intermediate deck 16, the first door
      46 provides access to the intermediate deck 16, which is directly below
      the uppermost deck 18, through an access opening 90. A second door 48
      located in the stairwell 28 above the first door 46 provides access to the
      intermediate deck 16 through the access opening 90 when the pilothouse 20
      is elevated above the uppermost deck 18 to a second predetermined
      elevation corresponding to the distance between the lowermost deck 12 and
      the main deck 14. A third door 50 is also located in the stairwell 28
      above the second door 48 for providing access to the intermediate deck 16
      through the access opening 90 when the pilothouse 20 is lowered onto the
      uppermost deck 18. The spiral stairway 30 includes landings 96 (see FIG.
      4) adjacent each of the doors 46, 48 and 50.
PAR  Although access to the main deck is not directly provided in the embodiment
      of FIGS. 1-3, a conventional interior ladder 98 (see FIG. 3) provides
      access to the main deck 14 from the intermediate deck 16. If desired, an
      access opening may be located in the shaftway 26 at the main deck level
      for providing direct access to the main deck 16 from the stairwell 28.
PAR  In the embodiment of FIGS. 1-5, the spiral stairway 30 is enclosed within
      the stairwell 28 which has a square cross section. This design allows the
      corners of the stairwell 28 to be utilized as an interior conduit for
      housing control and power cables 36 which run from a terminal box 38
      mounted below the main deck 14 to a control panel 40 mounted in the
      pilothouse 20 (see FIGS. 4 and 5). A slot 52 (see FIG. 3) in the lower
      portion of the shaftway 26 permits the control and power cables 36 to
      communicate with the stairwell 28. The control and power cables 36 are of
      sufficient length to communicate with the pilothouse 20 when it is in an
      elevated position (see FIG. 3). When the pilothouse is lowered onto the
      uppermost deck 18, the control and power cables 36 loop downward below the
      stairwell 28.
PAR  In FIGS. 3a, 4 and 5, there is shown a system of rollers which facilitate
      the vertical reciprocating movement of the stairwell 28 in the shaftway
      26. As shown in FIG. 4, eight sets of rollers 32 are mounted atop the
      uppermost deck 18 externally of the stairwell 28. The rollers 32 also
      function to stabilize and center the stairwell 28 when the pilothouse 20
      is in an elevated position above the uppermost deck 18. When the
      pilothouse 20 is lowered onto the uppermost deck 18, the rollers 32 are
      contained within housings 58 located in the bottom of the pilothouse 20
      (see FIGS. 1-3). To provide a sufficiently strong bearing surface for the
      rollers 32, the corner plates 54 (see FIG. 4) of the stairwell 28 are made
      of a thicker gage metal than the rest of the stairwell 28.
PAR  To further facilitate the vertical reciprocating movement of the stairwell
      28 in the shaftway 26, five sets of rollers 34 are mounted from the bottom
      60 of the stairwell 28. The rollers 34 engage the interior walls of the
      shaftway 26 during the raising and lowering of the pilothouse 20. Vertical
      reinforcing bars 56 (see FIG. 5) are fixedly attached to the outside walls
      of the shaftway 26 in substantial alignment with the rollers 34 to provide
      a sufficiently strong bearing surface for the rollers 34.
PAR  To prevent water and other moisture from entering the shaftway 26, a
      sealing member 80 of any suitable conventional form lines the uppermost
      end of the shaftway 26 (see FIG. 3a). Preferably, the sealing member 80 is
      rubberized weather stripping fixedly attached just below the upper lip of
      the shaftway 26 by bolts 82. The sealing member 80 remains in contact with
      the outer surface of the stairwell 28 during the raising and lowering of
      the pilothouse 20.
PAR  In FIG. 6, there is shown a schematic diagram of the electrical components
      of the hydraulic installation shown in FIGS. 1-5. The electrical
      components include an elevator pump starter box 68, an elevator 4-way
      valve 70 for alternatively connecting the pump or reservoir to the plunger
      22 and the cylinder 24, and an elevator pump junction box 72. A pump
      switch 74 and deck level selectors 76 of the deadman fail-safe variety are
      located in the pilothouse. Also located in the pilothouse are a pilothouse
      junction box 78; mechanical position level switches S.sub.4, S.sub.5,
      S.sub.6, S.sub.7 and S.sub.8 ; and door interlock switches S.sub.1,
      S.sub.2 and S.sub.3.
PAR  The door interlock switches S.sub.1, S.sub.2 and S.sub.3 are utilized to
      prevent the opening of the doors 46, 48 and 50 when they are elevated
      above the uppermost deck 18. Also, a safety mechanism may be used to
      prevent the raising and lowering of the pilothouse 20 if any of the doors
      46, 48 and 50 is open. As a further safety measure, a manually operated
      emergency let down system may be provided to permit the lowering of the
      pilothouse 20 upon failure of the electrical components controlling the
      hydraulic jack.
PAR  Thus there is provided, in accordance with the invention, a novel and
      improved passageway for an elevating pilothouse which permits interior
      human passage between the pilothouse and at least one deck when the
      pilothouse is in an elevated and an unelevated position.
PAR  It will be understood by those skilled in the art that the above described
      embodiment is meant to be merely exemplary in that it is susceptible of
      modification and variation without departing from the spirit and scope of
      the invention. For example, the number of decks may be varied and the
      pilothouse may be mounted atop decks other than the uppermost deck. Also,
      the number of decks to which access is provided from the passageway may be
      varied to suit the needs of the vessel. Therefore, the invention is not
      deemed to be limited except as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An hydraulic installation of a water-faring vessel having a plurality of
      decks and a pilothouse movably mounted atop a deck, the pilothouse having
      a control panel for receiving control and power cables from a lower deck,
      comprising a shaftway extending vertically through the decks beneath the
      pilothouse; a hydraulic jack for elevating the pilothouse above the deck
      and lowering the pilothouse onto the deck, said hydraulic jack including a
      plunger fixedly mounted in a vertical position in said shaftway and a
      cylinder attached to the pilothouse and slidably mounted about said
      plunger for vertical reciprocating movement thereon; a stairwell mounted
      beneath the pilothouse for vertical reciprocating movement in said
      shaftway with said cylinder, said stairwell including means for housing
      the control and power cables within said stairwell, whereby a weatherproof
      passageway to and from the pilothouse is provided for the control and
      power cables; and stairway means located within said stairwell for
      permitting interior human passage between the pilothouse and at least one
      deck when the pilothouse is elevated above the deck and for permitting
      interior human passage between the pilothouse and at least one deck when
      the pilothouse is lowered onto the deck, whereby a safe, weatherproof
      passageway to and from the pilothouse is provided.
NUM  2.
PAR  2. An hydraulic installation for a water-faring vessel having a plurality
      of decks and a pilothouse movably mounted atop an uppermost deck,
      comprising a shaftway extending vertically through the decks beneath the
      pilothouse; an hydraulic jack for elevating the pilothouse above the
      uppermost deck and lowering the pilothouse onto the uppermost deck, said
      hydraulic jack including a plunger fixedly mounted in a vertical position
      in said shaftway and a cylinder attached to the pilothouse and slidably
      mounted about said plunger for vertical reciprocating movement thereon; a
      stairwell mounted beneath the pilothouse for vertical reciprocating
      movement in said shaftway with said cylinder, said stairwell including a
      first door for providing access to the lowermost deck when the pilothouse
      is lowered onto the uppermost deck and for providing access to the deck
      directly below the uppermost deck when the pilothouse is elevated above
      the uppermost deck to a first predetermined elevation, a second door
      located above said first door for providing access to the deck directly
      below the uppermost deck when the pilothouse is elevated above the
      uppermost deck to a second predetermined elevation, said second
      predetermined elevation being lower than said first predetermined
      elevation, and a third door located above said second door for providing
      access to the deck directly below the uppermost deck when the pilothouse
      is lowered onto the uppermost deck; interlock means for preventing the
      opening of said second door when said second door is elevated above the
      uppermost deck and for preventing the opening of said third door when said
      third door is elevated above the uppermost deck; safety means for
      preventing the raising and lowering of the pilothouse if any of said
      first, second and third doors is open; and stairway means located within
      said stairwell for permitting interior human passage between the
      pilothouse and at least one deck when the pilothouse is elevated above the
      uppermost deck to said first and second predetermined elevations and for
      permitting interior human passage between the pilothouse and at least one
      deck when the pilothouse is lowered onto the uppermost deck, whereby a
      safe, weatherproof passageway to and from the pilothouse is provided.
NUM  3.
PAR  3. An hydraulic installation according to claim 2, wherein said stairway
      means is a spiral stairway having a landing adjacent said first, second
      and third doors.
NUM  4.
PAR  4. An hydraulic installation according to claim 2, wherein said stairwell
      includes said cylinder and completely encloses said stairway means to
      provide a safe, weatherproof passageway to and from the pilothouse.
NUM  5.
PAR  5. An hydraulic installation for a tugboat having a plurality of decks and
      a pilothouse movably mounted atop an uppermost deck, comprising a shaftway
      extending vertically through the decks beneath the pilothouse; a source of
      hydraulic fluid; a fluid pressure responsive hydraulic jack for elevating
      the pilothouse above the uppermost deck and lowering the pilothouse onto
      the uppermost deck, said hydraulic jack including a plunger fixedly
      mounted in a vertical position in said shaftway and a cylinder attached to
      the pilothouse and slidably mounted about said plunger for vertical
      reciprocating movement thereon, said plunger having an inlet located at
      the lowermost end of said plunger for receiving hydraulic fluid from said
      source of hydraulic fluid and an outlet located at the uppermost end of
      said plunger and communicating with said cylinder and said inlet for
      supplying hydraulic fluid to said cylinder, whereby said cylinder
      reciprocates vertically on said plunger under the influence of fluid
      pressure conditions within said cylinder; a stairwell mounted beneath the
      pilothouse for vertical reciprocating movement in said shaftway with said
      cylinder, said stairwell including a first door for providing access to
      the lowermost deck when the pilothouse is lowered onto the uppermost deck
      and for providing access to the deck directly below the uppermost deck
      when the pilothouse is elevated above the uppermost deck to a first
      predetermined elevation, a second door located above said first door for
      providing access to the deck directly below the uppermost deck when the
      pilothouse is elevated above the uppermost deck to a second predetermined
      elevation, said second predetermined elevation being lower than said first
      predetermined elevation, and a third door located above said second door
      for providing access to the deck directly below the uppermost deck when
      the pilothouse is lowered onto the uppermost deck; a spiral stairway
      completely enclosed within said stairwell and having a landing adjacent
      said first, second and third doors, whereby an interior human passageway
      between the pilothouse and at least one deck is provided with the
      pilothouse is elevated above the uppermost deck to said first and second
      predetermined elevations and when the pilothouse is lowered onto the
      uppermost deck; interlock means for preventing the opening of said second
      door when said secoond door is elevated above the uppermost deck and for
      preventing the opening of said third door when said third door is elevated
      above the uppermost deck; and safety means for preventing the raising and
      lowering of the pilothouse when any of said first, second and third doors
      is open, whereby a safe, weatherproof passageway to and from the
      pilothouse is provided.
NUM  6.
PAR  6. An hydraulic installation according to claim 5, wherein the pilothouse
      includes a control panel for receiving control and power cables from a
      lower deck; and wherein said stairwell surrounds said cylinder and
      includes means for housing said control and power cables, whereby a
      weatherproof passageway to and from the pilothouse is provided for said
      control and power cables.
NUM  7.
PAR  7. An hydraulic installation according to claim 6, wherein said shaftway
      and said stairwell are square in cross section; and wherein said means for
      receiving said control and power cables is a conduit formed in the corners
      of said stairwell between said stairwell and said spiral stairway.
NUM  8.
PAR  8. An hydraulic installation according to claim 7, further comprising first
      roller means mounted at the lowermost end of said stairwell and bearing
      against all inner walls of said shaftway and second roller means mounted
      at the uppermost end of said shaftway and bearing against all outer walls
      of said stairwell, whereby strength and stability for minimizing vibration
      in the pilothouse when the pilothouse is in an elevated position is
      provided.
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ABST
PAL  A method of constructing low temperature liquefied gas tanker ships
      equipped with containers made of low temperature resisting material, the
      containers each being positioned in a hold space defined by the inner wall
      of a hull and a bulkhead with interposition of a heat insulating layer,
      characterized by forming tank assemblies each being composed of the
      container, said heat insulating layer covering the outer surface of the
      container and a water-tight layer provided over the heat insulating layer,
      floating the tank assemblies on the surface of the water at the positions
      just above the hold spaces of the hull which is kept sunk in the water,
      and making at least either the tank assemblies or the hull come closer to
      each other so that the tank assemblies are inserted into the corresponding
      hold spaces of the hull, whereby the construction of the tanks can be
      proceeded separately from and in parallel with the hull construction to
      spare time and the tank assemblies are mounted into the hold spaces of the
      hull with no requirement of heavy cranes having high lift and long reach
      of suspension.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of constructing tanker ships for
      transporting low temperature liquefied gases such as petroleum gases which
      are in a gaseous state at room temperature and can be liquefied under
      atmospheric pressure. More particularly, this invention relates to a
      method of constructing low temperature liquefied gas tanker ships equipped
      with containers made of low temperature resisting material, said
      containers each being positioned in a hold space defined by the inner wall
      of a hull and a bulkhead with interposition of a heat insulating layer.
PAR  2. Description of the Prior Art
PAR  As a conventional method of constructing the low temperature liquefied gas
      tanker ships of the above-mentioned structure, it has been proposed for
      the purpose of shortening the period of occupying a dock to construct tank
      assemblies each being made of said container and said heat insulating
      layer, the latter being provided over the outer surface of the former,
      separately from and in parallel with the hull of the tanker ship which is
      formed with the hold spaces for receiving said tank assemblies, and
      thereafter, to mount the tank assemblies into the hold spaces by
      suspending the tank assemblies by a crane or cranes and lowering them into
      the hold spaces of the hull. However, this method of construction involves
      a problem that it requires a heavy crane by which very large suspension
      height as well as reach are available.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is the main object of this invention to solve the
      abovementioned problem in the conventional method of constructing low
      temperature liquefied gas tanker ships wherein the tank assemblies and the
      hull are separately constructed and thereafter assembled together, and to
      provide a novel method which requires no heavy crane for mounting the tank
      assemblies into the hold spaces of the hull.
PAR  Another object of this invention is to provide a method of constructing low
      temperature liquefied gas tanker ships whereby the mounting of the tank
      assemblies into the hold spaces of the hull can be performed in the sea
      outside a dock.
PAR  Still another object is to provide a method of constructing low temperature
      liquefied gas tanker ships whereby all tank assemblies can be
      simultaneously mounted into the corresponding hold spaces of the hull.
PAR  These objects are accomplished, according to this invention, by forming
      said tank assemblies each being composed of said container, said heat
      insulating layer covering the outer surface of said container and a
      water-tight layer provided over said heat insulating layer, floating said
      tank assemblies on the surface of the water at the positions just above
      the hold spaces of the hull which is kept sunk in the water, and making at
      least either the tank assemblies or the hull come closer to each other so
      that the tank assemblies are inserted into the corresponding hold spaces
      of the hull.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing,
PAR  FIG. 1 is a longitudinal section of a tanker ship schematically showing the
      hull structure thereof in the way of construction;
PAR  FIG. 2 shows a section along line II--II in FIG. 1;
PAR  FIG. 3 is a side view of the tank assemblies to be mounted in the hull;
PAR  FIG. 4 is a sectional view of part A in FIG. 3;
PAR  FIG. 5 shows an example of the manner of mounting the tank assemblies into
      the hull;
PAR  FIG. 6 shows a section along line VI--VI in FIG. 5;
PAR  FIG. 7 is a longitudinal section of the hull mounted with the tank
      assemblies; and
PAR  FIG. 8 is a longitudinal section of the hull finally attached with a stern
      hull portion.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This invention will now be described more particularly of some preferred
      embodiments with reference to the accompanying drawing.
PAR  FIG. 1 shows a tanker ship under construction, which presents hold spaces 1
      defined in a main hull portion 2. In this embodiment, the main hull
      portion is constructed separately from a stern hull portion 3 adapted to
      be equipped with main engines, etc.
PAR  As shown in FIG. 2, which is a cross section of the main hull portion 2,
      the hull is formed as a dual-walled hull having inner walls 4, inner
      bottom wall 5 and bulkheads 6 (FIG. 1) defining the hold spaces 1 and
      float chambers 7 and 8 provided between the dual walls.
PAR  FIG. 3 shows tank assemblies 9 adapted to be inserted into the hold spaces
      1 and mounted therein. The tank assembly 9 has a wall structure as shown
      in FIG. 4 composed of a container 10 made of a low temperature resisting
      material, a heat insulating layer 11 covering the outer surface of the
      container 10 and a water-tight layer 12 such as a thin iron plate provided
      over the heat insulating layer. At least the bottom portion of the heat
      insulating layer 11 is formed as a compression resisting structure. These
      tank assemblies are constructed separately from the hull and in parallel
      construction with the hull.
PAR  FIGS. 5 and 6 show an example of the manner of mounting the tank assemblies
      9 into the hold spaces 1 of the hull. The main hull portion 2 is sunk in
      the water by the float chambers 7 and 8 being substantially filled with
      ballast water and is suspended in the water by buoys 13. The tank
      assemblies 9 are floated on the surface of the water and positioned just
      above the hold spaces 1 into which they are going to be inserted. The tank
      assemblies are kept at the determined positions by proper positioning
      means (not shown). Reference numeral 14 in FIG. 6 designates an air space
      left at the upper portion of the float chamber.
PAR  Starting from the state shown in FIGS. 5 and 6, the ballast water in the
      float chambers 7 and 8 is gradually pumped out to surface the main hull
      portion 2, whereby the tank assemblies 9 are gradually inserted into the
      corresponding hold spaces 1 of the hull.
PAR  In order to make it easier to insert the tank assemblies into the hold
      spaces, there are provisionally provided guide plates 15 at the upper end
      of the hold spaces 1. It is also preferable that the outer walls of the
      tank assemblies are formed with grooves (not shown) extending vertically
      and adapted to allow draining of the water contained in the hold spaces 1
      as the tank assemblies are inserted therein. The water contained in the
      hold spaces may otherwise be drained by being pumped out by ballast pumps
      through drain pipes opening to the hold spaces at the inner bottom wall of
      the dual-walled hull.
PAR  When the tank assemblies 9 have been completely inserted in the hold spaces
      of the main hull portion 2 as shown in FIG. 7, they are fixed at the
      positions by proper key means (not shown) to be attached on the wall
      surfaces defining the hold spaces. Thereafter, a deck 16 is constructed
      above the tank assemblies (FIG. 8).
PAR  After the main hull portion 2 has been completed with the tank assemblies
      mounted therein, it is combined with the stern hull portion 3, which has
      also been completed in the construction process performed in parallel with
      the main hull portion, to present a complete tanker ship as shown in FIG.
      8.
PAR  In the abovementioned embodiment of this invention, the main hull portion 2
      is sunk in the water by the float chambers 7 and 8 being filled with
      water, but as a modification, it is proposed that the main hull portion
      constructed in a dock is firmly fastened to the bottom of the dock by
      proper fastening means, while the dock is flooded with water so that the
      main hull portion is sunk in the water against the buoyancy due to the
      float chambers. Then, the tank assemblies floated on the water are
      properly positioned above the hold spaces of the main hull portion, and
      thereafter, the fastening means are gradually loosened to allow the main
      hull portion rise to the surface due to the buoyancy of the float chambers
      while the tank assemblies are accordingly inserted into the hold spaces of
      the main hull portion. This method is advantageous in the view point that
      it requires no pump for draining the float chambers 7 and 8.
PAR  As a further modification of the method of this invention, it is also
      proposed that the main hull portion is provided with valves at bottom
      portions thereof for selectively opening the bottom portions of the hull
      so that the inside space of the hull is also filled with water as the dock
      is filled with water when the valves are opened, whereby the main hull
      portion is automatically kept sunk in the water by filling the dock with
      water. Then, after the tank assemblies have been properly positioned as
      floated above the hold spaces of the hull, the water in the hold spaces as
      well as in the dock is drained to gradually lower the tank assemblies in
      the hold spaces. In this case, since the main hull portion is stably
      positioned on the bottom of the dock due to its own gravity, there is
      required no fastening means for fastening the main hull portion to the
      bottom of the dock against the buoyancy of the hull.
PAR  Although it is proposed in the embodiments described in the above that the
      stern hull portion 3 is attached to the main hull portion 2 after the main
      hull portion has been mounted with the tank assemblies, the main hull
      portion 2 may of course be combined with the stern hull portion before it
      is mounted with the tank assemblies.
PAR  Furthermore, the main hull portion may be divided into several hull blocks
      which are separately mounted with the tank assemblies in the manner
      described above.
PAR  The container 10 of the tank assembly 9 may be of a membrane type which
      itself is already well known in the art. In this case the heat insulating
      layer 11 is required to be of a compression resisting type not only at the
      bottom portion thereof but also at the side wall portions thereof. In this
      case it is preferable that the clearance left between the inside surface
      defining the hold space and the tank assembly is filled with proper
      filling material such as polymer cement so that the membranous container
      is uniformly supported over the whole area thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of mounting at least one tank made of a low-temperature
      resisting material within the tank hull portion of a floatable vessel
      having an engine hull portion and said tank hull portion, said tank hull
      portion being provided with float chambers and said tank being positioned
      in a hold space defined by the inner walls of the tank hull portion, which
      comprises, at least partially flooding said tank hull portion, by
      introducing ballast water into a substantial portion thereof while
      maintaining a partial air space in said float chambers to suspend the tank
      hull portion in the water, stabilizing said flooded tank hull portion by
      suspending said tank hull portion from buoys, floating at least one tank
      into position over a desired final position with respect to the hold space
      of said tank hull portion, seating at least one of the tanks into its
      desired final position within the hold space by draining said float
      chambers, thereby causing the hull portion to float up to the surface of
      the water and connecting said tank hull portion with the engine hull
      portion.
NUM  2.
PAR  2. The method of claim 1 wherein the tank hull portion is divided by
      bulkheads into a plurality of hold spaces and a plurality of tanks are
      mounted into said hold spaces.
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PAL  In most ships or other marine vessels the hull has a double bottom, hull
      sides and at least one deck. The hull of the invention has at least two
      fore-and-aft arranged hollow cylinders with considerable buoyancy and
      constituting an integral part of the double bottom. All plating of the
      hull is plane, single bent or cylinder casing-shaped. The assembly of the
      hull is carried out on the surface of a protected water area and is
      commenced by floating the assembled hollow cylinders on the water surface
      in parallel relation to each other. The cylinders are then used as a base
      for assembling prefabricated building sections which are connected
      successively to the cylinders and/or to each other until the hull is
      completed.
BSUM
PAR  The present invention relates to a novel hull for ships or other marine
      vessels and a novel method of assembling such hulls. The novel hull has a
      double bottom construction comprising an outer bottom, transitional parts
      between the outer bottom and the sides of the hull and an inner bottom
      which is extended between the sides of the hull above the outer bottom. In
      the method of assembly of the hull according to the present invention, to
      a necessary degree pre-fabricated base members are joined together so as
      to form building sections which, along with equipment parts, are then
      transported to and stored at a storage location located near an assembly
      location intended for the hull and formed by a protected water area. The
      sections are then moved, in planned sequence, from the storage location to
      the assembly location in order to there be joined together in intended
      mutual positions.
PAR  Demands for increased economy of operation have led to a rapid increase in
      the size of ships. This has led to a corresponding increase not only in
      the initial investment which is required, but also in overhead for those
      shipyards which have the capacity for assembling such large vessels.
PAR  The object of the present invention is thus primarily to obtain a hull
      which, because of of its construction, does not require access to a
      shipyard for its assembly and which has simplified basic components as
      compared to conventional ships so that assembly costs will be lowered.
      Another principal object of the invention is to obtain a method of
      assembling the hull according to the present invention without requiring
      access to the resources of a conventional shipyard.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  As instructive examples, an embodiment of the hull according to the present
      invention and an example of the method according to the present invention
      of assembling said hull are described below with reference to the enclosed
      drawings, wherein:
PAR  FIG. 1 is a side view of an embodiment of the hull.
PAR  FIG. 2 is a cross section along line II--II through the hull shown in FIG.
      1.
PAR  FIG. 3 is a perspective view of an upside down double bottom section of the
      hull shown in FIG. 1.
PAR  FIGS. 4 and 5 are examples of the water surface area above the cylinders
      integrated in the completed double bottom of the hull.
PAR  FIG. 6 is a view of two floating cylinder sections which have been
      transferred to the assembly location and the adjacent storage location.
PAR  FIG. 7 illustrates the process for joining together two adjacent cylinder
      sections.
PAR  FIG. 8 shows the completed cylinders which serve as bedding and double
      bottom parts adjacent to each other for attachment of a first double
      bottom section.
PAR  FIG. 9 shows the double bottom construction of the middle body after
      completion, with a first deck and shell plating section lowered onto the
      same.
PAR  FIG. 10 shows the hull in a final stage during completion with bulky
      equipment purposefully before the previously excluded sections have been
      mounted into position.
DETD
PAR  The embodiment of the completed hull 1 shown in a side-view in FIG. 1 has a
      bow section 2 and a stern section 3 as well as a mid section 4 extending
      between the bow and the stern sections. The shell plating of the middle
      body has been referred to as 5 while the transitional parts between the
      shell plating 5 and the outer bottom 6 of the hull are referred to as 7.
      The closest-situated of the cylinders 9, which cylinders function as
      bedding during assembly and thereafter as an integrated part of the double
      bottom construction 8, is also shown in FIG. 1. The cylinders 9, which run
      along the fore-and-aft direction 10 of the hull 1 are terminated at their
      ends by specially formed end sections or end pieces 11 and 12.
PAR  FIG. 2 shows that the double bottom 8 comprises an outer bottom 6,
      transitional parts 7 between the outer bottom and the shell plating 5,
      cylinders 9 and an inner bottom 13. Double bottom 8 also has
      reinforcements fore-and-aft (10) and/or athwartships (14) such as for
      example 15 and 16, as well as different attachment means, for example 17,
      required for the fastening of the cylinders 9.
PAR  The embodiment shown in FIG. 2 has two cylinders 9 which are spaced in the
      athwartships direction 14, said cylinders, in the fore-and-aft direction
      10, having essentially the same length as the mid section 4 of the hull.
      However, three or more cylinders 9 spaced athwartships are also within the
      scope of the invention. While the cylinders may be of different lengths,
      it is essential that they be hollow, thereby contributing to a great
      extent to the buoyancy of the hull. FIG. 2 also shows that the casings 18
      of the cylinders 9 have portions 19 mounted on the outside of the double
      bottom construction 8 and other portions 20 mounted inside the double
      bottom 8. Such is the case at least along the major part of the length of
      the cylinders 9. In the embodiment shown, the casing portions 19 and 20
      are of essentially the same size. However, embodiments in which the casing
      portion 19 is very small in comparison to the portion 20 and vice versa
      lie within the scope of the invention. This is effected by means of the
      cylinders 9 being accommodated more or less within the double bottom 8.
      Cylinders 9 can also, in their entirety, be positioned at the transitional
      parts 7 or form transitional members between the transitional parts 7 and
      the outer bottom 6.
PAR  FIG. 3 is a perspective view of a building section 21 of the double bottom
      8 of the hull 1 shown in FIGS. 1 and 2. In this figure, the bottom section
      21 is upside down in relation to its intended position in the hull. The
      inner bottom 13 is thereby turned downwards and the outer bottom 6 is
      turned upwards. The inclined transitional parts 7 are visible on either
      side and, furthermore, various support and stiffening means 15, 16 are
      located on either side as well. Two openings 22 are arranged between the
      outer bottom 6 and the transitional parts 7, each of said openings being
      intended to contain its respective cylinder 9, the fore-and-aft extending
      edges 23 of the openings 22 being watertight and rigidly connected to the
      shells 18 of the cylinders 9. Similarly, at least the shell sections 19
      which are situated outside of the edges 23 of the openings 22 are
      watertight, whereby the cylinders form an integrated part of the double
      bottom construction 8 of the hull 1.
PAR  FIGS. 4 and 5 illustrate the shape of a hull according to the invention by
      showing the water line areas 24, 24' for two different embodiments of the
      hull 1. In both cases, the water line areas are situated above the
      cylinders 9, as otherwise the latter could cause great irregularities in
      the contours of the areas. The areas 24, 24' are defined by a plurality of
      straight lines (shown as solid lines in FIGS. 4 and 5). Areas 24, 24' are
      then divided into simple geometrical surface elements (shown by dotted
      lines), dominated in both figures by one large rectangular surface element
      25, 25'. In FIG. 4, surface element 25 covers the mid-section 4 of the
      hull as well as its stern section 3, while surface element 25' in FIG. 5
      covers only the mid section. FIG. 4 only shows a smaller triangular
      surface element 27 which is connected to one of the short sides 26 of the
      rectangle 25 and which forms a tapering extension to rectangle 25 in the
      fore-and-aft direction 10 of the hull 1. Surface element 27 covers the bow
      section 2 of the hull.
PAR  FIG. 5 has three smaller surface elements shaped as a triangle 43 or
      trapezoid 41, 42. Surface elements 41, 42 are connected to their
      respective short sides 26, 28 of rectangle 25' while element 43 is
      connected to the side 44 of element 42 which faces away from rectangle
      25'. Elements 41, 42 form a tapering extension of the rectangle while
      element 43 forms a tapering extension of trapezoid 42.
PAR  Bow and stern sections which have water lines having simple geometrical
      surface elements combined in another manner than the one shown here also
      lie within the scope of the present invention.
PAR  Due to the form of the hull 1 shown in FIGS. 1-5, all the plates included
      in the hull have an uncomplicated shape. The plates are either plane or
      single bent or are shaped as at least a part of a cylindrical casing.
      Single bent plates are included for example in transitional parts 7 in the
      embodiment of the hull shown in FIGS. 1-3. Cylinder casing-shaped plates
      are naturally included mainly in the cylinders 9, with the possible
      exception of the end pieces 11, 12 of the cylinders. The stem plates 30 of
      the hull can also be cylinder casing-shaped.
PAR  The transitional parts 7, corresponding to "the bilge" in conventional
      hulls, have preferably plane or single bent plates. At least partially
      cylinder casing-shaped plates are, however, also feasible. When plane or
      single bent plates are used, they suitably incline inwardly and downwardly
      from the shell plating 5.
PAR  In a preferred embodiment of the hull according to the present invention,
      the opposing shell platings 5 are parallel or almost parallel to one
      another.
PAR  An example of the method of assembly according to the present invention is
      illustrated in FIGS. 6-10. FIG. 6 shows a front view of the assembly
      station which is formed by a harbor basin or some other protected water
      area 31. A storage station is situated next to the assembly station, said
      storage station being in the form of, e.g., a quay 32, upon which
      prefabricated sections 21, 33, 34, 38, 39, equipment parts 36, etc., have
      previously been stored. As the hull is later assembled, the sections are
      brought from the storage station to the assembly station, for example by
      means of a lifting crane resting on the quay or being supported on
      pontoons. After delivery to the assembly station, the sections are joined
      together.
PAR  The cylinders included in the double bottom construction of the hull 1 are
      made of cylinder sections 11, 12, 33 in the manner shown in the drawings,
      said cylinder sections being prefabricated. In FIG. 6, two cylinder
      sections 33', 33" are shown floating on the water. This is possible
      because each cylinder section, at this stage, has at least one watertight
      space contained between the cylinder casing 18 and end walls 34 arranged
      at a distance from the ends 35 of the cylinder sections.
PAR  In FIG. 7, the two cylinder sections 33', 33", still floating on the water,
      have been connected so that an extension of their respective longitudinal
      axes 36', 36" coincides with the longitudinal axis of the other cylinder
      section, simultaneously as the facing ends 35', 35" of the cylinder
      sections have been pulled in towards each other. As ends 35', 35" have
      been prepared for welding, the ends can be welded to each other, after
      necessary tacking, said welding being effected either manually or by means
      of a suitable welding apparatus 37 while the cylinder sections are caused
      to rotate around their longitudinal axes, the peripheral speed of rotation
      of the cylinder section being synchronized to correspond to the welding
      speed.
PAR  By joining each cylinder section in a corresponding manner to the
      previously joined cylinder section, the completed cylinders 9 are
      produced, said cylinders having great buoyancy.
PAR  In FIG. 8, the completed cylinders have been mounted parallel with one
      another at a determined distance from and in front of each other, the
      distance between the cylinders being so selected that it corresponds to
      the distance between the openings 22 (Cf. FIG. 3) in the double bottom
      sections 21. Each section 21 is then lowered down to the intended position
      in relation to the cylinders 9, for example until the elements 17 (FIG. 2)
      rest against the cylinders, after which section 21 is welded to the
      cylinders at least along the edges 23 (FIG. 3) of the openings 22.
PAR  In the above description, it has been assumed that the width of the
      openings 22 essentially corresponds to the corresponding dimension of the
      associated cylinders 9. If the cylinders 9 are to project out of the
      double bottom 8 less than the distance illustrated in the drawings the
      width of the openings 22 may be reduced after the openings have been moved
      down over the cylinders to the intended position. For this purpose, the
      necessary seam elements (not shown here) can, be mounted in advance on the
      cylinders or set in place simultaneously as the double bottom sections are
      welded on.
PAR  As the cylinders 9 according to the above have essentially the same length
      as the mid section 4, all the double bottom sections 21 belonging to this
      section can be welded in a corresponding manner both onto the cylinders 9
      and to each other. After this has been done, the deck and shell plating
      sections 34 which are included in the mid section 4, are assembled and
      fastened, as well as the fore and aft sections 38, 39 of the bow and stern
      sections 2, 3. However, the deck and shell plating sections 34 in front of
      a machinery space 40 and at other places where bulky equipment is to be
      conveyed to the inside of the hull are omitted until such equipment has
      been installed.
PAR  The order between the bow and stern sections and the deck and shell plating
      sections can vary depending on the size of the ship, the draught after
      completion of the double bottom of the mid-section, etc. This order is
      thus not considered to be an essential characteristic for the method
      according to the invention.
PAR  When the majority of sections 34, 38, 39 has been mounted and welded onto
      the hull, at least all the bulky equipment intended to be installed
      inboard is loaded. This applies to primary engines 36, auxiliary engines,
      boilers, etc. Only after this has been done is the incomplete hull 1
      completed with the previously omitted sections which can belong to the
      mid-section as well as the bow and/or stern sections.
PAR  In addition to the above mentioned advantages of the hull according to the
      present invention, the hull design results in marked stability, which
      makes it possible to load large deck cargoes. The parallel sides of the
      hull also provide advantageous load space in the lowest deck.
PAR  It should be added that the bottom construction of the hull gives rise to
      increased buoyancy even when the hull is in a damaged state. A low tonnage
      coefficient can also be obtained for current measurement rules.
      Furthermore, the ship has a minimum draught.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a hull for marine vessels having a double bottom construction
      comprising an outer bottom, connecting parts between the outer bottom and
      the sides of the hull and an inner bottom which extends between the sides
      of the hull above the outer bottom:
PA1  a. at least two buoyant hollow cylinders arranged fore-and-aft in said hull
      and separated from one another in the athwartships direction;
PA1  b. said cylinders constituting an integrated part of the double bottom
      construction and having substantially the same length as the mid-section
      of the hull extending between the bow and stern sections of the hull;
PA1  c. said cylinders being situated substantially along their full length
      partly inside the double bottom construction and partly projecting through
      openings adapted to the cylinders, said openings being located in the
      double bottom shell plating;
PA1  d. the casings of the cylinders being connected to the edges of said
      openings in a watertight manner; and
PA1  e. the casing portions and end pieces of the cylinders projecting outside
      said openings being watertight.
NUM  2.
PAR  2. Hull according to claim 1, including a waterline area above the
      cylinders divisible into at least two simple geometrical surface elements,
      one of said surface elements being rectangular and substantially larger
      than the others, the remaining smaller surface elements each separately
      forming a tapering extension to the rectangle and being connected to one
      of its short sides or each also separately forming a tapering extension to
      a said smaller surface element on the side of the latter element which is
      facing away from the rectangle.
NUM  3.
PAR  3. Hull according to claim 2, wherein the remaining smaller surface
      elements have the shape of a triangle or a trapezoid.
NUM  4.
PAR  4. Hull according to claim 1, wherein all of the plates included in the
      hull are planar and cylinder casing-shaped.
NUM  5.
PAR  5. Hull according to claim 1, wherein all of the plates included in the
      hull are planar, single-bent and cylinder casing-shaped.
NUM  6.
PAR  6. Hull according to claim 4, wherein the cylinder casing-shaped plates are
      included at least in the casings of the cylinders.
NUM  7.
PAR  7. Hull according to claim 6, wherein the cylinder casing-shaped plates are
      also included in the stem of the hull.
NUM  8.
PAR  8. Hull according to claim 4, wherein the connecting parts between the
      sides of the hull and the outer bottom comprise inwardly and downwardly
      inclined planar or single-bent plates.
NUM  9.
PAR  9. Hull according to claim 1, wherein the hull sides of the mid-section are
      substantially parallel.
NUM  10.
PAR  10. Method of assembling a hull for a marine vessel, whereby at least
      partly finished components are joined together in sections, said sections
      as well as equipment parts being transported to and stored at a storage
      location situated next to an assembly location intended for the hull, said
      assembly location being formed by a protected water area, the sections
      then being brought from the storage location in predetermined sequence and
      taken to the assembly location so as to be joined together in intended
      mutual positions, comprising the steps of
PA1  a. conveying to a protected water area a plurality of buoyant hollow
      cylinders having substantially the same length as the midsection of the
      hull extending between the bow and stern sections of the hull;
PA1  b. floating said cylinder at the same level in a predetermined spaced
      parallel relationship to each other;
PA1  c. lowering only the cylinders double bottom sections of the mid-section,
      said double bottom sections having openings turned downwardly and adapted
      to receive the cylinders;
PA1  d. joining the double bottom sections with the cylinders and with one
      another so as to form a buoyant double bottom construction having
      approximately the length of the mid-section of the hull;
PA1  e. placing deck and shell plating sections on the floating double bottom
      construction and joining them thereto and to one another while leaving a
      section open for loading of equipment;
PA1  f. arranging at least one bow section and one stern section with respect to
      the mid-section and joining the said sections;
PA1  g. loading required equipment inboard of the floating hull; and
PA1  h. completing assembly of the hull by mounting the previously omitted deck
      and shell plating sections in their appropriate positions and joining them
      with one another and appropriate previously assembled sections.
NUM  11.
PAR  11. Method according to claim 10, wherein the buoyant hollow cylinders are
      manufactured by the steps of floating a plurality of buoyant hollow
      cylinder sections on a protected water area, each cylinder section being
      floated in end-to-end postion with at least one adjacent cylinder section,
      one at a time, in such manner that the longitudinal axes of the respective
      cylinder sections are brought into alignment, and joining together the
      respective cylinder sections.
NUM  12.
PAR  12. Method according to claim 11, including the steps of joining the
      adjacent cylinder sections by rotating them about their longitudinal axes
      while in floating position, and welding the abutting edges of the cylinder
      sections during said rotation, the rotation speed essentially
      corresponding to the welding speed.
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ABST
PAL  A windvane powered, self-steering device for sail boats of the type
      employing a steering rudder and trim tab. The windvane pivots about an
      axis that is tiltably adjustable for light or heavy winds. The windvane
      axis is also rotatably adjustable with respect to the center line of the
      sail boat to provide course adjustment. When engaged for operation, the
      windvane senses the relative ship-wind direction and, when the ship is off
      course, translates the wind forces on the windvane into corrective
      movements of the trim tab and rudder to return the sail boat to course. In
      this operational or steering mode, the self-steering device is
      characterized by its ability to fully transmit wind power at all angles of
      tilt of the windvane axis, also, by its ability to be separately adjusted
      to any desired angle of tilt (wind sensitivity adjustment) or rotation
      (course adjustment). A preferred embodiment of the self-steering device
      includes means to initially employ the windvane in a trailing operation to
      establish a desired steering position for course (trailing mode) and
      thereafter to employ the windvane in a weathervaning operation for
      steering corrections (operational mode).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known to both the commercial and sport sailor, it is frequently
      desirable that a sail boat have the capacity to steer itself, thereby
      relieving the helmsman for other duties or rest. Such occasions might
      arise during lengthy ocean passages, when sailing with shorthanded crew,
      or, particularly, when sailing single-handed. In all such circumstances,
      it is essential that the self-steering device have complete control of the
      helm to prevent undesired motions of the sail boat or deviations from a
      preset course.
PAR  Numerous efforts have been made to develop self-steering systems for sail
      boats, for the general purpose described as well as for other purposes.
      One category of such mechanisms, for example, has the purpose of
      maintaining a boat on a given course with a fixed compass heading. As
      mechanisms in this category generally require auxiliary power responsive
      to control by some compass device, they are of no interest to the present
      invention which is specifically directed to a wind powered device designed
      to hold the boat on a selected heading or course relative to the apparent
      wind direction. Another category of self-steering mechanisms has the
      limited purpose of providing direction to model yachts, and is likewise of
      no interest to the present invention because the self-steering
      arrangements for model yachts are not effective in performing the
      functions required for full-size boats.
PAR  In the particular category of self-steering mechanisms for sports sail
      boats, some fairly effective and reliable systems have been developed in
      the past decade for achieving self-steering relative to the apparent wind
      direction. Such systems generally employ a windvane to measure the
      apparent wind direction, and use the wind pressure on the windvane, when
      the ship wanders off course, to drive a steering device that will steer
      the ship back to the desired course. In such systems, the steering device
      can be the ship's tiller, an auxiliary rudder or trim tab, a servo blade
      for amplifying power, or like means, depending upon the particular system
      used. Self-steering mechanisms of this general type, wherein windvanes are
      employed to sense apparent wind direction, are disclosed in Gianoli U.S.
      Pat. Nos. 3,180,298 and 3,319,594, Ross-Clunis U.S. Pat. No. 3,678,878 and
      Saye U.S. Pat. No. 3,765,361.
PAR  Although effective to a degree, known self-steering mechanisms of the type
      described have not proved to be entirely satisfactory in use. Reasons for
      this result have been sought in theoretical and experimental studies.
      Thus, assuming that yaw or sway is of primary interest in determining the
      directional stability criterion for a sailing vessel (and that roll,
      pitch, surge or heave have a minimal effect), it can be determined that
      the stability criterion is a non-linear function of the forward speed of
      the vessel. Further, if it is assumed that there is a time lag between a
      wind powered input signal to the windvane, and the resulting corrective
      deflection of the rudder, it can be determined that the time lag in the
      self-steering system is dependent on the velocity of the water flowing
      over the auxiliary rudder (trim tab); also, that the time lag will be
      greatest when the water velocity is small. The conclusion, therefore,
      which has been verified by experimental work, is that a truly successful
      self-steering mechanism must yield an adjustable, non-linear response to
      the sensing of apparent wind. Upon analysis, it has been further
      determined that known self-steering systems are defective in the desired
      capacity of providing an adjustable, non-linear response for control of
      both the stability criterion and the time lag of the system, particularly
      in a simple, small, lightweight mechanism designed for use in sport
      sailing operations.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to wind powered self-steering devices for
      sailing vessels, and more particularly to a vane type steering mechanism
      for sail boats wherein the vane senses apparent wind direction to maintain
      the vessel on desired course. It specifically relates to a wind powered
      self-steering mechanism for providing an adjustable, non-linear steering
      response under all conditions of sea and weather.
PAR  In general, it is an object of the present invention to provide an improved
      wind powered self-steering device for sail boats for the purpose
      described.
PAR  It is a particular object of the invention to provide a wind powered
      self-steering device for sail boats wherein use is made of a windvane
      which is tiltably adjustable for varying conditions of sea and wind, and
      which is operational to fully transmit wind power for steering corrections
      at all angles of tilt of the windvane axis.
PAR  It is another object of the invention to provide a wind powered
      self-steering device of such character wherein the windvane can be
      initially employed in a trailing operation to establish a desired steering
      or course position, and thereafter freed to operate in a weathervaning
      operation for steering corrections.
PAR  Still another object of the invention is to provide a wind powered
      self-steering device of such character wherein the windvane is separately
      adjustable in the operational mode to varying angles of tilt of the
      windvane pivot axis, to accommodate varying conditions of sea and weather.
PAR  A still further object of the invention is to provide a wind powered
      self-steering device of such character which can be separately adjusted in
      the operational or steering mode to rotate the windvane tilt axis to
      provide a desired course adjustment.
PAR  A still further object of the invention is to provide a wind powered
      self-steering device of such character which is relatively inexpensive and
      simple of construction, and which can be easily mounted or demounted on a
      sail boat.
PAR  As a brief statement of the invention, I provide a wind powered
      self-steering device which uses a windvane to positively translate
      substantially all of the wind forces produced by the sail boat being off
      course into corrective movements of the trim tab and rudder to return the
      sail boat to course. The device employs a base unit attached to the sail
      boat, and a vane unit mounted for pivotal movements about a vertical axis
      as respects the base unit. These units support the self-steering mechanism
      which functions generally to translate the windvane movements into linear
      movements of an output shaft, which linear movements are, in turn,
      translated into pivotal steering movements of the rudder trim tab.
PAR  More specifically, the vane unit includes a vane support mounted for
      pivotal movements about a horizontal axis, and which carries vane means
      mounted on a pivot axis which is perpendicular to the horizontal pivot
      axis of the vane support. The steering mechanism additionally includes
      means to pivot the vane support to obtain varying angles of tilt of the
      vane pivot axis between substantially vertical and horizontal positions,
      as may be needed for desired sensitivity to differing conditions of sea
      and weather. The steering mechanism particularly includes means which are
      fully operable at all angles of tilt of the vane pivot axis to translate
      the pivotal movements of the vane into linear movements of the output
      shaft, at a substantially constant ratio of linear response of the output
      shaft to the pivotal vane motion. In a preferred embodiment, the steering
      mechanism includes control means which are operable to position the vane
      means alternatively, in either a trailing or steering mode. In the
      trailing mode, the vane is prevented from pivoting but is free to rotate
      about the vertical pivot axis between the base and vane units, to sense
      the apparent wind direction for purposes of establishing a steering or
      course position. In the steering mode, the windvane is fixed to the course
      position but is free to pivot on its own axis to provide the above
      described steering function, when the sail boat wanders off course. The
      self-steering device additionally includes means to separately adjust the
      tilt angle of the windvane while in the steering mode, and also to
      separately adjust the windvane pivot support to obtain desired course
      corrections. These features generally permit the self-steering device to
      be operated in a trailing mode to sense apparent wind direction, until
      such time as it is desired to engage the device for the self-steering
      function. At this time, the course setting can be determined from the
      trailing position and the windvane engaged in the operational mode to
      provide necessary steering corrections to the trim tab and rudder, to
      maintain the sail boat on course with respect to the direction of the
      apparent wind. During such operations, the tilt axis of the windvane can
      be adjusted to accommodate variation in the sea and weather conditions,
      and course corrections can be introduced to the system without
      discontinuance of the steering function.
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in conjunction with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an illustrative embodiment of the wind
      powered self-steering device of the present invention, showing it mounted
      on the stern of a sail boat.
PAR  FIG. 2 is a rear elevational view of the self-steering device shown in FIG.
      1.
PAR  FIG. 3 is an enlarged perspective view, partially broken away, showing
      various details of the self-steering device as illustrated in FIGS. 1 and
      2.
PAR  FIG. 4 is a view in section, with parts broken away, along the line 4--4 of
      FIG. 3.
PAR  FIG. 5 is a view partly in section and partly side elevation, generally
      along the line 5--5 of FIG. 3, showing a different tilt position of the
      vane mechanism.
PAR  FIG. 6 is a detailed view in horizontal section along the line 6--6 of FIG.
      3.
PAR  FIG. 7 is a like view in vertical section along the line 7--7 of FIG. 6.
PAR  FIG. 8 is a like view along the line 8--8 of FIG. 6.
PAR  FIG. 9 is a schematic illustration in perspective, showing the windvane
      axis in horizontal position and the vessel on course with respect to the
      apparent wind.
PAR  FIG. 10 is a view like FIG. 9 showing the action of the windvane when the
      vessel is off course to port.
PAR  FIG. 11 is a view like FIG. 9 showing the windvane axis in vertical
      position and the vessel on course with respect to apparent wind.
PAR  FIG. 12 is a view like FIG. 11 showing the action of the windvane when the
      vessel is off course to port.
PAR  FIG. 13 is a schematic illustration in chart form, illustrating the
      operations of the self-steering device of the invention when the windvane
      axis is substantially horizontal (relatively light winds) and when the
      windvane axis is substantially vertical (relatively stiff winds).
DETD
PAC  THEORETICAL CONSIDERATIONS
PAR  As postulated by Mandel.sup.1, the motion of a body moving on the surface
      of a fluid can be presented in a set of six coupled non-linear
      differential equations. Since no closed solution exists for these
      equations, it is appropriate to make certain assumptions to facilitate a
      simplified solution. A basic assumption, that the perturbation motions are
      small, allows onee to express the motion parameters as a Taylor expansion
      of a function of several variables. By neglecting terms higher than first
      order, a set of six coupled linear differential equations can be produced.
      As solution of these equations is still made difficult by coupling terms,
      further simplifying assumptions can be made to decouple some of the
      equations.
FNT  .sup.1 Mandel, P., Principles of Naval Architecture, Society of Naval
      Architects and Marine Engineers, New York, 1967.
PAR  In the context of the present invention, which relates to control of the
      steering of a sailing vessel, the equation for yaw is of primary interest.
      The equation for sway is also of importance. On the other hand, the
      equations for roll, pitch, surge and heave are of much less importance.
      Accordingly, to simplify the equations for motion of the sailing vessel,
      it may be assumed that roll, pitch, surge and heave have no effect on yaw
      or sway, and that only the two coupled equations for yaw and sway must be
      considered. Following the notation of Mandel, these equations are:
EQU  -Y.sub.v V + (m - Y.sub.v) V - (Y .sub..psi. - mn.sub.1).psi. -
      (Y.sub..psi. - mx.sub.G).psi. = 0
PAL  and
EQU  -N.sub.v V - (N.sub.v -  mx.sub.G)V - (N.psi. - mx.sub.G n.sub.1).psi.+
      (I.sub.z - N.psi.).psi. = 0
PAR  with reference to the foregoing equations, and to the following figure for
      nomenclature and sign convention,
      ##SPC1##
PA1  Y is the sway force
PA1  N is the yaw moment
PA1  m is the mass of the ship
PA1  x.sub.G is the longitudinal position of the center of gravity
PA1  I.sub.z is the moment of inertia about the Z axis
PA1  u.sub.l is the forward velocity
PA1  v is the sway velocity
PA1  .psi. is the yaw angular velocity
      ##EQU1##
      In non-dimensional form these become
EQU  -Y'.sub.v V' + (m' - Y'.sub.v)V' - (Y'.sub..psi. - m').psi.' -
      (Y'.sub..psi. - m'x'.sub.G).psi.' = 0
PAL  and
EQU  -N'.sub.v V' - (N'.sub.v - m'x'.sub.G)V'- (N'.sub..psi. - m'x'.sub.G).psi.'
      + (I'.sub.z - N'.sub..psi.).psi.' = 0
PAL  where the primes denote non-dimensional quantities.
PAR  Assuming that the control surfaces induce external forces and moments, the
      equations are no longer homogeneous, and become
EQU  -Y'.sub.v V' + (m' - Y'.sub.v)V' - (Y'.sub..psi. - m').psi.' -
      (Y'.sub..psi. - m'x'.sub.G).psi.' = Y'.sub..delta.
PAL  and
EQU  -N'.sub.v V' - (N'.sub.v - m'x'.sub.G)V' - (N'.sub..psi. -
      m'x'.sub.G).psi.' + (I.sub.z ' - N'.sub..psi.).psi.' = N'.sub..delta.
PAL  with .delta. equal to the rudder deflection angle.
PAR  Since the windvane measures the ship-wind angle, it is measuring the
      quantity .psi. in the above equations.
PAR  If we assume proportional control of the rudder, then,
EQU  .delta.(t) = .kappa..sub.1 .psi.(t)
PAL  where .kappa..sub.1 is a positive speed dependent coefficient produced by
      the automatic steering mechanism.
PAR  Further, if we assume that the automatic control system has a time lag
      between input signal, .psi., and desired deflection of the rudder, then
      the rudder deflection is given by
EQU  .delta.(t) = .kappa..sub.1 .psi.(t - t)
PAL  where t is the time lag of the system.
PAR  The non-dimensional equations of motion now become,
EQU  Y'.sub.v V' + (Y'.sub.v - m')V' + K.sub.1 Y'.sub..delta.  + (Y'.sub..psi. -
      m'x'.sub.G).psi.' = 0
PAL  and
EQU  N'.sub.v V' + (N'.sub.v - m'x'.sub.G)V' + K.sub.1 N'.sub..delta.  +
      (N'.sub..psi. - m'x'.sub.G).psi.' + (N'.sub..psi. - I'.sub.z).psi.' = 0
PAR  As noted by Mandel, the criterion for a directionally stable ship obeying
      the above equations is that,
EQU  Y'.sub.v (N.sub..psi.' - m'x'.sub.G - K.sub.1 t'N'.delta.) - N'.sub.v
      (Y'.sub..psi. - m' - K.sub.1 t'Y'.sub..delta.) &gt; 0
PAL  this quantity is the one to be particularly examined.
PAR  Moreover, the quantities Y'.sub.v, N.sub..psi.', N'.sub..delta., N.sub.v ',
      Y'.sub..psi. and Y'.sub..delta. are, in general, non-linear and dependent
      on the forward speed of the vessel. Thus the stability criterion is a
      non-linear function of forward speed.
PAR  As respects the automatic self-steering device of the present invention,
      the time lag is dependent on the velocity of the water flowing over the
      trim tab, the time lag being largest for low water velocities.
PAR  In general, and on the foregoing analysis, it may be concluded that the
      proportionality coefficient, K.sub.1, must be such that it yields an
      adjustable non-linear response to the automatic control mechanism.
      Translated into performance characteristics for a wind powered
      self-steering device for sail boats, the response of the self-steering
      mechanism must be both adjustable and non-linear to accommodate varying
      forward speeds of the vessel and varying conditions of wind and sea. The
      self-steering device of the present invention is designed to provide these
      features and also to provide operational simplifications not found in
      existing wind powered, self-steering mechanisms. As hereinafter noted,
      particular operational simplifications include an engage-disengage lever,
      a trailing function for the windvane when disengaged, a sensitivity
      adjustment for the windvane when engaged and operational (to accommodate
      variations in forward speed of the vessel and wind and sea), and a fine
      course adjustment for the windvane in either mode of operation -- all
      capable of being controlled from the cockpit of the sailing vessel.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, reference numeral 10 generally represents a wind
      powered self-steering device in accordance with the invention, mounted by
      appropriate detachable support brackets 12 on the stern of a sail boat 14.
      As illustrated, the device 10 comprises a base unit 16 carried by the
      support brackets, a vane unit 18 mounted for pivotal movements about a
      vertical axis as respects the base unit 16, a vane support 20 mounted for
      pivotal movement about a horizontal pivot axis 22 as respects the vane
      unit, and a windvane 24 carried by the vane support and mounted on a pivot
      axis 26 which is perpendicular to the pivot axis 22 of the vane support.
      As further illustrated in FIG. 1, an output shaft 28 is mounted for linear
      movements in a generally vertical direction as respects the base unit 16
      and vane unit 18. As hereinafter described in detail, the internal
      mechanism of the self-steering device 10 functions generally to translate
      pivotal movements of the windvane 24 about its pivot axis 26 into linear
      movements of the output shaft 28. The linear motion of the output shaft is
      then translated into pivotal movements of a trim tab 30 for the steering
      rudder 32 by means of a bell crank 34 pivoted on the steering rudder at
      36. Thus as particularly shown in FIGS. 1 and 2, the trim tab 30 is
      supported for pivotal movements on rod 38 carried in brackets 40 extending
      rearwardly from the steering rudder 32, and is pivotally responsive to
      movements of the bell crank 34 through action of the connecting rod 42 and
      fixed lever arm 44.
PAR  It is a feature of the present invention that the windvane axis 26 can be
      adjusted to varying angles of tilt between substantially vertical and
      horizontal positions as respects the base unit 16, and, further, that
      pivotal movements of the windvane 24 are translated to linear movements of
      the output shaft 28 at a substantially constant ratio of linear response
      to the pivotal motion, regardless of the angle of tilt of the windvane
      axis. The apparatus for accomplishing this result is particularly
      illustrated in FIGS. 3 and 5 and includes cooperating mechanisms
      responsive to pivotal movements of the windvane, and carried on the
      windvane pivot axis 26, on the vane support 20, in the vane unit 18 and in
      the base unit 16. Thus, as particularly shown in FIG. 3, a pinion gear 46
      is mounted on the vane pivot axis 26 so as to continuously engage a rack
      gear 48 slidably mounted on the pivot axis 22 for the vane support 20. As
      will be further apparent from FIG. 5, this arrangement insures that the
      pivotal movements of the wind vane 24 will be fully translated into linear
      sliding movements of the rack gear 48 at all angles of tilt of the
      windvane axis 26. Referring again to FIG. 3, the linear transverse
      movements of the rack gear 48 are translated into linear movements of the
      output shaft 28 by means of crank arms and cam followers carried by
      support shafts 50, which are rotatably mounted within the vane unit 18.
      More specifically, upright crank arms 52 carry cam follower ball bearings
      54 which are received between fixed camming means 56 provided at either
      end of the rack gear 48, and mounted to slide therewith on shaft 22. In
      like fashion, a transverse crank arm 58 carries a cam follower ball
      bearing 60 which is received between fixed camming means 62 on the
      vertically movable output shaft 28.
PAR  Slide mounts for the pivot shaft 22, as generally represented at 64, can be
      provided in the sides of the vane unit 18. Cross brackets 66 and 68 within
      the vane and base units (see FIG. 3), are similarly provided with means 70
      providing a slide mount for the output shaft 28. It will be appreciated
      that this arrangement permits rotary movements of the pinion gear 46,
      caused by steering pivotal movements of the windvane 24, to be translated
      into linear movements of the rack gear 48 and its shaft 22, which motion
      is translated by the crank arms and cam followers 52, 54 and 58, 56, into
      linear movements of the output shaft 28. Rotary or pivotal movements of
      the windvane 24 are thus ultimately translated to linear motion of the
      output shaft 28. Moreover, as will be apparent from FIGS. 3 and 5, this
      function is positively accomplished at all tilt angles of the windvane
      axis 26, with a substantially constant ratio of linear response of the
      output shaft 28 to the pivotal movements of the windvane 24.
PAR  As illustrated in FIGS. 1 and 2, the mechanical linkage between the output
      shaft and the trim tab 30 also insures that the linear motion of the
      output shaft is fully translated into rotary or pivotal movements of the
      trim tab 30. Thus, the slide mounts 70 for the output shaft permit
      rotation of the output shaft to accommodate pivotal movements of the bell
      crank 34 as the latter moves with the steering rudder 32. The output shaft
      may also include an intermediate universal connection, as represented at
      71, to accommodate movements in the shaft 28 caused by rudder movements or
      flexing of the supports 12. As particuarly shown in FIG. 2, vertical
      movements of the output shaft 28 are transmitted to the upper arm of the
      bell crank by means of the cross link or pin 72. This pin also serves to
      rotate the output shaft 28 to accommodate the pivotal movements of the
      rudder and to insure effective transmittal of the windvane pivotal
      movements to the trim tab 30.
PAR  During periods of operation of the self-steering device 10, it can be
      expected that ship velocity, wind velocity and sea conditions will vary
      considerably. It is therefore necessary to have some form of sensitivity
      adjustment so that the device will perform equally well with any forward
      velocity, in both light and heavy wind conditions.
PAR  In accordance with the invention, the sensitivity of the device is adjusted
      by tilting the windvane pivot axis 26 to an optimum angle of tilt (between
      substantially horizontal or vertical angles of inclination) depending on
      the particular conditions encountered. Thus, a substantially vertical
      position of the vane pivot axis 26 is used in heavy winds where it is not
      advantageous to transmit all of the wind forces acting on the windvane 24
      to the trim tab 30. In contrast, since there is relatively little wind
      force on the vane 24 during light wind conditions, a substantially
      horizontal position of the windvane axis 26 is used, to insure that the
      pivotal movements of the windvane and trim tab are sufficiently large to
      effectively shift the steering rudder. It will be appreciated that in the
      latter position, a relatively small error in course will produce a
      relatively large rotation of the windvane and trim tab, and thereby
      provide a maximum degree of power or work to move the steering rudder. For
      conditions between the extremes of heavy or light winds, an intermediate
      tilt angle of the windvane pivot axis 26 can be used, as hereinafter
      described.
PAR  The means for tilting the windvane axis to obtain the desired sensitivity
      of the self-steering device is particularly illustrated in FIGS. 3 and 5,
      and also FIGS. 1 and 2. As previously noted, the windvane 24 is carried by
      the vane support member 20 which is mounted for pivotal movements with
      respect to the vane unit 18 by means of the horizontal pivot shaft 22. As
      particularly illustrated in FIG. 3, the vane support 20 includes
      transverse members 76 which support spaced bearing mounts 78 for the vane
      pivot shaft 26. The vane support 20 also includes spaced pivot arms 80
      carried on the transverse shaft 22, and which enable pivoting of the vane
      support and vane axis 26 to a desired tilt angle. A segment gear 82
      secured to one of the pivot arms 80 permits adjustment of the tilt angle,
      by suitable means such as the worm gear 84, which may also serve to lock
      or hold the vane support at the desired angle of tilt of the vane pivot
      axis.
PAR  As particularly shown in FIGS. 3 and 4, the illustrated worm gear 84 can be
      rotated by means of a suitable control knob 86 to obtain the desired
      sensitivity adjustment. Thus, rotation of the knob 86 can cause the
      helical gear 88 carried by the cross shaft 90 to rotate the adjacent
      helical gear 92 mounted on the hollow shaft 94, when these two gears are
      engaged. At its upper end, the shaft 94 is equipped with a pulley 96 which
      can function through belt 98 to rotate a pully 100 for the worm gear shaft
      102. The latter is suitably mounted in bearing supports 104 and 106
      carried externally of the vane unit 18. It will be appreciated that, when
      engaged, rotation of the sensitivity adjust knob 86 will cause rotation of
      the worm gear 84 to adjust the tilt angle of the segment gear 82 and,
      thereby, the tilt angle of the vane pivot axis 26.
PAR  To facilitate gross adjustments of the vane support member 20 (to provide
      major changes in the tilt angle of the vane pivot axis), the bearing 106
      for the worm gear shaft 102 can be slotted, as at 108, to permit a slight
      downward pivotal movement of the shaft 102 and bearing support 104. This
      will free the segment gear 82 from the worm gear and permit the vane
      support member to be pivoted about the axis 22 to any desired tilt angle.
      Suitable springs means 110 can be provided to normally bias the worm gear
      84 into contact with the segment gear 82, to hold the latter in a fixed or
      locked position.
PAR  Referring again to FIG. 4, it will be seen that the vane unit 18 is mounted
      for rotatable movement about a vertical axis as respects the base unit 16
      in such fashion that the output shaft 28 is substantially coincident with
      the vertical axis of rotation. Thus, the base of the vane unit is fixed to
      the hollow shaft 94 and an outer sleeve 112 by means of a bushing 114.
      Likewise, for a purpose hereinafter described, a course adjustment gear
      116 is fixed to the shaft 94 and sleeve 112 by a lower bushing 117. The
      hollow shaft 94 and sleeve 112 are rotatably positioned within a tapered
      spacing member 118 mounted on the top wall of the base unit 16. Spacing
      member 118 is suitably provided with ball bearings or like means 120 which
      facilitate free rotational movement of the vane unit and course adjustment
      gear 116 with respect to the base unit 16. At the same time, the output
      shaft 28 is free to move vertically within the hollow shaft 94 to transmit
      pivotal movements of the windvane 24 to the steering rudder trim tab 30.
      It may be further noted that the hollow shaft 94 is free to rotate within
      the bushings 114 and 117 so that sensitivity adjustments by means of the
      worm gear 84 and control 86 can be accomplished separately from course
      adjustments, carried out with the course adjustment gear 116. In this
      regard, as hereinafter described in detail, course adjustments wherein the
      vane unit 18 with respect to the base unit are accomplished through the
      gear 116, by means of a worm gear 122 which is operated through a control
      knob 124 (see FIG. 3).
PAR  In the illustrated embodiment of the invention, an engage-disengage type of
      control means is provided to initially establish a steering or course
      position of the windvane 24 and, thereafter, to engage the windvane to
      transmit steering corrections to the trim tab 30 to maintain the vessel on
      desired course as respects the direction of the apparent wind. More
      specifically, the control means operates alternatively: in a first
      position to lock the output shaft 28 and the windvane 24, in an upright
      position of the latter, while freeing the vane and vane unit for trailing
      pivotal movements with respect to the sail boat (to thereby establish a
      desired steering position in response to the direction of the apparent
      wind), and: in a second position, to free the windvane 24 and output shaft
      28 for steering pivotal movements, while maintaining the steering position
      of the vane unit 18 with respect to the sail boat. In the illustrated
      embodiment of the steering device 10, the apparatus for accomplishing this
      purpose is particularly shown in FIGS. 3 and 6 through 8.
PAR  The means to lock the windvane 24 in upright or trailing position comprises
      a slide mechanism 126, which may be mounted for sliding movements within
      the vane unit 18 on cross shafts 128. For this purpose, the slide mount
      126 is provided with spaced bearing apertures 130 (see FIG. 6) which
      permit the slide mount to move between a disengaged position (FIGS. 6 and
      7) and an engaged position (FIG. 8). In the latter position, engagement
      members 132 provided with wedge shaped surfaces 134, engage a fixed
      bushing 136 on the output shaft to vertically position the same to hold
      the vane unit 24 in a locked upright position. Conversely, in the
      disengaged position, the members 132 are retracted to permit free vertical
      movements of the output shaft 28 in response to steering pivotal movement
      of the windvane 24.
PAR  A lever 138 mounted on the outside of the vane unit 18 operates to advance
      or retract the slide mechanism 126 by means of a simple mechanical linkage
      including a coupled lever 140 mounted within the vane unit 18 and a
      connecting link member 142 pivotally mounted at one end on the internal
      lever 140 and at the other end on the slide member 126. As will be
      apparent from the drawings, pivoting of the control lever 138 towards the
      outside of the vane unit casing 18 (FIG. 8) will cause the slide member to
      engage the bushing 136 to restrain vertical movements of the output shaft
      28, whereas pivoting the lever 138 towards the middle of the vane unit
      casing (FIG. 7) will cause the slide member to retract to free the output
      shaft 28.
PAR  Means in the form of a slide member 144 is similarly provided to engage or
      disengage the gearing 88 and 120, respectively, for initiating sensitivity
      and course adjustments. As illustrated in FIG. 6, the slide member 144 is
      provided with a spaced bearing aperture 146 which permits the slide mount
      to move between an engaged position (FIG. 7) and a disengaged position
      (FIG. 8) as respects the gears 92 and 116. As best illustrated in FIGS. 3
      and 6, the operating shafts for the gears 88 and 120 are rotatably mounted
      in side wall portions 148 of the slide member, and have protruding ends
      which pass through slotted openings 150 in the side wall of the base unit
      casing 16 (see FIG. 3). These slotted openings permit the control knobs
      86, 124 and their supporting shafts 90, 91 to move as necessary to
      facilitate engaged and disengaged positions of the gears.
PAR  As shown in FIGS. 6 and 7, the engage and retract movements of the slide
      mount 144 are accomplished by a relatively short internal lever 152, and a
      link member 154 pivoted at one end on the lever 152 and at the other end
      on the slide mount 144. As shown in FIG. 6, the internal levers 140 and
      152 are both mounted upon a cross shaft 156 to pivot unison with the
      external operating lever 138. In the illustrated apparatus, biasing means
      such as an internal spring 158 is provided to normally position the
      control levers 138, 140 and 152 in such position that the slide mechanism
      126 is engaged to lock the output shaft 28 in fixed position, and the
      slide member 144 is disengaged to prevent operation of the gearing 88 and
      120 for the sensitivity and course adjustment.
PAR  From the foregoing, it will be appreciated that the lever 138 provides for
      alternate operation of the slide mechanisms 126 and 144. That is, in the
      position of the lever 138 illustrated in FIG. 8, the slide mechanism 126
      is engaged with the output shaft to lock the vane 24 in upright position,
      and the slide mechanism for the gearing 88 and 120 is disengaged so that
      the vane 24 is free to trail in the wind. Alternatively, in the position
      of the lever 138 in FIGS. 6 and 7, the reverse is true: the slide
      mechanism 126 is retracted to free the windvane for steering operations,
      and the slide mechanism 144 is advanced to engage the gearing 88 and 120
      to permit tilt or sensitivity adjustments of the vane pivot axis 26 and
      also course adjustments through the gear 116. The latter adjustments are
      therefore available during the self-steering or operating phase of the
      self-steering device 10.
PAR  With reference to a disengaged or trailing position of the self-steering
      device 10, the output shaft 28 is locked in a vertical position such that
      the trim tab 30 is on the center line of the rudder 32, and the rudder is
      free to trail in the water flow. Such positioning of the parts is shown in
      FIGS. 1, 2 and 8. As previously noted, the windvane 24 is also locked
      against pivotal movement, in an upright position as respects the vane
      control units 16 and 18. Upon operating the lever 138 to retract the
      control gearing 88 and 120, the vane unit 18 (and, specifically, the gears
      92 and 116) is free to rotate about a vertical axis as respects the base
      unit 16, permitting the windvane 24 to function as a weathervane to sense
      the direction of the apparent wind. This may be described as the "trailing
      mode" of the self-steering device 10, in which any wind force on the vane
      24 will cause the vane to trail away from the apparent wind. The described
      relationship is generally represented in FIG. 9 where, to accommodate
      relatively light wind conditions, the windvane pivot axis 26 is positioned
      in a substantially horizontal position. It is also represented in FIG. 11,
      for relatively stiff wind conditions, with the windvane pivot axis in a
      substantially vertical position. Thus, assuming that the sailing vessel is
      proceeding on course, that is, substantially along its center line 160,
      the windvane 24 will assume a trailing position reflecting the direction
      of the apparent wind, as represented by the arrow 162. In this
      circumstance, the angle between the apparent wind direction and the course
      or intended direction of movement of the sailing vessel is represented by
      the angle 164. This angle is, of course, arbitrary, depending upon the
      desired direction of the ship with respect to the wind, and can be
      hereinafter referred to as the wind-ship angle. So long as the
      self-steering device is in the disengaged or trailing mode (FIG. 7), there
      will be no motion of the output shaft 28 since it is locked in fixed
      vertical position by the slide mechanism 126. Accordingly, if the
      wind-ship direction changes, the windvane 24 and vane unit 18 will rotate
      with respect to the base unit 16 to permit the windvane 24 to trail away
      from the apparent wind.
PAR  In the trailing mode as just described, the course adjustment gear 116 will
      also rotate with the windvane 24, and will therefore be in position to
      establish the desired course relation between the vane unit 18 and the
      base unit 16 at such time as it is elected to engage the self-steering
      device 10 to control the steering operations. There is consequently no
      need for further adjustments to establish the desired wind-ship angle
      since the windvane 24 will effectively assume the desired angle as it
      trails into the apparent wind, in the disengaged position of the system.
PAR  It should be further appreciated that the trailing positions of FIGS. 9 and
      11 are representative only of the extreme tilt angle positions, and that
      the windvane 24 will similarly trail into the wind at any intermediate
      tilt angle of the pivot axis 26, representing weather and sea conditions
      between the two extremes desribed. Thus, prior to engaging the
      self-steering device 10 for self-steering operations, the tilt angle of
      the pivot axis can be adjusted by rotation of the control knob 86 to move
      the segment gear 82 with respect to the worm gear 84 or, alternatively, by
      depressing the worm gear 84 and manually repositioning the rack gear 82
      with respect to the worm gear 84. This adjustment for sensitivity of the
      steering system will normally be made on the basis of prior experience as
      to the most effective tilt angle for the windvane 24 in relation to
      existing ship velocity, wind velocity, and conditions of sea and weather.
      As a practical matter, this sensitivity adjustment is most easily made
      when the windvane is locked in the relatively stable upright position
      employed for the "trailing" mode of operation.
PAR  Assuming that desired wind-ship and tilt angles of the windvane 24 have
      been established in the manner just described, the self-steering mechanism
      is engaged by rotating the operating lever 138 from the disengaged
      position of FIG. 8 to the engaged position of FIG. 7, advancing the slide
      mechanism 144 to the engaged position and retracting the slide mechanism
      126. The effect of thus engaging the self-steering mechanism is twofold.
      First, the angular position of vane unit 18 is fixed with reference to its
      common vertical axis with the base unit 16, by interaction of the worm
      gear 120 with the course adjustment gear 116. Stated in another way, the
      trailing position of the windvane 24 with respect to the center line of
      the vessel, as represented for example in either FIG. 9 or 11, becomes
      fixed. Second, the output shaft 28 is unlocked so that the windvane 24 is
      free to pivot about its pivot axis 26 in response to wind forces produced
      by changes in the wind-ship angle from the desired or steering angle.
      Thus, as represented in FIGS. 10 or 12, it may be assumed that the ship
      has wandered off-course to port by an amount generally represented by the
      angle 166. The initial effect will be a change in the apparent wind
      direction from the original dotted line direction of arrow 162 (see FIGS.
      9 and 11) to a new direction as represented by the arrows 168. Assuming
      the light wind conditions of FIG. 9 (and that the windvane axis 26 is
      substantially horizontal), the new direction of the apparent wind will
      cause a relatively large angular deflection of the windvane 24 (i.e., from
      the dotted line position to the full line position, as represented by the
      arrow 170 in FIG. 10). The net effect is to move the output shaft 28
      upward to pivot the bell crank 34 so that the trim tab 30 is pivoted
      sharply to port, for a steering correction. In this condition, the force
      of water moving against the surface of the trim tab 30 will cause an
      equally large deflection of the steering rudder 32, as represented by the
      angle 172 in FIG. 10, to steer the ship back to the desired course.
PAR  A similar but somewhat less dramatic result will occur in the relatively
      heavy wind conditions of FIGS. 11 and 12. Thus, assuming that the ship
      wanders off course the same angular distance to port, as represented by
      the angle 166, the new apparent wind direction 168 will cause a
      substantially smaller deflection of the windvane 24, as represented by the
      angle 174. However, in this circumstance, the wind force is relatively
      greater so that a less sensitive response is required from the steering
      system. The net effect is again to move the output shaft upward so that
      the bell crank 34 achieves a relatively smaller steering correction of the
      trim tab 30. The deflection of the steering rudder 32, as represented by
      the angle 176, is likewise of less magnitude but is sufficient in the
      described conditions of wind and sea to quickly return the ship to the
      desired course.
PAR  The foregoing self-steering relationships, and the operation of the
      self-steering device 10 of the present invention, will be more fully
      understood by reference to the schematic representations shown in chart
      form in FIG. 13. Thus the top portion of the chart represents the
      situation where the windvane pivot axis 26 is substantially horizontal, as
      in the schematic representations of FIGS. 9 and 10, with the first
      horizontal column in the chart generally corresponding to FIG. 9 and the
      third horizontal column corresponding to FIG. 10. The middle column
      represents a circumstance similar to FIG. 10 wherein the ship wanders off
      course to starboard. In each case, the chart shows (from left to right)
      the true wind-ship relationship, the apparent wind-ship relationship, and
      the movement of the windvane 24 as seen from the top and rear of the
      windvane control unit. The chart also shows the initial trim tab movement
      and the resulting movement of the steering rudder to effect the course
      correction. Finally, the chart shows the function of the steering
      correction and the result ultimately accomplished. The bottom half of the
      chart similarly presents a schematic representation corresponding
      generally to a vertical positioning of the windvane pivot axis, as in the
      schematic representation of FIGS. 11 and 12. Again, FIG. 11 corresponds to
      the first horizontal column in this group, whereas FIG. 12 corresponds to
      the third horizontal column. The other chart relationships are as
      previously described.
PAR  In terms of the mechanical response of the self-steering mechanism, viz.,
      when the ship goes off course and the wind-ship direction changes: the
      wind force supplied to the windvane 24 is translated to rotary motion of
      the pinion gear 48 on the windvane shaft 26. This occurs at all tilt
      angles of the windvane axis 26, whether horizontal, vertical or in an
      intermediate position as represented in FIG. 5. The rotary motion of the
      pinion gear 46 is immediately translated into linear motion of the rack
      gear 48 and its shaft 22. The crank arms 52, 58 and cam followers 54, 60
      then transfer the linear motion of the rack gear to linear motion of the
      output shaft 28. In this fashion, the rotary or pivotal motion of the
      windvane 24 is rapidly translated to linear motion of the output shaft 28
      which, in turn, is translated to pivotal motion of the trim tab 30, as
      generally represented in the several schematic representations of FIGS.
      10, 12 and 13. Upon pivoting of the trim tab 30 in the manner indicated,
      the force and moment generated by the flow of water over the trim tab
      produces an opposite deflection of the steering rudder 32, which
      effectively steers the ship back to the desired course. Moreover, the
      foregoing operations will produce a substantially uniform response of the
      trim tab 30 to the pivotal motion of the windvane 20, at any and all
      angles of tilt of the vane pivot axis 26. This makes it possible to adjust
      the tilt angle or "sensitivity" of the self-steering device to accommodate
      varying conditions of ship velocity, wind velocity and conditions of sea
      or weather, to provide an optimum response for virtually any condition
      encountered. The vertical position of the windvane axis 26, shown in FIGS.
      11 and 12, is used in heavy winds where it is not desired to transmit all
      of the large forces on the windvane 24 to the trim tab 30. In contrast, in
      very light wind conditions, where relatively little wind force can be
      applied to the windvane 24 to move the steering rudder 32, a substantial
      amplification of the available wind force is achieved by the horizontal
      position of the windvane axis. In this condition, a relatively small error
      in course will produce a relatively large rotation of the windvane 24 (as
      represented in FIG. 10), to thereby yield the maximum work for steering
      correction. For conditions between these extremes, an intermediate
      position of the windvane shaft axis is used. Such adjustments in the tilt
      angle of the windvane axis 26 can be achieved by means of the sensitivity
      adjust control 86, or by depressing the spring loaded worm gear shaft 102
      in the manner previously described.
PAR  If it is desired to make a course change, involving a change in the
      wind-ship angle of the vane unit 18 with respect to the base unit 16, the
      course adjust control 122 can be rotated to cause the worm gear 120 to
      rotate the course adjust gear 116. This operation will rotate the vane
      unit 18 with respect to the base unit 16, and such rotation will alter the
      course steered by the self-steering device 10. In one embodiment of the
      invention, one revolution of the control knob 122 will cause an
      approximately 5.degree. relative rotation of the vane unit with respect to
      the base unit 16. It is therefore possible to alter the relative course
      within a full range from 0.degree. to 360.degree., or more. It will be
      appreciated, however, that this adjustment can only be made when the
      self-steering device is in the operating mode, as in FIGS. 3, 6 and 8
      since, in such position, the worm gear 120 is engaged with the course
      adjustment gear 116. In the disengaged position, represented in FIG. 8,
      course adjustments are neither possible nor appropriate since, in such
      condition, it is desired that the windvane 24 and vane unit 18 be free to
      pivot in the "trailing" mode, to establish a desired wind-ship angle for
      self-steering operations.
PAR  From the foregoing, it will be apparent that the present invention provides
      an improved wind powered self-steering device for sailing vessels which
      provides many advantages as respects previous devices for the same or
      similar purpose. Specifically, it provides an adjustable non-linear
      steering response, which can be easily accommodated to varying conditions
      of wind, sea and ship velocity. The device particularly provides a wind
      powered self-steering function in response to pivotal movements of a
      windvane, wherein windvane movements caused by sensing the apparent wind
      are effectively transmitted to the rudder at varying angles of tilt of the
      windvane axis without any appreciable variation in the ratio of rudder
      response to windvane motion. The device also enables a desired wind-ship
      angle of the windvane to be quickly established in the trailing mode,
      following which the self-steering device can be quickly shifted to the
      steering mode to maintain the windship relationship so established. The
      device is also relatively uncomplicated in construction, so as to be
      simple and inexpensive to manufacture, and can be easily mounted or
      demounted upon existing sailing vessels with very little effort. Wind
      sensitivity and course adjustments can also be easily and rapidly made
      from a central location, such as the cockpit of a sailing vessel, thus
      facilitating practical everyday use of the system.
PAR  Although described with reference to a preferred embodiment, many
      variations in the specific structure and in application of the system of
      the invention will suggest themselves to those skilled in the art to which
      the invention pertains, without departing from the spirit and scope of the
      invention. Thus, one detail illustrated but not previously specificially
      described relates to the counterbalancing of the windvane 24 by a suitable
      counterweight, for example, as represented at 180 in FIGS. 1 and 3; also
      to counterweighting of the crank mechanisms for translating pivotal
      motions into linear motions, for example, as represented by the
      counterweight 182 in FIG. 3. Assuming appropriate care to retain the
      advantages of the concept disclosed, substantially different mechanical
      systems for translating pivotal or rotary motions into linear motions, or
      for changing the direction of linear motions, might be employed in
      carrying out the invention without alteration in the basic concept. The
      same is true as respects the translation of linear motions of the output
      shaft 28 into pivotal movements of the trim tab 30. These and other
      variations are clearly within the scope of the invention disclosed herein,
      which is not intended to be limited to the specific embodiment herein
      illustrated and described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a wind powered self-steering device for sail boats of the type
      employing a steering rudder and trim tab, a base unit attached to the sail
      boat, a vane unit mounted for pivotal movements about a vertical axis as
      respects said base unit, an output shaft mounted for linear movement as
      respects said base unit, vane support means mounted for pivotal movements
      about a horizontal pivot axis carried by said vane support unit, vane
      means including a vane pivot axis carried by said vane support means, said
      vane pivot axis being perpendicular to the horizontal pivot axis of said
      vane support means, means to pivot said vane support means to obtain
      varying angles of tilt of said vane pivot axis between substantially
      vertical and horizontal positions as respects said base unit, means
      operable at all angles of tilt of said vane pivot axis to translate
      pivotal movements of said vane means about said vane pivot axis to linear
      movements of said output shaft at a substantially constant ratio of linear
      response to pivotal motion, and means to translate the linear movements of
      said output shaft into pivotal steering movements of said trim tab,
      whereby said vane means can be set at a desire steering angle for course
      and at a desired tilt angle for sea and weather, and thereafter operated
      to positively translate all wind forces produced by the sail boat being
      off course into corrective movements of said trim tab and rudder to return
      the sail boat to course.
NUM  2.
PAR  2. A self-steering device as in claim 1 wherein said means to translate the
      pivotal movements of said vane means into linear movements of said output
      shaft means is cooperatively mounted to tilt with said vane pivot axis,
      thereby to insure positive steering corrections at all angles of tilt of
      said vane pivot axis.
NUM  3.
PAR  3. A self-steering device as in claim 2 wherein said means to translate
      pivotal movements of said vane means to linear movements of said output
      shaft means includes pinion gear means on said vane pivot axis,
      cooperating rack gear means on the horizontal pivot axis of said vane
      support means, and means transmitting linear movements of said rack gear
      to said output shaft means.
NUM  4.
PAR  4. A self-steering device as in claim 1 including control means operable in
      one position to prevent pivotal steering movements of said vane means
      while freeing said vane unit for trailing pivotal movements with respect
      to said base unit to establish a desired steering position, and operable
      in another position to maintain said steering position of the vane unit
      with respect to said base unit while freeing said vane means for
      corrective pivotal movements about said vane pivot axis to maintain said
      steering position.
NUM  5.
PAR  5. A wind powered self-steering device for sail boats of the type employing
      a steering rudder and trim tab, comprising: a base unit attached to the
      sail boat, a vane unit mounted for rotatable movement about a vertical
      axis as respects said base unit, an output shaft mounted for linear
      movements substantially coincident with said vertical axis, vane support
      means mounted for pivotal movements about a horizontal pivot axis carried
      by said vane support unit, vane means including a vane pivot axis carried
      by said vane support means, said vane pivot axis being perpendicular to
      the horizontal pivot axis of said vane support means whereby said vane
      means is rotatable about said vane pivot axis and tiltable about said
      horizontal pivot axis, means to pivot said vane suppport means to obtain
      varying angles of tilt of said pivot axis between substantially vertical
      and horizontal positions as respects said base vane unit, means operable
      at all angles of tilt of said vane pivot axis to translate pivotal
      movements of said vane means about said vane pivot axis into linear
      movements of said output shaft at a substantially constant ratio of linear
      response to pivotal movement, means to translate the linear movements of
      said output shaft into pivotal steering movements of said trim tab, and
      control means for said vane means and vane unit, said control means being
      operable in a first position to lock said vane means against pivotal
      steering movements while freeing said vane unit for trailing pivotal
      movements with respect to said base unit to thereby establish a desired
      steering position for course, said control means being operable in a
      second position to lock said vane unit with respect to said base unit to
      maintain said course position while freeing said vane means for pivotal
      steering movements about said vane pivot axis, whereby in said course
      position said vane means is operable at any desired tilt position of said
      vane pivot axis to positively translate wind forces produced by the
      sailboat being off course into corrective movements of said trim tab and
      rudder to return the sail boat to course.
NUM  6.
PAR  6. A self-steering device as in claim 5 including means to adjust the
      sensitivity of the vane means to the relative wind force available for
      self-steering corrections, said means including external means to
      pivotally adjust said vane support means with respect to said horizontal
      pivot axis to obtain a desired tilt angle of said vane pivot axis.
NUM  7.
PAR  7. A self-steering device as in claim 5 including external course
      adjustment means operable in said second position of the control means to
      rotatably adjust the course position of said vane unit with respect to
      said base unit.
NUM  8.
PAR  8. A self-steering device as in claim 5 wherein said control means for the
      vane means and vane unit includes alternately operable engagement means,
      one of which engages the vane unit to prevent rotation thereof with
      respect to said base unit, the other of which engages said output shaft to
      prevent linear movements thereof.
NUM  9.
PAR  9. A self-steering device as in claim 8 wherein said alternately operable
      engagement means are carried on a slide mount within the base unit and
      external control means are provided to slidably engage one engagement
      means while disengaging the other.
NUM  10.
PAR  10. A self-steering device as in claim 8 wherein said engaging means to
      prevent rotation of said vane unit includes additional means to adjust the
      course position of said vane unit as respects said base unit.
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ABST
PAL  A marine craft steering assembly comprises a rudder stock mountable on a
      craft for steering movements; a rudder blade mounted on the stock to
      partake of steering movements therewith and to swing relatively to the
      stock to a raised position if the blade encounters an obstruction. The
      blade is biased to its raised position, and a manually operable device,
      which may be a tiller, is cooperable with the blade for resisting swinging
      of the blade lower portion to the raised position and for swinging the
      blade from its raised position to its lowered position. The stock is
      releasably pivotally mountable on a craft hull and is locked in mounted
      position thereon by the aforesaid manually operable device movably mounted
      on the stock.
BSUM
PAR  This invention relates to a steering assembly for a marine craft such as a
      sailing dinghy and is a modification or improvement in the applicants'
      British Pat. No. 1,219,401.
PAR  In the applicants' earlier British patent a steering assembly is described
      in which longitudinal movement of the tiller in a rudder stock causes the
      rudder blade to be raised or lowered. In the particular construction
      described in that specification it was found that although the rudder
      blade could kick up if it hit an obstruction the precise operation was not
      satisfactory and the present invention was devised not only to provide
      better kick up action but also to develop a more convenient method of
      construction which would not only enable the various parts to be put
      together quickly and easily but would also provide easy handling when in
      use in a boat.
PAR  According to the present invention a marine craft steering assembly
      includes a steering tiller and a rudder blade which interact so that the
      rudder blade can be raised or lowered by longitudinal movement of the
      tiller, the rudder blade being pivoted to a rudder stock in which the
      steering tiller is supported and can slide, and resilient means for
      biasing the rudder blade towards the raised position.
PAR  Thus, with this construction the bias on the rudder blade assists in
      lifting it if it strikes an obstruction but the blade is maintained down
      by the position of the steering tiller in the rudder stock.
PAR  Preferably the resilient means are provided by a resilient leaf-spring
      which is bent to a loaded position when the rudder blade is moved to its
      lowered position.
PAR  The resilient leaf spring made be made of various materials such as a
      plastics material or metal such as a stainless steel.
PAR  In a preferred embodiment the rudder blade moves in a curved passage or
      channel in the rudder stock which extends around a pivot boss in which the
      resilient means are located.
PAR  Thus, the resilient means may be a leaf spring which is located in a slot
      in the pivot boss, part of the spring extending from the boss into the
      channel and being bent by the upper portion of the rudder blade when the
      blade is moved to its lowered position.
PAR  Conveniently the upper portion of the rudder blade is in the form of a
      curved arm having a free end, at least part of the inner surface of the
      arm being part circular and extending around the pivot boss.
PAR  With this construction the normal kind of pivot pin which is usually
      employed in lifting rudders is avoided and the larger radius of the pivot
      boss has certain advantages which will be discussed hereinafter.
PAR  Preferably the part circular part of the inner surface of the arm extends
      around an angle of more than 180.degree.. With this arrangement the boss
      may be circular with a pair of diametrically opposed flats, the distance
      between the flats being slightly less than the width of the gap between
      the free end of the arm and the other end of the inner surface spaced away
      from it so that the blade can only be located on the boss by moving it
      transversely when it is in a position so that the flats are lined up with
      the gap and it cannot be removed from the rudder stock in any other
      position.
PAR  Preferably therefore the gap is arranged to be aft of the boss when the
      rudder blade is in the lowered position, and the flats extend in a
      horizontal direction. With this arrangement it is therefore necessary to
      insert the arm into the curved passage from aft and with the arm lower
      than the boss, that is with the rudder blade in the position in which it
      extends upwardly away from the rudder stack. This position which will
      never be achieved whilst the craft is in the water and the rudder blade
      will not therefore become detached due to floating up whilst in the water.
PAR  A portion of the rudder blade arm is conveniently arranged to be urged into
      engagement with the steering tiller by the resilient means, and to this
      end an abutment may be provided on the upper end of the upper part of the
      rudder blade which engages the end of the steering tiller.
PAR  In any case, the steering tiller may be carried in a bore in the upper part
      of the rudder stock.
PAR  Preferably the rudder stock is pivoted to the hull of the craft with which
      it is to be used by releasable means which are locked in position by the
      steering tiller. The rudder stock may be provided with two relatively
      vertically displaced extensions which are releasably located on relatively
      vertically displaced pivot members on the hull, the steering tiller
      extending along at least part of the upper extension.
PAR  With this arrangement the extensions can be provided with axially aligned
      circular openings which are located on the upper and lower pivot members
      which are respectively upwardly and downwardly projecting bosses, the
      tiller acting to locate the upper opening on the upper boss and to prevent
      the lower opening dropping below the lower boss.
PAR  In a convenient construction the upper and lower bosses are provided with
      means for attachment to the hull of the boat and they can be connected by
      a bar or tube.
PAR  The rudder stock is particularly suitable for manufacture from a plastics
      material.
PAR  The invention also includes a rudder stock for use with the steering
      assembly as set forth including means for carrying the rudder blade so
      that it can pivot and the steering tiller so that it can slide
      longitudinally and so that the steering tiller and rudder blade are in
      suitably spaced relationship to enable them to interconnect to operate as
      set forth and carrying resilient means to act on the rudder blade to bias
      it towards the raised position.
DRWD
PAR  The invention may be performed in many ways but one embodiment will now be
      described by way of example and with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a fragmentary vertical longitudinal sectional side view of a
      marine craft steering assembly according to the invention;
PAR  FIG. 2 is a vertical cross sectional view of the rudder stock shown in FIG.
      1 on the lines II--II, the rudder stock being shown in FIG. 2 in complete
      cross section including the half section thereof which is not shown in
      FIG. 1 but which is opposite to and companion with the half section which
      is shown in FIG. 1, a rudder blade shown in FIG. 1 being omitted from FIG.
      2;
PAR  FIG. 3 is a horizontal cross sectional plan view taken on the line III--III
      in FIG. 1; and
PAR  FIG. 4 is a horizontal cross sectional plan view taken on the line IV--IV
      of FIG. 1 but with the rudder blade removed, this view showing the half
      section of the rudder stock opposite to and companion with the half
      section of the rudder stock shown in FIG. 1.
DETD
PAR  As shown in the drawings a steering assembly is for a sailing dinghy the
      hull of which is indicated by reference numeral 1. The steering assembly
      comprises a rudder blade 2 which is pivoted to a rudder stock 3 by means
      of a pivot boss 4. The pivot boss 4 extends between spaced cheeks 5 of the
      rudder stock 3 so that the blade 4 can be rotated in relation to the stock
      between raised and lowered positions. The upper end of the rudder stock 3
      is formed with a bore 6 which accepts a tubular steering tiller 7.
PAR  The pivot boss 4 is moulded integral with the rudder stock and is circular
      having a diameter greater than its axial length and with a pair of
      diametrically opposed flats 8, the distance between the flats being less
      than the diameter of the circular portion. This boss thus provides a
      curved passage or channel in the rudder stock two opposed side walls of
      the passage being provided by the cheeks 5 of the stock, one of the other
      walls being formed by a curved surface 9 and flats 8 of the boss and the
      other wall by a curved surface 10 and a substantially straight surface 11
      in the stock. It will be seen from FIG. 1 that this curved passage extends
      around the pivot boss 4 and that the upper portion of the rudder blade 2
      is in the form of a curved arm 12 which has a free end 13. Part of the
      inner surface 14 of the arm is circular and extends around the pivot boss
      4 through an angle of approximately 200.degree.. This part-circular
      portion terminates in an upper straight surface 15 which is tangential to
      the curved surface 14 and beneath the end 13 of the arm. The outer surface
      of the arm 12 has a flat upper portion 16 which is substantially parallel
      with the straight portion 15 and which terminates at one end in a curved
      surface 17 which is concentric with the surface 9 on the boss 4. This
      curved surface 17 leads to a substantially straight surface 19 which runs
      into the leading edge 20 of the rudder blade 2. The outer end of the
      surface 16 runs into an abutment 21 provided on the free end of the arm
      13.
PAR  The gap indicated by reference numeral 22 between the end of the lower
      surface 15 and the free end 13 of the arm 12, considered together, and the
      end of the curved inner surface 14 terminating at a straight surface 23
      which delineates the bottom of the gap is only slightly larger than the
      distance between the flats 8 and it will be seen that this gap is aft of
      the boss 4 when the rudder blade 2 is in its lowered position as shown in
      the drawings. A curved tapered slot 24 opens through one cheek 5 into the
      boss 4 and extends from the upper flat 8 of the boss and located in this
      slot is a leaf spring 25 made from a suitable plastics material or a metal
      such as stainless steel. One end of the spring nests in the lower end of
      the slot 24 and the upper end projects into the curved channel. The free
      position of the spring is shown in broken lines 26 in FIG. 1.
PAR  Before the blade 2 is mounted in the stock 3, the spring 25 is inserted in
      the boss slot 24 with one end of the spring nesting in the lower end of
      the slot and the other end of the spring extending as shown in broken
      lines at 26.
PAR  The rudder blade is then mounted in the rudder stock 3 by sliding it
      transversely over the boss 4 and between the cheeks 5 from aft with the
      rudder blade extending upwardly, that is rotated from the position shown
      in FIG. 1 counterclockwise in the general plane of the blade. In this
      position the free end 13 of the arm 12 is slid between the rudder cheeks
      until the curved surface 14 of the arm engages the rear surface 27 of the
      boss 4. The straight surface 23 at the end of the curved surface 14 is now
      dropped into the slot 24 in the boss 4 which aligns the axis of the curved
      surface 14 of the inner wall with the axis of the boss and enables the
      straight surface 15 of the arm 12 to pass beyond the end of the lower flat
      8 so that the blade can be rotated in a clockwise direction as shown in
      FIG. 1 about the boss 4 until the free end 13 of the arm 12 engages the
      spring 26 and bends it to its biasing or loaded position as shown in full
      lines in FIG. 1. Provided the assembly is not inverted it can be carried
      in this position without the rudder blade and rudder stock detaching
      tehmselves from each other.
PAR  When the rudder stock is located on the boat in a manner hereinafter to be
      described, the tiller 7 is inserted rearwardly into the bore 6 until its
      end 28 engages the abutment 21 on the free end 13 of the arm 12. Further
      rearward movement of the tiller now causes the rudder blade to rotate
      clockwise around the boss 4 at the same time causing the spring 25 to bend
      until the fully lowered position of the blade 2 is reached as shown in
      FIG. 1. The friction between the tiller 7 and the walls of the bore 6 is
      sufficient to hold the tiller in this position against the action of the
      spring 25 which is now loaded thus biasing the rudder blade
      counterclockwise towards the raised position. Because the abutment 21
      tends to lift the end 28 of the tiller as the abutment rotates forward,
      pressure to raise the blade thus increases the friction between the tiller
      and the wall of the bore 6. Should the leading edge 20 of the rudder
      strike an obstruction which is sufficient to overcome the friction betwen
      the tiller and the bore 6 the sping 25 will assist in lifting the rudder.
      Again, if the tiller is deliberately moved to the left as shown in FIG. 1
      to permit the rudder blade to raise the spring will assist the water
      action in raising the rudder blade. When the assembly is removed from the
      boat with which it has been used the rudder blade will not immediately
      drop again because the spring will hold it in the position in which it
      extends substantially horizontally.
PAR  The rudder stock 3 is provided with two vertically displaced extensions 30,
      31 which are releasably located on vertically displaced pivot members in
      the form of downwardly and upwardly directed bosses 32, 33 respectively.
      Each boss is moulded from a plastics material and has a location lug 34 by
      means of which it can be attached to the transom 35 of the boat hull 1.
      The bosses 32, 33 are joined by a bar or tube 36 of a suitable material
      such as aluminum or plastics material. The upper boss 33 has an enlarged
      head 37 which is formed by cutting back the boss below it at 38. The
      extension 31 is provided with a circular opening 39 and the lower
      extension 30 with an opening 40. The opening 39 extends upwardly into the
      bore 6. When it is desired to locate the rudder stock on the boat the
      opening 39 is placed over, that is above, the upper boss 33 with the stock
      tilted so that the lower extension 30 is displaced out of line with the
      lower boss 32. The rudder stock is then lowered until it is possible to
      tilt it slightly to allow the opening 40 to be aligned with the lower boss
      32. The slight tilting is possible due to the cut-back 38 in the upper
      boss 33. The rudder stock is now raised so that the lower opening 40 is
      located on the lower boss 32 and the enlarged head 37 is located in the
      opening 39. The tiller 7 is now inserted into the bore 6 and rests on top
      of the enlarged head 37 which prevents the rudder stock from dropping and
      maintains the rudder stock on the bosses. When it is desired to remove the
      rudder stock it is merely necessary to completely withdraw the tiller 7
      until it is clear of the upper boss 38 and the process is reversed.
PAR  The complete assembly is particularly attractive to a manufacturer because
      the only parts which have to be put together on assembly prior to
      inserting the blade 2 into the stock 3 are the spring 25 and the stock and
      this is simply achieved by pushing the spring into place until it wedges
      in the lower end of the slot 24. The rudder stock can be moulded in a
      single operation and broken parts can thus easily also be replaced.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A marine craft steering assembly comprising a rudder stock adapted to be
      mounted on a marine craft for substantially horizontal steering movements;
      a rudder blade mounted on said stock with a lower portion of said blade
      projecting below said stock, the mounting of said blade on said stock
      constraining said blade to partake of the steering movements of said stock
      and enabling said blade to swing in one direction to move said lower
      portion rearwardly and upwardly relatively to said stock and in the
      opposite direction to move said lower portion downwardly and forwardly
      relatively to said stock, whereby said blade may yield and swing in said
      one direction to move said lower portion rearwardly and upwardly to a
      raised position if said lower portion encounters an obstruction when said
      assembly is in forward motion in the water; biasing means mounted on said
      stock and biasing said blade to swing the latter in said one direction to
      move said blade lower portion rearwardly and upwardly to said raised
      position to clear the obstruction; and manually operable means cooperable
      with said blade for swinging the latter in said opposite direction to move
      said blade lower portion to a lowered position.
NUM  2.
PAR  2. A steering assembly according to claim 1 in which said stock is provided
      with means for mounting said stock on a craft for steering movements about
      a substantially vertical axis and in which the mounting of said blade on
      said stock is provided by pivot means on said stock engaged by said blade
      for swinging of the latter about a substantially horizontal axis.
NUM  3.
PAR  3. A steering assembly according to claim 1 in which said biasing means is
      a spring interposed between and engaging both said stock and said blade.
NUM  4.
PAR  4. A steering assembly according to claim 3 in which said pivot means
      comprises a boss and said blade has an internally curved surface engaging
      said boss, the latter being formed with an internal slot into which a
      portion of said spring extends, another portion of said spring projecting
      beyond said slot and bearing against a part of said blade to the rear of
      said substantially horizontal axis when said blade is in its lowered
      position.
NUM  5.
PAR  5. A steering assembly according to claim 3 in which said spring is a leaf
      spring which is bent to loaded position by engagement with said blade when
      said blade lower portion is in said lowered position.
NUM  6.
PAR  6. A steering assembly according to claim 1 in which said manually operable
      means comprises a tiller mounted on said stock for effecting said
      horizontal steering movements, said tiller being movable relatively to
      said stock for transmitting motion to said blade to swing the latter in
      said opposite direction against the bias of said biasing means.
NUM  7.
PAR  7. A steering assembly according to claim 2 in which said manually operable
      means comprises a tiller mounted on said stock for effecting said
      horizontal steering movements, said tiller being movable relatively to
      said stock for transmitting motion to said blade to swing the latter in
      said opposite direction against the bias of said biasing means.
NUM  8.
PAR  8. A steering assembly according to claim 7 in which an upper portion of
      said stock above said pivot means thereon is provided with means
      frictionally engaging said tiller for yieldably resisting movement of said
      tiller relative to said stock and thereby resisting movement of said blade
      in said one direction by said biasing means.
NUM  9.
PAR  9. A steering assembly according to claim 6 in which the upper portion of
      said stock is formed with a bore, said blade is formed with an abutment,
      and said tiller is longitudinally slidable in said bore with one end of
      said tiller extending forwardly beyond said bore for being grasped by a
      helmsman and the other end of the tiller engaging said blade abutment to
      transmit motion to said blade as set out in claim 6.
NUM  10.
PAR  10. A steering assembly according to claim 9 in which said biasing of said
      blade is in a direction to press said tiller laterally of said bore to
      cause said tiller to engage the bore wall frictionally and thereby resist
      movement of said blade in said one direction by said biasing means.
NUM  11.
PAR  11. A steering assembly according to claim 3 in which said stock is formed
      internally with a curved passage and in which said pivot means comprises a
      boss extending horizontally within said passage, said blade being mounted
      within said passage and having an internally curved surface pivoted on
      said boss, said boss having a slot in which said spring is mounted, a
      portion of said spring extending outwardly from said slot and engaging
      said blade.
NUM  12.
PAR  12. A steering assembly according to claim 11 in which said blade has an
      arm which extends above said boss when said blade lower portion is in its
      lowered position, said arm having a free end, and in which said manually
      operable means engages said arm free end.
NUM  13.
PAR  13. A steering assembly according to claim 12 in which said stock is formed
      with a fore-and-aft extending bore above said boss, said arm free end has
      an abutment, and said manually operable means comprises a tiller slidable
      in said bore and having one end engaging said abutment.
NUM  14.
PAR  14. A steering assembly according to claim 11 in which said boss is in part
      circular and has two diametrically opposed flats, said internally curved
      surface of said blade engages the circular part of said boss, and said
      internally curved surface has a circumferential gap of greater width than
      the distance between said flats whereby to enable said gap to be passed
      over said boss to position said internally curved surface to surround said
      boss.
NUM  15.
PAR  15. A steering assembly according to claim 14 in which said internally
      curved surface extends through an angle of more than 180.degree..
NUM  16.
PAR  16. A steering assembly according to claim 14 in which said flats extend
      substantially horizontally and in which said gap is aft of said boss when
      said blade lower portion is in its lowered position.
NUM  17.
PAR  17. A steering assembly according to claim 1 including first pivot means
      adapted to be attached to a craft hull; and companion pivot means on said
      stock releasably pivotally connected to said first pivot means, said
      manually operable means comprising a tiller removably mounted on said
      stock and, when mounted thereon, locking said companion pivot means
      against being released from said first pivot means.
NUM  18.
PAR  18. A steering assembly according to claim 17 in which said first pivot
      means comprises an upwardly extending pivot member and therebelow a
      downwardly extending pivot member, and in which said companion pivot means
      comprises an opening in the upper part of said stock engageable with said
      upwardly extending pivot member, and an opening in the lower part of said
      stock engageable with said downwardly extending pivot member.
NUM  19.
PAR  19. A steering assembly according to claim 18 in which said stock is formed
      with a substantially horizontal bore which extends above said opening in
      the upper part of said stock, and in which said tiller is slidable in said
      bore from a position displaced from being over said opening in the upper
      part of said stock to a position over said opening in the upper part of
      said stock in which latter position said tiller locks said companion pivot
      means against being released from said first pivot means.
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ABST
PAL  A movable ramp, forming part of the inlet flow channel of a water jet
       prosion system, is adjustable to provide variable inlet area for various
      speed and propulsion requirements. In this flush or semi-flush type inlet,
      the lower lip is stationary and an upper ramp, forming an extension of the
      base-line shell, directs the flow into the inlet. If the baseline shell is
      not suited to the inlet installation, (for example, if a high deadrise
      angle exists) a forebody fairing is provided to make the baseline shell
      geometry suitable. The ramp is flexible, has a smooth surface, and is
      backed up by bell cranks and pusher bars that can move the ramp position
      to change the inlet area. The ramp position or inlet area may be adjusted
      manually or automatically to meet the requirements of speed and
      propulsion. If the centerline of the lip leading edge radius falls below
      the normal baseline (semi-flush inlet) suitably shaped "sideplates" are
      provided to avoid inlet cavitation or ventilation at yawed conditions. A
      "pressure alleviation" system may be provided to reduce the static
      pressure differential across the ramp to alleviate the structural design
      loading and reduce the total force required of an actuator to move the
      ramp.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The instant invention relates generally to water jet propulsion apparatus
      for ships and more particularly to an inlet system having a variable inlet
      area adjusted by a movable ramp.
PAR  In a high speed water jet propulsion system the inlet to the pump is
      perhaps the most critical component besides the pump because it operates
      at ship speed and often in a non-uniform velocity field and is thus highly
      susceptible to cavitation or ventilation. In addition, waterjet efficiency
      is influenced by inlet system drag and internal losses or energy recovery.
      Also, pump cavitation is highly dependent on the energy recovery and the
      outlet velocity distribution of the inlet. Cavitation and internal
      ventilation of the inlet due to excessive yaw angles can result in
      degradation of pump and water jet performance, and the cavitation may
      cause erosion damage.
PAR  There are basically two types of inlet systems for water jet propulsion
      systems, the flush or semi-flush inlet, and the pod-strut or ram inlet.
      Pod-strut type inlets usually have the inlet opening away from the ship
      hull on a strut and are required for hydrofoil craft. The flush and
      semi-flush type inlets have the inlet adjacent to or buried in the hull
      and are currently favored for surface effect ships.
PAR  For most high speed ships, such as the surface effect ships and hydrofoils,
      significant differences in inflow angles and inlet velocity ratio
      [(IVR)=average inlet velocity divided by ship velocity] occur at different
      speeds when fixed geometry inlets are used. Furthermore, to permit
      cavitation-free operation over these widely varying inflow angles, large
      inlet leading edge or lip radii or thicknesses are required, which results
      in a severe drag penalty. If the area of the inlet could be varied such
      that the inlet velocity ratio (IVR) remained constant over the speed
      range, the "angle-of-attack" on the lip would remain constant and
      therefore the leading edge radius of the lip could be small. To vary the
      area of these flush inlets there are two practical schemes--either move
      the lip or move the ramp.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the instant invention is to provide a movable
      ramp inlet for water jet propelled ships.
PAR  Another object of the present invention is to provide a new and improved
      variable area inlet for water jet propulsion systems.
PAR  Still another object of the instant invention is to provide a variable area
      inlet for water jet propulsion systems that is efficient through a range
      of ship speeds.
PAR  A further object of the present invention is to provide a flush type water
      jet inlet having reduced drag at all speeds and angles of attack (inlet
      velocity ratios).
PAR  A further object of the present invention is to provide a variable area
      inlet for water jet propulsion which is made structurally feasible using a
      pressure alleviation system.
PAR  A still further object of the present invention is to provide a flush type
      water jet inlet capable of tolerating a reasonable range of yaw angles
      without ventilating or cavitating.
PAR  A still further object of the present invention is to provide an inlet for
      water jet propulsion systems minimizing inlet losses, cavitation and
      internal ventilation while maximizing energy recovery and water jet
      efficiency.
PAR  Briefly these and other objects of the instant invention are attained by
      the use of a movable ramp faired with the ship's baseline shell and
      extending into the inlet flow channel for varying the inlet area of the
      water jet propulsion system. In this flush or semi-flush type inlet the
      lip which splits the flow of water past the hull and the water taken into
      the inlet remains stationary. The smooth flexible ramp surface is backed
      up and moved by a mechanism of bell cranks and pusher bars to change the
      inlet area and moves between side plates. The structural design of the
      movable ramp is in some cases made feasible through the use of a pressure
      alleviation system which allows higher static pressure fluid from the
      diffuser to vent to the region behind the ramp and thus alleviate a
      portion of the structural load due to the primary flow entering the inlet.
      The pressure alleviation system also reduces the total force required of
      an actuator to move the ramp. An angle-of-attack sensor on the lip may
      automatically sense and send signals to adjust the ramp to the
      requirements, or the ramp may be adjusted manually to obtain optimum
      results.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention and many of the attendant
      advantages thereof will be readily appreciated as the same become better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawing wherein:
PAR  FIG. 1 is a sectional view, in elevation showing a water jet propulsion
      system; and
PAR  FIG. 2 is a perspective view in elevation of the adjustable ramp inlet
      according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein like reference numerals designate
      corresponding parts throughout the several views, there is shown generally
      in FIG. 1 a water jet propulsion system 10 attached to the baseline shell
      12 of a ship or the like. The water jet propulsion system has a pump means
      inlet channel 14 that is the flush or semi-flush type taking a portion of
      the water stream as shown by the flow arrows 16. The inlet channel 14
      directs the water to a pump 18 having a shaft 20 for rotation in journals
      22. The pump 18 forces the water in a high velocity water jet out a nozzle
      24.
PAR  Referring particularly to the inlet channel 14, there is a lip 26 attached
      near the baseline shell 12 toward the aft of the inlet which acts to split
      the flow of the water passing the hull. At the forward end of the inlet 14
      at the baseline shell a movable ramp 28 is faired into the baseline shell
      12 to form a continuous smooth surface. The ramp is constructed of a
      sufficiently flexible thin material, such as steel, aluminum, or the like
      to assume the required and predetermined shapes chosen for hydrodynamic
      reasons and change of inlet area. The difficulties in providing
      significant area variations should not be underestimated since the
      required variation in area may be a factor as high as four to five. FIG. 1
      shows the generally desired shape of the movable ramp at the two extremes.
      The solid shape corresponds to a small opening required for high speed
      operation, and the dotted line shape corresponds to a large opening
      required for low speed operation. The ramp 28 moves in a sealing
      relationship between two side plates 15, the edges of which are flush with
      the baseline shell 12 and shown by the two dot-dash lines, each line
      representing the side plate profiles for alternative positions of lip 26.
PAR  Referring now to FIG. 2 the movable ramp 28 is a single flexible plate
      faired into the baseline shell 12 at the forward end. It is laterally
      supported by transverse stiffeners 30 and by a slip joint 32 at the after
      end, and by the side plates 15 shown in FIG. 1. The required ramp shape is
      assumed through the use of a linkage system assembled to a bedplate 34
      firmly secured to the hull structure. Attached to the bedplate 34 are a
      plurality of dual side-by-side sets of linkages 36 located on the bedplate
      to reduce stresses on the stiffeners 30 and to provide transverse
      stability to the ramp 28. In the typical linkage system shown, each set of
      linkages 36 comprises five double-plate shaft bearing supports 38 fixedly
      attached to the bedplate 34 which rotatably support five bell cranks 40 on
      shafts 42 extending between the sets of linkages 36. Each bell crank 40 is
      substantially triangular in shape and is connected at its corners to one
      or two push-pull rods 44 which interconnect neighboring bell cranks and to
      another push-pull rod 46 which rotatably attaches to the center of a
      spreader bar 48 or directly to a stiffener 30 mounted on the ramp 28. One
      end of the spreader 48 is rotatably connected directly to a stiffener 30,
      and the other end is rotatably connected with a take up link 50 to the
      next adjacent stiffener to allow for distance changes as the ramp flexes.
      A double link swing block 52 is provided near the aft end of the ramp to
      allow overall change of ramp length.
PAR  To provide movement of the ramp system, one of the bell crank shafts 42 is
      fixed against rotation to the bell crank. Therefore, a crank arm 54 is
      also fixed to that shaft 42 against rotation so that a push rod of an
      actuator 56 provides the force which causes all the bell cranks 40 to
      rotate so as to position the ramp. The actuator may be a linear hydraulic
      ram or a mechanical screw type ram.
PAR  In summary, the linkage system is designed so that the ramp 28 is held in
      the proper shape at any position from full down to full up, and this maybe
      attained in design by choosing various shaft 42 positions, bell crank 40
      turning angles, and link and push-pull rod 46 lengths. In this preferred
      embodiment there are eight points of support. First, the attachment of the
      ramp at the forward end is faired into the baseline shell 12. At the next
      three points of ramp support, spreaders 30 are attached to and divide the
      ramp into panels. The fifth point is located over the lip 26 and is
      attached directly to the ramp to obtain accurate placement in this
      critical area. Further aft there is another support with a spreader and
      then the swing block support 52 which limits ramp plate angular motion.
      The last support is the slip joint 32 faired into the after end of the
      inlet flow channel 14. A feature of the inlet system which may sometimes
      be required to make the structural design of the ramp 28 more feasible
      while providing the required flexibility is a "pressure alleviation"
      system in which higher static pressure fluid from the diffuser flow
      channel 14 is vented across the ramp. The venting passage may be a port,
      duct, or valve in the ramp, or a notch 70 in the edge of the ramp. The
      pressure alleviation system will also reduce the total force required of
      the actuator 56.
PAR  The actuator 56 which provides the force to adjust the position of the ramp
      may be controlled manually, or automatically by an angle-of-attack sensor
      60 in the leading edge of the lip 26. In this preferred embodiment the
      sensor comprises pressure ports 62 on both the upper and lower surface of
      the lip to detect the static pressure differential caused by various
      angles of attack. This static pressure differential actuates a
      differential pressure switch 64 which produces an electrical signal. The
      electrical signal is fed via conductors 66 to a servo valve 68 which is
      hydraulically connected to the actuator 56. In operation it is to be
      remembered that the inlet lip is like the leading edge of an airfoil whose
      operating angle-of-attack is very much a function of the inlet velocity
      ratio, IVR. Therefore the ramp is moved whenever the lip angle-of-attack
      strays from the desired angle corresponding to a cavitation-free IVR.
      Therefore, the signal generated by the static differential pressure
      sensors is conditioned and used to operate the differential pressure
      switch 64 which acts as a limit switch or deadband type of control. That
      is, when the signal exceeds allowable limits, the electrical signal to the
      servo valve 68 causes the control actuator 56 to move the ramp 28 to a
      position such that the differential pressure control signal returns to
      within the allowable limits.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adjustable inlet flow channel for a water jet propulsion system of a
      ship mounted in the baseline shell of a ship and to avoid cavitation
      comprising:
PA1  a stationary lip in the aft portion of the inlet substantially flush with
      the baseline shell for diverting water into the inlet; and
PA1  a movable, flexible ramp forming the top of the inlet faired to the
      baseline shell at the forward end of the inlet and to a pump means inlet
      channel for adjusting the area of the inlet.
NUM  2.
PAR  2. The adjustable inlet flow channel of claim 1, wherein said movable ramp
      further comprises:
PA1  a flexible continuous plate faired into the baseline shell; and
PA1  a linkage system attached between the hull and said flexible plate at a
      plurality of movable support points.
NUM  3.
PAR  3. The adjustable inlet flow channel of claim 2 wherein said movable ramp
      further comprises:
PA1  a bedplate secured to the hull structure supporting said linkage system;
PA1  a plurality of transverse stiffeners secured to said flexible plate;
PA1  a plurality of push-pull rods rotatably connected to said stiffeners; and
PA1  a plurality of bell cranks rotatably connected between said push-pull rods
      and said bedplate;
PA1  whereby actuation of said bell cranks causes said linkage system to move
      said ramp into a desired position.
NUM  4.
PAR  4. The adjustable inlet flow channel of claim 3 further comprising:
PA1  a hydraulic push-pull actuator connected between said bedplate and said
      bell cranks for actuating the linkage system.
NUM  5.
PAR  5. The adjustable inlet flow channel of claim 4 further comprising:
PA1  an angle-of-attack sensor on said lip coupled to said actuator.
NUM  6.
PAR  6. The adjustable inlet flow channel of claim 5 wherein said
      angle-of-attack sensor comprises:
PA1  a plurality of pressure ports on both the upper and lower surface of said
      lip;
PA1  a differential pressure switch hydraulically coupled to said pressure
      ports; and
PA1  a servo valve interposed between said differential pressure switch and said
      actuator.
NUM  7.
PAR  7. The adjustable inlet flow channel of claim 4 further comprising:
PA1  a port in said ramp whereby the ramp structural design is made feasible and
      the force required of said actuator is reduced.
NUM  8.
PAR  8. The adjustable inlet flow channel of claim 7 further comprising in the
      baseline of the ship:
PA1  fairing means for making the baseline shell geometry suitable for
      installation of said inlet system; and
PA1  sidewall plate means, adapted to avoid cavitation or ventilation at yawed
      conditions.
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ABST
PAL  A water propulsion device for boats having a plurality of housings bolted
      together so as to be partially submerged in water requiring no lift and a
      minimum of drag to the water passing horizontally therethrough. A shoulder
      on each side of the housing prevents water from flowing over the housing.
      A vertical wall in the housing divides the water into two jet streams
      whose reactive forces are imparted to the boat, each of which water jet
      impinges on an arcuate deflector plate to effect the steering of the boat.
      The steering mechanism consists of a slide bar whose position determines
      the forward and rearward movement of the boat while a cam plate and turn
      arm cooperate to determine the turning moments of the boat.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation in part of my copending application Ser.
      No. 379,198 issued as U.S. Pat. No. 3,834,342, on Sept. 10, 1974, for
      Water Jet Propulsion Device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates to boat propulsion devices and is more particularly
      directed to one utilizing a plurality of water jets whose reactive forces
      propel the boat.
PAR  2. Description Of The Prior Art.
PAR  As stated in my copending application there are generally two types of
      water jet propulsion devices for boats in use at present, namely one which
      is completely submerged in the water and the other which is mounted on a
      boat above the water. Both of these jet propulsion devices are very
      inefficient. The jet device that is completely submerged develops a great
      deal of drag and resistance due to the water surrounding the jet pump,
      while the device completely out of the water must lift the water entering
      the device and change the direction of flow of water which requires work
      being done on the water in having it pass through the device thereby
      reducing the efficiency of the propulsion device. Also, these devices
      require that the structure of the boat be modified or changed to adapt the
      device to the boat. Some require a large opening be made in the hull and
      stern of the boat to permit the flow of water into the device. The present
      invention contemplates avoiding all of the disadvantages of the present
      water jet propulsion devices as well as making certain improvements over
      my patented water jet propulsion device.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, a principal object of the present invention is to provide an
      improved steering mechanism for a water jet propulsion apparatus that is
      simple in construction, readily operated by the user for directing the
      movement of the boat on which it is affixed in the same manner as that of
      a propeller driven apparatus.
PAR  Another object of the present invention is to provide a housing for a water
      jet propulsion device consisting of a plurality of castings bolted to each
      other wherein the casting that houses the impellers and is subject to wear
      by virtue of the abrasive action of the water flowing through may be
      removed and replaced without having to dismantle the entire apparatus.
PAR  A further object of the present invention is to provide a water jet
      propulsion apparatus for boats that is partially submerged in water with
      shoulders along both sides thereof in coplanar alignment with the hull of
      the boat and with the end portion of the apparatus being arcuate and
      recessed inwardly of the shoulders so that water flowing along the outer
      surface of the apparatus will be deflected away from the apparatus and
      thereby reduce water drag to a minimum.
PAR  A still further object of the present invention is to provide a steering
      mechanism for a water jet propulsion apparatus for boats consisting of two
      control members wherein one control member effects the movement of the
      boat in a forward or rearward direction as well as placing the apparatus
      in a neutral position while the other control effects only the turning
      movement of the boat.
PAR  With these and other objects in view, the invention will be best understood
      from a consideration of the following detailed description taken in
      connection with the accompanying drawings forming a part of this
      specification, with the understanding, however, that the invention is not
      confined to any strict conformity with the showing of the drawings but may
      be changed or modified so long as such changes or modifications mark no
      material departure from the salient features of the invention as expressed
      in the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of my water jet propelling apparatus
      mounted on a boat shown only in part.
PAR  FIG. 2 is a rear elevational view thereof.
PAR  FIG. 3 is a top plan view of the apparatus only.
PAR  FIG. 4 is a longitudinal cross sectional view taken along the line 4--4 of
      FIG. 2.
PAR  FIGS. 5, 6 and 7 are transverse cross sectional views taken along the lines
      5--5, 6--6 and 7--7 respectively of FIG. 4.
PAR  FIGS. 8-12 inclusive are cross sectional views taken along the line 8--8 of
      FIG. 4 with the slide bar pins and slot shown in dotted lines for the
      purpose of illustrating the different positions of the water deflecting
      members for steering the boat and their relation with the slide bar.
PAR  FIGS. 8A--12A inclusive are cross sectional views taken along the lines
      8A--8A of FIG. 6 correlated with FIGS. 8-12 respectively as to the
      positions of the deflecting members with relation to the slide bar.
PAR  FIGS. 8B-12B inclusive are cross sectional views taken along the lines
      8B--8B of FIG. 6 correlated with FIGS. 8-12 and 8A-12A, respectively as to
      the positions of the deflecting members, the slide bar and the cam plate.
PAR  FIGS. 8C-12C respectively are top plan views of my water jet propulsion
      device, correlated with FIGS. 8-12 inclusive, 8A-12A inclusive, 8B-12B
      inclusive, respectively, as to the positions of the deflecting members
      with relation to the steering mechanism.
PAR  FIG. 13 is a bottom plan view of the rear portion of my water jet
      propulsion device shown only in part.
PAR  FIGS. 14 and 15 are top plan and end views of the cam plate.
PAR  FIG. 16 is a cross sectional view taken along the line 16--16 of FIG. 14.
DETD
PAR  Referring to the drawings wherein like numerals are used to designate
      similar parts throughout the several views, the numeral 10 refers to a
      water jet propulsion device constructed in accordance with my invention
      and shown in position fastened to the transom 11 of a boat 12 and
      extending rearwardly of the boat 12 with a water inlet opening 13 below
      the hull 27 of the boat 12 to permit a substantially horizontal flow of
      water into and through the jet propulsion device 10.
PAR  The housing of my jet propulsion device 10 consists of a plurality of
      castings --A--, --B-- and --C-- bolted together by bolts 62 and 63, the
      bolts 62 securing the casting --C-- to --B-- while the bolts 63 secure the
      casting --B-- to --A--. The forward casting --A-- has a somewhat
      cylindrical housing 18 having a front support plate 16 that lies against
      the transom 11 to which it is fastened by bolts 29. The housing 18 is
      provided with the water inlet 13, an outlet 19 and a water passageway 20
      extending approximately horizontally therethrough. At the inlet 13 there
      is a plurality of spaced rods 30 that permit water to pass therethrough
      but prevents objects from entering the water jet device that would
      otherwise damage the water impeller 15.
PAR  My jet propulsion device 10 is fastened securely to the boat 12 by a hub 17
      extending from the support plate 16 through an opening 24 in the transom
      11 and having a locking plate 64 mounted against the inner surface of the
      transom 11. Bolts 65 fasten the hub 17 to the locking plate 64 with a
      gasket 66 placed therebetween to prevent the leakage of water into the
      boat 12.
PAR  A tubular shaft support 21 extends through the center of the locking plate
      64, hub 17 and support plate 16 to a position adjacent the outlet 19 of
      the housing 18. An impeller shaft 22 rotatably mounted in the shaft
      support 21 extends inwardly of the boat 12 where the shaft 22 is connected
      to a motor shaft 67 which in turn is connected to a source of rotational
      power (not shown). At its outer end the impeller shaft 22 there is an
      impeller 15 mounted and secured thereon by a nut 68. The impeller 15 is
      positioned within the confines of the casting or wear ring --B-- which
      after considerable use of the jet propulsion device 10 the inner surface
      of the wear ring --B-- will become worn and the clearance between the tips
      of the impeller 15 and the walls of the wear ring --B-- becomes excessive
      at which time the device 10 then runs inefficiently. By merely removing
      the bolts 63, the wear ring --B-- can be readily removed and replaced by a
      new wear rings --B--. The drive shaft 22 is journalled by bearings 23 at
      each end of the shaft support 21.
PAR  Along each side of the castings --A-- and --B-- are shoulders 28 that are
      in horizontal coplanar alignment with the bottom surface or hull 27 of the
      boat 12 forming water planing members. Water which flows along the outer
      surface of the hull 27 as the boat 12 moves forwardly will either enter
      the jet propulsion device 10 at the inlet 13 or flow around the housing
      18. The water that does not flow into the inlet 13 will flow about the
      housing 18 and impinge against the lower surface of the shoulders 28 to
      prevent the water from flowing over the top of the housings --A-- and
      --B--, but instead deflect the water sidewardly and away from the
      propulsion device 10 thereby reducing the drag effected by the water to a
      minimum.
PAR  The casting --C-- secured to the free end of the casting --B-- by the bolts
      62 is cylindrical in cross section at its forward or connected end portion
      and rectangular at the rear end portion to form two separated rectangular
      water passageways 26. The water passageways 26 are separated by a
      vertically disposed wall 31 that is rectangular in cross section at its
      rear portion. At the forward end portion adjacent the impeller 15, the
      divider wall 31 has been ground to a knife edge as at 14 and curved along
      approximately half the length of the wall 31 to form a pair of radially
      extending water flow straightening vanes at the forward portion of the
      divider wall 31. At right angle to the divider wall 31 and on each side
      thereof is a pair of second water flow straightening vanes 33 that extend
      from the forward edge of the casting --C--  to the mid-portion thereof. On
      each side of the casting --C-- there is a water deflecting shoulder 32
      that extends diagonally from the top of the casting --C-- at the discharge
      end thereof to the shoulders 28 at the position of the bolts 62. The
      shoulders 32 as does the shoulders 28, prevent the water from flowing over
      the device 10 as it moves along the water to reduce drag to a minimum.
PAR  At the rear or discharge end portion of the casting --C-- the divider wall
      31 is provided with a pair of vertically disposed arcuate slots 34 that
      extend to the rear edge and receive arcuate water deflector members 35 for
      steering the boat 12. The deflectors 35 are each provided with tabs 36 and
      37 at the bottom and top ends that extend at right angle to the deflector
      members 35. The lower tabs 36 are pivoted about a pivot pin 38 secured to
      the lower surface of the casting --B--. The upper tabs 37 are provided
      with a stem 39 that extends upwardly through an opening and beyond the
      upper surface of the casting --C--. The free end of each of the stems 39
      are secured to one end of a crank 40 while the other end of the cranks 40
      have a pivot pin 41 rotatably mounted thereon. Along the outer edges of
      each of the deflectors 35 is a water deflecting tab 25 whose function is
      explained hereinafter.
PAR  The upper ends of the pivot pins 41 are received in a cam slot 42 formed in
      a cam plate 43. The cam slot 42 is symmetrically disposed on each side of
      the cam plate 43 and forms a generally c shape with each pivot pin 41 so
      disposed as to slide only along one-half of the slot 42. The cam plate 43
      is pivotally mounted by a pivot pin 44 for rotational movement, the pivot
      pin 44 being mounted on a slide bar 45 mounted for sliding longitudinally
      along the top surface of the castings --B-- and --C--.
PAR  The position of the slide bar 45 determines the direction the boat 12 is
      moving, that is forward, rearward or in neutral while the position of the
      cam plate 43 determines the turning movement of the boat, that is, to the
      right or left, all of which is explained in detail hereinafter.
PAR  The slide bar 45 is guided in its sliding movement by a slot 46 formed in
      the slide bar 45 and a pair of pins 47 and 48 secured to the upper surface
      of the castings --C-- and received by the slot 46. The pins 47 and 48
      limit the sliding movement of the slide bar 45 in each direction upon the
      pins 47 and 48 engaging the bar 45 at the ends of the slot 46. The sliding
      movement of the slide bar 45 is controlled by a pull rod or cable 70
      secured as at 52 to the slide bar 45 and whose sheath 49 is secured to the
      casting --A-- by a bracket 50. The control cable 70 and sheath 49 extend
      through an opening 51 and 151 in the support plate 16 and transom 11 and
      extend to an operating member (not shown). The control cable 70 which
      effects the sliding movement of the slide plate 45 and cam 43 controls the
      forward and reverse movement of the boat 12 as well as placing the jet
      propulsion device 10 in neutral as is explained in detail hereinafter.
PAR  The cam plate 43 is provided with a second cam slot 57 formed in the shape
      of a "U" and centered on the cam plate 43 between the leg portions of the
      slot 42. The cam slot 57 receives a pin 148 that extends upwardly of a pin
      48. An opening 85 in the cam plate 43 permits the pin 148 to slide in and
      out of the second cam slot 57 as the slide bar 45 is actuated. The arcuate
      edge portions 86 of the cam plate 43 form a stop for the cam plate 43 as
      the latter is pivoted about its pivot pin 44. A cover plate 69 extends
      over the cam slot 57 and is mounted in space relation to the cam plate 69
      by means of spacer wall 78 positioned along the edges of the cam cover
      plate 69. This permits the free swinging movement of the pin 53 that
      effectuates the swinging of the cam plate 43 about its pivot pin 44 in the
      turning of the boat 12.
PAR  Pivotally mounted above the combined cam plate 43 and cover plate 69 is a
      swing arm 58 pivoted to the post 52 as at 54 at one end, while the other
      end has mounted thereon a pair of spaced wall members 59. The swing arm is
      actuated by a swing bar 61 that is rotatably supported by a bracket 71
      mounted on the housing --A--. The swing bar 61 extends through openings 72
      and 73 into the boat 12 where a handle 74 is mounted for rotating the
      swing bar 61. The other end of the swing bar 61 is curved as at 60 and
      received between the spaced wall members 59 so that upon actuation of the
      handle 74, the swing bar 61 will rotate and cause the arcuate end portion
      60 to swing and pivot the swing arm 58 about the pin 54.
PAR  The swing arm 58 is provided a somewhat circular enclosed slot 79 having
      aligned openings 75 and 76 at each end thereof. A pin 53 mounted on the
      cam cover plate 69 extends upwardly to engage the inset opening 75 when
      the boat 12 is moving forwardly and the cam plate 43 is engaged to steer
      the boat to the right or left. Likewise the inset opening 76 is engaged by
      the pin 53 when the boat is moving directly sternwise and in position to
      swing the cam plate 43 to right or left upon actuation of the steering
      handle 74.
PAR  By virtue of the above described structure, upon pivotal movement of the
      cam plate 43 on its pivot pin 44, the crank pins 41 will be made to slide
      along their half of the cam slot 42 to cause swinging movement of the
      cranks 40 and the deflector plates 35 to pivot about their pivot pins 38
      and stems 39. Pipes 87 and 77 are intake and discharge water lines for
      cooling the engine (not shown) that operates the impeller 15. Tabs 25 are
      mounted on the outer edge of each of the water deflector members 35 to
      assist the latter in their swinging movement in and out of their
      respective slots 34 and especially to prevent a suction effect that would
      ten to slide the deflectors 35 out of their slots 34.
PAR  In order to mount my water jet propulsion device 10 to the transom 11 of
      the boat 12, all that need be done is to provide three openings 24, 51 and
      73 for the combined hub 17 and drive shaft 22, control cable 49 and
      steering shaft 83 respectively. The hull 27 of the boat at the keel
      thereof adjacent the transom 11 is flattened and inclined upwardly as at
      80 to expose the entire opening or inlet 13 of my water jet propulsion
      device 10 to provide an unobstructed horizontal flow of water into the
      inlet 13 of my water jet propulsion device 10.
PAR  The device 10 is mounted so that the shoulders 28 along both sides of the
      castings --A-- and --B-- will lie in coplanar relation with the hull 27.
      The casting --C-- is acruate in shape as at 84 with its sides tapering
      inwardly in a rearward direction as at 81 from the shoulders 27 and along
      and below shoulders 32. Also extending rearwardly from each of the
      shoulders 28 is a further shoulder 32 that is inclined upwardly. The
      function of the shoulders 28, 32 and the inset portion of the hull 81 is
      to reduce drag caused by water flowing along the housings --A--, --B-- and
      --C-- to a minimum, by preventing the water from flowing over the upper
      surfaces of the device 10. My water jet propulsion apparatus 10 is mounted
      on the boat 12 so that when at rest, the device 10 is only partially
      submerged in the water. When the boat is in motion, the inlet 13 will be
      completely submerged with the remainder of the device 10 inclined slightly
      downwardly. If the boat 12 is moving forwardly in the water, the shoulders
      28 and the rounded and recessed surfaces 84 of the casting --C-- will
      deflect the water away from device 10. If the boat 12 is moving
      rearwardly, the shoulders 32 will likewise deflect the oncoming water away
      from the device 10.
PAR  Only two controls are needed to effect the proper steering of my device 10
      namely, the handle 74 and a further control, not shown, which control is
      connected to the cable 70 for actuating the slide bar 45. As illustrated
      by all of the FIGS. 8-12, 8A-12A, 8B-12B and 8C-12C inclusive, actuating
      of the handle 74 and the control connected to the cable 70 will effect the
      forward, reverse and all turning movements of the boat. FIGS. 8, 8A, 8B
      and 8C show the relative position of various parts of the steering
      mechanism that cause the boat to travel straight ahead. In this case, the
      slide bar 45 has been pulled forwardly to slide to its most forward
      position by means of the cable 70. The cam plate 43 which is pivotable
      about the pivot pin 44 that secures the slide bar 45 to the cam plate 43
      is in axial alignment with the fore and aft axis of the slide bar 45 and
      also slides forwardly until the pin 48 engages the end of the slot 46 in
      the forward opening 76 of the cam slot 75. At this position the pins 41 of
      the cranks 40 will have slid along the cam slot 42 to assume the position
      on each side of the cam slot 42 as shown by FIG. 8B. As best shown by FIG.
      8 the deflector members 35 will be found confined within their respective
      arcuate slots 34 so that the water being forced through the inlet 13,
      passageway 20 and outlet 26 will provide a forward thrust to the boat 12
      which will then move in a straight forward direction in the water.
PAR  If it is desired that the boat 12 be made to move in a straight rearward
      direction, all that need be done is actuate the control that causes the
      cable 70 to slide the slide bar 45 to its rearmost position as shown by
      FIGS. 9, 9A, 9B and 9C. In this instance the pin 47 will abut against the
      forward end of the slot 46 of the slide bar 45. The cam plate 43 will have
      slid rearwardly along with the slide bar 45 and the pin 148 carried by the
      combined cam plate 43 and cover 69 to be received by the opening 76 of the
      cam slot 79. At this position, the pins 41 will have slid along each side
      of the cam slot 42 of the cam plate 43 and the deflectors 35 will be found
      in the position shown by FIG. 9 in the path of the water being discharged
      through the discharge ducts 26. Water being discharged will be deflected
      forwardly at an acute angle with relation to the axis of the boat on each
      side of the boat so that the boat 12 will move rearwardly in a straight
      direction.
PAR  If it is desired to turn while moving in a forwardly direction, the slide
      bar 45 is made to slide to its forward most position as explained above in
      connection with FIGS. 8, 8A, 8B and 8C and the handle 74 is actuated to
      cause the cam plate to pivot in the direction the boat is to be made to
      turn. As shown by FIGS. 10, 10A, 10B and 10C, by pulling forwardly on the
      cable 70 the deflector members 35 are made to slide into the arcuate slots
      35 leaving the passageways 26 unobstructed so that the boat now moves
      forwardly. By swinging the handle 74, the swing bar 61 will rotate causing
      the arcuate end portion 60 and the special wall members 59 to swing
      thereby causing the swing arm 58 to pivot about the pin 54. Since the pin
      53 is positioned in the opening 76, it will swing with the swing arm 58
      carrying with itself the cam plate 43 that pivots about the pivot pin 54.
      The turning of the cam plate 43 will cause one of the pins 41 to remain
      unmoved in the slot 42 while the other pin 41 will move a distance within
      the slot 42 depending upon the amount of turn imposed on the cam plate 43.
      The deflector 35 connected to the pin 41 that did not move in the slot 42
      will remain out of the path of the discharged water while the other pin 41
      will have caused the deflector 35 to have pivoted into the path of the
      discharged water to cause the boat 12 to turn to the left as it moved
      forwardly in the water as shown by FIG. 10. The pin 148 engages the side
      edges of the cam slot 57 to limit the pivotal movement of the swing arm 58
      to the maximum amount to which it is desired to steer the boat.
PAR  To cause the boat to turn while moving in reverse, the slide bar 45 is
      brought to its rearmost position to permit the pin 148 to slide out of the
      slot 57 through the opening 85 and then causing the pivotal movement of
      the cam plate 43 in the direction it is desired that the boat be made to
      turn. As shown by FIGS. 11, 11A, 11B and 11C, the rearmost positioning of
      the slide bar 45 causes the deflector members 35 to pivot out of the
      arcuate slots 34 and into the path of the water flowing through the
      passageways 26. Upon actuating the handle 74 to cause the cam plate 43 to
      pivot about its pivot pin 44 in a clockwise direction, the deflector
      members 35 will pivot about their pivot pins 38, 39 to the extent that
      their respective cam pins 41 slide along the cam slot 42. In this
      instance, the upper or left deflector plate 35 as seen in FIG. 11, will
      have pivoted less than the other so that the water being discharged
      through the passageway 26 impinging on the lower deflector member 35 will
      be deflected toward a more forwardly direction than by the other deflector
      member 35 and so the boat will move rearwardly and to the right. The ends
      of the edge portions 86 of the cam 43 form a stop for the pin 148 to limit
      the turning movement of the boat.
PAR  If it is desired to place the boat in a neutral or non-moving position, the
      slide bar 45 is caused to be moved to a mid-position between that of its
      rearmost position as shown by FIG. 9A and its forwardmost position as
      shown by FIG. 10A. In this position the pin 148 will be positioned at the
      opening 85 of the cam plate 43 and the deflector members 35 will have slid
      out of their arcuate slots 34 and extend part way across the outlet of the
      water passageways 26. The water is so deflected that they flow at right
      angle to the axis of the device 10 in two streams whose momentum
      counteract each other to compel the boat to remain motionless in the
      water. See FIGS. 12, 12A, 12B and 12C.
PAR  When the device 10 is in its neutral position, the steering or turning
      mechanism is rendered inoperable by virtue of the pin 148 that is affixed
      to the combined cam plate 43 and cam cover 69 which will be positioned
      within the confines of the circular cam slot 79 and out of contact with
      the swing arm 58 as shown best by FIG. 12C. Movement of the steering
      handle 74 will cause the swing arm 58 to pivot about its pivot pin 54 but
      since the pin 148 is in the approximate center of the circular swing arm
      alot 79, there can be no contact made by the swing arm 58 engaging the pin
      148. Therefore, while in the neutral position, the cam plate 43 is not
      pivoted out of the position shown by FIGS. 12B and 12C and the deflectors
      35 remaining in the position shown by FIG. 12 unaffected by any movement
      of the steering handle 74.
PAR  As stated hereinabove the high efficiency of my water jet propulsion device
      10 results from the fact that my device 10 is partially submerged in water
      to cause the water to flow in a horizontal direction into and through my
      device. Those of the conventional devices that are completely submerged in
      the water, though the flow of water therethrough is horizontal, the
      resistance of the completely submerged device to its movement in the water
      is considerable and consequently less efficient than my device 10. In
      addition thereto, those conventional jet propulsion devices that are
      mounted on a boat out of the water incur a built-in work load that
      consists of having to lift the water into the device. This head reduces
      the efficiency of the device considerably and is known to be less
      efficient than my device 10. In my device, the inlet 13 is positioned
      below the hull 27 with a portion of the keel at the transom but away so
      that the inlet 13 is unobstructed. As can be readily seen, water will flow
      horizontally into and through my jet propulsion device 10. The efficiency
      of my water jet propulsion device 10 is further increased by preventing
      the water from flowing over the device, since the device 10 is partially
      submerged in the water. The combination of the shoulders 28 and 32
      extending along each side of the device 10 in alignment with the hull of
      the boat and the off-setting of the arcuate surface 84 of the casting
      --C-- as at 32, prevent water from flowing over the top of the housings
      --A--, --B-- and --C-- but instead deflect the water away from the device
      10.
PAR  Even when the boat is moving in rearwardly, the water is deflected away
      from the device 10 by the shoulders 32. All of this reduces the drag or
      resistance of the device 10 as it moves through the water.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A water jet propelling apparatus for boats comprising a housing having
      an inlet and an outlet, a passageway communicating with said inlet and
      said outlet, water impelling means mounted in said passageway, a plurality
      of water deflecting members, pivot means mounting said deflecting members
      at said outlet, crank pins secured to each of said pivot means, a slide
      plate mounted for longitudinal sliding movement on said housing, a first
      cam plate, pivot means securing said cam plate to said slide plate, said
      cam plate having a first slotted portion substantially symmetrically
      disposed about said pivot means, said slotted portion receiving said crank
      pins, a second cam plate secured to said first cam plate in spaced
      relation to the upper surface of said first cam plate, an upwardly
      extending pin mounted on said second cam plate, an elongated swing arm,
      pivot means mounting one end of said swing arm to said housing, a second
      slotted portion having a recess at each end mounted on said swing arm,
      said pin being adapted to be received by either of said recesses, and
      control means mounted at the other end of said swing arm for swinging said
      swing arm whereby said first cam plate is pivoted to effect a sliding of
      said crank pins in said first slotted portion and the pivotal movement of
      said water deflecting members for steering said boat.
NUM  2.
PAR  2. The structure as recited by claim 1 taken in combination with a second
      pin extending upwardly of said housing in alignment with said first cam
      plate, pivot means, said first cam plate having a further slotted portion
      received by said second pin, an opening in said slotted portion permitting
      said second pin to slide in and out of said further slotted portion.
NUM  3.
PAR  3. The structure as recited in claim 2 taken in combination with means
      mounted on said first cam plate engaged by said second pin limiting the
      swinging movement of said swing arm in the steering of said boat.
NUM  4.
PAR  4. The structure as recited by claim 1 wherein said control means comprises
      a pair of spaced apart members, an elongated rotatable shaft, and arcuate
      member connected to said shaft and extending between said spaced members
      and a handle mounted at the free end of said shaft for rotating said shaft
      and swinging said arcuate member to effect the pivotal movement of said
      swing arm.
NUM  5.
PAR  5. The structure as recited by claim 3 wherein said control means comprises
      a pair of spaced apart members, an elongated rotatable shaft, an arcuate
      member connected to said shaft and extending between said spaced members
      and a handle mounted at the free end of said shaft for rotating said shaft
      and swinging said arcuate member to effect the pivotal movement of said
      swing arm.
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ABST
PAL  A vehicle adapted to be advanced in a fluid by deforming itself
      progressively along its length, the vehicle comprising a head containing a
      fluid compressor and a body connected to the head and having a flexible
      and deformable envelope. An assembly of longitudinally displaceable rings
      is mounted in the body and the rings are connected to longitudinal and
      toroidal muscle elements for applying radial and longitudinal forces to
      the envelope at spaced locations along the length thereof to form a
      continuously generated progressive wave along the envelope which serves to
      propel the vehicle in the fluid.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to autopropulsers of variable shapes and
      particularly to autopropulsers whose shape changes in the form of a
      progressive wave. Such autopropulsers will be considered hereafter to be
      of progressive wave type which is adapted to constitute aquatic or
      subaquatic vehicles. The autopropulser is in the form of a fish. In
      general manner, the autopropulsers of the invention constitute artificial
      fish which can transport loads.
PAC  BACKGROUND
PAR  The autopropulsers of the invention are inspired in movement by aquatic
      animals which have been studied from the cinematic and energetic point of
      view by Lighthill in the article "Aquatic Animal Propulsion of High
      Hydrodynamic Efficiency" Journal of Fluid Mechanics, 1970, Vol. 44, part
      2, pages 265-301. According to this article, the movement of aquatic
      animals which assure their proper propulsion are classified in two types:
PA1  A. movement of the caudal fin which is a movement at the stern of a
      flexible wall in contact with water on its two faces and travelled over by
      a progressive wave towards the rear;
PA1  B. undulation in the form of a progressive wave of the skin of the aquatic
      animal. This is a movement of the same type as that preceding but one face
      only of the flexible wall is in contact with the water.
PAR  The autopropulser of the invention is related to the second type. It
      comprises essentially a flexible and elastic envelope of generally
      streamlined form endowed with flexural elasticity and means for applying
      movement to different points of this envelope of the same nature and out
      of phase with respect to one another such that the tangent of the envelope
      at each point conforms to the tangent to the profile of a transverse
      progressive wave in the water. The surface of the flexible envelope thus
      conforms itself to the surface of the progressive wave in the water.
PAR  In order to effect the desired movement of the envelope, the invention
      utilizes artificial muscles as described in French patent 2,076,778 of
      January, 1970 in the name of the present Applicant. One such artificial
      muscle is constituted by an envelope having a flexible and elastic wall in
      the form of a cylinder or more generally of an elongated surface of
      revolution and by two non-extensible filametry networks situated on said
      surface. The two filamentary networks can be attached to one another or
      not at their crossing points and they have the form of helixes or of
      pseudo-helixes of opposite direction wound on said elongated surface of
      revolution, the assembly forming a deformable trellis around this surface.
PAR  If the angle of the tangent to the helixes with respect to the axis of the
      cylinder or more generally the angle of the tangents to the pseudo-helixes
      or loxodromies with the generatrix of the surface of revolution is less
      than a certain critical value, increase in the volume of the envelope due
      to a pressure increase causes a shortening of its length and the enevelope
      functions as an ordinary muscle such as a biceps.
PAR  The preceding patent also describes a toroidal muscle constituted in
      analogous fashion to the muscle described hereinabove, that is to say, it
      shortens itself in length by expanding under the effect of the pressure;
      also contemplated is a toroidal muscle constituted in analogous manner but
      functioning in opposite sense, that is to say, it is elongated in length
      while becoming narrower under the effect of the pressure.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided a vehicle which is displaced
      in a fluid, for example, an aquatic vehicle in the form of a fish whose
      body is formed by a flexible envelope and which comprises means for
      application at points of this flexible envelope of components of movements
      such that the envelope is impelled in the form of a progressive propulsion
      wave in the fluid.
PAR  The components of movements are applied to the envelope by means of
      artificial muscles of the structure which has been described above.
PAR  As will be shown hereafter, the progressive wave has, in the general case,
      a transverse component with respect to the direction of movement and
      longitudinal component with respect to this direction. There is thus
      contemplated the application at the suitable points of the flexible
      envelope of orthogonal components of movement.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will next be described in detail with reference to the
      annexed drawings, in which:
PAR  FIG. 1 is a graphical representation of a progressive wave permitting
      establishment of the equations of movement of the envelope;
PAR  FIG. 2 is a diagrammatic plan view of a vehicle according to the invention;
PAR  FIG. 3 is a sectional plan view taken through the longitudinal axis of the
      vehicle,
PAR  FIG. 4 is a sectional elevation view taken through the longitudinal axis of
      the vehicle;
PAR  FIG. 5 is a transverse sectional view on enlarged scale of the pectoral fin
      and its control system;
PAR  FIG. 6 is a longitudinal section on enlarged scale of the pectoral fin and
      its control system;
PAR  FIG. 7 is a transverse sectional view through the body and caudal fin
      showing the control system of the caudal fin and the system of application
      to the envelope of the body of the progressive wave for propulsion;
PAR  FIG. 8 is a longitudinal sectional view showing the structure of FIG. 7;
PAR  FIG. 9 is a schematic diagram which shows a system of feed valves for the
      muscles of on-off type;
PAR  FIG. 10 is a schematic diagram which shows the fluid control system for the
      different muscles by signals as a function of time; and
PAR  FIG. 11 shows an artificial muscle of conventional type as utilized in the
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  We will next consider in a vertical plane (FIG. 1) an orthogonal system of
      axes Oxy fixed with respect to an incompressible fluid and another
      orthogonal system of axes XY, in which X is movable with respect to Ox
      connected to a vehicle travelling in this fluid. It is assumed that the
      vehicle is displaced with a speed v parallel to Ox and that the vehicle
      carries a flexible deformable blade whose trajectory in the plane XY is a
      curve C whose parametric equations are:
EQU  X = f(.theta.,t)   Y = (.theta.,t)                         (1)
PAL  where .theta. is the parameter of the point on the curve and t represents
      time. It is assumed, furthermore, that as the vehicle is displaced, the
      movement of the blade should be slightly analogous to that of a serpentine
      movement such that with respect to the fixed axis system, this curve
      remains fixed, and that it should satisfy the equation:
EQU  h(x,y) = 0                                                 (2)
PAR  The point M whose coordinates are X,Y with respect to the vehicle, will
      have coordinates x,y with respect to the fixed axis such that:
EQU  x= vt + f(.theta.,t)
EQU  y=g(.theta.,t)                                             (3)
PAL  wherein:
EQU  h(x,y) = h [vt + f(.theta.,t), g(.theta.,t)] = H (.theta.,t) = 0 (4)
PAR  There is found a differential independent relation for h by writing:
      ##EQU1##
PAR  The elimination of the two partial derivatives .delta.h/.delta.x, .delta.
      h/.delta.y gives the relation in which are satisfied f, g and v:
      ##EQU2##
PAR  This linear equation of the partial derivatives gives the form of the wave
      h(x,y) = 0 of the progressive wave and one of the functions f or g for
      determining the other.
PAR  This equation is going to be verified in the two practical cases where the
      wave form of the progressive wave is sinusoidal or cycloidal.
      ##EQU3##
      where A and .lambda. are constants.
PAR  I, 1 -- The simplest case is that where the curve described by the edge of
      the vehicle does not depend on time. In this case
      ##EQU4##
PAR  There is obtained:
      ##EQU5##
      and equation 6 is verified.
PAR  I, 2 -- The more complicated case is that where the curve described by the
      edge of the vehicle is a function of time:
      ##EQU6##
PAR  Equation 6 is thus verified, each member being equal to
      ##EQU7##
PAR  II. Second Case, cycloidal wave.
PAR  In this case
EQU  x = R.theta. -r sin.theta.
EQU  y = R -r cos .theta.
PAL  R and r are two constants. If R=r, the curve is cycloid and if r &lt;R the
      curve is an elongated cycloid.
PAR  II, 1 -- The most simple case is that where the curve described by the edge
      of the vehicle does not depend on time. In this case:
EQU  f(.theta.,t) = R.theta. -r sin .theta.-vt
EQU  g (.theta., t) = R - r cos .theta. (independent of t)
PAL  There is obtained
      ##EQU8##
PAR  II, 2 -- The more complicated case is that where the curve described by the
      edge of the vehicle is a function of time:
      ##EQU9##
PAR  The equation is verified, each member being equal to
      ##EQU10##
PAR  FIG. 11 illustrates an artificial muscle which is adapted for modifying the
      shape of the envelope of the vehicle to conform to the desired wave shape.
      The elastic envelope of the muscle is a right cylinder 1 having a circular
      cross-section and rounded terminal ends 2 and 3. The cylinder is enveloped
      by a trellis formed of two sets 4 and 5 of non-extensible filaments, the
      first set being constituted by helixes wound at a certain angle and in a
      certain direction of rotation and the second set by helixes at the same
      angle and of opposite direction of rotation. At their points of
      intersection, the filaments 4 and 5 are secured. At the extremities of the
      cylinder 1, the filaments are joined together and fixed to two hooks 6 and
      7. The envelope is provided with a valve 8 connected to a source of
      pressure (not shown). If the angle of the helixes with respect to the axis
      of the muscle is large, pressurization produces an elongation of the
      muscle. If it is small, the pressurization produces a shortening of the
      muscle.
PAR  In the region where the flexible envelope of the muscle is of cylindrical
      form, it can be given a toroidal form. There is thus obtained a toroidal
      muscle whose outside diameter increases or decreases when it is put under
      pressure.
PAR  Referring to FIGS. 2, 3 and 4, therein is shown an artificial fish
      according to the invention, this fish comprising a head constituted by a
      cylindrical envelope 10 of stainless steel closed at the front by a
      rounded cover 11 and at the rear by a fixed cover 12 forming part of the
      body. A transverse matallic plate 13 supports, at the top, a compressor 14
      and an electric drive motor 15, and at the bottom, two compressed air
      reservoirs 16 and 17 which communicate with one another. The compressor
      communicates with the reservoirs by conduits 18. When the cover is in
      place, it assures the sealing of the interior of the head, this interior
      constituting a low pressure chamber 19. The compressor 14 compresses this
      air in the two reservoirs 16 and 17 which constitute the pressure chamber.
PAR  The body is formed as a body of revolution around its longitudinal axis. It
      comprises cover 12 to which there is fixed at its center a large twisted
      steel cable 20 through the intermediary of a rigid longeron 21. The cable
      20 has a certain flexibility. It is extended at the rear by two twisted
      cables 22 and 23 which are parallel to the main cable 20 but are smaller
      therethan. Therefore, cables 22 and 23 are more flexible. Cables 22 and 23
      are laterally secured to one another and to the main cable by means of a
      system of bolted cross-braces 24 and 25. Fixed to the cable 20 or the
      longeron 21 are a number of rings 32, 33 and slidably mounted on the
      cables 22 and 23 are a number of further rings 34 to 41. These fixed and
      slidable rings are regularly spaced longitudinally. The rings 30-33
      comprise a central collar in which passes the cable 20 or the longeron 21,
      and rings 34-41 include two collars which are symmetrical with respect to
      the center of the rings in which the cables 22 and 23 pass such that the
      rings at rest are always perpendicular to the cables.
PAR  The body of the fish is formed by a flexible and sealed envelope 26, for
      example, of synthetic rubber. This envelope has a certain slack to be able
      to follow the internal movements of the cables and the rings. The envelope
      26 is fixed to the cover 12, to the circumference of the rings 34 to 41,
      as well as additionally to the circumference of the fins which will be
      described hereafter.
PAR  II--Pectoral Fins (FIGS. 5 and 6)
PAR  The artificial fish comprises two pectoral fins respectively comprising
      four ribs 50' to 53' and 50" to 53". The ribs of the pectoral fins 50' to
      53' and 50" to 53" are associated with rings 30 to 33. These four rings
      respectively comprise two half rings 30', 30" to 33', 33" which are each
      articulated around a vertical axle 27. These axles 27 are fixed to central
      collar 28 mounted by screws on the rigid longeron 21 or on the cable 20.
      The half rings can thus pivot towards the front or towards the rear while
      displacing the associate rib of the pectoral fin. These ribs are inclined
      towards the rear in a manner to be able to be retracted lengthwise of the
      body of the artificial fish when the half-rings are inclined to the
      maximum towards the rear. The half-rings are controlled by muscles and are
      respectively displaced in parallel planes. Thus the half-rings 30' and 30"
      can take the positions 30' and 30" shown in dotted lines in FIG. 6.
PAR  In FIG. 6, the half-rings 30'-30" to 33'-33" are articulated around the
      vertical axles 27.sub.o '-27.sub.0 " to 27.sub.3 '-27.sub.3". These
      half-rings are all connected together by cross pieces 29' and 42' and 29"
      and 42". Two pairs of muscles 43', 43", 44', 44" are secured to fixed
      pieces on one side and to the cross pieces 29' and 29" and 42' and 42" on
      the other side. The four half-rings 30' to 33' are controlled by the
      muscles 43' and 44' (FIG. 5). The muscles 43' and 44' and 43" and 44"
      operate in opposite phase from one another. If the muscle 43' is shortened
      and the muscle 44' elongated, the four half-rings 30'-33' are displaced
      towards the front. The half-ring 30' comes to the position 30.sub.a ' and
      the three other half-rings take positions parallel thereto. The rib 50'
      comes to position 50.sub.a ' and the three other rings take positions
      parallel thereto. If the muscle 43' is elongated and the muscle 44'
      shortened, the movement of the ribs 50'-53' is effected towards the rear.
PAR  Any one rib, such as 50' for example, comprises an interior portion which
      remains in the plane of the corresponding half-ring 30' but in addition it
      can turn around an axle 45' fixed on the half-ring 30'. This movement is
      controlled by a pair of muscles 46'-47' one of which is elongated while
      the other is shortened. The portion of the rib 50' external to the
      half-ring 30' is oblique with respect to the plane of this half-ring. This
      disposition is clearly shown in FIG. 6.
PAR  These considerations are applicable for all ribs 50' to 53' and 50" to 53".
      The four left ribs 50' to 53' and the right ribs 50" to 53" serve as
      braces for a blade of thin rubber which is flexible, solid and
      sufficiently loose to permit the preceding movements. This blade forms
      part of the general envelope 26.
PAR  III -- Body of the Fish (FIGS. 7 and 8)
PAR  The rings 34 to 41 each comprises a plurality of spokes 48 and two spokes
      48 are aligned and carry two sockets or collars 48' and 49" in which
      cables 22 and 23 pass. The collars are not secured to the cables and as a
      result the rings 34 to 41 can slide on the cables.
PAR  The spokes 48 of the rings carry at their extremities seats 55 in the form
      of sleeves which slide on the spokes and are urged outwardly by springs
      56. These seats 55 support toroidal muscles 64 to 71 whose diameter
      increases when they are put under pressure. These torsidal muscles are
      welded or otherwise attached to the flexible envelope 26 of the fish along
      their peripheries. As a result of this disposition, when the toroidal
      muscle is put under pressure, the diameter of the body of the fish
      increases in the plane of the muscle, and when the pressure is terminated,
      the diameter decreases.
PAR  The longitudinal position of each ring 34 to 41 is controlled by
      rectilinear muscles 57, 58, 59, 60. Two muscles 57-58 are attached to the
      collars 49' and two muscles 59, 60 are attached to a hook 61 carried by a
      bar 62 joining cables 22 and 23 and the two muscles 58 and 60 are attached
      to a hook 63 carried by a bar 72 also joining the cables 22 and 23.
PAR  In order not to give the rectilinear muscles 57-60 too great an inclination
      in the longitudinal direction of the body of the fish, each pair of
      muscles controlled in one direction of translation of one of rings 34-41,
      passes through one or a plurality of other rings. In order that the spokes
      of a ring should not be an obstacle to the passage therethrough of the
      control muscles or translation of another ring, the spokes of the
      different rings are angularly offset from one ring to the next. As a
      result of this disposition, when one or another of two groups of
      rectilinear muscles is put under pressure, the longitudinal position of
      the ring controlled by these muscles is modified. The control of a
      toroidal muscle 64 for example, and the simultaneous control in opposite
      phase of two groups of rectilinear muscles 57-59 and 58-60, for example,
      apply two orthogonal components of movement to the points on the flexible
      envelope of the fish coincident with the exterior equator of the toroidal
      muscle.
PAR  IV -- Caudal Fin (FIGS. 3 and 8)
PAR  The caudal fin comprises a flexible blade 73 having four flexible ribs
      74-77 secured to a rigid plate 78. This plate comprises two levers 79 and
      80 (FIG. 4) extending perpendicular to the plate. To these levers are
      attached two rectilinear muscles 81 and 82 whose other extremities are
      attached to a hook 83 carried by a bar 84 itself attached to the cables 22
      and 23.
PAR  V -- Control of the Muscles (FIGS. 9 and 10)
PAR  It is seen that the pectoral fins are controlled by the rectilinear muscles
      43'-44', 43"-44" and the rectilinear muscles such as 46'-47', 46"-47"
      (there are as many groups of four muscles as there are ribs of the
      pectoral fins or sixteen muscles in the case of the four ribs 30-33), the
      movement of the skin of the body of the fish by the toroidal muscles 64-71
      and the rectilinear muscles such as 57, 58, 59, 60 (there are as many
      groups of four muscles as there are rings 34-41 or thirty-two muscles) and
      the caudal fin by the pair of recilinear muscles 81-82.
PAR  Three-way valves or four-way valves are placed in the cover 12. The
      three-way valves each comprises a first inlet connected to one of the
      high-pressure chambers 16 and 17 by tubes 84, a second inlet opening into
      the low pressure chamber 19 and an outlet connected to one or a plurality
      of artificial muscles. The four-way valves comprise the same two inlets as
      the three-way valves and two outlets connected to one or a plurality of
      artificial muscles when these muscles are grouped in pairs working in
      opposite phase.
PAR  The muscles 43'-44' are connected to the outlets of four-way valve 85 and
      the muscles 43"-44" are connected to the outlets of four way valve 86. The
      muscles 46'-47' for individual control of the four ribs of one pectoral
      fin are respectively connected to the outlets of the four-way valves 87,
      88, 89, 90 and the muscles 46"-47" for individual control of the four ribs
      of the other pectoral fin are respectively connected to the outputs of the
      four-way valves 91, 92, 93, 94. The muscles 81-82 for control of the
      caudal fin are respectively connected to the outputs of the four way valve
      95.
PAR  The movements of the skin of the fish produced by the toroidal muscles for
      radial control and the rectilinear muscles for longitudinal control are
      obtained by means of a fluid oscillator and fluid dephasers. Fluid
      oscillators are known in the art. A fluid oscillator producing a
      triangular saw tooth wave is described for example in the work "Fluid
      Control Components and Systems" by S. Y. Lee, published by the
      Technidivision Services, Maidenhead, England, pages 74-75. This oscillator
      has two outputs in phase opposition. Two such oscillators 96 and 97 are
      fed by high pressure air, the first directly, the second through a
      dephaser 98 of one quarter of a period of the frequency of oscillation of
      the oscillators. The output 96.sub.1 of the oscillator 96 is connected to
      the muscles (57-59).sub.0 and 64, (57-59).sub.4 and 68, (58-60).sub.2,
      (58-60).sub.6. The output 96.sub.2 of the oscillator 96 is connected to
      the muscles (58-60).sub.0, (58-60).sub.4, (57-59).sub.2 and 66,
      (57-59).sub.6 and 70. The output 97.sub.1 of the oscillator 97 is
      connected to the muscles (57-59).sub.1 and 65, (57-59).sub.5 and 69,
      (58-60).sub.3, (58-60).sub.7. The outlet 97.sub.2 of the oscillator 97 is
      connected to the muscles (58-60).sub.1, (58-60).sub.5, (57-59).sub.3 and
      67, (57-59).sub.7 and 71.
PAR  It is to be understood in the given embodiment that the points where the
      orthogonal components of movement are applied to the envelope form eight
      circular zones each receiving a radial movement by a toroidal muscle and a
      longitudinal movement by a group of rectilinear muscles and that these
      zones correspond to two lengths of a wave of the progressive wave of
      propulsion and that the movements should be applied with a dephasing from
      one zone to the other of one quarter of a period; it should also be
      understood that the progressive wave of propulsion can be obtained by
      acting on the envelope in the zones having one spatial determined
      dephasing by movements having the same dephasing in time.
PAR  Finally, it should be understood that although the given embodiment is
      drawn to an aquatic vehicle, it is possible to form in the same manner
      aerial vehicles in which the gas contained in the envelope is a gas much
      lighter than air.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle adapted to be advanced in a fluid by deforming itself
      progressively along its length, said vehicle comprising a head including
      means for compressing a fluid, a body connected to said head and including
      a flexible and deformable envelope, and means coupled to said fluid
      compressing means for applying radial and longitudinal forces to said body
      at spaced locations along the length thereof to form a continuously
      generated progressive wave along said envelope which serves to propel the
      vehicle in the fluid, said means for applying the forces including
      toroidal muscle elements coupled to said envelope and selectively fed with
      compressed fluid for producing radial forces to deform the envelope
      radially at said locations and longitudinal muscle elements coupled to
      said envelope and selectively fed with compressed fluid for producing
      longitudinal forces to deform the envelope longitudinally at said
      locations.
NUM  2.
PAR  2. A vehicle as claimed in claim 1 wherein said toroidal muscle elements
      each includes an elastic wall attached to said deformable envelope and
      having a variable diameter as a function of the pressure of said fluid.
NUM  3.
PAR  3. A vehicle as claimed in claim 1 wherein said longitudinal muscle
      elements each is an elongated body of revolution with an elastic wall
      which has a variable length of function of the pressure of said fluid.
NUM  4.
PAR  4. A vehicle as claimed in claim 1 wherein said means for applying the
      forces to said body comprises a plurality of longitudinally displaceable
      rings in said body, said longitudinal muscle elements being coupled to
      said rings to displace the same longitudinally, said toroidal muscle
      elements being supported by said rings and peripherally connected to said
      body.
NUM  5.
PAR  5. A vehicle as claimed in claim 4 comprising a longeron secured to said
      head and means supporting said rings from said longeron for longitudinal
      displacement in said body.
NUM  6.
PAR  6. A vehicle as claimed in claim 5 wherein said ring comprises a plurality
      of radial spoke elements, a central support means for said spoke elements
      supported for longitudinal displacement with respect to said longeron, and
      sleeves on said spoke elements supporting respective toroidal muscle
      elements.
NUM  7.
PAR  7. A vehicle as claimed in claim 6 wherein said longitudinal muscle
      elements are secured at one end to the longeron and at the other end to
      respective spoke elements.
NUM  8.
PAR  8. A vehicle as claimed in claim 7 wherein said means supporting the rings
      from said longeron comprises cable means secured to said longeron, said
      rings being displaceable on said cable means.
NUM  9.
PAR  9. A vehicle as claimed in claim 1 comprising fluid control means coupled
      to said fluid compressing means for selectively feeding the muscle
      elements with compressed fluid.
NUM  10.
PAR  10. A vehicle as claimed in claim 9 wherein said fluid control means
      comprises fluid oscillator means coupled to said fluid compressing means
      and having outputs at which the fluid pressures are out of phase with one
      another.
NUM  11.
PAR  11. A vehicle as claimed in claim 1 comprising a pectoral fin attached to
      said body for pivotal movement both in horizontal and vertical planes, and
      means for pivotably moving said pectoral fin in synchronization with the
      formation of the progressive wave along said body.
NUM  12.
PAR  12. A vehicle as claimed in claim 1 comprising a caudal fin attached to
      said body for pivotal movement about a vertical axis, and means for
      pivotably moving said caudal fin about said vertical axis.
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ABST
PAL  A shafting arrangement for a ship comprises a tailshaft supported in
      bearings in a stern tube which is rigidly mounted in the ship's hull. The
      tailshaft has a flange which is located in a self-aligning thrust bearing
      secured to the stern tube. The forward end of the tailshaft is coupled to
      one end of a tubular intermediate shaft by a first flexible diaphragm
      coupling which is secured at its periphery to the intermediate shaft and
      coupled by its hub to the tailshaft. A second flexible diaphragm coupling
      is secured at its periphery to the other end of the intermediate shaft and
      coupled by its hub to the output shaft of the propulsion unit or main
      gearing.
BSUM
PAR  The present invention relates to improvements in the stern gear of ships
      and in particular in the shafting and bearings.
PAR  One of the most serious problems in ships and particularly in very large
      ships is the difficulties and in extreme cases damage, caused by the
      static and dynamic flexural movements of the hull foundation known as the
      tank top. These movements are caused by the very large changes in
      hydrostatic pressure on the underside of the hull when the draft of the
      ship changes due to changes in its cargo loading. As the bearings, main
      gearing and propulsion unit are secured to the tank top, the movements of
      the hull cause movements in the stern gear such as a change in the
      attitude of the main gearwheel in relation to second reduction pinion, and
      the resulting misalignment of gear teeth has caused several failures in
      very large ships. Measurements made on a 250,000 dwt tanker showed that
      the turbines and main gearing were lifted 4 millimeters above the line of
      sight of the shafting when the ship went from light draft to deep draft.
      As these are normal service drafts: a ship spending part of every round
      trip in ballast, i.e. light draft, and part fully laden, i.e. in deep
      draft, the problem is one which must be contained under normal conditions.
PAR  The conventional way of dealing with this problem is to reinforce the tank
      top in the region of the engine room. Reinforcing can only reduce the
      magnitude of the hull movements keeping them to a value which can just be
      tolerated by the components of the stern gear. It does not avoid the
      problem. Indeed the figure of 4 millimeters given above was for a hull
      which had been considerably stiffened. There is a limit to the amount of
      stiffening that can be introduced because making the stern of the hull
      more stiff produces a sudden change in the stiffness of the hull where the
      stiffened part joins the rest of the hull and increasing the stiffness of
      the stern part increases the risk of cracking at this point. Furthermore
      the additional structure required to stiffen the hull foundation is not
      only expensive to install in terms of material and labour but also takes
      up valuable space around the shafting making the shafting less accessible.
PAR  The object of the present invention is to provide a shafting arrangement
      which can accommodate the flexural movements of the hull so that the need
      for stiffening of the hull foundation is avoided.
PAR  According to the present invention there is provided a shafting arrangement
      for a ship comprising a tailshaft supported in bearings in a stern tube
      rigidly mounted in the ship's hull, the tailshaft having a flange which is
      located in a self-aligning thrust bearing secured to the stern tube, the
      forward end of the tailshaft being coupled to one end of a tubular
      intermediate shaft by a first flexible diaphragm coupling which is secured
      at its periphery to the intermediate shaft and coupled by its hub to the
      tailshaft, a second flexible diaphragm coupling being secured at its
      periphery to the other end of the intermediate shaft and coupled by its
      hub to the output shaft of the propulsion unit or main gearing.
PAR  The flexible diaphragm couplings allow the shafting to accommodate the
      movements of the hull allowing the tailshaft, intermediate shaft and
      output shaft of the propulsion unit or main gearing to be inclined
      relative to one another without causing misalignment in the bearings or
      gearing or canting of the crankshaft. The self-aligning thrust bearings
      allow small amounts of canting of the tailshaft without causing uneven
      loading of the thrust pads in the thrust bearings. Thus the need for
      stiffening of the hull foundation to prevent flexural movements of the
      hull is avoided. The present invention also simplifies the installation of
      the shafting since the safety margins are so large that the problem of
      obtaining the best compromise in shafting alignment -- a difficult and
      tedious operation in practice, is eliminated. The use of a tubular
      intermediate shaft enables the weight of the intermediate shaft to be as
      little as 1/5 the weight of an equivalent solid shaft which means that the
      weight can easily be carried by the diaphragm couplings. The need for a
      plummer block bearing and stool is thus avoided.
PAR  The thrust bearing transmits the thrust of the propeller to the ships hull
      through the stern tube, which is an ideal position to apply thrust as the
      hull is extremely rigid in this region. The thrust bearing may be secured
      to a flange at the forward end of the stern tube and the stern tube may be
      built into the after peak floors and longitudinal structural members. The
      present invention thus avoids the need for a massive thrust stool to
      transmit the thrust of the propeller to the hull.
PAR  Preferably the thrust bearing comprises thrust plates disposed axially on
      opposite sides of the flange, each thrust plate having an annular recess
      in which a deformable substantially incompressible ring is located, thrust
      pads engaging the opposite sides of the flange being carried by two
      carriers disposed on opposite sides of the flange, the carriers bearing
      directly or indirectly against the incompressible ring in the annular
      recess. The deformable substantially incompressible ring preferably
      consists of a hollow natural or synthetic rubber tyre filled with
      hydraulic fluid or grease. The deformable incompressible rings allow the
      thrust pad carriers to adopt an attitude conforming to the attitude of the
      flange so that all the thrust pads are in engagement with the flange and
      at the same time transmit the thrust of the flange applied to the carrier
      rings via the thrust pads, to the thrust plates and thus to the stern
      tube. Means may be provided for measuring the pressure of the grease in
      the ring to give a measurement of the thrust so that the thrust bearing
      operates as a thrust dynamometer.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying drawings in which:
PAR  FIG. 1 shows a longitudinal sectional view of the shafting arrangement of a
      ship;
PAR  FIG. 2 shows an enlarged longitudinal sectional view of the thrust bearing
      and diaphragm coupling of the shafting arrangement of FIG. 1;
PAR  FIG. 3 shows a longitudinal sectional view of the shafting arrangement of
      another ship;
PAR  FIG. 4 shows an enlarged longitudinal sectional view of the thrust bearing
      and diaphragm coupling of the shafting arrangement of FIG. 3;
PAR  FIG. 5 shows a transverse section on the lines V--V of FIG. 4; and
PAR  FIGS. 6 to 8 show three modifications of the coupling between the tailshaft
      and the intermediate shaft.
DETD
PAR  Referring to FIG. 1, this shows a shafting arrangement of a large tanker,
      according to the invention. The hull 10 has a foundation or tank top 11.
      The part 12 of the hull which houses the tailshaft has the shape of a
      wedge with its sides arranged vertically and forming the sides of the
      hull, the longitudinal centre line of the ship bisecting the angle of the
      wedge. At mid-height the wedge shaped part 12 is pierced by a stern tube
      13. In the vicinity of the stern tube is a more rigid portion of the
      wedge, the internal structure or after peak floors 14 of this portion
      being increased in width to increase the lateral rigidity. Each floor 14
      is welded to the stern tube 13. The rigid portion terminates at upper and
      lower plates or longitudinal members 15 of great thickness. A coupling
      flange 16 is welded onto the forward end of the stern tube 13. The stern
      end of the stern tube projects from the wedge and has a tapered outer
      surface 17. The entire rigid portion is erected as a sub-assembly and the
      whole structure is stress-relieved before being built into the rest of the
      ship's structure.
PAR  A stern frame boss 18 carries the stern bearings 19 and is mounted on the
      stern end of the stern tube. The propeller boss has a tapered counterbore
      20 which fits onto the tapered surface of the stern tube with a small
      clearance. The internal surface of the counterbore 20 and the external
      surface 17 of the stern tube are deeply grooved with a screw thread. When
      the boss has been located on the stern tube the interface between the
      counterbore 20 and the tapered surface 17 is filled with a high strength,
      high friction compound of epoxy resin with carborundum flour. The compound
      is injected and maintained at a pressure of about 500 psi until set.
      Forward bearings 21 are mounted at the forward end of the stern tube 13.
PAR  A tailshaft 22 is located in the bearings 19 and 21 and has a propeller 23
      mounted at its rear end.
PAR  The forward end of the tailshaft 22 has an integral thrust collar or flange
      24 forged or welded near its forward end and a coupling flange 25 at its
      forward extremity. The thrust collar or flange 24 is located in thrust
      bearings 26 which are secured to the flange 16 at the forward end of the
      stern tube 13. The casing of the thrust bearing is in three parts 27, 28
      and 29 which are split castings of spheroidal graphite cast iron. Parts 27
      and 29 have their splits on a vertical plane and the part 28 has its split
      on a horizontal plane. Through bolts 30' secure the parts 27, 28 and 29
      together and anchor them firmly to the flange of the stern tube.
      Alternatively the parts 27 and 29 may be single discs threaded over the
      end of the tailshaft when it is drawn into the ship.
PAR  The parts 27 and 29 constitute thrust plates and are disposed axially on
      opposite sides of the collar or flange 24. Each thrust plate has an
      annular recess 30 machined into the face that is adjacent the thrust
      collar or flange 24. This recess accommodates a flattened annular tube 31
      of nitrile rubber. An annular ring 32 is disposed partially in the recess
      30 against the tube 31 and supports a conventional thrust bearing carrier
      plate 33 which is fitted with thrust bearing pads 34. The carrier plates
      33 are split diametrically so that by slackening the through bolts 30' and
      removing the through bolts in the top half, the carrier plates complete
      with their bearing pads may be removed for inspection, as is the normal
      practice.
PAR  The annular tubes 31 are filled with grease, care being taken to exclude
      any trapped air. By adjusting the pressure of the grease in the tubes 31,
      the axial position of the thrust collar may be controlled as well as any
      pre-loading should this be required. A pressure gauge G may be connected
      in circuit with the grease in the tyre to give a measurement of the thrust
      developed by the propeller under service conditions.
PAR  A conventional "simplex" oil gland 35 is secured to the forward end of the
      thrust bearing casing to seal the casing to the tailshaft 22.
PAR  On account of the deformable yet incompressible nature of the annular tubes
      31, the carrier plates 33 can align themselves with the thrust collar or
      flange 24 so that all the thrust pads 34 are in contact with the opposite
      faces of the thrust collar. In this way the thrust bearings 26 are
      self-aligning and can accommodate small canting movements of the tailshaft
      in the stern tube.
PAR  The flange 25 at the forward end of the tailshaft 22 is secured to an
      intermediate tubular shaft 36 by means of a coupling 37. The intermediate
      shaft 36 is formed by rolling a steel plate into a tube and welding a
      longitudinal joint where the edges of the sheet meet. The flexible
      diaphragm coupling 37 is turned on a lathe from a steel forging. The
      diaphragm coupling consists of two diaphragms 38 the thicknesses of which
      vary with radius so as to achieve uniform shear stress in the material.
      The diaphragms are joined together by a hub 39, the core of which is bored
      out at 40 to reduce weight. The peripheries of the diaphragms are radiused
      where they join respective cylindrical portions 41 and 42. The cylindrical
      portion 41 is joined to the end of the intermediate shaft 36 by a weld
      preparation which is first "buttered" with a suitable mild steel electrode
      before being welded. The cylindrical portion 42 is formed solid with a
      bolting flange 43. The coupling flange 25 is secured to the bolting flange
      43 by means of pre-strained bolts 44 (such as are described in U.K. Pat.
      No. 1,136,280).
PAR  The other end of the intermediate shaft 36 is coupled to the output shaft
      45 of the main gear 46 by means of a flexible diaphragm coupling 47. The
      main gear is driven by a pinion which in turn is driven by the propulsion
      unit of the ship. The propulsion unit and the housing of the main gear are
      secured to the tank top 11. The diaphragm coupling 47 is identical in
      construction with the coupling 37.
PAR  Changes in the draft of the ship shown in FIG. 1 cause flexural movements
      of the hull which cause the position of the main gear to move relative to
      the line of sight of the tailshaft 22. The shafting arrangement of FIG. 1
      can accommodate these movements on account of the flexible couplings 37
      and 47. The diaphragms 38 of the flexible coupling 37 and the diaphragm of
      the flexible coupling 47 allow the tailshaft 22, the intermediate shaft 36
      and the output shaft 45 to be out of line whilst rotating.
PAR  FIG. 3 shows the shafting arrangement of another ship. Much of the shafting
      arrangement of FIG. 3 is similar to the arrangement of FIG. 1 and
      therefore the same reference numerals have been used for similar parts. In
      the arrangement of FIG. 3 the stern tube 13 has a heavy flange 16 forged
      at its forward end and is built into the after peak floors 14 and
      longitudinal structural members in accordance with good modern practice.
      The stern frame boss which houses the stern bearing is formed as an
      integral part of the hull 10.
PAR  The forward end of the tailshaft 22 is provided with a thrust collar or
      flange 24 which may be integrally forged or separately fitted. As shown in
      FIG. 4 the thrust collar or flange 24 is located in a thrust bearing 26'
      similar to the thrust bearing 26 of FIG. 2. The thrust plates 27' and 29'
      are each formed in one piece and may be of cast iron or spheroidal
      graphite cast iron. Each has an annular recess 30 which receives a flat
      hollow grease filled nitrile rubber torroidal tube 31 and part of a
      closely fitting ring piston 32. The ring piston 32 supports a thrust pad
      carrier ring assembly 33', the thrust pads of which bear against the
      thrust collar or flange 24. In this embodiment the thrust pad carrier ring
      assembly 33' is split into three equal parts subtending an angle of
      120.degree. for ease of dismantling an assembly. The part 28' constitutes
      a distance ring and is also of cast iron or spheroidal graphite cast iron.
      The thrust bearing is secured together and to the flange of the stern tube
      by several hydraulically tensioned studs which collective provide a
      uniform tension of not less than 4 times the full load ahead thrust
      delivered by the propeller. An O-ring seal isolates the lubrication of the
      thrust bearing 26' from the lubrication of the stern tube bearings 19 and
      21 as a precaution against contamination of the thrust bearing lubricating
      oil should be outboard sea water seal of the stern tube bearings fail in
      service. Both lubricating oil systems are pressurised by header tanks (not
      shown) mounted at the same height above the shaft centre line so that
      there is no difference in pressure against the O-ring seal 60.
PAR  The conventional simplex oil gland 35' is fitted at the forward end of the
      thrust bearing 26'; the simplex sleeve 61 is however 50% longer than the
      conventional sleeve to provide at least five wearing positions for the
      labyrinth lips. Each wearing position should give six years service before
      wearing out so that the sleeve should have a life of 30 years. This means
      that as the sleeve will not require replacing during the lifetime of the
      ship the mechanical joint between the diaphragm coupling 37' and the
      tailshaft 22 which must be broken to replace the sleeve, will not in fact
      require to be broken in the lifetime of the ship.
PAR  Removal of the thrust pads and carrier plates of the carrier plate assembly
      33' for inspection is achieved by first shutting off the header tank and
      draining the oil from the thrust bearings into a drain tank (not shown).
      The hydraulically tensioned studs are slackened and the studs in either
      the top half or the bottom half are removed depending on whether carrier
      plate segments complete with pads are to be lifted out or lowered
      downwards after removing corresponding top half or bottom half of the part
      28'.
PAR  In the embodiment of FIGS. 3 and 4 the forward extremity of the tailshaft
      22 is not provided with the conventional flange. The diaphragm coupling
      37' consists of a single diaphragm 38' which joins the hub 39' to a
      thickened rim 62. Two concentric rings 63 and 64 extend axially from the
      hub 39' and taper towards their free ends. Corresponding the tapered
      recesses 65 and 66 are machined into the forward end face of the tailshaft
      22. The flexible coupling 37' is assembled to the tailshaft 22 by
      force-fitting the tapered concentric rings 63 and 64 into their
      corresponding recesses 65 and 66. This is achieved by fitting a temporary
      back-plate 67 over the opposite side of the hub 39' and tightening
      hydraulically tightened studs 68 which pass through the back-plate into
      tapped holes in the end of the tailshaft. The tailshaft has a central
      recess 69 and while so force-fitted a number of radial holes 70 are
      drilled through the end of the tailshaft and the rings 63 and 64 to the
      central recess 69. These holes are then tapered by reaming and fitted with
      matching tapered dowels 71 which are driven into the holes 70 before the
      force-fitting load produced by the studs 68 is removed. The plate 67 and
      studs 68 are then dismantled. Nuts 72 are screwed onto screw-threaded end
      portions of the tapered dowels to retain them in place and the nuts are
      wired together to lock them.
PAR  To dismantle the diaphragm coupling/tailshaft connection, the nuts 72 are
      removed and the back plate and studs 67 and 68 are assembled and
      tightened, the hydraulic nuts which tension the studs 68 are pumped up to
      the original jacking pressure which is about 20,000 psi. The radial dowels
      are then removed. Before assembly of the diaphragm coupling/tailshaft
      connection a toroidal tyre 73 is fitted between the annular rings 63 and
      64. To dismantle the coupling this tyre is pumped up with hydraulic fluid
      to a pressure of 20,000 psi through a connector conduit (not shown) in the
      hub. The hydraulic nuts tensioning the studs 68 are eased off uniformly to
      ensure that the diaphragm is jacked off the tailshaft uniformly.
PAR  In the embodiment of FIGS. 3 and 4 the ends of the intermediate tubular
      shaft 36' are thickened by either forging or by layering internally and
      externally by machine welding deposits. The thickened periphery 62 of the
      diaphragm coupling is secured to the intermediate shaft by through-bolts
      76 which are received in tapped holes in the thickened end of the
      intermediate shaft. The coupling 47' is similar to the coupling 37'.
PAR  FIG. 6 shows an alternative arrangement for the ends of the intermediate
      shaft 36'. A separately forged bolting ring 80 is secured to the remainder
      of the intermediate shaft 36' by machine welding. The diaphragm coupling
      of FIG. 6 is identical to the diaphragm coupling of FIGS. 4 and 5. The
      welded joint transmits the full torque of the shaft but because of the
      large diameter of the hollow shafting the torque is transmitted at low
      shear stress. As with the arrangement of FIGS. 4 and 5 the diaphragm
      coupling is secured to the intermediate shaft by bolts 76 which are
      received in blind holes drilled and tapped in the bolting flange 80. The
      diaphragm coupling of FIG. 6 is identical with the coupling of FIGS. 4 and
      5.
PAR  In both the arrangements of FIGS. 4 and 6 the diaphragm coupling and hollow
      shaft may be bolted together initially by a number of service bolts to
      have the holes in the periphery of the diaphragm and end of the tubular
      shaft counterbore and taper reamed progressively to accept parallel bored
      but correspondingly tapered shear cylinders which are driven into position
      and permanently held in place by clearance bolts which are finally wired
      together.
PAR  To break this joint every alternate bolt is removed and the holes partially
      filled with grease. A plunger which is a sliding fit in the holes is
      driven in by hand hammer causing the shear cylinders to be ejected by
      grease pressure which is developed in the hole on impact of the hammer on
      the plunger. The bolts are replaced without their shear cylinders and the
      process repeated for the remaining bolts.
PAR  FIGS. 7 and 8 show an alternative method of coupling the diaphragm coupling
      to the tailshaft 22. This arrangement is much simpler and cheaper than the
      arrangement of FIGS. 4 and 6 but the diaphragm is not so flexible. The hub
      39" of the diaphragm coupling 37" is coupled to the end of the tailshaft
      22 by several self-straining bolts 90. Before assembly the bolts 90 are
      pre-strained by hydraulic heads not shown (such bolts are described in
      U.K. Pat. No. 1,136,280). The end of the tailshaft terminates spigot
      portion 91 of reduced diameter. The bolts 90 are inserted into parallel
      reamed holes which are half in the spigot portion of the shaft and half in
      the hub 39". The bolts 90 are nipped up before the straining load is
      released in diametric pairs simultaneously. The straining heads are then
      removed. This technique ensures not only an axial tightening load but also
      a substantial interference fit along the whole length of each bolt. The
      shear resistance is three times that of an equivalent coupling bolt and a
      shear stress of only 5 tons per square inch is developed at maximum engine
      torque.
PAR  To dismantle the diaphragm coupling from the tailshaft, the bolts are
      strained by replacing the hydraulic heads and pumping them up to a
      pressure of 30,000 psi. Jacking screws (not shown) may be screwed into
      tapped holes extending axially through the hub to push the hub off against
      the shoulder between the spigot portion and the rest of the tailshaft.
PAR  FIGS. 7 and 8 show two alternative methods of coupling the thickened
      periphery of the diaphragm coupling 37" to the intermediate shaft. In FIG.
      7 a solid forged flange ring 96 is machine welded to the end of the
      intermediate shaft 36'. In FIG. 8 a flanged ring 97 with an extended skirt
      is pressed into the end of the intermediate shaft and permanently secured
      to it by several bolts 98 which are fitted in tapered reamed holes and
      secured by nuts 99 on spot faced landings. Two rows of bolts are shown
      with pitches equal but staggered. The flanges in both cases are secured to
      the periphery of the diaphragm plate by through bolts 100.
PAR  The tubular intermediate coupling of all embodiments may be filled with a
      material such as expanded polystyrene foam to reduce drumming.
PAR  Servicing the tailshaft with the shafting arrangement of FIG. 3 is simple.
      The diaphragm couplings 37' and 47' are unbolted from the intermediate
      shafting 36 which is then lowered onto the tank top 11 in the position
      shown in broken line. The propeller is removed from the tailshaft 22 and
      the tailshaft is then suspended from a conveyor track 110 and drawn into
      the ship. When the tailshaft 22 is in the position shown in broken line it
      is easily accessible for inspection and servicing.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a ship with a hull, a shafting arrangement comprising: a stern tube
      rigidly mounted in the ship's hull; bearings in the stern tube; a
      tailshaft supported in said bearings; a flange on said tailshaft; a
      self-aligning thrust bearing secured to the stern tube, said flange
      engaging said self-aligning thrust bearing for transmitting thrust from
      said tailshaft to said stern tube through said thrust bearing; first and
      second flexible diaphragm couplings, each coupling having a hub and a
      periphery; a tubular intermediate shaft; and a drive output shaft, the
      forward end of the tailshaft being coupled to the stern end of the tubular
      intermediate shaft by the first flexible diaphragm coupling and the other
      end of the intermediate shaft being coupled to said drive shaft by said
      second flexible diaphragm coupling.
NUM  2.
PAR  2. A shafting arrangement as claimed in claim 1 wherein the said stern tube
      has a flange at the forward end, the thrust bearing being secured to the
      said flange.
NUM  3.
PAR  3. A shafting arrangement as claimed in claim 1 wherein the said hull
      includes after peak floors and longitudinal structural members; the stern
      tube being built into the said after peak floors and longitudinal
      structural members.
NUM  4.
PAR  4. A shafting arrangement as claimed in claim 1 wherein the thrust bearing
      comprises thrust plates disposed axially on opposite sides of said flange,
      each thrust plate having an annular recess in which a deformable
      substantially incompressible ring is located, thrust pads engaging the
      opposite sides of the flange and two carriers disposed on opposite sides
      of the flange which carriers carry the thrust pads, the carriers bearing
      against the incompressible ring in the annular recess.
NUM  5.
PAR  5. A shafting arrangement as claimed in claim 4 wherein the deformable
      substantially incompressible ring consists of a hollow natural or
      synthetic rubber tyre filled with hydraulic fluid or grease.
NUM  6.
PAR  6. A shaft arrangement as claimed in claim 5 wherein means are provided for
      measuring the pressure of the grease in the ring to give a measurement of
      the thrust.
PATN
WKU  039424677
SRC  5
APN  4350677
APT  1
ART  244
APD  19740121
TTL  Time temperature indicator
ISD  19760309
NCL  9
ECL  1
EXA  Yasich; Daniel M.
EXP  Queisser; Richard C.
NDR  1
NFG  1
INVT
NAM  Witonsky; Robert J.
CTY  Princeton
STA  NJ
ASSG
NAM  Bio-Medical Sciences, Inc.
CTY  Fairfield
STA  NJ
COD  02
CLAS
OCL  116114V
XCL   23253TP
XCL   58  1R
XCL  1161145
XCL  426 88
XCL  426524
EDF  2
ICL  G01K 1100
ICL  G04F  100
FSC  116
FSS  114.5;114 AM;114 V
FSC   73
FSS  356;292
FSC   23
FSS  253 R;253 TP
FSC  426
FSS  88;524
FSC   58
FSS  1 R
UREF
PNO  2560537
ISD  19510700
NAM  Andersen
OCL  116114AM
UREF
PNO  2567445
ISD  19510900
NAM  Parker
XCL   23253R
UREF
PNO  2809116
ISD  19571000
NAM  Laskowski
OCL  426 88
UREF
PNO  3046786
ISD  19620700
NAM  Tessem
OCL  116114AM
UREF
PNO  3520124
ISD  19700700
NAM  Myers
OCL   58  1R
UREF
PNO  3625655
ISD  19711200
NAM  Culp, Jr. et al.
OCL   23253R
UREF
PNO  3701633
ISD  19721000
NAM  Davis
XCL  116114AM
UREF
PNO  3791794
ISD  19740200
NAM  Tomkin
OCL   23253TP
UREF
PNO  3868218
ISD  19750200
NAM  Tornmarck et al.
OCL   28253R
LREP
FR2  Lagani, Jr.; Anthony
ABST
PAL  A system operable to signal the attainment of one or more preselected
      time-temperature integrals which monitor the temperature history of a
      product utilizes an organic compound which is subject to solvolysis with
      the generation of an acid, at least one base in an amount less than the
      stoichiometric equivalent of the acid generated, and a pH sensitive
      indicator.
BSUM
PAC  DETAIL DESCRIPTION
PAR  The present invention pertains to an indicator system which signals the
      attainment of at least one pre-selected time-temperature integral.
PAR  The desirability of detecting whether or not a frozen product has been
      allowed to thaw has long been recognized and numerous tell-tale devices
      are described in the literature. One class of these relies upon material
      which is frozen but which melts at some pre-selected temperature so as to
      irreversibly activate an indicator, either chemically or physically.
      Typically of these devices are those described in the following U.S. Pat.:
     Nos. 1,917,048  Nos.   2,753,270                                          
                                     Nos. 2,955,942                            
          2,216,127         2,762,711     3,047,405                            
          2,277,278         2,788,282     3,055,759                            
          2,340,337         2,823,131     3,065,083                            
          2,553,369         2,850,393     3,194,669                            
          2,617,734         2,852,394     3,362,834                            
          2,662,018         2,951,405     3,437,010                            
PAR  All of the above devices merely signal "thaw" with no attempt to measure
      the period during which the product is thawed or the temperature which the
      product attains while thawed.
PAR  A second class of known indicators which utilize diffusion or capillary
      action with a wick or similar permeable member provides some degree of
      gradation and is typified by the devices of the following U.S. Pat.:
TBL  Nos. 2,560,537     Nos.   3,243,303                                       
          2,716,065            3,414,415                                       
          2,951,764            3,479,877                                       
          3,118,774                                                            
PAR  It is now recognized that various natural and synthetic materials
      deteriorate with the passage of time even when taking such precautions as
      storing under refrigeration packaging in an inert atmosphere,
      sterilization, and adding spoilage retardants. Thus, for example, foods,
      films, pharmaceuticals, biological preparations and the like, can
      demonstrate decomposition with the passage of time, even when sterilized
      or maintained at sufficiently low temperatures to preclude microbiological
      degradation. Such decomposition occurs for various reasons, including
      strictly chemical reactions, such as oxidation, and enzymatic processes.
      Consequently, there is for each material of this type, a limit to its
      permissible storage life at which time a discernible change in some
      property occurs. A system which would indicate when this limit has been
      exceeded would be extremely valuable.
PAR  The deterioration kinetics involved in such processes, however, can be
      exceedingly complex. For example, while it is clear that deterioration is
      a function of temperature, the rate of deterioration of such products can
      also vary with temperature so that one rate of deterioration will exist at
      a first temperature with a different rate at a second temperature. The
      total amount of deterioration will depend upon the time at which the
      product is held at each temperature; i.e., the integral of time and
      temperature. The practical effect of this can be seen for example from two
      identical samples of frozen food packaged simultaneously. For both of
      these, there will be a finite time-temperature integral until a
      discernible change in quality occurs. If one package is allowed to rise in
      temperature by 10.degree. or 20.degree.C, even without thawing, in the
      course of distribution or storage, its life will be reduced as compared
      with the other package which was maintained at a lower temperature for its
      entire storage life. A consumer about to purchase these packages, both of
      which are now stored at normal freezer temperature, has no way of
      ascertaining this difference in temperature histories.
PAR  Systems have been suggested for monitoring the temperature history of a
      product. Thus U.S. Pat. No. 2,671,028 utilizes an enzyme such as pepsin in
      indicator systems while U.S. Pat. No. 3,751,382 discloses an enzymatic
      indicator in which urease decomposes urea with the reaction products
      causing a change in the pH of the system. The activity of the enzyme, and
      thus rate of decomposition, is dependent on temperature so that the change
      in pH resulting from this decomposition can be monitored by conventional
      acid-base indicators. This type of system, which appears to be directed at
      the specific problem of microbiological putrefaction rather than the
      broader problem of monitoring temperature histories, suffers however from
      the inherent limitations of any enzymatic reaction. Thus while enzyme
      activity is a function of temperature, it is also sensitive to the very
      passage of time being measured, enzymatic activity generally decreasing
      with time. Enzyme activity is also sensitive to pH change and such change
      is the operative factor in, for example, the system of U.S. Pat. No.
      3,751,382. Finally, a more sophisticated system is described in U.S. Pat.
      No. 3,768,976 in which time temperature integration is achieved by
      monitoring oxygen permeation through a film through use of a redox dye.
PAR  A basic problem is the fact that the second derivative of time-temperature
      decomposition (the change in rate per unit of temperature change) differs
      for different products. Thus the change in the rate of deterioration per
      unit of temperature change for certain fruits and berries is vastly
      different from the change in rate for lean meats. The values for dairy
      products are different from both. Consequently, a system which is
      dependent on a single enzymatic reaction or the permeability of a given
      film will be suitable as an indicator only for those materials having a
      similar slope for their relationship of change of rate of decomposition to
      temperature. Although U.S. Pat. No. 3,751,383 describes a method for
      modifying the time at which the indicator's color change occurs, the
      activation energy of the enzyme system is modified only slightly and the
      ratio of change in reaction rate per temperature unit remains
      substantially the same.
PAR  The present invention pertains to an indicator system which is extremely
      simple and reliable in operation. Not only is it possible to control the
      time-temperature integral at which the present system signals, different
      relationships of rate change per unit temperature can be accommodated. It
      is also possible and indeed often desirable to provide a plurality of
      signals; e.g., one signal when 50% of a product's life has passed and a
      second different signal when 90% has passed.
PAR  The present system is not limited in application to monitoring long storage
      periods at low temperatures. The same considerations apply to short
      periods and to high temperature. Thus the present system can also be used
      to insure, for example, that products have been adequately heat
      sterilized. The indicator is thus admirably suited to insure that canned
      goods which are autoclaved, have been subjected to the appropriate
      time-temperature integral required to obtain a necessary degree of
      microorganism kill. In this case, the firing of the indicator is used as
      the signal that the necessary parameters have been reached or exceeded,
      e.g., 120.degree. for at least 15 minutes. Similarly, the present
      indicator can be used to insure that surgical instruments have been
      subjected to appropriate sterilization conditions, that pharmaceuticals
      have not been stored for periods in excess of that which is permissible,
      that dairy products have been properly pasteurized, and the like. Various
      other applications in which it is desirable to know the temperature
      history of a product are immediately apparent.
PAR  The first component of the present indicator is an organic component which
      is subject to solvolysis with the resultant generation of an acid.
      Generally such solvolytic decomposition should follow first order
      kinetics, or rather close to first order kinetics. A wide variety of
      materials are suitable as this component. Thus one can employ various acid
      derivatives, as for example, symmetrical and mixed acid anhydrides, acid
      halides, in particular acid chlorides and acid bromides, esters, lactones
      and the like. Virtually any derivative which yields an acid upon
      solvolysis can be used since the critical properties of the organic
      compound are the rate constant of the solvolysis's reaction and the
      activation energy of the reaction, not the particular structure of the
      organic compound.
PAR  Other organic compounds which are subject to solvolysis include the
      halides, in particular the chlorides and bromides. Typical halides of this
      type are the alkyl halides, alkenyl halides, haloalkanols, aralkyl
      halides, aralkenyl halides and the like.
PAR  The second component of the present invention is the solvolysis medium.
      This may be a polar organic solvent or an aqueous solvent. By the term
      aqueous solvent is intended a liquid phase which contains some proportion
      of water, from a fraction of a percentage to 100% of its composition. As
      will be seen hereafter purely organic solvents can also be employed, alone
      or in combination. The solvent system can also include one or more
      additional organic solvents which are essentially inert with respect to
      the organic compound and the acid which it generates. Suitable solvents
      include lower alkanols such as ethanol; liquid ketones such as acetone and
      methylethylketone; dimethylsulfoxide; ethers such as diglyme, dioxane and
      tetrahydrofuran; and the like.
PAR  The third component of the present invention is at least one alkaline
      material of sufficient basicity to neutralize the acid material which is
      generated in the solvolysis reaction. This material can be practically any
      base, as for example, sodium hydroxide, potassium hydroxide, sodium
      carbonate, triethylamine and the like. The amount of this material will be
      less than the stoichiometric equivalent of the total amount of acid which
      can be generated and will correspond to the amount of acid which will have
      been generated at a pre-selected time-temperature integral.
      Advantageously, there can be two or more alkaline materials of different
      basicity with the stronger base neutralizing the acid generated first, and
      the weaker base then becoming operative after all the stronger base has
      been consumed.
PAR  The fourth component of the present invention is a pH sensitive dye which
      undergoes a discernible color change upon neutralization of the alkaline
      material. The discernible change can be from one color to a second color,
      from colorless to one color or from one color to colorless. The pH
      sensitive dye will thus undergo a color change at that point at which all
      the alkaline is neutralized and pH of the system drops as continued acid
      is generated by the hydrolysis of the organic compound. In the further
      embodiment described above in which there are more than one alkaline
      materials of different basicities, a corresponding member of pH sensitive
      dyes can be provided so that a plurality of color changes will occur, all
      at pre-selected time-temperature integrals. It is thus possible to signal
      various fractions of a product's usable storage life, or to indicate
      different stages of heat sterilization such as, "not safe", "sterilized"
      and "oversterilized", all with a single system.
PAR  As noted above, the quotient of (a) the rate of change at one temperature
      of an article's property whose deterioration is being monitored to (b) the
      rate of change at a lower temperature differs for various materials. This
      value is often expressed for 10 degree increments and represented by the
      symbol "Q.sub.10 " for the Centigrade scale and "a.sub.10 " for the
      Fahrenheit scale. For example, within the range of 0.degree. to
      -20.degree.C, raw fatty meat and pre-cooked fatty meat have Q.sub.10 's of
      about 3, whereas raw lean meat and pre-cooked lean meat have Q.sub.10 's
      between 5 and 6.  Vegetables generally have a Q.sub.10 of between 7 and 8,
      whereas fruits and berries have a Q.sub.10 of approximately 13. Systems
      can thus be selected so that their change in rate of development per unit
      change in temperature approximates the Q.sub.10 of a given food class and
      for this purpose, one utilizes the activation energy values of the
      operative component.
PAR  The relationship between Q.sub.10 and the activation energy is as follows:
EQU  Q.sub.10 = e.sup.10E.sbsp.a/T.sub..alpha..T.sup..omega..R  1
PAL  where
PA1  E.sub.a = the activation energy
PA1  T.sub.1 = a first temperature in degrees (absolute)
PA1  T.sub.2 = a second temperature 10.degree. lower than T.sub.1 and
PA1  R = the gas constant. Within, for example, the range of -10.degree. to
      -20.degree.C, an important region for frozen foods, the following values
      are obtained:
     E.sub.a Q.sub.10                                                          
                     q.sub.10                                                  
                             E.sub.a  Q.sub.10                                 
                                             q.sub.10                          
     Kcal/mole               Kcal/mole                                         
     ______________________________________                                    
     0.0     1.00    1.00    20.0     4.54   2.31                              
     5.0     1.46    1.23    22.0     5.28   2.52                              
     8.0     1.83    1.40    25.0     6.63   2.86                              
     10.0    2.13    1.52    27.0     7.71   3.11                              
     12.0    2.48    1.66    30.0     9.61   3.52                              
     15.0    3.11    1.88    33.0     12.1   4.00                              
                             34.0     13.0   4.16                              
     ______________________________________                                    
PAR  It is thus possible to prepare indicators which parallel the decomposition
      rates of various materials, even in the course of temperature fluctuation,
      over a period of time. The point at which a signal should be given by the
      indicator depends upon the development property being monitored. For
      example, if a discernible change in the taste of a product is known to
      occur after 500 hours at 0.degree.C, the indicator might be formulated so
      as to undergo a color change at or just prior to 500 hours at 0.degree.C.
      It will of course be appreciated that the same discernible change might
      occur in the product in about 60 hours at 20.degree.C or in less than 10
      hours at about 40.degree. and that this pattern of changes in rate with
      temperature corresponds to the Q.sub.10 value discussed above.
      Alternatively one can design the indicator so that it fires at some
      intermediate point; e.g., at 75% of the high quality shelf life of the
      product.
PAR  While the concept of the Q.sub.10 value is generally applied to food
      deterioration, it is also useful in the design of indicators for other
      applications. Thus for example, the effect of temperature and time in heat
      sterilization follows a similar relationship. The rate of bacterial kill
      at one temperature; e.g., 110.degree.C, increases by a factor of about 8
      with each 10.degree.C increment in temperature. One can thus construct an
      indicator system according to the present invention which accurately
      monitors the degree of bacterial kill during heat sterilization even
      though that sterilization is not isothermic.
PAR  Selection of the organic compound and design of the system also requires
      consideration of well known or easily determined values for solvolysis
      half-lives (t.sub.1/2). Since solvolysis reactions decrease asymptotically
      as the concentration decreases, the system should be selected so that it
      has a solvolysis half-life at the anticipated temperature at least as
      great as the time during which the product is being monitored. In this
      way, the generation of acid as a function of time is relatively linear. A
      great degree of latitude is possible in this selection. Thus acid
      anhydrides and halides hydrolyse several orders of magnitude faster than
      esters. Within a given class, structural variation will permit further
      choice; e.g., an ester of acetic acid will have a longer half-life than
      the corresponding ester of trichloroacetic acid and benzydryl chloride
      will have a longer half-life than benzhydryl bromide.
PAR  Finally, after selection of an organic compound having approximately the
      appropriate half-life, further control can be achieved by solvent
      selection. For example, if the organic compound is tertiary butyl chloride
      and the solvent is aqueous ethanol, one can vary the half-life at
      25.degree.C from 36 seconds using 90% water and 10% ethanol to 4.84 days
      using 10% water and 90% ethanol. These periods of time are of course
      longer at lower temperatures.
PAR  The particular organic compound selected thus depends upon the desired
      application. If the indicator is to monitor the thermal history of frozen
      foods, one would select a compound having a half-life at -18.degree.C (the
      normal storage temperature for frozen foods) on the order of several
      months. On the other hand, if one is monitoring heat sterilization, the
      half-life need only be about 10 to 20 minutes at 120.degree.C. It is to be
      appreciated that the half-life value does not determine when firing of the
      indicator will occur, but rather is a factor which insures that the
      isothermal generation of the acid is substantially linear, thereby giving
      greater control over the point at which firing occurs.
PAR  After selection of the initial amount of organic compound which generates
      the acid and determination of the amount of base to give a signal at the
      desired time-temperature integral, a pH sensitive dye is selected which
      changes color just below the pH of the base. For example, utilizing sodium
      hydroxide as the alkaline material, xylenol blue can be used as the
      indicator dye. With potassium phosphate as the alkaline material, methyl
      red is a suitable indicator. In order to provide for the necessary signal,
      an amount of alkaline material is added in accordance with the following
      expressions:
EQU  C.sub.B = C.sub.x (l- e.sup..sup.-kt)                      2
PAL  in which
PA1  C.sub.x = the initial molar concentration of organic compound
PA1  C.sub.b = the molar concentration of the alkaline material
PA1  k = the rate constant at the selected temperature, and
PA1  t = time at which the indicator is to change color.
DRWD
PAR  The FIGURE depicts an embodiment of the invention in cross section wherein
      the organic compound is separated from an aqueous solvent and the alkaline
      material by a rupturable barrier.
DETD
PAR  The total amounts of the individual components are determined by such
      consideration as the manufacturing processes, costs, material
      compatibilities, application and the like and these factors are in turn
      largely determined matters of convenience and design objections. Since the
      system will commence its development as soon as the organic compound and
      the solvolysis solvent are brought in contact, it is apparent that these
      two components must be separated until such time as activation of the
      system is desired. Thus, the aqueous solvent 11 is enclosed in a
      rupturable container 12 which in turn is encased in an outer container 13
      which also carries the organic compound 14 as pure material or in a non
      aqueous but water miscible solvent. The alkaline material and pH sensitive
      dye are dissolved in the aqueous solvent 11. Outer container 13 is
      transparent and fabricated from a chemically inert resilient material such
      as polyethylene, neoprene or the like and can be provided with an
      appropriate adhesive backing so as to be affixed to a product, shown
      generally at 15. By application of a slight pressure as at 16, the barrier
      is broken and the two components are allowed to mix.
PAR  It is of course also possible to merely bring the components together in
      the course of manufacture or to use any number of known two compartment
      containers as for example those described in U.S. Pat. Nos. 2,854,348;
      3,055,759; 3,615,719; 3,695,903, or 3,703,077 or any of the devices
      described in the prior patents set forth above.
PAR  The following examples will serve to further typify the nature of the
      present invention but should not be construed as a limitation on the scope
      thereof.
PAC  Example 1
PAR  This example describes the design of a time-temperature integrating
      indicator suitable for monitoring the temperature history of frozen food.
PAR  Individual quick frozen boysenberries have a Q.sub.10 of about 6 (this
      figure varying depending upon the individual processing and packaging
      parameters). It is determined by the packager that its product will have a
      high quality storage life of 300 days if stored at -18.degree.C but only
      50 days if the storage temperature is -8.degree.C. The packager wishes to
      provide an indicator to indicate to the consumer when 50% of the high
      quality storage life had elapsed and when 90% of the high quality storage
      life had elapsed. Design and esthetic consideration limit the volume of
      the indicator to 0.1 ml.
PAR  From Equation 1, above, it is determined that the organic compound should
      have a solvolysis activation energy at the anticipated storage temperature
      of 22 to 25 Kcal/mole and a half life of at least 300 days. From published
      kinetics literature it can readily be determined that the activation
      energy for the solvolysis of tertiary butyl chloride in aqueous acetone is
      of this magnitude and with a solvent system containing 18% water, the
      half-life at -18.degree.C is at least 300 days.
PAR  In order to provide an initial signal after 50% of the high quality storage
      life had elapsed and a second after 90% of the life had elapsed, two
      alkaline materials of different basicities are employed. The first is
      present in approximate 0.5 the molar concentration of the organic material
      and the second is present in approximately 0.27 the molar concentration of
      the organic material, these quantities being calculated from Equation 2.
      Sodium hydroxide is selected as the first alkaline material and potassium
      phosphate is selected as the second, weaker alkaline material. To provide
      the first signal, a pH sensitive dye which undergoes a color change at the
      neutralization point of the sodium hydroxide solution. Xylenol blue is
      selected on the basis of published data. Similarly a second pH sensitive
      dye which changes color at the neutralization point of the potassium
      phosphate solution is required and methyl red is selected for this
      purpose, it being desirable that the two dyes employed involve different
      color changes.
PAR  The following solutions are prepared:
TBL                           Parts by                                         
                              volume/                                          
             Ingredients      indicator                                        
     ______________________________________                                    
     A.  1.0 molar aqueous sodium hydroxide                                    
                                  3.0                                          
         1.0 molar aqueous potassium phosphate                                 
                                  1.7                                          
         0.01 molar ethanolic xylenol blue                                     
                                  0.21                                         
         0.01 molar ethanolic methyl red                                       
                                  0.2                                          
         water                    13.3                                         
     B.  1.0 molar tert.butyl chloride in                                      
         anhydrous acetone        6.0                                          
         anhydrous acetone        80.6                                         
     ______________________________________                                    
PAR  Solution A and B are separated until use, for example by means of a
      rupturable barrier as shown in the FIGURE. Thus solution A can be disposed
      within rupturable container 12 which in turn is sealed in outer container
      13 with solution B being disposed in the cavity filled by 14. Upon rupture
      of container 12, the ingredients mix and the solvolysis of the tert.butyl
      chloride begins. The mixture at this point is green.
PAR  After 150 days at -18.degree.C, sufficient hydrochloric acid will have been
      generated to neutralize all of the sodium hydroxide. Since the tert.butyl
      chloride is in excess, hydrochloric acid will continue to be generated and
      accordingly the xylenol blue will undergo a color change. This dye becomes
      colorless, and the overall color of the entire system changes from green
      to yellow, the change taking place over a period of about one day. The
      change from green to yellow immediately apprises one that 50% of the
      useable shelf life has expired and that while the product is still
      acceptable, it should be used in the near future. The indicator will
      remain yellow as long as any of the second alkaline material remains
      unneutralized. From the design of the device, sufficient hydrochloric acid
      to neutralize all of the potassium phosphate will be generated at
      -18.degree.C in the next 120 days and at this point, when all phosphate
      dianion has been protonated, further generation of acid will react with
      the methyl red and the indicator will turn from yellow to red. Subsequent
      release of acid merely intensifies the red color. A user is thus apprised
      that 90% of the high quality storage life has expired.
PAR  If the storage of the product has not been isothermal; e.g., at
      -18.degree.C, but has involved higher temperatures, the generation of acid
      will be accelerated, as will the time when the signal occurs. If the
      package is thus allowed to stand for 5 days at -8.degree.C during its
      storage, and then returned to -18.degree.C the indicator would signal the
      50% level after 125 days rather than 150 days. If held at -18.degree.C for
      30 days, then at -8.degree.C for 5 days, allowed to reach 0.degree.C for
      about 20 hours, then returned to -8.degree.C for 5 days, and finally
      returned to -18.degree.C, the 50% high quality storage life signal would
      occur at about 70 to 72 days. More significantly, the change in the rate
      of acid generation with change in temperature will parallel the change in
      rate of deterioration with change in temperature as a result of the
      initial selection of an organic compound having an activation energy
      appropriate for the Q.sub.10 of the product. If for example, one were to
      design indicators for butter, which has a Q.sub.10 of about 2, or for
      pork, which as a Q.sub.10 of about 8, one would select organic compounds
      having activation energies of about 10 Kcal/mole and 28 Kcal/mole,
      respectively, in order to achieve this effect.
PAC  Example 2
PAR  This example describes a time-temperature integrating indicator suitable
      for monitoring temperature history during high temperature sterilization.
PAR  Specifications for heat sterilization of a given product require subjecting
      the product to a temperature of at least 90.+-.2.degree.C for a period of
      30 minutes. If the temperature is raised to 120.+-.2.degree.C, the
      sterilization is complete in 4 minutes. Utilizing the solvolysis of
      ethylene chlorohydrin in ethylene glycol, and following the same approach
      as described in Example 1, the following indicator system is prepared.
TBL  ______________________________________                                    
                            Parts by                                           
     Ingredient             volume/indicator                                   
     ______________________________________                                    
     A.  1.0 molar aqueous sodium hydroxide                                    
                                25                                             
         ethylene glycol        2000                                           
         0.04% aqueous bromphenol blue                                         
                                20                                             
     B.  ethylene chlorohydrin  50                                             
     ______________________________________                                    
PAR  Component A and B are separated until use. Upon mixing and being subjected
      to a temperature of 90.degree.C, the indicator will develop a blue color
      after 30 minutes. If the temperature is held at 120.degree.C, the color
      will develop after 4 minutes.
PAR  By increasing the amount of alkaline material, the time of firing can be
      lengthened. Thus use of 25 parts by volume of the sodium hydroxide
      solution results in firing after 14 minutes at 120.+-.2.degree.C whereas
      use of 50 parts by volume doubles this time to 27 minutes.
PAR  Where an indicator of this type is used shortly after preparation it is not
      absolutely necessary to separate the two components if not subjected to
      excessive temperature since the rate of solvolysis is so slow at normal
      temperatures that the device is, practically speaking, inactivated.
PAC  Example 3
PAR  This example demonstrates the control of the reaction half-life utilizing
      solvent selection. The activation energy for the solvolysis of acetic
      anhydride in water is from about 16 to about 22 Kcal/mole which
      corresponds to a Q.sub.10 of just under 4 to just over 5. However, the
      half-life of this reaction in pure water is 0.25 sec. which effectively
      precludes the use of such a system for time-temperature integration.
      Utilizing the same reaction but replacing the pure aqueous solvent with an
      inert water miscible solvent permit extension of this half-life. Thus in
      40:60 dioxane:water, the half-life is increased to about 71 minutes. Use
      of 60:40 dioxane:water increses the half-life to nearly 2 hours. Further
      extensions are possible by use of increasing proportions of dioxane.
PAC  Example 4
PAR  This example demonstrates the control of reaction half-life by structural
      modification. The half-life of phenyl dichloroacetate hydrolysis is about
      4 minutes which is too short for most applications. Utilizing the
      identical hydrolysis of phenyl acetate however, the half-life is increased
      to approximately 1000 hours, making the reaction ideal for monitoring the
      time-temperature history of such materials as dairy products.
      2,4-Dinitrophenyl acetate can also be employed in the same fashion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An indicator system in sealed container operable to signal the
      attainment of at least one preselected value corresponding to an integral
      of temperature, to which said system has been exposed, as a function of
      time, operable to permit visual inspection of the color of its contents
      comprising:
PA1  a. solvolysis medium, where the solvolysis medium is an aqueous solvent, in
      the sealed container;
PA1  b. an organic compound in the sealed container which is susceptible to
      solvolysis by the solvolysis medium said solvolysis following
      substantially first order kinetics in said medium, said solvolysis
      resulting in the generation of an acid;
PA1  c. at least one alkaline material in the solvolysis medium of sufficient
      basicity to neutralize the acid generated the amount of said alkaline
      material being less than the stoichiometric equivalent of the total amount
      of acid which can be generated;
PA1  d. at least one pH sensitive indicator in the sealed container which
      undergoes a discernible color change between the pH value of said alkaline
      material and the pH value of the acid generated; and
PA1  means for maintaining the solvolysis medium separate from said organic
      compound;
PA0  whereby causing said solvolysis medium and said organic compound to be
      mixed at a preselected time results in acid generation at a rate as a
      function of temperature predetermined by the selection of the solvolysis
      medium and organic compound; said acid being reacted with said alkaline
      substance the amount of said alkaline substance being selected so as to
      correspond to the amount of acid generated during a preselected time
      temperature integral value; thereby resulting in an excess of acid present
      at the end of such integral causing said discernible color change of the
      pH sensitive indicator.
NUM  2.
PAR  2. The indicator system of claim 1 wherein the alkaline material and the pH
      sensitive indicator are incorporated in the solvolysis medium.
NUM  3.
PAR  3. The indicator system of claim 2 wherein the alkaline material comprises
      sodium hydroxide and potassium phosphate; the indicator comprises xylenol
      blue and methyl red and the organic compound is tertiary butyl chloride.
NUM  4.
PAR  4. An indicator system as defined in claim 1 wherein said organic compound
      is an anhydride, acid halide, ester, or lactone of an organic acid or is a
      hydrolysable organic halide and said solvolysis medium is an aqueous
      organic solvent.
NUM  5.
PAR  5. An indicator system as defined in claim 4 wherein said organic halide is
      an alkyl halide, an alkenyl halide, an aralkyl halide or an aralkenyl
      halide.
NUM  6.
PAR  6. An indicator system as defined in claim 1 wherein there is more than one
      alkaline substance of significantly different basicities and a
      corresponding number of indicators, each of said indicators undergoing a
      discernible color change upon the neutralization of one of said alkaline
      materials.
NUM  7.
PAR  7. The indicator system of claim 1 wherein the aqueous solvent comprises
      ethanol and water.
NUM  8.
PAR  8. The indicator system of claim 1 wherein the aqueous solvent is water.
NUM  9.
PAR  9. The indicator system of claim 1 wherein the organic compound is tertiary
      butyl chloride.
PATN
WKU  039424685
SRC  5
APN  5044731
APT  1
ART  244
APD  19740910
TTL  Back pressure operated sound transmitter
ISD  19760309
NCL  2
ECL  1
EXA  Yasich; Daniel M.
EXP  Queisser; Richard C.
NDR  1
NFG  1
INVT
NAM  Olofsson; Svante Bertil
CTY  Arlov
CNT  SW
ASSG
NAM  Kockums Mekaniska Verkstads Aktiebolag
CTY  Arlov
CNT  SW
COD  03
PRIR
CNT  SW
APD  19730924
APN  7312952
CLAS
OCL  116142FP
EDF  2
ICL  G10K  900
FSC  116
FSS  142 FP;142 R;142 FV
FSC  251
FSS  45;61.1
FSC  137
FSS  509
UREF
PNO  2177594
ISD  19391000
NAM  Eaves
OCL  116142FP
UREF
PNO  2396423
ISD  19460300
NAM  Hines
OCL  116142FP
UREF
PNO  3581705
ISD  19710600
NAM  Holm
OCL  116142FP
UREF
PNO  3791339
ISD  19740200
NAM  Dahlquist
OCL  116142R
LREP
FRM  Browne, Beveridge, De Grandi & Kline
ABST
PAL  In a pressure gas driven, back pressure operated sound transmitter a
      damping chamber having an interior volume at least approximately equal to
      that of the back pressure chamber is inserted between the operating valve
      connected to the back pressure chamber and the throttle device bleeding
      gas from the back pressure chamber into the ambient atmosphere.
BSUM
PAR  This invention relates to a pressure gas driven, back pressure operated
      sound transmitter of the kind having a housing the interior of which is
      divided by means of a diaphragm into a back pressure chamber and an inlet
      chamber equipped with a pressure gas inlet and annularly surrounding the
      inlet end of a resonance horn, which inlet end has an annular seat against
      which the diaphragm can be sealingly pressed, the inlet chamber and the
      back pressure chamber being in constant communication with one another
      through a throttle passage, and the back pressure chamber being connected
      to the inlet of an operating valve the outlet of which is in communication
      with the ambient atmosphere via a throttle device, preferably a pressure
      reduction valve.
PAR  Such sound transmitters are usually driven by pressure air or steam under
      pressure, and they function as follows. With closed operating valve the
      same gas pressure prevails in the inlet chamber and the back pressure
      chamber. Acting upon a larger surface of the diaphragm in the back
      pressure chamber than in the inlet chamber, the gas pressure maintains the
      diaphragm sealingly pressed against the seat at the inlet end of the
      resonance horn so that the sound transmitter is silent and at rest. When
      the operating valve is opened a decrease of pressure occurs in the back
      pressure chamber in that gas from said back pressure chamber can flow
      through the operating valve and the throttle device to escape into the
      atmosphere. By the decrease of pressure in the back pressure chamber the
      diaphragm leaves the seat at the inlet end of the resonance horn so that
      pressure gas from the inlet chamber suddenly flows into the resonance horn
      and causes the gas body in the resonance horn to oscillate in resonance,
      whereby the diaphragm will close and open the communication between the
      inlet chamber and the resonance horn in step with said oscillations. The
      throttle device shall be so adapted as to maintain, in collaboration with
      the throttle passage between the inlet chamber and the back pressure
      chamber, the gas pressure in said back pressure chamber at a value so much
      lower than the gas pressure in the inlet chamber that the diaphragm
      steadily oscillates at a suitable amplitude in step with the resonance
      oscillations in the resonance horn. Upon closure of the operating valve
      the gas pressure in the back pressure chamber rises so that the diaphragm
      is steadily pressed against the seat at the inlet end of the resonance
      horn and the sound transmitter becomes silent.
PAR  It has proved difficult to make the sound transmitters of the above type
      operate steadily. There may arise starting difficulties upon opening of
      the operating valve; the diaphragm may temporarily oscillate at a wrong
      amplitude; and the diaphragm may begin to oscillate with harmonic
      frequency.
PAR  According to the invention, it has now proved possible to avoid these
      difficulties by giving a sound transmitter of the above type the
      construction characteristic to the invention, viz. that there is
      interposed between the outlet of the operating valve and the throttle
      device a damping chamber having an interior volume at least approximately
      equal to that of the back pressure chamber.
PAR  The present invention is based upon the discovery that the above mentioned
      difficulties are due, on the one hand, to the fact that the gas pressure
      in the back pressure chamber was not sufficiently suddenly decreased upon
      opening of the operating valve and, on the other hand, to the fact that
      variations in the gas pressure prevailing in the back pressure chamber
      that occurred during the oscillation of the diaphragm propagated
      themselves to the throttle device where they resulted in a pulsating
      release of gas into the ambient atmosphere. The construction
      characteristic of the invention eliminates these phenomena in a very high
      degree.
PAR  The invention will be more fully described hereinbelow and with reference
      to the accompanying drawing which diagrammatically illustrates the parts
      of a sound transmitter essential to the invention in side view and partly
      in section.
DRWD
PAR  The FIGURE shows a sound transmitter according to the invention.
DETD
PAR  The sound transmitter illustrated in the drawing has a housing which
      consists of two parts 1 and 2. The two parts are secured together by
      screws (not shown), and the peripheral edge of a diaphragm 3 is mounted
      between them in a suitable, previously known manner. Said diaphragm forms
      a partition dividing the interior of the housing into a back pressure
      chamber 4 and an inlet chamber 5. An inlet 6 for pressure gas leads from a
      source of such pressure (not shown), such as air or steam under pressure,
      to the inlet chamber 5. In the embodiment illustrated the housing part 1
      is integral with the inlet end 7 of a resonance horn customary in sound
      transmitters. The remaining portion 8 of said horn (but partly shown in
      the drawing) widens in the manner of a funnel and is secured to the
      housing part 1 by screws (not shown). The inlet chamber 5 annularly
      surrounds the inlet end 7 of the horn, which protrudes into the chamber 5
      and is provided with an annular seat 9 against which the diaphragm 3 can
      be sealingly pressed.
PAR  The inlet chamber 5 and the back pressure chamber 4 are in constant
      communication with one another through a throttle passage 10 which, in the
      embodiment illustrated, is formed in the material of the housing parts 1,
      2 but which may also be a small hole through the diaphragm 3. The
      throttling effect described in the following and realized by means of said
      throttle passage, may be made controllable, for instance by means of a
      needle valve interposed in the throttle passage, throttle washers or like
      means inserted therein. The back pressure chamber 4 is connected by means
      of a short line 11 with the inlet of an operating valve 12 of a suitable
      type, which can be opened for the initiation of sound transmission from
      the sound transmitter and closed for interruption of the sound
      transmission. The outlet of the operating valve 12 is connected by means
      of a short line 13 with a damping chamber 14 which is in communication
      with the ambient atmosphere via a throttle device. Said throttle device
      should be controllable so that the throttling effect provided by the
      throttle device may be adapted to that realized by means of the throttle
      passage 10. For such a control, use can be made of throttle washers in the
      throttle device, or of an adjustable needle valve. However, most
      preferable is to use a throttle device in the form of a pressure reduction
      valve means. Thus, in the embodiment chosen, use is made of a pressure
      reduction valve means in the form of a ball valve which has a valve
      housing 15 comprising an inlet passage 16 communicating with the interior
      of the damping chamber 14 and having a seat 17 against which a valve ball
      18 can be pressed by a spring 19. A cap nut 20 having an outlet hole 21
      opening into the atmosphere is screwed onto the valve housing 15. The
      spring 19 is interposed between the ball 18 and the bottom of the cap nut
      20. By adjustment of the nut 20 of the valve housing 15 the tension of the
      spring 19 can be altered and as a consequence the gas pressure at which
      the ball 18 leaves the seat 17 and permits gas to escape from the damping
      chamber 14 into the ambient atmosphere through the exhaust 21.
PAR  The inlet chamber 5 is in constant communication with the source of
      pressure gas through the inlet 6. At closed operating valve 12 the
      pressure of the pressure gas source prevails in the inlet chamber 5, and
      said gas pressure also prevails in the back pressure chamber 4 because of
      the throttle passage 10 interconnecting the chambers 4 and 5. Since the
      pressure gas acts upon a larger surface of the diaphragm 3 in the back
      pressure chamber 4 than in the inlet chamber 1 (inside the seat 9
      atmospheric pressure prevails on the side of the diaphragm 3 facing to the
      right in the drawing, because the resonance horn 7, 8 is in communication
      with the ambient atmosphere) the pressure gas will maintain the diaphragm
      3 sealingly pressed against the seat 9 so that gas communication between
      the inlet chamber 5 and the interior of the horn 8 is disrupted and the
      sound transmitter is at rest and silent. Upon opening of the operating
      valve 12 the gas pressure in the back pressure chamber 4 suddenly sinks
      because gas from the chamber 4 can flow into the damping chamber 14 and
      the flow of gas from the inlet chamber 5 to the back pressure chamber 4
      through the throttle passage 10 takes place under heavy throttling. The
      gas pressure in the inlet chamber 5 is therefore capable of urging the
      diaphragm 3 away from the seat 9 so that pressure gas flows from the
      chamber 5 into the resonance horn 7, 8 and initiates resonance
      oscillations in the horn. Owing to these oscillations the diaphragm 3 will
      alternately close and open the communication between the inlet chamber 5
      and the interior of the resonance horn in a known manner. The sound
      transmitter now transmits sound. The initiation of the sound transmitter
      will be very reliable because of the sudden decrease of the gas pressure
      in the back pressure chamber 4, which is due to the gas contained therein
      being capable of expanding into the damping chamber 14 which is large as
      compared to the volume of the back pressure chamber 4. When the operating
      valve 12 has been opened the gas pressure in the damping chamber 14 rises
      until the valve ball 18 is urged away from the seat 17 and lets gas escape
      into the ambient atmosphere through the opening 21. The valve ball 18 will
      release gas into the atmosphere in response to the adjusted tension of the
      spring 19 in such a way that the valve tends to maintain the pressure in
      the damping chamber 14 at a constant value which in some degree is lower
      than the gas pressure in the inlet chamber 5. This pressure difference
      arises by interplay of the throttling effect in the passage 10 and the
      throttling effect provided by the valve ball 18, for at the release of gas
      from the damping chamber 14 into the atmosphere gas from the inlet chamber
      5 will flow into the back pressure chamber 4 through the throttle passage
      10. The tension of the spring 19 is so adjusted by means of the cap nut 20
      that the stated difference in gas pressure in the damping chamber 14 and
      the inlet chamber 5 gives the desired amplitude to the diaphragm 3 during
      the oscillations thereof. When the diaphragm 3 oscillates the gas pressure
      in the back pressure chamber 4 will vary in step with the oscillations,
      but these pulsations in the gas pressure in the chamber 4 will be
      propagated in an unessential degree to the valve ball 18 because the
      pulsations are heavily damped in the large damping chamber 14. When the
      operating valve 12 is closed the pressure in the back pressure chamber 4
      will rise due to incoming flow of pressure gas from the inlet chamber 5
      through the throttle passage 10 so that the diaphragm 3 is firmly
      sealingly pressed against the seat 9 whereby sound transmission ceases.
PAR  In order that the damping chamber 14 shall function satisfactorily in the
      manner described the interior volume of the chamber must be adapted to the
      interior volume of the back pressure chamber 4. Thus, the interior volume
      of the damping chamber 14 must be at least approximately equal to that of
      the back pressure chamber 4 and preferably 1.5 to 3 times as large as the
      interior volume of the back pressure chamber.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A pressure gas driven, back pressure operated sound transmitter,
      comprising a housing, a back pressure chamber and an inlet chamber in said
      housing, a diaphragm forming a partition between said back pressure
      chamber and said inlet chamber, a pressure gas inlet to said inlet
      chamber, a resonance horn connected to said housing, an inlet end of said
      resonance horn protruding into said inlet chamber, an annular seat on said
      inlet end for co-operation with said diaphragm, said diaphragm being
      adapted sealingly to abut said seat for disrupting gas communication
      between said inlet chamber and the interior of said horn and to oscillate
      away from said seat for establishing such gas communication, throttle
      passage means forming a constant communication between said inlet chamber
      and said back pressure chamber, an operating valve, an inlet of said
      operating valve being connected to said back pressure chamber, damping
      chamber means, an outlet of said operating valve being connected to said
      damping chamber means, and pressure reduction valve means connected to
      said damping chamber means for venting said damping chamber means to the
      ambient atmosphere, said damping chamber means having an interior volume
      at least approximately equal to that of said back pressure chamber so as
      to ensure proper start of the sound transmitter on the fundamental
      frequency and with the proper amplitude and maintenance of such frequency
      and amplitude throughout the operation of the sound transmitter.
NUM  2.
PAR  2. A pressure gas driven, back pressure operated sound transmitter,
      comprising a housing, a back pressure chamber and an inlet chamber in said
      housing, a diaphragm forming a partition between said back pressure
      chamber and said inlet chamber, a pressure gas inlet to said inlet
      chamber, a resonance horn connected to said housing, an inlet end of said
      resonance horn protruding into said inlet chamber, an annular seat on said
      inlet end for cooperation with said diaphragm, said diaphragm being
      adapted sealingly to abut said seat for disrupting gas communication
      between said inlet chamber and the interior of said horn and to oscillate
      away from said seat for establishing such gas communication, throttle
      passage means forming a constant communication between said inlet chamber
      and said back pressure chamber, an operating valve, an inlet of said
      operating valve being connected to said back pressure chamber, damping
      chamber means, an outlet of said operating valve being connected to said
      damping chamber means, and pressure reduction valve means connected to
      said damping chamber means for venting said damping chamber means to the
      ambient atmosphere, said damping chamber means having an interior volume
      being 1.5 to 3 times as large as the interior volume of said back pressure
      chamber so as to ensure proper start of the sound transmitter on the
      fundamental frequency and with the proper amplitude and maintenance of
      such frequency and amplitude throughout the operation of the sound
      transmitter.
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ABST
PAL  A metal oxide coating is applied to a hot glass surface by contacting the
      surface with a mixture of carrier air, vaporized solvent and a vaporized
      metal containing reactant. The mixture is directed against the glass
      through an elongated converging nozzle having a contraction ratio of six
      or greater and having walls so shaped with increasing radii of curvature
      that a fluid flowing adjacent the walls through the nozzle is accelerated
      substantially throughout its passage through the nozzle.
PARN
PAR  This is a division of application Ser. No. 315,394, filed Dec. 15, 1972,
      now U.S. Pat. No. 3,888,649.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is related to the following copending applications, all
      commonly assigned and all specifically incorporated by reference herein:
      "Chemical Vapor Deposition of Coatings", Ser. No. 507,656, filed Sept. 18,
      1974 by John Sopko and Kirshna Simhan; "Coating Composition Vaporizer",
      Ser. No. 533,609, filed Dec. 17, 1974, by John Sopko; and "Method for
      Increasing Rate of Coating Using Vaporized Reactants", Ser. No. 315,384,
      filed Dec. 15, 1972 by Karl H. Bloss and Hararld Molketin.
PAR  This application is also related to a copending application entitled "A
      Process for the Deposition of Films", Ser. No. 183,993, filed Sept. 23,
      1971 based on a convention priority date of Sept. 29, 1970, by Hans-Jurgen
      Goetz, Helmut Lukas and Harald Molketin. This application is also
      incorporated by reference herein.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to coating substrates, particularly glass
      substrates, with coatings comprised primarily of metal oxides. This
      invention more particularly relates to contacting a hot glass surface with
      the vapors of reactants which form metal oxide coatings upon contacting
      the hot glass surface.
PAR  Prior to the present invention it has been known that substrates may be
      coated with metal oxide coatings by contacting the substrates with
      solutions comprised of metal betadiketonates and the like dissolved in
      appropriate solvents. See the following U.S. Patents: Mochel, U.S. Pat.
      No. 3,202,054, Tompkins, U.S. Pat. No. 3,081,200, Donley et al, U.S. Pat.
      No. 3,660,061 and Michelotti et al. U.S. Pat. No. 3,652,246. These patents
      have disclosed to the public a number of chemical compositions which are
      suitable for the coating of glass with metal oxide coatings. In general,
      the techniques described for applying such coatings to glass taught in the
      prior art are methods wherein a liquid spray of coating composition is
      directed against a glass substrate surface to be coated. While these
      patents cover the application of particular metals or metal oxides to
      glass or other substrates, whether the compositions are applied in liquid
      or vapor form, they each disclose, as a best mode of application,
      contacting the substrate with the compositions in liquid form. In the
      development of techniques for applying vaporized coating compositions to
      heated substrates at atmospheric pressure certain difficulties have been
      encountered. It has been difficult to obtain coatings which are finely
      grained and uniform in appearance. Thick coatings have been produced by
      contacting the substrate with a liquid spray, but it has been extremely
      difficult, if not impossible, to obtain relatively thick films having
      visible light transmittances of below about 50% using known vapor
      deposition techniques.
PAR  Vapor deposition processes have been known in the past. Most commercial
      embodiments of vapor deposition processes are processes carried out under
      subatmospheric pressure conditions. A number of techniques have evolved
      for enhancing the rate of film deposition using these techniques, for
      example, electrical fields, magnetic fields, and radio frequency or
      microwave excitation have been used to increase the momentum of reaction
      particles in vapor coating compositions during their applications. Also,
      wave guides have been used to direct the vapors of coating compositions to
      particularly confined target areas. See U.S. Pat. No. 3,114,652 to Schetky
      and U.S. Pat. No. 3,561,940 to Scholes.
PAR  The applicant has now discovered that the uniformity of films produced by
      chemical vapor deposition and the rate of chemical vapor deposition or
      film buildup may be significantly enhanced by employing nozzles of
      particular design, particularly when used in combination with particular
      flow conditions and nozzle-to-substrate spacings.
PAC  SUMMARY OF THE INVENTION
PAR  A vaporizable coating reactant is vaporized into a vapor phase or gaseous
      carrier and is delivered through the converging nozzle of this invention
      which directs the reactant against a heated substrate. The substrate and
      reactant temperatures are such that upon contact with the substrate the
      reactant reacts to form an adherent coating on the substrate.
PAR  The rate of coating deposition and the uniformity of deposited coatings are
      both found to be enhanced by directing a gaseous mixture containing
      coating reactants through a nozzle having walls which cause the boundary
      layer of flow through the nozzle to be substantially accelerated during
      passage through the nozzle.
PAR  The nozzles of this invention are elongated for positioning transversely
      across a substrate. Relative movement between the substrate and nozzle
      along the direction normal to the elongated dimension of the nozzle
      permits full coverage of the substrate by the nozzle. The minor
      cross-section of the nozzle (that is, the cross-section defined by a plane
      perpendicular to both the plane of the substrate uniformly spaced from the
      nozzle opening and perpendicular to the elongated dimension of the nozzle)
      is generally uniform in shape and dimensions over the entire effective
      elongated dimension of the nozzle. The elongated nozzle has as its minor
      cross-section a converging shape which converges substantially uniformly
      from its entrance to its exit. This shape causes the boundary layer of
      vapors and gases flowing through the nozzle adjacent the nozzle walls to
      accelerate over substantially the entire nozzle length. In a preferred
      embodiment the minor cross-section is substantially defined as a cubic
      parabola, preferably with the walls at the exit and for from 1 to 10
      percent of the nozzle length approaching the exit parallel to each other.
      With such a shape, the flow not only accelerates during its passage
      through the nozzle but accelerates at a constant rate whereby particular
      stability is imparted to the flow and flow pulsations are eliminated.
PAR  The major cross-section of the nozzle will generally be rectangular,
      particularly for nozzles having an elongated dimension that is more than
      about ten times the minor cross-section entrance width. This simply is a
      nozzle shape which may be easily and economically constructed using
      conventional machining techniques and equipment. With this preferred
      shape, two elongated nozzle members may be separately machined to the
      desired shape and mounted in facing, parallel relation to form a nozzle.
      For a short nozzle having an elongated dimension less than about 10 times
      the minor cross-section width the major cross-section should preferably
      contract from entrance to exit in the same manner as the minor
      cross-section. Throughout this discussion an elongated nozzle means a
      nozzle having an elongated dimension at least twice and preferably at
      least five times the nozzle minor cross-section entrance width.
PAR  The nozzle of this invention preferably has a contraction ratio of at least
      4 and more preferably of at least about 6. The effect of such contraction
      ratios is that irregular flow conditions which may develop upstream of the
      nozzle are smoothed or eliminated over the length of the nozzle so that a
      uniform flow is established along the entire region of impingement against
      the substrate with vapor-substrate contact density symmetric about a line
      projected in the plane of the substrate by a plane bisecting the nozzle
      perpendicular to its minor cross-section. The contraction ratio is the
      ratio of the nozzle inlet flow area to the nozzle outlet flow area.
PAR  In order to insure rapid, efficient and uniform deposition of coating the
      gaseous mixture containing the coating reactant is preferably directed
      through the nozzle with a Reynolds number of at least 2500. For high speed
      coating of a continuous ribbon or sheet of glass it is preferred that the
      Reynolds number of the flowing gaseous mixture be at least about 5000.
      This preferred practice is the subject of the copending application of
      John Sopko and Krishna Simhan entitled "Chemical Vapor Deposition of
      Coatings".
PAR  The vaporizable coating reactant is generally a material which is a solid
      or liquid at room temperature although the preferred reactants are usually
      solids at room temperature. The reactant may be vaporized by conventional
      methods, such as boiling if it is liquid, or if the reactant is a solid it
      may be vaporized by delivering it onto a heated plate, by admixing it with
      an inert material, such as sand, and passing a heated carrier gas through
      the mixture or by fluidizing it with a rapidly moving stream of carrier
      gas and heating the fluidized mixture. In the preferred embodiments of
      this invention the reactant is dissolved in an appropriate solvent, and
      the solution is sprayed into a hot carrier gas to vaporize the solvent and
      the reactant. A particularly preferred method of vaporization and
      apparatus for carrying out the method are the inventions of John Sopko and
      are the subject of his copending application entitled "Coating Composition
      Vaporizer" and filed on even date herewith.
PAR  The reactive coating materials which are preferred for use in the present
      invention are the pyrolyzable organo metallic salts of the metals of
      Groups Ib through VIIb and of Group VIII of the Periodic Chart of the
      Elements. The preferred organo metallic salts which are employed are
      betadiketonates, acetates, hexoates, formates and the like. The
      acetylacetonates of iron, cobalt and chromium are particularly preferred
      as the reactive ingredients of the present coating compositions.
PAR  While the coating reactants which are preferred for use in this invention
      are pyrolyzable materials, other kinds of reactants may also be employed.
      For example, hydrolytic reactants, such as fluorinated betadiketonates,
      particularly acetylacetonates, and metal dicumenes, may be used. Also
      reactants may be employed which require the presence of substantial
      quantities of other cooperating reactants such as oxygen, hydrogen,
      halogens or the like. As already indicated the preferred method for
      vaporization involves an initial step of solution so that the reactant or
      reactants employed should be easily dissolved in a suitable solvent.
PAR  A variety of aliphatic and olefinic hydrocarbons and halocarbons are
      suitable as solvents in carrying out the methods disclosed here. Single
      component solvent systems, particularly a solvent system employing
      methylene chloride, are effectively employed in the present invention.
      Solvent systems employing two or more solvents are also found to be
      particularly useful.
PAR  Some representative solvents which may be employed in carrying out the
      present invention are: methylene bromide, carbon tetrachloride, carbon
      tetrabromide, chloroform, bromoform, 1,1,1-trichloroethane,
      perchlorethylene, 1,1,1-trichloroethane, dichloroiodomethane,
      1,1,2-tribromoethane, trichloroethylene, tribromoethylene,
      trichloromonofluoroethane, hexochloroethane,
      1,1,1,2-tetrachloro-2-chloroethane, 1,1,2-trichloro-1,2-dichloroethane,
      tetrafluorobromethane, hexachlorobutadiene, tetrachloroethane and the
      like.
PAR  Other solvents may also be employed, particularly as mixtures of one or
      more organic polar solvents, such as a alcohol containing 1 to 4 carbon
      atoms and one hydroxyl group and one or more aromatic non-polar compounds,
      such as benzene, toluene or xylene. The volatility of these materials
      makes their use somewhat more difficult than the above designated group of
      preferred halogenated hydrocarbons and halocarbons, but they have
      particular economic utility.
PAR  In the preferred practice of this invention a solution of a reactive
      organo-metallic salt in an organic solvent is directed to a vaporizing
      chamber. The vaporizing chamber is constructed so as to provide a heating
      element which heats the space surrounding the element to a temperature
      sufficient to vaporize the coating solution within that space rather than
      vaporizing the liquid only in contact with the heating element itself. A
      carrier gas is directed across and away from the heater to intercept the
      coating composition to mix with it enhancing its rate of vaporization and
      to carry the vapors through the heater to the substrate to be coated.
PAR  Vapors of the solvent and reactive organo metallic salt are directed from
      the vaporizer chamber to an elongated manifold disposed across the width
      of a heated substrate which is to be coated. Connected to this manifold is
      the elongated nozzle of this invention for directing the vapors against
      the substrate.
PAR  The face of the nozzle disposed in facing relationship to a substrate to be
      coated is located in a position relative to a support for substrates to be
      coated such that the spacing between the nozzle face and the surface
      closest thereto during coating is at least 0.5 times the width of the
      nozzle at its exit. Preferably the spacing-to-nozzle width ratio is at
      least 0.65 and more preferably is between 0.9 and 5. In the most preferred
      embodiments the ratio is between 1.25 and 5.
PAR  The major cross-sectional dimension of the nozzle is slightly less than the
      corresponding substrate width so that a substrate placed in facing
      relation to the nozzle extends beyond the major dimension of the nozzle at
      both ends thereof. This relationship provides for the maintenance of a
      substantially uniform pressure drop along the major dimension of the
      nozzle and prevents the escape of a disproportionately large amount of
      vapors directed through the nozzle at each end of the nozzle and thus all
      vapors have good contact with the substrate.
PAR  The vaporizer and manifold of the coating apparatus of this invention are
      operated at sufficient pressure to cause vapor flow through the nozzle at
      a Reynolds number of at least 2500 and preferably at least about 5000 in
      order to insure rapid, efficient and uniform deposition of coating.
PAR  The apparatus and method of this invention may be employed to apply
      coatings to a variety of receptive substrates. Refractory substrates, such
      as, glasses, glass ceramics, ceramics, porcelain clad metals and the like
      are particularly amenable to coating by the present invention. Other
      substrates, such as, metals, plastics, paper and the like may also be
      coated according to the principles of this invention. In particular, this
      invention is useful to provide for the coating of flat glass with
      transparent metal oxide coatings. The resulting metal oxide coated flat
      glass articles have found particular utility in architectural applications
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial, cutaway, perspective view of the preferred apparatus
      for practicing the present invention, showing the flow of vapors and other
      fluids employed in the practice of the invention.
PAR  FIG. 2 is a partial sectional view of the preferred vaporizer and manifold
      in combination with the nozzle of the present invention, all shown in
      combination with a sheet of float glass supported in facing relation to
      the nozzle.
PAR  FIG. 3 is a partial sectional view of the preferred device of this
      invention taken along section line 3--3 of FIG. 2.
PAR  FIG. 4 is a partial sectional view of the preferred vaporizer of this
      invention taken along section line 4--4 of FIG. 3 showing the particular
      relationship of the heating element therein to the chamber space with its
      inlets, outlets and baffling arrangement to provide for the vaporization
      of the coating compositions employed in this invention within the space of
      the chamber rather than for vaporization in contact with the heating
      element itself.
PAR  FIG. 5 is an enlarged sectional view of the nozzle of this invention along
      with a suitable manifold for distributing vapor to the nozzle.
PAR  FIG. 6 is a sectional view of the nozzle of this invention taken along
      section line 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the use of the apparatus of this invention it is important that the
      boundary layer of vapors and gases flowing through a nozzle and directed
      against a substrate to be coated be accelerated during passage through the
      nozzle. This prevents undue flow pulsations and increases the rate and
      uniformity of coating deposition. Preferably, the nozzle has a contraction
      ratio of at least six.
PAR  While a Reynolds number of at least 1700 insures that vapor flow will be
      fully turbulent, it is preferred that the Reynolds number for the flow of
      vapors and gases leaving the nozzle be at least about 2500. This high
      Reynolds number has been found to contribute to improved uniformity of
      resulting deposits.
PAR  The Reynolds number is defined by the following classic equation:
EQU  N.sub.Re = W .sup.. .rho. .sup.. L/.eta..
PAL  the Reynolds number is dimensionless. The symbols W, .rho. and .eta.
      represent the flow velocity, the density and the dynamic viscosity of the
      flowing vapor. L is a characteristic length defined at the point where the
      other variables are determined. According to known principals of
      hydraulics, the characteristic dimension L which is relevant in the
      defined relationship is the hydraulic diameter which is defined as four
      times the cross-sectional area of the nozzle exit divided by the wetted
      perimeter of the nozzle exit. The flow, density and vapor viscosity are
      all characterized in the equation as the values of these properties at the
      nozzle exit.
PAR  The present invention may be more fully appreciated from a detailed
      description of the apparatus and method which follows.
PAR  Referring first to FIG. 1, a substrate, for example a sheet of glass 11, is
      provided for coating. The sheet of glass 11 is generally supported,
      preferably in a horizontal plane, and is generally supported by means
      which can translatably move or convey the glass sheet 11 along a path such
      as indicated by the arrow at the lower right of FIG. 1. Disposed in facing
      relation to the glass sheet 11 is the coating apparatus of this invention
      comprising a vaporizer assembly 12 and a vapor distribution assembly 13.
PAR  The vaporizer assembly 12 comprises a vaporizer chamber 14, which in a
      preferred embodiment of the invention is a cylindrical chamber containing
      elements for vaporizing reactants, which elements are further described
      below. The vaporizer assembly 12 further comprises means for supplying a
      reactant 15 and means for supplying a carrier gas 16.
PAR  A reactant is supplied through a solution line 17 to a series of solution
      feed lines 18, each of which is connected to a spray tip 19 having its
      discharge opening inside the vaporizer chamber 14. The solution line 17 is
      jacketed with a coolant line 20, which is divided into forward and return
      flow portions by a baffle 21. Atomization gas, preferably air, is supplied
      to each spray tip 19 through a series of atomization feed lines 22, all of
      which are connected to an atomization gas line 23.
PAR  The entire reactant supply means 15 is mounted onto the vaporizer chamber
      14 by a series of caps 24 which surround the lines and are bolted or
      otherwise connected to a series of mounts 25 welded to the vaporizer
      chamber 14.
PAR  The carrier gas supply means 16 comprises a carrier gas manifold 26 mounted
      on the vaporizer chamber 14 by a bracket 27. Connected to the carrier gas
      manifold 26 are a series of carrier gas feed lines 28, each connected to a
      carrier gas preheater 29 which are in turn connected to the vaporizer
      chamber 14 in a manner such that heated carrier gas may be directed into
      the chamber. The preheaters 29 are preferably electrical resistance
      heaters, each having an electric power connection 30 connected to a source
      of controlled electric power (not shown).
PAR  The vaporizer chamber 14 may be a single structure, but if it is of
      extended length it is preferably of modular construction with a series of
      relatively short vaporizer chambers 14 connected end-to-end by vaporizer
      chamber couplings 31 which lock the individual chambers together.
PAR  Inside the vaporizer chamber 14 are elements for vaporizing a reactant and
      other materials such as a solvent. A heater 32 is mounted within the
      vaporizer chamber 14 in a manner such that the chamber is divided into two
      portions, one into which all incoming materials enter and one from which
      departing vapors leave. The heater 32 is so constructed that vapors may
      pass through it from the entrance portion to the exit portion of the
      vaporization chamber 14. A preferred heater is a fin and tube heat
      exchanger having a thermally controlled heat exchange fluid supplied to
      its tubes.
PAR  The heater 32 is mounted within the chamber 14 on mountings, which are
      efficiently also carrier gas distribution plates 33, welded or otherwise
      connected to the interior walls of the chamber 14. The carrier gas
      distribution plates 33 are so shaped and connected to the chamber 14 that
      an enclosed manifold space is formed with each plate 33 and the closely
      spaced chamber wall. The carrier gas distribution plates 33 are provided
      with a series of openings which permit the free flow of gas out into the
      entrance portion of the vaporizer chamber 14 where it mixes with sprayed
      reactant and solvent vaporizing them.
PAR  The gaseous mixture containing a reactant in the entrance portion of the
      vaporizer chamber 14 passes through the heater 32 which trims or finely
      controls the temperature of the mixture entering the exit portion of the
      vaporizer chamber 14. The heater 32 preferably has a high heat capacity
      relatively to the mass of flowing gaseous mixture so that thermal
      stability is insured and can cool excessively hot mixtures.
PAR  In the exit portion of the vaporizer chamber 14 are a series of vapor
      discharge lines 34, extending outward through the wall of the vaporizer
      chamber 14 and having several inlet openings near their interior ends. The
      interior end of each vapor discharge line 34 is preferably covered with an
      umbrella 35 which deflects any occasional particulate material, which
      enters the chamber or forms in the chamber thus, preventing it from
      clogging the vapor discharge line.
PAR  Surrounding the vapor discharge lines 34 is a vapor discharge heater 36.
      The vapor discharge heater 36 has two cavities, an inlet cavity and a
      return cavity which are connected to a recirculating heat exchange fluid
      system (not shown). During operation, hot fluid, such as oil, is
      circulated through the vapor discharge heater 36 to control the
      temperature of the gaseous mixture being discharged from the vaporizer
      chamber 14.
PAR  Connected to each vapor discharge line 34 is a coupling 37, preferably a
      flexible coupling, which connects the vaporizer assembly 12 to the vapor
      distribution assembly 13. The vapor distribution assembly 13 comprises a
      vapor manifold or plenum 38 having two vapor channels 39 separated by a
      dividing wall 40 and jacketed with inner and outer thermal control fluid
      cavities, 41 and 42. During operation, hot fluid, such as oil, is
      circulated through the inner and outer cavities to control the temperature
      of the gaseous mixture flowing through the vapor channels 39.
PAR  The vapor channels 39 of the plenum 38 open into nozzles 43, preferably
      converging nozzles. Each nozzle is formed of opposing nozzle wall members
      44 connected to the plenum 38. Preferably each nozzle wall member 44 is
      provided with a cavity 45 through which hot fluid, such as oil, may be
      directed to precisely control the temperature of a gaseous coating mixture
      being directed through the nozzles 43 to the substrate 11. The oil
      circulating through cavities 45 generally removes heat and prevents wall
      members 44 from warping.
PAR  The present coating apparatus and method may be employed in combination
      with a variety of other processes and substrates, such as paper making,
      metal sheel rolling and the like. The present method may be used to coat a
      continuous sheet or a series of discrete substrates. In the preferred
      embodiments of this invention a continuous glass sheet is coated. This may
      be a sheet produced by the plate process, by any sheet process (Colburn,
      Fourcault or Pittsburgh Pennvernon Process) or by a float process. The
      present invention can be used effectively to apply a coating to a
      substrate in a vertical, horizontal or otherwise oriented plane, and this
      feature is a particularly valuable and unique feature of this invention.
PAR  In a particularly preferred embodiment the present invention is used to
      coat a newly formed float glass ribbon. The ribbon could be easily coated
      on either major surface by the principles of this invention and the
      description which follows relates to coating the top surface of the glass
      ribbon.
PAR  Referring now to FIGS. 2, 3 and 4 as well as to FIG. 1, the apparatus of
      this invention may be observed in a particularly preferred environment,
      the space between a float forming bath and an annealing lehr.
PAR  A continuous glass ribbon 11 is shown on a bath of molten metal 46, such as
      molten tin, contained in a bath chamber 47 comprising refractory bottom,
      side and top walls 48 encased in metal sheathing 49.
PAR  The ribbon 11 is lifted from the molten metal 46 at the exit end of the
      bath chamber 47 on lift out rolls 50, which are suitably journaled and
      driven by conventional roll driving means connected to a driving motor
      (not shown). Carbon blocks 51 are spring loaded and press against the
      bottom of the rotating rolls 50 to remove any materials which may become
      deposited on the rolls. The carbon blocks 51 are supported within a
      refractory extension of the bath chamber 52. Material removed from the
      rolls which falls into this extension 52 may be easily removed on an
      intermittent basis.
PAR  The ribbon of glass 11 is conveyed into an annealing lehr 53 having a
      plurality of lehr rolls 54 therein. Conventional driving means is provided
      for rotating the rolls 54. Each lehr roll 54 exerts a tractive force on
      the glass of sufficient magnitude to convey the glass through the lehr
      where its temperature is controlled to release permanent stress and strain
      in the glass. The rolls 54 constitute part of a means for transporting
      newly formed float glass from the float bath chamber 47, through a
      vaporization coating chamber 55 and then through the annealing lehr 53.
PAR  The atmosphere within the bath chamber 47 is a reducing atmosphere
      containing nitrogen and a small amount of hydrogen in order to insure that
      oxidation of the molten metal 46 is inhibited. Generally the atmosphere
      contains about 90 to 99.9 percent nitrogen with the remainder being
      hydrogen. The atmosphere is maintained at a pressure slightly above
      ambient pressure, for example, 0.1 to 0.5 inch water to substantially
      prevent the ingress of ambient atmosphere into the bath chamber 47.
PAR  To retain the atmosphere and to permit the passage of the glass ribbon from
      the bath chamber 47; the exit end of the bath chamber is provided with a
      series of curtains or drapes 56 which trail on the glass ribbon and serve
      as means for segregating the slightly pressurized atmosphere of the
      vaporization coating chamber 55 from the bath chamber 47. These drapes or
      curtains 56 are usually made of flexible asbestos of fiber glass material
      which does not mar the glass and which withstands temperature of the
      environment, namely, a temperature of approximately 1000.degree. to
      1200.degree.F. Additional drapes or curtains 57 of similar material are
      provided at the entrance of the lehr 53, the latter drapes serve as means
      for segregating the lehr 53 from the vaporization coating chamber 55.
PAR  The vapor coating chamber 55 is provided with vacuum hoods 58 having inlets
      disposed both upstream, adjacent the bath chamber, and downstream,
      adjacent the lehr. The vacuum hoods 58 extend vertically upward to a pair
      of exhaust pipes 59 and are sufficiently spaced from one another to
      provide sufficient room for supporting I-beams 60 and for the vapor
      coating apparatus comprising vaporizer assembly 12 and vapor distribution
      assembly 13 along with associated equipment. The vaccum hoods 58 are
      movably supported on I-beams 60 by wheels 61 which rest on the top of the
      I-beams 60. The I-beams 60 are disposed transversely across the path of
      the ribbon of glass 11 moving from the bath chamber 47 to the lehr 53. The
      vacuum hoods are held in spaced relation by cross brace 62. The exhaust
      pipes 59 are mounted on brackets 63 on which are mounted wheels 64 which
      rest upon tracks 65 of a supporting overhead beam 66. The entire vacuum
      hood assembly comprising the vacuum hoods 58 and exhaust pipes 59 may be
      moved transverse to the path of the glass ribbon 11 to completely remove
      the assembly from the float line for maintenance and repair. This removal
      is accomplished by causing the assembly to move along beams 60 and 66
      while rolling on the supporting wheels 61 and 64.
PAR  The vapor coater assembly is supported within the vapor coating chamber 55
      from I-beams 60 by means of vapor coater support bracket 67. Mounted on
      the support bracket 67 are vapor coater support wheels 68. Vapor coater
      support wheels 68 rest on I-beams 60 one of which has a track 69 mounted
      on it. The shape of the track 69 an of the support wheel 68 engaging it is
      such as to prevent the lateral movement of the assembly with respect to
      the track and I-beams.
PAR  The vapor coater assembly comprises in addition to the vaporizer assembly
      12 and the vapor distribution assembly 13, a mechanical structure for
      supporting these operative elements. This mechanical structure includes a
      motor 70 and jacks 71 for raising and lowering the assembly to position it
      closer to or farther from the substrate to be coated.
PAR  Depending from vapor coater support bracket 67 are vapor coater cross arms
      72. Mounted on cross arms 72 are a motor support 73 and jack supports 74.
      Mounted on the motor support 73 is the motor 70, preferably a DC variable
      speed motor. Connected to this motor 70 is a drive shaft 75 which is in
      turn connected to screw jacks 71. With each jack 71 there is appropriate
      gearing for driving a screw shaft in a vertical motion.
PAR  Screw shafts 76 connect with the drive shaft 75 through jacks 71 connected
      to a gear. By driving the drive shaft 75 by motor 70 the screw shafts 76
      are caused to move vertically to raise and lower the vapor coating
      assembly. Mounted on the screw shafts 76 are yokes 77. Connected to and
      depending from yokes 77 are support arms 78 which connect to cross plates
      79.
PAR  Mounted on cross plates 79 is a vaporizer cradle support 80 to which is
      bolted or otherwise connected the vaporizer chamber 14.
PAR  As briefly described above, the preferred practice of this invention
      requires that a carrier gas, preferably air, be supplied to the vaporizer
      chamber 14 to mix with the atomized spray of coating composition coming
      from the spray nozzle tips 19 to enhance the rate of vaporization of the
      coating material and then to carry the mixture through the heater 32 to
      further heat the combination for ultimate delivery to the substrate to be
      coated. The carrier gas is supplied to the vaporizer from manifolds 26
      which are preferably pipes mounted on the assembly by brackets 27.
      Flexible tubing 28 is connected to the carrier gas manifold 26 and
      directed through heating elements 29 to connectors passing through the
      wall of the vaporizer chamber 14 and entering the space formed by air
      distribution plates 33 with the wall of the vaporizer chamber. Power is
      supplied to heaters 29 from an electrical cable 81 which passes through a
      supporting distribution conduit 82 mounted on brackets 27 and 83.
PAR  The internal details of the vaporizer 12 which is preferably employed in
      the practice of this invention are further described in the copending
      application of John Sopko entitled "Coating Composition Vaporizer".
PAR  The structural characteristics of the presently preferred apparatus are
      apparent in FIGS. 2, 3 and 4. Unreacted or excess coating composition
      vapors and the carrier gas discharged from the nozzles 43 toward the
      substrate 11 fill the vapor coating chamber 55. Unreacted vapors and gases
      are removed from the chamber by vacuum hood 58. In order to minimize or
      avoid the buildup of deposits on irregular structural surfaces which might
      result in deposits flaking off and dropping onto the substrate 11 thereby
      causing defects the vapor coating assembly is encased within a vapor
      coater shield 84. The vapor coater shield 84 may be provided with
      reinforcement plates 85. It is connected to the coater assembly by being
      connected to cross plates 79. The cross plates, 79 as indicated before,
      are connected to the support assembly 78 and are further connected to the
      vaporizer cradle support 80. As already indicated, the vaporizer chamber
      14 is connected to the vaporizer cradle support 80. The cross plates 79
      are provided with access holes 86. The space between the vapor coater
      shield 84 and the vapor manifold 38 is preferably filled with a thermal
      insulation 87, such as mineral wool, asbestos or the like.
PAR  As shown in FIG. 3 the construction of a vapor coater assembly to span the
      entire width of a conventionally formed glass ribbon may be modular.
      Modular design is preferred for ease of maintenance and repair of the
      equipment. Individual vaporizer chambers 14 with appurtenent equipment are
      connected together to form an assembly which spans the entire ribbon
      width.
PAR  While the vaporizer 14 may be modular in design, the vapor distribution
      manifold 38 and the vapor nozzles 43 are preferably single units. In this
      way vapors are uniformly distributed across the width of the substrate
      which is to be coated.
PAR  Referring to FIGS. 5 and 6, the details of the vapor distribution manifold
      and the vapor nozzles may be appreciated.
PAR  The coating vapors are uniformly distributed along the substrate by the
      vapor manifold or plenum 38. The structure of a particularly preferred
      plenum 38 and nozzle 43 combination may be appreciated from the enlarged
      views of FIGS. 5 and 6. The transverse length of the plenum or manifold
      38, which spans the width of a glass ribbon to be coated, is much greater
      than the width of the manifold. For example, in order to coat a glass
      ribbon having a width of about 10 feet the length of the manifold, d shown
      in FIG. 6, will be approximately 10 feet as well. In general, the width of
      the manifold will be 1 foot or less.
PAR  The vapor manifold 38 comprises a plurality of vapor channels which are
      elongated and separated from one another at their exit ends but which meet
      in a common channel at their entrance. The plurality of couplings 37 which
      bring vapors from the vaporizer 14 to the manifold 38 are connected to the
      manifold 38 along this common channel entrance.
PAR  Each vapor channel 39 may preferably be constructed with at least two
      opposing curves so that the path of travel of vapors passing through the
      channel must change direction at least twice. In this manner the
      uniformity of vapor distribution along the length of the channel is
      enhanced. While baffles may be positioned within the channels to further
      interrupt the vapor flow and distribute the vapor along the length of the
      channels, the simple design without baffles but with changed flow
      direction is preferred. In the preferred design there are no areas of
      stagnation and no protruding bodies to create eddy flows of significant
      magnitude.
PAR  Surrounding the vapor channels 39 are cavities 41 and 42 for carrying a
      heating or cooling fluid as desired according to the cross current flows
      as illustrated in FIG. 6. These chambers 41 and 42 extend along the length
      of the vapor manifold 38 and are connected to a source of heating or
      cooling fluid (not shown). In the preferred embodiment hot oil is supplied
      to the chambers.
PAR  Connected to the vapor manifold 38 are nozzle wall members 44 forming
      nozzles 43 which direct the vaporized coating composition and carrier gas
      toward the substrate 11 which is to be coated. The nozzles 43 are
      elongated as seen in FIG. 6, and in plan view they appear as slots. The
      cross-section of the nozzle openings viewed parallel to the major slot
      dimension, e, illustrates that the preferred nozzles narrow considerably
      from their entrance to their exit. The contraction of each slot is such
      that vapor passing through the slot is continuously accelerated along the
      length of the slot. In this way the boundary layer of vapors adjacent the
      slot wall is minimized, and the perimeter of the slot is uniformly wet by
      the vapors such that the exiting vapors are uniformly directed against the
      substrate. The nozzles may be characterized by a contraction ratio, which
      is the ratio of inlet area to outlet area or in the nozzles shown in FIGS.
      5 and 6 as c/a. The preferred flow conditions for obtaining efficient and
      uniform coating are described below and the conditions described are
      defined as the conditions at the exit end of the nozzles. The preferred
      flows are the subject of the copending application of John Sopko and
      Krishna Simhan entitled "Chemical Vapor Deposition of Coatings".
PAR  The minor dimension of each nozzle exit, indicated as "a" in FIG. 5,
      dictates the spacing "b" between the nozzle exit and the substrate.
      Preferably the ratio b/a ranges from 0.65 to 10. In the most preferred
      embodiments the ratio b/a is from 1.25 to 5. Within the most preferred
      range of spacing as indicated by the ratio b/a the rate of coating
      deposition is substantially greater than at closer or more distant
      spacings.
PAR  Each vapor channel 39 preferably has a volume of at least about 6 (time
      units) times the volumetric throughput of the channel. By having this
      capacity to hold up vapors passing through the channel the channel serves
      as a calming section to wash out in residual velocity variations resulting
      from the flow of discrete streams exiting from the flexible couplings 37.
      As mentioned before, the vapor channels 39 preferably reorient vapor flow
      tending to uniformly distribute the vapor along the length of the manifold
      38. The configuration and size of the vapor channels 39 are observed to
      cooperate with the shape of the nozzles 43. If the contraction ratio, c/a,
      for the nozzles is increased, particularly above about 5 to 6, the
      capacity or volume of the vapor channels 39 may be decreased without
      detrimental effect.
PAR  Each nozzle 43 is formed of two members 44, each having a curved face,
      connected to the manifold 38 with their curved faces in facing
      relationship. Each member may be provided with a channel 45 for carrying a
      fluid, such as hot oil, to control the temperature of the vapors and gas
      being discharged. In the preferred embodiment hot oil passes through
      parallel channels 45 and then through channels 41 and 42. The temperature
      of the oil to and from the nozzles may be measured, and the temperature
      calculated from such measurements to be the nozzle temperature is the
      temperature employed in defining vapor flow conditions at each nozzle
      exit.
PAR  The curved surfaces defining the flow region of the nozzles are smoothly
      machined to avoid creating minute obstructions or scratches that would
      impart local disturbances to the vapor and gas flow. In a preferred
      embodiment nozzle members are made of machined steel or other base metal,
      and the curved interior surfaces are plated with an easily worked metal
      such as gold or other precious metal. A metal finish of at least about 64
      microinches and preferably about 16 microinches is satisfactory. When the
      contraction ratio, c/a is sufficiently great the metal finish may be less
      smooth without effect.
PAR  The curvature of the nozzle interior surface is such that the radius of
      curvature is at least at the entrance and greatest (approaching infinity)
      at the exit. In a most preferred embodiment the radius of curvature
      monotonically (and preferably constantly) increases as a function of
      distance from the entrance toward the exit of the nozzle. For ease in the
      construction of the apparatus the nozzle members 44 are machined to
      distinctly different radii in separate regions (I, II, III, and IV for
      example) along the path length of the nozzle. Each region is smoothly
      machined to blend with the next.
PAR  The exit edges of the nozzle members are preferably sharp, well defined
      corners so that the substrate facing portion of the nozzle members will
      not be wet by exiting vapors and gas.
PAR  The flow conditions which are maintained in the practice of this invention
      are defined at each nozzle exit. With reference to FIG. 5, the following
      parameters are considered. The characteristic length employed in
      determining the vapor discharge Reynolds number is the hydraulic diameter
      of the nozzle, defined as four times the nozzle cross-sectional area
      divided by wetted perimeter of the nozzle opening:
      ##EQU1##
      Since a is much less than e the hydraulic diameter approximates 2a. l The
      temperature of the flowing vapor-gas mixture is considered to be the
      average oil temperature across the nozzle determined from measured inlet
      and outlet oil temperatures. The density and viscosity of the vapor-gas
      are determined to be the density and viscosity of the mixture at the
      nozzle temperatures and vaporization chamber pressure. In general the
      properties of the carrier gas at that temperature and pressure are
      satisfactory. The flow velocity is determined from the mass flow to the
      vaporizer divided by the density of the mixture as indicated further
      divided by the total area of the nozzle exit openings (number of nozzles
      multiplied by [a .sup.. e]).
PAR  The following examples illustrate the use of the nozzle of this invention
      at several exit Reynolds numbers and nozzle-to-substrate spacings.
PAC  EXAMPLE I
PAR  An experimental apparatus having a single nozzle like that described above
      having the following characteristics is employed for the tests described
      below.
PAR  The nozzle employed has a contraction ratio of almost 6. With reference to
      FIGS. 5 and 6 the nozzle may be visualized from the following table of
      dimensions. The major dimension, e, decreases from the nozzle entrance to
      its exit as does the minor dimension, a at the exit and c at the entrance.
      Thus, the contraction ratio is the ratio of entrance to exit
      cross-sections. The hydraulic diameter is indicated for points along the
      nozzle length.
TBL  __________________________________________________________________________
                   Major dimension                                             
                            Minor dimension                                    
                                     Hydraulic                                 
     Nozzle length   (e)    (c to a) diameter                                  
     __________________________________________________________________________
     Entrance,                                                                 
           0  mm    386.0 mm                                                   
                            c = 38.6 mm                                        
                                      70 mm                                    
           1        385.9   38.5      70                                       
           2        385.8   38.4      70                                       
           3        385.5   38.1      69                                       
           4        385.1   37.7      69                                       
           5        384.6   37.3      68                                       
           6        384.0   36.7      67                                       
           7        383.3   36.1      66                                       
           8        382.5   35.5      65                                       
           9        381.6   34.8      64                                       
           10       380.6   34.0      62                                       
           15       374.3   30.1      56                                       
           20       366.1   26.5      49                                       
           25       356.7   23.4      44                                       
           30       346.6   20.9      39                                       
           35       336.1   18.8      36                                       
           40       325.8   17.2      33                                       
           45       315.9   15.8      30                                       
           50       306.5   14.7      28                                       
           55       297.9   13.8      26                                       
           60       290.0   13.0      25                                       
           65       282.9   12.4      24                                       
           70       276.6   11.9      23                                       
           75       271.1   11.5      22                                       
           80       266.3   11.1      21                                       
           85       262.2   10.8      21                                       
           90       258.7   10.6      20                                       
           95       255.9   10.4      20                                       
           100      253.7   10.2      20                                       
           110      250.9   10.1      19                                       
           120      250.0   10.0      19                                       
           130      250.0   10.0      19                                       
     __________________________________________________________________________
PAR  The apparatus has a motor driven fan capable of delivering 3000
      liter/minute of gas. A 5 kilowatt heating coil is provided downstream of
      the fan with the heating coil located in the duct through which the gas
      flows from the fan to the nozzle. A thermocouple is located in the wall of
      the duct immediately upstream of the nozzle, and this thermocouple is
      connected to a temperature regulator which is connected to and controls
      the power to the heating coil. A substrate support is positioned opposite
      the nozzle opening. The substrate support is provided with means for
      heating the substrate, and a series of thermocouple are provided for
      monitoring substrate temperature. The support is constructed to hold a
      flat substrate in a plane perpendicular to a plane defined through center
      of the nozzle along the axis of discharged gas flow.
PAR  An optical interferometer (MACH-ZEHNDER) is provided in surrounding
      relation to the experimental apparatus. The interferometer is positioned
      so that the center of its line of sight is in the plane defined by the
      axis of gas flow and is parallel to the plane of a substrate. The
      interferometer employs two coherent monochromatic light beams, each having
      a wavelength of 546 nanometers (mercury arc lamp with narrow band green
      filter). Since the anticipated flow fields to be studied exhibit a
      substantial temperature gradient, a rotating mirror system is used in the
      interferometer. A rotation rate providing for 200 orders of interference
      is employed. Optical interference is recorded using a camera, and the
      resulting photographs reveal temperature profiles by a comparison of
      fringe shifts in terms of fringe widths in accordance with the well known
      principles of interferometry. As derived from the Gladstone-Dale
      relationship, a shift of n fringe spaces indicates a temperature
      difference of n .DELTA..theta. where .DELTA..theta. is the difference
      between the local temperature at the fringe and the reference temperature,
      .theta. .sub.R, which is the bulk carrier gas temperature detected under
      quiescent conditions.
PAR  The apparatus was operated first with a nozzle-to-substrate spacing of two
      times the nozzle which (one times hydraulic diameter). Heated air along
      was discharged at several flow rates characterized as having Reynolds
      numbers of 900, 1500, 2000, 2500, 4000 and 5000.
PAR  The heated gas (air) which is discharged against the substrate must turn
      90.degree. in the vicinity of the substrate. The beginning of this turn is
      observed from the interferograms (the photographs of the interfered light)
      to be about 0.8 times the nozzle width, a, above the substrate. At
      Reynolds numbers at and above 2500 a pronounced sharp boundary region of
      uniform density is observed adjacent the substrate. This is indicative of
      uniform and efficient deposition conditions. Also at and above a Reynolds
      number of 2500 the width of the effective flow contact with the substrate
      is observed to be substantially greater than the nozzle width so that the
      coating reactants can be effectively spread over the substrate surface.
PAR  The experiments when repeated with substrate temperatures ranging from
      930.degree. to 1025.degree. F. reveal no signficant variation with
      substrate temperature.
PAR  The experiments are repeated within the nozzle-to-substrate spacing varied.
      Spacing ratios of b/a = 4, b/a = 2 and b/a = 1 are tested.
PAR  For a spacing ratio of 4 the interferograms reveal gas density maps
      exhibiting a sufficiently broad region of uniformity near the substrate
      for uniform coating at a Reynolds number of 5000. At lower Reynolds
      numbers the region is diminished and below a Reynolds number of about 2500
      the density map suggests the likelihood of non-uniform coating.
PAR  For a spacing ratio of 2 the interferograms reveal gas density maps
      exhibiting a divergence of the flow into a uniform coating region
      beginning at about 0.67 times the nozzle width above the substrate. At
      this spacing ratio flow oscillations which were apparent at a greater
      spacing ratio are absent and the flow and density fields remain uniform
      with respect to time. Even below a Reynolds number of 2500 a small uniform
      seating region is observed and above a Reynolds number of 2500 the width
      of the region exceeds the nozzle width and at a Reynolds number of 5000
      the region width is about two times the nozzle width.
PAR  For a spacing ratio of 1 the interferograms reveal gas density maps
      exhibiting sharply turning flows treating variable pressure fields. This
      tends to destroy the effect of the discharge flow and the higher Reynolds
      numbers within the preferred range are reached with a uniform coating
      region still confined to about the width of the nozzle.
PAR  Further reduction of the spacing ratio requires higher Reynolds numbers.
      Despite any a priori thought that improvements might be made by moving the
      nozzle closer to the substrate any boundary penetration which might be
      expected is found to be offset by non-uniform conditions observed
      experimentally.
PAR  While the example described above establishes the significance of Reynolds
      number and nozzle-to-substrate spacing for vapor coating insofar as their
      significance may be deduced from gas density variations and other
      conditions in the vicinity of a substrate, the example which follows
      describes coating a glass substrate according to the preferred embodiment
      of this invention.
PAC  EXAMPLE II
PAR  The experiments of Example I are repeated using a simple flat walled slot
      having the same entrance and exit cross-sectional areas as the nozzle of
      this invention in place of the nozzle of this invention. At all Reynolds
      numbers and spacings the observed flow conditions near the substrate are
      more irregular than in Example I.
PAC  EXAMPLE III
PAR  The apparatus shown and described above is positioned across a float formed
      ribbon of glass between a float forming bath and an annealing lehr.
PAR  The nozzle is machined to four radii over a nozzle length of 23/8 inches.
      The nozzle entrance width, c, is 43/4 inches, and its exit width, a, is
      1/16 inch. The radii of the nozzle are: region I, 23/4 inches; region II,
      13/16 inch; region III, 11 inches; and region IV, infinity, i.e. surfaces
      flat.
PAR  A continuous ribbon of clear glass approximately 10 feet wide and about 1/4
      inch thick is conveyed beneath the device at a linear velocity of about
      250 inches per minute. The glass is conventional soda-lime-silica glass
      having a visible light transmittance of about 88 percent.
PAR  A coating solution is prepared. The solution has the following composition
      on a 1 gallon basis.
TBL  ______________________________________                                    
     Iron acetylacetonate                                                      
                      510     grams                                            
     Chromium acetylacetonate                                                  
                      150     grams                                            
     Cobalt acetylacetonate                                                    
                      55      grams                                            
     Methylene chloride                                                        
                      1       gallon                                           
     ______________________________________                                    
PAR  The coating solution is delivered to the solution line 17 at a rate of
      about 0.2 gallon per minute, at a pressure of about 10 psig and at a
      temperature of about 70.degree. F. Atomization air is supplied to the
      atomization gas line 23 at a pressure of about 5 psig and at a temperature
      of about 70.degree. F.
PAR  Carrier air is delivered to the carrier gas manifold 26 at about 60 psig
      and at a rate of about 170 SCFM. The carrier air is heated to about
      500.degree. F. in the preheaters 29 and is delivered to the vaporizer
      chamber 14 with the air velocity through the distributor plates 33 being
      about 5 to 10 feet per minute. The sensible heat in the air is sufficient
      to vaporize the coating solution and to establish the resulting air-vapor
      mixture temperature within the range of about 400.degree. to 420.degree.
      F.
PAR  Hot oil is supplied to all heaters at a temperature of about 410.degree. F.
      Thus, the coating mixture leaving the vaporizer chamber 14 and passing
      through the plenum 38 and nozzles 43 has a stabilized temperature of about
      410.degree. F. The glass temperature beneath the nozzles is about
      1050.degree. F.
PAR  The nozzle-to-substrate spacing is b/a = 2. The described conditions
      provide a nozzle exit flow Reynolds number of 5000.
PAR  The apparatus is operated for a period of 20 minutes to coat about 200
      square feet of glass. The resulting coating is uniform over the surface of
      the glass with the average visible light transmittance of the coated glass
      having 40 percent and the variation of transmittance being less than .+-.
      2 percent except for the extreme marginal edges of the glass extending
      beyond the major dimension of the nozzles.
PAR  The coating is observed to be more uniform and have a much more finely
      grained appearance than coatings produced by spray methods using the same
      coating materials.
PAC  EXAMPLE IV
PAR  The method of Example III is repeated several times except that in each
      instance some process parameter is varied to determine its influence upon
      the coatings produced.
PAR  First, the method is repeated with the exit flow having a Reynolds number
      of 2500. The resulting coating is of excellent quality as in Example III
      although the overall average transmittance is only 50 percent indicating
      somewhat less coating or deposition efficiency than in the preferred
      practice of the invention.
PAR  Second, the method is repeated with the exit flow having a Reynolds number
      of 2000. The resulting coating is thinner and less uniform than in the
      previous example; the average transmittance is only 60 percent with the
      transmittance range being .+-. 5 percent which is unacceptable for
      architectural application.
PAR  Third, the method is repeated with the exit flow having a Reynolds number
      of 7000. The resulting coating is of excellent quality as in Example III.
PAR  Finally, two runs are made with the exit flow having a Reynolds number of
      5000. In one run the nozzle-to-substrate spacing is 0.9 times the nozzle
      width and in the other the spacing is 5 times the nozzle width. The
      resulting coating in each instance is sufficient to provide an overall
      average transmittance of loss than 50 percent but the variation in each
      instance is about .+-. 3 percent indicating marginal quality for many
      architectural uses. In the instance where the spacing ratio is 0.9 the
      coating has a coarse grain approaching that commonly encountered in the
      spray application of similar coatings.
PAC  EXAMPLE V
PAR  The experiments of Example III are repeated except that the nozzle of this
      invention is replaced by a flat walled slot having the same entrance and
      exit cross-sectional areas as the nozzle of Example III. The resulting
      coats are much thinner than those obtained in Example III. Also, the
      coatings produced exhibit irregular transmittance that is visually
      observable.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for applying a coating to a substrate comprising:
PA1  a. means for supporting a substrate;
PA1  b. means for vaporizing at least one coating reactant;
PA1  c. means for delivering said vaporized coating reactant to said substrate
      over an elongated region transverse to said substrate,
PA0  said delivery means comprising a nozzle having an entrance end
      cross-section and an exit end cross-section that is smaller than the
      entrance end cross-section and, as viewed at the exit and opening having a
      first pair of opposed interior sides and a second pair of opposed interior
      sides, the first pair of opposed interior sides having a length greater
      than the length of the second pair of interior sides to provide the nozzle
      with an elongated cross-section and at least the first pair of interior
      sides having increasing radii of curvature from the entrance end opening
      to the exit and opening to accelerate flow of the gaseous mixture adjacent
      the interior surface of the nozzle.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said nozzle has an
      entrance-to-exit contraction ratio or at least about 4.
NUM  3.
PAR  3. The apparatus according to claim 2 wherein said nozzle has a contraction
      ratio of at least about 6.
NUM  4.
PAR  4. The apparatus according to claim 1 wherein the radius of curvature of
      each facing nozzle wall monotonically increases from the nozzle entrance
      to its exit.
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ABST
PAL  Apparatus for automatic control and deposition of particulate material,
      such as powdered dry process porcelain enamel or the like, to a heated
      substrate, utilizing dispensing means adapted to contain particulate
      material and supported in overlying relation to the article to be coated,
      with mechanism for oscillating and actuating the dispensing means to
      provide for controlled application of particulate material to the article.
      Specifically, an improvement over the apparatus of U.S. Pat. No. 3,802,384
      issued Apr. 9, 1974, whereby abutting ends of the dispensing means are
      biased along a generally vertical plane.
PARN
PAR  This is a continuation-in-part application of Ser. No. 324,327, filed Jan.
      16, 1973, which in turn is a continuation-in-part of Ser. No. 250,786,
      filed May 5, 1972.
BSUM
PAR  This invention relates in general to application of particulate material to
      an article, and more particularly, relates to a mechanism for
      expeditiously applying powdered dry process porcelain enamel or the like
      to a heated metal article, such as for instance a bathtub, in connection
      with application of a hard vitreous coating thereto when cooled.
PAC  BACKGROUND OF THE INVENTION
PAR  The application of powdered porcelain enamel to sanitary ware appliances,
      such as for instance metal bathtubs, sinks and the like, has traditionally
      been carried out by heating the article or casting to be coated to a
      predetermined temperature, withdrawing the casting from the heating
      furnace and placing it in a cradle adapted to be tilted through a
      90.degree. arc and rotatable approximately 360.degree., with an operator
      standing over the hot casting and manually sifting powdered porcelain
      enamel onto the heated article and while it is manipulated in the cradle
      to present various surfaces to the cascading powder coating material.
PAR  The heat of the base metal of the article causes the powdered porcelain
      enamel coming in contact therewith to fuse and adhere thereto, and the
      process is usually repeated with reheating of the casting two or three
      times until a sufficiently thick coating of vitreous enamel has been built
      up on the surface of the article, to thereby provide a protective coating
      thereto. Following the enameling procedure, the casting is allowed to
      cool, whereupon the vitreous coating becomes hard and glossy, and the
      article is ready for distribution and installation. The manual application
      of the particulate material to the article is an expensive and time
      consuming procedure, and has presented many problems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a mechanism for automatically applying a
      coating of particulate material to an article such as a heated sanitary
      wear casting (for instance, a bathtub) during manipulation of the latter,
      to insure even and effective coating of the article with utilization of
      relatively unskilled labor, or possibly no manual control whatsoever,
      utilizing instead automatic control systems for obtaining controlled
      operation of the coating applying mechanism. The apparatus' dispensing
      mechanism containing a particulate material is supported in overlying
      relation to the article or part to be coated, and means are provided for
      oscillating the sieve-like dispensing mechanism during operation thereof
      in the process of applying the particulate material, so as to evenly dust
      the paticulated material onto selected surfaces of the article.
PAR  Accordingly, it is an object of the invention to provide a novel apparatus
      for the deposition of particulate material onto a predetermined area of an
      article.
PAR  It is further an object of the invention to provide an improved apparatus
      for the deposition of particulate powdered porcelain enamel onto a cast
      metal substrate and particularly concavities and contiguous surfaces
      thereof, and in a manner wherein the particulate material is evenly
      applied to all surfaces of the article wherein a coating is desired.
PAR  It is a further object of this invention to provide an apparatus for the
      deposition of particulate powdered porcelain enamel onto a cast metal
      substrate and particularly concavities and contiguous surfaces thereof,
      and in a manner wherein the particulate material is evenly applied to all
      surfaces of the article wherein a coating is desired.
PAR  It is a further object of this invention to provide an apparatus for the
      deposition of particulate material onto a predetermined area of an article
      having a concavity and contiguous surfaces, to insure an even coating
      thereof with particulate material.
PAR  Other objects and advantages of the invention will be apparent from the
      following description taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational, partially broken, generally diagramatic view
      of apparatus embodying the invention, and illustrating a bathtub
      positioned on the apparatus for coating by the sieve-like dispensing
      mechanism overlying the tub;
PAR  FIG. 2 is a top plan view of the apparatus of FIG. 1;
PAR  FIG. 3 is an end elevational view taken generally along the plane of line
      3--3 of FIG. 2, looking in the direction of the arrows;
PAR  FIG. 4 is a sectional view taken generally along the plane of line 4--4 of
      FIG. 1 looking in the direction of the arrows;
PAR  FIG. 5 is a diagrammatic view generally similar to FIG. 4, but illustrating
      the tilting of the base of the apparatus and the movement of the support
      arm of the apparatus, for coating predetermined surfaces of the article;
PAR  FIG. 6 is a view similar to FIG. 5 but showing tilting of the base of the
      apparatus so as to position the article in proper attitude for coating
      another surface of the article;
PAR  FIG. 7 is a reduced size, illustration showing end-wise tilting of the base
      of the apparatus, for providing for coating of the interior surface of one
      end of the article, and illustrating the pivotal movement of one of the
      sieve-like dispensing baskets with respect to its support shaft, for
      orienting the dispensing member in proper position for optimum coating of
      the underlying end surface and contiguous flange surfaces of the article;
PAR  FIG. 8 is a view similar to FIG. 7, but showing tilting of the base toward
      the opposite end thereof, for coating the corresponding opposite end
      surface and contiguous flange surfaces of the article;
PAR  FIG. 9 is an enlarged, fragmentary, side elevational, partially sectioned
      view, illustrating a modified arrangement of support for the sieve-like
      dispensing mechanism which contains the particulate material, for
      expeditiously supplying the particulate material to the dispensing
      mechanism;
PAR  FIG. 10 is a view generally similar to that of FIG. 1, but showing a
      further embodiment of the invention;
PAR  FIG. 11 is a broken top plan view of the embodiment of FIG. 10;
PAR  FIG. 12 is a side elevational view taken from the right-hand side of FIG.
      11;
PAR  FIGS. 13 and 14 are fragmentary generally diagrammatic, sectional
      illustrations somewhat similar to FIGS. 5 and 6, illustrating the tilting
      of the base and movement of the support arms of the apparatus, for coating
      predetermined surfaces of the article being handled;
PAR  FIGS. 15 and 16 are reduced size illustrations, showing tilting of the base
      and movement of the support arms of the apparatus, for coating surfaces at
      the ends of the article being handled.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, there is illustrated the apparatus of the
      invention with a built-in type bathtub 10, which includes in the
      embodiment illustrated a front apron portion 10a and resting in a cradle
      support 12 of the apparatus. The article 10 is illustrated in the position
      it would normally assume after it has been taken from a heating furnace
      and placed on the apparatus just prior to or subsequent to the enameling
      operation. The tub 10 includes the usual concavity defined by bottom
      surface 14a, side surfaces 14b and 14c, and end surfaces 14d and 14e. The
      tub also includes the substantially horizontal ledge surfaces 14f, and the
      front surface 14g of the aforementioned apron 10a, all of which adapted to
      be coated with enamel in accordance with usual practice.
PAR  Cradle 12 comprises a part of the base 16 of the apparatus, which base is
      pivotable and rotatable in a manner herinafter described in order to
      properly present all of the surfaces of the article that are to be
      enameled. Base 16 may include laterally spaced legs 18 (FIG. 1) which may
      be firmly attached to a floor surface, and on which is journaled, as at
      20, and as by means of trunnions, a swingable beam assembly 22 of the base
      16. Rotatably mounted on beam support 22 for rotation about a generally
      vertically axis and as by means of rotatable support member 24 (FIG. 1) is
      a table 26 comprising the aforementioned cradle 12. Mounted on table 26
      are cradle supports 27 positioned for supporting and retaining the
      sanitary wear article on the table. The tub may be provided with a lug 27a
      (FIG. 1) integrally formed thereon coacting with a confronting one of
      cradle supports 27 for preventing movement of the tub 10 with respect to
      the cradle in at least one direction, or any other suitable arrangement
      can be provided for maintaining the tub stationary during rotary and/or
      tilting movements of the cradle. The cradle supports 27 are preferably
      removably mounted by any suitable means on the table 26, so that different
      sizes and/or different configurations of articles can be conveniently
      mounted on the table 26.
PAR  Table 26 and associated support 24 may be rotated preferably through
      360.degree. while in an upright, or in a tilted position, and by any
      suitable power means, such as for instance reversible, rotatable fluid
      motor unit 28. Motor unit 28 may be operatively coupled to the support 24
      for rotation of the latter as by means of gearing 30, and may be suspended
      from the beam assembly 22 as at 30a. A braking mechanism 32 may be
      provided in conjunction with the gearing 30, for frictionally resisting
      free rotation of the support member 24 and associated table 26.
PAR  Beam assembly 22 and the supported table 26 of the base 16 may be tilted
      sideways with respect to the vertical plane passing through the lengthwise
      axis of journals 20 thereof, by any suitable means, such as for instance
      reversible fluid powered motor unit 34, which may be operatively coupled
      as by means of chain and sprocket drive 36 (FIG. 1) to the beam assembly
      22 for selective tilting thereof. The motor unit 34 is preferably so
      controlled as by means of suitable valving mechanism (not shown) that the
      beam assembly 22 and associated table 26 can be tilted through a
      predetermined range (e.g. 60.degree. ) with respect to the vertical plane
      passing through the axes of journals 20, although a tilt of approximately
      45.degree. may be adequately satisfactory for applying the powdered enamel
      to the concavity and contiguous surfaces of the tub illustrated.
PAR  Mounted on bearing supports 38 which are secured to the table 26 is a
      support arm 40, which is adapted for movement with the table during
      rotation and tilting thereof. Support arm 40 is operatively coupled as by
      means of coupling 42, to fluid powered motor unit 44 which is adapted for
      pivoting support arm 40 in a generally vertical plane with respect to
      table 26, and about an axis passing through the bearing support members
      38. Support arm 40 projects upwardly from the table and has a support
      shaft 46 rotatably mounted thereon in bearing portion 46a.
PAR  Support shaft 46 projects laterally of arm 40 in generally overlying
      relation to the cradle 12, and mounts thereon particulate material
      dispensing mechanism 48. Shaft 46 is operatively coupled as by means of
      coupling 49 to fluid powered motor unit 50, which is mounted on a bracket
      52 attached to arm 40, for movement therewith.
PAR  Dispensing mechanism 48, in the embodiment illustrated, comprises a central
      member 52 which provides a sieve-like basket housing adapted to contain
      particulate material such as the aforementioned powdered enamel, for
      subsequent application to the article to be coated. Dispensing mechanism
      48, in the embodiment illustrated, also includes end sieve-like basket
      members 54 and 56. Members 52, 54 and 56 are uniformly perforated, as at
      58, and each is adapted to contain a supply of the particulate material to
      a selected level therein. As can be best seen from FIGS. 3 and 4, in
      transverse cross-section members 52, 54 and 56 are of generally arcuate
      configuration on the undersides thereof, with perforations preferably
      running completely up the side walls and end walls thereof. Middle member
      52 is preferably fixedly supported on shaft 46, by means of bracket
      support 60, while end members 54 and 56 are pivoted as at 62 to the shaft,
      for pivotal movement with respect thereto in a generally vertical plane
      passing through the lengthwise axis of shaft 46.
PAR  Mounted on each sieve housing and coacting therewith is a suitable power
      means, such as an electric vibrator mechanism 66, for vibrating or shaking
      the respective sieve member. Vibrator mechanisms 66 may be of the variable
      speed type for selectively controlling the degree of vibrating movement of
      the respective sieve member. While only one vibrator mechanism is shown
      associated with each of members 54, 56, it will be understood that plural
      vibrators may be mounted on each sieve member if so desired. With such
      arrangement, the dispensing mechanism 48 is supported in overlying
      relationship with respect to the article to be coated, with such
      dispensing mechanism being swingable by means of the oscillating support
      shaft 46, and being movable by means of the pivotal support arm 40, to
      effectively coat various surfaces of the article, and as will be
      hereinafter described in greater detail.
PAR  As best illustrated in FIG. 2, the abutting, corresponding ends of sieve
      members 52, 54 and 56 are biased in a generally vertical plane, the
      improvement hereof over the squared ends of the apparatus disclosed in
      U.S. Pat. No. 3,802,384.
PAR  Operation of the mechanism for uniformly and effectively coating the
      article supported in the cradle 12 may be as follows: With the base
      including the horizontal table 26 in a generally horizontal position, as
      shown for instance in FIGS. 1, 2 and 3, and with the support arm 40 being
      generally perpendicular with respect to the table support surface, as
      illustrated, the motor unit 50 may be operated to cause powered
      oscillation of shaft 46 through a range of movement of approximately
      90.degree. and from one side to the other side of a vertical plane passing
      through the lengthwise axis of the shaft 46. At the same time, the
      vibrator mechanisms 66 may be actuated, whereupon particulate material
      such as the powdered enamel, disposed in the sieve-like basket members 52,
      54 and 56, is caused to cascade down in an evenly applied pattern to coat
      the entire bottom surface 14a of the concavity 14 of the tub 10, with a
      uniform layer of enamel. The uniform oscillation of shaft 46 with respect
      to the arm 40 causes the enamel to be uniformly applied to the bottom of
      the tub and expeditiously provides a protective coating to the tub, having
      a pleasing smooth appearance, and a high degree of chemical resistance.
PAR  The biased, abutting ends of sieve members 52, 54 and 56 greatly enhance
      uniform powder deposition by overlapping and feathering deposition from
      the abutting ends of members 52, 54 and 56, thereby minimizing any
      tendency for caps in the coating, as might occur using square butted sieve
      members.
PAR  Thereafter, the beam 22 and associated rotatable platform or table 26 may
      be tilted with respect to the horizontal, as shown for instance in FIG. 5,
      to an angle of, for instance, approximately 45.degree. with respect to the
      horizontal, and the support arm 40 may be swung or pivoted, as
      illustrated, to position the particulate dispensing mechanism 48 above the
      interior side surface 14c of the concavity 14 of the article, whereupon
      the support shaft 46 can again be oscillated by means of motor unit 50, to
      either side of a vertical plane passing through the lengthwise axis of the
      support shaft 46, and while the vibrator mechanisms 66 are energized, to
      cause a uniform dusting of the enamel material onto the surface 14c and
      contiguous flange surface 14f. Likewise the support arm 40 can be swung to
      position the dispensing mechanism 48 above the apron surface 14g, and
      oscillation of the shaft 46 while energization of the vibrator mechanisms
      66 occurs, applies a uniform coating of the enamel material to the
      underlying surface 14g and contiguous flange surface 14f of the article.
      The control for motor unit 50 is preferably such that oscillation of shaft
      46 through a range of less than the aforementioned 90.degree. is readily
      obtainable in order to readily adapt the apparatus to various sizes and
      configurations of articles for coating thereof.
PAR  Tilting of the beam 22 and associated table 26 to the opposite side, as
      shown for instance in FIG. 6, and angling of the support arm 40, presents
      the opposite interior side surface 14b of the article in underlying
      relation to the dispensing mechanism 48, and during oscillation of the
      shaft 46 and associated vibration or energization of the vibrator
      mechanisms 66, causes a uniform coating of particulate enamel material to
      be applied to such underlying surface 14b.
PAR  Referring now to FIG. 7, in order to expeditiously and uniformly apply the
      particulate material to the interior end surface 14d the concavity of the
      article, the support arm 40 can be oriented substantially perpendicular to
      the plane of the table 26, and the table can be rotated with respect to
      the beam 22, and as by means of more unit 28, to position surface 14d in
      underlying relation to sieve member 56 of the dispensing mechanism.
PAR  In this connection, it will be seen that the pivotal mounting 62 of member
      56 with respect to the support shaft 46 causes member 56 to swing, due to
      gravity, substantially to the position illustrated, and upon oscillation
      of the shaft 46 and associated selective energization of vibrator
      mechanism 66 of sieve member 56, the powdered enamel material in member 56
      will be applied uniformly to the underlying end surface 14d and associated
      contiguous flange surface 14f of the article. Thereafter, the beam 22 may
      be tilted in the opposite direction as shown in FIG. 8, and as by means of
      motor unit 34, where upon the sieve-like member 54 will pivot with respect
      to the support shaft 46, substantially to the position illustrated in FIG.
      8, and upon oscillation of shaft 46 and associated selective energization
      of vibrator mechanism 66 of member 54, the particulate material in member
      54 will be uniformly applied to the underlying end surface 14e of the
      article being coated. It will be seen therefore that the apparatus
      provides for optimum application of the particulate material to all
      surfaces of the article that are desired to be coated and in a manner
      whereby rapid application of the particulate material to the article may
      be accomplished.
PAR  Thereafter, with the mechanism in a position illustrated for instance in
      FIG. 8, or in FIG. 7, the motor unit 28 can be actuated to cause rotation
      of the platform 26 and supported article, with respect to the tipped or
      tilted beam portion 22, and oscillation of the support shaft 46 and
      associated energization of the vibrator mechanisms 66 of the dispensing
      assembly 48 will cause application of the powdered particulate material to
      cascade down upon the concavity of the article and associated contiguous
      flange surfaces. During rotation of the platform, the supported article
      and the dispensing mechanism, a uniform finishing coat of enamel is
      applied to the article. If so desired, the article can be reheated in the
      furnace, prior to application of the latter finishing coat.
PAR  While the above-described sequence of the application of powdered material
      to the various surfaces has been described commencing with application to
      the bottom surface 14a of the concavity of the article, it will be
      understood that said sequence is not usually critical, and application of
      the coating material may be commenced with one of the side surfaces 14b or
      14c, or one of the end surfaces 14d or 14e, the same general results being
      obtained of an expeditious uniform application of particulate material to
      all of the surfaces of the article which are desired to be ocated.
      Moreover, in certain instances it may be possible to properly coat the
      article without applying the aforementioned finishing coat occasioned by
      rotation of the platform and supported article in a tilted position as
      described above. Moreover, application of the above-described finishing
      coat in the manner as set forth may be adequate in certain instances or
      with certain articles, without the necessity of initially applying the
      preliminary coats to the various individual surfaces, in the manner
      described.
PAR  Referring now to FIG. 9, there is shown a modified form of support shaft
      46' which is provided with a passageway 70 extending lengthwise thereof,
      with orifices 72 provided in the shaft 46', disposed in overlying
      relationship to the open upper ends of the sieve-like members 52, 54 and
      56 of the dispensing mechanism 48. A coupling 74 may be provided on the
      shaft which is adapted for rapid coupling with preferably flexible hose 76
      attached to a source of the particulate material. Upon actuation of the
      supply mechanism 78, particulate material can be transmitted via hose 76
      to passageway 70 in shaft 46' whereupon it passes through the orifices 72
      and into the dispensing baskets 52, 54 and 56, to replenish the supply of
      particulate material therein. Reference may be had to applicant's U.S.
      Pat. No. 3,425,601 issued FEB. 4, 1969 and entitled Applicator For
      Particulate Material, which discloses a supply system which could be
      utilized for the supply mechanism 78, and the finishing of particulate
      material via flexible hose 76 to the apertured support shaft 46', thus
      making provision for and facilitating the maintenance of a predetermined
      amount of particulate material in the dispensing mechanism 48.
PAR  Referring now to FIGS. 10 through 14, there is illustrated a further
      embodiment of the invention. Like parts have been designated with the same
      reference number as in the first described embodiment, except that the
      suffix prime (') has been added thereto.
PAR  While only two sieve members, 54' and 56' are shown in FIG. 10, three, even
      four or more, could be employed depending upon the size and configuration
      of the article to be coated.
PAR  In this embodiment, the support means 40' which mounts thereon the
      particulate material dispensing mechanism 48', comprises a carriage 80
      which is completely separate from the rotatable and tiltable base 16' of
      the apparatus. Carraige 80 may be movably mounted as by means of rotatable
      wheels 82, which may run on trackways 84. Carriage 80 may be powered as by
      means of rotary reversible fluid motor 85 operatively coupled as at 85a
      (FIG. 12) to the wheels. Bumpers 87 may be provided between carriage 80
      and base 16'.
PAR  The movable support means 40' in the embodiment illustrated, also comprises
      a pair of laterally spaced arms 86 (FIGS. 10 and 11) each of which is of
      an extensible type, comprising a lower section 86a pivotally mounted as at
      88 to support bracket 90 on carriage 80, and an upper extendible and
      retractible section 86b which is adapted to telescope into and out of the
      lower section 86a.
PAR  A fluid powered, extendible and retractible double acting motor unit or ram
      92 may be provided coacting with each of the arms 86, and which is pivoted
      as at 92a to the lower section 86a, and at 92b to a bracket 93 on the
      upper section 86b of the respective arm, for selectively extending and
      retracting the arm. Likewise an extendible and retractible double acting
      motor unit or ram 94 may be provided, coacting with each of the arms 86,
      and pivotally mounted as at 96 to the carriage 80 and as at 98 to the
      respective arm 86, for moving or swinging the arms 86 in unison about
      their respective pivots 88.
PAR  Extending between the arms 86 and rotatably mounted relative thereto for
      oscillating movement, and preferably on bearings, is a support shaft 46"
      on which the particulate dispensing mechanism 48' is mounted, in a
      generally similar manner as in the first described embodiment. As can be
      seen, in this embodiment of the invention, the particulate material
      dispensing mechanism 48' comprises two sieve-like basket housings 54', 56'
      preferably fixedly supported or secured to the shaft 46" by means of the
      respective bracket support 60'. Vibrator mechanisms 66' which again may be
      of the electrical, variable speed type for selectively controlling the
      degree of vibrating movement of the respective sieve member, are mounted
      on each respective sieve housing, for vibrating or shaking the respective
      sieve member 54' or 56'. As in the preceding embodiment, the abutting ends
      of members 54' and 56' are biased.
PAR  With such an arrangement, the dispensing mechanism 48' is swingable about
      the lengthwise axis of shaft 46" by means of the oscillatory support shaft
      46", and is movable by means of the pivotal support arms 86 into overlying
      relationship to the article to be coated with the particulate material.
      While the arms 86 are illustrated as being spaced a sufficient distance to
      more or less straddle the base 16' and the article being coated, when the
      arms are swung forwardly in unison by means of the motor units 94, so as
      to position the particulate dispensing mechanism 48' and the associated
      support shaft 46" in overlying relationship with respect to the article 10
      being coated, as shown for instance in FIGS. 13 and 16, it will be
      understood that the arms 86 do not necessarily have to straddle the base
      and article. In this connection the arms could be closer together and be
      of greater lengthwise extent, or the laterally extending mech portions 99
      of outer sections 86b of the arms could be of greater lengthwise extent.
      The carriage would then usually be maintained at a greater distance from
      the support base 16' but the same effect would be realized, primarily that
      of positioning the oscillatory particulate material dispensing mechanism
      48' in overlying relationship to the article to be coated, and in a manner
      whereby the support arms would be out of interfering relationship with
      respect to the tiltable and rotatable table 26' of the base, so as to not
      interfere with the rotatable and tiltable movements of the base and
      associated supported article. Cross member 99a secured to neck portions 99
      connects arms 86 and provides the bearing support for shaft 46".
PAR  Operation of this embodiment of apparatus may be generally similar to that
      of the first described embodiment with the exception that the support
      means 40' has to be moved into coacting relation with the base 16' and the
      arms 86 positioned with respect to the carriage so as to locate the
      dispensing means 48' over the article 10. Braking means of conventional
      type may be provided in conjunction with the power means 85 for the
      carriage, to maintain the latter in selected position with respect to base
      16'. Also it will be seen that the sieve-like basket member 54', 56' in
      this embodiment are not pivoted to the support shaft 46", but instead are
      fixed thereto so that they oscillate with the shaft during oscillating
      movement of the support shaft, thus applying a uniform cascading of the
      powdered particulate material down upon the article and upon the
      associated surfaces thereof upon energization of vibrators 66'. As shown
      in FIGS. 15 and 16, the platform or table 26' can be rotated and tilted as
      by means of motor units 28', 34' (FIG. 10) to tilt the article toward
      either end thereof and in proper position with respect to the overlying
      oscillatory particulate material dispensing mechanism so that the article
      can be uniformly dusted with the particulate material and through a
      predetermined range of movement from an overlying position with respect
      thereto.
PAR  From the foregoing description and accompanying drawings it will be seen
      that the invention provides a novel apparatus for applying particulate
      material to an article having a concavity, and possible associated
      contiguous surfaces, with the apparatus comprising a rotatable and
      tiltable base and particulate material dispensing mechanism movably
      mounted on said base, with the apparatus including means for oscillating
      the dispensing means with respect to the base, for dusting particulate
      material through a predetermined range of movement onto the article, and
      from an overlying position with respect thereto.
PAR  The invention also provides a novel method of uniformly applying
      particulate material to an article, such as for instance powdered enamel,
      to a heated metal article.
PAR  While the description of the apparatus and drawings disclose various motor
      units and mechanisms for actuating the component parts of the apparatus,
      it will be understood that the conventional automatic control systems may
      be utilized with the apparatus, such as for instance programmed computers
      or the like, for obtaining a completely automatically controlled operation
      of the coating applying mechanism.
PAR  As will be apparent, depending upon the design and configuration of the
      article to be coated and the configuration of the concavity of the
      article, the apparatus and method of this invention are fully compatible
      for use in conjunction with certain steps of conventional manual
      application methods; such as for instance preliminary dusting of the
      enamel powder could be accomplished on the flanges and bottom surface of
      the article illustrated for instance in FIG. 1, and then the apparatus
      could be utilized upon actuation thereof while in a tilted rotating
      condition, to apply a finishing coat to the surfaces, with such
      conventional manual steps used supplementary to and cooperatively with the
      method and/or apparatus of this invention.
PAR  Although FIG. 12 shows the dispensing mechanism mounted on a carriage 80 it
      is to be understood that the dispensing mechanism could be fixed, further
      that a second dispensing mechanism could be positioned to the right of the
      tub depicted in FIG. 12, and utlilized to supplement the function of the
      first dispensing mechanism.
PAR  Too, this invention contemplates that a second series of sieve means could
      be disposed somewhat below the first, between slightly extended support
      arms 86, so that when the mechanism is in the position of FIG. 16, the two
      sets of sieve means would cover a larger area.
PAR  The angle of bias is preferably 30.degree. to 85.degree. with a generally
      vertical plane normal to shaft 46. For practical, fabrication reasons, a
      bias angle of 40.degree. to 50.degree. would normally be employed.
PAR  The terms and expressions that have been used are used as terms of
      description and not of limitation, and there is no intention in the use of
      such terms and expressions of excluding any equivalents of any of the
      features shown or described, or portions thereof, and it is recognized
      that various modifications are possible within the scope of the invention
      claimed. What is claimed is:
CLMS
NUM  1.
PAR  1.  Apparatus for applying particulate material to an article having a
      concavity and associated contigious surfaces, said apparatus comprising a
      rotatable and tiltable base, means on said base for holding the article to
      which particulate material is to be applied, support means coacting with
      said base, particulate material dispensing means mounted on said support
      means in upwardly spaced and generally overlying relationship with respect
      to said base, for directing particulate material downwardly onto the
      article, said dispensing means segmented, and including means for
      dispensing particulate material from each segment thereof onto the article
      when said dispensing means is in predetermined operative positional
      relationship with respect to the article, means associated with each said
      segment for lapping its deposition over that of an adjacent segment, and
      means for oscillating said dispensing means with respect to said base for
      dusting the particulate material through a predetermined range of travel
      of said dispensing means down onto the article and from an overlying
      position with respect thereto, said oscillating means including powered
      motor means for causing said oscillation of said dispensing means and thus
      said dusting through said predetermined range.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said support means
      comprises an arm supported on said base and extending upwardly therefrom,
      a shaft projecting outwardly from said arm in overlying relation to said
      base and supporting said dispensing means thereon, said motor means being
      operative to oscillate said shaft and mounted dispensing means with
      respect to said arm.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 including power means for rotating
      said base through 360.degree. and for tilting said base with respect to
      the vertical through at least approximately 45.degree., said means for
      causing dispensing of particulate material from said dispensing means
      comprising a vibrator mounted on said dispensing means for vibrating said
      dispensing means to cause cascading of particulate material from said
      dispensing means upon actuation of said vibrator.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 wherein said segmented dispensing
      means comprises a plurality of laterally spaced perforate basket-like
      members mounted on said support means, said basket members abutting in
      biased, spaced relationship along a generally vertical plane, at least one
      of said basket-like members being generally fixed to said support means
      while another of said basket-like members is pivoted to said support
      means, said support means being supported by said base whereby said
      pivoted member automatically swings with respect to said support means due
      to gravity upon predetermined tilting of said base.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein said fixed basket-like
      member is centrally disposed and aligned between pivoted basket-like
      members, one of said pivoted basket-like members being adapted to dust an
      associated end of the interior of the concavity of the article while the
      other of said pivoted basket-like members is adapted to dust the interior
      of the opposite end of the concavity of the article upon predetermined
      tilting of said base.
NUM  6.
PAR  6. Apparatus in accordance with claim 1 wherein said dispensing means
      comprises a plurality of spaced sieve-like dependent basket members
      adapted to receive particulate material therein, said basket members
      abutting in biased, spaced relationship along a generally vertical plane,
      said means for causing dispensing of particulate material from said
      dispensing means comprising a vibrating mechanism operatively connected to
      an associated one of said sieve-like members and adapted to vibrate the
      respective sieve-like member upon actuation of said vibrating mechanism.
NUM  7.
PAR  7. Apparatus in accordance with claim 1 wherein the article to be coated
      comprises a build-in type bathtub including a front exterior apron
      section, said support means comprising an arm pivoted to said base for
      movement in a plane disposed generally perpendicular to said base, power
      means for pivoting said arm, said support means also including a shaft
      rotatably mounted on said arm in overlying relationship to said base and
      extending laterally from said arm, said dispensing means being suspended
      from said shaft, and said powered motor means being operatively coupled to
      said shaft, for oscillating said shaft about it lengthwise axis and with
      respect to said arm to cause said oscillation of said dispensing means for
      dusting the particulate material through a predetermined range of movement
      onto the article to be coated.
NUM  8.
PAR  8. Apparatus in accordance wth claim 1 wherein said base comprises a first
      support member swingable about a generally horizontal axis, a second
      support member mounted on said first support member for movement therewith
      and extending generally perpendicular to a horizontal plane containing
      said horizontal axis, said means for holding an article being mounted on
      said second support member, and power means for rotating said second
      support member with respect to said first support member whereby an
      article to be coated may be tilted and rotated when in supported relation
      on said holding means.
NUM  9.
PAR  9. Apparatus in accordance with claim 2 wherein said motor means comprises
      a fluid powered motor operatively coupled to said shaft and which is
      adapted to oscillate said shaft through a predetermined arc with respect
      to said arm and to either side of a generally vertical plane passing
      through the longitudinal axis of said shaft.
NUM  10.
PAR  10. Apparatus in accordance with claim 2 wherein said dispensing means
      comprises a perforate basket-like member open at the top thereof and
      suspended from said shaft, the last mentioned member comprising a
      generally outwardly arcuate bottom wall, and generally vertical side and
      end walls, said walls being perforated substantially throughout their
      areas of extension.
NUM  11.
PAR  11. Apparatus in accordance with claim 2 wherein said shaft includes means
      thereon adapted for supplying particulate material to said dispensing
      means.
NUM  12.
PAR  12. Apparatus in accordance with claim 11 wherein said supplying means
      comprises a passageway in said shaft and means communicating said
      passageway with said dispensing means for supplying particulate material
      from said passageway means to said dispensing means, and including means
      on said shaft adapted for quick coupling with a conduit running from a
      supply source of the particulate material.
NUM  13.
PAR  13. Apparatus in accordance with claim 8 wherein said first support member
      comprises an elongated beam having trunnions at opposite ends thereof,
      bearing means supporting said trunnions for swinging movement of said beam
      about said generally horizontal axis, power means operatively coupled with
      said beam for selectively swinging said beam about said axis, said second
      support member comprising a turntable support mounted on said beam for
      rotation about an axis extending generally perpendicular relative to said
      beam and about the axis of said turntable support, the first mentioned
      power means coacting with said turntable support for rotating said
      turntable support with respect to said beam, and said holding means
      comprising a cradle mounted on said turntable support.
NUM  14.
PAR  14. Apparatus in accordance with claim 1 wherein said support means
      comprises a carriage movable toward and away from said base, an arm
      movably mounted on said carriage for swinging movement in a generally
      vertical plane and supporting said dispensing means thereon, said
      dispensing means being oscillatable with respect to said arm and carriage,
      said carriage and arm being adapted to be so positioned that said
      dispensing means is located in overlying relation with respect to the
      article during said dusting.
NUM  15.
PAR  15. Apparatus in accordance with claim 1 wherein said support means
      comprises a carriage movable toward and away from said base on tracks, a
      pair of laterally spaced, extensible and retractable arms pivotably
      mounted on said carriage, a shaft rotatably supported by said arms and
      extending therebetween, said shaft supporting said dispensing means
      thereon, said dispensing means including a plurality of perforated
      basket-like members adapted to receive therein particulate material, and
      power means for pivoting said arms relative to said carriage and for
      extending and retracting said arms, and said motor means being operatively
      coupled to said shaft for oscillating said shaft about its length axis and
      thus swinging said basket-like members relative to said holding means and
      from an overhead position relative thereto.
NUM  16.
PAR  16. Apparatus in accordance with claim 14 wherein said arm is extensible
      and retractable lengthwise thereof, including power means for extending
      and retracting said arm, and other power means for moving said arm
      relative to said carriage, said dispensing means including a plurality of
      laterally spaced perforated basket-like members.
NUM  17.
PAR  17. Apparatus in accordance with claim 14 wherein said arm comprises an
      elongated lower section movably mounted on said carriage and an elongated
      upper section extensible and retractable relative to said lower section,
      said upper section including a laterally extending end portion on which
      said dispensing means is mounted, said end portion extending in the
      general direction of said base.
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ABST
PAL  A method and apparatus for galvanizing an elongated conductive metal
      element by drawing it through a bath of molten zinc in a conductive pan.
      Corrosion of the pan is prevented by electrically isolating the element
      from the pan, except through the zinc, eliminating circulating currents
      between the element and the pan wall. Quality of the coating, and
      particularly the uniformity of the thickness of the zinc deposited on the
      element, is improved by stabilizing the electrical potential in the
      element and thus the current flowing longitudinally through it. Where
      multiple elements are drawn in parallel through the bath for simultaneous
      galvanizing, circulating currents between them are minimized by
      electrically short circuiting the elements at the incoming and exit ends
      of the bath.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of Brown Ser. No. 372,981 filed June 25,
      1973, now U.S. Pat. No. 3,881,036 which was a continuation-in-part of Ser.
      No. 265,793 filed June 23, 1972, now abandoned which was in turn a
      continuation of Ser. No. 106,442 filed Jan. 14, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the galvanizing of an elongated electrically
      conductive element by moving it lengthwise through a molten zinc bath.
      More particularly, the invention relates to a continuous method for
      galvanizing steel wire or steel strip by drawing it through a zinc bath in
      an electrically conductive corrodible pan and to the prevention of
      corrosion of the pan.
PAR  2. Brief Description of the Prior Art
PAR  It is a usual practice to galvanize a continuous element, such as a steel
      wire, by drawing the element from a source through a pan containing molten
      zinc to a take-up reel. A serious practical problem is the short life of
      the pan which tends to erode and fail, generally at the incoming end in
      the vicinity of the point of entry of the wire, usually after an average
      of only 6 to 8 months of use. Sometimes pans fail in only thirty days.
PAR  I believe that pan erosion is caused by an electrochemical reaction
      resulting from a flow of electric current between the element or wire, the
      zinc and the pan. The current flow is established by thermoelectric
      potentials developed along the length of the wire as a result of
      temperature differentials encountered in the galvanizing operation.
      Briefly, two types of potentials are present: (1) the potential resulting
      from the absolute temperature of the wire itself (the Thompson effect),
      and (2) the potential resulting from the temperature difference between
      the steel wire and the molten material in which it is immersed (the
      Seeback effect). The potentials due to the latter effect are of greater
      significance with respect to pan erosion.
PAR  In addition to pan erosion, present continuous galvanizing systems suffer
      other drawbacks which hamper production and decrease production rates. For
      example, the coating thickness sometimes varies over a wide range,
      requiring operation at reduced speeds to minimize the coatings below
      specifications. Variations of more than 75 percent have occurred on
      samples taken from a single strand of wire. The variations in coatings
      increase the zinc consumed, raising the zinc cost by several dollars per
      ton of wire. Also, at times rejects due to low coating are high.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides apparatus for galvanizing an elongated conductive
      metal element by moving the element lengthwise through a molten zinc bath
      contained in a corrodible container while blocking the flow of electric
      currents through the container, thereby inhibiting container corrosion.
PAR  In a preferred form, the apparatus is capable of galvanizing steel wire
      moved through the bath on a continuous basis. The wire is electrically
      isolated from the zinc container, and the electrical currents through the
      wire are controlled and stabilized. In the bath container, an incoming
      sinker is located at approximately the position at which the wire reaches
      the inversion temperature with the zinc in the bath. Intermediate sinkers,
      insulated from the container, may be provided between the incoming sinker
      and the exit sinker at approximately the position where the wires reach
      maximum potential beyond the inversion temperature within the bath. Two
      short circuits are provided, one shorting the potential in the wires
      between incoming sinker at the position of inversion temperature with the
      wire prior to entry into the bath, and a second which shorts any potential
      differences in the wires between the sinker and the wiper where the wires
      leave the bath. Both short circuits are electrically insulated from direct
      contact with the bath container. A resistive circuit between the wire
      ahead of the bath and the wire beyond the bath stabilizes the potential
      therein.
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will be described herein in detail,
      specific embodiments of the invention with the understanding that the
      invention is not intended to be limited to such embodiments.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of a prior art galvanizing system;
PAR  FIG. 2 is a plan view of a molten zinc bath useful in the method of the
      present invention;
PAR  FIG. 3 is a longitudinal section along line 3--3 of FIG. 2;
PAR  FIG. 4 is a section along line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged section along line 5--5 of FIG. 2;
PAR  FIG. 6 is a plot of thermoelectric powers useful in understanding the
      present invention;
PAR  FIG. 7 is a longitudinal section reduced from FIG. 3;
PAR  FIG. 8 is a diagrammatic illustration of a preferred embodiment of the
      invention;
PAR  FIG. 9 is an elevation of the sinker at the incoming end of the bath;
PAR  FIG. 10 is a section along line 10--10 of FIG. 9;
PAR  FIG. 11 is a plan of the sinker at the exit end of the bath; and
PAR  FIG. 12 is a section along line 12--12 of FIG. 11.
DETD
PAC  DEVELOPMENT OF BACKGROUND MATERIAL AND STUDY OF THE PROBLEMS SOLVED BY THE
      INVENTION
PAR  The present invention is the result of a new approach to solving the
      problems of pan erosion, dross formation and and uneven coatings in
      galvanizing wire. Following my belief that pan erosion results from flow
      of electric currents through the bath and pan, I have studied the patterns
      of current flow through a galvanizing system.
PAR  In a conventional galvanizing operation, the wire is drawn from a source
      such as a reel through an annealing bath, an acid bath and water rinse to
      clean the wire and then through a drying oven. From the drying oven the
      wire is drawn through the galvanizing bath, then in some cases through a
      furnace at about 540.degree. C. and is then wound on a take-up reel. The
      method is continuous to the extent that an entire reel of wire is drawn
      through the complete galvanizing system and is taken up as galvanized wire
      on the take-up reel. The method continuously processes each reel of wire
      and during its travel through the system the wire passes across supports
      and beneath sinkers in the various baths. The supports and sinkers are
      grounded conductors.
PAR  As shown in FIG. 1, the wire 10 from reel 11 passes over incoming support
      bar 12 into the galvanizing bath 32 and is kept submerged in the bath by
      an incoming sinker 18 and an exit sinker 20. The wire passes over a drip
      bar or wiper 14 to a take-up reel 15. Plural parallel wires may be
      processed at one time and the separate wires are wound on separate take-up
      reels. The annealing and cleaning baths are not shown.
PAR  The elongated steel wire element 10 is a conductor and in a typical
      galvanizing apparatus, the wire passes over conductive supports 12 and 14
      beneath conductive sinkers 18 and 20 all mounted on the conductive wall or
      flange of the pan 16.
PAR  During the course of the galvanizing operation the temperature of the wire
      changes radically. Prior to entering the galvanizing bath the wire is at
      about ambient temperature and in the galvanizing bath the wire is heated
      to a temperature on the order of 460.degree. C., i.e., the temperature of
      the molten zinc. (The temperature of a lead annealing bath may be of the
      order of 710.degree. C.) The temperature variations along the length of
      the wire during heating within the galvanizing bath establish
      thermoelectric potentials in the wire. A potential reading taken across a
      wire between point B at the incoming end of the zinc bath and point F at
      the exit from the bath, shows that the potential not only varies over a
      wide range but at times the potential even reverses polarity. I have found
      that when the exit end of the wire is positive in polarity, a potential in
      excess of two millivolts is often created and when the incoming end is
      positive, a potential in excess of 1 millivolt is often created. The
      potential varies between these limits, constantly changing or drifting up
      and down.
PAR  As an example of the variances in potential, I took potential readings from
      seven wires being run on a 24 wire frame over a 24 hour period, and the
      variance in these readings is given below:
TBL           Potential Variance                                               
     Wire No. In Millivolts                                                    
     ______________________________________                                    
      1       -.3     to    +.3                                                
      4       -.5     to    +.3                                                
      7       -.3     to    +.3                                                
     10       +.4     to    +1.0                                               
     13       -.7     to    +1.3                                               
     16       -.6     to    0                                                  
     19       -1.0    to    +2.2                                               
     ______________________________________                                    
PAR  The relative magnitudes of the Seeback effect potentials are illustrated in
      FIG. 6, where experimentally determined thermoelectric powers for iron and
      zinc are plotted. The voltage which is developed as a result of a
      temperature difference between the junctions of the two dissimilar metals
      forming a potential depends on three factors: (1) the metals; (2) the
      difference of temperature between the junctions; and (3) the mean
      temperature of the two junctions. In a galvanizing process where a
      material is submerged in a hot bath of another material there are both a
      junction and a temperature differential over an extended length and the
      system is not susceptible of a simple quantitative analysis. However, a
      consideration of FIG. 6 will aid in a qualitative understanding of the
      problem. If, for example, there is a circuit of iron and zinc with one
      junction at 300.degree. C. and the other junction at 400.degree. C., the
      mean temperature is 350.degree. C. and with reference to FIG. 6, the
      thermoelectric potential difference is about 11 microvolts per degree.
      Since the temperature differential is 100.degree. C., the generated
      voltage is about 1.1 of millivolts. Where the plots for iron and zinc
      cross at about 237.degree. C., the polarity of the voltage developed in
      one portion of the system is the opposite of that in the other and the net
      voltage is the difference between the two. The point of intersection
      between the two is a neutral temperature or point of inversion for the two
      materials. If this temperature is the mean of the temperatures of the two
      junctions, no net voltage is generated.
PAR  Considering the inversion temperature of 237.degree. C. in FIG. 6 as point
      "X" in the galvanizing bath of FIG. 1, the potential "X-B" in the wire
      increases from point "X" to point "B", or the cold end of the wire.
      Another potential "X-F" in the wire increases in the opposite direction
      from point "X" to point "F", or the high temperature end. Thus, in FIG. 2,
      current flow from point "X" toward both ends of the wire 10. As both the
      incoming sinker 18 and exit sinker 20 in the system of FIG. 1 are in
      electrical contact with the pan 16, the following circuit is created: the
      wire 10 makes contact with the exit sinker 20 and through the exit sinker
      20 to the pan 16, then through the pan sides and back to the ends of the
      incoming sinker 18 through the incoming sinker 18 to the wire 10 and then
      through the wire 10 into the exit sinker 20. This forms a complete
      electrical circuit.
PAR  Returning to FIG. 6, it will be noted that there is a potential from the
      wire to the zinc coating when the temperature of the wire is equal to the
      temperature of the zinc bath, or 460.degree. C. This potential difference
      is on the order of 20 microvolts. Additionally, when the sinkers have a
      zinc coating at the point of contact with the wire, the sinkers have an
      equal potential but the direction of the sinker potential are from the
      sinkers to the wire. If the exit sinker 20 is coated at the point of
      contact with the coated wire 10, there are two opposing potentials at this
      junction.
PAR  At the incoming end of the bath, the incoming wire, being at about ambient
      temperature, lowers the temperature of a thin cover of zinc in contact
      with the wire for a short time. If it is assumed that the temperatures of
      the incoming wire and its coating have increased to the neutral inversion
      point, i.e., 237.degree. C., by the time the wire reaches the incoming
      coated sinker 18, the potential between the wire and its zinc jacket is
      zero at that location. But since the sinker 18 is coated at the point of
      contact of the wire, the potential of the sinker at bath temperature is
      from the sinker to the wire. The direction of this potential is the same
      as the "X-B" and "X-F" potentials so that the potential from the incoming
      sinker is added to the "X-B" and "X-F" potentials. If no current flows in
      the wire to reduce its potential, the potential from the incoming sinker
      18 and the "X-F" potential will remain steady at a maximum value,
      resulting in a maximum uniform coating. However, the potential generally
      results in a current flow through the wire to the exit sinker 20 and
      through the circuit described above.
PAR  As indicated above, the "X-B" potential is developed in the incoming wire
      from a point near the incoming sinker to the point of initial contact of
      the wire with the molten zinc bath. The current from this potential flows
      in the wire toward the point of contact with the zinc bath, then through
      the zinc bath to the incoming end of the pan (or the sides of the pan near
      the corners at the incoming end), then through the end of the pan to the
      sides of the pan and back toward the end of the incoming sinker 18. In the
      absence of any interference, the current would continue to flow through
      the pan sides and flanges to the ends of the incoming sinker 18 and
      through the sinker back to the wire, completing the circuit. However, the
      ends of the incoming sinker normally have a potential equal to or greater
      than the "X-B" potential because of the "X-F" potential described above.
      This forces the returning current resulting from the "X-B" potential to
      flow through the sides of the pan, near the ends of the incoming sinker
      and the zinc bath, back to the wire. If the resistance in the connection
      between the flange 22 of pan 16 and one or both ends of the incoming
      sinker 18 is high, some of the current resulting from the "X-F" potential
      is forced to flow through the side of the pan 16 near the ends of the
      incoming sinker 18 and the zinc bath 32 back to the wire 10. It is my
      belief that any current flowing through the sides of the pan to the bath
      reduces the life of the pan by causing corrosion or pitting.
PAR  The current flowing from the zinc-coated wire 10 to the exit sinker 20
      deposits some of the zinc from the wire onto the exit sinker. As the zinc
      deposit builds up on the exit sinker, the opposing potential from the
      sinker increases, and so does the contact resistance between the sinker
      and wires. The increased resistance reduces the current flow and increases
      the "X-F" potential in the wire, and the thickness of its coating. During
      the galvanizing operation the potential in the wire varies continuously.
PAR  As another consideration, it is often desirable to run a galvanizing unit
      with several different sizes of wires simultaneously. Also, at times,
      coating specifications may require running some of the wires at different
      speeds from other wires of different size. This creates poor conditions
      for forming uniform coatings because the resistance of different sizes of
      wire are not equal and the small wires come up to bath temperature and
      maximum potential in less time than the larger wires. Each of the wires
      being in contact with the incoming and exit sinkers and having maximum
      potentials at different positions in the bath causes circulating currents
      to flow between the different wires through the bath and sinkers. These
      circulating currents cause potential variations in the different size
      wires.
PAR  Variations in tension of the wires passing through the bath also cause
      potential variations. When the contact pressure between the wires and the
      sinkers increases, reducing the resistance of the contacts and increasing
      the current flow in the circuit, the "X-F" potential and the coating is
      reduced. Such variations in wire tension can result from variations in
      amounts of wire on the reels, 11 and 15, the braking effect of the reel
      brakes which are not always uniform, increased friction due to right angle
      turns in some of the wires before entering the galvanizing bath, and
      non-uniform torque on the take-up reel, which often causes the reel to
      speed up or slow down, thereby changing the tension in the wires.
PAR  There are other factors contributing to variations in the potential and the
      current flow. Since the wire is under tension as it is being moved through
      the bath, a considerable amount of friction results between the wire and
      the sinkers and the friction wears through the zinc coating on the
      sinkers. As the sinker coating wears thin, the opposing potential from
      exit sinker 20 is reduced. This increases the current flow between the
      wire and the sinker and as a result of the current flow in the circuit,
      the potential of the source is reduced. The potential drop in the wire is
      equal to the current in amperes times the internal resistance of the
      potential source in ohms and in a galvanizing bath the resistance of the
      potential source, i.e., the hot wire between the sinkers, is quite high so
      that a large drop in the "X-F" potential results with a relatively small
      current flow. Thus, as the current in the circuit increases the "X-F"
      potential drops and the current will increase until the potential drops to
      a value at which it cannot force any more current through the resistance
      of the circuit.
PAR  Each of the variable factors discussed above affects the potential
      generated and the resulting current flow through the wire and between the
      wire and the molten zinc bath. Thus, these factors contribute to a
      nonuniform deposit of zinc on the wire.
PAC  DESCRIPTION OF THE INVENTION
PAR  The form of the invention illustrated in the drawings is especially adapted
      to galvanizing steel wire which is drawn from a reel through the
      galvanizing process and coiled on a take-up reel. It is applicable not
      only to round wire, but to strips and webs of other configurations.
      Further, it is not essential to the practice of the invention that the
      material to be galvanized be drawn from a reel or roll. For example, the
      wire can come directly from a wire-drawing die. Similarly, it is not
      necessary that the galvanized wire be wound on a take-up reel. It can be
      cut into short lengths and stacked, for example.
PAR  The embodiment of the invention shown in FIGS. 2-5 and 7 has the incoming
      wire support bar 12 electrically connected to the incoming sinker 18 by a
      pair of electric contact bars 28 secured to the ends of bar 12 and the
      ends of the incoming sinker 18. Sinkers 24 and 26 are provided at
      approximately the position of the maximum value of the "X-F" potential.
      The ends of exit sinker 20 are secured to contact bars 30 and the exit
      drip bar or wiper 14 is mounted on the bars 30, assuring electric contact
      between sinker 20 and wiper 14.
PAR  The electric contact bars 28 and 30 and intermediate sinkers 24 and 26 are
      supported by and secured to the edge flange 22 of pan 16 via electrically
      insulating mounting means 40. As best seen in FIG. 5, each insulating
      mounting means 40 includes a nut 42 welded to the top of flange 22.
      Insulating washers 44 and 46 are positioned above and below contact bar 28
      on top of the nut 42 and an intermediate insulating sleeve 48 extends
      through the bar, as shown. A bolt 50 extends through the washers 44 and 46
      and the sleeve 48 and is threaded into the nut 42. Washers 44 and 46,
      respectively, underlie and overlie the contact bar 28 and, with sleeve 48,
      completely insulate the bar 28 from the pan 16. Between the head of bolt
      50 and the overlying insulating washer 46 there is provided a metal washer
      52 which helps clamp washers 44 and 46 more securely against the faces of
      bar 28. A similar mounting means is provided for bar 30 and for
      intermediate sinkers 24 and 26 if they are used.
PAR  Each insulating mounting means 40 also includes a cover for protecting the
      insulated connection. Accordingly, a cylindrical skirt 54 is welded to the
      bottom of bar 28 surrounding the nut 42 and spaced outwardly from the nut
      42. The skirt 54 stops short of flange 22 to assure that no electrical
      contact is made between the protective cover and flange 22. Welded to the
      top of bar 28 and around the bore is an upstanding cylindrical wall 56.
      Wall 56 surrounds but does not contact washer 52. The cylindrical wall 56
      has external threads which receive a removable cap 58. The removable cap
      58 permits easy access to the bolt 50 for tightening or loosening the
      mounting as desired.
PAR  The conductive support or bearing bar 12 being connected at each end to the
      contact bars 28, a circuit is completed from the incoming wires 10 through
      the contact bars and the end connections to the ends of the incoming
      sinker 18 and back to the wire 10. The contact bars 28 provide a low
      resistance short circuit across the "X-B" potential so that the potential
      is reduced to a very low value. This very low value results from the low
      resistance of the short piece of wire included in the circuit and the low
      average temperature of the short piece of wire. The incoming support and
      shorting bars and the incoming sinker are all electrically insulated from
      pan 16 as a unit so that any current resulting from the "X-B" potential is
      prevented from flowing from the wire through the zinc bath to the pan in
      either direction.
PAR  Similarly, the ends of the exit sinker 20 are mounted on contact bars 30
      which are electrically insulated from the pan. This opens the circuit to
      the pan involving the "X-F" potential and prevents current from flowing
      through the sides of the pan, then through the zinc bath to the wire.
      Thus, the circuit described above with regard to "X-F" potential is broken
      and, since no current flows, the "X-F" potential remains at a higher
      average value. The higher average "X-F" potential in the wire results in a
      more uniform coating on the wire than when the exit sinker is electrically
      connected to the pan.
PAR  The intermediate sinkers 24 and 26 further assure the formation of uniform
      coating on the wires where multiple parallel wires 10a, 10b, 10c, 10d . .
      . of different size are simultaneously processed by electrically
      connecting the wires together equalizing the potentials and stabilizing
      the currents through the wire. Sinkers 24 and 26 are insulated from the
      pan and are spaced a distance from the incoming sinker 18 and are at a
      point along the bath where the "X-F" potentials in all of the wires have
      increased to the maximum value. For example, it requires approximately
      3-3/4 seconds for a No. 9 wire to come up to bath temperature and maximum
      "X-F" potential and assuming this is the thickest wire to be processed,
      the intermediate sinkers 24 and 26 can be located at that point in the
      bath where the wire is at bath temperature when operating at maximum speed
      to obtain the required coating.
PAR  The angle of the wire making contact with the incoming sinker 18, also
      leaving exit sinker 20, is quite large, resulting in increased contact
      pressure and low resistance connections. The angle of the wire making
      contact with sinkers 24 and 26 is very small. This reduces the contact
      pressure and increases the contact resistance. The addition of sinker 26
      forms a parallel circuit reducing the effective contact resistance. This
      increases the stability of the potential between intermediate sinker 26
      and exit sinker 20, and the coating deposited on the wire.
PAR  It is believed that during galvanizing of wire using the present invention,
      the wire entering the molten zinc bath is covered with a thin layer of
      zinc and the zinc temperature at the wire is reduced to the cooler
      temperature of the wire. As the wire travels further through the bath the
      wire temperature increases to bonding temperature and the zinc forms a
      bond on the wire. In the conventional process, FIG. 1, at times a large
      current caused by the "X-F" potential flows through the sides of the pan
      and the zinc to the wire at the beginning of the galvanizing bath. This
      current deposits a thick jacket of zinc on the wire. The heavy jacket of
      zinc deters the temperature rise in the wire so that the wire reaches the
      exit of the bath before its temperature is high enough to form a bond with
      the zinc, and the wire must be scrapped. The present method eliminates the
      current flow to the wire at the incoming end of the bath, so that a very
      thin cover of zinc forms on the wire and the wire heats to bonding
      temperature in less time. This assures a good bond and leaves a greater
      percentage of immersion time for coating. The method thereby practically
      eliminates scrap, and stabilizes the coating time and the coating weight.
PAR  A major advantage of the invention is that it increases the life of the
      galvanizing bath pan. Working with the system has demonstrated that pan
      life may be increased from a few weeks or months to approximately that of
      the pans used in hot dip galvanizing. Potential differences do not occur
      in dipping articles to be galvanized and the pans often last from 12 to 15
      years. In one instance a pan was operated as in FIG. 1 for about ten days
      and it was found that several pits developed in the bottom of the pan up
      to 1/4 inch in depth. (For several years the pans in this sytem had failed
      every 8 to 10 weeks, with an average of less than 9 weeks.) After
      modifying the pan in accordance with the invention described above, then
      using the pan and operating for a period of 4 weeks, it was found that all
      of the pits had filled up with zinc. The pan was still in operation 1 year
      later with no failure indicated. The extended life results in savings in
      material and down time.
PAR  Because of the uniform potential at maximum value in the coating area of
      the present invention, the system can be operated at a faster rate with
      assurance that the minimum specified coating thickness is formed
      throughout the length of the wire. This has resulted in a production
      increase of about 35%. If the heating capacity or the take-up frame limits
      the speed, shorter pans can be used, resulting in less cost. Operating at
      maximum speed increases the wire tension and improves the contact between
      the wires and the sinkers. This improves the voltage control and reduces
      coating variations. Increasing the operating speed reduces the immersion
      time and the coating weight. The optimum speed provides the immersion time
      required to meet the minimum coating specifications.
PAR  Formation of dross is also reduced by about one-quarter because of the
      insulation of the circuits and blocking of current flow through the pan.
      Dross is believed to result from a current flowing from either the steel
      wire or a steel pan into the zinc bath, causing disintegration of small
      particles of the steel. These particles of steel unite with the zinc to
      form the dross which settles to the bottom of the pan and must be removed
      frequently. The reduction of dross results in a saving of labor, down time
      and zinc which would otherwise be consumed in the dross.
PAR  A major disadvantage of the system of FIGS. 2 and 7 is that each wire 10
      must be threaded under the intermediate sinkers when the system is started
      up and in the event a wire should break. This greatly complicates the
      operation of the galvanizing system. We have found that the intermediate
      sinkers may be eliminated in the system of FIGS. 8-12.
PAR  Referring to FIG. 8, wire 60 from supply reel 61 passes successively
      through an annealing bath of molten lead 62, and acid bath 64 and a water
      rinse 66. Following the rinse the wire element passes through a drying
      oven 67. Wire 60 is submerged in each of the baths by suitable sinkers and
      is carried between the baths by suitable supports which are not
      illustrated in detail. Pan 68 for the galvanizing bath 69 of molten zinc
      is electrically isolated from ground. At the incoming end the wire 60
      passes over incoming support 70 and under incoming sinker 71 at the exit
      end the wire passes under exit sinker 72 and over exit support for wiper
      73. Beyond the galvanizing bath, wire 60 passes through oven 75 to a
      take-up reel 76. Incoming support 70 and sinker 71 are electrically
      connected by shorting bar 78 and mounted on the pan 68 by an insulator 79.
      Similarly, wiper 73 and exit sinker 72 are electrically connected through
      conductive bar 81 and electrically insulated from the pan by insulator 82.
      Insulators 79 and 82 may be of the construction shown in FIG. 5. The
      incoming sinker 71 is so located and the speed of the element 60 so
      controlled that the point of contact between the sinker and the element is
      substantially at the inversion temperature, as described above. The
      electrical isolation of the incoming and exit bearings for the element 60
      from the pan 68 minimizes electrical currents between the element and the
      pan, eliminating the currents which are a major source of pan erosion.
PAR  The currents flowing longitudinally through the element 60 must be
      stabilized and controlled, as discussed in connection with the system of
      FIGS. 2 and 7, to achieve reliable, efficient and uniform coating of the
      element with zinc. In the preferred embodiment of the invention
      illustrated in FIG. 8, the ability of the potential generated within the
      wire element 60 in the zinc bath 69 to cause current to flow
      longitudinally through the element is minimized by electrically insulating
      the take-up reel 76 and its supporting frame 76a from ground, as by
      mounting them on a nonconducting base 85. This prevents a current from
      circulating longitudinally through the wire back through ground and the
      supply reel.
PAR  The electrical potential of the element is stabilized by a resistive
      circuit connected from incoming support bar 70, ahead of the galvanizing
      bath to take-up frame 76a, beyond the bath.
PAR  The resistance of resistor 87 is selected with the system in operation to
      achieve a maximum average coating of zinc on the wire. Where, as is
      common, the system handles plural parallel wires simultaneously, resistor
      87 is selected with a full complement of wires moving through the
      galvanizing bath at maximum operating speed. If the resistance is too
      small, the desired coating thickness is not achieved. If the resistance is
      too high, the coating is not uniform and in many instances it is
      excessive, resulting in a waste of zinc. I have found that the resistance
      should have a value of less than 2 ohms and is generally less than 1 ohm.
      The conductors of the resistive circuit 86 are kept physically as short as
      possible and are of a heavy gauge so that a full range of adjustment by
      the resistor 87 may be provided.
PAR  In the system illustrated in FIG. 8, the wire 60 is annealed in a bath of
      molten lead before being galvanized. The heating effect of the lead bath
      also contributes to the potentials in the wire element 60. The container
      for lead bath 62 is grounded in the usual system. The various sinkers and
      supports for the element 60 between the lead bath to the zinc bath are
      insulated from ground to minimize the current paths available through the
      element.
PAR  As an alternate to the electrically insulated take-up reel 76, circulating
      currents through the wire element 60 may be controlled by insulating
      supply reel 61 and all intermediate supports for the wire element, ahead
      of zinc bath 69, from ground. Generally, however, it is less difficult to
      insulate the take-up reel.
PAR  Take-up reel 76 is customarily driven by an electric motor mounted on the
      take-up frame 76a. From a safety standpoint it is desirable that the motor
      and frame be connected to ground through a relatively low resistance
      circuit. In the event of a short circuit from a motor winding to the motor
      frame, this circuit prevents the buildup of a high voltage which might be
      dangerous to operating personnel. Accordingly, resistor 90 is connected
      from the frame to ground. This resistor should have sufficient capacity to
      carry the line current in the event of a motor failure. I have found that
      a value for the resistance of the order of 2 ohms is satisfactory.
PAR  Where multiple parallel elements 60 are handled simultaneously, as is usual
      in a continuous galvanizing operation, circulating currents between the
      wires can occur. The principal contributing factors to these currents are
      differences in the potentials generated within the wires, differences in
      the resistance of the wires themselves (this is particularly the case
      where wires of different sizes are handled simultaneously) and differences
      in contact resistance to the support and sinker bearing surfaces. The
      circulating currents degrade the quality of the galvanizing coating,
      impairing the bond of the zinc to the wire and the coating thickness. The
      sinkers illustrated in FIGS. 9 through 12 minimize the problem of
      circulating currents.
PAR  The incoming sinker 71 has a U-shaped carrier frame 92 with outwardly
      extending arms 92a by which the sinker is mounted from shorting connector
      78 in turn carried from pan 68 by insulator 79. Shorting conductor 93
      spans the top of frame 92 above zinc bath 69 and is welded thereto at each
      end. A plurality of conductors 95 are connected between the base portion
      92b of the frame and conductor 93, joining the two together at a
      multiplicity of spaced points. Frame 92 and conductors 93 and 95 are
      preferably made of soft steel. A replaceable bearing member 96 is
      removably bolted to the underside of frame base 92bproviding a wearing
      surface engaged by the wire elements 60. The bearing member may, for
      exammple, be of cast iron which has a longer life under such conditions
      than does soft steel. If the bearing plate 96 does not have an intimate
      low resistance contact with sinker frame base 92b, localized currents are
      set up which lead to rapid erosion of the frame. Accordingly, the
      undersurface of the base member 92b and the upper surface of bearing
      member 96 are preferably machined so that the contact surface is as smooth
      as possible.
PAR  The multiplicity of conductors 95 spaced along the extent of the sinker
      frame, and connected with conductor 93, equalizes potentials among the
      plural elements 60 reducing circulating currents through the wires.
PAR  Exit sinker 72 could have the same configuration as incoming sinker 71 if
      it were spaced a sufficient distance from wiper 73. However, in the
      interests of minimizing pan length, it is desirable that the exit sinker
      be physically close to the wiper. As the wire elements 60 leave the
      galvanizing bath, excess zinc on the wire surfaces builds up and
      solidifies around the wire. These pieces of zinc are periodically pushed
      back along the wire into the bath by an operator. If the vertical elements
      of the exit sinker, as conductors 95 of the incoming sinker, are too close
      to wiper 73, they interfere with return of the zinc to the bath.
      Accordingly, the exit sinker preferably has the configuration illustrated
      in FIGS. 11 and 12.
PAR  U-shaped frame 98 has outwardly extending arms 98a carried on conductors 81
      insulated from pan 68. Conductor 99 is connected at each end with arms 98a
      above the level of the bath 69 and extends from the arms toward the
      incoming end of tank 68. This opens the space on the surface of bath 69
      between sinker 72 and wiper 73 so that excess zinc may readily be returned
      to the bath. Plural vertical conductors 100 extend between the base
      portion 98b of the sinker frame and conductor 99. As with the incoming
      sinker, a cast iron bearing member 101 is removably secured to the base
      portion 98b of the sinker frame.
PAR  Conductors 100 have a vertical offset 100a which spaces the horizontal
      portion 100b thereof above wire element 60 to avoid erosion of the
      conductors 100 which occurs if there is a poor contact between the wire 60
      and the bearing member or between the bearing member and the sinker frame
      base.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for galvanizing an elongated element by drawing it
      through a molten zinc bath contained in an electrically conductive
      corrodible container and in which the element is passed over conductive
      supporting members and beneath conductive sinker members which maintain it
      submerged within the bath, adjacent the incoming and exit ends of the
      bath, the improvement comprising means electrically isolating said
      incoming and exit support and sinker members from electrical contact with
      the bath container other than through the bath means electrically shorting
      each pair of said incoming and exit support and sinker members, said means
      being electrically insulated from said container, and a resistive circuit
      connecting the portion of said element ahead of said bath with the portion
      of said element beyond said bath whereby to inhibit circulating currents
      between the element and the pan wall and to stabilize the potential in the
      element.
NUM  2.
PAR  2. The galvanizing apparatus of claim 1 in which said pan is insulated from
      ground and including means insulated from ground for receiving the
      galvanized element.
NUM  3.
PAR  3. The galvanizing apparatus of claim 1 for simultaneously galvanizing a
      plurality of parallel elements, wherein said supports and sinker members
      are common to all elements, said sinker elements each having a plurality
      of conductors interconnected along the length thereof to equalize
      potentials among the elements.
NUM  4.
PAR  4. The galvanizing apparatus of claim 3 in which each sinker has a
      conductor supported above and spanning the zinc bath, below which the
      sinker is suspended, and a plurality of conductors connected generally
      vertically between said sinker and spanning conductor and spaced along the
      length thereof.
NUM  5.
PAR  5. The galvanizing apparatus of claim 1 for simultaneously galvanizing a
      plurality of parallel elements, wherin said sinkers are elongated and
      common to all elements, each sinker including a base member and a bearing
      member removably secured thereto, said base and bearing members having
      abutting surfaces in intimate electrical contact to minimize circulating
      currents along the length thereof.
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ABST
PAL  A paint guide apparatus is disclosed which includes a continuous length of
      paper movable through a ratchet mechanism to provide clean paper at a
      front edge of the guide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to paint guides and, more particularly, to a paint
      guide which includes paper movable over a front edge of the paint guide to
      allow clean paper to be at the edge of the paint guide as desired by the
      user thereof.
PAR  2. Description of the Prior Art
PAR  One of the more important problem areas in painting is the juncture of
      walls and ceilings or the juncture of other areas between two colors of
      paint or two kinds of paint. For example, if adjacent walls are to be
      painted different colors, there is a problem of preventing the paint from
      one wall to slop or spill over onto the adjacent wall. The same problem is
      encountered at the juncture of a wall and woodwork, or at the juncture of
      a ceiling with an adjacent wall, when the two are to be painted different
      colors. This universal problem is more serious to amateur painters, such
      as the ordinary homeowner.
PAR  There are paint guides in the prior art of several different types. The
      most popular type is simply a sheet of light metal, such as aluminum or
      steel, with some type of handle affixed thereto. The paint guide includes
      a straight edge of 10 to 15 inches which is placed along a wall, wooden
      molding, or the like, and acts as a barrier between the area being painted
      and the area which is not to be painted. One of the inherent problems of
      this type of painting guide is that paint on the edge will invariably work
      its way by gravity, or by other means, around the edge of the paint guide
      and onto the protected side of the paint guide and thence onto the
      adjacent wall where no paint is desired. The solution to this type of
      problem is simply to wipe off the edge often. The term "often" may mean as
      frequently as each time the paint guide receives paint from the brush or
      roller being used by the user. Obviously, this type solution is not
      acceptable and accordingly this type of paint guide, though in wide use,
      is certainly not an adequate solution to the problem.
PAR  Another type of paint guide is that disclosed in the Wheatley patent, U.S.
      Pat. No. 2,545,638. The Wheatley patent discloses a roll of paper wound
      about an edge of a paint guide to allow fresh and clean paper to be
      advanced to the edge each time the guide, or the paper on the guide, at
      the edge receives paint. This, of course, prevents the transfer of paint
      from the guide to the adjacent wall.
PAR  The type of apparatus shown in the Wheatley patent has not gained
      widespread acceptance primarily because of the problem in advancing the
      paper. Moreover, the method of holding the apparatus does not appear to
      lend itself to ease of use or to use in a variety of positions, as is
      necessary in effectively using apparatus of this type.
PAR  The apparatus disclosed and claimed herein overcomes the problems of the
      prior art by presenting clean paper to the front edge of a paper guide in
      a very easy manner and allows the user to control the angle or position in
      which the guide is used by a simple adjustment of the handle.
PAC  SUMMARY OF THE INVENTION
PAR  The invention described and claimed herein is a paint guide with an
      adjustable handle and with a supply of paper movable over the edge of the
      paint guide so as to present a supply of clean paper to the edge of the
      guide by advancing the paper through a mechanical ratchet movement.
PAR  Among the objects of the present invention are the following:
PAR  To provide a new and useful paint guide apparatus;
PAR  To provide a new and useful paint guide apparatus including fresh paper at
      a front edge of the paint guide;
PAR  To provide a new and useful paint guide apparatus having an adjustable
      handle;
PAR  To provide a new and useful paint guide apparatus having a mechanical means
      for advancing paper disposed about the front edge of the paint guide;
PAR  To provide a new and useful paint guide apparatus including a brake for
      retarding the movement of paper at the working edge of the apparatus; and
PAR  To provide new and useful paint guide apparatus having the capability of
      storing paint laden paper.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of apparatus embodying the present invention.
PAR  FIG. 2 is a view of a portion of the apparatus of FIG. 1 taken generally
      along line 2--2 of FIG. 1.
PAR  FIG. 3 is a view of the apparatus of FIGS. 1 and 2 taken generally along
      line line 3--3 of FIG. 2.
PAR  FIG. 4 is a view, partially broken away, illustrating the brake mechanism
      included in the present invention.
PAR  FIG. 5 is a view, partially broken away, of a portion of the apparatus of
      FIG. 1 taken generally along line 5--5 of FIG. 1 and illustrating the
      positioning of the handle.
PAR  FIG. 6 is a view, partially broken away, of the handle apparatus of the
      present invention.
PAR  FIG. 7 is a perspective view of the apparatus of FIG. 1, illustrating the
      apparatus of FIG. 1 from a view reverse that shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a perspective view of paint guide apparatus 10 embodying the
      present invention. The apparatus 10 includes a roller housing 12, which is
      preferably made of a strong, lightweight sheet metal. It may also be
      fabricated of plastic, if desired. The roller housing 12 includes a rear
      end wall 14 and a movable end wall 16 which is secured to the rear wall 14
      by a hinge 18. At the opposite end of the rear wall 14 from the movable
      end wall 16 is a fixed end wall 20, appropriately secured to the rear wall
      14. The end walls are disposed substantially perpendicular to the rear
      wall 14. The movable end wall pivots on the hinge 18 to allow a supply of
      paper to be removed from the apparatus or to be replaced as necessary. The
      apparatus 10 also includes a paper supply holder 36 and a takeup roller
      40.
PAR  The pivoting action of the movable end wall 16 is illustrated in FIG. 1 by
      the phantom drawing showing the movable end wall in its open position.
PAR  A top cover 22 extends between the rear wall 14 and the end walls 16 and
      20. The top cover 22 is secured both to the rear wall 14 and to the fixed
      end wall 20. A pair of slots, 24 and 26, are cut into the top cover. The
      slots receive respectively a brake release lever 90 and a ratchet actuator
      lever 54. The function of the levers will be described in detail below.
PAR  Secured in approximately the center of rear wall 14 is a handle 70. The
      handle 70 is essentially in two pieces, a grip 72 and a locking end cap
      74. The handle 70 is adjustable to a plurality of positions on the rear
      wall 14, as will be explained and discussed below in conjunction with
      FIGS. 5 and 6.
PAR  A blade 28, generally rectangular in configuration, is secured to rear wall
      14 and extends outwardly therefrom. The blade is substantially
      perpendicular to the rear wall and is disposed between the paper supply
      holder 36 and the takeup roller 40. The blade includes an outer or front
      edge 29.
PAR  A pair of guide tabs 30 and 31 are shown extending upwardly from the blade
      28 at its side edges. Another guide tab, guide tab 32, is shown extending
      downwardly from one of the side edges of the blade.
PAR  A supply of paper 34 is shown disposed over the blade 28 and extending
      between the guide tabs. The paper is stored in the paper supply holder 36
      and extends outwardly to and around the front edge of the blade. The paper
      is secured to the paper takeup roller 40. The roller 40 is moved by the
      ratchet actuator lever 56 to advance the paper, as will be explained in
      detail below. The advancing of the paper results in clean paper at the
      front edge of the blade and in storage of the soiled, paint laden paper on
      the paper takeup roller.
PAR  FIG. 2 is a view of a portion of the apparatus of FIG. 1, taken generally
      along line 2--2 of FIG. 1. It illustrates the paper advance mechanism and
      the paper brake mechanism which cooperates with the paper advance
      mechanism to keep the paper 34 taut over the edge of the blade 28. The
      blade 28 in FIG. 2 is shown broke, so as to eliminate the edge of the
      blade. This allows the complete description of the paper takeup mechanism,
      the paper brake, and the blade, with the paper extending around the blade,
      to be illustated in detail.
PAR  The blade 28 extends substantially perpendicular to the rear wall 14. In
      FIG. 2, the fixed end wall 20 has been removed so as to show clearly the
      mechanism adjacent the fixed end wall 20, such as the ratchet gear 50, and
      its allied elements which will be discussed in detail. The handle 70
      extends outwardly from the rear wall 14 substantially opposite the blade
      28. Movable end wall 16 is also shown in FIG. 2.
PAR  Paper 34 is provided from a supply in the form of a roll disposed in paper
      supply holder 36. From the paper supply holder 36 the paper extends
      outwardly on one side of blade 28 between a pair of guide tabs, of which
      only guide tab 32 is shown in FIG. 2. The paper 34 moves over the end or
      outer edge of the blade 28 and extends along the opposite, or top side of
      blade 28 between another pair of guide tabs, of which only guide tab 31 is
      shown in FIG. 2. The paper is secured to the takeup roller 40 which
      extends between the movable end wall 16 and the fixed end wall 20. (See
      FIG. 1.) The takeup roller 40 preferably is slotted to receive a portion
      of the end of paper 34. The paper, after extending through a slot in the
      takeup roller, will stay on the roller thereafter by the frictional
      engagement between the roller and the paper and by successive layers of
      paper wound about the takeup roller as the roller is moved.
PAR  To advance the paper from the paper supply holder 36 on the takeup roller
      40, a ratchet gearing mechanism is provided. The mechanism includes a
      ratchet gear 50, which is simply a gear with a plurality of teeth disposed
      at the outer periphery of the gear. The teeth are preferably relatively
      cose together so as to provide small incremental rotary movement of the
      takeup roller in response to movement of the ratchet actuator lever 54. By
      pressing downwardly, with respect to FIG. 1, or in the direction of the
      top cover 22, on the thumb arm 56 of the ratchet actuator lever 54, an
      engagement is made between a spur 58 and a tooth or cog on the ratchet
      gear 50. The lever 54 pivots about a pivot point, which comprises a rivet
      or pin 55 or the like, secured to the end wall 14 and disposed between the
      arm 56 and the spur 58. Accordingly, as the thumb arm 56 of the ratchet
      actuator lever 54 moves downwardly or toward the top cover 22, the
      opposite end of the ratchet actuator lever 54, that portion or end which
      includes the spur 58, moves upwardly, also toward top cover 22. This
      movement results in an engagement between the spur 58 and the cogs or
      teeth on the gear 50. As the upward movement of spur 58 continues, the
      ratchet gear 50 accordingly moves an incremental distance, carrying the
      takeup roller 40 therewith since the ratchet gear is secured to the takeup
      roller. When the takeup roller moves, the paper 34 secured thereto also
      moves over the end of blade 28 and onto the takeup roller 40. In this
      manner, there is a small incremental movement of the paper on the blade as
      desired to provide fresh paper at the tip of the blade for continued
      painting.
PAR  Movement of the ratchet gear 50 and accordingly of the takeup roller 40
      secured thereto, in the opposite direction from that urged by spur 58, is
      prevented by a ratchet stop 52. The ratchet stop 52 is a fixed member or
      element secured to top cover 22 and it includes an end portion or spur 53
      which extends downwardly and engages the gears or cog of the ratchet gear
      50. The end portion or spur 53 is designed so as to allow the ratchet gear
      50 to move in one direction only, and to oppose and prevent movement of
      the ratchet gear in the opposite direction. In this manner the takeup
      roller 40 is allowed to move in one direction only, to take up the paper
      wound about the roller, and to prevent any movement which would allow the
      paper on the roller to move in the opposite direction. Movement in the
      opposite direction would allow the paint laden paper wound about the
      takeup roller to become loose.
PAR  The paper 34 is kept taut over the blade 28 by means of brake apparatus
      which is spring biased against the paper adjacent the paper supply holder
      36. The brake apparatus includes a brake flange 92 extending substantially
      the entire width of blade 28, which is substantially the width of the
      paper 34. The brake flange 92 is secured to a rod 94 which extends between
      the ends of the paper supply holder 36. The brake flange is allowed to
      pivot on the rod 94 and is spring biased by a pair of coil springs, (not
      shown in FIG. 2) which are a typical, well-known type coil spring,
      extending about the rod 94 and exerting a bias between the paper supply
      holder and the brake flange.
PAR  Through the bias of the brake flange against the paper, the paper is kept
      taut about the blade 28 as it is advanced on the paper takeup roller 40 by
      the ratchet apparatus discussed above. The bias of the brake flange may be
      released by the brake release lever 90 (see FIG. 1) which pivots on a pin
      or rivet, similar to the pivoting action of the ratchet lever 54 about
      rivet 55. The brake release lever is connected to a wire 98 which in turn
      is connected to a pin 96 secured to the brake flange 92. When the brake
      release lever 90 (see FIG. 1) is pivoted, the movement of the lever is
      transmitted through wire 98, and through pin 96, to move brake flange 92
      against the bias of the coil springs which results in the pivoting of the
      brake flange on its rod 94. In this manner, the brake flange 92 is moved
      out of engagement with the paper 34. The pin 96 extends outwardly from the
      brake flange and provides a moment arm for rotating or pivoting the
      flange.
PAR  FIG. 3 is a view of the apparatus of FIG. 2 taken generally along line 3--3
      of FIG. 2, and it comprises a view in partial section, and partially
      broken away, of the apparatus of FIGS. 1 and 2. The view illustrates the
      operation of the paper takeup roller 40 and the ratchet apparatus which
      moves the paper takeup roller.
PAR  Movable end wall 16 includes a support 60 secured thereto. The support is a
      generally circular disc or wheel which includes an insert extending
      inwardly, or toward the center of the paint guide apparatus, and is
      received within one end of the takeup roller 40. The insert is of the same
      configuration and inside dimension as the takeup roller 40. The support 60
      is secured to the end wall 16 by appropriate fastening means, such as pin
      or rivet 64. If desired, the support may be journaled for rotation on the
      pin or rivet 64 through the end wall 16. At the opposite end of the takeup
      roller 40 from the movable end wall 16, the ratchet gear 50 is journaled
      for rotation on the fixed end wall 20. The ratchet gear 50 also includes
      an insert 66, which is substantially the same as the insert 62 with
      respect to the inside configuration and dimension of the takeup roller 40.
      The insert 66 extends inwardly from the ratchet gear and is received into
      the opposite end of takeup roller 40 from the insert 62. The ratchet gear
      50 is journaled for rotation on end wall 20 by appropriate fastening
      means, such as pin or rivet 68.
PAR  Downward movement, with respect to FIGS. 1 and 3, on thumb arm 56 of the
      ratchet actuator lever 54, results in movement of the ratchet actuator
      lever 54 about its pin or rivet 55 which is secured to the rear wall 14 of
      roller housing 12. As the thumb arm 56 moves downwardly, the spur 58 on
      the opposite end of ratchet actuator lever 54 from the thumb arm moves
      upwardly to engage the spurs or cogs on the outer periphery of the ratchet
      gear 50. The engagement of the spur with the gear results in movement of
      the gear and that movement is transmitted to the paper takeup roller 40.
      Movement of the takeup roller 40 in turn results in movement of paper 34,
      which is secured thereto, as discussed above.
PAR  The lever 54 is biased downwardly between the rivet 55 and the spur 58,
      which biases the lever 54 upwardly between the rivet and the thumb arm 56,
      by a spring 59 secured to the lever and to the end wall 14.
PAR  FIG. 4 is a broken view of a portion of paint guide apparatus 10,
      illustrating the operation of the paper brake and the brake release
      apparatus. A portion of the roller housing 12 is shown in FIG. 4,
      including an edge view of top cover 22 and a side view of rear wall 14.
      Blade 28 is shown on edge.
PAR  Brake release lever 90 is secured to rear wall 14 by appropriate fastening
      means, such as pin or rivet 100. The brake release lever pivots about the
      pin or rivet 100 in response to pressure applied to the brake release
      lever. The pivoting is shown in phantom. The lever extends outwardly from
      the roller housing 12 through a slot 24 in top cover 22. Wire 98 is
      secured to an arm 99 of the brake release lever 90. The wire extends from
      the arm through an opening or aperture, not shown, in blade 28 and thence
      around the exterior periphery of paper supply holder 36 to pin 96 secured
      to brake flange 92. Accordingly, pressure applied to brake release lever
      90 to pivot the lever to the position shown in phantom in FIG. 4 results
      in a tension force applied through arm 99 of the lever 90 to wire 98. The
      tension force is transmitted through the wire to the pin 96 secured to the
      brake flange 92. The force in turn results in a movement of the brake
      flange 92 against the biasing force of a coil spring 102 or rod 94. The
      spring 102 is, as discussed above, a coil spring extending about rod 94
      between the brake flange 92 and the paper supply holder 36. The brake
      flange 92 is carried on the rod 94 and is pivotally secured thereon. The
      bias of spring 102 extending between the paper supply holder 36 and the
      brake flange 92, urges the brake flange into contact with paper disposed
      on the blade 28 and extending between the paper supply holder 36 and the
      takeup roller 40 (not shown in FIG. 4, but see FIGS. 1, 2 and 3).
PAR  The movement of the brake flange away from engagement with the paper
      disposed on blade 28 is limited by movement of brake lever 90. Brake lever
      90 is only able to move until end 104 of the arm 99 contacts the blade 28.
      Accordingly, the length or configuration of arm 99 and its end 104, and
      the positioning of pin or rivet 100, both with respect to blade 28, limit
      the extent to which the brake flange 92 moves away from blade 28 and
      against the biasing urge of spring 102. As discussed above, the pin 96
      extends outwardly from the brake flange to provide a movement arm for
      pivoting the flange wire 98, which is secured to the outer end of the pin
      96.
PAR  FIG. 5 is a view, partially broken away, of a portion of the apparatus of
      FIG. 1 taken generally along line 5--5 of FIG. 1. The figure illustrates
      the positioning of the handle for ease of use of the paint guide
      apparatus. The rear wall 14 of roller housing 12 is illustrated in a
      fragment thereof. An aperture 76 extends through the rear wall, and
      equally spaced from each other and at the same radial distance from
      aperture 76, is a plurality of smaller apertures, apertures 77, 78, 79,
      and 80. The holes or apertures 77 . . . 80 are smaller than the aperture
      76 and serve to receive a pin disposed on the face of the handle, as
      illustrated in FIG. 6. The dotted lines in FIG. 5 illustrate the position
      of the end of handle 70 (see FIGS. 1, 6, and 7) when the handle is
      positioned with its guide pin in each of the apertures 77 . . . 80.
PAR  FIG. 6 illustrates the actual positioning of the handle 70 and may be
      viewed in conjunction with FIG. 5. FIG. 6 is a view in partial section and
      partially broken away, of the handle apparatus 70 showing the operation of
      its respective parts with the end wall 14 of roller housing 12. In FIG. 6
      is shown the rear wall 14 and the fixed end wall 20 of roller housing 12.
      Blade 28 is also shown extending outwardly from the roller housing.
PAR  The handle 70 includes two separate portions, a grip portion 72 and a
      locking end cap portion 74. A bore 84 extends axially through both the
      grip 72 and the locking end cap 74. The handle is generally symmetrical
      axially and accordingly the bore is centrally located within the handle.
      Within the locking end cap 74 of the handle is a counterbore 85, which is
      concentric with bore 84. A rod 82 extends through the bores 84 and 85. The
      rod 82 includes a head 83 on one end and a threaded portion 86 on its
      opposite end. The head is preferably hemispherically configured, with the
      concave portion adjacent the aperture 76. The rod 82 extends through
      aperture 76 in the rear wall 14 of the roller housing, and the head 83,
      whose diameter is greater than that of the aperture 76, prevents the rod
      from moving through the rear wall 14. The head 83 is generally symmetrical
      with the axis of the rod 82. The head serves as a stop and as a locking
      means for securing the handle to the roller housing.
PAR  Within the counterbore 85 is disposed a nut 88 which is threaded to rod 82.
      The counterbore may be appropriately designed so as to hold the nut 88 to
      prevent relative rotation between the nut and the locking end cap 74. The
      nut 88 will accordingly move with the end cap.
PAR  The handle 70 includes a base 110 at its end opposite that of locking end
      cap 74. The base 110 is not perpendicular to the axis of the handle, but
      rather is disposed at an angle of about fifteen to twenty degrees with
      respect thereto. The base includes a generally flat face 112 which is
      disposed against the rear wall 14. The base 110 includes a pin 114
      extending outwardly from the face 112 substantially perpendicular thereto.
      The diameter of pin 114 is slightly less than the diameter of each of the
      plurality of holes 77 . . . 80 (see FIG. 5). As shown in FIG. 6, pin 114
      extends through hole 80.
PAR  When locking end cap 74 is rotated counterclockwise, as illustrated in FIG.
      6, the nut 88 will be screwed off the threads 86 of the rod 82, thus
      allowing the handle 70 to move outwardly with respect to the roller
      housing 12. Head 83 will, however, prevent the complete separation between
      the handle 70 and the end wall 14 of the roller housing unless there is a
      complete disengagement between the nut 88 and the threads 86 of the rod
      82. When the end cap has been loosened sufficiently to allow the grip 72
      to move outwardly or away from the rear wall 14 to provide for the
      withdrawal of pin 14 of the base 110 from the aperture 80, the grip 72 may
      be rotated to position the pin 114 in any of the holes 77 . . . 80 (see
      FIG. 5) as desired. Since the face 112 of base 110 is cut at an angle with
      respect to the axis of the handle 70, the handle will then be disposed at
      an angle with respect to the rear wall 14, according to the location of
      pin 114 in the respective holes. If the pin 114 is located in hole 78, by
      rotating the grip 72 and the locking end cap 74, the handle would be
      positioned as shown in phantom in FIG. 6. The handle may then be locked in
      such position by moving the locking end cap in a clockwise direction, as
      shown in FIG. 6, to screw the nut 88 onto the threads 86 of the rod 82.
      When the nut threadedly engages the rod, tension is applied between the
      handle and the rear wall 14 by means of the engagement of head 83 of the
      rod 82 and the wall 14. This tension will then result in the securing or
      locking of the handle in place.
PAR  FIG. 7 is a perspective view of the paint guide apparatus 10 viewed
      substantially the reverse from the view shown in FIG. 1. Roller housing 12
      is illustrated from the bottom portion, including the rear wall 14 and the
      movable end wall 16 which is secured to the rear wall by hinge 18. Paper
      supply holder 36 is shown in FIG. 7, also secured to rear wall 14.
PAR  Handle 70 extends outwardly from the rear wall 14 of the roller housing 12.
      Thumb arm 56 of the ratchet actuator lever 54 (see FIGS. 1, 2, and 3) is
      also shown in FIG. 7 as extending outwardly from the roller housing 12.
      Blade 28 is shown extending away from the rear wall 14 in the opposite
      direction from the handle 70.
PAR  The circular support 60, with its insert 62, is shown, partially in
      phantom, as secured to movable end wall 16 by appropriate fastening means,
      such as rivet 64. The purpose of the support and its insert has been
      discussed above, primarily in conjunction with FIG. 3. A takeup roll or
      roller is axially aligned with the support 60, and the insert 62 aids in
      supporting and holding the takeup roll between the respective ends of the
      roller housing.
PAR  Brake flange 92 is secured to the paper supply holder 36 by means of a rod
      94. The brake flange 92 is movable by a pivoting action on the rod 94. The
      movement or pivoting of the brake flange away from the paper, against
      which it is normally biased, is accomplished by means of wire 98 which is
      secured to a brake release lever, not shown in FIG. 7 (see FIGS. 1, 2, and
      4). The wire 98 is secured to a pin 96 on the brake flange 92. The wire 98
      is shown as extending through, and protected by, a guide 106, which is
      disposed on and secured to the paper supply holder 36. The primary purpose
      of guide 106 is to protect the wire 98.
PAR  The paint guide apparatus disclosed above comprises a substantial
      improvement over the prior art. It is lightweight, easily used, and
      continually allows fresh paper, such as waxed paper, to be in place at the
      edge of the blade which protects a desired area from unwanted paint and
      the like. The paint guide accordingly allows painting of, for example, a
      wall to a particular corner, to the ceiling, or to wood or trim which is
      not to be painted, or is to be painted a different color. The adjustable
      handle allows for rapid and simple change of orientation of the handle to
      suit the particular use of the paint guide apparatus with respect to the
      convenience of the user.
PAR  While the principles of the invention have been made clear in illustrative
      embodiments, there will be immediately obvious to those skilled in the art
      many modifications of structure, arrangement, proportions, the elements,
      materials, and components used in the practice of the invention, and
      otherwise, which are particularly adapted for specific environments and
      operative requirements without departing from those principles. The
      appended claims are intended to cover and embrace any and all such
      modifications, within the limits only of the true spirit and scope of the
      invention. This specification and the appended claims have been prepared
      in accordance with the applicable patent laws and the rules promulgated
      under the authority thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Paint guide apparatus having paper movable thereon, comprising, in
      combination:
PA1  roller housing means;
PA1  a blade secured to and extending outwardly from the roller housing means
      and having side edges and a front edge;
PA1  handle means adjustably secured to and extending outwardly from the roller
      housing means oppositely from the blade;
PA1  a supply holder connected to the roller housing means on one side of the
      blade for holding a supply of paper;
PA1  a takeup roller in the roller housing means on the other side of the blade
      to receive paper from the supply holder;
PA1  ratchet means connected to the take-up roller to incrementally advance the
      roller and the paper from the supply holder, around the front edge of the
      blade, and onto the takeup roller;
PA1  brake means disposed against the paper to keep the paper taut around the
      front edge of the blade;
PA1  said ratchet means including a ratchet gear secured to the takeup roller, a
      spur engaging the ratchet gear, lever means connected to the spur for
      moving the ratchet gear and the takeup roller, and means for biasing the
      lever means against movement thereof;
PA1  said brake means including a brake flange disposed against the paper and a
      release lever adjacent the handle means for moving the brake flange away
      from the paper; and
PA1  said handle means including a grip, a face on the grip disposed adjacent
      the roller housing means, a pin extending outwardly from the face, a
      locking end cap rotatably secured to the grip, and
PA1  rod means securing the grip and the locking end cap to the roller housing
      means.
NUM  2.
PAR  2. The apparatus of claim 1 in which said lever means includes a lever
      pivotally secured to the roller housing means and having the spur on one
      end and a thumb arm on the opposite end disposed adjacent the handle
      means.
NUM  3.
PAR  3. The apparatus of claim 2 in which the brake means further includes
      spring means for biasing the brake flange against the paper.
NUM  4.
PAR  4. The apparatus of claim 1 in which the roller housing means includes a
      plurality of holes for receiving the pin on the face of the grip of the
      handle means for orienting the handle means with respect to any one of a
      plurality of holes on the roller housing means.
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ABST
PAL  The present invention is directed to an improved apparatus for the
      formation by accretion of copper stock of substantially homogeneous
      composition intended to be subsequently formed by drawing, rolling, etc.
      into wire rods, sheets, tubes, strip or the like. The invention, in
      general, is directed to the combination with an essentially known fuel
      fired melting furnace and a known accreting crucible apparatus, of a
      launder or conduit for receiving copper from the furnace, which copper may
      contain an unacceptably high percentage of oxygen, and depositing said
      copper in the crucible with the oxygen content reduced to a degree
      rendering the same satisfactory for accretion onto a purified copper seed
      rod.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is in the field of manufacture of copper intermediate
      stock intended to be subsequently processed by known methods for formation
      into wire, sheet, tubes, strip, buss bars and the like.
PAR  2. The Prior Art
PAR  A significant proportion of the cost of manufacturing finished products of
      copper, such as wire, sheet, rod, etc., is attributable to the fabrication
      of the intermediate forms of the material from which the final products
      are to be manufactured.
PAR  A procedure which has successfully been adopted to reduce the cost of
      producing intermediate stock is the so-called accretion method wherein a
      continuous length of seed rod or wire of purified copper is progressively
      advanced under controlled conditions through a crucible containing molten
      copper, with the result that increments of the molten copper accrete on
      the advancing rod or wire. The resultant substantially thicker rod or wire
      is comprised of a solid body of substantially homogeneous copper suitable
      for subsequent processing.
PAR  Various procedures for refining of copper by accretion are disclosed in the
      patent art, such as, by way of example, in U.S. Pat. Nos. 3,008,201,
      3,060,053 and 3,235,960.
PAR  A requirement of the accretion process as illustrated in said patents is
      that the molten copper in the crucible through which the seed rod is drawn
      be exceedingly pure, and especially be free of oxygen contaminants, either
      in the free state or combined with the copper as oxides. Specifically, it
      is stated in U.S. Pat. No. 3,060,503 that the oxygen content of the melt
      in the accreting crucible not exceed about 20 parts per million (ppm).
PAR  Heretofore the production of a melt of a requisite purity and freedom from
      oxygen contamination has required the use of an electrical melting
      furnace. All other means for melting the copper, and specifically fuel
      fired furnaces, in which combustion takes place in contact with the copper
      being melted, have resulted in the incorporation in the melt of an
      unacceptably high oxygen content.
PAR  Increasing charges for electrical energy, particularly in certain areas of
      the United States, have so greatly increased the costs of electrical
      melting furnace procedures as to make their use prohibitively expensive.
PAR  Attempts have been made to utilize fuel fired melting furnaces to provide
      molten copper to the accreting crucible. However, even the most efficient
      of such fuel fired furnaces, in the sense that the same produces copper
      with a low oxygen content, namely a furnace such as described in U.S. Pat.
      No. 3,199,977, results in a copper melt containing approximately 100 ppm
      oxygen.
PAC  SUMMARY
PAR  The present invention may be summarized as directed to an apparatus for the
      production by accretion of a solid body of substantially homogeneous
      copper, which apparatus includes a fuel fired furnace and an accreting
      crucible apparatus of essentially conventional design in combination with
      a launder or conduit of novel design, adapted to receive molten,
      oxygen-contaminated copper from the furnace, and in the course of
      conveying the same to the receiving crucible, reduce the oxygen content
      from approximately 100 or more ppm as received from the furnace to 20 or
      less ppm as deposited in the crucible.
PAR  The launder comprises an elongated conduit lined with refractory material
      and sealed to the atmosphere. The launder includes an internal passage
      inclined to the horizontal, the passage being interrupted by a plurality
      of longitudinally spaced-apart, transversely extending baffle means or
      members.
PAR  The baffle means or members include throughgoing, restricted flow passages,
      the cross sectional extent of which is less than the average cross
      sectional dimension of the stream of copper traversing the launder. The
      baffles include upper edge portions terminating in spaced relation to the
      ceiling or upper wall of the passage, the throughgoing apertures in the
      baffles being located at a level between the floor of the launder and the
      upper edge of the baffles.
PAR  A bed of pulverulent charcoal or like material is floated on a stream of
      molten copper, the depth or thickness of the bed being such as to include
      components lying below and, preferably, also above the height of the top
      edge of the baffles. The bed of charcoal is prevented from traveling in a
      downstream direction with the copper and its initially distributed
      condition essentially preserved by the entering of the top edge portions
      of the baffles into the bed. Additionally, the restricted apertures of the
      baffles form the surface of the stream of copper into an undulant pattern,
      increasing the surface area and, hence, the area exposed to the charcoal,
      the turbulence or disruption of laminar flow resulting from the stream
      passing through the apertures likewise assuring that all portions of the
      molten stream will, at one time or another, be contacted with the
      charcoal.
PAR  Means are preferably provided for varying the inclination of the launder,
      to vary the flow rate of molten copper, permitting the launder to be
      accommodated to varying quantities of oxygen contaminant in a particular
      batch of copper melt.
PAR  The launder is heated to maintain the copper in the molten condition and
      may likewise include means for interposing in the area above the charcoal
      bed an atmosphere of reducing gas.
PAR  Accordingly, it is an object of the invention to provide an improved
      apparatus for the formation of copper intermediates by an accretion
      process.
PAR  It is a further object of the invention to provide an apparatus of the type
      described, permitting the use of a fuel fired furnace as the means for
      reducing the copper to molten form.
PAR  A further object of the invention is the provision in an accreting
      apparatus of the type described of a launder or conduit of relatively
      limited size within which oxygen contaminated copper melt may be treated
      to reduce the oxygen content to a level acceptably low, i.e. in the area
      of 20 ppm oxygen, for use in an accreting procedure.
PAR  Still a further object of the invention is the provision of an accreting
      apparatus eliminating the requirement for an electrical melting furnace
      and permitting the use of more efficient fuel fired melting furnaces of
      the type in which there is direct contact between the copper and
      combustion products.
DRWD
PAR  To attain these objects and such further objects as may appear herein or be
      hereinafter pointed out, reference is made to the accompanying drawings,
      forming a part hereof, in which:
PAR  FIG. 1 is a schematic illustration in vertical section of an accretion
      apparatus in accordance with the invention;
PAR  FIG. 2 is a horizontal section taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a vertical section taken on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a magnified vertical section taken on the line 4--4 of FIG. 2;
PAR  FIGS. 5, 6 and 7 are sectional views similar to FIGS. 2, 3 and 4 of a
      further embodiment of the invention;
PAR  FIGS. 8, 9 and 10 are sectional views similar to FIGS. 2, 3 and 4 of a
      still further embodiment of the invention.
DETD
PAR  Referring now to the drawings, there is shown in FIG. 1, in schematic
      fashion, an accretion apparatus including a fuel fired furnace 10 for
      melting copper material, an accreting crucible 11 and a deoxygenating
      launder or conduit assembly 12 for conducting the molten copper to the
      accreting chamber and for deoxygenating the same in the course of
      traversing the launder.
PAR  The furnace 10 may be of the type shown in U.S. Pat. No. 3,199,977 or any
      other similar type preferably producing a copper melt having a relatively
      low oxygen content, in the neighborhood for instance of 100 ppm. It will
      be appreciated from the ensuing discussion that furnaces producing copper
      melt having higher oxygen concentrations may be employed but that the
      length of the conduit or launder assembly 12 may be required to be
      increased to provide additional treatment area for the more oxygen rich
      copper.
PAR  Copper aggregate 13 is progressively loaded into the furnace, the aggregate
      being heated in direct contact with combustion products resulting from the
      burning of combustion gases introduced through the burner ports 14. The
      copper aggregate comprises a stack supported by unmelted portions, the
      furnace being so constructed and arranged that a continuous drawing off of
      molten material at the bottom of the stack occurs.
PAR  As more fully set forth in U.S. Pat. No. 3,199,977, the combustion mixture
      is preferably regulated in such manner that the oxygen content is
      insufficient to produce full combustion of the fuel elements, and
      combustion takes place in the presence of reducing gases.
PAR  As noted, other furnaces or sources of molten copper may be substituted for
      the furnace 10 which, per se, forms no part of the instant invention.
PAR  Molten copper tapped from the furnace 10 and passing through internal
      passageway 15 of the launder emerges from exit end 16 into supply or
      reservoir crucible 17 feeding accreting crucible 18. As noted in respect
      of the three patents first mentioned above, a substantially homogeneous
      solid copper rod is produced in crucible 18 by progressively drawing
      through the crucible a relatively thin wire or rod 19 of essentially pure
      copper. In the course of traversing the crucible 18, the wire or rod 19
      gathers on its surface quantities of copper which become integrated with
      the mass, resulting in the production of a wire or rod 19' of greater
      diameter than the rod 19.
PAR  The various parameters required for the production of rod stock by
      accretion, including the speed with which the rod is drawn, temperatures,
      seals to the atmosphere and the like, are so fully and completely
      expounded in the aforesaid U.S. Pat. Nos. 3,008,201, 3,060,053 and
      3,235,960, for instance, as to render repetition unnecessary.
PAR  Important to the instant invention, however, is the fact that unless the
      copper melt within the accreting crucible 18 is in the range of about 20
      or less ppm of oxygen, the accreted material may not be properly bonded to
      the core material. Also, the accreted rod may evidence surface fissures
      and cracks, and may be irregular in shape.
PAR  Accordingly, the principal contribution of the instant invention lies in
      the provision of a processing launder 12 of relatively limited length
      wherein oxygen contaminated copper melt is delivered to the crucible in a
      condition sufficiently decontaminated to permit practice of an accretion
      process producing a satisfactory rod or wire.
PAR  The launder 12 includes an encapsulating steel casing 20 which is lined
      with insulation 21. A refractory layer 22 is disposed within the softer
      insulating material. The refractory material 22 defines a trough 23 (see
      FIG. 4) having a V shaped floor 24 provided with carbide liners or like
      material possessing the necessary heat resisting and wear resisting
      properties. The side walls 25, 26 of the trough are likewise formed of
      carbide material.
PAR  The above described components comprise the bottom half segment of the
      launder 12, the upper half segment 27 of the lining for the launder being
      made of a refractory material.
PAR  The upper and lower halves of the launder form a sealed enclosure, to which
      end the segment 27 may include depending side ribs 28, 29 which project
      downwardly into complemental channels 30, 31, respectively, in the
      refractory portion 21 of the lower launder section. Preferably a heat
      resistant, yieldable packing component 32, 33 is disposed in the channels
      30, 31 to assure formation of an airtight seal.
PAR  The steel casing 20 is preferably formed in two halves, notably an upper
      and a lower half, encapsulating, respectively, the upper half 27 of the
      launder, the lower half containing the lower section of the launder,
      whereby, by separating the casing halves, the launder may be opened to
      provide access to the interior.
PAR  A plurality of baffle members 34 are interposed within the trough portion
      23 of the launder. The baffles 34, in the embodiment of FIGS. 2 and 3, are
      formed of carbide material and include side walls 35, 36 engaging the side
      walls of the trough 25, 26, respectively, and an angular bottom wall
      portion 37 conforming to the floor 24 of the trough. The upper edge
      portions 38 of the baffles extend toward and terminate in spaced relation
      to the top wall portion 39 of the upper section 27 of the launder.
PAR  The baffles 34 include throughgoing apertures 40. The apertures 40 are
      preferably defined adjacent the floor 24 of the launder. It will be
      observed that the cross sectional area of the apertures 40 forms only a
      small proportion of the total area of the baffles 34. The sectional area
      of the apertures is calculated to comprise a minor fraction of the average
      cross sectional area of the copper stream to be processed.
PAR  Each half of the baffles 34 to opposite sides of a vertical plane bisecting
      the launder is angularly oriented in a downstream direction, the baffles
      being generally chevron shaped in horizontal section. Such construction
      increases the desired turbulence effect on the copper stream, as well as
      functioning to create at the upstream surface of the baffles immediately
      above the throughgoing apertures 40 a greater stream height, whereby the
      interaction between the charcoal bed and reducing gases introduced into
      the system and the oxygen content of the stream is increased.
PAR  Heating means are provided for maintaining the copper flowing the length of
      the launder in molten condition. In the embodiment of FIGS. 2 to 4, the
      heating means comprises radiant heaters 41 which may be electrically
      powered.
PAR  In advance of operation of the device, a blanket or bed of pulverulent
      deoxidizing material, such as charcoal, is deposited within the launder.
      The blanket is preferably positioned by separating the two halves of the
      launder at the seal area and partially filling the trough portion 23 with
      the material.
PAR  The exit end 16 of the launder is disposed within an aperture 42 formed in
      the supply crucible 17, whereby molten copper flowing through the launder
      will be deposited in the crucible. An airtight trap member 43 surrounding
      the exit end 16 and disposed outwardly adjacent the aperture 42 or a
      comparable and articulatable seal, prevents the ingress of air to the
      system while permitting a degree of movement of the exit end 16 of the
      launder relative to the crucible 17.
PAR  There is maintained within the launder a reducing atmosphere. Optionally
      and preferably the launder includes an inlet port P adjacent the exit end
      of the launder, through which a reducing gas such as carbon monoxide,
      hydrogen or the like may be introduced.
PAR  A vent control mechanism V is formed in the launder adjacent the end
      nearest the furnace 10. Control means are provided within the vent
      apparatus whereby gases at the vent may selectively be removed and
      suitably disposed of or, if the venting mechanism is closed to a degree,
      increments of the gases may be fed into the furnace 10 at the lower end of
      the column of copper to mingle and burn with the combustion gases.
PAR  Operation of the apparatus will be apparent from the preceding description.
PAR  Molten copper emerging from the furnace 10 and incorporating oxygen in
      quantities of approximately 100 ppm or more is fed from the exit orifice
      44 of the furnace 10 to the entrance of the passageway 15 of the launder.
      The volumetric flow of molten copper will be controlled in accordance with
      the oxygen content thereof by increasing or decreasing the fuel supply to
      the furnace, it being understood that where the molten copper possesses a
      relatively low oxygen content, a larger capacity of copper may be
      permitted to flow through the launder and, consequently, a greater amount
      of heat may be utilized to increase the volumetric yield.
PAR  Additionally, the volumetric flow may be varied by modifying the tilt of
      the launder (compare dot and dash and solid line positions shown in FIG.
      1). The greater the inclination of the launder, the faster the flow of
      materials, with a consequent diminished exposure of the molten copper to
      the influences of the charcoal and reducing gases.
PAR  Under the illustrated arrangement, reducing gases introduced through port P
      flow additionally into the holding or reservoir crucible 17, where their
      principal function is not to augment the de-oxidization but, rather, to
      prevent contact of the molten material with oxidizing influences.
PAR  The baffles 34 perform an important function in the launder of the present
      invention--specifically, to increase the area of molten copper exposed to
      the reducing influences of the charcoal and gas. As the stream of molten
      copper flows down the launder and engages against each of the baffles, the
      baffles act as a flow restrictor, by reason of the limited size of the
      apertures formed therethrough, with the result that the level of the
      molten stream immediately upstream of each baffle is substantially higher
      than the further level both upstream and downstream of the baffles. In
      other words, the stream tends to collect at a greater height immediately
      before the baffles by reason of the restricted flow apertures.
PAR  Additionally, there is a turbulence effect occasioned by the presence of
      the baffles and apertures which results in a circulation within the molten
      stream, wherein portions of the stream which might otherwise, by reason of
      laminar flow effects, remain submerged and remote from the deoxygenating
      influences of the charcoal and gas, are caused to approach the surface.
PAR  A further important feature of the invention lies in the interaction
      between the baffles and the charcoal bed whereby the entire length of the
      launder is maintained functionally effective to deoxygenate the molten
      stream, notwithstanding the progressive depletion of the charcoal bed
      through combination with the oxygen products within the molten stream. If
      the bed were permitted to shift freely within the launder, there would be
      a tendency, as charcoal is depleted, for the remaining quantities to
      accumulate adjacent the downstream end of the launder, whereby upstream
      portions of the molten metal would not be covered by charcoal.
PAR  In the instant device, the baffles enter into the bed of charcoal whereby
      the bed is maintained substantially in a fixed position and cannot bodily
      be shifted, due to the restraining influences of the baffles.
PAR  Further, as the charcoal is depleted so that the upper edges of the baffles
      project above the uppermost surface of the charcoal bed, it is assured
      that increments of the charcoal will remain in each section divided by the
      baffles. Moreover, the increments of the bed will tend to collect
      immediately upstream of each baffle in the area of major turbulence.
PAR  As a result of the noted construction, a single charge of charcoal will
      last substantially longer, without sacrificing efficient deoxygenation,
      than would be the case if the charge were unconstrained within the
      launder.
PAR  It is important to note that the minor inclination of the launder in the
      area of from about 5.degree. to about 20.degree. enables the formation
      within the launder of a discrete stream of molten copper of readily
      controllable size, whereby it is feasible, with a controlled amount of
      heat, to maintain the stream at a desired temperature. In contrast, if the
      launder were vertical or substantially vertically oriented, it would be
      impossible to maintain the desired flow characters to assure a proper
      surface area and speed of flow to permit deoxygenation appropriate to the
      contamination of the particular batch being processed. Additionally, the
      heat required to maintain the molten condition in a vertically or near
      vertically descending molten stream is considerably greater, especially
      considering the additional length of launder which would, under such
      circumstances, be mandated.
PAR  The described construction makes it feasible to employ a launder of
      relatively short dimension while still effecting sufficient deoxygenation
      to enable the use of a gas or other fuel fired melting furnace and derive
      a molten copper product sufficiently free of oxygen to permit practice of
      an accretion procedure.
PAR  In FIGS. 5 to 7 there is shown a variation of the launder wherein the
      heating effects for maintaining the stream in molten condition are
      provided by a multiplicity of externally mounted gas jets 50, fed from
      common manifolds 51. With the exception of the heating means, the launder
      of FIGS. 5 to 7 is essentially identical to the launder of FIGS. 2 to 4.
PAR  The launder of the embodiment of FIGS. 8 to 10 employs radiant heaters
      similar to those illustrated in FIGS. 2 to 4. In the embodiment of FIGS. 8
      to 10, however, the baffle constructions differ from the previously
      described baffles.
PAR  As best seen in FIGS. 9 and 10, the baffles comprise transversely extending
      bridge portions 52, the upper edges 53' of which are spaced from the upper
      wall portions of the launder. The bridge portions 52 carry depending flow
      deflectors 53 in the path of the stream of metal.
PAR  It will be observed that the flow deflectors 53 function to interrupt
      laminar flow of the molten copper stream and induce a roiling effect
      therein, as well as to create elevated pools or puddles at the upstream
      surfaces of the baffles, in the manner previously described in connection
      with the baffles 34.
PAR  It will be appreciated that, depending upon the turbulence effects sought
      to be introduced into the stream, the flow deflecting portions 53 may be
      aligned longitudinally, as illustrated in FIG. 8, or they may be offset
      one from another on sequential baffles, whereby transverse increments of
      the stream are required to traverse sinous paths as they descend the
      launder, inducing a side to side flow characteristic.
PAR  As shown in the embodiment of FIGS. 8 to 10, the floor of the launder may
      be flat rather than trough-like.
PAR  It will be perceived by those skilled in the art that numerous and
      familiarized with the instant disclosure that numerous physical variations
      may be made in the illustrated apparatus without departing from the spirit
      of the invention. Specifically, variations in the configuration of the
      launder, baffles, etc. may be effected to meet specific requirements. By
      way of example, the entire launder may be fabricated in a sinuous
      configuration to induce a curved flow path whereby the length of the
      stream is increased without increasing the overall spacing between furnace
      and accretion crucible. Accordingly, the invention is to be broadly
      construed within the scope of the appended claims.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. In an apparatus for accreting copper including a fuel fired melting
      furnace means for melting copper stock and an accreting crucible within
      which a copper member is drawn through a pool of purified, molten copper,
      a deoxygenating launder apparatus inclined from said furnace toward said
      crucible for receiving molten, oxygen contaminated copper from said
      furnace and depositing said copper melt in purified condition in said
      crucible, comprising an enclosed, inclined conduit having an internal
      passage including bottom, top and side wall portions, a plurality of
      longitudinally spaced-apart baffle members extending transversely across
      said passage, the upper edge portions of said baffle members terminating
      in spaced relation to the top portion of said conduit, said baffle members
      including side portions conforming with side wall portions of said
      conduit, said baffle members including restricted flow passages, a stream
      of molten copper flowing from said furnace toward said crucible, the
      average cross sectional area of said stream taken transversely to the
      direction of flow being less than the cross sectional area of said baffles
      and greater than the area of said restricted passages, whereby the cross
      sectional area of said stream, upstream of said baffles, is substantially
      greater than the cross sectional area of said stream immediately
      downstream of said baffles, means for heating said conduit to maintain
      said copper in a molten condition and a charcoal bed floating on said
      stream, and including portions extending below the upper edge portions of
      said baffles, whereby said baffles prevent bodily movement of said bed in
      said downstream direction.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 and including means for varying the
      inclination of said conduit.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 and including means for introducing
      reducing gases into said conduit at a portion adjacent the crucible end
      thereof.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 wherein the restricted flow
      passages defined by sequential baffles are offset one from the other in a
      direction normal to the direction of flow, whereby said stream is caused
      to traverse a sinuous path.
NUM  5.
PAR  5. Apparatus in accordance with claim 1 wherein said baffles to opposite
      sides of a vertical plane dividing said launder are inclined in the
      direction of flow of said launder, with portions of said baffles adjacent
      the side walls of said launder being located upstream as respects said
      cutout portions.
NUM  6.
PAR  6. In an apparatus for accreting copper including a fuel fired melting
      furnace means for melting copper stock and an accreting crucible within
      which a copper member is drawn through a pool of purified, molten copper,
      a deoxygenating launder apparatus inclined from said furnace toward said
      crucible for receiving molten, oxygen contaminated copper from said
      furnace and depositing said copper melt in purified condition in said
      crucible, comprising an enclosed, inclined conduit having an internal
      passage, a plurality of longitudinally spaced-apart baffle members
      extending transversely across said passage, said baffles including
      adjacent the floor of said passage flow restricting apertures for the
      passage therethrough of molten copper, a bed of pulverulent reducing
      material disposed in said conduit and adapted to float on a stream of
      copper descending said passage at a level in which portions of said bed
      extend below said upper edge portions, whereby said baffles prevent
      downstream movement of said bed while permitting downstream movement of
      said molten copper through said apertures, the upper surface of said
      stream being above the level of said apertures and below the upper edge
      portions of said baffles, and means for heating said conduit to maintain a
      stream of copper in said passage in a molten condition.
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ABST
PAL  A development system comprising a small compact modular developer unit
      which is retractably engagable with an image bearing surface is provided.
      The developer module contains within its casing developer feed and
      doctoring systems to provide a developer applicator surface containing
      appropriate quantities of developer. The system may use liquid and powder
      developers and is capable of high speed operation.
PARN
PAR  This is a continuation of application Ser. No. 313,080, filed Dec. 7, 1972,
      now abandoned, which is a division of application Ser. No. 838,142, filed
      July 1, 1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to imaging systems, and more particularly to
      improved development systems.
PAR  The formation and development of images of photoconductive material by
      electrostatic means is well known. The basic xerographic process, as
      taught by C. F. Carlson in U.S. Pat. No. 2,297,691, involves placing a
      uniform electrostatic charge on a photoconductive insulating layer,
      exposing the layer to a light-and-shadow image to dissipate the charge on
      the areas of the layer exposed to the light and developing the resulting
      electrostatic latent image by depositing on the image a finely-divided
      electroscopic material refered to in the art as "toner." The toner will
      normally be attracted to those areas of the layer which retain a charge,
      thereby forming a toner image corresponding to the electrostatic latent
      image. This powder may then be transferred to a support surface such as
      paper. The transferred image may subsequently be permanently affixed to
      the support surface as by heat. Instead of latent image formation by
      uniformly charging the photoconductive layer and then exposing the layer
      to a light-and-shadow image, one may form the latent image by directly
      charging the layer in the image configuration. The powder image may be
      fixed to the photoconductive layer if elimination of the powder image
      transfer step is desired. Other suitable fixing means such as solvent or
      over coating treatment may be substituted for the foregoing heat fixing
      step.
PAR  Similar methods are known for applying electroscopic particles to
      electrostatic latent images to be developed. Included within this group
      are the "cascade" development technique disclosed by E. N. Wise in U.S.
      Pat. No. 2,618,552, the "magnetic brush" process disclosed in U.S. Pat.
      No. 2,874,063, and the "powder cloud" process disclosed by C. F. Carlson
      in U.S. Pat. No. 2,221,776, the disclosures of which are hereby
      incorporated by reference.
PAR  An additional dry development system and the dry system to which this
      invention is most nearly directed involves developing an electrostatic
      latent image with a powder developer material, the powder having been
      uniformly applied to the surface of the powder applicator. The latent
      image is brought close enough to the developer powder applicator so that
      the developer powder is pulled from the applicator to the charge bearing
      surface in image configuration. The image and powder applicator may
      desirably be brought in contact including contact under pressure to effect
      development. The powder applicator may be either smooth surfaced or
      patterned so that the developer powder is carried in the depressed
      portions of the pattern surface. Exemplary of this system are the
      techniques disclosed by H. G. Greig in U.S. Pat. No. 2,811,465.
PAR  A further technique for developing electrostatic latent images is the
      liquid development process developed by R. W. Gundlach in U.S. Pat. No.
      3,084,043. In this method an electrostatic image is developed or made
      visible by presenting to the imaging surface a liquid developer from the
      surface of a developer dispensing member having the plurality of raised
      portions or "lands" defining a substantially regular surface and a
      plurality of portions depressed below the raised portions or "valleys."
      The depressed portions contain a layer of conductive liquid developer
      which is maintained out of contact with the electrostatographic imaging
      surface. The development system disclosed in U.S. Pat. No. 3,084,043
      hereinafter referred to as the "polar liquid development" system, differs
      from conventional electrophoretic liquid development systems where
      substantial contact between liquid developer and both the charged and
      uncharged areas of the electrostatic latent image occurs. Unlike
      electrophoretic development, substantial contact between the polar liquid
      and the areas of the electrostatic latent image bearing surface not to be
      developed is preferably prevented in the polar liquid development
      technique. Reduced contact between liquid developer and the nonimage areas
      of the surface to be developed is desirable because the formation of
      background deposits is thereby inhibited. Another characteristic which
      distinguishes the polar liquid development technique from electrophoretic
      processes is the fact that the liquid phase of a developer actually takes
      part in the development of a surface. The liquid phase of an
      electrophoretic liquid developer functions only as a carrier medium for
      the developer particles.
PAR  An additional development technique is that referred to as "wetting
      development" described in U.S. Pat. No. 3,285,741. In this technique an
      aqueous developer uniformly contacts the entire imaging surface and due to
      the selected wetting and electrical properties of the developer
      substantially only the charged areas of the imaging surface are wetted by
      the developer.
PAR  All these systems have demonstrated good capability in producing developed
      copies of satisfactory quality. However, the individual systems when
      employed as commercial embodiments suffer serious deficiencies and
      drawbacks. In the dry development systems relatively large, bulky,
      complicated mechanical devices must be employed to effectively accomplish
      development since the developer materials are presented to the surface in
      excess quantities which must be removed and the developer materials are
      also recycled for subsequent development operations. Also, in some of
      these devices the developer material generally contacts the entire image
      bearing surface with resulting background deposits on the developed image.
      Furthermore, the relative free mobility of developer material in such
      devices yields rather untidy development systems and the possibility of
      chemical contamination of copy paper, photoreceptor or some mechanical
      means is always present.
PAR  Similar problems often exist in devices employing liquid development
      systems. Here also the entire image bearing surface may be contacted by
      the liquid developer increasing the possibility of undesirable background
      deposits and contributing to the use of excess quantities of developer.
      Similarly the relatively uncontrolled movement of liquid developer in the
      device contributes to waste and spillage of developer with the ever
      attendent possibility of chemical attack of some mechanical part. A
      particularly significant effect of the unconstrained movement of liquid
      developer may be contamination of the copy paper supply.
PAR  In either the dry or liquid development systems but particularly in the
      liquid development systems, the developer applicator surface is usually in
      continuous contact with a portion of the imaging surface. During periods
      of intermittent use or nonuse the developer present on the applicator may
      chemically attack the imaging surface resulting in pitting or other
      surface discontinuities and in the instance where a binder layer
      photoconductor is used as the imaging surface the developer may completely
      destroy a portion of the photoconductor resulting in breakdown of the
      development system. Furthermore, with any binder layer photoconductor the
      resin binder on attack by the developer may be present thereafter as a
      contaminant in the developer. Any attacked or degraded photoconductor
      residue may also be transferred to the surface of the applicator resulting
      in a non-uniform applicator surface, or in the case of a patterned surface
      resulting in deposits in the depressed portions of the applicator surface.
      In addition, the continuous contact which may be under pressure between
      applicator surface and photoconductor during prolonged idleness may result
      in the formation of flat splts on one of the surfaces.
PAR  Particular difficulty in those systems using a single use or reusable
      photoconductor is the fact that the entire charged portion of the
      photoconductor, which may be larger that the image portion, is developed
      and any copy resulting therefrom may contain deposited or transferred
      developer in other than image areas.
PAR  It is, therefore, clear that there is a continuing need for a better system
      for developing electrostatic latent images.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a developing
      system which overcomes the above noted deficiencies.
PAR  It is another object of this invention to provide a simple compact
      development system.
PAR  It is another object of this invention to provide a developer system where
      the developer applicator surface contacts substantially only the image
      area on the imaging surface to be developed.
PAR  It is another object of this invention to provide a movable modular
      developer system.
PAR  It is another object of this invention to provide a retractable developer
      applicator system.
PAR  It is another object of this invention to provide a cleaner operating
      developer system.
PAR  It is another object of this invention to provide a development system
      which forms images having reduced background deposits.
PAR  It is another object of this invention to provide a development system
      having reduced developer comsumption.
PAR  It is another object of this invention to provide a development system
      having reduced maintenance requirements.
PAR  It is another object of this invention to provide a development system
      capable of continuous development.
PAR  It is another object of this invention to provide a continuous development
      system having little or no linear cumulative error in the development
      cycle.
PAR  It is another object of this invention to provide a development system
      which is superior to known development systems.
PAR  The above objects and others are accomplished, generally speaking, by
      providing a development system employing a developer module which is
      retractable from developing engagement with the electrostatographic
      imaging surface and wherein the developer module is a substantially
      closed, self-contained, compact unit with exposure to outside surfaces
      only where necessary. More particularly, the applicator module comprises
      within its confines a system to supply developer material to an applicator
      surface and a doctoring system to provide metered amounts of developer in
      doctored configuration on the applicator surface. The applicator in the
      developer module is a path defining surface along a portion of which the
      developer module is open to the exterior to permit developing engagement
      with an image bearing surface. All elements in the developer module are
      securely but movably positioned in their necessary configuration and this
      alignment of elements is continuously maintained. The entire developer
      module is pivotably mounted about a shaft extending its longitudinal
      length and is spring loaded to position the applicator surface in
      developing engagement with the photoconductor surface. The developer
      module is retractably disengageable from developing engagement with the
      surface of the imaging surface by any suitable means, such as a cam, in
      such a manner that the developer module is in developing configuration
      only along a predetermined path of the imaging surface. That is, the
      developer applicator is retractable from developing engagement during that
      portion of the photoconductor path which does not bear an electrostatic
      latent image to be developed. The developer applicator is in developing
      engagement substantially only when that portion of the photoconductor path
      bearing an image to be developed is also in developing engagement.
DRWD
PAR  The invention may be further illustrated by reference to the accompanying
      drawings in which:
PAR  FIG. 1 is an end view of an embodiment of the present invention with end
      plate removed.
PAR  FIGS. 2 and 3 are end views of alternative embodiments of the present
      invention.
PAR  FIG. 4 is a view in perspective of an embodiment of the present invention.
PAR  FIG. 5 is a schematic representation of a conventional mechanical programer
      according to this invention.
DETD
PAR  In FIG. 1 the developer module generally designated as 10, comprises
      developer tray or housing 11 which may be of one piece construction.
      Developer tray 11 may, for example, be an extruded aluminum tray.
      Developer cover 12 provides the top enclosure of the developer module and
      is securely fastened to the end plates (not shown) of the developer module
      by means of two or more screws 13 and 14. End plates (not shown) are
      securely fastened to the developer tray 11 by means of screws 15 at each
      end of the developer tray. Developer applicator roll 16 in the developer
      tray is rotatably mounted about its longitudinal axis through a bearing on
      each end plate. Feed roller 17 is rotatably mounted in the developer tray
      about its longitudinal axis in bearing in each of the end plates. Edge and
      corner doctor blade 18 is positioned on support arm 19 of developer tray
      or housing 11 by any suitable means such as screw 38. Main doctor blade 20
      is fastened onto support member 21 by means of clamp 22 held in place by
      screws 23. The doctor blade support 21 is securely mounted on pivot shaft
      24 by means of screw 25. Pivot shaft 24 which is cylindrically shaped at
      its ends to pivot within the end plates is spring loaded in position by
      flat spring 26 which may provide adjustable tensioning by means of set
      screw 27. Developer material is fed to the bath or reservoir portion of
      developer tray generally designated as 28 by means of conduit 29 attached
      to a larger developer supply. Developer may preferably be supplied to the
      bath or reservoir portion of the developer tray by gravity feeding means.
      Developer module 10 is held in developing engagement with the
      photoconductor 31, here illustrated as a web, belt or sheet type
      photoconductor supported in place by support roller 32, by means of leaf
      spring 30 which is in tensioning engagement with end plate 33 securely
      mounted to the developer tray 11 by means of screws 15. The top portion of
      end plate 33 provides the cam receiving surface for cam 35 which on
      rotation engages the caming surface thereby rotating the developer module
      about its pivot shaft which may be an extension of the feed roll shaft and
      disengaging the applicator surface from developing engagement. A single
      spring and/or cam may be employed. To insure uniform pressure contact it
      is preferred to provide springs at each end of the developer module.
      Similarly two cams may be employed. The developer module is rotatably
      mounted in the overall machine structure to provide the described
      engagement and disengagement of the applicator surface relative to the
      imaging surface.
PAR  In the embodiment shown in FIG. 1, the photoconductor web may, by any
      conventional means, be charged and exposed to a pattern to be reproduced
      producing an electrostatic latent image on the photoconductor. During the
      charging step the applicator module, which is disengaged from developing
      engagement, may be actuated by any suitable mechanical programming system
      to prime the applicator surface with developer. During this priming
      operation and continuously during the development cycle, the rotating feed
      roll in developer transfer engagement with the applicator roll delivers
      the developer from the developer bath to the surface of the rotating
      applicator roll. Since in this embodiment the developer is present on the
      applicator surface in nonuniform configuration the applicator surface is
      doctored first with edge and corner doctoring surfaces and secondly with a
      principal doctoring surface extending the entire longitudinal length of
      the applicator surface. The path defining applicator surface containing
      metered amounts of developer in doctored configuration is then advanced to
      the developing position.
PAR  During exposure of the charged photoconductor, the programming system may
      interrupt the priming of the applicator surface as all movement is
      preferably stopped to insure the best definition of image on the
      photoconductor. After exposure the programming system advances the portion
      of photoconductor bearing an image to be developed toward developing
      configuration with the applicator surface while simultaneously again
      actuating the developer module. As the leading edge of the image portion
      of the photoconductor approaches that point along support roller 32 where
      developing engagement is made, programming system disengages the cam to
      permit the spring 30 to bring the applicator module into developing
      engagement with the leading edge of the image to be developed. Typically,
      the programming system is driven and all cycles are actuated by the
      programmer monitoring the length of the photoreceptor passing it at a
      station near the charging station so that in the development stage the
      developer module commences developing engagement with the photoconductor
      along the leading edge of the image to be developed. The photoconductor
      and applicator surface continue in moving developing engagement until the
      entire image is developed and when development is complete the programmer
      actuates the camming mechanism to pivot the entire developer module about
      its pivot shaft thereby retracting the developer module. If desired, the
      developed image may be transferred to copy paper 36 held in transfer
      engagement by backup roll 37. Also the mechanical programmer may be so
      constructed as to provide developing engagement between the photoconductor
      and the applicator surface of the developer module along any predetermined
      length of the photoconductor. However, for the reasons previously
      discussed it is preferred to employ a mechanical programmer which provides
      a predetermined length of developing engagement substantially the same as
      the length of the image to be developed.
PAR  The mechanical programmer referred to may be any device which will
      accurately and repeatedly sequentially time and synchronize all events
      necessary in the process and machine system. Any suitable means may be
      employed to provide this mechanism. The mechanical programmer may, for
      example, consist of a simple device rotating at a fixed rate of speed with
      activity engaging elements positioned at different portions of a complete
      cycle so that on the completion of one cycle of the programmer all
      activities are performed in sequence. The activity engaging elements may
      be in any form which provides the necessary timed sequence of operations
      and effectively engage and disengage each operation at the appropriate
      time. A typical mechanical programmer comprises a gear train from the
      photoconductor paper feed to the photoconductor backup roll and to a gear
      mounted on the camming shaft. The inking roll and developer roll may also
      be driven by this same gear train or may be independently driven. The gear
      ratios in the gear train may typically be selected so that the cam is
      engaged at all times other than when the applicator roll is in developing
      engagement with an image bearing surface. While mechanical timing is
      preferred in order to minimize error and particularly cumulative error
      over a period of time, electrical timing or electromechanical timing
      mechanisms may be used. A typical electromechanical device would comprise
      a solenoid as depicted in FIG. 2.
PAR  FIG. 2 is an alternative embodiment differing from FIG. 1 in the use of a
      drum type photoconductor with associated charging, exposing, developed
      image transfer and cleaning stations. It also differs from FIG. 1 in
      employing a roll doctor rather than the blade doctors of FIG. 1, and in
      the use of a solenoid to disengage the developer module. More
      specifically, the developer module contains developer tray or housing 40
      together with cover 41 securely held together by means of clamp 42 and
      screws 43 to form a substantially enclosed modular system. Rotatably
      mounted in the end plates (not shown) which are fastened to each end of
      the developer tray are applicator roll 44, feed roll 45, and doctor roll
      46. Solenoid 47 is positioned in engaging configuration with the receiving
      surface of end plate 48. The developer module generally designated as 49
      is held in developing configuration by means of spring 50. During
      operation, developer may be supplied to the small bath in the developer
      module by means of conduit 51. The photoconductor on the surface of drum
      56 is charged at charging station 52 and exposed at exposure station 53.
      The latent image on the photoconductor is developed when the applicator
      surface of the developer module is in developing engagement at developing
      station 58. The developed image may be transferred to copy paper 54 by
      placing the paper and developed image in transfer assembly by means of
      backing roll 55. The surface of photoconductor 56 may thereafter be
      cleaned at cleaning station 57. The doctor roll 46 employed in this
      embodiment may be a squeegee type roll doctor or a "skid" type roll
      doctor.
PAR  FIG. 3 illustrates a further embodiment of the invention wherein both
      developer feeding to the applicator surface and doctoring of the
      applicator surface are achieved with the same surface or device. In
      particular, roll 60 performs both a feeding function and doctoring of the
      applicator surface according to the technique described by G. Carr in
      copending application Ser. No. 838,133 filed concurrently herewith and
      entitled IMAGING SYSTEMS AND METHODS. More specifically, applicator module
      69 is composed of developer tray or housing 62 which may be of one piece
      construction. End plates 63 are mounted on each end of the housing and
      rotatably mounted within the end plates are feed and doctor roll 60 in
      feeding and doctoring engagement with applicator roll 61. External
      supplies of developer may be received in the developer module through
      conduit 65. The developer module is depicted as being disengaged from
      developing engagement by means of cam 64 acting on the cam receiving
      surface of end plates 63. When placed in developing engagement
      photoconductor 67 bearing an image to be developed is supported by support
      roll 68 as coil spring 66 provides the necessary force to place the
      developer module in developing configuration.
PAR  FIG. 4 is a view in perspective of the embodiment of this invention
      depicted in FIG. 1 and wherein applicator roll 72 is rotatably mounted in
      end plates 73 about its longitudinal axis 74 securely positioned in
      bearing 75. The applicator roll 72 may be driven by means not shown
      through gear 76. The feed roll is rotatably mounted about its longitudinal
      axis 77 in end plates 73 and is securely positioned in bearing 78. Gear 79
      is driven from external means. Cover 80 is securely attached to end plates
      73 by means of screws 81 and the end plates 73 are securely attached to
      the developer tray by means of self tapping screws 82 to provide a
      substantially enclosed self-contained developer module. Main doctor blade
      pivot shaft 83 is securely mounted in bearing 84 in end plates 73. Cam 85
      is rotatably mounted on shaft 86 which is securely positioned in a fixed
      external member such as a machine structure. On activation cam 85 rotates
      about shaft 86 engaging cam receiving surface 87. Image bearing surface
      backup roll 88 is rotatably mounted about shaft 89 and may be driven from
      an external source by means of gear 90. In operation backup roll 88,
      developer module pivot shaft 77 and cam shaft 86 may be securely mounted
      in a rigid frame structure.
PAR  FIG. 5 illustrates a typical mechanical programmer to accurately time the
      orderly sequence of events in any particular machine configuration. Gear
      92 may, for example, be mounted on a photoconductor feed mechanism at the
      charging or exposure station. Gear 92 drives driving gear 93 which in turn
      drives gear 95 which may be mounted on the shaft of the feed roll. Gear 95
      is in driving engagement with gear 94 mounted on the end of the developer
      roll shaft and with driving gear 96. Gear 96 is in driving engagement with
      gear 97 mounted on the shaft of cam 98. Any conventional gear train may be
      employed to accurately program the several operations or functions. In
      addition the mechanical programmer may be provided by any conventional
      gear, pulley or belt or combination thereof type actuation train. The gear
      ratios, for example, are selected to provide the desired programming. The
      precise gear ratios employed are dependent on the exact configuration of
      the final machine assembly and may readily be determined by one skilled in
      the art for any particular assembly.
PAR  The applicator surface may be of any suitable configuration and size. It
      may, for example, take the form of a rotatably mounted roller as shown in
      the several figures or it may be in the form of a movable endless web or
      belt. The surface may be smooth but preferably is a uniformly patterned
      surface of raised portions or lands and depressed portions or valleys. A
      typical applicator is a cylindrical roll having a trihelecoid, pyramidal
      or quadragravure pattern on the surface. Prints of good quality and
      relative ease of operation are obtained with a preferred applicator roll
      having a trihelecoid pattern of between 80 and 300 lines per inch, with
      about 180 to 250 lines per inch being preferred, cut at an angle of from
      about 30.degree. to about 60.degree., preferably about 45.degree., to the
      longitudinal axis and to a depth of from about one and one half mils to
      about 6 mils. Typical materials from which the applicator roll may be made
      include steel, brass, aluminum, Nylon, or Lucite. The roll may typically
      comprise a shaft of one material, with a shell or sleeve of a second
      material. A typical roll may be about one inch nominal diameter and about
      nine inches long. When a web or belt type applicator is used it is
      desirable although not always necessary that at each station of its path
      defining surface it be supported on the underside by a backing roll or
      other structure. By providing such support it is insured that developer
      material is adequately supplied to the applicator surface by the feed
      surface, that adequate doctoring is achieved and that subsequent
      development of the image is also achieved.
PAR  The developer feed surface may be of any suitable size and configuration.
      It may also take the form of a rotatably mounted roller or that of an
      endless belt or web. Like all materials employed the feed surface should
      be relatively resistant to aging, wearing and chemical attack by the
      developer. Considerable latitude is permitted in the selection of the feed
      surface when it is employed only as the feed surface. That is, when it is
      employed merely to supply or load the applicator surface with unmetered
      quantities of developer in undoctored configuration any developer feed
      system may be employed.
PAR  When, however, the feed surface is to serve both as a feeding and as a
      doctoring surface the surface should preferably be smooth to avoid any
      disfiguring of the applicator surface with which it comes in moving
      contact during the doctoring operation. Also, the material employed for
      the combination feed and doctoring surface should be relatively resilient
      having a Shore Hardness (A scale) durometer of from about 40 to about 90.
      Optimum print quality may be obtained with a durometer of from about 50 to
      about 60. Any suitable material may be selected for the feed surface.
      Typical examples of materials which may be employed for this surface
      include steel, silicone rubber, fluorosilicone rubber, Buna N rubber,
      Neoprene, urethanes and polyurethanes. When the roller type doctoring
      surface is employed typical elastomers include Fluorosilicone (W2249),
      Fluorosilicone Silastic LS63U, Silastic LS2311, all manufactured by Dow
      Corning. Also included are the following polyurethanes: Disogrin 6245 and
      Disogrin 7560, both products of Disogrin Industries. The nitrile copolymer
      Korilith manufactured by W. R. Grace Company is also useful.
PAR  When the feed and doctoring surface is in the form of a cylindrical roll,
      the roll should be accurately centered about its axis to provide uniform
      engagement with the developer applicator surface. A typical roller is
      comprised of about a 3/4 inch steel shaft with an elastomeric shell or
      sleeve of about 1/8 inch thickness to provide a roller of about 1 inch
      outside diameter.
PAR  When separate rollers are employed for each of the developer feeding
      operation and the doctoring operation, the feed roller may have the
      characteristics described above and the doctoring roller may have the
      characteristics described with respect to the combination feed and
      doctoring roller or it may be in the form of a squeegee type roller.
PAR  Doctoring of the developer loaded applicator surface may also be
      accomplished by means of doctor blades. A principal doctor blade extending
      the entire length of the applicator surface may be used alone or in
      conjunction with edge and corner doctor blades. The doctor blades may be
      made of any suitable material which is relatively resistant to aging,
      wearing, and chemical attack by the developer liquid. Typical materials
      include steel, silicone rubbers, fluorosilicone, rubbers, urethanes,
      polyurethanes, Mylar (polyester). The blades should be rigid enough to
      withstand any pressure buildup due to developer being held back by the
      doctor blade. The principal doctor blade should contact the applicator
      surface along a line or narrow path to provide the desired metering of
      developer material to the applicator surface in doctored configuration.
      The edge and corner doctor blade should contact the edge of the applicator
      surface and the corner to remove excess developer and prevent the
      accumulation of developer along the corner of the applicator surface.
      Reference is hereby made to copending application of R. E. Smith, Ser. No.
      838,141 entitled Developing Systems, filed concurrently herewith for
      further description of doctoring techniques which may be employed in the
      practice described herein.
PAR  Reference is also made to the copending application of G. Carr, Ser. No.
      838,133 entitled Imaging Systems and Methods filed concurrently herewith
      for detailed discussion of skid roll and feed roll doctoring. Briefly,
      therein described are systems which achieve adequate doctoring by moving
      one surface, which may be a combination feed and doctoring surface or a
      doctoring surface, against an applicator surface such that there is a
      differential peripheral speed between the contacting surfaces. The
      surfaces are in moving contact under pressure such that the doctor surface
      provides a net wiping action against the applicator surface.
PAR  Any suitable developer material may be employed. Polar and nonpolar liquids
      and dry powdered material such as conventional toner or any particulate
      material which may be charged are useful. It is desirable that the
      developers be compatible with the particular materials they come in
      contact with during the operation of the developer module. Liquid
      developers may have pigments dispersed and/or dyes dissolved therein.
      Typical liquid developers useful may be selected from the commercially
      available water, oil and alcohol based inks and include among others as
      vehicles mineral oil, oleic acid, polypropylene glycol, mineral spirits,
      glycerol and sorbital.
PAR  Typical dry powdered materials include charcoal, carbon black and
      conventional toner. Any suitable colorant may be selected. Typical
      colorants include carbon black and other particular forms of carbon, iron
      oxide, zinc oxide, titanium dioxide, ultramarine blue, methylene blue,
      methyl violet tannate. Dispersants, humidity control and fixing agents may
      be added if desired.
PAR  Any suitable electrostatographic imaging surface may be employed. Suitable
      dielectric materials and photoconductors may be in the form of drums,
      plates, or webs. Typical materials include selenium or selenium alloys,
      zinc oxide binder layers, phthalocyanine binder layers or polyvinyl
      carbozol.
PAR  To minimize spillage and contamination of the mechanical movements by the
      developer material the developer module should be essentially fully
      enclosed to outside influence except for the supply of developer material
      to the developer bath in the module and for the opening necessary for the
      applicator surface to be placed in developing engagement with the
      photoconductor. The housing or tray of the developer module as depicted in
      FIG. 1 may be of one piece construction such as an extruded aluminum tray.
      To insure longetivity of operation the materials employed in the developer
      module are preferably not subject to attack by the particular developer
      employed.
PAR  The entire developer module is pivotally mounted about a shaft extending
      the longitudinal length of the module. Typically the feed or inking roll
      may serve as the pivot shaft so that when the cam is in camming engagement
      with the cam receiving surface of the end plates, the applicator surface
      is retracted from developing engagement with the photoconductor. Other
      suitable pivot means may also be used. The developer module is spring
      loaded against the photoconductor surface to provide the necessary
      engagement for development. Typically the applicator surface and
      photoconductor are in contact along a line or along a very small area and
      the contact may be under pressure. The pressure applied along this line of
      contact may vary with the overall speed of development and with the
      hardness of the contacting surfaces and photoconductor backup roll.
      Generally with higher speeds and harder materials, higher pressures are
      employed. Generally for development speeds of up to about 20 inches per
      second and steel applicator surfaces the pressure applied between the
      developer roll and the photoconductor is between about one and about three
      pounds per lineal inch.
PAR  The developer module may be employed in development systems achieving
      development at a rate of up to about 20 inches per second. Although
      development may be obtained at a speed less than about 2 inches per
      second, this speed is relatively impractical for commerical copying.
      Prints of good quality are obtained at preferred development speeds of
      from about 5 to about 15 inches per second with optimum print quality
      obtained at speeds of from about 8 to about 13 inches per second.
PAR  The developer module, particularly when employing the skid or feed roll
      doctoring techniques may be effectively employed at development speeds of
      up to about 250 inches per second.
PAR  Development may be achieved through conventional liquid devlopment
      techniques wherein electrophoretic movement of charged particles suspended
      in the developer liquid is obtained under the influence of an applied
      electric field. Preferably development is achieved with the polar liquid
      development technique disclosed by R. W. Gundlach in U.S. Pat. No.
      3,084,043 wherein the entire developer liquid, including any dispersed or
      suspended pigment, is believed to creep up the sides of the depressed
      portions or valleys of the applicator surface and onto the imaging surface
      only where an electric charge is present on the imaging surface. In this
      technique substantially only the image areas are contacted with the
      developer liquid. Development with dry powdered developer material is
      obtained through the conventional xerographic developing mechanism wherein
      the powder is attracted from the applicator surface to those areas of the
      imaging surface which retain an electric charge. When a dry developer is
      employed, alternative feed means to the developer module may be desirable.
      Typically the conduit connecting the developer module and external supply
      may be positioned at a high level to feed from above into the bath in the
      developer module.
PAR  If desired, reversal development may be obtained by applying to the
      applicator a potential of the same polarity and in about the same amount
      as the charged areas of the image. A field then exists between the
      uncharged areas of the image bearing surface and the developer present on
      the applicator surface and no field exists between the charged areas of
      the image bearing surface and the developer. Therefore, when in developing
      engagement the developer material is attracted to the non-charged image.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following nonlimiting preferred examples further define, describe and
      exemplify the technique of the present invention. All parts and
      percentages specified in the examples are by weight unless specified
      otherwise.
PAC  EXAMPLE I
PAR  A developer module similar that described in FIG. 1 is assembled from a one
      piece aluminum tray about 9 inches long. The cover and end plates are
      securely fastened to the developer tray and a machined surface stainless
      steel roll about three quarters of an inch in diameter is rotatably
      mounted in the end plates to provide a feed roll. An applicator roll of
      chrome plated steel about one inch in diameter and with a trihelicoid
      pattern of about 180 lines per inch cut at an angle of 45.degree. to the
      axis and to a depth of about 0.0020 inches is also mounted in the end
      plates. The feed roll and applicator roll are spaced such that their
      rotating surfaces are about 0.005 inches apart. Corner and edge doctor
      blades about 0.030 inches thick are securely positioned at an angle of
      about 90.degree. to the tangent of the point of contact with the developer
      roll. A principal doctor blade of stainless steel about 0.008 inches thick
      is positioned on the developer roll at an angle of about 60.degree.  to
      the tangent at the line of contact. The developer reservoir portion of the
      developer tray is loaded with developer of the following composition:
TBL  Light Mineral Oil   45 parts by weight                                    
     Microlith CT        27 parts by weight                                    
     Ganex V216          23 parts by weight                                    
     VM550 Methyl Tannate                                                      
                          4 parts by weight                                    
     Paraflint RG Wax     1 parts by weight                                    
PAR  Microlith CT is a resinated predispersed carbon black pigment composed of
      about 40% carbon black and 60% ester-gum resin and manufactured by CIBA.
      Ganex V216 is an alkylated polyvinyl pyrrolidone dispersant manufactured
      by GAF Corp. VM550 is flushed pigment in mineral oil manufactured by
      Magruder Color Co. Paraflint is a hard synthetic wax manufactured by Moor
      and Munger Co.
PAR  Zinc oxide paper bearing an image to be developed is advanced over a backup
      roll and as the leading edge approaches the initial area of development
      the developer applicator surface is placed in developing engagement with
      the leading edge of the imaging surface by rotating the cam out of camming
      engagement with the cam receiving surface. Development is achieved at a
      speed of about 12 inches per second with the applicator roll moving at a
      peripheral speed of about 12 inches per second and having a peripheral
      speed of about 1.85 times that of the feed roll. The developer on the
      image bearing surface in image configuration is transferred to Xerox 4024
      copy paper. A density of 0.8 and background of 0.005 in print quality are
      observed.
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated with the exception that a urethane
      primary doctor blade about 0.075 inches in thickness having a Shore A
      durometer of about 75 - 85 and placed at an angle of about 45.degree. to
      the tangent at the line of contact is employed. In addition, the zinc
      oxide paper is replaced by a phthalocyanine binder layer photoconductor
      and the developer employed comprises the following composition by weight:
TBL  Drakeol            38 parts by weight                                     
     Microlith CT       38 parts by weight                                     
     Rucoflex TG-8       9 parts by weight                                     
     Ganex V216         14 parts by weight                                     
PAR  Drakeol 9 is mineral oil manufactured by Pennsylvania Refining Company.
      Rucoflex TG-8 is triethylene glycol dicaprylate manufactured by Hooker
      Chemical Company. Development and transfer are achieved in a manner
      similar to that described in Example I. The copy print is observed to have
      density of about 0.7 and a background of about 0.01 measured in the same
      manner as in Example I.
PAR  In general, the systems described herein provide a compact relatively clean
      operating development system of great simplicity in operation which may
      produce developed images of reduced background with little or no
      cumulative error in applying developer to the image portion of the image
      bearing surface. The advantages of the system and techniques of the
      invention may be graphically visualized by the fact that the several
      figures represent developer modules substantially drawn to scale.
PAR  Although specific materials and techniques are set forth in the foregoing
      disclosure and exemplary embodiments using the developing systems of this
      invention, these are merely intended as illustrations of the present
      invention. There are other materials and techniques and modifications of
      the present invention which will occur to those skilled in the art upon a
      reading of the present disclosure which materials, techniques and
      modifications are intended to be included within the scope of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for developing an electrostatic latent image comprising:
PA1  1. means for creating and moving a latent electrostatic image on an imaging
      surface;
PA1  2. a developer module in actual or potential registration with a latent
      electrostatic image on the imaging surface and comprising
PA2  a. a movable path-defining applicator surface having a pattern of lands and
      valleys to a depth of from about 1.5 mils to about 6 mils;
PA2  b. an aperture in said developer module for selectively effecting transfer
      by electrostatic attraction of developer material between said applicator
      surface and a latent electrostatic image on said imaging surface when in
      register;
PA2  c. developer feeding means within said developer module for applying
      developer material to the applicator surface;
PA2  d. doctoring means mounted in doctoring arrangement with respect to said
      applicator surface for maintaining a metering amount of developer on the
      applicator surface;
PA2  e. means for sequentially moving each part of said applicator surface past
      the feeding means and doctoring means and into developing configuration
      through said aperture with said imaging surface; and
PAR  3. means for developing engagement and disengagement of the developer
      module in register with movement of said imaging surface.
NUM  2.
PAR  2. Apparatus of claim 1 wherein the doctoring means comprises a rotatably
      mounted cylindrical roll in pressure contact along a line on the
      applicator surface.
NUM  3.
PAR  3. Apparatus of claim 1 wherein a differential peripheral speed is
      maintained between the applicator surface and the doctoring means.
NUM  4.
PAR  4. Apparatus of claim 3 wherein the rotatably mounted cylindrical doctor
      roll also comprises the developer supply means.
NUM  5.
PAR  5. Apparatus of claim 1 wherein the means for developing engagement and
      disengagement of the developer module is a cam and a spring.
NUM  6.
PAR  6. Apparatus of claim 1 wherein the path defining applicator surface is a
      rotatably mounted cylindrical roll and wherein means are provided to move
      the applicator surface and the image bearing surface in developing
      engagement substantially only in the image defining area of the image
      bearing surface.
NUM  7.
PAR  7. Apparatus of claim 1 wherein the doctoring means comprises edge and
      corner doctor blades and a principal doctor blade.
NUM  8.
PAR  8. Apparatus of claim 7 wherein the principal doctor blade extends at least
      the entire length of the applicator roll.
NUM  9.
PAR  9. Apparatus of claim 3 wherein the rotatably mounted cylindrical doctor
      roll also comprises the developer supply means.
NUM  10.
PAR  10. Apparatus of claim 1 wherein the developer module is pivotally mounted
      in a support member about a rotatably mounted cylindrical developer feed
      roll, the applicator surface is a rotatably mounted cylindrical roll
      having a uniform patterned surface of raised portions and depressed
      portions, said applicator roll, feed roll and doctoring surface being
      securely mounted to maintain their relative positions.
NUM  11.
PAR  11. Apparatus of claim 10 wherein the applicator roll has a surface
      trihelicoid pattern of between 80 and 300 lines per inch cut at an angle
      of from about 30.degree. to about 60.degree. to the longitudinal axis.
NUM  12.
PAR  12. Apparatus of claim 5 further comprising mechanical programming means
      which activate the cam to provide developing engagement along a
      predetermined length of the image bearing surface.
NUM  13.
PAR  13. Apparatus of claim 12 wherein the developer feed surface comprises a
      rotatably mounted cylindrical roll in developer feed engagement with a
      developer reservoir, the developer applicator surface comprises a
      rotatably mounted cylindrical roll, said developer feed roll and said
      developer applicator roll being rotatably mounted in common support means
      such that their longitudinal axis are parallel to each other.
NUM  14.
PAR  14. Apparatus of claim 2 wherein the developer module is substantially
      self-enclosed and is pivotally mounted about the developer feed roll in an
      external support member.
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ABST
PAL  An oestrus detection device comprising an indicator carrier of flexible
      material which is adapted for attachment to the top rear central section
      of an animal between its hip-bones. An indicator is detachably mounted on
      the indicator carrier, and is made of flexible coloured flowable material
      connected through a fine orifice to at least one channel. The construction
      and arrangement is such that when the indicator-mounted carrier is mounted
      on a cow or other female animal and mating technique by a second animal is
      made, pressure applied by the second animal upon the sachet forces the
      differently-coloured material to flow along the channel or channels of the
      indicator for observation by a farmer.
BSUM
PAR  This invention relates to devices designed for use in the oestrus detection
      of animals.
PAR  It has been known for some time that the problems related to oestrus
      detection in breeding and dairy cows can cause the farmer considerable
      trouble when endeavouring to achieve a balanced calving and consequent
      production programme both in dairy and beef herds. By some means the
      farmer must be able to ascertain when a cow is on "heat" so that
      artificial breeding techniques or normal mating can be introduced at the
      right time. Certain types of automatic triggering indicators, which are
      attached to the top rear section of the animal between the hip-bone and
      spine have been used. These are set off by pressure from the chest or
      brisket of other animals when "riding" the animal on "heat."
PAR  The present invention is concerned with an oestrus detection device having
      such a construction that it provides a positive visual indication of a
      sufficiently large area, so that it can be seen at a distance, which is
      not easily triggered by contact with other animals during usual handling
      in shed or farm conditions, and which can be replaced with different
      coloured indicators for colour coding.
PAR  Generally the invention consists of an oestrus detection device comprising
      an indicator carrier of flexible material adapted for attachment to the
      top rear central section of an animal between its hip-bones, and an
      indicator detachably mounted on the indicator carrier, the indicator being
      made of flexible coloured material and having a sachet of
      differently-coloured flowable material connected through a fine orifice to
      at least one channel, the construction and arrangement being such that
      when the indicator-mounted carrier is mounted on a cow or other female
      animal and mating technique by a second animal is made, pressure applied
      by the second animal upon the sachet will force the differently-coloured
      material to flow along the channel or channels of the indicator for
      observation by a farmer.
DRWD
PAR  In further describing the invention reference will be made hereinafter to
      the accompanying drawings, in which:
PAR  FIG. 1 is an elevation of the device,
PAR  FIG. 2 is an elevation of the indicator part of the device,
PAR  FIG. 3 is an elevation of the carrier part of the device,
PAR  FIG. 4 is a cross-section taken on the line 4-4 of FIG. 1, and
PAR  FIG. 5 is a cross-section taken on the line 5-5 of FIG. 3.
DETD
PAR  In giving effect to the invention, as a preferred embodiment, the carrier
      10 is made from a flexible material. The underside of the carrier is
      processed at desired areas with a suitable adhesive which when activated
      or other presented will be the means by which the carrier is detachably
      secured to the animal.
PAR  This carrier is provided with an open pocket or sleeve section 11, of a
      shape widening towards the base of the sleeve. The sleeve is formed by an
      area of flexible material attached to the base sheet 10 along its vertical
      marginal edges 12, but at its bottom corners, there is an increased area
      which provides internal shoulders 13. Therefore two openings 14, 15 of the
      sleeve are provided of different sizes, one opening 14 being wider to
      admit the indicator to receive and obscure its transparent sachet, and the
      other opening 15 to provide the channelled part of the indicator to
      project from the carrier. The sleeve is made of an opaque flexible
      material.
PAR  The indicator 16 also formed of flexible sheet is of an elongate shape
      having a section 17 of a shape so as to be retained within the shaped
      sleeve 11. This section 17 includes side wings 18 which are designed to
      co-operate with the shoulders 13 in the sleeve 11 and so prevent the
      indicator from sliding back through the opening 14 of the sleeve when the
      device is in operation. From its section 17, the shape of the indicator is
      given a tail 19 of some length. The section 17 and tail 19 are formed out
      of a single piece of the coloured sheet, such as red coloured sheet, and
      provides the base of the indicator. Preferably the indicator is also
      formed with an end bar 20 of a width greater than that of wider opening 14
      of the sleeve 11.
PAR  Upon this base is provided the sachet 21, the calibrated orifice 22, the
      equalising chamber 24 and the multi-channelled part 23. This is given
      effect to by bonding a suitably shaped transparent flexible sheet to the
      coloured flexible base sheet of the indicator. The sachet 21 has an
      opening 21a connecting through the orifice 22, which is specially
      calibrated, to the respective end of the various channels 23 via an
      equalising chamber 24. These channels run in a parallel alignment down the
      tail 19 or extension of the indicator. The differently-coloured, such as
      yellow, flowable liquid is inserted into the sachet 21 and which is
      subsequently hermetically sealed.
PAR  After securing the carrier 10 to the back of an animal at the position
      indicated above, the indicator 16 is slipped through the wider opening 14
      into the carrier's sleeve 11, the flexible wings 18 being lightly forced
      through the somewhat narrower opening will return to their original shape
      and thereby retain the indicator 16 inside the carrier's sleeve 11 with
      the transparent sachet being obscured by the sleeve of the carrier 10, and
      the multi-chambered strip 19 protruding through the smaller opening 15 of
      the sleeve 11 so as to be visible, as indicated in FIG. 1.
PAR  When the animal is mounted and prolonged or repeated pressure applied by
      another animal, the coloured liquid in the sachet 21 will be transferred
      via the calibrated orifice 22 into equalising chamber 24, whose function
      is to delay and evenly distribute the coloured liquid into the
      multi-channelled part 23, thereby providing positive visual indication of
      the animal being in "season" and ready for insemination or mating.
PAR  As normally a cow will not readily stand for mounting by another animal
      when it is not in "season" only limited pressure is applied to the device
      by the "riding"  animal and it will not show a positive reaction, i.e.
      fill the transparent indicator strip 19 with coloured liquid thereby not
      giving any indication of the animal being on "heat" or ready for
      insemination or mating.
PAR  When the animal is inseminated or mated the indicator 16 can be simply
      removed by pulling the indicator out of the carrier through the opening
      14. The carrier is now to accept a new differently coloured indicator for
      subsequent purposes.
PAR  To summarize, features of this invention:
PA0  1. The sleeve 11 which serves for a certain period as a holder only for an
      indicator 16.
PA0  2. The ease of placement, removal and replacement of an indicator, thereby
      facilitating colour coding, where a differently coloured indicator is
      subsequently used.
PA0  3. The multi-channelled indicator strip 19 of the indicator gives a large
      visual area.
PA0  4. The calibrated orifice 21a to restrict movement of the coloured liquid
      from the sachet 21 to the indicator channelled strip if not sufficient
      prolonged pressure is applied.
PA0  5. The equalising chamber 24 to delay and evenly distribute the coloured
      liquid into the multi-channelled part 23.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oestrus detection device comprising an indicator carrier of flexible
      material adapted for attachment to the back of an animal between its
      hip-bones, an area of flexible material attached to the carrier to form a
      sleeve which widens toward one end opening, a pair of internal shoulders
      at the wider end opening, an indicator detachably mounted to the carrier
      and made of a flexible coloured material having a sachet of
      differently-coloured flowable material connected through a fine orifice to
      at least one channel, side wings incorporated with said indicator which
      cooperates with the internal side shoulders of the sleeve to prevent the
      indicator sliding from the sleeve, the construction and arrangement being
      such that when the indicator-mounted carrier is mounted on a cow or other
      female animal and mating technique by a second animal is made, pressure
      applied by the second animal upon the sachet will force the
      differently-coloured material to flow along the channel or channels of the
      indicator which extends through the sleeve from its narrower opening and
      beyond the carrier for observation.
NUM  2.
PAR  2. An oestrus detection device as claimed in claim 1 wherein the back of
      the carrier is processed in desired areas with an adhesive which when
      activated will be the means by which the carrier is detachably secured to
      the animal.
NUM  3.
PAR  3. An oestrus detection device as claimed in claim 2 wherein the area of
      flexible material forming the sleeve is attached to the carrier by bonding
      along its side edges, with increased areas of bonding at the wider end
      opening to provide the internal shoulders.
NUM  4.
PAR  4. An oestrus detection device as claimed in claim 1 wherein the indicator
      has an end bar of a width greater than the wider opening of the sleeve.
NUM  5.
PAR  5. An oestrus detection device as claimed in claim 4 wherein the sachet
      area and the multi-channelled strip, the fine connecting orifice and the
      equalising chamber are provided in a transparent sheet bonded upon a base
      sheet of the indicator, the orifice being calibrated so as to restrict
      movement of liquid from the sachet to the channels of the strip if not
      sufficient prolonged pressure is applied to the sachet.
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PAL  Multiple fence units span a chicken house or the like and herd the animals
      toward a series of coops provided in a trench extending transversely
      across the house for selective introduction of the animals into the coops
      by means of overlying weight responsive traps. The coops are loaded into,
      supported within and discharged from the trench by underlying conveyor
      means. The traps are selectively lockable against movement to provide a
      trench overlying continuation of the floor. Each coop includes an
      automatic closure operable in conjunction with discharge of the coop from
      the trench.
BSUM
PAR  The present invention generally relates to poultry handling, and is more
      specifically concerned with a system for catching and loading poultry in a
      manner which constitutes a significant improvement over procedures
      presently utilized.
PAR  It is a primary object of the invention to provide means for eliminating
      the hand catching and loading of poultry or the like which, in large
      operations involving thousands of chickens, can involve many man-hours and
      frequently results in a high injury rate. The following known patents are
      examples of prior efforts toward automated poultry handling equipment:
      U.S. Pat. Nos. 2,648,307; 2,840,041; 3,103,915; 3,110,388; 3,253,577;
      3,272,182; 3,420,211; 3,452,718; and 3,602,198. The apparatus detailed
      herein distinctly differs from and constitutes a significant improvement
      over prior known systems in every significant area including reduction of
      personnel required, reduction of time involved in loading great numbers of
      fowl, substantial reduction in loss of fowl through injury, ease of
      operation, and adaptability of the system to any conventional enclosure
      with substantially no modification thereof.
PAR  Basically, the system or apparatus of the invention is to be installed
      within a conventional animal enclosure, for example a chicken house. This
      installation includes forming a trench across the enclosure toward one end
      thereof and orientating a conveyor unit along the trench for the
      accommodation of plural coops, each to be arranged directly beneath a
      floor level trap. A series of herding fences are positioned along the
      major length of the house with each fence extending transversely across
      the house. The fences are simultaneously drawn to the trench and overlying
      traps with the fowl, as they are herded onto the traps, automatically
      activating the traps so as to deposit the fowl in the underlying coops.
      Upon a loading of the coops, the advancing herding fences are stopped, the
      loaded coops removed and empty coops positioned within the trench. Each
      coop, as it exits from one end of the trench, is automatically closed
      prior to loading on a truck bed or the like. The advancing fences, as they
      move over the traps, will normally be disengaged from the power means
      which continues to operate the subsequent fences. The fences are
      collapsable for simplified out of the way storage directly within the
      house. The traps can be selectively locked closed so as to constitute a
      solid continuation of the floor during period of nonuse.
DRWD
PAR  These together with additional objects and advantages will become
      subsequently apparent from the following detailed description of the
      construction and operation of the invention. Reference is made to the
      accompanying drawings forming a part hereof wherein like numerals refer to
      like parts throughout, and in which:
PAR  FIG. 1 is a schematic perspective view illustrating the apparatus of the
      invention mounted in operative position within a poultry house;
PAR  FIG. 2 is a perspective view of a poultry coop with an automatic lid
      thereon;
PAR  FIG. 3 is an enlarged cross sectional detail taken transversely through the
      trench received conveyor, coop and associated trap;
PAR  FIG. 4 is a longitudinal cross sectional detail at the discharge end of the
      trench;
PAR  FIG. 5 is a perspective detail of one end of a herding fence and the
      associated control cable to be engaged therewith;
PAR  FIG. 6 illustrates the power means for controlling movement of the herding
      fences and overhead storage means for the fences; and
PAR  FIG. 7 is a detail view of the cable engaging portion of one of the fences.
DETD
PAR  Referring now more specifically to the drawings, it should initially be
      appreciated that while reference will specifically be made to chickens or
      poultry, the apparatus of the invention can be generally adapted to
      accommodate other forms of commercially grown animals.
PAR  A typical poultry or chicken house 10 has been illustrated in FIG. 1 with
      the apparatus of the invention installed therein. As will be appreciated,
      the only significant structural modification to the house 10 for the
      accommodation of the coop loading equipment is the provision of a trench
      12 transversely across the floor 14 toward one longitudinal end of the
      house 10 with a major portion of the house 10 being to one side of the
      trench 12. If deemed desirable, a second trench 16 can also be provided at
      the closer end of the house 10 for the accommodation of the fence moving
      power unit or units 18. Alternatively, this power equipment can be placed
      directly on the floor 14 or even in a separate housing immediately outward
      of the end wall 20 of the house 10.
PAR  A rigid floor level frame 22 borders the upper end of the trench 12 and
      mounts, through a centrally located trench paralleling rod 24, a series of
      adjacent pivoting traps 26. Appropriate transverse frame spanning braces
      (not illustrated) can be provided at intermediate points along the length
      of the trench 12, between adjacent traps, for a stabilizing or rigidifying
      of the rod 24 should such be necessary.
PAR  Each of the traps 26 is in the nature of a flat panel having a rear edge
      portion, directed toward the short end of the house 10, seated on an
      inwardly projecting frame mounted ledge or shoulder 28 and biased
      thereagainst by appropriate weight means 30. In this position, the trap is
      horizontally orientated and forms a continuation of the floor 14. The trap
      can be maintained in this position by an appropriate sliding latch or the
      like 32 mounted at the forward edge of the trap and extensible into an
      appropriate keeper 36 on the forward portion of the frame 22, that is that
      portion of the frame directed toward the major length of the house.
PAR  A coop 38 is to removably underlie each trap 26 for the reception of
      poultry therein. A full length roller conveyor table 40 is positioned
      within the bottom of the trench 12 so as to facilitate the placing,
      support and removal of the coops 38. It is contemplated that the trench 12
      be of sufficient transverse width so as to accommodate personnel so as to
      facilitate a proper orientation and handling of the coops both prior and
      subsequent to a loading of the coops.
PAR  The actual herding or gathering of the fowl to the traps 26 for
      introduction into the coops is effected by means of a series of herding
      fences or fence units 42. These fences 42 span the width of the house 10
      and are orientated in spaced parallel relation to each other along the
      major or forward portion of the house 10 from the front of the trench to
      the front wall of the house. While the fence structure can vary, the
      preferred construction illustrated in the drawings includes spaced mobile
      supports 44 mounting chain link fence sections 46 therebetween. Each
      mobile support 44 includes a rigid upright 48 and a pair of rigid arms 50
      having their inner ends releasably pinned to the lower portion of the
      upright 48 and projecting both forwardly and rearwardly thereof. The outer
      ends of the arms 50 mount wheels 52 with these wheel mounting outer ends
      of the arms being stabilized by diagonal braces 54 pivoted to the forward
      end portions of the arms 50 and the associated upright 48 at a point along
      the length thereof upwardly spaced from the inner ends of the arms 50.
PAR  Noting FIG. 7 in particular, the inner ends of the wheel mounting arms 50
      are releasably pinned to the associated upright 48 by the elongated shank
      of an outwardly projecting hook 56, the end portion of the shank being
      threaded for the reception of a mounting nut 58 thereon. Assembled in this
      manner, and noting FIG. 6, it will be appreciated that each mobile support
      48 can be collapsed by a removal of the hook 10 member and upwardly
      swinging the released arms 50 and wheels 52 about the upper pivotally
      mounted ends of the braces 54 to allow for a simplified storage of the
      fences or fence units 42, for example by appropriate overhead pulley
      mounted suspension systems 60.
PAR  Each of the fence sections 46 will be appropriately locked to the adjoining
      mobile supports 44 in a manner so as to allow easy mounting and removal of
      the hook pins or bolts 56. This can be effected by appropriate rigid
      straps 62. In the event the fence sections 46 do not provide for
      sufficient self-sustaining rigidity between the spaced mobile supports 44
      of each fence 42, appropriate rigid rails can be interconnected between
      the upper and/or lower ends of the uprights 48 of adjacent supports 44.
PAR  Simultaneous movement of the spaced fences 42 along the major length of the
      house 10 is effected by a series of elongated cables 64 which mount, at
      appropriate spacings, rings 66 releasably engaged by the projecting hooks
      or hook bolts 56 on the fences or more particularly the fence supports 44.
      The cables 64, as will be appreciated from FIGS. 1 and 6, extend the full
      length of the house 10, over the trap covered trench 12 and to the power
      unit or units 18 which include appropriate cable winches 66. The cable
      winches can, if so desired, be mounted on a common powered shaft, or
      alternatively, can each have its own power unit, in which event an
      appropriate synchronization of the power units will be necessary in order
      to maintain the parallel orientation of the fences 42 as they are drawn
      through the house 10.
PAR  In operation, any fence movement obstructing equipment, such as feeders,
      waterers, heaters, and the like will be removed, for example by merely
      utilizing conveniently placed overhead hoist equipment. Coops 38 will be
      aligned beneath each of the adjacent traps 26, the poultry will be herded
      toward the forward or major end of the house 10 beyond the trench 12 and
      the fences are taken from storage, either overhead as illustrated in FIG.
      6 or against the side wall as suggested in FIG. 1, and hooked to the
      control cables 64 in spaced parallel orientation to each other along the
      house 10 so as to generally divide the poultry into equal segments. At
      this point any dead or crippled birds can also be removed. The trap
      latches 32 are then released and the power unit or units 18 activated so
      as to slowly draw the fences 42 toward the trap covered trench, herding
      the poultry gently thereto. As sufficient poultry, by weight, gathers on
      the forward portion of each trap 26 to overcome the counterbalancing
      weight of the weight means 30, the trap pivots, depositing the poultry
      within the underlying coop 38. As will be appreciated, the weight means 30
      can be varied or adjusted in accordance with the amount of poultry desired
      within the individual coops. The movement of the fences 42 will of course
      be controlled whereby the advance thereof will be halted upon movement of
      sufficient poultry so as to load the coops 38. Upon a loading of all of
      the coops, such being effected substantially simultaneously, the coops
      will be moved longitudinally along the supporting roller conveyor toward
      the discharge end 68, noting FIG. 4, and onto an appropriate outwardly
      located support table 70 which can be directly communicated with a power
      elevator 72 for an elevation of the coops to a truck bed or the like. In
      order to properly confine the poultry within the individual coops 38 as
      the coops exit from beneath the overlying and poultry confining traps 26,
      each coop 38 is to preferably be provided with an automatically closing
      lid. This can, as illustrated in FIGS. 2 and 4, be in the nature of a
      flexible sheet having the lower portion thereof wound on a roller 76 set
      in the forwardmost side of the coop 38 with the sides of the sheet engaged
      within opposed tracks 78 and the forward edge of the sheet having a
      projecting flange 80 thereon which engages a lip 82 depending from the
      trench frame 22 as the coop discharges so as to unroll and extend the lid
      74 across the top of the coop. An opening of the lid would require a
      manual rolling thereof back onto the roller 76. Other convenient means can
      also be provided so as to automatically close each coop as it discharges
      from the trench. Incidentally, the lip 82, or lid flange 80 will
      necessarily incorporate sufficient resiliency so as to, upon a full
      closing of the lid, enable a continuing movement of the coop 38 out of the
      trench.
PAR  Upon a full discharging of the loaded coops from the conveyor table within
      the trench 12, new empty coops are positioned therein, after which the
      fences are reactivated and the loading procedure continued. Once all of
      the poultry contained by one of the fences 42 have been loaded, the fence
      can either be directly removed or moved over the trench to the short or
      rear end of the house 10. If necessary, certain individual traps can be
      locked shut so as to accommodate movement of the fence mobile supports
      thereover, alternatively, rigid transverse rails can be provided on the
      trap in alignment with the mobile supports to allow passage of the fence
      42. Once beyond the trench, the fence will be disengaged from the control
      cables 64 so as to not interfere with movement of the remaining fences 42.
      Once disengaged, the fences can be moved to storage. If deemed advisable,
      one fence can be retained across the far side of the trench so as to help
      restrict the advancing poultry to the trench area, although this will most
      likely not be necessary due to the tendency of the poultry to huddle
      against the advancing fence. Upon a loading of all of the poultry, and a
      removal of the final loaded coops, the traps are relocked and the
      previously removed equipment replaced.
PAR  From the foregoing, it will appreciated that a unique system has been
      devised for effectively and efficiently gathering and loading animals.
      This gathering and loading is effected automatically and gently requiring,
      other for the provision of a coop receiving trench transversely across the
      animal house, no modification of the animal house. The actual equipment
      utilized is inexpensive, easy to operate and manipulate, and substantially
      trouble free in nature.
PAR  The foregoing is considered illustrative of the principles of the invention
      and since modifications and changes may readily occur to those skilled in
      the art, it is not desired to limit the invention to the exact
      construction and operation shown and described.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. For use in an animal enclosure, an automatic loading system, said system
      comprising trap means located at a point within the enclosure, fence means
      located remote from said trap means and also within said enclosure, and
      power means engaged with said fence means for selective movement of the
      fence along a path of travel toward said trap means for a herding of
      animals into said trap means, said fence means comprising multiple
      parallel fences spaced laterally from each other along the path of travel,
      said spaced parallel fences providing separate herding areas, said power
      means effecting a simultaneous movement of all of said fences, said trap
      means comprising a series of individual traps aligned transversely across
      the path of travel of the fence means, each trap being operative to
      receive and confine an approximate predetermined number of animals, said
      trap means further including a coop associated with each trap with the
      trap defining a closure for the associated coop.
NUM  2.
PAR  2. The system of claim 1 including a trench transversely across the path of
      travel of the fence means, said coops being located within the trench, the
      associated traps overlying the coops and closing the top of the trench,
      said traps being weight responsive and opening downward into the coops
      upon movement of a predetermined animal weight thereon.
NUM  3.
PAR  3. The system of claim 2 wherein said traps are automatically closable upon
      removal of animal weight therefrom.
NUM  4.
PAR  4. The system of claim 3 including conveyor means along said trench
      underlying and supporting said coops.
NUM  5.
PAR  5. The system of claim 4 including closure means on each coop automatically
      responsive to movement of the coop along the conveyor means for a closing
      thereof.
NUM  6.
PAR  6. The system of claim 5 wherein each fence comprises spaced mobile
      supports and fence sections supported on and between said mobile supports.
NUM  7.
PAR  7. The system of claim 6 wherein each mobile support comprises a rigid
      upright, a pair of rigid arms pinned to the lower portion of said upright
      and respectively projecting forwardly and rearwardly of the upright along
      the path of travel of the fence means, wheel means mounted on the outer
      ends of said arms, and bracing links extending from the outer end of each
      arm to the upright upward from the lower portion thereof.
NUM  8.
PAR  8. The system of claim 7 wherein said power means includes elongated cables
      extending along the path of travel of the fence means, means releasably
      fixing each fence to said cables, and winch means for drawing said cables
      and attached fences along the path of travel.
NUM  9.
PAR  9. The system of claim 7 wherein said rigid arms are releasable from said
      upright, said bracing links being pivoted to said arms and to said upright
      for an upward swinging of the arms and wheel means thereon to a position
      paralleling said upright.
NUM  10.
PAR  10. The system of claim 1 including means for moving each coop away from
      its associated trap upon a filling of the coop, and closure means on each
      coop automatically responsive to movement of the coop for a closing
      thereof independently of the associated trap.
NUM  11.
PAR  11. For use in an animal enclosure, an automatic loading system, said
      system comprising trap means located at a point within the enclosure,
      fence means located remote from said trap means and also within said
      enclosure, and power means engaged with said fence means for selective
      movement of the fence means along a path of travel toward said trap means
      for a herding of animals into said trap means, said trap means comprising
      a series of individual traps aligned transversely across the path of
      travel of the fence means each trap being operative to receive and confine
      an approximate predetermined number of animals, said trap means further
      including a coop associated with each trap with the trap defining a
      closure for the associated coop.
NUM  12.
PAR  12. The system of claim 11 including a trench transversely across the path
      of travel of the fence means, said coops being located within the trench,
      the associated traps overlying the coops and closing the top of the
      trench, said traps being weight responsive and opening downward into the
      coops upon movement of a predetermined animal weight thereon.
NUM  13.
PAR  13. For use in an animal enclosure, an animal loading system, said system
      comprising trap means located at a point within the enclosure, fence means
      located remote from said trap means and also within said enclosure, means
      engageable with said fence means for selective movement of the fence means
      along a path of travel toward said trap means for a herding of animals
      into said trap means, said trap means including a trench transversely
      across and below the path of travel of the fence means, at least one trap
      panel overlying and enclosing the top of the trench, and means for
      enabling a selective downward opening of said trap panel into the trench
      upon movement of a predetermined animal load thereon, and a coop
      underlying said trap panel for the reception of the animal load therein,
      means for moving said coop away from said trap panel subsequent to
      reception of an animal load therein, and closure means on said coop
      automatically responsive to movement of the coop for a closing thereof.
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ABST
PAL  A horse is trained by being placed in a stall and covered completely with a
      loose granular material such as sand. Visual and sound images may be
      transmitted to the animal while the stall is being filled with the animal
      covering material. Side walls of the stall are formed by double panels,
      the innermost of which move relative to a floor of the stall to permit
      sand to pass into the stall. A pair of perforated plates form the stall
      floor, one of the plates being arranged for movement to align and misalign
      the perforations in the plates and retain sand in or pass it from the
      stall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for training animals such
      as horses, and the like.
PAR  2. Description of the Prior Art
PAR  In the 1850's and 1860 's an American named John Solomon Rarey achieved
      international acclaim for his methods of taming and training horses. These
      methods were generally based on three fundamental principles, known as the
      Rarey Theory, which may be stated as follows:
PA1  1. The horse is so constituted by nature that he will not offer resistance
      to any demand made of him which he fully comprehends, if made in a way
      consistent with the laws of his nature.
PA1  2. That he has no consciousness of his strength beyond his experience, and
      can be handled according to our will without force.
PA1  3. That we can, in compliance with the laws of his nature, by which he
      examines all things new to him, take any object, however frightful,
      around, or on him, that does not inflict pain, without causing him to
      fear.
PAR  These methods, however, are basically very time consuming, and require
      patience and a lot of time of the trainer.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a method and apparatus
      for training animals, such as horses, in accordance with the Rarey Theory.
PAR  It is another object of the present invention to provide a method and
      apparatus for training a horse, and the like, in substantially less time
      than required by conventional methods.
PAR  It is yet another object of the present invention to provide a method and
      apparatus for restraining a horse, and the like, in a painless,
      unfrightening manner.
PAR  It is still another object of the present invention to provide a method and
      apparatus for exposing a restrained horse, and the like, to conditions the
      animal will encounter at some subsequent time and place.
PAR  These and other objects are achieved according to the present invention by
      producing an animal restraining apparatus having: an enclosure arranged
      for confining an untrained animal; and apparatus for filling the enclosure
      with a loose granular material, such as sand, and covering the untrained
      animal.
PAR  This enclosure may be filled by forming a wall of same by a pair of spaced
      panels, and arranging the innermost of the panels for movement away from a
      bottom surface of the enclosure and permitting a loose granular material
      to flow under the innermost panel and into the enclosure.
PAR  The enclosure is advantageously a stall, and both side walls of the stall
      spaced panels arranged for passing sand, and the like, into the stall.
PAR  A preferred embodiment of the present invention forms the enclosure as
      three stalls arranged side-by-side, with the untrained animal confined in
      the middle stall of the three and gentle animals, such as mares, are
      arranged in the end stalls. Advantageously, the stalls are arranged for
      permitting the untrained animal to see and touch the gentle animals.
PAR  According to a preferred feature of the present invention, the enclosure
      has a bottom surface including a pair of parallel plates provided with
      perforations, and a fluid motor, and the like, connected to one of the
      plates for moving same between a position misaligning the perforations of
      the one plate with the perforations of the other of the plates and
      retaining the granular material in the enclosure, and a position aligning
      the perforations of the plates and permitting the granular material to
      flow out of the enclosure under the influence of gravity.
PAR  Another advantageous feature of the present invention provides apparatus
      associated with the enclosure for transmitting visual and sound images to
      an untrained animal being covered with granular material.
PAR  A method for training horses according to the present invention has the
      steps of: placing an untrained animal in an enclosure; and covering
      completely the animal with a loose granular material.
PAR  The step of placing the animal in an enclosure includes the steps of:
      leading gentle animals, such as mares, into stalls flanking an untrained
      animal stall; and permitting the untrained animal to go into the untrained
      animal stall of the untrained animal's own accord. Further, the covering
      step includes the steps of: filling the stall with sand from a bottom of
      the stall up; showing a picture to the untrained animal simultaneously
      with the filling step; and broadcasting sounds to the untrained animal
      simultaneously with the filling and picture showing steps.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, perspective view showing an animal training
      apparatus according to the present invention.
PAR  FIG. 2 is a fragmentary, vertical sectional view showing a detail of animal
      training apparatus according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIG. 1 of the drawings, horse training
      apparatus according to the present invention has an enclosure 10 arranged
      for confining an untrained animal 11. This enclosure 10 is advantageously
      formed as three stalls, 12, 14, and 16 arranged side-by-side, with
      untrained animal 11 confined in the middle stall 14 of the three and
      gentle mares 18 and 20 arranged in the end stalls 14 and 18. Apparatus to
      be set out in detail below is provided for filling stall 16 with a loose
      granular material, such as sand, and covering completely untrained animal
      11.
PAR  Stall 14 may be filled with sand, and the like, by using pairs of spaced
      panels 22, 24 and 26, 28 to form its side walls. A spacing of, for
      example, eight inches has been found satisfactory for these panels. A
      suitable, known motor 30, which may be either a conventional fluid or
      electric linear motor, is connected to the innermost panels 24 and 26 as
      by a bracket 32 for moving these panels away from the bottom surface of
      stall 14 and permitting a loose granular material such as sand to flow
      under the same innermost panels 24 and 26 and into stall 14. The use of
      bracket 32 assures uniform, simultaneous movement of both innermost panels
      24 and 26. All of the panels are provided with diverging top portions so
      that the associated side walls flareout at their top from, for example,
      eight inches to thirty inches. These side walls formed by panels 22, 24
      and 26, 28 are filled with sand prior to an animal restraining operation
      as by means of a hopper 33 mounted over stall 14 in any suitable, known
      manner (not shown).
PAR  A headpiece 34 formed from a sheet of canvas, and the like, is arranged
      covering the end of stall 14 at which the head of animal 11 is arranged,
      and is provided with an opening 36 forming a collar for the animal which
      prohibits the granular material from seeping out of stall 14. By
      constructing stalls 12, 14, and 16 in the manner illustrated, all three of
      the horses have their heads extending out of their associated stalls so
      they can see one another and the untrained animal 11 cannot only see mares
      18 and 20, but can touch them with his nose as well. Sheet 34 effectively
      forms a horse stanchion, and permits even untrained animal 11 to have his
      head free from the shoulders out.
PAR  Stall 14 has a bottom surface formed by a pair of parallel plates 38 and 40
      provided with perforations which may be aligned and misaligned by movement
      of plate 40. Plate 38 is advantageously provided with a conventional
      rubber coating to provide good footing for animal 11. Plates 38 and 40,
      including the rubber coating and perforations, are shown in FIG. 2 of the
      drawings. A suitable, known linear motor 42, which also may be either a
      conventional fluid or electric linear motor, is connected to plate 40 for
      reciprocably moving same in a plane parallel to plate 38. In this manner,
      plate 40 may be moved between a position misaligning the perforations of
      plates 38 and 40 and retaining the granular material in stall 14, and a
      position aligning these perforations and permitting the granular material
      to flow out of stall 14 under the influence of gravity. This arrangement
      permits animal 11 to be easily uncovered once the training operation is
      completed, and permits reuse of the granular material by providing an
      elevating conveyor (not shown) beneath the floor of stall 14 to lift the
      granular material to hopper 33 for recycling.
PAR  Conventional apparatus, such as a sound-track motion-picture projector, a
      slide projector, a still picture mounting arrangement, a sound propagating
      device, and the like, are provided adjacent the stalls 12, 14, and 16 for
      transmitting a visual image 44 and a sound image as from a speaker 46 to
      animal 11. These images permit the animal to be conditioned to sights and
      sounds which the animal will encounter and experience subsequent to the
      training treatment.
PAR  Before placing animal 11 in stall 14, it is advantageous to place animal 11
      in a pen with mares 18 and 20 for one night. These mares 18 and 20 should
      be very docile, gentle mares, and may be provided with bells on their
      necks so that the young horse, and the like, to be trained will more
      easily follow their movements. The next morning, mares 18 and 20 are led
      into stalls 12 and 16. Animal 11 will follow and go into stall 14 on his
      own accord a few minutes after mares 18 and 20 are in the end stalls. The
      sand, and the like, passes under panels 24 and 26 as they are raised
      vertically, and completely covers animal 11 from the animal's feet on up.
      In this manner, it is possible to restrain, without a rope, an unbroken
      horse, and the like, without violating the laws of the animal's nature. It
      is possible using the method and apparatus according to the present
      invention to conquer an unbroken animal in a manner of minutes. Further,
      by showing him a picture together with sound, the animal is prepared for
      subsequent experiences. A horse may be completely subdued and ready for
      further training without any violence or struggle.
PAR  Use of the method and apparatus according to the present invention may save
      three to four months hard work by a trainer. Although the present method
      and apparatus is quick and efficient, it is also very humane. A horse
      tamed and trained by treatment according to the present invention becomes
      so accustomed to being restrained as by being completely covered with
      sand, and the like, that the animal may be surrounded by an air bag, and
      the like, while being shipped. The method and apparatus according to the
      present invention is particularly beneficial to prepare horses for
      shipment by air. It is to be understood that although horses have been
      used in the illustrated examples, the method and apparatus of the present
      invention could be used for shipping wild animals, cattle, and other
      similar animals.
PAR  A process according to the present invention may tame an unbroken horse in,
      for example, thirty minutes, with ten minutes required to recycle the sand
      for another treatment. All this is accomplished in such a short time
      without hurting or frightening the animal.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. Apparatus for training horses, comprising, in combination:
PA1  a. an enclosure arranged for confining an untrained animal; and
PA1  b. means for filling the enclosure with a loose granular material and
      covering the untrained animal, the filling means including a pair of
      spaced panels forming a wall of the enclosure, and means for moving the
      innermost of the panels away from a bottom surface of the enclosure and
      permitting a loose granular material to flow under the innermost panel and
      into the enclosure.
NUM  2.
PAR  2. A structure as defined in claim 1, wherein the enclosure is a stall, and
      there are two pairs of spaced panels arranged forming side walls of the
      stall, and the moving means moves each innermost wall of the two pairs.
NUM  3.
PAR  3. A structure as defined in claim 2, wherein the enclosure is three stalls
      arranged side-by-side, with the untrained animal confined in the middle
      stall of the three and gentle animals arranged in the end stalls, a
      headpiece for the untrained animal arranged for preventing granular
      material from seeping out of the middle stall, and the stalls are arranged
      for permitting the untrained animal to see and touch the gentle animals.
NUM  4.
PAR  4. A structure as defined in claim 3, wherein the stall has a bottom
      surface including a pair of parallel plates provided with perforations,
      and means connected to one of the plates for moving same between a
      position misaligning the perforations of the one plate with the
      perforations of the other of the plates and retaining the granular
      material in the stall, and a position aligning the perforations of the
      plates and permitting the granular material to flow out of the stall under
      the influence of gravity.
NUM  5.
PAR  5. A structure as defined in claim 4, wherein means are associated with the
      enclosure for transmitting visual and sound images to an untrained animal
      being covered with granular material.
NUM  6.
PAR  6. A structure as defined in claim 1, wherein the enclosure is three stalls
      arranged side-by-side, with the untrained animal confined in the middle
      stall of the three and gentle animals arranged in the end stalls, a
      headpiece for the untrained animal arranged for preventing granular
      material from seeping out of the middle stall, and the stalls are arranged
      for permitting the untrained animal to see and touch the gentle animals.
NUM  7.
PAR  7. A structure as defined in claim 1, wherein means are associated with the
      enclosure for transmitting visual and sound images to an untrained animal
      while the animal is being covered with the granular material for preparing
      the animal for subsequent experiences.
NUM  8.
PAR  8. Apparatus for training horses, comprising, in combination:
PA1  a. an enclosure arranged for confining an untrained animal, the enclosure
      having a bottom surface including a pair of parallel plates provided with
      perforations, and means connected to one of the plates for moving same
      between a position misaligning the perforations of the one plate with the
      perforations of the other of the plates and retaining a loose granular
      material in the enclosure, and a position aligning the perforations of the
      plates and permitting the granular material to flow out of the enclosure
      under the influence of gravity; and
PA1  b. means for filling the enclosure with the loose granular material and
      covering the untrained animal.
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ABST
PAL  An automatic pet feeder has several troughs, each with a lid hinged
      thereto. A T-shaped cam follower extends from each lid and rides against a
      cylindrical cam tube which makes a single revolution during the feeding
      period. I-shaped slots each extend partially around the tubular cam
      through a selected arc so that it underlies its associated cam follower at
      a desired time, wherein biasing means force the lid upward to swing the
      cam follower completely through the slot and hold the lid in open
      position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Present automatic animal feeders generally provide some time means for
      dropping a quantity of food after a predetermined interval in time. Even
      if such devices were made repetitive, there is no provision for varying
      the types and quantity of food to satisfy an animal's food and water
      requirements over an extended period.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide an automatic pet feeder which
      is a single unit, has means for providing multiple feedings for one or
      more animals.
PAR  It is a further object of this invention to provide an automatic pet feeder
      which is easily handled and keeps the food protected and warm until it is
      made available to the animal.
PAR  It is a further object of this invention to provide an automatic pet feeder
      which will satisfy an animal's requirement for food and drink over an
      extended period.
PAR  It is a further object of this invention to provide an automatic pet feeder
      which will make available to an animal, different selected quantities of
      nourishment at different, predetermined intervals.
PAR  Other objects and advantages of this invention will become apparent from
      the description to follow when read in conjunction with the accompanying
      drawings.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In carrying out this invention, I provide a unit with a plurality of
      troughs, each having a lid pivotally mounted thereon. A selected one of
      interchangeable cylindrical cam tubes is slowly rotated adjacent the lid
      to make a single revolution during the complete period of time over which
      the automatic feeder is to function. Extending from each lid is a T-shaped
      cam follower which rides on the outer cylindrical surface of the cam tube
      under light spring force or counter-balance weight, whereby the cam
      surface prevents the lid from opening. The cam followers are T-shaped and
      an I-slot partially surrounds the tubular cam in radial alignment with
      each cam follower. Hence, when the cross member of the T-bar overlies the
      upper cross member of the I-slot the cam member is free to rotate through
      the slot and out through the lower cross member of the I-slot whereby the
      light biasing means retains the lid in open position. The slot for each
      cam follower extends over a selected arcuate portion of the circumference
      of the cam tube, whereby different troughs will be uncovered at different
      periods making available to the animal, a complete feeding for the
      selected period of time of a single revolution.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawings:
PAR  FIG. 1 is a top view partially broken away of an automatic pet feeder
      embodying features of this invention;
PAR  FIG. 2 is a vertical section view along line 2--2 of FIG. 1;
PAR  FIG. 3 is a partial section view showing the hinge cover and cam tube
      operations;
PAR  FIG. 4 is an isometric view of the cam tube;
PAR  FIG. 5 is a partial section view showing one end of the cam tube and slave
      bushing connection; and
PAR  FIG. 6 is an end view of the timing tube adjustment knob.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2 with greater particularity, the automatic
      pet feeder 10 of this invention may comprise a pair of end walls 12 and 14
      to which are welded, bonded or otherwise secured one or more troughs 16
      and 18. If desired, at least one of the troughs may be compartmented at
      16a, 16b by provision of a divider panel 20 or, when a substantial amount
      of food and drink is required at a single feeding, the trough may extend
      the full width between the end panels as shown at 18. In any event, the
      troughs are preferably secured to the end panels 12 and 14 so that, when
      the end panels are supported on a flat surface there is a ground clearance
      space 22 below the troughs. The front walls are sloped back as shown at 23
      to enable an animal to stand as close as possible for feeding. In
      addition, when full, this places the center of gravity close to the middle
      of the feeder 10 for greater stability. If desired, some of the troughs
      may be provided with a suitable source of heat, such as a low wattage
      heating pad 24 bonded thereto, in order to keep the contents of the trough
      warm. Also, if desired the troughs may have removable liners 25 for ease
      of cleaning.
PAR  Hinged at 26 to the troughs are lids 28a, 28b, and 28c which normally keep
      the troughs covered to protect them against premature entry by the pet or
      by any intruding animal, and against exposure to the elements. In the
      latter connection the front edges 30 of the troughs are disposed at a
      level below that of the hinge connection 26 to enable runoff of rain and
      the like and to facilitate access for smaller animals. In the case of the
      trough compartmented at 20, each separate trough 16a and 16b is provided
      with a separate lid 28a and 28b and, or course, in a case of a single
      trough, the lid 28c extends the full width. In any event, each lid is
      provided with one or more T-shaped cam followers 34 and 36 extending
      therefrom to bear against the outer cylindrical surface of a cam tube
      timer 40, one end of which is rotatably carried in a suitable bearing
      member 42 in one end wall 14. The other end of the tube 40 is secured to
      the drive shaft 44 of a rotary drive 46, such as an electric or spring
      motor, carried on the other end wall 14. A set screw 48 in the cam tube 40
      enables one to releasably secure the cam tube to the motor drive shaft 44
      for quick replacement, whereby a series of cam tubes may be made
      interchangeable.
PAR  The cam tube 40 has a series of I-shaped key slots 50 therein (FIG. 4),
      each with cross slots 52 and 54 at both ends. The cross slots 52 and 54
      are of a size and configuration to freely recieve the end of a T-bar cam
      follower 34 or 36. The key slots 50 are located over various arcuate
      portions of the circumference of the cylindrical cam tube 40, whereby the
      various T-shaped cam followers will be disposed opposite a complementary
      I-slot at various stages in the revolution of the tube. The hinges 26 by
      means of which the lids 28a 28b and 28c are secured to the troughs 16 and
      18 are lightly counter-balanced by weights or springs, e.g. spring hinges
      26, in order to maintain contact with the cam tube 40 and cam followers
      34, 36 are preferably protected by a cowl 51 secured between the feeder
      end walls 12 and 14.
PAR  For this purpose, the T-bar is angled at 45 with respect to the surface of
      the cam tube whereby with clockwise rotation in FIG. 4, the cross bar will
      span the cross slot and engage at 53 without dropping into the slot. This
      configuration of the T-bar enables operation in both sides of of the cam
      tube with unidirectional rotation.
PAR  As shown in FIGS. 3 and 4, when the tubular cam 40 rotates to a position
      wherein the T-shaped cam follower 34 overlies the first oncoming cross
      slot 52, it is prevented from passing into the slot by engagement of the
      arm of the follower with the cylindrical tube surface 38 preceeding it.
      Similarly, as the web of the I-slot 50 passes under the T-bar 34, the
      T-bar spans the slot to preclude entry.
PAR  When the T-bar overlies the upper cross slot 54, it is free to pass
      completely through the tube 40, whereby the lid biasing means, the spring
      hinge 26, carries the lid 28b to the fully open position shown in solid
      lines. Having passed completely through the tube cam 40, the follower 34,
      in no way impedes further rotation of the tube, and the lid thereafter
      remains in the fully open position, allowing the animal to consume the
      contents of the particular trough immediately or at its leisure.
PAR  The drive motor 46 has suitable speed reducing means whereby the drive
      shaft 44 makes a single revolution, e.g. one revolution per day, during
      the complete period during which the animal is to be fed. In addition, it
      has one-way clutch on the output shaft 44, whereby the tube 40 may be set
      manually to any desired angular position by rotation of a knob 56 secured
      in the end thereof as by means of a pin 58. This enables the pet's master
      to set the tube 40 for desired trough opening times. A series of indicia
      60 marked on the various lids whereby the settings may indicate the
      opening time for a particular lid. For example, with the indicator 61
      pointing to the "B" marking the cam tube 40 may be disposed to enable
      opening of the lid 28b. Hence, the tube may be set in accordance with the
      time indicator markings 63 to start a predetermined time before reaching
      "B".
PAR  The knob 56 may be of a suitable plastic such as Teflon to facilitate
      rotation in the bearing opening 42 in the end wall 14 and in addition it
      may be provided with a pin drive hole 64 whereby the tube of a slave
      animal feeder 10a (FIG. 5) may be coupled to it to provide a whole
      succession of feeding devices.
PAR  While this invention has been described in conjunction with a preferred
      embodiment thereof, it is obvious that modifications and changes therein
      may be made by those skilled in the art without departing from the spirit
      and scope of this invention as defined by the Claims appended hereto.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A pet feeding device comprising:
PA1  first and second troughs;
PA1  first and second lids pivotally mounted on said troughs;
PA1  means biasing said lids toward open position;
PA1  first and second cam followers carried on said first and second lids,
      respectively;
PA1  a cylindrical cam surface on a tube rotatable adjacent said first and
      second troughs engaged by said cam followers to hold said lids in closed
      position;
PA1  means forming first and second arcuate slots in said cam surface in radial
      alignment with said first and second cam followers so that, when moved
      beneath said cam followers said slots enable said cam followers to pivot
      out of engagement with said cam surface as said biasing means open said
      lids; and
PA1  a rotary drive member connected to said tube for moving said cam surface
      past said followers.
NUM  2.
PAR  2. The pet feeding device defined by claim 1 wherein:
PA1  said cam followers are T-shaped members extending from said lids outwards
      of the pivotal mounting therefor; and
PA1  said slots are of I-configuration with cross slots at both ends thereof, of
      a size and shape and so disposed to enable an overlying T-shaped cam
      follower to pass freely therethrough.
NUM  3.
PAR  3. The pet feeding device defined by claim 1 including:
PA1  means for supporting said troughs on a flat surface but out of engagement
      therewith; and
PA1  means for heating at least one of said troughs.
NUM  4.
PAR  4. The pet feeding device defined by claim 1 wherein:
PA1  said lids slope downward from said pivotal mounting toward the front end
      thereof.
NUM  5.
PAR  5. The pet feeding device defined by claim 1 including:
PA1  coupling means on one end of said tube adapted to drivingly connect said
      tube to a like cylindrical tube on a similar pet feeding device.
NUM  6.
PAR  6. The pet feeding device defined by claim 1 including:
PA1  means enabling manual rotation of said tube for angular setting thereof.
NUM  7.
PAR  7. The pet feeding device defined by claim 1 wherein:
PA1  said first and second troughs are disposed side by side.
NUM  8.
PAR  8. The pet feeding device defined by claim 1 wherein
PA1  said first and second troughs are disposed back to back with said
      cylindrical cam surface therebetween.
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ABST
PAL  A combined ventilator and fluent material feeder for avian including air
      recirculating and conditioning means. The ventilating and feeder units
      include self-feeders for both loose food material and drinking water. Each
      typically includes a trough encircling a storage chamber as well as an air
      distributor for supplying ventilating air across the floor and outwardly
      from beneath the feeding troughs as used dirt-laden air is withdrawn from
      above the feeding troughs.
BSUM
PAR  This invention relates to feeding and ventilating devices for enclosures
      housing avian, and more particularly to a unique combination feeder and
      ventilator, alone or in combination with other similar units, and forming
      part of a recirculating air conditioning system.
PAR  Raising avian in confining enclosures involves many problems including
      proper consideration of ventilation and feeding facilities as well as the
      health and sanitation conditions. It is recognized that proper temperature
      conditions of the enclosure are important. It is also recognized that
      clean air is essential. If the temperature is too high, birds do not eat
      properly; and if it is too cold, they become too active and do not gain
      weight as rapidly as is desirable. Confined avian stir up so much fine
      dust as to present a serious hazard. This is because birds lack cilia in
      the lungs and bronchial tubes. For this reason the dust mats and seriously
      interferes with the proper functioning of these critical organs. It
      frequently results in suffocation and needless loss of life. Attempts to
      remove the dust by recirculating the air through filters has been less
      than satisfactory due largely to the fact that the recirculating systems
      provided do not provide and maintain a supply of clean air at the
      breathing level of avian.
PAR  Another serious shortcoming is the lack of proper feeding conditions
      including both food and drinking water. Self-feeders for each of these
      materials are in common use but the crowding of avian around these feeders
      is attended by objectionable conditions including the presence of moist
      and filthy litter and the presence of oxygen-deficient and dirt-laden air
      in the feeding zone.
PAR  The present invention obviates these undesirable and hazardous conditions
      in a very simple and expeditious manner. This is accomplished utilizing
      combined feeders and ventilators distributed at intervals close to the
      floor of the enclosure. The feeders are of the self-feeding type, the
      storage chamber being located immediately above and spaced inwardly from
      the outer rim of the feeding trough. Clean and properly conditioned
      ventilating air is supplied centrally of the lower portion of each feeder
      and distributed uniformly outwardly from beneath the feeding troughs. This
      clean relatively dry air not only dries any moist litter on the floor but
      carries away any fine dust and provides the avian with a continuously
      replenished supply of fresh, clean air at and below breathing levels. At
      the same time oxygen-deficient dirt-laden air is removed from overlying
      areas of the enclosure and recirculated past appropriate air cleaning and
      conditioning auxiliaries before being returned for redistribution. An
      appropriate quantity of fresh air is added to this recirculating air and,
      if desirable, a medicant. Any excess air is readily vented from the
      enclosure through ventilators. One or of the feeding units is supplied
      with drinking water maintained automatically at a suitable level. Each of
      the ventilating units also includes appropriate means for regulating air
      flow as well as means for regulating the height of the feeding trough to
      accommodate avian of the particular size present in the conditioned
      enclosure.
PAR  In view of the foregoing, it is a primary object of the present invention
      to provide a unique combined avian feeder and ventilator.
PAR  Another object of the invention is the provision of an improved self-feeder
      for avian equipped with means for supplying conditioned air outwardly from
      beneath the feeding trough to insure a plentiful supply of conditioned air
      in the zone occupied by avian while feeding.
PAR  Another object of the invention is the provision of an enclosure for avian
      equipped with air conditioning and ventilating means, the outlet and
      conditioned air redistributing facilities of which discharge air over the
      floor from beneath the feeding trough of food and water dispensing
      devices.
PAR  Another object of the invention is the provision of a combined ventilator
      and self-feeder for avian having means for adjusting the height of the
      feeder and the distribution of clean air in the immediate feeding area.
PAR  Another object of the invention is the provision of means for recirculating
      and reconditioning the air in an enclosure for avian and including the
      withdrawal of oxygen-deficient dirt-laden air from upper levels for
      reconditioning followed by return of the clean conditioned air in close
      proximity to the floor of the enclosure and in the breathing area of avian
      present therein.
PAR  These and other more specific objects will appear upon reading the
      following specification and claims and upon considering in connection
      therewith the attached drawing to which they relate.
DRWD
PAR  Referring now to the drawing in which a preferred embodiment of the
      invention is illustrated:
PAR  FIG. 1 is a diagrammatic cross-sectional view partly in section through an
      avian enclosure equipped with the invention air conditioning and
      ventilating system in combination with water and food feeders;
PAR  FIG. 2 is a cross-sectional view on an enlarged scale through one of the
      food feeding and ventilating units;
PAR  FIG. 3 is a top plan view of FIG. 2; and
PAR  FIG. 4 is a bottom plan view of FIG. 2.
DETD
PAR  Referring initially and more particularly to FIG. 1, there is shown a
      typical enclosure 10 for avian, such as poultry of many kinds. The roof of
      this enclosure is provided with ventilating air outlets 11 each equipped
      with a pivoting vane 12 biased toward closed position but opening in
      response to slightly superatmospheric conditions within enclosure 10.
PAR  Distributed at intervals about the interior of enclosure 10 are a plurality
      of combined self-feeders and ventilators 15, 16 and 17. These are suitably
      supported as by suspension cabling 19, 20 from any suitable supports such
      as cross beams 21. Cable 20 is connected to cables 19 through a ring 22
      and a suitable knot such as a bowline knot 23. By this simple means the
      feeder 15 can be readily adjusted to a suitable height above the floor of
      the enclosure to accommodate the particular size of avian using the
      feeders.
PAR  As herein shown by way of example, each of the self-feeders 15 includes an
      inverted cup-shaped housing 25 having its lower edge 26 terminating
      closely adjacent but inwardly of the lip edge 27 of the feeding trough 28
      and so related thereto as to maintain the trough suitably filled. This
      feeding trough as herein shown is provided with a tubular member 29 having
      its upper end passing through and suitably secured to the top of the main
      housing 25. Tubular member 29 provides a ventilating air passageway 30 and
      is preferably provided with perforations 31 opening into and supplying
      conditioned air to the storage chamber 32 of the feeder. This air can pass
      through the grain or other food material 33 charged into the feeder and
      escape upwardly through the grain in trough 28.
PAR  Tube 29 has a lower flaring end 34 merging with and secured to the feeding
      trough 28 and provides an air distributing outlet 35 for conditioned air.
      The air is distributed outwardly and downwardly across the floor by a
      conical air diffuser 36, the air flow being regulated by a poppet type
      valve 37. This valve is supported on a stem 38 which extends upwardly
      through a fitting or bushing 39 on the upper end of pipe 29. The
      frictional fit of the bushing with stem 38 may be utilized to hold the
      valve in any adjusted position or this bushing may be threaded to mate
      with threads on stem 38.
PAR  Any suitable air conditioning system may be used to condition and
      recirculate the air within enclosure 10 and distribute the conditioned air
      to the several outlet pipes 29. As herein shown by way of example, the air
      conditioning components are enclosed within a housing 40 having a return
      air inlet 41 receiving air from the upper portion of enclosure 10. The air
      conditioning auxiliaries preferably include a dirt filter 42 and a pair of
      heat exchangers 43 for cooling or heating the air as necessary to provide
      air of the desired temperature for return into the enclosure. Inasmuch as
      these air conditioner auxiliaries are well known together with the
      controls required to maintain the heat exchangers at a desired temperature
      for either heating or cooling the air, it is not necessary to describe
      these auxiliaries in greater detail.
PAR  Air conditioner 40 includes an exhaust duct 45 opening into the inlet of an
      air circulating fan 46 discharging into the manifold 47 having branch
      outlet connections 48, 49 and 50 discharging into the air distributing
      pipe 29 of each of the feeders 15, 16 and 17. The distributing air ducts
      48, 49 and 50 are preferably equipped with regulatable valves 51 for
      adjusting and equalizing the air flow to each of the feeders.
PAR  Desirably the air entering housing 40 is mixed with fresh air supplied from
      the exterior of enclosure 10 through conduit 53. This assures an adequate
      supply of make-up oxygen into the enclosure.
PAR  Suitable food, such as grain 33, is supplied to the feeders from a storage
      hopper 60 having outlet ducts 61 opening into the top of each of the
      feeders 15, 16. Duct 61 is preferably provided with a manually operated
      normally closed valve 62.
PAR  Feeder 17 is substantially identical with feeders 15 and 16 but its storage
      chamber is maintained charged with a supply of drinking water 65. This
      water is replenished from a supply pipe 66 equipped with a valve 67 which
      is normally open. The lower end 68 of supply pipe 66 is provided with any
      suitable float-controlled valve 69 which opens as the water level falls
      and recloses as the level is re-established.
PAR  The operation and mode of use of the invention will be readily appreciated
      from the foregoing detailed description of the components. It will be
      understood that an adequate number of feeders will be distributed about
      the interior of the enclosure to meet feeding and drinking requirements of
      poultry or other avian present in the enclosure. Each feeder is adjusted
      to the proper height for convenient feeding and sufficiently close to the
      floor that the ventilating air issuing from the diffuser 36 will flow
      across the underlying floor surface to keep the litter dry. As this
      issuing air flows outwardly and upwardly from beneath the feeding trough,
      the feeding trough is in use with a ring of birds grouped thereabout. A
      major portion of the air will flow upwardly over the front of the birds
      and between their heads, thereby assuring a supply of freshly conditioned
      breathing air enveloping the feeding zone. At the same time, other spent
      air is being withdrawn continuously from the upper portion of enclosure 10
      into the inlet 41 of air conditioner 40. This air passes over filter 42
      and thence over heat exchangers 43. It will also be understood that a
      suitable humidifier may comprise a component of the air conditioner. Fresh
      air is also drawn into the air conditioner through duct 53 and mixed with
      the other air passing over the air conditioning components. Suitable
      controls, not shown, will be understood as present and controlling the
      heat exchangers and humidifier so that the air drawn into the
      recirculating fan 46 has the desired properties as it flows back to the
      ventilating pipes 29 of feeders 15, 16 and 17. It is also pointed out that
      a medicant may be sprayed or otherwise dispensed into the recirculated air
      through the dispensing nozzle 70.
PAR  Since it is desirable to add fresh air from outside the enclosure to assure
      replenishment of oxygen consumed by the avian, it is desirable to provide
      for venting excess air back to the atmosphere. This is accomplished
      through the ventilators 11, 11. Damper valves 12 in these ventilators will
      be understood as opening automatically in response to slight
      superatmospheric pressure within the enclosure to vent air to the
      atmosphere.
PAR  Some of the air being returned to the feeders flows through perforations 31
      into the food storage chamber 32 where it percolates through the fluent
      food and escapes upwardly from the surface of the food in the ffeding
      trough.
PAR  While the particular combined ventilator and feeder for avian herein shown
      and disclosed in detail is fully capable of attaining the objects and
      providing the advantages hereinbefore stated, it is to be understood that
      it is merely illustrative of the presently preferred embodiments of the
      invention and that no limitations are intended to the detail of
      construction or design herein shown other than as defined in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combination ventilator and fluent material feeder suspendable from an
      overhead support in a building for avian with the lower feeding end
      thereof spaced above the building floor, said feeder having a downwardly
      discharging air supply passage and a storage chamber for fluent material
      opening into a feeding trough at a convenient feeding height for avian
      free of obstructions opposite the outer edge thereof, means for supplying
      fluent material to said storage chamber to maintain said feeding trough
      filled, and means for circulating air downwardly through said air passage
      and outwardly over the building floor in the space between the floor and
      the under side of said trough and about the feet of avian while feeding
      from said feeding trough.
NUM  2.
PAR  2. The combination defined in claim 1 characterized in the provision of
      readily adjustable means for supporting same feeder at different selected
      heights to accommodate avian of different sizes.
NUM  3.
PAR  3. The combination defined in claim 1 characterized in that said feeding
      trough has an arcuate periphery, and said means for circulating air
      distributes the air generally uniformly outwardly from beneath said
      arcuate feeding trough.
NUM  4.
PAR  4. The combination defined in claim 1 characterized in the provision of
      means for supplying a medicant into the circulating air before the same is
      exhausted past said feeding trough.
NUM  5.
PAR  5. The combination defined in claim 1 characterized in the provision of
      means supplying water to said storage chamber for consumption by avian
      from said feeding trough.
NUM  6.
PAR  6. The combination defined in claim 1 characterized in that said feeding
      trough surrounds and underlies the lower rim edge of said storage chamber.
NUM  7.
PAR  7. The combination defined in claim 6 characterized in that said means for
      circulating air extends downwardly through said storage chamber to an air
      distributor located adjacent the underside of said feeding trough.
NUM  8.
PAR  8. The combination defined in claim 1 characterized in the provision of
      means for withdrawing air from the area above said feeding trough and
      passing the same through air conditioning means before distributing the
      conditioned air to said downwardly discharging air passage.
NUM  9.
PAR  9. The combination defined in claim 1 characterized in the provision of
      means for passing said circulating air through air conditioning means
      provided with filtering means and heat exchange means before distributing
      the same outwardly from beneath said feeding trough.
NUM  10.
PAR  10. That improvement in the ventilating and feeding equipment for a
      building housing avian which improvement comprises: a plurality of
      combination feeder and ventilator devices suspendable from overhead
      support means distributed about the interior of the building with the
      lower ends thereof spaced close to but above the floor, each of said
      devices having a downwardly directed air discharge passage and a storage
      chamber for fluent material opening at its lower end in a feeding trough
      along the perimeter of said air discharge passage, and power driven means
      for circulating air to the upper ends of each of said air passages and
      outwardly over the floor from beneath said feeding troughs and upwardly
      into the building from about the feet of avian while grouped along said
      feeding troughs.
NUM  11.
PAR  11. The combination defined in claim 10 characterized in that at least one
      of said feeders is for fluent edible material and at least one of said
      feeders is for drinking water.
NUM  12.
PAR  12. The combination defined in claim 10 characterized in that said power
      driven air circulating means includes air conditioning means having a main
      air intake in communication with the upper portion of said building and a
      conditioned air outlet in communication with said air discharge passages
      in said feeder and ventilating devices.
NUM  13.
PAR  13. The combination defined in claim 12 characterized in the provision of
      means supplying fresh makeup air from the exterior of said building to the
      air being distributed from beneath said feeding troughs, and means for
      venting excess air to the exterior of said building from the upper
      interior portion thereof.
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ABST
PAL  An arthropod repellent device for attachment to the pinnal portion of the
      ear of an agricultural animal, such as a cow, horse, sheep, goat, swine or
      the like, including a band or belt of flexible plastic material of about
      3/8 inch to 11/2 inches wide and of a thickness of about 3/16 inch to
      about 3/8 inch, the material having an arthropod repellent chemical
      incorporated therein, the length of the band or belt being sufficient to
      encompass the base of the pinnal portion of the ear of the animal, or
      mostly thereof, to which it is applied, and means of penetrating the pinna
      and the band or belt to retain such in position around the base of the
      animal's ear pinnal portion. In one embodiment, a separate attachment
      element is employed to retain the band into position and in another
      embodiment, an attachment element is integral with the band or belt.
BSUM
PAC  BACKGROUND, SUMMARY AND OBJECTS OF THE INVENTION
PAR  A common problem with livestock, particularly cows, but also of less
      severity with other species, including horses, sheep, goats, swine, etc.,
      is their infestation by arthropods. In recent years, a particularly severe
      problem has arisen because of the infestation of the ears of cattle by
      ticks. Ticks attach themselves in the auditory meatus portion of the ears
      of cattle and go unnoticed until severe damage is done. At the least,
      ticks are debilitating to the animal and are common carriers of infectious
      diseases, such as anaplasmosis. At the worst, ticks can, by their severe
      debilitating character as they feed, cause death of the animal which they
      infest. Under any condition, an attack of ticks in the ears of
      agricultural animals results in reduced growth rate of beef cattle and
      milk production of milk cattle. The consequence is great economic loss to
      the agricultural industry, particularly in the warmer climates.
PAR  Volatile and residual acaricides have been manufactured and are currently
      available which are highly effective in repelling and killing ticks. Such
      chemicals include 2,2 - Dichlorovinyl dimethyl phosphate, as an example.
      Chemicals of this type, have been employed in the manufacture of arthropod
      repellent collars for dogs and cats, however, a difficult problem has
      arisen with the use of such chemicals in an expedient manner to repell the
      ticks to prevent infestation of the ears of agricultural livestock. The
      problem arises in that while it is relatively easy to provide a collar for
      loosely positioning around the neck of an animal, such as a dog or cat, it
      is difficult to provide a means of repelling arthropods having a
      propensity to move into the ear of an agricultural animal.
PAR  One example of an attempt to provide the mechanical apparatus for repelling
      ticks is disclosed in U.S. Pat. No. 3,765,200 issued to William T.
      Oldhausen on Sept. 4, 1973. In this patent an apparatus is described
      including a roll of material which extends deep into the auditor meatus of
      the aminal's ear and includes integral tabs extending outwardly from an
      edge of the material which are retained in the animal's pinnal portion of
      the ear by means of rivets or the like. While this device may be
      successful in repelling some ticks from entering the animal's ear, it has
      disadvantages. By extending deep into the animal's auditor meatus, a great
      opportunity for irritation exists. A second difficulty is that all known
      chemical repellents used for incorporation in plastic material have a
      relatively short, useful life, extending not much beyond two or three
      months. This means that for effective control the repellent device must be
      replaced at relatively short intervals. The device shown in the Oldhausen
      patent is not adaptive for easy replacement, nor, as shown by extensive
      research on similar devices by the present invention, would such a device
      be effective to an acceptable extent in controlling arthropods infecting
      cattle.
PAR  It is an object of this invention to provide an arthropod repellent device
      for attachment to the pinnal portion of the ear of an agricultural animal
      which is easy to apply, effective and relatively easy to replace.
PAR  More particularly, an object of this invention is to provide an arthropod
      repellent device for attachment to the pinna of an agricultural animal,
      such as cow, horse, sheep, goat, swine or the like, including a band or
      belt of material of length sufficient to encompass the base of the pinna,
      or mostly thereof, and including means of retaining the article in
      position around the base of the pinna.
PAR  Still more particularly, an object of this invention is to provide an
      arthropod repellent device for attachment to the pinnal portion of the ear
      of an agricultural animal, including an elongated cylindrical attachment
      element which may be positioned in an opening in the pinna of the animal
      ear, including means of removably engaging a flexible band or belt having
      arthropod repellent incorporated therewith to the attachment element
      whereby the band or belt may be removed and replaced as required.
PAR  In another embodiment, the invention includes a band or belt of material
      having an arthropod repellent incorporated therein including an integral
      attachment means for positioning in a hole the pinnal portion of an
      animal's ear for retaining the band in position.
PAR  These general objects, as well as other and more specific objects of the
      invention will be fulfilled in the following description and claims, taken
      in conjunction with the attached drawings.
DRWD
PAC  DESCRIPTION OF THE VIEWS
PAR  FIG. 1 is a view of the head of an agricultural animal, in this instance, a
      cow, showing the arthropod repellent bands of this invention attached to
      the pinnal portion of the ears of the animals.
PAR  FIG. 2 is an isometric view of one embodiment of the repellent band of this
      invention.
PAR  FIG. 3 is an isometric view of an attachment member for use in removably
      attaching the band of FIG. 2 to the ear of an animal.
PAR  FIG. 3A is an isometric view of removable collar member which forms a
      portion of the attachment element of FIG. 3.
PAR  FIG. 4 is a cross-sectional view of the attachment device of FIGS. 3 and 3A
      and the band of FIG. 2, as applied to the ear of an agricultural animal.
PAR  FIG. 5 is a cross-sectional view of a band showing an alternate embodiment
      of the invention including an integral attachment member.
PAR  FIG. 6 is an alternate arrangement of the collar portion of FIG. 3A
      including an identification tag integrally connected with the collar
      portion.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings and first to FIG. 1, a cow 10 is shown having
      the arthropod repellent bands 12 around the base of the pinnal portions of
      each ear. The band 12, as shown best in FIG. 2 is a ring of flexible
      plastic material of about 3/8 to 1 1/2 inches wide and about 3/16 to 3/8
      inch thick. The material of which band 12 is composed is of plastic
      material having an arthropod repellent chemical incorporated therein. One
      example of a chemical which may be employed for this purpose is 2,2 -
      Dichlorovinyl dimethyl phosphate, however, this is by example only and
      such chemical forms no part of this invention and the invention is not
      limited to any particular chemical which may be employed since several
      known acaricides and repellent chemicals which may be integrated with
      flexible plastic materials are known in the art at the present time.
PAR  The band 12 has openings 14A and 14B therein arranged such that when the
      band is folded into a flattened elongated loop, as shown in FIG. 2, the
      openings 14A and 14B are approximately opposed to each other. In addition,
      the band 12 includes notches 16, the purpose of which is to make the band
      easily severable so that after attachment to an animal's ear, if the band
      becomes caught on wire, a tree limb, or the like, the band itself will
      tear loose rather than pin the animal to such objects or result in injury
      to the animal's ear.
PAR  FIG. 3 shows one example of an attachment member for retaining the band 12
      around the base of the pinnal portion of an agricultural animal's ear. The
      attachment member 18 is an elongated cylindrical device having an
      intermediate portion 20 and a conical or arrow shaped integral portion 24
      at each outer end. Adjacent to the arrow shaped outer portions 24 the
      member has integral reduced diameter shank portions 26. The base of the
      arrow shaped portions 24 are of a diameter larger than the shank portions
      26. The diameter of the shank portions 26 is equal to or slightly less
      than the diameter of openings 14A and 14B in band 12. In the arrangement
      of FIG. 3, the attachment member has an integral collar portion 28 of
      increased diameter coaxial with the member and spaced from one end 24 by a
      shank portion 26. At the other end of the intermediate portion 20 are
      threads 30. FIG. 3 shows a removable collar portion 32 of a diameter and
      thickness equal to that of the integral collar portion 28. The removable
      collar portion 32 has a threaded axial opening 34.
PAR  FIG. 4 shows the arrangement for use of the attachment member of FIG. 3 and
      FIG. 3A. The attachment member 18 is positioned in an opening 36 formed in
      the pinnal portion 38 of an animal's ear. The opening 36 may be performed
      as a separate operation (by a tool not disclosed herein) or the member 18
      may be forced through the pinna of the animal to provide opening 36.
      Integral collar 28 engages one side of the ear of the animal. After
      insertion of the attachment member 18 the removable collar 32 is threaded
      onto the other end. The attachment member is then affixed to the ear of
      the animal and remains in position as long as desired, although it can be
      removed by unthreading the removable collar 32. The attachment member is
      now ready to receive the repellent band 12 which is looped about the ear
      of the animal. The band is forced against the arrow shaped portions 24 at
      each outer end of the attachment member so that the openings 14A and 14B
      are temporarily enlarged to slide over the enlarged portions of the arrow
      shaped ends. Opening 14A and 14B are received by the attachment member
      shank portion 26. The band 12 is now held securely in position around the
      ear of the animal.
PAR  The attachment member 18 is preferably applied near the base of the
      animal's ear so that the band 12 fits around the base. Since the band must
      nearly encompass the ear any arthropod moving towards the auditory meatus
      portion of the ear must pass over or adjacent the band. At the same time,
      any arthropod which does move into the inner ear are in close proximity to
      the chemicals eminating from the band 12 and will be repelled or killed.
      The band, however, does not extend within the auditor meatus portion of
      the ear of the animal and thereby should not cause irritation or
      infection.
PAR  To remove the band 12 it may be forced back over the arrow shaped portions
      24 by inserting a toll (not shown) between the animal ear and the band. As
      an alternative by the use of wire cutting pliers, or diagonal pliers, the
      band may be snipped adjacent the opening 14A and 14B to easily remove the
      band without causing discomfort to the animal. Once an old band is
      removed, a replacement band may be easily inserted onto the attachment
      member 18.
PAR  FIG. 5 shows an alternate arrangement of the invention. In this arrangement
      the band 12, shown in cross-section, includes a single opening 14A and
      opposed to it, an integral attachment portion 40. The integral attachment
      portion includes an integral shank portion 42 and an outer arrow shaped or
      more precisely, a conical shaped portion 44. The diameter of shank portion
      42 is equal to or slightly less than the diameter of opening 14A. The base
      of the arrow shaped outer portion 44 is larger than opening 14A. The
      embodiment of FIG. 5 is utilized in this manner: an opening is formed in
      the pinnal portion of the ear of the animal to which the device is to be
      applied adjacent to the base of the ear; the band 12 is looped about the
      ear and the integral attachment portion 40 is inserted through the
      openings; and the integral arrow shaped portion 44 is forced through
      openings 14A. The device is then retained in position. The device may be
      removed by cutting the band with wire cutting type pliers at either side
      of opening 14A and the integral attachment portion 40 withdrawn from the
      opening in the animal's ear. As an additional arrangement, the integral
      attachment portion, including the shank portion 42 and arrow shaped
      portion 44, may be formed of a material harder than the pliable portion of
      the band 12 so that by means of a proper tool (now shown) the arrow shaped
      portion 44 may be forced directly through an animal's ear and through the
      opening 14A in the band. When this arrangement is used, the opening in the
      animal's ear will need be forced only once since, when the band is
      replaced, the same opening may be employed.
PAR  FIG. 6 shows an alternate embodiment of the removable collar 32 as used
      with the attachment member 18 of FIG. 3. Extending from the removable
      collar 32 is an integral tag portion 46 which may have an identifying
      letter or numeral thereon. This integral tag portion provides a means for
      easily identifying animals utilizing the devices of this invention, and
      may be helpful in scheduling replacement of the repellent bands.
PAR  In this description the term "ear" of an animal refers to the exterior, or
      pinnal portion of the ear. The term "arthropod repellent" includes insect
      repellent, toxicants, attractants or combinations.
PAR  While the invention has been described with a certain degree of
      particularity, it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arthropod repellent device for attachment to the pinnal portion of
      the ear of an agricultural animal, such as a cow, horse, sheep, goat,
      swine, or the like, comprising:
PA1  a band of pliable plastic material of about 3/8 inch to about 1 1/2 inches
      wide and of about 3/16 inch to about 3/8 inch thick, the material having
      an arthropod insecticide incorporated therein, the length of the band
      being sufficient to encompass the base or most thereof of the pinnal
      portion of the ear of the animal to which it is applied; and
PA1  means penetrating the pinna of an animal to retain said band in position
      around the base of the pinnal portion of the animal's ear.
NUM  2.
PAR  2. An arthropod repellent device according to claim 1 wherein said band or
      belt has two openings therein spaced such that as the band is folded into
      an enlongated loop the openings are opposed and wherein said means to
      retain said band in position around the base of the pinnal portion of an
      animal's ear includes:
PA1  an elongated attachment member having a diameter equal to or less than the
      diameter of said openings in said band and having an integral pointed
      arrow shaped portion at each end, the base of each arrow shaped end
      portion having a diameter larger than said openings in said band, said
      member being insertable through an opening in the pinnal portion of an
      animal's ear, said integral arrow shaped portions at each end being
      forcibly positionable through one of said openings in said band, said band
      being retained about the pinna of an animal by said integral arrow shaped
      end portions of said attachment member.
NUM  3.
PAR  3. An arthropod repellent device according to claim 2 wherein said
      attachment member includes an integral flat, enlarged diameter coaxial
      collar portion spaced from one end thereof and a threaded portion spaced
      from the other end thereof; and
PA1  a removable collar member of similar diameter and thickness of said
      integral collar portion, the removable collar member having a threaded
      axial opening therein of a size to threadably engage the threaded portion
      of said attachment member, said collar member being positionable adjacent
      the surface of an animal's ear pinnal portion after said attachment member
      is positioned through the pinna, said integral arrow shaped end portions
      of said attachment member extending beyond said collars to receive said
      band thereon.
NUM  4.
PAR  4. An arthropod repellent device according to claim 3 wherein said
      removable collar member has an integral identification tag portion
      extending therefrom.
NUM  5.
PAR  5. An arthropod repellent device according to claim 1 wherein said band has
      at least one notch formed in one edge thereof providing a weak point in
      said band whereby the band will be easily severed.
NUM  6.
PAR  6. An arthropod repellent device according to claim 1 wherein said band or
      belt has an opening therein, and having an integral attachment portion
      extending from the band at a point opposed said opening when said band is
      folded in the shape of a flattened loop, the integral attachment portion
      having a shank portion of a diameter equal to or less than the diameter of
      said opening and an integral arrow shaped portion at the outer end
      thereof, the arrow shaped portion being forcibly positionable through said
      opening in said band, and base of the arrow shaped portion having a
      diameter greater than the normal diameter of said opening in said band
      whereby said attachment portion is extendable through an opening in an
      animal's ear and forcibly through said opening in said band and is
      retained in such position by said arrow shaped portion.
NUM  7.
PAR  7. An arthropod repellent device according to claim 6 wherein said band or
      belt is formed of flexible material and thereby deformable to fit around
      the pinnal portion of an animal's ear and wherein said attachment portion
      is of a rigid material capable of forceful penetration of an animal's
      pinna.
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ABST
PAL  A steam generator having a U-shaped tube bundle which extends upwardly from
      a tube sheet, a wrapper encircling the tube bundle, a preheater disposed
      on the cold leg portion of the tube bundle and a distribution plate
      disposed adjacent the tube sheet, the distribution plate having a large
      semicircular shaped opening disposed in the central portion of the hot leg
      and a T-shaped blowdown pipe disposed so that the cross of the "T" is
      disposed adjacent the tube sheet and the central portion of the
      semicircular opening in the distribution plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to steam generators for nuclear power plants and
      more particularly to a steam generator having a blowdown pipe disposed in
      the central portion of the hot leg adjacent the tube sheet.
PAR  Steam generators having U-shaped tube bundles and preheaters have
      experienced failures in the tubes adjacent the tube sheet due to the
      buildup of solids which form a sludge that enhances the possibility of
      tube leakage.
PAC  SUMMARY OF THE INVENTION
PAR  In general a vapor generator which utilizes a primary fluid to vaporize a
      secondary fluid, when made in accordance with this invention, comprises a
      vertical shell portion, a tube sheet disposed adjacent one end of the
      shell, a tube bundle formed by a plurality of U-shaped tubes through which
      the primary fluid flows to form a hot leg portion and a cold leg portion,
      a wrapper encircling the tube bundle and forming an annular chamber
      between the wrapper and the shell, and a flow distribution plate adjacent
      the tube sheet. The flow distribution plate has a large opening which
      accommodates a plurality of tubes and is centrally disposed with respect
      to the hot leg portion of the tube bundle. A blowdown tube is disposed
      between the tube sheet and the distribution plate and generally traverses
      the large opening and has a plurality of apertures disposed to remove
      secondary fluid from an area adjacent the tube sheet and the large opening
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and advantages of this invention will become more apparent from
      reading the following detailed description in connectionn with the
      accompanying drawings, in which corresponding reference characters
      indicate corresponding portions throughout the drawings, and in which:
PAR  FIG. 1 is a partial sectional view of a steam generator made in accordance
      with this invention;
PAR  FIG. 2 is an enlarged partial sectional view showing the distribution plate
      and blowdown tube in detail; and
PAR  FIG. 3 is an enlarged partial sectional view taken on line III--III of FIG.
      2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, FIG. 1 shows a steam generator 1,
      which utilizes a U-shaped bundle of tubes 3 to provide the heating surface
      required to transfer heat from a primary fluid to vaporize or boil a
      secondary fluid. The steam generator 1 comprises a vessel 5 having a
      vertically oriented tubular shell portion 7 and an end closure or flanged
      and dished head 9 enclosing one end of the shell 7, the upper end, and a
      spherical shaped channel head 11 enclosing the other end of the shell 7,
      the lower end. A tube sheet 13 is made integral with the channel head 11
      and has a plurality of holes 14 disposed therein to receive the end of the
      U-shaped tubes 3. A dividing plate 15 is centrally disposed in the channel
      head 11 to divide the channel head into two compartments 17 and 19, which
      serve as headers on the tubes 3. The compartment on the left, as shown in
      FIG. 1, is the primary fluid inlet compartment 17 and has a primary fluid
      inlet nozzle 21 in fluid communication therewith. The compartment on the
      right, as shown in FIG. 1, is the primary fluid outlet compartment 19 and
      has a primary fluid outlet nozzle (not shown) in fluid communication
      therewith, thus causing the primary inlet fluid to flow through the tubes,
      thereby creating a hot leg portion 23, the portion shown on the left in
      the drawings, and a cold leg portion 25, the portion shown on the right in
      the drawings. A secondary fluid or feed water inlet nozzle 27 is disposed
      in the lower portion of the shell 7 adjacent the tube sheet 13 and has a
      thermal sleeve 29 disposed therein.
PAR  The tube bundle 3 is encircled by a wrapper 31, which enclosed the tube
      bundle and forms an annular chamber 33 between the wrapper 31 and the
      shell 7.
PAR  A preheater 34 is disposed within the lower portion of the shell 7 adjacent
      the tube sheet 13. The preheater 35 is disposed to enclose at least a
      portion of the cold leg portion 25 of the tube bundle 3 and incorporates a
      portion of the wrapper 31, a vertical closure plate 37, a top end closure
      plate 39 and a lower end closure plate 41, which cooperate with the
      enclosed portion of the cold leg to form the preheater 35. Baffles 43 are
      disposed within the preheater 35 to cause the secondary fluid to follow a
      sinuous path therethrough. A flow distribution plate 45 is disposed
      between the enclosure plate 41 and the tube sheet 13 the flow distribution
      plate 45 extends generally across the lower end of the steam generator and
      cooperates with the enclosure 41 and the wrapper 31 to form a buffer zone
      47 adjacent the preheater 35.
PAR  As shown in FIG. 3 the flow distribution plate 45 has a large opening 49
      accommodating or surrounding a plurality of tubes 3 and disposed adjacent
      the central portion of the hot leg portion 23 of the tube bundle. A
      T-shaped blowdown tube 51 is disposed between the tube sheet 13 and the
      distribution plate 45. The T-shaped blowdown tube 51 is formed from a stem
      portion 53 and a cross portion 55. The cross portion 55 transverse the
      central portion of the large opening 49 in the flow distribution plate 45
      and has a plurality of apertures 57 disposed on the lower side thereof or
      adjacent the tube sheet 13 in order to remove secondary fluid from
      adjacent the tube sheet 13.
PAR  A baffle or flow restrictor 59 is disposed between the stem 53 of the
      blowdown tube 51 and the flow distribution plate 45 and is adjacent the
      opening 49 in order to prevent channeling of the fluid to the opening 49.
      The blowdown tube 51 is in communication with a drilled hole 61 extending
      downwardly into the tube sheet and a lateral hole 63 entering the tube
      sheet from the side of the steam generator to advantageously provide
      access to the blowdown tube without going through the shell 7 or head 11,
      thereby eliminating the need for reinforcing or performing stress
      calculations on the shell 7 and head 11.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vapor generator which utilizes a primary fluid to vaporize a secondary
      fluid, said vapor generator comprising a vertical shell portion, a tube
      sheet disposed adjacent one end of said shell, a tube bundle formed by a
      plurality of U-shaped tubes through which the primary fluid flows to form
      a hot leg portion and a cold leg portion, a wrapper encircling said tubes
      and forming an annular chamber between said wrapper and said shell, a flow
      distribution plate adjacent said tube sheet, said flow distribution plate
      having a large opening containing a plurality of tubes, said large opening
      being centrally disposed with respect to said hot leg portion of said tube
      bundle, and a blowdown tube disposed between said tube sheet and said
      distribution plate and generally traversing said large opening, said
      blowdown tube having a plurality of apertures disposed to remove secondary
      fluid from an area adjacent said tube sheet.
NUM  2.
PAR  2. A vapor generator as set forth in claim 1, wherein the blowdown tube is
      generally T-shaped and has a stem portion and a cross portion, the
      apertures being disposed in the cross portion thereof.
NUM  3.
PAR  3. A vapor generator as set forth in claim 2 and further comprising a
      baffle extending between the stem portion of the blowdown tube and the
      distribution plate, the baffle also being disposed adjacent the large
      opening in the distribution plate.
NUM  4.
PAR  4. A steam generator as set forth in claim 3, wherein the tube sheet has a
      passageway in communication with the outer periphery thereof and with the
      blowdown tube.
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ABST
PAL  Water is flowed through bayonet tubes where it is heated to steam which is
      superheated in other bayonet tubes all the bayonet tubes extending from a
      single tube sheet. Heated water enters the inner tube of a bayonet tube
      assembly so that it is heated in the annulus between the inner tube and
      its associated outer tube and then flows into the annular space between
      the inner and outer tube of the second bayonet tube assembly so that it is
      is heated to steam to leave by the inner tube of the second bayonet tube
      assembly to then flow into the annular space between the inner and outer
      tubes of the third bayonet tube assembly to be superheated and leave the
      third bayonet assembly by the inner tube thereof, the flow between one or
      more of the bayonet tube assemblies being connected by connecting tubes
      which connect with thermal sleeves covering the inner tubes of the bayonet
      tube assemblies below the single tube sheet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Most, if not all, nuclear power plants use the heat which is generated in
      the nuclear reactor to generate steam which is used to provide mechanical
      energy. The heating medium such as liquid sodium or hot gas which is
      heated by the heat energy generated in the nuclear reactor is flowed
      through a steam generator in which water to be heated and/or steam to be
      reheated is flowed through tubes while the heating medium flows over the
      tubes so that the heating medium heats the fluid flowing within the tubes.
      Often different tubes are provided for heating the feedwater (economizer
      tubes), generating steam from the water (evaporator tubes) and for
      superheating the steam which is generated in the evaporator tubes,
      (superheater tubes). The tubes may be helical coil tubes, or straight
      tubes or bent tubes, or they may be bayonet tube assemblies. Usually the
      tubes are connected with one or more tube sheets so that the heating
      medium and the fluid which flows through the tubes are separated.
PAR  An example of a steam generator which uses bayonet tubes and all of which
      are connected with a single tube sheet is found in co-pending U.S. Pat.
      application Ser. No. 486,286, which was filed on July 8, 1974. There,
      tubes used for different phases of steam generation such as economizer
      tubes, evaporator tubes and superheater tubes are connected to the same
      tube sheet. Chambers generally below that tube sheet, allow fluid leaving
      the economizer bayonet tube assemblies to flow into the evaporator tube
      assemblies and to flow from the evaporator tube assemblies to the
      superheater tube assemblies. While this arrangement is satisfactory from a
      standpoint of efficiency, thermal balance and energy output there are
      certain situations in which construction of such a steam generator would
      be rather expensive. For example, in a large steam generator the chambers
      below the tube sheet will hold steam at high pressure and consequently the
      tube sheet and the associated structure necessary to define the chambers
      will have to be of sufficient dimensions to withstand the high pressures
      over a large area. A tube sheet is strengthened by making it thicker. This
      not only adds to the cost and weight of the steam generator, but also
      makes for a steam generator which will not withstand large temperature
      gradients over the tube sheet without cracking.
PAR  Further, tube sheet failure results in leakage of steam up through the tube
      sheet to mix with the heating medium and after the pressure above and
      below tube sheet equalize the heating medium will contaminate the steam. A
      subsequent failure below the tube sheet would then result in the heating
      medium being released. This is not acceptable from a safety viewpoint.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome the drawbacks found in
      the prior art such as those discussed above. Accordingly, an economizer
      bayonet tube assembly, evaporator bayonet tube assembly, and a superheater
      bayonet tube assembly are connected to a tube sheet positioned within a
      pressure vessel, so that a heating medium can be passed over the bayonet
      tube assemblies and water can be flowed to the inner tube of the
      economizer bayonet tube assembly, so that it will be heated as it flows
      between the inner and outer tubes of the economizer bayonet tube assembly,
      and thereafter directed into the space between the inner and outer tubes
      of the evaporator bayonet tube assembly, so that it evaporates the steam
      which is formed being directed into the space between inner and outer
      tubes of a superheater bayonet assembly, the communication of water and/or
      steam between one or more of said bayonet tube assemblies being through
      connecting tubes which connect thermal sleeves encircling the inner tubes
      of the connected bayonet tube assemblies below the tube sheet.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawing is a front view, partly in section, showing a heat exchanger
      made in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There is shown in the drawing a steam generator indicated generally as 10
      having an outer shell 12 surrounded by concrete 14 and which includes a
      helium intake 16 and a helium exhaust 18. An annular generally cylindrical
      outer flow shroud 20 is adjacent to the outer shell 12 and extends from a
      level adjacent to the top of the outer shell 12 to a location slightly
      lower than the helium intake 16. A middle flow shroud 22 is concentric
      with the outer flow shroud 20 and an inner flow shroud 24 is concentric
      with the outer and middle flow shrouds 20 and 22. The middle flow shroud
      22 is of a smaller diameter than the outer flow shroud 20 and the inner
      flow shroud 24 is of a smaller diameter than the middle flow shroud 22.
PAR  An annular plate 26 extends over and connects with the tops of each of the
      flow shrouds 20, 22, and 24. A number of openings 28, in the upper portion
      of the middle flow shroud 22 permit helium to flow through the middle
      shroud immediately below the plate 26. The inner flow shroud 24 extends
      above the plate 26 and can serve as a support during construction of the
      present steam generator 10. During construction the top of the inner flow
      shroud 24 can be supported while work progresses outward during the
      fabrication of the present steam generator 10.
PAR  The outer flow shroud 20 and the middle flow shroud 22 define with the
      annular plate 26 an annular outer flow chamber 30 and the middle flow
      shroud 22 and the inner flow shroud 24 define with the annular plate 26, a
      middle flow chamber 32. The inner flow shroud 24 encircles a center flow
      chamber 34. Helium entering through the helium intake 16 cannot flow
      upward between the outer flow shroud 20 and the outer shell 12 because
      seal rings 36 and 37 are positioned between the outer flow shroud 20 and
      the outer shell 12 above the helium intake 16. Any helium escaping past
      the seal rings 36 and 37 will be blocked by the bellows seal 38 which
      brings the outer shroud 20 and the outer shell 12 at the upper portions
      thereof above the seal ring 36. A stagnant layer of helium will form
      between the outer shell 12 and the outer flow shroud 20 above the helium
      intake 16 and a flow of helium downward between the outer flow shroud 20
      and the outer shell 12 will be created.
PAR  The helium flowing downward from the helium intake 16 will flow down
      against a tube sheet 40 which is positioned slightly below the bottom of
      the outer flow shroud 20. The middle flow shroud 22 extends down to the
      tube sheet 40 so that the helium flowing under the outer flow shroud 20
      will reverse its direction to flow upward through the outer flow chamber
      30 between the outer flow shroud 20 and the middle flow shroud 22. There
      are a number of perforated tube supports 42 across the flow chambers 30,
      32 and 34 which support the tubes which will be described infra without
      preventing fluid flow. The helium will flow upward until it can rise no
      further because of the annular plate 26. The helium will then flow
      radially inward under the plate 26 through the flow openings 28 and into
      the middle flow chamber 32 between the iner flow shroud 24 and the middle
      flow shroud 22. Helium will then flow downward through the middle flow
      chamber 32 and since the inner flow shroud 24 does not extend down to the
      tube sheet 40, the helium will flow under the inner flow shroud 24 and
      radially inward to the central flow chamber 34 where it will flow upward
      to the helium exhaust 18 where it will leave the steam generator 10.
PAR  The helium flow is, then, generally a three-pass flow, the first pass being
      upward through the outer flow chamber 30, the second pass being down
      through the middle flow chamber 32 and finally the third pass being upward
      through the central flow chamber 34.
PAR  The present steam generator provides for the reheating of steam which
      enters through a steam line 50 in the outer shell 12 below the tube sheet
      40. Thus, during operation the portion of the present steam generator
      below the main tube sheet 40 will be filled with steam which is to be
      reheated. There is a burst disc 52 placed in the bottom of the shell 12
      but the disc is constructed so that it will not burst except under a
      pressure considerably higher than that of steam which is reheated during
      the operation of the present steam generator 10. The steam to be reheated
      will flow upward through bayonet tube assemblies 54 each of which includes
      an outer tube 56 and an inner tube 58. The outer tubes 56 are each closed
      at their upper end 60 and, as shown in the drawing, since the outer tubes
      56 extend down only to the bottom of the tube sheet 40 and the inner tubes
      extend down to a header 62 which is annular and which feeds into a
      reheated steam supply line 64, the steam to be reheated will flow upward
      in an annular space between the outer tubes 56 and the inner tubes 58. The
      steam will flow upward until it can go no higher because of the closed end
      60 where it reverses direction to flow downward through the inner tubes 58
      to the header 62 and to thereafter leave the present steam generator 10
      through the reheated steam supply line 64. The steam will be reheated as
      it passes upwardly to the annuli between the outer tubes 56 and the inner
      tubes 58 by the hot helium gas which is flowing upward through the outer
      flow chamber 30. Preferably, the inner tubes 58 are insulated so that no
      heat will be lost by the steam passing down through them. The lower ends
      of the outer tubes 56 seal with the tube sheet 40 so that there is no
      leakage of steam into the area above the tube sheet 40.
PAR  The steam generator 10 also provides for the generation and superheating of
      steam from feedwater. Feedwater enters the steam generator 10 through a
      feedwater lead 70 which is connected to a feedwater header 72 which is
      annular in configuration and which supplies feedwater to a plurality of
      economizer bayonet tube assemblies 80 which extends upward within the
      central flow chamber 34 from below the tube sheet 40. The economizer
      bayonet tube assemblies 80 each have an inner tube 82 and an outer tube
      84, each of which is closed at its upper end 86. The upper portions of
      some of the economizer tube assemblies 80 are broken off for clarity in
      the drawing. Only the inner tubes 82 extend downward to the feedwater
      header 72, the outer tubes 84 extending downward only to a location 88
      where they are sealed with respect to each of their associated inner tubes
      82. The outer tubes 84 serve as heat exchange tubes above the tube sheet
      40 and as thermal sleeves, i.e., as insulators between the tube sheet 40.
PAR  Feedwater which has flowed through the feedwater lead 70 to the feedwater
      header 72 will flow upward through the inner tubes 82 to impinge against
      the closed ends 86 and then flow downward through the annuli between the
      inner tubes 82 and the outer tubes 84. During this downward pass, the
      feedwater is heated by the helium flowing through the central flow chamber
      34.
PAR  Since the inner and outer tubes are joined at 88, the heated feedwater
      cannot pass down below that location. The heated feedwater will pass out
      of the economizer bayonet tube assemblies 80 through a plurality of tees,
      each of which connects with a connecting tube 92 which connects an
      economizer bayonet tube assembly 80 with an evaporator bayonet tube
      assembly 96.
PAR  Each of the evaporator bayonet tube assemblies 96 has an outer tube 98 and
      an inner tube 100. The inner tubes 100 and the outer tubes 98 are joined
      together at a location 102 below the tube sheet 40. Each of the connecting
      tubes 92 connect with a tee in one of the outer tubes 98 so that the
      heated feedwater coming out of the economizer bayonet tube assemblies 80
      will pass through the connecting tubes 92 to the evaporator bayonet tube
      assemblies 96. The heated feedwater will pass upward in the annuli between
      the outer tubes 98 and the inner tubes 100. As the water passes upward, it
      will be heated by helium passing downward to the middle flow chamber 32
      and changed into steam. The steam will pass upward only until it impinges
      against the closed ends of the outer tubes 98 to reverse its direction and
      flow down through the inner tubes 100. The steam flows down as far as it
      can go in the tubes 100, that is, below the locations 102 where the inner
      tubes 100 are joined to the outer tubes 98. The outer tubes 98 serve as
      heat exchange tubes above the tube sheet 40 and as thermal sleeves below
      it.
PAR  Each of the inner tubes 100 is connected, below its associated outer tube
      98, with a connecting tube 104 which connects at least one of the inner
      tubes 100 with a superheater bayonet tube assembly 110. The superheater
      bayonet tube assemblies 110 each have an outer tube 112 closed at its
      upper end 114 and an inner tube 116. The outer tubes 112 are connected
      with the tube sheet 40 in a manner similar to the outer tubes of the
      bayonet tube assemblies 80 and 96. The outer tubes 112 serve as heat
      exchange tubes above the tube sheet 40 and as thermal sleeves below it.,
      and inner tubes 116 are joined together at the lower ends 118 of the outer
      tubes 112. The connecting tubes 104 connect with the outer tubes 112 so
      that steam coming through the connecting tubes 104 from the evaporator
      tube assemblies 96 will travel upwardly in the annuli between the inner
      tubes 116 and the outer tubes 112 to be superheated by hot helium flowing
      upward in the outer flow chamber 30. The steam will flow upward only to
      the closed ends 114 to reverse its direction and flow down through the
      inner tubes 116. The inner tubes 116 connect with an annular superheated
      steam header 120 which connects with a superheated steam supply line 122
      which supplies superheated steam to an appropriate apparatus such as the
      high pressure turbine of a steam power plant.
PAR  Typically, the feedwater coming out of the economizer section will be
      between 600.degree. F. and 700.degree. F. In the present invention it
      passes through the tube sheet 40 while contacting the outer tubes of the
      economizer section. The water, which is brought close to the boiling
      point, then passes through the evaporator bayonet tubes in the annuli
      between the inner and outer tubes at only a slightly higher temperature
      than the feedwater. In these tubes water is generated into steam which is
      only slightly superheated. The steam then passes to the superheater
      section to pass between the inner and outer tubes as the superheater
      bayonet tube assembly. Here, the temperature of the steam is raised
      considerably, but it passes through the tube sheet through the inner tubes
      of the superheater bayonet tube assemblies so that substantially no heat
      is transferred from the superheated steam to the tube sheet. Thus, with
      the present design, the fluids which transfer heat with the main tube
      sheet are always within a relatively small temperature range. Therefore,
      there will be no substantial temperature gradients across the tube sheet.
      The absence of temperature gradients will prevent the structural failures
      concomitant with large temperature gradients in the presence of tube
      sheets.
PAR  As already pointed out, the present heat exchanger also includes a reheater
      section in which the steam to be reheated passes through bayonet tubes
      connected with the tube sheet at a temperature fairly close to the
      feedwater, the water heated in the economizer section, and the
      unsuperheated steam which exchange heat with the tube sheet. Thus, even
      with the reheater section there will be no excessive temperature gradient
      at the tube sheet due to large differences in temperature between the
      fluids which flow through the tube sheet.
PAR  The reheater and superheater sections are both located within the same
      helium flow chamber 30 so that available heat can be allocated between
      these two sections. To that end, a series of dampers 224 is provided
      between the upper ends of the bayonet tube assemblies which make up the
      reheater and superheater sections. By adjusting the dampers 224 the flow
      of hot helium can be divided between the two sections selectively for
      optimum efficiency.
PAR  In the present invention, feedwater, heated water, unsuperheated and
      superheated steam, as well as steam which has been reheated to a degree of
      superheat, are always flowing within tubes below the tube sheet 40. Only
      low pressure steam to be reheated is allowed to flow in the large chamber
      below the tube sheet 40. With this arrangement, there are no chambers
      below the tube sheet 40 containing fluid under pressure which is
      considerably higher than a typical operating pressure of helium which is
      flowing above the tube sheet 40. Thus, the tube sheet 40 does not have to
      withstand any large pressure gradient so that it is possible to make the
      tube sheet 40 thinner than would otherwise be possible.
PAR  From a safety viewpoint, failure of tube sheet results in the heating
      medium entering the space below the tube sheet which has been designed to
      withstand the pressure which would result from such a failure.
PAR  The foregoing describes but one preferred embodiment of the present
      invention, other embodiments being possible without exceeding the scope
      thereof as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A helium heated steam generator comprising:
PA1  an outer shell;
PA1  a helium intake in said outer shell;
PA1  a helium exhaust in said outer shell;
PA1  a tube sheet in said outer shell;
PA1  an economizer bayonet tube assembly extending upward from said tube sheet;
PA1  an evaporator bayonet tube assembly extending upward from said tube sheet;
PA1  a superheater bayonet tube assembly extending upward from said tube sheet;
PA1  each of said bayonet tube assemblies having an inner tube and a coaxial
      outer tube of larger diameter, said outer tubes having a closed upper end
      with said inner tubes extending below the bottoms of said outer tubes,
      said outer tubes and said inner tubes being joined together at the bottoms
      of said outer tubes;
PA1  a connecting pipe for connecting the space between the inner and outer
      tubes of said economizer bayonet tube assembly with the space between said
      inner and outer tubes of said evaporator bayonet tube assembly;
PA1  another connecting pipe for connecting the space within the inner tube of
      said evaporator bayonet tube assembly with the space between the inner and
      outer tubes of said superheater bayonet tube assembly;
PA1  a feedwater lead for supplying feedwater to said economizer bayonet tube
      assembly; and
PA1  a steam outlet in said shell connected with the inner tube of said
      superheater bayonet tube assembly.
NUM  2.
PAR  2. The steam generator defined in claim 1 further comprising:
PA1  a reheater bayonet tube assembly having an inner tube, and a coaxial outer
      tube connected to the main tube sheet, said outer tube being closed at its
      upper end and open at its lower end, said inner tube extending below said
      outer tube and connected with a reheated steam supply line, and a steam
      inlet in said outer shell below said tube sheet so that when steam to be
      reheated flows through said steam inlet it will flow into the space below
      said tube sheet to then flow up in the annulus between the inner and outer
      tubes of said reheater bayonet tube assembly to reverse its direction at
      the closed end of said outer tube to flow down through the inner tube of
      said reheater bayonet tube assembly to leave said steam generator through
      said reheated steam supply line.
NUM  3.
PAR  3. The steam generator defined in claim 2 further comprising:
PA1  a flow shroud, said flow shroud extending between said superheater and said
      reheater bayonet tube assemblies, a damper positioned between said
      reheater and superheater bayonet assemblies for regulating the flow of
      helium gas over each of said reheater and superheater assemblies.
NUM  4.
PAR  4. The steam generator defined in claim 1 wherein said economizer bayonet
      tube assembly, said evaporator bayonet tube assembly and said superheater
      bayonet tube assembly are each one of a number of such assemblies and
      wherein said connecting pipe is one of a number of connecting pipes
      connecting the spaces between the inner and outer tubes of said economizer
      bayonet tube assemblies with the spaces between said inner and outer tubes
      of said evaporator bayonet tube assemblies, said other connecting pipe is
      one of a number of connecting pipes connecting the spaces within the inner
      tubes of said evaporator bayonet tube assemblies with the spaces between
      the inner and outer tubes of said superheater bayonet tube assemblies.
NUM  5.
PAR  5. The steam generator defined in claim 2 wherein said reheater bayonet
      tube assembly is one of a number of reheater bayonet tube assemblies.
PATN
WKU  039424839
SRC  5
APN  5602114
APT  1
ART  344
APD  19750320
TTL  Process for regulating a steam generator and a regulatory means therefor
ISD  19760309
NCL  8
ECL  1
EXP  Sprague; Kenneth W.
NDR  1
NFG  1
INVT
NAM  Laubli; Fritz
CTY  Winterthur
CNT  CH
ASSG
NAM  Sulzer Brothers Limited
CTY  Winterthur
CNT  CH
COD  03
PRIR
CNT  CH
APD  19740322
APN  3996/74
CLAS
OCL  122448R
XCL  122448S
XCL  122451S
EDF  2
ICL  F23N  500
ICL  F22B 3506
FSC  122
FSS  406 S;448 R;448 S;451 R;451 S
UREF
PNO  2804851
ISD  19570900
NAM  Smoot
OCL  122448
UREF
PNO  3164136
ISD  19650100
NAM  Laubli
XCL  122448
UREF
PNO  3202136
ISD  19650800
NAM  Hottenstine
OCL  122448
LREP
FRM  Kenyon & Kenyon Reilly Carr & Chapin
ABST
PAL  The steam generator which may be a forced-flow type, a drum boiler type or
      exhaust-gas type has at least one of the operational magnitudes, i.e.
      firing intensity, feedwater flow rate, gas flow rate and the like,
      regulated in accordance with temperature variations in the region of the
      economiser. The temperature variation is subjected to a retardation and
      the resulting signal is superimposed on the control signal (L) for the
      operating magnitude.
BSUM
PAR  This invention relates to a process for regulating a steam generator and to
      a regulatory means therefor.
PAR  As is known, steam generators have been controlled by regulation of one or
      more of their operational magnitudes, such as the firing intensity of feed
      water flow rate, by means of a control signal substantially proportional
      to the boiler load. In some instances, the temperature of the working
      medium has been measured between a final high-pressure feed-water
      preheater and a superheater and a corresponding measurement signal formed.
      This measurement signal has then been superposed on the control signal or
      on another control signal controlling at least one other operational
      magnitude.
PAR  In the case of one known arrangement of this kind, in the event of a fire
      or feed-water derangement, the measured signal rapidly influences the fire
      intensity and/or the feedwater supply. Through this, temperature
      variations at the outlet from the superheater are damped through
      anticipatory action, so that the regulation of the live-steam temperature
      is facilitated usually by some action on the fire or by a water-injection
      at the superheater.
PAR  In steam generators having feed-water preheaters, the enthalpy of the
      feed-water at the entry into the economiser may vary considerably. A
      distinction must therefore be made between a static variation of the
      economiser inflow temperature as a definite function of the load on the
      one hand, and a transient, i.e. temporary, time-dependent variation on the
      other hand. A transient variation may be caused by starting or stopping of
      the boiler-installation, by an abrupt change of load, or else through a
      switch-on or switch-off failure of one or more preheaters. Because of the
      great inert mass of the boiler and the use of numerously provided
      temperature-regulation devices, such inflow-temperature derangements do
      not usually occur.
PAR  The use of liberally-dimensioned injection devices in the region of the
      superheater makes it possible to easily catch only slow-acting
      derangements at the boiler end. However, liberally dimensioned injection
      devices are not only expensive, but they also diminish the sensitivity of
      the regulation. Further, while the drawback of lower sensitivity is often
      countered by a cascade arrangement in which one or more upstream
      preinjectors, or even the boiler feed, are brought into action as soon as
      the valve of the last injection device exceeds a certain regulatory range,
      such cascade hookups are also expensive.
PAR  Accordingly, it is an object of the invention to eliminate in a simple way
      the effect of derangements of the inflow temperature in a steam generator
      without introducing the drawbacks of the known remedies or an occurrence
      of secondary derangements.
PAR  It is another object of the invention to eliminate any time-lagged
      derangement occurring at a boiler end by a variation in inflow
      temperature.
PAR  It is another object of the invention to regulate a steam generator in
      accordance with dynamic characteristics.
PAR  Briefly, the invention provides a process for regulating a steam generator
      by controlling at least one operational magnitude of the steam generator
      as well as a regulatory means.
PAR  In accordance with the process, a steam generator having a final
      high-pressure feed-water preheater, an economiser, an evaporator and a
      superheater for the flow of a working medium and in which a control signal
      is imposed on at least one of the operating magnitudes is regulated by
      measuring the temperature of the working medium at a point in the region
      of the economiser to form a corresponding measurement signal. This signal
      is then compared with a load dependent value signal corresponding to the
      steady mean proper value of the working medium temperature at the
      measurement point to form a difference signal. At least one of the
      measurement signal and difference signal is retarded in a retardation
      means of at least first order. Thereafter, the difference signal is
      superimposed on the control signal in order to control the operational
      signal in response to variations in temperature at the measuring point.
PAR  In accordance with the process, any time-lagged derangement occuring at the
      boiler end due to a variation of the inflow temperature is eliminated by a
      controlling action. Here, the essential feature is that the
      temperature-measurement signal comes from a point in the boiler where an
      influence on the fire is not appreciably affected retroactively by the
      control action; i.e. at the latest before entry to the radiant-heat
      surfaces. Thus, the process of the invention differs substantially from
      the prior art mentioned above where the temperature-measuring point is
      located in the region of the evaporator. In great contrast to the known
      disturbance-magnitude hook-ups, the measured signal does not act directly,
      but over a retardation means on the operational magnitude the signal
      influences. The process differs from the ordinary regulation chiefly in
      that the desired value corresponds to the statically adjusting mean value
      of the measurement, and in that practically no reaction occurs which
      corresponds to a closed regulatory circuit.
PAR  The regulatory means of the invention cooperates in combination with a
      steam generator having a final high-pressure feed-water preheater, an
      economiser, an evaporator and a superheater disposed in series relative to
      a flow of working medium, a burner and means for imposing a control signal
      on at least one of the preheater and burner. The regulatory means includes
      a temperature sensor for measuring the temperature of the working medium
      at a point in the region of the economiser to form a corresponding
      measurement signal, a desired-value means for emitting a load-dependent
      signal corresponding to the load on the steam generator and a comparison
      means for comparing the measurement and load-dependent signals to produce
      a difference signal in response to deviations between the two signals. A
      retarding means of at least first order is also provided for receiving and
      retarding at least one of the measurement and difference signals. In
      addition, a means is provided for superimposing the difference signal,
      after retarding is performed, on the control signal in order to correct
      the control signal for the operating magnitude.
PAR  The retardation means is constructed so that the retarded signal is
      shortened with increasing load. The correction is, thus, better adapted to
      the dynamic characteristics of the boiler.
PAR  A multiplier is also incorporated in the regulatory means to multiply the
      difference signal by the load signal downstream of the retarding means and
      prior to superimposition on the control signal. When the difference
      signal, prior to superimposition on the control signal, is multiplied by
      the load signal which is substantially proportional to the boiler load, a
      special advantage occurs in the case of boilers whose load often varies
      widely.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawing in which:
PAR  The FIGURE schematically illustrates a forced-through-flow steam generator
      provided with a regulatory means in accordance with the invention.
DETD
PAR  Referring to the drawing, a steam generator of the forced-through-flow type
      is provided with a regulatory means for regulating at least one of the
      operating magnitudes of the steam generator.
PAR  The steam-generator 1 includes an economiser heating surface 2, an
      evaporator 3, and two superheater surfaces 4, 5 disposed in series
      relative to a flow of working medium. The superheater surface 5 produces
      live-steam which flows through a conduit 6 to a turbine 7 to which a
      generator 8 is coupled. The turbine 7 also communicates with a condenser 9
      which serves to condense the expanded steam. The condensate from the
      condenser 9 is forwarded, by a condensate-pump 10, through two
      low-pressure preheaters 11 and 12 into a feed-water tank 13, out of which
      the condensate is fed by means of a pump 14 over two high-pressure
      preheaters 15 and 16, between which a feed-water valve 17 is disposed,
      into the steam-generator 1. The feed-water valve 17 is influenced, over a
      PI regulator 21, by a thermoelement 18, whose output, at a comparison
      location 19, is compared with a desired value, brought in over a signal
      line 20. An injection line 30 is branched off between the feed-pump 14 and
      the first high-pressure feed water preheater 15 and runs to an injection
      location 31 between the superheaters 4 and 5. An injection valve 32 is
      interposed in this line 30 and is influenced via a regulator 33 by the
      live-steam temperature measured by a thermoelement 34 in the conduit 6.
PAR  The regulatory means includes a temperature sensor 50 which is connected in
      the connection line at a point 49 between the economiser 2 and the
      evaporator 3. The temperature-sensor 50 has an output which emits a
      measurement signal with a negative sign corresponding to the measured
      temperature to a comparison means 51. Also, a desired value means 52 emits
      a positive signal u to the comparison means 51. This latter signal u is a
      load-dependent signal and, to this end, the desired value means receives
      the load or control signal L from a conductor line 53 for the load signal
      L.
PAR  The comparison means 51 produces a difference signal x in response to
      deviations of the measured signal from the load dependent signal u and
      emits the signal x to a retarding means 54 which has characteristics of
      the first to third order. The characteristic lines of the retarding means
      54 vary dependent on the load and for this purpose, the retarding means 54
      has an input connected with the line 53 conducting the load signal L. As
      shown symbolically, the retarding means 54 is constructed so that with a
      small load L there is a long retardation; and with a great load, there is
      a shorter retardation.
PAR  The retarding means 54 has an output which is connected to a multiplier 55
      to conduct an output signal y thereto. The multiplier 55 has an input
      connected to the line 53 conducting the load signal L. Thus, the received
      signal y can be multiplied by the load signal L. The multiplier 55 outputs
      to an addition means 56 in which the output signal of the multiplier can
      be superimposed or the load signal L to form a corrected load signal
      (control signal) which is then emitted, for example, to a burner 57 to
      which fuel and/or air are supplied via respective conduits 58, 59.
PAR  The various components 2 to 21 and 32 to 34 are conventional and their
      operation need not be further described. The remaining components 50 to 56
      operate as follows.
PAR  In steady operation, the output signal of the temperature-senser 50
      corresponds to the load-dependent valve u specified by the desired-value
      emitter 52. The signals x and y are thus vanishingly small, and the burner
      57 is controlled directly over the line 53 by the load signal L alone.
PAR  If the working medium temperature at the inlet of the economiser 2 drops,
      for example because of a derangement of the preheater 16, then the
      temperature measured by the sensor 50 at the point 49 drops after a delay
      and the difference signal x rises. The characteristic set at the retarding
      means 54 by the momentary load L produces a corresponding rise of the
      output signal y of the retarding means with a supplementary retardation or
      delay. This signal y is then multiplied in the multiplier 55 by the load
      signal L, and superposed in the addition means 56 on the load signal L.
      The intensity of the burner 57 thus rises, retarded, to a new value
      increased by some amount above the nominal value, this value being
      proportional to the drop in temperature measured by the sensor 50.
PAR  The retarding means 54, because of the dynamic characteristics of the
      steam-generator, is constructed so that the correction of the steam
      temperature given by the arrangement completely compensates the
      disturbance caused by the failure of the preheater 16.
PAR  The process has the characteristic that it rapidly compensates variations
      of load of a temporary nature, i.e. transient time-dependent deviations of
      the economiser input temperature from the corresponding static mean value.
PAR  The point 49 at which the temperature-senser 50 is disposed may also be
      within the economiser 2 or upstream of the economiser relative to the
      direction of flow of the working medium. By shifting this point upstream
      the fire-side disturbances become smaller, while a shift downstream
      reduces the cost and increases the accuracy of the retarding means 54.
PAR  Instead of acting on the burner 57, the signal of the addition means 56 may
      alternatively act on the feed-valve 17, which would then however not be
      influenced by a regulator 21 of I-character but by the load-signal L. In
      comparison with such a variant, the illustrated embodiment has the
      surprising advantage that with sudden changes of load, the flow of live
      steam starts more rapidly, and the pressure drop is less than without the
      supplementary measures described above.
PAR  It is moreover possible to influence the two operational magnitudes of fire
      intensity and feed-water flow simultaneously with the signal formed at the
      addition means 56. It is however also possible, when both operational
      magnitudes are influenced by the load signal L, to effect the
      superpositioning of the temperature signal either only in the signal path
      leading to the feed valve 17, or only in the signal path leading to the
      burner 57.
PAR  Instead of using a retarding means as described above, use may be made of a
      retarding means having only a characteristic of the first order. The
      process is not limited to forced-flow-through steam generators. For
      example, the process may be easily applied to drum-boilers and to
      exhaust-gas boilers that do not have an operational characteristic of fire
      intensity but rather some other magnitude, namely the quantity of gas
      conducted to the boiler. This magnitude is then controlled by a further
      control signal from the temperature-measuring point in the region of the
      economiser, superposed with an interposed retardation element.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for regulating a steam generator having a final high-pressure
      feed-water preheater, an economiser, and a superheater for the flow of a
      working medium and comprising the steps of
PA1  imposing a control signal (L) proportional to a boiler-load on at least one
      operational magnitude of the steam generator,
PA1  measuring the temperature of the working medium at a point in the region of
      the economiser to form a corresponding measurement signal,
PA1  comparing said measurement signal with a load-dependent value signal (U)
      corresponding to the steady mean proper value of the working medium
      temperature at said point to form a difference signal (x);
PA1  retarding at least one of said measurement signal and said difference
      signal in a retardation means of at least first order; and
PA1  thereafter superimposing the difference signal on said control signal to
      control the operational magnitude in response to variations in the
      temperature at said point in the region of the economiser.
NUM  2.
PAR  2. A process as set forth in claim 1 wherein in said retarding step the
      retarded signal is shortened with increasing load.
NUM  3.
PAR  3. A process as set forth in claim 1 which further includes the step of
      multiplying the difference signal by said control signal prior to
      superimposition on said control signal.
NUM  4.
PAR  4. A process as set forth in claim 1 wherein the operational magnitude is
      selected from the group consisting of fire intensity and feed-water flow
      rate.
NUM  5.
PAR  5. A process as set forth in claim 1 wherein the operational magnitude is a
      rate of gas flow to an exhaust-gas steam generator.
NUM  6.
PAR  6. In combination with a steam generator having a final high-pressure
      feed-water preheater, an economiser, an evaporator and a superheater
      disposed in series relative to a flow of working medium therethrough, a
      burner and means for imposing a control signal on at least one operational
      magnitude of said preheater and said burner;
PA1  a regulatory means for controlling at least one of the rate of flow of
      feed-water to said preheater and the firing intensity of said burner, said
      regulatory means including
PA1  a temperature sensor for measuring the temperature of the working medium at
      a point in the region of said economiser to form a corresponding
      measurement signal,
PA1  a desired-value means for emitting a load-dependent signal corresponding to
      the load on said steam generator;
PA1  a comparison means for comparing said measurement signal with said
      load-dependent signal to produce a difference signal in response to
      deviations between said measurement signal and said load-dependent signal,
PA1  a retarding means of at least first order for receiving and retarding at
      least one of said measurement signal and said difference signal, and
PA1  means for superimposing the difference signal after retarding on said
      control signal to correct said control signal.
NUM  7.
PAR  7. The combination as set forth in claim 6 wherein said retarding means has
      an input connected to said means for imposing a control signal, said
      retarding means having a characteristic of shortening the retardation
      effect with increasing load.
NUM  8.
PAR  8. The combination as set forth in claim 6 wherein said regulatory means
      further includes a multiplier having an input to receive said control
      signal and an input to receive the difference signal downstream of said
      retarding means, said multiplier multiplying said received signals to
      produce a signal for imposition on said control signal for regulation of
      at least one of the rate of flow of feed-water and firing intensity.
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ABST
PAL  An impeller type engine is disclosed which includes two cover members
      joined to form a housing, two cam members disposed in the housing facing
      each other to form a sinuous track of uniform width, a shuttle slidably
      disposed in the track, an impeller to carry the shuttle as it slides in
      the track, and means for introducing and igniting a fuel charge and
      discharging the combustion by-products.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to internal combustion engines and pertains in
      particular to those in which an impeller transmits the operative force to
      the driving mechanism.
PAR  2. Description of the Prior Art
PAR  The typical impeller type engine utilizes a rotor as the means for
      developing the desired operating force. Consequently, if the driving
      mechanism does not respond directly to rotary forces, a transducer is
      required to convert rotary forces into a form compatible with the driving
      mechanism. Addition of such transducers, however, introduces additional
      cost and complexity to the engine.
PAR  Accordingly, one object of this invention is to achieve an impeller driven
      engine which is directly compatible with drive mechanisms of various
      types.
PAR  Engines in which the impeller is a rotor may require many moving parts to
      achieve satisfactory operation. Where moving parts proliferate, however,
      manufacturing and operating difficulties increase.
PAR  Accordingly, another object of this invention is to reduce the mechanical
      complexity of an impeller driven engine.
PAR  Rotary engines typically increase developed horsepower by adding additional
      rotors to the drive shaft. As a result, the drive shaft must lengthen
      thereby increasing engine size.
PAR  Accordingly, another object of this invention is to achieve increased
      engine capacity without increasing drive shaft length.
PAR  Rotary engine designs aim to achieve efficiency and long lasting operation.
      If the internally developed forces are dynamically unbalanced, however,
      efficiency will suffer and operating life may be shortened.
PAR  Accordingly, another object of this invention is to achieve a rotary engine
      in which the developed forces are dynamically balanced.
PAR  The performance of rotary engines, as well as other internal combustion
      types, is sensitive to the dimensions of the combustion and compression
      chambers. In most engines, however, the dimensions are not easily changed.
      But if those dimensions could be adjusted without undue difficulty, a more
      versatile engine would result.
PAR  Accordingly, another object of this invention is to achieve an internal
      combustion engine in which the dimensions of the combustion and
      compression chambers may readily be changed.
PAR  In today's ecology, efficient combustion of fuel in an internal combustion
      engine is critical. One way of achieving more complete combustion is to
      provide an elongated combustion period.
PAR  Accordingly, another object of this invention is to achieve a prolonged
      combustion period.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred embodiment of the invention, two facing cam
      surfaces are combined with a housing, a reciprocating shuttle and an
      impeller movably mounted between the cam surfaces. The two cam surfaces
      cooperate with each other to form a shuttle track of uniform width and
      both cam surfaces cooperate with the impeller to divide the shuttle track
      into a series of compartments alternately located on either side of the
      impeller. The impeller transports the shuttle along the shuttle track so
      that it passes through the compartments and the shuttle reciprocates in
      the moving impeller as it travels along the walls of the shuttle track so
      as to divide each compartment into a compression chamber and a vacuum
      chamber as the compartment is traversed. Engine action is achieved by
      exploding a fuel charge in the vacuum chamber behind the shuttle.
PAR  According to one feature of the invention, the track is disposed in a flat
      plane for reciprocal impeller operation or in a ring to achieve
      conventional rotary operation in order to achieve versatility in engine
      design.
PAR  According to another feature of the invention, the shuttle track readily
      accommodates various combinations of cam cycles and shuttles.
PAR  According to another feature of this invention, apparatus for introducing a
      fuel charge into selected compartments cooperates with a communicating
      port adapted to transitionally link selected compression and vacuum
      chambers so that ignition of said fuel charge will advance the shuttle in
      its journey along the shuttle track.
PAR  According to another feature of this invention, simplicity of construction
      is achieved by limiting the essential moving parts to a shuttle and an
      impeller.
PAR  According to another feature of this invention, multiple shuttle tracks are
      spatially superimposed to form drive rings concentrically arranged around
      a common section of a drive shaft whereby increased power capacity is
      achieved without increase in drive shaft length.
PAR  According to another feature of this invention, the impeller is circular
      and contains two cam cycles and two shuttles mounted in its periphery
      180.degree. apart whereby combustion forces developed in the engine will
      be dynamically balanced.
PAR  According to another feature of this invention, the combustion and
      compression chambers are separated into individual compartments whereby
      their relative volumes can readily be made different.
PAR  According to another feature of this invention, the dimensions of the
      combustion chamber are larger than those of the compression chamber so as
      to increase the combustion period.
PAR  A better understanding of these and other objects and features of this
      invention will be facilitated by the following drawing and detailed
      description.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partially exploded view of an impeller type engine made in
      accordance with this invention and having portions cut away to show the
      rotor, cam surfaces, chambers, and shuttle.
PAR  FIGS. 2 through 5 schematically illustrate the mechanical interaction of
      the components shown in FIG. 1 during an operating cycle.
PAR  FIG. 6 is a side elevation view taken in section of a rotary type engine
      made in accordance with this invention.
PAR  FIG. 7 is a front elevation view of the embodiment of the invention shown
      in FIG. 6 as taken in section along the line 7 -- 7.
PAR  FIG. 8 is a side elevation view of a spring-biased shuttle made in
      accordance with this invention.
PAR  FIG. 9 is a side elevation view of an alternative form of the spring-biased
      shuttle shown in FIG. 8.
PAR  FIG. 10 is a perspective view of the shuttle shown in FIG. 8.
PAR  FIG. 11 is a side elevation view of a portion of the embodiment of this
      invention shown in FIG. 6 as taken in section along the line 11 -- 11.
PAR  FIG. 12 is the same side elevation view shown in FIG. 11, but illustrates
      an alternate form of shuttle configuration.
PAR  FIG. 13 is a front elevation view of an alternate form of a rotary type
      engine made in accordance with this invention and having two superimposed
      annular shuttle tracks.
PAR  FIGS. 14 and 15 are schematic illustrations of the mechanical interaction
      between the components in the superimposed shuttle tracks shown in FIG. 13
      during operation, FIG. 14 being the lower and FIG. 15 being the upper
      shuttle track, respectively.
PAR  FIG. 16 is a plan view of the shuttles shown in FIG. 9, taken in section
      along the line 16 -- 16.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, a portion of an impeller engine 20 is illustrated
      which comprises a drive shaft 21, two cam members 22 and 23, a shuttle 24,
      an impeller 25 and a communicating port 26 perforated in the impeller 25.
PAR  Each cam member 22 and 23 includes a cam surface formed by a series of
      lands 29 and grooves 30 connected to each other in serial relationship. As
      best seen in FIGS. 2 through 5, the cam surfaces cooperate with the
      impeller 25 to form compartments 31a, 31b, and 31c. In addition, they
      cooperate with each other to form, between their faces, a shuttle track 32
      of uniform width. Moreover, the impeller 25 includes a pair of annular
      flanges 33 and 34 which cooperate with the cam members 22 and 23 to
      enclose the shuttle track 32 in a sealed channel or tunnel. It is to be
      noted that the lands and grooves need not be of the same length although
      smooth curves joining the two are desirable. For exampmle, by elongating
      the grooves, longer combustion periods can be obtained, thereby improving
      fuel efficiency and reducing ecologically undesirable by-products.
PAR  The impeller 25, as best understood from FIGS. 2 through 5, moves between
      the cam surfaces and transports the shuttle 24 along the shuttle track 32.
      The shuttle 24 is slidably mounted in the impeller 25 so as to reciprocate
      therein as it follows the shuttle track 32. As the shuttle 24 passes
      through, it initially divides each compartment 31a, 31b, and 31c, into a
      compression chamber 35a, 35b, and 35c and a vacuum chamber 36a, 36b, or
      36c, respectively.
PAR  As best seen in FIG. 4, the communicating port 26 comprises two parts, 26a
      and 26b, and transitionally links the compression chamber 35b to the
      vacuum chamber 36c on the opposite side of the impeller 25. Consequently,
      gasses compressed in the compression chamber 35b are free to expand into
      the vacuum of combustion chamber 36c. Moreover, the vacuum or combustion
      chamber 36c may include an ignition device 37 such as a spark plug which
      has electrodes in communication with the gas mixture therein. As a result,
      actuation of the ignition device 37, when the vacuum chamber 36 is filled
      with a compressed fuel charge, will result in an explosion and concomitant
      drive of the shuttle 24 farther along the shuttle tract 32.
PAR  The full operating cycle of the impeller engine 20 is best understood by
      reference to FIG. 2 where the shuttle 24 is shown just entering the
      compartment 31b. An intake port 38 vents into the compartment 31b and has
      already delivered a fuel charge. In passing, it will be noted that
      adjusting the location of the intake port 38 within the compartment 31b is
      a particularly convenient way of adjusting the compression ratio.
      Alternatively, the dimensions of compartment 31b can be adjusted; i.e., so
      that the compression chamber 35b tapers.
PAR  The fuel charge, as can be recognized from FIG. 3, is compressed as the
      shuttle 24 moves along the shuttle track 32. Moreover, as the vacuum
      chamber 36b expands behind the moving shuttle, a new charge is drawn in
      and stored in preparation for the next cycle. As the shuttle 24 nears the
      end of the compartment 31b, it enters the compartment 31c on the other
      side of the impeller 25. As it does so, as best seen in FIG. 4, the
      communicating port 26 transitionally links the compression chamber 35b
      with the vacuum chamber 36c in the compartment 31c. As a result,
      compressed gasses flow from one chamber to the other. It will be noted,
      however, that the port 26 and shuttle 24 are juxtaposed in the impeller 25
      so that the two chambers are not linked until the shuttle passes the
      ignition device 37. As a result, leakage will be prevented between the
      chambers 35c and 36c. To facilitate spacing, the two openings of the port
      26 are located on radial lines of the impeller 25, as shown in FIG. 7.
PAR  As the shuttle 24 moves on, as shown in FIG. 5, communication between the
      two compartments 31b and 31c is discontinued and the ignition device 37 is
      activated thereby causing an explosion which impels the shuttle 24 farther
      down the shuttle track 32. As the shuttle 24 moves, it drives the impeller
      25, thereby causing the drive shaft 21 to rotate. From the foregoing, it
      can be seen that the forces developed against the shuttle 24 are applied
      tangentially to the impeller 25. Furthermore, this effect is achieved
      whether there is one or a multiple of shuttles.
PAR  As can be understood from FIG. 2, the compartments 31a includes an exhaust
      port 39. Consequently, any previously exploded gas by-products will be
      swept out ahead of the shuttle 24 as it moves therethrough. If necessary,
      the exhaust port 39 cooperates with a slot 40 to insure complete
      exhaustion of the chamber 35a. When the shuttle 24 passes entirely through
      the compartment 31a, it returns to its initial position as shown in FIG.
      2, ready to begin again. While the foregoing describes a carburation type
      engine, it will be recognized that a suitable fuel injection system will
      work equally as well.
PAR  Referring to FIG. 6, the cam member 22 and 23 are incorporated into two
      side covers 50 and 51. Advantageously, the two side covers are metal
      casting suitably spaced and mechanically fastened together and each is
      ribbed on the outside to facilitate heat dissipation. Each, moreover,
      includes a bearing 52. If desired, the cam members 22 and 23 can be cast
      as an integral part of the side covers 50 and 51 or, as illustrated,
      fabricated separately and inserted into receiving pockets. In either case,
      they cooperate with each other to form the shuttle track 32 between their
      facing cam surfaces.
PAR  The bearings 52 accommodate the ends of the drive shaft 21 which is rigidly
      attached to the impeller 25 by a hub 53. A web 54 extends outwardly from
      the periphery of the hub 53 and supports the two flanges 33 and 34 in
      annular spaced relationship.
PAR  The flanges 33 and 34, as best seen in FIG. 6, cooperate with each other
      and the web 54 to form two back to back or oppositely facing channels. The
      peripheral ends of the channels snugly engage the side covers 50 and 51
      and the point of junction may advantageously be dove-tailed to improve the
      seal as the components slide past each other during operation.
PAR  In the embodiment shown in FIG. 6, two shuttles 24 are illustrated and both
      are mounted to slide in a set of slots 55. As best seen in FIG. 7, the
      slots 55 perforate the web 54 and the flanges 33 and 34 and extend from
      one channel to the other. As a consequence, the shuttles 24 will
      reciprocate through the web 54 as they journey along the shuttle track 32.
      As best seen in FIG. 7, the shuttles 24 slide in slots 55 which are
      positioned 180.degree. apart in the web 54 of the impeller 25. Since the
      forces of explosion from the ignited fuel charge act against the shuttles
      24 in a direction tangential to the impeller 25, the rotational forces or
      moments will be additive, but the translational forces acting on the drive
      shaft 21 will be opposed thereby leaving the engine dynamically balanced.
      It will be readily understood that the same dynamic balance can be
      maintained when additional shuttle-pairs are used by providing the
      appropriate number of cam cycles.
PAR  In the embodiment illustrated in FIG. 6, the impeller 25 is a rotor. As can
      be seen from FIGS. 6 and 7, the web 54 can be perforated by an array of
      radial ports 56. If desired, the ports can be used to conduct or pump a
      gas or fluid for cooling, supercharging, starting, or other purposes.
      Further, the outer flange 33 can readily be equipped with a ring gear for
      delivering output power or for introducing a starting torque. In addition,
      between the side covers 50 and 51, the impeller 25 could be sealed in an
      outer enclosure. The enclosure could readily be filled with a fluid which
      would tend to seal the engine and prevent leakage. Where the fluid was
      fuel, a supercharger effect could readily be achieved.
PAR  Each shuttle 24, as best seen in FIGS. 8, 9, 10, and 16, has edges 60
      adapted to fit the slots 55. In addition, each has ends 61 adapted to
      slidably mate with the cam members 22 and 23; i.e., rounded so as to
      present a curved surface so that the shuttle 24 is in continuous contact
      with the cam surfaces. In the embodiment shown in FIG. 7, the slots 55 are
      advantageously formed from drilled holes open along one side to
      accommodate the shuttle 24. As best seen in FIGS. 11 and 12, the edges 60
      can easily be configured in different cross-sections to obtain tight
      seals. As shown in FIG. 11, for example, the cross-section of the edges
      are cylindrical over most of the shuttle length.
PAR  The embodiment illustrated in FIG. 12, however, may provide better seals,
      when necessary. As shown, the outermost edge is arrow shaped, while the
      inner edge is formed in the shape of a truncated wedge. As the impeller 25
      spins, the shuttle 24 is subjected to centrifugal forces. Consequently,
      the edges 60 will lap into the mating surfaces of the slots as they
      reciprocate so as to obtain polished junctions.
PAR  Referring to FIGS. 8, 9, 10, and 16, the ends 61 are notched so as to
      embrace the cam members 22 and 23 and dovetail the side covers 50 and 51,
      as particularly shown in FIG. 6. Furthermore, each is biased away from the
      other so as to achieve a tighter seal with the cam members 22 and 23. As
      best seen in FIGS. 8 and 9, the biasing mechanism can be coil springs 63,
      or a leaf spring 64. As shown in FIG. 16, however, the shuttles must be
      split so as to have overlapping surfaces when using spring biasing to
      insure a good seal. Alternately, the ends can be magnetically attractive
      and a source of magnetic flux (not shown) can be mounted in an appropriate
      spot in the cam members 22 and 23.
PAR  Fluid communication between compression and vacuum chambers is provided by
      the port 26. As best seen in FIGS. 7, 11 and 12, it opens on one side of
      the web 54 and exits on the other. It by-passes the shuttle 24 by cutting
      through the flange 33, the flange 34, or both. That is, the port 26 can
      pass over the shuttle 24 as shown in FIG. 7, under or over the shuttle 24
      as shown in FIGS. 11 and 12, or any desired combination. Specially shaped
      orifices leading into and out of the port 26 may be provided to facilitate
      rapid gas or fluid transfer between chambers. As previously indicated, the
      openings may be radially disposed on the web 54 to facilitate spacing.
PAR  Alternately, as shown in FIG. 13, the port 26 can be arranged to vent
      between two tandem shuttle tracks. In the embodiment illustrated in FIGS.
      13, 14, and 15, for example, an additional flange 64 has been added to the
      web 54 and cooperates, as illustrated in FIG. 15, with two cam members 65
      and 66 to create a second shuttle track 67 which is superimposed over the
      shuttle track 32 so as to form two concentric rings. As in the shuttle
      track 32, a shuttle 68 is mounted to reciprocate in the impeller 25 as it
      traverses the shuttle track 67.
PAR  The shuttle 68, however, is spatially or angularly out of phase with the
      shuttle 24 as the two move. Specifically, as best seen in FIGS. 14 and 15,
      the shuttle 68 is in the outer ring and leads the shuttle 24 which is in
      the inner ring. The spatial or angular phasing is achieved by misaligning
      the shuttle tracks with respect to each other. By doing so, vacuum or
      decompression chambers 69 in the shuttle track 67 can be caused to form
      over the compression chambers 35a and 35b in the shuttle track 32. Thus,
      the port 26 can be extended from one shuttle track to the other through
      the flange 33. As a result, gas compressed in the shuttle track 32 can be
      transferred to the outer shuttle track 67 for combustion.
PAR  With the foregoing arrangement, several advantages are readily achieved.
      Gas exhaust, for example, is easier to to treat in the outer reaches or
      rings of the engine. Similarly, heat dissipation can be more readily
      handled. At the same time, the moment generated by the shuttles will have
      a greater lever arm to act through, thereby permitting better engine
      performance to be achieved. Most importantly, however, the outer ring or
      track can be dedicated solely to combustion and exhaust while the inner
      ring or track deals only with intake and compression. Furthermore, as
      shown in FIG. 14, the compression cycle continuously repeats itself by
      alternating from one side of the impeller 25 to the other. Similarly, as
      shown in FIG. 15, the combustion cycle alternates identically.
PAR  While the foregoing embodiments have concentrated on rotary impellers, it
      will be recognized that reciprocal arrangements can readily be achieved.
      Moreover, the engine could readily be adapted to serve as a pump, steam
      engine, hydraulic motor, air motor, or the like.
PAR  In summary, an improved impeller type engine has been disclosed which
      exhibits mechanical simplicity, reduced size, and versatility of output.
      Moreover, all of those advantages are achieved in a device which is
      dynamically balanced in operation. It will be recognized, however, that
      the embodiments disclosed are merely representative of the invention and
      many other embodiments falling within the scope of the invention will
      readily occur to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an impeller driven engine, the combination comprising:
PA1  two oppositely disposed wall members adapted to move in concert with each
      other;
PA1  cam means cooperating with said wall members to form a tunnel, said cam
      means being stationary with respect to said wall members and including two
      oppositely disposed cam surfaces equally spaced from each other so as to
      impart a uniform width to said tunnel and spacially disposed on a curving
      path so as to impart a serpentine configuration to said tunnel;
PA1  impeller means having a web rigidly linking said wall members and dividing
      said tunnel into individual compartments, said web being located between
      said cam surfaces on a straight line projecting coextensively with
      portions thereof so that said compartments alternate with each other in
      over-lapping relationship on opposite sides of said web and being
      apertured by at least one elongated slot extending in a direction
      perpendicular to said line so as to alternately communicate with said
      compartments as said impeller means moves;
PA1  carrier means for transporting said impeller means along said line;
PA1  first shuttle means for sequentially sweeping through said compartments in
      response to movement of said impeller means, said first shuttle means
      being slidably mounted to reciprocate in said slot and having its
      periphery in continuous contact with both of said wall members and said
      cam surfaces so as to form a seal therewith and to divide each compartment
      into two individual chambers as its sweeps therethrough whereby gaseous
      material in the chamber ahead of said moving first shuttle means will be
      compressed and gaseous material in the chamber behind said first shuttle
      means will be expanded:
PA1  means for selectively charging compartments with an explosive gaseous
      mixture, detonating said gaseous mixture and discharging compartments to
      exhaust the by-products of said gaseous mixture after it has exploded, and
PA1  port means for conducting a gaseous mixture compressed in a compression
      chamber located on one side of said first shuttle means into a combustion
      chamber located on the other side of said first shuttle means, said port
      means comprising a passage passing through said web for transitionally
      connecting said compression and combustion chambers and being wholly
      contained within said impeller means whereby said passage moves with said
      impeller and a gaseous mixture compressed in said compression chamber will
      expand into said combustion chamber when the two are connected by said
      passage.
NUM  2.
PAR  2. The combination in accordance with claim 1 wherein said passage has a
      length sufficient to delay communication between said compression and said
      combustion chambers during impeller movement whereby said combustion
      chamber will develop a reduced pressure and thereby expedite transfer of
      said gaseous mixture through said passage.
NUM  3.
PAR  3. The combination in accordance with claim 2 wherein said passage passes
      over and under said shuttle.
NUM  4.
PAR  4. The combination in accordance with claim 3 wherein said carrier means is
      a drive shaft, said impeller means is a rotor attached to said drive shaft
      and said first shuttle means drives said rotor to turn said drive shaft.
NUM  5.
PAR  5. The combination in accordance with claim 4 wherein said rotor is
      circular in configuration and supports a second shuttle means on its
      periphery.
NUM  6.
PAR  6. The combination in accordance with claim 5 wherein said first shuttle
      means is spaced 180.degree. from said second shuttle means.
NUM  7.
PAR  7. In an impeller driven engine, the combination comprising:
PA1  first cam means having a plurality of lands and grooves arranged in a
      symetrical pattern;
PA1  second cam means having similar lands and grooves arranged in a pattern
      identical to the pattern on said first cam means and being oriented so
      that lands and grooves on both cam means cooperate to form a curvilinear
      shuttle track of uniform width;
PA1  impeller means having a web interposed between said first and second cam
      means in contact with the lands on both and moveably disposed in said
      shuttle track, said web being perforated by a slot extending
      perpendicularly to the surface of said land;
PA1  cover means for establishing discrete compartments in said shuttle track by
      enclosing portions thereof which lie between said web and the grooves in
      said first and second cam means, said cover means being rigidly attached
      to said web so as to move in concert with said impeller means and
      including a pair of oppositely disposed parallel grooves communicating
      with said slot;
PA1  carrier means for transporting said impeller means along said shuttle
      track;
PA1  shuttle means slidably disposed in said slot and grooves and embracing in
      continuous peripheral contact said first and second cam means to form a
      seal therewith as said impeller means moves whereby each compartment is
      divided into a compression chamber and an expansion chamber as said
      shuttle means passes therethrough;
PA1  means for selectively charging compartments with an explosive gaseous
      mixture, detonating said gaseous mixture and forcibly purging said
      compartments to exhaust the by-products of the explosion of said mixture,
      and
PA1  port means for transitionally linking a compression chamber located on one
      side of said shuttle means with an expansion chamber located on the other
      side of said shuttle means, said port means being wholly contained within
      said impeller means and including a passage extending through said web
      whereby said port means moves with said impeller and a gaseous mixture
      compressed in said compression chamber will expand into said expansion
      chamber when the two are connected by said port means.
NUM  8.
PAR  8. The combination in accordance with claim 7 wherein said port means has a
      configuration adapted to delay communication between said compression and
      expansion chambers during impeller movement whereby a low pressure will
      develop in said expansion chamber and thereby facilitate transfer through
      said port means.
NUM  9.
PAR  9. The combination in accordance with claim 8 wherein said impeller is a
      circular rotor attached to a drive shaft and said cover includes annular
      flanges on said rotor.
NUM  10.
PAR  10. In a rotary engine, the combination comprising:
PA1  a circular rotor having a hub joined to a shaft, a pair of annular flanges
      and a central web joining said flanges to said hub so as to form first and
      second concentric annular channels oriented in opposite registration with
      each other;
PA1  a first side cover slidably engaging the periphery of said first channel
      and having a plurality of lands and grooves disposed on its inside face in
      a symetrical annular pattern to form a first cam surface, said first cam
      surface being located in registration with said first channel so that
      lands therein are in contact with said web and grooves therein are spaced
      from said web to form a series of compartments;
PA1  a second side cover slidably engaging the periphery of said second channel
      and having a plurality of lands and grooves disposed on its inside face to
      form a second cam surface identical to said first cam surface, said second
      cam surface being located in registration with said second channel so that
      lands thereon are in contact with said web and said grooves therein are
      spaced from said web to form a series of compartments, said first and
      second cam surfaces cooperating with each other and said first and second
      channels to form an enclosed first shuttle track of uniform width;
PA1  first shuttle means projecting through said web and slidably mounted in a
      set of opposed slots extending from one channel to the other, said first
      shuttle means having a length equal to the width of said first shuttle
      track so as to form a seal with said first and second chambers and cam
      surfaces and form a sealed compression chamber in one compartment and a
      sealed vacuum chamber in a second compartment as it passes simultaneously
      through said compartments in response to rotation of said rotor;
PA1  means for selectively charging compartments with an explosive gaseous
      mixture, detonating said mixture and forcibly purging said compartments to
      exhaust by-products of the explosion of said mixture, and
PA1  port means for transitionally extending a passage between a sealed
      compression chamber located on one side of said first shuttle means and a
      sealed vacuum chamber located on the other side of said first shuttle
      means, said port means being wholly contained within said rotor and
      including a passage extending through said web whereby said port means
      will move with said rotor and a gaseous mixture compressed in said
      compression chamber will expand into said vacuum chamber when the two are
      connected by said port means and said port means having a configuration
      adapted to delay communication between said compression chamber and said
      vacuum chamber during rotor movement whereby a low pressure will develop
      in said vacuum chamber and thereby facilitate transfer of said gaseous
      mixture through said port means.
NUM  11.
PAR  11. The combination in accordance with claim 10 wherein said first and
      second cam surfaces are raised above the faces of said side covers so that
      each is embraced within said first and second channels, respectively.
NUM  12.
PAR  12. The combination in accordance with claim 10 wherein the periphery of
      said rotor is equipped with an external ring gear to facilitate starting.
NUM  13.
PAR  13. The combination in accordance with claim 10 wherein said web includes a
      second shuttle means projecting therethrough in a manner identical to said
      first shuttle means.
NUM  14.
PAR  14. The combination in accordance with claim 13 wherein said second shuttle
      means is disposed diametrically opposite to said first shuttle means.
NUM  15.
PAR  15. The combination in accordance with claim 14 wherein said web includes a
      plurality of shuttle means projecting therethrough in symetrical
      cooperation with said first and second shuttle means.
NUM  16.
PAR  16. The combination in accordance with claim 10 wherein said rotor is
      ported to transport a fluid therethrough.
NUM  17.
PAR  17. A shuttle type engine having opposed cams oriented to form a
      curvilinear shuttle track of uniform width between the cam working
      surfaces, cover means slidably engaging said cams and enclosing said
      shuttle track to form a tunnel, an impeller dividing said tunnel into
      compartments and a shuttle carried along said shuttle track by said
      impeller and adapted to divide each compartment into a compression and
      expansion chamber as it passes therethrough CHARACTERIZED IN THAT said
      cover means includes a pair of opposed grooves aligned in registration
      with the long dimension of said shuttle, the longitudinal edges of said
      shuttles are slidably engaged within said grooves and the ends of said
      shuttle are notched to embrace said cams.
NUM  18.
PAR  18. An impeller type engine in accordance with claim 17 wherein said
      shuttle is divided into two sections and includes biasing means for urging
      each away from the other and into contact with said cams.
NUM  19.
PAR  19. A shuttle type engine in accordance with claim 18 wherein said biasing
      means comprises a spring.
NUM  20.
PAR  20. A shuttle type engine in accordance with claim 18 wherein said biasing
      means comprises oppositely poled magnetic circuits.
NUM  21.
PAR  21. An impeller type engine in accordance with claim 18 wherein the
      longitudinal ends of said shuttle and the internal configuration of said
      grooves are circular in cross section.
NUM  22.
PAR  22. A shuttle type engine in accordance with claim 18 wherein the cross
      section of one longitudinal edge of said shuttle is arrow shaped, the
      cross section of the other longitudinal edge of said shuttle is shaped in
      the form of a truncated wedge and said grooves have a circular internal
      configuration.
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ABST
PAL  A fuel injection apparatus has two magnetic coils, a valve-opening magnetic
      coil and a valve-closing magnetic coil. During the valve opening operation
      the magnetic force caused by the valve opening magnetic coil moves the
      movable armature toward the opening position for discharging the fuel into
      the engine and during the valve closing operation the magnetic force
      caused by the valve-closing magnetic coil moves the movable armature to
      the closing position for stopping the fuel injection, so that the response
      time of the fuel injection apparatus is shortened.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part application of application Ser. No. 185,056
      filed Sept. 30, 1971 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fuel injection system for internal combustion
      engines, particularly to improvements therein.
PAR  It is well known that an electrically operated injection apparatus is used
      as an injecting device which is supplied with fuel for an interval
      combustion engines. In conventional fuel injection wherein the nozzle
      opening time of the fuel injection apparatus is determined by the load on
      the engine, the number of engine revolutions per minute and temperature,
      etc., of the engine, a movable armature of the injection apparatus is
      pushed by a spring toward the closing position, so that the supply of fuel
      to the engine is stopped. When a magnetizing current flows into a magnetic
      coil, the movable armature of the injection apparatus is pulled by an
      electromagnetic force toward the opening position against the action of
      the spring, so that the fuel is discharged into the engine. When the
      magnetizing current is discontinued, the movable armature is returned to
      its normal closing positon from the opening position by the action of the
      spring. In such an injection apparatus, however, in order to make high the
      closing response of the electrically operated injection apparatus, the
      spring force should be set at a large value especially for the returning
      action. On the other hand, when the spring force is made large, the
      opening operation requires a long period of time because of the large
      spring force acting against the opening force. Thus in order to shorten
      the time for the valve-opening action, it is necessary that the
      magnetizing current flowing into the magnetizing current flowing into the
      magnetic coil is large. Since there are various difficult problems in that
      a great deal of the magnetizing current must be turned off in a very short
      period of time and a large quantity of magnetic energy stored by a
      magnetizing current must be discharged in an instant, it has been
      difficult to realize an injection apparatus having a excellent response.
PAC  SUMMARY OF THE INVENTION
PAR  It is a main object of the present invention to provide an injection
      apparatus which has a short response time.
PAR  It is a further object of the invention to overcome the disadvantages of
      the injection apparatuses according to the prior art.
PAR  The injection apparatus of the present invention has two magnetic coils,
      one magnet coil being used for moving a movable armature to the opening
      positon from the closing position and other magnetic coil being used for
      moving it to the closing position from the opening position. Thus, the
      present apparatus does not need the large force of a spring which is used
      to return the movable armature to the closing position from the opening
      position.
PAR  Additionally, since the magnetizing current flowing into the opening
      magnetic coil, which produces the magnetic force moving the movable
      armature against the spring action, can be small, since the spring force
      is small or zero, it is easy to change the value of the magnetizing
      current to zero or any other appropriate value and also a circuit
      producing the magnetizing current can be easily constructed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an electrical block diagram of a prior-art device,
PAR  FIG. 2a and b are wave-form diagrams of the operating voltages of the prior
      art device,
PAR  FIG. 3 is an electrical block diagram showing an embodiment of a device of
      the present invention,
PAR  FIGS. 4a to 4c are wave-form diagrams of the operating voltages of the
      embodiment of FIG. 3,
PAR  FIG. 5 is an electrical connection diagram of means for energizing a magnet
      valve,
PAR  FIGS. 6a, b, and c are wave-form diagrams of the operating voltages of the
      means of FIG. 5,
PAR  FIGS. 7, 8 and 9 show the details of a fuel injection apparatus of the
      invention wherein FIG. 8 is a top view of the injection valve of FIG. 7,
      FIG. 9 is a sectional view of a fuel guide along the line I--I of FIG. 7,
      and
PAR  FIG. 10 shows a control circuit for the apparatus of FIGS. 7, 8 and 9.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  At first, the defects of the prior art will be discussed with reference to
      FIGS. 1 and 2. FIG. 1 shows a fuel control device which has heretofore
      been suggested, and which comprises a first converter means 1 for
      converting the loaded state of an engine into electrical signals, a second
      converter means 2 for converting the number of revolutions per minute into
      electrical signals, a third converter means 3 for converting the
      temperature of the engine into electrical signals, a trigger circuit 4
      which feeds a signal into a control circuit 7 when the engine begins the
      suction stroke, and a control circuit 7 which receives as input signals
      the respective outputs of said first to third converter means and which
      generates across output terminals 5 and 6 pulse-shaped voltages of a time
      width T which correspond to the input signals. As injection apparatus 8
      has a solenoid coil 9 connected to the output terminals 5 and 6 of the
      control circuit 7, a housing 10 and a spring 11 which pushes a movable
      armature 13 against a valve seat 12.
PAR  When the engine begins the suction stroke, the trigger circuit 4 generates
      a trigger signal to be applied to the control circuit 7 which produces
      across the output terminals 5 and 6 and output voltage E as shown in FIG.
      2a. The solenoid coil 9 is thus energized, whereby the injection apparatus
      8 is opened to start the fuel supply. The output voltage E is held for a
      period of the time T which is obtained by calculating the electrical
      signals applied from the first to third converter means 1 to 3 and
      thereafter it disappears.
PAR  In this manner, by maintaining constant the inflow pressure of fuel to the
      injection apparatus 8, the amount of the fuel fed from the injection
      apparatus 8 becomes the function of the period of time T. Namely, it seems
      that the optimum supply of the fuel can be realized by calculating the
      period of time T on the basis of the electrical signals which are
      generated by the converter means 1 to 3.
PAR  In actuality, however, the terminal voltage across the output terminals 5
      and 6 connected to the solenoid coil 9 varies as illustrated in FIG. 2b,
      because of the relation between variations in the impedance of the
      solenoid coil 9 and the output impedance of the control circuit 7. More
      specifically, since the movable armature 13 is moved by causing current to
      flow through the solenoid coil 9, the permeance of the magnetic circuit
      varies, thus the impedance of the solenoid coil 9 changes with the
      movement of the movable armature. A point of the inflation in the voltage
      variations is presented after the lapse of a period of time t.sub.1 and
      shows that the operation of opening the valve has been completed. The
      period of time t.sub.1 becomes the valve-opening delay time. Such a
      phenomenon occurs also at the valve-closure action.
PAR  When the current flowing into the solenoid coil 9 is interrupted, a counter
      electromotive force is produced by stored electromagnetic energy.
PAR  Until the counter electromotive force is attenuated by a leakage current,
      the valve-closure action may not be completed; thus, it is completed at a
      point of inflexion after a period of t.sub.2 which is needed to dissipate
      said counter electromotive force.
PAR  As a result, such delay times become a serious obstruction to the fuel
      supply to an internal combustion engine in which both the actions are
      repeated at very short intervals (since the valve-closure period of time
      becomes short at high-speed rotation, the valve-opening period
      disadvantageously overlaps it).
PAR  Description will now be made of the present invention with reference to
      FIG. 3. An injection apparatus 8 has a housing 10 and two magnetic coils
      15 and 16 which are divided by an intermediate wall 14.
PAR  A hole 17 communicating with the outside is provided in the intermediate
      wall 14, and an incorporated spherical body 18 is therein brought into
      pressed contact with a movable armature 13 by means of a coiled spring 19,
      so as to prevent the movable armature 13 from rocking due to vibration
      etc. A coil spring 11 presses against the movable armature 13, so that
      fuel injection is stopped. An opening circuit 20 causes a temporary
      current to flow to the valve-opening magnetic coil 15 at the valve opening
      action, while a closing circuit 21 causes a temporary current to flow to
      the valve-closure magnetic coil 16 at the valve-closure action. These two
      magnetic coils 15 and 16 are connected to output terminals 5 and 6 of a
      control circuit 7. The housing 10 has a discharge portion formed with a
      valve seat 12 contacting the top of the armature 13 and an inlet portion,
      not shown. The fuel applied from said inlet portion flows in the space
      between the magnets 15 and 16 and the armature 13 reaches the discharge
      portion. In this device it is possible to provide grooves on the movable
      armature for smoothing the flow of fuel.
PAR  The control circuit 7 is to be constructed such that, as in the prior art,
      electrical signals delivered from a converter means 1 to 3 are converted
      into a time width T output signals. The opening circuit 20 differentiates
      the rising variation of the output voltage of the control circuit to thus
      cause current to flow into the valve-opening magnet coil 15, while the
      closing circuit 21 differentiates the falling variation of the output
      voltage of the control circuit 7 to thus cause current to flow into the
      valve closing magnet coil 16.
PAR  In the case where, with the above construction, an output pulse as shown in
      FIG. 4a is obtained from the control circuit 7, the opening circuit 20
      causes current to flow through the magnetic coil 15 as illustrated in FIG.
      4b at time T.sub.1 at the rising of the output pulses of the control
      circuit 7, thereby moving the movable armature 13 in the injection
      apparatus 8 rightwards, as viewed in FIG. 3 to open the valve.
PAR  On the other hand, the closing circuit 21 causes a current to flow through
      the magnetic coil 16 as illustrated in FIG. 4c at time T.sub.2 of the
      falling of the output of the control circuit 7, therreby moving the
      movable armature 13 leftwards, as viewed in FIG. 3, to close the valve.
      When the movable armature is moved to the opening position, the effect of
      the friction caused between the armature 13 and incorporated spherical
      body 18 holds the armature 13 at that position in spite of the action of
      the spring 11.
PAR  In case a large friction effect is needed between said armature 13 and the
      incorporated spherical body 18, a small groove or hole in which a part of
      the body 18 is held down is provided on a suitable part of the movable
      armature 13, so that, when the movable armature has completely moved
      toward the right, the body 18 contacts the groove. The causes of the
      delaying operation in the process of conventional valve-opening or
      valve-closing action are, as stated previously, the stored electromagnetic
      energy and the reaction of the coiled spring 11 for the valve closure.
      According to the present invention, however, the electromagnetic energy at
      the valve opening is completely discharged before the valve closure
      operation and the reaction of the coil spring 11 may also be set at a much
      smaller value than for the conventional one. Therefore, the response may
      be further improved. In this case it is also performable, instead of the
      provision of the coiled spring 11 to cause a bias current to flow through
      the magnetic coil 16 for closing the valve. This bias current may be
      interrupted to improve the response characterization at the opening
      action. Furthermore, it becomes possible to stably hold the movable
      armature in the opening position by applying a bias current to the
      magnetic coil 15. Even if the bias current is applied simultaneously to
      both the magnetic coils 15 and 16, no problem occurs, since, when the
      movable armature 13 is presented at the closed position, the force acting
      upon the movable armature 13 from the valve-closing magnetic coil 16 is
      larger than that from the valve-opening magnetic coil 15. On the other
      hand, when the movable armature 13 is in the opened position due to the
      differences of the permeance in the magnetic circuit between the two
      positions, the force acting upon the movable armature 13 from the
      valve-opening magnetic coil 15 is larger than that from the valve-closing
      magnetic coil 16. However, where the valve is intended to be opened from
      the closed state, it enhances more the response to the interrupt the bias
      current of the magnetic coil 16 on the valve-closure side. This is also
      true where the valve is intended to be closed from the opened state.
PAR  Referring now to FIGS. 5 and 6, a description will be made of electrical
      circuit means which is very effective in order to temporarily and strongly
      energize the magnetic coils 15 and 16 on the basis of the output voltage
      obtained from the control circuit 7.
PAR  In FIG. 5, reference numeral 22 indicates a Royer oscillator circuit, the
      primary side of which is connected to a power-source line 23.
PAR  On the secondary side, there are provided two high-voltage output windings
      24 and 25, which are arranged so as to charge capacitors 28 and 29 through
      rectifiers 26 and 27, respectively. Connected to the capacitor 28 through
      a thyristor 30 is the magnetic coil 15 for the valve opening in the
      solenoid valve 8, while connected to the capacitor 29 through a thyristor
      31 is the magnetic coil 16 for the valve closure. The gate of the
      thyristor 30 is connected through a differentiating capacitor 32 to the
      output terminal 5 of the control circuit 7. Shown at 33 is a discharging
      resistor for the capacitor 32. On the other hand, the gate of the
      thyristor 31 is connected through a differentiating capacitor 34 to the
      collector of an NPN-type transistor 35. The transistor 35 has the emitter
      grounded, has the collector connected through a resistor 36 to the
      power-source line 23, and has the base connected through a resistor 37 to
      the output terminal 5 of the calculation means 7. A resistor 38 is a
      discharging one for the differentiating capacitor 34, and the other output
      terminal 6 of the calculation means 7 is grounded.
PAR  With the above construction, the capacitors 29 and 30 are charged at
      approximately 200V during running. Thus where an output voltage is
      generated across the output terminals 5 and 6 of the control circuit 7 as
      is illustrated in FIG. 6a, it is differentiated as shown in FIG. 6b by the
      capacitor 32 and triggers the gate of the thyristor 30. The thyristor 30
      is thereby brought into the conducting state, with the result that charges
      stored in the capacitor 28 are discharged through the magnetic coil 15 to
      energize it to open the valve. Simultaneously, the transistor 35 becomes
      conductive, with the result that a discharging circuit is established
      through the resistor 38 for the capacitoor 34, to cause said capacitor 34
      to discharge. At this time, the thyristor 31 is held non-conductive.
PAR  At the discharge of the capacitor 28, when the thyristor 30 is rendered
      conductive, an oscillation phenomenon occurs through the capacitor 28 and
      the inductance of the magnetic coil 15. A part of the vibration
      corresponding to the half period flows through the magnetic coil 15, and
      thereafter, the thyristor 30 is rendered non-conductive. Accordingly, if
      this half period is made to be a part of the beginning of the
      valve-opening period of time, the electromagnetic energy from this current
      will not adversely influence the valve-closure action. When, subsequently,
      the voltage at the output terminal 5 disappears, the transistor 35 is
      brought into the non-conducting state. As a result, the collector
      potential rises, and the voltage is differentiated by the capacitor 34 as
      illustrated in FIG. 6c and triggers the gate of the thyristor 31. The
      thyristor 31 is thereby rendered conductive, and similarly to the
      foregoing case, energizes the magnetic coil 16 to close the magnet valve
      8.
PAR  Experimental examples have revealed that, in the prior art control device,
      the delay time in the valve-opening or valve-closing action amounts to
      1.5ms to 2.0 ms, whereas in the present invention, the delay time is
      approximately 100.mu.s, hence the response time is far superior. In this
      connection, in the experimental examples of the present invention, the
      capacitors 28 and 29 were charged to 200V with ones of 2.mu.F, while the
      discharging currents were pulse-shaped ones of 8A and 200.mu.s.
PAR  It is also desirable in a fuel injection apparatus to decrease the spring
      force in order to effect high speed operation. Since a conventional fuel
      injector has only one magnet coil, the operation speed cannot reach a high
      level. The fuel injection valve of the present invention has two coils,
      one of which is for opening the other is closing. In addition, a pulse
      current having large value is applied when the valve is opened or closed.
PAR  It is, however, necessary in this type of device to maintain the position
      of the armature fixed. Referring to FIG. 3, when the magnetic coil 15 is
      energized, the armature 13 moves toward the right side against the spring
      11. However, the enerigization of the coil 15 is immediately stopped. It
      is necessary to maintain the open position of the armature 13 fixed, and
      thus, the spherical body 18 and the spring 19 are provided. It is also
      possible to use a bias current instead of the body 18 and the spring 19.
PAR  If the same value of current is applied to the coils 15, 16 as a bias,
      fluxes .PHI.15 and .PHI.16 are caused. When the armature 13 is in the open
      position, since a gap 15 is smaller than a gap 16, the armature 13 is
      maintained in the open position. When the armature 13 is in the closed
      position, the armature 13 is maintained in the closed position, since the
      gap 15 is larger than the gap 16. Therefore, it is not necessary to
      provide the spherical body 18 and the spring 19.
PAR  The fuel injection of this type is shown in FIGS. 7, 8, 9 and control
      circuit thereof is shown in FIG. 10. A valve housing 701 has an inlet
      portion 702, an outlet portion 703, sleeve 704 and an intermediate portion
      14. A coil bobbin 715 having an open coil 15 is provided between the inlet
      portion 702 and the intermediate portion 14. A coil bobbin 716 having a
      close coil 16 is provided on the down-side of the intermediate portion.
      The inlet portion has a filter 720 and an adjusting portion 722 in a hole
      724. A stem 705 is pushed toward a valve sheet 12 of the outlet portion
      703 by the spring 11. Armature 13a, 13b is provided on the stem 705 and
      separated from each other by a gap 706. The stem 705 has a hole 726
      through which fuel is supplied to an opening 730 and has a flange 728 for
      determining the opening of an injection valve. The inlet portion 702 has
      terminals 732, 734 and 736 for the coils 15, 16. The down end of the stem
      705 has four grooves on the outside for passing the fuel. A sectional view
      of the fuel guide of stem 705 is shown in FIG. 9.
PAR  Fuel is supplied through the filter 720, the hole of the adjusting portion
      722, the spring room, the hole of the stem, the opening 730, gap between
      the outlet portion and the stem and cuttings of the down end to the valve
      portion.
PAR  A predetermined bias current is applied to the coils 15, 16 and causes flux
      .PHI.15, .PHI.16, as shown in FIG. 7. When the valve is closed, gap G16 is
      smaller than the gap G15, then the flux .PHI.16 is larger than the flux
      .PHI.15. The stem is pushed toward the down side and the valve is
      maintained in the closed position. When a pulse is applied in the open
      coil 15, the stem is moved to the open position because the flux .PHI.15
      is larger than the flux .PHI.16 and then the gap G 15 is smaller than the
      gap G16. The valve is maintained in the open position.
PAR  When the engine is stopped and the bias current of the coils 15, 16 is also
      stopped, the valve is free from the magnetic force. The spring pushes the
      stem 705 to the closed position and prevents the fuel from leaking. Two
      armature 113a, 13b are separated by the gap 706 which prevents flux
      .PHI.738 by the coil 15 or 16. The opening between the valve sheet 12 and
      a valve needle 740 is determined by the gap between the flange and a
      stopper edge 742 of the sleeve 704.
PAR  A control circuit of the additional embodiment is shown in FIG. 10. The
      differences between FIG. 10 and FIG. 5 are the additions of resistors 115,
      116 and diodes 120, 121 for the bias current to coils 15, 16. The
      operation of the other element is the same as FIG. 5.
PAR  Alternating high voltages generated in coil 24, 25 are stored in condensers
      28, 29 through diodes 26, 27. When the pulses shown in FIG. 4a are applied
      between terminals 5, 6, transistors 101, 102 are turned on, at time
      T.sub.1. The thyristor 30 is switched by a pulse caused by a pulse
      transformer 110. Since transistor 103 is turned off and the voltage
      induced caused in a primary coil of a transformer 111 is short-circuited
      by a diode 125, a pulse is not caused in secondary coil of the transformer
      111.
PAR  During the time between time T.sub.1 and time T.sub.2, the valve position
      or the position of the stem 705 is maintained by the bias currents from
      the diodes 120 and 121. Namely, the gap G15 is smaller than the gap G16
      and then the magnetic force of the coil 15 is larger than that of the coil
      16. At time T.sub.2, the transistor 103 is turned on, and the transistor
      102 is turned off. The thyristor 31 is switched on by a pulse caused by a
      pulse transformer 111. A voltage caused in the primary coil of the pulse
      transformer 110 by turning off the transistor 102 is short-circuited by a
      diode 124, and a pulse is then not caused in secondary coil of the
      transformer 110. There is a large advantage in using the thyristor 30, 31
      for applying the pulse current into the coils 15, 16. In general, a charge
      into a coil from a condenser creates a current vibration. The thyristor 30
      or 31 prevents this vibration and applies one pulse into the coil 15 or
      16.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to a person skilled in the art, and we therefore do not wish to be limited
      to the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A fuel injection apparatus for an internal combustion engine comprising:
PA1  housing means;
PA1  inlet means, provided at one end of said housing means, for applying fuel
      to said housing means;
PA1  discharging means, provided at the other end of said housing means, for
      discharging fuel from said housing means;
PA1  movable means, having an open position and a closed position and being
      provided between said inlet and discharging means, for opening and closing
      said discharging means;
PA1  first magnetic coil means for moving the movable means to the open
      position;
PA1  second magnetic coil means for moving the movable means to the closed
      position;
PA1  detent means provided between said first and second magnetic coil means;
PA1  a first gap provided between said first magnetic coil means and said
      movable means through which first magnetic flux created by the first
      magnetic coil means passes;
PA1  a second gap provided between said second magnetic coil means and said
      movable means through which second magnetic flux created by the second
      magnetic coil means passes;
PA1  a spring means for pushing the movable means toward the closed position;
PA1  a control circuit for generating pulse voltages which represent injection
      timings and the amount of fuel fed from the injection apparatus;
PA1  first energizing means including a first capacitor and a first thyristor
      for energizing said first magnetic coil means in response to a pulse from
      the control circuit;
PA1  second energizing means including a second capacitor and a second thyristor
      for energizing said second coil means in response to a pulse from the
      control circuit;
PA1  first bias means including a first diode through which direct current is
      applied to said first magnetic coil means for supplying a first bias
      current to the first magnetic coil means;
PA1  second bias means including a second diode through which direct current is
      applied to said second magnetic coil means for supplying second bias
      current to said second magnetic coil means; and
PA1  capacitor charging means for charging said first and second capacitors,
      said capacitor charging means comprising an oscillator circuit including
      first and second high-voltage windings and first and second rectifiers,
      the voltage from said first high-voltage winding being applied to the
      first capacitor through the first rectifier and the voltage from said
      second high-voltage winding being applied to the second capacitor through
      the second rectifier.
NUM  2.
PAR  2. A fuel injection apparatus in accordance with claim 1 wherein said first
      energizing means includes a first pulse transformer for triggering said
      first thyristor, and wherein said second energizing means includes a
      second pulse transformer for triggering said second thyristor.
NUM  3.
PAR  3. A fuel injection apparatus for an internal combustion engine comprising:
PA1  housing means;
PA1  inlet means, provided at one end of said housing means, for introducing
      fuel into said housing means;
PA1  discharge means, provided at the other end of said housing means, for
      discharging fuel from said housing means;
PA1  movable means, displaceably provided within said housing means between said
      inlet means and said discharge means, said movable means including first
      and second armature portions affixed thereto;
PA1  first magnetic coil means, magnetically coupled with said first armature
      portion of said movable means, for moving said movable means in a first
      direction to a first position, to open said discharge means, so as to
      discharge fuel from said housing means, said first armature portion
      forming with said housing means a first gap through which the flux
      generated by said first magnetic coil means passes;
PA1  second magnetic coil means, magnetically coupled with said second armature
      portion of said movable means, for moving said movable means in a second
      direction, opposite said first direction, to a second position, to close
      said discharge means so as to prevent the discharge of fuel from said
      housing means, said second armature portion forming with said housing
      means, a second gap through which the flux generated by said second
      magnetic coil means passes; and
PA1  circuit means, coupled to said first and second magnetic coil means, for
      supplying a bias current to each of said first and second magnetic coil
      means, and for supplying a first energizing current pulse to said first
      magnetic coil means, to open said discharge means, and for supplying a
      second energizing current pulse to said second magnetic coil means, to
      close said discharge means, said circuit means comprising first and second
      capacitor-storage-discharge circuits respectively coupled to said first
      and second magnetic coil means, each storage-discharge circuit including a
      storage capacitor, means for charging said storage capacitor to a
      prescribed voltage, a thyristor switch connected between the storage
      capacitor and a respective magnetic coil means, for controllably
      discharging the capacitor through the respective magnetic coil means,
      first and second diodes resistively coupled between a power supply and
      said first and second magnetic coil means, for supplying said bias current
      thereto, and an oscillator circuit including first and second high-voltage
      windings, and first and second rectifiers, the voltage from said first
      high-voltage winding being applied to a respective one of said storage
      capacitors through said first rectifier and the voltage from said second
      high-voltage winding being applied to a respective other of said storage
      capacitors through the second rectifier; and wherein
PA1  said first gap is smaller than said second gap for said first position of
      said movable means and said second gap is smaller than said first gap for
      said second position of said movable means.
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ABST
PAL  Conventional engine cooling systems include fans driven at speeds
       proportal to engine speed, thereby producing excessive cooling at higher
      engine speeds. It is proposed herein to limit or control the fan speed by
      utilizing a drive mechanism that is controlled by a thermal power element
      responsive to coolant temperature. The control element is arranged to vary
      the displacement of a variable displacement pump that is driven from the
      engine. The pump output is delivered to a hydraulic motor that drives the
      fan. Variations in pump displacement produce varying hydraulic motor
      speeds, hence varying fan speeds. This is particularly applicable to
      powertrains using hydrokinetic or hydromechanical transmissions which
      require high cooling capacity at low engine speeds.
BSUM
PAC  BAKCGROUND OF THE INVENTION
PAR  Various thermally responsive drive mechanisms have heretofore been proposed
      for use with engine coolant fans. The present invention provides a drive
      mechanism that uses proven conventional pumps, motors, and control
      devices, as distinguished from special single purpose components that
      require extensive design and testing effort. The conventional pumps and
      motors are readily procurable as shelf items in a range of sizes, thereby
      permitting drive mechanisms to be fabricated for different engines and
      different cooling requirements with minimum development effort.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a fan drive mechanism embodying the
      invention.
PAR  FIG. 2 is a graphical representation of the operation of a thermal power
      element used in the FIG. 1 mechanism.
DETD
PAC  THE DRAWINGS IN GREATER DETAIL
PAR  FIG. 1 shows a conventional liquid cooling system (water and anti-freeze)
      for an internal combustion engine 12 used to power a truck or similar
      vehicle (not shown). The cooling system includes a radiator 14 and water
      pump 16 interconnected with each other and with the engine by means of a
      liquid line 18.
PAR  The radiator is cooled by a fan 20 connected to a drive shaft 22 extending
      from a conventional fixed displacement hydraulic motor 24. Hydraulic
      pressure fluid is supplied to motor 24 from a conventional variable
      displacement pump 26. Pump displacement is controlled and varied by means
      of a conventional thermostatic power element 28 of the type commonly used
      in liquid line thermostats and radiator shutter controls.
PAR  As shown in FIG. 1, power element 28 comprises a cup-like metallic
      container 30 connected to a tubular guide member 32 for a slidable piston
      34. Wax or similar solid expansion material 36 is precharged into
      container 30. A plug of rubber sealing material 38 is interposed between
      expansion material 36 and piston 34 to prevent escape of the expansion
      material when it is heated to undergo its transition from the solid to the
      liquid state.
PAR  The power element is preferably located with its wax container 30 extending
      against or within liquid line 18 such that the wax is heated and/or cooled
      by the coolant flowing through the line. The power element is preferably
      located at a point in line 18 upstream from radiator 14 and downstream
      from engine 18. (This is to make the fan react as soon as possible to
      change in engine coolant temperature.) The power element is mounted on
      pump 26 such that its piston 34 controls the position of an annular swash
      plate 40. For visualization purposes the piston is shown operatively
      engaged with a swash plate control arm 29 carried by a stub shaft 42
      extending from plate 40. The swash plate is mounted for rotational
      adjustment around a transverse axis defined by stub shafts 42 that extend
      from the swash plate through bearings in housing 27. The above mentioned
      control arm 29 could be connected to one of the stub shafts in the fashion
      of the swash plate control arm 70 shown in U.S. Pat. No. 3,204,411 issued
      to T. R. Stockton on Sept. 7, 1965. In some engine installations pump 26
      might be of such size that power element 28 would have insufficient stroke
      or total force to directly control the pump displacement (e.g. swash plate
      position). In such case the power element could be arranged to operate a
      hydraulic servo unit having a suitable source of power, e.g. the pump
      itself. The servo unit would be connected to the pump displacement control
      arm or pressure compensator device.
PAR  The illustrated swash plate 40 is moved from an upright "minimum pump
      displacement" position to its FIG. 1 "maximum pump displacement" position
      by expansive action of wax material 36 on piston 34; an opposing return
      force is provided by return spring 35. FIG. 2 illustrates the volume
      changes experienced by the wax pellet 36 as it is heated through its
      transition temperature range. As the wax temperature is raised from value
      T.sub.1 toward value T.sub.2 the wax undergoes fusion and expansion,
      thereby moving the piston 34 leftwardly to the position shown in FIG. 1.
      At temperatures between T.sub.2 and T.sub.1 the wax assumes a partially
      expanded condition enabling spring 35 to bias plate 40 clockwise from its
      illustrated position. At temperatures below T.sub.1 the wax is
      sufficiently contracted to permit spring 35 to move plate 40 into an
      upright minimum pump displacement position at right angles to power input
      shaft 44. Power elements having desired actuation temperature ranges are
      available from various manufacturers, e.g. Dole Valve Co. or Scovill
      Manufacturing Co.; in this case a power element is selected that will
      provide solid-liquid transition in the temperature range at which it is
      desired to vary the displacement of pump 26.
PAR  Pump 26 conventionally includes a rotary barrel 46 connected to the power
      input shat 44 that is driven from the engine. A number of pistons 48 are
      slidably positioned within bores in barrel 46, whereby rotary motion of
      the barrel produces reciprocating motion of the pistons in accordance with
      the angulation of plate 40. The action is conventional, as for example
      described in U.S. Pat. No. 3,354,978 issued to T. Budzich on Nov. 28,
      1967.
PAR   Low pressure hydraulic fluid is admitted to pump 26 through a
      semi-circular slot 47 located in a stationary valve plate 50. High
      pressure fluid is discharged from the pump through a semi-circular slot 52
      in plate 50. The high pressure fluid is fed to hydraulic motor 24 through
      a semi-circular slot 54 in stationary valve plate 56. Spent fluid is
      directed through a semi-circular slot 58 back to tank 60 for later
      readmission to pump 26. Instead of the illustrated pump a variable
      displacement vane pump could be used. The thermostatic power element would
      then be connected to the conventional plunger used to vary the pump's
      pressure chamber ring.
PAR  The illustrated hydraulic motor 24 includes pistons 62 mounted for
      reciprocatory movements within bores in rotary barrel 64 that connects
      with fan shaft 22. High pressure fluid admitted through slot 54 exerts
      pressure on pistons 62; the motor housing reaction surface 68 translates
      such pressure into rotation of barrel 64 and the connected fan shaft 22.
      Motor 24 is a conventional item of hardware. In lieu of the illustrated
      motor a gear or vane motor can be used.
PAR  The invention relates generally to the functional interrelation of three
      conventional structures, namely thermostatic power element 28, variable
      displacement pump 26, and hydraulic motor 24. Element 28 is arranged to
      adjust pump 26 to its maximum displacement position when the coolant in
      line 18 tends to go above transition temperature T.sub.2 ; under such
      conditions motor 24 operates at its maximum rotational speed for
      achievement of maximum fan cooling of radiator 14 and the flowing coolant.
      As the fan action causes the coolant temperature to drop into the
      transitional temperature range (between T.sub.2 and T.sub.1) the wax
      pellet contracts to permit spring 35 to force swash plate 40 in a
      clockwise direction, thereby reducing the pump 26 displacement.
PAR  Such reduced displacement provides lessened hydraulic pressures on pistons
      62 and lessened rotational speeds of barrel 64 and the associated fan 20.
      At coolant temperatures below T.sub.1 the swash plate 40 may assume a
      "zero pump displacement" position, in which event the fan may assume a
      substantially motionless condition.
PAR  In general, power element 28 has the effect of controlling the fan speed in
      accordance with the coolant load provided by radiator 14. At high radiator
      coolant loads the fan speed is high; at low radiator coolant load the fan
      speed is low. The invention achieves a saving in the power needed to
      operate the fan and a general reduction in fan noise. The speed control
      action can be made to occur over a range of temperatures (T.sub.2
      -T.sub.1), so that the fan speed changes are relatively gradual; the
      gradualness may be an advantage in reducing stress on the mechanism and in
      minimizing coolant temperature fluctuations. The invention is believed
      usable with relatively large engines which might not be the case with
      other "clutch" type speed changers.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications
      will occur to a person skilled in the art.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. In an engine cooling system comprising a radiator, conduit means 18
      connecting the radiator with the engine in the closed loop circuit, and a
      fan 20 for moving air through the radiator: the improvement comprising
      means for driving the fan at varying speeds related to variations in
      radiator heat load; said driving means including a variable displacement
      hydraulic pump 26 having pistons 48 and a swash plate movable about
      adjustment axis 42 for changing the pumping strokes of the pistons and
      hence the pump delivery, a fixed displacement hydraulic motor 24 receiving
      the output of the pump, a drive connection 22 from the motor to the fan,
      power means for moving the swash plate around adjustment axis 42; said
      power means comprising a thermostatic power element 28 that includes a
      contained mass of fusible material 36 transformable over a temperature
      range between a low volume solid state and a high volume liquid state, and
      a piston 34 movable in response to volume change in the fusible material,
      said thermostatic power element having its fusible material in thermal
      engagement with liquid coolant flowing from the engine to the radiator;
      and control means 29 connected with the power element piston for
      directionally moving the swash plate to decrease the pump displacement as
      the fusible material is transformed from the high volume liquid state to
      the low volume solid state.
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ABST
PAL  An internal combustion engine, preferably of in-line construction, in which
      the cylinders are cast together at least pair-wise, a cylinder head is
      mounted on the cylinder block, and additional passages are provided for
      the cooling water between the cast together cylinders in the area adjacent
      the separating surface.
BSUM
PAR  The present invention relates to an internal combustion engine, preferably
      of in-line construction, especially for motor vehicles in which the
      cylinders are cast together at least pair-wise and in which the cylinder
      head or cylinder heads are mounted on the cylinder block.
PAR  With internal combustion engines, the cylinders are frequently cast
      together in the manner described above in order to enconomize structural
      length. With these known prior art internal combustion engines,
      excessively high temperatures occur frequently in the upper area of the
      cylinder walls so that a high wear occurs and additionally the piston
      rings suffer. Therebeyond, sealing difficulties arise, and under certain
      circumstances, a warping of the cylinder bore will also occur which again
      has as a consequence, a higher oil consumption and gas leakage.
PAR  The present invention aims at avoiding the aforementioned disadvantages.
      Primarily a decrease of the temperatures occurring in the upper cylinder
      area is to be achieved by the present invention. The underlying problems
      are solved in accordance with the present invention with the internal
      combustion engines of the type described above in that additional passages
      of the cooling water are arranged between the cast-together cylinders in
      the area adjacent the separating surface.
PAR  A very considerable temperature decrease is achieved in the area of the
      upper cylinder walls by the measures proposed in accordance with the
      present invention. The described wear appearances as well as the feared
      cylinder warping are avoided thereby. The temperature decrease may reach
      considerable values, for example, up to 80.degree. C and above if,
      according to a preferred further feature of the present inventive concept,
      the cast-together cylinder walls are completely separated in the upper
      area by a narrow slot which intersects the adjacent cooling water spaces
      or passages. The additional advantage of a subsequent installation also
      with known internal combustion engines results therefrom. The decrease of
      the temperatures at the cylinder wall acts advantageously on the piston
      rings. No expensive molybdenum rings or double-trapezodal rings need be
      used any more, and cast-in ring carriers or ring-supports are no longer
      necessary in the pistons. Less oil carbon is formed in the ring portions
      and such engines can be operated with commercially available, regular oil.
PAR  A further essential feature of the present invention resides in that the
      slots have such a depth which corresponds at least approximately to that
      of the piston ring arrangement at the piston. Furthermore, the slot--in
      order to achieve a more simple manufacture--may extend laterally up to the
      bores intended for the accommodation of the cylinder head bolts.
PAR  In one construction of the described, preferred embodiment of the inventive
      concept, the slots are open in the direction toward the separating plane
      up to the cylinder head and are covered or sealed off exclusively by the
      cylinder head seal. A very good cooling of the seal is achieved thereby.
      Another type of construction provides that the slots are closed in the
      direction toward the cylinder head, at the separating plane, for example,
      are welded together.
PAR  Finally, another embodiment of the inventive concept of the present
      invention resides in that the cooling water spaces disposed on both sides
      of the cast-together cylinder walls are connected by one or several
      transversely extending bores. The present invention thereby preferably
      contemplates two bores of relatively slight diameter which extend through
      the cast-together cylinder walls. As determined by exhaustive tests, a
      temperature decrease of about 40.degree.C and thereabove can be achieved
      with this type of construction.
PAR  Accordingly, it is an object of the present invention to provide an
      internal combustion engine of the type described above, especially for
      motor vehicles which avoids by simple means the aforementioned
      shortcomings and drawbacks encountered in the prior art.
PAR  Another object of the present invention resides in an internal combustion
      engine, particular of in-line construction in which excessive temperatures
      are avoided in the upper area of the cylinder walls.
PAR  A further object of the present invention resides in an internal combustion
      engine in which high wear of the cylinder walls in the upper area of the
      cylinders as well as of the piston rings is effectively avoided.
PAR  Still a further object of the present invention resides in an internal
      combustion engine of the type described above which minimizes sealing
      difficulties while avoiding high oil consumption and gas leakages.
PAR  Another object of the present invention resides in an internal combustion
      engine achieving all of the aforementioned aims and objects which is such
      that the present invention can be applied also to already existing
      engines.
DRWD
PAR  These and further objects, features, and advantages of the present
      invention will become more obvious from the following description when
      taken in connection with the accompanying drawing which shows, for
      purposes of illustration only, several embodiments in accordance with the
      present invention, and wherein:
PAR  FIG. 1 is a partial cross-sectional view through the cast-together
      cylinders of a prior art internal combustion engine with the slots of the
      present invention indicated therein;
PAR  FIG. 2 is a partial plan view, on an enlarged scale, on the separating
      surface of the slotted construction according to FIG. 1, illustrating the
      various parts in perspective view;
PAR  FIG. 3 is a partial cross-sectional view, similar to FIG. 1, through a
      modified embodiment of an internal combustion engine in accordance with
      the present invention;
PAR  FIG. 4 is a somewhat schematic, partial perspective view of a still further
      modified embodiment in accordance with the present invention indicating
      the location of the cross bores in relation to the cylinders;
PAR  FIG. 5 is a partial, cross-sectional view through the cast-together
      cylinders of an internal combustion engine showing the slot in accordance
      with the present invention; and
PAR  FIG. 6 is a partial, cross-sectional view, similar to FIG. 5, through a
      modified embodiment, wherein the slots are closed in the direction toward
      the cylinder head at the separating plane by being welded together.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, and more
      particularly to FIG. 1, the cylinder walls in the part 11 of the cylinder
      block 10 disposed between the cylinders are cast together. Cast-together
      thereby are also extensions 12 (FIG. 1) into which are cut threaded bores
      13 which serve for the accommodation of the cylinder head bolts 14. The
      cylinder head 15 is mounted on the cylinder block 10 in a conventional
      manner.
PAR  With the described internal combustion engine, excessively high
      temperatures occur at the places designated by reference numeral 16 which
      are also not reduced by the relatively thin cooling water bore 17 which
      leads from the cooling water space 18 to the separating surface between
      cylinder block 10 and cylinder head 15. The described disadvantages occur
      as a result of these high temperatures.
PAR  In order to avoid these disadvantages, a narrow slot 19 is milled into the
      cylinder block 10 from the separating surface thereof by means of a
      conventional miller which is indicated in FIG. 1 in dash and dot lines and
      is illustrated more fully in FIG. 2. The slot 19 completely separates the
      cast-together part 11 of the cylinder wall. It extends up to a depth which
      corresponds approximately to the piston ring arrangement 25 at the piston
      as shown in FIG. 5, wherein pistons 26 are shown at the top dead center
      position. Laterally, the slot 19 intersects the passage bores 17 for the
      cooling water and may extend even into the threaded bores 13.
PAR  By means of this narrow slot--its width may amount, for example, to only
      3mm.--the cooling water is able to enter from the passage bore 17 into the
      narrowest place between the cylinder walls, i.e., into the part 11. In
      this manner, an intensive cooling is achieved thereat. The temperatures of
      the cylinder walls are decreased by considerable amounts.
PAR  With internal combustion engines which do not possess any passage bores 17,
      the slot is so laid out as to depth and lateral extent that it intersects
      in every case the adjoining cooling water spaces. In the illustrated
      embodiment the slot 19 is open in the upward direction, i.e., in the
      direction toward the separating surface. The cylinder head seal is cooled
      well in this manner. Gas leakages do not occur at the seal, in contrast,
      as a result of the increased surface pressure at the sealing surfaces
      reduced by the slot 19, an excellent seal is assured.
PAR  The slot described above can be machined without any difficulty
      subsequently into an already existing internal combustion engine. If the
      same measure is constructively provided beforehand at the engine, a
      construction according to FIG. 3 will be preferred. In this arrangement,
      the cylinder head bolts 14 are extended and reach into an extension or
      shoulder 20 which is arranged by a relatively large amount below the
      separating surface facing the head. This means, expressed in other words,
      the cooling water space 18 contains approximately at half its height
      several extensions 20 into which are then machined the mounting bores 21
      for the cylinder head bolts 14.
PAR  The now cast-in slot 22 has in principle the same extent and dimension and
      position as described already hereinabove. The cooling is further improved
      in this embodiment because a larger passage is available between the
      cooling water space 18 and the slot 22. The cooling water now enters into
      the bore 23 intended for receiving the cylinder head bolt 14 in the
      cylinder head 15. The bore 23 is therefore sealed off at the top by a
      conventional seal 24. The basic construction and also the basic operation
      of this arrangement is exactly the same as described hereinabove with
      reference to the embodiment according to FIGS. 1 and 2.
PAR  According to FIG. 4, two cross bores 24 are arranged in the cast-together
      part 11 of the cylinder walls in the upper area thereof. These cross bores
      24 may have a relatively slight diameter, for example, 4 mm. They
      inter-connect the cooling water spaces on both sides of the cylinder walls
      and therefore have as a consequence also a better cooling in the upper
      area of the cast-together together wall parts. The temperature decrease
      achievable thereby at this place, however, is not as large as with the
      arrangement described in FIGS. 1 to 3.
PAR  FIG. 6 shows another type of construction wherein the slot 19 is closed in
      the direction toward the cylinder head 15, at the separating plane, by
      being welded together as designed by the numeral 27.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to a
      person skilled in the art, and I therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are within the scope of those skilled in the
      art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An internal combustion engine, especially for motor vehicles, which
      includes cylinder block means forming with cylinder walls thereof cylinder
      means cast together at least pair-wise with the cylinder walls in the
      portion of the cylinder block means disposed between adjacent cylinder
      means integrally cast together along substantially the entire length
      thereof, characterized in that the engine is of in-line construction,
      passage means for cooling water being arranged between the cast-together
      cylinder means in the area adjacent the surface separating the cylinder
      block means from a cylinder head, said passage means including narrow slot
      means, which has a depth corresponding at least approximately to that of a
      piston ring arrangement of the piston at top dead-center position,
      intersecting adjacent cooling water spaces and completely separating, in a
      lateral direction of the cylinder walls, said portion of the cast-together
      cylinder means, and wherein the slot means extends laterally into the
      cylinder head bolt bores at the interface between the cylinder block means
      and the cylinder head.
NUM  2.
PAR  2. An internal combustion engine according to claim 1, wherein the adjacent
      cooling water spaces are formed by cooling water passages.
NUM  3.
PAR  3. An internal combustion engine according to claim 1 wherein the slot
      means are open toward the separating surface in the direction toward the
      cylinder head means and are covered only by a cylinder head seal means.
NUM  4.
PAR  4. An internal combustion engine according to claim 1, wherein the slot
      means are closed in the direction toward the cylinder head means at the
      separating surface plane.
NUM  5.
PAR  5. An internal combustion engine according to claim 4, wherein the slot
      means is closed by welding.
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ABST
PAL  A power shaft is journalled within a stationary housing having a cylinder
      formed therein. The axis of the cylinder is radial to the axis of the
      power shaft. A lever arm pivotally carried by the housing is linked by a
      connecting rod to a piston slidably disposed within the cylinder. A
      crankplate rotatable with the power shaft supports a cam follower which
      intermittently interacts with the camming surface on the lever arm to urge
      the piston through the intake and compression cycles. During the power
      stroke of the piston, the lever arm pushes against the cam follower,
      causing rotation of the crankplate. In an alternate embodiment, a wrist
      pin having a radially extending rod is rotatably carried by the
      crankplate. Gear means provide timed rotation of the rod to periodically
      contact and interact with the piston. Either embodiment may include a
      plurality of radially spaced pistons and additional respective cam
      followers or wrist pins. Each cam follower or wrist pin may receive
      several power impulses per revolution.
BSUM
PAR  This invention relates to internal combustion engines.
PAR  In a further aspect, the invention relates to internal combustion engines
      of the type having reciprocating pistons which impart rotary motion to a
      power output shaft.
PAR  More particularly, the present invention concerns an engine having radially
      disposed pistons which intermittently communicate with a power output
      shaft.
PAR  The standard power plant for conventional self-propelled vehicles is the
      well-known Otto cycle internal combustion engine. Generally, the engine
      consists of a stationary cylinder and a single acting piston, which taken
      together form a combustion chamber of variable size. As the piston moves
      within the chamber in response to the expanding gases of combustion,
      rotary motion is imparted to a crankshaft through a connecting rod. One
      end of the connecting rod is affixed to a wrist pin pivotally secured to
      the piston, while the other end thereof is rotatably journalled about an
      offset throw of the crankshaft.
PAR  Since ignition within the combustion chamber is periodic, the power output
      tends to be cyclic. It is usual, therefore, to build internal combustion
      engines of more than one cylinder to overlap power pulses and obtain a
      more uniform delivery of output power. The more common multi-cylinder
      arrangements are four, size or eight cylinders. Proportionately, the
      crankshaft is extended to include an additional offset throw to
      accommodate each piston connecting rod.
PAR  The power developed by the internal combustion engine is closely related to
      the speed of the engine. The greater the speed, the greater the number of
      power pulses in a unit of time. Conventionally, the speed and the power
      are varied by the quantity-governing system. In quantity governing, the
      fuel-to-air mixture ratio remaining constant, but the quantity of mixture
      fed per cycle is varied in accordance with the desired output. The
      quantity is governed by the throttle valve of the carburetor as operated
      by the driver of the vehicle.
PAR  The internal combustion engine based upon the concept briefly described
      above has dominated the automotive industry for more than 60 years. Yet,
      the engine has numerous objectionable inherent characteristics. The engine
      is extremely large and heavy in relation to the power output as a result
      of the necessity of adding two additional cylinders to gain one power
      pulse per revolution of the crankshaft. To provide sufficient power and a
      smoothly operating engine consistent with current automotive trends, the
      automotive industry has standardized upon an eight cylinder engine having
      two opposed banks of four cylinders each. Numerous parts are required for
      the operation of the large engine, as motion must be transmitted from one
      point to another. Exemplary is the transmission of the rotary motion of
      the crankshaft at the bottom of the engine to reciprocating motion of the
      valves at the top of the engine. This includes a cam shaft driven by the
      crankshaft and a lifter-pushrod-rocker arm assembly to drive each of the
      two valves associated with each cylinder.
PAR  The engine is subject to various common failures. The length of the engine
      requires an extended crankshaft supported by several bearings and having
      an offset throw corresponding to each cylinder. The crankshaft transmits
      tremendous torsional forces between the instant power stroking piston and
      the transmission. Occasionally, the crankshaft will fail in service. The
      connecting rod is a familiar source of concern. One end of the connecting
      rod is pivotally connected to the piston and moves in simple translation
      with a stop and reverse motion at each end of the stroke. The other end of
      the connecting rod is journalled about an offset throw of the crankshaft
      and maintains continuous rotary motion. The crankshaft is, therefore,
      under considerable stress and the failure associated therewith, commonly
      termed "a blown engine", is well known.
PAR  Another and highly significant area of concern with the internal combustion
      engine is the development of power which is either adequate or appropriate
      to meet the immediate demand. The number of power pulses per revolution of
      the crankshaft is unalterable. As previously noted, the speed of the
      engine and the strength of the power pulse is variable by changing the
      quantity of fuel mixture fed into the engine. Power is nearly maximum at
      rated speed. However, in accordance with quantity governing, the
      efficiency of the engine is greatly reduced at lower speeds since the full
      compression pressure is not reached when the engine is operating
      throttled.
PAR  Considered in terms of vehicle motion, the power developed by the engine
      performs three basic functions --  moving the vehicle from rest,
      maintaining cruising speed, and accelerating from a lower speed to a
      higher speed. The output of the engine is generally matched to the
      acceleration requirement. Even at rated speed, even when the engine is
      developing nearly maximum numbers of full power strokes per unit of time,
      the power is not sufficient to efficiently move the vehicle from rest. It
      is, therefore, necessary to provide the engine with a transmission to
      multiply the power output. As is well known in the art, the mechanical
      advantage gained by the transmission is continuously or incrementally
      variable to compensate for the progressively reduced mechanical advantage
      required as the vehicle approaches cruising speed. On the other hand, only
      a fraction of the potential of the engine is necessary to maintain
      cruising speed. Even though a high engine speed may be required during
      cruising, the strength of the power pulses are reduced by throttling the
      engine and, accordingly, operating at reduced efficiency.
PAR  The prior art is replete with proposed engines which purportedly eliminate
      the shortcomings of the conventional internal combustion engine. The
      proposed engines, however, generally achieved no commercial recognition
      due to inherent characteristics which provided problems of equal or
      greater magnitude than the problems which were solved. The turbine engine
      had an appreciable response lag and seemingly insurmountable heat
      problems. After extensive devlopment and field testing as a power plant
      for automobiles, the turbine engine was discarded as a feasible standard
      replacement for the conventional engine. One particular model of rotary
      engine has achieved limited commercial success. However, due to fuel
      consumption and sealing problems, the rotary engine has not achieved
      universal acceptance.
PAR  It would, therefore, be highly advantageous to provide a new engine which,
      while eliminating the objectionable features of the conventional internal
      combustion engine, would not present any unusual or insurmountable new
      problems.
PAR  Accordingly, it is the primary object of the present invention to provide
      an internal combustion engine having improved reliability and flexibility.
PAR  Another object of the invention is the provision of an internal combustion
      engine having components in relatively simple motion and, therefore, less
      subject to failure.
PAR  Yet another object of the invention is to provide an engine wherein the
      failure of a single piston assembly will not cause complete engine failure
      nor prevent the engine from running.
PAR  Still another object of the invention is to provide an internal combustion
      engine having an advantageous power-to-weight ratio gained by utilizing
      each piston to provide several power pulses per revolution of the power
      shaft.
PAR  Yet still another object of the invention is to provide an engine in which
      the power pulses per revolution, thus power output and fuel consumption,
      is readily alterable in accordance with demand.
PAR  A further object of the invention is to provide an internal combustion
      engine in which the number of pistons in operation at a given time is
      variable.
PAR  Yet a further object of the invention is to provide an internal combustion
      engine of the above type in which the pistons not providing power at a
      given time remain static to decrease wear and heat.
PAR  Yet a still further object of the present invention is the provision of an
      internal combustion engine which is readily adaptable to change the ratio
      between the speed of the piston and the speed of the output shaft.
PAR  Even still a further object of the present invention is to provide an
      engine of the above type in which the power and torque curve are readily
      and simply alterable.
PAR  To achieve the desired objects of the present invention in accordance with
      a preferred embodiment thereof, first provided is a stationary housing
      having a power shaft journalled for rotation therein. A cylinder is formed
      in the housing about a longitudinal axis which is radially perpendicular
      to the axis of the power shaft. The cylinder has a closed inward end and
      an open outward end and a piston slidably disposed therein. A drive plate
      carried by the power shaft and rotatable therewith supports a cam
      follower. As the drive plate rotates, the cam follower circles the housing
      to pass over the open end of the cylinder once during each revolution. A
      lever arm is pivotally connected at one end thereof to the stationary
      housing and extends circumferentially therefrom across the open end of the
      cylinder. A connecting rod is pivotally connected at respective ends to
      the piston and to the lever arm. The closed end of the cylinder is
      provided with the conventional elements of an internal combustion engine,
      including a fuel intake valve, an exhaust valve and an ignition device,
      such as a spark plug or glow plug.
PAR  The lever arm has a cam profile along the edge thereof which periodically
      interacts with the cam follower during a portion of the rotation thereof.
      During the first increment of contact between the cam follower and the
      lever arm, the cam follower pushes the lever arm toward the stationary
      housing, thus urging the piston into the compression stroke. A subsequent
      power stroke forces the lever arm outwardly to bear against the cam
      follower to impart rotation to the drive plate and the power shaft.
PAR  In an alternate embodiment of the invention, modified means are provided
      for transmitting power between the piston and the drive plate. A wrist
      pin, having an axis parallel to the axis of the power shaft, is journalled
      for rotation within the drive plate. A rod extending radially from the
      wrist pin and rotatable therewith periodically contacts the piston to urge
      the piston through the compression stroke and also receive the power from
      the piston during the power stroke. A circular gear fixed to the housing
      and a pinion gear rotatable with the wrist pin cooperate to maintain timed
      rotation of the rod.
DRWD
PAR  The foregoing and further and more specific objects and advantages of the
      present invention will become readily apparent to those skilled in the art
      from the following detailed description of the preferred embodiments
      thereof, taken in conjunction with the drawings, in which:
PAR  FIG. 1 is a perspective view of an internal combustion engine constructed
      in accordance with the teachings of the present invention, the view being
      partly exploded and partly broken away to better illustrate the components
      thereof;
PAR  FIG. 2 is a perspective view of an exhaust manifold useful in connection
      with the device of FIG. 1;
PAR  FIG. 3 is a vertical section view taken along the line 3--3 of FIG. 1 and
      specifically illustrating a preferred cylinder piston assembly
      arrangement;
PAR  FIG. 4 is an enlarged fragmentary view corresponding to the illustration of
      FIG. 3 showing one of the cylinder piston arrangements thereof in greater
      detail;
PAR  FIG. 5 is a vertical section view taken along the line 5--5 of FIG. 3;
PAR  FIG. 6 is a partially broken perspective view illustrating an alternately
      preferred embodiment of the present invention;
PAR  FIG. 7 is an exploded perspective view of components of the embodiment of
      FIG. 6 which have been removed from the front thereof as illustrated;
PAR  FIG. 8 is a vertical section view taken along the line 8--8 of FIG. 6 and
      further illustrating the components thereof;
PAR  FIG. 9 is a vertical section view taken along the line 9--9 of FIG. 8;
PAR  FIG. 10 is a vertical section view taken along the line 10--10 of FIG. 8;
      and
PAR  FIGS. 11a, 11b, 11c, 11d are a series of four schematic illustrations
      showing the power generating cycles of one piston of the embodiment of
      FIG. 6.
DETD
PAR  Turning now to the drawings, in which the same reference numerals indicate
      corresponding elements throughout the several views, attention is first
      directed to FIG. 1, which shows an engine block 20 enclosed within a
      casing having an upper half 21 and a lower half 22. The upper half 21 has
      a vertical semi-circular front wall 23 which supports a rearwardly
      directed arcuate flange 24. An outwardly directed flange 25 is integral
      with the lower edge of the upper case half 21. The lower case half 22,
      being similar to the upper case half 21, has a vertical semi-circular
      front wall which supports a rearwardly directed arcuate flange 29. An
      outwardly directed flange 30 is integral with the upper edge of the lower
      case half 22. As illustrated, the upper case half 21 and the lower case
      half 22 mate to form a cylindrical casing which is secured together by a
      plurality of bolts 31 extending through the outwardly directed flange 25
      and threadedly engaging the outwardly directed flange 30. Bolts 32, the
      heads of which are recessed within counterbores 33, extend through the
      front walls 23 and 28 and threadedly engage the engine block 20 to form a
      single rigid unit comprising the upper case half 21, the lower case half
      22 and the engine block 20. The casing and the block, taken together, form
      a stationary housing. Although not herein illustrated, the housing is
      provided with conventional engine mounts for securing the engine to an
      appropriate frame.
PAR  A power shaft 34, as is also illustrated in FIG. 5, is journalled for
      rotation about the longitudinal axis thereof within the housing by
      bearings 37 and 38. An additional bearing 39 to support the power shaft 34
      is carried by a hub formed by projections 40 and 41 extending from the
      upper case half 21 and the lower case half 22. Although herein
      specifically illustrated as friction bearings, it will be apparent to
      those skilled in the art that the bearings 37, 38 and 39 may also be
      anti-friction bearings, and in either case, include dynamic shaft seals to
      retain lubricating fluid within the engine. A power output spline 42 at
      the rear end of the power shaft 34 is provided for coupling the engine to
      the driven device. An accessory drive spline 43 at the forward end of the
      power shaft 34 is generally illustrative of a means by which to drive the
      various accessories required by an internal combustion engine. These
      accessories include the cooling fan, the water pump, the distributor, the
      generator, etc. A circular drive plate 44 is engaged by a spline 47
      intermediate the ends of the power shaft 34. An inwardly directed
      cylindrical flange 48 is integral with the periphery of the drive plate
      44. The cylindrical flange 48 is stabilized and supported against the
      arcuate flanges 24 and 29 by roller bearings 49. A seal 50 prevents loss
      of lubricating fluid in the area of the roller bearings 49. The exact
      function of the drive plate 44 will be hereinafter described in detail.
PAR  Referring more specifically to FIG. 3, it is seen that the engine includes
      four cylinder piston assemblies, as generally designated by the reference
      character 51. The engine of the present invention, with slight
      modifications, can include various numbers of cylinder piston assemblies
      of either two or four cycle operation, each developing one or more power
      pulses per revolution of the power shaft. The ensuing detailed description
      will be directed to an embodiment having four cylinder piston assemblies
      in two cycle operation which generate 24 power pulses per revolution of
      the power shaft. Various modifications will be described thereafter.
PAR  A cylinder 52 is formed into the engine block 20 about a longitudinal axis
      which is radially perpendicular to the axis of rotation of the power shaft
      34. The cylinder 52 has an opened outward end 53 and a closed inward end
      54. A piston 57 is slidably disposed within the cylinder. Conventional
      piston rings 58 carried by the piston 57 sealingly engage the wall of the
      cylinder 52.
PAR  A lever arm 59 has a fixed end 60 thereof which is pivotally secured to the
      cylinder block 20 by pin 61. The lever arm 59 extends circumferentially
      from the fixed end 60 across the opened end of the cylinder 52 to a free
      end 62. The lever arm 59 includes a cam profile 63 along substantially the
      length of the outboard surface thereof. A connecting rod 64 provides a
      link between the piston 57 and the lever arm 59. The connecting rod 64 is
      pivotally attached to the piston 57 by pin 65 and to the lever arm 59 by
      pin 66.
PAR  The closed end, or combustion chamber portion, of the cylinder 52 includes
      a valve 68 which seals against valve seat 69. A valve spring 70 contained
      within counterbore 71 and bearing against spring retainer 72 carried by
      the valve stem 73 retains the valve 68 in the normally closed position
      against the valve seat 69. A cam lobe 74 integral with the power shaft 34
      periodically engages the lower end of the valve stem 73 to overcome the
      spring 70 and urge the valve open, as indicated by the dotted line
      position thereof 77. The valve 68 is the intake valve and, when in the
      opened position, permits communication between the interior of the
      cylinder 52 and the air-fuel mixing device.
PAR  For purposes of illustration, the fuel-air mixing device is herein shown as
      a conventional carburetor 78, it being understood that the engine is
      alternately operable with equivalent devices such as fuel injection and
      turbo-chargers. The carburetor 78 is secured in a conventional manner to
      the intake port pad 79 of the intake manifold 80. A plurality of bolts 81
      extending through openings 82 and engaging the threaded openings 83 in the
      upper case half 21 and the lower case half 22 secure the intake manifold
      80 to the stationary housing. The intake manifold has an opening 84
      therein which is in constant communication with the carburetor 78. A
      plurality of ports 87 in the back side of the intake manifold extending
      into the opening 84 register with the intake passages 88 which extend
      through the housing to the cylinders 52. One passage 88 is provided for
      each cylinder 52.
PAR  The products of combustion are discharged through exhaust ports 89
      extending through the wall of the cylinder 52. The exhaust ports 89 are
      normally closed by the piston 57 and are opened when the piston is near
      the opened end 53 of the cylinder 52. An exhaust manifold 90, shaped to be
      received about the intake manifold 80, is secured to the housing by bolts
      which extend through the openings 91 provided in the manifold and engage
      the threaded openings 92 in the upper and lower case halves 21 and 22,
      respectively. The exhaust manifold 90 has a continuous interior passage
      93. Openings 94 in the back side of the exhaust manifold 90 register with
      exhaust passages 97 extending through the stationary housing to the
      exhaust ports 89. A flange 98 integral with the exhaust manifold 90
      provides for the installation of a conventional exhaust pipe and muffler
      arrangement.
PAR  A spark plug 99 threadedly engages the engine block 20 with the tip thereof
      protruding into the combustion chamber portion of the cylinder 52. Access
      ports 100, one associated with each cylinder piston assembly 51, are sized
      and shaped to receive a spark plug wrench therethrough for insertion and
      removal of the spark plugs. The ignition system, including distributor and
      wiring associated with the spark plugs 99, are conventional and not herein
      illustrated. It is also noted that a water passage 101 extends through the
      block 20 forming jackets around the individual cylinders 52 and otherwise
      distributing coolant solution as required. Providing water cooling for an
      internal combustion engine is well known in the art and will not be
      described herein.
PAR  A plurality of lugs 102 are spaced about the interior of the flange 48. A
      cam follower 103, preferably of the roller type supported by axle 104, is
      carried by each lug 102. As the drive plate 44 rotates with the power
      shaft 34, each cam follower 103 sequentially and intermittently contacts
      each lever arm 59. During contact, the cam follower 103 interacts with the
      cam profile 63. During a first increment of contact, the cam follower acts
      upon the cam profile, whereas during a second interval of engagement, the
      cam profile acts upon the cam follower.
PAR  The operation of the engine is best described commencing with ignition or
      the beginning of the power stroke. At this instant of the cycle, the top
      of the piston 57 is at the position indicated by the dashed line 105. The
      valve 68 is closed, the exhaust ports 89 are blocked by the piston skirt,
      and the fuel mixture is compressed within the combustion chamber or closed
      end 54 of the cylinder 52. The lever arm 59 is in the dashed line position
      59a. The cam follower 103, moving in the direction of the arrow A, has
      passed the apex 106 of the cam profile 63 to begin interacting with that
      portion of the cam profile 63 designated as segment B, which is the power
      generating duration.
PAR  During ignition, the spark plug 88 ignites the charge, driving the piston
      57 toward the position shown in solid outline. The lever arm 59, linked to
      the piston 57 by the connecting rod 64, pivots about the pin 61 to return
      to the solid line position in response to the force upon the top of the
      piston. As the lever arm 59 moves upward, the cam profile 63 bears upon
      the cam follower 103 urging rotation in the direction of the arrow A. The
      power pulse is transmitted through the drive plate 44 as power input to
      the power shaft 34. The power stroke terminates as the piston 57 moves
      beyond the exhaust ports 89 and the products of combustion are discharged
      through the exhaust passages 97. Concurrent therewith in typical two-cycle
      fashion, the cam lobe 74 contacts the end of the valve stem 73, overcoming
      spring 70 and moving the valve 68 from seat 69 to the position indicated
      by the dashed line 77. Fuel mixture now enters the cylinder 52 from the
      intake passage 88.
PAR  The power stroke terminates with the opening of the exhaust ports 89. At
      this instant, the cam follower 103 is at the terminal end of the B segment
      of the cam profile 63 which is radially outward from the axis of the pin
      61. A subsequent cam follower 103 has passed the free end 62 of the lever
      arm 59. Continued outward momentum of the piston 57 opens the exhaust
      ports 89 and brings that segment of the cam profile 63 designated as D
      against the subsequent cam follower 103. Thus, it is seen that
      instantaneously, the cam profile 63 is in contact with two cam followers
      103, one at the terminal end of segment B, and the other at the initial
      end of the segment D. Segment D of the cam profile is shaped to interact
      with the cam follower 103 from the instant the exhaust ports 89 open to
      the end of the stroke of the piston and from there to immediately closing
      the exhaust ports 89. The timing of this action permits the exhaust ports
      89 to remain open for a duration to allow discharge of the exhaust gas
      and, subsequently, close as the incoming fuel mixture reaches the exhaust
      ports 89. Concurrent with closing the exhaust ports 89, the subsequent cam
      follower 103 has moved across segment D of the cam profile 63 and is now
      at the initial end of the segment C. Continued movement of the cam
      follower 103 along segment C of cam profile 63 urges the piston 57 toward
      the closed end of the cylinder 52 to complete the compression stroke prior
      to subsequent ignition. During the foregoing-described cycle of action,
      the cam lobe 74 disengages the valve stem 73 to close valve 68 concurrent
      with piston 57 being at the terminal outward position.
PAR  The operation of each cylinder piston assembly is identical. Therefore, it
      is seen that in the description of the preferred embodiment as set forth
      above, each piston imparts one power stroke to each cam follower during
      each revolution of the power shaft 34. Considering six cam followers, the
      power shaft receives a total of 24 power pulses per revolution.
PAR  The conventional vehicle engine is required to develop maximum output
      generally only upon moving the vehicle from rest. The output being
      insufficient for the immediate task is multiplied through a transmission.
      An engine constructed in accordance with the teachings of the present
      invention provides 6 times as many power pulses per revolution of the
      power shaft or, alternately stated, 6 times as many power pulses per
      interval of time at a given speed as the conventional eight-cylinder
      automobile engine. The power multiplication factor is, therefore,
      sufficient to eliminate the transmission and couple the engine directly to
      the differential of the vehicle with only a clutch to disengage the engine
      from drive.
PAR  Conversely, it is well known that the conventional eight-cylinder engine
      develops only a fraction of the potential thereof while maintaining a
      vehicle at cruising speed. The cruising speed is maintained by throttling
      the engine. As previously noted in connection with the discussion of
      quantity governing, a throttle engine is inefficient and wasteful of fuel.
      A more feasible solution is provided by the instant invention. Herein,
      those cylinder piston assemblies not needed to develop the required power
      output are disconnected from use, while the functioning assemblies are
      required to operate nearer the optimum efficiency range to provide the
      required output. Referring to FIG. 4, it is seen that the cylinder piston
      assembly 51 includes a detent 107 within a guide 108 formed in the engine
      block 20. A compression spring 109 normally urges the detent 107 against a
      stop 110. A shaft 11 operatively retracts the detent 107 from the stop
      110, compressing the spring 109. Retraction of the detent 107 permits
      unhindered movement of the lever arm 59. The extended detent 107, as
      shown, engages the free end 62 of the lever arm 59 to retain the lever arm
      in the position indicated by the dashed line 59a. Although not
      specifically herein shown, it will be immediately apparent to those
      skilled in the art that the shaft 111 may be alternately connected for
      either manual or automatic retraction of the detent 107. The manual
      configuration includes linkage operable from the driver's compartment of
      the vehicle. Automatic operation includes a solenoid sensitive to engine
      demand, such as might be provided by the intake manifold vacuum.
      Concurrent therewith, the solenoid discontinues electrical connection to
      the spark plug 99. It is not necessary to disconnect the valve 68 since
      the stationary piston 57 creates no vacuum within the cylinder 52 which
      will draw fuel into the cylinder. The cylinder piston assembly 51 is
      returned to service by spring 112 urging the lever arm 59 outwardly after
      release from the detent 107.
PAR  Obviously lever arm 59 can be urged into the position indicated by dashed
      line 59a as cam power 103 passes over cam profile 63 especially apex 106.
      However, means are provided to immediately close exhaust ports 89 and
      prevent further contact between the cam power 103 and lever arm 59. The
      means for discontinuing sonar piston assembly 51 from service and engaging
      lever arm 59 under detent 107 includes a plunger 117 slidably disposed in
      bore 118 and normally urged against stop 119 by spring 20. A projection
      121 extending from the lever arm 59 contacts the plunger 117, compressing
      spring 120 immediately prior to opening of the exhaust ports 89. After the
      piston 57 has reached the terminal outward position and exhaust gas
      pressure within the cylinder 52 is relieved, the spring 120 relaxes,
      pushing the plunger 117 against the projection 121 to rotate the lever arm
      59, positioning the piston 57 to immediately close the exhaust ports 89.
      Further movement of the piston 57 is prohibited by the plunger 117
      contacting stop 119. The cylinder piston assembly is maintained in
      equilibrium between the springs 120 and 112 until subsequent contact
      between cam follower 103 and cam profile segment C.
PAR  With minor modifications primarily in the valving, the foregoing embodiment
      of the invention can be altered to operate in the four-cycle mode. Herein,
      the closed end of the cylinder contains two valves aligned along the axis
      of the power shaft. The second valve is operated by an auxiliary cam lobe
      arrangement carried by the power shaft and spaced from the first cam lobe.
      The exhaust ports in the cylinder wall are eliminated and the exhaust
      passage through the engine block is re-routed to communicate with the
      second valve. The ignition sequence is also altered in accordance with
      four-cycle operation. Two interactions between the cam profile and the cam
      follower are required for each power stroke. During the first interaction,
      the piston moves through the compression and power cycles, while a
      subsequent interaction accommodates the exhaust and intake cycles.
PAR  In accordance with intended use and desired result, the operating
      characteristics of the engine are widely variable as a result of altering
      the shape of the cam profile. Various modifications along the B segment
      will alter the horsepower and torque curves as related to engine speed.
      The acceleration and deceleration curve of piston movement is similarly
      variable. Accompanied by appropriate valve timing, the intake and exhaust
      duration are extendable to increase the breathing efficiency without
      increasing the size of the valves or the passages.
PAR  An alternate embodiment of an internal combustion engine constructed in
      accordance with the teachings of the present invention is shown in FIGS.
      6-10. It being understood that the immediate embodiment, similar to the
      embodiment hereinbefore described, is readily alterable to function either
      in the two-cycle or four-cycle mode, the embodiment illustrated is
      arranged for four-cycle operation. The embodiment includes four cylinder
      piston assemblies, each generating two power strokes per revolution of the
      crankshaft to provide a total of eight power pulses per revolution of the
      crankshaft.
PAR  Referring more specifically to FIGS. 6, 7 and 8, the engine is shown as
      having a stationary housing 201 comprising a forward case half 202 and a
      rear case half 203. The forward case half 202 includes an engine block
      section 204 and an outwardly directed flange 205. The rear case half 203
      includes a hub section 207, an outwardly directed flange 208 and a
      forwardly directed cylindrical flange 209 integral with the periphery of
      the flange 208. A plurality of spaced bolts 210 extend through the flange
      205 to threadedly engage the flange 209 to secure the front case half to
      the rear case half 203.
PAR  A power shaft 211 is journalled for rotation about the longitudinal axis
      thereof within the housing by bearings 212 and 213. Circular seals 216 and
      217 outboard of the bearings 212 and 213, respectively, retain lubricating
      fluids within the housing. Spline sections 218 and 219 are integral with
      the forward end and rearward end of the drive shaft 211. The spline
      sections are representative of a power take-off attachment and an
      accessory drive attachment. The circular drive plate 220 is engaged by a
      spline 221 intermediate the ends of the power shaft 211. The function of
      the drive plate 220 will be described hereinafter in detail.
PAR  Four equally spaced cylinders 221 are formed into the engine block section
      204. Each cylinder 221 has a longitudinal axis which is radially
      perpendicular to the axis of rotation of the power shaft 211. The cylinder
      221 has an opened outward end 222 and a closed inward end 223 which may
      also be termed the combustion chamber. A piston 224 is slidably disposed
      within the cylinder 211. Conventional piston rings 227, carried by piston
      ring grooves within the piston 224, sealingly engage the wall of the
      cylinder 221.
PAR  An intake valve 228 and an exhaust valve 229 reside in the combustion
      chamber of the cylinder 221. Cam rings 230 and 231 having cam lobes
      thereon sequentially open the valves 228 and 229. The valve operation is
      conventional and the well-known valve-associated elements including
      springs, retainers, keepers, lifters, etc., are omitted for purposes of
      clarity.
PAR  A mounting plate 232 is secured to the forward case half 202 by a plurality
      of spaced bolts 233 which extend through the plate 232 and threadedly
      engage the case half 202. An intake manifold 237, an exhaust manifold 238
      and a hub 239 are carried by the mounting plate 232. The cylindrical hub
      239 is formed by semi-circular halves 240 and 241 bolted together along
      their respective flanges 242 and 243, respectively. A bearing 244 within
      the hub 239 gives further support to the power shaft 211. A seal 247 held
      by seal retainer 248 engages the power shaft 211 to maintain lubricating
      fluid within the hub. In accordance with conventional practice, the hub
      239 supports an ignition distributor 249 driven by distributor drive gear
      250 affixed to the power shaft 211.
PAR  The circular exhaust manifold 238 is sized to be mounted to the mounting
      plate 232 with the hub 239 extending therethrough. Rearwardly extending
      legs 251 of the exhaust manifold 238 register with exhaust passages 252
      extending through the mounting plate 232 and the engine block 204 to the
      combustion chamber 233. A conventional exhaust pipe and muffler assembly
      is connected to the depending flanged projection 253. The circular intake
      manifold 237 encloses the exhaust manifold 238 and is secured to the
      mounting plate by rearwardly depending legs 254 over the intake passages
      255 extending through the mounting plate 232 and the engine block section
      204 to communicate with the combustion chamber 233 when the valve 238 is
      in the open position. A conventional carburetor 257 is secured to the
      conventional mounting flange 258. A spark plug 259 threadedly engaged
      within the engine block section 204 through access port 260 provides
      ignition for the combustion chamber 223.
PAR  Referring more particularly to FIG. 10, the crank plate 220 supports four
      wrist pins 261. Each wrist pin 261 is journalled for rotation about the
      longitudinal axis thereof which is parallel to the axis of the drive shaft
      211 within a bearing 262 retained within a pillow block-like arrangement
      which includes an end cap 263 and retaining bolts 264. Four equally spaced
      rods 267 are carried by the wrist pin 261. The longitudinal axis of each
      rod 267 is radial to the axis of the wrist pin 261 and lies in the plane
      of the axis of the cylinder 221. Each rod 267 includes an inner rod
      segment 268 extending from hub 269 and an outer rod segment 270 having a
      ball tip 271 thereon. The outer rod segment 270 has a reduced diameter
      portion 272 slidably received within the inner rod segment 268. Although
      not specifically herein illustrated, it is preferable that the receptacle
      within 268 which receives the reduced diameter portion 272 includes
      biasing means normally urging the outer segment 270 outward and dampening
      means to absorb shock when the outer segment 270 is thrust inward. An
      entirely adequate dampening means is a conventional hydraulic lifter, as
      is well known in the automotive valve art. A shallow socket 273 within the
      piston is shaped and sized to receive the ball end 271. The contracted
      length of the pin 267 is defined as the length thereof when the outer
      segment 270 is moved in the direction of the inner segment 268 to the
      limit of travel. At this point, the reduced diameter portion 272 will be
      completely within the inner segment 268 and the outer segment 270 is in
      contact with the inner segment 268. The contracted length of the pin 267,
      as illustrated in FIG. 8, is such that when the longitudinal axis of the
      wrist pin 261 intercepts the longitudinal axis of the cylinder 221 and the
      longitudinal axis of the pin 267 coincides with the longitudinal axis of
      the cylinder 221 with the ball end 271 received within the socket 273, the
      piston 224 is at the inward limit of travel.
PAR  The circular gear 277, more clearly illustrated in FIG. 9, is concentric
      with the power shaft 211 and fixed to housing 201. A pinion gear 278, one
      rotatable with each wrist pin 261, is engaged with the circular gear 277.
      Rotation of the pinion gear 278 during rotation of the crank plate 220
      affects timed rotation of each rod 267 such that each ball end 271 thereof
      is sequentially received within the socket 273 of each successive piston
      224.
PAR  The operation of the engine and the interaction of the elements thereof is
      best explained in connection with the schematic diagrams of FIG. 11. The
      explanation will proceed with diagram A, which shows the arrangement of
      elements immediately at the end of the compression stroke prior to
      ignition. At the instant illustrated, the longitudinal axis of the rod 267
      coincides with the longitudinal axis of the cylinder 221, ball end 271 is
      received within socket 273, and piston 224 is at the inward limit of
      travel, as determined by the direction of the arrow A. The exhaust valve
      and the intake valve 229 and 228, respectively, are closed, retaining a
      charge of the fuel mixture within the combustion chamber 223. The wrist
      pin 261, drive plate 220 and the power shaft 221 have momentum in the
      direction of the respective arrows B, C and D, since the engine is in
      motion either under self-generated power or as a result of the action of
      the starter motor.
PAR  As seen in schematic B, the spark plug 259 has ignited the fuel charge
      within the combustion chamber 223, driving the piston 224 outward in the
      direction of the arrow E to the limit of its travel within the cylinder
      221. The force of the piston 221 against the rod 267 forces rotation of
      the wrist pin 261 in the direction of the arrow B, camming the drive plate
      220 in the direction of the arrow C, thereby supplying another power
      stroke for continued rotation of the power shaft 211 in the direction of
      the arrow D. The piston 224 remains at the limit of travel in the
      direction of arrow E until contacted by a subsequent rod 267, as noted in
      schematic C. Prior to contact between the ball end 271 and the socket 273,
      the rod 267 is in the extended position. Upon contact, the damper, as
      hereinbefore described, absorbs the initial shock. The exhaust valve cam
      231 has rotated to open the exhaust valve 229. With continued rotation of
      the engine, the piston 224 is urged in the direction of the arrow A by the
      rod 167 exhausting the gases and particles of combustion. As the piston
      224 reaches the limit of inward travel, the valve camming permits the
      exhaust valve 229 to close and, concurrently, opens the intake valve 228.
      The piston 224 then moves in the direction of the arrow E, as shown in
      diagram D, creating an expanding chamber into which the fuel mixture
      flows. Various techniques exist for causing movement of the piston 224 in
      the direction of the arrow E during this cycle, including spring biasing
      and a forced fuel charge as the result of conventional turbo-charging. The
      piston is retained from separating from the cylinder 221 at the limit of
      travel in the direction of the arrow E by various expediency, such as a
      snap ring contained within a groove in the cylinder wall. Concurrent with
      the piston 224 reaching the limit of outward travel, the intake valve 228
      closes, trapping the fuel charge within the cylinder. The piston 224
      remains at rest, awaiting a subsequent rod 267 to urge the piston in the
      direction of the arrow A to complete the cycle, as illustrated in
      schematic A. Timing which insures that the ball end 271 will bear against
      socket 273 is provided by gearing ratio between the circular gear 277 and
      the pinion gear 278.
PAR  From the foregoing detailed description of the embodiment illustrated in
      FIGS. 6-11, it is immediately apparent that with minor modifications to
      the valve timing and ignition timing, the engine can function on two-cycle
      operation. Similarly, the number of power pulses per revolution of the
      power shaft is alterable in accordance with the number of cylinders, rods,
      wrist pins and appropriate gear timing. Similar to the foregoing
      embodiment of FIGS. 1-5, detent means can be readily incorporated to
      disengage selected cylinders as desired by the operator.
CLMS
STM  Having fully described and disclosed the present invention and the
      preferred embodiments thereof in such clear and concise terms as to enable
      those skilled in the art to understand and practice the same, the
      invention claimed is:
NUM  1.
PAR  1. An internal combustion engine comprising:
PA1  a. a stationary housing;
PA1  b. a power shaft journalled for rotation about the longitudinal axis
      thereof within said housing;
PA1  c. a cylinder formed in said housing and having a longitudinal axis
      radially perpendicular to the axis of said power shaft,
PA2  said cylinder having a closed inward end and an open outward end;
PA1  d. a piston slidably disposed for reciprocal movement within said cylinder;
PA1  e. a drive plate carried by said power shaft;
PA1  f. a cam follower carried by said drive plate;
PA1  g. a lever arm pivotally connected at one end thereof to said stationary
      housing and extending circumferentially therefrom across the open end of
      said cylinder;
PA1  h. a cam profile carried by said lever arm for periodic interaction with
      said cam follower; and
PA1  i. a connecting rod pivotally connected at respective ends to said piston
      and to said lever arm.
NUM  2.
PAR  2. An internal combustion engine comprising:
PA1  a. a stationary housing;
PA1  b. a power shaft journalled for rotation about the longitudinal axis
      thereof within said housing;
PA1  c. a cylinder formed in said housing and having an axis radially
      perpendicular to said shaft;
PA1  d. a piston slidably disposed for limited reciprocal movement within said
      cylinder;
PA1  e. a drive plate carried by said power shaft and extending radially
      therefrom;
PA1  f. a wrist pin journalled for rotation within said drive plate and having
      the axis thereof parallel to said power shaft;
PA1  g. a rod extending radially from said wrist pin and rotatable therewith to
      periodically contact said piston and urge said piston toward said shaft;
PA1  h. a circular gear fixed to said housing concentric with said shaft; and
PA1  i. a pinion gear rotatable with said wrist pin and engaged with said
      circular gear for timed rotation of said rod.
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ABST
PAL  The invention is an improved piston and cylinder arrangement for a loop
      charged two-stroke engine wherein all input passages are open channels in
      the cylinder wall and the top annular edge of the piston is rounded. The
      rounded edge on the piston cooperates with the described scavenging and
      input passages to reduce drag and, cause the incoming charge to flow more
      horizontally over the piston head; thereby improving scavenging and
      volumetric efficiency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is an improvement in the fuel-air charging system for a loop
      charged two-stroke engine typical of those used in outboard motors. Such
      systems usually include at least two main input transfer passages and one
      or more boost passages. Over the years much effort has gone into improving
      scavenging in these engines by either enlarging, multiplying or changing
      the shape of such passages as well as the pistons and combustion chambers
      to achieve a better flow of fresh charge into the engine and thereby gain
      more power and increased efficiency. An example of this effort in regard
      to cross-charged engines is U.S. Pat. No. 3,494,335 issued to H. R. E.
      Meier in 1968.
PAR  As in all well developed arts, there is a continuing effort not only to
      improve performance but also to simplify design and develop methods of
      manufacture to reduce cost. This invention is a step forward in each of
      these areas as it teaches a highly efficient cylinder and piston
      combination designed specifically to be compatible with high pressure die
      casting of aluminum engine cylinder blocks.
PAR  One problem encountered in designing a cylinder of the type described
      herein, where the input passages are channels in the cylinder wall, is how
      to direct at least a portion of the incoming charge across the face of the
      piston -- as well as up into the combustion chamber -- and thereby more
      effectively scavenge the burned charge. In the prior art this problem has
      been solved typically by forming the input passage within the cylinder
      block which provided lateral room for the passage to be curved from
      upright to horizontal before discharging into the cylinder. This cannot be
      done with passages open to the cylinder, consequently, prior to the
      invention, performancce was sacrificed to gain the cost advantage of this
      latter construction. The piston and cylinder design of the invention
      overcomes this deficiency while preserving the economy of construction.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  Basically the invention comprises a piston for a cylinder of a loop charged
      two-stroke engine having its top annular edge beveled or curved, rather
      than sharp as in the prior art, at least in those portions of its
      circumference which overlap the input passages of the cylinder; and the
      combination of said piston and a cylinder construction where said input
      passages are open channels which may be formed in the cylinder walls
      during high pressure die casting of the engine block.
PAR  The primary advantage of the piston of the invention is that, in the
      environment of input passages described, it significantly improves
      scavenging of the spent charge in the combustion chamber by the incoming
      fuel-air charge and thereby increases volumetric efficiency of the engine
      at all speeds, but particularly at low rpm.
PAR  A further advantage of the invention is that it teaches a completely die
      castable cylinder structure that has input flow characteristics comparable
      to those of cylinders having input passages outside the cylinder walls,
      which cylinders are much more difficult and expensive to produce.
PAR  Another advantage of the cylinder of the invention is that it is more
      compact than cylinders having input ports that course through the cylinder
      block, so that an engine constructed according to the teaching herein will
      be smaller and lighter than those of prior design and yet produce as much
      or more horsepower per pound.
PAR  Other objectives, advantages, and various further features of novelty and
      invention will be pointed out or will occur to those skilled in the art
      from a reading of the following specification in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical cross-sectional view of a piston and cylinder of the
      invention taken along line 1--1 of FIG. 2.
PAR  FIG. 2 is a bottom view of a cylinder of the invention.
PAR  FIG. 3 is a vertical cross-sectional view of the boost passage of the
      cylinder of the invention taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is a vertical sectional view of a charging passage of the invention
      taken along line 4--4 of FIG. 2.
PAR  FIG. 5 is a vertical sectional view taken along line 5--5 of FIG. 2
      illustrating a charging passage of the invention.
PAR  FIG. 6 is a front view of a piston of the invention.
PAR  FIG. 7a is a Jante plot of simulated scavenging/charging flow into a
      cylinder of the invention with the piston of the invention at bottom dead
      center.
PAR  FIG. 7b is a Jante plot of the same cylinder as that of FIG. 7a but with a
      prior art piston having a sharp upper annular edge so positioned within
      the cylinder.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, the cylinder block 10 includes the cylinder
      head 11 forming the combustion chamber 12 and providing an aperture 13 for
      a spark plug. Two charge input passages 15 and 16, a boost passage 17 and
      an exhaust port 14 are cast into the inner cylinder wall 18.
PAR  Referring to FIGS. 2 and 4, the input passages 15 and 16 are open their
      entire length through the cylinder wall 18 so that they comprise open
      channels in the cylinder wall. The side walls 20 and 21 of each input
      passage are substantially parallel to each other and to a vertical plane
      forming an angle of 58.degree. with a diameter of the cylinder which
      bisects the exhaust port 14, and are located radially so that their
      respective longitudinal bisecting planes intersect in an area
      substantially equidistant from the center of the cylinder and the center
      of the open side of the boost passage 17.
PAR  Referring to FIGS. 4 and 5, the top edge 30 of each charge input passage
      i.e. the line along which the top of the passage intersects the cylinder
      wall, slopes circumferentially upwardly as it progresses away from the
      exhaust port 14 at an angle of 10.degree. to a lateral plane perpendicular
      to the longitudinal axis of the cylinder. The outer wall 31 of each input
      passage intersects the cylinder wall 18 at angles progressing from
      10.degree. upwardly from said lateral plane at its corner 32 most remote
      from the exhaust port 14, to 30.degree. at its corner 33 nearest the
      exhaust port. This angulation and curvature result from insertion of a
      core having a constant radius at its upper extremity into the wall of the
      cylinder. This shape of the core facilitates die casting of the cylinder
      block. All of the walls of the input and boost passages are tapered to
      facilitate withdrawal of cores used in the casting of the cylinder block
      10.
PAR  Referring to FIGS. 2, 3 and 4, the boost passage 17 is located
      diametrically across from the exhaust port 14, with side walls 40 and 41
      generally parallel to each other and to a vertical plane bisecting the
      cylinder 10 and the boost passage 17. The top edge 42 of the boost passage
      17 falls on a circumference 39 of the cylinder 10, and the outer wall 43
      of the passage 17 intersects a lateral plane through that circumference at
      a constant angle of approximately 60.degree..
PAR  The top edge 42 of the boost passage 17 and the top edges 30 of the input
      passages are in general alignment with the circumference of the cylinder
      bisecting the exhaust port 14, except for the 10.degree. slope of the
      edges 30. Both the input and boost passages extend fully into the
      crankcase section 49 of the engine where the input fuel-air charge is
      compressed in the usual manner of operation of a two-cycle engine.
PAR  Referring to FIG. 6, the piston 50 of the invention may have annular
      grooves 51 for piston rings of the usual type which ride in fixed position
      therein. In the illustrated embodiment, the top face 52 of the piston is
      domed slightly to conform to combustion chamber design; however, such
      doming is not required to realize the advantages of the invention.
PAR  One particularly novel aspect of the invention is rounding of the piston
      side wall 53 into the piston face 52. The rounding need not be of a
      particular radius but should smoothly join the side wall 53 and the face
      52 with a generous curve tongent to both surfaces 52 and 53 at its points
      of intersection therewith. In one configuration of the preferred
      embodiment, a piston of 1.55 in. diameter very successfully performed with
      such curvature commencing at the top edge 54 of the upper ring groove 51
      and extending upwardly through a vertical use of approximately 0.110 in.
      where it joined the slightly domed face 52 of the piston. Although the
      inventor has not run studies to determine if the exact nature of this
      curvature can be correlated with the curvature of the outer walls 31 of
      the input passages to determine an optimum configuration, it is possible
      that such a relationship may be determined. It is speculated that even a
      simple beveling of the piston edge would show some improvement in the flow
      characteristic of the cylinder, but not so great as that achieved with the
      rounding described above.
PAR  Note that in applying known art to the design of an engine incorporating
      the invention, i.e. decision on input and exhaust port spacing to provide
      desired performance over a selected range of rpm, the timing edge of the
      piston is that point where the curved top edge of the piston breaks away
      from the cylinder wall 18 and not the highest lateral projection of the
      piston.
PAR  FIGS. 7a and 7b are flow diagrams which illustrate in feet-per-second the
      velocities of incoming charge of various points within a selected plane
      within the above described cylinder. This method of evaluating flow is
      described in paper no. -680468 authored by Alfred Jante and published by
      the Society of Automotive Engineers in May 1968, and consists essentially
      of indexing an array of pressure sensing tubes across the cylinder while a
      constant pressure drop is maintained across the cylinder. Efficiency is
      indicated not only by the shape of the pattern and the flow velocities
      achieved, but also by the energy required to drive the fan to maintain a
      selected pressure drop (12 inches H.sub.2 O in this instance) through the
      cylinder. The energy required to maintain this 12 inches H.sub.2 O drop
      through the cylinder in the drawings is indicated by power input to the
      fan; e.g. ampere flow at constant voltage, as indicated at the bottom of
      FIGS. 7a and 7b.
PAR  The figures compare the performance of a prior art piston with a sharp
      annular edge, FIG. 7b, with the performance of a piston of the invention,
      FIG. 7a when within the same cylinder described herein. In both instances
      the piston was at bottom dead center. A comparison of these two figures
      show that when the sharp annular edge of the piston is changed to a curved
      surface as taught herein, two things change:
PAR  1. The incoming charge moves in a more even front across the cylinder (a
      pattern found by experience and acknowledged in the art to be most
      effective), and
PAR  2. More energy is required to maintain the 12 inches H.sub.2 O pressure
      drop across the cylinder with the curved edge piston, indicating less flow
      resistance with the improved piston to the incoming charge.
PAR  Both changes indicate an increase in scavenging efficiency.
PAR  The structure taught herein is adaptable to a die cast cylinder block of a
      hypereutectic silicon aluminum base alloy wherein the cylinder surface is
      treated as described in U.S. Pat. No. Re 27,081 assigned to Reynolds
      Metals Company, or a chromium plated aluminum cylinder, in either case to
      be used in conjunction with a compatible piston material.
PAR  It is significant to note that the pressure pattern of my improved
      cylinder, illustrated in FIG. 7a, compares very favorably with patterns of
      engines having input passages curving through the cylinder block, yet is
      achieved with a more simplified and inexpensive structure.
PAR  While the principles of the invention have been described in connection
      with the above specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A two-cycle internal combustion engine comprising a die castable
      cylinder block including a crankcase, a cylinder having a head and a
      cylinder wall extending from said crankcase to said head and a piston
      adapted for reciprocal movement within said cylinder, an exhaust port
      through said cylinder wall and a plurality of charge input passages
      extending from said crankcase into said cylinder, said input passages each
      comprising an open channel in said cylinder wall, each such channel having
      wall tapering from said crankcase toward said cylinder head to facilitate
      withdrawal of casting cores from said block, and wherein one of said
      passages includes an outer wall 31 portions of which intersect the side
      wall 18 of the cylinder at acute angles to a lateral plane perpendicular
      to the axis of the cylinder, said angles decreasing in proportion to the
      distance of the relevant portion of said outer wall 18 from said exhaust
      port.
NUM  2.
PAR  2. The device of claim 1 wherein said acute angles of intersection
      progressively decrease from apporximately 30.degree. at the point nearest
      the exhaust port to approximately 10.degree. at the point most remote from
      the exhaust port.
NUM  3.
PAR  3. The device of claim 1 wherein the piston reciprocally mounted within
      said cylinder comprises a side wall, a face and a surface joining adjacent
      edge portions of said side wall and face, said surface curving upwardly
      away from said side wall and inwardly toward the center of said piston.
NUM  4.
PAR  4. The device of claim 3 wherein said joining surface is convex and tangent
      to said side wall and face at juncture therewith.
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ABST
PAL  Valve train apparatus for an internal combustion engine having two
      poppet-type intake valves per cylinder. The valve train include a
      generally conventional rocker arm actuated either by a pushrod or an
      overhead camshaft. One end of the rocker arm actuates a first intake
      valve. A second rocker arm is pivotally mounted at one end to the cylinder
      head and contacts the first intake valve at its opposite end. An
      intermediate location on the second rocker arm contacts a second intake
      valve. The first intake valve engages a flanged element at the end of the
      valve stem opposite the valve head. The first rocker arm contacts the the
      top surface of the flanged element while the second rocker arm contacts a
      bottom surface of the flanged element. This construction permits
      flexibility in the positioning of the second valve. The second intake
      valve and its valve train apparatus can be rotated in a plane about the
      axis of the first intake valve to obtain optimum positioning of the second
      intake valve.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to valve train apparatus for an internal combustion
      engine of the type having a pre-chamber or torch-type combustion ignition.
      Such an engine requires three valves per cylinder: a main combustion
      chamber intake valve, a secondary intake valve to the pre-chamber and a
      conventional exhaust valve.
PAR  The invention provides valve train apparatus which permits a main intake
      valve rocker arm to operate in a plane positioned at an angle to the
      operating plane of the pre-chamber valve rocker arm. The invention further
      provides valve train apparatus in which lash of the pre-chamber valve is
      adjustable independently of the lash of the main chamber valve. The
      invention also provides valve train apparatus for the operation of a
      secondary intake valve which is economical to produce, reliable in
      operation and which permits flexibility in the cylinder head design.
PAR  Valve train apparatus constructed in accordance with this invention
      includes first and second poppet-type intake valves mounted in a cylinder
      head so the ends protrude therefrom. A first rocker arm is pivotally
      mounted on a fulcrum and has one end contacting the protruding end of the
      first valve. One end of the second rocker arm is pivotally mounted to a
      second fulcrum while its other end engages the protruding end of the first
      intake valve. An intermediate portion of the second rocker arm contacts
      the protruding end of the second intake valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a transverse cross sectional view of a V-8 type internal
      combustion engine having a pre-chamber, torch-type ignition system and two
      intake valves and one exhaust valve per cylinder.
PAR  FIG. 2 is an elevational view of the valve train constructed in accordance
      with this invention.
PAR  FIG. 3 is an exploded elevational view of the second rocker arm valve train
      apparatus.
PAR  FIG. 4 is an exploded elevational view of the first rocker arm valve train
      apparatus.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 of the drawings reference numeral 10 refers to a portion of an
      internal combustion engine. A cylinder head 12 is attached to the engine
      block 14. A primary combustion chamber 16 is formed in the cylinder head
      adjacent the mating surface 18 adjoining the engine block 14. A main fuel
      induction passage 20 connects the combustion chamber 16 and the intake
      manifold 22. A valve seat 24 is formed at the delivery or port end of the
      induction passage 20. A poppet-type intake valve assembly 26 is
      reciprocably mounted in a valve guide bore 28 formed in the cylinder head.
      The valve assembly includes a head portion 30 sealingly engageable with
      the seat 24, stem portion 32 extending generally upwardly from the head
      portion and a flanged cap element 34 positioned over and about the
      protruding end portion of the stem 32. The valve is biased upwardly and
      toward a closed position by a compression spring 36 acting between a
      spring retainer 38 secured to the valve stem and valve guide boss 40
      formed in the cylinder head. A rocker arm 42 is pivotally mounted to the
      cylinder head by a fulcrum means 44 which comprises a cap screw 46 and a
      bearing element 48 having a convex cylindrical surface 50 corresponding to
      a concave cylindrical surface 52 formed in the rocker arm 42. In the
      illustrated V-type internal combustion engine, the rocker arm fulcrum 44
      is positioned intermediate the valve engaging portion 54 and the push rod
      engaging portion 56 of the rocker arm. A push rod 58 extends from the
      rocker arm 42 to tappet 60 which, in turn, is operated by a cam shaft (not
      shown). The tappet is hydraulic of a type generally used in current
      engines.
PAR  A precombustion chamber 62 is positioned within the cylinder head 12
      between the main combustion chamber 16 and a spark plug 64. A second,
      smaller poppet-type intake valve 66 is reciprocally mounted in a valve
      guide member 68 of the cylinder head and regulates flow of a fuel-air
      mixture through passage 70 into the precombustion chamber. Valve 66
      includes a head 67 adjacent the chamber 62 and a stem 69 which protrudes
      from the cylinder head. The valve is resiliently biased to a closed
      position by a compression spring 72 acting between retainer 74 and valve
      guide boss 76. A second rocker arm 78 is positioned between the first
      intake valve 26 and a second fulcrum member 80. The plane of action of
      rocker arm 78 is at an angle with the plane of action of rocker arm 42.
      Fulcrum member 80 includes a lock nut 81 for adjusting lash and a
      spherically convex bearing element 82 which corresponds to a spherically
      concave portion 84 of the rocker arm 78 and an intermediate pad 86 of the
      rocker arm engages the end of the precombustion chamber valve stem 66. It
      can, thus, be seen when the tappet 60 moves upwardly as shown in FIG. 1 of
      the drawings, the first rocker arm 42 pivots and depresses first intake
      valve 26 which, in turn, causes second rocker arm 78 to pivot and depress
      the second intake valve 66.
PAR  Intake valve assembly 26 is engageable with both the first rocker arm 42
      and the second rocker arm 78. The intake valve 26 includes a cap 34 having
      a bore 87 which receives the tip of the valve stem 32 and provides an
      upwardly forcing circular surface 89 and a downwardly facing annular
      surface 90. The upper surface 89 engages the valve engaging portion 54 of
      the first rocker arm 42, while the lower surface 90 engages a cylindrical
      pad 91 of the second rocker arm 78. Pad 91 includes an opening 92 through
      which a portion 93 of cap 34 extends. It can be seen that to open port 24,
      rocker arm 42 pushes downwardly on cap 34 of valve assembly 26 which, in
      turn, pushes downwardly on the stem of valve 26 as well as on the rocker
      arm 78. Rocker arm 78 pivots about fulcrum 80 and depresses secondary
      valve 66.
PAR  It may be seen from the foregoing that the secondary or precombustion valve
      66 and a precombustion chamber 62 may be located in a plane separate from
      the plane of action of the first rocker arm 42. This has advantages in
      engine design in that the precombustion chamber may be positioned between
      the planes of operate of the intake valve and exhaust valve rocker arms 42
      and 94.
PAR  Valve lash between the second rocker arm 78 and the precombustion chamber
      66 valve may be adjusted by rotation of lock nut 81.
PAR  Modifications and alterations will occur to those skilled in the art which
      are included in the scope and spirit of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Valve train apparatus for an internal combustion engine having a
      cylinder head,
PA1  said apparatus including
PA1  first and second poppet-type intake valves slidably mounted in said
      cylinder head and having end portions protruding therefrom,
PA1  a first rocker arm,
PA1  first fulcrum means to pivotally mount said rocker arm to said cylinder
      head,
PA1  a second rocker arm,
PA1  second fulcrum means mounted to said cylinder head,
PA1  one end of said second rocker arm being pivotally mounted to said second
      fulcrum means, the other end of said second rocker arm engaging the
      protruding end portion of said first intake valve, an intermediate portion
      of said second rocker arm being engageable with the protruding end portion
      of said second intake valve,
PA1  said first rocker arm having one end engaging the protruding end of said
      first valve,
PA1  said first intake valve having a stem and a head on one end of said stem,
      said stem including a flanged element on the other end of the stem
      portion,
PA1  a bore formed in said cylinder head slidably receiving said stem portion so
      that the end of said stem portion having said flanged element protrudes
      from said cylinder head,
PA1  said flanged element having a first surface generally perpendicular to the
      axis of said valve stem and facing away from said valve head and a second
      surface generally perpendicular to the axis of said valve stem and facing
      toward said valve head,
PA1  said first rocker arm engaging the first surface of said flanged element,
PA1  said second rocker arm engaging the second surface of said flanged element.
NUM  2.
PAR  2. Valve train apparatus according to claim 1,
PA1  said flanged element comprising a cap positioned about the protruding end
      of said valve stem and being separable therefrom.
NUM  3.
PAR  3. Valve train apparatus for an internal combustion engine having a
      cylinder head,
PA1  said apparatus including
PA1  first and second poppet-type intake valves slidably mounted in said
      cylinder head and having end portions protruding therefrom,
PA1  a first rocker arm,
PA1  first fulcrum means to pivotally mount said rocker arm to said cylinder
      head,
PA1  a second rocker arm,
PA1  second fulcrum means mounted to said cylinder head,
PA1  one end of said second rocker arm being pivotally mounted to said second
      fulcrum means, the other end of said second rocker arm engaging the
      protruding end portion of said first intake valve, an intermediate portion
      of said second rocker arm being engageable with the protruding end portion
      of said second intake valve,
PA1  said first rocker arm having one end engaging the protruding end of said
      first valve,
PA1  said first intake valve including a stem and a head on one end of said
      stem, said stem having a shaft portion and an end portion,
PA1  a valve guide bore formed in said cylinder head reciprocably receiving said
      shaft portion, said end portion protruding from said cylinder head,
PA1  said end portion having a first surface generally perpendicular to said
      valve shaft directed away from said head, said end portion having a second
      surface generally perpendicular to said valve stem directed toward said
      head,
PA1  said first rocker arm engaging said first surface,
PA1  said second rocker arm engaging said second surface.
NUM  4.
PAR  4. Valve train apparatus according to claim 3,
PA1  said end portion of said valve stem comprising a cap, said cap having a
      bore receiving the end of said valve stem shaft opposite said head, said
      cap including a flange, said first surface comprising one surface on said
      flange and said second surface comprising an opposite surface on said
      flange.
NUM  5.
PAR  5. Valve train apparatus according to claim 4,
PA1  said other end of the second rocker arm having an opening formed therein
      receiving a portion of said cap, said second surface on said flange
      overlying said portions of said second rocker arm immediately adjacent
      said opening.
NUM  6.
PAR  6. Valve train apparatus according to claim 4,
PA1  said other end of the second rocker arm having a convex cylindrical
      surface, said opening formed in said cylindrical surface,
PA1  said flange being annular and overlying portions of said cylindrical
      surface adjacent said opening.
NUM  7.
PAR  7. Valve train apparatus according to claim 4,
PA1  said one end of the second rocker arm having a concave spherical socket,
PA1  said second fulcrum means having a convex spherical member corresponding to
      and engaging said concave spherical socket.
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PAL  The crankshaft bears a mark which passes in front of a sensor. When the
      crankshaft is rotated as the engine turns, the sensor delivers a
      squarewave signal when this mark passes in front of it. The mark and the
      sensor are positioned with respect to each other such that when the end of
      the mark passes in front of the sensor the piston is in a given low
      position and moves up toward the spark plug and such that when the other
      end of the mark passes in front of the sensor, the piston has
      substantially reached its maximum stroke within the cylinder in the
      vicinity of the spark plug, i.e. when it produces the maximum compression
      of the combustion gases located in the cylinder. The output of the sensor
      is connected to the input of a reset circuit of a counter and to the input
      of a count start and stop circuit of this counter and also to the input of
      a transfer control circuit. The count input of the counter is connected to
      the output of a pulse generator, such as a clock, for example, delivering
      pulses at a given constant frequency. The output of the counter is
      connected to the input of a buffer memory whose control input is connected
      to the output of the transfer control circuit. The output of the buffer
      memory is connected to the input of a permanent memory whose function will
      be explained further below. The output of the permanent memory is
      connected to a first input of a binary comparator whose other input is
      connected to the output of the counter. The output of the binary
      comparator is connected to the input of the ignition system, i.e. the
      spark plug. This connection, shown in a dotted line, can be achieved, for
      example, by an amplifier or any other electronic system making it
      possible, from an electric pulse delivered by a binary comparator, to
      produce between the electrodes of the spark plug a spark with a sufficient
      energy to produce the combustion of the combustion gases contained in the
      cylinder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electric pulse generating methods and apparatus
      for the ignition systems of internal combustion engines having at least
      one piston moving within a cylinder and more particularly to such
      apparatus making it possible to obtain an automatic ignition advance.
PAR  An internal combustion engine, in particular for automobiles, includes at
      least one cylinder in which a piston moves. On the wall of the cylinder
      are fixed an inlet for a gas mixture consisting of a comburent and a fuel,
      an ignition system making it possible to obtain the combustion of the two
      gases and an exhaust manifold for removing the burnt gases. The ignition
      system generally consists of a spark plug which can produce electric
      sparks between two electrodes, these sparks achieving the ignition of the
      combustion gases.
PAR  The piston of the motor is driven reciprocatingly or, even rotatingly in
      certain cases, within a cylinder to compress the combustion gases which,
      after compression, are burnt by means of the spark produced between the
      two electrodes of the spark plug. The combustion of the gases makes it
      possible to drive back the piston. The reciprocating motion of the piston
      is maintained under the reaction of the combustion of the gases and by the
      inertia of the moving mass and, in particular, of a crankshaft to which
      the piston is connected through a connecting rod. By means of a take-off
      from this crankshaft, it is possible, for example, to drive the wheels of
      an automotive vehicle.
PAR  It is known that, in an internal combustion engine, in order to obtain
      maximum efficiency, it is necessary for the ignition of the combustion
      gases to take place at low rotating speeds of the crankshaft, when the
      combustion gases are under maximum compression, i.e. when the piston is in
      the so-called "top dead center", that is when it is substantially in the
      position at which its speed of translation is cancelled and reversed and
      at which it determines, in the cylinder, the smallest volume. On the other
      hand, for higher crankshaft rotating speeds, the ignition of the gases
      must take place before these gases are under maximum compression, i.e.
      before the piston reaches its top dead center. The higher the engine
      rotating speed, the earlier must be the ignition of the gases before the
      piston reaches the top dead center.
PAR  The aforesaid conditions determine the adjustment of the ignition advance
      for an internal combustion engine.
PAR  At the present time, most automotive vehicles have a mechanical ignition
      advance adjustment. There are vehicles on the market in which the ignition
      advance adjustment is done in a fully electronic manner. Different devices
      and methods are known for the generation of electric pulses for the
      ignition systems of internal combustion engines.
PAR  None of the presently known electronic devices for ignition advance
      adjustment gives full satisfaction because they are either too complex or
      designed only for particular types of internal combustion engines, or, as
      is often the case, they are too voluminous and costly.
PAR  It is an object of the present invention to provide electric pulse
      generating apparatus for the ignition system of internal combustion
      engines making it possible to obtain a low-cost automatic ignition advance
      adjustment of simple design and, especially, of much smaller size than
      those of the prior art owing to the almost exclusive use of integrated
      circuits.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one feature of the invention, a method is provided for
      generating electric pulses for the ignition system of an internal
      combustion engine having at least one piston moving in a cylinder. This
      method consists of:
PA1  generating a number of pulses which is a function of the movement of said
      piston in one direction in said cylinder between a first and second given
      position, and
PA1  of delivering an electric pulse after a period of time which is a function
      of said number of pulses, this period of time originating the instant the
      piston passes again, in the same direction, through said first given
      position.
PAR  According to a further feature of the invention, apparatus is provided for
      generating electric pulses for the ignition system of an internal
      combustion engine having at least one piston moving within a cylinder,
      enabling the implementation of the above-described method, said apparatus
      consisting of:
PA1  a piston position detector delivering a signal representative of a number
      of pulses while the piston moves in one direction in said cylinder between
      a first and second given position, and
PA1  a so-called ignition-pulse generator controlled by said detector,
      delivering an electric pulse after a period of time which is a function of
      said number, this period of time originating the instant the piston passes
      again in the same direction into said first given position, said electric
      ignition pulse enabling the control of the ignition system of the engine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention together with further objects
      and advantages thereof, reference will be made to the following
      description and to the accompanying drawings in which:
PAR  FIG. 1 is a schematic representation of the block diagram of apparatus
      according to the invention;
PAR  FIGS. 2, 3, 4, 5 and 6 represent five embodiments of apparatus according to
      the invention; and
PAR  FIG. 7 represents part of an embodiment of apparatus according to the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 represents very schematically an electric pulse generating apparatus
      for the ignition system of an internal combustion engine 101 making it
      possible in addition to automatically obtain the ignition advance in
      accordance with the rotating speed of the engine.
PAR  In the following description, it will be assumed that this internal
      combustion engine includes at least one piston moving reciprocatingly
      within the cylinder, but it is quite evident that the apparatus could also
      be applied, for example, to a rotary engine in which the piston is
      replaced by a component to which is imparted a rotating movement within a
      cylinder.
PAR  The apparatus includes, in combination with the engine 101, a detector 102
      making it possible to detect the position of the piston of the engine 101
      moving in its cylinder. The detector delivers a number of pulses at its
      output while the piston moves in one direction within the cylinder between
      a first and second given position, the first position being a low position
      while the second is generally defined substantially by the position of the
      top dead center. The output of the detector 102 is connected to the
      control input of an ignition pulse generator 103. This generator 103
      delivers an electric ignition pulse at its output after a period of time
      which is a function of the number of pulses delivered by the detector 102.
      This period of time moreover originates the instant the piston passes
      again in the same direction through the same first given position,
      advantageously during the next passage. The pulse thus delivered at the
      output of the pulse generator 103 is applied to the control input of the
      ignition system of the engine 101 which generally consists of a spark
      plug. The electric pulse applied to the spark plug makes it possible to
      obtain between its two electrodes an electric spark whose energy is
      sufficient to achieve the ignition of the combustion gases in the engine.
PAR  FIG. 2 represents a more detailed embodiment of an apparatus in conformity
      with that shown schematically in FIG. 1 enabling the generation of
      electric pulses for an ignition system of an internal combustion engine
      201. The engine 201 illustrated very schematically comprises a piston 202
      moving in a cylinder 203 on the wall of which is placed an ignition device
      such as a spark plug 204, for example. The piston 202 moves
      reciprocatingly within the cylinder and drives, through a connecting rod
      205, a flywheel or crankshaft 206. This crankshaft 206 bears a mark 207
      which passes in front of a sensor 208. When the crankshaft is rotated as
      the engine turns, the sensor 208 delivers a squarewave signal when this
      mark passes in front of it. The mark 207 and the sensor 208 are positioned
      with respect to each other such that when the end 209 of the mark 207
      passes in front of the sensor 208 the piston 202 is in a given low
      position and moves up toward the spark plug 204 and such that when the
      other end 210 of the mark 207 passes in front of the sensor 208, the
      piston 202 has substantially reached its maximum stroke within the
      cylinder in the vicinity of the spark plug 204, i.e. when it produces the
      maximum compression of the combustion gases located in the cylinder 203.
      The output of the sensor 208 is connected to the input of a reset circuit
      211 of a counter 212 and to the input of a count start and stop circuit
      213 of this counter 212 and also to the input of a transfer control
      circuit 214. The count input 215 of the counter 212 is connected to the
      output of a pulse generator 216, such as a clock, for example, delivering
      pulses at a given constant frequency. The output of the counter 212 is
      connected to the input of a buffer memory 217 whose control input is
      connected to the output of the transfer control circuit 214. The output of
      the buffer memory 217 is connected to the input of a permanent memory 218
      whose function will be explained further below. The output of the
      permanent memory 218 is connected to a first input 219 of a binary
      comparator 220 whose other input 221 is connected to the output of the
      counter 212. The output 222 of the binary comparator 220 is connected to
      the input of the ignition system, i.e. the spark plug 204. This
      connection, shown in a dotted line, can be achieved, for example, by an
      amplifier or any other electronic system making it possible, from an
      electric pulse delivered by a binary comparator, to produce between the
      electrodes of the spark plug 204 a spark with a sufficient energy to
      produce the combustion of the combustion gases contained in the cylinder
      203.
PAR  The sensor 208, like those which will be described subsequently, can
      consist, for example, of a photocell detecting a dark area on the
      crankshaft 206, this dark area being delimited by two ends 209 and 210.
      However, this sensor can be advantageously made up of a high-frequency
      induction type proximity sensor enabling the detection of the passage of a
      conducting material, this detector being based upon the variations in the
      overvoltage coefficient of an induction coil in which a high-frequency
      current flows. The variations in the overvoltage coefficient are used to
      modify the oscillation amplitude of a resonant-circuit type oscillator
      whose inductance constitutes the induction coil, so that, after filtering
      the signals obtained at the terminals of the coil, it is possible to
      obtain a squarewave signal.
PAR  The permanent memory 218 is a known type of element and is of integrated
      circuit design. It makes it possible, in accordance with a signal
      corresponding to a binary number which is applied to its input, to deliver
      at its output a signal corresponding to another binary number in
      accordance with a predetermined correspondence law. At each rotating speed
      of the engine one determines a pulse number N which is a function of this
      speed and which is placed in correspondence with a number N' making it
      possible to determine the ignition order for this rotating speed. By way
      of example, if for a given speed a number N is determined which has a
      weight of one hundred pulses, i.e. the number of pulses counted from the
      time the piston passes through the low position until it reaches the high
      position and if N' has a weight of 80 pulses, it will be sufficient to
      count 80 pulses as of the instant the piston passes again through its low
      position, using as a reference the pulses at the same frequency as those
      which served to determine N. At the 80th pulse, an electric pulse will be
      generated to control the ignition of the engine.
PAR  Thus specified, the operation of the device according to FIG. 2 is as
      follows:
PAR  The detector 208 delivers at its output a squarewave signal whose duration
      is determined by the successive passages of the two ends 209 and 210 of
      the mark 207 in front of the sensor 208. The duration of the squarewave
      signal is a function of the translation speed of the piston 202 when it
      moves between the two given positions, i.e. between the low position and
      the top dead center. The leading edge of the squarewave signal makes it
      possible, through the circuit 211, to reset the counter 212 which then
      begins to count the pulses delivered by the generator 216.
PAR  The counter thus supplied by the generator 216 counts a number of pulses N
      until the trailing edge of the squarewave signal, through the circuit 213,
      determines the stopping of the counting in the counter 212. The counter
      has thus recorded a number of pulses N which is a function of the duration
      of the squarewave signal delivered by the sensor 208. This number of
      pulses N is stored in the buffer memory 217. This transfer is controlled
      by the circuit 214 on the trailing edge of the squarewave signal delivered
      by the detector 208. As the engine continues to rotate, the sensor
      delivers a second squarewave signal when the mark 207 passes in front of
      it. Thus, the counter records another number N of pulses which corresponds
      to the speed of the engine during this measurement. In the interval of
      time between two squarewave signals and the time of a squarewave signal
      following this interval, the number recorded in the buffer memory 217 is
      applied to the input of the permanent memory 218 which establishes a
      correspondence between this number N and the number N' which corresponds
      to the ignition control order of the engine. Thus, when the squarewave
      signal following this interval is delivered by the sensor 208, the counter
      212 begins to count as of the beginning of the squarewave signal.
PAR  When the counter 212 delivers a signal which corresponds to the binary
      number equal to N', the comparator 220, receiving on its other input the
      number N' delivered by the permanent memory, then delivers at its output
      222 an electric pulse which is sent, via suitable means, to the ignition
      system of the engine. Of course, in order for the apparatus to give full
      satisfaction, it is necessary to assume that the variations in the engine
      speed are relatively small from one measurement to the other, since the
      ignition of the engine is controlled by preceding information.
PAR  The apparatus described above, with reference to FIG. 2, is a relatively
      simple embodiment, but it has some drawbacks. In fact, it is evident that
      the higher the engine speed the lower the duration of the squarewave
      signal delivered by th sensor and, hence, the smaller the number N of
      pulses counted by the counter 212. In fact, the number N is inversely
      proportional to the rotating speed of the engine. Under these conditions,
      in particular for high speeds, it is necessary for the counter to record a
      relatively high number of pulses, which consequently implies that, for low
      rotation speeds, the number N is very high. Moreover, as the number N is
      inversely proportional to the speed, the permanent memory, which is
      prerecorded, must have a high capacity and it is then very complex and
      very costly. A disadvantage of this apparatus is that the variable N at
      the input of the permanent memory and the variable N' at the output do not
      vary in proportion to the parameter of the engine speed and ignition angle
      respectively. It is thus not easy to offset the ignition order in
      accordance with the engine speed or the position of the piston when the
      ignition is to take place.
PAR  FIG. 3 represents another embodiment of an apparatus allowing the
      generation of electric pulses for the ignition system of an internal
      combustion engine, making it possible in particular to overcome the
      drawbacks of the apparatus according to FIG. 2 and to use, for example, a
      permanent memory of smaller capacity than that necessary in the embodiment
      as illustrated in FIG. 2 and consequently of a much lower cost.
PAR  The engine 301 includes a piston 302 moving within a cylinder 303 having,
      at its upper part, an ignition system such as a spark plug 304. The piston
      is integral with a connecting rod 305 imparting a rotating movement to a
      crankshaft 306 bearing, on its periphery, a mark 307 passing in front of a
      sensor 308. The sensor 308 delivers, at its output, a squarewave signal
      whose leading edge corresponds to the passage of the end 309 of the mark
      307 in front of the detector 308 and whose trailing edge corresponds to
      the passage of the end 310 of the mark 307 in front of this same sensor.
PAR  The squarewave signal delivered by the detector makes it possible to obtain
      a measurement of the translation time of the piston when it moves between
      the two given positions. The output of the sensor 308 is connected to the
      input of a reset circuit 311 of a counter 312. The output of the sensor
      308 is also connected, via a count stop circuit 313, to the counter 312.
      The count input of the counter 312 is connected to the output of a pulse
      generator 316 capable of delivering variable-frequency pulses in
      accordance with a control order applied to it on its control input 329.
      This pulse generator 316 can consist, for example, of a generator 327
      delivering pulses at a set frequency and the output of which is connected
      to the count of a frequency multiplier 328, the output of this multiplier
      being connected to the count input of the counter 312. The output of the
      counter 312 is connected to a first input of a binary comparator 330 whose
      other input is capable of receiving a constant set-point signal which will
      hereinafter be called the number M. The outputs of the binary comparator
      330 are connected respectively to the two inputs 323 and 324 of an
      add-subtract unit 325 whose output 326 is connected to the control input
      329 of the pulse generator 315. The control input 332 allowing the adding
      or subtracting of the add-subtract unit 325 is connected to the detector
      308 through a count authorization circuit 314. Finally, the output of the
      counter 312 is connected to a first input 321 of a binary comparator 330
      whose other comparison input 319 is connected to the output of a permanent
      memory 318 whose input is connected to the output 326 of the add-subtract
      unit 325. The output 322 of the binary comparator 320 can thus be
      connected to the ignition system 304 of the internal combustion engine 301
      preferably through amplification devices in order to obtain a spark having
      a sufficient energy to produce the ignition of the combustion gases which
      are compressed by the piston in the cylinder 303.
PAR  The operation of the apparatus according to FIG. 3 is as follows:
PAR  The sensor 308 delivers successive squarewave signals. The leading edge of
      each squarewave signal corresponds to a first given low position of the
      piston 302, and the trailing edge corresponds substantially to the
      position of the top dead center of the piston 302 in the cylinder 303. The
      leading edge of the squarewave signal makes it possible, through the reset
      circuit 311, to reset the content of the counter 312 which, immediately
      after resetting, begins to count the pulses delivered by the pulse
      generator 316.
PAR  The pulses delivered at the output of the generator 316 are obtained from
      pulses delivered by the generator 327 delivering fixed-frequency pulses
      which are then multiplied in the multiplier 328 by a number which we shall
      call .lambda. and which is obtained at the output of the add-subtract unit
      325. The counting in the counter 312 is stopped on the trailing edge of
      the squarewave signal through the stop circuit 313. The content M' of the
      counter 312 is compared with the predetermined number M in the binary
      comparator 330 in accordance with the value of these two numbers M' and M.
      The add-subtract unit readjusts the value .lambda. so that the number of
      pulses N obtained at the output of the generator 327 multiplied by this
      number .lambda. in the multiplier 328 determines a new number M' which is
      as close as possible to the number M.
PAR  It is seen that throughout the duration of a squarewave pulse delivered by
      the sensor 308, the generator 327 has delivered a number N of pulses
      which, multiplied by the number .lambda., has given a number substantially
      equal to M which is constant. If the number M' is not equal to the number
      M, the add-subtract unit 325 makes it possible to vary the value of
      .lambda. by one unit more or less between each squarewave signal delivered
      by the sensor 308.
PAR  In this case, it is seen that the number .lambda. obtained at the output of
      the add-subtract unit 325 is proportional to the rotating speed of the
      engine since .lambda. N equals M.
PAR  It is consequently easy to determine, in this case with a permanent memory,
      the number N' as a function of the value .lambda. which is itself
      proportional to the speed of the engine. Thus, the signal corresponding to
      the number .lambda. obtained at the output 326 of the add-subtract unit
      325 is sent to the input of the permanent memory 318 which delivers at its
      output the binary signal representing the number N'. This signal
      corresponding to N' is applied to the input of the binary comparator 320.
      When the output of the counter 312 delivers a signal corresponding to the
      signal determining the number of pulses equal to N' while the sensor
      delivers the squarewave signal following the one which enables the
      determination of the value of .lambda., the comparator 320 then delivers
      at its output 322 a pulse which allows the control of the ignition system
      of the engine. The main advantage of the apparatus illustrated in FIG. 3
      is that the permanent memory is of a much smaller capacity than that
      necessary with the embodiment of the apparatus as shown in FIG. 2, the
      number .lambda. being proportional to the speed.
PAR  The operation of the apparatus has been described above in the case where
      the fixed-frequency generator is followed by a frequency multiplier to
      obtain a number .lambda. inversely proportional to the number N, i.e.
      proportional to the rotating speed of the engine. The operation of the
      embodiment of the apparatus would be substantially the same if the
      fixed-frequency generator were followed by a frequency divider.
PAR  Nevertheless, this embodiment of the apparatus operates correctly only if
      the engine speed variations are not too great, because with the
      add-subtract unit 325, the number .lambda. can vary only by one unit more
      or less between each squarewave signal. In the case where there is a
      possibility that the engine speed variations will be greater, the
      embodiment of the apparatus shown schematically in FIG. 4 allows this
      possibility, which was not the case with the embodiment of the apparatus
      according to FIG. 3. With the embodiment according to FIG. 4, the number
      .lambda. is calculated more closely and varies by more than one unit,
      since, for each measurement, one calculates its true value in accordance
      with the information contained in the counter.
PAR  In FIG. 4 is shown only part of the engine, i.e. the connecting rod 405
      rotatingly driving the crankshaft 406 which bears a mark 407 delimited by
      the two ends 409 and 410. The crankshaft moves rotatingly in front of the
      sensor 408. The sensor and the crankshaft are positioned with respect to
      each other in the same manner as in the case of the embodiments of the
      apparatus described earlier. The output of the sensor 408 is also
      connected to a count stop circuit 413 of the counter 412. The count input
      of the counter 412 is connected to the output of a controllable-frequency
      pulse generator. This generator 416 can consist, for example, of a
      generator 427 delivering fixed-frequency pulses and whose output is
      connected to the input of a frequency multiplier 428 or possibly of a
      frequency divider.
PAR  The output of the multiplier 428 is connected to the count input of the
      counter 412. The output of this counter 412 is connected to an input 421
      of a binary comparator 420. The output of the counter 412 is connected to
      a computation element 425 making it possible to carry out a numerical
      operation in accordance with three parameters. This computation element is
      for example manufactured and sold by Texas Instruments Incorporated under
      the designation "BRM Quotient Generator". Thus, an input 431 of this
      computation element 425 receives a signal corresponding to a constant
      number M. The computation element delivers at its output 450 a number
      .lambda., as defined previously, which is stored in the buffer memory 447.
      The output of the buffer memory 447 is connected, on the one hand, to the
      input of the frequency multiplier 428 and, on the other hand, to the input
      of a permanent memory 418. The output of the permanent memory 418 is
      connected to the second input 419 of the binary comparator 420.
PAR  By way of example, a computation element 425 can consist of a frequency
      divider/phase-shifter 440 supplied on one input 446 by pulses, at a given
      frequency, which can be, for example, those delivered by the generator
      427. The two outputs of this divider/phase-shifter are connected
      respectively to frequency multipliers 441 and 444, the frequency
      multiplier 444 having its input connected to the output of the counter
      412. The outputs of the frequency multipliers 441 and 444 are connected
      respectively to two other frequency multipliers 442 and 445 whose outputs
      are connected to the two inputs of an add-subtract unit 443 whose output
      is looped back to the multiplier 442. The signal corresponding to the
      number M is applied to the input 431 of the frequency multiplier 444.
PAR  It is assumed that the value obtained at the output of the add-subtract
      unit 443 has, after a given measurement cycle, the binary value .lambda.*.
      During the following measurement obtained when the piston passes again in
      the cylinder, in the same direction, the content M' of the counter 412 is
      entered into the frequency multiplier 440 and the computation element 425
      makes it possible to carry out the operation of multiplying .lambda.*,
      which is the content in the add-subtract unit 443, by M, which is the
      value applied to the input 431 of the multiplier 444, the product of this
      multiplication being divided by the number M' obtained at the output of
      the counter 412. The result of these operations then gives the new value
      of .lambda. which is stored in the buffer memory 447. It is this number
      .lambda., corrected at its right value, which serves to determine, with
      the permanent memory 418, the number N' which allows the control of the
      ignition. The control for storing the value .lambda. in the buffer memory
      447 is obtained on the leading edge of the squarewave signal by means of
      the transfer circuit 415 whose input is connected to the output of the
      sensor 408 and whose output is connected to the control input of the
      buffer memory 447.
PAR  The operation of the apparatus according to FIG. 4 is identical to that of
      the apparatus according to FIG. 3 except that in this apparatus the number
      .lambda. is determined in a much more exact manner. In fact, .lambda. =
      M/M' .lambda.* and, in this case, the variation of .lambda. can be clearly
      higher than unity. FIG. 5 represents another embodiment of the apparatus
      allowing the generation of electric pulses for the ignition system of an
      internal combustion engine. The engine 501 has a piston 502 moving within
      a cylinder 503 and including a spark plug 504 at its upper part. The
      piston 502 imparts a rotating movement, by means of a connecting rod 505,
      to a crankshaft 506 bearing a mark 507 delimited by the ends 509 and 510.
      The crankshaft 506 is driven rotatingly and moves in front of the sensor
      508. The sensor 508 delivers a squarewave signal between the time the ends
      509 and 510 pass in front of it. As before, the sensor and the crankshaft
      are positioned with respect to each other so as to define the two given
      positions of the piston. The output of the sensor 508 is connected, via a
      reset circuit 511, to the input of a counter 512. The count input of this
      counter 512 is connected to the output of a pulse generator 516 delivering
      constant-frequency pulses. For the counter 512, the count is stopped by
      the signal delivered by a count stop circuit 513 whose input is connected
      to the output of the sensor 508 and whose output is connected to the start
      and stop input of the counter 512. The output of the counter 512 is
      connected to the input of a multiplier 534. The output of the pulse
      generator 516 is connected to the input of a counter 537. The reset input
      of the counter 537 is connected to the output of the sensor 508 via a
      reset circuit 535. The output of the counter 537 is connected, on the one
      hand, to the input of the multiplier 534 and, on the other hand, to the
      input of the permanent memory 518 whose function is identical to those
      described above. The output of the multiplier 534 is connected to a first
      input of a binary comparator 530 receiving, on its second input 531, a
      set-point signal hereinafter designated by the number M. The output of
      this binary comparator 530 is connected, via a count stop circuit 536, to
      the count stop input of the counter 537.
PAR  The operation of the apparatus according to FIG. 5 is as follows:
PAR  When the sensor 508 delivers a squarewave signal, the counter 512 counts
      pulses whose number is equal to N and is a function of the frequency of
      the pulses delivered by the generator 516 and of the duration of the
      squarewave signal delivered by the sensor 508. The counter 537 records the
      pulses delivered by the generator 516. This number obtained at the output
      of the counter 537 is multiplied in the multiplier 534 with the number N
      obtained at the output of the counter 512. As the output of the multiplier
      534 is connected to the input of the comparator 530, when the number
      obtained at the output of the multiplier 534 is equal to the number M, the
      comparator 530 then delivers a pluse which stops, via the stop circuit
      536, the counting of the counter 537. In this counter 537 a number
      .lambda. is then recorded which, multiplied by the number N obtained at
      the output of the counter 512, gives a product which is equal to the
      constant number M. As for the preceding apparatus, the number .lambda.
      obtained is inversely proportional to the number N and thus proportional
      to the engine rotating speed. As in the preceding case with the permanent
      memory 518, a number N' is generated which corresponds to the firing order
      for the given speed. This number N' obtained at the output of the memory
      518 is applied to an input of the comparator 520. As the other input of
      this comparator is connected to the output of the multiplier 534, when the
      signal delivered at the output of this multiplier is equal to the number
      N', the comparator delivers at its output a signal which then allows the
      control of the engine ignition system.
PAR  It is thus seen that the operation of the embodiment of the apparatus
      according to FIG. 5 is substantially identical to that of the apparatus
      according to FIGS. 3 and 4, the difference lying in the means used for
      generating the number .lambda. which is inversely proportional to the
      number N.
PAR  FIG. 6 represents a further embodiment of the apparatus making it possible
      to generate electric pulses for the ignition system of an internal
      combustion engine. This embodiment of the apparatus overcomes a drawback
      of the embodiment according to FIG. 5. In fact, the multiplication which
      is carried out in the multiplier 534 generally requires a relatively long
      time and this can be a drawback in particular in the case of high engine
      speeds when the squarewave signals delivered by the sensor follow each
      other rapidly, because they then have a very short duration and,
      throughout their duration, the multiplication of the number N a certain
      number of times, until N' is obtained cannot be achieved in time.
PAR  In the embodiment of the apparatus according to FIG. 6, the above-mentioned
      drawback is eliminated.
PAR  The engine, controlled by the apparatus, includes a piston 602 moving
      within a cylinder 603 having a spark plug 604 at its upper part. The
      piston imparts a rotation to a crankshaft 606 bearing a mark 607 delimited
      by the ends 609 and 610. This crankshaft passes in front of a sensor 608
      which delivers a squarewave signal when the mark 607 passes in front of
      it. As previously, the beginning and the end of the squarewave signal
      delivered by the sensor 608 correspond to two given positions of the
      piston 602 in the cylinder 603. The output of the sensor 608 is connected,
      via a reset circuit 611, to a counter 612 whose count input is connected
      to a fixed-frequency pulse generator 616. The output of the sensor 608 is
      also connected, via an end-of-count circuit 613, to the count stop control
      input of the counter 612. The output of the generator 616 is also
      connected to the input of a counter 637 whose reset input is connected,
      via a reset circuit 635, to the output of the sensor 608. The count stop
      input of this counter 637 is connected, via a stop circuit 636, to the
      output of a comparator 630 whose first input 631 receives a set-point
      signal which is determined by the number M. The outputs of the counters
      612 and 637 are connected respectively to two inputs of a selector 640.
      The input 650 of the control of the selector 640 is connected, via a
      signal selection circuit 614, to the output of the sensor 608. The output
      of the selector is connected to the input of an adder 643 whose output is
      connected to a first input 621 of a comparator 620. The output of the
      counter 637 is also connected to the input of the permanent memory 618
      whose output is connected to the input of the comparator 620. The output
      of the fixed-frequency pulse generator is connected to a transfer memory
      642 one input of which is connected to the output of the adder 643 and the
      other input of which is connected, via a reset circuit 641, to the output
      of the sensor 608. The output of the adder 643 is also connected to a
      second input of the comparator 630.
PAR  The operation of the embodiment according to FIG. 6 is as follows:
PAR  It should first of all be noted that this operation is substantially
      identical to that of the embodiment of FIG. 5, the only difference being
      that the multiplication function of this latter embodiment is replaced by
      an addition function in that of FIG. 6.
PAR  When the engine 601 rotates, the sensor 608 delivers a succession of
      squarewave signals. When the engine has already gone through a certain
      number of rotations, at the moment of the operation of a squarewave signal
      delivered by the sensor, the counter 612 is at zero and begins to count
      the pulses delivered by the generator 616.
PAR  The counter 637 is blocked and delivers at its output a signal
      corresponding to the number .lambda.. The selector 640 controlled by the
      selection circuit 614, makes it possible to deliver at its output the
      signal corresponding to the number .lambda. while it blocks the output of
      the counter 612.
PAR  Throughout the duration of the squarewave signal, the number .lambda. is
      applied to the input of the adder 643 and the signal obtained at the
      output of this adder is applied to the input of the transfer memory 642
      which records this signal.
PAR  Thus, whenever the pulse generator 616, whose output is connected to the
      control input of the transfer memory, delivers a pulse, the content of
      this memory is re-added to the number obtained at the input of the adder
      643. Thus, to each pulse delivered by the generator 616 is added the
      number .lambda.. When the number .lambda. has been added a number of times
      equal to N'/.lambda., the output of the adder which is connected to the
      input 621 of the comparator 620 delivers a number equal to N' which is
      that obtained at the output of the permanent memory 618. The comparator
      620 then delivers the ignition pulse allowing the control of the engine
      ignition system. Throughout the duration of this squarewave signal, the
      counter 612 has recorded a number N of pulses delivered by the generator
      616 and this new number N obtained at the output of the counter 612 makes
      it possible to determine the new number .lambda. which will enable the
      number N' to be obtained for the control of the engine ignition for the
      following squarewave signal. This determination of the number .lambda. is
      done between two squarewave signals which are preferably successive.
PAR  At the end of a squarewave signal delivered by the sensor 608, the selector
      640 makes it possible to obtain at its output the signal corresponding to
      the value of the number N obtained at the output of the counter 612 and to
      block the signal obtained at the output of the counter 637. At the end of
      a squarewave signal, the counter 637 is reset and begins to count again
      the pulses delivered by the generator 616. With each pulse delivered by
      the generator 616, the transfer memory 642 which has been reset by the
      reset circuit 641 makes it possible to transfer the signal obtained at the
      output of the adder 643 into this same adder, but adding each time the
      number N obtained at the output of the selector 640. To each pulse
      delivered by the generator 616 is successively added the number N, and
      when the signal obtained at the output of the adder 643 has reached the
      set-point value representing the number M set at the input 631 of the
      comparator 630, the latter delivers a signal which, applied to the counter
      637 via the stop circuit 636, stops the counting in the counter 637.
PAR  The number of pulses then recorded in the counter 637 represents the number
      of times it was necessary to add a number N to obtain the number M, i.e.
      the number .lambda. sought, or in other words .lambda. N = M. As
      previously, this number .lambda., substantially equal to M/N, is inversely
      proportional to N and hence proportional to the engine rotating speed.
PAR  The embodiments shown in FIGS. 3 to 6 all have an advantage over the
      embodiment illustrated in FIG. 2.
PAR  In all these embodiments, in which one determines a value .lambda. in
      binary notation proportional to the engine rotating speed, it is easy to
      vary the firing order in one direction or the other in accordance with the
      speed. Since .lambda. is proportional to the engine rotating speed, it is
      sufficient, for example, as illustrated in FIG. 7 to place, for example
      between the output of the means making it possible to deliver the value of
      .lambda. and the permanent memory 708, an adder 780, in the algebraic
      sense of the word, which enables, as desired and in accordance with a
      number set at the input 781 of the adder 780, the positive or negative
      shifting of the value of the number .lambda..
PAR  In all the embodiments represented in FIGS. 3 to 6 there is also the
      possibility of varying the moment of ignition as desired. In fact, the
      number N' delivered by the permanent memory is a function representative
      of the position of the piston in the cylinder when the ignition is to take
      place. If it is desired that the ignition take place before the piston
      reaches this position or after the piston has passed this position, it is
      sufficient to place at the output of the permanent memory 708, before the
      input of the binary comparator which is generally connected to the output
      of this memory, an adder 790, in the algebraic sense of the term, which
      makes it possible, in accordance with a number set at the input 791 of the
      adder 790, to vary the value of N' positively or negatively and thereby
      obtain earlier or slightly later ignition.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electronic circuit for controlling the ignition means of an internal
      combustion engine having at least one piston and marker means indicative
      of a first and a second position of said piston, comprising:
PA1  sensor means responsive to said marker means for producing a first and
      second signal corresponding respectively to the first and the second
      position;
PA1  means responsive to said first and second signal for generating a number N
      proportional to the time interval separating said first signal from said
      second signal;
PA1  inverting means for producing a number .lambda. inversely proportional to
      the number N, the number .lambda. being proportional to the speed of said
      piston between said first and second position for one cycle of said
      piston;
PA1  means responsive to the number .lambda. generated by said inverting means
      for producing a number N' preselected as a function of the value of
      .lambda.;
PA1  means for generating a number M' equal to the product .lambda.N; and
PA1  means for comparing the number N' with the number M', said comparing means
      delivering an ignition signal when the number M' is substantially equal to
      the number N'.
NUM  2.
PAR  2. The circuit of claim 1 wherein said sensor means comprise:
PA1  a sensor delivering a squarewave signal when the piston moves between said
      first and second position, this first signal product by said sensor means
      being the leading edge of said squarewave signal and the second signal
      being the trailing edge of said squarewave signal;
PA1  means responsive to said leading edge of the squarewave signal for
      resetting and starting said counting means; and
PA1  means responsive to said trailing edge of the squarewave signal for
      stopping said counting means.
NUM  3.
PAR  3. The circuit of claim 2 wherein said means for generating the number N
      comprise:
PA1  a generator delivering clock pulses; and
PA1  a first counter for counting signals representative of the clock pulses
      during said time interval delimited by the first and second signal.
NUM  4.
PAR  4. The circuit of claim 3 wherein the input of said first counter is
      directly connected to the output of said generator, said first counter
      counting the clock pulses, and wherein said inverting means for producing
      the number .lambda. comprise:
PA1  a comparator comparing a set-point number M with the number M' and
      delivering an output signal when M' becomes equal to M;
PA1  a second counter counting the clock pulses emitted by said generator;
PA1  means responsive to the leading edge of said squarewave signal for
      resetting and starting said second counter; and
PA1  means responsive to said comparator output signal for stopping said second
      counter, the resulting count of said second counter being representative
      of the number .lambda..
NUM  5.
PAR  5. The circuit of claim 4 wherein said means for generating a number M'
      equal to the product .lambda.N comprise a multiplier receiving on one
      input a signal representative of the number N delivered by said first
      counter and on another input a signal representative of the number
      .lambda. delivered by said second counter.
NUM  6.
PAR  6. The circuit of claim 4 wherein said means for generating a number M'
      equal to the product .lambda.N comprise means for summing the successive
      values of the number .lambda. delivered by said second counter each time
      said first counter counts one of said clock pulses during said time
      interval delimited by the leading and trailing edge of the squarewave
      signal.
NUM  7.
PAR  7. The circuit of claim 6 wherein said summing means comprise a summing
      circuit delivering said number M' for summing one value of .lambda. to the
      sum of the preceding values of .lambda.; a memory controlled by the clock
      pulses for memorizing said sum of the preceding values and for supplying
      said sum to said summing circuit; and means for resetting said memory by
      said leading edge of said squarewave signal.
NUM  8.
PAR  8. The circuit of claim 3 wherein said means for generating the number M'
      equal to the product .lambda.N comprise a multiplier having one input
      connected to the output of said generator and its output connected to the
      input of said first counter and wherein said inverting means for producing
      the number .lambda. comprise:
PA1  an add/subtract unit having an output connected to the other input of said
      multiplier; and
PA1  a comparator comparing a set-point number M with the number M' supplied by
      said first counter, said comparator delivering an input signal to said
      add/subtract unit when the value of M' is different from the value of M.
NUM  9.
PAR  9. The circuit of claim 3 wherein said means for generating the number M'
      equal to the product .lambda.N comprise a multiplier having one input
      connected to the output of said generator and its output connected to the
      input of said first counter and wherein said inverting means for producing
      the number .lambda. comprise:
PA1  dividing means for dividing a set-point number M by the number of pulses
      counted in said first counter during the squarewave signal;
PA1  multiplication means for multiplying the result delivered by said dividing
      means by a number .lambda.' stored in memory, the number .lambda.'
      corresponding to the number .lambda. generated during the preceding
      squarewave signal;
PA1  a memory for recording the result given by said multiplication means and
      for supplying said result to the other input of said multiplier; and
PA1  control means responsive to said squarewave signal for actuating the input
      of said memory to record said result.
NUM  10.
PAR  10. An electronic ignition system for producing ignition signals comprising
      in combination with an internal combustion engine having at least one
      piston imparting rotatable motion to a crankshaft and ignition means
      triggered by said ignition signals,
PA1  marker means indicative of a first and a second position of said piston;
PA1  sensor means responsive to said marker means for producing a first and
      second signal corresponding respectively to the first and the second
      position;
PA1  means responsive to said first and second signal for generating a number N
      proportional to the time interval separating said first signal from said
      second signal;
PA1  inverting means for producing a number .lambda. inversely proportional to
      the number N, the number .lambda. being proportional to the speed of said
      piston between said first and second positions for one cycle of said
      piston;
PA1  means responsive to the number .lambda. generated by said inverting means
      for producing a number N' preselected as a function of the value of
      .lambda.;
PA1  means for generating a number M' equal to the product .lambda.N; and
PA1  means for comparing the number N' with the number M', said comparing means
      delivering an ignition signal to said ignition means when the number M' is
      substantially equal to the number N'.
NUM  11.
PAR  11. The system of claim 10 and wherein said sensor means comprise:
PA1  a sensor delivering a squarewave signal when the piston moves between said
      first and second positions, the first signal produced by said sensor means
      being the leading edge of said squarewave signal and the second signal
      being the trailing edge of said squarewave signal;
PA1  means responsive to said leading edge of the squarewave signal for
      resetting and starting said counting means; and
PA1  means responsive to said trailing edge of the squarewave signal for
      stopping said counting means.
NUM  12.
PAR  12. The system of claim 11 wherein said means for generating the number N
      comprise:
PA1  a generator delivering clock pulses; and
PA1  a first counter for counting signals representative of the clock pulses
      during said time interval delimited by the first and second signal, the
      resulting count corresponding to the number N.
NUM  13.
PAR  13. The system of claim 12 wherein the input of said first counter is
      directly connected to the output of said generator, said first counter
      counting the clock pulses, and wherein said inverting means for producing
      the number .lambda. comprise:
PA1  a comparator comparing a set-point number M with the number M' and
      delivering an output signal when M' becomes equal to M;
PA1  a second counter counting the clock pulses emitted by said generator;
PA1  means responsive to the leading edge of said squarewave signal for
      resetting and starting said second counter; and
PA1  means responsive to said comparator output signal for stopping said second
      counter, the resulting count of said counter being representative of the
      number .lambda..
NUM  14.
PAR  14. The system of claim 13 wherein said means for generating a number M'
      equal to the product .lambda.N comprise a multiplier receiving on one
      input a signal representative of the number N delivered by said first
      counter and on another input a signal representative of the number
      .lambda. delivered by said second counter.
NUM  15.
PAR  15. The system of claim 13 wherein said means for generating a number M'
      equal to the product .lambda.N comprise means for summing the successive
      values of the number .lambda. delivered by said second counter each time
      said first counter counts one of said clock pulses during said time
      interval delimited by the leading and trailing edge of the squarewave
      signal.
NUM  16.
PAR  16. The system of claim 15 wherein said summing means comprise a summing
      circuit delivering said number M' for summing one value of .lambda. to the
      sum of the preceding values of .lambda.; a memory controlled by the clock
      pulses for memorizing said sum of the preceding values and for supplying
      said sum to said summing circuit; and means for resetting said memory by
      said leading edge of said squarewave signal.
NUM  17.
PAR  17. The system of claim 12 wherein said means for generating the number M'
      equal to the product .lambda.N comprise a multiplier having one input
      connected to the output of said generator and its output connected to the
      input of said first counter and wherein said inverting means for producing
      the number .lambda. comprise:
PA1  an add/subtract unit having an output connected to the other input of said
      multiplier; and
PA1  a comparator comparing a set-point number M with the number M' supplied by
      said first counter, said comparator delivering an input signal to said
      add/subtract unit when the value of M' is different from the value of M.
NUM  18.
PAR  18. The system of claim 12 wherein said means for generating the number M'
      equal to the product .lambda.N comprise a multiplier having one input
      connected to the output of said generator and its output connected to the
      input of said first counter and wherein said inverting means for producing
      the number .lambda. comprise:
PA1  dividing means for dividing a set-point number M by the number of pulses
      counted in said first counter during the squarewave signal;
PA1  multiplication means for multiplying the result delivered by said dividing
      means by a number .lambda.' stored in memory, the number .lambda.'
      corresponding to the number .lambda. generated during the preceding
      squarewave signal;
PA1  a memory for recording the result given by said multiplication means and
      for supplying said result to the other input of said multiplier; and
PA1  control means responsive to said squarewave signal for actuating the input
      of said memory to record said result.
NUM  19.
PAR  19. The system of claim 10 wherein said marker means is a continuous mark
      having two ends corresponding respectively to said first and second
      positions of said piston, said first signal being produced when one end of
      said mark is detected by said sensor and said second signal being produced
      when the other end of said mark is detected by said sensor.
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ABST
PAL  A centrifugal ignition advancer device adapted to advance the ignition
      timing of an internal combustion engine according to the engine speed
      comprising two weights adapted to be displaced in accordance with the
      speed of revolution of a distributor shaft, and two springs differing from
      each other in initial tension and spring constant, one of the two weights
      being maintained in its initial position by one of the two springs while
      the other weight is maintained in its initial position by the other
      spring. Only one weight is displaced so that the rate of increase in the
      degree of advance of ignition timing in relation to a change in engine
      speed can be kept at a lower level at lower engine speeds and the two
      weights are both displaced so that the rate of increase in the degree of
      advance of ignition timing in relation to a change in engine speed can be
      maintained at a higher level at higher engine speeds.
BSUM
PAR  This invention relates to centrifugal ignition advancer device for an
      ignition system for an internal combustion engine, and more particularly
      it is concerned with an ignition advancer device of the type which enables
      to adjust ignition timing of the engine in such a manner that exhaust
      emission control can be effected satisfactorily to avoid air pollution.
PAR  Proposals have in recent years been made to effect adjustments of ignition
      timing of an internal combustion engine so that the engine can be made to
      operate efficiently while effecting exhaust emission control to avoid air
      pollution by exhaust gases.
PAR  Heretofore, attempts have been made to vary the ignition advance
      characteristic in order to maximize the output power of an engine. For
      example, in one method known in the art, a centrifugal weight which is
      caused to be displaced in accordance with the prevailing engine speed is
      combined with an ignition advancer plate which is formed therein with a
      slot of a special shape for transmitting the displacement of the weight to
      a cam shaft by converting the displacement of the weight into a specific
      characteristic. In another method known in the art, a centrifugal weight
      is used in combination with special springs whose spring constants undergo
      a change when the displacement of the weight takes place.
PAR  These methods of the prior art are all intended to obtain a characteristic
      for producing maximum engine output power, and not designed to obtain an
      ignition advance characteristic which enables exhaust emission control to
      be effected satisfactorily to avoid air pollution by exhaust gases.
      Therefore, none of these methods can have application as they are in an
      internal combustion engine which is designed to effect exhaust emission
      control satisfactorily.
PAR  It is possible to design the slot formed in the ignition advance plate in
      such a manner that its shape suits the ignition advance characteristic
      adapted for effecting exhaust emission control. However, this method
      essentially has a drawback in that ignition advance does not take place
      smoothly at a turning point of the slot, thereby making it difficult to
      effect exhaust emission control with a high degree of precision. Moreover,
      once the shape of the slot is selected, it is difficult to effect
      adjustments of the ignition advance characteristic. Thus, it becomes
      necessary to effect replacement of ignition advancer plates.
PAR  In the method in which the slot formed in the ignition advance plate is
      linear in shape and the springs for supporting the centrifugal weight have
      a special characteristic, a plurality of spring must be used in
      combination with one weight, and the characteristic obtained by carrying
      this method into practice has been such that the degree of ignition
      advance is high at low engine speeds and low in high engine speeds. Such
      characteristic can be obtained by successively rendering the plurality of
      springs operative. However, this method of the prior art has the
      disadvantage of being unable to produce a characteristic which is opposite
      to the aforementioned characteristic or characteristic in which the degree
      of ignition advance is low at low engine speeds and high at high engine
      speeds.
PAR  Thus, there has been a demand for an automatic ignition advancer device for
      an internal combustion engine which does not appreciably reduce the
      efficiency with which the engine operates while permitting control of
      exhaust emission to be carried out satisfactorily, but no device has ever
      been developed which can meet such demand.
PAR  This invention has as its object the provision of an automatic ignition
      advancer device of the centrifugal force type for an ignition system of an
      internal combustion engine which permits ignition advance to be effected
      smoothly depending on the prevailing condition, and which permits to
      obtain by a simple mechanism an ignition characteristic which is amenable
      to fine adjustments and conductive to improved exhaust emission control
      without reducing operation efficiency of the engine.
PAR  The outstanding characteristic of the invention is that a pair of springs
      differing from each other in initial tension and spring constant are
      employed, each spring being connected to a corresponding weight and only
      one weight being caused to be displaced at a predetermined engine speed
      range while the two weights are both caused to be displaced at engine
      speeds above such predetermined speed range, the other weight being
      constructed such that it does not interfere with the displacement of one
      weight which is rendered operative in advance of the other weight.
DRWD
PAR  FIG. 1 is a plan view of the centrifugal ignition advancer device
      comprising one embodiment of the invention;
PAR  FIG. 2 is a sectional view taken along the line II of FIG. 1;
PAR  FIG. 3 is a transverse sectional view taken along the line III -- III of
      FIG. 2;
PAR  FIG. 4 and FIG. 5 are plan views showing the centrifugal ignition advancer
      device according to the invention in different stages of ignition advance
      operation; and
PAR  FIG. 6 is a graph showing the ignition advance characteristic obtained by
      the device of the invention.
DETD
PAR  A preferred embodiment of the present invention will now be described with
      reference to the accompanying drawings. 1 designates a shaft which rotates
      synchronously with the engine speed of the internal combustion engine.
      Pivotally supported at an upper end portion of the shaft 1 is a cam
      cylinder 2 which is held in place by a screw 3 and a washer 3a and kept
      from being dislodged from the upper end portion of the shaft 1. The cam
      cylinder 2 is formed therein with a cam surface 2b for turning on and off
      an interruptor (not shown).
PAR  A weight support member 4 is attached to a lower end of the shaft 1 as by
      being force fitted in the shaft and has secured thereto a pair of weight
      support shafts 5, 5. The shafts 5, 5 pivotally support centrifugal weights
      6 and 7 respectively. The weights 6 and 7, which are each of a shape shown
      in FIG. 3, have secured thereto upwardly extending rods 9 and 10 and
      spring connecting portions 6a and 7b respectively. Spring connecting
      plates 8, 8 are formed integrally with the weight support member 4 and
      disposed near the shafts 5, 5, with opposite ends of each plate 8 being
      bent upwardly. A spirng 14 is mounted between the spring connecting
      portion 6a of the weight 6 and the end of one of the spring connecting
      plates 8 while another spring 16 is mounted between the spring connecting
      portion 7b of the weight 7 and the end of the other spring connecting
      plate 8. The springs 14 and 15 differ from each other in characteristics.
PAR  Secured to a lower end portion of the cam cylinder 2 as by force fitting is
      an ignition advancer plate 11 which is formed therein with slots 12 and 13
      adapted to receive therein the rods 9 and 10 secured to the weights 6 and
      7 respectively.
PAR  The slot 12 formed in the ignition advancer plate 11 has a width which is
      slightly larger than the outer diameter of the weight rod 9, and has its
      major axis disposed radially of the cam cylinder 2. On the other hand, the
      slot 13 adapted to receive therein the weight rod 10 has a width which is
      much larger than the outer diameter of the rod 10 and is disposed such
      that there are gaps as indicated at X and the FIG. 1 between longer and
      shorter sides of the slot 13 formed in the ignition advancer plate 11.
PAR  The springs 14 and 15 are designed such that spring 15 has a higher initial
      tension than spring 14 but spring 14 has a higher spring constant than
      spring 15.
PAR  The weights 6 and 7 are normally urged to move toward the shaft 1 by the
      initial tensions of the springs 14 and 15. Stoppers 16a and 16b formed
      integrally with the stoppers 6 and 7 are respectively are brought into
      engagement with the shaft 1 so as to hold the respective weights 6 and 7
      in position.
PAR  The weights 6 and 7 are connected at one end portion thereof by the shafts
      5, 5 to the weight support member 4 while the spring connecting portions
      6a and 7b are provided at the edge of an end portion opposite to the end
      portion at which the shafts 5, 5 extend through the weights 6 and 7
      respectively. Accordingly, when the shaft 1 remains inoperative, the
      weights 6 and 7 are positioned such that their stoppers 16 and 16b abut
      against outer periphery of the shaft 1.
PAR  The manner of operation of the ignition advancer device constructed as
      aforementioned will be described. In FIG. 6, the engine speed of an
      internal combustion engine set forth along the axis of abscissa is plotted
      against the ignition advance angle set forth along the axis of ordinate.
      In order that the exhaust gases of the engine may be maintained clean
      without sacrificing the output power of the engine, the ignition advance
      characteristic should be such that the ignition advance angle gradually
      becomes greater as the engine speed exceeds a speed N2 which is slightly
      higher than an idling speed N1. The increase in the ignition advance angle
      takes a sharp upward turn at an intermediate engine speed Mc, with the
      ignition advance angle being maximized at or near a maximum engine speed
      and kept at that level thereafter as shown in FIG. 6.
PAR  The device according to the invention has such ignition advance
      characteristic. The speed of revolution of the shaft 1 is low at low
      engine speeds, and the centrifugal forces acting on the weights 6 and 7
      are also low. In fact, the centrifugal forces acting on the weights 6 and
      7 are lower than the initial tensions of the springs 14 and 15, so that
      the weights 6 and 7 are kept in a position in which the stoppers 16a and
      16b thereof are in engagement with the outer periphery of the shaft 1.
      Rotation of the shaft 1 is transmitted to the cam cylinder 2 through the
      weight support member 4, shafts 5, 5, weights 6, 7, rods 9, 10 and
      ignition advancer plate 11. Thus, the relative positions of the shaft 1
      and the cam cylinder 2 remain constant so long as the stoppers 16a and 16b
      of the weights 6 and 7 respectively are maintained in contact with the
      shaft 1, and an ignition signal is produced when the shaft 1 has made one
      complete revolution to bring a projection on the cam surface 2b to a
      position in which it is brought into contact with a cam heel of a movable
      contact of the interruptor (not shown). When this is the case, ignition
      occurs with a zero ignition advance angle.
PAR  Upon the engine speed being increased to N2, the centrifugal force acting
      on the weight 6 becomes equal to the initial tension of the lower initial
      tension spring 14. As for the other weight 7, since it is engaged by the
      spring 15 of higher initial tension, the tension of the spring 15 is
      higher than the centrifugal force acting thereon at this engine speed.
PAR  Upon the engine speed exceeding N2, the weight 6 moves in pivotal motion
      about its shaft 5 and is displaced in a direction in which it moves away
      from the shaft 1. This causes the rod 9 to move the ignition advancer
      plate 11 counter clockwise about the shaft in FIG. 1. That is, the
      positions of ignition advancer plate 11 and the cam cylinder 2 acting as a
      unit deviate move through a certain angle in an anticlockwise direction
      from their initial positions relative to the shaft 1. The amount of this
      deviation is the ignition advance angle which is in proportion to the
      engine speed. While the weight 6 is caused to be displaced by the
      centrifugal force at low engine speeds, the other weight 7 remains in its
      original positions. The provision of the gaps indicated at X and Y between
      the rod 10 attached to the weight 7 and the sides of the slot 13 as shown
      in FIG. 1 enables the ignition advancer plate 11 to move counter clockwise
      about the shaft 1 without any interference. Thus, the ignition advance
      characteristic is consistent with the displacement of the weight 6 at low
      engine speed.
PAR  If the engine speed increases and reaches N4, then the centrifugal force
      acting on the weight 7 becomes equal to the initial tension of the spring
      15. Thus, a further increase in engine speed above this level results in
      displacement of the weight 7. Since the spring constant of the spring 15
      is lower than that the spring 14, the rate of increase in the degree of
      ignition advance caused by the displacement of weight 7 is higher as
      indicated by a dash-and-dot line L than that caused by the displacement of
      weight 6. That is, the line L has a greater gradient than the line M in
      FIG. 6.
PAR  When the engine speed reaches N4, the ignition advancer plate 11 has
      already been advanced or moved by the weight 6 from its position shown in
      FIG. 1 to its position shown in FIG. 4. Since, however, there is a gap P
      between a side of the slot 13 and the rod 10 as shown in FIG. 4, the
      displacement of weight 7 is not transmitted at once to the ignition
      advancer plate 11.
PAR  However, if the engine speed exceeds N4, the amount of displacement of
      weight 7 is greater than that of weight 6 in relation to the increase in
      engine speed, so that the displacement of one weight becomes equal to that
      of the other weight when the engine speed reaches Nc. An increase in
      engine speed over the level Nc results in the amount of displacement of
      weight 7 becoming greater than that of weight 6. Thus, the ignition
      advancer plate 11 is moved by the displacement of weight 7, so that the
      ignition advance characteristic is as indicated by a line H. FIG. 5 shows
      the state of the device having this ignition advance characteristic. As
      shown in FIG. 6, the line H has a smaller gradient than the line L. This
      is accounted for by the fact that, since there is almost no gap between
      sides of the slot 12 and the rod 9 attached to the weight 6 as shown in
      FIG. 1, the biasing force of the spring 14 acts in a direction in which it
      interferes with the displacement of weight 7 as the ignition advancer
      plate 11 is moved by the displacement of weight 7.
PAR  Upon the engine speed exceeding Nc, the ignition advance action is
      performed by the two weights 6 and 7. Since the spring constant of spring
      15 is lower than that of spring 14 as aforementioned, the resultant spring
      constant of the two springs is lower than twice the spring constant of
      spring 14. Thus, the gradient of the ignition advance characteristic
      becomes greater than that of the line M because of the centrifugal forces
      acting on both the weights 6 and 7. If the engine speed reaches N5, then
      the weights 6 and 7 are displaced to their maximum displacement positions
      in which the rods 9 and 10 are brought into contact with outer sides 12W
      and 13W of the slots 12 and 13 respectively. Thereafter, the ignition
      advance angle is maintained at the maximum level even if the engine speed
      further increases. This is indicated by the line I in the ignition advance
      characteristic shown in FIG. 6.
PAR  In the graph of FIG. 6 showing the ignition advance characteristic, the
      engine speed N2 at which ignition advance commences, the gradient of the
      lines M and H representing the rates of increases in the degree of
      ignition advance, and the engine speed Nc at which the ignition advance
      characteristics undergoes a change may vary in their value requirements
      depending on the engine. However, the ignition advance commencing point N2
      can be varied by adjusting the initial tension of spring 14. That is,
      adjustments of initial tension can be effected readily by inserting known
      spring tension adjusting means between the spring 14 and the spring
      connecting portion of the spring connecting plate 8.
PAR  Also, the rate of increase in the degree of ignition advance or the
      gradient of the line M can be made to meet the requirements of a
      particular engine by selecting the spring 14 of a suitable spring
      constant.
PAR  The engine speed N4 at which the weight 7 begins to undergo displacement
      and the rate of increase in the degree of ignition advance at an engine
      speed which is higher than the point of inflection or the gradient of the
      line H can be varied in value by varying the initial tension and spring
      constant of spring 15. The engine speed Nc at the point of inflection can
      be varied by varying the size of gaps X and Y between the sides of the
      slot 13 and the rod 10. It will be seen that by effecting adjustments of
      these factors, it is possible to bring all the values requirements of the
      ignition advance characteristic to meet the requirements of a particular
      engine.
PAR  If the weight rod 9 and slot 12 are constructed such that the weight rod 9
      is brought into engagement with ignition advancer plate 11 when the rod 9
      moves in a direction in which the ignition advancer plate 11 is made to
      advance and that the weight rod 9 is bought out of engagement with the
      ignition advancer plate 11 when the ignition advancer plate 11 is moved by
      the other rod 10, and if means were provided for normally urging the
      ignition advancer plate 11 to move in a direction in which ignition is
      delayed, it would be possible to let the ignition advance characteristic
      to follow the line L at an engine speed above the inflection point speed
      Nc.
PAR  Since the slots are very simple in shape, it is possible to obtain smooth
      performance characteristics if the gaps between the weight rod and the
      sides of the slot formed in the ignition advancer plate 11 are of a size
      such that the rod can move in sliding movement without any trouble.
PAR  In the embodiment shown and described hereinabove, the slots have been
      shown as being rectangular in shape. It is to be understood that the
      invention is not limited to this specific shape of the slots, and that the
      slots may of any shape as desired so long as the rods can move smoothly in
      sliding movement.
CLMS
STM  I claim:
NUM  1.
PAR  1. A centrifugal ignition advancer device for an ignition system of an
      internal combustion engine comprising:
PA1  a shaft adapted to rotate in conjunction with the operation of the engine;
PA1  a pair of weights capable of being displaced by centrifugal forces produced
      by the rotation of said shaft;
PA1  a pair of resilient members each connected to one of said weights so as to
      restore the respective weights to their original positions against the
      centrifugal forces, one or the first of said pair of resilient members
      being higher in spring constant than the other or the second resilient
      member and connected to the associated weight with a lower initial tension
      than the second resilient member; and
PA1  transmission means adapted to cause ignition signal producing means to be
      displaced in an ignition advance direction relative to said shaft when
      said weights are displaced either singly or in combination, the ignition
      signal producing means adapted to be rendered operative to effect ignition
      advances upon the first weight undergoing displacement when the first
      weight connected to said first resilient member is displaced and the
      second weight connected to said second resilient member is not displaced.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein said transmission means comprises
      rods each attached to one of said pair of weights, and an ignition
      advancer plate secured to a cam cylinder forming a part of the ignition
      signal producing means, said ignition advancer plate being formed therein
      with a pair of slots each adapted to receive therein one of said rods, one
      of said slots for receiving therein the rod attached to said second weight
      being of a size such that there are gaps between sides of the slot and the
      rod so as to allow movement of said ignition advancer plate through a
      predetermined angle in an ignition advance diection.
NUM  3.
PAR  3. A centrifugal ignition advancer device for an ignition system of an
      internal combustion engine comprising:
PA1  a weight support member;
PA1  a pair of weights each pivotally supported by a shaft connected to said
      weight support member;
PA1  an ignition advancer plate connected to ignition signal producing means and
      formed therein with slots each adapted to receive therein one of weight
      rods each attached to one of said pair of weights so as to allow the
      weight rods to move in sliding movement along sides of said slots; and
PA1  resilient means mounted between said weight support member and said pair of
      weights, said resilient means comprising two resilient members differing
      from each other in initial tension and spring constant and one of said
      slots and the weight rod received therein being arranged such that there
      are gaps of predetermined sizes between the weight rod and sides of the
      slot, whereby ignition advance can be effected by means of the weight
      associated with the resilient member of lower initial tension till the
      engine speed reaches a predetermined level while the weight rod associated
      with the resilient member of higher initial tension is idling in the slot
      and ignition advance is effected by the two weights when the engine speed
      exceeds the predetermined level.
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ABST
PAL  What follows is a description of a fuel metering system for internal
      combustion engines having a measuring probe. The probe monitors the
      composition of the exhaust gas and produces an output signal which is used
      to govern the motions of a magnetic valve which in turn regulates the
      amount of air mixed in with fuel prior to the admission of this mixture to
      the veturi in the suction tube of the carburator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a fuel metering system for internal combustion
      engines, comprising a fuel reservoir and a fuel line leading from the fuel
      reservoir to a suction tube. The fuel line has within it a location with
      controllable cross section. The metering system further comprises an air
      line, also controllable in cross section. The fuel quantity metered out to
      the air quantity streaming through the suction tube is adjustable in
      dependence on the pressures prevailing in the fuel reservoir and in the
      suction tube as well as on the output signal of a measuring probe which
      determines the composition of the exhaust gas.
PAR  The purpose of such a fuel metering system is to automatically provide a
      favorable fuel-air mixture ratio for an Otto engine under all operational
      conditions in order to burn the fuel as completely as possible and
      therefore to avoid or to reduce sharply the generation of toxic exhaust
      gases while maintaining the highest possible performance and the lowest
      possible fuel comsumption of the internal combustion engine.
PAR  For this purpose it is required that during the start-up of a cold engine
      and during the warm-up phase of that engine, the fuel air mixture be
      richer than is required for a warm engine, i.e. the fuel portion must be
      greater. But even with a warm engine, the fuel quantity must be metered
      very precisely depending on the requirements of each operational condition
      of the internal combustion engine. In particular, the proportionality
      between air quantity and fuel quantity must be changeable in dependence on
      the engine parameters.
PAR  In known fuel metering systems of this kind, the output signals of the
      measuring probe which exhibit voltage fluctuations are integrated in
      electronic circuitry and serve as an integrated voltage in the generation
      of the control value for changing the pressure in the suction tube or in
      the fuel reservoir.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of this invention to develop a fuel metering system of the
      kind described above in which intervention in the pressure relations is
      possible with the simplest of means and where this system can be
      retrofitted in fuel metering systems already in operation.
PAR  This and other objects are achieved, according to the invention, in that
      the fuel line and the air line communicate prior to entry into the suction
      tube and in that the air line is controlled by a magnetic valve actuated
      by the measuring probe. In simple carburators, the controlled air line is
      the compensation air line which terminates in the fuel line prior to entry
      into the suction tube. In bypass air type carburators, in which the fuel
      line may consist of a main line and a secondary fuel line of smaller cross
      section, the air line terminating in the secondary fuel line is the one
      controlled by the magnetic valve.
PAR  According to an advantageous development of the invention, and in addition
      to the control of the air line, the secondary fuel line or the main fuel
      line is also controllable in dependence on the output signal of the
      measuring probe but with a constantly open residual cross section in the
      case of the main fuel line. When both an air line and a fuel line are
      controlled the control is such that the cross sections defined by the air
      and fuel lines and the valve are changeable in a reverse sense. According
      to the invention, the movable valve member can be a membrane which
      preferably serves also as an armature and is disposed between two valve
      seats, in this way it separates the fuel chamber from the air chamber.
PAR  Two exemplary embodiments of the object of the invention are shown in the
      drawing and are further described below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 schematically illustrates in cross section a simple carburator with
      a venturi and a compensation air channel according to the invention.
PAR  FIG. 1a is a partial schematic view of only that portion of the magnetic
      valve including the diaphragm and valve seat.
PAR  FIG. 2 schematically illustrates in cross section a bypass air type
      carburator according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference in the specification will be made to the air number, denoted
      lambda (.lambda.). This air number .lambda. is a measure of the
      composition of the fuel-air mixture, The number .lambda. is proportional
      to the mass of air and fuel, and the value of this number .lambda. is one
      (.lambda. = 1.0) if a stoichiometric mixture is present. Under
      stoichiometric conditions, the mixture has such a composition that, in
      view of the chemical reactions, all hydrocarbons in the fuel can
      theoretically combine with the oxygen in the air to provide complete
      combustion to carbon dioxide and water. In actual practice, even with a
      stocihiometric mixture, unburned non-combusted hydrocarbons and carbon
      monoxide are contained in the exhaust gases.
PAR  Turning now more specifically to the drawings, there is shown a carburator
      housing 1 within which is located a venturi 2 into which terminates a fuel
      line branch 3. The branch 3 is connected through a fuel line 4 with a fuel
      reservoir 5. Within the fuel line 4, a main nozzle 6 of constant cross
      section is disposed. One end of a compensation air line 7, controlled by a
      magnetic valve 8, terminates in the fuel line 4. The other end of the air
      line 7 terminates in the suction tube at a location upstream of the
      venturi 2. The section of the compensation air line 7 which lies between
      magnetic valve 8 and fuel line 4 also communicates with the suction tube
      through a nozzle 9. Whenever the flow cross section in the suction tube is
      altered by an arbitrarily adjustable throttle flap 10, the reduced
      pressure within the venturi 2 is transmitted through the fuel line branch
      3, the fuel line 4 and the fuel nozzle 6 into the float chamber (fuel
      reservoir) 5. In this process, air streams through the compensation air
      line 7 into the fuel line 4 and is mixed with fuel in a mixture region 11
      of fuel line 4 where an emulsion is formed which is aspirated through fuel
      line branch 3. Depending on the throttle cross sections and the different
      properties of the liquids, the air component of the mixture increases with
      increasing rpm and, hence, the mixture becomes leaner. The cross section
      of nozzle 9 is chosen in such a way that, even at high rpm, only a small
      quantity of air enters through it. The main compensation air quantity,
      however, is controlled by the magnetic valve 8. As soon as this valve
      opens, the fuel-air mixture becomes leaner and whenever the valve closes,
      it becomes richer.
PAR  The magnetic valve 8 is controlled by a measuring probe 13 disposed in the
      exhaust pipe 12. This measuring probe 13 is a small tube, closed at one
      end, and consisting of a solid electrolyte, for example, zirconium
      dioxide, obtained by sintering. On both sides, the small tube is covered
      with microporous layers of platinum, which are provided with contacts, not
      shown, and which exhibit an electric potential with respect to one
      another. One side of the tube is in contact with the ambient air, and the
      other side is in contact with the exhaust gas of the vehicle. During
      higher temperatures, such as prevail in the exhaust gas stream, the solid
      electrolyte conducts oxygen ions. When the partial oxygen pressure of the
      exhausst gas is different from the partial oxygen pressure of the ambient
      air, a potential difference is generated between the two platinum layers
      and between the two connecting clamps, which are not shown, and the time
      behavior of this potential difference is dependent on the air number
      .lambda.. This potential difference is a logarithmic function of the
      quotient of the partial oxygen pressures on the two sides of the solid
      electrolyte. For this reason, the output voltage of the oxygen measuring
      probe 13 changes abruptly in the vicinity of the air number .lambda. =
      1.0. When .lambda. is greater than 1.0, unburned oxygen occurs abruptly in
      the exhaust gas. Because of the strong dependence of the output voltage of
      the measuring probe on the air number .lambda., this oxygen probe is
      extremely well suited for being used in the control of a magnetic valve.
      The output voltage of the oxygen probe is high in the region .lambda. &lt; 1
      and low in the region .lambda. &gt; 1. For this reason, the magnetic valve 8
      opens the compensation air line 7 whenever the measuring probe puts out a
      high voltage, i.e., whenever the fuel air mixture has become too rich. An
      oxygen probe can provide approximately 5 current pulses per second during
      each of which the magnetic valve 8 intermittently opens the air
      compensation line. This cycling of the magnetic valve 8 continues until an
      air number .lambda. proportional to unity is achieved. This value has been
      found to be particularly advantageous and corresponds to a stoichiometric
      mixture
PAR  In order to improve the engine running in idle or at full load it is
      favorable to deviate somewhat from unity by enriching the mixture.
PAR  The movable valve member of magnetic valve 8, developed as a membrane 14,
      can also be actuated in such a way that its stroke and therefore the
      opening cross section or flow passage p (measured between the membrane 14
      and the valve seat s, FIG. 1a) of the air compensation line 7, corresponds
      to the strength of the applied current. The use of a membrane as the valve
      armature is known in the art. See, for example, U.S. Pat. No. 3,765,387.
      In that case, the pulses of the measuring probe are fed to an electronic
      proportional controller 15 and are converted into a current valve
      corresponding to the oxygen content of the exhaust gas. The controller 15
      is of a known construction, for example, the controller disclosed in U.S.
      Pat. No. 3,828,749.
PAR  As is shown in broken lines in FIG. 1, the compensation air can also be
      influenced by a blower 16. It is also possible to provide fuel through a
      fuel line 17 and through magnetic valve 8 and to control it by the side of
      the membrane 14 facing the magnetic coil 18. In that case, a tubular stud
      19 acting as a fuel line is surrounded by a spring and the coil 18, and
      this space directly communicates with the mixture chamber 11. Two flow
      passages p, one on each side of the membrane 14, are controlled, as is the
      flow passage p shown in FIG. 1a, by movement of the membrane.
PAR  In the bypass air chamber shown in FIG. 2, a secondary fuel line 40
      branches off from a main line 24; the secondary fuel line 40 branches off
      into lines 41 and 42. Line 42 carries the idling fuel whose quantity is
      adjustable by a screw 44. In addition, an air line 43 terminates in the
      fuel line 42 in order to obtain a favorable emulsion of air and fuel for
      the idling operation of the engine.
PAR  Fuel line 41, on the other hand, which terminates in a bypass air line 45,
      is controlled by a magnetic valve 28 operating in the same way as the
      magnetic valve 18 described in FIG. 1. The bypass air mixture can
      additionally be adjusted by a regulating screw 46 and can be shut off by a
      magnetic valve 47. Such a magnetic valve is disclosed in British Pat. No.
      1,253,667.
PAR  The discharge voltage of a probe is between 80 and 500 millivolts.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fuel metering system for internal combustion engines of the type
      which includes an exhaust system, a suction tube, a fuel reservoir, a flow
      controlled fuel line leading from the fuel reservoir to the suction tube,
      a flow controlled air line and a measuring probe disposed in the exhaust
      system, with the fuel quantity metered out to the air stream in the
      suction tube depending on the pressures prevailing in the fuel reservoir
      and in the suction tube, and further on the output signal of the measuring
      probe, the improvement comprising: a magnetic valve to control the flow in
      said air line, said magnetic valve including a movable valve member in the
      form of a membrane which serves as the armature of said magnetic valve;
      means defining a space in which said magnetic valve is situated and in
      which the fuel line and the air line terminate; and means connected
      between said magnetic valve and said measuring probe so that said magnetic
      valve can be actuated by the output signal from said measuring probe, with
      said fuel line and said air line being disposed to communicate prior to
      entry into said suction tube, wherein the air and fuel lines include
      opposing ends defining valve seats between which said membrane separates
      and defines with said space defining means a fuel space from an air space.
NUM  2.
PAR  2. A fuel metering system as defined in claim 1, wherein said air line
      terminates in said fuel line prior to the latter's entry into said suction
      tube.
NUM  3.
PAR  3. A fuel metering system as defined in claim 1, further comprising a
      secondary fuel line of reduced cross section and at least one line
      branching off therefrom and terminating in said air line, as in a bypass
      air-type fuel metering system.
NUM  4.
PAR  4. A fuel metering system as defined in claim 3, wherein the flow in said
      line branching off from said secondary fuel line is also controlled by
      said magnetic valve in dependence on the output signal of said measuring
      probe with said fuel line always maintaining a residual finite flow cross
      section.
NUM  5.
PAR  5. A fuel metering system as defined in claim 4, wherein said membrane is
      mounted so as to close said air line when said magnetic valve is not
      energized.
NUM  6.
PAR  6. A fuel metering system as defined in claim 4, wherein said magnetic
      valve controlling said air line and said secondary fuel line, operates
      such that the cross sections defined by said air and fuel lines and said
      valve are changeable in a reverse sense.
NUM  7.
PAR  7. A fuel metering system as defined in claim 6, wherein said magnetic
      valve includes a movable member, the stroke of which along with the
      opening cross sections of said lines are proportional to the strength of
      the current applied to said magnetic valve, said current corresponding to
      a proportional control characteristic.
NUM  8.
PAR  8. A fuel metering system as defined in claim 1, further comprising a
      nozzle which provides a residual open passage between said suction tube
      and said fuel line.
NUM  9.
PAR  9. A fuel metering system as defined in claim 1, wherein the pressure of
      the air in said air line is greater than the ambient pressure.
NUM  10.
PAR  10. A fuel metering system as defined in claim 1, wherein said magnetic
      valve is cycled in dependence on each pulse signal emanating from said
      measuring probe.
NUM  11.
PAR  11. A fuel metering system as defined in claim 1, wherein the flow in said
      fuel line is also controlled by said magnetic valve in dependence on the
      output signal of said measuring probe with said fuel line, always
      maintaining a residual finite flow cross section.
NUM  12.
PAR  12. A fuel metering system as defined in claim 11, wherein said magnetic
      valve controlling said air line and said fuel line, operates such that the
      cross sections defined by said air and fuel lines and said valve are
      changeable in a reverse sense.
NUM  13.
PAR  13. A fuel metering system as defined in claim 12, wherein said magnetic
      valve includes a movable member, the stroke of which along with the
      opening cross sections of said lines are proportional to the strength of
      the current applied to said magnetic valve, said current corresponding to
      a proportional control characteristic.
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PAL  A fuel supply system having a fuel source, a nozzle disposed in an intake
      system of an internal combustion engine for injecting additional fuel into
      the intake system, a fuel pipe connected to the fuel source and the
      nozzle, an accelerating compensator responsive to the engine accelerator
      for feeding additional fuel from the fuel source to the intake system
      through the fuel pipe and the nozzle, a temperature sensing device for
      sensing temperature of the engine, and a controlling device responsive to
      engine temperature for controlling the volume of fuel fed by the
      acceleration compensator, the volume of fuel fed by the compensator being
      decreased as engine temperature increases.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a fuel system for an internal combustion
      engine. More particularly, it relates to a system for supplying a
      supplementary volume of fuel to an engine at the time of its acceleration.
      This application is a continuation-in-part of our copending application
      Ser. No. 304,986 filed Nov. 9,1972, now abandoned.
BSUM
PAR  With rapid spread of automobiles in recent years, air pollution due to
      exhaust gas from automobiles has become a serious smog problem in urban
      areas. In order to cope with such a situation, control of exhaust gas is
      being enforced by law in many countries of the world. Consequently,
      development of means for preventing the discharge of gases containing
      noxious components has been strongly promoted. It has been confirmed that
      the volume of noxious components, especially CO (carbon monoxide) and HC
      (hydrocarbons) contained in the exhaust gas of an internal combustion
      engine depends upon the fuel-air ratio of the mixture introduced into the
      engine and that they can be effectively eliminated by using a lean
      mixture. When the mixture is lean, there is no problem with engine
      performance as long as the engine is sufficiently warmed up. However, if
      the engine is cold, troubles such as backfiring or engine stalling may be
      caused at the time of acceleration because the fuel cannot be evaporated
      at a satisfactory rate.
PAR  Conventional fuel systems are provided with a slow system for meeting the
      condition of very low load such as idling, a main system for making up an
      economical mixture required for normal travelling and a power system for
      enriching the mixture at the time of acceleration, an acceleration system
      for compensating for the delay of fuel supply by using an accelerator pump
      at the time of acceleration and a choke system for enriching the mixture
      when engine temperature is low. Furthermore, conventional fuel systems
      comprise various different means for meeting an unsteady state of travel.
PAR  However, no special consideration has been given to acceleration under the
      condition where a vehicle is travelling before the engine has sufficiently
      warmed up. For remedying engine troubles in such cases, means are provided
      to make the fuel air ratio to be set at the main system slightly richer
      than that required by the engine which is fully warmed up. Therefore, if
      the engine is fully warmed up, the fuel will be delivered in slight excess
      over that required for good performance, thus resulting in an increase in
      fuel cost as well as an increase in the amount of CO and HC in the exhaust
      gas.
PAR  Therefore, it is desirable to enrich the fuel-air mixture introduced into
      the engine only at the time of acceleration before the engine has warmed
      up.
PAC  SUMMARY OF THE INVENTION
PAR  This invention eliminates the above-described drawbacks encountered with
      the prior art devices at the time of engine acceleration and provides a
      means for introducing additional fuel only at the time of acceleration.
PAR  An object of the invention is to provide a fuel supply system for an
      internal combustion engine which permits supplying an extra supply of fuel
      to the engine at the time of acceleration while the engine is
      insufficiently warmed up to avoid stalling, backfiring and similar
      malfunctions.
PAR  Other objects and features of the invention will be apparent from the
      description of preferred embodiments thereof with reference to
      accompanying drawings.
PAR  In accordance with the invention, a fuel supply system has a fuel source, a
      nozzle disposed in an intake system such as a venturi tube of a carburetor
      or an intake manifold, a fuel pipe connected to the fuel source and the
      nozzle, an acceleration compensator responsive to engine acceleration for
      feeding additional fuel from the fuel source to the intake system, a
      temperature sensing device for sensing engine temperature and a
      controlling device responsive to the engine temperature for controlling
      the volume of the feeding fuel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a schematic diagram of a fuel system comprising an embodiment of
      this invention;
PAR  FIG. 2 is a cross-sectional view of an acceleration compensator, a
      temperature sensing means, and controlling means shown in FIG. 1;
PAR  FIG. 3 is a schematic diagram of another embodiment of the invention;
PAR  FIG. 4 is a cross-sectional view of an acceleration compensator of the
      embodiment shown in FIG. 3;
PAR  FIG. 5 is a schematic diagram of another embodiment of the invention; and
PAR  FIG. 6 is a schematic diagram of still another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, in a carburetor of any known type, a venturi tube
      1 is provided with a large venturi 2, a small venturi 3, a fuel main
      nozzle 4 connected to a float bowl 6 by a fuel passage (not shown) and a
      throttle valve 5. Thus, a main fuel supply system is defined so that fuel
      from float bowl 6 is supplied through main nozzle 4 into a small venturi
      3. Furthermore, an intake manifold 7 is connected to the discharge side of
      venturi tube 1. Manifold 7 may be provided with means of any known type
      for heating fuel-air mixture flowing therethrough. Either the engine
      cooling water or the engine exhaust gas may be utilized for such heating.
      The manifold 7 illustrated in the drawing has a water jacket 8 at the
      outside thereof, into which the engine cooling water whose temperature
      rises in accordance with the warming up condition of the engine is
      admitted to heat manifold 7. Thus, fuel-air mixture is heated while it
      flows through manifold 7.
PAR  When the engine is accelerated while the engine has not yet warmed up,
      additional fuel is supplied to enrich the fuel-air mixture by means of an
      acceleration compensator 20 from the float bowl 6 to venturi tube 1
      through fuel pipe 14, fuel basin 34 which is a part of compensator 20,
      fuel pipe 13 and nozzle 10.
PAR  The fuel system is described in more detail referring to FIG. 2, which
      shows a condition when the engine is not warmed up.
PAR  Compensator 20 has valve members 38 which are normally closed and operating
      means 22 responsive to the engine acceleration to open valve members 38 to
      pump fuel to venturi tube 1.
PAR  Operating means 22 comprises a diaphragm chamber which is defined by casing
      31a, 31b, a diaphragm 32 which is positioned in the diaphragm chamber and
      biased by a return spring 36 toward the position where an inverted
      cylindrical stop member 37a secured to diaphragm 32 is in contact with
      casing 31b. A vacuum chamber 33, which is defined by casing 31a and
      diaphragm 32, is connected to intake manifold 7 through a pipe 15 which
      extends from an inlet 35 of casing 31a to a port 12 disposed in a wall of
      intake manifold 7. A fuel basin 34, which is defined by casing 31b and
      diaphragm 32, is connected to float bowl 6 through fuel pipe 14 and inlet
      passage 40, and to venturi tube 1 through outlet passage 42, fuel pipe 13
      and nozzle 10.
PAR  Valve members 38 comprise check valve 43, 44 which are disposed in passages
      40, 42 respectively. Check valve 43 is designed to permit only inflow of
      fuel from float bowl 6 to fuel basin 34 when the volume of the fuel basin
      34 increases because of deflection of diaphragm 32. Check valve 44 is
      designed to permit only outflow from fuel basin 34 to venturi tube 1 when
      the volume of fuel basin 34 decreases.
PAR  Thus, in operating means 22, diaphragm 32 is biased by means of return
      spring 36 to the lowermost position to decrease the volume of fuel basin
      34 when the manifold vacuum in vacuum chamber 33 is low. When the manifold
      vacuum exceeds the predetermined value at the time of cruising under the
      condition of low engine temperature, diaphragm 32 is deflected upward,
      overcoming the force of return spring 36, until it is brought into contact
      with a shaft end 30a, which constitutes a part of controlling means 30,
      thus increasing the volume of the fuel basin 34. Consequently, check valve
      43 opens the inlet passage 40 to admit fuel into fuel basin 34. Then, when
      the manifold vacuum is decreased at the time of acceleration, return
      spring 36 causes diaphragm 32 to deflect downward. Thus, check valve 43
      closes inlet passage 40 and another check valve 44 opens outlet passage 42
      to inject fuel from fuel basin 34 through fuel pipe 13 and nozzle 10 into
      tube 1.
PAR  On the other hand, when the engine is warmed up fully, shaft end 30a is
      pushed down by means of the thermal expansion of wax 28 which constitute a
      part of temperature sensing means 21. Accordingly, the range where the
      diaphragm can move becomes narrow, and finally reaches the stage where
      shaft end 30a is in contact with a flanged stop member 37b secured to
      diaphragm 32. At the same time, stop 37a is in contact with casing 31b.
      Then, even if the manifold vacuum is increased, diaphragm 32 is restrained
      and no additional fuel is supplied to venturi tube 1.
PAR  The structures of temperature sensing means 21 and of controlling means 30
      are now described. An inverted cup-shaped casing 26 of temperature sensing
      means is installed at one side of stepped hole 24 by means of a clamp 25
      in an exposed manner so that it is brought into contact with the engine
      cooling water in water jacket 8 as shown in FIG. 1. An elastic member 27
      made of shrinkable rubber or the like is slidably inserted in case 26. Wax
      28 is interposed between case 26 and elastic member 27. The wax 28 melts
      and expands when heated to a predetermined temperature, thus compressing
      the elastic member 27. Elastic member 27 and wax 28 are sealed in case 26
      by means of a retaining ring 29. Furthermore, a shaft 30b, which
      constitutes a part of controlling means 30, is inserted in elastic member
      27 and extends through ring 29 and bore 24 into vacuum chamber 33 so that
      it is pushed out in response to the elastic member 27. Thus, when the
      temperature of the engine cooling water is low and the engine warming up
      is not sufficient, wax 28 of temperature sensing means 21 congeals and
      elastic member 27 expands to its maximum volume. On the other hand, when
      the temperature of the engine cooling water is increased and the engine
      warming up reaches the predetermined value, wax 28 melts and elastic
      member 27 is compressed to decrease the volume thereof due to the thermal
      expansion of wax 28. Then shaft 30b is moved by the contraction of elastic
      member 27 conforming to the engine warming up condition. As the result,
      shaft end 30a of shaft 30b is brought into direct contact with stop 37b
      carried by diaphragm 32 which is under the condition where stop 37a is in
      contact with casing 31b. Thus, changes in the volume of the fuel basin 34
      do not take place anymore, thereby fuel discharge is stopped, regardless
      of the degree of the manifold vacuum.
PAR  By virtue of the above-described construction of the fuel system,
      acceleration compensator 20 is operated in accordance with the changes in
      the manifold vacuum of intake manifold 7 at the time of acceleration when
      the engine is not warmed up sufficiently. Thus, the additional fuel is
      delivered from the nozzle 10 to venturi tube 1. When the engine is
      sufficiently warmed up and the possibility of engine trouble is
      eliminated, acceleration compensator 20 stops actuation and, therefore,
      the additional fuel is not fed at all.
PAR  The embodiment of the fuel system illustrated in FIG. 3 of the drawings has
      a nozzle 10 installed in an intake manifold 7. An acceleration compensator
      comprises an operating means 20', a temperature sensing means 21' and a
      control means 30' which is herein defined by an electromagnetic valve 45.
      Electromagnetic valve 45 is provided on a pipe line 15 designed to admit
      the manifold vacuum into a vacuum chamber 36 of operating means 20'. As
      shown in FIG. 4 in detail, temperature sensing means 21' comprises a
      temperature detector 46 installed in a wall of water jacket 8 in the same
      manner as described hereinbefore and an electronic judging device 47
      connected to temperature detector 46 through an electric connection.
      Temperature detector 46 is designed to sense the temperature of the engine
      cooling water and to send a signal representing the warming-up condition
      to electronic judging device 47. Electronic judging device 47 in turn
      generates a signal upon judgement or evaluation of said electric signals
      when the engine warming up is not sufficient and causes electromagnetic
      valve 45 to open pipe line 15. If the engine warming up is sufficient,
      electronic judging device 47 does not emit any signal and causes
      electromagentic valve 45 to close pipe line 15. Vacuum chamber 33 is
      provided with a screw 48 for adjusting the fuel discharge by adjusting the
      deflection of the diaphragm 32. Other construction is the same as shown in
      FIG. 2. Thus, when the engine warming up is insufficient, pipe line 15 is
      opened by means of electromagnetic valve 45 and the manifold vacuum of
      intake manifold 7 is applied to diaphragm 32 of operating means 20'. As a
      result, the fuel in the float bowl 6 is injected from nozzle 10 into
      intake manifold 7 at the time of acceleration. When the engine warming up
      becomes sufficient, electromagnetic valve 45 closes pipe line 15, thereby
      stopping the action of operating means 20'. The same effect can be had by
      replacing the installation of nozzle 10 in the first embodiment with
      intake manifold 7 and the installation of nozzle 10 in the second
      embodiment with venturi tube 1. It is also possible to install temperature
      sensing means 21 and 21' to sense the temperature of engine lubricating
      oil.
PAR  Illustrated in FIG. 5 is an embodiment in which the fuel system according
      to this invention is installed by utilizing the fuel injection passage of
      the accelerator pump in the carburetor. Referring now to FIG. 5, a
      cylinder 51 of an accelerator pump 50 is formed at the float bowl 6 of the
      carburetor. A piston 53 has a cup-shaped member adjacent to one end
      thereof slidably disposed in cylinder 51. Back-up spring 54 is compressed
      between the cup-shaped member and the end of cylinder 51. Piston 53 is
      connected to throttle valve 5 through a lever 52. A check valve 55 for
      allowing fuel only to flow in the direction of cylinder 51 is provided
      between cylinder 51 and the float bowl 6. Thus, the fuel admitted into the
      cylinder 51 at the time when the accelerator pedal is depressed is
      injected by means of accelerator pump 50 into venturi tube 1 through fuel
      injection passage 57 and nozzle 56 as a result of the downward movement of
      piston 52 at the time when the accelerator pedal is depressed, thus
      enriching the mixture temporarily.
PAR  In fuel injection passage 57 of accelerator pump 50 of the above
      construction, the fuel system according to this invention connects the
      pipe line 13 coming from acceleration compensator 20 by providing an inlet
      port 60 at the discharge side of check valve 59, thereby delivering the
      auxiliary fuel from the acceleration compensator 20 into the venturi tube
      1 through fuel injection passage 57 and nozzle 56 of the accelerator pump
      50 at the time of acceleration when the engine is not warmed up
      sufficiently.
PAR  A modification of the fuel system shown in FIG. 3 is illustrated in FIG. 6
      in which the supply of the manifold vacuum through a pipe line 15 to an
      acceleration compensator 20' having the same construction as in FIG. 4 is
      controlled by a temperature responsive valve unit 60 dependent upon the
      temperature of intake manifold 7.
PAR  The housing 61 of the valve unit 60 has a stepped central hole 62 and is
      screwed at one end into the water jacket 8 of the intake manifold 7. A
      temperature sensor section of the unit 60 comprises a cup-shaped hollow
      container 63 secured in one end of the hold 62, a diaphragm 64 extending
      across the cavity in container 63 and a wax element 65 filling the
      compartment enclosed by diaphragm 64 and the walls of container 63.
      Against the opposite side of the diaphragm 64 in the container 63 there is
      secured a guide sleeve 66. A push rod 67 is slidably disposed in the bore
      of sleeve 66 and carries at its free end a disc 68. Deflection of the
      diaphragm 64 is transmitted to the push rod 67 by means of a semifluid
      pressure transmitting medium 69 such as silicon grease. A sleeve 70 is
      disposed in hole 62 with one end telescoped over sleeve 66 and a smaller
      end back of diaphragm 64. Disc 68 is disposed against the internal wall of
      a shoulder formed where the larger and smaller portions of sleeve 70 meet.
      Spring 71 is compressed between a retainer ring 72 in hole 62 and the
      external wall of the shoulder on sleeve 70. Spring 71 is disposed about
      the smaller portion of sleeve 70. The push rod 67 may move sleeve 70 by
      pushing disc 68 against the shoulder of sleeve 70 and overcoming the force
      of spring 71. A spring 73 supported on the disc 68 and disposed in the
      sleeve 70 urges an actuator pin 74 outwardly through an opening in the end
      of sleeve 70. A check valve section of the unit 60 comprises a ball 75 as
      a valve member which remains displaced by a return spring 76 from the
      valve seat 77 formed at the shoulder of the stepped hole 62 thereby
      opening a communication for vacuum in the line 15.
PAR  When the temperature in the water jacket 8 has risen above a predetermined
      value, the wax element 65 begins to melt and to expand whereby the
      diaphragm 64 deflects rightwardly as viewed in FIG. 6. Upon deflection of
      the diaphragm 64 the push rod 67 causes the actuator pin 74 to move the
      ball 75 against the valve seat 77 so that the communication in the line 15
      is now shut-off in the same manner as described in connection with FIG. 3.
PAR  In the additional fuel supply system of this invention as described above,
      a fuel feed system is provided between float bowl 6 and venturi tube 1 or
      intake manifold 7 separately from conventional systems. The fuel is fed
      into the fuel feed passages only at the time of acceleration when the
      engine is not sufficiently warmed up, thus eliminating engine troubles. On
      the other hand, when the engine is fully warmed up, a lean mixture is fed
      to the main system and, therefore, the costs for fuel are greatly
      decreased and the amount of CO and HC contained in exhaust gas can be
      effectively reduced. With engines in which fuel distribution by means of
      the manifold is not satisfactory, it becomes possible to feed fuel into
      the cylinders having lean mixture, thus eliminating engine troubles by
      preventing fuel distribution from becoming worse.
PAR  From the aforementioned, the construction of the system will be readily
      understood, and further explanation is believed unnecessary. However,
      since numerous modifications and changes will readily occur to those
      skilled in the art, it is to be understood that such modifications can be
      made without departing from the spirit and scope of the invention except
      as it may be limited by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for supplying additional fuel to a fuel-air intake system
      when an internal combustion engine is accelerated, said system including a
      fuel source, means for supplying fuel into said intake system, a fuel pipe
      interconnecting said fuel source and said means, the improvement which
      comprises means for sensing engine temperature and an acceleration
      compensator for supplying fuel from said fuel source to said intake system
      through said fuel pipe and said means in response to changes in pressure
      in said intake system and comprising:
PA1  a diaphragm chamber;
PA1  a diaphragm dividing said chamber into a first region and a second region,
      said first region being connected to said intake system, said second
      region having therein an inlet port connected to said fuel source through
      said fuel pipe and an outlet port connected to said intake system through
      said fuel pipe and said injecting means;
PA1  a spring for biasing said diaphragm toward the minimum volume position of
      the second region;
PA1  a check valve means normally closing said fuel pipe, said check valve means
      opening in response to increase in the volume of said second region to
      permit inflow from said fuel source to said second region and closing in
      response to decrease in volume to permit outflow from said second region
      to said injecting means;
PA1  a temperature responsive means blocking expansion of said second region in
      response to increase of the engine temperature; and
PA1  a second valve means for cutting off communication between said intake
      system and said first region, said second valve means being adapted to cut
      off the communication at the time the engine temperature is higher than a
      predetermined value.
NUM  2.
PAR  2. The fuel supply system of claim 1 wherein said temperature sensing means
      comprises:
PA1  thermoelectric transforming means, said second valve means being operated
      by electric signals in response to output of said thermoelectric
      transforming means.
NUM  3.
PAR  3. The fuel supply system of claim 2 wherein said thermoelectric
      transforming means comprises:
PA1  a thermoelectric detector; and
PA1  a circuit for judging whether the engine temperature is higher than said
      predetermined value, said circuit being adapted to output an electric
      signal when the engine temperature is higher than said predetermined
      value.
NUM  4.
PAR  4. The fuel supply system of claim 3 wherein said second valve means
      comprises:
PA1  an electromagnetic valve, said electromagnetic valve being energized to cut
      off the communication between said intake system and said first region
      when said circuit outputs said signal.
NUM  5.
PAR  5. The fuel supply system of claim 1 wherein the temperature sensing device
      comprises a cup-shaped housing, means for closing the normally open end of
      the housing, a rod disposed in the housing and extending outwardly
      therefrom into the said first region, a deformable member in the housing
      about the rod, and a meltable and expandable material in the housing about
      the deformable member, said rod being adapted to move in response to
      pressure from the deformable member and engage said diaphragm.
NUM  6.
PAR  6. The fuel supply system of claim 1 wherein said controlling means
      comprises:
PA1  a stop for limiting the scope of moving of said diaphragm, the maximum
      volume of said second region being defined at the position where said
      diaphragm is in contact with said stop, said stop being adapted to shift
      the position thereof in response to the engine temperature.
NUM  7.
PAR  7. The fuel supply system of claim 6 wherein said temperature sensing means
      comprises:
PA1  thermal expandable device disposed in a location where the engine
      temperature is sensed, said stop being adapted to shift the position
      thereof in response to the expansion of said thermal expandable device.
NUM  8.
PAR  8. The fuel supply system of claim 7 wherein said thermal expandable device
      comprises:
PA1  a casing having a hole in a wall thereof; and
PA1  wax charged in said casing, said stop being inserted in said casing through
      said hole and pushed out in response to expansion of said wax as the
      engine temperature increases.
NUM  9.
PAR  9. The fuel supply system of claim 1 wherein a valve having a bore therein,
      means for fluid connection of the bore to the compensator and means for
      fluid connection of the bore to the intake manifold, a third check valve
      in the bore between the said fluid connection means, means for biasing the
      third check valve into position for flow of fluid through the said fluid
      connection means and means responsive to temperature of the engine for
      closing said third check valve.
NUM  10.
PAR  10. The fuel supply system of claim 9 wherein a cup-shaped housing is
      disposed in the said bore and is exposed to the temperature of the engine,
      a cavity in said housing, a diaphragm across the cavity, a material
      expandable with increase of temperature in the cavity and contacting the
      diaphragm, and means responsive to deflection of the diaphragm by
      expansion of the said material for closing said third check valve.
NUM  11.
PAR  11. The fuel supply system of claim 10 wherein the means responsive to
      deflection of the diaphragm comprises a guide sleeve having a bore
      therethrough and disposed against the diaphragm, a body of semi-fluid in
      said bore adjacent the diaphragm, a rod slidably disposed in the bore in
      the sleeve, and biasing means compressed between the rod and check valve.
NUM  12.
PAR  12. The fuel supply system of claim 10 wherein the means responsive to
      deflection of the diaphragm for closing the check valve comprises a
      housing spaced from the check valve in the bore, a diaphragm in the
      housing, a material expandable with temperature increase on one side of
      the diaphragm and in the housing, said housing being exposed to
      temperature change in the engine, a first sleeve having a bore
      therethrough and having one end abutting the opposite side of the
      diaphragm, a second sleeve having a section telescoped over said first
      sleeve and a second section of smaller cross-section with a shoulder
      therebetween, a piston slidably disposed in the bore of the first sleeve
      and having an end disposed against the said shoulder, a semi-fluid
      material in the bo-e of the first sleeve between the diaphragm and the
      piston, a spring compressed between the said shoulder and the third check
      valve and about the smaller section of the second sleeve, an actuator pin
      carried by the second sleeve and contacting a member of the third check
      valve, and a spring in the said second section biasing the said pin
      against the said member of the third check valve whereby expansion of the
      said expandable materials causes deflection of the diaphragm and movement
      of the piston, second sleeve and actuator pin against the third check
      valve and closes the third check valve against fluid flow therethrough.
NUM  13.
PAR  13. The fuel supply system of claim 1 comprising a carburetor having a
      venturi tube, a float bowl and an accelerator pump for injecting fuel from
      the float bowl into the venturi tube.
NUM  14.
PAR  14. The fuel system of claim 14 wherein said temperature responsive means
      comprises a cup-shaped housing disposed in the means for warming the
      intake manifold, said housing enclosing a chamber, means for closing the
      normally open end of the housing, a rod disposed in the chamber and
      extending into the first compartment in spaced relationship with the said
      diaphragm when the latter is not deflected towards the first compartment,
      an elastic deformable member about the rod in the chamber, and a material
      adapted to expand with increase in temperature about the elastic member
      and deform the elastic member and thereby move the rod towards the
      diaphragm to limit the deflection of the diaphragm.
NUM  15.
PAR  15. The fuel supply system defined in claim 8 wherein said thermal
      expandable device further comprises:
PA1  an elastic member disposed in said casing, said wax being charged between
      said casing and said elastic member, said stop being inserted in said
      elastic member.
NUM  16.
PAR  16. The fuel system of claim 13 wherein said accelerator pump comprises a
      cylinder disposed in the float bowl, a piston comprising a cup-shaped
      member slidably disposed in the cylinder, means for biasing the cup-shaped
      member towards one end of the cylinder, a throttle valve, a lever
      connecting the throttle valve with the piston for actuation of the piston
      in response to depression of an accelerator pedal, and an injection
      passageway between the cylinder and the venturi tube.
PATN
WKU  039424952
SRC  5
APN  4462181
APT  1
ART  342
APD  19740227
TTL  Arrangement for heating the suction gases of an internal combustion
      engine
ISD  19760309
NCL  3
ECL  1
EXA  Lazarus; R. H.
EXP  Myhre; Charles J.
NDR  3
NFG  6
INVT
NAM  Kobayashi; Nobuyuki
CTY  Toyota
CNT  JA
INVT
NAM  Tanoue; Ken
CTY  Toyota
CNT  JA
INVT
NAM  Nakada; Masahiko
CTY  Toyota
CNT  JA
ASSG
NAM  Toyota Jidosha Kogyo Kabushiki Kaisha
CNT  JA
COD  03
PRIR
CNT  JA
APD  19731120
APN  48-129675
CLAS
OCL  123122AC
XCL  123122H
EDF  2
ICL  F02M 3100
FSC  123
FSS  122 H;122 AC;122 AB
UREF
PNO  1676955
ISD  19280700
NAM  Kemp
OCL  123122AC
UREF
PNO  2196330
ISD  19400400
NAM  Chandler
OCL  123122H
UREF
PNO  2437724
ISD  19480300
NAM  Brown
OCL  123122H
UREF
PNO  3831568
ISD  19740800
NAM  Heimburg
OCL  123122H
LREP
FRM  Kenyon & Kenyon
ABST
PAL  An arrangement is disclosed for heating the suction gases of an internal
      combustion engine by utilizing the exhaust gases from the engine in order
      to promote the vaporization of the fuel contained within the suction gases
      while the engine is still in a cool state. In the arrangement, the high
      temperature exhaust gases from the engine are routed, by the control of a
      control valve rotatable between two positions in the exhaust manifold,
      around fins formed on the exterior wall of the bottom floor of the intake
      manifold for receiving the heat of the exhaust gases, and a covering is
      provided for enclosing the fins in a closed chamber. The covering, made of
      a heat resistant metal plate, is provided with inlet and outlet ports so
      as to introduce the exhaust gases into the chamber and drain the exhaust
      gases from the chamber. The covering is further provided with a vertical
      wall or walls which descend therefrom into the exhaust manifold so that
      the control valve comes into close contact with walls when the control
      valve is rotated to the two positions, respectively, in the exhaust
      manifold.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to an internal combustion engine with an
      arrangement for heating the suction gases, in which the intake manifold is
      heated by the high temperature exhaust gases so that vaporization of the
      liquid fuel contained within the suction gases flowing in the intake
      manifold is promoted, and after the engine apparatus is once warmed up,
      the high temperature exhaust gases are prevented from being routed around
      the intake manifold.
PAR  Generally, in the starting period of an internal combustion engine, and
      especially in the starting period of a completely cooled engine or of an
      engine in the cold season, not only the engine itself but also the suction
      system for the engine are cold. Therefore, the fuel cannot be completely
      vaporized, and as a result the engine is not supplied an appropriate
      air-fuel mixture. Also, such incomplete vaporization of the fuel causes
      unequal disitribution of the air-fuel mixture to each cylinder of the
      engine. Thus, in such engine, incomplete combustion or failure of
      combustion often takes place until the engine together with it suction
      system is warmed up and, accordingly, unsatisfactory operation of the
      engine results. In order to overcome such unsatisfactory operation of the
      engine, a rich air-fuel mixture has conventionally been employed when
      starting the engine by utilizing the known choke effect. As a result,
      numerous harmful constituents remain in the exhaust gases from the
      conventional engine.
PAR  In order to eliminate the foregoing drawbacks, it has subsequently been
      proposed to heat the suction system of an engine so as to promote
      vaporization of the fuel within the suction gases, in the starting period
      or until the engine warms up. That is, two arrangements for heating the
      suction systems have been proposed. In the first arrangement, water used
      for cooling the engine is routed adjacent to the intake manifold so that
      heat absorbed from the engine by the cooling water is employed for heating
      the intake manifold. In the second arrangement, the exhaust manifold is
      disposed adjacent to the intake manifold so that the exhaust gases having
      high temperature and flowing in the exhaust manifold are employed for
      heating the intake manifold, thereby heating the fuel contained in the
      suction gases flowing in the intake manifold.
PAR  However, in the above-mentioned first arrangement, the highest temperature
      of the cooling water due to absorbing heat from the engine is never too
      far above one hundred degrees centigrade if the engine is working properly
      and, also the temperature rises at a very slow rate. From these facts, the
      first arrangement employing the cooling water lacks ability to attain
      immediate heating of the fuel in the intake manifold. Consequently, the
      second arrangement employing the exhaust gases which have extremely high
      temperature as soon as the engine starts, is conventionally used.
PAR  However, in an internal combustion engine with a conventionally used
      arrangement for the heating of the suction gases, shortcomings are
      encountered, which will be explained later with reference to FIGS. 1 and
      2.
PAR  Therefore, an object of the present invention is to obviate the
      shortcomings of the conventionally used arrangement for heating the
      suction gases of an internal combustion engine.
PAR  Another object of the present invention is to provide an arrangement for
      heating the suction gases of an internal combustion engine as set forth in
      the above first mentioned object of the present invention, on the basis of
      a simple and low cost fabrication method.
PAR  In accordance with the present invention, an arrangement for heating the
      suction gases of an internal combustion engine is provided, which includes
      an intake manifold having the fins provided on an exterior wall of a
      bottom floor of the intake manifold; an exhaust manifold disposed
      underneath the intake manifold; a control valve disposed to be rotatable
      between a first and second position in the exhaust manifold thereby
      defining a first passageway for routing the high temperature exhaust gases
      exhausted from the engine around the fins of the intake manifold so as to
      heat the suction gases within said intake manifold and a second passageway
      for preventing the exhaust gases from reaching said fins after said
      exhaust gases have been exhausted from the engine, and; covering means for
      enclosing said fins of said intake manifold in a closed chamber defined
      between said covering means and said exterior wall of said intake
      manifold, said covering means being provided with an inlet port for
      introducing said exhaust gases into said chamber, an outlet port for
      draining said exhaust gases from said chamber and a wall which vertically
      descends therefrom into said exhaust manifold so that said control valve
      comes in close contact with said vertical wall when said control valve is
      rotated to the first position where said exhaust gases flow in the first
      passageway. Said arrangement for heating the suction gases being
      characterized in that said vertical wall is formed by folding a part or
      all of the material plate which has occupied said outlet port.
PAR  In accordance with the present invention, said arrangement for heating the
      suction gases is further characterized in that it is provided with another
      wall which vertically descends from said covering means into said exhaust
      manifold so that said control valve comes into close contact with said
      other vertical wall when said control valve is rotated to the second
      position where said exhaust flow in said second passageway, said other
      vertical wall being also formed by folding a part or all of the material
      plate which has occupied said inlet port.
PAR  The present invention will become apparent from the ensuing description and
      the accompanying drawings which illustrate both a conventional arrangement
      for heating the suction gases of an internal combustion engine and, by way
      of examples, embodiments of the arrangement for heating of the suction
      gases of an internal combustion engine of the present invention.
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PAR  In the drawings:
PAR   FIG. 1 is a perspective and disassembled view in part, of intake and
      exhaust manifolds of an internal combustion engine, in which manifolds, a
      known arrangement for heating the suction gases is provided;
PAR  FIG. 2 is a cross sectional view taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a similar cross sectional view to FIG. 2 with an embodiment of an
      arrangement for heating the suction gases of an internal combustion engine
      according to the present invention;
PAR  FIG. 4 is a perspective view of the fin covering used in the arrangement of
      FIG. 3;
PAR  FIGS. 5 and 6 are similar and partial cross sectional views taken on the
      same sectional line as FIG. 3, with respect to the other embodiments of
      the arrangements according to the present invention.
DETD
PAR  In FIG. 1, numerals 11 and 13 represent intake and exhaust manifolds,
      respectively. The upper end of the intake manifold 11 is connectable with
      a carburetor 15 and the branching pipes of the intake manifold 11 are
      connectable with each cylinder of an internal combustion engine. The
      suction gases for the internal combustion engine are sucked in the intake
      manifold 11 from the carburetor 15. The branching pipes of the exhaust
      manifold 13 and also connectable with the internal combustion engine so
      that the exhaust gases exhausted from the engine are collected into the
      exhaust manifold 13. The collected exhaust gases can be routed, by the
      control of a later described valve, around heat receivable fins 17 which
      are formed on the exterior wall of the intake manifold 11. Thus, the
      exhaust gases having extremely high temperature heat the fins 17 and, as a
      result, the heat is transmitted to the suction gases in the intake
      manifold thereby promoting the vaporization of the fuel within the suction
      gases. The numeral 19 designates a sealing gasket disposed between the
      intake manifold 11 and the exhaust manifold 13.
PAR  Referring to FIG. 2 which is a vertical cross sectional view take along the
      line II--II of FIG. 1, a bottom floor part 11a of the intake manifold 11,
      which is disposed underneath the carburetor 15, is provided with a number
      of plate-shaped fins 17 formed on the exterior bottom wall of the floor
      11a. The intake manifold 11 is connected with the carburetor 15 via a
      gasket 12 for sealing the connection between the intake manifold 11 and
      the carburetor 15. In this carburetor, well known throttle valves 16 are
      provided. The intake manifold 11 is communicated with cylinder head 18 of
      the engine by way of the branching pipes, as described in the foregoing.
      To the lower flange of the bottom floor part 11a of the intake manifold
      11, the exhaust manifold 13 is connected via sealing gasket 19. In the
      interior of the exhaust manifold 13, a plate-shaped control valve 14 for
      controlling the direction of the flow of the exhaust gases is provided so
      that it can be rotated by a suitable exterior mechanism so as to take the
      two position shown by the solid and dotted lines. That is, before the
      engine and the intake manifold 11 warm up, the control valve 14 takes the
      position shown by the solid line and controls the flow of the exhaust
      gases coming from the engine so that the exhaust gases having high
      temperature are routed along the shown line A so as to contact the fins
      17. As a result, the heat of the exhaust gases is transmitted to the fins
      17, which are formed so as to have large surfaces to receive the heat and
      subsequently, the fuel flowing in the intake manifold 11 is heated by the
      heat transmitted to the fins 17 so that vaporization of the liquid fuel is
      promoted. When the engine and the intake manifold 11 warm up, the control
      valve 14 is rotated to the position shown by the dotted line so that it
      prevents the flow of the high temperature exhaust gases exhausted by the
      engine from reaching the heat receivable fins 17. As a result, the intake
      manifold can be prevented form overheating which decreases the density of
      the air within the intake manifold 11 and which consequently, decreases
      the amount of the air sucked in the intake manifold 11 thereby causing a
      poor combustion in the engine.
PAR  However, in this arrangement of FIG. 2, even if the control valve 14 is
      kept in the position shown by the solid line, the exhaust gases tend to
      stream along the line shown by the arrow A in FIG. 2 so as to contact only
      the central part of the fins 17. That is to say, at the opposite ends of
      each fin 17, direct contact of the fin 17 and the exhaust gases becomes
      very poor and, therefore, heat transmission efficiency is very poor. Thus,
      the plate-shaped fins 17 provided for the purpose of receiving the heat
      cannot efficiently attain their purpose. Therefore, in the end, a
      considerable amount of time is required for warming up the engine
      apparatus including the suction system. Further, in the arrangement of
      FIG. 2, when the control valve 14 is rotated to the position shown by the
      dotted line after the warming up of the engine and the intake manifold 11,
      part of the exhaust gases pass through a gap P, which is left between the
      interior wall of the exhaust manifold 13 and the valve 14 in order to
      mitigate difficulties in the mechanical design of the arrangement, and the
      exhaust gases passing the gap "P" reach the fins 17. Consequently, the
      intake manifold 11 is overheated through the fins 17 and as a result, the
      aforementioned decrease of the suction air takes place. Thus, the
      reduction of the power of the engine as well as damage and decrease of
      life of the intake manifold 11 are encountered.
PAR  In accordance with the arrangement of the present invention, before the
      warming up of the engine apparatus including the suction system, the flow
      of the high temperature exhaust gases is controlled so that the exhaust
      gases are directed equally over the entire surface of each fin of the
      intake manifold whereby the heat of the exhaust gases is sufficiently
      transmitted to the fuel streaming in the intake manifold in order to
      promote vaporization of the fuel and to shorten the time required for
      warming up the engine and the suction system. Also, in accordance with the
      arrangement of the present invention, after the warming up of the engine
      apparatus including the suction system, the high temperature exhaust gases
      are positively prevented from reaching the fins in order to avoid
      overheating of the intake manifold.
PAR  The present invention will now be explained with reference to FIG. 3
      through FIG. 6. It should be noted that the same parts or elements as
      those of the prior art of FIGS. 1 and 2 are designated by the same
      reference numerals.
PAR  FIG. 3 is a cross sectional view of an embodiment of an arrangement for
      heating the suction gases according to the present invention.
PAR  In the arrangement, the air-fuel mixture produced in carburetor 15 is
      sucked into intake manifold 11 as suction gases and subsequently
      distributed to each cylinder of the engine. The bottom floor part 11a of
      the intake manifold 11 is provided with a number of plate-shaped and
      juxtaposed fins 17 formed as one part with the exterior wall of the floor
      part 11a. To the lower end of the intake manifold 11, the exhaust manifold
      13 is connected via sealing gaskets 19 so as to hold a fin covering 21
      interposed between the intake and exhaust manifolds. In the exhaust
      manifold 13, a control valve 14 is mounted so as to be rotated by an
      appropriate operating mechanism (not shown). This operating mechanism of
      the control valve 14 is arranged to be actuated in response to a signal
      produced through detection of the temperature of, e.g., the engine or the
      intake manifold, by which temperature it can be detected whether the
      engine apparatus warms up or not. As will be understood from FIG. 3, the
      under part of the fins 17 is covered with the fin covering 21. Therefore,
      the fins 17 are enclosed in a closed chamber 31 which is defined by the
      fin covering 21, the bottom floor 11a and the side walls 11b of the intake
      manifold 11. The covering 21 is provided with an inlet port 23 positioned
      at the upstream end with respect to the flowing direction of the exhaust
      gases (flowing direction is shown by an arrow B in FIG. 3). This inlet
      port 23 allows the high temperature exhaust gases to pass therethrough and
      to enter into the chamber 31 so as to contact the fins 17 in the chamber
      31, when the control valve 14 is rotated to the position shown by the
      solidline in FIG. 3. In order to drain the exhaust gases from the chamber
      31, the covering 21 is also provided with an outlet port 25 positioned at
      the downstream end with respect to the flowing direction of the exhaust
      gases. As described above, since the inlet port 23 and the outlet port 25
      are disposed at opposite ends of the covering 21 with respect to the
      general flowing direction of the exhaust gases, and at the bottom of the
      chamber 31, it should be appreciated that the high temperature exhaust
      gases coming from an engine via the branching pipes of the exhaust
      manifold 13 are routed controlling the control valve 14, into the chamber
      31, and the heat of the exhaust gases can be sufficiently transmitted to
      the entire surface of every fin 17 while the exhaust gases move in the
      chamber 31. The exhaust gases which have finished the transmission of the
      heat thereof to the fins 17, come out of the chamber 31 through the outlet
      port 25, and are released into the exhaust pipe (not shown) connected to
      the exhaust manifold 13. It should be understood that when the control
      valve 14 is brought into a closed position, as shown in FIG. 3 by a solid
      line, the exhaust gases coming from an engine are prevented from directly
      proceeding in the above-mentioned exhaust pipe. In the embodiment of FIG.
      3, the covering 21 is also provided with vertical walls 27 and 29 formed
      on the surface thereof which faces the exhaust manifold 13 so as to
      descend from the covering 21 into the exhaust manifold 13. The two
      vertical walls 27 and 29 are arranged so that the control valve 14
      rotating in the exhaust manifold 13 contacts them, respectively, when the
      valve 14 is moved to the two positions as shown by the solid and dotted
      lines in FIG. 3. Therefore, when the control valve 14 is rotated to the
      solid line position so as to lead the flow of the exhaust gases into the
      chamber 31 before the engine apparatus warms up, the control valve 14
      closely contacts the vertical wall 27 and as a result, no gap through
      which the exhaust gases directly flow into the exhaust pipe is left
      between the surface of the covering 21 and the top end of the control
      valve 14, so that leakage of the high temperature exhaust gases is
      completely prevented. On the other hand, when the control valve 14 is
      rotated to the dotted line position so as to directly lead the flow of the
      exhaust gases from an engine into the aforementioned exhaust pipe and so
      as to prevent the flow from being routed into the chamber 31 after the
      warming up of the engine apparatus, the control valve 14 closely contacts
      the vertical wall 29 and, as a result, the gap "P" which has conveniently
      been left between the interior wall of the exhaust manifold 13 and the
      valve 14, is completely eliminated. This fact assures that no exhaust
      gases are routed in the chamber 31 after the warming up of the engine
      apparatus. Therefore, the overheating of the intake manifold 11 does not
      take place after the warming up of the engine apparatus according to the
      provision of vertical wall 29. Of course, it will be understood that when
      the control valve 14 contacts the vertical wall 27 before the warming up
      of the engine apparatus, the high temperature gases are introduced with
      certainty into the chamber 31, so that the heat transmission efficiency to
      the intake manifold 11 is definitely heightened, and the time required for
      warmng up the engine apparatus can be shortened.
PAR  FIG. 4 is a perspective view of an embodiment of the covering 21 disposed
      between the intake and exhaust manifold 11 and 13 of FIG. 3, and this
      embodiment of the covering 21 is made of heat resistant metal plate. It
      will be understood that this embodiment of FIG. 4 is provided with the
      inlet port 23, the outlet port 25, and the vertical walls 27 and 29. It
      should here be noted that the inlet and outlet ports 23 and 25 are formed
      by downwardly folding two parts of a plain metal material plate and, also,
      that the vertical walls 27 and 29 are formed by a part or all of the
      downwardly folded metal plate parts which have occupied the respective
      ports 23 and 25. From this fact, it will be understood that the embodiment
      of the fin covering 21 as shown in FIG. 4 is easily produced by merely
      applying cutting and bending work to a heat resistant metal plate, such as
      a steel plate having an appropriate thickness. It will also be understood
      that by interposing a thusly produced fin covering 21 together with
      sealing gaskets 19 between the conventionally used intake and exhaust
      manifolds 11 and 13, the arrangement for heating the suction gases of an
      internal combustion engine of the present invention as shown in FIG. 3 is
      completed. Therefore, increase of the working steps and the cost in
      production of the arrangement of the present invention, compared with the
      conventional arrangement, can be quite small. Further, it should be
      understood that although the fin covering 21 illustrated in FIG. 4 is the
      most preferred embodiment from the points of view of easy production and
      low production cost, modification of the entire shape of the fin covering
      21, such as providing a slight warped shape for the covering 21, can, of
      course, be effected if such modification is necessary for satisfying the
      design condition of the arrangement of the present invention.
PAR  FIGS. 5 and 6 respectively show the other embodiments of the arrangement
      for heating the suction gases of an internal combustion engine according
      to the present invention, in which FIG. 5 shows the case where the fin
      covering 21 has only the vertical wall 27 and, on the other hand, FIG. 6
      shows the case where the fin covering 21 has only the vertical wall 29.
PAR  From the foregoing, it will be fully understood that according to the
      present invention, diverse advantages such as reduction of harmful
      constituents in the exhaust gases, increase of power of an internal
      combustion engine, and a guarantee of long life of an intake manifold are
      obtained. Further, it should be appreciated that the arrangement of the
      present invention can be provided without any serious increase in the
      production steps and cost, since many of the same elements as used in the
      conventional arrangement for heating the suction gases of an internal
      combustion engine, are employed, and since the only increases in the
      production operation are the cutting and bending of a metal plate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heater for incoming fuel-air mixture to an internal combustion engine
      of the type that includes an intake manifold for said mixture having a
      bottom floor area; a plurality of heat conducting fins extending downward
      from the exterior wall of the intake manifold in the bottom floor area; an
      exhaust manifold disposed underneath the intake manifold adjacent to the
      finned area for conveying hot combustion products from the engine; a
      circumscribing wall surrounding the finned area and having a flanged lower
      face for mating engagement with a flanged opening through the wall of the
      exhaust manifold underneath the finned area; a partition clamped between
      the flanged faces of the circumscribing wall and the opening in the wall
      of the exhaust manifold for enclosing the fins in a chamber defined by the
      partition, the circumscribing wall, and the exterior wall of the intake
      manifold, the partition having an inlet port adjacent to one side of the
      circumscribing wall for introducing the combustion products into the
      chamber and an outlet port spaced from the inlet port adjacent to the
      opposite side of the circumscribing wall for exhausting the combustion
      products from the chamber; a substantially vertical wall extending
      downward from the flanged opening into the exhaust manifold; and a
      butterfly type control valve mounted in the exhaust manifold in the way of
      the opening for rotation about a horizontal axis parallel to the wall
      between a first position and a second position, the valve when in the
      first position deflecting the flow of hot combustion gases through the
      inlet port to contact the fins for heating the intake gases and for
      returnig the combustion products to the exhaust manifold through the
      outlet port, the valve when in the second position substantially blocking
      the opening through the wall of the exhaust manifold to prevent the
      combustion gases from contacting the fins, and the valve coming into close
      contact with the wall when the valve is in one of said first and second
      positions for preventing leakage of the combustion products around the
      valve when the valve is in said position, wherein the improvement
      comprises:
PA1  said partition being a flat plate and the vertical wall being formed
      integrally therewith of bent down plate material that originally occupied
      the area of one of said inlet and outlet ports.
NUM  2.
PAR  2. The heater of claim 1 wherein the vertical wall comprises plate material
      bent down from the area of the outlet port to closely contact the valve
      when the valve is in the first position so that substantially all the
      combustion gases will flow through the finned chamber.
NUM  3.
PAR  3. The heater of claim 2 comprising a second substantially vertical wall
      formed of plate material bent down from the area of the inlet port to
      closely contact the valve when the valve is in the second position so that
      substantially none of the combustion gases will enter the finned chamber.
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ABST
PAL  A fuel injection system for externally ignited engines employing continuous
      manifold injection includes a fuel metering valve assembly. The control
      slide of this valve assembly is actuated by the air-flow through the
      induction manifold and controls the size of fuel flow apertures. A
      differential pressure valve normally maintains a constant pressure
      difference across these metering valve apertures. The magnitude of this
      normally constant pressure difference can be altered in response to
      signals obtained from or measurements performed on operational parameters
      of the engine; for example, the oxygen content of the engine's exhaust
      gases.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a fuel injection system for mixture compressing,
      spark plug ignited internal combustion engines employing continuous
      injection into the induction manifold, in which an air-flow measuring
      element and an arbitrarily actuatable butterfly valve are disposed in
      series within the induction manifold. The air-flow measuring element is
      displaced corresponding to the air flow through the induction tube and
      against a resetting force. This displacement is transmitted to the movable
      member of a valve assembly disposed within the fuel line for the purpose
      of metering out a fuel quantity proportional to the air quantity. The fuel
      metering process occurs at a constant pressure difference across the valve
      assembly but the pressure difference may be changed in dependence on motor
      parameters.
PAR  Fuel injection systems of this type serve the purpose of automatically
      creating a favorable fuel-air mixture suitable for all operational
      conditions of the internal combustion engine so as to make possible a
      complete combustion of the fuel and thus to avoid the generation of toxic
      exhaust components while maintaining the highest possible performance of
      the internal combustion engine or the least possible fuel consumption. For
      this reason, the fuel quantity must be metered out very precisely
      according to the requirement of each operational state of the internal
      combustion engine and the proportionality between the air quantity and the
      fuel quantity must be changed in dependence on motor parameters. The laws
      and regulations affecting the exhaust gas constituents of vehicle engines
      are becoming more restrictive all the time and make necessary a very
      precise control of the optimum fuel quantity injected. Thus, for example,
      the catalyzers which are used, among other things, for exhaust gas
      detoxification require an air ratio equivalent to an air number .lambda.
      close to 1.0 in order to achieve the substantially complete transformation
      of detrimental exhaust components into harmless compounds. It is already
      known, in fuel injection systems of this type, to alter
      electromagnetically the pressure difference prevailing at the metering
      valve and by means of a differential pressure valve but this involves a
      relatively large constructional expense.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a fuel injection system of the
      above described kind which satisfies the above-cited requirements which
      are made on such a fuel injection system, at the lowest possible
      constructional expense.
PAR  This object is attained, according to the invention, by placing a first
      throttle between the fuel supply circuit of the fuel injection system and
      the control pressure circuit and by providing, downstream of this first
      throttle, one chamber of a differential pressure valve. It is further
      provided that the pressure difference prevailing at the metering valve
      aperture may be changed by modifying the pressure in the control pressure
      circuit. This is done by the cooperation of an electro-magnetic valve, a
      second throttle, a fuel storage unit and a third throttle.
PAR  A favorable feature of the invention includes connecting the second
      throttle, the storage unit, the third throttle and the magnetic valve in
      series within the control pressure circuit.
PAR  It is another favorable and advantageous feature of the invention that the
      differential pressure control valve is a flat seat valve which includes a
      diaphragm as its movable closure member, the diaphragm being biased in the
      opening direction by a spring.
PAR  In a particularly favorable arrangement, the differential pressue valve is
      constructed to act as an equal pressure valve, its movable element being a
      diaphragm.
PAR  Another advantageous feature of the invention provides that a fourth
      throttle is located in parallel with a series combination of the third
      throttle and the electro-magnetic valve.
PAR  A further preferred feature of the invention provides that a pressure
      control valve is placed within the control pressure circuit, downstream of
      the storage unit, with the fourth throttle being parallel thereto and also
      in parallel with the series combination of the third throttle and the
      electro-magnetic valve.
PAR  It is another advantageous feature of the invention that the fourth
      throttle is located within a diaphragm which constitutes the movable
      closure member of the pressure control valve.
PAR  According to a preferred characteristic of the invention, the
      electro-magnetic valve is opened by a so-called oxygen sensor whenever the
      fuel-air mixture becomes leaner than a predetermined value and the valve
      is closed whenever the fuel-air mixture becomes richer than a certain
      predetermined value.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing represents three exemplary embodiments of the invention in
      simplified form; these embodiments will be described in detail below.
PAR  FIG. 1 is a diagram of a first exemplary embodiment of the fuel injection
      system according to the invention;
PAR  FIG. 2 is a diagram of a second exemplary embodiment of the fuel injection
      system including equal pressure -- differential pressure valves.
PAR  FIG. 3 is a diagram of a third exemplary embodiment of a fuel injection
      system with equal pressure -- differential pressure valves.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the fuel injection system shown in FIG. 1, combustion air
      flows, in the direction indicated by an arrow, into an induction manifold
      1 which has a conical region 2 enclosing an air-flow measuring element 3
      and thence through a connecting conduit 4 and an induction tube region 5
      which encloses an arbitrarily actuatable butterfly valve 6. The air
      continues to flow from the region 5 on to one or several cylinders (not
      shown) which form a part of an internal combustion engine. The air-flow
      measuring element 3 is embodied as a plate, disposed transverse with
      respect to the air flow. During operation, the measuring element 3 is
      displaced within the conical region 2 of the induction tube in accordance
      with an approximately linear function of the air quantity flowing through
      the induction tube. The pressure prevailing between the measuring element
      3 and the butterfly valve 6 remains constant provided that the resetting
      force acting upon the measuring element 3 is constant and that the air
      pressure prevailing ahead of the measuring element 3 is also constant.
PAR  The air-flow measuring element 3 directly influences a metering and
      quantity distribution valve assembly 7. The movements of the measuring
      element 3 are transmitted by an attached lever 8 which pivots about a
      point 9 and during such pivotal movement a projection 10 provided thereon,
      as shown, actuates the movable valve element, embodied as a control slide
      11, of the metering and quantity distribution valve assembly 7.
PAR  The fuel is delivered by a fuel pump 14, driven by an electric motor 13,
      from a fuel container 15 and flows through a line 16 and a channel 17 into
      an annular groove 18 provided in the control slide 11. Depending upon the
      position of the control slide 11, the annular groove 18 extends to a
      greater or lesser degree over control slots 19 each of which communicates,
      via channels 20, with respective chamber 21. Each of the chambers 21 is
      separated from a respective chamber 23 by a respective diaphragm 22. Each
      of the diaphragms 22 serves as the movable valve element of a flat-seat
      valve embodied as a differential pressure valve 24 and is loaded in the
      direction of opening of the valve by a spring 25.
PAR  From chamber 21, fuel flows through channels 26 to the individual injection
      valves (not shown), which are disposed within the induction tube in the
      vicinity of the engine cylinders.
PAR  Branching off from the line 16, is a line 27 which includes a pressure
      limiting valve 28 which permits the fuel to flow back into the fuel
      container 15 if the pressure in the system becomes too high.
PAR  The end-face of control slide 11 farthest from the lever 8 is actuated by
      pressurized fluid which serves as the resetting force for the air-flow
      measuring element 3 and which reaches the control slide through a line 29
      containing a damping throttle 30.
PAR  Also branching off from the line 16 is a line 32 containing, in series, a
      first throttle 33, the chambers 23 of the differential pressure valve 24,
      a second throttle 34, a storage unit 35, a third throttle 36, and an
      electromagnetic valve 37. When the electromagnetic valve 37 is opened,
      fuel may flow out of the control pressure circuit 32 at zero gauge
      pressure through a return line 38 back to the fuel container 15. The
      storage unit 35 includes a storage chamber 40 which is separated by a
      diaphragm 41 from another chamber 43 that is open to atmospheric pressure
      through an opening 42. The storage chamber 40 contains a fixed valve seat
      44 from which the diaphragm may be lifted by the control pressure in the
      storage chamber 40 and against the force of a spring 45.
PAR  The fuel injection system shown in FIG. 1 functions as follows:
PAR  When the internal combustion engine is running, air is aspirated through
      the induction tube 1, 4 and 5, causing a certain displacement of the
      air-flow measuring element 3 from its normal position. Corresponding to
      the displacement of the measuring element 3, the lever 8 displaces the
      control slide 11 of the metering and quantity distribution valve assembly
      7 and the control slide 11 meters out fuel which flows to the individual
      injection valves. The direct connection between the measuring element 3
      and the control slide 11 results in a constant ratio of the air quantity
      to the metered out fuel quantity, so long as the characteristic operating
      properties of the measuring element 3 and the slide 11 are sufficiently
      linear, which is a normally desired goal. In order to make the fuel-air
      mixture richer or leaner, depending on the domain of the operational
      region of the internal combustion engine involved, one must be able to
      make a change in the proportionality between the aspirated air quantity
      and the metered out fuel quantity and this must be possible in dependence
      on motor parameters. One such parameter may be, for example, the oxygen
      content in the exhaust gas, monitored by means of a so-called oxygen
      sensor 39 located in the exhaust line of the internal combustion engine.
      This sensor 39 may actuate the electromagnetic valve 37 through an
      electronic control circuit 39. The change of the fuel-air mixture can be
      made either by changing the resetting force at the measuring element 3 or
      else by changing the differential pressure prevailing at the metering
      valve apertures 18, 19. The differential pressure prevailing at the
      differential pressure valves 24 can be controlled and changed, preferably
      in unison, by the pressure in the control pressure circuit 32. For this
      purpose, the control pressure circuit 32 contains the first throttle 33,
      the chambers 23 of the differential pressure valves 24, the second
      throttle 34, the storage unit 35, the third throttle 36 and the magnetic
      valve 37, all in series. The electromagnetic valve 37 is opened by an
      oxygen sensor 39, acting through the electronic control circuit 39'
      whenever the input voltage to the circuit falls below a certain threshold
      voltage indicating a particular concentration of oxygen within the exhaust
      gas or a particular leaned-out fuel-air mixture. When the electromagnetic
      valve 37 is open, fuel flows from the storage chamber 40 of the storage
      unit 35 over the fixed valve seat 44, the third throttle 36 and through
      the electromagnetic valve 37 back to the fuel container 15. The control
      pressure within the storage chamber 40 decreases, causing more fuel to
      flow through the first throttle 33 and the second throttle 34
      corresponding to the greater pressure difference. As the control pressure
      falls in the chambers 23 of the differential pressure valve 24, the spring
      25 opens the differential pressure valve 24 to a greater extent and a
      larger fuel quantity can flow from the chambers 21 through the channels 26
      to the injection valves. This reduces the pressure in the chambers 21,
      increasing the pressure difference prevailing at the metering valve
      apertures 18, 19 resulting in an increased metered-out fuel quantity.
PAR  If, on the other hand, the voltage produced by the oxygen sensor 39 exceeds
      a certain threshold value representing a particular enriched fuel-air
      mixture, then the electromagnetic valve 37 is closed by the electronic
      control circuit 39'. The fuel flowing through the first throttle 33 and
      second throttle 34 now flows into the storage chamber 40, increasing the
      pressure in the control pressure circuit 32. The increase of pressure in
      the chambers 23 of the differential pressure valve 24 causes a reduction
      in the flow of fuel through the channels 26 to the injection valves and
      thus leads to a pressure increase in the chambers 21. As a result, the
      pressure difference prevailing at the metering valve apertures 18, 19 is
      decreased, causing a reduced fuel quantity to be metered out until such
      time as the oxygen sensor 39 again produces the signal for opening the
      electromagnetic valve 37. The minimum control pressure which the storage
      unit 35, when closed, maintains in the control pressure circuit 32 is so
      chosen that no vapor bubbles are produced during any of the operational
      conditions of the internal combustion engine. In order to insure that, at
      the operating point of the regulator, the same rate of change in the
      metered out fuel quantity is obtained during increasing and decreasing
      injection quantity, the three throttles 33, 34 and 36 are so chosen that
      when a particular control pressure prevails in the storage chamber 40 and
      while the electromagnetic valve 37 is open, the fuel quantity flowing
      through the throttle 36 is twice as large as that flowing through the
      throttles 33 and 34. When the minimum permissible control pressure in the
      storage chamber 40 is reached, the diaphragm 41 interrupts the fuel return
      through the fixed valve seat 44 which limits the maximum fuel quantity
      metered out at the metering valve apertures 18, 19. When the magnetic
      valve 37 is closed, the minimum fuel quantity metered out at the metering
      valve apertures 18, 19 is obtained when the pressure in the control
      pressure circuit 32 is equal to the system pressure in the line 16. In
      that case, the injection quantity is determined by the compression of the
      springs 25 in the differential pressure valves 24.
PAR  In the second exemplary embodiment of the invention, according to FIG. 2,
      the differential pressure valves 24 are embodied as equal pressure valves,
      i.e., the differential pressure valves are not biased in the opening
      direction by a supplementary spring loading. This has the advantage that,
      when the metering and quantity distribution valve is assembled, a
      precisely tuned adjustment of the individual springs is unnecessary. The
      minimum metered out fuel quantity may be limited, in this second exemplary
      embodiment, in that the third throttle 36 and the electromagnetic valve 37
      are permanently bypassed by a line 47 containing a fourth throttle 48. In
      that case, the control pressure in the storage chamber 40 always stays
      below that of the main fuel system pressure by an amount depending on the
      dimension of the fourth throttle 48.
PAR  The third exemplary embodiment of the invention is depicted in FIG. 3. This
      figure only shows that part of the control pressure circuit 32 which lies
      downstream of the chambers 23 of the differential pressure valves 24 in
      the fuel injection system according to FIG. 2. In FIG. 3, parts which are
      identical to those of FIGS. 1 and 2 retain the same reference numerals.
      The third exemplary embodiment, according to FIG. 3, offers the advantage
      that the minimum fuel quantity which is metered out is independent of the
      main fuel system pressure in the line 16, not shown in FIG. 3. To this
      end, the first throttle 33 and the second throttle 34 are traversed by a
      calibrated flow-rate determined by a fourth throttle 48 across which a
      pressure control valve 50 maintains a constant pressure difference. The
      fourth throttle 48 and the pressure control valve 50 are connected in
      parallel in the pressure control circuit 32. The pressure control valve 50
      is embodied as a flat seat valve which contains a chamber 51, separated
      from a chamber 52 by a diaphragm 53 that serves as the movable valve
      member. The chamber 51 contains a fixed valve seat 54 and a spring 55
      which biases the valve in the direction of opening. The fourth throttle 48
      can be disposed within the diaphragm 53 and may connect the chambers 51
      and 52 of the pressure control valve 50. The change of the flow-rate
      through the first throttle 33 and the second throttle 34 is obtained by
      placing a third throttle 36 in parallel with the pressure control valve 50
      and the fourth throttle 48 and by putting the magnetic valve 37 in series
      with the third throttle 36. When the pressure control valve 50 is opened,
      fuel may flow over the fixed valve seat 54 and through the return line 38
      back to the fuel container 15.
PAR  It is to be appreciated that the foregoing descriptions and accompanying
      figures in the drawing relate to illustrative embodiments of an improved
      fuel injection system given by way of example, not by way of limitation.
      Numerous variants and other embodiments are possible within the spirit and
      scope of the invention, the scope being defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fuel injection system for mixture compressing, externally ignited
      combustion engines employing continuous injection of fuel into an
      induction manifold within which are disposed, in series, an air-flow
      measuring element and an arbitrarily actuatable butterfly valve and where
      an air-flow measuring element is displaced by and in relation to air-flow,
      against a resetting force, and thereby moves a movable part of a fuel
      metering valve assembly including fuel metering valve apertures associated
      with each engine cylinder, wherein the metering valve assembly meters out
      fuel in proportion to air quantity while a constant pressure difference
      prevails at the metering valve apertures, and where the magnitude of the
      pressure difference may be altered in dependence on motor parameters, the
      improvement comprising:
PA1  a. a first throttle, connected to a fuel supply line;
PA1  b. a fuel control pressure circuit, positioned downstream of said first
      throttle;
PA1  c. at least one differential pressure valve, one chamber of which is
      located in said fuel control pressure circuit downstream of said first
      throttle;
PA1  d. a second throttle, located in said control pressure circuit, downstream
      of said chamber of said differential pressure valve;
PA1  e. a fuel storage unit, located in said fuel control pressure circuit,
      downstream of said second throttle;
PA1  f. a third throttle, located in said fuel control pressure circuit,
      downstream of said fuel storage unit; and
PA1  g. an electromagnetic valve, located in said fuel control pressure circuit,
      downstream of said third throttle;
PA1  whereby the cooperation of the electromagnetic valve, the third throttle,
      the fuel storage unit and the second throttle may change the fuel pressure
      in part of the differential pressure valve thereby changing the pressure
      difference prevailing at the fuel metering valve apertures.
NUM  2.
PAR  2. An improved fuel injection system as defined in claim 1, wherein said
      second throttle, said fuel storage unit, said third throttle and said
      electromagnetic valve are disposed in series connection in said fuel
      control pressure circuit.
NUM  3.
PAR  3. An improved fuel injection system as defined in claim 2, further
      including a fourth throttle, located in said fuel control pressure circuit
      in parallel connection to the series combination of said third throttle
      and said electromagnetic valve.
NUM  4.
PAR  4. An improved fuel injection system as defined in claim 3, further
      including a pressure control valve, located in said fuel control pressure
      circuit, and connected in parallel with said fourth throttle and with the
      series combination of said third throttle and said electromagnetic valve.
NUM  5.
PAR  5. An improved fuel injection system as defined in claim 4, wherein said
      fourth throttle is located within a movable closure element of said
      pressure control valve, said movable closure element being embodied as a
      diaphragm.
NUM  6.
PAR  6. An improved fuel injection system as defined in claim 1, wherein said
      differential pressure valve is a flat-seat valve having a diaphragm as its
      movable closure member, and including a spring for biasing said valve in
      its opening direction.
NUM  7.
PAR  7. An improved fuel injection system as defined in claim 1, wherein said
      differential pressure valve is an equal pressure valve having a diaphragm
      as its movable closure member.
NUM  8.
PAR  8. An improved fuel injection system as defined in claim 7 further
      including a fourth throttle, located in said fuel control pressure
      circuit, in parallel connection with the series combination of said third
      throttle and said electromagnetic valve.
NUM  9.
PAR  9. An improved fuel injection system as defined in claim 8, further
      including a pressure control valve, located in said fuel control pressure
      circuit and connected in parallel with said fourth throttle and with the
      series combination of said third throttle and said electromagnetic valve.
NUM  10.
PAR  10. An improved fuel injection system as defined in claim 9, wherein said
      fourth throttle is located within a movable closure element of said
      pressure control valve, said movable closure element being emobodied as a
      diaphragm.
NUM  11.
PAR  11. An improved fuel injection system as defined in claim 1, further
      including an oxygen sensor means which causes said electromagnetic valve
      to open when the fuel-air mixture is leaner than a predetermined ratio.
NUM  12.
PAR  12. An improved fuel injection system as defined in claim 1, further
      including an oxygen sensor which causes said electromagnetic valve to
      close when the fuel-air mixture is richer than a predetermined ratio.
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PAL  A fuel injection system for mixture compressing, externally ignited
      internal combustion engines includes a fuel distributing unit having a
      plurality of fuel metering valves, and a plurality of pressure valves. The
      pressure valves are disposed in the fuel flow path between their
      respective fuel metering valve and their associated fuel injection valve.
      Each of the pressure valves includes a space which is divided into first
      and second chambers by a flexible member. At least one of the pressure
      valves is embodied as an equal pressure valve, and at least one of the
      pressure valves is embodied as a differential pressure control valve. The
      pressure in the second chamber of the differential pressure control valve
      is the pressure prevailing upstream of the fuel metering valves, and the
      first chamber of the differential pressure control valve communicates with
      the second chamber of each of the equal pressure valves so that the
      pressures therein are equal. Fuel metering occurs at a constant pressure
      difference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a fuel injection system for mixture
      compressing, externally ignited internal combustion engines, and more
      particularly to such a system including fuel injection valves, and a fuel
      distribution unit with fuel metering valves which determine the fuel
      quantity flowing into the injection valves by jointly changing their flow
      cross section. The metering process in such a system occurs at a constant
      pressure difference. Disposed in each fuel flow path downstream of the
      fuel-metering valves is a valve, whose flow cross section can be changed
      by a flexible member. The flexible member for each valve separates two
      chambers in the valve with the pressure in the first chamber of each valve
      being the fuel pressure prevailing downstream of the metering valve. This
      pressure acts on the flexible member in the opening direction of the
      valves.
PAR  Such fuel injection systems are designed for the purpose of using the
      magnitude of a setting parameter which acts on the fuel metering valve and
      which corresponds to the operational conditions of the internal combustion
      engine in order to achieve an appropriate change in the flow cross section
      of the downstream valves and also, with the aid of as constant a pressure
      gradient as possible across this flow cross section, to achieve a
      constantly precise metering of fuel corresponding to the particular open
      cross section of the downstream valves and one which is independent of the
      pressures prevailing before and behind this metering location.
PAR  In a known fuel injection system of this kind, the fuel for the individual
      cylinders of the internal combustion engine is metered out in common by a
      fuel metering valve. The fuel metering valve has a different control slit
      for each engine cylinder and a control slide having a control edge
      operatively associated with the different control slits. In this system,
      the fuel metering takes place at a pressure difference which is held
      constant by equal pressure valves. The pressure difference can, however,
      be changed in dependence on engine parameters, and the control pressure
      acting on the equal pressure valves is adjustable by means of a control
      pressure valve.
PAR  A fuel injection system so designed requires both a supply circuit and a
      control pressure circuit. Furthermore, a supplementary control pressure
      valve is required for each cylinder of the internal combustion engine in
      addition to the equal pressure valves.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide the
      existing state-of-the-art with an improved fuel injection system of the
      type discussed above.
PAR  It is another object of the present invention to provide the existing
      state-of-the-art with a fuel injection system of the type discussed above
      which requires a low constructional expenditure.
PAR  These and other objects are achieved according to the present invention by
      the provision of a fuel injection system having a fuel metering valve, at
      least one valve embodied as an equal pressure valve and at least one valve
      embodied as a differential pressure control valve, wherein both the equal
      pressure valve and the differential pressure control valve have two
      chambers each, with the fuel pressure upstream of the metering valve
      prevailing in the second chamber of the differential pressure control
      valve, and with the first chamber of the differential pressure control
      valve being in communication with the second chamber of each of the equal
      pressure valves.
PAR  An advantageous embodiment of the present invention provides that the
      pressure difference prevailing at the metering valve is changeable in
      dependence on engine parameters by means of the differential pressure
      control valve.
PAR  Another advantageous embodiment of the present invention provides that the
      equal pressure valve is embodied as a flat seat valve with a diaphragm as
      its flexible member.
PAR  A further advantageous design of the present invention consists in that the
      differential pressure control valve is a flat seat valve with a diaphragm
      as its flexible member which is loaded in its opening direction by a
      spring having a low spring constant.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Two exemplary embodiments of the invention are shown in simplified form in
      the drawing and are described in detail below. In the drawing:
PAR  FIG. 1 is an axial sectional view of a first exemplary embodiment of the
      fuel injection system according to the present invention;
PAR  FIG. 2 is a cross section along the line II--II in FIG. 1;
PAR  FIG. 3 is a schematic representation of the first exemplary embodiment of
      the fuel injection system according to the present invention;
PAR  FIG. 4 is a schematic representation of a second exemplary embodiment of
      the fuel injection system according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The exemplary embodiment of the fuel injection system according to FIGS. 1,
      2 and 3 is for a four cylinder internal combustion engine. The system has
      a housing 1, an intermediate plate 2, and a bottom cover 3 all axially
      compressed and joined into an assembly by screws 4. Clamped between the
      housing 1 and the intermediate plate 2 is a diaphragm 5. The diaphragm 5
      serves to divide axial bores 14, 15 and 16, 17, uniformly distributed
      about the longitudinal axis of the housing, into chambers 14, 15 and 16,
      17. The diaphragm 5 also serves as the diaphragm for diaphragm valves 6
      and 7. Because this exemplary embodiment relates to a fuel distributing
      system for a four-cylinder internal combustion engine, there are four
      diaphragm valves of which one is a differential pressure control valve 6
      and the other three valves are equal pressure valves 7. Each of these
      valves includes a valve seat carrier 9 which has a valve seat 8 connected
      thereto. The diaphragm 5, together with the fixed valve seat 8, forms a
      flat seat valve. The valve seat carrier 9, which is screwed into the
      housing 1, also serves as a connecting member for fuel lines 10 which lead
      to fuel injection valves 11. Supported on the valve seat carrier 9 of the
      differential pressure control valve 6 is a helical spring 12 which has as
      low a spring constant as possible. This helical spring 12 loads the
      diaphragm 5 in the opening direction of the valve 6 via a spring support
      13, so that, when not in operation, the differential pressure control
      valve 6 is opened. The diaphragm 5 serves, firstly as stated above, to
      separate a first chamber 14 from a second chamber 15 in the differential
      pressure control valve 6 and, secondly, to separate the first chambers 16
      from the second chambers 17 within the equal pressure valves 7. A channel
      18 leads from the first chamber 14 of the differential pressure control
      valve 6 to the second chamber 17 of an equal pressure valve 7. The second
      chambers 17 of the equal pressure valve 7 are all mutually connected by an
      annular channel 19 (FIG. 2).
PAR  Fuel is supplied from a fuel tank 24 by a fuel pump 23 through a line 25
      and a connecting member 26 into the second chamber 15 of the differential
      pressure control valve 6. The fuel pump 23 is driven by an electric motor
      22. Branching off from the line 25 is a line 27 containing a pressure
      limiting valve 28 which permits fuel to flow back into the fuel tank 24
      when the fuel system pressure becomes too high.
PAR  An axial bore 30 formed in the housing 1, the intermediate plate 2 and the
      bottom cover 3 of the fuel distributing system has a guide bushing 31
      mounted therein. An elsatic sealing sleeve or liner 32, which may consist
      of rubber, is also mounted within the bore 30. The sleeve 32 secures the
      guide bushing 31 against axial and rotational displacement and, for this
      purpose, the sealing sleeve or liner 32 is axially compressed by a plug 33
      against a disc 34. The plug 33 is threadedly engaged within the bore 30
      formed by the upper portion of the housing 1, while the disc 34 is located
      in the bore 30 between the bottom cover 3 and the intermediate plate 2. A
      further result of this is that no fuel can leak either between the guide
      bushing 34 and the housing 1 or between the housing 1 and the intermediate
      plate 2.
PAR  A control slide 36 is provided which is axially displaceable within the
      guide bushing 31 against the force of a spring 35, the control slide 36
      has formed therein an annular groove 37. The restoring force acting on the
      control slide 36 could be provided by pressurized fluid instead of by the
      spring 35. This pressurized fluid would act upon the control slide under
      the control of a hydraulic control pressure system (not shown). The guide
      bushing 31 has longitudinal grooves 38 which communicate with the interior
      bore of the guide bushing 31 through exactly identical, axially parallel,
      longitudinal slits 39 (control slits) or control bores. The control slide
      36 along with the annular groove 37 form a plurality of fuel metering
      valves with the control slits 39. Thus, depending on the position of the
      control slide 36, the annular groove 37 opens up or uncovers a section of
      the control slits 39 of greater or lesser length. The guide bushing 31
      also contains radial bores 40 which constitute a constant communication
      between the annular groove 37 and an annular channel 41 disposed in the
      bottom cover 3. The annular channel 41 is connected to the second chamber
      15 of the differential pressure control valve 6 by a channel 42. Each of
      the longitudinal grooves 38 in the guide bushing 31 is connected through
      one of the channels 43 with the first chamber 14 of the differential
      pressure control valve 6 or with the first chambers 16 of the equal
      pressure valve 7. Associated with each valve 6, 7, therefore, is a
      longitudinal groove 38 and its control slit 39. The first chambers 14 or
      16 are thereby separated from one another.
PAR  The method of operation of the fuel injection system described is as
      follows:
PAR  The fuel delivered by the fuel pump 23 flows through the line 25 and the
      connecting member 26 into the second chamber 15 of the differential
      pressure control valve 6 and thence through a channel 42, an annular
      channel 41 and radial bores 40 into the annular groove 37 of the control
      slide 36. The control slide 36 may be displaced in the axial direction,
      for example, by an air-measuring member (not shown) disposed in the
      induction tube of the internal combustion engine, so that the annular
      groove 37 opens the control slits 39 to a greater or lesser degree. From
      the annular groove 37, fuel metered through the control slits 39 flows
      into the longitudinal grooves 38 and thence through channels 43 into the
      first chamber 14 of the differential pressure control valve 6 or the first
      chambers 16 of the equal pressure valves 7. The first chamber 14 of the
      differential pressure control valve 6 communicates through the channel 18
      with the second chambers 17 of the equal pressure valves 7 which are in
      mutual connection through the annular channel 19.
PAR  The rigidity of the diaphragm 5 and the force of the spring 12 of the
      differential pressure control valve 6 are so chosen that when the intended
      pressure gradient between the first chamber 14 and the second chamber 15
      changes, then the flow cross section existing between the diaphragm 5 and
      the valve seat 8 is changed until the intended pressure gradient is again
      reached. In the flat seat valves shown, this can be done in an
      extraordinarily short period of time, because, even with a very small
      stroke of the diaphragm 5, the flow cross section is greatly changed. The
      force of the spring 12, on the other hand, is only slightly changed, due
      to the small stroke, so that the regulating mechanism may operate very
      precisely, i.e., the pressure gradient is nearly constant independently of
      the fuel flow rate.
PAR  Throttling of the fuel at the control slits 39 is very nearly equal, so
      that an approximately equal fuel pressure prevails in the first chamber 14
      of the differential pressure control valve 6 and the first chambers 16 of
      the equal pressure valves 7. Moreover, due to the connection of the first
      chamber 14 of the differential pressure control valve 6 with the second
      chambers 17 of the equal pressure valves 7, approximately the same fuel
      pressure prevails in the second chambers during regulation as prevails in
      the first chambers 16. The use of equal pressure valves 7 provides an
      advanatage in that, for the desired pressure difference to prevail at the
      metering valve 36, 37, 39, it is only necessary to properly choose the
      spring 12 of the differential pressure control valve 6, whereas such a
      tuning is unnecessary at the individual equal pressure valves 7. Thus, in
      contrast to known fuel injection systems of this kind, an advantage is
      achieved in that a separate control pressure circuit including the control
      pressure valve is unnecessary.
PAR  In FIGS. 3 and 4, identical parts have retained the same reference numerals
      used in the previously described first exemplary embodiment. The second
      exemplary embodiment shown in FIG. 4 is different from the first exemplary
      embodiment in that the fuel flowing through the differential pressure
      control valve 6 to the injection valve 11 constantly flows through the
      second chambers 17 of the equal pressure valves 7. This is done by first
      passing the corresponding metered out fuel quantity through the second
      chambers 17 of the equal pressure valves 7 and only then into the first
      chamber 14 of the differential pressure control valve 6. Such a design
      offers the advantage that the air bubbles which might accumulate
      underneath the diaphragm 5 are flushed away.
PAR  Furthermore, according to the embodiment of FIG. 4, the possibility of
      changing the differential pressure prevailing at the metering valve 36,
      37, 39 by changing the force of the spring 12 in the differential pressure
      control valve 6 exists. Such a change of the pressure difference at the
      metering valve may be necessary to adapt the fuel-air mixture to the
      operational conditions of the internal combustion engine. Thus, it is
      suitable to make such a change in the differential pressure in dependence
      on engine parameters. This does not mean, however, that the differential
      pressure prevailing at the metering valve is to be constantly changing,
      but only that the differential pressure is to be altered to a different
      value and then to be held constant again at that new value. A change in
      the force of the spring 12 in the differential pressure control valve 6
      can take place for example, in that an electromagnetic assembly, including
      a moving coil armature 46, a coil 47, a soft iron core 48, a permanent
      magnet 49, and a soft iron plate 50, is disposed within the second chamber
      15. The soft iron plate 50 has a core 51 which extends into the moving
      coil armature 46 suspended from a leaf spring 52. The connection between
      the leaf spring 52 and the diaphragm 5 is made by an intermediate member
      53. The pressure difference prevailing at the metering valve can be
      regulated, for example, based on the oxygen content of the exhaust gas of
      the internal combustion engine. For this purpose, a socalled oxygen sensor
      (not shown) is suitably employed which may be disposed in the exhaust line
      of the internal combustion engine, and which, acting via an electric
      circuit, changes the strength of the current flowing through the coil 47
      of the electromagnet assembly. As a result, the moving coil armature 46 is
      attracted magnetically, to a greater or lesser degree, toward the core 51,
      i.e., in the direction of unloading the spring 12. The change of the
      pressure difference prevailing at the differential pressure control valve
      6 results in a change of the fuel pressure in the first and second
      chambers of the equal pressure valves 7, and hence in a modification of
      the pressure difference prevailing at the fuel-metering valve.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel injection system for mixture compressing, externally ignited
      internal combustion engines, including:
PA1  a. a plurality of fuel injection valves equal in number to the number of
      engine cylinders;
PA1  b. a fuel distributing unit having a plurality of fuel metering valves
      equal in number to the plurality of fuel injection valves;
PA1  c. a plurality of pressure valves equal in number to the plurality of fuel
      injection valves;
PA1  d. means connecting each of said pressure valves to a respective one of
      said fuel injection valves; and
PA1  e. further means connecting each of said pressure valves to a respective
      one of said fuel metering valves, wherein:
PA2  i. each of said pressure valves includes means producing a defined space,
      and a flexible member which divides the defined space into first and
      second chambers;
PA2  ii. the flow cross section of each of said pressure valves can be changed
      by its flexible member;
PA2  iii. the pressure in the first chamber of each pressure valve is the fuel
      pressure prevailing downstream of its respective fuel metering valve, said
      prevailing pressure acting on the flexible member in an opening direction
      of the pressure valve;
PA2  iv. said connecting means and said further connecting means for each
      pressure valve define with their respective pressure valve a fuel flow
      path from the fuel metering valve to the fuel injection valve associated
      with the respective pressure valve;
PA2  v. the fuel metering valves determine the fuel quantity flow through the
      various flow paths by jointly changing their flow cross section;
PA2  vi. at least one of said pressure valves is embodied as an equal pressure
      valve and at least one of said pressure valves is embodied as a
      differential pressure control valve;
PA2  vii. the pressure in the second chamber of the differential pressure
      control valve is the pressure prevailing upstream of the fuel metering
      valves;
PA2  viii. means are provided so that the first chamber of the differential
      pressure control valve communicates with the second chamber of each of
      said equal pressure valves; and
PA2  ix. fuel metering occurs at a constant pressure difference due to (i) -
      (viii).
NUM  2.
PAR  2. The fuel injection system according to claim 1, wherein the differential
      pressure control valve is adapted to change the pressure difference
      prevailing at the metering valves in dependence on engine parameters.
NUM  3.
PAR  3. The fuel injection system according to claim 1, wherein each of said
      equal pressure valves is a flat seat valve having a common diaphragm as
      its flexible member.
NUM  4.
PAR  4. The fuel injection system according to claim 1, further including a
      spring having a low spring constant, wherein the differential pressure
      control valve is a flat seat valve having a diaphragm as its flexible
      member which is loaded in an opening direction by said spring.
NUM  5.
PAR  5. The fuel injection system according to claim 1, wherein each of said
      equal pressure valves and said differential pressure valve is a flat seat
      valve having a common diaphragm as its flexible member.
NUM  6.
PAR  6. The fuel injection system according to claim 1, wherein a housing, an
      intermediate plate, a bottom cover and means for joining said housing,
      said intermediate plate and said bottom cover into an assembly are
      provided, wherein said housing, said intermediate plate and said bottom
      cover provide in assembly the means for producing the defined space of
      each pressure valve, the means (ix) and a bore into which the fuel
      metering valves are mounted, and wherein said housing includes the further
      connecting means of each pressure valve.
NUM  7.
PAR  7. The fuel injection system according to claim 1, further including a
      spring having a low spring constant, and an electromagnetic assembly,
      wherein the differential pressure control valve is a flat seat valve
      having a diaphragm as its flexible member, wherein said spring is disposed
      on one side of said diaphragm for loading said diaphragm in an opening
      direction, and wherein said electromagnetic assembly is disposed on the
      other side of said diaphragm, said electromagnetic assembly being adapted
      in response to an engine parameter to change the force exerted by said
      spring.
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ABST
PAL  An improved r.p.m. regulator of a fuel injection pump for internal
      combustion engines includes an improved control spring mechanism. The
      control spring mechanism is connected to one end of a control lever which
      in turn is connected at its other end to a fuel supply quantity setting
      member. The control lever serves to actuate the fuel supply quantity
      setting member in accordance with the forces applied to the control lever
      by the control spring mechanism and an r.p.m.-dependent force applying
      structure which applies a force to the control lever in opposition to the
      force applied by the control spring mechanism. The control spring
      mechanism includes a compression spring mounted between the control lever
      and a setting lever, a first connecting member and a second connecting
      member. The first connecting member is connected to that end of the
      control spring furthest from the setting lever, while the second
      connecting member is connected to that end of the control spring furthest
      from the control lever.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an r.p.m. regulator of a fuel injection
      pump for internal combustion engines, and more particularly to an r.p.m.
      regulator of a fuel injection pump including a pivotably mounted control
      lever intended to actuate a fuel quantity setting member of the fuel
      injection pump and engaged by a control spring system including a
      preloaded control spring disposed between a setting lever and a control
      lever and acting in opposition to an r.p.m. dependent force in the tensile
      direction.
PAR  In a known regulator of this type, a tensile spring is suspended by a loop
      at one of its ends from a first connecting member between the setting
      lever and the control lever and by a loop at its other end from a second
      connecting member between the setting and control levers. In this
      arrangement the second connecting member is pressed by the tensile spring
      onto the head of a screw screwed into the first connecting member. The
      pretension of the spring is determined by the depth to which the screw is
      screwed in. This arrangement has a disadvantage in that the spring loops
      could be displaced with respect to their suspension points which can
      result in the change of the preset preload during operation of the device.
      Furthermore, it is possible that during the operation, the screw could be
      further screwed into the first connecting member so that, for this reason,
      the desired and preset preload could not be maintained with certainty over
      a long period of time. Still further, high contact pressure results at the
      contact points of the loops and the connecting members resulting in high
      wear. Then too, this system is not stable with respect to lateral forces
      and with respect to buckling and, in addition, when the regulator shuts
      off and the second connecting member is lifted from the head of the screw,
      the first connecting member may oscillate.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a regulator
      of the above type which avoids the disadvantages cited.
PAR  This object is accomplished according to the present invention due to the
      fact that the control spring is a compression spring and due to the fact
      that the connecting members associated with the setting lever and the
      control lever, respectively, engage the spring at the far ends of the
      spring with respect to these levers.
PAR  An advantageous embodiment of the present invention consists of a control
      spring mounted coaxially with and symmetrically enveloping an actuating
      rod serving as one of the connecting members and between one end thereof
      and the end of a bracket serving as the second of the connecting members.
      The control spring engages the actuating rod in the direction of a stop
      near one of its ends and in the middle portion of the bracket. The bracket
      is preferably formed as a pressed metal part.
PAR  The coaxial disposition of the control spring results in a uniform axial
      loading of the actuating rod and the bracket. Furthermore, the bracket can
      be made very advantageously as a pressed sheet metal part.
PAR  In this way, the compression spring is mounted without friction between the
      actuating rod and the bracket and is not affected by any lateral forces.
      In addition, the spring supports provide a sufficiently large surface for
      the transmission of forces.
PAR  Another embodiment, according to the present invention, consists in that
      each of the spring supports is provided with diametrically opposed
      recesses which are engaged by the arms of the bracket.
PAR  In this way, the spring supports are exactly guided so that any lateral
      forces could not cause buckling or shifting of the connecting members with
      respect to one another.
PAR  A further advantageous embodiment of the present invention consists in
      that, between the second spring support and the safety ring there is
      disposed a spacer disc. This makes possible a secure and immutable desired
      preload of the compression spring. The spacer disc can easily be replaced
      if a correction should become necessary.
PAR  A still further advantageous embodiment of the present invention consists
      in that the compression spring is a progressive compression spring, and
      further in that the progressive compression spring consists of at least
      two sequentially disposed compression springs with different spring
      characteristics between which there is disposed an intermediate spring
      support guided by the actuating rod. The use of a progressive compression
      spring as a control spring makes possible an advantageous adaptation of
      the diminishing control characteristics of the injection pump to the
      requirements of the associated internal combustion engine. Several
      exemplary embodiments of the objects of the present invention are shown in
      the drawing and are described further below.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial section through a fuel injection pump with a single
      reciprocating and simultaneously rotating pump piston which also serves as
      a distributor and including the governor mechanism according to the
      present invention;
PAR  FIG. 2 is a detailed view of a first exemplary embodiment of the control
      spring mechanism according to the present invention;
PAR  FIG. 3 is a view of the first exemplary embodiment of FIG. 2 rotated by
      90.degree.;
PAR  FIG. 4 is a second exemplary embodiment of the control spring mechanism
      according to the present invention in its essential parts;
PAR  FIG. 5 is a third exemplary embodiment of the control spring mechanism
      according to the present invention in its essential parts; and
PAR  FIG. 6 is a fourth exemplary embodiment of the control spring mechanism
      according to the present invention with differently loaded springs.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The disposition of parts and the method of operation of the regulator
      according to the present invention is described below using the example of
      a distribution pump of known construction. A housing 1 of a fuel injection
      pump for multi-cylinder internal combustion engines contains a drive shaft
      2. This drive shaft 2 is coupled to a frontal cam plate 3 which has as
      many cams 4 as the number of cylinders of the associated internal
      combustion engine. The cam plate 3 is moved by locally fixed rollers 5 and
      by the rotation of the drive shaft 2. This motion results in a
      reciprocating and simultaneously rotating motion of a pump piston 8
      coupled with the frontal cam plate 3 and pressed onto the cam plate 3 by a
      spring (not shown). The pump piston 8 is displaceable within a cylindrical
      bushing 9 which is closed on top and is inserted into the housing 1. The
      bushing 9 is provided with a cylinder bore 10 which encloses a working
      chamber 11. From the working chamber 11, an axial bore 12 communicates
      with a chamber 13 which, in turn, communicates through a line 14 with the
      bore 10 of the cylinder bushing 9. The axial bore 12 can be closed by a
      valve member 15 loaded in the direction of the working chamber 11. The
      connecting line 14 can be connected in sequence with pressure lines 20
      terminating in the bore 10 through an annular groove 17 on the periphery
      of the pump piston 8 and through an axially oriented distributor groove 18
      which is connected thereto. The pressure lines 20 are evenly distributed
      about the cylinder bore 10 and correspond to the number of cylinders of
      the internal combustion engine to be supplied with fuel. At each pressure
      stroke of the pump piston 8, fuel is delivered through the axial bore 12,
      the chamber 13, the connecting line 14 and the distributor groove 18 to
      one of the pressure lines 20. During the suction stroke, fuel flows from a
      suction chamber 24 through a supply line 23 terminating in the bore 10 and
      through one longitudinal groove 22 of a plurality of such grooves into the
      working chamber 11. The grooves 22 are equal in number to the number of
      cylinders of the engine and are similarly configured on the periphery of
      the pump piston. During the suction stroke of the pump piston 8, the
      rotation thereof interrupts the connection between the supply line 23 and
      the longitudinal grooves 22, so that the entire fuel quantity delivered by
      the pump piston can be supplied to the pressure lines.
PAR  For the purpose of regulating the delivered fuel quantity, the working
      chamber 11 can be connected with the pump suction chamber 24 through an
      axial blind bore 26 in the pump piston 8 and further through a transverse
      bore 27 intersecting the blind bore 26. Cooperating with the transverse
      bore 27 is a fuel quantity setting member 28 in the form of a sleeve
      slidable on the pump piston 8, where the position of the sleeve determines
      the point in time at which the upward motion of the pump piston 8 opens
      the transverse bore 27 and creates a connection between the working
      chamber 11 and the pump suction chamber 24. From this point on, the pump
      delivery is interrupted. Thus, the displacement of the sleeve 28 can be
      used to determine the quantity of fuel which is supplied for injection.
PAR  The supply of fuel to the pump working chamber is affected by a fuel pump
      32 which aspirates fuel from a supply reservoir through a supply channel
      33 into the suction chamber 24. In order to obtain an r.p.m.-dependent
      pressure, a by-pass of the fuel pump 32 contains a connecting line 34 with
      a throttle location 35. The size of the throttle opening can be changed by
      a piston 36 whose rear face is actuated by a spring 37 and also by the
      fuel pressure prevailing at the suction side of the pump, and whose front
      surface is actuated by the fuel pressure prevailing in the supply channel
      33.
PAR  The change in the injected fuel quantity is effected by setting the sleeve
      28 by means of a control lever 41 whose sperical head 42 engages a recess
      43 within the sleeve 28. The control lever 41 is mounted on a shaft 45
      serving as a fixed pivotal point. The position of this shaft can be
      changed by means which are not shown, for example, by an eccentric means
      in order to obtain a basic setting. Fastened to the extreme opposite end
      of the control lever 41 is a control spring mechanism 47 whose detailed
      construction is shown in FIGS. 2 and 3. The other end of the control
      spring mechanism connects via a connecting bolt 49 with a setting lever 50
      which is rigidly mounted on an actuating shaft 53. The shaft 53 passes
      through a sealed bore 51. The shaft 53 can be externally rotated by a
      further lever 52, fixedly disposed thereon.
PAR  Located between the fastening point of the control spring mechanism 47 and
      the shaft 45 is the point of contact of a centrifugal force governor
      sleeve 56 which is slidingly displaced by fly weights 59 on a governor
      shaft 58. The fly weights 59 are located in sheet metal pockets 60 fixedly
      mounted on a gear 61 carried by the governor axis. The gear 61 is driven
      by a drive gear 63 rigidly connected with the drive shaft 2, and the fly
      weights 59 are driven by the sheet metal pockets 60 which, in turn, are
      driven by the gear 61. The fly weights 59 are moved radially outward
      corresponding to the r.p.m. and their protruding nose-shaped parts 64 lift
      the centrifugal force governor sleeve 56. Thus, when the governor sleeve
      56 contacts the control lever 41, the r.p.m.-dependent centrifugal force
      is transmitted by lever action to the control lever and against the force
      of the control spring mechanism 47. In order to keep the distance between
      the point of contact of the centrifugal force transmitted by the governor
      sleeve and the shaft 45 constant at all times, this point contains a
      sphere 65 pressed into the control lever 41.
PAR  As soon as the clockwise moment provided by the centrifugal force exceeds
      the counterclockwise moment due to the control spring mechanism 47, the
      sleeve 28 is moved downwardly in a direction which reduces the fuel
      injection quantity. This process takes place until an equilibrium of
      forces again prevails at the control lever 41.
PAR  FIGS. 2 and 3 show in more detail the construction of a control spring
      mechanism in a first exemplary embodiment. The control spring mechanism
      consists primarily of two connected members between the control lever 41
      and the setting lever 50, namely of an actuating rod 67 and a bracket 68.
      The lower end of the bracket 68 has a bore 69 penetrated by the connecting
      bolt 49. The arms 70 of the bracket 68 are largely parallel to the axis of
      the actuating rod 67 and have hook-shaped inwardly protruding ends 71.
      Abutting these ends is a a first spring support 73, whose interior portion
      74 is hub-shaped and is penetrated by the actuating rod 67. In mirror
      image disposition to this first spring support 73, there is disposed a
      further spring support 75 which also has a hub-shaped interior portion 76.
      The actuating rod 67 is guided through the spring supports 73 and 75 and
      its face 77 at its lower end is supported by the middle portion 78 of the
      bracket 68. The lower end of the actuating rod 67 has an annular groove 79
      which accepts a safety ring 80. Attaching to the safety ring 80 is a
      spacer disc 81 on which is mounted a second spring support 83. The spring
      support 83 has a hub-shaped inner portion 84, the same as spring supports
      73 and 75, and is penetrated by the actuating rod 67. A compression spring
      85 is compressed between spring supports 83 and 75. At the upper end, the
      actuating rod 67 penetrates a bore 87 within the control lever 41 and the
      end of the rod extending through the bore is equipped with a further
      spring support 88 which is itself supported on a safety ring 89 inserted
      in an annular groove of the actuating rod 67; compressed between it and
      the control lever 41 is an idling spring 90. The idling spring 90 may be
      compressed until the spring support 88 makes contact with the control
      lever 41.
PAR  Each of the spring supports 73, 75 and 83 is provided with two
      diametrically opposed recesses 86 which are engaged by the arms 70 of the
      bracket 68 and thus prevent the rotation of the spring supports. These
      recesses determine exactly the position of the actuating rod 67 with
      respect to the bracket 68 so that buckling is impossible. The actuating
      rod 67 is further guided positively by the two spring supports 73 and 75
      including their hub-shaped inner portions 74 and 76.
PAR  The compression spring 85 presses the actuating rod 67 against the middle
      portion of the bracket 68 as long as the two ends of the control spring
      mechanism 47 experience forces that are smaller than that of the preloaded
      compression spring 85. However, if the external forces exceed the preload
      of the compression spring 85, then this spring is further compressed i.e.,
      the actuating rod 67 lifts off from its stop. But even in the second phase
      the actuating rod is still exactly guided by the second spring support 83
      with the recesses 86. The preload of the compression spring 85 can be
      varied within a certain range by the thickness of the spacer disc 81 and
      this is normally done only once during assembly. Subsequently, the
      mechanism holds the once set, desired preload of the compression spring
      securely and unchanged.
PAR  As long as the external forces acting on the control spring mechanism 47
      (and which, for a fixedly set setting lever 50 correspond to the
      centrifugal forces transmitted to the control lever 41, with due
      consideration to the lever ratios,) are smaller than the force of the
      preloaded compression spring 85, the control spring mechanism 47 may be
      regarded as a rigid mechanism. In this region therefore, the displacement
      of the control lever 41 follows the displacement motion of the setting
      lever 50 which thus directly adjusts the injected fuel quantity. In this
      region, the governor operates as an idling-maximum r.p.m. governor.
PAR  During a further increase of the engine r.p.m. and a corresponding increase
      in the force on the centrigual force governor sleeve 56, the compression
      spring 85 is compressed so that even if the setting lever 50 is in a
      fixedly set position, the sleeve 28 is displaced in a direction so that
      the injected fuel quantity is reduced. Thus the governor controls
      downwardly in this region and according to a characteristic downward
      control behavior which is determined by the characteristics of the spring,
      the characteristic curves of the centrifugal force governor setting member
      and by the transmission lever ratio at the control lever 41.
PAR  The exemplary embodiments according to FIGS. 4 and 5 are essentially
      identical in construction to that of FIGS. 2 and 3. However, instead of
      the linear spring 85 provided in the exemplary embodiment according to
      FIG. 2, the spring 85a provided here is a progressive spring by means of
      which it is possible to adapt the downward control characteristics of the
      injection fuel pump more favorably to the requirements of the engine. The
      centrifugal force exerted by the fly weights 59 onto the centrifugal force
      governor sleeve 56 and exerted at a particular pivot point increases with
      r.p.m., and the force exerted by the compression spring of the control
      spring mechanism 47 onto control lever 41, is independent of r.p.m. for a
      particular displacement thereof. A linear control spring would thus result
      in downward control curves which would be sharply different depending on
      the r.p.m. By the use of a progressive spring however, one can obtain
      downward control curves which deviate from one another in a less
      pronounced manner.
PAR  In the exemplary embodiment according to FIG. 5, the progressive
      compression spring 85a shown in the exemplary embodiment of FIG. 4 has
      been replaced by two compression springs 85b and 85c each of which has a
      linear characteristic, but having sharply different slopes. The two
      springs 85b and 85c are separated by an intermediate spring support 92
      whose central bore 93 is penetrated by the actuating rod 67.
PAR  This arrangement offers even better possibilities to adapt the control
      spring mechanism to the requirements of whatever engine is supplied by the
      injection pump.
PAR  The exemplary embodiment according to FIG. 6 shows a further possibility of
      graduating the resultant spring characteristic of a control spring
      mechanism including several springs. In this case, a safety ring 94
      disposed on the control rod 67 forms a stop which together with a spacer
      disc 95 is disposed on that side of the intermediate spring support disc
      92 which faces the spring support 73 and serves as a fixed stop for
      intermediate spring support 92; thus a desired preload of the lower
      compression spring 85c may be adjusted.
PAR  Only when the force due to the compression of the upper compression spring
      85b is greater than the preload of the compression spring 85c, does this
      latter have any effect. Naturally, more than two springs with intermediate
      spring supports can be used if an even more finely differentiated tuning
      is desired wherein the springs would each be preloaded in the desired
      manner by appropriately disposed stops according to the above example and
      would only affect the control spring mechanism above a certain level of
      forces.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an r.p.m. regulator of a fuel injection pump for internal combustion
      engines, including a fuel supply quantity setting member, a control spring
      mechanism having a preloaded control spring, a control lever connected to
      the control spring mechanism and to the fuel supply quantity setting
      member for actuating said fuel supply quantity setting member, said
      control lever being pivotably mounted between its connected ends, a
      setting lever, said control spring being connected to said setting lever
      and to said control lever thereby applying its preload to said control
      lever, and an r.p.m.-dependent force applying means engaging said control
      lever between its ends for applying thereto an r.p.m. dependent force in
      opposition to the force exerted by said control spring, the improvement
      comprising:
PA1  a. a first connecting member connected to said setting lever; and
PA1  b. a second connecting member connected to said control lever, both said
      connecting members being part of said control spring mechanism, wherein
      said first connecting member is connected to that end of said control
      spring furthest from said setting lever and said second connecting member
      is connected to that end of said control spring furthest from said control
      lever, and wherein said control spring is a compression spring.
NUM  2.
PAR  2. The r.p.m. regulator as defined in claim 1, wherein said first
      connecting member comprises a stamped metal bracket having a base portion
      at one end defining a central stop and a symmetrical pair of stops at its
      other end, wherein said second connecting member comprises an actuating
      rod, and wherein said control spring is mounted between said actuating rod
      and said bracket and coaxially with said actuating rod such that said
      control spring biases said actuating rod against said central stop.
NUM  3.
PAR  3. The r.p.m. regulator as defined in claim 2, further comprising first and
      second spring supports and a safety ring mounted within an annular groove
      formed at one end of said actuating rod, wherein said bracket has a
      symmetrical pair of arms extending from the base portion and in a
      direction parallel to the direction of the axis of said actuating rod,
      said arms having said symmetrical pair of stops at their free ends which
      are configured as hook-shaped inwardly extending stops, wherein said first
      spring support includes an opening through which said actuating rod
      extends and engages said control spring on one side thereof and said
      symmetrical stops on the other side thereof, and wherein said second
      spring support engages said safety ring on one side thereof and said
      control spring on the other side thereof.
NUM  4.
PAR  4. The r.p.m. regulator as defined in claim 3, wherein both said spring
      supports include diametrically opposite recesses for receiving thereto
      respective ones of said symmetrical arms.
NUM  5.
PAR  5. The r.p.m. regulator as defined in claim 4, wherein said first spring
      support includes in assembly two parts which are arranged in mirror image
      relationship with each part defining a hub-shaped interior portion.
NUM  6.
PAR  6. The r.p.m. regulator as defined in claim 4, further comprising a spacer
      disc mounted between the safety ring and the second spring support.
NUM  7.
PAR  7. The r.p.m. regulator as defined in claim 6, wherein said control spring
      comprises a progressive compression spring.
NUM  8.
PAR  8. The r.p.m. regulator as defined in claim 6, further comprising an
      intermediate spring support, wherein said control spring comprises a pair
      of coaxially disposed compression springs each having a different spring
      characteristic between which said intermediate spring support is disposed
      defining an opening through which said actuating rod extends.
NUM  9.
PAR  9. The r.p.m. regulator as defined in claim 8, further comprising a further
      stop mounted on said actuating rod on that side of said intermediate
      spring support facing said first spring support with the compression
      spring disposed between said intermediate spring support and said second
      spring support biasing said intermediate spring support against said
      further stop.
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ABST
PAL  The system and apparatus herein incorporate means for effectively and
      significantly reducing the liquid components of the fuel mixture passing
      through a cylinder located between the carburetor and the intake manifold
      of an internal combustion engine. The invention includes a stationary
      circular array of radially arrayed overlapping slanted spaced baffles or
      blades located in the fuel stream. Formed or otherwise mounted on the
      lower or trailing edge of each blade is a radially extending flange or
      scoop which catches and projects liquid components from the fuel stream
      through a corresponding aperture in said cylinder and into a collection
      chamber surrounding said cylinder. The collection chamber contains a
      reticular, webbed, or porous material for retention and drainage of the
      excess liquid components. Additional means are provided to restore a
      desired quantity of liquid fuel to the fuel stream when the engine
      requires temporary surge or demand power. The apparatus herein is also
      useful in other contexts for removing liquid components from moving
      liquid-gaseous streams.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to fuel supply systems for internal
      combustion stationary or automotive engines, and more particulalry to
      improved carburetor apparatus by which excess fluid fuel is withdrawn from
      the fuel stream that is being transmitted to the intake manifold of the
      engine. The apparatus herein comprises a stationary array of overlapping
      slanted spaced blades located in a cylinder through which a fuel stream
      passes from the carburetor to the intake manifold of the engine. The lower
      or trailing edges of the blades have radially extending scoops or flanges
      which capture or collect liquid components from the fuel stream that flow
      along the blades and centrifugally propel said components through
      corresponding holes in the cylinder into an annular collection chamber or
      trap. The chamber contains a mass of reticular fibrous, webbed, porous or
      cellular material such as metal wool, filaments of natural or synthetic
      fiber, ceramic strands or masses, or combinations thereof which, by
      capillary action and by gravity and the like, cause the liquid to drain
      downward into a suitable well for collection or return to the main fuel
      supply tank.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Previous devices in the prior art have intended to reduce the liquid
      components in the fuel stream of internal combustion engines and these
      devices have comprised expansion chambers (U.S. Pat. No. 2,098,391),
      mixing fans for improving vaporization (U.S. Pat. No. 1,213,621), and a
      combination of these two concepts (U.S. Pat. No. 20,885).
PAR  Whatever improvement may have been exhibited by the apparatus shown in said
      patents, it is believed that insufficient elimination of liquid fluid fuel
      from the gas stream was realized to warrant an adequately viable apparatus
      to perform the desired end purpose of improving the operation of the
      engine and saving fuel. The propeller blades of the prior art were
      ineffective in projecting sufficient liquid fuel into the expansion
      chamber, and if the latter were empty of packing, the down draft of the
      fuel stream to the intake manifold would produce a reverse flow of fuel
      from the chamber back into the stream, thereby defeating the intended
      purpose of preventing excess liquid fuel from reaching the cylinders of
      the engine and resulting in efficiency losses and waste of fuel.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention herein, the provision of scoops or flanges on
      the lower or trailing edges of the stationary overlapping slanted blades
      produces a positive capturing and projecting action upon the liquid
      components of the fuel stream and which are discharged into a surrounding
      collection chamber. By this means, the fuel stream reaching the intake
      manifold of the engine is appreciably depleted of liquid fuel whereby
      engine efficiency is increased and considerably less unburned fuel is
      emitted into the atmosphere.
PAR  In one embodiment, the overlapping slanted spaced blades are in a generally
      circular array. In other embodiments, said overlapping blades may be
      arranged in a staggered helical array. In further embodiments, the fuel
      stream cylinder may contain a plurality of circular arrays of stationary
      slanted overlapping blades, said arrays being spaced vertically from each
      other.
PAR  Furthermore, by packing the collection chamber that receives the
      centrifuged liquid fuel with metallic wool or other types of fibrous
      reticular material forming an intricate interstitial network, reverse
      suction of liquid fuel from the collection chamber back into the fuel
      stream is substantially diminished or eliminated by virtue of the fact
      that the packing causes the liquid fuel to descend by capillary action and
      gravity into the well portion of the expansion chamber whence it is
      withdrawn intermittently or continuously.
PAR  The invention herein also includes improved auxiliary equipment to prevent
      reverse suction of liquid fuel from the collection chamber back to the
      fuel stream, in the form of a closed drain tank into which liquid fuel
      from the well of the collection chamber flows. By providing a closed drain
      tank, reverse suction from the collection chamber through the holes in the
      cylinder back to the fuel stream flowing to the intake manifold is
      prevented or appreciably reduced.
PAR  Additionally, provision is made for partially emptying the drain tank and
      transmitting recaptured fuel back to the main fuel supply tank. This
      function may be performed, for example, by an electrically operated pump
      connected to the drain tank and which is activated by a liquid level
      switch when a predetermined quantity of fuel has been accumulated therein.
PAR  Furthermore, in the event that the atomized fuel stream passing to the
      intake manifold is too "thin," means are provided for restoring
      predetermined or desired quantities of liquid fuel back into the fuel
      stream for efficient operation of the engine. This mechanism is adjustable
      to produce the desired tuning of the engine.
PAR  Since the objective of the invention herein is to produce a lean, vaporized
      or atomized fuel stream to the engine, it may be necessary on some
      occasions to provide for surge power of the engine for very fast starts or
      for emergency passing, in which circumstances an enriched mixture of fuel
      is necessary to be transmitted to the engine. Accordingly, there is
      provided an automatic device that may be activated momentarily by the
      throttle pedal of the automobile to cause a demand quantity of liquid fuel
      to be restored to the fuel stream passing to the engine.
PAR  The system and apparatus herein is also useful in other contexts where
      liquid or other non-gaseous components are to be partially or wholly
      removed from gaseous streams containing excess liquid or fine particulate
      materials.
PAR  These and other novel features and advantages of the present invention will
      be described and defined in the following specification and claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a schmatic representation of a carburetor
      incorporating the present invention;
PAR  FIG. 2 is a top view of the apparatus shown in FIG. 1;
PAR  FIg. 3 is a greatly enlarged fragmentary sectional schematic view taken on
      line 3--3 of FIg. 2, some parts being shown in elevation and others in
      dotted outline, and including a schematic representation of an auxiliary
      backfire safety unit attached to the apparatus;
PAR  FIG. 4 is a fragmentary schematic vertical central section view of another
      embodiment of the invention herein, some parts being shown in elevation,
      some parts in dotted outline, as well as additional auxiliary apparatus
      connected therewith and shown partly in section, partly in elevation and
      partly schematically;
PAR  FIG. 5 is an enlarged fragmentary view taken on line 5--5 of FIG. 4, some
      parts being omitted;
PAR  FIG. 6 is an enlarged central fragmentary portion of the baffle-blades
      shown in FIG. 4, some parts being shown in section, some parts in
      elevation, and some parts broken away;
PAR  FIG. 7 is an enlarged fragmentary view of a portion of the apparatus shown
      in FIG. 4;
PAR  FIG. 8 is a fragmentary view taken on line 8--8 of FIG. 7;
PAR  FIG. 9 is an enlarged schematic elevation of another embodiment of the
      baffle blades shown in conjunction with a portion of the expansion
      chamber;
PAR  FIG. 10 is a schematic top view of another embodiment of baffle blades that
      may be utilized in the apparatus herein;
PAR  FIG. 11 is a schematic top view of a still further embodiment of baffle
      blades that may be incorporated into the apparatus herein;
PAR  FIG. 12 is a fragmentary schematic view taken substantially on line 12--12
      of FIG. 10; and
PAR  FIGS. 12A, 12B, 12C and 12D are similar to FIG. 12, and schematically
      illustrate further variations in the embodiments of the baffle blades
      shown in FIGS. 3, 4, 5, 9, 10 and 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail, the upper fragmentary portion of
      FIG. 1 illustrates the bottom portion of a conventional automobile
      gasoline engine carburetor 21 to which is connected one embodiment of the
      apparatus of the present invention, comprising a tube 22, the bottom of
      which terminates in an annular flange 23, with channel 24 of tube 22
      conducting the fuel stream from carburetor 21. Connected to the bottom of
      annular flange 23 is a circular bell 26, the top of which has a central
      aperture 27 axially aligned with channel 24. The top horizontal surface of
      bell 26 is spaced apart from the bottom surface of flange 23 by means of a
      suitable ring gasket 28 forming a liquid and vapor tight seal. The outer
      portion of bell 26 is formed into a downwardly extending curved portion 29
      which terminates in an integrally formed, outwardly extending flange 31.
PAR  A bottom bell 32 mates with bell 26 to form an annular liquid fuel trap or
      collection chamber 33. Bell 32 has an integrally formed annular flange 34
      which is secured to flange 31 by means of spaced bolts 36. The horizontal
      floor of bell 32 has a central aperture 37 which is axially aligned with
      the circular channel 38 of tube 39 which has an upper, outwardly
      extending, integrally formed flange 41. Interposed between the bottom
      surface of bell 32 and the upper surface of flange 41 is a gasket 42
      forming a liquid and vapor tight seal therebetween. Spaced bolts 43 extend
      through suitable apertures in flanges 23 and 41, gaskets 28 and 42, and
      bells 26 and 32, to secure the assembly of said component parts firmly
      together.
PAR  The bottom portion of tube 39 has an integrally formed, outwardly extending
      flange 44 which is secured to a suitable portion of the intake manifold 46
      by means of a plurality of spaced bolts 47.
PAR  Formed in the central portion of bell 32 is an upwardly extending cylinder
      49, the upper annular end of which bears against the inner surface of bell
      26 and forms with channels 24 and 38 a unitary passage through which the
      fuel stream descends from the carburetor to the intake manifold of the
      automotive engine.
PAR  In a lower portion of channel 38, there is mounted a conventional
      throttle-operated butterfly valve, not shown, for adjusting the flow of
      the fuel stream passing from the carburetor to the intake manifold of the
      engine. In some embodiments, the butterfly valve may alternatively be
      located in channel 24. A typical butterfly valve is illustrated
      schematically in another embodiment of the invention described
      hereinafter.
PAR  Formed in circular array in cylinder 49 are spaced transit ports 50 for the
      movement of liquid fuel from the interior of cylinder 49 into collection
      chamber 33. Located axially within passage 51 is a vertical, stationary
      shaft 52, to the upper hub portion 53 of which are connected to the inner
      ends of a plurality of spaced, radially extending tilted baffle blades 54.
PAR  The upper end of shaft 52 is mounted in block 57 supported by the inner
      ends of crossbars 58, the outer ends of which are secured in the wall of
      the upper central aperture of bell 26. The lower end of shaft 52 is
      supported in block 62 mounted on the inner ends of crossbars 63, the outer
      ends of which are secured in the wall of the lower portion of the central
      aperture of bell 32.
PAR  The lower trailing edge or trailing portion of each blade 54 is provided
      with a flange 64 extending upwardly from the upper surface of said blade
      and forming a scoop which accumulates quantities of liquid components from
      the fast moving fuel stream flowing along the upper surface of said blade
      and guides and propels said components centrifugally and laterally
      outwardly through a corresponding transit port 50 and into collection
      chamber 33. In the embodiment shown in FIG. 3, flange 64 tapers gradually
      from a wider dimension at the outer end of blade 54 to a narrow dimension
      or an apex at hub 53 at the inner end of blade 54. The upper leading edge
      or leading portion of each blade 54 overlaps the trailing portion of its
      adjacent blade 54 whereby said blades deflect as much as possible the
      liquid components of the fuel stream while permitting the vapor and
      mist-like components thereof to pass between said blades.
PAR  Transit ports 50 are equal in number to blades 54 and are located opposite
      the outer end of flanges or scoops 64. The outer peripheral edges of
      blades 54 have the same curvature and abut the inner wall of cylinder 49
      to prevent any flow of liquid therebetween, except through ports 50.
PAR  The provision herein of the flange or scoop 64 ensures that an appreciably
      significant portion and possibly the major quantity of liquid components
      are removed from the fuel stream moving through cylinder 49. Thus, the
      fuel mixture reaching the intake manifold is greatly, if not completely,
      depleted of liquid components that would otherwise be deleterious to the
      action of the internal combustion engine and wasteful of fuel. By
      depleting the fuel stream of liquid particles of fuel, there is realized a
      considerable increase in efficiency of the engine because appreciably less
      unburned fuel passes through the engine and out into the atmosphere to
      create conditions of pollution.
PAR  Although in some embodiments the provision of flanges 64 on baffle blades
      54 brings about a considerable improvement in fuel economy and in engine
      efficiency, the efficiency of the apparatus herein is enhanced by
      including within collection chamber 33 a packing 66 of fibrous reticular,
      cellular, webbed or filamentary materials. Such materials may include
      metallic wool of steel, copper or suitable metallic alloys. The
      filamentary or fibrous material may include strands of natural or
      synthetic fibers, while the cellular material may consist of porous
      ceramic or natural or synthetic substances. All of these materials would
      have the properties of trapping liquid droplets and permitting the latter
      to descend by capillary action and gravity to the bottom of the chamber
      33. The density of the packing 66 will be determined by considerations of
      reducing or eliminating turbulence within the collection chamber, and of
      the capability of the materials in trapping the liquid droplets and
      preventing them from being sucked back through the transit port into the
      fuel stream. The reticular interstices between the metallic or fibrous
      strands would also be large enough to permit the descent of the trapped
      liquid fuel by gravity toward the bottom of the collection chamber. In the
      case of a ceramic mass or block, there should be easy gravity flow through
      the pores of such a block so that clogging and static retention of the
      liquids would be obviated. By virtue of this packing in the form of an
      intricate interstitial network, turbulence within chamber 33 is greatly
      damped, thereby reducing the possibility of reverse suction of liquid fuel
      from chamber 33 into fuel passage 51.
PAR  Liquid fuel entering through transit ports 50 into chamber 33 impinges upon
      and is captured by packing 66 and through which it descends by capillary
      action and gravity to the floor of said chamber which contains an outlet
      port 67 through which the liquid fuel is drained from chamber 33. Suitable
      means may be provided by way of tube 68 to return the liquid fuel back to
      the main fuel tank of the engine. In some embodiments, a backfire safety
      unit 69 may be included in the fuel return line 68, said unit taking the
      form of a box or cylinder which may be provided with a suitable reticular
      packing so that any accidental ignition of fuel in chamber 33 would be
      choked off by unit 69 and prevented from continuing through fuel return
      line 68.
PAR  In FIG. 9, there is shown an alternative embodiment of the baffle blades
      wherein each of the blades 71 has a trailing edge flange or scoop 72, the
      latter having a uniform curvature and dimension along the entire length of
      the blade and terminating at the hub of shaft 74.
PAR  While FIG. 10 illustrates a schematic top view of the baffle blades shown
      in FIG. 3, with the tapering flange 64, FIG. 11 illustrates an alternative
      embodiment of a flange 76 which extends only partially along the trailing
      edge of blade 77. Depending upon the multifarious variables that obtain in
      carburetion and in the operation of internal combustion engines, the shape
      and size and the longitudinal dimension of the various flanges or scoops
      shown in the foregoing embodiments may be varied empirically in order to
      achieve optimum operation with the same basic and necessary function of
      performing the centrifugal action upon the liquid components of the fuel
      stream to cause their projection into collection chamber 33.
PAR  While FIG. 12 shows an edge view of the flange in the embodiment shown in
      FIG. 10, the shape of said flange may be varied in accordance with the
      alternative illustrations in FIGS. 12A, 12B, 12C and 12D, in order to
      provide the optimum efficiency of centrifugal action upon the liquid fuel
      by the blade flanges.
PAR  The optimum form of the blade flanges or scoops will be established in
      conjunction with other dimensional, pitch and curvature variations of the
      blades and other operational considerations determined by the other
      components of the system herein.
PAR  An alternative embodiment of the invention herein is illustrated in FIGS.
      4, 5, 6, 7 and 8, together with the inclusion of auxiliary equipments to
      augment the function of the apparatus herein. In this embodiment,
      carburetor 21 has a downstream tube 81 terminating in an integrally
      formed, outwardly extending annular flange 82. the liquid fuel trapping or
      collecting apparatus is contained in an upper bell 83 and a lower bell 84
      whose respective integrally formed, outwardly extending annular flanges 86
      and 87 are secured together by means of a plurality of spaced bolts 88. A
      suitable leakproof annular gasket (not shown) may be interposed between
      flanges 86 and 87. The horizontal roof 89 of bell 83 has a central
      aperture 91 which coincides with the interior fuel passage of tube 81.
      Juxtaposed between roof 89 and flange 82 is a suitable leak-proof gasket
      92.
PAR  Horizontal floor 93 of bell 84 rests upon the annular, outwardly extending
      flange 94 of a downflow tube 96 connected to the intake manifold of the
      automotive engine. Interposed between the bottom surface of floor 93 and
      the upper surface of flange 94 is a suitable leakproof gasket 97.
      Extending through suitable apertures in flanges 82 and 94, through gaskets
      92 and 97, and through roof 89 and floor 93, are spaced bolts 98 which
      secure the assembly of said parts firmly together.
PAR  Floor 93 of bell 84 has a central circular aperture 99 which coincides
      axially and dimensionally with the central aperture 101 of tube 96.
      Surrounding aperture 91, roof 89 of bell 83 has an integrally formed,
      downwardly extending cylinder 102, the lower end of which abuts a raised
      annular boss 103 formed in the center of floor 93. Cylinder 102 has a
      plurality of spaced transit ports 104 in circular array for permitting
      movement of liquid fuel from the fuel stream 105 of cylinder 102 into
      collection chamber 106 defined by bells 83 and 84. The interior wall of
      cylinder 102 may be curved or sloped if desired or necessary in any manner
      to obtain optimum flow of the fuel stream from the carburetor to the
      intake manifold.
PAR  Pivotally mounted within aperture 102 of tube 96 is a conventional
      butterfly valve 107 for controlling the fuel stream passing to the intake
      manifold. The butterfly valve may alternatively be pivotally mounted
      within the central passage of tube 81, depending upon various operational
      and structural conditions that are to be met by the apparatus herein and
      in order to work effectively in conjunction with other functions of the
      engine. The butterfly valve 107 is operated in the usual manner by the
      external control rod 108 (FIG. 1) and lever 109 connected by suitable
      means to the pivot shaft 111 of valve 107.
PAR  Mounted securely in the wall of central aperture 99 of floor 93 is a pair
      of crossbars 112 and 113 in cruciform array. In the center hub 114 formed
      between said crossbars is firmly mounted the lower end of a shaft 116. See
      also FIG. 6. Shaft 116 extends axially upwardly within cylinder 102.
      Mounted by means of a press fit or otherwise secured on the upper portion
      of shaft 116 is the hub 122 having an elongated recess 124 cooperating
      with said shaft. In some embodiments, means may be provided for removably
      mounting hub 124 on shaft 116 when replacements or repairs are necessary
      or desired.
PAR  Mounted or otherwise formed on hub 122 is a plurality of baffle blades 123
      arrayed radially within channel 105. The lower or trailing edge of each
      blade 123 is provided with a flange 127, said blade and said flange being
      shaped in accordance with the structural and functional requirements
      suggested and described hereinbefore in connection with FIGS. 2, 3, 9, 10,
      11, and 12-12D. Here, also, in the embodiment of FIG. 4, collection
      chamber 106 contains a packing 128 made of retiform or reticular material
      such as metallic wool or the like, similar to and performing the same
      functions as the packing 66 described hereinbefore in connection with FIG.
      3.
PAR  The upper leading edge of each radially arrayed tilted blade 123 overlaps
      and serves as a baffle over the lower trailing portion of its adjacent
      blade 123 and the respective flange or scoop 127 thereof. The
      circumferential peripheral edge of each blade 123 has the same curvature
      as the interior circular wall of cylinder 102 which it abuts. As the fuel
      stream flows downwardly from the carburetor to the intake manifold, liquid
      components in the fuel stream strike the slanted blades 123 while the
      vaporized or misted fuel passes therebetween and enters the intake
      manifold of the engine.
PAR  The liquid components flow along the surfaces of blades 123 and are caught
      in radially extending flanges or scoops 127 within which they flow
      radially through transit ports 104 into collection chamber 106. Since the
      fuel stream moves downwardly with considerable force from the carburetor
      to the intake manifold, sufficient kinetic energy is imparted to the
      liquid fuel caught by flanges 127 to cause said liquid fuel to move
      centrifugally and radially into the collection chamber 106 wherey they are
      retained and drained by means of packing 128.
PAR  It is contemplated that baffle blades 123 as well as baffle blades 54 (FIG.
      3), 71 (FIG. 9) and 77 (FIG. 11), may be shaped in different forms and
      slanted at different pitches in order to optimize their function in
      intercepting the liquid components in the fuel stream and causing their
      centrifugal ejection by way of their respective scoops through the
      respective transit ports disclosed herein all of said baffle blades are
      non flexible so as to insure the positive centrifuging action of their
      respective scoop or flange portion. Also, transit ports 50 (FIG. 3) and
      104 (FIG. 4), may be shaped in circular, elliptical, oval, or other
      suitable form to cooperate most efficiently with the outer ends of the
      respective flanges 64, 72, 76 and 127, whereby the optimum quantity of
      liquid components can flow therethrough into the respective collection
      chambers.
PAR  While the transit ports 50 in FIG. 2 are shown located in the upper portion
      of the liquid trap apparatus, transit ports 104 in FIG. 4 are located
      towards the bottom of chamber 106 and opposite the outer portions of
      flanges 127 to receive the liquid fuel propelled therethrough by said
      flanges. The optimum levels, heights and widths of respective transit
      ports 50 and 104 may be determined empirically in conjunction with the
      dimensional and operating characteristics of the other related components
      of the apparatus.
PAR  It is also contemplated that an annular mesh or screen ring 129 may be
      located horizontally in chamber 106 spaced apart somewhat from the bottom
      floor thereof and operating to support the mass of the packing 128 to
      facilitate drainage of liquid fuel from chamber 106.
PAR  Chamber 106 of FIG. 4 may be emptied of liquid fuel in the same manner as
      chamber 33 of FIG. 3. In the embodiment of FIG. 4, however, the drainage
      system is modified in order to accommodate the apparatus to fuel mixture
      adjustment and to surge power requirements.
PAR  As shown in FIGS. 4 and 5, chamber 106 has a drain outlet 131 that is
      located at a level somewhat above that of floor 93 of bell 84 whereby a
      small pool of trapped fuel is accumulated in a well 132 formed by a
      suitable depression in floor 93. Located substantially in the center
      portion of well 132 is a lower depression 133, in the bottom of which is
      formed a longitudinal slot 134 through which a secondary drainage of
      accumulated liquid fuel may take place.
PAR  For normal drainage through aperture 131, the liquid fuel passes through
      tube 136, thence through optional backfire safety unit 137 comparable in
      structure and function to unit 69 in FIG. 3. From safety unit 137, the
      drained liquid fuel passes by way of tube 138 into drain tank 139 which
      maintains a closed system that prevents the Venturi action of the rapidly
      moving fuel stream from producing reverse suction of liquid fuel from
      collection chamber 106 back through transit port 104 into said stream.
      Drain tank 139 is partially emptied when necessary, from time to time,
      through outlet tube 141 by means of pump 142 driven by an electric motor
      143.
PAR  Located in drain tank 139 is a liquid level sensing element which operates
      an electric switch 144 connected into the electrical circuit that operates
      motor 143 by means of power source 145. The liquid level sensing element
      may take the form of a ball float 146 which is pivotally connected to the
      on-off mechanism in switch 144. When float 146 is at a predetermined low
      level, switch 144 is in the open condition; whereas, when float 146 rises
      to a predetermined high or maximum level, it closes switch 144 thereby
      starting the action of pump 143 to cause the emptying of drain tank 139 to
      a point where the liquid level is lowered to the predetermined minimum
      quantity of liquid fuel in said tank necessary to preserve the closed
      condition of the system.
PAR  While the liquid level descends, float 146 moves downward pivotally until
      the predetermined low minimum level has been reached, at which time switch
      144 opens the electric circuit controlling pump 143 which then stops
      operating. While tank 139 is filling up with drainage from collection
      chamber 106 and float 146 is rising, switch 144 remains in the open
      circuit condition until float 146 reaches the predetermined maximum level
      at which time switch 144 closes the circuit again and causes pump 143 to
      repeat the partial emptying of tank 139 and to return the recovered liquid
      fuel through tube 147 to the main fuel supply tank 148 of the engine.
      Other types of liquid level sensors other than ball floats may be utilized
      to operate switch 144 at suitable maximum and minimum levels.
PAR  Other equivalent expedients may be utilized for draining tank 139 from time
      to time, such as by a fluid level or pressure responsive valve outlet
      located somewhat above the floor of said tank and being operative when the
      liquid reaches a predetermined maximum level to open and permit emptying
      of said liquid until a minimal reserve quantity is retained therein in
      order to maintain the required closed system. Such a valve would be
      connected by suitable means to the fuel supply tank of the engine.
PAR  Mechanisms are also incorporated with the apparatus herein to restore
      liquid fuel into the fuel stream passing to the intake manifold for the
      separate operational conditions of fuel enrichment and surge requirements.
PAR  For fuel enrichment, there are provided adjustable means to permit
      continual restoration of a predetermined or controlled quantity of liquid
      fuel to the fuel stream when a fine adjustment for optimum operation of
      the engine is required. Accordingly, flange 94 of tube 96 contains a
      horizontal aperture 151 aligned longitudinally and communicating with slot
      134 whereby liquid fuel in chamber 106 can flow into said aperture. The
      inner end of aperture 151 accommodates the inner portion of a small nozzle
      tube 152, the outer portion of which projects somewhat into aperture 101
      where the fuel stream passes downstream from the baffle blades to the
      intake manifold. Located in flange 94 at the outer end of aperture 151 is
      a sleeve 153 having a central aperture 154 which slidably accommodates the
      shank of pin 156, said nut having a pair of spaced O-rings 157 which
      provide a leak-tight seal between said sleeve and said pin.
PAR  Secured to flange 87 by means of bolt 88 is a horizontal bracket 158 to
      which is pivotally connected a downwardly extending lever arm 159, the
      lower end of which terminates in a pair of downwardly extending spaced
      tines 161. Bracket 158 has an integrally formed, downwardly extending arm
      162 on which is mounted solenoid 163, having an armature 164 whose outer
      end is pivotally connected to an intermedite portion of lever arm 159.
      Solenoid spring 166 normally urges armature 164 outward from solenoid 163
      thereby normally urging lever arm 159 against downwardly extending stop
      element 167 formed integrally with bracket 158 thereby limiting the
      leftward movement of tines 161.
PAR  Located between tines 161 is an internally threaded nut 168, the forward
      and rearward portions of which have integrally formed flanges 169, the
      opposing faces of which are curved to permit free movement of tines 161
      during the pivoting action of arm 159. Nut 168 has a pair of parallel
      vertical external flats 171 near which the respective inner surfaces of
      tines 161 are located thereby preventing rotation of said nut. A portion
      of pin 156 is threaded for engagement with nut 168 while the outer end of
      said pin has a slotted screw head 173 which accommodates a tool for
      rotating said pin and adjusting the position of its inner conical valve
      head 174 relative to the valve seat formed by the juncture between the
      forward end of slot 134 and aperture 151. Thus, the location of valve head
      174 can be adjusted to predetermine the quantity of liquid fuel that will
      flow outwardly through aperture 151 and tube 152 into the fuel passage
      downstream from the baffle blades.
PAR  When valve head 174 is in the closed position shown in FIG. 4, passage of
      liquid fuel through aperture 151 and nozzle 152 is prevented. The dotted
      lines on pin 156 are indicative of a slightly retracted location of valve
      head 174. A coil spring 176 surrounding pin 156 is located between screw
      head 173 and rear flange 169 in order to provide sufficient tension for
      preventing lost motion and to secure the adjusted position of pin 156. By
      these means, the apparatus herein can be "tuned" to determine the desired
      or required richness or leanness of the fuel supply passing into the
      intake manifold of the engine.
PAR  Under varying driving conditions encountered on the highway, it is often
      necessary for the automotive engine to have momentary surge power for
      emergency fast starts or for passing other vehicles, or in other stress
      circumstances which would require a considerably richer fuel supply than
      would normally be passed to the intake manifold of the engine. In order to
      accommodate the apparatus to such exigencies calling for surge power, the
      apparatus is provided with auxiliary components and equipments that will
      accommodate it to those extreme demand circumstances.
PAR  When surge or demand power is required, solenoid 163 can be operated to
      retract valve head 174 by a considerable distance in order to permit a
      greater than usual flow of liquid fuel through aperture 151 and through
      nozzle 152 in order to enrich the fuel stream passing to the intake
      manifold. The energization of solenoid 163 causes the retraction of
      armature 164 against the action of spring 166 thereby automatically
      causing the outward pivoting action of lever arm 159. Consequently, tines
      161 bearing against the rear flange 169 causes the simultaneous retraction
      of pin 156 and its valve head 174 to permit the greater flow of liquid
      fuel out through tube 152. The power source 177 for solenoid 163 may be
      activated by a switch 178, the actuator button 179 of which is operated by
      pivoting throttle pedal 181 normally urged into its retracted position by
      spring 182. The upper end of button 179 is adjustably located in a
      suitable position for actuation by throttle pedal 181 when the latter is
      pivotally depressed to a degree when surge power or exceptionally high
      speed operation of the engine is required or necessary. The solenoid
      action is independent of the adjustable means on pin 156.
PAR  It is contemplated that the auxiliary equipments illustrated and described
      in connection with the embodiment shown in FIG. 4 may also be incorporated
      into the embodiment of the invention illustrated and described in
      connection with FIG. 3.
PAR  Where the word "reticular" is recited in the accompanying claims, its
      meaning subsumes all suitable types of fibrous, filamentary, webbed,
      cellular and porous materials that can perform the function of collecting
      and retaining the liquid components within the collectin chamber and
      permitting drainage thereof by capillary action and gravity toward the
      bottom of said chamber. It is also contemplated that the reticular packing
      may comprise a plurality of stationary flat or curved spaced fins arrayed
      radially or horizontally within the collection chamber, said fins being
      either perforated, serrated, corrugated, or otherwise suitably shaped to
      perform the requisite trapping and draining functions.
PAR  Although the present invention has been described with reference to
      particular embodiments and examples, it will be apparent to those skilled
      in the art that variations and modifications can be substituted therefor
      without departing from the principles and true spirit of the invention.
      The "Abstract" given above is for the convenience of technical searchers
      and is not to be used for interpreting the scope of the invention or
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A carburetor system for an internal combustion engine, including a
      carburetor and an intake manifold on the engine, comprising a cylinder
      through which a fuel stream passes longitudinally between said carburetor
      and said manifold, a collection chamber surrounding said cylinder, a
      plurality of stationary non flexible spaced, slanted and overlapping
      blades extending radially from the axial center of said cylinder
      intermediate said carburetor and said manifold, an upwardly extending
      flange on the lower radially extending edge of each blade and an aperture
      in the wall of said cylinder for each of said blades and located opposite
      the outer end of a corresponding flange, said flange catching liquid
      components from the fuel stream that flow along the top surface of its
      corresponding blade and causing said liquid components to flow through its
      corresponding cylinder aperture into said collection chamber.
NUM  2.
PAR  2. The system according to claim 1 wherein the outer peripheral edges of
      said blades have the same curvatures as and are in contact with respective
      portions of the inner wall of said cylinder.
NUM  3.
PAR  3. The system according to claim 1 and further comprising a mass of
      reticular material in said collection chamber for retention and drainage
      of said liquid components.
NUM  4.
PAR  4. The system according to claim 1 and further comprising means connected
      between said collection chamber and a location in said fuel passage
      downstream from said blades for continuously returning liquids from said
      collection chamber to said fuel passage.
NUM  5.
PAR  5. The system according to claim 4 and further comprising means for varying
      the quantity of liquid to be returned from said collection chamber to said
      fuel passage.
NUM  6.
PAR  6. The system according to claim 1 and further comprising a closed drain
      tank connected to said collection chamber for draining said liquid
      components from said collection chamber into said tank, and pump means for
      periodically removing a portion of the liquid from said drain tank.
NUM  7.
PAR  7. The system according to claim 6 and further comprising a switch
      connected to said drain tank, said switch being connected to said pump and
      to a source of electrical power, and liquid level sensing means mounted in
      said drain tank and responsive between predetermined maximum and minimum
      liquid levels in said tank to cause opening and closing of said switch.
NUM  8.
PAR  8. The system according to claim 1 and further comprising means for
      continuously restoring a predetermined quantity of liquid from said
      collection chamber into said fuel passage downstream from said blades, and
      means connected to said liquid restoring means and operative independently
      at will upon said liquid restoring means to restore greater quantities
      than said predetermined quantity of liquid to said fuel passage when surge
      operation of said engine is required.
NUM  9.
PAR  9. The system for removing liquid components from a liquid-gas stream,
      comprising a cylinder through which said liquid-gas stream moves, a
      plurality of stationary non flexible radially arrayed tilted spaced blades
      mounted in the path of said stream, an upwardly extending flange on the
      lower trailing edge of each of said blades, a plurality of apertures in
      said cylinder corresponding in number to said flanges, each of said
      apertures being aligned with and located at the outer end of a
      corresponding flange, said flanges being operative to catch said liquid
      components and to propel them centrifugally laterally outside said stream
      through said apertures,
PA1  an annular collection chamber positioned around said cylinder apertures,
      and a packing of reticular material in said collection chamber for
      retention of said liquid components.
NUM  10.
PAR  10. The system according to claim 9 and further comprising a drain outlet
      in said collection chamber, a drain tank connected to said outlet, said
      drain tank being normally closed to prevent reverse flow of materials from
      said collection chamber into said stream.
NUM  11.
PAR  11. The system according to claim 10 and further comprising a pump
      connected to said drain tank for emptying the latter and electric
      circuitry connected between said drain tank and said pump for
      intermittently activating said pump.
NUM  12.
PAR  12. Apparatus according to claim 11 and further comprising a liquid level
      sensor in said drain tank, and a switch connected between said sensor and
      said pump, said sensor being operative between predetermined maximum and
      minimum liquid levels in said drain tank to open and close the electrical
      circuit for said pump.
NUM  13.
PAR  13. The system for removing liquid components from a moving liquid-gas
      stream, comprising a cylinder through which said stream flows, an annular
      collection chamber surrounding said cylinder, a plurality of stationary
      non flexible radially arrayed tilted spaced blades mounted in the path of
      said stream, an upwardly and radially extending flange on the lower
      trailing edge of each of said blades, a plurality of ports in said
      cylinder equal in number to said blades and each located opposite the
      outer end of a corresponding flange, said liquid components intercepted by
      said blades being propelled centrifugally by said flanges through said
      ports into said chamber, a packing of reticular material in said
      collection chamber for retention and drainage of said liquid components, a
      first drain outlet in said collection chamber, a closed drain tank
      connected to said first drain outlet, a second drain outlet for said
      collection chamber located at a level lower than the first mentioned
      outlet, said second outlet communicating with said stream below said
      blades and an adjustable valve for controlling the quantity of liquid that
      drains from said second outlet into said stream.
NUM  14.
PAR  14. The system acccording to claim 13 wherein said valve is movable
      independently of its adjustment means to provide under demand conditions
      greater than normal return of fluid through said second outlet, and
      further comprising an actuator for moving said valve under said demand
      conditions, and throttle means for operating said actuator when said
      greater than normal demand conditions exist.
NUM  15.
PAR  15. The system according to calim 13 wherein said valve comprises an
      elongated pin, a valve head on said pin, and a threaded nut, said pin
      being threadably rotatable within said nut for adjustably determining the
      location of said valve head relative to said second outlet.
NUM  16.
PAR  16. The system according to claim 15 and further comprising a solenoid
      mounted near said nut, a pivotable bracket on which said nut is mounted,
      the armature of said solenoid being connected to said bracket, an
      electrical circuit for actuating said solenoid, the closing of said
      circuit causing said armature to retract said nut for a distance greater
      than normal for providing demand flow of liquid through said second
      outlet.
NUM  17.
PAR  17. The system according to claim 16 and further comprising a switch for
      opening and closing said electrical circuit and a throttle control, said
      control being operative upon said switch only when the demand flow of
      liquid is to pass through said second outlet.
NUM  18.
PAR  18. The system according to claim 16 and further comprising a back stop for
      said pivotable bracket.
NUM  19.
PAR  19. Apparatus for at least partially removing liquid components from a fuel
      stream, comprising an internal combustion engine, a carburetor on said
      engine, an intake manifold on said engine, a cylinder mounted between said
      carburetor and said intake manifold for conducting said fuel stream
      therebetween, a plurality of stationary non flexible tilted baffle blades
      arrayed radially in said cylinder, an upwardly extending flange on the
      lower trailing edge of each of said blades, the outer edges of each of
      said blades abutting the interior wall of said cylinder, a collection
      chamber surrounding said cylinder, a plurality of transit ports in said
      cylinder communicating with said collection chamber, said ports each being
      located opposite the outer end of a corresponding flange for the
      centrifugal projection of said liquid components through said ports into
      said collection chamber.
NUM  20.
PAR  20. Apparatus according to claim 19 and further comprising a reticular
      packing in said collection chamber for trapping said liquid components and
      for transferring the latter to the bottom of said chamber.
NUM  21.
PAR  21. Apparatus according to claim 19 and further comprising a drain tank
      into which liquid flows from said collection chamber, said rain tank being
      in a normally closed condition to prevent reverse flow of liquid
      components from said chamber into said fuel stream.
NUM  22.
PAR  22. Apparatus according to claim 21 and further comprising a drain between
      said chamber and the fuel stream below said baffle blades and a variable
      valve in said drain for controlling the quantity of fuel that passes from
      said chamber back to said fuel stream.
NUM  23.
PAR  23. The system according to claim 19 and further comprising a drain tank
      connected to said collection chamber for continuously receiving said
      liquid components from said collection chamber, said drain tank forming a
      continuously closed system with said collection chamber.
NUM  24.
PAR  24. The system according to claim 23 and further comprising an emptying
      mechanism connected to said drain tank, said mechanism operative to remove
      only limited quantities of liquid components from said drain tank while
      preserving the closed system between said drain tank and said collection
      chamber.
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ABST
PAL  The system and apparatus herein incorporate means for effectively removing
      significant quantities of liquid components from the fuel mixture while
      the latter passes from the carburetor to the intake manifold of an
      internal combustion engine, and for recovering said liquid components and
      recycling them through the fuel supply system in order to effect
      appreciable savings in fuel consumption during operation of the engine.
      The invention includes means for centrifuging liquid components from the
      fuel stream into an adjacent collection chamber whence said liquids move
      continuously into a drain tank which maintains a closed system with the
      collection chamber. The capture of liquids in the collection chamber may
      be improved by incorporating a reticular packing therein. Additional means
      are provided to restore a desired quantity of liquid fuel to the fuel
      stream when the engine requires temporary surge or demand power.
PARN
PAR  This is a continuation, of application Ser. No. 362,095 filed May 21, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  The present invention relates to fuel supply systems for internal
      combustion stationary or automotive engines, and more particularly to
      improved carburetor apparatus by which excess fluid fuel is withdrawn from
      the fuel stream that is being transmitted to the intake manifold of the
      engine. The apparatus herein comprises an improved propeller located in
      the path of the fuel stream, the force of which, impinging upon the
      propeller blades, causes the passive rotation thereof. The blades of the
      propeller have trailing edge scoops or flanges which capture or collect
      liquid components from the fuel stream and centrifugally propel said
      components into an annular collection chamber or trap. The chamber
      contains a mass of reticular fibrous, webbed, porous or cellular material
      such as metal wool, filaments of natural or synthetic fiber, ceramic
      strands or masses, or combinations thereof which, by capillary action and
      by gravity and the like, cause the liquid to drain downward into a
      suitable well for collection or return to the main fuel supply tank.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Previous devices in the prior art have intended to reduce the liquid
      components in the fuel stream of internal combustion engines and these
      devices have comprised expansion chambers (U.S. Pat. No. 2,098,391),
      mixing fans for improving vaporization (U.S. Pat. No. 1,213,621), and a
      combination of these two concepts (U.S. Patent Reissue 20,885).
PAR  Whatever improvement may have been exhibited by the apparatus shown in said
      patents, it is believed that insufficient elimination of liquid fuel from
      the gas stream was realized to warrant an adequately viable apparatus to
      perform the desired end purpose of improving the operation of the engine
      and saving fuel. The propeller blades of the prior art were ineffective in
      projecting sufficient liquid fuel into the expansion chamber, and if the
      latter were empty of packing, the down draft of the fuel stream to the
      intake manifold would produce a reverse flow of fuel from the chamber back
      to the stream, thereby defeating the intended purpose of preventing excess
      liquid fuel from reaching the cylinders of the engine and resulting in
      efficiency losses and waste of fuel.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention herein, the incorporation of trailing edge
      scoops for flanges on the propeller blades produces a positive
      centrifuging action that the prior art propeller blades did not produce.
      Furthermore, by packing the collection chamber that receives the
      centrifuged liquid fuel with metallic wool or other types of fibrous
      reticular material forming an intricate interstitial network, reverse
      suction of liquid fuel from the collection chamber back into the fuel
      stream is substantially diminished or eliminated by virtue of the fact
      that the packing causes the liquid fuel to descend by capillary action and
      gravity into the well portion of the expansion chamber whence it is
      withdrawn intermittently or continuously.
PAR  The invention herein also includes improved auxiliary equipment to prevent
      reverse suction of liquid fuel from the collection chamber back to the
      fuel stream, in the form of a closed drain tank into which liquid fuel
      from the well of the collection chamber flows. By providing a closed drain
      tank, reverse suction from the collection chamber back to the fuel stream
      flowing to the intake manifold is prevented or appreciably reduced through
      the annular port between the propeller blade periphery and the collection
      chamber.
PAR  Additionally, provision is made for partially emptying the drain tank and
      transmitting recaptured fuel back to the main fuel supply tank or to the
      fuel supply system that is upstream relative to the carburetor only. This
      function may be performed, for example, by an electrically operated pump
      connected to the drain tank and which is activated by a liquid level
      switch when a predetermined quantity of fuel has been accumulated therein.
PAR  Furthermore, in the event that the atomized fuel stream passing to the
      intake manifold is too "thin," means are provided for restoring
      predetermined or desired quantities of liquid fuel back into the fuel
      stream for efficient operation of the engine. This mechanism is adjustable
      to produce the desired tuning of the engine.
PAR  Since the objective of the invention herein is to produce a lean, vaporized
      or atomized fuel stream to the engine, it may be necessary on some
      occasions to provide for surge power of the engine for very fast starts or
      for emergency passing, in which circumstances an enriched mixture of fuel
      is necessary to be transmitted to the engine. Accordingly, there is
      provided an automatic device that may be activated momentarily by the
      throttle pedal of the automobile to cause a demand quantity of liquid fuel
      to be restored to the fuel stream passing to the engine.
PAR  The system and apparatus herein is also useful in other contexts where
      liquid or other non-gaseous components are to be partially or wholly
      removed from gaseous streams containing excess liquid or fine particulate
      materials.
PAR  These and other novel features and advantages of the present invention will
      be described and defined in the following specification and claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a schematic representation of a carburetor
      incorporating the present invention;
PAR  FIG. 2 is a top view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a greatly enlarged fragmentary sectional schematic view taken on
      line 3--3 of FIG. 2, some parts being shown in elevation and others in
      dotted outline, and including a schematic representation of an auxiliary
      backfire safety unit attached to the apparatus;
PAR  FIG. 4 is a fragmentary schematic vertical central section view of another
      embodiment of the invention herein, some parts being shown in elevation,
      some parts in dotted outline, as well as additional auxiliary apparatus
      connected therewith and shown partly in section, partly in elevation and
      partly schematically;
PAR  FIG. 5 is an enlarged fragmentary view taken on line 5--5 of FIG. 4, some
      parts being omitted;
PAR  FIG. 6 is an enlarged central fragmentary portion of the propeller shown in
      FIG. 4, some parts being shown in section, some parts in elevation, and
      some parts broken away;
PAR  FIG. 7 is an enlarged fragmentary view of a portion of the apparatus shown
      in FIG. 4;
PAR  FIG. 8 is a fragmentary view taken on line 8--8 of FIG. 7;
PAR  FIG. 9 is an enlarged schematic elevation of another embodiment of the
      propeller shown in conjunction with a portion of the expansion chamber;
PAR  FIG. 10 is a schematic top view of another embodiment of a propeller that
      may be utilized in the apparatus herein;
PAR  FIG. 11 is a schematic top view of a still further embodiment of a
      propeller that may be incorporated into the apparatus herein;
PAR  FIG. 12 is a fragmentary schematic view taken substantially on line 12--12
      of FIG. 10; and
PAR  FIGS. 12A, 12B, 12C and 12D are similar to FIG. 12, and schematically
      illustrate further variations in the embodiments of the propellers shown
      in FIGS. 3, 4, 5, 9, 10 and 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail, the upper fragmentary portion of
      FIG. 1 illustrates the bottom portion of a conventional automobile
      gasoline engine carburetor 21 to which is connected one embodiment of the
      apparatus of the present invention, comprising a tube 22, the bottom of
      which terminates in an annular flange 23, with channel 24 of tube 22
      conducting the fuel stream from carburetor 21. Connected to the bottom of
      annular flange 23 is a circular bell 26, the top of which has a central
      aperture 27 axially aligned with channel 24. The top horizontal surface of
      bell 26 is spaced apart from the bottom surface of flange 23 by means of a
      suitable ring gasket 28 forming a liquid and vapor tight seal. The outer
      portion of bell 26 is formed into a downwardly extending curved portion 29
      which terminates in an integrally formed, outwardly extending flange 31.
PAR  A bottom bell 32 mates with bell 26 to form an annular liquid fuel trap or
      collection chamber 33. Bell 32 has an integrally formed annular flange 34
      which is secured to flange 31 by means of spaced bolts 36. The horizontal
      floor of bell 32 has a central aperture 37 which is axially aligned with
      the circular channel 38 of tube 39 which has an upper, outwardly
      extending, integrally formed flange 41. Interposed between the bottom
      surface of bell 32 and the upper surface of flange 41 is a gasket 42
      forming a liquid and vapor tight seal therebetween. Spaced bolts 43 extend
      through suitable apertures in flanges 23 and 41, gaskets 28 and 42, and
      bells 26 and 32, to secure the assembly of said component parts firmly
      together.
PAR  The bottom portion of tube 39 has an integrally formed, outwardly extending
      flange 44 which is secured to a suitable portion of the intake manifold 46
      by means of a plurality of spaced bolts 47.
PAR  The center of the top wall of bell 26 has a short, annular, integrally
      formed, downwardly extending flange 48, the lower edge of which is located
      opposite and spaced apart somewhat from the upper edge of a corresponding
      upwardly extending annular flange 49 integrally formed with the bottom of
      bell 32. Together, flanges 48 and 49 of substantially equal diameter
      define an open central fuel passage 51 through bells 26 and 32 between
      carburetor 21 and the intake manifold 46 of the internal combustion
      engine.
PAR  In a lower portion of channel 38 there is mounted a conventional
      throttle-operated butterfly valve, not shown, for adjusting the flow of
      the fuel stream passing from the carburetor to the intake manifold of the
      engine. In some embodiments, the butterfly valve may alternatively be
      located in channel 24. A typical butterfly valve is illustrated
      schematically in another embodiment of the invention described
      hereinafter.
PAR  The respective spaced opposing edges of flanges 48 and 49 define an annular
      transit port 50 for the movement of liquid fuel from fuel passage 51 into
      chamber 33. In some embodiments, spaced narrow vertical support struts may
      be positioned between the lower edge of flange 48 and the upper edge of
      flange 49 to enhance the structural strength of said flanges surrounding
      fuel passage 51. In most embodiments, however, flanges 48 and 49 would be
      made of a sufficiently strong material so as to maintain their own
      structural integrity.
PAR  Located axially within passage 51 is a vertical, rotatable shaft 52, the
      upper portion of which has a rotatable hub 53 to which are connected the
      inner ends of a plurality of tilted propeller blades 54. The outer ends of
      said blades, which rotate with hub 53 and shaft 52, move in a circular
      path aligned with, but spaced apart from, transit port 50.
PAR  The upper end of shaft 52 terminates in a bearing 56 which cooperates with
      a suitable bearing seat in support block 57. Block 57 is supported by the
      inner ends of crossbars 58, the outer ends of which are mounted in the
      wall of the upper central aperture of bell 26. The lower end of shaft 52
      terminates in a bearing 61 which cooperates with a suitable bearing seat
      in support block 62. Block 62 is supported by the inner ends of crossbars
      63, the outer ends of which are mounted in the wall of the lower central
      aperture of bell 32.
PAR  Bearings 56 and 61, represented only schematically in FIG. 3, would, in
      actuality, be selected from any one of several types of bearings well
      known in the art that permit virtually free, passive low friction rotation
      of shaft 52, and free passive spinning of blades 54 when the latter are
      impinged by the stream of fuel passing downwardly from carburetor 21
      through confined fuel passage 51. The selected bearings would, of course,
      be such as to be operative in, but protected from, the fuel stream.
PAR  The trailing edge or trailing portion of each blade 54 is provided with a
      flange 64 extending upwardly from the upper surface of said blade and
      forming a scoop which accumulates quantities of liquid components from the
      fuel stream and propels said components centrifugally and laterally
      outwardly through transit port 50 and into collection chamber 33. In the
      embodiment shown in FIG. 3, flange 64 tapers gradually from a wider
      dimension at the outer end of blade 54 to a narrow dimension or an apex at
      hub 53 at the inner end of blade 54.
PAR  If an ordinary propeller blade without a trailing edge flange or scoop were
      employed in the apparatus herein, it has been found that, in actuality,
      the major portion of the liquid components of the fuel stream nevertheless
      passes between the blades and reaches the intake manifold of the
      automobile engine. The provision herein of the flange or scoop 64 ensures
      that an appreciably significant portion and even the major quantity of
      liquid components are removed from the fuel stream passing through passage
      51. Thus, the fuel mixture reaching the intake manifold is greatly, if not
      completely, depleted of liquid components that would otherwise be
      deleterious to the action of the internal combustion engine and wasteful
      of fuel. By depleting the fuel stream of liquid particles of fuel, there
      is realized a considerably increase in efficiency of the engine because
      appreciably less unburned fuel passes through the engine and out into the
      atmosphere to create conditions of pollution.
PAR  Although in some embodiments the provision of flanges 64 on propeller
      blades 54 brings about a considerable improvement in fuel economy and in
      engine efficiency, the efficiency of the apparatus herein is enhanced by
      including within collection chamber 33 a packing 66 of fibrous reticular,
      cellular, webbed or filamentary materials. Such materials may include
      metallic wool of steel, copper or suitable metallic alloys. The
      filamentary or fibrous material may include strands of natural or
      synthetic fibers, while the cellular material may consist of porous
      ceramic, or natural or synthetic substances. All of these materials would
      have the properties of trapping liquid droplets and permitting the latter
      to descend by capillary action and gravity to the bottom of chamber 33.
      The density of the packing 66 will be determined by considerations of
      reducing or eliminating turbulence within the collection chamber, and of
      the capability of the materials in trapping the liquid droplets and
      preventing them from being sucked back through the transit port into the
      fuel system. The reticular interstices between the metallic or fibrous
      strands would also be large enough to permit the descent of the trapped
      liquid fuel by gravity toward the bottom of the collection chamber. In the
      case of a ceramic mass or block, there should be easy gravity flow through
      the pores of such a block so that clogging and static retention of the
      liquids would be obviated. By virtue of this packing in the form of an
      intricate interstitial network, turbulence within chamber 33 is greatly
      damped, thereby reducing the possibility of reverse suction of liquid fuel
      from chamber 33 into fuel passage 51.
PAR  Liquid fuel entering through transit port 50 into chamber 33 impinges upon
      and is captured by packing 66 and through which it descends by capillary
      action and gravity to the floor of said chamber which contains an outlet
      port 67 through which the liquid fuel is drained from chamber 33. Suitable
      means may be provided by way of tube 68 to return the liquid fuel back to
      the main fuel tank of the engine. In some embodiments, a backfire safety
      unit 69 may be included in the fuel return line 68, said unit taking the
      form of box or cylinder which may be provided with a suitable reticular
      packing so that any accidental ignition of fuel in chamber 33 would be
      choked off by unit 69 and prevented from continuing through fuel return
      line 68.
PAR  In FIG. 9, there is shown an alternative embodiment of the propeller
      wherein each of the propeller blades 71 has a trailing edge flange or
      scoop 72, the latter having a uniform curvature and dimension along the
      entire length of the propeller blade and terminating at the hub 73 of
      propeller shaft 74.
PAR  While FIG. 10 illustrates a schematic top view of the propeller shown in
      FIG. 3, with the tapering flange 64, FIG. 11 illustrates an alternative
      embodiment of a flange 76 which extends only partially along the trailing
      edge of propeller blade 77. Depending upon the multifarious variables that
      obtain in carburetion and in the operation of internal combustion engines,
      the shape and size and the longitudinal dimension of the various flanges
      or scoops shown in the foregoing emboidments may be varied empirically in
      order to achieve optimum operation with the same basic and necessary
      function of performing the centrifugal action upon the liquid components
      of the fuel stream to cause their projection into trap or collection
      chamber 33.
PAR  While FIG. 12 shows an edge view of the flange in the embodiment shown in
      FIG. 10, the shape of said flange may be varied in accordance with the
      alternative illustrations in FIGS. 12A, 12B, 12C and 12D, in order to
      provide the optimum efficiency of centrifugal action upon the liquid fuel
      by the propeller blade flanges.
PAR  The optimum form of the propeller blade flanges or scoops will be
      established in conjunction with other dimensional, pitch and curvature
      variations of the propeller blades and other operational considerations
      determined by the other components of the system herein.
PAR  An alternative embodiment of the invention herein is illustrated in FIGS.
      4, 5, 6, 7 and 8, together with the inclusion of auxiliary equipments to
      augment the function of the apparatus herein. In this embodiment,
      carburetor 21 has a downstream tube 81 terminating in an integrally
      formed, outwardly extending annular flange 82. The liquid fuel trapping or
      collecting apparatus is contained in an upper bell 83 and a lower bell 84
      whose respective integrally formed, outwardly extending annular flanges 86
      and 87 are secured together by means of a plurality of spaced bolts 88. A
      suitable leakproof annular gasket (not shown) may be interposed between
      flanges 86 and 87. The horizontal roof 89 of bell 83 has a central
      aperture 91 which coincides with the interior fuel passage of tube 81.
      Juxtaposed between roof 89 and flange 82 is a suitable leak-proof gasket
      92.
PAR  Horizontal floor 93 of bell 84 rests upon the annular, outwardly extending
      flange 94 of a downflow tube 96 connecting to the intake manifold of the
      automotive engine. Interposed between the bottom surface of floor 93 and
      the upper surface of flange 94 is a suitable leakproof gasket 97.
      Extending through suitable apertures in flanges 82 and 94, through gaskets
      92 and 97, and through roof 89 and floor 93, are spaced bolts 98 which
      secure the assembly of said parts firmly together.
PAR  Floor 93 of bell 84 has a central circular aperture 99 which coincides
      axially and dimensionally with the central aperture 101 of tube 96.
      Surrounding aperture 91, roof 89 of bell 83 has an integrally formed,
      downwardly extending annular flange 102, while surrounding aperture 99
      floor 93 of bell 84 has an upwardly extending integrally formed annular
      flange 103, the bottom circular edge of flange 102 being somewhat spaced
      apart from the upper circular end of flange 103 to define an annular
      transit port 104 for movement of liquid fuel into collection chamber 106
      defined by bells 83 and 84. The opposing spaced edges of flanges 102 and
      103 are substantially equal in diameter, while the interior walls of said
      flanges may be curved or sloped if desired or necessary in any manner to
      obtain optimum flow of the fuel stream from the carburetor to the intake
      manifold.
PAR  Pivotally mounted within aperture 101 of tube 96 is a conventional
      butterfly valve 107 for controlling the fuel stream passing to the intake
      manifold. The butterfly valve may alternatively be pivotally mounted
      within the central passage of tube 81, depending upon various operational
      and structural conditions that are to be met by the apparatus herein and
      in order to work effectively in conjunction with other functions of the
      engine. The butterfly valve 107 is operated in the usual manner by the
      external control rod 108 (FIG. 1) and lever 109 connected by suitable
      means to the pivot shaft 111 of valve 107.
PAR  Mounted securely in the wall of central aperture 99 of floor 93 is a pair
      of crossbars 112 and 113 in cruciform array. In the center hub 114 formed
      between said crossbars is firmly mounted the lower end of a shaft 116. See
      also FIG. 6. Shaft 116 extends axially upwardly between flanges 102 and
      103. At its lower portion, shaft 116 has an annular shoulder 117 which
      supports a thrust bearing 118 upon which is rotatably mounted an upwardly
      extending sleeve 119 freely rotatable around a reduced diameter portion of
      stationary shaft 116. Mounted on the top of sleeve 119 is a rotatable ball
      bearing 121.
PAR  Removably mounted on the assembly of thrust bearing 118, sleeve 119 and
      bearing 121, is hub 122 of a propeller having radially extending propeller
      blades 123. Hub 122 has a central aperture 124 which accommodates with a
      close slide fit bearings 121 and 118, said aperture 124 having an inwardly
      extending shoulder 126 which rests upon the outer race of bearing 121. The
      upper end of aperture 124 terminates in an upwardly extending axially
      aligned recess which accommodates the upper end portion of shaft 116
      around which it freely rotates. Hub 122, together with its blades 123, may
      be easily lifted and removed for replacement or adjustment.
PAR  The mounting of propeller hub 122 is arranged to permit the free and rapid
      spinning of the propeller when blades 123 are subjected to the kinetic
      forces of the fuel stream that pass downwardly from tube 81 to tube 96.
PAR  Propeller blades 123, which are suitably pitched for their required
      function, are also each provided with a trailing edge centrifuging flange
      or scoop 127, said blade and said flange being shaped in accordance with
      the structural and functional requirements suggested and described
      hereinbefore in connections with FIGS. 3, 9, 10, 11, and 12-12D. Here,
      also, in the embodiment of FIG. 4, collection chamber 106 contains a
      packing 128 made of retiform or reticular material such as metallic wool
      or the like, similar to and performing the same functions as the packing
      66 described hereinbefore in connection with FIG. 3.
PAR  While the transit port 50 in FIG. 2 is shown located in the upper portion
      of the liquid trap apparatus, the transit port 104 in FIG. 4 is located
      towards the bottom of chamber 106 and opposite the outer portions of
      blades 123 to receive the centrifuged liquid fuel propelled therethrough
      by means of flanges 127. The optimum levels, heights and widths of
      respective transit ports 50 and 104 may be determined empirically in
      conjunction with the dimensional and operating characteristics of the
      other related components of the apparatus. The fuel flow passage within
      flanges 102 and 103 (FIG. 4) may be modified by appropriate internal
      curvatures for optimizing the action of the propeller flanges 127. Said
      curvatures may be determined empirically on the basis of the operational
      characteristics of the entire carburetor and engine system.
PAR  It is also contemplated that an annular mesh or screen ring 129 may be
      located horizontally in chamber 106 spaced apart somewhat from the botton
      floor thereof and operating to support the mass of the packing 128 to
      facilitate drainage of liquid fuel from chamber 106.
PAR  While it might appear that the energy of the fuel stream passing to the
      intake manifold would exert forces against scoops or flanges 64, 72 and
      127 of the respective propeller blades that would be thought to cause
      resistance to the normal spinning direction of the propellers, it is to be
      noted that the aggregate energy received by the tilted blade surfaces
      exceed that resistance by a wide margin. Thus, in actual operation, the
      propellers spin quite rapidly and exert sufficient power to cause
      centrifugation of considerable quantities of liquid fuel by means of the
      flanges or scoops into the respective collection chambers.
PAR  The present invention comprehends within its purview all equivalent scoop
      means on a rotating element located in the path of and spun by the fuel
      stream passing from the carburetor to the intake manifold of the engine.
      The element is rotated by the forces of the fuel stream from which liquid
      components are caught by said scoops and ejected centrifugally from the
      stream into a surrounding collection chamber.
PAR  The spinning element may take any one of several forms where there are
      provided energy receiving components, such as blades or fins, or the like,
      for spinning the element, and flanges or scoops connected to said element
      and which move in the same direction of said energy receiving components.
      Said scoops or flanges capture liquid components from the fuel stream and
      project them centrifugally out of the path of the fuel stream. In all such
      equivalent embodiments, the kinetic forces of the rapidly moving fuel
      stream would effectively cause rapid rotation of the spinning element as
      well as supply sufficient work energies to cause centrifugal ejection of
      the liquid components by the flanges or scoops through the respective
      transit ports located in suitable positions opposite the outer portions of
      said flanges or scoops to effectuate transfer of said components into the
      respective collection chambers.
PAR  Chamber 106 of FIG. 4 may be emptied of liquid fuel in the same manner as
      chamber 33 of FIG. 3. In the embodiment of FIG. 4, however, the drainage
      system is modified in order to accommodate the apparatus to fuel mixture
      adjustment and to surge power requirements.
PAR  As shown in FIGS. 4 and 5, chamber 106 has a drain outlet 131 that is
      located at a level somewhat above that of floor 93 of bell 84 whereby a
      small pool of trapped fuel is accumulated in a well 132 formed by a
      suitable depression in floor 93. Located substantially in the center
      portion of well 132 is a lower depression 133, in the bottom of which is
      formed a longitudinal slot 134 through which a secondary drainage of
      accumulated liquid fuel may take place.
PAR  For normal drainage through aperture 131, the liquid fuel passes through
      tube 136, thence through optional backfire safety unit 137 comparable in
      structure and function to unit 69 in FIG. 3. From safety unit 137, the
      drained liquid fuel passes by way of tube 138 into drain tank 139 which
      maintains a closed system that prevents the Venturi action of the rapidly
      moving fuel stream from producing reverse suction of liquid fuel from
      collection chamber 106 back through transit port 104 into said stream.
      Drain tank 139 is partially emptied when necessary, from time to time,
      through outlet tube 141 by means of pump 142 driven by an electric motor
      143.
PAR  Located in drain tank 139 is a liquid level sensing element which operates
      an electric switch 144 connected into the electrical circuit that operates
      motor 143 by means of power source 145. The liquid level sensing element
      may take the form of a ball float 146 which is pivotally connected to the
      on-off mechanism in switch 144. When float 146 is at a predetermined low
      level, switch 144 is in the open condition; whereas, when float 146 rises
      to a predetermined high or maximum level, it closes switch 144 thereby
      starting the action of pump 142 to cause the emptying of drain tank 139 to
      a point where the liquid level is lowered to the predetermined minimum
      quantity of liquid fuel in said tank necessary to preserve the closed
      condition of the system.
PAR  While the liquid level descends, float 146 moves downward pivotally until
      the predetermined low minimum level has been reached, at which time switch
      144 opens the electric circuit controlling pump 142 which then stops
      operating. While tank 139 is filled up with drainage from collection
      chamber 106 and float 146 is rising, switch 144 remains in the open
      circuit condition until float 146 reaches the predetermined maximum level
      at which time switch 144 closes the circuit again and causes pump 143 to
      repeat the partial emptying of tank 139 and to return the recovered liquid
      fuel through tube 147 only to the main fuel supply tank or the fuel supply
      system 148 to which the upstream intake of carburetor 21 is connected by
      conventional means known in the art. Other types of liquid level sensors
      other than ball floats may be utilized to operate switch 144 at suitable
      maximum and minimum levels.
PAR  Other equivalent expedients may be utilized for draining tank 139 from time
      to time, such as by a fluid level or pressure responsive valve outlet
      located somewhat above the floor of said tank and being operative when the
      liquid reaches a predetermined maximum level to open and permit emptying
      of said liquid until a minimal reserve quantity is retained therein in
      order to maintain the required closed sytem. Such a valve would be
      connected by suitable means to the fuel supply tank of the engine.
PAR  Mechanisms are also incorporated with the apparatus herein to restore
      liquid fuel into the fuel stream passing to the intake manifold for the
      separate operational conditions of fuel enrichment and surge requirements.
PAR  For fuel enrichment, there are provided adjustable means to permit
      continual restoration of a predetermined or controlled quantity of liquid
      fuel to the fuel stream when a fine adjustment for optimum operation of
      the engine is required. Accordingly, flange 94 of tube 96 contains a
      horizontal aperture 151 aligned longitudinally and communicating with slot
      134 whereby liquid fuel in chamber 106 can flow into said aperture. The
      inner end of aperture 151 accommodates the inner portion of a small nozzle
      tube 152, the outer portion of which projects somewhat into aperture 101
      where the fuel stream passes downstream from the propeller to the intake
      manifold. Located in flange 94 at the outer end of aperture 151 is a
      sleeve 153 having a central aperture 154 which slidably accommodates the
      shank of pin 156, said sleeve having a pair of spaced O-rings 157 which
      provide a leak-tight seal between said sleeve and said pin.
PAR  Secured to flange 87 by means of bolt 88 is a horizontal bracket 158 to
      which is pivotally connected a downwardly extending lever arm 159, the
      lower end of which terminates in a pair of downwardly extending spaced
      tines 161. Bracket 158 has an integrally formed, downwardly extending arm
      162 on which is mounted solenoid 163, having an armature 164 whose outer
      end is pivotally connected to an intermediate portion of lever arm 159.
      Solenoid spring 166 normally urges armature 164 outward from solenoid 163
      thereby normally urging lever arm 159 against downwardly extending stop
      element 167 formed integrally with bracket 158 thereby limiting the
      leftward movement of tines 161.
PAR  Located between tines 161 is an internally threaded nut 168, the forward
      and rearward portions of which have integrally formed flanges 169, the
      opposing faces of which are curved to permit free movement of tines 161
      during the pivoting action of arm 159. Nut 168 has a pair of parallel
      vertical external flats 171 near which the respective inner surfaces of
      tines 161 are located thereby preventing rotation of said nut. A portion
      of pin 156 is threaded for engagement with nut 168 while the outer end of
      said pin has a slotted screw head 173 which accommodates a tool for
      rotating said pin and adjusting the position of its inner conical valve
      head 174 relative to the valve seat formed by the juncture between the
      forward end of slot 134 and aperture 151. Thus, the location of valve head
      174 can be adjusted to predetermine the quantity of liquid fuel that will
      flow outwardly through aperture 151 and tube 152 into the fuel passage
      downstream from the centrifuging propeller.
PAR  When valve head 174 is in the closed position shown in FIG. 4, passage of
      liquid fuel through aperture 151 and nozzle 152 is prevented. The dotted
      lines on pin 156 are indicative of a slightly retracted location of valve
      head 174. A coil spring 176 surrounding pin 156 is located between screw
      head 173 and rear flange 169 in order to provide sufficient tension for
      preventing lost motion and to secure the adjusted position of pin 156. By
      these means, the apparatus herein can be "tuned" to determine the desired
      or required richness or leanness of the fuel supply passing into the
      intake manifold of the engine.
PAR  Under varying driving conditions encountered on the highway, it is often
      necessary for the automotive engine to have momentary surge power for
      emergency fast starts or for passing other vehicles, or in other stress
      circumstances which would require a considerably richer fuel supply that
      would normally be passed to the intake manifold of the engine. In order to
      accommodate the apparatus to such exigencies calling for surge power, the
      apparatus is provided with auxiliary components and equipments that will
      accommodate it to those extreme demand circumstances.
PAR  When surge or demand power is required, solenoid 163 can be operated to
      retract valve head 174 by a considerable distance in order to permit a
      greater than usual flow of liquid fuel through aperture 151 and through
      nozzle 152 in order to enrich the fuel stream passing to the intake
      manifold. The energization of solenoid 163 causes the retraction of
      armature 164 against the action of spring 166 thereby automatically
      causing the outward pivoting action of lever arm 159. Consequently, tines
      161 bearing against the rear flange 169 causes the simultaneous retraction
      of pin 156 and its valve head 174 to permit the greater flow of liquid
      fuel out through tube 152. The power source 177 for solenoid 163 may be
      activated by a switch 178, the actuator button 179 of which is operated by
      pivoting throttle pedal 181 normally urged into its retracted position by
      spring 182. The upper end of button 179 is adjustably located in a
      suitable position for actuation by throttle pedal 181 when the latter is
      pivotally depressed to a degree when surge power or exceptionally high
      speed operation of the engine is required or necessary. The solenoid
      action is independent of the adjustable means on pin 156.
PAR  It is contemplated that the auxiliary equipments illustrated and described
      in connection with the embodiment shown in FIG. 4 may also be incorporated
      into the embodiment of the invention illustrated and described in
      connection with FIG. 3.
PAR  Where the word "reticular" is recited in the accompanying claims, its
      meaning subsumes all suitable types of fibrous, filamentary, webbed,
      cellular and porous materials that can perform the function of collecting
      and retaining the liquid components within the collection chamber and
      permitting drainage thereof by capillary action and gravity toward the
      bottom of said chamber. It is also contemplated that the reticular packing
      may comprise a plurality of stationary flat or curved spaced fins arrayed
      radially or horizontally within the collection chamber, said fins being
      either perforated, serrated, corrugated, or otherwise suitably shaped to
      perform the requisite trapping and draining functions.
PAR  Although the present invention has been described with reference to
      particular embodiments and examples, it will be apparent to those skilled
      in the art that variations and modifications can be substituted therefor
      without departing from the principles and true spirit of the invention.
      The 'Abstract" given above is for the convenience of technical searchers
      and is not to be used for interpreting the scope of the invention or
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fuel reclaiming system for an internal combustion engine including a
      carburetor a fuel supply system connected to the upstream intake of the
      carburetor, an intake manifold on the engine, and a tubular structure
      forming a fuel passage between said carburetor and said manifold for
      conducting the fuel stream therebetween, comprising an enclosure forming a
      collection chamber located externally of said tubular structure and
      communicating with said passage, a propeller mounted in said passage in
      the path of and spun by the movement of said fuel stream, a flange on the
      trailing edge of the blades of said spinning propeller for catching at
      least a portion of the liquid components of said fuel stream and
      centrifugally projecting said liquid components into said collection
      chamber, a drain tank, a connection between said collection chamber and
      said drain tank for continuously draining said liquid components from said
      collection chamber into said drain tank, said drain tank forming a
      continuously closed system with said collection chamber for counteracting
      reverse flow of said liquid components from said collection chamber back
      into said fuel stream, the output of said drain tank being connected only
      to said fuel supply system.
NUM  2.
PAR  2. The system according to claim 1 and further comprising means in said
      drain tank for periodically partially emptying said drain tank of liquid
      components while retaining at least a minimum quantity of liquid in said
      drain tank to preserve the closed system existing between said drain tank
      and said collection chamber.
NUM  3.
PAR  3. The system according to claim 1 and furthr comprising a packing of
      reticular material in said collection chamber for retention and drainage
      of said liquid components therein.
NUM  4.
PAR  4. The system according to claim 1 and further comprising a valve mechanism
      connected to said drain tank for partially emptying said drain tank of
      limited quantities of liquid components while continuously preserving the
      closed system existing between said drain tank and said collection
      chamber.
NUM  5.
PAR  5. The system according to claim 4 and further comprising liquid level
      sensing means mounted in said drain tank responsive between predetermined
      maximum and minimum liquid levels in said tank to control the operation of
      said valve mechanism.
NUM  6.
PAR  6. The system according to claim 1 and further comprising an adjustable
      valve connected between said collection chamber and a location in said
      fuel passage downstream from said propeller for returning a predetermined
      quantity of liquid from said collection chamber back to said fuel passage.
NUM  7.
PAR  7. The sytem according to claim 6 and further comprising means connected to
      said adjustable valve and operative independently by the operator of the
      engine at will upon said adjustable valve to restore greater quantities
      than said predetermined quantity of liquid to said fuel passage when surge
      operation of said engine is required.
NUM  8.
PAR  8. The system according to claim 1 and further comprising a first drain
      outlet in said collection chamber connected to said drain tank, a second
      drain outlet in said collection chamber located at a level lower than the
      first mentioned outlet, said second outlet communicating directly with
      said stream downstream from said propeller and an adjustable valve between
      said second drain outlet and said fuel stream for controlling the quantity
      of liquid that drains from said second outlet into said stream.
NUM  9.
PAR  9. The system according to claim 8 wherein said adjustable valve is movable
      independently of its adjustment means to provide under demand conditions
      greater than normal return of fluid through said second outlet, and
      further comprising an actuator connected to and moving said valve under
      said demand conditions, and throttle means connected to and operating upon
      said actuator when said greater than normal demand conditions exist.
NUM  10.
PAR  10. The system according to claim 9 wherein said adjustable valve comprises
      an elongated pin, a valve head on said pin, and a threaded nut, said pin
      being threadably rotatable with said nut for adjustably determining the
      location of said valve head relative to said second outlet.
NUM  11.
PAR  11. The system according to claim 10 and further comprising a solenoid
      mounted near said nut, a pivotable bracket on which said nut is mounted,
      the armature of said solenoid being connected to said bracket, a normally
      open electrical circuit connected to and actuating said solenoid, the
      closing of said circuit causing said armature to retract said nut for a
      distance greater than normal for providing demand flow of liquid through
      said second outlet.
NUM  12.
PAR  12. The system according to claim 11 and further comprising a switch in
      said electrical circuit for opening and closing the latter and a throttle
      control connected to said switch, said control being operative upon said
      switch only when the demand flow of liquid is to pass through said second
      outlet.
NUM  13.
PAR  13. A fuel reclaiming system for an internal combustion engine including a
      carburetor a fuel supply system connected to the upstream intake of the
      carburetor, an intake manifold on the engine, and a tubular structure
      forming a fuel passage between said carburetor and said manifold for
      conducting the fuel stream therebetween, comprising an annular enclosure
      forming a collection chamber externally surrounding said tubular structure
      and communicating with said fuel passage, a propeller mounted in said
      passage in the path of said fuel stream, a flange on the training edge of
      each of the blades on said propeller, said flanges being shaped to capture
      at least a portion of the liquid components of said fuel stream and to
      project said captured liquid components centrifugally into said collection
      chamber when said propeller is rotated by the motion of said fuel stream,
      a drain tank connected to said collection chamber from which said liquid
      components drain continuously into said drain tank, at least some of said
      liquid components always being retained in said drain tank to form a
      continuously closed system with said collection chamber and to counteract
      tendency of reverse flow of liquid components from said collection chamber
      into said fuel stream the output of said drain tank being connected only
      to said fuel supply system.
NUM  14.
PAR  14. The system according to claim 13 and further comprising a mechanism
      connected to said drain tank for only partially emptying said drain tank
      of limited quantities of liquid components while preserving the closed
      system existing between said drain tank and said collection chamber, said
      emptied liquid components being transmitted to the fuel supply system of
      the engine.
NUM  15.
PAR  15. The system according to claim 14 and further comprising a liquid level
      sensor mechanism connected to said first mentioned mechanism, said sensor
      being operative to maintain a minimal quantity of liquid components in
      said drain tank for preserving the closed system of said tank with said
      collection chamber.
NUM  16.
PAR  16. The system according to claim 13 and further comprising a reticular
      packing in said collection chamber for facilitating the retention and
      drainage of centrifuged liquid components in said collection chamber for
      subsequent drainage into said drain tank.
NUM  17.
PAR  17. A fuel reclaiming system for an internal combustion engine including a
      carburetor a fuel supply system connected to the upstream intake of the
      carburetor, an intake manifold on said engine, and a tubular structure
      forming a fuel passage between said carburetor and said manifold for
      conducting the fuel stream therebetween, comprising first means located
      externally of said tubular structure and communicating therewith for
      receiving liquid components from said fuel stream, second means mounted in
      said tubular structure in the path of said fuel stream, the force of the
      movement of said fuel stream from said carburetor to said manifold causing
      liquid components in said fuel stream impinging upon said second means to
      be centrifugally projected into said first means, third means connected to
      said first means for continuously receiving said liquids from said first
      means, said third means and said first means together forming a
      continuously closed system which counteracts reverse flow of liquids from
      said first means back into said fuel stream and fourth means connected
      between said third means and said fuel supply system for periodically only
      partially emplying liquids from said third means and transmitting them
      only to said fuel supply system.
NUM  18.
PAR  18. The system according to claim 17 and further comprising fifth means
      contained within said first means for facilitating the retention of liquid
      components therein and the draining of said liquid components therefrom
      into said third means.
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ABST
PAL  A flywheel alternator for use with an electronic ignition system of an
      internal combustion engine. The flywheel has a rotor with an odd number of
      circumferentially located permanent magnets each of substantially the same
      size and shape. The radially inward pole faces of adjoining pairs of the
      magnets are of opposite polarity except for one pair which is of the same
      polarity. At least one stationary trigger coil is positioned to form
      magnetic circuits with the rotor magnets by bridging alternate ones of the
      magnets as the rotor rotates. A unique trigger pulse suitable for
      activating an electronic ignition system is generated only once each
      flywheel revolution. A stationary power coil has a length to bridge
      consecutive ones of the magnets to provide power to run other electrical
      appliances.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to flywheel alternators used in conjunction with
      electronic ignition systems in internal combustion engines.
PAR  Basically, the alternator's function is to transform mechanical motion of
      the engine into electrical power. In the past, generated electricity was
      used solely to charge the ignition coil and activate electrical
      appliances. With the advent of spark ignited electronic ignition systems,
      a means was sought to modify the basic alternator so that it would
      generate a suitable ignition trigger pulse as well as perofrm its previous
      function. Proper engine performance requires a non-ambiguous uniquely
      defined pulse. In 2-stroke-cycle, 2 cylinder engines, for example, a
      precise firing pulse for each cylinder is required exactly once per engine
      revolution.
PAR  Conventional alternators, such as shown in U.S. Pat. No. 3,741,186, cause a
      voltage to be induced across a coil of conductive wire which is stationed
      in a rotating magnetic field. The field is produced within a cup shaped
      rotor which has permanent magnets circumferentially located in its inner
      diameter. The magnets have one of their two poles facing the rotor's
      center. Adjoining magnets have opposite polarity poles so oriented. The
      rotor is mechanically coupled to the engine and, when rotated, creates a
      time varying magnetic field within the rotor's diameter.
PAR  A cylindrical coil of conductive wire is stationed within the rotor in such
      a manner that the pole faces of the magnets form magnetic circuits with
      the poles of the coil. An alternating voltage is created across the coil
      as it is sequentially coupled to opposite magnetic fields. External
      circuitry rectifies the alternating voltage making it suitable for
      powering the ignition coil and other automotive appliances.
PAR  One method of modifying the conventional alternator to generate a trigger
      pulse is disclosed in U.S. Pat. No. 3,746,901 entitled "Magneto Generator
      For Ignition Systems of Internal Combustion Engines" issued on July 17,
      1973. According to the invention, a reversely polarized control magnet is
      located within a main magnet. Pole shoes of a pulse generator winding are
      stationed to form a magnetic circuit when opposite the main magnet having
      the inner control magnet. At this time, a pulse is generated. An obvious
      disadvantage of this approach is that a special main and control magnet
      must be manufactured distinctly from the other main magnets.
PAR  S.A.E. paper 680579 published by T. Frazer Charmichael discloses a trigger
      circuit in which the south oriented main magnet of a conventional
      generator is replaced with a north oriented magnet. This results in three
      adjoining north polarity main magnets. Two trigger coils are positioned on
      adjacent salient poles. As the trigger coils are wired in opposition,
      there will be no net voltage developed across them until each is opposite
      the same polarity magnetic pole. However, since there are three adjacent
      north oriented poles, this system will produce two pulses per revolution.
      This may result in engine misfiring.
PAR  Accordingly it is an object of this invention to provide a new and improved
      flywheel alternator for use with a pulse triggered ignition system which
      produces a single trigger pulse suitable for triggering an electronic
      ignition system each engine revolution.
PAR  It is another object of the invention to provide a flywheel alternator of
      the type described in the previous paragraph having a single trigger coil.
PAR  It is a further object of the invention to provide a flywheel alternator as
      above-described which uses main magnets all of which have similar
      manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  The flywheel alternator of the invention uses a rotor having an odd number
      of permanent magnets all of substantially the same size and shape. Pairs
      of adjoining magnets have opposite orientation except for two which are of
      the same magnetic orientation. A stationary trigger coil has a length
      relative to the permanent magnets to bridge two of the magnets each of
      which adjoins a common third one of the magnets. Due to the geometry and
      the location of the rotor magnets and trigger coil, a pulse suitable for
      firing an electronic ignition system is created only once per flywheel
      revolution.
PAR  The structure and operation of the invention will be better understood with
      reference to the drawings and detailed description which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a flywheel alternator comprised of a cup shaped rotor, seven
      rotor permanent magnets, a trigger coil for each cylinder of a two
      cylinder engine, and a power coil. Also shown are appropriate connections
      to the trigger input of a conventional electronic ignition system and an
      electric power take off for charging the ignition coil and activating
      electrical appliances.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the example illustrated in the drawing, a 2 cylinder, 2-stroke-cycle
      internal combustion engine has ignition and appliance power as well as
      trigger pulses for a conventional electronic ignition system taken off the
      flywheel alternator shown at 10. A cup shaped rotor 11 rotates about a hub
      12 and is directly driven off of engine drive shaft (not shown).
      Symmetrically located on the rotor's inner circumference are seen radially
      polarized magnets 13 having inward pole faces 15 and separated by air gaps
      14. Adjoining magnets 13 are alternately reverse polarized except for two
      13a, 13b, which are of the same radial polarity.
PAR  Fixedly mounted on a stationary plate (not shown) are trigger coils 17, 18,
      and power coil 19. Each coil 17, 18, 19 is comprised of an armature plate
      20a,b,c having pole shoes 21a,b,c. Wound on armature plates 20a,b,c are
      windings 22a,b,c which are continuous lengths of a conductive wire wound
      to form a cylindrical coil whose longitudinal axis is parallel to the
      longitudinal axis of the armature plates 20a,b,c. The first trigger coil
      17 is stationed with respect to the inward faces 15 of the magnets 13b and
      13g such that the pole shoes 21a of its predetermined length armature
      plate 20a bridge two rotor magnets 13b and 13g each of which adjoins a
      common third magnet 13a. The second trigger coil 18 is the same size and
      shape of the first trigger coil 17 and is mounted equidistant from the hub
      12 as is coil 17 and on the opposite side of rotor 11 from coil 17 such
      that the longitudinal axis of trigger coils 17 and 18 are parallel.
PAR  Power coil 19 is mounted such the the pole shoes 21c of its suitably long
      armature plate 20c bridge two adjoining magnets 13d and 13e. All armature
      plates 20a,b,c are of a permeable material such as iron and all pole shoes
      12a,b,c are shaped to conform to the inward faces 15 leaving a small air
      gap between face 15 and shoe 21.
PAR  The extreme ends of winding 22a of the first trigger coil are coupled
      through wires 23a and series diode 25a to the trigger input of the
      electronic ignition for cylinder no. 1.
PAR  The extreme ends of winding 22b of the second trigger coil are coupled
      through wires 23b and series diode 25b to the trigger input of the
      electronic ignition for cylinder no. 2.
PAR  The extreme ends of the windings 22c on the power coil 19 are coupled
      through wires 23c to be rectified, regulated and distributed to charge the
      ignition coil and activate electrical appliances by the power take off
      circuitry.
PAR  In operation, the engine turns the drive shaft which in turn rotates the
      rotor 11 in the clockwise direction as indicated by the arrow 24. Magnetic
      circuits can be seen to form from a rotor magnet 13 to the pole shoe 21
      through the armature plate 20 to the opposite pole shoe 21 and its
      adjacent rotor magnet 13. If a coil's 17, 18 or 19 pole shoes 21a,b,c are
      opposite rotor magnet faces 15 of the same magnetic polarity there will be
      no net flux through the associated armature plate 20a,b,c. When poles
      faces 15 of opposite polarity are bridged by an armature plate 20a,b,c a
      net flux will be present in the armature plates 20a,b,c which will induce
      a voltage across the windings 22a,b, or c of the coils 17, 18 or 19.
PAR  The invention can be understood by analyzing the sequence of magnetic
      circuits formed at each of the coils 17, 18 and 19 during one rotor 11
      revolution.
PAR  As can be seen from the drawings, the sequence of rotor magnets 13 bridged
      by the armature plate 20a of the first trigger coil 17 in the course of
      one rotor revolution is:
PA0  (13g) South -- North (13b)
PA0  (13f) North (13a)
PA0  (13e) South -- South (13g)
PA0  (13d) North -- North (13f)
PA0  (13c) South -- South (13e)
PA0  (13b) North -- North (13d)
PA0  (13a) North -- South (13c)
PAR  From the previous discussion, the winding 22a of the first trigger coil 17
      will have an induced voltage only during the North-South and South-North
      orientations. As the direction of flux through the armature plate 20a in
      the North-South orientation is opposite that of the South-North
      orientation a voltage of opposite polarity will be induced on winding 22a.
      When the pulses of opposite polarity are coupled, via hook-up wires 23a,
      to the trigger input of the electronic ignition for cylinder no. 1, the
      trigger can be designed to fire on either polarity by blocking the
      undesired pulse with a conventional diode 25a or the like. If, for
      example, the diode blocks the pulse created during the South-North
      orientation, the trigger circuit will receive a pulse suitable from a
      North-South orientation for firing an electronic ignition system only once
      per flywheel revolution, as was a stated object of the invention.
PAR  The sequence of orientations of rotor magnets 13 opposite the pole shoes
      21b of the second trigger coil 18 as the rotor 11 makes one revolution is
      seen to be:
PA0  (13d) North -- North (13f)
PA0  (13c) South -- South (13e)
PA0  (13b) North -- North (13d)
PA0  (13a) North -- South (13c)
PA0  (13g) South -- North (13b)
PA0  (13f) North -- North (13a)
PA0  (13e) South -- South (13g)
PAR  If, as described above, the trigger circuit of the electronic ignition for
      cylinder no. 2 is designed to trigger only upon a North-South orientation,
      as per diode 25b, it is seen that the trigger circuit for cylinder no. 2
      will fire one half rotor 11 revolution after cylinder no. 1. This fires
      the second cylinder at the proper time with respect to the first.
PAR  The sequence of orientations at the pole shoes 21c of power coil 19 during
      the course of one rotor 11 revolution is seen to be:
PA0  (13d) North -- South (13e)
PA0  (13c) South -- North (13d)
PA0  (13b) North -- South (13c)
PA0  (13a) North -- North (13b)
PA0  (13g) South -- North (13a)
PA0  (13f) North -- South (13g)
PA0  (13e) South -- North (13f)
PAR  As six of the seven magnetic circuits formed each revolution in the power
      coil 19 are of opposite polarity, a substantial alternating voltage is
      developed across power winding 22c which when coupled through wires 23c to
      the power take off circuitry, is available as power to charge the ignition
      coil and activate electrical appliances.
PAR  While a preferred embodiment has been described, it will be understood that
      variations and modifications of this invention may be effected without
      departing from the spirit and scope of the invention as defined in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An arrangement in a flywheel alternator for use with an electronic
      ignition system of an internal combustion engine having:
PA1  a rotor provided with a plurality of circumferentially located radially
      polarized permanent magnets;
PA1  at least one stationary power coil oriented in magnetic circuit
      relationship to the rotor magnets;
PA1  at least one stationary trigger coil oriented in magnetic circuit
      relationship to the rotor magnets; and
PA1  means for electrically coupling the coils to an electronic ignition system
PA1  wherein the improvement comprises
PA1  the rotor having an odd number of magnets with an adjoining pair of the
      magnets of the same radial polarity, the remaining adjoining pairs of the
      magnets of opposite polarity, the trigger coil having a dimension with
      respect to the permanent magnets to bridge two of the magnets each of
      which adjoins a common third one of the magnets, the power coil having a
      dimension with respect to the magnets to bridge magnets having a
      North-South or South-North orientation of their radially inward pole faces
      a number of times equal to one less than the total number of magnets,
PA1  whereby in the sequence of magnetic circuits formed by the magnets bridging
      the trigger coil a unique pulse suitable for firing an electronic ignition
      system is generated exactly once each flywheel revolution and in the
      sequence of magnetic circuits formed by the magnets bridging the power
      coil substantial power is generated.
NUM  2.
PAR  2. The arrangement of claim 1 wherein each of the magnets has substantially
      the same size and shape.
NUM  3.
PAR  3. The arrangement of claim 1 in which there are at least five rotor
      permanent magnets.
NUM  4.
PAR  4. The arrangement of claim 1 in which there are seven rotor permanent
      magnets.
NUM  5.
PAR  5. The arrangement of claim 1 wherein the magnetic orientation of the
      radially inward pole faces of the pairs of magnets sequentially bridged by
      the trigger coil is North-South once during one revolution and South-North
      once during one revolution, a trigger pulse of one polarity being
      generated during one of the orientations and a trigger pulse of opposite
      polarity being generated during the other of the orientations, further
      comprisng means for blocking the trigger pulse created during one of the
      orientations, the other of the trigger pulses being useable for firing an
      electronic ignition system.
NUM  6.
PAR  6. The arrangement of claim 4 in which the power coil has a dimension with
      respect to the magnets to bridge an adjoining pair of the magnets having a
      North-South or South-North orientation of their radially inward pole faces
      six times per flywheel revolution.
NUM  7.
PAR  7. The arrangement of claim 1 wherein two stationary trigger coils are
      stationed one half flywheel revolution apart, each trigger coil creating a
      single pulse per revolution suitable for firing an electronic ignition
      system, one pulse occurring 180.degree. of a flywheel revolution with
      respect to the second pulse.
NUM  8.
PAR  8. The arrangement of claim 1 wherein the trigger and power coils are each
      comprised of an armature plate made of a permeable material and having
      pole shoes formed thereon, the pole shoes designed to conform the magnets
      face leaving a small air gap therebetween, and a winding thereon formed of
      a continuous length of conductive wire wound to form a cylindrical coil
      the longitudinal axis of which is substantially parallel to the
      longitudinal axis of the armature plate.
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ABST
PAL  An air-compressing four-cycle reciprocating piston injection internal
      combustion engine forming a driving engine of a motor vehicle, to which is
      flangedly connected a transmission by way of a clutch; the connections
      between the internal combustion engine and the clutch and/or between the
      clutch and the transmission are provided with such reinforcements that the
      natural frequencies of the oscillatory system, which includes the masses
      of the internal combustion engine, of the clutch and of the transmission,
      are higher than the frequencies of the dangerous exciting oscillations
      caused by the internal combustion engine constructed as five-cylinder
      in-line internal combustion engine which cannot be compensated for with
      the use of acceptable expenditures.
BSUM
PAR  The present invention relates to an air-compressing four-cycle
      reciprocating-piston internal combustion engine, to be referred to
      hereinafter for the sake of brevity as internal combustion, as driving
      internal combustion engine in a motor vehicle to which is flangedly
      connected a transmission by way of a clutch.
PAR  As is known, in such types of internal combustion engines, oscillations and
      vibrations occur as a result of free forces and moments, which are caused
      by rotating and oscillating non-balanced masses. These forces and moments
      should be balanced as much as possible and should be kept small. Special
      problems arise in internal combustion engines having an asymmetric
      crankshaft, especially in five cylinder in-line internal combustion
      engines, since in that case forces and moments which can be balanced out
      only with considerable expenditures, cause dangerous oscillations and
      vibrations in larger numbers than, for example, in four-cylinder and
      six-cylinder in-line internal combustion engines.
PAR  The present invention is concerned with the task to assure with tolerable
      expenditures that no oscillations and vibrations occur which are dangerous
      for the internal combustion engine, the clutch and the transmission.
PAR  The underlying problems are solved according to the present invention in
      that the connections between the internal combustion engine and the clutch
      and/or between the clutch and the transmission is provided with such
      reinforcements that the natural frequencies of the oscillatory system
      having the masses of the internal combustion engine, the clutch and the
      transmission are higher than the frequencies of the dangerous exciting
      oscillations caused by the internal combustion engine constructed as
      five-cylinder in-line internal combustion engine which cannot be
      compensated for with tolerable expenditures.
PAR  In the practical application of the present invention, all forces and
      moments which may become dangerous and which cannot be compensated for or
      at least partially balanced with tolerable expenditures in a known manner
      by means of rotating auxiliary masses, are thus to be rendered harmless in
      this manner. The dangerous exciting oscillations which therebeyond occur
      in five-cylinder in-line internal combustion engines, are rendered
      harmless according to the present invention in that the natural
      frequencies of the mentioned oscillatory system always lie above the
      exciting frequencies so that no resonance can occur. The present invention
      therebeyond additionally teaches how the natural frequencies can be
      displaced sufficiently high, namely, by reinforcements of the connections
      between the internal combustion engine and the clutch and/or the clutch
      and the transmission. One may thereby imagine that the reinforcements,
      like the use of springs, act with a larger spring constant which are
      disposed in the described oscillatory system between the masses of
      internal combustion engine, clutch and transmission. The reinforcements
      according to the present invention can be realized with considerably
      smaller expenditures than the balance of all dangerous oscillations and
      vibrations in the usual manner.
PAR  A particularly advantageous construction of the present invention resides
      in that the natural frequencies are higher than the frequencies of the
      tilting oscillations which are excited by the moments of the second order,
      caused by the oscillating masses of the internal combustion engine. A
      compensation or balance of these moments of the second order is possible
      only by a high technical expenditure. According to the present invention,
      the balance is circumvented and the technical expenditure connected
      therewith is avoided.
PAR  An effective embodiment of the reinforcements may consist in that the upper
      wall of the essentially box-shaped transmission housing is constructed
      inclined to the longitudinal axis of the transmission housing over the
      entire length thereof or over a partial length, rising toward the clutch
      housing, and in that the upper wall of the clutch housing adjoins this
      wall so that the separating surfaces between clutch housing and
      transmission housing are extended in the upward direction beyond the space
      requirements of the clutch, properly speaking, and of the transmission,
      properly speaking.
PAR  In a further advantageous construction of the present invention, the upper
      wall of the transmission housing is constructed inclined at least over
      half the length thereof.
PAR  Furthermore, the upper wall also of the clutch housing may be inclined and
      may subtend with the longitudinal axis thereof exactly the same or
      approximately the same angle of inclination as the upper wall of the
      transmission housing. A particularly sturdy and rigid connection between
      transmission housing and clutch housing results therefrom since the force
      flow is transmitted between these two parts without bend.
PAR  The angle of inclination which the upper wall of the transmission housing
      and possibly of the clutch housing subtends with the longitudinal axis,
      amounts advantageously to about 20.degree.. With an angle of inclination
      of this magnitude the upper wall is still rigid in the longitudinal
      direction, yet, on the other, the wall drops off toward the end of the
      transmission housing so rapidly that only little space for the
      reinforcement is necessitated thereat.
PAR  A further advantageous construction of the present invention consists in an
      internal combustion engine having an oil pan in that the oil pan is
      provided on each side within its lower area with ribs which taper leading
      away from the connecting flange toward the cltuch housing or an
      intermediate housing. These measures according to the present invention
      represent a considerable reinforcement of the connection of the oil pan or
      sump and therewith of the internal combustion engine with the clutch
      housing or the intermediate housing. A further increase of the natural
      frequencies of the aforementioned oscillatory system is attainable thereby
      so that a larger distance to the dangerous exciting oscillations is gained
      thereby or the connection of the clutch housing and transmission housing
      can be constructed somewhat less rigid without decreasing the natural
      frequencies.
PAR  The ribs of the oil pan may each form within the area of the connecting
      flange a trussing framework or lattice network which tapers into a single
      rib. In this manner, the forces absorbed by the connecting flange are
      transmitted continuously in the longitudinal direction to the oil pan by
      way of the ribs.
PAR  A further reinforcement of the engine-transmission block and therewith a
      further increase of the natural frequency thereof can be achieved in that
      in the presence of an intermediate housing between internal combustion
      engine and clutch housing, the intermediate housing is provided at least
      on the surface which abuts at the internal combustion engine, with rib
      means which may be constructed framework-like or honey-comb-shaped.
PAR  Accordingly, it is an object of the present invention to provide an
      air-compressing four-cycle reciprocating internal combustion engine which
      avoids by simple means the aforementioned shortcomings and drawbacks
      encountered in the prior art.
PAR  Another object of the present invention resides in an air-compressing
      four-cycle reciprocating piston internal combustion engine in which no
      oscillations or vibrations dangerous for the internal combustion, the
      clutch and the transmission can occur.
PAR  A further object of the present invention resides in an internal combustion
      engine of the type described above in which all forces and moments which
      may become dangerous and which cannot be compensated for by the use of
      acceptable expenditures, are rendered harmless.
PAR  Still a further object of the present invention resides in a five-cylinder
      in-line internal combustion engine in which the dangerous exciting
      oscillations are rendered harmless.
PAR  Still another object of the present invention resides in an internal
      combustion engine, clutch and transmission unit provided with such
      reinforcements that any imbalances that may remain, are rendered
      inconsequential.
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PAR  These and further objects, features, and advantages of the present
      invention will become more apparent from the following description when
      taken in connection with the accompanying drawing, which shows, for
      purposes of illustration only, one embodiment in accordance with the
      present invention, and wherein:
PAR  FIG. 1 is a schematic side elevational view of a four-cycle
      reciprocating-piston injection-type internal combustion engine with an
      intermediate housing, a clutch housing and a transmission housing in
      accordance with the present invention;
PAR  FIG. 2 is a longitudinal cross-sectional view through the transmission
      housing according to the present invention;
PAR  FIG. 3 is a longitudinal cross-sectional view through the clutch housing in
      accordance with the present invention;
PAR  FIG. 4 is a partial bottom plan view of the upper part of the oil pan of
      the internal combustion engine according to the present invention;
PAR  FIG. 5 is a cross-sectional view taken along line V--V through the upper
      part of the oil pan of FIG. 4; but without the connecting flange shown in
      FIG. 4 and
PAR  FIG. 6 is an elevational view of the intermediate housing taken in the
      direction from the internal combustion engine.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, the internal
      combustion engine which is generally designated in FIG. 1 by reference
      numeral 1, essentially consists of a cylinder head housing 2, a cylinder
      housing 3 as well as of an upper part 4 and of a lower part 5 of an oil
      pan or sump. Five cylinders 6 which are arranged in-line, are thereby
      arranged in the cylinder housing 3 as schematically indicated in FIG. 1. A
      clutch housing 8 and a transmission housing 9 are flangedly connected to
      the internal combustion engine at an end face thereof by way of an
      intermediate housing 7. Even though reference is made hereinafter in the
      instant application to a clutch housing 8, it is to be understood that the
      clutch housing 8 may also accommodate a fluid coupling or hydrodynamic
      torque converter in lieu of a mechanical clutch. A drive shaft 10 for the
      motor vehicle (not shown) which is driven by means of the internal
      combustion engine 1, leaves the transmission housing 9 in the longitudinal
      axis 11 of the transmission housing 9 and of the clutch housing 8, whereby
      the axis 11 simultaneously lies in the separating plane 12 between the
      cylinder housing 3 and the upper part 4 of the oil pan. The internal
      combustion engine 1, the clutch housing 8 and the transmission housing 9
      are supported laterally in the motor vehicle by means of one bearing
      support 13 each on each side of the internal combustion engine 1 in
      proximity to the center of gravity thereof and one bearing support 14 each
      at the transmission housing 9 in proximity to the outlet of the drive
      shaft 10.
PAR  It can be readily seen in the transmission housing 9 illustrated on a
      larger scale in FIG. 2 that the upper wall 15 of the transmission housing
      9 is constructed inclined over a part of its length with respect to the
      longitudinal axis 11, and more particularly rising toward the clutch
      housing 8 disposed toward the left of the transmission housing 9 as viewed
      in FIG. 1. The upper wall 15 is inclined only over a distance of about
      four-fifths of the length of the transmission housing 9 and passes over
      into a part 16 parallel to the longitudinal axis 11 by way of a
      rounded-off portion having a relatively small radius of curvature. The
      angle of inclination of the upper wall 15 with respect to the longitudinal
      axis 11 amounts to about 20.degree..
PAR  In the clutch housing 8 illustrated in FIG. 3, the upper wall 17 is
      inclined over the entire length thereof with respect to the longitudinal
      axis 11 by the same angle of inclination as the upper wall 15 of the
      transmission housing 9. The two upper walls 15 and 17 are therefore
      disposed in one plane so that a particularly favorable force flow together
      with a very sturdy connection therebetween results from such an
      arrangement.
PAR  The upper part 4 of the oil pan which is partially illustrated in FIG. 4 in
      a view from below, is connected by means of a flange 18 with the clutch
      housing 8 by way of the intermediate housing 7. For purposes of support of
      the flange 18 and therewith for the reinforcement of the connection
      between the upper part 4 of the oil pan and the clutch housing 8, ribs 19
      are arranged on each side of the upper part 4. These ribs 19 form in
      proximity to the flange 18 a trussing framework as can be readily
      recognized in FIG. 5 so that it is able to conduct large forces away from
      the flange 18. These forces are continuously distributed over the upper
      part 4 of the oil pan whereby the trussing tapers leading away from the
      flange 18. Furthermore, for purposes of reinforcement of the upper part 4
      of the oil pan, one rib 20 each (FIG. 4) is provided laterally on the
      bottom side thereof which tapers leading away from the flange 18 and thus
      forces can be transmitted continuously from the flange 18 to the upper
      part 4.
PAR  FIG. 6 illustrates clearly that the surface of the intermediate housing 7
      is provided with a rib structure which is constructed truss- or
      framework-like or honey-comb-shaped. These rib means 21 surround in
      particular the apertures 22 in the intermediate housing so that also in
      this area the intermediate housing 7 is constructed very rigid and little
      yielding.
PAR  While we have shown and described only one embodiment in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An air-compressing four-cycle reciprocating internal combustion engine
      to which is flangedly connected transmission housing means by way of
      clutch housing means which house, respectively, transmission means and
      clutch means. the connections between at least two of the parts consisting
      of the internal combustion engine, the clutch housing means and the
      transmission housing means are provided with such reinforcement means as
      to define an oscillatory system having the masses of the internal
      combustion engine, at least one of the clutch housing means and the
      transmission housing means, wherein the natural frequencies of said
      oscillatory system are higher than the frequencies of the oscillations
      which are excited by the moment of the second order, caused by the
      oscillating masses of the internal combustion engine, the transmission
      housing means being substantially box-shaped and including upper wall
      means inclined with respect to the longitudinal axis of the transmission
      housing means at least over half the length thereof, rising in the
      direction toward the clutch housing means, said clutch housing means
      including upper wall means adjoining the upper wall means of the
      transmission housing means so that the separating surfaces between the
      clutch housing means and transmission housing means are extended in the
      upward direction beyond the space requirements of the clutch and of the
      transmission means housed within said housing means, and the upper wall
      means is inclined and subtends with the longitudinal axis thereof at least
      approximately the same angle of inclination as the upper wall means of the
      transmission housing means, wherein the angle of inclination which the
      upper wall means of the transmission housing means subtends with the
      longitudinal axis, amount to about 20.degree..
NUM  2.
PAR  2. An internal combustion engine according to claim 1, characterized in
      that the angle of inclination which the upper walls means of the clutch
      housing means subtends with the longitudinal axis, amounts to about
      20.degree..
NUM  3.
PAR  3. An air-compressing four-cycle reciprocating internal combustion engine,
      to which is flangedly connected transmission housing means by way of
      clutch housing means which house, respectively, transmission means and
      clutch means, the connection between at least two of the parts consisting
      of the internal combustion engine, the clutch housing means and the
      transmission housing means are provided with such reinforcement means as
      to define an oscillatory system have the masses of the internal combustion
      engine, at least one of the clutch housing means and the transmission
      housing means, wherein the natural frequencies of said oscillatory system
      are higher than the frequencies of the oscillations which are excited by
      the moments of the second order, caused by the oscillating masses of the
      internal combustion engine, the transmission housing means being
      substantially box-shaped and including upper wall means inclined with
      respect to the longitudinal axis of the transmission housing means at
      least over half the length thereof, rising in the direction toward the
      clutch housing means, said clutch housing means including upper wall means
      adjoining the upper wall means of the transmission housing means so that
      the separating surfaces between the clutch housing means and transmission
      housing means are extended in the upward direction beyond the space
      requirements of the clutch and of the transmission means housed within
      said housing means, and the upper wall means is inclined and subtends with
      the longitudinal axis thereof at least approximately the same angle of
      inclination as the upper wall means of the transmission housing means, and
      an oil pan means which includes within its lower area on each side thereof
      rib means tapering away from a connecting flange means to one of the two
      parts consisting of clutch housing means and intermediate housing means.
NUM  4.
PAR  4. An internal combustion engine according to claim 3, characterized in
      that tapering rib means are provided laterally on a bottom side of the oil
      pan means such that forces can be transmitted from the flange means to the
      oil pan means.
NUM  5.
PAR  5. An internal combustion engine according to claim 3, characterized in
      that the rib means form within the area of the connecting flange means a
      tapering framework.
NUM  6.
PAR  6. An internal combustion engine according to claim 3, with an intermediate
      housing, characterized in that the intermediate housing is provided at
      least on a surface which adjoins the internal combustion engine with rib
      means.
NUM  7.
PAR  7. An internal combustion engine according to claim 6, characterized in
      that said rib means are framework-like.
NUM  8.
PAR  8. An internal combustion engine according to claim 6, characterized in
      that said rib means are constructed honey-comb-shaped.
NUM  9.
PAR  9. An internal combustion engine according to claim 3, characterized in
      that the angle of inclination which the upper wall means of the
      transmission housing means subtends with the longitudinal axis, amounts to
      about 20.degree..
NUM  10.
PAR  10. An internal combustion engine according to claim 3, characterized in
      that the angle of inclination which the upper wall means of the clutch
      housing means subtends with the longitudinal axis, amounts to about
      20.degree..
NUM  11.
PAR  11. An air-compressing four-cycle reciprocating internal combustion engine
      to which is flangedly connected transmission housing means by way of
      clutch housing means which house, respectively, transmission means and
      clutch means, the connections between at least two of the parts consisting
      of the internal combustion engine, the clutch housing means and the
      transmission housing means are provided with such reinforcement means as
      to define an oscillatory system having the masses of the internal
      combustion engine, at least one of the clutch housing means and the
      transmission housing means, such reinforcement means being provided in the
      connections between the internal combustion engine and the clutch housing
      means and between the clutch housing means and the transmission housing
      means, said transmission housing means being substantially box-shaped and
      including upper wall means inclined with respect to the longitudinal axis
      of the transmission housing means, rising in the direction toward the
      clutch housing means, said clutch housing means including upper wall means
      adjoining the upper wall means of the transmission housing means so that
      the separating surfaces between the clutch housing means and transmission
      housing means are extended in the upward direction beyond the space
      requirements of the clutch means and of the transmission means,
      characterized in that the angle of inclination which the upper wall means
      of the transmission housing means subtends with the longitudinal axis,
      amounts to about 20.degree..
NUM  12.
PAR  12. An internal combustion engine according to claim 11, characterized in
      that the angle of inclination which the upper wall means of the clutch
      housing means subtends with the longitudinal axis, amounts to about
      20.degree..
NUM  13.
PAR  13. An air-compressing four-cycle reciprocating internal combustion engine
      to which is flangedly connected transmission housing means by way of
      clutch housing means which house, respectively, transmission means and
      clutch means, the connections between at least two of the parts consisting
      of the internal combustion engine, the clutch housing means and the
      transmission housing means are provided with such reinforcement means as
      to define an oscillatory system having the masses of the internal
      combustion engine, at least one of the clutch housing means and the
      transmission housing means, and an oil pan means which includes within its
      lower area on each side thereof rib means tapering away from a connecting
      flange means to one of the two parts consisting of clutch housing means
      and an intermediate housing.
NUM  14.
PAR  14. An internal combustion engine according to claim 13, characterized in
      that the rib means form within the area of the connecting flange means a
      tapering framework.
NUM  15.
PAR  15. An air-compressing four-cycle reciprocating internal combustion engine
      to which is flangedly connected transmission housing means by way of
      clutch housing means which house, respectively, transmission means and
      clutch means, the connections between at least two of the parts consisting
      of the internal combustion engine, the clutch housing means and the
      transmission housing means are provided with such reinforcement means as
      to define an oscillatory system having the masses of the internal
      combustion engine, at least one of the clutch housing means and the
      transmission housing means, and an intermediate housing provided at least
      on the surface adjoining the internal combustion engine with rib means,
      characterized in that said rib means are framework-like.
NUM  16.
PAR  16. An air-compressing four-cycle reciprocating internal combustion engine
      to which is flangedly connected transmission housing means by way of
      clutch housing means which house, respectively, transmission means and
      clutch means, the connections between at least two of the parts consisting
      of the internal combustion engine, the clutch housing means and the
      transmission housing means are provided with such reinforcement means as
      to define an oscillatory system having the masses of the internal
      combustion engine, at least one of the clutch housing means and the
      transmission housing means, and an intermediate housing provided at least
      on the surface adjoining the internal combustion engine with rib means,
      characterized in that said rib means are constructed honey-comb-shaped.
NUM  17.
PAR  17. An air-compressing four-cycle reciprocating internal combustion engine
      to which is flangedly connected transmission housing means by way of
      clutch housing means which house, respectively, transmission means and
      clutch means, the connections between at least two of the parts consisting
      of the internal combustion engine, the clutch housing means and the
      transmission housing means are provided with such reinforcement means as
      to define an oscillatory system having the masses of the internal
      combustion engine, at least one of the clutch housing means and the
      transmission housing means, such reinforcement means are provided in the
      connections between internal combustion engine and clutch means and
      between clutch means and transmission means, said transmission housing
      means being substantially box-shaped and including upper wall means
      inclined with respect to the longitudinal axis of the transmission housing
      means at least over a part of the length thereof, rising in the direction
      toward the clutch housing means, said clutch housing means including upper
      wall means adjoining the upper wall means of the transmission housing
      means so that the separating surfaces between the clutch housing means and
      transmission housing means are extended in the upward direction beyond the
      space requirements of the clutch means and of the transmission means, the
      upper wall means of the clutch housing means being inclined and subtending
      with the longitudinal axis thereof the same angle of inclination as the
      upper wall means of the transmission housing means, an intermediate
      housing means connecting the internal combustion engine and the clutch
      housing means and being provided with rib means at least on a surface
      which adjoins the internal combustion engine, and oil pan means which
      includes within its lower area on each side thereof rib means tapering
      away from a connecting flange means to one of the two parts consisting of
      the clutch housing means and the intermediate housing.
NUM  18.
PAR  18. An internal combustion engine according to claim 17, characterized in
      that tapering rib means are provided laterally on a bottom side of the oil
      pan means such that forces can be transmitted from the flange means to the
      oil pan means.
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ABST
PAL  A cooling system for lubricating oil in an internal combustion engine is
      disclosed, said system comprising a pressure-regulating valve adapted for
      controlling the pressure in said system, said valve having a passageway
      means connecting it to an oil pump and other passageway means for
      diverting a part of said lubricating oil therethrough from said oil pump
      to an oil pan located at the bottom of said engine when the pressure in
      said system exceeds a predetermined value, said other passageway means
      extending to a position located adjacent to an upper portion of the inner
      surface of the front wall of the engine casing. Said other passageway
      means may be extended to a position facing the upwardly moving part of a
      timing chain which connects the crankshaft to the cam shaft.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a cooling system for lubricating oil in an
      internal combustion engine.
PAR  When driving an automobile at high speed, the temperature of the
      lubricating oil in the engine becomes extremely high. This high
      temperature makes it difficult to cool engine parts, and causes the
      lubricating oil to become low in viscosity. This lowering of viscosity
      makes it difficult to properly lubricate moving portions of the engine
      which, on certain occasions, may fuse together for example a piston and a
      cylinder.
PAR  To remedy the above-mentioned disadvantages an internal combustion engine
      has been proposed which has a separate cooling apparatus to cool the
      lubricating oil. Such an engine is effective in cooling the lubricating
      oil and, therefore, does remedy the above-mentioned disadvantages.
      However, such engine has other disadvantages in that it is too expensive
      to produce and requires extra space to mount the separate cooling
      apparatus.
PAR  An object of the present invention is to provide a cooling system to cool
      lubricating oil which is not expensive to produce.
PAR  Another object of the invention is to provide a system, as mentioned in the
      above object, which is capable of being simply mounted and which does not
      require a larger mounting space than that needed for conventional engines.
PAR  A further object of the invention is to provide said system, in which a
      part of the lubricating oil diverted from a pressure-regulating valve of
      an oil pump when the pressure in the system exceeds a predetermined value,
      is cooled and then, the entire lubricating oil is cooled by said part of
      the lubricating oil.
PAR  To satisfy the above objects one aspect of the present invention provides a
      cooling system for lubricating oil in an internal combustion engine,
      comprising:
PAR  AN OIL PUMP FOR CIRCULATION OF LUBRICATING OIL, SAID PUMP BEING DRIVEN BY
      THE CRANKSHAFT OF SAID ENGINE, AND
PAR  A PRESSURE-REGULATING VALVE ADAPTED FOR CONTROLLING THE PRESSURE IN SAID
      SYSTEM, SAID VALVE HAVING A PASSAGEWAY MEANS CONNECTING IT TO SAID OIL
      PUMP AND ANOTHER PASSAGEWAY MEANS FOR DIVERTING A PART OF SAID LUBRICATING
      OIL THERETHROUGH FROM SAID OIL PUMP TO AN OIL PAN LOCATED AT THE BOTTOM OF
      SAID ENGINE WHEN THE PRESSURE IN SAID SYSTEM EXCEEDS A PREDETERMINED
      VALUE, SAID OTHER PASSAGEWAY MEANS EXTENDING TO A POSITION LOCATED
      ADJACENT TO AN UPPER PORTION OF THE INNER SURFACE OF THE FRONT WALL OF THE
      ENGINE CASING, WHEREBY SAID PART OF SAID LUBRICATING OIL FLOWS DOWNWARDLY
      ALONG SAID INNER SURFACE OF SAID WALL OF SAID ENGINE CASING.
PAR  In another aspect of the present invention there is provided a cooling
      system for lubricating oil in an internal combustion engine having a
      camshaft arranged above the crankshaft and at least one timing chain
      connecting a first timing pulley secured on said crankshaft to a second
      timing pulley secured on said camshaft, said system comprising:
PAR  an oil pump for circulation of lubricating oil, said pump being driven by
      said crankshaft, and
PAR  a pressure-regulating valve adapted for controlling the pressure in said
      system, said valve having a passageway means connecting it to said oil
      pump and other passageway means for diverting a part of said lubricating
      oil therethrough from said oil pump to an oil pan located at the bottom of
      said engine when the pressure in said system exceeds a predetermined
      value, said other passageway means extending to a position facing the
      upwardly moving part of said timing chain, whereby said part of said
      lubricating oil is broken down under centrifugal force exerted by the
      rotation of said second timing pulley into fine particles which fall
      downwardly into said oil pan.
DRWD
PAR  The above aspects of the present invention will be more apparent from the
      ensuing description with reference to the drawings wherein:
PAR  FIG. 1a is a sectional view of the inside of an internal combustion engine,
      provided with a cooling system for lubricating oil according to the
      invention;
PAR  FIG. 1b is a fragmentary view of FIG. 1a, but showing a modified
      arrangement of the top portion of the engine shown in FIG. 1a;
PAR  FIG. 2 is an enlarged view in section of the gear pump shown in FIG. 1a;
PAR  FIG. 3 is a sectional view taken along the line III--III in FIG. 1b, and;
PAR  FIG. 4 is a reduced size sectional view taken along the line IV--IV in FIG.
      2.
PAR  FIG. 5 is a reduced size sectional view taken along the line V--V in FIG.
      2;
PAR  FIG. 6 is an enlarged sectional view taken along the line VI--VI in FIG. 4.
DETD
PAR  Referring to FIG. 1a, in order to describe the conventional oil circulation
      internal combustion engine, there is shown an Over-Head-Camshaft type
      internal combustion engine which has an engine casing 1 within which is
      provided a cylinder block 2 and a cylinder head 3. Arranged inside the
      cylinder block 2 are pistons 4, connecting rods 5 and a crankshaft 6 which
      is journaled by bearings 7.
PAR  A cam shaft 8 is rotatably mounted above the cylinder head 3. Timing
      pulleys 9 are secured to one end of the cam shaft 8, and other timing
      pulleys 10 are secured to the crankshaft 6. The pulleys 9 and 10 are
      interconnected by means of timing chains 11 so that the rotation of the
      crankshaft 6 is transmitted to the cam shaft 8. In order to cool the
      engine a fan assembly 12 which is driven by the crankshaft 6 through a
      pulley 13, a belt 14 and a pulley 15 is mounted in front of the engine
      casing 1. An oil pan 16 which stores lubricating oil which circulates in
      the engine is located at the bottom of the engine casing 1, the
      lubricating oil being supplied to the moving parts of the engine. An oil
      strainer 17 and a conduit 18 connected therewith are arranged inside the
      oil pan 16, the conduit 18 being adopted to feed the lubricating oil in
      the oil pan 16 to an oil pump for example a gear pump 19 mounted coaxially
      with the crankshaft 6.
PAR  Referring now to FIGS. 2, 4 and 5, the gear pump 19 comprises a pump cover
      20 secured to the front wall 21 of the engine casing 1 by means of bolts
      22. The bolts 22 are screwed into threaded openings 23 in the front wall
      21 through openings 24 in the cover 20.
PAR  Inside the pump cover 20, there is provided an outwardly toothed member 25,
      fitted to the crankshaft 6 by means of a spline engagement, and an
      inwardly toothed ring member 26 meshing with the outwardly toothed member
      25 as shown in FIG. 4. A crescent-shaped guiding member 27 projecting from
      one side of the cover 20 abuts against the surface of the front wall 21 at
      a point 28. The outer surface 29 of the ring member 26 slidingly contacts
      the inner surface of the cover 20. The inner surface 31 of the ring member
      26 slidingly contacts the outer surface 32 of the crescent-shaped guiding
      member 27, so that a plurality of partitions 33 are formed therebetween.
      The outer surface 34 of the outwardly toothed member 25 slidingly contacts
      the inner surface 35 of the crescent-shaped guiding member 27, so that a
      plurality of other partitions 36 formed therebetween.
PAR  As is shown in FIG. 5, the front wall 21 has an inlet passageway 37 and an
      inlet port 38 communicated therewith, the inlet port 38 being communicated
      with the conduit 18 (shown in FIG. 1). The front wall 21 also has an
      outlet passageway 39 and an outlet port 40 communicated therewith, the
      outlet passageway 39 being communicated with a pressure regulating valve
      41 (shown in FIG. 6).
PAR  Referring to FIG. 6, the pressure-regulating valve 41 comprises a housing
      42 formed integrally to the pump cover 20 (shown in FIG. 2). The housing
      42 has a cylindrical bore 43 and a passageway 44 communicated with the
      passageway 39. A cylindrical valve member 45 is accommodated in the bore
      43. The valve member 45 is urged against a shoulder 46 of the bore 43 by
      means of a spring 47, one end of which abuts against the upper surface 48
      of the valve member 45, and the other end of which abuts against a stop 49
      screwed to the upper end of the bore 43. The bore 43 is communicated with
      a conduit 51 through a passageway 50 defined in the housing 42.
PAR  The conventional circulation of the lubricating oil in the internal
      combustion engine described above is carried out as follows.
PAR  When the engine is running, the crankshaft 6 and the outwardly toothed
      member 25 connected therewith rotate in the direction A shown in FIG. 4,
      whereby the inwardly toothed member 26 meshing with the outwardly toothed
      member 25 rotates in the same direction. By this rotational movement, the
      lubricating oil in the oil pan 16 is sucked up to the inlet port 38
      through the oil strainer 17 and the conduit 18. From the inlet port 38,
      the lubricating oil moves through the passageway 37 into the partitions 33
      and 36, formed between crescent-shaped member and member 26 and member 25
      respectively. The lubricating oil thus contained in the partitions 33 and
      36 is conveyed to the outlet port 40, through the passageway 39, by the
      rotation of the member 25 in the direction A shown in FIG. 4.
PAR  The function of the pressure-regulating valve 41 is to control the pressure
      for circulation of the lubricating oil in the system so that it does not
      exceed a predetermined value when the engine has attained high speed. This
      is to protect the parts, for example the filter, of the lubricating system
      from the influence of high pressure. This control of the pressure of the
      lubricating oil is carried out as follows.
PAR  When the pressure of the lubricating oil in the passageway 39, caused by
      the rotation of the crankshaft 6, reaches a predetermined value, this
      pressure acts on the lower surface 48' of the valve member 45 through the
      passageway 44 so that the valve member 45 moves upwards, i.e., the
      direction B shown in FIG. 6, against the action of the spring 47. As a
      result of this, the passageway 39 is communicated with the passageway 50
      through the passageway 44 and bore 43 (see FIG. 6). Therefore, a part of
      the lubricating oil is diverted from the passageway 39 through the conduit
      51. From the conduit 51, the thus diverted oil returns to the oil pan 16
      or inlet part of the gear pump 19. As a result of this, the pressure of
      the lubricating system is controlled.
PAR  The lubricating oil, thus pressure-controlled, is directed to and filtered
      through an oil filter (not shown) which is mounted outside of the engine
      casing 1.
PAR  The lubricating oil thus filtered again enters the engine casing 1, and is
      supplied to moving portions of the engine, for example, bearings 7
      carrying the crankshaft 6, bearings (not shown) carrying the camshaft 8,
      and sliding surfaces between the cylinders and pistons 4. After this, the
      lubricating oil returns to the oil pan 16.
PAR  The conventional circulation of the lubricating oil in the lubricating
      system in an internal combustion engine is carried out as mentioned above.
      However, since the amount of the diverted oil from the pressure-regulating
      valve 41, which is returned to the oil pan 16 or to the inlet part of the
      gear pump 19, is large, for example 20 l/min at 5000 r. p. m., the
      inventors of the present invention investigated how this diverted oil
      could be used effectively. As a result of these investigations the present
      invention achieves effective use of this diverted oil. That is, as
      illustrated hereinafter, the principle of the present invention is that
      the diverted oil is cooled and, then, the entire lubricating oil is cooled
      by the cooled diverted oil.
PAR  According to the invention the passageway 50, to which is diverted a part
      of the lubricating oil from the passageway 39 of the gear pump 19 when the
      pressure in the lubricating system exceeds a predetermined value, is
      extended to a position located adjacent to the upper portion of the inner
      surface 55 of the front wall 21 of the engine casing 1. In the first
      embodiment of the present invention, as shown in FIG. 1a, the passageway
      50 of pressure-regulating valve 41 is communicated with said position by
      means of a conduit 51, one end of which is communicated with the
      passageway 50 and the other end of which projects into the engine casing 1
      through a connection means, for example, an aperture 52 defined in the
      upper portion of a side wall of the engine casing 1. The conduit 51 has an
      opening 54 located on the inner surface 55 of the front wall 21 of the
      engine casing 21. In such arrangement, diverted oil issuing from the
      opening 54 flows downwardly along the inner surface 55 of the front wall
      21 of the engine casing 1 to the oil pan 16.
PAR  Since the front wall 21 is cooled by air flow caused by the rotation of the
      fan assembly 12, the diverted oil issuing from the opening 54 is cooled by
      flowing on the inner surface 55 of the front wall 21 so that the
      temperature of the diverted oil is substantially reduced.
PAR  As a result of this the lubricating oil in the oil pan 16 is effectively
      cooled, since the diverted lubricating oil is added to the lubricating oil
      which is stored in the oil pan 16.
PAR  To cool the lubricating oil more rapidly than described above, in a second
      embodiment shown in FIGS. 1b and 3 the opening 54' of the conduit 51 is so
      arranged that it faces the upwardly moving part 11' of the timing chains
      11. In such an arrangement the diverted oil issuing from the outlet
      opening 54 is transported by the timing chains 11' to the timing pulleys
      9, where the oil is broken down under centrifugal force exerted by the
      rotating timing pulleys 9, into fine particles which fall downwardly into
      the oil pan 16. When the lubricating oil is broken down into fine
      particles, the area of heat radiation of the lubricating oil becomes much
      larger than that of normal lubricating oil in the form of liquid, so that
      the temperature of the diverted oil is very much reduced. Consequently,
      when the cooled diverted oil is added to the oil in the oil pan 16 the
      temperature of the latter oil is substantially reduced. Based on
      experiments conducted using this embodiment the temperature of the
      lubricating oil of an engine can be lowered 5.degree.C at 5000 r. p. m.
      compared to the temperature of lubricating oil in an engine not provided
      with the cooling system of the present invention.
PAR  Two embodiments have been described hereinbefore. However, many additional
      modifications of the present invention may be effected without departing
      from the scope and spirit of the invention. Some of these modifications
      are described hereinafter without reference to drawings.
PAR  1. In place of the conduit 51 of the above described embodiments a
      passageway means in the front wall 21 of the engine casing 1 may also be
      employed. One end of said passageway means would be communicated with the
      passageway 50 by a suitable connection means and the other end of said
      passageway means would be located on the upper portion of the front wall
      21.
PAR  2. On the above described embodiments the oil pump, for example the gear
      pump 19, is arranged substantially coaxial with the crankshaft 6, however,
      an oil pump having a pressure-regulating valve may be arranged at a
      position located adjacent to the upper portion of the inner surface of the
      front wall of the engine casing 1. In such an arrangement, if the
      passageway 50 of the oil pump is facing the inner surface 55 of the front
      wall 21, the diverted oil will flow downwardly along the inner surface 55.
PAR  3. In the above described embodiments the engine is an Over-Head-Camshaft
      type, however, other types of engines may also be employed.
PAR  4. In the above described embodiments, the circulating system for the
      lubricating oil employs the gear pump 19 positioned substantially coaxial
      with the crankshaft 6. However, in place of such systems other types of
      systems may be employed, for example a system which employs a trochoid
      pump provided with a pressure-regulating valve, said trochoid pump being
      driven by a counter shaft connected to the crankshaft through timing
      chains.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an internal combustion engine of the type having
PA1  an oil pump for circulation of lubricating oil, said pump being driven by
      the crankshaft of said engine, and
PA1  a pressure-regulating valve for control of the pressure in said system,
      said valve having one passageway means for communication with said oil
      pump and other passageway means for diverting a part of said lubricating
      oil therethrough from said oil pump to an oil pan located at the bottom of
      said engine when the pressure of said system exceeds a predetermined
      value, the improvement comprising:
PA1  a cooling system for the lubricating oil in which said other passageway
      means extends to a position located adjacent to the upper portion of the
      inner surface of the front wall of the engine casing for directing said
      part of said lubricating oil to flow downwardly along said inner surface
      of said relatively cool front wall of said engine casing.
NUM  2.
PAR  2. In an internal combustion engine of the type having
PA1  a crankshaft,
PA1  a camshaft arranged above the crankshaft,
PA1  at least one timing chain connecting a first timing pulley secured on said
      crankshaft to a second timing pulley secured on said camshaft,
PA1  an oil pump for circulation of lubricating oil, said pump being driven by
      said crankshaft, and
PA1  a pressure-regulating valve for control of the pressure in said system,
      said valve having one passageway means for diverting a part of said
      lubricating oil therethrough from said oil pump to an oil pan located at
      the bottom of said engine when the pressure in the system exceeds a
      predetermined value, the improvement comprising:
PA1  a cooling system for the lubricating oil in which said other passageway
      means extends to a position facing the upwardly moving part of said timing
      chain for directing said part of said lubricating oil onto said chain to
      be dispersed into fine particles by the centrifugal force exerted by said
      rotating second timing pulley said fine particles being cooled as they
      fall downwardly into said oil pan.
NUM  3.
PAR  3. A cooling system according to claim 2, wherein said engine is an
      overhead camshaft type engine.
NUM  4.
PAR  4. A cooling system according to claim 1, wherein said other passageway
      means is a conduit means one end of which communicates with said one
      passageway means only when the pressure of said system exceeds said
      predetermined value, and the other end of which projects into said engine
      casing through a connection means mounted on a portion of said engine
      casing.
NUM  5.
PAR  5. A cooling system according to claim 2, wherein said other passageway
      means is a conduit means, one end of which may communicate with said one
      passageway means only when the pressure of said system exceeds said
      predetermined value, and the other end of which projects into said engine
      casing through a connection means mounted on a portion of said engine
      casing.
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ABST
PAL  A fuel line for a motor vehicle engine contains a fuel flow shut-off device
      having a number of valves which upon lateral rollover of the vehicle and
      engine move to shut off fuel flow through the line, regardless of the
      direction of rollover.
BSUM
PAR  This invention relates in general to a fuel flow shut-off valve. More
      particularly, it relates to a device that will automatically shut off or
      block the flow of fuel in an engine fuel line when the motor vehicle rolls
      over or otherwise attains an attitude in which fuel normally would escape
      from the system.
PAR  Devices are known to prevent the spill of fuel from an engine when a motor
      vehicle is involved in an accident causing it to turn over or tip
      sufficient to lose fuel. An example is shown in U.S. Pat. No. 2,619,185,
      Rudisill, issued Nov. 25, 1952, "Safety Fuel Cut-off for Vehicles."
      Rudisill shows a line connecting a fuel tank to an engine carburetor. The
      line contains a triangularly-shaped extension in which are located three
      gravity movable valve members. The valve members are conically-shaped to
      cooperate with tapered portions of the line extensions so that as soon as
      the vehicle rolls beyond a predetermined angle in either direction, at
      least one of the valve members will seat to seal off flow through the
      line.
PAR  The above construction requires three separate valves and three separate
      mating line portions to assure blocking of fuel flow in all attitudes of
      the line other than upright. This results in an expensive construction.
PAR  The invention provides an economical engine fuel flow control device that
      positively shuts off fuel flow when desired, and yet has a minimum number
      of valves and a simplified construction. More particularly, the invention
      consists of a hollow housing that is disposed in the fuel line at right
      angles to the direction of fuel flow and contains a number of valve means
      that move between alternate positions individually blocking or unblocking
      the fuel line as a function of the direction of tilting movement of the
      housing upon rollover of the vehicle.
PAR  It is a primary object of the invention, therefore, to provide a fuel flow
      control device that is simple in construction, has a minimum of parts, is
      economical to manufacture, and is reliable in operation.
PAR  It is a further object of the invention to provide a fuel flow control
      device that has a housing containing a number of rollable valve means that
      move selectively upon tilting of the housing in response to rollover of
      the vehicle to alternately and selectively block flow through a fuel line
      so long as the housing and vehicle remain other than in the upright
      position.
PAR  It is a still further object of the invention to provide a control device
      of the type described which includes a flat hollow housing extending on
      end in an upright position essentially at right angles to the direction of
      fuel flow through the line in which it is inserted, the housing having a
      chamber with an inverted heart-like shape in its normal installed
      position, the lower angularly-extending portions of the housing each
      containing a disc valve that is guided by the shape of the housing to be
      rollable selectively as a function of the direction of angular tilting
      movement of the housing upon rollover of the vehicle, into the upper apex
      portion of the chamber containing fuel inlet and outlet ports so as to
      block flow through the line at all positions of the housing other than in
      the upright position.
DRWD
PAR  Other objects, features and advantages of the invention will become more
      apparent upon reference to the succeeding detailed description thereof,
      and to the drawings illustrating the preferred embodiment thereof;
      wherein,
PAR  FIG. 1 is a perspective elevational view of an internal combustion engine
      embodying the invention;
PAR  FIG. 2 is an enlarged portion of a detail taken on a plane indicated by and
      viewed in the direction of the arrows 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged cross-sectional view taken on a plane indicated by
      and viewed in the direction of the arrows 3--3 of FIG. 2;
PAR  FIG. 4 is a cross-sectional view taken on a plane indicated by and viewed
      in the direction of the arrows 4--4 of FIG. 3;
PAR  FIGS. 5a, 5b, 5c and 5d are schematic illustrations of the device shown in
      FIG. 4 and illustrating the disc valves of the invention in various
      operative positions they attain upon an angular tilting of the housing
      forming a part of the invention;
PAR  FIG. 6 is a perspective view corresponding to that shown in FIG. 1 and
      illustrating another embodiment of the invention; and,
PAR  FIGS. 7 and 8 are enlarged side and end elevational views of a detail shown
      in FIG. 6.
PAR  FIG. 1 illustrates a portion of a V-type internal combustion engine 10
      having a fuel pump 12 and a down-draft type carburetor 14. A fuel supply
      line 16 connects the fuel pump and the float bowl 18 of the carburetor,
      and contains the fuel flow shut off device 20 of the invention. The fuel
      pump 12 in this case has an inlet fitting 22 that is adapted to be
      connected to a gasoline tank or fuel reservoir, not shown. As will appear
      later, it will be clear that the fuel shut off device may be installed in
      any fuel or fuel vapor line associated with the engine to minimize fuel
      spill upon rollover of the vehicle, without departing from the scope of
      the invention.
PAR  As best seen in FIGS. 2, 3 and 4, device 20 has an upright box-like housing
      23 that consists of two cast parts, 24 and 26 riveted together, with a
      sealing gasket 28 between. The right hand portion 24, as seen in FIG. 3,
      is cup-shaped to define a valve chamber 30 that is intersected at right
      angles by an axial fuel passage 32. The portion defining the fuel passage
      32 is externally threaded for mounting directly to a portion 34 of the
      carburetor body, by means of a lock nut 36 and a washer 38 compressing an
      O-ring type seal 40.
PAR  The mating housing portion 26 has fuel passage 42 that is axially aligned
      with passage 32. Passage 42 joins chamber 30 to a threaded recess 44 into
      which can be inserted one end of a conventional fuel filter 46. The
      opposite end of the fuel filter, as seen in FIG. 1, is connected to fuel
      line 16.
PAR  As best seen in FIG. 4, chamber 30 has a clover-like or inverted heart-like
      shape in cross section, with three nodes or finger like parts 50, 52 and
      54 interconnected but at angles to each other. The axes of fuel flow
      passages 32 and 42 are coincident with the axis 56 of the upper node 54.
      This also, of course, makes it coincident with the axis of ports 58 and 59
      defined by the intersection of chamber 30 with fuel passages 32 and 42.
      Each of the lower angularly extending nodular portions 50 and 52 contains
      a flat disc valve 60, 62 that at times is adapted to roll by gravity into
      and out of the position shown from and towards the apex or nodular portion
      54. The depth of chamber 30 and the width of each finger portion is made
      just slightly greater than the thickness and diameter respectively of the
      rollable discs contained within the chamber so that the flatness and shape
      of the housing walls serve to guide the movement of the discs.
PAR  When the fuel shut off device 20 is installed in line 16, it is located at
      the attitude indicated in FIGS. 1 and 4, which is referred to as the
      upright position. Thereafter, so long as the motor vehicle remains in a
      normal essentially upright position, the discs 60 and 62 remain in the
      positions shown in FIGS. 4 and 5a, permitting the free flow of fuel
      through the ports 58 and 59. However, as soon as the vehicle tilts a
      predetermined amount laterally about its longitudinal axis, i.e., the axis
      parallel to the axis of the fuel flow through ports 58 and 59, by an angle
      sufficient to tilt the housing clockwise from the FIG. 5a position, for
      example, to the FIG. 5b position, then disc 60 will roll by gravity
      progressively to the positions shown in FIGS. 5b, 5c and 5d covering the
      ports 58 and 59. This will prevent further flow of fuel through line 16
      into the carburetor and thereby minimize spillage. The pressure of fuel
      against the side face or surface of the disc will then aid in sealing the
      disc against one of the ports, depending upon the direction of fuel
      pressure application. Continued clockwise movement of the housing by
      continued rollover of the vehicle, will maintain disc 60 in the position
      blocking fuel flow until the vehicle makes essentially a complete turn of
      360.degree.returning it and the housing again to the position shown in
      FIG. 5a. At this point, the disc 60 will have rolled back by gravity into
      the nodular portion 50 and unblock the fuel ports 58 and 59.
PAR  A similar action occurs should the vehicle roll over or back in the
      opposite or counterclockwise direction. In this latter case, the disc 62
      rather than disc 60 would move to cover the fuel ports 58 and 59, in a
      manner similar to that shown in FIGS. 5a through 5d, inclusive, but in the
      reverse direction. It will be seen, therefore, that regardless of the
      direction of tilting movement of the vehicle about a longitudinal axis,
      one or the other of the discs 60, 62 will move into the nodular portion 54
      to block flow through the ports 58 and 59.
PAR  It will be seen, therefore, that the housing of device 20 rotates about the
      axis 56 of that portion of the fuel line in which it is installed, and by
      the major portion of the housing extending laterally essentially at right
      angles to the direction of fuel flow, the discs 50 or 52 can roll
      selectively as a function of the direction of tilting movement to cover
      the fuel ports 58 and 59 during all attitudes of the housing other than
      the normal upright position.
PAR  FIGS. 6, 7 and 8 show an alternate method of mounting control device 20 on
      a part of the engine instead of to the carburetor. More particularly, in
      this case, one end of a right angle bracket 66 is riveted to the housing
      portion 26', with a cutout 68 to accommodate a fuel line adapter 70. The
      adapter is connected or inserted in the adjacent end of a flexible
      neoprene line connected to the fuel filter. The opposite end of bracket 66
      is bolted to a stud 72 on the engine, as seen in FIG. 6.
PAR  The operation of the FIG. 6-8 modification is the same as that described in
      connection with FIGS. 1, 2 and 5, and, therefore, is not repeated.
PAR  From the foregoing, it will be seen that the invention provides a fuel flow
      shut off valve that in its normally installed or assembled position
      extends upright essentially at right angles to the direction of fuel flow
      through the line at that point; that the housing consists of a pair of
      flat parallel members with a connecting wall to define a chamber, the
      chamber being formed with an upstanding and a pair of depending
      finger-like portions extending at angles to each other and spaced
      circumferentially from each other; that the chamber contains a number of
      disc valves one less than the number of finger or nodular portions, that
      are selectively and individually rollable into a position to block flow of
      fuel past the valve when the housing and the vehicle in which it is
      installed attains a predetermined angular tilted attitude away from its
      normal upright position; the line remaining blocked until the vehicle and
      housing return to the upright position. It will also be seen that
      regardless of the direction of angular tilting, at least one of the valve
      members will cover and block the fuel line at all times other than when
      the shutoff device is in an upright normal position.
PAR  While the invention has been shown and described in its preferred
      embodiments, it will be clear to those skilled in the arts to which it
      pertains that many changes and modifications may be made thereto without
      departing from the scope of the invention. It will be clear, for example,
      that the circumferential or angular spacing between the nodular or
      finger-like portions 50, 52 and 54, as seen in FIG. 4, can be varied as
      desired to vary the amount of tilt permitted before fuel flow shut off is
      attained, to avoid shut off during certain vehicle cornering movements,
      for instance.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fuel flow control device for use in connection with a motor vehicle
      engine having a fuel containing line connecting a fuel source to a portion
      of the engine induction system, the device comprising a housing secured in
      the line in an upright position connecting two parts of the line and
      extending essentially at right angles to the direction of fuel flow
      through the line at that point, the housing having a fuel inlet port
      axially aligned with a fuel outlet port in the direction of fuel flow, and
      valve means in the housing movable across at least one of the ports to
      block flow through the line in response to a predetermined tilting angular
      movement of the housing in either direction from the upright position upon
      a corresponding tilting of the engine about its longitudinal axis, said
      housing having a clover-like shape with a plurality of nodes extending at
      angles to each other, the ports being located in one of the nodes, the
      valve means being located in the remaining of the plurality of nodes and
      movable therefrom into the one node, the valve means comprising a number
      of valves greater than one and one less than than the number of nodes.
NUM  2.
PAR  2. A control device as in claim 1, the valve means comprising a plurality
      of discs each rollable separately across the one port at times and
      alternating with the remaining of the plurality of discs as a function of
      the tilting movement of the housing to maintain the one port blocked at
      all times when the housing is in a position other than the upright
      position.
NUM  3.
PAR  3. A fuel flow control device for use in connection with a motor vehicle
      engine having a fuel containing line connecting a fuel source to a portion
      of the engine induction system, the device comprising a housing secured in
      the line in an upright position connecting two parts of the line and
      extending essentially at right angles to the direction of fuel flow
      through the line at that point, the housing having a fuel inlet port
      axially aligned with a fuel outlet port in the direction of fuel flow, and
      valve means in the housing movable across at least one of the ports to
      block flow through the line in response to a predetermined tilting angular
      movement of the housing in either direction from the upright position upon
      a corresponding tilting of the engine about its longitudinal axis, the
      housing having a cloverlike shape with an upstanding node and a plurality
      of depending nodes each spaced angularly from the upstanding node and from
      each other, the ports being located in the upstanding node, each of the
      depending nodes containing a valve rollable by gravity toward the
      upstanding node to block flow through the one port upon tilting movement
      of the housing from the upright position.
NUM  4.
PAR  4. A control device as in claim 3, the housing being flat and the valves
      consisting of flat discs.
NUM  5.
PAR  5. A control device as in claim 3, the housing being rotatable about the
      coincidental axes of the upstanding node and the fuel flow.
NUM  6.
PAR  6. A fuel flow control device for use in connection with a motor vehicle
      engine having a fuel containing line connecting a fuel source to a portion
      of the engine induction system, the device comprising a housing secured in
      the line in an upright position connecting two parts of the line and
      extending essentially at right angles to the direction of fuel flow
      through the line at that point, the housing having a fuel inlet port
      axially aligned with a fuel outlet port in the direction of fuel flow, and
      valve means in the housing movable across at least one of the ports to
      block flow through the line in response to a predetermined tilting angular
      movement of the housing in either direction from the upright position upon
      a corresponding tilting of the engine about its longitudinal axis, the
      housing consisting of a pair of flat parallel members with a connecting
      wall, the housing having an inverted heart-like shape when in the
      installed upright position with an upper apex portion and two lower angled
      portions, the ports being located in aligned portions of the members in
      the upper apex portion, the lower portions each containing a flat disc
      valve separately and selectively rollable towards the ports to block at
      least one of the same upon a predetermined angular tilting movement of the
      housing in either direction from the upright position.
NUM  7.
PAR  7. A fuel flow control device for use in connection with a motor vehicle
      engine having a fuel containing line connecting a fuel source to a portion
      of the engine induction system, the device comprising a housing secured in
      the line in an upright position connecting two parts of the line and
      extending essentially at right angles to the direction of fuel flow
      through the line at that point, the housing having a fuel inlet port
      axially aligned with a fuel outlet port in the direction of fuel flow, and
      valve means in the housing movable across at least one of the ports to
      block flow through the line in response to a predetermined tilting angular
      movement of the housing in either direction from the upright position upon
      a corresponding tilting of the engine about its longitudinal axis, wherein
      the valve means includes a pair of flat discs alternately rollable by
      gravity to a position across the one port as a function of the direction
      of angular tilting movement of the housing from the upright position.
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ABST
PAL  A lawn mower starting interlock for gas powered mowers for preventing
      engagement between the starting pinion and flywheel thereof when the mower
      is in a predetermined condition, for example, when the mower wheel drive
      mechanism is engaged. A pivotable lever which may be pivoted into the path
      of advance of the starter pinion in a Bendix type starter as the starter
      pinion advances along a helical worm gear towards engagement of a flywheel
      is disclosed. The lever may be pivoted by means of a bowden wire
      arrangement, the opposite end of which is attached to the mower drive
      engagement mechanism or a linkage which moves therewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to lawn mower starting mechanisms
      and more particularly concerns a mechanical interlock mechanism which
      under certain conditions, prevents starting of an engine powered mower of
      the type in which the starter pinion advances into engagement with the
      flywheel during the starting process.
PAR  Due to certain safety considerations, it is sometimes desirable to prevent
      engagement between the starter pinion and flywheel to protect against
      starting of the engine of a gas powered lawn mower when the lawn mower is
      in a predetermined condition. One condition in which this may be highly
      desirable, applies to self-propelled gas powered mowers, that is, mowers
      in which the engine also provides forward drive for the mower. With such
      mowers, it is advantageous to have a mechanism preventing starting of the
      engine with the wheel drive mechanism engaged. Starting of the mower with
      the drive engaged could possibly result in operator loss of control, with
      the attendant hazards such loss of control involves.
PAR  It is known to provide an electronic module on mowers which senses
      engagement and disengagement of the wheel drive mechanism, and
      electrically prevents starting by grounding the magneto on said mowers
      during engagement when the motor is not operating. It is, however,
      necessary to provide such modules with a built-in memory feature, so that
      they do not ground the magneto each time engagement occurs, but only when
      starting is attempted with the drive engaged. Such modules and their
      sensors are unusually expensive and complicated in design, and due to
      their complicated design, of questionable reliability.
PAR  One example of a mechanical starter interlock is found in U.S. Pat. No.
      3,739,763 issued to R. J. Berry et al. The Berry et al patent discloses an
      interlock mechanism for use with Bendix type recoil starters in which a
      starter pinion advances up a helical worm gear to engage the engine
      flywheel. The mechanism disclosed in Berry et al is an engine clutch
      actuated linkage which forces a leg of a starter spring carried on the
      starter pinion to engage a slot in a bracket, thereby impeding advance of
      the starter pinion into engagement with the flywheel during clutch
      engagement.
PAR  The starting interlock apparatus of the present invention was developed to
      provide a positive acting, highly reliable yet inexpensive lock-out
      device. It should be understood that the lock-out apparatus of the present
      invention is not limited to applications preventing engine starting during
      engagement of a mower drive mechanism. On the contrary, the invention
      could, of course, be used to prevent engine starting in response to other
      predetermined conditions of the mower.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a starter interlock for preventing
      starting of a gas powered mower of the type in which a starting pinion
      advances axially into engagement with a flywheel is provided. The pinion
      carries means defining an annular surface that is fixed with respect to
      the pinion and concentric about the pinion axis. The interlock includes
      obstruction means, for example, a pivotable lever having an ear thereon
      which are actuatable to move into the path of pinion advance, to impede
      the advance to contact the annular surface of the pinion into engagement
      with the flywheel. The apparatus also includes actuator means responsive
      to the predetermined mower condition in which starting lock-out is desired
      to actuate the obstruction means. One example of a condition in which
      starting lock-out may be desired is during engagement of the drive
      mechanism of a self-propelled lawn mower.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further advantages and features of the invention will become apparent upon
      a reading of the following detailed description and upon reference to the
      associated drawings. Referring particularly to the drawings, wherein the
      use of like reference numerals throughout the several views indicates like
      elements:
PAR  FIG. 1 is a side perspective view of a rotary lawn mower constructed
      according to one embodiment of the present invention, portions of the
      engine assembly being cut away to show the mounting of a recoil engine
      starting mechanism thereon;
PAR  FIG. 2 is an exploded view of a conventional recoil Bendix type starter
      incorporating one embodiment of the present invention, also showing an
      engine flywheel which the starter pinion engages;
PAR  FIG. 3 shows an edge view of the starter mechanism of FIG. 2, and is
      illustrative of the operation of a pivotable lever which prevents starter
      pinion and flywheel engagement;
PAR  FIG. 4 is a sectional view of the apparatus of FIG. 3 taken along line 4--4
      thereof;
PAR  FIGS. 5, 6 and 7 are edge, perspective and side views respectively of a
      pivotable lever constructed according to an embodiment of the present
      invention;
PAR  FIG. 8 is a plan view of a starter assembly provided with an embodiment of
      the present invention and a pivotable lock-out lever in dotted line form;
      and
PAR  FIG. 9 is a fragmentary plan view of a portion of the mower of FIG. 1
      showing the interaction between the drive engage mechanism and connection
      of the lock-out mechanism actuator thereto.
DETD
PAR  The invention will now be described in connection with preferred
      embodiments thereof. However, it should be clear that the invention is not
      limited in scope to those embodiments. All alternatives, modifications and
      equivalents included within the spirit and scope of the invention as
      defined by the appended claims are covered.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning now to the drawings, FIG. 1 is a side perspective view of a gas
      powered rotary lawn mower generally designated 10. Lawn mower 10
      incorporates one preferred embodiment of the starting interlock apparatus
      of the present invention. Rotary lawn mower 10, which may be of any
      conventional design, is configured about a housing 12 in which a cutting
      blade is mounted for rotation about a substantially vertical axis. Housing
      or deck 12 has mounted thereon four wheels 14 which control the height of
      the cutting blade above the lawn over which it moves. The cutting blade is
      driven by a gas powered engine designated 16, the gas tank therefor being
      removed and a portion of the housing surrounding the engine flywheel cut
      away for the purpose of more clearly illustrating incorporation of the
      present invention into the mower. Gas powered engine 16 may be of any
      conventional type in which the engine is started by driving the flywheel
      with a starter pinion which advances along a path into engagement with the
      flywheel during the starting sequence. Mounted on one side of engine 16 is
      a recoil starter assembly generally designated 18. In the embodiment
      shown, this is a conventional Bendix type starter. Depicted for clarity as
      extending vertically upward from a spring-biased pulley assembly 20
      portion of starter 18 is a starter cord 22 with a starter handle 23
      fastened at one of its ends. Engine 16 has a shroud 25 covering its
      flywheel but a portion thereof is broken away in the figure to reveal a
      flywheel 27 with cooling vanes on its upper face and gear teeth cut into
      its lower face.
PAR  For normal operation in the starting sequence, when the lock-out mechanism
      is not actuated, an operator will grasp starter handle 23 and exert an
      upward pull thereon. This causes the starter cord 22 to unwind from
      spring-biased pulley 20, at the same time causing the starter pinion 29 to
      advance into engagement with the gear surface of flywheel 27 and rotatably
      to drive the flywheel for starting of the engine 16.
PAR  Rotary lawn mower 10 in the specific embodiment shown is a self-propelled
      mower. Motive force for propulsion of mower 10 is provided from gas
      powered engine 16 to a front wheel drive mechanism (not shown) by means of
      a belt and pulley arrangement including a belt 30 and front drive pulley
      31. Belt 30 also may extend around a pulley attached to the drive shaft of
      engine 16 (not shown in FIG. 1). Rotary lawn mower 10, as is typical, will
      normally be operated with a shroud or a housing covering the drive
      mechanism, but the housing is not shown in FIG. 1 to facilitate discussion
      of the present invention.
PAR  Rotary lawn mower 10 is provided with an operator handle 32 for control of
      mower 10 by an operator during lawn care. Mounted near the top of operator
      handle 32 is an operator console 33 having a two position drive engagement
      lever 35 thereon. Connected to drive engagement lever 35 is bowden wire
      arrangement 36 which extends downward and forward to a portion of a front
      wheel drive mechanism (shown in FIG. 9). In the specific lawn mower shown,
      drive engagement lever 35 and bowden wire arrangement 36 provide a
      convenient means for operator control of engagement of the wheel drive
      mechanism of the mower.
PAR  Extending between the front wheel drive mechanism and recoil starter
      assembly 18 is an interlock actuator bowden wire 37 fastened by means of a
      bracket to a portion of the engine housing. Bowden wire 37 provides an
      actuating link between the wheel drive mechanism and the obstruction means
      which accomplishes the starter interlock function in accord with the
      present invention, as will be more clearly understood after reference to
      the description accompanying FIG. 9.
PAR  Referring now to FIG. 2, there is depicted an exploded view of recoil
      starter assembly 18 and engine flywheel 27. Although the starter assembly
      shown in FIG. 2 is a conventional Bendix-type starter assembly, the
      present invention is applicable to any starter assembly in which a starter
      pinion advances along a path into engagement with an engine flywheel,
      especially where such advancement is caused by a spring drag effect as is
      typically used with Bendix-type starter mechanisms. In FIG. 2, starter
      assembly 18 includes a mounting bracket 40 carrying a shaft 41, and
      upwardly formed brake spring engaging tab 42, and a number of holes
      therein for mounting bracket 40 to an engine shroud and for mounting of a
      pivotable obstruction lever 44. Bracket 40 also includes a first ear
      projecting generally transversely to the body thereof with a V-shaped
      notch aiding in control of starter cord position and a second ear on
      mounting bracket 40 acting as a bowden wire holding bracket 45 for
      fastening the outer casing of the actuator linkage for lever 44. Lever 44
      pivots about an axis defined by a shouldered, integral washer, machine
      screw 46 inserted into a hole in bracket 40 and fastened by means of a
      locknut 47. Received on shaft 41 is a snap ring and thrust washer assembly
      generally designated 48 which provides a bearing surface for a face of the
      starter pinion which advances into contact with the thrust washer face
      during the engine starting sequence.
PAR  A starter pinion generally designated 50 is shown in FIG. 2. Starter pinion
      50 has gear teeth spaced about the circumference thereof for engagement
      with engine flywheel teeth to transfer starting drive from pinion to
      flywheel. Pinion 50 includes a central hub 51 with a helical worm gear
      formed into the wall of an axial recess 52 therein. Hub 51 has a hub front
      face 53 and the pinion includes pinion face 54, both of which are
      generally annular in shape and extend generally perpendicular to the
      pinion axis. A circular groove 55 extends circumferentially about the
      cylindrical outer surface of hub 51 for receipt of a brake spring 56
      therein.
PAR  Brake spring 56 has three joined rectangular legs, portions of which are
      received in groove 55 and tangentially contact the groove surface. Brake
      spring 56 also includes two legs 57 which extend generally outward and
      approach one another in a V-shape, but legs 57 are not fastened to one
      another. These legs ride along either side of tab 42 axially thereof to
      prevent rotation of spring 56 during advancing travel of pinion 50 along
      its axis.
PAR  Recess 52 of pinion 50 mates with a shaft 60 on which a helical worm gear
      is also formed. Shaft 60 is in turn fixed to a pulley 61 about which
      starter cord 22 is wound. Also fastened to pulley 61 by means of a spring
      cover 62 is the outer end of a spiral rewind spring 63.
PAR  In assembly, shaft 41 receives thrust washer arrangement 48, then pulley
      61, on the shaft 60 of which pinion 50 is received. The inner end of
      spring 63 is then fastened to shaft 41 by means of retainer 64 and an
      associated screw. Thus spring 63 acts between pulley 61 and shaft 41.
      Brake spring 56 is, as previously mentioned, received in the groove 55 on
      pinion 50. A spring clip 67 is fastened to bracket 40 to control cord 22.
      Pivotable obstruction lever 44 is mounted to bracket 40 so that the ear
      thereof may travel in and out of the path of front hub face 53 of pinion
      50 during lever travel.
PAR  FIG. 3 is an edge view of recoil starter assembly 18 having one embodiment
      of the present invention incorporated therein. In that figure, pivotable
      obstruction lever 44 is shown attached to a bowden wire 37 by means of an
      offset end 70. In the position shown in FIG. 3, an ear 72 of obstruction
      lever 44 is clearly visible. This ear extends outward at an angle to the
      pivot axis of lever 44. Ear 72 engages front face 52 of starter pinion 50
      to prevent axial advance of pinion 50 into engagement with the engine
      flywheel when lever 44 is in the position of FIG. 3. However, lever 44 is
      pivotable, so that, upon actuation by bowden wire 37, ear 72 rotates out
      of the path of advance of hub face 52 to permit sufficient axial advance
      of the starter pinion for engagement between pinion and flywheel.
PAR  In situations when the wheel drive mechanism is engaged, bowden wire 70
      will, of course, pivot lever 44 into a position where ear 72 lies in the
      path of advance of the starter pinion hub. Assume, in such a situation,
      that an operator attempts to start the engine by exerting an upward pull
      on starter handle 23, causing extension of starter cord 22 and consequent
      rotation of pulley 61 and shaft 60. Due to the mating helical gear
      arrangement, rotation of pulley tends to result in like rotation of pinion
      50. However, a braking effect on pinion 50 is caused by spring 56. The
      engagement of spring 56 with tab 42 prevents spring rotation, and the
      resulting drag causes pulley 50 to advance axially along helical worm
      shaft 60 toward contact with the flywheel. This is prevented by ear 72 of
      lever 44. Ear 72 contacts hub face 53 and prevents axial pinion
      advancement. Therefore, if attempts are made to start the engine with the
      wheel drive mechanism engaged, pinion 50 will advance until hub face 53
      contacts ear 72, then will rotate with pulley 61, resulting in two
      effects: slippage between the rectangular legs of brake spring 56 and
      groove 55, and sliding contact between ear 72 and annular hub face 53.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3, with the
      exception that in FIG. 4, pivotable lever 44 is rotated so that ear 72 is
      located out of the path of advance of hub 51. Of particular interest in
      FIG. 4 are the sections showing the mating helical worm engagement between
      pinion 50 and shaft 60 of pulley 61 and the mounting of shaft 60 axially
      of shaft 41 for rotation about the axis defined by shaft 41. Also shown
      with clarity in FIG. 4 is engagement between tab 42 and brake spring 56
      along the two extended legs 57 of spring 56. As previously alluded to,
      stationary tab 42 prevents substantial rotation of spring 56, and
      consequently provides the braking necessary to cause pinion 50 to move
      axially along the helical worm to engage either the ear 72 or the thrust
      washer 48, depending upon whether or not the interlock apparatus of the
      present invention is active. As will be apparent from study of FIGS. 3 and
      4, it may be desirable to have the height of ear 72 above its body portion
      less than the axial height of hub 51 so that lever 44 need be pivoted only
      out of the path of the advancing hub rather than translated or otherwise
      withdrawn completely from the path of pinion advance.
PAR  FIGS. 5, 6 and 7 illustrate a preferred embodiment of an obstruction lever
      suitable for use in the present invention. In this instance, lever 44 has
      a body 74 with a circular pivot hole 75 located centrally thereof. A
      smaller hole 76 for insertion of an offset bowden wire end for driving of
      the lever and pivoting movement about the axis of hole 75 is also
      provided.
PAR  At the opposite end is ear 72 which, as shown particularly in FIG. 5,
      extends upward from the generally planar body portion 74 at a slightly
      obtuse angle. Ear 72 may have a ramp engagement surface 77 leading to a
      gently rounded top surface 78 thereon. Ramp surface 77 aids in promoting
      smooth engagement between the ear and hub 51 of pinion 50 while top
      surface 78 is gently rounded and smooth to prevent gouging of the pinion
      face when the pinion is rotatably driven in contact with the face.
      Although any other materials of suitable strength and toughness could be
      used for both pinion and lever members, to prevent gouging and to provide
      a smooth and workable mechanism, a preferred material for these members,
      which will experience substantial sliding contact in interlock operation,
      would be nylon.
PAR  FIG. 8 is a plan view of starter assembly 18 helpful in understanding
      operation of the present invention since it shows pivotable obstruction
      lever 44 in two positions. The first position, in which the actuated end
      of the lever is shown in solid line form, is a position maintained by
      bowden wire 37 when the wheel drive mechanism is disengaged. The second
      position is that into which lever 44 is pivoted when the wheel drive is
      engaged. Hub face 52 is represented by a dotted line circle in FIG. 8. In
      the second position, a portion of ear 72 of the lever extends within the
      circle representing the advance area of hub face 52, thereby illustrating
      the obstruction presented by the lever.
PAR  Also shown assembled in FIG. 8 is bracket 45 which holds a bowden wire
      casing 80 surrounding inner retractable end 70, which, of course, shifts
      to pivot lever 44 and the assembled position of spring clip 67 which aids
      in guiding and captivating starter cord 22.
PAR  The opposite end of the bowden wire arrangement 37 of FIG. 8 appears in the
      fragmentary plan view of the front wheel drive mechanism shown in FIG. 9.
      In that view, bowden wire arrangement 36 leads to a shifter arm 82 which
      pivots to transmit drive engagement and disengagement positions to a
      shifter rod 83 moved laterally by pivoting of shifter arm 82. Shifter arm
      82 pivots about an axis defined by an integral washer or machine screw 84.
      Shifter rod 83 transfers the shift position into a gear box 86 to cause
      engagement or disengagement of the wheel drive to the mower. Pivoting
      movement of shifter arm 82 for engagement and disengagement is
      accomplished by means of extension and retraction of a bowden wire end 87
      which transmits pivoting movements of drive engagement lever 35 to the
      wheel drive mechanism. The resultant movement of shifter arm 82 is then
      picked up and transferred by means of one end of bowden wire 37 to pivot
      lever 44 into a position of obstruction during times when the wheel drive
      mechanism is engaged and clearance for pinion advance when the drive
      mechanism is out of engagement.
PAR  It will be apparent that many other linkages for actuation of the
      obstructing member could be devised and that the present invention is not
      limited to the particular actuating linkage shown. Further, it should be
      understood that while the embodiments shown result in obstruction of
      starter pinion advance by means of pivotal movement of a lever with an ear
      thereon into contact with the pinion hub, any face of the pinion or any
      suitable annular attachment to the pinion would also be acceptable. It
      would also be possible to substitute a plunger pin for a pivotable lever
      as the obstruction means according to the present invention.
PAR  Various other alternatives and modifications will be apparent to those of
      skill in the art in light of the foregoing description. Accordingly, all
      alternatives and variations included within the spirit and scope of the
      invention as defined by the appended claims are covered.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Mower starter interlock apparatus for preventing starting of a mower
      engine of the type in which a starting pinion advances along a path into
      engagement with a flywheel thereof when a mower is in a predetermined
      condition, comprising:
PA1  a. means defining an annular surface that is fixed with respect to said
      pinion and concentric about the pinion axis;
PA1  b. obstruction means mounted to said engine and actuatable to move into the
      path of advancement of said starting pinion and contact said annular
      surface to prevent engagement of said pinion with said flywheel; and
PA1  c. actuator means for sensing the predetermined condition and connected to
      said obstruction upon sensing of the predetermined condition.
NUM  2.
PAR  2. The structure of claim 1 wherein said obstruction means comprises a
      pivotable lever having an obstruction portion thereon, said lever being
      fastened to a portion of said mower for pivotal movement of said
      obstruction portion into and out of the path of advance of said annular
      surface.
NUM  3.
PAR  3. The structure of claim 2 wherein said pinion includes a central hub
      portion with a front face having an annular surface thereon which is
      generally perpendicular to the pinion axis.
NUM  4.
PAR  4. The structure of claim 3 wherein said lever includes a generally planar
      body portion and said obstruction portion comprises an ear extending
      upwardly with respect to said body portion.
NUM  5.
PAR  5. The structure of claim 4 wherein said ear has thereon a leading inclined
      ramp surface which facilitates engagement of said ear and said pinion hub
      front face, and includes a rounded contact surface to prevent gouging of
      said pinion during ear and pinion contact and relative movement
      therebetween.
NUM  6.
PAR  6. The structure according to claim 3, wherein said predetermined condition
      is engagement of a wheel drive mechanism of said mower, and said actuator
      means comprises a bowden wire linkage, one end of which is connected to
      pivotally actuate said lever, with the opposite end connected to shiftable
      means, cooperating with said linkage, the physical position of said
      shiftable means being indicative of engagement or disengagement of said
      drive mechanism.
NUM  7.
PAR  7. A lawn starter interlock for use with a self-propelled lawn mower having
      a wheel drive mechanism thereon, said mower including a starting mechanism
      in which a starter pinion having a front face is friction urged to advance
      axially along a helical worm gear into engagement with a toothed engine
      flywheel to transmit rotational torque to said flywheel in response to
      drive from said worm gear, said starting mechanism further including base
      means mounted to said engine proximate said flywheel with a stationary
      shaft thereon which receives said worm gear and pinion, comprising:
PA1  a. obstruction means mounted to said base means for actuated movement into
      the path of pinion advance to contact said front face and overcome
      friction urging of said pinion along said worm gear and prevent pinion and
      flywheel engagement; and
PA1  b. an actuator linkage connected between said wheel drive mechanism and
      said obstruction means to actuate said obstruction means when said wheel
      drive mechanism is engaged.
NUM  8.
PAR  8. The structure of claim 7 wherein said obstruction means comprises a
      pivotable lever mounted on said base for pivotal movement about an axis
      parallel to said pinion axis, and having an obstruction portion thereon
      which pivots into and out of the path of advance of said front face.
NUM  9.
PAR  9. The structure of claim 8 wherein said pinion has a central hub portion
      extending in the direction of pinion advance with respect to the body
      thereof; said front face comprises an annular surface on said central hub;
      and said obstruction portion includes a ramp surface thereon for contact
      with said front face.
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ABST
PAL  A demountable archery bow with a handle provided at the opposite ends
      thereof with limb receiving means, and limbs to be removably inserted in
      the respective limb receiving means. A click stop mechanism is provided
      between each limb receiving means and the associated limb to facilitate
      the assembly and disassembly of the handle and limbs. The click stop
      mechanism may have a recess formed on the limb side in a manner to open in
      a direction perpendicular to that in which the limb is inserted in the
      limb receiving means, and a spring biased ball provided on the handle
      side, the ball being received in the recess under the spring biasing force
      when the limb is inserted in the handle and the ball being forcedly
      removable from the recess when a force pulling the limb away from the
      handle is exerted on the limb.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to demountable or takedown archery bows of the type
      comprising a handle and limbs and capable of ready assemblage and
      disassemblage. More particularly, the invention concerns a demountable
      archery bow, in which a click stop mechanism is provided between a limb
      receiving means provided at each end of the handle and the limb received
      in the limb receiving means to insure simple and reliable assemblage and
      disassemblage of the handle and limbs.
PAR  Demountable archery bows in the prior art have had cumbersome latching
      arrangements. In a typical prior-art demountable archery bow, the handle
      and limb is joined together by screwing a bolt into a threaded bore formed
      in the handle and a bolt reception bore formed in the limb. This operation
      is very cumbersome because of the need for a tool for fastening the bolt
      (such as a screw driver), and it is also quite time-consuming. Also, this
      method of coupling encounters serious problems with respect to mechanical
      strength since the bolt reception bore is formed across the limb whose
      thickness and width dimensions are comparatively small. Besides, the limb
      portion surrounding the bolt reception bore is very prone to rupture since
      it inevitably experiences concentrated stress.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to insure simple and
      reliable assemblage and disassemblage of the handle and limbs of an
      improved archery bow by providing a detent or click stop mechanism between
      a limb receiving means provided at each end of the handle and the limb
      received in the limb receiving means.
PAR  A further object of the invention is to provide a plate spring disposed on
      a limb, thereby insuring rigid and stable coupling of the limb to the
      handle, as well as absorbing vibrations produced at the time of shooting
      the arrow, that is, giving added stability to the bow.
PAR  Still a further object of the invention is to increase the rigidity and
      stability of coupling between handle and limb by providing a plate spring
      on the side of either limb receiving portion or limb.
DRWD
PAR  The above and further objects, features and advantages of the invention
      will become more apparent from the following description taken in
      conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view showing an embodiment of the demountable archery bow
      according to a invention;
PAR  FIG. 2 is a sectional view, on enlarged scale, showing the juncture between
      limb and handle of the bow of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line III--III in FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 2 but showing a different embodiment of
      the invention;
PAR  FIG. 5 is a view similar to FIG. 2 but showing a further embodiment of the
      invention;
PAR  FIG. 6 is an enlarged-scale sectional view showing a further embodiment of
      the invention;
PAR  FIG. 7 is a sectional view taken along line VII--VII in FIG. 6; and
PAR  FIG. 8 is an enlarged-scale sectional view showing a further embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a side view of a demountable archery bow according to the
      invention. Element at 11 is a handle, which has a grip portion 12 and an
      arrow rest 13 for supporting an arrow (not shown). The handle 11 is
      provided at each end on the front or target side thereof with a limb
      receptacle 14 secured to the handle as by screws 15 (see FIG. 3). The limb
      receptacle 14 is a rectangular hollow body made of a material such as an
      aluminum alloy and is open at one end for insertion of the limb. Each limb
      17 may be removably received in the corresponding space 16 defined by the
      associated limb receptacle 14.
PAR  FIGS. 2 and 3 show, on enlarged scale and in sectional views, the juncture
      between the limb and handle end. The opening 18 is a blind bore formed in
      the handle. It is open to the front or target side and may be as deep as
      is desired. Movably fitted in the blind bore 18 is a ball 19, which is
      spring biased by a spring 21 disposed within the blind bore 18 such that
      it penetrates a seat aperture 20 formed in the corresponding side wall of
      the limb receptacle 14 and projects into the limb reception space 16
      thereof, thus constituting a detent mechanism or click stop mechanism.
PAR  The insertable end of each limb 17 is provided on both front and rear sides
      with synthetic resin pads or protectors 22 applied thereto. The pad 22 on
      the rear or face side is formed at a position corresponding to the ball 19
      with a semi-spherical click stop recess 23. When the limb 17 is inserted
      into the limb reception space 16 to a predetermined extent, it is locked
      therein due to the ball 19 which is forced into engagement with the recess
      23. Element 24 is a string stretched between the free ends of both the
      limbs 17 for known purposes.
PAR  It will be noted that when the insertable end of the limb 17 is inserted
      into the limb reception space 16 for assembling the archery bow, the ball
      19 is first pushed into the blind bore 18 against the spring biasing force
      by the pad 22 provided on the rear or face side of the limb end. When the
      limb 17 is inserted to the predetermined extent, so that the recess 23
      appears in front of the blind bore 18, the ball 19 is brought into forced
      engagement with recess 23, thus providing the click stop action. In this
      way, the inserted end of the limb 17 can be stably held within the limb
      reception space 16.
PAR  As has been made apparent, the demountable archery bow according to the
      invention can be readily and reliably assembled by merely inserting the
      limbs into the respective limb reception spaces provided in the handle by
      virture of the click stop mechanism provided between the limb reception
      space and limb. Also, in case of replacing the limbs with others having a
      different length or strength the assembly and disassembly may be simply
      and easily accomplished without requiring any tool or added component.
PAR  FIG. 4 shows an enlarged-scale sectional view of the juncture between limb
      and handle end of another embodiment of the invention. In FIG. 4, element
      31 is a handle, which is provided at each end on the front or target side
      thereof with a limb receptacle 32 secured to the handle by screws (not
      shown). The limb receptacle 32 is a rectangular hollow body made of a
      material such as an aluminum alloy, and it has an opening or mouth 32a
      formed at one end thereof for the insertion of a limb. Each limb 33 may be
      removably inserted through the opening 32a into the limb reception space
      32b of each limb receptacle 32.
PAR  Within the limb reception space 32b is provided a substantially U-shaped
      plate spring 34 having opposing leg portions 34a and 34b in forced contact
      with respective rear and front inner walls of the limb receptacle 32, with
      the free ends 34a' and 34b' of the leg portions 34a and 34b being disposed
      on the side of the limb insertion opening 32a. The free ends 34a' and 34b'
      are spaced apart by a distance sufficiently smaller than the thickness of
      the insertable end 33a of the limb 33.
PAR  The limb receptacle 32 has a recess or blind bore 35 open to the limb
      reception space 32b at a location adjacent to the limb insertion opening
      32b. A ball 36 is fitted in the bore 35 and is spring biased by a spring
      37 also disposed within the bore 36, toward the limb reception space 32b
      such that it projects into the space 32b, thus constituting the so-called
      click stop mechanism.
PAR  The insertable end of each limb 33 is provided on both front and rear sides
      with synthetic resin pads or protectors 38 applied to it. The pad 38 on
      the side of the ball 36 is formed with a semi-spherical click stop recess
      39. The recess 39 is provided at such a location that when the limb 33 is
      fully inserted into the limb reception space 32b, the limb is adapted to
      be locked due to the falling of the ball 36 into the recess.
PAR  It will be seen that the insertable end 33a of the limb 33 is inserted into
      the limb reception space 32b for assembling the archery bow, the free ends
      34a' and 34b' of the plate spring leg portions 34a and 34b are pushed
      outwardly by the pads 8 provided on the limb end 33a to permit the
      intrusion of the end 33a into the space between the leg portions 34a and
      34b. When the limb end is completely inserted into the limb reception
      space 32b, the ball 36 is brought into forced engagement with the recess
      39 formed in the pad 36, thus providing the click stop action. At this
      time, the inserted end 33a of the limb 33 is clamped between the plate
      spring leg portions 34a and 34b, so that it is rigidly and stably joined
      to the handle 31.
PAR  FIG. 5 shows an enlarged-scale sectional view of the juncture between limb
      end and handle of a further embodiment of the invention. In FIG. 5,
      element 41 is a handle, which is provided at each end on the front or
      target side thereof with a limb receptacle 41 secured to the handle by
      screws (not shown). The limb receptacle 42 is a rectangular hollow body
      made of a material such as an aluminum alloy, and it has an opening 42a
      formed at one end for insertion of the limb. Each limb 43 has an
      insertable stem 43a, which is removably inserted through the opening 42a
      into the limb reception space 42b of each limb receptacle 42.
PAR  The limb has a laminated structure consisting of a wooden or bamboo core 44
      and FRP sheets 45 bonded to both front and rear sides of the core. The
      insertable stem 43a of the limb 43 at one end thereof is formed by
      affixing shock absorption layers 46 by means of adhesive to the respective
      sheets 45, bonding a reinforcement FRP layer 47 to the shock absorption
      layer 46 on the rear or face side 43F of the limb 43 and further bonding
      outer protective layers 48 of a material such as ABS resins to both the
      FRP layer 47 and the shock absorption layer 46 on the front or target side
      43B. The thickness of the face side shock absorption layer and
      reinforcement FRP layer is reduced toward the knock end to provide a
      comparatively gently curved profile for their portions extending from the
      opening 42a of the limb receptacle 42.
PAR  The protective layer 48 on the face side 43 F of the limb is formed with a
      semi-spherical recess 49a for receiving a click stop ball 49 of a click
      stop mechanism similar to that in the previous embodiments.
PAR  FIGS. 6 and 7 show enlarged-scale sectional views of the juncture between
      limb end and handle of a further embodiment of the invention. Element 51
      in FIG. 6 is a handle, which is provided at each end with a recess or limb
      reception space 52. The bottom of the recess 52 is provided with a
      protuberance 53, which is adapted to engage with a recess 55 formed at the
      end of the limb 54 when the limb is fully inserted into the limb reception
      space.
PAR  The insertable end portion of the limb 54 is provided with an internally
      threaded sleeve 56 penetrating the limb in the front-to-rear direction. A
      threaded portion of a cap member 57 is screwed into the sleeve 56. A ball
      59 is fitted in the sleeve 56 and spring biased by a spring 58 disposed
      within the sleeve 56, while the handle 51 is formed in the base portion at
      a position thereof corresponding to the ball 59 with a click stop recess
      60. In this way, a click stop mechanism is provided. Further, the base
      portion of the handle 51 is formed with a stepped portion 61, and a plate
      spring 62 is secured by a screw 63 to the stepped portion 61. The plate
      spring 62 serves to urge the limb 54 toward the other side, so that the
      limb end may be stably held within the limb reception space.
PAR  FIG. 8 shows an enlarged-scale sectional view of the juncture between limb
      end and handle of a further embodiment of the archery bow according to the
      invention. Here, parts which are the same as those in the preceding
      embodiment are not described. The insertable end 72a of the limb 72 is
      formed with a bore 73, and an internally threaded sleeve 74 is fitted in
      and secured to the bore 73. Element 75 is a plate spring affixed to the
      insertable end 72a of the limb 72. The plate spring 75 is provided with a
      central protuberance 76 serving as stopper, and it is fixed by a cap means
      76 of the click stop mechanism and substantially at its center by a screw
      77 screwed into the sleeve 74. By the plate spring 75, the limb 72 is
      urged against the opposite side so that it can be stably held within the
      limb reception space 78.
CLMS
STM  I claim:
NUM  1.
PAR  1. A demountable archery bow comprising a handle, said handle having
      opposite ends and being provided with receptacles at said ends, limbs
      mountable in respective said receptacles, a plate spring mounted on one of
      said limbs extending in part within said corresponding receptacle between
      said handle and said one of said limbs to stabilize the mounting of said
      one of said limbs, click stop means connecting said spring plate to said
      one of said limbs at a position spaced from its associated receptacle and
      for locking at least one of said limbs releasably in the corresponding
      receptacle, a string extending between said limbs for being stretched to
      impel an arrow and, upon being stretched, imparting a stress through said
      plate spring into said handle, and fastener means securing said plate
      spring on said one limb at a position within its associated receptacle on
      that face thereof which is urged against the receptacle by the stretching
      of said string.
NUM  2.
PAR  2. A demountable archery bow as claimed in claim 1 wherein said click stop
      means is mounted on said one of said limbs and said handle is provided
      with a recess to cooperate with the click stop means.
NUM  3.
PAR  3. A demountable archery bow as claimed in claim 1 wherein said click stop
      means includes a sleeve, a ball in the sleeve, a spring in the sleeve
      loading said ball, and cap means to engage said latter mentioned spring.
NUM  4.
PAR  4. A demountable archery bow as claimed in claim 1 comprising a
      protuberance on the plate spring to limit penetration of said one of said
      limbs into said corresponding receptacle.
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PAL  A process is provided for sighting an arrow through the separated strands
      of a bow string. The process includes the manual adjustment of two
      circular disks, that have been positioned in the string so as to hold the
      strands separated from each other, along the axis of the string so as to
      provide adjustable sighting for different users.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in archery equipment and in
      particular to apparatus for improving the sighting of an arrow and in the
      release of the arrow from the bow.
PAR  As is well known the arrow is sighted by the archer as he draws the string
      backwards towards his body and rests his trigger hand adjacent his face.
      In this condition the string tends to fall directly in line with the
      archer's eye and it is necessary for him to cant or tilt his head in order
      to sight past the string. Thus the archer's sight line is offset and
      angular to the axis of the arrow. As a result great skill must be
      developed by the archer, to compensate for this misalignment, in addition
      to the skill necessary to compensate for wind, distance, etc. Several
      attempts have been made to provide sighting apparatus, in general such
      attempts have provided complex aiming devices which must be fastened to
      the limb or bow itself.
PAR  A second troublesom situation common to most archers lies in the
      difficulties encountered in drawing the arrow and string and in
      subsequently releasing the arrow. Under the extremely high pull stress,
      the archer's fingers are frequently cut and wounded. Moreover, few but the
      very experienced archers, have fingers strong enough to grasp and hold
      both the arrow and the string sufficiently long to obtain a good steady
      sight. Lastly, few archers are capable of releasing the string quickly and
      smoothly enough to prevent the string from skewing and moving off target.
      Here attempts have been made to provide the archer with special gloves or
      finger cots, however, these are not completely satisfactory. It is the
      object of the present invention to provide a process for sighting an arrow
      through the strands of a bow string by manually moving disks in the strand
      to varying positions to accommodate different users.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention an archery bow is provided in which the
      string is formed of a plurality of separate strands. Nub means are
      inserted between the strands to space them apart at least along the axis
      of the archer's eye. The nub is located within the strands and is provided
      with uniformly spaced axial grooves on its peripheral surface, each
      retaining one of the strands of the string. Preferably two nubs are used,
      spaced apart from each other so that the strands are spaced in a
      cylindrical fashion along a portion of the string.
PAR  The present invention has the advantage in that the normal string
      construction, either twisted strands, or braided strands, can be
      maintained essentially intact; that only a portion of the length of the
      string need be separated; that the nub is retained solely within the
      strands of the string and will not extend outward to interfere with the
      position of the head or eye, and will not create a hazard once the arrow
      is released. Above all the present invention separates the strands
      sufficiently so that they present very little interference with the
      ability of the archer to see, and provide a sight aperture for the archer
      directly through the string.
PAR  According to the present invention a quick release mechanism is provided
      comprising a body shaped as a hand grip having means for engaging the nock
      end of the arrow and releasibly holding it. The mechanism is provided with
      a trigger release, capable of easy manipulation by a single finger, which
      results in a swift and clean release of the arrow.
PAR  The mechanism is preferably provided with a pistol grip body, having a hole
      for receiving the nock end of the arrow, and latch means, engaging the
      nock and holding it under resilient conditions sufficient to permit the
      string to be pulled taut. The latch is openable by a trigger mechanism
      actuated by the thumb of the archer, leaving his other fingers free to
      maintain a strong steady grip on the body. It may be necessary in adapting
      arrows for use with present release mechanisms, that their nock be
      modified from the conventional structure. Preferably the nock should be
      long enough to fit in the hole of the release mechanism and be provided
      with a long groove and a suitably shaped notch in which the string may be
      received and the bar of the latch may be secured.
PAR  The advantage of the present invention is apparent in that a grip is
      provided which enables strong and secure holding of the arrow and string
      simultaneously; enables the archer to employ his total strength in holding
      the grip and not be annoyed or inhibited by the string or arrow; and
      furthermore not loose aim or spoil the position of the bow or arrow when
      releasing the arrow.
PAR  Full details of the present invention are set forth in the following
      description and in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a partial view of the bow illustrating the position of an arrow
      and the string incorporating the present invention during aiming;
PAR  FIG. 2 is an enlarged view of the string of FIG. 1 showing the details of
      the present invention;
PAR  FIG. 3 is an enlarged perspective view of the nub;
PAR  FIG. 4 is a perspective view of the release mechanism of the present
      invention;
PAR  FIG. 5 is side elevation view partial in section of the release mechanism;
PAR  FIG. 6 is an end elevation partial in section of the release mechanism.;
      and
PAR  FIG. 7 is a perspective view of the nock end of an arrow.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The see-through string of the present invention is incorporated in an
      otherwise conventional bow, the construction of which may follow anyone of
      the well known techniques therefor. Accordingly, only that portion of the
      bow necessary for an understanding of the present invention is shown in
      FIGS. 1-3, the remainder and the bow such as the limb being omitted, for
      brevity and clarity.
PAR  The bow's string 10 is formed from a plurality of separate strands 12 of
      conventional material, braided or twisted in the usual manner. The string
      10 is provided with an aperture, generally depicted by the numeral 14,
      through which the archer can sight, as indicated by arrow A. The aperture
      14 is formed by separating the individual strands 12 and by inserting
      between the strands, spaced from each other, a pair of nubs 16 of about
      3/8 -1/2 inch diameter. The nubs 16 are in the embodiment shown flat
      washer-like or circular disks, having a plurality of radial grooves 18
      distributed uniformly about its circumference. In general the number of
      slots 18 should conform to the number of strands 12 in the string 10, and
      the radial depth of the groove 18 only slightly larger than the diameter
      of the strand.
PAR  The position of either of both of nubs 16 along the string and the distance
      between them can be varied so that the position of the aperture along the
      length of the string and its window opening can be adjusted, to suit the
      convenience of the archer. In general, however, a window distance of
      approximately 1 - 2 inches will be satisfactory under most conditions and
      the aperture will be slightly above the usual position of the nocking
      point. The use of grooves to retain the individual strands permits the
      nubs to be varied at will without loss of the nubs. The tension on the
      string will further cause the strands to secure the nubs in their adjusted
      place during use and they will not come loose, nor will they shift more
      than fractionally after each shot. Thus, the archer will be able to reload
      and shoot many arrows successively without the need to readjust the
      sighting aperture. In poor light the aperture window can be widened by
      raising the upper nub allowing a larger area to see through.
PAR  The nubs may be made from metal or aluminum, although plastic seems most
      preferable for its light weight, and economy of manufacture and cost.
      Instead of flat disk members, the nubs may be formed from small balls, or
      similar shapes. The balls may be slightly resilient, or rubbery so that
      the stressed string would indent into its surface and hold the nub during
      use.
PAR  The present invention thus provides a simple see-through sight, providing a
      variable length window directly through the string. The see-through
      aperture can be adjusted to conform to the angle of the string at full or
      partial draw and provides a window of sufficient length to enable the
      archer to see through it at any angle. The present invention is
      particularly advantageous for people who wear glasses, or false teeth,
      since the sight may be brought closer to the eyes than would otherwise be
      possible. The false teeth may be removed.
PAR  The nubs, whether flat disks or spherical members are symmetrical, and the
      strands of the strings are symmetrically arranged, so that the aperture 14
      takes on a cylindrical form, between the nubs and a conical tapering form
      between each nub and string itself. Thus the stress on each strand is
      equalized, and uniformly distributed about the axis of the string, thereby
      insuring proper tension on the string and direction of flight for the
      arrow.
PAR  The string of the present invention may be used without any other sighting
      or aiming aid. It may however, be augmented by the more conventional
      aiming aids mounted directly on the bow link if desired. A third, or
      intermediate nub may be used, specifically on which to sight. This third
      nub may have a peep hole or other aim aid and may be adjusted to the exact
      eye level of the archer.
PAR  Turning to FIGS. 4 through 7 the release mechanism of the present invention
      comprises a L-shaped body generally depicted by the numeral 20, having the
      overall shape of a "pistol grip". The body is formed with a handle 22
      adapted to be grasped by at least three fingers and a horizontal receiving
      portion 24 in which a finger hole 26 is drilled in order to receive a
      fourth finger. The finger hole 26 is for convenience only, and enables a
      firm grasp to be made on the grip; however, it is not absolutely essential
      and may be eliminated.
PAR  Extending longitudinally through the receiving portion 24 is a small barrel
      bore 28, of sufficient diameter to receive therein the nock end of an
      arrow generally seen by numeral 30 in FIG. 7. The barrel 28 extends
      rearward into the grip about 1 - 1 1/2 inches so as to be sufficiently
      long to receive a substantial portion of the nock, thereby stabilizing the
      arrow in the grip.
PAR  Mounted, in a vertical bore 32 above the barrel 28, between the finger hole
      26 and the face of the receiving portion 22 is a freely movable latch bar
      34. At its upper end, the latch bar 34 is pivotally connected with an arm
      36, pivoted about a pin 38 extending along a pivot axis parallel to the
      barrel 28. The arm 36 extends outwardly of the side of the grip and has
      formed on it a thumb trigger 40. Preferably the arm 36, is connected to
      the latch bar 34, by providing the upper end of the latch bar with a
      rectangular cut out slot 42 into which the arm 36 freely extends. This
      allows the arm 36 to lift and lower the bar 34 in simple manner, and
      avoids the necessity of pins or links securing the two members together.
PAR  A flat leaf spring 44 is secured within the grip in a horizontal plane just
      above the upper end of the latch bar 34 and so as to resiliently engage
      the latch bar and normally biasing it downwardly into the barrel 28. The
      leaf spring may be replaced with a compression spring or similar biasing
      means, or the biasing means can be made to act on the arm 36, for example
      rather than on the latch bar 34.
PAR  The lower end of the latch bar 34 is provided with a slan ted face 46,
      extending from its front edge to its rear edge, providing a pointed end
      48. Preferably the end 48 is slightly rounded.
PAR  As seen in FIG. 7 an otherwise conventional arrow 30 comprising a shaft 50
      (the tip of which is not shown) having cock and hen feathers 52 and 54
      respectively located at its rearward end. Secured to the end of the shaft
      50 is a nock 56 which is somewhat longer than conventional. The nock is
      provided with a slot 58 which is also somewhat longer than usual, and a
      notch 60 conforming generally in shape to that of the end of the latch
      bar. That is, the notch 60, has a slant forward surface 62, and a straight
      back edge 64 normal to the axis of the shaft. The rearmost end of the nock
      66 is somewhat tapered.
PAR  In operation, the arrow is placed on the string, such as seen in FIG. 1, by
      inserting the string into the slot 58, and the nock itself inserted in its
      barrel 28 of the grip. The tapered end 68, acting against the bias of the
      spring 44 to move the latch bar 34. The length of the barrel 28 is
      somewhat longer than the nock so that the notch 60 is insured of being
      properly moved past the latch bar before the force of spring 44 causes the
      end 48 to engage within the notch 60 and firmly seat therein. The length
      of slot 58, in the nock insures that the string does not enter into the
      barrel, thus avoiding its being crimped or wedged in the barrel and
      leaving it free to be pulled. The string thus remains free between the
      bight of the slot and the front face of the grip. When the string is
      pulled, the force component on the arrow created by the stressed string
      tends to pull the nock axially outward, causing the vertical face 64 of
      the notch to engage the rear edge of the latch bar 34, which together with
      the downward bias of the latch bar 34 securely locks the two together. The
      harder the string is pulled, the more force is created locking the latch.
      Consequently, with the present release mechanism, it is absolutely
      unnecessary to hold either arrow or string during the pulling process.
      This leaves the entire hand free to hold the grip and operate the release
      mechanism. The arrow remains stable in this position, since the stressed
      string and the engaging latch bar and notch prevent the arrow from
      rotating about its own axis.
PAR  The arrow is simply released by pressing down on the thumb trigger 40 which
      raises the latch bar 34 freeing the arrow. The stressed string immediately
      causes the arrow to fly from the grip. During this release, the archer is
      more able to hold the arrow steady since he does not need to concern
      himself with holding the arrow or string under stress.
PAR  An advantage of the release mechanism over the conventional mechanism is
      that the present device is held freely in the hand by all the fingers, it
      is not strapped to the hand or to any finger, and it may be discarded
      and/or laid away at any time. When using the present release mechanism, it
      is not necessary to provide the string with a nocking point or knot to
      locate the arrow. Thus, the string may be made simpler, and the present
      release mechanism can be employed on any size or type bow. The present
      mechanism in no way effects the normal draw of the bow.
PAR  An important advantage of the present release mechanism is that it holds
      the string on both sides of the nock, that is at the bight and at the
      front face of the grip. As a result it has been found that arrows shoot
      straighter and longer, than ordinarily nocked arrows.
PAR  Returning to FIG. 7, the nock 56 may be made of wood, or metal of the
      conventional type or even plastic and it may be attached in conventional
      manner by force fit, crimping or even by threading. Preferably, the slot
      of the nock should be aligned with the cock feather for greater accuracy.
PAR  From the foregoing it will be seen that the present invention provides
      improvement in both the sight of an arrow and its release from the string.
      The various objects and advantages enumerated earlier have all been met.
      Other advantages will be apparent to those skilled in the art.
PAR  Many modifications, changes and embodiments have been suggested, others
      will be obvious to those skilled in this art. Accordingly, the present
      disclosure is to be taken as illustrative only of the present invention
      and not limiting of its scope.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In the process of sighting an archery bow string for a plurality of
      different users, said string comprising a plurality of elongated
      symmetrically twisted separable strands retained only at its ends the
      process comprising the steps of providing nubs formed in the shapes of a
      circular disks and each disk having a plurality of axially extending
      grooves uniformly spaced about the periphery of said grooves, inserting
      individual strands of the string within each of said grooves of each disk
      to separate said strands providing a see-through opening the width and
      depth of each of said grooves, a first user manually moving the disks
      along the length of the strand so as to provide a sight suitable for his
      particular requirements, and a subsequent user manually adjusting the
      disks along the length of the strand so as to provide a sight opening
      suitable for his particular requirements.
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ABST
PAL  A wire saw having a single wire extending from a feeding roller to a
      take-up roller through a seesaw means and an array-forming and controlling
      means, so as to form a wire array at an intermediate portion, which wire
      array is reciprocated for sawing a work piece urged against the wire
      array. There are provided a means for gradually transferring the fresh
      wire from the feeding roller to the take-up roller.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a wire saw, and more particularly to a wire saw
      having a reciprocating wire array made by looping a single wire, so as to
      cut a work piece urged against the wire array.
PAR  2. Description of the Prior Art
PAR  A wire saw using a single extended wire to be longitudinally
      reciprocatingly moved is known. For instance, U.S. Pat. No. 3,155,087,
      which was granted to Bertrand A. Dreyfus on Nov. 3, 1964, discloses a
      machine for sawing samples of brittle materials, which machine comprises a
      wire extending from a feeding roller to a receiver roller while being
      turned a number of times around wire guides so as to form a
      material-cutting wire array, a driving means for positively rotating one
      of said wire guides in forward and reverse directions for reciprocating
      the wire in said wire array, and a toggle arrangement for preventing the
      wire from slackening during the reciprocation. The feeding roller of this
      machine is connected to a control motor for continuously paying a selected
      amount of fresh wire, while the receiver roller is mounted to a constant
      torque motor which drives the receiver roller under the control of a
      control means, so as to receive the payed amount of the wire while causing
      a constant tension therein and absorbing the elongation of the wire. Thus,
      such an arrangement provides a continuous renewal of the wire in the
      array.
PAR  The wire saw of the Dreyfus Patent has a drawback in that its control means
      of the constant torque type should be adjusted very accurately with extra
      care, because if the receiver roller rotates too quickly, the wire may be
      cut off by excessive tension. On the other hand, if the receiver roller
      rotates too slowly, the wire may be slackened. The slackening may also
      cause the wire to inaccurately cut the work piece.
PAR  The wire saw of the Dreyfus Patent also uses a constant torque reversible
      motor with an armature directly connected to the driving wire guides, as a
      means for reciprocating the wire in the wire array. The direction of
      rotation of the reversible motor is controlled by a limit switch to be
      actuated by the foresaid toggle arrangement. The constant torque
      reversible motor is rather expensive, and the limit switch controlling
      such motor requires frequent replacements because of its comparatively
      short service life. According to the experience of the inventor of the
      present application, slipping is caused at the joint between the output
      shaft of the constant torque reversible motor and the driving wire guide
      or at a point between the driving wire guide and the wire array, although
      the reason for such slipping has not yet been found.
PAR  Therefore, the object of the present invention is to mitigate the aforesaid
      difficulties of the conventional wire saw.
PAC  SUMMARY OF THE INVENTION
PAR  In order to fulfil the aforesaid object, the present invention provides a
      wire saw having a sawing wire array, comprising a feeding roller which
      feeds a single wire while causing a tension in the wire; a take-up roller
      receiving the single wire at a speed faster than the wire-paying speed of
      the feeding roller, said take-up roller ceasing to receive the wire as the
      wire tension exceeds a certain magnitude; a plurality of guide rollers
      around which said wire is turned a number of times so as to form said
      sawing wire array; a seesaw means with a seesaw lever, one end of the
      seesaw means expanding and shrinking as said lever swings while causing
      the opposite end thereof to shrink and expand, said wire from the feeding
      roller being passed around one end of the seesaw means before engaging
      said guide rollers, said wire from the guide rollers being turned around
      the opposite side end of the seesaw means before reaching said take-up
      roller; a driving means reciprocatingly rotating one of said guide rollers
      so as to cause the wire in said wire array to reciprocate; an offset means
      controllably offsetting wire-feeding displacement of said reciprocating
      rotation of the driving from reverse displacement thereof; and a swinging
      means causing said seesaw lever to swing in synchronism with said
      reciprocation of the guide roller so as to prevent the wire from
      slackening.
PAR  In a preferred embodiment of the invention, the driving means of the
      aforesaid wire saw consists of a driving shaft having one end thereof
      coaxially connected to said guide roller driven thereby, a pinion
      coaxially secured to the opposite end of the driving shaft, an upper
      endless loop means rotatably carried by a pair of sprocket wheels, a lower
      endless loop means rotatably carried by another pair of sprocket wheels,
      said lower endless loop means drivingly engaging said pinion of the
      driving shaft, a reciprocating sprocket operatively engaging both the
      upper and lower endless loop means, and a crank means causing
      reciprocation of the reciprocation sprocket, said offset means consisting
      of a feeding motor selectively rotating said upper endless loop means, the
      swinging means consisting of a seesaw shaft having one end thereof secured
      to a central portion of said seesaw lever at right angle thereto, a swing
      lever having one end thereof secured to the opposite end of the seesaw
      shaft and the opposite end thereof notched, and a reciprocating shaft
      having one end thereof connected to said reciprocating sprocket and the
      opposite end thereof operatively engaged with the notched portion of said
      swing lever. In the last mentioned embodiment, it is preferable that the
      upper and lower endless loop means are endless chains, respectively, that
      the crank means consists of a connecting rod having a shaft secured at one
      end thereof for journalling said reciprocating sprocket, a crank arm
      having one end thereof pivotally connected to the opposite end of said
      connecting rod, and a driving motor with an output shaft connected to the
      opposite end of the crank arm. The pinion of the above embodiment, which
      is secured to the driving shaft and engages the lower endless chain, may
      have a diameter smaller than the diameters of the sprocket wheels carrying
      the lower endless loop means.
PAR  In another embodiment of the present invention, the driving means of the
      guide roller consists of a driving shaft having one end thereof coaxially
      connected to the guide roller driven thereby, a pinion coaxially secured
      to the opposite end of the driving shaft, a crown having an internal gear
      and an external gear integrally formed thereon, a planet gear means
      engaging both the pinion of the driving shaft and the internal gear of the
      crown, and a crank means reciprocatingly turning the crown; the offset
      means consists of a feeding motor which selectively causes the planet gear
      means to revolve about the pinion of the driving shaft; and the swinging
      means consists of a seesaw shaft having one end thereof secured to central
      portion of said seesaw lever at right angle thereto, a swing gear
      coaxially secured to the opposite end of the seesaw shaft, and a gear
      train operatively connecting the swing gear to the external gear of the
      crown. In the last mentioned embodiment, it is preferable that the crank
      means consists of a connecting rod having one end thereof pivotally
      connected to said crown, a crank arm having one end thereof pivotally
      connected to the opposite end of said connecting rod, and a driving motor
      with an output shaft connected to the opposite end of the crank arm; said
      planet gear means consists of a pair of planet gears disposed at
      diametrically opposite sides of the pinion of the driving shaft; and that
      said offset means consists of a U-shaped carrier journalling the planet
      gears and a feeding motor having an output shaft operatively connected to
      said U-shaped carrier.
PAR  An outstanding feature of the wire saw according to the present invention
      is that fresh wire is fed to the sawing wire array at a controlled uniform
      rate through the reciprocation of the wire guide rollers actuated by the
      driving means, which driving means causes different forward and reverse
      strokes in the guide roller reciprocation under the control of the feeding
      motor. Another feature of the present invention is that the swinging of
      the seesaw means is mechanically synchronized with the reciprocation of
      the wire in the wire array, so that risk of wire slipping on the surface
      of the guide rollers is eliminated, and the wire is prevented from
      slackening and excessive tension. Thus, the durability of the wire in the
      wire saw is considerably improved.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other features of the present invention will become apparent from
      consideration of the following specification when taken in conjunction
      with the accompanying drawing, in which:
PAR  FIG. 1 is a schematic perspective view showing a wire saw according to the
      present invention; and
PAR  FIG. 2 is a schematic perspective view of a different driving means
      combined with an offset means for use in the wire saw according to the
      present invention.
DETD
PAR  Like parts are designated by like numerals through the different figures of
      the drawing.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a wire 1 is payed out from a feeding roller 2, which
      wire is made of a material suitable for sawing work pieces, such as metal,
      extra-hard metal, or plastic material. The wire 1 is guided by idler
      rollers 3 and 4, and it is then turned one or more times around two
      rollers, i.e., a roller 5 journalled by a shaft fixed on a framework 16
      and a seesaw roller 7 rotatably carried by one end of a seesaw lever 18.
      The rollers 5 and 7 form one end portion of a seesaw means 6. Another
      idler roller 8 guides the wire 1 from the seesaw means 6 to an
      array-forming and controlling arrangement 9. After passing through the
      array-forming and controlling arrangement 9, the wire 1 turns around
      another idler roller 10, so as to be guided to the opposite end portion of
      the seesaw means 6, wherein the wire is turned one or more times around
      two rollers, i.e., a guide roller 11 journalled by a shaft secured to the
      framework 16 and a seesaw roller 12 rotatably connected to the opposite
      end of the seesaw lever 18. Two idler rollers 13 and 14 direct the wire 1
      from the aforesaid opposite end of the seesaw means to a take-up roller
      15.
PAR  The aforesaid rollers, the seesaw means 6, and the array-forming and
      controlling arrangement 9 are all disposed on one side surface of the
      frame work 16, as shown in FIG. 1. In the illustrated embodiment, the
      feeding roller 2 and the take-up roller 15 are mounted on a common shaft
      carried by the framework 16, although such arrangement is not restrictive
      to the present invention. The feeding roller 2 pays out the wire 1 while
      causing a tension on the wire, for instance, by a suitable brake means
      (not shown). The take-up roller 15 is adapted to receive the wire 1 at a
      speed faster than the wire paying speed of the feeding roller 2, and the
      roller 15 ceases to receive the wire 1 when the tension of the wire
      exceeds a certain predetermined value. The arrangement for causing the
      aforesaid functions of the feeding roller 2 and the take-up roller 15 is
      known.
PAR  The central portion of the seesaw lever 18 is fixed to a seesaw shaft 19
      extending through the framework 16 to the opposite side thereof, as shown
      in FIG. 1.
PAR  In the preferred embodiment, the array-forming and controlling arrangement
      9 includes three multiple-grooved wire guides 23, 24, and 25, which are
      carried by shafts 20, 21, and 22, respectively. The shafts 21 and 22 are
      secured to the framework 16 so as to rotatably hold the corresponding wire
      guides 24 and 25, respectively. The wire guide 23 is coaxially fixed to
      the shaft 20 which is linearly extended from a driving shaft 26 extending
      through the framework 16. Thus, the wire guide 23 rotates together with
      the driving shaft 26, but the former cannot rotate relative to the latter.
      A wire array 27 is formed by turning the wire 1 around the three grooved
      wire guides 23, 24, and 25 a number of times, as shown in FIG. 1. As will
      be described hereinafter, the wire 1 in the wire array 27 is reciprocated,
      so that a work piece 28 is sawn by the reciprocating wire array when the
      work piece 28 is urged against the wire array 27 by a suitable elevating
      means (not shown).
PAR  A driving means 29 for the wire 1 will now be described. The driving means
      29, as illustrated in FIG. 1, comprises a pinion 30 secured to the
      opposite end of the driving shaft 26 to the wire guide 23, an upper
      endless loop means, e.g., a looped chain 33, carried by a pair of spaced
      sprocket wheels 31, 32, and a lower endless loop means, e.g., a looped
      chain 36, which is carried by another pair of sprocket wheels 34, 35 and
      engages the pinion 30 of the driving shaft 26. The sprocket wheels 31, 32,
      34, and 35 are disposed in such a manner that they allow the endless
      chains 33 and 36 to revolve along loci including two parallel linear
      portions, as shown in FIG. 1. The driving means 29 further includes a
      reciprocating sprocket 37 which simultaneously engages the parallel linear
      portions of the chains 33 and 36, and a crank means 38 causing the pinion
      37 to reciprocate.
PAR  It should be noted here that the pinion 30 at the opposite end of the
      driving shaft 26 to the wire guide 23 can be dispensed with by directly
      connecting the driving shaft 26 to either the sprocket wheel 34 or the
      sprocket wheel 35. Thus, the pinion 30 is not essential to the present
      invention.
PAR  The crank means of the preferred embodiment includes a connecting rod 40
      having a shaft 39 secured to one end thereof for journalling the
      reciprocating sprocket 37 and the opposite end thereof pivotally connected
      to a crank arm 41, which crank arm 41 has its opposite end fixed to the
      output shaft 42 of a driving motor 43. Thus, as the driving motor output
      shaft 42 rotates, the crank arm 41 is turned for reciprocating the
      sprocket 37. The driving motor 43 is rated, for instance, at 200 Watts and
      50 to 70 revolutions per minute (rpm).
PAR  When it is desired to gradually feed fresh wire 1 to the wire array 27, the
      feeding displacement of the reciprocation of the wire 1 in the array 27
      should be larger than the reverse displacement of the reciprocation. To
      this end, an offset means is provided in the wire saw according to the
      present invention, which causes the pinion 30 of the driving shaft 26 to
      turn more in the wire-feeding direction than in the reverse direction, for
      causing similar turning of the wire guide 23. The offset means includes a
      pinion 44 engaging the upper endless chain 33, and a feeding motor 46
      having an output shaft 45 to which the pinion 44 is coaxially secured. The
      output power of the feeding motor 46 can be comparatively small, for
      instance, 50 Watts, and its revolving speed must be controllable by a
      suitable control means (not shown) with or without steps, for instance
      over a range of 0 to 1 rpm. A reduction gear (not shown) may be used
      between the motor output shaft 45 and the pinion 44.
PAR  As an essential feature of the present invention, the seesaw lever 18 is
      swung in synchronism with the reciprocation of the wire 1 and with the
      reciprocation of the pinion 30 of the driving shaft 26. To this end, a
      swinging means is included in the wire saw, which comprises the seesaw
      shaft 19 extending from the central portion of the seesaw lever 18, a
      swing lever 47 having one end thereof secured to the extended end of the
      seesaw shaft 19 and a notched portion 48 formed at the opposite end
      thereof, and the shaft 39 interconnecting the reciprocating sprocket 37
      and the notched portion 48 of the swing lever 47.
PAR  The operation of the wire saw having the aforesaid construction according
      to the present invention will now be described. At first, it is assumed
      that the upper endless chain 33 is kept stationary. Under such condition,
      when the driving motor 43 is started, the sprocket 37 is reciprocated by
      the crank means 38. Since the upper chain 33 is assumed to be stationary,
      the sprocket 37 is forced to rotate as it reciprocates along the chain 33.
      Such rotation of the sprocket 37 causes the lower chain 36 to travel back
      and forth along the sprocket wheels 34 and 35, so as to reciprocatingly
      turn the pinion 30 of the driving shaft 26. As a result, the wire guide 23
      rotates clockwise and counter-clockwise, for causing the wire 1 of the
      wire array 27 to reciprocate. As long as the upper chain 33 is at rest,
      the wire-feeding stroke of the wire reciprocation in the array 27 is the
      same as the reverse stroke of the reciprocation. The distribution of the
      linear speeds of the sprocket 37 during the reciprocation is sinusoidal,
      and the highest linear speed is achieved at the center of the
      reciprocating stroke. The reciprocation of the sprocket 37 is transmitted
      to the seesaw shaft 19 through the shaft 39 and the swing lever 47, so as
      to cause the seesaw lever 18 to swing in synchronism with the
      reciprocation of the wire guide 23.
PAR  With the chain 33 kept still, if the sprocket 37 is forced to the right, as
      seen in FIG. 1, the sprocket 37 rotates about the shaft 39 in a
      counter-clockwise direction, for causing the lower endless chain 36 to
      turn in a clockwise direction, which results in a counter-clockwise
      turning of the pinion 30. Thus, the wire guide 23 is turned in a
      counter-clockwise direction by the pinion 30 through the driving shaft 26.
      At this time, the seesaw lever 18 is apparently turned in a
      counter-clockwise direction, too. Thus, the left-hand side seesaw roller 7
      moves away from the guide roller 5, while the right-hand side seesaw
      roller 12 moves toward the guide roller 11. On the other hand, the
      counter-clockwise rotation of the wire guide 23 causes the wire 1 in the
      wire array 27 to move to the right. Thus, the wire 1 is payed out from the
      array-forming and controlling arrangement 9 toward the guide roller 8, and
      the increased distance between the rollers 5 and 7 due to the
      counter-clockwise swing of the seesaw lever 18 absorbs the length of the
      wire 1 thus payed out from the arrangement 9. The corresponding length of
      the wire 1 is payed out from the righthand side of the seesaw means 6 to
      the array-forming and controlling arrangement 9, thanks to the reduced
      distance between the rollers 11 and 12. Accordingly, the wire 1 is
      prevented from slackening and excessive stretching at the time of its
      rightward movement in the wire array 27.
PAR  It is apparent to those skilled in the art that, with the chain 33 kept
      still, the movement of the sprocket 37 to the left causes reverse movement
      of the aforesaid elements of the wire saw, and the angular displacement of
      the clockwise rotation of the wire guide 23 through the reverse movement
      is identical to that through the last mentioned counter-clockwise rotation
      of the wire guide 23. Accordingly, when the chain 33 is kept stationary,
      the wire 1 is not transferred from the feeding roller 2 to the take-up
      roller 15.
PAR  Now, let it be assumed that the feeding motor 46 is actuated so as to
      rotate the upper endless chain 33 in a counter-clockwise direction. If the
      stroke of the reciprocation of the sprocket 37, i.e., the distance from
      the extreme left position of the sprocket 37 to its extreme right position
      during the reciprocation caused by the crank means 38, is represented by
      L, and if the upper endless chain 33 is rotated in a counter-clockwise
      direction at such a speed that the chain 33 travels over a distance of d
      when the sprocket 37 travels the full stroke L, then, as the sprocket 37
      completes one reciprocating cycle, the lower endless chain 36 is fed in a
      wire-feeding, or clockwise, direction by a distance of L+d and in the
      reverse, or counter-clockwise, direction by a distance of L-d, i.e., a net
      distance of 2d in the wire-feeding direction. Thus, for one reciprocation
      cycle of the sprocket 37, the wire guide 23 is turned more in the
      clockwise direction than in the counter-clockwise direction, with a
      differential amount corresponding to the net distance 2d  of the lower
      endless chain 36. As a result, the wire 1 is fed toward the take-up roller
      15.
PAR  Accordingly, the clockwise rotation of the upper endless chain 33 causes
      the feeding of the wire 1 toward the take-up roller 15. It is apparent to
      those skilled in the art that wire feeding speed into the take-up roller
      15 can be controlled at will, by regulating the revolving speed of the
      feeding motor 46. It is also possible to check the wire wearing speed in
      the wire saw, by gradually feeding fresh wire 1 through the wire saw while
      sawing work pieces, and if the wire 1 is found to be available for reuse,
      the sawing operation may be effected by feeding the wire 1 in the reverse
      direction. In this case, certain modification must be made on the rollers
      2 and 15: for instance, the means applying tension to the wire 1 must act
      on the former take-up roller and the means which causes the cease of the
      receiving of the wire upon occurrence of excessive wire tension must act
      on the former feeding roller.
PAR  FIG. 2 illustrates another embodiment of a driving means for reciprocating
      the sawing wire 1 in the wire array 27 of a wire saw. In FIG. 2, single
      wire 1 is assumed to be arranged in the same manner as in the case of FIG.
      1, and a pinion 30 secured to the opposite end of a driving shaft 26 to a
      wire guide 23 engages a planet gear means, e.g., a pair of planet gears 51
      and 52 which are journalled by shafts 49 and 50, respectively, so as to be
      disposed symmetrically with respect to the pinion 30. The planet gears 51
      and 52 of the illustrated embodiment engage an internal gear 54 formed on
      the inner peripheral surface of an annular crown 53. The crown 53 is
      pivotally connected to one end of a connecting rod 40 constituting a part
      of a crank means 38, which is similar to that of FIG. 1. Accordingly, the
      crown 53 is reciprocatingly rotated by actuating the crank means 38. When
      the axes of the planet gears 51 and 52 are held stationary, the
      reciprocation of the crown 53 is transmitted to the driving shaft 26
      through the planet gears 51, 52 and the pinion 30, for linearly
      reciprocating the wire 1 at the wire array 27 by the wire guide 23 secured
      to the shaft 20.
PAR  An offset means, which causes the aforesaid stroke of the reciprocation of
      the driving shaft 26 to become different from the reverse stroke thereof,
      includes a U-shaped carrier having a pair of parellel legs formed of the
      shafts 49, 50 and a connecting portion 55 extending between the two
      parallel legs. The connecting portion 55 is connected to the output shaft
      45 of a feeding motor 46 at the middle point between the two shafts 49 and
      50. The output shaft 45 is disposed in parallel with the shafts 49 and 50.
PAR  To swing the seesaw lever 18 in synchronism with the reciprocating rotation
      of the driving shaft 26, a gear 56 is secured to a seesaw shaft 19
      extending from the central portion of the seesaw lever 18, as shown in
      FIG. 2. The gear 56 meshes a gear 57, which is operatively connected to
      another gear 59 engaging an external gear 60 formed on the outer
      peripheral surface of the crown 53. A reduction gear 58 may be used for
      transmitting the rotation of the gear 59 to the gear 57. Thus, as the
      crown 53 is reciprocated about the pinion 30 by the crank means 38, the
      seesaw shaft 19 is turned in synchronism with the driving shaft 26, so as
      to cause the seesaw lever 18 to swing in synchronism with the
      reciprocation of the wire 1.
PAR  In operation of the driving means 29, as illustrated in FIG. 2, if the
      feeding motor 46 is at rest for keeping the shafts 49 and 50 of the planet
      gears 51 and 52 stationary, the rotation of the output shaft 42 of a
      driving motor 43 causes the crown 53 to reciprocatingly rotate. Whereby,
      the driving shaft 26 is reciprocatingly rotated by the crown 53 through
      the planet gears 51, 52 engaging both the internal gear 54 of the crown 53
      and the pinion 30 of the shaft 26, and at the same time, the external gear
      60 of the crown 53 causes the synchronized reciprocating rotation of the
      seesaw shaft 19 through the gear train made of the aforesaid gears 59, 58,
      57, and 56. Thus, the seesaw lever 18 is swung in synchronism with the
      sawing reciprocation of the wire 1, as pointed out above. In this case, it
      is apparent that the wire-feeding stroke of the wire reciprocation is
      identical with the reverse stroke thereof, so that the wire is not fed to
      either feeding or reverse direction.
PAR  On the other hand, if the feeding motor 46 is started when the driving
      motor 43 is running, the output shaft 45 of the motor 46 is rotated, for
      instance, in a clockwise direction, as shown by the arrow of FIG. 2, so as
      to turn the planet gears 51 and 52 in the similar, e.g., clockwise,
      direction. As a result, the clockwise angular displacement of the pinion
      30 during the counter clockwise stroke of the reciprocating crown 53 will
      become larger than the counter-clockwise angular displacement of the
      pinion 30 during the clockwise stroke of the reciprocating crown 53, so
      that the wire guide 23 connected to the pinion 30 through the driving
      shaft 26 is turned more in a clockwise direction than in a
      counterclockwise direction, for feeding the wire 1 toward the take-up
      roller 15 by a length corresponding to the difference between the
      aforesaid clockwise and counter-clockwise angular displacements of the
      pinion 30.
PAR  The last mentioned feeding of the wire 1 will be described in further
      detail by taking a numerical example. If the gear ratio between the
      internal gear 54 and the pinion 30 is 300:34, the reciprocation of the
      crown 53 over an angular displacement of .theta..degree. will result in n
      turns of the shaft 26 in each direction, which n is given by
      ##EQU1##
      provided that the planet gears 51 and 52 are kept still. If the revolving
      speed of the output shaft 45 of the feeding motor 46 is 0.5 rpm, or
      180.degree. per minute, and if the diameter of the wire guide 23 is D
      meter, the length S of the fresh wire 1 to be fed per minute will be
      ##EQU2##
      In this case, if the friving shaft 26 makes 60 reciprocating cycles per
      minute, the length S.sub.0 of the wire 1 to be fed by each reciprocating
      cycle will be S.sub.0 =S/60 meter. On the other hand, there are the
      following relations among the length S.sub.1 of the wire 1 to be moved by
      the rotation of the driving shaft 26 in the feeding direction, the length
      S.sub.2 of the wire 1 to be moved by the rotation of the driving shaft 26
      in the reverse direction, and the net length S.sub.3 of the wire 1 to be
      moved by the one reciprocating cycle of the driving shaft 26.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wire-saw having a sawing wire array, comprising a feeding roller
      feeding a single wire; a take-up roller receiving said single wire;
PA1  a plurality of guide rollers around which said wire is turned a number of
      times so as to form said sawing wire array;
PA1  a seesaw means with a seesaw lever having seesaw rollers on either end
      thereof;
PA1  a non-displaceable roller associated with each of said seesaw rollers, said
      single wire passing from said feed roller to one of said seesaw rollers
      and associated non-displaceable rollers before continuing on to said
      sawing wire array, said single wire passing from said sawing wire array to
      the other of said seesaw rollers and associated non-displaceable roller
      before passing on to said take-up roller;
PA1  a driving means reciprocatingly rotating a driving guide roller means which
      drives a pinion means alternately clockwise and counterclockwise, so as to
      cause the wire in said sawing wire array to reciprocate;
PA1  a mechanical differential means driven by a motor and incorporated within
      said driving means so as to provide a difference between the clockwise
      rotation and the counterclockwise rotation of said pinion means such that
      application of said motor will control the wire feed; and
PA1  a swinging means causing said seesaw lever to swing in synchronism with
      said reciprocation of said driving guide roller means so as to prevent the
      wire from slackening.
NUM  2.
PAR  2. A wire-saw according to claim 1, wherein said driving means consists of
      a driven shaft having one end thereof coaxially connected to one of said
      guide rollers of said sawing wire array, said pinion means being coaxially
      secured to the opposite end of said driven shaft, an upper endless loop
      means rotatably carried by a pair of sprocket wheels, a lower endless loop
      means rotatably carried by another pair of sprocket wheels, said lower
      endless loop means drivingly engaging said pinion means on said driven
      shaft, said reciprocating driving guide roller means operatively engaging
      both the upper and the lower endless loop means, and a crank means causing
      reciprocation of said driving guide roller means, said motor of said
      differential means selectively rotating said upper endless loop means,
      said swinging means consisting of a seesaw shaft having one end thereof
      secured to a central portion of said seesaw lever at a right angle
      thereto, a swing lever having one end thereof secured to the opposite end
      of said seesaw shaft and having the opposite end thereof notched, and a
      reciprocating shaft having one end thereof connected to said reciprocating
      driving guide roller means and the opposite end thereof operatively
      engaged with said notched portion of said swing lever.
NUM  3.
PAR  3. A wire-saw according to claim 2, wherein said upper and lower endless
      loop means each comprise endless chains, and said crank means comprising a
      connecting rod having a shaft secured at one end thereof for journaling
      said reciprocating driving guide roller means, a crank arm having one end
      thereof pivotally connected to the opposite end of said connecting rod,
      and a driving motor with an output shaft connected to the opposite end of
      said crank arm.
NUM  4.
PAR  4. A wire-saw according to claim 2, wherein said lower endless loop means
      comprises a lower endless chain disposed about sprockets, said driven
      guide roller means engaging said lower endless chain and having a diameter
      which is smaller than the diameters of said sprocket wheels carrying said
      lower endless chain.
NUM  5.
PAR  5. A wire-saw according to claim 1, wherein said driving means consists of
      a driven shaft having one end thereof coaxially connected to said guide
      roller of said sawing wire array, said pinion means being coaxially
      secured to the opposite end of said driven shaft, a crown having an
      internal gear and an external gear integrally formed thereon, a planet
      gear means engaging both the pinion means and the internal gear of said
      crown, and a crank means reciprocatingly turning said crown, said motor of
      said differential means selectively causing said planet gear means to
      revolve about said pinion means, and said swinging means comprises a
      seesaw shaft having one end thereof secured to a central portion of said
      seesaw lever at right angle thereto, a swing gear coaxially secured to the
      opposite end of said seesaw shaft, and a gear train operatively connecting
      said swing gear to said external gear of said crown.
NUM  6.
PAR  6. A wire-saw according to claim 5, wherein said crank means comprises a
      connecting rod having one end thereof pivotally connected to said crown, a
      crank arm having one end thereof pivotally connected to the opposite end
      of said connecting rod, and a driving motor with an output shaft connected
      to the opposite end of said arm, said planet gear means comprising a pair
      of planet gears disposed at diametrically opposite sides of said pinion
      means, and said differential means comprises a U-shaped carrier journaling
      said planet gears, said motor of said differential means having an output
      shaft operatively connected to said U-shaped carrier.
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ABST
PAL  A combination air induced and heat circulating log grate having a heat
      transfer manifold mounted beneath the fuel retaining portion of an
      elevated grate. The manifold includes a header communicating with a
      plurality of apertured finger-like tubes through which air circulates.
      Perforated sleeves are arranged on the tubes for selectively blocking and
      unblocking the apertures of the tubes. The sleeves and apertured tubes
      form valves arranged for selectively inducing air into a fire associated
      with the grate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a fuel retaining grate for fireplaces,
      and the like, and particularly to a fuel retaining grate having air
      induction and heat circulating capabilities.
PAR  2. Description of the Prior Art
PAR  It is well known to arrange heat transfer manifolds in fireplaces, and the
      like. U.S. Pat. Nos. 3,001,521, issued Sept. 26, 1961 to A. L. Reilly, and
      3,240,206, issued Mar. 15, 1966 to K. M. Schutt, disclose forced-draft
      heat transfer manifolds associated with fuel-retaining fireplace grates.
      Further, it is known to force air into a fire by means of the grate in
      order to increase efficiency of the burning of a particular fuel. See, for
      example, U.S. Pat. No. 3,269,383, issued Aug. 30, 1966 to W. A. Massberg.
PAR  U.S. Pat. Nos. also believed pertinent to the present invention are as
      follows:
TBL  606,667                 July 5, 1898                                      
     2,131,763               Oct. 4, 1938                                      
     2,258,882               Oct. 14, 1941                                     
     2,497,486               Feb. 14, 1950                                     
     3,499,432               Mar. 10, 1970                                     
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a fireplace grate for
      logs and other fuels that efficiently combines the air induction and heat
      circulating features described above.
PAR  It is another object of the present invention to provide an air induced
      grate having improved control over the amount of air injected into the
      fire on the grate.
PAR  These and other objects are achieved according to the present invention by
      providing a fireplace grate having: a fuel retaining grate; a manifold
      mounted on the grate; and valves associated with the manifold for
      selectively inducing air into a fire provided on the grate.
PAR  A preferred manifold according to the present invention advantageously
      includes a header and a plurality of substantially parallel, hollow
      fingers extending co-directionally from the header. At least one of the
      fingers is arranged for receiving air to be heated, while at least one
      other of the fingers is arranged for discharging air that has been heated
      by the fire on the grate.
PAR  Apertures are advantageously provided in the hollow fingers forming part of
      the manifold, and these apertures form part of the valves together with
      perforated sleeves arranged on the fingers in surrounding, or telescoping,
      manner. The perforations of each of the sleeves are selectively
      arrangeable in alignment with the associated apertures for permitting the
      passage of air from the finger, and in misalignment with the apertures for
      blocking passage of air from same. In this manner, selective opening and
      closing of the various sleeve formed valves permits adjustment of the
      amount and distribution of air injected into the fire.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a combination air induced and heat
      circulating fireplace grate according to the present invention.
PAR  FIG. 2 is a fragmentary, top plan view, partly cutaway and in section,
      showing the grate of FIG. 1 arranged in a fireplace, with the fireplace
      shown in horizontal section.
PAR  FIG. 3 is a fragmentary, sectional view taken generally along the line 3--3
      of FIG. 2.
PAR  FIG. 4 is a sectional view taken generally along the line 4--4 of FIG. 2.
PAR  FIG. 5 is a sectional view taken generally along the line 5--5 of FIG. 2.
PAR  FIG. 6 is a sectional view taken generally along the line 6--6 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIGS. 1 through 3 of the drawings, a
      fuel retaining grate 10, generally constructed in the conventional manner
      of elevated tube or rod fabricated fireplace grates, has a manifold 12
      mounted on the grate beneath the fuel retaining portion of the grate 10.
      Valves 14 associated with manifold 12 permit selective induction of air
      into a fire (not shown) on grate 10. It is to be understood that while one
      possible design and construction of a grate 10 is shown in the drawings,
      other suitable, known designs and constructions may be employed in
      carrying out the present invention. For example, the grate may be provided
      with an upstanding back portion for assisting in retaining logs (not
      shown) or like fuel, or both the front and back portions of the grate may
      be curved upwardly basket-fashion to assist in retaining the fuel.
PAR  Manifold 12 includes a plurality, three being shown in the drawings, of
      substantially parallel, hollow fingers 16, 18, and 20 extending
      co-directionally from a header 22. Finger 18 is illustrated as being
      arranged for receiving air to be heated, while fingers 16 and 20 are
      arranged for discharging heated air into a space (not shown) to be heated.
      This air flow is facilitated by discharge spouts 24 and 28, and an intake
      pipe 26. It will be appreciated that the orientation of spouts 24 and 28
      may be varied to obtain desired flow patterns. Pipe 26 is advantageously
      connected to a conventional blower 30 for providing a forced draft to the
      associated finger 18.
PAR  Valves 14 are partially formed by apertures 32 provided in fingers 16. 18,
      and 20. Sleeves 34 provided with perforations 36 (FIG. 4) are arranged in
      telescoping fashion on fingers 16, 18, and 20, one sleeve 34 to a finger.
      Perforations 36 of each of the sleeves 34 are selectively arrangeable in
      alignment with the associated apertures 32 for permitting the passage of
      air from the related fingers 16, 18, and 20. Perforations 36 are also
      arrangeable in misalignment with apertures 32 for blocking same. A simple
      clockwise or counterclockwise rotation of an individual sleeve 34 will
      result in the selected alignment or misalignment of perforations 36 of the
      selected sleeve 34 with the associated apertures 32.
PAR  As can best be seen from FIGS. 5 and 6 of the drawings, a suitable
      retaining pin such as bolt 38 is received in an aperture in the sleeve 34
      associated with finger 18 for connecting pipe 26 to the particular sleeve
      34. Bolt 38 is received in a suitable slot 40 such that the union between
      pipe 26 and the middle sleeve 34 is in the form of a tolerance coupling
      which will permit the middle sleeve 34 to be rotated clockwise and
      counterclockwise to achieve the desired opening and closing of valve 14
      associated with finger 18. Suitable lockpins 42 are provided with each of
      the sleeves 34 for selectively engaging in one of a plurality of radially
      arranged holes 44 provided in the associated fingers 16, 18, and 20 for
      retaining the sleeves 34 in a predetermined relationship with respect to
      their associated fingers. By arranging holes 44 at, for example, 90
      degrees with respect to one another in the upper half of each finger 16,
      18, and 20, the passage of air may be blocked when the associated sleeve
      34 is in, for example, such a position that the associated lockpin 42 is
      arranged in the upwardly directed hole 44, while clockwise or
      counterclockwise rotation of the sleeves 34 will direct the flow of air
      either to the right or the left, respectively.
PAR  As can be seen from FIGS. 2 and 3 of the drawings, grate 10 may be arranged
      in a conventional fireplace 46 having associated therewith a conventional
      fireplace screen 48 provided with a suitable opening 50 for receiving pipe
      26. When so arranged, blower 30 will feed air into finger 18 through pipe
      26, and air will merely pass through header 22 and fingers 16 and 20 for
      passage out of spouts 24 and 28 and into a space, such as a room, to be
      heated. Appropriate adjustment of sleeves 34 will provide a desired air
      flow for assisting in complete combustion of the fuel being burned. While
      most fireplaces 46 efficiently burn only logs, and the like, a grate 10
      according to the present invention allows fuel such as coal, and the like,
      to be employed with heat being brought into the space being heated instead
      of being lost up the chimney.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination with a fireplace having a generally horizontal bottom
      with a supporting grate means thereon for supporting combustible material
      above the bottom, upwardly extending side and rear walls, an open front by
      which the combustible material may be placed in position on the grate
      means for burning and an upwardly extending exhaust chimney means for
      combustion products, a heat exchange assembly mounted on the grate means
      comprising a cold air inlet tube positioned along the bottom of the
      fireplace and under the grate means adjacent the center portion thereof
      and extending from the open front to a point adjacent the rear wall and
      under said grate means, a pair of hot air tubes paralleling said cold air
      inlet tube adjacent the sides of the grate means and positioned along the
      bottom of the fireplace and under the grate means, a header
      interconnecting the inner ends of said tubes and positioned along the
      inner edge of and below the grate means, each of said tubes having a
      plurality of apertures therein for discharging combustion supporting air
      under the grate means, means circulating air through the tubes, said means
      including a fan communicated with the cold air inlet tube adjacent a lower
      corner portion of the open front of the fireplace, said grate means being
      removable from the fireplace with the tubes and header, said hot air tubes
      terminating in open discharge forward ends to discharge heated air from
      the lower portion of the open front of the fireplace, each of said air
      tubes includes a control means thereon for controlling the combustion
      supporting air discharged under the grate means, said fan providing a
      positive pressure in the tubes to prevent entry of combustion products,
      and said means controlling the discharge of combustion supporting air
      including a plurality of longitudinally spaced apertures in each of said
      tubes, a sleeve rotatably mounted on each of said tubes and including a
      plurality of apertures therein for alignment with and misalignment with
      the apertures in the tubes, lock means mounted on each of said sleeves and
      engageable with a respective tube for locking the sleeve in adjusted
      position, said apertures in the tubes and sleeves being oriented along a
      plane passing through the horizontal centers of the sleeves and tubes when
      the apertures are aligned for discharging combustion supporting air
      laterally of the tubes and sleeves and in underlying relation to the grate
      means substantially throughout the entire area thereof, said fan including
      a pipe extending to and connected with the air inlet tube at the front end
      of the fireplace, and means enabling angular relative movement between the
      inlet tube and pipe extending from the fan to enable variation in the
      position of the fan in relation to the inlet tube when installing the
      tubes and header in a fireplace, said tubes and header being rigidly fixed
      to the grate means with the discharge ends of the outlet tubes being
      disposed inwardly of a fireplace screen covering the open front of the
      fireplace, the pair of air outlet tubes forming a volume greater than the
      inlet tube to provide for expansion of the air as it is being heated when
      passing through the tubes.
NUM  2.
PAR  2. A heater for installation in a fireplace comprising a centrally disposed
      front to rear cold air inlet tube, a pair of front to rear hot air outlet
      tubes, a header interconnecting the ends of the tubes adjacent the rear of
      the fireplace, a fan communicated with the front end of the air inlet
      tube, hot air discharge means at the front ends of the air outlet tubes,
      said tubes and header being generally horizontally disposed and oriented
      adjacent the bottom of the fireplace, and means providing controlled
      discharge of combustion supporting air into the interior of the fireplace
      adjacent the bottom and from front to rear thereof, and said combustion
      supporting air discharge means includes a plurality of spaced apertures in
      each of said tubes with the apertures being spaced along a major portion
      of the length of each tube, and a sleeve movably mounted on each of said
      tubes for selectively closing said apertures.
NUM  3.
PAR  3. The structure as defined in claim 2 wherein each of said sleeves is
      provided with a plurality of apertures therein for alignment and
      misalignment with respect to the apertures in the tubes, and means
      releasably locking the sleeves in adjusted position on the tubes.
NUM  4.
PAR  4. The structure as defined in claim 3 wherein said means releasably
      locking the sleeve in adjusted position on the tubes includes a radially
      disposed locking pin mounted on the front end portion of each sleeve, each
      of said tubes including circumferentially spaced openings releasably
      receiving the inner end of the locking pin to enable rotatable adjustment
      of the sleeves in a clockwise and counterclockwise direction, said
      apertures in the tubes and apertures in the sleeves being in longitudinal
      alignment and disposed along a substantially horizontal plane when the
      apertures in the tubes and sleeves are aligned for discharging air in both
      horizontal directions in underlying relation to a grate positioned in the
      fireplace.
NUM  5.
PAR  5. The structure as defined in claim 4 wherein said fan is connected to the
      air inlet tube by a pipe, said pipe having an arcuate slot therein, the
      front end of said inlet tube including a bolt extending radially into the
      slot in the pipe to enable angular movement of the pipe in relation to the
      inlet tube to position the fan in a desired location within the limits
      defined by the bolt and slot connection between the pipe and inlet tube.
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ABST
PAL  The disclosure is of a unitary, self-contained apparatus for flameless
      heating. The device comprises a tubular container divided into
      heat-generating and heat utilizing zones. The source of heat employed is
      the exothermia of a chemical reaction, particularly of chemical reactions
      initiated by the presence of water. The device of the invention is,
      because of its particular and novel construction, especially useful for
      those applications requiring high caloric yields for prolonged periods of
      time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is concerned with portable heatgenerating devices and more
      particularly concerns heating devices which employ and utilize heat
      generated by the exothermia of a flameless chemical reaction.
PAR  2. Brief Description of the Prior Art
PAR  Prior to my invention, apparatus and devices comprising heaters employing
      chemical reactions as the heating means were known. In general, the
      devices of the prior art have not enjoyed a widespread commercial use
      because they are too complex in construction or are too inefficient for
      practical use. The device of my invention provides useable heat in
      quantity and for periods of time sufficient even for the sterilization of
      utensils, to cook meats, carry out chemical reactions and like uses where
      high caloric yields are required for prolonged periods of time.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a unitary, self-contained apparatus for flameless
      heating which comprises; a tubular container having at least one opening;
      closures for the openings; a chamber defined by said tubular container
      with closures; means for dividing the chamber into a heat-generating zone
      and a heatutilizing zone, said means being pervious to heat and gases;
      means for venting said heat-utilizing zone to the exterior of said
      container; and a conduit communicating between said chamber and the
      exterior of the closed container.
PAR  The apparatus of the invention is useful for warming and cooking foods;
      sterilizing utensils, liquids and medical instruments; providing medicinal
      vapors; and like applications where the use of flaming fuels or
      electricity is undesirable or unavailable for the generation of heat.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional side elevation of an embodiment of the
      invention.
PAR  FIG. 2 is a cross-sectional side elevation of a preferred embodiment of the
      invention.
PAR  FIG. 3 is a cross-sectional side elevation of an alternate embodiment of
      the invention.
PAR  FIG. 4 is a cross-sectional view along lines 4--4 of FIG. 3.
PAR  FIG. 5 is a view in perspective of an alternate embodiment of the invention
     .
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention may be conveniently described by referring to those
      embodiments of the invention shown in the accompanying drawings of FIGS.
      1-5, inclusive.
PAR  FIG. 1 is a cross-sectional side elevation of an embodiment of the
      invention referred to generally by the numeral 10. Device 10 is a tubular
      container having side walls 12 integral with closed end 14 and an open end
      16. The open end 16 is fitted with a closure 18 which seals the end 16 by
      a snap-fit 20 which cooperates with flange 22 disposed radially about the
      outer periphery of side-wall 12. The closed device 10 defines a chamber 24
      which is divided by a separator 26 into a heat-generating zone 28 and a
      heat-utilizing zone 30. Optionally, other heat-utilizing zones or
      heat-generating zones such as zone 32 may be defined by the introduction
      of additional separators such as separator 34. Separators 26, 34 are
      pervious to heat and gases such as by means of perforations 36. These
      perforations are preferably of a size permitting the passage of steam
      under pressure, but insufficient to permit the ready passage of water. The
      precise and optimal diameter of the perforations will vary depending on
      the nature of the material employed to fabricate the separators 26, 34.
      For example, a hydrophobic polymeric material may have larger diameter
      perforations than are advantageously used in hydrophyllic materials. The
      optimal diameter of the perforations may be determined by trial and error.
      Separators 26, 34 are shown as removeable, resting on inwardly directed
      projections 38 of wall 12. Obviously, when a single separator is employed,
      it may be affixed permanently within chamber 24, provided there is a means
      of access to zone 28 from outside the device 10. The heat-utilizing zone
      32 is vented to the exterior by vent 40 so that excess pressures during
      operation do not build up within device 10. In addition, tubular conduit
      42 passes through apertures in separators 26, 34 to provide communication
      between heat-generating zone 28 and the exterior of device 10.
      Advantageously, the end of conduit 42 proximal to the exterior is formed
      in the shape of a funnel 44 and has a means of closure, shown here as a
      butterfly valve 46.
PAR  Advantageously, the device 10 is constructed of materials having a low
      thermal conductivity (K factor) coupled with structural strength.
      Illustratively, the side-walls 12 and closure 18 may be fabricated from
      non-cellular synthetic polymeric materials having a low K factor such as
      low density polyethylene, polyurethane, polystyrene, polyurea, polyamide,
      polypropylene, polycarbonate, acrylonitrile-butadiene-styrene copolymer
      and like polymerics; rigid cellular polymeric foams such as foamed
      polyethylene, polypropylene, polyurethane, ureaformaldehyde, polystyrene
      and like rigid polymeric foams; composite materials such as laminates of
      the above described polymeric resins with inorganic materials of low K
      factor such as fiberglass, perlite, mineral wool, heat reflective
      metalized fabrics and the like. The most preferred material employed will
      provide a container wall having a low thermal conductivity, i.e., of less
      than about 0.5 B.T.U./(hr.) (sq. ft.) (.degree. F/ft.).
PAR  As shown in FIG. 1, the side wall 12 has been fabricated from a
      self-skinning polyurethane foam having a cellular core 48 and outer
      non-cellular skins 50, 52. Self-skinning polyurethane foams are well known
      and are particularly advantageous in that they have low K factors,
      structural strength and may be molded in a single step process; see U.S.
      Pat. No. 3,824,199.
PAR  the device 10 is operated by placing an exothermic heating composition 54
      in the heat-generating zone 28 and the material to be heated 56 in the
      heat-utilizing zone 32. Composition 54 is activated by addition of water
      and is preferably of the type which releases heat upon oxidation of a
      metal. Such chemical compositions are well known and need no description
      herein. Representative of such compositions 54 are those disclosed in U.S.
      Pat. Nos. 3,079,911 and 3,101,707. With closure 18 in place, a measured
      amount of water is introduced into zone 28 through conduit 42, activating
      the exothermic chemical reaction. Generally, a large volume of steam is
      also generated during the reaction. The heat generated is transmitted
      through the heat pervious separators 26, 34 to the heat-utilizing zone 32
      thereby cooking, sterilizing, etc. the article 56 contained in that zone.
      Evolved steam passes through the passages 36 and into zone 32 where they
      bathe the article 56. As shown in the FIG. 1, valve 46 is closed to ensure
      that all steam vapor passes through zone 32. Excess pressure caused by the
      evolution of steam is vented through vent 40. Exposure of the article 56
      to the steam vapor increases the efficiency of heating, and reduces
      heating times. The live steam contact also assists sterilization of
      article 56 when that is desired. It is obvious that article 56 may also be
      a medicine to be vaporized, in which case the moisturized medicinal vapors
      are expelled through vent 40 for inhalation by a patient. Upon completion
      of the exothermic reaction, the article 56 may be removed and the device
      recharged with fresh composition 54. If it is found that additional
      heating is required, fresh composition 54 may be charged to the
      heat-generating zone 28 through conduit 42 along with water for
      activation, without interruption of the heating cycle. This is an
      advantage of the device of the invention which provides a means of
      continued access to the heat-generating compartment, without having to
      interrupt the heating cycle.
PAR  As shown in FIG. 1, a preferred embodiment includes lining the device 10
      with a polyethylene or polymeric like film 58. This is a disposable film
      unit which facilitates cleaning the device 10 after use. Thus after use,
      the liner 58 may be conveniently removed with expended composition 54 as
      its contents, and replaced by a fresh liner holding fresh composition. The
      composition 54 is shown as a loose aggregation. It can also be contained
      within a porous sachet or like form, however the loose material is
      advantageously poured through conduit 42 when a second charge is required.
PAR  The steam vapors reaching zone 32 are not all vented ultimately to the
      outside of device 10. A portion of the vapors will condense on the inner
      wall surface 50 and on the inner surface of closure 18. It is generally
      undesirable that the water of condensation be dumped on the top surface of
      the reacting composition 54, since this will tend to cool the top surface.
      In the device 10 this does not occur, because the passages 36 do not
      permit the passage of any substantial volume of water, and the pressure of
      steam passing through further prevents the passage of water in the
      opposing direction. However, it is desirable for the condensed water to
      reach the reacting composition 54 to aid in sustaining the reaction. In
      the preferred device 10 this is accomplished by providing passages 60
      between the wall surface 50 and separators 26, 34 which communicate
      between zones 32 and 28. Water vapor condensing on the surface 50 (or the
      liner 58 over surface 50) adheres to such surface and is carried by
      gravity to the bottom of the container where it is absorbed along the edge
      and bottom of the charge of composition 54. The surface tension of the
      water droplets adhered to the liner 58 on surface 50 prevents steam
      pressure along the edges from resisting descent of the water through the
      relatively large passages 60. This is a particularly advantageous feature,
      preventing the buildup of condensed water in zone 32 which would tend to
      cool the article 56 (reducing heating efficiency) and providing for the
      continuation of the exothermic reaction as disclosed above.
PAR  FIG. 2 is a cross-sectional side elevation of a preferred embodiment of the
      invention wherein the device 210 comprises a tubular container having a
      double wall 212 construction with a vacuum chamber 248 between inner wall
      250 and outer wall 252. This construction provides a preferred insulating
      wall 212. The inner chamber 224 is divided into a heat-generating zone 228
      and a heat-utilizing zone 232 by heat and gas pervious separator 226 which
      nests upon projections 238 and which is perforated by apertures 236. The
      closure 218 of this preferred embodiment has a concave inner surface 219
      which facilitates the flow of condensed water vapor, during operation,
      down the sidewall 250 (shown here lined by disposable plastic bag 258)
      through passages 260 between separator 226 and wall 250 as described
      previously in relation to FIG. 1. In the embodiment of FIG. 2, the
      heat-generating composition 254 may be charged through conduit 242 which
      passes through sidewall 212 and has a removeable closure 243, shown as a
      screw-on cap. Water to initiate the exothermic reaction may also be
      charged through conduit 242. The closure 218 may be removed (in this
      instance it is shown secured by screw threading to the body of the tubular
      container) to gain access to the interior of the heat-utilizing chamber
      232 and to gain access to the zone 228 by removal of the nested separator
      226. The embodiment of FIG. 2 also shows a ballvalve vent 240 which may be
      designed to vent the chamber 232 when a predetermined steam pressure is
      exceeded. In this manner, it is possible to carry out a "pressure cooking"
      procedure or to sterilize under steam pressure, thereby reducing the time
      required for sterilization of, for example, surgical instruments. The
      embodiment of FIG. 2 is operated in the same manner as device 10 described
      in FIG. 1, and is a preferred embodiment particularly useful for achieving
      relatively high temperatures for long periods of time such as is required
      in sterilizations and in the cooking of, for example, meats.
PAR  FIG. 3 is a cross-sectional side elevation of another embodiment of the
      invention which is particularly advantageous for employment when the
      cooking or sterilization time must be of an exceptionally long time
      period. This device 310 differs essentially from the previous embodiments
      described in that the closed end 314 of the tubular containing 312 is
      divided on its interior by an integrally molded divider 315 into multiple
      recesses or open compartments 301 and 302, each of which is shown
      containing the heat-generating composition 354. In addition, separator 326
      contains two funnel-like apertures 327 therethrough which are positioned
      over the recesses 301 and 302 respectively. Aligned over one of the
      funnels 327 is conduit 342 for carrying a charge of composition 354 or
      water to initiate the exothermic reaction of composition 354. As shown in
      FIG. 3, terminal end 343 of conduit 342 does not penetrate into the
      heat-generating zone 328 but provides the conduit passage required by
      cooperation with funnel 327. For purposes of clarity, the distance between
      terminal end 343 and separator 326 has been exaggerated. It is desirable
      that conduit 342 be of such length that the terminal end 343 is located
      just short of the surface of separator 326 so that there is a minimum
      communication between the heat-generating zone 328 and the heat-utilizing
      zone 332 via the funnel aperture 327. This assures that when added
      composition 354 is deposited in the conduit 342, steam pressure from below
      will not cause a dispersion of the falling composition 354 into the
      heat-utilizing chamber 332 by "Blow-back".
PAR  In other respects, the device 310 is similar to the previously described
      embodiments in that it comprises a solid insulating wall 312 (shown here
      as a solid polymeric resin wall of low K factor), a clousre 318 of similar
      material held by a snapfit 320 over flange 322, vent 340, separator
      supporting projections 338, disposable liner 358, valve 346 to close
      conduit 342 and apertures 336 in separator 326 to permit the passage of
      gas and heat.
PAR  The device 310 of FIG. 3 is operated in the same manner as the previously
      described device 10 of FIG. 1, except that only one-half of the charge of
      composition 354 is initiated initially by adding water through conduit
      342, i.e., into recess 302. When the chemical reaction of the charge in
      recess 302 terminates, the operator rotates closure 318 upon flange 322 so
      that conduit 342 is aligned with the funnel 327 over recess 301 and valve
      342 is aligned with the funnel 327 over recess 301 and valve 342 is opened
      to permit the introduction of water into that portion of composition 354
      which previously was substantially unreacted. [Some water will have
      condensed on the upper, inner walls 350 (or 358) and passed by gravity
      through the passage 360, reaching the edge or bottom of the composition
      354 to initiate a minor reaction.]. Passage 360 is between separator 326
      and the inside wall 350 of side wall 312. In this manner, the evolution of
      heat can be extended over a period of time nearly double that effected by
      a device such as device 10 described in FIG. 1. To aid in aligning the
      conduit 342 over the funnels 327, indicia can be printed or marked on the
      exterior of device 310 indicating their locations.
PAR  FIG. 4 is a cross-sectional view along lines 4--4 of FIG. 3 and shows in
      further detail the structural relationships of the separator 326 in the
      device 310.
PAR  FIG. 5 is a view in perspective of an alternate embodiment device of the
      invention 510 which differs essentially from the device 10 of FIG. 1 in
      that access means to the heat-generating 528 and heat-utilizing (not seen
      in FIG. 5) zones are provided for through the sidewall 512 by means of
      openings into the respective zones. The openings are closable by access
      doors 503 and 504, respectively, one being shown open and the other closed
      in FIG. 5. This embodiment provides an optional means of access to the
      interior of device 510. Further, for the purpose of commercial or
      institutional use the embodiment as shown in FIG. 5 (either upright or
      turned on its side 512) may be used in such a way so that one (or more)
      heat-generating (door entry type) zones can serve a multiplicity or
      cluster of heat-utilizing (door entry type) zones either stacked or in
      adjacent positions so that the heat which is released in the form of steam
      pressure may be transferred to the heat utilizing zones through one or
      more perforated wall openings, or piping, conduits or the like, so as to
      provide large scale caloric yields for use in such items as steam tables,
      push-carts and the like. Obviously more sophisticated means for automatic
      fueling and re-fueling and waste charge removal etc. could be employed
      without departing from the spirit of the invention.
PAR  Although the invention has been described above with reference to certain
      embodiments thereof for the purpose of simplicity in description, it
      should be understood that this invention is in no sense limited thereby
      and the scope of the invention is to be determined only by that of the
      appended claims. Many other variations of the invention will be obvious to
      those skilled in the art, for example, the devices of the invention may be
      provided wtih handles for lifting, wheels for portability and like
      variations which do not depart from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A unitary, self-contained apparatus for flameless heating which
      comprises;
PA1  a tubular container having at least one closable opening;
PA1  a closure for the opening;
PA1  a chamber defined by said tubular container and closure;
PA1  means for dividing the chamber into a heat-generating zone and a
      heat-utililzing zone, said means being pervious to heat and gases;
PA1  means for venting said heat-utilizing zone to the exterior of said
      container; and
PA1  a conduit communicating between the heat-generating zone of said chamber
      and the exterior of the closed container.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said tubular container is cylindrical.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said tubular container has one open end
      and one closed end.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said heat-utilizing zone is further
      divided into multiple heat-utilizing zones, by means pervious to gas and
      heat.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said vent is a pressure responsive
      valve adapted to open at a pre-determined pressure differential between
      the interior and the exterior of said apparatus.
NUM  6.
PAR  6. The apparatus of claim 1 wherein there is a means of opening and closing
      said conduit.
NUM  7.
PAR  7. The apparatus of claim 1 wherein there is a passageway between the
      heat-generating zone and the heat-utilizing zone, located between the
      inner walls of said tubular container and the means for dividing the
      chamber.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said means of dividing is a perforated
      sheet.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said perforations are of a size to
      permit the passage of steam under pressure but insufficient to permit the
      ready passage of water.
NUM  10.
PAR  10. The apparatus of claim 1 constructed of materials having a low thermal
      conductivity.
NUM  11.
PAR  11. The apparatus of claim 1 including a disposable plastic liner for the
      interior thereof.
NUM  12.
PAR  12. The apparatus of claim 1 wherein said tubular container is formed
      having double walls with a vacuum space in between.
NUM  13.
PAR  13. The apparatus of claim 1 having openings in the sidewall thereof,
      fitted with closures.
NUM  14.
PAR  14. The apparatus of claim 1 wherein the base of said heat-generating zone
      is divided into multiple open compartments.
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ABST
PAL  Micro electrochemical cells which utilize an intimate mixture of active and
     assive metals are reacted with seawater for producing heat and hydrogen gas
      for use as a heat source, energy source, or buoyancy generator for use in
      remote areas.
BSUM
PAR  This invention is related to U.S. patent applications Ser. No. 507,918 for
      A HEAT SOURCE FOR CURING UNDERWATER ADHESIVES, now U.S. Pat. No.
      3,906,926, and Ser. No. 507,645 for ELECTROCHEMICAL ENERGY SOURCE FOR
      DIVER SUIT HEATING, now U.S. Pat. No. 3,884,216, both filed together
      herewith on Sept. 19, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electrochemical means for producing heat
      and/or hydrogen gas, and more particularly to a simple, reliable,
      efficient and compact means for producing heat and/or hydrogen gas for use
      in remote areas. For example: the present invention may be used for
      replacing lost body heat for undersea divers or combat troops; it can be
      used for heating machinery or instruments in remote or cold areas; it may
      also be used for production of electrical or mechanical energy through use
      of a heat or expansion engine in remote locations; and, hydrogen produced
      thereby can be used for buoyancy in deep sea recovery operations or for
      production of energy by use of fuel cell type systems.
PAR  The electrochemical reaction between active metals such as magnesium and
      passive metals such as iron when immersed in electrolyte has been proposed
      for use as a heat source. Other systems advocate the use of massive plates
      of magnesium and iron (two-plate system) separated by an electrode gap,
      electrically shorted together and immersed in seawater. Such arrangement
      results in complex control problems and requires the use of large plate
      surface areas which result in bulky cumbersome apparatus. The arrangement
      is not adaptable to direct production of localized heat, thus the diver
      must carry a single bulky reaction chamber which can greatly restrict his
      maneuverability and reduce his effectiveness. In the two-plate system,
      heat production effectiveness is reduced because of operational problems
      associated with disposal of reaction products, magnesium hydroxide and
      hydrogen gas. Volumes of hydrogen produced requires a large gas collection
      area to prevent dewatering of heat producing plates. Removal of hydrogen
      from the reaction chamber of a diver heater is complicated because of
      changing orientation of the diver. Production of magnesium hydroxide tends
      to clog the reaction area between plates, thus reducing power output.
      Reaction control is difficult and complicated because of continual
      depletion of active metal and the subsequent increasing electrode gap.
PAR  Previous methods used to produce hydrogen gas for deep sea buoyancy
      operations use exotic, expensive and hazardous chemicals which are
      recently becoming unavailable. For example, the use of hydrazine is
      presently being developed. Hydrazine requires complex control systems for
      ocean operations. Hydrazine is toxic, a moderate fire hazard and
      potentially explosive.
PAR  Past proposals for the use of metallic elements for generation of hydrogen
      for buoyancy have been neglected because of the relatively slow reaction
      rate of metals with seawater. Coupling active metals with a passive metal
      increases this rate over 100 fold. By the use of the micro electrochemical
      cells described herein, another order of magnitude increase in reaction
      rate can be achieved for use in generating hydrogen.
PAC  SUMMARY
PAR  It is not necessary to construct a battery of parallel plates to react
      magnesium with seawater. When magnesium and iron are fastened together in
      intimate contact and immersed in seawater, a galvanic couple is formed.
      Under such conditions, the magnesium corrodes at a greatly accelerated
      rate. The reaction is exothermic. It is shown by the present invention
      that a mixture of finely divided iron and magnesium powders which have
      been ground into a composite material in a ball mill, or the like, can be
      reacted rapidly with seawater to serve as a heat source for divers, etc.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention, therefore, to provide a heat source
      comprising micro electrochemical cells.
PAR  Another object is to provide micro electrochemical cells utilizing an
      intimate mixture of active and passive metals for producing heat and
      hydrogen.
PAR  Still another object is to provide an intimate mixture of active and
      passive powdered metals for the rapid production of heat and hydrogen in
      electrolyte.
PAR  A further object is to provide a heat source using micro electrochemical
      cells for warming various parts of the human body.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an idealized illustration of a micro electrochemical cell formed
      from ironized magnesium.
PAR  FIG. 2 illustrates a pellet prepared by compressing mixtures of powdered
      magnesium and iron or ironized magnesium.
PAR  FIG. 3 is a curve showing the evolution of hydrogen by reaction of finely
      divided magnesium and magnesium/iron with seawater electrolyte.
PAR  FIG. 4 is an embodiment of the invention illustrating in cross-section the
      structure of an exothermic material or blanket using micro electrochemical
      cells.
PAR  FIG. 5 shows in cross-section another embodiment of a flexible heating
      material using micro electrochemical cells.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The system for producing heat and hydrogen as described herein utilizes an
      intimate mixture of active and passive metals (e.g. magnesium and iron) to
      form micro electrochemical cells. It is of primary importance that the
      active and passive metals be mixed so that the electrical contact
      resistance between them is very low. This degree of mixing is achieved by
      the use of a ball mill apparatus. Iron and magnesium particles placed in a
      ball mill with an inert solvent and ground together causes iron particles
      to become embedded on the magnesium particles. The combination of iron
      particles embedded on a magnesium particle forms a miniature
      electrochemical cell, such as shown in FIG. 1, which when placed in an
      electrolyte produces heat and hydrogen gas. In the case of a diver heater,
      the electrolyte selected is seawater because of safety, reliability and
      abundant supply. With the seawater electrolyte, heat is produced from the
      exothermic formation of Mg(OH).sub.2. Theoretically, 3.47 calories and 1
      ml of hydrogen are produced for every mg of magnesium reacted at
      23.7.degree. C.
PAR  The reaction which occurs in the micro cells is essentially the same nature
      as that of a massive two-plate cell. However, with the micro cell
      arrangement larger exposed surface areas of active metal are available
      which allow the reaction to proceed at much high rates. Variations of
      powder size and the ratio of active to passive metal surface area can be
      used to produce an infinite variety of heat sources capable of providing
      energy for seconds, hours, days, weeks, or years of operational life.
      Pressing the mixture together can provide a single plate heat or hydrogen
      producing cell, and sintering the mixtures can extend the duration of a
      particular mixture. The final form of the micro cell power source will be
      dependent on the application. For example, the powdered form of the micro
      cells allows the heat or hydrogen source to be flexible and conform to
      contours such as diver's hand or the foot of a hiker or combatant soldier.
      In powdered form, a slurry of active and passive metals can be metered
      into a reactive chamber to produce a variable controlled reaction rate. In
      pressed and/or sintered form, the single plate cell may be formed into a
      rigid shape with a predetermined reaction rate. Sodium chloride particles
      may be interdispersed in the cell matricies so that the simple addition of
      water will activate the reaction. Numerous material combinations are
      available utilizing other active and passive metals together with binders
      additions of trace elements such as mercury, etc., and a variety of
      electrolytes depending on the particular application.
PAR  The present system of utilizing electrochemical reactions to produce heat
      and hydrogen has many advantages, such as:
PA0  a. Simplicity of design. The use of micro cells lends itself to simplified
      reaction control over previous methods by selection of material size,
      binders, trace additives, extent of intimate contact, sintering or
      pressing. Metering of electrolyte or metal slurry into a reactor chamber
      can be used for reaction control.
PA0  b. Larger available surface area in comparison to any previous method
      affords compact lighter weight design.
PA0  c. Ease of manufacture. Simply grinding the powdered metals in a ball mill
      produces a heat or hydrogen generating cell. End products are simply
      measured into a single reaction chamber e.g. (canister) to provide a
      desired output.
PA0  d. Formability. This mew method lends itself to a variety of different
      sizes and shapes. For example, the powdered micro cells can be packed
      around any object to be heated, thus conforming to the shape of the
      object. Simply adding salt water activates the process.
PA0  e. Long shelf life and ease of storage. The premixed micro cells may be
      stored indefinitely in evacuated plastic bags or jars or in an inert
      atmosphere. Simply opening the container and adding salt water will
      activate the reaction.
PA0  f. Extended duration appliations. In cases where long operational periods
      are required, the material can be premixed to provide the desired results.
PA0  g. Single cell construction. The previous methods require the use of two
      preassembled plates which require an electrode gap. This new method
      provides the electrochemical cell in a single plate or powdered form which
      is especially adaptable to use in remote areas where space and ease of
      transportation and portability is essential.
PAR  The present invention is intended to cover all combinations of active and
      passive materials intimately mixed together to form micro electrochemical
      cells. All powder particles sizes, mixing methods, additives and
      aggregations of mixed particles into larger groups are considered as
      extensions of this basic concept described herein.
PAR  Experimental investigation into the use of a powdered metal source for the
      production of heat and hydrogen gas is discussed below.
PAR  Measurements of the cumulative volumes of hydrogen evolved by the reaction
      of magnesium with seawater were made periodically by collecting the
      hydrogen over water in inverted graduated cylinders.
PAR  Simultaneous measurements of the heat liberated and hydrogen evolved were
      also made.
PAR  Finely divided magnesium of different particle sizes was employed:
      magnesium turnings, a coarse magnesium powder, and a very fine magnesium
      powder. The coarse powder passed a U.S. Standard Sieve (ASTM
      Specification) No. 30 (openings of 590 microns) but was stopped by a Sieve
      No. 50 (openings of 297 microns). The fine powder consisted of a mixture,
      all of which passed U.S. Standard Sieve No. 100 (openings of 149 microns)
      but only approximately half of which passed Sieve No. 200 (openings of 74
      microns). An analytical-grade iron powder which passed the U.S. Standard
      Sieve No. 200 was also used for some of the experiments.
PAR  Measurements were made of the maximum volumes of hydrogen liberated from
      magnesium of the three particle sizes by reaction with an excess of dilute
      hydrochloric acid. Results for half-gram samples at 24.degree. C were as
      follows:
TBL  Calculated              501 ml                                            
     Turnings                480 ml                                            
     Coarse Powder           490 ml                                            
     Fine Powder             330 ml                                            
PAL  The fine powder was not pure and apparently contained only about 66% of
      free magnesium.
PAL  Reaction of finely divided magnesium with seawater:
PAR  A one-half gram sample and a one-gram sample of coarse magnesium powder
      were each reacted with 25-ml portions of seawater at 68.degree. C.
      Although both samples reacted slowly, the evolution of hydrogen was
      measurable. It was twice as rapid from the one-gram sample as from the 1/2
      gram sample.
PAR  One-half gram samples of finely divided magnesium of the three previously
      described particle sizes were reacted with 25-ml portions of seawater at
      68.degree. C. The magnesium turnings liberated hydrogen at the slowest
      rate; the coarse powder, at an intermediate rate; and the fine powder at
      the fastest rate during the first part of the experiment. However, the
      rate of evolution of hydrogen from the fine powder slowed down abruptly
      and all but ceased when only about one-half of the magnesium had reacted.
PAR  One-half gram samples of magnesium of each of the three particle sizes were
      then mixed with equal weights of fine iron powder. The mixtures were
      covered with seawater and permitted to react. The reaction flasks were
      again immersed in a water bath maintained at 68.degree. C. The rates of
      evolution of hydrogen from all three mixtures were approximately double
      the rates in the previous tests in which iron powder had not been added.
PAR  Twenty-five gram samples of magnesium of each of the three particle sizes
      were then "ironized." In this process, the magnesium samples were mixed
      with equal weights of iron powder, placed in ball mill jars, covered with
      an inert solvent (1, 1, 1-trichloroethane), and then ground together on
      the ball mill for 16 hours. The solvent was evaporated and, when dry, the
      magnesium turnings were separated from most of the iron powder by sifting.
      A little of the iron powder remained embedded in the magnesium turnings.
      Similarly, the coarse magnesium powder was separated from the fine iron
      powder by sifting. The fine magnesium powder and the fine iron powder were
      both approximately the same size and could not be conveniently separated
      by sifting so they were permitted to remain as a mixture.
PAR  One-half gram samples of the ironized magnesium turnings and ironized
      coarse magnesium powder and a one-gram sample of the mixed fine powder of
      iron and ironized magnesium were each covered with 25 ml of seawater and
      permitted to react. As before, the reaction mixtures were maintained at
      68.degree. C. In all three cases the rates of evolution of hydrogen were
      nearly 50 times greater than the rates had been from the simple mixtures
      of iron and magnesium.
PAR  The evolution of hydrogen from various magnesium samples was plotted (FIG.
      2) against time on a simple linear scale. By inspection of the curves, it
      was possible to estimate the times required for 25% and 50% of the
      magnesium to be consumed. These values were based on the volumes of
      hydrogen evolved relative to the volumes evolved when similar samples of
      magnesium were treated with dilute hydrochloric acid. The values are
      useful for comparing the reactivities of the various samples of magnesium.
      They are given in Table 1 and are referred to as the quarter-lives and
      half-lives for the various materials.
PAR  Later, another batch of the ironized magnesium was prepared from the coarse
      magnesium powder and fine iron powder. The second batch turned out to be
      more reactive than the first and reacted with seawater nearly 20 times
      more rapidly than the first batch. The half-lives were approximately 4 and
      1/4 hour, respectively, for the first and second batches. The second
      batch, which was larger than the first, was employed in the ensuing
      experiments.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Estimated quarter-lives (t1/4) and                                        
     half-lives (t1/2), in hours, for                                          
     various magnesium samples in sea-                                         
     water at 68.degree.C.                                                     
                      Magnesium                                                
     Magnesium        Powder,     Magnesium                                    
     Turnings         Coarse      Powder, Fine                                 
                      Grind       Grind                                        
     t1/4        t1/2     t1/4    t1/2  t1/4  t1/2                             
     (hr)        (hr)     (hr)    (hr)  (hr)  (hr)                             
     ______________________________________                                    
     Magnesium                                                                 
     only    220*    &gt;1000*   39    114   18    --**                           
     Mixture of                                                                
     Iron and                                                                  
     Magnesium                                                                 
             132      500     18     52    5    --**                           
     Ironized                                                                  
     Magnesium                                                                 
              21/2     10      1/2   4    &lt;&lt;1/4 &lt;1/4                           
     ______________________________________                                    
      *Extrapolated from data at 120 hours and less.                           
      **--Impossible to estimate.                                              
PAL  Reaction of pelletized magnesium products with seawater:
PAR  Pellets approximately 1.25 inches in diameter and 0.25 inch thick, such as
      shown in cross-section in FIG. 3, were prepared by compressing the
      ironized magnesium under a pressure of 37,500 psi. A comparison was made
      of the reaction rates of the pelletized and unpelletized ironized
      magnesium powder. For the test, a pellet was sawed in two and each half
      was trimmed to a weight of one-half gram. The experiment was conducted in
      duplicate. Two 1/2-gram samples of the unpelletized powder and two
      1/2-gram segments of the pellets were used. The pelletized samples reacted
      a little more slowly than the unpelletized powder, especially during the
      first half hour. They also reacted at a little more uniform rate than the
      unpelletized powder which reacted at a very rapid initial, but steadily
      declining rate.
PAR  Pellets were also made from simple mixtures of iron and magnesium. Each of
      the pellets contained 1 gram of the coarse magnesium powder. One of the
      pellets also contained 500 mg of fine iron powder; the second contained 50
      mg of iron powder; and the third contained no iron powder. The pellets
      were reacted with 50 ml of seawater maintained at 68.degree. C. The
      cumulative volumes of hydrogen evolved in the reactions were measured
      periodically. Hydrogen was produced most rapidly by the pellets containing
      the greatest amount of iron and the least rapidly by the pellets to which
      no iron had been added.
PAL  Effect of temperature on reaction rates:
PAR  The effect of temperature on reaction rates was investigated. The
      experiments were conducted in the same manner as the other experiments
      with the exceptions that an ice bath and a room temperature bath were
      employed in addition to a 68.degree. C bath. In the first experiment on
      temperature effects, ironized powdered magnesium was employed. In the
      second experiment, tests were made with pelletized ironized magnesium.
      Duplicate determinations were made for each material for each of the
      temperatures: 0.degree. C, 24.degree. C, and 68.degree. C.
PAR  In all tests the initial reaction rates were fastest at 68.degree. C,
      slowest at 0.degree. C, and intermediate at 24.degree. C. However, the
      rates all declined steadily. the decline occurred most rapidly in those
      maintained at 68.degree. C; next, for those maintained at 24.degree. C;
      and slowest, for those maintained at 0.degree. C. The decline at
      24.degree. C was only slightly greater than the decline at 0.degree. C,
      but the decline at 68.degree. C was considerably greater. In about 400
      minutes when the experiment was terminated, the cumulative volume of
      hydrogen liberated from the reaction maintained at 0.degree. C was the
      greatest, indicating that hydrogen was generated fastest at 0.degree. C.
      The volume liberated by the reaction at 24.degree. C was nearly as great;
      but the volume liberated by the reaction at 68.degree. C was merely 60% of
      the volume at 0.degree. C.
PAL  Measurements of the Production of Heat:
PAR  Simultaneous measurements of the liberation of heat and evolution of
      hydrogen were made. Seven 1/2-gram samples of unpelletized powdered
      ironized magnesium were reacted with seawater. The volumes of seawater
      employed in the measurements were 10, 25, 50, 100, and 200 ml. The test
      results up to the times that the temperatures attained maximum values are
      summarized in Table 2.
PAL  The "dry" heat cell:
PAR  An experiment was performed to see if the reaction could be controlled by
      the regulated addition of seawater to the dry ironized magnesium. One-half
      gram of ironized magnesium powder was placed in a dry test tube which was
      rested on the bottom of the dewar flask. Fifty ml of seawater was added to
      the flask. The water surrounded the bottom half of the test tube to serve
      as a heat sink but none was permitted to enter it. The test tube was so
      positioned in the dewar that the tip of the dropping burette was over the
      top of the test tube. Via the burette, 0.2 ml of seawater was added to the
      ironized magnesium powder initially and an additional 0.2 was added every
      10 minutes until a total of 2 ml had been added. In 35 minutes the
      temperature rose from 25.degree. C to 33.degree. C and it was maintained
      at 33.degree. - 35.degree. C for the ensuing 21/2 hours.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Comparisons of hydrogen evolved and heats liberated                       
     by the reaction of ironized magnesium with various                        
     volumes of seawater.                                                      
                       .DELTA.H  Volume of                                     
                       Calculated                                              
                                 Hydrogen                                      
                                         .DELTA.H*                             
     Volume of                                                                 
             Maximum   From Rise Evolved up                                    
                                         Calculated                            
     Seawater                                                                  
             Rise in   in Temp.  to time from Volume                           
     (ml)    Temp. (.degree.C)                                                 
                       (calories)                                              
                                 Maximum of Hydrogen                           
                                 Temp.   Evolved                               
                                 Reached (calories)                            
                                 (ml)                                          
     ______________________________________                                    
     10      46        460       250      868                                  
     25      27        675       327     1,135                                 
     50      16        800       345     1,200                                 
     50      151/2     775       360     1,250                                 
     100      91/4     925       350     1,215                                 
     200      53/4     1,150     385     1,336                                 
     ______________________________________                                    
      *Calculations were based on the assumption that 3.47 calories of heat wer
      liberated for each ml of hydrogen liberated.                             
PAR  In another run, the same amount of ironized magnesium powder was reacted
      with seawater in the same dewar flask. The flask contained the same amount
      of seawater and the same test tube, but the ironized magnesium powder was
      immediately mixed with the entire 52 ml of seawater. In this reaction the
      temperature rose to nearly 40.degree. C in less than one hour but fell
      more rapidly than in the previous reaction in which the water addition was
      controlled.
PAR  Some crude measurements were made of the space occupied by the initial and
      final products when ironized magnesium powder is reacted with the minimum
      volume of seawater. A 25 ml volumetric flask was weighed and then filled
      with ironized magnesium powder. The weight of the powder was 24.7 gm. That
      is, the density of the loosely packed dry powder is approximately 1 gm per
      ml. A 2-ml microbeaker graduated in 1/2-ml increments was filled to the
      first 1/2-ml mark with dry ironized magnesium powder. The powder was
      slowly reacted with a very slight excess of seawater. During the reaction,
      the magnesium granules increased in size and changed color from silver to
      off-white. The volume occupied by the dried loosely packed magnesium
      hydroxide granules was 11/2 ml, three times the original volume.
      Stoichiometry of reaction of magnesium and seawater:
PAR  The overall reaction of magnesium with seawater can be represented by the
      equation:
EQU  Mg + 2 H.sub.2 O.fwdarw.Mg (OH).sub.2 + H.sub.2 + .DELTA. h
PAL  where .DELTA.h = heat of the reaction.
PAR  The theoretical amount of heat evolved in the same equation is 84.36
      kilogram calories per gram molecular weight of magnesium at a constant
      temperature of 25.degree. C (-221.00 + 2 .times. 68.32 = -84.36). This
      value would ordinarily be corrected for the energy consumed in expanding
      the hydrogen. At atmospheric pressure, this correction would be
      approximately 0.6 kilogram calories per mole of magnesium. At ocean depths
      where the hydrostatic pressure is 10 atmospheres, the correction would be
      a mere 0.06 kilogram calories per mole. Disregarding these corrections,
      the calculated values for the heat liberated is 3,470 calories per gram or
      1,830 watt hours per pound.
PAR  The theoretical volumes of hydrogen liberated in the reaction of magnesium
      with seawater is 1.007 ml per mg at 250.degree. C (1.000 ml at
      23.7.degree. C). This is equivalent to 16.1 cubic feet of hydrogen per
      pound of magnesium at 25.degree. C. When the volume of hydrogen is
      measured at 23.7.degree. C, there are 3.47 calories liberated for each ml
      of hydrogen evolved.
PAL  Reaction of finely divided magnesium with seawater:
PAR  From Table 1, it is apparent that the speed of reaction of various forms of
      magnesium with seawater ranges from those that react too slowly to serve
      as a heat source for divers to those that react too rapidly. One can
      prepare a magnesium specimen that will react very slowly and require
      months to be consumed, or one can prepare a specimen that will react
      suddenly and be consumed in a few seconds.
PAR  The experiments with the various magnesium and iron powders disclosed that,
      with other factors being constant, the rate of evolution of hydrogen, and
      hence the rate of liberation of heat, is related to the surface area of
      the magnesium reacting with the seawater. For example, the most finely
      divided magnesium powders reacted the most rapidly; the coarse powders, at
      an intermediate rate; and the turnings, at the slowest rate. Also,
      hydrogen was evolved from 1 gm of coarse magnesium powder in seawater at
      approximately twice the rate that it was liberated from 1/2 gm of the same
      powder in seawater. The surface area of the 1-gm sample of magnesium
      powder would be twice that of the 1/2-gm sample. Both findings strengthen
      the conclusion that the rate of the reaction of magnesium with seawater is
      a function of the surface area of the magnesium.
PAR  Another important factor determining the rate of reaction of magnesium with
      seawater is the intimacy of contact of the magnesium with iron. When no
      iron was presumed to be present, magnesium turnings and powders reacted
      with seawater but the rate was too slow to be considered as a potential
      source of heat for divers. Merely mixing finely divided magnesium samples
      with iron powder caused them to react with seawater twice as rapidly.
      However, the speed of the reaction was still too slow to serve as a
      potential heat source for divers. Grinding mixtures of iron and magnesium
      turnings and powders together in a ball mill jar produced a composite
      material consisting of magnesium particles into which iron particles were
      embedded. The ironized magnesium reacted with seawater 50 times or so more
      rapidly than the simple mixture of iron and magnesium. The reaction rates
      of the ironized materials were sufficiently rapid to be considered as
      sources of heat for divers.
PAR  The speed of reaction of a shunted magnesium-iron seawater battery is a
      function of the area of the iron plate in electrical contact with
      magnesium. The ironized magnesium is in essence a collection of tiny
      shunted magnesium-iron seawater batteries. Therefore, the area of the iron
      particles in electrical contact with the magnesium particles also is a
      factor determining the reactivity of ironized magnesium and seawater.
PAL  Reaction of pelletized magnesium powder with seawater:
PAR  There was no striking difference in the reactivities of pelletized and
      unpelletized ironized magnesium powder. The pellets reacted at a little
      slower rate than the unpelletized material during the first half hour of
      the experiment, but they reacted more rapidly in the ensuing time
      intervals.
PAR  The reactivity of pellets made from simple mixtures of iron and magnesium
      was a function of the amount of iron they contained. Hydrogen was evolved
      most rapidly from the pellets to which the greatest amount of iron powder
      had been added, and the least rapidly by the pellets to which no iron
      powder had been added. Intimate galvanic contact between the iron and
      magnesium was apparently achieved by the compressing process. It was not
      necessary to first ironize the magnesium in a ball mill jar.
PAR  Pelletizing magnesium and iron powders apparently affected their reactivity
      with seawater in two ways. Compressing the mixture of iron and magnesium
      powders brought iron and magnesium particles into more intimate contact,
      thereby causing the product to react more readily than the initial
      mixture. Compressing the ironized magnesium powder did not significantly
      alter the proximity of the magnesium and iron particles to each other.
      They were already in intimate contact. The compression process did,
      however, at least partially fuse the magnesium and iron particles into a
      solid pellet. Seawater had access only to the outside of the pellet when
      it was immersed. After the pellet reacted a little, however, it crumbled
      and reacted at a slightly more rapid rate than the unpelletized material.
PAR  A material more thoroughly fused than the pellets, which were compressed at
      37,500 psi, should react at a more uniform rate throughout its existence
      in seawater. Reaction rates thus can be controlled by the area of the
      surface of the pellets. The area will change slowly if the pellets do not
      crumble and the reaction will proceed at a nearly uniform rate. More
      thorough fusion can be achieved by higher pressures and temperatures than
      have been used. Addition of other materials that are soft, malleable, and
      highly conductive can also be considered as a means for achieving fusion.
PAL  Measurements of the production of heat:
PAR  The calculated heat of reaction for the complete reaction of one-half gram
      of magnesium with seawater is 1,735 calories at 25.degree. C. However, as
      seen in Table 2, the calculated heat corresponding to the volume of
      hydrogen evolved up to the time that the maximum temperature was reached
      was in the vicinity of 1,250 calories. The measured calories approached
      the calculated as the volume of water was increased. This was to be
      expected because temperature rise and the heat loss become smaller as the
      volume of water is made larger.
PAR  The rises in temperature were of a range of magnitudes expected for the
      theoretical amount of heat liberated. The rises were in a range consistent
      with the classical thermodynamic statement for the reaction of magnesium
      and water represented by the equation:
EQU  Mg + 2 H.sub.2 O.fwdarw.Mg (OH).sub.2 + H.sub.2 + .DELTA. h
PAL  where .DELTA.h = 3.57 calories per mg of magnesium or 1,830 watt-hours per
      pound of magnesium
PAL  The "dry" magnesium heat cell:
PAR  A heat cell can be made with the dry ironized magnesium powder to which a
      limited amount of seawater is added for activation. Heat will be liberated
      whenever seawater is injected into the charge of ironized magnesium
      powder. If NaCl is mixed with the dry ironized magnesium powder, only
      water need be added.
PAR  In another experiment, water addition did control the rate of the reaction
      somewhat for the first half hour. After that, however, sufficient water
      was present to decompose all of the magnesium. Temperature curves
      indicated that less heat was produced per given weight of ironized
      magnesium when the seawater was admitted slowly, as in the dry heat cell,
      than when an abundance of seawater was added immediately.
PAR  The dry heat cell has numerous desirable features. It is simple to operate
      and regulate. The diver can admit water to the cell whenever he feels cold
      and the response will be quite rapid. It is not necessary to use up all of
      the ironized magnesium in a single dive. The cell will soon cease to react
      if water is cut off. The size of the cell can easily be scaled up or down.
      Tiny cylinders can be made to fit into the finger holes of gloves; medium
      sized cylinders would be made for short dives; or large cylinders could be
      made for extended dives. Interchangeable cylinders charged with ironized
      magnesium could be made to fit into a water jacket which surrounds the
      cylinders. Only one pump is required to conduct the heat exchanger fluid
      to the diver.
PAR  In the "dry cell" experiment, approximately 350 ml of hydrogen were evolved
      from 500 mg of ironized magnesium. Calculations based on 350 ml of
      hydrogen indicate that approximately 2,500 calories will be liberated per
      gram of ironized magnesium. A charge of 344 grams of ironized magnesium
      are required for a one-kilowatt-hour (kwh) cell. Initially this would
      occupy about one-third of a liter of space. After reacting with
      approximately 500 ml of seawater, the magnesium would swell to completely
      occupy a one-liter container. A cylinder the size of a standard scuba tank
      will hold a 14-kwh cell, and can be initially charged with nearly 5
      kilograms of ironized magnesium powder. It requires a minimum of 7 liters
      of seawater for complete reaction. During the reaction, 3,700 liters of
      hydrogen will be evolved.
PAR  From the above experimental investigation, it has been determined that:
PAR  Magnesium alone reacts spontaneously with seawater but the rate is far too
      slow to use as a heat source for divers.
PAR  Hydrogen is evolved and heat is produced at a rate which is approximately
      proportional to the surface area of magnesium reacting with seawater. The
      surface area depends upon the weight of magnesium and the particle size.
PAR  Merely mixing iron powder with finely divided magnesium causes magnesium to
      react with seawater twice as rapidly as before mixing.
PAR  Grinding iron and magnesium powders or turnings together in a ball mill jar
      produces a material which reacts with seawater nearly 100 times more
      rapidly than pure magnesium powders.
PAR  Compressing iron and magnesium powders together under a pressure of 37,500
      psi produces pellets which react with seawater many times more rapidly
      than pure magnesium powder. The reaction rates are a function of the
      amount of iron powder the pellets contain.
PAR  Ironized magnesium powder initially reacts very rapidly with seawater and
      slows down rather abruptly as the reaction proceeds. Pelletized ironized
      magnesium reacts with a somewhat more uniform rate and does not undergo an
      initial spurt in activity.
PAR  The initial rate of reaction of magnesium and seawater is a function of
      temperature. The higher the temperature is, the more rapid the initial
      reaction.
PAR  Once the initial high velocity reactions have subsided, less hydrogen and
      presumably less heat is evolved by the reaction of magnesium and seawater
      at 68.degree. C than at 0.degree. C or at 24.degree. C.
PAR  The experimental measurements of the liberation of heat by the reaction of
      magnesium and seawater are in a range to be consistent with a theoretical
      heat of reaction of 84.36 kilogram calories per mole of magnesium.
PAR  The reaction of ironized magnesium and seawater can be regulated by the
      controlled addition of seawater.
PAR  The space required for a 1-kwh heat cell charged with dry ironized
      magnesium is 1 liter.
PAR  Finely divided iron and magnesium can be made into a composite material
      sufficiently reactive with seawater to serve as a heat source. One manner
      in which the reaction can be controlled is to control the addition of
      seawater, adding water only when more heat is desired.
PAR  Another use for the powdered metal heat source of this invention is in the
      making of a material, such as shown in FIGS. 4 and 5, which have a large
      variety of applications. For example, such heating materials can be used
      for gloves, socks, boot liners, foot pads and other garments for warming
      various parts of the body, as well as for medical heat pads, warmers for
      food cans, and sleeping bag heaters to provide a thermal barrier between
      the sleeping bag and cold ground, and the like.
PAR  As shown in the embodiment of FIG. 4, by way of example, ironized magnesium
      particles 40 are sandwiched together with an absorbent material 41 which
      retains moisture, between two flexible sheets of thin plastic material 42
      and 43, such as mylar or polysulfonates, for example. Plastic sheet 43 is
      provided with an adhesive layer 45 which holds the ironized magnesium
      particles 40 in place. Plastic sheet 42 can also be provided with an
      adhesive layer 46 for adhering to the absorbent material 41. Sodium
      chloride particles 47 can be mixed with either the absorbent material 41
      or the ironized magnesium particles 40, or both, as desired. Holes 48 are
      provided in plastic sheet 42 to admit water which dissolves the sodium
      chloride and activates the micro electrochemical cells 40. Holes may be
      provided in both sheets of plastic material 42 and 43, if desired, for
      faster introduction of water. Where seawater is introduced via holes 48,
      the sodium chloride particles 47 would not need to be provided in the
      absorbent material 41 or mixed with the magnesium and iron particles.
PAR  The embodiment illustrated in FIG. 5 shows a mixture of ironized magnesium
      particles 40, adhesive 51 and absorbent material 52 all sandwiched between
      plastic sheets 53 and 54. The adhesive particles 51 bond the ironized
      magnesium particles and absorbent material together and to plastic sheets
      53 and 54. Holes 58 are provided for admitting seawater to start the
      exothermic reaction. If desired, sodium chloride particles can be mixed
      with the ironized magnesium particles 40, adhesive 51 and absorbent
      material 52, thus only requiring plain water to be introduced for starting
      the reaction. Powdered iron and powdered magnesium can be used instead of
      ironized magnesium particles in either of the embodiments shown in FIGS. 4
      and 5 where a slower reaction is desired.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrochemical source for the rapid generation of heat and hydrogen
      gas upon activation by electrolyte, comprising:
PA1  a. an intimate mixture of powdered magnesium and iron metal particles in
      contact with each other such that the normal electrical contact resistance
      between said magnesium and iron powdered metal particles is substantially
      reduced;
PA1  b. said iron metal particles being embedded in the surface of at least a
      substantial portion of said magnesium metal particles to form ironized
      magnesium particles;
PA1  c. each ironized magnesium metal particle forming a shorted micro
      electrochemical cell;
PA1  d. said intimate powdered metal mixture which includes micro
      electrochemical cells being sandwiched between sheets of plastic material;
PA1  e. moisture retaining absorbent means being included with said intimate
      powdered metal mixture between said sheets of plastic;
PA1  f. said intimate mixture of powdered metal particles operable to produce
      heat and hydrogen by exothermic reaction upon addition of suitable
      electrolyte;
PA1  g. the variation of powder sizes and of the ratio of magnesium to iron
      metal surface area exposed, operating to control the amount of heat and
      hydrogen produced and the operational life of said source in the
      electrolyte.
NUM  2.
PAR  2. An electrochemical source as in claim 1 wherein said moisture retaining
      absorbent means is mixed with said intimate mixture of ironized magnesium
      particles and an adhesive and is sandwiched between said sheets of plastic
      material to form a flexible exothermic fabric, said sandwiched structure
      having means for introducing electrolyte to said micro electrochemical
      cells.
NUM  3.
PAR  3. A structure as in claim 1 wherein NaCl particles are mixed with said
      metal particles such that addition of water will provide electrolyte.
NUM  4.
PAR  4. An electrochemical source as in claim 1 wherein each of said sheets of
      plastic have an adhesive coating on at least one side thereof and said
      moisture retaining absorbent means is an absorbent material layer; said
      intimate mixture of magnesium and iron metal particles being sandwiched
      between one said adhesive-coated sheet of plastic and said layer of
      moisture retaining absorbent material which in turn is attached to an
      adhesive coating on the second sheet of plastic to form a flexible
      sandwiched heating structure, said plastic sheets forming the outside of
      said sandwiched structure, means provided in at least one of said plastic
      sheets for introducing electrolyte to said mixture when desired.
NUM  5.
PAR  5. An electrochemical structure as in claim 4 wherein NaCl particles are
      interdispersed throughout said layer of moisture retaining absorbent
      material such that addition of water thereto will provide electrolyte for
      the exothermic reaction involving said shorted micro electrochemical
      cells.
NUM  6.
PAR  6. An electrochemical source as in claim 5 wherein the ratio of magnesium
      to iron metal particles by weight is 1 to 1.
NUM  7.
PAR  7. An electrochemical source as in claim 4 wherein NaCl particles are
      interdispersed throughout said intimate mixture of magnesium and iron
      metal particles.
NUM  8.
PAR  8. An electrochemical source as in claim 1 wherein said metal particles
      range in size up to 590 microns in diameter.
NUM  9.
PAR  9. An electrochemical source as in claim 1 wherein said intimate mixture of
      ironized magnesium metal particles are compressed and formed into a rigid
      composite material.
NUM  10.
PAR  10. An electrochemical source as in claim 9 wherein dry electrolyte salt
      particles are interdispersed throughout said powdered metal particle
      mixture such that addition of water will dissolve said salt to start
      electrochemical reaction.
NUM  11.
PAR  11. An electrochemical source as in claim 1 wherein said intimate mixture
      of iron and magnesium powdered metal particles are pressed and sintered
      together into a rigid form.
NUM  12.
PAR  12. An electrochemical source as in claim 1 wherein the ratio of magnesium
      to iron metal particles by weight is 1 to 1.
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ABST
PAL  A mouthwash solution and method for treating both the lower and upper
      throat. The aqueous solution contains dioctyl sodium sulfosuccinate as the
      active ingredient. The treatment of the lower throat involves holding a
      small amount of the solution in the mouth for a short period of time. The
      treatment for the upper throat area is to hold a small amount of the
      solution in the mouth, lie down with the head back, swallow several times,
      and hold the head in position for a short period of time.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 362,791, filed May
      22, 1973, now U.S. Pat. No. 3,873,721.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to pharyngeal and nasopharyngeal treatment
      and more particularly, to the use of an aqueous solution of dioctyl sodium
      sulfosuccinate for treating conditions of the mouth, tongue, throat,
      pharynx, larynx, nasopharynx and any of the structures that open into
      these areas.
PAR  There are a large number of mouthwashes on the market today which claim to
      have extraordinary bactericidal activity. There are also a number of
      treatments for the nasopharynx including nose drops, atomizer sprays, and
      devices to spray salt water irrigations into the upper throat area. None
      of these external treatments are truly effective in treating conditions of
      the nasopharynx, including postnasal drip, drainage, and catarrh.
PAR  The lytic properties of dioctyl sodium sulfosuccinate are also well known.
      For example, in U.S. Pat. No. 2,149,240, there is disclosed a vaginal
      preparation containing a sulfodicarboxylic acid ester. It is stated
      therein that esters of sulfodicarboxylic acids are effective in
      immobilizing microorganisms because of their wetting properties and their
      lytic power.
PAR  The wetting properties of the esters of sulfodicarboxylic acids also make
      them useful for a large number of other purposes. In U.S. Pat. Nos.
      2,028,091 and 2,176,423 an enumeration of possible uses for such compounds
      is made, listing uses ranging from lubricants to emulsifying agents to
      coating compositions. Likewise, U.S. Pat. No. 2,316,234 discloses using
      such compounds at low concentrations for germicides, insect sprays,
      laundry work, and even personal use. In medically related fields, in
      addition to use as a vaginal preparation, it is known that dioctyl sodium
      sulfosuccinate will soften stools and, as disclosed in U.S. Pat. No.
      2,917,431, may be used in enemas for the treatment of severe fecal
      impactions and lesser degress of constipation.
PAR  Although dioctyl sodium sulfosuccinate is well known as a wetting agent and
      for its lytic power, it is not believed ever to have been used to treat
      throat conditions.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided an effective
      treatment for conditions of both the lower and upper throat areas.
PAR  In regard to the lower throat area, the quick and simple treatment involves
      the use of an aqueous solution of dioctyl sodium sulfosuccinate in the
      form of a mouth wash or gargle. Since the lytic power of dioctyl sodium
      sulfosuccinate is great, even at low concentrations, lysis of bacteria
      cells is effected in a matter of seconds. In addition, since dioctyl
      sodium sulfosuccinate is an effecting wetting agent, it penetrates the
      mucus and plaque, lowers the surface tension, and aids in removal of the
      bacteria carrying mucus. It also removes the coating from the tongue. The
      lower throat is treated by holding one teaspoonful, or approximately five
      cubic centimeters, of the solution in the mouth, and gargling lightly if
      desired, for about one minute.
PAR  For treatment of the upper throat, approximately half-a-teaspoon of
      solution (two cubic centimeters or less) is held in the mouth while lying
      down on the back on a bed with the head hanging over the edge of the bed
      so that the nostrils are pointing to the ceiling. By swallowing several
      times and holding the head in position for about one minute, the solution
      is carried to all parts and depths of the areas opening into the upper
      throat, including the sphenoid sinus and eustachian tubes. Again, this is
      believed to be due to the instant wetting action of the dioctyl sodium
      sulfosuccinate. Because of this effect, the solution may be used in this
      treatment as a vehicle to carry other drugs, such as cortisone, or X-ray
      contrast, media into the nasopharynx and adjacent areas.
PAR  In addition to the dioctyl sodium sulfosuccinate active ingredient, the
      aqueous solutions of the present invention may contain non-pharmacological
      components such as a flavoring, coloring and sweetner, as well as other
      drugs or X-ray contrast media. The dioctyl sodium sulfosuccinate is,
      however, the only essential ingredient. Up to 2.5 percent of dioctyl
      sodium sulfosuccinate (i.e., the saturation point of dioctyl
      sulfosuccinate in water) may be used, but the preferred strength is around
      0.25 percent. However, dioctyl sodium sulfosuccinate is also effective in
      concentrations as low as 0.0001 percent and may be used in such strengths,
      if desired.
PAR  Accordingly, it is a primary object of the present invention to provide a
      mouthwash containing dioctyl sodium sulfosuccinate.
PAR  Another object of the invention is to provide a method for treating the
      lower throat with an aqueous solution of dioctyl sodium sulfosuccinate.
PAR  It is still a further object of this invention to provide a method for
      treating the upper throat with an aqueous solution of dioctyl sodium
      sulfosuccinate.
PAR  Other objects and advantages of the present invention will be apparent from
      the following description and the appended claims.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The solution of the present invention was prescribed as a treatment for the
      common infections of the areas of the upper and lower throat in more than
      500 cases. Each patient used a 0.25 percent solution of dioctyl sodium
      sulfosuccinate from once to several times daily, with no bad effects, and
      almost universal improvement. Since dioctyl sodium sulfosuccinate is a
      known drug for use in softening stools, and even has been used in General
      Food Corporation's instant soft drink mix, Kool-Aid, to improve
      dissolvability, it can be ingested without any ill effects. In fact, over
      a pint of a 0.25 percent solution of dioctyl sodium sulfosuccinate can be
      swallowed without exceeding the amount of dioctyl sodium sulfosuccinate
      ordinarily prescribed for the treatment of constipation.
PAR  The present use of dioctyl sodium sulfosuccinate does not, however, involve
      intentional ingestion of the mouthwash solution, except to the extent a
      small amount is swallowed after the treatment. For example, in the
      treatment of the lower throat it is recommended that after holding
      approximately one teaspoonful in the mouth with the head back, th excess
      is spit out, and what is left in the mouth swallowed. This carries a small
      amount of the solution down past the larynx and helps control infection in
      this area of the lower throat.
PAR  Due to the lytic power of the dioctyl sodium sulfosuccinate, there is a
      rapid lysis and destruction of the bacteria cells contacted. In addition,
      the wetting action of the dioctylsodium sulfosuccinate causes it to
      penetrate the plaque and mucus. It breaks the surface tension and aids in
      removal of the affected mucus from the mouth, throat and tongue. Such a
      treatment not only helps control the infections present, as well as the
      halitosis which goes with them, but also has great value in aborting acute
      infections of the throat at their onset. Despite these functions, there is
      no deleterious action on the mucous membrane itself. Likewise, not many
      people are allergic to dioctyl sodium sulfosuccinate.
PAR  When the dioctyl sodium sulfosuccinate solution is to be used in this
      manner as a mouthwash, it may be desirable to add the customary mouthwash
      ingredients to the aqueous solutions in order to make it more pleasant
      tasting and smoother.
PAR  For example, any approved flavoring may be used including lemon, vanilla,
      peppermint, cherry, etc. If an alcohol component, such as isopropanol or
      ethanol, is added, it may contain one-half percent of a denaturing which
      serves as a flavoring. Typical ones include cinnamon oil, clove oil,
      eucalyptus oil, and wintergreen oil. A complete list of the approved
      flavorings is set forth in U.S. Pat. No. 3,639,563, which is specifically
      incorporated herein by reference. The amount of non-toxic alcohol added is
      customarily between 5 and 25 percent.
PAR  Additional possible components include approximately 0.01 percent of a
      coloring, up to 0.04 percent of a sweetner such as sodium saccharin, and
      up to 15 percent of glycerine, sorbitol, or propylene glycol to supply
      body to the mouthwash. The remainder of the solution is water.
PAR  As noted, dioctyl sodium sulfosuccinate is well tolerated by the mucous
      membrane of the throat areas, but it may sting slightly when in contact
      with the nasal mucosa of the anterior portion of the nose. For this
      reason, it is preferred to use a smaller amount of the solution (i.e.,
      half-a-teaspoonful or less) when treating the upper throat than when
      treating the lower throat. The lesser quantities help prevent the solution
      from spreading as far as the anterior portion of the nasal passages.
PAR  While the methods and compositions herein described constitute preferred
      embodiments of the invention, it is to be understood that the invention is
      not limited to these precise methods and compositions, and that changes
      may be made therein without departing from the scope of the invention
      which is defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of treating conditions of the upper throat comprising:
PA1  holding a small amount, approximately half-a-teaspoonful or less, of an
      aqueous 0.25% solution of dioctyl sodium sulfosuccinate in the mouth,
PA1  lying down with the head back, swallowing several times,
PA1  and holding head in position for approximately 1 minute.
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ABST
PAL  A patient care system for monitoring respiratory distress problems and
      providing therapeutic treatment comprising, a sensor for generating
      patient derived respiratory activity signals, detecting an apnea episode
      from the signals, and providing in response to a detected apneic episode,
      stimulation of the patient by a momentary inflation or deflation of a
      pneumatic means adapted for placement under the patient to raise or lower
      the patient and induce thereby a loss of equilibrium for startling the
      patient into a natural respiration pattern.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of application Ser. No. 239,264, filed Mar.
      29, 1972, now U.S. Pat. No. 3,795,240, issued Mar. 5, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apnea monitoring and therapeutic system
      and more specifically a system directed at stimulation of a patient in
      respiratory distress.
PAR  The cessation of respiration or the inability to get one's breath often
      referred to as apnea, is a serious problem which becomes dangerous
      especially in premature infants where such occurrences are frequent. It is
      understood that repeated attacks as well as prolonged attacks of apnea are
      factors which carry a poor prognosis both for life and for subsequent
      mental development resulting from irreversible cerebral damage sustained
      during these apneic episodes. The best prospect of reducing harmful
      effects of late-occurring apnea is through constant surveillance
      preferably using some automated device to alert attendants so that
      stimulation through resuscitation can begin promptly. As a consequence,
      apnea monitoring of premature infants has become an accepted practice in
      most institutions.
PAR  Management of apnea monitoring in the newborn, particularly in prematures,
      for the most part includes sensitive devices for detecting apneic events.
      Upon detection of an apneic episode a visual or audible alarm is
      generated, to call the attending nurse for prompt manual stimulation of
      the infant in an attempt to terminate the episode by restoring normal
      breathing. Alertness and responsiveness of the nursing staff is improtant
      as it becomes more difficult to obtain a positive response to stimulation
      the longer the apnea persists. Naturally then, most apnea monitors are
      designed to provide an early alarm. Unfortunately, however, most of these
      apneic episodes are of a short duration and occur almost randomly during
      any day of neonatal life. Thus, they place an unnecessary burden on the
      nurse to the extent that in some cases it is conceivable that the alarms
      may even be neglected. There is a further difficulty inherent in the
      operation of most monitors. Breathing signals from the infant vary in
      amplitude and need to be adjusted for each infant. Unfortunately the
      signal also varies as the infant moves. Yet if the nurse adjusts
      sensitivity too high, heart beats are interpreted as breathing, with
      disasterous results. If the sensitivity is too low, shallow breathing
      triggers a false alarm, much to the annoyance of attending personnel.
PAR  In the instant case, these difficulties are avoided by adjustment of the
      device on the low side of sensitivity; former false alarms are now
      unnecessary stimulations. This tends to lessen the number of manual
      intrusions required by attending personnel, thereby attaching greater
      validity and importance to alarms.
PAR  The purpose of the present invention is to avoid some of the problems
      incurred in apnea monitoring by closing the loop of the automated
      monitoring system, to provide a therapeutic action by early stimulation of
      the respiratory distressed patient. The preferred innovative technique of
      automatic mechanical stimulation in the present embodiment is directed to
      suddenly induce a loss of equilibrium, for example, such as from a falling
      sensation to, in effect, startle the infant into a natural respiration
      pattern. This is conveniently accomplished by sudden inflation or
      deflation, through regulating the pneumatic pressure, of a small pneumatic
      mattress which is preferably placed under the upper half of the infant's
      body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram in block form of the invention.
PAR  FIG. 2 is a schematic diagram in block form of a typical apnea monitor 14
      illustrated in FIG. 1.
PAR  FIG. 3A is a top plan view of one embodiment of a pneumatic stimulator 25
      shown in FIG. 1.
PAR  FIG. 3B is a top plan view of another embodiment of a pneumatic stimulator
      25.
PAR  FIG. 3C is a cross-sectional view of an embodiment of a pneumatic
      stimulator similar to that depicted in FIG. 3B.
PAR  FIG. 4A is a schematic diagram in block form of a preferred embodiment of
      the pneumatic supply unit 24 depicted in FIG. 1.
PAR  FIG. 4B is a schematic diagram in block form of another preferred
      embodiment of the pneumatic supply unit 24 depicted in FIG. 1.
PAR  FIG. 4C is a schematic diagram in block form of yet another preferred
      embodiment of the unit 24 depicted in FIG. 1.
PAR  FIG. 5 is a top plan view of still another embodiment of a pneumatic
      stimulator 25.
PAR  FIG. 6A is a schematic diagram of a pneumatic supply unit 24 designed to
      operate in conjunction with the stimulator depicted in FIG. 5.
PAR  FIG. 6B is an operations chart illustrating as a function of time the
      functioning of the arrangement of FIG. 6A as controlled by the respiratory
      unit provided therein.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  With reference to the drawings there is shown in FIG. 1 a preferred
      embodiment of the invention comprising a sensor 11 secured by suitable
      means to a patient, the respiratory activity detected by sensor 11 being
      converted to electrical signals which are conducted by lead 12 to an apnea
      monitor 14. Respiratory distress problems are detected from the
      respiratory signals by an apnea monitor 14 to emit signals indicative of
      apnea episodes for energizing an alarm 15 and for activating a one shot
      unit 16 serving as a one second timer in the present embodiment.
PAR  The apnea monitor 14 could take the configuration of a number of
      conventional apnea monitors now commercially available irrespective of
      whether the basis of their operation is based on the impedance
      pneumography, capacitance respirometry, or any other technique for
      detecting the apneic episode. A typical one of such apnea monitors is
      shown in FIG. 2 including, an input amplifier 17 which is driving a
      Schmitt trigger 18 adapted to be responsive during the period its input
      signal penetrates above a predetermined threshold level for which the
      Schmitt trigger is set. The Schmitt trigger output is connected to a timer
      19 having a timing capacitance which will react in response to a
      predetermined interval for denoting an apnea interval to in turn produce
      an output for exciting an alarm latch 21, the output of which is connected
      to the one shot unit 16, illustrated in FIG. 1. The Schmitt trigger 18
      output is also used for energizing a one shot unit 22 which in turn drives
      an indicator 23 representative of the respiration activity of the patient.
PAR  With reference back to FIG. 1, the duration of the one shot timer 16 will
      determine the period during which stimulation is to be applied to the
      patient. The one shot timer 16 is connected for driving a pneumatic supply
      unit which in turn is pneumatically coupled through suitable tubing to an
      inflatable pneumatic stimulator 25 placed under the patient. In a
      situation wherein a patient is having an apneic episode, the pneumatic
      stimulator is momentarily inflated or momentarily deflated to induce a
      sudden loss of equilibrium which, in effect, startles the patent back into
      a normal respiration pattern. The reader is referred to the article
      appearing in Pediatrics, Vol. 51, No. 5, May 1973 at pages 878-883
      coauthored by this inventor entitled "Treatment of Apnea in Neonates With
      an Automated Monitor-Actuated Apnea Arrestor."
PAR  An embodiment of the pneumatic stimulator is illustrated in FIG. 3A wherein
      a rectangular shaped inflatable mattress-like arrangement is provided
      which is comprised of a flexible casing 26 constructed of, for example, an
      elastomeric material which might be rubber, neoprene, polyethylene vinyl,
      etc. While the specific shape of stimulator 25 is shown being rectangular
      in FIG. 3A, it is to be understood that other shapes are not to be
      excluded under the scope of this invention. The shape of the stimulator
      may, in fact, be predeterminable depending on the situation on hand or in
      mind, and may be elliptical or perhaps somewhat specially shaped to
      conform, for example, to the nape of the neck of a neonate. The particular
      pneumatic stimulator shown FIG. 3A has an air mattress configuration with
      four partially separated areas 27 each of which is supplied with air
      through a relatively rigid tube 28 via apertures 29 therein. The tube 28
      is advantageous in that because of its relative rigidity, the air mattress
      cannot be folded or bent-over at an area where one depends on the passage
      of air through the several segments for proper air flow. Otherwise, as is
      experienced with conventional air mattresses, when folded over the
      continuity of air flow is obstructed between adjacent segments to prevent
      the air mattress from being completely and uniformly inflated. By use of
      the tubular mattress construction, the height of the mattress when fully
      inflated can be better regulated over the entire area of the mattress, and
      thus prevent the pneumatic stimulator from billowing up when inflated to
      otherwise possibly cause the patient to be moved to one side. A normal
      size of the air mattress for an infant might be about 5 by 8 inches to
      allow for considerable movement of the neonate without having the head and
      neck slide off when used under the head and neck.
PAR  Referring to FIG. 3B, there is illustrated therein an alternative
      embodiment of pneumatic stimulator 25. In this instance, the relatively
      rigid tube 28 extends so as to form a continuous loop around the inner
      periphery of the casing 26. This arrangement provides for the apertures 29
      to be located on opposite sides of the loop so as to permit direct
      inflation of the chambers 27 from both ends thereof simultaneously, and
      thus, to ensure a more uniform and rapid inflation of the mattress. This
      closed-loop configuration is made possible by use of a Y-junction 28',
      which preferably is situated within the interior of the casing 26 as shown
      in FIG. 3B, but which may alternatively be provided just outside the
      mattress interior. It is, moreover, preferable that the Y-junction be
      situated in one corner of the mattress for a rectangular mattress
      configuration. This preference, of course, becomes moot in, for example,
      an elliptical configuration.
PAR  As a consequence of the fact that the mattress configuration of FIG. 3B (as
      is the case with the embodiment depicted in FIG. 3A) is such as to have
      its sections or compartments situated progressively farther away from the
      air inlet as represented by the point of entry of the rigid tubing into
      the stimulator 25 interior, uniform inflation (and deflation) of the
      stimulator 25 may require that the apertures 29 be progressively larger in
      diameter relative to the distance thereof from the air inlet. Moreover,
      since the air inlet is in FIG. 3B represented by the Y-junction, and the
      lower row of apertures is, in terms of tube length, farther from the air
      inlet, each aperture of the lower row may be provided with a
      correspondingly larger diameter than its counterpart in the upper row of
      apertures.
PAR  FIG. 3C is a cross-sectional view of a mattress embodiment similar to that
      depicted in FIG. 3B, wherein the tube extending around the periphery of
      the mattress in this embodiment actually constitutes a portion of the
      mattress exterior itself. In particular, the casing 26, which may be made,
      for example of an elastomeric material such as polyvinylchloride, may
      actually be comprised of a top piece 26', and a bottom piece of identical
      material 26". These two pieces may be sealably mated to the rigid tube 28
      by means of heat sealing techniques. Thus, it may be seen that in addition
      to providing a means for conducting air into the interior of the mattress,
      the tube 28 forms a portion of the mattress exterior. The configuration of
      pneumatic stimulator 25 illustrated in FIG. 3C is, of course, depicted in
      the deflated mode. As is the case with the mattress embodiments depicted
      in FIGS. 3A and 3B, pin holes either in the casing material 26 or the tube
      28 itself of the FIG. 3C arrangement do not significantly detract from the
      overall effective operation of the stimulator device 25. It may be that
      the relatively rigid tube could be somewhat uncomfortable for a patient
      lying on the mattress when the same is deflated in the normal or rest
      mode. It is, therefore, considered to be equally effective and well within
      the scope of this invention to have a suitably shaped mattress under the
      neck of a neonate in a comfortably inflated rest or normal mode. Rapid
      deflation thereof would just as surely cause the startling stimulus needed
      in the form of a falling sensation. As the rest mode in this instance is a
      uniformly inflated mattress, the operator may ensure from the outset that
      the mattress is unwrinkled or folded and thus ensure deflation. It is,
      therefore, possible that via this mode of operation, the elimination of
      the potential mild discomfort of the relatively rigid tube has also
      enabled a greater assurance of uniform pneumatic action within the
      mattress. The potential discomfort of the relatively rigid tube may
      alternatively be substantially lessened, particularly in the operative
      mode wherein the stimulator 25 is initially deflated, through the use of
      relatively rigid tubing of decided elliptical cross-section.
PAR  An embodiment of the pneumatic supply unit 24, is shown in FIG. 4A, wherein
      the input signal from one shot 16 is connected to a relay 31 which
      controls a relay arm 32 to be either connected to a first terminal (a)
      denoted as a non-apnea terminal of a second terminal (b) denoted as an
      apnea terminal. It is normally assumed (rest) position the relay arm 32 is
      connected to terminal (a) which, in turn, is connected to a pressure
      switch 38. Switch 38, in turn, is connected into a section of pneumatic
      tubing leading from a gas (preferably air) reservoir 33 and is
      electrically connected to a pump 34. Air reservoir 33 and pump 34 are
      pneumatically connected via flapper valve 35. With relay arm 32 in its
      normal condition (a) the pressure switch 38 senses the pressure in air
      reservoir 33 which, if below a predetermined pressure level, will be
      supplied with pressurized air from pump 34 through one-way flapper valve
      35. In case of a diaphragm or similar pump, the flapper valve 35 may be
      omitted.
PAR  The terminal point (b) of relay 31 is connected via an apnea lead to a
      counter 36 and to a three-way solenoid valve 37, the latter of which is
      pneumatically coupled between air reservoir 33 and the pneumatic
      stimulator 25 and additionally is provided with an exhaust opening.
      Reservoir 33 assures the availability of a rather large quantity of
      pressurized air to momentarily inflate the pneumatic stimulator, and also
      avoids delay during the inflation cycle of the pneumatic stimulator. In
      the present embodiment the time to inflate the pneumatic stimulator takes
      less than one-half second assuming a 15 psi reservoir pressure source and
      1/4 inch diameter connecting the tube with a final 4 psi system pressure,
      including the stimulator.
PAR  In operation, since relay arm 32 is normally connected to the (a) terminal,
      pump 34 will be charging air reservoir 33 through the flapper valve 35
      during periods when the pressure switch 38 senses approximately 10% below
      a predetermined pressure for the air reservoir. Respiratory movements
      which are detected by sensor 11 (FIG. 1) are fed to the apnea monitor 14.
      Upon detection of an apneic episode, the one shot timer 16 is activated.
PAR  Relay 31 of FIG. 4A is activated from the one-shot unit 16 for a period of
      1 second during which time relay arm 32 enables power to be supplied to
      the three-way solenoid valve and an apneic episode count is made on
      counter 36. The three-way solenoid valve is open allowing the air from
      reservoir 33 to momentarily inflate pneumatic stimulator 25 to stimulate
      the patient by suddenly raising the patient up in the air to induce a
      sudden loss of equilibrium and, in effect, startle the patent into normal
      respiration. At the end of the 1-second period relay arm 32 goes back to
      terminal (b). There results a return to the normal or rest mode of the
      three-way valve and a corresponding closing off of the path provided by
      the threeway solenoid valve from air reservoir 33 to the pneumatic
      stimulator 25, as well as an opening of the exhaust port of the threeway
      valve to the pneumatic stimulator 25 for deflating the latter. Because air
      has been used from the air reservoir 33, this will be sensed by the
      pressure switch 38 which will activate the pump 34 to in turn provide
      pressurized air in the air reservoir 33 via the flapper valve 35, to, in
      effect, set the system up ready for the next apnea episode when it is
      detected. While relay arm 32 is in the b position, it is intended that
      this render pressure switch 38 and, therefore, pump 34, inactive during
      the 1-second inflation period of the mattress.
PAR  If desired, when the stimulation is found to be successful in breaking the
      apneic episode, a continuing alarm may be provided until the patient is
      attended to or a second and possibly different-sounding nurse's alarm
      might be initiated within a 5-second period or any other prescribed time
      period that would be suitable for providing such a second alarm.
PAR  Reference is now made to FIG. 4B, wherein the alternative situation is
      depicted of having a normally inflated mattress under the neonate which is
      intended to be momentarily deflated in causing the requisite stimulation.
      In this instance, it is intended that the matress which is normally
      inflated to a predetermined level be deflated for a predetermined time
      such as the one-second period provided by one-shot 16. The initial
      inflation of the mattress may be maintained by having the stimulator
      device 25 normally coupled to the air reservoir 33 through the normally
      open port of three-way solenoid arrangement 37. In this way, when an
      apneic condition is detected and switch 32 is thrown to the b position in
      response thereto, the three-way solenoid 37 responds to couple the
      predeterminably inflated stimulator 25 to its exhaust port and thus permit
      a deflation of the mattress. Following the one-second interval provided by
      one-shot 16, switch 32 returns to the non-apnea or a position and, thus,
      three-way solenoid 37 returns to its normal or rest mode wherein the
      stimulator mattress 25 is once again coupled to air reservoir 33. In the
      meantime, pressure switch 38 would have sensed a decrease in pressure in
      the pneumatic line leading to the normally open port of three-way solenoid
      37. However, since the switch 32 was momentarily in the b position, as
      described hereinbefore, pressure switch 38 was inhibited thereby. Now that
      switch 32 has returned to the non-apnea or a position, pressure switch 38
      is supplied with power, and in view of the decrease in pressure being
      sensed, pressure switch 38 fires, thus causing pump 34 to restore pressure
      via flapper valve 35 to the air reservoir 33 and correspondingly reinflate
      the stimulator mattress 25. When pressure switch 38 again senses that the
      predetermined pressure of the normally-inflated mattress is restored, it
      shuts down, leaving thereby the system in its normal or preset mode for a
      follow-up stimulation activity. Now, if and when relay 31 is again
      actuated and switch 32 goes to position b, counter 36 would
      correspondingly be updated and three-way solenoid 37 would again change
      its coupling so as to connect mattress 25 to the exhaust port and allow
      the mattress to deflate rapidly.
PAR  The consideration is made of the possibility that the weight of the neonate
      together with an exhaust port of only normal size may not provide
      sufficiently rapid deflation to yield the requisite startling effect on
      the neonate. This hypothetical problem situation may, however, be
      rectified by enlarging the exhaust port as shown in FIG. 4B. Moreover, it
      is apparent that the arrangement depicted in FIG. 4B, in being concerned
      with a "deflation" as opposed to the "inflation" mode to startle the
      noenate, may dispense with the air reservoir 33. Thus, it is that the same
      is shown in FIG. 4B in dashed lines.
PAR  Yet a further embodiment of the pneumatic supply unit 24 is depicted in
      FIG. 4C, wherein it may be seen that a closed system is provided as
      between the pump 34, air reservoir 33a and pneumatic stimulator 25. Here
      again, the so-called "deflation" mode is applicable, wherein the initial
      or starting conditions of the pneumatic supply unit 24 are: that the
      pneumatic stimulator 25 is inflated to a prescribed or predetermined
      level; that three-way solenoid 37 is in its normal or rest mode which
      couples pneumatic stimulator 25 to the pump 34 via flapper valve 35; and
      that the pump, having inflated the mattress 25 to a predetermined level,
      has at the same time removed this air from reservoir 33a, thus, creating a
      partial vacuum therein. Now, when an apnea condition is detected and
      switch 32 changes over to the b position, three-way solenoid 37, in turn,
      responds to couple the inflated mattress 25 to the exhaust (normally
      closed) port which in turn permits a deflation of the mattress 25 into the
      vacuum condition created in air reservoir 33a. Thus, when the one-second
      period provided by one-shot 16 elapses and switch 32 returns to the a
      position, pressure switch 38 again detects a deflated mattress situation
      and responds by activating pump 34, which in turn evacuates air reservoir
      33a as it supplies the air to the mattress 25 to once again return the
      system to its initial state. It is thus seen that this arrangement
      utilizes the same air over and over again and simultaneously evacuates the
      air reservoir 33a while the mattress is again being inflated, thereby
      achieving an entirely closed system.
PAR  In consideration of the possibility of untoward leakage in one side or the
      other (pressurized or evacuated sides) of the closed system, it is, of
      course, well within the scope of this invention to provide compensating
      means to sense the pressure inadequacy in either side and in response
      thereto supplement the initial pumping. Since the most critical factor is
      the requirement of the stimulator to sustain only a limited predefined
      internal pressure when inflated, this in turn becomes the limit which must
      not be exceeded by supplemental pumping via pump 34. It may be ensured
      that this upper pressure limit will not be exceeded by merely providing,
      for example, appropriate relief valve means appropriately preset.
PAR  Referring now to FIG. 5, there is seen therein a pair of mattresses 25a and
      25b, which are shown to be the type of mattress embodied in FIG. 3A, but,
      which may, in fact, be the mattress embodiments depicted in FIGS. 3B or
      3C. The dual mattress sections 25a and 25b are coupled together by a
      member 20 which may be composed of the same material as the mattress
      casings 26a and 26b. In fact member 20 may be comprised of a spongy or
      otherwise pillowy material to provide comfort to the neonate lying
      thereon. The intended mode of operation associated with a mattress
      configuration such as that depicted in FIG. 5 would have the neonate in
      essence lying between the dual mattress sections 25a and 25b such that the
      left and right sides of the head of the neonate are in actual contact with
      the dual sections 25a and 25b. This configuration is designed to provide a
      mechanical stimulus in the form of a rocking movement and sensation to the
      head of the neonate. One mattress section, e.g., 25a, is initially
      inflated, to be followed within a predetermined time period by mattress
      section 25b being inflated which, in turn, occurs at the same time that
      the first section 25a is being deflated, and so on. Thus, as the two
      mattress sections 25a and 25b are alternately inflated and deflated, the
      neonate's head is rocked back and forth gently but yet startlingly enough
      to arrest an apneic condition. It is contemplated that member 20 may be
      supplied with Velcro (Trademark) or a multiplicity of snaps (i.e., snap-in
      button arrangements) which would be arranged in two rows, one on either
      side thereof, which snaps or Velcro (Trademark) correspond to a row of
      mating snaps or Velcro (Trademark) on each of the dual mattress sections
      25a and 25b. In this arrangement, member 20 is entirely removable from the
      mattress sections 25a and 25b, and a return to the mode of operation as,
      for example, depicted originally in FIGS. 3A and 4B may be effected.
      Moreover, it is contemplated that mattress sections 25a and 25b may be
      provided with several parallel rows of mating snaps so as to give the
      mattress configuration of FIG. 5 the provision of adjustability as to the
      width of separation between the mattress sections 25a and 25b. In this
      manner, the rocking mode mattress configuration can be tailored
      appropriately to the dimensions of the neonate.
PAR  An explanation of the "rocking mode" operation may be seen with reference
      to FIG. 6A, wherein a protion of the pneumatic supply unit 24 is shown. In
      this instance, air from the pump 34 is supplied to the reservoir 33 and to
      the normally closed ports of two three-way solenoids 37a and 37b, which,
      in turn, are coupled to the two mattress sections 25a and 25b via
      pneumatic tubes 28a and 28b respectively. Each of the three-way solenoids
      37a and 37b are provided with a normally-opened exhaust port. Although the
      description hereof is mainly concerned with the "normally deflated
      mattress" mode, it will be appreciated that the mattress sections 25a and
      25b could be partially inflated as one of the preset or starting
      conditions and that the rocking sensation be provided thereafter by the
      alternating deflation of said mattress sections. It will be appreciated
      that in the "normally inflated" mattress mode, there is less of a
      possibility of movement of the neonate to a position of reduced
      stimulation effectiveness.
PAR  The logic controlling the alternating inflation and deflation of the
      mattress sections 25a and 25b is provided by a sequencer unit 50 which
      takes the inputs supplied from apnea lead b and the pressure switch 38 and
      supplies appropriate electrical signals to the three-way solenoids 37a and
      37b and to control the pump 34. While it is deemed that the sequencer unit
      may be of state of the art logic design capable of being implemented by
      one of ordinary skill in that art, the actual logic thereof is intended to
      be tailored to the actual kind and extent of the rocking mechanical
      stimulation, as well as the duration and intensity thereof. Therefore, one
      possible mode of operation as controlled by a particular sequencer unit
      logic is herein explained with reference to FIG. 6B, which illustrates a
      series of time-related pulse trains depicting the various signals
      controlled and supplied by the sequencer unit to effect a gentle rocking
      stimulus to the neonate. In this particular embodiment, it is deemed that
      the sequencer unit becomes fully operative off the normal one-second input
      pulse from lead b. While alternative consideration may be made that a
      second pulse from lead b may be needed sooner than shown in pulse train
      (a) of FIG. 6B, or may not be needed at all for the matter (apnea
      condition arrested on initial stimulation), the situation here illustrates
      a provision for a second input pulse from lead b to arrive, if needed, six
      seconds after the leading edge of the initial apnea or alarm pulse.
PAR  As a result of receiving the input from lead b sequencer unit 50 provides
      an output signal pulse train to three-way solenoid 37a wherein the latter
      reacts in the functioning sequence as shown in part (b) of FIG. 6B. This
      functioning response is comprised of four complete cycles, i.e., the
      mattress section 25a in four successive instances is alternately coupled
      to the exhaust port of element 37a and then recoupled to the air reservoir
      33. As a result, the mattress section 25a periodically inflates at
      one-second intervals as depicted in part (c) of FIG. 6B. Contemporaneous
      therewith, but delayed by one-half of a second, mattress 37b is in the
      same manner periodically inflated and deflated under the control of
      sequencer unit 50, as depicted in parts (d) and (e) of FIG. 6B. The
      overall result of this mode of operation is that while one mattress
      section is inflating the other is deflating and vice-versa, thus causing
      the head of the neonate to be rocked gently back and forth four times in
      succession.
PAR  Part (f) of FIG. 6B depicts the pressure switch 38 input from terminal a of
      switch 32. It will be noted that power is supplied to the pressure switch
      input throughout except when switch 32 is switched to position b, as may
      be seen from part (a) of FIG. 6B. Notwithstanding the pressure switch
      input, however, the output thereof leading to pump 34 is controlled by
      sequencer unit 50 such that even though the pressure switch 38 would
      normally attempt to supply input power to the pump 34 as shown in part (g)
      of FIG. 6B, sequencer unit 50 prevents the pump from being activated until
      the end of the four successive rocking cycles, which correspondingly,
      terminates at the end of the fourth second following the leading edge of
      the input signal from lead b. The pump as controlled be sequencer unit 50
      remains "on" for an adjustable period of about 11/2 seconds and which may
      be varied up to a maximum of just under two seconds. The time of running
      of the pump is here essentially governed by two factors: (1) the need for
      the air reservoir to be again filled to the predetermined pressure level
      for providing sufficient air pressure to effect a full four-cycle rocking
      mode without any substantial damping of the system activity; and (2) the
      arrival of a second pulse from one-shot 16, indicating that a second
      rocking stimulation is needed to arrest an apnea condition. As FIG. 6B
      shows, the rocking sequence would be repeated upon the arrival of such a
      second input pulse at lead b. Thus, by this system if an apnea condition
      persists after the first 6 seconds, a secondary attempt is made to
      stimulate the neonate via rocking. Of course, if a second rocking episode
      fails to arrest the apnea condition, further alarms, perhaps, having
      different sounds from the initial alarm which accompanied the
      determination of an apnea condition, could then be initiated and thereby
      immediately call to the awareness of the nurse or other attendant the
      failure to arrest the apneic condition of the monitored neonate.
PAR  It is noted that sequencer 50 may provide the control functions as
      depicted, in for instance, in FIG. 6B, by either electronic or mechanical
      switching, which is controllable either mechanically, for example, by a
      camming arrangement, or electronically, for example, via an arrangement
      including a state of the art multi-vibrator clock arrangement, which runs
      for a set time period following an input trigger from input lead b.
PAR  It is, moreover, to be particularly noted that the rocking mode arrangement
      such as is depicted in FIGS. 6A and 6B, in conjunction with the mattress
      arrangement according to FIG. 5, avoids the potential problem of a neonate
      going into the condition known as laryngospasm, simply by the fact that
      the stimulus is a gentle but sufficiently starting rocking motion.
PAR  It is to be further noted that the control functions of the sequencer 50 in
      a rocking-mode arrangement could be provided by a mini-processor wherein
      the times of inflation and deflation of the mattress sections 25a and 25b,
      as well as the height of inflation and extent of deflation thereof may be
      automatically variable in accordance with the effect of the stimulus
      provided so as to vary the overall rocking motion accordingly.
PAR  There exists, of course, the possibility of combining several of the
      embodiments disclosed hereinabove, such as, for example, providing a
      system employing the rocking mode of operation together with a third
      mattress section which is placed under the neck of the neonate. In this
      arrangement, the initial mode of stimulation could be a rocking mode, and,
      if the same was unsuccessful in arresting an apnea condition, the
      sequencer unit could be fed with a second signal from the b lead of switch
      32. This second signal would be intepreted by the sequencer unit as a
      failure to arrest the initial apnea condition and which in turn would
      bring into action the third mattress section lying under the neck of the
      neonate, wherein this third section would then inflate (or deflate) to
      stimulate the neonate via the falling-sensation mode. Of course, an
      integral mattress arrangement may be provided with these three sections
      being held together by an element similar to member 20. In conjunction
      therewith, a multiconduit tubing may be used to cut down on the number of
      separate pneumatic leads running to and from the mattress.
PAR  While the principles of this invention have been described in connection
      with specific examples of apparatus, it is to be understood that such
      examples are not to be considered as limiting the scope of this invention
      or the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A patient care system for monitoring and treating respiratory distress
      problems, comprising:
PA1  a. first means for sensing respiratory activity and generating electrical
      signals corresponding thereto;
PA1  b. second means responsive to said respiratory activity signals for
      detecting a respiratory distress problem; and
PA1  c. stimulating means, including fluid-inflatable means adapted for
      placement under a patient, and responsive to said second means for
      inducing a startling loss of equilibrium in the patient through a rapid
      momentary lowering action of a non-oscillatory type of said
      fluid-inflatable means.
NUM  2.
PAR  2. The system according to claim 1 wherein said fluid-inflatable means is
      normally inflated to a predetermined extent, and said stimulating means
      further includes fluid supply and control means, electrically coupled to
      said second means and pneumatically coupled to said fluid-inflatable
      means, for causing a rapid momentary deflation of said fluid-inflatable
      means in response to a detection of a respiratory distress problem.
NUM  3.
PAR  3. The system according to claim 2 wherein said stimulating means comprises
      a closed pneumatic system which includes means for simultaneously
      inflating said fluid-inflatable means to said predetermined extent and
      preparing a partially evacuated exhaust path adapted for assisting the
      rapid momentary deflation of said fluid-inflatable means.
NUM  4.
PAR  4. The system according to claim 3 wherein said fluid supply and control
      means includes fluid reservoir means operatively coupled to said
      fluid-inflatable means and pumping means operatively coupled between said
      fluid-inflatable means and said fluid reservoir means.
NUM  5.
PAR  5. The system according to claim 4 wherein said fluid supply and control
      means includes means for maintaining a predetermined fluid pressure for
      inflating said fluid-inflatable means.
NUM  6.
PAR  6. The system according to claim 4 wherein said stimulating means further
      includes pneumatic switching means operatively coupling said fluid
      reservoir means and said pumping means to said fluid-inflatable means,
      whereby in response to a respiratory distress condition being detected by
      said second means, said pneumatic switching means is caused to directly
      couple said predeterminably-inflated fluid-inflatable means to said fluid
      reservoir means, the latter comprising said partially evacuated exhaust
      path, and thereby enable a rapid momentary deflation of said
      fluid-inflatable means.
NUM  7.
PAR  7. The system according to claim 6 wherein said stimulating means includes
      timing means for causing said pressure-controlled switching means,
      following a predetermined time period in which said fluid-inflatable means
      is deflated, to couple said fluid-inflatable means to said pumping means
      and for actuating the latter and thereby reinflate said fluid-inflatable
      means to said predetermined fluid pressure level while simultaneously
      re-evacuating said fluid reservoir means.
NUM  8.
PAR  8. The system according to claim 7 wherein said stimulating means further
      includes pressure-controlled switching means pneumatically coupled to said
      fluid-inflatable means and electrically coupled to said pumping means for
      causing the latter to be actuated upon the occurrence of a predetermined
      fluid pressure threshold being reached within said fluid-inflatable means.
NUM  9.
PAR  9. A patient care system for monitoring and treating respiratory distress
      problems, comprising:
PA1  a. first means for sensing respiratory activity and generating electrical
      signals corresponding thereto;
PA1  b. second means responsive to said respiratory activity signals for
      detecting a respiratory distress problem; and
PA1  c. stimulating means, including dual fluid-inflatable means each being
      adapted for placement on either side of and partially extending under a
      patient and third means for causing controlled alternate inflation and
      deflation of said dual fluid-inflatable means, and responsive to said
      second means for inducing a startling loss of equilibrium in the patient
      through a relatively rapid momentary rocking motion of a preselected
      portion of the patient's body by the alternate inflation and deflation of
      said dual fluid-inflatable means.
NUM  10.
PAR  10. The system according to claim 9 wherein said third means includes fluid
      supply and control means coupled to said detecting means for
      predeterminably inflating and deflating said dual fluid-inflatable means
      periodically.
NUM  11.
PAR  11. The system according to claim 10 wherein said fluid supply and control
      means includes fluid reservoir means for maintaining a predetermined fluid
      pressure for inflating said dual fluid-inflatable means.
NUM  12.
PAR  12. The system according to claim 10 wherein said dual fluid-inflatable
      means comprises an inflatable pneumatic unit which includes a pair of
      inflatable mattresses adjustably coupled together to provide predetermined
      separation therebetween, each of said pair of mattresses being adapted to
      be situated on either side of, and extend partially under, a preselected
      portion of the patient.
NUM  13.
PAR  13. The system according to claim 12 wherein said fluid supply and control
      means includes means for alternately inflating and deflating said pair of
      inflatable mattresses for a predetermined duration in a cyclic pattern
      following the detection of a respiratory distress situation.
NUM  14.
PAR  14. The system according to claim 13 wherein said means for alternately
      inflating and deflating said pair of inflatable mattresses includes a pair
      of pneumatic switching means intercoupled to a pressurized fluid source
      and fluid motive means, each of said pair of pneumatic switching means
      being coupled additionally to one of said inflatable mattresses, and
      control means coupled to said detecting means and to each of said pair of
      pneumatic switching means, for causing in response to the detection of a
      respiratory distress problem said pair of pneumatic switching means to
      alternately be actuated in a switching sequence having predetermined
      timing and duration, and for causing in response thereto each of said pair
      of mattresses to be correspondingly coupled alternately to the pressurized
      fluid source and then to an exhaust, with the switching sequence of the
      one switching means and the inflatable mattress associated therewith being
      delayed by a predetermined portion of the period of a switching cycle
      relative to the other of said pair of pneumatic switching means and its
      associated inflatable mattress.
NUM  15.
PAR  15. The system according to claim 14 wherein said control means includes
      means for providing a predetermined termination of the switching sequence
      prior to the earliest possible arrival time of a second indication of
      respiratory distress, and thereby effect an interval of switching
      inactivity of predetermined minimal duration preceding the arrival of said
      earliest possible second indication of respiratory distress.
NUM  16.
PAR  16. The system according to claim 9 wherein said dual fluid-inflatable
      means include means configured to be in cooperative relationship to the
      patient's body for effectively causing a falling sensation to be imparted
      alternately to either side of the preselected portion of the patient's
      body.
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ABST
PAL  An arterial blood sampling device comprising a syringe adapted to receive
      an arterial blood sample, a fluid path extending from the syringe and
      terminating in a scarf which is adapted to be received in an artery.
      Pressure sensitive means are provided along the fluid path whereby the
      presence or absence of arterial blood pressure within the path can be
      visually detected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The taking of venous blood samples is quite well-known. The taking of
      arterial blood samples has also become recognized as important. In
      patients suffering from diseases of the lungs or heart, it is important to
      know the oxygen content of the blood. This content is determined by blood
      gas analysis of arterial blood. It is essential, therefore, that arterial
      blood, rather than venous blood be withdrawn for such analysis.
      Heretofore, such blood was obtained using a conventional hypodermic
      syringe. The problem is that it is difficult to tell whether the scarf of
      the needle is in an artery or a vein. Arteries are generally deep within
      the body tissue, making the determination by feel or sight difficult. This
      is particularly true in obese patients and infants. If the intended
      arterial blood sample is not arterial blood, another attempt must be made
      to the discomfort of the patient. Also, in certain types of cases,
      important time is lost in the diagnostic procedure.
PAR  The present invention provides a dependable way of taking arterial blood
      samples and it is believed that the device of this invention represents a
      major advance in the art. Its disadvantages and benefits will be evident
      to those skilled in the art.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this invention comprises a novel and improved arterial blood
      sampling device comprising a syringe adapted to receive an arterial blood
      sample, a fluid path extending from said syringe and terminating in a
      scarf which is adapted to be received in an artery, means along said fluid
      path whereby the presence or absence of arterial blood pressure within
      said path can be visually detected, said means being non-responsive to
      venous blood pressure.
PAR  It is an object of this invention to provide a novel arterial blood
      sampling device.
PAR  More particular, it is an object of this invention to provide a novel blood
      sampling device which provides for a signaling mechanism which tells the
      nurse whether or not the scarf of the needle is in the artery of the
      patient.
PAR  It is a further object of the invention to provide a more fool proof
      arterial blood sampling device which the nurse, when otherwise
      preoccupied, cannot operate in such a manner that the blood sample is
      spilled.
PAR  A further object of the invention is an arterial blood sampling device
      which is provided with means for preventing unwanted clotting of the blood
      sample.
DRWD
PAR  These and other objects and advantages of this invention will be apparent
      from the detailed description which follows, taken in conjunction with the
      accompanying drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning to the drawings:
PAR  FIG. 1 is a side view of one embodiment of the invention in disassembled
      form.
PAR  FIG. 2 is a longitudinal sectional view of the device of FIG. 1 taken along
      the line 2--2.
PAR  FIG. 3 is a cross-sectional view of the device of FIG. 1 taken along the
      line 3--3 in FIG. 2.
PAR  FIG. 4 is a longitudinal sectional view of the device of FIGS. 1 through 3
      in operation showing the deletion of arterial blood pressure.
PAR  FIG. 5 is a longitudinal sectional view of the device of FIGS. 1 through 4
      after the arterial blood sample has been taken.
PAR  FIG. 6 is a perspective view showing the insertion of the device of FIGS. 1
      through 5 into the patient.
PAR  FIG. 7 is a perspective view of the device at the time of the detection of
      arterial blood pressure and is contemporaneous in time with FIG. 4.
PAR  FIG. 8 is a perspective view of the device at a time just prior to the time
      reflected by FIG. 5, that is, as the device is filling with arterial blood
     .
DETD
PAR  Considering the drawings in greater detail, the arterial blood sampling
      device comprises an outer barrel 10, having an open end 12, and a closed
      end 14, thrust portion 16 within barrel 10, a needle or annula 18 having a
      sharpened end or scarf 20 terminating in proximity to the open end 22 of
      the thrust portion 16 and the open end 12 of the barrel 10. The end 22 is
      provided with female threads 24 and teeth 26. The shell vial 28 has a
      rubber stopper 30 in its open end. The stopper 30 has a plurality of
      sealing rings 32, a thin central diaphragm 33, and a projection 34 thereon
      having male threads 36. Teeth 38 are also provided at the base of
      projection 34. The threads 24 and 36 are complementary and are intended to
      be made up with each other until teeth 38 interlock with teeth 26,
      whereafter any seizure of the rings 32 on stopper 30 to the walls of vial
      28 can be broken. The walls of vial 28 are also provided with an integral
      annular glass ring 29 in proximity to the open end of the shell vial which
      serves to limit the outward movement of the stopper 30 from the vial 28.
      The disk 40 has a central hole 42 therein which serves as a mixing device.
      Its use is optional. A small amount of an anticoagulant 44 can also be
      present in the vial prior to the taking of a blood sample. Its use is also
      optional.
PAR  The thumb opening 46 in the side of barrel 10 is intended, by the amount of
      lateral thumb pressure applied to the outside of vial 28, as shown in FIG.
      4, to prevent the outward movement of the vial and its filling with blood
      under the influence of arterial blood pressure until the nurse or other
      operator has been satisfied that the device is in an artery, as will be
      more fully hereinafter explained.
PAR  The needle 18 terminates at its other end in chamber 48 which extends from
      and is affixed to the closed end 14 of outer barrel 10. The chamber 48 has
      one or more holes 50 in its walls. Concentrically disposed about chamber
      48 is outer shell 52 which is also affixed to the closed end 14 of the
      outer barrel 10. Within the annular space between the outside of chamber
      48 and the inside of shell 52 is a thin arterial blood pressure sensitive
      rubber (or other flexible material) ring 54. The ring 54 normally fits
      snuggly against the outside of chamber 48 and covers holes 50. There is a
      slight space between the inside of shell 52 and the outside surface of
      ring 54 in proximity to holes 50 so that the portion of ring 54 covering
      holes 50 is free to bulge or flex outwardly under the influence of
      arterial blood pressure in chamber 48. The ring 54 is of sufficient
      thickness to be non-responsible to the significantly lower pressure of
      veinous blood, and hence will not bulge or flex under the influence of
      veinous blood pressure within chamber 48.
PAR  Extending from the free end of chamber 48 is the boss 56 having a hollow
      central passage 58. A conventional "Luer" lock skirt 60 surrounds boss 56
      and is adapted to receive a needle or cannula 62 having a conventional
      Luer taper 64 and projections 66 which engage and lock with the internal
      threads 68 in skirt 60.
PAR  In operation, the parts as shown in FIG. 1 are first assembled by attaching
      the needle 62 and making up threads 24 and 36 to cause the scarf 20 of
      needle 18 to pierce diaphragm 33. Teeth 26 and 38 interlock and the
      seizure, if any, of the rings 32 of stopper 30 to the walls of vial 28
      broken by the application of rotational force to the vial 28. The device
      is then held with the thumb pressing laterally on vial 28 through thumb
      opening 46, as shown in FIG. 6. The nurse then attempts to insert the free
      end of needle 62 in the artery of the patient. When the free end of needle
      62 is inserted in an artery while the device is so held, the ring 54 will
      bulge outwardly under the influence of the pressure of arterial blood, as
      shown in FIG. 4. This bulge is made more vivid or apparent to the eye due
      to the pressing of that portion of ring 54 in proximity to the hole 50
      against the inner surface of shell 52 creating a ring-like darkened area
      53 detectable through shell 52 which is translucent or transparent. It is
      to be understood that shell 52 need not be present since it is possible to
      detect such bulging by direct visual observation. The bulging occurs, as
      will be apparent to those skilled in the art upon examination of the
      structure shown herein, due to the trapped air in the closed system
      consisting of the inside of needle 62, chamber 48, needle 18 and vial 28.
      The ring 54 is of sufficient thickness to be non-responsive to the lower
      pressure of veinous blood, and consequently, the device provides a
      fool-proof means of discriminating between the two fundamentally
      diffferent sources of blood within the human body.
PAR  The thumb pressure exerted via opening 56 is then released as shown in FIG.
      8 and the vial 28 is allowed to move out of the barrel 10, filling with
      arterial blood as it goes, under the pressure of the arterial blood. This
      relative movement continues until the outer portion of stopper 30 comes
      into abutment with the annular ring 29 which serves as a stop and
      eliminates the necessity for the nurse having to either estimate when the
      desired volume of arterial blood sample has been taken (the standard
      desired volume is built-in by the appropriate positioning of annular ring
      29 a predetermined distance from the closed end of vial 28 so that the
      space volume between ring 29 and the closed end of vial 28 approximates
      the desired volume of the blood sample allowing for the volume of stopper
      30 exclusive of projection 24), or watching to see that the vial 28 is not
      completely pushed out of barrel 10 by arterial blood pressure, dumping the
      blood on the patient, bed or floor.
PAR  It is to be understood that the cannula 62 need not be detachable. It can
      be permanently affixed. Also, this invention is applicable to conventional
      syringes to which the arterial blood pressure detecting means has been
      attached in which case the plunger rather than the vial is manually
      restrained to cause the evidencing of arterial blood pressure.
PAR  Having fully described the invention, it is intended that it be limited
      solely by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A novel and improved arterial blood sampling device comprising:
PA1  an outer barrel having an open end and a closed end,
PA1  a thrust portion disposed within said barrel and having a free end in
      proximity to the open end of said barrel,
PA1  a vial having an open end and a closed end,
PA1  an imperforate stopper received in said vial,
PA1  means associated with said free end of the thrust portion and said stopper
      attaching said parts together,
PA1  a fluid path within said thrust portion and terminating in a sharpened end
      near the free end of the thrust portion and being adapted to pierce said
      stopper,
PA1  a chamber having side walls extending from the closed end of said barrel
      and in fluid communication with said fluid path, said side walls
      containing one or more openings therein,
PA1  a resilient ring surrounding the outside of said chamber and normally
      sealing on the outside of said openings, and
PA1  a cannula extending from the free end of said chamber and being in fluid
      communication with the interior thereof, said cannula having a sharpened
      scarf at its free end for insertion in an artery, said resilient ring
      bulging outwardly of the outside of said chamber in proximity to said
      openings under the influence of arterial blood pressure but not under the
      influence of venous blood pressure.
NUM  2.
PAR  2. The device of claim 1 wherein said resilient ring is surrounded in
      spaced-apart relationship by an outer transparent or translucent shell
      against which said ring abuts when said bulging occurs to form a visually
      detectable darkened area on said shell.
NUM  3.
PAR  3. The device of claim 1 wherein said vial has an annular ring in its wall
      in proximity to the open end of said wall which limits the outward
      movement of said stopper from said vial as said vial fills with arterial
      blood.
NUM  4.
PAR  4. The device of claim 3 wherein said annular ring is disposed a
      predetermined distance from the closed end of said vial.
NUM  5.
PAR  5. The device of claim 1 wherein a thumb-receiving opening is provided in
      the side of said barrel to prevent the vial from moving with respect to
      said barrel under the influence of arterial blood pressure until said
      bulging occurs under the influence of arterial blood pressure.
NUM  6.
PAR  6. The device of claim 1 wherein said stopper and said thrust portion are
      attached by complenentary threads and interlocked by teeth to break any
      seizure of the stopper to the vial by the application of further
      rotational force after said threads have been made up.
NUM  7.
PAR  7. The device of claim 1 wherein said cannula is detachably connected to
      said chamber.
NUM  8.
PAR  8. The device of claim 1 wherein said fluid path within said thrust portion
      is a cannula.
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ABST
PAL  The air caloric stimulation system provides an adjustable air system with
      accurate and automatic control of the delivery and temperature of air. A
      thermal electric device utilizing the Peltier effect generates or absorbs
      heat depending on the difference between the temperature of the air at the
      outlet and the "set" or desired temperature of the air at the outlet.
      Further, the Peltier units are aided in controlling the temperature of the
      air using a radiator system in conjunction with a liquid circulating
      system. The current to the Peltier units are controlled using unique
      proportional phase controlled signals. Safety circuitry prevents the air
      or liquid from overheating.
BSUM
PAR  This invention relates to systems used for measuring vestibular responses
      in the human body and more particularly, to systems for controlling the
      flow and temperature of air used in eliciting a nystagmus response.
PAR  Caloric testing has grown to be an indispensible and integral part of the
      clinical evaluation of patient's equilibratory and vertiginous disorders.
      Such testing enables the ontoneurologist to assess the functional status
      of each ear separately by measuring the reflex responses generated by
      thermal stimulation of the non-auditory labyrinth of the ear. For a long
      time water caloric tests were employed to determine nystagmus responses.
      Subsequently, temperature controlled water was used to elicit the
      nystagmus responses.
PAR  The equipment described herein is practical utilization of thermally
      controlled air as a stimulating means. When using water for eliciting the
      nystagmus responses, the water necessarily overflows the ears and is
      uncomfortable to the patient, messy to handle and requires continuous
      maintenance and cleaning.
PAR  An object of the present invention is to provide a new and unique air
      caloric stimulation system.
PAR  A related object of the present invention is to provide such systems using
      liquid as the thermal transmission media between the heating and cooling
      elements and the actual air used.
PAR  Yet another object of the present invention is to heat or cool the air
      using thermal electric devices based on the Peltier effect which generates
      or absorbs heat as a function of current flow through semi-conductor
      elements. The elements are stacked together to form a semi-conductor pile
      thereby multiplying their effectiveness. Current in one direction cools
      the inside elements and current in the reverse direction warms the inside
      elements. Liquid bearing radiators are used as thermal transmission
      elements to aid in controlling the temperature of the piles. The air is
      forced through the ducts to be either warmed or cooled by the piles.
PAR  Yet another object of the invention is to provide controls for controlling
      the actual time duration of the air calorization, and the delivered
      temperature as well as the rate of flow of the air.
PAR  Nystagmus may be induced by many known methods. Under conditions of
      nystagmus the eyeball oscillates moving to the right or left side of the
      eye cavity in the cranium. When the eyeball reaches the limit of such
      movement, it moves back towards the starting position at a relatively
      higher rate of speed than it moved when going away from the starting
      position.
PAR  Nystagmus is induced by varying temperature of the semicircular canals.
      This is done by heating or cooling the tympanic membrane above or below
      body temperature.
PAR  It is thus a feature of this invention to provide for practically utilizing
      air for varying the caloric conditions of the left or right semi-circular
      canals, thereby inducing nystagmus.
DRWD
PAR  The above mentioned and other objects and features of this invention will
      become more apparent from a description of the apparatus from the
      following specification taken in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a pictorial representation of the air caloric stimulation system
      apparatus;
PAR  FIG. 2 is a showing of the head of the system shown attached in FIG. 1 and
      showing details of the thermal electric device or thermal transmission
      i.e. thermal electric pile;
PAR  FIG. 3 and FIG. 4 are details of the plates of the air heat exchanger;
PAR  FIG. 5 is a block diagram of the air caloric system shown herein; and
PAR  FIG. 6 is a schematic drawing of the pertinent portions of the air caloric
      system controls.
DETD
PAR  In the pictorial drawing of FIG. 1 the overall air caloric system apparatus
      is shown as 11. It comprises basically the power supply and control unit
      12, along with the thermal electric delivery head 13.
PAR  The control unit 12 includes a power "on-off" switch 14, a pilot light 16
      indicating when power is on, a flow adjust control 17, which adjusts the
      flow of the air coming out of the delivery head 13 at the replaceable
      nozzle 18. Temperature control knobs 19 and 21, along with a temperature
      meter 22, are further shown on the control unit 12. A timer control knob
      23 controls the lapsed time before a signal indicates that the nozzle 18
      of the delivery head 13 should be removed from the patient's ear.
PAR  The electrical, liquid, and air connections between the head 13 and the
      control unit 12 are provided through a basic umbilical cord 24. As shown
      in the sectional view of FIG. 2, the case 30 encloses the thermal electric
      unit and the heat exchange unit used for either adding or removing heat to
      bring the air to the temperature required and maintaining it at that
      temperature.
PAR  The head is movable so that the air can be easily applied to the patient's
      ears as required. The air is applied through the nozzle 18 which is
      replaceable. A plastic or rubber nipple 28 is applied to a plate A at one
      corner thereof to attach to the air system coming from the air exchanger.
      The nipple is attached to a plate A mounted to the outside of the case.
      The nipple 28 is further attached to a plastic or non-heat conducting
      material T-coupling 32 with a rubber or plastic section 33. The other
      opening of the T-coupling is blocked, as indicated at 31, to the flow of
      air, but means are provided for receiving electrical conductors, such as
      electrical conductor 34 for attachment to thermistor 36 which monitors the
      temperature of the outgoing air.
PAR  The vertical portion of the T-coupling 32 is coupled to an output tube or
      barbed fitting 37 of the air exchanger unit with a rubber or plastic
      section 38. The output tube 37 is connected directly to an outgoing
      connecting plate 39. The outgoing connecting plate 39 is connected to the
      incoming connecting plate 41 through air duct system 42. Air flow enters
      the incoming connector plate through tube C of the umbilical 24.
PAR  The air duct system 42 is made up of a series of plates, such as plate 43
      and plate 44, shown in FIG. 3, and FIG. 4, respectively. These plates are
      placed alternately for example, the first plate on the right hand side of
      the air duct unit 42 would be a plate similar to plate 44 so that the air
      would have to travel the entire height of connecting plate 41.
PAR  Similarly, the last plate in the duct work 42 is also a plate, like plate
      44. This causes the air to travel the maximum distance in getting to the
      outlet pipe 37. The remaining plates are alternately 43 and 44. A total of
      three plates 44 and two plates 43 are used between connecting plates 39
      and 41. Here, again, the air is forced to travel over a large distance and
      has time to stabilize at the temperature of the thermal electronic Peltier
      units 46 and 47. The Peltier units used are the Borg Warner model 940 TE
      modules. A water heat exchanger is also provided at the Peltier units, and
      are shown as liquid heat exchangers 48 and 49 joined together by coupling
      pipe 51. The water comes from umbilical cord which includes water tube 52
      and enters heat exchanger 48. From heat exchanger 48 the liquid passes
      through tube 51, heat exchanger 49, through tube 53 and back to the
      umbilical cord 24. The unit comprising the connecting plates, the heat
      exchangers and the Peltier units are held in place using flanges, such as
      flange 50, for example.
PAR  The block diagram of FIG. 5 shows how the controls located in cabinet 12
      function with the head 13. An "on-off" switch 14 shown on the front panel
      56 is provided to activate the unit. Basically it connects 120 V 60 cycle
      power. Of course, it could easily also connect other types of power
      sources, such as 220 V 50 cycle power when used in markets utilizing such
      power.
PAR  The basic power is converted by a power supply 57 to regulated and
      unregulated direct current power. The alternating current power is also
      connected to operate a fan 58 which works in conjunction with a remote
      liquid heat exchanger 59. The heat exchanger 59 is basically a coil going
      through a radiator and a fan is attached thereto to dissipate the heat
      brought back from the Peltier thermal element unit of the head 13.
PAR  Thus, the liquid heat exchanger system has a pump in it (not shown) at 59
      which forces the heat exchanger liquid through tube 52 into the liquid
      heat exchanger unit 48, coupling tube 51 to the liquid exchange unit 49
      and out through tube 53 back to the remote liquid heat exchanger 59
      located in the cabinet.
PAR  The alternating current coming through switch 14 is also coupled through
      conductor 61 to an optional internal air pump 62 which generates air flow
      through the air heat exchanger into the ear. The amount of air flowing is
      adjusted using the flow meter and control shown as 17 on the panel 56 of
      the control unit 12. It adjusts the amount of air flowing through the air
      heat exchanger which is designed to maintain a stable set temperature of
      this air.
PAR  The Peltier units 46 and 47 are shown serially interconnected through
      conductor 63 and connected to a phase control and polarity switch 19B
      through conductors 64 and 66, respectively. The phase control and polarity
      switch is energized by the power supply over conductor 68. It is capable
      of setting the air coming from the system either for hot or cold
      temperatures depending on the position of switch 19B. The switch 19B, as
      will be seen in conjunction with FIG. 6, aids in setting the phase of the
      current going to the Peltier unit so that the Peltier units are either
      operating to generate heat or to dissipate heat.
PAR  Thus, while not actually seen in the block diagram switch 19B controls the
      connection of conductors 64 and 66 into phase control and polarity switch
      67. This will be seen in greater detail in the description of the
      schematic of FIG. 6.
PAR  The temperature of the air coming from the head 13 is set through the use
      of switch 19A which connects one input of control amplifier 71 to either a
      variable signal level source or a preset signal level source. The variable
      signal level source, of course, corresponds to a temperature range while
      the preset control corresponds to a given temperature. The temperature
      range is obtained by manipulating control potentiometer P21 on the front
      panel of unit 12. The switch 19 also can connect to an external voltage
      source for external temperature control, when that is desired. The cold
      preset and warm preset potentiometers P29 and P32, respectively are shown
      in FIG. 6. Thus, the signal level received from either the potentiometer
      P21, the cold preset potentiometer P29 or the warm preset potentiometer
      P32 or the external control is fed into one end of the control amplifier.
      The difference between the set signal level received at the input 74 of
      amplifier 71 over conductor 76 and the signal level indicating the actual
      temperature of the air originating at thermistor 36 in the nozzle received
      and extending through conductor 77 and amplifier 78 is the actual
      temperature signal input to the control amplifier. The actual temperature
      output of preamplifier is monitored on the meter 22 or on a recorder which
      may be connected to the output of preamplifier 78 at arrow 27.
PAR  Means are provided for assuring that the temperature in the head does not
      rise to the point where it damages the Peltier units. Such safety means
      are indicated in the block diagram by the safety protection circuit block
      81 shown coupled to the air heat exchanger and the liquid heat exchanger
      of head 13 by arrows 82 and 83, respectively. Thus, for example, if the
      nozzle 18 is blocked and the air heats up to a critical temperature, then
      the safety protection circuit 81 automatically opens the energization
      circuit to the Peltier units to prevent current from going through the
      Peltier units thus removing the source of heat. Similarly, if the liquid
      heat exchanger gets too hot, indicating a malfunction in the operation of
      the unit, then the current to the Peltier units is also stopped.
PAR  Means are provided to automatically notify the operator who is using the
      system that he has been injecting air into the ear for the prerequisit
      time. The time is set by the timer control 23 which is shown in the block
      diagram as an adjustable potentiometer connected to an electronic timer
      shown as 83. When the operator of the unit injects the nozzle into the
      patient's ear, he operates the switch 84 which conveniently may be a foot
      switch. This initiates the timer operation. At the end of the time desired
      a tone generator and a speaker unit 86 connected to the timer by conductor
      88 operate to sound an alarm tone. The operator at the tone signal removes
      the nozzle from the ear of the patient.
PAR  The timer is powered by power supply over conductor 87. Thus, ideally a
      control valve or alternatively an air pump 62 is operated to start the air
      flowing through the flow meter and control. The flow meter and control is
      set so that a desired amount of air flow is obtained. The air goes through
      the air heat exchanger which is automatically brought to the required
      temperature by various means, such as Peltier units. Thus, the current
      either flows into the Peltier unit 46 and out of the Peltier unit 47 or
      vice versa, depending on whether the thermal element is heating or cooling
      as dictated by switch 19.
PAR  The amount of current and the polarity of the current is controlled
      automatically by the control amplifier 71 which receives a pair of
      signals, one signal is received from the thermistor sensor 36 located at
      the nozzle 18 and the other signal is received from the controls used for
      setting the desired air temperature. When these temperatures are different
      than the control amplifier in conjunction with the phase control and
      polarity switch, circuitry 67 causes a current to flow through the Peltier
      units either to generate heat or to dissipate heat.
PAR  The preferred circuitry of the pertinent portions of control amplifier 71
      along with the preamplifier 78 and the phase control and polarity switch
      67 are shown in greater detail in FIG. 6.
PAR  Means are provided for converting the actual temperature of the air going
      into the patient's ear into a calibrated signal. More particularly, a
      sensor, such as the thermistor sensor 36 is shown coupled to a bridge
      circuit comprising resistor R1, variable resistor R2 and resistor R3
      series connected in one leg. The other leg comprises resistor R4, variable
      resistor R6 and resistor R7. The junction point of resistor R3 and
      resistor R7 is grounded.
PAR  Resistors R1 and R4 are connected to reference voltages provided by zeners
      VR1 and VR2. Bias current is provided by resistor R8 from a negative
      regulated power supply for zener VR1. Likewise, bias current for zener VR2
      is supplied through resistor R9 from a positive regulated power supply.
PAR  The thermistor sensor 36 is coupled between the wipers 92 of the variable
      resistor R6 and resistor R12. (Resistor R12 acts to linearize the output
      of the thermistor sensor 36.) This series connection forms one leg of the
      bridge circuit. Resistor R11 is connected to wiper of resistor R2, which
      forms another leg of the bridge. Coupled to the common connection of
      resistor R11 and R12 is the negative input of linear operational amplifier
      78.
PAR  Means are provided for monitoring the temperatures of the air used in the
      nystagmus operation. More particularly, the output of amplifier 78 is
      connected through conductor 94, variable resistor P14, resistor R16 and
      through the meter 22 to ground. The meter is calibrated using variable
      resistor P14 to provide a direct temperature reading. The output 94 of
      amplifier 78 becomes more negative with higher temperatures. The resistors
      R16 and P14 assure that the meter reading reflects the temperature. A
      terminal, indicated by arrow 27, is provided for connecting an external
      recorder at this point if desired. The feedback circuit of amplifier 78
      extends from the output conductor 94 through resistor R17 bridged by
      capacitor C1. The positive input of amplifier 78 is connected to ground
      through resistor R18.
PAR  Means are provided for comparing the "set" temperature and the actual
      temperature of the air used in the nystagmus. More particularly, the
      output of amplifier 78 is connected to the negative input of amplifier 96,
      through resistor R19. The operational amplifier 96 is connected as a
      linear amplifier -- more particularly as a servo, or error, amplifier. It
      amplifies the difference in current flowing through resistors R19 and R26.
      The current through resistor R19 is proportional to the actual temperature
      being monitored. The current through resistor R26 is proportional to the
      desired temperature. When these two currents are equal in absolute value,
      the net current input into the servo amplifier is negligible, and the
      output 97 is near zero volts at this stable operating condition. The
      feedback circuit for amplifier 96 comprises resistors R23, R24 and R25
      connected between output 97 and the negative input of the amplifier. The
      junction of resistors R23 and R24 is coupled to ground through resistor
      R25. The series connection of resistors R23 and R24 is bridged by
      capacitor C2. Resistors R21 and R22 are used to bias amplifier 96 such
      that when the current through resistor R26 is zero (input 76 at ground)
      some current is required through resistor R19 for a stable operating
      temperature. This bias is required to prevent the actual temperature from
      ever reaching 0.degree. C which could cause freezing of any moisture
      present in the air supply. Furthermore, the adjustments of potentiometers
      P29 and P32 are set to provide two fixed temperatures for operator
      convenience (i.e. no manual adjustments required). This is set at the time
      of manufacture, but can be readjusted as desired.
PAR  Switch 19 is assembled so that in position 1, the wiper of level 19A is
      connected to positive regulated voltage through adjustable resistors or
      potentiometers P20, P21, P29, P31, P33 and P32. In a preferred embodiment
      of this invention the adjustment of potentiometers P20, P31 and P33 is set
      at the time of manufacture to provide a maximum obtainable temperature of
      50.degree. C when the wipers of potentiometers P21, P29 and P32 are at
      their maximum (away from ground) positions. However, the adjustment of
      potentiometer P21 is varied by the adjustment of knob 21 on the front
      panel of the instrument to enable varying the temperature setting.
PAR  When switch 19 is in position 1, the operation of knob 21 varies the cool
      adjustment. When switch 19 is in position 2, the wiper of level A is
      connected to positive regulated voltage through potentiometers P29 and
      P31. When the wiper is in position 3, there is no signal input from switch
      19. When the wiper is in position 4, it is connected to positive regulated
      voltage through potentiometers P32 and P34.
PAR  When the wiper of level A of switch 19 is in position 5, it is connected to
      positive regulated voltage through potentiometers P21 and P22 and the warm
      temperatures can be adjusted by operating temperature control knob 21. The
      signal output of the preamplifier 78 which represents the actual
      temperature is thus added to the set signal received from switch 19. The
      difference is the "error" signal which is the input signal to the
      amplifier 96.
PAR  Means are provided for synchronizing the output signal of amplifier 96 to
      line frequency to provide a signal having a period equal to twice the line
      frequency period and a signal whose width or time duration is a function
      of the "error" amplitude. Actually, two signals 180.degree. out of phase
      are provided, one for warm temperature control and one for cold
      temperature control. More particularly operational amplifiers 98A and 98B
      which are connected as comparators are provided. The output of amplifier
      96 is connected to the negative input of cool temperature control
      comparator 98A through a voltage divider comprising resistors R36 and R37
      series connected to ground. The junction of resistors R36 and R37 is
      connected to the negative input of comparator 98A. The output of amplifier
      96 is also connected to a warm temperature control comparator 98B, but
      this connection is made through a unity gain inverter amplifier 99. Thus,
      the output of amplifier 96 is connected to the negative input of inverter
      amplifier 99 through resistor R38.
PAR  The positive input of amplifier 99 is coupled to ground through resistor
      R39. Feedback is obtained by connecting the output 101 of amplifier 99
      through resistor R41 bridged by capacitor C3 connected to the negative
      input of synchronizing comparator 98B using a voltage divider network
      comprising resistors R42 and R43 connected in series to ground. The
      junction point 102 of resistors R42 and R43 is coupled to the negative
      input of synchronizing comparator 98B.
PAR  Negative fullwave rectified line frequency voltage is provided for
      synchronizing comparators 98A and 98B by the connection of transformer T1.
      The rectifiers CR1 and CR2 are connected to form a full wave center tapped
      rectifier circuit providing a signal of twice line frequency across
      resistor R46. Resistor R44 provides some current sinking near the zero
      crossover point. This minimizes undesired filtering due to stray
      capacitances. The junction of resistors R44 and R46 is connected to the
      positive input of comparator 98B through resistor R47 and to the positive
      input of comparator 98A through resistor R48.
PAR  The positive feedback circuit for comparator 98A goes from the output of
      amplifier 98A through resistor R49 in series with resistor R51 to the
      positive input of amplifier 98A. The junction of resistors R49 and R51 is
      coupled to ground through resistor R52. Similarly, the positive feedback
      of amplifier 98B goes from the output of amplifier 98B through resistor
      R53 connected in series with resistor R54 to the positive input of
      amplifier 98B. The junction of resistors R53 and R54 is connected to
      ground through resistor R56.
PAR  The outputs of comparators 98A and 98B are synchronized to the line
      frequency so that they both provide signals having periods equal to twice
      the line signal periods. The form of the output signal from the
      synchronizing amplifiers 98A and 98B are square waves. The time duration
      of the positive portion of the square waves are a function of the
      amplitude of the "error" signal and only the positive portions of the
      signal are used.
PAR  Either the output of amplifiers 98A or 98B are used for the phase control
      and polarity switch circuit 67. When the actual temperature is warmer than
      the set temperature, then the "error"  signal at 97 is positive and the
      output of comparator 98A is a negative signal level and the output of
      comparator 98B is a square wave whose positive portions are a function of
      the error amplitude. When the actual temperature is cooler than the set
      temperature, then a positive square wave signal is obtained at the output
      of comparator 98A and the signal at the output of comparator 98B is a
      negative signal level. The negative signal levels are not used. The output
      of amplifier 98A is connected to the base of transistor Q1 through diode
      CR3, connected to pass the positive signals, and resistors R57 and R58 in
      series. In a similar manner the output of comparator 98B is connected to
      the base of transistor Q2 through diode CR4, connected to pass the
      positive signals, and resistors R59 and R61 in series.
PAR  The determination of which transistor Q1 or Q2 controls the operation of
      the circuit 67 is made by the operation of the rotary switch 19. If the
      rotary switch is in the cooling mode, i.e. positions 1 or 2, then the
      output of the comparator 98A is controlling through transistor Q1. If the
      rotary switch is in the heating mode, i.e. positions 4 or 5, then the
      output of the amplifier 98B controls through transistor Q2.
PAR  With switch 19 operated to positions 1 or 2, ground is placed on one end of
      relay coil K1. The other end of relay coil K1 is connected to negative
      voltage over a circuit that extends through conductor 107, and temperature
      sensitive switches S6a and S6b. These switches are actually in contact
      with the liquid and air heat exchangers and comprise safety circuit 81.
      The coil of relay K1 is bridged by diode CR5 for spark suppression.
PAR  The energization of coil K1 actuates contacts K1A and K1B. The operation of
      the contact K1 connects negative voltage from the floating ground midpoint
      108 of the secondary coil of transformer T2 through conductor 109,
      operated contacts K1A and the Peltier thermal electric elements 46, 47 and
      unoperated contacts K2A to ground. Actually elements 46, 47 comprise two
      elements in series, but for simplification, it is here (in FIG. 6) shown
      as one element.
PAR  The time length or phase of the output signal, i.e., the signal going
      through elements 46, 47 is controlled by the phase control circuitry as a
      function of the output of either comparator 98A or comparator 98B. With
      switch 19 in positions 1 or 2 (the cooling mode) ground is placed on the
      emitter of transistor Q3 over a circuit that extends through the wiper of
      level B of switch 19 in positions 1 or 2, conductor 111, diode CR6 and
      resistor R62. Resistor R62 is tied to negative voltage through resistor
      R63. When the ground signal from switch 19 is placed at the junction of
      resistors R62 and R63, the transistor Q3 is "off" or non-conducting and
      allows the signal originating at the output of comparator 98A to be
      coupled through diode CR3, resistors R57 and R58 into the base of
      transistor Q1.
PAR  When switch 19 is in positions 4 or 5 (the heating mode) transistor Q3, an
      NPN transistor, is in its normally conducting mode. When transistor Q3
      conducts, it shunts the signal at the junction of resistors R57 and R58
      therethrough, since the base of transistor Q3 is tied to ground and its
      emitter is tied to the negative voltage through resistors R62 and R63 in
      series and to positive battery by resistor R68.
PAR  The emitters of NPN transistors Q1, Q2 are tied directly to ground. The
      collectors of transistors Q1, Q2 are tied together through conductor 106
      and to the bases of transistors Q5, Q6 through resistors R64 and R68,
      respectively. The bases of transistors Q5, Q6 are tied to positive voltage
      through resistors R70A, R70B, respectively. When transistor Q3 is turned
      off, transistor Q1 is enabled and switches responsive to the positive
      signal from amplifier 98A.
PAR  When either transistor Q1 or Q2 conducts, then both PNP transistors Q5 and
      Q6 conduct. The collectors of transistors Q5 and Q6 are connected to power
      transistors Q7, Q8. Actually, every thing between comparator 98 and the
      power transistors Q7, Q8 should be considered the phase control circuit.
      Thus, the collectors of transistors Q5 and Q6 are connected to the base of
      transistors Q7, Q8 through resistors R71 and R72, respectively. The bases
      are also connected to ground through resistors R73 and R74, respectively.
      The emitters of both transistors are connected directly to ground. The
      collector of transistor Q7 is connected to the top side of the secondary
      of transformer T2 through the K1B contact when it is actuated and through
      diode CR9. The collector of transistor Q8 is connected to the bottom side
      of the secondary of transformer T2 through diode CR10. The midpoint of the
      secondary of the transformer T2 is connected to ground through the diode
      CR10.
PAR  While there is a positive going signal at the output of comparator 98A,
      transistor Q1 conducts and causes transistors Q5, Q6 to conduct. The
      operation is similar when the switching circuitry is under the control of
      the output comparator 98B. This occurs when switch 19 is operated for
      heating the output air of the system. Then ground is connected to the
      emitter of transistor Q4 (which biases it off) through conductor 112 diode
      CR7 and resistor R66. When this occurs there is no ground on conductor 111
      which causes transistor Q3 to conduct and shunt the signal from comparator
      98A to ground. Transistor Q2 conducts as long as there is a positive
      output from amplifier 98B. The emitter of transistor Q2 is tied directly
      to ground and its collector is tied to the base of transistor Q6 through
      resistor R61. The emitters of both driver transistors Q5 and Q6 are tied
      to positive voltage and their collectors are tied to the power
      transistors. Positive bias is placed on the emitters of transistors Q3 and
      Q4 through resistors R68 and R69, respectively, tied to the positive
      voltage bus 113. The junction of the emitters of transistors Q3, Q4 and
      resistors R68, R69 is coupled to negative voltage through resistors R63,
      R65, respectively.
PAR  The operation of switch 19 to positions 3 or 4 places a ground on one side
      of the relay coil K2. The other side of the relay coil K2 is connected to
      negative voltage in parallel with coil K1. A spark suppressing diode CR8
      bridges coil K2. A pilot light 16 is connected from negative battery to
      ground in parallel with the relay coil to indicate availability of the
      voltage.
PAR  When relay K2 is operated, the contact K2A is activated to connect the
      floating midpoint of the secondary of transformer T2 to the elements 46,
      47. Contact K1A is not actuated and remains at ground. The current through
      elements 46, 47 is in an opposite going direction as compared to the
      current caused by the operation of relay K1.
PAR  Further, it should be noted that contact K1B does not operate in the heat
      mode because in the heat mode, elements 46, 47 are much more efficient
      than in the cooling mode and less power is therefore required. In
      particular, when coil K1 is actuated (cooling mode) contacts K1B connect
      diode CR9 to one end of transformer T2 enabling transistors Q7, Q8 to
      provide control of the full wave output from the midpoint of transformer
      T2. When contacts K2 are activated, contacts K1B are open providing
      half-wave output from transformer T2, in which case only transistor Q8 is
      enabled to control this half-wave signal. Thus, in this manner, more power
      is available in the cooling mode than in the more efficient heating mode.
PAR  In the cooling mode transistors Q7 and Q8 operate together under the
      control of transistors Q5 and Q6 which also operate identically together.
      Thus, the positive signal received through transistors Q5 and Q6 causes
      transistors Q7 and Q8 to conduct. The conduction of transistors Q7 and Q8
      sends current through elements 46, 47 in a direction to cool outgoing air.
PAR  In operation the air can be set for a preset cool or warm temperature or a
      cool or warm adjustment setting, depending on the position of the wiper of
      switch 19. The difference between the set temperature and the actual
      temperature causes an output at amplifier 96. The error output of
      amplifier 96 is used to vary the phase of the output of comparators 98A or
      98B. The output of comparator 98A controls the automatic cooling
      adjustment while the output of amplifier 98B controls the automatic
      heating adjustment. The phase control and switching circuitry operates
      responsive to either the output of comparator 98A or comparator 98B to
      provide a phase controlled signal through elements 46, 47 that is
      proportional to the error signal. Thus, elements 46, 47 act to heat or to
      cool for different periods of time, depending on the amplitude of error as
      determined by element 36. The operator first operates switch 19 for a hot
      or cold mode desired. Switch 84 is operated to time the injection of air
      into the ear of the patient. When the desired time has elapsed, a tone
      generator automatically functions to send an audible signal through a loud
      speaker. In the meantime, the air of the desired temperature is injected
      into the ears of the patient.
PAR  While the principles of the invention have been described above in
      connection with specific apparatus and applications, it is to be
      understood that this description is made only by way of example and not as
      a limitation on the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An air caloric stimulation system for eliciting a nystagmus condition in
      a patient by stimulating the patient's ear with an air stream of
      controlled temperature,
PA1  said system comprising air supply means for supplying air under
      compression,
PA1  nozzle means for applying air from said air supply means to the patient's
      ear,
PA1  temperature setting means for setting the temperature of the air delivered
      to the patient's ear to a desired set level,
PA1  sensor means for sensing the actual temperature of the air delivered to the
      patient's ear,
PA1  power supply means for supplying electrical current,
PA1  thermal element means operating responsive to the duration and direction of
      the current therethrough for supplying or removing heat from the air,
PA1  means including control circuitry connecting said power supply means to
      said thermal element means for controlling the current direction and
      duration through said thermal element means as a function of the
      difference between said set temperature and said sensed temperature,
      whereby said thermal element means heats or cools the air until the
      temperature of the air delivered to the patient's ear equals said set
      temperature,
PA1  said control circuitry including timing means for indicating the time
      length of the delivery of the compressed air to the patient's ear.
NUM  2.
PAR  2. The air caloric stimulation system of claim 1 wherein said control
      circuit means comprises means for converting said sensed temperature to a
      first electrical signal,
PA1  means for providing a second electrical signal as an indication of the set
      temperature, and
PA1  difference means for providing an error signal based on the difference
      between said first electrical signal and said second electrical signal.
NUM  3.
PAR  3. The air caloric stimulation system of claim 2 wherein said thermal
      element comprises at least one Peltier unit, and wherein said temperature
      setting means includes mode switch means for selectively determining
      whether the air delivered from the system is to be hot or cold by setting
      said mode switch means to the heating mode or cooling mode, respectively.
NUM  4.
PAR  4. The air caloric stimulation system of claim 3 and phase control means
      operated responsive to the setting of said mode switch means and said
      error signal for providing current through the Peltier unit.
NUM  5.
PAR  5. The air caloric stimulation system of claim 4 wherein comparator means
      are provided for synchronizing said error signal with a line frequency
      signal,
PA1  said comparator comprising a first comparator amplifier operated responsive
      to a positive error signal for providing a first control signal with an
      average duration that is a function of the amplitude of the first error
      signal, and
PA1  a second comparator amplifier operated responsive to a negative error
      signal for providing a second control signal with an average duration that
      is a function of the amplitude of the second error signal.
NUM  6.
PAR  6. The air caloric stimulation system of claim 4 wherein said first or
      second control signals control the length of time the current is supplied
      to the thermal elements,
PA1  said first control signal controlling when said mode switch means is in
      said cooling mode, and
PA1  said second control signal controlling when said mode control switch is in
      said heating mode.
NUM  7.
PAR  7. An air caloric stimulation system for providing air at controlled
      temperatures to patient's ears to induce nystagmus,
PA1  said system comprising a source of air,
PA1  power supply means for supplying electrical current,
PA1  thermal element means connected to said power supply means for either
      heating or cooling the air as a function of electrical current direction
      through said thermal units,
PA1  sensor means for sensing the temperature of the air going into the
      patient's ears,
PA1  means for setting the temperature of the air going into the patient's ear,
PA1  switch means for selecting a hot mode or a cold mode of operation to
      determine whether the air delivered is relatively hot or cold by
      controlling the direction of the current going through said thermal
      element means from said power supply means, and
PA1  phase control means operating responsive to the difference between said
      sensed temperature and said set temperature for supplying current to said
      thermal units for a time period that is a function of the amplitude of
      said difference.
NUM  8.
PAR  8. The air caloric stimulation system of claim 7 wherein said thermal units
      are Peltier units.
NUM  9.
PAR  9. The air caloric stimulation system of claim 7 wherein liquid exchange
      equipment is used for cooling said thermal units.
NUM  10.
PAR  10. The air caloric stimulation system of claim 9 wherein said means for
      determining the difference between said sensed temperature and the set
      temperature comprises:
PA1  circuit means for converting the sensed temperature to a first signal and
      for providing a second signal as a function of the set temperature,
PA1  means for providing an error signal as a function of the difference between
      the first signal and said second signal, and
PA1  means for using the error signal to control the current duration through
      said thermal element means.
NUM  11.
PAR  11. The air caloric stimulation system of claim 9 and means for increasing
      the power to said Peltier elements in the cold mode of operation.
NUM  12.
PAR  12. An air caloric stimulation system for eliciting a nystagmus condition
      in a patient by stimulating the patient's ear with an air stream of
      controlled temperature,
PA1  compressed air supply means,
PA1  means for supplying air from said air supply means to the patient's ear,
PA1  temperature setting means for setting the temperature of the air delivered
      to the patient's ear to a desired level,
PA1  sensor means for sensing the actual temperature of the air delivered to the
      patient's ear,
PA1  thermal element means for supplying or removing heat from the air supplied
      to the ear responsive to the duration and direction of current
      therethrough,
PA1  power supply means for supplying electrical current to said thermal element
      means,
PA1  control circuit means for controlling the electrical current from said
      power supply both as to direction and duration as the electrical current
      passes through said thermal element means,
PA1  said current direction and duration being supplied as a function of the
      difference between said set temperature and the actual temperature,
      whereby said actual temperature is made equal to said set temperature by
      the controlled current passing through the thermal element means,
PA1  said control circuit means further including timing means for indicating
      the time and duration of the delivery of air to the patient's ear, and
PA1  said timing means including alarm means to alert an operator of said air
      caloric stimulation system that a desired amount of time has elapsed.
NUM  13.
PAR  13. An air caloric stimulation system for providing air at controlled
      temperatures to a patient's ear to induce nystagmus,
PA1  said system comprising: a source of air,
PA1  power supply means for supplying electrical current,
PA1  Peltier elements connected to said power supply means for heating or
      cooling the air as a function of electrical current direction through said
      Peltier elements,
PA1  means for setting the temperature of the air going into the patient's ear,
PA1  switch means for selecting a hot mode or a cold mode of oepration to
      determine whether the air delivered is relatively hot or cold,
PA1  phase control means operating responsive to the difference between said
      sensed temperature and said set temperature for supplying current to said
      Peltier elements for a time period that is a function of the amplitude of
      said difference,
PA1  liquid exchange equipment for cooling said Peltier elements,
PA1  said phase control means including means for determining the difference
      between said set temperature and said sensed temperature and for
      converting the sensed temperature to a first signal and the set
      temperature to a second signal,
PA1  means for providing an error signal as a function of the difference between
      the first signal and the second signal,
PA1  control means for using the error signal to control the current duration
      through said Peltier elements, and
PA1  said control means including means for synchronizing the error signal to
      the line frequency to convert the error signal to a square wave signal
      having a frequency that is twice the line frequency and having the
      duration of the positive portion varied as a direct function of the
      amplitude of the error signal.
NUM  14.
PAR  14. The air caloric stimulation system of claim 13 wherein said
      synchronizing means comprises a pair of comparators,
PA1  a first of said comparators connected directly to the error signal, and
PA1  a second of said comparators connected to the error signal through an
      inverter, whereby the output of the first comparator is used when the
      error signal is negative and the output of the second comparator is used
      when the error signal is positive.
NUM  15.
PAR  15. The air caloric stimulation system of claim 14 wherein said phase
      control means are operated responsive to the positive signal received from
      either said first or second comparators and from said switch means used to
      select the hot or cold mode of operation.
NUM  16.
PAR  16. The air caloric stimulation system of claim 15 wherein the polarity
      switching and phase control circuitry includes power transistor means
      attached to each of said pair of comparators for switching current into
      opposite sides of said thermal element,
PA1  control transistor means operated to turn on for a duration determined by
      said first comparator means when said error signal is positive and said
      switch means is in the cooling mode and by said second comparator means
      when said error signal is negative and said switch means is in the heating
      mode, and
PA1  said switch means connected to select the direction of current through the
      thermal units by turning it to either the cooling mode or the heating
      mode.
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ABST
PAL  A system and method are provided for use in training individuals in
      biofeedback techniques. A variety of physiological functions are monitored
      on separate channels and associated circuitry generates feedback signals
      for each function. The feedback signals from the various physiological
      functions preferably are combined in a matrix from which an output is
      generated only under predetermined conditions as when two or more of the
      monitored functions are within the parameters set for each separate
      function.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to biofeedback techniques and equipment
      and more particularly is directed towards a new and improved biofeedback
      training method and associated system.
PAR  2. Description of the Prior Art
PAR  Biofeedback generally refers to an area of psycho-physiological research
      and applications by which a subject is able to exert conscious control
      over certain autonomic systems. In general, the bioelectric signal
      generated by specific physiological change is amplified and the
      information concerning the change is fed back to the subject in a form by
      which the subject is able to monitor the change and in this fashion learn
      to control the function.
PAR  Heretofore, instruments employed for this purpose have been capable of
      monitoring single body functions such as brain wave activity, skin
      temperature, muscular activity and the like. The subject thus is provided
      with biofeedback data with respect to a single function only or a number
      of separate feedback signals. While instruments available heretofore for
      this purpose have provided the necessary feedback data, they have been
      lacking the ability to give one feedback signal which gives a profile of
      the complete physiological condition of the subject.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved method and associated system capable of monitoring a plurality of
      physiological functions and providing feedback data for each function in
      one mode, or, in another mode providing feedback data only when some or
      all of the individual functions are in pre-selected states.
PAC  SUMMARY OF THE INVENTION
PAR  This invention features a biofeedback training method comprising the steps
      of monitoring a plurality of different physiological functions to obtain
      feedback signals corresponding to the condition of each function and
      processing signals to generate feedback data only under certain
      predetermined conditions of at least two functions thereby allowing the
      subject to train in the simultaneous control over at least two biological
      functions.
PAR  This invention also features a biofeedback training system, comprising a
      plurality of separate input modules adapted to monitor a plurality of
      physiological functions that generate binary outputs therefrom, a matrix
      control unit is connected to each of said modules and is programmed to
      generate feedback signals to the subject only when the outputs of certain
      of said modules are in a predetermined state whereby the subject receives
      biofeedback signals useful in controlling simultaneously two or more
      biological functions. The system also includes new and improved modular
      biological sensors and associated circuitry.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat schematic block diagram of a biofeedback system made
      according to the invention,
PAR  FIG. 2 is a block diagram of the matrix system employed in the FIG. 1
      system,
PAR  FIG. 3 is a circuit diagram corresponding to the block diagram of FIG. 2,
PAR  FIG. 4 is a block diagram of a thermal digital differentiator made
      according to the invention and employed in the thermal module of the
      system,
PAR  FIG. 5 is a circuit diagram corresponding to the block diagram of FIG. 4,
PAR  FIG. 6 is a block diagram of an EMG logarithmic converter employed in the
      EMG module of the system,
PAR  FIG. 7 is a block diagram of a digital filter employed in the EEG module of
      the system,
PAR  FIG. 8 is a wave formed diagram employed to illustrate the operation of the
      system, and,
PAR  FIG. 9 is a logic diagram of inhibit circuitry employed in the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Current biofeedback training techniques have involved the monitoring of a
      single physiological function to obtain feedback data by which the subject
      is able to develop control, to a greater or lesser extent, over that
      function. In practice, the equipment employed to obtain the feedback data
      involves instrumentation adapted to monitor bioelectric signals from a
      specific physiological change, the signal being greatly amplified and
      processed for feeding back the information to the subject in visual or
      audible form. Biofeedback instruments currently available include thermal
      units adapted to provide feedback information with respect to the
      difference in skin temperature between two different locations on the
      body. With such instruments, the subject is able to gain some control over
      blood flow between the two locations. EMG units provide the feedback of
      myo-electric signals to give the subject information concerning muscular
      activity whose level is far below that of normal sensory awareness. EEG
      feedback units are employed to detect brain wave activity whereby the
      subject is able to train in altering his brain wave activity.
PAR  In all of the prior techniques the procedure has been to monitor but a
      single physiological function and hence biofeedback training has been
      limited to specific physiological functions. This practice is
      self-limiting insofar as it does not provide information for either the
      subject or an investigator as to when a particular combination of
      physiological changes is taking place. Also, the use of a single
      biofeedback unit does not provide a complete physiological profile of the
      subject or enable the subject to train in and develop control over a
      complex array of physiological variables simultaneously. Training with
      respect to a plurality of physiological variables can thus result in the
      elimination of system transferal which may occur in certain instances.
PAR  In accordance with the present invention a plurality of physiological
      functions are monitored simultaneously and signals generated by the
      monitoring instruments are processed and combined in a matrix. The
      operator sets the criteria that must be met by each physiological function
      being monitored, and, in this fashion, the subject will obtain feedback
      only when the state of the functions meet all of the programmed criteria.
      The difficulty of each separate criteria is continuously variable to allow
      the subject's responses to be shaped to obtain the desired result. The
      matrix allows the subject to demonstrate simultaneous control over two or
      more biological functions. By way of example, the system can be programmed
      to provide feedback only when the subject's brain waves are of a certain
      frequency and amplitude, differential skin temperature is changing in the
      desired direction, and muscle tension in one or more muscle groups is
      below a programmed level. The matrix feedback is not merely the feedback
      of many separate signals rather it reduces the attention level required by
      the subject insofar as he receives only one feedback signal rather than a
      plurality of signals representative of different functions.
PAR  Referring now to the drawing and to FIG. 1 in particular, there is
      illustrated by diagram a system made according to the invention and
      involving a plurality of physiological sensors adapted to monitor a
      plurality of different physiological functions. The sensors and associated
      circuitry are arranged in separate channels according to the monitored
      function with all of the channels connected to a common matrix prior to
      being sent back to the subject. In the drawings, the subject is generally
      indicated by reference character 10 and the system, generally indicated by
      reference character 12, is comprised of two or more separate channels. In
      the illustrated embodiment the system includes a thermal module 14, an EMG
      module 16 and a DP-EEG module 18, defining separate channels. Other
      modules defining other separate channels may be added to the system. All
      of the modules are connected to a matrix module 20 by which the system may
      be operated in a matrix mode in which the outputs of each channel are
      passed through the matrix module which combines data from the several
      channels and provides an output when the outputs of selected channels are
      in a predetermined state. The several channels may be operated separately,
      if desired, so that the subject may employ the system to monitor a single
      function only. The system output is to a sensory unit 22 which may include
      one or more sensory devices such as a sound emitter, a light emitter, a
      vibrator or the like, providing a feedback sensory input to the subject.
PAR  Each biofeedback module consists of a biological sensor such as an
      electrode 24, 26 and 28 connected directly to the subject 10. For the
      thermal module the sensor 28 may take the form of a thermistor while the
      EMG electrode 26 and the EEG electrode 24 are selected to sense and
      transmit muscular activity and brain wave activity, respectively. Each
      module also includes an amplifier by which the signals received by the
      biological sensors are greatly amplified and the outputs of the amplifiers
      are fed through processing circuitry and thence to a feedback section
      which provides the feedback signal in an appropriate mode.
PAR  The best form of feedback signal is considered to be one requiring the
      least mental processing on the part of the subject to determine whether or
      not training is taking place.
PAC  THERMAL MODULE
PAR  In the thermal module 14 this function is performed in a unique way.
      Basically, the thermal signal is a voltage that is proportional to the
      difference in temperature between two points on the subject 10. This
      signal is one that moves at an extremely slow rate and it is a
      particularly difficult matter to start the subject training in this area
      because of the slight variations generated when training is initiated. The
      thermal module 14 employs a sampling technique which avoids this
      difficulty. The thermal module samples the voltage and stores the value in
      a sample and hold circuit. As shown in the block diagram of FIG. 1, the
      biological sensor of thermal module is the thermistor 28, the output of
      which is greatly amplified by means of a bridge amplifier 30. The signal
      produced by the bridge amplifier is then fed into a digital differentiator
      32. In the differentiator 32, the voltage is sampled and its value stored
      in a sample and hold circuit. This circuit is set to cycle periodically,
      typically 10 seconds, and then re-sample and hold a new voltage. The
      circuit then compares the two voltages and generates a pulsed tone
      feedback signal in a feedback unit 34. The circuit again cycles comparing
      the next two voltage samplings and generates a pulse tone feedback for the
      next 10 seconds, assuming the subject is training properly. The circuit
      constitutes a digital differentiator.
PAR  The technique is particularly useful in training insofar as the normal
      training method is to instruct the subject to imagine something such as
      holding his hand in cold water for a period of time.
PAR  Prior instruments for this purpose employ either meter feedback information
      which is not particularly effective because images are easier to hold with
      the eyes closed or use a frequency modulated tone feedback which does not
      indicate sharply small gradual changes. With the present system, however,
      not only are these drawbacks eliminated but, also, the mental processing
      required by the subject to determine his progress is reduced. The output
      of the module is also binary in nature which is useful in the matrix
      module 20.
PAR  The thermal digital differentiator is illustrated in block form in FIG. 4
      and in diagrammatic form in FIG. 5. In FIGS. 4 and 5, the input at a
      terminal 36 is a voltage from the bridge amplifier 30 and is analog to the
      temperature difference detected between two points on the subject 10. The
      analog voltage is fed into a first sample and hold circuit 38 having
      output to a second sample and hold circuit 40. Each sample and hold
      circuit includes a field effect transistor switch 42 and 44, respectively.
      The base of the field effect transistor switch 42 is connected by a lead
      46 to a delay circuit of typically 20 ms, formed by means of a transistor
      48 and a pair of diodes 50 and 52 that connects to the base junction. The
      base of the field effect transistor 44 is connected by a lead 53 to a
      basic clock circuit typically set for ten seconds indicated by reference
      character 55. The two sample and hold circuits 38 and 40 provide inputs to
      a comparator 56 the output of which is to a tone oscillator 58 also
      receiving inputs from a pulsed multi-vibrator 60. The output of the
      oscillator 58 is fed back to the subject directly or to the matrix 20,
      depending upon the particular mode of operation.
PAC  EMG MODULE
PAR  With respect to the EMG module a technique is employed which differs from
      that normally utilized in this field. Heretofore, the normal EMG
      biofeedback devices have integrated the EMG signals insofar as it is
      likely to be a more accurate measure of the total electrical activity in a
      muscle than is the amplitude of the waveform. It has been discovered that
      small electrical shocks applied to a muscle create tensions whose
      integrated EMG signal is proportional to the applied frequency of the
      shocks. The human body has been found to respond in a logarithmic fashion
      to sensing frequency-varying functions (i.e., musical octaves) so that the
      most likely useful feedback signal would be a signal that is proportional
      to the logarithm of the integrated EMG signal. The EMG module of the
      present system thus functions on that feedback basis. In the EMG module
      16, as illustrated in FIGS. 1 and 6, the EMG electrodes 26, which are
      applied to the subject 10, provide a signal to a low noise amplifier 62.
      The EMG signal, which has been amplified, is detected and integrated
      through an AC to DC converter 64 and then shaped through a logarithmic
      amplifier 66, typically a three-decade logarithmic converter. The
      resulting signal provides separate inputs to a voltage controlled
      oscillator 68 and to a threshold circuit 70, the threshold circuit
      providing a binary output for the matrix while the oscillator 68 may be
      employed for direct feedback training to the subject. Conventional systems
      of this type use either a linear or diode shaped response while the
      present system employs a logarithmically shaped response.
PAC  EEG MODULE
PAR  Referring now to the EEG module 18, the EEG electrodes 24 connected to the
      subject provide input signals to a low noise amplifier 72 which, in turn,
      provides an amplified signal to a threshold digital filter and inhibit
      circuit 74. The output of this circuit is then fed to a feedback unit 76,
      which typically may include a real time pulse click percent alpha meter
      and/or a light emitting diode providing a light feedback for the subject
      10. The unit 76 also includes a binary output for the matrix module 20.
PAR  The digital filter 74 (FIG. 7) allows a continuous tuning down to an
      extremely narrow band over the entire EEG range. The circuit is
      considerably simpler than conventional digital filters and, basically, the
      incoming signal from the amplifier 72 is passed through a threshold or
      zero crossing detector 78 provided with a potentiometer 80 for use in
      setting the threshold of the detector 78. The resulting pulse from the
      detector 78 is made uniform by passing it through a one-shot multivibrator
      82. The result of the zero crossing pulse is used to turn on two
      re-triggable monostable multivibrators 84 and 86, each of which is
      provided with a potentiometer 88 and 90 for adjustment thereof. The
      multivibrator 84 is set at the pulse width of the high frequency end of
      the desired band while the multivibrator 86 is set at the pulse width of
      the low frequency end of the band. The output of the high vibrator 84 is
      inverted at 92 and summed in a Boolean sense with the output of the low
      multivibrator 86 and the zero crossing in an AND gate 94. The output of
      the AND gate used to perform this sum will be a pulse only when the input
      frequency to the AND gate 94 is between the low and high settings of the
      two multivibrators 84 and 86. If the frequency is too low, the low
      multivibrator will return to zero and cancel the output. The frequencies
      of the two multivibrators 84 and 86 are set by the calibrated
      potentiometers 88 and 90. The digital filter of the foregoing
      configuration is generally insensitive to noise, variations in supply
      voltage and is simple to operate.
PAR  In FIG. 8 the various alphabetically labeled waveforms correspond to the
      shape of the signals at similarly labeled points in the diagram of FIG. 7.
      In FIG. 8, it will be noted that output pulses (G) are present only when
      the frequency is in the desired range. This may be expressed by the
      equation G = E + F.
PAR  Two of the main difficulties encountered with biofeedback training based on
      brain wave activity relate to artifacts and pulse width training. The
      difficulties arising from artifacts is that, even with very tight band
      pass filters, there are numerable sources that can cause false feedback
      signals. Some of these are movement artifacts, electrode artifacts and the
      like. These artifacts interfere with successful training since they
      require that the subject learns to ignore them. This is a difficult task
      particularly while the subject is first starting in brain wave training
      and also introduces the possibility of biofeedback training based on an
      undesired function such as eye muscle tremor. With respect to pulse width
      training, the present techniques allow for amplitude training of the
      desired EEG waveform by way of thresholds or amplitude modulation and also
      frequency training through filters and percent of time training. No
      system, however, heretofore has been developed to do pulse width training.
      Under this technique the subject attempts to lengthen the actual bursts of
      desired signals. By using an inhibit circuitry in the EEG module 18 the
      subject is able to eliminate all artifacts and to train on pulse width.
PAR  The inhibit circuitry shown in FIG. 9 receives input signals from the
      digital filter of FIG. 7. The output (G) of the digital filter serves as
      the input for an eight bit series in, parallel out shift register 96. The
      filtered signal (G) also serves as a clock pulse. The output (E) of the
      low monostable multivibrator 86 is used to clear the register 96 whenever
      it goes to an "O" state. The number of pulses inhibited is selected by a
      switch 98 which picks up positions Q1 through Q8 of the shift register
      output. This output is then ANDed by an AND gate 100 with the output of
      the digital filter. The output then will be the same pulse train that
      comes through the digital filter, but the leading pulses in the train will
      be inhibited up to the first eight depending upon the setting of the
      selector switch 98 which selects Q1 through Q8.
PAR  To use an artifict inhibitor the operator merely places the switch on one
      of the low numbers such as 2 or 3. It will normally be very unlikely that
      any artifacts will result and have a pulse train after filtering of more
      than two or three so that the inhibit selector can be set to eliminate all
      artifacts.
PAR  To use a pulse width trainer, the operator merely sets the selector on the
      highest number that gives no output. The training at this setting will
      provide feedback only when the operator lengthens the pulse that the
      subject is producing.
PAR  Other modules defining other biofeedback channels for different
      physiological functions may be added to the system.
PAC  MATRIX MODULE
PAR  All of the channels have outputs to the matrix module 20 through a lead
      102. The matrix module 20 allows the researcher, clinician or individual
      to train on the basis of a complex array of physiological variables
      instead of a single physiological function. Most symptoms of psychosomatic
      disease have a number of physiological correlates. For example, a
      hypertense individual might have high blood pressure, a high level of
      muscle tension, a predominately Beta brain wave state and vasodilation of
      the head muscles. Instead of just EMG or Alpha training, the present
      system allows an individual to train all of the physiological variables at
      once. The system can be set to provide feedback only when the subject is
      relaxed muscularly below a certain level (EMG) and the vaso-dialation of
      the head is reducing (thermal) and he is in the Alpha state (EEG). This
      complex training is able to eliminate sympton transferal. The system thus
      is able to allow multiple parameter training either with multiple
      feedbacks or with one matrixed feedback.
PAR  As best shown in FIGS. 2 and 3 the matrix module 20 is organized about a
      multiple input AND gate 104 receiving inputs from the various channels
      defined by modules 14, 16, 18, etc. The gate 104 will generate an output
      signal only when all of the selected channels deliver a pulse of the
      predetermined parameter and this output will be fed to a feedback device
      106, typically in the form of an oscillator which is on when a 1 is
      present at its input and off when an 0 is present. This represents a
      pulsed tone feedback for the subject 10 and is fed through a lead 108
      which is connected to the individual outputs of various channels and to
      the device 22. The unit 106 also is provided with a binary output.
CLMS
STM  Having thus described the invention what we claim and desire to obtain by
      Letters Patent of the United States is:
NUM  1.
PAR  1. A closed loop system for use in the biofeedback training of a subject,
      comprising
PA1  a. a plurality of discrete subsystems each adapted to monitor a different
      physiological function of said subject and generate status signals with
      respect thereto,
PA1  b. a discrete biological sensor connected to each subsystem and adapted to
      be connected to said subject,
PA1  c. matrix means connected to all of said subsystems for logically
      processing said status signals and generating a single feedback signal
      when at least two different selected status signals are at a predetermined
      value,
PA1  d. sensory means for said subject connected to said matrix means and
      adapted to produce a sensory signal as a feedback sensory input to said
      subject upon generation of a feedback signal from said matrix means,
PA1  e. each of said subsystems including amplifying means connected to each of
      said sensors for amplifying the output thereof, and analog to digital
      converting means connected to said amplifying means for converting analog
      signals from said amplifying means to digital signals for said matrix
      means,
PA1  f. each of said subsystems including binary output means for said matrix
      means and said matrix means includes a logical AND gate connected to each
      of said subsystems and said sensory means and adapted to generate an
      output feedback signal only when predetermined status signals are at a
      predetermined value, and,
PA1  g. switching means between each of said subsystems, said matrix means and
      said sensory means for selectively connecting any of said subsystems to
      either said matrix means or directly to said sensory means,
PA1  h. said subsystems including a thermal module adapted to detect temperature
      differences between spaced points on said subject, an EMG module adapted
      to detect muscular activity of said subject and an EEG module adapted to
      detect brain wave activity of said subject,
PA1  i. said thermal module including a digital differentiator for periodically
      sampling, storing and comparing status signals processed by said thermal
      module,
PA1  j. said EMG module including a logarithmic converter adapted to provide a
      feedback signal logarithmically proportional to the status signals
      processed by said EMG module,
PA1  k. said EEG module including a threshold digital filter providing a
      feedback signal only when the status signals processed by said EEG module
      are within a predetermined value.
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ABST
PAL  A pre-gelled electrode for use on a patient's skin comprises a
      non-conductive gel-container, a conductive gel within the gel-container, a
      metal contact having a conductive connection with the gel, a cap which
      engages with the gel container to hermetically close the gel-container and
      means for controlling the flow of gel onto the skin after removal of the
      cap and has an improved shelf-life. The metal contact includes a
      gelatinous substance to prevent corrosion.
BSUM
PAR  This invention concerns improved electrodes, especially disposable
      electrodes suitable for medical use, particularly for monitoring and/or
      recording the body's electrical impulses.
PAR  An object of the invention is to devise an electrode with an extended shelf
      life of disposable pre-gelled electrodes.
PAR  A further object of the invention is the provision of a disposable
      pre-gelled electrode whose shelf-life does not depend on the packaging
      thereof.
PAR  The invention provides a pre-gelled electrode for use on a patient's skin,
      which comprises a metal contact, a non-conductive gel-container, a
      conductive gel within the gel-container, a metal contact in conductive
      connection with the gel, a cap which engages with the gel-container to
      hermetically close the gel-container, and means for controlling the flow
      of gel onto the patient's skin after removal of the cap.
PAR  Preferably both the gel-container and the cap are of plastics material.
      Preferably the cap has a skirt portion with a circumferential lip which
      engages a corresponding annular groove in the gel-container.
PAR  The means for controlling the flow of gel onto the patient's skin may
      suitably be a foam material, particularly a reticulated plastics foam.
      Alternatively, the gel-container may comprise a perforated valve plate
      defining with the gel-container a gel reservoir; in use the gel may ooze
      through the perforations onto the skin. With the latter form, preferably
      the cap also comprises a portion which engages the valve plate and seals
      the perforations.
PAR  In its preferred embodiments, the electrode of the present invention gives
      an essentially hermetic seal to protect the gel, and yields a desirable
      shelf-life of 12 months or more. Such a shelf-life is attained in the
      preferred embodiments independent of packaging devices such as foil and
      plastics film packaging, although the electrodes are preferably protected
      by such packaging. The electrodes are conveniently sterilised once
      completely manufactured and this may suitably be done after packaging, by
      .gamma.- ray radiation.
DRWD
PAR  Some preferred embodiments of the invention will now be described
      hereinafter, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is an exploded view in cross-section of a first embodiment of the
      invention,
PAR  FIG. 2 is a cross section of a cap and gel-container of the first
      embodiment of the invention, and
PAR  FIG. 3 is an exploded view in cross-section of a second embodiment of the
      invention.
DETD
PAR  In FIGS. 1 and 2, a circular plastics gel-container 1 suitably of
      polyethylene has a central hole 2 through which a two-part metal
      press-stud 3 projects. The contact portion or stud 3' is suitably brass
      which is nickel plated, and the inner portion or fastener 3" is preferably
      brass which is silver plated for reasons of electrical conductivity. The
      fastener 3" is force fitted into the hollow portion of the stud 3'. The
      press-stud 3 seals the hole 2. The gel-container 1 has an inner annular
      groove 4,14 with a groove 5, with which a corresponding lip 6 on the skirt
      portion 7 of a cap 8 mates. The gel-container 1 has within it a loose
      cylindrical portion of plastics reticulated foam 9, which is impregnated
      with a conventional compounded gel (not shown) for example a conventional
      saline gel which is electrically conductive. The cap 8 conveniently has a
      conical central portion 8a which compresses the foam 9 to decrease the
      tendency of the foam to drop out of the gel-container 1 when the cap 8 is
      removed. To attach the electrode to the skin for monitoring and/or
      recording the body's electrical signals, the electrode has a surrounding
      foam pad 10 coated with a suitable medical adhesive 12 on the surface to
      be in contact with the patient's skin. The adhesive layer 12 is suitably
      covered and protected by a paper sheet which may be stripped off before
      application of the electrode to the skin. A vinyl sheet or label 13 is
      adhesively connected to the outer surface of pad 10 and the outer surface
      of the gel-container 1. A terminal with a lead (not shown) will be
      attached to the stud 3' to permit the electrode to be connected up to a
      recording machine, for example.
PAR  FIG. 3 illustrates a further construction of gel-container and cap. The cap
      8 has an extended central portion 15 which engages and seals the
      perforations 16 of a valve plate 17 mounted in the gel-container 1. In
      this construction gel is contained in the space 18 enclosed by
      gel-container 1 and valve plate 17. On removal of the cap 8, gel may
      escape through perforations 16 onto the skin of the patient.
PAR  It has been discovered that during assembly of the electrodes illustrated,
      the inner portion or fastener 3" may split or the silver plating which is
      preferred may split or flake when it is forced into the contact portion or
      stud 3'. The occurrence of chemical action and other undesirable corrosion
      may be prevented by the inclusion of a barrier between the gel and the
      area of metal which comes under attack. As the area is small the barrier
      should be tenacious and remain in situ throughout the electrode's shelf
      life and usage. It should not suffer gel attack or deteriorate in any way.
      A preferred barrier involves the injection of a hardenable material,
      preferably a plastic gelatinous substance, especially a gelatinous
      substance dissolved in ether, into the hollow portion of the stud 3'
      before assembly. This is advantageous in the prevention of corrosion but
      best results are obtained when the stud 3' and the inner portion or
      fastener 3" are chemically clean.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pre-gelled electrode, comprising a resilient non-conductive
      gel-container having on one side thereof a cavity adapted to open to the
      skin of a patient, an annular groove surrounding said cavity and adapted
      to open to the skin of a patient, said annular groove forming an inner
      wall and an outer wall and having on at least one of said walls another
      groove, and a central aperture communicating between said cavity and the
      side of said gel-container opposite said cavity; a conductive gel within
      said cavity; a metal contact in conductive connection with said gel and
      passing through said gel-container from said cavity to the side of said
      gel-container opposite said cavity, said metal contact including a metal
      fastener projecting from said cavity through said central aperture and a
      hollow metal stud located on the side of said gel-container opposite said
      cavity and receiving said metal fastener, wherein said metal fastener and
      said hollow metal stud seal said central aperture in said gel-container,
      said hollow metal stud containing chemical means for preventing said gel
      from contacting that portion of said metal fastener within said hollow
      metal stud, whereby chemical attack or corrosion of that portion of said
      metal fastener within said hollow metal stud is prevented; a removable cap
      covering said cavity, said cap having a skirt portion with a
      circumferential lip, said skirt portion engaging both said inner wall and
      said outer wall of said annular groove and said lip engaging said another
      groove, whereby said cap covers and hermetically seals said cavity to
      ensure sterility and prevent dehydration of said gel; means adjacent said
      gel-container for attaching said gel-container to the skin of a patient
      after the removal of said cap; and means for controlling the flow of said
      gel onto the skin of a patient after the removal of said cap.
NUM  2.
PAR  2. An electrode as claimed in claim 1, wherein said gel-container and said
      cap are made of plastics material.
NUM  3.
PAR  3. An electrode as claimed in claim 1, wherein said means for controlling
      the flow of said gel comprises a reticulated plastics foam positioned in
      said cavity of said gel-container.
NUM  4.
PAR  4. An electrode as claimed in claim 1, wherein said means for controlling
      the flow of said gel comprises a perforated valve plate defining with said
      gel-container a gel reservoir.
NUM  5.
PAR  5. An electrode as claimed in claim 4, wherein said cap comprises a portion
      engaging said valve plate and sealing said perforations.
NUM  6.
PAR  6. An electrode as claimed in claim 1, wherein said chemical means
      comprises a gelatinous substance.
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ABST
PAL  An apparatus for intermittently applying compression to a portion of a
      patient's body enclosed in a therapeutic appliance. A timer is operated
      from a regulated pressurized fluid source to generate control signals to a
      valve which alternately inflates and deflates the appliance. The elements
      of the timer may be time delay valves, penumatic timing valves or fluidic
      elements which function to produce adjustable timing intervals for the
      control signals whereby the inflation and deflation intervals and the
      cycle time may be manually changed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to medical apparatus and more particularly to an
      apparatus for intermittently applying external compression to a portion of
      a body for therapeutic purposes, for example to prevent complications of
      the circulatory system such as pulmonary embolism.
PAR  2. Description of the Prior Art
PAR  One of the most serious complications which occurs after surgery has been
      pulmonary embolism. Although it is generally accepted that venous stasis
      in the lower extremities is the major factor in venous thrombosis and
      subsequent pulmonary embolism, such a condition is difficult to detect
      since clots in the veins of the legs and pelvis produce symptoms only when
      they become attached to the vein wall and the greatest danger of pulmonary
      embolism is already passed. Methods of prevention and treatment have
      included early ambulation, post-operative exercises in bed, use of
      anti-coagulants, the electrical stimulation of calf muscles during surgery
      and wrapping the legs during and after surgery.
PAR  However, one of the most successful methods of treatment has been the
      intermittent application of pressure to the legs. Collens et al Patent No.
      2,140,898 entitled "Method of and Apparatus For Producing Intermittent
      Venous Occlusion" discloses a device for applying pressure to a leg to
      obstruct the venous flow for a relatively short period of time at a
      predetermined frequency. Although such devices produced the desired
      results, they required a source of electricity to power the timing means,
      electric motor and/or valves which controlled the air pressure for the
      pneumatic cuff or boot on the patient's leg. The introduction of such
      apparatus into the operating room required the units to be made explosion
      proof which greatly added to their weight, bulk and cost. These negative
      factors militated against general acceptance of intermittent compression
      devices
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is intended to overcome the safety, weight and size
      problems inherent in a therapeutic intermittent compression apparatus
      having electrically operated elements. The timing elements and associated
      valves are operated from pressurized fluid sources, typically the same
      pressurized fluid source as is utilized to inflate the therapeutic
      appliance enclosing a portion of the patient's body. Therefore, there is
      no requirement for a source of electrical power. The small size and light
      weight and freedom from the requirement for an electrical power source
      permit the present invention to be used advantageously for the rapid
      treatment of injuries. For example, an ambulance may carry the present
      invention and a tank of compressed gas for use at the scene of an accident
      or on the way to a hospital. The present invention and a tank of
      compressed gas stationed at an atheletic contest permits immediate
      treatment of an injury.
PAR  The first embodiment of the present invention has two time delay valves
      which are alternately actuated by a control valve to generate on and off
      signals. The time intervals of the on and off signals are independently
      adjustable to provide various periods of inflation and deflation
      respectively for the therapeutic appliance. A second embodiment of the
      present invention has two pneumatic timers which are alternately actuated
      by a control valve to generate the on and off signals for independently
      adjustable time intervals. A third embodiment has a fluidic timer
      including a free running oscillator generating a train of timing pulses.
      Two pneumatic counters count donw from preset numbers, one count for each
      timing pulse, to define the timing intervals of the periods of inflation
      and deflation.
PAR  An object of the present invention is to improve theraputic intermittent
      compression units.
PAR  Another object is to eliminate the need for and potential hazard of
      electrical controls and power for theraputic intermittent compression
      units.
PAR  A third object is to reduce the weight and bulk of therapeutic intermittent
      compression units.
PAR  A fourth object is to operate a therapeutic intermittent compression unit
      by means of pressurized fluid whereby it is independent of electrical
      sources and is operative in locations remote from such sources.
PAR  Another object of the present invention is to provide a fluid pressure
      operated therapeutic intermittent compression apparatus for alternately
      inflating and deflating an appliance enclosing a portion of a patient's
      body.
PAR  It is a further object of the present invention to provide a therapeutic
      intermittent compression apparatus with adjustable timing intervals for
      the appliance inflating and deflating periods.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the present invention;
PAR  FIG. 2 is a schematic diagram of the present invention which includes a
      delay valve timer;
PAR  FIG. 3 is a schematic diagram of an alternate embodiment of the present
      invention which includes pneumatic timers; and
PAR  FIG. 4 is a schematic diagram of a second alternate embodiment of the
      present invention which includes a fluidic timer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a block diagram of an intermittent
      compression apparatus according to the present invention. Fluid is
      supplied at both the supply pressure and control pressure from pressurized
      fluid source 11, typically a source of compressed air or other gas which
      is readily available in hospitals in operating and post-operative areas.
      Pressure regulator 12 is adjustable to maintain a constant predetermined
      supply pressure through valve 13 to appliance 14. Typically appliance 14
      may be a pressure cuff or an inflatable boot which encloses a portion of
      the body and applies pressure to that portion of the body upon being
      supplied with compressed gas through valve 13. Timer 15 is supplied from
      pressure regulator 16 which issues fluid at a constant predetermined
      control pressure to generate an "on" signal for a first predetermined
      period of time and an "off" signal for a second predetermined period of
      time. Valve 13 responds to the on signals, and output at the control
      pressure of the pressurized fluid, by connecting supply pressurized fluid
      to appliance 14 from pressure regulator 12 to inflate appliance 14 for the
      first predetermined period of time. When timer 15 switches its output to
      the off signal, valve 13 disconnects pressurized fluid source 11 and vents
      appliance 14 to the atmosphere, so that it will deflate. As this timing
      cycle is repeated appliance 14 intermittently applies compressive force to
      the enclosed portion of the body thereby stimulating circulation.
PAR  An advantageous arrangement of the system of FIG. 1 requires only a single
      source of pressurized fluid. However, it is to be recognized that the
      pressurized fluid operated timer and/or the valve operators could be
      driven from sources separate from that supplying pressurized fluid to the
      appliance. Frequently the timer 15 operates at different pressures than
      those required for the appliance 14. A preferred technique in such
      circumstances is to provide a first pressure control for the appliance and
      a separate second pressure control for the timer. Typically, the timer
      operates on higher pressures than the appliance and the controls can be
      placed in tandem with the control for the lower pressure device behind the
      control for the higher pressure and branched from that control. Thus,
      where appliance 14 operates on a lower pressure than the timer and valve
      controls, it can incorporate a regulator behind the regulator for the
      controls. Where the pressurized fluid source has an internal regulator the
      source can be regulated to the control pressure and only a regulator 12 to
      establish the lower appliance supply pressure is required in the
      intermittent compression unit assembly.
PAR  FIG. 2 is a schematic diagram of one embodiment of the present invention
      having a delay valve timer. Pressurized fluid source 17 supplies a
      compressed gas regulated to a control pressure through pressure regulator
      18, to maintain a constant appliance supply pressure, and four-way valve
      19 to appliance 21. Regulator 18 maintains a constant fluid pressure of
      typically one p.s.i. (pound per square inch) at valve 19 and appliance 21.
      A pressure of approximately one p.s.i. has been found to an optimum value
      for preventing pulmonary embolism while preserving patient comfort. Valves
      22, 23 and 24 co-operate to produce alternate on and off control signals
      at a predetermined cyclic rate. Valve 19 responds to the control signals
      to intermittently inflate appliance 21 from pressurized fluid source 17
      and deflate appliance 21 by venting it to the atmosphere. In FIGS. 2, 3
      and 4 the valves are represented schematically with the left center
      portion of each symbol showing the internal connections between ports in
      the normal valve positions and the right center portion showing the
      internal connections when the valve is actuated. Each valve port is
      numbered and will be designated by valve and port number such as exhaust
      port 19-1 of valve 19.
PAR  Element 19 is a four-way memory valve with an automatic reset. As shown in
      the left center portion of the schematic symbol, in the normal state
      exhaust port 19-1 is connected to output port 19-2, as represented by the
      arrowheaded, interconnecting line which in turn is connected to appliance
      21. The arrowheads indicate the direction of gas flow through the valve.
      Therefore, appliance 21 will be vented to atmosphere in the normal valve
      position. Input port 19-3 is normally closed, as represented by the T
      termination for the normal position, while port 19-4 is connected to
      output port 19-5. When an on control signal in the form of compressed gas
      is applied at pilot port 19-6, valve 19 is switched to the actuated
      position as shown in the right center portion of the schematic symbol.
      Input port 19-3, which is supplied with pressure regulated compressed gas
      through pressure regulator 18, is connected to output port 19-2 in the
      actuated position and appliance 21 is inflated for a first predetermined
      period of time. When the on control signal is removed and the off control
      signal, in the form of venting to atmosphere, is applied to pilot port
      19-6, valve 19 will automatically reset to the normal position. The reset
      mechanism is spring actuated to provide a substantially instantaneous
      switch in states. Exhaust port 19-1 is internally connected to an
      air-retracted spring by line 25 so that if no compressed gas is present at
      exhaust port 19-1 and no on control signal is present at pilot port 19-6
      the spring will reset the valve and appliance 21 will deflate. Valve 19
      and other valves utilized in the present invention switch with a snap
      action so as to minimize delay between the application of a control signal
      and the switching of the valve position.
PAR  Element 22 is a four-way valve having exhaust port 22-1 which is connected
      to output port 22-2 in the normal valve position. Input port 22-3 is
      normally closed while input port 22-4 is connected to output port 22-5. An
      on control signal at pilot port 22-6 will switch valve 22 to the actuated
      position as shown in the right center portion of the symbol. An on control
      signal at pilot port 22-7 will return valve 22 to its normal position.
      Elements 23 and 24 are three-way delayed-in normally closed valves with
      adjustable flow controls to provide the delay-in function. As shown in the
      left center portion of the schematic symbol, input port 23-1 is normally
      closed and output port 23-2 is connected to exhaust port 23-3. A control
      signal applied to pilot port 23-4 is delayed by a uni-directional flow
      regulator comprising manually adjustable flow restrictor 26 and check
      valve 27. Restrictor 26 acts as a controlled linear resistance which
      delays the passage of the control signal at pilot port 23-4. Restrictor 26
      is bypassed when there is flow out of pilot port 23-4 to eliminate the
      delay as check valve 27 will open. This allows accumulator 28, connected
      to output port 23-5 to provide additional time delay for the control
      signal by acting as a capacitor, to be exhausted quickly in preparation
      for the next cycle. The delayed on control signal at pilot port 23-4 will
      cause valve 23 to switch to the actuated position as shown in the right
      center portion of the symbol. An on control signal at pilot port 23-6 will
      reset the valve to the normal position. Since the delay time is pressure
      dependent, the pilot ports must be supplied from a regulated source of
      compressed gas to provide a time delay which may be manually adjusted.
PAR  When the pressurized fluid source 17 is turned on, relatively high pressure
      compressed gas, typically regulated at 50 p.s.i., is supplied to pressure
      regulator 18 which maintains a pressure of approximately 1 p.s.i. at input
      port 19-3 of valve 19. Since there is no control signal at pilot port
      19-6, valve 19 will remain in the normal position and appliance 21 will be
      vented to the atmosphere through output port 19-2 and exhaust port 19-1.
      The compressed gas from source 17 is also applied at input port 22-4 of
      control valve 22 where it is passed through to output port 22-5 and
      applied as an on control signal at pilot port 23-6 of delay valve 23 and
      pilot port 24-4 of delay valve 24. Delay valve 23 will remain in the
      normal position so that output port 23-2 is vented to atmosphere through
      exhaust port 23-3 to place an off control signal at pilot port 22-7 of
      control valve 22. The on control signal at pilot port 24-4 will be delayed
      by flow restrictor 29 and reservoir 31 for a predetermined interval of
      time. When delay valve 24 switches to the actuated position, compressed
      gas will flow through the valve from input port 24-1 to output port 24-2
      to produce an on control signal at pilot port 22-6 of control valve 22.
      Control valve 22 will switch to the actuated position to connect the
      compressed gas at exhaust port 22-3 to output port 22-2 to produce an on
      control signal at pilot ports 19-6, 23-4 and 24-6. The on control signal
      at pilot port 19-6 switches valve 19 to the actuated position which
      connects the compressed gas from regulator 18 at input port 19-3 to
      appliance 21 at output port 19-2. The compressed gas inflates appliance 21
      which applies a constant pressure to the enclosed portion of the body.
PAR  The on control signal from output port 22-2 of control valve 22 is also
      applied at pilot port 24-6 of delay valve 24 which then switches to the
      normal position to place an off control signal at pilot port 22-6 of
      control valve 22. However, control valve 22 will remain in the actuated
      position since there is an off control signal at pilot port 22-7. Pilot
      port 23-4 also receives the on control signal which is delayed by flow
      restrictor 26 and reservoir 28 for a predetermined interval of time. When
      delay valve 23 switches to the actuated position, compressed gas will flow
      through the valve from input port 23-1 to output port 23-2 to produce an
      on control signal at pilot port 22-7 of control valve 22. Control valve 22
      will switch to the normal position which will place an on control signal
      at pilot port 23-6 to reset delay valve 23 to its normal position and
      pilot port 24-4 to switch delay valve 24 to its actuated position after a
      predetermined time interval. The switching of control valve 22 to its
      normal position will also produce an off control signal at pilot ports
      23-4, 24-6 and 19-6. Valve 19 will automatically reset to its normal
      position to deflate appliance 21 by venting to the atmosphere through
      output port 19-2 and exhaust port 19-1. The automatic resetting of valve
      19 to vent appliance 21 also provides a safety feature in the event that
      there is a failure of fluid source 17 while valve 19 is actuated.
PAR  In summary, appliance 21 is inflated from pressurized fluid source 17 and
      pressure regulator 18 through valve 19 during a first predetermined period
      of time represented by the time delay associated with delay valve 23 after
      control valve 22 supplies an on control signal at pilot port 23-4.
      Appliance 21 is deflated during a second predetermined period of time
      represented by the time delay associated with delay valve 24 after control
      valve 22 supplies an on control signal at pilot port 24-4. Both time
      delays are manually adjustable so that each time interval as well as the
      total cycle time may be controlled over a range. In a typical application,
      the first time interval may be forty-five seconds of applied pressure
      followed by a second time interval of fifteen seconds of no applied
      pressure for a total cycle time of one minute. A second appliance 32 may
      be connected to output port 19-5 while input port 19-4 is connected to the
      compressed gas source as shown by the dashed lines in FIG. 2. This second
      appliance would then be inflated and deflated according to a cycle wherein
      the deflation period is the first predetermined time interval and the
      inflation period is the second predetermined time interval.
PAR  Referring to FIG. 3, there is shown an alternate embodiment of the present
      invention which includes pneumatic timers. Pressurized fluid source 34
      supplies a compressed gas through pressure regulator 35 and three-way
      valve 36 to appliance 37. Compressed gas is also supplied through pressure
      regulator 38 to valves 39, 41 and 42 which co-operate to produce on and
      off control signals at a predetermined cyclic rate. Valve 36 responds to
      these control signals to intermittently inflate appliance 37 from
      pressurized fluid source 34 and deflate appliance 37 by venting it to the
      atmosphere. Element 36 is a three-way valve with an automatic reset. As
      shown in the left-center portion of the schematic symbol, input port 36-1
      is normally connected to output port 36-2 which in turn is connected to
      appliance 37. Therefore, appliance 37 will be connected to the source of
      compressed gas, typically regulated at 1 p.s.i., in the normal valve
      position. Exhaust port 36-3 is normally terminated but is connected to
      output port 36-2 when an on control signal is received at pilot port 36-4
      to vent appliance 37 to the atmosphere in the actuated position of valve
      36.
PAR  Element 39 is also a three-way valve with an automatic reset which connects
      input port 39-1 to output port 39-2 in the normal position and connects
      output port 39-2 to exhaust port 39-3 in the actuated position. Elements
      41 and 42 are pneumatic timing valves which operate in a pressure range of
      1 to 15 p.s.i. Pressure regulator 38 maintains the compressed gas at a
      constant pressure, typically 10 p.s.i., at valves 39, 41 and 42. Pneumatic
      timer 42 has input port 42-1 connected to output port 42-2 in the normal
      position. When compressed gas is applied at input port 42-1, a manually
      adjustable timing cycle is initiated during which the valve remains in the
      normal position. At the end of the timing cycle output port 42-2 is
      connected to exhaust port 42-3 as valve 42 is actuated. When the signal is
      removed from input 42-1 pneumatic timing valve 42 will automatically reset
      to the normal position. Valve 42 is spring operated to provide
      substantially instantaneous switching between valve positions when
      actuated or reset. Time is measured by an internal escapement mechanism
      which maintains timing accuracy regardless of the supply pressure.
      However, pressure regulator 38 is utilized to protect the valve against
      pressure surges. An external dial provides for manual adjustment of the
      timing cycle.
PAR  When pressurized fluid source 34 is turned on, control valve 39 will
      produce an on control signal at input port 42-1 of pneumatic timing valve
      42. The timing cycle is then initiated and an on control signal is
      generated at output port 42-2 and applied to pilot port 36-4. Valve 36 is
      actuated to vent appliance 37 to the atmosphere through exhaust port 36-3
      to deflate appliance 37 and remove the pressure from the enclosed portion
      of the body. Pneumatic timing valve 42 continues to supply an off control
      signal from output port 42-5 to input port 41-1 of pneumatic timing valve
      41 which remains in the normal position. At the end of the timing interval
      valve 42 will switch to its actuated position which produces an off
      control signal from output 42-2 and an on control signal from output 42-5.
      The off control signal is applied to pilot port 36-4 to automatically
      switch valve 36 to the normal position thereby connecting appliance 37
      with the compressed gas source.
PAR  The on control signal from output port 42-5 is applied to input of 41-1
      pneumatic timing valve 41 to initiate a timing interval during which valve
      36 remains in the actuated position and appliance 37 is inflated to apply
      pressure to the enclosed portion of the body. At the end of its timing
      interval, pneumatic timing valve 41 switches to the actuated position to
      produce an on control signal from output port 41-5 to pilot port 39-4.
      Control valve 39 switches to its actuated position to produce an off
      control signal to input port 42-1 whereby pneumatic timing valve 42 is
      automatically reset. Valve 42 then produces an off control signal to input
      port 41-1 whereby valve 41 is automatically reset. In turn, valve 41
      produces an off control signal to pilot port 39-4 whereby valve 39 is
      reset. Valve 42 also produces an on control signal to pilot port 36-4 to
      actuate valve 36 and vent appliance 37 to the atmosphere thereby starting
      the cycle again.
PAR  In summary, appliance 37 is inflated from pressurized fluid source 34 and
      pressure regulator 35 through valve 36 during a first predetermined period
      of time represented by the timing cycle associated with pneumatic timing
      valve 41 after valve control 39 supplies an on control signal at input
      port 41-1. Appliance 37 is deflated during a second predetermined period
      of time represented by the timing cycle associated with pneumatic timing
      valve 42 after control valve 39 supplies an on control signal at input
      port 42-1. Both timing cycles are manually adjustable so that each time
      interval may be varied as well as the total cycle time. As with the
      apparatus of FIG. 2, a typical cycle time may be 1 minute having 45
      seconds of applied pressure and 15 seconds of no applied pressure.
PAR  FIG. 4 is a schematic diagram of the present invention having a fluidic
      timer. Pressurized fluid source 44 supplies compressed gas, typically a 50
      p.s.i., to pressure regulator 45 which maintains a pressure of
      approximately 1 p.s.i. through four-way valve 46 to appliance 47.
      Compressed gas is also supplied through pressure regulator 48 to the
      elements of a fluidic timer which produces on and off control signals at a
      predetermined cyclic rate. Valve 46 responds to these control signals to
      intermittently inflate appliance 47 from pressurized fluid source 44 and
      deflate appliance 47 by venting it to the atmosphere. Element 46 is a
      four-way valve having exhaust port 46-1 normally connected to output port
      46-2 which in turn is connected to appliance 47. Therefore, appliance 47
      will be vented to the atmosphere in the normal valve position. Input port
      46-3 is normally closed but is connected to output port 46-2 when an on
      control signal is received at pilot port 46-6 to supply pressurized fluid
      to appliance 47 whereby appliance 47 is inflated to apply pressure to the
      enclosed portion of the body. An on control signal is required at pilot
      port 46-7 to switch valve 46 back to the normal position after it has been
      actuated.
PAR  Element 49 is a fluidic Schmitt Trigger having supply port 49-1 which is
      connected to pressurized fluid source 44 through pressure regulator 48.
      Typically, fluidic elements require a supply pressure of 7.5 to 15 p.s.i.
      for operation. Therefore, pressure regulator 48 is typically adjusted to
      maintain a constant ten p.s.i. pressure to all the fluidic element supply
      ports. Schmitt Trigger 49 converts an analog signal at input port 49-2 to
      a digital output at any predetermined set-point between 1 and 15 p.s.i.
      When the signal applied at input port 49-2 reaches or exceeds the
      set-point, the output signal shifts from output port 49-3 to output port
      49-4. Element 51 is fluidic time delay having supply port 51-1 connected
      to pressure regulator 48. Pressurized gas is applied to one of the delay
      ports 51-4, 51-5 and 51-6 while the other two are plugged. This
      pressurized gas bleeds off to the atmosphere through an external vent
      until a signal is applied at input port 51-2. Then the venting will stop
      and the pressure will build at output port 51-3 with a time constant
      determined by which delay port has been utilized. Typical time constants
      to reach 63% of a supply pressure of ten p.s.i. are 0.25 second for port
      51-4, 0.5 second for port 51-5 and one second for port 51-6.
PAR  Schmitt trigger 49 and time delay 51 are connected together to form a free
      running oscillator which produces a train of timing pulses to the fluidic
      elements of the timer of the present invention. Assuming no signal at
      input port 49-2, there will be generated an output signal from output port
      49-3 to delay port 51-6 and input port 51-2 of time delay 51. After one
      second the pressure at output port 51-3 will have reached 63% of the
      supply pressure of 10 p.s.i. If Schmitt Trigger 49 has been adjusted to
      have a set-point of 6.3 p.s.i., the output signal will shift from output
      port 49-3 to output port 49-4 to produce a timing pulse. This shift
      removes the supply from port 51-6 and the signal at input port 51-2 to
      reset time delay 51 and remove the output signal at output 51-3. Now
      Schmitt Trigger 49 resets to shift the output from output port 49-4 to
      output 49-3 and the pulse generation sequence will be repeated. Elements
      52 and 53 are fixed linear fluid resistors which restrict gas flow and
      produce a pressure drop. Fluid resistor 52 is connected between output
      port 49-3 of Schmitt Trigger 49 and delay port 49-6 of time delay 49 to
      restrict gas flow into delay port 49-6. Without resistor 52, gas flow into
      delay port 49-6 will reduce the pressure at output port 49-3 below the
      level required to produce an input signal at input port 51-2. Resistor 52
      adds to the internal resistance of time delay 51 to lengthen the time
      required to reach 63% of supply preessure. Therefore, the set-point of
      Schmitt Trigger 49 must be re-adjusted to a lower valve to produce a one
      second timing interval between output signals. Resistor 53 is connected
      between output port 51-3 of time delay 51 and input port 49-2 of Schmitt
      Trigger 49 to restrict gas flow into input port 49-2. Since input port
      49-2 senses gas pressure with little requirement for gas flow, resistor 53
      prevents rapid discharge from time delay 51 during signal buildup at input
      port 49-2 of Schmitt Trigger 49, thereby maintaining the time delay
      interval of time delay 51.
PAR  The pulse train produced by Schmitt Trigger 49 and time delay 51 is
      utilized to generate on and off control signals to valve 46. Output port
      49-4 is connected to one input port of each of two AND-NAND gates 54 and
      62. When the other input port of either AND-NAND gate is enabled by a
      signal from a flip-flop 59, an output pulse will be generated for each
      pulse received from Schmitt Trigger 49. These output pulses are totaled in
      pneumatic counters 55 and 64 which have preset totals corresponding to the
      number of pulses required to produce the on and off control signal time
      intervals. When either counter reaches its preset total, the state of the
      flip-flop is changed thereby switching between the on and off controls
      signals and the counter is reset for the next cycle.
PAR  Element 54 is fluidic AND-NAND gate having supply port 54-1 connected to
      pressure regulator 48 to receive compressed gas at 10 p.s.i. If there are
      no signals applied at input ports 54-2 and 54-3 or only one of these ports
      has a signal applied, there will be an output signal from output port 54-4
      and no signal from output port 54-5. If signals are applied to both input
      ports, the output signal will shift from output port 54-4 to output port
      54-5. Element 55 is a pneumatic counter which counts down one unit from a
      preset number each time a pulse is received at input port 55-2. When the
      count reaches zero, an internal valve opens and an output signal is
      provided from output port 55-3. The counter may then be reset either
      manually with reset button 56 or by a reset signal applied at reset port
      55-4. A preset count of a maximum of 9999 may be entered by depressing
      digit buttons 57. Supply port 55-1 is connected to pressure regulator 48.
PAR  Elements 58 is a three-port valve having input port 58-1 connected to
      output port 58-2 in the normal valve position. In the acutated position,
      exhaust port 58-3 is connected to output port 58-2 which occurs when a
      control signal is applied at pilot port 58-4. Valve 58 may be reset to the
      normal position by applying a control signal at pilot port 58-5. Element
      59 is a fluidic flip-flop having supply port 59-1 connected to pressure
      regulator 48. A signal at pilot port 59-2 will switch the output signal to
      output port 59-3, while a signal pilot port 59-4 will switch the output
      signal to output port 59-5. Element 61 is a fluidic OR-NOR gate having
      supply port 61-1 connected to pressure regulator 48. There is an output
      signal at output port 61-5 when there is no signal at input ports 61-2,
      61-3 or 61-4. If a signal is applied to any one of the input ports the
      output signal will switch to output port 61-6.
PAR  The train of timing pulses from output 49-4 of Schmitt Trigger 49 is
      applied to input 54-2 of AND-NAND gate 54 and input port 62-3 of AND-NAND
      gate 62. Assuming that there has been a control signal applied at pilot
      port 59-2 of flip flop 59, an enabling signal will appear at output 59-3
      to enable AND-NAND gate 54 at input 54-3 and to reset valve 46 to its
      normal position at pilot port 46-7. Each timing pulse at input 54-2 will
      remove the output signal from output 54-4 so that at the end of the timing
      pulse the output signal will return to produce a count pulse at input port
      55-2 of counter 55. If the timing pulses from Schmitt Trigger 49 are
      generated at the rate of 1 pulse per second and counter 55 is preset to
      the number 15, then valve 46 will vent appliance 47 to the atmosphere
      through output port 46-2 and exhaust port 46-1 for 15 seconds. When
      counter 55 has counted to zero, it will produce a counter output signal at
      output port 55-3 to input port 61-3 of OR-NOR gate 61 which in turn
      switches its output signal from output port 61-5 to output port 61-6. This
      control signal from output port 61-6 is applied at pilot port 59-4 to
      switch the enabling signal fo flip-flop 59 from output port 59-3 to output
      port 59-5 thereby disabling AND-NAND gate 54 and enabling AND-NAND gate 62
      at input port 62-2.
PAR  Before counter 55 reached zero, the control signal from output port 61-5
      was applied to input port 63-3 of AND-NAND gate 63. Assuming pneumatic
      counter 64 has been reset, there will be no signal at input port 65-3 of
      OR-NOR gate 65 and there will be a control signal from output port 65-5
      applied at input port 63-2. With control signals applied to both input
      ports, AND-NAND gate 63 will produce a control signal at output port 63-5
      to pilot port 58-4 of valve 58 to actuate it and vent reset ports 55-4 and
      64-4 of counters 55 and 64 to the atmosphere. When the control signal is
      removed from output port 61-5 at the time counter 55 reaches zero,
      AND-NAND gate 63 will switch its control signal from output port 63-5 to
      output port 63-4 to reset valve 58 to its normal position. Compressed gas
      is then applied to reset ports 55-4 and 64-4 to reset counters 55 and 64
      through input port 58-1 and outpor port 58-2 of valve 58. When counter 55
      resets, the signal is removed from output port 55-3 which causes OR-NOR
      gate 61 to switch its control signal back to output port 61-5 to produce a
      control signal at input port 63-3. AND-NAND gate 63 will switch its
      control signal from output port 63-4 to output port 63-5 and valve 58 will
      receive a signal at pilot port 58-4 to actuate it and remove the reset
      signal from counters 55 and 64.
PAR  Now each timing pulse from Schmitt Trigger 49 applied at input port 62-3
      will remove the output signal from output 62-4 so that at the end of the
      timing pulse signal the output signal will reappear to produce a count
      pulse at input port 64-2 of counter 64. If counter 64 is preset to the
      number 45 with digit buttons 66, then valve 46 will connect appliance 47
      to the compressed gas source through output port 46-2 and input port 46-3
      for 45 seconds. When counter 64 has reached zero it will produce a counter
      output signal at output port 64-3 to input port 65-3 of OR-NOR gate 65
      which in turn switches its control signal from output port 65-5 to output
      port 65-6. This signal is applied at pilot port 59-2 to switch the
      enabling signal of flip-flop 59 from output port 59-5 to output port 59-3
      thereby disabling AND-NAND gate 62 and enabling AND-NAND gate 54 at input
      port 54-3.
PAR  When OR-NOR gate 65 switches its control signal from output port 65-5 to
      output port 65-6, the control signal is removed from input port 63-2 and
      AND-NAND gate 63 switches its control signal from output port 63-5 to
      63-4. Reset valve 58 is reset to its normal position by the control signal
      at pilot port 58-5 from output port 63-4 to generate a reset signal at
      reset port 64-4 of counter 64. The resetting of counter 64 removes the
      counter output signal from output port 64-3 and OR-NOR gate 65 switches
      its control signal from output port 65-6 to output port 65-5 to produce a
      control signal at input 63-2. AND-NAND gate 63 switches its control signal
      from output port 63-4 to output port 63-5 thereby actuating valve 58 at
      pilot port 58-4 and removing the reset signal from counters 55 and 64.
PAR  In summary, Schmitt Trigger 49 and time delay 51 function as a free running
      oscillator to generate a train of timing pulses to AND-NAND gates 54 and
      62. Flip-flop 59 enables AND-NAND gate 54 to generate pulses to counter 55
      which counts down from a preset number, typically fifteen, to produce a
      fifteen second time interval if the timing pulses are one second apart.
      During this fifteen second period, valve 46 is in its normal position
      having been reset by the enabling signal from flip-flop 59. In the normal
      position, valve 46 vents appliance 47 to the atmosphere to deflate it and
      remove pressure from that portion of the body enclosed by appliance 47.
      When counter 55 reaches zero after fifteen seconds, it sends a counter
      output signal to OR-NOR gate 61 which in turn sends a control signal to
      flip-flop 59. Flip-flop 59 switches its enabling signal from AND-NAND gate
      54 to AND-NAND gate 62 while the control signal is removed from AND-NAND
      gate 63. AND-NAND gate 63 switches its control signal to pilot port 58-5
      to reset valve 58 to its normal position thereby resetting counters 55 and
      64.
PAR  Now counter 64 counts down from a preset number, typically forty-five,
      while valve 46 is in its actuated position to supply compressed gas to
      inflate appliance 47 for 45 seconds at 1 p.s.i. When counter 64 reaches
      zero it sends a counter output signal to OR-NOR gate 65 while switches its
      control signal to input port 59-3. Flip-flop 59 switches its enabling
      signal to AND-NAND gate 54 from AND-NAND gate 62 while the control signal
      is removed from AND-NAND gate 63. AND-NAND gate 63 switches its control
      signal to pilot port 58-5 to reset valve 58 to its normal position thereby
      resetting counters 55 and 64. When counters 55 and 64 are reset, the
      counter output signal is removed from the OR-NOR gate associated with the
      counter which has counter to zero. Now there are control signals at both
      inputs to AND-NAND gate 63 which switches its control signal to pilot port
      58-4 to actuate reset valve 58 and remove the reset from counters 55 and
      64. As long as pressurized fluid source 44 remains turned on appliance 47
      will be cycled automatically with the inflation period determined by the
      preset number in counter 64 and the deflation period determined by the
      preset number in counter 55. Counters 55 and 64 may also be reset manually
      with reset buttons 56 and 67 respectively at any point in the cycle.
PAR  Although not shown, pressurized fluid sources 17, 34 and 44 and pressure
      regulators 18, 35, 38, 45 and 48 of FIGS. 2, 3 and 4 may be provided with
      pressure meters for a visual indication of system pressure during
      operation. In addition, valves 19, 22, 23, 24 of FIG. 3, valves 36, 39, 41
      and 42 of FIG. 3 and valve 46 of FIG. 4 may be provided with flag
      indicators, not shown, which display whether the valve is in the normal or
      actuated position. These indicators may be utilized to check the operation
      of the timer.
PAR  The use of fluid pressure, particularly compressed air, as the drive for
      the clocking and logic functions in the control of the application and
      release of fluid pressure on a therapeutic appliance, such as a
      double-walled boot for receiving a patient's leg and foot, lends itself to
      coupling to a single source of compressed fluid. Each of the embodiments
      shown are adaptable to operation with compressed air. Their logic is
      arranged such that the initial function on turning on of the system, as by
      the application of air pressure to the logic controls, is to initiate the
      filling of the therapeutic appliance with pressurized fluid. Each
      embodiment also is arranged to automatically drain the therapeutic
      appliance of pressurized fluid when the system is turned off.
PAR  While there is explained and illustrated the preferred embodiment of our
      invention, it is to be understood that within the spirit and the scope of
      the following claims the invention may be practiced otherwise than as
      specifically illustrated and described.
CLMS
STM  We claim:
NUM  1.
PAR  1. Therapeutic compression apparatus for intermittently supplying fluid
      under pressure to an appliance enveloping a portion of a body to be
      treated, comprising:
PA1  a source of fluid under pressure;
PA1  timing means actuated by said fluid under pressure including a first fluid
      driven timer for generating a first signal during a predetermined on time
      interval of adjustable duration, a second fluid driven timer for
      generating a second signal during a a predetermined off time interval of
      adjustable duration, and a timing control means actuated by said fluid
      under pressure in response to said timing signals to alternately actuate
      said first and second timers;
PA1  first means for applying fluid from said source to said timing means at a
      first pressure;
PA1  second means for applying fluid from said source to said appliance at a
      second pressure different and independently adjustable from said first
      pressure; and
PA1  appliance control valve means responsive to said first signal for
      connecting said second means for applying fluid from said source to said
      appliance and responsive to said second signal for venting said appliance
      to the atmosphere.
NUM  2.
PAR  2. An apparatus as defined in claim 1 wherein said appliance control fluid
      is a compressed gas.
NUM  3.
PAR  3. An apparatus as defined in claim 1 wherein said second means is a
      pressure regulator connected between said fluid source and said valve
      means.
NUM  4.
PAR  4. An apparatus as defined in claim 3 wherein said pressure regulator
      maintains an approximately one pound per square inch fluid pressure.
NUM  5.
PAR  5. An apparatus as defined in claim 1 wherein said valve means includes a
      valve having a pilot port connected to said timing means whereby said
      valve switches to an actuated position to couple said fluid source to said
      appliance in response to said first signal at said pilot port and said
      valve switches to a normal position to vent said appliance to the
      atmosphere in response to said second signal at said pilot port.
NUM  6.
PAR  6. An apparatus as defined in claim 5 wherein said first signal is the
      presence of fluid pressure from said first means at said pilot port and
      said second signal is the presence of atmospheric pressure at said pilot
      port.
NUM  7.
PAR  7. An apparatus as defined in claim 5 wherein said first timer includes an
      adjustable delay valve for adjusting said predetermined on time interval.
NUM  8.
PAR  8. An apparatus as defined in claim 7 wherein said first delay valve
      includes fixed time delay means for delaying switching to an actuated
      position for a predetermined time interval after said timing control valve
      switches to an actuated position.
NUM  9.
PAR  9. An apparatus as defined in claim 5 wherein said second timer includes an
      adjustable delay valve for adjusting said predetermined off time interval.
NUM  10.
PAR  10. An apparatus as defined in claim 9 wherein said second delay valve
      includes fixed time delay means for delaying switching to an actuated
      position for a predetermined time interval after said timing control valve
      switches to an normal position.
NUM  11.
PAR  11. Therapeutic compression apparatus for intermittently supplying fluid
      under pressure to an appliance enveloping a portion of a body to be
      treated, comprising:
PA1  a source of fluid under pressure;
PA1  timing means actuated by said fluid under pressure including fluidic
      oscillator means for generating a train of timing pulses, first and second
      presettable counter means responsive to said pulses, and gate means for
      selectively coupling said oscillator means to said counter means to
      generate a first signal during a predetermined on time interval of a
      duration adjustable by the preset count of said first counter and a second
      signal during a predetermined off time interval of a duration adjustable
      by the preset count of said second counter; first means for applying fluid
      from said source to said timing means at a first pressure; second means
      for applying fluid from said source to said appliance at a second pressure
      independently adjustable and different from said first pressure; and
      appliance control valve means responsive to said first signal for
      connecting said second means for applying fluid from said source to said
      appliance and responsive to said second signal for venting said appliance
      to the atmosphere.
NUM  12.
PAR  12. An apparatus as defined in claim 11 wherein said fluidic oscillator
      means includes a fluidic Schmitt Trigger.
NUM  13.
PAR  13. An apparatus as defined in claim 11 wherein said gate means includes a
      first fluidic AND-NAND gate having a first input port connected to said
      oscillator means for receiving said train of timing pulses and a second
      input port for receiving a first enabling signal whereby said first
      AND-NAND gate generates an output pulse in response to the coincidence of
      one of said timing pulses and said first enabling signal.
NUM  14.
PAR  14. An apparatus as defined in claim 13 wherein said counter means
      comprises said first timer and includes a first pneumatic counter
      connected to said first AND-NAND gate for generating a first counter
      output signal in response to counting a first predetermined number of said
      output pulses.
NUM  15.
PAR  15. An apparatus as defined in claim 14 wherein said timing means includes
      a first fluidic OR-NOR gate connected to said first counter for generating
      a first control signal when said first counter is counting and a second
      control signal when said first counter reaches said first predetermined
      number of output pulses.
NUM  16.
PAR  16. An apparatus as defined in claim 15 wherein said gate means includes a
      second fluidic AND-NAND gate having a first input port connected to said
      oscillator means for receiving said train of timing pulses and a second
      input port for receiving a second enabling signal whereby said second
      AND-NAND gate generates an output pulse in response to the coincidence of
      one of said timing pulses and said second enabling signal.
NUM  17.
PAR  17. An apparatus as defined in claim 16 wherein said counter means
      comprises said second timer and includes a second pneumatic counter
      connected to said second AND-NAND gate for generating a second counter
      output signal in response to counting a second predetermined number of
      said output pulses.
NUM  18.
PAR  18. An apparatus as defined in claim 17 wherein said timing means includes
      a second fluidic OR-NOR gate connected to said second counter for
      generating a third control signal when said counter is counting and a
      fourth control signal when said second counter reaches said second
      predetermined number of output pulses.
NUM  19.
PAR  19. An apparatus as defined in claim 18 wherein said timing means includes
      a fluidic flip-flop connected to said first and second OR-NOR gates, said
      first and second AND-NAND gates and said valve means for generating said
      first enabling signal and said first signal in response to said fourth
      control signal and for generating said second enabling signal and said
      second signal in response to said second control signal.
NUM  20.
PAR  20. An apparatus as defined in claim 19 wherein said timing means includes
      a third fluidic AND-NAND gate connected to said first and second OR-NOR
      gates for generating a fifth control signal in response to said first and
      third control signals and a sixth control signal in response to one of
      said first or third control signals.
NUM  21.
PAR  21. An apparatus as defined in claim 20 wherein said timing means includes
      a reset valve having first and second pilot ports connected to said third
      fluidic AND-NAND gate whereby said reset valve switches to a normal
      position to couple said fluid source to the reset inputs of said first and
      second counters to reset said counters in response to said sixth control
      signal at said first pilot port and switches to an actuated position to
      vent the reset inputs of said counters in response to said fifth control
      signal at said second pilot port.
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ABST
PAL  Ultrasonic and cryogenic instrumentation for the removal of unwanted tissue
      material from an animal, such as a human, and more particularly, adapted
      for the removal of cataracts, in surgical operations. The ultrasonic and
      cryogenic instrumentation include hand-held instruments with the cryogenic
      instrumentation adapted to first freeze the cataract lens and after the
      cataract lens has unfrozen the ultrasonic instrumentation is adapted by a
      vibrating tool to reduce the volume of the cataract and thereafter,
      through the simultaneous introduction of a fluid and creating a flow, the
      cataract mass exits through the incision around the vibrating tool until
      all of the unwanted tissue forming the cataract lens is removed.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending patent
      application, Ser. No. 318,429, filed Dec. 26, 1972, now U.S. Pat. No.
      3,857,387, issued Dec. 31, 1974, for Ultrasonic Cataract Removal Method
      and Apparatus, which entire subject matter of the co-pending application
      is incorporated herein by reference as if fully herein set forth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates broadly to surgical procedures for animals
      and more particularly, for the removal of cataracts with the interrelated
      combined use of ultrasonic and cryogenic instrumentation.
PAC  DISCUSSION OF THE PRIOR ART
PAR  Prior to the development of the present invention, certain operating
      procedures have been developed for the removal of cataracts using either
      cryogenics or ultrasonic energy, but not the combination of the two
      procedures. The cryogenic techniques for use in cataract removal are known
      today and are utilized to freeze the lens into a solid mass to permit this
      frozen mass to be gripped and removed as a complete structure from its
      containment within the eye. This procedure uses cryogenics to obtain a
      freezing of the mass to be removed and the technique is practiced with the
      lens mass in its frozen condition since the purpose is to have means for
      gripping the lens which in its unfrozen condition would either fracture
      upon being gripped with a surgical instrument or could not be removed as a
      complete entity.
PAR  Applicant has now discovered a new and novel application of cryogenics in
      that by freezing and thereafter permitting a defrosting of the lens to
      occur that internal changes in the character of the lens does occur which
      enhances the ultrasonic procedure as hereinafter discussed in detail.
      Accordingly, in contrast to the teaching of the prior art, applicant is
      using cryogenics in a new and novel way to change the character of the
      lens prior to removal.
PAR  Further, the ultrasonic procedure known today, as disclosed in U.S. Pat.
      No. 3,589,363, includes a process for the removal of cataracts by
      emulsifying the lens with an ultrasonic probe requiring aspiration of the
      emulsified material. Because aspiration is a required aspect of the
      procedure, it is necessary to have complex electronic and hydraulic
      equipment for delicate control of inflow and outflow in the eye. This
      complex equipment requires a trained technician to operate other than the
      operator and is quite expensive to manufacture.
PAR  In view of the above, it is obviously apparent that the ultrasonic surgical
      procedure as disclosed in the abovereferenced patent requires a complexity
      of interacting steps having a balance to each other that must be performed
      in order to have a successful surgical procedure. Furthermore, due to the
      complexity of the equipment, the surgeon is therefore dependent upon a
      skilled technician who must be likewise trained and made available for
      each operation. This, in addition to other factors, would increase the
      cost per operation and the availability of the equipment to
      ophthalmologists who might not have a large cataract practice.
PAR  In the prior art procedure, a tip in the form of a hollow tube, which is
      subjected to ultrasonic vibration, is surrounded by a plastic tube which
      is not subjected to vibration. This combined system is inserted into the
      anterior chamber of the eye through a small incision and provision is made
      for hydrodynamic flow both in the area between the two above-indicated
      tubes and within the interior of the vibrating tube. It is of the greatest
      importance that a proper balance be established between the two flows
      referenced to. The first flow is a gravity flow of liquid into the
      anterior chamber. The second flow is the result of a suction of liquid out
      of the chamber through the interior of the hollow vibrating tube. It is
      essential that these two flows be balanced so that there is neither an
      excessive build-up of pressure in the anterior chamber or a reduction in
      pressure which could cause a collapse of the anterior chamber.
PAR  In order to achieve this sensitive and delicate balance, the prior art
      found it necessary to develop a very complex electro-hydraulic means with
      a series of fail-safe devices in order to accomplish this result.
      Furthermore, there is no other provision made to guarantee that every
      particle of dispersed cataract material is aspirated before making some
      orbit in the anterior chamber. In other words, for example, if a
      population of 100,000 small particles were created by the ultrasonic
      emulsifier, these particles are created in the presence of an inflowing
      stream of liquid combined with an adjacent rapidly outflowing stream of
      liquid. The hydrodynamic circulation in the anterior chamber under these
      circumstances would allow for the movement in the anterior chamber of
      those few particles which might accidentally escape from time to time
      during the operation.
PAR  In the case of hard cataracts, these particles could very well have an
      abrasive character if they were to slide past in contact with the walls of
      the chamber. In the case of the endothelium of the cornea which forms a
      part of this chamber, there is extreme sensitivity to any such abrasion
      and must be avoided at all costs
PAR  Another feature of the prior art is that the aspiration requires very
      careful manipulation of the tip by the surgeon to prevent aspirating other
      than cataract material.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide an improved method and
      apparatus for progressively removing a mass of tissue from a human or
      other animal.
PAR  Another object of the present invention is to provide an improved method
      and apparatus for removing cataracts having different grades of hardness.
PAR  Another object of the present invention is to provide a method and
      apparatus for selectively fracturing and removing layers of living organic
      tissue from a biological organism.
PAR  Another object of the present invention is to provide a method and
      apparatus for the removal of living organic tissue from a cataract in a
      rapid manner and with the exertion of a minimum of physical energy by the
      surgeon affecting such removal.
PAR  Another object of the present invention is to provide an improved method
      and apparatus for softening of the cataract lens, to facilitate removal
      thereof and to reduce trauma to posterior capsule and cornea of the eye.
PAR  Another object of the present invention is to provide an improved method of
      cataract removal by combining cyrogenic and ultrasonic techniques.
PAR  Another object of the present invention is to provide an improved method
      for softening the lens material of a cataract lens.
PAR  Another object of the present invention is to provide an improved means of
      cataract removal wherein the hard cataract lens if softened by first
      freezing and subsequently defrosting the cataract.
PAR  Other objects and advantages of this invention will become apparent as the
      disclosure proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, in light of the prior art problems and after study of the
      method, applicant's own procedure as described herein was developed. From
      applicant's own experience, it was evident that removal of soft cataracts
      through a small incision, hollow tube technique, without vibration worked
      well with a very modest flow rate (of the order of 1cc per second) and
      that the lavage or wash-out took place without damage to the walls of the
      anterior chamber, particularly the endothluim. To applicant, this was a
      key factor; namely, to find a means of maintaining such gentle lavage and
      at the same time safely introduce ultrasonic fragmentation. This compelled
      applicant in this direction because in the case of harder cataracts, the
      soft cataract removal method just described is not applicable and
      applicant's intent was to extend his simple lavage technique.
PAR  To this end, by the addition of intermittent ultrasonic vibration to the
      tube or tool member used for lavage and by controlling the ultrasonic
      vibration not to introduce speeds of hydrodynamic flow which would be
      above the gentle lavage range so that, even if small particles were
      flowing in the anterior chamber during the irrigation, the danger to the
      anterior chamber was minimized. The way of assuring this result was simply
      in the recognition that, when the tool member was vibrated, it was held to
      a stroke of vibration such that the peak speed of the tool during
      reciprocation remained also in the lavage range.
PAR  It was further recognized that there is a unique quality arising when the
      tool member vibration gets up in the high frequency range of 5,000 to
      500,000 cycles per second which is the frequency range defined herein as
      the ultrasonic range. This unique feature is that we have simultaneously
      an invisible microscopic movement combined with a low peak speed of said
      vibration and a very high acceleration of at least 1000g. This is a unique
      feature of such frequency vibrations. The high accelerations produced in
      these low velocity movements provide just the additional dynamic element
      needed to break up the harder types of cataracts.
PAR  The outstanding and unexpected results obtained by the practice of the
      method and apparatus of the present invention simplifies the operative
      procedure in order to remove a harder cataract using ultrasonic
      vibrational energy, as hereinafter explained in detail. It should be
      understood that this procedure is intended for use for patients where an
      extracapsular cataract extraction is indicated and who have had hard
      cataracts.
PAR  The surgical procedure in accordance with the present invention is
      essentially as follows:
PAR  The patient is given a local anesthetic which consists of a lid block and a
      retrobulbar injection. This local anesthetic is all that is generally
      required for conventional cataract removal procedures; but I might point
      out that, with the prior art ultrasonic cataract removal procedures to
      date, a general anesthetic has been given in that, due to the greater
      delicacy of the operating procedure, it has been more important that there
      be absolutely no movement of the eye during the operating procedure.
PAR  After the anesthetic has been administered, a small limbal or fornix based
      conjunctival flap is performed. Then an approximate 2mm limbal incision is
      made into the anterior chamber. The aqueous is generally removed from the
      anterior chamber and a small amount of air is inserted. A small cystotome
      is inserted through the incision and the anterior capsule of the lens is
      removed. If the anterior capsule is not completely withdrawn by the
      cystotome, then a small pair of capsule forceps can be inserted to
      complete the removal. If used, the air is removed and normal saline is
      inserted into the anterior chamber.
PAR  At this time a single tunnel is attempted to directly gain access to the
      nuclear in the case of a suspected hard lens. If the lens is found to be
      soft, then the technique as set forth in applicants co-pending application
      Ser. No. 318,429 filed Dec. 26, 1972 now U.S. Pat. No. 3,857,387, issued
      Dec. 31, 1974, as hereinabove referred to may be continued with to carry
      out the procedure set forth therein without cryogenics. The tunnel may be
      formed by using the needle vibrated ultrasonically or by other means in
      case of a hard lens in which the cryogenic process in accordance with the
      present invention is employed.
PAR  Accordingly, when the surgical decision predicts a very hard cataract, then
      the following procedure may first be carried out. Ideally, three tunnels
      are bored, with the vibrating tip, into the lens nucleus. A 1mm cryoprobe,
      insulated except for its tip, is inserted into the center tunnel. An ice
      ball is formed, care being taken that only lens material is frozen. The
      probe is then defrosted and the cryogenic tip removed. The procedure is
      then halted for several minutes to allow the hard lens material to absorb
      or imbibe anterior chamber fluid. This causes the hard material to become
      soft and resiliant through its uptake of fluid. After this has occurred,
      the vibrating tip is then reemployed as previously described and the
      procedure continued.
PAR  At this point, the thin walled approximately 19 gauge metallic needle which
      can be vibrated with ultrasonic energy is reinserted into the anterior
      chamber through the incision. Prior to the insertion of the needle, a slow
      drip of physiological saline, or other fluid, is allowed to flow
      continuously through the needle. This flow of fluid through the needle is
      accomplished merely by providing a gravity feed flow from an intravenous
      pole arrangement.
PAR  The inventor of the present invention has now discovered, in accordance
      with the present invention as hereinafter discussed in greater detail,
      that it is possible to in effect soften a senile or hardened cataract lens
      by first freezing same and then permitting it to thaw. Although this
      theory is not completely explainable at this time, applicant has
      discovered that a change in the hardness of the cataract does take place
      wherein it is softened relative to its original condition prior to
      freezing thereof. This reduction in hardness enhances the cataract removal
      procedure when the ultrasonic vibratory energy is applied. The gravity
      feed system is more than adequate to permit the input of fluid,
      maintenance of the anterior chamber, and removal of fragmented material.
      In view of this fact, no aspiration is required, but rather simple gentle
      lavage is all that is necessary for the removal of unwanted material.
PAR  Having positioned the needle to the cataract while viewing the needle and
      anterior chamber area through an operating microscope, and with the flow
      being in proper adjustment, the tip is ultrasonically energized for a
      short period of time which fragments the material immediately adjacent to
      the tip. The period during which the tip is energized may vary anywhere
      from approximately a millisecond to a second, depending upon the speed of
      foot movement on the foot switch. The surgeon selects the interval of
      energization to allow complete and perfect control of the operative
      procedure.
PAR  The mass of material forming the cataract to be removed is initially broken
      into a plurality of fragmented sub-masses or major sections which are each
      thereafter removed in its entirety or further fragmented into a plurality
      of particle size masses such that it may exit from the incision with the
      irrigation fluids. During the surgical procedure, the surgeon initially
      cross-drills or bores a plurality of apertures into the cataract such as
      to create a tunneling effect and these cross-bores or apertures are formed
      by the vibrating ultrasonic member such that a plurality of sub-masses are
      formed during this aspect of the surgical operation. These sub-masses are
      thereafter individually either reduced in size or are of an initial size
      to permit their exiting through the incision around the outer surface of
      the tool member which is extending through the incision.
PAR  In softer cataracts only a small volume of the cataract need be
      ultrasonically fragmented. This allows the remainder to alter its shape
      due to the slight hydrostatic pressure differential, and the entire
      cataract will in a sense flow itself out through the incision.
PAR  Accordingly, the tip or output edge of the needlelike tool member is
      positioned in engagement with the immediate portion of the cataract to be
      removed, prior to ultrasonically energizing the tip of the needle tool
      member. Upon energization of the tip of the tool member, a portion of the
      cataract in surrounding relation thereto is fragmented and the size of the
      fragmented section is a function of the hardness and nature of the
      cataract material; for example, the fragments may range from practically
      invisibility to sections of millimeter dimensions. These fragments,
      depending upon their size, are lavaged by the continuous stream of
      irrigation previously described around the vibrating needle and through
      the original incision site. In those instances where the fragment is too
      large to flow out the incision site, the ultrasonic needle can be
      re-applied to it and further fragmented. This process of intermittent
      engagement and energization of the tip is repeated until such time as the
      entire cataract is fragmented and removed through the incision by the
      lavage. This ability to handle such fragmented material is typical of the
      delicate and accurate control of which this novel procedure is capable.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Although the characteristic features of this invention will be particularly
      pointed out in the claims, the invention itself, and the manner in which
      it may be made and used, may be better understood by referring to the
      following description taken in connection with the accompanying drawings
      forming a part hereof, wherein like reference numerals refer to like parts
      throughout the several views and in which:
PAR  FIG. 1 is a somewhat schematic view of the ultrasonic system for driving a
      tool member adapted for the surgical procedure claimed herein;
PAR  FIG. 2 is an enlarged view in cross-section of the tool member in assembled
      relation to the ultrasonic system for use herein;
PAR  FIG. 3 is a greatly enlarged section of a portion of the human eye
      illustrating the insertion of the tool member in accordance with the
      invention.
PAR  FIGS. 4-9 are greatly enlarged diagrammatic views to help illustrate the
      theory of the present invention with respect to the removal of the mass;
PAR  FIG. 10 is a diagrammatic view similar to FIG. 3 illustrating the process
      of removing the respective masses; and
PAR  FIGS. 11-15 are greatly enlarged diagrammatic views to illustrate the
      exiting of each mass or particle from the incision.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings in detail and initially to FIGS. 1 and 2 thereof,
      it will be seen that apparatus 10 for ultrasonically removing a mass such
      as a cataract from an animal may include instrument means 12 for effecting
      the necessary high frequency vibrations of the tool member or probe 14
      having a relatively sharp output edge or tip 15. Operatively associated
      with the instrument means 12 is generating means 18 for powering same and
      fluid supply means 20 for providing a fluid 22 at the operative site. The
      instrument means 12 may be in the form of a handpiece adapted for being
      hand held and generally comprising a tubular housing 24 with an ultrasonic
      motor or transducer 25 being contained therein and having an output end or
      stem 26 of the motor 25 extending axially beyond the front end 28 of the
      housing 24 and to which the tool member 14 is coupled. The ultrasonic
      motor 25 is energized by the generator 18, contained in a cabinet 30 with
      a power cable 32 connecting the two together. The generator 18 is an
      oscillator adapted to produce electrical energy having an ultrasonic
      frequency and contains a shut-off switch 34 and a power control knob 35
      with an indicator light 36 on the front panel 38 of the generator 18 to
      permit the surgeon to properly monitor and adjust the power transmitted to
      the ultrasonic motor 25.
PAR  In conjuction with the generator 18 is a foot switch 40 connected thereto
      to be used by the surgeon and a plug 42 with a power cable 44 which is
      plugged into a conventional outlet in order to obtain the necessary
      electricity for the apparatus 10.
PAR  The ultrasonic motor 25 may be one of a variety of electromechanical types
      such as piezoelectric or magnetostrictive. The ultrasonic motor 25 is
      designed to operate at a desired frequency generally in the range of 5,000
      cycles per second to 500,000 cycles per second, but preferably in the
      range of 15,000 cycles per second to 100,000 cycles per second and the
      front output end 26 which is adapted to receive a variety of working tools
      15 and wherein each working tool is mechanically coupled to the motor so
      that it is vibrated at the proper amplitude of vibration.
PAR  The transducer of the ultrasonic motor is longitudinally dimensioned so as
      to have lengths which are whole multiples of half-wavelengths of the waves
      generated therein such that the exterior working end of the ultrasonic
      motor is a longitudinal loop of motion as indicated by double headed arrow
      45. This longitudinal motion is converted into a lateral motion as
      indicated by the double headed arrow 46 at the tip 15. The amplitude of
      longitudinal vibration is generally in the range of 0.0001 to 0.010 and
      the hyper accelerations exceed 1,000g at the tool tip 15. The design of
      the output end of the motor 25 and the tool 15 may be designed to either
      magnify or reduce the amplitude of the vibrations received from the
      ultrasonic motor 25 and may be designed so as to obtain either
      longitudinal, elliptical, orbital, flexural, lateral, etc., vibrational
      modes at the tip.
PAR  The tool 15 as seen in FIG. 2 may be in the form that is adapted to be
      removably secured to the shank end 26 of the instrument means 12 and which
      is seen to have an angularly disposed base portion 48 with respect to the
      longitudinally extending shank portion 26 of the ultrasonic motor 25. The
      base portion 48 has a spaced apart front face surface 50 and a rear face
      surface 52 with a threaded portion 54 extending therein. For a more
      detailed discussion of the ultrasonic motor-converter system, reference
      may be made to U.S. Pat. No. 3,809,977 issued May 7, 1974, for application
      Ser. No. 119,298, filed Feb. 26, 1971, and assigned to the assignee of the
      present invention.
PAR  The tool 14 may be of a needle-like member having a rear section 56 with a
      threaded portion 58 adapted to meet with the complimentary threads 54 in
      the front end 48 and having an axially extending bore 60 extending from
      its rear end 62 to its front tip 15 to permit a fluid to enter
      therethrough as hereinafter explained in detail. The tool 14 further
      includes gripping means 65 in the form of a mid-section 66 which may be of
      a hexognonal shape to permit its being gripped by an instrument such as a
      pair of pliers or wrench for proper tightening such that the threaded stud
      58 screws into the tapped hole 54 for effecting the rigid connection of
      the tool 14 to stem 50. A radial flange 68 is integrally formed with the
      midsection 66 and rear section 56 and abuts the front face 50.
PAR  The shaft portion 55 of the tool member 14 is integrally formed with the
      mid-section 66 and rear section 56 with the bore 60 extending axially
      there through to provide a fluid passage. The operative tip 14 is
      preferably formed of an extremely hard, sterilizable material, such as
      titanium, and for most surgical applications is made of extremely small
      dimension. Since this is the only portion of the instrument that is
      brought into contact with the tissue to be broken apart and removed, it
      will be evident that only a very short incision need to be made in the
      outer surface to permit access of the tip. The diameter of the outer
      surface of the shaft portion 55 may be in the range of 0.010 inch to 0.250
      inch but is preferably in the range of 0.030 inch to 0.050 inch. The inner
      bore 60 being of a size to permit a continuous flow of fluid therethrough.
      As seen in FIG. 2 and actue angled taper 72 is provided to leave a
      relatively sharp, rounded edge 15. The shape, length, and dimensions of
      the tool member may vary depending upon the type of mass or cataract to be
      removed.
PAR  The fluid supply means may include the container or reservoir 75 of the
      intravenous type that is being suspended from a handle 76 that is
      supported by means of a support arm or hook 78 which is coupled to a
      support surface 80. From the front end 82 of the reservoir 75 extends a
      tubular member 84 connected by a rear coupling member 85 to a front
      coupling member 86 which in turn is connected to a tube and fitting 90
      such that the fluid 22 may flow therethrough and into the tool member 14
      from an exterior source. Mounted on the tubular member 84 is a stop cock
      or valve 87 having a control knob 89 to control the fluid rate through the
      tubular member 84. Although not shown, if so desired, the fluid may be
      supplied directly through the instrument and through the tool.
PAR  The coupling members 85 and 86 are in two sections adapted to be removably
      coupled to each other and as seen in FIG. 2, the tube 88 at its lower end
      92 is in telescopic relationship to the rear end 94 which has a shoulder
      95 secured in a fluid tight manner as by soldering or brazing to the rear
      surface 52 of the shank 48. The passageway 96 connects with the bore 60 of
      the tool member 14 to permit a continuous flow of fluid to the operative
      site.
PAC  PROPOSED THEORY OF PRESENT INVENTION
PAR  Whereas a scientific explanation of the theory based on observation of the
      phenomena involved is disclosed below, it is to be clearly understood that
      the invention is by no means limited by any such scientific explanation.
PAR  The use of the instrument of the invention as applied to cataract removal
      is illustrated in FIGS. 3-15. A portion of a simplified cross section of a
      human eye 100 is shown to illustrate the manner in which the device is
      employed. The opaque lens or cataract which is to be broken apart and
      removed to is designated by the numeral 102 and is encased in a membrane
      having a rear portion 105 known as the posterior capsule. The iris is
      designated by the numeral 106 and the major gel-filled portion of the eye,
      or vitreous, is shown at 108. The cornea, the transparent outer surface of
      the eye, is shown at 110.
PAR  To avoid having to pierce or cut the iris, suitable drugs are administered
      to dilate the iris to its maximum extent, so that as much of the anterior
      capsule 102 is exposed as is possible. A small incision 112 is then made
      in the transparent cornea as far as possible from the center of the pupil
      area. This incision is made initially only about 1 to 3 mm. in length to
      provide access for a knife to enter the anterior chamber for removal of
      the anterior capsule. After the capsule is removed, the incision is
      enlarged to 2-12 mm., usually 4-6 mm., to provide proper access for the
      operative tip of the vibratory assembly.
PAR  After the capsule is removed with a surgical instrument, as indicated in
      FIG. 3, the corneal incision is enlarged, and the operative tip is
      inserted into the body of the cataract 102, whereby the lens tissue mass
      is broken apart into minute particles. During this portion of the
      operation, a supply of irrigating fluid is flowing continuously through
      the operative tip 15 while the transducer is energized periodically for
      very short intervals of time.
PAR  Accordingly, applicant has discovered that cataracts which exist in an
      enclosed area in an animal may be removed with ultrasonic energy when a
      tool having a relatively sharp output edge is inserted in an incision
      having a width of approximately 0.040 inch and vibrating the tool
      ultrasonically such that as one progressively engages the cataract
      material that there is a reduction in the size thereof until sufficient
      room or space between the outer surface 70 of the tool member 14 and the
      width of the incision 112 to permit the reduced mass or portions of the
      cataract to flow outwardly therefrom without the need of any suction
      forces or any mechanical means to be utilized with respect thereto.
PAR  As the procedure of cataract removal takes place, the treatment fluid 22 as
      seen in FIG. 1 from the treatment fluid supply means enters the work site
      116, to keep the eye inflated, by gravity feed. Although the fluid is
      shown as delivered through the tool 14 it may be so delivered by a
      separate tube in a spaced apart relation to the tool member 14 or in a
      tube co-axially mounted within or against the tool member 14 from the same
      or different incision. For the average human cataract operation the tool
      member may be within the anterior chamber with lavage occurring from about
      1 minute to 45 minutes with treatment fluid in the range of 50cc to
      1,000cc used. During this time the aggregate total time of vibration of
      the tool member may be from 5 seconds to 5 minutes, but applied on an
      intermittent basis. In this way, since the gravity feed is open to
      atmospheric pressure at one end of the system and the incision 112 is also
      opened to atmospheric pressure, there are no mechanical means for either
      pumping materials from the working site 116. Therefore, applicant's
      invention is the ultimate in simplicity in has ability to perform a
      surgical procedure with ultrasonic energy without the need of any forms of
      mechanical pumping or suction as compared to the prior art. Obviously,
      this extremely simplifies and evolves into the novel apparatus and method
      of the present invention.
PAR  Accordingly, the treatment fluid 22 is supplied from the reservoir 75 of a
      chemical solution of appropriate type and suitable for its intended use.
      The fluid also acts to keep the anterior chamber hydraulically inflated to
      maintain its shape during the surgical procedure. The switch 40 provided
      is to enable the control of the generator 30 such as to permit the user
      appropriate control during the surgical procedure. The switch 40 may be of
      any convenient type, preferably resting on the floor so as to permit the
      user to be able to use his foot to actuate same thereby permitting both
      hands of the user free to perform the necessary operation.
PAR  The instrumentation 12 is used for the removal of an object or substance
      which is generally of a combined mass of undesired tissue located within
      the region of healthy tissue below the skin. To remove the tissue which is
      in the form for purpose of discussion a cataract, 102, initially, the
      small surgical incision 112 is made through the cornea adjacent to the
      enclosed cataract mass 102 to enable the operative output edge or tip 15
      of the handpiece 12 to reach the tissue mass 102. As the output edge of
      the tool member 14 is inserted through the incision 112 and into contact
      with the unwanted tissue, the surgeon actuates the switch 40 to power the
      generator and in turn the ultrasonic motor 45 is vibrated and the high
      frequency mechanical vibrations are transmitted to the tip 15.
PAR  At the same time the treatment supply means 20 in its open position such
      that as the operative tip 15 of the tool member 14 is brought into contact
      with the mass 102 the operative tip 15 vibrates at a high frequency rate
      and with a small amplitude against the tissue mass 102 and concurrently,
      the treatment fluid supply 22, which is preferably selected of a type that
      is compatible with the animal tissue being treated such as saline fluids,
      bathes the work site region 116 at the tip 15 and which is being subjected
      to the vibratory motion. The surgeon having attained this status is now
      ready to commence the cataract removal technique developed by applicant in
      that the surgeon initially allows the ultrasonic to essentially pull the
      tip 15 into the mass 102 a defined length which is related to the size and
      hardness of the cataract and as seen particularly in FIGS. 3 and 4, an
      initial bore or aperture 118 as seen in FIG. 5 is formed into the cataract
      102 and at that instant, it is believed certain amount of particles 115
      tend to be broken away or shattered from the cataract 102 and these
      particles 102 flow into the anterior chamber 101 and thereafter find their
      way along the tool shank 55 and exit from the incision 112 as the fluid is
      continued to be supplied through the tool member 14. As this initial
      aspect of the process takes place, the work site 116 continues to be
      flooded or bathed with the treatment fluid and as the ultrasonic energy
      engages the cataract 102 then at the operative site 116, particles 115 of
      removed tissue in the treatment fluid and the particles 115 exit from the
      incision 112. The unwanted tissue thus separated from the cataract body is
      removed as it is broken apart and the effect of the initial bore is to in
      effect reduce the mass of the cataract.
PAR  The surgeon then retracts the tool member 14 from the cataract 102 but not
      the incision 112 and as seen particularly in FIG. 5, thereafter drills a
      second bore 118 while the cataract is essentially fixed in position.
      Although other incisions may be made so that the tool may be inserted into
      the cataract from the other areas, the basis of using a single incision is
      to have minimal traumatic shock to the patient so as to minimize his
      recovery time. Accordingly, as seen in FIG. 5 and thereafter in FIG. 6,
      the two additional bores 118 are formed into the cataract mass 102 which
      in effect causes a reduction in volume of the total mass and a shrinking
      of the size of the cataract such that in a sense it may be angularly
      rotated in the direction of arrow 120 to expose another portion of the
      cataract 102 to the incision 112. With particular reference to FIGS. 6A,
      6B, and 6C, applicant has now discovered that it is possible by first
      freezing and thereafter defrosting that the body of the cataract 102 may
      be sufficiently softened such that when the ultrasonic energy is
      transmitted by the operative tip while the transducer is energized
      periodically, that the lens tissue mass is more easily broken apart, or
      fractured, into minute particles. Although the discussion of FIGS. 6A-6C
      is contained after the aperture 118 is formed ultrasonically it is
      appreciated that the same may occur prior to the steps illustrated in
      FIGS. 3-5 and that the aperture for receiving the freezing means 135 may
      be formed by other means. In certain cases the freezing step may include
      reinserting the probe into the other apertures 118 of the lens 102 to
      obtain a freezing of the lens throughout.
PAR  The theory as to what actually occurs internally in the lens is not totally
      understood by applicant but it is believed that upon freezing and
      thereafter defrosting, there is an uptake of the fluid within the lens and
      upon its release upon defrosting does cause a softening of the nucleus of
      the lens 102 such that it is possible to more easily treat the hardened
      cataract with the ultrasonic vibratory energy. Prior to the present
      invention cryogenic technique in the field of cataract removal has been
      used for the complete opposite of what applicant is using his cryogenic
      technique for and that it was used to freeze the cataract or lens in situ
      and thereafter remove the cataract lens as one large mass in its frozen
      condition with no thought or concept or purpose in defrosting. What
      applicant has now discovered is that the defrosting has a softening effect
      lending itself for subsequent treatment by vibratory energy with the tool
      member 14 so that a hard cataract can be brought within applicant's
      ultrasonic surgical procedure. Accordingly, what has resulted here by
      applicant's discovery is an expanded use of the ultrasonic procedure
      particularly as related to senile cataracts.
PAR  Accordingly, by the present invention, applicant has now discovered that a
      change in the consistency of the lens cataract can be accomplished such
      that it is sufficiently softened by first freezing and thereafter
      unfreezing to lend itself to the ultrasonic processes of fracturing the
      lens such that a plurality of particles are formed of a size capable of
      exiting through the incision. FIGS. 6A-6C inclusive illustrate the method
      in which the eye 100 has the incision 112 formed therein and the freezing
      means 135 which may be in the form of a cryogenic probe 136 having an
      exposed tip 137 is inserted through the incision and in such a way there
      is a freezing of the mass of unwanted tissue which in this instance is the
      lens 102 of the eye and thereafter there is a defrosting of the mass or
      lens such that there is in effect a change in the structural relationship
      of the lens itself to cause a softening thereof.
PAR  Accordingly, as seen in FIG. 6A there is initially an engaging of the
      cryogenic probe 136 against the lens mass 102 for a period of time
      sufficient to freeze the lens and thereafter as seen in FIG. 6B, there is
      a removing of the cryogenic probe 136 from engagement with the lens 102.
      Access is gained to the lens 102 through the incision 112 and it is
      through this incision that the cryogenic probe 136 is inserted and
      removed. Initially the incision 112 is formed having a length of
      approximately 2-3mm in length such that there is no escape of the aqueous
      humor of the eye as the freezing and unfreezing process is taking place.
      The incision 112 is increased in length to approximately 5mm after
      defrosting of the lens 102 such that it permits the tool member 14 to be
      inserted therein and may have room for the particles of the lens as they
      are separated from the lens to exit in the opening defined between the
      incision 112 and the tool member 14.
PAR  Therefore, the ultrasonic cataract removal procedure includes the use of
      freezing means 135 to effect a freezing of the lens in a manner that as
      seen in FIG. 6A an iceball 138 is formed starting at the center or nucleus
      of the lens and expands outwardly until it reaches the outer limits of the
      nucleus or of the lens 102. It is important at that point that the
      freezing of the lens be stopped so that the iceball does not spread to
      encompass the posterior capsule of the eye. To accomplish this freezing,
      the cryogenic probe 136 is maintained within the lens, as by insertion in
      the aperture 118, for approximately 10 to 60 seconds and it has been found
      that generally up to 30 seconds of contact with the lens is more than
      sufficient to effect the freezing of the nucleus of the lens as
      hereinabove discussed. Accordingly, we first have the forming of one or
      more apertures 118 within the lens 102 which may be done with the
      ultrasonic tool member 14 or by some other means and thereafter the
      inserting in this aperture 118 of the freezing means 135 in the form of a
      cryogenic probe 136 and maintaining the cryogenic probe 136 within the
      aperture 118 for a period of time which is generally up to 30 seconds. As
      the cryogenic probe 136 is in contact with the lens 102, there is a
      maintaining of the temperature of the cryogenic probe tip 137 in a
      temperature range to effect a freezing of the lens. This temperature range
      is generally between -50.degree. F and 0.degree. F. Generally, it has been
      found sufficient if the cryogenic probe tip 137 is at a temperature of
      approximately -40.degree. F, if the contact between the tip 137 and the
      lens 102 is maintained for the period of time indicated; however, after
      defrosting of the lens 102 the cryogenic probe is removed from its
      intimate contact with the lens. The freezing may be further continued by
      reinserting the probe 136 within the other apertures 118.
PAR  The change in internal structural relationship of the fibers or the actual
      tissue comprising the lens has been found by applicant to change upon the
      defrosting of the lens back to approximately room temperature. The period
      of time under normal operating conditions is between approximately one
      minute to four minutes for the defrosting to occur. During this period of
      time, there is in effect an uptake of the fluid into the lens which causes
      a softening thereof making it more suitable to treatment by ultrasonic
      vibratory energy. In order to obtain the hardened lens into a softened
      condition, the step of freezing and defrosting has been found in certain
      instances for certain lenses to require that it be repeated and applicant
      has found that repeating of the freezing and thereafter defrosting of the
      lens may be repeated from one to four times before the lens is
      sufficiently softened so that the process as hereinafter discussed with
      respect to FIGS. 7-15 may be continued for the removal of the lens from
      the eye.
PAR  At the point that the surgeon determines that the lens is sufficiently
      softened to continue a surgical procedure, the incision 112 may thereafter
      be enlarged to approximately 5mm in length so that as the particles of the
      lens separate from the body thereof, they may have space in which to
      properly exit from the eye 100. Accordingly, as seen in particular with
      respect to FIG. 6B, the iceball 138 starts to, in effect, melt or defrost
      and the probe 136 is removed through the incision 112 from the eye 100.
      FIG. 6C illustrates in the same time sequence of events that the lens 102
      has now absorbed the fluid and begins to soften from the hardened lens to
      a softer and more pliable lens which can be more ealily removed. Since the
      surgeon is performing these steps under a microscope, he will visually see
      when the iceball is formed and can properly monitor equipment as to
      determine if the freezing and defrosting steps should be repeated and the
      number of times that is to occur before the final aspects of the operative
      procedure is to be completed.
PAR  Accordingly, the surgeon conducting the operation will have in his command
      the ability to form one or more frozen masses or iceballs 138 adjacent to
      a single aperture 118 or more than one aperture 118. For example, the
      surgeon may first drill three apertures as seen in FIG. 6 thereafter
      insert the probe 136 into one aperture and find that that area of the lens
      is sufficiently soft that freezing is not required. After making this
      decision he may then retract the probe 136 or other instrument that is
      used in determining how hard the lens 102 is. He may thereafter insert the
      probe 136 in the second aperture which area of lens is found to be
      sufficiently hard to warrant the freezing thereof and thereby the freezing
      and defrosting steps may be accomplished as discussed above. Thereafter if
      it is found that the area of lens 102 is still sufficiently hard the
      surgeon may repeat within the same aperture 118, the freezing and
      unfreezing process. To date, it has been found that the repeating of the
      freezing and unfreezing has been required in certain instances up to four
      times in order to accomplish the softening of the lens.
PAR  Depending upon the consistency of the lens it is appreciated that the
      actual iceball 138 may be contained within the immediate area of the
      aperture 118 that has a probe therein. Such that in effect, sequentially
      the probe is inserted in the first aperture 118 with the freezing and
      defrosting steps occurring one or more times and then perhaps into a
      second aperture and then into a possible third aperture with the steps of
      freezing and defrosting taking place one or more times. The above
      discussion merely indicates that there is an interrelationship between the
      hardness of the lens and its other internal characteristics that are
      determined during the medical procedure.
PAR  In employing the instrument as shown in FIG. 1, the surgeon can easily
      manipulate the handpiece 12 as required to work in the operative site 116
      until the cataract is broken apart or is deformed so as to flow itself
      through the incision 112 and removed therefrom. If necessary, additional
      small incisions may be made at various other surface points to permit
      ready access to the mass 102 of unwanted tissue. However, each of these
      incisions need be only sufficiently large to permit the slender operative
      tip of the instrument to enter. The smaller the number of incisions made,
      the less will the trauma be and therefore the shorter the recovery time as
      compared to a massive excision by other procedures.
PAR  As seen with respect to FIG. 6, the third bore 118 is being formed by the
      surgeon and thereafter the cataract 102 due to its reduced mass tends to
      shrink away from its surrounding walls and is free to be rotated as
      illustrated by arrow 120 in FIG. 7; i.e., 90.degree., in the plane as seen
      in FIG. 3. The surgeon thereafter angularly rotates the cataract 102, if
      necessary, through a specific angle as particularly seen in FIG. 7, this
      is illustrated at approximately 90.degree.. The physical rotation of the
      cataract may be conducted with the tip 15 of the tool 14, the fluid flow,
      or with another surgical instrument elected by the surgeon. Once the
      completion of the angular rotation has been accomplished, the the surgeon
      may thereafter commence the drilling of additional bores 118 as seen
      particularly in FIG. 8 where three additional bores are illustrated.
PAR  Once the cataract has had two, three, or four bores 118 therein, there is a
      reduction in the volume due to the amount of tissue removed and for a
      harder cataract a weakening of the structure and as seen diagrammatically
      in FIG. 9, there is formed in a sense a plurality of masses or sub-masses
      125, which may be large relative to the size of the particles 115 after
      being subjected to ultrasonic mechanical vibrational energy, and now the
      task remains of in effect reducing these larger masses 125 into particles
      115 which form the remains of the cataract 102. These masses 125 are
      removed substantially intact or the surgeon can continue to operate the
      tool member 14 through the opening 112.
PAR  As seen particularly in FIG. 9, the result of this cross-boring or drilling
      through the cataract in effect reduces the cataract into a plurality of
      sub-masses or larger particles 125 which are generally each too large to
      fit between the spacing defined by the outer surface 70 of the tool 14 and
      the incision 112. Therefore, we are left for the moment with a number of
      sub-masses 125 that the surgeon now has to remove from the operative site
      in order to complete the surgical procedure. Since no suction is
      necessarily utilized, the surgeon then has the task of reducing the
      sub-masses 125 to particles 115 for their removal. To perform this, the
      surgeon positions the tip 15 of the tool member 14 against a sub-mass 125
      and energizes the tip 15 to the point such that it vibrates and the
      vibratory energy is then transmitted to the sub-mass 125, in effect
      tapping it at a rate of 30,000 cycles per second such that this continuous
      series of blows or tapping by the mechanical tool causes a further
      fracturing of the sub-particle 125 such that it may be reduced to the form
      of a particle 115 which particles thereafter are capable of exiting in the
      fluid bath created from the incision 112. This fluid bath continues to
      fill the anterior chamber 101 and they flow therein until engaged with the
      ultrasonic mechanical vibrations so that their size is reduced and
      thereafter exit from the incision 112. In this manner, the surgeon may
      progressively, while working under a microscope, reposition the tool to
      abut or contact a mass and as same is positioned, is energized, through
      the switch, the vibratory tip 15 is vibrated for effecting further
      breaking down of each mass 125 into a particle size 115. By maintaining
      the fluid supply under atmospheric pressure, such that it has a gravity
      feed under a hydrostatic pressure produced by a fluid column, then there
      is a continuous flushing away that is generated such that the particles
      115 once broken away from the sub-mass 125 or mass 102 tend to be carried
      in this fluid stream that is created always flowing towards the incision
      112 from which the fluid is exiting. Since the particles do not have to
      exit through the tool member 14 then the tool may be maintained at a
      relatively small diameter, generally in the range of 0.030 in. to 0.050
      in. In review, then, FIGS. 3-10 illustrate the basis by which there is
      initially a forming of several bores through the cataract from the
      singular incision until the cataract mass has been sufficiently reduced in
      size and therefore is freely rotatable and thereafter due to the
      additional bores created there may be essentially a fracturing of the
      cataract into a number of smaller sub-masses. The actual fracturing is
      somewhat dependent upon the hardness of the cataract and for a softer
      cataract it is appreciated that the actual removal process is somewhat
      different than for a harder cataract. In particular for a softer cataract
      the initial drilling is performed as illustrated in FIGS. 3-6 in order to
      obtain a reduction of the site or volume of the mass 102 in its enclosed
      area in the eye. Then the removing of the mass 102 of reduced volume
      occurs essentially intact through the incision as seen in respect to FIGS.
      11-13. Thus for a soft cataract the individual sub-masses as seen in FIG.
      9 need not be formed.
PAR  During the surgical procedure as illustrated in FIG. 10, the incision 112
      is maintained in an open state by the surgeon applying the necessary force
      by gripping the appropriate portion of the eye with the tweezer 106 as the
      surgeon 128 applies the necessary force to maintain the open position of
      the incision 112.
PAR  As seen in FIGS. 11, 12, 13, and 14, a novel aspect of the present
      invention is seen in the ability of particles 115, sub-masses 125, or
      cataract mass 102 which have a larger volume or cross-section than the
      space defined between the outer surface 70 of the tool member 14 and the
      incision 112 to escape therethrough. What has been noticed is the ability
      of the mass to more or less squeeze its way out of an opening by changing
      its width in the constricted area between the incision wall 114 and the
      tool member 14. Since the particle is not of a completely hard surface
      that has no flexibility, there is this "wiggling," shrinking or moulding
      at its respective section which as seen in FIGS. 11-14 is progressive such
      that it creeps out through the opening 112 and carried in the fluid flow
      that has been created in the area. Initially with respect to the
      progressive steps illustrated in steps 11-14, the sub-mass 125 due to the
      fluid flow initially positions itself such that its leading edge 130 abuts
      the incision 112 while the tool member 14 is not vibrated. The complete
      removal of the mass may occur without any vibration because of the
      pressure within the anterior chamber by the fluid flow. Also the surgeon
      viewing the sub-mass 125 reaching the position as seen in FIG. 11 through
      the microscope may energize the circuitry such that the tip 115 starts to
      vibrate as indicated by arrow 46 such that there is what is believed to be
      a viscosity reduction effect or reduction of friction effect a known
      phenomena of ultrasonic mechanical vibrations such that between the outer
      of surface 70, the tool member 14 and the incision wall 114, the leading
      edge 130 of the sub-mass 125 continues its creeping "motion" until it
      progressively exits from its captivity as seen in FIG. 13 and thereafter
      as seen in FIG. 14 has fully left the confines of the eye. This step is
      repeated until the other masses 125 which cannot freely exit from the eye
      are freed of their captivity.
PAC  CONCLUSION
PAR  It will be apparent from a reading of the disclosure herein that a novel
      and improved surgical procedure for first softening and thereafter
      breaking apart and removing of tissue, such as a cataract, has been
      developed and that same may be rapidly removed with a minimum of damage to
      surrounding tissue. The present novel improved process and equipment
      provides a surgical procedure for the safe removal of cataracts by first
      softening the lens and thereafter reducing the volume and removing it by
      breaking it apart into minute particles and removing them rapidly from the
      operative site. It is seen that the apparatus and procedure is simplified
      to the extent that no mechanical suction or pressure is required in order
      to operate and therefore the possibility of damage due to the malfunction
      of any equipment does not exist in the present process.
PAR  Although the invention has been illustrated with respect to the removal of
      cataracts, it is appreciated that other objects that are to be removed may
      also be removed in the same surgical procedure from a human and other
      bodies and that the use of the cataract is merely intended for
      illustrative purposes and the invention is not at all limited with respect
      thereto.
PAR  Therefore, it is not desired that the invention be limited to the specific
      details illustrated and described and it is intended by the appended
      claims to cover all modifications which fall within the spirit and scope
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of removing a mass of unwanted tissue from an enclosed area
      in an animal with a tool member having an output edge, comprising the
      steps of:
PA1  A. forming an incision in an area proximate to the mass of unwanted tissue,
PA1  B. freezing the mass of unwanted tissue,
PA1  C. defrosting the mass of unwanted tissue,
PA1  D. reducing the size of the mass in its enclosed area by engaging the
      output edge of the tool member against the mass and ultrasonically
      vibrating the output edge, and
PA1  E. removing the reduced mass from the incision.
NUM  2.
PAR  2. The method as defined in claim 1, wherein the step of freezing said mass
      includes the steps of:
PA1  a. engaging a cryogenic probe against said mass for a period of time
      sufficient to freeze said mass, and
PA1  b. removing said cryogenic probe from engagement with said mass.
NUM  3.
PAR  3. The method as defined in claim 2, and further including the step of
      inserting said cryogenic probe through said incision for engaging said
      mass.
NUM  4.
PAR  4. The method as defined in claim 2, and further including the step of
      forming an aperture within said mass; and wherein said cryogenic probe is
      positioned within said aperture for freezing thereof.
NUM  5.
PAR  5. The method as defined in claim 1, and further including the step of
      increasing the length of said incision until it reaches approximately 2 to
      3 millimeters.
NUM  6.
PAR  6. The method as defined in claim 1, and further including the step of
      increasing the length of said incision prior to the step of reducing the
      size of the mass.
NUM  7.
PAR  7. The method as defined in claim 6, and further including the step of
      increasing the length of said incision to approximately 5 millimeters.
NUM  8.
PAR  8. The method as defined in claim 1, wherein the step of freezing said mass
      includes the steps of:
PA1  a. forming an aperture within said mass,
PA1  b. inserting in said aperture a cryogenic probe,
PA1  c. retaining said cryogenic probe within said aperture for a period of
      time,
PA1  d. maintaining the temperature of said cryogenic probe in a temperature
      range to effect a freezing of said mass, and
PA1  e. thereafter removing said cryogenic probe from said mass.
NUM  9.
PAR  9. The method as defined in claim 8, wherein said cryogenic probe is
      maintained within said mass for approximately 10 to 60 seconds.
NUM  10.
PAR  10. The method as defined in claim 8, wherein said cryogenic probe is
      maintained in the temperature range between -50.degree. to 0.degree.
      Fahrenheit.
NUM  11.
PAR  11. The method as defined in claim 1, wherein said mass is reduced in size
      by forming a plurality of apertures in said mass from varying directions
      with the tool member ultrasonically vibrated.
NUM  12.
PAR  12. The method as defined in claim 11, wherein said plurality of apertures
      effect a separating of the mass to form a plurality of masses for removal
      from the incision.
NUM  13.
PAR  13. The method as defined in claim 1, and further including the steps of
      freezing and defrosting the mass one or more times.
NUM  14.
PAR  14. The method as defined in claim 1,
PA1  a. and further including the steps of supplying a fluid in the area of said
      mass, and
PA1  b. removing said mass through the incision as said supply of fluid is
      introduced in the area of said mass.
NUM  15.
PAR  15. The method as defined in claim 14, and further including the step of
      supplying said fluid through the tool member.
NUM  16.
PAR  16. The method as defined in claim 1, and further including the step of
      pressing the tool member against one end of said incision to obtain the
      maximum opening of the incision so as to permit the mass to exit through
      the incision.
NUM  17.
PAR  17. The method as defined in claim 16, and further including the step of
      permitting the mass to abut the incision from the inner surface during a
      period when the tool member is not vibrating and thereafter vibrating the
      tool to cause the mass to exit through the incision.
NUM  18.
PAR  18. The method as defined in claim 1, and further including the step of
      supporting the area adjacent the incision to maintain the incision in an
      open position during the exiting of the mass therefrom.
NUM  19.
PAR  19. The method as defined in claim 1, and further including the step of
      laterally vibrating the output edge of said tool member.
NUM  20.
PAR  20. The method as defined in claim 1, and further including the step of
      vibrating said tool member in the frequency range of 5KHz to 50KHz.
NUM  21.
PAR  21. The method of removing a mass of unwanted tissue from an enclosed area
      in an animal with a tool member having an output edge, comprising the
      steps of:
PA1  A. forming an incision in an area proximate to the mass of unwanted tissue,
PA1  B. freezing the mass of unwanted tissue by means of:
PA2  1. forming an aperture within said mass,
PA2  2. inserting in said aperture a cryogenic probe,
PA2  3. retaining said cryogenic probe within said aperture for a period of
      time,
PA2  4. maintaining the temperature of said cryogenic probe in a temperature
      range to effect a freezing of said mass, and
PA2  5. thereafter removing said cryogenic probe from said mass,
PA1  C. defrosting the mass of unwanted tissue,
PA1  D. increasing the length of the incision,
PA1  E. reducing the size of the mass in its enclosed area by engaging the
      output edge of the tool member against the mass and ultrasonically
      vibrating the output edge,
PA1  F. supplying a fluid to the area adjacent the vibrating tool member, and
PA1  G. removing the reduced mass from the incision.
NUM  22.
PAR  22. The method as defined in claim 21, and further including the steps of
      inserting and removing said cryogenic probe through said incision.
NUM  23.
PAR  23. The method as defined in claim 21, and further including the step of
      increasing the length of said incision until it reaches approximately 2 to
      3 millimeters.
NUM  24.
PAR  24. The method as defined in claim 21, and further including the step of
      increasing the length of said incision to approximately 5 millimeters.
NUM  25.
PAR  25. The method as defined in claim 21,
PA1  a. and further including the steps of supplying a fluid in the area of said
      mass, and
PA1  b. removing said mass through the incision as said supply of fluid is
      introduced in the area of said mass.
NUM  26.
PAR  26. The method as defined in claim 21, and further including the step of
      supplying said fluid through the tool member.
NUM  27.
PAR  27. The method as defined in claim 21, and further including the step of
      maintaining said cryogenic probe within said cataract for approximately 10
      to 60 seconds.
NUM  28.
PAR  28. The method as defined in claim 21, and further including the step of
      maintaining the temperature of said cryogenic probe in the range between
      -50.degree. to 0.degree. Fahrenheit.
NUM  29.
PAR  29. The method of removing a cataract mass of tissue from its enclosed area
      in the eye, comprising the steps of:
PA1  A. forming an incision on the eye in order to gain access to said cataract,
PA1  B. freezing said cataract,
PA1  C. defrosting said cataract,
PA1  D. inserting a tool member having an output edge through the incision,
PA1  E. engaging the output edge of said tool member with the surface of said
      cataract,
PA1  F. supplying a fluid to the area adjacent the output edge of said tool
      member,
PA1  G. reducing the size of the cataract in its enclosed area by:
PA2  1. vibrating the tool member to provide peak accelerations of at least
      1,000g, to transmit said vibrations to the tissue of the cataract in
      engagement therewith,
PA2  2. moving said vibrating tool member relative to said cataract to form an
      aperture in said cataract to reduce the volume thereof,
PA2  3. retracting said vibrating tool member from the aperture formed within
      said cataract, and
PA1  H. removing said cataract from the incision.
NUM  30.
PAR  30. The method as defined in claim 29, wherein the step of freezing said
      cataract includes the steps of:
PA1  a. engaging a cryogenic probe against said cataract for a period of time
      sufficient to freeze said cataract, and
PA1  b. removing said cryogenic probe from engagement with the cataract.
NUM  31.
PAR  31. The method as defined in claim 30, and further including the steps of
      inserting and removing said cryogenic probe through said incision.
NUM  32.
PAR  32. The method as defined in claim 29, and further including the step of
      increasing the length of the incision until it reaches approximately 2 to
      3 millimeters.
NUM  33.
PAR  33. The method as defined in claim 29, and further including the step of
      increasing the length of the incision prior to the step of reducing the
      size of said cataract.
NUM  34.
PAR  34. The method as defined in claim 33, and further including the step of
      increasing the length of said incision to approximately 5 millimeters.
NUM  35.
PAR  35. The method as defined in claim 29, wherein the step of freezing the
      cataract includes the steps of:
PA1  a. forming an aperture within said cataract,
PA1  b. inserting in said aperture a cryogenic probe,
PA1  c. retaining said cryogenic probe within said aperture for a period of
      time,
PA1  d. maintaining the temperature of said cryogenic probe in a temperature
      range to effect a freezing of said cataract, and
PA1  e. thereafter removing said cryogenic probe from said cataract.
NUM  36.
PAR  36. The method as defined in claim 35, and further including the step of
      maintaining said cryogenic probe within said cataract for approximately 10
      to 60 seconds.
NUM  37.
PAR  37. The method as defined in claim 35, and further including the step of
      maintaining the temperature of said cryogenic probe in the range between
      -50.degree. to 0.degree. Fahrenheit.
NUM  38.
PAR  38. The method as defined in claim 29, and further including the steps of:
PA1  a. rotating said cataract to expose another portion of said cataract, and
PA1  b. reinserting said vibrating tool member into said cataract to form
      another aperture therein, until sufficient tissue has been removed to form
      a plurality of masses.
NUM  39.
PAR  39. The method as defined in claim 36, and further including the step of
      progressively contacting said cataract masses by engaging the output edge
      of the tool member against a respective mass and energizing said vibratory
      output edge to further reduce the size of each mass so as to permit said
      respective mass to exit from the incision.
NUM  40.
PAR  40. The method of removing a cataract mass of tissue from the eye,
      comprising the steps of:
PA1  A. forming an incision on the eye in order to gain access to said cataract
      tissue,
PA1  B. freezing said cataract mass,
PA1  C. defrosting said cataract mass,
PA1  D. inserting a tool member having an output edge through the incision,
PA1  E. engaging the output edge of said tool member with the surface of said
      cataract,
PA1  F. supplying a fluid through said tool member adjacent said cataract,
PA1  G. vibrating the tool member to provide peak accelerations of at least
      1,000g to transmit said vibrations to the tissue of said cataract in
      engagement therewith,
PA1  H. moving said vibrating tool member relative to said cataract to form an
      aperture in said cataract,
PA1  I. retracting said vibrating tool member from the aperture formed within
      said cataract,
PA1  J. rotating said cataract to expose another portion of said cataract,
PA1  K. reinserting said vibrating tool member into said cataract to form
      another aperture therein, until a plurality of masses are formed, and
PA1  L. progressively reducing the size of the respective masses by contacting
      the output edge of the tool member thereagainst and energizing said
      vibratory tip to further reduce the size thereof so as to permit said mass
      to exit from the incision.
NUM  41.
PAR  41. The method as defined in claim 40, wherein the step of freezing said
      cataract includes the steps of:
PA1  a. engaging a cryogenic probe against said cataract for a period of time
      sufficient to freeze said cataract, and
PA1  b. removing said cryogenic probe from engagement with the cataract.
NUM  42.
PAR  42. The method as defined in claim 41, and further including the steps of
      inserting and removing said cryogenic probe through said incision.
NUM  43.
PAR  43. The method as defined in claim 40, and further including the step of
      increasing the length of the incision until it reaches approximately 2 to
      3 millimeters.
NUM  44.
PAR  44. The method as defined in claim 40, and further including the step of
      increasing the length of the incision prior to the step of reducing the
      size of said cataract.
NUM  45.
PAR  45. The method as defined in claim 40, and further including the step of
      increasing the length of said incision to approximately 5 millimeters.
NUM  46.
PAR  46. The method as defined in claim 40, wherein the step of freezing the
      cataract includes the steps of:
PA1  a. forming an aperture within said cataract,
PA1  b. inserting in said aperture a cryogenic probe,
PA1  c. retaining said cryogenic probe within said aperture for a period of
      time,
PA1  d. maintaining the temperature of said cryogenic probe in a temperature
      range to effect a freezing of said cataract, and
PA1  e. thereafter removing said cryogenic probe from said cataract.
NUM  47.
PAR  47. The method as defined in claim 40, and further including the step of
      maintaining said cryogenic probe within said cataract for approximately 10
      to 60 seconds.
NUM  48.
PAR  48. The method as defined in claim 40, and further including the step of
      maintaining the temperature of said cryogenic probe in the range between
      -50.degree. to 0.degree. Fahrenheit.
NUM  49.
PAR  49. The method as defined in claim 40, and further including the step of
      vibrating said tool member in the frequency range of 5KHz to 50KHz.
NUM  50.
PAR  50. The method as defined in claim 40, and further including the step of
      first forming one or more apertures in said cataract prior to the step of
      freezing said cataract mass.
NUM  51.
PAR  51. The method of softening the lens of the eye prior to removing same
      therefrom with ultrasonic energy, comprising the steps of:
PA1  A. freezing the lens of the eye, and
PA1  B. defrosting the lens of the eye.
NUM  52.
PAR  52. The method as defined in claim 51, and further including the step of
      repeating said steps of freezing and defrosting until the lens is
      sufficiently softened for the application of the ultrasonic energy
      thereto.
NUM  53.
PAR  53. The method as defined in claim 51, wherein the step of freezing said
      lens includes the steps of:
PA1  a. engaging a cryogenic probe against said lens for a period of time
      sufficient to freeze said lens, and
PA1  b. removing said cryogenic probe from engagement with said lens.
NUM  54.
PAR  54. The method as defined in claim 53, and further including the step of
      first forming an incision in an area proximate to the lens of the eye to
      gain access to the lens thereof.
NUM  55.
PAR  55. The method as defined in claim 54, and further including the step of
      inserting said cryogenic probe through said incision for engaging said
      lens.
NUM  56.
PAR  56. The method as defined in claim 51, wherein the step of freezing said
      lens includes the steps of:
PA1  a. forming an aperture within said lens,
PA1  b. inserting in said aperture a cryogenic probe,
PA1  c. retaining said cryogenic probe within said aperture for a period of
      time,
PA1  d. maintaining the temperature of said cryogenic probe in a temperature
      range to effect a freezing of said lens, and
PA1  e. thereafter removing said cryogenic probe from said lens.
NUM  57.
PAR  57. The method as defined in claim 56, and further including the step of
      maintaining said cryogenic probe within said cataract for approximately 10
      to 60 seconds.
NUM  58.
PAR  58. The method as defined in claim 56, and further including the step of
      maintaining the temperature of said cryogenic probe in the range between
      -50.degree. to 0.degree. Fahrenheit.
NUM  59.
PAR  59. The method as defined in claim 51, and further including the step of
      repeating said steps of freezing and defrosting the lens.
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ABST
PAL  A foot massager has a hollow casing that includes a top panel for
      accommodating the feet of the user. A vibrator motor is mounted against
      the underside of the top panel by a bent metal strap having opposite ends
      that are connected to bosses projecting from the top panel. Lugs extending
      from the top panel prevent lateral movement of the motor. An electrically
      restive heating sheet is adhesively attached to the top panel and is
      further secured thereto by a pair of metal bands and a pair of clips.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to foot massaging devices that apply a vibration
      force to the feet of the user.
PAR  Although vibrational foot massaging devices have been used for some time,
      they have not been wholly satisfactory. The motors of existing devices are
      typically mounted for at least some degree of movement relative to the
      casing on which the user stands, and the vibrational force of the motor is
      therefore damped somewhat and not fully imparted to the casing. The motor
      is also susceptible to being eventually jarred loose from the casing as a
      result of the vigorous vibrational forces that are repeatedly exerted.
      Furthermore, even though the advantages of applying heat along with the
      vibration massage have been recognized, the heating elements have not been
      attached in a firm enough manner to withstand the vibration of the device.
PAR  It is an object of the present invention to provide an improved foot
      massager which utilizes the energy of the vibrator motor more effectively
      than existing devices.
PAR  Another object of the invention is to provide a foot massager in which the
      vibrator motor is securely mounted to the casing.
PAR  An additional object of the invention is to provide a foot massager having
      improved heating means which applies heat to the feet of the user in a
      uniform manner.
PAR  A further object of the invention is to provide a foot massager having a
      heating strip that is attached to the casing firmly enough to withstand
      the vibrational forces.
PAR  Still another object of the invention is to provide a foot massager of the
      character described that is simple, durable, economical and lightweight.
PAR  Other and further objects of this invention, together with the features of
      novelty appurtenant thereto, will appear in the course of the following
      description.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the accompanying drawing which forms a part of the specification and is
      to be read in conjunction therewith, and in which like reference numerals
      are employed to indicate like parts in the various views:
PAR  FIG. 1 is a side elevational view in crosssection illustrating a foot
      massager constructed according to the invention;
PAR  FIG. 2 is a bottom plan view of the foot massager shown in FIG. 1, with the
      bottom closure plate partially broken away to illustrate the internal
      structure; and
PAR  FIG. 3 is a schematic diagram showing the electrical circuitry of the foot
      massager.
DETD
PAR  Referring now to the drawing in detail, a hollow casing which is preferably
      molded of a good quality plastic is generally designated by numeral 10.
      The casing includes an integral top panel 11 which provides the usual two
      foot receiving areas (not shown) that are generally contoured in
      accordance with the sole of the human foot. A console or divider (not
      shown) extends the length of panel 11 between the foot receiving areas. An
      indicator lamp 13 and a pair of slidable switches 14 and 15 are mounted on
      this console.
PAR  Casing 10 has an open bottom which is covered by a thin closure plate 16.
      Plate 16 is preferably metallic and is secured to casing 10 by a plurality
      of screws 17 which are received in corresponding bosses 18 molded into and
      projecting downwardly from the lower edge of the casing. Four support pads
      19 which are preferably rubber or a similar material are secured to the
      bottom of plate 16 near the corners thereof.
PAR  Turning now to the interior of the casing, a vibrator motor 20 is mounted
      against the underside of top panel 11. Motor 20 is a conventional electric
      motor which drives a rotary output shaft 21. Eccentric portions 22 are
      mounted on the opposite ends of shaft 21 and serve to unbalance the shaft.
      A fan 23 is also carried on shaft 21, and the fan operates to pass cooling
      air over the motor when shaft 21 is rotating.
PAR  Motor 20 is mounted against top panel 11 by an elongate bracket in the form
      of a thin metal strap 25. Strap 25 has a straight central portion 25a
      which bears against the underside of motor 20, a pair of generally
      parallel legs 25b extending upwardly from the ends of portion 25a, and
      oppositely turned flanges 25c on the upper ends of the legs which are
      secured to generally cylindrical bosses 26 by screws 27. Bosses 26 are
      integral with the underside of top panel 11 and project generally
      downwardly therefrom at spaced locations. Each boss 26 has a plurality of
      triangular gusset ribs 26a which reinforce the bosses with respect to the
      top panel of the casing. Ribs 26a extend radially from spaced locations on
      the sides of bosses 26 and join integrally to the bottom of panel 11 to
      add rigidity to the bosses.
PAR  As best shown in FIG. 1, a foam rubber pad 28 is interposed tightly between
      the bottom side of motor 20 and the straight central portion 25a of strap
      25. Another foam rubber pad 29 is tightly interposed between the top side
      of motor 20 and a large rectangular boss 30 which is integral with the
      underside of panel 11 and projects downwardly therefrom. Accordingly,
      strap 25 securely mounts motor 20 tightly between its straight
      intermediate portion 25a and the boss 30 so that the vibrational force is
      fully imparted to top panel 11, as will become clear.
PAR  Four lugs 32 project downwardly from top panel 11 at locations adjacent to
      each of the opposite sides of boss 30. Lugs 32 extend somewhat below the
      bottom surface of boss 30 and thus engage the opposite sides of motor 20
      to restrain the motor against any lateral movement. Each lug 32 is
      perpendicular to the side of the motor which it engages.
PAR  A heating element in the form of electrically resistive members
      incorporated in a thin fabric sheet 33 is secured to the underside of
      panel 11, as best illustrated in FIG. 2. Sheet 33 has two halves
      interconnected at their forward ends by a thin strip. The area of the
      sheet 33 is substantially equal to the area of the soles of the feet
      applied to the top of panel 11. A suitable adhesive adheres sheet 33
      directly to panel 11. Also, a pair of thin, elongate metal bands 34 assist
      in attaching sheet 33 to panel 11. Bands 34 each have a pair of apertures
      which are passed over small bosses 35 that project downwardly from top
      panel 11 at locations near the opposite outer edges of sheet 33. Bands 34
      are firmly attached to bosses 35 and bear tightly against the underside of
      sheet 33 to assist in firmly securing the sheet to the top panel.
PAR  In addition, a pair of metal clips 36 are provided with apertures which are
      passed over respective bosses 37 that project downwardly from top panel 11
      adjacently inwardly of each half of sheet 33. Clips 36 are firmly attached
      to bosses 37 with one end of each clip bearing tightly against the
      underside of one of the halves of sheet 33 at the inward edge thereof to
      firmly secure these edges against the top panel.
PAR  An electric cord 38 has a plug 39 (FIG. 3) on its end for connection to an
      appropriate wall outlet. Cord 38 enters the forward end of casing 11 and
      is clamped to the intermediate portion 25a of strap 25 by a pair of clamps
      40. Cord 38 supplies electric current to motor 20 and heating sheet 33
      when switches 15 and 14, respectively are closed.
PAR  In operation, after plug 39 has been connected to a wall outlet, the user
      stands upon top panel 11 and closes switch 15 with his foot in order to
      energize motor 20. The rotation of shaft 21 results in substantial
      vibration due to the unbalancing effect caused by eccentrics 22. The full
      vibrational force is transmitted either directly to top panel 11 through
      boss 30, or initially to strap 25 and then to top panel 11 through bosses
      26. Consequently, the vibration of the motor is not damped and the entire
      output energy of the motor is imparted to panel 11, which therefore
      vibrates in a pronounced manner.
PAR  If the user desires heat along with the vibrational massage, switch 14 can
      be closed by the foot to close the circuit to the heating sheet 33 which
      will then distribute heat uniformly to the soles of the feet. It should be
      apparent that the unit is operable to produce a massaging effect alone,
      heating alone, or both a massage and heating, depending upon the positions
      of switches 14 and 15.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all the ends and objects hereinabove set forth together with
      other advantages which are obvious and which are inherent to the
      structure.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  Since many possible embodiments may be made of the invention without
      departing from the scope thereof, it is to be understood that all matter
      herein set forth or shown in the accompanying drawings is to be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A foot massager comprising
PA1  a casing having a top panel adapted to support a pair of feet;
PA1  a vibrator assembly located within said casing and including a motor
      operable to effect vibration of said top panel;
PA1  a rigid, elongate strap for mounting said motor against said top panel,
      said strap having opposite ends spaced apart from one another and an
      intermediate portion adapted to engage the bottom side of said motor;
PA1  means for securing the opposite ends of said strap to said top panel with
      the top side of said motor bearing tightly against said top panel and said
      intermediate strap portion bearing tightly against the bottom side of said
      motor; and
PA1  lug means extending from said top panel for retaining said motor against
      lateral movement.
NUM  2.
PAR  2. A combination as set forth in claim 1, including a pair of bosses
      projecting downwardly from said top panel and spaced apart from one
      another a distance substantially equal to the distance between said
      opposite strap ends, said securing means comprising means for attaching
      the opposite strap ends to the respective bosses.
NUM  3.
PAR  3. A combination as set forth in claim 2, including a plurality of ribs
      interconnecting said top panel and said bosses to reinforce the latter.
NUM  4.
PAR  4. A combination as set forth in claim 1, wherein said lug means comprises
      a plurality of lugs extending from said top panel at locations to engage
      said motor on opposite sides thereof.
NUM  5.
PAR  5. A combination as set forth in claim 1, including:
PA1  an electrically resistive heating sheet presenting an area substantially
      equal to the area of the soles of the feet and operable to emit heat;
PA1  adhesive means for attaching said heating sheet to the underside of said
      top panel in substantially continuous contact therewith; and
PA1  a pair of strap members secured to said top panel and bearing against the
      bottom surface of said heating sheet to cooperate with said adhesive means
      in retaining the heating sheet against said top panel.
NUM  6.
PAR  6. A combination as set forth in claim 5, including a pair of clips secured
      to said top panel and engaging said heating sheet at locations offset from
      said strap members, said clips cooperating with said adhesive means and
      strap members to retain said heating sheet against said top panel.
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ABST
PAL  An extension splint is disclosed as having an elongated frame including a
      pivoting foot plate and frame brace in order to be readily collapsible as
      well as being operable in conjunction with means for longitudinally
      extending the elongated frame above the foot plate in order to apply an
      extension force to the leg.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Medical practitioners and emergency technicians have found that patients
      with fractures of the hip, the femur and same fractures below the knee
      should be transported to emergency care facilities with the injured leg or
      hip in traction. The Instruction Manual on Emergency Care and
      Transportation of the Sick and Injured states: "When caring for persons
      with a suspected fracture, it is important to provide for the comfort of
      the patient. Relief of pain is best obtained by immobilizing (splinting)
      the fracture with traction."
PAR  In addition to care and comfort of the patient, the splint traction system
      should be simple to operate and use by emergency personnel. The Thomas
      splint, one of the earliest types of traction splints, uses a U-shaped
      frame and heel stand with tri-angular bandages which are wrapped around
      the frame and the leg and foot of the patient in order to apply traction.
      The difficulty with this splint traction system is that it requires
      extensive training of emergency personnel and it also takes much more time
      and effort than is practical or desirable in an emergency situation.
      Another type of splint traction system known as the Hare splint uses a
      telescoping frame and leg stand in conjunction with tri-ring ankle and
      traction straps and leg support straps in order to apply traction. The
      tri-ring ankle strap and traction strap of the Hare splint are connected
      to a web roll-up device which exerts a downward pulling force on the ankle
      and leg of the patient. While the Hare splint has been effective and
      easier to operate than the Thomas splint, it is not as simple, effective
      and easy to operate as is desired by emergency personnel.
PAR  Difficulty has also been experienced with both the Thomas and Hare splints
      due to the cumbersome extension of the spling traction system beyond the
      patient's foot. This results in the splint overhanging the ambulance cot
      and may also necessitate placing the patient into vehicle feet first.
      Another difficulty that has been encountered is that the downward pulling
      force exerted on the foot with the below foot splint traction systems of
      the Thomas and Hare splints has caused a condition known as "foot drop."
      This results because the downward pulling force on the foot, in order to
      apply traction to the leg, allows the foot to be continuously disposed at
      an abnormal angular position relative to the leg causing unequal forces to
      be applied to leg muscles. Undesirable "foot drop" creates problems not
      only in setting the break when a permanent type splint is applied, but
      also may result in walking difficulties both during and after the healing
      process.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved splint device and system which overcomes the aforementioned
      difficulties.
PAR  More specifically, it is an object of the present invention to provide an
      extension splint system or device which achieves some or all of the
      following over existing systems or devices: is simpler and faster to use,
      is safer and more comfortable for the patient, is adjustable for both
      children and adults, can be folded flat for storage, can be used on bare
      foot, shoe or boot, prevents foot drop and is otherwise well adapted for
      intended purposes.
PAR  These and other objects and advantages of the present invention are
      achieved by the provision of an extension splint which includes an
      elongated frame having releasable leg support means along the length
      thereof, a pivotable foot plate which is capable of being positioned
      substantially normal to the frame, a pivotable frame brace extending
      beneath the frame to support the foot plate above a supporting surface on
      which the frame rests and means for longitudinally extending the frame
      above the foot plate in order to apply an extension force to the leg.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top perspective view of a leg in an extension splint which is
      constructed in accordance with the teachings of the present invention;
PAR  FIG. 2 is a top plan view of the leg extension splint shown in FIG. 1 and
      illustrating the leg and ankle supporting straps opened up prior to a leg
      being inserted in the splint;
PAR  FIG. 3 is a side perspective view of the leg extension splint which
      illustrates the manner in which the splint may be folded flat for compact
      storage;
PAR  FIG. 4 is a fragmentary top plan view of the foot plate and frame brace
      portions of the leg extension splint;
PAR  FIG. 5 is an end elevational view of the foot plate engaging the elongated
      frame in locked position as viewed along lines 5--5 of FIG. 4;
PAR  FIG. 6 is an end elevational view of the frame brace engaging the elongated
      frame in locked position as viewed along lines 6--6 of FIG. 4;
PAR  FIG. 7 is an enlarged fragmentary end elevational view of frame brace
      locking means shown in FIG. 6;
PAR  FIG. 8 is a fragmentary end perspective view of another type of leg
      extension splint which is constructed in accordance with the teachings of
      the present invention; and
PAR  FIG. 9 is an enlarged fragmentary top plan view of the leg extension splint
      shown in FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The term "extension" splint or force has been used to distinguish from
      traction forces applied by below the foot traction systems. As will be
      seen, the extension force applied through the extension splint of the
      present invention is an above the foot propelling force which has several
      important advantages.
PAR  THe structural components and use of the extension splint of the present
      invention can best be understood by first referring to FIGS. 1-3 of the
      drawings. There it will be seen that the extension splint generally
      designated by the numeral 10 includes an elongated frame 12 with
      releasable leg support straps 14 along the length thereof, a pivotable
      foot plate 16 at one end of the frame 12 which can be positioned in the
      vertical or substantially normal to the frame position as illustrated in
      FIGS. 1 and 2 or the generally parallel to the frame collapsed position
      shown in FIG. 3, a frame brace 18 extending beneath the frame which can
      also be positioned in a vertical or substantially normal to the frame
      position seen in FIGS. 1-2 or the generally parallel to the frame
      collapsed position depicted in FIG. 3, and longitudinal extension means 20
      for extending the elongated frame 12 above the foot plate 16 in order to
      apply traction force to the leg.
PAR  The elongated frame 12 has telescopically interfitting U-shaped supporting
      members 22, 24 respectively. U-shaped member 22 carries a plurality (four
      are illustrated) of leg supporting straps 14 which are attached to the
      U-shaped supporting member 22. Each of the leg supporting straps 14 have
      fastening means at the free ends thereof which are preferably in the form
      of "Velcro" type engaging means 26 on opposite sides of the free ends of
      the straps 14 as shown in FIG. 2. This will provide releasable engagement
      of the straps 14 with relatively tight fitting and adjustable features for
      use and re-use of the splint on patients with different leg sizes.
PAR  In order to comfortably and properly position the splint 10 adjacent the
      patient's leg/hip ball socket, the U-shaped supporting member 22 includes
      a torous-shaped flexible element 28 which is slightly angularly offset
      relative to the elongated frame 12. The torous-shaped flexible element 28
      is attached to one end of the U-shaped supporting member 22 and is held in
      position relative to the leg-hip ball socket by the releasable leg
      supporting strap 30 which includes a ring strap 32 and a "Velcro" type
      strap 34. After the leg is positioned in the splint 10 with the
      torous-shaped flexible element 28 adjacent the leg/hip ball socket, the
      "Velcro" type strap 34 is threaded through the ring of the ring strap 32
      and then the "Velcro" type strap is folded back over and attached to
      itself as best seen in FIG. 1. Between the patient's leg/hip ball socket
      and foot, the leg supporting strap 14 with "Velcro" type fastening means
      are used to hold the leg in position relative to the splint 10.
PAR  The U-shaped supporting member 22 of the elongated frame 12 further
      includes the incrementally adjustable locking means 20 for longitudinal
      extension and retraction of the U-shaped supporting members 22, 24
      relative to one another. The U-shaped supporting member 24 has a polygonal
      cross-sectional configuration and is dimensioned to be slidably received
      within the U-shaped supporting member 22. The incrementally adjustable
      locking means 20 are of the type wherein longitudinal extension of the
      U-shaped supporting members 22, 24 of the frame is provided by pushing the
      upstanding knobs 36 of the incrementally adjustable locking means 20 to
      partially telescopically disassociate the U-shaped supporting member 24
      from the U-shaped supporting member 22 and thereby longitudinally extend
      the frame 12. Depressing the levers 38 of the incrementally adjustable
      locking means 20 will permit partial telescopic association of the
      U-shaped supporting members 22, 24 for longitudinal retraction of the
      frame 12.
PAR  It is important to note that the incrementally adjustable locking means 20
      are positioned above the foot plate 16 in order that extension force can
      be applied to the leg above the foot plate 16 with the foot held in
      position by the foot plate straps of the substantially normal to the frame
      foot plate 16 will be discussed below. The desired amount of extension
      force can thus be applied without "foot drop" or ambulance cot handling
      problems as discussed above. The simplicity and ease of incremental
      adjustment will also be apparent with this structural combination of
      elements.
PAR  The foot plate 16 and frame brace 18 are pivotally attached to the U-shaped
      supporting member 24 adjacent the foot end of the splint 10. Before the
      patient's leg is positioned in the splint, the foot plate 16 and frame
      brace 18 are opened up from the collapsed position shown in FIG. 3 to the
      vertical or substantially normal to the frame position shown in FIGS. 1-2.
      Then, the patient's leg is positioned in the splint 10 with the straps
      opened up as shown in FIG. 2 of the drawings. The frame brace 18 supports
      the elongated frame 12 and the foot plate 16 above the ground or other
      supporting surface in order to keep the leg suspended and to facilitate
      attachment of the various straps of the splint 10.
PAR  As best seen in FIGS. 4-7, the foot plate 16 and frame brace 18 include
      releasable locking means for locking the foot plate 16 and frame brace 18
      substantially normal to the elongated frame 12.
PAR  The releasable locking means for the U-shaped frame brace 18 includes tab
      elements 40 which are mounted on the normally spring urged outwardly brace
      legs 42 adjacent the polygonally configured U-shaped supporting member 24
      of the elongated frame 12. The U-shaped frame brace 18 is pivotally
      mounted to the U-shaped supporting member 24 at the upper free ends of
      brace legs 42 by the pivotal mounts 44. The polygonal shape and size of
      the tab elements 40 and their location at the outer upper free ends of the
      brace legs 42 is such that the tab elements 40 engage the U-shaped
      supporting member 24 of polygonal configuration along the side sections
      thereof when the frame brace 18 is generally longitudinally aligned as
      parallel relative to the elongated frame 12, while the tab elements 40 are
      positioned for engagement with the bottom sections of the U-shaped
      supporting member 24 under the spring force of the brace legs 42 when the
      frame brace 18 is moved to a position substantially normal to the
      elongated frame 12. As best seen in FIGS. 6-7, the tab elements 40 are
      positioned below the U-shaped supporting members 24 with their
      complementary polygonal configurations in non-rotative locking engagement.
      The frame brace 18 is thus securely locked in position relative to the
      elongated frame 12. When it is desired to collapse the frame brace 18, it
      is necessary for opposing inwardly directed force to be applied to the
      brace legs 42 as the brace legs are rotated to a position where the tab
      elements 40 engage the side sections of the U-shaped supporting member as
      illustrated in FIG. 3.
PAR  The releasable locking means for the foot plate 16 includes spring biased
      pawl means in the form of a pawl element 46 and pawl spring 48 which are
      mounted on a pivotable shaft 50 journalled to the U-shaped supporting
      member 24 as best seen in FIGS. 3-4 of the drawings. The pivotable shaft
      50 is itself attached to the bottom of the foot plate 16 by suitable
      fastening means in order that the foot plate 16 can pivot relative to the
      elongated frame 12. As depicted in FIGS. 3-4 of the drawings, the pawl
      element 48 is fixedly mounted to the pivotable shaft 50 at the upper end
      thereof while the pawl spring 48 is compressed between the U-shaped member
      24 and the foot plate 16 at the lower end of the pivotable shaft 50.
PAR  The pawl element 46 includes a slot 52 formed therein adjacent one of the
      polygonally shaped sections of the U-shaped supporting member 24. The slot
      52 has a complementary configured shape relative to the adjacent
      polygonally shaped section of the U-shaped supporting member in order to
      permit the slot 52 of the pawl element 46 to engage the adjacent
      polygonally shaped frame section of the U-shaped supporting member 24
      under the force of the pawl spring 50 as seen in FIG. 5 and thereby
      rotationally lock the foot plate 16 relative to the elongated frame 12 in
      a position substantially normal to the elongated frame 12. In order to
      collapse the foot plate 16 to a generally parallel to the frame position
      as seen in FIGS. 3-4, the foot plate 16 must be shifted to compress the
      pawl spring 48 to allow disengagement of the pawl slot 52 from the
      U-shaped supporting member while the foot plate 16 is rotated to the
      generally parallel to the frame position seen in FIGS. 3-4. If desired,
      locking means on the pawl element 46 similar to the slot 52 may be
      provided to lock the foot plate 16 in the collapsed condition, although
      essentially the same result may be achieved by wrapping the foot straps of
      the foot plate 16 around the U-shaped supporting member 24 as will be
      apparent.
PAR  As best seen in FIGS. 4-5 the foot plate 16 includes pairs of heel and toe
      L-shaped slots 54, 56 respectively for receiving heel and toe strap
      supports 58, 60 respectively as seen in FIGS. 1-3 which also preferably
      include "Velcro" type fastening means for attaching the patient's bare
      foot, shoe or boot to the foot plate as shown in FIG. 1. Alternatively, a
      single foot supporting strap 62 shown in FIG. 2 is preferably used. The
      single supporting strap 62 is mounted along its mid-portion within the
      L-shaped heel slots 54 so as to provide two strap sections which are
      overlapped and attached to one another a predetermined distance from the
      heel portion of the foot plate 16 as at 64 in order to provide a heel
      support for the foot plate 16. The unattached remaining portions of the
      two strap sections of the supporting strap 62 are then brought down along
      the side of the patient's foot and positioned within the L-shaped toe
      slots 56 and then wrapped about the patient's toes before being attached
      to one another by the "Velcro" type fastening means. When a single
      supporting strap is used, the L-shaped toe slots 56 are preferably offset
      from one another to facilitate wrapping of the strap 62 about the
      patient's foot.
PAR  Reference is now made to the form of leg traction splint 70 illustrated in
      FIGS. 8-9 of the drawings. The leg traction splint 70 illustrates a device
      with several optional or alternative features to the leg traction splint
      10 shown in FIGS. 1-7. In the first place, there is illustrated internally
      threaded hand nuts 72 which are threadably associated relative to
      externally threaded portions 74 of the partially shown U-shaped supporting
      member 76. Incremental longitudinal adjustment of the foot plate 78
      relative to the U-shaped supporting member 76 may be provided either
      independently or as an adjunct to the incremental longitudinal adjustment
      means 20 shown in the FIGS. 1-7 embodiment.
PAR  Another optional or alternative feature is the 270.degree. rotating foot
      plate 78 which can be rotated from the dotted line configuration shown in
      FIG. 9 where the foot plate 78 overlaps the connecting portion 80 of the
      U-shaped frame supporting member 76 to a position 270.degree. therefrom as
      illustrated in the full line configuration of the foot plate in FIGS. 8-9
      where further rotation is prevented by the engagement of bottom of the
      foot plate 78 with the connecting portion 80 of the U-shaped frame
      supporting member 76.
PAR  These optional or alternative features are examples of the type of
      mechanical features that are within the scope of the present invention.
PAR  From the foregoing, it will be appreciated that the extension splint of the
      present invention is a novel and practical approach for quickly, easily
      and efficiently applying extension force to a patient's leg while avoiding
      cumbersome designs that may interfere with the proper setting of the
      fractured area relative to the patient's foot.
CLMS
STM  I claim:
NUM  1.
PAR  1. An extension splint comprising an elongated frame having releasable leg
      support means along the length thereof, a pivotable foot plate which is
      capable of being positioned substantially normal to a leg received in said
      extension splint, a pivotable frame brace extending beneath the frame to
      support the foot plate above a supporting surface on which the frame
      rests, and means for applying an extension force to a leg above the foot
      plate while said leg and foot are held in supported position by said
      aforementioned components, said last mentioned means including
      longitudinal frame extension means having manually releasable and
      incrementally adjustable locking means including generally longitudinally
      operable extension means and generally transversely operable retraction
      means.
NUM  2.
PAR  2. The extension splint as defined in claim 1 including releasable locking
      means for locking the foot plate and frame brace substantially normal to
      the elongated frame.
NUM  3.
PAR  3. The extension splint as defined in claim 2 wherein the releasable
      locking means for locking the foot plate includes spring biased pawl means
      which are released for engaging the frame when the foot plate is rotated
      to a position substantially normal to the frame.
NUM  4.
PAR  4. The extension splint as defined in claim 3 wherein the spring biased
      pawl means includes a pawl element and a pawl spring, said pawl element
      being mounted at one end of a pivotable shaft element that pivotally
      supports the foot plate on the elongated frame, said elongated frame
      including polygonally shaped frame elements, said pawl element having a
      slot formed therein adjacent the elongated frame and being aligned
      relative to one of said polygonally shaped frame sections when said foot
      plate is positioned substantially normal to said elongated frame, the slot
      of the pawl element having a complementary configured polygonal shape
      relative to an adjacent polygonally shaped frame section in order to
      permit the pawl element slot to engage the adjacent polygonally shaped
      frame section under the force of the pawl spring and thereby rotationally
      lock the foot plate relative to the elongated frame in a position
      substantially normal to said elongated frame.
NUM  5.
PAR  5. The extension splint as defined in claim 2 wherein the releasable
      locking means for locking the frame brace includes spring biased tab means
      which are released for engaging the frame when the frame brace is rotated
      to a position substantially normal to the frame.
NUM  6.
PAR  6. The extension splint as defined in claim 5 wherein the spring biased tab
      means includes tab elements which are mounted to a U-shaped frame brace
      adjacent the elongated frame, said U-shaped frame brace being pivotally
      supported by each of its legs through pivotal mounts extending from the
      elongated frame, each of the legs of the U-shaped frame brace being
      normally spring urged outwardly and being spring urged inwardly by the tab
      elements engaging the elongated frame along side sections thereof when the
      frame brace is generally longitudinally aligned relative to said elongated
      frame, said tab elements being positioned for engagement with the frame
      along bottom sections thereof under the spring force of the legs when the
      frame brace is moved to a position substantially normal to said elongated
      frame.
NUM  7.
PAR  7. The extension splint as defined in claim 2 wherein the elongated frame
      comprises telescopically interfitting U-shaped supporting members, and
      said means for longitudinally extending the frame above the foot plate
      includes incrementally adjustable locking means which are mounted on each
      of the legs of one of said U-shaped supporting members for releasable
      locking engagement with the legs of said other U-shaped supporting
      members.
NUM  8.
PAR  8. The extension splint as defined in claim 7 wherein the incrementally
      adjustable locking means for said elongated frame includes generally
      longitudinally operable extension means which extends the frame in a
      direction opposite from that in which force is exerted and generally
      transversely operable retraction means including depressable lever means.
NUM  9.
PAR  9. The extension splint as defined in claim 8 and further including
      rotationally longitudinal adjustment means.
NUM  10.
PAR  10. The extension splint as defined in claim 1 wherein the foot plate
      includes releasable heel and toe support strap support means.
NUM  11.
PAR  11. The extension splint as defined in claim 10 wherein at least the
      releasable heel strap support means comprises a single supporting strap
      which is mounted along the mid-portion thereof to the heel portion of the
      foot plate to provide two strap sections, said strap sections being
      overlapped and attached to one another a predetermined distance from the
      heel portion of the foot plate in order to provide a heel support for the
      foot plate.
NUM  12.
PAR  12. The extension splint as defined in claim 11 wherein the foot plate
      includes pairs of heel and toe L-shaped slots for receiving the heel and
      toe strap support means.
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ABST
PAL  A deformable sheet material developed for surgical splints comprises a
      layer of resilient plastics material and a metal mesh reinforcement
      disposed in the plastics layer nearer one surface thereof. Both components
      are bendable, but the relative stiffness of the mesh inhibits the
      resilience of the plastics so that the sheet will `hold` in different
      curved configurations with the mesh innermost. Suitable materials are
      polyethylene and aluminium, and a cushion layer, suitably of irradiated
      expanded polyethylene, can be bonded to the one surface adjacent the mesh.
      Also, the sheet can be perforated.
BSUM
PAR  Surgical splints are conventionally made from rigid materials and, as a
      result, are generally unsuited to various applications in which there is a
      need for closely fitted support or progressive variation in support
      geometry during a course of treatment. Such needs are normally met by the
      use of plaster casts, but this is disadvantageous in being time-consuming
      and requiring specialist personnel and facilities.
PAR  An object of the present invention is to improve this situation and, in one
      aspect, provides a deformable sheet material forming at least part of, or
      suitable for use, as a surgical splint, which material comprises a layer
      of resilient plastics material and a metal mesh reinforcement embedded in
      said layer nearer one surface thereof, said mesh being bendable but
      sufficiently stiff to overcome, within limits, the resilience of said
      plastics material.
PAR  Plastics materials suitable for this purpose are best found, for reasons of
      economy, among those in common use for other purposes, and development of
      the invention to date has made use of polyethylene, initially of low
      density form and more recently of high density form. Such materials can,
      of course, be produced in thin sheet form with great flexibility and
      little or no resilience. However, a splint requires a certain order of
      mechanical strength to fulfil its function, while at the same time
      deformability to suit the human anatomy will require an ability to conform
      to certain orders of curvature. It has been found that the materials in
      question need to be of such a thickness for the purposes of mechanical
      strength, that conformation to the desired curvatures is associated with
      resilience as a result of the consequent compression of the material on
      the inside of the curve.
PAR  However, the proposed reinforcement is off-set within the plastics material
      to obviate this difficulty and a splint made from the resultant reinforced
      material will normally be of an overall curved form defining respectively
      generally convex and concave major surfaces with the reinforcement nearer
      the latter surface.
PAR  As with the plastics material, the metal mesh is best chosen from those
      readily available for other purposes, and the present preference is for
      expanded metal mesh, preferably of aluminium. Expanded metal mesh is
      normally formed with diamond-shaped interstices and has different
      strengths in respect of bending along its two diagonal directions which
      difference can be employed advantageously in a splint. Thus, a splint is
      commonly employed along a limb and at least partly wrapped
      circumferentially around the limb, and use of expanded metal reinforcement
      in this context preferably affords greater strength circumferentially than
      longitudinally to better stabilise the wrapped geometry. Also, the use of
      aluminium is preferred for reasons of cost, corrosion resistance relative
      to other economic metals such as steel, and the possibility of affording
      coloured finishes by anodising.
PAR  The mesh need not be disposed wholly within the plastics material, but it
      is of course undesirable that there should be any sharp edges of the mesh
      projecting from the splint. For this last reason, the plastics material
      preferably extends beyond the mesh in the general plane of the sheet to
      avoid outer projections of metal, while inner projections can be avoided
      by use of an additional material within the splint if the mesh is not
      wholly embedded in the sheet. Such an additional material is desirable in
      any case for purposes of cushioning and, conveniently, this cushioning
      material is integrated with the splint, when it can also assist in
      stabilising the mesh in the plastics material. A suitable material for
      this purpose is a foamed plastics material and preferably of a kind which
      is readily bonded with that of the first-mentioned sheet.
PAR  Also, it may be desirable, particularly for use in hot climates, for the
      presently proposed sheet material to be perforated.
DRWD
PAR  For purposes of example only, one embodiment of a splint according to the
      invention is schematically illustrated in the accompanying drawing.
DETD
PAR  The illustrated splint is denoted at 10 and comprises three parts 11, 12,
      13 made of a material as described more generally above, which parts are
      interconnected by a metal bar 14. The material of the parts 11, 12, 13
      comprises a sheet 15 of low density polyethylene which is bonded with
      expanded anodised aluminium mesh 16 by heating the sheet 15 and impressing
      the same into the interstices of the mesh to project therethrough. In
      addition a cushion layer 17 of expanded polyethylene which has been
      irradiated is bonded by heat to the projections of sheet 15 through the
      mesh 16. The splint part 12 is partly cut away in the drawing to clearly
      illustrate its laminated structure. Also, the parts 11, 12 and 13 may be
      perforated as indicated by holes 18 passing through the interstices of the
      mesh 16.
PAR  The parts 11, 12, 13 are each formed to an overall curved form having
      respective generally convex and concave major faces with their respective
      cushion layers 17 innermost, and their meshes 16 wholly enclosed. The
      overall form of the parts when connected by the bar 14 follows that of the
      underside of the forearm, wrist and hand, with the wrist bent back and the
      fingers forward. More particularly the part 11 has a generally trough or
      semi-cylindrical shaping which includes four circumferentially extending
      portions at its corners. These portions have fabric tapes 19 rivetted
      thereto to serve as straps and carry buckles 20 whereby this part can be
      secured to the forearm. The part 12 is also of a trough shape, although
      flatter than part 11 and having a bend formed in the base portion of the
      trough about a fold line inclined across the trough base. This part also
      carries two tapes 19 and a buckle 20 and is secured around the heel of the
      palm produced by the bent wrist. The remaining part 13 is a flat-based
      trough which serves to support the fingers.
PAR  The parts 11, 12, 13 are formed to the shapes just described but are, of
      course, deformable to suit individual patients, and the relative
      relationship of the parts is similarly adjustable by bending the bar 14,
      which in this instance is of soft aluminium rivetted to the parts 11, 12,
      13. Equally important is the fact that the form and relative disposition
      of the part 13 can be progressively adjusted to support the fingers in
      different dispositions as they heal after surgery, this being the primary
      function of the illustrated splint.
CLMS
STM  I claim:
NUM  1.
PAR  1. A redeformable surgical splint of the type having a concave inner face
      for placement adjacent to the body of a patient, a convex outer face and a
      predetermined thickness, said splint comprising a layer of resilient
      plastics material having a first surface defining said inner face, a
      bendable metal mesh reinforcement embedded in said layer to extend in said
      layer adjacent to said inner face, said layer having a second surface
      defining said outer face which is spaced a greater distance from said
      bendable metal mesh than said inner face.
NUM  2.
PAR  2. A sheet material according to claim 1 wherein said mesh has
      diamond-shaped interstices.
NUM  3.
PAR  3. A sheet material according to claim 1 wherein said metal is aluminium.
NUM  4.
PAR  4. A sheet material according to claim 1, wherein said plastics material is
      polyethylene.
NUM  5.
PAR  5. A sheet material according to claim 1 comprising a layer of cushion
      material bonded to said one surface.
NUM  6.
PAR  6. A sheet material according to claim 5 wherein said cushion material is
      an expanded plastics material.
NUM  7.
PAR  7. A sheet material according to claim 5 wherein said cushion material is
      irradiated expanded polyethylene.
NUM  8.
PAR  8. A sheet material according to claim 1, which sheet material is
      perforated.
NUM  9.
PAR  9. A splint according to claim 1 wherein said configuration is a trough,
      and said mesh has diamond-shaped interstices with major and minor diagonal
      directions respectively extending transversely and longitudinally relative
      to said trough.
NUM  10.
PAR  10. A surgical splint comprising at least two troughs as recited in claim
      9, a deformable metal strip connected to each of said troughs to
      interconnect the latter in mutually-spaced generally longitudinal
      sequence, and a strap assembly connected to at least one of said straps to
      interconnect the opposed longitudinal side portions thereof.
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ABST
PAL  A double-fenestrated surgical drape, especially suitable for use in those
      operations requiring entry through both the abdominal wall and the
      perineum, comprising a pair of rectangular non-woven cellulosic sheets of
      unequal size joined together in overlapping relation to provide a narrow
      reinforced zone of increased thickness interposed between the
      fenestrations of the respective sheets.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  Of the surgical procedures requiring both peripheral and abdominal entry,
      some typical examples are abdominal hysterectomy with vaginal plasty,
      superapubic prostatectomy, laparascopy or peritoneoscopy, tubal ligation,
      and abdominoperineal resection. In some cases the procedures are performed
      concurrently by two surgical teams and in all instances proper asceptic
      technique requires separate fenestrations for the perineal and abdominal
      areas. While double-fenestrated paper drapes have been known in the past,
      such drapes have not been well suited for all of such operative
      procedures, especially those in which distorting forces of substantial
      magnitude are likely to be imposed on the edge portions defining the
      fenestrations of the drapes. Should the bridging connection between two
      fenestrations become broken during surgery, cross contamination would
      become a real possibility and redraping of the patient would become
      necessary, thereby interrupting and extending the operative procedure.
PAR  This invention involves a recognition of the problem and the discovery of a
      highly effective solution to it. The result is a multipurpose reinforced
      double-fenestrated surgical drape formed from non-woven cellulosic
      material (paper) which is capable of remaining intact despite the forces
      that might normally be applied to it during any of a variety of abdominal
      perineal operative procedures. More specifically, the drape is formed from
      two sheets of such material, one of the sheets having a narrow portion
      along one marginal edge which is secured in overlapping relation to a like
      portion of the other sheet to provide a laminated zone of mutual
      reinforcement. The sheets have a pair of elongated fenestrations arranged
      in longitudinal alignment on opposite sides of the reinforced zone, each
      sheet having its fenestration immediately adjacent to the marginal edge of
      the other sheet. In the disclosed embodiment, each of the sheets is
      generally rectangular in shape, one being substantially wider than the
      other, and is symmetrically oriented with respect to the longitudinal
      midline of the drape as a whole. The laminated zone of reinforcement
      extends across that midline and the elongated fenestrations extend along
      it. Such fenestrations are generally rectangular in shape, each
      fenestration having one end edge immediately adjacent the laminated zone
      of reinforcement. The result is a relatively inexpensive paper drape with
      two closely-spaced fenestrations -- a drape in which the bridging portion
      interposed between such fenestrations is capable of withstanding the
      forces which might be expected to occur during any of the aforementioned
      operative procedures despite the non-woven and somewhat fragile nature of
      the paper material from which the drape is formed and despite the close
      spacing of the two fenestrations.
PAR  Other advantages and objects will become more apparent from the
      specification and drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a perspective view illustrating a drape embodying the invention
      applied to a patient in the lithotomy position on an operating table.
PAR  FIG. 2 is a perspective view of the drape with one of the sheets rolled
      back along one edge to illustrate more clearly the laminated construction
      thereof.
PAR  FIG. 3 is an enlarged somewhat schematic longitudinal sectional view taken
      along line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION
PAR  Referring to the drawings, FIG. 1 illustrates a patient supported upon
      operating table 11 with legs held in raised position by stirrups 12. The
      legs are draped with suitable leggings of the type well known in the art
      and disclosed in patents such as U.S. Pat. Nos. 3,030,957 and 3,037,507;
      since such leggings form no part of the present invention, they are
      illustrated only in phantom.
PAR  The fenestrated surgical drape is generally designated by the numeral 14
      and, as shown most clearly in FIG. 2, comprises a relatively large
      rectangular main body sheet 15 and a smaller rectangular secondary sheet
      16, both being formed of a soft water-resistant non-woven cellulosic
      material which is relatively strong and tear resistant, even when wet, and
      which may include in its structure a grid or scrim of reinforcing
      filaments formed of nylon, cotton, or other suitable natural or synthetic
      material. Such material, which is sometimes referred to as "paper" herein,
      is now widely used in the fabrication of surgical drapes. Since the
      material is known and in common use, and is described in the
      aforementioned patents and elsewhere, a more detailed description is
      believed unnecessary here.
PAR  Each sheet 15 and 16 is symmetrically oriented with respect to the drape's
      longitudinal midline 17. Sheet 16 has a narrow portion 16a along one
      transverse marginal edge 17 that is disposed in overlapping relation with
      regard to a like portion 15a of sheet 15 extending along  transverse edge
      18. The overlapping portions are secured together by adhesive 19 as
      illustrated in the schematic sectional view of FIG. 3. It is to be
      understood that any of a variety of commercially available adhesives may
      be used and that other suitable bonding agents or means for securing the
      sheets in overlapping relation might also be employed. The overlapping
      bonded relationship of the sheets results in substantial reinforcement in
      the narrow zone of lamination extending transversely between fenestrations
      20 and 21.
PAR  The fenestrations 20 and 21 are longitudinally elongated and are preferably
      rectangular in shape. As shown in the drawings, they are arranged in
      longitudinal alignment along midline 17 on opposite sides of the
      transversely-extending overlapping zone between portions 15a and 16 a.Each
      sheet has its fenestration immediately adjacent to the marginal edge of
      the other sheet secured thereto. Thus, as illustrated in FIG. 3, edge 21a
      of fenestration 21 is closely positioned with respect to marginal edge 18
      of the main sheet, whereas edge 20a of fenestration 20 is close to
      marginal edge 17 of the smaller sheet.
PAR  Small rectangular reinforcing panels 22 and 23 are preferably secured to
      sheets 15 and 16 by a suitable adhesive or bonding agent. The panels may
      be formed from cellulosic material of the type already described and are
      both arranged on the same side of the drape as illustrated. The edges of
      the panels and of the sheets which extend about fenestrations 20 and 21
      are folded in a manner commonly used in forming the fenestrations of paper
      surgical drapes and illustrated in FIG. 3. As a result, the edges defining
      the fenestrations are relatively smooth, non-linting, and non-fraying.
PAR  While in the foregoing, an embodiment of the invention has been disclosed
      in considerable detail for purposes of illustration, it will be understood
      by those skilled in the art that many of these details may be varied
      without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reinforced surgical drape comprising a pair of sheets of non-woven
      cellulosic material, one of said sheets having a narrow portion along one
      marginal edge thereof secured in overlapping relation to a like portion of
      the other of said sheets to provide a laminated zone of mutual
      reinforcement, said sheets having a pair of elongated fenestrations
      arranged in longitudinal alignment on opposite sides of said zone, each
      sheet having its fenestration immediately adjacent to the said marginal
      edge of the other sheet secured thereto.
NUM  2.
PAR  2. The drape of claim 1 in which said narrow portion extends along the full
      length of said marginal edge of one of said sheets and along substantially
      less than the full length of said marginal edge of the other of said
      sheets.
NUM  3.
PAR  3. The drape of claim 1 in which said sheets are each generally rectangular
      in shape, one of said sheets being substantially wider than the other of
      said sheets.
NUM  4.
PAR  4. The drape of claim 3 in which said sheets are symmetrically oriented
      with respect to the longitudinal midline of said drape, said laminated
      zone of reinforcement extending across said midline and said elongated
      fenestrations extending along said midline.
NUM  5.
PAR  5. The drape of claim 4 in which each of said fenestrations is generally
      rectangular in shape and is provided with side and end edges, each
      fenestration having one end edge immediately adjacent said zone of
      reinforcement.
NUM  6.
PAR  6. The drape of claim 1 in which said sheets are adhesively laminated
      together along said zone of reinforcement.
NUM  7.
PAR  7. The drape of claim 1 in which said sheets are formed of air-permeable
      water-resistant paper.
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ABST
PAL  A cannister has an inhalation chimney mounted thereon, and includes an
      inlet and an outlet. Several layers of KO.sub.2 particles are contained in
      the cannister, separated by parallel screen assemblies, the upper two
      screen assemblies being connected by a vertical bypass screen near the
      cannister inlet. The layered KO.sub.2 bed is effective to remove CO.sub.2
      from exhaled breathe, and generate oxygen for recharging the air prior to
      inhalation. The cannister inlet is connected by a flexible hose to the
      exhalation side of a breather mouthpiece, the inhalation side of the
      mouthpiece being connected to the upper end of the inhalation chimney.
      Communication between the cannister outlet and the lower end of the
      inhalation chimney is provided by a breather bag, fitted with a set of
      baffles to define a tortuous flow path for cooling the processed air. A
      collector mounted at the cannister outlet prevents liquid KO.sub.2 from
      entering the breather bag.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to emergency breather apparatus for
      use by miners and others to allow them to breathe in location where the
      ambient air is unsuited or dangerous for normal breathing. More
      particularly, it relates to a closed cycle breather apparatus designed to
      remove carbon dioxide from exhaled air, and to replace it with oxygen for
      inhalation by the user, the apparatus being light in weight, foolproof in
      operation, and designed to require minimum breathing effort to operate so
      that the user need not over exert.
PAR  2. Description of the Prior Art
PAR  In mining and other occupations there has long been a need for an efficient
      breather apparatus available for use in an emergency, when it becomes
      dangerous for a human being to breathe the ambient air. Over the years
      there have been many approaches to providing such apparatus, and typical
      of the device that have been developed are those shown in U.S. Pat. Nos.
      2,913,317; 3,353,702; and 3,575,167.
PAR  None of the devices heretofore developed, however, possess all of the
      characteristics desirable for an emergency breather apparatus to be used
      on the job by a miner, mill worker or the like. Such apparatus must first
      of all be small and light in weight, so that it can be worn at all times
      by the potential user. It must be designed to be easily placed in use,
      with great reliability in the presence of prolonged storage and the
      shaking and vibration that can come from being worn on the body of a
      person engaged in hard physical labor.
PAR  In addition, the ideal apparatus is one that will not become fouled or
      jammed while in use, which provides adequate carbon dioxide removal and
      oxygen replenishing at a normal breathing temperature, and which can be
      operated by a substantially normal breathing effort so that no undue
      strain is placed upon the user. The present invention is designed to
      satisfy all of these characteristics, and thus meets an existing need in
      the emergency breather apparatus field.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has at its heart a cannister containing a layered bed
      of particles of potassium superoxide, or KO.sub.2. When the exhaled breath
      from a user is passed over this chemical, carbon dioxide, or CO.sub.2, is
      removed therefrom, and oxygen is released. This characteristic for
      KO.sub.2 is already known to the art. The present apparatus is uniquely
      designed to maximize the results to be obtained by use of the chemical.
PAR  The cannister of the invention is generally rectangular, has an inlet at
      the top, and an outlet at the bottom. A plurality of spaced, parallel
      screen assemblies is placed within the cannister, the top two assemblies
      near the cannister inlet being connected by a transverse or vertically
      disposed bypass screen. The screen assemblies are placed in the cannister
      one at a time, and the space between each pair is filled with particles of
      KO.sub.2. It has been found that there is an optimum range for the
      particle size of the KO.sub.2, and for the thickness versus exposed area
      of each KO.sub.2 bed layer.
PAR  The breather apparatus of the invention is provided with a means to collect
      the air exhaled by a user, and to supply air to be inhaled. While a mask
      can be utilized for this purpose, it has been found that a preferable
      element is a mouthpiece of the kind generally shown in U.S. Pat. No.
      3,575,167, and which incorporates suitable exhalator and inhalator valves
      to provide alternate exhale and inhale modes. The exhalation side of the
      mouthpiece is connected by a flexible hose with the cannister inlet, and
      the cannister itself is provided with straps so that it can be readily
      worn by the user.
PAR  Mounted on the cannister opposite the inlet is a unique inhalation chimney,
      the upper end of which is connected to a flexible hose leading to the
      inhalation side of the mouthpiece. In order to provide communication
      between the cannister outlet and the lower end of the inhalation chimney,
      a breather bag is fitted over the lower end of the cannister.
PAR  When the KO.sub.2 bed is operative to remove CO.sub.2 and release oxygen,
      heat is also released. To protect the user and confine the heat within the
      cannister, the cannister is insulated. However, it is obvious that if the
      interior of the cannister is heated, then the temperature of air passing
      therethrough will be elevated. If such heated air is directly inhaled by
      the user, it could prove uncomfortably, or even dangerous over a prolonged
      period.
PAR  In order to cool the oxygen-replenished air before it is inhaled by the
      user, the interior of the breather bag is equipped with a plurality of
      baffles, arranged to define a long and tortuous flow path between the
      cannister outlet and the lower end of the inhalation chimney. During this
      time required to traverse this path, the processed air for inhalation is
      allowed to cool to a comfortable temperature.
PAR  Another problem with the use of KO.sub.2 in such devices is that
      occasionally liquid KO.sub.2 will be generated. This can be harmful, if it
      becomes entrained in the air to be inhaled. The present invention is
      equipped with a liquid KO.sub.2 collector assembly at the cannister
      outlet, to guard against the liquid chemical entering into the breather
      bag.
PAR  Returning again to the configuration of the chemcial bed within the
      cannister, it has been found that in some instances the surface of a
      KO.sub.2 bed exposed directly to moist exhaled air can become caked over a
      period of time. In past devices, when this caking has occurred the flow of
      air through the bed has been partially blocked, thereby greatly increasing
      the breathing effort required. In severe cases, where poor design is
      followed, total blockage is possible.
PAR  The bed arrangement of the invention is designed to avoid this problem, and
      that is the purpose of the transverse bypass screen connecting the upper
      two parallel screen assemblies. The bypass screen provides an alternate
      access to the KO.sub.2 beds, ensuring that there will always be free
      access during the operating cycle of the apparatus.
PAR  In order to initially charge the KO.sub.2 bed with oxygen upon activation
      of the emergency breather apparatus, a conventional oxygen candle ignited
      by a trigger mechanism is employed. The trigger mechanism is designated to
      be actuated that is light in weight, which can be worn by the user at all
      times while engaged in his occupation, and which is effective when
      activated to remove CO.sub.2 from exhaled breath and supply
      oxygen-replenished air at a comfortable breathing temperature.
PAR  Another object is to provide such a breather apparatus, designed to require
      a minimum of breathing effort on the part of the user.
PAR  Yet another object is to provide a chemical bed arrangement for such a
      breather apparatus, designed to provide for alternate flow paths in case
      the normally first exposed surface area becomes caked and impervious, and
      to obtain maximum efficiency from the chemical.
PAR  Other objects and many of the attendant advantages of the present invention
      will become readily apparent from the following Description of the
      Preferred Embodiments when taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial view of the emergency breathing apparatus of the
      present invention in use;
PAR  FIG. 2 is a perspective view of an assembled package unit containing the
      breathing device of FIG. 1, as it is to be worn by the potential user;
PAR  FIG. 3 is a fragmentary, broken vertical sectional view of the breathing
      apparatus of the invention, showing the direction of air flow
      therethrough;
PAR  FIG. 4 is a top plan view of the device, taken along the line 4--4 of FIG.
      3;
PAR  FIG. 5 is an enlarged horizontal sectional view partly in section, taken on
      line 5--5 of FIG. 3;
PAR  FIG. 6 is a fragmentary horizontal sectional view, similar to FIG. 5, taken
      on the line 6--6 of FIG. 3, and showing in particular the arrangement of
      the liquid KO.sub.2 collector assembly; and
PAR  FIG. 7 is an enlarged fragmentary vertical sectional view, taken on the
      line 7--7 of FIG. 5, and showing in particular the construction of one of
      the intermediate screen assemblies
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, an assembled package unit of the breather
      apparatus of the invention is shown at 2 in FIG. 2, as such would be worn
      by a workman. The unit 2 includes a central cannister assembly 4, a lower
      lid 6 and an upper lid 8, the lids 6 and 8 being sealed to the central
      cannister assembly 4 by O-rings or other suitable sealing arrangements
      (not shown), and being held in assembled relation by a circumferential
      strap 10 equipped with an over-center release catch 12. The upper lid 8
      has an inspection window 14 therein, and the strap 10 also serves to mount
      a clip 16 of suitable design to attach the unit 2 to the belt of the
      wearer.
PAR  The unit 4 is normally worn on the belt during working duties, and if it is
      needed the worker grasps it, operates the catch 12, removes the strap 10,
      and the upper and lower lids 8 and 6. Stowed beneath the upper lid 8 are
      body straps 18, which the workman then dons. Also stowed beneath the upper
      lid 8 is a breather mouthpiece 20, having flexible exhalation and
      inhalation hoses 22 and 24, respectively connected to the opposite ends
      thereof, and equipped with noseclips 26. After putting on the cannister
      assembly 4 and the body straps 18, the workman lifts the mouthpiece 20
      from the cannister assembly and places it in his mouth, thereby
      automatically activating the apparatus, in a manner to be described
      hereinafter.
PAR  Stowed beneath the lower lid 6 is a breather bag 28, and such falls free
      when the lower lid 6 is removed. With the apparatus thus mounted on his
      body, the worker can now commence relatively normal breathing through the
      apparatus.
PAR  Turning now to the cannister assembly 4, such includes a rectangular
      cannister 30 of sheet material and including side walls 32 and 34, end
      walls 36 and 38, a top wall 40, and a bottom wall 42, all of which have
      insulation 44 secured to the exterior thereof. Mounted to the end wall 36
      of the cannister 30 is an inhalaton chimney 46, including an elongated
      lower portion 48 that is formed as part of a depending skirt 50 extending
      around the lower periphery of the cannister 30, the lower chimney portion
      48 being defined in part by a short upper wall 52 that extends from the
      cannister end wall 36, but stops short of the outer wall 54 of the chimney
      46. Extending upwardly from the upper wall 52 is an inner chimney wall 56,
      the space between the inner chimney wall 56 and the end wall 36 receiving
      the insulation 44.
PAR  At its upper end the chimney 46 is closed off, except for a nipple 58 to
      receive one end of the inhalation hose 24. The inhalation chimney 46 is
      thus seen to be spaced over the major portion of its length from the
      cannister end wall 36, with insulation therebetween, whereby heat transfer
      from the cannister to the chimney 46 is minimized.
PAR  The bottom wall 42 of the cannister 30 has an outlet opening 60 cut
      therein, about which is mounted a liquid KO.sub.2 collector assembly 62.
      The collector assembly 62 includes a sleeve 64 welded within the opening
      60, and having an external flange 66 on the upper end thereof that extends
      parallel to and that is spaced from the bottom wall 42. Mounted over the
      flanged sleeve 64 is an inverted member 68 having a skirt 70 thereon that
      is welded to the bottom wall 42, the member 68 being spaced above the
      flange 66 by spacers 72, and the skirt 70 having a plurality of flow
      openings 74 cut therein. The collector assembly 62 is completed by a
      baffle plate 76 mounted below the outlet opening 60 and spaced from the
      lower end of the flanged sleeve 64, the outer, open end 78 of the baffle
      plate being bent upwardly to form a lip.
PAR  In use, should liquid KO.sub.2 be formed in the apparatus, it will
      naturally fall to the bottom wall 42. In order to reach the outlet opening
      it must first flow up on the skirt 70 of the member 68, and through the
      openings 74. This constitutes a first barrier. If a sufficient liquid
      creation occurs to cause liquid to flow through the flow openings 74, then
      a second barrier is created by the damning effect of the upper flanged end
      66 of the sleeve 64. Should liquid KO.sub.2 ultimately flow up and over
      the flange 66, then it will be caught on the baffle plate 76, which
      constitutes the third barrier. Any liquid KO.sub.2 reaching the baffle
      plate 76 normally will have cooled substantially before reaching the same,
      and will quickly turn to a solid state on said plate.
PAR  The result of the novel collector assembly 62 is that in all normal
      operating conditions no escape of liquid KO.sub.2 into the breather bag 28
      can occur. At the same time, full air flow is provided for, with no flow
      restrictions.
PAR  The top wall 40 of the cannister 30 has an inlet opening 80 therein,
      positioned near the corner formed by the sidewall 34 and the end wall 38,
      so that the inlet is at the opposite side of the cannister 30 from the
      inhalation chimney 46. The lower end of an elbow 82 is welded in the inlet
      opening 80, the other end thereof being connected to one end of the
      exhalation hose 22.
PAR  Mounted within the cannister 30 are several parallel filter screen
      assemblies, which serve to position the KO.sub.2 chemical properly and in
      layers of the correct depth. The bottom screen assembly 84 is also a
      filter, and includes top and bottom screens 86 and 88 made of wire or the
      like, say with about an 8 by 8 mesh. Attached to the side edges of the
      screens are several spaced, L-shaped brackets 90 that are utilized to
      secure the screens to the sidewalls of the cannister 30, the bottom screen
      88 being spaced above the bottom wall 42 of the cannister by a plurality
      of tubular spacers 92 disposed between the screen and the member 68.
      Sandwiched between the screens 86 and 88 of the bottom filter screen
      assembly 84 is a filter element 94 intended for filtering foreign
      particles from the re-charged air. Any suitable material can be used for
      the filter element 94, such as the product known as "Micro-Fiber Web, Code
      110", made commercially by the Johns-Manville Company.
PAR  After the bottom filter screen assembly 84 is in place, layer C of the
      KO.sub.2 particles is placed thereon to the desired depth, and then an
      intermediate screen assembly 96 is installed in the cannister 30. The
      intermediate screen assemblies 96 each include upper and lower screens 98
      and 100 like the screens 86 and 88, held in spaced-apart relationship by a
      plurality of short, spaced tubular spacers 102 (FIG. 7). The edges of the
      screens 98 and 100 have L-shaped brackets 104 thereon, for securing them
      to the wall of the cannister. The spaced-apart arrangement thereof
      provides a flow redistribution space between the layers of the KO.sub.2
      bed of the invention, thereby aiding flow and reducing the required
      breathing effort.
PAR  Further intermediate screen assemblies 96 are installed, and further layers
      C of the KO.sub.2 chemical, until an intermediate screen assembly 96 is
      installed over the next to the top layer C of chemical. A different
      construction is provided for the top layer of the chemical bed, to guard
      against interference in the normal operation of the apparatus of the
      invention because of surface caking of the KO.sub.2.
PAR  It is known that under certain circumstances, particularly at the start of
      an operating cycle when the incoming exhaled breath may be filled with
      moisture, a chemical reaction can occur with KO.sub.2 that will cause
      caking of the outer exposed surface thereof. Should this occur, then the
      effectiveness of the breather apparatus can be hampered or even destroyed.
      In order to solve this problem, a bypass arrangement around the top-most
      surface of the chemical bed is provided in the invention.
PAR  Referring in particular to FIGS. 3 and 5, it is seen that in the corner of
      the cannister formed by the walls 32 and 38 a sheet metal shield 106 is
      secured in place on the top-most intermediate screen assembly 96, the
      shield comprising a base plate 108 having an upstanding peripheral flange
      110 thereon. Outwardly of the shield 106 and parallel to the end wall 38 a
      vertical bypass screen element 112 is erected on the top-most intermediate
      screen assembly 96, to extend vertically to an upper filter screen
      assembly 114 made up and secured like the lower filter screen assembly 84.
PAR  The volume defined by the walls of the cannister 30, the top-most
      intermediate screen assembly 96, the upper filter screen assembly 114, and
      the vertical or transverse bypass screen 112 is filled with a layer C of
      the KO.sub.2 chemical. Thereafter, the normal course for entering air to
      follow is downwardly through the upper filter screen assembly 114 and into
      the top layer of KO.sub.2 through the upper surface thereof, the upper
      filter screen assembly 114 being spaced from the top wall 40 of the
      cannister 30 to provide for such air flow. Should the top surface of the
      upper KO.sub.2 bed become caked and thus wholly or partially impervious,
      the bypass screen 112 arrangement provides an alternate flow path into the
      KO.sub.2 bed. The invention thus ensures that there will be no impedance
      of the operating effectiveness of the invention, due to caking of the
      KO.sub.2 outermost surface.
PAR  Having thus described the mechanical arrangement of the KO.sub.2 bed within
      the cannister 30, a consideration of some of the preferable parameters
      thereof is in order. It has been found that a preferantial grain size
      range for the KO.sub.2 chemical in the present arrangement is from about
      174  to about 4 mesh. Further, it has been determined that there is an
      optimum range for the ratio of the thickness of each layer of KO.sub.2 to
      the surface area thereof, or that area defined when looking down upon a
      given layer from the top of the cannister 30. That perferential ratio
      range is from about 0.035 to about 0.045. Given this preferential ratio
      range, and knowing the total amount of KO.sub.2 required to furnish oxygen
      over the expected operational time, the number of layers C required of the
      KO.sub.2 chemical can be calculated.
PAR  The basic limitations in using KO.sub.2 for the purposes of the invention
      are its tendency to cake, which is solved by the bypass screen arrangement
      and the separated layers of the chemical bed, and the tendency for the
      grains to fuse together. The grain size range indicated herein as
      preferable has been found to offer minimum fusion tendencies to the
      particle in the bed layers.
PAR  Since a part of the necessary operation of the invention is to remove
      CO.sub.2 from the exhaled breath, and since some dwell time with the
      chemical bed is necessary for this to occur, a finite depth must be
      present. The ratio ranges given herein have been found to offer the
      optimum tradeoffs among CO.sub.2 removal, ease of breathing effort, and
      generation of oxygen.
PAR  Both the oxygen production and the carbon dioxide absorbing processes that
      occur in the KO.sub.2 bed are exothermic, and produce considerable heat.
      Since the inspired air and the exterior apparatus surfaces have definite
      temperature limits, attention must be paid to this heat generation, which
      theoretically for a one pound charge of KO.sub.2 could be as high during
      an operating cycle as 670 BTU's. In particular, care must be taken so that
      the inhaled, regenerated air is sufficiently cool before it reaches the
      lungs of the user, and it is precisely to achieve this that the inhalator
      chimney 46 and the breather bag 28 are provided. The insulation 44, of
      course, protects the user's body from the hot cannister 30.
PAR  Turning now to FIGS. 1 and 3, the breather bag 28 is made from a suitable
      pliant or flexible material, say rubber or plastic. It includes side walls
      116, end walls 118, a bottom wall 120, and a top wall 122, the latter
      having an opening formed therein ringed with a collar 124 that is bonded
      or otherwise secured in an air-tight manner to the circumferential skirt
      50. With the breather bag 28 in place, communication is established
      between the cannister outlet sleeve 64 and the lower, enlarged inlet end
      48 of the inhalation chimney 46. If such communication is direct, however,
      it has been found that adequate cooling of the re-charged air may not
      occur before it reaches the lungs of the user.
PAR  In order to provide a longer dwell time in the exposed breather bag 28,
      which as has been explained in initially protected from damage by being
      folded within the lower cover 6, the bag is fitted with a plurality of
      baffles 126, 128 and 130. The first baffle 126 is positioned with its
      upper end just inside the lip 78 of the baffle plate 76, and is secured to
      the opposite sidewalls 116 of the bag by flanged portions 132. The baffle
      126 extends nearly to the bottom of the bag, and acts to direct the
      airflow downwardly toward the bag bottom.
PAR  The intermediate baffle 128 is secured by flanges 134 to the bottom wall
      120 and the sidewalls 116 of the bag 28, and extends nearly to the top
      wall 122. Finally, the last baffle 130 is mounted like the first baffle
      126. Together, the baffles require the air discharged from the cannister
      30 to follow a tortuous and lengthy path through the breather bag 28,
      allowing for adequate cooling thereof.
PAR  In operation, when the user breathers or exhales into the mouthpiece 20,
      the exhalator valve therein channels the air into the flexible pipe 22,
      from where it flows through the cannister 30 and into the breather bag 28.
      The breather bag 28 acts as a lung to store the recharged air, as well as
      a means to cool it. Should excess pressure build up therein, a relief
      valve 136 will open to release it. When the user then inhales,
      oxygen-recharged air will flow into his lungs from the bag 28 through the
      inhalation chimney 46, flexible pipe 24, and the mouthpiece 20.
PAR  It is normal practice to initially charge a breather apparatus with oxygen
      just before its use, so that no time delay is involved before the user can
      breathe effectively. An oxygen candle is normally used for this purpose,
      say of the general type shown in U.S. Pat. No. 2,753,015. Such an oxygen
      candle is shown at 140 in the present invention, positioned to discharge
      into the shield 106, although another location on the top wall 44 of the
      cannister 30 can be chosen. A spring-actuated igniter 142 is mounted on
      the wall 44 in position to strike and ignite the oxygen candle 140, and is
      so arranged as to be connected with the mouthpiece 20 and hoses 22 and 24
      when such are in their stored positions within the top cover 8. The
      connecting means is so arranged that when, after removal of the top cover
      8, the mouthpiece 20 and the hoses 22 and 24 are forcefully pulled away
      from the cannister top wall 44, the igniter 142 is activated to strike and
      ignite the oxygen candle 140. This arrangement is known in the art.
PAR  From the foregoing description and drawings, it is believed evident that an
      emergency breather apparatus has been provided that satisfies all of the
      objects set forth for the invention. Obviously, many modifications and
      variations are possible.
CLMS
STM  We claim:
NUM  1.
PAR  1. An emergency breather apparatus, comprising;
PA1  a cannister having an inlet and an outlet; chemical bed means within said
      cannister to absorb Co.sub.2 and release oxygen when the exhaled breath
      from a user wearing the apparatus passes therethrough; the chemical bed
      means capable of partially liquifying upon contact with the exhaled breath
      from a user; an inhalation chimney carried by said cannister; means
      wearable by a user for collecting exhaled breath, and furnishing air for
      inhalation, the exhalation side of said means being connected with the
      inlet of said cannister, and the inhalation side thereof being connected
      with one end of said inhalation chimney; and a breather bag carried by
      said cannister and connecting said outlet with the other end of said
      chimney, wherein said cannister includes a generally flat bottom wall and
      said outlet comprises an opening in said bottom wall including means
      mounted at said outlet for collecting liquified chemical bed means to
      prevent its passage into said breather bag; said collecting means
      including a sleeve secured within said outlet and including an external
      flange on the upper end thereof spaced from said bottom wall, and a baffle
      plate mounted on the exterior of said bottom wall to extend across said
      outlet, spaced from said bottom wall.
NUM  2.
PAR  2. An emergency breather apparatus as recited in claim 1, wherein said
      chemical bed means comprises a plurality of layers of KO.sub.2, separated
      by screen means.
NUM  3.
PAR  3. An emergency breather apparatus as recited in claim 2, wherein said
      screen means disposed between each pair of layers of KO.sub.2 comprises a
      pair of screens mounted with a space therebetween to provide for
      redistribution of flow from one layer to the next.
NUM  4.
PAR  4. An emergency breather apparatus as recited in claim 2, wherein said
      KO.sub.2 comprises particles having a size range of from about 174  to
      about 4 mesh.
NUM  5.
PAR  5. An emergency breather apparatus as recited in claim 2, wherein the
      ration of the thickness of each layer of KO.sub.2 to the surface area
      thereof is within the range of from about 0.035 to about 0.045.
NUM  6.
PAR  6. An emergency breather apparatus as recited in claim 1, wherein said
      collecting means further includes: an inverted, skirted member disposed
      over said opening and said flange and spaced therefrom, the skirt of said
      inverted member having slot openings therein for the passage of air.
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ABST
PAL  An athletic wrap adapted to encircle a portion of one's body to provide
      support therefor comprising a wrap portion sufficiently long to encircle
      the body portion to be wrapped at least once, and having an intermediate
      elastic portion whereby the tightness of the wrap in the encircling
      position can be adjusted. Releasable fastening means are provided to
      secure the wrap in the adjusted encircled position quickly and easily. A
      tongue is also provided to facilitate the holding of one end of the wrap
      in initiating the wrapping of the wrap about a portion of the body.
BSUM
PAC  PROBLEM & PRIOR ART
PAR  Heretofore, various types of athletic wraps and bands have been used by
      athlete to reinforce or strengthen such portions of the body as wrists,
      forearms, legs, etc. Genrally, such wraps comprised simply of an elastic
      band or wrap or an endless tubular elastic band fitted to the wrist, legs,
      forearms, etc. It has been noted that such elastic wraps quickly stretch
      so that their usefulness is short lived. Also with the known wraps which
      were required to be encircled one or more times about the wrist, etc.,
      difficulty was encountered in initiating the wrap. This was because the
      free end of the wrap could not be sufficiently held in place until it was
      overlapped. For this reason, it was generally difficult to apply a band or
      wrap with the tightness desired.
PAR  In certain sports, e.g., tennis, it frequently happens that due to strain
      or stress of the forearm tendons at the elbow, a player may develop what
      is normally called a "tennis elbow." While such types of strain is
      prevalent in tennis, it may occure in other sports as well. When a player
      has acquired "tennis elbow" symtoms, severe elbow pain occurs when the
      arm, wrist or hand is used. Under such conditions a player is normally
      incapable of participating in the game. Treatments for such symptoms
      generally include medication ,e.g., cortisone treatment, injections, and
      long periods of rest.
PAC  OBJECTS
PAR  An object of this invention is to provide an athletic wrap which will
      relieve and/or prevent stress and strain on a joint during the play of a
      given sport.
PAR  Another object of this invention is to provide an athletic wrap which can
      be readily applied simply and quickly, and whereby the tightness of the
      wrap can be readily adjusted to suit the individual.
PAR  Another object is to provide a wrap which is capable of providing a firm
      support, and which will not distort or become misshaped with use.
PAR  Another object is to provide an athletic wrap whereby the end is formed so
      that it can be readily held in initiating the encircling of the wrap about
      one's wrist, legs, forearms, etc.
PAR  Another object is to provide an athletic wrap which is particularly adapted
      for use to relieve the stress and strain of a "tennis elbow."
PAR  Another object is to provide an improved athletic wrap for use on joints
      such as elbows and knees.
PAR  Another object is to provide a wrap for a joint, such as an elbow which
      provides for firm support without hampering the joint movement.
PAR  Another object is to provide a joint support wherein the degree of
      tightness can be readily adjustable to one's comfort.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The foregoing objects and other features and advantages are attained by an
      athletic band or wrap adapted to encircle a portion of the body. The wrap
      includes a wrap portion arranged to encircle a portion of the body and
      which has a laterally projecting tongue portion adjacent one end to
      facilitate holding the one end of the wrap to initiate the wrapping
      operation. An intermediate elastic or stretch portion connects a pull end
      portion to the wrap portion; and a readily releaseably fastening means is
      provided to maintain the wrap in the encircled position.
PAR  In another form of the invention, the wrap is constructed so as to be
      readily applied to a flexible body joint, e.g, elbow or knee. The
      construction of the athletic wrap for use as a joint wrap comprises a wrap
      portion which has a reduced section intermediate thereof and which
      includes a pair of pull straps whereby the tightness of the wrap can be
      adjusted on opposite sides of the "joint bend." Each of the respective
      pull straps include an intermediate elastic portion whereby the tension or
      tightness of the wrap can be readily adjusted. Releaseable fastening means
      secure the straps in the adjusted position. A tongue is extended from one
      end of the wrap to eliminate "pinching" when the wrap is in use. In a
      modified construction of this embodiment, one or more accordian folds or
      pleats or an elastic stretch band may be formed in the wrap portion to
      increase flexibility of the wrap when the joint is bent.
PAC  FEATURES
PAR  A feature of this invention resides in the provision of an athletic wrap
      having a lateral projecting tongue which facilitates the holding of one
      end during a wrapping operation whereby a firm wrap is assured.
PAR  Another feature resides in an improved wrap construction which provides
      firm support for the enwrapped body portion.
PAR  Another feature of the invention resides in a joint wrap which can be
      readily applied to a "flexing joint" in a manner whereby the joint can be
      relieved of any stress or strain thereon without adversely interfering
      with its mobility or use.
DRWD
PAR  Other features and advantages will become more readily apparent when
      considered in view of the drawings and specification in which:
PAR  FIG. 1 is a top plan view illustrating the manner in which the wrap is
      applied to a wrist.
PAR  FIG. 2 is a back plan view of the wrap.
PAR  FIG. 3 is a sectional view taken along line 3--3 on FIG. 2.
PAR  FIG. 4 is a view illustrating the wrap in the operable encircled position
      about one's wrist.
PAR  FIG. 5 is a top plan view of a joint wrap embodying the present invention.
PAR  FIG. 6 is a bottom or under side plan view of the wrap of FIG. 5.
PAR  FIG. 7 is a sectional view taken along line 7--7 on FIG. 6.
PAR  FIG. 8 is a perspective view showing the application of the wrap of FIGS. 5
      thorough 7 as applied to an elbow.
PAR  FIG. 9 illustrates a plan view of a modified form of the invention of FIG.
      5. FIG. 9A is a section taken along line 9A--9A on FIG. 9.
PAR  FIG. 10 is a plan view of another modified wrap construction.
PAR  FIG. 11 is a sectional view taken along line 11--11 on FIG. 10.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings there is shown in FIGS. 1 and 2 an athletic wrap
      10 embodying the present invention. While the wrap 10 is illustrated and
      described as a wrist wrap, it will be readily understood that the wrap 10
      can be also utilized for use about other parts of the body, e.g., ankles,
      forearms, legs, chest, waist, etc. In such other applications, the
      proportions and/or length of the wrap 10 may vary, but the mode of
      operation and construction will be the same.
PAR  As shown, the wrap 10 comprises a wrap portion 11 which is preferably
      formed of an non-stretchable material, e.g., sheet plastic, or fabric
      capable of providing a firm support for the wrapped body portion, e.g.,
      the wrist. The wrap portion 11 is provided with a length L which is
      sufficiently long so as to encircle the body part at least one time.
      Adjacent one end 11A of the wrap portion 11, there is formed a laterally
      projecting tongue 12. As best seen in FIG. 1, the projecting tongue 12
      provides a means whereby the person may hold the wrap 10 in place with the
      fingers of the hand when initiating the wrapping of the wrap 10 about the
      wrist. By holding end 11A firmly in place during the initiating of the
      encircling of the wrap 10 until the end 11A has been overlapped, a firm
      wrap is assured.
PAR  Connected to the under or back side of the wrap portion 11 there is
      provided a suitable liner 13. The inner line 13 may be formed of a
      suitable soft material, e.g., a flannel or perspiration absorbing
      material. Disposed between the liner 13 and the wrap portion 11, a
      resilent pad 14 may be provided for added comfort or support. The pad 14
      may be a sheet of foam rubber, plastic or other soft cushion type
      material. An edge binding 15 circumscribes the marginal edge of the wrap
      portion 11 and associated liner 13 to provide a finished and neat
      appearance. It will be noted that the the edge binder 15 is secured by a
      sewn seam 16. If desired, the pad may be held in place between the liner
      13 and wrap portion 11 by a sewn seam 17 which circumscribes the pad 14.
PAR  Connected to end 11B of the wrap portion 11 is an intermediate length of a
      stretchable elastic material 18. The elastic material is made stretchable
      along a longitudinal axis E. As shown the elastic material or strip 18 is
      connected to end 11B by a sewn seam 19.
PAR  Connected to the free end of elastic strip 18 by a sewn seam 21 is a pull
      end portion 20. The pull end portion is preferably, not necessarily,
      formed of the same material as the wrap portion 11. Secured to the under
      side 20A of the pull end portion 20 is a "Velcro" type hook pile material
      or fabric 22. As will be hereinafter described, the hook pilematerial 22
      is one element of a releaseable fastener by which the wrap 10 may be
      secured in the "wrapped" or "encircled position."
PAR  Connected to the top side of the wrap portion 11 is a strip of a "Velcro"
      loop pile material 23 which is secured by opposed sewn seams 24--24. Thus
      in the wrapped position, it will be noted that the "hook pile" 22
      connected to the under side 20A of the pull end portion 20 will overly a
      portion of the "loop pile" strip 23 to define a readily releasable
      fastening means. See FIG. 4.
PAR  In operation the wrap 10 described can be readily applied to a wrist, for
      example, by the wearer placing the tongue end 12 of the wrap along the
      inner portion of the wrist whereby the fingers can readily hold the tongue
      12 in place. The pull end is then grasped with the other hand whereby the
      wrap can be readily wound about the wrist. Once the wrap has overlapped
      the end 11A, and the pull end press fitted in overlying relationship with
      strip 23 to secure the pull end portion, the tongue 12 can be released. By
      controlling the degree of stretch of the elastic strip 18 or "pull" on the
      pull end portion, the degree of tightness of the encircled wrap about the
      wrist can be readily adjusted to suit the wearer.
PAR  In the operative position of the wrap 10, as seen in FIG. 4, the projecting
      tongue 22 can be folded or tucked under the encircled wrap portion if
      desired.
PAR  FIGS. 5 through 8 illustrates a modified form of the invention. In this
      form of the invention the wrap 30 is constructed for application about a
      "flexing joint" such as an elbow or knee. Wrap 30 comprises a wrap portion
      31 having alength L sufficient to enwrap the "joint", e.g., the elbow at
      least once. Extending from one end of the wrap portion 31 are a pair of
      spaced apart pull or wrapping straps 32, 33. In the illustrated form of
      the invention, the wrap portion 31 and connected straps 32 and 33 are
      formed of a unitary non-elastic material, e.g., sheet plastic or fabric;
      leather and the like. Connected to the other end of the wrap portion 31 is
      a tongue 34. Intermediate the length L of the wrap portion, there is
      provided with opposed notch or cut-out portions 35--35 to define a
      restriction at an intermediate point. The notched out portion, when the
      wrap 30 is placed in use, are positioned either to be on the outside or
      inside portion of the joint so that flexing of the joint is not impaired.
PAR  As best seen in FIGS. 5 and 6, the tongue portion 34 is provided with a
      tapering edge 34A. Also the straps 32, 33 at the point 32A, 33A where they
      extend from the wrap portion 31 are offset inwardly so that in the
      enwrapped position as shown in FIG. 8, edges 32A, 34A define a "notch"
      arrangement similar to notch out portion 35, 35 disposed opposite thereto.
      Thus in the wrapped or encircled position as shown in FIG. 8, the opposed
      notches 35, 35 and notches defined by 32A, 34A are respectively disposed
      to the inside and outside of the "joint" so as to not inhibit the flexing
      thereof.
PAR  Connected to ends 32B and 33B of straps 32, 33 is an intermediate elastic
      strip 36 formed of a suitable elastic or stretch material 36. As shown
      elastic strip 36 is stretchable longitudinally as indicated by arrows 37.
PAR  Connected to the free end of the elastic strip 36 is a pull end tab 38. The
      underside portion of the pull end tab has connected thereto a "Velcro"
      hook type of pile 39 which will function as a releaseable fastener similar
      to that hereinbefore described with respect to FIGS. 1 to 4.
PAR  Sewn to the inside portion of the wrap portion is a liner 40 of a soft felt
      or flannel type material. Disposed between the liner 40 and wrap portion
      31 is a flat resilient pad 41 formed of a cushion type material, e.g.,
      foam rubber, sponge or plastic. The pad 41 is held in position between the
      liner 40 and wrap portion 31 by a circumscribing sewn seam 42. If desired
      a binder 42 may be swen around the marginal edges of the wrap portion to
      provide a finished appearance.
PAR  Connected to the outer or back side of straps 32, 33 is a strip of a
      "Velcro" loop pile material 44. The loop pile strip 44 complements the
      "hook" pile material 39 to define therewith a releaseable fastener. As
      best seen in FIG. 8, the pull tab 38 is disposed in overlying relationship
      with strips 44 to secure the straps 32, 33 in the operative position.
PAR  If desired, a loop strip 45 may be connected to the back side of the wrap
      portion 31 to define a loop through which the straps project so as to form
      a guide for the straps 32, 33. Two such loop straps are shown which are
      tack sewn at 46 to define two aligned pairs of loops through which straps
      32, 33 are threaded.
PAR  In the wrapped position as shown in FIG. 8, the tongue portion 34 is
      disposed to the inside of the joint and function to avoid any "pinching"
      which may occur when the joint is flexed or bent during the play of a
      game.
PAR  FIG. 9 is a wrap 50 which is similar to the form of the invention described
      with respect to FIGS. 5 to 8 with the exception that the wrap portion 51
      is provided with one or more accordian pleats or folds 52. As shown the
      pleats are extended in a longitudinal direction. The arrangement is such
      that when the wrap of FIG. 9 is applied to the joint, the folds 52 will
      enhance the flexibility of the wrap during joint flexing. In all other
      respects the contruction of wrap 51 is similar to that described with
      respect to FIGS. 5 and 6.
PAR  With the construction of FIGS. 5 to 9, it will be noted that the wrap can
      be readily applied to the joint, e.g., the elbow, so that notches 35 are
      opposite to the notches defined by edges 34A and 32A. With the wrap
      portion overlapped, the respective straps 32, 33 are threaded through the
      external loops 45. By pulling on the end tabs 38 the tightness of the wrap
      can be adjusted due to the action of the elastic strip 36. The elongation
      or tension imparted by the elastic strip 36 is maintained by securing the
      end tab 38 to the complemental strip 44. Each strap 32, 33 can be
      individually adjusted. As the wrap portion 31 is formed for the most part
      of an non-elastic material, a firm support is imparted to the joint. With
      the construction described, a firm support is provided without inhibiting
      the flexibility of the joint.
PAR  FIGS. 10 and 11 illustrate a modified wrap construction 60 which is similar
      to the wrap construction 10 and 50, except that another means is utilized
      to impart additional flexibility to the wrap 60. As best seen in FIGS. 10
      and 11, the wrap portion 61 is defined by two similar sections 61A and 61B
      which are connected, e.g., by a sewn seam to a strip of an elastic band
      material 62. It will be noted that the elastic band 62 is stretchable in
      the direction indicated by arrow 63. As shown, the elastic band 62 extends
      longitudinally of the wrap portion 61, and it is substantially
      co-extensive the length thereof. In this form of the invention, the loops
      64, which define the strap guides, may be tack stitched to the respective
      wrap sections 64A and 64B. In all other respects, the wrap construction 60
      is similar to that described with respect to FIGS. 5 and 6.
PAR  In operation, the wrap construction of FIGS. 10 and 11 is applied to the
      joint, e.g., the elbow in a manner hereinbefore described. However,
      because of the elastic band 62 extending longitudinally of the wrap
      portion 61, additonal flexibility is imparted to the wrap when it is
      encircled about a joint. This is apparent when it is noted that the
      elastic band 62 is located at the point where maximum bending radius is
      required when the joint is flexed.
PAR  While the invention has been described with respect to several embodiments
      thereof, it will be readily understood and appreciated that variations and
      modifications can be made without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An athletic wrap comprising:
PA1  a wrap portion adapted to encircle the portion of the body at least once,
PA1  a tongue connected to said wrap portion adjacent one end thereof to
      facilitate the holding of said one end during a wrapping operation,
PA1  said tongue projecting to one side of said wrap portion,
PA1  a pull end portion,
PA1  an elastic intermediate portion interconnecting said pull end portion to
      said wrap portion,
PA1  and complementary readily releaseable fastening means in said wrap portion
      and said pull end portion for releaseably securing said wrap in the
      encircled position thereof.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said wrap portion includes a
      resilient pad connected thereto,
PA1  said pad being disposed adjacent to the body in the encircling position of
      said wrap.
NUM  3.
PAR  3. The invention as defined in claim 1 wherein said wrap portion is formed
      of a generally non-elastic material.
NUM  4.
PAR  4. The invention as defined in claim 3 and including an inner liner
      co-extensive of said wrap portion to confine said pad between said
      non-elastic material and said liner.
NUM  5.
PAR  5. The invention as defined in claim 1 wherein said fastening means
      includes a strip of pile material connected to said wrap portion, and
      releaseable fiber hooks connected to said pull end portion whereby in the
      encircled position of said wrap, said fiberous hooks of said pull end
      portion overly and engages to pile strip.
NUM  6.
PAR  6. The invention as defined in claim 1 wherein said tongue projects
      laterally of said wrap portion.
NUM  7.
PAR  7. An athletic wrist band comprising:
PA1  a wrap portion formed of a firm non-elastic material,
PA1  a laterally extending tongue connected adjacent one end of said wrap
      portion,
PA1  said tongue defining a holding portion for initiating the wrapping of said
      wrap portion about the wrist, and
PA1  said wrap portion being sufficiently long so as to encircle the wrist at
      least once,
PA1  an inner liner connected to said wrap portion,
PA1  a resilient pad disposed between said liner and said wrap material,
PA1  an intermediate elastic portion connected to the other end of said wrap
      portion,
PA1  a pull end portion connected to the free end of said elastic portion,
PA1  a readily releasable fastening means for releaseably securing said wrap in
      the encircled position about said wrist,
PA1  said fastening means including a pile strip connected to the back side of
      said wrap portion, and
PA1  complementary fiberous hook means connected to the inner side of said pull
      end portion.
NUM  8.
PAR  8. The invention as defined in claim 7 wherein said elastic portion is
      stretchable in the longitudinal direction for adjusting the tightness of
      the wrap in the encircled position thereof.
NUM  9.
PAR  9. An athletic wrap comprising:
PA1  a wrap portion having a connected tongue adjacent one end thereof,
PA1  a pull strap connected to the other end of said wrap portion to form an
      extension thereof,
PA1  said pull strap including an intermediate stretchable elastic segment,
PA1  said wrap portion being adapted to enwrap a portion of a body,
PA1  sand said pull strap encircling said wrap portion in the operative position
      thereof,
PA1  and a readily releaseable fastening means for securing said pull strap in
      the operative position of said wrap.
NUM  10.
PAR  10. The invention as defined in claim 9 wherein said wrap portion is
      sufficiently long to overly the tongue portion in the enwrapped position.
NUM  11.
PAR  11. The invention as defined in claim 9 wherein a resilient pad is included
      connected to the underside of said wrap portion.
NUM  12.
PAR  12. The invention as defined in claim 9 and including an accordian fold
      extending longitudinally of said wrap portion.
NUM  13.
PAR  13. The invention as defined in claim 9 wherein said wrap portion is formed
      with opposed notches to define a restricted portion intermediate the
      length thereof.
NUM  14.
PAR  14. The invention as defined in claim 13 and including means connected to
      the opposed ends of said wrap portion which in the enwrapped position of
      said wrap defines a notch configuration oppositely disposed to said
      opposed notches.
NUM  15.
PAR  15. An athletic wrap for relieving stress and strain on a flexible joint
      comprising:
PA1  a wrap portion having a tongue portion connected to one end thereof, and a
      pair of spaced apart straps connected to the other end thereof,
PA1  said wrap portion having opposed notches formed intermediate the ends
      thereof to define a restricted intermediate portion,
PA1  said tongue in the enwrapped position of said wrap being disposed opposite
      to said opposed notches,
PA1  an intermediate elastic strip connected to each of said straps,
PA1  a pull tab connected to the end of each said elastic strip,
PA1  a releaseable fastener for securing said straps in the enwrapped position,
PA1  said releaseable fastener including a hook type pile connected to said pull
      tab,
PA1  and a complemental loop type pile connected to each of said straps so that
      in the enwrapped position said hook type pile pressed onto said loop type
      pile releaseably secures said strap in the enwrapped position,
PA1  a liner connected to said wrap portion,
PA1  and a resilient pad disposed between said liner and wrap portion.
NUM  16.
PAR  16. The invention as defined in claim 15 and including means defining loops
      formed on said wrap portion through which said straps are guided in the
      enwrapped position.
NUM  17.
PAR  17. The invention as defined in claim 15 and including a series of
      accordian folds extending longitudinally of said wrap portion.
NUM  18.
PAR  18. The invention as defined in claim 9 and including elastic band disposed
      intermediate the width of said wrap portion, and
PA1  said elastic band extending longitudinally of said wrap portion,
PA1  said elastic band being stretchable in a direction normal to the length
      thereof.
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ABST
PAL  An alarm system operative in conjunction with a venocylsis set which
      includes a drop chamber coupled to the output of a fluid bottle. The alarm
      system is provided with a float disposed in the drop chamber and
      responsive to the level of fluid pool therein. A proximity switch
      sensitive to the float position is removably attached to the exterior of
      the drop chamber to produce a switching action when the fluid level falls
      below a predetermined value. An alarm circuit is coupled to the proximity
      switch to generate a warning signal when the switching action occurs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to intravenous infusion procedures wherein
      fluid is gravity-fed from a fluid container to a patient, and in
      particular to an alarm system for indicating when the container is
      exhausted.
PAR  The intravenous infusion of fluids by gravity flow is now a common
      procedure in modern hospitals. Among the fluids administered are plasma,
      blood, glucose and saline solutions. Intravenous injection over a
      protracted period is usually carried out by reducing fluid flow from the
      elevated container to a succession of discrete drops. This is effected by
      means of a drop chamber coupled to the output of the container through a
      drip tube. In practice, a delivery pipe is extended from the drop chamber
      to a lower position where the fluid is to be injected into the patient
      through a hollow needle or catheter.
PAR  It is often of vital importance that the fluid bottle or container be
      replaced with a fresh supply when the container is drained. This requires
      regular attendance or frequent inspection by a nurse or hospital orderly.
      Should an emergency arise or other factors come into play distracting the
      attention of the nurse or orderly, the container may become empty and
      remain unchanged. In some instances, failure to continue the supply of
      fluid may be fatal or harmful to the patient. Because the fluids being
      administered frequently contain life-giving drugs such as insulin,
      anti-biotics, vitamins, hormones or electrolytes, the failure to continue
      intravenous therapy, regardless of its cause, may have catastrophic
      consequences. With existing shortages of qualified hospital personnel,
      such failures are not uncommon.
PAR  Various types of monitoring or alarm systems have heretofore been devised
      to signal when the fluid being received by a patient from a container has
      drained to a low level. A typical alarm system for this purpose makes use
      of a spring by which the fluid container is suspended from an elevated
      support. As the fluid discharges and the weight of the container
      diminishes, the amount of spring extension is reduced to a point at which
      an electrical switch mounted at a preset position, is caused to close,
      thereby activating an alarm signal serving to alert the nurse to take
      whatever action is then appropriate.
PAR  The characteristics of the weighing spring and the related arrangement of
      parts must be preselected in accordance with the weight of the container
      load. Thus, the spring arrangement for a 500 ml. bottle of blood is
      necessarily different from that dictated by a 250 ml. bottle. A spring
      weighing arrangement is therefore not a universal monitor for any type of
      container, but is limited to a specific fluid load. Moreover, it is
      cumbersome and unreliable.
PAR  Other known forms of monitoring or warning devices for use in conjunction
      with intravenous flow arrangements, include electrical networks,
      oscillators, amplifiers and other elaborate circuits connected to the
      output of capacitative, electro-optical and other sophisticated forms of
      sensors. For example, in one such device which is attachable to the
      exterior of the fluid container to indicate when it is nearly empty, a
      capacitance bridge is provided, two of whose capacitances have dielectrics
      defined by the fluid in this container. When fluid falls to a given level,
      the resultant bridge output activates a nurse's call system or alarm.
PAR  Apart from the complexity and high cost of known types of electrical alarm
      systems, there is the further problem of safety, for intravenous infusion
      is sometimes conducted within an oxygen tent in which electrical sparking
      cannot be tolerated. Prior systems fail to provide adequate protection
      against sparking or high voltage shorts that may lead to sparking and
      fatal explosions.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, the chief object of this invention is to provide
      an alarm system which obviates the drawbacks incident to systems
      heretofore used in conjunction with intravenous infusion procedures, the
      present system being simple, efficient and reliable.
PAR  More specifically, it is an object of this invention to provide a low-cost
      alarm system including a drop chamber which encloses a float having a
      permanent magnet sealed therein, the float level reflecting the fluid
      condition of the container coupled to the chamber and being sensed by a
      magnetically-responsive proximity switch.
PAR  Among the significant advantages of the invention are the following:
PAR  A. The magnetic float incorporated in the special drop chamber is the only
      addition that need be made to existing forms of disposable venocylsis sets
      for fluid administration; hence the cost of a set including the float is
      not significantly greater than the cost of the set without the float.
      Since such disposable sets are used by hospitals in large quantities, this
      cost factor is an important practical consideration for both hospital and
      patients.
PAR  B. The proximity switch, which is detachably coupled to the drop chamber to
      sense the float position, may be quickly and easily attached and detached,
      so that no particular skill or special training is necessary to teach
      nurses and attendants how to operate the alarm system.
PAR  C. The flat which encloses the magnet is in the form of a sterile shell
      which may be made of the same plastic material as the venocylsis set and
      in no way contaminates the sterile fluid flowing through the drop chamber.
PAR  D. The proximity switch may be in the form of a reed switch actuated in the
      presence of the float magnet, which switch may be hermetically sealed to
      isolate the switch and any sparks produced therein from the ambient
      atmosphere.
PAR  E. The alarm associated with the switch may be in the form of a simple
      solenoid that is energized by alternating current when the proximity
      switch is closed, to produce an alternating magnetic field sustaining a
      diaphragn in vibration, thereby producing a distinctive signal tone
      without, however, creating any sparking.
PAR  Briefly stated, these objects are attained in an alarm system operating in
      conjunction with a venocylsis set including a drop chamber coupled to the
      output of a raised fluid container. The alarm system is constituted by a
      float disposed within the drop chamber and responsive to the level of
      fluid therein, a proximity switch being detachably coupled to the exterior
      of the chamber and being responsive to the float position to produce a
      switch closure only when the fluid level falls below a predetermined
      value. An alarm circuit is coupled to the switch to produce a warning
      signal when the switch closes.
PAR  In a preferred embodiment of the invention, the drop chamber is defined by
      a collapsible cylindrical upper section which is manually depressible to
      produce a suction force for initiating the flow of fluid from the
      associated container, and a more rigid cylindrical lower section having a
      tubular well projecting below the floor thereof, the end of the well
      communicating with a flexible pipe terminating in a suitable coupling for
      an injection needle or catheter.
PAR  Concentrically disposed within the lower section of the drop chamber is a
      float defined by an enclosed cylindrical shell having a tubular nose
      projecting axially from the base thereof, the nose being received
      concentrically within the well. Held within the nose is a permanent magnet
      element. Removably attached to the well of the drop chamber is the
      proximity switch which preferably is of the magnetically responsive reed
      type that is actuated by the magnet element only when the nose of the
      float lies fully within the well.
PAR  In operation, drops of fluid from the container form a pool in the lower
      section of the drop chamber, causing the float to rise to a level that
      depends on the depth of the pool, thereby raising the nose and the magnet
      element therein. When however, the container fluid is depleted, the pool
      is emptied and the magnet element descends into the well to actuate the
      switch and sound the alarm.
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PAC  OUTLINE OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      description to be read in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 shows an intravenous infusion assembly operating in conjunction with
      an alarm system according to the invention;
PAR  FIG. 2 shows the drop chamber of the assembly in the condition that exists
      when the supply of fluid in the container is adequate;
PAR  FIG. 3 illustrates the drop chamber in its condition when the fluid supply
      is depleted;
PAR  FIG. 4 is a transverse section taken through the drop chamber in the plane
      indicated by line 4--4 in FIG. 3; and
PAR  FIG. 5 is a perspective view of the reed switch associated with the drop
      chamber.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and more particularly to FIG. 1, the alarm
      system in accordance with the invention is adapted to operate in
      conjunction with an intravenous infusion set or assembly which may be of
      any commercially available type, save for a special drop chamber,
      generally designated by numeral 10.
PAR  Drop chamber 10 is provided with a drip tube 11, the upper end 11A of which
      is needle-pointed in order to pierce the penetrable stopper 12 of a bottle
      13 containing a fluid such as glucose, to be administered to a patient.
      Bottle 13 is inverted and is supported at an elevated position with
      respect to the patient by means of a clamp 14 serving to attach the bottle
      to a stand 15. An air-intake tube 16 anchored in the stopper provides a
      conduit between the air space above the fluid level in the bottle and the
      atmosphere, thereby avoiding bubbling.
PAR  The drop rate is adjusted by means of screw-type clamp 17 or equivalent
      valve means attached to a flexible pipe 18 leading from drop chamber 10 to
      a suitable coupler 19 connectable to a hollow needle 20 or catheter for
      injecting the fluid. The degree to which pipe 18 is restricted by the
      clamp determines the flow rate.
PAR  To sense whether the bottle fluid is depleted, the drop chamber is provided
      with a float, generally designated by numeral 21, within which a
      permanent-magnet element 22 is hermetically sealed. The position of the
      float within the drop chamber is detected by a magnetically responsive
      proximity switch 23 which is normally open but is caused to close only
      when the magnet position reflects a depleted fluid supply.
PAR  The closure of the switch completes a circuit between the secondary of a
      voltage step-down transformer 24 coupled to the A-C power line and a
      solenoid 25. When the solenoid is energized, it produces an alternating
      electro-magnetic field which sustains a diaphragm 26 in vibration to
      produce a distinctive alarm tone, calling attention to the depletion of
      the fluid in the bottle and the need for appropriate action.
PAR  The advantage of this type of alarm, as against a conventional buzzer, is
      that no make-and-break contacts are involved, as with the interrupter on a
      buzzer. Such contacts give rise to sparking that may be hazardous in
      certain hospital environments.
PAR  The invention is by no means limited to this particular type of A-C alarm,
      and in practice, the alarm may be of the battery-operated type or tied in
      with a nurse's call system, or with a central annunciator or a
      flashing-light indicator. In practice, the alarm may be incorporated into
      a central hospital monitor.
PAR  Referring now to FIGS. 2, 3 and 4, drop chamber 10 is shown in greater
      detail. The chamber is constituted by a collapsible cylindrical upper
      section 10A and a rigid cylindrical lower chamber 10B bonded thereto. The
      upper end of the chamber is closed by a cap 27 through which the lower end
      of drip tube 11 extends.
PAR  Upper section 10A is formed of flexible plastic transparent material such
      as polyethylene or vinyl, so that this section may be manually compressed
      to create a suction force to initiate the flow of liquid from the
      container. The lower section, which is joined to the upper section, is
      formed by a relatively rigid plastic material whose dimensions are fixed.
      Projecting axially from the floor of the lower section and extending
      downwardly therefrom is a tubular well 10C terminating in a coupling
      sleeve 10D to which flexible pipe 18 is connected.
PAR  Floating within lower section 10B is the float 21. The float is constituted
      by a cylindrical shell 21A whose outer diameter is somewhat smaller than
      the inner diameter of the lower section, whereby the shell lies
      concentrically within the lower section and is slidable therein to define
      an annular passage therebetween allowing for the unimpeded flow of fluid.
PAR  This concentricity is maintained by four equispaced centering bosses 28
      formed on the inner surface of the lower section, as shown in FIG. 4.
      Similar bosses 29 on the floor of the lower section maintain a flow space
      between this floor and the bottom 21B of the float shell.
PAR  Depending axially from the bottom 21B of the float shell 21A and extending
      downwardly therefrom, is a tubular nose 21C that is concentrically
      disposed within well 10C when the float rests on the bottom of the lower
      section. Placed within nose 21C is a rod-shaped permanent-magnet element
      22. This element is held in place by a finger 31 projecting from the
      underside of cover 32 on the float.
PAR  Thus, in assembling the float, one first inserts the magnet in the nose,
      and then places the cover over the float, the cover being sealed to the
      rim of the shell. The float is made of plastic material and the magnet
      sealed therein is therefore isolated from the fluid passing through the
      drop chamber.
PAR  In operation, a fluid pool 33 is created in the lower section of the drop
      chamber by the succession of drops fed therein, the depth of the pool
      being such as to cause float 21 to rise to a point at which magnet 22 is
      largely withdrawn from well 10C, as shown in FIG. 2.
PAR  When, however, the fluid supply from the bottle is depleted and the pool in
      the chamber is drained, the float then rests on the bottom of the lower
      section and the magnet lies within well 10C. The magnet is then in close
      proximity to the magnetically responsive reed contacts 23A and 23B of the
      reed switch, causing these contacts to come together to effect switch
      closure.
PAR  The contacts are hermetically sealed within a protective glass or plastic
      envelope; hence sparks between contacts are isolated from the environment.
      The reed switch, which is a permanent part of the installation, is
      removably attached to well 10C of the drop chamber by means of resilient
      wings 34 and 35, adapted to embrace the well.
PAR  Thus the disposable infusion assembly may be discarded after a single use,
      and when the alarm system is to be employed with a new assembly, one has
      merely to clip the reed switch onto the well of the drop chamber of the
      new assembly.
PAR  It will be evident from the foregoing that the only change necessary to
      convert any existing form of disposable intravenous infusion set is the
      substitution of a drop chamber having a magnetic-element float therein in
      accordance with the invention, the set otherwise being unmodified. With a
      float chamber of this type, one has merely to clip on the reed switch to
      afford a warning signal when the bottle is empty of fluid. Thus, no
      significant change in procedure is involved, and any nurse or orderly
      capable of installing existing forms of infusion sets, can make use of the
      invention.
PAR  While there have been shown and described preferred embodiments of an alarm
      system for intravenous infusion procedures, it will be appreciated that
      many changes and modifications may be made therein without, however,
      departing from the essential spirit of the invention.
PAR  In practice, the upper section of the drop chamber need not be collapsible,
      for other means may be used to initiate the flow of fluid from the fluid
      container. The chamber need not be a drop chamber, for other means may be
      used to obtain a controlled flow from the fluid container. Also, instead
      of bottles of glass or other rigid material, a collapsible fluid container
      may be used, in which event one may dispense with an air vent.
CLMS
STM  We claim:
NUM  1.
PAR  1. An intravenous infusion arrangement comprising a container; a drop
      chamber, provided with a drip tube, fluid from said container being
      conducted by gravity flow into said drop chamber to produce a fluid pool
      therein and from the chamber through a pipe leading to a hollow needle;
      and an alarm system to provide a warning signal when the fluid supply from
      the container approaches exhaustion, said system including:
PA1  a. a float disposed in said chamber which is caused to assume a position
      therein depending on the depth of said pool, the float having transverse
      dimensions which are smaller than those of the chamber interior to define
      a space therebetween which provides an uninterrupted flow passage to said
      pipe regardless of the position of the float, said chamber having a
      collapsible upper section and a rigid lower section,
PA1  b. a permanent magnet sealed within said float,
PA1  c. a magnetically-responsive proximity switch means attached to said
      chamber to produce a switching action only when the position of said float
      is indicative of the approach of fluid exhaustion, and
PA1  d. an alarm circuit coupled to said switch means to produce a warning
      signal when said switching action occurs.
NUM  2.
PAR  2. An alarm system as set forth in claim 1, wherein said lower section is
      provided with spacer bosses on the inner surface thereof to engage the
      wall of the float to maintain said annular passage.
NUM  3.
PAR  3. An alarm system as set forth in claim 1, wherein said lower section is
      provided with a tubular well projecting downwardly therefrom, and said
      float is provided with a nose receivable within said well, said magnet
      being placed in said nose.
NUM  4.
PAR  4. An alarm system as set forth in claim 3, wherein said float is provided
      with a cap having a finger which extends toward said nose to engage the
      end of said magnet to hold it in place.
NUM  5.
PAR  5. An alarm system as set forth in claim 3, wherein said proximity switch
      means is a sealed reed switch.
NUM  6.
PAR  6. An alarm system as set forth in claim 5, wherein said reed switch is
      provided with resilient wings adapted to clamp said switch onto said well.
PATN
WKU  039425274
SRC  5
APN  4335732
APT  1
ART  124
APD  19740115
TTL  Blood oxygenation process
ISD  19760309
NCL  8
ECL  1
EXP  Huff; Richard L.
INVT
NAM  Li; Norman N.
CTY  Edison
STA  NJ
ASSG
NAM  Exxon Research & Engineering Co.
CTY  Linden
STA  NJ
COD  02
RLAP
COD  71
APN  234644
APD  19720314
PSC  03
CLAS
OCL  128214R
XCL  195  18
EDF  2
ICL  A61M  103
ICL  C12B  300
ICL  C12B  900
FSC  195
FSS  1.8
FSC   23
FSS  258.5
FSC  128
FSS  214 R
UREF
PNO  3389078
ISD  19680600
NAM  Elzinga et al.
OCL  210 21
UREF
PNO  3396510
ISD  19680800
NAM  Ward et al.
OCL   55 16
OREF
PAL  DEFilippi et al., Artificial Heart Program Conference, Proceedings, June
      9-13, 1969, pp. 381-391.
LREP
FR2  Baran; Robert J.
ABST
PAL  A process for oxygenating blood which comprises, contacting an emulsion,
      the exterior phase of which comprises an oxygen saturated fluorinated
      organic compound surrounding aqueous droplets containing a carbon dioxide
      absorbent or reactant, with mammalian blood. The oxygen permeates rapidly
      from the fluorocarbon into the blood, while the CO.sub.2 within the blood
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      manner the blood is oxygenated and CO.sub.2 is simultaneously removed.
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PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  A process for oxygenating blood which comprises, contacting an emulsion,
      the exterior phase of which comprises an oxygen saturated fluorinated
      organic compound surrounding aqueous droplets containing a carbon dioxide
      absorbent or reactant, with mammalian blood. The oxygen permeates rapidly
      from the fluorocarbon into the blood, while the CO.sub.2 within the blood
      permeates through the fluorocarbon into the aqueous interior phase wherein
      it is absorbed or converted by a reactant to a nonpermeable form. In this
      manner the blood is oxygenated and CO.sub.2 is simultaneously removed.
PAR  2. Cross-Reference to Related Applications
PAR  This application is a Continuation-in-part of application Ser. No. 72,830,
      filed Sept. 16, 1970, in the name of Norman N. Li.
PAC  SUMMARY OF THE PRIOR ART
PAR  Lung disease is increasing at a very rapid rate. Emphysema and similar
      diseases in which the body fails to properly oxygenate the blood cause a
      tremendous strain on the heart and eventually lead to premature death. To
      increase the oxygen pressure in the bloodstream, several artificial lungs
      have been developed. Most commercial artificial lung devices operate by
      contacting the blood directly with oxygen.
PAR  Unfortunately, these devices are expensive and have met with limited
      success. More significantly, they have had the problem of blood
      coagulation or clotting because of the denaturation of proteins in the
      blood.
PAR  At a recent Artifical Heart Program conference held under the auspices of
      the U.S. Department of Health, Education, and Welfare, a liquid-liquid
      blood oxygenator was described whereby oxygen-saturated
      perfluorotributylamine was used to overcome the problems of direct contact
      of oxygen with blood. The developers of this system, R. P. De Filippi, R.
      M. Anderson, K. H. Porter, D. W. Harris of Cambridge, Massachusetts and
      Yukihiko Nose of the Cleveland Clinic, Cleveland, Ohio utilized a falling
      film technique wherein a falling film of oxygen saturated fluorocarbon
      contacts a rising column of blood. Oxygen and carbon dioxide transfer
      occurs across the moving interface between the two immiscible liquids and
      thus the need for solid membranes or direct oxygen-blood contact is
      removed. The developers of this system depend on high interfacial
      velocities in the countercurrent liquid-liquid contacting to obtain high
      mass transfer rates. Further, while not specifically stated by the
      developers, carbon dioxide removal will be directly proportional to the
      amount of fluorocarbon present since the transfer of carbon dioxide is
      dependent only on its solubility in fluorocarbon.
PAR  Thus a method is needed by means of which blood can be efficiently
      oxygenated, while not having to rely on utilization of large amounts of
      the rather expensive fluorocarbons needed in the prior art processes.
PAR  Separation by means of emulsions are known in the prior art. See for
      example U.S. Pat. Ser. Nos. 3,389,078, 3,410,794, 3,454,489 and 3,617,546.
      None of these references, individually or in combination, teach, show or
      suggest the use of emulsions to separate CO.sub.2 from blood.
PAC  SUMMARY OF THE INVENTION
PAR  A novel process for oxygenating blood has now been unexpectedly discovered,
      which comprises contacting the blood with an emulsion, said emulsion
      comprising an oxygen-containing fluorinated organic exterior phase,
      surrounding droplets of an aqueous interior phase, whereby the oxygen
      permeates from the fluorinated organic exterior phase into the blood and
      the carbon dioxide in the blood permeates through the fluorinated organic
      exterior phase into the aqueous interior phase. The driving force for
      these permeations results from the differing pressures of both oxygen and
      carbon dioxide in the various phases. Thus, the high partial pressure of
      carbon dioxide in the blood will drive carbon dioxide through the
      fluorinated organic exterior phase into aqueous interior phase, wherein,
      preferably, a carbon dioxide absorbent or the substance capable of
      reacting with carbon dioxide and converting it into a nonpermeable form is
      contained. For example, sodium carbonate can be contained in the interior
      phase of the emulsion which converts CO.sub.2 to sodium bicarbonate which
      will not permeate through fluorinated organic external phase into the
      blood.
PAR  To oxygenate blood according to the process of the instant invention the
      following procedure is followed: An emulsion of an aqueous solution
      containing a carbon dioxide absorbent or reactant, in a fluorinated
      organic exterior phase, is prepared by mixing said aqueous solution with
      said fluorinated organic compound under conditions of sheer. Preferably, a
      surfactant which is soluble in the fluorinated organic phase is utilized
      to make the emulsion stable for further use. The surfactant, of course,
      must be compatible with blood. Preferably, fluorinated surfactants are
      utilized, most preferably the surfactants are perfluorinated.
PAR  The surfactant as stated above should not damage blood. Perfluorinated
      surfactants are especially preferred for this reason. The surfactants may
      be extended in a fluorinated organic solvent which will form the external
      phase or the surfactant, itself, can be the external phase. Usually,
      however, a fluorinated organic solvent will be utilized as the major
      portion of the external phase.
PAR  The emulsion is made by conventional techniques, including use of colloidal
      mills, simple mixers, homogenizers, and ultrasonic devices as described in
      detail in Chapter 7 of "Emulsions: Theory and Practice" by Paul Becher,
      published by Reinhold Publishing Corporation, - 1965. After the stable
      emulsion is formed, it is contacted with a source of gaseous oxygen.
      Preferably, oxygen is added to the emulsion until saturation is achieved.
      Oxygen is known to the prior art to be extremely soluble in various
      fluorinated organic solvents and these solvents are preferred in the
      instant process. The fluorinated organic solvents which may be utilized
      include: fluorinated ethers, amines, carboxyl esters, carboxylic acids,
      aldehydes, alcohols, ketones and etc. Fluorinated derivatives of saturated
      and unsaturated hydrocarbons, including alkenes, alkynes, and aromatics,
      as well as the chloro, bromo, and iodo derivatives thereof may be utilized
      in the practice of the instant invention. Preferably the above compounds
      are perfluorinated, i.e. all the hydrogen radicals are replaced by
      fluorine radicals.
PAR  The above described compounds must be liquid at the temperatures at which
      the instant process will be operated i.e. from about 4.degree. to 35/20
      C., preferably from about 10.degree. to 20.degree.C., thus these compounds
      will contain from 1 to 40 carbon atoms, preferably from 5 to 20carbons
      atoms.
PAR  Because of their inertness toward blood, the most preferred fluorinated
      organic compounds are the perfluorinated hydrocarbon derivatives, having
      from 5 to 20 carbon atoms.
PAR  The emulsion is contacted with blood either in a concurrent or counter
      concurrent manner. Agitation is applied to the blood emulsion system so
      that the emulsion breaks up into droplets, said droplets being contacted
      with blood at the fluorinated organic blood interface. In this manner,
      carbon dioxide present in the blood wil permeate through the fluorinated
      organic exterior phase and into the aqueous droplets wherein it will be
      absorbed or converted to a nonpermeable species. The oxygen dissolved in
      the fluorinated organic external phase will continuously permeate into the
      blood thus resulting in a process for simultaneously oxygenating blood
      while removing carbon dioxide. When the blood has been fully oxygenated,
      agitation may be stopped at which time the blood and the emulsion will
      separate because of the difference in densities of said blood and said
      emulsion. Usually the emulsion will settle to the bottom of the contacting
      vessel where it may be collected and regenerated by breaking the emulsion
      and re-emulsifying a new aqueous adsorbent or reactant. The blood will
      then be returned to the body.
PAR  It is important that the emulsion be stable during the contacting with
      blood since breaking will allow the blood to mix with the aqueous
      droplets, thereby mixing the CO.sub.2 absorbent or reactant with the
      blood.
PAR  Any surface active agent which is capable of forming a stable emulsion with
      the fluorinated organic solvent and the aqueous absorbent or reactant
      solution, may be utilized to form the emulsion of the instant invention.
      Preferred surfactants are fluorinated surfactants, more preferably
      perfluorinated surfactants, and include fluorinated esters, fluorinated
      amines, fluorocarboxylic acids, fluorosulfonic acids, etc. In general, the
      perfluorinated surfactants may be chosen from the same class of compounds
      as the above described solvents, however, they will be the surface active
      members of the above-defined group.
PAR  The surfactant should be soluble in the fluorinated organic exterior phase
      and have insignificant solubility in water since solubility in any
      signficant amount, in either the blood or CO.sub.2 absorbent interior
      phase, is undesirable. Preferred fluorinated surfactants are the
      fluorinated ethers, esters and carboxylic acids having a carbon number of
      from 5 to 25, more preferably the surfactants are perfluorinated
      derivatives having a carbon number of from 5 to 15. The solvent and
      surfactant mixture is of course chosen to be permeable to carbon dioxide
      while solubilizing as much oxygen as possible.
PAR  The preferred method of use for the process of the instant invention
      comprises separating venous blood from a human body by shunting said
      venous blood prior to its return to the heart. Venous blood will be
      characterized as having a greater amount of carbon dioxide than arterial
      blood and a corresponding lower concentration of oxygen. The blood will be
      shunted from the body into a contacting zone wherein said aforedescribed
      emulsion will be contacted with said blood. The carbon dioxide wil be
      removed simultaneously with the oxygenation of the blood. After sufficient
      oxygen is returned to the blood and sufficient carbon dioxide is removed,
      the blood will be returned to the body for reuse. Normally venous blood
      contains about 53 volume percent carbon dioxide and about 15 volume
      percent of oxygen. Desirably about 20 volume percent of oxygen should be
      present in the arterial blood and less than 50 volume percent of carbon
      dioxide. Thus, the process of the instant invention pertains to a process
      whereby additional oxygen is forced into the blood while excess carbon
      dioxide is removed.
PAR  Preferably sodium carbonate is present in the interior phase of said
      emulsion to react with the CO.sub.2. Use of Na.sub.2 CO.sub.3 is preferred
      for safety reasons, since in the event that said emulsion partially breaks
      small amounts of sodium carbonate, mixing with the blood, would not cause
      a drastic effect.
PAR  The instant invention provides for certain advantages. For example, blood
      denatuation is avoided because the proteins in the blood are not in direct
      contact with bulk oxygen. CO.sub.2 removal from the blood is rapid becasue
      of the presence within the droplet, i.e. the interior phase of the
      emulsion, of a material capable of reacting with or absorbing the
      Co.sub.2. This allows for the maintenance of a concentration difference
      between the blood and the interior phase of the emulsion. If said material
      was absent, CO.sub.2 would permeate into the interior phase of the
      emulsion only to the point where the concentration in the interior phase
      and the blood was equal. At this point further permeation would cease.
      Utilization of absorbents or reactants to remove CO.sub.2 in the interior
      phase of the emulsion provides unlimited capacity. A further advantage of
      the instant invention over the prior art is that since the emulsion is
      contacted with the blood under conditions of agitation, whereby the
      emulsion is broken up into droplets, increased surface area is available
      for exchange of oxygen and CO.sub.2. The process of the instant invention,
      thus shows increased exchange rates when compared to the prior art system
      where blood and the fluorocarbon is contacted by countercurrent flow, at
      conditions of minimum agitation. The surfactants present further enhance
      contact by breaking the emulsion into smaller droplets than would be
      possible in a straight fluorinated organic solventblood exchange system
      and thus further increasing the contact area.
PAR  In the usual process of the instant invention, the blood is a continuous
      phase and the emulsion is dispersed uniformly throughout by agitation.
      Said agitation may be provided by countercurrent flow as well as
      mechanical forces. The emulsion system may be continuously reused until
      the oxygen is depleted and/or the carbon dioxide adsorbent or reactant is
      used up. When this occurs, the emulsion is sent to a separate treating
      zone wherein the emulsion is broken to separate the spent aqueous interior
      phase, while the fluorinated organic exterior phase, including surfactant,
      is recycled for use in preparing a fresh emulsion. It is also possible,
      when sodium carbonate is utilized to react with the carbon dioxide, to
      recycle emulsion without breaking. In recycling this specific emulsion,
      heat may be used to decompose the sodium bicarbonate to CO.sub.2 and
      Na.sub.2 CO.sub.3 without breaking the emulsion. The carbon dioxide is
      removed and the sodium carbonate containing emulsion is returned for
      reuse.
PAR  Other materials which may be utilized as the absorbent or reactant for
      CO.sub.2 include the following: inorganic or organic basic materials such
      as calcium hydroxide, sodium hydroxide, magnesium hydroxide, potassium
      hydroxide, amines, such as alkyl and aryl, mono- and polyamines,
      preferably having from 1 to 20 carbons, and derivatives thereof, alkali
      metal and alkaline earth carbonate salts such as potassium carbonate, etc.
      Of course it is possible to use water alone as the aqueous phase since
      CO.sub.2 is soluble in water. As mentioned above, however, it is
      preferable to have a reactant and an absorbent to maintain a concentration
      difference of CO.sub.2 in the blood and in the interior phase.
PAR  The contacting of the blood and the emulsion takes place at a temperature
      range from about 4 to 35.degree.C., preferably from 10 to 20.degree.C. and
      a pressure of 1 atmosphere. Contact times are not critical and may vary to
      maintain desirable oxygen and carbon dioxide concentrations in the blood
      flowing out of the contacting zone. In a typical process, venous blood,
      which contains 15 volume percent oxygen and 55 volume percent of CO.sub.2,
      is contacted with aforedescribed emulsion. Upon leaving the contacting
      zone, said blood contains 20 volume percent oxygen and 40 volume percent
      CO.sub.2. The above process is run in a continuous manner. The blood,
      after contacting with the emulsion, is returned to the patient's body
      through an artery in said patient's arm. After contacting the interior
      aqueous phase may be still capable of absorbing CO.sub.2 and/or reacting
      with CO.sub.2 while the oxygen in the exterior phase is spent. In this
      case, the emulsion may be returned and reoxygenated by bubbling oxygen
      through the emulsion at any practical rate without the need for breaking
      the emulsion and/or regenerating said aqueous CO.sub.2 absorbent or
      reactant. When the interior aqueous phase is also spent, the emulsion may
      be broken and the interior phase replaced. Alternately, the spent aqueous
      phase may be regenerated separately and used for forming a fresh emulsion.
PAR  The following is a specific embodiment of the instant invention.
PAR  In this specific example of the instant invention, blood in the amount of
      610 grams, was oxygenated.
PAR  The emulsion utilized was 200 grams of an aqueous solution of Na.sub.2
      CO.sub.3 5 %/weight/ and 284 grams of a mixture of fluorinated organic
      compounds. The fluorinated organic compounds which formed the exterior
      phase of the emulsion contained 5% of a fluorinated C.sub.14 ether
      surfactant manufactured by duPont under the Trade name Freon E-4
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      and 95% by weight of perfluorotributylamine. The system was emulsified by
      slowly pouring the sodium carbonate solution into the surfactant solution
      while a stirring speed of 600 RPM was maintained so that the two solutions
      were rapidly emulsified as soon as they come in contact. The
      emulsification was carried out at 25.degree.C. Included within the system,
      to help stabilize the emulsion were 0.2 gms. of Fluorad FC-170, a
      fluorochemical surfactant, utilizing a fluorinated hydrocarbon tail,
      manufactured by 3M. The use of Fluorad FC-170 is optional.
PAR  The emulsion was contacted with the blood at 25.degree.C. in a batch
      process.
PAR  The oxygen content of the blood, initially, in mm of mercury was 10.5 and
      the CO.sub.2 content was very high as indicated by the low blood pH of 6.
      The oxygen was analyzed by a physiological gas analyzer with oxygen
      electrode manufactured by the Veri-Flor Corporation. When the emulsion
      passed through the blood phase once, the oxygen concentration in blood was
      drastically increased to 275. Some of the oxygen might have escaped during
      the time of preparing the second pass of the emulsion, because the oxygen
      concentration was dropped slightly to 220 at the beginning of the second
      pass of the emulsion through the contactor. However, the oxygen
      concentration immediately began to reverse again when the re-oxygenated
      emulsion was sent to the blood oxygenator for a second pass. At the end of
      the second pass, the oxygen concentration increased up to 300 mm Hg.
PAR  In the experiment, the emulsion was reoxygenated after it was passed
      through the blood oxygenator once. It was not necessary to regenerate the
      aqueous Na.sub.2 CO.sub.3 solution since excess Na.sub.2 CO.sub.3 was
      used.
PAR  The carbon dioxide concentration in the blood decreased as indicated by the
      change of pH value which increased from 6 to a value between 7 and 8
      (around 7.5 ) as shown in the following Table. This pH indicates that the
      CO.sub.2 concentration in the oxygenated blood was drastically reduced.
TBL                TABLE                                                       
     ______________________________________                                    
                   Analyzing                                                   
                            Oxygen                                             
                   Time     Concentration                                      
                   (Min.)   in Blood (mm Hg)                                   
     ______________________________________                                    
     I.    First Pass    0          10.5                                       
           of the Emulsion                                                     
                         1          10.5                                       
           through the blood                                                   
                         4          12.5                                       
           oxygenator    5          12.5                                       
                         6          80                                         
                         7          120                                        
                         8          200                                        
                         9          270                                        
                         18         290                                        
                         27         275                                        
     II.   Second Pass                                                         
           of the Emulsion                                                     
           through the blood                                                   
           oxygenator    0          220                                        
                         2          340                                        
                         5          340                                        
                         7          360                                        
                         8          380                                        
                         12         300                                        
     ______________________________________                                    
PAR  At the end of the first pass of the emulsion, no further change of the pH
      value was noticed at the end of the second pass of the emulsion,
      indicating the removal of CO.sub.2 must be so rapid that the removal was
      essentially completed during the first pass of the emulsion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for oxygenating human blood and simultaneously removing
      CO.sub.2 which comprises separating venous blood from a human body by
      shunting said venous blood prior to its return to the heart, contacting
      said shunted blood in a contacting zone, with an emulsion, the exterior
      phase which is liquid at a temperature of from 4.degree. to 35.degree.C
      and which comprises a C.sub.1 to C.sub.40 fluorinated organic compound,
      said exterior phase further comprising dissolved oxygen, surrounding
      aqueous droplets, whereby said oxygen permeates into said blood and the
      CO.sub.2 in said blood permeates into said aqueous droplets, and returning
      said blood having increased oxygen content and decreased CO.sub.2 content
      to said human body.
NUM  2.
PAR  2. The process of claim 1 wherein said contacting takes place at a
      temperature of from 4.degree. to 35.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein said aqueous droplets contain a CO.sub.2
      absorbent.
NUM  4.
PAR  4. The process of claim 1 wherein said aqueous droplets further comprise a
      reactant capable of reacting with CO.sub.2.
NUM  5.
PAR  5. The process of claim 4 wherein said reactant comprises sodium carbonate.
NUM  6.
PAR  6. The process of claim 4 wherein said exterior phase comprises a C.sub.1
      to C.sub.40 fluorinated organic solvent and a C.sub.5 to C.sub.25
      fluorinated surfactant.
NUM  7.
PAR  7. The process of claim 6 wherein said surfactant and said solvent are
      perfluorinated.
NUM  8.
PAR  8. The process of claim 6 wherein said surfactant contains from 5 to 20
      carbons and is selected from the group consisting of fluorinated ethers,
      esters and carboxylic acids.
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ABST
PAL  A base member having a side surface and a bottom surface is provided. First
      and second ports are formed in the side surface which are interconnected
      by a channel in the base member. An intravenous system tube may be passed
      through the first port and channel and out the second port to provide for
      reversal of fluid flow in the tube with respect to the direction of fluid
      flow in the tube at the first port. The channel is formed to preclude
      kinking of the tube. Alternately, intravenous fluid system tubing may be
      adapted to the first and second ports. The tubing connects to an
      intravenous fluid supply and to a catheter apparatus. Means may be adapted
      to a top surface of the base member to permit the injection of medications
      into the fluid passing through the channel or the tubing in the channel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field
PAR  This invention relates to intravenous therapy systems. More particularly,
      this invention provides a device to effectively form a loop in intravenous
      supply tubing to change the direction of flow of the intravenous fluids
      while precluding inadvertant restriction or interruption of the fluid
      flow.
PAR  2. State of the Art
PAR  Intravenous (IV) therapy systems are well known. In general, they include a
      fluid supply and catheter apparatus with interconnecting tubing. The
      catheter apparatus are frequently of the type which is comprised of a
      stylet in a cannula attached to a hub. The stylet and cannula are inserted
      into a patient's vein in the forearm area with the stylet and cannula
      moving into the vein in a direction from the wrist toward the elbow. After
      the stylet is removed, the IV system tubing is connected to the hub. If
      the tubing is led directly away from the patient's forearm to the IV fluid
      supply, the movement of the arm by the patient is limited. Accidental
      movement often results in a dislodging of the catheter apparatus. The IV
      therapy (i.e., catheter apparatus) must then be moved to a new IV site.
      Increased patient discomfort along with potential trauma results. See: D.
      Maki, et al., Infection Control in Intravenous Therapy, Annals of Internal
      Medicine 79:867 to 887 (1973). Accordingly, the practice has developed to
      form a loop in the IV tubing below the catheter apparatus and tape the
      tubing along the forearm and upper arm to the vicinity of the shoulder. At
      that point the tubing is led away to the IV fluid supply. Thus, the
      patient is allowed some arm movement without hazarding the IV therapy.
PAR  Many times the loop formed in the tubing in the forearm area kinks. That
      is, the tube, being flexible, is bent or flexed to such a degree that the
      inner cross section of the tube is reduced. Such a kink abnormally
      restricts and reduces the prescribed flow of IV fluid. A kink may also
      completely stop IV fluid flow. A device such as that disclosed in U.S.
      Pat. No. 3,630,195 (Santiomieri) seeks to hold the IV tube and loop in
      place. However, it does hot effectively preclude kinking in the tube loop.
      Further, the loop formed when using the device is of such diameter that
      the loop frequently snags on bedding and the like. Also, it is too
      cumbersome to use on small patients such as an infant.
PAR  The problem of kinking is even more severe in a hospital operating room
      environment. IV therapy is frequently prescribed before and during
      surgical operations. The IV site (e.g., the forearm) is generally covered
      with antiseptic coverings during the surgery. A kink is thus difficult to
      detect and if detected is difficult or hazardous to correct. The operating
      surgeon must often cease activity to allow attending personnel to correct
      the malfunction. That in itself is medically hazardous. Moreover, movement
      of the coverings increases the potential for infection subsequent to the
      surgery. Accordingly, it is important that kinking of the IV tubing be
      eliminated.
PAC  SUMMARY OF THE INVENTION
PAR  A non-kinking intravenous tube loop device includes a base member having a
      side surface and a bottom surface for positioning adjacent the skin of a
      patient. A first and second port is formed in the side surface. A channel
      is formed in the base member to interconnect the first and second ports.
      Intravenous tubing is adapted to the first and second ports. Intravenous
      fluids passing through the second port are changed in direction with
      respect to the fluids passing through the first port.
PAR  In one form of the invention, intravenous tubing is passed through the
      first port and channel and out the second port. The first end of the IV
      tubing is then connected to an IV fluid supply, and the second end is
      connected to a catheter apparatus. The channel in the base member is
      formed and the first and second ports positioned so that the IV tubing and
      the fluid in the channel reverse directions with respect to the direction
      of IV tubing and fluid at the first port and so that kinks in the tubing
      are precluded.
PAR  In another form of the invention, first and second connector means are
      adapted to the first and second ports respectively. The first connector is
      connected to an IV fluid supply by IV tubing. The second connector is
      connected to a catheter apparatus. The IV fluid passes through the first
      port and interconnecting channel and out the second port. The ports and
      channel are formed such that the direction of flow of the fluid out of the
      second port is opposite to the direction of fluid flow into the first
      port.
PAR  In yet another form of the invention, means are adapted to the top surface
      of the base member to permit the injection of medicines into the IV fluid.
      Also, the bottom surface of the base member may be concave to facilitate
      the positioning of the loop device on the arm of a patient.
PAR  In a further embodiment, the base member may be fabricated with the top
      surface comprised of a lid. Upon removal of the top surface (lid), the
      channel and ports are exposed to permit the installation of tubing which
      may have adapters and/or connectors secured at its opposite ends. Securing
      means is provided to secure the lid to the base member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which illustrate the best mode presently contemplated for
      carrying out the invention,
PAR  FIG. 1 is a perspective of one embodiment of a non-kinking intravenous tube
      loop device of the invention;
PAR  FIG. 2 is a perspective cut-a-way view of another embodiment of a
      non-kinking intravenous tube loop device of the invention;
PAR  FIG. 3 is a perspective cut-a-way view of another embodiment of a
      non-kinking intravenous tube loop device of the invention;
PAR  FIG. 4 is a cross sectional view of the device of FIG. 3 at the section
      lines 4--4;
PAR  FIG. 5 is a partial perspective view of an alternate embodiment of a
      non-kinking intravenous tube loop device of the invention;
PAR  FIG. 6 is a partial sectional view of a non-kinking intravenous tube loop
      device of the invention with means for injecting medications adapted
      thereto; and
PAR  FIG. 7 is a perspective cut-a-way view of another embodiment of a
      non-kinking intravenous tube loop device of the invention.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  FIG. 1 depicts a non-kinking intravenous tube device of the present
      invention. It includes a base member 10, a first port 12 and a second port
      14. The base member 10 has a bottom side 16 which may be concave in
      section to facilitate positioning on the arm of a patient. The ports 12,
      14 are formed in a side surface 18 of the base member 10. As here
      illustrated, the side surface 18 is a substantially flat surface generally
      normal to the bottom 16 and top 20 surfaces of the base member 10. A
      channel 22 is formed in the base member 10 interconnecting the first port
      12 and the second port 14. The channel is preferably U shaped in
      projection. As here illustrated, the first connector means is a
      cylindrical extension 24 adapted to the first port 12. Intravenous tubing
      26 is removably connectable to the extension 24 by sliding it on and off
      of the extension 24. The tubing 26 connects to an intravenous fluid supply
      (not illustrated) in a manner well known to those skilled in the art.
PAR  Second connector means is adapted to the second port 14. The second
      connector means is a cylindrical extension 28 secured to the second port
      14. The extension 28 adapted to be removably secured to the hub 30 of the
      catheter apparatus.
PAR  In operation IV fluid from the intravenous fluid supply passes through the
      IV tubing 26, through the first port 12 and the channel 22 and out through
      second port 14 and into the hub 30 and the patient's vein through cannula
      32 which has been positioned therein. As illustrated, the direction of
      fluid flow out of the base member is reversed with respect to the
      direction of flow into the base member through first port 12.
PAR  The base member 10 is secured to a patient by securing means which may be
      surgical tape placed on the top surface 20 and extending onto the skin of
      a patient in a manner well known to those in the art. The base member 10
      and cylindrical extensions 24, 28 are preferably fabricated of a
      plastic-like material, although any material which is sterilizable and
      otherwise medically suitable may be used. The base member 10 may be
      dimensioned to create several sizes to be adaptable to different sized
      patients (e.g., infant to large adult). Preferably, the base member 10 is
      from about 3/4 inches to 11/2 inches wide 34, about 3/4 inches to 11/2
      inches long 36 and about 1/4 inch to 1/2 inch high 38. Such dimensions
      facilitate use of the invention with patients of virtually all sizes.
PAR  Another embodiment of the invention is illustrated in FIG. 2. The base
      member 40 includes a bottom surface 42, a top surface 44 and a side
      surface 46. First 48 and second 50 ports are interconnected by a channel
      52. As depicted, the channel 52 is preferably circular in cross section
      and sized in diameter slightly larger than the diameter of the IV tubing
      54. The channel 52 is also U shaped to preclude the formation of kinks in
      the tubing 54. The tubing 54 may thus be slideably pushed or threaded
      through the first port 48 and channel 52 and out the second port 50. The
      first end 56 of the IV tubing 54 is connectable to an IV fluid supply, and
      the second end 58 is connectable to a catheter apparatus.
PAR  The device of FIG. 2 is manufactured of a plastic-like material similar to
      the device of FIG. 1. In dimension, however, it is slightly wider, being
      from about 1 inch to 13/4 inches wide 59. The additional width 59 is
      provided to preclude kinking in the tube 54 in the base member 40.
PAR  FIGS. 3 and 4 illustrate another embodiment of the present invention. The
      base member 60 has a bottom surface 62 and a side surface 64. First 66 and
      second 68 ports are formed in the side surface 64. A channel 70
      interconnects the ports 66, 68. The channel 70 is preferably U shaped in
      cross section and projection. A removable top surface or lid 72 is
      positioned on top of the base member 60. The channel 70 is formed to
      extend from the inner top surface 74 of the base member 60 downward and is
      shaped and dimensioned to receive IV tubing 76. With the lid 72 removed,
      the IV tubing 76 is positioned in the channel 70 with first and second
      ends extending from the first 66 and second 68 ports for connection to an
      IV fluid supply and a catheter apparatus respectively. The lid 72 is then
      positioned over the base member to secure the IV tubing 76 in place. The
      lid 72 is secured to the base member by securing means which as here
      illustrated is a flange 78 and ridge 80 arrangement. The flange 78 has a
      groove 82 and is capable of flexing outwardly. As the lid 72 is pressed
      onto the base member 60, the flange 78 slides over the ridge 80 and coacts
      with the groove 82 in a well known manner.
PAR  The device illustrated in FIGS. 3 and 4 is constructed of plastic-like
      material similar to the devices shown in FIGS. 1 and 2. Also, the device
      of FIGS. 3 and 4 is dimensioned similar to the device of FIG. 1.
PAR  The bottom surface 62 of base member 60 in FIG. 4 is concave in axial cross
      section. The same feature is applicable to the other embodiments herein
      illustrated. With the surface formed as illustrated, securing the loop
      device to the arm, leg or neck of a patient is facilitated.
PAR  FIG. 5 illustrates an alternate connector means for use with embodiments
      similar to that illustrated in FIG. 1. An enlarged port 90 is formed in
      the side surface 92 of the base member 94. The port 90 connects to a
      tapered cavity 96 which is sized and shaped to receive a conventional IV
      tubing male connector 98. Tubing 100 is connected to the connector 98 and
      to an IV fluid supply or catheter apparatus. The cavity 96 connects to the
      channel 102 which is interconnected to the other port (not shown) in a
      manner as hereinbefore described.
PAR  FIG. 6 illustrates one form of means which may be adapted to the top
      surface 110 of a base member 112 to permit the insertion of medications
      into the IV fluids passing through the channel 114 or the tube (not
      illustrated) in the channel. The means depicted includes a cylindrical
      tower 116 fixedly secured to the top surface 110, a penetrable flexible
      cap 118, and a cavity 120 in the tower 116 in communication with the
      channel 114 through an aperture 112 formed in the base member 112. The
      needle of a conventional syringe (not shown) may be inserted through the
      cap 118, cavity 120 and aperture 122 into the channel 114. Medications in
      the syringe may thus be directly injected into the IV fluids and in turn
      into the patient. Use of means for injecting medications having a tower or
      equivalent structure is preferred. In an operating room environment, the
      antiseptic coverings arranged about the patient may be arranged to allow
      the tower structure to extend outside the coverings to facilitate the
      administration of medications therethrough during surgery.
PAR  FIG. 7 depicts yet another embodiment of the present invention. The base
      member 130 has a bottom side 132 and a side surface 134 with first 136 and
      second 138 ports formed therein. The ports 136, 138 are interconnected by
      a channel 140 formed in the base member 130. IV tubing 142 is adapted to
      both ports 136, 138, although as here shown it is adapted only to the
      second port 138. The tubing 142 is connectable to a catheter apparatus or
      an IV fluid supply as herinbefore described. The tubing 142 is adapted to
      the ports 136, 138 by glue or other means well known in the art. The
      tubing 142 may extend past the port 136, 138 into the block 130 and the
      channel 140 as necessary to effect adaptation.
PAR  The device in FIG. 7 is particularly useful for use with an IV tubing
      system. That is, the IV tubing arrangement used to connect an IV bottle
      (IV fluid supply) to a catheter often is manufactured and sold as a system
      which includes other features not here relevant. The device depicted in
      FIG. 7 is dimensioned to facilitate incorporation into such tubing systems
      at manufacture. For example, the block illustrated may be about 1/2 inch
      wide 144, 3/8 inch high 146, and 5/8 inch long 150. These dimensions
      facilitate adaptation with IV tubing arrangements where the tubing is
      about 5/16 inch in outside diameter. With such dimensions, it should be
      noted that the channel 140 need not be formed as a distinct U shaped
      channel as illustrated. The channel 140 may simply be a cavity formed in
      the base member 130 with the ports 136, 138 in communication with the
      cavity.
PAR  It should be noted that use of the non-kinking device of the invention
      herein disclosed increases the reliability of intravenous therapy. The
      practice heretofore has often been to form and tape a loop of IV tubing to
      the skin of the patient. Taping in itself tends to be excessive which in
      turn causes some patient discomfort. With such a loop, the elastic
      characteristics of the flexed or bent IV tubing produces a force (to
      straighten out) which tends to dislodge the catheter apparatus. If a
      catheter apparatus is dislodged, IV therapy must be shifted to a new site
      on the patient, increasing the hazards from infection and other trauma.
      The device of the instant invention may be installed to apply force to
      hold the catheter apparatus in place. For example, in FIG. 1, the base
      member 10 may be positioned to force and hold the catheter apparatus (hub
      30 and cannula 32) in place. Thus, use of the device herein disclosed may
      tend to reduce IV therapy site consumption. Furthermore, with the catheter
      apparatus held securely in place as above described, it need not be
      extensively secured with tape as is the practice. Taping may be limited to
      a small piece of tape placed directly over the IV site to guard against
      infection and dislodgment. Such a small piece of tape will facilitate
      frequent inspection of the IV site by attending personnel.
PAR  It should also be noted that the fluid flow direction change effected by
      use of the device herein may be less than 180.degree.. That is, the degree
      of flow direction change may be varied. As illustrated the flow direction
      change is about 180.degree. plus or minus 5.degree.. It is within
      contemplation that flow direction changes as small as 10.degree. may be
      effected in the manner illustrated. However, as presently envisioned, it
      appears to be particularly practical to employ the disclosed invention for
      flow direction changes of from about 90.degree. to about 180.degree..
PAR  It is to be understood that the embodiments of the invention herein
      described are merely illustrative of the application of the principles of
      the invention. Reference herein to details of the illustrated embodiments
      is not intended to limit the scope of the claims which themselves recite
      those features regarded as essential to the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An intravenous tube loop device comprising:
PA1  a. a base member having (1) a side surface and (2) a bottom surface for
      positioning adjacent the skin of a patient;
PA1  b. a first port formed in said side surface;
PA1  c. first connector means to removably connect intravenous fluid supply
      tubing to said first port;
PA1  d. a second port formed in said side surface;
PA1  e. second connector means to removably connect said second port to an
      intravenous catheter apparatus; and
PA1  f. channel means to interconnect said first port and said second port which
      permits the flow of fluids therebetween and which changes the direction of
      the flow of said fluids with respect to the direction of the flow of said
      fluids at said first port.
NUM  2.
PAR  2. The intravenous tube loop device of claim 1 wherein the direction of
      said fluid flow at said second port is substantially reversed with respect
      to the direction of flow at said first port.
NUM  3.
PAR  3. The intravenous tube loop device of claim 1 wherein said base member has
      a top surface with means adapted thereto in communication with said
      channel to permit injection of medications into said fluids in said
      channel.
NUM  4.
PAR  4. The intravenous tube loop device of claim 1 wherein said channel is
      circular in cross section and U shaped in projection, and wherein said
      bottom surface is concave in axial cross section to facilitate positioning
      on the arm of a patient.
NUM  5.
PAR  5. The tube loop device of claim 1 wherein said first connector means is
      comprised of coacting male and female connectors alternately and
      selectively adapted to said base member in communication with said first
      port and to said intravenous tubing and said second connector means is
      comprised of coacting male and female connectors alternately and
      selectively adapted to said base member in communication with said second
      port and to said intravenous catheter apparatus.
NUM  6.
PAR  6. The intravenous tube loop device of claim 1 wherein said first connector
      means is a cylindrical extension secured to said first port and adapted to
      removably receive intravenous tubing thereover, and wherein said second
      connector means is a cylindrical extension secured to said second port and
      adapted to removably connect to the hub of said intravenous catheter
      apparatus.
NUM  7.
PAR  7. The intravenous tube loop device of claim 6 wherein said first connector
      means includes glue means to fixedly secure said intravenous fluid supply
      tubing to said first port, and wherein said second connector means is
      intravenous fluid tubing fixedly secured by glue means at its first end to
      said second port and removably adaptable to said catheter apparatus at its
      second end.
NUM  8.
PAR  8. The intravenous tube loop device of claim 7 wherein said base member is
      constructed of plastic and sized to be about 1/2 inch wide, 3/8 inch high
      and 5/8 inch long.
NUM  9.
PAR  9. The intravenous tube loop device of claim 1 wherein said first port,
      second port and channel are sized in cross section to permit said
      intravenous fluid supply tube to be passed through said first port and
      said channel and out said second port for said connection to said catheter
      apparatus.
NUM  10.
PAR  10. The intravenous catheter apparatus of claim 9 wherein said channel is
      circular in cross section and U shaped in projection, and wherein said
      bottom surface is concave in axial cross section to facilitate positioning
      on the arm of a patient.
NUM  11.
PAR  11. The intravenous tube loop device of claim 10, wherein said base member
      has a top surface constructed as a removable lid, so that when said lid is
      removed said first and second ports and said channel are exposed to permit
      placement of said tubing through said first and second ports and said
      channel.
NUM  12.
PAR  12. In combination with an intravenous therapy system which includes (1) a
      supply of intravenous fluid, (2) a catheter apparatus for injecting said
      fluids into a blood vein of a patient, and (3) tubing interconnecting said
      supply of intravenous fluid and said catheter apparatus, a tube loop
      device comprising:
PA1  a. a base member having (1) a side surface and (2) a bottom surface for
      positioning adjacent the skin of a patient;
PA1  b. a first port formed in said side surface;
PA1  c. first connector means to removably connect intravenous fluid supply
      tubing to said first port;
PA1  d. a second port formed in said side surface;
PA1  e. second connector means to removably connect said second port to an
      intravenous catheter apparatus; and
PA1  f. channel means to interconnect said first port and said second port which
      permits the flow of fluids therebetween and which changes the direction of
      flow of said fluids with respect to the direction of the flow of said
      fluids at said first port.
NUM  13.
PAR  13. The combination of claim 12 wherein said intravenous fluid supply tube
      is adapted to said first port by glue means, and wherein said intravenous
      catheter apparatus is adapted to said second port by means which include
      intravenous tubing adapted to said port by glue means at its first end and
      removably connected to said intravenous catheter apparatus at its second
      end.
PATN
WKU  039425290
SRC  5
APN  3586022
APT  1
ART  335
APD  19730525
TTL  Package and method for storing blood
ISD  19760309
NCL  6
ECL  1
EXP  Truluck; Dalton L.
NDR  1
NFG  2
INVT
NAM  Waage; Bard Meier
CTY  Rosenlund
CNT  SW
ASSG
NAM  Investrop A.G.
CTY  Zug
CNT  CH
COD  03
PRIR
CNT  SW
APD  19670201
APN  1459/67
RLAP
COD  71
APN  95197
APD  19701204
PSC  03
RLAP
COD  81
APN  695852
APD  19680105
PSC  03
CLAS
OCL  128272
XCL  128214D
XCL  128DIG24
XCL  206526
XCL  229  35R
XCL  426106
EDF  2
ICL  A61J 0106
FSC  128
FSS  214 D;272;DIG. 24
FSC  206
FSS  526
FSC  426
FSS  106
FSC  229
FSS  3.5
FSC  150
FSS  1
UREF
PNO  3158283
ISD  19641100
NAM  Rinfret et al.
OCL  220 64
UREF
PNO  3298597
ISD  19670100
NAM  Bellamy
OCL  229 55
UREF
PNO  3425865
ISD  19690200
NAM  Shelton
OCL  117218
UREF
PNO  3576650
ISD  19710400
NAM  Underwood et al.
XCL  128272
UREF
PNO  3645834
ISD  19720200
NAM  McCaffrey
OCL  161189
LREP
FRM  Brumbaugh, Graves, Donohue & Raymond
ABST
PAL  A package for storing blood is formed of a plastic laminate with the layer
      next to the package cavity being formed of a fluorinated
      ethylene-propylene polymer and the outer layer being formed of a
      non-thermoplastic polyimide with a melting temperature substantially
      higher than that of the inner layer. Openings leading to the cavity are
      heat sealed after blood has been introduced into the cavity by applying
      heat by conduction near the opening through the outer layer on at least
      one side of the package for melting and sealing opposing inner layers
      together. According to the method for storing blood in the package, the
      package is sealed after blood has been introduced therein by so applying
      heat through the outer layer and sealing together the opposing inner
      layers.
PARN
PAR  This application is a continuation of copending application Ser. No.
      95,197, filed Dec. 4, 1970, which is a continuation of application Ser.
      No. 695,852, filed on Jan. 5, 1968, both now abandoned, which claimed
      priority based on Swedish patent application No. 1459/67 which was filed
      on Feb. 1, 1967.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to packages for storing blood and to the method for
      storing blood in such packages, and more specifically to a package in
      which the openings are quickly and easily heat sealed by conduction after
      blood has been introduced into the cavity of the package.
PAR  It has long been recognized by personnel connected with the medical and
      nursing professions that a handy form of package for storing blood for
      long periods of time is a practical necessity. The discovery that
      additives such as glycerine can prevent blood cells from becoming damaged
      when frozen for a long period has increased the demand for suitable
      packaging.
PAR  Ideally, such a package should be provided which is flexible, durable,
      chemically resistant to its contents, and able to withstand rapid
      variations along a broad temperature range from, for example, -200.degree.
      C during freezing to +200.degree. C during sterilization. The material
      from which the package is formed should be as thin as possible, without
      losing its strength or durability, so that the contents can be rapidly
      refrigerated and defrozen. Moreover, equally as important as its physical
      characteristics, the package after it is filled should be able to be
      effectively sealed in a quick and uncomplicated way without having to use
      elaborate and expensive equipment.
PAR  Many different types of packaging for storing blood have been developed,
      but they all include conventional means for sealing the blood within the
      package, such as cap, plug, or a clamp or the like which are used in
      conjunction with a port or opening in the package. Seals effected in this
      way are undesirable in that they are susceptible to being broken if the
      elements forming the seal are accidently jarred. Blood packages are quite
      often subjected to less than desirable handling conditions, for example,
      in military operations, and a tight seal is of primary importance.
PAR  Using mechanical refrigeration techniques, temperatures as low as about
      -80.degree. C can be used, but such procedures require that higher
      concentrations of glycerol be mixed with the blood in order to protect the
      red cells. Down as low as -130.degree. C ice crystals may form in the
      blood which would cause destruction of the cells. Liquid nitrogen cools to
      temperatures of about -196.degree. C, and at that temperature about 100
      mls of protective solution such as glycerol for each 250 ml of red blood
      cells are used. This is to be contrasted with 400 ml of such protective
      solution which is required per 250 ml of red blood cells, in the case of
      mechanical refrigeration at -80.degree. C.
PAR  When deep frozen, white cells are damaged. Some at -80.degree. C and even
      more at -196.degree. C. These, however, can be washed out. Aluminum
      vessels have been used for this operation and later stainless steel was
      used, but such metals are not suitable for centrifugation. They obviously
      are not transparent and so the operator cannot observe for contaminants.
      To meet this problem a plastic transparent bag has been sought for many
      years. Polyvinylchloride has been used at temperatures of -4.degree. C but
      at lower temperatures such as those mentioned above maintained by
      mechanical refrigeration (-80.degree. C), the PVC is brittle. PVC cannot
      be used at all at -196.degree. C because it is much too brittle.
PAR  An object of the invention, therefore, is to obtain a package containing a
      suspension of cellular components of blood which can be used for washing
      and centrifuging such suspension, as well as sterilizing and deep freezing
      the suspension, all in the same package.
PAC  SUMMARY OF THE INVENTION
PAR  There is provided, in accordance with the invention, a package for storing
      blood or a suspension of cellular components of the blood, such as red
      cells, white cells and/or platelets, which fulfills all the requirements
      mentioned above. The package is formed of a plastic laminate which defines
      an inner cavity, and at least one sealable opening leads to the cavity.
PAR  The laminate includes an inner layer which is adjacent to the cavity and
      formed of a fluorinated ethylene-propylene polymer such as
      tetrafluoroethylene-hexafluoro-propylene polymer. A suitable material for
      use in the package is marketed by DuPont and sold under the trademark
      Teflon FEP. The outer layer of the laminate, which is the durable wear
      resistant outer layer of the package, is formed of a non-thermoplastic
      polyimide. A suitable polyimide that can be used is made from the
      poly-condensation reaction between pyromellitic dianhydride and aromatic
      diamine. Such a polyimide is known as Kapton-Type H and is marketed by
      DuPont. In its preferred embodiment the laminate is a pre-formed,
      two-layer composite marketed under the trademark Kapton/Teflon-FEP, from
      which the packages are fabricated.
PAR  For effecting a satisfactory seal around the opening, the inner layer
      should be able to withstand temperatures up to at least about +200.degree.
      C and the outer layer should be able to withstand temperatures up to at
      least about +400.degree. C. To enable the blood cavity to be refrigerated
      and defrozen as quickly as possible and to effect a rapid sealing of the
      inner layers together the thickness of the laminate should range from
      about 0.05 mm. to about 0.5 mm.
PAR  Also in accordance with the invention, a method for storing blood in
      conjunction with such a package is provided. A package such as that
      described above is formed of the laminate, blood is then introduced into
      the cavity through the opening, and heat is applied thereafter by
      conduction through the outer layer of the laminate on at least one side of
      the package near the opening, the heat being above the melting temperature
      of the inner layer and below the melting temperature of the outer layer,
      for melting and sealing together the opposing inner layers and thereby
      blocking the opening from the cavity and preventing the blood in the
      cavity from escaping through the opening.
DRWD
PAR  For a better understanding of the invention, reference may be had to the
      following description of exemplary embodiment, taken in conjunction with
      the accompanying drawing in which:
PAR  FIG. 1 is a top elevational view of the sealable package; and
PAR  FIG. 2 is a side elevational view of the sealable package.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now, referring to FIGS. 1 and 2, the sealable package for storing blood is
      generally designated by reference numeral 10. The package 10 is formed of
      a two-layer laminate which defines an inner cavity (not shown). Leading to
      the cavity through the laminate are openings 12 through which blood can be
      introduced into the cavity or withdrawn therefrom. The initial fabrication
      of the package 10 can be accomplished in any known manner as long as an
      effective seal is provided around the edges of the package 10.
PAR  Adjacent the cavity is a layer of the laminate which will be called the
      inner layer and which necessarily must be formed of a material which is
      chemically inert with respect to blood. This layer is formed of a
      tetrafluoroethylene-hexafluoropropylene polymer. The particular material
      which is preferable for use in the package 10 is marketed by DuPont and
      known as Teflon FEP. Because the inner layer has relatively low strength
      characteristics it must be reinforced by a durable, wear resistant outer
      layer to resist the rough handling to which the package 10 may be put. The
      material having these latter properties that is used to form the outer
      layer is a non-thermoplastic polyimide. For use in the package 10, the
      preferable polymide used in the laminate is from the poly-condensation
      reaction between pyromellitic dianhydride and aromatic diamine. A suitable
      material for use in forming the outer layer is known as Kapton-Type H,
      which is marketed by DuPont. A more detailed description of this polyimide
      film can be found in the article, "H Film-A New High Temperature
      Dielectric," by Leonard E. Amborski, I. & E.C. Product Research and
      Development, vol. 2, no. 3, Sept. 1963, pp. 189-193. This article is cited
      in U.S. Pat. No. 3,425,865, the application for which was filed on June
      29, 1965, and which issued on Feb. 4, 1969, which discusses in detail
      other polyimides that may be used in the laminate described above.
PAR  In addition, a laminate including similar inner and outer layers may be
      provided that includes a greater number than the described two layers.
      However, the layer formed of the fluorinated ethylene-propylene polymer
      must always be adjacent to the cavity.
PAR  The laminate can withstand a rapid change along a broad temperature range.
      With the discovery that additives such as glycerine can increase the
      length of time that blood can safely remain frozen without any
      accompanying cell damage, there has been a great demand for blood packages
      to be used with rapid freezing techniques, for example, the use of liquid
      nitrogen, as well as being able to endure the high temperatures (about
      +180.degree. C) during sterilization. The laminate described above has
      been found particularly suited to such use because of the ability of both
      layers to withstand temperatures from about -200.degree. to about
      +200.degree. C which covers the full range of freezing and sterilization.
PAR  The outer layer of the laminate, moreover, it able to withstand
      temperatures substantially higher than the inner layer, to at least about
      +400.degree. C. In addition, the width of the two-layer laminate is
      relatively thin ranging from 0.05 mm. to about 0.5 mm., without
      sacrificing any of the strength or durability of the package 10, which is
      thought to be one of the primary reasons for the unique way that the inner
      layer can be sealed together by means of heat being applied through the
      outer layers, and which enables blood in the package 10 to be rapidly
      refrigerated or defrozen.
PAR  In operation, the package 10 is provided which is formed of the laminate
      material described above and fabricated of the pre-formed material by any
      known method. The package is completely closed and includes the openings
      12, each of which can be used either as an inlet opening or an outlet
      opening and which are initially sealed in any suitable way, such as by
      pieces of plastic material being heat welded to the inner layer on its
      inner side as designated by broken lines 13 in FIG. 1. The seals can be
      broken by catheters (not shown) or the like through which the blood can be
      introduced or withdrawn from the cavity of the package 10 by known
      methods.
PAR  In its empty state, the package 10 is normally sterilized and then filled
      with blood through one of the openings 12. After the package 10 is filled
      the opening 12 through which the blood has been introduced is sealed shut
      by applying heat around the opening 12 through the outer layer on at least
      one side of the package for melting and heat welding together the opposing
      inner layers. A heating element (not shown) of any suitable design would
      normally be used to apply the heat. The heating element would have at
      least one heating surface which is movable into and out of clamping
      relationship with the package 10. Preferably, the temperature of the heat
      would be between the melting temperatures of the two layers, as described
      above, for preventing the outer layer from sticking to the heating
      element.
PAR  When the package 10 is fabricated a pre-sealed portion 14 can be provided
      between adjacent openings 12, forming a channel that can easily be sealed.
      To seal the opening 12, the heating element would clamp the package 10 on
      opposite sides and the heat would be applied through the outer layer on at
      least one side of the package and would melt the inner layers and seal
      them together. The seal which is the shaded portion in FIG. 1 designated
      by numeral 16 can assume any suitable shape, even entirely surrounding the
      opening 12, as long as it effectively blocks the opening 12 from the
      remaining portion of the cavity to prevent the blood from escaping through
      that opening 12. In this way, a fast and simple way of sealing the package
      10, after it has been filled with blood, is provided.
PAR  The package 10 described in accordance with the invention can be used for
      the complete process of handling blood, from the moment of deep-freezing,
      through storage and de-freezing up to the amount of administering the
      transfusion. Because the package 10 is formed of a sufficiently strong
      material other intermediate treatment stages may also be used in
      conjunction with package 10, such as washing and centrifuging the blood.
PAR  Further, a plastic pocket may be provided on the outside of the package for
      attaching suitable labels which identify the contents of the package
      without disturbing the refrigerating or de-freezing process. In this
      connection, the plastic pocket is suitably designed so that it can be
      sealed against the ingress of water. In this way it is possible, for
      instance, to de-freeze the blood in the package in a water bath without
      the label becoming detached.
PAR  Another feature of the invention is that by heat welding, as described
      above with regard to the seal 16, separate smaller cavities for storing
      small amounts of blood may be provided in a portion of the package,
      whereby small amounts of blood may be removed from their separate portions
      to be used in laboratory tests, making it possible to conduct an analysis
      of the blood in the package 10 in a simple and uncomplicated manner.
PAR  Thus, there is provided in accordance with the invention a novel and
      improved package for storing blood and a method for storing blood in such
      a package. The embodiment of the invention described above is intended to
      be merely exemplary, and those skilled in the art will be able to make
      numerous variations and modifications, in addition to those mentioned
      above, without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sealed package containing a stored suspension of cellular components
      of blood, said package comprising nonrigid laminate wall portions
      resistant to a temperature of approximately that of liquid nitrogen, said
      walls being formed of a plastic laminate and defining an inner cavity
      containing said suspension, with at least one sealed opening to the inner
      cavity, the laminate including an inner layer next to the cavity and the
      suspension therein formed of a heat sealable, fluorinated
      ethylenepropylene polymer and further including an outer layer formed of a
      nonthermoplastic polyimide which as a melting temperature substantially
      higher than that of the inner layer so as to withstand heat-sealing
      temperatures applied directly thereto which actuate and thereby heat-seal
      said inner layer.
NUM  2.
PAR  2. A sealed package containing a suspension therein in accordance with
      claim 1, wherein the inner layer can withstand temperatures up to about
      200.degree. C and the outer layer can withstand temperatures up to at
      least 400.degree. C.
NUM  3.
PAR  3. A sealed package as described in claim 1, wherein the thickness of the
      laminate material ranges from 0.05 to about 0.5 mm.
NUM  4.
PAR  4. A sealed package as described in claim 1, wherein the inner layer of the
      laminate material is Teflon.
NUM  5.
PAR  5. A sealable package for storing a suspension in accordance with claim 1
      in which said suspension comprises an additive to increase the time that
      the blood components can be frozen without cell damage.
NUM  6.
PAR  6. A sealable package in accordance with claim 5 in which said additive is
      glycerine.
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ABST
PAL  The conventional fibre optics in a cystoscope is replaced by a scanning
      device by which it is possible to obtain an ultrasonic scanning picture of
      the interior of a human body, especially the bladder and the prostate
      region. Essentially, the scanning device comprises an elongated tube
      mounted on a stepping motor. From the distal end of this tube a cautery
      electrode protrudes, the distal end further being provided with a
      transducer for pulse-echo ultrasonic exploration.
BSUM
PAR  The invention relates to a prostate resectoscope of the type comprising a
      long, hollow, thin tube through which are carried a pair of mutually
      electrically insulated wires, which at the distal open end of the tube are
      stripped and joined together so as to form a cautery electrode.
PAR  Elderly people often suffer from prostatic hypertrophy, which may cause
      dysuria. This disease is cured by means of a prostate resectoscope, by
      means of which the urethral glandular tissue forming the stricture is
      cauterized and curetted by means of the cautery electrode and rinsed away.
PAR  In order that the person performing the operation might be able to orient
      himself fibre optical means have been used, which make it possible to
      illuminate the interior of the prostate and thus to watch the progress of
      the operation. Such an instrument functions satisfactorily as long as the
      form of the prostate is normal, i.e. that the wall of the prostate is of
      even thickness round the urethra, so that there is no risk of
      cauterizing/scraping (resecting) too much tissue away and thereby of going
      through the wall and causing an undesired haemorrhage. However, this is
      not always the case. Often the prostate is partially very thinwalled, and
      such cases cannot be ascertained by the optical means hitherto used.
PAR  The present invention provides a prostate resectoscope of the type stated
      in the opening paragraph, said resectoscope comprising a first elongated
      hollow cystoscope tube surrounding a second elongated tube of a material
      inert to body tissues and fluids, said second tube being mounted on the
      output shaft of a stepping motor to rotate said second tube within said
      first tube, said first tube further having fixedly mounted therein a pair
      of electrically insulated conductors, which at the distal end of said
      first tube and said second tube are stripped and joined together to
      provide a cautery electrode protruding from said distal end, said second
      tube further comprising fixedly mounted therein at said distal end an
      ultrasonic transducer to transmit a beam of sound energy and to receive
      reflected sound energy from tissue interfaces in the prostate region to
      obtain as the second tube is rotated within the first tube an ultrasonic
      scanning picture in B-representation of a section of the prostate region
      to indicate where to make a resection in said section of the prostate
      region.
PAR  By replacing the optics of a resectoscope by such a scanning device, which
      can be rotated by means of the stepping motor, it is rendered possible to
      provide an ultrasonic scanning picture (in sectional view) on the screen
      of an oscilloscope. Hereby is obtained clear visual information of where
      the resection ought absolutely not to be made, and where the resection
      involves no risk.
PAR  Further, the scanning device is constructed so as to be fully
      interchangeable with the optics so that a very useful aid in connection
      with cystoscopy is thus provided.
DRWD
PAR  The invention will be described below with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic sectional view of a stricture (dotted line) of a
      urethra with an evenly thickwalled prostate,
PAR  FIG. 2 is a diagrammatic sectional view of a urethra having a partially
      very thin-walled prostate,
PAR  FIG. 3 is a scanning device according to the invention,
PAR  FIG. 4 is the tip of the scanning device on an enlarged scale and
      introduced into a resectoscope, and
PAR  FIG. 5 is an ultrasonic scanning picture of the prostate taken while a
      prostate resectoscope according to the invention was being used.
DETD
PAR  FIG. 1 shows a case of prostatic hypertrophy which will not cause any
      problems in connection with the resection, whereas FIG. 2 shows a case, in
      which a resection involves a serious risk of going through the prostate
      and thereby of causing a haemorrhage. The critical area of the prostate is
      marked by a circle.
PAR  The scanning device is shown in FIG. 3 and as already mentioned, it is
      constructed to be fitted into a cystoscope instead of the optics belonging
      thereto. It comprises an elongated tube 1 of stainless steel or another
      material which is inert to body tissues and fluids. At the very end of
      this tube an ultrasonic transducer 2 is mounted, whereas at the other end
      a stepping motor 3 is mounted, which is controlled by a control unit,
      which is not shown. The transducer is made of barium titanate and placed
      parallel with the longitudinal axis of the tube and has a direction of
      emission which is identical with the radius going through its centre. To
      prevent accidents the front of the transducer is connected to earth (the
      stainless tube), whereas the other terminal is led centrally through the
      tube 1. FIG. 4 shows the ultrasonic transducer 2 placed in a resectoscope
      4. Furthermore, the cautery electrode 5 is shown. A detailed description
      of such a resectoscope is not given as the construction of such an
      instrument is well-known to those skilled in the art.
PAR  The resectoscope 4 being fixedly mounted it is thus possible to rotate the
      ultrasonic transducer 2 by means of the stepping motor 3 so that the
      scanning device rotates on its longitudinal axis like a radar antenna.
PAR  Thus the scanning method employed is a combination of the
      impluse-echo-system used in an ultrasonic system and the way of
      visualization normally used in a radar system. Thus, every second a large
      number of mechanical pressure waves of very short duration are emitted
      from the transducer, in which electrical impulses are converted into
      mechanical impulses and vice versa. After the emission of each individual
      pressure wave a sensitive receiver is switched on. The mechanical impulses
      being reflected from tissue interfaces are again converted into weak
      electrical voltages in the transducer, said voltages after amplification
      being visualized on the screen of an oscilloscope. Thus, the same
      transducer is here used both as an emitter and as a receiver. The
      rotational centre of the transducer is displayed as a bright spot in the
      centre of the oscilloscope screen. The echo information is visualized on
      the screen by way of small light dots appearing on a radius rotating
      synchronously with the transducer. The screen of the oscilloscope is to
      have a reasonably short afterglow which will ensure that the picture is
      renewed for each revolution of the transducer.
PAR  FIG. 5 shows an example of an ultrasonic scanning picture very much like a
      normal radar picture. The scanning picture A represents a prostate of
      normal size, whereas the scanning picture B represents an enlarged
      prostate. The small ring 7 in the centre of the scanning picture
      represents the transducer and the resectoscope tube, whereas the bright
      spots around it indicate tissue interfaces.
PAR  The signal processing from the transducer to the oscilloscope is effected
      in a way known per se via data potentiometers and a so-called ultrasonic
      apparatus, which amplifies the signals and uses them for intensity
      modulating the cathoderay tube. The ultrasonic apparatus may be of any
      known kind. The electrical connection to the rotating transducer is
      effected by means of specially constructed slip rings which are not shown.
PAR  Further, the equipment includes a control unit transferring the
      representation of the rotating motion of the transducer to a rotating
      motion for the electron beam synchronous herewith. Said control unit
      includes a mechanical unit comprising a stepping motor coupled with a
      sine-cosine potentiometer as well as a number of electrical control
      circuits. The particularly important circuits are those controlling the
      stepping motors and the circuits which in cooperation with the sine-cosine
      potentiometer transfer the rotational motion of the transducer to the
      cathoderay tube of the oscilloscope.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A prostate resectoscope comprising a first elongated hollow cystoscope
      tube having a proximal and a distal end, a pair of fixedly mounted
      electrically insulated conductors surrounded by said first tube and
      protruding from said distal end of said cystoscope tube, said protruding
      conductors being stripped and joined together to provide a cautery
      electrode, a second elongated tube of a material inert to body tissues and
      fluids, said second tube being surrounded by said first tube and having a
      proximal and a distal end, said distal end of said second tube protruding
      from said distal end of said cystoscope tube, a stepping motor having an
      output shaft secured to the proximal end of said second tube to rotate
      said second tube within said first tube, energizing means to supply energy
      to said stepping motor, and ultrasonic transducer means fixedly mounted on
      the distal end of said second tube and having electrical connectors
      passing through said second tube to transmit a beam of sound energy and to
      receive reflected sound energy from tissue interfaces in the prostate
      region to obtain, as the second tube is rotated within said first tube, an
      ultrasonic scanning picture in B-representation of a section of the
      prostate region to indicate where to make a resection in said section of
      the prostate region.
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PAL  This invention relates to an apparatus for breaking-up, without contact,
      concrements present in the body of a living being, which comprises
      waveguide means filled with a liquid medium and adapted to be placed
      against said body, and means for generating shock waves within said
      waveguide means.
BSUM
PAR  The present invention relates to an apparatus for breaking-up, without
      contact, concrements present in the body of a living being, by means of a
      shock wave exciter and a waveguide resting against the body and being
      constructed as a coupling device.
PAR  Known in the art is an instrument designed to be inserted into natural body
      orifices and for seizing and pulling out extraneous objects present
      therein (DAS No. 1,283,434), wherein by means of flexible wires a trapping
      or catching cage is formed with serves, for example, for removing
      gallstones.
PAR  Further known in the art is an instrument for breaking-up kidney stones
      (DAS No. 1,259,503). In this case, a milling head is introduced into the
      body of the patient. A milling needle head, adapted to be driven, effects
      the mechanical destruction of the kidney stone. During the breaking-up of
      the kidney stone, or the removal thereof, the known devices must contact
      the kidney stones so that the introduction of instruments into the human
      body is inevitable. This means a long and difficult operation; in
      addition, the orifices of the body may be damaged so that surgery becomes
      necessary.
PAR  It is the object of the present invention to provide an apparatus for
      breaking-up, without contact, concrements present in the human body by
      means of shock waves.
PAR  This object is obtained, in accordance with the present invention, by
      virtue of the fact that the shock waves are generated by means of a spark
      discharge in a liquid medium within a waveguide constructed as a coupling
      member. Instead of the spark discharge, an explosive charge also may be
      employed. This produces significant advantages. The destruction of kidney
      stones is possible without any surgery and without the introduction of
      sondes.
PAR  The kidney stone is located with respect to its size and its position in
      the body of the patient, for example by means of an X-ray picture.
      Thereafter, the stone is acted upon by means of shock waves adapted to be
      dosed or quantitatively regulated and focused so that it will disintegrate
      to a fine grit which is easily flushed out of the body in a natural
      manner.
PAR  The present invention is based upon the knowledge that shock waves will
      cause a spalling or destructive effect on material having a low tensile
      strength whenever there is a transition from a medium having a high sound
      wave resistance to a medium having a low sound wave resistance. It now has
      been found that the sound wave resistance of human and animal tissue
      corresponds approximately to the sound wave resistance of water. It is for
      this reason that, used as coupling member between the body and the shock
      wave exciter, is a coupling member in the form of a waveguide filled with
      a liquid medium (for example water). If care is taken to ensure that the
      shock waves are directed toward the concrement, other parts of the body
      are not affected thereby. Experiments have shown that bones in the human
      body are not damaged by this procedure because of their high tensile
      strength and the brevity of the pulse.
PAR  According to a further advantageous embodiment of the present invention,
      the waveguide has a circular cross-section and the walls thereof are
      elliptical in longitudinal cross-section. In this case, the starting point
      of the shock wave is positioned in one focal point of the ellipse, and the
      concrement to be destroyed is positioned in another focal point of the
      ellipse. This apparatus ensures that a high energy density is present only
      in the zone of the concrement.
PAR  The destruction of concrements substantially depends upon the rate of the
      pressure rise. The size of the parts chipping off, on the other hand, is
      determined by the duration of the shock wave pulse. In order to destroy a
      large concrement, it may be advantageous to employ a first pulse of a
      longer duration in order to break the concrement into larger pieces.
      Subsequently, the comminution into fragments may be carried out with very
      brief pulses, which fragments may be flushed out in a natural fashion
      through the ureter. In order to obtain fragments having approximately
      millimeter size, shock wave durations of about 10.sup.-.sup.6 seconds are
      necessary. About 5 to 10 shock waves are required for the complete
      destruction of a kidney stone, having a diameter of approximately 1
      centimeter, into fragments that can be passed.
DRWD
PAR  Further advantages, features and possibilities of application of the
      present invention will become apparent from the accompanying drawings,
      wherein:
PAR  FIG. 1 is an illustration, in principle, in a top plan view, of an
      apparatus designed for breaking-up, without contact, concrements present
      in the body of a living being;
PAR  FIG. 2 illustrates an apparatus for generating shock waves by means of
      spark discharge, which is accommodated in a waveguide, and
PAR  FIG. 3 is a representation, in principle, of a focusing device for
      concentrating the shock waves in the area of the concrement, also in a top
      plan view.
DETD
PAR  FIG. 1 shows in a top plan view a human body 1 in which a concrement 2 is
      present. The concrement 2 may be a gallstone, a bladder stone, or a kidney
      stone. Placed upon the skin 3 of the body 1 is a coupling device or
      waveguide 4. Present on the inside 5 of the coupling device 4 is a medium
      which in its density, and therewith also in its sound wave resistance,
      corresponds to the density of the human body. It has been found that water
      may be used therefor. Further present on the inside 5 is a shock wave
      generator or exciter 6 which is shown more precisely in FIGS. 2 and 3.
      From the shock wave exciter or generator 6 lines 7 and 8 extend to a
      capacitor 9 and to a control device 10. A current source is provided at
      11.
PAR  It is apparent from FIG. 2 that the shock wave exciter or generator 6 is a
      spark discharge path 12 which is here mounted in a cylindrical pipe 13.
      Positioned at the end 14 of the pipe 13 is a diaphragm 15 which is adapted
      to be placed or mounted -- preferably without an air gap -- upon the
      surface 3 of the body 1. By actuating the control unit 10, shock waves are
      transmitted from the spark discharge path 12 via the interior 5 of the
      coupling device 4, being filled with water, onto the diaphragm 15, and
      from there to the concrement 2 present in the body 1. By means of the
      control unit 10, the pulse duration and the pulse intensity of the shock
      wave exciter or generator 6 may be varied. Experiments carried out with a
      voltage of 10 kV at 70 Hz resulted in the destruction of the kidney stones
      to grit.
PAR  The same reference numerals employed in FIGS. 1 and 2 have been used also
      in FIG. 3. In this case, the coupling device or the waveguide 4 has an
      elliptical configuration in a side view thereof so that the shock waves
      emanating from the shock wave source 6 are reflected at the edges and are
      concentrated in the second focal point of the ellipse in which the
      concrement 2 is present. The wall of the waveguide 4 consists, for
      example, of a metal; its interior 5 is filled with water. The treating
      physician has at his disposal several elliptical coupling devices 4 of
      varying dimensions so that the anatomical requirements can be duly taken
      into account.
PAR  Acting in the same manner as the spark discharge path 12, the shock wave
      exciter or generator 6 also may be an explosive charge.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for breaking-up, without contact, a concrement present in
      the body of a living being, which comprises waveguide means having a
      circular cross-section and elliptical walls in longitudinal cross-section,
PA1  diaphragm means on an end face of said waveguide means and adapted to be
      placed against said body,
PA1  liquid means filling said waveguide means,
PA1  and spark discharge means in said waveguide means and located at one focus
      of the ellipse formed by said elliptical walls,
PA1  whereby shock waves generated by said spark discharge means are reflected
      and focused by the walls of said waveguide means, pass through said
      liquid, said diaphragm means, and tissue of said body, and are adapted to
      impinge upon and break-up a concrement located at the other focal point of
      the ellipse formed by said elliptical walls.
NUM  2.
PAR  2. An apparatus according to claim 1 in which said diaphragm means is
      adapted to be placed on said body in an air-tight manner.
NUM  3.
PAR  3. An apparatus according to claim 1 in which said liquid is water.
PATN
WKU  039425320
SRC  5
APN  4975960
APT  1
ART  335
APD  19740815
TTL  Braided suture
ISD  19760309
NCL  16
ECL  1
EXP  Truluck; Dalton L.
NDR  1
NFG  3
INVT
NAM  Hunter; Alastair Wilson
CTY  Somerville
STA  NJ
INVT
NAM  Thompson; Darrell R.
CTY  Somerville
STA  NJ
ASSG
NAM  Ethicon, Inc.
CTY  Somerville
STA  NJ
COD  02
RLAP
COD  72
APN  303588
APD  19721103
PSC  03
CLAS
OCL  1283355
XCL  428375
EDF  2
ICL  A61L 1700
FSC  128
FSS  335.5
FSC  161
FSS  175;176
FSC  117
FSS  139.5 F;161 R
UREF
PNO  3527650
ISD  19700900
NAM  Block
XCL  128335.5
UREF
PNO  3694257
ISD  19720900
NAM  Dumont
OCL  117139.5F
UREF
PNO  3754069
ISD  19730800
NAM  Adams et al.
XCL  128335.5
UREF
PNO  3776766
ISD  19731200
NAM  Smerz et al.
XCL  117139.5F
UREF
PNO  3839524
ISD  19741000
NAM  Adams et al.
XCL  128335.5
LREP
FR2  Eberhardt; Wayne R.
ABST
PAL  The tie-down characteristics of braided sutures are improved by applying to
      the surface thereof a polymeric ester of a dibasic acid and a glycol.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of my copending U.S. application
      Ser. No. 303,588, filed Nov. 3, 1972 now abandoned.
BSUM
PAR  The present invention relates to surgical sutures and more specifically to
      multifilament sutures. Braided polyester multifilament sutures have been
      used by many surgeons for their strength and lack of tissue reactivity.
      Other surgeons prefer to use waxed silk when a non-absorbable suture is
      required because of its excellent hand, ease of knotting, and ease of
      passage through tissue.
PAR  An important characteristic of sutures in deep wound surgery is the ease of
      sliding a single throw knot down the suture into place. This behavior,
      sometimes referred to as the "tie-down performance" may be evaluated
      subjectively by tying a suture around a suitable mandrel. A single throw
      knot is formed and while pulling on the two free ends, the knot is forced
      to slide along the suture. The roughness or smoothness of this sliding
      action is an important criterion of performance.
PAR  Uncoated braids such as a braided polyethylene terephthalate suture give a
      very rough, jerky behavior while sutures coated with TEFLON, as described
      in U.S. Pat. No. 3,527,650 and wax-coated braided silk sutures are very
      smooth. Fortunately, the roughness or smoothness of tie-down can be
      measured and assigned a numerical value that will enable one to predict
      performance in the hands of the surgeon without reliance upon the
      subjective test referred to in the preceding paragraph. A method of using
      an INSTRON Universal Testing Instrument to determine tie-down performance
      is described below.
PAR  The present invention is directed to improving the tie-down characteristics
      of a braided suture by applying a surface coating of a non-toxic and
      physiologically inert polymer that does not adversely affect the hand or
      tensile properties of the suture.
PAR  It has now been discovered that the tie-down performance of braided,
      twisted, or covered multifilament sutures may be improved (the roughness
      decreased) by applying to the surface thereof polyesters derived from the
      polymerization of lactones or obtained by esterifying low molecular weight
      glycols with a dimeric acid. Preferred coating compositions are polyesters
      characterized by a melting point above room temperature and have the
      formula:
      ##EQU1##
      wherein n is an integer larger than 1 and smaller than 13, m is an integer
      larger than 1 and smaller than 9 and X is the degree of polymerization.
      Thus, stoichiometric quantities of succinic, glutaric, adipic, pimelic,
      suberic, azelaic, sebacic acid, or mixtures thereof may be condensed with
      ethylene glycol, propylene glycol, butanediol, pentanediol, hexanediol,
      nonanediol, decanediol, undecanediol, dodecanediol, or mixtures thereof to
      obtain a polyester suitable for application as a surface coating.
      Polyesters of the above formula having a molecular weight in the range of
      approximately 1,000 to 15,000 and characterized by having at least two
      carbon atoms between the ester linkages in the polymer chain have been
      found to give the best lubricant and handling properties on silk and
      polyester sutures. Particularly preferred polyesters are those derived
      from 1,4-butanediol (n=4) and adipic acid (m=4) having a molecular weight
      of 2,000-3,000.
PAR  It will be understood that branched chain acids such as .alpha.,.alpha.
      ,.beta.-trimethylsuberic acid having the formula:
      ##EQU2##
      3,7-dimethyloctadienoic acid; 1,4-cyclohexanecarboxylic acid; mesatonic
      acid; .beta.,.beta.-dimethyl glutaric acid; and dimer acid; and branched
      chain diols such as diisononyl glycol having the formula:
      ##EQU3##
      and glycols having a secondary hydroxyl group such as 1,2-propylene glycol
      may be added to the reaction mixture in small amounts as comonomers to
      produce polyesters suitable as coating materials that have a melting point
      above room temperature. The addition of larger amounts of such comonomers
      to the reaction mixture will result in low melting polyesters that are
      unsuitable for use in the present invention.
PAR  Polyesters that are useful in the manufacture of coated sutures in
      accordance with the present invention may also be prepared by polymerizing
      lactones. Such polyesters are characterized by a melting point above room
      temperature, and have the formula:
      ##EQU4##
      wherein n is an integer larger than 2 and X is the degree of
      polymerization. Particularly preferred is the polyester characterized by a
      molecular weight of about 2,000 obtained by polymerizing
      .epsilon.-caprolactones in the presence of a poly-methylenediol and having
      the formula:
      ##EQU5##
      wherein R is a polymethylene group derived from the poly-methylenediol and
      x is the degree of polymerization.
PAR  The polyester coating compositions described above are non-toxic and may be
      applied to the multifilament suture from solution. The multifilament
      suture may be of braided, twisted, or covered construction. The
      construction of a covered suture is described in U.S. Pat. No. 3,791,388.
      The suture is then air dried to remove solvent and form a continuous
      surface coating.
PAR  The amount of the polyester coating composition applied to the suture may
      be varied depending upon the suture size and composition. Thus, the
      surface coating on a size 710 braided polyester suture may amount to from
      about 5 percent to as much as 7 percent of the weight of the suture.
      Sutures of larger size (size 5/0 - 5) require a smaller amount of the
      polyester coating composition (about 0.4 percent to 1 percent based upon
      the weight of the suture).
PAR  The surface coating composition (0.4 percent to about 7 percent based on
      suture weight) has no detrimental effect on tensile strength or stability.
      While the application of an excess of the surface coating composition has
      an effect on lubricity, it may detract from other physical properties of
      the suture, particularly knot stability.
DRWD
PAR  A numerical value may be assigned to the tie-down performance of any
      braided suture when tested in accordance with the following procedure. In
      describing the test for tie-down performance reference is made to the
      accompanying drawings wherein:
PAR  FIG. 1 is a diagrammatic representation of an INSTRON Tester and shows two
      braided suture strands in position for testing;
PAR  FIG. 2 is an enlarged perspective view of the single throw knot illustrated
      in FIG. 1;
PAR  FIG. 3 is a reproduction of the tracing of an oscillographic recorder.
DETD
PAR  All tie-down measurements reported in the tables are made on a Table-Model
      INSTRON Tensile Tester using a Type B tension cell, full-scale range 100
      to 2,000 grams. The INSTRON instrument is manufactured by the Instron
      Corporation of Canton, Massachusetts. A high-speed SANBORN Oscillographic
      Recorder (Model 7702A, manufactured by Hewlett-Packard, Waltham,
      Massachusetts) is substituted for the standard INSTRON Recorder which
      would be too slow to follow the rapid changes in force that result as the
      sutures under test slide against each other. A high-gain DC Amplifier
      (Hewlett-Packard Model 8803A, manufactured by Hewlett-Packard, Waltham
      Division, Waltham, Massachusetts) is used to interface this recorder with
      the INSTRON Transducer and a low-voltage DC power supply is provided to
      excite the transducer. The measurements are made in an air-conditioned
      laboratory at 72.degree.F. and 50 percent relative humidity. To hold the
      specimen suture strands, a line contact jaw is used. The INSTRON machine
      is operated at a cross-head speed of 50 inches per minute and the chart
      speed of the oscillographic recorder is 20 millimeters per second.
PAR  Subjective tests for tie-down involved the suture configuration 11 shown in
      FIG. 2 (a single throw knot). The same configuration is produced by a
      pulley arrangement that is supported by a steel plate 10 shown in FIG. 1.
      The steel plate is attached to the cross-head 12 of the INSTRON Tester.
PAR  To perform tie-down measurements, two strands 8 and 9 of the same suture
      are attached at one end to the B cell transducer 14 of an INSTRON Tester.
      The sutures are threaded through the pulley arrangement as shown in FIGS.
      1 and 2. The other end of the suture strands are brought together, passed
      around the pulleys 15 and 16, and attached together to a weight 18 which
      provides tension similar to that applied in a subjective test. A weight of
      2.5 pounds is used in the standard procedure.
PAR  FIG. 3 shows actual recorder traces for a braided polyethylene
      terephthalate suture before and after coating with a polymer to improve
      tie-down performance. The roughness values are measured along the ordinate
      and throughout the specification and examples are recorded in pounds
      (roughness). When relatively smooth samples are compared, the amplitude of
      the oscillographic recorder can be increased by a factor of 20.
PAR  The present invention will be further illustrated by the following examples
      which illustrate preferred embodiments of the inventive idea.
PAC  EXAMPLE I
PAR  A condensation polymer is prepared by reacting 42.5 weight percent of
      1,4-butanediol with 57.5 weight percent of adipic acid. The polymer so
      obtained is a firm, waxy solid having a viscosity of 1475 cps. at
      60.degree.C., a molecular weight of 2150, an acid number of 1.7, and a
      hydroxyl number of 52.1.
PAR  The polyester prepared as described in the preceding paragraph (4.84 parts
      by weight) is dissolved in 95.16 parts by weight of toluene and the
      solution is applied to a braided, size 2/0 polyethylene terephthalate
      suture strand using an ATLAB Yarn Finish Applicator manufactured by
      Precision Machine & Development Company, P.O. Box 645, New Castle,
      Delaware. The braid is coated under the following conditions:
TBL  Speed of Yarn         30 feet per minute                                  
     Hypodermic Syringe Size                                                   
                           30 cc.                                              
     Motor Drive Rate      10 r.p.m.                                           
     Hysteresis Tension    5 pounds.                                           
PAL  The coated, braided strand is dried in forced air at
      70.degree.-80.degree.F. to evaporate the solvent and is then collected on
      a take-up drum. No curing of the adipic ester is required. The coating is
      continuous over the entire surface of the suture and amounts to 1 percent
      by weight (based on the weight of the untreated suture). The coated braid
      is sterilized by exposure to cobalt-60 irradiation without significant
      loss of straight tensile strength or knot strength. The physical
      characteristics of the braided polyethylene terephthalate suture before
      and after coating are summarized in Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
               Braided Size 2/0                                                
                              Braided Size 2/0                                 
               Polyethylene Terephthalate                                      
                              Polyethylene Terephthalate                       
               Suture (Untreated)                                              
                              Suture (Coated)                                  
     __________________________________________________________________________
     Tensile Strength                                                          
      Non-Sterile                                                              
               100,200 p.s.i. 99,100 p.s.i.                                    
      Sterile  99,400 p.s.i.  98,800 p.s.i.                                    
     Knot Strength                                                             
      Non-Sterile                                                              
               53,900 p.s.i.  53,500 p.s.i.                                    
      Sterile  52,100 p.s.i.  55,000 p.s.i.                                    
     Roughness 3.67 lbs.      0.31 lbs.                                        
     __________________________________________________________________________
PAR  Similar results are obtained when the polyester resin described in this
      Example is used to coat braided silk, cotton, and collagen sutures.
      However, higher levels of coating solids should be used for the
      hydrophilic substrates such as cotton and silk. The coated sutures made
      according to this example have excellent knot holding properties.
PAC  EXAMPLE II
PAR  A linear polymer of .epsilon.-caprolactone characterized by an average
      molecular weight of about 2,000 and having the structural formula:
      ##EQU6##
      wherein R is a polymethylene group derived from a polymethylenediol and x
      represents the degree of polymerization, was purchased from the Union
      Carbide Corporation, Chemical Division, 270 Park Avenue, New York City,
      New York. This polycaprolactone has a molecular weight of about 2,000 and
      is sold under the trade name NIAX POLYOL D-560.
PAR  The polycaprolactone identified above was dissolved in toluene to obtain a
      3.8 percent by weight solution. This solution is applied to a braided,
      size 2/0 polyethylene terephthalate suture strand using an ATLAB Yarn
      Finish Applicator. The braid is coated under the conditions as described
      in Example I above and dried in forced air at 75.degree.F. The coated
      braid, after evaporation of the solvent is collected on a take-up drum. No
      curing of the polycaprolactone is required. The coating is continuous over
      the entire surface of the suture and amounts to 1 percent by weight (based
      on the weight of the untreated suture). The coated braid is sterilized by
      exposure to cobalt-60 irradiation without appreciable loss of straight
      tensile strength or knot strength. The physical characteristics of the
      braided polyethylene terephthalate suture before and after coating are
      summarized in Table 2.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
               Braided Size 2/0                                                
                              Braided Size 2/0                                 
               Polyethylene Terephthalate                                      
                              Polyethylene Terephthalate                       
               Suture (Untreated)                                              
                              Suture (Coated)                                  
     __________________________________________________________________________
     Tensile Strength                                                          
      Non-Sterile                                                              
               96,300 p.s.i.  92,000 p.s.i.                                    
      Sterile  95,100 p.s.i.  91,500 p.s.i.                                    
     Knot Strength                                                             
      Non-Sterile                                                              
               53,900 p.s.i.  51,700 p.s.i.                                    
      Sterile  54,700 p.s.i.  51,700 p.s.i.                                    
     Roughness 2.77 lbs.      0.67 lbs.                                        
     __________________________________________________________________________
PAR  Similar results are obtained when the polycaprolactone is used to coat
      braided silk, cotton, and collagen sutures of size 2/0 through 6/0. The
      polyesters of the present invention may also be used to coat absorbable
      synthetic sutures such as those described in U.S. Pat. No. 3,297,033 and
      3,636,956 with a resulting improvement in tie-down characteristics.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A suture having improved tie-down performance comprising a
      multifilament, the outer surface of the multiflament being coated with
      from about 0.4 percent to about 7 percent based on suture weight of an
      aliphatic polyester that is a solid at room temperature; said polyester
      having from 2 carbon atoms to about 12 carbon atoms between the ester
      linkages in the polymer chain and said polyester having a molecular weight
      in the range of 1,000 to 15,000.
NUM  2.
PAR  2. The suture of claim 1, characterized by a braided construction.
NUM  3.
PAR  3. The suture of claim 1, characterized by a twisted construction.
NUM  4.
PAR  4. The suture of claim 1, characterized by a covered construction.
NUM  5.
PAR  5. The multifilament suture of claim 1, wherein the polyester has the
      formula:
      ##EQU7##
      wherein n is an integer larger than 1 and smaller than 13, m is an integer
      larger than 1 and smaller than 9 and X is the degree of polymerization.
NUM  6.
PAR  6. The multifilament suture of claim 1, wherein the polyester has the
      formula:
      ##EQU8##
      wherein R is a polymethylene group and X represents the degree of
      polymerization.
NUM  7.
PAR  7. The multifilament suture of claim 1, wherein the polyester is a
      condensate of adipic acid and 1,4-butanediol having a molecular weight of
      about 2,000-3,000.
NUM  8.
PAR  8. The suture of claim 7, wherein said multifilament is a silk
      multifilament and the polyester coating amounts to about 5 percent of the
      weight of the untreated suture.
NUM  9.
PAR  9. The suture of claim 7, wherein said multifilament is a polyethylene
      terephthalate multifilament, and the polyester coating amounts to about 1
      percent of the weight of the untreated suture.
NUM  10.
PAR  10. The multifilament suture of cliam 6, wherein the polyester coating has
      a molecular weight of about 2,000.
NUM  11.
PAR  11. The suture of claim 10, wherein said multifilament is a polyethylene
      terephthalate multifilament and the polyester coating amounts to about 1
      percent of the weight of the untreated suture.
NUM  12.
PAR  12. The suture of claim 10, wherein said multifilament is a silk
      multifilament and the polyester coating amounts to about 5 percent of the
      weight of the untreated suture.
NUM  13.
PAR  13. The multifilament suture of claim 1, characterized by a roughness of
      less than 1 pound.
NUM  14.
PAR  14. The multifilament suture of claim 2, characterized by a roughness of
      less than 1 pound.
NUM  15.
PAR  15. The multifilament suture of claim 3, characterized by a roughness of
      less than 1 pound.
NUM  16.
PAR  16. The multifilament suture of claim 4, characterized by a roughness of
      less than 1 pound.
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ABST
PAL  A cardiac defibrillator paddle in which the elctrode surface is provided
      with a removable cap. This permits the electrode to have its conductive
      paste pre-applied, with the cap readily removable for immediate use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is related to cardiac defibrillator apparatus, and in
      particular to the electrode paddles which are a part of such defibrillator
      apparatus.
PAR  A defibrillator electrode paddle is a device which is useful with a second
      similar electrode paddle for applying a controlled electrical shock across
      the heart of a human patient to terminate fibrillation thereof when the
      heart is in a condition of arrhythmia. These paddles are typically of a
      disc-like configuration mounted on a coaxial and elongated handle.
PAR  The two electrode paddles are generally coated with a thick layer of
      conductive paste or electrolyte in order to optimize the electrical
      connection between the paddle and the chest of a patient. The paddles are
      then applied with firm pressure on the chest wall and an electrical
      discharge passed therethrough.
PAR  Prior to using a defibrillator apparatus in this manner, one of the major
      causes of delay is the need to apply the conductive paste to the electrode
      surface prior to application to the body. Certain patents of which
      Applicant is now aware and which may relate to Applicant's invention, but
      which do not disclose nor suggest Applicant's invention, include U.S. Pat.
      Nos. 3,467,863 to Karsh, 3,224,447 to Becker et al., 3,151,619 to
      Sullivan, and 2,555,037 to Jensen.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention includes a defibrillator electrode paddle
      having provision for a removable cap over its electrode surface. Within
      this cap, and on the electrode surface, is stored conductive paste. When
      the defibrillator is required for use, the electrode caps are easily and
      quickly removed and the electrode paddles, having been precoated, are
      immediately ready for use.
PAR  It is an object of the present invention to provide defibrillator electrode
      paddles which enable the conductive paste to be pre-applied and stored
      with the electrode paddle for emergency use.
PAR  Other objects, advantages and features of the present invention will become
      apparent from the following description thereof, taken in connection with
      the accompanying drawing.
DRWD
PAC  DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a view showing the environment of defibrillator electrode paddle
      in association with a human patient;
PAR  FIG. 2 is a side view, partly in section, of a typical defibrillator
      electrode paddle according to the prior art; and
PAR  FIG. 3 is a similar view of an electrode paddle according to the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a human patient is represented against whose chest
      are placed two similar defibrillator electrode paddles 2. Electrode
      paddles 2 are connected by suitable electric lead wires 4 to a
      defibrillator apparatus, not shown.
PAR  Referring now to FIG. 2, electrode paddle 2 is shown in more detail which
      includes an insulation handle member 6 covering lead wire 4, a flange 8 to
      limit hand travel, and an end flange 10 before an electrode face 12 is
      exposed. In the use of this apparatus and at the point of use, a thick
      layer of electrically-conductive paste 14 must be applied to the face of
      electrode 12 from a container 16 in a somewhat time-consuming operation.
PAR  Referring now to FIG. 3, wherein like numbers designate like elements,
      electrode paddle 2 includes an end flange 20 which has been modified by
      the addition thereto of an annular or peripheral groove 22. Annular groove
      22 is formed to accommodate a mating flange 24 which projects from a
      cup-like cover or cap member 26. The cap and paddle members are thus
      positively keyed together. Cap member 26 is of a depth sufficient to
      embrace end flange 20, fitting into annular groove 22 thereof, and to
      cover electrode face 12, leaving a space or volume adjacent the electrode
      12 for the accommodation of conductive paste 14. Cap member 26 is made of
      a flexible material such as plastic and is readily removable from end
      flange 20. To facilitate this, cap member 26 may be provided with a tab
      member 28 for easier gripping.
PAR  In alternative embodiments, the mating key arrangement at 22 and 24 might
      be disposed on opposite members. That is, the groove might be located in
      flange 24 instead of in flange 20. Again, it would be possible to have the
      mating key arrangement located between electrode 12 and cap 26 rather than
      between end flange 20 and cap 26. Furthermore, the cap 26 might be a
      relatively rigid piece with the periphery of flange 20 being resilient.
PAR  In the use of the present invention, a suitable amount of conductive paste
      14 is placed within cap member 26. Cap 26 is then fastened to the
      electrode paddle 2 which can then be stored for future use. At such time
      as the paddle is required in use, it is immediately available by simply
      disengaging cap member 26. There might be two general classes of
      defibrillator cap 26, these being related to the type of fit relative to
      the associated paddle. In one class, a relatively tight or sealing fit
      will be necessary to prevent the possible drying out of the electrolyte. A
      second cap which has a less critical fit may be used where its function is
      only to contain an electrolyte which is formulated to be non-drying.
PAR  It will be apparent that a defibrillator electrode paddle arrangement has
      been provided here which facilitates its emergency use by permitting
      storage therwith of the conductive paste which heretofore has been
      manually applied at the time and place of use.
PAR  It may occur to others to make modifications of the present invention which
      will lie within the concept and scope thereof and not constitute a
      departure therefrom. Accordingly, it is intended that the present
      invention be not limited by the details in which it has been described but
      that it encompass all within the purview of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. At least one cardiac defibrillator electrode paddle conductive paste
      storage system comprising:
PA1  an insulating handle suitable for grasping;
PA1  an end flange connected to said handle at one end thereof, said end flange
      being configured with peripheral key means,
PA1  an electrode face mounted on a side of said end flange opposite to said
      handle, said face covering a substantial portion of said side;
PA1  a resilient and reusable cover member peripherally configured with the
      complement of said key means to permit tight-fit removable mounting of
      said cover member to said end flange, said cover member being removably
      connected with said end flange and together defining a sealed space
      between said electrode face and the inside surface of said cover member;
PA1  conductive fluid stored in said sealed space whereby the orientation of
      said at least one paddle is not critical to the storage of said conductive
      fluid and whereby the distance between said stored conductive fluid of one
      of said at least one paddle and said stored conductive fluid of another of
      said at least one paddle is not necessarily a fixed distance;
PA1  another flange connected to said handle at a predetermined distance from
      said end flange to limit travel of said handle grasping towards said end
      flange;
PA1  means for electrically connecting said electrode face to a power source and
      for electrically insulating said handle and said another flange from said
      electrode face;
PA1  and tab means protruding from said cover member for facilitating removal of
      said cover member and exposure of said conductive fluid.
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ABST
PAL  A device for terminating tachycardia has an input part responsive to
      heartbeat signals. A tachycardia rate detector is connected to the input
      part and is effective to give an output while heartbeat signals occur at a
      rate characteristic of tachycardia. A gate circuit is connected to be
      controlled by the output from the tachycardia rate detector and a variable
      delay pulse circuit is connected to receive as input pulses heartbeat
      signals from the input part and give output pulses each a predetermined
      delay after a respective input pulse, the output pulses being applied as
      input to the gate circuit. An output circuit connected to supply
      stimulating pulses to the heart, the stimulating pulses being generated in
      response to gated pulses received from the gate circuit. A blocking
      circuit is connected to the gate circuit to ensure that output pulses from
      the gate are inhibited during a pause period following each output pulse.
      A feedback connection to the variable delay pulse circuit applies thereto
      feedback signals which alter the predetermined delay from one output pulse
      to the next.
BSUM
PAR  The invention relates to a device for terminating tachycardia. Tachycardia
      is a disturbance of the action of the heart resulting in severe increase
      of the rate of heartbeat. The invention is concerned particularly with the
      provision of an electrical device, which may or may not be of a kind
      implantable within the body, for terminating tachycardia.
PAR  According to the invention there is provided a device for terminating
      tachycardia comprising input means responsive to heartbeat signals; a
      tachycardia rate detector connected to the input means and effective to
      give an output while heartbeat signals occur at a rate characteristic of
      tachycardia; a gate circuit connected to be controlled by the output from
      the tachycardia rate detector; a variable delay pulse circuit connected to
      receive as input pulses heartbeat signals from the input means and give
      output pulses each a predetermined delay after a respective input pulse,
      the output pulses being applied as input to the gate circuit; an output
      circuit connected to supply stimulating pulses to the heart, the
      stimulating pulses being generated in response to gated pulses received
      from the gate circuit; a blocking circuit connected to the gate circuit to
      ensure that output pulses from the gate are inhibited during a pause
      period following each output pulse; and a feedback connection to the
      variable delay pulse circuit for applying thereto feedback signals which
      alter the said predetermined delay from one output pulse to the next.
PAR  It is found that tachycardia can be terminated by the application of an
      electrical stimulating pulse but successful termination depends on
      critical timing of the stimulating pulse in the heartbeat cycle. It is
      possible to terminate tachycardia by the generation of stimulating pulses
      at a constant rate on detection of tachycardia because sooner or later one
      of the stimulating pulses will occur at the appropriate time in a
      tachycardia cycle. However, by changing the delay time progressively the
      device of the present invention ensures that the correct timing is
      achieved in a more sure and positive manner.
PAR  Typically, the delay time between the P wave of the tachycardia heartbeat
      and the corresponding stimulating pulse or pulse group is changed from
      150ms in steps of 5 or 10ms at each stimulating pulse or pulse group.
      While it is preferred that the delay of the variable delay pulse circuit
      should be altered progressively in increments it is clearly possible for
      the delay to be altered progressively in decrements from a maximum to a
      minimum. Alternatively, it may be arranged that the delays may be
      alternatively long and short, the long delays becoming progressively
      shorter and the short delays progressively longer.
PAR  The tachycardia rate detector preferably comprises a monostable circuit
      having an inherent pulse output time set to be slightly greater than the
      period between tachycardia pulses. Typically, for example the period
      between tachycardia P waves about 300ms. Therefore, under these
      circumstances the pulse length from the monostable circuit would be about
      400ms. The rate detector further comprises a delayed-action switch which,
      in response to repeated triggering of the monostable circuit for a
      predetermined time switches the pulse output length of the monostable
      circuit to a long value -- conveniently double. Response of the
      delayed-action switch also opens the above-mentioned gate circuit, thereby
      allowing stimulating pulses to pass to the heart.
PAR  Preferably the device has at its input a selective amplifier which is
      responsive to the frequency spectrom of typical P waves only and a
      monostable circuit which shapes the output from the selective amplifier to
      give pulses of predetermined length.
PAR  A feature of the invention is that the tachycardia device may be combined
      in a single unit with a bradycardia control device. Bradycardia is a
      condition where the heartbeat rate shows to an unacceptable level. Thus,
      for patients with bradycardia symptoms, or intermittent cardiac arrest a
      bradycardia control is provided in the form of a cardiac pacer which is
      inhibited unless the heart rate falls below a predetermined level, when
      stimulating pulses are issued. Such a pacer is called a demand pacer.
      Different types of demand pacer are described, for example, in British
      Pat. Nos. 1,333,552 and 1,335,530. In the tachycardia control device in
      accordance with the invention the input means and the output means may be
      used in conjunction with a bradycardia pacing rhythm circuit to constitute
      a demand pacer having an automatic tachycardia control facility. Thus,
      there may be provided a tachycardia control device as described in
      combination with a bradycardia control circuit, the bradycardia control
      circuit comprising a pacing rhythm circuit connected to receive heartbeat
      signals from the input means and having an output connected to the output
      circuit, the bradycardia control circuit being effective to give an output
      pulse to the output circuit and thereby generate a stimulating pulse if no
      heartbeat signal is received within a certain delay time after an
      immediately preceding heartbeat signal or stimulating pulse. The said
      certain time delay may be fixed or it may be variable as described in
      British Pat. No. 1,335,530, for example.
DRWD
PAR  The invention will further be described with reference to the accompanying
      drawing, of which:
PAR  FIG. 1 is a block diagram of a device in accordance with the invention;
PAR  FIG. 2 is a drawing illustrating a modification of the FIG. 1 device;
PAR  FIG. 3 is a block diagram of a device in accordance with the invention in
      combination with a bradycardia control circuit;
PAR  FIG. 4 is a waveform diagram for illustrating the operation of the circuit
      of FIG. 3; and
PAR  FIG. 5 is a detailed circuit diagram of a device in accordance with the
      invention.
DETD
PAR  Referring to FIG. 1 the device comprises a terminal 1 to which is connected
      in use a catheter (not shown) which carries an electrode to be positioned
      in the heart. Pulses are applied via this electrode to stimulate the
      heart. The electrode is also used as a sensing electrode and
      electrocardiac signals representative of the heart activity are picked up
      by the electrode and passed to a selective amplifier 2 at the input of the
      circuit. The selective amplifier 2 is a three-stage combined active filter
      and amplifier and is designed to reject frequencies outside the energy
      spectrum of atrial P waves. On detection of a P wave signal the amplifier
      2 triggers a monostable circuit 3. Circuit 3 is a complementary transistor
      monostable circuit which triggers immediately a P wave is sensed by the
      amplifier 2 and which delivers an output pulse a predetermined length in
      the range 100-150ms. The circuit is not affected during the pulse period
      by further incoming pulses.
PAR  Output pulses from circuit 3 trigger a second monostable circuit 4 which is
      another complementary transistor circuit which triggers immediately when
      the circuit 3 triggers. Circuit 4 delivers output pulses of a preset
      length. The length is preset in accordance with the periodic frequency of
      tachycardia pulses of the particular patient being treated. Typically,
      such tachycardia signals are below a repetitive frequency of 400ms and
      accordingly circuit 4 may typically be set to give a pulse length of
      400ms. If circuit 4 receives further input signals during the time an
      output pulse is being delivered it will retrigger.
PAR  The output from circuit 4 is applied to a delayed-action switch 5 which
      responds only if a signal is received which is longer than 1 second
      duration. In practice this condition means that about three tachycardia P
      wave signals have been detected. In responding, the delayed-action switch
      5 operates to open a gate 6 and also feeds back a signal to the circuit 4
      in order to alter the pulse length output of that circuit to 800ms. The
      combination of circuit 4 and switch 5 is a tachycardia rate detector which
      gives an output when tachycardia is detected, the output persisting until
      tachycardia ceases.
PAR  Gate 6, when open, allows pulses to pass from a blocking circuit 7. Such
      pulses are stimulating pulses which pass through a current-limiting stage
      8 to the terminal 1. Circuit 7 is triggered by the output from a
      variable-delay trigger circuit 9, which circuit produces a trigger pulse a
      certain time after the start of each output pulse from circuit 3.
      Initially, the delay time of the circuit 9 is 150ms. Thus, in the presence
      of tachycardia a stimulating pulse is applied to the terminal 1 at a time
      150ms after a P wave is detected. However, there is a feedback path from
      the output of gate 6 to the circuit 9 and this applies feedback signals,
      each of which increases the delay time of circuit 9 by 10ms. Thus, the
      next time circuit 9 responds to a signal the triggering output will be
      given after a delay of 160ms.
PAR  Blocking circuit 7 includes a monostable arrangement which has a delay of
      800ms so that after each stimulating pulse the circuit is blocked for
      800ms and immediately succeeding P waves will have no effect. If the
      tachycardia condition persists after the 800ms pause period then another
      stimulating pulse will be generated, this being after a delay of 160ms
      following a respective P wave. It will be seen, therefore, that the delay
      time for successive stimulating pulses progressively increases by 10ms at
      a time and there is a pause period of 800ms after each stimulating pulse
      during which period another stimulating pulse cannot be issued. Circuit 9
      is such that when the delay time has progressively risen from 150ms to
      250ms the next feedback signal from the output of gate 6 causes the delay
      time to revert immediately to 150ms whereafter the cycle is repeated until
      tachycardia ceases.
PAR  Output stimulating pulses fed back directly from terminal 1 to amplifier 2
      will not result in further stimulating pulses because at this time the
      circuit will be blocked by virtue of the action of the blocking monostable
      circuit in circuit 7.
PAR  Because of the progressive increase of the delay time a stimulating pulse,
      if not originally generated at the appropriate time in the tachycardia
      cycle, will, within a short time, achieve the critical timing. Tachycardia
      will then be inhibited. Under these conditions the interval between the
      stimulus and the following P wave exceeds the period of monostable circuit
      4 which is now 800ms. Circuit 4 will then switch off and the delayed
      action switch will immediately switch off, thus closing the gate 6.
      Stimulation will stop and the normal sinus rhythm is restored.
PAR  Under normal sinus conditions, when the heart is beating naturally, the
      circuit will not operate to give stimulating pulses because although
      monostable circuit 4 will be triggered at each P wave, the succeeding P
      wave will occur after 400ms and the circuit 4 will have switched off.
      Therefore, the delayed-action switch 5 will not sense the circuit 4 having
      been switched on for a period of 1 second. The gate 6 will remain closed.
PAR  When tachycardia is terminated and the stimulating pulses cease the delay
      of circuit 9 will gradually sink back to the starting value of 150ms. The
      rate of decrease is typically 5ms per second at a delay time of, say,
      200ms. Thus if the tachycardia should stop and restart after several
      seconds the delay would only have drifted back by a small amount and will
      still be close to the critical value which will stop the tachycardia.
      Therefore, termination of the tachycardia will take a short time only.
PAR  As far as interference is concerned, under steady interference conditions
      (e.g., 50Hz. pick-up) provided the period of the waveform is less than the
      blocking period of circuit 3 (100-150ms) then the circuit 3 will be
      repeatedly retriggered and will remain on. No output pulses will be given
      from circuit 3 and no stimulating pulses will be generated. This will
      happen for interference frequencies of pulses per minute or above.
PAR  Transient interference can only cause the device to give a premature
      stimulus, under normal sinus rhythm conditions, if it reoccurs within the
      period of circuit 4 and outside the period of circuit 3, i.e., 150 to
      400ms. It must also reoccur over a period of at least 600ms so that the
      delayed action switch 5 will switch on.
PAR  Under tachycardia conditions transient interference can cause the variable
      delay trigger circuit 9 to restart but a stimulation can only occur if a
      transient falls outside the blocking time of monostable circuit 7.
PAR  Referring now to FIG. 2 there is shown a modification which may be made to
      the embodiment of FIG. 1 to give an additional preferred feature. The
      modification consists in interposing a variable delay monostable circuit
      10 between the gate 6 and the current-limiting output stage 8 of the FIG.
      1 device. The monostable circuit 10 is by-passed by a lead 11 and an
      additional connection 12 is made to the feedback path 13 from the circuit
      output to the input of amplifier 2. The effect of the monostable circuit
      10 is to add to each output pulse a second pulse which occurs a
      predetermined time later. Thus, stimulating pulses are issued in groups of
      two. The delay between the two pulses is adjusted to suit a particular
      patient by a manual control 14 of circuit 10. A feedback signal is given
      for each output pulse.
PAR  Referring now to FIG. 3 there is shown another embodiment of the invention.
      In FIG. 3 the device comprises a catheter electrode 1 connected to a
      selective amplifier 2 which drives a blocking circuit 3 as in the FIG. 1
      embodiment. The output from circuit 3 is applied to a tachycardia rate
      detector 15 which is the same as the combination 4 and 5 of FIG. 1. Gate 6
      is provided to be controlled by the output from the rate detector 15 to
      pass pulse signals from a variable delay pulse circuit 9 to an output
      circuit. The variable delay pulse circuit 9 receives input pulses from
      circuit 3 in the same way as in FIG. 1. Thus far, the operation of the
      device of FIG. 3 is precisely the same as that of the device of FIG. 1.
      The gated output pulses from gate 6 are applied to an output circuit
      comprising a pulse width circuit 16 which generates a pulse of 1ms.
      duration on being triggered and a current limiting ouput stage 8. The
      pulses applied from stage 8 to electrode 1 are cardiac stimulating pulses.
PAR  In the device of FIG. 3 the blocking circuit 7 of FIG. 1 is replaced by a
      blocking circuit 7a. Circuit 7a has a pause period of approximately 1.5
      seconds instead of 800ms of the FIG. 1 embodiment. Input pulses to circuit
      7a are derived from the output of gate 6. In response to each input pulse
      the circuit 7a produces a blocking output on lines 17 and 18 lasting for
      the pause period. The output on line 17 is applied to gate 6 to hold the
      gate closed for the pause period and that on line 18 is applied to hold
      the rate detector circuit 15 in the "on" state for the duration of the
      pause period. Circuit 7a also provides the feedback pulses over a line 19
      to change the delay of circuit 9 incrementally at each pulse after the
      manner of the FIG. 1 embodiment. There is an additional connection 20 from
      the output of detector 15 to the circuit 9 which provides an enabling
      signal to enable the cricuit 9 to function while tachycardia is being
      detected.
PAR  It will be seen that the circuit described thus far operates in a very
      similar manner to that of FIG. 1 and the overall function is substantially
      the same. The principal difference of the FIG. 3 embodiment is in the
      provision of a pacing rhythm circuit 21 for the treatment of bradycardia.
      Circuit 21 receives input pulses from circuit 3 and triggers circuit 16 to
      give stimulating pulses if the input pulse rate is below a threshold level
      of about 60 pulses per minute, the heart rate being, say, 70 pulses per
      minute. The threshold level can be adjusted to suit individual patients.
PAR  Circuit 21 operates by initiating a delay period corresponding to one pulse
      period at the threshold rate on receipt of a pulse. If the delay period
      expires before the receipt of the next pulse a stimulating pulse is
      issued. If the next pulse is received before the expiry of the delay
      period the delay cycle is restarted and no stimulating pulse is issued. If
      natural sinus rhythm stops altogether successive input pulses to circuit
      21 will be derived over the feedback path 13 from stimulating pulses and
      there will be a continuous train of pulses issued at the threshold rate.
      When natural sinus rhythm restarts at a rate above the threshold rate then
      stimulating pulses are inhibited. The pacing rhythm circuit may be of the
      kind shown in British Pat. No. 1,338,382 for example.
PAR  FIG. 4 shows typical waveforms of the circuit of FIG. 3 at points (a) to
      (e) respectively. There is illustrated a sequence of cardiac conditions as
      follows: firstly, during period A the heart beats naturally at a rate of
      70 pulses per minute; during period B bradycardia occurs and circuit 21
      issues two stimulating pulses; normal heart function is restored and then
      at period C tachycardia occurs; two stimulating pulses are issued by the
      tachycardia control circuit and then normal sinus rhythm is restored at
      period D.
PAR  In waveform (a) the P waves are shown as small positive spikes and the
      stimulating pulses large negative spikes.
PAR  In waveform (d) the pulses are delayed by 150ms. from each detected pulse
      of waveform (a), whether natural or stimulated, until a further
      incremental delay is introduced on the second output pulse from gate 6.
      Thus, delay d.sub.1 of waveform (b) is 150ms whereas delay d.sub.2 is
      155ms, the increment in this case being 5 ms per pulse.
PAR  Waveform (c) shows the time during which tachycardia is detected by circuit
      15 and waveform (e) shows the blocking pulses during the pause periods
      generated by circuit 7a.
PAR  Referring now to FIG. 5 there is shown a detailed circuit diagram of a
      device for terminating tachycardia having the features of the tachycardia
      portion of the FIG. 3 device together with the double-pulse feature of the
      FIG. 2 device. The same reference numerals will be used where appropriate.
PAR  In FIG. 5 the catheter electrode 1 is connected to the input of selective
      amplifier 2 via a variable resistor 25 which acts as a sensitivity
      control. Amplifier 2 is an integrated circuit of type 3821-MS. The output
      from amplifier 2 is applied to a blocking circuit 3 which is an integrated
      circuit of type 3821 and which gives a first output to tachycardia rate
      detector 15 over a line 26 and a second output to a pulse-shaper circuit
      27. Rate detector 15 comprises an integrated circuit 28 of type CD 4013
      which is shown in two halves 28a and 28b. For each input pulse to
      amplifier 2 the output from pulse-shaper 27 is a 10msec pulse which
      follows shortly after the pulse on line 26. The 10msec pulses are applied
      over a line 29 to an RC circuit comprising a capacitor 30 and a variable
      resistor 31. Capacitor 30 charges rapidly and discharges slowly at a rate
      determined by resistor 31 and the ouput from the RC circuit, which is a
      ramp waveform for each pulse, is applied to an input 32 of half-circuit
      28a. Half-circuit 28a has a clock input 33 which receives the pulses from
      line 26 after differentiation by capacitor 34 and resistor 35. An output
      pulse is given from output 36 of half-circuit 28a if, at the time of the
      clock pulse, the level of the signal on input 32 is above a predetermined
      threshold level. If not, no output pulse is given. Thus, when a clock
      pulse arrives at input 33 it will give rise to an output pulse from output
      36 if it follows so soon after the preceding pulse that the preceding ramp
      waveform has not decayed below the threshold level. Thus this is a pulse
      rate detector and the tachycardia pulse rate at which detection is
      achieved is set by resistor 31.
PAR  Half-circuit 28b is connected as a divide-by-two counter and receives the
      output pulses from output 36. The purpose of this is to ensure that the
      first tachycardia pulse does not give rise to a detection signal but only
      the second pulse. The chance of faulty and spurious operation is thereby
      lessened.
PAR  The output from half-circuit 28b is applied through a differentiating
      circuit comprising a capacitor 37 and a resistor 38 and through an
      invertor 39 to the base of a transistor 40. transistor 40 is connected
      across the feedback capacitor 41 of a Miller integrator including an
      operational amplifier 42. The other input to the amplifier 42 is derived
      from a reference source 43 and when transistor 40 is switched off by the
      output from rate detector 15 a ramp waveform is initiated. The ramp
      waveform is applied to a Schmitt trigger circuit 44 which receives a
      reference voltage on a line 45 and which triggers to deliver an output
      pulse when the ramp voltage exceeds the reference voltage. Thus, an output
      pulse is given from circuit 44 after a certain delay following a
      tachycardia pulse, which delay depends upon the level of the reference
      applied on line 45.
PAR  The output from circuit 44 is applied to a monostable circuit 46 which is
      half of an integrated circuit type MC14528CP, the other half being shown
      at 47. Circuit 46 gives a pulse output of length 150 to 300ms depending on
      the setting of a variable resistor 14. The leading edge of the output
      pulse triggers one input of circuit 47 and the trailing edge triggers
      another input of circuit 47. Consequently, two output pulses are given
      from circuit 47 for each pulse from circuit 46, which pulses are spaced
      apart a time corresponding to the setting of control 14. The output pulses
      from circuit 47 trigger an output circuit 8 which comprises three
      transistors 48, 49 and 50. The output from transistor 50 constitutes the
      cardiac stimulating pulses applied, through a capacitor 51, to the
      catheter 1.
PAR  An adjustable control 52 is provided to set the level of the stimulating
      pulses. Control 52 is connected to the output from blocking circuit 7a and
      the arrangement is such that if the blocking circuit gives an output
      transistor 50 is blocked thereby and no stimulating pulses can be given.
      The input to blocking circuit is derived from the base of transistor 50 by
      a connection 53 so that after each stimulating pulse the circuit is
      blocked against issuing further pulses for 1.5 seconds. A blocking output
      is applied over a line 19 to block 47 for the blocking, or pause, period
      and signals derived from connection 53 are applied over line 18 to circuit
      28b to cancel the divide-by-two function so that the tachycardia detection
      output is effectively held while stimulating pulses are being issued and a
      detection signal is achieved for each tachycardia pulse.
PAR  As was mentioned above, the delay generated by circuits 42 and 44 between
      the tachycardia pulse and the corresponding stimulating pulse is
      determined by the level of the signal on line 45. This signal level is set
      by a four-bit binary counter 54 which receives clock input pulses from a
      line 17 connected to the pause output of blocking circuit 7a. Each time a
      stimulating pulse is issued, a clock pulse is received by counter 54.
      Counter 54 has an enabling input connection 20 connected to output 36 so
      that clock pulses are counted only if a tachycardia detection signal is
      present. The digital parallel output from counter 54 is weighted by binary
      graded resistors 55 and scanned to give an analogue input to a
      differential amplifier 56 which receives a reference input 57. The output
      of amplifier 56 is applied to line 45.
PAR  The counter 54 counts input pulses cyclically up to a maximum of 15 and
      then resets to zero to resume the cycle. Each unit of the count represents
      a delay increment of 10msec. The zero level delay is set at 150 msec or so
      and may be adjusted by a control 58.
PAR  Two further blocking controls are provided to prevent over-rapid
      stimulation in the event of failure of other components. The first of
      these back-up controls is an integrated circuit 59 type MC14528CP which
      receives input pulses derived from the base of transistor 50 by a
      connection 60 and which subsequently holds off further stimulating pulses
      by application of a blocking output on line 61 for a period of 150msec.
      This ensures that the spacing between the double stimulating pulses cannot
      be less than 150msec which might be dangerous.
PAR  The second back-up blocking control comprises the combination of a
      capacitor 62 and a resistor 63, which combination receives output pulses
      from circuit 46 and produces a blocking voltage at the base of transistor
      40, the blocking voltage decaying by discharge of capacitor 62 through
      resistor 63 and lasting as a blocking level for half a second. Thus, in
      the event of failure of blocking circuit 7a, stimulating pulse pairs
      cannot be closer than half a second apart.
PAR  The invention is not restricted to the details of the embodiments described
      above with reference to the accompanying drawing. For example, the
      increment by which the delayed changes at each step may be more or less
      than 10ms perhaps being 5ms. for instance. In an alternative arrangement
      the variable-delay circuit may be controlled directly from the
      delayed-action switch -- a steady potential being applied by the switch 5
      while it is on so as to give a continuously progressive change in delay
      time for the circuit 9.
PAR  Instead of sensing atrail waves, as described, the circuit may respond to
      ventricular R waves, stimulation being applied to a ventricle.
PAR  The internal feedback connection 13 may be disconnected and two separate
      catheters used instead, one at the input for sensing the P or R waves and
      the other at the output for stimulating an atrium or ventricle as
      appropriate.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for terminating tachycardia comprising input means responsive
      to heartbeat signals; a tachycardia rate detector connected to the input
      means and effective to give an output while heartbeat signals occur at a
      rate characteristic of tachycardia; a gate circuit connected to be
      controlled by the output from the tachycardia rate detector; a variable
      delay pulse circuit connected to receive as input pulses heartbeat signals
      from the input means and give output pulses each a predetermined delay
      after a respective input pulse, the output pulses being applied as input
      to the gate circuit; an output circuit connected to supply stimulating
      pulses to the heart, the stimulating pulses being generated in response to
      gated pulses received from the gate circuit; a blocking circuit connected
      to the gate circuit to ensure that output pulses from the gate are
      inhibited during a pause period following each output pulse; and a
      feedback connection to the variable delay pulse circuit for applying
      thereto feedback signals which alter the said predetermined delay from one
      output pulse to the next.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein the variable delay circuit
      responds to the pulses from the feedback connection to alter the delay
      progressively in increments from a minimum limit to a maximum limit.
NUM  3.
PAR  3. A device as claimed in claim 1 wherein the output circuit includes a
      pulse generator connected to generate a plurality of spaced stimulating
      pulses in response to each output pulse from the gate circuit.
NUM  4.
PAR  4. A device as claimed in claim 3 wherein the pulse generator has an
      adjustable control whereby the spacing of the spaced stimulating pulses
      may be adjusted.
NUM  5.
PAR  5. A device as claimed in claim 1 wherein the blocking circuit is connected
      to receive an input from the output of the gate circuit and to apply a
      control signal to close the gate circuit for the pause time thereafter.
NUM  6.
PAR  6. A device as claimed in claim 5 wherein the blocking circuit has a second
      output wherefrom feedback signals are applied by the feedback connection
      to the variable delay circuit and a third output connection to the
      tachycardia rate detector whereby the tachycardia rate detector is held in
      a condition corresponding to detected tachycardia for the pause time.
NUM  7.
PAR  7. A device as claimed in claim 1 wherein the blocking circuit is connected
      to receive the output pulses from the variable delay circuit and apply
      them to the gate circuit, the blocking circuit effecting a blocking
      function and applying no further pulses to the gate circuit during the
      pause time after each pulse applied to the gate circuit.
NUM  8.
PAR  8. A device as claimed in claim 1 wherein a second blocking circuit is
      provided in the input means, the second blocking circuit being responsive
      to each heartbeat signal to provide a pulse for application to the
      tachycardia rate detector and the variable delay pulse circuit, which
      pulse is of a length equal to a predetermined blocking period.
NUM  9.
PAR  9. A device as claimed in claim 1 wherein the tachycardia rate detector
      comprises a monostable circuit which, in response to each input pulse,
      gives an output pulse of a length slightly longer than the period between
      tachycardia heartbeats, and a delayed action switch connected to the
      output of the monostable circuit to respond only if the monostable circuit
      output has persisted for more than a predetermined time.
NUM  10.
PAR  10. A device as claimed in claim 9 wherein there is a feedback connection
      from the delayed action switch to the monostable circuit whereby the pulse
      period of the monostable circuit is lengthened when the delayed action
      switch responds.
NUM  11.
PAR  11. A device as claimed in claim 1 in combination with a bradycardia
      control circuit, the bradycardia control circuit comprising a pacing
      rhythm circuit connected to receive heartbeat signals from the input means
      and having an output connected to the output circuit, the bradycardia
      control circuit being effective to give an output pulse to the output
      circuit and thereby generate a stimulating pulse if no heartbeat signal is
      received within a certain delay time after an immediately preceding
      heartbeat signal or stimulating pulse.
NUM  12.
PAR  12. A device for terminating tachycardia comprising input means responsive
      to heartbeat signals; a tachycardia rate detector connected to the input
      means and effective to give an output while heartbeat signals occur at a
      rate characteristic of tachycardia; a pulse generator circuit connected to
      be controlled by the output from the tachycardia rate detector to give
      output pulses each a predetermined delay after a corresponding heartbeat
      signal; a variable delay circuit connected to control the said
      predetermined delay; an output circuit connected to supply stimulating
      pulses to the heart, the stimulating pulses being generated in response to
      output pulses received from the pulse generator circuit; a blocking
      circuit connected to the pulse generator circuit to ensure that output
      pulses from the pulse generator circuit are inhibited during a pause
      period following each stimulating pulse; and a feedback connection to the
      variable delay pulse circuit for applying thereto feedback signals which
      alter the said predetermined delay from one output pulse to the next.
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ABST
PAL  A rechargeable tissue stimulating system with a telemetry controlled power
      source. A constant current power source acting through an induction coil
      externally located with respect to a living patient is used to induce
      current flow in a charging circuit located beneath the skin of the
      patient. The charging circuit, in turn, recharges a battery which powers
      an electronic generator used for applying electrical pulses to stimulate
      living tissue in order to maintain bodily functions in the patient. A
      telemetry circuit connected to the charging circuit provides a magnetic
      output signal controlling externally located means associated with the
      power source. Such external means in response to this signal modulate the
      strength of the charging magnetic field, as well as provide visual or
      audio indication of proper charging as well as the proper positioning of
      the external power source with respect to the implanted charging circuit,
      completion of the proper charging interval to restore the amount of
      current used, and improper charging.
PARN
PAR  This is a continuation, of application Ser. No. 401,406, filed Sept. 27,
      1973 and now abandoned.
BSUM
PAR  This invention relates to a rechargeable tissue stimulating system for
      providing a charge to a voltage source implanted in a living being, and
      for regulating recharging of the voltage source through the use of a
      telemetry circuit.
PAR  Tissue stimulating systems currently find a principal application in
      maintaining heart rhythm in a living patient through an implanted
      electrical pulse generating source. While such devices are used almost
      exclusively as cardiac pacers, they may also find other applications,
      including the actuation of prosthetic devices, and correction for
      respiratory and circulatory disfunctions.
PAR  When utilized for the purpose of maintaining an acceptable heartbeat in a
      patient, a catheter is passed through a vein and wedged into the heart
      muscle at the bottom of the right ventricle. The catheter leads to a pulse
      generator operated by a d.c. voltage source and located externally of the
      rib cage beneath the surface of the skin of the patient. To avoid the
      physical dangers and psychological distaste for frequent periodic
      operations to replace the voltage source, it has been found highly
      desirable to utilize a cardiac pacer employing a rechargeable voltage
      source. A very suitable voltage source has been found to be a single cell
      nickel-cadmium battery capable of producing a nominal 1.25 volts with a
      capacity of 200 milliamp hours. Such a voltage source will have a useful
      life of approximately 10 years. Other conventional voltage sources for
      pacemakers have a much shorter useful life averaging approximately 22
      months.
PAR  With a rechargeable voltage source and with a reduction in the physical
      size of cardiac pacers, it has become very difficult to accurately locate
      the charging circuit for the pacer and to insure that recharging actually
      does occur when the power source for recharging the battery is in
      operation. It is particularly significant in this regard that recharging
      is a brief but frequent task which is desirably performed by the patient
      at his convenience. Since charging usually does not occur in the presence
      of a physician, the physician is unable to positively determine that
      proper periodic charging has occurred due to physiological changes in the
      patient, such as increased pulse rate. Indeed, even if recharging were to
      take place in the presence of a physician, the physician would not be able
      to ascertain with any degree of certainty whether or not the rechargeable
      battery actually received the appropriate charge.
PAR  Accordingly, it is an object of the present invention to substitute a
      telemetered signal indicative of proper charging of the implanted voltage
      source for the subjective observations of either the patient or his
      physician. In this manner, insufficient recharging or a total failure to
      recharge is detected by the charging circuitry itself, and a signal is
      returned to the recharging power source to indicate the charging status of
      the tissue stimulating system. This signal governs the operation of the
      recharging unit by extending the charging interval to compensate for
      periods during which improper charging occurs, and by indicating the
      termination of the charging interval as well as the failure of the unit to
      properly recharge.
PAR  It is a further object of the present invention, utilizing preferred
      embodiments thereof, to provide and automatically maintain a record of
      charging and discharging of the tissue stimulating system. In this way a
      physician avoids having to rely on the memory of his patient to determine
      the extent to which a charge exists in the rechargeable voltage source in
      the pacer.
PAR  A further object is to employ a system facilitating the proper positioning
      of the external charging head containing the power source induction coils
      with respect to the implanted charging circuit. This insures that proper
      positioning of the charging head is initially achieved, since a positive
      signal is generated persuant to this invention to notify the patient once
      proper positioning has been achieved. In addition, utilizing the special
      vest of this invention, proper positioning, once achieved, is
      automatically maintained for the duration of the charging interval.
PAR  It is a further object, utilizing the improved circuitry of this invention,
      to provide electrical shunt regulation in the charging circuit in order to
      prevent the voltage and current applied to the rechargeable voltage source
      from becoming too great. The circuitry of this invention also prevents the
      rechargeable voltage source from being drained of power if a short were to
      occur in the charging circuit.
PAR  In a broad aspect this invention is a rechargeable tissue stimulating
      system comprising: an implantable electrical tissue stimulator including a
      rechargeable d.c. voltage source for powering an electronic generator used
      for applying electrical pulses to stimulate living tissue in order to
      maintain bodily functions of a living subject into which it is implanted;
      an implantable charging circuit positioned beneath the skin of a living
      subject and including an induction coil with rectified output leads
      connected to said tissue stimulator; an external electrical charging power
      source including an induction coil for positioning external to a living
      subject and proximate to the induction coil of the implantable charging
      circuit; a telemetry circuit connected to said implantable charging
      circuit for detecting the magnitude of a charging current received by said
      d.c. voltage source and providing a magnetic output signal to said
      external power source indicative of the magnitude of the charging current
      received by said d.c. voltage source; and, a transducer forming a part of
      said external power source for converting said magnetic output signal to
      an electrical control signal, and wherein said external charging power
      source additionally includes a voltage control actuated by said control
      signal to adjust the strength of the magnetic field applied to said
      implantable charging circuit.
PAR  In a more specific application, this invention may be considered as a
      rechargeable cardiac pacing system for maintaining a source of stimulating
      pulses to the heart of a patient comprising in combination: an implantable
      cardiac stimulator for positioning beneath the skin of a patient equipped
      with a rechargeable d.c. voltage source, a pluse generating circuit, and
      catheter means equipped with electrodes for applying stimulating pulses to
      the heart of the patient; an implantable charging circuit for positioning
      beneath the skin of a patient and including an induction coil with
      rectified output leads connected to said d.c. voltage source; an external
      electrical charging power source including an induction coil for external
      positioning with respect to the patient proximate to the induction coil of
      the implantable charging circuit; a telemetry circuit connected to said
      implantable charging circuit for detecting the magnitude of a charging
      current received by said d.c. voltage source, and providing a magnetic
      output signal indicative thereof, and timing means responsive to said
      magnetic output signal including a register for storing a signal
      indicative of time elapsed during which the magnetic output signal
      indicates that the charging current is at least as great as a
      predetermined minimum operating level. In a more precise application, the
      magnetic output signal can be used to indicate the time elapsed during
      which the charging current is maintained within preset upper and lower
      limits.
DRWD
PAR  This invention may be described with greater particularity by reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of the tissue stimulating system,
PAR  FIG. 2 is a schematic electrical diagram of the charging and telemetry
      circuit of FIG. 1,
PAR  FIG. 3 is an electrical schematic diagram of a tissue stimulator according
      to FIG. 1,
PAR  FIG. 4 is an electrical schematic diagram of the charge head and power
      source circuits of FIG. 1,
PAR  FIG. 4A is an electrical schematic diagram of a portion of the transducer
      of FIG. 1,
PAR  FIG. 4B is an electrical schematic diagram of the remaining portion of the
      transducer of FIG. 1,
PAR  FIG. 5 is an electrical diagram illustrating various additional features of
      the tissue stimulating system of FIG. 1,
PAR  FIG. 6 is a front perspective view of a portable power source and
      transducer.
PAR  FIG. 7 is a rear perspective view of the power source and transducer of
      FIG. 6,
PAR  FIG. 8 illustrates the character of the special vest of this invention.
PAR  FIG. 9 illustrates the variation of the magnetic charging field with
      respect to time.
PAR  FIG. 10 illustrates the structural configuration of the implanted portions
      of the tissue stimulating system of FIG. 1.
DETD
PAR  Referring now to FIG. 1, there is illustrated a rechargeable tissue
      stimulating system comprising a charging circuit 10 including a telemetry
      circuit 12 and a tissue stimulator 11 including a catheter 16, all
      designed for implantation into the body of a living patient. The system
      further includes a power source 13 with a transducer 14 in the form of a
      detector circuit for recharging and for verifying the charging condition
      of the implanted portions of the tissue stimulating system. The power
      source 13 employs a power oscillator circuit 104 to generate a 21
      kilohertz electric field which powers the charge head 42. Part of this
      field is detected on the charging head 42 and sent to the detector
      circuit, or transducer 14. The output of transducer 14 is used to control
      the power oscillator output energy and is used to drive the timing means
      61, which includes a timing and indicator circuit.
PAR  The charging circuit is illustrated in FIG. 2 and includes two induction
      coils 17 and 18. The output leads 51 and 52 from the induction coil 17 are
      rectified and are connected to the tissue stimulator of FIG. 3. The
      induction coils 17 and 18 are broad band frequency coils, not tuned coils.
      This is advantageous in that the system does not have to be critically
      tuned and may be recharged at a different frequency if that is found
      desirable (e.g. to avoid a specific interference with external nearby
      electrical equipment). A 21 kilohertz charging signal is generated by the
      power source 13 for recharging the battery 15 of the tissue stimulating
      system. This frequency is preferred because it is a low frequency that is
      also above audio; however, any frequency which will permit energy passage
      through tissue without excessive loss may be used. The entire waveform of
      the current induced in the induction coil 17 is rectified by the diodes
      CR1 and CR2 to produce a d.c. output. This produces a positive voltage at
      the cathodes of the diodes CR1 and CR2 relative to the center tap of the
      induction coil 17. Charging current passes through the current sampling
      resistor R9 and through the diode CR5 to the tissue stimulator. The return
      current path is through the electrical lead 52 back to the center tap of
      the induction coil 17.
PAR  The telemetry circuit 12 is comprised in part of the transistors Q2 and Q3,
      which together form a free-running multivibrator coupled through
      capacitors C3 and C4. Bias current for transistors Q2 and Q3 comes from
      the collectors of transistors Q4 and Q5. The current to the bases of
      transistors Q2 and Q3 and capacitors C3 and C4 controls the frequency of
      the multivibrator. The collector current of Q4 and Q5 is controlled by the
      voltage drop across the series combination of the emitter resistors R4 and
      R5 and the emitterbase junction of transistors Q4 and Q5. The voltage
      across the emitter resistors R4 and R5 is almost equal to the voltage
      across the current sampling resistor R9 because the baseemitter voltage
      drops of transisotrs Q4 and Q5 are each close to the base emitter voltage
      drop of transistor Q6. A small amount of current is permitted to flow
      through transistor Q6 by its collector resistor R7 in order to permit a
      base-emitter voltage drop in transistor Q6 that will vary with temperature
      in the same way as do the base emitter voltage drops in transistors Q4 and
      Q5. Thus as the voltage across current sampling resistor R9 increases, a
      proportional voltage increase will occur across resistors R4 and R5. Since
      the collector current through transistors Q4 and Q5 is determined by the
      voltage across R4 and R5, the current through resistor R9 controls the
      frequency of the multivibrator in an almost linear fashion. The current
      flow from the collector of transistor Q2 is used to turn on and off the
      transistor Q1 at the frequency of the multivibrator. Every time Q1 is
      turned on, alternate sides of induction coil 18 are shorted for the
      separate halves of each cycle of the 21 kilohertz charging signal when it
      is present. Thus, when Q1 is turned on, the 21 kilohertz field is loaded
      down by the equivalent of a shorted coil equal to one side of inductor 18.
      The 21 kilohertz field from the power source 13 is thereby alternately
      loaded and unloaded at a rate determined by the free-running
      multivibrator. Connection of the transistor Q1 to the induction coil 18 is
      completed through the diodes CR3 and CR4, with the transistor Q1 acting as
      a switch to alternately vary the load of the charging field.
PAR  Magnetic field strength between the induction coils of the power source and
      charging circuit is illustrated with respect to time in FIG. 9. The
      interval t during which loading of the charging field is increased (and
      field strength thereby reduced) varies with the frequency of operation of
      the telemetry circuit. As has previously been explained, the telemetry
      frequency is controlled by the transistors Q2 and Q3, which are in turn
      controlled by the current through the current sampling resistor R9. As the
      charging field energy increases, the initial current through resistor R9
      is the charging current to the battery 15 of the tissue stimulator, since
      the shunt current regulator is not initially turned on. The shunt current
      regulator is comprised of the current shunting transistor Q7 and the shunt
      resistor R8, which biases the base of transistor Q7. The shunt current
      regulator maintains a constant current through the resistor R8, which is
      connected in series with the rectified output leads 51 and 52. The zener
      diode VR1, prevents the rectified output voltage on the leads 51 and 52
      from becoming too great if battery 15 should open. This prevents
      dangerously high stimulation rates from developing in case of an open in
      that part of the tissue stimulator which is in series with battery 15 and
      thereby obviates the possibility of damage to the tissue being stimulated
      from excessive rates.
PAR  As the current through resistor R8 increases in the operation of the shunt
      current regulator, the voltage differential at the base emitter junction
      of transistor Q7 will also increase, which will cause transistor Q7 to
      conduct to a greater extent and thus to divert some of the current which
      is passing through the resistor. When Q7 starts to conduct, it tends to
      keep the current through resistor R8 relatively constant. If transistor Q7
      is maintained at a constant temperature, resistor R8 can be selected for
      regulation at a predetermined current. For example, if one wanted to
      maintain a charging current of 40 milliamperes into the battery 15, and
      the base-emitter voltage drop required to initiate conductance in
      transistor Q7 is 0.4 volts, one would select a resistance value for
      resistor R8 such that 40 milliamperes would produce a 0.4 voltage
      differential between the base-emitter leads of transistor Q7. If the
      current began to increase beyond 40 milliamperes, transistor Q7 would
      conduct to an increasingly greater extent. Such an increasing load would
      alter the telemetry signal created by the transistor Q1. As long as the
      current through resistor R9 remains at 40 milliamperes or above, charging
      of the battery 15 is considered to be proper. The diode CR5 prevents any
      type of short from developing between leads 51 and 52 in the region
      between inductors 17 and 18 and diode CR5.
PAR  As a further safety feature, the implantable charging circuit of FIG. 2
      utilizes a zener diode VR1 set at a predetermined maximum operating
      voltage and connected across the rectified output leads 51 and 52. This
      maximum operating voltage would typically not exceed five volts, and more
      desirably would not exceed 3.6 volts. This feature provides a positive
      protection against high voltage ever existing across the leads 51 and 52,
      and so provides another measure of safety against an inordinately large
      stimulus rate from occurring at catheter 16, and thereby prevents the
      occurrence of such dangers as triggering ventricular fibrillation when the
      heart is the tissue stimulated, an occurrence which usually results in the
      death of the patient. As previously explained, the diode CR5 in series
      with one of the rectified output leads 51 or 52 from the charging circuit
      prevents the cell 15 from being drained due to a short in the charging
      circuit, such as might occur in the transistors Q6 or Q7 or the capacitor
      C1.
PAR  A separate telemetry induction coil 18 is utilized in addition to the
      induction coil 17 of the electrical charging power source for safety
      reasons, although both of the coils 17 and 18 may be considered as part of
      the induction coil of the implantable charging circuit. The separate coils
      17 and 18 are used to prevent any trouble that develops in the telemetry
      portion of the circuit from inhibiting proper charging of the cell 15.
      That is, any short or open circuits that occur between the resistors R4 or
      R3 and induction coil 18 will not affect the recharging of the battery 15.
PAR  The manner of operation of the magnetic output signal from the telemetry
      circuit 12 to the transducer 14 may be explained as follows. The magnetic
      flux existing between the induction coils of the external electrical
      charging power source 13 and those of the implantable charging circuit 10
      varies in intensity in a regular manner as illustrated in FIG. 9. The
      extent to which the magnetic field generated by the power source 13 is
      loaded determines the maximum amplitude of the magnetic field. That is,
      the greater the loading by the charging circuit (and telemetry circuit)
      the smaller will be the amplitude of the magnetic field. The frequency of
      the rapid loading and unloading that occurs will be in direct proportion
      to the current being drawn through the resistor R9. Since all current up
      to a maximum level will flow through the rectified output leads 51 and 52
      to charge the battery 15, any current less than this maximum passing
      through resistor R9 is indicative of inadequate charging of the battery
      15. It is the telemetry circuit 12 (previously described) which senses
      this condition and signals the condition back to the induction coil 21 by
      modulating the frequency of the amplitude peak fluctuation of the charging
      field. That is, with inadequate charging, the period t of amplitude peak
      variation in FIG. 9 will be inordinately long. As the induction coils of
      the power source are moved closer to a proper charging relationship with
      respect to the induction coil of the implanted charging circuit, the
      period t in FIG. 9 will decrease. That is, the frequency of magnetic field
      strength peak amplitude will increase when this frequency increases
      sufficiently to indicate that the maximum charging current across resistor
      R9 has been reached. The electrical control signal generated in transducer
      14 by the magnetic output signal from the telemetry circuit 12 will
      produce changes in the regulation of the power source 13. These changes
      include altering the condition of the charging status indicating light
      emitting diodes 26 and 27, altering the activation condition of the buzzer
      28, generating a signal on circuit 59 to alter the output of the current
      control means 60 and turning on the timing means 61 to actuate register 31
      to indicate that proper charging of the tissue stimulating system is
      occurring.
PAR  The telemetry circuit and transducer depicted in the drawings operate by
      loading down an existing electromagnetic field with a telemetry circuit,
      and governing operation of the power source 13 in accordance with the
      effect that the telemetry circuit 12 has on the electromagnetic field
      induced by the power source 13. It should be realized, however, that there
      are other forms of magnetic output signal generation and other forms of
      transducers appropriate for the different types of magnetic output
      signals. For example, (1) an electromagnetic signal could be transmitted
      back to a transducer at a frequency different from the charging frequency,
      (2) the power source could be turned off and on, and a short signal
      indicative of the previous charging current through resistor R9 could be
      returned to a transducer during the off period, or (3) a pietzoelectric
      crystal could be used in the telemetry circuit to generate an acoustic
      output signal indicating the degree of charge.
PAR  In addition, different parameters can be used as significant variables in
      the magnetic output signal. A signal frequency modulation linearly related
      to parameters such as charging current might be employed. Two different
      frequencies might be used to indicate adequate or inadequate charging. A
      variation of this latter mode of operation would be for the telemetry
      signal to be returned only if the unit were charging properly. In
      addition, various combinations of amplitude and frequency modulation could
      be employed in lieu of the form of frequency modulation utilized in the
      apparatus depicted.
PAR  Returning to the power source illustrated in FIG. 4, a current control
      means 60 produces a constant current flow at its output into the induction
      coil 24. The current control means 60 includes resistors R23 and R24
      connected in parallel with each other and in series with the base-emitter
      junction of transistor Q15, this combination being in parallel with diodes
      CR5 and CR6 located between the base-emitter junction of transistor Q15. A
      d.c. power source in the form of a rechargeable battery 53 has one
      terminal connected to these circuit elements and another terminal
      connected to the resistor R25, leading from the base of transistor Q15. Of
      course the electrical conrol signal on lead 59 from the transducer adjusts
      the current output from the current control means 60 to the induction coil
      24 in order to adjust the strength of the magnetic field applied to the
      implanted charging circuit. That is, when the current passing through
      resistor R9 in the charging circuit exceeds a maximum operating level, the
      signal from circuit 59 will lower the output current from current control
      means 60. This lowered output current, through the use of induction coils
      22, 23 and 24, results in a reduced magnetic field strength acting between
      the induction coils 19, 20 and 21 of the power source and induction coils
      17 and 18 of the charging circuit.
PAR  The power oscillator circuit 104 consists of two transistors Q16 and Q17
      that are directly connected to transformers 20 and 23 and inductively
      coupled to coils 19, 21 and 100. When the power oscillator circuit is
      first turned on, the base of transistor Q16 is made positive by resistor
      R26 which is connected to the primary of the transformer 23. The center
      tap of transformer 23 is connected to rechargeable battery 53 through the
      inductor 24 and through the current control means 60. When the base of
      transistor Q16 is made positive, Q16 conducts heavily and current flows
      through the half of primary 23 that is connected to the collector of
      transistor Q16. This current flow is transformer coupled to the secondary
      22 and connected from there to the coil 19 on the charging head. Current
      flow in coil l9 magnetically induces a current flow in coil 20 in such a
      manner as to drive the base of transistor Q16 negatively and the base of
      transistor Q17 positively. This then causes transistor Q16 to turn off and
      transistor Q17 to turn on causing a new current to flow in the other half
      of primary 23. The current flow in the second half of coil 23 magnetically
      induces an opposite current to flow in coil 22. This current flowing now
      in the direction of coil 19 causes a reversal of the current flow in coil
      20, which reverses the situation causing transistor Q16 to conduct and
      transistor Q17 to turn off. In this way oscillation is maintained. The
      frequency of the oscillator is controlled by the build-up and collapse of
      the magnetic field on the charging head 42 and the main controlling
      element for this build-up and collapse of the charging field is coil 100
      and the capacitor C28, which is connected to it. Resistors R27 and R30
      limit the current flowing into the bases of transistors Q16 and Q17. The
      circuit consisting of resistors R28, R29, and R31, and diodes CR8 and CR9,
      and capacitor C14 also protects the bases of transistors Q16 and Q17 from
      going positive too far. Diodes CR7A and CR7B prevent the bases of
      transistors Q16 and Q17 from being driven below the forward bias drop
      thereof and thus protects the collector-emitter junctions of transistora
      Q16 and Q17 from being damaged by excessive reverse biasing.
PAR  When lead 101 of coil 20 is positive relative to lead 102, the following
      current flow occurs: diode CR9 conducts and diode CR8 opens and the
      current flows through resistor R27 through the emitter-base junction of
      transistor Q16, (turning on transistor Q16) through the parallel network
      of resistor R31 and capacitor C14 through diode CR9 through resistor R29
      back to lead 102. In that situation the baseemitter junction of transistor
      Q17 is back biased. When transistor Q16 starts to conduct, diode CR7B
      prevents the collector of transistor Q17 from going much more negative
      than the emitter of transistor Q17. Likewise, when lead 102 of coil 20 is
      positive relative to lead 101, the current flow is through resistor R30,
      through the emitter-base junction of transistor Q17 (which is turned on),
      through the parallel network of resistor R31 and capacitor C14 through
      diode CR8 (diode CR9 being reversed biased) through resistor R28 back to
      lead 101. CR7A prevents negative transients on the collector of transistor
      Q16 from damaging that transistor. When power is first applied to the
      circuit, transistor Q16 is immediately turned on through the bias current
      that flows through resistor R26. This guarantees that the circuit will
      start oscillating immediatley and not ever reach a state where neither
      transistor Q16 nor transistor Q17 conducts.
PAR  In the operation of the telemetry detection circuit, the signal of the
      magnetic field is picked up by coil 21 in the charging head 42, rectified
      by the full wave rectifying network 25 and is sent through the bank pass
      filter 105 consisting of resistors R32 through R35 and capacitors C15
      through C18.
PAR  The output of the band pass filter 105 drives the tuned amplifier 106
      consisting of amplifier A1, resistors R36 through R39 and capacitor C27.
      The tuned amplifier 106 is capacitively coupled via C26 to the low pass
      filter 107, consisting of amplifier A2, capacitor C21 and resistor R40.
      The output of the low pass filter is sent back through capacitor C19 to
      the tuned amplifier to stabilize that part of the circuit and is
      capacitively coupled through C22 to the frequency to voltage converter
      108, consisting of amplifier A3, capacitor C20, resistor R41 and diode
      CR20. Diode CR20 develops a d.c. bias at the input of amplifier A3 which
      increases due to the reduction of the feedback signal caused by the
      reactance changes of capacitors C22 and C20 as a function of frequency.
      The output of the frequency to voltage converter 108 drives the comparator
      circuit 109 consisting of amplifier A4, resistors R42 through R44, and
      capacitor C23. By setting the value of resistor R42, the output of
      amplifier A4 goes positive when the output of amplifier A3 goes below the
      voltage to which the center tap of resistor R42 is adjusted. When this
      occurs, the output of amplifier A4 goes positive thereby turning on
      transistor Q18 which increases the base-emitter current in transistor Q18.
      The output of the voltage comparator amplifier A4 increases in the
      negative direction as the input frequency increases.
PAR  Increasing the current flow through transistor Q18 increases the current
      flow in transistor Q15 through line 59. Transistor Q15 is a constant
      current regulator. The current flowing out of the collector of Q15 is
      determined by the voltage drop across the series diode circuit consisting
      of diodes CR5 and CR6 and the impedance of the parallel circuit consisting
      of resistors R24 and R23 which is in series with the base-emitter junction
      of transistor Q15. Increased current flow in line 59 causes the voltage
      across diodes CR5 and CR6 to increase thus increasing the current which
      the current regulator 60 will pass. Likewise, decreasing the current flow
      in line 59 decreases the current which the current regulator 60 will pass.
      It is through the line 59 that the transducer 14 acts upon the current
      control means 60 to adjust the strength of the magnetic field applied to
      the charging circuit 10.
PAR  The frequency to voltage conversion system 108 also provides an output on
      lead 63. This output is connected to a comparison circuit 110 formed by
      the operational amplifier A5, resistors R46, R47 and R48, and capacitor
      C24, connected as indicated. The resistor R46 is adjustable to correspond
      to the appropriate operating charging voltage differential across the
      leads 51 and 52 of the charging circuit implanted in the patient. A lamp
      driver circuit 111 employing a resistor R49 and lamp driver amplifier A6,
      grounded as indicated, is connected through resistor R50 to a light
      emitting diode 26. This light emitting diode 26 provides a visual output
      display as indicated in FIG. 6 when the signal on circuit 63 is
      sufficiently great. The actuation of light emitting diode 26 indicates
      that the operating voltage has been achieved across the leads 51 and 52 in
      the charging circuit, and that the battery 15 is charging properly.
      Alternatively, if the signal on circuit 63 is insufficient to actuate
      light emitting diode 26, a signal is passed to a lamp and buzzer
      oscillator and driver circuit 112 employing an operational amplifier A7,
      resistors R51 through R54, diode CR10, and grounded capacitor C25, all
      connected as indicated in FIG. 5. The square wave output of circuit 112 is
      passed through a resistor R55 and amplified by lamp driver amplifier A8. A
      light emitting diode 27 is actuated by the square wave from amplifier A8
      after it passes through the resistor R56. A buzzer is connected in
      parallel with light emitting diode 27.
PAR  The operator of the charging system is thereby appraised that the cell 15
      is not being properly charged by the flashing yellow light from the light
      emitting diode 27 and by the intermittent buzzer 28. This is an indication
      to him to adjust the position of the charging head 42 containing the
      induction coils 19, 20 and 21 to more properly align these induction coils
      with the induction coils 17 and 18 of the charging circuit 10. Once proper
      alignment has been achieved, the yellow light 27 and the buzzer 28 will be
      rendered inactive and the green light 26 will be continuously lighted as
      long as the charging head 42 remains in place and at least the operating
      current is maintained through the resistor R9. It should be noted, that
      when a current larger than the operating current exists through the
      resistor R9, proper charging will continue to occur because the shunt
      current regulator (transistor Q7 and resistor R8) and the zener diode VR1
      will prevent excessive current or voltage from being applied to the
      battery 15. In this event, a current control signal on line 59 will act to
      reduce the intensity of the magnetic field, and thereby reduce the current
      flowing through the resistor R9. None of this will affect the charging of
      the battery 15, however, unless the current flowing through resistor R9
      drops below its operating level. This will be sensed by the transducer
      circuit 14 which will deactivate the green light emitting diode 26 and
      activate the intermittent operation of the buzzer 28 and yellow light
      emitting diode 27.
PAR  A further desirable feature of this invention is a timing means 61
      responsive to the magnetic output signal and including a register 31 for
      storing a signal indicative of time elapsed during which the magnetic
      output signal indicates that the charging current is at least as great as
      a predetermined minimum operating level. That is, the timing means will
      store signals in the register 31 as long as the current through resistor
      R9 does not drop below its designed operating level. The timing means may
      employ a separate transducer for converting the magnetic output signal to
      an electrical signal, but preferably employs the transducer 14 heretofore
      described for that purpose. Similarly, the comparator employing the
      amplifier A5 and a driver employing amplifier A6 are also shared with
      other portions of the system. The comparator is employed as part of the
      timing means for providing a timing signal when actuated by a magnetic
      output signal exceeding a predetermined minimum level. A time recorder is
      provided in the form of an oscillator 33 supplying clock pulses to
      AND-GATE 29. In the presence of a timing signal on lead 64 (when lead 64
      is low), the time recorder produces an output signal to actuate the
      register 31 for recording the time elapsed during which a timing signal is
      received by the timing means 61. In the embodiment illustrated, the timing
      means 61 further includes a dividing circuit 30 connected to the register
      31 which operates to tabulate a number of identical charging periods of
      uniform duration in the register 31. Furthermore, the register 31 is
      incremented and decremented through the incrementing and decrementing
      leads 66 and 65 respectively. An increment from lead 66 derived from the
      oscillator 33 signifies a time interval of discharge of the battery 15 in
      its normal performance within the body of the patient. Each such time
      interval of discharge will require an offsetting predetermined charging
      interval to restore the electrical charge dissipated thereby from the cell
      15. In this connection it is necessary that a dividing circuit 35 be
      chosen so that the incrementing and decrementing signals on the leads 66
      and 65 respectively maintain the appropriate relationship in the register
      31 to accurately correlate charging time periods with corresponding
      discharging intervals. In the circuit illustrated, the time recorder,
      formed by the oscillator 33 and the AND-GATE 29, is connected through the
      dividing circuit 30 to the decrementing lead 65. A clock mechanism, formed
      by the oscillator 33 and the AND-GATE 34, is connected through the
      dividing circuit 35 to the incrementing lead 66. Since the output of
      AND-GATE 29 is connected to the inverted input of AND-GATE 34, it can be
      seen that the existence of a timing signal (low voltage) on lead 64
      inhibits an output from the clock mechanism to the incrementing lead 66.
PAR  Preferably, the register 31 is provided with upper and lower limits which
      inhibit the register from decrementing to a number less than zero and
      which also inhibit the register from incrementing to a number greater than
      a predetermined maximum allowable number. This is achieved through
      conventional inhibiting circuitry. If either of these events occur, an
      alarm 36 is sounded. Otherwise, the number currently recorded in register
      31 may be visually ascertained from the display unit 32.
PAR  As an added feature, the buzzer 36 may be briefly actuated by the register
      31 using conventional circuitry each time a charging period is recorded
      therein. In this manner, a patient is automatically provided with an audio
      signal which informs him that he need charge his cardiac pacing unit no
      more at that particular time.
PAR  One physical embodiment of a power source for a rechargeable cardiac pacing
      system constructed according to this invention is illustrated in FIGS. 6
      and 7. The power source 37 utilizes its own rechargeable battery 53 which
      is connected to an induction coil located in the charging head 42 by means
      of an electrical cord 44. The unit is turned on and off by means of a
      switch 41. Improper charging is signalled by the intermittent flashing of
      a yellow light 27 and by the intermittent sound of the buzzer 28 enclosed
      within the casing of the power source 37. The green light 26 indicates
      proper charging while a blue light 40, connected in parallel with the
      buzzer 36, indicates the expiration of a predetermined interval of proper
      charging, as recorded in the register 31. The unit 37 may be fastened to
      the belt of the patient by means of hook 38. A signal indicated by a red
      light 39 signifies that the charge of the rechargeable battery 53 in the
      portable power source is at a voltage level less than a predetermined
      minimum allowable voltage level. The patient knows that he therefore must
      recharge the rechargeable battery 53 as soon as possible.
PAR  To facilitate the proper alignment of the induction coils in the charging
      head 42 of the power source with the induction coils in the charging unit
      10, a vest 45 is provided for fastening in position about the upper
      portion of a human torso indicated generally at 50. Vest 45 is provided
      with straps 47 and 48 and clasps 46. The vest 45 also has a contact
      surface 67 for positioning proximate to the skin area of the patient in
      the vicinity of the charging circuit 10. The charging head 42 is also
      equipped with a contact surface 43. One of the contact surfaces 43 and 67
      includes a multiplicity of flexible hooks projecting outward from the
      contact surface. The other of the contact surfaces includes a loop pile
      projecting outward therefrom. This form of fastening means is illustrated
      in U.S. Pat. No. 3,009,235. The contact surface 43 is positionable in
      face-to-face relationship with respect to the contact surface 67 whereby
      the hooks from the one contact surface become engaged in the pile of the
      other contact surface with only a slight contact between the two surfaces.
      The contact surfaces, when positioned in this face-to-face relationship,
      thereby resist lateral displacement and angular rotation with respect to
      each other from forces acting laterally therebetween. That is, once the
      contact surface 43 is in the position indicated at 49 in FIG. 8, where
      proper charging of the charging circuit 10 is achieved, the weight of the
      charging head 42 or any shifting of the patient's torso 50 will not cause
      misalignment between the induction coils.
PAR  The circuit design of the tissue stimulator in FIG. 3 is that of a fixed
      rate pacer. The improvement of this invention is equally applicable to
      demand pacers as well. The physical packaging of the charging circuit,
      telemetry circuit, and tissue stimulator are largely described in U.S.
      patent application Ser. No. 267,114, filed on June 28, 1972, now abandoned
      in favor of continuation-in-part application Ser. No. 464,441, filed Apr.
      26, 1974. Briefly stated, however, the pulse generating circuitry employed
      comprises a transistor network including transistors Q11, Q12, Q13, and
      Q14 powered by the rechargeable battery 15 which is charged by current
      from leads 51 and 52 through resistor R22 from the charging circuit.
      Transistors Q11, Q12, resistors R10 through R19, the base emitter junction
      of Q13 and capacitors C11 and C12 comprise a relaxation oscillator that
      produces a train of current pulses through the collector of Q12. The
      period between the pulses is determined by the time to charge C11 via
      terminal A through high resistance resistors R12 and R17 towards the
      negative voltage at the negative terminal of battery 15, while the B
      terminal of capacitor C11 is being held relatively constant at the
      positive voltage of battery 15 through the series connection of low
      resistance resistors R15, R19, R16, R10 and R22 (R16 is shunted partially
      by the base emitter junction of Q13 and R18). This is mainly determined by
      the time constant of C11 and the combined value of R12 and R17. During the
      time between pulses, O11 and O12 are both non-conducting. However, when
      the base of Q11 becomes negative to the emitter of Q11 by an amount
      sufficient to cause current to flow in the collector of Q11, current from
      the collector of Q11 will start to flow through R13 and charging C12
      through the base emitter junction of Q12 thus turning on Q12. Current from
      the collector of Q12 will, in turn, flow through R15 reverse charging C11
      through the base emitter junction of Q11. Thus Q11 is turned on even
      harder. This regenerative action causes Q11 and Q12 to turn on suddenly.
      Q11 and Q12 stay on until C11 is charged up to the point when the charging
      current through the base of Q11 is not sufficient to maintain the
      regenerative feedback. This is determined by time constants R15, C11 and
      R14, R13, C12.
PAR  The battery charging current from line 51 through R22 causes an increase in
      the rate of the relaxation oscillator by increasing the effective voltage
      powering the oscillator by the voltage drop across R20, R21 and R22. Q13
      and Q14 form a power amplifier to drive a pulse of current through the
      primary of transformer 54. Zener diodes VR2 and VR3 form a protection
      circuit across the leads from the secondary coil of the transformer 54.
      The resistor R18 is of some significance in that in conjunction with Zener
      diode VR1 it serves to prevent dangerously high frequencies from
      developing in the fixed rate circuit illustrated in FIG. 3 if battery 15
      were to open circuit and a charging current applied. It should be kept in
      mind that a demand pacer circuit might well be employed in place of the
      fixed rate pacer circuitry of FIG. 3.
PAR  The physical configuration of the pacer component is as illustrated in FIG.
      10. The considerations of placement and the materials used are largely
      described in U.S. patent application Ser. No. 267,114, filed on June 28,
      1972 and now abanoned. One very significant difference should be noted,
      however. An annular electrically conductive band 57 encircles the
      transformer 54 of the tissue stimulating circuit. The band 57 is
      positioned in insulated concentric arrangement with respect to the primary
      coils 55 and the secondary coils 56 of the transformer 54. A highly
      conductive closed container 58 encapsulates electrically conductive band
      57 and the transformer 54. Container 58 is electrically insulated from
      band 57 and the transformer 12 as illustrated. The purpose of utilizing
      the metal band 57 and the container 58 is to prevent the charging field
      from the power source 13 from causing current flow in the transformer 54.
      Once subjected to a charging field, a current flow is induced in the metal
      band 57 and container 58. This current flow in band 57 and container 58
      induces an opposing magnetic field that cancels the effects of the
      original magnetic field from the power source 13 or charging circuit 10.
      The transformer 54 is thereby rendered insensitive to the fields from
      charging head 42 and charging circuit 10. The metal band 57 is preferably
      constructed of copper while the metal box 58 is usually constructed of a
      magnetically shielding metal such as soft iron.
PAR  The foregoing embodiment depicts the invention in the form deemed most
      preferable. Other modifications and alterations will be apparent to those
      familiar with cardiac pacer and other tissue stimulating devices.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rechargeable tissue stimulating system comprising:
PA1  means for implantation in the body of a living subject for applying
      electrical pulses to stimulate living tissue in order to maintain bodily
      functions of said subject, said means including a rechargeable DC voltage
      source supplying the power for said pulses;
PA1  internal charging means for implantation beneath the skin of said subject
      and connected to said source for providing a charging current to said
      voltage source, said internal charging means including a first induction
      coil;
PA1  an external means for supplying power by induction to said internal
      charging means and including a second induction coil for setting up a
      magnetic field and for positioning external to a living subject and
      proximate to said first induction coil;
PA1  telemetry means connected to said internal charging means for detecting the
      magnitude of said charging current received by said DC voltage source and
      providing a magnetic output signal to said external power source
      indicative of the magnitude of said charging current; and
PA1  transducer means forming a part of said external means for supplying power
      for converting said magnetic output signal to an electrical signal, and
      including current control means responsive to said electrical signal for
      adjusting the strength of the magnetic field applied to said internal
      charging means in response to changes in said electrical signal, such that
      the magnitude of said charging current is maintained within predetermined
      limits.
NUM  2.
PAR  2. The tissue stimulating system of Claim 1 in which said first induction
      coil includes first and second output leads, and wherein said internal
      charging means further comprises first and second diodes respectively in
      series with said first and second output leads to rectify the output of
      said first induction coil,
PA1  a current sampling resistor means connected in series to one of said diodes
      on the side opposite said first coil, and
PA1  a shunt current regulator connected between the other of said diodes on the
      side opposite said first coil, and to said current sampling resistor on
      the side opposite said one diode, said regulator including a current
      shunting transistor with the collector thereof in series with said current
      sampling resistor, the emitter thereof connecting with said other diode,
      said regulator also including a shunt resistor biasing the base of said
      transistor and connected across the emitter and base thereof.
NUM  3.
PAR  3. The tissue stimulating system of claim 2, wherein the implantable
      charging circuit further comprises a third diode in series with either of
      said first and second diodes, to prevent said internal charging means from
      draining current from said DC voltage source in the event of a short in
      said internal charging means.
NUM  4.
PAR  4. A rechargeable cardiac pacing system for maintaining stimulating pulses
      to the heart of a patient comprising:
PA1  means for positioning beneath the skin of a patient for applying
      stimulating pulses to the heart of the patients, including a rechargeable
      DC voltage source, and catheter means, said catheter means including
      electrodes connected to said pulse generating circuits;
PA1  means for internal positioning beneath the skin of a patient for recharging
      said DC voltage source and including a first induction coil;
PA1  an external means for supplying power by induction to said internal
      recharging means, said external means including a second induction coil
      for external positioning with respect to the patient proximate to the
      first induction coil;
PA1  telemetry means connected to said internal recharging means for detecting
      the magnitude of a charging current received by said DC voltage source,
      and for providing a magnetic output signal indicative thereof;
PA1  timing means responsive to said magnetic output signal and including means
      for storing a signal indicative of time elapsed during which the magnetic
      output signal indicates that the charging current is at least as great as
      a predetermined minimum operating level.
NUM  5.
PAR  5. The cardiac pacing system of claim 4 wherein said means for storing
      comprises a register and said timing means further includes transducer
      means for converting said magnetic output signal to an electrical signal,
      a comparator for providing a timing signal when actuated by a magnetic
      output signal exceeding a predetermined minimum level, and time recorder
      means connected to actuate said register for recording time elapsed during
      which a timing signal is received thereby.
NUM  6.
PAR  6. The cardiac pacing system of claim 5 wherein said timing means further
      includes a dividing means connected to said register operative to tabulate
      a number of identical charging periods of uniform duration in said
      register.
NUM  7.
PAR  7. The cardiac pacing unit of claim 6 wherein said register is further
      provided with means for generating an audio output each time a charging
      period is recorded in said register.
NUM  8.
PAR  8. The cardiac pacing system of claim 4 wherein said register decrements as
      well as increments and includes inputs corresponding thereto, with said
      time recorder means being connected to said decrementing input, and
      wherein said timing means further comprises clock means connected to said
      incrementing input, whereby said register counts the discharged time
      intervals during which said rechargeable DC source discharges during its
      normal use, as well as the charging time intervals during which said DC
      source receives said timing signal indicative of proper charging, said
      register offsetting said discharge and charge intervals against each other
      to indicate the remaining recommended recharging time needed to fully
      restore said DC source.
NUM  9.
PAR  9. The cardiac pacing system of claim 8 in which said time recording means
      includes an oscillator and a first AND gate in which said oscillator is in
      series with one input of said gate, the second input of said gate
      receiving said timing signal, and in which said timing means also includes
      said oscillator as well as a second AND gate, with said oscillator being
      in series with one input of said second gate, and the output of said first
      gate being connected to the other input of said second gate, as well as in
      series with said decrementing register input, and the output of said
      second gate being in series with said incrementing input, whereby the
      occurrence of one of said timing signals inhibits the output of said clock
      means.
NUM  10.
PAR  10. The cardiac pacing unit of claim 8 wherein said register includes means
      for furnishing a limit signal either upon the occurrence of a
      predetermined maximum increment, or upon the occurrence of a decrement to
      zero, and in which said timing means further includes limit alarm means
      connected to said register and responsive to said limit signal to warn of
      an unacceptable charge or discharge state.
NUM  11.
PAR  11. The cardiac pacing system of claim 4 further including means for
      generating an audio signal actuated by operation of said means for
      supplying power and connected to said telemetry means, said audio signal
      generating means further including means for disabling said audio output
      in response to a magnetic output signal indicative of a charging current
      at least as great as a predetermined minimum operating level.
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ABST
PAL  Apparatus and method for either manually or automatically initiating the
      cardioversion of a malfunctioning heart. The apparatus includes a single
      intravascular catheter electrode system which allows for a much more
      compact cardioverting system capable of being completely implanted within
      the patient. The heart function is continuously monitored, and when the
      function becomes abnormal, the malfunctioning heart is shocked by a
      voltage of sufficient amplitude to restore the heart to normalcy. If the
      heart does not return to its normal functions after a given interval, then
      it is again shocked. Normal heart activity ensures that the shocking
      mechanism remains inert.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation-in-part of U.S. Pat. Application Ser. No. 124,326
      filed Mar. 15, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  During the past several decades, coronary heart disease has come to occupy
      the first position among the causes of death in the developed areas of the
      world. In the United States, for example, this disease is responsible for
      over one-half million deaths yearly. And of this number, more than half
      occur suddenly, outside the hospital, and therefore before the patient is
      able to obtain the necessary medical assistance. Although the precise
      cause of sudden death in coronary heart disease has not yet been entirely
      clarified, the available evidence permits the medical field to ascribe
      death in the majority of these cases to grave disturbances in cardiac
      electrical activity culminating in ventricular fibrillation.
PAR  The frustrating but related problem is the present inability to deal
      effectively with lethal and non-lethal arrhythmias outside of a hospital
      setting. Within the hospital environment, recent experience has clearly
      demonstrated that ventricular fibrillation and its frequent precursor,
      ventricular tachycardia, are reversible phenomena when prompt
      defibrillation of the heart is instituted. Under such circumstances,
      cardiac function can frequently be restored to normal without the patient
      suffering from residual disability. Unfortunately, however, the state of
      the art makes defibrillation very much dependent upon a highly specialized
      medical environment, thus limiting such treatment to elaborately equipped
      modern hospitals.
PAR  There is no question that a great need exists for a defibrillator which
      could be carried by those who are prone to having one of the many life
      threatening arrhythmias generally discussed above. Thus, in some patients
      having coronary heart disease, a fatal outcome from ventricular
      tachycardia or ventricular fibrillation could be avoided, even in the
      absence of immediate medical assistance. The first step, of course, is the
      detection of those prone to suffering from cardiac malfunctions leading to
      ventricular tachycardia or ventricular fibrillation.
PAR  While it is not possible to predict with unerring certainty which patients
      suffering from coronary heart disease will be the victims of sudden death,
      several high risk groups of patients can be recognized. For example,
      patients who have experienced myocardial infarction, even though they may
      be surviving in good health, run a substantial risk of dying suddenly, a
      risk several times greater than that associated with the general
      population. Further, if patients with myocardial infarction have a history
      of serious ventricular arrhythmias and/or of cardiac arrest, or if
      evidence of persistent myocardial irritability is present, it may
      logically be assumed that the risk of sudden death is increased
      substantially. Patients like those described above would greatly benefit
      from an automatic, standby or demand defibrillator.
PAR  Also, such an automatic defibrillator would be an asset to those
      hospitalized patients who have suffered myocardial infarction both in the
      coronary care unit and those who have been discharged from the
      well-equipped coronary care unit. Under such circumstances, the
      defibrillator could be utilized temporarily for the remainder of the
      expected hospital stay; or the automatic defibrillator could be
      permanently implanted for use both in the hospital and after discharge.
PAR  Another recognizable class of patients particularly in need of an automatic
      defibrillator is the class composed of those who have not shown prior
      histories of myocardial infarction but who show severe symptoms of
      coronary heart disease, such as ventricular arrhythmias resistant to
      medical treatment or angina pectoris.
PAR  From the brief discussion above, there should be little doubt that the
      possible applications for an automatic defibrillator are numerous. Such
      automatic standby defibrillators have been developed and are described in
      U.S. Pat. No. Re. 27,757 entitled STANDBY DEFIBRILLATOR AND METHOD OF
      OPERATION and U.S. Pat. No. Re. 27,652 entitled ELECTRONIC STANDBY
      DEFIBRILLATOR.
PAR  The automatic standby defibrillators described in the above-identified
      patents employ a sensing probe carrying one electrode which is positioned
      in the right ventricle of the heart. A second electrode, separate from and
      unconnected to the sensing probe, is generally a flat plate either placed
      on the outer surface of the chest, sutured under the skin of the anterior
      chest wall or applied directly to the ventricular myocardium. As a result,
      these systems require much more surgery and, depending on the position of
      the second electrode, may ultimately be only partially implanted. In
      addition, such systems require a capacitor of sufficient size and capacity
      to store approximately several hundreds of watt-seconds, which is the
      necessary energy required in those systems to produce defibrillation.
      Therefore, it is evident that an automatic standby or even a manually
      initiated defibrillating system which requires a much lower energy level,
      thereby being much smaller and compact in size and which may be totally
      and completely implanted within the patient, would be highly desirable and
      would represent a great improvement.
PAR  Another drawback of the prior art relates to the possibility of developing
      ventricular fibrillation in the course of correcting, for example, atrial
      fibrillation. In the prior art, the heart is often brought out of artial
      fibrillation by delivering an electrical shock across the chest by means
      of precordial electrodes, or paddles. With such an arrangement, it is
      necessary to develop a large electrical potential across the paddles, but
      impossible to centralize the potential across the atria. Accordingly, it
      is essential to very carefully time the pulses delivered to bring a
      malfunctioning heart out of atrial fibrillation, or the large shock across
      the ventricles may induce ventricular fibrillation. This is yet another
      indication of the need for a low-energy intravascular electrode system
      capable of accurately delivering electrical pulses to localized areas of
      the heart.
PAR  Two other disadvantages of the prior art high-energy cardioverting systems,
      and the need for improvement, should be noted. First, because of the
      extreme pain which could be experienced by a patient undergoing
      high-energy cardioversion, it is the practice to administer a general
      anesthetic before an attempted cardioversion. With a low-energy
      intravascular electrode system, the use of a general anesthetic can be
      avoided.
PAR  Secondly, the application of high-energy electrical shocks across the chest
      of a patient carries with it substantial risk of cardiac damage. Again, by
      way of a low-energy intravascular electrode system capable of localizing
      defibrillating electrical shocks, the potential risk of injuring the
      myocardium is considerably decreased.
PAR  In this regard, efforts have been made to experiment with defibrillators
      other than that described above. For one, see Hopps et al., "Electrical
      Treatment of Cardiac Arrest: A Cardiac Stimulator-Defibrillator," Surgery,
      Vol. 36, No. 4 (Oct. 1954), at pages 833-849. There, the researchers
      attempted to bring dogs out of ventricular fibrillation by using an
      intracardiac electrode carrying two very closely spaced electrodes. The
      authors concluded that shocks applied through an intracardiac catheter
      were not effective in cardiac defibrillation. A second example can be seen
      in recently issued U.S. Pat. No. 3,738,370. There, a single catheter
      carries a pair of electrodes spaced together so closely as to allow
      placement of both electrodes in the atrium. Though the patentee alleges
      effective cardioversion, the energy levels are higher than are actually
      necessary. The electrode spacing and location are seen to be the reasons.
      Therefore, to date, the medical field is without a simple, low-energy
      cardioverting device using a single intravascular electrode catheter
      capable of treating a wide range of atrial and ventricular arrythmias.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to just such a cardioverting device. As used
      herein, a cardioverter is an electronic system which, after detecting one
      of the above-noted lethal or non-lethal arrhythmias, reestablishes normal
      heart function in the heart of the user. "Cardioverting" or
      "cardioversion" as used herein is intended to encompass the correction of
      a number of arrhythmic heart conditions, both lethal and non-lethal. Those
      arrhythmic heart conditions include atrial tachycardia, atrial flutter,
      atrial fibrillation, junctional rhythms, ventricular tachycardia,
      ventricular flutter, and ventricular fibrillation, and any other
      non-pacemaking related arrhythmic condition which may be corrected by
      applying electrical shocks to the heart. Obviously then, "defibrillation"
      is included in the term cardioversion as a method of applying electrical
      shocks to the heart to defibrillate fibrillating atria or fibrillating
      ventricles.
PAR  The system of the present invention may be installed in patients
      particularly prone to develop ventricular tachycardia and/or ventricular
      fibrillation, or other types of tachyarrhythmias which may be corrected by
      cardioverting, either on a temporary or a permanent basis. And, because of
      extremely small and compact size, the system including both electrodes may
      be totally and completely implanted under the skin of the patient, or
      alternatively, may be carried externally, save for the sensing probe
      carrying the two electrodes.
PAR  More particularly, the present invention relates to a device for reliably
      sensing the differences between a properly functioning heart and one which
      has suddenly developed an arrhythmia correctable by cardioverting, and for
      then delivering a cardioverting shock to the arrhythmic heart. The device
      is adapted to continue delivering intermittent shocks to the heart in the
      event that the heart fails to return to its normal behavior pattern, and
      has the ability of automatically regaining sensing control over a
      functional heart thereby ensuring that further shocks are inhibited after
      successful cardioversion has taken place.
PAR  The standby defibrillator of the present invention has as its basic
      element, a capacitor capable of storing electrical energy in an amount
      sufficient to cardiovert a malfunctioning human heart. Upon discharge of
      this capacitor, a shock is delivered to the heart through the two
      stimulating electrodes. A sensing probe carries both electrodes, the whole
      unit forming a single intravascular catheter electrode system. One
      electrode forms the distal tip of the intracardiac catheter and is
      positioned within the right ventricle (when dealing with a ventricular
      arrhythmia) while the second stimulating electrode is spaced from the
      first electrode and is positioned either within the heart or in the
      vascular system outside the heart.
PAR  The capacitor is associated with a sensing circuit connected to the
      proximal end of the intracardiac catheter and is adapted to respond to a
      signal recorded at the distal end of the catheter. The signal sensed by
      the catheter must, of course, be inherently related to some distinctive
      characteristic of ventricular tachycardia or ventricular fibrillation; and
      in a specific embodiment of the present invention, the pressure in the
      right ventricle is sensed. When this pressure falls below a given value,
      on the order of 5 to 15 mm hg, the heart is malfunctioning and, therefore,
      the capacitor is discharged into the heart.
PAR  Between the sensing circuit and the capacitor, means are provided for
      delaying the repetition of depolarizing discharges for a preset period of
      time (on the order of 10 to 30 seconds). This delay is essential to give
      the heart the opportunity to be converter spontaneously to a normal
      cardiac rhythm, and also to ensure that the abnormal heart conditions are,
      in face, critical. Only in the absence of a successful conversion is a
      subsequent shock delivered to the heart. In a particular embodiment of the
      present invention, the time delay is brought about with the aid of a
      sawtooth generator, a relay and the charge time of the storage capacitor.
PAR  The above discussion, for the most part, has been directed to ventricular
      arrhythmias. It should be remembered, however, that the present invention
      is also well suited to treat arrhythmias of the atria. When being used in
      such a mode of operation, one electrode of the catheter is positioned in
      the right atrium while the other electrode resets outside the heart.
PAR  Accordingly, an aspect of the present invention is to provide either a
      manual or an automatic standby cardioverting device having a single
      intravascular catheter electrode system.
PAR  Another feature of the present invention is the provision of either a
      manual or an automatic standby cardioverting device capable of
      defibrillating a malfunctioning heart extremely rapidly and at relatively
      low energy levels. This device is extremely compact and includes an
      electrode system which is totally and completely implantable in the body
      of a patient. The unit lies dormant during normal heart activity but
      applies a shock to the heart when the heart functions become abnormal. If
      the unit is automatic, it reliably senses the difference between a
      normally functioning heat and one which has suddenly developed abnormal
      function, and then automatically delivers a cardioverting shock to the
      heart. Further, the unit is capable of delivering multiple shocks in the
      event that the heart is not successfully cardioverted by the initial
      shock; and is designed to automatically regain sensing control over a
      functioning heart, thereby inhibiting further shocks after successful
      cardioversion. Still another feature of the present invention is that it
      may sense conditions requiring either cardioversion or pacing.
PAR  The particular design of the intravenous catheter is an important aspect of
      the present invention. First, it is important that the catheter be
      flexible. Otherwise, the catheter could not safely be inserted and
      positioned in the heart. Second, it is important that the electrodes on
      the catheter have a sufficient contact surface so as to effectively
      discharge the stored energy through the heart. Thirdly, the electrode
      placement in the heart and, hence, the spacing between the distal and
      proximal electrodes on the catheter, are important to the effectiveness of
      the device. In the preferred embodiment of the invention, the
      intravascular catheter includes at least two spaced electrodes for
      discharging energy into the heart, with the electrode spacing being such
      that when the distal electrode is located in the heart cavity undergoing
      the arrythmia to be cardioverted, the proximal electrode lies outside the
      heart.
PAR  Based upon the foregoing preferred criteria, and in light of the well-known
      average heart sizes, the electrode spacing can be determined. For example,
      in the average adult, the heart measures about 121/2 cm. from the base to
      the apex. On the other hand, the length of the right ventricular inflow
      tract, that is, the internal spacing between the tricuspid annulus and the
      apex, is approximately 71/2 cm. Thus, taking into consideration the
      average thickness of the ventricles, the spacing between the base of the
      right atrium and the superior vena cava is approximately 31/2 cm. See, for
      example, S. E. Gould, Pathology of the Heart, 2d. Ed., Charles C. Thomas,
      publisher, p. 95; and S. A. O. Eckner, et al., "Dimensions of Normal Human
      Hearts," Archives of Pathology, vol. 88 (1969), pp. 497-507.
PAR  While it is preferable that an electrode be tailored to the user, based
      upon his precise heart measurements, useful ranges of electrode spacings
      can be set out for commercial production.
PAR  For ventricular cardioversion, the most adjacent distal and proximal
      electrodes are spaced at least two and one-half to three inches apart. As
      a practical range, the electrodes would be spaced apart somewhere between
      two and one-half and six inches apart. More preferably, the spacing would
      be between three and five inches, and for commercial exploitation, would
      be between 4 and 41/2 inches. For atrial cardioversion, on the other hand,
      the electrodes would be spaced at least 21/2 to 3 inches apart, with the
      maximum electrode spacing again being somewhere between 21/2 and 6 inches,
      and in the commercial embodiment, would be spaced apart somewhere from
      between 21/2 and 4 inches.
PAR  These and other aspects of the invention, as well as many of the attendant
      advantages thereof, will become more readily apparent when reference is
      made to the following description taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the combination sensing probe and electrode
      structures defining the single intravascular catheter electrode system
      which forms a part of the present invention;
PAR  FIG. 2 indicates the catheter system of the present invention positioned in
      the heart;
PAR  FIG. 3 illustrates a typical pressure curve for the right ventricle of a
      normally functioning heart;
PAR  FIG. 4 is a circuit schematic of one embodiment of an electronic circuit
      which may be employed in the standby defibrillator of the present
      invention; and
PAR  FIG. 5 is a graph of voltage versus time illustrating the operation of the
      sawtooth generator forming a part of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For purposes of description, the present invention will be explained for
      use in accomplishing ventricular defibrillation. However, it should be
      understood that the present invention could be employed for performing
      cardioversions with respect to other arrhythmic conditions as described
      above.
PAR  FIG. 1 shows a single intravascular catheter electrode system 10 which
      comprises a pacing tip shown generally at 11, a distal electrode shown
      generally at 12, and a proximal electrode indicated generally at 13. The
      term "catheter" as used herein is intended to mean an intravascular or
      transvenous lead either with or without a lumen. The electrode system 10
      is designed so that it is protected from the corrosive environment inside
      the human vascular system, and is sealed so as to be inert to body fluids.
      Electrical connection is made via a coil spring wire 14, which is
      completely molded in a silicone rubber, substantially cylindrical casing
      15, and which associates with a hollow conductive cap 16 affixed to the
      extreme distal end of catheter system 10. Cap 16 serves as the electrodes
      or pacing tip if it is desired to use the catheter system in a pacemaking
      mode. A coil spring is used so that a stylet may be passed therethrough to
      facilitate placement of the catheter system into proper position. Cap 16
      may, for example, be made of solid platinum irridium.
PAR  Distal electrode 12 comprises a plurality of spaced, conductive metal rings
      17, three being shown in the illustrated embodiment. Metal rings 17 may,
      for example, be made of solid platinum irridium and fit snugly to prevent
      lateral movement around casing 15. A spacing 18 is left between adjacent
      rings 17 in order to provide the electrode with the necessary flexibility
      for positioning in the vascular system without undue stress and strain. A
      plurality of rings define electrode 12 to provide sufficient surface area
      and hence good electrical contact with the heart tissues when the catheter
      is implanted. All of the rings 17 are electrically connected together in
      series by a low impedance wire 19. Wire 19 may, for example, be platinum
      tinsel wire or three serve copper tinsel wire. The wire should be
      sufficiently conductive to adequately deliver the voltage levels used in
      defibrillating.
PAR  Proximal electrode 13 comprises a plurality of spaced-apart conductive
      metal rings 20, with four being illustrated in the FIG. 1 embodiment.
      Metal rings 20 may, for example, be made of solid platinum irridium and
      fit snugly about the molded silicone rubber casing 15. A spacing 21 is
      left between adjacent rings 20 in order to provide the electrode with the
      necessary flexibility for positioning in the vascular system without undue
      stress and strain. A plurality of rings define electrode 13 to provide
      sufficient surface and good electrical contact with the heart tissues when
      the catheter is implanted. All of the rings 20 are elecrically connected
      together is series by a low impedance wire 22. Wire 22 may, for example,
      be platinum tinsel wire or three serve copper tinsel wire. The wire should
      be sufficiently conductive to adequately deliver the voltage levels used
      in defibrillating. Casing 15 seals wires 14, 19 and 22 so as to make them
      inert from body fluids as well as electrically insulates them from one
      another.
PAR  Although the embodiment shown depicts the distal electrode 12 as having
      three conductive rings 17 and the proximal electrode 13 as having four
      conductive rings 20, the number of rings of each electrode may be varied.
      Also the length of each of the rings 17 and 20, as well as the spacings 18
      and 21 respectively between them, may vary. The important relationship is
      that catheter system 10 be sufficiently flexible to be easily positioned
      within the vascular system, and at the same time have sufficient surface
      area on each of the electrodes to provide good electrical contact with the
      heart when catheter system 10 is properly positioned to deliver energy
      sufficient to cardiovert the heart. In the specific embodiment shown,
      rings 17 and 20 are each 1/4 inch in length and spacings 18 and 21 are
      each 3/8 inch. the overall length of catheter system 10 may typically be
      approximately 60 to 70 cm.
PAR  Another dimension of importance is the interelectrode distance, d, shown in
      FIG. 1 between the distal electrode ring 17 farthest from cap 16 and the
      closest proximal electrode ring 20 thereto. Of course, the required
      distance will be slightly different from one patient to the next. However,
      a good average for ventricular cardioversion is between four and four and
      one-half inches for the interelectrode distance, d. For atrial
      cardioversion, the distance, d, would be somewhere between 21/2 and 4
      inches for the preferred embodiment.
PAR  A sensing probe 23 may be carried by catheter system 10 if it is used as an
      element of an automatic cardioverter. The sensing probe comprises a main
      body portion 24 and, for example, a pressure sensitive bulb 26. Electrical
      connections to bulb 26 are made at junction box 28. The main body 24 of
      the sensing probe is in the shape of a flat ribbon, and the body of bulb
      26 is spherical.
PAR  FIG. 2 shows one possible position of catheter electrode system 10 in a
      heart for effecting ventricular defibrillation. Catheter system 10 is
      introduced through a peripheral vein, such as, for example, the right
      jugular vein, by means of surgery very similar to that involved in the
      implantation of a pacemaking catheter. One very effective position has
      been found to be where the distal electrode 12 is wedged in the apex of
      the right ventricle and proximal electrode 13 is immediately superior to
      the right atrium or just outside the cardiac silhouette in the vascular
      system. In this position distal electrode ring 17 farthest from cap 16
      should not be too close to the tricuspid valve and the proper
      intro-electrode distance, d, should be provided so that proximal electrode
      13 lies just outside the cardiac silhouette.
PAR  When the catheter system 10 is being inserted in proper position as shown
      in FIG. 2, cap 16 of pacing tip 11 and electrode 12 are electrically
      isolated from one another. At this time, therefore, conventional
      pacemaking signals may be applied between cap 16 and electrode 12 by
      delivering the appropriate pacemaking signals to coil spring 14 and wire
      19, respectively. Since the heart responds favorably to the pacemaking
      signals only if cap 16 of pacing tip 11 is properly positioned, this
      method is suitable for checking the position of catheter system 10. The
      proper location may, of course, be recognized by other methods such as,
      for example, fluoroscopy or pressure recordings. Once it is determined
      that catheter system 10 is properly located, it is secured in place and
      the pacemaking electronics, if unnecessary for the particular patient, are
      disconnected. The electronic circuit associated with the standby
      defibrillator of the present invention is then connected to electrodes 12
      and 12 via wires 19 and 22, respectively.
PAR  With reference now to FIG. 3, there is illustrated a right ventricular
      pressure curve for a normally functioning heart. Only pulses 30 and 32 are
      illustrated for ease of description, though such pulses repeat at the rate
      of approximately 60 to 70 per minute in a normally functioning heart. FIG.
      3 clearly shows that each pulse has a peak and that these peaks rise above
      a preset pressure indicated by the dotted line 38. This dotted line
      corresponds to the threshold between a healthy heart and one which is in
      need of cardioversion. When the height of the peaks 34 and 36 falls below
      the pressure indicated by line 38, the malfunction is sensed by probe 23
      which, as will be described immediately below, initiates the cardioversion
      of the heart.
PAR  With reference then to FIG. 4, one embodiment of an electronic circuit
      which may be used with the standby defibrillator of the present invention
      will be described. The electronic circuitry of FIG. 4 may conveniently be
      broken down into several component parts. The first part is a pressure
      transducer shown at 40, this pressure transducer being directly associated
      with the pressure sensing probe 23. The next stage of the electronics is a
      combination of an amplifier and a sawtooth generator shown at block 42.
      The amplifier is adapted to amplify the signals received from pressure
      transducer 40. The sawtooth generator comprises a transistor and a
      capacitor connected between the collector electrode of the transistor and
      ground. The signal from the sawtooth generator is then passed to an output
      amplifier shown at 44, which amplifier in turn feeds its output signal to
      the base of a transistor associated with the relay stage shown at 46. The
      relay 46 is normally in its open state condition, but when it is closed, a
      DC signal is impressed upon a DC/DC converter stage 48. The DC/DC
      converter 48 boosts the input voltage from approximately 15 volts to the
      necessary defibrillating voltage. The DC voltage signal from the converter
      48 is then fed to a storage capacitor 70 which is associated with a firing
      circuit, the entire combination shown at 50. When the firing circuit 50
      triggers the discharge of the capacitor 70, the necessary defibrillating
      voltage signal is applied to the electrodes 12 and 13 illustrated in FIG.
      1. Therefore, when the sensing probe 23 senses a malfunction in the heart,
      the capacitor, after a predetermined time delay, shocks the heart with the
      appropriate defibrillating voltage.
PAR  Still referring to FIG. 4, but in greater detail, the circuitry associated
      with the present invention functions as follows. The pressure transducer
      40 takes the form of a resistive bridge, one resistor of which is defined
      by the pressure sensor 26 on the tip of the probe 23. The remaining legs
      in the bridge are defined by resistors housed in the junction box 28 shown
      in FIG. 1. The pressure transducer 40 is arranged so that the pressure
      sensed by element 26 is converted to an electrical signal, the amplitude
      of which is directly proportional to the sensed pressure. The output from
      the pressure transducer 40 is fed to a conventional multistage amplifier
      shown in block 42 which amplifies the received pulses and which then feeds
      these amplified pulses to the sawtooth generator also in block 42. The
      trimming potentiometer 52 is provided to balance the inputs to the
      associated amplifier.
PAR  With reference now to FIGS. 3 through 5, the operation of the sawtooth
      generator will be described. the sawtooth generator, if unaffected by the
      external environment, will have an output curve such as that shown at 54
      in FIG. 5. However, if a signal is fed to the sawtooth generator, and if
      the signal is at least of a predetermined amplitude, then the output
      voltage of the generator on lead 56 will immediately drop to zero and then
      again begin to climb. Therefore, if the sawtooth generator receives
      repetitious pulses of at least the predetermined voltage, then its output
      will be similar to that shown in FIG. 5 by waveform 58.
PAR  If the heart functions sensed by the pressure transducer 40 are normal,
      following the curve shown in FIG. 3, then the amplified signal
      corresponding to a pulse in ventricular pressure will cause the output of
      the sawtooth generator to drop to zero. The threshold signal reaching the
      sawtooth generator can be adjusted by adjusting the amplification factor
      of the signal amplifier shown in block 42. Amplifier 44 has a threshold
      which is adjusted by potentiometer 62 so that the amplifier 44 actuates
      the relay 64 only after approximately 6 seconds of heart malfunction. If,
      then, the ventricular pressure falls lower than that value indicated by
      the dotted line 38, and so remains for the preset time interval, the
      amplified voltage reaching the generator will be insufficient to cause the
      generator output to drop to zero. Rather, the generator output will follow
      the curve shown at 54 in FIG. 5, and the threshold of amplifier 44 will be
      reached. Trimming potentiometer 60 is provided to balance the inputs to
      the associated output amplifier 44 from lead 56 and potentiometer 62.
PAR  The output from the amplifier 44 is fed to the relay circuit 46. The relay
      contacts shown generally at 64 are initially set in the open-circuit
      condition, thereby isolating the 15 volt source from the DC/DC converter
      48. Further, the relay 46 is set to close only after the current passing
      though coil 66 reaches a predetermined value. With reference to FIG. 5,
      the voltage output of the sawtooth generator must be at the level 68, the
      threshold of amplifier 44, before the current in the coil 66 is sufficient
      to switch the relay 64 into its closed-circuit state.
PAR  When the relay 64 closes, then the 15 volt source is connected directly to
      the DC/DC converter 48. From FIGS. 3 through 5, it can be seen that
      approximately six seconds must elapse, with the heart continuously
      malfunctioning, before the relay 64 switches from its open-circuit mode to
      its closed-circuit mode. This will be apparent when one realizes that each
      "tooth" of the curve 58 corresponds to one peak of the right ventricular
      pressure response and, as noted above, the peaks of the pressure curve
      repeat at approximately 60 to 70 per minute. Therefore, absence of a
      coordinated ECG-ventricular pressure peak must exist for approximately six
      seconds before input voltage is fed to the DC/DC converter 48. If the
      heart returns to its normal function at any time during that 6 seconds,
      then the sawtooth generator output response would drop to zero and the six
      second cycle would begin again.
PAR  With the relay 64 closed and a 15 volt or other DC signal appropriate from
      implantable battery sources being impressed upon the converter 48, an
      output of sufficient voltage to produce defibrillation appears at the
      output terminals of the converter 48 when capacitor 70 is fully charged.
      Simultaneously, this voltage signal is fed to a resistive chain and
      finally to the base of transistor 72 via a neon tube 74. A silicon
      controlled rectifier (SCR) 76 is triggered on when transistor 72 becomes
      conductive.
PAR  The operation of the firing circuit 50 is as follows: the voltage signal
      from the converter 48 is fed to the capacitor 70. When the capacitor 70 is
      fully charged, the transistor 72 becomes conductive, due to the
      now-conducting neon tube 74. The resistor chains and the tube 74 are
      interconnected in such a manner that when the voltage across the capacitor
      70 reaches the full voltage level from converter 48, then the tube 74
      becomes conductive. When the tube 74 conducts, so too does transistor 72
      and, therefore, SCR 76. Then, the full defibrillating voltage passes
      through electrodes 12 and 13 thus shocking the heart with a voltage
      sufficient to cause defibrillation.
PAR  As noted above, it is important that a time period elapse between the
      detection of a heart malfunction and the delivery of the defibrillating
      shock to the heart. As also noted above, an approximately 6 second delay
      occurs between the first detection of a malfunction and the closing of
      relay 64. Then, there is an additional delay, on the order of a few more
      seconds, which is brought about by the charge time of capacitor 70. That
      is, when the relay 64 closes, 6 seconds after the initial malfunction, the
      capacitor first begins to charge. Preferably, less than 20 seconds elapse
      between the initial sensing of heart fibrillation and the discharge of the
      capacitor into the heart. Naturally by varying the rise time of the
      sawtooth generator and the charge time of the capacitor, the twenty
      seconds may be enlarged or contracted as desired. And, as mentioned above,
      if at any time during the delay period the heart returns to normal, then
      the delay period automatically begins again.
PAR  In recent animal experiments using dogs in which fibrillation was induced
      by an alternating current electrical signal, defibrillation was achieved
      successfully in less than 3 watt-seconds at voltages as low as a few
      hundred volts. Even more recently, success in atrial cardioversion was
      achieved at an energy level of a mere 0.1 watt-seconds. However, it is
      possible that effective results at lower energies may be achieved by
      appropriate selection of the system's parameters.
PAR  Above, a specific embodiment of the present invention has been described.
      It should be understood, however, that this description is given for
      illustrative purposes only and that many alterations and modifications may
      be practiced without departing from the spirit and scope of the invention.
      Just as a few examples, it should be understood that while in the specific
      embodiment of the present invention, the pressure in the right ventricle
      is sensed as an indication of heart malfunction, other sensing
      arrangements may be practiced. Further, a single SCR is used as a
      triggering device. It is possible to substitute this device for a
      plurality of SCR units or, alternatively, with a vacuum relay. Still
      further, while the above description shows a single storage capacitor, a
      series of capacitors could be employed. It is, therefore, the intent that
      the present invention not be limited to the above but be limited only as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for cardioverting a malfunctioning heart with a single
      intravascular catheter carrying first and second spaced electrodes for
      delivering to the heart electrical energy to cardiovert the same, the
      method comprising the steps of: positioning the single intravascular
      catheter into association with the heart with said first electrode located
      within the heart chamber to be cardioverted and said second electrode
      located outside said heart chamber; sensing heart activityl; and
      delivering cardioverting electrical energy to the heart across said first
      and second electrodes when a manfunction susceptible to conversion by
      electrical shock is sensed.
NUM  2.
PAR  2. The method of claim 1, wherein said first and second electrodes are
      spaced apart a distance of at least about 21/2 inches.
NUM  3.
PAR  3. The method of claim 2, wherein said first and second electrodes are
      spaced apart a distance of between about 3 and 5 inches.
NUM  4.
PAR  4. The method of claim 3, wherein said first and second electrodes are
      spaced apart a distance of between about 4 and 41/2 inches.
NUM  5.
PAR  5. The method of claim 2, wherein said first and second electrodes are
      spaced apart a distance of between about 21/2 and 4 inches.
NUM  6.
PAR  6. The method of claim 1, wherein the cardioverting electrical energy is of
      at least approximately 0.1 watt-seconds.
NUM  7.
PAR  7. The method of claim 1, wherein said single intravascular catheter is
      flexible for safe passage through the venous system, and wherein said
      electrodes are ring shaped.
NUM  8.
PAR  8. The method of claim 1, and further comprising the step of: delaying the
      delivery of energy to the heart for a predetermined time after sensing a
      malfunction.
NUM  9.
PAR  9. The method of claim 1, and further comprising the step of: reinitiating
      the delivery of electrical energy if the heart should fail to be
      cardioverted after a delivery of energy.
NUM  10.
PAR  10. The method of claim 1, wherein said second electrode is located outside
      the heart, within the vascular system.
NUM  11.
PAR  11. In a system for cardioverting a malfunctioning heart, comprising
      storage means for storing electrical energy, sensing means for sensing
      heart malfunction susceptible to conversion by electrical shock, electrode
      means for electrically connecting the storage means to the heart, and
      means for initiating the discharge of the electrical energy stored by said
      storage means across said electrode means and into the heart upon sensing
      a malfunction: a single intravascular cardioverting catheter carrying said
      electrode means in the form of first and second electrodes for contacting
      the tissues of the heart so as to cardiovert the same upon discharge of
      said storage means, said first and second electrodes being spaced apart a
      distance of at least about two and one-half inches; and connecting means
      for connecting said first and second electrodes across said storage means.
NUM  12.
PAR  12. The catheter of claim 11, wherein said first electrode comprises at
      least two conductive surfaces spaced apart from one another; wherein said
      second electrode is spaced apart from said first electrode by at least a
      distance greater than the spacing between each of said first electrode
      conductive surfaces; wherein said second electrode comprises at least two
      conductive surfaces spaced apart from one another; and further comprising:
      first connecting means for electrically connecting all of said conductive
      surfaces of said first electrode in series and adapted to be electrically
      connected to a first side of said storage means; and second connecting
      means for electrically connecting all of said conductive surfaces of said
      second electrode in series and adapted to be electrically connected to a
      second side of said storage means different in potential from said first
      side.
NUM  13.
PAR  13. The catheter of claim 12, and further comprising: sealing means for
      providing electrical insulation and for maintaining the spacing between
      said conductive surfaces of said first electrode, between said first and
      second electrode and between said conductive surfaces of said second
      electrode and providing electrical insulation around and between said
      first and second connecting means.
NUM  14.
PAR  14. The catheter of claim 12, wherein said conductive surfaces of said
      first and second electrodes are rings.
NUM  15.
PAR  15. The catheter of claim 11, wherein the closest spacing between said
      first and second electrodes is between 3 and 5 inches.
NUM  16.
PAR  16. The catheter of claim 15, wherein the closest spacing between said
      first and second electrodes is between 4 and 41/2 inches.
NUM  17.
PAR  17. The catheter of claim 11, wherein the closest spacing between said
      first and second electrodes is between 21/2 and 4 inches.
NUM  18.
PAR  18. The catheter of claim 11, wherein said catheter is of a flexible
      material to accommodate safe application through the vascular system.
NUM  19.
PAR  19. The catheter of claim 11, wherein said system for cardioverting a
      malfunctioning heart further comprises conventional pacemaking
      electronics; and further comprising connection means for associating with
      said conventional pacemaking electronics.
NUM  20.
PAR  20. The catheter of claim 11, wherein said sensing means comprises a
      pressure sensitive bulb located near one end of said catheter for sensing
      blood pressure.
NUM  21.
PAR  21. The catheter of claim 11, and further comprising: means for sealing
      said connecting means so as to be inert to body fluids.
NUM  22.
PAR  22. The catheter of claim 11, wherein said first electrode is adapted to be
      wedged into the apex of the right ventricle and said second electrode is
      adapted to be positioned immediately superior to the right atrium just
      outside the heart in the vascular system.
NUM  23.
PAR  23. The catheter of claim 11, wherein said system for cardioverting a
      malfunctioning heart further comprises a conventional heart pacer; and
      further comprising: a pacing tip carried by said catheter at the very end
      thereof; and means for connecting said tip to said heart pacer; whereby
      said catheter is adapted to function both in a cardioverting mode and a
      pacemaking mode.
NUM  24.
PAR  24. A system for cardioverting a malfunctioning heart, the system
      comprising: storage means for storing electrical energy; a single
      intravascular cardioverting catheter carrying spaced first and second
      electrode means connected across said storage means for connecting the
      storage means directly to the heart and contacting the tissues of the
      heart for cardioverting the heart upon discharge of said storage means,
      said first and second electrode means being spaced apart a distance of at
      least 21/2 inches; and means for switching said storage means into a
      discharge state, whereupon the stored energy is released and applied
      directly to the heart across said first and second electrode means.
NUM  25.
PAR  25. The system as recited in claim 24, wherein one of said electrode means
      is adapted to be positioned within the heart cavity to be cardioverted,
      and the other of said electrode means is adapted to be positioned outside
      the heart.
NUM  26.
PAR  26. The system as set forth in claim 24, and further comprising
      conventional pacemaking electronics for developing electrical pacing
      impulses; and means for connecting said pacemaking electronics to said
      single intravascular catheter.
NUM  27.
PAR  27. The system as set forth in claim 24, wherein: said first electrode
      means carried by said catheter is near one end thereof and is adapted to
      be positioned within the heart; and said second electrode means carried by
      said catheter is adapted to be positioned outside the heart within the
      vascular system when said catheter is located in operative position.
NUM  28.
PAR  28. The system as set forth in claim 24, wherein: said first electrode
      means carried by said catheter is located near one end of said catheter
      and comprises a plurality of conductive surfaces spaced apart from one
      another; said second electrode means carried by said catheter is spaced
      from said first electrode means by a distance greater than the spacings
      between each of said first electrode conductive surfaces, and comprises a
      plurality of conductive surfaces spaced apart from one another; and
      further comprising connector means for electrically connecting in series
      all of said conductive surfaces of said first electrode means; connector
      means for electrically connecting in series all of said conductive
      surfaces of said second electrode means; means for attaching the
      respective connector means across said storage means; and means for
      maintaining the spacing between said conductive surfaces of said first
      electrode means, between said first and second electrode means, and
      between said conductive surfaces of said second electrode means and for
      providing electrical insulation around and between the respective
      connector means.
NUM  29.
PAR  29. A system for automatically cardioverting a malfunctioning heart, the
      system comprising: storage means for storing electrical energy; a single
      intravascular cardioverting catheter carrying sensing means for
      continually sensing the function of a heart, and at least two spaced
      electrodes for connecting the storage means directly to the heart and for
      contacting the tissues of the heart so as to cardiovert the heart upon
      discharge of said storage means, said spaced electrodes being separated by
      a distance of at least approximately 21/2 inches; discriminator means
      electrically in circuit with said sensing means and electrodes for
      discriminating between normal heart function and an arrhythmia correctable
      by cardioversion; and means for automatically switching said storage means
      into a discharge state, in response to a sensed arrhythmia correctable by
      cardioversion, whereupon the stored energy is applied directly to the
      heart through said electrodes to cardiovert the malfunctioning heart.
NUM  30.
PAR  30. The system as set forth in claim 29, and further comprising: delay
      means for ensuring that a time delay exists between the sensing of the
      initial heart malfunction and the discharge of said storage means into the
      heart.
NUM  31.
PAR  31. The system as set forth in claim 29, wherein said sensing means and at
      least one of said electrodes are adapted to be positioned within the
      heart.
NUM  32.
PAR  32. The system as set forth in claim 29, wherein said switching means
      further comprises means for reinitiating the heart-shocking cycle if the
      heart should fail to be cardioverted after being shocked.
NUM  33.
PAR  33. The system as set forth in claim 29, wherein said switching means
      inhibits the discharge of said storage means under conditions of normal
      heart activity.
NUM  34.
PAR  34. The system as set forth in claim 29 wherein said catheter carries one
      of said electrodes near one end thereof and adapted to be positioned
      within the heart, and the other of said electrodes spaced from the first
      and adapted to be positioned outside the heart within the vascular system
      when said catheter is located in operative position.
NUM  35.
PAR  35. The system as set forth in claim 29, wherein said single intravascular
      catheter comprises: a pressure sensitive bulb included in said sensing
      means and located near one end of said catheter for sensing blood
      pressure; the first of said electrodes carried by said catheter adjacent
      said bulb, said first electrode comprising a plurality of conductive
      surfaces, spaced apart from one another; the second of said electrodes
      spaced from said first electrode a distance greater than the spacings
      between each of said first electrode conductive surfaces, said second
      electrode comprising a plurality of conductive surfaces, spaced apart from
      one another; first means for electrically connecting all of said surfaces
      of said first electrode in series, said first means being adapted to be
      electrically connected to said storage means; second means for
      electrically connecting all of said surfaces of said second electrode in
      series, said second means being adapted to be electrically connected to
      said storage means; and means for maintaining the spacing between said
      conductive surfaces of said first electrode, between said first and second
      electrodes, and between said conductive surfaces of said second electrode
      and for providing electrical insulation around and between said first and
      second means.
NUM  36.
PAR  36. A system for cardioverting a malfunctioning heart, the system
      comprising: an energy source for developing cardioverting electrical
      energy; storage means connected to said energy source for storing said
      electrical energy; a single intravascular cardioverting catheter carrying
      first and second spaced electrodes for connecting the storage means
      directly to the heart and contacting the tissues of the heart to
      cardiovert the same upon discharge of said storage means, said first
      electrode being fixed on said catheter at a first location and connected
      to one terminal of said storage means, said second electrode being
      electrically isolated from said first electrode, fixed on said catheter at
      a second location and connected to an opposite terminal of said storage
      means, said first electrode adapted to be positioned within the heart and
      said second electrode adapted to be positioned outside the heart; and
      means for switching said storage means into a discharge state, whereby the
      stored energy is released from said storage means and applied directly to
      the heart through said first and second electrodes to cardiovert the
      malfunctioning heart.
NUM  37.
PAR  37. A system for automatically cardioverting a malfunctioning heart, the
      system comprising: an energy source for developing cardioverting
      electrical energy; storage means connected to said energy source for
      storing said electrical energy; a single intravascular cardioverting
      catheter carrying sensing means and at least first and second spaced
      electrodes for continually sensing the function of a heart, for connecting
      the storage means directly to the heart, and for contacting the tissues of
      the heart to cardiovert the same upon discharge of said storage means,
      said first of said electrodes being fixed on said catheter at a first
      location and connected to one terminal of said storage means, said second
      of said electrodes being electrically isolated from said first, fixed on
      said catheter at a second location and connected to an opposite terminal
      of said storage means, said first electrode adapted to be positioned
      within the heart and said second electrode adapted to be positioned
      outside the heart; discriminator means electrically in circuit with said
      sensing means and electrodes for receiving information from said sensing
      means indicative of heart function, and for discriminating between normal
      heart function and an arrhythmia correctable by cardioversion; and means
      for automatically switching said storage means into a discharge state, in
      response to a sensed arrhythmia correctable by cardioversion, whereupon
      the stored energy is applied directly to the heart through said electrodes
      to cardiovert the malfunctioning heart.
NUM  38.
PAR  38. For use in a system for cardioverting a malfunctioning heart, an energy
      source for developing cardioverting electrical energy, a storage means
      connected to the energy source for storing the electrical energy until
      needed, first and second spaced electrodes connected across the storage
      means, and means for switching the storage means into a discharge state
      whereby the stored energy is released and applied directly to the heart
      through the first and second spaced electrodes to cardiovert the
      malfunctioning heart, the improvement comprising: a single intravascular
      cardioverting catheter carrying the first and second spaced electrodes for
      connecting the storage means directly to the heart and contacting the
      tissues of the heart to cardiovert the same upon discharge of said storage
      means, said first electrode being fixed on the catheter at a first
      location and connected to one terminal of said storage means, and said
      second electrode being fixed on the catheter at a second location spaced
      from the first and connected to an opposite terminal of said storage
      means, one of said electrodes adapted to be positioned within the heart
      chamber to be cardioverted and the other of said electrodes adapted to be
      positioned outside said heart chamber.
NUM  39.
PAR  39. The catheter of claim 38, wherein said first and second electrodes are
      spaced apart a distance of at least 21/2 inches.
NUM  40.
PAR  40. A system for cardioverting a malfunctioning heart, the system
      comprising: storage means for storing electrical energy of at least
      approximately 0.1 watt-seconds; sensing means for sensing heart
      malfunction susceptible to cardioversion by electrical shock; a single
      intravascular cardioverting catheter carrying first and second electrodes
      spaced apart a distance of at least about 21/2 inches; means for
      connecting said first and second electrodes across said storage means; and
      switching means for responding to heart malfunctions sensed by said
      sensing means by discharging the energy stored by said storage means
      across said first and second electrodes and into said malfunctioning
      heart.
NUM  41.
PAR  41. The system of claim 40, wherein said first and second electrodes are
      spaced apart on said cardioverting catheter by an intermediate catheter
      body of flexible material.
NUM  42.
PAR  42. The system of claim 40, wherein said first and second electrodes are
      elongated and are flexible along their respective lengths.
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PAL  Processes for altering the flavors of consumable products, including
      foodstuffs and tobaccos, which comprise adding thereto a small but
      effective amount of at least one oxocyclic pyrimidine having the formula
      ##SPC1##
PAL  Wherein R.sub.1 is alkyl, halogen or hydrogen and R.sub.2, R.sub.3,
      R.sub.4, R.sub.5 and R.sub.6 are the same or different and are hydrogen or
      alkyl; flavoring and flavor-enhancing compositions containing such
      oxocyclic pyrimidines; and novel oxocyclic pyrimidines and processes for
      the preparation of such oxocyclic pyrimidines.
PARN
PAR  This is a division of application Ser. No. 325,674, filed Jan. 12, 1973 now
      Patent No. 3,857,972, which in turn is a divisional application of Ser.
      No. 123,024 filed March 10, 1971 now abandoned.
BSUM
PAR  The present invention relates to oxocyclic pyrimidines and their use in
      processes and compositions for altering the flavors of various materials
      such as tobaccos, foodstuffs, and the like, as well as the novel
      pyrimidines and processes for producing them.
PAR  It has now been found that certain novel oxocyclic pyrimidines are capable
      of imparting a wide variety of flavors to various consumable materials.
      Briefly, the invention contemplates altering the flavors of such
      consumable materials by adding thereto a small but effective amount of at
      least one oxocyclic pyrimidine having the formula
      ##SPC2##
PAL  Wherein R.sub.1 is alkyl, halogen or hydrogen and R.sub.2, R.sub.3,
      R.sub.4, R.sub.5 and R.sub.6 are the same or different and are hydrogen or
      alkyl. The invention also contemplates flavoring and flavorenhancing
      compositions containing such oxocyclic pyrimidines, as well as the novel
      pyrimidines and the processes for preparing them.
PAR  More specifically, the oxocyclic pyrimidines according to this invention
      are pyrimidines to the "d" side of which are fused a five-membered
      tetrahydrofuran ring. The oxygen-containing ring can be substituted with
      one or more alkyl groups, and the pyrimidine ring can also be substituted
      with one or two alkyl groups or with a halogen substituent. The
      substituents on the oxygen-containing ring can, in some cases, be geminal.
      It is preferred in practicing the present invention that the substituent
      or substituents by hydrogen or a lower alkyl group, particularly alkyl
      groups containing from one to six carbon atoms, and preferably alkyl
      groups containing from one to four carbon atoms. The halogen substituents
      are preferably chloro, bromo, or iodo.
PAR  Exemplary of the oxocyclic pyrimidines contemplated herein is
      2-methyl-5,7-dihydrofuro-[3,4-d]-pyrimidine having the structure.
      ##SPC3##
PAL  This is a white solid with a popcorn-like odor and a sweet popcorn flavor.
PAR  Another material according to the present invention is
      2,7-dimethyl-5,7-dihydrofuro-[3,4-d]-pyrimidine having the structure
      ##SPC4##
PAL  This is a colorless liquid having a popcorn-cracker aroma and taste.
PAR  Still another material according to the present invention is
      2,5,7-trimethyl-5,7-dihydrofuro-[3,4-d]-pyrimidine having the structure
      ##SPC5##
      This is a colorless liquid with a sweet cereal note.
PAR  Other novel materials prepared according to the present invention are
      2-methyl-4-chloro-5,7-dihydrofuro-[3,4-d]-pyrimidine;
      2,7-dimethyl-4-chloro-5,7-dihydrofuro-[3,4-d]-pyrimidine and
      2,5,7-trimethyl-4-chloro-5,7-dihydrofuro-[3,4, -d]-pyrimidine. These novel
      materials are all useful intermediates in the production of the other
      novel oxocyclic pyrimidines of the present invention.
PAR  The novel oxocyclic pyrimidines prepared according to the present invention
      can be obtained by reacting a carboalkoxytetrahydrofuranone with
      acetamidine hydrochloride in the presence of a suitable base in a suitable
      solvent to form the alkylhydroxy dihydrofuropyrimidine. Suitable bases
      include alkali metal hydroxides, carbonates and alkoxides such as
      potassium carbonate, sodium ethoxide and sodium hydroxide. Suitable
      solvents include lower alkanols such as ethanol and the like, water and
      mixtures thereof. The reaction preferably takes place at room temperature
      over a period of from about 17 to 97 hours.
PAR  The addition of a halogenating agent to the alkylhydroxy
      dihydrofuropyrimidine under reflux conditions results in the formation of
      the corresponding alkylchloro dihydrofuropyrimidine. Suitable halogenating
      agents include phosphorus oxychloride and the like.
PAR  The alkylchloro dihydrofuropyrimidine can be converted by a reductive
      dehalogenation to the corresponding alkyl dihydrofuropyrimidine. This
      reaction is carried out under reflux conditions in the presence of a
      reductive dechlorination reagent such as ammonium chloride and zinc dust.
PAR  It will be understood according to the present invention that the
      intermediate and the final products prepared herein can be neutralized,
      washed, and dried to purify and cleanse the desired substances. The
      oxocyclic pyrimidines can be obtained in purer form or in substantially
      pure form by conventional purification techniques. Thus, the products can
      be purified and/or isolated by distillatiion, extraction, crystallization,
      preparative chromatographic techniques, and the like.
PAR  It will be appreciated from the present disclosure that the oxocyclic
      pyrimidines and mixtures thereof according to the present invention can be
      used to alter, vary, fortify, modify, enhance, or otherwise improve the
      flavor of a wide variety of materials which are ingested, consumed, or
      otherwise organoleptically sensed. The term "alter" in its various form
      will be understood herein to mean the supplying or imparting flavor
      character or note to an otherwise bland, relatively tasteless substance,
      or augmenting an existing flavor characteristic where the natural flavor
      is deficient in some regard, or supplementing the existing flavor
      impression to modify organoleptic character.
PAR  Such pyrimidines are accordingly useful in flavoring compositions. Such a
      composition is taken to mean one which contributes a part of the overall
      flavor impression by supplementing or fortifying a natural or artificial
      flavor in a material, as well as one which supplies substantially all the
      flavor and/or aroma character to a consumable article. The oxocyclic
      pyrimidines of our invention are particularly useful in adding sweetness
      and nut notes to artificial essential oils, peppermint oil and spearmint
      oil. They are also suitable for rounding out and improving the character
      of nut, bread, and vanilla flavoring compositions.
PAR  The term "foodstuff" as used herein includes both solid and liquid
      ingestible materials for man or animals, which materials usually do, but
      need not, have nutritional value. Thus, foodstuffs includes meats,
      gravies, soups, convenience foods, malt and other alcoholic or
      non-alcoholic beverages, milk and dairy products, nut butters such as
      peanut butter and other spreads, seafoods including fish, crustaceans,
      molluscs and the like, candies, breakfast foods, baked goods, vegatables,
      cereals, soft drinks, snack foods, dog or cat foods, other veterinary
      products, and the like.
PAR  The term "tobacco" will be understood herein to mean natural products such
      as, for example, burley, Turkish tobacco, Maryland tobacco, flue-cured
      tobacco and the like including tobacco-like or tobacco-based products such
      as reconstituted or homogenized leaf and the like. The term tobacco
      substitutes means materials intended to replace natural tobacco, such as
      lettuce and cabbage leaves and the like. The tobaccos and tobacco products
      include those designed or used for smoking such as in cigarette, cigar,
      and pipe tobacco, as well as products as snuff, chewing tobacco, and the
      like.
PAR  The term "consumable material" includes both foodstuffs and tobaccos.
PAR  When the oxocyclic pyrimidines according to this invention are used in a
      flavoring composition, they can be combined with conventional flavoring
      materials or adjuvants. Such co-ingredients or flavoring adjuvants are
      well known in the art for such use and have been extensively described in
      the literature. Apart from the requirement that any such adjuvant material
      be ingestibly acceptable, and thus non-toxic or otherwise non-deleterious,
      conventional materials can be used and broadly include other flavor
      materials, vehicles, stabilizers, thickeners, surface active agents,
      conditioners and flavor intensifiers.
PAR  Such conventional flavoring materials include saturated and unsaturated
      fatty and amino acids; alcohols, including primary and secondary alcohols;
      esters; carbonyl compounds including ketones and aldehydes, lactones;
      other cyclic organic materials including benzene derivatives, alicycles,
      heterocyclics, such as furans, pyridines, pyrazines and the like;
      sulfar-containing materials including thiols, sulfides, disulfides and the
      like; proteins; lipids; carbohydrates; so-called flavor potentiators such
      as monosodium glutamate, guanylates, and inosinates; natural flavoring
      materials such as cocoa, vanilla, and caramel; essential oils and extracts
      such as anise oil, clove oil and the like; artificial flavoring materials
      such as vanillin; and the like.
PAR  Stabilizers include preservatives such as sodium chloride, and the like,
      antioxidants such as calcium and sodium ascorbate, ascorbic acid,
      butylated hydroxyanisole, butylated hydroxytoluene, propyl gallate and the
      like, sequestrants such as citric acid, EDTA, phosphates and the like.
PAR  Thickeners include carriers, binders, protective colloids, suspending
      agents, emulsifiers and the like, such as agar-agar, carrageenan,
      cellulose and cellulose derivatives such as carboxymethyl cellulose and
      methyl cellulose, natural and synthetic gums such as gum arabic, gum
      tragacanth and the like, and other proteinaceous materials, lipids,
      carbohydrates, starches and pectins.
PAR  Surface active agents include emulsifying agents such as mono-and/or
      diglycerides of fatty acids such as capric acid, caprylic acid, palmitic
      acid, myristic acid, oleic acid, and the like; lecithin; defoaming and
      flavordispersing agents such as sorbitan monostearate, potassium stearate,
      hydrogenated tallow alcohol, and the like.
PAR  Conditioners include compounds such as bleaching and maturing agents such
      as benzoyl peroxide, calcium peroxide, hydrogen peroxide and the like;
      starch modifiers such as peracetic acid, sodium chlorite, sodium
      hypochlorite, propylene oxide, succinic anhyride and the like; buffers and
      neutralizing agents such as sodium acetate, ammonium bicarbonate, ammonium
      phosphate, citric acid, lactric acid, vinegar and the like; colorants such
      as carminic acid, cochineal, turmeric, curcumin, approved food and drug
      dyes, and the like; firming agents such as aluminum sodium sulfate,
      calcium chloride and calcium gluconate; texturizers; anticaking agents
      such as aluminum calcium sulfate and tribasic calcium phosphate; enzymes;
      yeast foods such as calcium lactate and calcium sulfate; nutrient
      supplements such as iron salts, such as ferric phosphate, ferric
      pyrophosphate, ferrous gluconate and the like; riboflavin; vitamins; zinc
      sources such as zinc chloride, zinc sulfate, and the like.
PAR  The oxocyclic pyrimidines, or the compositions incorporating them, as
      mentioned above, can be combined with one or more vehicles or carriers for
      adding them to the particular product. Vehicles can be edible or otherwise
      suitable materials such as ethyl alcohol, propylene glycol, water, and the
      like. Carriers include materials such as gum arabic, carrageenan, other
      gums, and the like. The pyrimidines can be incorporated with the carriers
      by conventional means such as spray-drying, drum-drying, and the like.
      Such carriers can also include materials for coacervating the pyrimidines
      (and other flavoring ingredients, as present) to provide encapsulated
      products. When the carrier is an emulsion, the flavoring composition can
      also contain emulsifiers such as mono- and diglycerides of fatty acids and
      the like. With these carriers or vehicles, the desired physical form of
      the composition can be prepared.
PAR  It will be understood by those skilled in the art that the oxocyclic
      pyrimidines can be added to the materials to be flavored at any convenient
      point in the production of the finished product. Thus, when the
      pyrimidines are used to alter or otherwise vary the flavor of a foodstuff,
      they can be added in the original mixture, dough, emulsion, batter, or the
      like to any cooking or heating operation. Alternatively, they can be added
      at a later stage of processing if volatilization losses would be excessive
      during the earlier processing.
PAR  When the materials are used to treat tobacco products, for example, the
      additive can be applied in a suitable manner, as by spraying, dipping, or
      otherwise. The pyrimidines can be applied during the "casing" or final
      spray treatment of the tobacco, or they can be applied at some earlier
      stage of curing or preparation. The quantity of pyrimidines or mixtures
      thereof utilized should be sufficient to impart the desired flavor
      characteristic to the product but on the other hand, the use of an
      excessive amount of the pyrimidines is not only wasteful and uneconomical
      but in some instances too large a quantity may unbalance the flavor of
      other organoleptic property of the product consumed. The quantity used
      will vary depending upon the ultimate foodstuff, tobacco product, or other
      consumable product; the amount and type of flavor initially present in the
      product; the further process or treatment steps to which the product will
      be subjected; regional and other preference factors; the type of storage,
      if any, to which the product will be subjected; and the preconsumption
      treatment, such as baking, frying and so on, given to the product by the
      ultimate consumer. Accordingly, the terminology "effective amount" and
      "sufficient amount" is understood in the context of the present invention
      to be quantitively adequate to alter the flavor of the foodstuff, tobacco,
      or other consumable material.
PAR  It is accordingly preferred that the ultimate compositions contain from
      about 0.0001 parts per million (ppm) to about 200 ppm of the oxocyclic
      pyrimidines. More particularly, in food compositions it is desirable to
      use from about 0.0001 to about 200 ppm for enhancing flavors and in
      certain preferred embodiments of the invention, from about 0.01 to about
      15 ppm of the pyrimidines are included to add positive flavors to the
      finished product. On the other hand, tobacco compositions can contain as
      little as 0.01 ppm and as much as 100 ppm depending upon whether a
      cigarette tobacco, a pipe tobacco, a cigar tobacco, a chewing tobacco, or
      snuff is being prepared. The amounts of oxocyclic pyrimidines to be
      utilized depend on many factors including the particular oxocyclic
      pyrimidines utilized, the desired flavor, other ingredients present, its
      ultimate use and the like.
PAR  The amount of oxocyclic pyrimidine or pyrimidines to be utilized in
      flavoring compositions can be varied over a wide range depending upon the
      particular quality to be added to the foodstuff, tobacco, or other
      consumable material. Thus, amounts of one or more oxocyclic pyrimidines
      according to the present invention from about 0.1 percent up to 80 or 90
      percent can be incorporated in such compositions. It is generally found to
      be desirable to include from about 0.5 to about 25% of the oxocyclic
      pyrimidines in such compositions.
PAR  All parts, proportions, ratios and percentages in this specification are by
      weight unless otherwise stated.
DETD
PAR  The following examples are given to illustrate embodiments of the invention
      as it is presently preferred to practice it. It will be understood that
      these examples are illustrative, and the invention is not to be considered
      as restricted thereto except as indicated in the appended claims.
PAC  EXAMPLE I
PAC  Preparation of 2-methyl-5,7-dihydrofuro-[3,4-d]-pyrimidine
PAC  a. Preparation of 2-methyl-4-hydroxy-5,7-dihydrofuro-[3,4-d]-pyrimidine
PAR  A mixture is prepared by combining 8.95 g. (0.060 mol) of
      3-carbomethoxytetrahydrofuran-4-one, 5.95 g. (0.063 mol) of acetamidine
      hydrochloride, 4.35 g. (0.315 mol) of potassium carbonate and 87 ml. of
      95% ethanol and the mixture is permitted to stand at room temperature for
      97 hours. At the end of this period, the ethanol is removed in vacuo and
      10 ml. of water are added and the mixture is extracted thrice with 10 ml.
      portions of dichloromethane. The extract is then dried over sodium
      sulfate, filtered and the dichloromethane is removed in vacuo.
      3-Carbomethoxytetrahydrofuran-4-one and side products are removed by
      distillation (74.degree.-90.degree./0.3 mm) leaving a residue which upon
      recrystallization from benzene yields 0.12 of product. The water-residue
      mixture is adjusted to a pH of 6 with 3N sulfuric acid, extracted thrice
      with 10 ml. portions of dichloromethane and treated as above to yield an
      additional 0.07 g. of product which results in a total yield of 0.19 g. of
      a solid with melting point of 255.degree.-257.degree.C. IR (Nujol) shows
      absorptions at 5.92, 6.24, 6.32, 9.55, 10.90, 11.16, 13.12 and 13.57 .mu.;
      mass spectroscopy (70 ev) m/e (decreasing relative intensity):151, 152,
      124, 42 and 55 mass units; NMR in deuterochloroform shows 5.06 (2, t, J=4
      cps,
      ##SPC6##
PAL  4.90 (2, t, J=4 cps,
      ##SPC7##
PAL  2.50 (3, s,
      ##SPC8##
PAL  These data confirm that this material is
      2-methyl-4-hydroxy-5,7-dihydrofuro-[3,4-d]-pyrimidine.
PAC  b. Preparation of 2-methyl-4-chloro-5,7-dihydrofuro-[3,4-d]-pyrimidine
PAR  A mixture of 0.17 g. (0.00112 mol) of
      2-methyl-4-hydroxy-5,7-dihydrofuro-[3,4-d]-pyrimidine and 1.0 ml. of
      phosphorus oxychloride is heated at reflux for 110 minutes and then added
      to 10 g. of ice. The mixture is first adjusted to a pH of 3 by the
      addition of 50% sodium hydroxide and then to a pH of 6 by the addition of
      a saturated sodium bicarbonate solution. The water mixture is saturated
      with sodium chloride and extracted thrice with 15 ml. portions of
      dichloromethane. The extract is dried over sodium sulfate, filtered and
      the dichloromethane is removed in vacuo to give 0.12 g. of residue.
      Sublimination of this residue at 0.1 to 0.3 mm pressure at room
      temperature gives 25 mg. of product. The pot residue is then
      chromatographed on silica gel with 1% methanol in dichloromethane as an
      eluent to give 50 mg. of product for a total yield of 75 mg. of a solid.
      Vapor phase chromatograph of this material on Carbowax (20M) (a trademark
      of Union Carbide Corporation for a series of polyethylene glycols) gives a
      sample melting at 48.degree.-49.degree.C. Mass spectroscopy (70 ev) m/3
      (decreasing relative intensity): 170, 169, 142, 42, 106, 171, 172, 64,
      107, 66 and 144 mass units. The material is confirmed to be
      2-methyl-4-chloro-5,7-dihydro-3[3,4-d]-pyrimidine.
PAC  c. Preparation of 2-methyl-5,7-dihydro-[3,4-d]-pyrimidine
PAR  A mixture of 0.075 g. (0.00044 mol) of
      2-methyl-4-chloro-5,7-dihydro-[3,4-d]-pyrimidine, 0.12 g. (0.0018 mol) of
      zinc and 0.025 g. (0.00047 mol) of ammonium chloride is added to a mixture
      of 1.5 ml. of 95% ethanol and 0.5 ml. of water and reflux is begun. At the
      completion of the third hour and the fourth hour of reflux, an additional
      0.075 g. of ammonium chloride is added and after five hours of reflux the
      mixture is cooled, filtered and the ethanol removed in vacuo yielding 20
      mg. of residue. This residue is purified by chromatography on silica gel
      with dichloromethane and 1% methanol in dichloromethane as eluents. The
      solvents are removed in vacuo to yield 10 mg. of product which is further
      purified by dissolution in 1 ml. of pentane, filtration, and removal of
      the pentane in vacuo to yield 10 mg. of product. NMR is deuterochloroform
      shows 8.52
      ##SPC9##
PAL  5.14 (2, s,
      ##SPC10##
PAL  4.98 (2, t, J-2 cps.
      ##SPC11##
PAL  (3, s,
      ##SPC12##
PAL  and mass spectroscopy (70 ev) m/e (decreasing relative intensity): 136,
      108, 42, 39 and 135 mass units. The material is confirmed to be
      2-methyl-6,7-dihydrofuro-[3,4-d]-pyrimidine.
PAR  This compound has a cracker, popcorn, nut-like character and a sweet baked
      goods aroma. It is suitable for use in nut flavors.
PAC  EXAMPLE II
PAC  Preparation of 2,7-dimethyl-5,7-dihydrofuro-[3,4-d]-pyrimidine
PAC  a. Preparation of
      2,7-dimethyl-4-hydroxy-5,7-dihydrofuro-[3,4-d]-pyrimidines
PAR  A mixture is prepared by adding 47.5 g. (0.503 mol) of acetamidine
      hydrochloride to sodium ethoxide in ethanol prepared by adding 11.5 g.
      (0.5 mol) of sodium to 270 ml. of ethanol and the mixture is then stirred
      under nitrogen for 10 minutes. To this mixture is added 79.1 g. (0.5 mol)
      of 2-methyl-4-carbomethoxy-tetrahydrofuran-3-one and the resulting mixture
      is kept at room temperature for 24 hours after which the ethanol is
      removed in vacuo and 100 ml. of water are added to the residue. The pH of
      the water mixture is adjusted to 7 with 8N hydrochloric acid and the
      mixture is then extracted thrice with 100 ml. portions of dichloromethane.
      The extract is dried over sodium sulfate, filtered and the dichloromethane
      removed in vacuo. The residue is triturated with hexane and filtered to
      yield 6.5 g. of crude product and further extraction (seven times with 100
      ml. portions) of the water layer with dichloromethane yields an additional
      4.4 g. of crude product. Recrystallization of the crude product from
      carbon tetrachloride yields 5.2 g. of a solid material with a melting
      point of 190.degree.-203.degree.C. IR (Nujol) shows absorptions at 5.95,
      6.33, 7.60, 8.07, 8.63, 9.36, 9.67, 10.56, 10.72, 11.79, 12.32, 12.92 and
      13.70 .mu.. Mass spectroscopy (70 ev) m/e (decreasing relative intensity):
      42, 151, 108, 166, 43, 39, 138 and 124 mass units. The material is
      2,7-dimethyl-4-hydroxy-5,7-dihydrofuro-[3,4-d]-pyrimidine.
PAC  b. Preparation of 2,7-dimethyl-4-chloro-5,7-dihydrofuro-[3,4-d]-pyrimidine
PAR  A mixture of 6.0 g. (0.0361 mol) of
      2,7-dimethyl-4-hydroxy-5,7-dihydrofuro-[3,4-d]-pyrimidine are added to
      24.0 ml. (0.262 mol) of phosphorus oxychloride and the mixture is refluxed
      for 135 minutes. About half of the phosphorus oxychloride is then removed
      in vacuo and the remaining mixture is added to ice. The resulting water
      mixture is then adjusted to a pH of 6 with 50% sodium hydroxide and then
      extracted thrice with 100 ml. portions of dichloromethane. The extract is
      dried over sodium sulfate, filtered and the dichloromethane removed in
      vacuo to yield 6.4 g. of crude product. This crude material is dissolved
      in a small volume of 1% methanol in dichloromethane and added to a column
      of 194 g. of silicic acid and elution with 1% methanol in dichloromethane,
      combination of fractions and removal of solvent in vacuo yields 4.13 of
      product. IR (Neat) gives readings of 3.38, 3.44, 3.52, 6.24, 6.44, 7.08,
      7.75, 9.24, 11.38 and 11.82 .mu.. NMR in deuterochloroform shows 5.28 to
      5.08 (3, overlapping mutliplets,
      ##SPC13##
PAL  2.74 (3, s,
      ##SPC14##
PAL  1.53 (3, d, J=6 cps,
      ##SPC15##
PAR  Mass spectroscopy (70 ev) m/e (decreasing relative intensity): 169, 171,
      43, 184, 42, 64, 141 and 142 mass units. The material is
      2,7-dimethyl-4-chloro-5,7-dihydrofuro-[3,4-d]-pyrimidine.
PAC  c. Preparation of 2,7-dimethyl-5,7-dihydrofuro-[3,4-d]-pyrimidine
PAR  A mixture is prepared by adding 0.58 g. (0.0035 mol) of
      2,7-dimethyl-4-chloro-5,7-dihydrofuro-[3,4-d]-pyrimidine, 0.92 g. (0.014
      mol) of zinc and 0.20 g. (0.0037 mol) of ammonium chloride to a mixture of
      9.0 ml. of 95% ethanol and 4.5 ml. of water and reflux is begun. At the
      completion of 100 minutes of reflux, 0.4 of ammonium chloride is added, at
      240 minutes 0.5 g. of ammonium chloride is added, at 280 minutes 0.5 g. of
      zinc is added, and at 380 minutes an additional 0.2 g. of zinc is added.
      At the completion of reflux (410 minutes) the mixture is filtered, ethanol
      is removed in vacuo and the residue is dissolved in dichloroethane. This
      solution is dried over sodium sulfate, filtered and the solvent removed in
      vacuo leaving a liquid residue of 0.27 g. which is purified by vapor phase
      chromatography on a Carbowax (20 M) column to yield the product. IR (Neat)
      shows absorptions at 2.93, 3.38, 3.44, 3.52, 6.24, 6.36, 6.96, 7.09, 9.26,
      9.56 and 11.71 .mu.. NMR in deuterochloroform shows 8.50 (1, s,
      ##SPC16##
PAL  5.16 to 5.08 (3, overlapping multiplets
      ##SPC17##
PAL  2.75 (3, s,
      ##SPC18##
PAL  1.52 (3, d, J=6 cps,
      ##SPC19##
PAL  Mass spectroscopy (70 ev) m/e (decreasing relative intensity): 135, 50,
      108, 107, 39, 42, 43, 52 and 79 mass units. The material is
      2,7-dimethyl-5,7-dihydrofuro-[3,4-d]-pyrimidine.
PAR  This compound has a popcorn, cracker aroma and is suitable for use in sweet
      and salted baked goods and for nut and vanilla flavor
PAC  EXAMPLE III
PAC  Preparation of 2,5,7-trimethyl-5,7-dihydrofuro-[3,4-d]-pyrimidine
PAC  a. Preparation of
      2,5,7-trimethyl-4-hydroxy-5,7-dihydrofuro-[3,4-d]-pyrimidine
PAR  A mixture of 27.0 g. (0.157 mol) of
      2,5-dimethyl-3-carbomethoxy-tetrahydrofuran-4-one and 15.3 g. (0.162 mol)
      of acetamidine hydrochloride are dissolved in 135 ml. of 95% ethanol at
      room temperature. 11.2 g. (0.081 mol) of potassium carbonate are added and
      the mixture is allowed to stand at room temperature for 16 hours and is
      then heated to reflux for a period of 7 hours and allowed to stand again
      at room temperature for 64 hours. The solvent is then removed in vacuo, 40
      ml. of water are added and the solution is adjusted for pH of 7 with 4N
      hydrochloric acid. The mixture is then extracted four times with 55 ml.
      portions of dichloromethane, dried over sodium sulfate, filtered and the
      solvent removed in vacuo. The solid residue is triturated with carbon
      tetrachloride and filtered to yield 5.2 g. of a white solid. The mother
      liquor is then reduced in volume, cooled and filtered to yield and
      additional 0.7 g. of product resulting in a total yield of 5.9 g. of
      product. IR (Nujol) shows absorptions at 6.06, 7.62, 8.62, 9.41, 9.91,
      10.68, 11.88, 12.57, and 13.36 .mu.. NMR in deuterochloroform shows 5.44
      to 4.98 (2, overlapping multiplets,
      ##SPC20##
PAL  2.51 (3, s,
      ##SPC21##
PAL  1.47 (6, t, J=6 cps.
      ##SPC22##
PAL  Mass spectroscopy (70 ev) m/e (decreasing relative intensity): 165, 42, 43,
      180, 124, 138, 137 and 96 mass units. The product is
      2,5,7-trimethyl-4-hydroxy-5,7-dihydrofuro-[3,4-d]-pyrimidine.
PAC  b. Preparation of
      2,5,7-trimethyl-4-chloro-5,7-dihydrofuro-[3,4-d]-pyrimidine
PAR  A mixture of 4.50 g. (0.0250 mol) of
      2,5,7-trimethyl-4-hydroxy-5,7-dihydrofuro-[3,4-d]-pyrimidine  and 18.0 ml.
      (0.196 mol) of phosphorus oxychloride is heated at reflux for 90 minutes.
      16 ml. of the phosphorus oxcychloride are then removed in vacuo and the
      resulting thick residue is dissolved in 50 ml. of chloroform and 10 ml. of
      water are added followed by the addition of 12.6 ml. of ammonium hydroxide
      while the temperature is maintained below 40.degree.C. The pH of the
      mixture is then adjusted to 8 and the salts that have formed are removed
      and the aqueous phase is then separated and extracted thrice with 15 ml.
      portions of chloroform. The combined extracts are then dried over sodium
      sulfate, filtered and the chloroform removed in vacuo. The residue is then
      triturated with hexane, filtered and the hexane is removed in vacuo to
      yield 2.49 g. of a liquid residue. This material is chromatographed on 75
      g. of silicic acid with dichloromethane as the eluent and then the
      fractions are combined and the solvent removed in vacuo yielding 0.80 g.
      of material. IR (Neat) shows absorptions at 3.40, 3.46, 3.52, 5.76, 6.28,
      6.46, 7.07, 9.27, 10.61, 11.04, 11.42 and 11.92 .mu.. NMR in
      deuterochloroform shows 6.52 to 5.04 (2, overlapping multiplets
      ##SPC23##
PAL  2.63 (3, s, J=4 cps,
      ##SPC24##
PAL  1.56 (6 overlapping doublets
      ##SPC25##
PAL  Mass spectroscopy (70 ev) m/e (decreasing relative intensity): 183, 185,
      43, 42, 78, 51, 52, 155, 147, 156, 39, 41, 198 and 197 mass units. The
      material is 2,5,7-trimethyl-4-chloro-5,7-dihydrofuro-[3,4-d]-pyrimidine.
PAC  c. Preparation of 2,5,7-trimethyl-5,7-dihydrofuro-[3,4-d]-pyrimidine
PAR  A mixture of 0.70 g. (0.0035 mol) of
      2,5,7-trimethyl-4-chloro-5,7-dihydrofuro-[3,4-d]-pyrimidine,  0.92 g.
      (0.0014 mol) of zinc and 0.095 g. (0.0018 mol) of ammonium chloride are
      added to a mixture of 7.0 ml. of 95% ethanol and 4.5 ml. of water and
      reflux is begun. At the completion of 120 minutes of reflux, 0.10 g. of
      ammonium chloride are added and at 180 minutes 0.20 g. of ammonium
      chloride are added. At the completion of reflux the mixture is filtered,
      and the solvent and water are removed in vacuo to yield 0.42 g. of
      material. IR (Neat) shows absorptions at 3430, 2960, 2890, 2840, 1599,
      1580, 1450, 1432, 1410, 1074, 1023, 930, 891, 848, 797 and 761
      cm.sup.-.sup.1. NMR in deuterochloroform shows 8.43 (1, s, v,130/4
PAL  5.50 to 4.94 (2, overlapping multiplets
      ##SPC26##
PAL  2.74 (3, s,
      ##SPC27##
PAL  (6, d, J=6 cps.
      ##SPC28##
PAR  Mass spectroscopy (70 ev) m/e (decreasing relative intensity): 149, 43, 42,
      164, 52, 121, 53, 150, 122, 51 and 163 mass units. The material is
      2,5,7-trimethyl-5,7-dihydrofuro-[3,4-d]-pyrimidine. This material has a
      sweet cereal note.
PAC  EXAMPLE IV
PAR  A cake flavor is prepared by admixing the following ingredients:
TBL                    Parts                                                   
     ______________________________________                                    
     Vanilla             40                                                    
     Ethylvanillin       15                                                    
     Benzodihydropyrone  5                                                     
     Rum Ether           5                                                     
     Alcohol (95%)       235                                                   
     Propylene Glycol    400                                                   
     Water               300                                                   
     2,7-dimethyl-5,7-                                                         
     dihydrofuro-[3,4-d]                                                       
     pyrimidine          40                                                    
     ______________________________________                                    
PAR  The above flavor is added to a prepared cake mix (1 oz./100 lbs.) and upon
      baking the resultant cake has a sweet milk and egg-like taste, more so
      than a cake prepared with the above flavor not containing the pyrimidine
      material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for altering the flavor of a tobacco or tobacco substitute
      product which comprises adding thereto from about 0.01 to 100 parts per
      million by weight of at least one oxycyclic pyrimidine having the formula
      ##SPC29##
PAL  wherein R.sub.1 is alkyl or hydrogen; R.sub.2, R.sub.3, R.sub.4, R.sub.5
      and R.sub.6 are the same or different and are hydrogen or alkyl.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein R.sub.2 is methyl and R.sub.1,
      R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are hydrogen.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein R.sub.2 and R.sub.3 are methyl
      and R.sub.1, R.sub.4, R.sub.5 and R.sub.6 are hydrogen.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein R.sub.2, R.sub.3 and R.sub.5 are
      methyl and R.sub.1, R.sub.4 and R.sub.6 are hydrogen.
NUM  5.
PAR  5. A tobacco or tobacco substitute product comprising tobacco or a tobacco
      substitute and from about 0.01 to 100 parts per million by weight of at
      least one oxycyclic pyrimidine having the formula
      ##SPC30##
PAL  wherein R.sub.1 through R.sub.6 is the same or different and are hydrogen
      or alkyl.
NUM  6.
PAR  6. A tobacco or tobacco substitute product as defined in claim 5 wherein
      R.sub.2 is methyl and R.sub.1, R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are
      hydrogen.
NUM  7.
PAR  7. A tobacco or tobacco substitute product as defined in claim 5 wherein
      R.sub.2 is methyl, R.sub.3 is methyl and R.sub.1, R.sub.4, R.sub.5 and
      R.sub.6 is hydrogen.
NUM  8.
PAR  8. A tobacco or tobacco substitute product as defined in claim 5 wherein
      each of R.sub.2, R.sub.4 and R.sub.6 is methyl and each of R.sub.1,
      R.sub.3, and R.sub.5 is hydrogen.
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ABST
PAL  An electrically driven back-combing device comprising a comb, a housing
      provided with an aperture at one extremity, and means for swinging the
      comb with respect to the housing. The swinging motion of the comb is
      produced by a cam disc, rotated by an electric motor, which imparts
      movement to a cam-following means. The cam-following means transmits its
      movement to a swinging lever on which is mounted the comb.
BSUM
PAR  The present invention relates to an electrically driven back-combing device
      fitted with a comb.
PAR  This instrument is designed to push the hair back towards the scalp by
      means of minimum number of short lengthwise strokes, in such a way that
      the hair remains in this position, thus forming a stable basis over which
      to draw a top layer of hair brushed into the desired style.
PAR  Several special combs are already in existence, the design of which is
      based on the particular form or arrangement of the teeth. Among others,
      certain existing combs have a row of coarse teeth combined with a row of
      finer teeth. It is however a tiring and time-consuming operation for a
      hairdresser to use such devices, as they necessitate a constant rotation
      in the hand during the back-combing.
PAR  In order to overcome these disadvantages, different combs have been
      developed in which every second tooth has been shortened. These combs
      present some advantages over the earlier models, but they are neither able
      to give a firm basis for the final hair styling nor do they permit a rapid
      back-combing.
PAR  Another comb has been developed in which there are several equidistant
      parallel rows of teeth, every third one of which is shorter than the
      others. This device presents a real technological advance in that it
      enables the elaboration of a perfectly stable base for subsequent hair
      styling, but its operation remains time consuming and tiring. Also, the
      fact that the back-combing is too exhausting to be carried out by certain
      people, represents a very great drawback for the hair-dresser.
PAR  There are also devices fitted with an electrically driven mechanism which
      imparts a rapid to- and fro movement to the comb. This mechanism consists
      of a rotating wheel on which is fixed an excentric pin, which in turn
      slides an elongated, narrow groove in the arm which supports the comb. The
      drawback to this device is that the comb powered by the above mentioned
      pin and groove system continues to vibrate even when the hair offers
      considerable resistance to its motion.
PAR  The strain thus applied to the mechanism, especially when the hair offers
      strong resistance, may cause a break down in the transmission.
      Consequently this back-combing appliance is also not completely
      satisfactory.
PAR  The following description concerns the present invention which presents
      none of the above-mentioned disadvantages.
PAR  This device is an improved electrically driven vibrating comb. The to- and
      fro movement is produced by an electrically powered cam disc rotating
      against a contact which transmits the motion to a swinging lever
      supporting the comb.
PAR  It is also an object of this invention to provide an improved back-combing
      device with a detachable comb which could be replaced by another comb
      selected by the hairdresser for a particular hairstyle.
PAR  A further intention is to enable a precise isolation of the sections of the
      hair to be backcombed.
PAR  Furthermore this invention is intended to allow for an improvement in the
      correct shaping of the hairstyle.
PAR  Yet another advantage is the improved drawing mechanism which is easily
      controlled without a switch.
PAR  The novel features that are considered characteristic of this invention are
      set forth with particularity in the appended claims. The invention itself,
      however, both as to its organization and its method of operation, together
      with additional objects and advantages thereof will best be understood
      from the following description of the preferred embodiment when read in
      connection with the accompanying drawings. The same numbers are used in
      all figures to denote any one part.
DRWD
PAR  FIG. 1 is a longitudinal section of an electric back-combing device showing
      the features of this invention.
PAR  FIG. 2 is a transverse section showing the various parts of the mechanism
      which produces the vibration of the comb.
PAR  FIG. 3 is a graphic representation of the oscillating movement of the comb.
DETD
PAR  The illustrated preferred embodiment of this invention may best be
      understood by refering to FIG. 1 of the drawings. As may be seen therein a
      comb 10 is made up of a back element 11 and teeth 12. In a preferred
      embodiment every second tooth is shortened. A comb with two parallel rows
      of teeth could be substituted. Those skilled in the art are already
      familiar with the different forms and arrangements of the teeth in such
      combs, which will not therefore be described in this text. The back 11 of
      the comb 10 is extended to form a shaft 13 in which there is a socket 27.
      This socket 27 can be fitted over and removed from the pin 16 at one
      extremity of the swinging lever 15.
PAR  The swinging lever 15 can turn on a pivot 17 fitted in the housing 14. An
      aperture 18 in the housing 14 allows the passage of the said swinging
      lever. The dimensions of this aperture 18 are calculated to allow a free
      swinging movement of the lever 15. The other extremity of the swinging
      lever 15 is provided with a ballbearing 19 which can be set in motion by a
      cam disc 20, both being situated within the housing 14.
PAR  The comb 10 is easily detachable from the swinging lever 15 and can be
      replaced by another according to the hair style selected. It would have
      been possible to make the comb 10 and the lever 15 as a single element but
      this would have complicated or preventd the interchanging of the combs.
PAR  The afore-mentioned cam disc 20 is a disc provided with a central aperture
      formed by four recesses 21 symmetrically disposed around the axis of the
      disc 20, each recess having the same radius as the ball-bearing 19. The
      four said recesses 21 of the cam disc 20 are separated from each other by
      four cam projections 22 thus forming an undulated surface over which, the
      outside casing of the ball-bearing 19 runs whenever the equilibrium of the
      swinging lever 15 is disturbed.
PAR  The oscillations of the comb are stabilized by a spiral spring 23 which is
      mounted in a cavity at one extremity of the housing 14, acting on the
      swinging lever 15 between the pivot 17 and the ball-bearing thus allowing
      a normal to- and fro motion but preventing any uncontrolled increase in
      vibration.
PAR  The cam 20 is fitted on the free end of the driving shaft 24 of a
      well-known type of electric motor 25. In the preferred embodiment chosen
      for the illustration of this invention the motor is connected to the main
      electricity supply by means of a cable 26. The electric motor may also be
      supplied from a chargeable battery or an accumulator lodged inside the
      housing 14 as is often the case in electric toothbrushes for example. To
      utilize this electric back comb 10 in accordance with the present
      invention, a comb 10 appropriatd to the desired hair style must be
      selected and fitted to the swinging lever 15. The switch which sets in
      motion the electric motor 25, and consequently the cam 20, is not
      represented in the diagram. This switch is either incorporated in the
      housing 14, in the case of an accumulator supplied appliance, or mounted
      on the cable 26 in the case of an appliance connected to the main
      electricity supply.
PAR  As soon as the comb exerts pressure on the hair the swinging lever 15
      pivots around the pivot 17 causing the ball-bearing 19 to come in contact
      with the cam 20 which immediately imparts a to-and-fro movement to the
      comb 10.
PAR  This movement is represented schematically in FIG. 3. The movement of the
      comb 10 is controlled by the spiral spring 23 which allows the normal
      swinging to-and-fro imparted by the ball-bearing 19 and the cam 20, but
      excludes any undesirable increase in vibration.
PAR  If the hair offers a resistance so great that there would be a risk of
      damaging the hairstyle, should the comb continue to oscillate, the
      ball-bearing 19 at the end, of the swinging lever 15 will automatically
      return to the central position where it does not come into contact with
      the recesses 21 and projections 22 on the inner surface of the cam 20.
PAR  The transmission will only be reconnected when the lever 15 is pivoted in
      the housing 14 as a result of a renewed contact with the hair to be
      back-combed.
PAR  Those familiar with the art will readily appreciate the novel and unique
      advantages of this invention. An efficient back-combing device is provided
      which facilitates the realization of better hairstyling because the
      sections of the hair to be back-combed can be isolated with precision.
PAR  As the swinging movements of the comb can be interrupted at will without
      the aid of a switch, this unique system is particularly well-adapted for
      back-combing.
PAR  No notable friction occurs between the cam 20 and the ball-bearing 19
      because the said ball-bearing rolls on the surface of the said cam. In the
      preferred embodiment of this invention, the cam is made of a
      self-lubricating plastic material which renders regular lubrication
      superfluous.
PAR  The realization of this appliance may be carried out in other ways without
      departing from the spirit or essential character thereof. The preferred
      embodiment described herein is therefore to be considered illustrative and
      not restrictive, the scope of the invention being indicated by the
      appended claims and all variations which come within the meaning of the
      claims are intented to be embraced therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrically driven back-combing device comprising a comb and means
      for swinging said comb with respect to a housing including a cam disc
      rotated by an electric motor located in said housing, a swinging lever
      pivotally mounted in said housing and projecting through the aperture in
      said housing for supporting said comb, and a cam following means adapted
      to engage said cam disc, wherein the cam disc is mounted on the driving
      shaft of the motor, said cam disc being provided with a central aperture
      including an interior surface having symetrically disposed recesses and
      projections adapted to contact said following means, and wherein the cam
      following means is a ball-bearing mounted on that extremity of the
      swinging lever which is situated inside the housing.
NUM  2.
PAR  2. The back-combing device of claim 1, wherein the electric motor may be
      powered either by a main power supply or by an accumulator.
NUM  3.
PAR  3. The back-combing device of claim 1, wherein the swinging lever pivots on
      a spindle fitted in the housing and supporting the comb on that extremity
      of the swinging lever which is situated outside the housing.
NUM  4.
PAR  4. The back-combing device of claim 1, wherein the comb is detachable from
      the swinging lever in order to allow the interchanging of different-shaped
      combs.
NUM  5.
PAR  5. The back-combing device of claim 1, wherein the movement of the swinging
      lever is controlled by a spiral spring which tends to restore the lever to
      a central position and consequently the comb, thus disengaging the said
      cam and the said cam following means.
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PAL  An improved dental floss which comprises a length at one end that is of
      conventional dental floss construction and which comprises the remaining
      length being porous so that when pre-soaked, prior to use, in an
      antiseptic mouthwash solution, the antiseptic is delivered into remote
      crevices between the teeth as the floss is used, thus disinfecting these
      areas for an improved oral hygiene.
BSUM
PAR  This invention relates generally to dental flosses.
PAR  A principle object of the present invention is to provide a dental floss of
      improved type that disinfects remote crevices between the teeth so to
      preserve a healthy condition of gums and teeth.
PAR  Another object is to provide an improved dental floss which delivers
      antiseptic solution into these hidden remote areas.
PAR  Another object accordingly is to provide a dental floss which does the
      normal function of physically removing food particles from between the
      teeth and additionally disinfects these areas.
PAR  Other objects are to provide a dental floss which is simple in design,
      inexpensive to manufacture, rugged in construction, easy to use and
      efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specifications and the accompanying drawing wherein:
PAR  FIG. 1 is a side view of the invention.
PAR  FIG. 2 is an enlarged detail of the regular floss portion thereof.
PAR  FIG. 3 is a cross section on line 3--3 of FIG. 2.
PAR  FIG. 4 is an enlarged detail of the porous fuss floss portion thereof.
PAR  FIG. 5 is a cross section on line 5--5 of FIG. 4.
PAR  FIG. 6 shows the invention in use.
PAR  FIG. 7 is a detail of a modified design of the invention in which the
      porous portion is tubular with perforations on its sides so that in use,
      as shown in FIG. 8, the antiseptic is squeezed out as the floss is pulled
      between the teeth.
PAR  FIG. 9 shows another construction thereof wherein the floss porous portion
      is sandwich constructed so to allow a thinner structure while retaining
      the merit of the structure of FIGS. 7 and 8.
PAR  FIG. 10 is a further modified design of the structure shown in FIG. 9, so
      the central layer can hold a larger quantity of anticeptic.
DETD
PAR  Referring now to the drawing in detail, and more particularly to FIGS. 1 to
      6 thereof at this time, the reference numeral 10 represents an antiseptic
      cleansing dental floss according to the present invention wherein the same
      includes a length position 11 thereof that is of conventional dental floss
      design by being very thin so it can be easily introducted into narrow
      crevices, the surface of portion 11 being smooth such as in conventional
      flosses.
PAR  In the present invention the floss 10 includes a length portion 12 at its
      other end that is porous in nature. This is accomplished by having portion
      12 made either with microscopic transverse openings therethrough, or the
      surface thereof being roughened, as shown in enlarged FIGS. 4 and 5, so
      that depressions 13 are formed between jogged microscopic projections 14.
PAR  The floss can be made of conventional floss material consisting of a
      flexible plastic or the like.
PAR  In operative use, the floss 10 is first dipped into an antiseptic mouthwash
      solution so that the solution lodges into depressions 13. In use, the
      portion 11, being thinner than portion 12, is first inserted into the
      crevices 15 between the mouth teeth and is then pulled so that the
      roughened, antiseptic laden portion 12 gets into the crevice where the
      antiseptic is wiped off on the crevice surfaces thus disinfecting the same
      so to inhibit germ growth therein.
PAR  Thus a floss is provided which disinfects remote areas in addition to
      physically removing food particles therefrom.
PAR  In FIG. 7, a modified design dental floss 16 is shown in which the porous
      portion 17 is tubular and has side perforations 18 through the tubular
      wall 19 that communicates with the central opening 20 in which antiseptic
      solution 21 is lodged during soaking operation, so that in use, as the
      floss is pulled between the teeth (as shown by arrow 22 in FIG. 8), the
      solution is squeezed out through the perforations 18 and disinfects the
      vicinity.
PAR  In FIG. 9 another design of floss 23 is of sandwich construction by
      including a central porous layer 24 between smooth surfaced outside layers
      25. The advantage of this construction is that it is easier to manufacture
      in a very thin size, and only a smooth surface rubs against the gums so
      that no irritation results. The porous layer is squeezable so the solution
      readily is dispensed therefrom. Being open on its sides, the solution is
      quickly soaked up by the layer 24, prior to use. Layers 25 are of flexible
      plastic.
PAR  In FIG. 10 the floss 26 is the same as floss 23 except that the outer
      layers 27 are even thickness arcuate in cross section so the central layer
      28 is thicker at its center in order to hold a larger quantity of
      solution.
PAR  Thus a modified design of the invention are provided.
PAR  While various changes may be made in the detail construction it is
      understood that such changes will be within the spirit and scope of the
      present invention as is defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antiseptic dental floss comprising a flexible length of floss having
      a first portion of thin, smooth, homogeneous conventional floss and a
      second portion of non-homogeneous compressible material of generally
      larger diameter than the first portion, wherein said material includes
      dental floss conbined with fluid antiseptic wherein the floss has means
      for retaining the antiseptic discharging said antiseptic responsive to
      external pressure created by drawing the second portion through ones
      teeth, wherein the said means comprises roughened flexible enterior floss
      surfaces protruding radially beyond the diameter of the first said portion
      creating recesses for the deposition, retention and subsequent oozing
      discharge of antiseptic from the second portion to the teeth surfaces
      responsive to compressive pressures.
NUM  2.
PAR  2. A dental floss as in claim 1 wherein the said means comprises a central
      bore in said second portion filled with antiseptic and including spaced
      discharge orifices for discharging the antiseptic from the bore to the
      floss exterior.
NUM  3.
PAR  3. A dental floss as in claim 2 wherein said means comprises a longitudinal
      slot extending for a full diameter from one side of the second portion to
      the opposite diametral side, said slot being filled with a porous flexible
      material impregnated with antiseptic, whereby compressive pressure on the
      floss exterior squeezee the antiseptic out from the porous material.
NUM  4.
PAR  4. A dental floss as in claim 3 wherein the slot includes an axial circular
      portion.
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ABST
PAL  A hair grooming brush having a body from which a mirror and handle are
      extended in perpendicular relationship to each other upon actuation of a
      release button. The mirror and handle are retained retracted within
      cavities formed in the brush body by latches and are projected to the
      extended positions under the bias of springs.
BSUM
PAR  This invention relates to a hair grooming device and more particularly to a
      hairbrush which features a mirror and grip handle associated therewith.
PAR  Hair grooming devices or brushes having extensible and retractable handles
      are well known as disclosed for example in U.S. Pat. Nos. 2,173,437 and
      3,690,331. A hair grooming brush having a body within which a mirror is
      retained, is also known as disclosed in U.S. Pat. No. 1,632,392. The
      foregoing prior art grooming devices are designed to provide additional
      convenience to the user but have several drawbacks and disadvantages. The
      mere storage of grooming articles in a hairbrush body such as mirrors or
      combs, does not provide any lasting convenience because of the loss of
      such articles when removed from the brush body. Further, the prior art
      fails to disclose any coordination between an extensible handle and an
      extended mirror for use while the hairbrush is being utilized. It is
      therefore an important object of the present invention to provide a hair
      grooming brush from which a grip handle and mirror are simultaneously
      projected to extended positions without disconnection from the brush body
      in order to assist the user in both manipulating the hairbrush and
      visually monitoring its effect on the hair.
PAR  In accordance with the present invention, a hairbrush body is provided with
      cavities within which a grip handle and mirror are held in retracted
      positions by latch devices that are released in response to slidable
      displacement of a release button. The handle and mirror are projected to
      the extended positions by springs that remain protectively enclosed within
      the brush body. The handle and mirror in the extended positions are
      disposed in perpendicular relationship to each other so as not to
      interfere with each other while the mirror is disposed in a plane
      generally parallel to the face of the brush body from which the brush
      bristles extend. A person utilizing the hairbrush may accordingly monitor
      its effect on the hair by use of the hairbrush extended mirror and the
      usual grooming mirror.
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
PAR  FIG. 1 is a side elevational veiw of a hair grooming brush constructed in
      accordance with the present invention.
PAR  FIG. 2 is a bottom elevational view of the hair brush shown in FIG. 1.
PAR  FIG. 3 is a perspective view of the hairbrush shown in FIGS. 1 and 2 but
      with the grip handle and mirror retracted.
PAR  FIG. 4 is a top sectional view taken substantially through a plane
      indicated by section line 4--4 in FIG. 1 but with the mirror retracted.
PAR  FIG. 5 is a top sectional view taken substantially through a plane
      indicated by section line 5--5 in FIG. 1 but with the grip handle
      retracted.
PAR  FIG. 6 is a transverse sectional view taken substantially through a plane
      indicated by section line 6--6 in FIG. 5.
PAR  FIG. 7 is a transverse sectional view taken substantially through a plane
      indicated by section line 7--7 in FIG. 4.
PAR  FIG. 8 is a perspective view illustrating disassembled portions of the
      releasable latch mechanism associated with the hair grooming device.
PAR  FIG. 9 is a partial sectional view taken substantially through a plane
      indicated by section line 9--9 in FIG. 7.
PAR  FIG. 10 is a partial sectional view taken substantially through a plane
      indicated by section line 10--10 in FIG. 4.
DETD
PAR  Referring now to the drawings in detail, FIG. 3 illustrates what may appear
      to be a conventional type of hair grooming brush generally referred to by
      reference numeral 10. The hairbrush thus includes an oblong-shaped body 12
      from which a plurality of brush bristles 14 extend. The brush bristles
      extend from an underface 16 of the body as more clearly seen in FIG. 2.
      The body is also formed with an external, peripheral edge surface 18 that
      extends between the face 16 from which the bristles extend to a top
      surface 20. A slidable release button 22 extends from one longitudinal
      side of the edge surface 18 opposite a longitudinal side portion from
      which a reflector element or mirror 24 is projected to an extended
      position as shown in FIG. 2. Also extended from the brush body 12 from a
      longitudinal end portion thereof, is a grip handle 26. As shown in FIG. 2,
      the mirror or reflector element 24 when extended is disposed in
      perpendicular relationship to the grip handle element 26. when extended,
      the reflective surface of the mirror faces the same direction as the brush
      bristles 14. Accordingly, the hair grooming device 10 may be grasped in
      one hand by means of the grip handle 26 and manipulated over the head for
      hair grooming purposes in front of the usual grooming mirror. The
      relfector element 24 or mirror enables the person to view the back of the
      head as it is being groomed by the brush bristles. To store the hair
      grooming device 10 after use, the mirror 24 and grip handle are simply
      pushed into the brush body and are held completely enclosed therein as
      shown in FIG. 3. To release the mirror and grip handle once again, the
      release button 22 is simply displaced in one direction resulting in the
      mirror and grip handle being projected outwardly to the extended
      positions.
PAR  As more clearly seen in FIG. 5, the brush body 12 is provided with a
      longitudinal cavity 28 extending from one longitudinal end portion from
      which the grip handle is projected under the impetus of a compression
      spring 30 anchored to the grip handle within an end bore 32. with the grip
      handle retracted to the solid line position shown in FIG. 5, the end of
      the compression spring projecting from the bore 32 abuts the internal end
      wall 34 of the cavity 28, the grip handle being held in this retracted
      position against the bias of the spring 30 by a releasable latch mechanism
      generally referred to by reference numeral 36. In the extended position of
      the grip handle 26 as shown by dotted line in FIG. 5, its tapered end
      portion 38 engages the tapered end portion 40 of the cavity 28 so as to
      prevent detachment of the grip handle from the brush body.
PAR  The end portion 38 of the grip handle is provided with a notch 42
      engageable by the latch arm 44 of the latch mechanism. The latch arm 44
      projects into the cavity 28 for this purpose from a cavity 46 within the
      body 12 housing the latch mechanism. The latch arm 44 is pivotally mounted
      by a pivot pin 48 and is connected to a release arm 50. A pivot spring 52
      encircles the pivot pin and is anchored at one end to the brush body, the
      other end bearing against the latch arm 44 in order to bias it into
      engagement with the grip handle. Thus, the grip handle will be retained in
      its retracted position against the bias of spring 30 by the latch arm 44
      until released by pivotal displacement of the release arm 50 in a
      counterclockwise direction as viewed in FIG. 5 by means of the release
      button 22 to which a release element 54 is connected for slidable
      displacement therewith within the cavity 46. The release button is biased
      on one position by the spring 52 urging the latch arm into the cavity 28.
      Thus, when the release button 22 is displaced in a right-hand direction as
      viewed in FIG. 5 from the solid line positon illustrated, the latch arm 44
      is withdrawn from the cavity 28 and the spring 30 then projects the grip
      handle toward its extended position.
PAR  The release element 54 connected to the release button 22, also engages the
      end of a latch lever 56 that is pivotally mounted by a pivot pin 58 about
      which a spring element 60 is retained, one end being anchored to the brush
      body 12, the other end bearing against the latch lever 56 tending to urge
      it in a clockwise direction as viewed in FIG. 4. The spring element 60 is
      weaker than the spring element 52 aforementioned so that it is ineffective
      to displace the release element 54 against the opposing bias of the spring
      element 52. The hook end 62 of the latch lever 56 in the position shown in
      FIG. 4, engages a projection 64 that extends laterally from a tubular
      member 66 secured as by welding to the reflector element 24. The latch
      lever 56 extends into a cutout 68 formed at the rear edge of the reflector
      element into which the projection 64 extends from the tubular member 66 in
      order to hold the reflector element in its retracted position within the
      cavity 70 formed in the brush body and extending outwardly from one
      longitudinal side portion opposite the release button 22. The tubular
      member 66 secured to the reflector element, houses a compression spring
      anchored therewithin. The compression spring within the tubular housing 66
      thus abuts against an internal surface of the cavity 70 in the retracted
      position of the reflector element as shown in FIG. 4 so that when the
      latch lever 56 is displaced under the bias of spring 60, it is released
      and the spring projects the reflector element to its extended position.
      Release of the latch lever 56 is effected upon displacement of the release
      button 22 from the solid line position to the dotted line position as
      shown in FIG. 4. Projection of the reflector element to the extended
      position therefore occurs simultaneously with the projection of the grip
      handle to its extended position.
PAR  The mirror or reflector element is prevented from becoming detached from
      the brush body by a tapered formation 72 engaging a tapered stop 74
      mounted adjacent the longitudinal side portion of the brush body from
      which the reflector element is extended as more clearly seen in FIGS. 7
      and 9. Movement of the reflector element 24 between its retracted and
      extended positions is guided by side flanges 76 formed on the reflector
      element and slidably received within track grooves 78 formed within the
      brush body 12 as more clearly seen in FIG. 10.
PAR  It will be apparent from the foregoing description that by simply pushing
      the release button 22, both the grip handle and reflector elements are
      slidably displaced to the extended positions without detachment from the
      brush body. The hair grooming brush device may thereby be utilized in a
      convenient manner as hereinbefore explained. The reflector element and
      grip handle element may then be pushed into the retracted positions in
      which they are latched.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A hair grooming device, comprising a supporting body having at least one
      external mounting face, hair engaging elements projecting from said face
      of the body, grip means connected to the body, a reflector element, means
      movably and non-detachably mounting the reflector element in the body for
      displacement between positions retracted within the body and extended
      therefrom, and selectively actuated means for displacing the reflector
      element to the extended position, said grip means including a handle
      element, means movably mounting the handle element in the body for
      displacement between positions retracted within the body and extended
      therefrom, and means for displacing the handle element to the extended
      position simultaneously with the reflector element.
NUM  2.
PAR  2. The combination of claim 1 wherein said means for displacing each of
      said elements includes a compression spring, and means anchoring the
      spring to the element for abutment by the body in the retracted position
      thereof.
NUM  3.
PAR  3. The combination of claim 1 wherein said reflector and handle elements
      project from the body in perpendicular relation to each other in the
      extended positions thereof and in substantially parallel spaced relation
      to the mounting face of the body.
NUM  4.
PAR  4. The combination of claim 1 including stop means mounted in the body for
      engagement by the reflector element in the extended position to prevent
      detachment thereof from the body.
NUM  5.
PAR  5. The combination of claim 2 wherein said displacing means further
      includes latch means for holding the element in the retracted position
      under the bias of the spring, and manually displaceable release means
      engageable with the latch means for disengagement thereof from the
      element.
NUM  6.
PAR  6. The combination of claim 5 wherein said manually displaceable release
      means includes a single release button displaceable to a release position
      against the bias of the latch means.
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ABST
PAL  Device for conveying coins inserted in bulk in a receptacle one by one,
      characterized in that it comprises a hopper having the shape of a
      truncated pyramid pointing upwards and at the bottom of which is situated
      a roller which enables the passing, one by one, of the coins inserted in
      the hopper. The roller is rotating in an opposite direction to the natural
      falling descent of the coins, and a second roller is arranged with an axis
      perpendicular to the lower face of the hopper and also rotating in an
      opposite direction to the natural fall of the coins.
BSUM
PAR  The present invention concerns a device for the automatic cashing of coins,
      comprising a set of mechanisms enabling a suitable conveying of coins
      towards a sensor sensing the physical properties of the coins which
      distinguishes their various values, then a previous storing of the coins
      enabling a visual inspection before a final storage.
PAR  More particularly, the invention has for its object a device enabling the
      conveying, one by one, successively, of the coins of money deposited in
      bulk in a basket, characterized in that at least the lower portion of the
      basket is a hopper substantially in the form of a truncated pyramid
      tapering towards the top and comprising a first substantially vertical
      face, a second oblique face forming, with the first face, a first dihedral
      having a horizontal ridge and an angle of a value less than 90.degree., a
      third face and a fourth face which are lateral to the first and second
      faces, constituting a second dihedral having a ridge substantially
      perpendicular to the said first face; in that the bottom of the said
      hopper extends by a passage having parallel lateral edges extending the
      said third and fourth faces from the place where the width of the bottom
      of the hopper is greater than the largest diameter of the coins used but
      less than twice the diameter of the smallest coins used, the bottom of
      that passage being constituted by the extension of the said second face of
      the hopper; in that a first roller having an axis parallel to the ridge of
      the said first dihedral is placed at least partly inside the hopper at the
      place where the connection is made between the latter and the said passage
      and in such a way that its nearest generatrix to the second face be
      distant from the latter by a value greater than the thickness of the
      thickest coin used but smaller than twice the thickness of the thinnest
      coin used, the said roller being driven in a rotating movement in the
      opposite direction to the natural movement of the coins under the effect
      of gravity; and in that a second roller, having an axis perpendicular to
      the said second face of the hopper and situated outside it, enters partly
      inside the hopper due to a through window formed in the third face of the
      hopper, the base of the roller facing the said second face of the hopper
      being at a distance from that second face less than the thickness of the
      thinnest coin used and that roller being driven in a rotating movement in
      the direction which is opposite to the natural movement of the coins under
      the action effect of gravity.
PAR  According to another characteristic of the invention, the said passage has
      an upper face limiting a height of passage very slightly greater than the
      distance separating the said second face of the hopper from the generatrix
      of the first roller which is the nearest to that second face but less than
      twice the thickness of the coin used, that passage conveys the coins under
      the action of their weight, from the bottom of the hopper up to a third
      roller having a horizontal axis co-operating with a resilient support part
      placed on the bottom of the said passage and below the said third roller
      and separated from the latter by a distance slightly less than the
      thickness of the thinnest coin used, the roller being driven in a rotating
      movement in the direction corresponding to the swallowing of the coins
      which are thus cast out at the back of the said third roller with a
      constant original speed.
DRWD
PAR  With reference to the diagrammatic figures herewith, an example of the
      implementing of the invention having no limiting character, will be
      described.
PAR  FIG. 1 gives a diagrammatic representation of the invention according to a
      plane perpendicular to the axis of the first roller.
PAR  FIG. 2 is a view in the direction of the arrow A in FIG. 1, assuming that
      the faces of the hopper are transparent.
PAR  FIGS. 3 and 4 give a diagrammatic representation of an intermediate
      stocking device making it possible to inspect the coins situated in the
      hopper which have reached the end of the cycle visually.
DETD
PAR  In the example described, the invention is applied to a device for the
      automatic cashing of coins, paid, for example, by the user of a toll road,
      but, of course, the invention may have any other application. In that
      application, the system comprises a device for conveying the coins paid in
      a file, according to the invention, followed by an ejection roller device,
      according to the invention, the coins then falling in a sensor sensing
      physical properties distinguishing the values of the coins paid, the coins
      subsequently being conveyed towards an intermediate storing device
      according to the invention then stored finally in a chest.
PAR  On referring to FIGS. 1 and 2, a hopper 1 comprising a first vertical wall
      2, a second oblique wall 3 forming, with the wall 2, a dihedral whose
      ridge 4 is horizontal, a third lateral wall 5 and a fourth wall 6 forming
      a dihedral whose ridge 7 is perpendicular to the vertical wall 2, may be
      seen. The oblique wall 3 which is the lower wall is preferably drilled
      with many little holes enabling rain water to drain out. Likewise, the
      vertical wall 2 comprises a small cowl 8 extending from one lateral wall 5
      to the other lateral wall 6.
PAR  A first roller 9 having a horizontal axis parallel to the ridge 4 is placed
      at the bottom of the hopper 1 at the place where the latter extends in the
      form of a passage 10 whose width l is greater than the diameter of the
      largest coin used 11 but less than twice the diameter of the smallest coin
      used 12, so that two coins never pass together under the roller 9 and so
      that they remain in a line one behind another in the passage 10. The
      roller 9 rotates in the direction shown by the arrows 13 and 14
      (respectively on FIGS. 1 and 2). Likewise, the distance x between the
      oblique wall 3 and the generatrix or peripheral surface of the roller 9
      nearest to that wall is greater than the thickness of the thickest coin
      used but less than twice the thickness of the thinnest coin used, so that
      one coin and only one coin may pass at a time under the said roller 9.
PAR  A second roller 15 having an axis perpendicular to the oblique wall 3 is
      partly situated inside the hopper 1 by means of a window 16 formed in the
      lateral wall 5. The penetration distance d of the roller 15 into the
      hopper, being, to great advantage, of the order of 3 to 4 mm and the base
      17 of the roller being as close as possible to the oblique wall 3.
      Moreover, the distance y (FIG. 2) is also, to great advantage, as short as
      possible. The roller 15 rotates in the direction shown by the arrows 18
      and 19 (respectively FIGS. 1 and 2) corresponding to the reverse of the
      natural movement of the coins under the effect of their weight. This
      roller 15 is intended to prevent two coins from remaining balanced against
      each other and against the walls 5 and 6. It is placed in such a way that
      at least one of the coins possibly balanced against another coin (20 and
      21, FIG. 2) rest, not against the wall 5, but against the roller 15 which,
      driven in a rotating movement in the reverse direction to the movement of
      the coins, disturbs their balance. The direction of rotation of the
      rollers 9 and 15 is important and makes it possible to avoid any cramming
      and blocking, and foreign bodies having a thickness greater than the
      distance x or a width greater than the distance l do not risk blocking the
      device and do not even hinder the normal descent of the coins, as
      experience has proved.
PAR  In practice, though these values have no limiting character, the angle
      formed by the walls 5 and 6 is in order of 45.degree.. Similarly, the
      angle formed by the walls 2 and 3 is also in the order of 45.degree.. The
      rollers rotate at a speed of a hundred or so revolutions per minute. The
      oblique wall 3 may be lowered by pivoting about an axis which has not been
      shown, making it possible to remove any foreign bodies.
PAR  In principle, the distant l is calculated for coins which are to be used by
      the device and, for example, for U.S. coins of quarters, nickles and
      dimes, as well as for French coins of 50 centimes and of one franc, but
      that distance may be calculated as well as the thickness x for a much
      greater range of coins, the important thing being above all, that the
      device must allow the coins to pass only one by one, for the sensor which
      follows can generally define the value of only one coin at a time. If the
      user inserts, contrary to the normal method of using, coins which are far
      too small, they may perhaps pass, but the sensor will not recognize them
      and in any case, the mechanism will not be blocked, this being the main
      feature.
PAR  At the output of the roller 9, the coins arrive in the passage 10 which
      comprises an upper wall 22 distant from the extension of the wall 3 by a
      little more than the distance x so as to avoid blocking in the case of the
      passing under the roller 9 of a coin having a thickness which is very
      close to x. The coins are thus conveyed towards a resilient blade 23
      situated on the bottom of the passage and above which is placed a third
      roller 24 driven in a rotating movement in the direction of the arrow 25
      which corresponds, contrary to the first two rollers, to the direction of
      movement of the coins. The distance separating the resilient blade from
      the roller 24 is slightly less than the thickness of the thinnest coin
      used, thus ensuring in all cases, the contact of the coins with the roller
      24. The aim of that roller is to enable the separating of the coins by the
      acceleration of the gravity by imparting to them a well-defined dropping
      speed. The coins thus drop separately towards a sensor sensing the
      physical properties of the coins, this sensor being of a well-known type
      such as, for example a sensor measuring the magnetic mass and the diameter
      of the coins, for example, a sensor known under the trade name N.R.I.
PAR  By way of a non-limiting example, it is possible to have a roller with a
      diameter of 46 mm rotating at 43.2 revolutions per minute imparting to the
      coins an initial speed of 105 mm/s, this causing a spacing of 200
      milliseconds at the drop on the sensor for Italian coins of 50 lires and
      sightly greater for coins of 200 lires. The said three rollers are, to
      great advantage, made of natural or synthetic rubber.
PAR  The device may comprise, moreover, at the output of the sensor, an
      intermediate storing device; the latter device is shown in FIGS. 3 and 4
      in a perspective view and a front view. The coins leaving, for example,
      the sensor by a passage 26 which conveys them into the receptacles in the
      shape of narrow troughs 27 having sides which are vertical and inclined
      with respect to the horizontal. These troughs are fixed on a conveyor belt
      28 stretched between two spindles only one of which 29 has been shown, the
      one of them being a drive spindle and moving the conveyor belt step by
      step so that at each advance upwards, the following trough will place
      itself in the alignment of the passage 26. After a certain number of
      movements, the coins reach the top of the trough 30. In the preceding
      troughs, the coins abut against a plate 31 but when they reach the top,
      they flow out through the opening 32 to be stocked finally for example in
      a safe. That device makes it possible to check visually through a
      transparent wall the coins inserted in the basket by a user. When each
      user leaves, the conveyor belt moves up one space.
PAR  A control device may be installed in such a way that the advancing of the
      conveyor belt upwards will correspond immediately to the opening of the
      housing which contains the intermediate storing device, thus immediately
      putting all of the coins stored safely in the chest.
PAR  It must be understood that it would not be going beyond the scope of the
      invention to modify certain secondary aspects of the invention or to
      replace certain elements by other equivalent elements fulfilling the same
      function.
CLMS
STM  What I claim:
NUM  1.
PAR  1. Device enabling the conveying, one by one, of the coins deposited in
      bulk in a basket, characterized in that at least the lower portion of the
      said basket is a hopper substantially in the form of a truncated pyramid
      tapering towards the top and comprising a first substantially vertical
      face (2) a second oblique face (3) forming, with the first face, a first
      dihedral (4) having a horizonal ridge and a value less than 90.degree., a
      third face (5) and a fourth face (6) which are lateral, constituting a
      second dihedral (7) having a ridge substantially perpendicular to the said
      first face, in that the bottom of the said hopper extends by a passage
      (10) having parallel lateral edges extending the said third and fourth
      faces from the place where the width of the bottom of the hopper is
      greater than the largest diameter of the parts used but less than twice
      the diameter of the smallest coins used, the bottom of that passage being
      constituted by the extension of the said second face of the hopper, in
      that a first roller (9) having an axis parallel to the ridge of the said
      first dihedral is placed at least partly inside the hopper at the place
      where the connection is made between the latter and the said passage and
      in such a way that its nearest generatrix to the second face be distant
      from the latter by a value greater than the thickness of the thickest coin
      used but smaller than twice the thickness of the thinnest coin used, the
      said roller (9) being driven in a rotating movement in the opposite
      direction to the natural movement of the coins under the effect of gravity
      and in that a second roller (15), having an axis perpendicular to the said
      second face of the hopper and situated outside it, enters partly inside
      the hooper due to a through window (16) formed in the third face (5) of
      the hopper, the base of the roller facing the said second face of the
      hopper being at a distance from that second face less than the thickness
      of the thinnest coin used and that roller being driven in a rotating
      movement in the direction which is opposite to the natural movement of the
      coins under the effect of gravity.
NUM  2.
PAR  2. Device according to claim 1, characterized in that the said passage has
      an upper face (22) limiting a height of passage very slightly greater than
      the distance separating the said second face of the hopper from the
      generatrix of the first roller which is the nearest to that second face
      but less than twice the thickness of the part used, that passage conveys
      the coins under the action of their weight, from the bottom of the hopper
      up to a third roller (24) having a horizontal axis co-operating with a
      resilient support part (23) placed on the bottom of the said passage and
      below the said third roller and separated from the latter by a distance
      slightly less than the thickness of the thinnest coin used, the roller
      being driven in a rotating movement in the direction corresponding to the
      swallowing of the coins which are thus cast out at the back of the said
      third roller with a constant original speed.
NUM  3.
PAR  3. Device according to claim 1, characterized in that apertures are
      provided through said second face and means are provided for lowering said
      second face.
NUM  4.
PAR  4. Device according to claim 2, wherein at the output of a conventional
      sensor located at the output of the third roller (24) there are provided
      several receptacles (27) in the shape of narrow troughs having vertical
      sides slightly inclined with respect to the horizontal and fixed to the
      conveyor belt (30) which may move step by step, in that the trough
      situated at the lower part of the front face is supplied with coins by a
      lateral feed passage (26), the coins abutting on the other lateral face
      against a lateral stop plate (31) which has an opening (32) at the level
      of the upper part of the conveyor belt allowing the coin situated in the
      said upper trough to leave.
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ABST
PAL  A coin-receiving drum can be used to carry coins, and also can coact with a
      support to orient those coins so those coins can be introduced into a
      coin-dispensing unit. That coin-receiving drum has a number of
      spaced-apart, coin-receiving recesses therein; and those spaced-apart,
      coin-receiving recesses open to the exterior of that coin-receiving drum.
      However, a closure member, which is pivoted to the coin-receiving drum,
      acts at any given time to close the majority of those spaced-apart,
      coin-receiving recesses. The support has a driving member and a stop; and
      that driving member will rotate the coin-receiving drum and the closure
      member until that closure member engages and is held by that stop; and
      then that driving member will continue to rotate that coin-receiving drum.
      That continued rotation of the coin-receiving drum will cause the coins
      within that coin-receiving drum to enter and be temporarily held within
      the spaced-apart, coin-receiving recesses, and then be moved to a position
      wherein the closure member permits them to exit from those spaced-apart,
      coin-receiving recesses.
BSUM
PAC  FIELD OF THE INVENTION
PAR  A coin-orienting device usually has a receptacle which initially holds
      coins in random fashion; but that receptacle responds to rotation thereof
      to cause the coins therein to move into spaced-apart sockets or recesses
      in that receptacle. Thereafter, that receptacle responds to further
      rotation thereof to permit the coins within those spaced apart sockets or
      recesses to exit sequentially from those spaced-apart sockets or recesses.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a coin-receiving drum which can be used to
      carry coins and which also can coact with a support to orient those coins
      so those coins can be introduced into a coin-dispensing unit. It is,
      therefore, an object of the present invention to provide a coin-receiving
      drum which can be used to carry coins and which also can coact with a
      support to orient those coins so those coins can be introduced into a
      coin-dispensing unit.
PAR  The coin-receiving drum provided by the present invention has a number of
      spaced-apart, coin-receiving recesses therein, and those spaced-apart,
      coin-receiving recesses communicate with the exterior of that
      coin-receiving drum. However, a closure member is rotatably secured to
      that coin-receiving drum; and, at any given instant, that closure member
      acts to close the majority of those spaced-apart coin-receiving recesses.
      Further, that closure member will coact with a stop on the support to
      automatically assume a position which will enable coins, that are held
      within the spaced-apart, coin-receiving recesses in the coin-receiving
      drum, to exit from those spaced-apart, coin-receiving recesses during
      rotation of the coin-receiving drum. It is, therefore, an object of the
      present invention to provide a coin-receiving drum which has a number of
      spaced-apart, coin-receiving recesses that communicate with the exterior
      of that coin-receiving drum, and which has a closure member that is
      rotatably secured thereto and that closes the majority of those
      spaced-apart, coin-receiving recesses, at any given time, and also to
      provide interacting surfaces on that closure member and on a suport for
      that coin-receiving drum which will automatically dispose that closure
      member in a position wherein coins, that the held within those
      spaced-apart, coin-receiving recesses, can exit from those spaced-apart,
      coin-receiving recesses during rotation of that coin-receiving drum.
PAR  The support provided by the present invention has a surface thereon which
      can interact with a surface on the coin-receiving drum to automatically
      move a torque-receiving surface on that coin-receiving drum into a
      predetermined engagement with a torque-applying surface on that support.
      That support also has guiding members which provide a preliminary
      positioning of the torque-receiving surface on the coin-receiving drum
      adjacent to, but short of, the desired engagement with the torque-applying
      surface on that support. Thereafter, that torque-applying surface and that
      torque-receiving surface will automatically respond to relative movement
      of that coin-receiving drum and of that support to move into that
      predetermined engagement. It is, therefore, an object of the present
      invention to provide a support with a surface thereon which can interact
      with a surface on a coin-receiving drum to automatically move a
      torque-receiving surface on that coin-receiving drum into a predetermined
      engagement with a torque-applying surface on that support, and to provide
      that support with guiding members which provide a preliminary positioning
      of the torque-receiving surface on the coin-receiving drum adjacent to,
      but short of, the desired engagement with the torque-applying surface on
      the support.
PAR  Other and further objects and advantages of the present invention should
      become apparent from an examination of the drawing and accompanying
      description.
PAR  In the drawing and accompanying description a preferred embodiment of the
      present invention is shown and described but it is to be understood that
      the drawing and accompanying description are for the purpose of
      illustration only and do not limit the invention and that the invention
      will be defined by the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing,
PAR  FIG. 1 is a side elevational view of one preferred embodiment of
      coin-handling device which is made in accordance with the principles and
      teachings of the present invention,
PAR  FIG. 2 is an elevational view of the front end of that coin-handling
      device,
PAR  FIG. 3 is a sectional view, on a larger scale, through part of the
      coin-handling device of FIG. 1, and it is taken along the plane indicated
      by the line 3--3 in FIG. 1,
PAR  FIG. 4 is a sectional view, on the scale of FIG. 3, through the
      coin-handling device of FIG. 1, and it is taken along the broken plane
      indicated by the broken line 4--4 in FIG. 3,
PAR  FIG. 5 is a sectional view, on the scale of FIG. 3, through a portion of
      the coin-handling device of FIG. 1, and it is taken along the plane
      indicated by the line 5--5 in FIG. 3,
PAR  FIG. 6 is a sectional view, on the scale of FIG. 3, through the
      coin-handling device of FIG. 1, and it is taken along the plane indicated
      by the line 6--6 in FIG. 1,
PAR  FIG. 7 is a sectional view, on the scale of FIG. 3, through the
      coin-handling device of FIG. 1, and it is taken along the plane indicated
      by the line 7--7 in FIG. 4, and
PAR  FIG. 8 is a sectional view, on the scale of FIG. 3 through the
      coin-handling device of FIG. 1, and it is taken along the plane indicated
      by the line 8--8 in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing in detail, the numeral 20 generally denotes a base
      which is shown as a piece of sheet metal that has been formed to have feet
      21 which are spaced apart by a bridge-like protion, to have
      generally-triangular projections 23 adjacent the upper edge of that
      bridge-like portion, and to have an upwardly-inclined rear wall 25. A
      gear-type electric motor 22 is mounted at the rear face of the
      upwardly-inclined rear wall 25; and the output shaft 24 of that motor
      extends forwardly through that upwardly-inclined rear wall. That output
      shaft has a frusto-conical forward end 26, a frusto-conical shoulder 27
      which is immediately adjacent the upwardly-inclined rear wall 25, and a
      transverse slot 28 in that frusto-conical forward end. A stop 30 is shown
      in FIG. 5 as an ear which is bent forwardly from a metal plate 31 that is
      secured to the front face of the upwardly-inclined rear wall 25; and that
      metal plate extends to the left in FIG. 4 and has the lower portion
      thereof bent to define a coin-guiding chute 34. A metal plate 32 is
      secured to the front face of the metal plate 31; and the former metal
      plate coacts with the latter metal plate to define a coin-receiving space
      above and to the left of the stop 30, as that stop is viewed in FIG. 4.
      The stop 30 extends forwardly through an opening in the metal plate 32, as
      shown by FIG. 5. A pivoted plate 36 is mounted within the coin-guiding
      chute 34; and that pivoted plate helps coins, which move downwardly
      beneath it, to lie flat against the bottom of that coin-guiding chute. The
      numeral 38 denotes a coin-dispensing unit of standard design which is
      mounted on one of the feet 21 of the base 20; and that coin-dispensing
      unit includes a coin tube, a level-sensing switch, a payout slide, and a
      solenoid. That coin-dispensing unit has the coin tube thereof disposed
      adjacent the lower end of the coin-guiding chute 34 to receive and stack
      coins from that chute.
PAR  The numeral 40 denotes rollers which are rotatably supported by an
      elongated pivot 39 that is supported by a bracket 41 which is secured to
      the bridge-like portion of the base 20, as shown particularly by FIG. 6.
      The axis of that elongated pivot, and hence of those rollers, is
      transverse of, and is disposed below the level of, the output shaft 24.
      The numeral 42 denots rollers which are mounted on pivots that are
      supported by the triangular projections 23 on the base 20, as shown by
      FIGS. 1, 2 and 6. Those rollers have the axes thereof parallel to, but
      displaced below, the level of, the axis of the output shaft 24. The
      numeral 44 denotes rollers which are mounted on an elongated pivot
      adjacent the front of the bracket 41; and the axis of that elongated
      pivot, and hence of those rollers, is parallel to the axis of the
      elongated pivot 39. As indicated particularly by FIG. 1, the rollers 42
      are intermediate the rollers 40 and 44; and the pivots for the rollers 42
      are spaced upwardly above a plane defined by the elongated pivots for the
      rollers 40 and 44.
PAR  The base 20, the motor 22, the output shaft 24, the stop 30, the
      coin-dispensing unit 38, and the rollers 40, 42, and 44 constitute a
      support which can releasably receive and hold a coin-receiving drum which
      is generally denoted by the numeral 46. That coin-receiving drum is
      cylindrical in cross section; and it has an angular groove 48 intermediate
      the ends thereof, has an inwardly-curved annular flange 50 adjacent the
      forward end thereof to define a circular opening, and has a rear wall 52.
      That rear wall has fingers 57 thereon which telescope into the rear end of
      the coin-receiving drum; and screws 56 extend through openings in the
      cylindrical wall of that coin-receiving drum to seat in threaded sockets
      in those fingers. A number of triangular recesses 54 are formed in the
      forward face of the rear wall 52, as indicated particularly by FIG. 4; and
      those triangular recesses are spaced apart circumferentially of the
      coin-receiving drum 46. One wall of each of those triangular recesses is
      disposed radius-like of that coin-receiving drum; and the other wall of
      each of those recesses is disposed chord-like of that coin-receiving drum.
      That other wall is longer than the one wall; and that other wall has a
      chamfer 55 thereon, which can be planar or arcuate in cross section. Each
      of the triangular recesses 54 is deeper than a freshly-minted coin of the
      denomination of coin to be received and held by the coin-receiving drum
      46; but each of those triangular recesses is shallower than the depth of
      two well-worn coins of that denomination. The chamfer 55 on the free edge
      of the chord-like wall of each triangular recess 54 enables a second coin,
      which tends to enter and lodge within that triangular recess, to slip out
      of that triangular recess; and it also tends to facilitate the release of
      bent coins from that triangular recess.
PAR  The radius-like wall of each triangular recess 54 is intended to apply
      circumferentially-directed forces to any coin lodged within that
      triangular recess; and the chord-like wall of that triangular recess is
      intended to serve as a runway for that coin whenever that triangular
      recess is in its upper left-hand quadrant, as that triangular recess would
      be viewed in FIG. 4.
PAR  The numeral 58 denotes a bushing which has a frusto-conical surface 59 at
      the rear thereof, as shown particularly by FIGS. 3 and 8; and that
      frusto-conical surface is complementary to the frusto-conical shoulder 27
      on the output shaft 24. That bushing is fixedly secured to the rear wall
      52 of the coin-receiving drum 46; and it holds a closure member 60 in
      assembled relation with the coin-receiving drum 46 but permits relative
      rotation between that closure member and that coin-receiving drum. The
      closure member 60 has the form of a circular plate which has a shallow
      peripheral rim 62 that extends forwardly from that circular plate, as
      shown particularly by FIG. 7. That rim has a gap 63 therein, as shown by
      FIGS. 1 and 3; and that gap has an angular extent which is greater than
      the angular extent of the outer end of any one of the triangular recesses
      54 but which is smaller than the sum of the angular extents of any two
      contiguous recesses 54. In the preferred embodiment shown in the drawing,
      the rear wall 52 has 10 triangular recesses 54 therein, the angular extent
      of the outer end of each of those recesses is slightly less than
      36.degree., and the angular extent of the gap 63 in the rim 62 is about
      52.degree.. A small portion of the closure member 60 is punched rearwardly
      to constitute a projection 64; and the radial distance between the center
      of that projection and the geometric center of the bushing 58 is the same
      as the radial distance between the center of the stop 30 and the geometric
      center of the output shaft 24. As a result, whenever that bushing is
      solidly seated on that output shaft, the stop 30 will be in a position to
      intercept the projection 64.
PAR  As shown by FIG. 7, the front face of the rear wall 52 abuts the rear edge
      of the cylindrical portion of the coin-receiving drum 46; and the outer
      ends of the triangular recesses 54 extend to the periphery of that rear
      wall. As a result, the outer ends of those triangular recesses open
      directly to the exterior of that coin-receiving drum. Consequently, any
      coin that enters, or is within, any triangular recess 54 in that rear wall
      will tend to roll out of that triangular recess whenever the
      coin-receiving drum 46 is in the position of FIG. 1 and that triangular
      recess is below a horizontal line passing through the axis of the bushing
      58. However, as shown by FIG. 7, the rim 62 on the closure member 60
      extends forwardly from that closure member to block the outer ends of the
      majority of the triangular recesses 54.
PAR  The numeral 66 denotes a pin which passes through aligned openings in the
      bushing 58; and that pin bisects the cylindrical passage through that
      bushing. That pin is dimensioned to fit within the slot 28 in the front of
      the output shaft 24, as shown particularly by FIG. 8.
PAR  The numeral 68 denotes a frustro-conical guide which is telescoped within
      the cylindrical portion of the coin-receiving drum 46. One end of that
      guide abuts the annular groove 48, and the other end of that guide abuts
      the fingers 57, as shown by FIG. 3; and hence that guide is held against
      axial movement relative to the coin-receiving drum 46. Each of the fingers
      57 has an axial dimension greater than one-half the diameter of the
      denomination of coin which is to be held within the coin-receiving drum
      46; and hence those fingers coact with the guide 68 to define an annular
      space which is adjacent the rear wall 52 and which has an axial dimension
      greater than one-half the diameter of the denomination of coin which is to
      be held within that coin-receiving drum.
PAR  The cylindrical passage through the bushing 58 is smaller than the diameter
      of the denomination coin to be held within the coin-receiving drum 46; and
      hence coins cannot escape through that cylindrical passage. The rim 62 of
      the closure member 60 always effectively blocks the outer ends of at 8 of
      the 10 triangular recesses 54; and hence, whenever the gap 63 in that rim
      is disposed adjacent the upper surface of the coin-receiving drum 46, that
      coin-receiving drum will be able to hold coins. As a result, whenever that
      coin-receiving drum is carried so the gap 63 in the rim 62 is adjacent the
      upper surface of that coin-receiving drum and so the lowermost edge of the
      opening defined by the inwardly-directed annular flange 50 is higher than
      the angle of rest of the coins within that coin-receiving drum, that
      coin-receiving drum can be used as a carrier for coins. This is desirable;
      because it enables a serviceman for a coin-dispensing machine to fill a
      number of coin-receiving drums 46 before he starts on his route and then
      merely replace each partly-exhausted coin-receiving drum on his route with
      a filled coin-receiving drum. Such an arrangement reduces the "down time"
      of those coin-dispensing machines, reduces the amount of time which the
      service man must spend at each location, and avoids the need of
      transferring coins from a large container to the coin-receiving drum of
      each coin-dispensing machine.
PAR  To replace a partly-empty coin-receiving drum 46 with a full coin-receiving
      drum, the service man need only insert one hand in the opening defined by
      the inwardly-extending flange 50 and apply a forwardly-directed axial
      force to that coin-receiving drum. Thereupon, the bushing 58 will
      telescope forwardly along the output shaft 24; and then the weight of the
      coin-receiving drum 46 and of the coins therein will tend to move the
      lower surface of that coin-receiving drum downwardly into engagement with
      the rollers 40. If the operator is holding the forward end of that
      coin-receiving drum slightly above the position shown in FIG. 1, the
      surface of that coin-receiving drum will be above, and out of engagement
      with, the rollers 42 and 44; and the bulk of the weight of that
      coin-receiving drum will be supported by the rollers 40. Those rollers
      will facilitate easy movement of the coin-receiving drum 46 forwardly
      relative to the support 20. When the rim 62 of the closure member 60
      engages the rollers 40, the serviceman can tilt the forward end of that
      coin-receiving drum downwardly until the lower surface of that
      coin-receiving drum engages and is essentially supported by the rollers
      44. Thereafter, the serviceman can roll the coin-receiving drum 46
      forwardly until he can dispose his other hand in engagement with the
      closure member 60 and with the rear surface of that coin-receiving drum;
      and, thereupon, the serviceman can lift the partly-empty coin-receiving
      drum from the support 20.
PAR  To insert a full coin-receiving drum 46, the serviceman need only move the
      rear wall of that coin-receiving drum rearwardly of the rollers 44, permit
      the major portion of the weight of that coin-receiving drum and of the
      coins therein to be borne by those rollers, and then permit gravity to
      urge that coin-receiving drum toward the output shaft 24. As the closure
      member 60 engages the rollers 42, the serviceman can tilt the axis of the
      coin-receiving drum 46 far enough to permit that closure member to clear
      those rollers; and then he can continue to permit the rollers 44 to
      support the major portion of the weight of that coin-receiving drum and of
      the coins therein. After the closure member 60 has moved rearwardly beyond
      the rollers 40, the serviceman can permit the weight of the coin-receiving
      drum 46 and of the coins therein to move the lower surface of that
      coin-receiving drum downwardly into engagement with those rollers, and
      then that serviceman can raise forward end of that coin-receiving drum
      sufficiently to keep the bottom of that coin-receiving drum from resting
      upon the rollers 42 while the permits gravity to continue to move that
      coin-receiving drum rearwardly. The rollers 40 will hold the uppermost
      portion of the frusto-conical surface 59 in the bushing 58 slightly above
      the upper most portion of the leading edge of the frusto-conical surface
      26 on the output shaft 24; and those rollers also will guide that bushing
      into approximate alignment with that output shaft. Consequently, without
      any need of the serviceman applying guiding forces to the coin-receiving
      drum 46, the rollers 40 will cause the frusto-conical surface 59 of the
      bushing 58 to start teescoping over the frusto-conical leading edge 26 of
      the output shaft 24. At such time, the pin 66 may or may not be aligned
      with the slot 28 in the front end of that output shaft.
PAR  As long as the surface of the coin-receiving drum 46 is in engagement with
      the rollers 40, the axis of the bushing 58 will be disposed a fraction of
      an inch below the level of the axis of the output shaft 24, and the
      frusto-conical surface 59 will be displaced from the frusto-conical
      shoulder 27. At such time, the coin-receiving drum 46 will be close to,
      but will not be in, a position wherein it can transfer coins to the
      coin-guiding chute 34. However, once the rollers 40 have guided that
      coin-receiving drum close to its coin-transferring position, the
      serviceman will momentarily energize the motor 22. The resulting counter
      clockwise rotation of the output shaft 24 in FIG. 4 will develop sliding
      friction, rather than static friction, between the frusto-conical forward
      end 26 of that output shaft and the frusto-conical surface 59 in the
      bushing 58; and that sliding friction will enable gravity to cause that
      bushing to successively slide to the left along that frusto-conical
      forward end, slide to the left along the cylindrical portion of the output
      shaft 24, and then slide to the left along the frusto-conical shoulder 27.
      Specifically, the weight of the coin-receiving drum 46 and of the coins
      therein will develop a downwardly-acting force which will have a component
      of force that is coaxial with the output shaft 24; and that component of
      force will coact with the sliding friction between that output shaft and
      the bushing 58 to enable the frusto-conical surface 59 to move to the left
      until it seats on the frusto-conical shoulder 27. At such time the
      bearings, not shown, for the output shaft 24 and the frusto-conical
      shoulder 27 will fully withstand any and all axial thrusts which the
      weight of the coin-receiving drum 46 and of the coins therein can apply to
      that output shaft.
PAR  As the weights of the coin-receiving drum 46 and of the coins therein coact
      with the sliding friction between the frusto-conical surface 59 in the
      bushing 58 and the frusto-conical end 26 of the output shaft 24 to cause
      that bushing to shift to the left, the pin 66 which is held by that
      bushing will approach the slot 28 in that output shaft. If that slot is
      not aligned with that pin, further shifting of the coin-receiving drum 46
      to the left will be halted; but, as soon as that slot is aligned with that
      pin, that pin will move into that slot. Thereafter, the end wall 52 and
      the cylindrical portion of the coin-receiving drum 46 will rotate with the
      output shaft 24.
PAR  As the pin 46 moves into the slot 26 in the output shaft 24, the closure
      member 60 will tend to rotate in the counter clockwise direction with the
      coin-receiving drum 46 because of the frictional engagement between that
      closure member and the bushing 58. The gap 63 in the rim 62 of that
      closure member will initially be at the top of that closure member -- to
      keep coins from falling out of the triangular recesses 54 in the lower
      portion of the end wall 52. However, as that closure member responds to
      the frictional forces, between itself and the bushing 58, to rotate in the
      counter clockwise direction in FIG. 4, the projection 64 on that closure
      member will engage the stop 30, as shown particularly by FIGS. 4 and 5.
      Thereupon, further rotation of that closure member will be halted; and, at
      such time, the gap 63 will be in register with the coin-receiving space
      which is defined by the metal plates 31 and 32. This means that coins
      which are moved into register with that gap can enter that coin-receiving
      space; and those coins will move downwardly past the pivoted plate 36 and
      into the coin tube of the coin-dispensing unit 38.
PAR  Initially, the coin-receiving drum 46 will hold the coins therein in random
      fashion in the lower portion thereof; but the weights of those coins will
      coact with the rotation of that coin-receiving drum to force some of those
      coins into face-to-face alignment with the rear wall 52. As that rear wall
      rotates, some of those coins will enter the triangular recesses 54 in the
      forward face of that rear wall; and the radius-like walls of those
      triangular recesses will move those coins upwardly into position in
      register with the gap 63 in the rim 62. As each triangular recess
      approaches that gap, the chord-like wall of that triangular recess will
      act as a runway for the coin in that triangular recess; and that coin will
      roll outwardly through the open end of that triangular recess and into the
      coin-receiving space defined by the metal plates 31 and 32. The chamfer 55
      on the chord-like wall of each triangular recess 54 will enable a second
      coin, or a bent coin, in that triangular recess to work its way out of
      that triangular recess and back into the coin-receiving drum 46 before it
      reaches the gap 63. In that way, the chamfer 55 tends to keep bent coins
      reaching the coin tube of the coin-dispensing unit 38 and to keep second
      coins in the triangular recesses 54 from reaching the gap 63. As the
      various coins pass successively through the coin-receiving chute and the
      coin-guiding chute 34, those coins will be oriented and aligned; and they
      will fall into the coin tube of the coin-dispensing unit 38 in the form of
      a neat stack. Consequently, the coin-handling device of the present
      invention is able to take coins which are held in random fashion within
      the coin-receiving drum 46 and stack them neatly within the coin tube of
      the coin-dispensing unit 38.
PAR  As the motor 22 rotates the coin-receiving drum 46 in the counter clockwise
      direction in FIG. 4, the coins at the right-hand side of the axis of the
      output shaft 24 will rise above the level of the coins at the left-hand
      side of that axis. Further, some of those coins can tend to slide, roll or
      be moved into position adjacent the gap 63 in the rim 62 on the closure
      member 60; and those coins can tend to keep some of the coins within the
      triangular recesses 54 from rolling out of those triangular recesses and
      into the coin-receiving space defined by the metal plates 31 and 32. In
      some instances, coins adjacent the gap 63 can tend to form a "bridge"
      which impedes free rolling of coins out of the triangular recesses 54;
      and, in other instances, coins adjacent that gap can apply frictional
      forces to the coins within those triangular recesses which impede free
      rolling of those coins out of those triangular recesses. In either of
      those instances, coins will not freely roll out of the triangular recesses
      54 and into the coin-receiving space defined by the metal plates 31 and 32
      even though the coin-receiving drum 46 continues to rotate. As pointed out
      in detail in the patent application Ser. No. 520,973 of Ashok K. Gupta
      which is entitled CIRCUITRY FOR COIN-HANDLING SYSTEM, and which was filed
      on Nov. 5, 1975, it is possible to assure free rolling of coins out of the
      triangular recesses 54 and through the gap 63 by recurrently de-energizing
      the motor 22. Each time that motor is de-energized, the weight of the
      coins which are disposed to the right of the axis of the output shaft 24
      in FIG. 4 will enable the coin-receiving drum 46 to apply forces to that
      output shaft which will tend to rotate that output shaft and that
      coin-receiving drum in the clockwise direction. Such clockwise direction
      of that coin-receiving drum will be quite limited in extent; but that
      clockwise rotation will tent to permit any "bridge-forming" coins to move
      away from the gap 63, and also will reduce the frictional forces between
      coins within the triangular recesses 54 and the adjacent coins. As a
      result, renewed rotation of the coin-receiving drum 46 in the counter
      clockwise direction in FIG. 4 will permit coins to roll freely out of the
      triangular recesses 54.
PAR  The motor 22 will cause the coin-receiving drum 46 to raise coins upwardly
      to, and to permit those coins to roll through, the gap 63 until the level
      of the coins within the tube of the coin dispensing unit 38 reaches the
      actuator of the level-sensing switch of that coin dispensing unit. When
      the uppermost coin in that coin tube continuously holds that actuator in
      its outer position, the motor 22 will be de-energized, and the
      coin-receiving drum 46 will come to rest, until further coins are paid out
      of that coin tube.
PAR  The frusto-conical guide 68 which is mounted within the cylindrical portion
      of the coin-receiving drum 46, as shown by FIG. 3, is helpful in
      facilitating the positioning of coins so they are generally parallel to
      the rear wall 52. Specifically as the coins, which are held in random
      fashion within the coin-receiving drum 46, progressively move toward the
      rear wall 52, those coins will receive support from that frusto-conical
      guide; but, as the center-line of any coin moves to the left beyond the
      left-hand end of that frusto-conical guide, gravity will tend to cause
      that coin to move downwardly into the annular space between the left-hand
      end of that guide and that rear wall. Thereafter, the weights of the coins
      which are located radially inwardly of any coin, that has moved to the
      left beyond the left-hand end of the frusto-conical guide 68, will tend to
      force the left-hand portion of the periphery of that coin downwardly into
      the annular recess adjacent the fingers 57 -- and hence will tend to force
      that coin to move into parallism with the rear wall 52. Subsequently, the
      presence of adjacent coins will tend to cause that coin to enter any
      coin-free triangular recess 54 which approaches that coin.
PAR  The fingers 57 perform three functions: namely, they coact with the screws
      56 to secure the rear wall 52 to the cylindrical portion of the
      coin-receiving drum 46, they help position the frusto-conical guide 68
      within that coin-receiving drum, and they help stir up the coins within
      that coin-receiving drum as that coin-receiving drum rotates. In
      performing the latter function, those fingers minimize the likelihood of
      coins bridging the gap 63 or of applying undue fructional forces to the
      coins within the triangular recesses 54.
PAR  The output shaft 24 is very useful in helping to automatic raise the inner
      end of the coin-receiving drum 46 into register with the axis of that
      output shaft, and hence in raising the lower surface of that
      coin-receiving drum out of engagement with the rollers 40. However, if
      desired, a stationary projection having the general form of the output
      shaft 24 could be mounted on the upwardly inclined rear wall 25 of the
      base 20, and the rollers 42 could be used to apply rotating forces to the
      coin-receiving drum 46. In such event, the rollers 40 would guide the
      bushing 58 into position adjacent the frusto-conical outer end of that
      projection, and then the rollers 42 would rotate that coin-receiving drum
      to provide the sliding friction which would be relied upon to enable the
      bushing 58 to move into full engagement with that projection.
PAR  The rollers 40 and 44 are very helpful in relieving the serviceman of the
      need of fully supporting the coin-receiving drum 46 while he is moving
      that coin-receiving drum into and out of position adjacent the output
      shaft 24. Further, those rollers relieve the serviceman of the need of
      lifting a heavy load while that load is at arms-length from him and while
      that load is within a coin-dispensing machine. Consequently, those rollers
      minimize the energy which must be expended, and the strains which must be
      withstood, by the serviceman.
PAR  The diameter of the coin-receiving drum 46 and the sizes of the triangular
      recesses 54 will be functions of the sizes of the coins to be held within,
      and then released by, that coin-receiving drum. For example, a
      coin-receiving drum 46 which was intended to hold, and then release, U.S.
      dimes would usually have a smaller diameter and would have smaller
      triangular recesses 54 than would a coin-receiving drum that was intended
      to hold, and then release, U.S. quarters. However, a coin-receiving drum
      46 which was intended to hold, and then release, U.S. quarters could also
      be used to hold, and then release, U.S. nickels.
PAR  Whereas the drawing and accompanying description have shown and described a
      preferred embodiment of the present invention, it should be apparent to
      those skilled in the art that various changes can be made in the form of
      the invention without affecting the scope thereof.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A coin-handling device which comprises a support, a coin-receiving drum
      that can be selectively moved into and out of a predetermined
      coin-releasing position adjacent said support and that can hold a
      plurality of coins in predetermined spaced-apart locations, a closure
      member which is carried by said coin-receiving drum and which moves with
      said coin-receiving drum as said coin-receiving drum is moved into and out
      of said predetermined coin-releasing position adjacent said support, said
      closure member being secured to but being movable relative to said
      coin-receiving drum, an exit for coins, said closure member permitting
      coins which are held in said predetermined spaced apart locations by said
      coin-receiving drum to move from said coin-receiving drum to and through
      said exit whenever said coin-receiving drum is in said coin-releasing
      position and said closure member is in a predetermined stationary position
      and relative movement is provided between said coin-receiving drum and
      said closure member, interacting surfaces on said support and on said
      closure member which hold said closure member in said predetermined
      stationary position whenever said coin-receiving drum is in said
      predetermined coin-releasing position adjacent said support, and means to
      provide relative movement between said coin-receiving drum and said
      closure member while said closure member is held against movement relative
      to said support to permit said coins which are held in said predetermined
      spaced apart locations by said coin-receiving drum to move to and through
      said exit and thereby be freed from said coin-receiving drum.
NUM  2.
PAR  2. A coin-handling device as claimed in claim 1 wherein said coin-receiving
      drum has a plurality of circumferentially-displaced recesses therein to
      hold said coins in said predetermined spaced-apart locations, wherein said
      closure member blocks the majority of said circumferentially-displaced
      recesses at any given time, and wherein relative movement between said
      coin-receiving drum and said closure member successively unblocks
      succeeding ones of said circumferentially-displaced recesses and thereby
      successively permits coins which are held in said succeeding ones of said
      circumferentially-displaced recesses to successively exit from said
      succeeding ones of said circumferentially-displaced recesses.
NUM  3.
PAR  3. A coin-handling device as claimed in claim 1 wherein said coin-receiving
      drum has a plurality of circumferentially-displaced recesses therein to
      hold said coins in said predetermined spaced-apart location, and wherein
      said closure member blocks the majority of said
      circumferentially-displaced recesses, but leaves at least one of said
      circumferentially-displaced recesses unblocked, at any given time.
NUM  4.
PAR  4. A coin-handling device as claimed in claim 1 wherein said closure member
      blocks the majority of said predetermined spaced-apart locations at any
      given time, and thereby enables said coin-receiving drum to be used to
      carry coins.
NUM  5.
PAR  5. A coin-handling device as claimed in claim 1 wherein said closure member
      is a plate with a shallow rim thereon, wherein said spaced-apart locations
      are adjacent one end of said coin-receiving drum, wherein said closure
      member is located adjacent said one end of said coin-receiving drum and
      has said shallow rim thereon telescoped over a short portion of the length
      of the periphery of said coin-receiving drum, and wherein said shallow rim
      blocks all but two of said predetermined spaced-apart locations at any
      given time.
NUM  6.
PAR  6. A coin-handling device as claimed in claim 1 wherein said means rotates
      said coin-receiving drum relative to said support, wherein said closure
      member tends to rotate with said coin-receiving drum, and wherein said
      interacting surfaces on said support and on said closure member act to
      halt rotation of said closure member with said coin-receiving drum.
NUM  7.
PAR  7. A coin-handling device as claimed in claim 1 wherein
      circumferencially-shaped recesses in said coin-receiving drum hold said
      plurality of coins in said predetermined spaced-apart locations, wherein
      one wall of each of said circumferentially-spaced recesses is disposed
      chord-like relative to said coin-receiving drum, and wherein said one
      walls of said circumferentially-spaced recesses serve as coin runways for
      said plurality of coins as said plurality of coins exit from said
      coin-receiving drum.
NUM  8.
PAR  8. A coin-handling device as claimed in claim 1 wherein
      circumferentially-spaced recesses in said coin-receiving drum hold said
      plurality of coins in said predetermined spaced-apart locations, wherein
      one wall of each of said circumferentially-spaced recesses is disposed
      chord-like relative to said coin-receiving drum, wherein said one walls of
      said circumferentially-spaced recesses serve as coin runways for said
      plurality of coins as said plurality of coins exit from said
      coin-receiving drum, and wherein the free edges of said one walls of said
      circumferentially-spaced recesses incline downwardly to permit bent coins
      to roll off of said one walls before they can exit from said
      coin-receiving drum.
NUM  9.
PAR  9. A coin-handling device which comprises a support, a coin-receiving drum
      that is movable into and out of a predetermined position adjacent said
      support, a driving member that can rotate said coin-receiving drum
      relative to said support whenever said coin-receiving drum is in said
      predetermined position, interacting surfaces on said coin-receiving drum
      and on said support which initially help hold said coin-receiving drum
      immediately adjacent to, but not in, said predetermined position, and
      further interacting surfaces on said driving member and on said
      coin-receiving drum which can respond to the holding of said
      coin-receiving drum immediately adjacent said predetermined position by
      the first said interacting surfaces and to rotation of said driving member
      relative to said coin-receiving drum to automatically cause said
      coin-receiving drum to move into said predetermined position.
NUM  10.
PAR  10. A coin-handling device as claimed in claim 9 wherein the first said
      interacting surfaces include the exterior of said coin-receiving drum and
      rollers that engage said exterior of said coin-receiving drum to initially
      help support said coin-receiving drum.
NUM  11.
PAR  11. A coin-handling device as claimed in claim 9 wherein the first said
      interacting surfaces include the exterior of said coin-receiving drum,
      rollers that engage said exterior of said coin-receiving drum, and
      portions of said further interacting surfaces.
NUM  12.
PAR  12. A coin-handling device as claimed in claim 9 wherein the first said
      interacting surfaces include the exterior of said coin-receiving drum and
      rollers that engage said exterior of said coin-receiving drum to initially
      help support said coin-receiving drum, and wherein said first said
      interacting surfaces hold said coin-receiving drum so gravity urges said
      coin-receiving drum toward said predetermined position.
NUM  13.
PAR  13. A coin-handling device as claimed in claim 9 wherein the first said
      interacting surfaces include the exterior of said coin-receiving drum and
      rollers that engage said exterior of said coin-receiving drum to initially
      help support said coin-receiving drum, and wherein said rollers help
      support one end of said coin-receiving drum while said further interacting
      surfaces help support the other end of said coin-receiving drum.
NUM  14.
PAR  14. A coin-handling device as claimed in claim 9 wherein said first said
      interacting surfaces hold said coin-receiving drum so gravity urges said
      coin-receiving drum toward said predetermined position.
NUM  15.
PAR  15. A coin-handling device as claimed in claim 9 wherein said first said
      interacting surfaces also help hold said coin-receiving drum in said
      predetermined position.
NUM  16.
PAR  16. A coin-handling device as claimed in claim 9 wherein the first said
      interacting surfaces include the exterior of said coin-receiving drum and
      rollers that engage said exterior of said coin-receiving drum to initially
      help support said coin-receiving drum, and wherein said rollers have the
      axes thereof parallel to the axis of said coin-receiving drum whenever
      said coin-receiving drum is in said predetermined position.
NUM  17.
PAR  17. A coin-handling device as claimed in claim 9 wherein one of said
      further interacting surfaces is a frusto-conical surface on said driving
      member and another of said further interacting surfaces is a bushing in
      said coin-receiving drum.
NUM  18.
PAR  18. A coin-handling device as claimed in claim 9 wherein one of said
      further interacting surfaces is a frusto-conical surface on said driving
      member and another of said further interacting surfaces is a bushing in
      said coin-receiving drum, wherein said bushing telescopes over and is
      driven by said driving member, and wherein said bushing drives said
      coin-receiving drum, whereby said bushing performs the dual functions of
      helping said coin-receiving drum move into said predetermined position and
      of helping drive said coin-receiving drum.
NUM  19.
PAR  19. A coin-handling device which comprises a support, a coin-receiving drum
      that has means to hold a plurality of coins in predetermined spaced-apart
      locations therein, said coin-receiving drum being movable into and out of
      a predetermined position adjacent said support, a driving member that can
      rotate said coin-receiving drum relative to said support whenever said
      coin-receiving drum is in said predetermined position, interacting
      surfaces on said coin-receiving drum and on said support which help guide
      said coin-receiving drum into an initial position immediately adjacent
      said predetermined position wherein said driving member can rotate without
      rotating said coin-receiving drum, said interacting surfaces also
      initially helping hold said coin-receiving drum immediately adjacent to,
      but not in, said predetermined position, said interacting surfaces
      including rollers on said support, and further interacting surfaces on
      said driving member and on said coin-receiving drum which respond to the
      holding of said coin-receiving drum in said initial position immediately
      adjacent said predetermined position by the first said interacting
      surfaces and to rotation of said driving member relative to said
      coin-receiving drum to automatically cause said coin-receiving drum to
      move from said initial position into said predetermined position as said
      driving member rotates relative to said coin-receiving drum and thereby
      can automatically cause said coin-receiving drum to start rotating with
      said driving member.
NUM  20.
PAR  20. A coin-handling device which comprises a support, a coin-receiving drum
      that has means to hold a plurality of coins in predetermined spaced-apart
      locations therein, said coin-receiving drum being movable into and out of
      a predetermined position adjacent said support, a driving member that can
      rotate said coin-receiving drum relative to said support whenever said
      coin-receiving drum is in said predetermined position, and rollers which
      guide said coin-receiving drum into an intial position adjacent said
      predetermined position wherein said driving member can rotate without
      rotating said coin-receiving drum, and interacting surfaces on said
      driving member and on said coin-receiving drum which can act while said
      coin-receiving drum is in said initial position to automatically cause
      said coin-receiving drum to move from said initial position into said
      predetermined position as said driving member rotates relative to said
      coin receiving drum, the axes of said rollers being transverse of the axis
      of said coin-receiving drum.
NUM  21.
PAR  21. A coin-handling device which comprises a support, a coin-receiving drum
      that has means to hold a plurality of coins in predetermined spaced-apart
      locations therein, said coin-receiving drum being movable into and out of
      a predetermined position adjacent said support, a driving member that can
      rotate said coin-receiving drum relative to said support whenever said
      coin-receiving drum is in said predetermined position, interacting
      surfaces on said coin-receiving drum and on said support and further
      interacting surfaces on said driving member and on said coin-receiving
      drum which support said coin-receiving drum while said driving member
      rotates said coin-receiving drum relative to said support, said
      coin-receiving drum being disposable in an initial position which is
      adjacent to said predetermined position and wherein said interacting
      surfaces on said coin-receiving drum and on said support help support said
      coin-receiving drum but said driving member does not rotate said
      coin-receiving drum, rollers which guide said coin-receiving drum toward
      said predetermined position, and said rollers having the axes thereof
      transverse of the axis of said coin-receiving drum.
NUM  22.
PAR  22. A coin-handling device which comprises a support, a coin-receiving drum
      that has means to hold a plurality of coins in predetermined spaced-apart
      locations therein, said coin-receiving drum being movable into and out of
      a predetermined position adjacent said support, a driving member that can
      rotate said coin-receiving drum relative to said support whenever said
      coin-receiving drum is in said predetermined position, interacting
      surfaces on said coin-receiving drum and on said support and further
      interacting surfaces on said driving member and on said coin-receiving
      drum which support said coin-receiving drum while said driving member
      rotates said coin-receiving drum relative to said support, said
      coin-receiving drum being disposable in an initial position which is
      adjacent to said predetermined position and wherein said interacting
      surfaces on said coin-receiving drum and on said support help support said
      coin-receiving drum but said driving member does not rotate said
      coin-receiving drum, rollers which guide said coin-receiving drum toward
      said predetermined position, and said rollers having the axes thereof
      transverse of the axis of said coin-receiving drum, and the first said and
      said further interacting surfaces holding said coin-receiving drum up out
      of engagement with said rollers whenever said coin-receiving drum is in
      said predetermined position.
NUM  23.
PAR  23. A coin-handling device which comprises a support, a coin-receiving drum
      that has means to hold a plurality of coins in predetermined spaced-apart
      locations therein, said coin-receiving drum being movable into and out of
      a predetermined position adjacent said support, a driving member that can
      rotate said coin-receiving drum relative to said support whenever said
      coin-receiving drum is in said predetermined position, and rollers which
      guide said coin-receiving drum into an initial position adjacent said
      predetermined position wherein said driving member can rotate without
      rotating said coin-receiving drum, and interacting surfaces on said
      driving member and on said coin-receiving drum which can act while said
      coin-receiving drum is in said initial position to automatically cause
      said coin-receiving drum to move from said initial position into said
      predetermined position as said driving member rotates relative to said
      coin receiving drum, two of said rollers being close to said driving
      member, two further of said rollers being remote from said driving member,
      said rollers defining a plane, additional rollers being located above the
      level of said plane, and said additional rollers helping hold said
      coin-receiving drum up out of engagement with the first said two rollers
      and said further two rollers whenever said coin-receiving drum is in said
      predetermined position.
NUM  24.
PAR  24. A coin-handling device which comprises a support, a coin-receiving drum
      that has means to hold a plurality of coins in predetermined spaced-apart
      locations therein, said coin-receiving drum being movable into and out of
      a predetermined position adjacent said support, a driving member that can
      rotate said coin-receiving drum relative to said support whenever said
      coin-receiving drum is in said predetermined position, and rollers which
      guide said coin-receiving drum into an initial position adjacent said
      predetermined position wherein said driving member can rotate without
      rotating said coin-receiving drum, and interacting surfaces on said
      driving member and on said coin-receiving drum which can act while said
      coin-receiving drum is in said initial position to automatically cause
      said coin-receiving drum to move from said initial position into said
      predetermined position as said driving member rotates relative to said
      coin receiving drum, two of said rollers being close to said driving
      member, two further of said rollers being remote from said driving member,
      said rollers defining a plane, additional rollers being located above the
      level of said plane, said additional rollers helping hold said
      coin-receiving drum up out of engagement with the first said two rollers
      and said further two rollers whenever said coin-receiving drum is in said
      predetermined position, said first said two rollers and said further two
      rollers having parallel axes that are disposed transversely of the axis of
      said driving member, and said additional rollers having the axes thereof
      parallel to the axis of said driving member.
NUM  25.
PAR  25. A coin-handling device which comprises a support, a coin-receiving drum
      that has means to hold a plurality of coins in predetermined spaced-apart
      locations therein, said coin-receiving drum being movable into and out of
      a predetermined position adjacent said support, a driving member that can
      rotate said coin-receiving drum relative to said support whenever said
      coin-receiving drum is in said predetermined position, and rollers which
      guide said coin-receiving drum into an initial position adjacent said
      predetermined position wherein said driving member can rotate without
      rotating said coin-receiving drum, and interacting surfaces on said
      driving member and on said coin-receiving drum which can act while said
      coin-receiving drum is in said initial position to automatically cause
      said coin-receiving drum to move from said initial position into said
      predetermined position as said driving member rotates relative to said
      coin receiving drum, two of said rollers being close to said driving
      member, two further of said rollers being remote from said driving member,
      said rollers defining a plane, additional rollers being located above the
      level of said plane, said additional rollers helping hold said
      coin-receiving drum up out of engagement with the first said two rollers
      and said further two rollers whenever said coin-receiving drum is in said
      predetermined position, said two further rollers being capable of coacting
      to help support said coin-receiving drum as said coin-receiving drum is
      rested on said support remote from said predetermined position, said
      coin-receiving drum being capable of having the axis thereof tilted in one
      direction relative to the horizontal to enable a portion of said
      coin-receiving drum to pass above and out of engagement with said
      additional rollers, said coin-receiving drum being capable of having said
      axis thereof tilted in the opposite direction relative to the horizontal
      and of having the first said portion thereof rested on the first said two
      rollers to enable a further portion of said coin-receiving drum to pass
      above and out of engagement with said additional rollers, and said first
      said two rollers and said additional rollers being capable of supporting
      said coin-receiving drum when said coin-receiving drum is just short of
      said predetermined position.
NUM  26.
PAR  26. A coin-handling device which comprises a support, a coin-receiving drum
      that has means to hold a plurality of coins in predetermined spaced-apart
      locations therein, said coin-receiving drum being movable into and out of
      a predetermined position adjacent said support, a driving member that can
      rotate said coin-receiving drum relative to said support whenever said
      coin-receiving drum is in said predetermined position, and rollers which
      guide said coin-receiving drum into an initial position adjacent said
      predetermined position wherein said driving member can rotate without
      rotating said coin-receiving drum, and interacting surfaces on said
      driving member and on said coin-receiving drum which can act while said
      coin-receiving drum is in said initial position to automatically cause
      said coin-receiving drum to move from said initial position into said
      predetermined position as said driving member rotates relative to said
      coin-receiving drum, two of said rollers being close to said driving
      member, two further of said rollers being remote from said driving member,
      said rollers defining a plane, additional rollers being located above the
      level of said plane, said additional rollers helping hold said
      coin-receiving drum up out of engagement with the first said two rollers
      and said further two rollers whenever said coin-receiving drum is in said
      predetermined position, and said additional rollers being located
      intermediate the first said two rollers and said two further rollers.
NUM  27.
PAR  27. A coin-handling device which comprises a support, a coin-receiving drum
      that is selectively movable into and out of a predetermined position
      adjacent said support, interacting surfaces on said coin-receiving drum
      and on a driving member and on said support which provide three points of
      support for said coin-receiving drum and thereby hold said coin-receiving
      drum in said predetermined position, said driving member being engaged by
      said coin-receiving drum and being adapted to rotate said coin-receiving
      drum relative to said support whenever said coin-receiving drum is in said
      predetermined position, and further interacting surfaces which can hold
      said coin-receiving drum in an initial position adjacent said
      predetermined position, one of said further interacting surfaces being on
      said driving member, said driving member also helping to support said
      coin-receiving drum while it rotates said coin-receiving drum relative to
      said support.
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ABST
PAL  A change mechanism for a gasoline dispenser or the like for receiving coins
      or tokens and returning coins as change. A removable coin cartridge having
      provision for receiving incoming coins and paying out coins as change, and
      incorporating coin troughs as structural members of the cartridge. An
      installation configuration for permitting removal of an exhausted
      cartridge and insertion of a full cartridge at the dispenser, and
      reloading of cartridges at a remote location.
BSUM
PAR  This invention relates to coin operated devices, such as gasoline
      dispensers and the like, and in particular to a new and improved change
      mechanism. While the word "coin" is used throughout this specification and
      claims, it should be understood that the apparatus is suitable for use
      with tokens and other similar items and that the word coin is intended to
      include such other items.
PAR  In a typical coin operated dispenser, the customer deposits one or more
      coins into a coin acceptance mechanism. If the coins are acceptable, they
      are passed to a coin receiving container within the dispenser for
      subsequent collection by the operator. Product is then dispensed and if
      change is due the customer at the end of the product dispensing cycle, one
      or more coins, usually of various demonimations, will be paid out to the
      customer. Prior art dispensers utilizing change mechanisms are shown in
      U.S. Pat. Nos. 3,550,743; 3,605,973; 3,666,928; and 3,731,777; and in
      copending application Ser. NO. 427,579, filed Dec. 26, 1973 and assigned
      to the same assignee as the present application.
PAR  It is an object of the invention to provide a separate coin cartridge that
      can be loaded with coins at a remote location, carried to the dispenser
      and substituted for a spent cartridge in a simple operation requiring
      minimal down time for the dispenser. A further object is to provide such a
      cartridge which can incorporate a receptacle for the incoming coins.
PAR  It is another object of the invention to provide a new and improved coin
      cartridge with the coin carriers forming structural portions of the
      cartridge. An additional object is to provide such a coin cartridge with a
      unitary side member having a corragated configuration defining troughs for
      the coins, with a hinged or otherwise movable cover providing access for
      ease of loading.
PAR  It is a particular object of the invention to provide a change mechanism
      suitable for utilization in a dual gasoline dispenser which provides two
      gasoline pumping operations from a single housing, together with the
      necessary coin receiving and dispensing, metering, computation, indication
      and control for each of the two dispensing operations.
PAR  Other objects, advantages, features and results will more fully appear in
      the course of the following description. The drawings merely show and the
      description merely describes a preferred embodiment of the present
      invention which is given by way of illustration or example.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a front view of a coin operated gasoline dispenser incorporating
      the presently preferred embodiment of the invention;
PAR  FIG. 2 is a sectional view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a view similar to that of FIG. 2 showing a portion of the
      dispenser in the open position with the change mechanism in the extended
      position;
PAR  FIG. 4 is an enlarged partial view of the dispenser of FIG. 1 with a
      portion of the housing in the open position;
PAR  FIG. 5 is an isometric view of a coin cartridge from the dispenser of FIG.
      1, with the cartridge lying on its side showing the coin loading
      configuration; and
PAR  FIG. 6 is an exploded view illustrating the mounting of a coin cartridge in
      the housing of the dispenser.
DETD
PAR  The gasoline dispenser of FIG. 1 includes a housing 10 with a lower section
      11 and an upper section 12. The piping, metering and valving is positioned
      in the lower section, with the computation and indicating equipment and
      the change mechanism in the upper section. The dispenser of FIG. 1
      provides for two dispensing operations simulataneously through hoses 13
      and 14. The face of the upper housing section 12 seen in FIG. 1 functions
      with the hose 13, while a similar face at the back functions with the hose
      14.
PAR  The price per gallon, the number of gallons dispensed, the dollar amount
      paid for, the dollar amount dispensed, and other information may be
      displayed at panels 16. Coins are deposited by the customer at slot 17 and
      change is returned at opening 18. The dispensing operation may be
      initiated by the start button 19 and terminated by the stop buttom 20.
PAR  The upper housing section 12 has a central shell 23 and hinged covers 24,
      25. A coin cartridge 30 is carried on a deck 31 mounted on a slide
      mechanism 32 in the shell 23. The deck 31 with the coin cartridge 30 is
      shown in the normal position within the housing in FIG. 2, and in the
      extended position in FIGS. 3 and 6. A coin acceptance mechanism 35 is
      mounted in the shell 23 with a coin receiving slot in line with the slot
      17 of the hinged cover 24. Another coin acceptance mechanism 36 is mounted
      in the shell with a coin receiving slot in line with the slot in the other
      hinged cover 25. In the preferred embodiment illustrated, the coin
      acceptance mechanisms 35, 36 are mounted with a space therebetween for
      receiving the coin cartridge 30, as shown in FIG. 4. Each coin acceptance
      mechanism has two outlet passages, one directing valid coins into a tray
      37 carried by the coin cartridge, and the other directing rejected coins
      to the coin return opening 18 via coin receptacle 38 carried on the hinged
      cover. The change mechanism when actuated, deposits the appropriate coins
      from the coin cartridge into the receptacle 38 for removal by the
      customer.
PAR  The coin cartridge 30 is best seen in FIGS. 5 and 6, and comprises a frame
      with top 40, bottom 41, and sides 42, 43. The sides function as the coin
      carriers and are mirror images of each other and only one will be
      described in detail.
PAR  The side 43 includes a trough member 45 and a hinged cover 46. The trough
      member 45 preferably is a unitary molded plastic piece of corrugated
      configuration, providing a plurality of troughs for receiving coins. The
      trough member preferably is of a clear material providing immediate visual
      indication of the supply of coins. The member 45 may be attached to the
      top 40 and the hinge for the cover 46 by fasteners indicated at 47.
PAR  The lower end of member 45 may be attached to an angle bracket 50 which in
      turn is fixed to the bottom 41 with spacer plates 51 therebetween,
      providing space for slide plates 52.
PAR  The open coin troughs in the member 45 are closed by the cover 46 which may
      have a fastener 54 for engaging a mating component in the member 45.
PAR  A slide plate 54 is provided for each coin trough and operates in the
      conventional manner to move a coin outward from the bottom of the trough
      with each reciprocation of the slide plate. In the embodiment illustrated,
      the slide plate 52 is urged to the position shown in FIG. 5 closing the
      lower end of the coin trough by a spring 56 mounted between a tab on the
      slide plate 52 and an opening in the bottom 41.
PAR  Channels 58 are provided at opposite ends of the bottom 41 for sliding
      engagement with mating brackets 59 on the deck 31, with projecting
      portions 60 serving as stops. A handle 61 may be provided on the top 40
      for carrying the coin cartridge, as a loaded coin cartridge is quite
      heavy. A lock pin 62 may be positioned in the bottom 41 for engaging a tab
      63 in the deck 31 to maintain the coin cartridge in position on the deck.
PAR  In use, the coin cartridge is placed on its side as illustrated in FIG. 5
      and the cover is opened. Coins of appropriate values are inserted in the
      open troughs, and the cover is then closed and latched. The unit is turned
      over and the second set of coin troughs is loaded in the same manner. The
      coin cartridge is now ready for carrying to the dispenser and mounting on
      the deck 31 by sliding the channels 58 under the brackets 59, as best seen
      in FIG. 6.
PAR  The slide mechanism 32 is mounted in the shell 23 of the housing upper
      section 12 by brackets 70. Actuators for the slide plates 52 of a coin
      cartridge are carried on a channel 71 mounted on a bottom plate 72 which
      is affixed to the lower side of the deck 31. In the preferred embodiment
      illustrated, each actuator is a solenoid comprising a coil 73 and a
      plunger 74, with the plunger being urged to the extended position by a
      spring 75 engaging a pin 76 of the plunger and an opening in the channel
      71. Blocks 78 carried on a channel 71 serve as limit stops for the
      plungers. The electrical wiring for the solenoids is in the space between
      the channel 71 and plate 72 and is formed into a cable 79 having a plug 80
      for connection with the remainder of the circuitry. This configuration
      permits all of the actuators to be assembled as a separate module on the
      plate 72, which is easily installed and removed from the deck 31. The pins
      76 of the actuators project through slots 81 in the deck 31 for engagement
      with brackets 82 of the slide plates 52. When a solenoid coil 73 is
      energized, the plunger 74 is pulled into the coil against the urging of
      the spring 75. This brings the pin 76 into engagement with the bracket 82
      of the corresponding slide plate, moving the slide plate toward the center
      of the coin cartridge against the urging of the spring 56. This permits a
      coin to move down onto the bottom 41 between the spacers 51. When the coil
      is deenergized, the springs 75, 56 return the plunger and slide plate to
      the positions shown in FIGS. 5 and 6, with the slide plate engaging the
      coin and pushing it out through the slot 84, and the coin drops into the
      receptacle 38 for retrieval by the customer.
PAR  Means are provided for determing when the supply of coins in a coin
      cartridge is low. This indication may be used to provide an indication to
      the operator and/or to prevent the gasoline dispenser from starting
      another dispensing cycle. In the embodiment illustrated, a microswitch 87
      is mounted on a bracket 88 on the deck 31, with the microswitch actuator
      arm 89 projecting into a slot 90 in a coin trough of the coin cartridge.
      When there are coins in the trough as high as the arm 89, the switch will
      be in one condition; when the supply of coins falls below the arm 89, the
      switch will change to the opposite condition providing a signal to the
      dispenser circuitry. Position adjustment slots may be provided in the
      bracket 88 and in the switch 87 for locating the switch member 89 at the
      desired position.
PAR  When the operator desires to change a coin cartridge, he brings a loaded
      cartridge to the dispenser, opens the hinged cover and pulls the deck to
      the extended position of FIG. 3. He may empty the contents of the tray 37
      into a bag or may leave it in the cartridge, which is then removed from
      the deck. The new cartridge is inserted, the deck is pushed into the
      housing and the cover is closed. The dispenser is again ready for use. The
      particular coin cartridge illustrated has three coin troughs for each side
      providing storage of quarters, nickels and pennies, with a capacity of $
      50.00 per side. Of course the number of different coins, the
      denominations, and the total quantity may be changed as desired. The clear
      plastic trough members 45 and the perforated covers 46 permits immediate
      visual determination of the coin supply by merely raising the housing
      cover. While the change mechanism has been described herein as used in a
      gasoline dispenser, it is understood that the change mechanism and the
      coin cartridge are not limited to this particular end use and may be
      utilized with any change making operation.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a change mechanism for a dispenser or the like, the combination of:
PA1  a housing having first and second opposite faces with a coin receiving
      opening and a coin return opening at each face;
PA1  first and second coin acceptance mechanisms mounted in said housing for
      receiving coins through said first and second face coin receiving
      openings, respectively;
PA1  a deck slideably mounted in said housing for movement into and out of said
      housing;
PA1  a coin cartridge removably mounted on said deck and having spaced first and
      second sets of coin carriers,
PA1  said deck including means for moving coins from said first and second sets
      of carriers into said first and second face coin return openings,
      respectively; and
PA1  a coin tray carried in said coin cartridge between said sets of coin
      carriers for receiving coins from said coin acceptance mechanisms.
NUM  2.
PAR  2. A change mechanism as defined in claim 1 wherein each of said sets of
      coin carriers comprises a side of said coin cartridge and having a first
      member fixed between the cartridge top and bottom with a plurality of coin
      troughs in parallel, and a movable cover overlying the troughs.
NUM  3.
PAR  3. A change mechanism as defined in claim 1, wherein said coin cartridge
      includes a frame having bottom, sides and top, with said sides spaced from
      each other and supporting said bottom from said top.
PA1  one of said sides comprising a first member fixed between said top and
      bottom and having a plurality of coin troughs in parallel with open edges
      for lateral movement of coins into said troughs, and a movable cover
      overlying said troughs and closing said open edges,
PA1  said bottom including a plurality of slide plates at the lower ends of said
      troughs, with reciprocation of a slide plate moving a coin outward from a
      trough.
NUM  4.
PAR  4. A change mechanism as defined in claim 1 wherein said coin cartridge
      includes:
PA1  a deck;
PA1  means for removably mounting said frame on said deck; and
PA1  a plurality of actuators mounted in said deck, each of said actuators
      including a member engageable with a corresponding slide plate in the
      cartridge bottom for moving the slide plate.
NUM  5.
PAR  5. A change mechanism as defined in claim 4 wherein said means for mounting
      includes interengageable members on said frame and deck for sliding said
      frame onto and off of said deck.
NUM  6.
PAR  6. A change mechanism as defined in claim 5 wherein said coin cartridge
      includes second means for mounting said deck in a housing, said second
      means including means for supporting said deck and frame in a first
      position within the housing and in a second position projecting from the
      housing permitting sliding of said frame from said deck.
NUM  7.
PAR  7. A change mechanism as defined in claim 3 wherein said frame has two
      opposite sides, each comprising a first member fixed between said top and
      bottom and having a plurality of troughs in parallel, and a movable cover
      overlying said troughs, with said troughs opening outward.
NUM  8.
PAR  8. A change mechanism as defined in claim 7 wherein said coin cartridge
      includes a coin receiving tray on said deck between said opposite sides.
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ABST
PAL  A hopper payout for various coin denominations is disclosed having a
      hopper, a rotary pin wheel, removably secured shelf wheel, and delivery
      opening in which the pin wheel is suspended for rotation by means of
      rollers oriented at the periphery of the wheel on spaced centers. The
      shelf wheel is removable and replaceable with differing diameter shelf
      wheels to accommodate varying denominations of coins. A centrally disposed
      agitator is similarly removable and interchangeable. The knife which
      removes coins from the shelf wheel is pivotally mounted to accommodate
      varying diameters of the varying coin dimensions. A uniformly widening
      coin gutter is provided to reduce the tendency of the coins to jam and
      shingle, irrespective of denomination and size. In order to adjustably
      accommodate the varying weights of coins within the hopper to divert the
      flow of coins into the permanent coin reservoir, the hopper is pivotally
      secured to the frame, and a yieldable means having a preselected
      resiliency secures the same against pivoting. Thus an empirical
      determination of the number of coins to be held in the hopper before
      bypassing to the permanent collection member can be made by service
      personnel in the field.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The subject invention relates to hopper payout mechanisms, and more
      particularly those which are commonly used to deliver a preselected number
      of coins to a delivery chute. Such products appear classified in Patent
      Office Class 194, Sub-Class 2, amongst others.
PAR  2. Discussion of the Prior Art
PAR  U.S. Pat. No. 3,285,380 is illustrative of the prior art. As disclosed, the
      coin counter has a rotary member and delivery chute including a hopper. A
      positive drive, however, is provided at the center of the pin wheel, which
      precludes the maintaining of precise dimensional accuracies at the
      periphery of the pin wheel. In addition, the shelf wheel in combination
      with the pin wheel and wiper are permanently designed for specific coin
      denominations, that is, by diameter and thickness.
PAR  Where several coin counting installations are involved, for purposes of
      service, it becomes increasingly important to maintain spare hopper payout
      mechanisms adaptable for the various coins involved. Where international
      trade is concerned, coin counting units must be capable of accommodating a
      wide variety of diameters and thicknesses. Most of the coin counting
      devices of the prior art require extensive modification, if not
      replacement for varying sizes of coins. For example, with United States
      coins separate hopper payout mechanisms are required for dimes, nickels,
      quarters, and half-dollars. Necessarily, a manufacturer contemplating
      export, must make even additional models in order to export for use with
      the wide variety of foreign coin denominations, thicknesses, and
      diameters.
PAC  SUMMARY
PAR  A hopper payout mechanism for various coin denominations is disclosed which
      is readily modified for use with a wise variety of coin sizes, both as to
      thickness and diameter. Anti-jamming features are provided in connection
      with the present invention, in addition to interchangeable elements
      designed for the accommodation of numerous coin diameters and thicknesses.
      A central crank type drive mechanism is employed with the pin wheel
      journalled at its periphery to thereby precisely position the pin wheel.
      The coin gutter at the bottom of the hopper widens progressively at a
      steadily increasing helical configuration to thereby relieve the tendency
      of coins of various diameters and thicknesses to shingle at the bottom of
      the gutter and lower portion of the hopper. A coin wiper is positioned
      immediately ahead of the counter to insure that only a single coin is
      nested between two adjacent pins on the pin wheel, prior to engaging the
      pivotally adjustable knife. The delivery chute is provided with a cover
      plate and interior deflector designed to receive the coin when it is
      accelerated outwardly after being counted, and the counter returns to its
      preset position thereby accelerating the coin, and quickly prepositioning
      itself for further counting. To avoid overloading or spilling the hopper,
      the same is, along with the rotating of the mechanism, pivotally supported
      to a frame and yieldably adjustable so that it can be preselectedly set to
      bypass coins when a given quantity, determined imperically by weight, of
      coins are present within the hopper.
PAR  In view of the foregoing, it is a principal object of the present invention
      to provide a hopper payout mechanism for various coin denominations which
      can be, with a few relatively inexpensive parts, converted and adjusted
      for a wide variety of coin diameters and thicknesses.
PAR  Still another object of the present invention is to provide a hopper payout
      mechanism for various coin denominations which can be formed from a
      plurality of stampings and castings, thereby reducing costs, and yet
      because of the suspension and mounting of the rotating parts, precise
      dimensional accuracies can be maintained.
PAR  A further important object of the present invention is to provide a hopper
      payout mechanism for various coin denominations which requires only a
      small inventory of spare parts to render the same interchangeable for the
      various sizes of coins in the machines for which the hopper is intended.
PAR  Still another object of the present invention is to provide a hopper payout
      mechanism for various coin denominations which has jam-relieving
      characteristics irrespective of sizes of coins as exemplified by United
      States dimes, nickels, quarters, and half-dollars.
PAR  Not to be overlooked is an important object of the present invention to
      achieve all of the foregoing objectives in a unit which is designed to
      have inherent manufacturing economies.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  Further objects and advantages of the present invention will become
      apparent as the following description of an illustrative embodiment
      proceeds in which:
PAR  FIG. 1 is a perspective view of the illustrative hopper payout.
PAR  FIG. 2 is an exploded enlarged perspective view of the principal rotating
      elements.
PAR  FIG. 3 is a front elevation in enlarged scale of the hopper payout
      mechanism with the hopper removed to show the principal rotating and
      orienting elements.
PAR  FIG. 4 is an enlarged broken view of the counting and pick-off portion of
      the hopper payout mechanism shown in FIG. 3, taken in enlarged scale.
PAR  FIG. 5 is a transverse broken sectioned view of the roller suspension of
      the pin wheel taken at section line 5--5 of FIG. 4.
PAR  FIG. 6 is a partially broken transverse view of the hopper showing how the
      gutter enlarges progressively from bottom to top as coins are moved from
      the gutter and transferred onto the pin wheel.
PAR  FIG. 7 is a side elevation of the hopper payout, partially broken in the
      drive mechanism portion, illustrating in phantom lines the level to which
      the coins are randomly permitted to collect, and showing also the
      yieldable means and pivotal suspension of the hopper provided to bypass
      coins when a preselected weight level of coins are in the hopper.
PAR  FIG. 8 is an enlarged broken view of the counter mechanism.
PAR  FIG. 9 is an illustrative perspective view of the wiper.
PAR  FIG. 10 is a plan view of the knife.
PAR  FIG. 11 is a front view of the knife taken from the right hand portion of
      FIG. 10 and in the same scale.
PAR  FIG. 12 is a top view of the knife shown in FIG. 10.
PAR  FIG. 13 is an angled top view of the knife taken from the vantage point
      illustrated as 13--13 of FIG. 10.
PAR  FIG. 14 is a plan view of the deflector.
PAR  FIG. 15 is a top view of the deflector.
PAR  FIG. 16 is a plan view of the outlet cover.
PAR  FIG. 17 is a partial top view of the deflector cover taken from vantage
      point 17--17 of FIG. 16.
PAR  FIG. 18 is an end view of the deflector cover taken from vantage point
      18--18 of FIG. 16.
PAR  FIG. 19 is an enlarged partially broken view of the drive mechanism
      illustrating the relationship between the motor, gear box, drive pin, and
      pin wheel.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, it will be seen that the hopper payout for
      various coin denominations 10 includes a scoop-shaped hopper 11, the same
      being mounted to a wheel housing 25 which, in turn, is supported on the
      side brackets 24, the latter being secured to the frame 26 which includes
      base rails 29 for sliding the hopper 10 in and out of the gaming machines
      for which it is intended to gather and pay out coins. Interiorly of the
      hopper 11, is a rotating pin wheel 12. The pin wheel 12 has a plurality of
      pins 21 located along its periphery to engage for counting and discharge,
      individual coins. The coins are supported between the pins 21 on a shelf
      wheel 14. An agitator 15, illustrated as a three-legged member, is
      positioned centrally on the shelf wheel 14 to agitate the coins within the
      hopper 11, and permit the same to become aligned in the gutter 32 of the
      hopper 11.
PAR  More specifically, as shown in FIG. 2, a cone spider 40 is positioned
      behind the pin wheel 12. The cone spider 40 has a plurality of cones 41,
      here shown being three in number, on yieldable cone supporting legs 42.
      When the cone spider 40 is secured to the rear portion of the pin wheel
      12, and the shelf wheel 14 and its agitator 15 secured in the sequential
      relationship as shown in FIG. 2, the cones 41 penetrate the pin wheel cone
      holes 44 and the shelf wheel cone holes 45 to project through the face of
      the shelf wheel 14 as illustrated in FIGS. 1 and 3.
PAR  In operation the pin wheel 12, as shown in FIGS. 1 and 3, is rotated in the
      counter-clockwise direction. The coins pass first from the hopper 11 into
      the gutter 32. Because the pin wheel 12 and related elements are
      positioned at an angle (see FIG. 7), the coins are gravitationally urged
      into the gutter 32. The coins are then agitated by means of the agitator
      15, and are engaged by the pins on the outer portion of the pin wheel 12.
      Coins can, of course, overlap on the periphery of the pin wheel 12 until,
      as shown in FIG. 3, they approach the two o'clock position. At this point,
      the wiper 16 engages any overlapping coins and wipes them back into the
      hopper 11. Those coins which pass beyond the top of the shelf wheel 14 are
      then engaged by the knife 18. The knife 18 includes an engaging point 34
      at its forwardmost portion. As illustrated in FIG. 3, a coin is
      immediately atop the point 34 of the knife 18. The coin then proceeds
      across the knife 18 until it engages the yieldable counter 22. If the
      counter 22 is preset to pass five coins, after it has counted five coins
      it will turn off the drive mechanism for the hopper payout, and the last
      coin is accelerated by the yieldable action of the counter 22 into the
      coin discharge chute 50. The latter is made up of a coin deflector 19 in
      the interior portion which has a bevelled nose portion to engage and
      deflect the coin centrally. A cover plate 20, which is the outlet cover,
      overlies the coin deflector 19. The cover plate 20 is shown in FIG. 1,
      whereas the coin deflector 19 which is immediately behind the cover plate
      20 is shown in FIG. 3. The coins then pass freely outwardly.
PAR  It will be appreciated that the knife 18 is secured at its pivot 38, and
      adjustably positionable by means of the securing mechanism 39, as shown in
      FIG. 3. Therefore, when varying diameter shelf plates 14 and agitators 15
      are positioned on the pin wheel 12 to accommodate differing size coins,
      the knife 18 is moved by means of the securing mechanism 39 around the
      pivot 38, so that the point 34 wil remain substantially tangential to the
      periphery of the shelf plate 14. To additionally assist in agitating the
      coins within the hopper 11, a coin spider 40 is positioned behind the pin
      wheel 12 and shelf wheel 14 respectively, as shown in FIG. 2. The cones
      41, as pointed out before, are yieldably secured to the cone spider 40 by
      means of the cone spider legs 42, and serve to yieldably assist the
      agitator 15 in connection with maintaining an even flow of coins into the
      gutter 32 and thereafter onto the pin wheel 12 between the pins 21.
PAR  In order to insure dimensional stability for the pin wheel 12 and its
      associated moving members, a knife edge 31 is formed at the periphery of
      the pin wheel 12, and is engaged by a plurality of rollers 30, each having
      a corresponding knife edge groove 46, as shown in greater detail in FIG.
      5. In this construction, implemented by adjusting screw 48 as shown in
      FIG. 5, or a yieldable adjusting mechanism (not shown), permits a fine
      tuning of the support of the pin wheel 12 by means of the rollers 30, here
      shown as three in number. Each of the rollers 30 is preferably secured to
      a bearing mount 28 on the wheel housing 25. Roller or ball bearings
      provide for friction reduced rotation, and yet because of the adjusting
      screws 48 or their equivalent yieldable members, permit a precise
      positioning of the pin wheel 12. It will be particularly appreciated in
      connection with FIGS. 3 and 4 that the precision of positioning occurs
      between the upper roller 30 and the counter 22, since at this point the
      coin is transferred from the pin wheel 12 onto the point 34 and thence the
      knife 18 into the coin chute assembly 50.
PAR  As pointed out earlier, a very important aspect of the present invention is
      in the construction of the hopper 11, and more particularly, the gutter
      32. By reference to FIG. 6, as well as the exterior of the hopper 11 as
      shown in FIG. 1, it will be seen that the gutter 32 as well as the gutter
      relief 33 has a progressively opening helical proportioning as the coins
      travel around the gutter 32 and are picked up by the pins 21 on the pin
      wheel 12. Because the pin wheel 12 is mounted with precision by means of
      the roller 30, a similar precision can be developed in the helical relief
      of the gutter 32 and its gutter relief bevelled portion 33 so that as
      coins may be shingled at the bottom of the hopper 11, as the pins 21 and
      agitator 15 along with the cones 41 stir the collection of coins within
      the hopper 11, shingling and jamming which may take place is relieved as
      the gutter helix of the gutter 32 and bevelled relief 33 progressively
      widen throughout the throat portion of the hopper 11.
PAR  In order to proportion the total number of coins within the hopper 11 to
      match the amounts of pay, as well as to avoid overloading of the hopper 11
      which would cause jamming, the hopper 11 and its associated structure
      including the housing 25 are pivotally secured to the frame by means of
      pivots 55 located at the upper portion of the side brackets 24. At the
      lower portion of the wheel housing 25, it will be seen that a spring 56
      has been provided secured to a spring bracket 58. The spring 56 bears in
      compression against the lower portion of the wheel housing 25, and by
      means of a spring preloading screw 60, the compressive load on the spring
      56 may be varied. Thus, when a sufficient weight of coins, shown in
      phantom in FIG. 7, has been arrived at, the weight of the coins pivotally
      within the hopper 11 around the pivots 55 will overcome the loading of the
      spring 56, and the frame 25 with its associated loaded hopper 11 will
      pivot in a clockwise direction, as shown in FIG. 7, around the pivots 55.
      This pivotal action actuates a switch 62 which in turn actuates a by-pass
      (not shown) to divert coins from the host device from the hopper 11
      directly to the permanent coin chute 50 provided in the host.
PAR  As shown in FIG. 8, the counter 22 includes a counter wheel 51, and a pivot
      52 along with an actuating member 54 which in turn is connected to the
      various counting structures, whether electronic or mechanical, provided in
      the host device. The counter is provided with yieldable means of varying
      orientations and proportions, so that as a coin engages the counter wheel
      51, positioned at a space between the base of the counter wheel 51 and the
      upper edge of the shelf wheel 14 to positively engage a coin, upon passing
      the counter wheel 51, not only has a count been made, but the counter
      wheel 51 has been "cocked" to impart some velocity to the coin after the
      same has been counted and is forwarded to the delivery chute 50. This
      provides the additional function of the counter assembly 22 of
      accelerating the coins through the chute 50, and avoiding jams and piling
      within the chute 50.
PAR  The knife 18, as shown in FIGS. 10-13, includes the tapered point 34, and
      in addition the knife chute base portion 64 which defines the bottom
      portion of the chute 50. It will also be noted that the point 34 has a
      depending by-pass 66 which is oriented slightly above to the chute base
      64. This further assists in accelerating the travel of the coin within the
      chute 50, after passing the counting mechanism 22 (see particularly the
      upper left hand portion of FIGS. 3 and 4).
PAR  In addition, the preconditioning wiper 16 shown in FIG. 9 has a tapered and
      yieldable finger 17 which is positioned to closely tangentially engage the
      pin wheel 12, and thereby insure that any coins apart from one thickness
      in the space between adjacent pins 21 are yieldably urged back into the
      hopper 11.
PAR  An alternative but also useful function is provided on the deflector 19,
      where a deflector tongue 23 is provided at its lead portion to
      approximately contact the periphery of the pin wheel 12 in the tongue
      recess 13, and in all events to engage the lead edge of a coin as the coin
      is passing beyond the counter mechanism 22 and over the bypass 66 of the
      knife mechanism 18. This structure is shown particularly in the view
      appearing in FIG. 8. The tongue portion 23 of the deflector 19 is
      proportioned so that its lower corner rides within a recess or offset 13
      at the periphery of the pin wheel 12. Thus, as shown in FIG. 3, the tongue
      23 is behind the coin, thereby avoiding the possibility of jamming, or the
      front edge of the tongue 23 contacting the edge of the coin rather than
      slipping beneath it to deflect it forwardly prior to passing down the
      chute 50. The outlet cover 20 is also shown in FIG. 8, where it will be
      seen that the outlet cover 20 has a gate member 27 which, in conjunction
      with the tongue 23 of the deflector 19, defines a pair of funnel-like
      converging members at the opening to the chute assembly 50. Thus, any
      coins which are deflected in a skewed direction after passing the counter
      22 are urged back into alignment for accelerated discharge through the
      chute 50 as previously described.
PAR  The drive assembly 70 is shown in FIG. 19. There it will be seen that the
      drive assembly 70 preferably includes an electric motor 71, coupled with a
      motor brake 72 and gear box. The gear box has, extending from its drive-in
      portion, a drive shaft 35 and a drive pin 36. As described above, the
      drive pin 36, when the motor is operative and rotates the drive shaft 35,
      engages the drive pad 75 on the cone spider 40. The cone spider 40 is
      provided with three such drive pads 75, so that during assembly or
      interchange, precise positioning is not critical. Further to be noted are
      the motor mounts 74 which are secured to the wheel housing 25, thereby
      additionally assuring precise alignment of the drive mechanism, although
      tolerances can be permitted because of the crank pin type drive provided
      through the drive shaft 35 and the drive pin 36 against the drive pad 75.
PAR  Further additional details of construction will be observed in FIG. 2 where
      it will be seen that the agitator 15 is secured into position by means of
      screws 61 and at matching threaded holes in both the shelf wheel 14 and
      pin wheel 15. Bent ends 49 are provided at the ends of the agitator 25 and
      are nestingly received within the additional holes provided therefor in
      the shelf wheel 14. These holes are designated by reference numerals 68 in
      FIG. 2. The cone spider 40 is secured beneath by means of cone spider
      screws 59 into the rear portion of the pin wheel 12. It will be further
      appreciated that because the pin wheel 12 may be formed of a stamping, the
      pins 21 may be formed in the same stamping operation by means of pin
      forming members in the die. This insures precision in the formation of the
      pins 21 as well as inexpensive formation of the same. As shown in this
      unit, there are 16 pins spaced at equidistant radial spacings about the
      pin wheel 12.
PAR  For design purposes, the hopper gutter has a fixed 7.5 inches diameter
      (that portion concentric with the pin wheel) and fixed pin locations as
      discussed. Necessarily, this diameter can vary depending upon designed
      capacity and, thus, the 7.5 inches recited is primarily for illustration.
      The diameter of the shelf wheel A is then determined by the following
      formula:
EQU  A = B - (2d + 2t .+-. .040)
PAL  where the following definitions are applied:
TBL  A: shelf wheel diameter,                                                  
                           B: 7.500"                                           
     d: coin diameter,     t: coin thickness                                   
PAR  The other dimensions for the agitator 15, knife 18, and remaining parts are
      all proportioned to depend upon the formula for determining the diameter
      of the pin wheel as set forth above. It will be appreciated that because
      the entire unit is mounted on a base 26 having flanking rails 29, it can
      be readily inserted and removed from a host machine. Conveniently, at the
      option of the manufacturer, a handle may be provided for this purpose on
      either of the side brackets 24.
PAR  Specific details of the wiper 16 appear in FIG. 9 on the perspective view
      where it will be seen that a wiper mount 65 appears as an offset member
      from the wiper finger 17. A mounting hole 69 is provided, along with a
      slotted hole 76 which permits the wiper finger 17 to be swung for the
      proper spacing adjacent the pin wheel 12 to accommodate thicker or thinner
      coins depending upon which is being passed through the hopper payout.
PAR  The specifics of the knife 18 are shown in FIGS. 10 thru 13 inclusive.
      There it will be seen that the knife 18 has a body 78, from which the
      chute base 64 depends. Pointed out specifically in FIGS. 12 and 13 is the
      pin by-pass recess 80 which is an undercut portion of the chute base 64
      "downstream" from the lead portion 79 of the chute base 64. To be further
      noted in FIG. 11 is the offset angle of the knife point 34, and the
      by-pass 66 to yieldably urge the coins toward the pin wheel 12, rather
      than away from the same as the coin is passing onto the knife point 34,
      for its subsequent travel down the by-pass 66 and the chute base 64. As
      pointed out earlier, a pivot 38 (see FIG. 10) and arcuate slot 37 are
      provided in the body 78 of the knife 18, so that the positioning of the
      knife 18 against the shelf wheel 14 for varying size coins may be
      accomplished by means of the securing mechanism 39, illustrated in FIG. 3
      and described above.
PAR  Specifics of the deflector 19 are shown in FIGS. 14 and 15 where it will be
      seen that the same includes a body 81, along with the tongue 23, and
      mounting holes 82 to receive the mounting screws 84, as illustrated in
      FIG. 3 and shown in dotted lines in FIG. 8. As pointed out earlier, the
      front lower corner 85 of the tongue 23 is positioned to approximately
      contact the tongue recess 13 on the periphery of the pin wheel 12, to
      thereby avoid jamming or contact engagement with the coin. This
      arrangement tends to insure that the coin will deflectingly engage the
      tongue 23 for its further delivery into the chute 50. In order to
      completely define the balance of the chute 50, along with the deflector 19
      and the chute base 64 of the knife 18, a cover plate 20 is provided as
      shown more specifically in FIGS. 16, 17 and 18. There it will be seen that
      the cover plate 20 has its lead edge optionally bent outwardly to define a
      gate 27. In addition, a cover top 86 is defined by a flange perpendicular
      to the body portion, and of course cooperates with the chute base 64 and
      the sides of the deflector 19 and cover plate 20 to define the chute with
      an open mouth defined by the gate 27 and tongue 23. The cover plate is
      provided with a pivot mounting hole 88 and adjustment hole 89. Thus the
      pivot screw 91 and adjustment screw 92 (See FIG. 8) both hold the cover
      plate 20 in clamped relation to the knife 18, and permit adjustment of the
      knife 18 when various sized shelf wheels 14 are employed. The trailer 90
      of the cover plate 20 is bent slightly outwardly as shown in FIG. 18 to
      accommodate any coins which may be at that height in the hopper, and
      deflect the same from the pin wheel 12 at that point.
PAR  In review, it will be seen that a hopper payout for various coin
      denominations 10 has been shown and described in which simple adjustments,
      and inexpensive replacement spare parts, make it possible to accommodate a
      wide variety of coin denominations including thickness and diameter. By
      replacing the shelf wheel 14 and agitator 15, the same being done by the
      removal of the three mounting screws 61, a different shelf wheel diameter
      and, where required, different size agitator 15 may be inserted.
      Thereafter, the only additional adjustment to be made by the operator is
      to loosen the securing mechanism 39 for the pivotal knife 18, and pivot
      the same around pivot point 38 until the knife edge wiper 16 is
      immediately adjacent the periphery of the shelf wheel 14 in place. It will
      be further noted that the cones 41 are positioned on the legs 42 of the
      cone spider 40 so that even as the shelf wheel 14 is reduced in diameter
      to accommodate larger coins, the position and orientation of the yieldably
      secured cones 41 remains the same. The same is true with regard to the
      hopper gutter 32, and also the wiper 16, since the wiper finger 17 is
      positioned immediately atop the pins 21, and the latter will always be
      engaging and urging the coins forwardly in the space between the adjacent
      pins 21. The parts such as the pin wheel 12 and shelf wheel 14 as well as
      agitator 15 and cone spider 40 may all be made of stampings, thereby
      significantly reducing costs. In addition, the side brackets 24 as well as
      the base 26 can be formed of stampings. Little or no machine parts are
      required, and because of the precision dimension insured by means of the
      three-point suspension roller orientation of the pin wheel 12, precision
      and dimension in the sensitive area between the knife pickup and chute 50
      can be maintained under operating conditions.
PAR  Although particular embodiments of the invention have been shown and
      described in full here, there is no intention to thereby limit the
      invention to the details of such embodiments. On the contrary, the
      intention is to cover all modifications, alternatives, embodiments, usages
      and equivalents of a HOPPER PAYOUT FOR VARIOUS COIN DENOMINATIONS as fall
      within the spirit and scope of the invention, specification and the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hopper payout for various coin denominations comprising, in
      combination
PA1  a hopper having a peripheral gutter on to which coins are gravitationally
      urged,
PA1  a pin wheel rotatably mounted at one end of said hopper in coin collecting
      relationship with the gutter,
PA1  a removable and replaceable shelf wheel mounted atop the pin wheel, and at
      a preselected diametrical relationship to the diameter of the pin wheel
      depending on the size of coin adapted for,
PA1  a plurality of radially spaced pins on the pin wheel between the periphery
      of the shelf wheel and the periphery of the pin wheel,
PA1  a pivotally adjustable knife having a point portion positioned to pick up
      coins adjacent the periphery of the shelf wheel,
PA1  chute means in coin delivery communication with the knife point and
      downstream therefrom,
PA1  drive means engaging the pin wheel to deliver coins from a lower portion of
      the gutter beyond the upper portion of the hopper in accordance with a
      preselected start and stop signal.
NUM  2.
PAR  2. In the hopper payout for various coin denominations of claim 1 above,
PA1  agitating means including a plurality of cones positioned radially and
      projecting through the shelf wheel and yieldably secured thereto by means
      of a cone spider secured behind the shelf wheel and pin wheel.
NUM  3.
PAR  3. In the hopper payout for various coin denominations of claim 2,
PA1  said cone spider having a plurality of yieldable legs,
PA1  and a drive pad positioned centrally of the legs and cones of said cone
      spider,
PA1  said drive pad being proportioned for engagement with a pin positioned
      radially on the drive shaft of the drive means.
NUM  4.
PAR  4. In the hopper payout for various coin denominations defined in claim 3
      above,
PA1  said cone spider having legs extending substantially in a cirvelinear path
      and defining substantially the circumference of a circle having a diameter
      slightly in excess of the locus of the points of the cones secured to the
      leg portions.
NUM  5.
PAR  5. In the hopper payout for various coin denominations of claim 4 above,
PA1  16 pins positioned adjacent the periphery of said pin wheel.
NUM  6.
PAR  6. In the hopper payout for various coin denominations of claim 1,
PA1  an agitator comprising a three-legged member secured to the face of the
      shelf wheel,
PA1  said agitator member having a plurality of legs, each said leg having an
      upstanding bounding member, the same being positioned centrally atop the
      shelf plate of the hopper payout.
NUM  7.
PAR  7. In the hopper payout for various coin denominations of claim 6,
PA1  the ends of the legs of said agitator being bent,
PA1  recess means in the shelf wheel to receive the bent ends of the agitator,
      whereby the scuffing and scratching of coins through the end portion of
      the legs is reduced by recessing the same within the holes provided in the
      shelf plate.
NUM  8.
PAR  8. In the hopper payout for various coin denominations of claim 1,
PA1  said chute for delivery being defined by a deflector, said deflector having
      a tongue diverging substantially against the peripheral edge of the pin
      wheel,
PA1  and a cover plate positioned adjacent and parallel to said deflector.
NUM  9.
PAR  9. In the hopper payout for various coins denominations defined in claim 1,
PA1  said knife having a pickup point and a rail defining a base of the chute
      means,
PA1  and a bypass deflector at the intersection of the pickup and prior to the
      positioning of the rail,
PA1  said bypass having an extended position relative to the coin passing
      thereby to the rail portion.
NUM  10.
PAR  10. In the hopper payout for various coin denominations defined in claim 1,
PA1  pivotal means for pivotally mounting the hopper, drive mechanism, and
      rotary members,
PA1  yieldable means at a lower portion of said hopper in the weight
      relationship to the loaded hopper,
PA1  means for adjusting said yieldable means,
PA1  a relay means for actuation determined empirically on a quantity of coins
      within the hopper to thereby actuate deflecting means to divert additional
      coins from entry into the hopper.
NUM  11.
PAR  11. In the hopper payout for various coin denominations of claim 1,
PA1  at least three roller bearing suspensions of the pin wheel at its
      periphery,
PA1  and a drive means at a mid portion of the pin wheel whereby the peripheral
      track of the pin wheel is determined by the bearings.
NUM  12.
PAR  12. In the hopper payout for various coin denominations of claim 11,
PA1  said roller support having grooves in each said roller
PA1  said pin wheel having a knife edge at its periphery proportioned for
      engagement with the grooves in the suspension rollers.
NUM  13.
PAR  13. In the hopper payout for various coin denominations defined in claim
      11,
PA1  at least one of said roller suspension means said pin wheel having
      yieldable means for urging the same into contact with the periphery of the
      pin wheel thereby yieldably dimensionally orienting the pin wheel.
NUM  14.
PAR  14. In the hopper payout for various coin denominations of claim 1,
PA1  each of the pins in the pin wheel being formed by a punching operation, and
      having recesses therebehind of relieved metal defining the same.
NUM  15.
PAR  15. In the hopper payout for various coin denominations of claim 1,
PA1  said shelf wheel having a diameter fixed in accordance with the following
      formula:
EQU  A = B - (2d + 2t .+-. .040.)
PAL  where A is the shelf wheel diameter, B is the hopper gutter diameter, d
      equals the coin diameter, and t equals the coin thickness.
NUM  16.
PAR  16. A hopper payout for various coin denominations comprising, in
      combination,
PA1  a hopper,
PA1  a pin wheel rotatably mounted at one end of said hopper,
PA1  a removable and replaceable shelf wheel mounted atop the pin wheel, and at
      a preselected diametrical relationship to the diameter of the pin wheel
      depending on the size of coin adapted for,
PA1  a plurality of radially spaced pins on the pin wheel between the periphery
      of the shelf wheel and the periphery of the pin wheel,
PA1  a pivotally adjustable knife having a point portion positioned to pick up
      coins adjacent the periphery of the shelf wheel,
PA1  chute means in coin delivery communication with the knife point and
      downstream therefrom,
PA1  a roller suspension for the pin wheel mounting the same at its periphery,
PA1  drive means engaging the pin wheel,
PA1  and a progressively widening helical gutter in said hopper for the relief
      of jams and shingling within the gutter for varying diameter and thickness
      coins as the same are fed to a counter and through the chute means.
NUM  17.
PAR  17. In the hopper payout for various coin denominations of claim 16,
PA1  at least three roller bearing suspensions of the pin wheel at its
      periphery,
PA1  and a drive means at a mid portion of the pin wheel whereby the peripheral
      track of the pin wheel is determined by the bearings.
NUM  18.
PAR  18. In the hopper payout for various coin denominations defined in claim
      17,
PA1  at least one of said roller suspension means of said pin wheel having
      yieldable means for urging the same into contact with the periphery of the
      pin wheel thereby yieldably dimensionally orienting the pin wheel.
NUM  19.
PAR  19. In the hopper payout for various coin denominations defined in claim
      16,
PA1  pivotal means for pivotally mounting the hopper, drive mechanism, and
      rotary members,
PA1  yieldable means at a lower portion of said hopper in the weight
      relationship to the loaded hopper,
PA1  means for adjusting said yieldable means,
PA1  a relay means for actuation determined empirically on a quantity of coins
      within the hopper to thereby acutate deflecting means to divert additional
      coins from entry into the hopper.
NUM  20.
PAR  20. In the hopper payout for various coin denominations of claim 16 above,
PA1  agitating means including a plurality of cones positioned radially and
      projecting through the shelf wheel and yieldably secured thereto by means
      of a cone spider secured behind the shelf wheel and pin wheel.
NUM  21.
PAR  21. In the hopper payout for various coin denominations of claim 16,
PA1  said chute for delivery being defined by a deflector, said deflector having
      a tongue diverging substantially against the peripheral edge of the pin
      wheel,
PA1  and a cover plate positioned adjacent and parallel to said deflector.
NUM  22.
PAR  22. In the hopper payout for various coin denominations defined in claim
      16,
PA1  said knife having a pickup point and a rail defining a base of the chute
      means,
PA1  and a bypass deflector at the intersection of the pickup and prior to the
      positioning of the rail,
PA1  said bypass having an extended position relative to the coin passing
      thereby to the rail portion.
NUM  23.
PAR  23. A hopper payout for various coin denominations comprising, in
      combination,
PA1  a hopper having a gutter into which coins are gravitationally urged,
PA1  a pin wheel angularly positioned with the vertical and rotatably mounted at
      one end of said hopper in coin collecting relationship with the gutter,
PA1  a shelf wheel atop and forward of the pin wheel at a pre-selected
      diametrical relationship to the diameter of the pin wheel depending upon
      the size of coin adapted for,
PA1  a plurality of radially spaced pins on the pin wheel between the periphery
      of the shelf wheel and the periphery of the pin wheel,
PA1  a knife having a point portion positioned to pick up coins adjacent the
      periphery of the shelf wheel,
PA1  chute means in coin delivery communication with the knife point and
      downstream therefrom,
PA1  a plurality of rollers engaging the pin wheel at its periphery and
      dimensionally orienting the same,
PA1  frame means interconnecting the hopper, rollers, and knife whereby the
      orientation of the pin wheel is determined by the precise positioning of
      the peripheral rollers,
PA1  and drive means engaging the pin wheel to rotate the same and thereby
      deliver coins from the hopper in accordance with a pre-selected start and
      stop signal.
NUM  24.
PAR  24. In the hopper payout for various coin denominations of claim 23,
PA1  at least three roller bearing suspensions of the pin wheel at its
      periphery,
PA1  and a drive means at a mid portion of the pin wheel whereby the peripheral
      track of the pin wheel is determined by the bearings.
NUM  25.
PAR  25. In the hopper payout for various coin denominations of claim 23,
PA1  said roller support having grooves in each said roller
PA1  said pin wheel having a knife edge at its periphery proportioned for
      engagement with the grooves in the suspension rollers.
NUM  26.
PAR  26. In the hopper payout for various coin denominations defined in claim
      23,
PA1  at least one of said roller suspension means said pin wheel having
      yieldable means for urging the same into contact with the periphery of the
      pin wheel thereby yieldably dimensionally orienting the pin wheel.
NUM  27.
PAR  27. A hopper payout device of the inclined rotating disc type for coins
      comprising, in combination,
PA1  a hopper proportioned for feeding coins from its lower portion,
PA1  an inclined pin wheel rotatably mounted at one end of said hopper,
PA1  a shelf wheel mounted on the pin wheel, at a preselected diametrical
      relationship to the diameter of the pin wheel depending on the size of
      coin adapted for,
PA1  a plurallity of coin engaging means on the pin wheel between the periphery
      of the shelf wheel and the periphery of the pin wheel,
PA1  a knife having a point portion positioned to pick up coins adjacent the
      periphery of the shelf wheel,
PA1  chute means in coin delivery communication with the knife point and
      downstream therefrom,
PA1  a roller suspension oriented in at least three locations for the pin wheel
      rotatably mounted the same as its periphery,
PA1  and drive means including a centrally positioned drive shaft, an offset
      member secured to said drive shaft for eccentric indirect drive, and
      eccentric drive engaging means coupled to the pin wheel, whereby the
      rolling orientation and support of the pin wheel is a function of the
      peripheral support of the roller suspension, and the drive is an indirect
      coupling between the basic drive means and the pin wheel.
NUM  28.
PAR  28. The device of claim 27 wherein the rollers are both thrust and journal
      members and have grooves engaging with the peripheral edge of the pin
      wheel.
NUM  29.
PAR  29. The device of claim 27 wherein said shelf wheel is a circular plate
      removably attached to the pin wheel and replaceable in desired diameters
      according to the diameter of coins to be transported.
NUM  30.
PAR  30. The device of claim 27 above wherein said knife and chute means are
      constructed, shaped, and adjustably attached relative to the disc and coin
      support for changeable positioning relative to said support in accordance
      with the diameter of coin the support is required to carry.
NUM  31.
PAR  31. A hopper payout for various coin denominations comprising, in
      combination
PA1  a hopper,
PA1  a pin wheel rotatably mounted at one end of said hopper,
PA1  a removable and replaceable shelf wheel mounted atop the pin wheel, and at
      a preselected diametrical relationship to the diameter of the pin wheel
      depending on the size of coin adapted for,
PA1  a plurality of radially spaced pins on the pin wheel between the periphery
      of the shelf wheel and the periphery of the pin wheel,
PA1  a pivotally adjustable knife having a point portion positioned to pick up
      coins adjacent the periphery of the shelf wheel,
PA1  chute means in coin delivery communication with the knife point and
      downstream therefrom,
PA1  drive means engaging the pin wheel to deliver coins from the hopper in
      accordance with a preselected start and stop signal,
PA1  said knife having a pickup point and a rail defining a base of the chute
      means,
PA1  and a bypass deflector at the intersection of the pickup and prior to the
      positioning of the rail,
PA1  said bypass having an extended position relative to the coin passing
      thereby to the rail portion.
NUM  32.
PAR  32. A hopper payout for various coin denominations comprising, in
      combination
PA1  a hopper,
PA1  a pin wheel rotatably mounted at one end of said hopper,
PA1  a removable and replaceable shelf wheel mounted atop the pin wheel, and at
      a preselected diametrical relationship to the diameter of the pin wheel
      depending on the size of coin adapted for,
PA1  a plurality of radially spaced pins on the pin wheel between the periphery
      of the shelf wheel and the periphery of the pin wheel,
PA1  a pivotally adjustable knife having a point portion positioned to pick up
      coins adjacent the periphery of the shelf wheel,
PA1  chute means in coin delivery communication with the knife point and
      downstream therefrom,
PA1  drive means engaging the pin wheel to deliver coins from the hopper in
      accordance with a preselected start and stop signal,
PA1  pivotal means for pivotally mounting the hopper, drive mechanism, and
      rotary members,
PA1  yieldable means at a lower portion of said hopper in the weight
      relationship to the loaded hopper,
PA1  means for adjusting said yieldable means,
PA1  a relay means for actuation determined empirically on a quantity of coins
      within the hopper to thereby actuate deflecting means to divert additional
      coins from entry into the hopper.
NUM  33.
PAR  33. A hopper payout device of the inclined rotating disc type for coins
      comprising, in combination,
PA1  a hopper proportioned for feeding coins from its lower portion,
PA1  an inclined pin wheel rotatably mounted at one end of said hopper,
PA1  a shelf wheel mounted on the pin wheel, and at a preselected diametrical
      relationship to the diameter of the pin wheel depending on the size of
      coin adapted for,
PA1  a plurality of coin engaging means on the pin wheel between the periphery
      of the shelf wheel and the periphery of the pin wheel,
PA1  a knife having a point portion positioned to pick up coins adjacent the
      periphery of the shelf wheel,
PA1  chute means in coin delivery communication with the knife point and
      downstream therefrom,
PA1  a roller suspension oriented in at least three locations for the pin wheel
      rotatably mounted the same at its periphery,
PA1  drive means engaging the pin wheel at a central portion,
PA1  and said hopper having a coin feeding gutter opposite the lower region of
      pin wheel and increasingly spaced away from the pin wheel at a helix angle
      increasing in the direction of rotation of the disc to progressively widen
      the gutter and relieve coin jamming.
NUM  34.
PAR  34. A hopper payout device of the inclined rotating disc type for coins
      comprising, in combination,
PA1  a hopper proportioned for feeding coins from its lower portion,
PA1  an inclined pin wheel rotatably mounted at one end of said hopper,
PA1  a shelf wheel mounted on the pin wheel, at a preselected diametrical
      relationship to the diameter of the pin wheel depending on the size of
      coin adapted for,
PA1  a plurality of coin engaging means on the pin wheel between the periphery
      of the shelf wheel and the periphery of the pin wheel,
PA1  a knife having a point portion positioned to pick up coins adjacent the
      periphery of the shelf wheel,
PA1  chute means in coin delivery communication with the knife point and
      downstream therefrom,
PA1  a roller suspension oriented in at least three locations for the pin wheel
      rotatably mounted the same as its periphery,
PA1  drive means engaging the pin wheel at a central portion,
PA1  and wherein said shelf wheel is a circular plate removably attached to the
      pin wheel and replaceable in desired diameters according to the diameter
      of the coins to be transported.
NUM  35.
PAR  35. A hopper payout device of the inclined rotating disc type for coins
      comprising, in combination,
PA1  a hopper proportioned for feeding coins from its lower portion,
PA1  an inclined pin wheel rotatably mounted at one end of said hopper,
PA1  a shelf wheel mounted on the pin wheel, at a preselected diametrical
      relationship to the diameter of the pin wheel depending on the size of
      coin adapted for,
PA1  a plurality of coin engaging means on the pin wheel between the periphery
      of the shelf wheel and the periphery of the pin wheel,
PA1  a knife having a point portion positioned to pick up coins adjacent the
      periphery of the shelf wheel,
PA1  chute means in coin delivery communication with the knife point and
      downstream therefrom,
PA1  a roller suspension oriented in at least three locations for the pin wheel
      rotatably mounted the same as its periphery,
PA1  drive means engaging the pin wheel at a central portion,
PA1  wherein said knife and chute means are constructed, shaped, and adjustably
      attached relative to the disc and coin support for changeable positioning
      relative to said support in accordance with the diameter of coin the
      support is required to carry.
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ABST
PAL  A fully automatic washer for glassware that is activated on demand to
      continuously supply its delivery station with washed glasses. The
      apparatus is characterized by a turn table that receives glasses at a
      loading station and advances them through a spray curtain to be operated
      upon by circumferentially sequential pre-rinsing, wash, and final rinse
      stations; and after which the glasses eminate through a spray curtain to
      then successively engage a stop means which deactivates the apparatus
      until removal of said engaged glass or glasses, which reactivates the turn
      table to advance other glasses that have been placed in the loading
      station and advanced through the apparatus.
PARN
PAR  This is a division of application Ser. No. 377,579, filed July 9, 1973, now
      abandoned.
BSUM
PAC  BACKGROUND
PAR  The washing of large numbers of glasses or mugs and the like becomes a
      burdensome problem for hotels, drive inns, bars, lounges, restaurants,
      hospitals, and such institutions in general. Cleaning is a primary object
      while a standard of sterilization must be complied with followed by
      conditioning for reuse. The cleaning requires removal of all foreign
      matter such as lipstick, and residue from foods such as buttermilk and
      juices or dried pulp deposits. The sterilization is standardized by
      washing with water containing chemicals maintained at 140.degree. F. And,
      the conditioning requires the return of the washed and sterilized glasses
      to room temperature or less as circumstances require. These requirements
      are met with by the present invention which provides a compact and fully
      automatic washer that eliminates all hand operations. With the present
      invention, there is a cold pre-rinse followed by a wash with a chemical
      sprayed under pressure onto the glasses at the high temperature to
      thoroughly cleanse them, and thereafter a cold rinse with disinfectant
      conditions the glasses so that they are immediately reuseable.
PAR  Heretofore, glass washers have been cumbersome machines with separation of
      the various functional requirements, such as separate chambers or separate
      time intervals for the process of pre-rinse, washing, and final rinsing.
      Consequently, the usual machine is either expensive or complicated and
      requires sophisticated control means to govern the cycles of the process,
      and all of which requires the constant attention of an operator.
      Therefore, it is a general object of this invention to provide a compact
      glass washer that operates automatically without attention. With the
      present invention there is a circular turn table or turret which revolves
      on demand through functional stations including a loading station, a
      pre-rinse station, a washing station, a final rinse station and a delivery
      station. These stations are arranged in circular sequence and operation is
      effected by removing washed glasses from the delivery station, and full
      capacity operation is effected by maintaining a full condition at the
      loading station.
PAR  This glass washer is a self-contained apparatus operable on demand to
      simultaneously perform all functions involved. Water is sprayed under
      pressure throughout the rinse and wash stations, and it is an object of
      this invention to separate these wet stations from the dry loading and
      delivery stations. With the present invention spray curtains are provided
      to establish this separation and through which the glasses are moveable
      with freedom. Further, a characteristic feature of the present invention
      which simplifies the apparatus greatly is the lack of physical barriers
      between the rinse and wash stations that are circumferentially contiguous.
PAR  The control of glass washers is usually by complex control means, or
      manually, it being an object of this invention to provide an automatic
      command means which governs all functions of the apparatus. With the
      present invention there is a shut-off bar or rod that is disengageable
      from a delivered glass by removing the latter and which activates the
      apparatus to advance another glass into engagement therewith, during which
      time interval the entire apparatus is in operation.
PAR  Glass washers of the type under consideration are supplied with hot and
      cold running water under moderate pressure and with electrical energy for
      motivation. Also, supplies of sterilizer and detergent are drawn from
      reservoirs and metered into the waters that are discharged onto the
      glassware. It is an object of this invention to advantageously employ the
      usual hot and cold water supply for the moderate pressure required of the
      rinsing functions, and to generate high water pressure to meet the
      requirements of effective washing by means of spraying. It is also an
      object to advantageously employ this low and high pressure available to
      the rinse and wash stations by supplying these separate functions with
      sterilizer and detergent separately applied, respectively.
PAR  With an apparatus as generally stated above, it is also an object to
      provide a basin with station separation for the collection and recycling
      of a greater portion of wash water with detergent, with a drain for the
      rinse water with disinfectant, and all to the end that the heated wash
      water and detergent is conserved while the cold rinse water and
      disinfectant is expanded with but a small percentage of said wash water
      that is replenished in a fluid controlled tank.
PAR  It is an object of the present invention to provide a glass washing
      apparatus of the character referred to that efficiently washes glassware
      installed thereon invertedly and adapted to "drip dry", there being a
      disposition of spray tubes or nozzles that are conducive to thorough
      cleaning. Make-up hot water is automatically added to the pumping system
      of the wash-detergent, while the temperature and spraying pressures of
      both rinse and wash waters is set or adjusted as required. Safety and
      sanitation are primary objects of this invention, there being no dangerous
      operation of components, and the working parts are self-cleaning and
      readily accessible for inspection and maintenance.
DRWD
PAC  DRAWINGS
PAR  The various objects and features of this invention will be fully understood
      from the following detailed description of the typical preferred form and
      application thereof, throughout which description reference is made to the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the glass washer and conditioner with a
      portion of the housing broken away in order to show the wash elements.
PAR  FIG. 2 is an enlarged fragmentary view of the upper and lower wash tubes
      with glassware disposed therebetween in inverted positions upon the turn
      table.
PAR  FIG. 3 is an enlarged detailed fragmentary view of the command element
      which operates a switch that deactivates the apparatus when engaged by
      advanced glassware.
PAR  FIGS. 4, 5, 6 and 7 are plan sections taken substantially as indicated by
      lines 4--4, 5--5, 6--6 and 7--7 on FIG. 1.
PAR  FIGS. 8 is a general side elevation section of the apparatus and taken as
      indicated by line 8--8 on FIG. 1.
PAR  FIG. 9 is a plumbing schematic of the elements involved in the apparatus,
      and
PAR  FIG. 10 is an electrical schematic of the elements involved in the
      apparatus.
DETD
PAC  PREFERRED EMBODIMENT
PAR  The glass washer and conditioner is shown as involving a housing-frame A of
      square plan configuration with a front access opening at counter height.
      The upper portion of the housing is occupied by a turn table B, upper and
      lower spray tubes C and D, a spray curtain E and a separator command means
      F; while the lower portion of the housing is separated from the upper
      portion by a tray or basin G and is occupied by the various components
      including a rinse water supply means H with its sterilizing supply means
      I, a wash water supply means J with its detergent supply means K, and by a
      drive means L for motivating the turn table B. The above enumerated
      elements of the device are arranged and related as shown in the drawings
      and as will now be described: The housing-frame A is square in plan
      configuration to receive the circular turn table B with some side
      clearance, bearing means rotatably supporting the turn table on a central
      vertical axis to revolve in a plane spaced above the basin G. The turn
      table B is a perforated wheel and presents a supporting grill upon which
      the glassware is placed in an inverted position, with the lips down and
      bottoms up. The rim 10 thereof is driven through drive means L by a rubber
      tyred roller 11 that is turned by a parallel shaft 12 journaled in one
      corner of the housing and revolved by a motor 13 of the drive means L.
      Thus, the turn table revolves advancively in a clockwise direction when
      the motor 13 is activated to drive the same through the roller 11, and
      spray is free to penetrate the grill of the turn table from beneath and to
      enter the glassware interiors, and to pass downwardly over the same for
      subsequent collection in the basin G. In practice, a gear head motor 13 is
      employed with a speed reducing chain drive to shaft 12, and the roller 11
      is of small diameter relative to the large diameter of turn table B, and
      all to the end that it advances slowly.
PAR  In accordance with this invention, there is a semi-circular tunnel provided
      within the confines of the upper portion of the housing-frame A and
      defined by a front opening 15 and closed imperforate sides 16, back 17 and
      top 18. The grilled supporting plane of the turn table operates at or
      somewhat below the horizontal edge of opening 15, there being a divider 19
      secured to the top 18 or front 20 and disposed in a vertical plane free of
      the turn table so as to establish a loading station X to the left and a
      delivery station Z to the right. In practice the loading and delivery
      stations each extend through an arc of 90.degree. with their
      circumferential extent determined by the spray curtain E which extends
      diametrically through the center axis of rotation and between the opposite
      sides 16 of the housing. The spray curtain E establishes a rinse and wash
      chamber Y within the housing-frame A and which extends through the
      remaining arc of 180.degree. and which is divided into a pre-rinse station
      a through an arc of 25.degree. , followed by a wash station b through an
      arc of 90.degree. , and then followed by a final rinse station c through
      an arc of 65.degree.. A feature is the lack of physical division between
      the stations a, b and c, the semi-circular tunnel formed thereby being
      continuous from the curtain E at station X to the curtain E at station Z.
PAR  The spray curtain E can vary in form, the height of the tunnel can be
      varied, and the useable radius of the turn table B can be determined in
      various ways. In practice, the useable radius of the turn table is
      determined by a cylindrical column 21-22 on the center axis of the housing
      and about which the glassware is conveyed by the advancing turn table upon
      which they are inverted. The column sections 21 and 22 are telescopically
      related one section 21 carried by the turn table B and the other section
      22 coaxially depending from the top 18. Vertical adjustability is obtained
      by elevating the turn table to the desired height and by setting its
      position with respect to top 18 as by means of set screws on its
      supporting shaft. Accordingly, the spray curtain E is divided into entry
      and exit sections 23 and 24, each made up of depending ribbons of flexible
      overlapped or slitted material substantially occupying the opening between
      the turn table and top 18. In practice, a bar secured to the top 18
      supports each curtain section.
PAR  Referring now to the upper and lower spray tubes C and D, the said upper
      spray tubes C are disposed beneath the top 18 to spray downwardly over the
      glassware, while the said lower spray tubes D are disposed under the turn
      table B to spray upwardly into the interior of the glassware. In
      accordance with this invention, there is one or more spray tubes C and D
      at each station a, b and c of the processing tunnel, and each plumbed for
      its function to rinse or wash. In practice, the upper spray tubes C
      involve two groups of tubes; a first group of three wash tubes 25 centered
      over the wash station b and spaced 15.degree. apart; and a second group of
      three rinse tubes 26 centered over the final rinse station c and spaced
      15.degree. apart. The tubes 25 and 26 project radially from the central
      axis to the perimeter of the turn table B and each has a multiplicity of
      downwardly directed nozzles. The lower spray tubes D involve three groups
      of tubes; a pre-rinse tube 27 juxtapositioned to the pre-rinse station a
      at the entry section 23 of the spray curtain E and within the processing
      tunnel; a first group of three wash tubes 28 centered under the wash
      station b and spaced 15.degree. apart; and a second group of three rinse
      tubes 29 centered under the final rinse station c and spaced 15.degree.
      apart. The tubes 27, 28 and 29 project radially from the central axis to
      the perimeter of the turn table B and each has a multiplicity of upwardly
      directed nozzles.
PAR  The tray or basin G underlies the aforementioned apparatus located in the
      upper portion of the housing-frame A. As shown, the basin G is a
      coextensive partition that is horizontally disposed with a bottom 30
      pitched to a drain 31 for discharging of rinse waters, and with spaced
      baffles 32 and 33 segregating a portion of the bottom pitched to a
      transfer line into a reservoir tank 34 of the wash water supply means J
      later to be described. Therefore, there is a separation of spray waters
      whereby the cold expendable rinse waters are discharged and the heated
      wash water conserved, it being understood that a percentage of wash water
      will be exposed to and mixed with and/or condensed into the next adjacent
      rinse waters.
PAR  Referring now to the plumbing diagram of FIG. 9, the relationship of rinse
      water supply means H with its sterilizing supply means I and wash water
      supply means J with its detergent supply means K is illustrated. Firstly,
      there are hot and cold water supply connections 35 and 36 delivering water
      at moderate pressure which normally varies. The said two connections
      continue separately into the hot wash and cold rinse means J and H, there
      being a bypass valve 37 by which the cold water can be tempered as
      required.
PAR  The cold rinse water (tempered) is passed through a filter 38 and is
      pressure controlled by a regulator 39. A normally closed solonoid valve 40
      opens into a rinse water line 41 which directs the same through a divider
      42. The divider 42 separates flow to the lower spray tube 27 and to a
      mixing valve 43 that admixed liquid disinfectant to the rinse water which
      is then directed to the rinse tubes 26 and 29 of the upper and lower spray
      tubes B and D respectively.
PAR  The hot wash water is free to flow at full supply pressure without drawing
      cold water through valve 37 and is passed through a filter 44. A normally
      closed solonoid valve 45 opens into wash water line 46 which directs the
      same through a mixing valve 47 that admixed liquid detergent to the wash
      water which is then directed into the reservoir tank 34 through a screen
      48. A motor driven pump 50 draws from the tank of hot wash water and
      detergent and directs the same to the wash spray tubes 25 and 28 of the
      upper and lower spray tubes C and D.
PAR  The mixing valves 43 and 47 can be siphon valves responsive to flow in the
      rinse water and wash water lines to draw disinfectant and detergent from
      their respective reservoirs 51 and 52. Needle valves can be used to
      control the admixtures.
PAR  Referring now to the electrical diagram of FIG. 10, the relationship of
      rinse and wash water control to the delivery of clean glassware is
      illustrated. In particular, it is the command means F that is shown and
      its automatic control over the wash and rinse processes. The hot water
      solenoid valve 45 is controlled by a nornally closed switch 60 opened by a
      float in reservoir tank 34 when a maximum level is reached, and a manual
      switch 61 bypasses this circuit for servicing operation. A normally closed
      switch 62 is opened by said float in reservoir tank 34 when a minimum
      level is reached thereby controlling a heater 63 that is designed to
      maintain a 140.degree. F. Temperature when immersed in the wash water and
      detergent. The cold water valve 43, motor of pump 50 and drive motor 15
      for the turn table B are all under control of a main switch 64 in series
      with a normally closed limit switch 65 which is the command means element
      that deactivates the apparatus when the wash and rinse processes are
      completed upon any glassware passing therethrough. In accordance with the
      invention, the separator command means F involves a gate which can
      comprise the divider 19, or preferably a swinging bar or rod 66 that is
      moveably responsive to engagement by glassware advanced by the turn table
      B. Consequently, engagement by any glassware advanced into the rod 66
      moves the same so as to activate the switch 65 into an open condition.
      Subsequently, removal of said glass permits the switch to close and
      thereby reactivate the aforementioned electrical circuits, thereby causing
      full operation of the apparatus and all of which occurs automatically upon
      demand.
PAR  Having described only a typical preferred form and application of my
      invention, I do not wish to be limited or restricted to the specific
      details herein set forth, but wish to reserve to myself any modifications
      or variations that may appear to those skilled in the art:
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for automatically washing glassware on demand and including; a
      housing defining a chamber with a frontal opening, a turn table journaled
      on a vertical axis and disposed to advancively support glassware on a
      horizontally disposed plane within the confines of said chamber, normally
      operable drive means advancively rotating the turn table, a spray curtain
      of flexible material penetrable by said glassware advanced therethrough
      upon the turn table and recessed toward said axis dividing the chamber
      into a rearmost wash tunnel and foremost loading and delivery stations
      accessible through said frontal opening and contiguous to opposite entry
      and exit portions of the spray curtain respectively, separator command
      means dividing said frontal opening into said loading and delivery
      stations and responsive to glassware advanced thereto and to stop the said
      drive means, and wash means processing the glassware loaded upon the turn
      table at the foremost station and advanced thereby through the rearmost
      wash tunnel, removal of said advanced glassware from the separator command
      means permitting normal operation of the drive means to advance the turn
      table.
NUM  2.
PAR  2. The demand operable glassware washing apparatus as set forth in claim 1
      wherein the command means comprises an element disengageable from the said
      glassware advanced thereto.
NUM  3.
PAR  3. The demand operable glassware washing apparatus as set forth in claim 1
      wherein the separator command means comprises a responsively engageable
      bar disposed radially over the turn table and disengageable from the said
      glassware advanced thereto.
NUM  4.
PAR  4. The demand operable glassware washing apparatus as set forth in claim 1
      wherein the separator command means comprises a yieldingly shiftable bar
      disposed radially over the turn table and releasably disengageable from
      the said glassware advanced thereto.
NUM  5.
PAR  5. The demand operable glassware washing apparatus as set forth in claim 1
      wherein the separator command means comprises a vertically and radially
      disposed partition separating said loading and delivery stations.
NUM  6.
PAR  6. The demand operable glassware washing apparatus as set forth in claim 1
      wherein the separator command means comprises, a vertically and radially
      disposed partition separating said loading and delivery stations, and a
      glassware responsive element at the delivery station side thereof.
NUM  7.
PAR  7. The demand operable glassware washing apparatus as set forth in claim 1
      wherein the separator command means comprises, a vertically and radially
      disposed partition separating said loading and delivery stations, and a
      responsively engageable element and delivery station side thereof
      disengageable from the said glassware advanced thereto.
NUM  8.
PAR  8. The demand operable glassware washing apparatus as set forth in claim 1
      wherein the separator command means comprises, a vertically and radially
      disposed partition separating said loading and delivery stations, and a
      responsively engageable bar at the delivery station side thereof disposed
      radially over the turn table and disengageable from the glassware advanced
      thereto.
NUM  9.
PAR  9. The demand operable glassware washing apparatus as set forth in claim 1
      wherein the separator command means comprises, a vertically and radially
      disposed partition separating said loading and delivery stations, and a
      yieldingly shiftable bar at the delivery station side thereof and disposed
      radially over the turn table and releasably disengageable from the said
      glassware advanced thereto.
NUM  10.
PAR  10. Apparatus for automatically washing glassware on demand and including;
      a housing defining a chamber with a frontal opening, a turn table
      journaled on a vertical axis and disposed to advancively support glassware
      on a horizontally disposed plane within the confines of said chamber,
      normally operable drive means advancively rotating the turn table, a
      vertical column disposed through the chamber on the central axis, entry
      and exit spray curtains of flexible material penetrable by said glassware
      advanced therethrough upon the turn table and extending radially from said
      column closing a semi-circular rearmost wash tunnel extending therebetween
      and exposing foremost loading and delivery stations accessible through
      said frontal opening, separator command means dividing said frontal
      opening into said loading and delivery stations and responsive to
      glassware advanced thereto to stop the said drive means, and wash means
      processing the glassware loaded upon the turn table at the foremost
      station and advanced thereby through the rearmost wash tunnel, removal of
      said advanced glassware from the separator command means permitting normal
      operation of the drive means to advance the turn table.
NUM  11.
PAR  11. The demand operable glassware washing apparatus as set forth in claim
      10 wherein the separator command means comprises an element disengageable
      from the said glassware advanced thereto.
NUM  12.
PAR  12. The demand operable glassware washing apparatus as set forth in claim
      10 wherein the separator command means comprises a responsively engageable
      bar disposed radially over the turn table and disengageable from the said
      glassware advanced thereto.
NUM  13.
PAR  13. The demand operable glassware washing apparatus as set forth in claim
      10 wherein the separator command means comprises a yieldingly shiftable
      bar disposed radially over the turn table and releasably disengageable
      from the said glassware advanced thereto.
NUM  14.
PAR  14. The demand operable glassware washing apparatus as set forth in claim
      10 wherein the separator command means comprises a vertically and radially
      disposed partition separating said loading and delivery stations.
NUM  15.
PAR  15. The demand operable glassware washing apparatus as set forth in claim
      10 wherein the separator command means comprises, a vertically and
      radially disposed partition separating said loading and delivery stations,
      and a glassware responsive element at the delivery station side thereof.
NUM  16.
PAR  16. The demand operable glassware washing apparatus as set forth in claim
      10 wherein the separator command means comprises, a vertically and
      radially disposed partition separating said loading and delivery stations,
      and a responsively engageable element and delivery station side thereof
      disengageable from the said glassware advanced thereto.
NUM  17.
PAR  17. The demand operable glassware washing apparatus as set forth in claim
      10 wherein the separator command means comprises, a vertically and
      radially disposed partition separating said loading and delivery stations,
      and a responsively engageable bar at the delivery station side thereof
      disposed radially over the turn table and disengageable from the glassware
      advanced thereto.
NUM  18.
PAR  18. The demand operable glassware washing apparatus as set forth in claim
      10 wherein the separator command means comprises, a vertically and
      radially disposed partition separating said loading and delivery stations,
      and a yieldingly shiftable bar at the delivery station side thereof and
      disposed radially over the turn table and releasably disengageable from
      the said glassware advanced thereto.
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ABST
PAL  A simple apparatus and process for monitoring a selected component of a
      fluid system are provided wherein the apparatus comprises a simple
      diffusion probe, an electronic pumping means and a reading means whereby
      the diffusion and pumping rate are read directly as electrical current.
PARN
PAR  This application is a division of application Ser. No. 301,391, filed Oct.
      27, 1972 which is a continuation of a sequence of co-pending continuation
      applications entitled, "Corrosion Monitoring and Composition-Analytical
      Apparatus," Ser. No. 88,112 filed Nov. 9, 1970; Ser. No. 858,243 filed
      Sept. 15, 1969; and Ser. No. 670,317 filed Sept. 25, 1967, now abandoned.
BSUM
PAR  This invention relates generally to detection of selected components in a
      fluid system and more particularly to the continuous instantaneous
      monitoring of a selected component as a free or a dissolved gas in a
      rapidly changing or rapidly moving fluid system such as a chemical
      reactor, a storage vessel or a pipeline. A preferred application monitors
      hydrogen in a storage vessel or pipeline wherein said hydrogen is present
      or produced in the fluid system as a function of corrosion or
      decomposition or pyrolysis in the system.
PAR  Numerous methods and types of equipment are available for detecting certain
      constituents of a composition, detecting leaks in vacuum systems,
      monitoring cumulative changes in a system, balancing electrolytic
      corrosion protection systems, electronically sampling or controlling fluid
      systems. These features all illustrated by U.S. Pat. Nos. 2,393,650;
      2,526,038; 3,257,841; 3,278,837; 3,356,287; 3,426,529; 3,490,480;
      3,498,900; and 3,528,282 and by "Unusual Pipeline Failures Traced to
      Hydrogen Blisters" on pages 99- 101 in the Dec. 20, 1954 issue of the Oil
      and Gas Journal.
PAR  Even with these numerous systems there is a need for an apparatus and
      method for monitoring chemical reactions and concentrations which are
      subject to rapid change. A simple apparatus which can be readily moved and
      modified for plant and field use is needed. A system which has continuous
      and practically instantaneous response and which can be readily adapted to
      for a continuous control system would fill a long-felt need.
PAR  The process and apparatus of this invention overcomes many of the prior art
      problems and supplies many of the needed features for a continuous,
      instantaneous monitoring and control system of general applicability in
      chemical, petroleum and other fields of technology.
PAR  According to this invention there is provided an apparatus for continuous
      instantaneous monitoring a selected component in a fluid system comprising
      gas, liquid, gas and solid, liquid and solid, or a mixture thereof; said
      apparatus comprising a probe means connected to a pumping means, said
      probe means which can be inserted into said fluid system having a body
      portion and a diaphragm portion which will allow diffusion of said
      selected component defining a closed cavity which is evacuated and which
      connects to and communicates with said pumping means, said pumping means
      having an electrical molecule pumping means and a current indication means
      which electronically removes molecules from said cavity, maintains
      evacuation of said cavity and indicates the molecule pumping rate as
      electrical current.
PAR  This invention also provides a process for continuous instantaneous
      monitoring of a selected component in a fluid system comprising gas,
      liquid, gas and solid, liquid and solid or a mixture thereof comprising
      assembling a monitoring apparatus comprising a simple probe means and a
      pumping means, said probe means having a body portion and a diaphragm
      portion which will allow diffusion of said selected component defining a
      closed cavity which can be evacuated to a suitable low pressure, said
      cavity connected to and communicating with said pumping means, said probe
      means being suitable for insertion into said fluid system, inserting said
      probe into said fluid system, promoting diffusion of said selected
      component into said cavity by evacuating said cavity to a suitable low
      pressure, maintaining said cavity at a suitable low pressure using an
      electrical pumping means to electronically pump molecules of said selected
      component from said cavity, and reading said pumping rate as electrical
      current.
PAR  The simple monitoring apparatus of this invention can be readily modified
      to indicate, record or control a function of the fluid system with rapid
      response time on the order of minutes or seconds. Previous monitoring
      systems having comparable response times involve complex, fragile and
      expensive sampling and sensing means. Previous systems which were rugged
      enough for field or plant use were cumulative or had response times which
      were too long for analytical and process control purposes. The system of
      this invention provides a low response time system which is simple and
      practical for field and plant use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of gas phase monitoring apparatus constructed in
      accordance with the invention;
PAR  FIG. 2 is a functional diagram of one form of getter-ion pump and
      associated apparatus as employed in accordance with the invention;
PAR  FIG. 3 is a pictorial block diagram of an exemplary usage of the invention;
PAR  FIGS. 4A, 4B and 4C depict several alternative forms which the diaphragm
      may take; and
PAR  FIG. 5 is a graph illustrating ion pump current vs. hydrogen permeation
      over a period of time in a liquid ammonia system where anodic and cathodic
      potential are selectively applied during the time period.
DETD
PAR  A preferred embodiment of this invention comprises the simple monitoring
      system and a control system which can control corrective measures in
      response to the function being monitored. These corrective measures can be
      addition of inhibitor, initiator, reactant or diluent to a system;
      variation of the rate of flow of electrical, heat or other form energy in
      a system; or variation in the flow rate of a stream in a system. The
      control system can be a feedback system, a feed forward system or a
      combination using dual monitoring components for comparison and adjustment
      of the corrective measures. Conventional components can be used in the
      control system for each function and the system can be modified to perform
      particular complex functions which will be apparent to those skilled in
      the art in view of this disclosure.
PAR  Monitoring systems of this invention function by promoting diffusion of a
      selected component of the fluid system through the diaphragm portion of
      the probe into the probe cavity from which it diffuses into the electronic
      pumping and detection means. The selected component is in the form of
      atomic or nascent gas, ion or a simple molecule which can readily diffuse
      into or be generated in the probe cavity. These forms of the selected
      component will be referred to collectively herein as a free gas. The free
      gas can also comprise more than one type of atom or molecule for example
      hydrogen, oxygen and nitrogen. The exact composition of the free gas will
      depend upon the diffusion characteristics of the diaphragm portion of the
      probe and the constituents in the fluid system. Diffusion of the free gas
      into the probe cavity refers to actual physical passage of a free gas
      component through the probe diaphragm as well as generation by some
      electrochemical means of the free gas in the cavity without physical
      passage through the diaphragm, for example hydrogen diffusion and proton
      emission from the inner surface of the probe cavity. With more than one
      component in the free gas each component can be pumped from the cavity by
      a single pumping means, selective electronic gates or diffusion membranes
      which can be used with miltiple electronic pumping means or chemical
      gettering agents can be used to trap certain components. These methods
      using conventional high-vacuum electronic technology will be apparent to
      those skilled in the art from this disclosure.
PAR  The diffusion characteristics of the diaphragm portion of the probe and the
      selected component of the fluid system determine the composition of free
      gas in the probe cavity. Geometric design, size, thickness and material of
      construction determine the diffusion rate of the free gas. The diffusion
      rate should be in a range to give reasonably accurate pumping rate
      readings without overloading the pumping means and maintaining evacuation
      at a suitable low pressure of the cavity. Magnitude of the electrical
      current required for the ultimate use of the current must be considered in
      selecting the diffusion rate. A suitable low pressure is below about
      1.times. 10.sup.- .sup.2 Torr, preferably in the range of about 1.times.
      10.sup.- .sup.4 - 1.times. 10.sup.- .sup.50 Torr. At the preferred
      evacuation pressure range the diffusion rate varies little with pressure
      variation.
PAR  The probe can be of numerous geometric configurations. A preferred
      configuration is a generally cylindrical shape in which the diaphragm can
      be the entire probe, a cylindrical sleeve, a round end section or a
      combination of these. Another, preferred configuration of the probe
      utilizes a tubing shape which can be coiled and connected to the pumping
      means at two ends or the probe can be arranged in numerous complex or
      simple configurations. Likewise, the probe can have a rectangular
      cross-section configuration. The probe can also be fabricated into the
      wall of a vessel containing the fluid system to present only a flat
      surface to the fluid. The probe can also be fitted into or around a
      by-pass conduit having valves to isolate the probe for easy removal. Other
      configurations will be apparent to those skilled in the art in view of
      this disclosure.
PAR  An important feature of the probe of this invention is the material of
      construction. Just as the use of a high-vacuum system simplifies the probe
      construction by eliminating any requirement for low cavity volume,
      capillary passages or high surface area probes, selection of the material
      of the probe diaphragm portion can be used to give a practically
      instantaneous response which can be used directly. By using a probe
      material which is classified herein as active or catalytic rather than
      passive, the rate diffusion of the selected component will have a
      multiplied ratio relationship to the function that is being monitored.
PAR  For example, it has been found that certain types of steel actually react
      with a certain fluid medium to produce nascent hydrogen at the surface.
      Different types of steel have different rates of reaction for this
      phenomenon. Thus, for monitoring the corrosive nature of a certain fluid
      system or the passage of slugs or an interface of this system, a high
      reactivity probe material could be used which would give a fast response
      and a large output signal. This probe would be excellent for control of
      addition of corrosion inhibitor to a pipeline to stop actual corrosion,
      rather than adding more inhibitor than is necessary with a cumulative
      corrosive monitoring system. By using inhibitor only as needed and where
      it is needed expense and contamination of the fluid system are reduced.
PAR  For a chemical reaction system the use of a less active material such as a
      catalytic or passive probe material would be desired to prevent too rapid
      response and overcompensation by the control system. Active material is
      used herein to designate material which actually reacts with the fluid
      system to produce a free gas which is a function of the selected component
      being monitored. Catalytic material refers to a material which affects the
      promotion of a free gas but is not consumed by the reaction producing the
      free gas. Passive material does not affect formation of the free gas but
      permits diffusion of the free gas. Thus, a diaphragm material can be
      classified in more than one group for a multiple component fluid system.
      Ideally, the diaphragm configuration and material can be selected
      according to the fluid system being monitored to give the response
      characteristics desired and an output signal which can be used directly.
      However, for some applications amplification or modification of the signal
      may be necessary.
PAR  The active, catalytic or passive nature of the probe diaphragm material are
      illustrated by carbon steel, 3.5% nickel steel, 10% ferrous-palladium
      alloy (this is magnetic), nickel-plated carbon steel and palladium
      materials. For monitoring sour gas or sour crude corrosion in a pipeline a
      carbon steel material is an active material which would react with the
      sour crude to produce nascent hydrogen. This turns out to be an excellent
      application thereof. The reaction rate would be faster than that with the
      pipeline material to give a fast high sensitivity monitor probe. This
      probe could be used with a sour or acidic fluid system in an inert reactor
      such as a nickel stainless steel or glass-lined reactor where nascent
      hydrogen gas would not be present because it produces nascent hydrogen. In
      this application a passive palladium would not work in a liquid or two
      phase system where hydrogen is not present. There are non-metallic
      materials such as ceramics, crystalline materials, and polymers that have
      a combination action. For example a beryl crystal exhibits directional
      diffusion characteristics; for instance, helium can diffuse through the
      crystal along the c-axis. Probes having combination effects can also be
      made using several materials such as coated materials or laminates, for
      example nickel coated steel, coated polymeric material or impregnated
      polymeric material. Metallic material which can be used for a probe
      include aluminum, nickel, copper, titanium, lead, zinc, tin, antimony,
      cobalt, tungsten and iron. Noble metals such as gold, silver, platinum,
      palladium and ruthenium can be used for passive materials. There are
      numerous ferrous alloys which can be used for a probe including carbon
      steel, low carbon steel, stainless steel (such as nickel steel, chromium
      steel, and vanadium steel), silicon steel and cast iron. Crystalline
      materials which can be used include quartz, beryl, alumina, silica, and
      carbon. Ceramics and glass will also be included in the crystalline
      materials. Polymeric materials which can be used include ethylenic
      polymers such as ethylene, ethylene/propylene, and
      ethylene/propylene/diene polymers (generally designated as EPM polymers),
      rubber, (such as styrene/butadiene, natural, polybutadiene and
      polyisoprene), epoxy formulations, phenol-formaldehyde polymers, nylon,
      polyester polymers, vinylic polymers and vinyl halide polymers.
      Combinations of these materials can be used to make probes having certain
      diffusion properties. For example, laminates can be used that allow
      diffusion of several selected free gases, coated metals can be used to
      give catalytic activity at the probe surface with selective differsivity
      and semi-conductor probe materials can be used so that the activity or
      diffusion characteristics can be controlled by an electrical bias current
      on the diaphragm. That is, free gas diffusion or catalytic activity can be
      turned on, turned off or reversed.
PAR  The probes and probe material must be correlated with the fluid system and
      component being monitored. This can be readily done with little
      experimentation by one skilled in the art in view of this disclosure. The
      probe materials described above (1) can be used for monitoring corrosive
      reactions in hydrocarbon-containment vessels caused by sour components
      (such as S or H.sub.2 S) salt water (also sea water) or oxygen; (2) can be
      used for dissociation reactions in ammonia, ammonium nitrate and other
      chemical systems; (3) for high temperature corrosion or reactions of
      hydrogen sulfide, ethylene, dehydrogenation, and other chemical reaction,
      or (4) monitoring concentration, reaction or corrosion in acidic systems
      including HC1, H.sub.2 SO.sub.4, H.sub.2 S, and other simple or mixed
      acids.
PAR  A preferred pumping means comprises an electronic pumping system which will
      be referred to herein as a getter-ion pump which includes getter,
      evaporation and sublimation type pumping action. The principal pumping
      action is an electronic gettering action in which free gas components are
      trapped in a magnetic field, ionized and accelerated by a high electrical
      potential into an electrode where the particle is buried in the electrode,
      thus removing it from the evacuated cavity. This electronic pumping action
      does not work well with inert gases such as helium or heavy hydrocarbon
      gases such as methane. Therefore, these gases which poison the electronic
      pumping system should be avoided. Again, these poison gases must be
      maintained at less than 2% of the free gas pumped for practical operation.
      If these poisons are present chemical gettering agents or additional
      specialized scrubbing equipment should be used for practical operation of
      the simple, efficient monitoring system of this invention.
PAR  As shown in FIG. 1, a gas detection and monitoring apparatus 10 consists of
      measuring apparatus 12 and control apparatus 14. The monitoring apparatus
      10 is depicted as being affixed to or projected into a vessel 16
      containing a body fluid 18. Fluid as defined in this specification,
      includes any gas, liquid, or combination thereof. Such liquids may be
      present in various containers such as pipelines, reactors, and other
      vessels, both open and closed, and may be useful in both industry and the
      laboratory. Thus, it should be understood that the present invention finds
      particular application not only in the detection and/or measurement of any
      preselected gas in a gas or fluid system but also in large-scale
      industrial corrosion inhibition applications.
PAR  The measuring apparatus 12 consists of an evacuatable probe 20 of variable
      geometry which can be sealingly inserted through a wall of vessel 16 to
      extend its inner end 22 into contact with the fluid 18. Probe 20 is formed
      to define a suitable evacuatable cavity 24 and the end 22 is formed to
      expose a gas separating plate or gas-diffusing diaphragm 26 to the fluid
      18. The diaphragm 26 is sealingly connected about the end 22 of probe 20
      and it may be formed of various metallic substances which allow diffusion
      of gas in contact with fluid 18.
PAR  While the exact nature of gas diffusion through certain metals and plastic
      materials is not known, the existence of the phenomena is quite well-known
      and is often utilized in various chemical and metallurgical processes.
      Thus, the diaphragm 26 may be formed from a material which is selected in
      accordance with its permeability to the gas present in the particular
      fluid system undergoing test or surveillance. Corrosion monitoring
      applications may require a metal or metal alloy diaphragm; in addition, a
      diaphragm formed of metal sheet or foil similar to that of the vessel
      enables increased uniformity in corrosion monitoring. Still other
      applications may utilize certain gas-permeable plastics and plastic-coated
      metallic diaphragms. Also, for the case where fluid 18 contains gas-phase
      hydrogen, a palladium diaphragm provides a suitable gas-diffusing member.
      When the ammonia molecule disassociates, for example, into N.sub.2 and
      3H.sub.2, the free H.sub.2 given off can be monitored by this apparatus
      and the H.sub.2 measured by the apparatus would be an indication of the
      increase or decrease in the number of ammonia molecules which are becoming
      disassociated. In this system, a mild steel diaphragm 26 would be
      satisfactory.
PAR  The probe member 20 may be formed to have an extension 28 which is attached
      to a stop valve 30. Valve 30 interconnects by a conduit 32 to a roughing
      pump 34 which may be a conventional form of vacuum pump capable of taking
      the pressure within cavity 24 down to a relatively low level as will be
      described. A vacuum level sensor 36 may be utilized in certain
      applications to continuously monitor the vacuum system. Vacuum level
      sensor 36 extends electrical connections 38 and 40 to the roughing pump 34
      and valve 30, respectively, and, in the event that excessive hydrogen or
      other such gas is accumulated after a period of inoperation, vacuum sensor
      36 serves to actuate roughing pump 34 and valve 30 to dump the accumulated
      gas so that the system will once again operate within the getter-ion pump
      range.
PAR  The opposite end of probe member 20 is formed with a connecting surface
      such as flange 42 which serves for connection to a getter-ion pump 44. The
      getter-ion pump 44 is shown as having an extension 46 and mating flange 48
      which may be secured to flange 42 by suitable fasteners 50. It should be
      understood that the getter-ion pump 44 may take any of various designs and
      that the connecting portion, e.g., flanges 42, 48 and so forth, may take
      similarly variable forms. There are numerous, commercially available types
      of getter-ion pumps which may be employed.
PAR  The getter-ion pump 44 of FIG. 2 may consist of a magnet 52 bridging a
      cylindrically shaped collector chamber 54. The collector chamber 54 is
      connected coextensively with probe 20 to receive gas diffused from fluid
      medium 18 through diaphragm 26 and cavity 24. A collector grid 56 is
      supported within collector chamber 54 and grid 56 is energized by a high
      negative potential, e.g., 8000 volts d-c, as applied via lead 58 from a
      conventional form of power supply 60. A positive lead 62 is connected
      through a meter 64 to ground and the collector chamber 54 is grounded by
      means of a lead 66. Thus, detected ion current will appear as current
      differential exceeding a predetermined background value as read by meter
      64 between ground and the positive terminal of power supply 60.
PAR  An output may also be derived from the power supply 60 by means of an
      electrical output lead 72, and this may be conducted to a selector 74
      which may then route the output for various functions. Selector 74 may
      connect the getter-ion pump output via lines 76 and 78 to any one or all
      of a recorder 80, an alarm device 82, telemetering apparatus 84, or liquid
      control apparatus 86. The recorder 80 may be a conventional form of
      recording mechanism responsive to electrical current to provide a
      permanent, timeanalog indication or such, and alarm device 82 may be any
      of many well-known types of mechanism for alerting corrective measures or
      overseeing personnel. The telemetry apparatus 84 may be similarly utilized
      for initiating safeguard measures which are actuable from a remote
      position. The liquid control apparatus 86 constitutes a feedback type of
      control which may function to inject corrosion inhibiting substance or to
      apply gas phase control measures to the fluid system. The liquid control
      apparatus 86 finds especial value in the protection of pipelines and such
      vessels containing moving fluids as will be further described below.
PAR  In operation, the measuring apparatus 12 is appropriately connected to the
      control apparatus 14 and the probe member 20 is suitably placed in vessel
      16 having fluid 18 contained therein. Probe member 20 may be sealingly
      connected through or inserted into vessel 16 to expose the gas-diffusing
      diaphragm 26 in contact with the contained fluid 18. In the case of
      corrosion monitoring, the diaphragm 26 may be formed of the same substance
      as vessel 16 to provide a known corrosion reference and uniformity with
      respect to corrosion effects per time. However, the diaphragm 26 may be
      formed of various other metals, alloys and compound structures, including
      plastics and rubber, as long as it is gas permeable in the enviroment of
      fluid 18; if the corrosivity is known or can be determined, it may be
      applied in reference manner to evaluate other characteristics of the
      vessel-fluid system.
PAR  The roughing pump 34 may then be operated through valve 20 to evacuate the
      gas from within cavity 24. Roughing pump 34 serves to reduce the pressure
      in cavity 24 to a residual on the order of 10.sup.-.sup.3 Torr which, for
      example, is a pressure which is low enough to assure good getter-ion pump
      operation. Once a suitable low pressure has been attained within cavity
      24, the roughing pump 34 can be shut off and valve 30 closed such that
      measuring apparatus 12 will function with getter-ion pump 44 providing an
      output indicative of gas diffusion.
PAR  The getter-ion pump 44 functions conventionally to provide an ion current
      or electrical current output through power supply 60 on lead 72 in direct
      proportion to the amount of hydrogen or other gas which is introduced
      through migration along cavity 24. Referring to FIG. 2, the gas diffuses
      through diaphragm 26 and then migrates within cavity 24 and into the
      relatively high electric and magnetic fields within the collection chamber
      54. The respective gas atoms or molecules are then ionized within the
      collection chamber 54 and attracted to the collector grid 56, which is
      energized at a high negative potential. The collection of charged
      particles is then indicated by relative values as read from current meter
      64. Thus, the current produced is a direct index of the gas flow and the
      output or lead 72, on the order of microamperes, may be applied through
      selector 74 for recording, transmission, or whatever.
PAR  In corrosion applications, the current that flows from the getter-ion pump
      44, as present on output lead 72, is proportional to the amount of
      hydrogen migrating through cavity 24 into getter-ion pump 44, and it is
      further proportional to the corrosion rate of the metallic vessel 16 in
      the environment of a corrosive-type fluid 18. Hence, the current on lead
      72 can be equated to the instantaneous corrosion rate of vessel 16, and it
      may be applied to the recorder 80 to maintain a continuous record of
      corrosive activity within the metal-corrosive fluid system. Also,
      depending upon the type of installation, the selector 74 may be employed
      to route the ion current to alarm device 82, telemetry apparatus 84 or the
      liquid control apparatus 86. Liquid control apparatus 86 will serve to
      provide active control of corrosive activity as will be further described
      below.
PAR  FIG. 3 depicts a specialized usage of the present invention as it is
      applied to control or monitor corrosion in pipelines. In the operation of
      pipelines, it is the present practice to flow chemical inhibitors into the
      pipeline to guard against internal corrosion, this is particularly true
      with respect to sour crude pipelines and certain produce pipelines. The
      present invention provides a method whereby corrosivity is continually and
      accurately monitored to control or, rather, to match the corrosion
      inhibitor concentration with the degree of corrosivity in the line. Such
      corrosion monitoring and control alleviates the costly wastage of
      inhibitor which results when the liquid system is such that it would be
      non-corrosive anyway and, correspondingly, it protects against corrosion
      and related damages to the pipeline in the event that too small an
      inhibitor concentration were instilled.
PAR  Thus, referring particularly to FIG. 3, a metallic pipeline 90 carrying a
      corrosive fluid 92 under pressure can employ the measuring apparatus 12
      for hydrogen detection to control the injection of corrosion inhibitor in
      direct proportion to the degree of corrosivity. The probe member 20 is
      inserted in sealed fashion through the pipeline 90 such that the
      hydrogen-diffusing diaphragm 26 is exposed to the corrosive environment of
      fluid 92. A getter-ion pump 44 is then connected to receive hydrogen
      diffusing through the probe member 20 to generate an ion current
      electrical output from power supply 60 on lead 72. A sealable stem 93
      provides evacuation access for pumping air out of probe member 20. This
      evacuation may be effected at extended intervals with only periodic
      checking of condition.
PAR  The electrical output on lead 72 is then conducted to monitor apparatus 94
      which may include any combination of recorders, alarms, or transmitters as
      shown in control apparatus 14 of FIG. 1. In addition, an electrical signal
      indicative of ion current is conducted on a lead 96 for input to control
      amplifier 98, e.g., a conventional form of differential amplifier or such.
      Control amplifier 98 then generates a control signal for application on
      lead 100 to injector 102. The injector 102 may be a solenoid operated
      valve or such which regulates the flow of corrosion inhibitor from an
      inhibitor supply reservoir 104 into pipeline 90 via an input conduit shown
      generally as arrow 106.
PAR  Various types of corrosion inhibitors may be contained in the inhibitor
      supply 104. For example, and in the case of sour crude transmission, a
      commercially available H.sub.2 S corrosion inhibitor which may be employed
      would be Dualtreat 476 obtainable from United Chemical Corporation of New
      Mexico in Hobbs, New Mexico. Many other commercial corrosion inhibitors
      for use with various metalcorrosive fluid systems may be employed for
      injection in the circulating or moving fluid systems.
PAR  In operation, the pipeline corrosion protection system of FIG. 2 prevents
      economic loss through waste of corrosion inhibitor by accurately
      regulating the input of corrosion inhibitor to the metal-corrosive fluid
      system in accordance with the actual corrosive activity at that point in
      the pipeline. Thus, the hydrogen-diffusing diaphragm 26 experiences
      varying degree of corrosion in the environment of fluid 92 and this, in
      turn, causes proportionately varying amounts of hydrogen to diffuse
      through diaphragm 26 for introduction into the cavity 24 (FIG. 1) within
      probe member 20. Cavity 24 having been reduced to an operating vacuum
      level by the roughing pump 34, the getter-ion pump 44 operates to remove
      further produced hydrogen gas and this operation produces an ion current
      which is directly related in time-analog comparison to the hydrogen flow.
      This current is then represented as an electrical signal or electrical
      current flow on lead 72 to the monitor apparatus 94. Thus, the current
      flow on lead 72 is indicative of a vacuum loss behavior of cavity 24 which
      is a direct indication of hydrogen presence and removal through getter-ion
      pump 44.
PAR  The ion current or corrosion activity signal is conducted on lead 96 to a
      control amplifier 98 which provides a variable control signal on lead 100
      to the inhibitor injector 102. The injector 102 then serves to vary the
      input of corrosion inhibitor from inhibitor supply 104 through input 106
      to pipeline 90 in direct relationship to the degree of corrosivity at that
      time. Such variable control of the costly corrosion inhibitor substances
      results in a great saving in both the cost of inhibitor substances as well
      as the cost of pipeline repair and pipe replacement. As a further index of
      the utility of this apparatus, it is possible to use the mixtures of the
      corrosivities of various fluids to indicate the passage of various product
      batches in the pipeline.
PAR  FIGS. 4A, 4B and 4C show some alternative forms which the diaphragm member
      26 may take. Thus, FIG. 4A shows a diaphragm 26a which may be employed to
      place a greatly multiplied surface area in contact with the fluid, liquid
      or gas material. Diaphragm 26a consists of a hollow coil 110 of selected
      diaphragm material which is connected at each end through air-tight,
      insulative fittings 112 and 114 to a T-connector portion 116. The
      insulative fittings 112 and 114 prevent electrochemical action in the
      event that dissimilar metals are employed in contact with the fluid 18.
      The T-connector portion 116 is then formed with a flanged end wall 118
      which is sealingly connected across end of probe member 20.
PAR  FIG. 4B discloses another diaphragm 26b which is finger-like in character.
      Diaphragm 26b may be formed as an extended, closed tubular portion 120
      which is flanged out into a sealing end wall 112 which can be received
      within probe member 20. Diaphragm 26b is intended for use in applicataions
      which may be adequately sampled from small area probes and/or high
      pressures. As shown in FIG. 4C, still another form of diaphragm 26c may
      find specialized application. Diaphragm 26c consists of an end wall 124,
      tube portion 126, and generally cylindrical sleeve portion 128 and it may
      find use in various other pipe protection and corrosion monitoring
      applications. An example of anodic curtailment of hydrogen permeation in
      liquid ammonia confined in an iron container is illustrated in FIG. 5. A
      1; -liter/sec. stainless steel magnetic ion pump was connnected to a
      .intg. inch diameter, 12 inches long .025 inch wall mild steel tubing. One
      end was sealed and inserted into the ammonia through the stainless steel
      container and acted as a probe. After 10 hours anodic potential of 8 volts
      was applied between the probe and the container. After 20 hours and anodic
      potential was disconnected. At 35 hours 8 volts of cathodic current was
      applied. It should be noted here that a drastic increase in hydrogen
      penetrated the stainless steel probe and was indicated by the ion pump as
      a large increase in current (approximately 0.90.mu. amps.). At 40 hours
      the anodic potential was again supplied and the ion pump current again
      indicated a decrease in hydrogen permeation.
PAR  While a specific use has been set forth, it should be understood that the
      present invention can be employed in any fluid system wherein a gas is to
      be selectively examined, measured or monitored, including various
      corrosion control applications. It is also contemplated that the corrosion
      control system can be utilized to provide rapid analytical checking of
      circulating acid systems, such as sulfuric acid cooler lines where both
      random and periodic variations of acid strengths are encountered. The use
      of this novel analytical instrument will permit a continuous check upon
      the acid strength to guard against the unexpected bursts or pulses of
      increased corrosive activity, e.g., where random SO.sub.3 concentrations
      form small amounts of oleum in the circulating acid line. Also, the system
      will find use as an analytical device in the chemical laboratory to
      analyze for arsenic, antimony, bismuth, and/or sulfur in certain acid
      systems. One practice would be to convert the acid system under inspection
      to its corresponding hydride system with reference pH levels, this via
      electrochemistry. Then the analytical instrument can be employed to
      measure the hydrogen input capability of the liquids to determine the
      particular hydrides or variations of such.
PAR  The foregoing discloses a novel gas detection and analytical system which
      becomes a relatively basic tool and may find many uses in various
      petroleum refining processes, petrochemical manufacturing operations,
      metallurgical process controls, laboratory research, etc. The apparatus
      operates on the concept whereby hydrogen or other gas is diffused through
      a thin (generally metallic) membrane or diaphragm which is suited to its
      environment for getter-ion pumping, the vacuum loss behavior due to such
      gas diffusion becomes the input characteristic, and it is directly
      readable as the ion current output of the getter-ion pump. The invention
      is susceptible of being employed in an automatic fashion such that it can
      be installed in the field and left unattended. The operating
      characteristics may be altered so that the apparatus can be employed with
      any of various metal-corrosive fluid systems at any of diverse pressure
      and temperature combinations.
PAR  Changes may be made in the combination and arrangement of elements as
      heretofore set forth in the specification and shown in the drawings; it
      being understood that changes may be made in the embodiments disclosed
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for continuous instantaneous monitoring of a selected
      component in a fluid system comprising gas, liquid, gas and liquid, liquid
      and solid, or a mixture thereof; said apparatus comprising a probe means
      connected to a pumping means; said probe means being removeably insertable
      into said fluid system and having a body portion and a diaphragm portion
      which will allow diffusion of said selected component defining a closed
      cavity which is evacuated and which connects to and communicates with said
      pumping means; said pumping means having an electrical molecule pumping
      means and a current indicating means which electronically removes
      molecules from said cavity, maintains evacuation of said cavity and
      indicates the molecule pumping rate as electrical current; said electrical
      molecule pumping means having at least two electrodes in a magnetic field
      with an electrical potential between said electrodes with one electrode
      being an anode and one electrode being a cathode so that molecules in said
      cavity pass into said magnetic field, are accelerated into an electrode
      and indicated as an electrical current; said probe having a geometry and
      size so that the probe can be sealably installed through a port in a
      vessel wall with the diaphragm portion of said probe exposed to said fluid
      system with the diaphragm portion of said probe being of such size,
      material, and configuration to allow selective diffusion of said selected
      component at a controlled rate; said current being transmitted to a
      receiving means as a signal and being indicated, recorded, or a
      combination thereof as a current magnitude; said signal being transmitted
      to a controlling means with an injector means which injects a composition
      into said fluid system to effect the selected component being monitored.
NUM  2.
PAR  2. An apparatus of claim 1 wherein the probe, detecting means, receiving
      means, controlling means, and injector means maintain a selected component
      at a value in a preselected range by matching the injected composition
      with that required to control the component being monitored.
NUM  3.
PAR  3. An apparatus of claim 2 wherein the selected component being monitored
      is an ion which is detected and derived from hydrogen, nitrogen, ammonia,
      air, hydrogen sulfide, and mixtures thereof.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the diaphragm portion of said probe
      means is formed of hydrogen-diffusing material, said fluid system is
      contained in a pipeline, and said composition is a corrosion inhibitor.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said fluid system is crude oil
      containing hydrogen sulfide.
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ABST
PAL  A valve for directing flow of breath to and from a patient has a first port
      adapted to be connected to a source of breath, a second port adapted to be
      connected to a patient and first obturating means in the form of a
      diaphragm for controlling flow between the first and second ports. A
      passage in the valve is in continuous communication with the second port
      through apertures in the diaphragm and second obturating means formed by a
      further diaphragm controls flow from the second port through the passage.
      The further diaphragm is arranged to prevent flow through the passage when
      the first-mentioned diaphragm is allowing flow between the first and
      second ports.
BSUM
PAR  This invention relates to valves for directing the flow of breath to and
      from a patient.
PAR  According to the invention there is provided a valve for directing flow of
      breath to and from a patient, having a first port adapted to be connected
      to a source of breath, a second port adapted to be connected to a patient,
      first obturating means for controlling flow between said first and second
      ports, a passage in continuous communication with said second port through
      said first obturating means, and second obturating means for controlling
      flow through said passage and arranged to prevent flow through said
      passage when said first obturating means allows flow between said first
      and second ports.
DRWD
PAR  In order that the invention may be well understood, an embodiment thereof,
      given by way of example only, will now be described reference being had to
      the accompanying drawings, in which:
PAR  FIG. 1 is a general perspective view of a valve in accordance with the
      invention;
PAR  FIG. 2 is an axial section of the same valve;
PAR  FIG. 3 is a partial view on the line III--III in FIG. 2;
PAR  FIG. 4 is a plan of a diaphragm of the valve; and
PAR  FIG. 5 is a plan of an alternative diaphragm.
DETD
PAR  Referring now to the drawings, there is shown a valve 1 for directing the
      flow of breath to and from a patient. The valve is provided with a port 2
      for supplying the patient with breath, which for example may be a mixture
      of air and oxygen or anaesthetic gases, introduced into the valve 1
      through an inspiration port 3, and an expiration port 4 through which
      expired breath from the patient passes after respiration.
PAR  Flow paths in the valve 1 are defined by passages in a substantially
      disc-shaped valve body 5 having side covers 6 and 7 threaded on to opposed
      sides 8 and 9 thereof at respective peripheral portions of the sides to
      form with the body 5 a valve housing. O-ring seals 10 and 11 are provided
      between the covers 6 and 7 and the body 5 to prevent the flow of breath
      between the covers and the body. In the illustrated embodiment the
      inspiration and expiration ports 3 and 4 are formed in the body 5 and are
      mutually diametrically opposed. The port 2 is formed in the cover 7.
PAR  Breath, after passing through the inspiration port 3 flows into a chamber
      12 in the body 5 and thence into an annular channel 13 opening in the side
      9 of the body. It will be noted that the width of the chamber 12 increases
      as it approaches the channel 13. A generally part annular chamber or
      passage 14 coaxial with the channel 13 and disposed radially inwardly
      thereof extends through the body 5 between the sides 8 and 9. Whilst the
      chamber 14 is part-annular in cross-section through most of its axial
      extent the portion 15 thereof at the side 9 is circular in cross-section.
      A tapering passageway 16 extends coaxially with and radially inwardly of
      the part annular portion of the chamber 14 and is connected to the
      expiration port 4 by a radially extending duct 17.
PAR  Obturating means in the form of a diaphragm 18 extends across the openings
      of the chamber 14 and passageway 16 on the side 8 of the body 5 and is
      secured to the body by securing means shown as a band 19 integral with the
      edge of the diaphragm. A rigid disc 28 is incorporated into the outer
      surface of the diaphragm. The diaphragm 18 controls flow between the
      chamber 14 and passage 16, preventing flow therebetween when in the
      position shown in FIG. 3 wherein the portion of the diaphragm which is
      made flat and rigid by the disc 28 engages with concentric circular rims
      29, 30 and 31 formed as blunt knife edged projections, and allowing flow
      therebetween when lifted from the rims.
PAR  This arrangement results in the elimination of noisy valve-diaphragm
      vibration, especially at low expiratory gas flows. It should be understood
      that the intermediate rim 30 is not essential, the inner and outer rims 29
      and 31 providing a satisfactory seat for the diaphragm, but the
      intermediate rim 30 increases the effectiveness of the seat.
PAR  A second obturating means in the form of a diaphragm 20 is secured to the
      other side 9 of the body by means shown as a band 21 to control flow from
      the chamber 12 to the port 2. The diaphragm 20, which is best shown in
      FIG. 4 has a continuous outer periphery 22 which extends across the
      opening of the channel 13 on the side 9 of the body and a central portion
      23 provided with a plurality of circumferentially spaced apart apertures
      24, which extends across the opening of the portion 15 of the chamber 14.
PAR  The diaphragm 20 in FIG. 4 has eight apertures and the alternative
      diaphragm 20' shown in FIG. 5 is provided with four apertures. In both
      diaphragms 20 and 20' the area between adjacent apertures is small such as
      to present no substantial resistance to flow between the port 2 and the
      chamber 14.
PAR  The diaphragm 20 prevents flow between the chamber 12 and port 2 when in
      the position shown in FIG. 2 and allows flow from the chamber 12 to the
      port 2 when lifted from the body. The apertures 24 in the diaphragm 20
      ensure that the port 2 is in continuous flow communication with the
      chamber 14.
PAR  In operation, the diaphragm 20 is lifted from the body 5 when the pressure
      on the patient side of the diaphragm 20 is less than that in the channel
      13 and breath is passed to the patient through the port 2 via a chamber 25
      between the diaphragm 20 and the cover 7. When the patient expires the
      diaphragm 20 closes the path between the port 2 and the channel 13 and the
      diaphragm 18 lifts from the body 5 against pressure in a chamber 26, which
      is provided between the cover 6 and the diaphragm 18 and connected to the
      chamber 12 by channel 27, to permit expired breath to pass from the
      chamber 14 to the expiration port 4 through the passageway 16 and duct 17.
      It will be understood that the pressure in the chamber 26 prevents the
      diaphragm 18 from lifting when the diaphragm 20 is allowing flow from the
      port 3 to the port 2 and that the diaphragm 18 will lift to connect the
      port 2 with the port 4 when the pressure in the chamber 14 is sufficient
      to overcome the pressure in the chamber 26.
PAR  By tapering the passageway 16, the area of the portion of the diaphragm 18
      within the inner rim 29, which is subjected to pressure through the port 4
      (usually atmospheric), is reduced so that it is markedly less than the
      area of the remaining portion of the diaphragm 18 on the patient side
      thereof, and accordingly an increase in pressure in the chamber 14, which
      acts on the remaining portion, during expiration, readily overcomes the
      pressure acting on the other side of the diaphragm from chamber 26.
PAR  It will be readily appreciated that the described valve 1 can be used in
      the application of continuous positive airways pressure (CPAP), that is
      when the inspiration port is connected to a constant pressure source, and
      for the collection of expired breath during normal spontaneous
      respiration, intermittent positive pressure ventilation (IPPV), or
      spontaneous respiration while the patient is on CPAP, since the diaphragm
      18 is arranged to close communication between the ports 4 and 2 before the
      diaphragm 20 lifts to allow flow between ports 3 and 2 and, thus, prevent
      rebreathing of expired breath through the port 4, or escape of gases from
      port 2 to port 4 during the inspiration phase.
PAR  A particular feature of the valve is the provision of the diaphragms 18 and
      20 which when made of a suitable resilient material, for example latex,
      provide the valve with a low operating resistance making it suitable for
      use during spontaneous respiration and the construction of the valve,
      particularly the provision of continuous flow communication between the
      port 2 and the chamber 14, is such that the dead-space therein, which
      occurs in the chambers 14 and 25, can be minimized and this also makes the
      valve suitable for use during spontaneous respiration.
PAR  A safety feature of the valve is that the diaphragm 18 will lift to allow
      the patient to breath through the expiration port 4 should the inspiration
      port 3, or the supply line thereto (not shown) become blocked or kinked.
PAR  The body 5, the disc 28 and the covers 6 and 7 are preferably made of
      plastics material, though other material may be utilized, and
      advantageously the body is moulded in two halves in an acrylic material.
CLMS
STM  I claim:
NUM  1.
PAR  1. A valve for directing flow of breath to and from a patient, having a
      first port adapted to be connected to a source of breath, a second port
      adapted to be connected to a patient, a third port adapted to convey
      exhaled breath from the valve, a passage between said second and third
      ports, a first obturating member for controlling flow between said first
      and second ports, said obturating member comprising a diaphragm secured at
      its periphery and having an intact outer portion ensuring unidirectional
      flow from said first port to said second port and a central apertured
      portion for allowing continuous communication between said second port and
      said passage, and a second obturating member for controlling flow between
      said passage and said third port and arranged to prevent flow through said
      passage when said first obturating member allows flow between said first
      and second ports.
NUM  2.
PAR  2. A valve as claimed in claim 1, wherein the central apertured portion is
      provided with circumferentially spaced apart apertures.
NUM  3.
PAR  3. A valve for directing flow of breath to and from a patient, having a
      first port adapted to be connected to a source of breath, a second port
      adapted to be connected to a patient, a third port adapted to convey
      exhaled breath from the valve, a passage between said second and third
      ports, a first obturating member for controlling flow between said first
      and second ports, through which obturating member said second port is in
      continuous communication with said passage, and a second obturating member
      for controlling flow between said passage and said third port and arranged
      to prevent flow through said passage when said first obturating member
      allows flow between said first and second ports, said second obturating
      member comprising a diaphragm, one side of which is arranged to be
      subjected, in use, to the pressure of flow through the first port to urge
      said diaphragm into a closed position to prevent flow from said passage,
      the pressure of which is arranged to act on a first portion of the other
      side of said diaphragm, a second portion of said other side being
      subjected to pressure through the third port.
NUM  4.
PAR  4. A valve as claimed in claim 3, wherein said first portion is greater
      than said second portion.
NUM  5.
PAR  5. A valve as claimed in claim 3, wherein said second diaphragm has a
      substantially rigid flat portion arranged to engage with seating means in
      said closed position.
NUM  6.
PAR  6. A valve as claimed in claim 5, wherein said seating means comprise blunt
      knife-edged projections.
NUM  7.
PAR  7. A valve as claimed in claim 6, wherein said first portion is annular and
      said second portion is disposed inwardly thereof, said projections
      comprising an inner rim engageable with the second diaphragm at the
      junction of said first and second portions and an outer rim.
NUM  8.
PAR  8. A valve as claimed in claim 7 wherein said projections include a further
      rim intermediate said inner and outer rims.
NUM  9.
PAR  9. A valve for directing flow of breath to and from a patient, having a
      first port adapted to be connected to a source of breath, a second port
      adapted to be connected to a patient, a third port adapted to convey
      exhaled breath from the valve, a passage between said second and third
      ports, a first obturating member for controlling flow between said first
      and and second ports, through which obturating member said second port is
      in continuous communication with said passage, said passage being part
      annular and surrounded by, though separate from, a part annular channel
      which connects said first port to said second port via said first
      obturating member, and a second obturating member for controlling flow
      between said passage and said third port and arranged to prevent flow
      through said passage when said first obturating member allows flow between
      said first and second ports.
NUM  10.
PAR  10. A valve for directing flow of breath to and from a patient, having a
      first port adapted to be connected to a source of breath, a second port
      adapted to be connected to a patient, a third port adapted to convey
      exhaled breath from the valve, a passage between said second and third
      ports, a first obturating member for controlling flow between said first
      and second ports, through which obturating member said second port is in
      continuous communication with said passage, and a second obturating member
      for controlling flow between said passage and said third port and arranged
      to prevent flow through said passage when said first obturating member
      allows flow between said first and second ports, said second obturating
      member comprising a diaphragm made of thin latex rubber, with a thin flat
      substantially rigid disc fixed to its central portion and arranged to
      engage with seating means when said second obturating member is in the
      closed position.
NUM  11.
PAR  11. A valve as claimed in claim 10, further including a tapering passageway
      located radially inwardly of said passage and in communication with said
      third port, and wherein said seating means comprises an inner annular
      blunt knife-edged projection at the opening of said tapering passageway
      and an outer blunt knife-edged annular projection at the opening of said
      passage, the edges of said projections being co-planar.
NUM  12.
PAR  12. A valve as claimed in claim 11, wherein an intermediate blunt
      knife-edged annular projection is provided between said inner projection
      and said outer projection, the edge of said intermediate projection being
      co-planar with the edges of said inner and outer projections.
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ABST
PAL  A fluid control valve, which relates to fluid control valves in which a
      pilot passage is opened or closed as a pilot flow is detected in the said
      pilot passage by means of a limit orifice mechanism located at the middle
      of the flow and a valve spool is switched by the differential pressure
      produced in the fluid passing the said limit orifice mechanism so as to
      effect a switch-over between unloaded and loaded states, and incorporates,
      as the said valve spool, a first valve spool effecting the switching
      action based on the differential pressure of the fluid passing the limit
      orifice mechanism and a second valve spool arranged in series with the
      first valve spool effecting a switching action being effected by the fluid
      pressure so that a load check function may also be provided.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part application of our prior
      application Ser. No. 319,306 filed Dec. 29, 1972, now U.S. Pat. No.
      3,884,253, granted May 20, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a fluid control valve used for hydraulic
      actuating systems. More specifically, it relates to a fluid control valve
      which can be used for multi-purposed control of large volume main flows by
      utilizing pilot flows of a small volume.
PAR  Although the method of controlling main flows of large volume by using
      their small volume pilot flows is generally used in hydraulic actuating
      systems, no single fluid control valve applicable for various control
      purposes is yet available. According to each case, therefore, several
      fluid control valves each having a specific purpose and construction must
      be employed in combination to form an appropriate circuit module. In order
      to meet each circuit requirement, various fluid control valves having
      various functions are required. Such a lack in versatility of fluid
      control valves makes their standardization difficult, and is also
      disadvantageous for production control.
PAR  In view of above, we have already presented a unique fluid control valve
      which may resolve the said defect in our Application No. 319306 filed Dec.
      29, 1972 (No. 60058 in the United Kingdom, No. 160264 in Canada and No.
      P2264091.1 in F.R. Germany). In the said invention, however, even though
      the fluid control valve for a pump section may be provided with a load,
      no-load function or with a main relief function by installing an on-off
      valve or a main relief valve in its pilot circuit, it has not been
      possible to provide a load-check function which is necessary in most cases
      involving fluid control valves of this kind for pump section use. In cases
      where the load-check function is required, therefore, a load-check valve
      must be installed in the circuit. Thus, it is desirable for every fluid
      control valve used in the pump section to perform the load-check function
      also.
PAR  In addition, although the fluid control valve we have presented before is
      very versatile as compared with conventional ones, fluid control valves
      differing in valve body construction, and complex circuit compositions are
      required in some cases, depending on whether the valve is used in the pump
      section or the cylinder section, whether a carryover function is required
      or not, and whether special circuits such as a quick-feed circuit or a
      high-low speed switchover circuit are involved or not. If a single fluid
      control valve applicable for all these various uses without change in its
      valve body construction is developed, it should produce a tremendous
      effect on production control due to its increased versatility.
PAC  SUMMARY OF THE INVENTION
PAR  In view of above, the primary purpose of the present invention is to
      present an improved fluid control valve of a kind which provides itself
      with a load-check function.
PAR  Another purpose of the present invention is to present a fluid control
      valve of a kind which is applicable to various control purposes by
      changing only valve spools located in the valve body.
PAR  To achieve these purposes in the present invention, a split-type valve
      spool consisting of a first valve spool and a second valve spool arranged
      in series is incorporated in the valve body in such a manner that the
      first valve spool may effect the switching function to open a return
      passage by the use of a produced pilot flow and that the second valve
      spool may effect the switching function to open a supply passage by the
      use of hydraulic pressure. It is also designed so that the second valve
      spool may perform the load-check function on the fluid control valve
      itself.
PAR  Furthermore, in the present invention, the valve body having two
      cylindrical valve chambers may hold either a valve spool of conventional
      non-split type, a valve spool of the present split type or a blind stopper
      so as to meet every need in various applications.
PAR  The abovementioned and other purposes, features and performance of the
      present invention will be clarified further in the following explanation
      using application examples referring to the attached figures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents a vertical front view showing the fluid control valve of
      the present invention in section.
PAR  FIG. 2 represents a plan view of the same.
PAR  FIG. 3 indicates the base view of the same.
PAR  FIG. 4 represents a vertical front view of the body part of the valve body
      in section.
PAR  FIG. 5 represents a plan view of the same.
PAR  FIG. 6 indicates the base view of the same.
PAR  FIG. 7 represents a vertical side view along Line 7--7 of the
      abovementioned FIG. 4 of a sectioned valve.
PAR  FIGS. 8 and 9 represent cross-sectional plan views along Lines 8--8 and
      9--9 respectively of the same FIG. 4.
PAR  FIG. 10 represents a vertical front view of its upper cover in section.
PAR  FIG. 11 represents a plan view of the same.
PAR  FIG. 12 indicates the base view of the same
PAR  FIG. 13 represents a vertical front view of its lower cover in section.
PAR  FIG. 14 represents a plan view of the same.
PAR  FIG. 15 indicates the base view of the same.
PAR  FIG. 16 represents a vertical front view indicating an example of split
      type valve spool in section.
PAR  FIG. 17 represents a front view of blind stoppers.
PAR  FIG. 18 represents a circuit diagram indicating an application example of
      the fluid control valve abovementioned in FIG. 1.
PAR  FIG. 19 represents a vertical front view, in section, of an example of a
      modified valve spool of the split type shown in FIG. 16.
PAR  FIG. 20 represent a vertical front view of a conventional valve spool of
      the non-split type in section.
PAR  FIG. 21 represents a circuit diagram indicating an application example
      where a fluid control valve is commonly used for various purposes
      including load, no-load, main relief and carryover.
PAR  FIGS. 22, 23 and 24 represent circuit diagrams indicating an application
      example of the fluid control valve used for a two-series pump circuit.
PAR  FIG. 25 represents a circuit diagram indicating a common application
      example where the fluid control valve is used for carryover and relief in
      the same two-series pump circuit.
PAR  FIG. 26 also represents a circuit diagram indicating an application example
      where an automatic sequence is effected.
PAR  FIGS. 27 and 28 show circuit diagrams indicating application examples of a
      quick-feed circuit for actuators such as cylinders.
PAR  FIG. 29 represents a circuit diagram indicating an application example of a
      high-low speed switchover circuit.
PAR  FIGS. 30 and 31 represent circuit diagrams indicating application examples
      appropriate for the control circuit of scrap presses, etc.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The attached figures indicate several complete application examples which
      are composed to show the most significant advantages in the application of
      principles of the present invention.
PAR  In FIG. 1, a fluid control valve 10 constructed according to the present
      invention comprises a valve body 14, which consists of a body part 11,
      upper and lower covers 12, 13, a valve spool 15 and blind stoppers 17, 18,
      which are incorporated in the said body part 11.
PAR  As seen in FIGS. 4 - 9, the body part 11 of the valve body 14 is provided
      with two pairs of valve chambers 19, 20 and parallel vertical passages 21,
      22 and two annular grooves 23, 24 formed around the middle of the said
      valve chambers 19, 20 to connect them and two pairs of channels 25, 27 and
      outer ports 26, 28 connected to the annular grooves 23, 24 respectively,
      where the channels 25, 27 open onto the upper surface of the body part 11
      while the outer ports 26, 28 open onto the side of the body part 11. In
      order to facilitate the boring of these channels 25, 27 and the outer
      ports 26, 28 in this case, extensions 23a, 24a are formed in the present
      example by extending opposite walls of the two annular grooves 23, 24 to
      both sides. Thus, the outer ports 26, 28 may be bored from outside of the
      body part 11 towards the extensions 23a, 24a, while channel 25 may be
      bored from the upper surface of the body part 11 towards the extension 23a
      of the lower annular groove 23 avoiding the upper annular groove 24, and
      the other channel 27 may be bored somewhat diagonally towards the annular
      part of the upper annular groove 24. In addition, the body part 11 is
      provided with through holes 31, 32 bored vertically for bolts 29, 30 (See
      FIGS. 2 and 3.) to attach the upper and the lower covers 12, 13.
PAR  As seen in FIGS. 10 - 12, the cover 12 for the top of the body part 11 has
      a valve adapter seat 33 on the outer surface. In a portion of the said
      valve adapter seat 33, are a supply port 34 and discharge port 35 for
      pilot use, two pilot ports 36, 37 and screw holes 38 for fixing the valves
      open so the valves fit to passages and attachment holes of standard
      solenoid valves. In addition, attachment holes 39 and screw holes 40 are
      bored in the peripheral part of the cover 12, said screw holes fitting to
      the said through holes 31, 32 of the body part 11. The supply and
      discharge ports 34, 35 and the pilot ports 36, 37 lead to the lower
      surface of cover 12 through passages 41, 42 bored diagonally from the
      upper and the lower surfaces of cover 12 and through L-type passages 43,
      44, respectively, so that they may be connected to channels 25, 27 and
      passages 21, 22 of the body part 11 when the cover 12 is attached to the
      top of the body part 11. In addition, the passages 43, 44 connected to the
      pilot ports 36, 37 have branching damper orifices 45, 46 which lead to the
      top of valve chambers 19, 20 of the body part 11 respectively.
PAR  Next, as shown in FIGS. 13 - 15, the cover 13 for the bottom of the body
      part 11 is provided with two outer ports 47, 48 bored longitudinally
      through both left and right sides, respectively, passages 49, 50,
      branching from the channels of the outer ports 47, 48 and opening onto the
      upper surface, and screw holes 51 and attachment holes 52 which fit to
      through holes 31, 32 of the body part 11. Thus, the outer ports 47, 48 and
      their branch passages 49, 50 may be connected to valve chambers 19, 20 and
      passages 21, 22 of the body part 11 at the bottom, respectively, when the
      cover 13 is attached to the bottom of body part 11 by means of these screw
      holes 51 and attachment holes 52.
PAR  As shown in FIG. 16, a split type valve spool 15, consisting of a first
      valve spool 53 and a second valve spool 54 arranged vertically, is held in
      the valve chamber 19 of the body part 11. The first valve spool 53 is
      provided with a bush 57 at the top, whose guide 58 protrudes into the
      first valve spool 53, while center springs 62 are set between two spring
      holders 59, 61 inserted into the base and top of the said guide 58,
      respectively, spring holder 61 being fastened to the top by means of a rim
      60, so that the first valve spool 53 may be kept normally at a certain
      position against the said bush 57 by means of the center spring 62, where
      the spring holder 59 contacts a snap ring 63 attached to the first valve
      spool 53 while the lower end of the other spring holder 61 contacts the
      partition wall 64 formed in the first valve spool 53. The second valve
      spool 54, arranged in series with the first, is provided with a spring
      holder 66 sliding freely in the lower part and spring 68 set between the
      upper end of the said spring holder 66 and partition wall 67 formed in the
      upper part of the second valve spool 54, so that the top of guide 58 of
      said bush 57 may be normally in contact with the top of a rod 69 extending
      upwards from the partition wall 67 and held there by the restoring force
      of the spring 68 when spring holder 66 is pressed under certain
      conditions. The partition wall 67 is provided with a through hole 70
      connecting the upper and the lower parts, while the second valve spool 54
      is notched around the outer circumference of the lower part to form
      vertical grooves 71.
PAR  Next, as shown in FIG. 17, blind stoppers 17, 18 held in the other valve
      chamber 20 side of the body part 11 are used to close the upper part of
      the valve chamber 20 and the upper end of its side passage 22,
      respectively. The upper part of the former blind stopper 17 is formed in
      the same shape as the bush 57 of the said valve spool 15, while its lower
      part is made as a cylinder having a length sufficient to close the upper
      annular groove 24 of the body part 11 when it is inserted into the valve
      chamber 20. The latter blind stopper 18 is made as a cylinder identical in
      shape to the detection orifice which will be described below.
PAR  Now, as seen in FIGS. 1 - 3, the split type valve spool 15 is placed in
      valve chamber 19 of the said body part 11, while the blind stopper 17 and
      packing holder 72 are arranged in the upper and the lower parts of the
      other valve chamber 20, respectively. In addition, detection orifice 74
      and blind stopper 18 are fitted to the inner surface part of passages 43,
      44 of the upper cover 12. After the body part 11 is fitted with covers 12,
      13 at the top and the bottom, respectively, with use of packings 75 as
      required, they are fastened together by means of through bolts 29, 30 and
      their respective through holes 31, 32 attachment holes 39, 52 and screw
      holes 40, 51. Thus, outer ports 47, 48 of the lower cover 13 are connected
      not only to the lower part of valve chambers 19, 20 of the body part 11,
      but also to pilot ports 36, 37 of the upper cover 12 through pilot
      passages 76, 77 consisting of passages 49, 21, 43 and passages 50, 22, 44
      respectively (in this case, however, the latter pilot passage 77 is closed
      by the use of a blind stopper 18.), while damper orifices 45, 46 branching
      from passages 43, 44 of the upper cover 12 open to the upper part of valve
      chambers 19, 20 of the body part 11, respectively. Furthermore, outer port
      26 of the body part 11 becomes connected to supply port 34 of the upper
      cover 12 through passages 25, 41 from the lower annular groove 23, while
      the other outer port 28 becomes connected to the discharge port 35 through
      passages 27, 42 from the upper annular groove 24. In the said condition,
      the first and the second valve spools 53, 54 in the split-type valve spool
      15 arranged in the valve chamber 19 of the body part 11 are kept normally
      in a position such as to close the upper and the lower grooves 24, 23,
      respectively, as shown in FIG. 1.
PAR  In the use of the fluid control valve 10 shown in FIG. 1, therefore, when
      outer ports 26, 28 of the valve body 14 are connected to supply circuit 78
      and a tank 79, when outer port 47 of the lower cover 13 is connected to
      pump 80 and when relief valve 81 and solenoid valve 82 of the valve
      assembly for pilot use are attached to the upper cover 12 as shown in FIG.
      18, the hydraulic actuating fluid from the pump 80 flows as a pilot flow
      from the outer port 47 to the tank 79 side through pilot passage 76 --
      detection orifice 74 -- pilot port 36 -- solenoid valve 82 -- discharge
      port 35 -- annular groove 24 and outer port 28 as long as the solenoid
      valve 82 is unactivated and kept in the left side position. Thus, the said
      pilot flow causes a differential pressure in front of and behind the
      detection orifice 74 and, due to the differential pressure, the first
      valve spool 53 in the split-type valve spool 15 moves upwards to connect
      the outer port 47 and the annular groove 24. In this case the second valve
      spool 54 in the split-type valve spool 15 does not move upwards following
      the first valve spool 53 but is left in the original position being
      confined by guide 58, so that the first valve 53 may be free from the
      influence of forces working upwards on the second valve spool 54.
      Accordingly, the hydraulic actuating fluid sent from the pump 80 flows as
      the main flow from the outer port 47 to the tank 79 side directly through
      the annular groove 24 and the outer port 28, pump 80 thus being kept
      without load.
PAR  On the contrary, when solenoid valve 82 is activated and switched to the
      right side position, the pilot flow towards tank 79 will stop and the
      differential pressure occuring in front of and behind the detection
      orifice 74 will disappear. Thus, the first valve spool 53 in split-type
      valve 15 returns to the original neutral position to open the connection
      between the outer port 47 and the annular groove 24. As a result, since
      lower chamber 83 of the second valve spool 54 in the split-type valve
      spool 15 is connected to the annular groove 23 through groove notches 71
      formed around the outer circumference of the second valve spool 54 at its
      lower part, the hydraulic actuating fluid from pump 80 works on the
      opposite part to open said second valve spool 54 downwards and flow goes
      from the outer port 47 not only into the supply circuit 78 side through
      the annular groove 23 and the outer port 26 but also into the other, outer
      port 48 side, pump 80 thus being kept under load. In this case, the latter
      outer port 48 is used as a service port, being closed with a blind stopper
      when its use is unnecessary.
PAR  In the said loaded condition, if the pressure of the supply circuit 78 side
      rises above a set pressure of the relief valve 81, relief valve 81 will
      open and a return pilot flow from the outer port 47 to the tank 79 side
      through the pilot passage 76 -- pilot port 36 -- relief valve 81 --
      discharge port 35 -- annular groove 24 -- and outer port 28 will be
      produced. Thus, a differential pressure is produced again in front of and
      behind the detection orifice 74. As a result, the first valve spool 53
      starts to move upwards and keeps the pressure of the supply circuit 78
      side identical to the set pressure of the relief valve 81 while partially
      feeding back the hydraulic actuating fluid from the pump 80 to the tank 79
      from the outer port 47 through the annular groove 24 and outer port 28.
      Now, it will be realized that the fluid control valve 10 shown in FIG. 18
      may be used as a control valve unit for no-load, load, main relief use and
      that the second valve spool 54 in split-type valve spool 15 may function
      as a load check valve, performing a load check function on the fluid
      control valve 10.
PAR  In the said fluid control valve 10, one of the valve chambers 20 and pilot
      passage 77 are closed by placing blind stoppers 17, 18 within them, so
      that the valve body having two valve chambers 19, 20, two pilot passages
      76, 77 and two outer ports 47, 48 for cylinder section use may also be
      employed for pump section use. From the viewpoint of the present invention
      that fluid control valves of this kind should be provided with the load
      check function, it will be noted that one of these two series of valve
      chambers, pilot passages and outer ports may be omitted without inviting
      any functional troubles.
PAR  Split-type valve spool 15 is not limited to the construction shown in FIG.
      16. For instance, as shown in FIG. 19, the second valve spool 54a for
      load-check use may be attached to the lower part of the first valve spool
      53a provided with through holes 70a, 70b so as to enable it to open and
      close said through hole 70b on the first valve spool 53a side. The reason
      is that when the first valve spool 53a works to switch upwards during
      no-load times, the first and the second valve spools 53a, 54a will move
      together while through hole 70b of the former is closed by the latter, to
      open the other through hole 70a to the upper annular groove 24 of the
      valve body 14. During load condition, only the second valve spool 54a will
      descend, being affected by the hydraulic pressure, to open through hole
      70b leading to the lower annular groove 23 on the valve body 14 side.
      Thus, the second valve spool 54a in this case also functions as a
      load-check valve.
PAR  Explanation has been made hitherto of a fluid control valve 10 having a
      load-check function. According to the present invention, however, valve
      spools of other types may also be employed in addition to the said
      split-type valve spool 15 with blind stoppers 17, 18. For instance, as
      shown in FIG. 20, a conventional non-split type valve spool 16 having the
      same center spring mechanism as that of the said split-type valve spool 15
      may be attached to the upper part of valve spool 56 having a through hole
      55 at the side and a partition wall 65 at its center. Since these valve
      spools may be arranged as desired in the two valve chambers 19, 20 of the
      valve body 14, it is thus possible to fabricate a multipurpose fluid
      control valve having various functions by employing the valve body 14 for
      cylinder use. Referring to the following examples, this will be explained
      further.
PAR  As was stated referring to FIG. 18, a fluid control valve for no-load,
      load, and main relief use may be fabricated from a split-type valve spool
      15 and blind stoppers 17, 18. In addition, for instance, as shown in FIG.
      21, in the case where valve spools of split-type 15 and non-split type 16
      are arranged in valve chambers 19, 20 respectively and a three-position
      solenoid valve 82a as shown in the figure is employed, it will be not only
      possible to switch the pump 80 between no-load and load to send the
      hydraulic actuating fluid to the primary side supply circuit 78a as in the
      case of FIG. 18 by switching the solenoid valve 82a to the center position
      or the left side, but also to send the hydraulic actuating fluid from the
      annular groove 23 to the secondary side supply circuit 78b through supply
      port 34 -- solenoid valve 82a -- pilot port 37 -- detection orifice 74 --
      pilot passage 77 and outer port 48 by switching the solenoid valve 82a to
      the right side position while keeping the pump under load. Therefore, the
      non-split type valve spool 16 will be switched downwards to let the
      through hole 55 open through to the annular groove 23 and the hydraulic
      actuating fluid sent to the annular groove 23 from the pump 80 through the
      second valve spool 54 of the split-type valve spool 15 will be led from
      the annular groove 23 to the secondary side supply circuit 78b by through
      hole 55 of valve spool 16 and outer port 48. In such a manner, a fluid
      control valve having a carryover function as well as the no-load, load,
      and main relief function may be accomplished. In this case, when the set
      relief pressure of the secondary or carryover side is higher than that of
      the primary side as adjusted by the relief valve 81, it will be necessary
      to prevent incorrect action by using a check valve to prevent flow towards
      the solenoid valve 82a from the pilot port 37.
PAR  FIG. 22 indicates an example where a two-series pump circuit is employed by
      using a split-type valve spool 15 in each of the valve chambers 19, 20.
      Namely, in this example, pilot flows are produced from low pressure pump
      80a and high pressure pump 80b towards tank 79 through both pilot passages
      76, 77 by keeping solenoid valve 82b in the left side position, so that
      both pumps 80a and 80b may be kept without load. If the solenoid valve 82b
      in the said position is switched over to the right side position, the said
      two pilot flows will stop opposing each other and the two split-type valve
      spools 15 will be switched to the load condition. Thus, the hydraulic
      actuating fluids from pumps 80a, 80b of low and high pressure will flow
      into the annular groove 23, while opening the second valve spool 54 of the
      split-type valve spools 15 respectively, and merge there to proceed to the
      supply circuit 78 through the outer port 26. In this case, if the pressure
      of the said supply circuit 78 side exceeds the set pressure of unload
      valve 84 and opens it, this produces a pilot flow on the pilot passage 76
      side, the low pressure pump 80a will be switched to an unloaded condition
      automatically and only the hydraulic actuating fluid from high pressure
      pump 80b will be sent to the supply circuit 78 side. In the said example,
      if the pilot circuit is modified as shown in FIG. 23, it will be possible
      not only to make the low pressure pump 80a and the high pressure pump 80b
      selectively switch to a load condition by the switching action of solenoid
      valve 82c, but also to load both of these pumps 80a, 80b or to load only
      the high pressure pump 80b by switching of solenoid valve 82d arranged as
      shown in FIG. 24.
PAR  Furthermore, if such a circuit as shown in FIG. 25 is made by using a fluid
      control valve which is the same as employed in FIG. 21, it will be
      possible not only to keep both the low and high pressure pumps 80a, 80b
      under load by switching solenoid valve 82e to the left side position so
      that hydraulic actuating fluids from these pumps may be sent separately to
      the primary and the secondary side supply circuits 78a, 78b to effect
      independent drives respectively, but also to introduce into pilot passage
      77, if necessary, a pilot flow from the pilot port 37 towards the outer
      port 48 by switching solenoid valve 82e to the right side position, so
      that valve spool 16 may be switched downwards to effect the carryover of
      hydraulic actuating fluid from the low pressure pump 80a to the secondary
      side supply circuit 78b. In particular, with the pilot circuit made as
      shown in FIG. 26, for the independent driving condition, if the set
      pressure of sequence valve 85 is lower than that of relief valve 81a of
      the low pressure pump 80a, the sequence valve 85 will open separately
      before the pressure of the primary supply circuit 78a reaches the set
      pressure of the relief valve 81a. Thus, a pilot flow towards the outer
      port 48 side may be introduced into pilot passage 77 from pilot port 37,
      and the valve spool 16 may be switched downwards automatically to effect
      carryover of the hydraulic actuating fluid from the low pressure pump 80a
      to the secondary side supply circuit 78b. In this case, power loss may
      also be minimized. In the circuits of FIGS. 25 and 26, if the set pressure
      of the secondary side relief valve 81b is higher than that of the primary
      side relief valve 81a, no troubles will occur, because the primary side
      relief valve 81a will open automatically as the pressure of the secondary
      side supply circuit 78b exceeds the set pressure of the primary side
      relief valve 78a. In the reverse case, however, the secondary relief valve
      81b will open prior to the primary relief valve 81a and the maximum
      pressure of the primary side will be limited by the secondary side relief
      valve 81b. For this reason, it becomes necessary to install a flow control
      valve (not shown in the figure) in the pilot circuit of supply port 34 so
      as to limit the pilot flow and drain it from the secondary side relief
      valve 81b to the tank 79.
PAR  In addition, FIGS. 27 and 28 indicate an example of application to
      quick-feed circuits using actuators such as cylinders, etc. In the
      example, the hydraulic actuating fluid from a pump 80 is led into the left
      chamber 87 of an actuator 86 through a detection orifice 74 and pilot
      passage 76 of the left side by switching a solenoid valve 82f to the left
      side position and, as valve spool 16 is switched downwards, the hydraulic
      actuating fluid from pump 80 is sent to the left chamber 87 of the
      actuator 86 directly through the annular groove 23 and the through hole 55
      of valve spool 16. In this case, if main orifice 73 is connected to the
      lower end of valve chamber 19, valve spool 16 will be balanced when the
      differential pressure produced in the pilot flow in front of and behind
      detection orifice 74 becomes equal to that produced in front of and behind
      the main orifice 73. Thus, it is possible to control the main flow by
      using a certain amplification of the pilot flow. Although the actuating
      fluid forced out from the right side chamber 88 of the actuator 86 tends
      to return to the tank 79 side through the right side pilot passage 77, its
      return is stopped by the sequence valve 89 located at a point along the
      passage. The actuating fluid forced out from the right side chamber 88,
      therefore, opens the second valve spool 54 of split-type valve spool 15
      and merges with the hydraulic actuating fluid from pump 80 to proceed from
      the annular groove 23 to the left side chamber 87, resulting in the
      actuator 86 being quick-fed. However, if the load pressure of actuator 86
      is increased beyond the set pressure of sequence valve 89, for example if
      it contacts some other material, the load pressure will be detected (FIG.
      27 indicates the secondary side detection type, while FIG. 28 indicates
      the primary side detection type.) and sequence valve 89 will open. As a
      result, a pilot flow returning to the tank 79 through the pilot circuit 77
      and the detection orifice 74 is produced and the first valve spool 53 of
      split-type valve spool 15 is switched upwards, so that the right side
      chamber 88 of the actuator 86 is opened directly from the annular groove
      24 to the tank side 79. Thus, its thrust is increased and the quick-feed
      operation is switched to ordinary operation.
PAR  In addition, various other circuits may also be formed, but it would be too
      complex to explain all of these. Therefore, only typical examples will be
      given for reference, i.e., FIG. 29 and FIGS. 30 and 31 indicate a high-low
      speed switch circuit and a circuit appropriate for controlling scrap
      presses, etc., respectively.
PAR  As stated above, it is possible, by using a valve body constructed
      according to the present invention, to fabricate a fluid control valve
      applicable to various circuits, where valve spools of a split-type 15 and
      non-split type 16 and blind stoppers 17, 18 are arranged as desired in the
      said valve body 14 cylinder sections. This is quite an effective means of
      production control as well of standardizing this type of fluid control
      valve.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid control valve consisting of the following:
PA1  a valve body having a cylindrical valve chamber;
PA1  port mechanisms utilizing a first outer port, and second and third outer
      ports all connected to the valve chamber, where the first and the second
      ports form a supply side main flow passage passing the valve chamber at
      its end, while the first and the third ports form a discharge side main
      flow passage passing the valve chamber at its end;
PA1  a valve spool held in the said valve chamber and consisting of a first
      valve spool and a second valve spool, where the first valve spool slides
      inside the valve chamber between positions to complete or cut the main
      flow passage on the discharge side, while the second valve spool under the
      supply pressure, can open the main flow passage on the supply side;
PA1  passages to form a pilot flow passage bypassing the valve chamber;
PA1  a limit orifice mechanism installed in the pilot flow passage; and
PA1  a passage mechanism for merging the pilot flow and the main flow in the
      vicinity of the first outer port and controlling displacement of the first
      valve spool as well, by means of a differential pressure produced in the
      flow passing a limit orifice mechanism.
NUM  2.
PAR  2. A fluid control valve consisting of the following:
PA1  a valve body having a first cylindrical valve chamber and a second
      cylindrical valve chamber;
PA1  a port mechanism utilizing first and fourth outer ports and second and
      third outer ports passing through the first and the second valve chambers,
      where the first port and the second and third ports form the first and the
      second main flow passages passing the first valve chamber at its end,
      while the fourth port and the second and third ports form the third and
      the fourth main flow passages passing the second valve chamber at its end;
PA1  a split-type valve spool held in the first valve chamber and consisting of
      a first valve spool and a second valve spool, where the first valve spool
      slides inside the first valve chamber between positions to complete or cut
      the second main flow passage, while the second valve spool is affected by
      the supply pressure to open the first main flow passage;
PA1  a blind stopper held in the second valve chamber to stop the fourth main
      flow passage;
PA1  passages bypassing the first and the second valve chambers to form the
      first and the second pilot flow passages;
PA1  a limit orifice mechanism installed in the first pilot flow passage;
PA1  a blind stopper mechanism to stop the second pilot flow passage; and
PA1  a passage mechanism for connecting the first and the second pilot flow
      passages to the upper and the lower parts of the first and the second
      valve chambers, respectively, while utilizing the said orifice and blind
      stopper mechanisms, and controlling displacement of the first valve spool
      in the first valve chamber by means of a differential pressure produced by
      the flow passing the limit orifice mechanism arranged in the first pilot
      flow passage.
NUM  3.
PAR  3. A fluid control valve consisting of the following:
PA1  a valve body having a first cylindrical valve chamber and a second
      cylindrical valve chamber;
PA1  a port mechanism utilizing first and fourth outer ports and second and
      third outer ports passing through the first and the second valve chambers,
      where the first port and the second and third ports form the first and the
      second main flow passages passing through the first valve chamber at its
      end, while the fourth port and the second and third ports form the third
      and the fourth main flow passages passing through the second valve chamber
      at its end;
PA1  two split-type valve spools held in the first and the second valve chambers
      respectively and consisting of first valve spools and second valve spools,
      where the first valve spools slide inside the first and the second valve
      chambers between positions to complete or stop, independently, the second
      and the fourth main flow passages, while the second valve spools, affected
      by the supply pressure, work to open the first and the third main flow
      passages;
PA1  passages bypassing the first and the second valve chambers to form the
      first and the second pilot flow passages;
PA1  first and second limit orifice mechanisms arranged in the first and the
      second pilot flow passages; and
PA1  a passage mechanism connecting the first and the second pilot flow passages
      to the upper and the lower parts of the first and the second valve
      chambers respectively, using the first and the second orifice mechanisms,
      and controlling displacement of the first valve spools in the first and
      the second valve chambers by means of differential pressures produced by
      the flow passing the first and the second orifice mechanisms in the first
      and the second pilot flow passages, respectively;
NUM  4.
PAR  4. A fluid control valve consisting of the following:
PA1  a valve body having a first cylindrical valve chamber and a second
      cylindrical valve chamber;
PA1  a port mechanism involving first and fourth outer ports and second and
      third outer ports passing through the first and the second valve chambers,
      where the first port and the second and third ports form the first and the
      second main flow passages passing through the first valve chamber at its
      end, while the fourth port and the second and third ports form the third
      and the fourth main flow passages passing through the second valve chamber
      at its end;
PA1  a split-type valve spool held in the first valve chamber and consisting of
      first and second valve spools, wherein the first valve spool slides inside
      the first valve chamber between positions to complete or stop the second
      main flow passage, while the second valve spool works, affected by the
      hydraulic pressure, to open the first main flow passages;
PA1  a non-split type valve spool held in the second valve chamber and
      incorporating a third valve spool which may slide alternately between a
      neutral position to stop both the third and the fourth main flow passages
      and another position to complete these passages;
PA1  passages bypassing the first and the second valve chambers to form the
      first and the second pilot flow passages;
PA1  first and second limit orifice mechanisms installed in the first and the
      second pilot flow passages; and
PA1  a passage mechanism for connecting the first and the second pilot flow
      passages to the upper and the lower parts of the first and the second
      valve chambers respectively, utilizing the said first and second orifice
      mechanisms, and controlling displacements of the first valve spool in the
      first valve chamber and the third valve spool in the second valve chamber
      by means of differential pressures produced by a flow passing the first
      and the second limit orifice mechanisms in the first and the second pilot
      flow passages respectively.
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ABST
PAL  A rechargeable water hammer noise suppressor comprising a junction member
      having a first section including a first connector for coupling the
      junction member to a water supply; a second section including a second
      connector for coupling the junction member to a water consuming device; a
      third section; a small upright sealed chamber containing a volume of air
      interconnected with the third section; and means for replenishing the air
      in the chamber.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to a rechargeable water hammer noise suppressor
      which is manually or automatically rechargeable, and more particularly to
      a portable rechargeable water hammer noise suppressor.
PAC  BACKGROUND OF INVENTION
PAR  Conventional water hammer arrestors or noise suppressors generally are of
      two types. One class, the mechanical arrestors typically are permanently
      installed in a system and are designed for high pressure systems. Their
      ability to operate over a wide range of line pressure is not one of their
      best features. Such inflexibility with respect to varying line pressure
      can be a drawback in areas where the municipal water pressure can vary
      widely from 60-125 psi peak load to low levels. Some mechanical arrestors
      operate at such high line pressure that special means are required for
      introducing high pressure air or other fluid into their damping system.
      The other class of arrestors are also typically permanently installed but
      are quite a bit simpler. This class of arrestors relys on a column of air
      to damp the shock waves in the water line. However, after a period of time
      the air becomes absorbed by the water and the damping is no longer
      effective. Rejuvenation can only be accomplished by having a plumber
      disconnect the arrestor, bleed it, replenish the air and reconnect the
      arrestor to the system. Presently, perhaps in the interest of economy,
      home water systems are often built without any arrestors. With no arrestor
      in a system, machines such as dishwashers, washing machines and other
      water consuming devices such as hoses, sinks and the like, can cause shock
      waves, water hammering, which over a sufficient period of time can loosen
      supports and joints and cause leaking. One serious shortcoming of both of
      these classes is that once installed they cannot be easily relocated. As a
      result water consuming devices added on to the water supply which become a
      source of shock waves (water hammer) are often located a substantial
      distance from the arrestor.
PAC  SUMMARY OF INVENTION
PAR  It is therefore an object of this invention to provide a small, simple,
      inexpensive, extremely effective rechargeable water hammer noise
      suppressor which may be installed and maintained easily and inexpensively
      by a user without the help of a professional plumber and which operates
      effectively over a wide range of line pressure.
PAR  It is a further object of this invention to provide such a suppressor which
      is portable and can be installed as close as practicable to a device which
      is causing shock waves.
PAR  It is a further object of this invention to provide such a suppressor in
      which the air may be easily replenished manually or automatically.
PAR  It is a further object of this invention to provide such a suppressor in
      which the air may be replenished automatically at higher than atmospheric
      pressure.
PAR  The invention results from the realization that a water hammer arrestor may
      be made either manually or automatically rechargeable and can be made
      portable with the use of provisional connectors to connect the suppressor
      in a water line.
PAR  The invention features a rechargeable water hammer noise suppressor
      comprising a junction member having a first section including a first
      connector for coupling the junction member to a water supply and a second
      section with a second connector for coupling the junction member to a
      water consuming device. The junction member also includes a third section
      and a small upright sealed chamber containing a volume of air
      interconnected with the third section and means for replenishing the air
      in the chamber.
PAR  In preferred embodiments the water hammer noise suppressor may be made
      portable through the use of provisional connectors for interconnecting
      with the water supply and the water consuming device. Further the means
      for replenishing the air supply may include a water bleed valve proximate
      the bottom of the chamber and air inlet valve proximate the top or may
      include a third provisional connector in the third section and a fourth
      provisional connector included with the chamber for coupling the chamber
      to the third connector and permitting the seal between the chamber and the
      third section to be broken periodically to replenish the air in the
      chamber. A supply valve may be provided for selectively isolating the
      chamber from the water supply valve during the period when the air in the
      chamber is being replenished. In other preferred embodiments air may be
      replenished automatically by means of an intake valve and a venturi throat
      in line between the first connector and the second connector for drawing
      air into the member to replenish the air in the chamber.
DRWD
PAC  DISCLOSURE OF PREFERRED EMBODIMENT
PAR  Other objects, features and advantages will occur from the following
      description of a preferred embodiment and the accompanying drawings, in
      which:
PAR  FIG. 1 is a diagrammatic elevational view with portions shown in section of
      a water hammer arrestor according to this invention;
PAR  FIG. 2 is a diagrammatic elevational view with portions shown in section of
      a water hammer arrestor according to this invention similar to that shown
      in FIG. 1 illustrating an alternative structure for recharging the air in
      the chamber; and
PAR  FIG. 3 is a diagrammatic, elevational view with portions shown in section
      of a water hammer noise suppressor according to this invention similar to
      those shown in FIGS. 1 and 2 but having an automatic means of replenishing
      the air in the chamber; and
PAR  FIG. 4 is a diagrammatic, elevational view similar to FIG. 3 showing an
      alternative backflow arresting means.
DETD
PAR  The invention may be achieved by a water hammer noise suppressor which
      includes a junction member having a first section with a first connector
      for connection to a water supply and a second section having a second
      connector for connection to a water consuming device: washing machine,
      dishwasher, garden hose, sink or other similar device. The junction member
      has a third section and an upright, sealed chamber containing a volume of
      air interconnected with the third section, and there are means for
      replenishing the air in the chamber.
PAR  In one embodiment the third section includes a third connector means and
      the air chamber includes a fourth connector means for sealingly
      interconnecting with the third connector. The replenishment of the air
      within the chamber is accomplished by partially or completely
      disconnecting the third and fourth connectors in order to break the seal
      so that the water in the chamber can leak out and air can leak in. During
      this replenishment operation a valve, which may be either a valve provided
      in the junction member or a valve or faucet in the water supply to which
      the junction member is connected, is closed while the seal between the
      chamber and the third section is broken.
PAR  Alternatively, the air chamber can be bled by means of an air inlet valve
      proximate the top of the chamber and a water bleed valve at the bottom of
      the chamber or somewhere proximate the bottom of the chamber in the third
      section or elsewhere in the junction member.
PAR  An automatic air replenishing suppressor may be made by providing a check
      valve and a venturi throat in the junction member between the water supply
      and the water consuming device so that air drawn through the check valve
      by the action of the venturi will be carried by the water stream past the
      air chamber as the water moves toward the water consuming device. As a
      result a substantial amount of the air bubbles will be trapped in the air
      chamber. A back flow preventing mechanism such as a conventional plumbers
      trap or check valve is advantageously placed between the venturi throat
      and the connection to the water supply in order to prevent air from
      backing up into the water supply.
PAR  The air chamber may be made transparent or translucent in order that the
      amount of air may be easily observed. When used as a portable or
      provisional suppressor the junction member may use provisional connectors
      to interconnect with the water supply and the water consuming device and
      to interconnect the air chamber with the junction member.
PAR  The invention may be accomplished by water hammer noise suppressor 10, FIG.
      1, including a junction member 12 having a first section or conduit 14
      which includes a connector 16 and a second section or conduit 18 including
      connector 20; a third section or conduit 22 is provided with a connector
      24 that interconnects with connector 26 on the bottom of air chamber 28.
      In use connector 16 is connected to a water consuming device such as a
      washing machine while connector 20 is connected to a water supply such as
      a faucet or pipe 30. Connectors 24 and 26 are sealingly interconnected to
      trap air in chamber 28.
PAR  In operation a water supply valve such as valve 32a in the water supply
      line or valve 32b or 32c variously located in junction member 12, is
      closed to stop water flow into junction member 12. Connectors 26 and 24
      are then partially or completely disconnected to break the seal and permit
      any water which has collected in air chamber 28 to leak out while the air
      is replenished.
PAR  Alternatively, as shown in FIG. 2, where like parts have been given like
      numbers primed, junction member 12' includes an air inlet valve 38
      proximate the top of chamber 28' and a water bleed valve 40 proximate the
      bottom of air chamber 28'. In suppressor 10', FIG. 2, connectors 24 and 26
      have been eliminated since they are made unnecessary by the presence of
      valves 38 and 40.
PAR  The automatic replenishment of air is accomplished by suppressor 10", FIG.
      3, where like parts have been given like numbers double primed with
      respect to FIGS. 1 and 2. Junction member 12" includes a venturi throat 50
      disposed between conduit 18" interconnected to the water supply and
      conduit 14" interconnected with the water consuming device. A check valve
      52 enables air to be drawn in by the action of the water as it passes from
      conduit 18" through the rest of junction member 12" and out conduit 14" as
      indicated by the arrows. The air entrapped as bubbles in the water is
      carried with the stream as it moves through conduit 14". Conduit 22",
      adjacent the air chamber 28" acts as an abutment for the water and
      entrained air, permitting some of the air bubbles to rise in conduit 22"
      into air chamber 28" where they are trapped to provide a damping action to
      prevent shock waves or water hammering. A trap 54 may be provided between
      throat 50 and conduit 18" to prevent air bubbles, stagnated in areas 56
      and 58 when the flow has stopped, from moving backwards up conduit 18"
      into the water supply. Alternatively, FIG. 4, a check valve 60 may be used
      in place of trap 54. One advantage of this automatic replenishment
      structure, in addition to relieving the user of periodically checking and
      bleeding the system, is that air introduced into the stream by the venturi
      throat 50 is not introduced at atmospheric pressure but at a higher
      pressure e.g. 25 or 30 psi as determined by the flow into the water
      consuming device installed at connector 16". As a result the air trapped
      in air chamber 28" is at a higher pressure relative to the line pressure
      and will provide a firmer damping action to suppress or arrest the water
      hammer and the attendant noise.
PAR  Other embodiments will occur to those skilled in the art and are within the
      following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatically rechargeable water hammer suppressor adapted to be
      placed between a pressurized water supply line and a water consuming
      device comprising an inlet portion, an outlet portion and an intermediate
      member interconnecting said inlet and outlet portion; said intermediate
      member including a venturi throat, an air inlet passage extending through
      said intermediate member to said venturi throat, and an air inlet valve in
      said air inlet passage for drawing air into the water flowing through said
      venturi throat in said intermediate member; and an air chamber extending
      upward from said intermediate member and connected with said intermediate
      member downstream of said venturi throat between said venturi throat and
      said outlet member, for receiving air at increased pressure greater than
      atmospheric introduced by said venturi throat.
NUM  2.
PAR  2. The suppressor of claim 1 further including an air backflow arrestor in
      said intermediate member between said venturi throat and said inlet
      portion.
NUM  3.
PAR  3. The suppressor of claim 2 in which said air backflow arrestor includes a
      check valve.
NUM  4.
PAR  4. The suppressor of claim 2 in which said air backflow arrestor includes a
      trap.
NUM  5.
PAR  5. An automatically rechargeable water hammer suppressor adapted to be
      placed between a pressurized water supply line and a water consuming
      device comprising an inlet portion, an outlet portion and an intermediate
      member interconnecting said inlet and outlet portion; said intermediate
      member including a venturi throat, an air inlet passage extending through
      said intermediate member to said venturi throat, and an air inlet valve in
      said air inlet passage for drawing air into the water flowing through said
      venturi throat in said intermediate member; and an air chamber extending
      upward from said intermediate member and connected with said intermediate
      member downstream of said venturi throat between said venturi throat and
      said outlet member, said intermediate member having an abutment downstream
      of said venturi throat and positioned adjacent to said air chamber,
      whereby air in the water is released from the water and flows into said
      air chamber under pressure greater than atmospheric.
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ABST
PAL  A dual-acting relief valve is shown which senses fluid pressure above a
      desired amount in either of two control conduits and operates to
      interconnect the conduits, thus permitting a higher pressure to be vented
      to the lower pressure. The two conduits are interconnected by means of an
      intersecting chamber containing a ported sleeve and either a poppet valve
      on a stem or a slide valve in association with an isolation piston axially
      movable in the sleeve for interrupting communication between the conduits.
      One end of the isolation piston is connected to sense the pressure in one
      of the conduits, which pressure is opposed by a spring located in a
      chamber connected to return fluid pressure and thus isolated from control
      pressure. A bore internal of the valve stem connects the other control
      conduit with a chamber between the isolation piston and the valve stem.
      Thus, pressures in excess of spring pressure in the first conduit will act
      against the isolation piston to move it and the valve member in a
      direction to interconnect the control conduits. Overpressures in the
      second conduit are sensed through the bore internal of the valve stem,
      grounding the isolation piston and forcing the valve member in the same
      direction as before to interconnect the two control conduits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a control system wherein a hydraulic servo valve is used to control the
      operation of a hydraulic motor, there will be a pair of hydraulic conduits
      or lines connecting the servo valve to the hydraulic motor. Sometimes it
      is necessary that these two hydraulic lines be connected to relief valve
      structure. The conventional manner of implementing this arrangement is to
      provide a separate relief valve in each line capable of venting the line
      to return fluid pressure. Where displacement of the associated hydraulic
      motor is quite limited, it is inevitable that the amount of fluid involved
      in the associated lines and the relief valve structure exerts a powerful
      effect on the effective spring rate of the system. Sometimes this change
      in spring rate may be sufficient to cause the system to oscillate. In
      addition to the problems introduced by adding the volume of operating
      fluid required for two separate relief valve structures and their
      associated springs and spring chambers, such an arrangement also requires
      greater space and weight and may result in some variations in threshold
      pressure from line to line should the individual springs vary somewhat in
      their rates.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing showing a dual-acting relief valve made
      according to my invention in conjunction with a typical hydraulic motor.
PAR  FIG. 1a shows a schematic view of an optional slide valve arrangement which
      could be used in connection with the system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, my dual-acting relief valve is shown located in a
      housing 10 including first and second fluid control conduits 12 and 14
      connected to opposite sides of a hydraulic motor cylinder 16. Within
      cylinder 16 is a piston 18 carrying a linear actuator shaft 20. Shaft 20
      may be connected to a control surface or other device whose position is to
      be controlled. Also in housing 10 is a return line conduit 22, all of
      conduits 12, 14 and 22 being connected to a conventional servo valve which
      responds to input signals or forces to control the pressure of the fluid
      in conduits 12 and 14 to control the position of piston 18 and shaft 20.
      Such servo valves are conventional in the art, a typical such valve being
      shown in the patent to D. V. Healy, U.S. Pat. No. 3,095,002. While the
      valve shown in this patent is operated by means of an electrical torque
      motor, the actuating means plays no part in the present invention and
      other actuating means or manual means may be employed.
PAR  In the system shown, a balanced poppet valve member 24 is positioned within
      a sleeve 26 and an extension thereof 28 which also serves as a manifold
      (as further discussed below), valve member 24 being held on its seat 30 by
      means of a spring 32 plus the fluid pressure in the spring cavity acting
      on the exposed area of the poppet. The desired opening pressure for poppet
      24 is obtained by adjusting spring 32 with an adjusting screw 34 acting
      against a retainer 36.
PAR  Also placed within the interior of the ported sleeve 26 and preferably
      manufactured to the same diameter as the poppet shaft is an isolation
      piston 38. The right hand end of piston 38 communicates through an orifice
      40 with a passage 42 connected to fluid pressure conduit 12. Thus, fluid
      in conduit 12 is ported from the control valve through the relief valve
      cavity 44 to the actuator and also through passage 42 and orifice 40 to
      the end of the isolation piston 38.
PAR  The poppet value member 24 also includes a radial port 48 intersecting an
      axial bore 50 which communicates with the left end of the isolation piston
      38. Thus, fluid in control conduit 14 enters into a chamber 46 in the
      interior of sleeve member 26 from whence it enters port 48 and bore 50 and
      exerts pressure in a chamber between the isolation piston 38 and the
      poppet member 24. At the same time, it continues through line 14 to one
      side of the actuator piston 18. This pressure urges poppet member 24
      toward the left against the force of spring 32.
PAR  Connected to return line 22 are passages in member 28 which communicate
      with a chamber 52 in which spring 32 is located. Also connected to passage
      22 is a return passage 54 which is connected through an orifice 56 to a
      chamber 58 positioned between seals on piston 38 to maintain chamber 58 at
      return pressure. This arrangement avoids exposing the seals on piston 38
      to alternating forces which would cause them to wear rapidly. In
      considering operation of the described device, assume that pressure in
      pressure conduit 12 is high. This causes high pressure in conduit 42 to be
      communicated to the right end of isolation piston 38. This pressure being
      high, it overcomes the force of spring 32 causing isolation piston 38 to
      move toward the left, carrying poppet member 24 off of seat 30. This vents
      pressure in conduit 12 toward conduit 14 through the chamber 46. Should
      pressure be high in conduit 14, this high pressure will be communicated
      through the port 48 and axial bore 50 such that it acts between poppet 24
      and isolation piston 38, grounding piston 38 toward the right and causing
      the poppet 24 to move toward the left against the force of spring 32 as
      previously described. This again will result in opening communication
      between conduits 12 and 14, in this case resulting in the higher pressure
      from conduit 14 being vented across the seat 30 toward conduit 12. Thus,
      the poppet member 24 will move to the left, irrespective of which conduits
      12 or 14 may carry pressure above the threshold value established by the
      compression of spring 32. It will be recognized that with this arrangement
      the hydraulic conduits 12 and 14 are separated, and yet pressures in these
      lines react on equal areas and move the poppet member 24 off of seat 30 at
      the same pressure differential, irrespective of which pressure may be
      above the threshold value. It will be observed that relief valve operation
      requires only a very small amount of additional fluid in the system
      including the small columm of fluid in chamber 46 between the conduits 12
      and 14. The comparatively large volume of fluid in the spring chamber is
      effectively isolated from the dynamics of the system by being connected to
      the return line.
PAR  While a poppet valve arrangement such as that shown in FIG. 1 is preferred,
      for some applications it may be desirable to use a slide valve arrangement
      such as that shown in FIG. 1a. In this figure, the valve structure fits
      into housing 10 in exactly the same manner as shown in FIG. 1. Similar
      parts have been given similar numerals, and parts which vary somewhat have
      been given similar numerals primed. Thus, control conduits 12 and 14 are
      identical to those shown in FIG. 1 as are passageways 42, 54, and orifice
      40. Isolation piston 38 is, or may be, identical to that shown in FIG. 1,
      and its center is also connected through a passageway 56' to passageway 54
      and thence to return. The slide valve 24' also includes the radial port
      48' and an axial bore 50' communicating with a chamber between valve
      member 24 and piston 38. As shown, slide valve member 24' effectively
      blocks communication between conduits 12 and 14. The pressure in conduit
      12 in excess of the desired reference value is communicated through
      passage 42 and the orifice 40 to the right end of isolation piston 38,
      thus causing both piston 38 and slide valve member 24' to move toward the
      left until communication is effected between conduits 12 and 14.
      Similarly, should the pressure in conduit 14 be high, this pressure is
      communicated through the radial port 48' and the axial bore 50' to the
      chamber between isolation piston 38 and the slide valve 24', thus
      grounding isolation piston 38 and moving slide member 24' toward the left,
      again providing communication between conduits 12 and 14 and permitting
      the excess pressure in conduit 14 to be vented into conduit 12.
PAR  Modifications will become apparent to those skilled in the art. While it is
      highly desirable that poppet 24 be a balanced poppet, at least for the
      application with which applicant was concerned, other requirements may not
      require that this poppet be balanced, and a differential in area may be
      used as a means of providing a different venting threshold from one
      conduit to another. While the fluid in the spring cavity 52 is normally at
      return pressure, this may not be required for other applications. By
      changing the exposed diameters and thus the areas of the poppet exposed,
      the system could be referenced to a pressure other than return pressure.
      However, it is desirable that the pressure in the spring cavity 52 be a
      low pressure which is effectively isolated from the control pressures in
      conduits 12 and 14. And while the poppet valve arrangement shown in FIG. 1
      is preferred, the slide valve arrangement as shown in FIG. 1a may also be
      used. From the foregoing, it will be appreciated that applicant has
      devised a dual-acting relief valve structure in which the relief valve
      function is accomplished through a single spring which is located in a
      chamber whose fluid pressure is isolated from the control pressures and in
      which the pressures in each of the two controlled lines may be vented to
      the other through the addition of a minimal amount of operating fluid. In
      this manner, the relief valve has a minimal effect on the dynamics of the
      entire system and avoids the oscillation problem referred to above.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dual-acting relief valve comprising
PA1  a housing,
PA1  first and second fluid conduits in said housing,
PA1  a chamber in said housing intersecting said conduits,
PA1  a sleeve in said chamber having a hollow interior and ports communicating
      said fluid conduits with said interior and including a valve seat,
PA1  a spool valve member and an isolation piston in said sleeve with a poppet
      carried on said spool valve and a second chamber between said valve member
      and said piston,
PA1  resilient means urging said spool valve in a direction such that said
      poppet is held against said seat, thus blocking communication between said
      first and second fluid conduits,
PA1  means communicating the fluid pressure in said first fluid conduit to the
      end of said isolation piston opposite said resilient means such that said
      pressure acting on said piston through said spool valve member tends to
      move said poppet off said seat, and
PA1  means communicating the fluid pressure in said second fluid conduit to said
      second chamber such that said pressure acting on said spool valve member
      tends to move said poppet off said seat, whereby upon the occurrence of
      pressures in either said first and second fluid conduits greater than
      desired, said poppet is moved off said seat to vent the higher of the
      pressures in said fluid conduits to the lower.
NUM  2.
PAR  2. A dual-acting relief valve as set forth in claim 1 wherein said
      resilient means is a spring and means are provided for varying the force
      exerted by said spring.
NUM  3.
PAR  3. A dual-acting relief valve as set forth in claim 1 wherein said first
      and second fluid conduits are placed in close proximity to each other
      whereby the amount of fluid in said bore between said conduits is
      minimized.
NUM  4.
PAR  4. A dual-acting relief valve as set forth in claim 1 wherein said second
      passageway includes a bore through said spool valve to said second
      chamber.
NUM  5.
PAR  5. A dual-acting relief valve as set forth in claim 1 wherein said land on
      said spool valve is a balanced poppet.
NUM  6.
PAR  6. A dual-acting relief valve as set forth in claim 1 wherein the area of
      said isolation piston acted upon by the pressure from said first fluid
      conduit equals the area of said spool valve acted upon by the pressure in
      said second fluid conduit.
NUM  7.
PAR  7. For use in a hydraulic control system including a hydraulic motor having
      first and second control fluid conduits connected thereto, a source of
      fluid under pressure and a low pressure source and control means for
      connecting said first and second fluid conduits to the desired ones of
      said sources;
PA1  a dual-acting relief valve connected to said first and second fluid
      conduits comprising a housing having a chamber therein in communication
      with said fluid conduits,
PA1  a sleeve member in said chamber having an elongated bore therethrough,
      ports connecting said fluid conduits with said bore, and a valve seat,
PA1  a spool valve member having a land and an isolation piston in said bore
      with a second fluid chamber positioned therebetween,
PA1  resilient means normally biasing said spool member such that said land is
      held in position to prevent communication between said first and second
      fluid conduits,
PA1  a first passageway connecting said pressure from said first fluid conduit
      with one end of said isolation piston such that said pressure tends to
      move said isolation piston and said spool valve in a first direction to
      move said land to permit communication between said first and second fluid
      conduits,
PA1  a second passageway communicating pressure from said second fluid conduit
      to said second fluid chamber such that pressure in said second fluid
      chamber tends to move said spool valve in said first direction and said
      isolation piston in the opposite direction,
PA1  whereby fluid pressures in either of said first and second fluid conduits
      are connected to the opposite of said conduits when they exceed a desired
      value.
NUM  8.
PAR  8. A dual-acting relief valve as set forth in claim 7 wherein said first
      and second fluid conduits are placed in close proximity to each other
      whereby the amount of fluid in said bore between said conduits is
      minimized.
NUM  9.
PAR  9. A dual-acting relief valve as set forth in claim 8 wherein a third
      chamber is provided connected to said low pressure source and said
      resilient means is located in said third chamber.
NUM  10.
PAR  10. A dual-acting relief valve as set forth in claim 8 wherein said
      resilient means is a spring and means are provided for varying the force
      exerted by said spring.
NUM  11.
PAR  11. A dual-acting relief valve as set forth in claim 8 wherein said second
      passageway includes a bore through said spool valve to said second
      chamber.
NUM  12.
PAR  12. A dual-acting relief valve as set forth in claim 7 wherein said land on
      said spool valve is a balanced poppet.
NUM  13.
PAR  13. A dual-acting relief valve as set forth in claim 8 wherein the areas of
      said isolation piston and said spool valve acted upon by the pressure in
      said second chamber are the same.
NUM  14.
PAR  14. A dual-acting relief valve as set forth in claim 8, wherein the area of
      said isolation piston acted upon by the pressure from said first fluid
      conduit equals the area of said spool valve acted upon by the pressure in
      said second fluid conduit.
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ABST
PAL  An improved hydraulic control means for check valves to prevent slamming of
      a clapper against a seat. The clapper of the check valve is connected via
      a crosshead to an hydraulic cylinder and a piston contained therein
      controls the closing of the check valve. The hydraulic cylinder has means
      restricting flow of fluid from below the piston in the hydraulic cylinder
      to above the piston in the hydraulic cylinder, but permits unrestricted
      flow in the opposite direction. Relief valves are included to prevent
      overpressurization in the hydraulic cylinder. A precharged accumulator
      allows for fluid expansion and contraction in the hydraulic cylinder, plus
      replacing fluid lost by leakage.
BSUM
PAC  CROSS REFERENCE TO RELATED PATENTS
PAR  This application is related to U.S. Pat. No. 3,177,894 issued Apr. 3, 1965
      to George Camp entitled "Control Action Check Valve" and U.S. Pat. No.
      3,789,872 issued Feb. 5, 1974 to Robert E. Elliot entitled "Hydraulic
      Control Means for Check Valves", both of which are hereby incorporated by
      reference copies being enclosed with the present patent application.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to check valves and, more particularly, to a
      controlled action check valve wherein the closing of the check valve is
      retarded to prevent slamming.
PAR  Most check valves that are of the medium and large size as used by the
      petroleum production industry are constructed in the form of a clapper
      pivotally mounted on a shaft over a seat contained in an enlarged portion
      of the flow line. The clapper is free to pivot open if fluid is flowing in
      one direction, but if fluid begins to flow in the opposite direction the
      clapper will close and seal the flow line to prevent further reverse flow.
      Hydraulic control systems for such check valves have previously been
      disclosed as shown in the Camp patent incorporated by reference. Camp uses
      a hydraulic cylinder connected through a crosshead and a rod to the
      clapper portion of the check valve. The hydraulic cylinder has restrictive
      flow of fluid from below a piston contained therein to above the piston
      and vice/versa. An accumulator keeps the hydraulic cylinder recharged with
      a sufficient amount of fluid. The pressure of the fluid contained in the
      hydraulic cylinder is equal to the pressure in the pipeline due to
      interconnecting passages between the crosshead and the accumulator.
PAR  The incorporated Elliot patent shows a hydraulic control portion wherein
      the pressure on the hydraulic fluid was supposed to be very low. In
      Elliot, again a piston in a hydraulic cylinder was connected through a
      crosshead to the clapper by means of a connecting rod. Also in Elliot the
      piston rod which connects to the crosshead is extended through the top
      portion of the hydraulic cylinder thereby preventing a need for large
      amounts of fluid to flow from below the piston to above the piston and
      vice/versa because the same volume area of the piston rod is always inside
      the hydraulic cylinder. Elliot also included a rifle drill passage in the
      piston rod to bleed any air out of the hydraulic cylinder upon
      installation or repairs of that apparatus. Both of these prior
      incorporated patents had disadvantages that are not included in the
      present invention as will be described in more detail hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a hydraulic control
      mechanism to control closing of a check valve.
PAR  Another object of the present invention is to provide a hydraulic cylinder
      having a piston connected to a piston rod through a crosshead to a clapper
      portion of a check valve in a flow line; the hydraulic cylinder having
      restricted flow from below the piston to above the piston to retard the
      closing of the clapper but not the opening.
PAR  Yet another object of the present invention is to provide a hydraulic
      control mechanism for retarding the closing of a check valve wherein the
      hydraulic fluid is at a relatively low pressure. A minimum amount of flow
      is required in the hydraulic cylinder upon opening and closing of the
      check valve connected to the piston, said hydraulic cylinder having a
      precharged accumulator for resupplying hydraulic fluid.
PAR  It is still another object of the present invention to provide a hydraulic
      control mechanism for a check valve wherein air trapped within the
      hydraulic cylinder may flow to the top thereof for venting to the
      atmosphere to prevent interferrence with the normal movement of the piston
      in the hydraulic cylinder.
PAR  It is still another object of the present invention to provide a mechanism
      wherein additional hydraulic fluid can be added to a hydraulic cylinder
      used to control the opening and closing of a check valve without
      interrupting the normal operation of the hydraulic cylinder and/or check
      valve.
PAR  It is still another object of the present invention to provide a hydraulic
      control mechanism to retard the closing of a check valve contained in a
      flow line wherein the pressure in the flow line is connected both above
      and below the hydraulic cylinder, yet the fluid in the hydraulic cylinder
      being at a very low pressure and supplied by a precharged accumulator
      connected thereto. Air trapped in the hydraulic cylinder below a piston is
      allowed to flow through a restrictive orifice, in the piston to the top
      thereof for venting to the atmosphere. The hydraulic cylinder can
      thereafter be charged while still in operation by connection to a pump
      which forces additional fluid into the hydraulic cylinder through a valve.
      Pressure above and below the hydraulic cylinder is equal because the
      piston rod extends through the hydraulic cylinder and has equal pressure
      on both ends thereof. The upper portion of the piston rod extending
      through the top of the hydraulic cylinder may be used to hold the clapper
      in its uppermost position to allow reverse flow through the flow line.
PAR  It is a further object of the present invention to provide a hydraulic
      control mechanism for controlling the closing of a check valve in a flow
      line, said hydraulic control mechanism having safety relief valves to
      prevent excessive pressurization and an indicating means to tell if the
      check valve is open.
PAR  It is yet another object of the present invention to provide a means for
      securely fastening a hydraulic control mechanism to a housing containing a
      check valve to prevent leakage at the point of connection to the valve
      body.
PAR  A normal clapper type check valve is connected in a flow line having a
      medium or large size diameter. The clapper portion of the check valve is
      connected through a rod and a crosshead to a piston rod. The piston rod
      extends upward into a hydraulic cylinder and connects to a piston
      contained therein, the piston rod continuing upward past the piston and
      through the top portion of the hydraulic cylinder. Above the hydraulic
      cylinder is an upper rod chamber that is pressurized to a pressure equal
      to the pressure in the pipeline and below the hydraulic cylinder. The
      fluid contained in the hydraulic cylinder when in the static condition is
      at approximately ten psi. During the opening of the clapper the fluid
      contained in the hydraulic cylinder flows freely from above the piston to
      below the piston. During the closing of the clapper, fluid contained in
      the hydraulic cylinder has restricted flow from below the piston to above
      the piston thereby retarding the speed at which the clapper can be closed.
      Special relief valves are included to prevent excessive pressurization in
      the hydraulic cylinder either due to a rapid, excessive backflow against
      an open check valve or due to an overfill of the accumulator. Also valving
      is included for the bleeding of gas from the hydraulic cylinder and the
      recharging of fluid in the accumulator. An interconnecting conduit between
      the crosshead cylinder and the upper rod chamber may be closed and the
      upper rod chamber bled down to atmospheric pressure. Then the upper rod
      chamber can be opened and the clapper pulled to its uppermost position
      with a pulling bar and turning rod. This would allow a backflow through
      the check valve. In case air forms below the piston, a bleed orifice
      allows the air to slowly rise to the upper portion of the hydraulic
      cylinder and it may thereafter be bled to atmosphere to prevent
      interferrence with the normal operation of the device.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial sectional, elevated view of a check valve and
      associated hydraulic control mechanism to prevent rapid closing of the
      check valve.
PAR  FIG. 2 is a partial sectional, elevated view of the hydraulic control
      mechanism shown in FIG. 1, but rotated 90.degree..
PAR  FIG. 3 is an elevated view of the upper valving shown in FIGS. 1 and 2, but
      rotated another 90.degree..
PAR  FIG. 4 is an enlarged cross sectional view of the hydraulic piston shown in
      FIG. 1.
PAR  FIG. 5 is a cross sectional, elevated view of the upper portion of FIGS. 1
      and 2 having a clapper raising tool connected thereto.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawings, there is shown a check valve
      represented generally by the reference numeral 10 having a valve body 12
      and extensions 14 and 16 for connecting into a flow line. Inside of the
      valve body 12 a valve seat 18 is securely fastened thereto by means of
      Allen screws 19 so that an air tight connection is formed between the
      valve body. 12 and the valve seat 18. A clapper 20 is pivotally connected
      in valve body 12 by means of hinge pin 22 and clapper arm 24. Clapper arm
      24 is connected to the clapper 20 by means of bolt 26 and locking nut 28.
      Between the clapper 20 and valve seat 18 is located a sealing element 30.
PAR  The upper portion of the valve body 12 is enclosed by a valve cover 32 with
      sealing element 34 being located therebetween. Valve cover 32 is secured
      to valve body 12 by bolts 33. Extending into the valve cover 32 is a
      connecting rod 36 that is pivotally connected on one end through lower pin
      38 and bushing 40 to clapper arm 24. The upper portion of the connecting
      rod 36 is pivotally connected through wrist pin 42 to a crosshead 44. The
      crosshead 44 is slideably contained in crosshead barrel 46 which is
      securely connected by means such as welding to barrel flange 48.
PAR  The crosshead 44 is connected to lower piston rod 50 which extends through
      the uppermost portion of crosshead barrel 46. Barrel cover 52, which has a
      center hole allowing the lower piston rod 50 to extend therethrough,
      covers the uppermost portion of crosshead barrel 46 and presses against
      O-ring seal 54 of an upper flange 56 which is commonly welded to the
      crosshead barrel 46. A rod seal kit 58 is located around lower piston rod
      50. Cylinder adaptor 60 secures the crosshead barrel 46 by means of
      tie-bolts 62 that connect into valve cover 32.
PAR  The lower piston rod 50 extends through a center opening of cylinder
      adaptor 60 into hydraulic cylinder 64 that has an upper flange 66 and a
      lower flange 68, the upper and lower flanges 66 and 68 being connected
      thereto by conventional means such as tie bolts. The lower flange 68 is
      connected to the cylinder adaptor 60 by means of bolts 70 through lower
      flange 72. Located between flange 72 and cylinder adaptor 60 is a rod seal
      kit 74 to seal around lower piston rod 50. Between the two rod seal kits
      74 and 58 is an opening connected by tattletale hole 76 to the atmosphere.
PAR  Contained in hydraulic cylinder 64 is piston 78 which connects to lower
      piston rod 50 and upper piston rod 80. Upper piston rod 80 extends through
      connecting flange 82 which is securely fastened to upper flange 66.
      Between upper flange 66 and upper piston rod 80 is located rod seal kit 84
      to prevent leakage of the hydraulic fluid from hydraulic cylinder 64. The
      connecting flange 82 is attached to upper housing 86 by means of bolts 88.
      Again, located between upper housing 86 and upper piston rod 80 is a rod
      seal kit 90 to prevent leakage from upper rod chamber 92. Forming a
      portion of upper rod chamber 92 is a cylinder 94 covered by means of cap
      96 and plug 98. The uppermost portion of the upper piston rod 80 is
      threaded for receiving jam nuts 100 with washer 102 contained therebetween
      as will be described in more detail subsequently. Tattletale hole 104 will
      indicate if rod seal kit 84 or 90 is leaking.
PAR  Referring now to FIGS. 1, 2 and 3 in combination, the interconnecting
      plumbing above and below piston 78 will be described. Passage 106 in
      barrel cover 52 connects the inside of crosshead barrel 46 and valve 10 to
      the upper rod chamber 92 via elbow 108, tubing nut 110, tubing 112, tubing
      nut 114, valve 116, conduit 118, pipe cross 120, elbow 122, conduit 124
      and passage 126. By the opening of valve 116 the pressure contained in
      crosshead barrel 46 is also delivered to upper rod chamber 92. Connected
      to one side of cross 120 is a pressure gauge 128 to give an accurate
      reading of the pressure inside of valve 10. Since the lower piston rod 50
      is approximately the same diameter as the upper piston rod 80, and the
      pressure above and below hydraulic cylinder 64 is approximately the same,
      in cases of uniform flow through valve 10 substantially no force will be
      exerted on piston 78 to cause a movement thereof.
PAR  The top and bottom of piston 78 contained in hydraulic cylinder 64 are
      connected by means of plumbing, represented generally by reference numeral
      130, that connects passage 132 in upper flange 66 to passage 134 in lower
      flange 68. Without describing each part of the plumbing 130 in complete
      detail, passage 134 below piston 78 is connected to pipe tee 136. One side
      of the pipe tee 136 is connected through tubing 138 to control valve 140
      (which will be described in more detail subsequently) which in turn
      connects to pipe cross 142 and passage 132. Basically control valve 140
      allows unrestricted fluid flow therethrough in the direction opposite that
      shown by the arrow thereon, but a restricted metered type of flow in the
      direction indicated by the arrow; therefore, in the opening of the clapper
      20 and subsequent upward movement of piston 78 the fluid contained above
      piston 78 freely moves through control valve 140 to below piston 78.
      However, upon closing of the clapper 20 control valve 140 has a restricted
      fluid flow thereby preventing the fluid trapped below piston 78 from
      rapidly flowing through plumbing 130 to above piston 78. This regards the
      closing of clapper 20 to prevent slamming against valve seat 18 and
      destruction of the check valve 10.
PAR  Since there are times when there may be a surging backflow through valve
      10, thereby creating a tremendous pressure below piston 78 a relief valve
      144 has been connected to one side of pipe tee 136 and via tubing 146 to
      pipe cross 142. If the pressure below piston 78 becomes excessive, relief
      valve 144 will open allowing unrestricted flow to the upper portion of
      hydraulic cylinder 64. A normal setting for relief valve 144 is
      approximately 3,000 pounds per square inch. If pressure below piston 78
      exceeds 3,000 pounds per square inch, relief valve 144 will open thereby
      preventing damage to the hydraulic cylinder 64 and associated parts.
PAR  Connected to the upper side of pipe cross 142 is a second pipe cross 148 to
      which is connected accumulator 150. Accumulator 150 is of a conventional
      type having a restrictive orifice type of feed at the uppermost portion
      and a charging valve 152 at the bottom thereof. A pressure of
      approximately ten psi is applied through charging valve 152 to the
      diaphragm of the accumulator 150. The top of pipe cross 148 is connected
      through valve 154 to atmosphere. The atmosphere connection from valve 154
      is normally filled by plug 156. After installation of the present
      apparatus or repairs to the hydraulic control portion it may be necessary
      to insert or add additional hydraulic fluid to hydraulic cylinder 64.
      Another reason for adding hydraulic fluid may be due to leakage from the
      hydraulic cylinder 64. With valve 154 still closed, plug 156 is removed
      and a source of hydraulic fluid is connected thereto. Now by opening valve
      154 and applying pressure to the hydraulic fluid by means of a pump (not
      shown) additional hydraulic fluid can be added to the system without
      interferring with its normal operation. After adding the necessary
      hydraulic fluid, valve 154 is closed and the source is disconnected and
      plug 156 reinserted.
PAR  In case gas or atmosphere leaks into the hydraulic cylinder 64, it will
      tend to float to the top. Since valve 154 is located at the top, plug 156
      can be removed and valve 154 opened slightly to bleed out the accumulated
      gas from the hydraulic cylinder 64. Air trapped below piston 78 will also
      accumulate at the top of the hydraulic cylinder 64 as will be described in
      more detail subsequently.
PAR  Connected to the pipe cross 148 opposite the accumulator 150 is a relief
      valve 158. The relief valve 158 is simply a safety feature to prevent
      excessive pressure in the hydraulic cylinder 64 due to liquid expansion
      and contraction. Upon charging of the accumulator 150 it is possible for
      the accumulator to be completely filled with the hydraulic fluid thereby
      preventing any cushioning effect that would normally occur due to the
      pre-charged pressure applied through charging valve 152. Relief valve 158
      would simply relieve excessive pressure caused by expansion of the fluid
      with changes in temperature. The setting for relief valve 158 should be
      equal to or greater than the setting for relief valve 144. Normal upward
      movement of piston 78 will not open relief valve 158 because of the
      unrestricted flow through metering valve 140 upon upward movement of the
      piston 78.
PAR  Referring now to FIGS. 2 and 3 in combination, there is shown a valve 160
      that connects through pipe cross 120 to upper rod chamber 92. If valve 116
      is closed and valve 160 is opened, pressure contained in upper rod chamber
      92 will be vented to atmosphere.
PAR  As was described previously jam nuts 100 hold washer 102 into place on the
      upper portion of upper piston rod 80. When the clapper 20 is closed upper
      piston rod 80 moves to its lowest position, thereby causing washer 102 to
      press against lever arm 162 of shaft 164. The lever arm 162 turns shaft
      164 which is mounted in bearings 166 of cover plate 168 to move indicating
      arm 170. Behind indicating arm 170 is indicating plate 172 which tells
      whether clapper 20 is open or closed. It should be realized that the
      opening through which shaft 164 extends is sealed by gland 174 and that
      the indicating arm 170 only indicates the clapper 20 is open, and not how
      far open clapper 20 may be.
PAR  Referring now to FIG. 4 of the drawings, there is shown an exploded cross
      sectional view of piston 78 as contained in hydraulic cylinder 64. Piston
      78 which has center opening 176 contained therein sets on shoulder 178 of
      lower piston rod 50. The upper piston rod 80 is threadably connected to
      lower piston rod 50 thereby securely holding piston 78 into position. The
      piston 78 which has a series of four ring grooves 180 with only two ring
      grooves having rings 182. Drilled into piston 70 is passage 184 having a
      metered orifice 186 contained at the bottom. The metered orifice 186 can
      have an approximate size of 1/64th of an inch and connects the lower
      portion of hydraulic cylinder 64 to the upper portion thereof. The reason
      for including metered orifice 186 is to allow trapped gases below piston
      78 to gradually flow through the metered orifice 186 to reach the
      uppermost portion of the hydraulic cylinder 64 so that the gas may be bled
      to atmosphere as previously described. Upon initial installation, or upon
      leakage around the lower piston rod 50 air may be trapped below piston 78.
      The metered orifice 186 is of such a small size that it would not
      significantly effect the operation of the hydraulic cylinder 64 in
      retarding the slamming of clapper 20.
PAC  METHOD OF OPERATION
PAR  Assume that the hydraulic control mechanism has been installed with check
      valve 10 and is ready for operation. If fluid flows through the check
      valve 10 in the direction indicated by the arrows, clapper 20 will be
      raised to the position illustrated by the phantom lines. In the raising of
      clapper 20, connecting rod 36 and crosshead 44 move upward thereby moving
      lower piston rod 50, piston 78 and upper piston rod 80 upward. Hydraulic
      fluid as contained above piston 78 will freely flow through metering valve
      140 to below piston 78. Pressure in check valve 10 feeds into crosshead
      barrel 46, through tubing 112 and into upper rod chamber 92. This gives an
      equal pressurization on both sides of piston 78 as felt through equal
      diameter upper and lower piston rods 80 and 50, respectively.
PAR  Now assume there is a reverse flow of fluid in check valve 10, clapper 20
      will tend to move to the position shown in FIG. 1 and the fluid trapped
      below piston 78 will flow through metering valve 140 to above piston 78;
      however, metering valve 140 allows only restricted flow of fluid in the
      upward direction as indicated by the arrow thereon. This restricted flow
      through metering valve 140 will allow a gradual closing of clapper 20 to
      prevent slamming against valve seat 18 and possible damage to check valve
      10. If the reverse flow through check valve 10 is a sudden surge, it is
      possible that the pressure below piston 78 may exceed the limits of relief
      valve 144 thereby causing it to open allowing a free flow of fluid from
      below piston 78 to above piston 78.
PAR  Relief valve 158 will only open if there is excessive pressurization in the
      hydraulic cylinder 64 due to complications such as overfill of the
      accumulator 150 and fluid expansion. If any of the rod seal kits 58, 74,
      84 or 90 leak it will be indicated by their respective tattletale hole 76
      or 104.
PAC  OPTIONAL ACCESSORY
PAR  Referring now to FIG. 5 of the drawings there is shown an optional
      mechanical clapper raiser illustrated generally by the reference numeral
      188. After the upper rod chamber 92 is relieved of pressure by closing
      valve 116 and opening valve 160 the plug 98 may be removed. Through the
      hole normally filled by plug 98 is inserted clapper raising rod 190 which
      is threadably connected to rotating nut 192. Below rotating nut 192 are
      shim type bearings 194 to allow easy turning of the rotating nut 192. The
      clapper raising rod 190 is threadably connected to upper piston rod 80 in
      the manner shown in FIG. 5. A hold bar 196 extends through a hole drilled
      in the uppermost portion of the clapper raising rod 90 and rotating nut
      192 is turned until it rests snugly against shim bearings 194. A turning
      bar 198 is inserted in one of holes 200 to turn rotating nut 192 on
      clapper raising rod 190. As the rotating nut 192 presses against shim
      bearings 194 it will raise upper piston rod 80 and connected piston 78
      along with lower piston rod 50. connecting rod 36 and clapper 20. All of
      this can be done manually to raise the clapper 20 into its uppermost
      position thereby allowing reverse flow through valve 10 for the purpose of
      running a squib or sphere in a reverse direction through the flow line
      connected to valve 10. Other than relieving the pressure in upper rod
      chamber 92, the hydraulic control portion is still the same.
PAR  After the hydraulic control portion of check valve 10 has been operating
      for a period of time the tattletale holes 76 and 104 will give a visual
      indication as to whether the rod seal kits 58, 74, 84 and 90 are leaking.
      Also, any air that may have collected in the hydraulic cylinder can be
      bled to atmosphere through valve 154. Any additional hydraulic fluid that
      needs to be added to the hydraulic cylinder 64 can be inserted through
      valve 154.
PAR  Though not described in detail previously the tie bolts 62 which screw into
      valve cover 32 are very accurately positioned and located in holes
      contained in barrel flange 48. This insures that barrel flange 48 will
      make a good seal with valve cover 32 by compressing O-ring seals 202
      against the valve cover. In large check valves barrel flange 48 would have
      a tendency to leak. If the clapper 20 is closed, any residual pressure in
      a section of the flow line can be drained by opening valve 160 while
      simultaneously having valve 116 open. However, the same pressure can be
      relieved by simply removing plug 204 in valve cover 32. Hooks 206 simply
      aid in the handling of the heavy check valve 10 and associated hydraulic
      controls.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hydraulically controlled check valve for use in a high pressure
      pipeline, said check valve having a hinged clapper and a seat sealable
      against said clapper to prevent reverse flow, the improvement comprising
      an hydraulic control portion of the check valve which includes:
PA1  a hydraulic cylinder having a piston slidably contained therein, said
      hydraulic cylinder being filled with a hydraulic fluid;
PA1  piston rod slidably and sealably received in said hydraulic cylinder and
      extending through both ends thereof, said piston being connected to said
      piston rod in said hydraulic cylinder;
PA1  crosshead means for connecting the first end of said piston rod to a
      clapper connecting rod, movement of said clapper connecting rod, said
      crosshead means, said piston rod and said piston being controlled by
      movement of the clapper to which the clapper connecting rod is attached,
      pressure on the first end of said piston rod being equal to pressure in
      the check valve;
PA1  chamber means connected to said hydraulic cylinder for receiving a second
      end of said piston rod, said chamber means communicating and receiving
      pressure through a first valve means from the check valve;
PA1  valve passageway means providing communication between the opposite sides
      of the piston for controlling the flow of hydraulic fluid from one side of
      the piston to the other and allowing substantially unrestricted flow in an
      opposite direction, said controlled flow restricting movement of said
      piston and said clapper to prevent slamming against the seat; and
PA1  accumulator means communicating with said hydraulic cylinder, said
      accumulator being of a small precharged type to allow for fluid expansion
      and contraction and small amounts of fluid leakage.
NUM  2.
PAR  2. The hydraulically controlled check valve as recited in claim 1 wherein
      said piston includes orifice means for allowing gases in said hydraulic
      cylinder to slowly collect in one end thereof.
NUM  3.
PAR  3. The hydraulically controlled check valve as recited in claim 2 wherein
      said gases may be discharged through a second valve means, said second
      valve means being connectable to a source of pressurized hydraulic fluid
      for recharging said accumulator with hydraulic fluid.
NUM  4.
PAR  4. The hydraulically controlled check valve as recited in claim 1 further
      includes a first relief means around said valve passageway means to
      prevent pressures above a first predetermined level in said hydraulic
      cylinder upon rapid closing of said clapper.
NUM  5.
PAR  5. The hydraulically controlled check valve as recited in claim 4 further
      includes a second relief means connected to said hydraulic cylinder, said
      second relief means discharging hydraulic fluid from said hydraulic
      cylinder to atmosphere if pressure exceeds a second predetermined level,
      said first predetermined level being less than said second predetermined
      level.
NUM  6.
PAR  6. The hydraulically controlled check valve as recited in claim 1 wherein
      said crosshead means is slideably located in a crosshead barrel attached
      to a cover of the check valve, said crosshead barrel being positioned and
      secured by tie bolts extending through a flanged portion to seal against
      high pressure leaks from said check valve.
NUM  7.
PAR  7. The hydraulically controlled check valve as recited in claim 1 further
      includes a third valve means connecting said chamber means to atmosphere,
      upon closing said first valve means and opening said third valve means
      said chamber means may be opened for connecting said piston rod to a
      clapper raising means, said clapper raising means being manually operable
      for raising and holding said clapper in an uppermost position.
NUM  8.
PAR  8. The hydraulically controlled check valve as recited in claim 1 further
      includes an indicator means operable by vertical movement of said piston
      rod to move a lever which turns an indicator to show if the clapper in the
      check valve is open.
NUM  9.
PAR  9. In a check valve of the clapper type installed in a high pressure gas
      pipeline including a hinged clapper, the improvement comprising means to
      control the slamming of said clapper against its seats on reversal of
      flow, comprising:
PA1  a. a chambered cylindrical hydraulic apparatus having in a central chamber
      a cylinder having hydraulic liquid therein, a piston slidably and sealably
      received in said cylinder;
PA1  b. a first piston rod attached to said piston on a first side and sealed
      through a first header on a first end of said cylinder, said first piston
      rod extending into a first gas chamber;
PA1  c. said first gas chamber attached at its first end to said first header
      and at its second end to the housing of said valve, said first gas chamber
      exposed to the gas pressure in said valve, slider means in said first gas
      chamber attached to said first piston rod;
PA1  d. connecting rod means rotatably connected to said clapper and to said
      slider;
PA1  e. second piston rod means attached to the second side of said piston and
      sealed through a second header on the second end of said cylinder, said
      second piston rod extending into a second gas chamber;
PA1  f. said first and second piston rods having substantially equal cross
      sectional areas opened to the pressure in the respective gas chambers;
PA1  g. said second gas chamber comprising a sealed chamber attached to said
      second header;
PA1  h. bypass means extending between the first and second gas chambers for
      equalizing the pressures therein with the gas pressure in the valve;
PA1  i. valved passageway means providing communication between the opposite
      sides of the piston for controlling the flow of hydraulic liquid from one
      side of said piston to the other and allowing substantially unrestricted
      liquid flow in an opposite direction; and
PA1  j. accumulator means connected to said cylinder, said accumulator means
      being of a low precharged pressure type to allow for fluid loss around
      said headers and fluid expansion and contraction.
NUM  10.
PAR  10. The check valve as recited in claim 9 further includes orifice means in
      said piston for allowing gas to rise to said second end of said cylinder,
      said second end of said cylinder having a coupling through which said
      accumulator communicates to said cylinder and through which a valve means
      communicates to said cylinder, gas in said cylinder being discharged
      through said valve means and fluid in said accumulator means being
      replenished through said valve means without interferring with the normal
      operation of said check valve.
NUM  11.
PAR  11. The check valve as recited in claim 10 further includes a relief valve
      for discharging fluid from said cylinder if pressure in said accumulator
      exceeds a predetermined level, excessive pressure normally being caused by
      overfilling said accumulator and fluid expansion.
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ABST
PAL  An adjustable air volume regulator adapted for maintaining a constant
      volume flow of air therethrough regardless of variations in pressure of
      the air being supplied to the regulator and being adjustable for
      accurately maintaining a constant flow of air over a wide range of flow
      rates. The regulator includes a housing defining a passageway for the flow
      of air therethrough, valve means movable within the housing for adjustably
      restricting the flow of air therethrough, reciprocable linkage means
      cooperating with the valve means for controlling movement thereof, a
      spring mounted exteriorly of the housing and being connected to the
      linkage means for exerting an opening bias on the valve means in
      opposition to a closing bias imparted thereon by the pressure of the air
      in the housing, and means cooperating with the spring means for varying
      the biasing effect imparted thereby by varying the effective length of the
      spring for thereby adjusting the regulator to maintain a different
      substantially constant flow rate. The regulator may be provided with
      control means responsive to a demand for an increased or decreased flow of
      air through the regulator for adjusting the biasing effect of the spring.
BSUM
PAR  This invention relates to air-conditioning systems and more particularly to
      an air volume regulator adapted for maintaining a substantially constant
      volume flow of air therethrough.
PAR  In air-conditioning systems where air is supplied from a central
      conditioning device to a plurality of individual distributing units or
      terminals, changing demands for air in the rooms or zones being
      conditioned will cause pressure variations in the air delivery lines with
      resultant variations in the volume of air flowing therethrough.
      Accordingly, the individual air distributing units are conventionally
      provided with air volume regulators adapted for maintaining a
      substantially constant volume flow of air therethrough regardless of
      variations in pressure in the air delivery lines leading thereto.
PAR  Such air volume regulators conventionally include a valve member mounted in
      the path of air flow and adapted for movement in response to variations in
      air supply pressure for thereby adjustably restricting the size of the air
      passageway through the regulator. A spring is provided cooperating with
      the valve member for exerting an opening bias on the valve member in
      opposition to a closing bias exerted thereon by the air pressure in the
      housing. Thus, an increase in pressure of the air being supplied to the
      regulator causes the valve to provide a greater restriction to the air
      flow therethrough, while a decrease in pressure permits the valve to open
      more fully to thereby maintain the flow of air through the regulator at a
      substantially constant rate.
PAR  Air volume regulators of this type are conventionally adapted for being
      manually adjusted so as to maintain a different flow rate by varying the
      pre-tension exerted on the spring. However, adjustment in this manner is
      effective only over a relatively narrow range of flow rates. When
      adjustment of the regulator to a substantially different flow rate is
      desired, it is necessary to replace the spring with one of different
      characteristics. Since volume regulators are generally mounted within a
      duct or housing and are therefore not readily accessible, manual
      adjustment of the spring pre-tension or replacement of the spring is a
      difficult and time consuming operation. Further, since a variety of
      different springs are required for several various ranges of flow rates,
      it is necessary to maintain an inventory of the springs to permit ready
      adjustment of the regulators in an air-conditioning system.
PAR  Air volume regulators have also been provided which are adapted for being
      adjusted automatically to a different flow rate. Regulators of this type
      have particular applicability in variable volume air-conditioning systems
      where the volume of air being supplied to a room or zone is varied in
      response to changing demands for the conditioned air in the room or zone.
      The prior adjustable air volume regulators have had several shortcomings,
      including the inability to accurately maintain constant volume flow at all
      flow rate settings, a narrow range over which the regulator is adjustable,
      and the inability to completely shut off the air flow when this is
      desired.
PAR  One such adjustable regulator is disclosed in Warren U.S. Pat. No.
      3,433,410, issued Mar. 18, 1969. This regulator employs a pair of
      side-by-side spring biased valve means, each being adapted for maintaining
      a predetermined constant flow of air therethrough and with the total air
      flow from the two valves corresponding to the desired maximum flow of air
      from the regulator. Means are provided for overriding the biasing spring
      of one of the two valve means to thereby force this valve into a closed
      position when a minimum flow of air is required, and for partially closing
      the valve when an intermediate flow of air is required. When this valve is
      maintained in a partially closed position by the overriding means, so as
      to thereby provide an intermediate flow of air through the regulator, the
      valve is unable to move in response to variations in pressure of the
      supply air and therefore does not maintain uniform flow therethrough.
      Thus, this type of regulator is not able to accurately maintain a constant
      volume flow of air at intermediate settings between the desired maximum
      and minimum rates since at such settings the biasing spring of one of the
      valves is not operative. Additionally, this regulator is not adapted for
      completely shutting off the air flow. Further, this type of adjustable
      regulator has a fairly narrow operating range of flow rates through which
      it may be automatically adjusted, and relies upon manual adjustment of
      spring pre-tension or manual spring replacement for adjusting the
      regulator to a different operating range.
PAR  With the foregoing in mind, it is an object of this invention to provide an
      air volume regulator adapted for maintaining a substantially constant flow
      of air therethrough regardless of variations in the pressure of the air
      being supplied to the regulator, and wherein the regulator is adjustable
      and adapted for accurately maintaining a constant volume flow of air over
      a wide range of flow rates.
PAR  It is another object of this invention to provide an adjustable volume
      regulator of the type described which is adapted for being mounted in an
      air distribution duct and which may be easily adjusted over a wide range
      for maintaining a different flow rate without requiring access to the
      regulator or replacement of the biasing spring component thereof.
PAR  It is a further object of this invention to provide an adjustable air
      volume regulator of the type described which is suitable for use in a
      variable volume air-conditioning system and which includes means
      responsive to a demand for an increase or decrease in the quantity of air
      being supplied to an air-conditioned room or zone for automatically
      adjusting the regulator to maintain a different flow rate, and wherein the
      air flow through the regulator may be entirely stopped if desired.
PAR  In accomplishing the above objects of this invention, a single spring is
      employed for maintaining accurate flow control over a wide range of flow
      rates, and the need for manual replacement of springs is thereby
      eliminated. In accordance with this invention, means are provided for
      changing the biasing characteristics of the spring to thereby obtain, in
      essence, an infinite number of different springs for controlling air flow
      in the regulator. More particularly, the regulator of the present
      invention changes the biasing characteristics of the spring by varying the
      effective length thereof.
PAR  Additionally, the regulators of this invention are able to maintain more
      accurate flow control at each control point or setting than prior
      regulators since, in essence, an infinite number of different springs are
      available for controlling the regulator rather than the limited number
      employed in the prior regulators, and it is therefore not necessary to
      alter the biasing force exerted by the spring by adjusting the pre-tension
      on the same. Regulators in accordance with the present invention easily
      maintain constant flow within an accuracy of .+-. 5% at a give flow
      setting, and often have demonstrated an ability to maintain constant flow
      within an accuracy as great as .+-. 0.5%.
PAR  In obtaining the important features of this invention, the air volume
      regulator includes a housing defining a passageway for the flow of air
      therethrough, valve means movable within the housing for adjustably
      restricting the air flow therethrough, a reciprocable linkage means
      cooperating with the valve means for controlling the movement thereof,
      spring means mounted exteriorly of the housing and being operatively
      connected to the linkage means for exerting an opening bias on the valve
      means in opposition to a closing bias imparted thereon by the pressure of
      the air in the housing so that the valve means is thereby adapted to
      maintain the air flow through the housing at a predetermined substantially
      constant rate regardless of variations in pressure of the air being
      supplied to the regulator, and means cooperating with the spring means for
      varying the biasing effect thereof by varying the effective length of the
      spring means to thereby permit adjusting the regulator to maintain a
      different substantially constant flow rate. The effective length of the
      spring is varied by providing restraining means engaging the spring means
      in spaced relation to the interconnection of the linkage means therewith
      and means cooperating with the restraining means for varying the position
      thereof along the length of the spring means.
PAR  More particularly, for facilitating obtaining a wide range of flow control,
      the spring is disclosed in the form of an elongate leaf spring having
      opposite end portions thereof carried by the housing and having the medial
      portion thereof connected to the linkage means so that reciprocating
      movement of the linkage means causes deflection of the leaf spring. A
      trackway is provided extending alongside the leaf spring substantially
      parallel thereto and a pair of carriage means are provided adapted for
      movement along the trackway while engaging the leaf spring along its
      length for thereby effectively shortening or lengthening the working
      length of the leaf spring.
PAR  The arrangement of the spring and restraining means is such that a
      relatively small amount of movement and a relatively low force is required
      for varying the effective length of the spring. Thus, the spring may be
      easily adjusted by a conventional relatively inexpensive operator, such as
      a pneumatic or electric motor. It will be appreciated that this feature
      makes the regulator of this invention particularly adapted for use in a
      variable volume air-conditioning system, wherein the regulator is adjusted
      automatically to maintain a different flow rate in response to the demands
      for a different quantity of air in an air-conditioned room or zone.
PAR  Regulators in accordance with this invention may be adjusted for
      maintaining constant flow over a very wide range of flow rates not
      heretofore obtainable with a single regulator. By way of comparison, one
      of the regulators produced in accordance with this invention has a range
      of flow rates which heretofore required the use of four different sized
      regulators and necessitated the manual replacement of as many as thirteen
      different springs.
DRWD
PAR  Some of the objects and advantages of the invention having been stated,
      others will appear as the description proceeds when taken in connection
      with the accompanying drawings, in which
PAR  FIG. 1 is a perspective view, with parts broken away, of a portion of an
      air distribution unit employing an adjustable air volume regulator in
      accordance with the invention;
PAR  FIG. 2 is a horizontal sectional view of a portion of the air distribution
      unit taken substantially along line 2--2 of FIG. 1;
PAR  FIG. 3 is a vertical sectional view of the air volume regulator taken
      substantially along line 3--3 of FIG. 2;
PAR  FIG. 4 is a vertical sectional view of a portion of the control means for
      the air volume regulator, taken substantially along line 4--4 of FIG. 2;
PAR  FIG. 5 is a side elevational view corresponding to FIG. 4;
PAR  FIG. 6 is an enlarged detailed end view of a portion of the regulator
      control means looking in the direction of the arrows of line 6--6 of FIg.
      5;
PAR  FIG. 7 is a detailed perspective view, with parts broken away, of the
      spring and spring adjustment mechanism of the volume regulator;
PAR  FIG. 8 is a vertical sectional view taken substantially along line 8--8 of
      FIG. 7;
PAR  FIG. 9 is a vertical sectional view taken substantially along line 9--9 of
      FIG. 7; and
PAR  FIGS. 10-12 are plan views schematically illustrating the spring and spring
      adjustment mechanism at three different positions of operation.
DETD
PAR  Referring now more particularly to the drawings, FIG. 1 illustrates an air
      distribution unit or terminal adapted for being installed in a central
      air-conditioning system for controlling the flow of conditioned air into
      an air-conditioned zone or room. The air distribution unit includes a
      hollow generally rectangular housing 11 having opposing pairs of side
      walls and an end wall 12 at the upstream end thereof. Thermal and sound
      insulation 11a is provided on the walls of housing 11. An air distribution
      line 13 supplying conditioned air under relatively high pressure and
      velocity from a central conditioning device communicates with housing 11
      through an opening in end wall 12 thereof. Housing 11 also includes a wall
      14 near the upstream end thereof in spaced relation from wall 12 and
      having an opening therein through which the air from air distribution line
      13 may flow.
PAR  As noted earlier, changing demands for air in the various zones or rooms of
      an air-conditioned building will cause pressure variations in the air
      distribution lines with resultant variations in the volume of air flowing
      therethrough. Accordingly, an air volume regulator, generally indicated by
      the reference character 20 is mounted on wall 14 surrounding the opening
      therein and is adapted for controlling the flow of air therethrough for
      maintaining a substantially constant volume flow of air to the room or
      zone being conditioned.
PAR  A control means, generally indicated by reference character 70, is mounted
      on one side wall of housing 11 and is operatively connected to volume
      regulator 20 to permit adjusting the regulator for maintaining a different
      rate of flow of air therethrough. A sensing unit 71, located remotely of
      the air distributing unit, as for example in the air-conditioned room or
      zone, is connected to control means 70 and serves to sense a demand for an
      increased or decreased flow of air through the air volume regulator 20.
PAR  Referring now more particularly to the construction of the volume regulator
      20, the regulator includes a peaked housing having the base or inlet end
      thereof open and connected to wall 14 for receiving the flow of air
      therethrough, and having opposed parallel generally rectangular upper and
      lower side walls 21 and 22 extending downstream from the base or inlet end
      of the housing for a short distance. Inclined perforated upper and lower
      side walls 23, 24 extend angularly toward one another from the downstream
      edge of side walls 21 and 22 to the apex of the housing where they join a
      downstream wall 25. Volume regulator 20 also includes opposing end walls
      26 and 27 at opposite ends of the regulator.
PAR  Referring to FIGS. 2 and 3, a curtain means 28 of flexible imperforate
      material is attached within regulator 20 to the inner surface of
      downstream wall 25 and extends upstream therefrom a sufficient distance to
      cover the perforated inclined upper side wall 23 of the housing. An
      identical curtain means 28 is provided on the lower side of the regulator
      extending upstream for covering the lower perforated inclined side wall
      24.
PAR  As illustrated, the inclined perforated walls 23 and 24, and the flexible
      curtain means 28 which cooperate therewith, are rectangular in shape,
      having a length substantially greater than the height thereof. It has been
      found that by changing the configuration of the perforated walls and
      curtain means of the regulator from a substantially square form as has
      been employed in prior flexible curtain regulators and in which the aspect
      ratio is about 1, to an elongate rectangular form wherein the aspect ratio
      is greater than 1 and preferably from about 2 to about 3, the range of
      flow rates over which the regulator is effective can be increased
      substantially, thereby providing an even greater range of flow rates over
      which the regulator may be adjusted. Additionally, the air flow through
      the elongate rectangular perforated wall is noticeably quieter than
      through a square perforated wall of the same surface area.
PAR  The free ends of each of the pair of curtain means 28 are affixed to a pair
      of parallel rod means 29 extending transversely of the housing generally
      parallel to side walls 21, 22, 23 and 24. Linkage means, generally
      indicated at 30, is connected to each of the rod means 29 and is adapted
      for controlling movement of the curtain means 28 into and out of
      engagement with the inclined perforated side walls 23, 24 for adjustably
      covering or uncovering the perforations therein to thereby adjust the area
      of the air passageway through regulator 20.
PAR  Linkage means 30 includes pairs of oppositely disposed link arms 31 and 32
      at opposite ends of the housing, each having one end thereof pivotally
      connected to downstream wall 25 and having the opposite end thereof
      connected to an end of one of the rod means 29 for thereby moving the same
      toward and away from inclined perforated walls 23 and 24. An additional
      rod means 33 is provided extending transversely of the housing in parallel
      relation to each rod means 29 and interconnects corresponding link arms 31
      and 32 at opposite ends of the housing. A generally U-shaped support
      bracket 34 has opposite ends thereof mounted on wall 25 and a medial
      portion thereof extending inwardly and transversely of the housing.
      Linkage means 30 also includes a reciprocable push rod 35 extending
      outwardly from within the housing through a hole in downstream wall 25 and
      engaging an elongate leaf spring 44 mounted on the exterior of the
      housing, as described in more detail later.
PAR  The innermost end of push rod 35 has pivotally connected thereto pairs of
      oppositely disposed link arms 36, 37, which, in turn, have their free ends
      pivotally connected to a medial portion of rod means 33. In accordance
      with this linkage arrangement, the movement of curtain means 28 toward a
      closed position will cause push rod 35 to be moved axially inwardly into
      the housing of regulator 20 while deflecting the leaf spring 44, as
      described later.
PAR  From the foregoing description, it will be apparent that variations in
      pressure on the upstream side of regulator 20 will cause movement of the
      flexible curtain means 28 toward and away from the inclined perforated
      side walls 23 and 24 to progressively cover and uncover the perforations
      therein, for thereby maintaining a substantially uniform flow of air
      through the regulator regardless of the variations in the supply air
      pressure.
PAR  In order to prevent hunting and fluttering of the curtain means 28 when
      upstream air pressure periodically varies, linkage means 30 also includes
      a dampening mechanism adapted for resisting any rapid movement of the
      curtain means 28. This dampening mechanism includes an elongate spiral
      threaded member 38 connected to the inner end of push rod 35 and extending
      coaxially therewith, and a flywheel 39 carried by support bracket 34 and
      cooperating with the threaded member 38 so as to revolve upon axial
      movement of push rod 35. A dampening mechanism of this type is disclosed
      in Smith et al U.S. Pat. No. 3,394,769, issued July 30, 1968, to which
      reference may be made for further details of the structure and operation
      of this type of mechanism.
PAR  Referring to FIGS. 1 and 2, the volume regulator 20 includes a spring
      adjustment mechanism, generally indicated at 40, mounted on the downstream
      end thereof and including an elongated channel-shaped frame 41 of
      generally U-shaped cross section and having spaced parallel opposing side
      walls 41a and a bottom wall 41b secured by suitable fastener means 42 to
      the outer surface of wall 25 of the volume regulator 20. An elongate
      flexible leaf spring 44 has opposite end portions thereof received in
      slots in upstanding flanges 45 at opposite ends of frame 41 and is
      retained in place by a cotter key 46 positioned through a hole at each end
      of the spring 44. A medial portion of the spring 44 is surroundingly
      engaged by a clevis and clevis pin assembly 47 which is carried at the
      outermost end of push rod 35 and adapted for engaging spring 44 to deflect
      the same as push rod 35 moves inwardly and curtain means 28 moves toward a
      closed position.
PAR  Although the leaf spring 44 is illustrated herein as being carried by the
      housing at opposite ends thereof, if desired, the spring could be carried
      by the housing at only one end thereof, with the clevis assembly 47
      engaging the spring near the opposite end thereof. However, the
      illustrated form has been found to provide a simple, efficient and compact
      arrangement.
PAR  In order to permit adjusting the regulator for maintaining a different flow
      rate, means are provided on opposite sides of the clevis assembly 47 for
      engaging leaf spring 44 and restraining movement to thereby shorten the
      effective or working length of the spring. This restraining means is
      adjustably positionable along the length of leaf spring 44 to permit
      varying the effective length thereof over a wide range. Varying the
      effective or working length of the spring in this manner varies the
      biasing characteristics of the spring and thereby varies the degree or
      amount to which the spring will hold the curtain means 28 open in
      opposition to the closing bias of a predetermined supply air pressure
      thereagainst.
PAR  More particularly, by shortening the effective or working length of the
      spring, the flexibility thereof is decreased and the spring constant or
      spring rate is increased. Within the elastic limit of the spring, the
      force required to deflect or displace the spring a unit of length is
      constant and is customarily referred to as the "spring rate" or "spring
      constant" of the spring.
PAR  Referring more particularly to FIG. 7, each restraining means comprises a
      carriage assembly 50 which is adapted for movement along the length of
      spring 44 in a trackway extending in spaced apart parallel relation to
      spring 44 and defined by the uppermost edges of the opposing frame side
      walls 41a. More particularly, each carriage assembly 50 includes a pair of
      flanged wheels 51 carried by an axle 52 and maintained in spaced apart
      relation by a bushing 53 surrounding axle 52.
PAR  Each carriage assembly 50 is moved along the length of leaf spring 44 by
      carriage linkage means which cooperates with each carriage assembly 50 for
      moving the same simultaneously either toward or away from one another. The
      carriage linkage means includes a pair of link arms 54 pivotally mounted
      to the lower portion of frame 41 near opposite ends thereof and having an
      elongate longitudinally extending slot provided in the upper free end
      thereof through which axle 52 of the carriage assembly is positioned. A
      relatively short control arm 55 extends inwardly within the channel-shaped
      frame 41 from one end thereof for a relatively short distance and is
      pivotally connected to the pair of link arms 54 at the near end of the
      frame by a suitable connecting pin 57. A relatively long control arm 56
      extends inwardly within frame 41 from the same end thereof and is
      pivotally connected by connecting pin 57 to the pair of link arms 54 at
      the far end of frame 41. The outer free ends of control arms 55 and 56 are
      connected to opposite sides of a lever assembly 58 pivotally mounted on an
      outwardly extending portion of frame 41 and adapted for moving control
      arms 55 and 56 in opposite directions to thereby move the pair of
      carriages 50 simultaneously either toward or away from one another for
      thereby adjusting the effective length of the spring 44. Movement of lever
      assembly 58 and control arms 55 and 56 is imparted by a reciprocable line
      77 having one end thereof connected to lever assembly 58 and the opposite
      end thereof connected to control means 70, to be described in detail
      later.
PAR  The carriage linkage assembly is so constructed that a movement of less
      than 1 inch need be imparted to lever assembly 58 in order to move the
      pair of carriage assemblies 50 their entire limit of travel along the
      length of leaf spring 44. Thus, the spring adjustment mechanism of this
      invention is particularly adapted for being employed in association with a
      conventional pneumatic or electric prime mover wherein the reciprocable
      operator thereof ordinarily has a stroke of travel not exceeding about 1
      inch.
PAR  The particular geometry of the spring adjustment mechanism permits a
      relatively low force to be employed for moving the carriage assemblies 50
      along the length of the leaf spring 44, in spite of the fact that a force
      of considerable magnitude is exerted on the leaf spring by push rod 35 due
      to the closing bias of the air pressure on the certain means 28. More
      particularly, it will be readily seen that the length of travel of the
      carriage assemblies 50 along the leaf spring 44 is considerably greater
      than the outward movement which is imparted upon push rod 35 by stiffening
      of the leaf spring as the carriage assemblies are moved closed together.
      Thus, a mechanical advantage is provided for facilitating moving push rod
      35 outwardly during shortening of the leaf spring in opposition to the
      inherent inward bias on the push rod 35 due to the closing bias of the air
      pressure. Thus, the spring adjustment mechanism is well-suited for being
      driven by a conventional pneumatic or electric prime mover, and moreover,
      may employ a relatively low-powered and therefore inexpensive prime mover.
PAR  The limits of travel of the carriage assemblies 50 are illustrated in FIGS.
      10-12. The setting for maximum air flow through the regulator is
      illustrated in FIG. 10. In this setting, the pair of carriages 50 are
      positioned closely adjacent one another near the middle of spring 44.
      Since the effective or working length of the spring is only that portion
      between the two carriages, the spring is relatively stiff at this setting
      and will deflect only a short distance. Thus, the flexible curtain means
      in regulator 20 are maintained in nearly fully opened position allowing
      maximum flow of air through the regulator. As illustrated in FIG. 10, the
      spring 44 is in relaxed condition. The dashed lines indicate the biased or
      deflected configuration assumed by the leaf spring under the force of the
      air flowing through the regulator housing.
PAR  FIG. 11 illustrates an intermediate setting of the spring adjustment
      mechanism wherein the pair of carriages 50 are positioned approximately
      midway between the middle of the spring 44 and the opposite ends thereof.
      At this setting the flexible curtain means of the regulator are permitted
      to partially close and the air flow through the regulator is maintained at
      a somewhat lower rate.
PAR  As illustrated in FIG. 12, the pair of carriages 50 are positioned in
      widely spaced apart relation near opposite ends of the spring 44. The long
      effective length of the spring at this setting permits the spring to
      deflect a relatively large amount under the force of the air through the
      regulator is indicated by the dashed lines. At this setting, push rod 35
      may move inwardly a sufficient distance to permit the flexible curtain
      means of the regulator to fully close and entirely shut off the flow of
      air through the regulator 20.
PAR  It will be appreciated from the foregoing that the spring adjustment
      mechanism of this invention permits adjusting the regulator continuously
      or infinitely through a wide range of flow rates ranging from zero to a
      maximum which is determined by the particular design and dimensions of the
      regulator. Further, the spring adjustment mechanism completely eliminates
      the need for manual spring replacement or spring pre-tension adjustment
      and permits easily adjusting the regulator, either automatically or
      manually, from externally of the housing 11.
PAR  To facilitate adjustment of the regulator from externally of the housing
      11, control means 70 is mounted on one side wall of the housing and is
      connected to the carriage linkage assembly within housing 11 and includes
      adjustment means externally of the housing for adjusting the pair of
      carriage assemblies 50. As illustrated in FIGS. 1 and 2, the control means
      is adapted for use in a variable volume air-conditioning system and
      includes means for automatically adjusting the flow rate setting of the
      regulator in accordance with the demands of the room or zone being
      conditioned. As described more fully hereinafter, slight modifications of
      the control means 70 will adapt the same for use in a constant volume
      system where it is not necessary to automatically vary the volume of the
      regulator but where it may be desirable to provide means for easily
      manually adjusting the regulator externally of housing 11 to a different
      flow rate.
PAR  Referring now more particularly to the illustrated embodiment, the control
      means 70 includes a rectangular frame 72 mounted in a correspondingly
      shaped opening in the side wall of housing 11 and having a post 73
      extending inwardly therefrom at one end of the frame. A linkage arm 74 has
      one end thereof pivotally mounted to the inner end of post 73 with the
      opposite end thereof being pivotally mounted to the reciprocable plunger
      75 of any suitable prime mover, such as the pneumatic operator 76
      illustrated. As noted earlier, the prime mover may be relatively
      low-powered and may have a stroke of no more than about one inch.
PAR  A control or sensing unit 71, located remotely of the regulator, is
      operatively connected to pneumatic operator 76 through a control line 71a,
      and serves to control operation of the pneumatic motor in response to
      varying external conditions. Sensing unit 71, for example, may comprise a
      thermostat located in the room or zone being conditioned and which is
      responsive to the varying temperature in the room for thereby causing an
      increased or decreased flow of air through regulator 20 to the room or
      zone. A link 77 is provided interconnecting linkage arm 74 with lever
      assembly 58 so that movement of plunger 75 of the pneumatic operator
      causes pivotal movement of linkage arm 74 and also causes pivotal movement
      of level assembly 58 to thereby adjust the position of the pair of
      carriage assemblies 50. As illustrated, control means 70 also includes an
      adjustment assembly, generally indicated at 78, which is carried by an
      inner supporting wall 79 of frame 72. Adjustment assembly 78 is connected
      at one end thereof to linkage arm 74 and includes a portion at the
      opposite end thereof extending outwardly from frame 72 for permitting
      manual adjustment of the volume regulator. In the illustrated embodiment,
      the adjustment assembly 78 serves as a limit means for restricting
      movement of the carriage linkage assembly between maximum and minimum
      limits for thereby controlling the maximum and minimum flow rates of the
      volume regulator.
PAR  Referring more particularly to the adjustment assembly 78 as illustrated in
      FIGS. 4 and 5, an adjustment rod 81 is rotatably carried in frame 72 and
      includes an outwardly extending portion 82 with longitudinal gear teeth
      thereon and an inwardly extending helically threaded portion 83. An
      internally threaded inner control sleeve 84 cooperates with the helically
      threaded portion 83 of adjustment 81 so as to be moved axially as
      adjustment rod 81 is turned manually from externally of housing 11. An
      elongate tubular outer control sleeve 85 has one end portion thereof
      positioned surrounding the inner control sleeve 84 and is supportably
      carried by a bushing 86 mounted on the inner supporting wall 79. A link
      87, secured by pins 88, interconnects the opposite or innermost end of
      outer control sleeve 85 with linkage arm 74 so that pivotal movement of
      linkage arm 74 causes outer control sleeve 85 to be moved axially inwardly
      or outwardly over inner sleeve 84.
PAR  As seen most clearly in FIG. 4, a pin 89 is positioned through a
      transversely extending hole in the inner end of control sleeve 84 and
      cooperates with a longitudinally extending slot 85a in opposite sides of
      outer control sleeve 85 to thereby limit the axial movement of the outer
      control sleeve 85. As illustrated, pin 89 is positioned abutting one end
      of slot 85a and thereby limits further inward axial movement of outer
      sleeve 85 and further inward pivotal movement of linkage arm 74 for
      positioning carriage assemblies 50 closer together. Accordingly the
      maximum flow rate of the regulator is also limited. By manually turning
      adjustment rod 81, the position of pin 89 in slot 85a may be changed, and
      the maximum flow rate limit of the regulator may be thus adjusted.
PAR  The length of slot 85a is correlated to the maximum range of the regulator
      so that when outer sleeve 85 is pushed to the right in FIG. 4 and pin 89
      abuts the opposite end of slot 85a, the spring is adjusted so as to permit
      the curtain means 28 to fully close and block the air flow through the
      regulator. However, in some instances it may be desirable to maintain a
      predetermined minimum air flow through the regulator under all conditions
      of adjustment. In order to provide a lower flow rate limit in the
      regulator, holes 85b are provided in the outer control sleeve 85 through
      which a cotton key 85c may be positioned for thereby reducing the
      effective length of the slot 85a. Each hole 85b corresponds to a
      predetermined percentage or fraction of the maximum capacity of the
      regulator.
PAR  An indicator wheel 91 is provided on the outer surface of frame 72 to
      facilitate adjustment of the regulator. Indicator wheel 91 has gear teeth
      formed in the outer periphery thereof which cooperate with the gear teeth
      in the outer portion 82 of adjustment rod 81 so that the indicator wheel
      91 rotates when adjustment rod 81 is turned. Indicator wheel 91 may be
      calibrated to indicate the maximum flow rate at the various settings to
      thereby facilitate manually adjusting the regulator.
PAR  When it is desired to employ the volume regulator 20 in a constant volume
      air-conditioning system, the control means may be modified so to enable
      directly adjusting the control point or setting of the regulator by merely
      dialing the desired flow rate on the calibrated indicator wheel 91. While
      not illustrated, this modification merely involves removing the pneumatic
      operator 76 and positioning cottor key 85c in the last hole 85 on the
      right as illustrated in FIG. 4 to thereby reduce the effective length of
      slot 85a to zero. Thus, adjustment rod 81 provides a direct linkage to
      linkage arm 74 for manually adjusting the position of the carriage means
      50 along the length of spring 44 merely by turning adjustment rod 81.
PAR  It will be appreciated from the foregoing that the adjustable volume
      regulator of the present invention has utility in a variety of
      applications where it is desired to maintain a constant volume flow of air
      over a wide range of flow rates and where it is desired to adjust the
      regulator either manually or automatically to a different flow rate.
PAR  In the drawings and specification there have been set forth preferred
      embodiments of the invention and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. An air volume regulator comprising a housing defining a passageway for
      the flow of air therethrough, valve means movable within said housing for
      adjustable restricting the air flow therethrough, linkage means
      cooperating with said valve means for controlling movement thereof, a
      portion of said linkage means extending outwardly through said housing and
      being adapted for inward and outward movement with respect thereto, an
      elongate leaf spring having opposite end portions thereof carried by the
      exterior of said housing and having a medial portion thereof connected to
      said outwardly extending portion of said linkage means so that movement of
      said linkage means causes deflection of said leaf spring for exerting an
      opening bias on the valve means in opposition to a closing bias imparted
      thereon by the pressure of the air in the housing, said valve means being
      thereby adapted to maintain the air flow through the housing at a
      predetermined substantially constant rate regardless of variations in
      pressure of the air being supplied to the regulator, and a pair of
      restraining members engaging said leaf spring along its length on opposite
      sides of said linkage means and being adapted for movement toward or away
      from one another for thereby effectively shortening or lengthening the
      working length of said leaf spring so as to vary the spring constant for
      thereby adjusting the regulator to maintain a different substantially
      constant flow rate.
NUM  2.
PAR  2. An air volume regulator according to claim 1 additionally comprising
      control means cooperating with said means for varying the position of said
      restraining means and being responsive to a demand for an increased or
      decreased flow of air through said regulator for thereby varying the
      effective length of said spring means.
NUM  3.
PAR  3. An air volume regulator according to claim 1 wherein said valve means is
      movable in said housing from a fully open position allowing maximum air
      flow through said housing to a fully closed position allowing no air to
      flow through the housing, and wherein said means for varying the effective
      length of said spring means adjusts the regulator from a maximum air flow
      therethrough to no air flow therethrough and an infinite number of
      different flow rates therebetween.
NUM  4.
PAR  4. An air volume regulator comprising a housing defining a passageway for
      the flow of air therethrough, valve means mounted for movement in said
      housing for adjustably restricting the air flow therethrough, linkage
      means cooperating with said valve means for controlling movement thereof,
      a leaf spring operatively connected to said linkage means for exerting an
      opening bias on the valve means in opposition to a closing bias imparted
      on the valve means by the pressure of the air in the housing, said valve
      means being thereby adapted to maintain the air flow through the housing
      at a predetermined substantially constant rate regardless of variations in
      pressure of the air being supplied to the regulator, movable restraining
      means engaging said leaf spring along the length thereof in adjustable
      spaced relation to the interconnection of said linkage means therewith,
      sensing means for determining the requirement for an increased or
      decreased flow of air through the regulator, and motive means cooperating
      with said sensing means and including a reciprocable plunger operatively
      connected to said movable restraining means and being reciprocably movable
      in response to said sensing means sensing a demand for an increased or
      decreased flow of air for changing the position of engagement of the
      restraining means along said leaf spring so as to vary the effective
      length of the spring and the spring constant for thereby adjusting the
      regulator to maintain a different substantially constant flow rate.
NUM  5.
PAR  5. An air volume regulator according to claim 4 wherein said valve means is
      movable in said housing from a fully open position allowing maximum air
      flow through said housing to a fully closed position allowing no air to
      flow through the housing, and including adjustable limit means cooperating
      with said movable restraining means for limiting the movement thereof
      along the length of said leaf spring to thereby limit adjustment of the
      regulator to deliver air therethrough within a predetermined range of flow
      rates.
NUM  6.
PAR  6. An air volume regulator comprising a housing defining a passageway for
      the flow of air therethrough, valve means in the form of flexible curtains
      mounted for movement in said housing for adjustably restricting the air
      flow therethrough, linkage means cooperating with said valve means for
      controlling movement thereof, a leaf spring carried by said housing and
      being connected to said linkage means so as to be deflected by movement of
      said linkage means for exerting an opening bias on the valve means in
      opposition to a closing bias imparted thereon by the pressure of the air
      in the housing, said valve means being thereby adapted to maintain the
      flow in said housing at a predetermined substantially constant rate
      regardless of variations in pressure of the air being supplied to the
      regulator, and means operatively connected to said housing and to said
      leaf spring and cooperating with said leaf spring for adjusting the
      opening bias exerted by the leaf spring on the valve means in opposition
      to the closing bias of the pressure of the air for thereby adjusting the
      regulator to maintain a different substantially constant flow rate
NUM  7.
PAR  7. An air volume regulator according to claim 6 wherein said means for
      adjusting the opening bias exerted by the leaf spring comprises
      restraining means movable along the length of the leaf spring in
      engagement therewith for varying the effective length of the leaf spring.
NUM  8.
PAR  8. An air volume regulator comprising a housing defining a passageway for
      the flow of air therethrough, an elongate leaf spring having opposite end
      portions thereof carried on the exterior of said housing, valve means
      positioned within said housing and being adapted for movement from a fully
      open to a fully closed position for adjustably restricting the flow of air
      through the housing and being biased toward a closed position by the
      pressure of the air in the housing, linkage means cooperating with said
      valve means and being adapted for movement as said valve means moves in
      said housing, said linkage means having a portion thereof extending
      outwardly from said housing and engaging a medial portion of said leaf
      spring so that movement of said valve means toward a closed position
      causes deflection of said leaf spring and thereby causes an opening bias
      to be exerted on the valve means in opposition to the closing bias of the
      air pressure, said valve means being thereby adapted to maintain the air
      flow through the housing at a predetermined substantially constant flow
      rate regardless of variations in pressure of the air being supplied to the
      regulator, and spring adjustment means carried by said housing and
      cooperating with said leaf spring for varying the effective length thereof
      to permit adjusting the regulator to maintain a different substantially
      constant flow rate, said spring adjustment means including a pair of
      restraining means engaging said leaf spring on opposite sides of said
      linkage means and being movable with respect thereto along the length of
      said leaf spring for effectively shortening or lengthening the working
      length of said leaf spring.
NUM  9.
PAR  9. An air volume regulator according to claim 8 wherein said spring
      adjustment means includes means defining a trackway extending alonside
      said elongate leaf spring, and wherein said pair of restraining means each
      comprise carriage means adapted for movement along said trackway in
      engagment with said leaf spring for thereby varying the effective length
      of the leaf spring.
NUM  10.
PAR  10. An air volume regulator according to claim 9 wherein said spring
      adjustment means includes carriage linkage means cooperating with each of
      said carriage means and adapted for moving the same simultaneously
      inwardly or outwardly toward or away from each other for thereby
      shortening or lengthening the working length of the leaf spring.
NUM  11.
PAR  11. An air volume regulator according to claim 10 additionally including
      control means operatively connected to said spring adjustment means for
      effecting adjustment of said leaf spring, said control means including
      motive means cooperating with said carriage linkage means and operative in
      response to a demand for an increased or decreased flow of air through the
      regulator for effecting movement of said carriage means to adjust the
      effective length of said leaf spring, and adjustable means cooperating
      with said carriage linkage means for adjustably limiting the outward and
      inward movements of said carriage means thereby providing adjustable
      maximum and minimum limits of air flow through the regulator.
NUM  12.
PAR  12. An air volume regulator comprising a housing including a pair of
      angularly disposed perforated walls adapted for the flow of air
      therethrough, flexible curtain means cooperating with each of said
      perforated walls for adjustably restricting the air flow therethrough, an
      elongate leaf spring having opposite end portions thereof carried on the
      exterior of said housing at the apex of said angularly disposed perforated
      walls, linkage means cooperating with said flexible curtain means and
      being adapted for reciprocating movement as said curtain means move toward
      and away from said perforated walls, said linkage means having a porton
      thereof extending outwardly from said housing and engaging a medial
      portion of said leaf spring so that movement of said flexible curtain
      means toward said perforated walls causes deflection of said leaf spring
      and thereby causes an opening bias to be exerted on the curtain means in
      opposition to a closing bias imparted thereon by the air pressure in the
      housing, said flexible curtain means being thereby adapted to maintain the
      air flow through the housing at a predetermined substantially constant
      flow rate regardless of variations in pressure of the air being supplied
      to the regulator, and spring adjustment means carried by said housing and
      cooperating with said elongate leaf spring for varying the effective
      length thereof to permit adjusting the regulator to maintain a different
      substantially constant flow rate, said spring adjustment means including a
      pair of movable restraining means engaging said leaf spring at equal
      distances on opposite sides of said linkage means and being simultaneously
      movable along the length of said leaf spring toward or away from one
      another for shortening or lengthening the working length of said leaf
      spring.
NUM  13.
PAR  13. An air volume regulator according to claim 12 wherein said perforated
      walls are rectangular in shape and have a length substantially greater
      than the height thereof.
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ABST
PAL  Individually actuatable digital valve elements in parallel interconnect a
      fluid source to a receiver. In the flow passage of each valve element,
      there is a converging-diverging nozzle that feeds into the receiver. A
      trim adjustment screw is movable along the axis of each nozzle to vary the
      effective cross-sectional area of such nozzle. The nozzle and screw are
      part of an insert that can be mounted in the valve body after individual
      calibration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the control of fluid flow and, more particularly,
      to a digital fluid flow control system with a trim adjustment.
PAR  In a digital fluid flow control system, a plurality of individually
      actuatable, digital valve elements are interconnected in parallel between
      an upstream manifold and a downstream manifold. The digital valve elements
      are bistable, i.e., either open or closed, and are actuated by binary
      electrical signals weighted in value according to a binary code. The
      cross-sectional orifice areas of the valve elements are also weighted
      relative to each other according to the binary code. The fluid flow rate
      from the upstream manifold to the downstream manifold is controlled by
      opening and closing the valve elements in different combinations,
      responsive to the binary actuating signals; due to the identical weighting
      of the binary actuating signals and the orifice areas of the valve
      elements, the sum of the orifice areas of the open valve elements is
      proportional to the number represented by the binary actuating signals in
      the binary code.
PAR  The requirement that the cross-sectional orifice areas of the valve
      elements be weighted relative to each other according to the binary code
      imposes close tolerances upon the dimensions of the valve elements during
      manufacture. In order to calibrate the valve elements accurately to
      achieve the proper relative weighting, the valve elements must usually be
      removed from the valve body in the course of calibration one or more times
      for reboring or reworking. The closer the tolerances are held, the more
      reworking is required. The problem of proper calibration is particularly
      troublesome when the flow determining orifices are converging-diverging
      nozzles, as disclosed in a copending application of Harry Friedland and
      Addison W. Langill, Jr., Ser. No. 432,153, filed on even date herewith,
      and assigned to the assignee of the present application by an assignment
      recorded on even date herewith. Since the nozzle shape is important, a
      change in the effective cross-sectional orifice area of the nozzle
      requires complete reworking of the nozzle dimensions.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, converging-diverging nozzles in digital valve
      elements of a fluid flow control system are provided with a trim
      adjustment slug that is movable along the axis of the nozzle. The movement
      of the slug varies the effective cross-sectional area of the nozzle by
      disrupting the flow in its converging section.
PAR  In the preferred embodiment, each nozzle is formed in a threaded insert
      that can be mounted in the valve body. The trim adjustment slug is a screw
      supported by a cage. The insert is also supported by the cage. Therefore,
      the nozzle and the trim adjustment slug are part of a single replaceable
      unit, and their relative positions are fixed by the trim adjustment. To
      improve nozzle efficiency, the end of the slug is preferably conical.
PAR  During manufacture, each nozzle is formed in its insert with dimensions
      slightly larger than the calculated values for the desired relative
      effective cross-sectional orifice area of the valve element, then each
      cage with insert and slug is individually placed on a flow stand where it
      is calibrated exactly to the desired effective orifice area by turning the
      trim adjustment slug. After calibration, each cage with insert and slug is
      screwed as a unit into a bore in the valve body. This procedure
      substantially facilitates manufacturing because close tolerances do not
      have to be held. Placement of the entire system including the bulky valve
      body on the flow stand for calibration is also avoided, and easy
      replacement or readjustment of the effective area of the flow determining
      orifices is permitted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the specific embodiments of the best mode contemplated of
      carrying out the invention are illustrated in the drawings, in which:
PAR  FIG. 1 is a side, partially sectional view of a digital fluid flow control
      system incorporating the principles of the invention;
PAR  FIG. 2 is a fragmentary front view of the system of FIG. 1; and
PAR  FIG. 3 is a side sectional view of an alternative version of a single
      digital valve element incorporating the principles of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS
PAR  Reference is made to FIGS. 1 and 2 in which a digital fluid flow control
      system primarily designed to handle a compressible fluid such as air,
      which comprises a valve body 10 and a plurality (i.e., nine) of digital
      valve elements 11. Each of valve elements 11 has a plug actuating assembly
      12, a sealing orifice insert 13, an adjustment insert 14, and an isolating
      orifice insert 15.
PAR  Valve body 10 is made from a single substantially cylindrical piece of
      material not chemically reactive with the fluid, such as iron. An upstream
      conduit 16 is drilled in valve body 10 from one end surface thereof in
      alignment with a cylindrical axis 17 of body 10. Threads 18 are formed at
      the entrance of conduit 16 for connection to a source of compressible
      fluid, e.g., air (not shown). A downstream conduit 22 is drilled in valve
      body 10 from the opposite end surface thereof in alignment with axis 17.
      Threads 23 are formed at the entrance of conduit 22 for connection to a
      fluid receiver (not shown). As shown by the solid arrows, fluid flows
      along axis 17 from right to left as viewed in FIG. 1. For each valve
      element 11, a bore 24 is drilled in valve body 10 from its downstream end
      surface spaced laterally from and parallel to axis 17; a bore 25 is
      drilled perpendicular to axis 17 in valve body 10 from its cylindrical
      side surface through bore 24 to downstream conduit 22; and a bore 26 is
      drilled perpendicular to axis 17 in valve body 10 from its cylindrical
      side surface through bore 24 to upstream conduit 16. The end of bore 24 of
      each valve element 11 between bore 25 and the downstream end surface of
      valve body 10 is sealed by a plug 27 made of the same material as valve
      body 10.
PAR  Insert 13 has a threaded connection 30 with the portion of bore 26 between
      bore 24 and upstream conduit 16. Threaded connection 30 is sealed by an
      O-ring 31. Plug actuating assembly 12 overlies insert 13 in axial
      alignment therewith. Assembly 12 comprises a core 32 made of a magnetic
      material, annular end caps 33 and 34 made of a magnetic material, a bobbin
      35 made of a non-magnetic material, an electric coil 36 wrapped around
      bobbin 35, a snap ring 37 made of a magnetic material, and a hollow
      cylindrical cover 38 made of a magnetic material. Core 32 has a threaded
      connection 39 with the portion of bore 26 between bore 24 and the exterior
      of valve body 10. An O-ring 40 seals threaded connection 39. Bobbin 35 and
      coil 36 fit around core 32. End cap 34 at one end of bobbin 35 is retained
      by an annular shoulder formed on core 32, and end cap 33 at the other end
      of bobbin 35 is retained by snap ring 37, which is secured in a groove at
      the end of core 32. Cover 38 is retained between end caps 33 and 34.
PAR  A plug 19, which is made of a magnetic material, rides back and forth in a
      direction perpendicular to axis 17 within a recess 46 in core 32. Plug 19
      has a sealing insert 47 made of a suitable sealing material such as an
      elastomer rubber at its end facing orifice insert 13. Plug 19 has a recess
      48 that retains a compression spring 49 at its end opposite orifice insert
      13. In the absence of the application of an actuating signal to coil 36,
      spring 49 urges plug 19 downward to press sealing insert 47 against
      orifice insert 13, thereby closing the digital valve element. When a
      binary actuating signal is applied to coil 36, an external magnetic flux
      path is established in core 32, plug 19, end cap 34, cover 38, and end cap
      33. The resulting magnetic force overcomes spring 49 and draws plug 19 up
      against core 32, thereby opening the digital valve element.
PAR  Isolating orifice insert 15 rests on a shoulder formed in bore 25, where it
      is retained by adjustment insert 14. Adjustment insert 14 has a threaded
      connection 55 with orifice insert 15 and a threaded connection 56 with
      bore 25. O-rings 57 and 58 seal insert 14. A cavity 59 is formed within
      insert 14 and perforations 60 connect bore 24 with cavity 59. Perforations
      60 are as large and numerous as possible to prevent restriction of flow
      therethrough. The side walls of insert 14 in which perforations 60 are
      formed and cavity 59 define a stationary cage through which fluid flows to
      conduit 22. An adjusting screw 61 having a conical end 62 resides in a
      bore 63, which extends between the exterior of insert 14 and cavity 59.
      Screw 61 has a threaded connection 64 with bore 63. An O-ring 66 seals
      threaded connection 64. A converging-diverging nozzle 65 is formed in
      insert 15 to interconnect the interior of cavity 59 with bore 25. Conical
      end 62 of screw 61 is centered within nozzle 65 and extends through its
      throat. As screw 61 is adjusted, end 62 moves along the axis of nozzle 65
      and its effective cross-sectional area varies.
PAR  At its upstream end, valve body 10 has an annular cavity 74 around upstream
      conduit 16 for housing the electrical components that drive actuating
      assemblies 12. The electrical components are mounted on an annular
      terminal board 75, which together with an annular backup board 76 is
      attached to valve body 10 by fasteners such as those designated 77. An
      annular cover 78 is secured to valve body 10 by fasteners such as that
      designated 79. Binary electrical actuating signals from a digital computer
      or other source are coupled through a connector 80 to the components on
      terminal board 75. The actuating signal for driving plug actuating
      assembly 12 of each valve element 11 is coupled from cavity 74 to coil 36
      by a conduit 81 that extends between cavity 74 and cover 38. Gaskets 82
      and 83 seal the interface of cover 78 and valve body 10. An O-ring 84
      seals the point of exit of each conduit 81 from cavity 74. As a result,
      cavity 74 is completely sealed and can be purged for the purpose of
      maintaining a non-explosive and/or cooling environment for terminal board
      75.
PAR  When a binary actuating signal is applied to coil 36 of one of valve
      elements 11, plug 19 is lifted off orifice insert 13 and the valve element
      is in its open state. Fluid then flows from upstream conduit 16 to
      downstream conduit 22 through a flow passage comprising bore 26, insert
      13, bore 24, perforations 60, cavity 59, nozzle 65, and bore 25.
PAR  Nozzle 65 is the flow determining orifice in the flow passage through an
      open valve element 11. The ratio of the cross-sectional areas of nozzles
      65 is in accordance with the weighting of the binary signals that actuate
      them. Thus, for example, the ratio of the cross-sectional areas of nozzles
      65 could vary in accordance with a straight geometric progression of two
      (i.e., 1, 2, 4, 8, 16, 32, 64, 128, 256), or could vary in accordance with
      a modified geometric progression of two (i.e., 1, 2, 4, 8, 16, 32, 32,
      32). Trim adjustment of the ratio of effective cross-sectional areas of
      nozzles 65 is accomplished by turning screw 61. The trim adjustment is
      maintained by a set screw 67. The other cross-sectional dimensions of the
      flow passages through digital valve elements 11 are all identical and
      substantially larger than the cross-sectional dimensions of nozzles 65.
PAR  For a given pressure in upstream conduit 16, the pressure in downstream
      conduit 22 varies as valve elements 11 are opened and closed; the minimum
      pressure difference occurs when all of valve elements 11 are open. The sum
      of all the flow determining orifices of valve elements 11 is designed to
      be small enough, vis-a-vis, the external "plumbing" to which the flow
      control system is connected and sufficient pressure is provided in
      upstream conduit 16 so that the fluid flowing through the open digital
      valve elements 11 travels at sonic velocity at the throat of each nozzle
      65 for all combinations of states of valve elements 11. As a result, the
      throats of nozzles 65 serve to isolate the upstream portions of the
      passages through the valve elements from the downstream portions thereof,
      which are subject to pressure variations as the pressure in downstream
      conduit 22 varies. In other words, pressure variations in downstream
      conduit 22 do not affect the flow rate through an open digital valve
      element 11, which is solely determined by the pressure and temperature in
      upstream conduit 16.
PAR  To summarize, nozzles 65 serve as both the isolating orifices and the flow
      determining orifices of digital valve elements 11. As taught in
      application Ser. No. 169,930, the flow rate through open digital valve
      elements 11 remains essentially unaffected by variations in the position
      of plug 19. The flow determining orifices are substantially smaller than
      the sealable orifices so the flow rate essentially is only dependent upon
      the cross-sectional area of the flow determining orifices.
PAR  As used in this specification, the term "flow determining orifices" means
      portions of the flow passages through the respective digital valve
      elements that have cross-sectional areas in a ratio equal to the weighting
      in the binary code or the binary signals actuating the digital valve
      elements.
PAR  The invention to which the application of Harry Friedland and Addison W.
      Langill, Jr., Ser. No. 432,153, filed on even date herewith, and assigned
      to the assignee of this application by an assignment recorded on even date
      herewith, is directed, is the use of converging-diverging nozzles as the
      flow determining orifices in a digital fluid flow control system. The
      disclosure of the Friedland and Langill application is incorporated herein
      by reference. The invention to which the present application is directed
      is the use of a trim adjustment screw in such nozzles.
PAR  In FIG. 3 is disclosed a valve element designed for the system of FIG. 4 of
      the Friedland and Langill application. The plug actuating assembly, which
      is not shown, could be a two-stage arrangement, a pneumatic power stage
      controlled by a magnetic pilot stage, as disclosed in U.S. Pat. No.
      3,746,041, the disclosure of which is incorporated herein by reference.
      The end of a stem 180, which is driven by the power stage of the actuating
      assembly, is attached to a movable plug 181. A stationary cage 182 over
      which plug 181 rides up and down has a threaded connection 183 with bore
      117. Cage 182 has a plurality of perforations 184 formed in its side to
      interconnect upstream manifold 109 with the interior of cage 182. A
      converging-diverging nozzle 185 formed in an insert 186 leads from the
      interior of cage 182 to downstream manifold 110. Insert 186 has a threaded
      connection 187 with cage 182. Nozzle 185, which is designed to handle a
      compressible fluid such as air, has a short curved converging section and
      a long straight diverging section. When the valve element is in the closed
      state, the end of plug 181 contacts an O-ring 188, which seals the
      interface between bore 117 and cage 182 and the bottom of plug 181. An
      O-ring 189 seals the top of plug 181. When the digital valve element is in
      the open state, the end of plug 181 lies above perforations 184 in cage
      182. An adjustable screw 190 has a threaded connection 191 sealed by an
      O-ring 192. The end of screw 190 has a centered conical surface that
      protrudes into nozzle 185. As screw 190 is turned, the axial movement of
      its conical surface changes the flow rate through nozzle 185, thereby
      providing a trim adjustment on the effective orifice area of the valve
      element.
PAR  Nozzles 65 and 185 are designed to operate in the manner described in
      connection with FIG. 3 of the Friedland and Langill application. If the
      control system in which the nozzles are employed handles liquid instead of
      a compressible fluid, then nozzles designed to operate as cavitating
      venturis would be substituted for the compressible fluid nozzles disclosed
      in FIGS. 1 and 3. Such liquid nozzles would be designed to operate in the
      manner described in connection with FIG. 5 of the Friedland and Langill
      application. In terms of the equipment disclosed in FIGs. 1 and 3, it
      would only be necessary to substitute for inserts 15 and 186 inserts in
      which liquid nozzles are formed; the remaining components of the cage and
      trim adjustment screw are employed both for liquid and compressible fluid.
PAR  In practice, each nozzle is formed in its cage with dimensions about 5%
      larger than the calculated values and then each cage with insert is
      individually placed on a flow stand where it is calibrated exactly to the
      desired effective orifice area by turning the trim adjustment screw. The
      values of the fluid flow rate determinative parameters are maintained
      constant for the calibration of all the valve elements. For example, if
      the nozzles operate as sonic velocity gas flow nozzles, the absolute
      upstream pressure and temperature are maintained constant for all the
      valve elements. The trim adjustment screw of each valve element is varied
      until the measured flow rate through it is the same value relative to the
      other valve elements as the weighted value of its binary actuating signal.
      When this occurs, the effective orifice area of the valve element is the
      desired value relative to the other valve elements. If the nozzles operate
      as subsonic gas flow nozzles, the absolute downstream pressure is also
      maintained constant for all the valve elements. If the nozzles are
      operated as liquid cavitating venturis, the upstream gauge pressure is
      maintained constant, and if the nozzles are operated as liquid
      non-cavitating venturis the difference between the upstream and downstream
      pressures is maintained constant. Reference is made to the equations in a
      copending application of Robert A. Gallatin and Addison W. Langill, Jr.,
      Ser. No. 432,158, now U.S. Pat. No. 3,875,955, filed on even date
      herewith, and assigned to the assignee of the present application by an
      assignment recorded on even date herewith, which application is
      incorporated herein by reference. In the case of liquid, trim adjustment
      of a valve element varies C.sub.V and Q in equations (1) and (2), all
      other variables being constant. In the case of gas, trim adjustment of a
      valve element varies A.sub.e and w' in equation (3), all other variables
      being constant. After the trim adjustment is completed, further movement
      of the screw 190 is prevented by use of a potting compound or the like.
      Finally, each calibrated cage with insert is screwed as a unit into its
      bore (i.e., 25 or 117). This procedure substantially facilitates
      manufacturing because close tolerances do not have to be held. This
      procedure also avoids having to place the entire system including the
      bulky valve body on the flow stand for calibration, and permits easy
      replacement or readjustment of the flow determining orifices of the
      system.
PAR  Although conical trim adjusting surfaces, as shown, are preferred from the
      point of view of nozzle efficiency, the ends of the trim adjustment screws
      could be truncated or blunt. In either case, the effective orifice area of
      the nozzle changes as the screw moves axially. It is not necessary for the
      end of the trim adjustment screw to protrude to the throat of the nozzle;
      the screw must only protrude toward the nozzle enough to disrupt the flow
      in the converging section of the nozzle.
PAR  The described embodiments of the invention are only considered to be
      preferred and illustrative of the inventive concept; the scope of the
      invention is not to be restricted to such embodiments. Various and
      numerous other arrangements may be devised by one skilled in the art
      without departing from the spirit and scope of this invention. For
      exammle, the trim adjustment could be used in a digital fluid flow control
      system where the nozzles do not operate as cavitating venturis or sonic
      flow nozzles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital fluid flow control system comprising:
PA1  an upstream manifold;
PA1  a downstream manifold; and
PA1  a plurality of individually actuatable, digital valve elements each having
      a fluid flow passage interconnecting the manifolds, a converging-diverging
      nozzle having an axis along the flow passage, a slug movable along the
      axis to disrupt the flow through the nozzle, a bistable plug, and means
      for positioning the plug exclusively in an open position or a closed
      position, the plug preventing fluid flow through the passage in the closed
      position and permitting fluid flow through the passage in the open
      position.
NUM  2.
PAR  2. The system of claim 1, in which the slug has a conical surface that
      extends into the nozzle from its upstream end.
NUM  3.
PAR  3. The system of claim 2, in which a stationary cage is formed in the flow
      passage of each digital valve element, the cage has a perforated side
      connecting the interior of the cage with the upstream manifold and an open
      end connecting the interior of the cage with the downstream manifold, the
      converging-diverging nozzle of each digital valve element is located at
      the open end of the corresponding cage, and the slug extends through the
      interior of such cage to its open end.
NUM  4.
PAR  4. The system of claim 3, in which the slug is a screw having a threaded
      connection with the cage and the converging-diverging nozzle is formed in
      an insert having a threaded connection with the cage.
NUM  5.
PAR  5. The system of claim 4, in which the manifolds and the flow passages are
      formed in a valve body having bores intersecting the respective flow
      passages and the cages have threaded connections with the respective bores
      in the valve body such that each cage with its screw and insert is
      individually removable as a unit from the valve body.
NUM  6.
PAR  6. The system of claim 5, in which the screw is mounted at the end of the
      cage opposite the open end and moves in the direction of the open end upon
      adjustment.
NUM  7.
PAR  7. The system of claim 6, in which the plug of each valve element rides up
      and down over the corresponding cage and covers the screw mounted therein,
      the plug uncovering the perforations in the open position and covering the
      perforations in the closed position.
NUM  8.
PAR  8. The system of claim 1, in which a stationary cage is formed in the flow
      passage of each digital valve element, the cage has a perforated side
      connecting the interior of the cage with the upstream manifold and an open
      end connecting the interior of the cage with the downstream manifold, the
      converging-diverging nozzle of each digital valve element is located at
      the open end of the corresponding cage, and the slug extends through the
      interior of such cage to its open end.
NUM  9.
PAR  9. The system of claim 1, in which each digital valve element includes a
      housing with one or more perforations forming part of the flow passage and
      the slug is a screw having a threaded connection with the housing.
NUM  10.
PAR  10. The system of claim 9, in which the converging-diverging nozzle is
      formed in an insert having a threaded connection with the housing in
      spaced relationship from the screw.
NUM  11.
PAR  11. The system of claim 10, in which the manifolds and the portions of the
      flow passages outside the housings are formed in a valve body having bores
      intersecting the respective flow passages and the housings have threaded
      connections with the respective bores in the valve body such that each
      housing with its screw and insert is individually removable as a unit from
      the valve body.
NUM  12.
PAR  12. The system of claim 11, in which the plug of each valve element rides
      up and down over the corresponding housing and covers the screw, the plug
      uncovering the perforations in the housing in the open position and
      covering the perforations in the housing in the closed position.
NUM  13.
PAR  13. A fluid flow control system having:
PA1  a source of fluid at a first pressure;
PA1  a fluid receiver at a second pressure lower than the first pressure; and
PA1  a plurality of individually actuatable, digital valve elements each having
      a fluid flow passage interconnecting the source to the receiver, a nozzle
      having a converging section in the flow passage, a diverging section in
      the flow passage, and a throat between the converging and diverging
      sections, a bistable plug, and means for positioning the plug exclusively
      in an open position or a closed position, the plug preventing fluid flow
      through the passage in the closed position and permitting fluid flow
      through the passage in the open position, the difference between the first
      and second pressures being sufficiently high that the pressure at the
      throat of the nozzle is independent of the second pressure;
PA1  the improvement comprising means for adjusting the effective orifice areas
      of the respective nozzles.
NUM  14.
PAR  14. The system of claim 13, in which the fluid is compressible and the
      difference between the first and second pressures is sufficiently high
      that the fluid flows through the throat of the nozzle at sonic velocity.
NUM  15.
PAR  15. The system of claim 13, in which the fluid is a liquid and the
      difference between the first and second pressures is sufficiently high
      that the fluid flowing through the nozzle is in its gas phase at the
      throat.
NUM  16.
PAR  16. The system of claim 13, in which the adjusting means comprises a slug
      movable in the direction of flow through the nozzle so as to disrupt the
      flow through the nozzle to an extent determined by the position of the
      slug.
NUM  17.
PAR  17. The system of claim 16, in which the slug extends into the converging
      section of the nozzle from the source.
NUM  18.
PAR  18. The system of claim 17, in which the slug has a conical surface
      centered within the nozzle.
NUM  19.
PAR  19. The system of claim 16, in which the fluid is a liquid and the
      difference between the first and second pressures is sufficiently high
      that the fluid flowing through the nozzle is in its gas phase at the
      throat.
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ABST
PAL  It is known to construct various types of cranes such as swing-boom cranes
      employing extendable boom sections and hammerhead cranes with rotating,
      counter-balanced, cantilevered booms so that conduits extend between and
      are connected to parts of such cranes which are movable. Such structures
      may be improved by using as the conduit a plurality of rigid conduit
      sections connected together by rotary joints permitting said conduit
      sections to be rotated about parallel axes. Certain of these joints are
      located where the conduit is connected to parts of the crane. A rotary
      joint is also located between each adjacent connection of the conduit to
      the crane. The sections are dimensioned so that during operation of the
      crane the rigid sections cannot be moved so as to be aligned with one
      another. As a consequence of this the various portions of the conduit will
      fold in a desirable manner as the crane is operated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention set forth in this specification relates to the combination of
      what may be referred to as an extendable crane and a conduit for use in
      conveying material such as concrete.
PAR  It is well known to use conduits for conveying various materials such as
      concrete in combination with various types of cranes in the construction
      industry. Such combined structures are commonly employed to convey
      concrete to various locations in buildings, bridges and the like which are
      under construction. These structures may, however, be utilized for a wide
      variety of other purposes. The cranes employed with such structures may be
      constructed in a wide variety of different manners. It is considered that
      there is a lack of complete uniformity as to the terminology to be used in
      describing these various types of cranes. Many such cranes are of an
      extendable variety so that they can be extended in delivering material to
      any desired distance and/or height. Most commonly the cranes utilized in
      delivering pulverant material such as concrete are of two different types.
PAR  Probably the most common of these types may be referred to as rotary cranes
      employing a sectionalized swing-boom. In some of such cranes the sections
      of the boom are pivoted to one another so that the booms may be extended
      to an operative position by rotating the boom sections relative to one
      another. For many applications it is considered desirable to construct
      such cranes utilizing individual sections which may be moved linearly
      relative to one another. Frequently such extendable cranes are constructed
      so that the boom sections are telescoped within one another. Cranes of
      this type are commonly mounted on trucks in the construction industry so
      that they may be readily transported in a collapsed type configuration
      from one job site to another.
PAR  So-called hammerhead cranes constructed so as to utilize a rotating,
      counter-balanced, cantilevered boom section supported by a turntable on a
      tower are also commonly utilized in delivering concrete and the like. Such
      cranes employ one or more trolleys along the cantilevered boom and move
      these trolleys back and forth relative to the turntable and/or tower in
      delivering material to various locations.
PAR  A number of different conduit structures have been employed with these
      various types of cranes in delivering cement and other materials. Flexible
      hoses or conduits have frequently been employed in combination with these
      types of cranes. Such conduits are considered disadvantageous for this
      type of use for a variety of reasons which are considered relatively
      unimportant to an understanding of the present invention. In passing it
      should, however, be noted that such flexible conduits do not always fold
      in a convenient manner and are apt to move during the transportation of a
      crane to which they are attached.
PAR  The recognition of the problems encountered with flexible concrete delivery
      conduits has resulted in the development of a variety of different
      structures. It has been proposed to utilize flexible and rigid conduits in
      connection with sectionalized boom cranes in which the individual crane
      sections are rotated or pivoted with respect to one another in structures
      in which rotary joints in the conduit are located so as to be aligned with
      the axes of rotation between the boom sections. Structures of this type
      are considered to be somewhat undesirable from a commercial standpoint
      because of the inherent limitations as to the manner in which this type of
      crane structure can be operated.
PAC  SUMMARY OF THE INVENTION
PAR  It is believed that it will be apparent from the preceding discussion that
      there is need for new and improved extendable cranes used in combination
      with conduits. A broad objective of the present invention is to fulfill
      this need. The invention is intended to provide new and improved
      extendable cranes with folding conduits which are more desirable than
      prior related structures for a variety of reasons. Various objectives of
      the invention are to provide combined structures as indicated which can be
      manufactured with considerable little difficulty at a reasonable cost,
      which can be easily and conveniently utilized, which are capable of giving
      prolonged and reliable service with a minimum of maintenance and which may
      be easily transported as required during their utilization.
PAR  In accordance with this invention these and various other objectives of the
      invention as will appear from a detailed consideration of the remainder of
      this specification are achieved in the combination of a crane including at
      least one part which is movable relative to another part so that the
      spacing between the parts can be varied and a conduit extending between
      and being connected to the parts by the improvement which comprises: the
      conduit consisting of a plurality of rigid sections connected together by
      rotary joints, one of the rotary joints being positioned at each location
      where the conduit is connected one of the parts, one of the joints being
      positioned between the adjacent rotary joints which are located where the
      conduit is connected to the parts, the rotary joints all having parallel
      axes of rotation and the rigid sections being dimensioned so that they
      cannot be rotated to an aligned position during the operation of the
      crane.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Inherently a summary such as the preceding is incapable of indicating many
      important facets and features of an invention such as is set forth in this
      specification. Further information relative to this invention is best
      indicated with reference to the accompanying drawings in which:
PAR  FIG. 1 is a side elevational view of a presently preferred embodiment or
      form of the invention employing a rotary crane having a sectionalized,
      extendable, telescopic swing-boom which is shown in this figure in an
      extended position;
PAR  FIG. 2 is a fragmentary plan view of part of the structure shown in FIG. 1
      as indicated by the line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary enlargement of a mounting and actuator for the
      crane shown in FIG. 1 which is removable from the remainder of the crane
      as it is transported;
PAR  FIG. 4 is a cross-sectional view taken at line 4--4 of FIG. 3;
PAR  FIG. 5 is a partial cross-sectional view taken at line 5--5 of FIG. 1;
PAR  FIG. 6 is a view similar to FIG. 1 showing the positions of various parts
      in a collapsed and folded position; and
PAR  FIG. 7 is a side elevational view showing the manner in which the invention
      may be utilized with a hammerhead crane of a type as hereinafter described
      in detail.
DETD
PAR  The various structures shown in the drawings utilize the essentially
      intangible concepts or principles of the invention as are defined in the
      appended claims. These concepts or principles can be easily incorporated
      within various differently constructed devices and/or utilized with
      routine engineering skill on the basis of the disclosure embodied within
      this specification.
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 of the drawings there is shown a combined crane and conduit
      structure 10 in accordance with this invention. This structure includes a
      telescopic crane 12 of known design which is mounted upon a truck 14 so
      that it may be conveniently transported from one location to another. The
      crane 12 is mounted upon this truck 14 through the use of a conventional
      pivot structure 16 connecting a lower-most section 18 of the crane 12 to
      the truck 14. A conventional hydraulic actuator 20 also connects this
      section 18 to the truck 14 so that the section 18 may be pivoted up and
      down in a known manner. If desired the portion (not separately numbered)
      of the truck 14 holding the pivot 16 may be pivotally mounted so as to be
      capable of being rotated about a vertically extending axis.
PAR  The crane 12 also includes a plurality of other telescopic sections 22, 24
      and 26 which are adapted to be slid within one another along a linear path
      in a known manner. The last of these sections 26 in the structure shown
      carries a downwardly extending support structure 28. This support
      structure 28 is provided with conventional bearings 30 which rotatably
      support a boom 32 so that this boom 32 may be rotated to a position in
      which it extends parallel to the sections 22, 24 and 26. A "gantry" type
      of superstructure 34 is mounted on the boom 32 adjacent to the structure
      28.
PAR  The position of the boom 32 is adapted to be controlled in a conventional
      manner through a cable 38 used in connection with a known control
      mechanism. This cable 38 passes over one of the pulleys 36 and is
      connected to the superstructure 34 so as to gain a leverage advantage
      facilitating rotation of the boom 32 to an operative position as shown in
      FIG. 1. In this operative position the superstructure 34 abuts against the
      support structure 28. If desired another cable 44 may be used in
      connection with one of the pulleys 36 for lifting or similar purposes.
PAR  In accordance with this invention bolts 46 are used in connection with top
      and bottom plates 48 on the sections 18 and 24 for the purpose of
      supporting cylindrical housings 50. Each of these housings 50 holds a
      rigid pipe section 52. The ends of these pipe sections 52 are connected by
      conventional rotary pipe joints 54 to rigid conduit sections 56, 58, 60
      and 62 as indicated in the drawings. A pipe section 64 corresponding to
      the section 52 is located on the support structure 28 along the axis of
      rotation of the boom 32. It is also connected by conventional rotary pipe
      joints 54 to the section 62 and to another elongated conduit 66 which
      extends along the length of the boom 32.
PAR  This conduit 66 preferably terminates in a flexible, downwardly directed
      discharge end 68 extending around a known curved support structure 70
      carried by the end of the boom 32. Other short pipe sections 72
      corresponding to the sections 52 are located between the adjacent ends of
      the sections 58 and 60 and are secured to these ends by other conventional
      rotary pipe joints 54. A conventional conduit 74 may be used to convey
      cement or the like into the conduit 56 in a known manner. The assembly of
      these sections, 56, 58, 60 and 62 and the various sections 62 and 72 in
      effect serve as a complete conduit used to convey material through the
      section 64 to the conduit 66.
PAR  This described structure is particularly desirable because of the manner in
      which it folds as the crane 12 is contracted in length by telescoping the
      sections 18, 22, 24 and 26 together. As this occurs the sections 58 and 60
      will automatically fold with respect to one another to a position as shown
      in FIG. 6 of the drawings along an arc as indicated in dotted lines in
      FIGS. 1 and 6. In this folded position the sections 58 and 60 are, in a
      manner of speaking, "tucked under" or folded beneath the crane 12 in a
      convenient position.
PAR  In this position as indicated in FIG. 6 the entire structure can be readily
      moved from one location to another. During such movement the sections 56,
      58, 60 and 62 will remain relatively stable because of their rigidity and
      the rigidity of the parts associated with them. For such movement it is
      preferred to either dismount the boom 32 or to allow this boom 32 to swing
      downwardly by gravity about the support structure 28 to a vertically
      extending position as indicated by the dotted parallel lines in FIG. 6.
      This is, of course, accomplished by releasing the tension on the cable 38.
PAR  In order to obtain the manner of operation described it is necessary that
      the rigid sections 58 and 60 be dimensioned so that their combined lengths
      are greater than the distance between the sections 52 when the crane 12 is
      fully extended. When these sections 58 and 60 are so dimensioned obviously
      they cannot be rotated so as to be aligned with one another as the crane
      12 is extended. If the lengths of the sections 58 and 60 were equal to
      this distance between the sections 52 when the crane 12 is extended there
      is danger that gravity will not tend to swing the sections 58 and 60 in
      the desired manner as the crane 12 is retracted. Further, if the lengths
      of the sections 58 and 60 were less than the distance between the sections
      52 these sections 58 and 60 would limit the amount to which the crane 12
      is capable of being extended.
PAR  Another geometric relationship is considered important in obtaining the
      type of folding or tucking action indicated in the preceding discussion.
      To achieve this action the section 58 should be shorter than the section
      60 and these sections 58 and 60 should be offset with respect to one
      another. When these sections are so dimensioned the adjacent ends of the
      sections 58 and 60 will swing generally underneath the section 18 of the
      crane 12. If the sections 58 and 60 were of the same length or if the
      section 58 was longer than the section 60 the adjacent ends of the
      sections 58 and 60 would tend to project to an undesired extent when the
      structure 10 is in a collapsed state ready to be moved. In some
      applications this would not be objectionable. However, in general, it is
      considered undesirable.
PAR  In FIG. 7 of the drawing there is shown a modified crane and conduit
      structure 100 in accordance with this invention. This structure 100
      utilizes what may be referred to as a hammerhead crane 102 employing a
      tower 104 having a turntable 106 which supports a base 108 attached to an
      elongated boom 110 which is cantilevered out so as to extend from one side
      of the base 108. A counter-balance 112 is secured to the boom 110 adjacent
      to the base 108. A conventional more or less A-frame of guy-wire
      stabilizer structure 114 is shown in use with the boom 110. This boom 110
      supports a series of trolleys 116 in such a manner that these trolleys 116
      may be moved along the length of the boom 110 in accordance with
      conventional practice.
PAR  A rigid conduit 118 extends upwardly through the tower 104 and the
      turntable 106 into the interior of the base 108. There the conduit 118 is
      connected by a conventional rotary coupling 120 to an elbow 122 which in
      turn is connected by another rotary coupling 120 to another elbow 124. If
      desired the two elbows 122 and 124 can be directly secured to one another.
      A small bracket 126 on the undersurface of the boom 110 supports a small
      conduit section 128 corresponding to the sections 52 previously described.
      Similar sections 128 are located on each of the trolleys 116. The elbow
      124 and various offset rigid pipe or conduit sections 130 are secured to
      the sections 128 by rotary couplings 120 in the same manner as in the
      structure 10. The adjacent ends of the pipe sections 130 are further
      curved towards one another and are joined together by other rotary
      couplings 120. The section 128 held by the trolley 116 furtherest removed
      from the tower 104 is secured by a rotary (or rigid) coupling 120 to a
      downwardly directed discharge conduit 132.
PAR  It is believed that the use of the structure 100 will be obvious from the
      preceding discussion of the structure 10. As the trolleys 116 are moved in
      accordance with conventional practice the various interconnected sections
      128 will either unfold to a configuration as indicated in FIG. 7 or will
      tend to fold together in a compact unit adjacent to the tower 104 in which
      all of these sections extend downwardly in nearly a vertical direction.
      These sections 130 and the various connections between them constitute a
      rigid conduit which is relatively immune from any problems which may be
      encountered regarding conduit movement as the discharge conduit 132 is
      moved towards or away from the tower 104 during the operation of the
      structure 100.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the combination of a crane including at least one part which is
      linearly movable relative to another part so that the spacing between the
      parts can be varied and a conduit extending between and being connected to
      said parts the improvement which comprises:
PA1  said conduit consisting of a plurality of rigid sections connected to one
      another by rotary joints permitting said sections to be rotated with
      respect to one another,
PA1  one of said rotary joints being positioned at each location where said
      conduit is connected to one of said parts,
PA1  one of said joints being positioned between each of the rotary joints which
      is located where said conduit is connected to said parts,
PA1  said rotary joints all having parallel axes of rotation permitting said
      rigid sections to be rotated about said parallel axes,
PA1  said rigid sections being dimensioned so that during the operation of said
      crane said sections between said rotary joints located where said conduit
      is connected to said crane cannot be rotated to an aligned position.
NUM  2.
PAR  2. The combination claimed in claim 1 wherein:
PA1  said rigid sections are offset with respect to one another so as to
      facilitate folding of said rigid sections when the spacing between said
      parts is decreased.
NUM  3.
PAR  3. A combination defined in claim 1 wherein:
PA1  said crane is a telescopic crane having sections which are adapted to be
      telescoped with respect to one another, at least one of said parts being
      one of said sections.
NUM  4.
PAR  4. The combination claimed in claim 3 wherein:
PA1  said crane projects upwardly at an angle to the horizontal,
PA1  the sections between two of said rotary joints positioned at adjacent
      locations where said conduit is connected to said parts are dimensioned so
      that the uppermost of said sections is longer than the lower-most of said
      sections so as to cause said sections to fold generally under said crane
      when the spacing between said parts is decreased.
NUM  5.
PAR  5. The combination claimed in claim 1 wherein:
PA1  said rigid sections are offset with respect to one another so as to
      facilitate folding of said rigid sections when the spacing between said
      parts is decreased,
PA1  said crane is a telescopic crane having sections which are adapted to be
      telescoped with respect to one another, at least one of said parts being
      one of said sections,
PA1  said crane projects upwardly at an angle to the horizontal,
PA1  the sections between two of said rotary joints positioned at adjacent
      locations where said conduit is connected to said parts are dimensioned so
      that the uppermost of said sections is longer than the lower-most of said
      sections so as to cause said sections to fold generally under said crane
      when the spacing between said parts is decreased.
NUM  6.
PAR  6. The combination claimed in claim 1 wherein:
PA1  said crane includes a horizontally extending boom having at least one
      horizontally movable trolley located thereon, said one of said parts being
      said trolley.
NUM  7.
PAR  7. The combination claimed in claim 1 wherein:
PA1  said crane includes a horizontally extending boom having a plurality of
      horizontally movable trolleys located thereon, and
PA1  said conduit is attached to and supported by all of said trolleys.
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ABST
PAL  A combined electrical switch and fluid control device is disclosed, for
      simultaneously performing electrical and fluid power control functions.
      For example, the device may be employed on an automotive vehicle for
      controlling the operation of electrical components and vacuum operated
      devices. The control device is particularly well adapted for controlling
      the operation of a heating and air-conditioning system for an automobile
      or some other automotive vehicle. The control device may comprise a
      casing, a control member movable in the casing along a predetermined path,
      electrical switching means in the casing and operable by the movement of
      the control member along such path, fluid control means in the casing and
      including a valve member movable in the casing in a direction transverse
      to the path of the control member, and camming means operable between the
      control member and the valve member for moving the valve member
      transversely to such path in response to movement of the control member
      along the path. The valve member may have passages therein for selectively
      interconnecting a plurality of valve ports, formed in the casing. The
      electrical switching means may include fixed contact means, and movable
      contact means operable by the control member and selectively engageable
      with such fixed contact means. The camming means may comprise a cam track
      on the control member, and a cam follower on the valve member and
      engageable with the cam track. With this camming arrangement, a highly
      complex coordination can be achieved between the operation of the
      electrical switching means and the operation of the fluid control valve
      means. Two or more valve members can be independently controlled, if
      desired.
BSUM
PAR  This invention relates to control devices for controlling both fluid power
      and electrical power.
PAR  The control device of the present invention will find many applications,
      but is particularly well adapted for controlling vacuum operated devices
      and electrically operated devices on an automobile or some other
      automotive vehicle. For example, the control device of the present
      invention may be employed to control the operation of a heating and
      air-conditioning system on an automotive vehicle. For this particular
      service, the control device may be employed to control one or more
      electrically operated motors and clutches, as well as one or more vacuum
      operated diaphragms, which may be employed to operate valves, dampers,
      shutters and the like.
PAR  One object of the present invention is to provide a highly versatile and
      effective control device which is capable of carrying out a complex series
      of control functions, involving both electrical components and fluid power
      operated components.
PAR  Another object of the present invention is to provide a new and improved
      electrical switch and fluid control device having a movable control member
      which is adapted to operate both electrical contact means and a valve
      member, in accordance with virtually any desired relationship between the
      movement of the control member and the movement of the valve member. In
      accordance with the present invention, the control device preferably
      comprises a casing, a control member movable in such casing along a
      predetermined path, electrical switching means in such casing and operable
      by the movement of the control member along such path, fluid control means
      in such casing and including a valve member movable in such casing in a
      direction transverse to the path of the control member, and camming means
      operable between such control member and such valve member for moving the
      valve member transversely to such path in response to movement of the
      control member along such path.
PAR  The camming means may comprise a cam element and a follower element. One
      element may be disposed on the control member, while the other element is
      disposed on the valve member. It is advantageous to provide the camming
      means in the form of a cam track on the control member and a cam follower
      on the valve member and engageable with the cam track. The shape of the
      cam track may be such as to produce virtually any desired control
      relationship between the movement of the control member and the transverse
      movement of the valve member. Thus, a highly complex series of control
      operations can readily be carried out.
PAR  The switching means may comprise fixed contact means in the casing and
      movable contact means operable by the movement of the control member. The
      operation of the movable contact means may readily be coordinated with the
      operation of the valve member.
DRWD
PAR  Further objects, advantages and features of the present invention will
      appear from the following description, taken with the accompanying
      drawings, in which:
PAR  FIG. 1 is a top plan view of a combined electrical switch and fluid control
      device to be described as an illustrative embodiment of the present
      invention.
PAR  FIG. 2 is an end view of the device, taken generally as indicated by the
      line 2--2 in FIG. 1.
PAR  FIG. 3 is a front view of the control device, taken generally as indicated
      by the line 3--3 in FIG. 1.
PAR  FIG. 4 is an end view from the opposite end, taken generally as indicated
      by the line 4--4 is FIG. 1.
PAR  FIG. 5 is a rear view of the control device shown in FIG. 1.
PAR  FIG. 6 is a front view of the control device with the front cover removed,
      the view being taken generally along the line 6--6 in FIG. 1.
PAR  FIG. 7 is an inside or rear view of the front cover for the control device.
PAR  FIG. 8 is a front view of the control device with both the front cover and
      the terminal board removed.
PAR  FIG. 9 is an inside or rear view of the terminal board for the control
      device.
PAR  FIG. 10 is a front view, similar to FIG. 8, but with the control members or
      carriages removed.
PAR  FIG. 11 is a rear view of the control members or carriages, showing the cam
      tracks thereon.
PAR  FIG. 12 is a front view, similar to FIG. 10, but with the valve cover plate
      removed.
PAR  FIG. 13 is a rear view of the valve members for the control device.
PAR  FIGS. 14 and 15 are enlarged longitudinal sections, taken through the
      control device, generally along the lines 14--14 and 15--15 in FIG. 3.
PAR  FIG. 16 is a transverse section, taken generally along the line 16--16 in
      FIG. 15.
PAR  FIGS. 17 and 18 are perspective views showing the contactors and the
      contactor springs for the control device.
PAR  FIG. 19 is a fragmentary transverse section, taken generally along the line
      19--19 in FIG. 15.
PAR  FIG. 20 is an enlarged partial section of one of the valve members, shown
      in a disassembled condition.
PAR  FIG. 21 is a view similar to FIG. 20, but showing the valve member in an
      assembled condition.
PAR  FIG. 22 is an enlarged rear view of the valve slider for the valve member,
      taken generally as indicated by the line 22--22 in FIG. 20.
PAR  FIG. 23 is a front view of the valve member, taken generally as indicated
      by the line 23--23 in FIG. 20.
PAR  FIG. 24 is a rear view of the valve member with the valve slider and its
      biasing spring removed, the view being taken generally as indicated by the
      line 24--24 in FIG. 20.
DETD
PAR  As just indicated, the drawings illustrate a combined electrical switch and
      fluid control device 20, adapted to control both electrical components,
      such as motors and clutches, and fluid operated devices, such as
      diaphragms for operating valves, dampers and shutters. The illustrated
      control device 20 is particularly well adapted for use on an automobile or
      some other automotive vehicle, to control the heating and air-conditioning
      system for the vehicle. In such a system, the control device 20 may be
      employed to control a fan motor, an electrically operated clutch to drive
      the air-conditioning compressor, a vacuum operated temperature valve or
      other device, and one or more vacuum operated function control devices.
PAR  As illustrated in FIGS. 1-5, the control device 20 has a casing 22, which
      in this case comprises a body 24 and a front cover 26. The control device
      20 is adapted to be connected to both the vacuum powered control system
      and the electrical system of the vehicle. Thus, the body 24 of the casing
      22 is provided with a cluster of nipples 28 for connecting the control
      device 20 to the vacuum powered control system. As shown in FIG. 5, there
      are thirteen such nipples 28 in this case. Adjacent the cluster of nipples
      28, the body 24 of the casing 22 is provided with a pair of locating pins
      30. The nipples 28 and the locating pins 30 are adapted to receive a
      suitable connector, not shown, to establish disengageable connections
      between the nipples 28 and a plurality of tubes or hoses, leading to
      various components of the vacuum powered control system.
PAR  The illustrated control device 20 is also provided with a plurality of
      electrical terminals for connecting the control device to the electrical
      control system. As shown to best advantage in FIGS. 1 and 5, three
      electrical terminal prongs 31, 32 and 33 project rearwardly from the
      casing 22. The control device 20 has an additional terminal in the form of
      a lead or wire 34, extending out of the casing 22.
PAR  The front cover 26 of the illustrated control device 20 is provided with
      integral brackets 36 and 38, having pivot openings 40 and 42 therein for
      receiving suitable control levers, or the like, adapted to be operated
      manually or otherwise, to adjust the control device 20. Slots 44 and 46
      are formed in the front cover 26 to admit the ends of the control levers.
      The front cover 26 is suitably secured to the body 24.
PAR  The internal construction of the control device 20 is shown in FIGS. 6-23.
      The control device employs one or more movable control members or
      carriages, adapted to control the electrical switching functions and also
      the vacuum control functions of the control device 20. In this case, the
      control device 20 utilizes two control members or carriages 50 and 52,
      shown to best advantage in FIGS. 8, 11, 14, 15, 16 and 19. Each of the
      control members 50 and 52 is movable along a predetermined path in the
      casing 22. In this case, each of the control members 50 and 52 is slidable
      along a linear path.
PAR  The control members 50 and 52 are guided for linear movement between
      longitudinal side walls 54 and 56 of the casing 22. The illustrated
      control members 50 and 52 are generally rectangular and are confined side
      by side between the longitudinal walls 54 and 56, as will be evident from
      FIG. 8. The control members 50 and 52 are also guided by a longitudinal
      rear wall 58 on the casing 22, as will be seen from FIGS. 14 and 15.
PAR  As previously indicated, the control members 50 and 52 are adapted to be
      operated by control levers or other operating members, extending into the
      casing 22 through slots 44 and 46 in the front cover 26. Fragments of the
      levers are shown in phantom at 60 and 62 in FIGS. 16 and 19. It will be
      seen that slots or recesses 64 and 66 are formed in the front sides of the
      control members 50 and 52 for receiving the operating levers 60 and 62.
PAR  Each of the control members 50 and 52 is adapted to operate both electrical
      switching means and fluid control means. Various details of the electrical
      switching means are shown in FIGS. 6, 8, 9, 14, 15, 16, 17 and 18. Each of
      the control members 50 and 52 is adapted to operate movable contact means,
      engageable on a selective basis with fixed contact means. While the
      illustrated switching means are highly advantageous, various other
      switching means may be employed.
PAR  As shown in FIG. 8, the illustrated control members 50 and 52 are adapted
      to carry movable contactors 70, 72 and 73. As shown, the contactor 70 is
      in the form of a bar or strip made of copper or some other conductive
      material. The ends of the contactor 70 are formed with tabs or prongs 74,
      projecting rearwardly into guide slots 76, formed in the control member
      50.
PAR  As shown in FIGS. 8 and 17, the contactor 72 is preferably in the form of a
      generally triangular plate made of copper or some other conductive
      material. Tabs or prongs 78 are bent rearwardly from the contactor 72 and
      are adapted to extend into guide slots 80, formed in the control member
      52.
PAR  As shown, the contactor 72 is formed with three forwardly projecting
      contact points 82, 84 and 86, which may be spherically rounded in shape.
      Thus, the contactor 72 has three points of selective engagement with the
      corresponding fixed contact means, while the contactor 70 is adapted to
      have two points of selective engagement with the corresponding fixed
      contact means.
PAR  In the illustrated control device 20, the fixed contact means are
      preferably mounted within the casing 22 on a terminal board 88, shown in
      FIGS. 6, 9, 14, 15, 16 and 19. The terminal board 88 is made of an
      electrically insulating material, such as a suitable resinous plastic
      material.
PAR  As shown in FIG. 9, the contactor 70 is selectively engageable with fixed
      contact means, in the form of contact points 90 and 92, mounted on the
      terminal board 88 and projecting rearwardly therefrom. The contact points
      90 and 92 may be spherically rounded in shape. It will be seen that the
      terminal lead or wire 34 is connected to the contact point 90.
PAR  The contactor 72 is engageable with a multiplicity of fixed contact
      elements. Thus, the illustrated contact point 82 on the contactor 72 is
      engageable with a contact strip or rail 94, shown in FIG. 9. The contact
      strip 94 is mounted on the terminal board 88 and is connected to the
      terminal prong 33.
PAR  In the illustrated switch construction, the contact point 82 on the
      contactor 72 is movable out of engagement with the contact strip 94 at one
      point along the path of the control member 52. In this case, such point of
      disengagement occurs at one end of the range of movement of the control
      member 52. To provide for such disengagement, an opening or break 96 is
      formed in the conductive strip 94 near its right-hand end, as shown in
      FIG. 9. When the control member 52 is moved to the left from its position
      shown in FIG. 8, the contact point 82 eventually moves opposite the
      opening 96 at the left-hand end of the range of movement of the control
      member 52. It is prefered to provide a dummy contact or boss 98 within the
      opening 96, for engagement by the contact point 82, to hold it out of
      engagement with the conductive strip 94. In this case, the boss 98 takes
      the form of a rivet mounted on the insulating terminal board 88 and left
      without any connection to the electrical circuit. The boss 98 may be made
      of either insulating or conductive material.
PAR  A ramp or chamfer 100 is preferably formed on the cinductive strip 94 at
      one end of the opening 96, to facilitate the smooth sliding movement of
      the contact point 82 between the boss 98 and the conductive strip 94.
PAR  The contact point 84 on the contactor 72 is engageable with another contact
      strip or rail 102, mounted on the insulating terminal board 88 and made of
      copper or some other conductive material. As shown, the contact strip 102
      is connected to the terminal prong 31.
PAR  The contact point 86 on the contactor 72 is selectively engageable with a
      row of contact points 104, 106, and 108, mounted on the terminal board 88.
      In this case, the terminal prong 32 is connected to the contact points
      104, 106 and 108 by means of a conductive strip 109, as shown in FIG. 15.
      The conductive strip 109 is on the opposite side of the terminal board 88
      from the contactor 72 and thus is not engageable by the contact point 86.
PAR  The contact point 86 is also engageable with a series of dummy contact
      members which facilitate the movement of the contact point 86 but do not
      establish any electrical circuit. These dummy contact members are
      designated 110, 112, 114 and 116 in FIG. 9. It will be seen that the dummy
      contact members 110 and 112 are in the form of tabs on the conductive
      strip 102. The tabs 110 and 112 are on opposite sides of the contact point
      104. Ramps 118 and 120 are preferably formed on the edges of the tabs 110
      and 112, adjacent the contact point 104, to facilitate the sliding
      movement of the contact point 86.
PAR  The dummy contact members 114 and 116 are illustrated as insulating
      semiperforations, formed upwardly from the insulating board 88. The dummy
      contact members 110 and 112 may also be made of insulating material, if
      desired. Although the illustrated dummy contact members 110 and 112 are in
      the form of connductive tabs on the conductive strip 104, no electrical
      circuit is closed when the contact point 86 engages the tabs 110 and 112,
      because the contact point 84 on the contactor 72 engages the contact strip
      102 at all times.
PAR  As shown, the semiperforation 114 is disposed between the contact point 106
      and the tab 112, while the semiperforation 116 is disposed between the
      contact points 106 and 108. A ramp 122 is preferably formed on the edge of
      the tab 112 adjacent the semiperforation 114 to facilitate the smooth
      sliding movement of the contact point 86.
PAR  The second contactor 73 on the control member 52 is similar to the
      contactor 70, and thus is in the form of a flat bar or strip, having tabs
      or prongs 124 bent rearwardly therefrom, and slidably guided in slots or
      openings 126 (FIG. 15), formed in the control member 52, which is
      preferably made of an insulating material, such as a suitable resinous
      plastic material.
PAR  The contactor 73 is movable longitudinally along a path which is generally
      aligned with the path of the contact point 86 on the contactor 72. In this
      case, an additional contact point 128 is provided for engagement by the
      contactor 73, which is also engageable with the contact points 108 and
      106. In this case, the contact point 128 is connected to the contact point
      92, by means of a conductive bar or strip 130, shown in FIGS. 6, 14 and
      15.
PAR  The contactors 70, 72 and 73 are preferably provided with resilient means
      for biasing the contactors against the various fixed contact means on the
      terminal board 88. In this case, a biasing spring 140 is provided between
      the control member 50 and the contactor 70, as shown in FIG. 14. A biasing
      spring 142 is provided between the control member 52 and the contactor 72,
      as shown in FIGS. 15 and 17. Similarly, a biasing spring 143 is provided
      between the control members 52 and the contactor 73.
PAR  As shown in FIGS. 6 and 16, the control members 50 and 52 are formed with
      forwardly projecting bosses or lugs 160 and 162, adapted to be received in
      slots 164 and 166, formed in the insulating terminal board 88. The lugs
      160 and 162 are slidable along the slots 164 and 166. It will be seen that
      the openings or slots 64 and 66 for the control levers 60 and 62 are
      formed in the lugs 160 and 162.
PAR  In addition to operating the switching means, the movable control members
      50 and 52 are adapted to operate fluid control means, adapted to establish
      connections on a selective basis between various fluid carrying lines,
      connected to the nipples 28. In this particular case, the control device
      20 is especially well adapted for controlling the operation of vacuum
      powered diaphragms or other devices, used in connection with the heating
      and air-conditioning system for an automotive vehicle.
PAR  The illustrated control device 20 utilizes one or more valve members which
      are movable transversely to the paths of the control members 50 and 52.
      The valve members are adapted to be operated by camming means, interposed
      between each valve member and the corresponding control member.
PAR  This construction provides an extremely versatile and flexible control
      system. By changing the configuration of the camming means, it is possible
      to achieve virtually any desired relationship between the transverse
      movement of the valve members and the longitudinal movement of the control
      members.
PAR  In this case, the control member 50 operates one valve member 170, while
      the control member 52 operates two additional valve members 172 and 174.
      As shown in FIG. 12, the valve member 170 is slidable in a tranverse slot
      or recess 180, formed in the casing 22. Similarly, the valve member 172 is
      slidable in another transverse slot or recess 182, formed in the casing
      22, while the valve member 174 is slidable in a transverse slot or recess
      184. In this case, the guide slot 180 opens into the guide slot 184 but is
      narrower than the slot 184. The number of valve members and their
      arrangement in the casing are subject to variation, depending upon the
      desired control functions to be performed by the control device 20.
PAR  The camming means for the valve member 170 may take the form of a cam track
      190 in the control member 50, as shown in FIG. 11. A cam follower is
      provided on the valve member 170, in the form of a forwardly projecting
      pin or lug 191. As shown in FIG. 11, the cam track 190 takes the form of a
      cam slot formed in the rear side of the control member 50. The cam track
      190 extends in a generally longitudinal direction, but deviates laterally
      or has a transverse throw in accordance with the transverse movement to be
      imparted to the valve member 170 when the control member 50 is moved along
      its longitudinal path.
PAR  Similarly, the camming means for the valve member 172 may take the form of
      a cam track 192 on the control member 52, such track 192 having a
      transverse throw for moving the valve member 172. The cam track 192 is
      preferably in the form of a groove in the rear side of the control member
      52. The valve member 172 includes a cam follower, preferably in the form
      of a pin or lug 193, adapted to be received in the cam track 192.
PAR  The camming means for the valve member 174 preferably takes the form of a
      cam groove or other track 194, formed in the rear side of the control
      member 52, and adapted to receive a cam follower 195, such as the
      illustrated pin or lug projecting forwardly from the valve member 174. The
      cam track 194 has a transverse throw for imparting transverse movement to
      the follower 195. It will be understood that the shape of the cam tracks
      192 and 194 is subject to variation, depending upon the particular control
      functions which are to be carried out by the valve means.
PAR  It will be seen from FIGS. 14, 15 and 16 that the guide slots 180, 182 and
      184 for the valve members 170, 172 and 174 are formed in a rearwardly
      projecting portion 196 on the body 24 of the casing 22. The nipples 28 are
      formed on the rearwardly projecting portion 196.
PAR  As shown in FIG. 10, the valve members 170, 172 and 174 are retained in the
      guide slots 180, 182 and 184 by a valve cover plate 198, mounted in a
      recess 200. The body 24 of the casing 22 has a rear guide wall 58 in which
      the recess 200 is formed, so that the cover plate 198 will be flush with
      the wall 58. Thus, the control members 50 and 52 are freely slidable along
      the wall 58 and the cover plate 198.
PAR  It will be seen from FIG. 10 that the cam follower elements 191, 193 and
      195 project forwardly through transverse slots 201, 203 and 205 in the
      valve cover plate 198.
PAR  As shown in FIGS. 14-16, the rearwardly projecting portion 196 of the
      casing 22 has a rear wall 210 along which the valve members 170, 172 and
      174 are slidable. The hollow nipples 28 connect with a multiplicity of
      valve ports 212 extending through the rear wall 210. The exact number and
      arrangement of the valve ports 212 depends upon the control functions to
      be performed by the valve members 170, 172 and 174. As shown in FIG. 12,
      three of the valve ports 212 are opposite the valve member 170. Four of
      the valve ports 212 are opposite the valve member 172. Six of the valve
      ports 212 are opposite the valve member 174.
PAR  The valve members 170, 172 and 174 provide passage means for selectively
      interconnecting the valve ports 212 so as to control the operation of the
      vacuum operated components connected thereto. The detailed construction of
      the valve members is subject to variation, depending upon the control
      functions which are desired.
PAR  By way of example, FIGS. 20-24 illustrate details of the valve member 172,
      which in this case comprises a valve slider 216 mounted on a carriage 218.
      The valve slider 216 may comprise a sealing member 220 mounted on a
      backing plate or member 222. The sealing member or element 220 is
      preferably made of silicone rubber or some other suitable soft resilient
      material. The backing plate 222 is preferably made of metal or some other
      relatively rigid material. The sealing member 220 is bonded or cemented to
      the backing plate 222.
PAR  One or more passages are formed in the sealing member 220 to afford
      selective communication between the valve ports 212. As shown in FIG. 22,
      this particular sealing member 220 is formed with two separate channels or
      grooves 224, bounded by ridges 226 projecting rearwardly on the sealing
      member 220. It will be seen from FIGS. 15 and 16 that the ridges 226 are
      slidable along the rear wall 210, in which the valve ports 212 are formed.
PAR  The exact configuration of the valve passages 224 and the ridges 226 is
      subject to variation, depending upon the desired functions which are to be
      carried out by the valve members 170, 172 and 174. FIG. 13 shows the
      configuration of the passages 224 and the ridges 226 which are formed on
      all three valve members 170, 172 and 174. The corresponding layout of the
      valve ports 212 is shown in FIG. 12.
PAR  Each valve member is preferably provided with means for biasing the valve
      slider 216 rearwardly into sealing engagement with the rear wall 210 in
      which the valve ports 212 are formed. As shown in FIGS. 20 and 21, a
      biasing spring 230 is provided between the carriage 218 and the backing
      plate component 222 of the slider 216. The spring 230 presses the slider
      216 against the surface 210, while pressing the carriage 218 against the
      valve retaining plate 198.
PAR  The valve slider 216 is movably received in an opening or cavity 232 formed
      in the carriage 218. To facilitate the assembly of the control device 20,
      each of the valve members 170, 172 and 174 is preferably provided with
      means for retaining the valve slider 216 in the cavity 232. As shown in
      FIGS. 20-24, such means may comprise inwardly projecting lips or barbs 234
      on the carriage 218. Such lips 234 are adapted to engage and retain tabs
      236 which project laterally from the valve backing plate 222.
PAR  The carriage 218 is preferably made of a sufficiently flexible material to
      enable the tabs 236 to be pushed past the lips 234. Thus, the carriage 218
      may be made of a suitable resinous plastic material. Ramps 238 may be
      formed on the lips 234 to facilitate the movement of the tabs 236 past the
      lips 234.
PAR  The illustrated carriage 218 is formed with vent passages 240 connecting
      with the cavity 232, so that the valve slider 216 will be freely movable
      in the cavity. The vent passages 240 prevent any pressure or vacuum from
      developing in the cavity. It will be understood that the details of the
      valve members 170 and 174 may be essentially the same as the details of
      the valve member 172, as illustrated in FIGS. 20-24.
PAR  It is highly advantageous to provide the camming means for moving the valve
      members transversely, in response to longitudinal movement of the control
      members. With this arrangement, it is possible to operate any of the valve
      members at any desired point along the range of movement of the
      corresponding control member. This can be accomplished by varying the
      shape of the cam which operates the particular valve member.
PAR  By virtue of the camming means, the operation of each of the valve members
      is positive in both directions. Each valve member may have a different
      range of movement, if desired. Moreover, the range of movement of the
      control member is not restricted in any way by the range of movement of
      any of the valve members. Several valve members may be provided. Each
      valve member may be operated independently in accordance with an
      individualized program, differing from the programs for the other valve
      members.
PAR  It is also highly advantageous to utilize the illustrated switching means,
      because sliding contact elements are used exclusively, so that the contact
      elements are self-cleaning. Each of the movable contactors has either two
      or three points of engagement with the fixed contact elements, so that the
      contact pressure developed by the biasing springs is distributed with a
      high degree of uniformity. Each of the various switching operations can be
      carried out at any desired point along the range of movement of the
      corresponding control member, by varying the shape and the arrangement of
      the contactors and the fixed contact elements.
PAR  Thus, the electrical switching operations and the fluid power controlling
      operations can readily be coordinated, as desired. For this reason, the
      control device of the present invention is extremely advantageous for use
      in connection with the heating and air-conditioning system of an
      automotive vehicle, or for other situations involving a complex sequence
      of control functions.
PAR  FIG. 11 illustrates additional advantageous features of the cam tracks 190,
      192 and 194 in the operating members or carriages 50 and 52. It will be
      recalled that the cam tracks 190, 192 and 194 are in the form of grooves
      in the rear sides of the carriages 50 and 52.
PAR  It will be particularly evident from FIG. 11 that the sides of the cam
      track or groove 194 are somewhat saw-toothed or barbed. Thus, one side of
      the groove 194 comprises a series of transverse projections, points or
      barbs 250, alternating with rounded hollows or notches 252. The points 250
      are also preferably rounded but with a considerably smaller radius than
      that of the rounded hollows 252. The transverse projections or points 250
      deviate transversely from the transverse throw of the cam track 194.
      Similarly, the other side of the cam groove 194 is formed with a series of
      rounded hollows or notches 254, alternating with transverse projections or
      points 256.
PAR  It will be seen that the points 250 and hollows 252 on one side of the cam
      track 194 are staggered relative to the points 256 and the hollows 254 on
      the opposite side of the cam track. Thus, the points 250 on one side of
      the cam track 194 are opposite the hollows 254 on the opposite side.
      Similarly, the hollows 252 on one side of the cam track 194 are opposite
      the points 256 on the opposite side.
PAR  The provision of the staggered points and hollows 250, 252, 254 and 256
      imparts a saw-toothed shape to each side wall of the cam track 194, while
      causing the cam track to zigzag to a small but appreciable extent. This
      zigzagging of the cam track 194 produces overtravel of the corresponding
      cam follower 195, so as to compensate for lost motion or play in the
      operating mechanism for the valve member 174.
PAR  The operation of the saw-toothed or zigzag cam track may perhaps be
      understood more clearly by assuming that the accurate operating positions
      of the valve member 174 are determined by the location of the points on
      one side of the cam track. For example, the location of the points 250 may
      be assumed to control the accurate lateral positioning of the valve member
      174. When the carriage 52 is moved in either direction, to the left or to
      the right as viewed in FIG. 11, the points 250 push the cam follower 195
      downwardly, as viewed in FIG. 10, to the desired operating positions. When
      the carriage 52 is between its operating positions, the points 256 on the
      opposite side of the cam track 194 push the cam follower 195 upwardly, to
      a small but appreciable extent, to insure that the cam follower 195 will
      be engaged by the next point 250 in the sequence.
PAR  Thus, the operating positions of the valve member 174 are accurately
      established by the lateral positions of the points along the wall of the
      cam track, and not by the lateral positions of the hollows which are
      opposite such points. In this way, any lost motion is always taken up, so
      that it does not cause inaccuracy in the positioning of the valve member
      174.
PAR  Similar points and hollows are provided along the walls of the cam track
      192. Thus, one wall of the cam track 192 is formed with two of the points
      250 and one of the hollows 252. The other side of the cam track 192 is
      formed with two of the hollows 254, opposite the points 250, and one of
      the points 256, opposite the hollow 252.
PAR  As shown in FIGS. 16 and 19, the cover 26 on the casing 22 is preferably
      provided with a fin or flange 260 which extends between the operating
      members or carriages 50 and 52. The flange 260 extends through a slot 262
      in the terminal board 88. Channels 264 and 266 are formed in the operating
      members 50 and 52 to receive the flange 260. The flange 260 assists in
      guiding the longitudinal movement of the operating members 50 and 52.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fluid control device,
PA1  comprising a casing,
PA1  a control member movable in said casing in opposite directions along a
      predetermined path,
PA1  fluid control means in said casing and having a valve member movable in
      said casing in opposite directions transverse to said path of said control
      member,
PA1  and camming means operable between said control member and said valve
      member for moving said valve member transversely to said path in response
      to movement of said control member along said path,
PA1  said camming means including a cam track and a follower for engaging and
      following said track,
PA1  said cam track having a transverse throw relative to said path,
PA1  said cam track having two opposite sides,
PA1  said follower having elements for engaging and following both sides of said
      cam track,
PA1  at least one side of said cam track having at least one transverse
      projection deviating from the transverse throw of said cam track,
PA1  the other side of said cam track having a hollow formation opposite said
      transverse projection,
PA1  whereby said transverse projection accurately determines the corresponding
      operating position of said follower for both directions of movement of
      said control member so as to avoid inaccuracies due to play between said
      follower and said cam track.
NUM  2.
PAR  2. A device according to claim 1,
PA1  in which said cam track has a plurality of such transverse projections on
      at least one side of said cam track,
PA1  said cam track having such hollow formations opposite such transverse
      projections,
PA1  each hollow formation being on the opposite side of said cam track from the
      corresponding transverse projection,
PA1  whereby said transverse projections accurately determine the corresponding
      operating positions of said follower for both directions of movement of
      said control member.
NUM  3.
PAR  3. A device according to claim 1,
PA1  in which said cam track has a plurality of such transverse projections
      which are staggered on opposite sides of said cam track,
PA1  said cam track having a plurality of such hollow formations opposite the
      corresponding transverse projections,
PA1  each hollow formation being on the opposite side of said cam track from the
      corresponding transverse projection,
PA1  whereby said transverse projections accurately determine the corresponding
      operating positions of said follower for both directions of movement of
      said control member.
NUM  4.
PAR  4. A device according to claim 1,
PA1  in which said cam track takes the form of a cam groove in said control
      member,
PA1  said follower being in the form of a follower member projecting from said
      valve member into said cam groove.
NUM  5.
PAR  5. A control device,
PA1  comprising a casing,
PA1  an operating member movable in said casing in opposite directions along a
      predetermined path,
PA1  an operated member movable in said casing in a direction transverse to said
      path.
PA1  and camming means operable between said operating member and said operated
      member for moving said operated member transversely to said path in
      response to movement of said operating member along said path,
PA1  said camming means including a cam track and a follower for engaging and
      following said cam track,
PA1  said cam track having a transverse throw relative to said path,
PA1  said cam track having two opposite sides,
PA1  said follower having elements for engaging and following both sides of said
      cam track,
PA1  at least one side of said cam track having at least one transverse
      projection deviating from the transverse throw of said cam track,
PA1  the other side of said cam track having a hollow formation opposite said
      transverse projection,
PA1  whereby said transverse projection accurately determines the corresponding
      position of said follower for both directions of movement of said
      operating member so as to avoid inaccuracies due to play between said
      follower and said cam track.
NUM  6.
PAR  6. A device according to claim 5,
PA1  in which said cam track has a plurality of such transverse projections on
      at least one side of said cam track,
PA1  said cam track having a plurality of such hollow formations opposite the
      corresponding transverse projections,
PA1  each hollow formation being on the opposite side of said cam track from the
      corresponding transverse projection,
PA1  whereby said transverse projections accurately determine the positions of
      said follower for both directions of movement of said operating member.
NUM  7.
PAR  7. A device according to claim 5,
PA1  in which said cam track has a plurality of such transverse projections
      staggered on opposite sides of said cam track,
PA1  said cam track having a plurality of such hollow formations opposite the
      corresponding transverse projections,
PA1  each hollow formation being on the opposite side of said cam track from the
      corresponding transverse projection, whereby said transverse projections
      accurately determine the positions of said follower for both directions of
      movement of said operating member.
NUM  8.
PAR  8. A device according to claim 5,
PA1  in which said cam track takes the form of a cam groove in said operating
      member,
PA1  said follower being in the form of a follower member projecting from said
      operated member into said cam groove.
NUM  9.
PAR  9. A fluid control device,
PA1  comprising a casing,
PA1  first linear guide means in said casing,
PA1  a control member movable in said casing in opposite directions along said
      first linear guide means,
PA1  second linear guide means in said casing extending transversely to said
      first linear guide means,
PA1  a valve member movable in said casing in opposite directions along said
      second linear guide means,
PA1  valve port means in said casing for cooperating with said valve member,
PA1  a cam track on said control member and having a transverse throw relative
      to said first guide means,
PA1  said cam track having two opposite sides,
PA1  and a follower on said valve member and having elements for engaging and
      following both sides of said cam track,
PA1  whereby movement of said control member in both directions along said first
      guide means positively produces movement of said valve member in both
      directions along said second guide means.
NUM  10.
PAR  10. A device according to claim 9,
PA1  including additional guide means in said casing extending transversely to
      said first guide means,
PA1  an additional valve member movable along said additional guide means,
PA1  additional valve port means in said casing for cooperating with said
      additional valve member,
PA1  an additional cam track on said control member,
PA1  said additional cam track having two opposite sides,
PA1  and an additional follower on said additional valve member and having
      elements for engaging and following both sides of said additional cam
      track,
PA1  whereby both valve members are positively operated in both directions by
      movement of said control member in both directions.
NUM  11.
PAR  11. A device according to claim 10,
PA1  in which both cam tracks take the form of cam grooves in said control
      member,
PA1  said followers being in the form of follower members projecting from said
      valve members into the respective grooves.
NUM  12.
PAR  12. A device according to claim 9, in which said cam track takes the form
      of a cam groove in said control member,
PA1  said follower being in the form of a follower member projecting from said
      valve member into said cam groove.
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ABST
PAL  Disclosed is a fluidic sensor of the proximity type with improved sensing
      range and response. The sensor generally comprises an inner and outer
      tubes with an annular passageway therebetween. Air or the like under a low
      pressure (e.g. 4 pounds per square inch) is introduced in the annular
      passageway. Presence of an article near the discharge end of the device
      causes the air to be diverted down the interior of the inner tube and such
      a "signal" can be used to initiate or terminate control actions. The inner
      tube in the present invention has a novel exterior configuration which
      provides increased sensitivity which allows higher recovery
      (signal/supply) ratios and/or sensing at greater distances than possible
      with the prior art.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fluidic proximity sensors.
PAR  A variety of fluidic proximity sensors are known in the prior art. In
      general, such sensors comprise a tube within a tube, the tubes being so
      sized as to provide an annular passageway therebetween. In operation, air
      is introduced into the annular passageway and exists at the end of the
      device. The presence of an object near the exit end causes some portion of
      the air to be directed into the bore of the inner tube, serving as a
      signal to indicate the presence of the object.
PAR  For many applications, the design and operating characteristics of the
      sensor are not critical. Increasingly, however, attention has been
      directed to improving the operation. Principal efforts in this regard are
      directed to improved recovery ratios and the ability to sense at increased
      distances.
PAR  The recovery ratio of such a sensor is defined as the ratio of the supply
      pressure to the signal pressure with a given object at a given spacing
      from the sensor. Obviously improving the ratio provides the opportunity to
      reduce air pressure and usage and/or to increase the sensing signal level.
PAR  The distance at which the sensor can reliably detect an object is of
      obvious importance is related, in most cases, to the recovery ratio. In
      addition some applications require a device with a signal pressure versus
      distance from sensed object characteristic curve which exhibits a sharp
      on-off change at a particular distance.
PAR  A further desirable characteristic of a fluidic sensor is the ability to
      sense small or irregularly shaped objects at reasonable distances. The
      known prior art devices are not generally satisfactory in this regard.
PAR  While some improvement in these areas has been achieved still more
      sensitive devices are desired for some applications. Also, at least some
      of the more sensitive devices now available are very complex and
      expensive, limiting their appeal.
PAR  It is, therefore, an object of the present invention to provide a proximity
      sensor with an extremely high recovery ratio.
PAR  It is a further object of the invention to provide such a device with a
      sharp on-off response characteristic.
PAR  It is another object of the invention to provide a sensor which can
      reliably detect small or irregular objects.
PAR  It is still a further object of the invention to provide such a device
      which is relatively simple in design and therefore easy to produce.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other objects are achieved by the provision of a proximity
      sensor comprising an inner and outer tubes with an annular space
      therebetween. The inner tube includes a step reduction in diameter
      proximate its end and a truncated conical wall portion connecting the step
      and the discharge end and tapering inwardly in the direction of the end.
      The end includes a flat surface with a bore therethrough for carrying the
      sensing signal.
PAR  In the preferred configuration the inner tube further includes a second
      truncated conical surface sloping inwardly away from the step in the
      direction away from the discharge end.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Although the specification concludes with claims which particularly point
      out and distinctly claim what is regarded as the present invention, it is
      believed that the same will be better understood with reference to the
      following description of the preferred embodiments taken in conjunction
      with the accompanying drawings in which:
PAR  FIG. 1 is an isometric view of a preferred embodiment of the present
      invention partly broken away for clarity;
PAR  FIG. 2 is a vertical cross-sectional view generally corresponding to FIG. 1
      and showing the air flow patterns associated with the device;
PAR  FIG. 3 is a graph illustrating the sensitivity of the device of FIGS. 1 and
      2;
PAR  FIG. 4 is a vertical cross-sectional view of the present invention showing
      the dimensions thereof; and
PAR  FIG. 5 is an isometric view of a modification of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawings, FIG. 1 illustrates a preferred embodiment of
      the invention, designated generally by the numeral 10, partially broken
      away for clarity.
PAR  Broadly, the sensor 10 comprises an outer tube 11 and an inner tube 12
      within and generally concentric with the outer tube. A generally annular
      passageway is provided between said tubes. Provision is made to admit a
      suitable fluid into the annular passageway. Normally the fluid is air and
      it will be so described hereinafter. It should be recognized, however,
      that in some applications other gases or even liquids can be used. For
      instance, if the sensor is operating in a reducing atmosphere nitrogen or
      other non-oxidizing fluids can be used. For applications using fluids
      other than air it will be recognized that the preferred dimensions and
      dimensional relationships hereinafter described may be modified somewhat
      because of the different viscosities, densities and other properties of
      the various fluids.
PAR  Air admitted into the annular passageway flows axially therethrough to the
      exit or sensing end of the device which is generally indicated by the
      numeral 13. If an object to be sensed is sufficiently close to the end 13
      air is directed into the passageway 14 in the inner tube 12 to provide a
      sensing signal.
PAR  The inner tube 12 has a novel configuration which provides sensing
      capabilities substantially better than those of prior art devices as will
      hereinafter be described.
PAR  The outer tube includes a generally cylindrical axial bore 15 which, in the
      preferred embodiment, is stepped at 16 to provide a relatively large bore
      proximate the end 13 and a somewhat smaller bore 17 at the distal end
      thereof. The inner tube is supported within the bore of the tube 11 and
      more particularly in the distal end 17 thereof as a result of the snug fit
      of the base 18 of the inner tube in the bore 17. The base 18 includes a
      plurality of spaced axial grooves 19 or other suitable means to provide an
      axial passageway for air.
PAR  A connection for supply air is provided by means of tubing connector 20
      which is inserted in the bore 17 and affixed thereto by any suitable means
      such as an adhesive or by virtue of a press fit. A portion of the
      connector 20 extends externally of the tube 10 and includes hose engaging
      annular ridges 21.
PAR  The axial bore 14 extends the length of the tube 12 and has press fit
      therein or otherwise secured thereto a tube 22 to provide a connection for
      tubing or the like to carry the sensing signal.
PAR  Commencing at the step 16 the inner tube extends axially toward the end 13
      for a length sufficient to achieve relatively even distribution of the air
      throughout the annular space 23 between the inner and outer tubes.
      Preferably the wall of the tube 12 in this region is slightly conical in
      nature, increasing in diameter in the direction approaching the end 13.
      Such a construction allows relatively high air velocities in the region
      indicated by the numeral 24 adjacent the widest portion of the tube
      without an unduly high pressure drop in the system to that point.
PAR  The exit end of the inner tube includes two radial "steps" which serve to
      focus the air stream. The first step 25 is normally at the widest point in
      the inner tube. Preferably it is planar and normal to the axis of the
      sensor. Although less preferred, the step 25 can be slightly
      frustroconical in nature and sloped so as to be either convex or concave
      as viewed from the end 13.
PAR  Commencing at the step 25 is a frustroconical section 26 which
      progressively decreases in diameter as it approaches the end 13. The end
      of the tube 12 includes an annular plateau 27 which is generally normal to
      the axis of the device. The abrupt transition from the frustroconical wall
      26 to the plateau also serves to focus the air stream. The plateau 27 for
      best operation is substantially axially aligned with the corresponding end
      of the outer tube 11.
PAR  The bore 14 preferably includes a frustroconical entrance section 28 which
      increases in diameter in the direction approaching the end 13 and serves
      as a "funnel" for the sensing air signal.
PAR  While applicant does not wish to be bound by theory, it appears that the
      effect of the step 25, frustroconical wall 26 and plateau 27 is to produce
      a toroidal vortex which serves to focus the air stream. This effect is
      illustrated in FIG. 2 wherein a single vortex, designated by the letter
      "V" is shown. Depending on the exact geometry of the device and the
      velocity of the air stream, it is also believed possible for two separate
      but co-acting toroidal vortexes to be formed, one above the step 25 and
      one above the plateau 27.
PAR  FIG. 3 is a graph comparing the performance of the present invention with
      one of the better prior art devices. The graph was developed by bringing a
      large flat target oriented normal to the axis of the sensors progressively
      closer to the sensing ends thereof and recording distance and signal
      strength.
PAR  The prior art sensor was supplied with air at its rated supply pressure;
      i.e., at 10 P.S.I. The device of the instant invention was supplied with
      air at the design supply pressure therefor which is 4 P.S.I. To normalize
      the data the signal pressure is expressed as a percent of the supply
      pressure as is commonly done in comparing such devices.
PAR  Two advantages of the instant invention over the prior art are immediately
      apparent with reference to the graph. First, the effective range of the
      device exceeds that of the prior art. As or more important for some
      applications, the present device exhibits a sharp on-off characteristic at
      the limit of its range. This attribute obviously allows the present
      invention to be used in some applications wherein the prior art is
      unsatisfactory.
PAR  The sensor 10 is relatively sensitive to certain geometric relationships.
      It has been found that the geometry and size of the "funnel" 28 relative
      to the remainder of the tip of the sensor is an important variable in the
      present sensor. Specifically, it has been found that in a structure with
      no "funnel" (i.e., in which the bore 14 extends in uniform size to the
      plateau 27) there is a marked tendency for the device to have a
      substantial signal pressure with no object to be sensed. For the geometry
      of the preferred embodiment as detailed hereinafter, if the "funnel" is
      eliminated a pressure of as much as six inches of water may be seen in the
      sensing line in the absence of an object to be sensed. The addition of a
      funnel decreases such pressure and, to a point, the decrease is
      progressive with increasing funnel opening size. Beyond such point the
      signal pressure in the absence of an object to be sensed again increases.
      In the preferred embodiment the area of the large end of the "funnel" is
      approximately 33% of the area of the annular plateau 27.
PAR  The included angle between the sides of the funnel also affects the device.
      Angles between 30.degree. and 90.degree. are preferred and about
      60.degree. is particularly preferred.
PAR  The aforementioned and other dimensions of preferred devices are given in
      the following table which refers to those dimensions shown on FIG. 4.
      Where a range of dimensions which is important to the performance of the
      device has been established, the limits of the preferred range are also
      given:
TBL           PREFERRED   PREFERRED  PARTICULARLY                              
     DIMENSION                                                                 
              EMBODIMENT  RANGE      PREFERRED                                 
     ______________________________________                                    
              Inches (mm)                                                      
     A        0.2715 (6.9)                                                     
     B        0.156 (4)                                                        
     C        0.072 (1.8)                                                      
     D        0.125 (3.2)                                                      
     E         .625 (15.9)                                                     
     F        0.078 (2.0)                                                      
     G        0.022 (.56)                                                      
     H        0.250 (6.35)                                                     
     .alpha.  9.5.degree. 0-15.degree.                                         
                                     7-12.degree.                              
     .gamma.  7.degree.   0-15.degree.                                         
     .delta.  60.degree.  45-70.degree.                                        
                                     50-70.degree.                             
     Area Ratio                                                                
     F.sup.2                                                                   
                  33%         25%-60%  30%-40%                                 
     B.sup.2 -F.sup.2                                                          
     ______________________________________                                    
PAR  Where a sensor of the present invention is to be designed to be larger or
      smaller the normal considerations of geometric similitude are preferably
      applied.
PAR  The sensor of the present invention is particularly well adapted to sense
      small and/or irregularly shaped objects as well as flat objects which are
      oreinted other than normal to the axis thereof. It appears that this
      desirable result is achieved because sensing with the present device is
      accomplished by disturbing a delicately balanced flow pattern. Known prior
      art devices, by contrast, generally reflect an air stream off the the
      object to be sensed and back into the sensing line. For example, the
      performance of the present device sensing, e.g., a 1/4 inch (6.4mm)
      diameter sphere is substantially the same as that shown in FIG. 3 while
      the performance of the prior art device under these conditions will be
      substantially poorer than that illustrated.
PAR  It should also be noted that the extreme sensitivity of the device provides
      certain additional opportunities and problems. In particular, the device
      has a tendency to be bistable; i.e., to hold a signal once achieved even
      when the object causing the signal is removed. This characteristic can be
      useful in that it provides a memory function.
PAR  In the majority of applications, however, the bistable characteristic is
      not required and may even be undesirable. When a device of the present
      invention and of a particular geometry has a tendency to be bistable at
      least two means are available to remedy the situation by destabilizing the
      system. The destabilization occurs by making the device assymmetrical in
      the air flow region. One way of achieving this end is by shifting the axis
      of the inner tube slightly with respect to the axis of the outer tube. The
      shifting can be either angular or parallel.
PAR  Alternatively and generally simpler, a protuberance can be provided in the
      air flow path. As seen in FIG. 5, such an assymmetry can be produced by
      deforming the end of the outer tube 11 in at least one place to form a
      pointed protuberance 29 extending about 0.020-0.025 inch (0.5-0.6mm) into
      the air flow path. The preferred location for such a protuberance, where
      required, is individually established for each device in the following
      manner. The device is connected to a source of supply air and the "signal"
      (in the absence of an object) is measured. A suitable protuberence such as
      a knife edge is introduced in the air stream to simulate the protuberence
      29. The device is rotated relative to the knife edge and the relative
      position therebetween which results in the lowest sensing pressure (with
      no target in place) is established. Such location is the preferred
      location for the protuberence.
PAR  Many modifications will occur to those skilled in the art with reference to
      the foregoing disclosure of the preferred embodiment which is not intended
      to be limiting.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluidic sensor comprising an outer tube defining a generally
      cylindrical bore therethrough and an inner tube defining a bore
      therethrough said tubes being generally coaxial and spaced to form an
      annular air supply passageway therebetween, said inner tube including an
      annular end portion generally normal to the axis of said tube and axially
      aligned with an end of said outer tube, an annular step axially spaced
      from said end portion and generally parallel thereto and a frustroconical
      wall extending from said end portion to said step and increasing in
      diameter in the direction of said step and means for connection of air
      supply for communication with said annular space and for connection of an
      air signal line in communication with said bore in said inner tube.
NUM  2.
PAR  2. The sensor of claim 1 wherein said bore includes a frustroconical outlet
      which increases in diameter as it approaches said end.
NUM  3.
PAR  3. The sensor of claim 1 wherein said inner tube includes a frustroconical
      exterior wall extending from said step and progressively decreasing in
      diameter as it extends away from said end.
NUM  4.
PAR  4. The sensor of claim 3 wherein said bore includes a frustroconical outlet
      which increases in diameter as it approaches said end.
NUM  5.
PAR  5. The sensor of claim 1 which further includes an assymmetry to prevent
      bistable operation.
NUM  6.
PAR  6. The sensor of claim 5 wherein said assymmetry comprises a protuberence
      extending inwardly from said outlet tube.
NUM  7.
PAR  7. The sensor of claim 5 wherein said bore includes a frustroconical outlet
      which increases in diameter as it approaches said end.
NUM  8.
PAR  8. The sensor of claim 5 wherein said inner tube includes a frustroconical
      exterior wall extending from said step and progressively decreasing in
      diameter as it extends away from said end.
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ABST
PAL  The sensor comprises an operational circuit consisting of fluidic elements.
      The detecting sensor causes variation in the pressure of a control fluid
      supplied to the operational circuit. The variation of pressure, depending
      on the rotational speed of vehicle wheels, serves to detect the vehicle
      speed from the pressure in the control fluid.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  A number of anti-lock brake control systems have been developed for use for
      vehicle wheels, and are intended to prevent sudden locking of vehicle
      wheels during application of a brake to the vehicle wheels. Such sudden
      locking of the vehicle wheels may be avoided by detection of the
      rotational speed of a vehicle propeller shaft and the variation in the
      ratio of rotational speed to time. In the application of a brake, the
      value of pressure as varied is used for a control signal for controlling
      an actuator provided in the brake operating fluid system.
PAR  An anti-lock brake control system of the kind as above described mostly
      includes electronic circuits which serve to detect the variation of
      rotational speed and compare the value of varied pressure with a desired
      value. The system including electronic circuits practically involves many
      disadvantages such as complexity of circuitry, high cost and expense of
      its operation and maintenance.
PAR  An anti-lock brake control system using fluidic elements has been lately
      proposed in place of the electronic circuit, which is featured in that a
      sensor is provided in the control system which can vary pressure in a
      control fluid supplied to an operational circuit depending on the
      rotational speed and the vehicle speed. These sensors have been used
      practically but they have still many disadvantages in that, in most cases,
      the construction is very complicated and their performance is not
      excellent.
PAC  SUMMARY OF THE INVENTION:
PAR  Therefore, a primary object of the invention is to provide a sensor
      particularly adapted for detecting the variation in the pressure of a
      control fluid supplied to an operational circuit of an anti-lock brake
      control system, the detection of variation of the fluid pressure being
      effected depending on the rotating speed or angular velocity of vehicle
      wheels.
PAR  Another object of the invention is to provide a sensor as above described,
      which can be manufactured with extreme simplicity and low cost.
PAR  The sensor according to the invention essentially comprises a casing
      including a vortex chamber, an inlet port for a feed fluid opening to and
      arranged tangentially to the vortex chamber, an outlet port for the fluid
      opening into the vortex chamber, and arranged on the axis of the vortex
      chamber, and an port opening into the vortex chamber, and a rotor
      rotatably mounted in the vortex chamber within the casing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects and features of the invention will now be illustrated in
      detail only by way of example with reference to the accompanying drawings
      in which:
PAR  FIG. 1 is a schematic diagram of an embodiment of a brake anti-lock system
      with a wheel speed detecting sensor according to the invention;
PAR  FIG. 2 is an axial cross section of an embodiment of the wheel speed
      detecting sensor according to the invention;
PAR  FIG. 3 is a cross sectional view taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is an axial cross section of an actuator; and
PAR  FIG. 5 is a chart representing a relationship between rotational speed of a
      rotor for the wheel speed detecting sensor of the invention and air
      pressure at an outlet port of a fluid.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  An anti-lock system with a wheel speed detecting sensor incorporating the
      present invention is shown in FIG. 1. In the figure, numeral 1 designates
      a brake master cylinder and 2 an actuator. The actuator 2 is arranged
      between hydraulic pressure pipes 4 and 5 connecting the master cylinder 1
      and wheel cylinders 3a and 3b of wheel brakes.
PAR  As shown in FIG. 4, actuator 2 has a body 6 partitioned into two chambers 8
      and 9 by a diaphragm 7. An operating piston 10 has, at an end, one
      operating projection 10a and is slidably arranged in a cylinder 11 formed
      integrally with the actuator body 6, the other end of the operating piston
      being secured to the diaphragm 7 as above described. The operating piston
      10 is normally displaced to the left as the diaphragm 7 is pushed
      leftward, as viewed in the figure, by the biasing force of a return spring
      12. The projection 10a at the one end of the operating piston 10 further
      pushes a ball valve 14 leftward, as viewed in the figure, against the
      force of a spring 13, causing the ball valve 14 to be removed from a valve
      seat 11a therein interconnecting the chambers 11b and 11c of the cylinder
      11.
PAR  In the actuator body 6, there is provided an air passage 6a and a vacuum
      passage 6b both communicating with the chamber 8 and opposite to these
      passages there is located a valve 15a actuated by an electromagnetic means
      15. Normally, as shown in FIG. 4, the valve 15a may seat in the valve seat
      6c interrupting the communication between the chamber 8 and the air
      passage 6a, the chamber 8 being connected through the vacuum passage 6b
      and piping 16 to a vacuum source of an intake manifold of an engine (not
      shown).
PAR  Also, the chamber 9 of the actuator body 6 is connected at all times to the
      vacuum source through a passage bore 6e and the piping 16.
PAR  There are shown, in FIG. 1, an air cleaner 17, a compressor 18, an air tank
      19, a pressure reducing valve 20 provided in an air pipe 21 which is
      connected to the air tank 19, and an air tank 22 connected to the air pipe
      21.
PAR  The wheel speed detecting sensor 23 according to the invention will now be
      described in detail with reference to FIGS. 2 and 3.
PAR  The wheel speed detecting sensor 23, shown in FIGS. 2 and 3, essentially
      consists of a casing 24 and a rotor 25 provided in the casing 24. The
      casing 24 includes a vortex chamber 24a, a fluid inlet port 24b opening
      into and directed tangentially to the vortex chamber 4, a fluid outlet
      port 24c opening into the vortex chamber 24a and provided on a center axis
      of the vortex chamber 24a, and an exhaust port 24d for a fluid opening to
      the vortex chamber 24a, the fluid inlet port 24b being connected by air
      pipe 26 to air pipe 27 connected to the air tank 22.
PAR  The cup-shape rotor 25 includes a cylindrical wall 25a having therein a
      number of perforations 25l and a circular side plate 25b, and is mounted
      on a shaft 28 for rotation in the vortex chamber 24a in the casing 24.
PAR  The rotary shaft 28 is connected through a gear train 29 and a flexible
      shaft 30 to a driving means, such as a propeller shaft or the main shaft
      of a transmission which has not been shown. Thus, the angular velocity of
      flexibile shaft 30 is increased by gear train 29 and then transmitted to
      rotary shaft 28.
PAR  An adjusting tank is shown at 31 and is provided at a throttling exhaust
      port 31a and connected by air pipe 32 to fluid outlet 24c arranged in the
      casing 24 of the wheel speed detecting sensor 23.
PAR  A differential circuit 33, used as a fluidic element, includes a
      proportional amplifier element 34 having flow paths 34a, 34b, 34c, 34d,
      and 34e, an air pipe 35 connected to the path 34b and having a throttle
      35a midway between the air pipe 35 and the path 34b, an air pipe 36
      connected to the path 34c and having a throttle 36a midway between the air
      pipe 36 and the path 34c, and a volume tank 37 connected to the air pipe
      36.
PAR  The air pipes 35 and 36 of the differential circuit 33 arranged as
      described are connected through the air pipe 38 to the adjusting tank 31.
      Also, the path 34a of the proportional amplifier element 34 is connected
      to the air pipe 27 through the air pipe 39.
PAR  A Schmidt trigger circuit 40 contains fluidic elements and is provided with
      paths 40a, 40b, 40c, 40d, and 40e. The path 40b is connected to the path
      34e of the proportional amplifier element 34 through the air pipe 43.
PAR  The path 40a of the Schmidt trigger circuit 40 is connected through the air
      pipe 41 and air pipe 42 to the above-mentioned air pipe 27. The path 40c
      is connected to the air pipe 27 through an air pipe 44 and air pipe 42.
PAR  Between the air pipe 44 and air pipe 42, there is provided a pressure
      reducing valve 45, which adjusts the air pressure to a predetermined value
      acting upon the path 40c as a bias pressure. A transducer 46 is connected
      to the path 40e of the Schmidt trigger circuit 40 through the air pipe 47
      and further connected to electric potential source 48 through a conductor
      49. This transducer 46 receives a trigger pressure signal from the path
      40e, which trigger pressure signal is converted into an electric signal
      when it passes through the air pipe 47, causing a current to flow through
      a conductor 50 to the electromagnetic means 15, of actuator 2, which is in
      turn actuated.
PAR  In the construction according to the invention as above described, the
      system can operate as described below.
PAR  The master cylinder 1 is first put into operation. Hydraulic pressure
      generated in the master cylinder is effective through the hydraulic
      pressure pipe 4, cylinder chambers 11b and 11c of the actuator 2, and then
      through the hydraulic pressure pipe 5. The pressure acts on the wheel
      cylinders 3a and 3b of the rear wheels and also acts on the wheel
      cylinders of front wheels (not shown) through the hydraulic pressure pipe
      51 so as to actuate the front and rear wheel brakes. Compressed air,
      supplied to the air tank 19 from the compressor 18, has its pressure
      reduced to a value as low as 0.5 Kg/cm.sup.2 by the pressure reducing
      valve 20 and is stored in the air tank 22 after passing through the air
      pipe 21.
PAR  The compressed air in the air tank 22 flows through the air pipe 27 to the
      air pipes 26, 39, and 42. Air flowing the air pipe 26 passes to the vortex
      chamber 24a from the fluid inlet port 24b provided in the casing 24 of the
      wheel speed detecting sensor 23 and flows out through the fluid outlet
      port 24c, with a portion being discharged into atmosphere through exhaust
      ports 24d.
PAR  The rotor 25 arranged in the vortex chamber 24a is driven in the direction
      of the arrow in FIG. 3, during running of a vehicle through the flexible
      shaft 30, gear train 29, and rotary shaft 28, so that the pressure of air
      flowing through fluid outlet port 24c will vary with the speed of rotation
      of the rotor 25.
PAR  Thus, the higher the speed of rotation the greater is the volume of air
      flowing through exhaust ports 24d and accordingly the lesser is the
      pressure of air flowing from the fluid outlet 24c. Reversely, when the
      speed of rotation of the rotor 25 is low, the pressure of the air flowing
      from the fluid outlet port 24c is relatively high.
PAR  Thus the speed of rotation of the driving system, i.e., variation in the
      speed of rotation of the wheels, can be translated into variation of the
      air pressure.
PAR  One example of experiments made for proving the above effect of the system
      will be described below.
PAR  In the experiment, the following conditions are provided conforming to the
      requirement of all components and parts of the wheel speed detecting
      sensor employed for this experiment.
TBL  ______________________________________                                    
     Diameter of vortex chamber 24a of casing 24                               
                                40      mm                                     
     Width of vortex chamber 24a of casing 24                                  
                                18      mm                                     
     Diameter of fluid inlet port 24b                                          
                                5       mm                                     
     Diameter of exhaust port 24d                                              
                                0.5     mm                                     
     Diameter of cylinder 25a of rotor 25                                      
                                32      mm                                     
     Width of cylinder 25a      11      mm                                     
     Diameter of openings 251 in cylinder 25a                                  
                                1       mm                                     
     Number of openings 251 in cylinder 25a                                    
                                144                                            
     ______________________________________                                    
PAR  The wheel speed detecting sensor consists of members fully conforming to
      the above requirements. It was assumed that the pressure of air flowing
      into the fluid inlet port 24b is 0.5 Kg/cm.sup.2 and the value of
      resistance in the throttle exhaust port 31a in the adjusting tank 31 is
      0.508 gs/cm.sup.5, and thus variation of pressure on the outlet side of
      the air pipe 38 of the adjust tank 31, induced from variation of the
      rotational speed of the rotor 25, was measured. It was found that, as
      shown in FIG. 5, the variation of the pressure was linear in form and a
      direct translation of variation in the speed to the variation of air
      pressure was obtained.
PAR  The result of experiments using the sets of exhaust ports 24d of the sensor
      in the number of 3, 6 and 9, respectively, are shown in FIG. 5.
PAR  The wheel speed is thus translated by the wheel speed detecting sensor 23
      into air pressure responsive to the speed of the wheels. Accordingly, the
      air flowing out from the adjusting tank 31 flows through the air pipe 38
      to the air pipe 35 and air pipe 36 of the differential circuit 33, as an
      air pressure signal corresponding to the speed of rotation of the wheels
      or of the driving system.
PAR  The air flowing into the air pipe 35 and the air pipe 36 flows into the
      paths 34b and 34c of the proportional amplifier element 34, as the output
      pressure signal of the primary delay circuit including the throttle 35a,
      throttle 36a and volume tank 37.
PAR  The air flowing into the path 34b and the path 34c acts as the control
      fluid for the air flowing into the path 34a of the proportional amplifier
      element 34 through the air pipe 39. The pressure of the air in path 34e is
      thus representative of the output air pressure of differential component
      34 relative to the time the air pressure flows through path 34e from the
      wheel speed detecting sensor 23.
PAR  The air flowing into the path 34e flows through the air pipe 43, as the
      output signal of the differential circuit 33, into the path 40b of the
      Schmidt trigger circuit 40, acting as the input signal of the Schmidt
      trigger circuit 40.
PAR  In the Schmidt trigger circuit 40, air which has been adjusted to a
      predetermined pressure by the pressure reducing valve 45 flows into the
      path 40c through the air pipe 44, so as to act as the bypass pressure.
PAR  Consequently, when the air pressure of the input signal in the path 40b is
      higher than the bias pressure in the path 40c, the air flowing into the
      path 40a through the air pipe 41 flows into the path 40e in the form of
      the trigger pressure signal.
PAR  When the air pressure in the path 40b is lower than the bypass pressure in
      the path 40c, the air flowing into the path 40a is discharged to
      atmosphere through the path 40d and therefore the output of the path 40e
      becomes zero.
PAR  The trigger pressure signal flowing from the path 40e enters through the
      air pipe 47 into the transducer 46 where the trigger pressure signal is
      converted into an electrical signal. This electric signal is supplied to
      the conductor 50 and causes a current to flow in the electromagnetic means
      15 of the actuator 2, the electromagnetic means being then actuated. Since
      the electromagnetic means 15 is actuated, the valve 15a is moved to the
      right against the force of the return spring 15b as can be seen in FIG. 4.
      The valve 15a is released from the valve seat 6c and seats on the valve
      seat 6d. In consequence, the connection of chamber 7 of the actuator 2 to
      the vacuum source is interrupted but chamber 8 is then connected to
      atmosphere through the path 6a.
PAR  The chamber 9 of the actuator 2 is at all times connected to the vacuum
      source through the port 6e and piping 16 so that the diaphragm 7 is
      forcibly moved to the right as viewed in FIG. 4, against the force of the
      return spring 12.
PAR  Accordingly, the operating piston 10 connected at an end to the diaphragm 7
      also moves to the right and thus the ball valve 14 is pushed to the right
      by the spring 13 to seat in the valve seat 11a so as to interrupt the
      connection between the hydraulic pressure pipe 4 and the hydraulic
      pressure pipe 5.
PAR  By movement of the piston 10 to the right, the cylinder 11 is increased in
      volume and thus pressure in the hydraulic pressure pipe 5 connected to the
      wheel cylinders 3a and 3b is reduced thereby decreasing the braking force
      and preventing locking of wheels.
PAR  When the air pressure of the input signal introduced to the path 40b of the
      Schmidt trigger circuit 40 decreases to a value less than the bias
      pressure acting on the path 40c, the air flowing into the path 40a is
      discharged at atmosphere through the path 40d.
PAR  Therefore, no trigger pressure signal is generated in the path 40e of the
      Schmidt trigger circuit 40. The transducer 46 stops its operation
      interrupting the electric signal to the electromagnetic means 15.
PAR  Valve 15a of electromagnetic means 15 is thus moved to the left, as viewed
      in FIG. 4, by return spring 15b, so that the valve can interrupt the
      connection of chamber 8 to atmosphere by seating on valve seat 6c and
      connecting chamber 8 to the vacuum source through path 6b and pipe 16.
PAR  With both chambers 8 and 9 under same pressure, the diaphragm 7 is
      displaced to the left by the force of the return spring 12, resulting in
      the operating piston 10 being moved to the left causing the ball valve 14
      to be pushed to the left against the force of the spring 13 by means of
      the operating projection 10a, consequently interconnecting the chamber 11b
      and 11c.
PAR  When the chambers 11b and 11c are in communication with each other, the
      hydraulic pressure generated in the master cylinder 1 is caused to act
      upon the wheel cylinders 3a and 3b passing through the hydraulic pressure
      pipe 4, chambers 11b and 11c of the actuator 2 and hydraulic pressure pipe
      5. By movement of the operating piston 10 to the left, the volume of the
      cylinder 11 decreases and accordingly the pressure in the hydraulic
      pressure system connected to the wheel cylinders 3a and 3b increases so as
      to increase the braking force of the vehicle.
PAR  This operation can be repeated successively for the prevention of locking
      of the vehicle wheels permitting free braking operation during running of
      the vehicle.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A vehicle speed detecting sensor, for an anti-lock hydraulic brake
      control system including a master cylinder, wheel brake cylinders and
      hydraulic lines interconnecting the master cylinder and the wheel brake
      cylinders, said sensor comprising, in combination, a casing defining a
      cylindrical vortex chamber having a circumferential wall interconnecting
      axially spaced end walls; a rotor rotatably mounted in said vortex chamber
      on one end wall of said casing and having a cylindrical peripheral wall
      facing and spaced radially from said circumferential wall; a transmission
      connecting said rotor to the driving system of the vehicle for rotation at
      an angular velocity proportional to the vehicle speed; a pressure fluid
      inlet opening tangentially of said vortex chamber through said
      circumferential wall and in the direction of rotation of said rotor; a
      pressure fluid outlet opening axially of said vortex chamber through the
      other end wall of said casing; exhaust port means opening through said
      circumferential wall; a source of fluid under pressure connected to said
      pressure fluid inlet; and an operational circuit, including fluid
      elements, connected to said pressure fluid outlet and in flow-controlling
      relation with said hydraulic lines interconnecting said master cylinder to
      said wheel brake cylinders; whereby the fluid pressure at said pressure
      fluid outlet is proportional to the angular velocity of said rotor and
      thus to the vehicle speed.
NUM  2.
PAR  2. A vehicle speed detecting sensor, as claimed in claim 1, in which said
      rotor is cup-shape including an imperforate wall closing one end of said
      cylindrical peripheral wall; said cylindrical peripheral wall being formed
      with perforations therethrough.
NUM  3.
PAR  3. A vehicle speed detecting sensor, as claimed in claim 1, in which said
      exhaust port means comprises sets of plural exhaust ports opening to
      atmosphere through said circumferential wall of said casing.
NUM  4.
PAR  4. A vehicle speed detecting sensor, as claimed in claim 1, including an
      actuator controlling fluid flow through said hydraulic lines; said
      actuator including a electromagnetically actuated valve controlling flow
      of fluid from said master cylinder to said wheel brake cylinders; said
      operational circuit including a transducer connected between a source of
      electric potential and said electromagnetically actuated valve and
      operable, responsive to a pressure signal, to control the connection of
      said electromagnetically operated valve to said source of electric
      potential.
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ABST
PAL  A torsional reed reference fluidic oscillator operating within 0.1% of the
      desired frequency over a temperature range of -65.degree. to +165.degree.F
      and an operating pressure of from 1 to 4 psi. The oscillator includes a
      torsional reed fluidic amplifier and fluidic feedback means for converting
      output signals from output ports of the amplifier to first and second
      input signals having a phase relationship for insuring operation of the
      apparatus as an oscillator. The amplifier is comprised of first, second
      and third plates, an elongated reed member, first and second torsional
      members and a tab, all of which are made of material having negligible
      thermal coefficient of expansion and negligible change in modulus of
      elasticity over the temperature range. The reed member is positioned
      within an elongated slot in the first plate, and is fixed thereto by the
      first and second torsional members, wherein the major axis of the
      torsional members is perpendicular to the plane and major axis of the reed
      member. The second and third plates each has a supply port, a channel
      fluidically coupled to the supply port, and an output port fluidically
      coupled to the channel. The tab, having a hole therethrough, extends from
      the reed member in a plane perpendicular to the major axis of the
      torsional members and the reed member. The tab is received within the
      channels in the second and third plates, and is movable between a first
      and second position upon corresponding movement of the reed member which
      is responding to the reception of the first and second fluidic input
      signals from the fluidic feedback means. The fluidic resonant frequency of
      the oscillator is approximately equal to a fixed mechanical resonant
      frequency of the reed member, whereby the oscillator oscillates at that
      mechanical resonant frequency.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder, with the Department of the U.S. Army.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a torsional reed reference fluidic oscillator,
      and also to an improved torsional reed fluidic amplifier.
PAR  2. Description of the Prior Art
PAR  In a torsional reed reference fluidic oscillator, the frequency of
      oscillation is determined by the mechanical resonant frequency of an
      oscillating reed member, wherein the reed member is a component of a
      torsional amplifier of the oscillator. However, this reed member is
      normally a thin elongated planar structure which tends to have a flapping
      motion when it oscillates about an axis determined by a pair of torsional
      members positioned perpendicular to the major axis of the reed member.
      Since the square of the mechanical resonant frequency of the reed member
      is generally equal to the torsional spring rate of the torsional members
      divided by the moments of inertia of the mass of the reed about its
      torsional axis, this formula relationship would be expected to accurately
      predict the operating frequency of the oscillator. However, the flapping
      motion of the reed member imposes thereon another mode of oscillation
      which causes a shift in the desired center frequency of the oscillator,
      thereby limiting the stability and predetermined accuracy of the
      oscillator.
PAR  Similarly, this torsional reed reference fluidic oscillator has a tab
      extending from one end of the reed member perpendicular to the plane of
      the reed member and parallel to the major axis of the torsional members.
      The tab normally has a hole therethrough, and is received within channels
      of two separate plates. When the hole in the tab is aligned with the
      channel in one of the plates, that plate provides an output signal for the
      amplifier, and when the hole in the tab is aligned with the other of the
      plates, that other plate provides another output signal for the amplifier.
      These output signals are, in turn, coupled to fluidic feedback means for
      converting the output signal to first and second input signals which are
      applied to the reed member at a proper phase relationship for insuring
      operation of the entire apparatus as an oscillator. However, since the
      plane of the tab is parallel to the torsional axis of the reed member,
      supply fluid coupled to the channels of the plates impinges on the tab and
      applies a torsional force to the reed member. This torsional force again
      causes a shifting in the resonant frequency of oscillation of the reed
      member as it oscillates about its torsional axis, and and limits the
      stability and predetermined accuracy of the fluidic oscillator.
PAR  Furthermore, this torsional reed reference oscillator should be operated at
      a high pressure to insure that it would always be self starting. However,
      a high operating pressure generally causes a decrease in the overall
      performance of the oscillator, and can severely limit its predetermined
      accuracy and frequency stability. Still further, since the mechanical
      characteristics of the components of the oscillator often change over the
      desired operating temperature and pressure ranges, the frequency stability
      of the oscillator over this broad range is difficult to maintain.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of this invention to provide for an improved
      torsional reed reference fluidic oscillator having a stability of
      operation of within 0.1% of the desired frequency over a temperature range
      of -65.degree. to +165.degree. F and at an operating pressure of from 1 to
      4 psi.
PAR  It is another object of this invention to provide an improved torsional
      reed reference fluidic oscillator which is mechanically stable over an
      operating temperature of from -65.degree. to +165.degree. F.
PAR  It is another object of this invention to provide for an improved torsional
      reed fluidic amplifier which has a reed member that is only responsive to
      fluidic input signals.
PAR  It is a further object of this invention to provide for an improved
      torsional reed fluidic amplifier having a reed member which does not flap
      in secondary modes when it moves.
PAR  Other objects of the invention will be pointed out hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  According to a broad aspect of this invention, there is provided a
      torsional reed reference fluidic oscillator that operates within 0.1% of
      the desired frequency over a temperature range of -65.degree. to
      +165.degree. F and an operating pressure of from 1 to 4 psi. The
      oscillator includes a torsional reed reference fluidic amplifier and
      fluidic feedback means for converting output signals from output ports of
      the amplifier to first and second input signals having a phase
      relationship for insuring operation of the apparatus as an oscillator. The
      amplifier is comprised of first, second and third plates, an elongated
      reed member, first and second torsional members and a tab, all of which
      are made of a material having negligible coefficient of expansion and
      negligible change in modulus of elasticity over the operating temperature
      range. The reed member is positioned within an elongated slot in the first
      plate, and is fixed to the first plate by the first and second torsional
      members, wherein the major axis of the torsional members is perpendicular
      to the plane and major axis of the reed member. The second and third
      plates each has a supply port, a channel fluidically coupled to the supply
      port and an output port fluidically coupled to the channel. The tab
      extends from the reed member in a plane perpendicular to the major axis of
      the torsional members and the reed member, and has a hole therethrough.
      The tab is received within the channels in the second and third plates,
      and is movable between a first and a second position upon corresponding
      movement of the reed member which is responding to the reception of the
      first and second fluidic input signals from the fluidic feedback means.
PAR  When the first signal moves the reed member and the tab to the first
      position, the hole in the tab is aligned within the channel in the second
      plate, thereby allowing supply fluid to flow from the supply port and out
      of the output port in the second plate. At the same time, the hole is
      misaligned with the channel in the third plate, thereby blocking the flow
      of supply fluid to the output port in the third plate. When the second
      signal moves the reed member and the tab to the second position, the hole
      in the tab is aligned within the channel in the third plate, thereby
      allowing supply fluid to flow from the supply port and out of the output
      port in the third plate. Similarly, at the same time, the hole in the tab
      is misaligned with the channel in the second plate, thereby preventing
      supply fluid from flowing from the supply port and out of the output port
      in the second plate. Under these circumstances, the fluidic resonant
      frequency of the oscillator is approximately equal to the fixed and
      predetermined mechanical resonant frequency of the reed member, whereby
      the oscillator oscillates at the desired mechanical resonant frequency of
      the reed member.
PAR  The fluidic feedback means is comprised of a fluidic flip flop, and first
      and second fluidic capacitors. The flip flop has a supply port, first and
      second control ports and first and second output ports, wherein the first
      and second input signals to the reed member are fluidically coupled
      thereto from the respective first and second output ports of the flip
      flop. The first and second fluidic capacitors fluidically couple the
      fluidic signals from each of the respective output ports of the second and
      third plates of the torsional reed reference amplifier to the respective
      first and second control ports of the flip flop, and affect the phase
      relationship of the fluidic signals which are applied to the reed member.
PAR  The fluidic feedback means can be further comprised of a fluidic
      proportional amplifier having a supply port, first and second control
      ports and first and second output ports, wherein the first and second
      control ports of the proportional amplifier are fluidically connected to
      the respective first and second fluidic capacitors, and the first and
      second output ports of the proportional amplifier are fluidically
      connected to the respective first and second control ports of the flip
      flop. The proportional amplifier provides a sufficient increase in gain in
      the fluidic feedback loop to insure self starting of the fluidic
      oscillator at low operating pressures ranging from 1 to 4 psi.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an exploded perspective view of the torsional reed reference
      fluidic oscillator in accordance with this invention;
PAR  FIG. 2 is a fluidic circuit diagram of the torsional reed oscillator shown
      in FIG. 1, further including a proportional amplifier in the feedback
      loop, and also an output digital amplifier stage;
PAR  FIG. 3 is a perspective view of a plate containing a proportional
      amplifier; and
PAR  FIG. 4 is a front elevation view of the plate containing the reed member
      shown in FIG. 1 prior to the formation of the rib on the reed and the
      bending of the tab perpendicular to the rib.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  One embodiment of the invention will now be described with reference to
      FIGS. 1 and 4.
PAR  As shown in FIG. 1, a torsional reed reference fluidic oscillator 10 is
      comprised of a torsional reed reference amplifier 12 and fluidic feedback
      means 14 for converting signals from output ports of the amplifier to
      first and second input signals having a phase relationship that insures
      operation of the apparatus as an oscillator.
PAR  Amplifier 12 is further comprised of respective first, second, and third
      plates 16, 18, and 20. Plate 16 has an elongated slot 22 extending
      therethrough, and an elongated reed member 24 is positioned within slot 22
      parallel to the major axis of the slot. A pair of torsional members 26 and
      28 extend, within respective expanded portions 30 and 32 of the slot, in a
      direction perpendicular to the major axis of the slot, and are used to
      mechanically couple reed member 24 to plate 16. A tab 34, having a hole 36
      therethrough, extends from one end 37 of reed member 24 in a direction
      perpendicular to the plane of the reed member, wherein the torsional axis
      is coincident with a major axis of torsional members 26 and 28. Reed
      member 24 includes a rib 40 formed thereon. The rib extends over a major
      portion of one flat surface 42 of reed member 24 so as to impart a
      significant degree of rigidity to the reed member. Plate 16 further
      includes a coupling hole 44 therethrough, which is adjacent another end 46
      of reed member 24.
PAR  Plates 18 and 20 include respective supply ports 48 and 50, channels 52 and
      54 and output ports 56 and 58. Plate 18 further includes a first
      passageway 60 for fluidically coupling supply port 48 to channel 52, a
      passageway 62 for fluidically coupling channel 52 to output port 56, and
      coupling holes 64 and 66. Plate 20 further includes a passageway 68 for
      fluidically coupling supply port 50 to channel 54, a passageway 70 for
      fluidically coupling channel 54 to output port 58, and coupling holes 72,
      74, and 76. Channels 52 and 54 in respective plates 18 and 20 are aligned
      with one another, and are dimensioned to receive tab 34 therewithin.
PAR  As shown in FIG. 4, plate 16 can be comprised of a single sheet which is
      chemically etched or stamped to include stacking holes 78, 80, 82, and 84,
      elongated slot 22, reed member 24 suspended in slot 22, torsional members
      26 and 28, tab 34 having hole 36 therethrough, and a pair of stress relief
      channels 86 and 88 each extending from respective expanded portions 30 and
      32 of slot 22 into respective lower and upper portions 90 and 92 of plate
      16 and past respective torsional members 26 and 28. Subsequent to the
      formation of plate 16 as it is shown in FIG. 4, tab 34 is bent into a
      plane perpendicular to the plane of reed member 24, and rid 40 is formed
      along major axis 38 of reed member 24. Stress relief channels 86 and 88
      primarily serve to prevent deformation of torsional members 26 and 28 and
      the shifting of the torsional axis during the formation of rib 40 on reed
      member 24.
PAR  Again referring to FIG. 1, feedback means 14 is comprised of a plate 96,
      containing capacitor volumes 98 and 100, and a plate 102 containing a
      fluidic flip-flop 103. Plate 96 further includes a pair of transfer slots
      104 and 106 and a coupling hole 108. Coupling hole 108 is aligned and in
      fluidic communication with supply ports 48 and 50 in respective second and
      third plates 18 and 20. One end 110 of transfer slot 104 is aligned and in
      fluidic communication with coupling holes 44, 64 and 76 in respective
      plates 16, 18 and 20, while one end 112 of transfer slot 106 is aligned
      and in fluidic communication with coupling holes 66 and 74 in respective
      plates 18 and 20. Flip-flop 103 in plate 102 includes a supply port 114,
      control ports 116 and 118, vents 120 and 122, and first and second output
      receiver ports 124 and 126. Output receiver port 124 is aligned and in
      fluidic communication with another end 128 of transfer slot 106, while
      output receiver port 126 is aligned with and fluidically coupled to
      another end 130 of transfer slot 104. control port 116 is aligned and in
      fluidic communication with output port 58 in plate 20 via capacitor volume
      98, and control port 118 is aligned and in fluidic communication with
      output port 56 in plate 18 via coupling hole 72 in plate 20 capacitor
      volume 100 in plate 96. Plate 102 further includes a coupling hole 132,
      which is aligned and in fluidic communication with supply ports 48 and 50
      in respective plates 18 and 20 and coupling hole 108 in plate 96.
PAR  In order to insure proper operation of the oscillator, coupling plates 134,
      136, 138, 140, 142 and cover plates 144 and 146 are provided. While cover
      plate 144 is normally aligned with the above referred to plates of the
      oscillator, it is shown to be out of alignment therewith for the sake of
      clarity. Coupling plate 134 is positioned adjacent side 42 of reed member
      24 and has a transfer slot 148 therein for fluidically coupling hole 44 in
      plate 16 to end 46 of side 42 of the reed member. Coupling plate 136 is
      positioned between plates 16 and 18, and includes a transfer channel 150
      and respective coupling holes 152 and 154. Coupling hole 152 fluidically
      couples hole 64 and plate 18 to coupling hole 44 in plate 16, while
      coupling hole 154 fluidically couples hole 66 in plate 18 to a rear
      surface (not shown) of end 46 of reed member 24. Coupling plate 138 is
      positioned between plates 18 and 20, and includes coupling holes 156, 158,
      160, and 162 and a transfer channel 164. Transfer channels 150 and 164 are
      dimensioned to allow tab 34 to pass therethrough and be received in
      respective channels 52 and 54 of respective plates 18 and 20. Coupling
      hole 156 fluidically couples hole 76 in plate 20 to hole 64 in plate 18,
      while couping hole 158 fluidically couples hole 74 in plate 20 to hole 66
      in plate 18, and coupling hole 160 fluidically couples output port 56 in
      plate 18 to hole 72 in plate 20, while coupling hole 162 fluidically
      couples supply port 50 in plate 20 to supply port 48 in plate 18. Coupling
      plate 140 is positioned between plates 20 and 96, and includes coupling
      holes 166, 168, 170, 172, and 174. Coupling hole 166 fluidically couples
      end 110 of transfer slot 104 in plate 96 to hole 76 in plate 20, and
      coupling hole 168 fluidically couples end 112 of transfer slot 106 in
      plate 96 to hole 74 in plate 20. Coupling hole 170 fluidically couples
      hole 72 in plate 20 to capacitor volume 100, and coupling hole 172
      fluidically couples output port 58 in plate 20 to capacitor volume 98 in
      plate 96. Furthermore, coupling hole 174 fluidically couples hole 108 in
      plate 96 to supply port 50 in plate 20. Coupling plate 142 is positioned
      between plates 96 and 102 and includes coupling holes 176, 178, 180, 182,
      and 184. Coupling holes 176 and 178 fluidically couple respective output
      receiver ports 124 and 126 in plate 102 to respective ends 128 and 130 of
      respective transfer slots 106 and 104 in plate 96, while coupling holes
      180 and 182 fluidically couple respective capacitor volumes 98 and 100 in
      plate 96 to respective control ports 116 and 118 of the flip-flop in plate
      102, and coupling hole 184 fluidically couples hole 132 in plate 102 to
      hole 108 in plate 96. Cover plate 146 is aligned with and on the opposite
      side of plate 102, and includes output ports 186 and 188 and supply ports
      190 and 192. Output ports 186 and 188 fluidically couple respective output
      receiver ports 124 and 126 of the flip-flop in plate 102 to an output
      fluidic amplifier or other suitable load, while supply ports 190 and 192
      fluidically couple a fluidic source of supply (not shown) to respective
      supply port 114 and coupling hole 132 in plate 102. Cover plate 144 is
      positioned adjacent the front side (in accordance with FIG. 1) of coupling
      plate 134, and serves to isolate transfer slot 148 from the atmosphere.
PAR  At this point it should be noted that plates 18, 20, 96 and 102 can each be
      comprised of a plurality of laminated sheets which are either diffusion
      bonded or bolted together, wherein each sheet can be either chemically
      etched or stamped to contain the above described elements and
      configuration. It should also be noted that plates 16, 18, 20, 96 and 102,
      the coupling and cover plates, reed member 24, tab 34 and torsional
      members 26 and 28 are comprised of material having negligible thermal
      coefficient of expansion and negligible change in modulus of elasticity
      between a temperature range of -65.degree. to +165.degree.F for preventing
      a change in the operating characteristics of the oscillator over the above
      temperature range. One such suitable material is a
      nickel-iron-chromium-titanium alloy known as Ni Span C alloy 902
      manufactured by Engelhard Industries, a Division of Engelhard Minerals and
      Chemicals Corp.
PAR  The operation of the oscillator will now be explained. Supply fluid is fed
      from the supply source to supply ports 48 and 50 in plates 18 and 20 of
      amplifier 12 via coupling hole 192 in cover plate 146, coupling hole 132
      in plate 102, coupling hole 184 in plate 142, coupling hole 108 in plate
      96 and coupling hole 174 in plate 140. Similarly, supply fluid flows to
      supply port 114 of flip flop 103 in plate 102 via coupling hole 190 in
      cover plate 146. In this instance, we will assume that hole 36 in tab 34
      is initially aligned within channel 54 in plate 20 and in misalignment
      with channel 52 in plate 18. Under these circumstances, the supply fluid
      flows from supply port 50 to output port 58 in plate 20, and this output
      signal flows to control port 116 in the flip flop in plate 102 via
      coupling hole 172 in coupling plate 140, capacitor volume 98 in plate 96,
      and coupling hole 180 in plate 142. This, in turn, causes a fluidic signal
      to flow from output receiver port 126 of the flip flop in plate 102 to an
      output amplifier or other suitable load via coupling hole 188 in cover
      plate 146. Similarly, this signal serves as the first input signal applied
      to amplifier 12 as it impinges on the front face (with reference to FIG.
      1) of end 46 of reed member 24 after flowing from output receiver port 126
      of the flip flop and through hole 178 in plate 142, transfer slot 104 in
      plate 96, hole 166 in plate 140, hole 76 in plate 20, hole 156 in plate
      138, hole 64 in plate 18, hole 152 in plate 136, hole 44 in plate 16 and
      transfer slot 148 in plate 134. This signal causes a corresponding
      movement in the reed member about its torsional axis so that hole 36 in
      tab 34 becomes aligned within channel 52 in plate 18 and misaligned with
      channel 54 in plate 20. Under these circumstances, supply fluid flows from
      supply port 48 to output port 56 in plate 18, and a fluidic signal is
      fluidically coupled to control port 118 in the flip flop in plate 102 via
      coupling hole 160 in plate 138, coupling hole 72 in plate 20, coupling
      hole 170 in plate 140, capacitor volume 100 in plate 96, and coupling hole
      182 in plate 142. This, in turn, causes a change in the state of the flip
      flop in plate 102 and a fluidic signal flows out of output receiver 124 in
      the flip flop to an output amplifier or other suitable load via port 186
      in cover plate 146. Similarly, the signal from receiver port 124 provides
      the second input signal to the torsional amplifier which is fed back to
      the rear side (not shown) of end 46 of reed member 24 via coupling hole
      176 in plate 142, transfer slot 106 in plate 96, coupling hole 168 in
      plate 140, coupling hole 74 in plate 20, coupling hole 158 in plate 138,
      coupling hole 66 in plate 18 and coupling hole 154 in plate 136. This, in
      turn, causes reed member 24 to move in an opposite direction about its
      torsional axis, and again causes hole 36 in tab 34 to be aligned within
      channel 54 of plate 20 and misaligned with channel 52 in plate 18. The
      apparatus continues to operate as described above, and oscillating fluidic
      signals are thereby produced at output ports 186 and 188 in cover plate
      146.
PAR  It should be noted that the capacitor volumes in plate 96 serve to adjust
      the phase shift of the output signals from the torsional amplifier, which
      are fed back to the amplifier as input signals, in a manner to insure that
      the natural fluidic resonant frequency of the oscillator is approximately
      equal to the mechanical resonant frequency of reed member 24 about its
      torsional axis. This insures that the oscillator will, in fact, oscillate
      at a fixed mechanical resonant frequency of the reed member, wherein the
      square of the mechanical resonant frequency (.omega..sup.2) is equal to
      the torsional spring rate of torsional members 26 and 28 divided by the
      movement of inertia of the reed member about its torsional axis. This
      mechanical resonant frequency is thus independent of the changes in the
      fluidic resonant frequency of the oscillator, and thereby remains stable
      over the desired temperature range of approximately -65.degree. to
      approximately +165.degree.F.
PAR  In order to insure self starting of the oscillator and satisfactory
      performance at low operating pressures ranging from 1 to 4 psi, the gain
      of the feedback means is increased by inserting a plate 190 containing a
      fluidic proportional amplifier 192, shown in FIG. 3, between plates 96 and
      102. This is more clearly understood by referring to the fluidic circuit
      diagram shown in FIG. 2. This circuit diagram also includes an output
      digital amplifier 194 which serves as the load for the oscillator. In
      operation, the fluidic supply signal flows to a supply port 195 of digital
      amplifier 194, supply port 114 of flip flop 103 via a flow control valve
      196, a supply port 198 of proportional amplifier 192 via a flow control
      valve 200, and supply ports 48 and 50 of torsional amplifier 12 via a flow
      control valve 202. The output signals from torsional amplifier 12 flow out
      of respective output ports 56 and 58 to respective control ports 204 and
      206 of proportional amplifier 192 via respective capacitor volumes 100 and
      98. Output signals from respective output receiver ports 208 and 210 of
      proportional amplifier 192 then flow to respective control ports 118 and
      116 of flip flop 103. As previously stated when describing the operation
      of the oscillator shown in FIG. 1, fluidic input signals flow back to reed
      member 24 from respective output receiver ports 124 and 126 of the flip
      flop, while in this instance, output signals from output receiver ports
      124 and 126 also flow to respective control ports 212 and 214 of digital
      amplifier 194. This, in turn, causes signals to be generated at respective
      output receiver ports 216 and 218 of the digital amplifier.
PAR  Thus, not only is the oscillator, shown in schematic in FIG. 2, self
      starting at low operating pressures of approximately 1 to 4 psi, it is
      also capable of operating at 0.1% frequency stability over a temperature
      range of -65.degree. to +165.degree.F, due, additionally, to the rigidity
      of the reed member provided by rib 40, and to the positioning of tab 34 in
      a plane perpendicular to both the torsional axis and major axis of reed
      member 24.
PAR  While torsional reed amplifier 12 has been described as a component of
      oscillator 10, it is to be understood that amplifier 12 can be
      independently operated as either a proportional or digital fluidic
      amplifier component which can respond to fluidic input signals and can
      drive an output fluidic load.
PAR  Although the invention has been described with reference to specific
      embodiments thereof, numerous modifications are possible without departing
      from the invention, and it is desirable to cover all modifications falling
      within the spirit and scope of this invention.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A torsional reed reference fluidic oscillator operating within 0.1% of
      the desired frequency over a temperature range of -65.degree. to
      +165.degree.F and an operating pressure of from about 1 to about 4 psi
      including:
PA1  A a torsional reed fluidic amplifier comprising:
PA2  a. a first plate having an elongated slot therethrough;
PA2  b. an elongated reed member positioned within said slot and extending in a
      plane parallel to a plane of said first plate, said reed member including
      a rib extending parallel to a major axis of a plane of said reed member
      for imparting rigidity to said reed member;
PA2  c. first and second torsional members positioned within said slot and
      having a major axis perpendicular to the major axis of said reed member
      for mechanically coupling said reed member to said first plate;
PA2  d. second and third plates each having a supply port, a channel fluidically
      coupled to said supply port, and an output port fluidically coupled to
      said channel; and
PA2  e. a tab extending from said reed member in a plane perpendicular to the
      major axis of said torsional members and said reed member and having a
      hole therethrough, said tab being received within said channels in said
      second and third plates and movable between a first and a second position
      upon corresponding movement of said reed member in response to the
      receiving of first and second fluidic input signals, said first, second
      and third plates, said reed member, said tab and said torsional members
      all being comprised of a material having negligible thermal coefficient of
      expansion and negligible change in modulus of elasticity over said
      temperature range, whereby when said first input signal moves said reed
      member and said tab to said first position, said hole in said tab is
      aligned within said channel in said second plate, thereby allowing supply
      fluid to flow from said supply port and out of said output port in said
      second plate, while said hole is misaligned with said channel in said
      third plate, thereby blocking the flow of supply fluid to said output port
      in said third plate, and when said second signal moves said reed member
      and said tab to said second position, said hole in said tab is aligned
      within said channel in said third plate, thereby allowing supply fluid to
      flow from said supply port and out of said output port in said third
      plate, while said hole in said tab is misaligned with said channel in said
      second plate, thereby preventing supply fluid from flowing from said
      supply port and out of said output port in said second plate; and
PA1  B. fluidic feedback means for converting output signals from said output
      ports in said second and third plates to said first and second input
      signals having a phase relationship that establishes a fluidic resonant
      frequency for said oscillator approximately equal to a fixed mechanical
      frequency of said reed member, whereby said oscillator oscillates at the
      fixed mechanical frequency of said reed member.
NUM  2.
PAR  2. A torsional reed reference fluidic oscillator according to claim 1,
      wherein said fluidic feedback means is comprised of:
PA1  a. a fluidic flip flop having a supply port, first and second control ports
      and first and second output ports, said first and second input signals
      being fluidically coupled to said reed member from said respective first
      and second output ports of said flip flop; and
PA1  b. first and second fluidic capacitors for fluidically coupling and
      adjusting the phase of fluidic signals from said respective output ports
      of said second and third plates to said respective first and second
      control ports of said flip flop.
NUM  3.
PAR  3. A torsional reed reference fluidic oscillator according to claim 2,
      wherein said fluidic feedback means is further comprised of a fluidic
      proportional amplifier having a supply port, first and second control
      ports and first and second output ports, said first and second control
      ports of said proportional amplifier being fluidically connected to said
      respective first and second fluidic capacitors, and said first and second
      output ports of said proportional amplifier being fluidically connected to
      said respective first and second control ports of said flip flop, whereby
      the gain of said proportional amplifier insures self starting of said
      fluidic oscillator at operating pressures ranging from about 1 to about 4
      psi.
NUM  4.
PAR  4. A torsional reed reference fluidic oscillator including:
PA1  A. a torsional reed fluidic amplifier comprising:
PA2  a. a first plate having an elongated slot therethrough;
PA2  b. an elongated reed member positioned within said slot and extending in a
      plane parallel to a plane of said first plate;
PA2  c. first and second torsional members positioned within said slot and
      having a major axis perpendicular to a major axis of said slot and said
      reed member for mechanically coupling said reed member to said first
      plate;
PA2  d. second and third plates each having a supply port, a channel fluidically
      coupled to said supply port, and an output port fluidically coupled to
      said channel; and
PA2  e. a tab extending from said reed member in a plane perpendicular to the
      major axis of said torsional members and said reed member and having a
      hole therethrough, said tab being received within said channels in said
      second and third plates and movable between a first and a second position
      upon corresponding movement of said reed member in response to the
      receiving of first and second fluidic input signals, whereby when said
      first input signal moves said reed member and said tab to said first
      position, said hole in said tab is aligned within said channel in said
      second plate, thereby allowing supply fluid to flow from said supply port
      and out of said output port in said second plate, while said hole is
      misaligned with said channel in said third plate, thereby blocking the
      flow of supply fluid to said output port in said third plate, and when
      said second input signal moves said reed member and said tab to said
      second position, said hole in said tab is aligned within said channel in
      said third plate, thereby allowing supply fluid to flow from said supply
      port and out of said output port in said third plate, while said hole in
      said tab is misaligned with said channel in said second plate, thereby
      preventing supply fluid from flowing from said supply port and out of said
      output port in said second plate; and
PA1  B. fluidic feedback means for converting output signals from said output
      ports in said second and third plates to said first and second input
      signals having a phase relationship that establishes a fluidic resonant
      frequency for said oscillator approximately equal to a fixed mechanical
      frequency of said reed member, whereby said oscillator oscillates at the
      fixed mechanical frequency of said reed member.
NUM  5.
PAR  5. A torsional reed reference fluidic oscillator according to claim 4,
      wherein said supply ports in said second and third plates are in alignment
      with each other.
NUM  6.
PAR  6. A torsional reed reference fluidic oscillator according to claim 4,
      wherein said channels in said second and third plates are in alignment
      with each other.
NUM  7.
PAR  7. A torsional reed reference fluidic oscillator according to claim 4,
      wherein said reed member includes a rigid rib extending along the major
      axis of said reed member for imparting rigidity to said reed member.
NUM  8.
PAR  8. A torsional reed reference fluidic oscillator according to claim 7,
      wherein said first plate has first and second stress relief channels
      therein, said first stress relief channel extending from said slot into
      said first plate and past the major axis of said first torsional member,
      and said second stress relief channel extending from said slot into said
      first plate and past the major axis of said second torsional member,
      whereby said stress relief channels prevent distortion of said first and
      second torsional members during the formation of said rib of said reed
      member.
NUM  9.
PAR  9. A torsional reed reference fluidic oscillator according to claim 4,
      wherein said first, second and third plates, said reed member, said tab
      and said first and second torsional members are comprised of a material
      having negligible thermal coefficient of expansion and negligible change
      in modulus of elasticity between a temperature range of -65.degree. to
      +165.degree.F for preventing a change in the operating characteristics of
      said oscillator over said temperature range.
NUM  10.
PAR  10. A torsional reed reference fluidic oscillator according to claim 4,
      wherein said fluidic feedback means is comprised of:
PA1  a. a fluidic flip flop having a supply port, first and second control ports
      and first and second output ports, said first and second input signals
      being fluidically coupled to said reed member from said respective first
      and second output ports of said flip flop; and
PA1  b. first and second fluidic capacitors for fluidically coupling and
      adjusting the phase of fluidic signals from said respective output ports
      of said second and third plates to said respective first and second
      control ports of said flip flop.
NUM  11.
PAR  11. A torsional reed reference fluidic oscillator according to claim 10,
      wherein said fluidic feedback means is further comprised of a fluidic
      proportional amplifier having a supply port, first and second control
      ports and first and second output ports, said first and second control
      ports of said proportional amplifier being fluidically connected to said
      respective first and second fluidic capacitors, and said first and second
      output ports of said proportional amplifier being fluidically connected to
      said respective first and second control ports of said flip flop, whereby
      the gain of said proportional amplifier insures self starting of said
      fluidic oscillator at operating pressures ranging from about 1 to about 4
      psi.
NUM  12.
PAR  12. A torsional reed reference fluidic oscillator including:
PA1  A. a torsional reed fluidic amplifier comprising:
PA2  a. a first plate having an elongated slot therethrough;
PA2  b. an elongated reed member positioned within said slot and extending in a
      plane parallel to a plane of said first plate, said reed member including
      a rib extending parallel to a major axis of the plane of said reed member
      for imparting rigidity to said reed member;
PA2  c. first and second torsional members positioned within said slot and
      having a major axis perpendicular to the major axis of said reed member
      for mechanically coupling said reed member to said first plate;
PA2  d. second and third plates each having a supply port, a channel fluidically
      coupled to said supply port, and an output port fluidically coupled to
      said channel; and
PA2  e. a tab extending from said reed member in a plane perpendicular to the
      major axis of said reed member and having a hole therethrough, said tab
      being received within said channels in said second and third plates and
      movable between a first and a second position upon corresponding movement
      of said reed member in response to the receiving of first and second
      fluidic input signals, whereby when said first input signal moves said
      reed member and said tab to said first position, said hole in said tab is
      aligned within said channel in said second plate, thereby allowing supply
      fluid to flow from said supply port and out of said output port in said
      second plate, while said hole is misaligned with said channel in said
      third plate, thereby blocking the flow of supply fluid to said output port
      in said third plate, and when said second input signal moves said reed
      member and said tab to said second position, said hole in said tab is
      aligned within said channel in said third plate, thereby allowing supply
      fluid to flow from said supply port and out of said output port in said
      third plate, while said hole in said tab is misaligned with said channel
      in said second plate, thereby preventing supply fluid from flowing from
      said supply port and out of said output port in said second plate; and
PA1  B. fluidic feedback means for converting output signals from said output
      ports in said second and third plates to said first and second input
      signals having a phase relationship that establishes a fluidic resonant
      frequency for said oscillator approximately equal to a fixed mechanical
      frequency of said reed member, whereby said oscillator oscillates at the
      fixed mechanical frequency of said reed member.
NUM  13.
PAR  13. A torsional reed reference fluidic oscillator according to claim 12,
      wherein said supply ports in said second and third plates are in alignment
      with each other.
NUM  14.
PAR  14. A torsional reed reference fluidic oscillator according to claim 12,
      wherein said channels in said second and third plates are in alignment
      with each other.
NUM  15.
PAR  15. A torsional reed reference fluidic oscillator according to claim 12,
      wherein said tab extends from said reed member in a plane perpendicular to
      the major axis of said torsional members.
NUM  16.
PAR  16. A torsional reed reference fluidic oscillator according to claim 12,
      wherein said first, second and third plates, said reed member, said tab
      and said first and second torsional members are comprised of a material
      having negligible thermal coefficient of expansion and negligible change
      in modulus of elasticity between a temperature range of -65.degree. to
      +165.degree.F for preventing a change in the operating characteristics of
      said oscillator over said temperature range.
NUM  17.
PAR  17. A torsional reed reference fluidic oscillator according to claim 12,
      wherein said first plate has first and second stress relief channels
      formed therein, said first stress relief channel extending from said slot
      into said first plate and past the major axis of said first torsional
      member, and said second stress relief channel extending from said slot
      into said first plate and past the major axis of said second torsional
      member, whereby said stress relief channels prevent distortion of said
      first and second torsional members during the formation of said rib of
      said reed member.
NUM  18.
PAR  18. A torsional reed reference fluidic oscillator according to claim 12,
      wherein said fluidic feedback means is comprised of:
PA1  a. a fluidic flip flop having a supply port, first and second control ports
      and first and second output ports, said first and second input signals
      being fluidically coupled to said reed member from said respective first
      and second output ports of said flip flop; and
PA1  b. first and second fluidic capacitors for fluidically coupling and
      adjusting the phase of fluidic signals from said respective output ports
      of said second and third plates to said respective first and second
      control ports of said flip flop.
NUM  19.
PAR  19. A torsional reed reference fluidic oscillator according to claim 18,
      wherein said fluidic feedback means is further comprised of a fluidic
      proportional amplifier having a supply port, first and second control
      ports and first and second output ports, said first and second control
      ports of said proportional amplifier being fluidically connected to said
      respective first and second fluidic capacitors, and said first and second
      output ports of said proportional amplifier being fluidically connected to
      said respective first and second control ports of said flip flop, whereby
      the gain of said proportional amplifier insures self starting of said
      fluidic oscillator at operating pressures ranging from about 1 to about 4
      psi.
NUM  20.
PAR  20. A torsional reed fluidic amplifier comprising:
PA1  a. a first plate having an elongated slot therethrough;
PA1  b. an elongated reed member positioned within said slot and extending in a
      plane parallel to a plane of said first plate;
PA1  c. first and second torsional members positioned within said slot and
      having a major axis extending perpendicular to a major axis of said slot
      and said reed member for mechanically coupling said reed member to said
      first plate;
PA1  d. second and third plates each having a supply port, a channel fluidically
      coupled to said supply port, and an output port fluidically coupled to
      said channel; and
PA1  e. a tab extending from said reed member in a plane perpendicular to the
      major axis of said torsional members and said reed member and having a
      hole therethrough, said tab being received within said channels in said
      second and third plates and movable between a first and a second position
      upon corresponding movement of said reed member in response to the
      receiving of first and second fluidic signals, whereby when said first
      input signal moves said reed member and said tab to said first position,
      said hole in said tab is aligned within said channel in said second plate,
      thereby allowing supply fluid to flow from said supply port and out of
      said output port in said second plate, while said hole is misaligned with
      said channel in said third plate, thereby blocking the flow of supply
      fluid to said output port in said third plate, and when said second input
      signal moves said reed member and said tab to said second position, said
      hole in said tab is aligned within said channel in said third plate,
      thereby allowing supply fluid to flow from said supply port and out of
      said output port in said third plate, while said hole in said tab is
      misaligned with said channel in said second plate, thereby preventing
      supply fluid from flowing from said supply port and out of said output
      port in said second plate.
NUM  21.
PAR  21. A torsional reed fluidic amplifier according to claim 20, wherein said
      supply ports in said second and third plates are in alignment with each
      other.
NUM  22.
PAR  22. A torsional reed fluidic amplifier according to claim 20, wherein said
      channels in said second and third plates are in alignment with each other.
NUM  23.
PAR  23. A torsional reed fluidic amplifier according to claim 20, wherein said
      reed member includes a rigid rib extending along the major axis of said
      reed member for imparting rigidity to said reed member.
NUM  24.
PAR  24. A torsional reed fluidic amplifier according to claim 23, wherein said
      first plate has first and second stress relief channels therein, said
      first stress relief channel extending from said slot into said first plate
      and past the major axis of said first torsional member, and said second
      stress relief channel extending from said slot into said first plate and
      past the major axis of said second torsional member, whereby said stress
      relief channels prevent distortion of said first and second torsional
      members during the formation of said rib of said reed member.
NUM  25.
PAR  25. A torsional reed fluidic amplifier according to claim 20, wherein said
      first, second and third plates, said reed member, said tab and said first
      and second torsional members are comprised of a material having negligible
      thermal coefficient of expansion and negligible change in modulus of
      elasticity between a temperature range of -65.degree.F to +165.degree.F
      for preventing a change in the operating characteristics of said amplifier
      over said temperature range.
NUM  26.
PAR  26. A torsional reed fluidic amplifier comprising:
PA1  a. a first plate having an elongated slot therethrough;
PA1  b. an alongated reed member positioned within said slot and extending in a
      plane parallel to a plane of said first plate, said reed member including
      a rib extending parallel to a major axis of a plane of said reed member
      for imparting rigidity to said reed member;
PA1  c. first and second torsional members positioned within said slot and
      having a major axis extending perpendicular to the major axis of said reed
      member for mechanically coupling said reed member to said first plate;
PA1  d. second and third plates each having a supply port, a channel fluidically
      coupled to said supply port, and an output port fluidically coupled to
      said channel; and
PA1  e. a tab extending from said reed member in a plane perpendicular to the
      major axis of said reed member and having a hole therethrough, said tab
      being received within said channels in said second and third plates and
      movable between a first and a second position upon corresponding movement
      of said reed member in response to the receiving of first and second
      fluidic input signals, whereby when said first input signal moves said
      reed member and said tab to said first position, said hole in said tab is
      aligned within said channel in said second plate, thereby allowing supply
      fluid to flow from said supply port and out of said output port in said
      second plate, while said hole is misaligned with said channel in said
      third plate, thereby blocking the flow of supply fluid to said output port
      in said third plate, and when said second input signal moves said reed
      member and said tab to said second position, said hole in said tab is
      aligned within said channel in said third plate, thereby allowing supply
      fluid to flow from said supply port and out of said output port in said
      third plate, while said hole in said tab is misaligned with said channel
      in said second plate, thereby preventing supply fluid from flowing from
      said supply port and out of said output port in said second plate.
NUM  27.
PAR  27. A torsional reed fluidic amplifier according to claim 26, wherein said
      supply ports in said second and third plates are in alignment with each
      other.
NUM  28.
PAR  28. A torsional reed fluidic amplifier according to claim 26, wherein said
      channels in said second and third plates are in alignment with each other.
NUM  29.
PAR  29. A torsional reed fluidic amplifier according to claim 26, wherein said
      tab extends from said reed member in a plane perpendicular to the major
      axis of said torsional members.
NUM  30.
PAR  30. A torsional reed fluidic amplifier according to claim 26, wherein said
      first, second and third plates, said reed member, said tab and said first
      and second torsional members are comprised of a material having negligible
      thermal coefficient of expansion and negligible change in modulus of
      elasticity between a temperature range of -65.degree.F to +165.degree.F
      for preventing a change in the operating characteristics of said amplifier
      over said temperature range.
NUM  31.
PAR  31. A torsional reed fluidic amplifier according to claim 26, wherein said
      first plate has first and second stress relief channels formed therein,
      said first stress relief channel extending from said slot into said first
      plate and past the major axis of said first torsional member, and said
      second stress relief channel extending from said slot into said first
      plate and past the major axis of said second torsional member, whereby
      said stress relief channels prevent distortion of said first and second
      torsional members during the formation of said rib of said reed member.
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ABST
PAL  The converter includes a pressure fluid operated, bistable fluidic element,
     n the form of a fluid oscillator, having a pressure fluid supply inlet
      opening into an interaction chamber, two outlets extending downstream from
      the interaction chamber to the exterior and diverging in direction at an
      acute angle, two control inlets communicating with the interaction
      chamber, and a magnetic system actuated by electric input signals and
      influencing the control pressure in the control inlets to deviate the
      pressure fluid from one outlet to the other outlet. Respective feedback
      conduits are branched from the outlets to respective associated control
      inlets. Valve arrangements are selectively actuable by the magnetic system
      to close or open the feedback conduits. In one embodiment of the
      invention, a single valve is provided in the form of an armature of the
      magnetic system. In another embodiment of the invention, each control
      inlet has a respective valve therein in the form of an armature of the
      electromagnetic system. In each embodiment, the valves open in the
      direction of fluid flow through the feedback conduits. Fluidic capacities
      may be connected to the feedback conduits, and the control inlets may be
      connected to a pressure source through loading conduits.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates to an electrofluidic converter including a pressure
      fluid operated, bistable fluidic element having a pressure fluid supply
      inlet opening into an interaction chamber, two outlets extending
      downstream from the interaction chamber to the outside or exterior and
      diverging in direction at an acute angle, two control inlets commuicating
      with the interaction chamber, and a magnetic system actuated by electric
      input signals and influencing the control pressure in the control inlets
      to deviate the pressure fluid from one outlet to the other outlet.
PAR  Such electrofluidic converters are used, for example, in control circuits
      where the input quantity is an electric signal while the manipulated
      variable is a fluid signal. German OS No. 1,817,651 discloses an
      electrofluidic converter of the type mentioned which can be used in
      household appliances, such as washing or dish washing machines, as a
      directional water switch. The control conduits of the bistable, fluidic
      element, designed as a pure fluidic logic element, are closed alternately
      by means of an electromagnetically displaceable tongue. Due to the suction
      effect of the pressure fluid flowing through the bistable fluidic element,
      the pressure in the control inlet which is just closed is less than that
      in the open one so that, through the difference between the control
      pressures, the pressure fluid in the outlet associated with the closed
      control inlet is deviated.
PAR  However, in general, a switching operation produced by the suction effect
      of the bistable fluidic element is slower than one which is responsive to
      a pressure or power impulse rapidly transmitted in the control inlets.
      Thus, the limit frequency of this electrofluidic converter is relatively
      low and is further restricted by the inertia and the spring constant of
      the elastic tongue, as well as by the relatively large air gaps between
      the elastic tongue and the magnetic system.
PAR  Moreover, the limiting frequency of a control circuit comprising an
      electrofluidic converter is determined by the limiting frequency of the
      latter, even through the respective value of the electric part of the
      entire hybrid control circuitry may be relatively easily chosen very high.
      In order not to reduce the quality of the entire hybrid circuitry
      unnecessarily, an effort must be made to obtain a limiting frequency, of
      the electrofluidic converter, which is as high as possible. At the same
      time, the design of the electrofluidic converter should be such as to
      permit an operation with relatively feeble electric input signals.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is, therefore, directed to a control mechanism of an
      electrofluidic converter of the type mentioned in the beginning, which is
      designed so as to obtain a very high amplification factor and very high
      limiting frequency.
PAR  In accordance with the invention, this is obtained by providing the
      bistable fluidic element of the converter in the form of a fluid
      oscillator in which, at each outlet, a feedback conduit is branched off
      and leads to the respective control inlet, and each feedback conduit is
      adapted to be closed or opened by means of a valve which is actuated by
      the magnetic system.
PAR  Advantageously, the valves are designed as seating valves with a movable
      valve body forming the armature of the respective magnetic system, and the
      opening direction of the valve body coincides with the flow direction of
      the pressure fluid through the respective feedback conduit.
PAR  In an electrofluidic signal converter according to the invention, the
      switching operation is initialed in the same manner as in a feedback fluid
      oscillator, i.e., by a powerful pressure impulse which is transmitted in
      the feedback conduits at sound velocity. If the feedback conduits are
      correspondingly dimensioned, the frequency of such fluid oscillators
      amounts to approximately 1000 Hz. See MULTRUS, "Pneumatische Logikelemente
      und Steuerungs-Systeme" (Pneumatic Logic Elements and Control Systems),
      published by Krausskopf-Verlag GmbH, Mainz (Germany), 1970, p. 198.
PAR  The electrofluidic converter is switched, so that the oscillation of the
      fluid oscillator is interrupted, by closing one of the feedback conduits.
      For switching over, the feedback conduit which is just closed, is opened
      by lifting the armature from the valve seat and the hitherto open feedback
      conduit is closed. The switching operation of the valve is considerably
      supported by the pressure fluid flowing through the feedback conduit and,
      if the fluidic element is correspondingly dimensioned and the supply
      pressure is correspondingly high, the frequency of the electrofluidic
      converter is affected by the inertia of the valve to only a small extent.
      For these reasons, even switching times of one millisecond are obtainable
      with the electrofluidic signal converter embodying the invention.
PAR  The mentioned support of the switcing operation by the pressure fluid
      itself also involves the advantage that the magnetic system has to produce
      only the force for retaining the armature of the valve in the closing
      position, which forces are very small for small air gaps which are easily
      obtainable in this case.
PAR  For the mentioned reasons, the amplification factor of the electrofluidic
      signal converter is very high so that, in many cases, the electric input
      signals can be applied to the magnetic systems directly, i.e., without
      preamplification.
PAR  In one embodiment of the invention, the electrofluidic converter is
      provided with a control block comprising two chambers which are connected
      to each other by a straight passage in which a closing body, designed as
      an armature of the magnetic system and sealed relative to the passage
      wall, is shiftably mounted, and that each of the chambers is connected to
      one of the control inlets as well as to one of the feedback conduits each
      of which leads into the chamber in the shifting direction of the armature
      and through an orifice which is closable by the latter.
PAR  In this embodiment, the armature operates as a closing body for both
      feedback conduits. At a switching over of the magnetic system, the
      armature is lifted from its instantaneous seat by the magnetic force and
      accelerated toward its second seat for closing the other feedback conduit.
      This operation is simultaneously supported by the pressure fluid flowing
      into the chamber. In this embodiment, care must be taken that the armature
      closes the other feedback conduit within the switch-over time of the
      fluidic element, in order to prevent the bistable fluidic element from
      switching over already upon a small lifting of the armature from the seat.
      This can done by connecting a capacity to each of the feedback conduits so
      that the flow in the feedback conduits acts on the armature a longer time.
PAR  The construction of this electrofluidic signal converter, in which, for
      exmaple, the sealing of the armature in the passage connecting the two
      chambers must be such that the armature is movable almost without
      friction, can be simplified further by providing a separate valve for each
      of the feedback conduits. Preferably, this is done so that the armature,
      as the movable body of a seating valve, is mounted directly in the
      feedback conduit and retained in its closing position by the magnetic
      system and a spring.
PAR  An object of the invention is to provide a control mechanism for an
      electrofluidic converter which is designed so as to obtain a very high
      amplification factor and a very high limiting frequency.
PAR  Another object is to provide such a control mechanism of an electrofluidic
      converter including a bistable fluidic element in the form of a fluid
      oscillator.
PAR  A further object of the invention is to provide a control mechanism of an
      electrofluidic converter in which, at each outlet, a feedback conduit is
      branched off and leads to a respective control inlet, with each feedback
      conduit being adapted to be closed or opened by a valve actuated by a
      magnetic system.
PAR  Still another object of the invention is to provide such a control system
      for an electrofluidic converter in which the opening direction of each
      valve coincides with the flow direction of the pressure fluid through the
      associated feedback conduit.
DRWD
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the Drawing:
PAR  FIG. 1 is a top view of one embodiment of electrofluidic converter in
      accordance with the invention;
PAR  FIG. 2 is a top view of another embodiment of electrofluidic converter in
      accordance with the invention; and
PAR  FIG. 3 is a sectional view of a valve mounted in one of the feedback
      conduits of the electrofluidic converter shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the embodiment of the invention shown in FIG. 1, an electrofluidic
      converter is mounted in a plate assembly 1 constituted, for example, of a
      transparent plastic and assembled from three individual plates 101, 102
      and 103. Plate 101 serves as a baseplate, plate 102 is an intermediate
      plate having the different, and hereinafter described, passages of the
      converter cut therein, and plate 103 serves as a cover plate.
PAR  More particularly, the electrofluidic converter comprises a bistable, pure
      fluidic logic element W formed with an interaction chamber WK, a supply
      inlet E leading into this chamber, two outlets A.sub.1 and A.sub.2 and two
      control inlets S.sub.1 and S.sub.2.
PAR  The control mechanism of the converter is located in a part of plate
      assembly 1 and, in the embodiment of FIG. 1, is designed as a control
      block I, including two chambers K.sub.1 and K.sub.2 which communicate with
      each other through a passage 2. An armature 3 is displaceably mounted in
      passage 2 and is sealed with respect to the passage wall, this armature
      being movable by means of two magnetic systems M.sub.1 and M.sub.2.
      Electric input signals of an electric circuit 4 are supplied to magnetic
      systems M.sub.1 and M.sub.2 through leads extending from the baseplate
      assembly 1 through bushings 5 and 6. By means of a switch 7, magnetic
      systems M.sub.1 and M.sub.2 may be energized by electric circuit 4
      alternately so that, as seen in the drawing, armature 3 is reciprocated
      between the righthand side and the lefthand side.
PAR  Respective feedback conduits R.sub.1 and R.sub.2 are branched off outlets
      A.sub.1 and A.sub.2 of fluidic element W and lead into respective chambers
      K.sub.1 and K.sub.2 in the respective directions of displacement of
      armature 3, each feedback conduit containing a respective check valve 8.
      The orifices of feedback conduits R.sub.1 and R.sub.2, opening into the
      respective chambers K.sub.1 and K.sub.2, are adapted to be closed by
      armature 3, so that armature 3 acts as the movable switching valve body of
      a seating valve.
PAR  When neither of the magnetic systems M.sub.1 and M.sub.2 is energized, the
      electrofluidic converter operates in the following manner. As soon as
      bistable fluidic element W is supplied with pressure fluid through supply
      inlet E, the pressure fluid jet issuing from interaction chamber WK
      engages, due to the Coanda Effect, the outer wall of outlet A.sub.1, for
      example, and leaves the fluidic element through this outlet. However, a
      portion of the pressure-fluid jet is deflected into feedback conduit
      R.sub.1 so that, at sound velocity, a pressure impulse is transmitted
      therethrough effecting a displacement of armature 3 to the lefthand side.
      Thereby, on the one hand, the orifice of feedback conduit R.sub.2 is
      closed and, on the other hand, since the pressure impulse is transmitted
      into control conduit S.sub.1, the pressure fluid jet is deviated into
      outlet A.sub.2 of the fluidic element. In this other direction, a portion
      of the pressure fluid jet is again deflected into feedback conduit R.sub.2
      so that the pressure impulse produced thereby displaces armature 3 to the
      righthand side, whereby, the orifice of feedback conduit R.sub.1 is closed
      and the pressure fluid jet is deviated back into outlet A.sub.1. The
      arrangement described acts as a fluid oscillator.
PAR  If, however, magnetic system M.sub.1 is now energized, armature 3 is
      retained in its position closing feedback conduit R.sub.1. The pressure
      fluid leaves the fluidic element through outlet A.sub.1. Upon switching
      over switch 7, magnetic system M.sub.1 is de-energized and magnetic system
      M.sub.2 is energized so that armature 3 is lifted from the orifice of
      feedback conduit R.sub.1. Then, armature 3 is under action of the magnetic
      forces of magnetic system M.sub.2 and, simultaneously, under the static
      pressure present in feedback conduit R.sub.1 and applying against the
      entire surface area of armature 3. The switching operation of armature 3
      is thereby notably supported.
PAR  After armature 3 has been lifted from the orifice of feedback conduit
      R.sub.1, the pressure fluid jet, as mentioned before, is deviated from
      outlet A.sub.1 to contact A.sub.2. If, in a new switching operation, the
      magnetic system M.sub.2 is de-energized and magnetic system M.sub.1 is
      energized, the described switching operation takes place in the inverse
      direction.
PAR  In addition, the switching operation can be optimized as will now be
      described. As already mentioned above, the bistable fluidic element
      switches over already when armature 3 has been lifted from its seat only a
      very small distance. To prevent a new switching over of the fluidic
      element W before armature 3 has closed the other feedback conduit, both
      feedback conduits are provided with respective capacities C.sub.1 and
      C.sub.2, so that the support of the switching operation by the pressure
      fluid acting on the armature is maintained for a longer time.
PAR  If the pressure fluid is supplied through the supply inlet into the
      interaction chamber at a high speed, the low pressure zones thereby
      produced at both sides of the pressure fluid jet cause an at least partial
      removal, by suction, of the pressure fluid present in control conduits
      S.sub.1 and S.sub.2, by which effect the dead time of the fluidic element
      is increased. To prevent this result, control conduits S.sub.1 and S.sub.2
      are connected, through respective loading conduits 9, having a check valve
      10, for example, to the outer atmosphere or to a pressure fluid tank.
PAR  The embodiment of the invention shown in FIGS. 2 and 3 differs from that
      shown in FIG. 1 substantially in the provision of a respective
      electromagnetically actuable seating valve V in each feedback conduit
      R.sub.1 and R.sub.2. A nonrepresented electric circuit ensures that the
      seating valves ae alternately closed by the electric input signals.
PAR  The seating valve is rotationally symmetrical and, as shown in FIG. 3,
      assembled of a plurality of rotationally symmetrical component parts. A
      supporting body 11 of insulating material, such as injection-molded
      plastic, carries a magnet coil M received between two flanges 11a and 11b
      and, at the same time, serves as a slip-on socket for one of the control
      conduits S. At the side remote from control conduit S, another socket 12,
      also provided with a flange 12a and made of magnetic material, is received
      in the supporting body 11 and cemented therein. A cap 13, having an
      L-shaped cross-section and also made of magnetic material, is connected to
      the flange of socket 12 so that a magnetic circuit is formed by socket 12,
      its flange 12a, and cap 13. One of the feedback conduits R is slipped over
      socket 12. In the valve housing thus formed, a piston designed as an
      armature 14 is mounted by means of a piston rod 16 which is loosely guided
      in a guide sleeve 15. In addition, a pressure spring 17 is provided
      between armature 14 and guide sleeve 15, biasing armature 14 against the
      upper rim of socket 12, which is formed as a seat surface, and thereby
      closing the connection between feedback conduit R and control conduit S.
PAR  The area of armature 14 does not occupy the entire crosssectional area of
      supporting body 11. Also, guide sleeve 15 is provided with passages 18 so
      that, with armature 14 in lifted position, the pressure fluid can flow
      from feedback conduit R into control conduit S.
PAR  If the magnetic systems of the check valves, thus designed, in the
      electrofluidic converter are not energized, the converter operates, as
      already described in connection with the first embodiment, as a fluid
      oscillator. For example, if the pressure fluid flows from supply inlet E
      through outlet A.sub.1, a portion of this pressure fluid is deflected into
      feedback conduit R.sub.1. The pressure impulse thereby produced lifts
      armature 14, against the force of spring 17, from the seat, and passes
      into control inlet S.sub.1 whereby, the pressure fluid jet is deviated
      from outlet A.sub.1 into outlet A.sub.2. As soon as bistable fluidic
      element W has switched over, armature 14 is again pressed against its seat
      by means of spring 17.
PAR  If, after the switching of the fluidic element W, the pressure fluid flows
      through outlet A.sub.2, a portion of the jet is again deflected into the
      feedback conduit R.sub.2, whereupon, the seating valve in the feedback
      conduit R.sub.2 is opened and the fluidic element switches over again.
PAR  As soon as one of the magnet coils M is energized the associated armature
      14 is retained on its seat on socket 12 and the respective feedback
      conduit R is thereby closed. The pressure fluid then flows through the
      outlet which is associated with the closed feedback conduit. Upon
      de-energizing of magnetic system M, the full static pressure of the
      feedback circuit is applied against armature 14 so that the latter is
      lifted from its seat and a portion of the pressure fluid flows into
      control conduit S.sub.1. As mentioned, the fluidic element W switches
      over. If the magnetic system of seating valve 11, mounted in feedback
      conduit R.sub.2, is energized and thereby the feedback conduit R.sub.2
      closed, a new switching operation takes place only after this magnetic
      system is de-energized and the pressure impulse thereupon transmitted
      through control circuit S.sub.2 impinges on the pressure fluid jet in the
      interaction chamber.
PAR  The last described embodiment of an electrofluidic converter is of
      particularly simple construction because, aside from the exact fit of the
      seat of armature 14, no constructional problems arise. Also, the feedback
      conduits R.sub.1 and R.sub.2 and the control conduits S.sub.1 and S.sub.2
      may be designed as flexible tubes of which each is slipped over one end of
      the seating valve. Preferably, the electrofluidic converter of this
      construction will be embedded in plastic.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrofluidic converter, for converting electric signals into
      corresponding fluid signals, comprising, in combination, a pressure fluid
      operated, bistable fluidic element having a pressure fluid supply inlet
      opening into an interaction chamber, two diverging outlets extending
      downstream from the interaction chamber to the outside, and two control
      inlets opening into the interaction chamber; two feedback conduits each
      branched from a respective outlet and connected to the corresponding
      control inlet, so that a fluid oscillator is thereby constituted; a
      seating valve arrangement including movable valve body means engageable
      with valve seat means to close said feedback conduits, said valve body
      means being movable in an opening direction coinciding with the flow
      direction of the fluid through said feedback conduits; and a magnetic
      system actuated by electric input signals and operatively associated with
      said seating valve arrangement to control said valve body means to close
      or open said feedback conduits.
NUM  2.
PAR  2. An electrofluidic converter as claimed in claim 1, including a control
      block formed with two chambers connected to each other through a
      rectilinear passage; said valve means comprising a movable valve body
      shiftably mounted in said passage and sealed relative to the interior
      surface of said passage; said valve body constituting an armature of said
      magnetic system; each chamber being connected to a respective control
      inlet and to a respective feedback conduit, and said shiftable valve body
      being adapted to open and close said feedback conduits in alternation.
NUM  3.
PAR  3. An electrofluidic converter as claimed in claim 2, in which each
      feedback conduit communicates with the associated chamber in the direction
      of shifting of said shiftable valve body and through an orifice closable
      by said shiftable valve body.
NUM  4.
PAR  4. An electrofluidic converter as claimed in claim 3, including a
      respective fluidic capacity connected to each feedback conduit.
NUM  5.
PAR  5. An electrofluidic converter as claimed in claim 1, in which said valve
      means comprises respective seating valves mounted directly in each
      feedback conduit and controlling communication between the respective
      feedback conduit and the associated control inlet; each valve being a
      seating valve having a movable valve body formed by a magnetic armature;
      said magnetic system including respective magnetic means operatively
      associated with each magnetic armature.
NUM  6.
PAR  6. An electrofluidic converter as claimed in claim 5, including respective
      springs biasing each magnetic armature into the closing position.
NUM  7.
PAR  7. An electrofluidic converter as claimed in claim 5, in which each valve
      includes a valve body formed with a pair of sockets for respective slip-on
      connection to a feedback conduit and to the associated control inlet.
NUM  8.
PAR  8. An electrofluidic converter as claimed in claim 1, including respective
      loading conduits connecting the control inlets of said bistable fluidic
      element to a pressure source.
NUM  9.
PAR  9. An electrofluidic converter as claimed in claim 1, including respective
      loading conduits connecting the control inlets of said bistable fluidic
      element to atmosphere.
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PAL  A method and apparatus for stopping a malfunctioning sealing device which
      is being propelled inside a pipeline by pneumatic pressure from being
      expelled out of the pipeline at the laybarge end. The apparatus comprises
      a plurality of normally retracted gripping jaws and a bumper at its rear
      end. When impact is made with the bumper by, for example, a sealing device
      such as a pig being propelled through the pipeline, the gripping jaws
      which are mechanically linked with the bumper are caused to expand against
      the inner pipe surface such that the apparatus is secured in place within
      the pipeline, thereby preventing the pig from being propelled out of the
      line onto the laybarge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  During the installation and contruction of an offshore underwater pipeline,
      pneumatic pressure may be applied internally to the pipeline to prevent it
      from collapsing or buckling from external pressure. Especially in deep
      water offshore pipeline construction internal pressure is applied to
      prevent any radial collapse of the line due to the extremely high pressure
      exerted against it by the surrounding water. In order to limit the weight
      of the normally unsupported pipeline between the laybarge and the ocean
      floor, the pressure generally will be applied pneumatically. Sealing
      devices such as pigs are required internally of the pipeline and usually
      near the barge in order to maintain the various sections of the assembled
      pipeline under an internal pressure. In the event that a sealing device
      malfunctions and does not hold in place the pig normally would be expelled
      out of the pipeline onto the laybarge like a cannonball because of the
      potential energy of the pressurized pipeline. This possibility presents a
      very serious and dangerous situation which the present invention precludes
      from happening.
PAR  The specific prior art references considered with respect to the present
      invention include the following U.S. Pat. Nos.:
     2,607,370            3,197,195                                            
     2,615,413            3,381,714                                            
     2,672,161            3,495,626                                            
     2,747,690            3,503,424                                            
     2,807,937            3,525,226                                            
     2,823,634            3,561,320                                            
     2,974,685            3,561,490                                            
                          3,593,749                                            
PAR  The foregoing prior art relate to conventional pipeline pigs and plugs and
      generally disclose the known expedient of providing actuatable means for
      gripping engagement with the interior wall of the pipe upon occurrence of
      a predetermined condition. None of the prior art, however, discloses the
      construction and arrangement of the subject invention per se or in
      combination with the movable pig which actuates the safety stop apparatus,
      or the functional interrelationship between the safety stop apparatus
      which is operable when the sealing pig comes in contact therewith.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved method and
      apparatus for use during offshore pipeline construction to prevent
      expulsion from pressurized pipelines of a malfunctioning sealing device.
PAR  A more specific object of this invention is to provide means for stopping a
      rapidly moving pipeline sealing device used during the construction of
      offshore pipelines under pressure.
PAR  Another object of this invention is to provide safety means for stopping a
      sealing device which malfunctions and is caused to be expelled out of the
      pressurized pipeline.
PAR  Still yet another object of the present invention to provide a method for
      use in offshore pipeline construction wherein the pipeline is maintained
      under pressure, for preventing a malfunctioning sealing device from being
      expelled out of the pipeline.
PAR  In accordance with these and other objects of this invention, the safety
      means basically comprises a combination of gripping jaws, bumper, rollers
      and a mechanical linkage for operating the gripping jaws. The device is
      adapted for movement inside the pipeline when the gripping jaws are
      located in a first normally retracted position by a centrally located
      spring which maintains the jaws out of contact with the pipe. Upon impact
      from an object such as a moving sealing pig within the pressurized
      pipeline, the gripping jaws are automatically extended into a second
      position in contact with the inner pipe surface such that the jaws hold
      and stay in place as long as the force of impact is acting against the
      device. The gripping jaws can be retracted from their holding position by
      applying a suitable tension force from the front end of the device. The
      device also can be provided with pneumatic control and retrieval lines
      that pass through it in operable communication with the sealing device on
      the rear side thereof, while permitting the application of pneumatic
      pressure to the pipeline.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial cross-sectional view through a pipeline showing
      schematically in elevation the safety device according to the present
      invention with the gripping jaws in their retracted position.
PAR  FIG. 2 is the same view as FIG. 1 only showing an object such as a sealing
      pig or other such sealing device for a pressurized pipeline impacting with
      the subject safety stop mechanism with the gripping jaws located in their
      extended or pipe surface gripping position.
PAR  FIG. 3 is a cross-sectional view taken on substantially the line 33 of FIG.
      1 as seen from the front end of the pipeline under construction.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein similar parts are designated by the
      same reference numerals throughout the several views, there is shown in
      FIG. 1 a portion of a typical pipeline 10 which is undergoing construction
      offshore at a location, for example, in relatively deep water. As shown,
      within the pipeline 10 there is provided a safety mechanism in the form of
      a stop generally designated 12 in its retracted inoperable position. The
      stop 12 basically comprises a front or forward main body portion 14
      interconnected to a rear main body portion 16 by linkage means comprising
      pivotally mounted lever arms 18 each of which pivots at one end on the
      rear member 16 and second lever arms 20 which are shorter than the lever
      arms 18. The arm 20 is pivotally mounted at one end substantially midway
      between the extremities of the arm 18 and at its opposite end is pivotally
      mounted to the forward body 14. At the opposite or free end of each lever
      arm 18 there is pivotally carried an arcuate-shaped ridged gripping jaw 22
      (see FIG. 3) adapted for engagement with the inner surface of the pipeline
      10. The gripping jaw 22 extends in a generally longitudinal direction of
      the pipeline and comprises a plurality of ridges 23 such that the surface
      thereof directly adjacent and facing the inner surface of the pipeline has
      a series of such ridges extending transversely and shaped to conform with
      the inner pipe surface so that when the jaws move into gripping engagement
      (see FIG. 2) with the inner surface of the pipe they hold the safety stop
      in place. Four gripping jaws 22 are shown (see FIG. 3) and each operates
      in substantially the same manner via the lever arms 18 and 20. However,
      additional gripping jaws may be provided about the inner circumference of
      the pipeline if desired. Further, various modifications of the lever arm
      or linkage arrangement for supporting the gripping jaws may be utilized
      for purposes of the present invention. The main body portions 14 and 16
      are maintained in spaced relation, as shown in FIG. 1, by means of a
      centrally located compression spring 24 which exerts an outward end force
      on each of the respective body portions such that the jaws 22 are
      maintained as shown in FIG. 1 in their retracted or inoperable position.
PAR  The safety stop also is provided with a plurality of legs 26 extending from
      the front housing 14 and the rear housing 16 toward the pipe. Each leg 26
      supports a roller 28 which enables the mechanism to be moved through the
      pipeline in a relatively easy and simple manner when the gripping jaws are
      retracted. As previously explained, pressurized pipelines are often
      employed in offshore pipeline construction to prevent buckling or prevent
      collapse thereof, and when used it is very likely that a malfunction may
      occur in the sealing device or pig which is normally employed to maintain
      predetermined sections of the pipeline under such pressure. In the event
      that such a malfunction occurs and the pig does not hold in its normal
      position, then the pressure in that pipeline section will cause the pig to
      be expelled toward the front of the pipeline and out of the laybarge end
      onto the laybarge just like a cannonball, because of the potential energy
      of the pneumatic pressure in the pipeline. The safety stop will prevent
      the rapidly moving sealing pig from being expelled by the annular bumper
      means 28 extended from the rear portion 16 of the safety stop. The bumper
      typically may comprise a pair of resiliently connected annular plates 30
      and 32 interconnected by resilient means such as springs 34 which receive
      the impact of the propelled sealing pig 36. This is best shown in FIG. 2
      where upon impact of the sealing pig 36 with the bumper 28 the gripping
      jaws 22 automatically are caused to extend against the inner pipe surface
      since the force of impact is greater than the force of the compression
      spring 24 which maintains the housings 14 and 16 in their spaced
      relationship such that the gripping jaws are retracted (see FIG. 1).
PAR  In order to retract the gripping jaws from their extended or holding
      position there is provided a line or cable 40 connected at one end to an
      eyelet 42 secured to the forward portion of the front housing 14 and
      extending through the pipeline out through the open end thereof onto the
      laybarge where an automatic means such as a conventional winch applies
      tension to the cable which causes the gripping jaws 22 to retract from
      their extended position of FIG. 2 into their retracted position of FIG. 1.
PAR  The safety stop can be designed to accommodate various pneumatic control
      and retrieval lines by making it hollow either completely or at
      predetermined locations such that these lines can pass through the stop
      into operable association with the sealing pig for automatically
      controlling it and also for the application of pneumatic pressure to the
      pipeline section located rearwardly of the particular sealing pig.
PAR  Although a particular embodiment of the invention has been shown and
      described and various modifications thereof have been suggested, it will
      be understood that the true spirit and scope of the invention is set forth
      in the appended claims which embrace other modifications and embodiments
      which will occur to those of ordinary skill in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety mechanism for use in the construction of offshore pipeline
      wherein at least a portion of said pipeline is under pressure, comprising
      sealing means for maintaining said portion of said pipeline under
      pressure, a housing including a rear portion and a front portion, a
      plurality of circumferentially arranged gripping jaws extending from said
      housing, bumper means extending from said rear portion toward said portion
      of said pipeline under pressure and facing in the direction of said
      sealing means, means operably connected with said housing for facilitating
      movement of said mechanism through said pipeline, linkage means connecting
      said gripping jaws with said front and rear portions such that said
      gripping jaws can be located at least in retracted or extended positions,
      means for interconnecting said front and rear portions such that said
      gripping jaws are normally maintained in said retracted position, whereby
      said gripping jaws are extended into their extended position upon impact
      by said sealing means with said bumper means.
NUM  2.
PAR  2. The safety mechanism of claim 1 wherein said means for facilitating
      movement of said mechanism through said pipeline comprises a plurality of
      rollers in operable engagement the said pipeline.
NUM  3.
PAR  3. The safety mechanisms of claim 1, wherein said means for interconnecting
      said front and rear portions comprises a compression spring.
NUM  4.
PAR  4. The safety mechanism of claim 1, wherein said linkage means comprises a
      plurality of pairs of levers, each of said pairs comprising a first lever
      pivotally connected at one end to said rear portion and to one of said
      gripping jaws at the opposite end thereof, and a second lever pivotally
      connected at one end to said front portion and pivotally connected with
      said first lever and the opposite end thereof.
NUM  5.
PAR  5. The safety mechanism of claim 1, wherein each of said gripping jaws
      comprises an arcuate-shaped configuration substantially complementary to
      the inner surface of said pipeline.
NUM  6.
PAR  6. The safety mechanism of claim 5, wherein each of said gripping jaws
      includes a plurality of serations on the surface thereof facing said
      pipeline for securing said mechanism in place when said jaws are in their
      extended position.
NUM  7.
PAR  7. The combination of a safety stop and a moveable sealing device located
      within a pressurized pipeline wherein said moveable device seals off
      pressurized sections of said pipeline, said safety stop located in front
      of said sealing device, said safety stop including bumper means at the
      rear thereof facing said sealing device and gripping means which is
      actuated upon impact of said bumper means with said sealing device, said
      safety stop being constructed and arranged such that said gripping means
      is located in a normally retracted position and in an extended position in
      contact with the inner surface of said pipeline upon impact of said
      moveable sealing device with said bumper means, and means for facilitating
      movement of said safety stop through said pipeline when said gripping
      means is disposed in its normally retracted position.
NUM  8.
PAR  8. The combination of claim 7, wherein said safety stop includes a
      compression spring for maintaining said gripping means in their normally
      retracted position.
NUM  9.
PAR  9. A method for use in offshore pressurized pipeline construction to
      prevent a malfunctioning sealing device from being expelled out of said
      pipeline due to the pressure in said pipeline, comprising the steps of:
PA1  a. pressurizing a section of said pipeline by sealing said section with a
      sealing device and thereafter applying pressure to said section;
PA1  b. providing abutment means in said pipeline in front of the pressurized
      section and facing said sealing device, said means normally being moveable
      through said pipeline and being releasably secured in place in said
      pipeline upon impact therewith by said malfunctioning sealing device such
      that said means engages the inner surface of said pipeline and prevents
      said sealing device from being expelled out of said pipeline.
NUM  10.
PAR  10. The method of claim 9 including the step of:
PA1  c. releasing said stop from being secured in place in said pipeline after
      said malfunctioning sealing device has been repaired.
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ABST
PAL  Apparatus for filling containers with difficultly-flowable material,
      comprising a separator including a filter, a funnel-shaped outlet, and a
      dust-free butterfly valve for controlling flow of powder through said
      outlet; and a suction device for conveying said powder by suction to said
      separator; said outlet adapted to be connected to the container to be
      filled; said separator being operable to filter powder from the air
      conveying said powder into the separator and allowing the separated powder
      to fall into said funnel-shaped outlet. The invention is especially
      designed for emptying and filling fire-extinguishers.
BSUM
PAR  The present invention relates to a device for filling a container with a
      difficultly-flowable powder material.
PAR  As is well known, fire extinguishers and other devices are based on the use
      of difficultly-flowable powder material, and it is difficult to fill such
      containers due to clumping of the powder on the one hand and/or increasing
      in volume and dusting on the other hand.
PAR  Known devices rely on suction to draw the powder into the container, but
      have several disadvantages. For example:
PAR  1. If the powder drawn into the container is allowed to free-fall, and no
      dust-proof connection is provided between the filling funnel and the
      container to be filled, then there is the problem of dusting and a
      disadvantageous mixing of the powder with ambient air, thereby loosening
      the powder and requiring a larger space to hold it.
PAR  2. When small filling openings are used, the powders tend to form bridges,
      thereby causing clogging.
PAR  3. If a worm conveyor is used, the compacted powder loosens up during the
      free-fall and impact therefrom.
PAR  4. If a strong vacuum is used, a double pipe is necessary, thereby
      increasing the complexity of the apparatus.
PAR  The present invention overcomes these problems by providing a closed system
      in which the powder is conveyed via the shortest path directly into the
      container to be filled.
PAR  Thus, the present invention provides apparatus for filling containers with
      difficultly-flowable material, comprising separator means including a
      filter, a funnel-shaped outlet means, and a dust-proof butterfly valve for
      controlling flow of powder through said outlet means; suction means for
      conveying said powder by suction to said separator means; and means for
      connecting said outlet means to the container to be filled; said separator
      means being operable to filter powder from the air conveying said powder
      into the separator means and allowing the separated powder to fall into
      said funnel-shaped outlet means.
PAR  The apparatus is used as follows
PAR  If the powder is only taken out of a container for the purpose of checking
      and is filled into another container, the container which is to be emptied
      is clamped in a vise in order to have a firmer stand and to enable the
      loosening of the sealing cap of the container with a wrench and to unscrew
      the former.
PAR  Thereafter, the suction apparatus is switched on and a suction pipe is
      inserted into the container, and thus the powder is sucked up. According
      to the invention, a strainer is arranged at the end of the suction pipe,
      which prevents impurities or powder lumps from getting into the separator.
      The strainer can be cleaned by reversing the suction apparatus, thus
      causing the particles lodged on the strainer to drop off. The powder is
      then conveyed into the separator. Therein the air and powder are
      separated. The powder flows by way of the filling funnel into the
      container which has to be filled. The air returns through the filter to
      the suction apparatus. The vacuum which is developed in the separator is
      transmitted into the container to be filled, which causes the powder to
      flow even through small filling openings and avoids clogging by bridge
      forming, or the like.
PAR  To the extent necessary to have the container attached in a gasproof manner
      to the filling funnel, a clamping fixture is used, which is designed in
      such manner that containers of the most different sizes with filling
      openings of various sizes can be quickly and simply clamped. To this end,
      an elevator platform is arranged which can be moved upwards and downwards
      by a crank-drive. A chucking fixture for the container enables fast
      adjusting to every possible diameter of container. A universal flange is
      provided against which the elevator platform presses the inserted
      container, and the flange has a wide, soft rubber gasket face so that all
      possibly occurring filling openings may be sealed. This universal flange
      furthermore has a passage bore which will fit in with the smallest filling
      opening of the container to be filled.
PAR  In order to attain the best possible filling rate, it is essential that the
      flow of the powder can be observed at the narrowest point, that is at the
      outlet of the filling funnel. Therefore, the filling funnel is made of
      transparent material according to the invention, thereby assuming at the
      same time the function of a flow control.
PAR  When the air and powder are separated in the separator, powder may remain
      adhering to the filter faces. They may be cleaned by counterblowing after
      the filling process. To this extent the direction of rotation of the
      suction apparatus is reversed and air is pressed into the filter pockets
      in the opposite direction of the suction.
PAR  Furthermore, a vibrator device may be additionally attached to the
      separator according to the invention, and it is arranged in such manner
      that the vibration acts on both the filter and on the wall of the funnel
      of the separator, so that the powder which remains in the inner space of
      the separator will be entirely removed. By this arrangement it is possible
      to fill the most different powders, one after the other, without mixing of
      these powders taking place.
PAR  According to the invention, a hand-operated butterfly valve is also
      arranged between the separator and the filling funnel. This valve is
      closed when the powder flowing into the separator is stored. After the
      hand valve is opened, the powder which has been stored in the separator
      may flow into the container. If the suction is used for an auxiliary
      action, no negative pressure will occur in the container to be filled, so
      that the powder flows better.
PAR  In order to also fill larger containers that do not fit into the clamping
      fixture, the separator including the filling funnel can be movably
      arranged on a sliding plate so that it is possible to move it directly
      over the filling opening of the container which has to be filled.
PAR  To facilitate the filling of a series of identical containers, a scale may
      be used. In that case, a solid, airproof connecting hose is needed between
      the filling funnel and the container to be filled. This hose extends in a
      slightly inclined way between the filling funnel and the container so that
      its influence on the weighing accuracy is kept as small as possible. The
      weight of this connecting hose must be taken into consideration at the
      adjustment of the tare.
PAR  The apparatus may also be constructed as a movable device. In that case,
      the support of the apparatus is made foldable and the support post has a
      tilting bearing so that the entire device can be folded up and can be
      moved into a truck. The suction apparatus is not fastened on the support
      post, but is installed separately in the truck. Since the suction hose is
      flexible, such an arrangement is feasible.
PAR  For filling large powder drums, the separator including the hand valve, can
      be taken off and may be directly suspended above the filling opening of
      the drum which has to be filled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows the complete filling apparatus;
PAR  FIG. 2 shows a strainer built in the connecting pipe;
PAR  FIG. 3 illustrates the complete container clamping fixture, viewed in a
      plan view;
PAR  FIG. 4 shows a filling apparatus as shown in FIG. 1, with the sliding plate
      moved outwardly;
PAR  FIG. 5 shows another construction of the filling apparatus;
PAR  FIG. 6 shows the filling apparatus arranged for filling of a series of
      identical containers, combined wtih a weighing scale;
PAR  FIG. 7 shows the filling apparatus arranged for being installed in a truck;
PAR  FIG. 8 shows the filling apparatus shown in FIG. 7, in the folded-up state
      and being packed in the truck.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a complete filling apparatus having a funnel-shaped separator
      17, a suction pipe 14, a suction hose 24, a suction duct 25 with the
      suction apparatus 21, and the filling funnel 6 with the butterfly valve 19
      and the universal flange 3. Powder is to be taken from container 13, which
      is securely held by vise or clamp 20, and conveyed into container 1. In
      order to empty the container 13, the latter is clamped in the vise 20 and
      the powder is conveyed by way of suction pipe 14 through the strainer 15
      and suction hose 24 into separator 17. In separator 17 the conveying air
      and the powder are separated. The powder flows from separator 17 through
      butterfly valve 19 into filling funnel 6 and from there into the container
      1 which has to be filled. The air passes through the filter 16 and suction
      duct 25 to suction apparatus 21 and from there out into the ambient
      atmosphere. Universal flange 3 is provided with a soft rubber sealing
      gasket 4 surrounding the bore 5 of flange 3. Flange 3 thus effects sealing
      engagement with container 13.
PAR  When container 13 is entirely emptied by the vacuum, suction apparatus 21
      is switched off. The latter is automatically switched into reverse and
      conveys air back through suction duct 25 into filter 16. This is thus
      inflated and the adhering powder drops off. At the same time the vibrator
      18 is switched on, which vibrates both filter 16 and the cone-shaped wall
      of separator 17, so that the remaining fine particles of the powder are
      loosened and flow through filling funnel 6 into the container 1 which has
      to be filled. It is possible to observe, via filling funnel 6 which
      consists of transparent material, as to how the powder flows entirely into
      container 1 which has to be filled. When the filling process has been
      terminated, the elevator platform 2 is moved downward by the crank drive
      12, and filled container 1 is removed.
PAR  Strainer 15 is inserted in connector 23, as shown in FIG. 2, which connects
      suction pipe 14 with suction hose 22.
PAR  Strainer 15 prevents impurities or lumped powder from getting into
      separator 17. When strainer 15 gets clogged, it will be immediately
      noticeable from the output of the suction. Strainer 15 can be very rapidly
      cleaned by removing suction pipe 14; however, in many cases, the strainer
      15 can be cleaned merely by switching off the vacuum and allowing the
      clogged material to fall off.
PAR  A complete container fixture is shown in plan view in FIG. 3. The fixture
      comprises a fork-shaped receiver 8, screw bolts 11 having magnetic heads
      9, and set screw 10. At least one of these fixtures is arranged on the
      guide post 7 to be vertically movable. Screw bolts 11 can be quickly
      adjusted to any diameter of container 1 for fixing the latter precisely
      underneath universal flange 3. magnetic heads 9 firmly hold container 1
      during the upward or downward movement of elevator table 2.
PAR  Another embodiment of the filling device is shown in FIG. 4, similar to the
      one shown in FIG. 1, but with the-sliding plate 22 moved away from post 7.
      This arrangement makes it possible to move the filling outlet durectly
      over the filling opening of a large container 26 to be filled.
PAR  The powder is sucked from the container in which it is supplied, in this
      case by the powder bag 33, as shown, and is conveyed in the same manner as
      it has been described above, by way of separator 17 and filling funnel 6
      into container 26. The connection between the filling funnel 6 and
      container 26 is made airtight (gasproof) by means of the flexible
      intermediate adapter 34 and union nut 35.
PAR  A further embodiment of the device of the invention is shown in FIG. 5, in
      which separator 17 with butterfly valve 19 and filling funnel 6 is fixed
      on a suspension fixture 36 and thus can be directly moved over the filling
      opening of the container 27 to be filled. In this location it is attached
      by way of flexible intermediate adapter 34 and union nut 35 to container
      27, as shown in FIG. 4. Filling of container 27 is performed from bag 33
      in which the powder is supplied, in the same manner as shown in FIG. 4.
PAR  FIG. 6 illustrates a further use which is particularly desirable when an
      entire series of identical containers if to be filled and precise filling
      is required. To this extent a scale 29 is placed in front of the filling
      device, and the container 30 to be filled is placed on scale 29. Instead
      of universal flange 3, an elastic hose 28 is attached to filling funnel 6
      and the connection between funnel 6 and container 30 is made dustproof by
      union nut 37.
PAR  In this embodiment the negative pressure which prevails in both separator
      17 and container 30 must be prevented from exerting a negative influence
      on the accuracy of the weighing. Therefore, elastic hose 28 is almost
      horizontally arranged, or with only quite a slight incline, from filling
      funnel 6 to container 30. The weight of elastic hose 28 must be taken into
      consideration at the tare adjustment of scale 29.
PAR  A movable filling device is illustrated in FIG. 7, which can be carried in
      a truck 38. To this extent a swingable device 40 is attached to the
      support post 39, by which separator 17 can be swung downward by
      approximately 180.degree. . Subsequently the entire device can be tilted
      on the tilting bearing 31 by 90.sup.-+  and then can be moved by means of
      the extendable rail 32 into the inner space of truck 38.
PAR  The construction of the device itself is the same as shown in FIG. 1, with
      the exception that suction apparatus 21 is permanently installed in the
      inner space of truck 38 and suction duct 25 is flexible enough so that it
      can follow the movements of separator 17.
PAR  FIG. 8 illustrates the filling device shown in FIG. 7 in the folded state.
      When separator 17 is swung down, a spring (not shown) in the swingable
      device 40 is tensioned which provides the necessary aid for erecting
      separator 17. The pivot point of tilting bearing 31 is arranged in such
      manner that the entire filling device can easily be tilted and be moved
      into truck 38.
PAR  The present invention is especially adapted to the emptying and filling of
      fire-extinguishers with the difficultly-flowable fire-extinguishing
      powder. Containers in the form of fire extinguishers are shown in FIG. 1,
      namely containers 1 and 13, FIG. 6, namely container 30, and FIGS. 7 and
      8, namely container 13. It is understood that the apparatus of the other
      FIGS. may also be used to fill fire-extinguishers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for emptying and filling fire-extinguishers with
      difficultly-flowable fire-extinguishing powder, comprising separator means
      including a filter, a transparent funnel-shaped outlet means below said
      filter, and a dust-proof butterfly valve for controlling flow of powder
      through said outlet means; means for conveying said powder from a
      container containing the same to said separator means, including suction
      means for drawing air from the atmosphere and for conveying by suction an
      admixture of powder and air from said supply to said separator means below
      said filter, said suction means including conduit means connected to the
      separator means above said filter for causing by suction a flow of air
      upwardly through said filter and thence out of said separator means to the
      atmosphere; a universal flange on said outlet means for connecting said
      outlet means to the fire-extinguisher to be filled; clamping means for
      securely holding the container during removal of powder therefrom; an
      elevator table, support means on said table for holding a
      fire-extinguisher thereon during filling of said fire-extinguisher, said
      support means having a fork-shaped receiving fixture, movable bolts on
      said fixture, magnetic heads on said bolts for holding a fire extinguisher
      in place, and set-screw means for securing said bolts, and a crank drive
      for lifting the table until the fire-extinguisher thereon is sealed by
      said universal flange; said separator means being operable to filter
      powder from the admixture of powder and air flowing upwardly through the
      filter in the separator means and to allow the separated powder to fall
      into said funnel-shaped outlet means; and means for cleaning said filter
      and separator means, including means for flowing air downwardly through
      said filter and means for vibrating said filter and separator means.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said suction means includes an
      inlet tube, with a quick-cleanable strainer arranged in said inlet tube to
      prevent passage of lumps into said separator means.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said separator means is mounted
      on a plate for sliding movement horizontally, whereby the funnel-shaped
      outlet means may be moved directly over a fire extinguisher to be filled.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said universal flange has a bore
      therein having an inside diameter for fitting over the smallest size of
      fire-extinguisher to be filled.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein an airtight flexible connector
      surrounds said universal flange.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said support means is a common
      guide post disposed for slidably accommodating said elevator table, said
      clamping means and said fork-shaped receiving fixtures.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein the separator means is pivotally
      mounted on a support means for pivotal movement downwardly about 180
      degrees and spring means biasing said separator means against said
      downward movement.
NUM  8.
PAR  8. Apparatus for emptying and filling fire-extinguishers with
      difficultly-flowable fire-extinguishing powder, comprising separator means
      including a filter, a transparent funnel-shaped outlet means below said
      filter, and a dust-proof butterfly valve for controlling flow of powder
      through said outlet means; means for conveying said powder from a supply
      thereof to said separator means, including suction means for drawing air
      from the atmosphere and for conveying by suction an admixture of powder
      and air from said supply to said separator means below said filter, said
      suction means including conduit means connected to the separator means
      above said filter for causing by suction a flow of air upwardly through
      said filter and thence out of said separator means to the atmosphere;
      means for connecting said outlet means to the fire-extinguisher to be
      filled; said separator means being operable to filter powder from the
      admixture of powder and air flowing upwardly through the filter in the
      separator means and to allow the separated powder to fall into said
      funnel-shaped outlet means; means for cleaning said filter and separator
      means, including means for flowing air downwardly through said filter and
      means for vibrating said filter and separator means; and means for
      pivotally mounting said separator means on a support means for pivotal
      movement downwardly about 180.degree.  and spring means biasing said
      separator means against said downward movement.
PATN
WKU  039425622
SRC  5
APN  4696778
APT  1
ART  243
APD  19740513
TTL  Quantising machines
ISD  19760309
NCL  10
ECL  1
EXP  Bell, Jr.; Houston S.
NDR  15
NFG  22
INVT
NAM  Ridgway; Anthony Douglas
CTY  St. Albans
CNT  EN
INVT
NAM  Smith; John Hugh
CTY  Biggleswade
CNT  EN
INVT
NAM  Stainforth; Peter Terrick
CTY  Knebworth
CNT  EN
ASSG
NAM  Imperial Chemical Industries Limited
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19710225
APN  5411/71
PRIR
CNT  UK
APD  19710225
APN  5412/71
PRIR
CNT  UK
APD  19710225
APN  5413/71
PRIR
CNT  UK
APD  19710225
APN  5414/71
RLAP
COD  74
APN  227800
APD  19720222
PSC  04
CLAS
OCL  141 83
XCL  177 94
XCL  220 20
XCL  222193
XCL  259154
EDF  2
ICL  B65B  132
FSC  220
FSS  20
FSC  259
FSS  154
FSC  177
FSS  90-97
FSC  222
FSS  193
FSC  141
FSS  83;290;129;290
UREF
PNO  690820
ISD  19020100
NAM  Arthur
OCL  177 94
UREF
PNO  3073400
ISD  19630100
NAM  Bauder et al.
OCL  141 83
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A device for controlling the flow of fine powders in a quantising machine
      includes a pinch valve in combination with a fluidiser maintaining a
      constant head of fluidised powder. A weigh bucket having a plurality of
      compartments is rotatably mountable to allow simultaneous filling and
      discharge. Means for delivering charges of fine powders to receivers
      rapidly with low change in quantity of the charge, have a power-tight
      system from the charge measuring means to the receiver, and means for
      venting the air from the receiver. Accurate net weighing machines for
      rapidly weighing and delivering charges of fine powders incorporate some
      or all of the above features in an integrated system.
PARN
PAR  This is a division of application Ser. No. 227,800 filed Feb. 22, 1972.
BSUM
PAR  The invention relates to quantising machines, and parts for such machines,
      the machines being designed for filling receivers such as paper or plastic
      sacks, with a predetermined quantity of particulate material.
PAR  The parts have been developed for providing short cycle times with high
      accuracy during repeated quantisations of fine powders, but coarser
      materials presenting generally fewer problems, may be quantised in a
      similar manner. These parts are especially suited to net weighing
      machines, although many of the parts may also be suitably incorporated
      into other types of quantising machines, such as those providing charges
      having a measured volume. We will therefore first describe the parts or
      groups of parts in isolation, and then two net weighing machines
      incorporating such parts and which are adapted for filling open sacks and
      valve sacks respectively, will be specifically described to illustrate the
      manner in which the parts may be integrated.
PAR  Weighing machines for weighing out and delivering charges of materials
      having a net weight of a predetermined value, are generally required to
      operate with considerable accuracy and short cycle times, e.g. to deliver
      25 kg every few seconds with an accuracy better than .+-. 0.25%. A form of
      weigh bucket which has been employed in net weighing machines previously
      is one having a trap door at its lower end, the trap door being openable
      for release of the weighed charge of material, when the predetermined net
      weight has been delivered to the weigh bucket. However, with a device of
      that type, it was essential that all the material forming one charge
      should be removed from the weigh bucket and the trap door sealed before
      feeding of the next charge to the weigh bucket began.
PAR  According to one aspect of the present invention, we provide a weigh bucket
      comprising a plurality of separate compartments each having an outward
      facing opening, the weigh bucket being rotatably mountable in a weighing
      machine whereby each compartment in turn may have its opening upwardly
      presented for receiving the material while another opening becomes
      generally downward facing for discharge of the material contained in its
      compartment.
PAR  We generally prefer that the axis of rotation of the bucket be horizontal.
      However, this is not essential, and where it is required that delivery of
      the weighed charge be displaced from the vertical axis of the feed
      conduit, an inclined axis of rotation, making an angle usually not greater
      than 45.degree. to the horizontal may be conveniently employed. By the
      term "generally downward facing" we mean that the opening is presented in
      such a manner that the contents of the container may be completely
      discharged under gravity. Where it is required that delivery of the
      weighed charge be displaced from the vertical axis of the feed conduit the
      axis orthogonal to the opening may be inclined at a considerable angle
      from the vertical, and still be sufficiently downward facing to enable the
      contents to be discharged.
PAR  Our preferred weigh bucket is one having two separate compartments of a
      corresponding size and shape with spaced apart opening arranged so that in
      a first position one compartment may have an upwardly presented opening to
      receive the material to be weighed, while the other compartment has a
      generally downward facing opening for discharge of the weighed charged of
      the material, the bucket being rotatable to a second position in which the
      other compartment may receive material while the one compartment
      discharges its load.
PAR  Although faster cycle times may be obtainable by using a rotatable weigh
      bucket, new problems may arise on account of the rotary motion. While the
      bucket is rotating, it is considerably out of balance due to one
      compartment being loaded with the charge. This may produce uneven wear on
      whatever means are used for suspending the bucket. Furthermore, the bucket
      requires positive location into its first or second position at the start
      of each weighing cycle, to avoid spillage of the material during feeding
      to or delivery from the bucket. Associated with these two problems, is the
      problem of smoothly arresting the bucket as it approaches the second
      position. We find that these problems may be more easily overcome when
      using a two-compartment bucket arranged to be oscillated about its
      rotational axis between the first and second positions. By oscillating the
      bucket rather than maintaining a constant direction of rotation, the wear
      on the suspension means is evened up, and positive location of the bucket
      in the first and second positions may be simply achieved by the use of
      suitably located permanent stops, if desired.
PAR  Furthermore, rotation of the bucket in alternate directions instead of in
      the same direction each time, renders the weigh bucket particularly
      suitable to being powered by pneumatic means, such as a cylinder and
      piston assembly connected to the weigh bucket by an off-set linkage, such
      as a crank, and arranged so that the piston is at one end of its stroke
      when the weigh bucket is in the first or second position, and is at the
      other end of its stroke when the bucket is mid-way between the two
      positions. In this manner the first and second positions may be determined
      by the stroke of the pneumatic means, and for heavy loads some braking
      effect may also be provided by the pneumatic assembly. Since the braking
      may thus be effected by the device used to initiate rotation, when the
      arrangement forms part of a weighing machine the total weight suspended
      from the weight-sensing means, e.g. a weigh beam, may be considerably
      reduced from that required, for example, for an electrical motor having
      separate braking means for controlling the rotary motion.
PAR  The bucket may simply be in the form of an open ended hollow shell bisected
      by a transverse web to form two separate compartments. Such a shape may
      readily be constructed from glass fibre reinforced polyester resin,
      providing a strong bucket having low mass. As for the combination above,
      the low mass of the bucket itself also provides for more sensitive
      weighing. It also reduces the inertia of the rotating mass.
PAR  The choice of weight-sensing means for use with the above weigh bucket is
      not critical and the weigh bucket, for example, may be hung from a spring
      balance or from a weigh beam. Where a weigh beam is used this would
      normally be mounted on a knife edge, with the weigh bucket also hung from
      the beam on a knife edge. Where knife edges are so employed, we prefer
      that the axis of rotation of the bucket be perpendicular to the knife
      edges so as to minimise the effect of the rotation of the bucket in
      inducing rotation of the parts about the knife edges. The knife edge
      system may be replaced by a cross-spring pivot system to avoid the
      relatively high rate of knife edge wear. However, we would still rotate
      the bucket across the pivot system in order to maintain stability.
PAR  In order to achieve both speed and accuracy, it is essential that the
      material is fed rapidly and in a reproducible manner to the weigh bucket
      or other container for the charge, but control of such powder flow can
      present considerable problems when handling fine powders.
PAR  According to a further aspect of the present invention, we provide a device
      for controlling the flow of fine powders in a quantising machine, the
      device including a fluidiser in which the powder is fluidised and
      maintained with an approximately constant head above an outlet therefrom;
      and a pinch valve comprising a resiliently flexible tube connected to said
      outlet, and at least one pair of jaws closable about the tube so as to
      collapse a portion of the tube and bring the sides thereof into sealing
      engagement.
PAR  By the reference to the constant head "above" the outlet, we refer to the
      situation in which the upper surface of fluidised powder is maintained at
      a level higher than the level of the outlet by a constant amount, even
      though it may be displaced laterally from the vertical through the outlet.
PAR  By maintaining the material in a state of fluidisation, we find that the
      powder will generally flow without blocking even when fine powders are
      handled. It is most convenient to arrange the fluidiser and valve such
      that the fluidised powder may fall from the fluidiser to the valve under
      gravitational forces.
PAR  Fluidisation may be brought about in the usual manner by blowing a gas
      through the powder from below, with sufficient velocity to support the
      particles so that the material is given fluid-like properties, but not
      sufficient to cause the individual particles to be entrained in the flow
      so as to be carried from the fluidiser. The fluidiser conveniently
      comprises a container having a chamber at its lower end with a port for
      receiving the fluidising gas, the upper wall of the chamber which
      separates it from the remainder of the container being porous to allow the
      gas to be supplied to the chamber. The porous wall is suitably in the
      shape of an inverted cone with the container outlet located at the apex of
      the cone. The porous cone may be formed from a perforated metal plate,
      sinter mesh or other suitable porous material.
PAR  The container preferably has flexible walls, since we find that the state
      of fluidisation may be determined conveniently by the feel of the flexible
      walls. Suitable materials are woven nylon fabrics, preferably coated with
      polyurethane resin.
PAR  Our preferred arrangement is to have a small container whose capacity is
      conveniently of the order of two charges of material, and to replenish
      this from a main hopper separated from it by baffles arranged to provide
      an approximately constant level of fluidised powder in the small
      container, escape vents being provided to enable the fluidising gas to be
      vented. When withdrawing discreet charges from this container, the level
      of the fluidising powder may tend to temporarily fall, but will be
      replenished from the main hopper between charges. Under such conditions it
      is intended that the head of fluidised powder in the small container
      should be approximately constant at least at the start of all withdrawals
      of fluidised powder from the outlet. In this manner, the pressure of the
      fluidised powder at the valve will always be substantially the same at
      least at the start of each weighing operation, and so the initial pressure
      drop across the valve which causes the powder to start to flow
      therethrough, will be substantially the same for each charge measured.
PAR  The fluidised material leaves the fluidising container through the outlet
      and enters the resiliently flexible tube of the pinch valve. We prefer to
      keep the distance between the outlet and the closable part of the tube as
      short as possible to help maintain the powder in the fluidised state as it
      falls. In order to assist such maintenance of fluidisation, particularly
      where the distance between the outlet and the closable part has been
      extended by means of suitable conduit, a probe extending downwardly from
      the outlet may be provided for supplying further fluidising gas at the
      lower level. The probe should therefore be extended towards the closable
      portion of the valve as far as possible without restricting the flow for
      any of the working positions of the valve, or preventing the sides of the
      tube from being pressed together into the closed state.
PAR  The pinch valves may have one or more pairs of jaws closable about the
      tube, but the full specification of the valve will depend on its desired
      application. Thus for example, the valve may have a single pair of jaws to
      provide only open and closed states, or some form of throttling action may
      be provided, e.g. by partial closure of the single pair of jaws. Where the
      control means is to be used for controlling the rate of flow of a fine
      powder for producing accurately measured charges thereof in rapid
      succession, e.g. in a weighing machine, we prefer to use a pinch valve
      having first and second pairs of jaws closable about the resiliently
      flexible tube so as to press together the sides of the tube into sealing
      engagement, the first pair of jaws being closable about only a fraction of
      the diameter of the tube so as to leave the remainder of the tube open and
      provide a restricted flow passage therethrough, and the second pair of
      jaws being closable about the full diameter of the tube to provide the
      valve with a fully closed state. Thus in the preferred valve, the
      throttling action is provided by complete closure of the first pair of
      jaws so that over part of the diameter of the flexible tube, the sides are
      brought into sealing engagement. In respect of the fully closed state, we
      found that if we used a final pair of jaws which closed across only that
      part of the tube remaining open after closure of the first jaws, i.e. with
      the jaws staggered, it was very difficult to prevent leakage of the
      fluidised fine powder.
PAR  By the term "resiliently flexible tube" we mean a tube which by reason of
      its flexibility may be closed by the jaws, but which is sufficiently
      resilient to take up its original shape when the jaws are again opened. A
      tube having such a property will also maintain an open passage when part
      of the diameter is closed by the jaws. Thus for example, a resiliently
      flexible rubber tube having an outside diameter of 12.7 cm, was partly
      closed by closure of a first pair of jaws extending about 7.5 cm across
      the diameter of the tube, the rest of its diameter remaining open and
      roughly circular in section. After each weighing cycle the tube
      immediately resumed its generally circular cross-section when the jaws
      opened.
PAR  We also found that the desire to obtain such a high degree of accuracy
      while filling receivers in such short cycle times, for example the
      delivery of a charge of 25 kg every few seconds, gave problems with the
      prevention of either loss of charge by scattering, or increase in
      delivered charge by way of material built up from previous charges onto
      the surface of shrouds and the like, and released. We have now developed a
      means for delivering each measured charge to a receiver with very low gain
      or loss of material, and wherein delivery is effected in a time interval
      comparable with the remainder of the cycle described herein. Although such
      means are particularly adapted to be compatible with the remainder of the
      present weighing machine, they may also be used to good effect in other
      measuring devices, particularly those having a similar cycle time.
PAR  In developing this apparatus we found that with the usual frusto-conical
      funnel having an abrupt transition between the cone and a substantially
      cylindrical spout, fine powders tended to block and the time of discharge
      was considerably increased thereby. We therefore prefer that any change in
      the angle of the internal surface of the funnel be gradual in at least one
      longitudinal plane. By smoothing the transition in the longitudinal change
      of the angle of the internal surfaces so that the powder is smoothly
      accelerated as it passes down the funnel, and by providing an escape path
      for the displaced air, we found that the problem of blocking was generally
      overcome. We further found that provided with the transition in one
      longitudinal plane was gradual, a sharper transition could be successfully
      used in the orthogonal longitudinal plane. The problems of powder flow,
      however, beome particularly acute with the filling of valve sacks, where
      the weighed charge must pass through the small diameter valve spout within
      the short time available, while venting the air displaced without loss of
      powder, and ways have been devised for improving powder flow in such
      extreme cases. Modifications for such extreme cases are not generally
      necessary for open-mouthed sacks or similar receivers having less
      restricted entrances and hence such modifications intended mainly for use
      when filling valve sacks and the like, will be described separately
      hereinafter.
PAR  The clamping means must have a rapid action if a short measuring and
      delivering cycle is to be achieved and a convenient clamping means
      comprises a pair of jaws capable of closing onto and withdrawing from the
      lower end of the funnel. Where the receiver is a paper or plastics sack,
      the mouth of the sack is placed around the lower end of the funnel and it
      is held thereto by pressure from the clamping jaws. We find that by
      employing a funnel having a lenticular outer surface formed from an
      elastomeric material, and using clamping jaws shaped to correspond with
      the larger-radiused sides of the funnel, we can readily obtain a
      substantially powder-tight seal between the sack and the lower end of the
      funnel. This type of clamping means may retain the bag in position for
      receiving the charge without the provision of further means for supporting
      the sack, if desired.
PAR  In order that the duct or ducts shall not interfere with the clamping of
      the receiver onto the funnel, and in order that it shall not interfere
      with the flow of powder through the funnel, we prefer that the one or more
      ducts be integral with the funnel and faired therein so as not to disturb
      the smoothness of both the inner and outer surfaces. In our preferred
      lenticular-shaped funnel, the ducts may be conveniently formed by
      providing the smaller radiused edges with an internal web extending
      between the two sides of the funnel so as to provide two ducts extending
      for the length of the funnel. The upper ends of the ducts communicate with
      the space enclosed by the flexible casing, so that any fine powder which
      is drawn up through the ducts by the venting air will again fall back
      through the funnel into the receiver. Plates for downwardly deflecting the
      venting air as it emerges from the upper end of the ducts, may also be
      provided to assist in the rapid return of any entrained powder to the
      receiver.
PAR  The casing extending upwardly from the funnel preferably encloses the weigh
      bucket or other measuring means, save for an opening at its upper end to
      enable the powder to be fed to the measuring means. We thereby prevent
      both ingress and egress of material respectively to or from the part of
      the machine handling the weighed charge.
PAR  We further prefer that the casing be flexible. We find we obtain less build
      up of powder on the inner surface of a flexible casing than we had when we
      used a rigid metal casing, and moreover, when using the specific form
      described hereinafter and illustrated in the drawings, we have not had any
      build up of powder on the casing. Additionally a flexible casing may
      generally be made more economically since the provision of close
      tolerances in the size, shape and position of mating parts is not
      required, and the flexible casing may be simply unhooked from a support at
      its upper end for maintenance purposes, and generally for access to the
      weigh bucket or other suitable container. A suitable material for the
      casing is a woven nylon cloth, and this may be coated with a polyurethane
      resin to provide an even smoother surface, if desired.
PAR  Possing of the receiver may be necessary for fast filling in order to
      deaerate the powder as quickly as possible and consolidate it at the
      bottom of the receiver, and in some cases to clear it from the end of the
      funnel and prevent back-up of powder therein which might otherwise
      restrict the flow. For vibrating open mouthed sacks hanging from the
      delivery funnel, the possing means is most conveniently arranged to
      vibrate the funnel, and hence it will also vibrate the flexible casing and
      the sacks attached to the funnel. When filling valve sacks, efficient
      possing of the sacks becomes more important for keeping the end of the
      funnel clear during delivery. However, the valves are not sufficiently
      strong to support the weight of a full sack, and some form of supporting
      cradle is required. In such machines we prefer to attach the posser to the
      cradle rather than to the funnel. Indeed, when using impellers as
      described hereinafter, possing of the funnel itself becomes of less
      importance, and by attaching the posser directly to the cradle, the
      possing motion may be applied where most required.
PAR  Any of the usual possing means may be employed, but we prefer one
      comprising two out-of-balance motors mounted on brackets extending
      outwards from the funnel, the motors being arranged to rotate in opposite
      directions. The out-of-balance of the motors on falling into phase with
      each other, provide the funnel with a vertical vibratory motion. The
      period of vibration is not at all critical, and vibrations of the order of
      1000-3000 cycles per minute are convenient for producing amplitudes of 1
      to 0.25 cm. The slower the rate of vibration, the greater is the
      amplitude. The rate of possing may thus be adjusted according to
      requirements. For example, when handling very aerated, very fine
      materials, we prefer to use a lower rate and greater amplitude. Where part
      of the function of the possing action is to clear narrow filling spouts, a
      more circular motion may be preferred, and a single out-of-balance motor
      may form a suitable posser.
PAR  Powders of polymeric materials are particularly prone to acquiring a static
      electric charge, and we found this caused a coating of very fine particles
      to adhere to the inside surfaces of each weigh bucket compartment instead
      of being discharged with the remainder of the weighed powder batch. Powder
      may at times likewise adhere to the inside of other similar containers
      used for other quantisation processes. This build up can amount to several
      hundred grams, which makes accurate quantisation more difficult to
      achieve. To overcome this problem, we provide the machine with one or more
      nozzles for directing a blast of moist air at high pressure against the
      inside surfaces of the container when the latter is in the discharge
      position. We find that a short blast of moist air at high pressure, of
      about 0.5 sec duration for example, applied to the inside surfaces of the
      compartment immediately after discharge of the powder is particularly
      effective in dispersing the static electricity and dislodging adherent
      powder frm the bucket sides. The nozzles may conveniently be located
      around the mouth of the delivery funnel directed upwards and inclined so
      that the blast of air impinges against the maximum inside-surface area.
PAR  The above described machine may provide fast filling of open mouthed sacks
      without necessarily requiring any modification, but some receivers have
      much narrower mouths, notably valve sacks having mouth diameters typically
      of about 12 cm for 25 kg sacks. The problem we faced was therefore the
      ability to deliver a weighed charge (e.g. 25 kg) into the sack through
      such a narrow opening in a time comparable to that required for the
      remainder of the cycle (e.g. about 4-6 sec), and to vent the air trapped
      in the sack without loss of the weighed powder. We overcame these problems
      by incorporating a number of modifications described hereinbelow, each of
      which provides a reduction in delivery time. For fastest operation, we
      prefer that all the modifications be incorporated, but only selected
      modifications may be used if desired. Similarly, these modifications need
      not be confined to their use with narrow mouthed receivers, but in general
      we have not found them necessary with open mouthed sacks.
PAR  Our first modification was to provide a plurality of delivery funnels, so
      that a corresponding multiple of the cycle time was available. We prefer
      to provide two adjacent funnels arranged to be fed alternately by the
      measuring means so that a receiver on one funnel may be changed while
      another receiver on the other funnel is being filled. The two mouths of
      the funnels may then be adapted to form a single opening bisected by a
      weir having a slot extending therealong to which air or vacuum may be
      applied for providing an air curtain to oppose any carry-over of powder
      from one funnel to the other. Of the two, we prefer the high pressure air
      curtain because this may also clean the outside sloping surface of the
      weigh bucket, or other measuring means, after each discharge. Again as
      above, each funnel is provided with its own vent preferably enclosed
      within the funnel and integral therewith, at least at its lower end, the
      outlet of the vent at its upper end being positioned such that any powder
      carried with the venting air is returned to the mouth of the same funnel.
PAR  For weighing charges when using apparatus incorporating twin delivery
      funnels, we prefer to use a two compartment weigh bucket adapted for
      oscillation as described hereinabove, wherein the outward facing openings
      of the two compartments are arranged such that the angle through which the
      bucket is rotated in replacing the mouth of one compartment with that of
      the other compartment in the upward-facing position for receiving the
      charge, is less than 180.degree.. Our preferred angle is 150.degree.,
      allowing good separation of delivery centres, i.e. 60.degree., while
      allowing for the compartment to be shaped to enable the charge to slide
      out. By further reducing the angle, removal of the charge becomes more
      difficult, and angles less than 130.degree. are preferably avoided.
      Likewise, with angles greater than 170.degree., it is difficult to obtain
      sufficient separation of delivery centres.
PAR  A further modification is the provision in the delivery funnel of an
      impeller having rotatable blades to drive the powder down the delivery
      funnel. When using a suitably placed impeller, the avoidance of sharp
      changes of cross-section in the longitudinal direction is less important
      than when the powder is required to fall rapidly under its own weight,
      although a smooth flare may still be advantageous. Our preferred impeller
      comprises a rotatable hub mounted horizontally at one side of the funnel
      and extending across the full width of that side. Mounted on the hub are a
      plurality of radially extending blades which on one side of the hub
      project out into the path of the falling powder, preferably extending
      about half way across the funnel. The impeller may be driven by an
      electric motor, and a suitable speed has been found to be of the order of
      3000 r.p.m.
PAR  A suitable impeller is one having for example 6 equally spaced radial
      blades. However, we prefer an impeller having three sets of blades, each
      set occupying one third of the width of the rotor. Each set has three
      radial blades equally spaced around the hub, the three sets being arranged
      with the two outer sets having blades in phase with each other but out of
      phase with the middle set, so that on viewing the rotor along its
      rotational axis, there appear to be 6 blades equally spaced around the
      hub. We further prefer that the outer ends of each blade, or the blades of
      each outer set, as the case may be, should be inclined to the rotational
      axis so as to concentrate the powder stream into a central, dense, high
      velocity core.
PAR  The valve sack may be held onto the end of the funnel by a clamping pad
      acting on the outside of the valve in much the same manner as that
      described above in respect of open mouthed sacks, clamping pressure being
      similarly provided by a pneumatic system. In the absence of an impeller,
      the sack would normally be released automatically from the funnel after a
      pre-arranged timed delay. However, the provision of an impeller enables a
      more satisfactory system to be employed. The impeller motor current load
      falls abruptly when there is no more powder remaining in the funnel, and
      this may be used to activate a relay system for automatically releasing
      the sack on completion of powder delivery. This removes the danger of
      powder loss should the weighed powder charge take longer to convey into
      the receiver than anticipated. The impeller also provides further
      advantages in that as soon as the last powder leaves the impeller, the
      same fan action sweeps the spout clean and hence prevents spillage from
      the spout when the sack is removed. Furthermore, the impeller acting as a
      fan blows up the sack to receive the charge, as soon as an empty sack is
      fitted to the end of the funnel. This removes the necessity for the
      provision of separate means to inflate the bag before receiving the
      charge.
PAR  A further modification for improving the rate of flow of the powder is the
      provision of a fluidising system in the delivery funnel. Our preferred
      system comprises a large porous pad on one of the sloping surfaces of the
      funnel, located immediately above the impeller. Air may then be fed into
      the falling powder through the porous pad so as to dilate the powder and
      cause it to flow faster along the surfaces of the funnel towards the
      impeller.
PAR  According to the present invention there is provided a weighing machine
      suitable for repeatedly delivering to receivers a predetermined charge of
      fine powder. The machine according to the present invention comprises:
PAR  a fluidizer having an outlet, in which the powder is fluidized and
      maintained with an approximately constant head of fluidized powder above
      the outlet at least at the start of each weighing cycle,
PAR  a rotatable weigh bucket mounted on weight-sensing means, said
      weight-sensing means generating a signal in response to weight in said
      weigh bucket, said weigh bucket having separate compartments arranged so
      that by rotation of said weigh bucket each compartment may in turn be
      positioned for receiving powder from said fluidizer which another
      compartment discharges its load,
PAR  valve means connected to said fluidizer outlet for controlling the flow of
      powder from said fluidizer, said valve means being operable in response to
      a signal generated by said weight-sensing means, and
PA1  means for delivering to receivers the powder discharged from said weigh
      bucket.
PAR  In a preferred weighing machine, the fluidiser and valve means are combined
      into a flow control device as described hereinabove. Similarly, the weigh
      bucket we prefer to use is one of the oscillatable buckets described
      hereinabove, the variant selected depending on the receiver used. Again,
      for delivering the charges to their receivers, we prefer to use delivery
      means of the kind described hereinabove as being suitable for use, inter
      alia, in net weighing machines.
DRWD
PAR  In order to illustrate the invention, two particular weighing machines will
      now be described by way of example. The weighing machines are adapted for
      filling open mouthed sacks and valve sacks respectively, and illustrate
      how the various features described hereinabove may be combined into a
      single integrated weighing machine. In the description, reference will be
      made to the accompanying drawings in which:
PAR  FIG. 1 is an elevation of the main features of the machine for filling open
      mouthed sacks, with parts of the flexible casing removed to show the weigh
      bucket, pneumatic oscillating means and other interior details;
PAR  FIG. 2 is a cross-section through the fluidiser, provided at its upper end
      with a constant head device;
PAR  FIGS. 3, 4 and 5 are corresponding elevations of the pinch valve showing
      the mechanism set for full flow, trickle flow and shut-off states of the
      valve respectively;
PAR  FIGS. 6, 7 and 8 are sections through the resiliently flexible tube and
      jaws in the positions corresponding to those of FIGS. 3, 4 and 5
      respectively;
PAR  FIG. 9 is a cross-section of the weigh bucket;
PAR  FIG. 10 is an elevation of a flexible casing for surrounding the weigh
      bucket;
PAR  FIG. 11 is a transverse section through the lower end of a delivery funnel;
PAR  FIG. 12 is a view of the funnel along the line AA of FIG. 11 shown in a
      part elevation and part section;
PAR  FIG. 13 is a view of the funnel along the line BB of FIG. 11 shown in part
      elevation and part section;
PAR  FIG. 14 is an elevation of the lower part of the machine, showing means for
      clamping a sack to the end of a funnel, the view being perpendicular to
      that of FIG. 1;
PAR  FIG. 15 is a plan of a funnel modified by the provision of deflector plates
      and air-blast nozzles;
PAR  FIG. 16 is a sectional detail of FIG. 15 showing the installation of a
      single nozzle;
PAR  FIG. 17 is a cross-section of a weigh bucket adapted for delivering its
      charges to alternate funnels for filling valve sacks;
PAR  FIG. 18 is a plan of the fused mouths of a pair of funnels for filling
      valve sacks;
PAR  FIG. 19 is a vertical section through the funnel mouths of FIG. 18;
PAR  FIG. 20 is a vertical section through the funnel mouths in a plane
      perpendicular to that of FIG. 19;
PAR  FIG. 21 is a vertical section through the spout of one of the funnels of
      FIGS. 18 to 20, incorporating both fluidiser and impeller; and
PAR  FIG. 22 is a side elevation of the lower part of a twin spout machine for
      filling valve sacks, showing the mechanism for handling the sacks.
DETD
PAR  FIG. 1 illustrates a machine adapted for weighing charges of fine powder
      having a net weight of the order of 25 kg into paper sacks having open
      mouths, and may be divided into several functionally defined parts. These
      will be taken in turn for the purpose of describing the complete machine.
      The uppermost part is the fluidiser, which has a constant head device and
      is illustrated in FIG. 2. The fluidised powder flows through a valve
      mechanism which controls the rate of flow according to its three states as
      illustrated in FIGS. 3 to 8. On passing through the valve mechanism, the
      powder falls into a compartment of the weigh bucket illustrated in FIG. 9,
      surrounded by a flexible casing, illustrated in FIG. 10, connected at its
      lower end to a discharge funnel shown in FIGS. 11 to 13.
PAR  The fluidiser comprises a vertical cylinder having flexible walls 1 formed
      from a nylon fabric coated with polyurethane resin to make it impermeable.
      The walls 1 are shown foreshortened in FIG. 1. At the base of the cylinder
      is a porous cone 2 having a central outlet 3. The cone is formed from a
      perforated plate having 1 mm diameter holes at 10 mm pitch. Below the cone
      is an air chamber 4 into which compressed air may be blown via the inlet
      port 5. The rate of air flow is dependent on the material, but a rate of
      the order of 7 .times. 10.sup.3 cm.sup.3 s.sup.-.sup.1 of free air, has
      been found convenient for most fine powders. The rate of air flow is
      controlled by reference to the reading of the pressure gauge 6. An air
      probe 7, terminating in a porous portion 8, extends downwardly through the
      outlet 3 to maintain the fluidisation in the conduit. The air probe 7 is
      offset because of the asymmetry of the partially closed valve described
      hereinafter. Air is supplied separately to the air probe via the gauge 9
      at a pressure approximately one tenth of that used for the main air supply
      fed through the inlet 5.
PAR  The powder is stored in a mass flow storage hopper 11 of 25 tonnes
      capacity, but is only fluidised in small quantities as required. The
      powder which is fluidised is that retained within the flexible wall 1
      whose height is adjusted so as to hold about two charges of powder. The
      flow of powder from the hopper to the fluidised cylinder is controlled by
      a constant head device comprising a cone 12 having a vent 13 extending
      upwardly from the apex of the cone 12, the apex angle being 90.degree..
      Suspended above the cone 12 is a steep sided funnel 14 connected to the
      storage hopper 11 by bolting together integral flanges 15. 15'. The
      cylinder walls 1 are suspended from the upper end of the funnel 14, and
      are spaced from the circumference of the cone 12 by about 2.5 cm, the cone
      itself being about 40 cm in diameter. The penetration of the cone into the
      funnel is variable, and may be adjusted to provide a gap 16 within the
      range of about 3.8 cm to 10 cm dependent on the rate of weighing required.
      A second air vent 17 joins the main air vent 13, and the combined vents
      pass upwards through the centre of the powder in the hopper 11, to open
      above the surface of the stored powder.
PAR  In operation, the fluidising cylinder 1 is filled with powder from the
      hopper, and air is blown through the inlet 5 into the chamber 4 and thence
      into the powder through the perforated plate 2. When sufficient air is
      blown into the material, the powder becomes fluidised in the normal
      manner, and the air is vented from the top of the column through the vent
      13, the surface of the fluidised powder lying substantially at the level
      of the perimeter of the cone 12. As powder is drawn off through the outlet
      3, the column is replenished by powder fed down the outer surface of the
      cone 12. Any air which escapes through the gap 16 is vented through the
      auxiliary vent 17. Any powder which is carried up the combined vents by
      the air, is deposited on the top of the powder in the hopper and may then
      be recycled. We have found the provision of flexible retaining walls 1 to
      be particularly convenient in that the state of fluidisation may be
      readily felt through the flexible material, and assembly and access for
      maintenance may be carried out more easily.
PAR  The flow of fluidised powder to the weigh bucket is controlled by the pinch
      valve illustrated in FIGS. 3 to 8. The valve is provided with two pairs of
      jaws mounted symmetrically about a resiliently flexible tube 21. The first
      pair of jaws comprises two horizontal bars 22 which are suspended on
      either side of the tube by L-shaped suspension members 23, the suspension
      members being pivotally connected at one end by journals 24 to the
      surrounding fixed framework indicated by the rectangle 25. The suspension
      members 23 are provided at their ends remote from the journals 24, with
      pins 26, by which they are connected to a pneumatic cylinder piston
      respectively. The pneumatic assembly would pass in front of the remainder
      of the mechanism in the view shown in the drawings, and has therefore been
      omitted in order to clarify the illustrations. Similar suspension members
      and pneumatic assembly are provided on the other side of the flexible
      tube. The horizontal bars 22 cover only part of the width of the tube, and
      are supported on cross-members (not shown) interconnecting the suspension
      members illustrated and the corresponding suspension members (not shown)
      on the other side of the tube.
PAR  The second pair of jaws has similarly a pair of horizontal bars 27, but
      which extend the full width of the tube 21. Levers 28 are pivotally
      mounted on the suspension members 23 by means of pins 29, and the bars 27
      are mounted on cross-members interconnecting the levers 28 at the front
      and back of the tube 21 respectively. The upper ends of the levers 28 are
      interconnected by a second set of pneumatic cylinders and pistons 30. The
      lower ends of the levers 28 are biased towards the flexible tube by means
      of springs 31 attached to the fixed framework represented by the squares
      32. The valve mechanism is located within the housing designated 33 in
      FIG. 1.
PAR  In FIG. 3, the bars 22, 27 of both sets of jaws are held clear of the
      flexible tube 21, so that the flow of material through the flexible tube
      is not restricted. The jaws are held in the position shown in FIG. 1
      against the bias of the springs 31, by the main pneumatic piston (not
      shown) connected by the pins 26 to the two suspension members 23. In this
      state, the flexible tube has a substantially circular cross-section as
      shown in FIG. 6.
PAR  To obtain a reduced flow rate, the pressure in the main pneumatic cylinder
      is reversed so that the horizontal bars 22 are pushed towards each other
      so as to press on either side of the flexible tube with sufficient force
      to bring the two sides into sealing engagement, but only over about 60% of
      the diameter of the tube. This restricts the flow passage as illustrated
      in FIG. 7, and the valve mechanism in this position is illustrated in FIG.
      4. The upper ends of the suspension levers 28, are retained in the same
      spaced-apart relationship for the reduced-flow position of FIG. 4 as in
      the full-flow position of FIG. 3, by the auxiliary pneumatic cylinder 30.
      The auxiliary bars 27, are however brought into the proximity of the
      flexible tube, as shown in FIG. 4, as the levers 28 supporting the bars 27
      are carried on the suspension members 23 which are swung towards each
      other. This reduces the time required for the eventual closure of the
      second pair of jaws.
PAR  The fully closed state illustrated in FIG. 5, is obtained by reversing the
      pressure in the auxiliary pneumatic cylinder 30, and forcing the upper
      ends of the levers to move outwards so as to bring the second set of bars
      27 together and squeeze the tube over its full diameter to provide the
      fully closed state, as shown in FIG. 8.
PAR  The springs 31, while assisting in the closure of the jaws, provide a
      "fail-safe" action. Thus if there should be a power failure and loss of
      air pressure in the pneumatic cylinders, the valve will close under the
      biasing forces of the springs 31. Such a "fail-safe" action is most
      desirable, since a pair of jaws retained in the outer position due to
      failure of the pneumatic system, would allow the particulate material to
      continue flowing until the hopper was emptied.
PAR  The weigh bucket, illustrated in FIG. 9, is in the form of a hollow shell
      41 moulded from a glass fibre reinforced polyester resin, and is
      sub-divided into two equal compartments by a transverse web 42. The sides
      of each compartment are tapered towards the open ends 43, 44. The weigh
      bucket is rotatably mounted within the machine by means of trunnions 45
      located mid-way along the transverse web 42, the trunnions being mounted
      by journal bearings in two struts 46. (FIG. 1). The two struts extend
      downwards from two opposite sides of a generally horizontal rectangular
      frame (not shown) which is mounted on a conventional weigh beam by knife
      edges engaging the other two sides of the frame. In this manner the axis
      of rotation of the weigh bucket is arranged to be perpendicular to the
      axis of the knife edges.
PAR  The trunnions 45 are each connected at one end to a drive shaft 47 through
      a crank 48 (FIG. 1), and power for the rotary oscillation is supplied from
      the cylinder 49 operated by compressed air. Movement of the weigh beam is
      detected by proximity switches so as to avoid physical contact between the
      beam and any switching mechanism, and the beam is arrested during the
      initial loading of the bucket so as to prevent initial over-run. The weigh
      beam is housed in the same housing 33 as the pinch valve.
PAR  At the start of a weighing cycle for delivering a charge of 25 kg of powder
      the weigh bucket is arranged with an open end 43 beneath the exit of the
      flexible tube leading from the flow control valve. With both pairs of jaws
      of the control valve open, powder is allowed to run freely from the
      fluidising cylinder through the valve and into the empty uppermost
      compartment of the weigh bucket. This is continued until approximately 23
      kg of powder has been delivered to the bucket, the first pair of jaws of
      the control valve then closing to allow the powder to flow at a reduced
      rate until the required net weight of 25 kg has been delivered, at which
      point the control valve closes completely. At the completion of the
      weighing cycle when the required net weight has been delivered to the
      bucket, the bucket is rotated through 180.degree. so that the other open
      end 44 is presented to the supply tube. At the end of the second cycle,
      the bucket is rotated in the opposite direction to that of the first
      cycle, the direction of rotation being alternated between successive
      cycles.
PAR  Around the mouth of the uppermost weigh bucket compartment, air knives (not
      shown) to which suction is applied, are provided to remove any powder
      which leaves the supply tube and fails to fall into the weigh bucket, and
      returns any such powder to the supply hopper via a pipe 50, in order to
      prevent any such unweighed material from reaching the receivers. Suction
      is, however, cut off from the air knives during the trickle feed as the
      desired charge weight is approached, in order to prevent the occurrence of
      any lift induced thereby on the weigh bucket.
PAR  The weigh bucket is surrounded by a flexible casing 51, illustrated in FIG.
      10. The casing 51 is again formed from a woven nylon fabric, coated with
      polyurethane resin which renders the surface of the fabric more slippery
      and generally prevents the build up of powder thereon. The casing is
      shaped to encompass the weigh bucket while providing sufficient clearance
      to enable the weigh bucket to be rotated. To obtain this clearance, the
      fabric is held in shape by two spring-steel wire beads 52, 53 sewn around
      the circumference of the fabric. The casing is provided at its upper end
      with a series of eyelets 54, by which it may be hung from pegs 55 located
      around the control valve housing 33, and clamped against a rubber sealing
      collar by a flexible steel band. In order to improve access to the weigh
      bucket, bearings and oscillating means, zip fasteners 56 are provided on
      each side of the casing.
PAR  The charge is emptied from the weigh bucket into a vertical delivery funnel
      formed from glass fibre-reinforced polyester, and illustrated in FIGS. 11,
      12 and 13. The upper end of the funnel is flared outwards to form a
      substantially circular mouth, having an outward facing flange 61 around
      the perimeter. As the funnel tapers, the outer surface becomes lenticular
      in shape towards the exit of the funnel, in order to assist in the
      clamping of the receiving sacks thereto. The inner wall is provided with
      two webs 62 which continue the full height of the funnel from the exit up
      to the mouth, in order to provide an escape duct 63 for air from the
      receiver. The internal surface of the mouth of the funnel is at 30.degree.
      to the longitudinal axis, and this angle is reduced until the sides are
      substantially parallel to the longitudinal axis near the exit end of the
      funnel. The change in slope of the inner surface of the walls is gradual
      and smooth in the plane BB of FIG. 11, but because of the required
      lenticular shape near the exit, the change in taper in the plane AA of
      FIG. 11 is somewhat more abrupt. The lower end of the funnel is provided
      with a small flange 64, and the two sides having the larger radius of
      curvature are downwardly extended to form two lips 65 for assisting in the
      insertion of the end of the funnel into the receiving sack. The outer
      surface of the upper end of the funnel is provided with a number of lugs
      66 and an annular shoulder 67 for mounting purposes.
PAR  In use, the funnel provides means for guiding the charge smoothly into the
      receiving sacks while venting the air separately up the ducts 63. Since
      the ducts open out into the flexible casing at the upper end, any powder
      entrained in the escaping air is delivered to the mouth of the funnel and
      hence is returned to the receiving sack.
PAR  The lower part of the machine is supported on a harness 71 suspended from a
      fixed frame 72 by a resilient suspending means 73. The supporting harness
      has two downward facing ribs 74 on each side of the funnel, and
      perpendicular to said ribs are two mounting brackets 75 situated on either
      side of the funnel and extending both above and below the harness 71. The
      funnel is supported on the harness by the shoulder 67; the lugs 66 housing
      mounting screws provide a more positive location.
PAR  The clamping means is illustrated in both FIGS. 1 and 9, and consists of
      two co-operating jaws pivotally mounted on the brackets 75 and arranged
      symmetrically about the funnel. Each jaw has two supporting members 81
      pivotally mounted on the brackets 75 at their upper ends and their lower
      ends each being provided with a transverse bracket 82 to which is attached
      a webbing strap 83 interconnecting the two transverse brackets 82. The
      supporting members 81 have side arms 84 extending away from the funnel,
      the side arms of each jaw being interconnected by a rod 85. At one end,
      the strap 83 is connected to the transverse bracket by a cam rotatable
      about a vertical pin 86, rotation of the cam serving to alter the length
      of the strap. The strap 83 is sufficiently long to follow the outer
      surface of the funnel assembly, and hence is longer than the direct
      distance between the two transverse brackets 82. Support for the clamping
      strap 83 is therefore provided mid-way between the brackets 82 and
      comprises a supporting strap 87 suspended from the rod 85. To assist in
      the provision of a powder-tight joint the lower end of the funnel opposite
      the clamping strap 83 is provided with a rubber sleeve 88, retained in
      place by the small flange 64. Power for the clamping means is supplied by
      pneumatic cylinders 89, interconnecting the outer ends of the arms 84 of
      the two different jaws.
PAR  To operate the clamping means, the pneumatic cylinders are initially
      expanded so as to lift the clamping straps 83 clear of the end of the
      funnel. The mouth of the receiving sack is than placed around the rubber
      sleeve 88 so that any gussets or folds in the sack extend sideways in a
      direction parallel to the transverse brackets 82. The pneumatic cylinders
      89 are then contracted, until the strap 83 is pressed hard against the
      outer surface of the bag, which is thereby retained between the strap 83
      and the sleeve 88. The sack is then in position to receive the charge, the
      clamp having sufficient grip to support the sack while the charge is being
      delivered. When delivery of the charge is complete, the two jaws are
      opened by the pneumatic cylinder, enabling the filled sack to be removed
      and replaced by a second sack.
PAR  The vibrating means comprises two out-of-balance electric motors 91 which
      are rotated at a rate of 1440 r.p.m. during the process of weighing. The
      motors 91 are securely mounted on the brackets 75 of the supporting
      harness. When the two motors are rotated in opposite directions at the
      same time, they tend to become synchronised and cause the entire assembly
      to be vibrated in a vertical plane. The assembly is free to vibrate on
      account of the resilient suspension members 73, and an amplitude of about
      0.65 cm at a frequency corresponding to the rate of rotation of the
      motors, i.e. 1440 r.p.m., is generally convenient.
PAR  When weighing fine powders into paper sacks as charges having a net weight
      of 25 kg, we achieved throughputs of 15 tonnes/hour with most types of
      powder. Although this is a figure which was generally readily obtainable
      within a tolerance of .+-. 0.25%, it is not intended that this figure
      should be taken as a promise that this is attainable with all types of
      powder.
PAR  In the machine described above, the particulate material was supplied to
      the constant level device from a mass flow hopper, i.e. a hopper whose
      sides are sufficiently steep to provide mass flow. By employing such a
      hopper, the material is supplied smoothly at a pressure independent of the
      quantity of material in the hopper. Mass flow hoppers are therefore
      preferred to hoppers having sides at a more shallow angle where flushing
      and arching of the material are most likely to provide a very uneven flow
      to the constant level device.
PAR  In addition to the benfits of smooth outflow from a mass flow hopper,
      because the outlet pressure is independent of the height of material
      therein, the hopper may be selected from a large range of sizes to suit
      the particular requirements. Thus for example, the 25 tonne hopper
      described was selected for handling material from a process producing 20
      tonne batches, but hopper sizes may range, for example, from 1 to 1000
      tonnes or more capacity as required.
PAR  Two modifications to the above machine which we have found to be of benefit
      are the provision of deflectors for controlling the vented air, and the
      provision of air jets around the mouth of the delivery funnel as
      illustrated in FIG. 15. The drawing is a plan view of a funnel essentially
      the same as that shown in FIGS. 11 to 13, having an outward facing flange
      61 around its mouth and webs 62 sealing off the duct for venting the
      escaping gas. We found fine powder entrained in the air escaping up the
      vent 63 tended to be blown into the casing causing delay in its return to
      the sack. We now find that by placing a sloping plate 151 across the top
      of the duct so that the air is forced out sideways from beneath the plate,
      the powder is returned directly to the funnel and thence to the sack from
      which it was blown. There is also less tendency for powder to enter the
      top of the duct 63.
PAR  The second modification was the provision of inwardly and upwardly directed
      air nozzles. Four nozzles were used, being one for each inner wall of the
      weigh bucket compartment. FIG. 16 is an enlarged section of part of the
      funnel taken through one of the nozzles and viewed in the direction of the
      relevant arrow in FIG. 15. The centre line c shown in both drawings and
      the angle this makes is shown with reference to the horizontal rim around
      the top of the flange 61 in FIG. 16. Immediately after the weighed powder
      has been discharged from the weigh bucket, a blast of moist air at high
      pressure is emitted from the nozzles. Because of the elevation of the
      nozzles and their angle to the radius of the funnel, the air is blasted
      into the weigh bucket with a swirling motion which we have found to be
      particularly effective in dislodging powder left behind by the bulk of the
      charge.
PAR  While being a popular form of packaging for fine powders, valve sacks
      present more acute problems in the rapid delivery of charges of fine
      powders through such a restricted opening, while venting the trapped air
      with no substantial loss of weighed powder. We will therefore now describe
      a weighing machine adapted for filling valve sacks. Since the problems
      only arise in the delivery of the powder after it has been weighed, the
      hopper, fluidiser, flow control valves, weigh beam, flexible casing and
      posser may be identical to those described above. As stated earlier, the
      principal alteration lies in the use of twin funnels, but the effect of
      this is felt first in the weigh bucket, which must be adapted to discharge
      its load to one side and then the other alternately.
PAR  The weigh bucket used is illustrated in FIG. 17, and comprises a hollow
      shell 171 moulded from a glass fibre reinforced polyester resin. The shell
      is sub-divided by a transverse web 172 to form two compartments, one the
      mirror image of the other. Each compartment has an outward-facing opening
      173, 174 and a floor 175. Extending on either side of the weigh bucket are
      trunnions 176 located mid-way along the transverse web 172. The trunnions
      are mounted in journal bearings in two struts extending downwardly from a
      weigh beam in the same manner as that used in the other machine described
      hereinabove. Power for the rotary oscillation is again supplied by a
      pneumatic cylinder, but the stroke is adjusted so as to limit the rotation
      of the bucket to 150.degree. instead of 180.degree. as previously. The
      floor 175 of the bucket has been provided in order to increase the angle
      of attack of the part of the bucket supporting the powder, this being
      advisable for ensuring ready discharge on account of the reduced degree of
      rotation.
PAR  The modified funnel has been divided into upper and lower portions for
      convenience. The upper portion is illustrated in FIGS. 18 to 20, and
      provides a split hopper having a common mouth at its upper end, becoming
      divided to form two legs 181, 182 at its lower end. In the plan view of
      FIG. 18, the operator would normally be positioned facing the edge shown
      at the bottom of the drawing. Dividing the hopper into its two parts is a
      transverse weir 183 having two spaced-apart sides 184, 185 parallel over
      most of their area so as to provide a narrow chamber 186 therebetween. At
      their upper end, the sides are flared outwards and thence returned until
      they almost meet leaving a slot 188 therebetween, extending across most of
      the width of the funnel. In the centre of the funnel is an air passage 189
      which is faired into the weir and which communicates with the chamber 186
      therein.
PAR  At either end of the slot is a barrier 190, 191 extending upwards to the
      level of the mouth. At the rear of the hopper are two pipes 192, 193 which
      emerge on either side of one of the plates 191, the two pipes forming the
      upper end of two ducts for venting the air from the sack. Above each of
      the upper outlets of the two pipes 192, 193, is a deflector plate 194 (not
      shown in FIG. 18) arranged to deflect the air rushing up the ducts so that
      any powder carried by it may be deflected towards the centre of its
      respective funnel. The path of the venting air in one of the pipes is
      shown by arrows in FIGS. 19 and 20.
PAR  Below the hopper are two spouts forming the lower portions of the funnels,
      one spout being clamped to each leg. One of the spouts, that clamped to
      the left leg 182, is illustrated in FIG. 21, in a view perpendicular to
      that of the operator. The spout has an outer casing 211, having a circular
      cross-section at its upper end, this being tapered to provide a
      cylindrical outer surface at its lower end. At the upper end is an air
      chamber having an inlet 212 for air under pressure, and a porous plate 213
      providing a fluidising pad through which air may be blown for fluidising
      the descending powder.
PAR  At the lower end of the air chamber, the spout has become constricted into
      a throat by the angle of the fluidising pad 213. Immediately below the air
      chamber is an impeller having a spindle 214 extending across the full
      width of the spout, blades 215 extending radially from the spindle about
      half way across the diameter of the throat. The blades are divided into
      three adjacent sets, each set having three blades, with the middle set
      being out of phase with respect to the outer sets such that their
      appearance when viewed along the axis of rotation, is one of six
      equi-distant blades. The impeller is rotated clockwise in the view
      illustrated, at about 3000 r.p.m.
PAR  Running up the spout within its cylindrical confines, is a duct 216, which
      subsequently continues up one side of the spout so as to avoid the
      impeller. The duct 216 is connected to the pipe 192 by external means (not
      shown) incorporated in a cradle used for securing the two spouts to the
      legs of the split hopper.
PAR  On the front of both spouts are two pairs of spaced apart lugs 217, 218 to
      which are attached pneumatically powered clamping means for holding the
      valve in place on the end of the spout. The clamping means is again
      pneumatically operated, but with the valve sacks we find it is sufficient
      to have the valve clamped by a single pad 222 on the front of the machine,
      the sack being supported on a vibrated supporting cradle 223 while being
      filled.
PAR  The supporting crade 223 is carried in trunnions 224 at its lowest edge
      between arms 225 having a counter-balance 226 at the other end. The arms
      are pivotally mounted in bearings 227, being rotated by powerful air
      cylinders 228 through a small angle from the discharge position (shown
      chain dotted) to the upper supporting position (shown in full lines). The
      supporting cradle 223 has an out-of-balance vibrator motor 229 which
      posses the sack being filled with an oscillating motion about the trunnion
      224. We find in practice with this machine that possing is essential for
      short cycle times, to clear the dense stream of powder from the filling
      spout and to consolidate it rapidly in the sack to allow the optimum sack
      sizes to be used.
PAR  As soon as all the powder has been discharged from the spout, the clamping
      pad 222 is removed to free the valve. The counterbalance arm 225 is then
      swung downwards clearing the sack from the spout. In the discharge
      position shown chain dotted, air cylinders 231 rotate the sack cradle 223
      about the trunnions 224 ejecting the sack over a rubber-covered roll-over
      bar 232 causing it to roll over onto its valve end, thereby closing the
      valve against powder in the sack. This roll-over operation is particularly
      effective in providing efficient closure of the valve, and preventing
      subsequent loss of powder through the valve during handling operations.
      The sack is arranged to fall onto a suitable conveyor system, which may be
      either parallel to or perpendicular to the spouts, as desired.
PAR  This sack handling means is preferred because besides an efficient and
      rapid operation, it provides a low headroom installation enabling the
      operation of the machine to be carried out from a seated position in front
      of the two spouts, equi-distant from each. Empty sacks are stacked on
      tables on either side of the operator, who changes one sack while the
      other is being filled. In this manner, we have filled valve sacks
      repeatedly with charges of 25 kg, with cycle times sufficiently short to
      enable a filling rate of one bag every 41/2 to 6 sec to be achieved,
      depending on the powder being packed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A weighing machine for repeatedly delivering to receivers a
      predetermined charge of fine powder comprising:
PA1  a fluidizer having an outlet, in which the powder is fluidized and
      maintained with an approximately constant head of fluidized powder above
      the outlet at least at the start of each weighing cycle,
PA1  a rotatable weigh bucket mounted on weight-sensing means, said
      weight-sensing means generating a signal in response to weight in said
      weigh bucket, said weigh bucket having separate compartments arranged so
      that by rotation of said weigh bucket each compartment may in turn be
      positioned for receiving powder from said fluidizer while another
      compartment discharges its load,
PA1  valve means connected to said fluidizer outlet for controlling the flow of
      powder from said fluidizer, said valve means being operable in response to
      a signal generated by said weight-sensing means, and
PA1  means for delivering to receivers the powder discharged from said bucket.
NUM  2.
PAR  2. A weighing machine according to claim 1 in which said valve means
      comprises a resiliently flexible tube connected to said fluidizer outlet
      and at least one pair of jaws closeable about said tube so as to collapse
      a portion of said tube and bring the sides thereof into sealing
      engagement.
NUM  3.
PAR  3. A weighing machine according to claim 2 in which said valve means
      include first and second pairs of jaws closeable about said resiliently
      flexible tube so as to press together the sides of said tube into sealing
      engagement, said first pair of jaws being closeable about only a fraction
      of the diameter of said tube so as to leave the remainder of the tube open
      and provide a restricted flow passage therethrough and provide said valve
      means with a partially closed state, and said second pair of jaws being
      closeable about the full diameter of said tube to provide said valve means
      with a fully closed state.
NUM  4.
PAR  4. A weighing machine according to claim 1 in which said rotatable weigh
      bucket has two separate compartments of corresponding size and shape with
      spaced apart outwardly facing openings arranged so that when one opening
      faces upwardly for receiving powder to be weighed, said other opening
      faces downwardly so that powder therein is discharged by gravity.
NUM  5.
PAR  5. A weighing machine according to claim 4 further comprising means
      connected to said weigh bucket for oscillating said weigh bucket between
      said two positions in which each of said two compartments in turn faces
      upwardly to receive its load while said other compartment discharges its
      load, said compartments being so shaped that each of said compartments
      discharges its load along a path different from the discharge path of the
      other compartment, and said means for delivering the discharged powder
      comprises two funnels, each positioned in one of said paths to intercept
      powder discharged along each respective path, whereby powder weighed in
      one compartment is discharged into one funnel, and material weighed in the
      other compartment is discharged into the other funnel.
NUM  6.
PAR  6. A weighing machine according to claim 1 in which said means for
      delivering the weighed powder to the receiver comprises a casing enclosing
      said weigh bucket except for an upper opening to permit said weigh bucket
      to be charged therethrough, and a lower opening to permit said weigh
      bucket to discharge its load therethrough, at least one funnel having at
      its upper end a mouth connected around said lower opening of said casing
      by a substantially powder-tight joint, clamping means for securing the
      receiver to the lower end of said funnel to produce a substantially
      powder-tight joint therebetween, and at least one duct for venting the air
      displaced from the receiver by the charge, the upper end of said duct
      being returned to said delivery means so that any powder carried by the
      venting air may be returned to the receiver.
NUM  7.
PAR  7. A weighing machine according to claim 6 in which said casing is
      flexible.
NUM  8.
PAR  8. A weighing machine according to claim 6 further comprising a plurality
      of nozzles around said mouth of said funnel, said nozzles disposed at an
      angle such that a high pressure jet of air emitted from said nozzles would
      be directed against the inside surface of a weigh bucket compartment
      positioned for discharge of its load.
NUM  9.
PAR  9. A weighing machine according to claim 6 wherein an impeller having
      rotatable blades is associated with said funnel to drive the powder down
      said funnel.
NUM  10.
PAR  10. A weighing machine as recited in claim 1 wherein each compartment of
      said weigh bucket has a fixed volume.
PATN
WKU  039425630
SRC  5
APN  4860195
APT  1
ART  322
APD  19740705
TTL  Slip casting machine
ISD  19760309
NCL  7
ECL  1
EXA  Brown; John S.
EXP  Shore; Ronald J.
NDR  1
NFG  1
INVT
NAM  Connors; Malcolm E.
STR  87 Lowell St.
CTY  Reading
STA  MA
ZIP  01867
INVT
NAM  Guazzaloca; William A.
STR  61 Arcadia Ave.
CTY  Reading
STA  MA
ZIP  01867
INVT
NAM  Wood; Herbert T.
STR  14 Upland Road
CTY  Wakefield
STA  MA
ZIP  01880
CLAS
OCL  141 88
XCL  222318
XCL  425447
EDF  2
ICL  B65B  304
ICL  G01F 1130
ICL  B28B 1302
FSC  425
FSS  122;130;174.8 R;174.8 E;222;217;315;317;447;231;247;405;425;437
FSC  141
FSS  82;131;115
FSC  134
FSS  135;144;151;152;172;191;111
FSC  222
FSS  318;424
UREF
PNO  2635859
ISD  19530400
NAM  Dreyfus
XCL  259 95
UREF
PNO  2675012
ISD  19540400
NAM  Scales
XCL  134135
UREF
PNO  3017892
ISD  19620100
NAM  Mixon
XCL  134144
UREF
PNO  3091436
ISD  19630500
NAM  Finn
OCL  259 95
UREF
PNO  3162897
ISD  19641200
NAM  Wallis
XCL  425217
UREF
PNO  3335698
ISD  19670800
NAM  Hayon
XCL  134151
UREF
PNO  3343555
ISD  19670900
NAM  Kasner
XCL  134191
UREF
PNO  3416544
ISD  19681200
NAM  Paiva
XCL  134172
UREF
PNO  3500840
ISD  19700300
NAM  Maatz
XCL  134191
UREF
PNO  3590863
ISD  19710700
NAM  Faust
OCL  134144
LREP
FR2  Cannon, Jr.; James J.
ABST
PAL  A slip casting apparatus comprising a supply tank, a reserve well in
      communication with said tank, a pump means to pump said slip from said
      tank through a delivery means to casting molds and having provision for
      continuously recycling the slip in and out of the supply tank. The same
      pump is utilized both to deliver slip to casting molds and to recirculate
      slip within the supply tank, in a manner which eliminates settling and
      relieves the pump from undue pressure. This apparatus has application for
      use with other liquids of similar characteristics. The well also functions
      to prevent the formation of air bubbles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention resides in the field of slip casting machines and more
      particularly relates to a slip casting apparatus comprising a supply tank,
      a reserve well in communication with said tank, a pump means to pump said
      slip from said tank through a delivery means to casting molds and having
      provision for continuously recycling the slip in and out of the supply
      tank. The same pump is utilized both to deliver slip to casting molds and
      to recirculate slip within the supply tank, in a manner which eliminate
      settling and relieves the pump from undue pressure. The well functions to
      prevent the formation of air bubbles.
PAR  2. Description of the Prior Art
PAR  Slip casting machines which support molds above a supply tank which catches
      excess slip poured from molds in the tank are well known in the prior art.
      They are usually accompanied by a mechanical agitator used to mix
      continuously the slip, i.e., liquid clay in the form of a slurry, to
      maintain a homogeneous consistency and to prevent premature drying.
      Mechanical agitators have the disadvantage of introducing air bubbles into
      the slip since they create a vortex at the surface of the slip and
      generate a certain amount of turbulence and churning in the vicinity of
      their action. They have the further disadvantage of having relatively
      short useful lives and require frequent maintenance and repair. The
      density of liquid slip places an extremely heavy load on the agitator
      motor and sometimes requires a second motor to drive the pump.
PAR  Furthermore, prior art machines which churn or agitate liquid slip
      frequently cause air bubbles to form in the slip. Air bubbles should be
      avoided in slip casting since they result in an uneven surface or
      thickness of the molded greenware and, if internal in the body of the
      finished article, result in cracks and other imperfections in the finished
      article upon firing.
PAR  The slip casting apparatus of the present invention is designed to avoid
      the above-mentioned deficiencies in prior art machines. The use of
      recirculation system eliminates the need for a mechanical agitator and in
      most cases the need for a separate motor to drive the agitator. The
      recirculation system prevents the liquid slip from settling, drying or
      otherwise becoming non-homogeneous in the supply tank, while at the same
      time minimizing the occurrence of air bubbles in the liquid slip. The
      reserve well in communication with the supply tank also serves to
      eliminate air bubbles in the slip as will be described below.
PAR  The inventor knows of no other apparatus based on this principle in the
      field of slip casting. Furthermore, the slip casting apparatus of the
      present invention is mechanically and functionally simpler than the prior
      art devices, is less expensive to manufacture and requires less
      maintenance and repair. Additionally, it is easily moveable despite the
      capacity of the supply tank, and it utilizes the full area of the mold
      support rack.
PAR  The apparatus of the present invention may also be utilized for pumping,
      recirculating and pouring or casting other liquids which have
      characteristic properties similar to those of liquid slip.
PAC  SUMMARY OF THE INVENTION
PAR  This invention pertains to a slip casting apparatus comprising a supply
      tank, a reserve well in communication with said tank, a pump means to pump
      said slip from said tank through a delivery means to casting molds and
      having provision for continuously recycling the slip in and out of the
      supply tank. The same pump is utilized both to deliver slip to casting
      molds and to recirculate slip within the supply tank, in a manner which
      eliminates settling and relieves undue pressure on the pump. The well also
      functions to prevent the formation of air bubbles. A support rack for
      molds, preferably a plurality of spaced-apart rollers, is positioned above
      the supply tank such that any excess or overflow from the molds will fall
      back into the tank. The pump delivers slip to the molds by using, for
      example, a flexible hose and a hand-held, squeezably activated nozzle of
      the type used in gas pumps. The pump is shaft driven by an electrical
      motor eliminating the need for belts.
PAR  The slip supply tank of the present invention may be of any conventional
      size, shape and design, except that it includes an integrally formed,
      depressed reserve well in communication with and lower than the principal
      supply tank.
PAR  The pump draws slip through a well outlet pipe whose opening is positioned
      below the bottom of the principal supply tank and above the bottom of the
      reserve well. The slip is fed by said pump through a valve into either the
      delivery hose or back into the principal supply tank or into both. The
      feed-back of slip into the supply tank results in a continual
      recirculation of the slip in the supply tank for the purposes of
      preventing drying and maintaining uniform consistency. The use of the
      reserve well enables the outlet pipe to be positioned in a location which
      prevents the formation of a vortex as slip is drawn from the supply tank,
      thus minimizing the formation of air bubbles.
PAR  The overall apparatus is lightweight, easily moveable, simpler in
      construction and less expensive to manufacture and maintain than other
      devices of the same type known to the inventor.
PAR  The apparatus of the present invention may be utilized with any liquid
      substance requiring its features and advantages.
PAR  The detailed structure is more fully described in the Description of the
      Preferred Embodiment and the Drawing which follow.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a perspective view of the preferred embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the FIGURE, there is shown a perspective view of the preferred
      embodiment of the invention. The slip casting apparatus is contained
      generally in a housing 10, a portion of which forms the walls of slip
      supply tank 12, above which is positioned a mold support rack comprised of
      spaced apart rollers 14. The rollers 14 are especially desirable since
      they allow easy cleaning and prevent dried slip accumulation underneath
      the rack. The excess slip overflowing or poured from the molds, not shown,
      falls between the roller spaces 16 or slides off the rollers 14 directly
      into the tank or onto graded surfaces 18 and 20 which slope into the tank.
      Tank 12 has integrally formed therewith a depressed reserve well 21 in
      communication with and lower than the base 30 of principal supply tank 12.
PAR  Pump 22 is fed by a well outlet pipe 23 and forces slip drawn from the well
      21 through a pump outlet pipe 24 back into the tank 12 where it is mixed
      and recirculated with the main slip supply within tank 12. Well outlet
      pipe 23 is preferably located above the bottom of well 21 and below the
      base 30 of the pricipal supply tank 12 to prevent the formation of a
      vortex as the slip is drawn from well 21. Optionally, to provide a wider
      distribution to obtain even greater slip homogeneity, branch pump outlet
      pipes 26 and 28 may be employed to disburse slip over base 30 of supply
      tank 12 which is positioned above the mouth of pipe 24. Base 30 is located
      close below the outlets of pipes 26 and 28 to prevent splashing.
PAR  Pump 22, connected directly to and driven by the shaft 32 of electric motor
      34, is additionally used to deliver slip to the vicinity of the molds
      through flexible hose 36. A hand-held, squeezably activated nozzle 38 is
      used to control the delivery flow of the slip as the hose and nozzle are
      moved from mold to mold. Optionally, a fixed delivery pipe may be used
      with a faucet terminal under which the molds are passed.
PAR  Recirculation and delivery flow control valve 40 is used to control the
      amount of slip which is circulated into the well and the amount which is
      channeled into hose 36. During casting operations valve 40 may be closed
      to divert all of the slip to the molds.
PAR  Other features of convenience may be added to the structure at the option
      of the user. For example, the entire apparatus may be mounted on platform
      41 and wheels 42 to facilitate mobility. A holder 44 for nozzle 38 can be
      provided. Similarly, a cover, not shown, can be utilized over the rack to
      prevent evaporation between casting operations. A faucet, not shown, may
      also be provided in the bottom of the supply well to drain the slip if the
      apparatus is not to be used for a period of time.
PAR  It should be clearly understood that the apparatus of the present invention
      is readily adaptable for the casting, pouring or recirculation of other
      liquid substances, especially those which have similar characteristics.
      The invention simplifies the handling of liquid substances which set
      quickly and must be kept in a homogeneous state.
PAR  These and other features and modifications will be obvious to those skilled
      in the art upon disclosure of the invention as defined by the following
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved clay slip mixing and casting apparatus for recirculation,
      agitation and uniform mixing of said slip in turn yielding a homogenous
      slip capable of regulated delivery to a mold positioned upon a integrated
      receiving and casting support roller bar rack, which in combination
      comprises:
PA1  a housing;
PA1  a principal supply tank within said housing for containing said slip;
PA1  a depressed reserve well integrated into and extending below said principal
      supply tank and communicating with the base of said principal supply tank
      and said housing;
PA1  a well outlet pipe;
PA1  a pump mounted within said housing for drawing said slip from said well
      through said well outlet pipe, for forcing said slip to recirculate into
      said supply tank, and for forcing delivery of said slip to said casting
      support rack;
PA1  a pump outlet pipe providing means through which said pump forces said slip
      recirculation to said supply tank and said slip delivery to said casting
      support rack;
PA1  a delivery pipe means interrupting and secured to said pump outlet pipe
      providing means for delivery of said slip to said casting support rack;
PA1  a valve further interrupting said pump outlet pipe, beyond said delivery
      pipe, for regulating and restricting the volume of slip recirculated and
      delivered; and
PA1  said pump outlet pipe terminating at the juncture of said supply tank and
      said reserve well, and facilitating, in combination with said well outlet
      pipe flow, self activated agitation and mixing functions of said
      apparatus.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said outlet pipe further includes at
      least one branch outlet pipe for recirculating and disbursing said slip
      over said base of said supply tank yielding greater slip homogeneity and
      further eliminating and preventing vortex formaton due to agitation.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said delivery pipe, its receiving end
      secured to said outlet pipe, further includes a delivery end comprising a
      hand held squeezably activated valve and nozzle allowing complete manual
      closed system control of the delivery function of said apparatus and the
      recirculation function of said apparatus.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said delivery pipe is flexible and
      movable.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said casting support rack comprises a
      plurality of spaced apart stationary rollable roller bars positioned above
      said principal supply tank allowing uncast excess slip to recycle; said
      roller bars allowing movable assembly line molding production and allowing
      simple cleanup.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said pump is operated by an appropriate
      power means.
NUM  7.
PAR  7. The apparatus of claim 2 wherein said apparatus is capable of said
      self-agitation and mixing functions of other liquid or semi-fluid
      substances, especially those which have similar heavy, slow flow
      characteristics as said clay slip.
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ABST
PAL  A fuel inlet port with a recess formed therein allows a smaller diameter
      filling gun to discharge lead free fuel, but prevents the discharge of
      lead containing fuels from a larger diameter gun.
BSUM
PAR  The present invention relates generally to a fuel tank for use in a motor
      vehicle and particularly to a fuel inlet port of a fuel tank in a motor
      vehicle.
PAR  Motor vehicles have been recently equipped with catalytic converters for
      purifying exhaust gases emitted from an engine of the vehicle. Thus, the
      vehicles are required to use a lead free fuel, in order to avoid
      contamination of the catalyst in the catalytic converters. In order to
      avoid such vehicles receiving lead containing fuel, it has been proposed
      to use a fuel supply inlet port and nozzle of a fuel tank and fuel feeding
      gun, respectively, for motor vehicles of this type, smaller in diameter
      than those of a fuel tank and a fuel feeding gun for motor vehicles which
      use a fuel containing lead. This makes it impossible to insert the nozzle
      of the fuel feeding gun for a fuel which contains lead into the fuel
      supply inlet port of the fuel tank in which the fuel is lead free.
      However, even if a fuel tank thus constructed is provided in a motor
      vehicle equipped with a catalytic converter, there is still the
      possibility that the fuel tank will be intentionally or unknowingly
      supplied with a fuel which contains lead.
PAR  It is, therefore, an object of the invention to eliminate the
      above-mentioned shortcomings encountered in the prior art by providing an
      improved fuel tank filling inlet port device for a motor vehicle employing
      an unleaded fuel.
DRWD
PAR  This and other objects and advantages of the invention will become more
      apparent from the following detailed description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a schematic cross sectional view showing a first preferred
      embodiment of a fuel tank filling inlet port device according to the
      invention;
PAR  FIG. 2 is a schematic cross sectional view taken substantially along a line
      2-- 2 of FIG. 1; and
PAR  FIG. 3 is a schematic cross sectional view showing a second preferred
      embodiment of a fuel tank filling inlet port device according to the
      invention.
DETD
PAR  FIGS. 1 and 2 illustrate a first embodiment of the invention. Referring now
      to FIG. 1, a portion of a motor vehicle (no numeral) is shown to include
      an external structural member 10 of the vehicle such as a fender, a recess
      12 is formed in the external structural member 10, a fuel filler opening
      14 is formed through the recess 12, and a fuel filler outer tube 16 opens
      from the vicinity of the filler opening 14 into the interior of an
      unleaded fuel tank (not shown) provided in the vehicle. A fuel filler
      inner tube 18 communicates with the filler opening 14 and is fixedly
      fitted in an outer end portion 20 of the outer tube 16. A fuel filler
      insert 22 is fixedly inserted into the inner tube 18, a vent tube 23
      communicates at one end thereof with the interior of the insert 22 and at
      the other with the interior of the vehicle. A nozzle 24 of a first fuel
      feeding gun 25 for feeding a fuel which contains lead is shown as being
      inserted into the insert 22. The filler opening 14 is covered by a
      suitable cap member (not shown) after filling of the fuel tank. The nozzle
      24 of the first fuel feeding gun 25 has a cross sectional area of a first
      predetermined value and is greater in cross sectional area than a nozzle,
      of a second fuel feeding gun (not shown) for feeding a fuel which contains
      no lead, which has a cross sectional area of a second predetermined value.
      The insert 22 has formed therein first, second and third bores 26, 28 and
      30, respectively, which communicate with each other and a recess 31 formed
      in and opening into the bores 26, 28 and 30. The first bore 26 is opposite
      to the filler opening 14, the second bore 28 is opposite to the fuel tank
      and the third bore 30 is formed between the first and second bores 26 and
      28. The first bore 26 has a cross sectional area larger than the first
      predetermined value to allow passage of the nozzle 24 of the first fuel
      feeding gun 25 into the first bore 26, as shown in FIG. 1. The second bore
      28 is of a circular cross sectional shape having a cross sectional area
      smaller than the first predetermined value and greater than the second
      predetermined value to inhibit passage of the nozzle 24 of the first fuel
      feeding gun 25 through the second bore 28 and allow passage of the nozzle
      of the second fuel feeding gun therethrough. However, said second bore may
      also be any suitable cross sectional shape other than a circle such as an
      ellipse so that the second bore 28 allows insertion of the nozzle of the
      second fuel feeding gun thereinto and refuse insertion of the nozzle 24 of
      the first fuel feeding gun 25. The third bore 30 is gradually reduced in
      its cross sectional area or in its diameter toward the second bore 28 so
      that the wall surfaces 32 and 34 defining the third bore 30 taper off
      toward the second bore 28. The upper wall surface 32 is vertically above
      the lower wall surface 34. As a result, the upper wall surface 32 serves
      in such a way that, when the nozzle 24 of the first gun 25 is inserted
      into the third bore 30 and abuts against the upper wall surface 32, the
      nozzle 24 slides downwardly and obliquely along the upper wall surface 32
      until an upper edge of an end of the nozzle 24 contacts an upper
      intersection 35 between the wall surfaces of the second and third bores 28
      and 30, and a lower edge of the end of the nozzle 24 abuts against the
      lower wall surface 34 so that a portion of an end opening 40 of the nozzle
      24 is located in the recess 31. The nozzle 24 of the first gun 25 has
      formed through its side wall a hole 36 opening into the open air and a
      conduit 38 communicates with the hole 36 and leads to an automatic stop or
      shut off mechanism (not shown) of the first gun 25. Such a hole 36,
      conduit 38 and automatic stop mechanism of a first fuel feeding gun 25
      serve in such a way that, when a leaded fuel tank is filled by the first
      fuel feeding gun, fuel flows toward the automatic stop mechanism through
      the hole 36 and conduit 38. Thus, the automatic stop mechanism is operated
      to automatically stop further discharge of the fuel from the first gun
      into the leaded fuel tank. The hole 36 is located to be opposite the
      recess 31 as shown in FIG. 1. The recess 31 is formed through the first,
      second and third bores 26, 28 and 30 on the lower sides thereof through a
      suitable angle as shown in FIG. 2 and has opposite inner and outer ends 42
      and 44 and opposite sides 46 and 48. The recess 31 forms a path of fluid
      flow from the nozzle 24 of the first fuel feeding gun 25 to the hole 36
      when the nozzle 24 of the first fuel feeding gun 25 is inserted into the
      third bore 30 through the first bore 26 to feed fuel to the fuel tank. A
      portion of the fuel discharged from the nozzle 24 inserted into the third
      bore flows into the recess 31 and is directed toward and strikes against
      the inner end 42, as shown in FIG. 1. The inner end 42 serves to deviate
      the flow of fuel striking thereagainst towards the outer end 44. The flow
      of fuel thus deviated by the inner end 42 flows in the recess 31 and
      strikes against the outer end 44. The outer end 44 serves to deviate the
      flow of fuel striking thereagainst toward the hole 36 of the nozzle 24. To
      fulfil this functions, the ends 42 and 44 extend diagonally toward a
      longitudinal axis of the insert 22 and toward each other, as shown in FIG.
      1. The flow of fuel thus deviated by the outer end 44 flows into the
      conduit 38 through the hole 36 and actuates the automatic stop mechanism
      to cause the first gun to stop discharge of the fuel. The insert 22 has
      formed at its outer circumferential portion a pair of passages 50 and 52
      communicating the upstream and downstream parts 54 and 56 of the insert
      22. The passages 50 and 52 serve to channel or bypass into the fuel tank
      fuel flowing from the recess 31 into the first and third bores 26 and 30
      and also serve to pass air within the fuel tank into the atmosphere during
      filling of the fuel tank by the second gun. The opposite sides 46 and 48
      of the recess 31 are preferably directed toward one of the axes of the
      bores 26, 28 and 30, as shown in FIG. 2 so that the fuel is not scattered
      when striking against the ends 42 and 44.
PAR  FIG. 3 illustrates a second embodiment of the invention. The embodiment of
      FIG. 3 is different from the embodiment of FIG. 1 in that a plate valve
      member 58 is mounted or seated on an inner end portion 59 of the insert
      57. The plate valve member 58 is made of a leaf spring material and has
      one section 60 fixedly secured to the insert 57 through a screw 62 and the
      other section 63 seated on the inner end portion 59 to close an inner end
      opening 64 of the insert 57. The section 63 of the valve member 58 can be
      swinged or opened by a nozzle 66 of a second fuel feeding gun 65 to allow
      the nozzle 66 to pass through a second bore 68 of the insert 57, as shown
      in phantom lines in FIG. 3. The section 63 of the valve member 58 is
      seated on the inner end portion 59 by the resilient force of the valve
      member 58 when the second gun 65 is extracted from the insert 57. The
      section 63 of the valve member 58 cannot be opened by fuel discharged from
      a nozzle 70 of a first fuel feeding gun 69 inserted into a third bore 71
      of the insert 57 and therefore remains seated on the inner end portion 59
      of the insert 57. Since the fuel discharged from the nozzle 70 of the
      first gun 69 strikes against the plate valve member 58 and is deviated
      thereby in an opposite direction to flow into a recess 72 to increase the
      amount of fuel which flows into the conduit 74 of the nozzle 70 through a
      hole 76 similar to the case of FIG. 1, an automatic stop mechanism of the
      first gun 69 is operated to stop the discharge of fuel from the first gun
      69 more quickly than the case of FIG. 1. Simultaneously, the amount of
      leaded fuel fed into an unleaded fuel tank (not shown) from the first gun
      69 is reduced to zero. The provision of the plate valve member 58 on the
      insert 57 is remarkably effective in the case that the fuel filler outer
      tube 77 is steeply inclined and accordingly the force of the flow of fuel
      diverted by an inner end 78 of the recess 72 is relatively weak and that
      the speed of flow of fuel discharged from the first gun 69 is relatively
      low.
PAR  It is thus appreciated that the introduction of a fuel containing lead into
      a fuel tank of a motor vehicle required to employ a lead free fuel can be
      prevented or greatly reduced by providing a fuel filler inlet port device
      having greater, conical and smaller bores and a recess formed in the bores
      to divert fuel which has flowed into the recess from a first gun toward a
      hole of a nozzle of the first gun by opposite ends of the recess, or in
      addition by providing a resilient plate valve member on an inner end
      portion of the inlet port device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel filling inlet port device for a fuel tank in a motor vehicle,
      comprising a wall defining therein a first bore communicating with the
      outside atmosphere and having a cross sectional area larger than a first
      predetermined value, a second bore communicating with a fuel tank of a
      motor vehicle and having a cross sectional area smaller than said first
      predetermined value and larger than a second predetermined value, a third
      bore located between said first and second bores and tapered off from said
      first bore toward said second bore, and a recess communicating with said
      first, second and third bores and, when a nozzle, of a first fuel feeding
      gun, having a cross sectional area of said first predetermined value is
      inserted into said third bore through said first bore to feed fuel to said
      fuel tank, said recess forms a path of fluid flow from said nozzle to a
      hole in the side of said nozzle connected to a shut off mechanism of said
      fuel feeding gun, said recess having one end adjacent said second bore and
      the other end remoter from said fuel tank than said one end, fuel from
      said nozzle striking against said one end and being then diverted thereby
      toward said other end, said fuel diverted by said one end striking against
      said other end and being then diverted thereby to said hole in said
      nozzle.
NUM  2.
PAR  2. A fuel filling inlet port device as claimed in claim 1, in which said
      wall has an inner end portion through which said second bore is formed,
      and further comprising a resilient plate valve member seated on said inner
      end portion of said wall, said valve member, when a nozzle, of a second
      fuel feeding gun, having a cross sectional area of said second
      predetermined value is inserted into said second bore through said first
      and third bores, being openable by said nozzle of said second fuel feeding
      gun and being unopenable by fuel from said nozzle of said first fuel
      feeding gun inserted into said third bore.
NUM  3.
PAR  3. A fuel filling inlet port device as claimed in claim 2, in which said
      first fuel feeding gun is employed for a lead containing fuel and said
      second fuel feeding gun is employed for a lead free fuel.
NUM  4.
PAR  4. A fuel filling inlet port device as claimed in claim 1, in which said
      one end and said other end of said recess each extend obliquely toward a
      longitudinal axis of said inlet port device to converge towards each
      other.
NUM  5.
PAR  5. A fuel filling inlet port device as claimed in claim 1, in which
      opposite sides of said recess each extend toward a longitudinal axis of
      said inlet port device.
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PAL  A method and a machine for cleaning and barking a log using fluid jets
      wherein the bark is first cut into longitudinal strips by a first series
      of fluid jet nozzles predominantly arranged to produce a cutting
      impingement action and wherein the anteriorly formed bark strips are
      peeled from the wood of the log by a second series of fluid jet nozzles
      predominantly arranged to produce a peeling action. The machine includes
      an automatic device to adjust the position of the fluid jet nozzles
      relative to a diametrical size of the log.
BSUM
PAR  This invention relates to log cleaning and barking and, more particularly,
      to a method and a machine of the type adapted for barking by fluid jets.
PAR  The barking machines of the above type which have been proposed so far are
      using fluid jets directed either merely radially inwardly in an orthogonal
      plane relative to the log or converging longitudinally of the same. It is
      found that along neither of these directions of the fluid jets is
      satisfactory.
PAR  It appears that the radial jets are primarily effective to cut through the
      bark but are relatively ineffective to remove the latter, since, to do so,
      they must cut through and impinge against substantially the whole area of
      the bark so as to cut the latter into small pieces.
PAR  When the fluid jets instead are, as proposed in the prior art, merely
      converging longitudinally in opposite direction relative to the uncoming
      log, a still less efficient result is obtained than when merely radial
      jets are used.
PAR  The applicant has noted that the bark is normally held around a log by
      essentially two bonds, one of which being the circumferential tensile
      strength of the bark and the other being the adherence between the bark
      and the wood of the log. Neither of the above-mentioned types of fluid
      jets appears to be satisfactorily effective to break both of these bonds.
      The applicant finds reasonable to assume that the radial jets are little
      effective on the adherence while the longitudinally converging jets are
      little effective on the circumferential tensile strength.
PAR  It is a general object of the invention to provide a barking method and a
      machine of the above type, which are relatively more effective and produce
      reduced consumption of high pressure fluid than heretofore achieved with
      the methods and machines of the prior art.
PAR  It is a more specific object of the invention to provide a barking method
      and a barking machine wherein two sets or series of fluid jets are used to
      sequentially break the circumferential bond by longitudinally cutting of
      the bark and thereafter the adherence bond by longitudinal peeling of the
      bark strips anteriorly produced by the longitudinal cutting.
PAR  It is a still further object of the invention to provide a method and a
      machine whereby barking is produced by first longitudinally cutting the
      bark into strips using a first series of fluid jet nozzles and thereafter
      peeling the bark strips using a second series of fluid jets nozzles
      wherein the nozzles are arranged to produce optimized cutting and peeling
      impingement actions respectively.
DRWD
PAR  The above and other objects and advantages of the invention will be better
      understood in the light of the following detailed description of a
      preferred embodiment thereof which is illustrated, by way of example, in
      the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation view of a log cleaning and barking machine
      according to the invention;
PAR  FIG. 2 is a cross-sectional view of a log as seen along line 2--2 in FIG. 1
      with a first series of fluid jets impinging thereon for strip cutting
      action;
PAR  FIG. 2a is a cross-sectional view as in FIG. 2 but showing the second
      series of fluid jets impinging thereon for strip peeling action;
PAR  FIG. 3 is a cross-sectional view as seen along line 2--2 in FIG. 2a;
PAR  FIG. 4 is a partial view as seen from the left side in FIG. 1 within medium
      size log positioned into the machine;
PAR  FIGS. 5a and 5b are left and right partial views respectively of FIG. 4
      with logs of smaller and larger diametrical sizes respectively into the
      machine;
PAR  FIG. 6 is an enlarged elevation view of the diametrical size feeler device
      of FIG. 1, with parts thereof shown in cross-section;
PAR  FIG. 7 is a cross-sectional view of a carriage assembly as seen along line
      7--7 in FIG. 4;
PAR  FIG. 8 is a cross-sectional and schematic view as seen along line 8--8 in
      FIG. 4; and
PAR  FIG. 9 is an elevation view of a carriage forming part of the illustrated
      embodiment.
DETD
PAR  The method according to the present invention consists in first subjecting
      the bark around a log to a first series of radially converging fluid jets
      by impinging the latter in circumferentially spaced-apart relationship
      onto the bark while advancing the log endwise centrally of these jets to
      cut the bark into strips lengthwise of the log. The anteriorly formed bark
      strips are thereafter subjected to a second series of fluid jets
      converging longitudinally in opposite direction relative to the direction
      of endwise displacement of the log to the strips from the wood of the log.
PAR  In other words, this method presumably first breaks the circumferential
      bonds produced by the circumferential tensile strength through the action
      of the first series of jets and to thereafter defeat the adherence of the
      bark onto the wood of the log using the peeling action of the second
      series of jets.
PAR  The method further includes forming the jets of the first series
      circumferentially narrow and forming the jets of the second series
      tangentially broader or fan-like for good cutting and peeling
      respectively.
PAR  The illustrated machine includes a casing 1 adapted to collect the chips
      and strips of bark, and having a funnel-shape chute 2 at the bottom for
      the exit and removal of the bark. The casing 1 may be supported in any
      suitable manner as per metal legs 3 and horizontal braces 4. A log
      conveyor extends through the casing 1, from left to right, as seen in FIg.
      1, for similar endwise displacement of a log 5 along a predetermined log
      path. This log conveyor essentially includes, as is well known, a series
      of rollers 6 rotatably supported parallel to each other by beams 7
      engaging the opposite ends thereof. The log 5 includes a core 5a of wood
      surrounded by bark 5b.
PAR  A flat mounting ring 8 having an aperture 9 is rigidly mounted into the
      casing 1 in circumscribing relationship with the log path and preferably
      in an orthogonal plane relative to the latter for the endwise displacement
      of the log 5 therethrough. On each side of half of the ring 8 relative to
      a vertical and axial plane therethrough, there are secured a first and a
      second guide channels or guide tracks 10 and 11 respectively. The latter
      are rigidly secured flat against one face of the ring 8 and converge
      downwardly centrally towards an intermediate bottom position of the
      latter.
PAR  A pivot pin 12 extends longitudinally of the log path in overlying
      relationship of the log 5 therein. A pair of first segments 13 are
      pivotally mounted at one end onto the common pivot pin 12 thereof and
      project in opposite directions laterally therefrom in circumferential
      relationship with respect to the log path and a log 5 therein. A second
      segment 14 is pivoted on each of the afore-mentioned side of the flat ring
      8 about a pivot pin 15 secured endwise to the latter at the aforementioned
      intermediate position. As shown in FIGS. 4, 5a, and 5b, each second
      segment 14 is curved concavely towards the log path and extends in
      circumferential relationship relative to the latter. A groove 16 extends
      lengthwise into each second segment 14 and is similarly curved as the
      latter to form a predetermined slide.
PAR  A first sliding block 17 is engaged into each guide channel 10 for sliding
      displacement along the latter. The outer end of each first segment 13 is
      pivoted by a pin 18 relative to the corresponding first sliding block 17.
      A second sliding block 19 similarly engages each guide channel 11 for
      sliding displacement along the latter. A third segment 20 is provided on
      each side of the log path and is pivoted in the corresponding second
      sliding block 19 by a pivot pin 21 and on the corresponding first segment
      13 by a pivot pin 22. Each third segment 20 has a bracket 23 secured
      rigidly thereto, projecting longitudinally therefrom away from the flat
      ring 8 and carrying a roller 24 rotatably engaged into the curved slot 16
      of the corresponding third segment 14 to pivot the latter about the pivot
      pin 15. It must be noted that the segments 13, 14, and 20 are so
      interconnected and arranged relative to each other and to guide channels
      10 and 11 that up-and-down displacement of the pivot pin 12 results in
      concurrent pivotal displacement of these segments radially away and
      towards the log 5 respectively. Consequently, these segments will tend to
      remain circumferentially coaxial with the log upon appropriate
      displacement of the pivot pin 12.
PAR  A fixed segment 25 is secured by bolts 26 and spacer tubes to the flat ring
      8 at the above-mentioned predetermined bottom position intermediate the
      pairs of guide channels 10, 11. A spring 27 is connected intermediate each
      second segment 14 and the fixed segment 25 and is arranged to bias the
      corresponding segment 14 towards radially inward pivoting relative to the
      log path.
PAR  Each segment 13, 14, 20 and 25 supports a pair of manifilds 28 and 29 in
      spaced-apart relationship along the log patch by means of rigid links or
      bars 30, of any suitable configuration. The manifolds 28 and 29 are curved
      such as to extend substantially circumferentially relative to a log 5. It
      must be noted that the first set or series of manifolds 28 are arranged a
      calculated distance ahead of the second set or series along the log path.
      A first series of fluid jet nozzles 31 are connected to the manifolds 28
      and project radially inward therefrom into a circular series. The nozzles
      31 are constructed and arranged such that the fluid jets 32 issuing
      therefrom impinge substantially radially onto the bark 5b at
      circumferentially spaced-apart locations, as shown in FIGS. 2, 3, and 8.
      Furthermore, the fluid jet nozzles 31 of the first series are shaped to
      have a narrow circumferential impinging contact with the bark, as shown in
      FIG. 2, to enhance the predominantly cutting action thereof. Thus,
      longitudinal slits may be produced through the bark 5b by the nozzles 31
      to cut the bark into longitudinal strips. A second series of fluid jet
      nozzles are similarly attached to the manifolds 29, but this time, to
      project inwardly such as to converge conically or longitudinally in the
      opposite direction relative to the direction of endwise displacement of
      the log 5, as indicated by the fluid jets 33 in FIGS. 2a, 3, and 8.
      Furthermore, the fluid jet nozzles of the manifolds 29 are constructed and
      arranged to produce fluid jets 33 which produce longitudinal narrow
      impinging contact and circumferentially relatively broader impinging
      contact to enhance the predominantly peeling action on the anteriorly
      formed bark strips. The high pressure fluid or water supply to each
      individual manifold may be made in any conventional manner through a
      supply pipe 34 having a hand valve 35 along the same.
PAR  Referring now more particularly to FIGS. 7, 8, and 9, a pair of channels 36
      are secured in laterally spaced parallel and upright relationship against
      the upper portion of the flat ring 8. A wider channel 37 is welded against
      the back of the channels 36 and arranged to form an upright passage
      therewith. A carriage is rollably mounted into this passage for
      up-and-down displacement along the same. This carriage includes a channel
      section 38 extending lengthwise into the above upright passage. A pair of
      axles 39 project transversely through the side flanges of the channel
      section 38 and outwardly therefrom. Rollers 40 are secured to the axles 39
      for rotary engagement with adjoining surfaces of the channels 36 and 37.
      Laterally guiding rollers 41 are rotatably secured to the channel section
      38 and arranged to rollably engage the spaced-apart inner flanges of the
      channels 36, as shown in FIg. 7. As now shown in FIG. 8, the pivot pin 12
      is secured to the channel section 38 to be vertically displaceable with
      the carriage of which the latter forms part.
PAR  As may be easily understood, the up-and-down displacement of the
      afore-mentioned carriage represented by the channel section 38 similarly
      displaces the pivot pin 12 and produces corresponding inward or outward
      displacement of the nozzles for radial adjustment of the latter in
      relation to the diametrical size of the log 5 which is being barked.
      Reference should now be made to FIGS. 1 and 6 for the detailed description
      of a feeler device adapted to sense the diametrical size of a log and to
      automatically adjust the radial position of the afore-mentioned nozzles
      through the displacement of the carriage.
PAR  The feeler device includes a rod or substantially horizontal bar 42
      extending lengthwise in overlying relationship relative to the log path. A
      piston rod 43 is rigidly secured to the rod 42 and projects downwardly
      therefrom in diametrical alignment with a point of a log 5 which is
      approaching the fluid jet nozzles. A tubular member 44 slidably engages
      over the lower end of the piston rod 43 and defines a cylinder therefor. A
      pin 45 is secured transversely through the tubular member 44 adjacent the
      open end thereof and projects into a slot 46 running lengthwise into the
      piston rod 43. A roller 47 is rotatably secured to the lower end of the
      tubular member 44 and is arranged to run lengthwise onto the log 5. A
      spring 48 is arranged into the tubular member 44 to bias the latter and
      the roller 47 into engagement with the log.
PAR  A pair of hydraulic cylinders 49 and 50 are vertically aligned one with the
      other and with the carriage defined by the channel section 38. A piston
      rod 51 is secured to the rod 42 and slidably engages into the upper
      hydraulic cylinder 49 to produce a pumping action on the hydraulic fluid
      into the latter. Another piston rod 52 is operatively engaged into the
      hydraulic cylinder 50 and projects downwardly therefrom where it is
      connected to the channel section 38 to vertically displace the latter. A
      bypass conduit or pipe 53 interconnects the outer ends of the hydraulic
      cylinders 49 and 50 for reversible flow of the hydraulic fluid from the
      outer end of one cylinder to the outer end of the other cylinder. The two
      hydraulic cylinders 49 and 50 are intercommunicating at their adjoining
      ends by a regulating hand valve 54 which is provided to adjust the
      response of the hydraulic pistons to the variations in the diametrical
      size of the log. For instance, if the valve 54 is closed more, the further
      restriction to the direct passage of the hydraulic fluid through the valve
      makes it harder for the piston rods 51 and 52 to move into the cylinders
      49 and 50. There results that the piston rod 43 will rather move relative
      to the tubular member 44. Adjustable weights 55 are slidably mounted onto
      the rod 42 to vary the load relationship onto and between the roller 47
      and the piston rod 52 and also thence vary the response of the feeler
      device.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a log cleaning and barking machine provided with a conveyor producing
      endwise displacement of a log in a selected direction along a path
      extending through the machine, the combination comprising a first series
      of fluid jet nozzles surrounding the log path, converging radially inward
      towards the latter, and positioned for impingement of bark cutting fluid
      jets in circumferentially spaced-apart relationship and relatively
      orthogonally onto the bark of said log, a second series of fluid jet
      nozzles surrounding the log path and spaced down the latter relative to
      the first series and conically converging inward towards the log path and
      in opposite direction relative to said selected direction, and high
      pressure fluid supply means connected to said fluid jet nozzles and
      arranged to produce high pressure jets in the latter, whereby to cut said
      bark into strips longitudinally of said log with said first series of
      fluid jets and to thereafter peel said bark strips from the wood of said
      log with said second series of fluid jets.
NUM  2.
PAR  2. A log cleaning and barking machine as defined in claim 1, wherein said
      fluid jet nozzles of said first series are arranged to produce
      circumferentially narrow impinging contact with the bark of said log and
      said fluid jet nozzles of said second series are arranged to produce
      tangentially broader and longitudinally narrow peeling contacts with said
      bark.
NUM  3.
PAR  3. A log cleaning and barking machine as defined in claim 2, further
      including adjustable mounting means carrying said fluid jet nozzles and
      arranged for radial displacement of the latter in relation to the
      diametrical size of said log and coupling means rigidly connecting the
      fluid jet nozzles of said first series to the circumferentially
      corresponding fluid jet nozzles of said second series for concurrent
      radial displacement of the circumferentially corresponding fluid jet
      nozzles of said first and second series.
NUM  4.
PAR  4. A log cleaning and barking machine as defined in claim 3, further
      including a diametrical size sensing device constructed and arranged to
      respond to said diametrical size of said log and connected to said
      adjustable mounting means to automatically and radially adjust the latter
      and said fluid jet nozzles in relation to said diametrical size.
NUM  5.
PAR  5. A log cleaning and barking machine as defined in claim 4, wherein said
      adjustable mounting means includes guide tracks secured on two opposite
      sides of said predetermined log path, and nozzle carrying segments
      extending circumferentially around the latter and slidably connected to
      said guide tracks.
NUM  6.
PAR  6. A log cleaning and barking machine as defined in claim 5, wherein said
      guide tracks constiture a pair of guide channels on each of said two
      opposite sides of said log path and converging towards the guide channels
      of the other pair and a position circumferentially intermediate said two
      opposite sides, said adjustable mounting means includes carriage means
      radially displaceable relative to said log path and diametrically opposite
      the latter relative to said intermediate position, and said nozzle
      carrying segments include on each of said opposite sides, a first segment
      pivoted at one end to said carriage means and pivotally slidable at the
      other end along one guide channel on said one side, a second segment
      pivoted at one end at said intermediate position and forming a slide
      projecting towards said first segment, and a third segment pivotally
      slidable onto the other guide channel, onto said slide of said second
      segment, and onto said first segment for concurrent radial displacement of
      said nozzle carrying segments.
NUM  7.
PAR  7. A log cleaning and barking machine as defined in claim 6, wherein each
      of said nozzle carrying segments includes a manifold extending lengthwise
      circumferentially of said log path and said fluid jet nozzles are
      connected to said manifold and project radially inwardly therefrom.
NUM  8.
PAR  8. A log cleaning and barking machine as defined in claim 7, wherein said
      adjustable mounting means includes a flat ring circumscribing said log
      path and having a central aperture adapted for said endwise displacement
      of a log therethrough, said guide channels are rigidly secured against
      said flat ring, said second segments are pivoted at said one end thereof
      to said flat ring, and a fixed segment is secured to the latter at said
      intermediate position and other fluid jet nozzles are carried by said
      fixed segment and converge radially in series with said fluid jet nozzles
      of said first and second series.
NUM  9.
PAR  9. A log cleaning and barking machine as defined in claim 8, wherein said
      diametrical size sensing device includes a log diameter feeler device
      operatively engaging the peripheral surface of said log, connected to said
      carriage means and arranged to displace the latter in relation to said
      diametrical size of said log.
NUM  10.
PAR  10. A log cleaning and barking machine as defined in claim 8, wherein said
      log diameter feeler device includes a piston rod slidably mounted for
      diametrical endwise displacement relative to said log, a roller rotatably
      connected to said piston rod and arranged for rolling engagement
      longitudinally on the outside of said log, a hydraulic cylinder, a first
      piston rod slidably engaged through one end of the latter and connected to
      said piston rod of said feeler device for endwise displacement thereof in
      relation to endwise displacement of the latter, second piston rod slidably
      projecting through the other end of said hydraulic cylinder and connected
      to said carriage means for displacement therewith and a bypass conduit
      interconnecting the opposite end portions of said hydraulic cylinder and
      arranged for closed circuit flow of a fluid from one to the other of said
      end portions in response to displacement of said first and second piston
      rods.
NUM  11.
PAR  11. A log cleaning and barking machine as defined in claim 10, further
      including a valve mounted onto said hydraulic cylinder intermediate said
      first and said second piston rods and arranged to adjustably regulate the
      response of the latter to the changes in the sensed diametrical size of
      the log.
NUM  12.
PAR  12. A method of barking a log comprising displacing a log endwise in a
      selected direction along a log path, projecting a first series of fluid
      jets in radially inward convergence in circumferentially spaced-apart
      relationship and orthogonally onto the bark around a log to produce bark
      strips longitudinally of the log and thereafter projecting a second series
      of fluid jets in conically inward convergence and longitudinal facing
      relationship relative to said selected direction of displacement of the
      log for peeling off the oncoming bark strips previously cut by the first
      series of fluid jets.
NUM  13.
PAR  13. A method of barking a log as defined in claim 12, further including
      forming said fluid jets of said first series for relatively
      circumferentially narrow and spaced-apart impingement onto said bark to
      longitudinally cut the bark into bark strips on the log and forming said
      fluid jets of said second series for relatively circumferentially broader
      and longitudinally narrow impingment on said log to peel off said bark
      strips.
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ABST
PAL  An apparatus for shaping a wooden workpiece according to a template
      configuration has a carriage displaceable on a track parallel to a guide
      edge of a template clamped on a table to one side of the track. A
      workpiece is clamped to a table to the opposite side of the track. A slide
      is displaceable on the carriage transverse to the track and carries on one
      end a roller engaging the guide edge of the template and on its other end
      a driven tool for cutting the shape of the template into the workpiece.
      The slide is urged toward the workpiece so that virtually no lateral force
      is exerted against the workpiece, the guide edge acting as a stop
      positively determining the transverse position of the slide. Another
      template can support a second feeler roller which is connected via a chain
      or the like to the tool to raise and lower this tool according to the
      guide edge on the second template for two-sided cutting of the workpiece.
PARN
PAR  This is a division of application Ser. No. 342,803 filed 19 March 1973, now
      Pat. No. 3,865,162.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a copying apparatus. More particularly,
      this invention concerns a system for copying the shape of a template in a
      wooden workpiece.
PAC  BACKGROUND OF THE INVENTION
PAR  In the production of furniture and the like it is often necessary to
      produce in quantity identical unusually shaped parts. Legs for tables,
      headboards for beds, and the like are cut from workpiece blanks and must
      be identical in all respects.
PAR  The most common practice for such elements is to secure to them a template
      having the shape desired. A router arrangement having a smooth collar is
      used to cut this shape into the workpiece, the collar riding against the
      template while the cutting bit engages and shapes the workpiece. Clearly
      such a method requires a very secure attachment of the template to the
      workpiece and of the workpiece to a table or the like. Similarly each
      workpiece must have its own template. Such an arrangement is quite
      difficult when used with arrangements wherein a plurality of workpieces
      are mounted on respective carriages or dollies that move along a transport
      path past a plurality of work stations.
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  In my copending application Ser. No. 274,518 filed 24 July 1972 for an
      APPARATUS FOR PERFORMING A SERIES OF OPERATIONS ON A SUCCESSION OF WOOD
      WORKPIECES there is described a system wherein a train of carriages is
      displaced stepwise along a working guide or tract along which are arranged
      a plurality of shaping machines such as borers, sanders, milling machines,
      and the like. A return guide coextensive with the working guide is
      arranged thereunder and at both the upstream and downstream ends there is
      provided an apparatus for removing a carriage from the one end of one
      guide and thereafter transferring it to the other guide. Each carriage is
      provided with clamping means for retaining a workpiece, and means is
      provided for laying a workpiece blank on the carriage at the upstream end
      of the working guide and for removing a shaped workpiece from the carriage
      at the downstream end of the working guide.
PAR  According to a feature of that invention each guide track is a pair of
      parallel round-section rods on which the carriages slide. The means at the
      ends for transferring carriages from one guide to the other are two pairs
      of such guide rods spaced apart at the same distance as in the guides and
      simultaneously registrable with the ends of both guides so that rotation
      about an axis parallel to the necessarily parallel guide rods can permit a
      workpiece which is slid off the working guide and onto the upper set of
      guide rods of the transferring means can be slid off onto the return guide
      after 180.degree. rotation of the arrangement. This advantageously causes
      the empty carriage to be returned to the loading or upstream end of the
      working guide upside down so that any wood shavings or the like are
      automatically dumped off.
PAR  According to another feature of my earlier invention, means is provided
      along the working guide track to turn over the workpieces as they are
      stopped alongside it. This means has a pair of arms each provided with a
      pair of jaws and means for displacing it toward and away from the
      workpiece and for closing and opening the jaws as well as rotating them
      through 180.degree.. In this manner the arms are advanced and the jaws are
      closed to grip the workpiece, then the arms are raised and the jaws are
      rotated through 180.degree.. Thereafter the arms are lowered, the jaws
      opened, and the arms withdrawn.
PAR  The interval between cycles is determined by the longest individual working
      step, that amount of time needed for the slowest machine along the line to
      complete its particular operation, plus sufficient time to displace the
      carriages. In reality a nominal amount of time is spent displacing the
      workpieces in comparison to the amount of time spent actually working
      them. In addition, means is provided for immobilizing the entire train
      during the actual simultaneous shaping operations with each carriage held
      rigidly either sandwiched between two other cars or abutting one other car
      and a stop provided on the machine, which stop is only removed from the
      carriage's path during displacement of the carriages. This positive
      immobilization means that extremely accurate preparing of the workpieces
      is possible, since each workpiece is rigidly held on the bed of an
      immobilized carriage.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      system for shaping or finishing a workpiece.
PAR  Another object is the provision of an apparatus which employs principles of
      my above-described earlier invention for the serial production of shaped
      wooden workpieces.
PAC  SUMMARY OF THE INVENTION
PAR  I attain these objects according to my invention in a system wherein the
      template is clamped to a table to one side of a track and the workpiece is
      clamped to a table to the other side of this track. A carriage is provided
      which can ride along the track, and a slide displaceable on the carriage
      transverse to the track is provided at one end with a roller engaging a
      guide edge of the template and at its other end with a roller engaging a
      guide edge of the template and at its other end with a driven
      material-removing tool for shaping the workpiece. The roller engages
      against the guide edge in one direction and means is provided between the
      carriage and the slide to urge the slide in this one direction so that the
      guide edge defines for the slide a stop which establishes the slide's
      position relating to the tracks. The tool is a shaping or milling head, a
      sanding drum, or the like and is rotated by a motor on the slide about a
      vertical axis coplanar with and parallel to the axis of free rotation of
      the feeler roller.
PAR  Such an arrangement applies virtually no force to the workpiece to displace
      it on its table. The router head, which may rotate at speed approaching
      25,000 rpm, engages the side of the workpiece and removes material without
      displacing the workpiece at all. Similarly the workpieces can be replaced
      after shaping without the necessity of removing and otherwise handling the
      template. The slide is merely pushed back and a new workpiece is clamped
      in place.
PAR  According to another feature of this invention the workpiece table is a
      dolly or carriage displaceable on a track next to the guide track for the
      carriage carrying the slider. In this manner a succession of workpieces
      can be shaped according to a single template, thereby substantially
      reducing production costs.
PAR  In accordance with yet another feature of this invention the tool is
      vertically reciprocal and a second template having an upper guide edge is
      engaged by a second feeler roller. This second roller is urged down onto
      the second guide edge of this second template and is connected to the tool
      such that the tool is displaced vertically as the second roller raises and
      drops as it moves along its guide edge. In this manner the workpiece is
      given a shape on both its vertical and horizontal sides.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become apparent
      from the following with reference to the accompanying drawing in which:
PAR  FIG. 1 is a perspective view of a first embodiment of the present
      invention; and
PAR  FIG. 2 is an end elevational view of a second embodiment of this invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The apparatus of FIG. 1 has a track 1 formed by two parallel round bars 1a
      on which rides a carriage 7 which is displaceable in the direction shown
      by arrow 40 by means of a cylinder 41. This carriage 7 is provided with a
      guide 9 in which a slide 8 is displaceable at a right angle to the
      direction 40 as shown by arrow 42.
PAR  To one side of the track there is provided a workpiece table 2 formed by a
      carriage 43 riding on a track 44 parallel to the track 1. A succession of
      such carriages or dollies 43 move along the track 44 as described in my
      above-identified copending patent application. Each such carriage 43 is
      provided with a pair of clamps 6 which are vertically reciprocal to clamp
      a wooden workpiece 3 to its upper surface.
PAR  To the other side of the track 1 there is provided a template table 4 onto
      which a template 5 is secured by a pair of pneumatic or spring clamps 16.
      The two tables 2 and 3 are across from each other to opposite sides of the
      track 1.
PAR  The slide 8 is biased in a direction toward the table 2 by a pneumatic
      cylinder 20 carried on an upright 21 extending from the guide 9 and having
      a piston rod 22 engaged against a lug 23 on the slide 8. A spring could
      take the place of cylinder 22. This cylinder is normally pressurized. In
      the side of the slide 8 toward the table 2 there is journaled a vertical
      shaft 10 on whose lower end is carried a milling tool 11 and on whose
      upper end is carried a pulley 12 connected to another pulley 13 by a
      V-belt 14. A motor 15 mounted on the slide 8 drives the pulley 13 at high
      speed, thereby rotating the tool 11.
PAR  The side of the slide 8 toward the table 4 is provided with an extension 17
      on whose end is provided a vertical shaft 19 on which a roller 18 is
      freely rotatable. This feeler roller 18 can ride along a guide edge 5a on
      the template 5. This guide edge 5a therefore acts as a stop which
      determines the position of the slide 8 transverse to the guide 1.
PAR  In operation the motor 15 rotates the head 11 at high speed while the
      cylinder 41 slowly displaces the carriage 7 along its track 1 with the
      roller 18 following along the guide edge 5a. The shape of the edge 5a will
      be imparted to the edge of the workpiece 3. Since the tool 11 rotates at
      high speed there is virtually no pressure exerted on the workpiece 3 to
      displace it on its table 2. After the workpiece is shaped along its entire
      length the cylinders 20 and 41 are pressurized in the opposite direction
      to withdraw the tool 11 from the workpiece and return the carriage 7 to
      its starting position. At the same time the next carriage 43 is moved up
      next to the template table 4.
PAR  The same reference numerals are used in FIG. 2 for functionally identical
      structure.
PAR  Here, however, the slide 8 is provided with an arm 24 in which a rod 26 is
      vertically displaceable. A fork 25 on the lower end of this rod 26 holds a
      second feeler roller 28 rotatable about a horizontal axis 44 transverse to
      the guide 1. Underneath this roller 28 a height template 29 having an
      upper guide edge 29a is secured by clamps 45 to the edge of the table 4. A
      pneumatic cylinder 27 urges the fork 25 down to hold the roller 28 in
      contact with the guide edge 29a.
PAR  The horizontally displaceable feeler roller 8 can be adjusted vertically
      and horizontally relative to the slide 8 by adjustment screws 46 and 47.
      The template 5 is made of plywood in this case.
PAR  The tool 39 is formed with a cylindrical lower region 48 and a flared-out
      upper region 40 and is mounted on a shaft 34 which is vertically
      displaceable in a sleeve 33 carried on the end 31 of the slide 8 turned
      toward the workpiece table 2. A vertically elongated pulley 35 on the
      shaft 34 is connected via a flat narrow belt 36 to a pulley 37 carried on
      a motor 38 mounted on the slide 8. Thus rotation of the motor 38 rotates
      the tool 39.
PAR  A nonextensible flexible element such as a bowden cable 30, ball chain, or
      the like is connected between the collar 33 and the rod 26. This collar 33
      is vertically reciprocal on the end 31 so that as the roller 28 moves up,
      the tool 39 will move down, and vice versa. In this manner the shape of
      the upper edge 29a of the template 29 is reproduced in vertical reverse in
      the workpiece 3 by the portion 40 of the tool 39, whereas the horizontally
      contoured edge 5a is reproduced in the workpiece 3 by the portion 48 of
      milling tool 39.
PAR  In both arrangements the workpiece is completely independent of the
      template and can be secured easily to the table on which it is shaped.
      After shaping it is a simple job to unclamp the finished workpiece and put
      a new one in its place. In addition, and this is particularly important in
      roughing-in operations wherein large wood chips are produced, the
      separation of the template from the workpiece prevents chips from getting
      between the feeler roller and the guide edge and thereby giving a false
      reading to the shaping tool.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for reproducing the shape of a guide edge of a template in
      a wooden workpiece, said apparatus comprising:
PA1  a support;
PA1  a linearly extending track on said support;
PA1  a carriage displaceable along said track;
PA1  a template table on said support next to said track;
PA1  means for securing said template to said template table with said guide
      edge facing in one direction transverse to said track;
PA1  a workpiece table on said support next to said track and adjacent said
      template table;
PA1  means for securing the wooden workpiece to said workpiece table;
PA1  a slide on said carriage displaceable transverse to said track;
PA1  a roller on said slide engageable in the opposite direction transverse to
      said track with said edge of said template, said roller being rotatable
      about a roller axis;
PA1  means on said carriage for urging said slide in said opposite direction for
      forcibly biasing said roller against said edge, said edge serving as a
      stop for said slide in said opposite direction;
PA1  a material-removing tool on said slide engageable with said workpiece, said
      tool being rotatable about an axis coplanar with said roller axis;
PA1  means on said carriage for rotating said tool on displacement of said
      carriage along said track for reproducing in said workpiece the shape of
      said edge whereby said tool exerts substantially no force upon the
      workpiece in said directions; and
PA1  means for securing a second template to said template table, a second
      roller carried on said slide and engaging the guide edge of said second
      template, and means positively linking said second roller to said tool for
      vertically displacing said tool on displacement of said second roller by
      said second template.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said second template has a
      second guide edge extending substantially parallel to said track, said
      apparatus further comprising means for urging said second roller against
      said edge, said means positively linking said second roller to said tool
      being a nonextensible flexible element.
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ABST
PAL  A hammer cast in a sand mold of one piece including a head and a handle.
      The material of which it is cast is a magnesium aluminum alloy. Both the
      handle and head have axes which are normal to each other and a rod is
      mounted in the handle extending the length of the handle and completely
      through the head with the rod being essentially coaxial with the handle.
      Serrations formed in the rod enhance the anchoring of the alloy and the
      serrations are formed on the rod such that the plane passing through the
      axes of the handle and head does not pass through the serrations. The
      handle merges in a smooth curve into the head of the hammer, the merging
      surface defining a smooth concave exterior surface on the handle with no
      sharp angular edges.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hammers having a so-called "soft" head of
      multipurpose design used to drive parts without damaging the parts being
      driven. The heads of such hammers are traditionally composed of relatively
      soft metals that become deformed in service and use, as opposed to
      deformation of the part being struck.
PAR  The traditional way of making such hammers includes forming a separate head
      for the hammer and assembling it by various means to a handle, often of a
      different material (wood or steel). Occasionally, the striking face of the
      hammer head itself may be removable and replaceable. A wide variety of the
      soft or relatively soft materials is used and includes soft metals such as
      copper, zinc, lead, aluminum and their alloys, plastics, rubbers, rawhide,
      fiber pressed particle and wood material. Even those not well versed in
      the products available to industry are familiar with the rubber headed
      hammers used to mount hubcaps on automobiles. The object is to get
      sufficient weight and momentum in the head of the hammer such that the
      striking force results in a movement of the articles being struck while at
      the same time having the face of the hammer head being deformed such that
      the force of the impact is spread over a larger cross-sectional area which
      prevents permanent deformation of the article being struck. It is
      recognized that if the hammer is used on material having a hardness and
      toughness less than the hammer then the material struck will be deformed.
PAR  This invention is relatively limited as compared to the wide variety of
      uses outlined above in that it is limited to aluminum alloys while the
      hammer itself may have a wide variety of uses. The hammer of this
      invention is designed to replace existing aluminum surfaced hammers as it
      is a superior product in function and is novel as to structure. Copper,
      brass, lead and the like might be used employing identical structural
      features.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention is unique in that it is comprised of a hammer consisting of
      a one-piece casting which may include a steel rod extending coaxially with
      the handle of the hammer. As a first consideration it may appear that a
      hammer of this kind would be uneconomical with respect to the prior art
      which provides structure for replacing an aluminum alloy hammer head or
      hammering face by a new head or face when the original is deformed to the
      extent that it is no longer satisfactorily operable. However, that is no
      longer true with the costs of labor today. For example, it is more
      expensive to separately cast an aluminum alloy hammer head and assemble it
      on a separately cast, machined or formed handle than it is to use the
      single piece cast aluminum hammer of this invention. Similarly, it is not
      a cost saving to the user to separately purchase a new head, remove the
      old head and assemble the new head to the old handle, unless of course
      labor is free.
PAR  Having made this decision, engineering problems arose in the design of the
      cast hammer of this invention. The prior art discloses cylindrical or
      other shaped handles extending to a generally barrel shaped hammer head.
      Because these two parts are separately manufactured and not integral as
      with a cast one-piece hammer, the problems of cracking at the juncture of
      the handle and head is not a problem. However, as engineers are well
      aware, where one has an integral mechanical body under stress, any surface
      irregularity provides a stress concentration point where the tensions and
      compressions are magnified and cracks and failures most readily appear.
      For this reason, a specially designed merging shape was devised for this
      invention and the result is a smooth curve having no sharp corners in any
      plane of the merging surface between the head and handle thereby the
      stress concentrations are minimized.
PAR  To further strengthen the hammer, minimize cracks between the handle and
      head and to prevent industrial accidents by having the handle separate
      from the head on impact, a rod is provided extending coaxially the length
      of the handle and through the hammer head. The steel rod is obviously of
      greater strength than the cast aluminum by a factor of about three.
PAR  Having thus described the invention in its simplest terms a detailed
      description of the invention will follow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of the hammer of this invention partially in
      section;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1,
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 1,
PAR  FIG. 4 is a fragmentary elevational view of the steel rod in the handle of
      the hammer of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The hammer of this invention is cast in a sand mold in one piece. It is
      emphasized that use of a sand mold is critical to get the ductility of the
      alloy desired. Manufacturing the hammer using a permanent mold allows the
      hammer to cool too quickly and does not provide the ductility required of
      hammers designed for the purposes outlined above. It has been stated above
      that it is most often desirable to have the hammer head striking surface
      softer than the article being struck such that the hammer impact and
      momentum are conveyed to the article being struck without any surface
      deformation of that article. Thus, the need for a more ductile article of
      manufacture.
PAR  Those having ordinary skill in the art have no difficulty in
      differentiating between alloys cast in a permanent mold and those cast in
      a sand mold because mechanical tests and microscopic examination of the
      resulting alloy will illustrate grain-size, etc., relating to ductility,
      thus the limitation of the product being cast in a sand mold is a
      characteristic which can be evaluated from an examination of the article
      itself. An identical hammer cast in a permanent mold is not an acceptable
      substitute for one manufactured according to the invention disclosed
      herein. However, the permanent molds might be acceptable to some
      purchasers, depending upon intended use.
PAR  Observing the drawing, the hammer 10 includes a head 12 integrally formed
      with a handle 14. It will be noted that the area of merger between the
      handle and the head is defined by a concave surface 16 where the handle
      diverges outwardly to the surface of the head in a smooth concave surface
      without any sharp irregularities to cause stress concentration points
      which would result in a weaker hammer handle. Curves as well as sharp
      angles serve as stress concentration points in metallic structures under
      stress and herein reference is to the degree or magnitude of the stress
      concentration. With the particular smooth curve design illustrated, the
      stress concentration is greatly minimized as compared to a conventional
      sharp angles juncture between the handle and the head.
PAR  Extending the length of the handle and coaxially therewith is a low-carbon
      steel rod 18 which serves the purpose of strengthening the handle and the
      connection between the handle and head. To enhance the bonding or
      anchoring of the aluminum alloy to the steel rod 18, serrations or surface
      irregularities 20 are provided in the surface of the rod. As illustrated
      in FIG. 1 the irregularities are formed on the side surfaces of the
      cylindrical rod 18. In expressing the location of the irregularities it
      will be noted that the head 12 has an axis extending normal to the axis of
      the rod 18 and handle 14; a plane passing through both the axis of the
      head and the axis of the handle will not pass through any portion of the
      irregularities 20.
PAR  A different irregularity in the form of projections 22 are struck or
      plastically deformed from the rod material. The reason for the projection
      22 is to prevent separation of the head and handle should a crack occur in
      the cast material. Thus the orientation of the nipples is random. By way
      of illustration, the projections are differently oriented in FIGS. 1 and 2
      then in FIG. 4. For ease of manufacture the serrations are formed first
      and the nipples next.
PAR  The reason for the location of the irregularities is that as a general rule
      the handle of the hammer will bend in a plane parallel with the arc
      traversed in the travel of the hammer to the article to be struck. For
      this reason the more likely points of separation between the rod and
      surrounding aluminum alloy are on those points of greatest stress during
      the bending. Assuming the bottom face 24 of the hammer head is to strike
      the surface to be moved and noting the fact that the steel rod 18 is
      coaxial with the handle 14, at the greatest bending and flexing of the
      hammer handle the lower surface 26 (see FIG. 4) of the steel rod will be
      in tension while the upper surface 28 of the rod will be in compression.
      Since the serrations 20 are important for a proper bond between the alloy
      and the rod, they cannot be eliminated. Thus, they have been oriented such
      that they are at the points of minimum stress on the rod, namely, the
      sides. The serrations are not located in a place where maximum stress
      might cause a failure originating at the serration.
PAR  It will be noted that the serrations 20 and projections 22 serve another
      purpose which is to prevent separation of the handle and head should a
      crack occur between the two. This is a matter of industrial safety in that
      the most likely time for a hammer head to separate from its handle is in
      the downward stroke of the head towards the target or immediately after
      the head has struck the target. The irregularities 20 and 22 will prevent
      this separation and tus will provide a safer hammer for use in industry.
PAR  In the gripping section of the handle a sand-grain textured surface is
      provided to enhance the gripping by the workmen. Such techniques are well
      known in the art and in the preferred embodiment the textured surface is
      coated with an appropriate material to provide easier wiping.
PAR  It will be noted that the rod 18 projects slightly beyond the exterior
      surface of the hammer at each end. These projections anchor the rod in the
      sand mold as the molten aluminum alloy is being poured. Preferably, the
      projections are ground off flush with the hammer surface after the molding
      is completed.
PAR  Not just any aluminum alloy is necessarily suitable for use in this context
      and while the alloy consists essentially of aluminum the following
      ingredients are incorporated in the percentages indicated:
TBL  Copper          0 -       1.00%                                           
     Zinc            0 -       0.10%                                           
     Iron            0 -       1.80%                                           
     Silicon         0 -       0.35%                                           
     Manganese       0.10%-    0.35%                                           
     Magnesium       6.50% -   8.50%                                           
     Beryllium       0 -       0.005%                                          
     Boron           0 -       0.001%                                          
     Titanium        0.10% -   0.25%                                           
     Sodium          0 -       0.002%                                          
     Nickel          0 -       0.15%                                           
     Tin             0 -       0.15%                                           
PAR  This particular alloy is identified by a plurality of designations, for
      example, American Society for Metals A-218 or B-218 and under the trade
      designation ALMAG 35. Aluminum alloys having this composition have the
      quality of being non-sparking. That is, in using this material one may
      strike a surface without resulting sparks flying which might ignite
      flammable fluids in the area, provided iron oxide is not on the surface
      being struck. The inventor is not exactly sure why sparks do not occur in
      the absence of iron oxide but the fact is they do not. For this reason,
      the hammer described herein is much safer in an area where flammable
      fluids are used.
PAR  Having thus described the invention in detail it will be obvious to those
      having ordinary skill in the art that modifications may be made without
      parting from the spirit of the invention. It is not the intention of the
      inventor that the words used to describe the invention herein nor the
      drawings illustrating the same be limiting on the invention, rather it is
      intended that the invention be limited only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A one piece hammer structure comprising:
PA1  integrally cast head and handle portions merging together at a merger area,
      said head and handle portions each including a longitudinal axis, said
      axes being generally normal to each other with said merger area being
      generally centrally disposed on said head portion with said head portion
      having a generally cylindrical configuration including opposed striking
      faces disposed generally normal to said head axis;
PA1  said handle portion expanding in size adjacent said merger area to define a
      concave exterior surface merging smoothly with the exterior surface of
      said head without any sharp angular edges, said concave exterior surface
      being concave in all planes passing through said handle axis; and,
PA1  said head and handle portions being comprised of an aluminum alloy having
      non-sparking characteristics when the head portion is struck against any
      object target not including iron oxides, said aluminum alloy having the
      following composition:
TBL  Copper          0-       1.00%                                            
     Zinc            0-       0.10%                                            
     Iron            0-       1.80%                                            
     Silicon         0-       0.35%                                            
     Manganese       0.10-    0.35%                                            
     Magnesium       6.50-    8.50%                                            
     Beryllium       0-       0.005%                                           
     Boron           0-       0.001%                                           
     Titanium        0.10-    0.25%                                            
     Sodium          0-       0.002%                                           
     Nickel          0-       0.15%                                            
     Tin             0-       0.15%                                            
PA1  the balance being aluminum.
NUM  2.
PAR  2. The hammer as defined in claim 1 wherein at least a longitudinal section
      of said handle portion from the outermost end thereof toward said merger
      area is heavily textured to establish a gripping section for a user
      thereof.
NUM  3.
PAR  3. The hammer as defined in claim 1 further including a reinforcing rod
      extending longitudinally through said handle portion into said head
      portion.
NUM  4.
PAR  4. The hammer as defined in claim 3 wherein said rod comprises a steel rod
      and includes a plurality of irregularities spaced therealong for anchoring
      the rod within said hammer.
NUM  5.
PAR  5. The hammer as defined in claim 4 wherein said rod extends from the
      outermost end of said handle portion completely through said head portion.
NUM  6.
PAR  6. The hammer as defined in claim 4 wherein said irregularities comprise a
      plurality of spaced apart serrations disposed longitudinally along said
      rod.
NUM  7.
PAR  7. The hammer as defined in claim 6 wherein said irregularities are located
      such that a plane passing through said head and handle axes does not
      intersect said irregularities.
NUM  8.
PAR  8. The hammer as defined in claim 7 further including a plurality of
      outwardly extending protrusions disposed at spaced intervals along said
      rod.
NUM  9.
PAR  9. A hammer comprising:
PA1  integrally formed head and handle portions cast from an aluminum alloy
      having the following composition:
TBL  Copper          0 -      1.00%                                            
     Zinc            0 -      0.10%                                            
     Iron            0 -      1.80%                                            
     Silicon         0 -      0.35%                                            
     Manganese       0.10 -   0.35%                                            
     Magnesium       6.50 -   8.50%                                            
     Beryllium       0 -      0.005%                                           
     Boron           0 -      0.001%                                           
     Titanium        0.10 -   0.25%                                            
     Sodium          0 -      0.002%                                           
     Nickel          0 -      0.15%                                            
     Tin             0 -      0.15%                                            
PA1  the balance being aluminum;
PA1  said head and handle portions each having a longitudinal axis, said
      portions merging together at a merger area with said head and handle axes
      disposed generally normal to each other, said handle portion expanding in
      size adjacent said head portion to define a concave exterior surface
      merging smoothly with the exterior surface of said head without any sharp
      angular edges, said handle axis bisecting said head portion and said
      concave exterior surface being concave in all planes passing through said
      handle axis;
PA1  a steel rod extending generally coaxially through said handle portion into
      said head portion, said rod including irregularities on the exterior
      thereof for providing anchoring means between the rod and hammer, said
      irregularities being located on the surface of said rod whereby a plane
      passing through both the handle and head axes does not intersect said
      irregularities.
NUM  10.
PAR  10. The hammer of claim 9 wherein rod extends from the end of the handle
      completely through the head.
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ABST
PAL  This invention relates to a one-piece, self-supporting stick of shirred
      tubular casing having an end closure within its bore and formed from the
      tubular casing itself, said end closure being composed of an angular tube
      roll of unshirred tubular casing. The invention also relates to a process
      for the production of the closure.
BSUM
PAR  This invention relates to a unilaterally closed cylindrical hollow stick of
      shirred sausage casing with an end closure arranged within the stick bore
      and formed from the casing end itself, and to a process for the production
      thereof.
PAR  For the production of sausages, tubular sausage casings of synthetic
      material, particularly of cellulose hydrate, are used on a large scale. In
      the production of sausages, such tubular casings are used as shirred
      hollow sticks. There is used, for example, a tubular casing of a length of
      about 30 m which is shirred and compressed in the longitudinal direction
      according to known processes to form a pleated cylindrical hollow stick of
      a length of about 30 cm.
PAR  In using the stick, the stuffing pipe of a sausage filling machine is
      pushed into the cylindrical bore thereof and the sausage meat is then
      continuously pressed from the stuffing pipe into the stick. For this
      purpose, the stick must be closed at the end adjacent to the opening of
      the stuffing pipe.
PAR  By the amount of pressure applied to the sausage meat, the stick is
      continuously unshirred according to the quantity of sausage meat pressed
      into it. The sausage strand obtained thereby is divided into a plurality
      of individual sausages by tying or twisting in synchronism with the
      filling procedure.
PAR  The first obtained sausage of the formed sausage chain is not used since it
      usually does not contain the desired quantity of stuffing. The quantity
      contained in this sausage is recovered for reasons of economics. The end
      closure of the stick, therefore, must be so formed that it easily can be
      smoothed out by hand since the recovery of the sausage meat contained in
      the first sausage takes place during the production of the sausage chain.
      On the other hand, the end closure of the stick must be sufficiently firm
      so that it is not opened unintentionally by the pressure of the sausage
      meat acting upon it when the meat is pressed into the stick.
PAR  A stick of shirred tubular casing with an end closure within its bore is
      known, which closure is formed from the tubular casing itself and in the
      production thereof, by means of a suitable die element, an end portion of
      the pleated stick is pushed from one side radially into the stick bore and
      the pleated end portion is simultaneously partially inverted into the
      stick bore. The end closure of the stick formed thereby has a free
      passage. The stick produced according to the known process has the
      disadvantage that its closure is not sufficiently tight when the stick is
      filled with sausage meat in conventional sausage filling machines,
      particularly in the case of sticks of relatively large tube bore diameters
      and especially when sausage meat of a low consistency is used.
PAR  Another disadvantage of the known end closure of the stick is that the
      length of tube material necessary for the formation thereof depends upon
      whether a wide part of a stick end portion is grasped during the
      pushing-in procedure.
PAR  Since a high stick shirring density is desirable in practice (length of the
      unshirred tubular casing to the length of the stick formed therefrom) a
      relatively large quantity of tube material is necessary for forming the
      known end closure. This entails the additional disadvantage that the
      sausage meat of the first sausage not completely formed during the filling
      procedure must be smoothed out along too long a path of tubular casing.
      Such a measure is not permitted, however, by the high operating speed of
      modern sausage filling machines so that the sausage meat of the first
      sausage cannot be recovered for reuse for time reasons.
PAR  There is also known a stick with an inner end closure which, in the
      production thereof, a stick is partially unshirred at its end and the
      unshirred tube portion is pushed into the stick bore and there twisted.
PAR  Still another known end closure in the interior of the stick which is
      formed from the tubular casing itself is obtained when the end portion of
      a stick is unshirred, the unshirred tube portion is pushed into the stick
      bore and then compressed by means of suitable tools within the stick bore
      to form a stopper.
PAR  The two last-mentioned stick end closures have the disadvantage that, for
      their production, tools must be passed along the entire stick length
      through the stick bore. There is the risk that the relatively sensitive
      sticks are damaged, particularly sticks of tubular casing of a small bore
      diameter since such sticks of a length of about 35 to 40 cm have a stick
      bore of a diameter of only about 10 mm.
PAR  The object of the invention thus is to provide an end closure within the
      bore of a stick from tubular casing forming the stick, which closure on
      the one hand resists the pressure of the sausage meat during the filling
      of the stick without being opened and, on the other hand, however, makes
      it possible that the sausage meat easily can be removed by hand from the
      casing, and for the production of which a defined relatively small
      quantity of tubular casing is necessary.
PAR  The present invention provides a one-piece, self-supporting stick of
      shirred tubular casing with an end closure arranged within its bore and
      formed from the tubular casing itself, the end closure being composed of
      an angular tube roll of unshirred tubular casing.
PAR  The tubular casing from which the stick and the angular tube roll are
      formed may be a cellulose derivative, particularly cellulose hydrate, or
      also a synthetic polymer, such as a polyamide.
PAR  In a preferred embodiment, the angular tube roll is so arranged within the
      stick bore that its dome-shaped end points to the stick end. In a
      particularly preferred embodiment, the angular tube roll is composed of
      two double tube layers. A one-piece stick with an end closure of tubular
      casing arranged within its bore means that the stick and the end closure
      are formed from one and the same tube portion.
PAR  A tube roll, also briefly termed roll in the following, means a body
      obtained by winding up a flattened tube in the direction of its
      longitudinal axis, the lateral edges of the individual tube layers being
      in alignment.
PAR  An angular tube roll means a shaped body which results when a tube roll is
      so bent that a V-shaped body is obtained.
PAR  Bending of the tube roll takes place about a bending axis corresponding to
      the transverse axis of symmetry and perpendicular to the longitudinal axis
      of the stick.
PAR  In the process for the production of the stick of the invention with the
      inner end closure formed from the tubular casing itself, a part of a stick
      of shirred tubular casing is unshirred to form an unshirred tube portion,
      the unshirred portion of tubular casing is flattened and wound from its
      free end in the direction of the longitudinal axis to form a tube roll,
      the tube roll is then bent in such a manner that a symmetrical body in the
      form of an angular roll is obtained, the dome-shaped end of which points
      to the stick, and the angular tube roll is then pushed into the stick
      bore.
PAR  In a specific embodiment of the process, the unshirred tube portion is
      flattened directly at the stick by means of a suitable tool and then so
      wound up to form a double roll that, by the winding procedure, the stick
      is further unshirred and the initially drawn-off unshirred portion of
      tubular casing is simultaneously wound up, the longitudinal axis of the
      stick being perpendicular to the longitudinal axis of the roll, and the
      double roll is then pushed with bending into the stick bore in such a
      manner that the dome-shaped end of the bent double roll points to the
      stick end.
PAR  The closure of the stick according to the invention is produced in such a
      manner that first a portion of the stick is drawn off at the stick
      beginning with unshirring of the tubular casing. The stick beginning is
      that part of the stick which is first formed during its production by
      shirring a tubular casing on a mandrel; correspondingly, the stick portion
      formed last during the stick production is termed the stick end.
PAR  Subsequently, the unshirred tube portion is flattened and wound up from its
      free end in the direction of the longitudinal axis to form a tube roll.
PAR  The tube roll is then bent in such a manner that a symmetrical body in the
      form of an angular roll is obtained, the dome-shaped end of which points
      to the stick end.
PAR  Then, the angular tube roll is pushed into the stick bore.
PAR  In a preferred embodiment, the process for the production of the end
      closure is performed in such a manner that an end portion of the stick is
      unshirred, the unshirred tube portion in the immediate vicinity of the
      still shirred stick is flattened by means of a suitable tool, such as
      tongs, and wound up in such a manner that the stick is simultaneously
      further unshirred and the initially drawn-off unshirred tube portion is
      wound up, the longitudinal axis of the stick being perpendicular to the
      longitudinal axis of the roll. The tube roll obtained by the described
      winding procedure according to the preferred embodiment of the process is
      termed a double roll.
PAR  The tube is then bent and pushed into the stick bore in such a manner that
      the dome-shaped end of the bent roll points to the stick end. Bending of
      the roll and pushing-in of the angular tube roll may be performed by means
      of a push rod, for example. In a preferred embodiment, pushing-in and
      bending are performed in one process step by means of the device mentioned
      above.
PAR  Bending of the double roll is performed about a bending axis which
      corresponds to the transverse axis of symmetry of the same and is
      perpendicular to the longitudinal axis of the stick.
PAR  The roll is so bent that, after the bending procedure, the longitudinal
      axis of the tube roll is angular, the legs of the shaped body preferably
      having the same length. The dome-shaped end of the angular tube roll is
      that zone of the roll which has the bending edge.
DRWD
PAR  The invention will be further illustrated by reference to the accompanying
      drawings in which FIGS. 1 to 8 show the various steps involved in the
      formation of the end closure of the invention.
DETD
PAR  The stick 1 shown in FIG. 1 is obtained in known manner by shirring a tube
      and has the form of a hollow cylinder. The cylindrical bore of the stick 1
      is termed the stick bore 2. The end closure of the stick is formed at the
      stick beginning 3. The stick end has the numeral 4.
PAR  For the production of the end closure according to the invention, the stick
      to be closed is gently held over its entire length in prismatic clamping
      jaws (not shown) and radially and axially fixed in position.
PAR  In FIG. 2, first at the stick beginning an end portion of the stick 1 is
      drawn-off by means of a specific gripping device 5 to form an unshirred
      portion 6 of the tubular casing. Drawing-off preferably is performed in
      the direction of the longitudinal axis of the stick 1. But drawing may
      also be performed laterally, e.g., at a right angle to the longitudinal
      axis of the stick.
PAR  Immediately at the transition of the drawn-off unshirred portion 6 of
      tubular casing of the shirred stick 1, a flattening clamp 7, a
      forceps-shaped winding clamp 8, and another flattening clamp 7a are
      arranged one behind the other and are shown in the open condition.
      Depending upon the process step, the clamps can be opened or closed by a
      simple mechanism, which also is not shown. In the open condition, the tube
      is not contacted by the clamps.
PAR  In FIG. 3, the flattening clamp 7, the winding clamp 8, and the flattening
      clamp 7a are closed. The winding clamp 8 is prepared for winding. By the
      closing of the clamps, the unshirred portion 6 of tubular casing is
      flattened in the contact zone of the clamps. The clamps grip the flattened
      tube 9 over its entire width.
PAR  The flattened tube 9 integrally connects the shirred stick 1 with the
      unshirred portion 6 of tubular casing and is composed of the tube halves
      10 and 10a and 11 and 11a. Winding is performed between the flattening
      clamps 7 and 7a by means of the rotatable forceps-shaped winding clamp 8,
      without the flattening clamps changing their positions during this
      procedure. The winding direction selected in the figure is symbolically
      indicated by an arrow. The direction of rotation during winding, however,
      has no influence on the process and the end closure.
PAR  FIGS. 4 and 5 show the winding procedure as seen by the viewer when the
      forceps-shaped winding clamp 8 is rotated through 180.degree. (FIG. 4) and
      through 360.degree. (FIG. 5). By the rotation of the winding clamp 8, the
      tubular casing is drawn-off in the same length from the unshirred tube
      portion 6 and from the stick towards the winding clamp and wound up.
      Already after half a rotation of the winding clamp 8, the two tube plies
      12 and 13 are wound one upon the other whereby a double tube is obtained.
      The tube ply 12 is obtained from the two tube halves 10 and 10a, the tube
      ply 13 from the tube halves 11 and 11a.
PAR  In FIG. 6, the finished tube roll 14 is in front of the stick bore 2. The
      longitudinal axis of the stick is perpendicular to the longitudinal axis
      of the roll. After the winding clamp 8 has been removed from the finished
      tube roll 14, the flattening clamps 7 and 7a and the winding clamp 8 are
      again in the open condition in their initial positions. The push rod 15
      acting upon the middle of the roll now pushes the finished tube roll 14 in
      front of the stick bore 2 into the stick bore 2. The roll is bent thereby
      in the middle and a tube roll forming symmetrical angles to the
      longitudinal axis of the stick is obtained.
PAR  FIGS. 7 and 8 are rotated through 90.degree. with respect to the other
      figures and thus represent plan views.
PAR  FIG. 7 shows the partially bent tube roll 14 as it is bent to form a
      V-shaped body when it is pushed in by means of the push rod 15 at the
      front side of the stick 1, the dome-shaped end being first pushed into the
      stick bore 2. The dome-shaped end points to the stick end 4.
PAR  The V-shaped tube roll arranged in the stick bore and pointing with its
      dome-shaped end to the stick end is the end closure 16 of the invention
      which is illustrated in FIG. 8.
PAR  In the following, the winding procedure is again briefly described by way
      of an example.
PAR  For this purpose, a stick of a tube diameter of 20 mm and a stick bore of
      12 mm is to be provided with an end closure. The tube diameter is the
      diameter of the tubular casing filled with sausage meat, which
      substantially corresponds to the outside diameter of the shirred stick.
PAR  First, an about 80 mm long portion of tubular casing is drawn from the
      shirred stick and thereby unshirred. The flattening clamps and the
      forceps-shaped winding clamp flatten the portion of tubular casing in
      their contacting zone immediately behind the shirred stick. Then, the
      tubular casing is wound around the winding clamp by rotating the
      forceps-shaped winding clamp. The tubular casing is wound in two double
      layers to form a double roll whereby the one tube ply is supplied via a
      flattening clamp from the drawn-off portion of tubular casing and the
      other tube ply via another flattening clamp from the shirred stick. The
      roll reaches its final diameter when the 80 mm long drawn-off unshirred
      portion of tubular casing is wound up completely. The result is that, for
      the tube roll, a total quantity of 160 mm of tubular casing is necessary,
      50 percent of the drawn-off portion of tubular casing and 50 percent of
      shirred stick.
PAR  It is further possible to influence the roll construction by changing the
      percentage distribution of the length of tubular casing necessary for the
      roll. The maximum of the length of the unshirred portion of tubular casing
      is 50 percent of the required length of the tubular casing for the
      production of the tube roll. In the case of very small tube diameters,
      however, small percentages are also sufficient to achieve an end closure
      of the invention. This is a measure which particularly finds use in the
      case of tube or stick diameters of 18 mm and less. Depending upon the bore
      to be closed, the unshirred portion of tubular casing preferably is in the
      range between 10 and 50 per cent of the length of tubular casing for the
      end closure.
PAR  The diameter of the tube roll is so selected that it can be pushed as a
      V-shaped body into the stick bore, on the one hand is sufficiently firmly
      arranged in the bore and, on the other hand, can easily and without damage
      be pressed out of the bore. The length of tubular casing required for the
      end closure of the invention is exactly defined for each diameter and is
      not determined by the random shirring density of the stick used. By means
      of the described process it is possible to produce with a minimum of tube
      material an extremely durable, tight and always reproducible end closure.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A one-piece, self-supporting stick of shirred tubular casing having an
      end closure within its bore and formed from the tubular casing itself,
      said end closure being composed of an angular tube roll of unshirred
      tubular casing.
NUM  2.
PAR  2. A stick according to claim 1 in which the end closure is formed by an
      angular double roll.
NUM  3.
PAR  3. A stick according to claim 1 in which the angular tube roll is so
      positioned within the stick bore that a dome-shaped end thereof points to
      the stick end.
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ABST
PAL  This invention relates to a unilaterally closed cylindrical hollow stick of
      shirred tubular casing having a closure within the stick bore in the zone
      of the stick beginning and formed from the casing end itself, said closure
      being composed of a U-shaped body of longitudinally shirred tubular
      casing. The invention also relates to a process for the production of the
      closure.
BSUM
PAR  This invention relates to a unilaterally closed cylindrical hollow stick of
      shirred sausage casing with an end closure arranged within the stick bore
      and formed from the casing end itself, and to a process for the production
      thereof.
PAR  For the production of sausages, tubular sausage casings of synthetic
      material, particularly of cellulose hydrate, are used on a large scale. In
      the production of sausages, such tubular casings are used as shirred
      hollow sticks. There is used, for example, a tubular casing of a length of
      about 30 m which is shirred and compressed in the longitudinal direction
      according to known processes to form a pleated cylindrical hollow stick of
      a length of about 30 cm.
PAR  In using the stick, the stuffing pipe of a sausage filling machine is
      pushed into the cylindrical bore thereof and the sausage meat is then
      continuously pressed from the stuffing pipe into the stick. For this
      purpose, the stick must be closed at the end adjacent to the opening of
      the stuffing pipe.
PAR  By the amount of pressure applied to the sausage meat, the stick is
      continously unshirred according to the quantity of sausage meat pressed
      into it. The sausage strand obtained thereby is divided into a plurality
      of individual sausages by tying or twisting in synchronism with the
      filling procedure.
PAR  The first obtained sausage of the formed sausage chain is not used since it
      usually does not contain the desired quantity of stuffing. The quantity
      contained in this sausage is recovered for reasons of economics. The end
      closure of the stick, therefore, must be so formed that it easily can be
      smoothed out by hand since the recovery of the sausage meat contained in
      the first sausage takes place during the production of the sausage chain.
      On the other hand, the end closure of the stick must be sufficiently firm
      so that it is not opened unintentionally by the pressure of the sausage
      meat acting upon it when the meat is pressed into the stick.
PAR  A unilaterally closed stick with an end closure within the stick bore is
      known in which the end closure consists of the tubular casing forming the
      stick.
PAR  The known end closure is produced by pressing the end portion of a stick on
      one side and in a radial direction into the stick bore and simultaneously
      partially inverting it into the interior of the stick. The known stick has
      the disadvantage that when it is used the end closure is not sufficiently
      tight, particularly in the case of sticks of relatively large tube bore
      diameters as well as when sausage meat of a relatively high flowability is
      used.
PAR  Another disadvantage of the known end closure is that a not inconsiderable
      quantity of tube material is required for forming it.
PAR  The object of the present invention is to provide a unilaterally closed
      cylindrical hollow stick of shirred tubular casing with an end closure
      within its bore, which closure is composed of the tubular casing forming
      the stick and is an integral part of the stick. The closure, on the one
      hand sufficiently tightly seals the stick when the sausage meat is pressed
      into it and is sufficiently firmly arranged in the stick bore and, on the
      other hand, can be easily smoothed out by hand after the sausage meat has
      been pressed into the closed end portion of the tubular casing forming the
      stick.
PAR  The present invention provides a unilaterally closed cylindrical hollow
      stick of shirred tubular casing with a closure within the stick bore in
      the zone of the stick beginning and formed from the casing end itself, the
      closure being composed of a U-shaped body of longitudinally shirred
      tubular casing.
PAR  Preferably, the closure is so arranged in the stick bore that its
      dome-shaped end points in the direction of the stick end.
PAR  The hollow space of the stick is cylindrical; it is also called the stick
      bore.
PAR  The tubular casing from which the stick and its end closure are formed may
      be a cellulose derivative, particularly cellulose hydrate, or also a
      synthetic polymer, e.g., a polyamide.
PAR  The dome-shaped end of the U-shaped closure is the outer side of a curved
      part between the two legs of the closure. The stick beginning is that part
      of the stick which is first formed during the shirring of the tubular
      casing. Consequently, that part of the stick which is formed last during
      shirring is called the stick end.
PAR  The expression U-shaped body of longitudinally shirred tubular casing means
      a body having a form which results when a narrow stick ring is so
      separated from the stick that, between it and the stick, there is an
      unshirred tube portion as an element integrally connecting both parts, the
      narrow stick ring is compressed by a radially acting force in such a
      manner that the flattened ring has a linear slit, and the flattened narrow
      stick ring is then folded in so that the ends of the flattened stick ring
      are moved toward each other. Folding takes place in such a manner that the
      flattened narrow stick ring is bent about a bending line which corresponds
      to the course of the longitudinal axis of the narrow stick ring. Folding
      takes place in a plane to which the longitudinal axis of the stick ring is
      perpendicular.
PAR  The longitudinal axis of the stick ring is the longitudinal axis of the
      stick ring bore.
PAR  The stick ring bore is the central hollow space enclosed by the ring. A
      stick ring is narrow when its hollow space is short compared to that of
      the stick.
PAR  A U-shaped body of longitudinally shirred tubular casing also means a body
      the legs of which are not parallel to one another but form an acute angle
      with one another.
PAR  In a preferred embodiment of the closure, the legs are of equal length.
PAR  Preferably, the closure is so arranged in the stick bore that its leg ends
      are within the stick bore.
PAR  The legs of the closure are under a slight material-induced tension which
      forces them apart whereby the closure is fixed in the stick bore against
      unintentional sliding out.
PAR  The invention further relates to a process for the production of a
      unilaterally closed hollow stick of shirred tubular casing with a closure
      arranged in the interior of the stick and formed of the tubular casing
      itself, according to which a part of the stick is unshirred to form an
      unshirred tube portion and a closure is formed therefrom in the interior
      of the stick. A narrow stick ring is so drawn from the stick that an
      unshirred portion of tubular casing remains between the ring and the
      stick, and a radially acting pressing force is caused to act upon the
      outer surface of the narrow stick ring along a line parallel to the
      longitudinal axis of its bore, which force compresses the ring against a
      planar support perpendicularly to the surface thereof. The two halves of
      this shaped body are bent toward each other about a bending axis parallel
      to the surface of the support and to the longitudinal axis of the stick
      ring, the closure is rotated through 90.degree. in such a manner that its
      dome-shaped end points to the stick end, and it is then pushed into the
      stick bore.
PAR  The narrow stick ring is drawn from the stick by means of a gripping
      device, e.g., by means of tongs.
PAR  Radial compression of the ring may be performed by a die element, the
      effective surface of which has the form of a very narrow rectangle.
PAR  The two halves of the shaped body formed by the first pressing procedure
      are bent toward each other by means of die elements which act upon them
      laterally.
PAR  The U-shaped folded body is rotated through 90.degree. in such a manner
      that the longitudinal axes of its legs extend in the direction of the
      longitudinal axis of the stick and is then pushed into the hollow space of
      the stick. In a preferred embodiment of the process, after the rotation
      through 90.degree.C, the closure is so pushed into the stick bore that the
      dome-shaped end of the U-shaped body points to the stick end.
PAR  Pushing of the closure into the hollow space of the stick may be performed
      by means of a die device, for example, or by means of a device in the form
      of tongs.
DRWD
PAR  The drawing further illustrates the form of the end closure as well as the
      performance of the process for the production thereof, in which:
PAR  FIG. 1 shows a stick with a closure within the stick bore,
PAR  FIG. 2 is a front elevation of the stick according to FIG. 1 viewed towards
      II--II,
PAR  FIG. 3 is a plan view of a stick cut along the line III--III of FIG. 1, and
PAR  FIGS. 4, 5 and 6 show phases of the production of the end closure.
DETD
PAR  In FIG. 1, numeral 1 denotes the stick of shirred tubular casing, numeral
      1a the stick beginning and numeral 1b the stick end, numeral 2 denotes the
      cylindrical bore of the stick, numeral 3 the end closure within the bore
      2, and numeral 4 an unshirred portion of the tubular casing integrally
      connecting the stick 1 with the end closure 3.
PAR  In FIG. 2, numerals 1, 1a, 2, 3 and 4 have the same meanings as in FIG. 1.
      Numeral 5 denotes the ends of the legs of the U-shaped end closure in the
      stick bore.
PAR  In FIG. 3, numerals 1, 1a, 2, 3 and 5 have the same meanings as in FIG. 1.
      Numeral 6 denotes a leg of the U-shaped end closure and numeral 7 its
      dome-shaped end.
PAR  In FIG. 4, numerals 1, 1b, and 2 have the same meanings as in FIG. 1.
      Numeral 8 denotes a narrow stick ring and numeral 9 an unshirred portion
      of the tubular casing which integrally connects the stick ring 8 with the
      stick 1. This tube portion generally has a length of about 2 cm.
PAR  The number of the shirred pleats of the tubular casing forming the narrow
      stick ring depends indirectly on the size of the bore diameter of the tube
      employed and directly on the diameter of the stick bore, the bore diameter
      of the tube and the diameter of the stick bore being in a certain relation
      to one another which is predetermined by the dimensions of the stuffing
      pipe of the sausage filling machine used. A narrow stick ring formed from
      a tube of a bore diameter between 14 and 22 mm generally has 6 to 12
      shirred pleats.
PAR  The length of the unshirred tubular casing between the stick ring 8 and the
      stick 1 allows the closure, after its formation and rotation through
      90.degree., to be pushed into the stick bore.
PAR  After the stick ring has been drawn-off it is bent in another process step
      in which it is compressed between the support 10 and the folding die 11.
      Compressing is performed by moving the folding die 11 and the support 10
      toward one another. The folding die 11 has a die surface 11 which has the
      form of a narrow rectangle. The longer edge of the die surface is parallel
      to the longitudinal axis of the stick bore or of the stick ring bore.
PAR  FIG. 5 shows the radially compressed stick ring. Numerals 1, 2, 9, 10 and
      11 have the same meanings as in the previous figures. Numeral 12 denotes
      one half of the shaped body formed by compressing and numeral 13 denotes
      jaws which move the two halves 12 toward each other.
PAR  The jaws 13 are horizontally displaceable and rotatable. Simultaneously
      with the moving of the two jaws toward each other, which effects folding
      of the shaped body to a U-shaped body, the vertically movable folding die
      11 is drawn upward. Then, the jaws 13 are rotated through 90.degree.
      together with the U-shaped folded closure in such a manner that its
      dome-shaped end points to the end of the stick.
PAR  FIG. 6 shows this U-shaped folded closure shortly before it is pushed into
      the stick bore. Numerals 1 to 9 have the same meanings as in the previous
      figures. The closure 3 is pushed into the stick bore 2 by means of the
      slide-in die 14.
PAR  In a particularly preferred modification of the process, the stick ring is
      drawn from the stick to such an extent, e.g., about 3 to 6 cm, that the
      unshirred portion of the tube between the ring and the stick forms a loop.
      After the closure has been rotated and pushed into the stick bore, the
      lower part of the loop places itself in front of the stick ring so that,
      when the same is further pushed thereinto, additional tube material is
      drawn from the shirred stick and the tube loop is placed in the stick
      bore. The closure is pushed so deeply into the stick bore that the loop no
      longer projects from the stick opening.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A unilaterally closed cylindrical hollow stick of shirred tubular casing
      having a closure within the stick bore in the zone of the stick beginning
      and formed from the casing end itself, said closure being composed of a
      U-shaped body of longitudinally shirred tubular casing.
NUM  2.
PAR  2. A stick according to claim 1 in which the closure has a dome-shaped end
      pointing in the direction of the stick end.
PATN
WKU  039425703
SRC  5
APN  524224&
APT  1
ART  355
APD  19741115
TTL  Mechanism for securing a nut against loosening
ISD  19760309
NCL  17
ECL  5
EXP  Parsons, Jr.; Marion
NDR  3
NFG  16
DCD  19911203
INVT
NAM  Bochman, Jr.; Harry L.
CTY  Seal Beach
STA  CA
INVT
NAM  Wing; George S.
CTY  Palos Verdes Estates
STA  CA
ASSG
NAM  Hi-Shear Corporation
CTY  Torrance
STA  CA
COD  12
ITX  A part interest
RLAP
COD  72
APN  400215
APD  19730924
PSC  01
PNO  3851690
CLAS
OCL  151  8
XCL  285 81
EDF  2
ICL  F16B 3902
FSC  151
FSS  8;28;29;54;44;2 R
FSC  285
FSS  81
UREF
PNO  1189656
ISD  19160700
NAM  Bohle
OCL  151  2R
UREF
PNO  3851690
ISD  19741200
NAM  Wing et al.
OCL  151  8
LREP
FR2  Mon; Donald D.
FR2  Angus; D. Gordon
ABST
PAL  There are disclosed nut locking assemblies comprising a washer adapted to
      slide over a spindle and be keyed to it, and a lock-ring to the rear of
      the washer and secured to the washer against relative rotation. The nut
      abuts the washer. The lock-ring is slidable axially so that in a forward
      position it is disengaged from the nut but in a rearward position
      serrations on the lock-ring engage corresponding serrations on the nut to
      lock the nut against rotation. An annular space between the washer and the
      lock-ring contains a resilient ring which can be strained to alter its
      diameter. In its normal unstrained condition this ring holds the lock-ring
      in its locking position. When it is desired to move the lock-ring to its
      unlocked position it is pushed forward to disengage the serrations of the
      lock-ring from those of the nut. This strains the resilient ring to a
      different diameter so that when the pressure is removed from the resilient
      ring it resumes its original unstrained diameter to push the lock-ring
      back into engagement with the nut, thereby locking it against rotation.
PARN
PAR  This is a continuation-in-part of application Ser. No. 400,215, filed Sept.
      24, 1973, entitled "Mechanism for Securing a Nut against Loosening" now
      Pat. No. 3,851,690.
BSUM
PAR  This invention relates to means for preventing loosening of a nut, and more
      particularly to means by which the nut is locked in its tightened position
      on the spindle.
PAR  It is well-known that wheels such as automobile wheels are provided with
      bearings mounted on a spindle threaded to receive a nut which is torqued
      on the spindle to hold the bearing in its proper position. Care must be
      exercised in such practice to insure that the nut will not loosen during
      use and the vibrations and shocks to which the wheels are subjected in
      use, otherwise the wheel will not function properly and may even fall off
      if the nut falls off.
PAR  Expedients, such as the use of cotter pins through the spindle behind the
      nut or through the nut have been used. The use of cotter pins or other
      pins, or wires, or the like have disadvantages such as the need for
      precise positioning of the pin hole or holes through the spindle and the
      risk of weaknesses developing in the pin or wire which may result in its
      damage or destruction, and thereby enabling the nut to loosen.
PAR  Another expedient has been the use of well-known lock washers in front of
      the nut which create a frictional resistance against loosening of the nut.
      Such frictional devices are not positive, however, and do not eliminate
      the possibility of loosening of the nut.
PAR  In Greenwood Pat. 3,581,609 issued June 1, 1971, there is disclosed a nut
      locking arrangement wherein the nut is provided with an annular recess
      extending into the nut from its rear face and a ring member within the
      recess provided with a key which fits into a keyway of a bolt on which the
      nut is to be fitted. The outer periphery of the ring member is provided
      with outwardly protruding serrations adapted to mesh with serrations which
      protrude inwardly from the rear of the peripheral portion of the nut. A
      leaf spring device located at the base of the recess of the nut serves to
      urge the ring member rearwardly so that its serrations normally mesh with
      those of the nut and thereby lock the nut in position relative to the
      bolt. When it is desired to turn the nut on the bolt a special wrench tool
      is used to depress the ring member against the force of the leaf spring to
      disengage its serrations from those of the nut. Removal of the tool
      thereby causes the ring member to again engage and lock the nut. This
      arrangement is effective so long as the leaf spring member retains its
      integrity and spring quality; as it must continually exert a pressure
      against the ring member in order to maintain the nut locked. If the spring
      becomes damaged or loses its resilience over a period of time, or through
      shocks during usage, the ring member could disengage from the nut,
      allowing the nut to loosen.
PAR  An object of the present invention is to provide a mechanism for locking a
      nut to a spindle which provides a more positive locking than previously
      known arrangements.
PAR  A related object is to provide nut locking mechanism which is foolproof and
      a resilient member used therein is strong and at a state of rest when the
      nut is locked and will not fail.
PAR  Another object is to provide means which facilitates the locking action and
      facilitates returning the nut to an original desired position after it has
      been removed from a part it is holding.
PAR  In accordance with the present invention, there is provided means and
      mechanism which, though making use of a form of spring member as an
      element uses a form of resilient member which is inherently much stronger
      than can be used in the Greenwood assembly and which is normally at a
      position of rest when the nut is in a locked position, and furthermore,
      the occurrence of shocks and vibration does not materially exert any
      stress or strain of the resilient spring member. The principal stress and
      strain of the spring member occurs while torquing the nut and so long as
      it does not fail under such torquing it will not fail after the nut is
      locked.
PAR  The present invention is carried out by an assembly of a washer, an annular
      ring member or lock-ring, the nut and a resiliently expandable and
      contractable ring. The washer is provided with means for keying it to the
      spindle against rotation but is axially slidable forwardly and rearwardly
      on the spindle. The washer is also provided with engaging means by which
      it is engaged to the lock-ring to prevent relative rotation between the
      washer and lock-ring. The lock-ring is to the rear of the washer and is
      provided with engaging means by which it engages the washer. The threaded
      nut has a forward portion adapted to abut the washer when the nut is
      threaded forwardly over the spindle and is provided with means for
      engaging the lock-ring. The portion of the nut to the rear of its forward
      portion is engageable by a wrench.
PAR  Between the lock-ring and the washer there is an annular space within which
      there is placed the resiliently strainable ring. Forward pressure against
      the lock-ring causes it to slide forwardly relative to the spindle so that
      it becomes disengaged from the nut, thereby allowing the nut to be turned
      on the spindle. This forward sliding motion operates on the resilient ring
      to strainably alter its diameter so that when the pressure on the
      lock-ring is discontinued the resiliently strained ring returns to its
      original unstrained diameter and in so doing pushes the lock-ring back
      into engagement with the nut to lock the nut against rotation on the
      spindle.
PAR  Under the locked condition of the nut there is relatively little stress
      exerted against the resilient ring by the annular lock-ring, even in the
      presence of great vibration and shock, because such forces exerted against
      the annular ring are not in the direction which stresses the resilient
      ring to a substantial degree as compared with the relatively great
      strength which is inherent in a resilient ring of this configuration.
PAR  In one embodiment, the washer is provided at a position between its inner
      periphery and an outer peripheral portion with an annular recess into
      which the annular lock-ring can extend. From a hub of this washer there
      extends outwardly into this recess, engaging means which may for example
      be in the form of serrations and the engaging means of the nut similarly
      extends outwardly. The engaging means of the lock-ring in this embodiment
      comprises means at its inner periphery, such as serrations, adapted to
      engage the corresponding engaging means or serrations of the washer and of
      the nut to lock the nut. The recess of the washer is provided with an
      oblique surface slanting from its base and at this recess there is placed
      the resilient ring at a position such that forward pressure of the
      lock-ring against the resilient ring pushes the latter against the oblique
      surface of the recess causing the resilient ring to strain to a different
      diameter as it is pushed toward the base by the lock-ring. When the
      resilient ring is thus pushed far enough toward the base the engaging
      means of the lock-ring becomes disengaged from the engaging means of the
      nut, permitting turning of the nut. When the forward pressure is released
      from the lock-ring it is pushed back to engagement with the nut again by
      action of the resilient ring in returning to its normal unstressed
      diameter.
PAR  In another embodiment of the invention the engaging means of the lock-ring
      comprises peripheral means adapted to engage with peripheral engaging
      means of the washer and also comprises means for engaging with the
      engaging means of the nut.
PAR  While a nut locking mechanism of the present invention is particularly
      suited for use as a wheel bearing nut on the spindle on which the bearing
      is mounted, it is useful for other applications, such as bolts and studs.
DRWD
PAR  The foregoing and other features of the invention will be better understood
      from the following detailed description and the accompanying drawings of
      which:
PAR  FIG. 1 shows in cross-section a lock nut assembly according to this
      invention being fastened by a torquing wrench to a spindle supporting a
      wheel bearing;
PAR  FIG. 2 is a cross-section view of the assembly of FIG. 1 after removal of
      the torquing wrench, this being the normal locked position;
PAR  FIG. 3 shows a view taken at line 3--3 of FIG. 2 but without showing the
      spindle;
PAR  FIG. 4 is a view taken at line 4--4 of FIG. 2, without showing the spindle;
PAR  FIG. 5 shows a detail in cross-section taken at line 5--5 of FIG. 4 under
      the condition that a wrench is applied as in FIG. 1;
PAR  FIG. 6 is a face view of a washer member used in the assembly of FIGS. 1
      and 2;
PAR  FIG. 7 is a face view of an annular ring member used in the assembly of
      FIGS. 1 and 2;
PAR  FIG. 8 is a face view of a nut used in the assembly of FIGS. 1 and 2; and
PAR  FIG. 9 shows a resilient snap ring used in the assembly of FIGS. 1 and 2;
PAR  FIG. 10 shows in cross-section another form of lock nut assembly according
      to this invention adapted to be fastened by a torquing wrench to a spindle
      supporting a wheel bearing;
PAR  FIG. 11 is an end view of the assembly of FIG. 10 without the wrench, this
      view being taken from line 11--11 of FIG. 10;
PAR  FIG. 12 is a face view of a washer used in the assembly of FIGS. 10 and 11;
PAR  FIG. 13 is a face view of a lock-ring used in the assembly of FIGS. 10 and
      11;
PAR  FIG. 14 is a cross-section view showing a detail taken at line 14--14 of
      FIG. 10;
PAR  FIG. 15 shows a resilient ring used in the assembly of FIGS. 10 and 11; and
PAR  FIG. 16 is a detail view looking from line 16--16 of FIG. 11.
DETD
PAR  Referring to FIGS. 1 and 2 there is shown part of a spindle 10 on which is
      mounted a roller bearing assembly 11 fitted within the hub 12 of a wheel,
      in a well-known manner. A lock nut assembly 13 according to this invention
      is fitted over and fastened to the rear or outer threaded end 14 of the
      spindle with a washer member 15 of the assembly abutted against the roller
      bearing assembly 11. The washer 15 has a central hole 16 dimensioned to
      fit over the spindle 10 with an inwardly protruding key 17 dimensioned to
      fit into a keyway or groove 18 formed in the surface of spindle 10 at its
      outer end and extending parallel to the longitudinal axis 19 of the
      spindle. The direction along this axis from the threaded end of the
      spindle toward the wheel bearing is herein referred to as the forward
      direction, and the opposite direction is herein referred to as the
      rearward direction. The washer has a forward face placed against the wheel
      bearing assembly and has a circular outer peripheral portion 20 (seen in
      FIG. 6) and an inner hub portion 21 adjacent the hole 16. Between the hub
      and periphery portions there is an annular recess 22 having a base 23 with
      oblique sidewall portions 24 and 25 which converge toward the base 23, so
      that oblique portions 24 and 25 slant obliquely outwardly and axially. The
      outer end of converging wall 25 of the recess joins cylindrical wall
      portion 26 of the recess, and the outer portion of converging wall 24
      connects with an annular ledge 27 which meets hub 21. At the outer
      periphery of hub 21 there are formed a plurality of serrations 28
      protruding radially outward from the hub toward the outer periphery 20.
      These serrations 28 are sometimes herein referred to as engaging means of
      the washer, or washer engaging means, since they function to engage with
      corresponding engaging means of other components as appears hereinafter.
PAR  Protruding into the recess 22 there is an annular ring member 29 sometimes
      herein referred to as a lock-ring or indicating ring. The inside or
      forward face 30 of this lock-ring, that is the face closest to the bearing
      11, is seen in FIG. 7 and its outside, or rear, face 37 and also a
      peripheral protuberance 38 at its rear face are shown in FIG. 4. The
      forward face 30 is planar except for an annular recess 31 formed therein,
      this recess having two sides 32 and 33 which converge toward each other to
      a base 34, best seen in FIG. 2. There protrude radially inwardly from
      annular lock-ring 29 a plurality of serrations 35, the inner faces 36 of
      which lie in the plane 30. The serrations 35 are sometimes herein referred
      to as engaging means of the lock-ring or lock-ring engaging means. The
      outer or rear face 37 of the lock-ring extends in a radial direction to
      meet the outer annular rearwardly extending protuberance 38. The
      serrations 35 of lock-ring member 29 are proportioned and dimensioned to
      be able to mesh with the splines or serrations 28 of the washer 15.
PAR  Within the recess 22 there is placed a resiliently expandable and
      contractable snap ring 39, seen in FIG. 9, having a circular cross-section
      as shown in FIG. 2 and being in the form of an incomplete circle having
      abutting ends 40 and 41 which normally meet or nearly meet each other. The
      ring 39 is of resilient material, ordinarily metal, so that the ring is
      resiliently expandable to a larger circle than that which it has when the
      ends 40 and 41 abut each other. The diameter of ring 39 is such that in
      its normal contracted position shown in FIGS. 2 and 9 the circumference of
      the ring meets the junction of side portion 24 of the recess 22 with ledge
      27, while another part of the circumference of ring 39 is in contact with
      the plane surface 30 of the annular ring member as shown in FIG. 2.
PAR  The assembly of washer 15, lock-ring 29 and snap ring 39 are held together
      against separation by swaging an annular lip 44 at the inner surface of
      the outer end of peripheral member 20 of the washer 15, so that the lip
      overlies a peripheral part of annular ring member 29.
PAR  A nut 45, shown as a hex nut having internal threads 46 is adapted to be
      threaded over the outer end of spindle 10 so that its inner or forward
      face 47 abuts the outer or rear face of washer 15. The inner face of the
      nut is shown in FIG. 8 and its outer face appears in FIG. 4. The portion
      of the inner or forward face 47 which meets washer 15 is shouldered at 48
      and from this shoulder there extend radially outward a plurality of
      serrations 49, herein sometimes referred to as engaging means of the nut
      or nut-engaging means, dimensioned so that they can mesh with the
      serrations 35 of annular lock-ring 29, that is, serrations 49 are of
      substantially the same size and dimensions as serrations 28 of washer 15.
      At the rearward side of serrations 49, that is, at a rear portion of the
      nut, there is formed the hexagonal wrench engaging portion 50 of the nut.
PAR  The nut 45 is held to the above-mentioned assembly of washer 15, lock-ring
      29 and snap ring 39 by means of a spring member 51 which is in the form of
      a resilient strip bent so that one end 52 can be fitted to a shoulder 53
      at the outside surface of the nut while the remainder of the spring member
      extends radially inwardly along the outside face of the nut to a position
      within the threads of the nut coinciding with the keyway 18 of the spindle
      where it bends to extend longitudinally within the keyway and through a
      longitudinal groove 54, best seen in FIG. 6, of key 17 forward of the
      inner face of the washer where the spring bends at 55 where its end 56
      enters into and engages a transverse recess 57 of key 17 as is best seen
      in FIG. 3. When assembled in this manner the spring 51 is tensioned
      sufficiently to hold the nut against the washer in the manner shown in
      FIG. 2.
PAR  When it is desired to apply this lock nut assembly to a spindle the washer
      15 is slipped over the threaded rear or outer end of the spindle, which
      will require that the key 17 enter keyway 18 of the spindle, which will
      provide space for the spring member 51. When the nut 45 reaches the end
      thread of the spindle the nut will be turned which can readily be done
      without disturbing the spring 51, by reason of the fact that the spring
      end 52 rides on the rear face of the hex portion of the nut and is
      retained against the hex portion by reason of a bevelled annular portion
      58 at the rear face of the nut.
PAR  It is noted that in the normal position of the assembled parts, as shown in
      FIG. 2, it is not possible to turn the nut relative to the spindle or to
      any of the other parts of the lock nut assembly. The reason for this is
      apparent from the foregoing description of the assembly, namely, that the
      washer 15 is keyed to the spindle while the serrations 35 of the lock-ring
      29 are in mesh with both the washer serrations 28 and the serrations 49 of
      the nut, all of which is shown in FIG. 2. Thus in the normal locked
      condition only part of the lock-ring engaging means 35 engages the washer
      while another part of engaging means 35 engages the nut. In order to
      permit turning of the nut on the spindle it is necessary to disengage the
      serrations 35 of the lock-ring 29 from the serrations 49 of the nut. This
      can be done by forcing the lock-ring 29 forward, that is, toward the
      bearing on the spindle as is illustrated in FIGS. 1 and 5. This action
      causes the snap ring 39 to be pushed toward the base 23 of the recess 22
      attended by the enlargement of the diameter of snap ring 39 and the
      consequent enlargement of the gap between its ends 40 and 41. When the
      snap ring 39 has been pushed all the way to the base 23 as shown in FIGS.
      1 and 5, the snap ring is in its tensioned condition and the serrations 35
      of annular ring member 29 have become disengaged from the serrations of
      the nut because they have moved so that they do not extend rearward as far
      as the serrations 49 of the nut, although serrations 35 remain in
      engagement with serrations 28 of the washer. When this condition exists,
      the nut can be turned on the spindle while the washer and lock-ring are
      held fixed relative to the spindle. This turning of the nut can be
      accomplished by use of a hollow-ended socket wrench 60 dimensioned to fit
      the nut. Since the particular nut illustrated herein has a hexagonal form
      the wrench will be in the form of a hex wrench, and it will have a handle
      61.
PAR  The peripheral portion 62 of the wrench is dimensioned to engage the
      protuberance 38 of the lock-ring and thereby force the snap ring 39 to the
      base 23 of the recess as illustrated in FIGS. 1 and 5, and when the snap
      ring is thus pushed into the recess the wrench can torque the nut at the
      same time it is holding the snap ring at the base. When the torquing of
      the nut has been completed, withdrawal of the wrench will release the
      pressure against the lock-ring so that the resilience of the snap ring
      will contract its diameter causing the snap ring to slide outward along
      surface 24 of the recess, thereby pushing the lock-ring 29 rearward so
      that its serrations engage the serrations of the nut while also remaining
      in engagement with the serrations of the washer as shown in FIG. 2. Under
      this condition the nut has been locked in position and cannot be loosened
      on the spindle until the snap ring is again pressured into the base of the
      recess.
PAR  The annular ring member 29 is provided with radial markings 63 as its
      rearwardly extending protuberance 38, as seen in FIG. 4, these markings
      being located opposite the trough of each of its serrations 35 so as to be
      a visible indication when the elements are assembled, of the positions of
      these troughs. Hence ring member 29 may be referred to as an indicator
      ring as well as a lock-ring. The rear face of the nut 45 is provided with
      a marking such as a notch 64 to indicate the position of the peak of one
      of its serrations 49. Since the peaks of the serrations of the nut must
      enter the troughs of respective serrations of the indicator ring 29, the
      locking of the nut to the indicator ring must leave the nut marking 64 in
      registration with one of the indicator ring markings 63. Thus, the
      markings 63 and 64 are an aid in locking the nut.
PAR  There is no particular number of serrations on the indicator ring 29 and
      nut which must be used. It will be convenient, however, to use 50
      serrations when using a 20-pitch thread because in that case one
      revolution of the nut results in 0.001 inch of longitudinal travel of the
      nut. When 50 serrations are used for the nut and for the indicator ring,
      it will be convenient to apply numerals to the markings 63 in multiples of
      five from 5 to 50, thus number 5 at the fifth marking, number 10 at the
      tenth marking, and so on to number 50. This will aid in resetting the lock
      nut to a specific registration if the lock nut has to be removed and later
      reinstalled.
PAR  In the case of wheel bearing nuts, particularly for use on automobiles, it
      is customary to fit the nut to the spindle at a factory. A good practice
      is to torque the nut until the pressure against the roller bearing
      commences to bind the wheel while still allowing the wheel to rotate.
      After rotating the wheel under this condition for a few turns the nut is
      backed off slightly, sufficient to free the binding condition and at this
      point is locked to the indicator ring. When the nut is locked up at any
      particular desired position, the marker or notch 64 may then be applied in
      such position on the nut that the marker points in any position of the
      circle. It will be convenient to select the position of the marker or
      notch 64 so that it points to any radial marking 63 numbered 5 or a
      multiple of 5 up to 50, where there are 50 serrations and hence 50 radial
      markings 63. Thus the correlation of the notch 64 with the same radial
      marking 63 may be easily re-established if the nut has to be disassembled
      for service and then reassembled to the same pre-established relationship.
PAR  Referring to the embodiment of FIGS. 10 through 16 there is shown part of a
      spindle 70 on which is mounted a roller bearing assembly 71 fitted within
      the hub 72 of a wheel, these parts corresponding to the parts numbered 10,
      11 and 12 respectively in FIGS. 1 and 2. A lock nut assembly 73 is fitted
      over and fastened to the outer threaded end 74 of the spindle with the
      forward face 110 of a washer 75 of the assembly abutted against the roller
      bearing assembly 71. The washer 75 has a central hole 76 dimensioned to
      fit over the spindle 70 with an inwardly protruding key 77 dimensioned to
      fit into a keyway or groove 78 formed in the surface of spindle 70 at its
      rear end and extending parallel to the longitudinal axis 79 of the
      spindle. The washer has a circular peripheral portion 80 and an inner or
      hub portion 81 adjacent the hole 76. The peripheral portion 80 of the
      washer has an axial and outward slant since it slants obliquely outwardly
      relative to the axis 79 with a rearward component in the axial direction,
      to an outer circular position 82 at the rear surface of the washer. Owing
      to the oblique slant of the portion 80 and the thickness of the washer,
      its forward surface extends further outward to a position 82a. The outer
      peripheral portion 80 is provided with a number of cut-outs or openings 83
      uniformly spaced around the periphery, as best seen in FIG. 12. These
      cutouts or openings are herein sometimes referred to as washer-engaging
      means.
PAR  Rearward of washer 75 there is an annular ring member 89 herein referred to
      as a lock-ring. This lock-ring has a hub portion 85 which extends radially
      outward from its central opening for a distance where it meets an oblique
      portion 86 which slants radially outward and forward to an outer diameter
      where it meets a plurality of spaced lugs 87 which protrude forwardly
      toward the wheel bearing. The dimensions of the lock ring 89 and the
      number and position of its lugs are such that the lugs protrude through
      the openings 83 of the washer as appears in FIGS. 10 and 11. The inner
      periphery of the lock-ring 89 is provided with inwardly protruding
      serrations 88. The lugs 87 and the serrations 88 of the lock-ring member
      89 are herein collectively referred to as lock-ring engaging means because
      part of this last-mentioned means (the lugs 87) engages the
      washer-engaging means (the cutouts 83) and the other part engages a nut
      engaging means as is explained below.
PAR  The nut 90 to be locked, shown as a hex-nut having internal threads 91, is
      adapted to be threaded over the rear end of spindle 70 so that its forward
      face 92 abuts the rear face 110 of washer 75. Rearward of face 92 the nut
      is provided with a shoulder 93, and the portion 94 of the nut between the
      shoulder 93 and forward face 92 is in the form of an annulus. Behind the
      shoulder 93 the nut enlarges to a diameter 95 somewhat larger than the
      diameter 94, and rearward of section 95 the nut has its hexagonal form 96
      for being gripped by a hex-wrench. At the forward side of the shoulder 93
      of the nut there extend radially outward a plurality of serrations 97,
      herein sometimes referred to as the nut-engaging means, dimensioned and
      placed to engage part of the lock-ring engaging means, namely the
      serrations 88 of the lock-ring which is placed over the forward annulus of
      the nut.
PAR  It is seen that there is an annular space or area 98 around the forward
      annulus of the nut and between the juxtaposed, but spaced apart, near
      surface 111 of washer 75 and forward surface 112 of lock-ring 89. Within
      this annular space 98 there is placed a resiliently contractable ring 100,
      illustrated in FIG. 15, having a circular cross-section as shown in FIG.
      10 and being in the form of a incomplete circle having ends 101 and 102
      which in the normal unstrained condition are spaced somewhat apart from
      each other. The ring 100 is of resilient material, ordinarily metal, so
      that when it is forcibly contracted to a smaller circle than normal it is
      resiliently expandable to a larger circle than that which it has when the
      ends 101 and 102 are forced into contact with each other in abutment. The
      diameter of ring 100 is such that in its normal unstrained expanded
      condition shown in FIGS. 10 and 15 the circumference of the ring is
      substantially in contact with the inner walls of the oblique portions 80
      and 86 of the washer and lock-ring respectively as shown in FIG. 10.
PAR  Provision is made for holding together the assembly of the washer,
      lock-ring and nut with the resilient ring in the region between the washer
      and the lock-ring. This can be done by first placing the lock-ring over
      the forward portion 94 of the nut as shown in FIG. 10 and then swaging the
      nut at the outer periphery near its forward end to upset the material of
      the nut as shown at 103. This swaging or upsetting may be made completely
      peripherally around the nut or alternatively at a number of spaced places.
      This will serve to prevent the lock-ring from slipping forward off the
      nut. It cannot slip backward off the nut because the rear surface of
      portion 96 of the lock-ring abuts shoulder 93 of the nut. After placing
      the resilient ring 100 in its position shown in FIG. 10 the washer can be
      engaged to the lock-ring as shown in FIGS. 10 and 11 following which tabs
      104 on the lugs 87 of the lock-ring are bent inwardly to overly the
      forward surface at the periphery of the washer as best seen in FIGS. 10
      and 16. It is noted that in FIGS. 11 and 13 the lugs of the lock-ring are
      illustrated prior to the bending down of tabs 104.
PAR  When it is desired to apply the lock nut assembly of FIGS. 10 through 16 to
      a spindle the assembly is slipped forwardly over the threaded rear end of
      the spindle with the washer at the forward end of the assembly. This will
      require that the key 77 enter the keyway 78 of the spindle. When the nut
      reaches the end thread of the spindle the nut will be turned, ordinarily
      by a special torquing tool. In order to turn the nut on the spindle the
      lock-ring will have to be pushed forwardly relative to its position shown
      in FIG. 10, far enough so that its serrations 88 become disengaged from
      the serrations 97 of the nut. This pressure on the lock-ring is exerted
      against the resilient ring and owing to the oblique positions of the
      lock-ring and the washer at their places of contact with the resilient
      ring above the center of the resilient ring, the resilient ring is forced
      to resiliently contract in diameter as the lock-ring moves forward
      relative to the washer, and the sidewall of the resilient ring slides
      inwardly in contact with the slanting walls of the lock-ring and washer.
PAR  When the lock-ring is pushed forward far enough to disengage its serrations
      from those of the nut, the nut can be turned on the spindle and tightened
      up against the rear face 111 of the washer as shown in FIG. 10. Then when
      pressure on the lock-ring is released the force of expansion of the
      resilient ring back to its normal larger diameter will cause the lock-ring
      to slide rearwardly relative to the washer until its hub portion engages
      the shoulder 93 of the nut, in which position the serrations of the
      lock-ring and of the nut are again in engagement which prevents the nut
      from turning on the spindle, due to the fact that the lugs of the
      lock-ring hold the lock ring and nut from rotation relative to the washer,
      which is keyed to the spindle.
PAR  The means for pressuring the lock-ring and turning the nut can be
      accomplished by use of a hollow ended socket wrench 105 dimensioned to fit
      the nut and engage the lock-ring. Since the particular nut illustrated
      herein has a hexagonal form, the wrench will be in the form of a
      hex-wrench ordinarily provided with a handle (not shown).
PAR  The rear face of the lock-ring such as at the hub portion 85 may if
      desired, be provided with radial markings such as markings 63 shown in
      FIGS. 2 and 4, and for the same reason. These would be located opposite
      the trough of each of its serrations 88 so that the lock-ring may serve as
      an indicator ring. Similarly an exposed surface at the rear of the nut may
      be provided with a marking such as the notch 64 shown in FIG. 4 and for
      the same reason, namely to aid in locking the nut at a desired position.
PAR  It will be recognized that by the present invention there is provided
      mechanism for positively locking a nut so that it will not loosen in the
      presence of shocks, vibration and other disturbances. The arrangement is
      foolproof in that the resilient element maintaining the locked condition
      is unstrained and in a state of rest when in the locked position. Any
      shocks to which the resilient element is subjected are not in a direction
      which readily strains it, and moreover, its structure is such that it is
      inherently strong and resistant to damage from shock. The arrangement is
      particularly adapted to use as a wheel-bearing nut, but its uses are not
      so limited. It is applicable for use on bolts and studs in various
      circumstances where nuts and bolts are used. The term "spindle" as used
      herein is not limited to a wheel axle spindle, or the like, but more
      broadly covers various threaded elements such as bolts on which nuts may
      be threaded.
PAR  It will be understood that the embodiments of the invention illustrated and
      described herein are given by way of illustration and not of limitation,
      and that modifications or equivalents or alternatives within the scope of
      the invention may suggest themselves to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. Mechanism for locking a nut on a threaded spindle having a central
      longitudinal axis, comprising:
PA1  a washer member adapted to fit over said spindle, having a rear face and
      washer engaging means;
PA1  means for keying said washer member to said spindle so that the washer
      member cannot rotate but can slide axially relative to said spindle;
PA1  a lock-ring member having a forward face rearward of, and spaced from, and
      facing, said rear face of said washer member, so that there is an annular
      space between the lock-ring member and the washer member said lock-ring
      member having lock-ring engaging means at least part of which engages said
      washer engaging means;
PA1  at least one of said washer and lock-ring members having a portion
      bordering said annular space which is slanted obliquely radially and
      axially;
PA1  a threaded nut adapted to thread on the threaded spindle, having a rear
      portion for engagement by a wrench and an annular forward portion
      protruding forwardly from the rear portion to a position between the
      spindle and at least part of the lock-ring member and adapted to abut the
      washer member, said forward portion having nut engaging means extending
      radially outward and adapted to engage at least part of said lock-ring
      engaging means,
PA1  a resiliently strainable ring whose diameter can be enlarged and
      contracted, within said annular space and adapted to engage said obliquely
      slanted portion;
PA1  whereby when pressure is applied to the lock-ring member in the forward
      direction the lock-ring member moves axially forward to disengage its
      lock-ring engaging means from said nut engaging means and the diameter of
      the strainable ring is altered by camming action on the obliquely slanted
      portion, whereupon the nut can be turned on the spindle, and when said
      pressure is released the strainable ring returns to its normal unstrained
      unstrained diameter and pushes the lock-ring member rearwardly to a
      position where the lock-ring engaging means engages the nut engaging
      means, thereby locking the nut.
NUM  2.
PAR  2. Mechanism according to claim 1 in which said one of said washer and
      lock-ring members is said washer member.
NUM  3.
PAR  3. Mechanism according to claim 1 in which both the lock-ring member and
      the washer member have portions bordering said annular space, which slant
      obliquely radially and axially.
NUM  4.
PAR  4. Mechanism according to claim 1 in which the cross-section of the
      resiliently strainable ring is circular.
NUM  5.
PAR  5. Mechanism for locking a nut on a threaded spindle having a central
      longitudinal axis, comprising:
PA1  a washer adapted to fit over said spindle, having an outer portion provided
      with washer-engaging means;
PA1  means for keying said washer to said spindle so that the washer cannot
      rotate but can slide axially relative to said spindle;
PA1  a lock-ring having a forward face rearward of, and spaced from said washer,
      said forward face having an inner hub portion adapted to be placed around
      said spindle behind the washer and having an outer portion provided with a
      first portion of a lock-ring engaging means; said hub portion having a
      second portion of said lock-ring engaging means extending radially inward;
PA1  at least one of said outer portions slanting obliquely outward, and toward,
      and meeting, the other outer portion so that said washer-engaging means
      engages said first portion of the lock-ring engaging means;
PA1  a threaded nut adapted to thread on the threaded spindle and having a
      forward portion comprising an annulus around the spindle and within the
      hub of the lock-ring and adapted to abut the washer, and having nut
      engaging means extending radially outward and adapted to engage said
      second portion of said lock-ring engaging means, there being an annular
      space between the lock-ring and the washer located radially inward from
      the position of engagement of the washer engaging means with said first
      portion of the lock-ring engaging means and radially outward from the hub
      of the nut;
PA1  a resiliently strainable ring whose diameter can be enlarged and
      contracted, within said annular space;
PA1  whereby when pressure is applied to the lock-ring in the forward direction
      the lock-ring moves axially forward to disengage said second portion of
      the lock-ring engaging means and the diameter of the strainable ring is
      contracted by camming action from said obliquely slanted portions,
      whereupon the nut can be turned on the spindle, and when said pressure is
      released the strainable ring returns to its normal larger diameter and
      pushes the lock-ring rearwardly to a position where said second portion of
      the lock-ring engaging means engages the nut engaging means, thereby
      locking the nut.
NUM  6.
PAR  6. Mechanism according to claim 5 in which both of said outer portions
      slant obliquely and axially.
NUM  7.
PAR  7. Mechanism according to claim 6 in which the axial slant of said outer
      portion of the washer is rearward and the axial slant of the outer portion
      of the lock-ring is forward.
NUM  8.
PAR  8. Mechansim according to claim 7 in which the engaging means of the washer
      comprises indents and said first portion of the engaging means of the
      lock-ring comprises lugs.
NUM  9.
PAR  9. Mechanism according to claim 5 in which the resilient ring engages said
      outer portions of the lock-ring and of the washer.
NUM  10.
PAR  10. Mechanism according to claim 7 in which the resilient ring engages the
      forward slanting outer surface of the lock-ring and the rearward slanting
      outer surface of the washer.
NUM  11.
PAR  11. Mechanism according to claim 5 in which a portion of the nut forward of
      the lock-ring is provided with means preventing the lock-ring from
      becoming disassembled from the nut when the nut is removed from the
      spindle.
NUM  12.
PAR  12. Mechanism according to claim 11 in which said means preventing the
      lock-ring from becoming disassembled from the nut is at a distance forward
      of the hub portion of the lock-ring, permitting the lock-ring to be pushed
      forwardly from its rearmost position on the nut regardless of whether the
      nut is abutted to the washer.
NUM  13.
PAR  13. Mechanism according to claim 5 in which the engaging means of at least
      one of said washer and lock-ring is provided with means preventing
      disengagement of said first portion of the lock-ring engaging means from
      the washer engaging means.
NUM  14.
PAR  14. Mechanism according to claim 11 in which said means preventing the
      lock-ring from becoming disassembled from the nut is on the nut at a
      distance forward of the hub of the lock-ring when the lock-ring is in its
      rearmost position on the nut, thereby permitting the lock-ring to be
      pushed forwardly from its rearmost position on the nut regardless of
      whether the nut is abutted to the washer, and in which the engaging means
      of at least one of said washer and lock-ring is provided with means
      preventing disengagement of the lock-ring engaging means from the washer
      engaging means.
NUM  15.
PAR  15. Mechanism according to claim 5 in which said second portion of the
      engaging means of the washer comprises radially inwardly directed splines
      and the engaging means of the nut comprises radially outwardly directed
      splines adapted adapted to engage the inwardly directed splines of the
      washer.
NUM  16.
PAR  16. Mechanism according to claim 15 in which a rear part of the lock-ring
      contains markings opposite respective ones of said splines of the annular
      lock-ring to show the location of the last-mentioned splines.
NUM  17.
PAR  17. Mechanism according to claim 16 in which a rear part of the nut
      contains a marking to indicate when the splines of the nut are in
      registration with the splines of the annular lock-ring.
PATN
WKU  039425711
SRC  5
APN  5415241
APT  1
ART  311
APD  19750116
TTL  Tire safety support
ISD  19760309
NCL  8
ECL  1
EXP  Hoffman; Drayton E.
NDR  1
NFG  3
INVT
NAM  Kraft; Louis Seelback
CTY  Stow
STA  OH
ASSG
NAM  The Goodyear Tire & Rubber Company
CTY  Akron
STA  OH
COD  02
CLAS
OCL  152158
XCL  152330RF
EDF  2
ICL  B60C 1704
FSC  152
FSS  158;152;9;81;330 RF
FSC  105
FSS  106 R
UREF
PNO  939638
ISD  19091100
NAM  Rowling
OCL  152158
UREF
PNO  1704002
ISD  19290300
NAM  Holmes
OCL  152158
UREF
PNO  3029748
ISD  19620400
NAM  Ingram
OCL  105406R
UREF
PNO  3049162
ISD  19620800
NAM  Rosenbaum et al.
OCL  152158
UREF
PNO  3872907
ISD  19750300
NAM  Curtiss, Jr. et al.
OCL  152158
FREF
PNO  956,380
ISD  19570100
CNT  DT
OCL  152158
FREF
PNO  2,345,367
ISD  19730900
CNT  DT
OCL  152158
LREP
FR2  Brunner; F. W.
FR2  Gill; M. L.
FR2  Lacher; Frederick K.
ABST
PAL  A tire safety support for mounting on a wheel rim to support a pneumatic
      tire in a deflated condition including a ring member mounted on the wheel
      rim inside the tire. The ring member has a tread support portion spaced
      radially outward from the rim which is radially deflectable when a radial
      load is applied to a deflated tire. A deflection limiting member is
      mounted on a rim-engaging portion of the ring and extends radially outward
      to a supporting surface spaced a predetermined distance from the tread
      support portion of the ring member to limit deflection of the tread
      support portion upon deflation of the tire.
BSUM
PAR  This invention relates to a novel and improved tire safety support mounted
      on a drop center wheel rim to support a pneumatic tire in a deflated
      condition.
PAR  Safety support rings for mounting on a wheel rim inside a tire have been
      made of materials permitting deflection of the ring supporting surface to
      minimize shock to the ball joints and other components of the vehicle. The
      support rings have been made in two segments in order to pass the rings
      through the beads of the tires. It has been found that the support rings
      deflect more at the ends of the segments and the ends have been made
      heavier to resist this deflection. Although this reinforcement has reduced
      deflection under normal loading, degradation of the support ring segments
      at the ends has been experienced when subjected to severe impact forces.
      This has reduced the life and effectiveness of the safety support rings.
PAR  An object of this invention is to provide a safety support with radially
      deflectable tread support portion and a radially extending member for
      limiting the deflection upon deflation of the tire.
PAR  Another object of the invention is to provide an enlarged surface on the
      deflection limiting member for engaging the tread support portion.
PAR  Still another object is to provide an engageable surface of the deflection
      limiting member which is shaped to conform with the tread support.
PAR  Another object is to provide brackets for connecting the ends of the
      segments and limiting deflection of the tread supporting portions of the
      ends during deflation of the tire.
PAR  To the accomplishment of the foregoing and related ends, the invention,
      then, comprises the features hereinafter fully described and particularly
      pointed out in the claims, the following description and the annexed
      drawings setting forth in detail a certain illustrative embodiment of the
      invention, this being indicative, however, of but one of the various ways
      in which the principles of the invention may be employed.
DRWD
PAR  In the annexed drawings:
PAR  FIG. 1 is a cross-sectional view taken along the plane of line 1--1 of FIG.
      2 showing a side elevation of one embodiment of the tire support device of
      the invention mounted on a rim.
PAR  FIG. 2 is a cross-sectional view taken along the plane of line 2--2 of FIG.
      1 and showing the contour of a tire mounted on the rim in the inflated and
      deflated condition in chain-dotted lines.
PAR  FIG. 3 is an enlarged perspective view of the deflection limiting bracket
      of this invention.
DETD
PAR  Referring to the drawings and particularly to FIGS. 1 and 2, a tire safety
      support assembly 10 is shown mounted on a vehicle wheel rim 11 which may
      be of the drop center type. The wheel rim 11 has a drop center portion 12
      with bead seat portions 13 and 14 on each side thereof for receiving tire
      beads 15 and 16, respectively, of a tire 17 shown in the inflated
      condition in chain-dotted lines.
PAR  The tire safety support assembly 10 includes an annular ring member 18
      having a substantially C-shaped cross section and being divided into two
      halves 19 and 20 by radial slots 23 and 24. Each half 19 and 20 is made as
      a single unitary piece preferably of a material such as fiberglass
      reinforced plastic. However, other materials may be used if they have the
      required physical properties and especially the radial deflection for
      cushioning the vehicle when the tire 17 is deflated and in engagement with
      the ring member 18 as indicated by numeral 17' in FIG. 2. The tire 17 has
      a tread portion 25 which, in the inflated condition, is spaced from the
      ring member 18 a distance such that there will be no contact with the tire
      under normal driving conditions including deflections caused by bumps,
      chuck holes or other obstructions in the road. The tread portion 25' of
      the deflated tire 17', as shown in FIG. 2, normally contacts the annular
      ring member 18 at the underside of the wheel when there is substantial
      underinflation or deflation of the tire.
PAR  The ring member 18 has a rim-engaging portion 26 for seating in the drop
      center portion 12 of the rim 11. A tread support portion 27 of the ring
      member 18 is spaced radially outward from the rim-engaging portion 26 and
      connected to the rim-engaging portion by an intermediate portion 28. With
      this C-shaped cross section the halves 19 and 20 of the ring member 18
      provide deflection of the tread support portion 27 upon deflation of the
      tire 17. This deflection may be reduced at ends 29 and 30 of the ring
      member half 19 and ends 33 and 34 of the ring member half 20. As shown in
      dotted lines in FIG. 2, the thickness of the ring member half 19 between
      the ends 29 and 30 is substantially reduced.
PAR  The increased thickness of the ends 29, 30 and 33, 34 at the rim-engaging
      portion 26 provides curved base portions 35, 36, 37 and 38 shown in FIGS.
      1 and 2 on which deflection limiting members such as brackets 39, 40, 41
      and 42 may be mounted. Bolts 45 extend from the base portions 35-38
      through holes 46 and 47 in curved base leg 48 of each of the brackets
      39-42 and are held against the base portions 35-38 by nuts 49 threaded on
      the bolts.
PAR  Bracket 39 is shown in perspective in FIG. 3; however, the other brackets
      40-42 are similar in construction. The brackets 39-42 have a support leg
      52 extending from the base leg 48 at an angle of substantially 90.degree.
      to a plane tangent to the arc of the curve of the base leg as shown in
      FIGS. 1 and 3. A hole 53 in the support leg 52 is provided to receive a
      bolt 54 extending through abutting brackets 39 and 40 at slot 23 in the
      ring member 18 and abutting brackets 41 and 42 at slot 24 in the ring
      member. Nuts 55 are threaded on the bolts 54 to clamp the abutting
      brackets 39, 40 and 41, 42 together and thereby connect the ends 29, 33
      and 30, 34 of the halves 19 and 20 to provide a unitary ring member 18.
PAR  As shown in FIGS. 1 and 2, the brackets 39-42 extend radially outward and
      terminate at a radially outer supporting surface 56 spaced a predetermined
      distance D from radially inner surface 57 of the tread support portion 27,
      as shown in FIG. 2. The distance D, which in this embodiment is around 1/4
      inch, permits deflection of the tread support portion 27 at the ends 29,
      30, 33 and 34 of the ring member halves 19 and 20 but limits this
      deflection to an amount which will prevent flexing of the material of the
      ring member 18 beyond its elastic limit.
PAR  As shown in FIG. 3, the radially outer supporting surface 56 of the
      brackets 39-42 may be enlarged by a shoe 58 mounted on the end of the
      support leg 52 extending outwardly from the support leg in a direction
      generally parallel to the base leg 48. In the embodiment shown, the tread
      support portion 27 has a radially inner surface 57 with a generally
      frusto-conical configuration and the radially outer supporting surface 56
      on the shoe 58 is sloped relative to the surface of the base leg 48 to
      provide a generally frusto-conical configuration for engagement with the
      radially inner surface of the tread support portion. The supporting
      surface 56 of the shoes 58 of brackets 39 and 41 would be sloped in the
      same direction while the supporting surface of the shoes 58 of brackets 40
      and 42 would be sloped in the opposite direction. This provides a
      distribution of the supporting force over a substantial area upon
      engagement of the tread support portion 27 with the brackets 39-42.
PAR  In operation, the brackets 39 and 42 are bolted to the ring member half 19
      by bolts 45 and nuts 49. The brackets 40 and 41 are bolted to the ring
      member half 20 by bolts 45 and nuts 49. Bead 15 of tire 17 is mounted on
      the drop center rim 11 after which the two halves 19 and 20 of the ring
      member 28 are mounted in the drop center portion 12 of the rim and bolted
      together by bolts 54 and nuts 55. The tire bead 16 is then pulled over the
      rim 11 using the drop center portion 12 and the space next to the
      rim-engaging portion 26 to provide the necessary clearance for mounting
      this bead. The tire 17 is then inflated in a manner well known to the art
      through a valve (not shown) extending through the rim 11. Under normal
      operation of the tire 17, the tread portion 25 will deflect but will not
      engage the tread support portion 27 of the ring member 18.
PAR  Upon deflation of the tire 17', the tread portion 25', as shown in FIG. 2,
      will engage the tread support portion 27 of the ring member 18 and because
      of the resilient nature of the ring member, deflection in the radial
      direction will take place to cushion the vehicle from impacts caused by
      bumps and other irregularities in the road surface. The ends 29 and 30 of
      ring member half 19 and the ends 33 and 34 of ring member half 20 will
      tend to deflect more than the tread support portion 27 between the ends
      because of the slots 23 and 24 in the ring member 18. If this deflection
      exceeds the distance D shown in FIG. 2, the radially inner surface 57 of
      the tread support portion 27 will engage the radially outer supporting
      surface 56 of the brackets 39-42 42 limiting the deflection and preventing
      flexing of the material beyond the elastic limit. In this manner the
      advantages of a radially deflecting ring member 18 are provided with a
      construction made up of two halves 19 and 20 which can be assembled within
      a rim 11 of the drop center type.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tire safety support for use on a wheel rim to support a pneumatic tire
      mounted thereon in a deflated condition comprising a ring member mountable
      on a wheel rim inside the tire, said ring member including a rim-engaging
      portion, an axially extending tire tread support portion spaced radially
      outward from said rim-engaging portion for supporting a portion of the
      tire tread from the inside thereof when deflated, an intermediate portion
      joining said rim-engaging portion and said tread support portion, said
      tread support portion being radially deflectable when a radial load is
      applied thereto by a deflated tire, said ring member having at least one
      radial split extending therethrough to permit the ring to pass through the
      bead of the tire, a radially extending deflection limiting member mounted
      on said rim engaging portion and extending radially towards said tread
      support portion, said deflection limiting member having a radially outer
      supporting surface spaced a predetermined distance from said tread support
      portion to limit the deflection of said tread support portion.
NUM  2.
PAR  2. A tire safety support according to claim 1 wherein said radially outer
      supporting surface of said deflection limiting member further comprises
      the surface of a shoe mounted on said deflection limiting member.
NUM  3.
PAR  3. A tire safety support according to claim 2 wherein said tread support
      portion has a radially inner surface with a generally frusto-conical
      configuration and said supporting surface of said deflection limiting
      member has a generally frusto-conical configuration to conform with said
      radially inner surface of said tread support portion upon engagement
      thereof.
NUM  4.
PAR  4. A tire safety support according to claim 1 wherein fastening means
      connect the ends of said ring member at said radial split and said
      fastening means include said deflection limiting member.
NUM  5.
PAR  5. A tire safety support according to claim 4 wherein said fastening means
      further comprises a pair of angle brackets mounted on said rim-engaging
      portion at said ends of said ring member, said angle brackets having
      radially extending legs disposed in abutting relationship, a removable
      fastener connecting said legs and at least one of said legs including said
      radially outer supporting surface spaced a predetermined distance from
      said tread support portion to limit the deflection of said tread support
      portion of said ring member.
NUM  6.
PAR  6. A deflection limiting member for use on a radially deflectable tire
      safety support mounted on a wheel rim to support the tire in a deflated
      condition comprising an angle bracket having a curved base leg for
      mounting on a circumferentially extending surface of said support, a
      support leg extending from said base leg at an angle of substantially
      90.degree. to a plane tangent to the arc of the curve of said base leg and
      a shoe mounted on the end of said support leg for engagement by said tire
      safety support to limit the deflection of said tire safety support caused
      by forces acting on the tire during deflation.
NUM  7.
PAR  7. A deflection limiting member according to claim 6 wherein said shoe
      extends outwardly from said support leg in a direction generally parallel
      to said plane tangential to the arc of said base leg.
NUM  8.
PAR  8. A deflection limiting member according to claim 6 wherein said shoe has
      an outer surface for engagement by said tire safety support and said
      surface is sloped relative to the surface of said base leg to conform with
      the slope of the opposing surface of said tire safety support.
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ABST
PAL  An improved automobile tire that incorporates studs for engaging a roadway
      surface during times when covered by snow and especially by ice; the studs
      protruding from a narrow area around the tire which during normal use in
      non-icy weather is concave so to form an annular recess in order that the
      studs do not engage the roadway; the tire having a separate air cell just
      behind the annular recess which is inflatable during icy weather by a
      separate valve so to push outwardly the recess thus exposing the studs
      beyond the remainder of the tire outer periphery.
BSUM
PAR  This invention relates generally to ice and snow tires for automotive
      vehicles.
PAR  It is well known that a conventional studded tire presently being marketed
      has the steel studs mounted in a fixed position within the surface of a
      conventional shaped tire so that at all times the studs engage a roadway
      surface. This is, of course, not an ideal construction because during much
      of the winter season there is no snow or ice upon a roadway surface so
      that the studs tend to wear out themselves from continual striking the
      road, and also the roadway surface is subject to greater damage therefrom.
      This situation is according in want of an improvement.
PAR  Therefore, it is a principle object of the present invention to provide an
      improved tire wherein the studs can engage a roadway surface only at such
      times when so wished due to icy road surface conditions, thus preventing
      wear of the studs and roadway surface.
PAR  Another object is to provide a safety tire wherein the tire can simply be
      inflated at a separate valve in order to outwardly extend the studs at
      such times whenever needed.
PAR  Other objects are to provide a safety tire which is simple in design,
      inexpensive to manufacture, rugged in construction, easy to use and
      efficient in operation.
DRWD
PAR  These and other objects will become readily apparent upon a study of the
      following specification and the accompanying drawing wherein:
PAR  FIG. 1 is a cross section of the tire mounted on a wheel rim and shown with
      spikes in a retracted position.
PAR  FIG. 2 is an enlarged detail thereof shown with spikes extended outward for
      use on ice.
PAR  FIG. 3 is a braided cable detail.
PAR  FIG. 4 is a modified design of the invention in which the tire section that
      carries the spikes or studs slides straight instead of flexing on an arc
      (as shown in FIGS. 1 and 2), and can therefore use stronger studs as a
      result for greater wheel traction, because the tire section being thicker
      is more stronger.
DETD
PAR  Referring now to the drawings in detail, reference numeral 10 is a safety
      tire having a conventional tubeless valve stem 11 for inflating an inner
      air cell 12. Two tubeless valve stems 13, with cord reinforced flexible
      extensions, are provided for inflating air cells 14. The inner cell 12 is
      sealed by sealing beads bearing against the rim 15 and the outer bead of
      the tire. A tubeless valve stem 16, having a cord re-inforced rubber
      extension hose is provided for inflating cell 17. A twoply secondary
      safety wall 22 encloses air cell 12. Two flexible steel belts 18 are
      imbedded in the tire circumference and separated by center section 19.
      There is a vulcaniged portion 20 between spaced air cells 12 and 17 where
      the two walls join. A series of flexible steel cables are embedded in
      center section 19 around the tire center periphery. Tubeless pressure cell
      17 functions to expand the center section 19 which in turn expands braided
      cable 23, thus forcing ice gripping studs 24 outward. Rubber cores 25 are
      enclosed in cables 23 and the rubber wall of section 19 encloses cables
      23. A steel coiled spring 26 is provided in each core 25 to help collapse
      the center section 19 of the tire. The section 19 so formed, applied
      inward circumferential pressure against air cell 17. The section 19 will
      expand a pre-determined amount when the air pressure in cell 17 is
      increased via valve 16. Section 19 is normally biased to assume a concave
      condition shown in FIG. 1.
PAR  The tire also includes treads 27 on each side of section 19. There also are
      provided circumferential V notches 28 in the circumference of section 19.
      29 shows 2 ply cord, and 30 and 31 show two ply bias cords.
PAR  Thus a new safety tire has been provided.
PAR  In FIG. 4 a modified design of the invention includes a tire section 32
      that is slidable between the posistion shown by solid lines and position
      shown by dotted lines so that the section moves the studs 24 between a
      retracted and extended position. Section 32 moves outward responsive to
      changes in air pressure in cell 17.
PAR  While various changes may be made in the detail construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention as is defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety tire comprising an outer casing and an inner tube mounted in
      said casing, wherein the inner tube is spaced from said casing forming
      inner and outer air cells, including a traction air cell formed
      peripherally in said outer casing symmetrical about a vertical plane
      passing through the center of said tire, wherein said tire has a
      peripheral thread having a relatively, flexible center section
      encompassing said traction air cell and stiff adjacent thread portions,
      including spring means embedded in said center sections biasing said
      center section radially inward to assume a normally concave position
      relative to the adjacent thread portions, including air valves for the
      inner and outer cells and a separate air valve for said traction cell,
      wherein said tube and casing are joined between the inner air cell and the
      center section to provide a center wall completing the enclosure of said
      traction air cell, whereby inflation of said traction air cell causes the
      outward movement of the center section to assume a convex position, in
      further combination with studs mounted on said center section and
      protruding outwardly therefrom.
NUM  2.
PAR  2. A tire as in claim 1 wherein the spring means comprises a rubber core
      enclosing a coiled spring including beads on said inner tube engaging the
      tire rim for sealing purposes.
NUM  3.
PAR  3. A tire as in claim 1 wherein the center section is U-shaped and is
      slidably fitted in a U-shaped peripheral depression formed in the casing
      including flexible side portions attached to said casing permitting radial
      inward and outward motion and wherein the depression provides the air
      cell.
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ABST
PAL  This disclosure relates to a fluid reservior and dispensing means and
      pneumatic tire-rim combination containing the reservoir and dispensing
      means. The reservoir is a hollow annular structure adapted to be located
      in the drop center area of the rim. The dispensing means is a breakable
      valve attached to the reservoir which is so situated in the tire cavity
      that it will be fractured by the tire when the tire is run uninflated
      thereby releasing the fluid into the tire cavity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a means for providing a fluid in the internal
      cavity of a pneumatic tire when the tire is run flat. So situated, the
      fluid (which may contain a lubricant, a puncture sealing material and a
      reinflation material or any combination of these), when it contains a
      lubricant, helps eliminate the abrasion (and resulting heat build-up) that
      occurs when the inner surfaces of a tire chafe on one another when the
      tire is run flat. It is now known that this function of a lubricant
      greatly facilitates the run-flat characteristics of a tire and permits
      certain tire constructions to be run flat a considerable distance at
      considerable speeds without destroying the remaining useful life of the
      tire.
PAR  The lubricant accomplishes this goal by forming a film between the areas of
      the tire which abrade upon one another. This film decreases the amount of
      heat build-up caused by this abrasion.
PAR  Other methods are known and have been disclosed for providing the inner
      periphery of a pneumatic tire with a fluid composition. One of these
      methods is to merely coat the inner periphery with the composition or to
      merely place the composition on the inner periphery with the composition
      permitted to move as the tire rotates. Methods of this type have never
      proven practical. The major drawback has been that the composition becomes
      ineffective (deteriorates or dries up) after being in the ambient
      conditions in the tire cavity for a period of time and the non-uniform
      location of the composition in the tire caused a vibration in the vehicle.
PAR  One of the other means which has been suggested is designed to eliminate
      this type of problem. This means includes a reservoir or storage chamber
      in which the lubricant is stored until the tire is run flat. The lubricant
      is released when the tire is run flat. This means retains the lubricant in
      an operative form until it is required.
PAR  Several mechanical devices have been disclosed to store the lubricant and
      to make it available for use at the proper time (when the tire is run
      flat). These prior methods have had various shortcomings, such as a
      complicated construction and valve system to dispense the lubricant,
      difficulty in mounting the reservoir, difficulty in mounting the tire when
      the reservoir is contained on the rim and the requirement for non-standard
      rims or tires to be specially designed to facilitate the incorporation of
      the reservoir and dispensing means. Also great damage could be caused by
      these prior devices breaking loose during operation.
PAR  It is an object of this invention to provide a tire-rim combination with a
      reservoir and dispensing means for holding and dispensing a lubricant into
      the inner periphery of the tire when the tire is run flat.
PAR  It is another object of this invention to provide a simple, inexpensive,
      uncomplicated reservoir and valve dispensing system for supplying the
      lubricant to the inner periphery of a tire when it is run flat.
PAR  It is another object of this invention to provide a light-weight lubricant
      reservoir and dispensing means for a tire which will not cause an out of
      balance condition in the combination with the tire and rim.
PAR  It is another object of this invention to supply a simple, uncomplicated
      means of attaching the reservoir and dispensing valve system to a tire
      rim.
PAR  It is yet another object of this invention to provide a reservoir,
      dispensing valve system and fastening means for a lubricant which can be
      utilized in any standard tire-rim combination and can be so utilized
      without causing difficulty in mounting the tire onto the rim.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of this invention are accomplished by providing a tire-rim
      combination with a flexible annular reservoir member which can be mounted
      on the outer periphery of the drop center area of a standard rim. This
      flexible, annular member is hollow and provides the chamber or reservoir
      for containing the lubricant and/or sealant when the tire is being
      operated under normal conditions. This reservoir retains the integrity of
      the lubricant for great lengths of time so that it will not deteriorate
      due to non-use in the atmospheric conditions that exist in the air cavity
      of a pneumatic tire.
PAR  The annular member is constructed by securing each end of a flexible,
      hollow tube to a valve member. The annular member may have any
      cross-section desirable. The Applicants have found that a circular
      cross-section is particularly useful. The tube must be made of a flexible
      material so that it may be easily mounted in the drop center area of the
      rim. Its flexibility must be such that the annular member can slip over
      the rim flange and to be placed in the drop center area of the rim. Its
      flexibility must also permit it to yield when the tire is being mounted on
      the drop center rim. During this mounting step, the beads of the tire are
      required to move into the drop center area of the rim. Due to the
      flexibility of the annular member, this movement of the beads is not
      impaired and ease of mounting is maintained. The Applicants have found
      that a flexible material, such as a polyolefin polymer compound, is useful
      in this application.
PAR  The annular reservoir member contains a simple, uncomplicated valve member.
      The valve is comprised of a hollow cylinder which is attached to the tube
      at its ends, a laterally extending foot member located intermediate the
      ends on the radially inner part of the cylinder which is designed to rest
      upon the outer periphery of the drop center area of the rim to support the
      cylinder, and a breakable, elongated, hollow, closed end protrusion which
      is attached to the cylinder opposite the supporting foot member in
      cooperation with a hole in the cylinder. This elongated protrusion is
      molded of breakable material having a thin portion at its base. It sticks
      out into the air cavity of the pneumatic tire. It is so located that it
      will be broken at its thin portion by the inner periphery of the tire when
      the tire is deflated and carrying a load. This protrusion has a hollow
      center which is directly connected to the lubricant reservoir thereby
      permitting the lubricant to flow into the air cavity when the protrusion
      is broken by a combination of centrifugal, vehicle acceleration,
      deacceleration and gravity actions.
PAR  The foot of the valve is so designed to give the valve a stable foundation.
      Without this foundation, the elongated protrusion could merely be pushed
      out of the way by the deflated tire and would not break.
PAR  The side of the valve opposite the foot may be cut out to accept the valve
      stem of the tire valve in the rim. This helps to prevent the annular
      member from slipping around the circumferences of the rim and prevents the
      annular member from interfering with the air pressure reading taken from
      the valve.
PAR  Due to its necessary flexibility, the annular member would be expanded by
      the centrifugal force acting upon it when the tire is rotated unless it is
      attached firmly to the rim. It is secured to the outer periphery of the
      drop center area of the rim by means of a annular piece of material which
      is located inside the hollow reservoir. This fastening means is tightened
      by manipulating its ends through the hole in the valve member upon which
      the elongated protrusion is later attached. The Applicants have found that
      a piece of ductile wire is useful for this fastening means. The wire is
      placed within the hollow chamber of the annular member with both of its
      ends extending out through the hole in the valve. The two wire ends are
      then twisted around one another by any convenient method or tool. This
      twisting causes the wire to tighten and, thereby, secures the annular
      member to the rim. The portion of the twisted wire ends which extends out
      beyond the hole in the valve is then cut off by any known method or tool.
      The hollow cavity of the annular member is filled with lubricant via the
      hole in the valve. The hole in the valve is then closed by the elongated
      protrusion, making the lubricant reservoir operative.
PAR  It is envisioned that the fastening means may be eliminated by using a
      material for the annular member which would have sufficient elongation to
      permit it to be mounted on the rim (in the same manner as a tire is
      mounted by having part of it drop into the drop center area of the rim
      when the rest of the tire is being mounted), yet has sufficient elasticity
      to snap into place on the drop center area of the rim and strength to
      resist the centrifugal forces acting on it. Such an arrangement would
      require a mounting tool. The Applicants envision that the use of the
      fastening means is preferred.
PAR  The steps in assembling tire-rim combination of this invention are:
PA1  1. The fastening means (wire) is placed inside the hollow tube with the
      ends of the fastening means (wire) extending out beyond the tube ends.
PA1  2. The wire ends are passed through the hollow ends of the valve member and
      out through the hole in the valve member.
PA1  3. The ends of a piece of hollow, flexible tube are connected to a valve
      member to form the annular member.
PA1  4. The annular reservoir, being flexible, is slipped over the rim flanges
      and positioned above the drop center area of the rim.
PA1  5. The fastening means is tightened so that the annular member is firmly
      fastened to the outer periphery of the drop center area of the rim.
PA1  6. The excess of the fastener means is removed.
PA1  7. The hollow chamber of the annular member is filled with the fluid
      (lubricant and/or sealant).
PA1  8. The elongated, breakable protrusion is mounted on the hole in the valve
      sealing the reservoir so that the lubricant cannot escape.
PA1  9. The tire is then mounted on the rim by standard procedures and inflated
      with the mounting starting so that the protrusion is positioned in the
      tire cavity.
PAR  The lubricant is freed from the annular chamber by breaking the elongated
      projection. This projection is broken by the inner periphery of the tire
      when the tire is deflated and run flat. The elongated projection must be
      so located so that it will not break during the normal operation of the
      tire. It must be a certain minimum distance from the inner periphery of
      the tire so that it will not break when the tire is deflected in its
      normal operation and it must be so located that it will be broken by the
      tire when the tire is run flat.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a sectional side view of the annular reservoir member of this
      invention.
PAR  FIG. 2 is a cross-sectional view of a tire-rim combination having the
      annular reservoir member mounted in the drop center area of the rim. The
      annular reservoir member is shown in cross-sectional view through the line
      2--2 in FIG. 1.
PAR  FIG. 3 is a cross-sectional view of the tire-rim combination of FIG. 1
      after the tire has been run flat showing the fluid in the reservoir after
      it has been released into the tire.
DETD
PAR  Referring to FIG. 1 the flexible, hollow, annular reservoir member is shown
      generically as 10. It comprises the flexible, hollow tube member, 11,
      which has its ends, 12, fastened to the valve member, shown generally as
      13. The valve member comprises a hollow, open-ended cylinder having hollow
      ends, 14, lateral supporting foot, 15, intermediate the hollow ends on the
      bottom (radially inward) of the member, 13, and a threaded hole, 16, on
      the top of the hollow cylinder directly above the foot member. The
      breakable protrusion, 17, is adapted to fit into the threaded hole, 16, to
      seal the valve. The ends, 12, of the flexible tube have a diameter equal
      to or greater than the diameter of the ends, 14, of the valve member.
PAR  The protrusion preferably has a thin section, 23, which will break more
      readily than the other parts of the protrusion. This feature results in a
      breakage at a predetermined place so no sharp, rough edges are formed
      which might damage the tire during its run-flat condition.
PAR  In assembling the annular member, a fastener means, 19, is placed in the
      hollow tube with the ends of the fastener member extending beyond the ends
      of the tube. One end of the fastener means is passed through one of the
      hollow ends of valve member and out through the hole, 16, and the other
      end of the fastener means is passed through the other hollow end of the
      valve member and out through hole, 16. Each end of the tube is then pushed
      over the companion end of the valve member and secured thereto by an
      adjusting locking ring, spring clamp or crimped clamp, 18. So secured, the
      valve member and tube form the hollow, annular reservoir member with a
      single opening at the threaded hole, 16, in the valve.
PAR  In this condition the annular member is placed in the drop center area of
      the tire rim by extending the annular member over the rim flange. Of
      course, the rim flange has a greater diameter than the drop center area of
      the rim that the annular member is designed to rest in. After the annular
      member has been so located in the drop center area of the rim, the ends of
      the fastening means are twisted around one another thereby decreasing the
      diameter of the fastening means until the means firmly holds the flexible
      annular member to the outer periphery of the drop center area of the rim.
      After this is accomplished, the ends of the fastening means are removed so
      that the fastening means is completely retained in the tube and valve
      member. The ends in this condition are shown in FIGS. 1, 2 and 3.
PAR  The fluid, 20, is then injected into the annular member through the hole,
      16, in the valve until the chamber is completely filled. The breakable
      protrusion, 17, is then secured to the hole, 16, to completely seal the
      fluid in the annular member. In this condition, the annular member of this
      invention is operable and the only thing that remains is to mount the tire
      on the rim, as shown in FIG. 2.
PAR  FIG. 2 shows the tire-rim combination of this invention with the annular
      reservoir member in place in its operative condition. The tire is shown
      generally as 30 having a road-engaging tread surface, 31, containing two
      belt plies, 32, two sidewalls, 33, connecting the tread surface to annular
      beads, 34, and a single body ply, 35. This general construction is typical
      of a radial ply passenger tire. It is understood that this invention is
      not limited to any particular tire construction and may be used with any
      of the known tire constructions.
PAR  The standard drop center rim is shown generally as 40 having rim flanges,
      41, and drop center area, 42.
PAR  Preferably the valve member has a cut-out portion, 21, on the cylinder
      intermediate the hollow ends and on the side opposite the foot member.
      This cut-out portion, 21, in FIGS. 2 and 3 is designed to fit valve stem,
      22, which is located in the tire rim. The valve member has laterally
      extending ribs, not shown, located on both sides of the valve stem, 22,
      which trap the valve stem in the chamber defined by the cut-out portion
      and the two ribs. This prevents the annular member from moving
      circumferentially when the tire rotates. It also insures that the annular
      member will not interfere with a proper reading of the air pressure in the
      tire taken through the valve.
PAR  FIG. 3 shows the tire-rim combination of FIG. 2 after the tire has been
      deflated and run flat. FIG. 3 shows that the breakable protrusion, 17, has
      been broken by the inner surface of the tire during the run-flat
      operation. This breakage permits the fluid, 20, contained in the annular
      member to be released into the tire cavity. This fluid then coats the
      periphery of the tire cavity lubricating the tire cavity and decreasing
      the damage that occurs to the tire due to its being operated in a run-flat
      condition.
PAR  The fluid may also contain a puncture sealing material which would act to
      seal small punctures in the tire. It may also contain a volatile type
      material which would act to give the tire some reinflation pressure after
      the sealant has closed any puncture. The primary function of the fluid is
      to act as a lubricant on the periphery of the tire cavity.
PAR  After the tire has been repaired, the annular reservoir member may be used
      again by merely replacing the fluid and the breakable protrusion. This
      enables the vehicle operator to retain the run-flat capabilities of the
      tire with little extra expense.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination, a pneumatic tire, a rim and an annular reservoir member,
      said tire having an annular road-engaging tread surface, sidewall portions
      connecting each side of said tread surface to annular bead rings, said rim
      having an annular drop center area and a rim flange located axially
      outwardly of said drop center area on both sides thereof, said tire
      adapted to be mounted on said rim, said annular reservoir member
      comprising a flexible, annular tube, a continuous, annular, inextensible
      fastener means, and a hollow valve member, said valve member having a
      hollow chamber connected to two lateral, hollow end portions, a supporting
      foot member intermediate said end portions adapted to rest in the drop
      center area of the rim, a hole intermediate said end portions opposite
      said foot member, and a breakable member adapted to fit said hole to seal
      said valve member, the ends of said annular tube connected to said hollow
      ends of said valve member in sealed relationship to yield a continuous
      annulus, said fastener means located in said continuous annulus formed by
      said annular tube and valve member, said fastener means adapted to be
      tightened to restrict the circumference of said annular tube to constrict
      said annular tube into gripping relationship with said drop center area of
      said rim while permitting said tube to retain sufficient axial and radial
      flexability to permit the beads of said tire to enter the drop center area
      of said rim during mounting thereon, said annular reservoir member
      containing a fluid and positioned so that said fluid is retained in said
      annular reservoir member during normal operation of the tire and said
      fluid is released into the tire cavity when said tire is run flat to
      lubricate the inner periphery of said tire by said tire breaking said
      breakable member in its run-flat operation.
NUM  2.
PAR  2. The combination of claim 1 wherein said fastener means is a ductile
      wire.
NUM  3.
PAR  3. The combination of claim 1 wherein said valve member has a cut out
      portion adapted to receive the tire inflation valve which is mounted on
      said rim thereby inhibiting said annular reservoir member from
      circumferential movement during the rotation of said tire.
NUM  4.
PAR  4. The combination of claim 1 wherein said breakable member is an
      elongated, hollow, member having a closed end and an open end, said open
      end adapted to fit said hole in said hollow chamber of said valve member
      and said closed end positioned to protrude into the tire cavity.
NUM  5.
PAR  5. The combination of claim 1 wherein said breakable member has a weak spot
      to facilitate the breakage thereof in a predetermined location, said
      location situated to prevent any sharp edges from contacting said tire.
NUM  6.
PAR  6. The combination of claim 1 wherein said fluid contains a lubricant.
NUM  7.
PAR  7. The combination of claim 1 wherein said fluid contains a sealant
      material.
NUM  8.
PAR  8. The combination of claim 1 wherein said fluid contains a reinflation
      material.
NUM  9.
PAR  9. The tire of claim 1 wherein said flexible tube comprises a polyolefin
      polymer compound.
NUM  10.
PAR  10. An annular fluid reservoir member adapted for cooperation with a
      pneumatic tire and rim combination, said reservoir member comprising a
      flexible, annular tube, a valve member and a continuous, annular,
      inextensible fastener means, said valve member having a hollow chamber
      connecting with hollow ends, a supporting foot member intermediate said
      hollow ends on the radially inner side of said valve member and a hole
      located intermediate said hollow ends on the radially outer side of said
      valve member, and a breakable member adaptable to fit said hole in said
      valve in sealed relationship, said tube connected at its ends in sealed
      relationship to said hollow ends of said valve member to form a continuous
      annulus, said fastener means located in said continuous annulus and
      adapted to be tightened to restrict the circumference of said tube to
      constrict said tube into gripping relationship with the drop center area
      of the rim while permitting said tube to be substantially axially and
      radially flexible, said annular reservoir member adapted to be positioned
      in the drop center area of the rim.
NUM  11.
PAR  11. The annular reservoir member of claim 10 wherein said fastener means is
      a ductile wire.
NUM  12.
PAR  12. The annular reservoir member of claim 10 wherein said valve member has
      a cut out portion adapted to receive a tire inflation valve which is
      mounted on a rim thereby prohibiting said annular reservoir member from
      circumferential movement during the rotation of the tire.
NUM  13.
PAR  13. The annular reservoir member of claim 10 wherein said breakable member
      is an elongated, hollow, member having a closed end and an open end, said
      open end adapted to fit said hole in said hollow chamber of said valve
      member and said closed end positioned to protrude into the tire cavity.
NUM  14.
PAR  14. The annular reservoir member of claim 10 wherein said breakable member
      has a weak spot to facilitate the breakage thereof in a predetermined
      location.
NUM  15.
PAR  15. The annular reservoir member of claim 10 wherein said flexible tube
      comprises a polyolefin polymer compound.
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ABST
PAL  A tire bead consisting of at least two cords of different materials. One of
      the cords is composed of aramid and the other of the cords is composed of
      metal for stabilizing the aramid cords and rigidifying the beads.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is an improvement in the tire bead described in copending
      application Ser. No. 389,110, filed Aug. 17, 1973.
PAR  The beads of this application are described in connection with a
      bias-belted tire composed of conventional components of an innerliner,
      carcass plies, belt structure, tread and sidewalls. The beads are each
      formed from cords composed of aramid which is a manufactured organic fiber
      in which the fiber-forming substance is a long chain synthetic aromatic
      polyamide in which at least 85 percent of the amide linkages are attached
      directly to two aromatic rings. Further, the polyamides contain at least
      85 mol percent units having the formula:
      ##SPC1##
PAR  Polyamides of this type can be prepared in accordance with the procedures
      outlined in French Pat. No. 1,526,745. Cords of aramid, suitable for use
      in a tire bead, are treated with an appropriate adhesive for promoting the
      bond between the cord and rubbery material used in the production of the
      tire. These cords are also treated under controlled conditions of time,
      temperature, and tension to optimize the physical characteristics of the
      cord which, when fully treated, has a modulus of elasticity of at least
      300 grams per denier.
PAR  One or more beads of aramid can be utilized in each tire, depending on
      whether the tire is made for a passenger vehicle, truck, or aircraft.
      Aramid makes a good bead material. However, tire beads composed solely of
      aramid fibers or cords are extremely difficult to handle and build into a
      tire because of their limpness. The invention is directed to stabilizing,
      or stiffening a tire bead which is chiefly composed of aramid fibers or
      cords.
PAR  It has been found that one or more metal cords has a highly rigidifying
      effect on tire beads formed of aramid cords or fibers. The metal cord can
      be in the form of a single, high-strength, steel ring which is secured to
      the aramid cords by a spiral wrapping of another aramid cord. It has been
      found easier, from a production standpoint, positioning the aramid cords
      against a coiled metal cord. Such a composite tire bead of aramid and
      metal is best seen in the accompanying drawing which is a section of a
      wheel rim 1 and tire 2 in the area of the bead 3 which is embedded in the
      tire 2 such that the coiled metal cord 4 will be closest the upstanding
      flange 5 of the wheel rim 1 on which the tire 2 is mounted. The bead 3 was
      made by using three aramid cords 6-8 of 333/3 construction and one metal
      cord 4 of 0.048 inch steel wire, the wire cord 4 being coiled and
      alongside the three aramid cords 6-8 which are also disposed in coiled
      side-by-side relation. A spiral wrapping 9 is also employed for holding
      the metal and aramid cords together.
PAR  Thus, there has been described an improved tire bead composed mainly of
      aramid fibers or cords. The use of at least one wire cord stabilizes the
      aramid cords and stiffens or rigidifies the bead, such that it can be
      readily handled and positioned for placement in a tire.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tire bead consisting of a plurality of cords composed of aramid fibers
      and a single cord composed of metal for stiffening the bead.
NUM  2.
PAR  2. The tire bead of claim 1, wherein the metal cord is a single, wire ring.
NUM  3.
PAR  3. The tire bead of claim 1, wherein the metal cord is a spirally wrapped
      metal cord.
NUM  4.
PAR  4. The tire bead of claim 3, wherein the metal cord is disposed at the side
      of the bead closest the upstanding flange of a wheel rim when the tire
      bead is mounted on the rim.
NUM  5.
PAR  5. The tire bead of claim 1, wherein the bead is composed mainly of aramid
      cords.
NUM  6.
PAR  6. The tire bead of claim 5, wherein the aramid cords, when treated with an
      adhesive and fully processed for use in a tire bead, each have a modulus
      of elasticity of at least 300 grams per denier.
NUM  7.
PAR  7. The tire bead of claim 1, used in conjunction with at least one like
      tire bead in the formation of an aircraft tire.
PATN
WKU  039425754
SRC  5
APN  4960769
APT  1
ART  323
APD  19740809
TTL  Portable tire changing apparatus and method for mounting and demounting
      heavy duty tires on a wheel
ISD  19760309
NCL  16
ECL  1,6,9
EXA  Smith; James G.
EXP  Smith; Al Lawrence
NDR  5
NFG  25
INVT
NAM  Blomgren, Sr.; Oscar C.
CTY  Lake Bluff
STA  IL
INVT
NAM  Blomgren, Jr.; Oscar C.
CTY  Lake Bluff
STA  IL
ASSG
NAM  Tuxco Corporation
CTY  North Chicago
STA  IL
COD  02
CLAS
OCL  157  126
XCL  157117
EDF  2
ICL  B60C 2506
FSC  157
FSS  1.17;1.2;1.22;1.24;1.26
UREF
PNO  1480371
ISD  19240100
NAM  Cattoni
OCL  157  1.22
UREF
PNO  2691412
ISD  19541000
NAM  Wood
OCL  157  1.26
UREF
PNO  2925124
ISD  19600200
NAM  Harrod
OCL  157  1.26
UREF
PNO  3841380
ISD  19741000
NAM  Marshall
OCL  157  1.26
FREF
PNO  637,555
ISD  19500500
CNT  UK
OCL  157  1.22
FREF
PNO  18,875
ISD  19100200
CNT  UK
OCL  157  1.17
FREF
PNO  454,352
ISD  19490200
CNT  CA
OCL  157  1.24
LREP
FRM  Lockwood, Dewey, Zickert & Alex
ABST
PAL  Portable tire changing apparatus and method for mounting and demounting
      heavy tire duty tires on a wheel including a hydraulic cylinder having
      removable shoes for mounting and demounting, respectively. The cylinder is
      removably fastened to and retained by additional mounting and demounting
      structures, both of which are compact and anchorable to a wheel hub
      eliminating the necessity of affixing a wheel and tire assembly to a bulky
      stand. The mounting and demounting structures utilize wheel hub rigidity
      as a base to retain differing supporting mechanisms which position the
      cylinder enabling the attached respective shoe to maneuver the tire beads
      away from and over a wheel rim flange.
BSUM
PAR  This invention relates in general to a tire changing apparatus, and more
      particularly to a portable tire changing apparatus and method for mounting
      and demounting heavy duty tires on single or multiple piece, flanged drop
      center wheels.
PAR  Heretofore, many types of tire changing devices have been utilized. Such
      devices usually include a frame or stand which is positioned on a flat
      surface, such as a floor. The tire-wheel assembly is then affixed to the
      frame before other devices are applied to the tire to remove it from the
      wheel. Such devices are not portable thereby requiring tire changing
      operations only at a base station. Other tire changing apparatus includes
      pry bars and clamps of various shapes and sizes wedged between the tire
      and wheel to facilitate removal of the tire therefrom.
PAR  The invention overcomes the above difficulties and provides a portable
      device capable of mounting and demounting special extra heavy duty tires
      from wheels where other heretofore known tire changing apparatus has been
      unable to do so on a consistent basis. For instance, one such example is
      the Pershing missile carrier which includes a 16.5/19.5 inch tire of 10
      ply super single nylon cord construction mounted on a one piece double
      flanged drop center wheel. The invention, being extremely compact and
      portable, also fulfilled a need for changing tires in the field, as the
      Pershing missile carrier is designed for continuous mobile movement.
      However, the apparatus of the invention may be utilized to mount and
      demount tires of various shapes and sizes in any location.
PAR  The tire changing apparatus of the invention includes tire demounting and
      mounting assemblies, each of which support a common detachable hydraulic
      cylinder. A portable pump is provided to power the cylinder, and
      interchangeable shoes mount on the piston rod of the cylinder for engaging
      the tire during demounting and mounting operations. A bead breaking shoe
      is used for demounting, while a bead forcing shoe is used for mounting.
PAR  The tire demounting assembly includes an anchor member having a tubular
      body with fittings at each end, an annular flange intermediate the ends of
      the body and perpendicular to the body, and mounting holes located in
      spaced circumferential relation to the flange to enable securement to the
      wheel hub. An extensible swinging arm is attachable to the anchor member
      at either one of the fittings. The free end of the arm has a mounting
      sleeve located perpendicularly therethrough which detachably receives the
      hydraulic cylinder. A tire tread retaining tool is also located at the
      free end of the arm.
PAR  Rotational movement of the arm relative the anchor member and extensible
      adjustment of the arm allows varying placement of the hydraulic cylinder
      and bead breaking shoe to positions adjacent any segment of a tire bead
      and side wall of a tire mounted on the wheel.
PAR  In the demounting method, the bead breaking shoe is placed adjacent the
      juncture of the wheel rim flange and tire bead segments on the side of the
      wheel having the drop center portion. Actuating the cylinder and shoe by
      means of the pump forces the tire bead away from the wheel rim flange
      around a segment of the tire circumference. Repeating the method at
      intervals around each side of the tire separates the entire bead from its
      adjacent wheel rim flange. Next, the bead breaking shoe is activated
      against a segment of the tire side wall and the arm is retracted or
      shortened to move the shoe towards the center of the wheel and causing the
      tread retaining tool to push the adjacent tire bead segment into the drop
      center wheel portion. The movement of one tire bead portion toward the
      wheel center moves the circumferentially opposing bead portion radially
      outward from its adjacent rim flange. Tire irons or a hydraulic bead
      lifting mechanism may be used to raise or pry the opposing bead portion
      over the adjacent rim flange. A tire iron is then used to enlarge the
      pried-up portion until the entire bead is off the wheel.
PAR  The arm is then removed from the base or anchor member and the tire and
      wheel together with the anchor member mounted in place is flipped over.
      The arm is remounted on the anchor member. The second tire bead is
      separated from its adjacent rim flange as was the first. The second side
      wall is then forced into the wheel drop center portion as described with
      the first side wall. The tire bead portion opposite that segment which is
      forced into the rim drop center is lifted over the first wheel rim flange
      as before. A tire iron is then used to enlarge that portion until the tire
      is completely off the rim.
PAR  The tire mounting assembly includes a cylinder retaining hook which
      connects to the hydraulic cylinder and hooks which connects to the
      hydraulic cylinder and hooks over the wheel hub portion through a central
      opening in the wheel and bears against the wheel. A pair of special
      C-clamps fit over the rim flange to retain a portion of the tire bead, and
      a removable bead stretching shoe mounts on the cylinder piston rod for
      engaging the tire bead.
PAR  In the tire mounting method, a tire is arranged on top of a horizontally
      placed wheel so a portion of one tire bead is located between the wheel
      rim flanges and retained by the C-clamps. The cylinder retaining hook is
      positioned through the hub and the hydraulic cylinder is mounted on the
      hook. The bead stretching shoe is placed on the piston rod and the
      cylinder is oriented where actuation of the cylinder causes the shoe to
      engage a portion of the tire bead adjacent that portion retained by a
      C-clamp. Portions of the bead adjacent the C-clamp are then lifted over
      the rim flange. The C-clamp is then loosened, repositioned further along
      the rim flange, and retightened to secure the additional bead portion over
      the rim flange. The cylinder, hook, and bead stretching shoe are then
      repositioned around the hub circumference to further stretch another
      portion of the bead over the rim flange. As the method is repeated, more
      of the bead is lifted over the rim flange until the entire bead is so
      positioned within the flanges.
PAR  A portion of the second tire bead is then placed over the same wheel rim
      flange and retained by the C-clamps as previously described with the first
      tire bead. The cylinder retaining hook, cylinder, and bead forcing shoe
      are maneuvered in the manner previously delineated to force the second
      tire bead over the wheel rim flange. The C-clamps are again maneuvered in
      an ever widening arc as increasing portions of the bead are lifted over
      the rim flange until the entire second bead is mounted between the
      flanges.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved tire changing apparatus and method for mounting and demounting
      tires on a wheel rim.
PAR  Another object of the present invention is in the provision of a portable
      tire changing apparatus and method wherein the apparatus utilizes the
      rigidity of the wheel upon which the tire is mounted, therefore,
      eliminating a bulky stand and allowing tire changes to be made in the
      field.
DRWD
PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed disclosure, taken in conjunction with the
      accompanying drawings, wherein like reference numerals refer to like
      parts, in which:
PAR  FIG. 1 is a perspective view of the demounting assembly mounted on a tire
      and wheel assembly wherein the bead breaking shoe is breaking the bead of
      the tire from the wheel rim flange;
PAR  FIG. 2 is a cross-sectional view taken substantially along line 2--2 of
      FIG. 1 and illustrating operation of the bead breaking shoe;
PAR  FIG. 3 is a cross-sectional view of a segment of the tire and wheel
      assembly and showing a portion of the demounting assembly and the manner
      of driving the bead into the wheel drop center portion;
PAR  FIG. 4 is a perspective view similar to FIG. 1, but from a different
      direction and showing a brace of tire irons connected by a spacing plate
      and placed in a vertical position to apply leverage to a segment of the
      tire head opposite that portion forced into the drop center of the wheel
      for lifting the bead over the rim flange;
PAR  FIG. 5 is a perspective view similar to FIG. 4, but from a different
      direction to show a segment of the tire bead brought over the rim flange
      by the tire irons;
PAR  FIG. 6 is a perspective view similar to FIG. 5 wherein the tire tread
      retaining tool has been moved approximately 180.degree. to stabilize that
      segment of the tire bead brought over the rim;
PAR  FIG. 7 is another perspective view showing a tire iron prying the rest of
      the bead over the rim flange;
PAR  FIG. 8 is a partial section view similar to FIG. 3 wherein the bead
      breaking shoe is breaking the second tire bead from its adjacent rim
      flange after the tire and wheel assembly has been flipped 180.degree.;
PAR  FIG. 9 is a perspective view showing the remaining tire bead placed in the
      rim drop center and a tire iron prying an opposing segment of the bead out
      or up over the rim flange;
PAR  FIG. 10 is a cross-sectional view of a wheel rim and a tire placed on top
      of the wheel rim for mounting purposes, together with the tire mounting
      assembly of the invention in position, where a segment of one tire bead is
      placed between the rim flanges and retained in position by C-clamps and
      the mounting assembly shown in position to commence forcing the bead over
      the flange;
PAR  FIG. 11 is a partial perspective view of the first tire bead being forced
      over the rim flange showing the C-clamps positioned further apart than
      during the initial mounting operation, and the bead forcing shoe and
      hydraulic cylinder in a position to force more of the bead over the rim
      flange;
PAR  FIG. 12 is a cross-sectional view of the wheel and tire similar to that
      shown in FIG. 10 with the second tire bead placed over a portion of the
      rim flange, retained by C-clamps, and the tire mounting assembly in
      position;
PAR  FIG. 13 shows a perspective view of the second tire bead being forced over
      the rim flange wherein tire irons are used along with the cylinder and
      forcing shoe to pry additional portions of the bead over the rim flange;
PAR  FIG. 14 is a perspective view showing the entire second bead mounted
      between the wheel rims in a position where, as soon as the C-clamps are
      removed, the tire may be inflated;
PAR  FIG. 15 shows a modification of the arm for the demounting assembly of the
      invention wherein a collar having a fitting for a hydraulic cylinder may
      be placed on and moved along the arm member on both sides of the arm;
PAR  FIG. 16 is an enlarged perspective view of a C-clamp used in mounting a
      tire;
PAR  FIG. 17 is a perspective view of a wrench for turning the jack screw on the
      demounting assembly;
PAR  FIG. 18 is a perspective view of an offset extension arm which attaches to
      the demounting assembly arm together with a tread retaining tool which
      fits around a segment of the circumference of the tire for demounting;
PAR  FIG. 19 is a perspective view of the cylinder retaining hook of the tire
      mounting assembly;
PAR  FIG. 20 is a perspective view of a U-shaped bead stretching shoe;
PAR  FIG. 21 is a perspective view of a tire iron connecting plate;
PAR  FIG. 22 is a perspective view of a bead breaking shoe;
PAR  FIG. 23 is a vertical elevational view of a hydraulic bead lifting
      mechanism;
PAR  FIG. 24 is an end view of the bead lifting mechanism minus the portable
      hydraulic cylinder; and
PAR  FIG. 25 is a full cross-sectional view enlarged from the detail cross
      section of FIG. 3 showing the bead breaking mechanism in operating
      position on the wheel.
DETD
PAR  Referring to FIGS. 1 and 2, the tire demounting assembly is shown generally
      at 25 affixed to a wheel 26 having a tire 27 mounted thereon. Wheel 26
      includes a hub 30 having a plurality of mounting holes 31
      circumferentially spaced around a central opening 32. A wheel rim 33 is
      actuated to the outer circumference of hub 30, which includes outwardly
      extending radial flanges 34-34a on either side of the wheel rim, and a
      drop center portion 35 located at one side of wheel hub 30. It can be
      appreciated that some wheels may have a drop center portion on both sides
      of the wheel hub and may be of one, two, or more piece construction. The
      tire changer of the invention can be utilized for all such wheels. When
      the tire 27 is inflated, air is supplied through an air valve 36 mounted
      in the rim. Tire 27 includes beads 40-40a at the extreme radial interior
      of each side of the tire, which when mounted on the wheel, are interiorly
      adjacent wheel rim flanges 34-34a, respectively. Side walls 41-41a extend
      outwardly from each bead and a tread wall 42 located at the tire outer
      circumference extends between the outer ends of the side walls.
PAR  A common hydraulic cylinder 44 is used with both the demounting assembly 25
      of FIG. 1 and the mounting assembly 45 shown generally at FIG. 10. A
      portable hydraulic pump 46 connected by a flexible tubular line 47
      provides power for actuating the cylinder. The hydraulic pump 46 is
      manually operated in this embodiment by means of a pump handle 48. A
      control valve 49 may block the return of fluid to the pump where the
      cylinder may be actuated or allow return of fluid to permit the cylinder
      to be deactivated. Hydraulic cylinder 44 includes a blind end 50, a
      threaded rod end 51, and a piston rod 52 having a socket 53 in its free
      end.
PAR  The tire demounting assembly 25 includes an anchor member 54 having a
      tubular body 57 with female threaded fittings 55-55a located at each end.
      A radially extending annular flange 56 is attached to the body and
      perpendicular thereto at a position slightly offset its center. The flange
      is offset slightly to match the wheel configuration because wheel hubs are
      usually offset between the wheel rim flanges. Flange 56 has a plurality of
      mounting holes 60 located in both radial and circumferential spaced
      relation from the body 57 enabling the anchor member 54 to be mounted to
      wheel hubs of varying sizes.
PAR  A swingable and extensible arm 51 in the form of a generally rectangular
      tubular horizontal body is detachably mounted on the anchor member 54.
      This arm supports and positions the hydraulic cylinder during bead
      breaking. A vertically extending threaded rod 62 extends perpendicularly
      from the underside of the body at one end thereof and is threaded into one
      of the anchor member female threaded fittings 55-55a. Threaded rod 62 has
      a shield 63 which protects it from damage if the body 61a is accidentally
      dropped. The shield or skirt 63 is round and tubular and has a slightly
      larger inside diameter than the outside diameter of the tubular body 57.
      The fit between the shield 63 and the tubular body 57 is such that the
      shield assists in supporting the arm relative the anchor member. It can be
      understood that the male and female portions of the fittings can be
      reversed or other rotatable fittings placed between the arm and anchor
      member without departing from the scope of the invention. Rectangular
      tubular body 61 includes telescopically coacting arm sections 61a and 61b,
      where arm section 61b moves relative arm section 61a to shorten or
      lengthen the arm. Section 61a includes a closed end wall 64 and a threaded
      bolt or jack screw 65 passing through a hole 65a therein. A female
      threaded fitting 70 located at the inner end of section 61b is engaged by
      jack screw 65, whereby turning jack screw 65 either retracts arm section
      61b into section 61a, or allows it to be extended outwardly therefrom.
      Jack screw 65 may easily be turned by utilizing a wrench 59 shown in FIG.
      17. At the free end of arm section 61b an internally threaded tubular
      sleeve 71 extends vertically through arm section 61b and provides a
      fitting into which threaded rod end 51 of cylinder 44 may engage providing
      a rigid vertical mounting for the cylinder. An extension arm 73, also
      shown in FIG. 18, having angularly offset ends with mounting holes
      therethrough, is attached at one end to the free end of arm section 61b at
      threaded fitting 72 by means of a bolt 74. At the opposite end of
      extension arm 73, a circumferential tread retaining tool 75 is mounted to
      fit over a segment of tire tread 42. Tread retaining tool 75, also shown
      in FIG. 17, includes an elongated plate 77 having an arcuately bent
      surface which approximates the curvature of tire tread 42. A male fitting
      78 is located at the outside center of the arcuate plate 77 for engagement
      in a socket formed in extension arm 73.
PAR  A bead breaking shoe 76 is shown in FIGS. 1 and 2 attached to piston rod
      female fitting 53 and directly adjacent rim flange 34 on the side of the
      rim containing the drop center portion 35. The shoe is also shown in FIG.
      22 and includes a substantially flat pad 67 having an arcuate inside edge
      68 which approximates a segment of the outer curvature of the rim flange
      34-34a, a plate 69 at the outer edge of pad 67 which is angled toward the
      vertical and serves as a mounting for male slip fitting 79 which matingly
      engages in piston rod female fitting 53. The shoe is positioned in place
      radially be extending or contracting arm 61, and circumferentially by
      rotating the arm on anchor member 54.
PAR  In operation, hydraulic pump 46 is activated by oscillating pump handle 48
      thereby extending piston rod 52 vertically downward from the cylinder 44
      forcing the tire bead 40 inwardly away from rim flange 34 as shown at 40b
      in FIG. 2. As shown in FIG. 1, bead breaking shoe 76 only covers a segment
      of tire bead 40 at one time. To break the entire bead 40, the hydraulic
      cylinder 44 and bead breaking shoe 76 is activated repeatedly at different
      circumferential positions until bead 40 and rim flange 34 are completely
      separated. Then, arm section 61b is extended until the bead breaking shoe
      76 is adjacent a tire side wall 41 and two operations take place as shown
      in FIG. 3. First, cylinder 44 is actuated pushing side wall 41 and its
      adjacent bead portion 40 farther inward of wheel rim flange 34. Then the
      arm section 61b is retracted thereby moving tread retaining tool 75
      inwardly from the phantom to the black line position shown in FIG. 3
      forcing a segment of bead 40 to a position 40c in the wheel drop center
      portion 35. This causes an opposing segment of tire bead 40 to the pushed
      outward relative to the segment of wheel rim 34 located adjacent thereto.
      A pair of tire irons 80--80 together with extensions 81--81 are then used
      to pry the opposing segment of the bead portion 40 over rim flange 34 as
      shown in FIGS. 4 and 5. Each tire iron 80 has a flat oval-shaped end 82
      which is placed under the bead 40. A tire iron connecting plate 83 shown
      in FIGS. 4-6 and 21 having opposed notched ends 84--84 coordinates use of
      the tire irons, one of which is placed in each notch. Rim flange 34 is
      used for a fulcrum as the tire irons are moved from vertical (FIG. 4) to
      horizontal position (FIG. 5) and a segment of tire bead 40 is pried over
      rim flange 34. It can be appreciated that any suitable long handled tire
      iron or the like may be used for these prying purposes. Also, a
      modification of the invention including a hydraulic bead lifting device is
      described below.
PAR  After a segment of the tire bead 40 is pried over the wheel rim, the tread
      retaining tool 75 and its extension arm 73 are removed from arm section
      61b. Bead breaking shoe 76 is also returned to a retracted position and
      the arm 61 is rotated approximately 180.degree. on the anchor member 54 to
      a position adjacent that segment of the tire bead 40 which is pried over
      the wheel rim 34. Then, tread retaining tool 75 and extension arm 73 are
      again connected to the extended end of arm section 61b is a position shown
      in FIG. 6. Next, arm section 61b is retracted by turning jack screw 65.
      This retraction causes tread retaining shoe 75 to press the tire bead 42
      inward thereby taking pressure off the tire irons 80--80. A tire iron 80
      may then be used to pry adjacent segments of tire bead 40 over the wheel
      rim 34. Then, as shown in FIG. 7, a single tire iron 80, using the shield
      63 as a fulcrum, pries remaining segments of tire bead 40 over rim flange
      34.
PAR  The next step in the method is to unscrew arm 61 from the anchor member 54,
      flip the tire and wheel assembly with the anchor member over, and screw
      the threaded rod 62 into the opposing threaded fitting 55a. The structure
      as previously described in the first bead breaking operation is again
      utilized to break the second tire bead 40a from its wheel rim flange 34a.
      After the second tire bead 40a has been separated from its rim flange 34,
      the tire 27 is moved downward and a segment of the second tire bead 40a is
      placed in wheel drop center portion 35. A tire iron 80 is placed between
      an opposing segment of second tire bead 40a and first rim flange 34 and
      the opposing segment is pried thereover. A second tire iron 80 is again
      used to pry portions of tire bead 40a adjacent first tire iron 80 over rim
      flange 34 until the tire is completely off the wheel. Commonly, the second
      bead 40a is more easily demounted as tire weight helps to pull the bead
      over flange 34. As shown in FIG. 9, wheel 26 is located in an elevated
      position so tire 27 falls away from it when demounted. It can be
      appreciated the distance between the arm 61 and the adjacent rim flange
      may be adjusted by relationship between the rod 62 and fitting 55.
PAR  The tire mounting assembly of the invention is shown at FIG. 10 and
      includes a cylinder retaining hook 84, also shown in FIG. 19, having a
      curved or hook end 85 which hooks over the wheel hub central opening 32
      and an offset end 86 having a retaining ring or socket 90 into which one
      end of the hydraulic cylinder is retained. The angle of the offset end
      allows hydraulic cylinder 44 to have an almost horizontally mounted
      position. Attached to the external end of piston rod 52 is a bead forcing
      shoe 91 also shown in FIG. 20 which is generally U-shaped. A male fitting
      92 extends from the U-shaped portion and slidably fits in the female
      fitting 53 of the cylinder piston rod. The tire mounting structure
      includes a pair of C-shaped clamps 93--93 also shown in FIG. 16. Each
      clamp includes a generally cylindrical inner surface 94 and is slotted at
      95. A lock bolt 96 is threaded through the outer shell of the clamp and is
      used to retain it in fixed position on the rim flange 34 when tightened as
      shown in FIG. 10. A bead retaining ridge 97 extends from the outer
      surface.
PAR  In operation, C-clamps 93--93 are arranged in close proximity to each other
      on rim flange 34 and tire 27 is placed on top of rim 34 with a segment of
      bead 40a positioned under both rim flange 34 and C-clamps 93--93 as shown
      at 39 in FIG. 10. With the cylinder aligned to stretch a part of the head
      adjacent one of the clamps, the cylinder is actuated by the hydraulic pump
      47 until bead forcing shoe 91 comes in contact with bead portion 40a and
      until the bead is forced outside the flange. Then, a tire iron (not shown)
      is used to force and temporarily hold portions adjacent that segment of
      the tire bead shown at 39 over the flange. This action is repeated at the
      other C-clamp. The locking bolt 96 on each C-clamp is loosened and the
      C-clamps are moved further apart and retightened sequentially in an
      increasing arc around rim flange 34. The process is repeated by
      withdrawing piston rod 52, repositioning the cylinder and re-activating
      same to force other segments over the rim flange with tire irons until the
      entire bead is positioned between the rim flanges. Then the entire tire 27
      is moved downward on the rim until the second tire bead 40 is adjacent rim
      flange 34. A segment of bead 40 is placed under the wheel rim flange and
      C-clamp retainers 93 as at 39 in FIG. 12 are fixed in position. The method
      utilized with tire bead 40a is repeated with second tire bead 40 until it
      is entirely within the rim flanges. The end 50 of hydraulic cylinder 45 is
      retained in socket 86 of retaining hook 84 and piston rod 52 is extended
      until the bead stretching shoe 91 comes in contact with bead 40 and
      stretches the bead to a position which facilitates forcing over the rim
      with a tire iron. Again, tire irons (not shown) are used to pry segments
      of tire bead 40 over wheel rim flange 34. FIG. 13 shows the second tire
      bead being forced over rim flange 34 by the tire irons and hydraulic
      cylinder 44. Also, the arc between the C-clamps 93--93 has widened until
      the clamps are approximately opposite each other on rim flange 34. In FIG.
      14 the second tire bead is completely mounted on the rim flange and after
      the C-clamps are removed, the tire will be ready for inflation, and use.
PAR  In FIG. 15, a modification of the arm is shown and generally designated by
      the numeral 100. The arm 100 includes a rectangular in cross section
      tubular section 101 open at both ends and slidably receiving a mating
      tubular arm section 102. A shield 103 and threaded rod (not shown) extend
      downwardly from theh arm section 100 to coact with the anchor member 54. A
      square tubular collar at 104 fits around arm section 102, is slidable
      therealong, and includes a laterally extending plate 105 having a threaded
      fitting 106 for threadedly receiving the hydraulic cylinder 44. The
      operation of arm 100 is similar to that of the first embodiment described.
      Arm 100 contains a threaded mounting shaft (not shown) for controlling the
      extended position of section 102. The collar is then laterally moved
      inward or outward along arm 100 until bead breaking shoe 76 is in proper
      position to separate a tire bead from a rim flange. Arm 100 may be turned
      on anchor member 54 in the same manner as arm 61. A tread retaining tool
      similar to that at 75 may be fitted to either end of arm 100.
PAR  A modification of the invention which eliminates the use of the dual tire
      irons 80--80 together with extensions 81--81 and tire iron connecting
      plate 83 is shown generally at 110 in FIG. 23. A hydraulic bead lifting
      device 110 includes a bead lifting arm 111 having a laterally arcuately
      extending shoe 112 located at the distal end thereof and a pivotal
      mounting 113 connecting the arm 111 to the lifting force transfer member
      114. A portable hydraulic cylinder 115 which may be similar to hydraulic
      cylinder 44 is attached to the lifting force transfer member 114 by any
      suitable means connecting the cylinder piston rod 116 thereto. In FIG. 23,
      bolt 120 is shown securing the force transfer member 114 to the cylinder
      piston rod 116 through an aperture 121 in the top of the force transfer
      member. In FIG, 24, the lifting force transfer member 114 and the
      pivotally connected bead lifting arm 111 are shown in a detailed end view
      minus the hydraulic cylinder 115.
PAR  In FIG. 25 the hydraulic bead lifting device is shown in mounted position
      in a full cross-sectional view of the tire demounting assembly which is an
      enlarged form of the detailed cross section in FIG. 3. In operation, the
      hydraulic bead lifting device 110 is positioned diametrically opposite the
      drop center portion 35 into which the tire bead 40 is positioned at 40c.
      First, the shoe portion 112 of the bead lifting arm 111 is maneuvered
      around and under the tire bead 40. The compact nature of the bead lifting
      device 110 and the pivotal mounting 113 of the bead lifting arm 111 enable
      easy maneuverability of the bead lifting show 112 into position. Second,
      the blank end 122 of the connected hydraulic cylinder 115 is set on the
      wheel hub 30 as close to the rim 33 as practicable. After the hydraulic
      cylinder 115 is firmly positioned against the wheel 26, the cylinder is
      activated by means of portable pump 46. The cylinder piston rod 116 is
      extended and the connected lifting force transfer member 114, and bead
      lifting arm 111 are moved to the position shown in phantom in FIG. 25
      thereby lifting the tire bead 40 to position 40d over the wheel rim flange
      34. After the bead 40 has been lifted over the wheel rim flange 34 in the
      manner thus described, a single tire iron 80 using the shield 63 as a
      fulcrum is used to pry the remaining portion of the bead over the wheel
      rim flange. Once the entire bead 40 is pried over wheel rim flange 34, the
      hydraulic bead lifting device 110 may be easily disengaged from the tire
      bead by movement or deactivation of the hydraulic cylinder 115.
PAR  It will be understood that modifications and variations may be affected
      without departing from the scope of the novel concepts of the present
      invention, but it is understood that this application is to be limited
      only by the scope of the appended claims.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. Portable tire changing assembly for demounting a heavy duty tire from a
      wheel having flanged drop center rim and a hub in the center of said wheel
      with a central opening extending therethrough, said assembly comprising an
      anchor member having a tubular body and flange means for attaching the
      body to the hub and substantially axially of the wheel so the opposed ends
      of the body extend to opposite sides of the hub, an extensible arm having
      connector means thereon for rotatably mounting said arm to either of said
      tubular body opposed ends, a sectional tubular body extending generally
      perpendicular to the connector means and laterally therefrom, said
      sectional tubular body including telescopically coacting sections and
      axially aligned threaded means for adjusting and applying an axial force
      to the sections to vary the arm length, and hydraulic cylinder socket
      means along the sectional tubular body, a hydraulic cylinder
      perpendicularly mounted to and retained by the socket means of said
      extensible arm, said cylinder having bead breaking means mounted thereon
      for forcing at least a segment of a tire bead from said rim flange, and
      means for actuating said cylinder.
NUM  2.
PAR  2. The assembly of claim 1, wherein the socket means includes a fitting
      mounted in fixed position along the sectional tubular body of the
      extensible arm adjacent the free end thereof for mounting the hydraulic
      cylinder.
NUM  3.
PAR  3. The assembly of claim 1 wherein the socket means includes a collar
      surrounding at least a portion of said sectional tubular body and which is
      slidable along and removable therefrom, and a fitting attached to the
      collar for mounting the hydraulic cylinder.
NUM  4.
PAR  4. The assembly as defined in claim 1 wherein each of the opposed ends of
      said anchor member tubular body include a threaded fitting, and said
      connector means for rotatably mounting said extensible arm to either
      opposed end includes a complementary threaded fitting which matingly
      engages either of said fittings on the anchor member.
NUM  5.
PAR  5. The assembly as defined in claim 1 wherein said bead breaking means
      comprises a bead breaking shoe having a substantially flat portion which
      is arcuate in outline, the radius of said arc approximating a radius of
      the wheel flange, a fitting in the center of said arc which is
      substantially at a right angle with said flat portion and fits in an
      external end of a piston in said hydraulic cylinder.
NUM  6.
PAR  6. Portable tire changing assembly for demounting a heavy duty tire from a
      wheel having a flanged drop center rim and a hub in the center of said
      wheel with a central opening extending therethrough, said assembly
      comprising an anchor member having a tubular body and flange means for
      attaching the body to the hub and substantially axially of the wheel so
      the opposed ends of the body extend to opposite sides of the hub, an
      extensible arm having connector means thereon for rotatably mounting said
      arm to either of said tubular body opposed ends, a sectional tubular body
      extending generally perpendicular to the connector means and laterally
      therefrom, and hydraulic cylinder socket means along the sectional tubular
      body, a hydraulic cylinder perpendicularly mounted to and retained by the
      socket means of said extensible arm, said cylinder having bead breaking
      means mounted thereon for forcing at least a segment of a tire bead from
      said rim flange, means for actuating said cylinder, and a tire tread
      retaining tool attached to the free end of said extensible arm member for
      assisting in forcing a portion of said tire into said wheel drop center
      portion, said tread retaining tool including an elongated arcuate surface
      approximating the curvature of the circumference of said tire and
      extension means connecting said elongated surface to the free end of said
      extensible arm and maintaining said tool outwardly and downwardly from
      said extensible arm whereby said tool fits the tire longitudinally along a
      portion of said circumference.
NUM  7.
PAR  7. The assembly as defined in claim 1 further comprising portable hydraulic
      bead lifting means coacting with the wheel hub and rim for forcing at
      least a portion of said bead over said wheel rim flange.
NUM  8.
PAR  8. The assembly as defined in claim 7 wherein said bead lifting means
      includes a bead lifting shoe mechanism, a distal end of which hookingly
      engages said tire bead, and a portable hydraulic cylinder attached to said
      bead lifting shoe mechanism for driving said mechanism away from the
      flanged rim when the distal end thereof is fitted around a portion of said
      tire bead causing said portion to be lifted over said flanged rim.
NUM  9.
PAR  9. Portable tire changing assembly for mounting a heavy duty tire on a
      wheel having a flanged drop center rim including a hub in the center of
      said rim with a central opening extending therethrough, said assembly
      comprising a hydraulic cylinder, means for operating said hydraulic
      cylinder, and means mounted on said hydraulic cylinder for engaging at
      least a portion of a bead on said tire to stretch over said rim flange, a
      cylinder retaining hook including a curved end which engages the central
      opening in the hub and an offset end bearing against the wheel rim with
      means thereon for retaining one end of said cylinder and allowing said
      cylinder to be mounted in any angular position relative said wheel, and a
      pair of clamps each having means thereon for clamping onto one of said rim
      flanges and means for retaining a portion of the tire bead between the rim
      flanges.
NUM  10.
PAR  10. The assembly defined in claim 9 wherein said bead engaging means on
      said cylinder comprises a bead engaging shoe having a generally U-shape
      surface and a fitting at the outside center of the bite portion of said
      shoe which fits in a socket at the external end of a piston in said
      cylinder.
NUM  11.
PAR  11. Portable tire changing apparatus for mounting and demounting heavy duty
      tires upon wheels having a flanged drop center rim and a hub in the center
      of said flanged rim with a central opening extending therethrough, said
      apparatus including a portable hydraulic cylinder, a pump for operating
      the cylinder, and a tire demounting assembly comprising an anchor member
      having a tubular body and flange means for attaching the body to the hub
      and substantially axially of the wheel so the opposed ends of the body
      extend to opposite sides of the hub, an extensible arm having connector
      means thereon for rotatable mounting to either of said tubular body
      opposed ends, a sectional tubular body extending generally perpendicular
      to the connector means and laterally therefrom, said sectional tubular
      body including telescopically coacting sections and axially aligned
      threaded means for adjusting and applying an axial force to the sections
      to vary the arm length, and hydraulic cylinder socket means along the
      sectional tubular body, said portable hydraulic cylinder being removably
      mounted to said socket means in a position parallel to said anchor member
      tubular body, bead breaking means capable of being mounted on said
      hydraulic cylinder for engaging at least a segment of a bead of said tire
      to cause it to disengage from a segment of said flanged rim which, as
      mounted, is contiguous with said bead.
NUM  12.
PAR  12. Portable tire changing apparatus for mounting and demounting heavy duty
      tires upon wheels having a flanged drop center rim and a hub in the center
      of said flanged rim with a central opening extending therethrough, said
      apparatus including a portable hydraulic cylinder, a pump for operating
      the cylinder, and a tire demounting assembly comprising an anchor member
      having a tubular body and flange means for attaching the body to the hub
      and substantially axially of the wheel so the opposed ends of the body
      extend to opposite sides of the hub, an extensible arm having connector
      means thereon for rotatable mounting to either of said tubular body
      opposed ends, a sectional tubular body extending generally perpendicular
      to the connector means and laterally therefrom, and hydraulic cylinder
      socket means along the sectional tubular body, said portable hydraulic
      cylinder being removably mounted to said socket means in a position
      parallel to said anchor member tubular body, bead breaking means capable
      of being mounted on said portable hydraulic cylinder for engaging at least
      a segment of a bead of said tire to cause it to disengage from a segment
      of the flanged rim, and a tire mounting assembly including a cylinder
      retaining hook having a curved end which engages the central opening in
      said hub and having an offset end bearing against the wheel rim with means
      thereon adapted to removably retain one end of said portable hydraulic
      cylinder, a pair of clamps each having means thereon for clamping onto one
      of said rim flanges and means for retaining a portion of said tire bead
      between said rim flanges, and bead stretching means capable of being
      removably mounted on said portable hydraulic cylinder for engaging and
      stretching said tire bead over said flanged rim as said portable hydraulic
      cylinder is retained in said mounting hook.
NUM  13.
PAR  13. Portable tire changing apparatus for mounting and demounting heavy duty
      tires upon wheels having a flanged drop center rim and a hub in the center
      of said flanged rim with a central opening extending therethrough, said
      apparatus including a portable hydraulic cylinder, a pump for operating
      the cylinder, and a tire demounting assembly comprising an anchor member
      having a tubular body and flange means for attaching the body to the hub
      and substantially axially of the wheel so the opposed ends of the body
      extend to opposite sides of the hub, an extensible arm having connector
      means thereon for rotatable mounting to either of said tubular body
      opposed ends, a sectional tubular body extending generally perpendicular
      to the connector means and laterally therefrom, and hydraulic cylinder
      socket means along the sectional tubular body, said portable hydraulic
      cylinder being removably mounted to said socket means in a position
      parallel to said anchor member tubular body, bead breaking means capable
      of being mounted on said portable hydraulic cylinder for engaging at least
      a segment of a bead of said tire to cause it to disengage from a segment
      of said flanged rim which, as mounted, is contiguous with said bead, and a
      tire tread retaining tool attached to the free end of said extensible arm
      member, said tread retaining tool including an elongated arcuately bent
      surface approximating the curvature of the circumference of said tire and
      an extension arm connecting said elongated plate to the free end of said
      extensible arm and maintaining said tool outwardly and downwardly from
      said extensible arm whereby said tool fits the tire longitudinally along a
      portion of said circumference.
NUM  14.
PAR  14. A method of demounting a heavy duty tire from a drop center wheel and
      tire assembly utilizing a portable tire demounting assembly, said wheel
      and tire assembly including a flanged drop center rim and a hub in the
      center of said rim with a central opening extending therethrough, and a
      heavy duty tire mounted on said rim having bead portions adjacent each of
      said rim flanges, side walls outwardly adjacent each of said bead portions
      and a circumferential tread attached at its margins to the outermost
      portion of each side wall, and said tire demounting assembly including an
      anchor member having a tubular body and flange means for attaching the
      body to the hub of said wheel, an extensible arm rotatably mounted to said
      anchor member and extending substantially perpendicular to said tubular
      body, a tread retaining tool attached to the free end of said extensible
      arm for assisting the forcing of a portion of said tire bead into said
      wheel rim drop center, a hydraulic cylinder and means for actuating said
      cylinder, said hydraulic cylinder perpendicularly mounted to and retained
      by said extensible arm, and a bead breaking shoe attached to the end of a
      piston extending from said cylinder, said method comprising the steps of
      affixing said tire demounting assembly to said wheel and tire assembly,
      activating the hydraulic cylinder and bead breaking shoe attached thereto
      in said assembly to force at least a segment of the bead of said tire
      inwardly away from a flange of said wheel, moving said extensible arm
      circumferentially along the bead portion of said tire and activating said
      hydraulic cylinder and bead breaking shoe repeatedly to disengage the
      entire bead of one side of said tire from said rim flange, forcing a
      segment of said bead into said drop center portion of said wheel rim by
      extending said bead breaking shoe upon a segment of said side wall of said
      tire and simultaneously inwardly retracting said tire tread retaining tool
      to force the tread radially inward, lifting a tire bead segment
      circumferentially opposite said segment forced into said drop center
      portion over said wheel rim flange, enlarging the portion of said bead
      pried over the rim flange by rotating said extensible arm to a position
      over said pried bead portion and again retracting said tread retaining
      tool while simultaneously forcing adjacent portions of said bead over said
      rim flange with a tire iron using said anchor member tubular body as a
      fulcrum, removing the extensible arm of said assembly from said anchor
      member attached to said wheel assembly, turning said wheel assembly over
      to the opposite side thereof for breaking the opposite bead, and replacing
      said extensible arm on said anchor member, activating said bead breaking
      shoe on the tire bead, separating or breaking said bead from said rim
      flange and forcing a segment of said bead into the rim drop center
      portion, and lifting said bead over said opposing rim flange of said wheel
      until said tire is completely free of said wheel.
NUM  15.
PAR  15. The method of claim 14 wherein said tire demounting assembly further
      comprises a hydraulic bead lifting device including a bead lifting shoe
      mechanism and a portable hydraulic cylinder attached thereto, and wherein
      lifting said tire bead segment over said wheel rim flange includes the
      steps of, positioning a curved distal end of said shoe mechanism between
      said bead and said wheel rim flange and under a segment of said tire bead,
      positioning the blank end of said portable hydraulic cylinder against and
      abutting said wheel hub and rim adjacent said tire bead segment, and
      actuating said portable hydraulic cylinder to lift said bead lifting
      mechanism and force said segment over said tire bead over said wheel rim
      flange.
NUM  16.
PAR  16. A method of mounting a heavy duty tire on a drop center wheel utilizing
      a tire mounting assembly wherein said wheel includes a flanged drop center
      rim, and a hub in the center of said rim with a central opening extending
      therethrough, said tire includes a circumferential tread inwardly
      extending side walls attached to the margins of said tread and a circular
      bead portion at the interior margin of each side wall, and said tire
      mounting assembly includes a hydraulic cylinder, means for operating said
      cylinder, a bead stretching shoe attached to a piston on said hydraulic
      cylinder, a cylinder retaining hook including a curved end and an offset
      hydraulic cylinder mounting end, a pair of C-clamps, and at least one tire
      iron, said method comprising the steps of placing a portion of a first
      bead of said heavy duty tire over a rim flange of said wheel and securing
      said bead in position by fastening said pair of C-clamps to said wheel rim
      flange inside an arcuate portion of said flange traversed by said first
      tire bead, then engaging said curved portion of said cylinder retaining
      hook to said hub of said wheel through a central opening therein, mounting
      said hydraulic cylinder with attached bead stretching shoe to said hook,
      and positioning the shoe to engage the first bead adjacent a position
      circumferentially opposite said secured portion, and activating said
      cylinder and shoe to stretch said bead over a larger portion of said rim
      flange than previously secured and prying bead portions immediately
      adjacent said secured portion over said rim flange using said tire iron,
      repositioning said C-clamps in a wider arc around said rim flange as more
      of said bead is pried over said flange, repeating said cylinder actuating
      and tire iron prying around said rim flange until the bead is completely
      over the flange, placing a portion of the second tire bead on an opposite
      side of said tire over said wheel rim flange and securing said bead in
      position using said C-clamps, positioning said bead stretching shoe to
      engage the second bead at a position adjacent that position
      circumferentially opposite said secured portion, and activating said
      cylinder and shoe to stretch said second bead over a larger portion of
      said rim flange than previously secured and prying bead portions
      immediately adjacent said secured portion over said rim flange using a
      tire iron, repositioning said C-clamps in a wider arc around said rim
      flange as more of said bead is pried over said flange, repeating said
      cylinder actuating and tire iron prying around said rim flange until the
      bead is completely over the flange, and removing said C-clamps.
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ABST
PAL  A window guard for double-hung sash and window which is laterally and
      vertically adjustable to adjust to windows of different dimensions and
      which is cooperatively proportioned and related with a related window
      structure whereby the inner lower sash and the upper outer sash of the
      window structure are shiftably to afford ventilation through the upper and
      lower portion of the window structure and which prevents ingress and
      egress of unauthorized persons through the window structure. A guard
      structure of the character referred to having novel anchoring means and
      novel locking means to secure the guard in a related window structure.
BSUM
PAR  This invention has to do with a window guard and is more particularly
      concerned with an improved guard for use in connection with double-hung
      sash and window structures.
PAR  The desirability and the need for guard means to prevent the ingress and
      egress of unauthorized persons through double-hung sash and windows in
      both residential and commercial building structures and thereby prevent
      the burglarizing of such premises and/or physical attack upon persons
      within such peremises has long been recognized. Further, the desirability
      and need for guard means to prevent persons within buildings from falling
      through and out of such windows, with resulting physical harm, has also
      been long recognized.
PAR  The ordinary double-hung window structure includes a rectangular frame
      built into the related wall structure. The frame is charactertized by
      opposing inner and outer vertically extending channels or ways at its
      opposite sides and in which inner and outer window sash are slidably
      engaged. The inner and outer window sash are rectangular frame-like
      structures in which window glass panes are suitably fixed or glazed and
      are substantially equal in lateral extent and slightly greater than
      one-half the vertical extent of the window frame.
PAR  When the window structure is closed, the outer sash is moved to the
      uppermost position in its ways and in the frame, to close the top half of
      the frame and the inner sash is moved to its lowermost position in its
      ways and in the frame to close the bottom half of the frame. The outer
      sash in such structure is manually moved upwardly and closes the upper
      half of the window frames so that its lower, downwardly disposed edge
      occurs outward of the upper edge of the inner sash thereby providing a
      degree of weather protection which is such that rain water and the like is
      shed or directed away from the space between the sash.
PAR  When it is desired to open the window for ventilation, the outer sash can
      be slid down to any desired extent to effect opening of the upper half of
      the frame or a portion thereof; the inner sash can be slid up to any
      desired extent to effect opening of the lower half of the frame, or, the
      two sashes can be moved or slid to a limited extent, as above set forth
      and so that the uppermost and lowermost portions of the window frame are
      open.
PAR  It is this last noted shifting of the sash and opening of the window frame
      which is most desirable and which affords that special, desirable and
      unique ventilation for which double-hung sash and window structures are
      known and which has led to the wide use and acceptance.
PAR  In practice, the most widely adapted positioning of double-hung sash and
      windows to gain that effective ventilation for which such structures are
      designed is the lowering of the outer, upper sash a limited distance, for
      example, 4 to 6 inches, so as to allow for the free flow and escape of the
      upper, heated air in the room and the lifting or raising of the inner,
      lower sash a distance at least equal to and more frequently a distance
      substantially greater than the distance or extent to which the upper outer
      sash is lowered and so as to assure an adequate and free flow of fresh air
      in through the window.
PAR  If a burglar, attacker or other unauthorized person wishes to enter a
      building through such a window, it is a simple matter to physically raise
      the two sashes to their uppermost limits and enter through the opening
      therebelow, or, if necessary, the two sashes can be moved to their
      lowermost positions in the frame making it possible for the person to
      climb or step over the sash and enter the opening defined in the upper
      half of the frame.
PAR  While most window and sash structures of the character here referred to are
      provided with latches which lock the window sashes in their closed
      position, that is, in that position where the outer sash is fully up and
      the inner sash if fully down, such latches are notoriously weak, easily
      broken and practically ineffective. Further, when the sashes are
      positioned so as to render the latches operable, the windows are closed
      and no ventilation is possible.
PAR  The prior art has provided many different means intended to satisfy the
      above noted need to prevent undesired entry and/or exit of persons and
      objects through double-hung window structures. The most basic of such
      means has included iron gratings or grilles fixed to the exterior of a
      wall and overlying the entire frame opening. Such means are costly and are
      in most instances aesthetically unacceptable.
PAR  The most widely acceptable form of guard provided by the prior art has
      consisted of a metal grating or grille work approximately one-half the
      vertical extent of the opening of the frame, equal in lateral extent with
      the frame and engaged within the frame to occur in a common plane with and
      below the upper outer sash. Such guards occur between and engage the
      bottom edges of the upper outer sash and the lower edge or sill of the
      window frame, or occur in such close proximity thereto as to render the
      upper outer sash inoperative. Accordingly, such guards make it impossible
      to lower the upper outer sash so as to allow for ventilation through the
      upper portion of the window structure with which they are related.
PAR  The guards, last and above referred to, are such that they must be
      especially or custom built to fit in the window structures with which they
      are to be related and are rather costly to make and difficult to install.
PAR  An object of my invention is to provide a novel window guard of the general
      character referred to above which guard is engageable with a related
      window frame below an upper outer sash in the frame and which is such that
      it provides and/or allows for adequate lowering of the upper outer sash to
      establish ventilation through the upper portion of the window opening.
PAR  It is an object of my invention to provide a windown guard of the character
      referred to which is of minimum vertical extent so as to create the least
      possible obstruction to view through the window and the least possible
      undesirable aesthetic interference.
PAR  An object and feature of my invention is to provide a novel combination and
      relationship of window frame, window sash and guard wherein effective
      guarding of the window opening and effective operation of the window to
      gain normal and desired ventilation is achieved by special and unique
      proportioning and spacing of parts.
PAR  It has been determined that a person cannot readily pass through a vertical
      opening in a double-hung window which is less than 8 inches. Accordingly,
      a guard which is of sufficient vertical extent so that it defines a space
      of 8 inches between its lower edge and a window sill, a space of 8 inches
      between its upper edge and the lower edge of the upper outer sash, when
      said sash is in its uppermost position and a space of about 8 inches
      between the upper edge of the upper outer sash and the top of the window
      frame when the upper outer sash is moved down and stopped against the
      guard, effectively guards the window against a person's entry or exit
      therethrough.
PAR  It is an object of my invention to provide novel guard means including a
      guard structure engageable in a window frame below the upper outer sash
      therein which normally establishes predetermined spaced relationship with
      the lower edge of the sash and sill of the frame.
PAR  The lateral and vertical inside dimensions of double-hung window frames
      have, to an extent, become standardized, but such standardization has been
      based more upon the aesthetic proportioning of the windows and the
      relative proportioning of such windows to or with other standardi ed
      dimensions in building, such as the vertical extent of interior walls and
      the spacing of the upper and lower edges of window openings from their
      related ceilings and floors within a room.
PAR  As a result of the above, the true inside dimensions of a so-called
      standard 40 .times. 60 inch window may be plus or minus 1 inch, and still
      be considered to be within allowable tolerances. As a result of such
      allowable tolerances in the dimensions of window structures, a guard
      structure for engagement within the frames thereof must be provided with
      means to allow for lateral and/or vertical adjustment.
PAR  An object and feature of my invention is to provide a window guard
      structure having novel means to permit for lateral and/or vertical
      adjustment of the guard and so that it can be effectively adjusted to
      compensate for anticipated dimensional variations in the window structure
      with which it is related.
PAR  It is an object and feature of this invention to provide novel anchoring
      and locking means for securing my new guard in and with a related window
      frame and which is such that the guard cannot be easily or readily
      released or removed from engagement in and with the related window frame
      by persons who would seek to gain rapid, quiet and undetected access
      therethrough.
DRWD
PAR  The foregoing and other objects and features of my invention will be fully
      understood from the following detailed description of typical preferred
      forms and applications of my invention, throughout which description
      reference is made to the accompanying drawings, in which:
PAR  FIG. 1 is an isometric view of a double-hung window structure with a window
      guard embodying my invention related thereto;
PAR  FIG. 2 is a front view of the structure shown in FIG. 1 showing parts in a
      different position;
PAR  FIG. 3 is a view similar to FIG. 2 showing parts in yet another position;
PAR  FIG. 4 is an isometric view of a part of my new guard structure;
PAR  FIG. 5 is a view taken substantially as indicated by line 5--5 in FIG. 4;
PAR  FIG. 6 is a view taken substantially as indicated by line 6--6 in FIG. 1;
PAR  FIG. 7 is a view taken substantially as indicated by line 7--7 in FIG. 1;
PAR  FIG. 8 is a view taken as indicated by line 8--8 in FIG. 7;
PAR  FIG. 9 is a view similar to a portion of the structure illustrated in FIG.
      7 and showing another form of the invention;
PAR  FIG. 10 is a view similar to FIG. 8, showing another form of my invention;
PAR  FIG. 11 is a view taken as indicated by line 11--11 in FIG. 10;
PAR  FIG. 12 is an isometric view of the structure shown in FIGS. 10 and 11; and
PAR  FIG. 13 is a view taken as indicated by line 13--13 in FIG. 10 and showing
      an operating tool related to the construction.
DETD
PAR  In FIG. 1 I have shown a typical double-hung window structure W which
      includes a rectangular frame F suitably secured or built into a wall
      structure V and a pair of window sashes, there being an upper outer sash S
      and a lower sash S'.
PAR  The frame F is a rectangular structure established of wood and is
      characterized by a pair of laterally spaced vertical side members 10, a
      horizontal top member or header 11 and lower horizontal sill 12.
PAR  The members 10, header 11 and sill 12 define substantially flat surfaces
      disposed inwardly into the opening defined by the frame and the members 10
      are provided with laterally spaced longitudinally extending outer,
      intermediate and inner ribs 14, 15 and 16 defining inner and outer
      vertical channels 17 and 18 to slidably receive the vertical side edges of
      the sashes S and S' related thereto.
PAR  In practice, the header is provided with similar ribs defining similar
      channels to receive the upper edges of the sashes.
PAR  The inner and outer sashes S and S' are substantially alike. Each sash
      includes a rectangular frame having vertical side members 21, the outer
      edges of which are slidably engaged in their related channels 17 and 18,
      upper, horizontal headers 22 defining the top edges of the sashes and
      lower horizontal sash members 23 defining the bottom edges of the sashes.
PAR  The sash S and S' further include glass panes g suitably glazed and/or
      mounted within the sash frames f.
PAR  The sashes S and S' are approximately one-half the vertical extent of the
      opening defined by the frame F and when in their normal position, the
      upper outer sash S occurs in and closes the upper half of the frame
      opening with its bottom edge spaced above the sill 12 and its top edge
      stopped on the frame header and the inner lower sash S' occurs in and
      closes the lower half of the frame opening with its top edge spaced below
      the frame header and its lower edge stopped on the sill 12. The sashes are
      of sufficient vertical extent so that their adjacent related upper and
      lower edge portions occur in overlapping relationship with each other.
PAR  The outer sash is shiftable downwardly to open the upper portion of the
      frame opening to afford desired ventilation through the top of the opening
      and the inner sash is shiftable upwardly to afford desired ventilation
      through the lower portion of the opening.
PAR  As shown in FIG. 1 of the drawings, the lower sash can be shifted to the
      top of the frame F to fully open the lower half of the opening or, as
      shown in FIG. 2 of the drawings, it can be shifted upwardly a limited
      distance to partially open the lowermost portion of the lower half of the
      window opening and thereby afford limited ventilation therethrough.
PAR  Referring to FIG. 3 of the drawings, most effective and desirable
      ventilation through the window is gained by lowering the outer sash and
      raising the inner sash, to registering position in the window opening and
      so that about one quarter to one-third of the maximum possible opening of
      the window frame opening occurs at the uppermost portion of that opening
      and from about two-thirds to three-quarters of the maximum possible
      opening of the frame opening occurs at the lowermost portion of the window
      opening. Opening of the upper portion of the window to a lesser extent
      than the lower portion thereof as set forth above normally affords
      superior ventilation as a result of the differentials in temperature and
      resulting differentials in the density of the heated air in the room to be
      ventilated. Since the above and the physical laws which are involved are
      well known to those skilled in the art, further consideration thereof need
      not be entered.
PAR  The foregoing is or relates to that which is old, well established and
      which is well known in the art.
PAR  It will be apparent that if the window structure illustrated was 4 feet in
      vertical extent, the opening established in the lower half of the window
      in FIG. 1 of the drawings would be about 2 feet in vertical extent and if
      left unguarded, is such that an unauthorized person could move freely
      through the window structure.
PAR  If the inner lower sash was only partially raised or was in its down or
      closed position and not suitably locked, an intruder could easily move the
      inner sash to the position shown in FIG. 1 of the drawings.
PAR  It will be further apparent that if the lower inner sash S' was down and
      locked, independently from the upper outer sash S, the outer sash could be
      easily shifted down, opening the entire upper 2 feet of the window opening
      and find free access into and out of the building in which the window
      structure is arranged by climbing or stepping over the two lowered sashes.
PAR  The present invention involves a novel guard structure G for the window
      structures W described above and a novel combination and relationship of
      that guard structure with the window structure.
PAR  The guard structure G includes a pair of elongate vertically spaced
      horizontal top and bottom rods R and R' and a grate structure X between
      and carried by the rods, The rods R and R' are alike and each is axially
      extensible, being made up of telescopically engaged tube sections and
      having novel window frame engaging anchoring means A at its opposite ends
      and releasable locking means L to secure the sections in fixed relative
      axial positions.
PAR  In the case illustrated, the rods R and R' are made up of a primary outer
      tube section 30 and one or two secondary inside or inner tube sections 31
      slidably engaged in one or both ends of the primary outer sections and
      projecting axially outwardly therefrom.
PAR  The provision of one or two sections 31, providing one such section at one
      end of the section 30 or providing one such section at each end of the
      section 30 is optional and is determined by the extent of axial
      extensibility that is desired.
PAR  For the purpose of this disclosure, I will, in the following, describe the
      rods R and R' as having but one section 31 at one end of the rods. The rod
      sections 30 and 31 can be of any desired cross-section. In the form of the
      invention shown in FIGS. 1 through 9 of the drawings, the rod sections 30
      and 31 are round in cross-section while in the form of the invention shown
      in FIGS. 10 through 13, the rod sections 30' and 31' are established of
      square tube stock.
PAR  Further, and as shown in FIGS. 10 through 13, the primary section 30' can
      be smaller in cross-section than the section 31' and can be slidably
      engaged in the section 31'.
PAR  The anchoring means A that I provide includes flat axially outwardly
      disposed stop surfaces 32 at the free ends of the rod sections to engage
      and stop against the opposing inwardly disposed bottoms 33 of the outer
      window frame channels 18 with which the rods are to be related and a
      plurality of axially outwardly projecting, pointed window frame piercing
      spikes 34.
PAR  In practice, and as shown in FIGS. 4 through 8 of the drawings, the surface
      32 is established by a square or rectangular plate 35 with a central
      apertured cup 36 in which the end of its related rod section is slidably
      engaged, flared and spot welded as at 37 and 38 for securing the plate and
      section together. The spikes 34 are established in the plate by piercing
      and forming the plate as clearly shown in FIGS. 4 and 5 of the drawings.
PAR  The plate is preferably substantially equal in lateral extent with the
      channel 18 in which it is engaged and so that it is held in the channel
      against rotation and against inward and outward shifting in and relative
      to the window opening when engaged in the channel. Such a relationship
      also inhibits the engatement of a tool or the like with the plate in a
      manner that would permit forcing the plate from engagement in and with the
      window frame (See FIG. 6 of the drawings).
PAR  When the surface 22 is moved into engagement with the bottom 33 of the
      channel 18, the spikes 34 are urged and bite into the wooden vertical
      frame member 10 defining the channel to secure the rod sections against
      movement in any direction on the plane of the channel bottom 33.
PAR  In another form and carrying out of my invention, as is shown in FIGS. 10,
      11 and 12 of the drawings, the stop surfaces 32' and spikes 34' can be
      established integrally on and with the ends of their related sections 30'
      and 31'. In the case shown, the corners at the free ends of the rod
      sections are cut diagonally and inwardly to define sharp spikes 34' and
      the stock between the spikes is bent inwardly to define the stop surfaces
      32' as clearly illustrated in the drawings.
PAR  The rods of the guard that I provide, in whichever form they might take,
      are arranged horizontally in the window opening, in the desired vertical
      plane and at desired vertical locations within the window opening
      whereupon they are telescopically extended and urged so that the stop
      surfaces 32 (or 32') are stopped against the bottoms of the channels 18
      and so that the spikes 34 (or 34') bite into and are engaged in the frame
      structure.
PAR  The locking means L, as shown in FIGS. 7 and 8, and the means L' as shown
      in FIGS. 10 through 13 serve to lock the sections of the rods in their
      above noted seated and anchored engagement in their related window
      openings.
PAR  The means L includes an elongate wooden dowel 40 carried by the inner
      section 31 of each rod and projecting axially inwardly threfrom into the
      section 30, in sliding engagement therewith. The outer end of the dowel
      can, as shown, be press fitted into the section 31 and secured therein by
      means of a suitable cement; by crimping the section 31 as indicated at 41
      and/or by pinning the dowel and section 31 together, as by means of a nail
      42 or the like.
PAR  The means L next includes a fastener receiving opening 43 in the inwardly
      disposed side of the rod section 30 spaced longitudinally inwardly from
      the innermost end of the section 31 and longitudinally outwardly of the
      innermost end of the dowel and a screw fastener 44 removeably engaged
      through said opening 43 and into and out of engagement with the dowel 40.
PAR  The opening 43 is preferably provided with a counter-sink and the fastener
      44 is preferably a flat head screw, the head of which is received in the
      counter-sink.
PAR  When the rods are set in their related windows and the fasteners are
      engaged in the openings 43 and the dowels 40, the rods are effectively
      locked against longitudinal shifting and against displacement within their
      related window frames.
PAR  The effect release of the locking means L, one must engage the fasteners 44
      from the inner side of the guard with a suitable tool and back the
      fasteners out of engagement in and with the dowel and the section 30.
PAR  If desired, a nail fastener can be used in place of the screw fastener, in
      which case, the means L is permanently set when the nail fastener is
      driven into the dowel and its head is seated in the counter-sink of the
      opening 43, where it is rendered unengageable by a nail pulling tool or
      the like.
PAR  The locking means L' of the guard G' shown in FIGS. 10 through 13 of the
      drawings in addition to locking the section 30' and 31' of the guard rods
      in set position in their related frames also serves to mechanically urge
      the rods to their extended set and anchored positions in the windows.
PAR  The means L' includes an internally threaded block 50 fixed in the free end
      of its related section 30'. The block 50 can be in the form of a nut and
      can be fixed in the end of the section 30' by suitably bent and formed
      tabs 51 and 52 established from the stock of the section 30', at the
      several sides thereof and as clearly illustrated in the drawings.
PAR  The means L' next includes a bearing plate 53 in the outer ends of the
      sections 31' and stopped on the bent tabs which establish the stop
      surfaces 32' and an elongate threaded drive member 55 engaged through the
      block 50 and projecting axially outwardly therefrom and through the
      sections 31'. The outer end of the drive member 55 is provided with a disc
      shaped head 56 56 in engagement on the plate 53 and having a plurality of
      circumferentially spaced tool engaging notches 57 about its periphery.
PAR  Finally, the means L' includes upper and lower tool receiving openings 58
      and 59 in the inner side of the sections 31' in close proximity to the
      plane of the head 56 and through which a tool 60, such as a screw driver
      can be inserted to engage in the notches 57 (see FIG. 13) and effect
      rotation of the drive member 55 to effect axial telescoping extension and
      locking of the sections 30' and 31', or to retract the member 55 axially
      inwardly and thereby permit the sections 30' and 31' to be shifted to
      shorten the axial extent of the rods and permit their disengagement for
      their related window frames.
PAR  The means L' is such that one must be at the inner side of the guard
      structure G', with an appropriate tool to effect operation of the means
      L'.
PAR  Operation of the means L' from the outside of the guard structure would be
      most difficult and so time consuming as to discourage a burglar or the
      like to attempt operation thereof to gain entering through the related
      window opening.
PAR  In practice, the drive member can be established by a standard bolt
      structure similar to a carriage bolt, the head of which is suitably
      notched.
PAR  With the means A and L or A' and L' that I provide, it will be apparent
      that the sectional rods R and R' of my guard are axially extensible and
      adjustable to cooperatively engage in and with window structures of
      varying inside lateral extent and are such that they can be effectively
      releasably locked in engagement within the window structure in such a
      manner that release of the locking means and removal of the guards from
      the outside of the guards and window structure is not practically
      possible.
PAR  The grate structure X that I provide can vary widely in practice and
      includes structure establishing a plurality of metal bars extending
      between the upper and lower rods R and R' in spaced relationship laterally
      of the window openings.
PAR  The bars can be simple, straight, laterally spaced vertical bars fixed to
      the sections 30 and 30' of rod sections as by rivets, spot welding or the
      like.
PAR  In the case illustrated, the grate is established by a pair of interengaged
      V-shaped metal straps having outwardly recurrent ends 72. The strap 70 has
      upper outer radiused corners or ends fixed to the lower side of the
      section 30 of upper rod R and a central lower bend or corner fixed to the
      top of the section 30 of the lower rod R'. The strap 71 has lower outer
      radiused corners or ends fixed to the upper side of the section 30 of the
      lower rod R' and a central upper bend or corner fixed to the lower side of
      the section 30 of the upper rod 30.
PAR  The inclined leg portion of the straps 70 and 71 cross each other at their
      centers, at a point midway between the rods and are suitably fixed to each
      other as by rivets 73, which rivets will permit relative pivoting of the
      straps.
PAR  The several corners of the straps 70 and 71 can, as illustrated, be riveted
      or otherwise fixed to their relative rods, as shown at 75 in FIGS. 7 and 8
      of the drawings or can, as shown in FIG. 9 of the drawings, be releasably
      shiftably secured to their related rod sections to allow or permit for
      limited shifting of said corners longitudinally of the rods.
PAR  In the form of the invention shown in FIG. 9 of the drawings, the straps
      are slotted at their corners, as indicated at 76, the rods are slotted as
      at 77 and a nut and bolt type fastening means 78 is engaged through the
      slot, as shown. By tightening the fastener means 78, the grate and rod
      structures can be fixed tightly together. By loosening the means 78 the
      grate can be shifted axially of the rods in such a manner that the
      vertical extent of the grate and vertical spacing of the rods can be
      varied.
PAR  The means 78 includes bolts, the heads of which are at the exterior of the
      rod and the shanks of which extend into the rods and are engaged through
      nuts within the confines of the rods. The free ends of the shanks are
      suitably peened over or upset so that the nuts and bolts cannot be
      disengaged from one another. With such a relationship of parts, even if
      one were to loosen the fastening means to the extent possible, the grate
      would still be secured with and between the rods and an intruder could not
      gain access through the guard and/or window structure related thereto.
PAR  With the last noted form of grate structure, it will be apparent that the
      vertical extent of the guard structure, as well as its lateral extent, can
      be effectively adjusted to effectively fit in and with window structures
      of different dimensions.
PAR  By adjusting the vertical extent of the guard G, the desired spacing of the
      top and bottom edges of the guard with the bottom of the sash S and the
      window sill 12, as previously discussed, can be effectively attained in
      windows of varying or different extent and without the necessity of
      producing a special guard for each different size of window structure.
PAR  Having described only preferred forms and embodiments of my invention, I do
      not wish to be limited to the specific details herein set forth, but wish
      to reserve to myself any modifications and variations that may appear to
      those skilled in the art and which fall within the scope of the following
      claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination a double hung window structure and guard structure
      therefor, said window structure including a rectangular frame with
      laterally spaced vertical side members with inner and outer vertical
      channels with flat bottoms, a horizontal header and a horizontal sill, an
      upper outer rectangular sash with sides slidably engaged in the outer
      channels, a top edge normally engaged with the header and a bottom edge
      spaced about midway between the header and sill and opposing the sill, a
      lower inner rectangular sash with sides slidably engaged in the inner
      channels, a top edge about midway between the header and the sill and
      opposing the header and a bottom edge normally engaged with the sill, the
      guard structure comprising vertically spaced horizontal upper and lower
      rods with upper and lower edges, anchoring means at the ends of the rods
      engaged with the outer channels, and grating secured to and extending
      longitudinally of and between the rods, the upper edge of the upper rod
      and the lower edge of the lower rod being normally spaced from their
      opposing bottom edge of the upper sash and the sill predetermined limited
      distances, said upper edge of the upper rod engaging the lower edge of the
      outer sash upon downward shifting of the outer sash to stop said outer
      sash with its top edge in predetermined limited vertical spaced
      relationship from the header, the normal distance between the rods and the
      sill and the bottom of the outer sash is less than 8 inches and the
      distance between the header and the top edge of the outer sash is less
      than 8 inches when said outer sash is shifted down and engaged with the
      guard whereby the vertical extent of all unobstructed openings in the
      window and guard structure inhibit the free ingress and egress of a person
      therethrough, wherein the rods are established of telescopically engaged
      tubular sections and are axially extensible and include locking means
      between their related sections to hold the sections against relative axial
      shifting, whereby the rods are extensible to urge the anchoring means at
      their ends into engagement in and with their related channels and said
      rods are locked against axial shifting when said anchoring means are
      engaged in and with said channels, said anchoring means includes flat stop
      surfaces at the ends of the rods in flat bearing engagement with the
      bottoms of their related channels and a plurality of sharp spike
      projecting longitudinally outwardly from said surface and engaged in the
      vertical side members, wherein said locking means includes a wood dowel
      fixed in the inner of said telescopically engaged tubular section of the
      rods and projecting therefrom in sliding engagement in the outer tubular
      sections related thereto, openings in the sides of the outer tubular
      sections and disposed toward the inside of the window structure fasteners
      engaged in and through said openings and into said dowels.
NUM  2.
PAR  2. In combination a double hung window structure and guard structure
      therefor, said window structure including a rectangular frame with
      laterally spaced vertical side members with inner and outer vertical
      channels with flat bottoms, a horizontal header and a horizontal sill, an
      upper outer rectangular sash with sides slidable engaged in the outer
      channels, a top edge normally engaged with the header and a bottom edge
      spaced about midway between the header and sill and opposing the sill, a
      lower inner rectangular sash with sides slidably engaged in the inner
      channels, a top edge about midway between the header and the sill and
      opposing the header and a bottom edge normally engaged with the sill, the
      guard structure comprising vertically spaced horizontal upper and lower
      rods with upper and lower edges, anchoring means at the ends of the rods
      engaged with the outer channels, and grating secured to and extending
      longitudinally of and between the rods, the upper edge of the upper rod
      and the lower edge of the lower rod being normally spaced from their
      opposing bottom edge of the upper sash and the sill predetermined limited
      distances, said upper edge of the upper rod engaging the lower edge of the
      outer sash upon downward shifting of the outer sash to stop said outer
      sash with its top edge in predetermined limited vertical spaced
      relationship from the header, the normal distance between the rods and the
      sill and the bottom of the outer sash is less than 8 inches and the
      distance between the header and the top edge of the outer sash is less
      than 8 inches when said outer sash is shifted down and engaged with the
      guard whereby the vertical extent of all unobstructed openings in the
      window and guard structure inhibit the free ingress and egress of a person
      therethrough, wherein the rods are established of telescopically engaged
      tubular sections and are axially extensible and include locking means
      between their related sections to hold the sections against relatively
      axial shifting, whereby the rods are extensible to urge the anchoring
      means at their ends into engagement in and with their related channels and
      said rods are locked against axial shifting when said anchoring means are
      engaged in and with said channels, said anchoring means includes flat stop
      surfaces at the ends of the rods in flat bearing engagement with the
      bottoms of their related channels and a plurality of sharp spike
      projecting longitudinally outwardly from said surface and engaged in the
      vertical side members, wherein said locking means includes threaded blocks
      carried by the inner tubular sections of the rods, bearing plates in the
      outer tubular sections of the rods, threaded shanks engaged through the
      blocks and having ends engaging the plates, operating discs on the shanks
      with circumferentially spaced tool engaging notches within the outer
      tubular sections and access openings in the sides of the outer tubular
      sections through which an operating tool is engaged to engage the
      operating discs.
PATN
WKU  039425770
SRC  5
APN  4891589
APT  1
ART  322
APD  19740717
TTL  Method and apparatus for controlling electromagnetic casting
ISD  19760309
NCL  6
ECL  1
EXA  Roethel; John E.
EXP  Shore; Ronald J.
NDR  4
NFG  8
INVT
NAM  Uozumi; Minoru
CTY  Toyota
CNT  JA
INVT
NAM  Kawano; Fumio
CTY  Toyota
CNT  JA
INVT
NAM  Iwama; Norio
CTY  Aichi
CNT  JA
ASSG
NAM  Toyota Jidosha Kogyo Kabushiki Kaisha
CTY  BOTH OF
CNT  JA
COD  03
ASSG
NAM  Kabushiki Kaisha Toyota Chuo Kenkyusho
CTY  BOTH OF
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730718
APN  48-81066
CLAS
OCL  164  4
XCL  164 49
XCL  164155
XCL  164147
XCL  222383
XCL  417 50
EDF  2
ICL  B22D 2702
FSC  164
FSS  4;155;156;49;147
FSC  222
FSS  DIG. 2;76;383
FSC  266
FSS  38
FSC  417
FSS  50
UREF
PNO  3706399
ISD  19721200
NAM  Sundberg
XCL  222383
UREF
PNO  3791437
ISD  19740200
NAM  Yamada et al.
XCL  164155
UREF
PNO  3834587
ISD  19740900
NAM  Bengt et al.
XCL  164155
UREF
PNO  3844453
ISD  19741000
NAM  Eickelberg
XCL  164155
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  A method of controlling electromagnetic casting for carrying out the
      pouring of molten metal is disclosed which utilizes an electromagnetic
      force generated by a travelling magnetic field. The apparatus for
      performing the method is constructed so that a single magnet coil for
      generating a travelling magnetic field is employed and the input current
      of one phase of the three-phase alternating current to be applied to the
      magnet coil is subjected to phase control, whereby the electromagnetic
      force of the travelling magnetic field is controlled so as to
      automatically effect compensation for the change of the molten metal level
      due to the decrease of the amount of molten metal remaining to be poured.
BSUM
PAR  This invention relates to an electromagnetic casting control method and
      apparatus; for pouring molten metal which utilize an electromagnetic force
      generated by a progressive or travelling magnetic field,.
PAR  In conventional electromagnetic casting methods and apparatus in which the
      electromagnetic force of a travelling magnetic field is utilized for
      pouting the metal into molds, casting times for the respective molds tend
      to increase as time lapses, because where the input is constant, the
      amount of molten metal in a pouring basin decreases with the lapse of
      time. The height by which the molten metal is to be drawn up, therefore,
      increases, with the result that the rate of flow of molten metal or the
      casting speed decreases. In an actual casting line, however, uniformity in
      the casting times for the respective molds is sought. This uniformity may
      be realized by correcting and controlling the input in dependence on the
      amount of the molten metal in the pouring basin. In order to ideally
      perform the correcting control of the input, the casting speed at every
      moment may be detected and the input may be controlled so as to always
      keep the casting speed at a predetermined value. At the present stage of
      the art, a detector for the casting flow velocity, especially one suitable
      for high temperature molten metal, has not yet been obtained and put into
      practical use. From the practical viewpoint, however, it is not necessary
      to strictly control the flow velocity of the molten metal, but it is
      satisfactory to make the casting times of the respective pouring jobs
      uniform. In known electromagnetic casting method and apparatus,
      consideration is given to the uniform casting times for the respective
      molds. As a way of making the casting times for the respective molds even,
      a magnet coil has been used that is divided into two coils, one of which
      is used for the compensation for the change of the drawing-up height on
      the pouring basin side and the other of which is used for the pouring of
      the molten metal. This structure, however, is complicated, and in addition
      a molten metal detecting means for compensation of the change of the
      drawing-up height resulting from the decrease of the amount of molten
      metal must be provided at the coil portion on the pouring basin side.
PAR  This invention is constructed so that a single magnet coil for generating a
      travelling magnetic field is employed and that the input current of one
      phase of the three-phase alternating current to be applied to the magnet
      coil is subjected to phase control, whereby the electromagnetic force of
      the travelling magnetic field is controlled so as to automatically effect
      the compensation for the change of the molten metal level due to the
      decrease of the amount of molten metal.
PAR  An object of this ivention is to provide an electromagnetic casting control
      method which utilizes one magnet coil, which makes it unnecessary to
      dispose any means for detecting the lowering of the molten metal level due
      to the decrease of the amount of molten metal in a pouring basin as in the
      prior art in order to compensate an input, and in which the casting times
      of respective pouring jobs which vary in dependence on drawing-up heights
      are automatically compensated, so that uniform casting times are obtained
      irrespective of the decrease of the amount of molten metal.
PAR  Another object of this invention is to provide an electromagnetic casting
      control apparatus which makes it unnecessary to employ molten metal level
      detecting means for detecting the decrease of the amount of molten metal
      in a pouring basin, and in which a molten metal-detector is used which
      need only detect the presence of molten metal at a sufficient distance
      from the molten metal at a high temperature, so that the pouring is
      effected by only one magnet coil without adopting any special coil.
PAR  A further object is to make it possible to keep casting times
      extraordinarily uniform by electrical means, so that the reliability and
      maintainability of the equipment are enhanced and that the quality of
      castings is remarkably enhanced.
DRWD
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a block diagram which shows an embodiment of the electromagnetic
      casting apparatus according to this invention;
PAR  FIG. 2 shows an embodiment of a magnet coil (at 3) in FIG. 1;
PAR  FIG. 3 shows an embodiment of a trigger circuit (at 10) in FIG. 1;
PAR  FIG. 4 shows an embodiment of a phase control device (at 9) in FIG. 1;
PAR  FIG. 5 is a characteristic diagram which shows the relation between a
      current through the magnet coil and an electromagnetic force generated
      therein;
PAR  FIGS. 6 and 7 are diagrams for elucidating the operations of the apparatus;
      and
PAR  FIG. 8 is a block diagram which shows another embodiment of the
      electromagnetic casting apparatus according to this invention.
DETD
PAR  The block diagram of FIG. 1 illustrates an embodiment of the
      electromagnetic casting apparatus according to this invention utilized to
      perform the method according to this invention. In this figure, numeral 1
      designates a pouring basin for reserving molten metal 2, which is driven
      by a magnet coil 3. The magnet coil 3 is disposed so as to surround
      communicating passage 1.sub.a coupling the pouring basin 1 to a pouring
      hole 5,.
PAR  An embodiment of the magnet coil 3 is shown in FIG. 2. The magnet coil 3
      has three-phase alternating current applied thereto. Coils 3.sub.a and
      3.sub.c are arranged asymmetrically to iron cores 4, while a coil 3.sub.b
      is arranged symmetrically to an iron core 4. The magnet coil 3 thus
      constructed generates a progressive or travelling magnetic field as a
      whole. In this case, when the input current I of the coil 3.sub.b wound
      symmetrically to the iron core 4 is varied, the magnet coil 3 generates
      the travelling magnetic field which has an electromagnetic force f
      proportional to the current I of the coil 3.sub.b as illustrated in FIG.
      5.
PAR  Referring back to FIG. 1, a mold 6 is disposed under the pouring hole 5.
      Lines 7.sub.a, 7.sub.b and 7.sub.c are the feeders of the magnet coil 3.
      Shown at 8 is a power switchboard. Numeral 9 indicates a phase control
      device for adjusting an input to the electromagnetic casting equipment. It
      employs circuit elements such as thyristors, and regulates the input
      current I of the coil 3.sub.b by controlling the firing angle of the
      elements. Numeral 10 denotes a trigger circuit for the phase control. A
      current transformer 11 measures the value of a current flowing through the
      coil 3.sub.b. An A. C.-to-D. C. converter 12 converts the output of the
      current transformer 11 into a D. C. control signal. A signal comparator 13
      takes out the deviation between a control aim signal and the output signal
      of the converter 12. Numeral 14 represents a normally-closed switch, 15 an
      adder, 16 a starting switch, and 17 a normally-closed switch. Shown at 18
      is a pouring stand-by signal generator, which generates a control signal
      uniformly increasing at a fixed rate upon actuation of the starting switch
      16. A pouring signal generator 19 generates a pouring signal whose value
      is constant during pouring or varies in conformity with a predetermined
      pattern with the lapse of time. Numeral 20 designates a normally-open
      switch. A molten metal-detector 21 detects the molten metal by means of a
      phototransistor or the like. An amplifier 22 subjects the molten
      metal-detection signal of the detector 21 to amplification and waveform
      shaping. A finish detector 23 is constructed of a phototransistor or the
      like, and detects the completion of the pouring into the mold 6. An
      amplifier 24 amplifies the output signal of the finish detector 23.
      Numeral 25 represents a power factor compensating condenser.
PAR  When the starting switch 16 is actuated, the pouring stand-by signal
      generator 18 is started through the normally-closed switch 17. The pouring
      stand-by signal generator 18 is an integrating amplifier in which the
      input and output of an amplifier of high gain are coupled by a condenser.
      When a D. C. current is applied to the input stage of the integrating
      amplifier 18 stepwise by the starting switch, a voltage that is the
      integrated input is obtained at the output stage. More specifically, the
      integrated voltage is the control signal I, as shown in FIG. 6, which
      starts at t = 0 and increases relative to the time t substantially
      linearly.
PAR  The control signal produced by generator 18 is applied to the input of
      adder 15. At this time, the pouring signal generator 19 for supplying
      another input of the adder 15 has not yet started, and the normally-open
      switch 20 is in the open state. Therefore, the pouring signal of the
      pouring signal generator 19 is not applied to the adder 15, and the
      control signal of the pouring stand-by signal generator 18 is fed through
      the normally-closed switch 14 to the signal comparator 13 without any
      change. The control signal of the pouring stand-by signal generator 18 as
      applied to the comparator 13 drives the trigger circuit 10, and controls
      the phase control device 9. As shown in FIG. 3, the trigger circuit 10
      comprises a relaxation oscillation circuit, a Zener diode 105 for holding
      a predetermined voltage, and a rectifier 106 of the bridge type. The
      relaxation oscillation circuit consists of a transistor 101 as well as a
      condenser 102, a uninjunction transistor 103, and a pulse transformer 104.
      As shown in FIG. 4, the phase control device 9 is constructed in such
      manner that two thyristors 91 and 92 are connected in antiparallel and
      that the antiparallel connection is inserted into the b-phase. When a
      pulse is impressed on trigger terminals 93 and 94 in the case where a
      sinusoidal voltage is applied across the thyristors 91 and 92, the
      thyristors conduct and supply power to the load during a period from the
      moment of the impression of the pulse on the terminals 93, 94 until the
      inversion of the polarity of the voltage. In the absence of the starting
      signal from the trigger circuit 10, the control device 9 causes the
      current of the b-phase of the three-phase alternating current to be zero.
      When the starting signal is applied to the input of device 9, it adjusts
      the firing angle of the b-phase and controls the b-phase current I in
      conformity with the input thereto. Accordingly, when the control signal of
      the pouring stand-by signal generator 18 is applied to the input of
      trigger circuit 10, the trigger circuit controls the firing angle of the
      phase control device 9 by the input, and in turn, the phase control device
      9 increases the current I of the b-phase in proportion to the control
      signal of the pouring stand-by signal generator 18 as illustrated in FIG.
      6. When the current I of the b-phase increases, the magnet coil 3
      generates the electromagnetic force f proportional to the current I as
      illustrated in FIG. 5. By the travelling magnetic field thereof, the
      molten metal 2 in the pouring basin 1 is driven towards the tapping hole 5
      located at the left upper part (as viewed in FIG. 1). Thus, the level of
      the molten metal on the tapping hole side begins to rise in proportion to
      the current I or to the control signal of the pouring stand-by signal
      generator 18.
PAR  At this time, a D. C. input proportional to the A. C. current I of the
      b-phase is fed to the signal comparator 13 by the current transformer 11
      as well as the A. C.-to-D. C. converter 12. The D. C. input is for
      monitoring, and serves to detect whether or not the current I is
      increasing in proportion to the control signal of the pouring stand-by
      signal generator 18. If the current I deviates from the control signal,
      the firing angle of the phase control device 9 is controlled so as to
      always keep the control signal and the current I proportional.
PAR  As the control signal of the pouring stand-by signal generator 18
      increases, the molten metal-level on the tapping hole side rises. After a
      time t.sub.1, the molten metal 2 begins to flow out from the pouring hole
      5, and then, the molten metal-detector 21 detects the outflow of the
      molten metal. The detection signal of the detector 21 is amplified by the
      amplifier 22, and is delivered to the normally-closed switch 17 and the
      normally-open switch 20.
PAR  In consequence, the normally-closed switch 17 falls into the open state, to
      stop the increase of the control signal of the pouring stand-by signal
      generator 18 and to fix the control signal at a value at that time.
      Accordingly, a current (I.sub.1) flowing through the b-phase at this time
      indicates the drawing-up height at which the molten metal 2 is drawn up to
      the pouring hole 5. The molten metal 2 is drawn up to the position of the
      pouring hole 5, and the molten metal-level is maintained at this position.
PAR  On the other hand, at the same time that the normally-closed switch 17
      becomes open, the normally-open switch 20 becomes closed and the pouring
      signal generator 19 is also started. As a result, the pouring signal
      produced by the signal generator 19 is applied to the input of adder 15
      through the now closed switch 20. The pouring signal is a signal which has
      a value corresponding to the increment of the force required for pouring
      molten metal into the mold 6, and which includes as increase of current of
      .DELTA.I.sub.1 in FIG. 6.
PAR  The pouring signal of the pouring signal generator 19 as fed to the adder
      15 is added to the control signal of the pouring stand-by signal generator
      18 as fixed at the specific value necessary for raising the molten
      metal-level to the height of the pouring hole 5. Through the
      normally-closed switch 14, the signal comparator 13 and the trigger
      circuit 10, the sum signal controls the phase control device 9 so as to
      increase the current I of the b-phase by .DELTA.I.sub.1. In this way, the
      electromagnetic force of the travelling magnetic field generated by the
      magnet coil 3 is increased, and it drives the molten metal 2 pushed up to
      the pouring hole 5 and it initiates pouring of the metal into the mold 6.
PAR  The pouring into the mold 6 proceeds, and the mold 6 provided under the
      pouring hole 5 is filled up with the molten metal after a period of time
      of t.sub.2. Then, the finish detector 23 detects the state. The detection
      signal is amplified by the amplifier 24, whose output is delivered to the
      normally-closed switch 14, the pouring signal generator 19 and the pouring
      stand-by signal generator 18. Thus, the normally-closed switch 14 is
      opened, so that the signal from the adder 14 is intercepted and that the
      current I of the b-phase is made zero to stop the pouring. Simultaneously
      therewith, the pouring signal generator 19 and the pouring stand-by signal
      generator 18 are reset.
PAR  The first pouring job is completed by the foregoing operation.
PAR  Subsequently, the next mold 6 is arranged under the pouring hole 5 in a
      period of time of t.sub.3 in FIG. 6, and the second pouring job is
      initiated. The circuit operation at the second job is quite the same as
      stated above. In case of the second pouring, however, the amount of the
      molten metal 2 in the pouring basin 1 has been reduced by the first
      pouring. Consequently, the drawing-up height to the pouring hole 5
      increases in correspondence with the reduced component. The current I of
      the b-phase for drawing up the molten metal 2 to the level of the pouring
      hole 5 is greater by .DELTA.I.sub.2  than the current I.sub.1  which
      corresponds to the drawing-up height of the first job. The increment
      .DELTA.I.sub.2 is automatically compensated by the control signal
      generated by the pouring stand-by signal generator 18, so that the molten
      metal-level is maintained at the position of the pouring hole 5. For this
      reason, the casting time t.sub.5 of the pouring into the mold 6 due to the
      current increment .DELTA.I.sub.1 for the second pouring as given by the
      pouring signal generator 19 is equal to the casting time t.sub.2 of the
      first job.
PAR  As described above, even at the second and further pouring jobs, the
      pouring stand-by signal generator 18 always compensates for the decreased
      components automatically by the control signals for changes in the
      drawing-up height due to the decrease of the amount of the molten metal in
      the pouring basin, and the molten metal-level is pushed up to the position
      of the pouring hole 5. Therefore, the casting time is not affected by the
      decrease of the amount of the molten metal at all, and the casting times
      at the respective pouring jobs are always constant.
PAR  Although, in the above explanation of the operation, the pouring signal of
      the pouring signal generator 19 has been described as having a fixed
      value, the quality of a product can also be remarkably enhanced by the use
      of a pouring signal which, as shown by way of example as dotted lines in
      FIG. 6, has the optimum pattern for the mold 6 to-be-employed.
      Furthermore, if the connections between the amplifier 24 and the pouring
      stand-by signal generator 18 and between the amplifier 24 and the
      normally-closed switch 14 are separated in FIG. 1, the control signal of
      the pouring stand-by signal generator 18 is maintained at the value of the
      drawing-up height at the preceding pouring job. In consequence, the
      drawing-up time t.sub.4 at the succeeding pouring job can be shortened as
      illustrated in FIG. 7. In addition, the control signal of the pouring
      stand-by signal generator 18 is not restricted to a linearly increasing
      signal, it may be any signal uniformly increasing at a speed which permits
      the molten metal to follow up.
PAR  FIG. 8 shows another embodiment of the electromagnetic casting equipment
      according to this invention. In the figure, the same symbols as in FIG. 1
      denote the same devices or units. Shown at 26 is a holding circuit which
      serves to hold the b-phase current value detected by means of the current
      transformer 11 and the A. C.-to-D. C. converter 12. Numerals 27 and 28
      designate normally-closed switches, and numeral 29 indicates a change-over
      switch. Although the circuit operation is substantially the same as in
      FIG. 1, the following is to be noted. Until the molten metal-detector 21
      detects the outflow of the molten metal, the control signal of the pouring
      stand-by signal generator 18 fed to the phase control device 9 through the
      change-over switch 29. Upon the actuation of the molten metal-detector 21,
      the normally-closed switch 27 is opened, the holding circuit 26 holds the
      D. C. current value corresponding to the b-phase current at this time, and
      the current value is delivered to the adder 15 through the normally-closed
      switch 28. Simultaneously therewith, the change-over switch 29
      changes-over onto the side of the adder 15. Consequently, the control
      signal for drawing up the molten metal-level is thereafter fed from the
      holding circuit 26 to the adder 15. It is added to the pouring signal of
      the pouring signal generator 19 in the adder 15. The sum signal is fed to
      the phase control device 9, to effect the pouring into the mold 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of casting molten metal from a pouring basin having a pouring
      hole into molds wherein the casting times for the molds is held constant,
      said method utilizing the travelling magnetic field of a magnet coil
      energized by three-phase current, and which has a winding symmetric to a
      coil iron core at one phase; and comprising the steps of:
PA1  uniformly increasing the input current in said symmetric winding at a rate
      which the flow of said molten metal can sufficiently follow;
PA1  drawing said molten metal up to a level necessary for pouring from said
      hole by an electromagnetic force of said travelling magnetic field, and
      fixing a value of the current flowing to the symmetric winding when sad
      molten metal reaches said level necessary for pouring from said hole;
PA1  increasing the current in said symmetric winding in conformity with a
      predetermined pattern from the fixed value in order to raise said molten
      metal and pour it from said pouring hole; and
PA1  making the current of said symmetric winding zero in order to stop the
      pouring upon detection that said mold has been filled up with said molten
      metal,
PA1  raising the molten metal to the pouring hole for the next casting by
      increasing the current in said symmetric winding from a level
      corresponding to said previously fixed value by a second fixed amount
      corresponding to the decreased level of molten metal due to the first
      pouring and
PA1  increasing the amount in said symmetric winding above said second fixed
      amount in accordance with a predetermined pattern to pour metal from said
      pouring hole for said next casting.
NUM  2.
PAR  2. A method of casting molten metal from a pouring basin having a pouring
      hole into molds wherein the casting time for the molds is held constant,
      said method utilizing the travelling magnetic field of a magnet coil
      employing a three-phase current and which has a winding symmetric to a
      coil iron core at one phase, and comprising the steps of:
PA1  uniformly increasing the input current in said symmetric winding at a rate
      which the flow of said molten metal can sufficiently follow;
PA1  drawing said molten metal up to a level necessary for pouring from said
      pouring hole by the electromagnetic force of said travelling magnetic
      field, and fixing the value of the current flowing to the symmetric
      winding when said molten metal reaches said pouring hole for the first
      pouring;
PA1  increasing the current flowing to said symmetric winding in conformity with
      a required pattern from said fixed value in order to raise said molten
      metal and pour it from said pouring hole;
PA1  decreasing the current value of said symmetric winding down to said fixed
      value for said first pouring in order to stop said first pouring after
      detecting that said mold has been filled up with said molten metal;
PA1  maintaining the current of said symmetric winding at said fixed value for
      said first pouring while said mold is removed after completion of said
      pouring and a further mold for a next pouring is moved into position to
      receive molten metal from pouring hole;
PA1  uniformly increasing the input current of said symmetric winding for said
      next pouring starting at said fixed value for said first pouring;
PA1  increasing the electrical current in said symmetric winding to a second
      value higher than said fixed value for said first pouring by an amount
      corresonding to the decrease in level of molten metal due to the first
      pouring to raise the molten metal to said pouring hole for a second
      pouring, and fixing the current value for said second pouring at a level
      higher than said value fixed for said first pouring when said molten metal
      reaches said pouring hole;
PA1  increasing the current flowing to said symmetric winding for a second
      pouring in conformity with a predetermined pattern from the value fixed
      for said second pouring; and
PA1  lowering the current of said symmetric winding to said fixed value for said
      second pouring to prepare for a subsequent pouring;
PA1  repeating the above-mentioned steps for subsequent pourings for effecting a
      continuous casting process.
NUM  3.
PAR  3. An apparatus for casting molten metal from a pouring basin into molds by
      utilizing the travelling magnetic field of a magnet coil employing
      three-phase current, comprising:
PA1  a molten metal receiving chamber having a pouring hole and a horizontally
      extending communication passage for coupling said pouring basin,
PA1  a magnet coil employing three-phase current and having an iron core, said
      coil being arranged in a manner to surround said communication passage for
      driving said molten metal, and having one winding symmetric to said iron
      core at one phase thereof and two windings asymmetric thereto at two other
      phases thereof, said coil being connected to a three-phase A.C. power
      source and provided with a pair of parallel-connected power factor
      compensating condensers,
PA1  phase control means for control of the current to the symmetric winding of
      said magnet coil, said phase control means being connected in series
      between said symmetric winding and said three-phase A.C. power source,
PA1  a molten metal-detector provided near said pouring hole to detect
      initiation of the pouring of said molten metal;
PA1  a finish detector to detect whether said mold has been filled with molten
      metal;
PA1  an adder connected to said phase control means for addition of a control
      signal and a pouring signal to produce a control;
PA1  a control circuit provided between said phase control means and said adder
      which controls deviation beween said control aim signal and the output
      signal of said phase control means;
PA1  a pouring stand-by signal generator connected to said adder, which
      generates, on the basis of a starting signal, said control signal
      uniformly increasing with time, and which maintains the control signal
      value at a fixed value in response to a signal from said molten
      metal-detector; and
PA1  a pouring signal generator connected in parallel with said pouring stand-by
      signal generator, and connected to said adder and which generates on the
      basis of said signal from said molten metal-detector said pouring signal
      so as to effect pouring of molten metal from said basin in a predetermined
      pattern.
NUM  4.
PAR  4. The apparatus according to claim 3, wherein said control circuit
      comprises a current transformer which measures the current value flowing
      through said symmetric winding, an A. C.-to-D. C. converter which converts
      an output of said current transformer into a D. C. control signal, and a
      signal comparator which takes out said deviation between said control aim
      signal and the signal of said output of said current transformer.
NUM  5.
PAR  5. The apparatus according to claim 3, wherein the signal from said pouring
      signal generator and the signal from said pouring stand-by signal
      generator are applied to said adder, the output of said adder being the
      sum of said signals from said pouring signal generator and said pouring
      stand-by signal generator, the signal from said pouring signal generator
      being applied to said adder, upon receipt by said pouring signal generator
      of said signal from said molten-metal detector.
NUM  6.
PAR  6. The apparatus according to claim 5, wherein said control circuit is
      adapted to feed the signal of said pouring stand-by signal generator to
      said phase control means through a changeover switch, and wherein said A.
      C.-to-D. C. converter includes a holding circuit which applies to said
      adder a D. C. current value corresponding to the current of said symmetric
      winding.
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ABST
PAL  A method of repairing large castings, such as ingot molds and mold stools,
      by employing an aluminothermic reduction reaction. The resultant repaired
      article has a metallurgically bonded plug in the crack, hole, break, or
      eroded surface. An alternative repair method of big-end-up ingot molds is
      disclosed which comprises forming a ceramic lining on the bottom of the
      mold.
PARN
PAR  This application is a continuation of application Ser. No. 332,870, filed
      Feb. 15, 1973, now abandoned.
BSUM
PAR  This invention relates to a relatively inexpensive method for repairing
      ingot molds and stools which utilizes an aluminothermic reduction (ATR)
      bulk metal deposition process to effect such repair.
PAR  A practical method for the repair of ingot molds and stools damaged in
      service has been in great demand by steelmakers because mold and stool
      performance relates directly to the cost of steel production. Among the
      major reasons for the scrapping or rejecting of molds and stools, which
      are usually made of cast iron, are cracking of mold walls and stool seats,
      and erosion of mold bottoms and stool seats. Conventional bulk welding
      methods for the repair of mold and stools are costly, time-consuming, and
      usually unsatisfactory as the weldments often crack and fall out. In an
      attempt to improve the welding method and to lock in the weldment, V- or
      U-shaped notches or grooves or dove-tailed grooves are machined into the
      surface and the notches are filled with weld metal. This procedure has
      been generally successful, but remains quite costly. Attempts to fill
      cracks and craters with ceramic material have failed. Steel plates, spiked
      into place over cracks and holes on the outside of molds, have been used
      to contain and prevent cracks in molds from propagating further, but again
      this type of repair is not completely satisfactory as molten metal can
      still enter the cracks and holes making ingot stripping extremely
      difficult.
PAR  In Hammerle U.S. Pat. No. 3,629,928, a repair method was described in which
      a groove was first cut along the damaged area in the mold wall. A
      plurality of nails or bolt heads extended into the groove. The groove was
      filled with weld metal such that a breakout of the weld metal was
      minimized. Although successful, the method was very expensive.
PAR  We are aware of the following prior art concerning aluminothermic welding
      processes:
PA1  Millward U.S. Pat. No. 1,594,182
PA1  Carpenter et al U.S. Pat. No. 2,515,191
PA1  Funk U.S. Pat. No. 3,264,696
PA1  Funk U.S. Pat. No. 3,396,776
PA1  Guntermann U.S. Pat. No. 3,421,570
PAR  We have invented a method for repairing large castings, such as ingot molds
      and stools, which employs an exothermic reduction reaction, such as an
      aluminothermic reduction (ATR) reaction, to generate the filler metal, and
      utilizes the large amount of heat energy evolved from the reaction to weld
      bond the metal phase to the mold material. The chemical reaction can be
      represented as:
EQU  3MeO + 2A1 .fwdarw. 3Me + Al.sub.2 O.sub.3 + heat
PAL  Where MeO represents the oxide of the metal to be deposited, such as
      hematite (Fe.sub.2 O.sub.3), Al is the aluminum fuel and Al.sub.2 O.sub.3
      the oxide of aluminum, which is a major constituent of the resulting slag.
      One novel and critical step in our method is the proper disposition of the
      ATR charge when the ATR reaction is initiated. The ATR charge, consisting
      of a stoichiometric mixture of aluminum and iron oxide, is placed on the
      defective piece surrounding the defect, and contained by a refractory
      perimeter. Since the reaction takes place and the superheated metal is
      generated in intimate contact with the substrate surface instead of in a
      crucible as is normally practiced, the heat of reaction is efficiently
      utilized, thereby enhancing the bonding of the deposited metal to the
      steel substrate.
PAR  It is the primary object of this invention to provide a method of repairing
      large castings such as ingot molds and stools which requires no surface
      preparation of the casting.
PAR  It is another object to provide a method of repairing ingot molds or stools
      which is quick and economical.
PAR  It is also an object to provide a method of repairing ingot molds and
      stools that can be performed without elaborate or expensive equipment.
PAR  It is another object to provide a method of repairing mold stools that can
      be performed without removing the stools from the ingot cars on which they
      are mounted.
PAR  It is a further object to provide a method for forming a high-melting,
      abrasion-resistant ceramic liner in the bottom of a big-end-up (BEU)
      closed-bottom ingot mold.
DRWD
PAR  These and other objects will become more readily apparent by reference to
      the following detailed specification and the attached drawings in which:
PAR  FIG. 1 is a transverse cross-section of an eroded mold stool and the
      necessary apparatus to accomplish our method.
PAR  FIG. 2 is a transverse cross-section of a mold stool repaired by the
      invented method.
PAR  FIG. 3 is a partial transverse cross-section of a perforated ingot mold
      wall to be repaired by our method.
PAR  FIG. 4 is a partial transverse cross-section of the repaired ingot mold
      wall of FIG. 3.
PAR  FIG. 5 is a transverse cross-section of a big-end-up (BEU) closed-bottom
      ingot mold with a perforated bottom.
PAR  FIG. 6 is a transverse cross-section of the repaired mold of FIG. 5.
PAR  FIG. 7 is a transverse cross-section of a big-end-up ingot mold set-up
      according to our method of depositing an abrasion-resistant monolithic
      ceramic liner in the bottom thereof.
PAR  FIG. 8 is a transverse cross-section of the ingot mold of FIG. 7 after
      deposition of a ceramic bottom liner.
PAR  FIG. 9 is a transverse cross-section of an inverted big-end-up ingot mold,
      the bottom of which has been perforated, and associated equipment for
      repairing it according to the invention.
PAR  FIG. 10 is a partial transverse cross-section of the mold of FIG. 9 showing
      a different step in the inverted repair method.
PAR  FIG. 11 is a partial transverse cross-section of the repaired mold of FIGS.
      9 and 10.
DETD
PAR  As shown in FIG. 1, a mold stool 10 has been eroded in service to such an
      extent that a crater 12 exists in the surface of the stool. We repair this
      stool while it remains on the ingot car, by placing a refractory perimeter
      14 around the crater 12 to form a butt joint with the stool, banking loose
      particulate insulating material such as sand 16 around the joint, placing
      an exothermic reaction mixture 18 inside the perimeter 14, and igniting
      the mixture. The perimeter 14 is advantageously made of graphite. The
      mixture 18 is preferably an aluminothermic reduction (ATR) reaction
      mixture. The mixture consists of about three parts powdered iron oxide,
      which is preferably Fe.sub.2 O.sub.3 and not finer than +200 mesh, and
      preferably having a size at least as fine as -35 mesh, one part aluminum
      powder preferably having a size between about -100 mesh and +325 mesh.
      Other fuels that might be used instead of aluminum are magnesium, calcium,
      silicon and calcium-silicon alloy or mixtures thereof. The ATR mixture is
      ignited by a flame, flare or hot filament. The reaction causes the
      formation of a superheated melt comprising a metal phase 20 (FIG. 2) and a
      slag phase, not shown. The more dense metal phase quickly separates from
      the melt and settles to the bottom where it becomes metallurgically bonded
      to the stool. Any oxide scale which may have existed on the surface of the
      mold stool is either chemically reduced or melted with the slag and thus
      is removed from the surface so that it does not interfere with bonding. It
      is believed that this "in situ" bulk deposition process uses the heat of
      reaction efficiently to provide a mechanism for cleaning and descaling the
      surfaces, thereby enhancing the formation of additional filler material
      which becomes welded to the stool. Upon cooling, the perimeter 14 and the
      slag phase are removed to reveal a repaired stool (FIG. 2) in which a
      metal phase 20 has been weld bonded to the stool 10.
PAR  FIGS. 3 and 4 illustrate the invented method as applied to the repair of
      cracks or other breaks which may have completely penetrated the mold wall.
      This method can be used for filling large cracks in the mold wall or for
      placing a deposited metal band across a crack to prevent further
      propagation. As shown in FIG. 3, a mold 30 is placed on its side and the
      outside (upper) surface of the mold is fitted with a refractory perimeter
      32 and backed with sand 34. If the damage is so severe that the crack 36
      penetrates the mold wall, an additional piece of refractory 38 is
      positioned on the interior wall to seal the crack opening. An ATR charge
      40 is then placed on the mold surface to the desired depth inside the
      refractory perimeter 32, and the ATR reaction is initiated. Upon cooling,
      the slag phase and perimeter 32 are removed. The crack in the mold has
      been filled with a metal filler material 42 which is metallurgically
      bonded to the sides of the crack 36. In addition, if sufficient charge
      material is employed, a band of deposit metal 44 is bonded to the mold 30
      on both sides of the crack and to the filler material 42 to reinforce the
      mold wall and thus minimize further propagation of the crack. This band
      44, being on the outside of the mold, is not subject to erosion or damage
      from hot metal.
PAR  FIGS. 5 and 6 illustrate our method as applied to the repair of perforated
      or badly eroded BFU closed-bottom molds. In some applications, mold 50 is
      fitted with a refractory perimeter 52. In other applications, this
      perimeter is not necessary as the walls of the mold form the perimeter.
      Sand 54 is placed around the perimeter and around the mold 50 to contain
      the reaction products. An ATR mixture 56 is then placed inside the
      perimeter and the ATR reaction is initiated. Upon cooling, the slag layer
      is removed. The repaired mold (FIG. 6) has a metal plug 58 metallurgically
      bonded to the sides of the hole 60.
PAR  FIGS. 7 and 8 illustrate the method of forming a high-melting,
      abrasion-resistant, monolithic alumina layer in the bottom of a BEU mold
      70. In this application, sufficient ATR mixture 72 is used to assure a
      continuous layer of high alumina slag 74 completely covering the bottom of
      the mold. The ATR procedure is carried out as before except in this
      application, no attempt is made to remove the Al.sub.2 O.sub.3 phase 74
      from the metal phase 76. Because no refractory perimeters are used, the
      Al.sub.2 O.sub.3 layer penetrates into the walls of the mold at points 78
      and is thus securely locked into the mold. Such a ceramic liner will
      greatly lengthen the life of this mold as well as minimize the welding and
      sticking of an ingot to the mold bottom.
PAR  FIGS. 9, 10 and 11 illustrate an alternative method of repairing a BEU mold
      having a badly perforated bottom. Mold 80 is inverted leaving access to
      the open end. A sealing means 82 carrying particulate material such as
      sand 84 is positioned against the mold bottom as shown in FIG. 10. This
      can be accomplished either by placing the mold 80 on member 82 or by
      moving member 82 upwardly against the mold bottom. The sand 84 partially
      enters the hole 86 and thus prevents the formation of ears in the bottom
      of the mold. Ears tend to be pulled out and with them, the plug material,
      when a subsequently poured ingot is removed from the mold. A refractory
      perimeter 88 is placed on the mold to form a joint with it and sealing
      sand 90 is banked around the joint. An exothermic reaction mixture 92 is
      placed within perimeter 88 and the reaction is initiated. When the slag
      phase, perimeter, and sealing means are removed, the mold has a plug 92
      metallurgically bonded to the sides of the hole 86 as shown in FIG. 11.
PAR  It can readily be seen from the foregoing that we have invented a method of
      repairing large castings such as cast iron ingot molds and stools which is
      quick and economical, requires no surface preparation, can be performed
      without elaborate equipment, and can be performed on stools without
      removing them from the ingot cars on which they are mounted. Further, we
      have invented a method of forming an abrasion-resistant liner in the
      bottom of a BEU ingot mold.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of repairing a defect in a large metal casting, consisting of:
PA1  placing a graphite refractory containment apparatus on the casting around
      the defect and forming a joint with the casting;
PA1  placing loose particulate insulating material on said casting around said
      joint;
PA1  filling said containment apparatus to a predetermined level with an
      exothermic reaction mixture in direct contact with said metal casting;
PA1  igniting the mixture to form a superheated melt comprising a heavier metal
      phase and a lighter slag phase;
PA1  maintaining said melt in contact with said casting for a time sufficient to
      allow said melt to separate into said metal phase in contact with said
      casting and said slag phase thereover and to permit said metal phase to
      enter and fill said defect;
PA1  solidifying said melt to form a metallurgically bonded weldment in said
      defect; and
PA1  removing said containment apparatus and the overlying solidified slag.
NUM  2.
PAR  2. A method in accordance with claim 1, wherein the exothermic reaction
      mixture comprises a substantially stoichiometric mixture of Fe.sub.2
      O.sub.3 and aluminum powders.
NUM  3.
PAR  3. A method in accordance with claim 1, wherein the casting is a cast iron
      ingot mold or stool.
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PAL  Welding Handbook, Section One, Fifth Edition, edited by Arthur L. Phillips,
      pp. 7.7, 7.8, 5.12, Technical Library, published 1962.
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ABST
PAL  A process for the aluminothermic welding of rails in which the rail ends to
      be joined are surrounded by a prefabricated, dry refractory casting mold
      and sealed from the rails with plastic mold materials, such as, moistened
      sand; a reaction crucible is arranged above the casting mold and filled
      with an aluminothermic reaction mixture; the rail ends are preheated, for
      example, by burning a mixture of propane and oxygen and directing the
      flames downwardly into the riser-duct of the casting mold for a period of
      time up to about 2 minutes and at a temperature between about 300.degree.
      C and about 700.degree.C; the aluminothermic reaction mixture in the
      reaction crucible is ignited; and, upon completion of the reaction of the
      aluminothermic reaction mixture, the lower outlet of the reaction crucible
      is opened and the steel melt is poured into the mold.
PAR  The amount of aluminothermically produced steel utilized is between about
      0.15 and about 0.25 parts by weight based on the weight per meter of the
      rails to be welded.
PARN
PAR  This is a continuation, of application Ser. No. 327,314, filed Jan. 29,
      1973, and now abandoned.
BSUM
PAR  This invention relates to a process for the aluminothermic welding of rails
      in which the rail ends to be joined together are surrounded by a
      refractory casting mold and are heated before the aluminothermically
      produced steel is cast into the casting mold.
PAR  Conventionally, the rail ends to be joined together in the aluminothermic
      welding of rails are heated in the mold before casting. For example, a
      process and a machine for the aluminothermic welding of workpieces,
      preferably rails, have been proposed in which the rail ends surrounded by
      molds (casting molds) are preheated by flames which enter a riser duct of
      the casting mold from above. Preheating in this context is to be
      understood to be the heating of the rail joints to around 1000.degree.C.
      before aluminothermically produced steel, introduced into the casting mold
      at a temperature in excess of 2000.degree.C., fuses the rail ends
      together.
PAR  In conventional processes for the aluminothermic welding of rails,
      preheating of the rail ends to around 1000.degree.C., which can be carried
      out in 5 to 25 minutes, for example, in the case of rails weighing
      approximately 50 kg. per meter, is regarded as the fundamental requirement
      for obtaining satisfactory welds. Preheating to temperatures below this
      limit is unacceptable, and even higher preheating temperatures are
      recommended for supporting the fusing effect of the hot liquid steel
      poured into the casting mold after preheating.
PAR  It has been found that, although promoting the necessary fusion of the rail
      ends, the intense preheating has the disadvantage that those zones of the
      rails adjacent the welding zone are also heated to and kept at
      temperatures that are high enough to transform or, at least, affect their
      structure. This results in the formation of coarse-grain and fine-grain
      zones adjoining the weld which show considerable differences in hardness
      and toughness by comparison with the rail material that is not affected by
      heat. These differences can cause buckling and denting, the reduction in
      toughness through coarse-grain formation in the zones adjoining the weld
      having a particularly adverse effect because this can impair resistance to
      fracture. These well known disadvantages accompanying intense preheating
      have hitherto been accepted as inevitable in securing satisfactory fusion.
PAR  In order to obviate the disadvantages involved in intense preheating and
      also to shorten the time required to complete a weld, attempts have also
      been made to dispense with preheating altogether and to obtain the
      increase in the temperature of the rail ends required for fusion solely
      from the hot, liquid, aluminothermically produced steel. This involves a
      relatively large quantity of aluminothermically produced steel, because
      some of the hot liquid melt is used in heating the rail ends to the
      welding temperature. This process can be carried out by using a casting
      mold for aluminothermic rail welding with riser-duct outlets extending
      upwards in the vicinity of the outer edges of the rail base, and a bolt
      arranged above the rail head which forms the base of the pouring gate. In
      this casting mold, the pouring gate is separated from the riser-duct
      outlets.
PAR  In the above-mentioned process for welding rails in which the rail ends are
      preheated and fused solely by the aluminothermically produced steel, those
      zones adjacent the weld are also heated to high temperatures, although the
      heat is very quickly dissipated into the adjoining cold rail zones. The
      result of this is that the width of the heat-influenced zone is reduced as
      required, although chilling can occur, a phenomemon which must be avoided
      under all circumstances on account of the danger of fracture.
PAR  In the practical application of the process just discussed, highly reactive
      aluminothermic mixtures are used to produce a steel melt with as high a
      heat content as possible. Unfortunately, these mixtures are difficult to
      control so that considerable amounts of the reacting mixture and reaction
      products are thrown out of the reaction crucible. Apart from interfering
      with the working cycle, this can also result in changes in the composition
      of the required melt. In addition, despite a relatively large quantity of
      welding material, the rail ends cannot always be fused with the required
      degree of safety, especially in the case of relatively low rail
      temperatures. If, in addition, the rails carry moisture, this results in
      pore formation. For all these reasons, this process has never been worked
      on a large scale on account of the disadvantages which it involves.
PAR  According to the present invention, there is provided a process for the
      aluminothermic welding of rails, wherein the rail ends to be joined
      together are surrounded by a refractory casting mold and are preheated
      over a period of up to 2 minutes to a temperature from about 300.degree.C.
      to about 700.degree.C., whereafter aluminothermically produced steel is
      poured into the casting mold. The present process is capable of exploiting
      the advantages of conventional processes and of avoiding or reducing
      harmful structural changes. Furthermore, the welds can be completed
      relatively quickly.
PAR  The period during which the rail ends are preheated should be no longer
      than 2 minutes, the temperature obtained within the temperature range
      being essentially determined by the burners and the fuel/ oxygen or
      fuel/air mistures used. The size and composition of the weld portion must
      be such that fusion is reliably obtained, in the absence of a chilling
      effect, at a preheating temperature of 300.degree.C., while harmful
      coarse-grain and fine-grain zones in the rail material, in the zones
      adjacent the weld, are avoided at a preheating temperature of
      700.degree.C.
PAR  A particular advantage of the present process is that, by providing for
      satisfactory fusion of the rail ends, it avoids or reduces unfavorable
      transformations and changes in the rail material, thus significantly
      increasing the reliability of welding along the track. Another advantage
      is that, by virtue of the brief preheating period of not more than 2
      minutes, the time hitherto required for completing of the track can be
      significantly reduced so that rail traffic is affected to a far lesser
      extent.
PAR  The process according to the present invention will now be illustrated by
      the following Example.
DETD
PAC  EXAMPLE
PAR  The ends of aligned rails to be welded, the rails weighing 50 kg. per
      meter, are laid with a gap of 24 mm. and surrounded by a prefabricated,
      dry refractory casting mold which is sealed from the rail with plastic
      mold materials, such as, for example, moistened sand. After the casting
      mold has been set up, the crucible required for the reaction is arranged
      above the casting mold and, after the lower outlet of the crucible has
      been closed, the crucible is filled with aluminothermic welding
      composition intended for welding. The aluminothermic mixture is best used
      in a quantity corresponding to from 0.15 to 0.25 parts by weight, based on
      the weight of the rail per meter. In the present case, the mixture is used
      in a quantity of 10 kg. This is followed by preheating of the rail ends,
      preferably by flames produced by burning a mixture of propane and oxygen,
      the flames being arranged to enter the riser-duct of the casting mold from
      above.
PAR  On completion of preheating, the aluminothermic welding composition is
      ignited in the reaction crucible; and, on completion of the reaction, the
      lower outlet is opened by lifting a tapping pin to allow the steel melt to
      flow into the mold where it fuses and joins the rail ends together. After
      the steel poured in has hardened, the casting mold is removed and the weld
      is finished in a conventional manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the aluminothermic welding of rails; comprising,
      surrounding the rail ends to be joined by a refractory casting mold,
      preheating said rail ends for a period of time of up to 2 minutes at a
      temperature between about 300.degree.C and about 700.degree.C, and pouring
      aluminothermically produced steel into said casting mold in an amount
      between about 0.15 and about 0.25 parts by weight based on the weight per
      meter of the rails to be welded.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein the refractory casting mold
      is a prefabricated, dry refractory casting mold.
NUM  3.
PAR  3. A process in accordance with claim 2 wherein the refractory casting mold
      is sealed from the rails with a plastic mold material.
NUM  4.
PAR  4. A process in accordance with claim 1 wherein the rail ends are preheated
      by burning a mixture of propane and oxygen and directing the flames
      downwardly into the riser-duct of the refractory casting mold.
NUM  5.
PAR  5. A process in accordance with claim 1 wherein a reaction crucible is
      arranged above the refractory casting mold and said crucible is filled
      with an aluminothermic reaction mixture.
NUM  6.
PAR  6. A process in accordance with claim 5 wherein the aluminothermic reaction
      mixture is ignited at the end of the period of preheating the rail ends.
NUM  7.
PAR  7. A process in accordance with claim 6 wherein the lower outlet of the
      crucible is opened and the steel melt is poured into the mold after the
      reaction of the aluminothermic reaction mixture is completed.
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ABST
PAL  Ingot casting splashcans are formed of a composition which melts during
      teeming of the ingot to form a molten casting flux.
BSUM
PAR  This invention relates to the casting of ingots, particularly to the
      casting of metal ingots.
PAR  In casting top-poured ingots, it is conventional practice to locate on the
      base of the mould an upright hollow open ended cylinder, usually of
      cardboard or sheet metal; the molten metal is poured into this cylinder
      and impact on the walls of the cylinder so as to minimise the impact of
      molten metal splashes hitting the mould wall itself. As a result, the
      number of splashes on the mould wall, which would lead to surface defects
      in the final cast ingot is also reduced. Such a hollow cylinder is
      conventionally referred to as a "splashcan" and, for simplicity of
      expression, this term will be used hereinafter to embrace such devices and
      analogous devices for the same purpose.
PAR  According to a first feature of the present invention, there is provided a
      splashcan formed of a composition which, under the action of the heat of
      the molten metal, melts to form a molten metal casting flux. Such flux
      compositions are, of course, well known per se but they have not, it is
      believed, previously been used to form splashcans. For use in steel
      casting, such compositions preferably melt at temperatures from
      600.degree. - 1,500.degree.C.
PAR  The dimensions and shape of the splashcans according to the invention may
      vary widely, but it is generally preferable that it be a cylindrical
      sleeve at least 75mm in length. The wall thickness and diameter of such a
      sleeve will vary as a function both of the material used, and of the
      application rate of flux composition to molten metal. Preferably the
      application rate is 400 - 700 gms per tonne of molten metal cast.
PAR  Some sleeve shapes will be sufficiently squat to require no fixing devices
      in the mould; however, for tall shapes or in situations where such a
      sleeve might be caused to topple, additional support members may be
      provided, for example metal tie rods or clips.
PAR  Splashcans in the form of sleeves may be made by a wide variety of known
      techniques and using a wide variety of materials. Two particular types of
      manufacture may be distinguished, those of forming a mixture of
      predominantly particulate materials to shape, and causing the so formed
      shape to form a coherent rigid sleeve, and those of entrapping the
      particulate flux materials in a fibrous matrix, which may either be formed
      as a coherent rigid sleeve as such or as a flexible web material, a
      section of which may be folded to form a sleeve.
PAR  A typical process of the first type is hard ramming a mixture of
      particulate fluxing agent (selected from e.g. sodium carbonate, fluorspar,
      stearic acid, sodium fluoride, anthracene, glass, fly ash, cryolites or
      mixtures of any of these) with a suitable binder (e.g. a natural or
      synthetic gum or resin, a clay, starch, carboxymethyl cellulose, dextrin,
      linseed oil or other drying oil), to the desired shape, and then drying or
      stoving the rammed shape.
PAR  The second type of manufacture preferably comprises the steps of forming a
      slurry, preferably aqueous, of the fibre to be used (e.g. refractory
      fibres such as calcium silicate fibres, glass fibres or synthetic organic
      fibres such as nylon, polyacrylonitrile, rayon polyethylene, terephthalate
      or polyurethane fibres), together with a proportion of a suitable flux as
      filler, for example one of those mentioned above. A proportion of binding
      agent may be included, though this may not be necessary if the fibrous
      material forms, of itself, a sufficiently strong and coherent matrix.
PAR  Sleeves may be made as such by dewatering the slurry on to a cylindrical
      former to deposit a layer of fibrous and particulate material thereon,
      removing the so formed sleeve from the former and drying it.
      Alternatively, the slurry may be dewatered to give a damp coherent strip
      of material, which may be sealed in an airtight container (e.g. a plastic
      bag) to prevent drying out, and when wanted for use, quickly formed to
      shape, dried out and used. If the strip contains sufficient fibre, it is
      flexible even when dry, and the precaution of sealing in a plastic bag may
      be avoided.
PAR  The splashcans may contain ingredients additional to those specified above.
      In particular, the inert or reducing nature of the atmosphere above the
      molten metal surface in the ingot mould during pouring may be modified by
      the inclusion of carbon containing materials, e.g. newsprint or
      polytetrafluoroethylene.
DETD
PAR  The following Examples will serve to illustrate the invention. In these
      Examples, all percentages are by weight.
PAC  EXAMPLE 1
PAR  Four compositions were made up as follows by direct mixing of the
      particulate ingredients:
TBL  A:         fluorspar         75%                                          
                sodium carbonate  22.5%                                        
                sodium fluoride    2.5%                                        
     B:         fluorspar         77.5%                                        
                sodium carbonate  20%                                          
                anthracene         2.5%                                        
     C:         fluorspar         50%                                          
                sodium carbonate  20%                                          
                stearic acid      30%                                          
     D:         fluorspar         40%                                          
                sodium carbonate  20%                                          
                stearic acid      40%                                          
PAR  All these mixtures were mixed with a solution of vegetable resin in ethanol
      to give a thick mouldable paste which was formed to shape and allowed to
      set. Sleeves formed in this way were used as splashcans on test steel
      ingot casts. In all cases, the sleeves functioned well in maintaining the
      ingot mould surface free of splashes, and this, combined with the fluxing
      effect of the sleeve, led to ingots of high surface quality.
PAC  EXAMPLE 2
PAR  Aqueous slurries were made up containing 5 to 15% solids of a composition
      as follows:
TBL  E:       fluorspar          76%                                           
              calcium silicate fibres                                          
                                 19%                                           
              phenolic resin     5%                                            
     F:       fluorspar          65%                                           
              calcium silicate fibres                                          
                                 20%                                           
              phenolic resin     5%                                            
              polytetra fluoroethylene                                         
                                 10%                                           
     G:       fluorspar          60%                                           
              calcium silicate fibres                                          
                                 25%                                           
              phenolic resin     5%                                            
              pulverised glass   5%                                            
              cryolite           5%                                            
PAR  These slurries could be dewatered on to a 40mm diameter cylindrical
      perforated former to give sleeves of thickness 25 mm, which after
      stripping from the former, were dried at 180.degree.C. These sleeves
      functioned satisfactorily as splashcans and high quality ingots were
      produced using them.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In the method of casting an ingot, the improvement which comprises:
PA1  locating on the floor of an ingot mould a splashcan formed of a composition
      which, under the action of the heat of the molten metal, melts to form a
      molten casting flux, said composition consisting essentially of a minor
      proportion of inorganic fibrous material, a major proportion of at least
      one fluxing agent, and a binder,
PA1  passing molten metal into the mould and into the splashcan, the splashcan
      gradually melting to form a casting flux on the molten metal and coating
      the walls of the ingot mould with casting flux as the level of molten
      metal rises in the ingot, and
PA1  allowing the molten metal to solidify in the mould.
NUM  2.
PAR  2. A splashcan for use in the casting of ingots which is formed from a
      composition consisting essentially of:
PA1  a minor proportion of inorganic fibrous material,
PA1  a major proportion of at least one fluxing agent, and
PA1  a binder,
PA1  which composition in use and under the action of the heat of molten metal
      gradually melts to form a molten metal casting flux on the molten metal
      and coats the walls of the ingot mould with casting flux as the level of
      molten metal rises in the ingot.
NUM  3.
PAR  3. A splash can according to claim 2 wherein the melting point of the
      composition is 600 to 1,500.degree.C.
NUM  4.
PAR  4. A splashcan according to claim 2 which is in the form of a hollow
      cylinder, open at both ends.
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ABST
PAL  The invention relates to an improved method of casting superalloy articles
      and more particularly to an apparatus for directionally solidifying
      eutectic superalloy compositions to produce a composite structure of a
      superalloy matrix reinforced with aligned carbide fibers. The improvement
      includes positioning a movable bed of a ceramic insulation around the mold
      such that as the mold is lowered the bed forms a continuous heat
      insulating barrier around the sides of the mold to prevent lateral heat
      transfer.
BSUM
PAR  Superalloys are heat resistant materials having superior strength and
      oxidation resistance at high temperatures. Many of these alloys contain
      iron, nickel or cobalt alone or in combination as the principal element,
      together with chromium to impart surface stability and usually containing
      only one or more minor constituents such as molybdenum, tungsten,
      columbium, titanium and aluminum for the purpose of effecting
      strengthening. The physical properties of the superalloys make them
      particularly useful in the manufacture of gas turbine components.
PAR  The strength of superalloys is determined in part by their grain size. At
      low temperatures fine grained equiaxed structures are preferred. At high
      temperatures large-grained size structures are usually found to be
      stronger than fine-grained. This is believed related to the fact that
      failure generally originates at grained boundaries oriented perpendicular
      to the direction of the induced stress. An improved technique for casting
      superalloys used in gas turbine engines was developed by Ver Snyder, U.S.
      Pat. No. 3,260,505 which discloses the preparation of a blade having an
      elongated columnar structure with unidirectional crystals aligned
      substantially parallel to the long axis of the blade. This procedure
      involves directional solidification whereby almost a complete elimination
      of grained boundaries normal to the primary stress axis occurs. A further
      advance was made by Piearcy, U.S. Pat. No. 3,494,709 wherein grained
      boundaries in superalloys were eliminated by making single crystal
      castings.
PAR  Directional solidification to produce columnar casting and the apparatus
      used for this purpose are described in The Superalloys, Edited by C. T.
      Sims et al., John Wiley & Sons, (1972), Pages 479-508. Columnar grains are
      formed when the melt temperature is greater than the freezing temperature
      and when the flow of heat is unidirectional from the liquid through the
      solid. Typically, a ceramic investment casting mold is attached to a
      water-cooled copper chill plate and placed in an induction-heated graphite
      susceptor. The mold is heated above the melting point of the alloy being
      cast and the superheated melt is poured into the mold. Heat enters the
      upper portion of the mold by radiation from the susceptor and is removed
      through the solidified metal by the chill at the bottom. Thus,
      solidification occurs in an upward direction through the casting and the
      rate of solidification is a function of the amount of heat entering at the
      top of the casting and the amount of heat extracted from the casting
      through the solid.
PAR  In the Stockbarger method, the furnace heat-flow configuration requires a
      sharp temperature difference between the lower and upper furnace portions
      which is provided by a baffle. The mold is gradually withdrawn through the
      baffle so that the solid-- liquid interface remains essentially parallel
      with the plane of the baffle. The Bridgman-type apparatus has been used to
      produce acceptable elongated grain structures of numerous superalloys.
      Here the susceptor is heated inductively, which melts the charge in the
      crucible. After equilibrium is established, the mold assembly is lowered
      out of the heat zone and nucleation of solid occurs in the bottom of the
      crucible. Directional freezing continues upward as the mold unit is
      lowered.
PAR  Walter et al, U.S. Pat. No. 3,793,012 discloses the preparation of
      unidirectionally solidified nickel-base carbide reinforced cast superalloy
      bodies having high strength and high stress-rupture properties,
      particularly at elevated temperatures.  The reinforced fibers present in
      the matrix were aligned single crystal fibers of metal monocarbides. When
      such castings are made in shell molds as in the manufacture of turbine
      buckets, the outer configuration of the shell is not symmetrical due to
      projections of the platform and dovetail sections, as well as the thinning
      and twisting of the shell to conform to the pattern of the airfoil section
      of the bucket. Attempts to directionally solidify a bucket using such an
      irregular shaped shell have proven very difficult due to the gap between
      the radiation baffle and the shell, to allow clearance of the shell as it
      is being withdrawn from the heat zone.
PAR  In accordance with the present invention, I have discovered an improved
      apparatus for producing a directionally solidified article from a eutectic
      superalloy composition. The apparatus comprises a mold within a heating
      zone in which the bottom of the mold is attached to a chill plate; a
      retaining means for a ceramic insulation around the heating zone and the
      lower portion of the mold, the retaining means being attached at its
      bottom to the chill plate; a hollow ceramic insulation disposed in the
      retaining means and in contact with the lower portion of the mold; and a
      means for lowering the mold out of the heating zone and to permit the
      insulation to form a continuous heat barrier around the portion of the
      mold descending out of the heating zone. My invention further includes the
      method of using the apparatus to directionally solidify nickel -or
      cobalt-base superalloys by disposing a plurality of hollow ceramic bodies
      around the mold such that as the mold is lowered, the bodies conform to
      and form a contacting layer around the outside surface of the mold as it
      is exposed below the heating zone whereby lateral heat transfer is
      prevented.
DRWD
PAR  The invention is more clearly understood from the following description
      taken in conjunction with the accompanying drawing in which:
PAR  FIG. 1 is a cross-sectional view of the apparatus of my invention during an
      early stage of directional solidification; and
PAR  FIG. 2 is a cross-sectional view of the apparatus of FIG. 1, during a later
      stage of the process.
DETD
PAR  Referring now to the drawing, in FIG. 1 the furnace 10 conventionally used
      for directional solidification is heated from outside by induction heating
      coil 12. Within the furnace 10 is a susceptor 14 comprised of graphite or
      a similar material. An insulation retainer means 15, such as a jacket, is
      positioned around the susceptor and mounted to a chill plate 20 which is
      water-cooled at its bottom through channels located at 22. disposed within
      the susceptor is a shell mold 18 which in this instance is shaped to
      produce a gas turbine blade. The top portion of the mold 18 is provided
      with an opening into which molten alloy may be poured, while the bottom
      portion of the mold 18 is attached to the chill plate 20. A lowering means
      24, a portion of which is illustrated, is mounted to permit vertical
      movement with respect to the furnace 10.
PAR  The space between the retaining means 15, the shell mold 18, and the chill
      plate 20 is occupied by a hollow ceramic insulation 16 which lies against
      the shell mold 18 to provide no radiation heat path from the hot susceptor
      14 to the solidified area below the solid--liquid interface 26 arising
      during directional solidification. The insulation 16 is preferably in the
      form of hollow spherical bubbles which are formed from a high temperature
      ceramic such as alumina or zirconia. A representative material is
      commercially available as Norton ALUNDUM E-163 fused alumina grain. This
      is a high purity, greyish-white, bubble-type insulating alumina grain
      having a melting temperature of about 2000.degree.C. The packing density
      varies from 50-65 pounds per cubic foot.
PAR  In FIG. 2 wherein like parts are designated by the same numbers, a view is
      shown during a later stage of directional solidification as compared to
      FIG. 1. Since the hollow spherical insulation 16 is loosely filled in the
      prescribed space, the insulation is permitted to flow as the directional
      solidification step progresses. Thus, the insulation forms a natural
      self-adjusting radiation baffle regardless of the shape of the shell mold
      18 or its position during the solidification process. The arrows shown in
      both figures are used to illustrate the heat flow from the furnace 10 to
      the chill plate 20.
PAR  Using the apparatus and method of the present invention, unidirectionally
      solidified nickel-base carbide reinforced cast superalloy bodies have been
      prepared as disclosed by Walter et al, U.S. Pat. No. 3,793,012. The
      reinforced fibers present in the matrix were aligned single crystal fibers
      of metal monocarbides. The range of compositions of the unidirectionally
      solidified castings in weight percent was reported to be about 6.5-10.0%
      chromium, 14-23% tantalum, 0.5-1.5% carbon, up to 6.0% aluminum, up to
      1.0% titanium, up to 8.5% cobalt, up to 5.0% molybdenum, and the balance
      essentially nickel. A preferred composition, designated as TaC-1900 had
      high strength and high stress-rupture properties. The nickel-base
      superalloy can also be modified as disclosed by Walter, U.S. patent
      application Ser. No. 482,589, filed June 24, 1974, and having the same
      assignee as the instant application, to include by weight at least 2.0%
      rhenium, and at least 6.0% tungsten, but containing less than 5.0%
      aluminum and less than 7.0% chromium and an aligned reinforced fibrous
      phase of tantalum monocarbide embedded in the matrix.
PAR  Other alloys which can be employed in my process are cobalt-base tantalum
      carbide eutectic alloys as disclosed by Walter et al, U.S. Pat. 3,793,013
      and having a composition in weight percent of up to 26.0% chromium,
      13.5-19.0% tantalum, up to 10.0% nickel, up to 6.5% tungsten, up to 1.0%
      iron, 1.2-1.5% carbon and the balance essentially cobalt.
PAR  It will be appreciated that the invention is not limited to the specific
      details shown in the illustrations and that modifications may be made
      within the ordinary skill in the art without departing from the spirit and
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for producing a directionally solidified article from a
      eutectic superalloy composition comprising:
PA1  a. a mold within a heating zone, said mold having a lower portion and being
      attached at its bottom to a chill plate;
PA1  b. a retaining means for a ceramic insulation around the heating zone and
      said lower portion of the mold, said retaining means being attached at its
      bottom to said chill plate;
PA1  c. a substantially spherical ceramic insulation disposed in said retaining
      means and in contact with said lower portion of the mold; and
PA1  d. a means for lowering said mold out of said heating zone and to permit
      the insulation to form a continuous heat barrier around the portion of the
      mold descending out of the heating zone.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said insulation is a plurality of
      hollow alumina bodies.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said insulation is a plurality of
      hollow zirconia bodies.
NUM  4.
PAR  4. In the casting of superalloys wherein molten alloy is introduced into a
      movable mold extending into a heating zone and gradually lowering the mold
      and simultaneously chilling the lower end of the mold to achieve
      directional solidification, the improvement comprising disposing a
      plurality of hollow ceramic bodies around the mold such that as the mold
      is lowered, the bodies conform to and form a contacting insulating layer
      around the outside surface of the mold as it is exposed below the heating
      zone whereby lateral heat transfer is prevented.
NUM  5.
PAR  5. The method of claim 4, wherein the superalloy is a eutectic composition
      and the directionally solidified product has a composite structure of a
      superalloy matrix reinforced with aligned carbide fibers.
NUM  6.
PAR  6. The method of claim 4, wherein said superalloy is a nickel-base alloy.
NUM  7.
PAR  7. The method of claim 6, wherein said superalloy contains tantalum and
      carbon in an amount sufficient to form tantalum monocarbide fibers during
      directional solidification.
NUM  8.
PAR  8. The method of claim 4, wherein said superalloy is a cobalt-base alloy.
NUM  9.
PAR  9. The method of claim 8, wherein said superalloy contains tantalum and
      carbon in an amount sufficient to form tantalum monocarbide fibers during
      directional solidification.
NUM  10.
PAR  10. The method of claim 4, wherein said hollow ceramic bodies have a
      composition selected from the group consisting of alumina and zirconia.
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ABST
PAL  A process for the manufacture of copper wire rod, in which liquid copper is
      cast in a continuous casting machine provided with an inclined straight
      moulding cavity to produce a continuous bar of copper, comprising guiding
      said bar as it leaves the casting device towards a horizontal rolling
      machine known "per se" along a curved path, the maximum curvature of the
      curved path being less than 0.25 m.sup.-.sup.1 thus preventing the
      formation of cracks in the hot bar, and converting the said bar into wire
      rod in the said rolling machine.
BSUM
PAR  This invention relates to a new process for the manufacture of copper wire
      rod and to the new product obtained by such process.
PAR  Under the expression "wire rod" it is understood a hot rolled wire having a
      diameter comprised between 6 and 10 mm and used as the starting material
      in wire-drawing mills.
PAR  Specialists in that art know that the capacity of a wire rod to be
      wiredrawn is improved if the non-metallic inclusions of the wire rod,
      especially the oxides, are more finely divided and more uniformly
      distributed.
PAR  In a known process for the manufacture of copper wire rod the starting
      materials are individual bars of trapezoidal section called "wirebars".
      According to that known process, the wirebars are brought to their hot
      rolling temperature and are converted into wire rod by drawing. That
      process has the drawback of not using the heat contained in the liquid
      copper which is cast in the form of wirebars, for the subsequent hot
      conversion of the wirebars into wire rod. Another drawback of that process
      is the presence in the wire rod of particularly voluminous inclusions of
      copper oxide near its periphery, such inclusions being due to strong
      concentrations of oxide in the peripheric areas of the wirebar, said
      concentrations of oxide being themselves due to the discontinuous casting
      of the wirebars and to their subsequent heating before rolling. These
      drawbacks are well known by specialists in the art.
PAR  In another known process for the manufacture of copper wire rod use is made
      of a curved casting groove in a casting wheel to cast in a continuous
      manner a curved copper bar, the latter being afterwards straightened and
      guided towards a rolling mill where it is immediately rolled into wire
      rod. As the cast copper is very brittle when hot, owing to its coarse
      grained basaltic structure, the straightening of the curved bar before its
      introduction into the rolling mill and also the deformation of the
      straightened bar during the first rolling pass produce numerous cracks
      through which air enters into the copper to form immediately voluminous
      veins of oxide. Afterwards, the said oxidized cracks are closed again
      under the effect of the rolling, but the veins of oxide remain enclosed in
      the bar of copper during the rolling and are found again in the wire rod.
      Such oxides introduced into the copper after the casting process are
      called "exogeneous oxides" by the specialists in the art, in opposition to
      the oxides due to the oxygen introduced inside the copper before and
      during the casting process, and which are called "indogeneous oxides".
PAR  In order to avoid the above mentioned drawbacks of the process using a
      casting wheel, it has already been proposed to project liquid copper into
      a moulding cavity of a casting wheel, in the form of a violent jet so as
      to render the liquid mass in the moulding cavity strongly turbulent, thus
      producing a cast bar with a fine grained equiaxial structure with grains
      which are less brittle when the bar is hot, then basaltic copper; at the
      same time it was provided to surround the jet of liquid copper with an
      atmosphere of oxygen in order to avoid the formation of air bubbles inside
      the cast bar, which air bubbles may be caused by the violence of the
      liquid metal leaving the casting spout. Such a process complicates the
      casting process, and moreover it yields cast copper with a high content of
      oxide, which is not desirable. Such process moreover does not seem to have
      been applied industrially.
PAR  It has also been proposed to cast a continuous copper bar in a casting
      machine having a straight moulding cavity and to guide the cast bar in a
      straight line towards a wire rod drawing mill in a straight line along the
      common axis of the moulding cavity and the wire rod drawing mill. As the
      proposed casting device cannot work with its moulding cavity in a
      horizontal position, it is easy to understand the difficulties involved by
      the carrying out in practice of that process of the prior art, especially
      for the construction and mounting of the first rolling stands. Moreover,
      that method of the prior art mentioned last did not provide any means to
      prevent the formation of cracks in the copper bar during the first rolling
      pass.
PAR  The present invention allows of avoiding the drawbacks of the known
      processes.
PAR  According to the process of the present invention, liquid copper is cast in
      a continuous casting machine having an inclined straight moulding cavity
      for producing a continuous bar of copper, said bar is guided, as it leaves
      the casting machine, towards a horizontal rolling machine known "per se"
      along a curved path, the maximum curvature of the bar being less than 0.25
      m.sup..sup.-1 in order to prevent the formation of cracks in the bar when
      hot, and the bar is converted into wire rod in the said rolling machine.
PAR  In the process according to the present invention, it is preferable to cast
      a bar the cross section of which is more than 70 times larger than the
      cross section of the wire rod to be produced in order to obtain a thorough
      working during the rolling mill.
PAR  According to another characteristic feature of the invention, use is made
      of a moulding cavity having a rectangular cross section the base of which
      is more than 1.5 times larger than its height; for obtaining the two large
      walls of the moulding cavity use is made of two parallel metallic bands,
      which are made to advance in a manner known "per se" in the same direction
      as the cast bar, and which are intensively cooled with water in order to
      obtain a rapid solidification of the cast copper, and the liquid copper is
      introduced into the moulding cavity at a temperature lower than
      1130.degree.C and with a sufficient flow to produce a cast bar at a speed
      higher than 8 meters/minute so as to obtain a substantially equiaxial
      casting structure with fine grains.
PAR  The copper wire rod obtained by the above process is characterized by a
      uniform distribution of the inclusions of indogeneous copper oxide and by
      the complete absence of veins of exogeneous copper oxide, and thanks to
      these features it is possible to wiredraw this wire rod into fine wire
      without previous shaving. Such wire rod is industrially produced by the
      Applicant Company and sold under the trade mark "Contirod".
DRWD
PAR  The special features and advantages of the present invention are clearly
      brought out in the description, given hereinafter by way of example, with
      reference to the accompanying drawings, in which;
PAR  FIG. 1 is a diagrammatical view of an apparatus suitable for carrying out
      the process according to the invention, said apparatus comprising a
      machine for continuous casting, and a rolling mill;
PAR  FIG. 2 shows a cross section of a copper bar leaving the casting machine
      shown in FIG. 1, and obtained by the process according to the invention;
PAR  FIG. 3 shows a cross section of a copper bar leaving the casting machine
      according to FIG. 1 and obtained according to a non-preferential mode of
      carrying the invention into effect;
PAR  FIG. 4 is a microphotograph of part of a cross section of a wire rod
      manufactured according to the process of the invention, said part being
      adjacent to the periphery of the rod;
PAR  FIG. 5 is a microphotograph of part of a cross section of a wire rod
      manufactured by a known process using a casting wheel, said part being
      adjacent to the periphery of the rod;
PAR  FIG. 6 is a microphotograph of part of a longitudinal section of the same
      wire rod as in FIG. 4, said part being adjacent to the centre of the rod;
PAR  FIG. 7 is a microphotograph of part of a longitudinal section of the same
      wire rod as in FIG. 5, said part being adjacent to the centre of the rod.
DETD
PAR  According to one mode of carrying the process of the invention into effect,
      liquid copper is continuously introduced through a feeding device shown at
      1 (FIG. 1) into a continuous casting machine 2 having a straight moulding
      cavity 3 formed by two endless metallic bands 4 rotating around drums 5,
      and by two side dams (not shown), which separate the said bands. That type
      of casting machine which has long been used for the continuous casting of
      metallic bands, is well known to specialists in the art.
PAR  In that example, the length of the moulding cavity 3 is 4.5 m and the cross
      section is 50 mm .times. 110 mm (distance between the bands x distance
      between the side dams).
PAR  The copper bar 6 leaving the casting device 2 is guided, when hot, via
      means for regulating the temperature, for trimming and/or for cleaning
      which are known "per se", and which have not been illustrated, towards the
      horizontal rolling mill 7 along a slightly curved path, the maximum
      curvature of which is 0.09 m.sup..sup.-1 (the maximum curvature of a curve
      being the inverse of the radius of the most curved part of the said
      curve).
PAR  In the rolling mill 7, which is of a conventional type with 14 stands, the
      cast bar 6 is converted at .+-. 800.degree.C into wire rod 8 having a
      diameter of 8 mm.
PAR  Let us consider again the casting process. Liquid copper is introduced into
      the casting machine 2 at a temperature of about 1120.degree.C and at a
      rate of about 32 tons/hour, thus producing, at a speed of about 12
      meters/minute, a cast bar a cross section of which is represented in FIG.
      2, showing the substantially equiaxial fine grained structure of the bar
      thus cast, the said structure being typical of cast metal rapidly
      solidified to the core. This rapid solidification to the core of the
      liquid copper was made possible by acting solely upon the temperature and
      the casting speed, thanks to the use of a mould the wall of which is
      formed for its major part of thin bands ensuring a rapid removal of the
      heat. This was not possible with the casting wheel used in the process of
      the prior art, in which the wall of the mold is formed for its major part
      of the groove of the wheel.
PAR  By way of comparison, FIG. 3 represents a basaltic structure (the drawbacks
      of which have been mentioned above) of a copper bar produced in the same
      casting machine 2, starting from liquid copper the temperature of which
      was about 1140.degree.C.
PAR  As shown in FIGS. 4 to 7, the process according to the present invention
      produces a copper wire rod which differs from the wire rod obtained by the
      known process employing a casting wheel, by a more uniform distribution of
      the inclusions of indogeneous oxides and by the complete absence of veins
      of exogeneous oxides.
PAR  FIGS. 4 to 7 are microphotographs of samples taken from wire rod obtained
      by the process according to the present invention and from wire rod
      obtained by the known process using a casting wheel; in both cases, the
      liquid copper used as starting material was of similar chemical
      composition. Before being microphotographed, the samples had been polished
      with emery paper, then with a diamond paste, and finally with magnesia.
PAR  FIG. 4 is a microphotograph obtained with a magnification 500 times higher,
      of part of a cross section of the wire rod 8 according to FIG. 1, said
      part being adjacent to the periphery of the rod.
PAR  FIG. 5 is a microphotograph made in the same way as that of FIG. 4 of a
      peripheric part of a cross section of a wire rod obtained by the known
      process using a casting wheel. FIG. 5 shows at 10 a vein of exogeneous
      copper oxide. The cross section of the wire rod of which FIG. 5 represents
      a part, showed 14 of these veins. It has been possible to count 80 veins
      the length of which could attain 80 microns, in a set of 7 cross sections
      made in said wire rod at regular intervals, whilst a similar examination
      of wire rod 8 did not show any veins of exogeneous oxide. Owing to the
      presence of these veins of oxide in the wire rod obtained via a casting
      wheel, said wire rod is liable to break more readily in the course of the
      wiredrawing than the wire rod 8 according to the present invention, unless
      it had been previously shaved.
PAR  FIG. 6 is a microphotograph obtained with a magnification of 200 times, of
      a part of longitudinal section of wire rod 8 of FIG. 1, said part being
      adjacent to the centre of the rod. FIG. 7 is a microphotograph effected in
      the same way of that of FIG. 6, of a central part of a longitudinal
      section of the wire rod of FIG. 5. In FIG. 6, and 7 the black spots
      represent inclusions of indogeneous oxides. On comparing FIG. 6 and 7, it
      appears that the inclusions of oxides are more uniformly distributed in
      the rod 8 of the invention, than in the rod obtained via a casting wheel.
      That difference is due to the more thorough working of the wire rod 8,
      which was obtained by rolling a cast bar 6 (FIG. 1) having a cross section
      of 5500 mm.sup.2, whereas the cross section of the bar obtained with the
      casting wheel was only of 2800 mm.sup.2. Moreover, the cast bar 6 had a
      casting structure (substantially equiaxial with fine grains), that is
      showing a better distribution of oxide than that of the cast bar (a
      basaltic with coarse grains) used in the manufacture of the wire rod with
      the casting wheel. In view of the difference between the wire rod 8 and
      that obtained via a casting wheel with respect to the distribution of
      indogeneous oxide inclusions, the wire rod obtained with a casting wheel
      will break more readily in the course of wiredrawings than the wire rod 8.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the manufacture of copper wire rod, in which liquid copper
      is cast in a continuous casting machine provided with an inclined straight
      moulding cavity to produce a continuous bar of copper, comprising guiding
      said bar as it leaves the casting machine towards a horizontal rolling
      machine along a curved path, the maximum curvature of the curved path
      being less than 0.25 m.sup..sup.-1 and the cross-section of the bar being
      more than 70 times larger than the cross-section of the wire rod to be
      produced.
NUM  2.
PAR  2. A process as set forth in claim 1 in which the moulding cavity has a
      rectangular cross section.
NUM  3.
PAR  3. A process as set forth in claim 1 in which the base of the rectangle is
      more than 1.5 times larger than the height of the rectangle.
NUM  4.
PAR  4. A process as set forth in claim 2 in which the two wide walls of the
      moulding cavity are composed of two parallel metallic bands which are
      caused to advance in the same direction as the cast bar, and which are
      intensively cooled with water in order to obtain a rapid solification of
      the cast copper.
NUM  5.
PAR  5. A process as in claim 1, in which liquid copper is introduced into a
      casting machine having a moulding cavity of rectangular shape, the base of
      the rectangle being more than 1.5 times larger than height of the
      rectangle, at a temperature lower than 1130.degree.C. but still sufficient
      to leave the copper in the liquid state before entering the casting
      machine, and with a sufficient flow to produce a cast bar at a speed
      higher than 8 meters/minute, the two wide walls of the moulding cavity
      being composed of two parallel metallic bands which are caused to advance
      in the same direction as the cast bar, and intensively cooling the said
      bands while advancing, thus obtaining a casting structure substantially
      equiaxial with fine grains.
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ABST
PAL  Hollow "lost plastic" patterns for metal casting molds are built up from
      plastic plate or sheet material bonded to internal supporting framing; the
      elements being formed of substantially ashless plastic solid or foam rod
      sheets or laminates easily sculptured or bent to desired shape when heated
      to provide even large and complex hollow patterns with a comparatively
      small expenditure of pattern material and labor.
BSUM
PAR  For castings of complicated shapes, particularly where only a few castings
      are to be produced, it is inconvenient and costly to make a foundry
      pattern from wood in the usual fashion.
PAR  It is well known in the prior art to make a solid pattern from meltable
      material, for example, wax or plastic shaped by plastic injection molding
      procedures, to make a casting mold with such a pattern, and to melt or
      burn the pattern out of or into the mold sand or investment material
      before the casting, so that the resulting mold cavity is a true likeness
      of the desired casting.
PAR  Further also known is the preparation and use of a solid pattern of a
      burnable or gasifiable plastic foam which is embedded in the mold forming
      material and burnt out of the mold directly through and replaced by the
      hot metal poured into the mold. Such solid plastic foam patterns either
      receive their shape from the mold in which foamed or are prepared from
      solid large foam blocks by machining operations or in effect by
      sculpturing or cutting with a heated knife or glow wire.
PAR  Making these plastic patterns in a mold is a quite costly procedure,
      therefore requiring a large number to be economically feasible. On the
      other hand, the development or derivation of the pattern contour through
      machining or shaping operations on plastic foam blocks is quite
      complicated and entails great expense.
PAR  In the case of larger patterns, the foam blocks are machined by sawing,
      milling or like working operations carried out with large machine tools.
      This requires not only a considerable expenditure of machine tool time,
      but also the set-up operations are quite complicated. The blocks are
      accordingly processed with the same precautions and set-up operations as
      are undertaken for the machining of conventional elements.
PAR  A further disadvantage of pattern fabrication from foam blocks is the great
      amount of foam material scrap entailed; and furthermore, since foam
      patterns prepared in this fashion are solid, even the finished pattern
      itself contains a large amount of the foam.
PAR  It is the general object of the invention to eliminate the aforementioned
      disadvantages and to provide a lost plastic pattern for metal casting
      molds which may be burnt out without any appreciable residue, therefore an
      ashless pattern, which is very simply fabricated with simple tools and at
      the same time requires the expenditure of only relatively small amounts of
      material.
PAR  For this purpose in accordance with the invention there is provided a
      pattern comprised of bars and plates or sheets in a hollow configuration.
      By a further feature of the invention the rods or plates may be comprised
      of foam plastic, such as foams of polyurethane, phenol resin, polystyrene,
      cellulose acetate, polyvinylchloride, polyethylene or vinylacetate; with
      the rods especially comprised of a hard foam.
PAR  The plastic plates or sheeting components can also be solid plastic,
      especially polyethylene, in which case especially advantageously the
      plates are constituted of a plurality of layers with one layer of
      synthetic plastic foam being covered by a layer or film of solid (i.e.
      non-foam) plastic.
PAR  The pattern components produced from rod or bar stock may be comprised of
      smaller pieces cemented or otherwise bonded to one another; but by a
      further modification, it is also possible that the rod or bar components
      be secured together with nails or pins of plastic, particularly of hard
      foam plastic.
PAR  In accordance with a further inventive feature the constituent elements for
      the pattern, whether of bar or sheet thermoplastic stock, are bent as
      required, particularly advantageously being given their shape preferably
      by heating the solid or foam plastic elements in a water bath and bending
      them in the heated condition to the requisite contour or shape.
PAR  Further if desired the heated and contoured elements can be held in or by a
      template, jig or like securing means to maintain the conferred shape until
      cold.
DRWD
PAR  Other objects and advantages will appear from the following description and
      the drawings wherein:
PAR  FIG. 1 is a perspective view representing by way of example one form of a
      lost plastic pattern for casting molds;
PAR  FIGS. 2 and 3 are perspective detailed views showing a suitable way of
      securing to each other end portions of plastic bars or rods;
PAR  FIG. 4 is a perspective view of a laminated sheet or plate structure;
PAR  FIG. 5 shows another example of a lost plastic pattern, in top plan view;
      and
PAR  FIG. 6 is a vertical section taken along the line VI--VI in FIG. 5.
DETD
PAR  In the drawings, FIG. 1 represents by way of example one form of a "lost
      plastic" pattern P of hollow construction in accordance with the invention
      for use in making a metal casting mold. The pattern is comprised of
      ribbing structures or frames 10, each formed of a plurality of rods or
      bars 11, and the plates or sheets 12 supported by the framing in a rigid
      hollow structure.
PAR  For the simple rectangular frames 10, the respective side elements are
      simply cut from bar stock with appropriate mitering, and adhesively bonded
      at the corners. The frames are then positioned in properly spaced relation
      for application of the plates or sheet 12 which have been cut and where
      required bent, to conform to the frames, being thereon secured, preferably
      through adhesive bonding. However, the structure can be secured through
      nailing or pinning of the elements together, particularly advantageously
      with plastic pins especially of synthetic plastic foam. The frames may be
      held spaced by initial jigging until one or more of the side or end plates
      12 are bonded thereto, or by one or more spacer stringers secured to the
      frames.
PAR  Obviously the hollow construction thus supplied by the invention is quite
      easily produced and requires only a very small consumption of material.
      Especially advantageously the frames can be easily shaped to establish
      local sections or shapes of the total model, by cutting and then pinning
      or gluing together, or forming while in a thermoplastic condition so that
      the pattern an be fabricated with simple hand tools.
PAR  The elements 11 which constitute the ribs or sides of each frame need not
      be constituted of smaller individual pieces, for obviously it is also
      possible that the open rectangular frames, as well as other shaped open
      frames, can be cut out of plate stock. Preferably the bars or other stock
      material from which the framings are made is a hard plastic foam so that
      they have a high rigidity. However, for framing and for the sheet material
      applied thereto and determining the effective pattern external contour,
      either foam or solid material may be used as long as it is essentially
      ashless, can be readily burned out of the mold, and easily shaped,
      especially by heating in a water bath to a plastic state.
PAR  Detailed FIG. 2 shows the manner in which two bar end portions 11a and 11b
      of hard foam plastic can be connected, butted endwise in alignment,
      through plates 13 and 13a cemented thereto as splice plates, for example
      in joining shorter pieces or closing a piece of bar or rod stock upon
      itself. FIG. 3 on the other hand shows the two bar end portions 11a and
      11b connected to one another through a piece 14 of right angle plastic
      section embracing both bar ends with the requisite securement obtained
      thrugh the nails or pins of hard plastic foam 15 and 15a. However,
      adhesive may also be used in conjunction with the pinning.
PAR  In FIG. 4, a laminated plate or sheet 12 is comprised of a sheet plastic
      foam principal or base plate 16, on one face of which is bonded a thin
      plate or film sheet 17 of plastic material. In this case the bonding by
      cementing can be achieved by heating one or both plates under application
      of light pressure; or in similar fashion the bonding can be achieved
      where, in heated condition of one or both materials, they become adherent
      without use of a special adhesive. When such a laminated plate is used as
      the sheathing on framing elements in a pattern, the smooth solid (i.e.,
      non-foam) layer 17 is disposed outwardly as the outer surface of the
      pattern contacted by the mold sand, so that the casting ultimately
      produced has a correspondingly smooth surface.
PAR  FIGS. 5 and 6 show a lost plastic pattern Q for the casting of a hollow
      cylinder provided with integral lugs or knobs on opposite sides. This
      pattern is comprised of two elements of bar stock which have been bent and
      shaped into the respective top and bottom foam plastic rings 21, 22, with
      ends of bars in each ring joined, for example as shown in FIGS. 2 or 3; an
      outer hollow cylindrical sheet element 12 formed by bending and shaping a
      foam sheet or plate; and a similarly formed, coaxially diposed, thicker
      walled, hollow cylindrical element 12a; and the two upper and lower
      centrally apertured end foam plastic plates 12b and 12c. On diametrically
      opposite positions on the exterior of the component 12, there are cemented
      the two solid foam parts 18 and 18a in the shape desired for the knobs.
      The end pieces 12b and 12c obviously are easily cut from plate or sheet
      stock, by hand tools; while appropriately sized sheets are
      thermoplastically bent into the hollow cylinders 12 and 12a with butted
      ends appropriately cemented.
PAR  Here as in FIG. 1 the rings 21, 22 provide ribbing or framing supporting
      the juncture of and also providing a wide area for cementing the
      cylindrical element 12 to the end plates 12b and 12c, the latter being
      also cemented endwise to the internal cylindrical element 12a.
PAR  In the making of the castings, the hollow lost plastic patterns, such as
      those above described, are embedded in the molding sand or like molding
      material in usual fashion as for investment castings, with appropriate
      patterning for gating or spruing provided (here not shown). Thereafter by
      application of heat, which for example can take place in a drying oven,
      the pattern, such as P or Q, is burned out or gasefied; and furthermore
      this is accomplished without residual material or ash by using one or more
      of the ennumerated thermoplastic plastic materials, whether in foam or
      solid (that is, non-foamed) form. Thereby the mold cavity is made for
      reception of the cast metal.
PAR  It is, however, also possible to burn out or gasify the lost plastic
      pattern P or Q by the heat of the metal itself which is poured into the
      mold.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lost plastic pattern for use in producing metal casting molds,
      comprising:
PA0  internal framework means comprised of a plurality of peripherally
      continuous open frame sub-assemblies, said sub-assemblies spaced from each
      other; and
PA0  external sheeting applied as sheathing means secured to and supported by
      said framework means and defining the mold-cavity-determining,
      pattern-external-surface contour, and constituting with the framework
      means a composite pattern hollow in the pattern section providing the cast
      metal filled cavity of the mold to be produced;
PA0  said framework means and sheathing means comprised of respective synthetic
      plastic material gasifiable or burnable under applied heat, and
      substantially ashless;
PA0  said sheeting being comprised of a plurality of laminations including an
      external lamination of solid plastic film applied onto and covering an
      underlying framing-means-supported lamination of plastic foam.
NUM  2.
PAR  2. A pattern as described in claim 1, with the framework means comprised of
      plastic foam.
NUM  3.
PAR  3. A pattern as described in claim 1 wherein the foam materials
      constituting said framework and sheathing means are each independently
      selected from the group consisting of foams of polystyrene, cellulose
      acetate, polyvinyl chloride, polyethylene, vinyl acetate, and phenol
      resin.
NUM  4.
PAR  4. A pattern as described in claim 2, with at least one of said means
      comprised of phenol resin foam.
NUM  5.
PAR  5. A pattern as described in claim 1 with the framework means constituted
      of hard plastic foam bar stock.
NUM  6.
PAR  6. A pattern as described in claim 1, with the framework and sheathing
      means comprised of polyurethane foam material.
NUM  7.
PAR  7. A pattern as described in claim 1 with the framework means constituted
      of solid polyethylene.
NUM  8.
PAR  8. A pattern as described in claim 1 with said framework means including at
      least one frame unit constituted of smaller pieces of bar stock secured
      together.
NUM  9.
PAR  9. A pattern as described in claim 1 with said framework means including at
      least one frame unit constituted of smaller pieces secured together by
      hard foam plastic pins.
NUM  10.
PAR  10. A pattern as described in claim 1 with at least one component of said
      means bent to a desired shape.
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PAL  This invention relates to an improvement in a hot water pump having a
      cooled sealing housing in a pump cover in the upper pump portion. The
      improvement comprises means mounting the sealing housing in a recess of
      the pump cover in a manner such that an annular air space is present
      between the outer surface of said sealing housing and the inner surface of
      the recess of the pump cover, said air space being in communication with
      the exterior space surrounding the pump.
BSUM
PAR  The present invention relates to a hot water pump with a cooled sealing
      housing in the upper pump part.
PAR  Hot water pumps are employed -- inter alia -- in the technology of atomic
      power stations, as main cooling medium or agent pumps and as circulation
      pumps of La-Mont boilers. The temperature of the flow medium thereof may
      be up to 300.degree.C, and the operating pressure thereof may be up to 160
      atmospheres gauge. Hot water pumps of this type are generally built in a
      single stage and will then produce a pressure increase of approximately 5
      to 12 atmospheres gauge.
PAR  When hot water pumps have a drive motor of normal construction (i.e. not an
      under-water motor), the sealing of the pump shaft represents a
      particularly delicate problem since it must extend from the interior pump
      space, being under a high pressure, outwardly to the motor. For purposes
      of decreasing the operating pressure, a set or series of shaft packings is
      used which is accommodated within a specific sealing housing.
PAR  During normal operation, blocking water having a temperature of
      approximately 45.degree. is fed into the sealing housing by means of a
      blocking water pump, and specifically a high-pressure piston pump, which
      produces a pressure slightly higher than the operating pressure of the hot
      water pump. Of this blocking water, about one third flows out again toward
      the outside as leakage of the packings; the rest will pass on to the lower
      shaft or main bearing as lubricating water. This lubricating water should
      enter into the lower shaft bearing with as low a temperature as possible
      because it will then have a high viscosity and therefore a good
      lubricating effect. By virtue of the feeding of the blocking water into
      the sealing housing, the latter is maintained cool.
PAR  In case of a breakdown of the blocking water feeding or supplying device
      occurring while the hot water pump is running under normal operating
      conditions, i.e. when it has full operating pressure and full operating
      temperature, the following problems must be dealt with:
PAR  While the hot water pump which is shut off automatically in case of such a
      breakdown gradually stops running, no hot water must reach the sealing
      housing because otherwise a hot water eruption with steam discharge would
      take place, at which time in the case of reactor pumps, i.e. main cooling
      agent pumps, the emerging steam would also contain radioactive particles;
      the provision of an insulated cold-water storage space under the sealing
      housing can prevent this from happening. In case of a breakdown of the
      blocking water feeding means, cold water from the cold-water storage space
      or reservoir will reach the sealing housing while the hot water pump is
      gradually stopping, thus preventing an eruption of hot water. Once the hot
      water pump has come to a standstill, the pump shaft is so sealed by means
      of a seal or packing that it is completely free from any leakages.
PAR  After the hot water pump has gradually come to a stop, the sealing housing
      -- even in the stationary condition thereof, i.e. when it has been heated
      up for several days with hot circulation water -- should not reach a
      temperature higher than 150.degree. because otherwise the sealing rings of
      the shaft packings, which consist of plastic materials, would be
      endangered.
PAR  In order to meet these requirements without a great expenditure, it is
      proposed by the present invention that the sealing housing be so disposed
      within a recess of the pump cover or lid that, between the outer jacket
      surface of the sealing housing and the inner surface of the recess of the
      pump cover, there be an annular air gap or space present which is in
      communication with the outer space surrounding the pump. By virtue of the
      presence of this annular air space, the temperature level of the sealing
      housing is considerably lowered, and specifically even when the blocking
      water supply has failed.
PAR  It is of particular advantage that the recess of the pump lid or cover in
      the vertical extension thereof be elongated by disposing at the pump lid a
      downward projection having an annular cross-section. This bracket of the
      pump lid or cover is expediently connectes at the lower end thereof by
      means of a tongue and groove with the lower end of the sealing housing in
      a manner such that the two parts will mutually support each other with
      respect to the pressure and temperature stresses. The sealing housing may
      be slid or inserted into the cylindrical bracket or projection of the pump
      lid either from above or from below. The sliding-in or insertion of the
      sealing housing from below has the large advantage that the housing is
      pressed upwardly by virtue of the operating pressure and that for this
      reason only small screws are required at the tongue-and-groove connection.
PAR  On the other hand, the introduction or insertion of the sealing housing
      from above involves or results in the fact that the thread of the housing
      must absorb the large axial force or stress which acts thereupon.
PAR  According to a further characteristic of the present invention, cooling
      water channels or ducts may be disposed at the cylindrical outer surface
      of the sealing housing, and connected thereto from above are the cooling
      water supply and discharge lines. The cooling water requirement is small
      and amounts to approximately 500 liters per hour. In order that, during
      the disassembly of the engine mounting, the cooling water pipe lines need
      not be dismantled, they are preferably installed closely above the pump
      lid and below the engine mounting. The high pressure pipes (i.e. the
      blocking water supply lines, and the leakage water discharge lines) are
      installed in the same manner.
PAR  According to another embodiment of the present invention, a cylindrical air
      circulation collar may be mounted within the annular air space between the
      sealing housing and the pump lid, this collar being closed at the upper
      end thereof, but open at the lower end thereof. In case of a breakdown of
      the blocking water, cooling air may be tangentially blown in, via a small
      ventilator, at the upper part of the air circulation collar. The cooling
      air requirement amounts to approximately 800 m.sup.3 per hour.
PAR  In order to render it possible to keep the temperature of the pump lid as
      low as possible, cooling ribs may be cast on at the outer jacket or
      surface of the lid or cover.
PAR  A further characteristic of the present invention resides in the
      construction or provision of the pump cover in such a manner that the
      latter will be supported at the pump housing not only against the inner
      sealing surface but also against an outer supporting surface, and as a
      result, the stress of the cover by the acting forces will be reduced. In
      case of such a type of lid or cover, the bracket or projection thereof may
      be connected with the upper cooler cover portion, in which case the
      connecting point may be provided as a bead or reinforcement if desired.
      Cooling ribs may be provided at the inner surface of the cover bracket or
      projection. In order to eliminate heat transfer from the pump housing to
      the pump cover via the supporting surface, horizontal and vertical cooling
      bores are advantageously disposed in the cover. The annular space between
      the cover bracket or projection and the cover may be very effectively
      insulated from heat passage by means of an insulation, for example an
      insulation made up of a burled sheet. With this type of provision of the
      pump cover and the sealing housing, the supply of a specific cooling
      medium is no longer necessary even in case of a failure or breakdown of
      the blocking water. In order to keep the face pressure or pressure per
      unit area in the sealing surface considerably higher than in the
      supporting surface, the cover screws must be disposed as close as possible
      to the sealing surface.
PAR  In order to prevent a hot water eruption, in case of a failure or breakdown
      of the blocking water, even if the shaft cannot be sealed off toward the
      outside in a leakage-free manner once the pump has come to a standstill,
      the present invention further proposes that a cooler or condenser be so
      installed into the pump that, in case of such disturbance, the hot water
      passing from the inside of the pump into the sealing housing be adapted to
      be cooled by the cooler to below 100.degree.C. For this purpose, this hot
      water is so guided by means of a guiding cylinder and through bores of the
      coolers that it touches the internal cooler at the inner and at the outer
      surface thereof. An optimal cooling effect of the cooler is attained in
      this manner.
PAR  This internal cooler acts, however, not only in the aforementioned case of
      a breakdown or failure, but it cools the lubricating water of the lower
      shaft bearing, during normal operation, to a temperature which is only a
      few degrees above that of the cooling water. As a result thereof, the
      viscosity of the lubricating water is more than doubled, and the
      lubricating effect thereof is thus improved. Furthermore, during normal
      operation, the cooler also draws off the heat flowing from the pump cover
      to the sealing housing.
PAR  The cooling water quantity that is necessary for the internal cooler
      amounts to approximately 10 m.sup.3 per hour.
PAR  In order to improve as much as possible the effect of keeping the sealing
      housing, the cold water storage space or reservoir, and the lower shaft or
      main bearing cool, the following additional measures are proposed by the
      present invention:
PAR  The outer supporting or bracing tube which is secured to the pump cover and
      carries the distributor as well as the lower shaft bearing with the shaft
      and the traveling wheel, and which also may be subdivided into several
      portions, is so dimensioned in the upper part thereof that its outside
      diameter will coincide with the inside diameter of the pump housing except
      for the minimal radial play or tolerance of 1 to 2 millimeters being
      required. By virtue of such a narrow construction of this gap, convection
      flows therein are prevented, and an additional heat transport from the
      interior of the pump to the pump cover is thus effectively eliminated. In
      addition thereto, the rigidity and the oscillation or vibration behavior
      of the lower shaft bearing are improved thereby.
PAR  Furthermore, an inner supporting or bracing tube may be provided for which
      is disposed between the lower end of the cover bracket or projection and,
      respectively, the lower end of the sealing housing and the outer
      supporting or bracing tube. The rotational space being thus produced
      between the inner and the outer supporting or bracing tubes is filled with
      an insulation, such as burled sheet insulation. Accordingly produced
      between the pump cover and the lower shaft bearing is a single, cohesive
      insulating body without heat bridges which possesses a high heat
      insulation capacity.
PAR  During inspection of the lower shaft bearing, at which time it is pulled
      out of the pump, the burled sheet insulation remains in the pump. As a
      result of such provision, and by virtue thereof, it is possible - in the
      case of reactor main cooling medium pumps, where in the course of
      operation thereof radiating particles can penetrate or pass between the
      burled sheets -- to prevent any danger to the assembling personnel because
      of such radiating particles as well as from any dripping water.
PAR  In order to even further delay the penetration of hot water into the cold
      water storage or reservoir, and as a consequence thereof into the sealing
      housing, in case of a blocking water failure or breakdown, the present
      invention proposes that a mixing chamber be disposed below the lower shaft
      bearing. As a consequence thereof, also the bushing of the lower shaft
      bearing is protected with respect to a heat shock stress in the case of a
      hot water eruption or break, since hot water will not instantaneously flow
      thereinto; instead, the temperature increase will take place more slowly.
      The content of the mixing chamber is equally protected against the
      heating-up thereof by means of the burled sheet insulation. If the lower
      shaft bearing is directly supported on the outer supporting or bracing
      tube -- which may be necessary in view of a lack of space -- a second
      annular insulating body may be disposed around the mixing chamber, which
      mixing body also covers the lower half of the lower shaft bearing and the
      lower shaft collar.
PAR  In order to render it possible that the shaft packings within the sealing
      housing be disassembled and checked without making it necessary at the
      same time to disassemble the upper shaft bearing and the pump motor, a
      shaft removal piece is provided for in a conventional manner.
PAR  Now, in order not to make it necessary during the control of the lower
      shaft bearing -- at which time the latter is removed from the hot water
      pump -- to also disassemble the upper shaft bearing and the pump motor,
      the following measures are proposed according to a further feature of the
      present invention.
PAR  The cold water storage space is provided as a double-walled container
      having a circular cross-section, whose outside diameter is so proportioned
      that it is adapted to be pulled out of the sealing housing remaining at
      the pump cover. As a result thereof, it is not necessary -- during the
      control of the lower shaft bearing -- to dismantle the sealing housing,
      which allows for a saving in disassembly work and disassembly time.
PAR  The lower shaft bearing is advantageously secured to the lower end of this
      cold water storage space and may be pulled out of the pump therewith. The
      shaft bearing then may be movably attached to the cold water storage space
      so that it be adapted to adjust to the shaft position. In order that, in
      this construction, the lubricating water flows only through the bearing
      gap proper, a fluid-tight bellows may be disposed between the lower shaft
      bearing and the cold water storage space. The lower shaft bearing,
      however, also may be rigidly secured to the cold water storage space, in
      which case the bellows becomes unnecessary.
PAR  When the length of the shaft disassembly or dismantling piece is shorter
      than the length of the cold water storage space, the latter is subdivided
      approximately in the center thereof and the two halves are detachably
      connected with each other.
PAR  In order to make it possible, in the case of a blocking water failure or
      breakdown, to keep the penetration of hot water into the sealing housing
      through the gap between the inner jacket of the cold water storage space
      and the shaft protective sleeve as small as possible, it is expedient to
      dimension the inside diameter of the inner jacket of the cold water
      storage space in such a manner that toward the shaft protective sleeve
      only a minimal radial gap of about 1 millimeter will remain. Additionally
      it is possible to dispose at the lower end of this gap one or several
      storage chambers whose content will likewise delay the penetration of hot
      water into the gap.
PAR  In order to avoid as much as possible a heating-up of the sealing housing
      via the pump shaft even after a prolonged period of time in case of a
      blocking water breakdown, a burled sheet insulation is disposed in the
      upper portion of the removable cold water storage space. The cold water
      storage space is secured with the upper portion thereof to the sealing
      housing. It is important also that the plastic sealing rings of the cold
      water storage space be disposed within the sealing housing where they
      cannot be heated unduly under normal conditions.
PAR  The bushing of the lower shaft bearing, being positioned on the side of the
      shaft, at the lower end of the protective shaft sleeve is so dimensioned
      with respect to the diameter thereof that it is adapted to be extracted
      with the protective shaft sleeve through the cold water storage space. The
      protective shaft sleeve is made in two parts, and two parts or portions
      are again detachably connected with each other.
PAR  If the hot water pump comprises an internal cooler of the type described
      hereinbefore, the lower shaft bearing is secured to a supporting tube
      which is adapted to be extracted therewith through the cooler and the
      sealing housing. This supporting tube, in turn, is divided into two parts
      and the halves are detachably connected with each other. Over a part of
      the vertical extension thereof it constitutes, together with the
      protective shaft sleeve, a narrow throttle gap. Disposed at the upper end
      of the lower half thereof is a burled sheet insulation. All of the plastic
      sealing rings of the supporting tube are arranged toward the inner cooler,
      and as a result thereof, the temperature thereof will not rise above
      150.degree.C even in case of a blocking water failure or breakdown and hot
      water eruption or break.
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PAR  Two embodiments of the novel upper pump portion for hot water pumps as
      proposed by the present invention are illustrated in the accompanying
      drawings with several structural variants and by way of example, and
      wherein:
PAR  FIG. 1 is a longitudinal cross-sectional view through an upper pump portion
      of an axial pump without an internal cooler;
PAR  FIG. 2 is a longitudinal cross-sectional view through a pump cover with a
      screwed-in sealing housing and an air circulation collar;
PAR  FIG. 3 is a longitudinal cross-sectional view through a pump cover being
      supported at the pump housing against an inner sealing surface and an
      outer supporting surface and whose bracket is connected with the upper
      cooler cover portion by means of a bead or reinforcement, with the sealing
      housing being inserted from below in the cover bracket;
PAR  FIG. 4 is a longitudinal cross-sectional view of an upper pump portion of
      an axial pump with an internal cooler, wherein the inner supporting tube
      is screwed to the lowermost flange of the outer bearing or supporting
      tube;
PAR  FIG. 5 is a local horizontal cross-sectional view through the internal
      cooler taken along line A-B of FIG 4, and
PAR  FIG. 6 illustrates as detail C of FIG. 4 the detachable screwed connection
      between the two halves of the protective shaft sleeve.
DETD
PAR  In the construction according to FIG. 1, the pump shaft 1 carries with the
      lower shaft collar 2 the travelling wheel 3. The shaft disassembling piece
      4 is disposed between the pump and the upper pump bearing (not shown) and,
      respectively, the pump motor. The pump cover 5 is screwed to the pump
      housing 7 by means of the cover screws 6. The pump cover 5 has an
      outwardly extending cylindrical projection 8 which is connected at the
      lower end thereof -- by means of a tongue and groove and a buttress thread
      -- with the lower end of the sealing housing 9. Between the outer jacket
      or surface of the sealing housing 9 and the inner jacket or surface of the
      pump cover 5 and its projection 8, there remains an annular air space 10
      which is in communication with the surroundin outer space or area. The
      shaft packings 11 are disposed in the sealing housing 9. The high-pressure
      pipe lines or pipings 12, which have been indicated in dash-dotted lines,
      leading to and from the sealing housing 9 (blocking water supply lines --
      leakage water discharge lines) are installed closely above the pump cover
      and are extended outwardly under the engine or motor mounting 13.
PAR  The outer supporting or bracing tube 14 is secured to the pump cover 5 and
      carries at the lower end thereof the distributor 14a. Under the projection
      8 of the pump cover 5, the inner supporting or bracing tube 15 is disposed
      which is guided with the lower end thereof within the outer supporting or
      bracing tube 14. The hollow space 16 between the inner supporting or
      bracing tube 15 and the outer supporting or bracing tube 14 has an annular
      cross-section and is filled with burled sheets which are wound upon the
      projection 8 of the pump cover 5 and the inner supporting or bracing tube
      15. The stagnant water which is within the narrow gaps between the burled
      sheets has a very good insulating effect.
PAR  Disposed inside the inner supporting or bracing tube 15 and in the lower
      area or zone of the sealing housing 9 is the double-walled cold water
      storage space (or reservoir) 17a, 17b being subdivided in the center
      thereof. In the upper portion thereof, toward the packings 11 of the
      sealing housing 9, an insulation 18 is provided. Arranged under the inner
      jacket or surface of the cold water storage space or reservoir 17a, 17b
      are two storage chambers 19. The lower shaft bearing 20 with the bushing
      20a thereof is movably secured below to the cold water storage space or
      reservoir and sealed off by means of the metallic bellows 21. The radial
      support or mounting of the lower shaft bearing 20 is effected by means of
      four wedges 22 in the outer supporting or bracing tube 14. The lower shaft
      bearing 20 may be extracted upwardly with the cold water storage space or
      reservoir 17a, 17b through the sealing housing 9. All of the extractable
      parts or elements have been indicated by stippled hatching.
PAR  The plastic sealing rings 22a of the cold water storage space or reservoir
      17a, 17b are disposed in the area of the sealing housing 9.
PAR  The protective shaft sleeve 23a, 23b is likewise subdivided and carries
      below the shaft-side sleeve or bushing 24. The detachable connection of
      the two halves 23a, 23b of the protective shaft sleeve takes place by
      means of the screws 25 and the nuts 26 (shown in detail in FIG. 6).
PAR  Disposed under the lower shaft bearing 20 is a mixing chamber 27 which is
      enclosed with an annular insulating body 28 which latter also surrounds
      the shaft collar 2 and the lower half of the bearing 20.
PAR  Disposed at the outside of the sealing housing 9 are cooling water channels
      or ducts 29. The guide of the cooling water supply and/or discharge lines
      30 (shown in dash-dotted lines herein) takes place from above via the
      annular air space 10.
PAR  The modified embodiment shown in FIG. 2 comprises -- within the annular air
      space 10 between the pump cover 5 and the sealing housing 9 -- an air
      circulation collar 31 which is connected on the upper side or part thereof
      to the sealing housing 9 in a tightly sealing manner and is open toward
      the bottom thereof. An air supply line 32 is disposed adjacent the upper
      area of the air circulation collar 31 and tangentially with respect
      thereto. Cast onto the outer jacket of the pump cover 5 are cooling ribs
      33 which have the purpose of lowering the cover temperature.
PAR  The modified embodiment according to FIG. 3 shows a pump cover 5 whose
      projection 8 is connected with the upper cooler cover portion via a bead
      or reinforcement 34. The sealing housing 9 is inserted or slid from below
      into the cover projection 8 and screwed from below thereto.
PAR  The annular space which is positioned between the pump cover 5 and the
      cover projection 8 is filled with an insulation, for example the burled
      sheets 35. Disposed at the inner jacket or surface of the cover projection
      8 are cooling ribs 36.
PAR  The cover is supported, in this particular construction, not only against
      the inner sealing surface 37, but also against the outer supporting
      surface 38 of the pump housing, and the cover screws 6 are in this case
      disposed as closely as possible to the sealing surface 37. For purposes of
      the better cooling of the cover, horizontal and vertical cooling bores 39
      are provided therein.
PAR  This type of a cover and sealing housing construction is interesting
      particularly for short hot water pumps in which the sealing housing cannot
      be disposed as deeply within the pump housing.
PAR  In the construction and provision shown in FIG. 4, in which the reference
      numerals have the same meaning as those indicated in FIG. 1, the pump has
      an internal cooler with an annular cross-section. The internal cooler
      jacket or surface 40 and the outer cooler jacket or surface 41 are
      supported against each other by way of ribs 42. Present between the ribs
      42 are the channels 43 through which flows the cooling water. The inner
      jacket or surface 41 and the outer jacket or surface 42 of the coolers are
      welded to the sealing housing 9. The guide (shown in dash-dotted lines) of
      the cooling water supply and discharge lines 30 takes place from above
      through the annular air space 10 between the sealing housing 9 and the
      pump cover 5 and, respectively. the cover projection 8. The lower end of
      the cooler is axially guided within the inner supporting or bracing tube
      15 and radially held. The outer jacket or surface 42 of the cooler has
      cooling ribs 44 at the outside thereof (FIG. 5).
PAR  Disposed within the cooler in two normal axial planes are the radial bores
      45 and 46, and it is through these bores that the lubricating water
      emerges or is discharged (for example, in case of blocking water failure,
      the hot water) from the inside of the cooler on the outside thereof, and
      then back again to the inside.
PAR  Provided within the cooler is the divided supporting tube 47a, 47b. The
      latter is so shaped that it forms via a part of the pump height and with
      the protective shaft sleeve 23a, 23b a long, narrow throttle gap. On the
      other hand, the supporting tube 47a, 47b touches with its three flanges
      the inner surface of the cooler and, respectively, of the sealing housing
      9. Disposed at these contact or touching surfaces are the plastic sealing
      rings 48a, 48b, 48c of the supporting tube 47a, 47b. Disposed below the
      upper flange of the lower supporting tube portion 47b is an insulation 18
      from burled sheeting.
PAR  Further provided within the lower supporting tube portion 47b is a guide
      cylinder 49 whose lower end is tightly connected with the lower flange of
      the afore-mentioned lower supporting tube portion 47b.
PAR  The lower shaft bearing 20, in this particular construction of provision,
      is equally attached below to the lower supporting tube portion 47b, but it
      is radially held within the inner supporting tube 15 by four wedges 22
      which allow for an axial relative movement between the shaft bearing 20
      and the inner supporting or bracing tube 15.
PAR  The protective shaft sleeve 23a, 23b is also divided into two parts, and
      the halves thereof are detachably connected with each other by means of
      the screws 25 and the nuts 26.
PAR  The bushing 24 on the shaft side at the lower end of the protective shaft
      sleeve 23a, 23b may be pulled out through the supporting tube 47a, 47b,
      since the outside diameter thereof is smaller than the inside diameter of
      the supporting or bracing tube.
PAR  The inner supporting or bracing tube 15 is so provided, in the pump shown
      in FIG. 4, that at its lower end it is rigidly screwed to the lower flange
      of the outer supporting or bracing tube 14, whereas it is radially held
      and axially movably guided with the upper end thereof within the sealing
      housing 9. As a result thereof, a relative movement between these two
      parts is possible, which arises due to the different expansions as a
      consequence of varying heating.
PAR  By virtue of this construction of the inner supporting or bracing tube 15,
      only a single, large, cohesive, annular space 16 exists in the pump which
      is filled with burled sheets or a similar insulating material. This
      annular space has no heat bridges. The lower shaft bearing 20 thus remains
      considerably cooler than it would be if it were radially supported against
      the outer supporting or bracing tube 14.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a hot water pump having a cooled sealing housing in a pump cover in
      the upper pump portion, the improvement which comprises means mounting the
      sealing housing in a recess of the pump cover in a manner such that an
      annular air space is present between the outer surface of said sealing
      housing and the inner surface of the recess of the pump cover, said air
      space being in communication with the exterior space surrounding the pump.
NUM  2.
PAR  2. A pump according to claim 1 in which the pump cover has a
      downwardly-extending projection thereon.
NUM  3.
PAR  3. A pump according to claim 2 in which the projection is connected with an
      upper, cooler cover portion by means of a reinforcing means.
NUM  4.
PAR  4. A pump according to claim 2 including an annular space between the pump
      cover and the cover projection filled with an insulating material.
NUM  5.
PAR  5. A pump according to claim 2 including cooling ribs on the inner surface
      of the cover projection.
NUM  6.
PAR  6. A pump according to claim 2 including means connecting the lower end of
      the sealing housing with the lower end of the cover projection.
NUM  7.
PAR  7. A pump according to claim 6, in which the means connecting the sealing
      housing with the cover projection is a tongue and groove joint.
NUM  8.
PAR  8. A pump according to claim 2, in which the outside diameter of an upper
      flange of the sealing housing is smaller, while the outside diameter of a
      lower flange of the sealing housing is greater than the inside diameter of
      the cover projection, whereby the sealing housing is adapted to be
      inserted from below into the cover projection.
NUM  9.
PAR  9. A pump according to claim 1, including means supporting the pump cover
      at the pump housing against an inner sealing surface and against an outer
      supporting surface.
NUM  10.
PAR  10. A pump according to claim 9, including cover screws mounted as closely
      as possible to said inner sealing surface.
NUM  11.
PAR  11. A pump according to claim 1, including cooling bores within the pump
      cover,
NUM  12.
PAR  12. A pump according to claim 1, including cooling ribs at the outer jacket
      surface of the pump cover.
NUM  13.
PAR  13. A pump according to claim 1, including cooling water channels mounted
      at the outer surface of the sealing housing.
NUM  14.
PAR  14. A pump according to claim 13, including cooling water supply and
      discharge lines to the cooling water channels of the sealing housing
      extending through the annular air space.
NUM  15.
PAR  15. A pump according to claim 1, including an air circulation collar
      mounted around the sealing housing.
NUM  16.
PAR  16. A pump according to claim 15, in which the air circulation collar is
      tightly connected at the upper end thereof with the sealing housing.
NUM  17.
PAR  17. A pump according to claim 15, in which the air circulation collar is
      open at the lower end thereof.
NUM  18.
PAR  18. A pump according to claim 15, including an air supply line terminating
      tangentially at the air circulation collar.
NUM  19.
PAR  19. A pump collar to claim 1, including high-pressure pipe lines extending
      toward and from the sealing housing, as well as cooling water lines
      installed below an engine mounting for the pump.
NUM  20.
PAR  20. A pump according to claim 1, including a closed cold water storage
      space below the sealing housing adapted to be removed through the sealing
      housing, and having an annular cross-section and an outside diameter
      smaller than the inside diameter of the sealing housing.
NUM  21.
PAR  21. A pump according to claim 20, in which the cold water storage space is
      subdivided into two portions detachably connected with each other.
NUM  22.
PAR  22. A pump according to claim 20, including an insulation disposed at the
      upper end of the cold water storage space.
NUM  23.
PAR  23. A pump according to claim 20, in which the inside diameter of the inner
      jacket of the cold water storage space is so dimensioned over more than
      one fourth of the height thereof that a throttle gap of 1 to 2 millimeters
      radial extension is produced with respect to an adjacent protective shaft
      sleeve.
NUM  24.
PAR  24. A pump according to claim 20, including at least one storage chamber
      disposed at the lower end of the inner jacket of the cold water storage
      space.
NUM  25.
PAR  25. A pump according to claim 1, including an internal cooler disposed
      below the sealing housing with an annular cross-section.
NUM  26.
PAR  26. A pump according to claim 25, in which the internal cooler is rigidly
      connected with the lower portion of the sealing housing.
NUM  27.
PAR  27. A pump according to claim 25, in which the lower end of the internal
      cooler is radially held and axially guided within an inner supporting or
      bracing tube.
NUM  28.
PAR  28. A pump according to claim 25, including rib portions supporting the
      inner jacket and the outer jacket of the internal cooler against each
      other.
NUM  29.
PAR  29. A pump according to claim 25, including cooling ribs disposed at the
      outer surface of the internal cooler.
NUM  30.
PAR  30. A pump according to claim 25, including radial bores in the internal
      cooler for the passage of lubricating water and hot water.
NUM  31.
PAR  31. A pump according to claim 1, including a supporting tube below the
      sealing housing whose outside diameter is smaller than the inside diameter
      of the sealing housing, whereby it is adapted to be pulled out from the
      latter.
NUM  32.
PAR  32. A pump according to claim 31, in which the supporting tube is
      subdivided and the parts thereof are detachably connected with each other.
NUM  33.
PAR  33. A pump according to claim 32, including an insulation disposed at the
      upper end of the supporting tube lower portion.
NUM  34.
PAR  34. A pump according to claim 31, in which the inside diameter of the
      supporting tube is so dimensioned over more than one fourth of the height
      thereof that a throttle gap of 1 to 2 millimeters radial extension is
      produced with respect to an adjacent protective shaft sleeve.
NUM  35.
PAR  35. A pump according to claim 31, including a guiding cylinder disposed
      within the lower portion of the supporting tube, the lower edge of said
      cylinder being tightly connected with the lower flange of the supporting
      tube.
NUM  36.
PAR  36. A pump according to claim 31, in which a central flange of the
      supporting tube rests sealingly against the inside surface of an internal
      cooler between upper and lower passage bores thereof.
NUM  37.
PAR  37. A pump according to claim 1, including an outer supporting tube secured
      to the pump cover which, in the upper part with the outside diameter
      thereof, conforms to the inside diameter of the pump housing up to the
      smallest possible radial play.
NUM  38.
PAR  38. A pump according to claim 2, including an inner supporting tube secured
      to one of the sealing housing or the cover projection and axially guided
      and radially held in an outer supporting tube.
NUM  39.
PAR  39. A pump according to claim 38, in which the inner supporting tube is
      connected at the lower end thereof with the lowest flange of the outer
      supporting tube.
NUM  40.
PAR  40. A pump according to claim 38, in which burled sheet is wound directly
      upon the inner supporting tube.
NUM  41.
PAR  41. A pump according to claim 38, in which an annular space between the
      outer supporting tube and the inner supporting tube is filled with an
      insulation.
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ABST
PAL  A heating and cooling unit for a multistory building comprises a single
      elongated housing having a pair of riser heat exchangers and a pair of
      fans therein. One riser heat exchanger and one fan are positioned on one
      side of the housing, while the other heat exchanger and fan are position
      on the other side of the housing. An insulated partition separates the one
      riser and fan from the other riser and fan.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a heating and cooling unit and, more
      particularly, to a four riser unit for incorporating a water system to
      selectively heat or cool a room in which it is installed.
PAC  BACKGROUND OF THE INVENTION
PAR  Several types of prior art water systems have been proposed for heating
      and/or cooling a plurality of rooms in a building. In the basic water
      system, heat exchange units are provided in the various rooms and are
      connected with a main closed circuit which includes either hot water
      heating apparatus or water cooling apparatus or both. The heating or
      cooling apparatus raises or reduces the temperature of the water and a
      suitable pump forces the water into the main flow circuit and into the
      heat exchange units, after which it is returned to the apparatus for
      either heating or cooling.
PAR  A majority of these prior art systems usually require several horizontally
      extended conduits to connect each heat exchanger to the main flow circuit
      which adds to the materials costs of the system. Also, the labor required
      to make the necessary connections is an additional expense.
PAR  In the type of system in which two risers is used, the system must be
      manually converted from a heating mode to a cooling mode, or vice versa,
      at the appropriate time of the year. This requires the entire system to be
      shut down and the use of a skilled operator to effect the change, and, of
      course, makes it impossible for some of the individual units in the system
      to be used in one mode and other units used in the other mode at the same
      time.
PAR  Two previous U.S. Pat. Nos. (3,648,766 and 3,765,478) by the present
      applicant have successfully overcome the abovedescribed disadvantages
      through the use of a damper arrangement. Damper arrangements, like any
      other movable part, suffer from the disadvantage of possible mechanical
      failure, as well as increased production costs.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to overcome the
      defects of the prior art, such as indicated above.
PAR  Another object of the present invention is to provide an improved heating
      and cooling system.
PAR  Another object is to provide a package heat exchanger which can be easily
      installed in a building with a minimum of pipe-fitting and labor.
PAR  Yet another object of the present invention is to provide a heating and
      cooling unit in which the operational mode can be changed without shutting
      down the entire system, without the need for a skilled operator, and
      independent of the particular mode of other units in the system.
PAR  Still another object is to provide such a unit which accomplishes this
      function through the use of a minimal number of movable parts.
PAR  In furtherance of these and other objects, a principal feature of the
      heating and cooling unit of the instant invention is the provision of a
      four pipe duplex heating and cooling unit comprising a single elongated
      housing including a pair of two-pipe riser heat exchangers and two fans.
      One riser heat exchanger and one fan are positioned on one side of the
      housing, while the other riser heat exchanger and fan are positioned on
      the other side of the housing. Another feature is that one riser heat
      exchanger and fan combination may be used for cooling, while the other
      riser heat exchanger and fan combination may be used for heating. Yet
      another feature is that both of the riser heat exchanger and fan
      combinations may be used for heating or both may be used for cooling.
      Thus, the shortcomings of the prior art heating and cooling units are
      satisfactorily overcome by the present invention.
PAR  The heating and cooling unit of the present invention includes a housing
      comprising first and second separated compartments. The first compartment
      is provided with an air inlet, an air outlet, an air heat exchanger and
      circulating means for drawing air into the first compartment inlet,
      blowing the air through the first compartment in a path passing over the
      air heat exchanger thereof and discharging the air through the first
      compartment outlet. The air heat exchanger of the first compartment
      includes two substantially vertical risers extending beyond the length of
      the housing for direct connection to the risers of corresponding units
      located on adjacent floors of the building to form a continuous flow
      circuit for a first heat exchange fluid. The second compartment is also
      provided with an air inlet, an air outlet, an air heat exchanger and
      circulating means for drawing air into the second compartment in a path
      passing over the air heat exchanger thereof and discharging the air
      through the second compartment outlet. The air heat exchanger of the
      second compartment includes two substantially vertical risers extending
      beyond the length of the housing for direct connection to the risers of
      corresponding units located on adjacent floors of the building to form a
      continuous flow circuit for a second heat exchange fluid.
DRWD
PAR  For a better understanding of the invention, a possible embodiment thereof
      will now be described with reference to the attached drawing, it being
      understood that this embodiment is intended to be merely exemplary and in
      no way limitative.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the heating and cooling unit of the present
      invention.
PAR  FIG. 2 is a cross-sectional view thereof taken along the line 2--2 of FIG.
      1;
PAR  FIG. 3 is a cross-sectional view thereof taken along the line 3--3 of FIG.
      1; and
PAR  FIG. 4 is a cross-sectional view thereof taken along the line 4--4 of FIG.
      3.
PAR  FIG. 5 is a cross-sectional view thereof taken along the line 5--5 of FIG.
      3.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring specifically to FIG. 1, the heating and cooling unit of the
      present invention is shown in general by the reference numeral 10 and
      comprises an elongated housing 12 adapted to extend from the floor to
      ceiling in the room in which it is mounted. The front wall of the housing
      12 has two pairs of elongated openings, one opening on each side of the
      upper and lower portions thereof to receive air intake and outlet grills
      13, 14, 15 and 16. A thermostat 17 is mounted in the front wall of the
      housing for controlling the operation of the unit in a manner to be
      described in detail hereinbelow.
PAR  Referring now to FIGS. 2-5, a vertical partition 28 is mounted in the
      housing 12 in any known manner near the center thereof and divides the
      housing into right and left compartments, 11 and 13. The partition 28 is
      equal to the shape of the cross-section of housing 12 with the exception
      of openings 19 at the bottom thereof to let condensation water pass
      therethrough, the right compartment 11 of the housing as viewed in FIGS.
      2, 3 and 5 is the cooling unit in normal operation and the left
      compartment 13 is the heating unit.
PAR  A transverse horizontal partition 18 is also mounted in the housing 12 in
      any known manner near the center thereof. The partition 18 is equal to the
      shape of the cross-section of housing 12 with the exception of two cut-out
      openings 20 and 21 in order to provide a fan discharge.
PAR  Each of the two longitudinally extending compartments 11 and 13, separated
      by partition 28, contains a riser heat exchanger shown in general by
      reference numerals 32 and 34. The heat exchanger 32 comprises two
      vertically extending, spaced risers 35 and 36 which extend the entire
      length of the housing and project therefrom slightly.
PAR  A plurality of rectangular, spaced plates 40 extend over the risers 35 and
      36 with openings provided in the plates to receive the risers. The plates
      40 extend through the entire length of the compartment defined between
      partitions 18 and 38 in order to perform a heat exchange function that
      will be described in detail.
PAR  Similarly, the heat exchanger 34 comprises two vertically extending risers
      42 and 44 arranged and mounted in a similar manner as risers 35 and 36. A
      plurality of rectangular, spaced plates 46 are mounted over the risers 42
      and 44 and extend from the partition 18 to the partition 38. A drain riser
      47 is disposed adjacent to plates 46 with the latter being notched to
      accommodate the riser. The riser 47 extends for the entire length of the
      housing to provide a draining function as will be described hereinbelow.
PAR  The unit 10 is designed for installation in a multistory building and the
      portions of the risers 35, 36, 42, 44 and 47 which project from the upper
      and lower ends of the housing 12 are of a precisely predetermined length
      to enable them to be directly connected to corresponding risers in
      identical units formed on floors of the building adjacent to the floor on
      which the unit 10 is mounted. The connections would most likely be made in
      bores formed in the floor (or ceiling) in the particular rooms involved,
      with the connections being made in any conventional manner such as tubular
      coupling devices, etc.
PAR  Partition 28 is preferably made of a suitable insulating material to
      provide insultion between the two heat exchangers 32 and 34. It should be
      understood that insulating material may appear on either or both sides of
      partition 28 made of any conventional material.
PAR  The risers 42 and 44 are connected to a central cooling system which may be
      in the form of a cooling tower, or the like, for providing relatively cool
      water therethrough. The water is pumped directly from the cooling system
      through riser 42 and the corresponding risers connected thereto in the
      units on adjacent floors, and is returned by the riser 44 and its
      corresponding risers. For example, if the cooling system is provided on
      the top of the building, a pump would be provided to pump the relatively
      cool water directly from the cooling system through the riser 42 and its
      corresponding risers, to the bottom of the building whereby a U-shaped
      connection, or the like, would reverse the direction of flow and permit
      return of the water through the riser 44 and its corresponding risers.
PAR  In a similar manner, the risers 35 and 36 are connected to a central
      heating system mounted within or on the building, with the heated water
      being passed from the heating system through the riser 35 and its
      corresponding risers, and in a return path from the riser 36 and its
      corresponding risers, to the heating system.
PAR  Each compartment 11 and 13 contains a scroll fan 24, 25 and a hood 30, 31.
      The fan in cooling compartment 11 is located below partition 18 and
      directs air upwardly into hood 30 above partition 18. A vertical partition
      26 is located parallel to the front wall of housing 12 in compartment 11
      between the front wall and fan 24. Partition 26 extends from the bottom
      portion of the housing 12 above drain pan 22 to partition 18 and from the
      side wall of housing 12 to a point in proximity to heat exchanger fins 46.
      The partition 26 thus serves to cause air drawn in through inlet grill 16
      to pass through heat exchanger 34 before entering fan 24.
PAR  While fan 24 may be of any conventional type to force air in grill 16 and
      through opening 20 into the upper part of compartment 11, it is preferably
      a scroll fan which draws air axially in both sides thereof and forces it
      tangentially through an outlet 24a which registers with discharge opening
      20. For further details of the scroll fans usable in the present
      invention, including the manner in which they may be mounted in the
      housing, reference is made to Applicant's U.S. Pat. No. 3,648,766.
PAR  Above the partition 18 in compartment 11 is a means for directing the air
      again through heat exchanger 34 before being discharged through outlet
      grill 15 into the room. Such a means may be a hood 30 made up of vertical
      partitions 54 and 56 and slanted partitions 50 and 52.
PAR  Heating compartment 13 is the same as the cooling compartment 11 except
      that the fan 25 is positioned above the partition 18 and directs the air
      downwardly into hood 31 comprising partitions 51, 53, 55 and 57 extending
      below partition 18. In this manner air may be drawn in inlet grill 13 at
      the upper portion of housing 12, through heat exchanger 32 into fan 25,
      again through heat exchanger 32, and out outlet grill 14 at the bottom
      portion of housing 12. Thus, when in the heating mode, hot air is
      discharged near the bottom of the room through grill 14 while, when in the
      cooling mode, cool air is discharged through grill 15 near the top of the
      room.
PAR  The fans 24 and 25 are electrically connected to, and controlled by, the
      thermostat 17. The thermostat 17 may be of the "dead band"  variety which
      incorporates an element movable between two spaced fixed elements in
      response to temperature variation. Upon the movable element contacting one
      fixed element, fan 24 may be activated and upon the movable element
      contracting the other fixed element, fan 25 may be activated with the fans
      being turned off during its movement between fixed elements.
PAR  A drain pan 22 rests on the floor of the housing 12 and serves to collect
      condensation caused by the heat exchangers occurring in the housing, it
      being understood that the drain pipe 47 is notched in the vicinity of the
      pan so that excess condensation is transferred through the latter pipe and
      its corresponding pipes to a central grain, preferably located in the
      basement of the building. Further details of this drain system system are
      set forth in Applicant's U.S. Pat. No. 3,648,766, granted Mar. 14, 1972,
      the disclosure of which is hereby incorporated by reference.
PAR  In operation, and assuming the termperature in the individual room in which
      the unit 10 is installed drops from a relatively high value to a
      predetermined relatively low value, the movable element of the thermostat
      17 will make contact with one of the fixed elements, actuating the fan 25
      in the hot water circuit. As a result, air will be drawn into the inlet
      grill 13, and into fan 25, through heat exchanger 32 where it is initially
      heated whereby it is circulated from the fan discharge opening 21 again
      through the hot heat exchanger 32 and is there further heated before
      passing out through the outlet grill 14 at the lower end of the housing.
      Air flow is prevented over the cold heat exchanger 34 by virtue of the
      inoperation of the fan 24. When the temperature in the room rises to a
      predetermined comfort condition, the movable element of the thermostat
      releases from the above-mentioned fixed element, and the fan 25 will be
      turned off until the temperature once again drops to the predetermined low
      temperature and the movable element again touches the latter fixed
      element.
PAR  If the temperature in the individual room in which the unit is installed
      rises from a relatively low value to a predetermined relatively high
      value, the movable element of the thermostat 17 will actuate fan 24 in the
      cold water circuit. As a result, air will be drawn into the inlet grill 16
      at the bottom of the housing, through heat exchanger 34 and into fan 24
      where it is circulated from the fan discharge opening 20 again through the
      cold heat exchanger 34 where it is further cooled before passing out the
      outlet grill 15 at the top of the housing. Air flow is prevented over the
      hot heat exchanger 32 by virtue of the inoperation of fan 25. When the
      temperature in the room drops to the predetermined comfort condition, the
      fan 24 will be turned off until the temperature again rises to the
      relatively high value.
PAR  It should be understood that the instant invention may be used in
      conjunction with the 50 plus 50 system disclosed in Applicant's co-pending
      U.S. patent application, Ser. No. 463,047, filed on Apr. 19, 1974, the
      disclosure of which is hereby incorporated by reference. When used in such
      a system, both the hot heat exchanger 32 and the cold heat exchanger 34
      may be used for heating and/or cooling. Thus, temperature sensitive
      devices are attached to the heating risers 42 and 44 and connected to the
      fan 24. A temperature sensitive device actuates fan 24 when a hot
      temperature is sensed in the normally cold fluid conducting pipes 42 and
      44. Similarly, a temperature sensitive device (not shown) is attached to
      the heating risers 35 and 36 and connected to the fan 25. This device
      actuates the fan 25 when a cold temperature is sensed within the normally
      hot fluid conducting pipes 35 and 36. In this manner, when the room
      temperature is particularly cold (or hot), heating fluid (or cooling
      fluid) may be supplied to all four risers and both fans 24 and 25 operated
      simultaneously to allow hot (or cool) air to be discharged from both heat
      exchangers 32 and 34. The air in this mode will be discharged at both the
      top and the bottom of the room.
PAR  It should be understood that other means may be used to direct the air from
      the fans and through the heat exchangers besides partitions 26 and 27 and
      hoods 30 and 31. For example, the heat exchangers could be placed at a
      small distance from partition 28 and horizontal partitions used
      alternately extending from the side wall of housing 12 to the heat
      exchanger and from the partition 28 to the heat exchanger to direct the
      air in a serpentine path back and forth through the entire length of the
      heat exchanger.
PAR  Furthermore, fans other than the scroll fans disclosed may be used. For
      example, suitable reversible fans could be used to ensure that heated air
      is always coming from the bottom grills and cool air is always coming from
      the upper grills.
PAR  It is thus seen that the present invention can easily be installed in a
      building with a minimum of pipe-fitting and labor by virtue of the
      vertically extending risers. Also, the individual unit in the building can
      be individually controlled by regulating the thermostat associated with
      each unit without the need for a skilled operator, and independent of the
      particular mode of other units in the system. The operational mode of the
      unit can be changed between heating or cooling automatically and through
      the use of a minimal number of moving parts.
PAR  The foregoing description of this specific embodiment will so fully reveal
      the nature of the invention that others can, by applying current
      knowledge, readily apply this embodiment and/or adapt it to various
      applications without departing from the generic concept, and, therefore,
      such adaptations and modificiations should and are intended to be
      comprehended within the meaning and range of equivalents of the disclosed
      embodiments. Further, it is to be understood that the phraseology or the
      terminology employed herein is for the purpose of description and not of
      limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A unit for heating or cooling air in a room of a multistory building
      comprising:
PA1  a housing having a first and a second compartment;
PA1  a first air inlet in said first compartment;
PA1  a first air outlet in said first compartment;
PA1  a first heat exchanger in siad first compartment;
PA1  first circulating means in said first compartment for drawing air into said
      first air inlet, flowing the air through said first compartment in a path
      passing over said first heat exchanger, and discharging the air through
      said first air outlet;
PA1  said first heat exchanger including two substantially vertical risers
      extending the length of said housing for direct connection to the risers
      of corresponding units located on adjacent floors of the building to form
      a continuous flow circuit for a first heat exchange fluid;
PA1  a second air inlet in said second compartment;
PA1  a second air outlet in said second compartment;
PA1  a second heat exchanger in said second compartment;
PA1  second circulating means in said second compartment for drawing air into
      said second air inlet, flowing the air through said second compartment in
      a path passing over said second heat exchanger, and discharging the air
      through said second air outlet;
PA1  said second heat exchanger including two substantially vertical risers
      extending the length of said housing for direct connection to the risers
      of corresponding units located on adjacent floors of the building to form
      a continuous flow circuit for a second heat exchange fluid; and
PA1  a single thermostat means connected to said first and second circulating
      means for operating said first and second circulating means responsive to
      the temperature in the room whereby selected stories of the building can
      be heated while others are simultaneously cooled.
NUM  2.
PAR  2. A unit in accordance with claim 1, further comprising means for
      providing insulation between said first and said second compartments.
NUM  3.
PAR  3. A unit in accordance with claim 1, wherein said first circulating means
      and said second circulating means are fans.
NUM  4.
PAR  4. A unit in accordance with claim 3, wherein said fans are reversible.
NUM  5.
PAR  5. A unit in accordance with claim 1, wherein said first heat exchange
      fluid is relatively hot and said second heat exchange fluid is relatively
      cool.
NUM  6.
PAR  6. A unit in accordance with claim 1, wherein said first heat exchange
      fluid and said second heat exchange fluid are both relatively hot.
NUM  7.
PAR  7. A unit in accordance with claim 1, wherein said first heat exchange
      fluid and said second heat exchange fluid are both relatively cool.
NUM  8.
PAR  8. A unit in accordance with claim 1, wherein each of said first and second
      heat exchangers further comprise a plurality of plates extending over said
      risers to perform a heat exchange function between said heat exchange
      fluid and said air.
NUM  9.
PAR  9. A unit in accordance with claim 1, wherein the length of said housing is
      substantially equal to the height of the room in which it is mounted.
NUM  10.
PAR  10. A unit in accordance with claim 3 further including first directing
      means for directing air drawn by said first circulating means through said
      first heat exchanger before entering said fan and for directing the air
      discharged by said fan again through said first heat exchanger before
      being discharged through said first air outlet, and second directing means
      for directing air drawn by said second circulating means through said
      second heat exchanger before entering said fan and for directing the air
      discharged by said fan again through said second heat exchanger before
      being discharged through said second air outlet.
NUM  11.
PAR  11. A unit in accordance with claim 5, wherein said first inlet is located
      near the top of said housing and said first outlet is located near the
      bottom of said housing, and wherein said second inlet is located near the
      bottom of said housing and said second outlet is located near the top of
      said housing.
NUM  12.
PAR  12. A unit in accordance with claim 1, wherein said thermostat means
      includes an element moveable between two spaced fixed elements in response
      to temperature variation for activating said first and second circulating
      means alternately.
NUM  13.
PAR  13. A unit in accordance with claim 6 wherein said thermostat means
      includes a temperature sensitive device located in said vertical risers in
      said first and second circulating means for actuating both first and
      second circulating means simultaneously.
NUM  14.
PAR  14. A unit in accordance with claim 7 wherein said thermostat means
      includes a temperature sensitive device located in said vertical risers in
      said first and second circulating means for actuating both first and
      second circulating means simultaneously.
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ABST
PAL  An improved cooling arrangement for flat semiconductor components such as
      disc-type thyristors in which the semiconductor component is clamped
      between two solid cooling elements with each cooling element carrying at
      least one heat pipe with attached cooling fins and in which a plurality of
      such cooling arrangements rotationally displaced are combined in a
      column-like cooling stack to achieve equally good cooling for all heat
      pipes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the cooling of flat semiconductor components such
      as disc-type thyristors in general, and more particularly to an improved
      cooling arrangement which permits cooling a plurality of such
      semiconductors arranged in a column-like cooling stack.
PAR  Arrangements for cooling disc-type thyristors and other flat semiconductors
      in which the semiconductor is clamped in good thermal contact between two
      cooling elements of thermally highly conductive material each having at
      least one heat pipe, with fins on its end attached transversely to the
      heat pipe axis, disposed in an elongated recess therein have been
      developed. Heat pipes have been found particularly useful in such an
      application. As is well known in the art, heat pipes comprise a pipe of
      thermally conductive material closed on both ends and lined on the inside
      with a wick. The heat pipe is partially filled with an evapoarable working
      fluid. An arrangement such as this is disclosed in Belgian Pat. No.
      794,501.
PAR  The heat pipe can be inserted into the recess in the cooling element with
      an end of the heat pipe therein and the other end with fins protruding. An
      arrangement is also possible where the heat pipe extends through the
      recess, centered therein, with cooling fins pushed or placed on the heat
      pipe on both sides of the cooling element. The heat pipe is preferably
      soldered, shrunk or screwed into the recess for better thermal contact. As
      an example, the recess may be a hole which is formed parallel to the
      contact surface of the semiconductor component and the cooling element.
      Preferably, straight heat pipes are used.
PAR  In this prior art cooling arrangement, heat developed by the semiconductor
      component and given off by the cooling element is conducted to the cooling
      fins through the working fluid and to a small extent, also through the
      wall of the heat pipe and is removed from the cooling fins through the use
      of a cooling medium directed thereover by convection or by means of a
      blower. As compared to other known arrangements for cooling semiconductor
      components, this cooling arrangement requires less material for the two
      cooling elements which typically consist of copper or aluminum. As a
      result, it can be produced more readily and inexpensively for a given
      cooling capacity.
PAR  In practice, e.g., in heavy duty drives or for high voltage dc
      transmission, flat semiconductor components such as disc thyristors are
      frequently connected in series or parallel to form a single valve or
      controlled rectifier. It is common in such an electrical arrangement to
      also arrange the individual semiconductor components physically close
      together and in particular, to stack them one over the other. For example,
      German Offenlegungsschrift No. 1,564,694 teaches combining a plurality of
      this type of semiconductor rectifiers in a column-like cooling stack with
      alternating cooling elements between the disc thyristors. In this
      arrangement, a cooling liquid flows through the individual cooling
      elements. A typical clamping device clamping together at least two such
      cooling stack arrangements is disclosed in German Auslegeschrift No.
      1,614,640.
PAR  Clearly, this arrangement is more complex and costly than the heat pipe
      arrangement disclosed herein above. Thus, it is clear that there is a need
      for an improved cooling arrangement for stacked flat semiconductors which
      can: (1) take advantage of the benefits of the heat pipe; and (2) in
      addition, provide adequate cooling to the semiconductors no matter what
      their location is within the column or stack. That is, the problem is to
      provide an arrangement in which cooling air of essentially the same
      temperature can flow over all the heat pipes in such an arrangement.
PAC  SUMMARY OF THE INVENTION
PAR  In attempting to meet the two requirements noted above, starting with the
      prior art heat pipe cooling arrangement and using the prior art stack
      arrangement as a model, one would most likely arrive at a series-stack
      design in which the heat pipes protruding from the individual cooling
      elements are arranged parallel to each other. In the direction of the axis
      of the stack, the individual heat pipes would be situated exactly one
      behind the other. When cooling by convection or by means of a blower,
      which is preferably done in the direction of the axis of the stack using,
      for example, air as the cooling medium, the last heat pipes in the flow
      direction would receive coolant which has been preheated by the
      dissipation heat of all preceding cooling arrangements of the cooling
      stack. As a result, the load capacity of the last semiconductor component
      would have to be considerably reduced particularly where disc-type
      thyristors with high dissipation are used as semiconductor components in
      the cooling stack. The second portion of the above noted need, i.e., the
      efficient and equal cooling of the total arrangement is thus, not
      achieved.
PAR  The present invention solves this problem of uniformity cooling by
      combining the basic cooling arrangement of the aforementioned Belgian
      patent with a number of other cooling arrangements in a column-like
      cooling stack. In this cooling stack, the individual semiconductor
      components are axially aligned, with the axes of the heat pipes of the
      cooling elements which are located one over the other, arranged so that
      they are rotationally displaced with respect to each other about the stack
      axis. Preferably, this displacement is uniform, that is, the heat pipes of
      the one cooling arrangement are arranged relative to the heat pipes of the
      other cooling arrangements displaced by the same angular amount,
      progressing uniformly or not uniformly in the direction of the stack axis.
PAR  For natural convection of the coolant, but particularly if a blower is
      employed for forced cooling of the heat pipes, it is furthermore
      advantageous to arrange the cooling stack within a hollow structure with a
      cylindrical inside surface. The cylindrical surface acts as a guide
      surface for the coolant that flows past the heat pipes and insures that
      the in flowing coolant is forced to flow over the cooling fins of the heat
      pipes and thus cannot flow off laterally.
PAR  In accordance with a further feature of the invention, provision is made
      for at least one blower at the input or output of the hollow structure. In
      particular, a radial blower is advantageously provided. It is furthermore
      helpful to arrange baffles in the empty space between the heat pipes. If
      the individual heat pipes together with the flow baffles are arranged
      helically in the cooling stack arrangement, care must be taken in the
      interest of increased heat transfer that the direction of rotation of a
      blower aligned axially with the axis of the stack is chosen opposite to
      the sense of rotation of the helix arrangement, as seen in the flow
      direction.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a plan view of a cooling stack according to the present
      invention.
PAR  FIG. 2 is an elevation view, partially in cross section of the arrangement
      of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The arrangement of the present invention can best be understood by viewing
      FIGS. 1 and 2. The overall cooling stack arrangement designated 2 is a
      helical stack arrangement comprising a total of n = 3 individual cooling
      arrangements a, b and c stacked helically. That is, as will become more
      apparent below, the heat pipes of these cooling arrangements forms a
      helix. Although in the present example the number of individual
      arrangements n is only 3, it will be recognized that this number can be
      much larger than 3. Each of the three cooling arrangements a, b and c has
      two solid rectangular cooling elements 3 and 4 of a thermally highly
      conductive material, e.g., copper, a flat semiconductor component 5, such
      as a disc-type thyristor which is arranged between the two cooling
      elements and four elongated heat pipes extending in pairs through the
      cooling elements. The heat pipes are designated as 6 and 7. In each of the
      individual cooling, the elements are given letter designations
      corresponding to the individual cooling arrangement above to which they
      belong. Thus, the semiconductor component 5 in the arrangement a is
      designated 5a, its rectangular cooling elements as 3 a and 4a and its heat
      pipes as 6a and 7a. The heat pipes themselves, as is well known in the
      art, comprise tubes closed on both sides and lined on the inside wall with
      a wick of capillary structure, the tubes partially filled with an
      evaporable working fluid. For more details as to heat pipe construction,
      see U.S. Pat. No. 2,350,348. Copper can be used as the tube material as
      can other conductors. As is clearly illustrated on FIG. 2, the cooling
      elements 3a through 3c and 4a through 4c contain conical steps which are
      maintained in good thermal contact with the thyristors or other flat
      semiconductors 5a through 5c clamped therebetween. As illustrated, the
      semiconductor 5a is clamped between the cooling elements 3a and 4a,  the
      semiconductor 5b between the cooling elements 3b and 4b and the
      semiconductor 5c between cooling elements 3c and 4c. In well known
      fashion, the semiconductors 5a, 5b and 5c can comprise, for example, a
      portion of a rectifier.
PAR  Two heat pipes are inserted through each of the cooling elements 3a through
      3c and 4a through 4c. The heat pipes associated with the elements 3a
      through 3c are designated 6a through 6c and those associated with the
      elements 4a through 4c as 7a through 7c. The two heat pipes inserted into
      the top cooling element 3a of the upper cooling arrangement a are inserted
      to be in good thermal contact with the cooling element and are arranged
      parallel to each other and parallel to the contact surface. The
      corresponding heat pipes 7a are inserted parallel thereto in the lower
      cooling element 4a of the upper cooling arrangement. From the plan view of
      FIG. 1, only the top heat pipes 6a are visible since they are directly
      above the lower heat pipes 7a. Cooling fins 8a are attached to the
      protruding portions of the two heat pipes 6a transversely to their axis
      and in good thermal contact. Similarly, cooling fins 9a are also arranged
      on the heat pipes 7 b. In similar fashion, fins 8b and 8c and 9b and 9c
      are arranged on the heat pipes 6b and 6c and 7b and 7c respectively. The
      radial extension of the heat pipes associated with each arrangement a, b
      and c is rotated relative to the preceding arrangement by an angle of
      (180.degree./n) i.e., by an angle of 60.degree. in the illustrated
      embodiment. A stack arrangement for n larger than 3 can also be made. In
      any case, the individual cooling arrangements are rotated by the same
      angular amount so that adjacent cooling arrangements are rotated relative
      to each other by an integral multiple of the angle (180.degree./n).
PAR  In other words, were n = 4 the second cooling arrangement could be rotated
      45.degree., third cooling arrangement 135.degree. and the fourth cooling
      arrangement by 90.degree. with respect to the first cooling arrangement.
      This results in non-uniform rotation but one in which the required
      conditions of relative rotation are met.
PAR  The helical stack arrangement 2 is held pressed together using a well known
      type of clamping device, not shown, with force applied in the direction of
      arrows 10, i.e., in the direction of the axis of the stack.
PAR  Cooling air is supplied as a coolant, being blown by a fan or blower 30
      onto the helical stack 2. As viewed on FIG. 1, the flow is out of the
      paper. The flow on FIG. 2 is in the direction of arrows 20. The blower 30
      comprises a blower impeller 31 and an electric motor 32. In order that the
      cooling air cannot flow off outward, radially to the axis of the stack, a
      hollow structure 11 with a cylindrical inside surface 12 is provided
      consisting, for example, of an electrically insulating material. As
      illustrated, it surrounds the helical stack 2 closely and concentrically.
      Along with other insulating materials, transparent plastic is particularly
      suitable for the structure 11. The blower 30 is mounted to the hollow
      structure 11 using a support strap 33 which may be made of metal. Because
      of the hollow structure 11, cooling air, entering through lower aperture
      provided for that purpose, is forced to flow upward in an essentially
      axial direction. The stream of cooling air then encounters sequentially
      the cross section of the six heat pipes 7c, 7b and 7a. Each of these heat
      pipes is supplied with a cooling air which is essentially of the same
      temperature. The heat pipes 6c, 6a and 6b arranged behind the
      corresponding heat pipe 7c, 7b and 7a in the direction of flow receive air
      which has already been partially preheated. This can be avoided by a
      rotation of the heat pipe 6a, 6b and 6c of the upper cooling elements 3a,
      3b and 3c respectively with respect to the corresponding heat pipe 7a, 7b
      and 7c of the corresponding lower cooling elements 4a, 4b and 4c. For
      example, a rotation of 90.degree. would be effective for this purpose.
PAR  It is also possible to combine the helical stack 2 of FIGS. 1 and 2 into a
      single structural unit along with a radial blower. In such a case, the
      radial blower must be placed either at the lower entrance or upper exit of
      the hollow structure 11 which acts as a cooling duct. Preferably, the
      diameter of the radial blower should be approximately equal to the inside
      diameter of the hollow structure 11. In that case, the vane area of the
      blower coincides with the cooling fin area of the helical stack and its
      hub area with the central cooling elements 3 and 4.
PAR  To prevent cooling air from flowing unused between mutually displaced
      successive cooling arrangements a, b and c, the six spaces between the
      heat pipes can be covered as illustrated by FIG. 1 using thin,
      sector-shaped flow baffles 13 extending in the flow direction. The baffles
      13 which preferably are arranged inclined in the hollow structure 11 may
      comprise, for example, insulating material and can be attached to the
      guide surface 12 of the hollow structure 11. With such an arrangement, the
      hollow structure 11 then provides a support for the flow baffles 11, and
      possibly for the blower, in addition to acting as a guide channel for the
      cooling air. Incidentally, the flow baffles 11 can be arranged helically
      within the structure 11. Other components such as transformers, resistors
      and transistors which disipate heat can be arranged in the empty space of
      the stack. The exhaust air from the helical stack arrangement can be
      conducted to a heat exchanger if the semiconductor components are arranged
      within a cabinet. It should further be emphasized that rotational stacking
      of cooling arrangements is possible even where the cooling element has
      only a single heat pipe. In that case also, the cooling arrangement can be
      of helical design. The heat pipes again can be aligned perferably
      perpendicular to the axis of the stack. In particular where a large number
      of cooling elements are provided in the stack and where two adjacent
      cooling elements are combined into a solid cooling element unit, a space
      saving cooling stack arrangement is obtained in which all the heat pipes
      receive equally good cooling while still employing an arrangement which is
      technically simple and inexpensive.
PAR  In conclusion, it should be noted that, in arranging rotational
      displacement, care should be taken, if at all possible, that none of the
      individual heat pipes are coincident with any of the preceding heat pipes
      as seen in the flow direction of the coolant. If the cost of the blower
      must be maintained at a reasonably low level, it may then be justifiable
      to arrange two heat pipes one behind the other. In the general case, the
      flow baffles cannot be eliminated unless a substantial reduction of the
      blower effect can be tolerated. The flow baffles must thus always be
      arranged so that the flow onto heat pipes which follow the direction of
      the flow is not impeded.
PAR  Thus, an improved cooling arrangement for stacked flat semiconductors
      components and their associated cooling elements has been shown. Although
      a specific embodiment has been illustrated and described, it will be
      obvious to those skilled in the art that various modifications may be made
      without departing from the spirit of the invention which is intended to be
      limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cooling arrangement for a plurality of flat semiconductor components
      such as disc-type thyristors, made up of a plurality of cooling
      arrangements each comprising two cooling elements of thermally highly
      conductive material with a semiconductor clamped therebetween in good
      thermal contact, with each cooling element provided with at least one
      elongated recess into which is inserted in good thermal contact a portion
      of a heat pipe closed on both sides, lined on the inside with a wick and
      partially filled with an evaporable working fluid with cooling fins
      attached with good thermal contact on the protruding portion of the heat
      pipes transversely to their axes, comprising a plurality of individual
      cooling arrangements arranged in a column-like cooling stack with the
      individual semiconductor components axially aligned with each other and
      the axes of the heat pipes of the cooling element placed one on top of the
      other and arranged such that they are angularly displaced with respect to
      each other about the axis of the stack in helical fashion with the helix
      so formed having a first direction of rotation, and a blower forcing air
      through said column, said blower having a direction or rotation, as viewed
      in the flow direction of the coolant, which is opposite to the direction
      of rotation of said helical arrangement of heat pipes.
NUM  2.
PAR  2. A cooling arrangement according to claim 1 and further including a
      hollow structure with a cylindrical inside surface enclosing said cooling
      stack.
NUM  3.
PAR  3. A cooling arrangement according to claim 2 and further including flow
      baffles arranged in the empty spaces between heat pipes.
NUM  4.
PAR  4. A cooling arrangement according to claim 3 wherein said flow baffles are
      shaped as circular sectors and are arranged in an inclined manner inside
      the hollow cylindrical structure.
NUM  5.
PAR  5. A cooling arrangement according to claim 1 wherein said blower is a
      radial blower.
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ABST
PAL  This invention relates to a convector heater for use in buildings,
      constituted of columns, wherein each column constituted by a section
      comprises a pipe in which a fluid circulates and which is integral with
      heat exchange ribs, said heating columns being connected at their ends by
      means of a separate collector acting as fluid distributor and means of
      assembly between several colums.
PARN
PAR  This is a continuation of application Ser. No. 342,449, filed Mar. 19,
      1973, now abandoned.
BSUM
PAR  The present invention relates to a heat convector for use in buildings.
PAR  It has been known for a long time that cast-iron radiators may be used for
      heating buildings, but they have numerous disadvantages, due to their
      bulk, considerable weight, coupling of the elements by internal connecting
      members, difficulties in sealing, large quantity of liquid used for heat
      exchange and lack of aesthetics. Consequently, these radiators are
      difficult to instal in a building and to supply with heating fluid.
PAR  It is also known to use radiators made of steel, convectors, fixed
      radiating panels which form part of a range of apparatus, the use of which
      is more or less adapted to the different types of use, since they present
      a well defined shape and dimensions. Furthermore, these apparatus, when
      they are installed, do not enable one or more elements to be removed or
      added should it be desired to put right an error made in technical
      research.
PAR  It should also be added that these heating apparatus proportionally give
      out only a small amount of heat.
PAR  The convector for heating buildings according to the invention enables
      these drawbacks to be overcome.
PAR  In accordance with the invention, a convector is used which is constituted
      of heating columns, each of which is constitued by a section comprising a
      pipe in which a fluid circulates and which is integral with heat exchange
      ribs, said heating columns being connected at their ends of means of a
      separate collector acting as fluid distributor and means of assembly
      between several columns.
PAR  The heating columns which may be made of aluminium may have a very reduced
      weight and may be mounted or dismantled very easily and rapidly, thus
      enabling the heat exchange surface of the convector to be varied in one
      sense or the other, as required.
PAR  Furthermore, the heating columns constituting a convector may be stored
      separately before the heating installation is assembled.
PAR  The convector according to the invention has a very high calorific power
      and yield for a very low output from the heat source.
PAR  According to another characteristic, the heating apparatus which is
      obtained is very aesthetic and its overall dimensions are very reduced in
      proportion to its calorific power.
PAR  By its constitution, the convector according to the invention may receive
      electrical resistances in addition to any heating fluid, and the apparatus
      may be used in an integrated electrical heating installation.
PAR  According to another characteristic of the invention, on the flat wall of
      the section there are provided means of fixing a removable cover
      surrounding the radiating ribs and the pipe.
PAR  This latter arrangement enables convectors to be produced which are
      particularly aesthetic in shape, since the heating columns and their fins
      are hidden behind covers which may present whatever shape and colour the
      consumer deisres. In Addition, it is possible to blacken the heating
      section in order to increase the emissive power thereof, without impairing
      the aesthetics, since this section is hidden behind the cover.
PAR   Furthermore, since the covers are removable, it is particularly simple to
      replace them without touching the heating members, and thus to modify the
      outside appearance of the heating apparatus to make it harmonise with the
      decoration of the room in which it is placed.
DRWD
PAR  The invention will be more readily understood on reading the following
      description, reference being made to the acompanying drawings, in which:
PAR  FIG. 1 is a plan view of the heating columns constituting the convector.
PAR  FIG. 2 is a front view of a heating column and a collector element being
      mounted.
PAR  FIG. 3 is a side view of a heating column on which a collector element is
      mounted.
PAR  FIG. 4 is a section showing the assembling of two collector elements.
PAR  FIG. 5 is an exploded view of a heating column according to the invention.
PAR  FIG. 6 is a top view in partial section of an assembly of heating columns
      constituting a convector.
DETD
PAR  Referring now to the drawings, FIG. 1 shows three heating columns 1a, 1b,
      1c which form a convector according to the invention and which are
      constituted by sections, particularly made of aluminium, having a rear
      wall 2 against which is adapted a rectangular pipe 3 in which the heating
      fluid circulates, said pipe 3 being extended in front by two partitions 4,
      4a bearing fins 5, 5a respectively, around which is arranged a cover 6
      integral with the rear wall 2 and the partitions 4, 4a so as to arrange
      vertical pipes 7 and 8 in which the air circulates around the fins 5, 5a.
PAR  At the two ends of the heating columns 1a, 1b, 1c are mounted two
      collectors intended for the circulation of the heating fluid, only one of
      which the upper collector has been shown in FIGS. 2, 3 and 4, the lower
      collector being identical.
PAR  Each collector is constituted of E-shaped elements 9 fixed to the top or
      bottom respectively of the rear wall 2 of each section of the heating
      column 1a, 1b, 1c.
PAR  Fixing is effected in particular by cold gluing or polymerisation.
PAR  Each collector element 9 has a body in which is provided a pipe 10 for the
      circulation of the heating fluid, which is connected to the pipe 3 through
      pipe 11 with external rectangular section fitted in said pipe 3.
PAR  At its ends, each collector element 9 has lugs 12, 12a which are connected
      to the lugs 12, 12a of the adjacent elements 9 by a fixing means such as a
      screw 13 engaged in a hole 15 made in the lugs 12, 12a and on which a nut
      14 is screwed.
PAR  To allow the lugs 12, 12a to be fitted between the heating columns, the
      rear wall 2 is shaped to present a housing 16 in which said lugs are
      engaged (FIG. 1).
PAR  The junction between the collector elements 9 is ensured by means of
      sleeves 17 which are engaged in recessings 18 provided at the ends of the
      elements 9, said sleeves are provided with lateral and central sealing
      gaskets 19, 19a and 20. The central gasket 20 is disposed at the level of
      the joint between the two elements.
PAR  Furthermore, the collector elements 9 are provided with threaded holes 21
      for their connection to the heating pipes of the installation. These
      elements may for example be taken from a E-section of adequate dimensions,
      this enabling a pipe with external rectangular section to be directly
      obtained, together with the side lugs.
PAR  FIG. 5 shows one of the heating columns which constitutes the convector
      according to the invention, shown in plan view in FIG. 6.
PAR  Each heating column comprises a section 101 made in particular of aluminium
      which presents a flat wall 102 against which is adapted a pipe 103 for
      fluid extending over the whole height of the section and closed at its two
      ends by stoppers 104a fixed by any known means in the pipe 103.
PAR  Convergent fins 104 are disposed around the pipe 103 on the same side of
      the flat wall 102, the whole of the flat wall 102 of the pipe 103 and the
      fins 104 constituting one and the same section 101.
PAR  At the upper and lower parts of the section 101 are mounted upper and lower
      collectors 105 and 123 respectively, which ensure the circulation of the
      fluid. Each collector is constituted of elements 105a, 105b, 105c which
      each comprise a pipe 106 and a flat part 107 which is fixed, particularly
      by gluing, to the rear face of the flat wall 102 of the section 101.
PAR  For the communication between the pipes 103 and the internal pipe 106 of
      the collector elements 105a, 105b, 105c, there is provided in the flat
      wall 102 of the section 101 an opening 108 which opens through a
      corresponding aperture 109 into the pipe 106 of the element 105a, 105b,
      105c. Each collector element 105a, 105b, 105c advantageously comprises on
      one of the edges of the flat part 107 a rib 123 abutting on an edge 125 of
      the flat wall 102 of the section, apertures 108 and 109 being previously
      made at adequate spots in the wall 102 of the section 101 and the part 107
      of the collector element 105, respectively, this arrangement of the rib
      124, which ensures marking, makes it possible easily and accurately to
      assemble the collector element on the section and guarantees the exact
      positioning of the opening 109 opposite opening 108 as well as the
      alignment of the pipes 106 in anticipation of the later assembling of the
      columns to form a convector.
PAR  The elements 105a, 105b, 105c are connected together by sleeves 110 which
      have grooves 111, 111a in which are disposed sealing gaskets 112, 112a and
      grooves 113, 133a in which are engaged the ends of screws 114 screwed in
      threaded holes 115 in the wall of the collector elements 105a, 105b, 105c.
      This arrangement makes it possible to connect both the collector elements
      and the sections 101 on which the elements of collectors 105 and 123 are
      fixed.
PAR  On the end section of the convector, the elements 105 receives (FIG. 6) a
      stopper 115 which is provided with a sealing gasket 116 and a groove 117
      in which a screw 114 is engaged.
PAR  In the embodiment shown in FIG. 5, the stopper 115 comprises a threaded
      hole 118 for connecting the collector 105 to a pipe of the heating
      installation.
PAR  It is obvious that the outer face of the stopper 115 may also be threaded.
PAR  On the two edges of the flat wall 102 are provided ribs 119, 119a
      delimiting grooves 120, 120a in which the edges 121, 121a of covers 122
      are engaged by sliding or fitting, said covers being disposed around the
      fins 104 of the section and pipe the air circulating around the fins to
      form a heating column.
PAR  Heating columns with cover incorporated therein as shown in FIG. 1 may also
      be combined with collectors applicable to the rear face as shown in FIGS.
      5 and 6.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A heat convector for use in a space, comprising, in combination:
PA1  a plurality of heating columns disposed adjacent each other;
PA1  a pipe disposed in each of said columns for conducting a fluid;
PA1  a plurality of heat exchange ribs integral with each pipe; and
PA1  a collector near each end of said heating column and in communication with
      the pipe therein for the supply of the fluid;
PA1  the collectors of adjacent columns being interconnectable, whereby an
      integral unit of said columns is obtained and said collectors form a
      continuous fluid path at each end of said heat convector;
PA1  each of said collectros having a substantially flat assembly surface
      aligned with and adjacent the column to which it is connected.
NUM  2.
PAR  2. The heat convector as claimed in claim 1, wherein said collectors are
      interconnected by cold gluing or by polymerisation.
NUM  3.
PAR  3. The heat convector as claimed in claim 1, wherein each of said
      collectors comprises an E-shaped element having a centrally disposed
      conduit operable for engaging one of said pipes and lugs disposed at each
      of its ends for interconnecting said columns.
NUM  4.
PAR  4. The heat convector as claimed in claim 1, wherein said collectors
      comprise sleeves and gaskets for interconnecting said columns with
      substantially leak proof seals.
NUM  5.
PAR  5. The heat convector as claimed in claim 1, wherein each of said heating
      columns has a substantially flat rear surface extending substantially the
      length of the pipe therein and substantially encloses the heat exchange
      ribs and pipe therein except for openings defined at its two ends, whereby
      air can circulate through the column past the heat exchange ribs therein.
NUM  6.
PAR  6. The heat convector as claimed in claim 1, wherein each of said heating
      columns include a substantially flat wall to which the pipe therein is
      connected and a removable cover surrounding the heat exchange ribs therein
      and connected to the flat wall.
NUM  7.
PAR  7. The heat convector as claimed in claim 1, further comprising removable
      closure means connected to the collectors in the end heating columns,
      whereby additional heating columns may be added by the removal of the
      closure means.
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PAL  A cooling tower with a plurality of radially extending circumferentially
      spaced tubular heat exchanger units having their heat exchanger surfaces
      in vertical planes, preferably upwardly and outwardly inclined vertical
      planes, with the radial outer end of each unit having a greater width (in
      the vertical direction) than the radial inner end of each unit.
BSUM
PAR  The present invention relates to cooling towers, and more particularly to
      cooling towers in which tubular heat exchangers are arranged in a tower,
      and fluid passed through the tubes of the exchanger is cooled by indirect
      heat transfer with air which enters the tower and flows through the heat
      exchangers in indirect heat transfer relationship with fluid in the tubes.
PAR  In accordance with the present invention, there is provided a hollow
      cooling tower which includes a plurality of radially extending
      circumferentially spaced heat exchanger units having their heat exchanger
      surfaces extending in a vertical plane, preferably in an upwardly and
      outwardly extending inclined vertical plane. Each heat exchanger unit is
      constructed in a manner such that its outer end has a greater width, in
      the vertical direction, than its inner end. Suitable air directing means
      are provided in the spaces between the heat exchanger units to insure that
      air which enters the tower flows through the heat exchanger units.
DRWD
PAR  The invention will be further described with respect to embodiments thereof
      illustrated in the accompanying drawings, wherein:
PAR  FIG. 1 is a sectional view of an embodiment of the cooling tower of the
      present invention;
PAR  FIG. 2 is an isometric view of the heat exchanger arrangement of the
      embodiment of FIG. 1;
PAR  FIG. 3 is a sectional view along 3--3 of FIG. 1;
PAR  FIG. 4 is a sectional view along line 4--4 of FIG. 1;
PAR  FIG. 5 is a sectional view along line 5--5 of FIG. 1;
PAR  FIG. 6 is a partial sectional view along line 6--6 of FIG. 1; and
PAR  FIG. 7 is a simplified schematic representation of an alternative heat
      exchanger arrangement.
DETD
PAR  Referring to the drawings, there is shown a hollow cooling tower in the
      form of a natural draft hyperbolic cooling tower 10, having inlets 11
      through which cooling air flows, by natural draft, from the surrounding
      atmosphere. It is to be understood that the tower could be of the forced
      air type or could be a natural draft tower with a shape other than
      hyperbolic.
PAR  The lower interior of the cooling tower 10 is provided with a plurality of
      heat exchanger means in the form of a plurality of circumferentially
      spaced tubular heat exchanger units 12, which extend in the radial
      direction, and are positioned in an upwardly and outwardly inclined
      vertical plane, to provide a vertical extending heat exchanger surface,
      whereby air flow through the exchanger units 12 is primarily in a
      horizontal direction. Alternatively, and less preferred, the heat
      exchanger units can be positioned in non-inclined vertical planes.
PAR  Each of the heat exchanger units 12 is comprised of two or more tubular
      heat exchangers, 12a, 12b, etc. having tube bundles, comprised of a
      plurality of exposed parallel tubes 13, which are provided with fluid to
      be cooled through suitable inlet and outlet headers. The fluid can be a
      gas such as steam or a liquid, such as water and cooling could be effected
      for condensing steam. The tubes 13 may include fins or the like to
      increase heat transfer, and fluid flow through the tubes may be upward or
      downward, as known in the art.
PAR  In accordance with the present invention, the individual heat exchangers of
      each heat exchanger unit 12 are arranged in a manner such that the radial
      outer end of each unit has a greater width (in the vertical direction)
      than the radial inner end of each unit.
PAR  As particularly shown in FIGS. 1-6, such a result is achieved by each heat
      exchanger unit 12 being comprised of three heat exchangers 12a, 12b and
      12c, of equal length, with the outer end of the unit being comprised of
      superimposed heat exchangers 12b and 12c to define an outer end heat
      exchanger sub-unit, having a two heat exchanger width and the inner end of
      each unit being comprised of a heat exchanger 12a, to define an inner end
      heat exchanger sub-unit having a single heat exchanger width. As shown,
      the sub-units overlap each other, but as should be apparent, such a result
      could also be achieved without overlapping of the sub-units. Each of the
      individual heat exchangers 12a, 12b, 12c, etc. can have a tube thickness
      of one, two or more tubes.
PAR  The heat exchanger units are further provided with air directing means 21
      in the form of inclined plates or sheets 22a, 22b, and 22c for insuring
      that air which flows into the tower 10 flows through the heat exchanger
      units. As particularly shown, the plates or sheets are arranged in the
      spaces between the individual heat exchanger units 12 in a manner such
      that each plate or sheet extends from the bottom of one heat exchanger
      unit 12 to the top of the next adjacent unit over the length thereof, to
      direct air which flows from the bottom of the tower, into the space
      between adjacent heat exchange units 12, through the heat exchanger units
      12 which has the air directing plate or sheets attached to the top
      thereof. As particularly shown in FIGS. 2, 3, 4, and 5 for the heat
      exchanger arrangement of FIGS. 1-6, the air directing means is comprised
      of three different plates or sheets 22a, 22b and 22c, to provide for the
      varying heat exchanger unit widths (in the vertical direction) over the
      length of unit 12, with the inner end having a single exchanger width, an
      intermediate portion, a three exchanger width, and the outer end a two
      exchanger width. As particularly shown, plate 22a has a length equal to
      the length of the single exchanger width of a unit 12 and extends in an
      upwardly inclined horizontal plane from the bottom of one heat exchanger
      unit 12a to the top of heat exchanger 12a of the next adjacent heat
      exchanger unit 12. Similarly, plate 22b has a length equal to the length
      of the three exchanger width of unit 12 and extends in an upwardly
      inclined horizontal plane from the bottom of heat exchanger 12a to the top
      of heat exchanger 12c of the next adjacent unit 12. Similarly, plate 22c
      has a length equal to the length of the two heat exchanger width of unit
      12 and extends in an upwardly inclined horizontal plane from the bottom of
      heat exchanger 12b to the top of heat exchanger 12c of the next adjacent
      unit 12.
PAR  The air directing means further includes triangular vertical plates or
      sheets 23a, 23b, 23c and 23d which are positioned to seal the vertical
      spaces at the ends of the air directing sheets 22a22b and 22c. Further air
      seals or plates 24, as required, are provided at the under sides of heat
      exchangers 12b to prevent air which enters the tower from passing through
      the tower without passing through the heat exchanger units 12.
PAR  In operation, air which enters the bottom of tower 10 flows upwardly into
      the space between heat exchanger units 12, and is directed by the air
      seals or plates 22a, 22b, 22c horizontally through heat exchangers 12a,
      12b and 12c, wherein the air cools fluid flowing through the tubes by
      indirect heat transfer. The air which exits from the heat exchanger units
      12 flows vertically upwardly through the tower and out the top thereof.
PAR  It is to be understood that within the spirit and scope of the present
      invention, it is possible to effect modification of the hereinabove
      described embodiment. Thus, for example, although the embodiment has been
      described with respect to the use of three heat exchangers in each unit,
      more than three exchangers could be employed and there can be more than
      two sub-units. Thus, for example, each unit can be comprised, in the
      radial outward direction, of an inner sub-unit of one exchanger width, a
      further sub-unit of two exchanger widths, another sub-unit of three
      exchanger widths, etc.
PAR  Similarly, each unit can be comprised of two exchangers, positioned in an
      end to end relationship with the outer unit having a greater width, in the
      vertical direction, than the inner unit.
PAR  As another alternative, as shown in FIG. 7, each heat exchanger unit 101
      can be comprised of two exchangers, with the first exchanger 101a
      extending over the full radial length of the tower, and the second
      exchanger 101b positioned in a side to side relationship with the first
      exchanger over the outer radial portion to provide an overall unit with a
      greater width at its outer end.
PAR  The above modifications and others should be apparent to those skilled in
      the art from the teachings herein.
PAR  Numerous modifications and variations of the present invention are possible
      in light of the above teachings, and, therefore, within the scope of the
      appended claims, the invention may be practiced otherwise than as
      particularly described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cooling tower, comprising:
PA1  a hollow tower; a plurality of radially extending tubular heat exchanger
      units circumferentially spaced within the lower portion of the tower, said
      heat exchanger units having their heat exchanger surfaces extending in an
      inclined vertical plane, each of said heat exchanger units having a radial
      inner end and a radial outer end, the width in the vertical direction of
      the radial outer end being greater than the width, in the vertical
      direction, of the radial inner end, each of said heat exchanger units
      comprising first, second and third heat exchangers, the first heat
      exchanger comprising the radial inner end of the heat exchanger unit, said
      second and third heat exchangers being superimposed one on top of the
      other with the heat exchanger surfaces in a vertical plane, said
      superimposed second and third heat exchangers comprising the radial outer
      end of said heat exchanger unit; and air directing means for directing air
      which enters the tower through the heat exchanger units.
NUM  2.
PAR  2. The cooling tower of claim 1 wherein the air directing means comprises
      impermeable plates positioned in the spaces between adjacent heat
      exchanger units, said plates being positioned in an inclined horizontal
      plane, said plates extending from the bottom of a heat exchanger unit to
      the top of the next adjacent heat exchanger unit over the length of the
      heat exchanger unit.
NUM  3.
PAR  3. The cooling tower of claim 1 wherein the air directing means comprises
      first, second and third impermeable plates positioned in inclined
      horizontal planes in the spaces between the heat exchanger units over the
      length of the heat exchanger units, said first plate extending from the
      bottom of the first heat exchanger to the top of the adjacent first heat
      exchanger at the radial inner end of said heat exchanger unit, said second
      plate extending from the bottom of the first heat exchanger to the top of
      the adjacent third heat exchanger over the portion of the heat exchanger
      unit wherein the superimposed second and third heat exchangers overlap the
      first heat exchanger, and the third plate extending from the bottom of the
      second heat exchanger to the top of the adjacent third heat exchanger at
      the radial outer end of the heat exchanger unit.
NUM  4.
PAR  4. The cooling tower of claim 1 wherein the superimposed second and third
      heat exchangers are positioned in an overlapping relationship with the
      first heat exchanger.
NUM  5.
PAR  5. The cooling tower of claim 1 wherein the superimposed second and third
      heat exchangers are positioned in an end to end relationship with the
      first heat exchanger.
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PAL  An improved shell and tube heat exchanger is described wherein power steam
      for driving a turbine is reheated between successive stages of the
      turbine. The power steam passing through the shell is heated by heating
      steam passing through heating tubes, the exchanger being of the type
      having steam distribution elements including a main inlet header adapted
      to distribute heating steam to the heating tubes, a main outlet header
      located to collect the heating steam from the heating tubes, a plurality
      of pairs of inlet and outlet subheaders, feeder tubes for coupling each of
      the inlet and outlet subheaders to the main inlet header and main outlet
      header respectively, and heating tubes coupling the inlet and outlet
      subheaders of each pair. The heat exchanger is characterized by an
      improved arrangement of the distribution elements to provide improved
      allocation of the heating steam to uniformly heat power steam of varying
      moisture distribution and hence different local heat transfer
      requirements, without developing degenerative heat transfer conditions.
PAL  In the improved arrangement of distribution elements, each pair of inlet
      and outlet subheaders has a uniform number of heating tubes in relation to
      the quantity of heating steam applied by the feeding tubes coupled to that
      pair, to provide a uniform quantity of heating steam for each heating
      tube, whereby power steam of varying moisture distribution is heated with
      steam pressure loads remaining substantially independent of heat transfer
      variations in the individual heating tubes.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 64,189, filed August 17,
      1970 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of shell and tube heat exchangers. More
      specifically, this invention relates to shell and tube heat exchangers as
      are used in nuclear powered electricity producing plants.
PAR  In a nuclear power plant super-heated power steam is commonly employed to
      drive a turbine which is connected to an electric generator. After passage
      through one or several stages of the turbine, water is likely to condense
      in the stream of power steam. Hence, the power steam is reheated after
      passing through a turbine stage before the power steam is permitted to
      return to the next successive turbine stage. The power steam, after
      performing its work on the first turbine stage, is first passed through a
      water droplet separator and then reheated for instance in a shell and tube
      heat exchanger before returning to the next successive stage in the
      turbine.
PAR  2. Description of the Prior Art
PAR  Various shell and tube heat exchangers are known in the art, as shown by,
      e.g., U.S. Pat. Nos. 1,883,605 to Davy, and 3,443,548 to Rich et al.
PAR  A shell and tube heat exchanger of the type known to the prior art for
      reheating steam is depicted in FIGS. 1 and 2 with a cylindrical shell 1
      having power steam inlet PSi and outlet PSo and enclosing a heating system
      formed of a cylindrical arrangement of longitudinally aligned heating
      tubes 2 which are supplied with heating steam from an inlet HSi through a
      main inlet manifold 4i, inlet feeders 5i and inlet subheaders 3i. The
      heating steam, after passing through heating tubes 2, passes through
      outlet subheaders 3o, outlet feeders 5o and main outlet manifold 4o to
      heating steam outlet HSo. With such shell and tube heat exchangers, the
      inclusion of condensed water in the power steam tends to produce heat
      starved heating tubes in a degradating process that tends to repeat itself
      in a cyclic manner.
PAR  For example, a sudden increase in the load on the turbine reduces the power
      steam temperature to a level where the condensed water in the stream is
      not sufficiently removed by the separator and permitted to enter the
      reheater shell and tube heat exchanger. The water-containing power steam,
      as it passes through the shell and tube heat exchanger, contacts a heating
      tube. This water-contacting heating tube then commences to operate as an
      evaporator rather than as a steam heater. The evaporator function of the
      heating tube causes the latter to operate at substantially constant
      temperature and draws an unusually large amount of heat from the heating
      steam within the heating tube with the result that heating steam condenses
      in the heating tube. As the condensate in the heating tube continues to
      build up, it draws less heating steam and effectively becomes heat
      starved. The build up of condensate in a heating tube is reflected in
      pressure losses in the feeder which supplies heating steam to the heat
      starved condensate-containing heating tube. In effect pressure loss in the
      feeders introduces non-uniform heating of the power steam as it passes
      through the shell and introduces "cold strands" of power steam. These cold
      strands are not adequately dispersed throughout the stream of power steam
      by the time the next successive turbine stage is reached and water
      droplets are likely to enter the turbine causing damage to turbine blades.
PAR  In effect, therefore, the presence of water in the power steam introduces
      an unbalanced condition on both the shell and tube sides of the heat
      exchanger.
PAC  SUMMARY OF THE INVENTION
PAR  Objects of the present invention are to provide a shell and tube heat
      exchanger in which the supply of heating steam to the heating tubes is
      maintained substantially independent of whether the power steam includes
      condensed water droplets and in which, as a result, heating tubes
      contacted by water in the power steam are unable to cause pressure
      variations which would produce cold strands in the power steam. As a
      result, the entire plant is advantageously operated with improved control.
PAR  According to the invention, the shell and tube heat exchanger is of the
      type having steam distribution elements including a main inlet header
      adapted to distribute heating steam to the heating tubes, a main outlet
      header located to collect the heating steam from the heating tubes, a
      plurality of pairs of inlet and outlet subheaders, feeder tubes for
      coupling each of the inlet and outlet subheaders to the main inlet header
      and main outlet header respectively, and heating tubes coupling the inlet
      and outlet subheaders of each pair. The heat exchanger is characterized by
      an improved arrangement of the distribution elements to provide improved
      allocation of the heating steam in which: each pair of inlet and outlet
      subheaders has a uniform number of heating tubes in relation to the
      quantity of heating steam applied by the feeding tubes coupled to that
      pair, to provide a uniform quantity of heating steam for each heating
      tube, whereby power steam of varying moisture distribution is heated with
      steam pressure loads remaining substantially independent of heat transfer
      variations in the individual heating tubes. In further aspects of the
      invention each feeder tube coupling the main inlet header to a subheader
      supplies a uniform quantity of heating steam to the subheader, and each
      pair of inlet and outlet subheaders has effectively the same number of
      heating tubes for each feeder tube coupled thereto.
PAR  In one form, the shell and tube heat exchanger is arranged so that every
      pair of inlet and outlet subheaders in the shell has the same number of
      heating tubes and the same number of feeder tubes, and the inlet and
      outlet subheaders are of substantially the same length and are arranged in
      a rectangular parallelpiped configuration.
PAR  In another form, the shell and tube heat exchanger is arranged with at
      least two groups of pairs of inlet and outlet subheaders, the pairs or one
      group each having a first number of feeder tubes coupling the main inlet
      and outlet headers thereto and a corresponding number of heating tubes,
      and the pairs of the other group each having a second different number of
      feeder tubes coupling the main inlet and outlet headers thereto and a
      second different corresponding number of heating tubes, the inlet and
      outlet subheaders of said one group being substantially of one length and
      are arranged in a rectangular configuration and the inlet and outlet
      subheaders of said other group being substantially of another length and
      are arranged in a second rectangular configuration.
PAR  Accordingly, one significant difference between the present invention and
      the prior art is that whereas the prior art device (FIGS. 1 and 2)
      spatially distributes the heating tubes uniformly over the cross-section
      of shell 1, the present invention instead uniformly distributes the supply
      of heating steam over the number of heating tubes and obtains a polygonal
      arrangement of heating tubes within a cylindrical shell.
PAR  Other objects, aspects and advantages of the invention will be pointed out
      in, or apparent from, the detailed description hereinbelow, considered
      together with the following drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 illustrate a prior art shell and tube heat exchanger, FIG. 1
      being a perspective view with portions broken away, and FIG. 2 a section
      on line 2--2 of FIG. 1, the upper half of the cross section illustrating
      an end view at the outlet of the heat exchanger and the lower half section
      view being taken through an intermediate axial portion of the heat
      exchanger to reveal the heating tubes;
PAR  FIG. 3 is a section similar to FIG. 2 illustrating in essentially schematic
      form an arrangement of steam distribution elements according to the
      present invention;
PAR  FIG. 4 is another section similar to FIG. 2 illustrating in essentially
      schematic form another arrangement of steam distribution elements
      according to the present invention;
PAR  FIG. 5 is a sectional elevation of a shell and tube heat exchanger of the
      type illustrated in FIG. 4;
PAR  FIG. 6 is a section on line 6--6 of FIG. 5; and
PAR  FIG. 7 is a section on line 7--7 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Shell and tube heat exchangers in accordance with the present invention
      ameliorate a hitherto unrecognized problem caused by the construction of
      prior art heat exchangers.
PAR  In prior art heat exchangers as illustrated in FIGS. 1 and 2, shell 1 is
      cylindrical and encloses a number of heating tubes 2 axially arranged and
      collectively forming a cylinder. Heating tubes 2 are grouped for
      connection in rows to pairs of subheaders 3i and 3o. The subheaders are of
      different sizes and lengths depending upon their location within the
      cylindrical shell housing 1. Each of the subheaders serves a different
      number of heating tubes 2 in comparison with other adjacent subheaders.
PAR  As previously explained, a shell and tube heat exchanger as depicted in
      FIGS. 1 and 2 is sensitive to variations in the pressure of a heating
      tube. For example, if one of the heating tubes 2 in the uppermost
      subheader presents an increased pressure drop, the feeders 5i and 5o
      coupled thereto are affected by this pressure change. Accordingly, the
      entire subheader and heating tubes connected to it are operatively
      different from adjacent subheaders and the described undesirable cold
      strands are produced. This degenerate effect is particularly pronounced
      with subheaders having relatively few heating tubes connected to them.
PAR  An improved shell and tube heat exchanger E1 in accordance with the
      invention is depicted in FIG. 3. In exchanger E1, the subheaders 3i and 3o
      are all made of the same length for connection to the same number of
      heating tubes 2. Subheaders 3i and 3o are arranged in a square
      cross-sectional space within a cylindrical shell 1, and thus heating tubes
      2 form a rectangular parallelpiped. Feeders 5i and 5o, joining main
      headers 4i and 4o to the subheaders 3i and 3o, have the same cross-section
      as that of subheaders 3i and 3o and in this embodiment have the same
      diameter. As a result, the heating steam supplied to subheaders 3i remains
      substantially the same independent of pressure variations in any one of
      the heating tubes 2.
PAR  In shell and tube heat exchanger E2 illustrated in FIG. 4, an improved
      utilization of the cylindrical heat exchanger shell 1 is obtained. The
      subheaders 3i and 3o are arranged in three groups of like lengths. Upper
      and lower groups G1 and G2 of smaller subheaders of like length located
      adjacent one another are connected to the main headers 4i and 4o each by a
      single pair of feeder tubes 5i and 5o. The centrally located subheaders
      are arranged in a group G3 of like length alongside one another and each
      is connected to the main headers 4i and 4o by two pairs of feeders 5i and
      5o. In the embodiment of FIG. 4 the heating steam is supplied uniformly to
      the subheaders relatively independently of degrading heating performance
      in any heating tube.
PAR  FIGS. 5 through 7 illustrate a shell and tube heat exchanger E3 similar to
      exchanger E2, but in which the outer groups G1 and G2 of subheaders are
      connected to two pairs of feeder tubes 5i and 5o (see FIG. 7) and the
      central group G3 of subheaders is connected to four pairs of feeder tubes
      5i and 5o. The shell and tube heat exchanger E3 of FIGS. 5-7 shows various
      details of construction of a practical embodiment of the present
      invention, with steam distribution elements corresponding to those
      described above being labelled with corresponding numerals.
PAR  Having thus described an improved shell and tube heat exchanger, its
      advantageous reduced sensitivity to pressure variations in a heating tube
      accompanied by improved plant system control by maintaining heat
      inbalances to the shell side of the heat exchanger will be understood.
PAR  Although specific embodiments of the invention have been disclosed herein
      in detail, it is to be understood that this is for the purpose of
      illustrating the invention, and should not be construed as necessarily
      limiting the scope of the invention, since it is apparent that many
      changes can be made to the disclosed structures by those skilled in the
      art to suit particular applications.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shell and tube heat exchanger arranged to uniformly heat power steam
      of varying moisture distribution and hence different local heat transfer
      requirements, without degenerative heat transfer conditions arising as the
      power steam passing through the shell is heated by heating steam passing
      through heating tubes, the exchanger being of the type having steam
      distribution elements including a main inlet header adapted to distribute
      heating steam to the heating tubes, a main outlet header located to
      collect the heating steam from the heating tubes, a plurality of pairs of
      inlet and outlet subheaders, feeder tubes for coupling each of the inlet
      and outlet subheaders to the main inlet header and main outlet header
      respectively, and heating tubes coupling the inlet and outlet subheaders
      of each pair, said heat exchanger being characterized by an improved
      arrangement of the distribution elements to provide improved allocation of
      the heating steam in which:
PA1  the cross-sectional area of the flow paths in the feeder tubes is
      substantially the same, the length of each of the inlet subheaders per
      feeder tube connected thereto is substantially the same, and there are
      substantially the same number of heating pipes per unit length of inlet
      subheader whereby power steam of varying moisture distribution is heated
      with steam pressure loads remaining independent of heat transfer
      variations in the individual heating tubes.
NUM  2.
PAR  2. The improved shell and tube heat exchanger as claimed in claim 1 wherein
      every pair of inlet and outlet subheaders in the shell has the same number
      of heating tubes and the same number of feeder tubes.
NUM  3.
PAR  3. The improved shell and tube heat exchanger as claimed in claim 2 wherein
      said inlet and outlet subheaders are of substantially the same length and
      are arranged in a rectangular configuration.
NUM  4.
PAR  4. The improved shell and tube heat exchanger as claimed in claim 1 wherein
      at least two groups of pairs of inlet and outlet subheaders are provided
      in the shell, the pairs of one group each having a first number of feeder
      tubes coupling the main inlet and outlet headers thereto and a
      corresponding number of heating tubes, and the pairs of the other group
      each having a second different number of feeder tubes coupling the main
      inlet and outlet headers thereto and a second different corresponding
      number of heating tubes.
NUM  5.
PAR  5. The improved shell and tube heat exchanger as claimed in claim 4 wherein
      the cross-sectional area of the feeder tubes is effectively the same as
      the cross-sectional area of the subheaders and wherein the inlet and
      outlet subheaders in said one group are substantially of one length and
      are arranged in a rectangular configuration and wherein the inlet and
      outlet subheaders in said other group are substantially of another length
      and are arranged in a second rectangular configuration.
NUM  6.
PAR  6. A shell and tube heat exchanger arranged to uniformly heat power steam
      of varying moisture distribution and hence different local heat transfer
      requirements, without degenerative conditions arising as the power steam
      passing through a cylindrical shell is heated by heating steam passing
      through heating tubes, the heat exchanger being of the type having steam
      distribution elements including a main inlet header adapted to distribute
      heating steam to the heating tubes, a main outlet header located to
      collect the heating steam from the heating tubes, a plurality of pairs of
      inlet and outlet subheaders, feeder tubes for coupling each of the inlet
      and outlet subheaders to the main inlet header and main outlet header
      respectively, and heating tubes of like length coupling the inlet and
      outlet subheaders of each pair, the heat exchanger being characterized by
      an improved arrangement of steam distribution elements, providing improved
      allocation of heating steam, in which:
PA1  the flow area of each feeder tube is the same as the flow area of each
      subheader,
PA1  the inlet and outlet subheaders are arranged in at least one group of
      adjacent subheaders of like length forming a rectangular configuration,
PA1  each pair of subheaders in a rectangular group is coupled by the same
      number of heating tubes, and
PA1  the heating tubes which couple the subheaders of a rectangular group form a
      rectangular parallelpiped, whereby power steam of varying moisture
      distribution is heated while the heating steam supplied to the subheaders
      in a group remains substantially the same independently of pressure
      variations in any one of the heating tubes.
NUM  7.
PAR  7. The improved shell and tube heat exchanger as claimed in claim 6 wherein
      at least two rectangular groups of subheaders are provided, the two groups
      having subheaders of different length, and different numbers of heating
      and feeder tubes coupled thereto, every rectangular group having its pairs
      of inlet and outlet subheaders connected to a number of heating tubes
      related to the quantity of steam supplied by the feeder tubes coupled to
      that pair to provide a uniform quantity of heating steam per heating tube
      among the different groups, whereby the heating system supplied to the
      subheaders in the two groups is substantially independent of pressure
      variations in any one of the heating tubes.
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PAL  A tomato harvester with improved maneuverability and versatility. An
      improved spinner gives better action in wet soil. The driver obtains
      improved visibility from an improved canopy structure and is given
      controls that are easier to identify. An improved collecting conveyor
      affords balance between the two sides. The conveyor system is improved, in
      many ways, with better transmission between the conveyors and better
      access to cleaning. An improved output conveyor and drop loader are also
      provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved tomato harvester.
PAR  There has been a demand for tomato harvesters with very large production
      capabilities. There have also been demands for tomato harvesters that
      could be used in situations more difficult than those for which they were
      originally designed--for example, for increased use where soils are liable
      to be wet or even muddy during harvest time, and without having to wait
      until they dry. There is also need for increased versatility, depending on
      various planting bed widths and various planting conditions of different
      moisture and field structure.
PAR  The conditions call for improvements in the location and adjustment of
      location of the colter discs and gauge wheels, and provision of an
      improved spinner for getting rid of mud. The former spinner, though very
      good, has tended to become plugged with mud during use.
PAR  The collecting conveyors have tended to catch and retain mud and debris,
      apparently partly because of their rigidity.
PAR  The conveyor system as a whole has called for improvement, having depended
      for some time on a cooperation with various aspects of the machine, and as
      a result having somewhat a tendency to pack the fruit into substantially a
      single row along the rear cross conveyor, which, it was believed, had to
      slope. Sorter conveyors have been hard to clean, and the guards for the
      cull chutes have hampered the cleaning of the remainder of the machine.
      There have been needs for providing room for a larger number of sorters
      and for new sorting positions.
PAR  The control of the machine by the operator has been difficult. Attempts
      have been made to have two men control the machine, one being a field
      manager and the other a driver, but this has proved to be impractical. It
      is generally desired to have control by a single man. Also, it has
      sometimes been difficult for this man to identify all the many controls
      that are needed, particularly when the man is illiterate or is not fluent
      in the language with which the machine is labeled. The view of the driver
      has also been obstructed at certain places by the canopy which shades the
      machine and the people working thereon.
PAR  In transferring the harvested and sorted crop to bins or trucks which are
      moving through the field, there have been problems in getting the output
      conveyor to operate at sufficient speed, to have its speed adjustable
      relative to the other conveyors, and to get this output conveyor to carry
      off a very large volume of fruit. Similarly, the final drop loaders have
      been limited by basic features of their construction in the amount of
      fruit that they could handle.
PAR  The present invention is directed to improvement along the lines described
      above. It solves a number of problems concerned with tomato harvesting and
      provides improved quality of operation as well as improvement in the
      quantity of tomatoes that can be handled and the general rapidity of
      operations.
PAC  SUMMARY OF THE INVENTION
PAR  The problems relating to the gauge wheels and colters have been solved by
      mounting the gauge wheels on casters and by providing two parallel front
      bars extending widthwise across the machine, on either of which the gauge
      wheels and colter discs can be mounted. Sometimes both are mounted on one
      bar, sometimes on another, and sometimes they are mounted on different
      bars. Three different positions relative to the fore-and-aft aspect of the
      machine are provided for each of them, and the wheels and colter discs can
      be moved inwardly of the machine towards each other to accommodate various
      sizes of rows.
PAR  The spinner has been improved by molding it in one integral piece and
      molding it around a shaft. This improved spinner is more efficient, and
      mud and dirt, which get into recesses between the blades, tend to fall
      out, since these recesses are smoothly curved and do not have portions
      which enable the dirt or mud to anchor itself to the spinner and then
      build up. Smooth radii cause the dirt and mud to tend to drop off and make
      it much less likely that they will hang on.
PAR  The improved conveyor system includes a collecting conveyor mounted to each
      of two chains. The two sides of the chain are separately driven by
      separate hydraulic motors, which are in series and which move at the same
      rate. Provisions are made so that if either motor stalls, a return of
      fluid to the reservoir by a bypass arrangement actuates a diaphragm that
      sounds an audible warning, so that the driver can stop at once and remedy
      the difficulty.
PAR  Other conveyor system improvements include a pair of flat rear end cross
      conveyors, which receive the fruit from the collecting conveyor and go in
      two opposite directions to drop the fruit off directly onto the two sorter
      conveyors, and it will be seen that this structure gives more sorting span
      and more capacity. The sorter conveyors themselves have protective strips
      at each side that prevent damage to fruit at the edges, and the side cull
      chutes along the outer edge are made so that their guard plates can be
      easily lifted out for accessibility to the lower part of the harvester for
      cleaning or repair. Moreover, increased sorting room is provided along the
      main sorter conveyors, while in addition, an additional sorter platform on
      each side of the front of the machine is provided with its own cull chute.
      These additional sorter platforms also serve as steps to a driver
      platform, which goes all the way across the machine and gives the driver
      the opportunity to move himself rapidly in either direction.
PAR  The driver is further assisted by controls which are labelled in such a
      manner that he does not need to read any particular language or to rely on
      memory, but can tell from suitable symbols exactly what the controls are
      doing. Moreover, his ability to see the output end of the output conveyor
      is helped by providing a cutout portion of the canopy which is used under
      very sunny conditions, so that he can see the drop loader while the canopy
      is in place.
PAR  The loading or output conveyor is made very light and has an increased
      depth with deep flight bars enabling the stacking of a plurality of layers
      of tomatoes on each flight area. The loading conveyor is driven
      separately, and its speed is separately adjustable. Due to the increased
      capacity, the speed can be slower than the other conveyors to impart a
      more gentle movement of the fruit.
PAR  Finally, an improved drop loader is provided, which is rectangular, having
      a series of tapered resilient fingers that are mounted at an improved
      angle to extend in a direction giving them capabilities for handling large
      amounts of fruit very gently.
PAR  Other objects and advantages of the invention will appear from the
      following description of a preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a view in side elevation of a tomato harvester embodying the
      principles of the invention.
PAR  FIG. 2 is a top plan view of the tomato harvester of FIG. 1, with the
      canopy shown only in dot-dash lines and with most of the separator removed
      to show the collecting conveyor below, since the separator remains the
      same as in previous machines of this type. Arrows indicate the flow of
      fruit along the main conveyor system. The output conveyor is broken off in
      order to conserve space.
PAR  FIG. 3 is a view in front elevation of the machine of FIGS. 1 and 2 with
      the output conveyor again broken off in order to conserve space.
PAR  FIG. 4 is an enlarged fragmentary view in side elevation and in section
      taken along the lines 4--4 in FIG. 2 and showing the two parallel bars on
      which the colter discs and gauge wheels are mounted, along with a portion
      of the lifting cylinder controlling this sub-frame.
PAR  FIG. 5 is a fragmentary top plan view of a portion of FIG. 4.
PAR  FIG. 6 is a similar view with the wheel and disc mounted in different
      positions, and showing a portion of the cutting bar, spinner and front
      elevator.
PAR  FIG. 7 is an enlarged view of a portion of the spinner, broken in the
      middle in order to conserve space.
PAR  FIG. 8 is a view in section taken along the line 8--8 in FIG. 7.
PAR  FIG. 9 is a top plan view of a portion of the collecting conveyor broken in
      the middle to conserve space and also broken at one end for the same
      reason, and showing the location of the hydraulic drive motors.
PAR  FIG. 10 is an hydraulic circuit diagram of the motors and valves and
      showing the audible warning system.
PAR  FIG. 11 is an enlarged fragmentary view taken along the line 11--11 in FIG.
      1 and showing a portion of the side conveyor and cull chute.
PAR  FIG. 12 is a view in section taken along the line 12--12 in FIG. 11.
PAR  FIG. 13 is an enlarged portion of a portion of FIG. 11.
PAR  FIG. 14 is a view in side elevation of one of the extra end sorting stands,
      adjacent the driver's platform, shown in elevation, and serving also as a
      step up to the driver's platform.
PAR  FIG. 15 is a fragmentary top plan view of the same.
PAR  FIG. 16 is a view in section taken along the line 16--16 in FIG. 15,
      showing also a portion of the cull chute for this sorter platform.
PAR  FIG. 17 is a top plan view of the output conveyor, which is attached to the
      main frame and extends out to a drop-loading conveyor. The view has been
      broken in the middle in order to conserve space.
PAR  FIG. 18 is a similar view in side elevation, also broken in the middle.
PAR  FIG. 19 is a view in end elevation of one flight bar of the output
      conveyor.
PAR  FIG. 20 is a view in side elevation and partly in section of the drop
      loader.
PAR  FIG. 21 is a top plan view of the same with a portion broken away to
      conserve space.
PAR  FIG. 22 is an enlarged view in end elevation of one of the fingers of FIGS.
      20 and 21.
PAR  FIG. 23 is a plan view of a portion of the control panel of the harvester
      showing how symbols are used to enable the operator to determine what each
      control does.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAC  Overall brief description of the harvester 30 (FIGS. 1-3)
PAR  FIGS. 1, 2, and 3 give a general overall impression of a harvester
      embodying the principles of the invention. Generally, it operates along
      the lines of the various machines patented in the United States, by the
      University of California. It involves the cutting off of tomato vines, the
      elevation of the vines to a separation zone, separation there by shaking
      action, the collecting of the shaken-off tomatoes and disposal of the
      vines, the conveying of the collected tomatoes past sorting stations where
      they are sorted and culls are removed, and the transfer of the selected
      tomatoes to an output conveyor which transfers them via a drop loader to
      bins moved through the field parallel to the harvester. The invention has
      improved the operation in many ways, but the overall system of operation
      remains in principle substantially the same.
PAR  Thus, a machine 30 embodying the principles of the invention is provided
      with a main frame 31 which supports all the elements of the machine. The
      frame 31 is carried on wheels 32 and is provided with an operator's
      platform 33 with a seat 34 for him. Near the front end of the frame 31 an
      elevator frame 35 is pivotally supported on pivots 36. Hydraulic cylinders
      37 mounted between the main frame 31 and the elevator frame 35 enable the
      front end of the frame 35 to be lifted and lowered. The forward end of the
      frame 35 carries a knife or cutter bar 38, which severs the vines, usually
      below the level of the soil. From there, the cut tomato vines are elevated
      by an elevator 40, which may be like that shown in the U.S. patent to
      Gates et al, U.S. Pat. No. 3,436,902, or like that shown in the U.S.
      patent to Bettencourt, U.S. Pat. No. 3,616,861. The elevator 40 transfers
      them to a separation zone 41, indicated only broadly, where the tomatoes
      are shaken from the vines by a shaker as shown in the U.S. patent to Hill
      et al, U.S. Pat. No. 3,252,464, or in the U.S. patent to Hill, U.S. Pat.
      No. 3,455,453. The vines are dropped off onto the field again through a
      disposal chute 42, while the tomatoes are collected on a collecting
      conveyor 45. The tomatoes drop from the rear end of the collecting
      conveyor 45 on to rear end cross conveyors 46 and 47 which lead to sorting
      conveyors 50 and 51, beside which are sorter platforms 52 and 53. The
      sorting conveyors 50 and 51 in turn deposit the sorted fruit on a front
      end cross conveyor 54 which leads to an output conveyor 55 which, via a
      drop chute 56, transfers the fruit to a large bin moved parallel to the
      harvester 30.
PAC  The gauge wheels 60, 61 and colter discs 62, 63 (FIGS. 1-6)
PAR  In the present invention, the first improvement to be described is that of
      the mounting of the two gauge wheels 60 and 61 and the two colter discs 62
      and 63. This is provided by a sub-frame 64 pivoted by horizontal lateral
      pivots 65 to the elevator frame 35 and elevated when the main cylinders 38
      lift the elevator frame 35 and also elevated relatively to the elevator
      frame 35 by auxiliary cylinders 66 between the subframe 64 and the
      elevator frame 35.
PAR  The frame 64 comprises two longitudinally-extending side members 67 and 68
      which support two parallel front bars 70 and 71. The two bars 70 and 71,
      as can be seen in FIGS. 4 through 6, may be at the same level and may be
      square so as to give a keying action to prevent unwanted rotation of the
      members clamped thereon. The colter discs 62 and 63 and the gauge wheels
      60 and 61 are both mounted by swivel arms 72 to a sleeve 73 that swivels
      on a vertical shaft 74 or 75 in a caster type construction, so that the
      wheels 60 and 61 and discs 62 and 63 will always trail this vertical shaft
      74 or 75. The vertical shafts 74 and 75 extend up to a double-sleeve
      clamping device 76 or 77, which is also clamped to one of the parallel
      bars 70 or 71. Thus, the clamping mechanisms 76 and 77 can be clamped to
      either the front bar 70 or the rear bar 71 and hold the wheel 60 or 61 or
      the disc 62 or 63 so that it either leads or trails the bar 70 or 71 to
      which it is clamped, giving a variety of positions there. The gauge wheel
      60 and colter disc 62 can be held by the same cross bar 70, as shown in
      FIG. 6, and they can be on different bars 70 and 71 as shown in FIGS. 4
      and 5. Moreover, the clamps 76 and 77 can be moved laterally of the
      machine, along the bars 70 or 71, to accommodate the different sizes of
      planting beds and so that they can be made to lie exactly where desired
      for the particular field being harvested.
PAR  The versatility provided by this construction is quite important and adds
      greatly to the versatility of the machine and to its adaptability to
      different styles of tomato cultivation.
PAC  The spinner 80 (FIGS. 6-8)
PAR  The pick-up for the harvester 30 is provided with a spinner 80 supported by
      the elevator frame 35 above and near the cutter bar 37, just to the rear
      thereof. The purpose of this spinner is to help in harvesting particularly
      under moist conditions. It is an improvement over the spinner shown in the
      U.S. patent to Bettencourt U.S. Pat. No. 3,616,861. The spinner of that
      invention was very helpful in enabling harvesting under different
      conditions, but it did have the disadvantage that various recesses and
      corners and gaps between blades tended to collect mud and allow the mud to
      build up gradually, so that operation had to sometimes stop for cleaning
      off the bar or so that the spinner was in effect really doing no good
      whatever, becoming eventually essentially a solid cylinder of mud.
PAR  The present invention has solved this problem by the spinner 80, which is
      molded as a unitary member around a shaft 81. This unitary spinner may be
      made from a polyurethane elastomer which provides flexibility with great
      strength. Although that material is somewhat low in tear strength, the
      smooth molding minimizes that disadvantage. The spinner 80 provides a
      series of flat paddles or vanes 82, for example, eight are shown in the
      embodiment of FIGS. 7 and 8, each of which has a serrated edge 83. The
      serrations are smoothly curved to avoid sharp edges having radius turns 84
      and 85 at the changes of direction, which help to keep mud from clinging
      to them. The vanes or paddles 82 extend out in respective radial planes
      from a central generally cylindrical core 86, and each vane 82 is
      connected to the next adjacent one by a smoothly curved radius portion 87.
      The smooth curves prevent the build up of mud, since mud is always able to
      slide off the smooth curved portions, especially as the vanes 82 flex
      during rotation. The spinner 80 is driven in substantially the same manner
      as in that shown in the earlier patent, but it operates in a superior
      manner by virtue of its structure.
PAC  The collecting conveyor 45 (FIGS. 1, 9, and 10)
PAR  The collecting conveyor 45 is provided by two parallel chains 90 and 91,
      each driven by a separate hydraulic motor 92, 93 and each having a series
      of links 94 and 95, each having a socket therein. Between the chains 90
      and 91 and secured to them is a series of cylindrical rods 96 bent to
      recess between chains and consequently to tend to free themselves from
      dirt at the turns connecting the upper and lower flights. The two chains
      90 and 91 are kept substantially parallel. A flap 99 is used for freeing
      debris caught between the upper and lower flights of the conveyor, as
      explained in an earlier issued patent.
PAR  Due to the separate drives for the separate chains 90 and 91, which is
      quite efficient, a problem arises which was not present in earlier tomato
      harvesters. In earlier tomato harvesters, when the collecting conveyor was
      driven from the main drive system, any hang up in the conveyor was
      instantly sensed by the driver. This would not be so in the present
      invention. Therefore, a special warning system is provided. The two motors
      92 and 93 are driven in series by the same hydraulic system and at the
      same speed. There may be a reservoir 100, a pump 101 and a conduit 102. If
      for any reasons resistance is met, or if one of the motors 92 or 93 stops
      or slows so that they should move at different speeds, this bypasses fluid
      via a relief valve 103 to a bypass conduit 104. In the bypass conduit 104
      is a diaphragm unit 105, and when pressure builds up, it actuates the
      diaphragm 105 to close a relay 106 that sounds a horn 107, calling the
      driver's attention to the problem. He can then stop the machine instantly
      and take care of the difficulty. Other types of alarm device may be used
      in place of the horn 107.
PAC  The rear end cross conveyors 46 and 47 (FIG. 2)
PAR  The rear end cross conveyors 46 and 47 are, contrary to those shown in the
      Gates et al U.S. Pat. No. 3,422,953,  flat rather than tilted. This helps
      to distribute the tomatoes better along the conveyors 46 and 47 rather
      than causing them to bunch up in one place toward the front edge.
      Moreover, the rear end cross conveyors 46 and 47 drop the tomatoes off
      directly from their ends 48 and 49 at the inside edges 108 of the sorter
      conveyors 50 and 51. This also has been found to help to distribute the
      fruit better along the sorter conveyors and avoids fruit damage from
      scrapers which were relied on before to more or less rake off the fruit
      from one conveyor to the other.
PAR  Another feature of the invention is the fact that by shortening the length
      of the rear-cross-conveyors 44 and 47 so that they end at the inside edge
      108 of the sorter conveyors 50 and 52, there is enough space for another
      sorter to stand opposite the rear-cross-conveyor and he will receive a
      substantial amount of fruit, whereas in the former structures there was
      insufficient room here for a person to stand, or if he did stand there, he
      would not get enough fruit and would not be able to work full time.
PAC  The main sorter conveyors 50 and 51 and the cull guards 113 (FIGS. 1-3 and
      11-13)
PAR  Each sorter conveyor 50, 51 is provided with protective strips 110 (see
      FIGS. 11-13) at each side edge 108 and 109. These strips curve down and
      slightly overlie the conveyor. The strips 110 are made of soft flexible
      material such as elastomer and do not cause sufficient friction to slow
      down or drag on the sorter conveyors 50 and 51, but at the same time they
      prevent damage to fruit at the edges 108 and 109 of the conveyors 50 and
      51, which tends to occur when the edges 108 and 109 are left bare. These
      strips 110 are mounted immovably to side walls 111.
PAR  As in prior sorter conveyors, it is necessary to provide a system for
      getting rid of the culls, and therefore cull chutes 112 are provided, by
      guide plates 113 spaced away from the walls 111 toward the platforms 52
      and 53. A difficulty of these has been that if the machine is to be
      relatively compact, the cull chute guards 113 get in the way of access to
      the lower parts of the harvester and hinder cleaning or repair. In the
      present invention these cull chute guards 113 are made removable. Each one
      of them is provided with male brackets 117 bolted to the chute guards 113,
      each bracket having a pin 114 which slips down into an opening 115 in a
      horizontal female bracket 116 which is bolted to the wall 111 or some
      member of the frame 31. The pins 114 are held in place by gravity and are
      extracted simply by lifting up the guards 113. The guards 113 may be made
      in series or there may be only one along each side for this purpose. In
      between the wall 111 and the guard 113 are the chutes 112 through which
      the culls can be dropped as easily as before by the sorters.
PAC  Front cross conveyor 54 and auxiliary sorting stations 120 and 121 (FIGS.
      1-3 and 14-16)
PAR  A further innovation is the provision of two sorter platforms 120 and 121
      in front of the machine, one on each side of the driver's platform 33. The
      driver's platform 33 is made to continue across the space between the
      platforms 120 and 121 rather than being located at one side only of the
      harvester, and this structure gives the driver the advantage of being able
      to get to either side of the machine quickly and even at times during
      operation, if that is necessary, using the platforms 120 and 121 as steps.
PAR  Each of these sorting platforms 120 and 121 faces the front cross conveyor
      54 and enables a final sorting operation at this stage, one sorter facing
      each of the outlets from the two main sorting conveyors 50 and 51; and, of
      course, the man at the station 121 nearest the output conveyor 55 can also
      check the sorter at the station 120, if desired. Each sorting platform
      120, 121 is comprised of the usual floor base, has a safety guard 122, and
      has a cull chute 123 provided between a wall 124 bordering the front cross
      conveyor 54 and a guard plate 125.
PAC  The output conveyor 55 (FIGS. 2, 3 and 17-19)
PAR  The output conveyor 55 extends out to one side of the main frame 31, to
      which it is pivoted at a pivot 126. It is made of aluminum except for
      drive chains alongside a conveyor chain 127. The chain 127 is provided
      about every fifth link with deep flight bars 128 which enable stacking two
      or more layers of tomatoes in each flight pocket that lies between
      succeeding bars 128. With the increased capacity resulting from this, it
      becomes possible to move the drive chains more slowly so that the fruit
      can be dropped off more gently at the outboard end, and they do not have
      the long inertial trajectory which would otherwise be present. By having
      the output conveyor 55 move at a speed much slower than that of the other
      conveyors 54, etc., it is possible to prevent damage to tomatoes that have
      in the past occurred at the input and outboard ends of the output conveyor
      55. Hydraulic cylinders 130 and 131 are provided for raising and lowering
      separately the two sections 55a and 55b of the conveyor 55 about the pivot
      55c, and there is a positioning and safety chain 129 (see FIG. 3). This
      adjustable dogleg conveyor 55 is, in one unit, an elevator and a
      "lowervator" with the drop loader 56 or decelerator at its outer end.
PAR  The drive for all the conveyors can be from the main drive or can be from a
      separate hydraulic drive. In any event, separate regulation is easily
      obtainable.
PAR  To shade the sorters, the harvester has a canopy 57 generally like that
      shown in the U.S. patent to Snook, U.S. Pat. No. 3,455,311. However, that
      canopy tended to cut off the driver's view of the outboard end of the
      output conveyor 55, so that the driver had difficulty controlling the
      location of the drop loader 56. Hence, the canopy 57 of this invention has
      a cutout portion 58 which enables the driver to see the output conveyor 55
      without obstruction. This may be as shown in FIGS. 2 and 3.
PAC  The drop loader (FIGS. 17-19 and 20-22)
PAR  At the outboard end of the loading conveyor 55 is the final drop loader 56.
      This device comprises a rectangular enclosure open at top and bottom with
      parallel walls 135 and 136 extending along the full width of the loading
      conveyor 56 and joined together by walls 137 and 138 wide enough to be
      sure that all the tomatoes dropping off the conveyor 55 enter the loader
      56. Brackets 140 suspend it from hangers 141 on the conveyor 55.
PAR  Fingers 142 are mounted to the walls 135 and 136. These fingers 142 are
      tapered so that they will flex at every location. It has been found that
      fingers that are made with substantially constant dimensions tend to bend
      only at one point, and therefore are not able to handle large quantities
      of fruits and so confine the distribution down to just one portion of the
      drop loader. By having the fingers 142 smoothly tapered from their base
      end 143 to their outboard end 144, this is avoided; and they can bend at
      any point to pressure from above. Moreover, each finger 142 is mounted to
      extend upward from its base 143 at an angle such that their inherent sag
      brings their outer ends 144 about level with the base 143. This angle is
      typically about 15.degree., which gives the proper flexure from their own
      weight. If they were mounted to extend out horizontally, they would be
      unable to flex properly and instead would all hang downwardly. This means
      that they start off pointing upwardly and then smoothly curve over and can
      give at any point. Some rows of fingers 142 extend from the wall 135 of
      the device and some from the opposite wall 136, and the rows face each
      other and are staggered in between by being based at different heights; by
      being staggered, they provide a very sure deceleration of the tomatoes as
      they drop through the device.
PAC  The driver control system (FIGS. 2 and 23)
PAR  The driver controls the harvester 30 by a large number of controls which,
      in some cases, are handles or levers, and in other cases are wheels. In
      each instance, the driver should not have to rely on memory alone for what
      each control does and how, especially because harvesting sometimes comes
      for only a few brief weeks once a year and the driver may not be the same
      every year, nor may he remember from one season to another. Moreover, the
      harvester 30 is used in countries other than the country of manufacture,
      and to spell out words in every place would not necessarily help the
      operators in the locations where the machines are used.
PAR  Consequently, the present invention uses a control panel 150 with a series
      of symbols of two different types. One type of symbol comprises schematic
      drawings of the device showing actual parts being controlled and showing
      what happens with each of the controls. For example, on a control board
      150, a control handle 151 turns on the conveyor system, as is illustrated
      pictorially by a pictorial diagram 152. A control handle 153 turns on the
      cutter bar as shown by a pictorial diagram 154; and a control handle 155
      turns on the output conveyor, as shown by a pictorial diagram 156.
      Similarly, a control handle 157 moves to the left to move the harvester 30
      forward as shown by a pictorial diagram 158, and moves to the right to
      move the harvester backward, as shown by a pictorial diagram 159. In
      similar views are a control knob 160 for moving the whole pickup assembly,
      including the elevator frame 35, up or down as shown in the diagram 161; a
      control knob 162 controls the up-down movement of the sub-frame 64, as
      shown in the pictorial diagram 163; and a control knob 164 controls the
      vertical movement of the output conveyor 165, as shown in the pictorial
      diagram 166. In each of these six examples, a control handle is associated
      with a picture that shows what the handle does. Other similar controls are
      on the machine, arrows accompanying the portions of the machine actually
      shown to show what happens with the use of the control.
PAR  Another type of symbol employed is the fast-slow control, and this is
      represented by a tortoise symbol 170 and a hare symbol 171--a symbol
      universally appreciated--shown in connection with a pictorial diagram. The
      direction imparting a faster speed is represented by the hare symbol 171,
      and by moving the control handle toward the hare symbol 171, the speed in
      increased. The slower operation is obtained by moving the handle in the
      direction toward the tortoise symbol 170. When accompanied by
      representation of the part of the machine so controlled, this indicates
      what is going on and the degree of what is being done. Thus, the language
      barrier is broken and better operation is obtained. Thus, the engine
      throttle has a control handle 172 with a simple bi-directional arrow 173
      and the symbols 170 and 171 to show the speed effect of moving the handle
      172. The cutter bar speed is controlled by a handle 175 and a symbol 176
      for the cutter bar is associated therewith in addition to the hare and
      tortoise symbols 171 and 170. Another control handle 177 controls the
      speed of the sorter conveyors 50 and 51 as shown in the pictorial diagram
      178 with the speed indicated by the symbol 170 and 171. A handle 180
      controls the speed of the output conveyor 55 as shown by the symbol 183,
      while a handle 182 controls the speed of the front cross conveyor, as
      shown by a symbolic picture 183.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a row-crop harvester for tomatoes and the like having crop-severing
      means, crop-elevating means for picking up the severed plants and lifting
      them well above the ground and depositing them in a separator where the
      fruit is received from the stalks and leaves,
PA1  a spinner adjacent to the forward end of said crop-elevating means in an
      operative relationship between said crop-severing means and said
      crop-elevating means, said spinner being characterized by comprising
PA1  a central support shaft and
PA1  a unitary molded elastomeric member molded about said shaft as a single
      integral member having a series of flat paddle portions extending out in
      respective radial planes from a central generally cylindrical core, each
      paddle portion being connected to the next adjacent paddle portion by a
      smoothly curved radius bridging portion at said core, the outer edge of
      each said paddle portion having a smoothly undulating edge with radius
      turns at each change of direction.
NUM  2.
PAR  2. A row-crop harvester for tomatoes and the like having crop-severing
      means, crop-elevating means for picking up the severed plants and lifting
      them well above the ground, plant shaking means for shaking the lifted
      plants and thereby separating the fruit from the stalks and leaves,
      including in combination therewith
PA1  a fruit-collecting conveyor moving lengthwise of said harvester beneath
      said plant-shaking means for collecting the separated fruit and conveying
      it, and comprising
PA1  a pair of endless chains on opposite edges,
PA1  a series of rods extending laterally between said chains and secured
      thereto,
PA1  an identical pair of hydraulic motors, one for driving each said chain at
      the same rate and drivingly connected thereto,
PA1  said motors being in series in the same hydraulic conduit system,
PA1  a relief valve in series with said motors connected by a return line to the
      fluid supply for said hydraulic conduit system, and
PA1  means in said return line for actuating an alarm system upon the pressure
      in said return line reaching a predetermined value.
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ABST
PAL  A multi-purpose agricultural implement usable in one position for cutting
      roots of weeds just below the surface of the ground and simultaneously
      therewith pulverizing the upper crust of the earth; usable in a second
      position for cutting a furrow of any desired width or depth in the ground
      of planting seeds and fertilizing; and, usable in a third position for
      covering the furrow. The implement is comprised of a flat blade and a
      handle, the flat blade being of four sided construction with opposite
      sides of the blade being substantially parallel. The handle is attached to
      the upper surface of the blade and extends in a backward direction at a
      sidewise oblique angle with the upper surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a multi-purpose agricultural implement. More
      particularly, the invention relates to an agricultural implement for use
      as a device for cutting roots of weeds just below the surface of the
      ground and simultaneously therewith pulverizing the upper crust of the
      earth; furrowing for seeding or fertilizing; and, covering the furrows.
PAR  Agricultural implements of various kinds are known for use in manual
      operations for working the soil, cutting weeds and their roots beneath the
      surface of the ground, pulverizing the upper crust of the earth for
      planting of weeds, furrowing the pulverized crust for planting of seeds,
      and hoeing or covering the planted seeds or fertilizer. Furthermore,
      various kinds of agricultural implements have been used which accomplish a
      combination of these agricultural operations. However, a single implement
      which is simply constructed and economical for purchase by the average
      homeowner who desires to have his own garden spot which is useful for
      weeding, pulverizing the upper crust of the earth, furrowing, and covering
      the furrows is not known.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Wright pointed out as early as 1876 in U.S. Pat No. 177,311 that rhombodial
      shaped hoe blades having cutting edges on all sides were known. He
      proposed an implement having such a blade but having a handle attached
      thereto at an oblique and sidewise angular inclination. The angular
      inclination of the handle was such, however, that maximum use of the front
      and rear cutting edges was not suitable for most gardeners. Accordingly,
      subsequent inventors such as Richards in U.S. 936,038; Pottorf in U.S.
      Pat. No. 1,210.100; Calkins in U.S. Pat. No. 1,328,124 1,210,100; and
      Zeitz in U.S. Pat. No. 2,771,019 have proposed handles which were
      adjustable or even oscillatable relative to the blade.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an agricultural implement having a rhombodial
      shaped flat blade with cutting surfaces on all sides which has a definite
      and fixed angular relationship to a handle, fixedly attached thereto so as
      to offer maximum utilization of the front and rear cutting surfaces to the
      average gardener.
PAR  The present invention advantageously provides a straightforward arrangement
      for an agricultural implement which is easily constructed, inexpensive to
      the average homeowner and accomplishes a plurality of agricultural
      operations. The present invention further provides a method for weeding
      and simultaneously therewith pulverizing the upper crust of the earth, as
      well as methods for furrowing and covering the furrows for planting and
      fertilizing.
PAR  More particularly, the present invention provides an agricultural implement
      comprising a flat blade having an upper and lower surface with front and
      back cutting edges in parallel and opposed side cutting edges disposed
      between and connecting with opposite ends of the front and back cutting
      edges, the side cutting edges being in parallel and forming obtuse angles
      with the back cutting edge as measured from the right. A handle is
      attached to the upper surface of the blade at substantially the center of
      the upper surface, the handle extending angularly in a backward-upward
      direction in a sidewise-oblique angle with the upper surface, the sidewise
      disposition of the handle forming an obtuse angle with the back cutting
      edge as measured from the right, the obtuse angle of the handle being
      greater than the obtuse angle of the side cutting edges with the back
      cutting edge.
PAR  Even more particularly, the present invention provides a method of removing
      weeds and roots from beneath the surface of the earth's crust comprising
      the steps of: (a) moving alternatively forwardly and backwardly on the
      ground a flat cutting blade having an upper and lower surface with front
      and back cutting edges in parallel and opposed side cutting edges disposed
      between and connected with opposite ends of the front and back cutting
      edges, the side cutting edges being in parallel and forming an obtuse
      angle with the back cutting edge as measured from the right; and, (b)
      moving alternatively forwardly and backwardly the front the back cutting
      edges of said flat cutting blade beneath the surface.
PAR  Also, the present invention provides a method of furrowing a section of
      earth comprising the step of: moving in a sustantially straight line the
      flat blade of said agricultural implement held at an angle to said
      straight line relative to the desired width of said furrow, said flat
      blade having an upper and lower surface with front and back cutting edges
      in parallel and opposed side cutting edges disposed between and connecting
      with opposite ends of the front and back cutting edges, the side cutting
      edges being disposed generally in parallel to said straight line, the
      angle of deviation from said parallel disposition being the determinative
      factor in the width of the furrow; and, a handle attached to the upper
      surface of the blade at substantially the center of the upper surface, the
      handle extending angularly in a backward-upward direction at a
      sidewise-oblique angle, the sidewise direction of the handle forming an
      obtuse angle with the back cutting edge when viewed from the right, the
      blade being disposed at an angle relative to the desired furrow so that a
      furrow of desired and uniform width is formed. The handle is disposed in a
      vertical position and pressure on said handle is determinative of the
      depth of said furrow.
PAR  Furthermore, the present invention provides a method of covering a furrow
      comprising the step of: moving in a substantially straight line a flat
      blade of an agricultural implement, the flat blade having an upper and
      lower surface with front and back cutting edges in parallel and opposed
      side cutting edges disposed between and connecting with opposite ends of
      the front and back cutting edges, the side cutting edges being in parallel
      and forming obtuse angles with the back cutting edge as measured from the
      right, the flat blade being disposed in a vertical position with the
      forward cutting edge communicating with the furrow to be covered.
PAR  It is to be understood that the description of the examples of the present
      invention given hereinafter are not by way of limitation and various
      modifications within the scope of the present invention will occur to
      those skilled in the art upon reading the disclosure set forth hereinafter
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 discloses a plan view, partially cut away, of an agricultural
      implement of the present invention;
PAR  FIG. 2 is an elevational view, partially cut away, of the agricultural
      implement of FIG. 1;
PAR  FIG. 3 is a perspective view, partially cut away, of the agricultural
      implement of FIG. 1 disposed in a position to make a furrow;
PAR  FIG. 4 is a perspective view of the agricultural implement of FIG. 1 in a
      position for covering a furrow; and,
PAR  FIG. 5 is a perspective view of the agricultural implement of FIG. 1 in a
      position for removing weed roots from beneath the surface of the earth's
      crust.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawing, an argiculatural implement is shown
      having a cutting blade 1 and a handle with a lower metal ferrule section 2
      and an upper shaft section 3. Blade 1 includes four cutting edges, a front
      cutting edge 4 and a back cutting edge 5, said cutting edges 4 and 5 being
      in parellel. Right side cutting edge 6 and left side cutting edge 7 are
      also provided, side right and left cutting edges 6 and 7 being parallel
      and at their ends connecting with front cutting edge 4 and back cutting
      edge 5. It is noted that the cutting edges 4 and 7 as well as cutting
      edges 5 and 6 form obtuse angles at the juncture thereof and at the
      juncture of cutting edges 4 and 6 as well as 5 and 7, form acute angles.
      As is shown in the Figures, the right side cutting edges 6 forms an obtuse
      angle c of approximately 110.degree. with the back cutting edge 5 viewed
      from the position of one using the tool with the blade in a substantially
      horizontal plane, said obtuse angle being generally from about 100.degree.
       to 120.degree.. An acute angle Ca is formed by side cutting edge 7 and
      rear cutting edge 5.
PAR  The blade 1 is generally made of a thin piece of highly tempered tool steel
      and is somewhat narrow with the parallel cutting edges 4 and 5 being
      longer than the side cutting edges 6 and 7. Furthermore, the upper surface
      8 is beveled around the periphery or or cutting edges thereof. The bottom
      surface (not shown) is left flat thereby making the edges sharp for
      cutting weeds, pulverizing dirt, and further provides sharp side edges 6
      and 7 for furrowing, to be discussed hereinafter.
PAR  The lower ferrule section 2 of the handle is fixedly attached to the upper
      surface 8 at substantially the center of the surface 8. As shown in FIGS.
      1 and 2 the lower section 2 extends in a backward-upward oblique angle
      with the upper surface 8 and the cutting edges 6 and 7. It is noted that
      the lower section 2 forms the angle a in relation to the cutting edges 5
      as viewed from the right, the angle a being about 120.degree. as shown and
      is generally from about 105.degree. to 135.degree.. The upward angle b
      shown in FIG. 2 is about 40.degree. and is generally from about 30.degree.
      to 50.degree., the lower portion 2 generally forming an arc so that the
      upper section 3 is at about the desired angle with the flat plate 1.
PAR  It is noted that the handle is made of wood with the lower portion 2 being
      a female metal ferrule for receiving the wooded shaft portion 3. It is
      realized that the entire handle may be made in one piece with the
      appropriate angle being formed at the attachment to the blade. Further,
      the handle may be permanently welded to the blade or detachably connected
      by means of bolts or the like.
PAR  FIG. 3 of the invention of the agricultural implement is shown in a
      position for cutting a furrow. A furrow is made by moving in a straight
      line the side cutting edges 6 and 7 of the agricultural implement with the
      long axis of the blade slightly angularly disposed relative to the
      projected line along which the furrow 20 is to be laid. By changing the
      angular disposition of the long axis of the blade relative to the straight
      line along which the furrow is to be made, the width of the furrow can be
      widened or made more narrow as desired. Further, the depth of the furrow
      can be very carefully controlled.
PAR  FIG. 4 shows the position of the agricultural implement when being used to
      cover a furrow. The method for covering the furrow is to turn the
      agricultural implement to a position wherein the flat blade is disposed in
      a vertical position with the front cutting edge 4 communicating with the
      furrow to be covered and then moving the implement in a substantially
      straight line. Movement is generally toward the operator as the operator
      pulls the implement along the furrow.
PAR  FIG. 5 shows the operation of the exemplified implement in removing weed
      roots from beneath the surface of the earth's crust. In this operation,
      the operator places the flat cutting blade 1 flat against the ground, then
      gradually moving the front and back cutting edges 4 and 5 into the ground
      thereby cutting beneath the surface of the soil. Movement continues in an
      alternately forwardly and backwardly fashion cutting roots and pulverizing
      the soil. The operator preferably works backwardly so as not to step on
      the freshly worked ground. This eliminates pressure germination of the
      freshly cut weeds by eliminating foot pressure on the worked ground.
PAR  It will be realized that various changes may be made to the specific
      embodiment shown and described without departing from the principles and
      spirit of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An agriculture implement comprising: a flat rhomboidal blade having an
      upper and lower surface beveled from the upper surface to the lower
      surface forming parallel front and back cutting edges, and forming opposed
      parallel side cutting edges connecting the front and back cutting edges,
      said front and back cutting edges being of substantially greater length
      than the side cutting edges, the back cutting edge being the edge nearest
      a single curved tang which connects said flat rhomboidal blade with a
      handle extending rearwardly to an end;
PA1  the right side cutting edge when viewed from the end of the handle toward
      the blade forming an obtuse angle (c) of between 100.degree. and
      120.degree. with said back cutting edge;
PA1  said single tang attached directly to the upper surface of said blade
      without intervening structure at substantially the center of said upper
      surface and forming an obtuse angle (a) of between 105.degree. to
      135.degree. between the right side of said tang and said back cutting edge
      when viewed from the end of the handle toward the blade, said single tang
      being curved concavely upward toward the handle when viewed from said
      front cutting edge with the lower surface in a substantially horizontal
      plane;
PA1  said single tang and said handle having no means for angular adjustment of
      said blade with respect to said handle; and
PA1  the angle (b) formed between said handle and said lower surface relative to
      said back cutting edge ranges between 30.degree. to 50.degree..
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ABST
PAL  A system for use in the make-up or break-out of drill stem members of earth
      boring machines having a hydraulically operated power swivel to rotate the
      drill stem and hydraulic cylinders to raise and lower the swivel. A first,
      variable volume pump supplies fluid to the hydraulic cylinder through a
      four-way valve. A servo pump controller, connected with this valve and
      operable by variable resistors, establishes the linear make-up and
      break-out speeds for the power swivel. A second, variable volume and
      reversible pump supplies fluid to the power swivel means. A second servo
      pump controller, connected with the second pump and operable by variable
      resistors, establishes selected linear rotational travel speeds for the
      power swivel. Make-up torque is controlled by an electrical solenoid
      activated pressure compensator connected with the second pump, and linear
      speed is similarly controlled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to earth boring machines and in
      particular to improved means to make-up or break-out drill stem members of
      such machines.
PAR  2. Description of the Prior Art
PAR  There are commercially available machines which utilize hydraulic cylinders
      to forcibly move in a linear, upward or downward direction a power swivel,
      which is commonly driven by a hydraulic motor and pump. When adding or
      subtracting a drill stem member to the total string of such members, the
      power swivel is rotated while back-up tongs or equivalent hold a portion
      of the drill string to cause make-up or break-out of a selected rotary
      connection in the string. When the connection is broken, for example, the
      lead of the threads of the drill stem members forces the power swivel in
      one linear direction or another. Thus, the hydraulic cylinders used to
      control the linear direction and speed of the swivel must move linearly
      with the rotational speed of the swivel. Otherwise, the mechanism may
      strip the threads.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to an improvement that correlates the linear
      speed of retraction of the hydraulic cylinders and attached power swivel
      with rotational speed of the power swivel. This correlation must
      accommodate differing sizes of drill stems and associated thread, as well
      as differing thread leads. As a consequence, the drilling machine may be
      used with a large variety of drill stem diameters and thread leads. The
      improvement comprises the use of a first, variable volume pump to supply
      hydraulic fluid to the hydraulic cylinder through a four-way valve that
      controls the linear travel of the cylinder. A servo pump controller,
      connected through this valve and operable by electrical means such as
      variable resistors, establishes the make-up and break-out linear speeds
      for the power swivel. A second, variable volume and reversible pump
      supplies fluid to rotate the power swivel means. A second servo pump
      controller, connected with the second pump and operable by electrical
      means such as variable resistors, establishes selected rotary speeds for
      the power swivel. Make-up torque is limited, preferably by an electrical
      solenoid activated pressure compensator connected with the second pump, to
      insure a higher available break-out torque than the maximum possible
      make-up torque.
PAR  The above as well as other object features and advantages of the invention
      will become more fully apparent in the following description of the
      preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is the sole FIGURE of the drawing and illustrates schematically a
      combined electro-hydraulic system in accordance with the principles in the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The numeral 11 in the drawing designates a power swivel including a
      hydraulic motor supported in the conventional manner on a cross member 13
      which is powered for linear, upward or downward movement on a drilling
      mast (not shown), typically by a pair of hydraulic cylinders 15, 17. The
      cylinder housings are attached to the cross member 13, and the piston ends
      19, 21 are secured to the mast as indicated by the numerals 23, 25. A
      hydraulic line 27 is connected with the housings of the cylinders and to a
      valve means 29, which as shown in FIG. 1 is a four-way, three-positioned
      solenoid operated directional valve of conventional construction. The
      solenoids 33, 34 are connected by conductors 35, 37, respectively to two
      terminals 39, 41, adapted to be opened or closed by a pole 43 of a switch
      designated generally by the numeral 45.
PAR  A first pump means 47, which is a variable volume hydraulic pump, is
      connected by hydraulic line 49 to the valve means 29. The output volume of
      this pump is determined by an electro-mechanical servo pump controller
      which as shown in FIG. 1 comprises a first control means 51 that includes
      a first variable resistor 53 to determine a selected make-up linear speed
      for the power swivel, and a second variable resistor 55 to determine a
      selected break-out linear speed for the power swivel. These resistors are
      connected to terminals 59, 57 respectively through electrical conductors
      63, 61. A pole 65 is adapted to supply current through either resistor 53
      or resistor 55. A first electrical solenoid activated pressure compensator
      control 67 is connected through conduit 69 to terminal 71. A second
      electrical solenoid activated pressure compensator 73 is connected by
      conductor 75 through terminal 77. A pole 79 is adapted to close with
      terminal 71 and 77 to energize either the first pressure compensator 67 or
      the second pressure compensator 73 associated with the first pump means
      47.
PAR  A second, variable volume and also reversible pump means 81 is connected
      hydraulically with power swivel 11 by hydraulic lines 83, 85. A second
      control means 87, which is also a pump volume control actuator of the
      electro-mechanical servo type is electrically controlled by a pair of
      variable resistors 89, 91 to terminals 93, 95 of the switch 45, which may
      be closed by the poles 97, 99. Another variable resistor 96 connects the
      control means 87 with a terminal 98 through conductor 100.
PAR  An electrical solenoid activated pressure compensator control 101 comprises
      a first pressure compensator control means associated with the second pump
      means 81 and connected with a conductor 103 to a terminal 105. A second
      such pressure compensator control 107 is connected by conduit 109 to a
      terminal 111. The pole 113 is adapted to close terminal 111 or 105 in the
      switch 45.
PAR  A drilling pump 115 and its solenoid activated pressure compensator 116 is
      connected by a conductor 117 with terminal 119. The hydraulic output of
      pump 115 supplies a four-way, two-position valve 121, which selectively
      directs fluid to the hydraulic cylinders 15, 17 through lines 123, 125
      connected respectively with lines 27, 31. The valve 121 is operated with a
      solenoid 127 connected by conductor 129 with the terminal 131 of switch
      45.
PAR  In operation, movement of switch 45 to the drilling mode closes poles 43,
      79, 113 and 99 respectively with terminals 131, 119, 105 and 98. Pump 115
      is energized along with solenoid 127 to position valve 121 to supply fluid
      to the hydraulic cylinders 15, 17 to thrust the power swivel 11 downward.
      Simultaneously, pressure compensator 101 is activated to establish
      selected output pressure for pump 81. The output volume of the pump may be
      selectively varied through the variable resistor 96, which controls the
      setting of control means 87. As a consequence, the pump 81 rotates the
      swivel 11 at a selected speed during drilling.
PAR  To add a drill stem member, switch 45 is moved to its break-out mode which
      closes poles 43, 79, 65 and 99 with terminals 39, 71, 57 and 95. Drilling
      pump 115 is deactivated and the pressure in lines 123, 125 bleeds by
      deactivation of the solenoid 127 of valve 121 when switch 45 is moved to
      the break-out mode. Closing pole 43 with terminal 39 energizes solenoid 33
      and moves valve 29 to a position to move the power swivel 11 upward. The
      closing of pole 79 with terminal 71 activates pressure compensator 67 of
      the first pump means 47 to establish a selected break-out pressure in the
      hydraulic cylinders. Also, pole 65 closes with terminal 57 to energize
      through variable resistor 55 to first control means 51 to establish the
      selected output volume of the pump 47. The linear upward speed of the
      power swivel is thus determined. In addition, when pole 99 closes with
      terminal 95 the second control means 87 is activated to a selected
      position through variable resistor 91 to determine the rotational speed of
      the second pump means 81 and the power swivel 11. The variable resistors
      91 and 55 serve as means to synchronize the linear displacement and
      rotational speed of the swivel to correlate with the lead of the threads
      of the drill stem during make-up and break-out. The resistors are adjusted
      to correlate power swivel 11 rotational and linear speeds with the
      particular drill stem and thread combination. Thus swivel speed is matched
      with thread lead to prevent thread damage.
PAR  After break-out an additional drill stem member is added and readied for
      make-up. Switch 45 is positioned to its make-up mode whereby poles 43, 79,
      65, 113 and 97 close respectively with terminals 41, 77, 59, 111 and 93.
      Therefore, solenoid 34 positions the valve 29 to urge cylinders 15, 17
      downward. Also, second pressure compensator 73 establishes the selected
      output pressure for its first pump means 47. Variable resistor 53 is
      adjusted such that the first control means 51 established the selected
      output volume for pump 47. Thus, the power swivel 11 moves downward at a
      selected force and speed. Simultaneously, the output pressure of the
      second pump means 81 is established by activation of pressure compensator
      107. The output volume of pump 81 may be selectively varied with variable
      resistor 89 and second control means 87. Therefore, the output torque and
      rotational speed of the power swivel may be controlled. Swivel speed may
      be matched with thread lead to prevent thread damages.
PAR  It will be apparent to those of average skill in view of the above
      description that the invention has significant advantages. Among them are
      the advantages which follow from having selectivity in the output volume
      of the motors that control the rotational and linear speeds of the power
      swivel. The linear speed control permits differing drilling rates, as well
      as make-up and break-out speeds. The output volumes of the first and
      second motors may be correlated with the described apparatus to
      accommodate differing drill stems with differing threads. The output
      pressure may be established by the apparatus such that differing forces
      are generated by the hydraulic cylinders during drilling, make-up and
      break-out. Furthermore, the output pressure of the pump that supplies the
      swivel motor may be varied to provide differing torques during drilling,
      make-up and break-out.
PAR  While the invention has been shown in only one of its forms, it should be
      understood that it is not so limited but is susceptible to various changes
      and modifications without departing from the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A drill stem make-up and break-out system for earth drilling machines,
      said system comprising:
PA1  a power swivel adapted to rotate and raise or lower the drill stem;
PA1  a hydraulic cylinder connected with the power swivel;
PA1  a valve connected with and controlling extension or retraction of the
      hydraulic cylinder;
PA1  a first variable volume pump means to supply fluid to the valve and
      hydraulic cylinder;
PA1  a first control means connected with the variable volume pump means for
      selective volume variation;
PA1  a second variable and also reversible volume pump means to supply fluid to
      the power swivel means;
PA1  a second control means connected with the second variable volume pump means
      for selected volume variation;
PA1  said first and second control means being adapted for correlation with each
      other whereby the power swivel may be raised or lowered in correlation
      with rotational speed to accommodate the thread leads of differing drill
      stem.
NUM  2.
PAR  2. The system defined by claim 1 which further comprises:
PA1  pressure control means connected with the first pump; and
PA1  pressure control means connected with the second pump.
NUM  3.
PAR  3. The system defined by claim 1 in which said first and second control
      means each comprise an electromechanical servo pump controller that is
      electrically controlled through variable resistors.
NUM  4.
PAR  4. The system defined by claim 3 in which the first control means includes
      a first variable resistor to set the associated servo pump controller to
      determine a selected make-up linear speed for the power swivel, and a
      second variable resistor to set the same servo pump controller to
      determine a selected break-out linear speed for the power swivel.
NUM  5.
PAR  5. The system defined by claim 4 in which the second control means includes
      a first variable resistor to set the associated servo pump controller to
      determine a selected rotary speed for the power swivel, and a second
      variable resistor to set the same servo pump controller to determine a
      selected rotary speed for the power swivel.
NUM  6.
PAR  6. A drill stem make-up and break-out system for earth drilling machines,
      said system comprising:
PA1  a hydraulic swivel adapted to raise or lower, as well as rotate, the drill
      stem;
PA1  motor means to rotate the swivel;
PA1  at least one hydraulic means connected with the swivel to move it upward or
      downward during make-up and break-out and during drilling;
PA1  a pump, with variable volume control means, connected with the motor means
      of the swivel;
PA1  a pump, with variable volume control means, connected with the hydraulic
      means;
PA1  means to synchronize the linear displacement and rotational speed of said
      swivel to correlate with the lead of the threads of said drill stem during
      make-up and break-out.
NUM  7.
PAR  7. The system of claim 6 wherein each said pump is connected with pressure
      control means.
NUM  8.
PAR  8. The system of claim 6 which further includes a drilling pump selectively
      connected with said hydraulic means to provide a different drilling,
      linear speed for the power swivel.
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ABST
PAL  There is disclosed herein a mobile well drilling rig apparatus adapted for
      rapid assembly and disassembly thereof. The drilling rigs of the invention
      comprise a trailerable telescoping mast assembly and a separate
      sectionable substructure assembly therefor comprising a rig base, a
      working floor mounted in spaced relation above the base and a rig base
      extension extending outwardly from the drawworks side of the rig base. In
      a preferred embodiment, rail means defining a mastway are provided between
      the erected working floor and the rig base extension. The base mast
      section of the telescoping mast assembly is provided with cooperative mast
      roller means whereby the base of the mast structure is readily conveyed to
      the working floor and whereby the drawworks side mast legs are engaged
      into a trunnion arrangement therefor. Means are also provided for raising
      of the mast structure to the vertical from the drawworks side of the rig.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to drilling rigs and is more
      specifically concerned with mobile oil well drilling rigs.
PAR  In recent years, due in large measure to ever increasing operating costs
      and to the so-called "energy crisis", it has become vital to provide
      mobile drilling rigs adapted for roading and for rapid assembly and
      disassembly thereof at the well site, thereby to maximize productive
      on-site drilling time while minimizing essentially non-productive
      erection, disassembly and roading time. Heretofore, mobile drilling rigs
      have generally comprised a four-legged disassembleable or telescoping mast
      assembly having one open "V-door" side, which assembly is erected to the
      working floor of the rig from the so-called "V-door" side thereof.
      Firstly, the mast assemblies of the prior art normally require unstringing
      and removal of the travelling block cables and travelling block prior to
      lowering the mast from the drill rig or at least prior to disassembly or
      telescoping of the mast preparatory to moving on to a new well site. This,
      of course, requires the expenditure of substantial time and labor both in
      unstringing at the old well site and in restringing of the travelling and
      mast crown blocks at the new well site as well as in the assembly and
      disassembly of the mast. Also, erection of the mast assemblies of the
      prior art mobile drilling rigs from the V-door side of the working floor
      of the rig also tends to delay start-up of drilling operations since the
      drill-pipe cannot be moved into a suitable ground position for racking
      thereof until such time as the mast is raised to the vertical and the pipe
      racking ground area is cleared. Further, the access road to a drilling rig
      normally courses directly up to the drawworks side thereof. Thus,
      particularly where the intended well site is located on marshy ground, it
      is normally necessary to expend substantial time and effort in grading and
      stabilizing a substantial ground area completely around the rig in order
      to provide access and working area for the necessarily heavy equipment
      required to move and erect the mast from the V-door side of the rig. In
      accordance with the present invention, these and other problems associated
      with conventional mobile drilling rig apparatuses of the prior art have
      been substantially completely eliminated or at least substantially
      ameliorated.
PAC  OBJECTS OF THE INVENTION
PAR  It is a principal object of the invention to provide a novel mobile drill
      rig assembly.
PAR  It is another object of the invention to provide a mobile drill rig
      assembly which is rapidly erected and dismantled at the well site.
PAR  It is yet another object of the invention to provide a drill rig assembly
      having good wind stability.
PAR  It is another object of the invention to provide a drill rig assembly
      whereby the working floor thereof is trailerable while assembled to the
      rig base and which working floor can be rapidly erected to its working
      height at the well site.
PAR  It is another object of the invention to provide a drill rig assembly
      whereby provision is made for carrying and moving a blowout preventer into
      position over the well hole.
PAR  It is still another object of the invention to provide a drill rig assembly
      having improved means for adjusting and maintaining the mast structure
      thereof in a plumb condition.
PAR  It is another object of the invention to provide a novel telescoping mast
      assembly which is itself a trailer.
PAR  It is another object of the invention to provide a novel trailer
      telescoping mast assembly for drill rigs which may be maintained in the
      rigged and strung condition during telescoping and trailering thereof.
PAR  It is still another object of the invention to provide a telescoping mast
      assembly for drill rigs wherein concentric loading through adjacent mast
      leg sections is achieved, thereby to provide improved structural rigidity
      and straightline transfer of compression loads throughout substantially
      the entire length of the erected mast assembly.
PAR  It is another object of the invention to provide a trailer telescoping mast
      assembly for drill rigs wherein excessive torquing of the respective mast
      sections thereof during telescoping operations is avoided by a novel
      kingpin/fifth wheel arrangement which isolates the mast sections from
      tractor vehicle induced torquing loads.
PAR  Other objects and advantages of the present invention will in part be
      obvious and will in part appear hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, drill rig apparatus is provided
      broadly comprising a trailer telescoping mast assembly and a trailerable
      substructure assembly comprising a rig base and a working floor mounted in
      spaced relation above the surface of said base. The rig base includes an
      extension which extends outwardly from the drawworks side of the rig,
      preferably defining a "T"-shaped rig base planform, the leg section
      defined by said extension providing a platform upon which a trailer or
      self-propelled drawworks/rotary table power group vehicle may be
      stationed. Bracing elements extend diagonally upwardly from the rig base
      extension to the drawworks side of the working floor. In a preferred
      embodiment, said rig base extension is provided with a diagonally upwardly
      directed mastway extending to the drawworks side of the working floor.
PAR  The telescoping mast assembly forming part of the drill rig assembly of the
      invention is adapted for trailering with the open or "V-door" side thereof
      on the top. The lower ends of the pair of mast leg members located on the
      drawworks side of the base mast section are equipped with means adapted to
      provide vertically pivotal engagement thereof with corresponding trunnions
      located on the drawworks side of the working floor of the substructure
      assembly. Additionally, the base mast section is preferably provided with
      track rollers which engage cooperatively with the preferred mastway of the
      substructure assembly. Upon telescoping and securing of the mast assembly
      into its extended and trailered condition, the base mast section thereof
      is rolled upwardly on the mastway and the trunnion engaging means of the
      lower ends of the pair of drawworks side leg members of the base mast
      section are mated and pinned to their corresponding trunnion blocks
      located on the working floor of the substructure assembly. Raising means,
      located on the drawworks side of the rig, are provided to raise the mast
      assembly to the vertical. Said raising means may take the form of a pair
      of hydraulic raising rams each of which may be carried attached at one end
      to respective drawworks side leg members of the base mast section during
      roading and which are secured at their opposite ends for mast raising and
      lowering purposes to the rig base extension. Upon raising of the mast, the
      drill rig assembly is completed by stationing a trailered or
      self-propelled drawworks/rotary table power group into position on the rig
      base extension.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a schematic, diagrammatic side view of a substructure assembly of
      the invention showing several preferred embodiments thereof.
PAR  FIG. 2 is a schematic, diagrammatic plan view of the substructure assembly
      of FIG. 1 and includes in the depiction thereof a suitable layout for the
      positioning of a reserve line spool and a hydraulic power package.
PAR  FIG. 3 is a schematic, diagrammatic side view of a suitable telescoping
      support member assembly for use in supporting the working floor of the
      drill rig above the rig base.
PAR  FIGS. 4A and 4B are schematic, diagrammatic side views of the trailered
      telescoping mast assembly of the invention shown in the extended condition
      and temporarily secured to the rig base extension.
PAR  FIG. 5 is a schematic, diagrammatic side view of a preferred kingpin
      arrangement whereby the crown mast section of the mast assembly is secured
      to the fifth wheel of a tractor vehicle.
PAR  FIG. 6 is a schematic, diagrammatic front view of the kingpin assembly of
      FIG. 5.
PAR  FIG. 7 is a diagrammatic, schematic side view of portions of two typical
      mast sections adapted for mating to one another in a manner such that
      there is provided concentric positioning and loading of the mast leg
      members from one mast section to the next.
PAR  FIG. 8 is a diagrammatic, schematic top view of the mast sections of FIG.
      7.
PAR  FIG. 9 is a diagrammatic, schematic side view of the trailered extended
      mast assembly of the invention after partial tracking of the base mast
      section thereof to the working floor of the drill rig.
PAR  FIG. 10 is a diagrammatic, schematic side view of the drill rig after
      complete tracking of the base mast section to the working floor of the
      drill rig and also disclosing hydraulic ram means adapted to raise the
      mast assembly to the vertical.
PAR  FIG. 11 is a diagrammatic, schematic, partially sectional view of a portion
      of the working floor of the drill rig of the invention showing the pivotal
      engagement of the base mast section leg members to the trunnion means of
      the working floor. In addition, FIG. 11 depicts suitable means for
      vertical adjustment of the drawworks side mast legs.
PAR  FIG. 12 is a diagrammatic, schematic side view of the drill rig of the
      invention showing the mast assembly thereof in the vertical position and a
      self-propelled drawworks and rotary table power group located at its
      operating station on the rig base extension.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Reference is now made to the drawings, wherein like reference numerals
      refer to like structures. With especial reference to FIGS. 1 and 2, the
      substructure assembly forming part of the overall drill rig assembly of
      the invention broadly comprises a rig base 1 and a working floor 50 spaced
      above rig base 1.
PAR  Rig base 1, in the assembled state, additionally comprises a substantial
      rig base extension 5 which extends outwardly from the drawworks side of
      the rig. Accordingly, in the plan view of FIG. 2, rig base 1 defines a
      generally "T"-shaped structure with the rig base extension 5 of said
      structure constituting the leg of the T. By adherence to this basic
      T-shaped rig base geometry there is generally minimized the total number
      of trailerable sections required to form the substructure assembly and, of
      course, this contributes to minimizing the roadable weight of the overall
      drill rig assembly of the invention. Further benefits accruable to the use
      of a generally T-shaped rig base 1 will be discussed in more detail
      hereinafter. In other preferred embodiments relating to the rig base 1,
      rig base extension 5 is provided with outriggers 7 at locations whereat
      heavy load concentrations are likely to be encountered. Said rig base
      extension 5 is also desirably provided with a pair of parallel spaced
      apart guideways 9. The distance between said guideways 9 is chosen so as
      to result in their engagement with the tire arrangement of the bogie
      employed in trailering of the mast assembly of the invention and of the
      tire arrangement of the trailer or self-propelled drawworks/rotary table
      power group employed in the drill rig assemblies of the invention. Said
      guideways 9, therefore, act as positioning devices while moving the mast
      assembly or power group units into their respective erection or operating
      positions on the drill rig assembly. Conveniently, said guideways 9 can
      generally be each of welded pipe construction and can be permanently
      affixed, such as by welding, to the plate steel surface 11 of rig base
      extension 5. It is also highly desirable to provide rig base 1, underlying
      the working floor 50, with a tracked dolly arrangement comprising tracks
      13 and dolly 15, said dolly 15 being adapted to hold therein a suitable
      blowout preventer 17. Obviously, the tracks 13 should embrace and extend
      over the well hole site in order that the blowout preventer dolly 15 may
      be positioned over the well for placement of the blowout preventer. The
      trackway 13 can run laterally to either side of the well hole site or can
      run toward the V-door side of the rig base 1. In this manner, the blowout
      preventer 17 may be conveniently stored adjacent the well hole during rig
      moves.
PAR  The working floor 50 is supported spaced above the rig base 1 by means of
      suitable support members 25. Desirably, said support members 25 are of
      telescoping construction, thereby to provide substantial savings in
      erection time of the substructure assembly and to avoid requirement for
      disassembly of the working floor 50 from the rig base 1 for purposes of
      trailering. Accordingly, in a much preferred embodiment of the invention,
      the substructure assembly will comprise a rig base 1, working floor 50 and
      a number of telescoping support members 25 interposed therebetween. Said
      telescoping support members 25 will each be of a length such that, when in
      the telescoped-to-the-closed position, the height of the working floor 50
      will be sufficiently low as to provide a roadable trailerable rig base
      1/working floor 50 package. In the extended mode, however, said support
      members 25 should provide sufficient clearance under the working floor 50
      as to allow adequate space for well head equipment, blowout preventer
      stacks and the like.
PAR  The telescoping support members 25 can generally be of tube-within-a-tube
      construction. Referring now specifically to FIG. 3, one suitable
      telescoping number 25 arrangement comprises a lower tubular support member
      26 having a sufficiently smaller overall outside diameter as to form a
      nesting sliding relationship with the bore of upper tubular support member
      27. As specifically shown, lower tubular support member 26 provides for
      multiple-position telescoping of the assembly. Each position, except the
      lowermost, is achieved by means of pairs of support plates 28 each of
      which is welded to the member 26 in spaced relationship to its respective
      cooperative partner thereby to form locking ring recesses 29 therebetween.
      The lowermost locking ring recess 29 is defined between a single support
      plate 28 and leg end 30 of the lower support leg member 26. The open end
      of upper tubular support member 27 has welded thereto a locking ring 31
      having a chamfered female terminus 32. In erection operations, therefore,
      working floor 50 will be hoisted, jacked or otherwise suitably raised so
      as to telescope each upper tubular support member 27 outwardly from its
      corresponding inner tubular support member 26 to a point where the locking
      ring 31 is disposed somewhat above the desired locking ring recess 29. A
      cooperative split ring 33 is nested in the locking ring recess 29 and is
      securely clamped in position about lower support leg member 26 such as by
      transverse bolt means 41. As shown, said split ring 33 comprises an
      upwardly directed externally tapered protrusion 34 adapted to mate with
      the female chamfered terminus 32 of locking ring 31. After securing a
      split ring 33 to each of the lower tubular support members 26 of the
      telescoping support member array for working floor 50, said working floor
      50 is lowered so as to butt the locking rings 31 of the upper tubular
      support members 27 against their corresponding split rings 33. It is in
      the nature of things that the downward force generated by the weight of
      working floor 50 on each upper tubular support member 27 tends to wedge
      its chamfered terminus 32 against protrusion 34 of corresponding split
      ring 33 thereby even further jamming the split ring 33 into its locking
      recess 29 and providing an overall support arrangement of superior
      security.
PAR  An important safety device which may be beneficially employed in relation
      to the telescoping support members 25 resides in the provision of a
      drop-leg safety support member 35 pivotally attached to the side of at
      least two diagonally opposed upper tubular support members 27. In raising
      of the working floor 50 to its operating position above rig base 1, there
      will occur the telescoping of each support member 25 to its extended
      position. This motion, then, will cause the upper support member 27 to
      translate to a position further from the rig base 1 than when the
      telescoping support members are in their retracted or
      telescoped-to-the-closed position. Thus, as said upper support member 27
      is translated away from the surface of rig base 1, the free end 36 of the
      drop-leg safety support member 35 will tend to fall to the vertical
      position. By appropriately sizing the length of the drop-leg member 35,
      said vertical position will be attained when the locking ring 31 of upper
      tubular support member 27 is disposed somewhat above its corresponding
      locking ring recess 29. Under these conditions, then, should failure of
      the hoist or jack mechanism employed to raise the working floor 50 occur,
      the free end 36 of drop-leg safety support member 35 jams against the
      steel plate surface of rig base 1 and maintains its associated support
      member 25 in the extended position for such time as is necessary to
      effectuate completion of securing the split ring 33 into its locking ring
      recess 29. As shown in the drawings, said drop-leg safety support member
      35 can be of simple robust construction and can be pivotally affixed at a
      suitable stand-off distance from the upper support member 27 by means of a
      simple clevis arrangement whereby support member 27 is provided with a
      pair of spaced apart vertically oriented brackets 37 defining a clevis
      stirrup therebetween and wherein the upper end of the drop-leg safety
      support member 35 is provided with a flat 38 adapted to nest between
      brackets 37. A clevis pin 39 inserted through aligned apertures provided
      in brackets 37 and flat 38 completes the pivotal fixation of the safety
      support member 35 to the upper support member 27.
PAR  As will be noted, it is desirable that each telescoping tubular support
      member 25 of the invention be arranged so that the uppermost tubular
      support member 27 thereof be of larger diameter and the lowermost tubular
      support member 26 be of smaller diameter. This arrangement mitigates
      against the entry of drilling muds and other foreign matter into the
      support member during operations, which entry might otherwise tend to
      clog, corrode and foul the telescoping support member assembly.
PAR  Further, it is generally desirable that the substructure assembly of the
      invention comprise a set-back working floor 51 coextensive with the
      working floor 50 and located on the V-door side thereof. It is also
      desirable that said set-back working floor 51 find its ground support from
      a set-back rig base section 4, also located on the V-door side of the rig
      base 1 and substantially coextensive with rig base 1. Said set-back
      working floor 51 can conveniently be of somewhat lighter overall
      construction than the main working floor 50 since it is not normally
      subjected to the substantial weight load of the mast assembly. Thus,
      set-back working floor 51 can generally be erected and secured to the main
      working floor 50 subsequent to raising and securing of the main working
      floor 50. Suitable vertical and diagonal support members 52 are employed
      to stabilize the set-back floor 51 over the set-back rig base section 4.
PAR  Completing the general matter of the working floors 50 and 51 there will be
      provided in the floor 50, positioned over the well hole, a rotary table
      53. Also, set-back floor 51 will generally have located at a convenient
      position thereon at least one source of winching power, such as a cathead
      or, preferably, as depicted, a handling winch 54. Desirably, said handling
      winch 54 is of a hydraulic type and derives its hydraulic power from a
      hydraulic power package 55, which package 55 can also be conveniently and
      beneficially employed to provide substantially all hydraulic power which
      may be required during erection and operations of the drill rig assembly
      of the invention.
PAR  An important feature of the substructure assembly of the invention resides
      in the provision of at least two sturdy bracing elements 56 extending
      diagonally upwardly from the rig base extension 5, located on the
      drawworks side of the rig, to the reinforcing structure of the drawworks
      side of working floor 50. Each diagonal bracing element 56 comprises a
      sturdy beam which is desirably equipped with means to adjust the overall
      length thereof. As shown, said adjustment means can conveniently take the
      form of a jackscrew 59 interposed between beam sections 57 and 58.
      Desirably, for purposes of maximum bend strength and easy adjustment,
      lower beam section 58 will be considerably shorter than upper beam section
      57, thereby to locate the jackscrew means 59 towards the lower end of the
      bracing element 56.
PAR  In a preferred embodiment of the invention, a pair of parallel bracing
      elements 56 will be located so as to equidistantly bracket the
      longitudinal axis of rig base extension 5 and will be spaced sufficiently
      apart from one another so as to accept the trailer or self-propelled
      drawworks/rotary table power group therebetween. Additionally, said pair
      of parallel spaced diagonal braces 56 will each have secured along the top
      surface thereof a mast guide rail 60, thereby to define a mastway
      extending diagonally upwardly from the rig base section 5 to working floor
      50. As will be discussed in more detail hereinafter, the provision of said
      mastway provides for convenient erection and securing of the mast assembly
      to the working floor 50.
PAR  Several important functions are served by the diagonal bracing elements 56.
      Firstly, where it is difficult to provide a well site of substantially
      perfect grading, the lengths of the respective diagonal bracing elements
      56 may be severally adjusted so as to provide competent support of the
      working floor 50 by rig base 1 taken in conjunction with rig base
      extension 5. Secondly, it is often the case that during operations of a
      drill rig the well site will settle in a non-uniform manner, thereby
      causing a reduction in ground support of the rig. Employing the preferred
      adjustable-length bracing elements 56 of the invention the detrimental
      affects of such non-uniform site settlement can generally be largely
      vitiated. Finally, said diagonal bracing elements 56, in consort with rig
      base 1, provide wind load protection to the drill rigs of the invention.
      Generally speaking, a drill rig is subjected to wind loads directed both
      towards and away from the drawworks side of the rig. Apparently, this is
      due to the fact that the made-up drill pipe sections racked on the V-door
      side of the mast present a relatively large overall surface to the
      prevailing winds. Thus, the wind forces generated thereagainst are
      transmitted through the mast into the supporting structure therefor. In
      the present invention the diagonal bracing elements 56 supply bracing
      effect against wind loadings applied in the direction of the drawworks
      side of the rig. Under these conditions, said loadings urge the rig
      towards the drawworks side, thus placing the bracing elements 56 in
      compression working against the substantial support provided by the rig
      base extension 5. On the other hand, when the wind loads are applied away
      from the drawworks side and towards the V-door side of the rig, bracing
      elements 56 are placed in tension thereby tending to raise the rig base
      extension 5. In operations, of course, the rig base extension 5 will have
      stationed thereon a mobile drawworks and rotary table power group unit,
      thereby to increase the overall weight of rig base extension 5 and to
      result in stability of the drill rig assembly of the invention to wind
      loads directed away from the drawworks side of the rig.
PAR  An important feature of the working floor 50 of the present invention
      resides in the provision thereon, on the drawworks side thereof, of
      trunnion means 61, which trunnion means 61 are adapted to mate in pivotal
      engagement with cooperative engagement means provided at the lower ends of
      the drawworks side leg members of the base mast section. Further details
      concerning the structure and operations of said trunnion means 61 will
      appear hereinafter.
PAR  The mast assembly of the invention, referring now specifically to FIGS. 4A
      and 4B, broadly comprises a sectional telescoping mast 100 having legs
      broadly defining the four corners thereof and which legs extend in a
      generally convergent manner from the base 101 to the crown 102 of the
      mast. As is conventional in drill rig mast construction, one side of the
      mast assembly of the present invention is essentially free of girts or
      other impedimentia thereacross, thereby providing an open or "V"-door side
      103 through which drill pipe is brought to the interior of the mast
      assembly for positioning over the well hole. In the drill rig assembly of
      the present invention the mast 100 is adapted for trailering in the
      telescoped-to-the-closed condition with the V-door side 103 thereof
      oriented to the top. Accordingly, the drawworks side of the mast assembly
      100, in other words the closed side 104 opposite the V-door side 103, is
      adapted for engagement with a suitable trailering device. Thus, drawworks
      side 104 of base mast section 105 is adapted for temporary mounting on a
      suitable bogie 108 while the drawworks side 104 of crown mast section 107
      is equipped with suitable kingpin means 120 adapted for engagement thereof
      with a fifth wheel means 125 of tractor vehicle 40. Of course, as a
      suitable alternative, now shown, the kingpin/fifth wheel arrangement may
      be reversed, the kingpin being located on the tractor vehicle and the
      fifth wheel being located on the drawworks side of crown 102 of the crown
      mast section 107.
PAR  At a suitable height above the base 101 of base mast section 105 there is
      provided on the V-door side 103 of the mast assembly 100 a racking board
      130 which is pivotally mounted on the V-door side of the mast. Said
      pivotal mounting can take the form of bracket means 134 which are
      pivotally pinned to the inboard ends of floor members 135 of the racking
      board 130. The racking board 130 is braced in the erected position by
      means of brace members 136 which are pinned at their respective ends to
      the outboard ends of floor members 135 and to the V-door side mast legs.
      When the mast assembly 100 is in the telescoped-to-the-closed condition
      preparatory to roading thereof, said racking board 130 can be readily and
      desirably nested over crown 102 by unpinning or removal of brace members
      136, thereby to allow the racking board to pivot about brackets 134. This
      is highly desirable, of course, since it minimizes the roading height of
      the overall mast assembly while maintaining the racking board 130 in an
      easily and rapidly erectable condition.
PAR  Desirably, the base mast section 105 of the mast assembly 100 will be
      provided with a removable cradle 150 adapted to secure and hold travelling
      block 152 therein during trailering of the rig and erection of the mast.
      While, of course, the travelling block 152 may be secured in any other
      suitable fashion, the provision of cradle 150 markedly eases this burden
      and protects the structural elements of the mast assembly from damage
      during transit.
PAR  Also, during trailering each drawworks side leg 109 of the base mast
      section 105 preferably carries thereon a hydraulic raising ram 160
      pivotally affixed at one working end thereof to a mast jacking point 162.
      In the trailered condition, the other end of each hydraulic raising ram
      160 is suitably shackled, in the retracted condition, to the base mast
      section 105. Said shackling can be accomplished such as by means of
      turnbuckles 164 suitably affixed to nearby girt members 308.
PAR  The mast assembly 100 is further desirably equipped with a ladderway 170
      running from the base 101 thereof to the crow's nest 142 of crown 102.
      Desirably, said ladderway 170 will be of the swing-away type, adapted to
      nest closely to the side of the mast sections during roading and
      telescoping thereof while being capable of being swung away from said mast
      so as to lie parallel to the side of the mast at a suitable stand-off
      distance therefrom. This capability can be achieved by fixation of the
      respective sections of ladderway 170 to the mast sections 105, 106 and 107
      by means of pivotal parallelogram linkages 171, which linkages are shown
      in detail in FIG. 8.
PAR  In telescoping of the mast assembly of the invention, whether to the
      extended or retracted condition, it is important that the mast sections
      105, 106 and 107 not be torqued or twisted to such an extent, relative to
      one another, that binding or substantial distortion thereof occur.
      Accordingly, an important preferred embodiment of the trailerable
      telescoping mast assembly of the invention resides in a provision made to
      mitigate against the occurrence of detrimental twisting of the mast
      sections during telescoping thereof. Accordingly, referring now
      specifically to FIGS. 5 and 6, there is shown in detail a particular
      kingpin arrangement comprising a substantial support web 200 which depends
      vertically from and is fixed at its upper margin to the water table beams
      201 of the crown 102. Said web 200 is reinforced by means of diagonal
      bracing elements 210 which extend diagonally upwardly from the bottom of
      web 200 and are welded to the lateral aspects of the water table beams
      201. Welded to the bottom margin of said web 200 is a bushing or journal
      202 which is oriented parallel to the longitudinal axis of crown mast
      section 107. Kingpin 203 is fixedly mounted to and depends from a
      substantial horizontal kingpin plate 204 having inverted "V"-shaped
      reinforcing endplates 205 welded thereto. In turn, said inverted V-plates
      205 have co-aligned apertures 206 therethrough and are spaced sufficiently
      from one another as to allow nesting thereof over the ends of bushing or
      journal 202, A pin 206 traverses the apertures 206 of the endplates 205
      and the bushing 202, thereby completing the longitudinally articulated
      linkage of kingpin 203 to the crown 102 of mast assembly 100. Thus, when
      telescoping the mast assembly of the invention, the usual perturbations of
      grading at the well site are isolated from the crown section 107 and are
      not transmitted thereto through the tractor vehicle 40 and the fifth wheel
      125/kingpin assembly 120 linkage as would normally be the case in
      employing fifth wheel/kingpin linkages conventional in the art. On the
      other hand, it is generally undesirable to allow freedom of roll motion of
      the load during roading of the mast assembly 100. Accordingly, the kingpin
      assembly of the invention includes removable diagonal bracing elements 208
      which are removably pinned or bolted at their respective ends to the base
      of the inverted endplates 205 and to water table beams 201. In this
      manner, rolling motion of the mast load about pin 207 is prevented during
      roading while allowing the rolling articulation to be quickly and
      desirably recovered during telescoping operations merely by removal of
      diagonal bracing elements 208.
PAR  Features of base mast section 105 of mast assembly 100 (FIGS. 4A and 4B)
      include the provision of trunnion engaging means 110 at the base of each
      drawworks side leg member 109, said engaging means, of course, being
      adapted to engage in vertically pivotal relationship with their
      corresponding trunnion blocks 61 of the working floor 50. As shown more
      particularly in FIG. 11, said trunnion engaging means 110 can take the
      simple form of pipe-shaped members 111 affixed to the bottom of each
      drawworks side mast section leg member 109, each said member 111 being
      oriented with its bore axis directed across the drawworks side of the mast
      assembly. It will be apparent, however, that many other equivalent
      structures capable of performing similar pivotal attachment functions can
      be employed in lieu of the specific members 111 depicted in the drawings.
      For instance, parallel clevis plate arrangements having coaxially aligned
      clevis pin apertures therethrough can also be suitably employed.
PAR  The base mast section 105 is also provided with at least one pair of mast
      roller means 112 which extend to the drawworks side of each drawworks side
      base mast section leg 109. Desirably, said mast roller means 112 are
      mounted on a suitable truss structure 113 somewhat above the level of the
      pivotal engagement means 110. The distance between the roller means 112
      and the centerline of base mast section leg members 109 is subject to
      considerable variation. However, said distance should generally be chosen
      so as to result in vertical alignment of the trunnion engaging means 110
      with the trunnion blocks 61 when the mast is raised to the position shown
      in FIG. 10. It is, of course, the prime function of roller means 112 to
      cooperatively engage the mastway defined by parallel rails 60 and to thus
      facilitate the vertical and horizontal translation of the base mast
      section 105 from rig base extension 5 to the working floor 50 as depicted
      in FIGS. 9 and 10.
PAR  In another preferred embodiment of the invention, the base ends of the
      V-door side leg members 114 of base mast section 105 will be equipped with
      vertical adjustment means such as jackscrews 115. This, of course,
      provides for independent vertical adjustment of each said V-door side mast
      leg, thus facilitating plumbing of the mast assembly after raising to the
      vertical and during rig operations.
PAR  In yet another preferred embodiment of the invention, the mast 100 will be
      trailered with a mudpipe or standpipe 116 affixed thereto. Accordingly,
      the standpipe 116 is attached in swiveling relationship to one of the
      corners of the drawworks side of the base mast section 105. During
      trailering of the mast assembly 100, the gooseneck 117 of standpipe 116
      will be secured to the side of the mast. However, during mast extension
      and retraction, said gooseneck 117 will be swung away from the side of the
      mast in order to provide sufficient clearance thereof from the mast
      sections, thus to avoid interference therewith.
PAR  An important feature residing in the mast assembly 100 specifically
      disclosed in the drawings forming part hereof resides in the provision of
      concentric positioning of the mast leg members of each mast section with
      respect to corresponding mast leg members of the neighboring mast
      section(s). This feature, of course, provides for straight-line transfer
      of load throughout the assembled mast leg members, which feature
      contributes greatly to the achievement of maximum structural strength
      rigidity and integrity and which feature is not known to be achieved in
      prior art telescoping mast arrangements.
PAR  While the following discussion specifically illustrates concentric
      positioning of the corresponding leg members of the base and intermediate
      mast sections 105 and 106, respectively, it will, of course, be obvious
      that similar means are employed to join intermediate mast section 106 to
      the crown mast section 107. Referring, then, especially to FIGS. 7 and 8,
      the upper ends of the drawworks side mast leg members 109 and V-door side
      mast leg members 114 are each equipped with female pin connector brackets
      250. Each said female pin connector bracket 250 comprises a pair of mast
      connector side plates 251 in spaced, parallel relationship to one another
      and which plates are secured to the end of their associated mast leg
      member equidistantly to either side of the centerline thereof. Coaxially
      aligned mast connector pin apertures 252 are provided through each pair of
      side plates 251, each said aperture 252 also being located on the extended
      centerline of its associated mast leg member 109 or 114. Completing the
      broad features of female pin connector brackets 250 there is provided
      between each pair of side plates 251 a generally downwardly directed slide
      ramp/spacer element 253, the upper edge of which is coextensive with its
      associated mast section guide rail 300 or 302. For purposes of rendering a
      clear understanding of the slide ramp/spacer elements 253 of female pin
      connector brackets 250 the drawworks side pin connector bracket 250 of
      FIG. 7 is shown absent the exteriormost sideplate 251 thereof, thereby to
      expose slide ramp/spacer element 253 thereof. It will be understood,
      therefore, that in actual practice said exteriormost sideplate 251 will be
      present.
PAR  Said ramp/spacer elements 253 than course diagonally downwardly to a level
      somewhat below the drawworks side surfaces 255 of the ends of their
      corresponding mast leg members. Each slide ramp/spacer element 253
      terminates in a short substantially horizontal section 256. Desirably, the
      sideplates 251 of the female pin connector brackets 250 are reinforced,
      such as by means of gussets 256. An important preferred embodiment of the
      female pin connector brackets resides in the conformation of at least
      those of the side plates 251 associated with the V-door side leg members
      114. As will be noted in FIG. 7, the uppermost edges of said V-door mast
      leg member side plates 251 extend for a short distance from the end of the
      mast leg member in a substantially horizontal manner and are then sharply
      and concavely radiused upwardly to define stop notches 258. Said notches
      258, in combination with cooperative stop pins 259 of male connector
      brackets 260 located on the ends of the V-door mast leg members 270 of
      mast section 106, serve to prevent accidental hyperextension of the
      respective mast sections 105 and 106 and also serve to closely position
      the respective pin connector brackets for insertion of the connector pins
      261 (FIG. 4). If desired, of course, the drawworks side brackets 250 and
      260 may also be similarly equipped.
PAR  The lower ends of the drawworks side and V-door side mast leg members 269
      and 270, respectively, of mast section 106 are each provided with a male
      connector bracket 260. Each said male connector bracket 260 broadly
      comprises a sturdy plate element 262 which defines an extension of the
      centerline of its associated mast leg member 269 or 270 and which plate
      element 262 comprises a connector pin aperture 263 therethrough, said
      aperture also being located on the extended centerline of the particular
      mast leg member associated therewith. Desirably, said aperture 263 is
      reinforced such as by welding to each side thereof an annular
      reinforcing/spacing member 264 which serves not only to reinforce the
      aperture 263 but also functions as to provide a nicety of fit of the male
      connector bracket 260 into its respective female connector bracket 250. In
      completing the assembly of mast section 106 to mast section 105, it will,
      of course, be obvious that the aligned apertures 252 and 263 of each set
      of mated female and male bracket members 250 and 260 receive a close
      fitting connector pin therethrough, which pin may be appropriately saftied
      after insertion thereof.
PAR  The means employed to cooperatively nest the respective mast sections 105,
      106 and 107 within one another are also shown in FIGS. 7 and 8. Said means
      include parallel mast section guide rails 300 and 302 which are located on
      the inside surfaces of the drawworks side girts 304 of the larger mast
      section and which guide rails are spaced sufficiently apart as to accept
      in engaging relationship therewith corresponding rub members 306 which
      extend outwardly to the drawworks side of the drawworks side mast leg
      members 269 of the next smaller mast section 106. Importantly, it is to be
      noted that the widths across the interiors of the several side girts 308
      of the larger mast section 105 are greater than the largest widths taken
      across the exteriors of the several side girts 310 of the next smaller
      mast section 106. Said rub members 306 should extend sufficiently to the
      drawworks side of the drawworks side leg members 269 as to maintain the
      male pin connector brackets 260 of the drawworks side mast leg members 269
      out of contact with guide rails 300 and 302 during retraction and
      extension of the mast section 106 within the larger base mast section 105.
      Thus, just prior to seating of the respective male and female pin
      connectors 260 and 250 one within the other during mast extension, said
      rub members 306 will bias the lower end of mast section 106 upwardly with
      respect to the upper end of mast section 105 so as to position the lower
      margins of the plate elements 262 of male pin connector brackets 260 just
      above the ramp/spacer element 253 of the female pin connector brackets
      250. Upon further outward extension of the mast section 106 from mast
      section 105, of course, said plate elements 262 will initially contact the
      mast leg member end portions of the ramp/spacer elements 253, thereafter
      to be guided downwardly and to result in vertical alignment of the
      apertures 263 and 252 in preparation for pinning of the respective aligned
      pin connector arrangements so as to secure mast section 106 to mast
      section 105.
PAR  In setting up for the extension of the mast assembly 100, the trailered
      mast assembly is first backed onto the rig base extension 5 so as to
      position bogie 108 substantially as shown in FIGS. 4A and 4B. The bogie
      108 is then secured to the rig base extension 5 in order to prevent
      movement thereof during extension of the mast assembly. By means of
      suitable auxiliary hoisting equipment, such as a truck mounted gin pole
      hoist, the reserve line spool 190 which resides within the retracted mast
      assembly during trailering thereof is removed and positioned on the ground
      substantially as shown in the plan view of FIG. 2. Said reserve line spool
      190, of course, serves to store excess travelling block cable which
      results from retraction of the mast assembly into its trailerable
      condition. Next, the racking board 130 is erected by pivoting thereof
      about the V-door side brackets 134 thereof and securing bracing elements
      136 thereto and to the V-door side of the mast. Bracing elements 208
      (FIGS. 5 and 6) are removed from the kingpin assembly 120, thereby to
      isolate the crown mast section 102 from twisting loads which might
      otherwise be imposed thereon by the tractor vehicle 40 operating over
      non-uniform terrain at the well site. Desirably, there are also erected
      from the rig base extension 5 vertical stop members 175, located to either
      side of the trailered mast assembly 100 and which members 175 serve to
      limit side play of said mast assembly during extension and retraction
      thereof by the tractor vehicle 40.
PAR  During extension and retraction of the mast assembly 100, a pair of
      hydraulic manipulating cylinders 180 are pivotally attached at their
      respective ends to rig base extension 5 and to the drawworks side mast leg
      members 109 of base mast section 105. Said manipulating cylinders 180 are
      employed independently of one another and serve to support and maintain
      longitudinal alignment of the respective mast sections 105, 106 and 107 as
      said sections are extended or retracted by driving the tractor vehicle 40
      away from or towards the drawworks side of the rig. Said manipulating
      cylinders 180, therefore, also serve to adjust and maintain the
      longitudinal alignment of the respective mast sections despite grade
      changes which the tractor vehicle 40 may experience during the extension
      or retraction of the mast assembly. When not in use, the manipulating
      cylinders 180 may be conveniently stored, while maintaining their
      respective attachments to the rig base extension 5, by provision of
      storage boxes 182 which are integral with the rig base extension 5.
PAR  Desirably, snubbing cables (not shown) are temporarily installed between
      the mast sections during extension of the mast assembly as the respective
      mast sections approach the intended limits of their traverse, said
      snubbing cables serving as secondary safetying devices to prevent
      hyperextension of the mast sections and accidental complete withdrawal of
      a smaller mast section from its next larger mast section.
PAR  As the respective mast sections are withdrawn during extension of the mast
      assembly, travelling block cable stored on reserve line spool 190 is payed
      out, thereby preserving the rigged and strung up condition of the
      travelling block 152 and crown block 153. As the male pin connector
      brackets 260 of each mast section are appropriately juxtaposed with their
      corresponding female pin connector brackets 250 of the adjacent lower mast
      section, said brackets are pinned together and safetied. As shown in FIGS.
      4A and 4B, the completion of the extension of the mast assembly 100 will
      result in a full-length mast structure lying substantially horizontally,
      V-door side up, said mast assembly 100 being supported by bogie 108,
      manipulating cylinders 180 and tractor vehicle 40.
PAR  Next, bogie 108 is unshackled from rig base extension 5, the manipulating
      cylinders 180 unsecured from their attach points on mast section 105 and
      the mast assembly moved so as to allow installation of diagonal bracing
      elements 56 and to engage mast rollers 112 thereof with their
      corresponding mast guide rails 60. The base mast section 105 is unsecured
      from bogie 108 and a pair of drawlines 172 are secured to suitable haul
      points on each side of the base mast section 105. By suitable winch means,
      not shown, in combination with rearward movement of the tractor vehicle
      40, the base section 105 of mast assembly 100 is moved upwardly on rails
      60 towards the working floor 50. FIG. 9 shows an intermediate position of
      the mast 100 during this procedure and, as will be noted, the upwardly
      directed translation of the base mast section 105 as it traverses up the
      rails 60 disengages it from bogie 108.
PAR  FIGS. 10 and 11 show the base mast section 105 raised to the level of
      working floor 50 with the trunnion engaging means 110 of mast leg members
      109 engaged with their cooperative trunnion means 61 by means of pins 62.
      Also, the raising rams 160 are attached to the rig base extension 5.
PAR  In a preferred embodiment of the invention, the trunnion means 61 will be
      securely bolted to reinforcing members 63 of the drawworks side of the
      working floor 50. Positioned therebeneath will be provided hydraulic jack
      means 64. By this arrangement there is provided the capability of
      independent vertical adjustment of each of the drawworks side mast legs
      109. This independent vertical adjustment, in combination with independent
      horizontal adjustment as provided by drawlines 172, allows ready alignment
      of the engaging means 110 with trunnion 61. Such independent vertical
      adjustment may also be required, from time to time, during the course of
      well drilling operations when settlement of the drill rig may occur.
      Accordingly, in vertically adjusting the drawworks side mast legs 109, the
      bolt means 65 are loosened and the entire trunnion assembly comprising
      trunnion means 61, trunnion engaging means 110 and pin 62 is raised to the
      desired height by jack means 64. The trunnion means 61 are then shimmed,
      such as by means of shim plate 66, and the bolt means 65 are torqued down
      to complete the adjustment procedure.
PAR  Having erected mast base section 105 to the working floor 50 and having
      secured engaging means 110 of leg members 109 thereof to the trunnion
      means 61, the kingpin 120/fifth wheel 125 assembly is disengaged and the
      mast assembly 100 raised to the vertical through the action of raising
      rams 160 which may each be of multi-stage, double-acting type. Obviously,
      lowering the mast from the vertical will also be accomplished by reversing
      the actions of said raising rams. The raising of mast assembly 100 is
      completed by securing the ends of V-door side mast leg members 114 in any
      suitable manner to the working floor 50.
PAR  Completing the drill rig of the invention (FIG. 12), a self-propelled or
      trailerable drawworks and rotary table power group 400 is backed into
      position on the rig base extension 5, said group comprising one or more
      prime movers 402, deck mounted drawworks 406 and a rotary table drive
      train 408 which is coupled into the rotary table 53 of the working floor
      50. Said drawworks power group 400 may also include a mudpump drive (not
      shown). Such mobile roadable drawworks/rotary table power groups are known
      in the art and are exemplified by units such as the Cabot 900 Series
      Drilling Rig produced by Cabot Corporation, Machinery Division, Pampa,
      Texas. The free end of the travelling block cable is attached to the
      drawworks 406 and the cable going to the reserve line spool 190 is
      anchored to a suitable deadline anchor (not shown), said anchor preferably
      being located on working floor 50. After tautening of the cable, the
      travelling block cradle 150 is removed from the mast assembly 100, thereby
      freeing travelling block 152 to hang from the crown block 153. The mast
      assembly 100 is then brought into plumb by adjustment of jackscrew means
      115 of the V-door mast leg members 114 and/or by adjustment of the height
      of the drawworks side trunnion assemblies as described previously.
PAR  Obviously, disassembly of the drill rig of the invention will involve
      essentially the reverse procedure of the assembly schedule outlined above.
PAR  It should be noted that the several specific embodiments of the invention
      specifically described hereinbefore are to be considered in all respects
      as illustrative and not limiting, and all changes coming within the
      meaning and equivalency range of the appended claims are intended to be
      embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base by means of a plurality of freely slidable and lockable support
      members stationed therebetween, said working floor comprising a rotary
      table and, located on the drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  2.
PAR  2. The drill rig apparatus of claim 1 wherein said plurality of telescoping
      support members, in the retracted condition, provide a working floor/rig
      base assembly of a height sufficiently low as to be trailerable as a
      single package.
NUM  3.
PAR  3. The drill rig apparatus of claim 1 wherein each said telescoping support
      member comprises a relatively larger diameter upper tubular member and a
      relatively smaller diameter lower tubular member, said tubular members
      being adapted to nest one over the other in telescoping relationship, and
      means to lock said larger and smaller tubular members together.
NUM  4.
PAR  4. The drill rig apparatus of claim 1 wherein at least two diagonally
      opposed tubular support members each has affixed thereto a drop-leg safety
      support member of a length adapted to drop to the vertical and to position
      the free end thereof just above the surface of said rig base when said
      working floor is erected to a height slightly greater than the working
      height thereof above said rig base.
NUM  5.
PAR  5. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations, said rig base extension comprising parallel guideways
      spaced as to engage the tires of self-propelled or trailered vehicles and
      thereby position same on the extension;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  6.
PAR  6. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations, said rig base extension comprising means to adjust
      the height of the base mast section of the substantially horizontal
      telescoping mast assembly of (E) stationed thereon during extension and
      retraction;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks said of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  7.
PAR  7. The drill rig apparatus of claim 1 wherein said adjustment means
      comprise a pair of independently controllable manipulating hydraulic
      cylinders each attached at one working end thereof to said rig base
      extension and which cylinders are adapted to be attached at their
      respective other working ends to each side of the base mast section of
      said telescoping mast assembly.
NUM  8.
PAR  8. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations, said rig base extension being provided with at least
      one pair of vertically oriented stop means located to either side of a
      roadable mast assembly stationed thereon, said stop means being adapted to
      limit side play of said mast assembly during extension or retraction
      thereof;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a subtantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  9.
PAR  9. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side,
      said rig base comprising a trackway embracing the well hole site thereof,
      said trackway extending laterally or to the V-door side of said well hole
      site and a blowout preventer dolly adapted for stationing on said
      trackway;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  10.
PAR  10. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal adjustable-length bracing elements each secured at
      one end thereof to said rig base extension and, at the other end thereof,
      to the erected working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  11.
PAR  11. The drill rig apparatus of claim 10 wherein said adjustable length
      bracing element comprises a relatively longer upper beam section and a
      relatively substantially shorter lower beam section and jackscrew means
      interposed therebetween.
NUM  12.
PAR  12. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal parallel bracing elements spaced equidistantly to
      each side of the longitudinal axis of said rig base extension, each said
      element being secured at one end thereof to said rig base extension and,
      at the other end thereof, to the erected working floor of (B) and each
      said bracing element having a mast guide rail along the upper surface
      thereof;
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the base mast section
      comprising mast roller means adapted to cooperatively engage with said
      mast guide rails of (D) and the lower ends of the drawworks side mast leg
      members of said base mast section being equipped with trunnion engaging
      means adapted to engage said trunnion means of the working floor of (B) in
      substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  13.
PAR  13. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension and said rig base
      together defining a T-shaped planform, said rig base extension
      constituting the leg of the T, and said rig base extension defining a
      ground-based platform of a size and shape adapted for stationing the
      roadable mast assembly and for stationing a drawworks/rotary table power
      group thereon during drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg memebers of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  14.
PAR  14. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side, and, opposite thereto, a V-door
      side, said rig base additionally comprising a set-back rig base
      coextensive therewith and extending to the V-door side of the rig;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table, trunnion means
      located on the drawworks side of said floor and a separable set-back
      working floor coextensive with said working floor and extending to the
      V-door side of the rig, said set-back working floor being supported by
      means of a plurality of support members interposed between said set-back
      rig base and said set-back working floor;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  15.
PAR  15. The drill rig apparatus of claim 14 wherein said set-back working floor
      is provided with at least one handling winch means.
NUM  16.
PAR  16. The drill rig apparatus of claim 15 wherein said winch means is
      hydraulically powered.
NUM  17.
PAR  17. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means to raise the mast assembly of (E) to the vertical on
      the working floor of (B), said mast raising means comprising a pair of
      hydraulic ram means, each said hydraulic ram means having a working
      attachment at one end thereof to the drawworks side of the base mast
      section of said mast assembly and having a working attachment at the other
      end thereof to said rig base extension.
NUM  18.
PAR  18. The drill rig apparatus of claim 17 wherein said hydraulic ram raising
      means are attached at one end thereof to their respective working attach
      points of the drawworks side of the base mast section of the mast assembly
      and wherein said base mast section is provided with means adapted to
      secure the other ends of said hydraulic ram raising means to the drawworks
      side of said base mast section during roading thereof.
NUM  19.
PAR  19. The drill rig apparatus of claim 17 wherein each said hydraulic raising
      ram means is of a multi-stage, double-acting type.
NUM  20.
PAR  20. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up, said adaption for
      roading including a kingpin or fifth wheel assembly located on the
      drawworks side of said crown and being adapted for cooperative engagement
      with a corresponding fifth wheel or kingpin arrangement of a tractor
      vehicle and a detachable bogie secured to said base mast section; the
      lower ends of the drawworks side mast leg members of said base mast
      section being equipped with trunnion engaging means adapted to engage said
      trunnion means of the working floor of (B) in substantially vertically
      pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  21.
PAR  21. The drill rig apparatus of claim 20 wherein said kingpin or fifth wheel
      assembly of said crown is adapted for temporary articulation about the
      roll axis of the telescoping mast assembly load during extension and
      retraction thereof.
NUM  22.
PAR  22. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship and
      said mast assembly comprising a racking board, located on the V-door side,
      adapted to pivot and nest over the crown of the retracted mast assembly,
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  23.
PAR  23. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually covergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor;
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B); and
PA1  H. a removable travelling block cradle adapted to nest in the base section
      of said mast assembly in the retracted condition thereof.
NUM  24.
PAR  24. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor;
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B); and
PA1  H. a reserve travelling block cable spool means adapted to nest into the
      V-door side of said mast assembly in the retracted condition thereof.
NUM  25.
PAR  25. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly comprising a ladderway
      from the base to the crown thereof, said ladderway being pivotally
      attached to the mast sections to station said ladderway adjacent the
      respective mast sections during retraction, roading and extension of the
      mast assembly and to swing away in a parallel manner from said mast
      sections upon extension and raising of the mast assembly to the vertical
      on the working floor of the rig; said mast assembly having a V-door side
      and, opposite thereto, a drawworks side; said mast assembly being adapted
      for roading thereof in the retracted condition and in a substantially
      horizontal position with a V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  26.
PAR  26. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; said base mast
      section having affixed near one of the corners thereof and in swiveling
      relationship thereto a standpipe equipped at its top with a gooseneck and
      means to secure said gooseneck adjacent said mast assembly during roading
      thereof; the lower ends of the drawworks side mast leg members of said
      base mast section being equipped with trunnion engaging means adapted to
      engage said trunnion means of the working floor of (B) in substantially
      vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  27.
PAR  27. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the end of each leg
      member of each mast section being provided with means for establishing and
      maintaining straight-line concentric positioning thereof with the end of
      its corresponding leg member of the adjacent mast section; and the lower
      ends of the drawworks side mast leg members of said base mast section
      being equipped with trunnion engaging means adapted to engage said
      trunnion means of the working floor of (B) in substantially vertically
      pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  28.
PAR  28. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereon in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship; the
      lower ends of the V-door side mast leg members of said base mast section
      being equipped with means for vertical adjustment thereof with respect to
      said working floor;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor; and
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B).
NUM  29.
PAR  29. A mobile drill rig apparatus comprising:
PA1  A. a rig base having a drawworks side and, opposite thereto, a V-door side;
PA1  B. a working floor adapted for erection in spaced relationship above said
      rig base, said working floor comprising a rotary table and, located on the
      drawworks side of said floor, trunnion means;
PA1  C. a rig base extension extending from the drawworks side of said rig base
      and separable therefrom, said rig base extension defining a ground-based
      platform of a size and shape adapted for stationing the roadable mast
      assembly of (E) thereon during erection and takedown of the mast assembly
      and for stationing a drawworks/rotary table power group thereon during
      drilling operations;
PA1  D. at least two diagonal bracing elements each secured at one end thereof
      to said rig base extension and, at the other end thereof, to the erected
      working floor of (B);
PA1  E. a roadable telescoping mast assembly composed of mast sections including
      a base mast section and a crown mast section, said mast assembly having
      four leg members extending in a substantially mutually convergent manner
      from the base to the crown thereof, said leg members defining the four
      corners of the mast assembly; said mast assembly having a V-door side and,
      opposite thereto, a drawworks side; said mast assembly being adapted for
      roading thereof in the retracted condition and in a substantially
      horizontal position with the V-door side thereof up; the lower ends of the
      drawworks side mast leg members of said base mast section being equipped
      with trunnion engaging means adapted to engage said trunnion means of the
      working floor of (B) in substantially vertically pivotal relationship;
PA1  F. means to raise the base mast section of the roadable mast assembly of
      (E) from its horizontal position located on the rig base extension of (C)
      to the erected working floor of (B) and means to bring said trunnion
      engaging means into engagement with said trunnion means of said working
      floor;
PA1  G. mast raising means located on the drawworks side of the rig assembly to
      raise the mast assembly of (E) to the vertical on the working floor of
      (B); and
PA1  H. vertical adjustment means for each drawworks side mast section leg
      member of said base mast section and each trunnion means of the working
      floor corresponding thereto.
NUM  30.
PAR  30. The drill rig apparatus of claim 29 wherein each said vertical
      adjustment means comprises a hydraulic jack located on the working floor
      and positioned under the trunnion engaging means of its associated
      drawworks side base mast section leg member.
NUM  31.
PAR  31. The drill rig apparatus of claim 28 wherein each said vertical
      adjustment means of (E) comprises a jackscrew.
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ABST
PAL  Disclosed is a system for monitoring the speed at which a pipe string is
      lowered into or pulled out of a well bore during a well drilling
      operation. The system includes a unit which derives an electrical signal
      as a function of instantaneous pipe speed and a monitoring system which
      compares signals representative of instantaneous velocities with respect
      to predetermined velocity limits and provides physiological indications
      whenever such limits are transgressed. Also included are visual indicator
      means and recorder means, as well as a loop control system for automatic
      regulation of the speed.
PARN
PAR  This application is a divisional application of my copending application
      Ser. No. 294,963, filed Oct. 4, 1972, for "Drill Pipe Monitoring System",
      now U.S. Pat. No. 3,866,468 issued Feb. 18, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to methods and apparatus for monitoring and
      deriving indications of the speed at which a pipe string travels while
      such pipe string is lowered into or pulled out of a well bore during a
      well drilling operation.
PAR  In a rotary well drilling operation, a drilling bit at the end of a drill
      string or pipe is rotated to cut into the earth formations. The drill
      string or string of pipe is made up of pipe joints, usually about 30 feet
      in length, which are coupled to one another by threaded tool joints. As
      the well is drilled, additional pipe joints are added to the string of
      pipe.
PAR  From time to time during a rotary drilling operation, the drill string or
      pipe is removed, for example, to change the bit or to perform another
      operation, such as obtaining a log of the formations. Thereafter, the pipe
      is returned to continue drilling or to run a string of casing into the
      hole. The process of removing and reinserting a string of pipe is called
      "tripping".
PAR  In removing or reinserting a pipe string, the pipe joints are successively
      uncoupled or coupled as the case my be and the sections of pipe or joint
      sections are stacked in the drilling rig. Usually, pipe joints are
      interconnected lengths of two or three pipe joint sections, sometimes
      referred to as "doubles" and "Threbbles" or "pipe stands" when they are
      vertically stacked in the drilling rig. In this relationship, the pipe
      joints also are said to be "racked" in the derrick.
PAR  The drilling rig has a device called a rotary table which is used to rotate
      the drilling string. In the rotary table on the derrick floor of the rig
      are releasable slips which are used to releasably support the pipe string
      in the borehole during the tripping operation. For example, while going in
      with a pipe string, the slips serve to hold the upper end of the pipe
      string in the rotary table and prevent the pipe string from dropping into
      the well. A vertically movable traveling block in the rig derrick is used
      to bring a double or threbble pipe length or stand into a position where
      such a stand can be threadedly coupled to the upper end of the pipe
      supported in the rotary table. Upon interconnection of a pipe stand to the
      pipe string, the slips are released and the traveling block supports and
      lowers the string of pipe into the well bore until the upper end is just
      above the slips, whereupon the slips in the rotary table are reengaged
      with the pipe string. This operation is continued until the bit at the
      lower end of the pipe string is in drilling position. From the time that
      the pipe string begins its motion from a stop or rest position, it first
      accelerates to a "running-in" speed which is essentially a constant speed,
      and then it decelerates to a stopped condition.
PAR  Typically, in well drilling operations, a drilling fluid (commonly called
      "mud") is used where the functions and properties of the drilling fluid
      are intended to promote a safe and speedy drilling and completion of the
      well. While the pipe string is being moved into the bore hole or from a
      bore hole, hydraulic effects or pressure surges relative to the borehole
      are created which can damage the subsequent productivity of
      hydrocarbon-bearing formations. Excessive surge pressures can also lead to
      loss of drilling fluid through pressure induced fractures of the formation
      which can cause sticking of the drill pipe, excessive loss of mud and
      other complications.
PAR  When the pipe is removed from the borehole, the above described procedure
      is reversed in that the pipe joints are racked in the derrick as double or
      triple stands as they are successively uncoupled from the string of pipe.
      During the pipe removal operation, the motion of the pipe is first an
      acceleration to a constant speed and then deceleration to a stop
      condition. While coming out of the borehole, if the string of pipe is
      pulled too fast while being removed, a condition known as "swabbing" and
      other undesirable hydraulic effects can occur. Swabbing is a condition
      involving a reduction in the total hydraulic pressure in the hole to a
      less than normal pressure for the hydrostatic pressure of the static
      drilling fluid column in the well bore. An excessive reduction in
      hydraulic pressure can cause the well to "kick", that is, formation fluids
      under their in-situ pressures may enter into the drilling fluid and into
      the well bore. This action could cause a "blow out". In soft formations,
      collapse of the borehole walls can also occur because of swabbing effects.
PAR  Swab and surge pressures can be minimized by reducing the viscosity
      characteristics of the drilling fluid, providing adequate borehole to pipe
      clearances, and minimizing flow constrictions in the pipe string. These
      factors are considered and taken into account when planning the drilling
      operations for a well. While a round trip of the pipe string is being
      made, however, these pressures can only be controlled by driller in
      control of the pipe speed. Commonly, a listing or schedule with optimum
      velocities in terms of information such as "pull 10 stands at 85 seconds
      per stand" etc. is available for use by the driller. This schedule can be
      computed by hand or by a computer. The driller will then attempt to pull
      or run the pipe string at a uniform velocity by noting the total time
      required for moving one stand or a joint of pipe over a given distance.
      However, the drilling cannot give undivided attention to the pipe speed
      requirements because he must be attentive to the actions of his other crew
      members in the synchronized operation of moving a pipe string as well as
      the other equipment under his control.
PAR  The schedule, however, cannot always take into consideration miscellaneous
      factors, which sometime affect velocity, such as the amount of drag on the
      moving pipe, the position of the hoisting equipment and the behavior of
      the machinery. Moreover, even if the operation follows the schedule and
      average speed is within the prescribed limits, it is possible for the
      instantaneous speeds to be excessive and cause damage.
PAR  If the driller simply pulls or runs the pipe very slowly, the hydraulic
      pressure can be controlled but this is undesirable since it is costly in
      terms of rig time consumed and furthermore, excessive time periods without
      mud circulation (as when tripping) may lead to various well difficulties.
      It should be noted that an optimum velocity varies as a function of the
      amount of moving pipe in the hole, generaly, but not necessarily,
      decreasing with increasing lengths of moving pipe.
PAR  It should be appreciated from the foregoing that tripping the pipe is a
      synchronized operation of the drilling crew to move the pipe into or out
      of the borehole in as short a time as possible, not only to reduce costs
      but also to reduce the risks involved in not having the pipe in the hole
      where mud control can be maintained. As noted heretofore, the technology
      to date for the driller to determine proper run-in or run-out speeds of a
      string of pipe involves only rudimentary execution procedures based on the
      elapsed time for moving a section of pipe. A stop watch is sometimes used
      as the determinant for the velocity, and it will be appreciated that this
      can only establish average values for velocities. This technique has the
      very obvious disadvantage that excessive velocities may occur even though
      the average velocity is kept within limits and the impreciseness of the
      operation can unknowingly cause well damage.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  By means of the present invention a preselected or desired velocity range
      for moving the pipe can be established and the instantaneous pipe speed
      monitored relative to the velocity range so that the driller can optimize
      the speed of the operation while eliminating or minimizing the risks of
      excessive speeds. This is accomplished by apparatus which includes means
      for deriving an indication of the instantaneous speed or velocity of the
      pipe in terms of an electrical signal and means for comparing the
      electrical signal relative to preset signal values for providing an output
      indication whenever velocity limits are exceeded. The system is further
      provided with means for selectively limiting effective operation of the
      system to movement of the pipe in one direction, and means for dropping
      out the alarm indicator upon stopping of the pipe.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention may be more easily understood and will become more
      apparent from the following description when taken in conjunction with the
      drawings, in which:
PAR  FIG. 1 is a schematic illustration of a drilling system for drilling a well
      bore;
PAR  FIG. 2 is an electrical schematic diagram of the system embodying the
      present invention;
PAR  FIG. 3 is a partial view in cross-section of a drum for a drilling line on
      a drawworks; and
PAR  FIG. 4 is a schematic illustration of another type of drilling system
      control.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The tripping of a pipe string relative to a well bore should be
      accomplished in the shortest possible time without causing damage to the
      well or creating hazardous conditions. With the known parameters of the
      well, safe maximum velocity values for moving the pipe can be defined.
      MInimum velocities, of course, do not of themselves create problems, but
      in the tripping of the well a certain rhythmical operation is developed
      between the various operators. The judgment of the hoist operator who
      controls speed of the pipe string is assisted if both the upper and lower
      velocity limits are defined so that he can maintain an established or
      defined rhythmical time operation relative to movement of the pipe.
PAR  Referring now to FIG. 1, there is shown a well that traverses earth
      formations 10. The well is illustrated as having surface casing 11 for the
      first few hundred feet and a protective liner 12 set in place in the next,
      lower section. The drilling of the well is accomplished by means of a
      conventional rotary bit 13 attached to a drilling string 14. The drill
      string 14 extends to the earth's surface where it passes through
      conventional well head equipment 15 that includes blowout preventers and
      other well-known equipment. The drill string 14 is rotated by means of a
      rotary table 16 in a rig derrick 17. On the derrick 17 one threbble
      section of pipe 18 is illustrated for purposes of explanation. When the
      pipe string 14 is being pulled from the well bore, slips 19 on the rotary
      table suspend and support the pipe string in the borehole while the pipe
      section 18, which is uncoupled from the string, is placed in the pipe
      rack. In making a trip, elevators 20 are used for latching onto or
      gripping the pipe string. The elevators 20 are attached to a traveling
      block 21 which is copuled by a drilling line 22 to a drawworks 23. The
      drilling line 22 is suspended in the center of the rig near the apex by a
      crown block 24.
PAR  The operation for removing a string of pipe from a well bore starts by the
      driller releasing the drawworks 23 and lowering the elevators 20 to the
      derrick floor 17. There the crew (sometimes called roughnecks) latch
      elevators 20 to the protruding stand of the string of pipe. The driller
      opens the throttle on the drawworks 23, releases the drawworks brakes, and
      the drill pipe is on its way up. The driller stops the upward movement of
      the traveling block 21 when the elevators 20 carry the pipe up to a
      derrickman positioned above the drilling rig floor and a joint connection
      is above the table 16. The slips 19 are then set by the crew on the
      derrick floor and the crew uses tongs to uncoupled a pipe section. Upon
      disconnection of the pipe section, the bottom of the disconnected stand of
      pipe is placed on the rig floor while the derrickman swings the top of the
      stand of pipe into the derrick pipe rack. As soon as the derrickman has
      control of the upper end of the pipe stand, the elevators 20 are released
      from the pipe string so that the traveling block 21 and elevators 20 can
      be lowered at full speed to the rig floor. This operation is repeated
      until all of the pipe string is removed from the well bore.
PAR  For returning the pipe to the well bore, the foregoing described operations
      are simply reversed. That is, the elevators 20 pick up the upper end of a
      stand of pipe which is racked in the rig, and the crew couples the stand
      of pipe to the pipe string supported by the slips 19. The slips 19 are
      then released and the pipe string lowered into the borehole. When the
      upper end of the pipe string is just above the rotary table, the slips 19
      are again set. The elevators 20 are next released and the traveling block
      raised to pick up the upper end of another stand of pipe and the operation
      is repeated.
PAR  Referring now to FIG. 2, there is a schematic illustration of a system
      which includes a sensor 30 for detecting speed from a drawworks and
      producing electrical signals as a function of the speed. The sensor 30
      illustrated involves a tooth gear 31 which can have magnetically
      susceptible teeth and a pick-up coil 32. The gear 31 can be coupled to the
      drilling line drum so that the electrical pulse output of pick-up coil 32,
      as a function of time, is indicative of the speed. The pulse signal
      S.sub.3 is supplied to an electrical tachometer 34 which includes a
      converter 33. The converter 33 converts the pulse signal S.sub.3 to a
      direct current voltage signal S.sub.1 where the level of the signal is a
      function of the electrical pulse input rate. An alternate embodiment would
      provide D.C. voltage signal, from a D.C. generator in lieu of pulse device
      30 and pulse converter 33. The voltage signal S.sub.1 provides one input
      to a computation circuit 61. The circuit 61 also receives a reference
      input voltage signal S.sub.2 from a voltage source (not shown). The signal
      S.sub.2 provides a preset or preselected electrical signal representative
      of a desired speed. The computation circuit 61 subtracts the voltage value
      of the signal S.sub.1 from the voltage value for the signal S.sub.2 and
      divides by the voltage value for the signal S.sub.2. This computation
      produces an output signal S.sub.0 which is a percentage function of the
      velocity deviation. This output signal S.sub.0 is supplied to an
      indicating meter 62; thus an indication of how much the velocity deviation
      is in terms of percentage is defined by meter 61. The voltage signals
      S.sub.1 and S.sub.2 are also supplied directly to pens in a recorder 60
      for a direct recording of their independent values.
PAR  The percentage deviation output signal S.sub.0 from the computation circuit
      61 also is supplied via the comparator circuits 61A and 61B to the
      solenoid coils 35 and 37 of the alarm relays 36 and 38. The high and low
      percentage deviations at which the alarm relays 36 and 38 are energized
      are individually selectable and adjustable by potentiometer means 62A and
      62B. If the detected speed is excessive and the corresponding S.sub.1
      signal exceeds the S.sub.2 signal by the preselected percentage, the relay
      switch 36 is energized. If the detected speed is too slow and the
      corresponding S.sub.1 signal is less than the S.sub.2 signal by the second
      preselected percentage, the relay switch 38 is energized.
PAR  The system for indicating the occurrence of excessive speed includes a
      first horn and light indicator set where the horn 39 and light 40 are
      electrically coupled in a parallel relationship. An input for the horn 39
      and light 40 is coupled to the normally open contact 41 of the relay
      switch 36. Thus, when the solenoid coil 35 of the relay is actuated, the
      relay 36 is operated and electrical power at a movable contact 42 can be
      applied to the horn 39 and light 40 and result in an indication of the
      occurence of excessive speed.
PAR  A second horn and light indicator set includes a horn 43 and light 44
      electrically coupled in a parallel relationship. One input for the horn 43
      and the light 44 is coupled to the normally open contact 45 of the relay
      switch 38. Thus, when the solenoid coil 37 and the relay switch 38
      operate, electrical power at a movable contact 46 can be applied to the
      horn and light set for an indication of too slow speed.
PAR  The relay system includes the relay switch 38 which has its movable contact
      46 normally closed with a contact 47 coupled to a light means 48 which is
      grounded. Illumination of the light means 48 is indicative of normal
      operation within the speed limits. The movable contact 46 of the relay
      switch 38 is coupled to a stationary contact 49 of the relay switch 36 so
      that if the velocity is not too great, the movable contact 42 normally
      closes with the stationary contact 49. The movable contact 42 of the relay
      switch 36 is coupled to a stationary contact 50 of a pressure responsive
      switch 51. The pressure responsive switch 51 normally closes a movable
      contact 52 with the stationary contact 50 when the drill line carries the
      pipe load and normally opens the contacts 50 and 52 when the traveling
      block is free of the load. The movable contact 52 is, in turn, coupled to
      a movable contact 53 of a voltage sensitive relay 54. The stationary
      contact 55 of the voltage sensitive relay is coupled via an on-off switch
      56 to a source of direct current 57.
PAR  The electrical output of the converter 33 is coupled to the solenoid coil
      58 of the voltage sensitive relay 54 so that when the speed decreases to a
      low value, the corresponding voltage signal S.sub.1 is insufficient to
      keep the relay actuated and the relay switch will open. The output of the
      converter 33 is also coupled via a switch contact 59 to the drive system
      (X) of the recorder 60. Thus, when the pressure switch 51 is operated, the
      recorder drive is actuated and the strip or other chart in the recorder is
      moved as a function of time. Also included in the pressure responsive
      switch 51 are a set of contacts 63 which, when closed, provide electrical
      continuity between the computation circuit 61 and the meter 62. Thus,
      meter 62 is operated only when the pressure switch 51 is operated.
PAR  In the operation of the foregoing system, the on-off switch 56 is first
      operated. The drawworks 23 will produce a signal to the converter 33 for
      either direction of movement and when the speed produces the electrical
      signal, the voltage sensitive relay 54 is actuated. If the pipe is
      attached to the line, i.e., there is a load on the drilling line, then the
      pressure switch 51 will condition the indicator circuits for operation. If
      there is no load and the empty blocks are traveling between locations, the
      switch 51 will prevent the indicators from operating.
PAR  Assuming a pipe load which is being transported by the traveling block so
      that switches 54 and 51 are actuated, then power is normally applied from
      the source 57 through switch 36 and 38 to the indicator light 48.
      Operation of the light 48 is indicative of a normal operation.
PAR  The speed signal S.sub.1 from the converter 33 is applied to the recorder
      60 and to the computation circuit 61. The computation circuit 61 is
      supplied with a reference signal S.sub.2 which is representative of the
      desired speed. The alarm comparator circuits 61A and 61B are preset to any
      desired low or high deviation from the desired speed and whenever the
      preset values are transgressed either the solenoid coil 35 or the solenoid
      coil 37 receives a control signal. If solenoid coil 35 is energized
      because the velocity signal S.sub.1 is too low then power from source 57
      is applied via the relay switch 36 to the horn 39 and the light 40. On the
      other hand, if the solenoid coil 37 is energized, then switch 38 applies
      electrical power from the power source 57 via the switch 38 to the horn 43
      and light 44.
PAR  It will be readily apparent that while the traveling block is decelerating
      to a stopped position, this will usually cause the meter to traverse the
      low velocity limit. To eliminate the nuisance of receiving the audible or
      visual indications each time that this event occurs, the switch relay 53
      is set for a drop out value to disconnect the light and horn sets whenever
      the signal reaches a predetermined lower value. This value will correspond
      to a slower average speed used when actually handling the pipe.
PAR  The foregoing described system is, of course, susceptible to modifications.
      the tachometer 34, comprised of converter 33, computation circuit 61, and
      the alarm comparator circuit 61A and 61B, as described is manufactured and
      distributed commercially. A differential tachometer which is referred to
      as dynalco "DT" series can be used and will accept pulse-type inputs. The
      pressure switch 51 can be applied and used on the drill line, the weight
      indicator or other suitable and appropriate locations. The signal S.sub.2
      can be supplied by a computer or by a manually adjustable device. The
      recorder 60 may be continuously driven on a straight time base. On the
      footage basis, as illustrated, a variable speed motor in the recorder
      would be powered by the speed or velocity voltage signal.
PAR  In FIG. 3, which is a partial illustration of a drilling line drum of the
      drawworks 23, there is disposed along a flange 26 of the drum a roller 27
      which is attached to a transducer device 28. The rotational motion of the
      flange 26 through a friction drive rotates the roller 27 and, in turn,
      transducer 28 produces an electrical output signal as a function of the
      rotation of roller 27. The rotation of roller 27 and the output signal of
      transducer 28 is a function of velocity of the drilling line which is a
      function of the speed of the pipe. Transducer 28 may be constructed and
      adapted to provide a direct current signal where the polarity is dependent
      upon the direction of rotation of roller 27, in which case a double pole,
      double throw polarity reversing switch 128 is necessary to provide a
      positive input voltage S.sub.1. However, switch 128 is not required if
      transducer 28 provides a non-direction-dependent voltage signal, such as a
      pulse type signal. The magnitude of the signal from transducer 28, which
      varies as a function of speed, is affected by the location of the wheel 27
      relative to the axis of the drum, the size of wheel 27 and a number of
      other factors. All of these factors can be electrically compensated so
      that a signal proportional to the speed or velocity of the drilling line
      can be obtained. Thus, an analog signal can be derived directly from this
      type of pick-up or sensor.
PAR  Referring now to FIG. 4, a system is illustrated for automatic control. In
      this system, the speed of the pipe travel is also proportioned from the
      drawworks 23 which provides a drive of a sensor 65. The sensor 65 is a
      transducer which provides electrical output signals S.sub.1 calibrated in
      terms of instantaneous pipe speed. The drawworks 23 is powered by an
      engine means 69 which can be speeded up or slowed down to regulate the
      pipe speed by means of a throttle control. The throttle control is
      regulatable and controlled proportionately to an input electrical signal
      S.sub.4. An electrical controller means 66 is provided which is arranged
      to compare input electrical signals S.sub.1 to a preselected reference
      signal value S.sub.2 and provide a compensating control signal S.sub.4
      whenever S.sub.1 and S.sub.2 differ by a predetermined value. The
      reference electrical signal S.sub.2 can be generated by a computer means
      68 which is suitably programmed to calculate the optimum speed and provide
      a corresponding electrical signal S.sub.2. As a further control measure, a
      flow meter 67 can be coupled into the mud return line to provide an
      electrical signal Q which is representative of the flow rate. The Q signal
      would be used to decrease the S.sub.2 signal value in the event the bit
      becomes clogged with materials in the borehole or should excessive mud
      line pressures occur for any other reason. Of course, a decrease S.sub.2
      signal will decrease the speed of the pipe movement.
PAR  The foregoing description of the system which involves control of the
      throttle principally achieves the control of speed while coming out of the
      hole with the pipe string. While going in the hole, the control signal
      S.sub.4 would be applied to the drawworks brake control systems.
PAR  While particular embodiments of the present invention have been shown and
      described, it is apparent that changes and modifications may be made
      without departing from this invention in its broader aspects; and,
      therefor, the aim in the appended claims is to cover all such changes and
      modifications as fall within the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for control of the speed of pipe relative to a well bore
      comprising the steps of:
PA1  producing a first electrical signal as a function of the actual speed of
      the pipe as it moves relative to a well bore,
PA1  producing a second electrical signal as a function of a desired speed
      value,
PA1  comparing said first and second electrical signals and producing at least
      one electrical output signal as a function of the pre-established
      difference between said first and second electrical signals,
PA1  applying said one output signal to a speed control means for the pipe to
      regulate the speed to a value within said pre-established difference, and
PA1  producing a third electrical signal as a function of the flow rate for the
      mud system in a well and decreasing the speed of the pipe as a function of
      any decrease in the flow rate.
NUM  2.
PAR  2. A method for controlling the speed of pipe as it is moved relative to a
      well bore comprising the steps of:
PA1  moving a pipe relative to a well bore with a pipe moving means capable of
      varying the speed at which a pipe is moved,
PA1  sensing the speed at which a pipe is moved relative to a well bore and
      producing first electrical signals as a function of the actual speed of
      the pipe,
PA1  producing second electrical signals which are representative of the desired
      speed at which a pipe should be moved,
PA1  comparing said first and second electrical signals and producing at least
      one electrical error control output signal as a function of the difference
      in said first and second electrical signals,
PA1  applying said error control output signal to such pipe moving means to vary
      the speed at which the pipe is moved toward the desired speed represented
      by said second electrical signals, and
PA1  sensing the flow rate in a well return line and developing third electrical
      signals representative of the flow rate in the return line, and
PA1  adjusting the second electrical signals in proportion to said third
      electrical signals so that the speed at which a pipe is moved is
      proportional to the flow rate in the return line.
NUM  3.
PAR  3. Apparatus for control of the speed of pipe relative to a well bore
      comprising:
PA1  means for moving a pipe relative to a well bore and having speed control
      means,
PA1  means for producing a first electrical signal as a function of the actual
      speed of the pipe as it moves relative to a well bore,
PA1  means for producing a second electrical signal as a function of a desired
      speed value,
PA1  means for comparing said first and second electrical signals and producing
      at least one electrical ouptut signal as a function of the pre-established
      difference between said first and second electrical signals,
PA1  means for applying said one output signal to said speed control means for
      regulating the moving speed to a value within said pre-established
      difference, and
PA1  means for producing a third electrical signal as a function of the flow
      rate for the mud system in a well, said last mentioned means being coupled
      to said means for producing said second electrical signals for changing
      the speed of the pipe as a function of any change in the flow rate.
NUM  4.
PAR  4. Apparatus for controlling the speed of pipe as it is moved relative to a
      well bore comprising:
PA1  pipe moving means for moving a pipe relative to a well bore and including
      means for varying the speed at which a pipe is moved,
PA1  means for sensing the speed at which a pipe is moved relative to a well
      bore and for producing first electrical signals as a function of the
      actual speed of the pipe,
PA1  means for producing second electrical signals which are representative of
      the desired speed at which a pipe should be moved,
PA1  means for comparing said first and second electrical signals and for
      producing at least one electrical error control output signal as a
      function of the differences in said first and second electrical signals,
PA1  means for applying said error control output signal to such pipe moving
      means for varying the speed at which the pipe is moved toward the desired
      speed represented by said second electrical signals,
PA1  means for sensing the flow rate in a well return line and for developing
      third electrical signals representative of the flow rate in the return
      line, and
PA1  means for adjusting the second electrical signals in proportion to said
      third electrical signals so that the speed at which a pipe is moved is
      proportional to the flow rate in the return line.
NUM  5.
PAR  5. A method for controlling the pipe speed as it is being inserted or
      removed from a well bore, comprising the steps of:
PA1  moving a pipe relative to a well bore with a pipe moving means having speed
      control means for varying the speed at which a pipe is moved,
PA1  producing a first electrical signal as a function of the actual speed of
      the pipe as it is moved vertical relative to a well bore,
PA1  producing a second electrical signal as a function of a desired vertical
      speed value for the pipe,
PA1  comparing said first and second electrical signals and producing at least
      one electrical output signal as a function of a pre-established difference
      between said first and second electrical signals, and
PA1  applying said one output signal to the speed control means to regulate the
      vertical speed of the pipe moving means to a value within said
      pre-established difference.
NUM  6.
PAR  6. A method for controlling the speed of pipe as it is moved vertically
      into or out of a well bore comprising the steps of:
PA1  moving a pipe vertically relative to a well bore with a pipe moving means
      capable of varying the speed at which a pipe is vertically moved, sensing
      the speed at which a pipe is vertically moved relative to a well bore and
      producing first electrical signals as a function of the actual speed of
      the pipe,
PA1  producing second electrical signals which are representative of the desired
      vertical speed at which a pipe should be moved,
PA1  comparing said first and second electrical signals and producing at least
      one electrical error control output signal as a function of the
      differences in said first and second electrical signals, and
PA1  applying said error control output signal to such pipe moving means to vary
      the vertical speed at which the pipe is moved toward the desired speed
      represented by said second electrical signals.
NUM  7.
PAR  7. Apparatus for controlling the speed of pipe as it is being moved
      vertically relative to a well bore comprising:
PA1  means for moving a pipe vertically relative to a well bore and having speed
      control means,
PA1  means for producing a first electrical signal as a function of the actual
      speed of the pipe as it is moved vertical relative to a well bore,
PA1  means for producing a second electrical signal as a function of a desired
      vertical speed value,
PA1  means for comparing said first and second electrical signals and producing
      at least one electrical output signal as a function of a pre-established
      difference between said first and second electrical signals, and
PA1  means for applying said one output signal to said speed control means for
      regulating the vertical moving speed to a value within said
      pre-established difference.
NUM  8.
PAR  8. Apparatus for automatically controlling the vertical speed of pipe as it
      is inserted or removed from a well bore comprising:
PA1  pipe moving means for moving a pipe vertically relative to a well bore and
      including means for varying the speed at which a pipe is moved vertically,
PA1  means for sensing the speed at which a pipe is moved vertically relative to
      a well bore and for producing first electrical signals as a function of
      the actual speed of the pipe,
PA1  means for producing second electrical signals which are representative of
      the desired vertical speed at which a pipe should be moved,
PA1  means for comparing said first and second electrical signals and for
      producing at least one electrical error control output signal as a
      function of the differences in said first and second electrical signals,
      and
PA1  means for applying said error control output signal to such pipe moving
      means for varying the vertical speed at which the pipe is moved toward the
      desired vertical speed represented by said second electrical signals.
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ABST
PAL  A percussive machine having an impact mechanism accommodated to a housing
      with a hammer piston imparting blows to a rock-destroying member. There is
      provided an air-supply duct for supplying compressed air to the impact
      mechanism and to the hole face. In order to prevent the machine from
      moving away from the hole face during the operation, the housing is
      provided with an elastic tubular member having a space in constant
      communication with the air supply duct.
BSUM
PAR  The present invention relates to percussive machines for boring holes in
      rocks of different hardness, and in particular to self-propelled
      percussive machines for boring holes.
PAR  The machine according to the invention may be used in mining, construction
      and industries, where it is required to bore a hole in restricted site
      conditions when conventional boring equipment cannot be employed because
      of the size and weight limitations.
PAR  Known in the art is a self-propelled percussive machine for boring holes in
      rocks comprising a housing with an impact mechanism accommodated therein
      having a hammer piston imparting blows to a rock-disintegrating member,
      means for preventing the machine from moving away from the hole face
      during the operation and, an air-supply duct for supplying compressed air
      to the impact mechanism and to the hole face for removing rock
      disintegration products from the hole.
PAR  In this machine, the means preventing the machine from moving away from the
      hole face during the operation comprises a plurality of steel plates
      articulated to the rear end of the machine housing. The edges of the
      plates facing the borehole wall are provided with indents. In the working
      position of the machine, the plates engage the borehole wall under the
      action of a spring mechanism which is also mounted on the rear end of the
      machine between the plates. There are also provided ropes, each having one
      end secured to the plate, the other end being outside the borehole. These
      ropes are used to disengage the plates from the borehole wall and to
      withdraw the machine from the borehole.
PAR  However, the means preventing the machine from moving away from the hole
      face has a complicated construction, while the force of engagement thereof
      with the borehole wall is unstable if irregularities occur on this wall.
      Furthermore, this means cannot automatically disengage from the borehole
      wall upon interrupting the boring, and an additional external force is to
      be applied to the cables of such means which should be sufficient to
      overcome the resistance of elastic forces of the spring mechanism. This
      force should be maintained constant during the entire period of withdrawl
      of the machine from the borehole, because otherwise an undesired
      engagement of the machine with the borehole wall will again occur.
PAR  In addition, such means for engaging the borehole wall is unreliable in
      operation due to the large number of parts and their joints
      (articulations, threaded connections and cam links) while the service life
      of the machine is also short for the same reason.
PAR  Attempts were made to provide a self-propelled percussive machine for
      boring holes having a walking-type means preventing the machine from
      moving away from the hole face, in combination with a complicated
      air-distribution device, impact mechanism and means for turning the
      rock-disintegrating member.
PAR  Such conventional machines have not found a wide application heretofore
      because of their complicated construction, unreliable operation and
      limited performance inherent to the machines with a turnable
      rock-destroying member (due to a small size).
PAR  It is an object of the invention to provide a self-propelled percussive
      machine for boring holes which is more reliable in operation.
PAR  Another object of the invention is to provide a self-propelled machine
      having a more stable force of engagement with the borehole wall.
PAR  Still another object of the invention is to provide a self-propelled
      machine with means preventing the machine from moving away from the hole
      face during the operation having of simpler construction as compared to
      such means used in known machines of the same type.
PAR  These and other objects of the invention are accomplished by the provision
      of a self-propelled percussive machine for boring holes in rocks
      comprising a housing with an impact mechanism accommodated therein having
      a hammer piston imparting blows to a rock-destroying memmber, means
      preventing the machine from moving away from the hole face during the
      operation, an air-supply duct for supplying compressed air to the impact
      mechanism and to the hole face to remove rock disintegration products from
      the borehole, wherein, according to the invention, the means for
      preventing the machine from moving away from the hole face comprises an
      elastic tubular member mounted on the housing and having a space in
      permanent communication with the air-supply duct.
PAR  The working section of the tubular member preferably is of an oval shape.
      This shape of the tubular member contributes to the application of an
      increased normal pressure force to the borehole wall.
PAR  The tubular member is preferably externally provided with plates mounted
      thereon, which are made of a material resistant to abrasive wear. This
      prolongs the service life of the tubular member and improves the
      reliability of the machine as a whole.
PAR  According to the invention there is provided a self-propelled machine
      having an improved reliability in operation, more stable engagement with
      the borehole wall, a rather simple structure and more durable means
      preventing the machine from moving away from the hole face.
DRWD
PAR  The invention will now be described with reference to a specific embodiment
      thereof illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a front elevation view partially in section of a self-propelled
      percussive machine for boring holes according to the invention;
PAR  FIG. 2 is a sectional view taken along line II--II in FIG. 1;
PAR  FIG. 3 is a sectional view taken along line III--III in FIG. 1;
PAR  FIG. 4 is a sectional view taken along line IV--IV in FIG. 1; and
PAR  FIG. 5 is a detail A in FIG. 1 (showing means preventing the machine from
      moving away from the hole face when engaged with the borehole wall).
DETD
PAR  The specific embodiment of the invention shown in the drawings will be
      described using the specific narrow terms of the art. It should be,
      however, borne in mind that each term covers all possible equivalents
      performing identical functions and used for similar purposes.
PAR  A self-propelled percussive machine for boring holes is shown in FIGS. 1.
      to 5 and comprises a housing 1 with an impact mechanism 2 accommodated
      therein. A hammer piston 3 of this mechanism imparts, via a forward part 4
      of the housing 1, impact pulses to a rock-destroying member 5 fitted on
      the housing (impact pulses can be imparted directly to the
      rock-destructing member).
PAR  The top portion of the machine 6 is provided with means preventing the
      machine from moving away from the hole face during the operation which
      comprises an elastic tubular member 7 made, for example, from rubber. The
      elastic member is externally provided with metal plates 8 mounted thereon
      so as to improve the resistance of this means against abrasive wear, and
      openings 9 are made in the elastic member to pass rock disintegration
      products from the bore hole.
PAR  The internal space 10 of the member 7 has a working section of oval shape.
      This shape of the working section provides for application of an increased
      force of engagement of the elastic member with the borehole wall.
PAR  The internal space 10 of the member 7 is in permanent communication with an
      air supply duct 11 which serves for supplying compressed air to the
      machine and to the hole face for removing rock disintegration products
      from the borehole. The duct 11 is integral with the elastic member.
PAR  In order to reduce cambering of the borehole, the housing 1 is provided
      with guides 12 and 13.
PAR  A pipe 14 extends through the impact mechanism 2 which is connected to the
      air-supply duct 11. This pipe, as well as a passage 15 made in the forward
      part 4 of the housing 1 and connected to the pipe, are used to provide the
      supply of compressed air to the hole face for blasting independently of
      the operation of the machine.
PAR  Since the impact mechanism 2 is not claimed herein and may be of any
      appropriate known type (valveless, valve-type and the like) with various
      modifications of the air supply duct configuration, it will not be
      described in details.
PAR  In order to enable the removal of rock disintegration products from the
      borehole, the rock-destroying member 5 has a passage formed by openings 16
      leading to a passage 17 between the housing 1 of the machine and the
      borehole wall, and a passage 18 between the air-supply duct 11 and the
      borehole wall.
PAR  When in the inoperative position, a space 19 is provided between the
      tubular member 7 and the borehole wall. The engagement of the member 7
      with the borehole wall is effected through the intermediary of projections
      20.
PAR  The self-propelled machine may be either reversible or non-reversible.
      Reverse operation may be achieved by using a widely known reverse means
      employed in self-propelled air-operated percussive machines for boring
      holes by compacting soil.
PAR  When the machine is non-reversible, it can be withdrawn from the borehole,
      for example, by using ropes fixed to the machine housing 1.
PAR  In boring horizontal holes, the machine launched from one well will appear
      in the other from the resulting borehole.
PAR  The method of withdrawing the machine is not relevant to the invention,
      and, therefore, it will not be considered herein in detail.
PAR  The self-propelled percussive machine for boring holes shown in FIGS. 1 to
      5 operates as follows:
PAR  In the initial position of the machine shown in FIGS. 1, 2 the means for
      preventing the machine from moving away from the hole face is disposed in
      the borehole or in a launching pipe with the space 19.
PAR  Upon feeding compressed air into the air-supply duct 11, the air is
      admitted into the internal space 10 of the elastic tubular member 7.
PAR  Since the working section of the member 7 is of an oval shape, the
      compressed air pressure applied to the projections 20 arranged on the oval
      surfaces of the member with a larger radius of curvature will be greater,
      while the projections will be urged against the borehole walls with a
      greater force, than a force which could be developed with a round working
      section of the elastic member.
PAR  The force of engagement of the projections with the borehole walls is a
      calculated value. It should correspond to the value of the recoil forces
      of the machine, and in order to prevent the machine from moving away from
      the hole face, this force should be at least equal to the recoil forces.
PAR  The compressed air flows further from the elastic tubular member 7 into the
      machine housing 1 to the impact mechanism 2, and concurrently, via the
      pipe 14 and the passage 15 in the forward part 4 of the machine, for
      blasting the face.
PAR  When the compressed air enters the impact mechanism 2, the hammer piston 3
      starts reciprocating to impart blows at the forward part 4 of the housing
      1 so as to transmit impact pulses to the rock-destroying member 5 mounted
      on the forward part 4 of the housing 1. The rock-destroying member 5 will
      penetrate the hole face to destroy the rock.
PAR  As the depth of penetration of the rock-destroying member in the rock
      increases, the machine housing 1, together with the elastic tubular member
      7 mounted thereon, will also move at the same depth of the borehole being
      formed due to the fact that the blow force exerted by the hammer piston 3
      on the forward part 4 of the housing 1 is greater than the force of
      engagement of the tubular member 5 with the borehole wall.
PAR  Thus, the machine moves in the borehole without the application of any
      axial force which should be generally exerted by a combersome rig mounted
      on the ground surface.
PAR  Rock disintegration products are removed through the openings 16 of the
      rock-destroying member 5, passages 17, openings 9 and annular space 18 by
      the compressed air supplied to the hole face as described above.
PAR  It should be noted that the invention may be also used when supplying the
      machine with an air-water mixture or liquid, as well as with a combined
      electric and pneumatic power supply.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-propelled percussive machine for boring holes in rocks
      comprising: a housing; an impact mechanism accomodated in said housing and
      having a reciprocating hammer piston; a rock-destroying member mounted on
      the forward part of said housing, the hammer piston of said impact
      mechanism imparting impact pulses to said rock-destroying member during
      its reciprocation; an air-supply duct for supplying compressed air both to
      said impact mechanism for operating it and to the hole face for removing
      rock disintegration products from the borehole; means for preventing said
      self-propelled machine from moving away from the hole face during the
      operation, said means being mounted on said housing and comprising an
      elastic tubular member having an internal space in permanent communication
      with said air-supply duct, said elastic tubular member including radial
      projections and being deformed under the action of the compressed air to
      urge said radial projections against the borehole wall thus preventing the
      self-propelled machine from moving away from the hole face during the
      operation, said tubular member defining a clear space with the wall of the
      hole which space is permanently open during the operation, said housing
      defining an open passage with the wall of the hole leading to said clear
      space so that rock particles can flow continuously from the hole via said
      passage and clear space under the action of the compressed air.
NUM  2.
PAR  2. A self-propelled machine as claimed in claim 1 wherein said air supply
      duct is integral with said elastic tubular member.
NUM  3.
PAR  3. A self-propelled machine as claimed in claim 1, wherein said elastic
      tubular member is of oval shape.
NUM  4.
PAR  4. A self-propelled machine as claimed in claim 1, comprising plates on
      said projections made of a material resistant to abrasive wear.
NUM  5.
PAR  5. A self-propelled machine as claimed in claim 1 wherein said projections
      have outer surfaces which are curved as ring segments.
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ABST
PAL  Disclosed herein for use with earth penetrating tools is an improved
      lubricant pressure relief system that utilizes a housing adapted for
      retention within a lubricant containing passage. An interior surface or
      opening of the housing is exposed to the lubricant in the passage and
      includes an outlet port which has an elastic pressure responsive valve
      covering the opening. The valve releases lubricant when a selected
      pressure is exceeded while excluding the entrance of exterior matter. The
      valve functions as a secondary pressure relief valve when used in
      combination with a spring biased pressure relief valve located within the
      opening of the housing, which is thereby protected from exterior matter
      and its successful operation assured.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to improvements in the lubrication
      systems of earth penetrating tools.
PAR  2. Description of the Prior Art
PAR  Earth penetrating tools, including the rotatable cutter type earth boring
      drill bit, commonly utilize bearing lubrication systems. The successful
      lubrication of drill bit bearings was made practicable with the
      development of a seal capable of operating in the detrimental environment
      and conditions associated with earth boring. One of the most commercially
      successful seals is described in the U.S. Pat. to Atkinson, et al., No.
      3,075,781. Improvements to such seals are disclosed in the U.S. Pats. to
      Cunningham, et al., Nos. 3,137,508 and 3,119,878; and to Farr, et al., No.
      3,313,552. The O-ring type seal has been successfully used in earth boring
      drill bits as described by Galle in U.S. Pat. No. 3,397,928.
PAR  A successful lubrication system for an earth boring drill bit generally
      includes in addition to a successful seal a compensator system that limits
      the pressure differential across the seal. One such compensator may be
      seen for example in the U.S. Pat. to Eenick, No. 3,007,751, and others in
      the U.S. Pats. to Cunningham, Nos. 3,007,750 and 3,137,508.
PAR  In addition to a successful compensator system, it is advantageous to
      include a pressure relief valve to relieve the lubrication system from
      excessive pressures caused by thermally induced expansion, or by the
      creation of gaseous hydrocarbons or other phenomenon. A successful
      pressure relief valve is disclosed in the U.S. Pat. to Galle, No.
      3,476,195.  While the pressure relief valve in this patent operates
      successfully in most instances, it has the disadvantages that foreign
      matter sometimes enters the valve region and by jamming its components
      prevents successful operation.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the general object of this invention to provide
      improvements to the pressure release systems of earth penetrating tools to
      assure their successful operation. This object is accomplished in general
      with the provision of a protective means that includes a housing adapted
      for insertion and retention within the tool and having an outlet port
      covered by a pressure responsive valve or sleeve that releases lubricant
      when its pressure exceeds a selected valve while excluding the entrance of
      exterior matter. While such a protective means can operate as the primary
      pressure relief system, it is also advantageously used as a secondary
      pressure relief means which encloses a prior art, primary pressure relief
      means of the type referred to above. In its preferred embodiment the
      housing is generally cylindrical, with an axially extending opening
      exposed to the lubricant, and at least one port extending through its
      wall. An annular groove is formed circumferentially in the housing and is
      exposed to the exterior of the tool. Disposed within the annular groove is
      an elastic sleeve to cover the port to release the lubricant and exclude
      the entrance of exterior matter. Additional objects, features and
      advantages of the invention will become apparent in view of the following
      description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, partially in section, of an earth boring
      drill bit having a lubrication system of the prior art, but which includes
      the improved pressure relief system of the present invention.
PAR  FIG. 2 is a side elevation view, partially in longitudinal section, of a
      housing which in this case forms a secondary relief valve or protective
      means that protects a prior art, primary pressure relief valve.
PAR  FIG. 3 is an end view of an unsectioned secondary relief valve of FIG. 2.
PAR  FIG. 4 is a side elevation view, partially in longitudinal section, of an
      alternate form of the invention.
PAR  FIG. 5 is a perspective view of the apparatus shown in FIG. 2.
PAR  FIG. 6 is a perspective view of the apparatus shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The numeral 11 in FIG. 1 of the drawing designates a lubricated, rotatable
      cutter type earth boring drill bit having a body 13 formed in three
      sections that each support a rotatable cutter 15 having earth
      disintegrating teeth 17. A prior art compensator system 19 in each section
      is adapted to help provide lubricant through passage 18 to the bearing
      means 21 between the cutter and supporting shaft, and to limit (preferably
      eliminate) the pressure differential across the seal 23. The bearing means
      21, nozzles 22, lubrication system 19 and seal 23 may be of the previously
      cited prior art configurations and thus will not be described in further
      detail. A passage 25 communicates with the lubricant in the system and
      includes a recess 26 for the pressure relief means to be described
      hereinafter. As seen in FIG. 1, a pressure relief means is retained in
      position within each of the sections that supports a rotatable cutter by a
      threaded plug 27 having an aperture 29 to permit occasional egress of
      lubricant as will be apparent hereinafter.
PAR  Referring now to FIG. 2, the improved protective means or pressure relief
      means including a housing 31 having an axially extending opening 33.
      Further, the housing includes one or more radial ports 35 extending from
      opening 33 to an exterior annular groove 37 formed near the outer end
      region of the housing. A primary pressure relief valve 39 of the type
      described in Galle's U.S. Pat. No. 3,476,195 is confined within the
      opening by a retainer 41, and adapted to release lubricant and excessive
      fluid pressure from the lubricant system as described in said patent. In
      general a plunger 40 in this valve moves against a spring 42 to separate a
      resilient shoulder 44 from the end of a tube 46 when the pressure of the
      lubricant inside the lubrication system exceeds a selected value. This
      expels lubricant from the system, thereby lowering or relieving the fluid
      pressure of the lubricant in the system.
PAR  In the preferred embodiment of FIG. 2 another annular groove 43 receives an
      O-ring 45 and prevents the flow of fluid past the exterior cylindrical
      surface of the housing. The outer end region 47 of the housing is
      truncated as indicated by the numeral 49 in FIG. 3 to expose the end
      surface of an elastomeric sleeve 51 inserted within and confined in the
      annular, circumferential groove 37. This sleeve covers the port or ports
      35 to release lubricant when a selected lubricant pressure inside the
      system is exceeded while simultaneously excluding the entrance of exterior
      matter such as drilling fluid and entrained sand particles.
PAR  An alternate embodiment is illustrated in FIGS. 4 and 6 which show housing
      31 having the same configuration as the embodiments of FIGS. 2 and 3
      except a circumferential groove 53 receives and confines a torus shaped
      elastic O-ring 55 that covers the port or ports 35 to release lubricant
      but exclude exterior matter.
PAR  In operation one of the embodiments described above is inserted within a
      relief valve recess in each passage 25 of the drill bit and retained in
      that position by the threaded retainer or plug 27 which has an aperture 29
      to permit lubricant flow to the exterior of the bit. During drilling and
      when the pressure inside the lubricant system exceeds a value sufficient
      to actuate the primary pressure relief valve 39, the plunger 40 moves
      against the force of the spring 42 to separate the resilient shoulder 44
      from the end of tube 46. Lubricant is therefore released within the
      opening 33 of the housing 31 and ultimately through the radial ports 35.
      When the pressure of the lubricant in the port 35 reaches a selected
      level, it will deform the elastic sleeve 51 in the vicinity of the ports
      35 and permit lubricant to leak past the sleeve and the housing. The
      selected pressure level is preferably lower than the pressure required to
      open the primary relief valve 39. The truncated portion 49 as shown in
      FIG. 3 limits excessive outward deformation of the sleeve by providing an
      easier escape route for the lubricant. The embodiment illustrated in FIG.
      4 operates in the same general manner as that described in connection with
      FIG. 2.
PAR  Thus, it may be seen that the invention has the advantage of excluding in
      an essentially fail-safe manner any foreign matter from the interior of
      the housing and from the primary pressure relief means, which therefore
      can function without failure. The invention may be used as a complete
      replacement for the primary pressure relief valve, since it also may
      function as a pressure release means to prevent the excessive build-up of
      pressure in the lubrication system.
PAR  While the invention has been shown in only two of its forms, it should be
      apparent to those skilled in the art that it is not so limited but is
      susceptible to various changes and modifications without departing from
      the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use in combination with a lubricated, rotatable cutter type earth
      boring drill bit, an improved lubricant pressure relief valve comprising:
PA1  a housing adapted for retention within a lubricant containing passage in
      the drill bit;
PA1  said housing having an opening formed in one end to communicate with said
      passage and having at least one outlet port extending to the exterior of
      the housing and the drill bit when assembled;
PA1  a tube secured within the housing;
PA1  a coil spring carried within the tube;
PA1  a plunger carried within the tube and biased by the coil spring toward said
      opening in the housing;
PA1  a resilient shoulder rigidly connected to the plunger and biased by the
      spring against the tube;
PA1  an elastic means carried by the housing and covering said port to release
      lubricant therefrom and exclude the entrance of exterior matter; said
      elastic means operable to release lubricant at a selected pressure lower
      than said spring.
NUM  2.
PAR  2. For use in combination with a lubricated, rotatable cutter type earth
      boring drill bit, an improved lubricant pressure relief valve comprising:
PA1  a generally cylindrical housing adapted for retention within a lubricant
      passage of said tool to expose an exterior surface;
PA1  said housing having an axially extending opening to receive lubricant from
      said passage, and at least one radial port extending from the opening to
      the exterior of the housing and the drill bit when assembled;
PA1  a tube secured within the housing;
PA1  a coil spring carried within the tube;
PA1  a plunger carried within the tube and biased by the coil spring toward said
      opening in the housing;
PA1  a resilient shoulder rigidly connected to the plunger and biased by the
      spring against the tube;
PA1  an annular groove formed circumferentially in the housing and being exposed
      to the exterior of said tool;
PA1  an elastic sleeve disposed in said groove to cover said port to release
      lubricant and exclude the entrance of exterior matter; said sleeve
      expansionable to release lubricant at a selected pressure lower than said
      spring;
PA1  an end surface of said housing that is truncated to expose a portion of one
      end surface of said elastic sleeve.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said elastic means is in the general
      shape of a torus carried by the housing in an annular groove.
NUM  4.
PAR  4. The apparatus of claim 2 wherein the truncated end surface of said
      housing is in the configuration of a circular disk having a planer surface
      on one portion of its periphery.
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ABST
PAL  The disclosure relates to a balancing means for a weighing scale which
      compensates for non-linearities in the weighing mechanism to thereby
      render the scale platform displacement load weight relation linear. The
      balancing means includes a rotatable wheel which is coupled to the scale
      platform for rotating with platform displacement. A shaft having an axis
      of rotation concentric with the rotatable wheel axis of rotation and a
      plurality of radially extending and arcuately spaced balance weights
      rotates with the rotatable wheel. As the platform is displaced and the
      rotatable wheel rotates, the balance weights act upon the weighing
      mechanism to render the relation between load weight and platform
      displacement linear.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is generally directed to an improved weighing scale
      and in particular to an improved weighing mechanism for a weighing scale.
PAR  Weighing scales are well-known in the prior art. They find considerable use
      in commercial weighing operations and in particular in retail food
      operations. In such use, it is absolutely necessary that strict accuracy
      and equity be maintained. Consumers are concerned that they receive full
      weight and value while merchants wish to avoid embarrassing possible
      prosecution for short weight but yet must be assured of full legitimate
      profit to survive. Inasmuch as net profit in retail operations today may
      sometimes not exceed one-half of 1%, weighing scales in such use must be
      extremely accurate.
PAR  Virtually all weighing scales require that the relation between platform
      displacement and load weight be linear because they include mechanical
      readout mechanisms having equally spaced graduations or encoders for
      digital readouts which generate weight indicative pulses, the number of
      such pulses being proportionnal to platform displacement. Conventional
      cylinder scales or others having rotary opto-electrical encoding disks or
      the like typically include traditional rotating balancing and calibrating
      techniques through the addition of balancing lugs, transverse screws and
      the like to derive the required linear relation. However, later scales
      having no such rotary means incident to display or encoding have required
      the development of other balancing means to secure the required linearity.
      Unfortunately, the balancing means heretofor developed have in use been
      difficult to adjust and introduce undesirable friction, hysteresis or even
      their own non-linear characteristic.
PAR  It is therefore an object of the present invention to provide an improved
      weighing scale.
PAR  It is a further object of the present invention to provide a balancing
      means for a weighing scale which causes the relation between scale
      platform displacement and load weight to be substantially linear.
PAR  It is a still further object of the present invention to provide an
      adjustable balancing means for a weighing scale to thereby allow the
      relation between scale platform displacement and load weight to be
      adjusted for linearity.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides, in a weighing scale apparatus of the type which
      includes a platform upon which a load to be weighed is placed, a resilient
      means coupled to the platform and to a stationary portion of the scale for
      causing the platform to be displaced from a reference position by an
      amount related to the weight of the load on the platform, and weight
      indicating means coupled to the platform for indicating the weight of the
      load on the platform responsive to the degree of platform displacement,
      the improvement of a balancing means for compensating for non-linearities
      in platform displacement to thereby cause the relation between load weight
      and platform displacement to be substantially linear. The balancing means
      comprises a rotatable wheel having an axis of rotation, a level arm
      pivoted at a pivot point at one end and coupled to said platform for being
      arcuately displaced by said platform, coupling means including a
      substantially transverse member at the other end of the lever arm and a
      ribbon having two ends and an inner elongated slot, the ribbon being
      wrapped about the wheel with a portion of the ribbon passing through the
      slot and attached to the transverse member at its ends for causing the
      wheel to rotate with platform displacement while minimizing friction by
      exerting only forces on the wheel which are transverse to the axis of
      rotation, a shaft extending from the rotatable wheel having an axis of
      rotation concentric with that of the wheel and a plurality of balance
      weights extending radially from the shaft and arcuately spaced apart from
      one another. As the platform is displaced by a load on the platform, the
      wheel is rotated causing the balance weights to act upon the platform and
      resilient means to thereby render the load weight and platform
      displacement relationship substantially linear.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention, together with the objects and advantages thereof, may best
      be understood by reference to the following description taken in
      conjunction with the accompanying drawings, and in the several figures of
      which like reference numerals identify like elements, and in which:
PAR  FIG. 1 is a side view, partially cut away of a weighing scale embodying the
      present invention;
PAR  FIG. 2 is a detailed partial side view, partly in cross section, of a
      balancing means embodying the present invention;
PAR  FIG. 3 is a partial front view of the balancing means of FIG. 2; and
PAR  FIG. 4 is a top view showing any other aspect of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the scale 10 thereshown which embodies the present
      invention includes an upstanding housing portion 11 and a horizontal
      housing portion 12.
PAR  The horizontal housing portion 12 comprises platform 16, long lever arm 45,
      platform skeleton 105, dashpot 145, keyboard 17 and balancing means
      generally designated at 18 which embodies the present invention.
PAR  Long lever arm 45 is pivotable about pivot point 46 and is mechanically
      linked to platform 16 by motion transforming means including standards
      126, 127 and platform skeleton 105. The motion transforming means
      transforms the purely vertical movement of platform 16 brought about by
      the placing of a load to be weighed thereon to arcuate motion of long
      lever arm 45 about pivot 46 in a manner which is fully described in U.S.
      Pat. No. 3,308,900 which issued on Mar. 14, 1967 in the name of Edward C.
      Karp and which is assigned to the assignee of the present invention. Dash
      pot 145 is coupled to platform skeleton 105 by piston 146 to damp the
      motion of platform 16, long arm 45 and platform skeleton 105 in a manner
      fully described in the aforementioned patent.
PAR  The upstanding housing portion 11 comprises upper housing 13 and lower
      housing 14. Upper housing 13 may include electronic circuit boards which
      provide weight and price computations and display. Upper housing 13
      preferably includes a front display at 20 and a duplicated rear display at
      21. The display may for example comprise multiple segment display tubes
      and the circuit boards may preferably contain electronic circuitry of the
      type fully described in co-pending patent application Ser. No. 564,416
      entitled Improved Digital Scale, which was filed Apr. 2, 1975, in the
      names of Colin E. Foster and Edward C. Karp and assigned to the assignee
      of the present invention.
PAR  The horizontal housing portion 12 also includes a reticle assembly 15 which
      is coupled to long arm 45 by a top extension 186. As fully described in
      the aforementioned co-pending application, the reticle assembly provides
      arcuately derived up and down counting pulses responsive to the degree and
      direction of motion of long arm 45 to be counted and utilized by the
      electronic circuits within upper housing 13 for computing net weights,
      individual net prices, and total net prices.
PAR  Keyboard 17 is coupled to the electronic circuits in a manner fully
      described in the aforementioned co-pending application. It provides unit
      weight price rate signals, manual tare signals etc. to be utilized by the
      electronic circuitry.
PAR  Lower housing 14 includes a resilient means or spring 22 which is coupled
      to a stationary portion of the scale at 23 at one end and to the long arm
      top extension 186 at the other. Because long arm 45, platform skeleton 105
      and platform 16 are all coupled together, the spring causes platform 16 to
      be displaced from a reference position by an amount related to the weight
      of the load placed thereon. In all scales, whether of the type purely
      mechanical display or digital electronic display it is preferable to have
      the relation between platform displacement and load weight be linear. In
      the case of mechanical readouts, unit weight graduations may be equally
      spaced which is not only easier to manufacture, but more importantly,
      easier to read and interpret. In the case of digital scales, such as the
      one described in the aforementioned co-pending application wherein up and
      down counting pulses are generated by a reticle assembly, the linear
      relation allows the reticle lines to be equally spaced thus assuring that
      each pulse so produced corresponds to one weight unit increment.
PAR  While the desired linear relationship could, theoretically, be obtained by
      appropriate geometry and absolute control in manufacture, such is not
      practicable. It has been desirable, instead, to provide supplementary,
      adjustable compensating means for securing linearity, both in manufacture
      (to allow for ordinary variance in manufacture) and upon the occasion of
      repair or overhaul after extensive use. The balancing means 18 of the
      scale of FIG. 1 which embodies the present invention readily compensates
      for the non-linearities to make the platform displacement load weight
      relation substantially linear over the entire range of the scale.
PAR  The balancing means 18 comprises a rotatable wheel 24, a substantially
      transverse bow-shaped member 25, a ribbon 26, a shaft 27 and a plurality
      of balance weights 30, 31 and 32. The rotatable wheel 24 and shaft 27 are
      mounted to the bottom of horizontal housing 12 by a support bracket 33 and
      a U-shaped bracket 34. A more detailed representation of balancing means
      18 is shown in FIG. 2 which is a side view thereof and in FIG. 3 which is
      a partial front view of the balancing means of FIG. 2.
PAR  Referring now to FIGS. 2 and 3, shaft 27 passes through the center of
      rotatable wheel 24 thereby having an axis of rotation concentric with the
      axis of rotation of rotatable wheel 24. The shaft 27 extends away from
      rotatable wheel 24 in opposite directions and terminates at each end of
      U-shaped bracket 34 in a well-known manner. U-shaped bracket preferably
      has jeweled bearings for receiving each end of shaft 27 to thereby allow
      rotation of shaft 27 with minimum friction.
PAR  Balance weights 30, 31 and 32 as shown extend radially from shaft 27 and
      are arcuately spaced by 45.degree. from one another. As more clearly seen
      in FIG. 3, the balance weights are also longitudinally spaced along shaft
      27.
PAR  Each balance weight 30, 31 and 32 includes a threaded portion 35, 36 and 37
      respectively received by threaded holes 38, 39 and 40 respectively of
      shaft 27. This allows each balance weight to be screwed in and out with
      rotation to render the moment arm force exerted by each on shaft 27
      adjustable.
PAR  The bow-shaped member 25 and ribbon 26 comprise a coupling means which
      couples the rotatable wheel 24 to long arm 45. Because long arm 45 is
      coupled to the weighing platform, this serves to couple the balance wheel
      to the platform 16. The bow-shaped member 25 has a first end 41 and a
      second end 42 and as shown is bowed away from rotatable wheel 24. Ribbon
      26 has a first end 43 and a second end 44. Ribbon 26 is wrapped around
      rotatable wheel 24 and is secured to the bow-shaped member first end 41 at
      its first end 43 by screw 47 and nut 48 and to the bow-shaped member
      second end 42 at its second end 44 by screw 49 and nut 50. With long arm
      45 being coupled to rotatable wheel 24 in this manner, a load placed onto
      platform 16 will cause it and long arm 45 to be displaced causing
      rotatable wheel 24 and shaft 27 to rotate.
PAR  A preferred form of ribbon 26 is shown in FIG. 4. Ribbon 26 includes a
      first portion 51 and a second portion 52. The width of the first portion
      51 is greater than the width of the second portion and contains an
      elongated slot 53 which is dimensioned for receiving the first portion.
      The ribbon 26 of FIG. 4 therefore may be wrapped around rotatable wheel 24
      by inserting the second portion 52 through slot 53 and sliding it over the
      rotatable wheel. This preferred ribbon configuration allows for an
      overlapping 360.degree. wrap about the wheel 24 without introducing
      undesirable vectors or friction by exerting only forces on the wheel which
      are transverse to its axis of rotation. The ends of the ribbon may then be
      secured to the bowshaped member ends in the previously described manner.
      It is preferable that the bow-shaped member be placed under tension and
      that the ribbon be metallic, constructed out of elgiloy. Also to maximize
      linearities, it is preferable to space the bow-shaped member from the
      rotatable wheel so that the ribbon acts upon the rotatable wheel at 28
      which is a point along an arc tangent to the wheel at 28 and which has
      pivot 46 as its center. The arcuate relationship of the lever arm 45 to
      the rotating wheel 24 and the arcuate tangential actuation of the wheel by
      the lever arm provides the most nearly linear resultant, compensating
      loading. Such spacing is shown in FIGS. 1 and 2.
PAR  In operation, when a load is placed onto platform 16, the weight of the
      load causes the platform to be displaced. As the platform is being
      displaced, the coupling means comprising bow-shaped member 25 and ribbon
      26 causes the rotatable wheel to be rotated. The shaft 27 therefore
      rotates allowing the balance weights 30, 31 and 32 to act upon the
      platform and spring 22 to thereby compensate for non-linearities within
      the system. In this manner, the balancing means of the present invention
      renders the relation between platform displacement and load weight
      substantially linear.
PAR  In a preferred form, each balance weight corresponds to one-quarter scale
      capacity. Therefore balance weight 31 is screwed in and out until the
      scale provides an exact reading at half capacity and then the other two
      balance weights are adjusted for one-quarter and three-quarter capacity.
      Further adjustment may be necessary in case the adjustment at any one of
      the capacity points effected any other adjustment.
PAR  While a particular embodiment has been shown and described, modifications
      may be made, and it is intended in the appended claims to cover all such
      modifications as may fall within the true spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a weighing scale apparatus of the type which includes a platform upon
      which a load to be weighed is placed, a resilient means coupled to the
      platform and to a stationary portion of the scale for causing the platform
      to be displaced from a reference position by an amount related to the
      weight of the load on the platform, and weight indicating means coupled to
      the platform for indicating the weight of the load on the platform
      responsive to the degree of platform displacement, the improvement of a
      balancing means for compensating for non-linearities in platform
      displacement to thereby cause the relation between load weight and
      platform displacement to be substantially linear comprising:
PA1  a rotatable wheel having an axis of rotation;
PA1  a lever arm pivoted at a pivot point at one end and coupled to said
      platform for being arcuately displaced by said platform;
PA1  coupling means including a bow-shaped member at the other end of said lever
      and a ribbon having two ends and an inner elongated slot, said ribbon
      being wrapped about said wheel with a portion of said ribbon passing
      through said slot and said ends attached to said bow-shaped member for
      causing said wheel to rotate with platform displacement while minimizing
      friction by exerting only forces on said wheel which are transverse to
      said axis of rotation and said bow-shaped member being bowed away from
      said rotatable wheel and spaced from said rotatable wheel such that said
      ribbon acts upon said rotatable wheel at a point along an arc which is
      tangent to said rotatable wheel and which has its center at said pivot
      point;
PA1  a shaft extending from said rotatable wheel having an axis of rotation
      concentric with that of said wheel; and
PA1  a plurality of balance weights extending radially from said shaft and
      arcuately spaced apart from one another whereby,
PA1  as said platform is displaced by a load on the platform, said wheel is
      rotated causing said balance weights to act upon the platform and
      resilient means to thereby render the load weight and platform
      displacement relationship substantially linear.
NUM  2.
PAR  2. An apparatus in accordance with claim 1 wherein said transverse member
      is bow-shaped.
NUM  3.
PAR  3. An apparatus in accordance with claim 2 wherein said bow-shaped member
      is bowed away from said rotatable wheel and spaced from said rotatable
      wheel such that said ribbon acts upon said rotatable wheel at a point
      along an arc which is tangent to said rotatable wheel and which has its
      center at said pivot point.
NUM  4.
PAR  4. An apparatus in accordance with claim 3 wherein said bow-shaped member
      is resilient and under tension.
NUM  5.
PAR  5. An apparatus in accordance with claim 4 wherein said ribbon comprises a
      first portion having a first width, a second portion having a second
      width, said second width being smaller than said first width and wherein
      said elongated slot is within said first portion and dimensioned for
      receiving said second portion.
NUM  6.
PAR  6. An apparatus in accordance with claim 5 wherein said arcuately spaced
      balance weights are also longitudinally spaced apart along said shaft
      axis.
NUM  7.
PAR  7. An apparatus in accordance with claim 6 wherein each said balance weight
      comprises a threaded portion for being received by said shaft to thereby
      render the relation between load weight and platform displacement
      adjustable with rotation of said balance weights.
NUM  8.
PAR  8. An apparatus in accordance with claim 7 wherein said balance weights
      comprise a first balance weight, a second balance weight and a third
      balance weight for rendering the load weight and platform displacement
      relation substantially linear at one-fourth, one-half and three-fourths
      scale capacity.
NUM  9.
PAR  9. In a weighing scale apparatus of the type which includes a platform upon
      which a load to be weighed is placed, a resilient means coupled to the
      platform and to a stationary portion of the scale for causing the platform
      to be displaced from a reference position by an amount related to the
      weight of the load on the platform and weight indicating means coupled to
      the platform for indicating the weight of the load on the platform
      responsive to the degree of platform displacement, the improvement of a
      balancing means for compensating for non-linearities in platform
      displacement to thereby cause the relation between load weight and
      platform displacement to be substantially linear comprising:
PA1  a rotatable wheel having an axis of rotation;
PA1  a lever arm pivoted at a pivot point at one end and coupled to said
      platform for being arcuately displaced by said platform;
PA1  coupling means including a bow-shaped member at the other end of said lever
      and a ribbon having two ends and an inner elongated slot, said ribbon
      being wrapped about said wheel with a portion of said ribbon passing
      through said slot and said ends attached to said bow-shaped member for
      causing said wheel to rotate with platform displacement while minimizing
      friction by exerting only forces on said wheel which are transverse to
      said axis of rotation and said bow-shaped member being bowed away from
      said rotatable wheel and spaced from said rotatable wheel such that said
      ribbon acts upon said rotatable wheel at a point along an arc which is
      tangent to said rotatable wheel and which has its center at said pivot
      point;
PA1  a shaft extending from said rotatable wheel and having an axis of rotation
      concentric with said wheel axis; and
PA1  first, second and third balance weights extending radially from said shaft
      and arcuately spaced apart from one another; whereby
PA1  as said platform is displaced by a load on the platform said wheel is
      rotated causing said first, second and third balance weights on said shaft
      to rotate about said shaft axis and to act upon the platform and resilient
      means at one-fourth, one-half and three-fourths scale capacity to thereby
      render the load weight and platform displacement relationship
      substantially linear over the entire capacity range of the scale.
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ABST
PAL  A security vehicle adapted to prevent unauthorized entry thereinto
      comprising a base with an electrically conductive frame, an insulated
      platform on the frame and steerable propelling means for moving the base;
      a cage defining a security chamber over the platform carried by the base
      frame with an open electrically conductive framework and see-through
      security panels closing the openings in the framework. A selectively
      closable access opening is provided in the front end of the cage and a
      high voltage, low current charging unit imposes a high voltage, low
      current charge on the base frame and cage framework.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Due to the increased use of hostages by criminals and prison inmates to
      obtain certain demands, there is a need to provide some means by which
      security personnel can gain access to an area where there is a likelihood
      of being captured and held hostage. Presently, there are no means
      available to allow the security personnel to enter such a hazardous area
      that is economically feasible.
PAC  SUMMARY OF THE INVENTION
PAR  These and other problems and disadvantages associated with the prior art
      are overcome by the invention disclosed herein by providing a means by
      which security personnel may enter an area where capture would be likely
      without subjecting the security personnel to the danger of capture.
      Further, the invention disclosed herein provides a means whereby the
      security personnel can gain access to the hazardous area without
      subjecting themselves to the possibility of capture.
PAR  The apparatus of the invention includes generally a base frame which is
      electrically conductive and which mounts an insulated support platform
      thereon for carrying the security personnel. A protective cage is mounted
      on the base frame and defines an enclosed security chamber therein over
      the support platform. The protective cage includes an electrically
      conductive open frame work which defines openings therethrough that are
      closed by see-through security panels and a high voltage, low current
      charging apparatus is provided for imposing a high voltage, low current
      charge on the base frame and the cage framework to repel would-be captors.
      A selectively openable access door is provided at the forward end of the
      vehicle through which the security personnel may gain access to various
      means closing off the hazardous area such as doors. The vehicle is
      dimensioned so that it will pass through existing doorways to gain access
      to these areas.
PAR  These and other features and advantages of the invention disclosed herein
      will become more clearly understood upon consideration of the following
      specification and accompanying drawings wherein like characters of
      reference designate corresponding parts throughout the several views and
      in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a first embodiment of the security
      vehicle;
PAR  FIG. 2 is a front elevational view of the security vehicle of FIG. 1;
PAR  FIG. 3 is a top view of the security vehicle of FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 in FIG. 2;
PAR  FIG. 5 is a rear elevational view of the access mechanism;
PAR  FIG. 6 is a view similar to FIG. 4 showing the access mechanism open;
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 in FIG. 1; and
PAR  FIG. 8 is a perspective view of an alternate body of the invention.
PAR  These figures and the following detailed description disclose specific
      embodiments of the invention, however, it is to be understood that the
      inventive concept is not limited thereto since it may be embodied in other
      forms.
DETD
PAR  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
PAR  Referring to FIGS. 1-7, a first embodiment of the security vehicle 10 is
      illustrated. The vehicle 10 includes generally a support base 11 which
      supports and moves the vehicle across the ground or other supporting
      surface and a protective cage 12 which defines a security chamber 14
      therein in which security personnel are carried. Referring to FIGS. 1-3
      and 7, it will be seen that the support base 11 comprises generally a
      support frame 15 including a peripheral rail of electrically conductive
      material such as steel which is joined by cross braces 18 as best seen in
      FIG. 7. A recess 19 is provided within the bounds of the peripheral rail
      16 and above the cross braces 18 which receives a support platform 20
      therein. The support platform 20 is carried by the cross braces 18 through
      an insulated connector 21 so that the support platform 20 is electrically
      insulated from the base frame 15. The support platform illustrated is made
      out of wood so that the platform itself acts as an insulator. It will
      further be noted that the base frame 15 defines an inwardly tapering front
      section 22 which tapers inwardly at an angle A on opposite sides thereof
      as seen in FIG. 3 so as to allow the vehicle 10 to be moved into corners
      as will become more apparent.
PAR  A steerable propelling unit 30 mounts the base frame 15 thereon as best
      seen in FIGS. 1 and 2 for supporting and propelling the vehicle 10. The
      propelling unit 30 is illustrated as a tricycle type unit which has a pair
      of spaced apart transversely aligned rear wheel assemblies 31 and a swivel
      front wheel assembly 32. Each rear wheel assembly 31 includes a support
      bracket 34 mounted on the underside of the base frame 15 which mounts a
      wheel 35 thereon below the support frame 15 which is operatively connected
      to a drive motor 36. While various drive motors 36 may be used, those
      illustrated are electric motors whereby each of the motors 36 may be
      independently controlled to steer the vehicle as will become more
      apparent. The front wheel assembly 32 is centered under the front end of
      support frame 15 and includes a base plate 38 mounted on the underside of
      frame 15 with a yoke 39 journalled therein that mounts a front wheel 40
      therein. Thus, it will be seen that the front wheel 40 is free to swivel
      so that by independently controlling the operation of each of the motors
      36, the vehicle can be steered as will become more apparent.
PAR  As seen in FIGS. 1-3, an operator seat 50 is provided toward the rear end
      of vehicle 10 and is mounted on the top of support platform 20. A pair of
      control levers 51 are provided on opposite sides of seat 50 which allows
      the operator to independently control each of the drive motors 36 to steer
      the vehicle. An appropriate control console 52 is provided forwardly of
      the operator seat and can be used to house the power supply for the motors
      36. An assistant seat 54 is mounted on platform 20 forwardly of the
      control panel 52 in which an assistant may ride to operate auxiliary
      equipment to gain access to a particular area as will become more
      apparent.
PAR  The protective cage 12 as best seen in FIGS. 1-3 includes an open framework
      60 made of a conductive material such as steel which is mounted on the top
      of the peripheral rail 16 as best seen in FIG. 7 and includes vertical
      standards 61 and horizontal standards 62 that define openings 64
      therebetween. The top of cage 12 is further provided with an open
      framework with cross braces 65 as seen in FIG. 3 connecting the upper
      horizontal members 62. The openings 64 between members 61, 62 and 65 are
      closed by see-through security panels 66, here shown as bullet proof
      glass. The front end of the tapered section 22 is provided with a
      selectively closable access opening 70 as best seen in FIGS. 2, 4 and 6
      bounded on its upper and lower edges by braces 71 extending between the
      vertical standards 61 as seen in FIG. 4. The access opening 70 is
      selectively closable by a door assembly 72 which includes a door 74
      including an open frame 75 shaped to overlay the inside of opening 70. The
      frame 75 mounts a security panel 76 therein adapted to cover the inside of
      the opening 70 as seen in FIG. 4 and is illustrated as bullet proof glass.
      A pair of vertically extending side tracks 78 are provided on opposite
      sides of opening 70 to locate the door 74 adjacent the rear end of the
      opening 70. Each track 78 is a U-shaped member having a central web 79
      with inwardly turned flanges 80 that slidably mount the door 74
      therebetween. A handle assembly 81 is provided on top of the door 74 for
      use in holding the door in position behind the opening 70 and for moving
      the door 74 within track 78. It will be noted that the handle assembly 81
      as best seen in FIG. 5 includes a pair of pivot ears 82 connected to the
      upper edge of the door frame 75 which are pinned to links 84. The
      projecting ends of links 84 are connected to a cross-bar 85 that has a
      length longer than the distance between the central webs 79 of the side
      tracks 78. The upper ends of the central web 79 of side tracks 78 as best
      seen in FIG. 6 are notched at 86 to retain the cross bar 85 therein when
      the door 74 is in its raised position covering the access opening 70 as
      seen in FIGS. 4 and 5. An insulated handle 88 is provided on cross bar 85
      to electrically insulate the assistant from the frame 60 when he
      manipulates the door assembly 72. The assistant opens the access opening
      70 by grasping handle 88 and lifting up until the cross bar 85 clears the
      notches 86 in the side tracks 78. The operator then pivots the handle 88
      toward the inside of the vehicle 10 and allows the door assembly 74 to
      slide downwardly within the side channels 78 until the opening 70 is
      uncovered and the door 74 contacts the stops 89 between side tract 78. The
      assistant can then extend an auxiliary piece of equipment (not shown)
      through openings 10 to remotely open doors or perform other functions.
PAR  A charging unit 90 is provided as best seen in FIG. 7 for selectively
      imposing a high voltage, low current charge on the base frame 15 of base
      11 and the open framework 60 of the cage 12. The charging unit 90 includes
      an electrical power source such as battery 91 which is electrically
      connected to the frame 15 and framework 60 through a power switch 92 and a
      high voltage, low current generator 94 such as a Teslar Coil mechanism.
      The frame 15 and framework 60 are not connected to ground since the wheels
      35 and 40 have rubber tires thereon so that the charge thereon will be
      maintained. The power switch 92 is located on the control console 52 so
      that the operator closes switch 92 after the security personnel are in
      position in chamber 14 to prevent approach by unauthorized persons without
      shock. Because the current capability of the system is low, such shock
      will not be fatal.
PAR  An entry door 95 is provided in the cage framework 60 so that the security
      personnel can enter and leave the security chamber 14. The door 95 can be
      locked from the inside of chamber 14.
PAR  Referring to FIG. 8, it will be seen that an alternate embodiment of the
      vehicle is illustrated and designated 110. Those components of vehicle 110
      which are the same as vehicle 10 have like reference numbers applied
      thereto. The security panels 166 which cover openings 64 in framework 60
      are wire gratings or expanded metal. Thus, vehicle 110 is designed for use
      where the weapons available to those persons attempting to gain
      unauthorized access to the security personnel cannot penetrate the panels
      166. The operation of vehicle 110 is similar to vehicle 10.
PAR  While specific embodiments of the invention have been disclosed herein, it
      is to be understood that full use may be made of modifications,
      substitutions and equivalents without departing from the scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A non-hostage vehicle for use by security personnel comprising:
PA1  an electrically conductive base frame;
PA1  ground engaging steerable propelling means carrying said base frame for
      supporting said base frame on the ground and propelling said base frame;
PA1  a support platform carried within the confines of said base frame for
      supporting security personnel thereon, said support platform electrically
      insulated from said base frame;
PA1  a protective cage mounted on said base frame and defining an enclosed
      security chamber therein over said support platform, said cage including a
      cage framework defining openings therethrough and see-through security
      panels closing said openings, and said cage framework is electrically
      conductive;
PA1  control means within said security chamber for operating said propelling
      means; and
PA1  high voltage, low current charging means electrically connected to said
      base frame and said cage framework for imposing a high voltage, low
      current thereon, said control means further including switch means for
      selectively enabling and disabling said charging means.
NUM  2.
PAR  2. The non-hostage vehicle of claim 1 wherein said see-through panels are
      bullet-proof glass.
NUM  3.
PAR  3. The non-hostage vehicle of claim 1 wherein said see-through panels are
      open grids of electrically conductive material.
NUM  4.
PAR  4. The non-hostage vehicle of claim 1 wherein said cage and said base frame
      have a tapering front end thereon.
NUM  5.
PAR  5. The non-hostage vehicle of claim 1 wherein said cage defines an access
      opening in the front end thereof and further including access door means
      for selectively closing said access opening, said door means operable from
      within said security chamber.
NUM  6.
PAR  6. The non-hostage vehicle of claim 5 wherein said cage and said base frame
      have a tapering front end thereon; and wherein said door means includes a
      guide assembly, a door mounted in said guide assembly for selectively
      closing said access opening, and latch means for releasably maintaining
      said door in a position closing said access opening.
NUM  7.
PAR  7. The non-hostage vehicle of claim 6 wherein said propelling means
      includes a pair of rear wheels positioned on opposite sides of said base
      frame, drive means for independently driving each of said rear wheels, and
      a swivel front wheel, said control means operatively connected to said
      drive means for independently driving each of said rear wheels.
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ABST
PAL  A catalytic converter installed in the exhaust system of an engine of a
      motor car is mounted on a member arranged to vibrate substantially
      integrally with the engine through a bracket and a cushion member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for supporting a catalytic converter
      for use on motor cars.
PAR  A catalytic converter connected in series with an exhaust pipe of a motor
      car engine for purifying the exhaust gas has heretofore been mounted on a
      structural member of the car body, for example the floor plate, by means
      of a suitable supporting member, such as a hanger. Since the weight of the
      catalytic converter is substantial, the vibrations of the converter caused
      by the vibrations or shocks of the car which are generated by the running
      of the car are transmitted directly to the car body thus giving unpleasant
      feeling to the driver and those riding on the car. Moreover, as the mode
      of vibration of the catalytic converter is different from that of the
      engine of the motor car, an exhaust pipe used to interconnect the engine
      and the catalytic converter will be subjected to extremely complicated
      forces thereby damaging the exhaust pipe. Where the vibrations from the
      engine and car body cause the catalytic converter to resonate to its
      natural frequency, the amplitute of the vibration of the converter would
      be increased thus causing undue wear and shortening of the useful life of
      the catalyst contained in the converter.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide improved apparatus for
      supporting a catalytic converter capable of preventing damage to the
      exhaust pipe associated with the catalytic converter and wear of the
      catalyst due to vibration.
PAR  Another object of the invention is to provide a novel supporting apparatus
      for the catalytic converter capable of preventing transmission of the
      vibration of the catalytic converter to the car body and the driver of the
      motor car.
PAR  According to this invention there is provided apparatus for supporting a
      catalytic converter installed in the exhaust system of an engine of a
      motor car, comprising a member which is arranged to vibrate substantially
      integrally with the engine, and a cushion member and a bracket for
      mounting the catalytic converter on the member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 shows a side elevation, partly in section, of an engine and a
      catalytic converter embodying the invention;
PAR  FIG. 2 shows a perspective view, of the essential elements of the
      embodiment shown in FIG. 1;
PAR  FIG. 3 is a partial sectional view of the assembly shown in FIG. 2 taken
      along a line III--III;
PAR  FIG. 4 shows a perspective view of a modified embodiment of this invention;
PAR  FIGS. 5 and 7 are perspective views similar to FIG. 2 illustrating other
      modifications of this invention;
PAR  FIG. 6 is a partial sectional view of the embodiment shown in FIG. 5 taken
      along a line VI--VI; and
PAR  FIG. 8 is a partial sectional view of the modification shown in FIG. 7
      taken along a line VIII--VIII.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, the exhaust gas from an internal combustion engine
      1 mounted on a motor car is exhausted into the atmosphere via an exhaust
      manifold 2, exhaust pipes 8 and 8' and a catalytic converter 9 connected
      between pipes 8 and 8' and containing a suitable catalyst for converting
      harmful combustion products into non-harmful compounds. A portion 8a of
      pipe 8 is constructed to be flexible. The engine 1 is mounted on the car
      body, not shown, by means of resilient mounting fixtures 3 and the engine
      power is transmitted to a propeller shaft 7 via a clutch 4, a transmission
      gearing 5 and an extension 6 of the gear casing. Although not shown in the
      drawing the exhaust pipe 8' is supported by the floor plate of the car
      body by suitable resilient supporting means, not shown. The catalytic
      converter 9 is mounted on a beam 12 secured to the car body through a
      mounting member 10 including a heat insulating member 11 having a U-shaped
      cross-section and supporting the extension 6 of the gear casing as shown
      in FIG. 1.
PAR  As shown in FIGS. 2 and 3 the member 11 is resiliently mounted on the beam
      12 through cushion members 11a made of rubber or other resilient material,
      and a supporting fixture 23 for holding exhaust pipe 8 is connected to a
      bracket 21 integral with the member 11 via a cushion member 22 made of
      rubber for example.
PAR  In the modification shown in FIG. 4, the supporting fixture 23 is secured
      to the bracket 21 through an annular heat insulator 22' made of a
      resilient member such as spring steel.
PAR  Instead of providing bracket 21 integrally with the member 11 these members
      may be provided on the extension 6 of the gear casing.
PAR  Since the catalytic converter 9 is mounted on a member 11 which vibrates
      integrally with the engine through a cushion member 22 or 22', the
      catalytic converter 9 vibrates substantially integrally with the engine
      without being influenced by the vibration of the car body. Accordingly, it
      is possible to prevent not only application of undue force upon the
      catalytic converter but also undesirable resonance thereof. Since the
      vibration of the catalytic converter is transmitted indirectly to the car
      body through cushion members 22 or 22', and cushion members 11a of member
      11 or the resilient engine mounting fixtures 3 and since the inertia of
      the assembly of engine 1, clutch 4, transmission gearing 5 and the
      extension 6 of the gear case is large, it is possible to substantially
      prevent transmission of the vibration of the catalytic converter 9 to the
      car body. The cushion member 22 or 22' cooperates with the flexible
      portion 8a of the exhaust pipe to alleviate large high frequency
      components of the vibration of the engine which would otherwise be
      transmitted to the container 9. This arrangement is advantageous for a
      container which contains particular catalyst which is liable to be damaged
      by vibration. As shown in FIG. 4, where a cushion member 22' made of
      relatively stiff annular spring steel is combined with a rigid bracket 21
      it is possible to vibrate the catalytic converter 9 substantially
      integrally with the engine so that it is possible to reduce the vibration
      proofness of the exhaust pipe 8 thus making it possible to eliminate the
      flexible portion 8a. This arrangement is advantageous for a monolythic
      catalytic converter which is less susceptible to shocks and vibrations.
PAR  In another modification shown in FIGS. 5 and 6 bracket 21a supporting the
      supporting fixture 23 is mounted on one side surface of the U shaped
      member 11 through cushion members 22a of rubber, whereas in still further
      modification shown in FIGS. 7 and 8 the bracket 21a is mounted on the
      lower side of the member 11 through cushion members 22a.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a motor vehicle having an engine and a transmission gear box
      supported through cushion means on a beam secured to the body of said
      vehicle, and an exhaust system having a catalytic converter operatively
      connected to an exhaust manifold of said engine through an exhaust pipe,
      the improvement comprising:
PA1  a basic member interposed between said transmission gear box and said
      cushion means and secured to said transmission gear box so that said basic
      member is vibrated substantially integrally with said engine;
PA1  a cushion member; and
PA1  an exhaust pipe holding member having one end connected to said basic
      member through said cushion member, and the other end securing said
      exhaust pipe.
NUM  2.
PAR  2. The improvement as claimed in claim 1, in which said exhaust pipe
      holding member includes:
PA1  a bracket secured at its one end to said cushion member; and
PA1  an annular member connected to said bracket to fasten said exhaust pipe to
      said bracket.
NUM  3.
PAR  3. The improvement as claimed in claim 2, in which said cushion member
      comprises an annular ring of a resilient member.
NUM  4.
PAR  4. the improvement as claimed in claim 2, in which said basic member has an
      inverted U-shaped cross section and is mounted on said beam through said
      cushion means.
NUM  5.
PAR  5. The improvement as claimed in claim 1, in which said basic member has an
      inverted U-shaped cross section and is mounted on said beam through said
      cushion means and said cushion member is made of a rubber, and in which
      said exhausted pipe holding member includes a bracket secured at its one
      end to said basic member through said cushion member, and a ring shaped
      fixing member secured to the other end of said bracket for fastening said
      exhaust pipe.
NUM  6.
PAR  6. In a motor vehicle having an engine and a transmission gear box
      supported through cushion means on a beam secured to the body of said
      vehicle, and an exhaust system having a catalytic converter operatively
      connected to an exhaust manifold of said engine through an exhaust pipe,
      the improvement comprising:
PA1  a basic member having a generally U-shaped cross section mounted on said
      cushion means, said basic member being interposed between said
      transmission gear box and said beam, and secured to said transmission gear
      box so that said basic member is vibrated substantially integrally with
      said engine;
PA1  a cushion member including a ring-shaped metal spring having an upper end
      connected to said basic member through a first bracket; and
PA1  an exhaust pipe holding member including a second bracket secured at its
      one end to a lower end of said ring-shaped metal spring, and an U-shaped
      fastening member connected to the other end of said second bracket in
      order to fasten a portion of said exhaust pipe adjacent said catalytic
      converter to said second bracket.
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PAL  A lift truck in which the engine exhaust conduit extends upwardly along one
      side of the overhead safety guard and which is connected to a muffler
      extending transversely of the upper rear portion of the overhead guard and
      located in nested relation thereto.
BSUM
PAR  This invention relates to improvements in vehicle exhaust systems, and more
      particularly to improvements in the location and mounting of exhaust
      systems in certain types of industrial vehicles.
PAR  Our invention satisfies three important objectives in vehicle exhaust
      systems as follows:
PAR  To reduce air pollution in the vicinity of a vehicle, whether operating
      indoors or outdoors, by elevating the point of exhaust;
PAR  To improve exhaust system cooling by locating the exhaust conduit and
      muffler outside of any vehicle enclosure so that improved radiant and air
      flow cooling occurs; and
PAR  To conserve engine compartment space.
DRWD
PAR  FIG. 1 is a rear view of an industrial lift truck which embodies our
      invention;
PAR  FIG. 2 is an enlarged broken-away view, partially in phantom view, of a
      portion of FIG. 1; and
PAR  FIG. 3 is a broken-away side view, partially in phantom view, of FIG. 2.
DETD
PAR  An industrial lift truck is shown at numeral 10 having an operator's
      station 12, a telescopic upright assembly 14 mounted from the front end
      thereof, an engine compartment 17 located rearwardly of an operator's seat
      16, forwardly of a counterweight 18 and enclosed by a cover hood 20. The
      drive train is mounted in a conventional manner for front wheel drive, a
      radiator being mounted at the rear of the truck forwardly of openings 22
      in the counterweight. An exhaust manifold is shown at 24 connected to
      which is an upwardly extending tail pipe 26 which preferably extends
      substantially parallel to and along one side of one of the rear vertical
      legs 28 of an overhead guard assembly 30 mounted from the front and rear
      portions of the truck in a well-known manner and including an overhead
      canopy guard 29 of known construction for protecting the operator from
      falling objects.
PAR  A transversely extending rearwardly opening muffler recess is formed in the
      overhead guard transversely of the upper rear portion thereof by an angle
      bracket 32 which is secured, as by welding, along the upper edge 34
      thereof to the guard canopy and to the ends thereof by projections 36
      which extend into openings 38 in the rear guard legs. A muffler assembly
      40 is located in the recess in position as shown preferably with clearance
      from all surrounding surface metal portions to facilitate the circulation
      of cooling air around the muffler during operation, the exhaust of which
      is located at 42. The muffler is held in position by means of a pair of
      generally V or U-shaped brackets 44 welded in transversely spaced relation
      behind the muffler and secured to the vertical leg of bracket 32 by bolts
      46, one of which is shown in FIG. 3, which is connected to the base of
      each bracket 44, the legs of which are secured as by welding to the body
      of the muffler at 48.
PAR  From the foregoing description it will be apparent to persons skilled in
      the art that our novel construction effects the three earlier stated
      objectives by utilizing an elevated muffler construction suitably mounted
      in the upper rear portion of the overhead guard of an industrial lift
      truck. The invention is, of course, applicable to other types of vehicles
      wherein a similar type of mounting is available and which would effect
      such advantageous results.
PAR  It will be apparent to those skilled in the art that various changes in the
      structure and relative arrangement of parts may be made without
      necessarily departing from the scope of our invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an industrial truck having an engine and an operator's compartment,
      an overhead guard extending over the operator's compartment, means forming
      a recess at the top rear portion of the guard which extends transversely
      of the guard, a muffler located in the recess being supported in said
      recess out of contact with the means which form the recess, a tail pipe
      extending upwardly along one side of the overhead guard to connect the one
      end of the muffler to the engine, and a muffler exhaust element located
      adjacent the opposite side of the guard.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein the means forming said recess
      substantially surround the muffler excepting at the rear side thereof.
NUM  3.
PAR  3. A device as claimed in claim 2 wherein bracket means support the muffler
      within the means which defines the recess in such a manner that the
      muffler is held out of contact with the recess defining means thereby
      facilitating the circulation of cooling air in the vicinity of the
      muffler.
NUM  4.
PAR  4. A device as claimed in claim 3 wherein said bracket means comprise a
      generally V or U-shaped element, the legs of which are secured to the
      muffler which nests at least partially therein.
NUM  5.
PAR  5. A device as claimed in claim 2 wherein said recess forming means
      comprise wall means.
NUM  6.
PAR  6. A device as claimed in claim 1 wherein the muffler is connected to rear
      supporting legs of the overhead guard by projections which extend into
      openings of said legs.
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ABST
PAL  A vehicle having a particular area in proximity thereto which is dangerous
      to personnel when the vehicle is performing a particular function is
      combined with a personnel detection means mounted on the vehicle and
      having characteristics for providing an electrical output signal in
      response to the presence of a person in the particular area. Apparatus
      associated with the particular function is mounted on the vehicle and
      responsive to the output signal of the personnel detection means to
      inhibit the particular function and reduce the danger to the person in the
      particular area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to refuse collection vehicles and more
      specifically to means for detecting the presence of personnel in proximity
      to dangerous loading apparatus associated with the vehicles.
PAR  2. Description of the Prior Art
PAR  Refuse collection vehicles have been provided with various designs to
      accommodate the unloading of individual refuse containers into the vehicle
      by refuse collection personnel. Generally, the vehicles have been provided
      with a small hopper into which the personnel have initially loaded the
      refuse. When the hopper has become full, loading apparatus has been
      actuated to move the refuse from the hopper into a large storage body.
PAR  In a first type of vehicle, hydraulically actuated packing panels have
      scooped the refuse from the hopper and packed it into the storage body in
      a manner such as that disclosed and claimed in my copending application
      Ser. No. 264,021, now U.S. Pat. No. 3,899,091, assigned of record to the
      assignee of record of the present application. In this type of apparatus
      the hopper, which is typically provided at the rear of the vehicle, is
      partially defined by a loading lip over which the individual containers
      are emptied by the personnel. From a normally tucked position above the
      hopper, a hydraulically actuated packing panel moves so that a narrowed
      edge thereof passes in close proximity to the loading lip. This type of
      loading operation is particularly desirable since the packing panel and
      the loading lip function as a pair of jaws as they move into relative
      proximity with each other. This movement can be of advantage in chopping
      large objects into a more convenient size; however, it can also be
      particularly dangerous to personnel. Anyone having an arm or leg extending
      over the loading lip could be severly injured during the loading
      operation.
PAR  To compound the danger, this loading operation is performed in closest
      proximity to the area around which the personnel normally operate.
      Furthermore, refuse which has not been fully loaded into the hopper often
      extends over the loading lip, and there is some tendency for the personnel
      to push this refuse into the path of the packing panel. This, of course,
      increases the probability of injury.
PAR  In a second type of vehicle, the hopper is typically supported by a pair of
      arms in a normal position at the front of the vehicle. The arms are
      pivotally mounted to the vehicle to raise and overturn the hopper so that
      its contents empty into the storage body. This type of loading apparatus
      is particularly dangerous to anyone who might have moved into the normal
      position of the hopper. Such a person could be struck and severly injured
      by the hopper during the loading operation.
PAR  In both of these types of vehicles, the loading apparatus generally
      includes an electrical circuit for selectively energizing a motor which in
      turn rotates a pump to provide a source of pressurized fluid. This fluid
      is typically used to operate the hydraulic cylinders associated with the
      packing panel in the first type of vehicle and the loading arms in the
      second type of vehicle.
PAR  To reduce the obvious danger to personnel, the electrical circuits in these
      types of loading apparatus have been provided with a plurality of
      switches, biased in a normally open position, which have had to be
      simultaneously closed to perform the loading operation. The switches have
      been mounted at positions spaced from the dangerous area and have been
      widely separated so that they have not been simultaneously actuable by a
      single person. This system has worked well where the number of loading
      personnel has equaled the number of switches. However, where the number of
      personnel has exceeded the number of switches, the excess personnel have
      been free to move into the dangerous area. Where the number of loading
      personnel has been less than the number of switches, the driver of the
      vehicle has typically had to participate in the loading operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention substantially reduces the danger to personnel in
      proximity to the hopper whether they be loading personnel, driving
      personnel, or curious children viewing the loading operation. For example,
      in accordance with the present invention, means can be mounted on the
      vehicle for detecting personnel in proximity to the hopper and for
      producing a particular output signal in response to the detection. This
      output signal can be used to inhibit the loading operation until the
      dangerous area is clear. In one embodiment the electrical signal inhibits
      the operation of the motor in the loading apparatus so that the loading
      apparatus is inhibited from moving. In another embodiment, the electrical
      signal causes a hydraulic valve to close so that fluid cannot be pumped to
      the hydraulic cylinders. This also inhibits the loading operation.
PAR  In either the first or second types of vehicles, the personnel detection
      apparatus can include a source providing a detection signal, such as a
      beam of light, and a signal detector, such as a photoelectrical cell. The
      signal source and detector will typically be disposed so that a person
      moving into the dangerous area will inhibit the light beam so that the
      photoelectric cell develops the particular output signal.
PAR  In such a detection apparatus, there may be signal source and detector for
      each of a plurality of light beams which define a detection plane.
      Alternatively, a signal source and detector may provide a single light
      beam which is repeatedly reflected across the dangerous area. In various
      embodiments, the reflected light beam may intersect itself and the source
      and detector may be disposed on the same side of the dangerous are to
      simplify the detection apparatus.
PAR  In a further embodiment of the personnel detection apparatus, the signal
      source provides sound waves of a particular carrier frequency. A person
      present in the dangerous area modulates the carrier frequency to provide a
      doppler shift frequency which is detected by a detector to provide the
      particular electrical signal.
PAR  The detection apparatus can also include a probe disposed in proximity to
      the dangerous area and having a capacitance which increases when a person
      moves into the area. This capacitance can be included in a tank circuit
      which detunes in response to the increased capacitance. This detuning can
      be sensed by an electronic switch to inhibit operation of the loading
      apparatus.
PAR  These and other features of the present invention will become more apparent
      with a detailed description of the preferred embodiments illustrated in
      the associated drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side elevational view of first and second types of
      refuse collection vehicles;
PAR  FIG. 2 is a schematic diagram of one embodiment of a loading apparatus and
      personnel detection means of the present invention;
PAR  FIG. 3 is a side elevational view of the hopper of the first type of
      vehicle shown in FIG. 1;
PAR  FIG. 4 is a schematic diagram of a further embodiment of the loading
      apparatus and personnel detection means of the present invention;
PAR  FIG. 5 is a rear elevational view of the first type of vehicle illustrated
      in FIG. 1, which shows a preferred location for housings of a
      photoelectric personnel detection means;
PAR  FIG. 6 is a perspective view of one of the housings shown in FIG. 5;
PAR  FIG. 7 is a rear elevational view of the vehicle showing an additional
      embodiment of a photoelectric personnel detection means of the present
      invention;
PAR  FIG. 8 is a rear elevational view of the vehicle showing a further
      embodiment of a photoelectric personnel detection means of the present
      invention;
PAR  FIG. 9 is a rear elevational view of the vehicle showing still a further
      embodiment of the photoelectric personnel detection means of the present
      invention;
PAR  FIG. 10 is a schematic diagram of an additional embodiment of the personnel
      detection means of the present invention; and
PAR  FIG. 11 is a schematic diagram of still a further embodiment of the
      personnel detection means of the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A vehicle is illustrated generally in FIG. 1 and designated by the
      reference numeral 11. The vehicle 11 is of the type which performs a
      particular function which renders a particular area in proximity to the
      vehicle 11 dangerous to personnel. For example, the vehicle 11 can be a
      refuse collection vehicle, such as those commonly used to collect refuse
      in residential areas. As illustrated in FIG. 1, the refuse collection
      vehicles 11 can be either of a first type of vehicle having a stationery
      hopper, or a second type of vehicle having a movable hopper. Although the
      discussion will proceed generally with reference to the first type of
      vehicle, elements performing a similar function in the second type of
      vehicle will be referred to with the same numerals followed by a prime
      designation. For example, the hoppers will be designated generally by the
      reference numerals 13 and 13' for the respective vehicles 11 and 11' of
      FIG. 1.
PAR  In a typical operation of a refuse collection vehicle 11, individual
      containers 17 of refuse 19 are emptied into the hopper 13 by refuse
      collection personnel. The reference numeral 21, which is applied to such a
      person in FIG. 1, will be used generally herein to refer to any person who
      might be in proximity to the hopepr 13. In such a vehicle 11, the
      particular function that is dangerous to the person 21 is that associated
      with the loading operation wherein the refuse 19 is displaced from the
      hopper 13 into a storage body 23.
PAR  In the first type of vehicle 11, the hopper 13 is defined by a pair of side
      panels 25, a curved bottom 29, and a loading lip 27, which extends between
      the side panels 25. A cover member 31 typically extends at least partially
      over the hopper 13. In this first type of vehicle 11, the loading
      operation is typically performed by a loading apparatus which may include
      a packing panel 33 having a narrow edge 34. As shown in FIG. 2, the
      packing panel 33 is normally controlled by an electrical circuit including
      a battery 39 and a switch 41 for selectively operating a motor 37.
      Generally, the motor 37 actuates a hydraulic system including at least one
      hydraulic cylinder 35.
PAR  Although the packing panel 33 is illustrated in a normally tucked position
      in FIG. 1, it is movable by the cylinders 35 through an infinite number of
      positions, some of which are progressively designated by the letters A, B,
      C, and D in FIG. 3. From the tucked position D, the packing panel 33
      rotates about a point 37 to the position A where the narrowed edge 34
      extends rearwardly of the vehicle 11. From the position A, the point 37 is
      moved downwardly and rearwardly so that the narrowed edge 34 passes in
      close proximity to the loading lip 27. The panel 33 is then pivoted about
      the point 37 so that the loading lip passes along the bottom 29 of the
      hopper 13. Finally, the panel 33 is moved upwardly to the tucked position
      D.
PAR  The position B is illustrated as a solid line to emphasize its importance
      to the present invention. As noted, when the packing panel 33 is in the
      position B, it passes in close proximity to the loading lip 27 in a manner
      similar to a pair of jaws. It is apparent that any person 21 having a
      portion of his body extending over the loading lip 27 can be severely
      injured during the loading operation.
PAR  It is a primary purpose of the present invention to inhibit operation of
      the packing panel 33 while anyone is within the particularly dangerous
      area in proximity to the loading lip 27. Therefore, the preferred
      embodiments of the invention include personnel detection means 43 having
      characteristics for providing an electrical output signal on a pair of
      conductors 44 in response to the presence of the person 21 in the
      particular area. The electrical circuit including the battery 39, the
      switch 41, and the motor 37, can be interrupted and connected to a pair of
      contacts 45 of a relay shown generally at 47. The relay 47 typcially
      includes a plunger 49 which is normally biased to short circuit the
      contacts 45. A solenoid 51, which is generally connected to the conductors
      44, can be responsive to the output signal of the personnel detection
      means 43 to withdraw the plunger 49 from the contacts 45.
PAR  It will be appreciated that in another embodiment of the invention the
      relay 47 might be normally biased to the open position but held in a
      normally closed position by the solenoid 51 which is normally energized.
      In such an embodiment, the electrical output signal provided by the
      personnel detection means 43 can be a current on the conductors 44 having
      a magnitude sufficiently reduced so that the plunger 49 moves to its
      normally biased position to open the contacts 45. Of course, the
      electrical signal in such an embodiment may be a complete absence of
      current on the conductors 44.
PAR  The electrical signal provided by the personnel detection means 43 can be
      used to inhibit the operation of other portions of the loading apparatus.
      For example, as illustrated in FIG. 4, the loading apparatus may comprise
      the cylinder 35 having a movable partition 55 therein which partially
      defines first and second cavities 57 and 59, respectively. In such an
      embodiment, a hydraulic system for actuating the cylinder 35 may include a
      pump 63 for pumping a fluid from a reservior 65 into a high-pressure
      container 67. The motor 37 is responsive to a relatively low pressure in
      the container 67 to drive the pump 63. In this manner, the pressure of the
      fluid in the container 67 is maintained at a substantially high constant
      pressure. A valve 69 communicates on its input side with the reservoir 65
      and the container 67. The output side of the valve 69 communicates with
      the first and second cavities 57 and 59, respectively, of the cylinder 35.
PAR  The valve 69 can include a gate movable at least between first and second
      positions to introduce the high-pressure fluid in the container 67 to one
      of the first or second cavities 57 and 59, respectively. The fluid in the
      other of the cavities 57 and 59 is gated through the valve 69 into the
      reservoir 65. If the high-pressure fluid is introduced into the first
      cavities 57, the piston 55 moves downwardly; conversely, if the
      high-pressure fluid is introduced into the second cavity 59, the piston 55
      moves upwardly. It follows that the position of the gate in the valve 69
      determines generally whether the loading apparatus is moving in a forward
      or reverse direction.
PAR  The position of the gate in the valve 69 can be made responsive to an
      electrohydraulic mechanism 73 which in turn can be responsive to the
      output signal on the conductors 44 of the personnel detection means 43.
      For example, in response to the output signal, the electrohydraulic
      mechanism 73 may move the gate in the valve 69 so that the high-pressure
      fluid is introduced into the cavity 59. This could cause the piston 55 to
      move upwardly so that the loading apparatus moves in a reversed direction.
      It might also be desirable to provide the gate in the valve 69 with a
      third position inhibiting the flow of the high-pressure fluid to both of
      the first and second cavities 57 and 59, respectively. In such an
      embodiment, the output signal could cause the electrohydraulic mechanism
      73 to move the gate to the third position so that movement of the loading
      apparatus would be inhibited in both the forward and reverse directions.
PAR  The personnel detection means 43 can be of the general type including
      transmission means for sending a detection signal relative to the
      particular area and receiving means positioned relative to the
      transmission means to receive the detection signal. In this type of
      detection means 43, particular characteristics which are exhibited by the
      detection signal when a person is in the particular area can be detected
      by the receiving means to provide the output signal. Such a detection
      means 43 is the photoelectric system illustrated in FIG. 5 to include at
      least one light source 75 providing at least one beam of light 77. A light
      detector 79, which typically includes a photoelectric cell, is generally
      disposed along the path of each of the beams of light 77. It is desirable
      that the light source 75 be disposed with respect to the detectors 79 so
      that the beams of light 77 extend across the particular area. The
      detectors 79 are generally connected to the conductors 44 to provide the
      electrical output signal.
PAR  In a preferred embodiment the light source 75 is supported in a first
      housing 81 which can be mounted to extend from one of the side panels 25
      rearwardly of the loading lip 27. An associated detector 79 can be
      supported in a second housing 83 which can be mounted in a similar manner
      to extend from the other side panel 25. In this manner, the beam of light
      77 extends rearwardly of the loading lip 27 and across the vehicle 11.
PAR  It may be desirable to provide more than one of the beams of light 77 in
      order to define a particular plane across the dangerous area. In such an
      embodiment, the detectors 79 would typically be connected in parallel so
      that an object blocking any one of the beams of light 77 would inhibit the
      packing operation. The particular plane can be that illustrated by the
      substantially vertical dotted line 85 illustrated in FIG. 3.
PAR  In one embodiment, the plane 85 is defined by a plurality of the light
      sources 75, and a plurality of associated detectors 79 having a plurality
      of associated beams of light 77 extending therebetween. In such an
      embodiment, it may be desirable that all of the light sources 75 are
      disposed in the housing 81 and all of the detectors 79 are disposed in the
      housing 83. This could simplify the wiring of the photoelectric system.
PAR  It is well known that much of the refuse 19 includes opaque fluids which
      can splash in proximity to the hopper 13. Therefore, it may be desirable
      to construct the housings 81 and 83 in a manner which will prevent the
      fluids from splashing on the light sources 75 or the detectors 79 to block
      the beams of light 77. Thus, it may be desirable to form the housings 81
      and 83 as illustrated in FIG. 6 so that a plurality of holes 86 are
      defined along one side thereof. The light sources 75 and detectors 79 can
      then be mounted within the respective housings 81 and 83 in spaced
      relationship to the holes 86. In such an embodiment, the associated beam
      of light 77 passes through an associated one of the holes 86. The holes 86
      can be made sufficiently small to inhibit the splashing of the refuse 19
      into the housing 83 and sufficiently large to prevent the refuse from
      collecting on the housing 83 to block one of the holes 86.
PAR  In a further embodiment of the invention, the photoelectric system can
      include one of the light sources 75 and one of the detectors 79. In such
      an embodiment the plane 85 may be defined by a detection signal which is
      repeatedly reflected across the particular area by reflection means
      mounted in the housings 81 and 83. In this manner, a single light source
      75 and detector 79 can provide a plurality of the beams of light 77 each
      extending across the particular area. In such an embodiment, the
      reflection means can comprise mirrors 87, and the light source 75 and
      detector 79 can be disposed in the most widely spaced portions of the
      respective housings 81 and 83. For example, the light source 75 can be
      disposed in the top of the housing 81 and the detector 79 can be disposed
      in the bottom of the housing 83 to provide for nonintersecting beams of
      light 77.
PAR  In a further embodiment of the invention, the beams of light 77 are
      reflected by the mirrors 87 so that they intersect in the plane 85. In
      such an embodiment the light source 75 and the detector 79 may be disposed
      in the most proximate portions, e.g., the top portions of the respective
      housings 81 and 83, as shown in FIG. 8.
PAR  In still a further embodiment of the invention, the light source 75 and the
      detector 79 can be disposed in the same housing 83 to simplify the wiring
      of the detection means 43. As illustrated in FIG. 9, such an embodiment
      will typically include at least one of the mirrors 87 disposed in each of
      the housings 81 and 83.
PAR  In each of the foregoing embodiments, the holes 86 can be appropriately
      configured and spaced along the housings 81 and 83 so that the beams of
      light 77 extend through the holes 86.
PAR  Although the photoelectric system may be particularly desirable for
      providing the electrical output signal, the invention includes other types
      of personnel detection means 43. For example, a proximity responsive
      system can be adapted to inhibit the loading operation of the vehicle 11.
      Such a system might include a capacitive probe or antenna 89 connected in
      series with a resistance 91 to form a resistance shunt across a tank
      circuit 92 including an inductance 95 and a capacitance 93.
PAR  The Q of the tank circuit 92, which is usually expressed as the ratio of
      the inductive reactance at resonance to the resistance, determines the
      output amplitude of an oscillator 97. A decrease in this output amplitude
      can be sensed by an electronic switch 99 to provide the electrical output
      signal of the detection means 43. When the person 21 moves into proximity
      with the antenna 89, the capacitance thereof increases so that the
      capacitive reactance of the resistance shunt also increases. This
      decreases the impedance of the shunt so that the Q of the tank circuit is
      also decreased. This in turn causes the output amplitude of the oscillator
      97 to be decreased so that the electronic switch 99 provides the
      electronic output signal. In a preferred embodiment of the invention, the
      probe or antenna 89 is mounted on the cover 31 substantially as shown in
      FIGS. 3 and 5. The antenna 89 may also be mounted on the side panels 25 or
      in any other area in proximity to the loading lip 27.
PAR  The personnel detection means 43 can also be of the type which senses the
      ordinary movement of persons in a particular area. As illustrated in FIG.
      11 herein, the device can include an oscillator 101 providing an
      intermediate signal having an ultrasonic frequency. In response to the
      intermediate signal, a sending transducer 103 radiates substantially
      constant frequency ultrasonic sound waves across the particular area. A
      receiving transducer 105 is preferably disposed on the side of the
      particular area opposite the sending transducer 103 to receive the
      ultrasonic sound waves. These sound waves can then be amplified in a tuned
      amplifier 107 and detected in a detector 109.
PAR  It is of particular interest that any movement of a person within the
      particularly dangerous area produces a doppler shift frequency which
      modulates the carrier after it is transmitted by the transducer 103. This
      modulation of the carrier is sensed in the detector 109 which provides the
      particular electrical output signal in response to the modulation. In such
      an embodiment, the transducers 103 and 105 can be advantageously mounted
      to the vehicle 11 in positions similar to those of the housings 81 and 83
      or in any other positions on generally opposite sides of the particular
      area.
PAR  As discussed in my copending application Serial No. 264,021, the movement
      of the packing panel 33 into relative proximity with the loading lip 27
      can be advantageously relied upon to chop large objects of the refuse 19
      which extend over the loading lip 27. In some cases, these large objects
      may extend sufficiently over the loading lip 27 to interrupt the detection
      signal, such as the beam of light 77. This, of course, would inhibit the
      operation of the loading apparatus so that the advantageous chopping
      function could not be performed. To accommodate such a desirable function,
      the invention can be provided with an override switching means 111 which
      can be operated to short the contacts 45. The switching means 111, which
      is shown schematically in FIG. 2, can be mounted on the housing 81 or in
      some other position preferably in proximity to the switch 41. It may be
      desirable that this switching means 111 include more than one switch
      interconnected in series across the contacts 45 and mounted on the vehicle
      11 in spaced relationship so that more than one of the collection
      personnel 21 can participate in overriding the safety features of the
      present invention.
PAR  Any of these personnel detection means 43 and associated loading apparatus
      can be used to inhibit the loading operation associated with the second
      type of refuse collection vehicle 11'. Such a vehicle 11' generally
      includes a movable hopper 13' supported by a pair of arms 33' pivotally
      mounted on a pin 37'. A plurality of hydraulic cylinders 35' typically
      engage the arms 33' at a point spaced from the pin 37' to pivot the arms
      33' and thereby raise the hopper 13'. After the hopper is overturned to
      empty its contents into storage body 23', it can be returned to its normal
      position in front of the vehicle 11'. In this type of vehicle 11', the
      particularly dangerous area is typically that beneath the hopper 13'. A
      person 21 standing within this area during the loading operation can be
      severely injured when the hopper 13' is lowered into its normal position.
PAR  In this second type of vehicle 11', a pair of housings 81'  and 83' can be
      mounted on typically stationery arms 113 which extend from the front of
      the vehicle 11' on either side of the hopper 13'. In an embodiment
      including the photoelectric system, the movement of a person 21' across
      the plane 85' will actuate the detection means 43' and thereby inhibit
      operation of the loading apparatus.
PAR  The transducers 103 and 105 of the detection apparatus illustrated in FIG.
      11 could also be mounted in the respective housings 81' and 83'. The
      antenna or probe 89' of the detection apparatus illustrated in FIG. 10
      would typically be mounted on the front of the vehicle 11'.
PAR  In accordance with these preferred embodiments and other embodiments which
      may be within the scope of the invention, any vehicle can be provided with
      means for detecting the presence of a person 21 in a particular area and
      for inhibiting the operation of apparatus which makes the particular area
      dangerous to the personnel. As noted, the loading apparatus of both the
      first and second types of refuse collection vehicles 11 can be inhibited
      when a person 21 moves into proximity to the hopper 13. The personnel
      detection means 43 may include a sender and a receiver interconnected by a
      detection signal, such as light rays or sound waves, which extends across
      the particular area. Alternatively, the personnel detection means may
      include an antenna which detunes a tank circuit when a person moves into
      the dangerous area. These types of detection means provide an electrical
      output signal which can be used to inhibit the operation of a motor or a
      hydraulic valve associated with the loading apparatus.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle for collecting refuse having a storage body and a hopper into
      which personnel associated with the vehicle initially dump the refuse, the
      vehicle further comprising:
PA1  displacement means for displacing the refuse from the hopper into the
      storage body, the displacement means being movable in a particular
      direction relative to the storage body to make a particular area in
      proximity to the vehicle dangerous to the personnel;
PA1  power means for moving the displacing means in the particular direction to
      displace the refuse from the hopper into the storage body;
PA1  transmission means disposed relative to the particular area for
      transmitting a signal across the particular area;
PA1  detection means disposed relative to the transmission means in a position
      to receive directly the transmitted signal, the detection means having
      characteristics for providing a particular electrical signal when the
      transmitted signal is not received by the detection means;
PA1  the power means being responsive to the particular electrical signal
      provided by the detection means to inhibit movement of the displacement
      means in the particular direction; whereby
PA1  the presence of the personnel in the particular area blocks the transmitted
      signal so that the detection means provides the particular signal to
      inhibit movement of the displacement means by the power means.
NUM  2.
PAR  2. The vehicle recited in claim 1 wherein the transmitting means provides
      sound waves and the receiving means is responsive to the characteristics
      of the sound waves to provide the output signal.
NUM  3.
PAR  3. The combination recited in claim 2 further comprising:
PA1  an oscillator included in the transmitting means and providing the
      detection signal with a particular carrier frequency; wherein
PA1  a person present in the particular area modulates the carrier frequency of
      the sound waves; and
PA1  modulation detection means included in the receiving means and responsive
      to the modulation of the particular carrier frequency to provide the
      electrical output signal.
NUM  4.
PAR  4. The combination recited in claim 1 wherein the personnel detection means
      includes:
PA1  an oscillator providing an intermediate signal normally having a particular
      amplitude;
PA1  a tank circuit for controlling the frequency of the oscillator;
PA1  an antenna connected to provide a shunt across the tank circuit and
      responsive to the presence of a person in the particular area to change
      the Q of the tank circuit;
PA1  the oscillator responsive to the change in the Q of the tank circuit to
      provide the intermediate signal with an amplitude greater than the
      particular amplitude; and
PA1  means responsive to the increased amplitude of the oscillator to provide
      the electrical output signal.
NUM  5.
PAR  5. The vehicle recited in claim 1 wherein the displacement means comprises:
PA1  a structural member movable in the first direction to displace the refuse
      from the hopper into the storage body;
PA1  pump means responsive to the operation of the motor to provide a source of
      high-pressure fluid;
PA1  a hydraulic cylinder connected between the structural member and the pump
      means and having a first cavity for receiving the high-pressure fluid to
      move the structural member in the first direction;
PA1  valve means connected to the pump means and the hydraulic cylinder, the
      valve means including a gate movable to at least a first position to
      introduce the high-pressure fluid into the first cavity of the hydraulic
      cylinder;
PA1  the valve means being responsive to the particular electrical signal of the
      detection means to inhibit the gate from moving to the first position and
      thereby inhibit movement of the structural member in the first direction.
NUM  6.
PAR  6. The vehicle recited in claim 5 wherein:
PA1  the structural member is movable in a second direction to reduce the danger
      to personnel in the particular area;
PA1  the hydraulic cylinder includes a second cavity for receiving the
      high-pressure fluid to move the structural member in the second direction;
      and
PA1  the gate of the valve means is movable to a second position to introduce
      the high-pressure fluid to the second cavity of the hydraulic cylinder to
      reduce the danger to personnel in the particular area.
NUM  7.
PAR  7. The vehicle recited in claim 1 wherein the detecting means comprises:
PA1  the transmission means having a fixed relationship with the vehicle and
      having properties for sending a detection signal relative to the
      particular area;
PA1  the detection means having a fixed relationship with the vehicle and
      positioned with respect to the transmitting means to receive the detection
      signal, the detection means being responsive to particular characteristics
      of the detection signal as represented by a disposition of a person in the
      particular area to provide the output signal; whereby
PA1  a person disposed in the particular area provides the detection signal with
      the particular characteristics so that the first means inhibits the
      particular function.
NUM  8.
PAR  8. The vehicle recited in claim 7 wherein the transmitting means provides
      sound waves and the receiving means is responsive to the characteristics
      of the sound waves to provide the output signal.
NUM  9.
PAR  9. The vehicle set forth in claim 1 wherein the power means includes:
PA1  a source of electric current;
PA1  motor means connected to the displacement means and being responsive to the
      electric current from the source to move the displacement means in the
      particular direction;
PA1  means for introducing the electric current from the source to the motor
      means, the introducing means including a pair of contacts; and
PA1  means included in the introducing means for normally connecting the
      contacts in the introducing means to facilitate introduction of the
      electric current to the motor means, the connecting means being responsive
      to the particular signal to disconnect the contacts and thereby inhibit
      movement of the displacement means in the particular direction.
NUM  10.
PAR  10. The vehicle recited in claim 1 wherein the transmission means is
      mounted in fixed relationship to the storage body on one side of the
      particular area and the detection means is mounted in a fixed relationship
      to the storage body on a side of the particular area opposite to the
      transmission means in the path of the transmitted signal.
NUM  11.
PAR  11. The vehicle recited in claim 1 wherein the hopper is disposed in a
      fixed relationship to the storage body at the rear of the vehicle and the
      displacement means includes a packing panel movable relative to the hopper
      to render the particular area dangerous to the personnel, the transmission
      means and the detection means being attached to the hopper in fixed
      relationship to the storage body.
NUM  12.
PAR  12. The vehicle set forth in claim 1 wherein the hopper is disposed at the
      front of the vehicle and the displacement means includes loading arms
      movable relative to the storage body to elevate the hopper above the
      storage body, the transmission means and detection means being mounted to
      extend at the front of the vehicle in fixed relationship to the storage
      body.
NUM  13.
PAR  13. A vehicle for collecting refuse, including:
PA1  a storage body;
PA1  a hopper positioned with respect to the storage body to initially receive
      the refuse to be collected;
PA1  loading apparatus disposed relative to the storage body for displacing
      refuse from the hopper into the storage body, the loading apparatus being
      operable to move in a first direction relative to the storage body to
      render a particular area in proximity to the vehicle dangerous to
      personnel;
PA1  means connected to the loading apparatus for controlling the movement of
      the loading apparatus relative to the storage body;
PA1  means for detecting the presence of a person in the particular area at
      least during movement of the loading apparatus in the first direction and
      for providing a particular signal when a person is detected in the
      particular area; and
PA1  the controlling means being responsive to the particular signal provided by
      the personnel detection means to inhibit movement of the loading means in
      the first direction when a person is present in the particular area.
NUM  14.
PAR  14. The vehicle set forth in claim 13 wherein the hopper is disclosed in
      the front of the vehicle and the loading apparatus includes a pair of
      loading arms each pivotally mounted with respect to the storage body and
      attached to the hopper, the loading arms being operable by the controlling
      means to elevate the hopper to a position above the storage body to
      facilitate dumping of the refuse from the hopper into the storage body.
NUM  15.
PAR  15. The vehicle set forth in claim 14 wherein the detecting means includes:
PA1  at least one light source providing at least one beam of light;
PA1  at least one photoelectric cell positioned relative to the light source to
      receive the beam of light and provide an electrical output signal when the
      beam of light is interrupted.
NUM  16.
PAR  16. The vehicle set forth in claim 15 further comprising reflection means
      disposed in the path of at least one of the beams of light to provide an
      additional beam of light extending relative to the particular area.
NUM  17.
PAR  17. The vehicle set forth in claim 16 wherein the beams of light define a
      plane extending relative to the particular area.
NUM  18.
PAR  18. The vehicle recited in claim 16 wherein the beams of light intersect.
NUM  19.
PAR  19. The vehicle set forth in claim 14 wherein the moving means comprises:
PA1  a motor operable to move the loading apparatus and thereby displace the
      refuse from the hopper to the storage body;
PA1  a battery;
PA1  means connecting the battery and the motor in an electrical circuit to
      energize the motor and thereby move the loading apparatus;
PA1  the electrical circuit being interrupted to provide a pair of terminals;
PA1  first switching means normally connecting the terminals to facilitate the
      energizing of the motor, the first switching means being responsive to the
      output signal of the detecting means to inhibit the energizing of the
      motor.
NUM  20.
PAR  20. The vehicle recited in claim 19 further comprising:
PA1  second switching means for overriding the first switching means to energize
      the motor when the detecting means is providing the output signal.
NUM  21.
PAR  21. The vehicle recited in claim 13 wherein the detecting means comprises:
PA1  an oscillator providing an intermediate signal normally having a particular
      amplitude;
PA1  a tank circuit for controlling the frequency of the oscillator;
PA1  an antenna connected to provide a shunt across the tank circuit and
      responsive to the presence of a person in the particular area to change
      the Q of the tank circuit;
PA1  the oscillator responsive to the change in the Q of the tank circuit to
      provide the intermediate signal with an amplitude greater than the
      particular amplitude; and
PA1  means responsive to the increased amplitude of the oscillator to provide
      the electrical output signal.
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ABST
PAL  The two actuating levers of hydraulic pumps which control the direction and
      proportionate volumes of fluid flow to hydraulic motors in a hydraulic
      steering, speed, and direction control system may be locked in neutral by
      components located at the pumps but operated remotely from the cab of the
      vehicle. The geometry of the arrangement is such that any attempted
      movement on the part of the actuating levers once locked only tends to
      seat the locking components more firmly. Engine start-up is impossible
      unless the levers are locked in neutral.
PARN
PAR  This is a division of application Ser. No. 379,556 filed on July 16, 1973,
      now U.S. Pat. No. 3,857,298.
BSUM
PAR  This invention relates to locking assemblies and more particularly to a
      locking assembly having special utility for use in connection with the
      steering, speed, and direction control of an implement.
PAR  Implements of vehicles having a pair of drive wheels on opposite sides
      thereof may be controlled by regulating the driving speeds of the wheels
      relative to one another. For example, instead of turning the wheels in
      unison to the left or right in order to turn the vehicle, it is only
      necessary to maintain the wheels in the same permanent, straight ahead
      alignment while slowing down or speeding up one wheel relative to the
      other. The vehicle then turns to the side having the slower wheel. If it
      is desired to drive the vehicle in a straight line, in forward or reverse,
      the wheels are both rotated at the same speed, the direction of their
      rotation determining whether the vehicle moves forwardly or reversely.
PAR  A number of control systems for hydraulically regulating the steering,
      speed, and direction of vehicles have heretofore been provided, and among
      these is the system disclosed in U.S. Pat. No. 3,431,993 to Case, of Mar.
      11, 1969. This patent is hereby incorporated by reference into the present
      specification as need be for a full and clear understanding of the present
      invention. The system of this patent employs a hydraulic motor at each
      drive wheel, a pair of variable displacement pumps that supply fluid to
      the motors in either of two opposite directions, and linkage structures
      leading from the pumps to the cab area of the vehicle for manual actuation
      by the operator. In addition, the system provides for locking the controls
      in a neutral condition by tipping a pair of foot-operated lock pedals
      until their notches engage and catch the linkage structure disposed
      beneath the floor of the operating cab. As long as the linkage structure
      remains caught by the lock pedals, the hydraulic pumps do not circulate
      fluid to the drive motors, and the vehicle remains in neutral. When the
      pedals are operated to release the linkage, the pumps can again be
      actuated.
PAR  Therefore, one important object of the present invention is to provide a
      mechanical natural safety lock which positively prevents any possibility
      of the vehicle creeping, once its hydraulic system has been locked in a
      neutral condition, regardless of any repetitious and variable loads which
      may be placed on structural parts of the vehicle as a result of the
      operator climbing off and on the vehicle.
PAR  Pursuant to the foregoing, another important object of this invention is to
      mount components of the lock assembly on the pumps themselves, rather than
      on the floor of the operator cab, thus assuring that, relative to one
      another, the pumps and their supported lock components are unaffected by
      deflections of the cab floor and all linkage structure.
PAR  It is also an important object to provide a neutral lock whose components
      tend to seat more firmly in interlocked relationship with one another in
      response to any attempted movements on the part of the actuating
      structures of the system.
PAR  An additional important object of the instant invention is to provide an
      effective neutral lock as aforesaid which cooperates with the starter
      circuit of the vehicle to preclude start-up of the engine unless the
      hydraulic speed and direction control of the vehicle is in neutral and is
      locked by the neutral lock.
PAR  A further important object of this invention is to provide a neutral lock
      of rugged construction, capable of withstanding the substantial forces
      applied thereto during implementation of the lock so as to provide
      long-lived, mechanically trouble-free operation.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a fragmentary perspective view, partially in section, showing the
      neutral lock of the present invention in association with certain
      components of the hydraulic steering and speed control of a vehicle;
PAR  FIG. 2 is a fragmentary, side elevational view of the neutral lock and
      associated control partially shown in FIG. 1, parts being broken away and
      shown in cross-section for clarity;
PAR  FIG. 3 is a cross-sectional view of the control and lock taken along line
      3--3 of FIG. 2, exclusive of the mounting structure for the control, the
      unlocking position of the neutral lock being indicated by dashed lines;
PAR  FIG. 4 is an elevational view of a portion of the operating linkage for the
      neutral lock illustrating alternative positions of the linkage; and
PAR  FIG. 5 is an enlarged fragmentary plan view of a locking clip of the
      neutral lock illustrating details of the receiving mouth of the clip.
DETD
PAR  The hydraulic steering and speed control 10 is only fragmentarily shown
      throughout the views of the drawing, but it is to be understood that, in
      principle, control 10 operates in the same general fashion as that of the
      incorporated patent. In this respect, the control 10, as the control of
      said patent, may regulate the relative amounts of fluid supplied to the
      hydraulic motors of drive wheels on the vehicle with which control 10 is
      associated. When equal amounts of fluid are supplied to both motors, the
      vehicle may be driven in forward or reverse directions in a straight line,
      depending upon the direction of the fluid. On the other hand, when unequal
      amounts of fluid are directed to the hydraulic motors, the result is a
      change in the driving speed of one wheel relative to the other, hence
      effecting turning of the vehicle toward the side with the slower wheel.
PAR  In the arrangement shown for purposes of illustration, control 10 includes
      a pump body located at the rear of the vehicle and broadly designated by
      the numeral 12, having a pair of individually operable fluid-regulating
      pumps or devices 14 driven by the common power input shaft 16 of a prime
      mover (not shown) of the vehicle. A third fluid-regulating pump or device
      18 of body 12 may be utilized in conjunction with devices 14 for
      controlling raising and lowering of a header, should one be provided on
      the vehicle with which control 10 is associated.
PAR  Each pump 14 is substantially the same as the pumps of the incorporated
      patent and has a rotatable shaft member 20 controlling a swash plate (not
      shown) within the pump 14, the rotative position of shaft 20 determining
      the direction and amount of fluid flow from its pump 14 to the
      corresponding hydraulic motor, and each shaft member 20 being operable
      between a pair of opposed limits corresponding to maximum fluid flow
      conditions by an actuating lever 22. The midpoints of the rotative
      displacements of shafts 20 correspond to neutral fluid flow conditions
      wherein fluid is diverted from the hydraulic motors so that neither
      driving nor steering of the vehicle is caused.
PAR  Each actuating lever 22 is secured to its corresponding shaft 20
      intermediate the ends of lever 22 by a split clamp 24 controlled by a
      drawbolt 26. One end of the levers 22 is connected to suitable operating
      means in the nature of push-pull rods 28 leading forwardly to steering and
      speed apparatus in the forward operating cab of the vehicle such as, for
      example, that shown in the aforesaid patent. The rods 28 may be pushed or
      pulled in unison so as to swing levers 22 by equal amounts and in the same
      direction, or rods 28 may be pushed or pulled in opposite directions in
      proportionate amounts so as to swing levers 22 in directions which cause
      turning of the vehicle. The levers 22 swing in a common, horizontal plane
      normal to the axis of the valve members 20.
PAR  The lock assembly for maintaining the pump devices 14 in a neutral
      condition is denoted broadly by the numeral 30 and includes a supporting
      tube 32 welded to a mounting plate 34 which is joined to the pump body 12
      on the side of the latter opposite the rods 28 by fasteners 36. A central
      shaft 38 is rotatable concentrically within tube 32 and has a pair of
      sleeves 40 keyed thereto at opposite ends thereof for rotation therewith.
      Each sleeve 40 has a generally C-shaped keeper or catch component 42
      secured to its outer periphery for movement between the solid and dotted
      line positions of FIG. 3 when shaft 38 is rotated. An outwardly flared
      mouth 44 is formed in each catch 42 between a pair of opposed legs 46, and
      a cavity 45 is located at the inner extremity of mouth 44.
PAR  The mouth 44 of each receiving catch 42 is configured to receive in
      latching engagement an upstanding bolt component on the adjacent end of
      the corresponding lever 22, such component being in the form of a
      projection or pin 48. The pin 48 of each lever 22 is adjustably shiftable
      laterally of its lever 22 within an elongated, laterally extending slot
      50, having a head 52 below slot 50 and a releasable nut 53 thereabove.
      Bolt and nut type adjusters 54 projecting from opposite sides of each
      lever 22 bear against head 52 of the pin 48 for incremental movement of
      pin 48 within slot 50.
PAR  The common axis of tube 32, shaft 38, sleeves 40 and catches 42 is disposed
      substantially tangentially to the arcuate paths described by pins 48
      during swinging of levers 22. Thus, any attempted further swinging of pins
      48 in either direction beyond their neutral positions when locked results
      in a force vector being directed radially inwardly, hence into the mouths
      44. Pins 48 therefore only seat themselves more firmly in cavities 45.
PAR  A torsion rod 56 is affixed to the outwardly projecting end of lock shaft
      38 and comprises a part of an operating linkage 58 for lock assembly 30.
      Torsion rod 56 is supported for rotation about its longitudinal axis by a
      pair of spaced-apart supports 60, and a crank 62 affixed to rod 56
      comprises a part of a toggle mechanism 64 of linkage 58 for rotating
      torsion rod 56 and for releasably holding the same in either of two
      rotative positions corresponding to the alternative conditions of the
      toggle mechanism 64 illustrated in FIG. 4. The solid and dashed line
      conditions of toggle 64 in FIG. 4 correspond to the solid and dashed line
      conditions respectively of catches 42 in FIG. 3. A link 66 of toggle 64 is
      pivoted at one end to supporting structure 67 of the vehicle for swinging
      about an axis at 68 and has a pin 70 at the opposite end thereof which
      travels in an elongated slot 72 in crank 62. A vertically extending
      push-pull rod 74 secured to link 66 intermediate its opposed ends leads to
      the operator cab of the vehicle, rendering the lock assembly 30 fully
      actuatable by the operator remote from the assembly 30 itself.
PAR  A control switch 76 for the starter circuit of the vehicle is mounted
      adjacent locking assembly 30 with its swingable, spring-loaded control arm
      78 in disposition to be operated by a finger 80 projecting laterally
      outwardly from one of the sleeves 40 of assembly 30. Switch 76 is operable
      to maintain the starter circuit open when arm 78 is depressed, and closed
      when arm 78 has sprung upwardly. Accordingly, finger 80 depresses arm 78
      to open the circuit when the catches 42 are rotated back into the dotted
      line position of FIG. 3 and allows arm 78 to swing upwardly to close the
      circuit when the catches 42 are rotated forwardly to their full-line,
      locking positions illustrated throughout the Figures.
PAR  From the foregoing description, the operation of the neutral lock assembly
      30 should be apparent. When the levers 22 are disposed by rods 28 in their
      neutral positions so that no fluid is delivered to the hydraulic motors of
      the vehicle drive wheels, the operator may pull rod 74 upwardly so as to
      swing crank 62 in an upward direction which rotates catches 42
      counterclockwise viewing FIG. 3 into position receiving the pins 48 within
      mouths 44. In this disposition, the levers 22 are firmly and rigidly held
      against swinging because of the confinement of pins 48 within mouths 44.
      In this respect, note that rotation of the catches 42 in a plane normal to
      the planes of swinging of levers 22 assures a very positive reception of
      pins 48 within mouths 44. Moreover, the assembly 30 itself is very firmly
      held by pump body 12 against displacement in any direction which would
      permit swinging of levers 22.
PAR  Release of levers 22 is very easily accomplished by simply pushing rod 74
      downwardly to break toggle 64 and hence crank the torsion rod 56 in a
      clockwise direction viewing FIG. 3 a sufficient extent to rotate catches
      44 back into clearing relationship with pins 48. Levers 22 are thus free
      to swing about the axes of members 20, carrying out their speed, direction
      and steering functions.
PAR  It is to be noted that the outwardly flared configuration of the mouths 44
      means it is not necessary for the levers 22 to be precisely in their
      neutral positions before actuating assembly 30 to lock levers 22. Should
      the pins 48 be disposed slightly to one side of the center lines of mouths
      44, the sloping edges of the catch legs 46 defining each mouth 44 will
      operate to forcefully guide the corresponding pin 48 deeply into mouth 44
      and into cavity 45 as the catches 42 are progressively rotated into their
      locking positions. Thus, the levers 22 are automatically cammed into their
      full neutral positions by catches 42 in the event that levers 22 are
      initially not exactly in neutral.
PAR  The finger 80 and the control switch 76 function in the manner earlier
      described to prevent starting of the engine unless the levers 22 are
      locked in their full neutral positions by assembly 30. In this respect,
      the assembly 30 is so designed that it is impossible to arrive at a
      situation wherein the levers 22 are locked out of neutral positions in
      locations of fluid flow so that the vehicle would lurch in one or more
      directions when started up. This dangerous condition could be presented if
      it were possible for the pins 48 to be disposed laterally outside of one
      or the other of the legs 46 of catches 42 when the catches 42 are rotated
      into their locking positions. This would mean that when the catches 42
      were rotated in the reverse direction out of their locking positions to
      depress switch arm 78 and close the starter circuit, fluid would
      immediately surge to the hydraulic motors of the drive wheels upon
      start-up.
PAR  This condition has been completely avoided in the present invention by
      correlating the widths of the legs 46 with the angular displacement of the
      valve shafts 20 such that, even when the shafts 20 are at either of their
      opposite extremes of rotation, the pins 48 are still disposed within the
      limits of legs 46. Therefore, even though the pins 48 may not be in the
      proper position to enter mouths 44, they cannot slip past catches 42 on
      the outside edges of legs 46 when catches 42 are rotated into their
      locking positions. This means that the pins 48 are struck by the leading
      ends of legs 46 such that further rotation of catches 42 into their
      locking positions is precluded, hence preventing switch arm 78 from being
      depressed sufficiently to close the starter circuit. Therefore, once the
      engine is shut off, it cannot again be started until the levers 22 have
      been properly swung to their neutral positions, allowing pins 48 to be
      fully received within the mouths 44 and cavities 45 of catches 42.
PAR  It is contemplated that toggle 64 of the linkage 58 will be coupled with
      safety brake (not shown) for the vehicle such that actuation or rod 74 to
      operate lock assembly 30 simultaneously applies or releases the safety
      brake. Accordingly, it is important that the safety brake be applied even
      in those situations where existance of the levers 22 out of their neutral
      positions prevents locking of assembly 30. This is easily accomplished by
      providing the torsion rod 56 with the inherent ability to twist a
      sufficient extent to allow rod 74 to be pulled upwardly to its fullest
      extent, hence applying the safety brake, even when the pins 49 are
      disposed to strike the leading ends of legs 46 instead of entering mouths
      44. Thus, even though the control 10 may not be locked in a neutral
      condition by assembly 30 in such situations, the vehicle is nonetheless
      safely held against movement by the applied safety brake.
PAR  Noteworthy also is the adjustability of the pins 48 laterally with respect
      to their corresponding levers 22. By releasing and tightening the
      appropriate adjusters 54 to shift pins 48 in the proper direction within
      slots 50, the locations of pins 48 can be accurately correlated with the
      neutral positions of levers 22. In this manner, it is assured that when
      the pins 48 are fully received within mouths 44, the levers 22 are, in
      fact, locked in neutral, rather than allowing a small degree of fluid to
      flow to the hydraulic motors of the drive wheels and cause the implement
      to "creep".
PAR  Also of prime importance is the location of lock assembly 30 in close
      proximity to the devices 14 which it controls, and in fact, the
      essentially unitary relationship therewith by virture of the rigid
      mounting of assembly 30 on pump body 12. This eliminates any creeping
      heretofore experienced as a result of deflection of the parts upon which
      the linkages and neutral locks of previous systems were supported. In the
      highly unlikely event that the pump body 12 should move in any given
      direction as a result of some type of deflection, lock assembly 30 must
      also move to the exact same extent so that no relative movement between
      body 12 and lock assembly 30 can arise to effect slight actuation of
      levers 22. Hence, control 10 is very firmly and positively held against
      accidental actuation to any degree when assembly 30 is properly locked.
PAR  It is also important to note that because of the special geometrical
      relationship between catches 42 and pins 48, any attempt on the part of
      levers 22 to swing in either direction, once locked in neutral, results in
      the pins 48 seating themselves even more deeply into mouths 44 and
      cavities 45. Because the axis of catches 42 is tangent to the arcuate
      paths of pins 48 at the neutral point, any arcuate movement of a pin 48 in
      either direction has a radially inwardly directed vector which tends to
      lock the assembly 30 even further, rather than releasing the same.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by letters patent is:
NUM  1.
PAR  1. In combination with a vehicle, a hydraulic steering, speed, and
      direction control comprising:
PA1  a pump body mounted on said vehicle and including a pair of variable
      displacement, fluid-regulating devices each having a shiftable actuating
      structure for increasing or decreasing the flow of fluid in either of two
      opposite directions,
PA1  each of said structures having an operated position corresponding to a
      neutral fluid flow condition in the corresponding device;
PA1  an operating element connected to each of said structures respectively
      adapting the latter for remote manipulation by the operator of the
      vehicle;
PA1  a lock assembly including first components on said structures and second
      components adjacent said structures for simultaneously and releasably
      holding both of said structures against operation by said elements; and
PA1  an operating linkage for said assembly rendering the latter remotely
      actuatable by the operator of the vehicle,
PA1  said structures, said first components, and said second components all
      being supported entirely by said pump body whereby to preclude accidental
      shifting of the components relative to one another during any relative
      movement between the pump body and the vehicle.
NUM  2.
PAR  2. In a vehicular hydraulic steering, speed and direction control:
PA1  a pair of variable displacement, fluid-regulating devices each having a
      shiftable actuating structure for increasing or decreasing the flow of
      fluid in either of two opposite directions,
PA1  each of said structures having an operated position corresponding to a
      neutral fluid flow condition in the corresponding device;
PA1  an operating element connected to each of said structures respectively
      adapting the latter for remote manipulation by the operator of the
      vehicle;
PA1  a lock assembly including first components on said structures and second
      components adjacent said structures for simultaneously and releasably
      holding both of said structures against operation by said elements; and
PA1  an operating linkage for said assembly rendering the latter remotely
      actuatable by the operator of the vehicle,
PA1  said second components having a connection therebetween for movement in
      unison and being coupled with said linkage for operation thereby,
PA1  said second components being supported for rotation into and out of
      latching engagement with said first components,
PA1  each of said structures having a rotatable valve member and a swingable
      lever affixed to said member, said first components being located on said
      levers,
PA1  said second components being rotatable about a common axis that extends in
      parallel relationship to the swinging of said levers.
NUM  3.
PAR  3. In a hydraulic control as claimed in claim 2, wherein said axis of the
      second components extends in substantial tangential relationship with the
      arcuate paths described by said first components.
NUM  4.
PAR  4. In a hydraulic control as claimed in claim 3, wherein is provided switch
      means adapted for controlling an electrical starter circuit for the
      vehicle and responsive to actuation of said assembly to preclude start-up
      of the vehicle unless said structures are locked in their neutral
      positions by the assembly.
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PAL  An automatic vehicle-stopping structure according to which a vehicle body
      carries at an outermost part, which leads the remainder of the vehicle
      body when the latter travels in a given direction, a container which
      contains a fluid and which has most distant from the outermost part of the
      vehicle body a flexible wall to be engaged and deformed by a person or
      object which comes into contact with the fluid-container during travel of
      the vehicle. The interior of the container communicates with a
      pressure-responsive switch. The latter switch changes from one position to
      another in response to deformation of the flexible wall of the container.
      When the switch changes its position automatically in this manner, it
      actuates at least a control for engaging the brakes of the vehicle so that
      the vehicle will be automatically stopped under the above conditions.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  The present invention relates to vehicles.
PAR  In particular, the present invention relates to structures for
      automatically stopping the movement of a vehicle when the vehicle engages
      a person or object situated in the path of travel of the vehicle
PAR  In particular, the present invention relates to a structure which will
      automatically trigger a brake such as an emergency brake of the vehicle
      for automatically engaging the latter while the present invention also may
      include a structure for automatically disengaging the drive from the
      engine of the vehicle when the vehicle strikes against a person or object
      during travel of the vehicle.
PAR  The invention is particularly applicable to large vehicles adapted to carry
      and transport relatively heavy loads such as, for example, straddle truck,
      mobile cranes, and C wagons. Vehicles of this latter type have a cab for
      accommodating the operator of the vehicle. Because of the large size of
      such vehicles and because the operator's cab is generally situated at the
      highest part of the vehicle, the operator of the vehicle has very poor
      visibility particularly with respect to persons and objects which are
      relatively close to the vehicle. This latter factor has a particularly
      dangerous effect with respect to personnel in the vicinity of the vehicle.
      Moreover, because of the relatively confined visibility, the vehicle is
      very likely to collide with walls, doors, or other obstacles and objects
      in the path of travel of the vehicle, particularly when the vehicle is
      travelling in a confined narrow space.
PAR  In connection with straddle trucks, a number of fatal accidents have
      occurred when the operator of the straddle truck sets the vehicle into
      motion without noticing an individual standing beside a wheel of the
      straddle truck, with the result that such an individual was run over.
PAR  Of course, the above problem has been recognized and attempts have already
      been made to find a solution thereto. According to the prior art
      structures for triggering emergency brakes under conditions such as those
      set forth above, it has been conventional to use various types of linkage
      mechanisms to serve as a pick-up means which will automatically sense the
      presence of a person or object. Such a pick-up means conventionally takes
      the form of an arm which is displaced upon impact, or such a pick-up means
      may take the form of a plate which is similarly displaced upon colliding
      with a person or object. However, such conventional constructions have the
      drawback of being unreliable in operation and of having an insufficient
      sensitivity. The unreliability of the operation results from the fact that
      the linkage members become bent while at the same time considerable amount
      of wear takes place at the pivots thereof while the presence of foreign
      objects, such as ice and snow, also detract from the operating
      effectiveness of such linkages.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      safety structure which will avoid the above drawbacks.
PAR  In particular, it is an object of the present invention to provide vehicles
      of the above type with the capability of operating with increased safety,
      as contrasted with conventional safety devices of the above type, in order
      to reliably prevent or at least substantially reduce collisions or the
      damage caused thereby when various types of transport vehicles are
      operated.
PAR  It is in particular an object of the present invention to provide a device
      of the above general type which is far more sensitive than conventional
      devices for bringing about an automatic engaging of the brakes of the
      vehicle while it is also possible in addition, in accordance with the
      object of the invention, to disengage the drive from the engine of the
      vehicle.
PAR  Moreover, it is an object of the present invention to provide a safety
      device of the above general type which is capable of operating effectively
      even under severe operating conditions as under conditions where snow and
      ice are encountered in such a way that they would prevent proper operation
      of conventional devices.
PAR  In addition it is an object of the present invention to provide a safety
      structure of the above general type which is capable of reliably
      responding, to engage at least the brakes of the vehicle, not only when
      the vehicle travels slowly or starts from a stopped condition within the
      confines of a storehouse or the like, but also when the vehicle travels
      outside along a road or the like wher the device of the invention is
      capable of responding to the presence of a snowbank along the side of the
      road, for example, to prevent the vehicle from ditching or driving off the
      road.
PAR  According to the invention the vehicle has a vehicle body provided with an
      outermost part which leads the remainder of the vehicle when the vehicle
      travels in a given direction. This outermost part of the vehicle body
      carries a fluid-containing means which has most distant from the outermost
      part of the vehicle a flexible wall to be engaged and deformed by a person
      or object situated in the path of travel of the vehicle. A
      pressure-responsive switch means communicates with the interior of the
      fluid-containing means for automatically moving from one position to
      another when the flexible wall is deformed under conditions such as those
      set forth above. When this pressure-responsive switch means thus moves
      automatically from its one to its other position, through a suitable
      circuit means it causes electrical actuation of a brake-control means of
      the vehicle which effectively engages the brakes thereof in order to stop
      the movement of the vehicle automatically.
PAR  Thus, in accordance with the invention outermost parts of the vehicle,
      which are outermost as considered in the direction of travel of the
      vehicle, such as wheel fenders, carry a pick-up for an emergency brake
      trigger, this pick-up having at least an outer wall which is elastic with
      the pick-up having in its interior an air space which communicates with a
      pressure wave switch, forming the above pressure-responsive switch means,
      so that a change in the volume of this air space of the fluid-containing
      means results from an impact against the outer wall of the pick-up. In
      this way such a pressure wave switch will sense a collision with a person
      or object, and the pressure wave switch automatically changes its
      switching state in order to trigger the brakes of the vehicle while also,
      preferably, disengaging the drive from the engine of the vehicle.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a schematic side elevation of a straddle carrier provided with
      the safety structure of the invention;
PAR  FIG. 2 is a front elevation of the straddle carrier of FIG. 1;
PAR  FIG. 3 is a front elevation showing in greater detail than FIGS. 1 and 2 a
      fluid-containing means which is adapted to respond to a collision with a
      person or obejct for providing a suitable signal;
PAR  FIG. 4 is a side elevation of the fluid-containing means of FIG. 3; and
PAR  FIG. 5 is a wiring diagram of an electrical circuit which includes the
      structure of the invention as well as parts of the vehicle which are
      controlled by the safety structure of the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  It is to be noted that while in the description which follows the invention
      is described with respect to a straddle carrier, the invention is also
      suitable for use with other vehicles, particularly those which are
      designed to operate in a relatively confined area, such as mobile cranes,
      C waggons, and the like, with the invention also being in general
      applicable to trucks. The safety-promoting effect of the emergency-brake
      triggering system according to the present invention is greatest in
      connection with starting from a rest or stopped position of the vehicle as
      well as when travelling at relatively low speeds. In some cases, however,
      the safety system of the invention is capable of preventing ditching of
      the vehicle or preventing it from driving off the road as when the pick-up
      or fluid-containing means, described below, engages with its flexible
      exterior wall a snowbank at the roadside, for example.
PAR  Referring now to FIGS. 1 and 2, the straddle carrier illustrated therein
      includes a vehicle body 1 which defines within itself a space for a load
      which is to be transported in a well known manner, this load being, for
      example, a load of containers. The upper part of the vehicle body 1
      carries a cab 2 for the operator of the vehicle. As is well known, from
      this cab 2 there is only a restricted visibility particularly of the
      immediate environment of the vehicle, so that there is an obvious risk of
      accidents and collisions with respect to persons and objects which are
      close to the vehicle. The straddle carrier has at each of its four corners
      a wheel 3 provided with a wheel guard or fender 4 which partly surrounds
      each wheel as illustrated.
PAR  As is apparent from FIG. 1, the left and right lower end regions of the
      left and right fenders 4 which are visible in FIG. 1 form the outermost
      parts of the vehicle body, this being true for the pair of fenders which
      are visible in FIG. 1 as well as for the pair of fenders which are behind
      those which are visible in FIG. 1. Thus with the illustrated vehicle it is
      the lower outermost portions of the fenders which form the outermost parts
      of the vehicle when the latter travels forwardly or rearwardly. Each of
      these outermost parts of the vehicle body fixedly carries a
      fluid-containing means 5 which forms a pick-up for detecting collision
      between the vehicle and a person or object. The fluid-containing means 5
      has an interior space which encloses a given volume of air, which thus
      forms the fluid which is contained by the fluid-containing means. This air
      which is under normal atmospheric pressure communicates at each of the
      fluid-containing means 5 through a pipe or tube 6 with a pressure-wave or
      pressure-responsive switch means 7. Such pressure-responsive switches 7
      are well known. Such a switch carries in its interior a sensitive membrane
      which moves even under the effect of minute changes of pressure, and this
      movement of the membrane causes the opening and/or closing of an
      electrical switch. The sensitivity of such a membrane and its rate of
      return to rest are usually adjustable.
PAR  The details of one possible embodiment of a fluid-containing means of the
      invention are illustrated in FIGS. 3 and 4. Thus, the volume of air which
      communicates with the pressure-responsive switch means 7 is situated in
      the interior of a length of elastic rubber tubing 10. This elastic rubber
      tubing 10 has a closed end 12 and forms a continuation of the tube or pipe
      6 which has an open end 13 opposite to the closed end 12. This open end 13
      is connected by a suitable coupling, such as a relatively thin-walled
      plastic tube, to the pressure connection of the pressure-responsive switch
      means 7. The rubber tube 10 has been set at an angle so as to have the
      somewhat sinuous configuration most apparent from FIG. 3.
PAR  The fluid-containing means of the invention further includes an inner wall
      14 forming a base plate which has its inner surface directly fixed in any
      suitable way to the outer lower surface region of a fender 4 as described
      above. The rubber tube 10 is fixed to the outer surface of the inner wall
      14, which may be made, for example, of rubber, as by being cemented
      thereto. Over the rubber tube 10 is stretched a further elastic rubber
      membrane 15 which is cemented at its edges 15a to the periphery of the
      plate or base 14 while extending around the place where the tubes 10 and 6
      form continuations of each other so that the tube 6 can extend out of the
      space defined between the inner wall 14 and the stretched elastic membrane
      15 which also may be made of a suitable rubber, for example. This exterior
      rubber sheet 15 forms a flexible, elastic, impact-sensitive outer wall of
      the fluid-containing means, and this flexible wall 15 is adapted to be
      deformed upon engaging a person or object situated in the path of movement
      of the vehicle. Even if an extremely light impact is received by the
      rubber membrane 15 at any part thereof, there will be a sufficient change
      in the volume of the air space within the tube 10 to provide a pressure
      pulse which is detected by the pressure-responsive switch means 7 which
      under these conditions automatically responds to change from one position
      to another.
PAR  As has been indicated in FIGS. 1 and 2, the plurality of
      pressure-responsive switch means 7 are situated within housings 11 of the
      lamps of the straddle carrier so that the switches 7 are mechanically
      protected. Electrical leads extend from the pressure-responsive switches
      7, these leads being schematically indicated by the dotted lines 8 in
      FIGS. 1 and 2. The leads 8 serve to electrically connect the several
      pressure-responsive switch means 7 with a control unit 9 for controlling
      the triggering of the emergency brakes, this control unit 9 being situated
      in the cab 2, as shown in FIGS. 1 and 2. While FIGS. 1 and 2 show the
      several fenders 4 respectively carrying the fluid-container means 5, so
      that one of the latter is carried by each fender 4, it may in some cases
      be advantageous to provide additional fluid-container means 5 at other
      locations such as, for example, the lower region of each fender 4 which is
      opposed to the region thereof which carries a fluid-container means 5. In
      such a case each of the lower end regions of each fender 4 will have a
      fluid-container means electrically connected with a pressure-responsive
      switch means, so that in this way added safety may be achieved since such
      inner lower parts of the fenders 4 may engage objects of individuals when
      the vehicle executes turns.
PAR  In the simplified wiring diagram which is shown in FIG. 5, there is
      illustrated a holding relay means K having a pair of switches normally in
      the position illustrated in FIG. 5 when the relay K is unenergized. FIG. 5
      schematically illustrates a magnetic valve Y1 which controls the
      engagement or disengagement of the drive from the engine of the vehicle to
      the transmission thereof, so that the unit Y1 forms an electrical control
      means for controlling engagement and disengagement of the drive of the
      vehicle. In a similar manner, magnetic valves y2 and Y3 are provided to
      form electrical control means for controlling engagement and disengagement
      of the brakes of the vehicle. There are a pair of such electrical
      brake-control means Y2 and Y3 inasmuch as in the illustrated system the
      vehicle has dual circuit brakes.
PAR  The several pressure-responsive switch means 7 are connected in series as
      respectively indicated at S2-S5, so that the several pressure-responsive
      switches form a series circuit as illustrated in FIG. 5. The circuit
      further includes a pilot lamp H as well as a manually operable switch
      means S1 situated at the control unit 9 and capable of being closed, at
      least momentarily, by the operator in order to release the brakes and
      enable the vehicle drive to be engaged.
PAR  This electrical circuit means is such that when, prior to starting the
      engine, the current for operating the entire straddle carrier is switched
      on, the magnetic valves Y1, Y2, and Y3 are energized through the left
      relay switch shown in FIG. 5, which has at this time the position
      illustrated in FIG. 5, so that at this time the energized control means Y1
      prevents engagement of the engine drive while the energized control means
      Y2, Y3 prevents disengagement of the brakes, and of course the pilot lamp
      H is illuminated. At this time the relay means K is not yet energized so
      that it does not attract its armature. Thus, prior to starting the engine
      the emergency brakes are engaged to act also as parking brakes, the
      magnetic valves Y2 and Y3 being energized, while at the same time the
      drive cannot be transmitted from the engine to the transmission because
      the engine-engagement control means Y1 is also energized.
PAR  Prior to setting the vehicle in motion, the operator will release the
      brakes momentarily by manually closing the switch means S1, which is under
      the control of a spring-loaded pressure button, so that immediately upon
      release by the operator the closed switch S1 will automatically open. The
      closing of the switch S1 will energize the coil of the relay K which thus
      will now receive current so that the relay operates to change-over its
      switches. As a result the brakes become disengaged and the engine drive
      can be connected with the transmission. Once the relay K is energized, it
      remains energized, acting as a holding relay, as a result of the fact that
      the circuit is now completed through the coil by way of the series circuit
      formed by the several pressure-responsive switch means S2-S5. The latter
      pressure-responsive switches are normally closed.
PAR  Assuming now that there is an impact between one of the fluid-containing
      means 5 and a person or object, then the deformation of the elastic wall
      15, which need only be a relatively slight deformation, will cause within
      the tube 10 a sufficient change in volume to cause the pressure-responsive
      switch means which is connected with the particular fluid-containing means
      to respond and become automatically displaced from its closed to its open
      position. As a result, the circuit which maintains the relay K energized
      will open, causing the relay to become deenergized and causing the relay
      switches automatically to return to the condition illustrated in FIG. 5.
      As a result the several magnetic valves Y1, Y2, and Y3 become energized by
      drawing the current through the left relay switch illustrated in FIG. 5.
      There is, therefore, an automatic emergency braking action accompanied by
      an automatic disengagement of the engine drive from the transmission,
      while at the same time the signal lamp H becomes illuminated.
PAR  Thus, the vehicle has been automatically stopped. The operator will take
      the precaution of checking the cause of and identifying the source of the
      impact, and assuming that conditions are satisfactory for continued
      operation, the operator will again close the switch S1 so as to repeat the
      above operations and the vehicle can continue to travel. The brakes, which
      obtain their operating pressure through the magnetic valves Y2 and Y3, are
      most appropriately used also as the driving brakes for the straddle
      carrier. Further description of these brakes and their hydraulic circuits
      is not required inasmuch as such brakes are commonly known and are of a
      conventional type.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle, a vehicle body having an outermost part which leads the
      remainder of the vehicle when the vehicle travels in a given direction,
      fluid-containing means carried by said outermost part of said vehicle body
      and projecting outwardly from the same so that said fluid-containing means
      will engage a person or object situated in the path of travel of the
      vehicle when the latter travels in said given direction, said
      fluid-containing means having at its region which is most distant from
      said outermost part of said vehicle body a flexible wall for engaging a
      person or object in said path of travel of the vehicle to be deformed by
      such a person or object for automatically changing the interior volume of
      said fluid-containing means, pressure-responsive electrical switch means
      communicating with the fluid of said fluid-containing means for responding
      to said change of volume when said flexible wall is deformed by engaging a
      person or object, and said pressure-responsive switch means when thus
      responding changing from one position to another position in an automatic
      manner, electrical brake-control means carried by the vehicle for
      controlling the brakes thereof, and electrical circuit means electrically
      connected between said electrical brake-control means and said
      pressure-responsive switch means for automatically actuating said
      brake-control means to engage brakes of the vehicle when said switch means
      moves from said one to said other position thereof in response to
      deformation of said flexible wall of said fluid-containing means by a
      person or object, said fluid-containing means including at least an
      elongated flexible tube which is closed at one end and which at its
      opposite end communicates with said pressure-responsive switch means, said
      tube being made of an elastic flexible material, and said fluid-containing
      means including an inner wall fixedly carried by said outermost part of
      the vehicle body, said tube engaging an outer surface of said inner wall
      which is directed away from said outermost part of said vehicle body, and
      an elastic membrane covering said tube at least partly at a portion
      thereof engaging said outer surface of said inner wall, said membrane
      having a peripheral region fixed to said inner wall and being stretched
      over said tube for forming said flexible wall which when deformed by a
      person or object will cause fluid in said tube to actuate said
      pressure-responsive switch means.
NUM  2.
PAR  2. The combination of claim 1 and wherein the fluid contained by said
      fluid-containing means is air.
NUM  3.
PAR  3. In a vehicle, a vehicle body having an outermost part which leads the
      remainder of the vehicle when the vehicle travels in a given direction,
      fluid-containing means carried by said outermost part of said vehicle body
      and projecting outwardly from the same so that said fluid-containing means
      will engage a person or object situated in the path of travel of the
      vehicle when the latter travels in said given direction, said
      fluid-containing means having at its region which is most distant from
      said outermost part of said vehicle body a flexible wall for engaging a
      person or object in said path of travel of the vehicle to be deformed by
      such a person or object for automatically changing the interior volume of
      said fluid-containing means, pressure-responsive electrical switch means
      communicating with the fluid of said fluid-containing means for responding
      to said change of volume when said flexible wall is deformed by engaging a
      person or object, and said pressure-responsive switch means when thus
      responding changing from one position to another position in an automatic
      manner, electrical brake-control means carried by the vehicle for
      controlling the brakes thereof, and electrical circuit means electrically
      connected between said electrical brake-control means and said
      pressure-responsive switch means for automatically actuating said
      brake-control means to engage brakes of the vehicle when said switch means
      moves from said one to said other position thereof in response to
      deformation of said flexible wall of said fluid-containing means by a
      person or object, said vehicle body having a plurality of outermost parts
      any one of which will lead the remainder of the vehicle body depending
      upon the direction of travel thereof, a plurality of said fluid-containing
      means being respectively carried by said outermost parts of the vehicle
      body for having their flexible walls deformed by a person or object
      engaging any one of said flexible walls, a plurality of said
      pressure-responsive switch means respectively communicating with said
      plurality of fluid-containing means, said plurality of switch means being
      normally closed and connected in series to form a series circuit which
      opens when any one of said switch means respond to deformation of a
      flexible wall of a fluid-containing means communicating therewith, a
      manually operable switch means being connected in parallel with said
      series circuit to be closed by the vehicle operator for actuating said
      brake-control means to release the vehicle brakes, and holding relay means
      forming part of said circuit means together with said manually operable
      switch means and said series circuit, said holding relay means responding
      to closing of said manually operable switch means for placing said series
      circuit in a condition for releasing said holding relay means in response
      to opening of any one of said plurality of pressure-responsive switch
      means, said holding relay means being electrically connected with said
      brake-control means for actuating the latter to engage the brakes of the
      vehicle when said holding relay means is released upon opening of one of
      said plurality of pressure-responsive switch means.
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PAL  The disclosed safety system is particularly applicable to walk-behind lawn
      mowers of the type having a drive including a control, movable between
      drive and neutral positions. The safety system includes a drive switch,
      movable between drive and neutral positions. The safety system also
      includes a deadman control, biased toward an off position and manually
      movable to an on position. The deadman control operates a deadman switch
      between off and on positions. The lawn mower includes a drive motor having
      a safety circuit for disabling the motor. The drive switch and the deadman
      switch are connected into the safety circuit and are provided with
      contacts for disabling the motor when the drive switch is in its drive
      position and the deadman switch is in its off position. Such contacts are
      also operative to disable the motor when the drive switch is in its
      neutral position and the deadman switch is in its on position. In a
      modified construction, the safety system also includes a starting
      interlock switch operable by the starting device for the motor. The
      starting interlock switch is operable to a first position when the
      starting device is not in use and a second position when the starting
      device is in use. The starting interlock switch is connected into the
      safety circuit and is provided with contacts for disabling the motor when
      the drive switch is in its drive position and the starting interlock
      switch is in its second position, regardless of the position of the
      deadman switch.
BSUM
PAR  This invention relates to a safety system which is especially advantageous
      for use with walk behind lawn mowers. However, the system is also
      applicable to other vehicles.
PAR  The safety system of the present invention is especially well adapted for
      use with self-propelled, power operated lawn mowers of the type having a
      selectively operable traction drive which receives its power from a drive
      motor. The traction drive usually has a control member which is movable
      between a drive position, in which the traction drive is actuated or
      engaged, and a neutral position, in which the traction drive is not
      actuated.
PAR  The general object of the present invention is to provide a new and
      improved safety system which will prevent the operation of such a lawn
      mower in one or more unsafe modes. One particular object of the present
      invention is to prevent the drive motor from being started when the
      traction drive system is actuated. Without the benefit of the safety
      system, the lawn mower may move ahead in an unsafe manner, if the motor is
      started with the traction drive system in its actuated or engaged
      condition.
PAR  Another object is to provide a new and improved safety system which will
      stop the drive motor if the operator releases his grasp upon the steering
      handle of the lawn mower. In the absence of the safety system, the lawn
      mower may travel ahead in an unsafe manner if the operator loses or
      releases his grasp on the handle.
PAR  In accordance with the present invention, the safety system preferably
      comprises a traction drive switch which is operable by the traction drive
      system between a drive position when the traction drive system is
      actuated, and a neutral position when the traction drive system is not
      actuated. The safety system also preferably includes a deadman control
      which is biased to an off position and is movable by the operator to an on
      position. A deadman switch is operable by the deadman control between
      corresponding off and on positions. The deadman control may take the form
      of a movable lever or other member on the steering handle of the lawn
      mower. During normal operation of the lawn mower, the operator grasps the
      deadman control, as well as the steering handle, and moves it to its on
      position. The deadman control is biased to its off position, so that it
      returns to its off position if the operator fails to maintain his grasp on
      the deadman control. The traction drive switch and the deadman switch are
      connected into a safety circuit for the drive motor of the lawn mower. The
      traction drive switch and the deadman switch are provided with contact
      means for disabling the drive motor if the traction drive switch is in its
      drive position and the deadman switch is in its off position, while
      enabling the motor if the deadman switch is in its on position. Such
      contact means are also operative to enable the drive motor if the traction
      drive switch is in its neutral position and the deadman switch is in its
      off position.
PAR  In a modified construction, the safety system also employs a starting
      interlock switch which is connected into the safety circuit for the drive
      motor, and is movable by the starting device for the drive motor between a
      first position when the starting device is not in use and a second
      position when the starting device is in use. The starting interlock switch
      includes contact means for disabling the drive motor if the traction drive
      switch is in its drive position, and the starting interlock switch is in
      its second position, regardless of the position of the deadman switch. In
      this way, the drive motor cannot be started when the traction drive switch
      is in its drive position, even though the deadman switch may be operated
      to its on position.
PAR  In another modification, the safety system utilizes only the traction drive
      switch and the starting interlock switch, in an arrangement whereby the
      drive motor is disabled if the traction drive switch is in its drive
      position, and the starting interlock switch is in its second position, so
      that the drive motor cannot be started with the traction drive switch in
      its drive position. However, when the drive motor has been started, it can
      continue to operate when the traction drive switch is moved to its drive
      position.
DRWD
PAR  Further objects, advantages and features of the present invention will
      appear from the following description, taken with the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view of a lawn mower which is equipped with a
      safety system to be described as an illustrative embodiment of the present
      invention.
PAR  FIG. 2 is a schematic circuit diagram of the safety system.
PAR  FIG. 3 is a schematic circuit diagram showing a modified safety system to
      which a starting interlock switch has been added.
PAR  FIG. 4 is a fragmentary diagrammatic elevational view showing one
      embodiment of the starting interlock switch.
PAR  FIG. 5 is a fragmentary diagrammatic elevational section, showing another
      embodiment of the starting interlock switch.
PAR  FIG. 6 is a schematic circuit diagram showing another modified safety
      system, utilizing only a traction drive switch and a starting interlock
      switch.
DETD
PAR  As just indicated, FIG. 1 illustrates a power lawn mower 10 of the walk
      behind type, having a drive motor 12, adapted to supply power to cut the
      grass, and also to propel the lawn mower 10 along the surface of the
      ground. Illustrated lawn mower 10 is of the rotary type, having a housing
      14 on which the drive motor 12 is mounted. The housing 14 acts as a guard
      for the rotary cutting blade, not shown. It will be understood that the
      present invention is applicable to all types of power lawn mowers. The
      drive motor 12 is adapted to supply power to a traction drive system 16,
      which is selectively operable to transmit driving power to one or more
      wheels 18 which support the housing 14. In this case, the traction drive
      system 16 supplies power to the front wheels 18 of the lawn mower, but the
      invention is applicable to traction drives of all suitable types.
      Illustrated lawn mower 10 also has rear wheels 20 which support the
      housing 14 but are not supplied with propulsion power.
PAR  The lawn mower 10 has a handle 22 which may be grasped by the operator to
      steer and guide the lawn mower. The traction drive system 16 preferably
      includes selectively operable control means, which may comprise a control
      member 24 movable between a drive position, in which the traction drive
      system 16 is actuated or engaged, and a neutral position, in which the
      traction drive system is not actuated, or is disengaged. In this case, the
      control member 24 takes the form of a movable lever which is mounted on
      the handle 22 for convenient operation by the operator as he walks behind
      the lawn mower. The lever 24 is connected to the traction drive system 16
      by a control cable 26.
PAR  The illustrated lawn mower 10 also has a speed control in the form of a
      movable lever 28 which is also mounted on the handle 22 and is operable to
      change the speed of the drive motor 12.
PAR  The lawn mower 10 preferably includes a starting device 30 for starting the
      drive motor 12. The illustrated starting device 30 is of the recoil type
      utilizing a pull handle 32 which is pulled out vigorously by the operator
      to start the motor 12. As illustrated in FIGS. 4 and 5, the pull handle 32
      may be connected to a rope or line 34 which is normally coiled on a reel
      36. When the handle 32 is pulled outwardly, the rope 34 causes rotation of
      the reel 36 which in turn rotates a shaft 38. The rotation of the shaft 38
      is transmitted to a starter gear 40, adapted to be moved automatically
      into mesh with a gear 42 on the flywheel 44 of the drive motor 12. The
      flywheel 44 is mounted on the crankshaft 46 of the motor 12.
PAR  When the motor 12 starts, the starter gear 40 is automatically kicked out
      of mesh with the flywheel gear 42. The operator then allows the rope 34 to
      be recoiled on the reel 36 by spring action. The pull handle 32 is thus
      returned to its original position, with the rope 34 fully retracted. It
      will be understood that the present invention is applicable to power
      mowers having starting devices of various suitable types. Thus, for
      example, the invention is applicable to power mowers of the electric start
      type, having a starting device which is electrically operated under the
      control of a key switch or the like.
PAR  The drive motor 12 for the lawn mower 10 includes a safety circuit 48,
      whereby the motor can be disabled, to prevent operation of the motor under
      unsafe conditions. In this case, the safety circuit 48 utilizes the
      ignition magneto 50 which is adapted to supply the spark ignition for the
      motor 12. A high voltage lead 52 extends from the secondary circuit of the
      magneto 50 to the spark plug of the motor 12. The safety circuit 48
      utilizes the primary circuit, having a ground lead 54 and an ungrounded
      lead 56. The magneto 50 can be disabled by short circuiting the lead 56 to
      ground, which will prevent the magneto from generating the high voltage
      for the spark ignition. It will be understood that the present invention
      is applicable to ignition systems of any other suitable type, such as an
      ignition system utilizing a coil and a battery.
PAR  The lawn mower 10 is equipped with a safety system 58 which prevents the
      drive motor 12 from being started when the traction drive system 16 is
      engaged. The safety system also prevents the lawn mower from being
      propelled forwardly, unless it is controlled by the guiding hand of the
      operator. If the operator loses his grasp on the mower, while the traction
      drive system 16 is engaged, the drive motor 12 will be stopped
      automatically.
PAR  As shown in FIG. 2, the safety system 58 comprises a traction drive switch
      60, operable by the traction drive system 16, between a neutral position,
      in which the the traction drive system 16 is disengaged, and a drive
      position, in which the traction drive system is engaged or actuated.
PAR  The safety system 58 also includes a deadman switch 62 which is operable by
      a deadman control 64, movable between on and off positions. The deadman
      control 64 is preferably biased toward its off position and is movable
      manually by the operator to its on position. As shown in FIG. 1, the
      deadman control is in the form of a swingable bail or lever, mounted on
      the handle 22. The deadman lever 64 is biased by gravity to its off
      position, as shown in FIG. 1, and is swingable upwardly to its on
      position, close to the handle 22. Thus, the operator can readily grasp the
      deadman lever 64 and hold it in its on position, while he simultaneously
      holds the handle 22 to steer and quide the lawn mower 10. If the operator
      releases the deadman lever 64, it automatically falls downwardly by its
      own weight to its off position. The deadman switch 62 is operable by the
      deadman control 64 between corresponding on and off positions.
PAR  As shown in FIG. 2, the traction drive switch 60 and the deadman switch 62
      are connected into the safety circuit 48 for the drive motor 12. The
      switches 60 and 62 include contact means for disabling the drive motor 12
      if the traction drive switch 60 is in its drive position and the deadman
      switch is in its off position, while enabling the operation of the motor
      12 if the deadman switch 62 is moved to its on position. Such contact
      means are also operative to enable the drive motor 12 if the traction
      drive switch is in its neutral position and the deadman switch 62 is in
      its off position, while disabling the drive motor if the deadman switch is
      moved to its on position.
PAR  In the detailed construction of FIG. 2, the contact means of the traction
      drive switch 60 include a first contact 60a which is movable between
      second and third contacts 60b and c. When the switch 60 is in its drive
      position, the movable contact 60a engages the fixed contact 60b. When the
      switch 60 is in its neutral position, the movable contact 60a engages the
      contact 60c.
PAR  The contact means of the deadman switch 62 include a first contact 62a
      which is engageable with a second contact 62b when the switch is in its
      off position, and is movable into engagement with a third contact 62c when
      the switch is in its on position.
PAR  In the safety system 58 of FIG. 2, first circuit elements are employed to
      connect the traction drive switch 60 and the deadman switch 62 into the
      safety circuit 48. Such first circuit elements comprise leads 64' and 66,
      connected to the grounded and ungrounded primary leads 54 and 56 of the
      magneto 50. In this case, the lead 66 is connected to the movable contact
      60a, while the lead 64 is connected to the movable contact 62a, but this
      situation could be reversed.
PAR  As shown in FIG. 2, second and third circuit elements are connected between
      second and third contacts of the traction drive switch 60 and the deadman
      switch 62. Such circuit elements take the form of leads 68 and 70. The
      lead 68 is connected between the contacts 60b and 62b, while the lead 70
      is connected between the contacts 60c and 62c.
PAR  The operation of the safety system 58 will now be evident. When the drive
      motor 32 is to be started, the traction drive switch must be in its
      neutral position, while the deadman switch 62 must be in its off position,
      as shown in FIG. 2. The contact 60a engages the contact 60c, while the
      contact 62a engages the contact 62b. Thus, the magneto primary leads 54
      and 56 are not short circuited, so that the motor 12 is enabled and can be
      started. If the traction drive switch 60 is in its drive position, the
      contact 60a engages the contact 60b, so that the magneto primary leads 54
      and 56 are short circuited through the contacts 60a and b, the lead 68,
      and the contacts 62a and b. Thus, the motor 12 is disabled so that it
      cannot be started.
PAR  When the motor 12 has been started, and it is desired to cause the lawn
      mower 10 to be propelled along the surface of the ground, the traction
      drive control 24 must be moved to its drive position, while simultaneously
      the deadman control 64 is moved to its on position. Correspondingly, the
      traction drive switch 60 is moved to its drive position, while the deadman
      switch 62 is moved to its on position. The contact 60a engages the contact
      60b while the contact 62a engages the contact 62c, so that the magneto 50
      is not short circuited. Thus, the motor 12 continues to run, so that it
      will propel the lawn mower 10.
PAR  If the operator releases the deadman control 64, it returns by its biasing
      action to its off position, in which the contact 62a engages the contact
      62b. Accordingly, the primary ignition leads 54 and 56 are short circuited
      by the closed circuit comprising the lead 66, the contacts 60a and b, the
      contacts 62a and b and the lead 64', so that the motor 12 is disabled and
      will immediately stop. Thus, the lawn mower 10 cannot run away under its
      own power, without the guiding hand of the operator.
PAR  FIG. 3 illustrates a modified safety system 72 which utilizes all of the
      components of the safety system 58 of FIG. 2. In addition, the safety
      system 72 employs a starting interlock switch 74 which prevents the
      starting of the drive motor 12 when the traction drive switch 60 is in its
      drive position, regardless of the position of the deadman switch 62. The
      starting interlock switch 74 is operable by the starting device 30 on the
      drive motor 12, so that the starting interlock switch 74 is in a first
      position when the starting device 30 is not in use and a second position
      when the starting device is in use. In this case, the starting interlock
      switch 74 is in an off position when the starting device 30 is not in use,
      while being in an on position when the starting device is in use. Thus,
      the starting interlock switch 74 includes a first contact 74a which is
      movable into engagement with a second contact 74b when the starting device
      30 is in use. When the starting device is not in use, the contact 74a is
      moved out of engagement with the contact 74b.
PAR  In the specific safety system 72 of FIG. 3, the starting interlock switch
      74 is connected between the contacts 62a and 62b of the deadman switch 62.
      Thus, the movable contact 74a is connected to the contact 62a, while the
      contact 74b is connected to the contact 62b. When the starting device 30
      is in use, the starting interlock switch 74 is in its on position, and
      thus is closed, so that the contact 60b of the traction drive switch is
      connected to ground, regardless of the position of the deadman switch 62.
      If the traction drive switch 60 is in its drive position, the contact 60a
      is engaged with the contact 60b, so that the ignition magneto 50 is
      disabled. Thus, the drive motor 12 cannot be started.
PAR  The safety system 72 of FIG. 3 thus obviates an unsafe condition which is a
      remote possibility with the safety system 58 of FIG. 2. In the safety
      system 58, the drive motor 12 can be started when the traction drive
      switch 60 is in its drive position, if the deadman switch 62 is
      erroneously moved to its on position. This should not happen, unless the
      operator is highly negligent. However, this remote possibility of an
      unsafe condition is obviated by the safety system 72, in which any attempt
      to start the motor 12 will cause closure of the starting interlock switch
      74, so that the primary circuit of the ignition magneto 50 will be short
      circuited to ground through the traction drive system 60 and the starting
      interlock system 74 if the traction drive switch is in its drive position.
PAR  FIGS. 4 and 5 illustrate two embodiments of the starting interlock switch
      74. In the embodiment of FIG. 4, the movable contact 74 is in the form of
      a lever which is operable by the starter gear 40 in the starting device
      30. When the starting gear 40 is moved into mesh with the flywheel gear
      42, the lever 74a is moved into engagement with the contact 74b, which may
      be in the form of a spring contact. The contact lever 74a is provided with
      a biasing spring 76 which moves the lever 74a out of engagement with the
      contact 74b, when the starter gear 40 is moved out of mesh with the
      flywheel gear 42. Thus, the contact lever 74a engages the contact 74b when
      the starting device 30 is in use, but is moved out of engagement with the
      contact 74b when the starting device is not in use.
PAR  In the modified embodiment of FIG. 5, the starting interlock switch 74 is
      operable by the pull handle 32 of the starting device 30. When the handle
      32 is not being used, the starting interlock switch 74 is held open by the
      spring action of the take-up reel 36. When the handle 32 is pulled
      outwardly in an attempt to start the motor 12, the starting interlock
      switch 74 is closed by springs 78. In this case, the starting interlock
      switch 74 comprises a movable contact 80a and one or more fixed contacts
      80b. The movable contact 80a is in the form of a ring-shaped disc or plate
      which is biased outwardly by the springs 78. As shown in FIG. 5, the
      springs 78 are in the form of compression coil springs which are disposed
      between the disc 80a and an electrically insulating member 82. Three of
      the springs 78 are preferably employed. When the starting handle 32 is
      pulled outwardly, the springs 78 push the disc 80a outwardly against the
      contacts 80b, which may be in the form of flanges on grounded brackets 84.
      Three of the contacts 80b and brackets 84 may be employed. The brackets 84
      may be mounted on a wall or housing 86 on the drive motor 12.
PAR  When the handle 32 is released, it engages a slidable housing member 88
      which is pushed inwardly by the tension in the rope 34. The slidable
      housing member 88 includes one or more elements 90 which are engageable
      with the contact disc 80a and are operative to push the contact disc away
      from the contacts 80b, due to the tension in the rope 34. It will be
      recalled that the rope 34 is tensioned by the spring take-up reel 36.
PAR  Thus, the contact disc 80a is held away from the contacts 80b so that the
      starting interlock switch 74 is open when the starting handle 32 is not in
      use. When the handle 32 is pulled outwardly, the springs 78 cause the
      contact disc 80a to engage the contacts 80b, so that the starting
      interlock switch 74 is closed.
PAR  FIG. 6 illustrates another modified safety system 96 which is the same as
      the safety system 72 of FIG. 3, except that the deadman switch 62 is not
      used. Thus, the second contact 60b of the traction drive switch 60 is
      connected soley to the second contact 74b of the starting interlock switch
      74. The motor 12 when the traction drive switch 60 is in its drive
      position. Any attempt to start the motor 12 causes closure of the start
      switch 74, so that the magneto 50 is short circuited through the lead 66,
      the traction drive switch contacts 60a and b, the lead 68, the starting
      interlock switch contacts 74a and b, and the lead 64.
PAR  The modified safety system 96 of FIG. 6 is especially useful when the lawn
      mower 10 has some other arrangement for preventing the mower from being
      propelled forwardly when the mower is not being guided by the operator.
      For example, certain lawn mowers cannot be propelled forwardly unless the
      operating handle 22 is swung upwardly by the operator. Other lawn mowers
      cannot be propelled forwardly unless the operator pushes downwardly on the
      operating handle.
PAR  In the safety systems of FIGS. 2, 3 and 6, the engine or drive motor 12 is
      disabled by closure of the safety circuit, and is enabled by the opening
      of the circuit. It will be understood that this situation can be reversed.
      By inserting the safety circuit in series with the ignition primary, the
      motor 12 can be disabled by an open circuit, while being enabled by a
      closed circuit. To accommodate this reversal, appropriate modifications
      must be made in the safety switches.
PAR  Thus, if the safety system 58 of FIG. 2 is inserted in series with the
      ignition primary, the polarity of one of the safety switches 60 and 62
      must be reversed. For example, the on and off positions of the deadman
      switch 62 may be interchanged, so that the safety circuit will be closed
      if the traction drive switch 60 is in its neutral position, and the
      deadman switch 62 is in its off position. The safety circuit will be
      opened if the traction drive switch 60 is moved to its drive position,
      unless the deadman switch 62 is simultaneously moved to its on position.
PAR  If the safety system 72 of FIG. 3 is connected in series with the ignition
      primary, the polarity of one of the safety switches 60 and 62 must be
      reversed, as just explained above. For example, the on and off positions
      of the deadman switch 62 may be reversed. In addition, the starting
      interlock switch 74 needs to be connected in series with the on contacts
      of the deadman switch 62, rather than in parallel with the off contacts.
      The starting interlock switch 74 must also be rearranged so that it is
      normally closed, rather than normally open, when the starting device 30 is
      not in use.
PAR  If the safety system 96 of FIG. 6 is connected in series with the ignition
      primary, both the drive contact 60b and the neutral contact 60c should be
      connected to the common lead 64. The starting interlock switch 74 is then
      connected in series with the drive contact 60b, and is reversed so that it
      is normally closed rather than normally open.
PAR  It will be understood that the safety systems of FIGS. 3 and 6, using the
      starting interlock switch 74, may be employed in connection with lawn
      mowers and other vehicles having electrically operated starting devices.
      Generally, such starting devices are controlled by a key switch, to
      prevent unauthorized starting of the engine. When such a key switch is
      employed, the starting interlock contacts may be incorporated into the key
      switch for use in the safety system. The starting interlock contacts may
      also be incorporated into any other suitable starting switch which may be
      employed.
PAR  The operation of the safety systems of FIGS. 2, 3 and 6 may be concisely
      summarized in the appended Tables 1, 2 and 3, respectively:
TBL                TABLE 1                                                     
     ______________________________________                                    
     LOGIC FOR FIG. 2                                                          
     Lawn      Traction                                                        
     Mower     Drive     "Deadman"                                             
     State     Switch    Switch     Remarks                                    
     ______________________________________                                    
     Engine starts                                                             
               Off       Off        "Hands off" start                          
     and idles.                                                                
               (Neutral)            or idle.                                   
     Engine dies.                                                              
               Off       On         Operator must let                          
                                    go of deadman                              
                                    switch when he                             
                                    disengages drive,                          
                                    so that tying of                           
                                    the deadman switch                         
                                    is discouraged.                            
     Engine dies.                                                              
               On        Off        Prevents runaway.                          
               (Drive)                                                         
     Engine runs in                                                            
               On        On         Normal grass-                              
     gear.     (Drive)              cutting operation.                         
     ______________________________________                                    
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     LOGIC FOR FIG. 3                                                          
     Traction                                                                  
     Drive     "Deadman"                                                       
                      Start                                                    
                          Engine                                               
     Switch    Switch Switch                                                   
                          Status                                               
                              Remarks                                          
     __________________________________________________________________________
     1 Off (Neutral)                                                           
               Immaterial                                                      
                      On  Starts                                               
                              Prevents "in-gear"                               
                              start.                                           
     2 Off (Neutral)                                                           
               Off    Off Runs                                                 
                              Idle.                                            
     3 On (Drive)                                                              
               On     Off Runs                                                 
                              Normal grass-cutting.                            
     4 Off (Neutral)                                                           
               On     Off Dies                                                 
                              Operator must dis-                               
                              engage both deadman                              
                              and drive switches.                              
     5 On (Drive)                                                              
               Off    Off Dies                                                 
                              Prevents runaway.                                
     __________________________________________________________________________
TBL                TABLE 3                                                     
     ______________________________________                                    
     LOGIC FOR FIG. 6                                                          
     Traction                                                                  
     Drive       Start    Engine                                               
     Switch      Switch   Status     Remarks                                   
     ______________________________________                                    
     Off (Neutral)                                                             
                 Off      Runs       Idle                                      
     Off (Neutral)                                                             
                 On       Starts     Safe Start                                
     On (Drive)  On       No Start   Unsafe Start                              
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety system for a lawn mower or other vehicle,
PA1  comprising a traction drive system for selectively driving the vehicle
      along the surface of the ground,
PA1  said traction drive system including control means movable between a drive
      position in which said traction drive system is actuated and a neutral
      position in which said traction drive system is not actuated,
PA1  a traction drive switch operable by said traction drive system between a
      drive position when said traction drive system is actuated and a neutral
      position when said traction drive system is not actuated,
PA1  said traction drive switch having first, second and third terminals and
      means for establishing a connection between said first and second
      terminals when said traction drive switch is in said drive position while
      establishing an electrical connection between said first and third
      terminals when said traction drive switch is in said neutral position,
PA1  a deadman control movable on said vehicle between on and off positions and
      including biasing means biasing said control to said off position,
PA1  a deadman switch operable by said deadman control between an on position
      when said deadman control is in its on position and an off position when
      said deadman control is in its off position,
PA1  said deadman switch including first, second and third terminals and means
      for establishing a connection between said first and second terminals when
      said deadman switch is in its off position while establishing a connection
      between said first and third terminals when said deadman switch is in its
      on position,
PA1  a drive motor on the vehicle and having a safety circuit for disabling said
      drive motor when said safety circuit is closed while enabling said drive
      motor when said safety circuit is open,
PA1  first circuit elements connecting said first terminals of said traction
      drive switch and said deadman switch to opposite sides of said safety
      circuit,
PA1  a second circuit element connected between said second terminals of said
      traction drive switch and said deadman switch,
PA1  and a third circuit element connected between said third terminals of said
      tractions drive switch and said deadman switch,
PA1  whereby said drive motor is disabled when said traction drive system is in
      said drive position while said deadman switch is in said off position,
PA1  said drive motor being disabled when said traction drive switch is in said
      neutral position while said deadman switch is in said on position,
PA1  said drive motor being enabled when said traction drive switch is in said
      neutral position while said deadman switch is in said off position.
NUM  2.
PAR  2. A safety system according to claim 1,
PA1  in which said deadman control comprises a control member movable on the
      lawn mower between the on and off positions.
NUM  3.
PAR  3. A safety system according to claim 1,
PA1  in which said deadman control comprises a control member movable upwardly
      and downwardly on the lawn mower between on and off positions,
PA1  said control member being biased downwardly by gravity to its off position
      and being manually movable upwardly to its on position.
NUM  4.
PAR  4. A safety system according to claim 1,
PA1  in which said drive motor includes an ignition magneto,
PA1  said safety circuit being connected to said magneto and being operative to
      short circuit said magneto to disable said drive motor.
NUM  5.
PAR  5. A safety system for a lawn mower or other vehicle,
PA1  comprising a traction drive system for selectively driving the vehicle
      along the surface of the ground,
PA1  said traction drive system including control means movable between a drive
      position in which said traction drive system is actuated and a neutral
      position in which said traction drive system is not actuated,
PA1  a traction drive switch operable by said traction drive system between a
      drive position when said traction drive system is actuated and a neutral
      position when said traction drive system is not actuated,
PA1  said traction drive switch having first, second and third terminals and
      means for establishing a connection between said first and second
      terminals when said traction drive switch is in said drive position while
      establishing an electrical connection between said first and third
      terminals when said traction drive switch is in said neutral position,
PA1  a deadman control movable on said vehicle between on and off positions and
      including biasing means biasing said control to said off position,
PA1  a deadman switch operable by said deadman control between an on position
      when said deadman control is in its on position and an off position when
      said deadman control is in its off position,
PA1  said deadman switch including first, second and third terminals and means
      for establishing a connection between said first and second terminals when
      said deadman switch is in its off position while establishing a connection
      between said first and third terminals when said deadman switch is in its
      on position,
PA1  a drive motor on the vehicle and having a safety circuit for disabling said
      drive motor when said safety circuit is closed while enabling said drive
      motor when said safety circuit is open,
PA1  first circuit elements connecting said first terminals of said traction
      drive switch and said deadman switch to opposite sides of said safety
      circuit,
PA1  a second circuit element connected between said second terminals of said
      traction drive switch and said deadman switch,
PA1  and a third circuit element connected between said third terminals of said
      traction drive switch and said deadman switch,
PA1  whereby said drive motor is disabled when said traction drive switch is in
      said drive position while said deadman switch is in said off position,
PA1  said drive motor being disabled when said traction drive switch is in said
      neutral position while said deadman switch is in said on position,
PA1  said drive motor being enabled when said traction drive switch is in said
      neutral position while said deadman switch is in said off position,
PA1  said drive motor including a selectively operable starting device,
PA1  said safety system including a starting interlock switch operable between
      an open position when said starting device is not in use and a closed
      position when said starting device is in use,
PA1  and additional circuit means connecting said starting interlock switch
      between said first and second terminals of said deadman switch for
      disabling said drive motor when said traction drive switch is in its drive
      position while said starting interlock switch is in its closed position,
PA1  said starting interlock switch thereby being effective to prevent said
      drive motor from starting when said traction drive switch is in its drive
      position regardless of the position of said deadman switch.
NUM  6.
PAR  6. A safety system for a lawn mower or other vehicle,
PA1  comprising a traction drive system for selectively driving the vehicle
      along the surface of the ground,
PA1  said traction drive system including control means movable between a drive
      position in which said traction drive system is actuated and a neutral
      position in which said traction drive system is not actuated,
PA1  a traction drive switch operable by said traction drive system between a
      drive position when said traction drive system is actuated and a neutral
      position when said traction drive system is not actuated,
PA1  a deadman control movable on said vehicle between on and off positions and
      including biasing means biasing said control to said off position,
PA1  a deadman switch operable by said deadman control between an on position
      when said deadman control is in its on position and an off position when
      said deadman control is in its off position,
PA1  a drive motor on the vehicle for supplying power to said traction drive
      system and having a safety circuit for disabling said drive motor when
      said safety circuit is in a disabling condition while enabling said drive
      motor when said safety circuit is in an enabling condition,
PA1  and circuit elements connecting said traction drive switch and said deadman
      switch into said safety circuit,
PA1  said traction drive switch and said deadman switch including respective
      contact means for disabling said drive motor when said traction drive
      switch is in its drive position and said deadman switch is in its off
      position while causing said contact means of said deadman switch to be
      ineffective to disable said motor when said traction drive switch is in
      its drive position and said deadman switch is in its on position,
PA1  said contact means being operative to enable said drive motor when said
      traction drive switch is in said neutral position and said deadman switch
      is in said off position while disabling said motor when said deadman
      switch is in its on position.
NUM  7.
PAR  7. A safety system according to claim 6,
PA1  in which said deadman control comprises a control member movable upwardly
      and downwardly on the vehicle between on and off positions,
PA1  said control member being biased downwardly by gravity to its off position
      and being manually movable upwardly to its on position.
NUM  8.
PAR  8. A safety system according to claim 6,
PA1  in which said drive motor includes an ignition magneto,
PA1  said safety circuit being connected to said magneto,
PA1  said contact means being operative to short circuit said magneto to disable
      said drive motor.
NUM  9.
PAR  9. A safety system for a lawn mower or other vehicle,
PA1  comprising a traction drive system for selectively driving the vehicle
      along the surface of the ground,
PA1  said traction drive system including control means movable between a drive
      position in which said traction drive system is actuated and a neutral
      position in which said traction drive system is not actuated,
PA1  a traction drive switch operable by said traction drive system between a
      drive position when said traction drive system is actuated and a neutral
      position when said traction drive system is not actuated,
PA1  a deadman control movable on said vehicle between on and off positions and
      including biasing means biasing said control to said off position,
PA1  a deadman switch operable by said deadman control between an on position
      when said deadman control is in its on position and an off position when
      said deadman control is in its off position,
PA1  a drive motor on the vehicle for supplying power to said traction drive
      system and having a safety circuit for disabling said drive motor when
      said safety circuit is in a disabling condition while enabling said drive
      motor when said safety circuit is in an enabling condition,
PA1  and circuit elements connecting said traction drive switch and said deadman
      switch into said safety circuit,
PA1  said traction drive switch and said deadman switch including respective
      contact means for disabling said drive motor when said traction drive
      switch is in its drive position and said deadman switch is in its off
      position while causing said contact means of said deadman switch to be
      ineffective to disable said motor when said traction drive switch is in
      its drive position and said deadman switch is in its on position,
PA1  said contact means being operative to enable said drive motor when said
      traction drive switch is in said neutral position and said deadman switch
      is in said off position while disabling said motor when said deadman
      switch is in its on position,
PA1  said drive motor including a selectively operable starting device,
PA1  said safety system including a starting interlock switch operable to a
      first position when said starting device is not in use and a second
      position when said starting device is in use,
PA1  additional circuit means connecting said starting interlock switch into
      said safety circuit,
PA1  said starting interlock switch having additional contact means for
      disabling said motor when said starting switch is in said second position
      and said traction drive switch is in said drive position regardless of the
      position of said deadman switch.
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ABST
PAL  A removable assembly including an ignition coil container is adapted to be
      positioned in a receptacle which is mounted upon the bulkhead or near the
      floor of the driver's compartment of an automobile. This receptacle at one
      end is provided with a head of insulating material containing peripheral
      circumferentially-spaced multiple terminal plugs which are connected to
      the various low tension cables of the automobile engine ignition system
      and also has a central terminal plug adapted to be connected to a high
      tension cable. Separably engageable with these terminal plugs are
      correspondingly-located terminal sockets from which internal connections
      are made with the removable ignition coil mounted in the container.
DRWD
PAR  In the drawing,
PAR  FIG. 1 is a side elevation, partly in section, of an anti-theft removable
      ignition coil installation, according to one form of the invention, shown
      in position diagrammatically on a support located in the driver's
      compartment of an automobile;
PAR  FIG. 2 is an elevation, partly in section, taken along the line 2--2 in
      FIG. 1; and
PAR  FIG. 3 is a cross-section taken along the line 3--3 in FIG. 1, looking in
      the opposite direction from FIG. 2.
DETD
PAR  Referring to the drawing in detail, FIG. 1 shows an anti-theft removable
      ignition coil installation, generally designated 10, according to one form
      of the invention as consisting generally of a removable assembly 12 and a
      stationary assembly 14, the latter being mounted on brackets 15 bolted at
      17 (FIG. 2) to a support 16 located upon the bulkhead or near the floor of
      the driver's compartment of a conventional automobile equipped with a
      conventional electrical system (also not shown). The stationary assembly
      14 includes an open-topped trough-shaped receptacle 18 having its forward
      end closed by the cylindrical head 20 of insulating material. The head 20
      is provided with a central high-tension terminal plug 22 and
      circumferentially-spaced peripherally-located low tension terminal plugs
      24, 26, 28, 30, 32, 34 and 36 spaced at irregular intervals individual for
      each automobile. The plug 24 is connected to the storage battery of the
      car, the plug 26 to the ignition timer-distributor, the plug 28 is
      connected to a ground, usually on the frame of the automobile, the plug 30
      is connected to the starter system solenoid. The plug 32 is connected to
      electrical accessories, such as a radio set. The plug 34 is connected to
      the ignition system, and the plug 36 connects the car's storage battery to
      the low tension portion of the ignition system.
PAR  The peripheral plugs 24 to 36 are connected by conductors such as the wires
      38, 40, 42 and 44 and other similar wires not shown in FIG. 1 for the
      remaining plugs 24, 26 and 28, these wires being received within and
      carried by a tubular conduit 46, which carries them to their respective
      destinations in the electrical system of the automobile. A high tension
      electric cable 48 leads from the central high tension plug 22 to the high
      tension portion of the ignition system of the automobile.
PAR  Mounted on a circular head 49 of insulating material on the forward end of
      the spark coil casing 64 and corresponding in location to and mating with
      the low tension terminal plugs 24 to 36 are low tension terminal sockets
      50, 52, 54, 56, 58, 60 and 62 mounted on the forward end of the container
      64 of the spark coil, generally designated 66, these being connected to
      the spark coil winding (not shown) and to other appropriate conductors
      (not shown) within the spark coil casing 64. Similarly, a central high
      tension terminal socket 68 is mounted in the center of the spark coil
      casing 64 and connected to the high tension output of the spark coil 66.
PAR  Secured to and rising from the rearward end of the spark coil casing 64
      (FIGS. 1 and 2) is a C-shaped encircling bracket 70, the upper ends of
      which are secured as by welding to the cylindrical casing 72 of a
      conventional flashlight, generally designated 74, having at its forward
      end a removable lens 76 giving access to the flashlight casing interior
      (not shown in the drawing) containing the usual reflector, incandescent
      electric light bulb, battery and their connections to one another through
      a manual switch 76 mounted on the top of the flashlight casing 72. Welded
      to the latter are the lower ends of a horizontal rectangular carrying
      handle 78, to the forward end of which is secured the lower end of an
      upstanding bracket 80, to the upper end of which is secured a three-sided
      identification card or photograph holder 82. Extending rearwardly from the
      rearward end of the flashlight casing 72 is a cylindrical portion 84 from
      which in turn an ignition switch 86 projects. Mounted in the ignition
      switch 86 is an ignition switch lock 88 adapted to be operated by an
      ignition switch key 90.
PAR  In the use of the anti-theft removable ignition coil installation 10, let
      it be assumed that the parts described above are in the relative positions
      shown in FIGS. 1 and 2 and that the operator has parked his car and has
      shut off the engine by turning the key 90 in the ignition switch lock 88
      of the ignition switch 86. To further protect his car positively against
      theft by the use of the present invention, he grasps the handle 78 and, in
      case of darkness, closes the flashlight switch 76 in order to illuminate
      the surroundings. The operator now pulls rearwardly (to the left in FIG.
      1) upon the handle 78 so as to slide the assembly 12 backward to the left.
      The consequent rearward motion of the spark coil casing 64 and its head 49
      withdraws the terminal sockets 50, 52, 54, 56, 58, 60, 62 and 68 from
      mating engagement with the corresponding terminal plugs 24, 26, 28, 30,
      32, 34, 36 and 22 respectively, thereby breaking the connections and
      rendering the electrical operating circuitry of the automobile inoperative
      and de-energized. The operator then lifts the movable assembly 12 out of
      the receptacle 18 and out of the driver's compartment. He then carries
      away the removable assembly 12 with him as he leaves the automobile,
      thereby rendering the latter completely inoperative and incapable of the
      usual theft procedure of wiring around switches and other terminal points
      within the electrical system of the automobile.
PAR  When the operator returns to the automobile and desires to operate it, by
      means of the handle 78 he lowers the removable assembly 12 into the
      rearward end of the receptacle 18, assisting himself, if he so-desires, by
      operating the flashlight switch 76 to illuminate the surroundings. He then
      pushes forward on the handle 78, while visually aligning the various
      terminal sockets 50 to 68 (FIG. 2) with their respective terminal plugs 22
      to 36 (FIG. 3) so that they mate with one another (FIG. 1). By means of
      his key 90 he then actuates the ignition switch lock 88, thereby closing
      the ignition switch 86 and consequently starting the automobile engine in
      the usual way.
CLMS
STM  I claim:
NUM  1.
PAR  1. An anti-theft ignition coil installation for temporarily removing and
      carrying away the ignition coil and thereby temporarily inactivating the
      electrical ignition system of the internal combustion engine of a
      conventional automobile having a body with a driver's compartment therein,
      said installation comprising
PA1  a stationary assembly adapted to be mounted in the driver's compartment and
      including a receptacle having a wall with a stationary high tension
      terminal mounted in said wall and a multiplicity of stationary low-tension
      terminals stationarily mounted in said wall in insulated spaced
      relationship thereon and adapted to be permanently connected to the high
      tension and low tension circuits respectively of the electrical ignition
      system of the automobile engine,
PA1  and a completely removable assembly movable toward and away from said
      receptacle into and out of coupling engagement with said stationary
      assembly and completely separable therefrom,
PA2  said removable assembly including an ignition coil structure having
      conventional high tension and low tension secondary and primary windings
      respectively and also having a movable high tension terminal and a
      multiplicity of movable low tension terminals connected to said high
      tension and low tension windings respectively and mounted in said
      structure in the same spaced insulated relationship as their corresponding
      stationary high tension and low tension terminals respectively and movable
      into and out of mating engagement therewith and selectively completely
      removable from the automobile and replaceable therein in response to
      moving said removable assembly into and out of coupling engagement with
      said stationary assembly.
NUM  2.
PAR  2. An anti-theft ignition coil installation, according to claim 1, wherein
      said receptacle has an access opening therein, and wherein said removable
      assembly is movable inward and outward and completely severable from said
      receptacle through said access opening during coupling and uncoupling
      thereof and completely severable from said stationary assembly and
      receptacle.
NUM  3.
PAR  3. An anti-theft ignition coil installation, according to claim 1, wherein
      said receptacle is elongated, wherein said wall has an end portion, and
      wherein said terminals are mounted on said end portion.
NUM  4.
PAR  4. An anti-theft ignition coil installation, according to claim 3, wherein
      said ignition coil structure is also elongated, and wherein said
      receptacle has a length sufficiently greater than said ignition coil
      structure to enable coupling and uncoupling of said assemblies.
NUM  5.
PAR  5. An anti-theft ignition coil installation for selectively activating and
      inactivating the electrical ignition system of the internal combustion
      engine of a conventional automobile having a body with a driver's
      compartment therein, said installation comprising
PA1  a stationary assembly adapted to be mounted in the driver's compartment and
      including a receptacle having a wall with a stationary high tension
      electrode mounted in said wall and a multiplicity of stationary
      low-tension electrodes stationarily mounted in said wall in insulated
      spaced relationship thereon and adapted to be permanently connected to the
      high tension and low tension circuits respectively of the electrical
      ignition system of the automobile engine,
PA1  a movable assembly movable toward and away from said receptacle into and
      out of coupling engagement with said stationary assembly,
PA2  said movable assembly including an ignition coil structure having
      conventional high tension and low tension secondary and primary windings
      respectively and also having a movable high tension electrode and a
      multiplicity of movable low tension electrodes connected to said high
      tension and low tension windings respectively and mounted in said
      structure in the same spaced insulated relationship as their corresponding
      stationary high tension and low tension electrodes respectively and
      movable into and out of mating engagement therewith in response to moving
      said movable assembly into and out of coupling engagement with said
      stationary assembly,
PA1  and a flashlight mounted on said movable assembly and selectively operable
      for illuminating said stationary assembly during motion of said movable
      assembly toward said stationary assembly.
NUM  6.
PAR  6. An anti-theft ignition coil installation, according to claim 5, wherein
      said ignition coil structure has a bracket mounted thereon and projecting
      upward therefrom, and wherein said flashlight is mounted on said bracket.
NUM  7.
PAR  7. An anti-theft ignition coil installation, according to claim 6, wherein
      said flashlight and said ignition coil structure are mounted parallel to
      one another.
NUM  8.
PAR  8. An anti-theft ignition coil installation, according to claim 5, wherein
      said removable assembly includes a carrying handle disposed adjacent said
      flashlight.
NUM  9.
PAR  9. An anti-theft ignition coil installation, according to claim 8, wherein
      an identification card holder is mounted on said removable assembly.
NUM  10.
PAR  10. An anti-theft ignition coil installation, according to claim 9, wherein
      said identification card holder is mounted on said handle of said
      removable assembly.
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ABST
PAL  This invention relates to a land seismic exploration method and apparatus
      employing a plurality of elongated tubes each having a flexible wall for
      containing a volume of liquid explosive therein. Each tube is adapted to
      be detachably connected to either a detonating device for exploding the
      liquid explosive therein thereby creating a seismic explosion, or to a
      pressure transducer for monitoring the pressure changes in the liquid
      explosive caused by the detected seismic pressure waves.
PARN
PAR  This is a division of application Ser. No. 376,644, filed July 5, 1973, now
      U.S. Pat. No. 3,840,846.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various seismic energy sources are known and used. Some act as "point"
      sources, others as "linear" sources. An example of a point source is an
      explosive cartridge, an example of a linear source is a long strand of
      detonating fuse such as Primacord, manufactured by Ensign-Bickford, Inc.
      of Simsbury, Connecticut. For best coupling to the ground such linear
      souces are desirably buried a few feet below the earth's surface. A
      vibratory plow, such as manufactured by the Charles Machine Works, Inc. of
      Perry Oklahoma, can be used for mechanically burying the Primacord without
      appreciably disturbing the earth. In practice, the linear sources are
      grouped in a desirable pattern depending on well-known consideration
      related to the particular site being seismically explored. In the vicinity
      of the "shooting site"  are also deployed strings of seismic detectors or
      geophones. One or more of the linear energy sources are detonated and the
      resulting reflected seismic signals are detected by the detectors for
      recording on a suitable medium, typically magnetic tape. Customarily the
      geophones are set out on the surface of the earth, however, to minimize
      the detection of background noise, the geophones could also be buried a
      short distance below the earth's surface. The deployment and the burial of
      the geophones would be time consuming operations which would add
      considerably to the overall cost of seismic exploration.
PAR  After a series of seismic shots are made at the first shooting site, the
      seismic crew repeats the steps of burying the linear seismic sources and
      of deploying the geophones at another site, and the steps of shooting and
      recording are again repeated.
PAR  Although subsurface burial of the Primacord is mechanized, the relocation
      of the groups of geophones from detecting site to detecting site still
      requires considerable hand labor in the preparation of the detecting site
      and the deployment of the detectors.
PAR  It is a general object of the present invention to provide a new method of
      land seismic prospecting which minimizes the amount of hand labor
      required. The invention also provides new apparatus useful in carrying out
      the method.
PAC  SUMMARY OF THE INVENTION
PAR  The novel method employs groups of elongated tubes. Each tube is completely
      filled with an explosive liquid and can be converted either into a linear
      seismic energy source, by coupling a detonator thereto, or into a seismic
      detector by coupling a pressure transducer thereto. Thus a tube after
      first serving as a seismic detector can be converted into an energy source
      located in the position of the previously used detector.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a linear energy source employing a liquid-explosive filled
      tube;
PAR  FIG. 2 shows a linear detector employing a liquid-explosive filled tube;
PAR  FIGS. 3A and 3B show the progress of a seismic party by using groups of
      buried tubes, one or more of which is converted into a seismic energy
      source and the remaining tubes converted into pressure detectors for
      monitoring the reflected seismic signals;
PAR  FIG. 4 illustrates a method of burying the tubes;
PAR  FIGS. 5A and 5B illustrate typical pattern arrangements for the tubes; and
PAR  FIG. 6 shows another embodiment of a seismic detector.
DETD
PAR  In the drawings, the same numerals are used to designate the same or
      similar parts whenever possible to aid in the understanding of the
      invention.
PAR  Referring to FIGS. 1 and 2, the land seismic prospecting method of the
      present invention employs elongated tubular members 10. Each elongated
      tubular member 10 has a flexible wall 12 to allow it to transmit
      compressional seismic waves into a liquid 14 which completely fills bore
      16 of tube 10. One end 18 of tube 10 is sealed off and its other end forms
      a mouth 20 which is adapted to interchangeably receive either a
      conventional, electrically-operated detonating device 22, or a
      conventional pressure transducer assembly 24. Detonator 22 has a pair of
      input wires 26. The transducer assembly 24 may include a bushing 28
      defining a center bore 30 for housing a pressure-responsive transducer or
      hydrophone 32 having output leads 34.
PAR  Since mouth 20 can interchangeably receive either the detonator 22 or the
      pressure transducer assembly 24, each tube 10 can be transformed into a
      linear energy source 11 or into a linear detector 13.
PAR  A suitable clamp 23 seals and secures member 22 or 24 to the wall of mouth
      20 so that bore 16 becomes fluid tight. The diameter of bore 16 will
      depend on the nature of the liquid explosive employed and typically is on
      the order of one-half inch or less. The considerations for selecting a
      suitable liquid explosive and a desirable diameter for bore 16 are
      discussed in various publications, e.g., "Chemistry & Technology of
      Explosives" by Urbansky, Pergamon Press, 1965, Volume 2, Library of
      Congress Catalog No. 63-10077.
PAR  The length of each tube 10 will depend on the "seismic punch" of the area
      as well as on the noise patterns in the vicinity of the shooting site and
      may be on the order of several hundred feet. These considerations are
      well-known to those skilled in the art and are taken into account when
      using other known linear energy sources such as Primacord.
PAR  In carrying out the method of the present invention, a group 38 (FIG. 3A)
      consisting of linear detectors 13 is buried in the ground. The group
      usually will contain several such detectors 13 arranged in a predetermined
      pattern. A group 39 consisting of at least one linear energy source 11 is
      also buried near the group 38 of linear detectors 13. For simplicity of
      the drawing, only two linear detectors 13 and one linear energy source 11
      are shown in the drawings.
PAR  A suitable vehicle 50 carries a recording apparatus 52 to which are
      connected the output leads 34 from each transducer assembly 24. The
      detonating device 22 of the energy source 11 is connected to a blaster 53,
      also carried by vehicle 50, for applying current to wires 26 at the
      desired instant of shooting, thereby actuating detonator 22.
PAR  When detonator 22 is actuated by the blaster 53, the explosive liquid 14
      inside tube 10 will explode with a detonatio velocity on the order of
      several thousand meters per second. The resulting energy from source 11
      will propagate through the earth's underlying formations and the reflected
      compressional seismic waves therefrom will impinge upon the flexible walls
      of the linear pressure detectors 13. The pressure waves established in the
      liquid explosive of each linear detector 13 are detected by its pressure
      transducer 32. The output of the pressure transducer 32 is recorded by the
      recording system 52 on vehicle 50.
PAR  To repeat the shooting and recording cycle, the linear detector 13 adjacent
      to linear source 11 is converted into a new linear energy source 11', by
      replacing its pressure transducer assembly 24 with a detonator 22 (FIG.
      3B), thereby forming a new group 39'. At the same time another linear
      transducer detector 13' is buried ahead of the linear detector 13 to
      re-establish a new group 38' of linear detectors for the new linear energy
      source 11' created from the former linear detector 13 of FIG. 3A. The
      blasting and recording cycles are then repeated in a manner described in
      connection with FIG. 3A.
PAR  The burial of the tubes in the ground can be mechanized by the use of the
      vibratory plow schematically illustrated in FIG. 4. It includes a reel 60
      on which is rotatably mounted a spool 61 of flexible tubing 62, the free
      end 63 of which, is threaded through a bore 64 in a generally L-shaped
      blade 65. The plow 58 is designed to bury the plastic tubing without
      trenching and without appreciably disturbing the ground 59. The burial
      depth may be from 6 inches up to thirty or more inches.
PAR  One method of using the plow 58 is to seal off the free end 63 of flexible
      tubing 62 and to bury a length of said tubing, say on the order of three
      hundred feet or more, whereupon tubing 62 is cut from the spool 61. The
      open cut end or mouth 20 of the already buried tube is brought out above
      the ground surface (as shown in FIGS. 3A and 3B. Next, either a pressure
      transducer assembly 24 or a detonator 22 is inserted into mouth 20, as
      required, after completely filling tube 10 with a desired liquid
      explosive. In order to effect such filling, the free end 63 (FIG. 4)
      should be left above ground so that air displaced by the liquid can be
      allowed to escape. On the other hand, the tubing 62 on spool 61 can be
      prefilled with the liquid explosive so that after a desired length of
      tubing is buried in the ground all that remains is to insert into the
      mouth 20 either a detonator 22 or a pressure transducer assembly 24. In
      this case the free end 63 may be buried initially as there is then no need
      to have access to the end from the surface.
PAR  In FIG. 5A is shown a group 70 of linear pressure detectors 13 and a group
      71 of linear energy sources 11. Each group may be made up from a serial or
      serial-parallel arrangement of tubes 10. The shooting pattern can be
      varied as desired: all the energy sources 11 can be detonated
      simultaneously, or in timed sequence. After the destruction of the tubes
      in group 71, the tubes in the adjacent group 70 will be changed from
      linear detectors into linear energy sources.
PAR  Alternatively, tubes 10 can be arranged in serial, end-to-end, spaced-apart
      relationship as illustrated in FIG. 5B. It is to be understood that any of
      the state-of-the-art seismic source-receiver configurations may be
      employed in practice of this invention.
PAR  Those skilled in the seismic surveying art are familiar with the necessary
      relationships between detonation rates and lengths and patterns of seismic
      sources.
PAR  The volume 2 reference of Urbansky, supra, discusses the detonation rate of
      various liquid explosives as a function of the diameter of the tube in
      which the explosive is contained. Additional data concerning diameters and
      detonation rates are generally available from the manufacturers or
      suppliers of such liquid explosives, for example, from Hercules
      Incorporated, Wilmington, Delaware.
PAR  In FIG. 6 is shown another embodiment of the novel seismic detector of this
      invention wherein the pressure-responsive transducer 24 is external to and
      is detachably connected to the tube 10. Transducer 24 is in fluid
      communication with the liquid 14 and is responsive to the pressure
      variations therein.
PAR  The major portion of the tube in FIG. 6 is buried beneath the earth's
      surface while the transducer 24 and a minor portion of the tube protrude
      above the earth's surface. As far as the detector itself is concerned, the
      liquid 14 in the embodiment of FIG. 6 may be any incompressible liquid
      such as is used, for example, in seismic streamer cables. Since the major
      portion of the tube is buried, excellent coupling is obtained between the
      detector and the earth.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A detector for detecting seismic pressure waves in the earth comprising:
PA1  a flexible-walled, elongated tube filled with liquid, and
PA1  a pressure-responsive transducer detachably connected to said tube and in
      communication with said liquid the major portion of said liquid-filled
      tube being adapted to be buried beneath the surface of the earth, and said
      transducer together with a minor portion of said tube being adapted to
      protrude from the surface of the earth.
NUM  2.
PAR  2. A detector for detecting seismic pressure waves, comprising:
PA1  a flexible-walled, elongated tube,
PA1  an explosive liquid filling said tube, and
PA1  a pressure transducer operatively coupled to said explosive liquid to
      monitor pressure variations in said liquid corresponding to seismic
      pressure waves impinging on the external wall of said tube, said liquid
      exerting said pressure variations on said transducer.
NUM  3.
PAR  3. The detector of claim 2 wherein said transducer is mounted externally of
      said tube.
NUM  4.
PAR  4. A method of detecting seismic signals which are reflected from the
      underlying layers of the earth, comprising:
PA1  coupling to the earth at least one elongated, flexible tube having a
      pressure detector associated therewith and an incompressi explosive liquid
      completely filling said tube, said detector being responsive to pressure
      variations in said liquid produced by said reflected signals.
NUM  5.
PAR  5. A detector for detecting seismic pressure waves in the earth comprising:
PA1  a flexible-walled, elongated tube filled with liquid, and a pressure
      responsive transducer connected to said tube and in communication with
      said liquid, the major portion of said liquid-filled tube being buried
      beneath the surface of the ground.
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ABST
PAL  The accompanying specification discloses a mine cage safety device
      comprising at least one friction wheel adapted to roll freely over the
      shaft wall or mine cage guide timber when the cage is lifted upwards and
      downwards in the mine shaft. When the cage accelerates past a critical
      level as in a free fall the friction wheel actuates a hydraulic trigger
      means that in turn sets off an explosive charge which instantaneously
      drives braking means against the timber guides to thereby arrest the free
      fall of the mine cage.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a safety device for use with mine cage
      elevating apparatus and the like.
PAR  The principal object of the invention is to prevent free fall of a mine
      cage when a cable or other type of lifting mechanism fails to maintain the
      cage in normal controlled descent or ascent in a mine shaft.
PAR  Known mine cage safety devices rely for their actuation on the sensing of a
      break in the lifting cable and are designed to apply braking pressure
      mechanisims to the guides or walls of the mine shaft, thereby to arrest
      the free fall of the cage. In a number of recent disasters in mine shafts
      where men were injured and killed as a result of a cage falling, the known
      safety device did not operate when the cable broke, far up in the shaft a
      great distance from the cage or the winding mechanism was faulty, allowing
      the cable to run freely from its winding roll and the known safety device
      did not sense the break in the cable since the length of cable had itself
      great weight.
PAR  The principal object of the present invention is to provide an elevator
      safety device which will sense free fall of the cage by means of a
      friction wheel attached to the cage and running on the guide of the mine
      shaft. By sensing an increase in acceleration of the cage and by actuating
      a braking mechanism against the mine shaft guides or wall, the wheel of my
      invention results in an improved safety means for elevators long wanted in
      the art.
PAR  The friction wheel of the present invention operates a hydraulic pump
      mechanism which feeds hydraulic fluid under constant pressure to a
      triggering unit, provided the accelleration of the cage does not exceed a
      certain level. When the accelleration of the cage increases beyond a
      predetermined safety factor, the friction wheel increases the hydraulic
      pressure in the pump which higher pressure actuates the triggering
      mechanism. The triggering mechanism is combined with an explosively
      charged detonation means which propels plungers towards wedged brake shoes
      surrounding the guide means thereby to arrest the free fall of the mine
      cage.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is, therefore, a means for preventing a mine cage from
      falling freely when the lowering means fails. It comprises in combination
      a rigid platform positioned between the two cage guide rails of the shaft
      and in the roof of the cage with a dust cover therearound to prevent the
      dirt from the mining operation from causing the safety device to interfere
      with its operation. An accelleration sensing wheel is fixed to a shaft
      held above the platform to roll freely along one of the guide rails as the
      cage is moved upwards or downwards in the shaft.
PAR  A piston arm is eccentrically mounted to the wheel and is connected to a
      hydraulic pump which pumps fluid at an increasing rate of pressure in
      direct relation to the speed of the wheel moving along the guide rail. A
      valve or tripping pump is inter-connected with the hydraulic pump means
      having a piston and tripping rod attached to it, such that when the wheel
      accellerates beyond a certain level the fluid pressure in the pump
      increases to a critial level in the tripping valve to drive a plunger
      outwardly from it to release the cocked arm of a trigger. The trigger
      releases a hammer which strikes a firing pin to set off an explosive
      charge in an enclosed chamber which results in ejection from the chamber
      along a barrel of a plunger mechanism to which are attached wedge shaped
      members which co-operate with a braking means that normally ride freely
      along the sides of the guiderails but are wedged against the guide rails
      by the action of the ejected plungers against the wedges.
PAR  It is known that the use of explosive charges in safety devices causes most
      rapid action; therefore, the sudden stoppage of the mine cage could
      possibly injure the persons riding therein, unless the stoppage is more
      gradually effected. I have, therefore, as a further object of this
      invention provided a delay means for descellerating the mine cage to
      prevent injury to persons riding in the cage. This delay means consists in
      having the firing trigger operate a first pair of brake shoes with smooth
      surfaces to ride on an straddle the rails simultaneous with the firing of
      the plunger which actuates the shoes. With the firing of the first set of
      plungers a timing lock is operated which after a few seconds actuates
      another explosive charge to move a pair of toothed brake shoes against
      another of the guide rails or timbers to arrest the fall of the cate. The
      teeth of the second pair of shoes bite into the timber of the guides to
      stope the cage instantaneously.
DRWD
PAR  With the considerations and inventive objects herein set forth in view and
      such others as may become apparent from consideration of this disclosure
      and specification the present invention consists of and is hereby claimed
      to reside in the inventive concept which is comprised embodied embraced
      and included in the method, construction, arrangement, or combination of
      parts or new use of any of the foregoing which might herein be exemplified
      in one or more specific embodiments of such concept, reference being had
      to the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the invention shown attached to a platform
      which is positioned between the two guide timbers in a mine shaft and
      located on the roof of a mine cage.
PAR  FIG. 2 is a plan view of the base of the platform frame holding the safety
      device showing the relative positions of the braking shoes, the firing
      pins, plungers and wedges.
PAR  FIG. 3 is a smooth brake shoe.
PAR  FIG. 4 is the perspective view of one of the second pairs of brake shoes
      which perform the final braking of the free falling cage.
PAR  FIG. 5 shows a cartridge in position in the firing chamber and shows the
      positioning of a plunger prior to firing of the explosive charge.
PAR  FIG. 6 shows an arrangement of a friction wheel operating a hydraulic pump
      which in turn operates the trigger valve.
PAR  In the drawings like characters of reference designate similar parts of the
      several figures.
DETD
PAC  PREFERRED EMBODIMENT
PAR  In order first to describe briefly the present invention in terms consonent
      with those generally set forth in the accompanying Claim or Claims and to
      identify the parts defined therein the device is constructed generally as
      follows. In FIG. 1 a frame or platform 10 is positioned across the top of
      a mine cage 11 and has a frame member 12, 13 for holding and positioning
      the wheel member 14 and its accompanying hydraulics 15. The mine cage and
      platform and frame assembly is shown riding freely and straddling a pair
      of mine shaft timbers 16, and 17. Shoes designated 18 and brakes
      designated 19 are shown freely riding in the normal position over the
      timbers 16 and 17, respectively. The hydraulic trigger valve 20 is
      associated with the firing pin 21 which is ridgidly fixed to the platform
      10 at 22. An explosive or combustion detonation chamber 23 is fixed to the
      platform 10 and has four separate chambers in the shown device which has
      four separate firing pins. One pair of pins is fired together by trigger
      21 which simultaneously explodes plungers 24, 25 towards guide 16.
      Attached to the end of the plungers 24, 25 is an arm 26 freely slideable
      over the platform 10 and pushing outwardly with it a pair of wedges 27,
      28. Upon detonation and firing of the plungers wedges 27, 28 are forced
      into a wedge box 29 and 30 respectively, which mate with a pair of wedges
      formed with the shoes to force the shoes 18 against the guide 16.
PAR  Attached to the moveable rod member 26 is an upwardly extending finger 31
      which holds a timing block 32 in an upward position on a track 33. The
      track 33 is fixed to the platform frame 10. As the member 26 is driven
      outwardly towards the guide the finger 31 releases the timing block 32
      which is wheeled as at 34, 35 to ride in an track provided in 33 by a pair
      of rails 36, 37. A rod 38 is attached to the block and as the rod and
      block ride down the track the rod comes into contact with a release
      mechanism 40 which frees the second trigger arm 41 to strike the firing
      pins of the second pair of explosive charges confined in chamber 23 and
      drive plungers 47, 48 outwards toward the other guide rail 17. Attached to
      plungers 47, 48 is a freely riding cross member plate 50 having attached
      to its outwardly facing side a pair of wedge shaped members 51, 52. As the
      plungers carry them outwards, wedges 51, 52 drive into a pair of wedge
      blocks 53, 54 straddling the guide timber 17 each attached to one of the
      toothed shoes 19. Each wedge block combines a wedge which is formed with
      the brake 19, and as the wedge 52 drives forward into the wedge block the
      brake grips the guide.
PAR  The relative position of the parts shown in FIG. 2. where the combustion
      chamber 23 is centrally located of the device with the firing mechanisms
      21 and 41 shown on either side of the compression chamber. Both triggers
      41, 21 are shown in the fired position whereas FIG. 1 shows the firing
      mechanisms in the upright pre-firing position. The pair of plungers 24, 25
      are held together by a cross member 60 and plungers 47, 48 are held
      together by a guide cross member 61. Both 60 and 61 operate to guide the
      plunger uniformly along an axial path toward timbers 18, 17 respectively,
      and assist the force of the explosion from the chamber to be transmitted
      uniformly and insure that wedges 29, 30, 51 and 52 mate properly with the
      shoe wedge in the wedge blocks.
PAR  In FIG. 2 the wedge block surrounding wedge plunger 52 is shown cut away to
      indicate the method of contacting of the moveable wedge 52 against the
      fixed wedge 70 attached to shoe 19 within the wedge box 53. It will be
      seen that wedge 70 is integrally formed with the brake shoe 19, and
      assures that the force of the explosive action transmitted by the plungers
      to the rod 50 through the wedges 52 and 51 will be uniformly and directly
      contacted by the shoes and thereby transmitted uniformly towards the guide
      17.
PAR  To ensure that the wedge and brake maintain the grasp against the guide and
      to resist the reaction of the guide back against the plungers and into the
      combustion chamber when the gases have been released from within the
      chamber, a pair of dogs 72, 74 are provided for arm 50 and a pair of dogs
      76, 77 are provided for the rod 26 on the other side of the safety device.
      Each of the dogs 76, 77, 72 and 74 are fixed to the platform and are held
      in ratcheted engaging position with two ratchet means 80, 81, 82 and 83
      which are each firmly held or formed with the free moving arms 26 and 50.
PAR  After the safety device brings the cage to a halt the cage must be then
      lowered or the cable repaired before the dogs 76, 77, 72 and 74 are
      released to allow release of the wedge in the wedge box and the release
      for the brake. When the first pair of plungers are fired, a pair of shoes
      shown in FIG. 3 are forced against the guide 18 and retard the
      acceleration of the cage. A few seconds later by the action of the timing
      block the second firing mechanism operates which actuates the plungers and
      wedges to force the pair of toothed shoes as shown in FIG. 4 to grip
      firmly and hold the cage against the guide. The short delay provided by
      the timing delay device eliminates any sudden jar which might injure
      persons in the cage.
PAR  In FIG. 5 the explosive chamber 23 is shown half cut away in section to
      show the chamber 90 within and the positioning of the plunger 48,
      positioned for firing from the barrel of the chamber 94. The explosive
      charge 91 is shown in position ready for firing and the firing pin 92 is
      also shown in section.
PAR  The explosive means of the device described above will only operate when
      the cage is falling at a rate greater than that being deemed safe by those
      installing the safety device but the wheel mechanism as shown in FIG. 6 is
      designed to be operative at all times when the cage is moving upwards or
      downwards. The speed of the wheel is the initiating factor to determine
      when the safety portions of the device are to be activated. The wheel 14
      runs freely on the guide timber 17 by contacting the timber as at point
      100 shown in FIG. 6. The wheel protrudes through a dust cover 99, which
      dust cover is not shown in the FIG. 1, but is designed to keep dirt from
      falling on to the mechanism while the cage operates up and down the shaft
      in the mine.
PAR  The wheel is attached to a bracket 98 which is fastened to frame of the
      mine cage. The friction wheel is mounted on an arm 97 which is attached to
      the bracket 98 and is pivotally mounted as at 101 to the bracket. The
      wheel freely rotates as at 102 on the arm 97, the spring loaded arm 103 is
      pivotally attached to 98 as at 104 and is forced by means of a spring 105
      against the rod 97. The spring loaded rod 103 keeps the friction wheel in
      contact with the guide rails and can be adjusted so that wear is not too
      severe at the surface of contact 100 between the wheel and guide 17 but
      will ensure that the wheel at all times does contact the the guide
      regardless of any warps or bends in the guide as the cage moves up and
      down thereby to ensure even constant and relatively uniform movement of
      the wheel when the cage passes over the rail.
PAR  A hydraulic piston mechanism 15 is associated with the friction wheel and
      comprises an eccentric arm 107 attached to the friction wheel 108 to
      provide reciprocating motion to the rod 107 and thereby reciprocating
      motion to a plunger 109 located in a hydraulic pump means 110. The rod 109
      combines with piston 112 to pump hydraulic fluid past a valve 113 into a
      line 114 travelling to a hydraulic trigger valve 20. Valve 20 is fixed as
      at 117 to platform 10. A hydraulic reservoir 120 is provided in the system
      and has connected with it a return line 121 from the outlet of valve pump
      20.
PAR  The pump 15 is designed to ensure that as the wheel 14 rides up and down
      freely at an accepted rate of speed fluid circulates through the system
      from 114 down to and through the triggering mechanism and freely through
      outlet port 125 and back up to the reservoir through line 1-21 in a
      uniform even manner. However, if the wheel should happen to ride faster
      along the rail the pump will operate more quickly and drive fluid through
      the inlet 140 into a chamber 127 formed in the head of piston 128 at a
      greater pressure. As the pressure mounts in the chamber 127 created on the
      piston head 128 tending to force it outwards of trigger barrel 141 and
      against the spring 129 allowing the piston rod 142 to move outwardly of
      barrel 141 carrying spring 129 with it. As the pressure increases which
      will in turn gradually close the outlet port 125 by movement of the piston
      128 outwardly, the fluid volume will be decreased. The closing of the port
      125 will increase the hydraulic pressure substantially more rapidly and
      resulting in the ejection outward against the reaction of the spring and
      thereby to release of the pin 130 which has been held down by the pin 131.
      Pin 130 is attached to the trigger 21 and release of the pin 130 will
      trigger the firing mechanism which will in turn explode the plungers from
      the combustion chambers against the wedge blocks and thereby create the
      braking to stop the cage from further acceleration.
PAR  The timing for triggering of the first set of explosive charges is achieved
      by means of a regulator means associated with the hydraulic triggering
      device 20 and consists of regulator nut 150 threadably attached to a rod.
      When the regulator nut is advanced outwardly of the rod it is forced
      against the spring 129, holding member which in turn draws out the piston
      rod 142 and piston 128 thereby restricting outlet port 125. Threading or
      adjusting the regulator 150 inwardly allows the outlet port passage to be
      enlarged to allow an increase in fluid volume to pass the trigger in turn
      to the reservoir 120.
PAR  When the desired volume of fluid is achieved to give the necessary
      triggering characteristic to the combination trigger, pump and wheel
      system the regulator nut 150 is locked by means of a suitable locknut or
      set screw means.
PAR  Various modifications may be made to the invention described and be within
      the scope of the concept disclosed. It is intended, therefore, the
      foregoing disclosure shall be considered as illustrative of such concept
      and not as limiting the protection sought to any particular embodiment
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A braking device for an elevating apparatus operating within the walls
      of a shaft comprising in combination:
PA1  i. at least one wheel member rotatably mounted from said elevating
      apparatus against one of the walls of said shaft as said elevating device
      is moved upwardly or downwardly within said shaft;
PA1  ii. hydraulic means operated by movement of said wheel member to pump fluid
      at increasing pressure to a trigger device supported on a platform of said
      elevating apparatus;
PA1  iii. an explosion containing chamber having an explosive charge therein
      fixed to said elevating apparatus adapted to drive an ejection member
      therefrom upon release of said trigger to explode a charge contained by
      said chamber, said trigger actuated by increase of fluid pressure from
      said hydraulic means;
PA1  iv. brake members expandable from said platform against said shaft walls by
      said ejection means to arrest movement of said elevating device within
      said shaft.
NUM  2.
PAR  2. A braking device for an elevating apparatus as claimed in claim 1
      wherein said elevating apparatus operates between two guide rails fixed
      within said shaft and wherein said wheel member is rotatably mounted on a
      frame supported by said platform, against one of said guide rails as the
      elevating apparatus is moved upwardly or downwardly of said shaft, and
      wherein said brake members comprise a pair of brake shoes expandable
      outwardly of said platform to said one of said guide rails by said
      ejection member exploded from said chamber.
NUM  3.
PAR  3. A safety device as claimed in claim 2 wherein said wheel rotatably
      mounted on said elevating apparatus comprises a friction wheel fixed to a
      frame and freely moveable along one of said guide rails as said apparatus
      is moved upwards or downwards along said guide rails, and having a piston
      arm eccentrically mounted to said wheel and connected to a hydraulic pump
      means to pump fluid at increasing pressure as said wheel is moved more
      rapidly along said guide rails by increasing acceleration of said
      elevating device, a valve means interconnected with said pump means
      adapted to release a tripping rod when pressure increases in said pumping
      system beyond a predetermined level and wherein said tripping rod actuates
      said trigger means to fire the explosive charge to actuate the ejection
      member.
NUM  4.
PAR  4. A safety device as claimed in claim 2 having a first ejection member
      acting against a wedge to force a pair of smooth brake shoes against one
      of said guide rails to decelerate the elevating device and having a delay
      means associated with said first ejection member to trigger and fire a
      second explosive charge to eject a second ejection member against a wedge
      forcing a second pair of brake shoes against the second rail to quickly
      arrest the fall of said elevating apparatus in said shaft.
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ABST
PAL  A caster assembly has a brake shoe member including a wheel tread
      contacting shoe, and a foot operable brake applying and release lever, the
      shoe member being guided horizontally, both longitudinally and laterally
      adjacent the wheel contacting shoe for positive shoe action in response to
      operation of the lever.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to caster assemblies, and more
      particularly to caster assemblies including foot-operated brake means
      thereon, to prevent rolling of the wheel when it is desired that the
      object supported by the casters remain in place.
PAR  2. Description of the Prior Art
PAR  Many casters are known in the prior art having various means for locking
      the wheel. These include U.S. Pat. No. 3,467,981 to Peter, which includes
      treadle-operated, cam-driven balls operating plungers to force the caster
      wheel against the horn to brake the wheel by friction. Patents
      incorporating a front-mounted, lvever-operated wheel tread engaging brake
      include: U.S. Pat Nos. 2,572,548 to Weisz et al, 2,707,794 to Kramcsak,
      Jr., 2,709,828 to Noelting et al., and 2,915,775 to Skupas. The patent to
      Forbes, U.S. Pat. No. 2,494,696 discloses a rear-mounted brake, and the
      U.S. Pat. Nos. 2,484,094 to Jackson, 2,900,659 to Snell, and 2,972,163 to
      Ross disclose rear-mounted cam-and-lever operated brakes. The recently
      issued Bolger U.S. Pat. No. 3,828,392 discloses a rear-mounted,
      cam-and-lever operated brake.
PAR  We have found that further improvement is needed in such brakes, to promote
      uniformity and consistency of movement of the shoe in response to action
      of the brake applying and release lever, and to promote positive action.
PAC  SUMMARY
PAR  Described briefly, in a typical embodiment of the present invention, a
      brake shoe member has a wheel contactor shoe extending parallel to the
      rotational axis of the wheel and disposed radially outwardly from the
      wheel. The member is movable toward the axis to bring the shoe into
      contact with the wheel, to brake the wheel. The member includes a locator
      having a horizontally extending offset which extends through a hole in the
      wall of the horn, with the locator portions immediately above and below
      the hole being disposed immediately adjacent the horn for lateral
      guidance. The front and rear edges of the locator are guided by front and
      rear edges of the hole in the horn for control of the brake shoe member
      near the location of contact of the shoe thereof with the tread of the
      wheel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of our improved caster brake assembly,
      with the brake "off".
PAR  FIG. 2 is a rear elevational view thereof.
PAR  FIG. 3 is a top plan view thereof.
PAR  FIG. 4 is a fragmentary side elevational view with the brake "on".
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The illustrated caster assembly includes a wheel 11, axle bolt 12, and nut
      13, mounted to the horn 14. A pin 16 and ball bearing swivel assembly 17
      mounted thereto and to the horn provide for swiveling about the axis 18.
PAR  A brake shoe member 15 includes a brake shoe 19 disposed immediately above
      the tread 21 of the wheel. Shoe 19 extends in a cantilever manner from an
      upper inside guiding locator portion 22 of the brake shoe member 15, which
      projects upwardly from a horizontally extending offset 23 which extends
      through a hole or upper guide slot 24 in the caster horn. Immediately
      below the guide slot and outboard of the caster horn is the outer guiding
      locator portion 26 of the brake shoe member and this extends downwardly
      and has a slot 27 in the lower portion thereof receiving the axle bolt 12
      therethrough. The brake shoe member has outwardly projecting release cam
      follower 28 thereon and outwardly extending apply cam follower 29.
PAR  A brake operating lever 31 has a brake applying foot pad 32 and a brake
      releasing foot pad 33 thereon, these both projecting outwardly from the
      horn in horizontal planes and having a configuration best shown in FIG. 3.
      The brake operating lever has a brake release cam 34 and a brake applying
      cam 36 thereon. The release cam is shown in FIGS. 1 to 3 at the limit of
      its brake releasing travel where it has forced upwardly the release cam
      follower 28 to move the brake shoe member upwardly in the upper guide slot
      24 to release the brake shoe from the tread of the wheel. Thus the wheel
      is free to rotate. The bottom of slot 27 engaging the underside of the
      axle can serve to limit upward travel of member 15.
PAR  When the brake apply pad 32 is pushed downwardly with the foot to the
      position shown in FIG. 4, the apply cam 36 engages the upper face of the
      horizontally projecting apply cam follower 29 and forces the brake shoe
      member downward to engage the brake shoe with the tread of the wheel, as
      shown in FIG. 4. The limit on the counterclockwise pivotal motion of the
      brake operating lever about the axis of the axle bolt is provided by the
      portion 37 of the brake operating lever engaging the rear face of the
      release cam follower 28 at 30, as shown in FIG. 4. The limit on clockwise
      travel as shown in FIG. 1 occurs when the flat 35 at the end of cam 34
      encounters the follower 28 which can move no farther upward due to slot 27
      stopping on the axle 12.
PAR  The front and rear edges 38 and 39 of the brake shoe member offset 23 are
      immediately adjacent and in abutting engagement with the front and rear
      edges 24F and 24R, respectively, of the guide slot 24 in the horn, and
      therby strictly confine the brake shoe member in the longitudinal sense.
      Furthermore, as shown in FIG. 2, the outer guiding locator portion of the
      brake shoe member is flush with the outer face of the horn at 140 to limit
      movement of the brake shoe member inwardly in the direction of arrow 41.
      Similarly, the upper locator portion 22 of the brake shoe member is flush
      with the inside wall 14I of the horn to prevent movement of the brake shoe
      outwardly laterally in the direction of arrow 42. In this way there is
      positive guidance both longitudinally and laterally for the brake shoe
      member adjacent the shoe as it is moved up and down in response to
      operation of the operating lever 31, and as braking loads are applied to
      the shoe. The upper face of offset 23 can be used to abut with the upper
      edge of slot 24, if desired, instead of or in addition to abutment of axle
      12 by slot 27, to limit upward travel of the brake shoe member, during
      release.
PAR  While the invention has been illustrated and described in detail in the
      drawings and foregoing description, the same is to be considered as
      illustrative and not restrictive in character, it being understood that
      only the preferred embodiment has been shown and described and that all
      changes and modifications that come within the spirit of the invention and
      the scope of the claims are also desired to be protected.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a caster assembly having a wheel, a horn, mounted to said wheel, and
      means mounted to said horn for pivotal attachment to an item to be
      supported by the caster assembly, the improvement comprising:
PA1  a brake shoe member having a wheel contactor shoe extending parallel to the
      rotational axis of the wheel and disposed radially outward from the wheel
      and movable inwardly to a position of engagement with the tread of the
      wheel to prevent wheel rotation;
PA1  said brake shoe member having a locator guidingly received on the horn and
      locating said shoe laterally with respect to the horn and locating said
      shoe at the correct index position with respect to the horn about a
      rotational axis of the wheel, said locator having an offset extending
      through a hole in a wall of said horn, said locator being slidingly
      engageable with said wall above and below said hole on the inside and
      outside of said wall respectively, to provide the lateral location of said
      shoe, and the front and rear edges of the hole providing guiding
      engagement with front and rear edges of the offset to maintain the correct
      index position of the shoe with respect to the horn, said wall of said
      horn being between said wheel and the portion of the locator below said
      hole whereby said wheel is centered between said wall and an opposite wall
      of said horn;
PA1  and shoe operating means associated with said horn and operable to
      alternately move said shoe to and from said engagement position.
NUM  2.
PAR  2. The improvement of claim 1 and further comprising:
PA1  a shoe applying cam follower on said brake shoe member, and a shoe release
      cam follower on said brake shoe member, said shoe operating means
      including a shoe operating lever pivotally mounted on said horn and having
      shoe applying cam means thereon and shoe release cam means thereon, said
      lever being pivotable in an "on" direction to drive said shoe applying cam
      means against said applying cam follower to engage the shoe with the wheel
      tread, and said lever being pivotable in an "off" direction to drive the
      release cam means against said release cam follower to drive the shoe away
      from the tread of the wheel.
NUM  3.
PAR  3. The improvement of claim 2 wherein:
PA1  said brake shoe member has stop means thereon to limit travel of the shoe
      away from the tread of the wheel.
NUM  4.
PAR  4. The improvement of claim 3 wherein:
PA1  said stop means is a horizontally extending portion of the offset
      engageable with a horizontally extending upper margin of the hole in the
      horn to limit the travel, said upper margin of the hole being nearer to
      the axis of the wheel than is the tread of the wheel, whereby the inside
      of the first mentioned wall of the horn above the hole laterally supports
      the shoe locator and thereby the shoe inside the horn above the hole to
      provide adequate braking force to the shoe when the shoe is engaged with
      the wheel tread as the brake is applied.
NUM  5.
PAR  5. The improvement of claim 2 wherein:
PA1  said lever has a stop portion thereon abuttingly engageable with said
      release cam follower to limit pivoting of the lever in the "on" direction.
NUM  6.
PAR  6. The improvement of claim 2 and further comprising:
PA1  foot engageable brake shoe applying and release pads on said lever ahead of
      and behind the rotational axis of said wheel, said shoe applying pad being
      downwardly depressable by foot action thereon to pivot said lever in an
      "on" direction, said release pad being downwardly depressable by foot
      action thereon to pivot said lever in the "off" direction.
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ABST
PAL  An apparatus for use on bicycles having a front brake, a rear brake, a left
      hand brake lever and a right hand brake lever wherein, regardless of
      whether the left or right hand brake lever is actuated, or both brake
      levers simultaneously, the rear brake of the bicycle is preferentially
      actuated such that the rear brake is applied first and with more force
      than the front brake. The apparatus includes a housing for mounting on the
      bicycle, a front brake actuator connected to a cable extending to the
      front brake and a rear brake actuator connected to a cable extending to
      the rear brake one of the actuators having two pulleys thereon, each of
      the cables from the brake levers looping around the pulleys and attaching
      to the other brake actuator, and including a spring applying a bias to
      resist the movements of the front brake actuator.
BSUM
PAC  BACKGROUND, SUMMARY AND OBJECTS OF THE INVENTION
PAR  Most multi-speed bicycles manufactured today include, for safety purposes,
      individual front and rear brakes. The brakes are typically of the caliper
      type, that is, a type which, when actuated, squeeze two brake pads against
      opposed peripheral surfaces of the rim. Usually, such bicycles have a
      brake lever on both the left and the right ends of the handlebar with the
      left lever applying one of the brakes and the right lever the other. The
      use of separate brakes and separate actuating means for bicycles is a
      safety feature since if one of the brakes fail the other brake is
      available for stopping the bicycle. A problem exists, however, if the
      bicycle is moving at a fast rate of speed and the front brake is applied
      vigorously, there is a tendency for the bicycle to go out of control. An
      experienced operator using presence of mind, will always apply the rear
      brake first and then the front brake second if needed and with less force
      so that the front brake is applied only after the major braking effect is
      achieved by the rear brake. If the front brake is applied with sufficient
      force that the front wheel is locked, all guiding effect of the front
      wheel is lost and the bicycle can easily go out of control. As long as the
      front wheel is permitted to turn, even though with some braking restraint,
      guiding effect is achieved.
PAR  This invention is directed toward a device for use with the bicycle having
      front and rear brakes and left and right brake levers to provide an
      arrangement wherein the rear brake is always preferentially applied
      regardless of whether the user applies the left or right hand lever first
      or the levers simultaneously.
PAR  It is therefore an object of this invention to provide a safety brake
      device for a bicycle.
PAR  More particularly, an object of this invention is to provide a safety brake
      device for bicycles having front and rear brakes and left and right hand
      brake levers including an arrangement wherein the rear brake is
      preferentially applied regardless of which brake brake device is first
      including
PAR  Still more particularly, an object of this invention is to provide a safety
      brake for bicycles incuding a housing for mounting on the frame of a
      bicycle, having a front brake cable and a rear brake cable extending
      therefrom, and having left and right hand lever cables extending
      therefrom, and including a front and rear brake actuator supported within
      the housing, the actuator arranged in such a way that the rear brake
      actuator is moved to apply pressure by way of the rear brake cable
      preferentially to the movement of the front brake actuator.
PAR  These general objects, as well as other and more specific objects, will be
      fulfilled in the following description and claims, taken in conjunction
      with the attached drawings.
DRWD
PAC  DESCRIPTION OF VIEWS
PAR  FIG. 1 is an isometric view of a typical bicycle having front and rear
      brakes and left and right hand lever, and with the mechanism of this
      invention mounted thereon.
PAR  FIG. 2 is a view of a housing portion having the cover removed showing the
      mechanism inside and the cables extending to the brakes and levers.
PAR  FIG. 3 is an alternate embodiment of the invention showing the housing with
      the cover removed.
PAR  FIG. 4 is the embodiment of FIG. 3 showing the relationship of the parts
      with both brake levers cables withdrawn to apply both the front and rear
      brakes.
PAR  FIG. 5 shows the embodiment of FIG. 3 but with only one brake lever cable
      actuated.
PAR  FIGS. 6 and 7 are an additional alternate embodiment wherein the housing is
      reduced in size, FIG. 6 showing a side view with one side of the housing
      open and FIG. 7 showing a top view with one side of the housing removed.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings and first to FIG. 1, a typical bicycle having
      front and rear brakes is illustrated. The bicycle includes a frame 10, a
      front wheel 12 and a rear wheel 14. Supported to the front portion of the
      frame is a caliper type mechanism 16 and, in like manner, supported to the
      rear portion of the frame is a rear caliper brake mechanism 18. A front
      brake cable 20 extends from the front brake 16 and the brake is arranged
      such that when the interior portion of cable 20 is withdrawn the front
      brake 16 is applied. Typically, the brakes 16 and 18 are of the type
      having pressure pads (not shown in detail) to each side of the rim of the
      wheels 12 and 14 with a cable in the form of an outer shield with an inner
      cable portion. When the inner cable portion is withdrawn relative to the
      outer shield the brake 16 is applied. In the same manner a rear brake
      cable 22 actuates the rear brake 18.
PAR  The bicycle handlebars 24 have a left hand lever 26 and a right lever 28.
      Extending from the left lever 26 is a left lever cable 30 and in like
      manner, extending from the right lever 28 is a right lever cable 32. In
      the normal arrangement for bicycles in present use, each of the levers 26,
      28 controls individually one of the brakes 16 or 18. For instance, the
      left lever 26 may be used to control the rear brake 18. In this existing
      type arrangement the cables 20 and 30 would be the same cable and cables
      22 and 32 would be the same.
PAR  This invention utilizes a safety device, generally indicated by the numeral
      34, fastened to the frame of bicycle 10. The safety device 34 is in the
      form of a housing, FIG. 2 showing one embodiment of the device with the
      housing cover removed. Extending to the housing is the front brake cable
      20, the rear brake cable 22, the left lever cable 30 and the right cable
      32. Each cable has an inner portion which moves relative to the outer
      portion, the inner portions being designated by the numerals 20A, 30A and
      32A.
PAR  Slidably mounted through an opening 36 in a partition 38 in the housing 34
      is a front brake actuator 40. Supported to the actuator 40 is a first
      rotatably mounted pulley 42 and a second rotatably mounted pulley 44.
      Affixed to the inner end of the rear brake cable 22A is a rear brake
      pulley 46. The left lever cable 30A loops around the pulley 42 and around
      the rear brake pulley 46. In like manner, the right lever cable 32A loops
      around pulley 44. The cables 30A and 32A join together and, in the
      embodiment of FIG. 2, may be formed of one continuous cable.
PAC  OPERATION OF THE FIRST EMBODIMENT
PAR  In the embodiment of FIG. 2, when the left hand lever 26 is actuated by the
      bicycle operator, the left lever cable 30A is withdrawn in the direction
      indicated by the arrow. This movement is transposed around pulley 42, the
      cable moving in a direction indicated by the arrow. Since cable 32A is not
      extended, pulley 46 is pulled in the direction indicated by the arrow to
      withdraw rear brake cable 22A and thereby the rear brake is applied. If
      the right hand lever 28 is actuated, cable 32A is withdrawn also in the
      direction indicated by the arrows, moving rear brake pulley 46 in the
      direction indicated by the arrow, withdrawing rear brake cable 22A and
      applying the rear brake. Thus, whether the left or right hand lever is
      actuated the rear brake is applied. The same thing applies if both the
      hand levers are partially actuated simultaneously. When the movement of
      either cable 30A and 32A is beyond the maximum limit permitted by the
      movement of cable 22A, that is, when cable 22A has been withdrawn to the
      extent that the rear brake is fully applied, pulley 46 can no longer
      advance. Thus, further movement of either cable 30A or 32A will cause the
      front brake actuator 40 to move in the direction indicated by the arrow.
      This movement, however, is against the force of compression spring 48
      which is positioned between the housing partition 38 and a flange 50 on
      the outer end of the actuator. As the force of spring 48 is overcome the
      front brake cable 20A is withdrawn, applying the front brakes 16. Thus it
      can be seen that whether the left or right hand lever is first applied or
      both applied simultaneously and only partially, the rear brake is
      preferentially applied. Further lever effort, either by the right or left
      hand lever, or by both, will, after the rear brake has been fully applied,
      apply the front brake. In this way, the operator always applies the rear
      brake first and primarily, and the front brake is applied only as
      additional braking is required.
PAR  The amount of preference given to the rear brake is determined by the
      compression of spring 48. It can be seen that this could be made
      adjustable.
PAC  OTHER EMBODIMENTS
PAR  FIGS. 3, 4 and 5 show an alternate embodiment of the invention. In this
      embodiment a rear brake bar 52 is utilized along with stops 54A and 54B.
      FIG. 3 shows the device in the position wherein no braking action is
      applied. The rear brake cable 22A attached to a midpoint A on bar 52 and
      the lever cables 30A and 32A attach to points B and C adjacent the opposed
      outer ends of the bar. FIG. 5 shows the condition in which the left lever
      is actuated to withdraw the left lever cable 30A. The lever 52 pivots
      about the stop 54A to withdraw the rear brake cable 22A in the direction
      indicated by the arrow to apply the rear brake. It can be seen that if the
      right brake lever is actuated withdrawing the right lever cable 32A the
      bar 50 would be pivoted in the opposite direction but nevertheless, moving
      the rear brake cable 22A to apply the rear brake. FIG. 4 shows the
      arrangement wherein both the left and right levers are actuated. The rear
      brake cable 22A is moved to its limit as the rear brake is fully applied.
      Thereafter, the front brake actuator 40 is slidably moved in the direction
      indicated by the arrow, compressing spring 48, and withdrawing front brake
      cable 20A to apply the front brakes.
PAR  A safety stop 56 is affixed to the housing adjacent the rear brake bar 52
      and in the direction towards the front brake actuator 40. The function of
      the safety stop is to limit the forward motion of the lever in the event
      the rear brake cable 22A brakes. This would nevertheless cause the front
      brake actuator 40 to be moved forwardly to the position shown in FIG. 4
      when the brake cables 30A and 32A are withdrawn, thus providing a safety
      feature for the device.
PAR  FIGS. 6 and 7 show a still different embodiment in which the housing
      structure is reduced in size. Both views show the relationship of the
      elements when either brake lever is actuated. Pulleys 42 and 44 are
      mounted side by side on a rear brake actuator 58 which is slidably
      positioned in a bearing block 60 located in the housing. The left lever
      cable 30A loops over pulley 44 and attaches to the front end of the front
      brake actuator 40. When either cable 30A or 32A is withdrawn by either the
      left or right hand levers, the rear brake actuator 58 is slidably moved
      through opening 62 in the bearing block 60 to withdraw the rear brake
      cable 22A and apply the rear brake. When the rear brake actuator 48 is
      moved to the maximum forward position as happens when the rear brake is
      fully applied, any further retractions of either the left or right hand
      lever cables 30A or 32A causes the front brake actuator 40 to overcome the
      force of compression spring 48 and to retract the front brake cable 20A.
PAR  All of the embodiments illustrated accomplish the same purpose in the same
      way. Each uses a front and rear brake actuator. In the embodiment of FIG.
      2 the rear brake actuator is in the form of the rear brake pulley 44; in
      the embodiment of FIGS. 3, 4 and 5 the rear brake actuator is in the form
      of the rear brake bar 52; and in the embodiment of FIGS. 6 and 7 the rear
      brake actuator is the slidable element 58.
PAR  It can be seen that in the embodiment of FIGS. 6 and 7, the pulleys 42 and
      44 could be mounted in the front brake actuator 40, in which case the
      sliding element 58 may be eliminated and the ends of cable 22A, 30A and
      32A joined together. In this arrangement the junction of these three
      cables would be the rear brake actuator.
PAR  The invention has been described more or less diagrammatically and the
      actual mechanism which may be employed to accomplish the purpose of the
      invention may depart materially from the illustrations herein. It is
      understood that the illustrations are for the purposes of exemplifying the
      invention, including several alternate embodiments, but is not intended to
      disclose all the various arrangements which the invention may take.
PAR  It is understood that the invention is not to be limited by the embodiments
      which have been illustrated and described for purposes of exemplification,
      but is to be limited only by the scope of the attached claim or claims,
      including the full range of equivalency to which each element thereof is
      entitled.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A safety brake device for bicycles having a right brake lever with a
      right lever cable extending therefrom which is drawn towards the lever
      when the lever is actuated, a left brake lever having a left lever cable
      extending therefrom which is drawn towards the lever when the lever is
      actuated, a front brake having a front brake cable extending therefrom,
      the front brake being actuated when the front brake cable is drawn away
      from the brake, and a rear brake having a rear brake cable extending
      therefrom, the rear brake being actuated when the rear brake cable is
      drawn away from the brake, the device comprising:
PA1  a housing supported to the bicycle having said right and left lever cables
      and said front and rear brake cables communicating therewith;
PA1  a front brake actuator movably supported in said housing, said front brake
      cable being connected to said front brake actuator, said front brake
      actuator being movable between a first position in which said front brake
      is not applied and a second position wherein said front brake cable is
      withdrawn to apply said front brake;
PA1  a rear brake actuator movably supported in said housing, said rear brake
      cable being connected to said rear brake actuator, said rear brake
      actuator being movable between a first position in which said rear brake
      is not applied and a second position wherein said rear brake cable is
      withdrawn to apply said rear brake;
PA1  two pulleys being rotatably affixed to one of said front and rear brake
      actuators, said right lever cable looping around one of said pulleys and
      the end thereof being affixed to the other of said actuators, and in like
      manner, the left lever cable being looped around the other pulley and
      attached to the other of said actuators; and
PA1  means biasing said rear brake cable in preference to said front brake cable
      whereby said rear brake cable will be withdrawn towards said housing first
      when either said right or left brake lever is applied.
NUM  2.
PAR  2. A safety brake mechanism according to claim 1 wherein said means of
      biasing said rear brake cable includes:
PA1  a comprssion spring between said housing and said front brake actuator
      whereby said spring must be compressed to withdraw said front brake cable
      towards said housing.
NUM  3.
PAR  3. A safety brake device according to claim 1 wherein:
PA1  said rear brake actuator has a rear brake pulley thereon, and wherein said
      cables from said brake levers loop around said first mentioned pulleys
      mounted on said front brake actuator and are joined together and loop
      around said rear brake pulley.
NUM  4.
PAR  4. A safety brake device according to claim 1 wherein:
PA1  said pair of pulleys are mounted on said front brake actuator and
      including:
PA1  a rear brake bar positioned within said housing, said rear brake cable
      being attached to the center of the bar, said left lever cable being
      attached to one end of the bar and said right lever cable being attached
      to the other end of the bar; and
PA1  stop means within said housing adjacent each end of said bar permitting
      said bar to be pivoted in the direction towards either or both of said
      brake cables.
NUM  5.
PAR  5. A safety brake device according to claim 4 including:
PA1  a safety stop member supported within said housing adjacent the center
      portion of said bar and in the direction from said bar towards said front
      brake actuator.
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ABST
PAL  A brake assembly having a brake housing which has an annular member
      enclosing an annular gap of channel-like cross-section open at its
      radially exterior side is provided with at least one pair of segmental
      brake shoes. Annular actuating rings are disposed in the gap between the
      brake shoes and hydraulically actuated members are associated with the
      actuating rings to move them against the brake shoes and press the brake
      shoes against the braking surface. The hydraulic actuating members may be
      L-shaped slidable members which enclose the sealed annular space into
      which hydraulic fluid is introduced into the groove, a pair of hydraulic
      cylinders having pistons which move actuating rings associated with the
      brake shoes or a ring cylinder and ring piston assembly.
PARN
PAR  This is a division of application Ser. No. 288,287, filed 9/12/72, now U.S.
      Pat. No. 3,885,650, which is a continuation-in-part of Ser. No. 73,566,
      filed Sept. 18, 1970, now abandoned.
BSUM
PAR  This invention relates to brakes comprising oppositely disposed circular
      members spaced apart to provide an annular gap therebetween the inner side
      of each said circular member providing an annular braking surface, said
      circular members being attachable to so as to be rotatable jointly with
      for example the wheel of a wheel assembly, pairs of brake shoes disposed
      in the annular gap the friction linings of the shoes of each pair facing
      the braking surface of the adjacent circular member and means disposed
      between the brake shoes and operable by brake actuating means to effect
      movement of the brake shoes of each pair in a direction opposite to one
      another to cause said brake shoes to contact the braking surface of the
      adjacent circular member to effect braking.
PAR  The invention has for an object to provide improvements generally in the
      construction of brakes as above referred to.
PAR  According to the invention a brake assembly is provided comprising
      oppositely disposed circular members spaced apart to provide an annular
      gap therebetween the inner side of each said circular member providing an
      annular braking surface, said circular members being attachable to so as
      to be rotatable jointly with a wheel of a wheel assembly or other
      rotatable part to be braked, pairs of brake shoes disposed in the annular
      gap the friction faces of the shoes of each pair facing the braking
      surface of the adjacent circular member, a fixed member or members adapted
      to be secured to a stationary part of the wheel assembly or other part to
      be braked, brake shoe operating means disposed between the brake shoes and
      operable by brake actuating means to effect movement of the brake shoes of
      each pair in a direction opposite to one another to cause said shoes to
      contact the braking surface of the adjacent circular member to effect
      braking, the brake shoes being removable or replaceable from or into the
      annular gap in the radial direction thereof without dismantling the brake
      assembly.
PAR  The circular members provide in effect an annulus of channel section
      hereinafter for convenience referred to as a "brake housing", which
      advantageously is open around the outer circumference whereby the brake
      shoes can be inserted or removed in a radial direction into or out of the
      annular gap. The circular members can be formed integral with one another
      or can be formed separately and subsequently secured together to provide a
      brake housing of unitary construction.
PAR  The brake shoes are of arcuate form and constructed so that a practical
      maximum braking area is obtained commensurate with the general
      construction of the brake. Two or more pairs of brake shoes can be
      provided.
PAR  The brake shoe operating means is adapted to operate with a camming action
      to effect the separating movement of the shoes against the action of
      pull-off springs, the individual brake shoes of a pair being for example
      interconnected by the pull-off springs. The brake shoe operating means
      thus includes a ball or roller and ramp arrangement to provide the camming
      action. For example, the ball and ramp mechanism can consist of two rings,
      disposed side by side concentric with the circular members and disposed in
      a space between the pairs of brake shoes. The facing sides of the rings
      are provided with projections which form ramps, balls or rollers being
      interposed between the ramps of the pair of rings. By effecting relative
      angular movement between the pair of rings in the appropriate direction by
      the brake actuating means the pair of rings can be moved in a direction
      away from one another each ring moving the brake shoes adjacent thereto
      into contact with the appropriate brake shoes. Each ring of the pair of
      rings can be in one piece. Advantageously however each ring comprises at
      least two portions separated on a diameter, thus permitting the rings to
      be withdrawn from or inserted into the brake housing gap in a radial
      direction.
PAR  The fixed member of the brake assembly is provided with means for
      supporting the brake shoes against circumferential movement under the drag
      forces arising during a braking operation. The fixed member can for
      example be provided with flanges which extend over the open side of the
      brake housing each brake shoe having abutments which engage adjacent
      circumferentially spaced edges of the flanges. Advantageously the brake
      shoes and the flanges of the fixed member are constructed so that the
      brake shoes are restrained against radial displacement. The number of
      flanges or other means provided is dependent upon the number of pairs of
      brake shoes. All or some of the flanges or other means are removable or
      mounted so that the same can be moved clear of the brake housing to permit
      withdrawal or insertion of the brake shoes and/or rings of the brake shoe
      operating means.
PAR  In order to facilitate the operation of the brake shoe operating means,
      means are advantageously provided between the faces of the angularly
      movable members of the brake shoe operating means and the adjacent faces
      of the brake shoes. For example ball or roller bearings are disposed
      between the said adjacent faces as disclosed in the specification of
      co-pending application No.
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PAR  Embodiments of the invention will now be described by way of example with
      reference to the accompanying drawings in which:
PAR  FIGS. 1 and 2 are fragmentary views in section, of respectively a
      conventional disc brake and brake according to the invention, the views
      being used to compare the ratios of expansion of the respective brakes,
PAR  FIGS. 3 and 4 show a brake according to one embodiment of the invention,
      FIG. 3 being a view on the line C-D in FIG. 4 and FIG. 4 a view on the
      line A-B in FIG. 3,
PAR  FIG. 5 is a view on the line E-F in FIG. 6 showing enlarged, part of the
      brake shoe operating means,
PAR  FIG. 6 is a view on the line G-H in FIG. 7,
PAR  FIG. 7 is a view as seen from the right of FIG. 6, are partly in section,
PAR  FIG. 8 is a view of the brake as seen from the top of FIG. 3,
PAR  FIGS. 9 and 10 are views of a brake according to a second embodiment of the
      invention, FIG. 9 being a view on the line J-K in FIG. 10 and FIG. 10 on
      the line L-M in FIG. 9,
PAR  FIG. 11 is a fragmentary view on the line N-O in FIG. 10,
PAR  FIG. 12 is a view on the line P-Q in FIG. 9,
PAR  FIGS. 13, 14 and 15 show a brake construction according to a still further
      embodiment, FIG. 13 being a section on the line A-B in FIG. 14, FIG. 14
      being a section on the line C-D in FIG. 13 and FIG. 15 a top plan view of
      FIG. 14,
PAR  FIG. 16 is a top plan view of a brake generally similar to that of FIGS. 13
      to 15 but showing alternative brake actuating means,
PAR  FIG. 17 is a view on the line G-H in FIG. 16,
PAR  Fig. 18 is an enlarged fragmentary view on the line E-F in FIG. 14,
PAR  FIG. 19 is a fragmentary section of the brake,
PAR  FIG. 20 is a section showing a further construction of brake,
PAR  FIGS. 21 and 22 are views of a brake according to still another embodiment
      of the invention, FIG. 22 being a view on the line R-S in FIG. 21.
PAR  FIGS. 23 and 24 are exploded views of a further embodiment of the
      invention, FIG. 24 is an enlarged detail of FIG. 23,
PAR  FIGS. 25 to 28 show diagrams for the brake of FIGS. 23 and 24 taken during
      a practical test,
PAR  FIGS. 29 to 32 show a further embodiment of the invention, FIG. 29 being a
      section on the line A-B in FIG. 30,
PAR  FIG. 31 is an enlarged view of a part of the actuating means in FIG. 29,
PAR  FIG. 32 shows an embodiment of alternating actuating means.
DETD
PAR  The brake of the present invention is constructed to provide a practical
      maximum braking area commensurate with the brake design. Thus the brake
      shoes extend over the major portion of the braking surfaces of annular
      braking surfaces of a "brake housing" adapted to rotate with a wheel of a
      wheel assembly or other rotating part to be braked and is thus distinct
      from the more well known and conventional form of disc brake of the "spot"
      type. FIGS. 1 and 2 of the accompanying drawings are used to indicate
      certain advantages obtained by brake construction of the invention over
      spot type disc brakes.
PAR  FIG. 1 shows diagrammatically a spot type disc brake. The reference numeral
      1 indicates a rotating hollow cast brake disc. 2 and 3 are the brake pads
      which are normally fixed to metal backing plates 4 and 5 and which during
      the braking operation are pressed against the brake disc 1. Under thermal
      strain the rotating brake disc 1 expands in the direction of arrows 6 and
      7, the brake linings with backing plates in direction of arrows 8 and 9.
      The opposed directions of the arrows 6 and 8 and 7 and 9 respectively
      indicate the change in the play of the lining and the friction surface
      with the heated brake so that the regulation of the clearance of the brake
      has to be done according to these proportions. These overlapping
      expansions are the primary reason for the difficulty in obtaining a
      mechanical actuation with a conventional disc brake and in addition the
      high specific surface capacity is the reason why the conventional spot
      type disc brake is unsuitable for heavy duty requirements, e.g. for
      commercial or other heavy motor vehicles. The brake principle according to
      the invention is shown diagrammatically in FIG. 2. The brake includes a
      brake housing 10 having radial ribs, the brake shoes 11 and 12 with brake
      linings 13 and 14. During operation when the brake becomes heated the
      brake housing 10 expands in the direction of arrows 15, 16 the brake shoes
      11 and 12 with brake linings 13 and 14 expand in the direction of arrows
      17 and 18. The clearance marked with the double-arrows 19 and 20 is
      essentially kept as indicated double-arrows 19' and 20' after expansion of
      the heated brake elements.
PAR  The brake construction shown in FIGS. 3 to 8 is particularly suitable for
      commercial or other heavy duty vehicles. The disc brake assembly is fitted
      to the wheel assembly comprising wheel axle 21 drive shaft 22 and wheel 25
      with hub 24 mounted on roller bearings 23. The hub 24 has a ring of studs
      26 which secure the brake housing 27 thereto so as to be rotatable with
      the hub. The studs 26 screw into tapped holes in bosses on the external
      surface of one side of the brake housing. The brake housing 27 is an
      integral structure and consists of an annular member of channel section
      which is disposed with its open outer peripheral side radially outwards.
      The opposite inner walls of the channel section provide annular braking
      surfaces 27a, 27b respectively. A plurality of circumferentially spaced
      ribs 27c each extend around the outer surface of the brake housing 27 to
      promote cooling of the brake. A fixed bracket 28 is secured by a ring of
      bolts to a fixed flange of the wheel assembly so as to be non-rotatable.
      The fixed bracket is in the form of a four arm spider (see FIG. 8), and
      has four flanges 28.sub.1, 28.sub.2, 28.sub.3, 28.sub.4 respectively which
      are equally angularly spaced from one another and each extending over the
      open side of the brake housing. The flanges 28.sub.3 and 28.sub.4 are
      disposed diametrically opposite one another and are each pivotally mounted
      on the fixed bracket so that they can be turned in a clockwise direction
      from the position shown in FIG. 3 to a position in which the open side of
      the brake housing is uncovered. This permits the insertion or removal of
      the brake shoes. Each flange is secured in the operative position by a
      bolt as shown in FIG. 3.
PAR  Disposed within the gap between the braking surfaces of the brake housing
      are four pairs of brake shoes 30. Each pair of brake shoes consists of an
      outside and an inside disposed brake shoe. The shoes are each of arcuate
      form and have a lining of friction material on one side. The brake shoes
      are assembled with the friction linings facing the braking surfaces of the
      brake housing the brake shoes of each pair being movable in a direction
      away from one another to bring the friction linings of each pair into
      contact with the oppositely disposed braking surfaces of the brake housing
      by brake shoe operating means. The brake shoes are restrained against
      circumferential displacement under the drag forces created by contact of
      the friction linings with the braking surfaces of the brake housing during
      a braking operation by providing each shoe with a pair of spaced shoulders
      the spacing of the shoulders being such that when the brake shoes are
      assembled the shoulders are positioned one at either circumferential end
      of a flange 28.sub.1, 28.sub.2, 28.sub.3 or 28.sub.4, the flange ends each
      providing an abutment for the brake shoe shoulders. The circumferential
      length of the brake shoes is such that a maximum braking area is obtained
      commensurate with the general brake construction. The number of flanges on
      the fixed bracket is dependent upon the number of pairs of brake shoes
      provided. It is however necessary to have sufficient flanges to provide
      the requisite number of abutments for the pairs of shoulders on the brake
      shoes. Thus in FIG. 3 four flanges are shown which provide eight abutments
      for the eight shoulders of the four brake shoes adjacent one side of the
      brake housing and the eight shoulders of the four brake shoes adjacent the
      other side of the brake housing.
PAR  The brake shoe operating means is disposed within the brake housing and
      between the pairs of brake shoes the said means operating with a camming
      action to effect the separating movement of the shoes of each pair. The
      brake shoe operating means incorporates a ball or roller and ramp
      mechanism as now described. Two rings 31.sub.1 and 31.sub.2 having an
      inside diameter greater than the outside diameter of the brake housing are
      arranged side by side between the pairs of brake shoes. The sides of the
      rings facing one another are each provided with a plurality of projections
      in the form of ramps the ring 31.sub.1 having ramps 31.sub.3 and ring
      31.sub.2 the ramps 31.sub.4, balls 32 being disposed between the ramps as
      shown in FIG. 5. The ring 31.sub.1 has a thrust member 33.sub.1 secured
      thereto having a socket 33.sub.3 at one end, the ring 31.sub.2 having a
      similar thrust member 33.sub.2 with a socket 33.sub.4 at its free end. An
      actuating arm 35 is pivotally mounted on a pivot pin 35.sub.4  carried by
      a lug on the fixed bracket 28. The actuating arm has two sockets 35.sub.1,
      35.sub.2, the socket 35.sub.1 facing the socket 33.sub.3 of the thrust
      member 33.sub.1 the socket 35.sub.2 facing the socket 33.sub.4 of thrust
      member 33.sub.2. A tappet 34.sub.1 extends between the sockets 35.sub.1,
      33.sub.3, and a tappet 34.sub.2 extends between the sockets 33.sub.4 and
      35.sub.2. The actuating arm 35 has a third socket 35.sub.3 which receives
      one end of an actuating rod 29.sub.1 the other end of which is connected
      to the diaphragm of a diaphragm type pneumatic cylinder 29 forming the
      brake actuating means, the rod 29.sub.1 extending parallel to the axis of
      rotation of the wheel and is guided by a bearing extension 28.sub.5. The
      pneumatic cylinder 29 is carried by the fixed bracket 28 of the brake
      assembly and is connectable to the pneumatic system on the vehicle. When
      the pneumatic cylinder is operated the diaphragm movement slides the
      actuating rod 29.sub.1 outwardly (downwards in FIG. 7). This causes the
      arm 35 to turn in a clockwise direction (FIG. 7) with the result that the
      rings 31.sub.1 and 31.sub.2 are moved angularly relative to one another in
      opposite directions. The rings thus move away from one another due to the
      ball or roller and ramps. Each ring thus moves the adjacent brake shoes
      into contact with the braking surfaces of the brake housing against the
      action of the pull-off springs 41 a number of which are provided around
      the brake shoes. To facilitate the actuation of the brake shoes, ball
      bearings are provided between the rings 31.sub.1, 31.sub.2 and the brake
      shoes. The ball bearing consisting of outer race 37.sub.2 inner race
      40.sub.2 and balls 39 is disposed between the ring 31.sub.1 and the
      appropriate brake shoes, a similar bearing consisting of the outer race
      36.sub.2 inner race 39.sub.2 and balls 38 being disposed between ring
      31.sub.2 and the appropriate brake shoes.
PAR  FIGS. 9 to 12 of the drawings show a brake construction particularly
      suitable for use on private vehicles. The brake assembly includes a brake
      housing 45 which is of integral construction and consists of an annular
      member of channel section adapted to be secured by a ring of studs to the
      wheel hub 46 driven by the wheel axle 47. The base of the brake housing
      has apertures 45.sub.1 and the external surfaces have circumferentially
      spaced ribs 45.sub.4 to promote the circulation of air for cooling. The
      arrows 62, 63, 64, 65 and 66 in FIG. 9 show the path of the cooling air
      through and around the brake. The opposite inner annular surfaces of the
      brake housing 45.sub.2, 45.sub.3 respectively each provide an annular
      braking surface. Disposed within the gap between the annular braking
      surfaces of the brake housing are two pairs of brake shoes 43 each of
      arcuate form and having a lining of friction material on one face, the
      shoes being arranged with the friction linings facing the adjacent annular
      braking surface of the brake housing. Each pair of brake shoes consists of
      an outside and an inside disposed brake shoe. The arcuate length of the
      shoes is such that a maximum braking area is obtained. A fixed bracket 42
      provided by the wheel axle housing cover has two diametrically opposite
      flanges 42.sub.1, 42.sub.2 respectively each of which extends over the
      open periphery of the brake housing. The brake shoes are each formed with
      shoulders the shoulders on a shoe being so positioned in relation to one
      another that when the brake shoes are assembled the shoulders bear against
      the adjacent end of a flange, said ends providing fixed abutments whereby
      the brake shoes are restrained against circumferential movement under the
      drag forces created during a braking action the brake shoes of each pair
      being capable however of movement towards or away from one another.
PAR  The brake shoe operating means is operated by hydraulically actuated brake
      actuating means. The brake shoe operating means consists of two rings 50,
      51 respectively each of L section, the rings being assembled so that they
      partially overlap to provide between them an annular space 50a into which
      hydraulic liquid from the hydraulic system on the vehicle is delivered
      through a brake pipe connection 48. O type sealing rings 49 are provided
      to seal the space 50a. The admission of the hydraulic liquid into the
      annular space 50a causes the rings 50, 51 to slide relative to one another
      in opposite directions which movement is in turn transmitted to a further
      pair of rings 52.sub.1, 53.sub.1 each of which is interposed between
      respectively the sliding ring 50 and the appropriate brake shoes and the
      sliding ring 51 and the brake shoes appropriate thereto. The brake shoes
      43 of each pair of brake shoes are therefore moved away from one another
      and into contact with the annular braking surfaces of the brake housing to
      effect a braking action. A plurality of circumferentially spaced pull-off
      springs 54 are provided which operate to pull the brake shoes towards one
      another to release the brake when the hydraulic liquid is released.
      Automatically operating brake adjusting means are provided. This is
      indicated generally by reference numeral 59 and can be of the friction
      type the co-operating members of which are secured to the rings 52.sub.1,
      53.sub.1 by respectively studs 60, 61. The adjusting means can be
      assembled through the apertures 45.sub.1 in the brake housing.
PAR  The brake is also provided with means for restraining the brake shoes
      against displacement in a radially outward direction. For this purpose the
      fixed bracket 42 has two lugs 42.sub.3 disposed diametrically opposite one
      another and equally spaced from the flanges 42.sub.1. Each lug has an arm
      44 secured thereto by a bolt each arm extending over the open periphery of
      the brake housing to engage adjacent outer edge portions of the brake
      shoes. The arms 44 are advantageously resilient, for example made of
      spring steel, to reduce or eliminate brake rattle or chatter. By removing
      the arms 44 the brake shoes can be inserted into or removed from the brake
      housing without completely dismantling the brake assembly.
PAR  The brake of the present embodiment can be adapted for mechanical operation
      so that the same can be used as a hand brake in addition to the power
      operation by hydraulic liquid, the mechanical and hydraulic means being
      operable independently of one another. As shown in FIGS. 11 and 12 the
      brake housing 45 has an annular rim 45a formed integral therewith the
      outer peripheral face of which provides a braking surface engageable by
      the friction lining of a brake shoe 55. The brake shoe is pivotally
      mounted about one end on a pivot pin 55a carried by a lug of the fixed
      bracket 42. The brake shoe 55 is pressed against the rim 45a to effect
      braking by brake shoe operating means consisting of a roller 56 which is
      mounted on an arm 57 mounted so as to be swingable about a pivot pin
      carried by a further lug on the fixed bracket 42. The roller 56 is
      eccentrically mounted in relation to the pivotal mounting of the arm 57 so
      that by swinging the arm 57 in an anti-clockwise direction (FIG. 12) the
      roller presses the brakee shoe 55 onto the rim against the action of a
      pull-off spring 58 one end of which is connected to a fixed anchorage on
      the further lug the other end being anchored to the brake shoe. Swinging
      movement of the arm 57 is effected through a cable coupled to the outer
      end of the arm and a hand brake lever on the vehicle.
PAR  In the embodiment shown in FIGS. 13 to 20 of the drawings the brake
      assembly incorporates a brake housing comprising an annular member of
      channel section. However in this embodiment the brake housing is made from
      separate components secured together to form a unitary structure. The
      brake also includes a modified brake shoe operating mechanism and is
      adapted for either power or mechanical operation, which are operable
      independently of one another so that the brake can be used as a hand brake
      on a vehicle.
PAR  The brake housing is made in two complementary half portions 107 and 108
      respectively which are adapted to be secured together by bolting the same
      to a drive flange 104 by a ring of bolts 106. Tge drive flange 104 is
      bolted to the universal drive joint of the wheel assembly so as to rotate
      with the wheel.
PAR  Disposed within the channel section of the brake housing are two pairs of
      brake shoes, 109.sub.1, 111.sub.1 and 109.sub.2, 111.sub.2 respectively.
      The brake shoes are each of arcuate form advantageously of semi-circular
      form so that the adjacent ends of the brake shoes on the same side of the
      brake housing either abut one another or are in a close proximity to one
      another so that a practical maximum length of brake shoe is obtained which
      provides a practical maximum braking area. The brake shoes of a pair
      extend side by side the outer faces of brake shoes 109.sub.1, 111.sub.1
      each having respectively a lining 110.sub.1, 112.sub.1 of friction
      material, the brake shoes 109.sub.2, 111.sub.2 each having respectively a
      lining of friction material 110.sub.2, 111.sub.2. The brake shoes are
      mounted in the brake housing so that the shoes of a pair can move towards
      or away from one another but are restrained against circumferential
      movement under the drag forces created during a brake operation and
      resulting from contact of the brake shoe linings with the braking surfaces
      of the rotating brake housing. For this purpose the fixed support of the
      brake assembly consists of two brackets 102, 103 respectively each of
      which is bolted to the fixed axle casing 101 of the wheel assembly, the
      brackets being diametrically opposite one another and each extending over
      the open side of the brake housing. The opposite ends of each bracket form
      abutments engageable by shoulders on the brake shoes so that the shoes are
      held against circumferential displacement. The two brake shoes 109.sub.1,
      109.sub.2 are coupled together in the region of their adjacent ends by
      shackles 113.sub.1 and 113.sub.2  respectively, the two brake shoes
      111.sub.1, 111.sub.2 being similarly coupled by shackles 114.sub.1,
      114.sub.2 respectively. The shackles are removable to permit installation
      or removal of the brake shoes.
PAR  The brake shoe operating means is disposed between the pairs of brake shoes
      and operates with a camming action provided by a ball or roller and ramp
      mechanism to move the brake shoes away from one another to effect a
      braking action and against the action of pull-off springs. The brake shoe
      operating means comprises a ball and ramp mechanism consisting of two
      actuating rings 118, 119 respectively mounted side by side. As shown in
      FIG. 18, the sides of the rings facing one another have a plurality of
      circumferentially spaced projections formed to provide ramps 118.sub.2,
      119.sub.1 respectively balls 120 1disposed between the rings. The
      actuating rings 118, 119 are each rotatably supported on ball bearings 117
      the inner races for each set of balls being provided on the appropriate
      actuating ring. Two pressure rings or thrust rings are disposed one on the
      outer side of each actuating ring the pressure ring 115 being between
      actuating ring 118 and the brake shoes 109.sub.1, 109.sub.2, the pressure
      ring 116 being between the actuating ring 119 and the brakes shoes
      111.sub.1, 111.sub.2. The thrust rings are formed to provide the outer
      race for the ball bearings, the said rings each having shoulders which
      bear against the adjacent opposite ends of the fixed brackets 103, 102 so
      that the thrust rings whilst being free to slide towards or away from one
      another are held against circumferential movement. To effect a separating
      movement of the brake shoes of each pair to cause a braking action, the
      actuating rings 118, 119 are angularly rotated in opposite directions by
      brake actuating means, whereby the rings move away from one another under
      the action of the balls and ramps, the separating movement being
      transmitted to the brake shoes through the thrust rings 115, 116.
PAR  The brake actuating means is hydraulically operated and comprises a
      cylinder unit consisting of two opposed hydraulic cylinders 102.sub.1,
      102.sub.2 mounted on the fixed bracket 102. Each cylinder has a piston
      121, 122 respectively, the inner ends of the cylinders being open to a
      common inlet for hydraulic liquid connectable by a brake pipe to the
      hydraulic braking system of the vehicle. The outer end of piston 121 bears
      against an outwardly projecting lug 118.sub.2 on the actuating ring 118,
      the outer end of piston 122 bearing against a similar lug 119.sub.2 on the
      actuating ring 119. Thus when hydraulic liquid enters the cylinder unit,
      the pistons 121, 122 move outwardly in opposite directions so that the
      actuating rings are angularly rotated appropriately in opposite
      directions.
PAR  For mechanical operation of the brake according to this embodiment, the
      actuating ring 118 has an outwardly extending arm 118.sub.3, the actuating
      ring 119 having a similar arm 119.sub.3. The fixed bracket 103 has a
      pivotal mounting for the spigot 126.sub.1 of a toggle lever 126 which has
      two pivot connections 126.sub.2, 126.sub.3 respectively equi-spaced one on
      either side of the spigot centre. The pivot connection 126.sub.2 is
      connected to one end of a pull rod 127 the opposite end of which is
      pivotally connected to the outer end of arm 118.sub.3 of actuating ring
      118, the pivot connection 126.sub.3 being connected to one end of a
      further pull rod 128 the other end of which is pivotally connected to the
      outer end of arm 119.sub.3 of actuating ring 119. The outer end of the
      toggle lever 126 is connectable by a cable 125 to for example the hand
      brake lever of a vehicle. When the hand brake is applied the toggle lever
      126 turns in a clockwise direction (FIG. 16) thus angularly rotating the
      actuating rings in opposite directions to effect separation of the brake
      shoes.
PAR  FIG. 19 shows a modification of the construction of the brake shoe
      operating means disclosed in FIGS. 13 to 18. According to this
      modification each actuating ring 132, 133 respectively is supported on
      radially outer and inner ball races 135, 136 respectively. The thrust
      rings 137, 138 respectively are each formed to provide the outer races of
      the ball races the actuating rings being formed to provide the inner
      races. Pull-off springs 163 are coupled between the thrust rings 137, 138,
      the shackles 130, 131 being in this construction, arranged radially
      outwards of the fixed bracket 129.
PAR  The brake construction of FIG. 20 incorporates brake shoe actuating means
      as described in connection with FIG. 19. However the same has been
      modified to facilitate assembly. The brake housing 149 of FIG. 20 can be
      of integral construction as disclosed for example in FIG. 3. In FIG. 20
      the flanges 139 and 140 of the fixed support bracket are shown. These
      provide abutments for two pairs of brake shoes 150, 151 respectively each
      of which is of arcuate form and extend circumferentially for 180.degree.
      so that a maximum braking area is attained. The actuating rings have the
      ball and ramp mechanism the balls being indicated by reference 146. Each
      actuating ring consists of two half portions 141, 142 respectively the
      adjacent ends abutting on a diameter. The actuating rings are supported on
      radially outer and inner balls 147, 148 respectively of the ball races as
      previously described. Similarly each thrust ring is made in two half
      portions 143, 144 respectively the adjacent ends also abutting on a
      diameter which is angularly offset to the abutting ends of the actuating
      rings. The thrust rings have circumferentially spaced radially outwardly
      extending projections 143.sub.2, 143.sub.3, 144.sub.2, 144.sub.3 to which
      pull-off springs 145 are anchored. The half portions 141 of the thrust
      rings have shouldered projections 143.sub.1 for engagement with the flange
      139 and the half portions 142 of the thrust rings have shouldered
      projections 144.sub.1 the shoulders of the projections engaging the
      abutment edges of the appropriate flange 139 or 140 so that the thrust
      rings are held against circumferential movement but can move towards or
      away from one another.
PAR  The brake according to this embodiment can be actuated hydraulically,
      pneumatically and/or mechanically as previously described. For example,
      the actuating rings can as shown in FIG. 20, be provided with the lugs
      152, 141.sub.1 respectively for actuation by a hydraulic cylinder unit as
      shown in FIG. 14.
PAR  FIGS. 21 and 22 of the drawings show a brake construction particularly
      suitable as a light duty brake wherein heavy braking loads will not occur.
      The brake housing 200 is constructed as described in connection with FIG.
      16 but may also be of integral construction. The brake shoe operating
      means consists of the ball and ramp mechanism, the balls 196 being
      disposed between the two actuating rings 189, 190 respectively. The
      actuating ring 189 bears directly on the surfaces of the adjacent brake
      shoes and has outwardly extending spaced lugs 189.sub.1 which engage the
      abutment edges of the flange 191 of the fixed support so that the
      actuating ring 189 is held against circumferential movement but is
      slidable. The other actuating ring 190 is rotatably mounted on an inner
      and an outer ring of balls 193 and 194 respectively the ring being formed
      to provide radially inner and outer races for the balls. A thrust ring 195
      is interposed between the balls 193, 194 and the brake shoes on the
      corresponding side of the brake housing, the thrust ring also being formed
      to provide radially inner and outer races for the balls. The brake shoes
      on one side of the brake housing are interconnected by shackles 197 the
      brake shoes on the other side being interconnected by shackles 198, the
      shackles being removable to permit withdrawal or insertion of the brake
      shoes out of or into the brake housing. Pull-off springs 199 are provided.
PAR  The brake is actuated hydraulically a hydraulic cylinder 191.sub.1 being
      formed integral with the flange 191. The cylinder inlet is connectable by
      a brake pipe to the hydraulic braking system of the vehicle and has a
      piston 192. The outer end of piston 192 bears against the outer end of a
      lug 190.sub.1 extending outwardly from the circumference of the actuating
      ring 190. Thus when hydraulic liquid is supplied to the hydraulic cylinder
      the piston 192 moves outwardly whereby the actuating ring is rotated
      angularly in a clockwise direction (FIG. 21) relative to the fixed
      actuating ring 189. The brake shoes on the opposite sides of the brake
      housing are therefore moved in a direction away from one another to effect
      a braking action. A friction ring type automatic brake adjusting means is
      shown diagrammatically in FIG. 21, the adjuster being incorporated in the
      hydraulic cylinder.
PAR  FIG. 23 and 24 show exploded views of a further embodiment of a brake
      assembly suitable for commercial or other heavy duty cars which
      incorporates a brake housing made from separate components forming a
      channel therebetween, showing a modified method of supporting the brake
      shoes and a modified brake shoe operating mechanism adapted for either
      power or mechanical operation. Brakes from a first series of prototypes
      have been tested under rough conditions and some results are shown in
      FIGS. 25 to 28.
PAR  The brake housing of this embodiment incorporates two annular brake covers
      201 and 202. The brake covers each have an annular rim 203 formed integral
      therewith on its inner circumference adapted to form an annular space
      between the brake covers 201 and 202 open on its radially outer side when
      bolting the brake covers together to form an unitary structure. Either rim
      203 is provided with a plurality of opposite disposed bolting holes 204.
      The opposite inner walls of the covers provide annular braking surfaces
      201.sub.1, 202.sub.1 respectively. A plurality of circumferentially spaced
      rips 201.sub.2, 202.sub.2 around the outer surface of the brake covers
      promote cooling of the brake.
PAR  The brake housing is adapted to be fitted (not shown) to a rotating part of
      the wheel assembly extending through the circular opening 205 formed
      within the brake housing, i.e. to the hub, as to be rotable with that
      rotating part of the wheel assembly, whilst the stationary parts of the
      brake assembly are secured to a stationary part of the wheel assembly,
      e.g. to the steering knuckle.
PAR  Disposed within the annular space between the braking surfaces of the brake
      housing are two pairs of brake shoes, 206.sub.1, 207.sub.1 and 206.sub.2,
      207.sub.2 respectively, each brake shoe is of arcuate semi-circular form
      and having a lining of friction material on one face as indicated by
      206.sub.3, 206.sub.4 for shoes 206.sub.1, 206.sub.2 in FIG. 23, the shoes
      being arranged with the friction linings facing the adjacent annular
      braking surface of the brake housing. Each of the two complementrary brake
      shoes 206.sub.1, 206.sub.2 and 207.sub.1, 207.sub.2 define a disc.
PAR  The brake shoes are each formed with shoulders 208 adapted to support the
      shoes at two stationary yet removable brackets 209 and 210 pivotally
      mounted at a stationary carrier 231, the shoulders on the shoes being so
      positioned in relation to one another, that the flank ends of the brake
      shoe 206.sub.1 each providing an abutment for the brake shoe 206.sub.2 and
      the flank ends of the brake shoe 207.sub.1 each providing an aboutment for
      the brake shoe 207.sub.2. Thus, the entire discs of brake shoes are parted
      in two identical halfs 206.sub.1, 206.sub.2 and 207.sub.1, 207.sub.2 with
      a divisional plane along their flank ends and going through the middle of
      the distance between the two brackets and being vertically positioned
      thereto, which flank ends representing a further supporting area besides
      of the supporting points formed by the shoulders, so that advantageously
      no further means of connection between the brake shoes are afforded.
PAR  The brackets also function to restrain the brake shoes against
      circumferential movement under the drag forces created during the braking
      action and have supporting areas which are on either brackets and
      shoulders of rounded shape showing a half circular cross section so that
      no jamming will occur.
PAR  The brake shoe operating means are disposed between the brake shoes and
      operate with a camming action provided by a ball and ramp mechanism to
      move the brake shoes away from one another. The brake shoe operating means
      comprises a ball and ramp mechanism consisting of two actuating rings 211,
      212 respectively mounted side by side. As shown in FIG. 24, the sides of
      the rings facing one another have a plurality of circumferentially spaced
      projections formed to provide ramps 211.sub.1, 212.sub.1 respectively and
      balls 213 being disposed between the rings. The actuating rings 211, 212
      are each rotatably supported on ball bearings 214, 215 and 216, 217
      respectively, the ball bearings 214, 216 disposed at the radially inner
      and the ball bearings 215, 216 disposed at the radially outer
      circumference of the actuating rings; each actuating ring being provided
      with races for each set of balls.
PAR  Two pressure or thrust rings are disposed one on the outer side of each
      actuating ring the pressure ring 218 being between actuating ring 211 and
      the brake shoes 206, 206.sub.2 the pressure ring 219 being between the
      actuating ring 212 and the brakes shoes 207.sub.1, 207.sub.2. The pressure
      or thrust rings are formed to provide the outer race for the ball
      bearings, the said rings each having shoulders 220, 221 respectively
      adapted support the thrust rings on the brackets 209, 210 so that the
      thrust rings whilst being free to slide towards or away from one another
      are held against circumferential movement. To effect a separating movement
      of the brake shoes of each pair to cause a braking action, the actuating
      rings 211, 212 are angularly rotated in opposite directions by brake
      actuating means, whereby the rings move away from one another under the
      action of the balls and ramps, the separating movement being transmitted
      to the brake shoes through the thrust rings 218, 219.
PAR  The actuating ring 211 is privided with an extension 222 which projects
      outwardly from the circumference, the actuating ring 212 being provided
      with a corresponding extension 223. Each extension is bifurcated at its
      outer end the bifurcated end of extension 222 having a pin 222.sub.1
      supporting a pressure roller 222.sub.2, the bifurcated end of extension
      223 having a pin 223.sub.1 supporting a pressure roller 223.sub.2. As
      shown in FIG. 23 the pressure rollers 222.sub.2, 223.sub.2 bear on
      opposite sides of an S-shaped double cam 224 disposed between the rollers
      the cam being mounted on one end of a spindle 225 rotatably supported in
      the stationaly carrier 231. The spindle 225 is connected externally of the
      brake assembly to an actuating lever, 232.sub.1, the actuating lever being
      operable by a compressed-air brake cylinder 232.
PAR  When the compressed-air brake cylinder is energised to effect a braking
      operation the spindle 225 is rotated by appropriate operation of the
      actuating lever so that the cam 224 is pressed against the pressure
      rollers 222.sub.2 and 223.sub.2 whereby the actuating rings 211 and 212
      are angularly displaced relative to each other. Pull-off springs 226
      provided between the actuating rings 211, 212 connected at extensions 227,
      228 thereof are adapted to pull the actuating rings into initial position
      when releasing the brake. Pull-off springs 229 provided between the thrust
      rings 218, 219 connected to the shoulders 220, 221, operate to pull the
      thrust rings towards one another to release the brake when the actuating
      force is released. Furtheron the pull-off springs 229 keep the actuating
      means assembled during inserting or removal operation of the brake shoes.
      For this purpose, the brackets 209, 210 being pirvotally mounted by bolts
      230 on the stationary carrier 231, can be turned aside so that no
      dismanting of the brake assembly is afforded when changing the brake
      shoes. The carrier 231 is provided with bore holes 233 as to be mounted
      therewith to the steering knuckle (not shown).
PAR  The testing results of brake assemblys according to FIGS. 23, 24 used for
      braking and stopping a fully loaded truck are shown in the diagram of FIG.
      25, in which the percentual braking A is plotted on the time T in seconds.
      The car was provided with four brakes according to FIGS. 23, 24, its
      weight was 14060 kiloponds, the pneumatic pressure was 7,0 kp/cm.sup.2 and
      the initial velocity was 50 kilometers p.h.. In this diagram curve 240
      shows the braking when operated with the feet pedal, curve 241 shows the
      actuating by hand lever.
PAR  FIG. 26 shows a diagram of the percentual braking A in function of the
      pressure P in kp/cm.sup.2. Curve 242 relates to a loaded truck with a
      weight of 14060 kp, curve 243 relates to the unloaded truck of 5800 kp
      weight. The end of curve 243 is drawn as interrupted line indicating the
      blocking areas of the wheels.
PAR  FIGS. 27 and 28 show the measured difference in the characteristic of a
      drum brake normally used in trucks of this kind and the disc brake
      according to this invention FIGS. 23, 24. In the diagram of FIG. 27 the
      ratio of brake power divided through expanding force and indicated as B is
      plotted against the coefficient of friction .mu.. The curve 244 relates to
      the drum brake whilst curve 245 to the disc brake. The curve in FIG. 28
      shows the first derivation of the curve in FIG. 27, interpreted as the
      sensibility .phi. against fluctuations of the friction coefficient .mu..
      The sensibility .phi. is defined by
      ##EQU1##
      The curve 246 relates to the drum brake and curve 247 to the brake
      according to this invention. Curve 247 shows how intensitiv this brake is
      against fluctuations of the friction coefficient.
PAR  A test simulating a continuous braking may show the brake's excellent
      thermal behaviour and resistance against thermal stress. A 12 minutes
      lasting braking has been simulated, presuming a velocity of 50 kilometers
      p.h. on a distance of 6 kilometers with 7 percent gradient. These
      conditions cause a cylinder pressure of 0,8 technical atmospheres per
      cylinder. Whilst under these test conditions normally used drum brakes
      would burn out the disc brakes according to FIGS. 23 and 24 after 12
      minutes show a temperature of 290.degree.C measured at the brake housing
      at a point 3 mm under the braking surface.
PAR  In another embodiment shown in FIGS. 29 to 32 of the drawings the brake
      assembly for the front wheel of a truck incorporates hydraulic operating
      means disposed between the brake shoes. In deviation to the brake
      construction also hydraulically actuated and shown in FIGS. 9 to 12 for
      use on light trucks with less than 3000 kp weight, this construction is
      suitable for use on heavy trucks up to a weight of 12000 kp and more.
      Furtheron this embodiment divers with the brake construction of FIGS. 23
      to 28 only in the operating means and shows similar improved brake
      characteristics according to the diagrams of FIGS. 25 to 28.
PAR  The brake housing is made in two complementary half portions 250 and 251
      respectively which are adapted to be secured together by bolting the same
      to a flank 252.sub.1 formed integral with the hub 252 by a serie of bolts
      253 and are rotable with the front wheel. The hub 252 is journalled by
      means of taper roller bearings 254.sub.1 on the steering knuckle 254. The
      outer surface of the brake housing exposed to the passing air flow is
      provided with a pluralty of rips to promote cooling of the brake and the
      inner faces of the brake covers 250 and 251 being formed to provide
      annular braking surfaces being spaced apart to provide an annular gap
      there between.
PAR  Disposed within the annular gap are two pairs of brake shoes 256.sub.1,
      257.sub.1 and 256.sub.2, 257.sub.2, each brake shoe is of arcuate
      semi-circle form having a lining of friction material 258.sub.1,
      258.sub.2, 259.sub.1 and 259.sub.2 on one front facing the annular braking
      surface of the brake housing. The brake shoes are each formed with a
      shoulder 260 adapted to support the shoes at two stationary yet removable
      brackets 261 and 262 respectively, so as to be axially movable towards or
      away from one another but holded against circumferential movement.
PAR  The flank ends on the shoes being so positioned in relation to one another,
      that the flank ends of the brake shoe 256.sub.1 each provide an abutment
      for the flank ends of the brake shoe 256.sub.2 and the flank ends of the
      brake shoe 257.sub.1 each provide an abutment for the flank ends of brake
      shoe 257.sub.2. Thus the entire discs of brake shoes are parted in two
      identical halfs 256.sub.1, 256.sub.2 and 257.sub.1, 252 respectively along
      their flanks in a plane going through the middle of the distance between
      the two brackets and being vertically positioned thereto, whereby the
      abuting flanks representing a further supporting area besides the
      supporting points formed by the shoulders, so that advantageously no
      further means of connection between the brake shoes are afforded.
PAR  The brackets 261, 262 being pivotally respectively detacheable mounted by
      screws 263 on a caccier 262.sub.1 attached to the steering knuckle 254,
      the brackets extending over the open periphery of the brake housing and
      provide a rounded surface of supporting areas adapted to bear in
      corresponding concave hollows formed in the shoulders 260 so that no
      jamming will occur during the braking action. After unlocking the brackets
      and turning them aside, the brake shoes can be removed and replaced
      without dismantling the brake housing.
PAR  Disposed between the brake shoes but arranged separately therefrom are the
      hydraulic operating means representing a unity in itsself. The brake shoe
      operating means incorporate a ring-cylinder 264 provided with opposite
      disposed shoulders 264.sub.1 and 264.sub.2 respectively adapted to secure
      the operating means on the brackets 261 and 262 respectively so as th be
      axially movable but holded against circumferential movement. Interposed
      within the ring-cylinder 264 is a ring-piston 265 providing with the
      ring-cylinder an annular space 266, into which hydraulic liquid from the
      hydraulic system on the vehicle is delivered through a brake pipe
      connection 267, a socket piece 268 fitted with a hollow screw 269 and
      through a borehole 270. Two heat insulating rings 271 and 272 are attached
      to the ring-piston 265 and to the ring-cylinder 264 respectively, facing
      the adjacent brake shoes and are made of heat-insulating resistent
      material adapted to suppress heat conducting from the brake shoes to the
      actuating means. These insulating rings are connected by screws to the
      piston and to the cylinder as shown for ring 271 by screws 273. The
      admission of the hydraulic liquid into the annular space 266 causes the
      ring-cylinder 264 and the ring piston 265 to slide relative to one another
      in opposite directions against the action of pull-off springs 255 provided
      between the insulating rings to release the brake when the hydraulic
      liquid is removed.
PAR  Sealing rings 274 and 275 between the piston 265 and the cylinder 264 are
      provided to seal the annular space 266, the sealing rings being fitted in
      ring groves provided in either ring piston and ring rylinder,
      respectively.
PAR  In the embodiment shown in FIG. 32 the sealing rings also improve the
      automatic and infinitely variable readjustment in case the linings on the
      brake shoes are partly weared.
PAR  The sealing rings 274.sub.1, 275.sub.1 are of square form, fitted in
      corresponding formed square ring groves which improve a constant clearance
      between the surface of the linings and the surface of the rotating parts.
PAR  In the embodiment of FIGS. 29 to 31 the sealing rings 274 and 275 are of
      rounded type and the automatic and infinitely variable readjustment is
      achieved by a different method.
PAR  Interposed between the insulating ring 271 and the ring-cylinder 264 is a
      plate ring 276 being secured with the screws 273 to the piston 265. The
      ring-cylinder 264 provides circumferential spaced boreholes 278 adapted to
      fit slidable within pins 277 reveted with its end to plate ring 276. A
      spring ring 279 is provided on the pin 277 being secured within a slit 280
      formed within the surface of the borehole 278.
PAR  In case the clearance between the brake shoes and the rotating surface of
      the housing increases over a predetermined size, the spring ring 279
      causes the arrest of the rearward movement of the cylinder when hydraulic
      pressure is released, so that said clearance can be maintained constant.
CLMS
STM  I claim:
NUM  1.
PAR  1. A brake assembly comprising:
PA1  a brake housing comprising two annular covers bolted together and to the
      hub of a wheel at their inner circumferences to be rotable therewith, said
      covers forming an annular gap therebetween open on its radially exterior
      side, the opposite inner sides of said two covers providing annular
      braking surfaces;
PA1  two pairs of semi-circular brake shoes disposed from the radially exterior
      side into said gap having friction linings facing the adjacent braking
      surfaces, each brake shoe having a shoulder with a flanked end, the
      shoulders of complementary brake shoes being oppositely disposed and the
      flank ends of said brake shoes providing abutments at one another, said
      flank ends being vertically situated to the line connecting the shoulders,
      each of said pairs of brake shoes being supported by two diametrically
      opposite disposed brackets extending over said annular gap and being
      pivotally mounted on a stationary carrier, said brake shoes being
      insertable into the gap from the radially exterior direction after
      removing the brackets and thereby uncovering said gap without dismantling
      the brake assembly;
PA1  brake shoes operating means separate from the brake shoes and disposed
      therebetweeen comprising a cooperating ring cylinder and ring piston, said
      cylinder and piston enclosing therebetween an annular space connected to a
      fluid conduit of a hydraulic system for extending said annular space, said
      ring cylinder being provided with two diametrically opposite disposed
      shoulders providing an abutment for said ring cylinder on said brackets,
      said annular space being sealed by sealing means comprising two sealing
      rings fitted in ring groves provided in the surfaces of the ring cylinder
      and the ring piston respectively, the operating means further comprising
      heat insulating rings attached to the ring cylinder and to the ring piston
      respectively and facing the opposite brake shoes, and means for automatic
      and infinitely, adjustment to cause a constant clearance between the brake
      shoes and the braking surfaces of the brake housing.
NUM  2.
PAR  2. A brake assembly according to claim 1, wherein the means of automatic
      adjustment comprise a plate ring disposed between the ring cylinder and
      its insulating ring, circumferential spaced pins attached to said plate
      ring extending slidable through boreholes formed within the ring cylinder,
      a spring ring provided on said pins secured in a slit formed within the
      surface of said borehole, said spring rings causing the arrest of the
      rearward movement of the cylinder and piston relative to one another for
      maintaining a constant clearance between the linings of the brake shoes
      and the braking surfaces of the brake housing.
NUM  3.
PAR  3. A brake assembly according to claim 1, wherein automatic adjustment is
      achieved by said sealing rings having a square form and by said ring
      groves being of a corresponding form.
NUM  4.
PAR  4. In a brake assembly comprising
PA1  a brake housing comprising an annular member having an annular gap of
      channel-like cross-section open on its radially exterior side, the
      opposite inner sides of said channel-like gap providing annular braking
      surfaces, said brake housing being attachable to be rotatable jointly with
      a wheel of an assembly to be braked;
PA1  at least one pair of segmental brake shoes disposed from the radially
      exterior side into the channel-like gap having friction faces facing the
      adjacent braking surfaces, means for moving said brake shoes into contact
      with said braking surfaces and means for non-rotatably supporting each
      pair of brake shoes in the gap comprising a fixed support means which
      carries members disposed over the gap and pivotable from over said gap to
      uncover a portion of the gap whereby the brake shoes are insertable into
      the gap without dismantling the brake shoe moving means, the improvement
      wherein said means for moving the brake shoes into contact with said
      braking surfaces comprises a pair of annular actuating rings disposed
      between each pair of brake shoes and means for moving the actuating rings
      apart and against the brake shoes to press them against the braking
      surfaces comprising a pair of sliding ring members movable axially
      relative to each other and against said actuating rings, said annular
      members enclosing an annular fluid tight space therebetween, and means for
      introducing fluid under pressure into the said space.
NUM  5.
PAR  5. The brake assembly of claim 4 wherein said brake shoes project outwardly
      from said gap and said actuating rings have flanges disposed against the
      brake shoes outside of the gap and said sliding ring members are disposed
      between the flanges, and means removably secured to said hub extends over
      the gap and supports the brake shoes in the gap.
NUM  6.
PAR  6. The brake assembly of claim 5 wherein the said sliding members are
      L-shaped and the space between the said L-shaped members is sealed with
      O-rings.
NUM  7.
PAR  7. In a brake assembly comprising
PA1  a brake housing comprising an annular member having an annular gap of
      channel-like cross-section open on its radially exterior side, the
      opposite inner sides of said channel-like gap providing annular braking
      surfaces, said brake housing being attachable to be rotatable jointly with
      a wheel of an assembly to be braked;
PA1  at least one pair of segmental brake shoes disposed from the radially
      exterior side into the channel-like gap having friction faces facing the
      adjacent braking surfaces, means for moving said brake shoes into contact
      with said braking surfaces and means for non-rotatably supporting each
      pair of brake shoes in the gap comprising a fixed support means which
      carries members disposed over the gap and pivotable from over said gap to
      uncover a portion of the gap whereby the brake shoes are insertable into
      the gap without dismantling the brake shoe moving means, the improvement
      wherein said means for moving the brake shoes into contact with said
      braking surface comprises brake shoes operating means separate from the
      brake shoes and disposed therebetween comprising a cooperating ring
      cylinder and ring piston, said cylinder and piston enclosing therebetween
      an annular space connected to a fluid conduit of a hydraulic system for
      extending said annular space, said ring cylinder being provided with two
      diametrically opposite disposed shoulders providing an abutment for said
      ring cylinder on said brackets, said annular space being sealed by sealing
      means comprising two sealing rings fitted in ring grooves provided in the
      surfaces of the ring cylinder and the ring piston, respectively.
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ABST
PAL  A disc brake for an automotive vehicle is disclosed. The brake includes a
      unique floating connection between the caliper and the steering knuckle of
      the vehicle which includes a sleeve which extends through an aperture in
      the caliper and a bolt which extends through the sleeve to fasten the
      latter to the steering knuckle. A tongue-in-groove connection is provided
      between the caliper and the steering knuckle to prevent rotation of the
      caliper about the sleeve. This design provides a brake which may be
      manufactured at lower cost than some prior art brakes, because the brake
      is designed so that manufacturing tolerances are less critical.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a disc brake for an automotive vehicle.
PAR  The floating connection between the caliper and the fixed supporting member
      of a typical disc brake design provides a pair of pin-like elements which
      extend through apertures in the caliper member to fasten the latter to the
      fixed support. The caliper can, therefore, slide upon the pin-like
      elements when a brake element is affected. However, since substantial
      actuating torque must be transmitted through these pin-like elements to
      the fixed support, only a very small clearance between the pin-like
      elements and the caliper can be tolerated. Consequently, the distance
      between the apertures in this type of brake must be held to extremely
      tight tolerances, which is difficult to accomplish in a typical
      manufacturing situation.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, an important object of my invention is to simplify the flotation
      system of a disc brake so that the brake may be manufactured at a lower
      cost.
PAR  Another important object of my invention is to provide a disc brake in
      which only a single pin-like element is required to slidably support the
      caliper on the torque member.
PAR  Another important object of my invention is to provide a disc brake in
      which a pin-like element slidably supports the caliper for transverse
      relative movement with respect to the rotor and in which a
      tongue-in-groove connection between the caliper and the fixed support
      member prevents rotation of the caliper about the pin-like element.
PAR  Still another important object of my invention is to provide a disc brake
      in which the fixed supporting member is integral with the conventional
      steering knuckle, and which requires only minimum changes in the design of
      the steering knuckle.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view taken through the steering knuckle of a
      vehicle and which illustrates a disc brake made pursuant to the teachings
      of my present invention;
PAR  FIG. 2 is a side elevational view of the brake illustrated in FIG. 1;
PAR  FIG. 3 is a cross sectional view taken substantially along line 3--3 of
      FIG. 2;
PAR  FIG. 4 is a fragmentary cross sectional view taken substantially along line
      4--4 in FIG. 2;
PAR  FIG. 5 is a side elevational view similar to FIG. 2 but illustrating a
      different embodiment of my invention; and
PAR  FIG. 6 is a top plan view, partly in section, of the brake illustrated in
      FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, the disc brake generally indicated by the
      numeral 10 includes a rotor 12 having a pair of opposed friction faces 14
      and 16. The rotor 12 is fastened for rotation with a vehicle hub 18, which
      is rotatably supported on a spindle 20 by bearings 22, 24. The nonrotating
      spindle is made integral with the vehicle steering knuckle generally
      indicated by the numeral 26. The steering knuckle 26 includes an upper
      ball joint support 28 and a lower ball joint support 30. The steering
      knuckle 26 is fastened for articulation with respect to the vehicle about
      the axis X--X through appropriate ball joint connections between the
      supports 28 and 30 and the associated parts of the vehicle (not shown). A
      steering arm (not shown) interconnects the steering knuckle 26 with the
      steering linkage of the vehicle so that the steering knuckle 26 may be
      pivoted about the axis X--X when the vehicle is steered.
PAR  The steering knuckle 26 includes a pair of arms 32, 34 which define a
      recess 36 therebetween. A friction element 38 is disposed within the
      recess 36 adjacent to the friction face 14 of the rotor 12 and includes a
      pair of tabs 40, 42 on opposite ends thereof which are received within
      grooves 44, 46 which are machined in the arms 32 and 34 respectively.
PAR  Another friction element 48 is disposed adjacent the friction face 16 and
      is secured to inwardly extending portion 50 of a caliper generally
      indicated by the numeral 52. The caliper 52 further includes a bridge
      portion 54 which straddles the periphery of the rotor 12 and which
      interconnects the inwardly extending portion 50 with a fluid motor portion
      56, which is disposed adjacent the friction element 38. Fluid motor
      portion 56 defines a bore 58 therewithin which slidably receives a fluid
      piston 60. The rear face of the piston 60 cooperates with the rear wall of
      the bore 58 to define a variable volume fluid chamber 62 therewithin which
      is communicated to any appropriate source of fluid pressure, such as the
      vehicle master cylinder (not shown). The piston 60 further engages the
      friction element 38, and is adapted to urge the latter into frictional
      engagement with the friction face 14. The caliper 52 is slidably mounted
      on the steering knuckle 26 by the pin-like element generally indicated by
      numeral 64. The pin-like element 64 mounts the caliper 52 for transverse
      relative movement with respect to the rotor 12. Consequently, when the
      friction element 38 is urged into frictional engagement with the friction
      face 14, because of the slidable connection between the caliper 52 and the
      steering knuckle 26, reaction forces transmitted through the bridge
      portion 54 and inwardly extending portion 50 will also urge the friction
      element 48 into braking engagement with its corresponding friction face
      16.
PAR  The pin-like element 64 is most clearly shown in FIG. 4. Element 64
      includes a sleeve 66 which is slidably received within an aperture 68
      provided in the caliper 52. The circumferential surface of the aperture 68
      defines a bearing surface which cooperates with the bearing surface
      defined on the outer circumferential surface of the sleeve 66 to transmit
      a substantial portion of the braking torque to the steering knuckle 26
      through the sleeve 66. Because the braking torque can be quite high, there
      must be a relatively close sliding fit between the sleeve 66 and aperture
      68, but this type of sliding fit is not difficult to accomplish
      commercially. The inner end of the sleeve 66 is tapered as at 70, and
      engages a corresponding socket 72 provided in the steering knuckle 26. A
      bolt 74 extends through the sleeve 66 and is fastened to the steering
      knuckle 26 to thereby retain the sleeve 66 to the knuckle 26. It is noted
      that the clearance between the bolt and the sleeve is not critical since
      the sleeve is held to the steering knuckle 26 by the axial force between
      the head of the bolt and the end of the sleeve. Appropriate boots 76 are
      provided to keep dirt and other contaminants from interfering with the
      sliding action of the caliper 52 upon the sleeve 66.
PAR  To prevent rotation about the pin-like element 64 during braking, the
      caliper 52 is restrained by a tongue-in-groove connection generally
      indicated by the numeral 78 between the caliper 52 and the arm 32 of the
      knuckle 26. As can be seen most clearly in FIG. 3, the groove 46 in the
      arm 32 is axially longer than is the groove 44 in the arm 34, and thus the
      groove 46 defines the groove portion of the tongue-in-groove connection
      78. A projection 80 extends from the caliper 52 and is received in the
      groove 46 to thereby define the tongue portion of the tongue-in-groove
      connection 78. It will be noted that the clearances between the projection
      80 and the groove 46 are not critical, nor is the distance between the
      tongue-in-groove connection 78 and the pin-like member 64 a critical
      dimension. Since there are no critical dimensions that must be held to
      close tolerances, the caliper member 52 may be manufactured relatively
      inexpensively.
PAR  In operation, a brake application is effected by communicating fluid
      pressure into the chamber 62 as described hereinabove to urge the friction
      elements 38 and 48 into braking engagement with their corresponding
      friction faces 14, 16. The braking torque generated by the engagement of
      the friction element 38 and the friction face 14 is taken through the
      projections 40 and 42 and the arms 32, 34, depending upon the direction of
      rotation of the rotor 12. The braking torque generated by engagement of
      the friction element 48 with the friction face 16 is transmitted through
      the caliper 52 to the pin-like member 64. The largest portion of this
      braking torque generated by the friction element 48 is taken by the
      pin-like member 64, and a force will be generated against the side of the
      groove 46 in the tongue-in-groove connection 78, which prevents rotation
      of the caliper 52 about the pin-like member 64.
PAC  DETAILED DESCRIPTION OF THE ALTERNATE EMBODIMENT
PAR  Referring now to the embodiment of FIGS. 5 and 6, elements substantially
      the same as those in the preferred embodiment retain the same reference
      character, but increased by 100. In the embodiment of FIGS. 5 and 6, the
      portions of the caliper 52 in the preferred embodiment which extend across
      the rotor 112 is replaced by a yoke 182 which circumscribes the friction
      elements 138, 148 and the fluid motor portion 156. Consequently, upon
      actuation of the brake by communication of fluid pressure into the chamber
      162, the friction element 138 will be urged into engagement with the rotor
      112 in exactly the same manner as in the preferred embodiment. The
      reaction forces will be transmitted through the yoke member 182 to also
      urge the friction element 148 into engagement with the rotor 112. An
      opening 184 is provided in the yoke member 182 over the periphery of the
      rotor 112 which exposes the upper edges of the friction elements 138 and
      148 so that they may be removed for servicing when repeated brake
      applications have worn the friction material away. The friction elements
      138, 148 are retained in the yoke 182 by a bent wire retainer generally
      indicated by the numeral 186 which has a pair of legs 188, 190 which
      extend through appropriate apertures in the friction elements 138 and 148
      and into the fluid motor portion 156. A bolt 192 fastens the retainer 186
      to the yoke 182. The manner in which the retainer 186 cooperates with the
      friction elements 138 and 148 to retain the latter in the brake 110 are
      more completely disclosed in copending application Ser. No. 471,265 filed
      May 20, 1974, now U.S. Pat. No. 3,899,052.
PAR  In order to permit removal of the friction elements 138, 148 radially
      outwardly with respect to the rotor through the opening 184, the upper
      edges of the grooves 44, 46 in the preferred embodiment must be removed.
      Consequently, the grooves 144, 146 in the embodiment of FIGS. 5 and 6 have
      no upper edges. Therefore, the tongue-in-groove connection 178 between the
      housing 156 and the steering knuckle 126 consists of a separate groove 194
      which has upper and lower edges and which faces into the recess 136. The
      projection 180 on the housing 156 is sufficiently long so that it is
      received within the groove 194. It will be noted that the groove 194
      receives only the projection 180; the tabs 142 of the friction element 138
      are received only in the grooves 146 to permit their removal as more
      completely described hereinabove.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a disc brake, a rotor having a pair of friction faces, a pair of
      friction elements, one of said elements being disposed adjacent each of
      said friction faces, a member straddling said rotor and engaging each of
      said friction elements for urging each of the latter into braking
      engagement with their corresponding friction faces when a brake
      application is effected, a fixed support member disposed in a plane
      adjacent said rotor, one side of said support member facing said rotor,
      and means slidably mounting said straddling member on said support member
      for transverse movement with respect to said rotor, said slidably mounting
      means including pin means located radially inwardly of the periphery of
      said rotor and rigidly connected with said support member, said pin means
      projecting from the side of said support member opposite the side of the
      latter facing the disc, an opening in the other member receiving said pin
      means, said opening defining a bearing surface circumscribing the pin
      means, and a tongue-in-groove connection on the corresponding cooperating
      edges of said straddling member and on said support member to restrain
      rotation of said straddling member about said pin means, said fixed
      support having a pair of arms having facing surfaces defining a recess
      therebetween, said surfaces being disposed radially inwardly from the
      periphery of the rotor, one of said friction elements being located in
      said recess and having anchoring surfaces on opposite ends thereof
      cooperating with the facing surfaces of said arms to anchor said one
      friction element during a brake application, said tongue-in-groove
      connection including a groove defined on one of said facing surfaces and a
      tongue extending from one side of the straddling member.
NUM  2.
PAR  2. The invention of claim 1,
PA1  said pin means including a sleeve, and a bolt extending through said sleeve
      and fastening into said fixed support to thereby retain said sleeve on the
      latter, said opening embracing said sleeve.
NUM  3.
PAR  3. The invention of claim 2,
PA1  the end of said sleeve engaging said fixed support having a tapered section
      engaging a corresponding tapered recess in the fixed support.
NUM  4.
PAR  4. In a disc brake, a rotor having a pair of friction faces, a pair of
      friction elements, one of said elements being disposed adjacent each of
      said friction faces, a member straddling said rotor and engaging each of
      said friction elements for urging each of the latter into braking
      engagement with their corresponding friction faces when a brake
      application is effected, a fixed support member disposed in a plane
      adjacent said rotor, one side of said support member facing said rotor,
      and means slidably mounting said straddling member on said support member
      for transverse movement with respect to said rotor, said slidable mounting
      means including pin means located radially inwardly of the periphery of
      said rotor and rigidly connected with said support member, said pin means
      projecting from the side of said support member opposite the side of the
      latter facing the disc, an opening in the other member receiving said pin
      means, said opening defining a bearing surface circumscribing the pin
      means, and a tongue-in-groove connector on the corresponding cooperating
      edges of said straddling member and on said support member to restrain
      rotation of said straddling member about said pin means, said fixed
      support having a pair of arms having facing surfaces defining a recess
      therebetween, one of said friction elements being located in said recess
      and having anchoring surfaces on opposite ends thereof, one of said
      anchoring surfaces being a tab projecting from said one friction element,
      said tongue-in-groove connection including a groove in one of said facing
      surfaces receiving said tab and also receiving a tongue extending from
      said straddling member.
NUM  5.
PAR  5. The invention of claim 4:
PA1  said pin means including a sleeve, and a bolt extending through said sleeve
      and fastening into said fixed support to thereby retain said sleeve on the
      latter, said opening embracing said sleeve.
NUM  6.
PAR  6. The invention of claim 5:
PA1  the end of said sleeve engaging said fixed support having a tapered section
      engaging a corresponding tapered recess in the fixed support.
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ABST
PAL  The invention relates to a disc brake in which the brake pads are slidably
      mounted in an anchoring member straddling the disc. The pads co-operate
      with V-ribs formed in the anchoring member beyond the periphery of the
      disc. Each rib has an axial surface parallel to the force generated during
      braking and a surface perpendicular to the resultant of the braking force
      and of the braking torque. The ribs are slotted to permit the pads to be
      extracted radially after the pistons have been retracted beyong their idle
      position.
BSUM
PAR  The present invention relates to a disc brake for a motor vehicle.
PAR  The invention relates more particularly to a disc brake comprising brake
      applying means associated with a carrying member, said brake applying
      means including at least one piston having an idle position and
      cooperating with at least one brake pad, said pad comprising a backing
      plate to which a friction lining is fixed, said backing plate having a
      given thickness and circumferentially spaced ends defining a maximum
      circumferential length, said carrying member being provided with a
      substantially rectangular aperture defining a pair of circumferentially
      spaced edges, said pad being slidable by way of its circumferentially
      spaced ends on two series of surfaces, each series of surfaces being
      formed on one of said edges and comprising a useful area with which is
      adapted to cooperate one of said ends whatever the wear of the lining.
PAR  In this kind of brakes, radial mounting and dismounting of the pads is
      often impossible in the presence of the rotary disc and requires at least
      partial dismounting of the carrying member.
PAR  In order to avoid this drawback, the present invention proposes a disc
      brake of the kind set forth and in which each edge of the aperture is
      further provided with at least one slot whose axial length is at least
      equal to the thickness of the backing plate and which is offset towards
      said piston relative to the corresponding usefull area of a given distance
      which is the same on each edge of the aperture, the corresponding slots in
      each edge of the aperture defining a circumferential length which is at
      least equal to said circumferential length of the backing plate, the
      piston being capable of moving away from the pad a distance from its idle
      position at least equal to said given distance.
PAR  In the particular embodiments in which the carrying member is a calliper
      axially slidable with respect to a fixed support member and carrying a
      second brake pad, said second pad comprising a second backing plate to
      which a second friction lining is fixed, said second backing plate having
      a given second thickness and circumferentially spaced second ends defining
      a second maximum circumferential length, said second pad being carried by
      way of its circumferentially spaced ends on said series of surfaces to
      define a rest position, the invention is characterized in that each edge
      of the aperture is provided with a second slot whose axial length is at
      least equal to the second thickness and which is offset towards said
      piston relative to said rest position of a second distance which is the
      same on each edge of the aperture, the corresponding second slots in each
      edge of the aperture defining a circumferential length which is at least
      equal to the circumferential length of the second backing plate.
DRWD
PAR  A particular embodiment of the invention will now be described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a transverse view of a disc brake embodying the invention and
PAR  FIG. 2 is a plan view of the brake shown in FIG. 1.
DETD
PAR  In the disc brake illustrated in FIGS. 1 and 2, a carrying member generally
      designated 10 straddles a rotary disc (not shown) and comprises means for
      applying the brake pads 14, 16 to the corresponding faces of the disc.
PAR  By way of example, the embodiment described has brake applying means formed
      by a set of brake actuators generally designated 18, comprising two
      pistons 20 mounted in two cylinders 22 associated with the carrying member
      10, which is a calliper, so as to define two actuating chambers 24
      connectible to a pressure fluid source (not shown). The pistons 20 urge
      the pad 14 directly into frictional contact with the corresponding side of
      the disc, the calliper 10 being axially slidable on a fixed support (not
      shown) so that its reaction portion 26 can move the pad 16 into frictional
      contact with the other side of the disc.
PAR  Each pad is formed of a backing plate 28 to which a friction lining 30 is
      attached. As FIG. 1 shows, each backing plate 28 has an extension 32
      extending radially outwards from the periphery of the disc. Each
      circumferential end 34, 36 of the extension 32 has two sliding and bracing
      edges 38, 40 which co-operate with corresponding surfaces 42, 44 on the
      calliper 10. The surfaces 42, 44 form two axial ribs 46, 48 in the axial
      edges of an aperture 12, provided in that part of the calliper 10 which
      straddles the disc.
PAR  A metal wire 50 forming a noise-reducing spring is interposed between each
      pad and the calliper 10. The wire 50 passes through a hole 52 and notch 54
      in the associated pad extension 32, and bears on the surface 42 of the
      ribs 46 or 48.
PAR  The surfaces 42 of the ribs 46, 48 and the edges 38 of the ends 34, 36 of
      the pads are substantially parallel to the line of application of the
      tangential force generated during frictional contact between the brake
      linings and the disc in response to operation of the brake applying means.
      Similarly, the surfaces 44 of the ribs 46, 48 and the edges 40 of the pad
      ends 34, 36 define an angle other than zero with a plane perpendicular to
      the tangential force generated during braking. In order to minimize the
      dimensions of the brake, the tangent of this angle is substantially equal
      to the distance from the centre of the edges 44 of the ends 34, 36 to the
      line of application of the tangential force, in a plane parallel to the
      plane of the disc, divided by the distance separating the centres of the
      edges 42, 44 of the ends 34, 36 respectively, in a direction parallel to
      the line of application of the tangential force.
PAR  In the embodiment here described, the backing plate of the pad 14 adjoining
      the brake actuator 18 is capable of cooperating with portions of the ribs
      46, 48, so that the pad can occupy the idle position illustrated in FIG. 2
      and can move along the grooves towards the disc by a distance
      corresponding to the combined thickness of the linings 30 of the pads.
      Similarly, the backing plate of the pad 16 can normally co-operate with
      only portions of the ribs 46, 48 corresponding to the idle position shown
      in FIG. 2, which in this case is superimposed on the actuating position
      since the pad 16 is attached to the reaction portion 26 of the calliper
      10.
PAR  Two slsots 56, 58, whose axial lengths at least equal the thickness of the
      backing plates of the pads 14, 16 respectively, are formed in each rib 46,
      48. The slots 56 are offset axially relative to the portions of the ribs
      46, 48 normally co-operating with the backing plate of the pad 14, whereas
      the slots 58 are offset axially relative to the portions of the ribs 46,
      48 normally co-operating with the backing plate of the pad 16. This
      feature of the slots 56, 58 enables the pads 14, 16 to be extracted
      radially when the brake applying means have been released and when the
      calliper 10 has slid axially over the fixed support and each of the pads
      has slid axially along the ribs 46, 48 to bring the corresponding backing
      plates opposite the slots 56, 58 respectively. The distance separating the
      bottoms of opposite slots 56, 58 is at least equal to the distance
      separating the circumferential ends of the corresponding pads, to enable
      the latter to be introduced radially. However, it is slightly less than
      the distance separating the circumferential ends of the extensions 32, so
      that the pads are prevented from escaping inwards into the brake during
      installation.
PAR  To permit installation of the pad 14, the pistons 20 can move away from the
      disc by a distance at least equalling the distance by which the rib
      portions normally co-operating with the pad 14 are axially offset when
      idle with reference to the corresponding slots 56, relative to their
      normal idle position (shown in FIG. 2).
PAR  An aperture 60 is provided in the reaction portion 26 of the calliper so
      that the pad 16 can easily be disengaged and moved away from the calliper
      portion 26.
PAR  Installation of the pads is carried out as follows:
PAR  The calliper 10 is slid downwards in FIG. 2, and the pad 16 is introduced
      radially into the slots 58 and then slid along the ribs 46, 48 into the
      position shown in FIG. 2. The pistons 20 are then pushed right into the
      cylinders 22, and the calliper 10 is slid upwards in FIG. 2. The pad 14 is
      now introduced radially into the slots 56 and slid axially along the ribs
      46, 48 into the position shown in FIG. 2. When the brake is first applied,
      the pistons 20 will, when idle, return to the position shown in FIG. 2,
      the noise-reducing springs 50 having previously been installed as shown in
      the drawings.
PAR  It should be noted that both the disc and the calliper remain in position
      throughout all these operations, and also the pad removal operations,
      which take place in the same manner but in the reverse order. Removal of
      the pad 16 is assisted by the provision of the aperture 60 in the
      calliper's reaction portion 26, since a tool can be inserted to form a
      lever and to bring the backing plate of the pad 16 opposite the slot 58.
PAR  Although the embodiment described by way of example relates to a disc brake
      of the sliding-calliper type, the invention can of course be applied
      equally well to a disc brake of the fixed type, in which case both pads
      are installed in the same way as the pad 14 associated with the slots 56
      in the embodiment described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A disc brake comprising brake applying means associated with a carrying
      member, said brake applying means including at least one piston having an
      idle position and cooperating with at least one brake pad, said pad
      comprising a backing plate to which a friction lining is fixed, said
      backing plate having a given thickness and circumferentially spaced ends
      defining a maximum circumferential length, said carrying member being
      provided with a substantially rectangular aperture defining a pair of
      circumferentially spaced edges, said pad being slidable by way of its
      circumferentially spaced ends on two series of surfaces, each series of
      surfaces being formed on one of said edges and comprising a usefull area
      with which is adapted to cooperate one of said ends whatever the wear of
      the lining, wherein each edge of the aperture is further provided with at
      least one slot whose axial length is at least equal to the thickness of
      the backing plate and which is offset towards said piston relative to the
      corresponding usefull area of a given distance which is the same on each
      edge of the aperture, the corresponding slots in each edge of the aperture
      defining a circumferential length which is at least equal to said
      circumferential length of the backing plate, the piston being capable of
      moving away from the pad a distance from its idle position at least equal
      to said given distance.
NUM  2.
PAR  2. A disc brake according to claim 1, wherein each series of surfaces
      comprises two surfaces defining a V-shaped key portion on the
      corresponding edge of the aperture, said V-shaped key portion cooperating
      with a V-shaped groove formed on the corresponding end of said pad.
NUM  3.
PAR  3. A disc brake according to claim 2, said carrying member being a calliper
      axially slidable with respect to a fixed support member and carrying a
      second brake pad, said second pad comprising a second backing plate to
      which a second friction lining is fixed, said second backing plate having
      a given second thickness and circumferentially spaced second ends defining
      a second maximum circumferential length, said second pad being carried by
      way of its circumferentially spaced ends on said series of surfaces to
      define a rest position wherein each edge of the aperture is provided with
      a second slot whose axial length is at least equal to the second thickness
      and which is offset towards said piston relative to said rest position of
      a second distance which is the same on each edge of the aperture, the
      corresponding second slots in each edge of the aperture defining a
      circumferential length which is at least equal to the circumferential
      length of the second backing plate.
NUM  4.
PAR  4. A disc brake according to claim 2, wherein the second pad is identical
      to the first pad.
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ABST
PAL  A hydrodynamic brake for vehicles, particularly for motor vehicles which
      includes at least one stationary blade wheel and at least one rotating
      blade wheel whose blades have any desired blade angle and have an external
      circulation for the working liquid provided possibly with a cooler; the
      working liquid leaves the working circulation substantially tangentially
      at least at the discharge and under utilization of the dynamic pressure by
      way of one or several discharge apertures provided in the stationary blade
      wheel which extend parallel to the blade angle; the discharge apertures
      are each provided with an outer boundary starting from the largest
      circumference of the stationary blade wheel or in direct proximity thereto
      and discharging into a possibly annularly shaped discharge channel
      arranged axially adjacent the working circulation.
BSUM
PAR  The present invention relates to a hydrodynamic brake (retarder) for
      vehicles, especially for motor vehicles with at least one fixed and at
      least one rotating blade wheel, whose blades have any desired blade angle
      and with an outer circulation for the working liquid containing possibly a
      cooler, whereby the working liquid leaves the working circulation
      essentially tangentially at least at the discharge and under utilization
      of the dynamic pressure.
PAR  A hydrodyanmic brake has to fulfill essentially two tasks; namely, (1) to
      achieve the necessary brake deceleration, and (2) to carry off the heat
      quantities occurring at that time, for which purposes possibly a separate
      cooling system may be interconnected in the external circulation. Whereas
      the necessary braking effect is achieved far-reachingly by corresponding
      design of the shape and of the blading, one can assure the through-flow of
      the working liquid necessary for carrying off the resulting heat
      quantities only by a correct selection of the location and dimension of
      the inlet and discharge apertures.
PAR  Retarder constructions are known in the prior art in which the working
      liquid enters into the inner flow core of the retarder and the discharge
      has been located outside of the bladed wheels in the circumferential
      direction in order that, on the one hand, the low pressure present in the
      flow core and, on the other, the maximum static pressure at the largest
      diameter resulting from the centrifugal force are utilized. Furthermore,
      retarders are known in the prior art in which the effective vertical
      center section or meridian section is located or placed on a larger
      diameter in order to increase the centrifugal force effect at the
      discharge. However, increased ventilation losses occur thereby in the
      disengaged condition.
PAR  With the hydrodynamic brakes mentioned hereinabove, the dynamic pressure
      (velocity head) belonging to the circulating flow is utilized instead of
      the static pressure (centrifugal force pressure). Since the absolute
      velocities occurring in the retarder may increase to a multiple of the
      highest circumferential velocity, a considerably higher through-flow
      quantity can be also achieved with the dynamic pressure resulting
      therefrom. In one prior art hydrodynamic brake of this type, an annular
      channel is placed externally about the working circulation--similar as in
      a centrifugal pump--in which the working liquid enters through a gap
      between the outer edge of the rotating shell and the outer edge of the
      stationary shell. However, this hydrodynamic brake has a considerable
      diameter by reason of the externally extending discharge channel which in
      particular impairingly opposes a use thereof in the motor vehicle.
      Additionally, the working liquid impinges during the discharge on the edge
      of the stationary blade wheel so that eddy losses may occur at this place.
PAR  The present invention is concerned with the task to avoid the described
      disadvantages and to provide above all a hydrodynamic brake which is
      particularly well-suited for the use in the motor vehicle. The underlying
      problems are solved with the brakes of the aforementioned type in
      accordance with the present invention in that one or several discharge
      apertures extend in the fixed blade or vane wheel parallel to the blade
      angle and starts or start with the external boundary thereof from the
      largest diameter of the fixed vane wheel or in direct proximity thereto,
      and in that the discharge aperture or apertures terminate in a possibly
      annularly shaped discharge channel arranged axially adjacent the working
      circulation.
PAR  The entire hydrodynamic brake receives a considerably more compact
      construction by the design in accordance with the present invention. It
      can be better incorporated into the power train of a motor vehicle by
      reason of its smaller diameter.
PAR  Additionally, the transition from the working circulation to the discharge
      channel extends considerably more harmoniously and without impact on
      special or separate edges so that eddy losses can be avoided.
PAR  With one type of construction according to the present invention, the inner
      boundary of the discharge aperture or apertures are located radially
      inwardly of the mean diameter of the discharge channel and possibly also
      of the working circulation. In this manner, one obtains relatively large
      discharge apertures so that the flow may enter completely unimpaired into
      the discharge channel. Furthermore, a construction is preferred thereby in
      which the discharge channel extends along a smaller radius than the
      working circulation and in which the discharge aperture or apertures begin
      directly adjacent the outer beginning of the fixed blading and extend
      under a slight inclination inwardly up to the discharge channel.
PAR  A further feature of the present invention resides in that at the rotating
      vane wheel the radially outer boundary of the working circulation is
      disposed on a slightly smaller diameter than at the stationary blade or
      vane wheel. In this manner, a very slight step results at the transition
      between the two vane wheels so that the flow leaving the rotating vane or
      blade wheel under no circumstances can break itself at the edge of the
      stationary blade wheel. Incidentally, this construction can also be
      applied analogously to the inner circumference of the working circulation.
PAR  The concept to utilize the dynamic pressure can also be extended, of
      course, to the inlet of the working liquid. A further development of the
      inventive concept therefore resides in that at least one inlet aperture is
      arranged in the rotating blade wheel within the inner area of the working
      circulation which terminates tangentially in the working circulation. A
      further feature is thereby considered to reside in that this inlet
      aperture extends essentially radially from the inside toward the outside
      and in that a separate blading for the pre-acceleration of the working
      fluid is arranged in the hub portion of the rotating blade wheel upstream
      of the inlet aperture. This separate blading may have a predetermined
      angle which is naturally matched to the blade angle at the discharge of
      the inlet aperture into the interior of the working circulation.
PAR  Accordingly, it is an object of the present invention to provide a
      hydrodynamic brake, especially for motor vehicles, which avoids by simple
      means the aforementioned shortcomings and drawbacks encountered in the
      prior art.
PAR  Another object of the present invention resides in a hydrodynamic brake,
      particularly for motor vehicles, which has a relatively compact
      construction with small diametric dimensions, thereby favoring its
      installation in motor vehicles.
PAR  A further object of the present invention resides in a hydrodynamic brake
      which minimizes eddy losses in the transition from the working circulation
      to the discharge channel.
PAR  These and further objects, features, and advantages of the present
      invention will become more obvious from the following description when
      taken in connection with the accompanying drawing which shows, for
      purposes of illustration only, one embodiment in accordance with the
      present invention, and wherein:
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PAR  FIG. 1 is an axial longitudinal cross-sectional view through one-half of a
      hydrodynamic brake in accordance with the present invention, the other
      half being of symmetrical construction; and
PAR  FIG. 1A is a schematic cross-sectional view taken in the direction of A--A
      of FIG. 1 which schematically shows a plurality of discharge apertures 24
      arranged in the housing.
DETD
PAR  Referring now to the drawing, reference numeral 10 designates a housing in
      which is arranged a stationary blade or vane wheel 11 whose blading may be
      cast integral with the corresponding housing part. This blading has a
      predetermined blade angle which is advantageously of the order of
      magnitude of about 50.degree.. Opposite the stationary blade wheel 11 is
      arranged a rotating blade or vane wheel 13 which is provided with a
      corresponding blading. Preferably the bladings are positioned at both
      wheels at an inclination in the forward direction of rotation. The
      rotating blade wheel 13 is secured with its hub portion 14 on the drive
      shaft 15 which, in its turn, is supported in the housing 10 by a bearing
      16. A further bearing 17 additionally serves also for the support of the
      rotating blade wheel 13 with the aid of an axially extended annular sleeve
      18.
PAR  Several inlet apertures 19 uniformly distributed over the circumference are
      arranged in the rotating blade wheel 13 within the inner area thereof.
      These inlet apertures 19 extend essentially radially from the inside
      toward the outside, and more particularly, in such a manner that they
      discharge tangentially into the working space 23. Additionally, they have
      the same inclination as the blades at the stationary blade wheel 11.
      Separate special blades 20 are arranged between the hub portion 14 and the
      wheel body which are also positioned correspondingly inclined. The working
      fluid enters axially through the opening 21 into the housing and flows
      then out of the annular space 22 through the described inlet apertures 19
      into the working space 23.
PAR  One or also several discharge apertures 24 are provided in the stationary
      blade wheel 11 whose outer boundary 25 begins directly adjacent the outer
      circumference of the stationary blading and extends tangentially slightly
      downwardly up to a discharge channel 26 that is arranged axially adjacent
      the working space 23 and on a slightly smaller diameter than the latter.
      The inner boundary 27 of the discharge aperture 24 is disposed radially
      inwardly of the meridian plane of the working space 23. The working liquid
      therefore enters with its own absolute velocity tangentially from the
      working space 23 through the discharge aperture 24 into the outlet channel
      26. The dynamic pressure is therefore utilized in connection therewith. A
      cooler is schematically illustrated in FIG. 1 between the discharge
      channel and the inlet for cooling the discharged working fluid.
PAR  The rotating shell 13 has at its outer circumference 28 a slightly smaller
      diameter than the stationary blade wheel 11 at the same place. Hence, a
      very small step results thereat so that the liquid centrifuged out of the
      rotating blade wheel, with certainty cannot impinge on any edge or end
      face at the stationary blade wheel that may be disposed possibly in its
      path.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto,
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydrodynamic brake for vehicles comprising: housing means, rotating
      blade wheel means operatively connectible to a rotating shaft to be
      braked, said rotating blade wheel means having a plurality of blade means
      attached thereto, stationary blade wheel means having a plurality of blade
      means attached thereto, said rotating wheel means and said stationary
      wheel means being disposed in said housing means with their respective
      blade means facing one another to form a working circulation space
      therebetween, the respective blade means of said stationary and rotating
      wheel means being so arranged that introduction of a liquid medium to the
      working circulation space causes effective transfer of braking forces from
      said stationary wheel means to said rotating wheel means due to relative
      rotation of the liquid between the respective blade means of the two
      wheels, inlet aperture means for introducing the liquid medium to the
      working circulation space, discharge aperture means for discharging the
      liquid medium from the working circulation space, and discharge channel
      means for conducting the liquid medium away from the discharge aperture
      means, said discharge aperture means extending through the stationary
      wheel means in a direction approximately parallel to the blade angle of
      the blade means on said stationary wheel means such that the liquid medium
      is discharged tangentially utilizing the dynamic pressure imparted to the
      liquid medium in the working circulation space, whereby the necessary
      brake deceleration forces can be carried out by the liquid medium and the
      heat developed in said liquid medium during the braking operation can be
      transferred away from the working circulation space, characterized in that
      said inlet aperture means includes at least one inlet aperture arranged in
      the rotating blade wheel within the inner area of the working circulation
      space, and in that the inlet aperture means terminates substantially
      tangentially into the working circulation space.
NUM  2.
PAR  2. A hydrodynamic brake according to claim 1, characterized in that the
      discharge channel means has an approximately circular cross-section, and
      in that the inner boundary of the discharge aperture means is disposed
      radially inwardly of the mean diameter of the discharge channel means.
NUM  3.
PAR  3. A hydrodynamic brake according to claim 1, characterized in that the
      discharge channel means extends on a smaller radius with respect to the
      axis of rotation of the rotating wheel means than the working circulation
      space and that the discharge aperture means begins directly adjacent the
      outer circumference of the stationary blade wheel means and extends
      inwardly to the discharge channel means under a slight inclination.
NUM  4.
PAR  4. A hydrodynamic brake according to claim 1, characterized in that each
      inlet aperture extends essentially radially with respect to the axis of
      rotation of the rotating wheel means from the inside toward the outside
      and in that a separate blading for the pre-acceleration of the working
      liquid is arranged in the hub portion of the rotating wheel means upstream
      of the inlet aperture means.
NUM  5.
PAR  5. A hydrodynamic brake according to claim 1, characterized in that said
      discharge channel means extends along said working circulation space in a
      direction perpendicular to the axis of rotation of said rotating wheel
      means, and in that said discharge channel means is enclosed within said
      housing means and is bounded by said stationary wheel means and by
      internal walls of said housing means.
NUM  6.
PAR  6. A hydrodynamic brake according to claim 1, characterized in that the
      blade means of said stationary wheel means correspond in number to the
      blade means of said rotating wheel means.
NUM  7.
PAR  7. A hydrodynamic brake for vehicles comprising: housing means, rotating
      blade wheel means operatively connectible to a rotating shaft to be
      braked, said rotating blade wheel means having a plurality of blade means
      attached thereto, stationary blade wheel means having a plurality of blade
      means attached thereto, said rotating wheel means and said stationary
      wheel means being disposed in said housing means with their respective
      blade means facing one another to form a working circulation space
      therebetween, the respective blade means of said stationary and rotating
      wheel means being so arranged that introduction of a liquid medium to the
      working circulation space causes effective transfer of braking forces from
      said stationary wheel means to said roating wheel means due to relative
      rotation of the liquid between the respective blade means of the two
      wheels, inlet aperture means for introducing the liquid medium to the
      working circulation space, discharge aperture means for discharging the
      liquid medium from the working circulation space, and discharge channel
      means for conducting the liquid medium away from the discharge aperture
      means, said discharge aperture means extending through the stationary
      wheel means in a direction approximately parallel to the blade angle of
      the blade means on said stationary wheel means such that the liquid medium
      is discharged tangentially utilizing the dynamic pressure imparted to the
      liquid medium in the working circulation space, whereby the necessary
      brake deceleration forces can be carried out by the liquid medium and the
      heat developed in said liquid medium during the braking operation can be
      transferred away from the working circulation space, characterized in that
      the working circulation space is shaped as an approximately circular
      cross-section annulus extending concentrically around the axis of rotation
      of the rotating wheel means, said working circulation space having a mean
      diameter extending parallel to said axis and disposed halfway between the
      inner and outermost radial extent of said working circulation space with
      respect to said axis, and in that said discharge channel means is shaped
      as an annulus with a curved cross-section and extending around the axis of
      rotation of the rotating wheel means, said discharge channel means having
      a mean diameter extending parallel to said axis and disposed halfway
      between the inner and outermost radial extent of said discharge channel
      means with respect to said axis, and in that the inner boundary of the
      discharge aperture means with respect to said axis is disposed radially
      inwardly of the mean diameter of the discharge channel means with respect
      to said axis.
NUM  8.
PAR  8. A hydrodynamic brake according to claim 7, characterized in that the
      inner boundary of the discharge aperture means is disposed radially
      inwardly of the mean diameter of the working circulation space with
      respect to said axis.
NUM  9.
PAR  9. A hydrodynamic brake according to claim 8, characterized in that the
      mean diameter of the discharge channel means is on a smaller radius than
      the mean diameter of the working circulation space with respect to said
      axis and that the discharge aperture means begins directly adjacent the
      outer circumference of the stationary blade means and extends inwardly to
      the discharge channel means under a slight inclination.
NUM  10.
PAR  10. A hydrodynamic brake according to claim 9, characterized in that the
      radially outer boundary of the working circulation space with respect to
      said axis is slightly smaller adjacent the rotating wheel means than
      adjacent the stationary wheel means whereby fluid passing from the
      rotating wheel means to the stationary wheel means is prevented from
      impinging directly on the outer portion of the stationary wheel means.
NUM  11.
PAR  11. A hydrodynamic brake according to claim 10, characterized in that said
      inlet aperture means includes at least one inlet aperture arranged in the
      rotating blade wheel within the inner area of the working circulation
      space, and in that the inlet aperture means terminates substantially
      tangentially into the working circulation space.
NUM  12.
PAR  12. A hydrodynamic brake according to claim 11, characterized in that each
      inlet aperture extends essentially radially with respect to the axis of
      rotation of the rotating wheel means from the inside toward the outside,
      and in that a separate blading for the pre-acceleration of the working
      liquid is arranged in the hub portion of the rotating wheel means upstream
      of the inlet aperture means.
NUM  13.
PAR  13. A hydrodynamic brake according to claim 12, characterized in that the
      discharge aperture means start substantially from the largest
      circumference of the stationary wheel means.
NUM  14.
PAR  14. A hydrodynamic brake according to claim 13, characterized in that the
      blade means have a predetermined desired blade angle.
NUM  15.
PAR  15. A hydrodynamic brake according to claim 13, characterized in that a
      cooler means is provided for cooling the fluid medium, said cooler means
      being arranged externally of said working circulation space.
NUM  16.
PAR  16. A hydrodynamic brake according to claim 13, characterized in that the
      discharge aperture means include several discharge apertures provided in
      the stationary blade wheel.
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ABST
PAL  A gear shift safety lock for selectively preventing and permitting movement
      of a motor vehicle gear shift selector mechanism between a non-drive
      position and a drive position, including a solenoid actuated plunger that
      is movable between a position in the path of the gear shift selector
      mechanism and a removed position out of the path when a motor vehicle
      brake pedal is actuated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a safety device for preventing the accidental
      movement of a motor vehicle gear shift level to a drive position until a
      predetermined condition is satisfied and more particularly, to a gear
      shift lock, mechanism which selectively inhibits movement of the gear
      shift selector to a drive position by a small child.
PAR  A motor vehicle operator who departs his motor vehicle for only a very
      short time frequently leaves the motor vehicle engine operating. The motor
      vehicle operator will generally place the motor vehicle transmission gear
      selector lever in a "park" or "neutral" position, which normally prevents
      forward or rearward movement of the vehicle, even though the engine
      remains operating. Each year, many accidents occur when small children,
      remaining unattended in the vehicle, move the transmission gear selector
      lever to a drive position.
PAR  It is a natural tendency of a child to imitate an adult driver, and
      children left unattended in an automobile will frequently imitate the
      adults by addressing the steering wheel and manipulating the transmission
      gear selector lever. If the vehicle engine is operating and the gear
      selector is placed in a drive position, the vehicle will lurch forwardly.
      This frequently results in extensive property damage and bodily injury, to
      pedestrians, bystanders and the occupants of the vehicle.
PAR  It is an object of the present invention to provide a gear shift lock
      mechanism which will prevent the accidental or inadvertent movement of an
      automobile gear shift lever to a drive position.
PAR  It is another object of the present invention to provide safety apparatus
      which will positively preclude a small child from moving an automobile
      gear selector to a drive position.
PAR  It is a further object of the present invention to provide a gear shift
      lock device of the type described, which cannot be moved to a lock
      position until the brake pedal is actuated in a direction toward a braking
      position.
PAR  It is yet another object of the present invention to provide a gear shift
      lock device which includes a control element located remotely from the
      lock device that must be actuated to operate the control element and
      permit the movement of the gear shift lever to a drive position, but which
      is normally inaccessible to a small child.
PAR  A further object of the present invention is to provide a control system of
      the type described including an electrically energizable solenoid which
      moves a plunger between a position in the path of a gear shift lever and a
      removed position in response to actuation of a control element by a brake
      pedal.
PAR  It is another object of the present invention to provide apparatus which
      will enable a vehicle operator to safely leave a motor vehicle unattended
      and yet prevent a small child from moving the gear shift lever to a drive
      position.
PAR  Other objects and advantages of the present invention will become apparent
      to those of ordinary skill in the art as the description thereof proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  Apparatus for selectively preventing and permitting movement of a motor
      vehicle gear shift selector mechanism to a drive position including
      mechanism movable between a position in the path of the gear shift
      mechanism and a removed position out of the path.
PAR  FIG. 1 is a fragmentary, schematic, sectional side view of a motor vehicle
      incorporating apparatus constructed according to the present invention.
PAR  FIG. 2 is an enlarged, top plan view of the apparatus constructed according
      to the present invention.
PAR  FIG. 3 is sectional end view taken along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional end view of a slightly modified construction
      illustrating the device mounted on an automobile engine compartment fire
      wall.
PAR  FIG. 5 is a slightly modified construction illustrating the device mounted
      on a motor vehicle fender wall.
DETD
PAR  Apparatus constructed according to the present invention is particularly
      adapted for use with a motor vehicle generally designated 10, including a
      frame generally designated 12, having a fire wall 14, separating an engine
      compartment 16 from a passenger compartment 18. The motor vehicle 10 also
      includes brake mechanism, not shown, as usual controlled by foot actuated
      brake pedal 17 swingable about a pivot 19 as usual.
PAR  The motor vehicle 10 includes a steering column assembly generally
      designated 20, having a stationary, tubular steering sleeve 22, journaling
      a steering post 24, which is rotatable in a to and fro path about its axis
      by a steering wheel 26 fixed to one end of the steering post 24. The
      opposite end of the steering post 24 is coupled to motor vehicle steering
      tie-rods (not shown) which function to turn the vehicle wheels in the
      normal manner when the vehicle operator turns the steering wheel 26. The
      steering column assembly 20 passes through a suitable opening 23 provided
      in the fire wall 14.
PAR  Mounted on the steering sleeve 22, via brackets 27, is an elongate shift
      bar 28 which is rotated about its axis via a manually graspable shift
      lever 30 fixed to the upper end thereof. The lower end of the shift bar 28
      mounts a lever arm 32 which is connected to a linkage 34 that is coupled
      to the vehicle transmission, generally designated 36. By rotating the rod
      28 about its axis, the operator can select the transmission gear in which
      the vehicle is to operate in a well known manner.
PAR  The gear shift bar 28 is utilized in either manually operated transmissions
      or so-called automatic transmissions. As is well known of an automatic
      transmission, the transmission gear shift lever 30 is movable between
      park, neutral, drive, and reverse positions. The gear shift selector lever
      30 is relatively easy to move and can be moved by a small child from a
      non-drive or neutral position to a "drive" or "reverse" position. If the
      parking brake is not set, and the selector lever is moved into drive or
      reverse positions, the vehicle will move in a forward or reverse direction
      depending on the gear selected. Since the child is generally unable to
      thereafter control the vehicle, an accident will generally result.
PAR  Apparatus constructed according to the present invention is generally
      designated 37 and includes a mounting bracket 38 coupled to the lower end
      of the steering sleeve 22 via U-bolts 40. The outer end of the bracket 38
      includes a semi-cylindrical recessed portion 42 which receives a solenoid
      housing 44 that is fixed thereto by welding or any other suitable manner.
      The solenoid housing 44 mounts an electrically energizable solenoid
      winding 46 which controls movement of a magnetic plunger 48. A spring (not
      shown) normally urges the plunger to an extended position in the path of
      the lever arm 32. When the solenoid winding 46 is energized, it functions
      to withdraw the plunger 48 into the solenoid housing 44 out of the path of
      the lever arm 32.
PAR  The solenoid winding is connected in series circuit with the vehicle
      battery 50 via a circuit line 52 and a pressure switch 54. The pressure
      switch 54 is mounted on a master brake cylinder and includes an actuator
      which is moved or tripped when the brake pedal 17 is depressed and
      pressure builds in brake cylinder 56. When the brake pedal 17 is
      depressed, the actuator 56 is tripped to close the switch 54 and connect
      the battery 50 to the solenoid 46. The switch 54 is normally spring biased
      to the open position and is not closed until the brake pedal 17 is
      depressed and the brake line pressure builds.
PAC  THE OPERATION
PAR  It will be assumed that the gear shift lever 30 is in the "park" position.
      When the vehicle operator depresses the brake pedal 17 to actuate the
      plunger 56 and close switch 54, the solenoid 46 is energized to withdraw
      the plunger 48 out of the path of the lever arm 32. This permits the rod
      28 to be rotated about its axis so that the gear shift selector lever 30
      can be moved from the park position to the drive or reverse positions. As
      the rod 28 is rotated counter-clockwisely about its axis in the direction
      of the arrow a (FIG. 3), the lever arm 32 is also swung downwardly in the
      direction of the arrow a to the position illustrated in chain lines in
      FIG. 3. This forces the coupling linkage 34 to a position in which the
      appropriate transmission gear is selected.
PAR  As soon as the vehicle operator releases the brake pedal 17, the switch 54
      is again opened and the plunger 48 returns to the extended position
      illustrated in FIG. 2. In the extended position, the plunger 48 will
      preclude the operator from inadvertently moving the gear shift lever 30 to
      a park or neutral position unless the brake pedal 17 is again actuated. If
      the vehicle transmission gear is moved into park position while the
      vehicle is operating at a high speed, the transmission will be damaged. By
      requiring that the operator to first depress the brake pedal 17 prior to
      moving the gear shift selector 30 to the park position, the vehicle
      transmission is protected from damage.
PAR  When the vehicle is to remain unattended for a short period of time, and
      the vehicle engine is to remain operating, the operator need merely again
      press the brake pedal 17 to retract the plunger 48 so that the gear shift
      lever 30 may be moved to the park position. Upon release of the brake
      pedal 17, the brake switch 54 again opens to deenergize the winding 46 and
      permit the plunger 48 to be spring returned to the position in the path of
      the lever 32. This prevents swinging movement of the gear shift lever 30
      to a drive position. If a small child remains in the automobile while the
      vehicle is unattended, he will be unable to move the gear shift lever to a
      drive position because of the plunger 48. Since the switch 54 is remotely
      located from the gear shift lever 30, a small child is inhibited, if not
      totally prevented, from concurrently depressing the pedal 17 and moving
      the gear shift selector lever 30.
PAC  ALTERNATE EMBODIMENTS
PAR  Referring now more particularly to FIG. 4, an alternate embodiment is
      illustrated. The bracket 38 has been replaced by a bracket 38a which is
      mounted on the vehicle fire wall 14 via brackets 58. The embodiment
      illustrated in FIG. 5 is a mirror image of the embodiments illustrated by
      FIGS. 1-4. The bracket 38 is replaced by a bracket 38b which is mounted on
      the fender wall 60 via bolts 58a. Also the lever arm 32 is in the form of
      a bell crank 32b.
PAR  It should be understood that the gear shift selector lever is in a drive
      condition when it is in either the drive or reverse positions.
PAR  It is to be understood that the drawings and descriptive matter are in all
      cases to be interpreted as merely illustrative of the priciples of the
      invention, rather than as limiting the same in any way, since it is
      comtemplated that various changes may be made in various elements to
      achieve like results without departing from the spirit of the invention or
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination:
PA1  vehicle steering means including a steering column for steering a vehicle;
PA1  transmission gear selector means mounted on said steering column means for
      movement between a non-drive position and steering column means for
      movement between a non-drive position and a drive position;
PA1  fluid pressure operated brake means movable between a non-braking position
      and a braking position for selectively braking movement of said vehicle;
      and
PA1  means responsive to said brake means being in said non-braking position for
      preventing movement of said gear selector means from said non-drive
      position to said drive position and responsive to a predetermined fluid
      pressure at which said brake means is operated as said brake means is
      moved in a direction from said non-braking position toward said braking
      position for permitting movement of said selector means.
NUM  2.
PAR  2. The combination set forth in claim 1 wherein said fluid pressure
      operated brake means includes a brake and conduit means for communicating
      fluid to said brake means to move said brake means between said braking
      position and said non-braking position; and fluid pressure sensing means
      in fluid communicating relation with said conduit means for sensing a
      predetermined pressure of the fluid in said conduit means; said means
      responsive to said predetermined pressure including stop means movable
      between a removed position out of the path of said selector means and a
      position in said path, and means responsive to said sensing means for
      sensing a predetermined pressure in said conduit means for moving said
      stop means to said position in said path.
NUM  3.
PAR  3. The combination as set forth in claim 1 wherein said brake means
      includes manually depressible brake pedal means movable between a normally
      non-depressed position and a depressed position for operating said braking
      means, and control means disposed in the path of said brake pedal means
      for conditioning said preventing means so that it will prevent movement of
      said selector means when said pedal means is in said non-depressed
      position and will permit movement of said selector means when said pedal
      means is in said depressed position.
NUM  4.
PAR  4. The combination as set forth in claim 3 wherein said preventing means
      includes plunger means movable between a position in the path of said
      selector means to a position out of said path.
NUM  5.
PAR  5. The combination as set forth in claim 1 wherein said transmission gear
      selector means comprises a longitudinally extending gear selector rod
      rotatable on said steering column in a to-and-fro path about its
      longitudinal axis, gear shift lever means connected to one end of said
      selector rod for rotating said rod about said axis and coupling means
      connected to the other end of said selector rod for movement therewith to
      couple said rod to a vehicle transmission; said preventing means including
      plunger means movable between a removed position out of the path of one of
      said gear shift lever means and said coupling means and a position in the
      path of said one of said gear shift lever means and said coupling means.
NUM  6.
PAR  6. The combination as set forth in claim 5 wherein said preventing means
      comprises a housing, electrically energizable winding means in said
      housing for moving said plunger means, and means mounting said housing on
      said steering column means, said brake pedal means being disposed remotely
      from said gear selector means.
NUM  7.
PAR  7. The apparatus as set forth in claim 1 including firewall means having an
      opening therein receiving said steering column means; said steering column
      means including a selector rod rotatable about the longitudinal axis
      thereof in a to-and-fro path of travel, a manually graspable gear shift
      arm at one end of rod and on one side of said wall for rotating said
      selector rod in said to-and-fro path of travel and a gear shift lever at
      the other end of said rod and on the opposite side of said wall adapted to
      be coupled to vehicle transmission means; said preventing means being
      disposed on said opposite side of said firewall means and including
      plunger means movable between a removed position out of the path of said
      gear shift lever and a position in said path.
NUM  8.
PAR  8. Apparatus for selectively preventing movement of a motor vehicle
      transmission gear selector from non-drive position to a drive position as
      fluid pressure operated motor vehicle brake means moves between a
      non-braking position and a braking position for braking said vehicle
      comprising:
PA1  plunger stop means movable between an extended position and a retracted
      position;
PA1  electrically energizable means, adapted to be connected in circuit with a
      power source, for moving said plunger means between said extended and said
      retracted positions depending on whether the energizable means is
      energized;
PA1  means for mounting said plunger means such that said plunger means in said
      extended position, is in the path of a portion of said gear selector and
      in said retracted position, is out of said path; and
PA1  means responsive to a predetermined pressure at which said brake means is
      operated as said brake means is moved in a direction from said non-braking
      position to said braking position for selectively energizing said
      energizable means to move said plunger means to said extended position.
NUM  9.
PAR  9. The apparatus as set forth in claim 8 including switch means operable in
      current conducting and nonconducting positions for selectively energizing
      said electrically energizable means.
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ABST
PAL  A multi-speed bicycle hub that provides means permitting only limited
      reverse movement of the hub by backwards motion of any of the attached
      driving wheel sprockets by a clutch and which provides a brake operated by
      substantial reverse movement of the sprockets.
PARN
PAR  This is a continuation of application Ser. No. 435,711, filed Jan. 23, 1974
      and now abandoned.
PAC  SUMMARY OF THE INVENTION
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention of the present application is concerned with bicycles and it
      particularly relates to bicycles having multi-speed drives such as those
      with 5, 10 or 15 speeds. Bicycles of this type are desirable since they
      permit the use of a relatively constant pedaling speed whether going
      uphill or on the level and are thus more efficient and less tiring for the
      rider. However, they do normally have certain objectionable features. For
      example, disengagement of the drive chain from the drive wheel sprockets
      is likely to occur if the pedals are operated backwards. Such
      disengagement requires the rider to dismount and replace the drive chain.
      Also, since they noramlly are equipped with hand-operated brakes
      frictionally engaging the wheel rims, they require hand movement on the
      operating levers to slow or stop and this is awkward in some situations.
PAR  It is, therefore, an object of the present invention to provide means
      associated with the drive wheel which prevents or minimizes the tendency
      of the drive chain to become disengaged from the drive wheel sprockets by
      preventing appreciable movement of the pedals in a reverse direction and
      thus preventing backward movement of the chain. It is also an object of
      the invention to provide, with multi-speed drives, foot operated braking
      mechanism.
PAC  SUMMARY OF THE INVENTION
PAR  The improvements of the present invention comprise the provision in the hub
      of a bicycle driving wheel of means that permits only limited reverse
      movement of the hub by backwards motion of any of the attached driving
      wheel sprockets. This is accomplished by providing the wheel with a hub
      having a clutch which disengages the sprockets from the drive wheel when
      there is relative reverse movement between the sprockets and the wheel,
      e.g. because of failure to drive the sprockets by pedaling or because of
      slight reverse movement of the drive wheel sprockets. The invention also
      comprises means to apply a brake to the wheel upon further reverse
      movement of the sprockets.
DRWD
PAC  SHORT DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of the rear wheel hub, axle and sprocket
      assembly of a bicycle incorporating the present invention, with portions
      illustrated schematically;
PAR  FIG. 2 is a perspective view of a mounting ring for the multisprocket
      cluster; and
PAR  FIG. 3 is a fragmentary sectional view on line 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  As best shown in FIG. 1, the bicycle driving wheel hub of the present
      invention comprises a rotatable, generally cylindrical, sleeve member 11.
      To this member are secured, conveniently by connection to a pair of
      perforated, annular flanges 13 carried by said member, a plurality of wire
      spokes 15 which are connected to and support at their other ends (not
      shown) the rim (not shown) of the rear bicycle wheel. The annular flanges
      13 are longitudinally spaced on the sleeve member 11 and are preferably
      integral therewith. The spokes 15 are arranged in two spaced sets
      according to conventional practice and are detachably held in annular
      array in the spaced perforations in the flanges 13. Extending
      longitudinally through the sleeve member 11 and projecting from the ends
      thereof is a spindle or axle 17 that is solid and is threaded for a
      substantial distance from each end, on which spindle, by means hereinafter
      described, the sleeve member 11 and rear wheel are mounted for rotation.
PAR  The mechanism as illustrated in FIG. 1 is positioned as it would be seen
      from behind the driving wheel of the bicycle, looking forward toward the
      pedals and the front wheel. The terms "right" and "left" and similar terms
      of direction or position as used hereinafter refer, for convenience in
      description and reference, to the positions of the several elements as
      shown in FIG. 1. Such terms should not, however, be so construed as to
      imply any particular positioning of the bicycle or as to limit the scope
      of the present invention.
PAR  The frame of the bicycle extends in a direction normal to the spindle or
      axle 17 and the numeral 19 designates the two frame drop-outs by which the
      rear wheel is attached, on opposite sides, to the frame, thereby
      supporting and positioning it properly. Operation of the mechanism
      illustrated in FIG. 1 is brought about by rotation of the sprocket cluster
      21 through movement of the endless chain 23. The chain 23 engages the
      teeth on the periphery of a selected one of the sprockets in the cluster
      21 and rotates the cluster in response to rotation of the front sprocket
      or sprockets (not shown) one of which is also engaged by the chain 23.
      Pedals (not shown) actuated by the feet of the rider rotate the front
      sprocket or sprockets through cranks (not shown). It will be understood
      that the details of the front sprocket or sprockets, there normally being
      a plurality on multi-speed bicycles having a rear sprocket cluster, and
      the operation of such sprockets form no part of the present invention
      except as movement of the sprocket cluster 21 is caused by movement of the
      chain 23 and this results from movement of a front sprocket. Accordingly,
      any desired or convenient available construction can be employed therefor.
PAR  As shown in FIG. 1, the sprocket cluster 21, which is rotatably mounted on
      axle 17, is provided with five sprockets of graduated size assembled in
      conventional manner on a tubular hub 25. Such an arrangement is commonly
      used on 5, 10, and 15 speed bicycles. The cluster 21, through the hub 25,
      is rigidly secured and fixed, as by weld beads 27, to a mounting ring 28.
      The latter is rigidly secured, as by welds 30, to the outer end of a
      driver 29 around the annular bearing cup 31 formed therein. The axle 17
      extends and projects outwardly from the hub 25 through the driver, the
      sprocket cluster, and the frame drop-outs 19. It is secured in the right
      side drop-out by the nuts 33 and 35 threadedly engaging on the axle and
      clamping the frame. A suitable ball bearing, with balls 37, which may be
      held in a retainer or cage (not shown), provides for free rotation of the
      sprocket cluster 21 and attached driver 29 on the spindle 17. The bearing
      is held in the cup 31 by the adjusting cone 39 which, preferably,
      threadedly engages the axle 17. Proper spacing of the sprocket cluster 21
      from the frame is achieved by providing between the adjusting cone 39 and
      the nut 35 one or more spacers 41 of the desired length which may, if
      desired, be threadedly engaged on the spindle 17.
PAR  As explained above, the driver 29 is rotatable with respect to the axle 17.
      It also may rotate with respect to the sleeve member 11 of the wheel hub,
      the right end of the member 11 being rotatably supported on the driver by
      a suitable ball bearing. The balls 43 of this bearing may be mounted in a
      retainer or cage (not shown) and revolve in an annular race formed in the
      right end of the sleeve 11. They are held in place by an annular cone 45
      formed on the periphery of the driver. The driver at its left end, inside
      the sleeve member 11, is provided with external threads 47 that are
      threadedly received in an axial bore 49 of a cylindrical clutch cone 51
      which is slidably and rotatably mounted on the shaft or spindle 17 and has
      a peripheral conical surface that may engage with a corresponding annular
      conical surface 53 on the interior of the sleeve or hub 11. At its inner
      end the periphery of the clutch cone 51 is engaged by fingers 55 of
      annular spring means 56 to prevent free rotation of the clutch cone and
      maintain it in engagement with the driver 29.
PAR  At its left end the hub member 11 is rotatably supported on the axle 17 by
      a suitable ball bearing, the balls 57 of which revolve in a race provided
      in the interior annular surface of the hub end and are held in place by a
      cone member 59. The latter surrounds a member 61 that is part of the brake
      mechanism and which is threadedly engaged on the spindle 17 where it is
      held against rotation by engagement of a non-circular portion 63 at its
      outer end in a correspondingly shaped hole through a brake arm 65 that is,
      in turn, held against rotation by attachment (by conventional means not
      shown) to the frame of the bicycle. The brake arm 65 and cone member 59
      are held in place on the brake member 61 and the axle 17 is secured in the
      left hand drop-out 19 of the frame by the nuts 67 and 69 on the axle.
PAR  The operation of the present novel device is simple. The axle or spindle 17
      is clamped in the frame of the bicycle so that it is non-rotatable. The
      sprockets of the sprocket cluster 21 are adapted to be engaged selectively
      by the drive chain 23, the selection being made by the rider and
      accomplished by suitable means (not shown) such as aany convenient type of
      derailleur gear. The sprocket cluster 21 is on the right side of the hub
      looking forward toward the crank and front wheel (not shown).
      Consequently, for forward motion of the bicycle the cluster is driven
      clockwise (as viewed in elevation from the right end) by the chain, the
      latter being moved by a front sprocket (not shown) as a result of
      application of force by the rider to the pedals (not shown). When so
      rotated, the cluster 21 revolves on the bearing balls 37 and rotates the
      driver 29, to which it is attached by welds 27 and 30, as a unit
      therewith. Clockwise rotation of the driver causes the external threads 47
      thereon, by coaction with the internal threads in the bore 49 of the
      clutch cone 51, to pull the latter to the right, thus engaging the conical
      circumferential surface on the clutch cone with the internal conical
      surface 53 of the hub 11 and producing forward rotation of the hub 11 and
      the rear, driving wheel of the bicycle which is carried thereby on spokes
      15.
PAR  Upon cessation of clockwise rotation of the sprocket cluster 21 caused, for
      example, by the rider ceasing to pedal forwardly, the continued rotation
      of the hub 11 causes the clutch cone 51 to rotate with respect to the
      now-stationary driver 29, thereby causing the cone to move to the left on
      the threads 47 of the driver and disengage the contacting clutch faces.
      Thus, free rotation of the hub 11 on the bearing balls 43 and 57 is
      permitted. The driver and clutch cone then have substantially the relative
      positions shown illustrated in FIG. 1 and the bicycle can coast without
      movement of the pedals by the rider.
PAR  If the sprocket cluster 21 is rotated counter-clockwise from the position
      shown in FIG. 1, the driver 29 is caused to rotate counterclockwise, thus
      moving the clutch cone 51 to the left and moving the brake member 71
      whereby to cause braking of the bicycle by friction of the brake shoes 73
      on the inner surface of the sleeve member 11. The precise mechanism by
      which this is accomplished is not important and there are available
      commercially several braking mechanisms, for example, the mechanism
      illustrated in FIGS. 1 and 2 of Gleasman et al., U.S. Pat. No. 3,252,552,
      issued May 24, 1966, which those skilled in the art may employ as desired.
      Consequently, the brake actuation mechanism which includes the members 61
      and 71 is only illustrated schematically in broken lines and generally
      designated by the numeral 75. Obviously, when clockwise rotation of the
      sprocket cluster is resumed, the brake will be deactivated and on
      continued clockwise rotation the clutch will again engage to produce
      forward motion of the bicycle.
PAR  It will be apparent that by the present invention the problems mentioned
      above encountered with multi-speed bicycles will be eliminated while the
      multi-speed capabilities and convenience will be maintained.
PAR  It will be understood that certain specific details of the invention as
      illustrated and described are subject to modification. Accordingly, it is
      intended that the invention should be construed as broadly as permitted by
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multi-speed gear hub assembly with brake for a bicycle or the like
      which comprises: an axle carried by the frame of said bicycle and held
      against rotation; a driving wheel hub rotatably mounted on said axle; a
      clutch cone within said hub and movable longitudinally therein
      alternatively to engage said hub for causing said hub to rotate or to
      actuate braking mechanism which includes laterally movable brake shoes in
      said hub; a driver rotatably mounted directly on said axle and threadedly
      engaging said clutch cone, whereby to move said cone in a selected
      longitudinal direction upon rotation of said driver, said driver
      projecting axially from said hub; a sprocket cluster having a tubular hub
      wholly outside said first mentioned hub and rotatably mounted on said
      axle; and a mounting ring concentric with said driver and said tubular hub
      surrounding the outer end of said driver and carried in said tubular hub,
      said mounting ring being welded to said driver and to said tubular hub,
      whereby said driver and said sprocket cluster are caused to rotate
      together.
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PAL  This novel clutch retainer comprises two separated end plates. A plurality
      of circumferentially spaced spring tabs extend axially from each end plate
      toward the other end plate, the tabs biasing the clutching rollers toward
      locking engagement between the clutch cam surfaces and the shaft or inner
      race.
BSUM
PAR  This invention relates to overrunning clutches. More particularly, this
      invention is a new and novel two-piece retainer for use in overrunning
      roller clutches.
PAR  For an overrunning roller clutch of a particular size, it is desirable to
      have as many rollers as possible in the space between the shaft and the
      clutch outer case. In general, the more rollers that can be fit in a
      clutch of a particular size, the greater the torque capacity of the
      clutch. When clutch rollers are spaced far enough apart to have springs in
      the smallest circumferential space between rollers to bias the rollers
      toward lockup, it is wasteful of clutch space and thereby of clutch torque
      capacity. Retainers for such clutches are shown in U.S. Pat. Nos.
      3,500,977 and 3,537,554.
PAR  Clutches are used in many different forms and for many different purposes.
      For some purposes a full complement clutch, that is a clutch without any
      biasing springs at all, is quite adequate. In other cases, a modified full
      complement clutch with only one or two biasing springs may be used
      satisfactorily. Such a clutch is shown in U.S. Pat. No. 3,737,015.
      However, under most circumstances these types of full complement clutches
      have inconsistent and non-uniform lockup, and also non-uniform roller
      loading and stressing since the rollers which lock up first carry more
      load than the rollers which lock up later.
PAR  I have invented a new and novel retainer construction which permits the
      manufacturer to use a full complement of rollers in an overrunning clutch
      and yet permits each roller to be individually biased. This will provide a
      clutch which has the maximum possible clutch torque capacity for the given
      space available, and will provide a clutch which has more consistent and
      uniform lockup and more uniform roller loading and stressing than that
      obtainable by the other known full complement overrunning clutches. More
      uniform loading will result in a lower maximum stress in the most heavily
      loaded roller and thereby will result in longer clutch life due to
      decreased rate of metal fatigue and failure of the clutch members.
PAR  One embodiment of my invention is to be used with rollers which have
      reduced end diameters, such reduced ends being called trunnions. A second
      embodiment is to be used with square end rollers or rollers which have
      only slightly radiused edges. The square end rollers in the same space as
      trunnion end rollers normally have greater load capacity due to the
      greater length of the full-diameter section of the square end rollers.
PAR  Briefly described, my invention of a clutch retainer comprises a first end
      plate and a second end plate positioned in a longitudinally spaced
      relationship between the inner and outer clutch members which may be the
      shaft or inner race and the outer case with the cammed clutch surfaces on
      its interior.
DRWD
PAR  The invention as well as its many advantages will be further understood by
      references to the following detailed drawings and description in which;
PAR  FIG. 1 is a front view, partly in section, of an overrunning roller clutch
      showing one embodiment of the new retainer as used with trunnion-end
      rollers;
PAR  FIG. 2 is a view partly in section, of one roller and the retainer on the
      shaft with the outer clutch case removed, generally along the lines 2--2
      of FIG. 1;
PAR  FIG. 3 is a view lookng radially inward at the rollers and retainer on the
      shaft with the outer clutch case removed, generally along the lines of
      3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged fragmentary view of one of the end plates of the
      retainer of FIGS. 1, 2 and 3;
PAR  FIG. 5 is a front view, partly in section, of an overrunning roller clutch
      showing a second embodiment of the new retainer as used with square end
      rollers;
PAR  FIG. 6 is a view partly in section of one roller and the retainer on the
      shaft with the outer clutch case removed, generally along the lines 6--6
      of FIG. 5;
PAR  FIG. 7 is a view looking radially inward at the rollers and retainer on the
      shaft with the outer clutch case removed, generally along the lines of
      7--7 of FIG. 5;
PAR  FIG. 8 is an enlarged fragmentary view of one of the end plates of the
      retainer of FIGS. 5, 6 and 7;
PAR  FIG. 9 is a modification of the end plate of FIG. 4 wherein there is no
      outer flange;
PAR  FIG. 10 is a modification of the end plate of FIG. 4 wherein there is no
      inner flange;
PAR  FIG. 11 is a modification of the end plate of FIG. 4 wherein both flanges
      have been eliminated;
PAR  FIG. 12 is an end view of a modified end plate similar to the embodiment of
      FIG. 4 looking toward the bent-in leaf-spring tabs which have been lanced
      from the end rim, showing tab crack-propagation-stop holes at one tab;
PAR  FIG. 13 is a modification of the end plate of FIG. 4 wherein material has
      been punched out and removed from the sides of the spring tab instead of
      the tab merely being lanced out of the metal with no removal of material;
PAR  FIG. 14 is a modification of the end plate of FIG. 8 wherein the spring
      tabs lie substantially tangent to the roller body;
PAR  FIG. 15 is a modification to the end plate of FIG. 14 wherein only a
      radially inner spring tab is used;
PAR  FIG. 16 is an end view of an end plate showing the leaf spring fingers of
      both FIG. 8 and FIG. 14 in use on the same end plate;
PAR  FIG. 17 is a modification to the end plate of FIG. 4 wherein the outer
      flange follows the contour of the clutch ramps and backstop of the clutch
      outer case;
PAR  FIG. 18 is the plastic counterpart to the end plate of FIG. 4;
PAR  FIG. 19 is the plastic counterpart to the end plate of FIG. 9;
PAR  FIG. 20 is the plastic counterpart to the end plate of FIG. 8;
PAR  FIG. 21 is the plastic counterpart to the end plate of FIG. 15;
PAR  FIG. 22 is an end view of the end plate of FIG. 8 showing how the inner
      tabs prevent the roller from falling radially inward before the shaft is
      installed in the clutch assembly.
PAR  FIG. 23 is a sectional view, on an enlarged scale, showing the use of
      hollow rollers with my new invention; and
PAR  FIG. 24 is a sectional view similar to FIG. 23 showing hollow ended rollers
      with my new invention.
DETD
PAR  Referring to the drawings, and more particularly to FIGS. 1 through 3, my
      new retainer is shown positioned in the space between a shaft or inner
      race 10 and a clutch outer member 12. The inside diameter of the outer
      case 12 is greater than the outside diameter of the shaft 10.
PAR  My new retainer comprises a first end plate 14 and a second end plate 16
      (see FIGS. 2 and 3). The end plates are longitudinally separated along the
      shaft 10 within the clutch case 12.
PAR  The inside perimeter of the outer case 12 has a plurality of clutch cam
      surfaces each including a ramp 18 and a backstop surface 20. A plurality
      of trunnion end rolling members 22, one for each ramp, is retained by the
      retainer end plates in the space between the shaft 10 and the outer case
      12. Relative rotation of the shaft and the outer case in a direction such
      that the rollers are moved down the ramps toward the area of increasing
      space adjacent the stops 20 will cause the shaft and outer case to be in
      the unlocked or overrunning condition in which they can have rotation
      rotation. Relative rotation of the shaft and case in the opposite
      direction such that the rollers tend to move up the ramp toward the area
      of decreasing space between the shaft and the outer case causes lockup of
      the shaft and outer case through wedging of the rolling members between
      shaft and case and prevents any further rotation of the shaft with respect
      to the outer case.
PAR  Each retainer end plate includes a plurality of circumferentially spaced
      biasing members such as the biasing leaf spring tabs 24 and 26 lanced from
      the end plates 14 and 16 respectively. Leaf springs 24 on end plate 14
      extend substantially axially toward the opposite end plate 16; leaf
      springs 26 on end plate 16 extend substantially axially toward end plate
      14. Each leaf spring 24 is directly opposite a leaf spring 26. The free
      ends of an opposed mating pair of leaf springs engage trunnion ends of a
      roller and urge at least one of the rollers toward lockup position on the
      clutch ramp. The free ends of the leaf springs do not extend into the
      smallest spacing between adjacent rollers. This arrangement permits a
      maximum number of rollers for a given size clutch.
PAR  The stop lugs 40 and 42 on the end plates 14 and 16 respectively are
      positioned to engage the backstop surface 20 of the outer case to properly
      circumferentially position the spring tabs and to prevent relative
      rotation of the retainer with respect to the outer case.
PAR  It is possible to make an overrunning clutch with my new retainer utilizing
      less than a full complement of mating pair of springs to urge the rolling
      members toward the lockup position, with some rollers pushing other
      rollers as shown at the left end of FIGS. 1 and 5 and the left-hand half
      of FIGS. 3 and 7. However, one prime advantage of my new overrunning
      clutch is that each individual roller, separated from each roller next to
      it by only an extremely slight space to accommodate manufacturing
      inaccuracies and tolerances in the clutch and in the mechanism in which it
      is used, is individually and continuously biased toward the wedging lockup
      position as shown in the right-hand half of FIGS. 1 and 5 and the
      right-hand half of FIGS. 3 and 7. When relative motion of shaft and case
      is in the lockup direction, with individual biasing, the lockup is
      immediate and relatively uniform on all rollers, and loading and stressing
      of clutch components are also uniform. The spacing between rollers is too
      slight to permit biasing springs between the rollers at their major
      diameters; instead, the springs operate against trunnions, or against the
      inside walls, or against the outside surfaces but away from the planes
      connecting the centers of rollers. Thus, this invention provides the art
      with a new full complement overrunning clutch with the maximum number of
      rollers for any particular size, which clutch does not suffer from the
      uneven stress and wear which is often found in currently known full
      complement overrunning clutches which have non-uniform roller lockup and
      non-uniform roller loading and stressing.
PAR  The retainer embodiments shown in FIGS. 1 through 17 are made of spring
      metal. FIGS. 18 through 21 show only four plastic counterparts to the
      metal retainers; however, each spring metal retainer embodiment has a
      molded resilient plastic counterpart.
PAR  The retainer embodiments shown in FIGS. 1 through 4, FIGS. 9 through 13,
      and FIGS. 17 through 19 are to be used with trunnion end rollers. Retainer
      embodiments of FIGS. 5 through 8, FIGS. 14 through 16, and FIGS. 20
      through 24 are to be used with square end rollers.
PAR  The retainer end plate of FIGS. 1 through 4, to be used with trunnion end
      rollers is made of spring metal. As best shown in FIG. 2 and in FIG. 4, an
      inner flange 32 and an outer flange 34 extend at approximately right
      angles from the radially inner edge and the radially outer edge of the end
      plate 14. Similar inner and outer flanges 36 and 38 are provided on the
      opposite end plate 16.
PAR  The inner flanges 32 and 36 support the trunnion end rollers 22 and retain
      them in the clutch assembly before the shaft or inner race is installed.
      Leaf spring tabs 24 and 26 extend axially between the flanges and bear
      against the roller trunnions. Backstop lugs 40 and 42 are formed on the
      outer flanges 34 and 38 to fit in the cam space of the outer case to
      circumferentially locate the leaf spring tabs and to prevent relative
      circumferential motion between retainer and outer case by butting against
      the backstop surface 20. The clutch and shaft components are so sized that
      when the shaft is inserted into the assembly of outer case, rollers, and
      retainer, the rollers are moved down the clutch ramps toward the
      increasing cam spaces, and the trunnions push back the leaf spring tabs.
      Thereafter, the leaf springs resiliently and constantly bias the rollers
      toward the wedging lockup position by bearing against the roller
      trunnions.
PAR  The retainer end plate of FIGS. 5 through 8, to be used with square end
      rollers, is also made of spring metal. As best shown in FIG. 6 and FIG. 8,
      the spring biasing members include a plurality of sets of leaf springs
      such as the outer leaf spring 48 extending substantially axially in a
      substantially radial plane from the outer rim of end plate 44 and inner
      leaf spring 50 extending substantially axially in a substantially radial
      plane from the inner rim of end plate 44. A matching plurality of sets of
      springs 52 and 54 are provided on the opposite end plate 46. A stop lug 58
      fits in the cam space of the outer case to circumferentially locate the
      leaf spring tabs and to prevent relative circumferential motion between
      the end plate and the outer case by butting against the backstop surface
      20. The outer tabs 48 and 52 are sufficiently outside of the plane
      connecting the centers of the rollers 56; and the inner tabs 50 and 54 are
      sufficiently inside of this plane that the springs do not interfere with
      the roller behind them even though the rollers are only very slightly
      separated. The springs push against the periphery of the rollers. Because
      only the thickness of metal in the end plates 44 and 46 takes axial clutch
      space away from the square end rollers 56, there is greater usable
      clutching length when using this retainer than there is when using the
      retainer of FIG. 4 with trunnion end rollers. As best shown in FIG. 22,
      the space A between two adjacent inner spring tabs 50 is less than
      diameter B of the roller 56, and thus the spring tabs retain the roller in
      the clutch case before the shaft is installed. Insertion of the shaft in
      the assembly of clutch case, rollers and retainer, causes the rollers to
      move down the clutch ramps and to flex the springs which thereafter
      resiliently and constantly bias the rollers toward the lockup position.
PAR  FIGS. 9 through 11 show modifications to the retainer wherein the retainer
      end plate is formed either with only an inner flange 36 or an outer flange
      38 or no flange at all.
PAR  FIG. 12 shows the end plate of FIG. 4 with the additional feature of two
      small holes 60 and 62 pierced in the end plate at the proper location to
      stop the propagation of cracks in the metal which may come from the
      lancing and forming of the leaf spring tabs.
PAR  FIG. 13 shows an end plate from which material has been completely punched
      away from either two or three edges of the leaf spring to make the
      manufacture easier or better, or both.
PAR  FIG. 14 shows a modification to the leaf spring tabs of FIG. 8 in that
      these tabs 68 and 70 are bent at such an angle that the roller contacts
      the faces of the tabs rather than contacting axial edges as with tabs 52
      and 54 of FIG. 8. This gives a better spring action in the tab and reduces
      any possibility of damage to the roller from the tab edges.
PAR  FIG. 15 shows the end plate of FIG. 14 modified to utilize only the inner
      spring 70. In some clutches, this is sufficient. It is equally possible to
      modify the end plate of FIG. 8 to use only the inner spring 54.
PAR  FIG. 16 is an end view of an end plate 46 as it would look with one set of
      spring tabs 52 and 54 of FIG. 8 and one set of spring tabs 68 and 70 of
      FIG. 14. Normally, the two spring designs would not be used on the same
      end plate.
PAR  The end plate of FIG. 17 is a modification of the end plate of FIG. 4
      wherein the outer flange 72 is shaped to follow the contour of the cam
      surface of the outer case 12. Outer surface 74 serves the same function as
      backstop lug 42; namely, to locate the spring circumferentially and to
      prevent relative rotation of retainer end plate and clutch case.
PAR  FIGS. 18 through 21 serve to illustrate the fact that any of the spring
      metal end plates may have a molded resilient plastic counterpart with
      comparable flanges and springs and stop lugs. The parts in FIG. 18, FIG.
      19, FIG. 20 and FIG. 21 are identified by the numbers identifying
      corresponding parts in FIG. 4, FIG. 9, FIG. 8 and FIG. 15, respectively.
PAR  Referring to FIG. 23, each biasing spring 72 extends into a hollow roller
      74. Each spring engages a tapering side 76 of the inner wall of the hollow
      roller and urges the hollow roller toward lockup position on the clutch
      ramps. Alternatively, the spring may extend into the cylindrical bore and
      engage the interior cylindrical wall. Also, the end counterbore wall may
      be cylindrical with the spring in contact with the counterbore wall. In a
      modification of this design, the retainer may consist of a single end
      plate with each biasing spring extending into the hollow bore and engaging
      the interior wall.
PAR  In the embodiment shown in FIG. 24, each spring 72 engages a tapering side
      surface 78 of a hollow ended roller 80 to urge the hollow ended roller
      toward lockup position on the clutch ramp. Alternatively, side surface 78
      may be cylindrical instead of tapered.
PAR  A unique feature of this invention in that when the shaft is installed in
      the clutch assembly of outer case rollers, and retainer, the rollers may
      push the leaf spring tabs far enough that the stress level in the springs
      exceeds the yield point and the springs will be permanently but slightly
      deformed; yet, they will still resiliently bias the rollers toward lockup
      position as the stress level drops below the yield point of the material.
PAR  While the spring tabs have been illustrated as axially extending plane
      figures, they may equally well be curved to suit particular needs, and
      often will be so curved.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a clutch with an inner member and an outer member of greater inside
      diameter than the outside diameter of the inner member thereby providing a
      space between said inner and outer members with one of said members having
      a cam surface and a plurality of adjacent rolling members in said space;
      the smallest circumferential space between the rollers being too small to
      allow springs to enter such smallest space and operate properly; a
      retainer comprising;
PA1  a first end plate and a second end plate, said end plates being positoned
      in the space between the inner and outer clutch members;
PA1  each end plate including a plurality of circumferentially spaced spring
      biasing members extending axially toward the other end plate, each spring
      biasing member extending into a circumferential space between adjacent
      rolling members larger than the smallest circumferential space between
      said adjacent rolling members; and
PA1  means for preventing relative rotation of the end plates with respect to
      the member having a cam surface.
NUM  2.
PAR  2. The retainer of claim 1 wherein:
PA1  each of the end plates and their spring biasing members are made of spring
      metal.
NUM  3.
PAR  3. The retainer of claim 1 wherein:
PA1  each of the end plates and their spring biasing members are made of molded
      plastic.
NUM  4.
PAR  4. The retainer of claim 2 wherein:
PA1  an inner flange and an outer flange extend at approximately right angles
      from the inner edge and the outer edge, respectively, of each of the end
      plates.
NUM  5.
PAR  5. The retainer of claim 2 wherein the spring biasing members comprise a
      plurality of leaf spring tabs extending axially from the radial
      mid-portion of the end plates.
NUM  6.
PAR  6. The retainer of claim 2 wherein:
PA1  the spring biasing means includes a plurality of sets consisting of a upper
      leaf spring tab extending from the outer edge of each end plate and a
      lower leaf spring tab extending from the inner edge of each end plate.
NUM  7.
PAR  7. The retainer of claim 6 wherein:
PA1  the leaf spring tabs extend angularly with respect to the radius of the
      clutch.
NUM  8.
PAR  8. The retainer of claim 3 wherein:
PA1  the spring biasing members comprise a plurality of sets of plastic tabs,
      each consisting of an upper tab extending axially from the upper edge of
      each end plate and a lower plastic tab extending axially from the lower
      edge of each end plate.
NUM  9.
PAR  9. The retainer of claim 3 wherein:
PA1  the spring biasing members are a plurality of plastic tabs axially
      extending from the radial mid-portion of each end plate.
NUM  10.
PAR  10. The retainer of claim 9 wherein:
PA1  an integral plastic flange is provided at the lower edge of each end plate.
NUM  11.
PAR  11. The retainer of claim 10 wherein:
PA1  an integral plastic flange is also provided at the upper edge of each end
      plate.
NUM  12.
PAR  12. The retainer of claim 1 wherein:
PA1  the rolling members are trunnion rollers; and the spring biasing members
      extend into circumferential spaces between the trunnions.
NUM  13.
PAR  13. The retainer of claim 1 wherein:
PA1  the rolling members are substantially square ended rollers.
NUM  14.
PAR  14. An overrunning roller clutch comprising;
PA1  a cylindrical inner member and an outer member of greater inside diameter
      than the outside diameter of the inner member thereby providing a space
      between said inner and outer members with said outer member having clutch
      cam surfaces on its interior periphery;
PA1  a plurality of rolling members in said space, the smallest circumferential
      space between the rolling members being too small to allow biasing springs
      to enter such smallest space and operate properly,
PA1  a retainer consisting of a first end plate and a second end plate said end
      plates being longitudinally spaced apart at opposite ends of the rolling
      members and being positioned in the space between the inner and outer
      clutch members;
PA1  each end plate including a plurality of circumferentially spaced biasing
      tab members extending axially toward the other end plate, each biasing
      member extending into a circumferential space between adjacent rolling
      members larger than the smallest circumferential space between said
      adjacent rolling members and resiliently urging at least one of the
      plurality of rollers toward lockup wedging position in the clutch; and
PA1  means for preventing relative rotation of the end plates with respect to
      the member having a cam surface.
NUM  15.
PAR  15. The clutch of claim 14 wherein: each of the end plates and their
      biasing members are made of spring metal.
NUM  16.
PAR  16. The clutch of claim 15 wherein an inner flange extends approximately
      axially from the inner edge of the end plate.
NUM  17.
PAR  17. The clutch of claim 15 wherein: an outer flange extends approximately
      axially from the outer edge of the end plate.
NUM  18.
PAR  18. The clutch of claim 15 wherein: there are an inner flange and an outer
      flange extending approximately axially from the inner and outer edges
      respectively of the end rim.
NUM  19.
PAR  19. The clutch of claim 15 wherein: the biasing members comprise a
      plurality of leaf spring tabs extending axially from the approximate
      radial mid-portion of the end plates.
NUM  20.
PAR  20. The clutch of claim 15 wherein: the biasing members include a plurality
      of sets each consisting of an outer leaf spring tab extending axially from
      the outer area of each end plate in a generally radial plane and an inner
      leaf spring tab extending axially from the inner area of each end plate in
      a generally radial plane.
NUM  21.
PAR  21. The clutch of claim 20 wherein: the leaf spring tabs extend angularly
      with respect to the radius of the clutch so that the face of each tab at
      its free end is tangent to the outside perimeter of the roller contacted
      by the spring.
NUM  22.
PAR  22. The clutch of claim 14 wherein: the end plates and their associated
      leaf spring tabs are of molded resilient plastic.
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PAL  A hydraulically operated clutch mechanism for connecting a drive shaft and
      a driven shaft includes a clutch normally effecting driving connection
      between the shafts. Hydraulically actuable means are provided for
      disengaging the drive connection and brake means are provided for braking
      the driven shaft, a mechanical linkage being provided between the
      hydraulically actuable means and the brake means. Actuation of the
      hydraulically actuable means first disengages the drive connection and
      then causes braking of the driven shaft. The mechanical linkage
      incorporates compensation means for compensating automatically for any
      wear of the clutch.
BSUM
PAR  This invention relates to a hydraulically operated clutch mechanism for
      connecting a driving shaft and a driven shaft and in particular to such a
      mechanism for connecting the engine output shaft and the transmission
      input shaft of a heavy motor vehicle.
PAR  When changing gears in a motor vehicle, following disengagement of the
      clutch, it is important, if transmission shocks and gear change noise are
      to be avoided, to synchronise the rotational speeds of the driving and
      driven members, this synchronisation occurring prior to the engagement of
      the gear wheels. For a light vehicle, such as a passenger car, this is
      normally effected automatically by the cone clutches of a synchromesh
      gear, these cones being brought into contact by movement of the gear lever
      during the change. This synchronisation occurs before engagement of the
      dogs or splines and thus avoids shock and noise during gear changes. This
      system is, however, not normally suitable for a heavy motor vehicle owing
      to the high stresses imposed on it by the large inertia forces of the
      rotating parts of the transmission of such a vehicle.
PAR  A mechanically operated heavy duty friction clutch is known in which the
      driven (transmission input) shaft is provided with a brake to overcome the
      inertia by reducing the shaft speed and so permitting a quick gear change.
      The brake is keyed to the driven shaft so that it can move axially
      relative thereto and into braking engagement with a fixed part of the
      clutch housing. This movement of the brake is effected mechanically by a
      "pull" action of a clutch release linkage acting, via a thrust bearing, on
      a clutch-disengaging device.
PAR  Such a clutch suffers from the disadvantage of all mechanically operated
      clutches in that wear of the clutch increases the pedal travel necessary
      for its operation and thus affects the "feel" of the clutch. The feel of a
      clutch can be defined by the expression "maximum pedal effort x pedal
      travel" and it is important, from the operator's point of view that a
      clutch should have a correct feel, that is to say the clutch engagement
      should be smooth and gradual and the effort and travel required to control
      the clutch pedal should not be excessive. Another disadvantage of such a
      mechanically operated clutch is that frequent adjustments are necessary to
      compensate for wear.
PAR  The present invention provides a hydraulically operated clutch mechanism
      for connecting a driving shaft and a driven shaft, the mechanism
      comprising a clutch normally effecting driving connection between the
      shafts, hydraulically actuable means for disengaging the drive connection,
      brake means for braking the driven shaft and a mechanical linkage between
      the hydraulically actuable means and the brake means, actuation of the
      hydraulically actuable means first disengaging the drive connection and
      then causing braking of the driven shaft, wherein the mechanical linkage
      incorporates compensation means for compensating automatically for any
      wear of the clutch.
PAR  Because of the compensation means, operation of the clutch occurs for the
      same distance of pedal travel and so the feel of the clutch is unaffected
      by wear. Moreover, because the clutch is hydraulically operated there is
      no necessity for frequent clutch adjustments to compensate for wear.
PAR  Advantageously, the hydraulically actuable means comprises a pair of
      stepped cylindrical members which form an annular chamber therebetween,
      the outer cylindrical member being slidable over the inner cylindrical
      member which is fast to a housing member, and the annular chamber being
      connectible to a source of hydraulic fluid.
PAR  The brake means may be arranged to brake the driven shaft via a disc fast
      to the driven shaft, the disc being lined with frictional material on its
      opposite side faces.
PAR  Preferably, the mechanical linkage comprises a first sleeve engagable by
      the outer cylindrical member and a second sleeve engagable with the brake
      means, the first sleeve being connected to the second sleeve by the
      compensation means.
PAR  The first sleeve may be spring biassed against a shoulder formed on the
      outer cylindrical member and the second sleeve is slidable on the outer
      cylindrical sleeve and on the first sleeve. In this case, the compensation
      means comprises at least one helical slot formed in the second sleeve and
      at least one peg provided on the first sleeve, there being as many pegs as
      there slots and the peg(s) mating with the slot(s), means normally
      preventing relative rotation between the first sleeve and the outer
      cylindrical member, and means limiting the axial movement of the second
      sleeve. Preferably, the means for preventing said relative rotation
      comprises co-operating serrated faces formed on the first sleeve and on
      the shoulder of the outer cylindrical member. Advantageously, a
      cylindrical housing member surrounding the second sleeve is provided with
      at least one axial slot and the second sleeve is provided with at least
      one peg, there being as many pegs as slots and the peg(s) mating with the
      slot(s), the slot(s) and the peg(s) constituting the means for limiting
      the axial movement of the second sleeve.
PAR  Alternatively, the first sleeve is releasably attached to the outer
      cylindrical member. Preferably, the inner cylindrical surface of the first
      sleeve is provided with a plurality of circumferential serrations which
      are engagable with serrations formed on a plurality of spring-loaded
      plungers provided radially within the outer cylindrical member, the
      engagement between these serrations providing the releasable attachment
      between the first sleeve and the outer cylindrical member. The
      spring-loaded plungers may be equispaced around the outer cylindrical
      member and the serrations on the inner cylindrical surface of the first
      sleeve and on the spring-loaded plungers may be of buttress tooth form. In
      this case, the compensation means advantageously comprises at least one
      axial slot formed in the first sleeve and at least one peg provided on the
      second sleeve, there being as many pegs as there are slots and the peg(s)
      mating with the slot(s).
DRWD
PAR  Two forms of clutch mechanism for a heavy motor vehicle constructed in
      accordance with the invention will now be described, by way of example,
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a part-sectional elevation of the first form of clutch mechanism,
      the top half of which shows the mechanism when the clutch is unworn and in
      good adjustment and the bottom half of which shows the mechanism when the
      clutch is worn;
PAR  FIG. 2 is a cut-away perspective view of the mechanism of FIG. 1;
PAR  FIG. 3 is a part-sectional elevation of the second form of clutch
      mechanism; and
PAR  FIG. 4 is an enlarged detail of part of FIG. 3.
DETD
PAR  Referring to the drawings, FIG. 1 shows the structure within a clutch
      housing (not shown). A clutch pressure plate (not shown) is arranged to be
      disengaged by a pull action by means of a hydraulic actuating mechanism,
      indicated generally by the reference numeral 1, via a number of clutch
      release levers 2 (only one of which is shown in FIG. 1).
PAR  The hydrualic mechanism 1 comprises a pair of stepped cylinders 3 and 4
      which define a chamber 5. Hydraulic fluid can enter the chamber 5 via an
      inlet port (not shown) in the cylinder 4. The inner cylinder 3 is of
      two-part construction and is fast to the clutch housing via a flange 6,
      thus forming the stationary part of a piston-and-cylinder combination, the
      movable part of which is constituted by the outer cylinder 4. A thrust
      bearing 7 is rigidly mounted on the movable outer cylinder 4 and is
      connected to an annular ring 8 by means of a flexible spring steel member
      9. The clutch release levers 2 engage that portion of the spring steel
      member 9 which is backed by the ring 8 so that movement of the outer
      cylinder 4 to the right (as seen in FIG. 1) carries the thrust bearing 7
      and thus pulls the levers 2 to the right to disengage the clutch. Movement
      of the cylinder 4 is effected by forcing hydraulic fluid into the chamber
      5. This clutch release mechanism is described in greater detail in
      copending patent application Ser. No. 475,106.
PAR  When the clutch is engaged the engine output shaft (not shown) drives the
      transmission input shaft 10 of the heavy motor vehicle. A disc 11,
      provided on each of its faces with an annular brake pad 11a, is fast to
      the shaft 10 and a mechanical linkage, indicated generally by the
      reference numeral 12, is provided to link the hydraulic mechanism 1 to a
      braking system, indicated generally by the reference numeral 13.
PAR  The mechanical linkage 12 comprises a ring 14, which is biassed towards a
      shoulder 15 formed on the outer cylinder 4 by a spring 16, and a
      cylindrical sleeve 17 which is axially slidable on the outer cylinder and
      on the ring. The spring 16 is backed by a circlip 18 which is fast to the
      outer cylinder 4. A plurality of circumferentially disposed helical slots
      19 (only one of which is shown in the drawings) are provided on the sleeve
      17 and a corresponding number of pegs 20 formed on the ring 14 matingly
      engage in these slots. Both the shoulder 15 and the adjacent face 14a of
      the ring 14 are provided with serrations (see FIG. 2).
PAR  The braking system 13 comprises a plurality of pressure plates 21 (only one
      of which is shown in the drawings) and a backing plate 22. Each of the
      pressure plates 21 is formed integrally with, and at right-angles to, a
      corresponding extension 17a (only one of which is shown in the drawings)
      of the sleeve 17. A respective aperture 23 in the flange 6 is aligned with
      each of the pressure plates 21 so that movement of the sleeve 17 to the
      right as seen in FIG. 1, will force the pressure plates through these
      apertures and sandwich that portion of the disc 11 carrying the brake pads
      11a between the pressure plates and the backing plate 22. A plurality of
      helical compression springs 24 (only one of which is shown in FIG. 1) bias
      the backing plate 22 away from the clutch housing member 25. The backing
      plate 22 is located, and held in position against rotation, by a plurality
      of bolts 26 (only one of which is shown in FIG. 1) which pass through a
      housing member 27, the flange 6, a corresponding aperture 28 in the
      backing plate and into the housing member 25. The bolts 26 alternate with
      the compression springs 24 round the circumference of the backing plate
      22. The springs 24 introduce a degree of resilience into the braking
      system 13 so that a too fierce braking action does not result in damage of
      parts.
PAR  The sleeve 17 is provided with three locating pieces 29 (only one of which
      is shown in the drawings) which run in corresponding slots 30 (only one of
      which is shown in the drawings) in the housing member 27. Thus axial
      movement of the sleeve 17 to the left is limited by the portions 31 of the
      member 27 delimiting the slots 30. The locating pieces 29 and slots 30
      also prevent rotation of the sleeve 17. A similar slot/locating piece
      arrangement (not shown) prevents rotation of the outer cylinder 4.
PAR  As referred to above the clutch is disengaged by forcing hydraulic fluid
      under pressure into the chamber 5 so as to force the outer cylinder 4 to
      the right carrying with it the ring 14 which is prevented from rotation
      relative to the outer cylinder by the force of the spring 16 firmly
      interdigitating the serrations on the face 14a and on the shoulder 15. By
      means of the pegs 20 on the ring 14 and the helical slots 19 formed in the
      sleeve 17, the latter is also forced to the right. Consequently, the
      pressure plates 21 pass through the apertures 23 in the flange 6 and so
      are poised to engage frictionally the adjacent brake pad 11a on the disc
      11. If further pressure is applied to the usual clutch foot pedal (not
      shown) and further hydraulic fluid is forced into the chamber 5, the outer
      cylinder 4 moves further to the right so that the pressure plates 21 force
      the disc 11 onto the backing plate 22 so that the disc is frictionally
      gripped therebetween and the shaft 10 braked.
PAR  When pressure on the clutch foot pedal is relaxed, for the purpose of
      re-engaging the clutch, the outer cylinder 4 moves back towards its
      initial position under the force of springs (not shown) which act on the
      clutch pressure plate. This return movement of the outer cylinder 4 is
      described in greater detail in copending patent application Ser. No.
      475,106. The spring 16 is so rated that, on retraction of the outer
      cylinder 4, the force exerted by it on the ring 14 is sufficient to
      prevent the ring from rotating relative to the outer cylinder and thus the
      sleeve 17 is also carried to the left by the peg-and-slot arrangements 19,
      20. However, when the locating pieces 29 engage the slot edges 31 further
      axial movement of the sleeve 17 is prevented. Thus, should the outer
      cylinder 4 move further to the left the slots 19 would force the pegs 20
      in the direction of arrow A against the force of the spring 16. This would
      first disengage the serrations on the face 14a of the ring 14 and on the
      shoulder 15 and then rotate the ring 14 in the direction of the arrow A
      until the serrations re-engaged. Further movement of the outer cylinder 4
      to the left would cause a repetition of this "ratchet" action and the pegs
      20 would gradually move out of the slots 19 by a "camming" action. The
      slots 30 are so positioned that, when the clutch is unworn and in good
      adjustment, these ratchet and camming actions do not occur as the clutch
      is re-engaged.
PAR  When the clutch is unworn and in good adjustment (see the top half of FIG.
      1) the volume of the unexpanded chamber 5 is a maximum and the clutch
      mechanism is such that the first half of the clutch pedal travel
      disengages the clutch in the manner referred to above. Throughout this
      clutch disengaging movement of the outer cylinder 4, the ring 14 and the
      sleeve 17 are also carried to the right. However, owing to the spacing of
      the disc 11 from the pressure plates 21 when the clutch is engaged being
      greater than the travel of the sleeve 17 during clutch disengagement, it
      is ensured that the clutch is completely disengaged before braking of the
      shaft 10 can commence. Moreover, the mechanism is such that the brake
      assembly 13 does not engage the disc 11 until the clutch pedal has been
      depressed about three-quarters of its travel. Thus, the driver of the
      vehicle can optionally hold the clutch pedal at half depression thereby
      only disengaging the clutch or he can depress the pedal further to brake
      the shaft 10.
PAR  When the clutch is badly worn (see the bottom half of FIG. 1) the volume of
      the unexpanded chamber 5 is greatly reduced and thus, with the clutch in
      engagement, the outer cylinder 4 is correspondingly further to the left.
      However, because of the position of the slots 30, the ratchet movement of
      the ring 14 and the camming action of the pegs 20 out of the slots 19, the
      sleeve 17 is exactly in the same position as when the clutch in unworn and
      further depression of the clutch pedal beyond the half depression
      necessary to disengage the clutch will result in the shaft 10 being braked
      in the manner described above.
PAR  FIG. 3 shows the second form of clutch mechanism having a clutch pressure
      plate (not shown) which is arranged to be disengaged by a pull action by
      means of a hydraulic actuating mechanism, indicated generally by the
      reference numeral 101, via a number of clutch release levers 102 (only one
      of which can be seen in FIG. 3).
PAR  The hydraulic mechanism 101 comprises a pair of stepped cylinders 103 and
      104 which define a chamber 105. Hydraulic fluid can enter the chamber 105
      via an inlet port (not shown) in the cylinder 104. The inner cylinder 103
      is of twopart construction and is fast to the clutch housing via a flange
      106, thus forming the stationary part of a piston-and-cylinder
      combination, the movable part of which is constituted by the outer
      cylinder 104. The inner ring of a thrust bearing 107 is rigidly mounted on
      the movable outer cylinder 104 between a circlip 107a and a shoulder 107b,
      and the outer ring of the bearing is rigidly mounted to an angled annular
      ring 109 betwen a circlip 107c and a shoulder 107d. The ring 109 is fixed
      to a backing ring 108 by rivets 108a and the levers 102 engage the backing
      ring through slots 109a formed in the ring 109 so that movement of the
      outer cylinder 104 to the left (as seen in FIG. 3) carries the thrust
      bearing 107 and thus pulls the levers 102 to the left to disengage the
      clutch. Movement of the cylinder 104 is effected by forcing hydraulic
      fluid into the chamber 105. This clutch release mechanism is described in
      greater detail in the Complete Specification our co-pending British Patent
      Application No. 26177/73.
PAR  When the clutch is engaged the engine output shaft (not shown) drives the
      transmission input shaft 110 of the heavy motor vehicle. A disc 111,
      provided on each of its faces with an annular brake pad 111a, is fast to
      the shaft 110 and a mechanical linkage, indicated generally by the
      reference numeral 112, is provided to link the hydraulic mechanism 101 to
      a braking system, indicated generally by the reference numeral 113.
PAR  The mechanical linkage 112 includes a cylindrical sleeve 114 which is
      coaxial with, and surrounds, the outer cylinder 104. The inner cylindrical
      surface of the sleeve 114 is of buttress tooth form and mates with a
      corresponding tooth form of six plungers 115 (only one of which can be
      seen in FIG. 3) which are disposed in six symmetrically disposed radial
      bores 115a in the outer cylinder 104, each of the plungers being biassed
      radially outwards by means of a respective spring 116. Thus, the sleeve
      114 is supported by means of the spring-loaded plungers 115. A cylindrical
      sleeve 117 coaxial with, and axially slidable along, the sleeve 114 is
      provided with three equispaced pegs 118 (only one of which can be seen in
      FIG. 3), each of the pegs engaging in a respective axial slot 119 in the
      sleeve 114. Movement of the sleeve 117 to the left (as seen in FIG. 3) is
      limited by the pegs 118 contacting the end portions 120 of the slots 119.
PAR  The braking system 113 comprises a pressure plate 121 and a backing plate
      122 which sandwich the disc 111. The pressure plate 121 is provided with
      an axially extending lug 121a to which the sleeve 117 is fast. A plurality
      of helical compression springs 124 (only one of which can be seen in FIG.
      3) are seated in bores 123 formed in a clutch housing member 125, the
      springs 124 biassing the backing plate away from the clutch housing member
      125, and towards a retainer plate 127 which is fixed to the clutch housing
      member by means of a number of studs 126 (only one of which is shown in
      FIG. 3). The studs 126 alternate with the springs 124 around the
      circumference of the clutch housing member 125 and pass through spacers
      128 (only one of which is shown in FIG. 3) and a baffle plate 129. The
      baffle plate 129 is clamped against the clutch housing member to prevent
      brake and clutch wear debris collecting in the transmission shaft bearing
      area (not shown). The backing plate 22 is thus axially slidable and is
      located radially, and prevented from rotation by, cut-away portions
      complementary to, and partially enveloping the spacers 128. The springs
      124 introduce a degree of resilience into the braking system 113 so that a
      too fierce braking action does not result in damage to parts.
PAR  In operation, the clutch is disengaged by forcing hydraulic fluid under
      pressure into the chamber 105 so as to force the outer cylinder 104 to the
      left (as seen in FIG. 3) carrying with it the sleeve 114, owing to the
      mating engagement of the tooth portions of the plungers 115 and the sleeve
      114. When the pegs 118 engage the end portions 120 of the slots 119, the
      sleeve 117 is also carried to the left so that the pressure plate 121 is
      poised to engage frictionally the adjacent brake pad 111a on the disc 111.
      If further pressure is applied to the usual foot pedal (not shown) and
      further hydraulic fluid is forced into the chamber 105, the outer cylinder
      104 moves further to the left so that the pressure plate 121 forces the
      disc 111 onto the backing plate so that the disc is frictionally gripped
      therebetween and the shaft 110 braked.
PAR  When pressure on the clutch foot pedal is relaxed, for the purpose of
      re-engaging the clutch, the outer cylinder 104 moves back towards its
      initial position under the force of springs (not shown) which act on the
      clutch pressure plate. This return movement retracts the pressure plate
      121 thus releasing the braking action and re-engaging the clutch. The
      springs 116 are so rated that, on retraction of the outer cylinder 4, the
      force exerted by them on the sleeve 114 is sufficient to carry the sleeve
      114 therewith. However, when the pegs 118 engage the slot end portions
      120, further axial movement of the sleeve 114 to the right is prevented.
      Thus, should the outer cylinder 104 move further to the right, a force is
      applied to the angled flanks of the teeth of the plungers 115. This
      depresses the plungers, against the biassing force of the springs 116,
      until the teeth re-engage with the adjacent serrations forming the
      buttress tooth form on the inner cylindrical surface of the sleeve 114.
      Further movement of the outer cylinder 104 to the right would cause a
      repetition of this ratchet action. The slots 119 and pegs 118 are so
      positioned that, when the clutch is unworn and in good adjustment, this
      ratchet action does not occur as the clutch is re-engaged.
PAR  Throughout the clutch disengaging movement of the outer cylinder 104, the
      sleeves 114 and 117 are also carried to the left. However, owing to the
      spacing of the disc 111 from the pressure plate 121 when the clutch is
      engaged being greater than the travel of the sleeve 114 during clutch
      disengagement, it is ensured that the clutch is completely disengaged
      before braking of the shaft 110 can commence. Moreover, the mechanism is
      such that the brake assembly 113 does not engage the disc 111 until the
      clutch pedal has been depressed about three-quarters of its travel. The
      additional pedal effort required to overcome the bias of the springs 124
      gives the driver a distinct feel of the onset of the braking action so
      that he can control the amount of braking applied or alternatively hold
      the pedal at just the depression required to disengage the clutch.
PAR  As wear of the clutch friction plates occurs with time, the clutch release
      levers 102 move to the right of their initial rest position, causing the
      outer cylinder 104 to return, as the clutch is re-engaged, to positions
      progressively further to the right of its initial rest position. However,
      because of the positioning of the slots 119, the pegs 118 and the ratchet
      movement of the outer cylinder 104, the sleeve 114 is in exactly the same
      position, when the clutch is engaged, as it is when the clutch is unworn.
      Consequently, further depression of the clutch pedal beyond the half
      depression necessary to disengage the clutch will result in the shaft 110
      being braked in the manner described above.
PAR  A fine vernier adjustment of the ratchet action may be achieved by a
      sub-division of the tooth pitch resulting from offsetting each alternate
      plunger 115 axially by a half tooth pitch. This halves the adjustment
      steps without weakening the teeth. Alternatively, the tooth form on the
      inner cylindrical surface of the sleeve 114 may be cut with a three-start
      pitch.
PAR  The complete hydraulic actuating mechanism 101 and mechanical linkage 112
      is made to be mounted directly onto the clutch release levers 102 prior to
      assembly of the clutch in its housing. The braking system 113, which is
      fast to the clutch housing, is provided with radial flanges 131 (see FIG.
      4) extending from the retainer plate 127. These flanges 131 engage within
      circumferential slots 132 formed in axial lugs 106a provided on the flange
      106. The flanges 131 are inserted into the slots 132 by a rotary
      interlocking movement of the clutch unit following the fixing of the
      clutch housing and braking system 113 to the engine. A keep screw (not
      shown) locks the two parts together.
PAR  It will be apparent, therefore, that each of the above described clutch
      mechanisms is such that clutch and brake control are substantially the
      same no matter how much the clutch itself is worn. This is a great
      improvement over known clutch mechanisms of the type in which shaft
      braking is mechanically linked to clutch disengagement where no such
      automatic compensation for clutch wear occurs.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulically operated clutch mechanism for connecting a driving shaft
      and a driven shaft, the mechanism comprising:-
PA1  a. a clutch normally effecting a drive connection between said shafts;
PA1  b. hydraulically actuable means for disengaging said drive connection;
PA1  c. brake means for braking said driven shaft;
PA1  d. a mechanical linkage between said hydraulically actuable means and said
      brake means; and
PA1  e. a compensation means, incorporated in said mechanical linkage, for
      compensating automatically for any wear of said clutch; said mechanical
      linkage comprising a first sleeve movable with said hydraulically actuable
      means and a second sleeve engagable with said brake means, said first
      sleeve being connected to said second sleeve by said compensation means;
PA1  said compensation means comprising at least one slot formed in one of said
      sleeves and at least one peg provided on the other of said sleeves, there
      being as many pegs as there are slots and the peg(s) mating with slot(s);
      and actuation of said hydraulically actuable means first disengaging said
      drive connection and then causing braking of said driven shaft.
NUM  2.
PAR  2. A hydraulically actuated clutch mechanism according to claim 1, wherein
      each slot is a helical slot and is formed in said second sleeve, means
      being provided for preventing relative rotation between said first sleeve
      and said hydraulically actuable means and means being provided for
      limiting axial movement of said second sleeve.
NUM  3.
PAR  3. A mechanism as claimed in claim 2, wherein said first sleeve engages
      said outer cylindrical member.
NUM  4.
PAR  4. A mechanism as claimed in claim 2, wherein the first sleeve is spring
      biassed against a shoulder formed on the outer cylindrical member.
NUM  5.
PAR  5. A mechanism as claimed in claim 4, wherein the second sleeve is slidable
      on the outer cylindrical member and on the first sleeve.
NUM  6.
PAR  6. A mechanism as claimed in claim 2, wherein the means for normally
      preventing said relative rotation comprises cooperating serrated faces
      formed on the first sleeve and on the shoulder of the outer cylindrical
      member.
NUM  7.
PAR  7. A mechanism as claimed in claim 2, wherein a cylindrical housing member
      surrounding the second sleeve is provided with at least one axial slot and
      the second sleeve is provided with at least one peg, there being as many
      pegs as slots and the peg(s) mating with the slot(s), the slot(s) and the
      peg(s) constituting the means for limiting the axial movement of the
      second sleeve.
NUM  8.
PAR  8. A mechanism as claimed in claim 1, wherein the hydraulically actuable
      means comprises a pair of stepped cylindrical members which form an
      annular chamber therebetween, the outer cylindrical member being slidable
      over the inner cylindrical member which is fast to a housing member, and
      the annular chamber being connectible to a source of hydraulic fluid.
NUM  9.
PAR  9. A hydraulically actuated clutch mechanism according to claim 8, wherein
      each slot is an axial slot and is formed in said first sleeve.
NUM  10.
PAR  10. A mechanism as claimed in claim 1, wherein the brake means is arranged
      to brake the driven shaft via a disc fast to the driven shaft.
NUM  11.
PAR  11. A mechanism as claimed in claim 10, wherein the disc is lined with
      frictional material on its opposite side faces.
NUM  12.
PAR  12. A mechanism as claimed in claim 9, wherein the first sleeve is
      releasably attached to the outer cylindrical member.
NUM  13.
PAR  13. A mechanism as claimed in claim 12, wherein the inner cylindrical
      surface of the first sleeve is provided with a plurality of
      circumferential serrations which are engagable with serrations formed on a
      plurality of spring-loaded plungers provided radially within the outer
      cylindrical member, the engagement between these serrations providing the
      releasable attachment between the first sleeve and the outer cylindrical
      member.
NUM  14.
PAR  14. A mechanism as claimed in claim 13, wherein the springloaded plungers
      are equispaced around the outer cylindrical member.
NUM  15.
PAR  15. A mechanism as claimed in claim 13, wherein the serrations on the inner
      cylindrical surface of the first sleeve and on the spring-loaded plungers
      are of buttress tooth form.
NUM  16.
PAR  16. A mechanism as claimed in 1, wherein the brake means comprises a
      pressure plate fast to, or integrally formed with, the second sleeve and a
      backing plate, the pressure plate and the backing plate being situated on
      opposite sides of the disc so that movement of the pressure plate towards
      the backing plate traps the disc therebetween.
NUM  17.
PAR  17. A mechanism as claimed in claim 16, wherein a plurality of pressure
      plates are provided, each pressure plate being formed integrally with a
      respective extension of the second sleeve and being aligned with a
      respective aperture in a housing member through which it can brakingly
      engage the disc.
NUM  18.
PAR  18. A mechanism as claimed in claim 16, wherein the backing plate is spring
      biassed towards the disc.
PATN
WKU  039426181
SRC  5
APN  457740&
APT  1
ART  322
APD  19740404
TTL  Rollerway for handling molding apparatus
ISD  19760309
NCL  2
ECL  1
EXA  McQuade; John
EXP  Shore; R. J.
NDR  2
NFG  8
INVT
NAM  Franklin; James W.
STR  P.O. Box 3646
CTY  Albuquerque
STA  NM
ZIP  87110
RLAP
COD  72
APN  214699
APD  19720103
PSC  01
PNO  3826057
CLAS
OCL  193 35R
XCL  249 18
XCL  425 62
EDF  2
ICL  B65G 1312
FSC  425
FSS  62
FSC  249
FSS  13-20
FSC  280
FSS  79.1;79.3;79.2
FSC  193
FSS  35 R;37
FSC   52
FSS  690-691;693-694
FSC  308
FSS  20
UREF
PNO  1777694
ISD  19301000
NAM  Halteman
OCL  280 79.1
UREF
PNO  1813373
ISD  19310700
NAM  Wooldridge
OCL   52691
UREF
PNO  2575968
ISD  19511100
NAM  McCallum et al.
OCL  280 79.1
UREF
PNO  3263951
ISD  19660800
NAM  Stokes
OCL  193 35
UREF
PNO  3450280
ISD  19690600
NAM  Colwot
OCL  249 19
UREF
PNO  3579759
ISD  19710500
NAM  Zuccolo
OCL  425 62
UREF
PNO  3785109
ISD  19740100
NAM  Letourneur
OCL   52690
LREP
FR2  Messenger; C. B.
ABST
PAL  Handling equipment is provided to facilitate the placement, removal and
      repositioning of large form sections that are supported by a plurality of
      composite trusses. The trusses themselves are made up of chords, struts,
      couplers, connectors and brace components of standard sizes cooperatively
      interconnected to provide composite trusses that may be of various length
      and height. Deck panels and supports therefor are mounted on a plurality
      of trusses to provide a complete section of forms that is used and moved
      unitarily. The job site longitudinal movement of sectional forms of large
      size is aided through use of a plurality of tilting form glides while
      cross dollies provide unidirectional or multidirectional movement patterns
      for trusses which they support. One tilting form glide component provides
      distributed loading support for the chords of trusses as the sectional
      forms are moved longitudinally or outwardly past the edge of a building,
      or it can optionally provide, together with cross truck and track
      components, a lateral moving capability for the form sections.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of application Ser. No.
      214,699 filed Jan. 3, 1972 now U.S. Pat. No. 382,6057, entitled "Truss
      System".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various truss systems have been designed and fabricated previously for use
      in building construction. A primary usage of composite type trusses has
      been in the construction of buildings as roof and deck supports. It is
      acknowledged that others have devised and provided components that could
      be used interchangeably in trusses of different size, length and design
      strength. Usually such interchangeable components are combined with custom
      made top and bottom chord elements that are individually fabricated for
      the separate job site installation. In addition to the uses of truss
      systems in permanent building installations, a more recent and extensive
      use of trusses has developed in connection with the fabrication of roof
      and deck forms for reinforced concrete construction. In such usage trusses
      of selected length have been used as supports for a section of deck or
      roof forms. The sectional forms are intended to be used repeatedly at a
      job site, and, accordingly, the truss and form combination provides an
      assembly that may be moved conveniently as a unit from a first pour site
      to subsequent pour locations. The form handling equipment provided is
      adapted for engagement with the lower chords of the truss sections so the
      trusses can be moved therealong or together with the form handling
      equipment. When the form sections are to be moved to subsequent pour
      locations at a higher elevation of the building, tilting form glides are
      positioned adjacent the edge of the form supporting floor, and the form
      sections are moved longitudinally to a position extended past the
      supporting floor for engagement by cables of hoist apparatus. Rollers of
      the form glide which directly engage the lower chords of the trusses can
      provide full support for the entire form section. The loadings on the
      trusses can be quite severe during such operations, and multiple rollers
      on a tilting base are proposed to avoid concentrated loadings of the
      trusses as the form sections are so extended. At a job site the large form
      sections often have to be moved laterally to avoid obstructions. Cross
      dollies provide a non-directional movement pattern for the forms. Also,
      one tilting form glide is adapted for use with a cross truck assembly in
      such manner that longitudinal and lateral movement patterns are possible.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a truss system in which the trusses to be
      used in permanent building installations or as form supports can be
      fabricated at the job site to meet widely varying requirements through use
      of standard components. Chords, struts, coupler and brace element pieces
      may be combined with the same or interfitting components to provide chrods
      and struts of shorter or extended operative length. Through use of close
      interfitting and efficient load transmitting joints, the assembled trusses
      may be used to span long or short distances and to withstand widely
      varying load requirements. Both the top and bottom chords are of the same
      size and construction. These elements provide socket receptacles at spaced
      intervals adapted to receive the web or strut components that may be
      inserted and closely fit with respect thereto. Fastener openings are
      provided on a rigidly controlled schedule to assure efficient
      intercoupling of such components. Couplers may be used to join chord
      elements together in end to end relation to change the overall span for
      the trusses being assembled. Accordingly, through use of standard
      components, trusses of 25, 50, 100 or more feet may be fabricated in
      modular increments of 5 feet. Similarly, the height of any truss assembly
      may be modified to meet increased load or height requirements. By reason
      of these adaptability features, a contractor having the basic truss
      components can adapt on-hand equipment to meet new and changing job
      requirements. Assembled trusses can be easily handled at the job site or
      when being moved away therefrom. A plurality of trusses can be efficiently
      joined and cross-braced at a job site to provide support for an assembled
      form section that can thereafter be efficiently moved from a first to
      subsequent pour locations. Where a plurality of trusses are joined
      together with additional elements to provide a deck form section, it is
      beneficial if the entire assembled form section can be moved from one pour
      site to the next without disassembly. If the forms are used to support
      roof and deck components of poured concrete, the form sections will
      usually be moved to a next pour location at a different elevation. Form
      glide components having bearing mounted rollers are provided that can be
      placed under the bottom chord of the trusses to facilitate reciprocal
      movement of the trusses and, accordingly, of the entire form section. If
      the form glides are positioned adjacent the edge of a building, more than
      half of the total form section can be extended past the edge of the
      building. A multi-roller glide is provided on a tilting base to reduce the
      effects of concentrated loadings on a truss where the point of support
      moves between successive panel points. The form glides may be used
      together with cross dollies to provide lateral movement capabilities, or
      components of the form glide can be used with a cross truck that moves on
      a supporting deck or on a guide track to facilitate lateral movement of
      the form sections in a manner that will free the form sections from points
      of interference with supporting pillars or other obstructions.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective illustration showing usage of components of this
      invention,
PAR  FIG. 2 is a persepctive view illustrating a roll-out support,
PAR  FIG. 3 is a perspective illustration showing a cross dolly,
PAR  FIG. 4 is a side elevation in partial broken section showing additional
      features of a modified form of roll-out support or tilting form glide,
PAR  FIG. 5 is a perspective illustration similar to that of FIG. 1 showing
      usage of additional form handling equipment,
PAR  FIG. 6 is a perspective view showing the tilting form glide less the
      channel support of FIG. 4,
PAR  FIG. 7 is a perspective illustration of a cross truck assembly for use in
      moving the forms laterally or along a supporting track, and
PAR  FIG. 8 is an end elevation showing the combined use of the elements of
      FIGS. 6 and 7 with the cross truck assembly of FIG. 7 now being in
      inverted position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Embodiments of the invention are shown in the accompanying Figures. In FIG.
      1 composite truss 83 is shown. This truss, which has a total length of 35
      feet, is made up of a plurality of truss or chord components joined each
      to each. Separate chord components each identified by the numeral 20 make
      up the top chord 12 and the bottom chord 13.
PAR  The chord elements are made of rectangular tubing having flanges or
      sidewalls 14 and 16 and top and bottom webs or edges 17 and 18. At 5-foot
      intervals the top web is punched completely out to provide paired chord
      openings separated by a tie strap 22, the center line of which is spaced
      exactly five feet from the next adjacent tie strap 22. The openings thus
      provided are adapted to receive and snugly engage the exterior sides of
      strut pieces 23, all of which are of identical length. The strut pieces 23
      have holes drilled transversely through the struts in position a slight
      distance away from the ends of the struts. With this arrangement the
      struts are received in the chord openings, and the strut holes are brought
      into registration with holes drilled transversely through the sides 14 and
      16 of the chord component 13. A plurality of pins 28 are provided for
      engagement through the chord holes and the aligned strut holes of the
      separate struts 23 to provide the assembly as shown in FIG. 1. All of the
      holes are of a closely regulated diameter adapted to receive and snugly
      engage the pins 28.
PAR  Trusses made up utilizing the described standard components may be
      conveniently used in building construction to provide trusses of length
      adapted to any building size in modular 5-foot increments. The trusses may
      also be conveniently used in concrete forming operations for the support
      of form sections that are to be moved repeatedly to various pour
      locations. Such a form section is shown in FIG. 1. Here the completed form
      section 81 is inclusive of a plywood deck 91 made up of a plurality of
      separate pieces of plywood 63 laid in flat side by side relation and
      joined to supporting joists 64 or other supports. A pair of trusses made
      in accordance with this invention are disposed beneath the joists with the
      top chords 12 of the trusses being joined to the joists 64. The top and
      bottom chords 12 and 13 are joined together by a plurality of struts 23
      and the associated pins 28. The trusses themselves provide a rigid
      structure and secure support for the deck form section 91. Since the
      length of the strut combinations used may be changed over a wide range,
      the total height of the truss can be regulated to provide convenient
      support for the next deck that is to be poured above a ground support or
      an already poured deck. Where an 8-foot ceiling space is to be provided,
      trusses of 5 or 6-foot height may be conveniently used.
PAR  In practice the form sections are made up at a specific job site with the
      deck form components joined securely to the trusses. With this arrangement
      the trusses and deck may be moved unitarily at the job site from one pour
      location to the next. To facilitate such job site movement and further to
      speed the placement or removal of the entire form section 81, the lower
      chord may be joined to roller supports so that the entire form section may
      be moved horizontally along a supporting deck to its pour locations.
PAR  Except in instances where a single truss might be used to provide support
      for the pouring of a girder, a plurality of trusses will ordinarily be
      used for the support of form sections. To provide lateral support for the
      trusses, cross braces are used. A cross brace system is shown in FIGS. 1
      and 5 joining separate trusses. A cross brace system is made up of
      identical cross braces 71 which extend from a top chord of one truss to
      the bottom chord of the adjacent truss. A type of telescoping tubing has
      been conveniently used for these cross braces 71.
PAR  Additional features of a combined truss support and form support system and
      of specific equipment items used in conjunction therewith are shown in
      FIGS. 1-8 presented herewith. In FIG. 2 a first type of tilting form glide
      78 is illustrated. This unit may be used together with the cross dolly 79
      shown in FIG. 3 when a form section, such as the form section 81, is being
      moved from a building level above which a floor has already been poured to
      a higher building level that is yet to be formed. In connection with such
      operations the entire form section 81 is moved laterally or in angular
      directions on its cross dolly supports 79 to an edge of a supporting slab
      82. The cross dollies 79 may be used at all four corners of a form section
      81; or when the form section is to be moved, it may be installed at a
      central or balanced position along the length of an assembled truss 83. If
      positioned at the center, the entire form section can be rocked on the
      central cross dolly 79, and thereafter the tilting form glide 78 of FIG. 2
      may be placed under the lower chords 13 for the trusses 83. With the
      tilting form glide 78 positioned adjacent the edge of the already poured
      slab 82, the lower chords, the entire trusses 83 and form section 81 may
      be moved in endwise direction outwardly to overhang the poured slab.
      Bearing supports 84 and a roller 86 are provided on tilting form glide 78
      to facilitate longitudinal movement of the truss chords and, accordingly,
      of the entire truss section 81. A lower pivot 87 joins two channel
      sections 88 and 89 of the tilting form glide 78 together in a manner
      facilitating tilting movement of the top channel section 89 with respect
      to its lower channel support 88. This tilting feature facilitates handling
      of the assembled truss section 81 and permits removal of the cross dolly
      79 when a substantial portion of the weight of the form section 81 is
      cantilevered outwardly past the tilting form glide 78. Where an overhead
      deck has already been poured, the truss section 81 can actually be
      extended a distance greater than half its length, since the upper decking
      91 can be moved into contact with the already poured deck positioned
      thereabove. In such extended position cable slings may be attached to the
      form section 81 or to the hand rail 92 and other components thereof, and
      the form section as a unitary whole may be raised to its next pour
      location.
PAR  The cross dolly illustrated in FIG. 3 provides a bed 93 having cross slots
      94 and 96, either of which are adapted to engage and snugly receive a
      chord element of the truss system. A plurality of swivel wheels 97 are
      provided so that the cross dolly can actually be moved in any direction.
      The cross slots facilitate convenient engagement with the chords of
      trusses and provide a minimum clearance type of support therefor. In
      installations where chords of different size may be used, the slots 94 and
      96 can be of varied width to provide secure engagement. For many
      installations a plurality may be used, the slots 94 and 96 can be of
      varied width plurality of cross dollies can provide support for form
      sections 81 even at times when concrete is to be poured thereon.
PAR  A preferred embodiment for a tilting form glide 98 is shown in FIG. 4. In
      this construction a plurality of pillow block bearing supports 104 are
      mounted on an inverted channel support structure. The bearing blocks 104
      provide rotating support for paired rollers 106. A lower pivot 107 extends
      from the flange 109 of the top channel section of glide 98 to the opposite
      flange thereof. This pivot 107 rotatably joins the top channel and a
      bottom channel support 108 together in a manner facilitating tilting
      movement of the top channel with respect to such support. Angle pieces 110
      extend from the flange 109 to the opposite flange of the top channel
      providing a limit stop for angular movements of the top channel with
      respect to any platform, such as a supporting deck 82, on which the lower
      channel 108 is supported. The use of this improved tilting form glide 98
      is essentially the same as the illustrated use for the form glide 78,
      inasmuch as the rollers 106 are to be disposed under the bottom chords 13
      of truss assemblies, such as the truss 83 shown in FIG. 5. When the lower
      channel 108 is positioned solidly on a supporting deck 82 adjacent an
      outer edge thereof, the truss section 83 and its associated form section
      81 with deck 91 may be moved reciprocally to positions extended past the
      edges of the supporting deck where it may be conveniently handled by hoist
      apparatus for movement to alternate positions for reuse in continuing
      building operations or to a ground site for unitary shipment or for
      disassembly.
PAR  Where a plurality of rollers 106 are used, load concentrations are avoided.
      The trusses 83 are not subjected to concentrated loadings, and,
      accordingly, greater form or handling loads may be accommodated. Since the
      trusses will usually be supported at intermediate panel points when
      concrete decks are being poured, this reduction of concentrated loadings
      is of special advantage when a complete form section 81 is being moved
      from one point of use to another. If the form deck 91 of a typical form
      section 81 is held against an already poured concrete floor and the form
      section is, accordingly, extended more than half its length past the edge
      of a supporting slab 82, this improved double roller form glide 98 has a
      special beneficial usage, since concentrated loadings in this reverse
      stress condition for the truss are avoided.
PAR  Further improved embodiments in truss form handling equipment are shown in
      FIGS. 5 through 8. In FIG. 5 a form section 81 of construction similar to
      that of FIG. 1 is shown in an operative position on a supporting slab 82.
      The deck 91 of the form section 81 is again supported by joists 64
      disposed above the top chord 12 of a combined truss 83. The lower chord 13
      is supported at one end by tilting form glides 98 assembled in the manner
      illustrated in FIG. 4. The lower channel 108 sits directly on the slab 82
      at an edge thereof, and the tilting form glide 98 can, accordingly, move
      pivotally about its pivot 107 as the entire form section 81 is moved
      reciprocally and outwardly to a position extended past the edge of the
      slab 82. During such movement the lower chord 13 will be rolled along the
      paired rollers 106 to such extended position. If the deck 91 tilts
      upwardly for engagement with a slab that has been poured or if spacers are
      maintained between such slab and the deck 91, the form section 81 can be
      moved to a position where more than half the length of the truss extends
      over the edge of the slab. In such condition it is noted that the paired
      rollers 106 will tend to reduce the concentrated loadings on the truss 83
      and the strut and chord components thereof while the truss is in this
      reverse stress or cantilevered position.
PAR  A lateral movement capability is provided at the other end of the truss 83
      through use of the tilting form glide structure 98 in combination with a
      cross truck mount 111, the construction features of which are more fully
      shown in FIGS. 7 and 8 and a rail support component 115 similarly shown in
      FIGS. 7 and 8. Further details for the top channel components of the
      tilting form glide 98 are shown in the perspective illustration of FIG. 6.
      Combined use of such tilting form glide component and a cross truck mount
      111 is shown in FIG. 8. In FIG. 8 the cross truck 111 is inverted with
      respect to its showing in FIG. 7. Cross truck 111 includes end frame
      components 112 and connector frame pieces 113. An opening 114 is provided
      in the connector pieces 113 through which the pivot pin 107 as provided in
      FIG. 4 may be extended to interconnect the tilting form glide 98 and the
      cross truck 111 to provide the combined structure shown in FIG. 8.
PAR  The cross truck assembly includes paired rail wheels 116, each of which are
      supported by pins 128 that extend through the center of such rail wheels
      and intermediate diaphragm frame elements 122. Incidentally, the pin 128
      and the nut 129 used therewith can be identical with the pins 28 used to
      interconnect the struts 23 and the chords 12 and 13 of the truss 83.
      Inverting usage of the cross truck 111 is illustrated, since this truck
      111 will have independent usage when it is disposed in the orientation
      illustrated in FIG. 7. When disposed in this position, the cross diaphragm
      elements 122 are spaced a distance apart so that the top surfaces thereof
      can be engaged beneath the bottom web 18 of any of the chords 13. When so
      engaged, the cross truck 111 could be moved along a rail system, such as
      the rail assembly 115 illustrated or directly along and in contact with a
      supporting slab 82 to facilitate longitudinal movements of the trusses and
      any supported form section.
PAR  When a lateral movement capability is desired, the cross truck 111 will be
      inverted for disposition beneath and within a tilting form glide such as
      the tilting form glides 98. The pivot pin 107 can then be extended to
      interconnect such assemblies in the manner illustrated in FIG. 8. When
      combined in this manner, the cross truck assembly 111 can be moved along a
      supporting rail system, such as the supporting rail assembly 115. If the
      rails are disposed in a transverse position as illustrated in FIG. 5,
      lateral movements of the form section 81 are possible. Such lateral
      movement capability is of considerable importance in the construction of
      many buildings having intermediate support columns. With such capability
      the form deck 91 can be built to include notches at the sides of the deck
      that will accommodate column forms or the poured and cured columns
      themselves. Where the forms would otherwise be locked in place due to
      column structures, partial disassembly of the form sections is not
      required if the form sections can be moved laterally before they are moved
      longitudinally to an extended position for subsequent handling by crane or
      other lift apparatus.
PAR  The rail sections 115 are of relatively simple construction. Rails of
      inverted angle iron pieces 117 are disposed so that the terminal edges of
      the flanges thereof will be in contact with the supporting deck. An angle
      piece 118 is used at the opposite end of a rail assembly 115 to join the
      rail elements 117 and to hold such elements in correctly spaced apart
      positions.
PAR  A further combined use of cross truck assemblies 111 and tilting form
      glides 98 is possible. If two cross truck assemblies 111 are used in the
      inverted configuration, as shown in FIG. 7, with the cross truck
      assemblies being spaced apart along the rails a distance corresponding to
      the outside flange-to-flange distance for the channel section 109 of
      tilting form glide 98, a single straight shaft (not shown) can be extended
      through the openings 114 of the connector frame pieces 113 for one cross
      truck 111, thence through the pivot openings in the flanges 109 for the
      tilting form glide 98 and then again through the openings 114 in the
      connector pieces 113 for the second cross truck. With this arrangement the
      tilting form glide 98 will be free for tilting movement about the through
      shaft. This configuration is especially useful where low building
      clearances are encountered, since the total height for this cross truck
      and tilting form glide combination is substantially less than that
      illustrated in FIG. 8. If the cross trucks 111 interconnected by through
      shafts are again disposed on supporting rail assemblies 115, a total form
      section 81 supported at four corners by such doubled cross truck and
      tilting form glide combination can be moved laterally or longitudinally to
      desired positions of use.
CLMS
STM  I claim:
NUM  1.
PAR  1. Form handling equipment for moving the large form sections that are used
      in connection with the pouring of concrete deck and roof structures
      wherein the form sections are unitarily inclusive of form supporting
      trusses disposed beneath the form sections and wherein the bottom chords
      of said trusses have an uninterrupted planar lower face comprising a first
      channel section having its flanges disposed upwardly for use in contact
      with a level building support surface at a building site, truss chord
      receiving means inclusive of a rotatably mounted roller for contact with
      the lower planar face of said truss chords, a second channel section as a
      support for said truss chord receiving means and the roller thereof, said
      second channel section having its flanges disposed downwardly in mated
      position with respect to said first channel section, and a pivot element
      having an axis aligned parallel to said building support surface and
      extending through the flanges of said channel sections to facilitate
      movement of said roller to tilted positions as the truss is moved.
NUM  2.
PAR  2. The form handling equipment as set forth in claim 1 wherein the truss
      chord receiving means includes a plurality of rotatable rollers for
      contact with the bottom face of said truss chord.
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ABST
PAL  Printing apparatus including a multi-phase stepping motor having a shaft
      rotated thereby, and detecting means opto-electronically coupled to the
      shaft. A printing stylus is mechanically coupled with the shaft such that
      the shaft drives the stylus along a path. A control circuit coupled with
      the opto-electronic detecting means correlates signals to the stylus with
      the position of the shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to motor-driven printing apparatus, and in
      particular relates to techniques for correlating the printing stylus with
      the motor shaft position, for damping the printer motor to avoid unwanted
      oscillations at the end of each motor movement, and for providing a smooth
      transition of the motor from the step mode to the slew mode of operation.
PAR  2. Description of the Prior Art
PAR  Stepping motors are employed in a wide variety of applications. These
      motors utilize a plurality of independent windings, each winding being
      capable of rotating the motor shaft through an increment of a complete
      cycle.
PAR  In particular, such multiphase stepping motors are employed with serial
      printers to drive the printing stylus along a multiple position path, each
      position along the path corresponding to a single motor step. In U.S. Pat.
      Nos. 3,685,629 to Rott, and 3,700,807 to Drapeau, both of which are
      assigned to the assignee of the present invention, there is disclosed an
      impactless printer employing a stepping motor-driven stylus having a
      column of electrodes adapted to contact a treated paper. The stylus
      electrodes are selectively energized during transverse movement of the
      stylus across the paper to form a character at each position along the
      path of the stylus. Character information to the stylus electrode has
      heretofore been clocked at a rate which assumes that a portion of the
      motor step has a constant velocity. However, the stepping motor is often
      subjected to variations in operating voltage, motor temperature, friction,
      and a variety of other factors. When such occurs, the motor pulse response
      changes and the resulting printed character is often distorted.
PAR  The stepping motors employed in printing apparatus like that described
      above are high inertia, low friction components, such stepping motors tend
      to exhibit relatively large shaft oscillations at the end of each step,
      due to this low friction characteristic. If the shaft oscillations from
      any given step continue during the printing of a character in the next
      succeeding motor step, a distorted character will also result.
PAR  Techniques have been developed in the prior art for damping the
      above-described oscillations by applying a reverse pulse to a previously
      energized motor phase to brake the shaft. However, such braking pulses are
      not generally correlated to the shaft position, and therefore may not
      occur at an optimum time.
PAR  Another stepping motor control arrangement employs a shaft-mounted disc
      having striations thereon, and a photodetector circuit to correlate
      control signals to the motor with the position of the shaft. Examples of
      this arrangement are described in the following U.S. Pat. Nos.: 3,353,076
      to Haines; 3,324,369 to Markakis; 3,345,547 to Dunne; 3,424,967 to Keller;
      3,549,975 to Ferris; 3,484,666 to Easton; 3,328,662 to Gambil; 3,311,803
      to Schulz; 3,510,742 to Pooley and 3,660,746 to Milek.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates apparatus comprising a motor having a
      shaft with, and rotated by the motor. Means are mechanically coupled with
      and driven by the shaft along a path, and circuit means are coupled with
      the path means and adapted to provide signals thereto during movement
      along the path. The apparatus further includes means coupled with the
      shaft and the electrical circuit means for correlating each signal from
      the circuit means with a predetermined position of the shaft.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a perspective view, partially in block circuit diagram, of a
      portion of printing apparatus embodying the present invention.
PAR  FIG. 2 is a schematic circuit diagram representing a portion of the circuit
      represented in FIG. 1.
PAR  FIG. 3 is a schematic circuit diagram representative of a portion of the
      circuit in FIG. 1.
PAR  FIGS. 4(a), (b) and (c) are plots respresentative of motor energization,
      pulse response, and braking pulses, respectively, measured with the
      apparatus of FIGS. 1-3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Printing apparatus employing the present invention will be described with
      reference to FIG. 1.
PAR  The printing apparatus, referred to generally as 10, includes a frame 12
      which is positioned within a printer housing (not shown). A roller 14 is
      rotatably supported by the frame 12 such that a paper sheet may be passed
      between the roller 14 and a conductive paper guide 17. The roller 14 is
      driven by a motor 15 positioned along one side of the frame 12.
PAR  The printer 10 further includes a multi-phase stepping motor 18 having a
      shaft 20, with a belt pulley 22 fixed at one end of the shaft. A
      continuous drive belt 24 extends through apertures 26 in the frame 12 and
      is tensioned about another rotatable belt pulley 28 along a side of the
      frame opposite the stepping motor 18. A printing head 30 is movably
      mounted on a guide rail 32 fixed between two sides of the frame 12. The
      printing head 30 is fixed to the belt 24 so as to be driven by rotation of
      the shaft 20 along a multiple position path (indicated by an arrow 34)
      transverse across the paper, each position along the path 14 corresponding
      to one step of the motor 18. The print head 30 includes a printing stylus
      36 having a single column of electrodes 38 extending from the stylus and
      contacting the paper.
PAR  The printer 10 further includes a character generator circuit 40
      electrically coupled via circuit line 42 to the print head 30 and thus to
      the stylus 36 and electrodes 38.
PAR  In accordance with the present invention, the printer 10 includes means for
      correlating signals from the character generator 40 to the stylus 36 with
      the position of the shaft 20, in order to avoid the printed character
      distortion difficulties discussed above. In this embodiment, the
      correlation means comprises a timing wheel 44 fixed on one end of the
      shaft 20 of the stepping motor 18. The timing wheel 44 comprises a
      transparent disc having a plurality of striations 46 equally spaced about
      the disc and extending radially from the motor shaft 20. A photo emitter
      48 and a photo sensitive device 50 are positioned in axial alignment on
      opposite sides of the timing wheel 44, so as to establish an
      opto-electronic circuit therebetween, which circuit is completed except
      when one of the striations 46 is interposed along the path between the
      photo emitter 48 and the photo sensor 50.
PAR  The particular dimensions of the timing wheel 44 and the striations 46 are
      not critical. For purposes of this embodiment, it is preferable to employ
      10 striations for each step, or phase of the motor 18, as is described
      below in greater detail. The photo emitter 48 and the photo sensor 50 may
      comprise any of a variety of light-emitting diodes and light sensitive
      diodes, respectively.
PAR  The photo emitter 48 and the photo sensor 50 are coupled via respective
      circuit lines 52 and 54 to a voltage source 53. The photo sensor 50 is
      further coupled through a differential comparator 55 to a control logic
      circuit 56, which includes logic circuitry therein for counting signals
      from the photo sensor 50 representative of successive striations 46.
      Details of the control logic circuit will be described below with
      reference to FIGS. 2 and 3.
PAR  The control logic circuit 56 is coupled to the character generator 40
      through circuit lines A.sub.0, A.sub.1 and A.sub.2 and to a motor driving
      circuit 60 through plural circuit lines 62, each for one phase of the
      motor 18. The motor driving circuit 60 is coupled to the stepping motor 18
      via corresponding plural circuit lines 64, the other terminal of the
      stepping motor being coupled to a positive voltage at 66.
PAR  A data buffer circuit 68 is associated with the printer 10 and is coupled
      to the control logic circuit 56 by a circuit line 70 and to the character
      generator 40 by another circuit line 72.
PAR  In operation, the control logic circuit 56 counts the striations 46 and for
      preselected striations signals the character generator 40, which in turn
      correlates character data signals to the stylus electrodes 38 with a
      corresponding position of the motor shaft during each motor step. In the
      printer 10 of the present embodiment the printer characters are formed, as
      described above, when the column of electrodes 38 are selectively
      energized during movement of the print head 30 so as to form a series of
      dots and thereby print the desired character. However, the correlation
      means described above may likewise be employed with other types of
      printers.
PAR  The control logic circuit 56 will now be described in detail with reference
      to FIGS. 2 and 3.
PAR  The control logic circuit 56 includes a four-input NAND gate 80. One input
      TW to the NAND gate 80 comprises the circuit line 54 which couples that
      input to the photo sensor 50 through the differential comparator 55. Other
      inputs to the NAND gate 80 include carriage return CR and invalid code
      INV. The output of the NAND gate 80 is coupled to one input of a
      monostable multivibrator (one shot) circuit 84, having Q and Q (bar Q)
      terminals, as is well known. The one-shot circuit 84 has a time delay
      period represented by an RC time constant determined by a resistor R.sub.1
      and a capacitor C.sub.1 coupled thereto. The Q output of the one shot
      circuit 84 is coupled to a clock input of a JK flip-flop circuit 86. The Q
      output of the JK flip-flop 86 is coupled to a clock input of another JK
      flip-flop circuit 88. The K inputs of both flip-flops 86, 88 and the J
      input of the second flip-flop 88 are coupled together to a constant
      voltage source, which, in this example, suitably comprises +5 volts. The Q
      output of the second flip-flop 88 is fed into a D flip-flop circuit 90,
      the Q output of which is returned to the J input of the first JK flip-flop
      86. The clear CLR terminal of all three flip-flops 86, 88 and 90 are
      coupled to a counter reset terminal, which will hereinafter be described.
PAR  The Q output of the D flip-flop circuit 90 is coupled to a NAND gate 92,
      the output of which is coupled to the input of a binary counter circuit
      94. The binary counter 94 includes a plurality of outputs, four of which
      are labeled 1, 9, 8 and 11, outputs 1, 9 and 8 being coupled to the
      character generator 40 as circuit lines A.sub.0, A.sub.1 and A.sub.2,
      respectively. Output 11 of the binary circuit 94 is coupled through an
      inverter 96 back to the NAND gate 80 as the fourth input thereto.
PAR  Reference is now made to the left-hand portion of FIG. 2, where there is
      shown an input designated --OR. This input is received into the control
      logic circuit 56 via circuit line 70 from the buffer circuit 68. (Note
      FIG. 1). This signal is indicative of the presence of data stored in the
      buffer 68, and is inverted at 98 and fed into a NOR gate 100 having
      another input represented as +DTR, or "Data Terminal Ready", a condition
      indicating that the printer 10 is operational and ready to print.
PAR  The output of the NOR gate 100 is fed to two NAND gates 102 and 104, the
      input to the second NAND gate 104 being inverted at 106. The output of
      NAND gate 102 is inputted into a one shot circuit 110 having an RC time
      delay of about 20 milliseconds, as determined by the resistor R.sub.7 and
      capacitor C.sub.5 associated therewith. The Q output of the one shot 110
      is coupled to the NAND gate 104, and the Q output thereof is coupled
      through a resistor R.sub.3 to the input of a voltage controlled oscillator
      (VCO) 114 through an open collector inverter 116. Another resistor R.sub.2
      is coupled between the VCO input and to the constant 5 volt voltage
      source. The output of the VCO 114 is coupled to another one shot circuit
      118. The Q output of the one shot 118 is coupled to the inputs of the NAND
      gates 102 and 104. One shot circuit 118 includes an RC time delay
      determined by resistor R.sub.6 and capacitor C.sub.4.
PAR  The output of the NAND gate 104 is inverted at 122 and identified as a
      strobe - STB imput to a one shot circuit 124, the Q output of which is
      coupled to another one shot circuit 126. The one shot circuit 124 has a
      resistor R.sub.4 and a capacitor C.sub.2 determining the time delay
      period, which time delay in this example, is suitable 100 microseconds.
      The other one shot 126 also has RC delay of 2 microseconds determined by
      resistor R.sub.5 and and capacitor C.sub.3. The Q output of the one shot
      circuit 126 is coupled to inputs 2 and 3 of the binary counter 94. The Q
      output of the one shot circuit 126 comprises the counter reset signal, as
      described above, which is coupled to the clear CLR terminals of the
      flip-flops 86, 88 and 90.
PAR  That portion of the control logic circuit 56 shown in FIG. 2 and described
      above functions in the following manner. As noted previously, it is
      suitable for purposes of the printer 10 to employ 10 striations 46 per
      step of the motor 18. Thus for each step, ten pulses will input to the
      NAND gate 80, each pulse representing one striation. The first strobe
      (-STB) pulse for each step is delayed by the one shot circuit 124 for 100
      microseconds, in order to detect an invalid INV code to thereby inhibit a
      column count and a motor step. Subsequent to the 100 microsecond delay,
      the counter reset (Q) output of the one shot circuit 126 sets the three
      flip-flops 86, 88 and 90.
PAR  Striation pulses 1-10 are then shaped by the one shot circuit 84. Because
      the J and K inputs of the two flip-flop circuits 86 and 88 are high, these
      flip-flops "toggle", i.e. change state, for each clock pulse from the one
      circuit 84. (Note FIG. 2). Thus the two input NAND gate 92 sees counts 2
      through 9, which are fed into the binary counter 94.
PAR  Striation counts 2-8 are thereafter fed into the character generator 40 as
      binary inputs A.sub.0, A.sub.1 and A.sub.2, as each of the respective
      terminals of the counter go high. On the ninth striation count, terminal
      11 of the binary counter goes high, is inverted low at 96, and thereafter
      shuts down the NAND gate 80 until the flip-flops 86, 88 and 90 are reset
      by the counter reset output of the one shot circuit 126.
PAR  Reference is now made to the VCO 114. With the absence of data in the
      buffer 68, the inverter 116 keeps the input to the VCO at a low voltage,
      on the order of 2.5 volts, causing the VCO to oscillate at a relatively
      low frequency. The output of the VCO is fed into the one shot circuit 18
      which applies the VCO pulses into the NAND gate 102, the output of which
      fires the one shot circuit 110. The circuit 110 delays 20 milliseconds,
      and the Q output is inverted low at 116 to keep the VCO 114 oscillating at
      the low frequency. At the same time, the Q output of the one shot circuit
      110 prevents the NAND gate 100 from providing a STB output into the one
      shot circuit 124.
PAR  When data is stored in the buffer 68, a negative OR signal is fed into the
      control logic circuit 56 and is inverted at 98. Assuming that the printer
      10 is operational and ready to print, the output of the NOR gate 100 will
      go positive, preventing further VCO pulses through the NAND gate 102. At
      the end of the next 20 millisecond delay, the NAND gate 104 opens,
      allowing the VCO pulses through that gate as inverted -STB inputs to the
      one shot circuit 124. At the same time, the condition of the open
      collector inverter 116 causes the input to the VCO 114 to begin ramping up
      to about 5 volts. This causes the VCO to oscillate at a rapidly increasing
      frequency, resulting in a commensurate increase in the rate of the -STB
      input.
PAR  The Q output of the one shot circuit 124 is delayed 100 microseconds,
      allowing sufficient time for the NAND gate to recognize an INV or CR code.
      The binary counter circuit 94 is thereafter strobed with the Q output of
      the second one shot circuit 126, at terminals 2 and 3. The Q output of
      this one shot circuit 126 serves as a counter reset.
PAR  In summary, the counter circuit, including the three clip-clops 86, 88 and
      90 count the 10 striation pulses for each motor step and instruct the
      character generator at a repetition rate determined by the striation pulse
      inputs to the binary counter 94. The counter circuit is reset at the
      beginning of each motor step, thus providing a positive reference point.
PAR  The manner in which the strobe STB rate begins a relatively low rate
      initially and ramps up to a high rate is of particular importance to the
      present invention, as is more fully described with reference to FIGS. 4(a)
      and (b).
PAR  As shown in the motor pulse response curve 150 in FIG. 4(b), the first
      motor step energized during a line of printing begins with a relatively
      slow start, due to friction and inertia (note portion 152 of curve 150).
      Thus, the linear portion 154 of that first motor step occurs relatively
      late. However, at the beginning of the next motor step at portion 156 of
      curve 150, the motor shaft has developed angular momentum and the
      non-linear "start-up" period is relatively less than the previous phase.
      This continues in succeeding phases, until the curve 150 becomes
      practically linear, as is shown at portion 158. By ramping up the strobe
      rate from a low rate to a higher rate, character distortion during the
      non-linear portions of the first few phases of each line can be avoided.
      Thereafter, the stepping motor can be ramped up to a slew rate desirable
      for high speed printing.
PAR  As shown in FIG. 3, the control logic circuit 56 also includes logic
      coupled with the motor driver 60. This logic includes two one shot
      circuits 130 and 132 and six open collector NAND gates 134-139 coupled as
      shown to provide energizing signals to three motor phases through the
      motor driver circuit 60. This circuit energizes the preceding phase
      coincident with the fifth striation pulse from the timing wheel 44 to
      brake the motor shaft 20 and damp the oscillatory motion described above.
      When the VCO 114 is ramping up, the preceding phase is energized for 1
      millisecond as determined by the RC network of one shot circuit 132. When
      the VCO 114 has increased in frequency to a slew rate, the duration of
      energization for the preceding phase is decreased to 0.5 millisecond as
      controlled by the parallel transistor current source 133, coupled to the
      one shot circuit 132.
PAR  Operation of this circuit is more clearly seen with reference to FIGS. 4(a)
      and (c). As shown in FIG. 4(a), each phase (assuming a three phase motor)
      receives a 2 millisecond boost voltage 160 at the beginning of each step.
      Thereafter, a detent voltage 162 is applied coincident with the fifth
      striation pulse, the phase energized immediately preceding is pulsed at
      the boost voltage level. Initially, this brake voltage preferably has a
      duration of about 1.0 millisecond (note elements 163 and 165 in FIG. 4(c))
      as determined by the RC network associated with the one shot circuit 132.
      However, as the VCO 114 ramps up, the transistor current source 133
      changes the RC time constant, diminishing the period of each boost pulse
      to about 0.5 millisecond (note elements 166-168 in FIG. 4(c)). This is
      advantageous, since the motor requires less braking after entering the
      slew mode.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus comprising:
PA1  a multiphase stepping motor having at least two phases and adapted to step
      one phase for each position along a path;
PA1  a shaft rotated by said motor;
PA1  means mechanically driven by said shaft along a path;
PA1  circuit means coupled with said mechanically driven means for providing
      signals thereto during movement along said path;
PA1  means coupled with said shaft and said circuit means for correlating each
      signal from said circuit means with a predetermined position of said
      shaft, said correlating means including a disc fixed on said shaft and
      having a plurality of striations thereon for each phase of said stepping
      motor;
PA1  means for energizing a first phase of said motor during energization of a
      second phase of said motor, in order to brake said shaft; and
PA1  means for energizing said first phase only at a predetermined position of
      said shaft during energization of said second phase, said predetermined
      position energizing means including a control circuit coupled to an output
      of said correlating means for counting each striation of said disc and for
      energizing said first phase after counting a predetermined number of
      striations during energization of said second phase.
NUM  2.
PAR  2. Apparatus as recited in claim 1 wherein said correlating means further
      comprises means for electromagnetically detecting each striation on said
      disc.
NUM  3.
PAR  3. Apparatus as recited in claim 2 wherein said electromagnetic detecting
      means comprises:
PA1  radiant energy emitting means;
PA1  radiant energy sensitive means; and wherein
PA1  said emitting and sensitive means are axially aligned each on opposing
      sides of said disc and adapted to complete an electromagnetic circuit
      except when one of said striations is positioned therebetween.
NUM  4.
PAR  4. Apparatus as recited in claim 3 wherein said energizing means further
      comprises:
PA1  driving circuit means electrically coupled between said stepping motor and
      said control circuit, and adapted to provide signals to said stepping
      motor for sequentially energizing each of said stepping motor phases.
NUM  5.
PAR  5. Printing apparatus comprising:
PA1  a multiphase stepping motor having at least two phases and adapted to step
      one phase for each position along a path;
PA1  a shaft rotated by said motor;
PA1  detecting means electromagnetically coupled to said shaft, said detecting
      means including a disc having a plurality of striations thereon for each
      phase of said stepping motor;
PA1  a movable printing stylus;
PA1  means mechanically coupling said stylus to said shaft such that said shaft
      drives said stylus along a path;
PA1  character generating means coupled with said stylus and adapted to provide
      character signals thereto during movement of said stylus along said path;
PA1  a control circuit coupled with said electromagnetic detecting means and
      said character generating means for correlating signals to said stylus
      with the position of said shaft;
PA1  means for braking said shaft; and
PA1  means for energizing said braking means as a function of the position of
      said shaft, said energizing means including means with said control
      circuit for counting a predetermined number of striations on said disc
      during energization of one phase of said motor, and for providing a signal
      responsive thereto for energizing said braking means for a duration
      sufficient to prevent oscillatory motion of said shaft.
NUM  6.
PAR  6. Apparatus as recited in claim 1 wherein said electromagnetic detecting
      means further comprises:
PA1  photo emitting means;
PA1  photo sensitive means; and wherein
PA1  said photo emitting and photo sensitive means are axially aligned each on
      opposing sides of said disc and adapted to complete and electromagnetic
      circuit except when one of said striations is positioned therebetween.
NUM  7.
PAR  7. Apparatus as recited in claim 6 further comprising:
PA1  driving circuit means electrically coupled between said stepping motor and
      said control circuit for providing a sequence of phasing signals to said
      motor for sequentially energizing each of said phases.
NUM  8.
PAR  8. Apparatus as recited in claim 7 further comprising means for
      sequentially reducing the period of said energization signals with
      increases in the rotational speed of said motor.
NUM  9.
PAR  9. Apparatus as recited in claim 5 further comprising:
PA1  data buffer means coupled to said character generator for storing data and
      thereafter providing input data thereto representative of a character to
      be printed by said stylus during movement through any given position along
      said path;
PA1  means with said control circuit and coupled to said buffer means for
      determining the presence of data in said buffer means; and
PA1  strobing means with said control circuit for correlating character signals
      from said generator to said stylus with a corresponding striation, but
      only during the presence of data in said buffer means.
NUM  10.
PAR  10. Apparatus as recited in claim 9 further comprising means coupled to
      said data determining means and said strobe means for initiating a
      predetermined time delay when data is not present.
NUM  11.
PAR  11. Apparatus as recited in claim 10 wherein said control circuit further
      comprises strobe rate determining means electrically coupled to said
      strobing means.
NUM  12.
PAR  12. Apparatus as recited in claim 11 wherein said strobe rate determining
      means comprises:
PA1  an open collector inverter coupled to said time delay means;
PA1  a voltage-controlled oscillator having its input coupled to said inverter;
PA1  a constant voltage source coupled to the input of said voltage-controlled
      oscillator;
PA1  two impedance means, each being electrically interposed between one of said
      inverter and said constant voltage source, and said voltage controlled
      oscillator; and wherein
PA1  said voltage-controlled oscillator ramps up said strobe rate with voltage
      increases to the input thereof.
NUM  13.
PAR  13. Printing apparatus comprising:
PA1  a multiphase stepping motor;
PA1  a shaft rotated by said motor;
PA1  a disc fixed on said shaft and having a plurality of radial striations
      thereon for each phase of said stepping motor;
PA1  electromagnetic detecting means for providing signals representative of
      successive striations;
PA1  means for receiving said signals from said detecting means and counting
      successive striations; and
PA1  means for energizing a first phase of said motor coincident with the count
      of a predetermined striation detected by said counting means during
      energization of a second phase of said motor, in order to prevent
      oscillatory motion of said shaft.
NUM  14.
PAR  14. Apparatus as recited in claim 13 further comprising means for reducing
      the period of energization of said immediately preceding phase with
      increases in the rotational speed of said motor.
NUM  15.
PAR  15. Apparatus as recited in claim 13 further comprising:
PA1  a movable printing stylus mechanically coupled to said shaft and driven
      along a path thereby;
PA1  character-generating means coupled to said stylus and adapted to provide
      character signals thereto during movement of said stylus along said path;
PA1  a control circuit including said counting means and coupled to said
      detecting means and said character generator for correlating character
      signals to said stylus with said striation signals.
NUM  16.
PAR  16. Apparatus as recited in claim 15 wherein said control circuit further
      comprises:
PA1  strobing means with said control circuit for correlating said character
      signals each with a corresponding striation; and
PA1  strobe rate determining means coupled to said strobing means.
NUM  17.
PAR  17. Apparatus as recited in claim 16 wherein said strobe rate determining
      means comprises means for increasing said strobe rate with increases in
      the angular momentum of said shaft during rotation thereof.
NUM  18.
PAR  18. Apparatus as recited in claim 13 further comprising means for resetting
      said counting means at the end of a predetermined number of said striation
      signals.
NUM  19.
PAR  19. Printing apparatus comprising:
PA1  a multiphase stepping motor;
PA1  a shaft rotated by said motor;
PA1  detecting means electromagnetically coupled to said shaft;
PA1  a movable printing stylus;
PA1  means mechanically coupling said stylus to said shaft such that said shaft
      drives said stylus along a path;
PA1  character generating means coupled with said stylus and adapted to provide
      character signals thereto during movement of said stylus along said path;
PA1  a control circuit coupled with said electromagnetic detecting means and
      said character generating means for correlating signals to said stylus
      with the position of said shaft;
PA1  driving circuit means electrically coupled between said stepping motor and
      said control circuit for providing a sequence of phasing signals to said
      motor for sequentially energizing said phases of said stepping motor; and
PA1  means for sequentially reducing the period of said energization signals
      with increases in the rotational speed of said motor.
NUM  20.
PAR  20. The printing apparatus recited in claim 19 further comprising:
PA1  strobing means with said control circuit;
PA1  strobe rate determining means electrically coupled to said strobing means
      for ramping up said strobe rate with voltage increases to the input
      thereof.
NUM  21.
PAR  21. The printing apparatus recited in claim 20 wherein said strobe rate
      determining means comprises a voltage controlled oscillator.
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ABST
PAL  A printer of the wire type including 8 print wires disposed in a row and
      each actuatable by an electromagnet for printing individual characters
      defined by eight dots high and seven dots wide on a longitudinally movable
      ticket medium. The printing mechanism is also capable of printing
      fractions including numerators defined by the top six print wires and
      denominators defined by the bottom six wires together with a diagonally
      extending slash mark the printed dots of which lie within the seven dot
      wide character areas and a three dots wide normally blank area between
      characters. The printing mechanism may be so controlled either by a
      hardware embodiment of control or a micro controller.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to printing apparatus and more particularly to a
      so-called wire printer which makes data impressions in the form of a
      mosaic pattern of dots produced by the wires of the printer as the form,
      such as connected tickets, on which the printing is done travels
      longitudinally across the ends of the wires.
PAR  Previous wire printers have been capable of printing fractions. Such wire
      printers generally have included a row of seven print wires each actuated
      by an electromagnet and capable of producing the digits of a fraction
      together with a diagonal line between the digits indicating that two
      consecutively printed digits together constitute a fraction. Each of the
      digits were of normal size, that is, the same size as alphabetic
      characters also printable by the printing mechanism; and the slash mark
      between two consecutive digits utilized the same printing width as each of
      the digits.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an improved printing mechanism
      of the wire printer type by means of which it is possible to print digits
      for a numerator and a denominator of a fraction which are of less height
      than the alphanumeric characters normally printed by the printing
      mechanism, whereby the slash mark between the numerator and denominator
      may be made to extend diagonally into the normal printing areas for both
      the numerator and the denominator to shorten the length of the fraction on
      the printed surface.
PAR  In this connection, it is an object of the invention to provide a wire
      printer having eight wires disposed in a row, with the top six wires being
      capable of providing the digit for the numerator of a fraction and the
      lower six wires being capable of providing the digit for the denominator
      and with all of the wires being utilizable for producing the slash mark
      between the two digits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a face view of a strip of tickets with which the printing
      mechanism of the invention may be used;
PAR  FIG. 2 is a side elevational, schematic view of a ticket handling machine
      which includes the printing mechanism of the invention;
PAR  FIG. 3 is sectional view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view on an enlarged scale of the printing mechanism
      of the invention including a plurality of print wires and electromagnets
      for moving the print wires, the view being taken on line 4--4 of FIG. 2;
PAR  FIGS. 5 and 6 are sectional views through the printing mechanism each
      showing one of the wires and the electromagnet therefor, with the
      electromagnet being in different states and with the wire being in
      different corresponding positions;
PAR  FIG. 7 is a perspective view of the printing mechanism;
PAR  FIGS. 8, 9, 10, 11 and 12 show characters which are capable of being
      printed by the printing mechanism;
PAR  FIG. 13 is a diagram showing print option timing of the printing mechanism
      and a fraction printed by the printing mechanism;
PAR  FIG. 14 is a diagram showing how FIGS. 14a and 14b shall be placed together
      to form a FIG. 14 electrical circuit for controlling the printing
      mechanism;
PAR  FIG. 15 is a table showing the contents of a read only store which is a
      part of the FIG. 14 circuit;
PAR  FIG. 16 is a schematic diagram of a microprogram control unit that may be
      used in lieu of the FIG. 14 circuit in practicing the invention; and
PAR  FIG. 17 is a flow diagram illustrating the program for the microprogram
      control unit of FIG. 16 for producing the same printing action as the FIG.
      14 circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Tickets of a type suitable for use with the printing mechanism of the
      present invention are illustrated in FIG. 1. The tickets 20 illustrated in
      FIG. 1 may, for example, be about two inches in length (or may be 1 inch
      or 3 inches long) and are in a continuous strip 22, being separated from
      adjacent tickets in the strip 22 by means of perforations lines 24. A
      relatively short slot 26 and a relatively long slot 28 are disposed in
      each of the perforation lines 24. Each of the tickets 20 has a round hole
      30 in one corner, and a slantwise extending perforation line 32 divides
      this corner of the ticket 20 with respect to the rest of the ticket. As
      will be noted, the perforation line 32 does not pass through the opening
      30.
PAR  Each of the tickets 20 has a stripe 34 of magnetic material extending
      longitudinally of the ticket on the upper surface of the ticket (which is
      illustrated in FIG. 1). The stripe may be applied onto the ticket 20 and
      onto the strip 22 by any suitable means. It will be noted that the slots
      28 are longer than the width of the stripes 34 and separate the stripes 34
      of adjacent tickets 20. The slots 26 are outside of the stripes 34. Print
      lines 36 and 38 are applied onto the tickets 20, respectively above and
      below the stripes 34.
PAR  The tickets 20 may, for example, be used in connection with articles for
      sale such as garments, for example men's suits and women's dresses. When
      used in this connection, a ticket 20 is detached from adjacent tickets 20
      in the strip 22; and the ticket is fastened onto the garment by means of a
      small plastic anchor that extends through the opening 30 and through the
      garment. The magnetic stripe 34 has been magnetically encoded using the
      machine which is disclosed in the copending application of Lonald L.
      Amundson et al., Ser. No. 371,319, filed June 18, 1973, which is disclosed
      in simplified form in FIG. 2 hereof and with which the printing mechanism
      of the invention is used. The encoding of the magnetic stripe 34 of each
      ticket 20 may be with size, type, and print information, for example; and
      some of this information is printed by the printing mechanism of the
      present invention in print lines 36 and 38 by the FIG. 2 machine, so that
      the information is in human readable form. When the article is sold, the
      ticket is broken into two parts by tearing along the perforation line 32,
      and the information carried by the stripe 34 is then decoded by any
      suitable means, such as, for example, using the machine shown in FIG. 2.
      The corner of the ticket 20 through which the opening 30 has been provided
      remains attached to the garment by means of the anchor.
PAR  Although the tickets 20 are shown in connected form in FIG. 1, these
      tickets may also be used in the FIG. 2 machine in individual form, with
      the tickets 20 being fed through the machine one after the other, as will
      be more specifically described in connection with the FIG. 2 machine.
PAR  Referring to FIG. 2, the machine includes a reel 40 for a supply roll of
      the tickets 20 in connected form, a takeup reel 42 for rolling up tickets
      that have been encoded and printed after being drawn from the reel 40, a
      write head 44, a read head 46, a printer 48 that is a part of the printing
      mechanism of the present invention, a supply hopper 50 for individual
      tickets 20 and a stacker 52 for individual tickets subsequent to encoding
      and printing. The machine provides a path 54 for the ticket strip 22 or
      for individual tickets 20 and also provides paths 56 and 58 connected
      respectively with the stacker 52 and takeup reel 42 and paths 60 and 62
      connected respectively with the supply reel 40 and hopper 50. The path 54
      is partially defined by drive rolls 64, 66, 68, 70 and 72 and pressure
      rolls 74, 76 and 78. The rolls 74, 76 and 78 respectively have pressure
      nips with rolls 68, 70 and 72. The roll 64 is disposed opposite the write
      head 44, and the roll 66 is disposed opposite the read head 46.
PAR  The path 60 is partially provided by nipped rolls 80 and 82 and nipped
      rolls 84 and 86. The path 62 is partially provided by nipped rolls 88 and
      90 and nipped rolls 92 and 94. A pick roll 96 is moveable through a bottom
      opening in the hopper 50 for feeding individual tickets 20 one at a time
      from the bottom of the hopper 50 into the path 62.
PAR  The path 58 is partially provided by nipped rolls 98 and 100, and the path
      56 is partially provided by nipped rolls 102 and 104 and by nipped rolls
      106 and 108. A roll 110 extends through a bottom opening in the stacker 52
      for moving individual tickets from path 56 into the bottom of the stacker
      52. A ticket deflector 112 is provided for routing the tickets from path
      54 either into path 56 or into path 58, depending on whether the tickets
      20 are in connected or disconnected relationship to each other.
PAR  Referring to FIG. 3, the roll 64 is fixed to a shaft 114, and shaft 114
      drives an emitter 116. The emitter 116 provides an output pulse for each
      fraction of a degree of rotation of roll 64 and shaft 114.
PAR  A ticket sensor 118 straddles the path 54 adjacent the printer 48 and
      comprises a lamp 120 (see FIGS. 2 and 14) on one side of the path and a
      phototransistor 122 on the other side of the path. The lamp 120 is
      positioned so that its output rays are blocked by means of the stripe 34
      of a ticket 20 positioned between lamp 120 and phototransistor 122, and
      the lamp rays shine through each of the slots 28 as the ticket strip 22
      passes between lamp 120 and phototransistor 122. Similarly, the ends of
      individual tickets 20 allow the rays of lamp 120 to strike phototransistor
      122 as the ticket moves in path 54 to printer 48. The center line of the
      sensor 118 is positioned one inch along path 54 form the center line of
      printer 48 as viewed in FIG. 2, and the center line of sensor 118 is in
      alignment with the longitudinal center lines of the stripes 34 as the
      tickets 20 move along path 54.
PAR  The printer 48 includes two print heads 124 and 126 (see FIG. 14). Each of
      these heads has a row of eight print wires reciprocably carried by the
      head. These wires in the print head 124 are the wires 124a, 124b, 124c,
      .sub.*d, 124e, 124f, 124g and 124h. The corresponding wires in the print
      head 126 are the wires 126a-126h. The row of print wires 124a-124h in the
      print head 124 and the row of print wires 126a-126h in the print head 126
      are in alignment, extending transversely across the path 54. The print
      head 126 is identical with the print head 124; and, therefore, only
      details of the print head 124 will be described in detail hereafter.
PAR  Each of the wires 124a-124h is actuated by an electromagnet or coil 128 and
      a leaf spring 130 (see FIGS. 5 and 6). The electromagnet 128a and the
      spring 130a for the print wire 124a are shown in two different conditions
      of operation in FIGS. 5 and 6. A permanent magnet 132a is provided in
      connection with the coil 128a, and the wire 124a is fixed with respect to
      an armature 134a which is drawn inwardly with respect to the electromagnet
      128a due to the magnetic action of the permanent magnet when the
      electromagnet 128a is in de-energized condition (see FIG. 5). When the
      electromagnet 128a is energized, the electromagnet 128a acts as a bucking
      coil and cancels the magnetic field from the permanent magnet 132a, so
      that the spring 130a is effective on the armature 134a to move the print
      wire 124a forwardly out of its casing into printing relation with a ticket
      20.
PAR  The two print heads 124 and 126 are shown in perspective in FIG. 7; and
      coils 128a, 128c, 128e and 128g are indicated in particular. It will be
      observed that the coils 128a-128g are disposed in circular array and the
      wires 124a-124h are bent and guided accordingly so that the wires
      124a-124h terminate in the row as indicated in the FIG. 14 extending
      transversely across path 54. The print heat 126 is of similar
      construction.
PAR  An inked print ribbon 136 (see FIG. 2) extends around the printer 48 and
      particularly over the ends of the print heads 124 and 126 and the wires
      124a-124h and 126a-126h. The ribbon 136 also extends over idler rolls 138
      and 140. The ribbon is contained in a cartridge 142 and is fed into the
      cartridge by means of a driving roll 144 having a pressure nip with a
      pressure roll 146. The roll 144 is driven from the same prime mover that
      drives other rolls in the machine defining the paths 60, 62, 54, 58 and
      56.
PAR  In the operation of the machine shown generally in FIG. 2, the tickets 20
      in the form of strip 22 may be drawn off of the supply reel 40 and may
      pass through the paths 60, 54 and 58 to the takeup reel 42. The tickets
      are propelled in these paths by means of various of the rolls defining the
      paths which are driven from a suitable prime mover contained in the
      machine. Thus, various of the rolls 80, 82, 84, 86, 64, 66, 68, etc. may
      be driven for this purpose; and the movement of the tickets 20 in these
      paths is at a constant speed. As the tickets 20 pass over the write head
      44, their magnetic stripes 34 may be magnetically encoded; and, as the
      tickets subsequently pass over the read head 46, this magnetic encoding
      may be read for checking purposes, for example. As the tickets
      subsequently pass over the printer 48, the tickets may be printed thereby
      on their print lines 36 and 38, the print heads 124 and 126 being
      respectively effective for printing on lines 36 and 38. The sensor 118 has
      its center located one inch away from the center line of the printer 48,
      viewing these parts as in FIG. 2; and the sensor 118 is activated by a
      notch 28 between consecutive ones of the tickets 20 and causes the printer
      48 to be printing at the proper spots on a ticket 20 passing across the
      printer 48.
PAR  Individual ones of the tickets 20 may also be used in the same manner in
      the machine. The individual tickets are moved out of the bottom of the
      hopper 50 by means of the pick roll 96 and move in the path 62 to the
      encoding head 44 and read head 46 where they are magnetically encoded and
      read in the same manner as in the case in which the tickets 20 are in the
      strip 22. An individual ticket then moves through path 54 where its
      forward end is detected by the sensor 118, causing the printer 48 to be
      effective for printing this individual ticket in the same manner as
      previously described in connection with the tickets 20 in the form of
      strip 22. The individual tickets then move from path 54 to path 56 and
      into the stacker 52. The ticket deflector 112 is effective for causing the
      individual tickets 20 to move in the path 56 in lieu of the path 58.
PAR  The two print heads 124 and 126 function identically in their printing
      functions, and each produces the various printed characters shown in FIGS.
      8-13, as well as many other printed characters. The characters shown in
      FIGS. 8-13 are illustrative only. As a ticket 20 passes across the print
      head 124, the print wires 124a-124h may print on center lines 148
      extending transversely across the ticket. The eight wires 124a-124h
      respectively print on eight lines 150a-150h extending longitudinally of
      the ticket 20 being printed. The distance between the center lines 148
      may, for example, be 0.0083 inch, and the eight print wires 124a-124h (or
      wires 126a-126h for the head 126) may be spaced apart on their centers by
      0.015 inch. The diameter of each of the wires, and its printing surface
      and resultant printed dot 152 on a ticket 20, may be 0.012  inch. It is
      contemplated that each of the printed characters may be provided by
      impacts from the wires 124a14 124h on seven consecutive ones of the
      transverse center lines 148 and that there shall be preferably three
      center lines 148 which define a space between consecutive characters. With
      this format, a full sized A may be provided by the wires 124a-124h as
      shown in FIG. 8, with the wires 124d-124h providing the straight sides of
      the A and the wires 124a-124c providing the upper part of this letter. The
      letter is thus formed by printed dots 152 on each of the seven center
      lines 148; and, the letter is eight dots 152 high, with one or more dots
      152 being on each of the longitudinal center lines 150a-150h. The
      succeeding space embraces the three transverse center lines 148 across the
      ticket 20 following the seven center lines 148 for the letter A, and the
      second character is shown in FIG. 8 as a W. The succeeding full sized
      letters in FIG. 8 are shown as Y, X and Z, and each of these letters also
      utilizes the seven center lines 148 for a character; and a space of three
      center lines 148 is provided between each of these characters. Each of the
      center lines 148 constitutes the center of a print option time also shown
      in FIG. 8, the actual length of which is determined by the speed of the
      ticket 20 in passing across the printer 48.
PAR  The printer 48 is also capable of printing numerical characters, and three
      of these are shown as examples in FIG. 9, these being 0, 1 and 2. The
      printer 48 can also print special characters, such as the dollar sign
      shown in FIG. 9. Each of these characters has seven of the center lines
      (and seven of the print option times) devoted to it, with a space of three
      center lines 148 being set aside for spacing between the characters;
      although, as will be seen from FIG. 9, the character 1 does not actually
      require the full seven center lines 148 and seven print option times.
PAR  The printer 48 is also capable of providing underscored numeric characters,
      such as the 4, 5 and 6 illustrated in FIG. 10. In this case, the wires
      124a-124f are used for forming the characters, and each character is six
      dots 152 high on the longitudinal center lines 150a-150g. The wire 124h is
      used for forming the underscoring on the line 150h. Each of these
      characters also has seven of the transverse center lines 148 and seven of
      the print option times set aside for it; and the three succeeding
      transverse center lines 148 and print option times following a character
      are set aside for the space between characters. It is apparent from the
      underscoring in FIG. 10 provided by the print wire 124h that the print
      wire 124h is effective only on alternate ones of the center lines 148. In
      the particular embodiment illustrated, this is due to the fact that the
      speed of the machine is such that the armatures 134 can only print on
      alternate ones of the center lines 148 and cannot move fast enough to
      print on successive center lines 148. The diameter of the wires 124 is,
      however, sufficiently large so that easily recognizable characters are
      produced with this limitation.
PAR  The printer 48 is also capable of producing fractions requiring only the
      space lengthwise of a ticket 20 set aside for two numerals (seven center
      lines 148 for the first numeral, three center lines for the following
      space and seven center lines for the second numeral, or 17 center lines
      148 in all), and this is considered an important feature of the invention.
      The numerators 1, 3, 5 and 7 are shown in FIG. 11; and it will be observed
      that, as for the numerals of FIG. 10, only the upper six wires 124a-124f
      are used for the numerals (effective for printing dots 152 on only the
      longitudinal lines 150a-150f). In the seven center lines 148 and the seven
      print option times set aside for each numeral, each character also has and
      includes the lower portion 154 of a slash mark, this being provided by the
      print wires 124h, 124g and 124f acting successively on the last three of
      the seven center lines 148 of the character and printing dots on the
      longitudinal lines 150h, 150g and 150f. The lower slash portions 154 for
      each of the numerators 1, 3, 5 and 7 are all illustrated in FIG. 11.
PAR  The printer 48 may be effective for providing the intermediate slash
      portion 156 of a printed fraction by utilizing the space having three
      center lines 148 set aside for it between successive characters, and this
      intermediate slash portion 156 is also illustrated in FIG. 11. The wires
      124c, 124d and 124e are used for providing the intermediate slash portion
      156, with the wires 124e, 124d and 124c being effective on succeeding ones
      of the center lines 148 for printing dots 152 on lines 150c, 150d and 150e
      as shown in FIG. 11.
PAR  Noting FIG. 11, easily readable fractions are obtained by causing the
      lowermost slash portion 154 to use the last three center lines 148 of the
      seven set aside for a character, these three center lines being on the
      right side of the character, while forming the digit of the numerator by
      utilizing less than all seven of the center lines 148 and utilizing those
      on the beginning part of the character. For example, the numerator 3
      utilizes the first five of the seven center lines 148 for the digit while
      the initial portion 154 of the slash utilizes the last three of the seven
      center lines provided for the character.
PAR  The denominators of the fractions printed by the printer 48 are illustrated
      in FIG. 12, these being the denominators 2, 4 and 8 in particular. The
      numerals of the denominators are provided by the lowermost six wires
      124c-124h effective to print dots 152 on lines 150c-150h; and, when the
      shape of the numeral allows, less than all of the seven center lines 148
      for for the character are used for the numeral. In all cases, the numeral
      is placed on the right side of the space set aside for the character and
      utilizes the last or seventh center line 148 for the character. The
      numeral 2 in FIG. 12, for example, utilizes only the last five of the
      seven center lines 148 set aside for the character.
PAR  Each of the denominators includes the final portion 158 of the slash in the
      fraction, and this is provided by wires 124b and 124a which print
      successively on the first and second center lines 148 of the seven center
      lines 148 and on the longitudinal lines 150b and 150a. The intermediate
      portion 156 of the slash for a fraction is also illustrated between the
      numerals 4 and 8 of FIG. 12; and, as previously described, this slash
      portion is provided by the print wires 1243, 124d and 124c acting
      successively on succeeding center lines 148 of three center lines 148 set
      aside for a space between characters.
PAR  The completed fraction 5/8 as provided by printer 48 is shown in FIG. 13,
      using the numerator 5 as shown in FIG. 11 and the denominator 8 as shown
      in FIG. 12. The initial slash portion 154 is provided along with the
      numerator 5 as previously described; the intermediate slash portion 156 is
      provided by the print wires 124e, 124d and 124c printing successively on
      longitudinal lines 150e, 150d and 150c and on the three succeeding center
      lines 148 set aside for a space, and the final portion 158 is provided
      along with the denominator as previously described. As is apparent from
      FIG. 13, in particular, it is thus possible for the printer 48 to provide
      a fraction utilizing only the two sets of center lines 148 for the two
      characters and the three center lines 148 set aside for a space between
      succeeding characters or seventeen center lines 148 in all. It will be
      noted that the three slash portions 154, 156 and 158 form a straight
      diagonal line providing an easily readable fraction.
PAR  Circuitry for performing the printing functions just described is shown in
      FIG. 14. The circuitry is partially under control of the emitter 116 which
      produces an emitter signal on line 170 constituting clock pulses which
      occur every 100 microseconds. The rotatable portion of emitter 116 is
      connected with roll 64, and the frequency of the clock pulses on line 170
      is thus proportional to the speed of travel of the tickets 20 through the
      machine. The frequency of pulses at the 100  microsends spacing is based
      on a velocity of the tickets 20 through the machine of 8.33 inches per
      second.
PAR  The output of the emitter 116 is applied by means of line 170 onto emitter
      amplifier 172 and through line 173 on emitter pulse counter 174. Counter
      174 is of a free-running type, counts from 0 through 9 in binary and wraps
      around on every tenth pulse from emitter 116. The output of counter 174 is
      on 1, 2, 4 and 8 bit lines by means of which the output of counter 174 is
      applied to a counter decode 176.
PAR  The decode 176 produces the "clock common print register" signal on line
      178, the "load PL1 register" signal on line 180, the "reset PL1 register"
      signal on line 182, the "load PL2 register" signal on line 184, the reset
      PL2 register and "advance print option counter" signals on line 186 and
      the "toggle PL1-PL2 flip flop" signal on line 188.
PAR  The FIG. 14 circuitry is also under control of the sensor 118 which is
      connected through a phototransistor amplifier 190 to a delay counter 192.
      Counter 192 produces the signal "gate print operation" on line 194 which
      constitutes an input to decode 176. The emitter pulse output on line 170
      is shown in FIG. 13, and the decode 176 is of such construction that it
      makes the following transfers: the nos. 0 and 5 emitter pulses to line
      178, the no. 1 emitter pulse to line 180, the no. 6 emitter pulse to line
      184, the no. 4 emitter pulse to line 182 and the no. 9 emitter pulse to
      line 186. Since the time spacing between successive emitter pulses is 100
      microseconds, the full counting action of counter 174 requires 1
      millisecond; and the time spacing of the various pulses on the lines 178,
      180, 182, 184 and 186 is shown in FIG. 13. As is indicated in FIG. 13, one
      print option time is one millisecond, and all of the 0 to 9 emitter pulses
      occur on the output lines of counter decode 176 within the same 1
      millisecond. The counter 192 is constructed to provide its output signal
      gate print operation on line 194 only after a predetermined number of
      counts that correspond with the time between the blockage by the leading
      end of a ticket 20 of light from lamp 120 to phototransistor 122 and the
      time at which the printer 48 should start printing on a ticket 20. The
      counter decode 176 is overcontrolled by the gate print operation signal on
      line 184 so that the output signals on lines 178, 180, 182, 184 and 186 as
      previously described being only after the rise of the gate print operation
      signal on line 194.
PAR  The line 186 is connected to the "advance" terminal of a print option
      counter 196. The counter 196 counts in binary and provides "print option
      counter bit" 1, 2 and 4 signals on lines 198, 200 and 202. The lines 198,
      200 and 202 provide inputs to a counter decode 204 which is of such
      construction that it provides an output on a line 206 after counts from 0
      through 6 in counter 196 and provides an output on line 208 after counts
      from 0 through 2 in counter 196. Line 206 is connected to the set terminal
      of a "space flip latch" 210 having an output line 212. An AND circuit 214
      has the lines 208 and 212 as inputs and has an output line 216. An OR
      circuit 218 has the lines 216 and 206 as inputs and has its output
      connected to the reset terminal of the print option counter 196.
PAR  The effect of this arrangement of counter 196, decode 204, AND circuit 214,
      OR circuit 218 and flip latch 210 is to cause the counter 196 to first
      count from 0 through 6 and then from 0 through 2, providing corresponding
      outputs on lines 198, 200 and 202. The first output of decode 204 (on line
      206) causes the counter 196 to be reset when the count in counter 196
      equals 6, and the latch 210 is set at this time. The AND circuit 214 is
      satisfied when subsequently the count of counter 196 equals 2 so as to
      provide an output signal on line 216 resetting both the counter 196 and
      the latch 210.
PAR  Incidentally, the counts of 0 through 6 of counter 196 are the seven
      character option times, and the subsequent counts of 0 through 2 of
      counter 196 are the three blank space of slash space option times, all
      previously referred to. The seven plus 3 option times are repeated for
      each character and a character plus space time is 10 milliseconds. The AND
      circuit 214 is so connected with the decode 204 and flip latch 210 so that
      a pulse occurs on its output line 216 at the end of each character plus
      space time or 10 milliseconds.
PAR  The data to be printed on a ticket 20 has been previously stored in a print
      character buffer 220 having upper and lower halves 220a and 220b. The
      upper buffer half 220a contains the data for the print line 36, and the
      lower buffer half 220b contains the data for the lower print line 38. The
      print character buffer 220 has an 8 bit address register 222. The lower
      order 7 bits of register 222 constitute a 7 bit counter 224, and the
      highest order bit of register 222 constitutes a flip flop 226. The 7 bit
      counter 224 has its advance terminal connected with the line 216 that is
      pulsed every 10 milliseconds, at the end of each character plus space
      time; and counter 224 thus is incremented every 10 milliseconds. The flip
      flop 226 is connected to line 188 having emitter counts 4 and 9 thereon,
      and the flip flop 226 thus is toggled by each of these emitter counts.
      This action of the flip flop 226 has the effect of dividing each
      millisecond of print option time into 21/2 millisecond intervals; and, as
      will appear hereafter, the first half millisecond is used to option print
      head 124 and the second half millisecond is used to option print head 126
      for printing action.
PAR  The output of buffer 220 (from its bit positions 2, 3, 4, 5, 6 and 7) is on
      a bus 228, and bus 228 applies the contents of bit positions 2, 3, 4 and 5
      of buffer 220 onto a slash decode circuit 230. Decode 230 is of such
      construction that it provides an output signal on its output lead 232 when
      there are bits in bit positions 3, 4 and 5 and no bit in bit position 2 of
      buffer 220. Lead 232 is connected to AND circuit 234 and to an inverter
      236. The output of inverter 236 is on lead 238 which constitutes an input
      to an AND circuit 240. The lead 212 constitutes inputs both AND circuits
      234 and 240, as shown. The outputs of AND circuits 234 and 240 are
      respectively the signals "slash space" on line 242 and "blank space" on
      line 244.
PAR  The bus 228 also applies the contents of bit positions 2, 3, 4 and 5 in
      buffer 220 to a read only store address register 246 and in particular to
      the 1, 2, 3 and 4 positions of register 246. In addition, the content of
      bit positions 6 and 7 in buffer 220 are applied to the 5 and 6 positions
      of address register 246 respectively through AND circuits 248 and 250. An
      inverter 252 is connected to lead 242 and supplies its output by means of
      lead 253 to AND circuits 248 and 250 and also to the high order 0 position
      of the address register 246. The lowest order 3 bits of the address
      register 246 are the three output bit signals of the print option counter
      196 supplied through leads 198, 200 and 202.
PAR  A "space" signal exists on line 212 when the space portion of a ticket 20
      is beneath the wires 124a -h and 126a-h; and this signal, in addition to
      the output of the slash decode 230, controls the highest order bit of the
      ROS address register 246 by means of the AND circuit 234, inverter 252 and
      the output of inverter 252 on line 253. This signal on line 253 also
      forces bits 5 and 6 of the ROS address register 246 to 0, utilizing the
      AND circuits 248 and 250.
PAR  The address register 246 controls a read only store 254 containing 8 bit
      bytes representing the dot images of characters to be printed. Thus, as
      will appear more fully from a following description of operation, for each
      print character as specified by bits 1, 2, 3, 4, 5 and 6 of ROS address
      register 246 and for each print option time as specified by ROS address
      register bits 7, 8 and 9; an 8 bit byte representing the dot image of a
      character at that option time is selected out of the read only store 254.
PAR  The read only store 254 is outputted through a bus 256 which carries an 8
      bit dot image signal, and this signal is loaded into a common register 258
      by means of the bus. The print register 258 is controlled by AND circuit
      260 having output line 261 and by AND circuit 262. The line 244 carrying
      the blank space signal is applied to AND circuit 262 as an input, and the
      inverse of the "blank space signal" is applied to the AND circuit 260 by
      means of the inverter 264 to which line 244 is applied as an input. The
      output of inverter 264 is applied through lead 265. The line 178 carrying
      the signal "clock common print register" is also applied onto both of the
      AND circuits 260 and 262. A signal from AND circuit 260 causes data on bus
      256 to be loaded into register 258, and a signal from AND circuit 262
      resets register 258.
PAR  The common print register 258 has its output applied to a bus 266 by means
      of which the content of the register 258 is supplied to a PL2 register 268
      and a PL1 register 270. The lines 180 and 182 respectively carrying the
      signals load PL1 register and reset PL1 register are also applied onto
      register 270, and the lines 184 and 186 respectively carrying the signals
      load PL2 register and reset PL2 register are also applied onto the
      register 268. The output of the register 270 is on a bus 272 connected to
      print head 124, and the output of register 268 is on a bus 274 connected
      with print head 126.
PAR  The content of the read only store 254 is shown in FIG. 15 and includes
      three tables I, II and III. The three tables are selected by the highest
      two order bits in address register 246. When bits 0 and 1 address register
      246 are 1 and 0 respectively, table I is selected; when these two bits are
      respectively 1 and 1, table II is selected; and when both of these bits
      are 0, table III is selected. Biits 2, 3, 4 and 5 in address register 246
      select one of the 16 horizontal rows of bits in either table I or table
      II; and bits 6, 7, 8 and 9 in address register 246 select a particular
      column of the 16 columns of tables I and II. Thus, by combinations of the
      bits in address register 246, it is possible to select the content of any
      of the sub-areas 276 in store 254 formed by the crossings of the rows and
      columns of the tables I and II, and it is also possible to select any of
      the three sub-areas 276 in Table III.
PAR  Each of the sub-areas 276 in read only store 254 contains a byte of 8 bits.
      These bits correspond to the 8 print wires, for example the print wires
      124a, 124b, 124c, 124d, 124e, 124f, 124g and 124h of print head 124. If
      bits 0, 1, 2, 3, 4, 5 and 6 of the 8 bit byte are on, print wires 124a,
      124b, 124c, 124d, 124e, 124f and 124g will each be effective to print a
      corresponding dot 152 on the ticket 20. This is the case for print option
      time 0 when the letter W as shown in FIG. 8 is being printed. This
      particular byte is located in Table II in the sub-area 276 at the junction
      of row 3 and column 0 and is indicated by W.sub.0. At the next print
      option time (No. 1), the content of the next sub-area in this row
      indicated by W.sub.1 is used. In this byte, only the eighth bit is on; and
      this causes a printing action by only the wire 124h. At the next print
      option time 2 in printing the letter W, the content of the next sub-area
      276 in this row and indicated by W.sub.2 is used. This sub-area has only
      the seventh bit on, and this causes a printing action by only the wire
      124g. The content of the next sub-area 276 labelled W.sub.3 is used at the
      next print option time 3; and the byte in this sub-area has bits 4, 5 and
      6 on. This causes the printing action by print wires 124d, 124e and 124f,
      providing the central portion of the W character as shown in FIG. 8.
      Likewise, the sub-areas W.sub.4 ', W.sub.5 and W.sub.6 have the data
      therein for the printing action by the wires in print option times 4, 5
      and 6.
PAR  As another example, the sub-areas 276 in columns 8, 9, A, B, C, D and E in
      row E of Table II are used for obtaining the printing information for the
      denominator 2 as shown in FIG. 12. At the 0 print option time, the content
      of the sub-area 276 in column 8 is used, and this is a byte having only
      bit 1 on. This causes a printing action by only the wire 124b. The content
      of the sub-area 276 in row 9 is used at the next print option time 1, and
      the byte in this location has only the 0 bit on, causing a printing action
      by only the wire 124a. At the next print option time 2, the content of the
      sub-area 276 in row A is used; and the byte at this location has bits 3
      and 7 on, causing a printing action by the wires 124d and 124h.
      Correspondingly, the byte contents of columns B, C, D and E in row E of
      Table II are used for the printing action by the wires in the remaining
      print option times 3, 4, 5 and 6, causing the proper wires 124a to 124h to
      have a printing action and providing the dots 152 for the denominator 2 as
      shown in FIG. 12.
PAR  Only three of the sub-areas 276 are used in Table III, these being selected
      when bits 0 and 1 of address register 246 are both 0 and when bits 2, 3, 4
      and 5 of register 246 indicate hexidecimal E. The three sub-areas 276 in
      Table III correspond with the three dots 152 in the intermediate slash
      portion 156. /0 in column 0 of Table III has only the bit 4 of the 8 bit
      byte on, and this causes a printing action by the wire 124e which provides
      the first printed dot 152 for print option 7 (see FIG. 13) subsequent to
      the 0-6 print option times for a full character. The second sub-area 276,
      /1, has only the third bit on, and this causes the print wire 124d to be
      effective in print option time 8, providing the dot 152 at this print
      option time indicated in FIG. 13. The next sub-area 276, /3, in column 2
      of Table III is used for the next print option time 9, and the byte of
      information at this place has only the second bit on so that only the wire
      124c is effective at this print option time, completing the intermediate
      slash portion 156.
PAR  The FIG. 14 circuitry, in operation, relies on the pulses from emitter 116
      on line 170 for its continued operation. The emitter 116, by means of the
      amplifier 172, counter 174 and decode 176 produces the previously
      mentioned timing pulses on lines 178, 180, 182, 184, 186 and 188; however,
      these timing pulses do not begin until a predetermined count has taken
      place in counter 192 subsequent to the passage of the leading end of a
      ticket 20 through sensor 118. Thereafter, at print option time 0, a first
      printing action by the heads 124 and 126 along the first transverse line
      148 extending across the ticket 20 will take place as follows:
PAR  With the print option time (see FIG. 13) being 0, the print option counter
      196 contains a 0 count. Counts 4 and 9 in the first millisecond of
      operation have, of course, not been reached; and therefore the flip flop
      222 which is subject to the signal on line 188 occurring in pulse form on
      counts 9 and 4, is in its 0 count condition. Likewise, the print character
      counter 224 is in its 0 count condition. The buffer address register 222
      under these conditions points at the 0 position of the print line buffer
      220, particularly in the buffer portion 220a for the print head 124. The
      first character to be printed by the print head 124 is thus available at
      this time in 6 bit form on bus 228.
PAR  There is no "slash space" signal on line 242 at this time, and the inverter
      252 thus produces an up signal level on line 253. The AND circuits 248 and
      250 are thus enabled for the passage of either bit 6 or bit 7 through them
      from bus 228, and a 1 is applied to the 0 position of the ROS address
      register 246. Referring to FIG. 15, the 1 applied to the 0 position of the
      ROS address register 246 causes the output of the address register 246 to
      be contained in Table I or Table II but not in Table III. For the purpose
      of illustration, it will be assumed that the print line 1 buffer portion
      220a contains the bit representation of an A in its 0 position, this being
      000001 and present on bus 228; and these signals are applied respectively
      on the 1, 2, 3, 4, 5 and 6 positions of the ROS address register 246.
      Initially, the contents of the 7, 8 and 9 positions of the ROS address
      register 246 are 0, since counter 196 has its outputs applied to these
      positions and has zero content. Referring to FIG. 15, it will be observed
      that a 0 in the 1 position of the ROS address register 246 causes Table I
      to be the table being considered. The 2, 3, 4 and 5 positions of the ROS
      address register 246 determine the horizontal rows in Table I to be
      considered, these being indicated by the ordinates 0 to F in hexadecimal.
      The vertical columns to be considered are determined by the bits 6, 7, 8,
      and 9 in the address register 246, and the designations of the columns, 0
      to F, are also in hexadecimal. The 0's in all of positions 2, 3, 4, and 5
      of address register 246 indicate that the contents of the (0) horizontal
      row are to be considered. Since only the sixth position of register 246
      contains a 1, with the remaining 7, 8 and 9 positions of this register
      containing 0's, the contents of the column 8 are thereby indicated and are
      to be considered. Thus, in particular, the contents of the 0 row and
      column 8 in Table I are considered at this time, and the 8 bit dot image
      contained in the A.sub.0 sub-area 276 (00011111) of the FIG. 15 matrix
      table is present at this time on the bus 256. Bits 3, 4, 5, 6 and 7
      corresponding to print wires 124d-124h are thus raised on bus 256 for
      print option time 0 for letter A.
PAR  This 8 bit dot image, as data, is fed into the common print register 258
      from the bus 256. The inverter 264, at this time, has no input; and it
      therefore produces a 1 on its output line 265 applied to AND circuit 260.
      At the count 0 pulse on line 178 also applied, AND circuit 260 produces a
      load pulse on line 261, causing the 8 bit dot image from bus 256 to be
      moved into the common print register 258.
PAR  This content of the common print register 258 is loaded into the PL1
      register 270 at the succeeding count 1 pulse on line 180, and this content
      of the PL1 register 270 is applied through the bus 272 to the print head
      124. Wires 124a-124h are thus moved into printing contact with the ticket
      20 on its upper print line 36, producing a printed dot 152 for each of
      these wires. Printing at this time takes place on the first transverse
      line 148 across the ticket 20 in print lines 36. Thus, the lefthand edge
      of the letter A has been produced, made up of the five dots 152 in print
      option time 0 as shown in FIG. 8.
PAR  The PL1 register 270 is reset at count 4 in the first print option time 0
      by the reset PL1 register signal on line 182.
PAR  At this same count, count 4 in print option time 0, the "toggle
      PL1.fwdarw.PL2 FF" signal on line 188 raises, and this causes the flip
      flop 226 of the address register 222 to be set. Under this condition, the
      address register 222 directs its attention to the lower portion of the
      buffer 220, namely the print line 2 buffer portion 220b. Otherwise, the
      address register 222 is still in its 0 condition, and the address register
      222 is therefore particularly directed to the 0 position of the print line
      2 buffer portion 220b. Under these conditons, the output of the buffer 220
      on its 2, 3, 4, 5, 6, and 7 output positions is the 6 bit character which
      is contained in the 0 position of the print line 2 buffer portion 220b.
PAR  For the purpose of illustration, it will be assumed that the 0 position of
      the print line 2 buffer portion 220b contains a bit representation of the
      5 character shown as the middle character in FIG. 10. The signal on line
      253 remains up, and the 0 position in the ROS address register 246 thus
      still contains a 1. Likewise, the AND circuits 248 and 250 are enabled
      with respect to bits 6 and 7 on bus 228. The 1 position in the ROS address
      register at this time contains a 1, and Table II in FIG. 15 is thus
      selected. The bit positions 2, 3, 4 and 5 in the ROS address register 246
      contain the bits 0101 so that the fifth horizontal row of Table II is
      thereby selected. The bit in position 6 of the address register 246 is a 0
      and likewise, the contents of the 7, 8 and 9 positions of the address
      register 246 are 0's. Therefore, the first column of the FIG. 15 matrix
      table is selected, and, the sub-area 276 in the fifth row and first column
      of Table II has its 8 bit dot image applied to the bus 256. This 8 bit dot
      image is 11100101; and bit 0, 1, 2, 5 and 7 are raised, corresponding to
      print wires 124a, 124b, 124c, 124f and 124h this being for print option
      time 0 for the character 5. This dot image (11100101) is supplied through
      the bus 256 into the common print register 258 and is loaded at the fifth
      emitter count of print option time 0 under the control of the AND circuit
      260, similarly as the register 258 was previously loaded for print line 36
      at the 0 emitter count of the 0 print option time. This content of the
      print register 258 is applied to the PL2 register, and this 8 bit signal
      is loaded into the PL2 register at emitter count 6 of the 0 print option
      time (see FIG. 13), and the signal is then applied to the lower print head
      126. Wires 126a, 126b, 126c, 126f and 126h are thus fired, producing a
      corresponding dot in the lower print line 38 of the ticket 20, this being
      at the first transverse printing line 148 on the ticket 20 in the lower
      print area 38. The PL2 register 268 is reset by the reset signal on lead
      186 at emitter clock 9 of print option time 0 as may be seen from FIG. 13.
PAR  At the same emitter clock 9 of print option time 0, the signal on line 186
      advances the print option counter 196 to contain a count of 1; and the 1
      signal then exists on line 198, providing a 1 content at the 9 position of
      the ROS address register 246. At this same count of 9, the flip flop 226
      of the address register 222 is toggled back into its 0 condition by the
      signal on line 188 so that the address register 222 again points to the 0
      position of the print line 1 buffer portion 220a. The bit content of the 0
      position of the print line 1 buffer portion 220a then again appears on the
      bus 220, applying these bits into the corresponding ones of the ROS
      address register 246. Since the 9 position of the address register 246 now
      contains a 1, the address register 246 now points to the ninth column of
      the 0 row in Table I of the FIG. 15 matrix table. The sub-area 276 at row
      0 and column 9 of Table I contains the bit representation A, (00100000)
      corresponding to the wire 124c for the second transverse print line 148 of
      the letter A as seen in FIG. 8. This is at print option time 1; and this
      bit representation (0010000) is passed through the bus 256, the common
      print register 258, the bus 266, the PL1 register 270 and the bus 272 to
      the print head 124, similarly as was the case for the wires 124d-124h
      which printed on the first transverse print line 148 for print option time
      0. Thus the second portion of the letter A on print line 36 for print
      option time 1  is completed by the action of the print wire 124c.
PAR  With the completion of the second printing action by the print wire 124c on
      the letter A in print line 36, the flip flop 226 is toggled at emitter
      count 4 of print option time 1. The address register 222 then points to
      the print line 2 buffer portion 220b, so that the bit representation of
      the number 5 again appears on the bus 228. This bit representation iis
      applied onto the ROS address register 246; and, since the 9 position of
      the address register 246 has a 1 therein, address register 246 points to
      column 1 of row 5 of Table II in lieu of column 0, row 5, Table II. The
      bit representation for the second printing action for the character 5 thus
      appears on bus 256, and the 8 bit dot image on this bus at this time is
      all 0's. Therefore, there is no printing action by the head 126 for the
      second transverse print line 148 for the character 5.
PAR  The subsequent printing actions by the print head 124 continue in the same
      manner as for the first two printing actions, in order to provide a
      printed representation of the letter A on a ticket 20. The ROS address
      register 246 points successively to the columns A, B, C, D and E of row 0,
      Table I of FIG. 15; and the ROS address register 246 is advanced in this
      manner due to the increasing output of the print option counter 196 that
      is advanced for each emitter clock 9. Likewise, alternating with the
      printing action for print head 124, the additional printing actions for
      the character 5 occur, with the ROS address register 246 successively
      pointing to columns 2, 3, 4, 5 and 6, row 5, Table II of the FIG. 15
      matrix table. Print line buffer 220 alternately provides outputs for the A
      and 5 characters in the successive print option times.
PAR  The printing of the first two characters in print lines 36 and 38 on a
      first ticket 20 is thus completed, utilizing print option times 0, 1, 2,
      3, 4, 5 and 6. At emitter count 9 of print option time 6, the print option
      counter 196 is advanced; and decode 204 at this time produces a signal on
      its output lead 206 which resets the print option counter 196 to 0 by
      means or OR circuit 218. This signal on line 206 also sets flip latch 210
      so as to provide a space signal on line 212. Except under unusual
      conditions (to be hereinafter described), a blank space between successive
      characters is appropriate; and AND circuit 240 thus provides a blank space
      signal on line 244. Inverter 264 then provides a 0 on its output lead 265
      so as to disenable AND circuit 260, and no more data can under these
      conditions be loaded into the common print register 258. The blank space
      signal on line 244 also causes the common print register 258 to be reset
      at count 0 (due to the signal on line 178) of print option time 7 and stay
      in reset condition, utilizing the AND circuit 262. Thus, for print option
      time 7 (see FIG. 13), no printing by heads 124 and 126 occurs.
PAR  A no printing action by the print heads 124 and 126 occurs for the same
      reasons for print option times 8 and 9. Thus a space for the three print
      option times 7, 8 and 9 is provided by the printer just following the
      first characters printed which, in the specific example given, where A and
      5 in print lines 36 and 38. Subsequent to counts 0, 1 and 2, of the print
      option counter 196 occurring at the ninth emitter count on line 170 in
      print option time 9 (see FIG. 13), decode 204 provides a signal on line
      208. AND circuit 214 is then effective to provide a signal on line 216
      which is applied to flip latch 210 to reset this latch. The signal on line
      216 is also applied through OR circuit 218 on the reset terminal of
      counter 196 for resetting counter 196.
PAR  The signal on line 216 is also applied onto the print character counter
      224, and this signal advances the counter 224 by 1. The print buffer
      address register 222, then points at position 1 of buffer portion 220a and
      position 1 of buffer portion 220b, depending upon the state of the flip
      flop 226. Printing action for the second and subsequent characters of both
      print lines 36 and 38 then proceeds, the same as occurred for the first
      characters of these print lines.
PAR  If the next two characters to be printed out of print line buffer portion
      220a, for example, are the two characters making up a fraction; the 6 bit
      output of the buffer portion 220a for the first of the two characters is
      011100, 011110, 011101 or 011111. These bits will have the effect
      respectively of selecting in Table I (FIG. 15), column 1 and row E, column
      1 and row F, column 8 and row E or column 8 and row F. As will be observed
      from FIG. 15, these sub-areas in Table I contain respectively the printing
      bits for the characters 1/, 5/, 3/ and 7/, all of which are the numerators
      in a fraction to be printed.
PAR  The numerators shown in FIG. 11 will then be printed by the print head 124
      in the same manner in which the other characters are printed as above
      described, with the print wires 124a-124h being effective in the various
      print option times shown in FIG. 11. It will be observed from FIG. 11 that
      all of the seven print option times for characters are utilized for all of
      these numerators except for the numerator 1 in which the printing action
      begins at print option time 1. In the cases of all of these numerators,
      the last dot of the initial slash portion 154 is on the transverse print
      line 148 within the seventh print option time (print option 6). The
      numerator 5/ may be considered, for example, as seen in FIG. 13. For this
      character, bits 0, 1, 2 and 4 are raised initially on bus 256 causing the
      wires 124a, 124b, 124c and 124e to print initially at print option time 0.
      Corresponding bits are raised on bus 256 for the other print option times
      including bits 7 and 6 alone for print option times 5 and 6 for completing
      the initial slash portion 154.
PAR  As will be noted from the bit patterns above given for the numerators are
      provided by buffer portion 220a, the 2, 3, 4 and 5 outputs of buffer
      portion 220a are 0111 for all of the numerators which has the effect of
      locating the E and F rows, either column 1 or column 8, in Table I of FIG.
      15. This particular bit pattern, 0111, derived from the exact locations of
      the numerator printing bits in the FIG. 15 matrix table is used by the
      FIG. 14 circuitry for indicating that a slash space exists for the space
      just following the printed numerators shown in FIG. 11. This is
      accomplished by the slash decode 230 which, when the first 4 bits
      outputted by the buffer 220 are 0111, provides a signal on lead 232. A
      space signal exists at this time on lead 212, as well as at all other
      times just following the printing of a character, as has been previously
      explained; and AND circuit 234 thus has its inputs satisfied at this time,
      producing a slash space signal on line 242. Inverter 252 at this time,
      therefore, provides a 0 signal on line 253, so that a 0 exists in the 0
      position of the ROS address register 246. This has the effect of selecting
      Table III of FIG. 15, as will be apparent from an inspection of FIG. 15.
      The 0 signal on line 253 also has the effect of disenabling AND circuits
      248 and 250, so that no bits 6 and 7 can be applied to the 5 and 6
      positions of the ROS address register 246. The 2, 3, 4 and 5 bits of 0111
      applied to the 1, 2, 3 and 4 positions of the ROS address register 246 has
      the effect of causing the address register 246 to point to the sub-area
      276 in row E, column 1, of Table III (FIG. 15).
PAR  The print option counter 196 has been reset to 0 at this time by a signal
      on lead 206, and the printing of the bit pattern in column 0, row E of
      Table III of FIG. 15 now takes place in the same manner as the first
      column on a print line 148 for a print character occurs. This is, however,
      at print option time 7, with a 0 count in the print option counter 196, as
      is shown in FIG. 13 for a slash space. The sub-area 276 in column 0, row E
      of Table III is a single bit that calls for the printing action by the
      wire 124e; and, therefore, the first dot of the intermediate slash portion
      156 for print option time 7 takes place at this time.
PAR  At the completion of this printing action by the wire 124e, the print
      option counter 196 advances in content to a 1 count, and this causes the
      ROS address register 246 to print to column 1, row E, Table III of FIG. 15
      which contains a bit for causing the wire 124d to print during print
      option time 8. Similarly, when the content of print option counter 196
      reaches 2 at the completion of the printing in print option time 8, the
      ROS address register 246 points to column 2, row E, Table III of FIG. 15
      which contains a bit corresponding to the wire 124c. Wire 124c then has a
      printing action, providing the third of the three printed dots on the
      ticket 20 for completing the intermediate slash portion 156 for any of the
      numerators 1, 3, 5 and 7. The 2 count in the option counter 196, through
      decode 204 and AND circuit 214, which provides a signal through lead 216
      and OR circuit 218 to counter 196, causes a resetting of counter 196 to 0,
      and the FIG. 14 circuit is again ready for the printing of another full
      character utilizing print option times 0-6, inclusive. The inverter 236
      which, during the printing of the intermediate slash portion 156, has no
      output on line 238 disenables AND circuit 240 so that the blank space
      signal on line 244 cannot exist at this time and so that the contents of
      the sub-areas 276 in columns 0, 1 and 2, row E, Table III, can be loaded
      into the common print register 258 for a printing of the intermediate
      slash portion 156.
PAR  The next character to be printed by the same print head, such as the print
      head 124, is one of the denominators /2, /4 or /8 contained in stored form
      in rows E and F of Table II of FIG. 15. The signal on line 216 resetting
      the print option counter 196 at this time is also effective to advance the
      print buffer address register 222, so that the next output of the buffer
      220 is the 6 bit character corresponding to the initial printing action to
      produce the /2, /4 or /8 denominator. Since these characters occur in
      Table II of FIG. 15, the bit 2 output of buffer 220 is a 1; and the slash
      decode 230 is not satisfied. There is thus no signal on line 232, and
      there is thus no slash space signal on line 242. Inverter 252 therefore
      produces a 1 in the 0 position of the ROS adrress register 246 and in
      addition enables AND circuits 248 and 250 for the passage of any bits 6
      and 7 to positions 5 and 6 of address register 246. The output of the
      buffer 220 supplying bits to positions 1, 2, 3, 4, 5 and 6 of address
      register 246 is such that the sub-area 246 at column 0 of row F or column
      8 of rows E or F of Table II in FIG. 15 is selected. For a /8 denominator,
      for example, the contents of the 0, 1, 2, 3, 4, 5 and 6 positions of the
      address register 246 will all be 1's to select the sub-area 276 at row F,
      column 8, of Table II. Only bit 1 is in this sub-area to cause printing
      action by the wire 124b (for print head 124), and the printing action by
      this wire occurs at print option time 0 for the second character which is
      the /8 character shown in FIG. 15. The next printing action at print
      option time 1 for this second character is due to the stored character in
      column 9, row F, Table II (FIG. 15) and causes wire 124a to be active. The
      content of the ROS address register 246 is 1111111001, and bit 0 is raised
      on bus 256 for this action. The other parts of the /8 character are
      printed as the content of the print option counter 196 increases, in the
      same manner as the remaining parts of any of the other characters are
      printed, so that the complete fraction is the 5/8 fraction shown in FIG.
      13, assuming that the numerator printed is a 5.
PAR  Referring to FIG. 15, it will be apparent that the content of the 0
      position of the ROS address register 246 determines whether the printer 48
      shall be effective to print an intermediate slash portion 156 or a
      complete character involving seven option times and seven transverse print
      lines 148 across a ticket 20. The contents of positions 1-6 inclusive of
      ROS address register 246 determine which of the printed characters in
      Tables I and II are to be printed. The contents of the 7, 8 and 9
      positions of address register 246, under the control of the output of the
      print option counter 196, determine the printing that shall occur at each
      of print option times 0-6 for a full character and at each of option times
      7, 8 and 9 for a slash space character occupying the usual space between
      full characters.
PAR  It will be noted from FIG. 13 that the initial slash portion 154 printed
      with the numerator, the intermediate slash portion 156 printed in the
      space between full characters and the final slash portion 158 printed with
      the denominator are all in line and form a diagonal straight line on a
      ticket 20. This is true, since the wires 124h to 124a consecutively print
      during consecutive print option times 4, 5, 6, 7, 8, 9, 0 and 1 as shown
      in FIG. 13. The digits for the numerators and denominators are reduced in
      height so that the initial slash portion 154 may form a part of the seven
      option time numerator as printed and the final slash portion 158 may form
      a part of the seven option time denominator as printed, with the digit
      part of the numerator being at the upper edge of the print line 36, for
      example, and formed by the uppermost wire 124a in part and the digit part
      of the denominator being at the lowermost edge of the print line, being
      formed in part by the lowermost wire 124h. Thus, only the print option
      times for two consecutive fullsize characters including the intermediate
      space, and the corresponding lengthwise room required for this number of
      print option times, are needed for printing a fraction in lieu of the
      print option times and required space for three full characters which
      would otherwise be needed for printing a fraction. The number of print
      option times required for the FIG. 13 fraction is 17, while the number of
      print option times needed for three full characters (including two
      intermediate spaces) would be 27, and the saving in option times and
      required space along a print line 36 or 38 for printing a fraction is thus
      obvious. The saving in print times and required space is even more
      pronounced using the invention when a mixed number (such as the mixed
      number 7 5/8) is printed. Using the invention, the mixed number 7 5/8
      would require the 17 print option times above mentioned in connection with
      the FIG. 13 fraction, the seven option times for the integer 7 and the
      three option times between the integer 7 and the fraction, making a total
      of 27 option times. Using the prior approach for printing such a mixed
      number, not only would the 27 print option times be required for the
      fraction, but the 7 option times for the integer 7 would be required; and,
      in addition, 13 option times would be required to provide a definite
      separation between the 7 and 5 of the mixed number. The total print option
      times in the latter case would be 47, much greater than 27.
PAR  The printing of characters on a ticket 20 using the invention may also be
      accomplished by the microprogram control unit shown in FIG. 16. When the
      FIG. 16 microprogram control unit is used, only the upper portion of the
      FIG. 14 circuitry located above the horizontal line a--a is used. In
      addition, the lines 178, 188 and that portion of line 186 leading to the
      bottom portion of the FIG. 14 circuitry are deleted. The lines 173, 194
      and 266 constitute the only connections between the upper portion of the
      FIG. 14 circuitry and the FIG. 16 microprogram control unit, the lines
      173, 194 and 266 being respectively connected to the FIG. 16 unit at
      points A, B and C respectively. With these connections, that portion of
      the FIG. 14 circuitry above the horizontal line a-a supplies signals to
      the FIG. 16 microcontroller which constitute pulses from the emitter 116
      and the output signal of the delay counter 192 indicating when printing is
      to start, and the microcontroller provides outputs of data at point C that
      are to be printed by the print heads 124 and 126.
PAR  The FIG. 16 microprogram control unit may be seen to comprise a main store
      900, a control store 902, a local store 904, an external store 906, and an
      arithmetic and logic unit (ALU) 908. A main store address register 910 is
      provided in connection with the main store, a control store address
      register 912 is provided in connection with the control store 902; a local
      store address register 914 is provided in connection with the local store
      904; and an external store control register 916 is provided in connection
      with the external store 906. An X register 918 is provided at one input of
      the ALU 908, and a Y register 920 is provided at the other input of the
      ALU 908. A control store output register 922 is provided in connection
      with the control store 902.
PAR  The control store 922 is provided with outputs 1A, 1B and 1C, respectively
      connected with buses 924, 926 and 928 to provide inputs for the main store
      address register 910, the X register 918 and the control store address
      register 912. The main store 900 has an output 4A connected by a bus 930
      to provide an input to the X register 918. The local store 904 has an
      output 3C connected by a bus 932 to provide an input for the Y register
      920. Another bus 934 connects the store 906 with the Y register 920. The
      ALU 908 has an output 2A connected by a bus 936 to provide an input to the
      control store address register 912. The stores 906, 904 and 900
      respectively have inputs 2B, 2C and 2D; and these inputs are connected by
      a bus 938 with another output of the ALU 908. Lines 194, 173 and 266 are
      connected to external store 906, and these lines are parts of the FIG. 14
      circuitry as previously mentioned.
PAR  The instruction cycle for the FIG. 16 microcontrol program unit may be made
      up of eight clock pulses for a total time duration of 400 nanoseconds. The
      microcontrol program unit may include 64 registers, 32  being allocated to
      local store 904 and 32 being allocated to external store 906. Only some of
      these are used with the printing mechanism of the invention. It will be
      noted that communication with the outside world is done via external store
      906. The local store 904 is generally used to address the main store 900
      and hold temporary information.
PAR  The following abbreviations may be used for the various registers and
      stores in the microcontrol program unit:
PA1  Csar = control Store Address Register
PA1  Es = external Store (Registers)
PA1  Ls = local Store (Registers)
PA1  Mar = main Address Register
PA1  X reg = x register
PA1  Y reg = y register
PA1  Cs = control Store
PA1  Ms = main Store
PAR  The following instructions may be used with the microcontrol program unit,
      and these respective instructions provide the following information flow:
PAC  Instruction Summary -- Information Flow
PAL  Branch Unconditional (BRU):
PAR  Instruction contains address of next instruction. Low order 8 bits of new
      address transfered to ALU X REG via 1B, then X REG from ALU to CSAR via
      2A. High order 4 bits of new address to CSAR via 1C.
PAL  Branch And Load X Register (BALX):
PAR  Instruction contains an address. Low order 8 bits of this address
      transferred to X REG via 1B, then Y REG transferred from ALU to CSAR via
      2A. High order 4 bits of new address to CSAR via 1C.
PAL  Load X Register (LDX):
PAR  Instruction loads contents of a specified Local Store Register into MAR via
      3C. Contents of this location sent to X REG via 4A. CSAR incremented by 1.
PAL  Store (ST):
PAR  Instruction loads contents of a specified L.S. Register into MAR via 3C.
      ALU output is then stored in this location. CSAR incremented by 1.
      Contents of X REG and Y REG are uncharged. Output of ALU specified by OP
      CODE which is part of this instruction.
PAL  Modify Register (MODR):
PAR  Contents of a specified LS (ES) register loaded into Y REG via 3B (3A).
      Contents of Y REG combined with X REG as specified by Op Code. Output of
      ALU returned to the same specified LS (ES) via 2C (2B). CSAR incremented
      by 1. Besides Standard Op Codes, incrementing by 1 or 2 or an end-around
      Shift Right available via ALU Modifier. X REG unchanged, Y REG is left
      with old contents of LS (ES) register.
PAL  Store Register (STRG):
PAR  Contents of ALU combined as specified by Op Code and ALU Modifier. Output
      of ALU stored in specified L.S. (E.S.) Register via 2C (2B) CSAR
      incremented by 1.
PAL  Set Bits 0-3 (SBO3):
PAR  Instruction contains a 4-bit mask which is loaded into the low order 4 bits
      of X REG (Exception -- MASK of 0000 does not modify X REG) via 1B.
      Contents of a specified L.S. (E.S.) register are loaded into Y REG via 3B
      (3A). Low order 4 bits of X REG combined per Op Code with low order 4 bits
      of Y REG in ALU. High Order 4 bits of Y REG are unchanged. Output of ALU
      returned to the same specified L.S. (E.S.) register via 2C (2B). CSAR
      incremented by 1.
PAL  Set bits 4-7 (SB47):
PAR  Same as SBO3 except that the four high order bits are modified and low
      order 4 bits unchanged.
PAL  Skip on Bits 0-3 (SKO3):
PAR  Contents of a specified LS (ES) register are store in Y REG via 3B (3A).
      The instruction contains a MASK which is loaded into the low order 4 bits
      of X REG (Exception -- MASK of 0000 does not modify X REG) via 1B. Low
      order 4 bits of X REG combined per Op Code with low order bits of Y REG.
      If the resulting four low order bits of the ALU contain any 1's, the CSAR
      is incremented by 2. If the four low order bits of the ALU contain all
      zeros, the CSAR is incremented by 1. The contents of the specified LS (ES)
      register remain unchanged. Exception -- When "Exclusive-OR" is specified,
      CSAR is incremented by 2 if resulting low order bits of ALU contain all
      zeros.
PAL  Skip on Bits 4-7 (SK47):
PAR  Same as SKO3 except masking and comparisons performed on four high order
      bits.
PAR  The various routines, using the microcontrol program unit, which
      effectively provide the same control of print heads 124 and 126 as the
      FIG. 14 circuitry, are set forth hereinafter in Tables C to F; and the
      following information may be used for interpreting these tables:
PAC  THE LANGUAGE
PAR  Source language input to the microprogram assembler is described in
      mnemonic form below.
PAL  Comments
PAR  Comments are identified by an asterisk in column one. The actual comment
      may be located in columns 2-80 inclusive (e.g., Steps 1 through 31 are all
      comments).
PAC  FIELD DESCRIPTIONS
PAL  Labels
PAR  Any entry, other than a comment, may contain a label. Labels may be one to
      six characters long, and must always begin with an alphabetic character in
      column 1 (e.g. Step 35 is labeled `RETURN`). The characters in columns two
      through six may be alphanumeric.
PAL  Operation Code (Op Code)
PAR  The op code must begin in column eight and may extend through column
      eleven.
PAL  Operand 1
PAR  Operand 1 must begin in column thirteen and may extend through column 18.
PAL  Operand 2
PAR  Operand 2 must begin in column 20 and end in column 21 for all instructions
      except the BALX instruction. Operand 2 of a BALX instruction starts in
      column 20 and ends in column 23.
PAL  Operand 3
PAR  Operand 3 must begin in column 23, and end in column 24.
PAL  Comments
PAR  Comments may begin in column 26 and continue through column 80.
PAL  Operand Mnemonics
TBL  Operand 1                                                                 
     ______________________________________                                    
     MSMh      Main Store Module h, where h is a                               
               hexadecimal digit 0 to F.                                       
               Used in the LDX and ST instructions.                            
     +0        ALU modifier indicating that no modification                    
               is to be performed.                                             
     +1        ALU modifier indicating that the ALU is to                      
               be incremented by one.                                          
     +2        ALU modifier indicating that the ALU is to                      
               be incremented by 2.                                            
     SR1       ALU modifier indicating that the ALU is to                      
               be shifted right one position.                                  
     +0, +1, +2                                                                
               are used in the MODR and STRG instructions.                     
     and SR1                                                                   
     MASK=m    A four bit mask, where m is a hex digit 0-F. - Used in the      
               SB03, SB47, SK03, and SK47                                      
               instructions.                                                   
     Label     Any valid step label. Used in BRU instruct-                     
               ion.                                                            
     Operand 2                                                                 
     CSMh      Control Store Module h, where h is a hex                        
               digit in the range 0 to F. Used in BALX                         
               instruction.                                                    
     rr        Register specification given by two hex                         
               digits in the range of 00-3F to identify                        
               the sixty-four, one byte control unit                           
               registers. Used in LDX, ST, MODR, STRG,                         
               SB03, SB47, SK03 and SK47 instructions.                         
     Operand 3                                                                 
     NO        No Operation in ALU. Output equals 00.                          
     X         ALU output equals the X Register.                               
     Y         ALU output equals the Y Register.                               
     OR        ALU output equals the OR of the X and Y                         
               registers.                                                      
     A         ALU output equals the And of the X and Y                        
               registers.                                                      
     NY        ALU output equals the And of the X register                     
               and the Not of the Y register.                                  
     NX        ALU output equals the And of the Not of the                     
               X Register and the Y Register.                                  
     EO        ALU output equals the Exclusive OR of the                       
               X register and the Y register.                                  
     NO, X, Y, OR, A, NY, NX and EO are known as ALU Control                   
     Parameters and are used in the ST, MODR, STRG, SB03, SB47,                
     SK03 and SK47 instructions.                                               
     ______________________________________                                    
PAL  Instructions
PAL  Branch Unconditional (BRU)
PAR  Label Field -- Any valid label
PAR  Op Code -- BRU
PAR  Operand 1 -- A defined label
PAR  Operands 2 and 3 -- Blank
PAR  Example: HERE BRU THERE (instruction labeld HERE produces an unconditional
      branch to instruction labeled THERE).
PAL  Branch And Load X Register (BALX)
PAR  Label Field -- Any valid label
PAR  Op Code -- BALX
PAR  Operand 1 -- A defined label
PAR  Operand 2 -- CSMh
PAR  Operand 3 -- Blank in last position
PAR  Example: THERE BALX HERE CSM1 (instruction labeled THERE creates
      unconditional branch to instruction HERE in C.S. module 1. `HERE` remains
      in X REG).
PAL  Load X Register (LDX)
PAR  Label Field -- Any valid label
PAR  Op Code -- LDX
PAR  Operand 1 -- MSMh (specified Main Store Module being addressed)
PAR  Operand 2 -- rr (specifies L.S. register containing address)
PAR  Operand 3 -- ALU Control
PAR  Example: LABEL1 LDX MSMO 3E NO (instruction labeled LABEL1 loads XREG with
      contents of MSMO, location specified by contents of L.S. register 3E)
PAL  Store (ST)
PAR  Label Field -- Any valid label
PAR  Op Code -- ST
PAR  Operand 1 -- MSMh (specified Main Store Module being addressed)
PAR  Operand 2 -- rr (specified L.S. register containing address)
PAR  Operand 3 -- ALU Control
PAR  Example: LABEL2 ST MSM1 3B NO (instruction labeled LABEL2 stores output of
      ALU "00" in MSM1 at location specified by L.S. register 3B)
PAL  Modify Register (MODR)
PAR  Label Field -- Any valid label
PAR  Op Code -- MODR
PAR  Operand 1 -- ALU Modifier
PAR  Operand 2 -- rr (specifies L.S. or E. S. register being modified)
PAR  Operand 3 -- ALU Control
PAR  Example: LABEL3 MODR +0 04 A (instruction labeled LABEL3 And's contents of
      register 04 with contents of XREG and returns result to register 04)
PAL  Store Register (STRG)
PAR  Label Field -- Any valid label
PAR  Op Code -- STRG
PAR  Operand 1 -- ALU Modifier
PAR  Operand 2 -- rr (specified L.S. or E.S. register being stored)
PAR  Operand 3 -- ALU Conrol
PAR  Example: LABEL4 STRG +0 0A X (instruction labeled LABEL4 stores contents of
      XREG in register OA)
PAL  Set Bits 0-3 (SBO3)
PAR  Label Field -- Any valid label
PAR  Op Code -- SBO3
PAR  Operand 1 -- MASK=m
PAR  Operand 2 -- rr (specifies L.S. or E. S. register whose bits are to be set)
PAR  Operand 3 -- ALU control
PAR  Example: LABEL5 SBO3 MASK=B 10 EO (instruction labeled LABEL5 Exclusive
      Or's bits 0-3 of register 10 with a mask=B. Bits 4-7 remain unmodified)
PAL  Set Bits 4-7 (SB47)
PAR  Label Field -- Any valid label
PAR  Op Code -- SB47
PAR  Operand 1 -- MASK=m
PAR  Operand 2 -- rr (specifies L.S. or E.S. register whose bits are to be set)
PAR  Operand 3 -- ALU Control
PAR  Example: LABEL6 SB47 MASK-7 23 A (instruction labeled LABEL 6 And's bits
      4-7 of register 23 with a mask=7. Bits 0-3 remain unmodified.)
PAL  Skip On Bits 0-3 (SKO3)
PAR  Label Field -- Any valid label
PAR  Op Code -- SKO3
PAR  Operand 1 -- MASK=m
PAR  Operand 2 -- rr (specifies L.S. or E.S. register being tested)
PAR  Operand 3 -- ALU Control
PAR  Example: LABEL7 SKO3 MASK=C 34 A (instruction labeled LABEL7 And's bits 0-3
      of register 34 with a mask=C, if result of this operation contains any
      one's, the next instruction is skipped, otherwise the next instruction is
      executed).
PAL  Skip On Bits 4-7 (SK47)
PAR  Label Field -- Any valid label
PAR  Op Code -- SK47
PAR  Operand 1 -- MASK=m
PAR  Operand 2 -- rr (specifies L.S. or E.S. register being tested)
PAR  Operand 3 -- ALU Control
PAR  Example: LABEL8 SK47 MASKS=3 04 A (instruction labeled LABEL8 And's bits
      4-7 of register 04 with a mask=3, if this results in any 1's, the next
      instruction is skipped. Otherwise the next instruction is executed).
PAL  End (END)
PAR  Label Field -- Any valid label
PAR  Op Code -- END
PAR  Operands 1, 2 and 3 -- Blank
PAR  The following Tables C to F set forth the various routines that may be used
      with the microcontrol program unit illustrated in FIG. 16 for providing
      substantially the same control of the printer 48 as is provided by the
      full FIG. 14 circuitry, and the following Tables A and B set forth the
      register and main store assignments that may be used in connection with
      these routines:
TBL                                    TABLE A                                 
     __________________________________________________________________________
     REGISTER ASSIGNMENTS FOR RETAIL INDUSTRY PRINT ROUTINE                    
     REGISTER                                                                  
     __________________________________________________________________________
     01    WORK REGISTER WHERE PRINT FLAGS FOR ACTIVE LINE ARE STORED          
            BIT 1 NEW PRINT CHARACTER FLAG                                     
            BIT 2 PRINT SPACE FLAG                                             
            BIT 7 MSM3 PRINT BIT (ROS PRINT MATRIX MSM3 IF ON, MSM2 IF OFF     
     04    WORK REGISTER WHERE ACTIVE LINE'S PRINT CHARACTER COUNTER IS KEPT   
     05    WORK REGISTER WHERE ACTIVE LINE'S WIRE ADDRESS POINTER IS KEPT      
     08    BITS 4-7 EMITTER COUNTER                                            
     1F    MAIN STORE ADDRESS POINTER                                          
     28    COMMON PRINT OUTPUT REGISTER                                        
     29    BIT 7 PRINT OP                                                      
     2F    BIT 4 100 USEC INTERRUPT                                            
     __________________________________________________________________________
TBL                TABLE B                                                     
     ______________________________________                                    
     MAIN STORE ASSIGNMENTS FOR RETAIL INDUSTRY                                
     PRINT ROUTINE                                                             
     ______________________________________                                    
     MSM0    POS 00 THRU 7F -- PRINT LINE 1 BUFFER                             
     MSM0    POS 80 THRU FF -- PRINT LINE 2 BUFFER                             
     MSM1    POS 60 -- PRINT LINE 1 FLAGS                                      
     MSM1    POS 61 -- PRINT LINE 1 CHARACTER COUNTER                          
     MSM1    POS 62 -- PRINT LINE 1 WIRE ADDRESS POIN-                         
             TER                                                               
     MSM1    POS 70 -- PRINT LINE 2 FLAGS                                      
     MSM1    POS 71 -- PRINT LINE 2 CHARACTER COUNTER                          
     MSM1    POS 72 -- PRINT LINE 2 WIRE ADDRESS POIN-                         
             TER                                                               
     MSM2    AND MSM3 -- ROS PRINT CHARACTER TABLE                             
     MSM4    -- ROS PRINT SLASH CHARACTER DECODE                               
     ______________________________________                                    
TBL                                    TABLE C                                 
     __________________________________________________________________________
     O             O  O                                                        
     L    OP  OP   P  P                                                        
     1    CODE                                                                 
              1    2  3           COMMENTS                                     
     __________________________________________________________________________
     EMITTER SERVICE ROUTINE ( EVERY 100 USEC EMITTER )                        
     __________________________________________________________________________
     RETURN                                                                    
          SK47                                                                 
              MASK=8                                                           
                   2F A  SKIP IF 100 USEC INTERRUPT                            
          BRU A          GO TO SERVICE OTHER INTERRUPTS (NOT SHOWN)            
          SB47                                                                 
              MASK=8                                                           
                   2F NX RESET 100 USEC EMITTER INTERRUPT                      
          MODR                                                                 
              +1   08 Y  INCREMENT 100 USEC EMITTER COUNTER                    
     EMCT5                                                                     
          SK47                                                                 
              MASK=5                                                           
                   08 EO SKIP IF EMITTER COUNTER = 5                           
          BRU EMCT10                                                           
          SB03                                                                 
              MASK=7                                                           
                   1F X  SET MAIN STORE ADDRESS POINTER TO 7X FOR LINE 2       
          BRU PRINT      GO TO PRINT ROUTINE                                   
     EMCT10                                                                    
          SK47                                                                 
              MASK=A                                                           
                   08 EO SKIP IF EMITTER COUNTER = 10                          
          BRU B          GO TO SERVICE NON-PRINT EMITTER COUNTS (NOT SHOWN)    
          SB47                                                                 
              MASK=F                                                           
                   08 NX RESET EMITTER COUNTER TO O                            
          SB03                                                                 
              MASK=6                                                           
                   1F X  SET MAIN STORE ADDRESS POINTER TO 6X FOR LINE 1       
          BRU PRINT      GO TO PRINT ROUTINE                                   
     __________________________________________________________________________
TBL                                    TABLE D                                 
     __________________________________________________________________________
     MOVE PRINT LINE 1 OR LINE 2 FLAGS TO COMMON WORK REGISTERS                
     __________________________________________________________________________
     PRINT                                                                     
          SK47                                                                 
              MASK=1                                                           
                   29 A  SKIP IF PRINT OP IS ON                                
          BRU RETURN     GO TO SERVICE OTHER FUNCTIONS                         
          SB47                                                                 
              MASK=F                                                           
                   1F NX SET MAIN STORE ADDRESS POINTER TO 60 (L1) OR 70 (L2)  
          LDX MSM1 1F NO BRING PRINT FLAGS TO X REGISTER                       
          STRG                                                                 
              +0   01 X  AND STORE IN LSR01                                    
          SB47                                                                 
              MASK=1                                                           
                   1F X  SET MAIN STORE ADDRESS POINTER TO 61 (L1) OR 71 (L2)  
          LDX MSM1 1F NO BRING PRINT CHARACTER COUNTER TO X REGISTER           
          STRG                                                                 
              +0   04 X  AND STORE IN LSR04                                    
          SB47                                                                 
              MASK=2                                                           
                   1F X  SET MAIN STORE ADDRESS POINTER TO 62 (L1) OR 72 (L2)  
          LDX MSM1 1F NO BRING WIRE ADDRESS POINTER TO X REGISTER              
          STRG                                                                 
              +0   05 X  AND STORE IN LSR05                                    
          BRU PRCOM                                                            
     __________________________________________________________________________
TBL                                    TABLE E                                 
     __________________________________________________________________________
     O                O                                                        
     L    OP  OP      P                                                        
     1    CODE                                                                 
              1    2  3           COMMENTS                                     
     __________________________________________________________________________
     PRINT ROUTINE COMMON FOR LINES 1 AND 2                                    
     __________________________________________________________________________
     PRCOM                                                                     
          SK03                                                                 
              MASK=2                                                           
                   01 NY    SKIP IF NOT SPACE FLAG                             
          BRU SPACE                                                            
          SK03                                                                 
              MASK=4                                                           
                   01 A     SKIP IF NEW PRINT CHARACTER FLAG                   
          BRU PRWIRE                                                           
          LDX MSMO 04 NO    FETCH PRINT CHARACTER FROM PRINT CHARACTER BUFFER  
          STRG                                                                 
              +0   05 X     AND STORE IN LSR05                                 
          MODR                                                                 
              SR1  05 Y     ROTATE CHARACTER RIGHT 1 POSITION                  
          MODR                                                                 
              SR1  05 Y     ROTATE RIGHT 2 POS                                 
          MODR                                                                 
              SR1  05 Y     ROTATE RIGHT 3 POS                                 
          MODR                                                                 
              SR1  05 Y     ROTATE RIGHT 4 POS                                 
          MODR                                                                 
              SR1  05 Y     ROTATE RIGHT 5 POS TO USE FOR WIRE ADDRESS         
                            POINTER                                            
          SB47                                                                 
              MASK=1                                                           
                   01 NX    REST MSM3 PRINT BIT                                
          SK47                                                                 
              MASK=1                                                           
                   05 NY    SKIP IF NOT PRINT FROM MSM3                        
          SB47                                                                 
              MASK=1                                                           
                   01 OR    SET MSM3 PRINT BIT                                 
          SB03                                                                 
              MASK=4                                                           
                   01 NX    TURN OFF NEW PRINT CHARACTER FLAG                  
          MODR                                                                 
              + 1  04 Y     INCREMENT PRINT CHARACTER COUNTER                  
          SB47                                                                 
              MASK=7                                                           
                   05 NX    RESET LOWER 3 BITS FOR USE AS PRINT OPTION         
                            COUNTER                                            
     PRWIRE                                                                    
          SK47                                                                 
              MASK=1                                                           
                   01 A     SKIP IF PRINT CHARACTER TRANSLATE IN MSM3          
          BRU PWIRE1                                                           
          LDX MSM3 05 NO    FETCH PRINT WIRES FROM PRINT ROS IN MSM3           
          BRU PWIRE2                                                           
     PWIRE1                                                                    
          LDX MSM2 05 NO    FETCH PRINT WIRES FROM PRINT ROS IN MSM2           
     PWIRE2                                                                    
          STRG                                                                 
              +0   28 X     AND STORE IN COMMON PRINT REGISTER                 
          SK47                                                                 
              MASK=6                                                           
                   05 NY    SKIP UNTIL PRINT OPTION COUNTER = 6                
          BRU PRESET                                                           
     PRINCR                                                                    
          MODR                                                                 
              +1   05 Y     INCREMENT PRINT OPTION COUNTER                     
          BRU PREND                                                            
     SPACE                                                                     
          SK03                                                                 
              MASK=E                                                           
                   05 NY    SKIP UNLESS LAST PRINT CHARACTER = EX OR FX        
          SK47                                                                 
              MASK=1                                                           
                   01 NY    SKIP IF LAST PRINT CHARACTER IN MSM2 (SLASH        
                            REQUIRED)                                          
          BRU SPACE2                                                           
          SB03                                                                 
              MASK=1                                                           
                   05 NX    RESET BIT 5 OF ROS ADDRESS ( NOW = EX )            
          LDX MSM4 05 NO    FETCH PRINT WIRES FOR SLASH FROM MSM4              
          STRG                                                                 
              +0   28 X     AND STORE IN COMMON PRINT REGISTER                 
     SPACE1                                                                    
          SK47                                                                 
              MASK=2                                                           
                   05 EO    SKIP IF PRINT OPTION COUNTER = 2                   
          BRU PRINCR                                                           
          SB03                                                                 
              MASK=4                                                           
                   01 X     TURN OFF SPACE FLAG AND TURN ON NEW PR CHAR        
          BRU PREND                                                            
     SPACE2                                                                    
          MODR                                                                 
              +0   28 NO    RESET COMMON PRINT REGISTER                        
          BRU SPACE1                                                           
     PRESET                                                                    
          SB03                                                                 
              MASK=2                                                           
                   01 OR    TURN ON SPACE FLAG                                 
          SB47                                                                 
              MASK=F                                                           
                   05 NX    RESET PRINT OPTION COUNTER                         
          BRU PREND                                                            
     __________________________________________________________________________
TBL                                    TABLE F                                 
     __________________________________________________________________________
     MOVE PRINT LINE 1 OR LINE 2 FLAGS BACK TO MAIN STORE                      
     __________________________________________________________________________
     PREND                                                                     
          MODR                                                                 
              +0   05 Y  BRING PRINT WIRE ADDRESS COUNTER TO Y REGISTER        
          ST  MSM1 1F Y  AND STORE IN MSM1 POS 62 (L1) OR 72 (L2)              
          SB47                                                                 
              MASK=1                                                           
                   1F X  SET MAIN STORE ADDRESS POINTER TO 61 (L1) OR 71 (L2)  
          MODR                                                                 
              +0   04 Y  BRING PRINT CHARACTER COUNTER TO Y REGISTER           
          ST  MSM1 1F Y  AND STORE IN MSM1 POS 61 (L1) OR 71 (L2)              
          SB47                                                                 
              MASK=F                                                           
                   1F NX SET MAIN STORE ADDRESS POINTER TO 60 (L1) OR 70 (L2)  
          MODR                                                                 
              +0   01 Y  BRING PRINT FLAGS TO Y REGISTER                       
          ST  MSM1 1F Y  AND STORE IN MSM1 POS 61 (L1) OR 71 (L2)              
          BRU RETURN                                                           
     __________________________________________________________________________
PAR  The registers that are used in the microprogram control unit of FIG. 16 are
      listed in Table A, and these registers are contained in local store 904
      and external store 906. Five of these registers are in local store 904 and
      three of these registers are in external store 906, eight registers being
      used in all. Local store 904 and external store 906 each contain a total
      of 32 registers (all 8 bits wide), and the remaining ones of these
      registers may be used for other purposes; and the microprogram control
      unit of FIG. 16 may be used for other functions for controlling the FIG. 2
      machine, for example. The main difference between the registers of
      external store 906 and the registers of local store 904 is that the
      registers of external store 906 may receive information from external
      sources and deliver information to such external sources, while the
      registers in local store 904 are used completely for internal manipulation
      of bits within the microcontroller. The first five registers listed in
      Table A are in local store 904, these being registers 01, 04, 05, 08 and
      1F. The last three registers listed in Table A, namely, registers 28, 29
      and 2F are in external store 906. Line 194 is connected to bit position 7
      of register 29, and line 173 is connected to bit position 4 of register
      2F. The eight bit positions of register 28 are connected to bus 266.
PAR  The information in the form of bits used in the registers 01, 04 and 05 of
      Table A are originally contained in the parts of main store 900 listed in
      Table B. These bits are transferred from main store 900 to the various
      registers listed in Table A mainly for the purpose of testing these bits
      as is required for carrying on the microprogram; and after the testing has
      been completed using the registers of Table A, the bits are then returned
      to main store 900 and to the particular parts thereof listed in Table B.
      The bits that are transferred from main store 900 to the registers of
      Table A and back again to the parts of main store 900 listed in Table B
      are flag bits, counter bits, etc.
PAR  Referring to Table B, and 0 module of main store 900 (listed in step 22 as
      "MSMO") corresponds to the print buffer 220 in the FIG. 14 circuitry. As
      shown in steps 22 and 23 of Table B, positions 00-7F are used for the
      print line 1 buffer (220a) and positions 80-FF are used for the print line
      2 buffer (220b). Three 8 bit bytes are stored, in addition, in main store
      900 for print line 1 (print line 36), these being in a main store module 1
      and being respectively in positions 60 61 and 62 thereof. These 8 bit
      bytes are flags, character counter bits and wire address pointers for
      print line 1 (print line 36). In addition, there are similar bits stored
      in main store module No. 1, in positions 70, 71 and 72, for print line 2
      (print line 38). The bits in positions 60, 61, 62, 70, 71 and 72 of the
      No. 1 module of main store 900 are pulled out of main store 900 and are
      stored in some of the local work registers listed in Table A, Specifically
      in registers 01, 04 and 05 used during the print routine.
PAR  Referring further to Table B, main store 900 also contains modules 2 and 3;
      and, as indicated by step 30, these modules contain the read only store
      character table which is Tables I and II of FIG. 15 and is part of the
      matrix table 254 shown in FIG. 14. There is still another module (No. 4)
      in main store 900; and, as shown in step 31 of Table B, this contains a
      ROS print slash character decode, which is equivalent to Table III of FIG.
      15.
PAR  The functions of the various registers in Table A with respect to the
      various flag bits etc. in Table B will now be described.
PAR  It will be apparent from FIG. 17 that, at the beginning of the print
      routine, a common routine is used for both of the print lines 1 and 2
      (print lines 36 and 38). Either the bits in position 60 or those in
      position 70 of MSM1 are moved to register 01 (step 7), and these bits are
      tested during the print routine. Register 01, although it is 8 bits long,
      is only used for 3 bits of its capacity during the print routine, these
      three bits being bit 1, bit 2 and bit 7. As shown by step 8, bit 1
      position contains a new print character flag, and this flag is used any
      time a new print character is to be fetched from the MSMO buffer (see
      steps 22 and 23). This would correspond to print option time 0 in the FIG.
      14 hardware controls. Bit 2 position of register 01 (see step 9) contains
      the print space flag which is equivalent to the output of the space flip
      latch on line 212 of the FIG. 14 hardware controls, and this bit is used
      to govern the printing of a full character of the three slash dots between
      characters. Bit 7 of register 01 (see step 10) is a bit that indicates
      which of the print buffers (MSM2 or MSM3) will be used for providing a
      character to be printed (see step 30).
PAR  It will be noted from FIG. 14 that the ROS address register 246 has 10
      inputs (which may be on a single bus). The microprogram control unit of
      FIG. 16, however, operates in 8 bit bytes; and bit 7 of register 01 is an
      overflow bit which is equivalent to the 1 bit of the address register 246
      in the FIG. 14 embodiment. Incidentally, referring to FIG. 16, the address
      register 910 may be seen to have two paths into it (from local store 904
      and from bus 924). The 3C output of local store 904 is an 8 bit bus, while
      the bus 924 carries 4 bits, and these are used together so as to address
      main store 900 by means of MSAR 910. This is 12 bits total of which ten of
      the bits are for printing, while the remaining two bits may be used for
      other devices (not shown) under the control of the FIG. 16
      microcontroller.
PAR  Register 04 of Table A is the receptor of the contents of MSM1 position 61
      or position 71, depending on which of the print lines is printed, and
      constitutes the character counter which is equivalent to the character
      counter 224 in the FIG. 14 embodiment. The FIG. 16 microcoding
      application, however, in lieu of using an equivalent of the flip flop 226,
      divides the equivalent address register corresponding to register 222 into
      two parts. The microcoding in effect, therefore, duplicates the counter
      224 in lieu of using the flip flop 226 or the equivalent. These two
      counters address MSMO, positions 00-7F, and MSMO, positions 80-FF (see
      steps 22 and 23). In the case of the microcoding embodiment, it is simpler
      to use the two counters, since there is an abundance of storage space, and
      instructions are thereby saved.
PAR  Register 05 (see step 12) is a work register where a wire address pointer
      is kept. This pointer comes from either position 62 or position 72 of MSM1
      (see steps 26 and 29). The wire address pointer is equivalent to bits 2-9
      of the ROS address register 246 in the FIG. 14 hardware embodiment.
PAR  Register 08 (see step 15), bits 4-7, are used for a 4 bit emitter counter
      which is a duplication of the emitter counter 174 of the FIG. 14 hardware
      controls. The bits in register 08 provide the signals required in testing
      for the microcode application.
PAR  Register 1F (Table A) constitutes a main store address pointer. This is a
      dedicated register that is used for the addressing function of the signals
      carried by line 3C in the FIG. 16 microcontroller.
PAR  Register 28 (see step 15), which is the first of the three external store
      registers, is equivalent to the common print register 258 in the FIG. 14
      hardware embodiment of the controls. The output register 28 is used to
      interface with respect to the PL1 register 270 and PL2 register 268. As
      has been previously described, the hardware registers 268 and 270 are used
      with both the microcontroller of FIG. 16 as well as with the hardware
      embodiment which is shown mainly below the horizontal line a--a of FIG.
      14.
PAR  Register 29 (step 16 of Table A), bit 7,  "print op", contains a bit that
      is equivalent to the signal on the line 194 and the output of the delay
      counter 192.
PAR  Register 2F (step 17), bit 4, contains a 100 microsecond interrupt bit.
      There is a latch (not shown), internal of the microcontroller of FIG. 16,
      which is a portion of the external store 906, and can be set by an
      external pulse, (in this case, the pulse from the emitter 173); and the
      content of this latch can be sampled to determine if a 100 microsecond
      interrupt has occurred for a performance of the required microcontroller
      steps for printing. One service of the microroutine is obtained per pulse
      from emitter 116 in this manner. Since the interrupting of the operation
      of the microcontroller for print and other operations is not per se a part
      of the present invention, no further details on the interrupting sequence
      or microprogram therefor is deemed necessary.
PAR  Table C contains the instructions for doing what is shown in Block 500 of
      FIG. 17. Steps 35 and 36 are used for sampling to determine if there is a
      100 microsecond interrupt (for printing). If there is not, the
      microcontroller services other interrupts as indicated by step 36. These
      other interrupts could, for example, be a 50 microsecond interrupt for
      reading using read head 46 or a 416 microsecond interrupt for run control
      of the FIG. 2 machine. If there is a 100 microsecond interrupt, then the
      microprogram goes to step 37 by means of which the interrupt (register 2F)
      is reset; and the 100 microsecond emitter counter (register 08) is then
      incremented as indicated by step 38. Then a test of emitter counter
      register 08 is made as indicated by step 39, and, if the content of the
      emitter counter register 08 is 5, the program sets up for the steps that
      must be made for a printing of line 2. It will be noted in the
      instructions set forth in step 41 that the main store address pointer
      (register 1F) is set to the 70 address of main store 900 for a printing of
      line 2. Then, a branch is made to the Table D routine, the branch being
      accomplished by the instruction shown as step 42.
PAR  If the count in emitter counter register 08 does not equal 5, then a branch
      is made to "EMCT 10 (step 43)", accomplished by step 40. In accordance
      with step 43, a test is made to determine if the content of emitter
      counter is equal to 10. If the emitter counter does contain a count of 10,
      the counter is reset to 0 in accordance with step 45, and the main store
      address pointer (register 1F) is set according to step 46 to 60.
      Therefore, the flags for line 1 (MSM1, position 60) will now be pulled out
      of register 01. Then, the routine in Table D occurs. If it turns out that
      the content of the emitter counter is not equal either to 5 or to 10, then
      a branch is made to location B in control store 902 as in step 44, which
      handles all the nonprint emitter counts, such as writting by means of
      write head 44, reading by means of read head 46, etc.
PAR  Referring to Table D, the steps in this table indicate the manner in which
      the flags for line 1 or line 2 printing are brought to the common work
      registers. In step 51, a sampling is made to determine if the print op bit
      (register 29, bit 7) is on. If it is not on, a branch is made back to
      "return", step 35, since printing requires no service at this time. If the
      print op bit is on, the instruction in step 53 is next. Steps 53 to 62,
      inclusive, are simply effective to pull out the flags of main store 900
      and store them into the various registers of Table A. The instruction of
      step 53 is such as to turn off the bottom bits of the main store address
      pointer (register 1F) so that it will now point to either 60 or 70. "60"
      is the location in main store 900 for the line 1 flags, and "70" is the
      location for the line 2 flags. These locations were respectively set up in
      step 46 and step 41. Then, the print flags for which ever line is to be
      printed is brought to the X register in step 54; and they are also stored
      in register 01. Then, the lower half of the address for main store 900 is
      changed so that the address is either 61 or 71 as set forth in step 56;
      and the print character counter content is brought to the X register as
      set forth in step 57. The print character counter content is then stored
      in register 04, and the main store address pointer is then changed to 62
      or 72 as set forth in step 59. The wire address pointer is then stored in
      the X register as set forth in step 60 and wire address pointer is then
      stored in local store 05 (step 61). This completes the description of the
      steps in Table D, and this series of steps is indicated in both blocks 502
      and 504 of FIG. 17. Whether the steps of block 502 or those in block 504
      are effective is dependent on which address was initialized for a print
      line.
PAR  Table E sets forth the steps that are used in the print routine which is
      common for both lines 1 and 2 (print lines 36 and 38). In this routine,
      first a test is made to determine whether a space is being printed or a
      main character is being printed. This is decision block 506 and, in
      particular, is the instruction in step 66 of Table E. This is equivalent
      to a sampling of the output of the space latch 210, in the FIG. 14
      hardware embodiment, on line 212. When the Table E print routine is
      initially effective, the printing of a character is being started; and the
      space flag (bit 2, register 01) will not be on, so a branch is made to
      step 68, decision block 508, wherein a test is made to determine if there
      is a new print character flag (bit 1, register 01). The run control (not
      shown) when it is initialized for printing, turns on the new print
      character flag in register 01 so, therefore, the query is of block 508
      answered "yes"; and step 70 is the next step. At this point, the first
      character for print line 1 is fetched from the print character buffer, and
      this is stored in local store register 05. The character buffer 220 in the
      FIG. 14 hardware embodiment of the controls provides a 6 bit output, on
      bus 228. The corresponding 6 bits, in the FIG. 16 microcontroller move
      into the bottom 6 bit positions of local store register 05. Local store
      register 05 at this time is used equivalently to the ROS address register
      246 in the FIG. 14 embodiment, so these bits must be moved into positions
      that allow the print option counters to come in at the lower 3 bit
      positions of register 05. This is accomplished in steps 72-76 by means of
      which the character in register 05 is rotated right one position during
      each step. At the conclusion of this process, bits 3-7 are in the top
      positions of register 05. Bits 7 and 8 are both 0 corresponding to no
      output out of 0 and 1 bit positions on bus 228 and bit 9 has thereon the
      equivalent of bit 2 on bus 228. At this point, the so-called MSM3 print
      bit (in bit 7 position of register 01) is turned off (step 77) and then a
      determination is made whether the 1 bit is on in the bottommost position
      of register 05 (corresponding to bit 2 out of buffer 220). If this bit is
      on, then in step 79, the MSM3 print bit is turned on (the bit that is in
      position 7 of registor 01). With this bit on, printing will be made out of
      main store module 3. If this bit is off, printing will be out of main
      store module 2. The print character, at this time, is configured in
      condition in which it can be used in the microcontroller addressing
      scheme.
PAR  In step 80, the new print character flag is turned off (in bit 1 position
      of register 01) as is shown by block 512, signifying that the print
      character has been pulled out of store 900 and has been reconfigured. In
      step 81, (block 514), the print character counter (MSM1 position 61 or
      position 71) is incremented so that the next time the print character flag
      (MSM1, position 60 or 70) is turned on, the print character is taken out
      of the next location in store 900. At this point, the bottom 3 bits of
      register 05 are reset for use as a print option counter. Specifically, bit
      7 therein is the bit that is being reset at this time (this bit is
      equivalent to bit 9 of the ROS address register 246 in the FIG. 14
      embodiment).
PAR  At this point, the program proceeds to block 518, steps 83-88, and the
      print wire image is moved from read only storage (MSM2 or MSM3) to the
      common print register (register 28); however the additional steps are
      required to test to determine if bit 7 of register 01 is on and whether
      the data should be coming in from main store module 2 or main store module
      3. Initially, in step 83, a test is made to determine if the data should
      be from MSM3; and, if so, then step 85 is next, and the data is brought
      from MSM3. Step 88 is then next under these conditions whereby this data
      is stored in the common print register (register 28). If the MSM3 bit is
      off, then step 84 is the next step, which proceeds to steps 87 and 88 by
      means of which the data is brought from MSM2 to the common print register
      (register 28).
PAR  Step 89 (block 520) is next, and consists in testing of the print option
      counter) the bottom 3 bits of register 05) to determine if its contents
      equal 6. This is similar to the action of the counter decode 204 in the
      FIG. 14 embodiment. If the contents of the counter does not equal 6, a
      skip is made to step 91 whereby the print option counter is incremented.
      This is shown in block 522 of FIG. 17. This is the path that is followed
      for the first time through the print routine, and step 92 is then
      effective which takes the control to Table F. At this time, all of the
      print flags that have been worked on are stored back into the current main
      store module, which in this case is MFM1, position 60-62 for line 1. This
      is for count 0 from the emitter 116.
PAR  When the emitter reaches count 5, then instead of proceeding through block
      504, the program passes through block 502, pulling out the print flags
      from MSM1, position 70, for line 2 printing. In this case, the new print
      character flag will be on (in register 01); the character will be rotated;
      and the program continues on through the print routine as for line 1,
      passing through blocks 508, 510, 512, 514, 516, 518, 520 and 522 to print
      the first dots for line 2. This continues until block 520 is reached in
      the sixth print option time of line 1 at which time the print space flag
      (bit 2 of register 01) is turned on and the lower 3 bits of register 05
      (the print option counter), are reset as set forth in block 528. At the
      next time that print line 1 is serviced, at block 506, the space flag (bit
      2 of register 01) is sampled and will be found to be on. Dependent on what
      the character was that was originally pulled out of the MSM0 buffer, and
      if it was not a slash character, this action being similar to that of the
      decode 230, the common print register 28 will be reset (block 532).
      Otherwise, the program will continue to obtain the dot matrix required for
      a slash character.
PAR  The steps shown in blocks 530, 532, 534 and 536 will now be described in
      some detail. Steps 93 and 94 of Table E set forth specifically the manner
      in which the microcoding decodes a slash character. It is seen, in the
      case of the FIG. 14 hardware embodiment, that bits 3, 4 and 5 out of
      buffer 220 are on for a slash character. The corresponding bits in the
      microprogram have come to reside in top 3 bit positions of register 05,
      after the rotation above explained, so step 93 sets bits 3, 4 and whereby
      that they are all on at the same time. Step 94 sets forth the manner in
      which a test is made to determine if bit 2 was initially off. It will be
      remembered that this bit was tested and moved to register 01 previously.
      If the character to be printed is not a slash, step 95 is next which
      branches the microprogram to step 103 to reset the common print register
      (register 28). If the character to be printed is to be a slash, then bit 5
      of the ROS address is reset. This is equivalent to the action of AND block
      248 in the hardware embodiment of FIG. 14. An action corresponding to that
      of AND block 250, which is also used in the slash situation, was
      accomplished previously when the print option counter (the bottom 3 bits
      of register 05) had its contents first equal to 6 and was reset in step
      106.
PAR  Continuing with slash printing, the slash print wire representation is
      loaded from MFM4 and is stored in the common print register (steps 97 and
      98 block 536). After the microprogram has passed through the print space
      or print slash printing for the first time, the contents of the print
      option counter equals 0, so that when the counter is tested in block 538,
      step 99, the contents will not equal 2, and the program goes to step 91 in
      which the print option counter is incremented. This continues for the
      three option times for the space; and, at the last time through, the
      content of the option counter does equal 2; and, instead of simply
      incrementing the option counter, the print space flag (bit 2 of register
      01) is turned off. This is equivalent to resetting the print space latch
      210 of the FIG. 14 hardware embodiment. At this time, the new print
      character flag will be turned on, in step 101, block 542. This will cause
      the print routine to pull out the next print character from MSM0 on the
      next time that it advances, because there will be a "no" decision in block
      506 and a "yes" decision in block 508.
CLMS
STM  We claim:
NUM  1.
PAR  1. Printing mechanism comprising
PA1  a print head carrying a plurality of individual dot printing means; said
      individual dot printing means being disposed in a row having a first or
      end portion, a second or middle portion and a third or other end portion;
PA1  means for holding a record medium in close proximity to said dot printing
      means so that said dot printing means are active to print dots on the
      record medium when the dot printing means are actuated;
PA1  means for providing relative movement between said print head and record
      medium so that said plurality of individual dot printing means may print
      dots on a series of parallel lines extending longitudinally of said record
      medium;
PA1  motion responsive means driven in timed relationship with the relative
      movement between said record medium and said print head for controlling
      the printing by said dot printing means so that said dot printing means
      may print on spaced lines extending transversely across the record medium
      corresponding to said row of dot printing means;
PA1  means under the control of said motion responsive means for controlling all
      three of said row portions of said dot printing means so that said dot
      printing means of all three of said row portions are effective to print a
      pair of consecutive full-sized characters on said record medium on first
      and second groups of said transverse lines;
PA1  means under the control of said motion responsive means for providing a
      space between said two groups of transverse lines consisting of one or
      more of said transverse lines on which none of said individual dot
      printing means is effective to print;
PA1  means under the control of said motion responsive means for alternately
      controlling only said first and second row portions of said dot printing
      means in lieu of said three row portions in order to print a shortened
      character within said first group of transverse lines;
PA1  means under the control of said motion responsive means for subsequently
      controlling only said second and third row portions of said dot printing
      means for printing a subsequent shortened character on said record medium
      within said second group of transverse lines; and
PA1  means under the control of said motion responsive means for consecutively
      actuating said individual dot printing means toward one end of said row
      from the other end of said row as said row of dot printing means
      consecutively crosses said transverse lines including transverse lines of
      said first group, said space, and said second group so as to provide a
      diagonally extending slash mark defined by printed dots on transverse
      lines of said two groups and space and between said shortened printed
      characters.
NUM  2.
PAR  2. Printing mechanism as set forth in claim 1, each of said individual dot
      printing means including a longitudinal moveable print wire and means for
      thrusting said print wire into printing relationship with respect to said
      record medium to thereby actuate said dot printing means.
NUM  3.
PAR  3. Printing mechanism as set forth in claim 1, said individual dot printing
      means each including a print wire moveable longitudinally into printing
      relationship with said record medium and an electromagnet for moving said
      print wire, said row of print wires being straight and extending at right
      angles to the direction of relative movement between said print head and
      record medium so that said transverse lines across said record medium are
      straight and extend at right angles to the direction of relative movement
      between said print head and record medium.
NUM  4.
PAR  4. Printing mechanism as set forth in claim 1, said individual dot printing
      means each including a print wire moveable longitudianlly into printing
      relationship with said record medium and said row of print wires being
      straight so that said transverse lines extending across said record medium
      are straight, said end portions of said row of dot printing means each
      including two such print wires and said middle portion of said row of dot
      printing means including four such print wires.
NUM  5.
PAR  5. Printing mechanism as set forth in claim 1, said means controlling all
      three of said row portions and said means for alternately controlling only
      said first and second row portions and said means for subsequently
      controlling only said second and third row portions of said dot printing
      means including a store having a plurality of locations therein which
      correspond with said dot printing means that shall be actuated to print on
      said transverse lines, and means for addressing each of said store
      locations for causing a corresponding printing action by said dot printing
      means to take place.
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ABST
PAL  Pellucid carrier sheet having opaque coherent film masking elements
      releasably secured on the rear surface and pressure responsive means on
      the rear surface of such elements for enabling transfer thereof through
      pressure application, as by rubbing with a stylus, to mask and cover
      errors, or the like, for correction and methods of use thereof.
BSUM
PAR  This invention relates to the graphic arts and, more particularly, to
      masking, as to enable correction and/or modification, of, for example,
      typewritten material.
PAR  Various methods and means have heretofore been suggested for use in the
      graphic arts for effecting changes and corrections. For many purposes, it
      is necessary that changes be made by physically removing the old material,
      as by the abrasive action of erasers, or by means of chemical action, such
      as the bleaching action of ink eradicators. In many instances, however, it
      is sufficient if the material desired to be changed merely be rendered
      non-visible to an observer, as by covering the portion or area to be
      changed with an opaque substance which optically matches the tone and
      color of the underlying material. Such covering or masking has heretofore
      been accomplished either by the application of a liquid, as by means of a
      brush, or, particularly in the case of typewritten material, by means of a
      pressure transferable opaque substance coated on a carrier sheet.
      Materials of the first type are commercially available under the trademark
      "SNO PAKE" while materials of the second type are sold under the trademark
      "KO-REC-TYPE" and are further described, for example, in U.S. Pat. No.
      3,459,127.
PAR  Such correction materials as have been heretofore available, however, have
      not been entirely satisfactory, particularly in connection with the
      correction of typewritten materials. The liquid type correction materials
      are somewhat messy to utilize, entail some delay while waiting for the
      material to dry before the correction can be completed and/or require the
      regular addition of highly volatile solvents to maintain the proper
      consistency. The pressure transfer type of correction materials heretofore
      available, as set forth above, while eliminating some of the disadvantages
      of the liquid type, such as eliminating the necessity for handling
      volatile solvents and any drying or waiting time, are themselves not
      entirely satisfactory, although for reasons which differ from those which
      render the liquid type materials somewhat unsatisfactory. In using such
      dry correction materials as have been heretofore available, such as the
      aforementioned KO-REC-TYPE, the correction material is positioned over the
      typewritten error and the erroneous character re-struck, to transfer a
      pressure transferable coating from the correction material to the paper to
      thereby cover the incorrect character. Hence, it is imperative that the
      alignment of the erroneous character with the typewriter be exact, a
      situation which is difficult, if not impossible to achieve if the paper
      has been removed from the typewriter carriage or, under certain
      conditions, even if several additional lines have been typed prior to
      attempting to make the correction. In addition, the pressure transferable
      coating of the prior materials have been substantially powderlike and very
      easily transferred, as by inadvertent contact thereof, even with the
      typist's hands or fingers, resulting in occasional incomplete coverage of
      the erroneous character as well as providing a source of dirt and
      dissatisfaction to the typist.
PAR  Having in mind the foregoing, it is a primary object of the present
      invention to provide novel and improved methods and apparatus for use in
      the graphic arts to enable the making of corrections.
PAR  Another primary object of the present invention, in addition to the
      foregoing, is the provision of novel and improved methods and apparatus
      for the making of corrections in the graphic arts which are clean, safe,
      effective, efficient and entail substantially no time delay.
PAR  Yet another primary object of the present invention, in addition to each of
      the foregoing objects, is the provision of novel and improved methods and
      apparatus for the making of corrections which may be utilized, for
      example, for typewritten material whether out of or in the typewriter but
      which is yet dry so as to not entail spillage, drippage, volatile solvents
      or any drying period and which will yet not inadvertently rub off or
      transfer.
PAR  Another and yet still further primary object of the present invention, in
      addition to each of the foregoing objects, is the provision of methods of
      correction for use in the graphic arts and, particularly, for the
      correction of typewritten material, which is simple and effective, whether
      performed in or out of the typewriter.
PAR  Yet still another primary object of the present invention, in addition to
      each of the foregoing objects, is the provision of novel and improved
      apparatus for enabling correction for use in the graphic arts, and
      particularly for the correction of typewritten material which is
      economical to manufacture while being yet clean, simple, easy and
      effective in use.
PAR  The invention resides in the combination, construction, arrangement and
      disposition of the various component parts and elements incorporated in
      improved methods and apparatus for enabling correction in accordance with
      the principles of this invention. The present invention will be better
      understood and objects and important features other than those
      specifically enumerated above will become apparent when consideration is
      given to the following details and description, which when taken in
      conjunction with the annexed drawing describes, discloses, illustrates and
      shows a preferred embodiment or modification of the present invention and
      what is presently considered and believed to be the best mode of
      practicing the principles thereof. Other embodiments or modifications may
      be suggested to those having the benefit of the teachings herein, and such
      other embodiments or modifications are intended to be reserved especially
      as they fall within the scope and spirit of the subjoined claims.
DRWD
PAL  In the drawing
PAR  fig. 1 is a plan view of an exemplary piece of graphic arts material and
      particularly a typewritten letter having an error, specifically a
      misspelling of the word "THREE";
PAR  FIG. 2 is an illustration of the misspelled letter of FIG. 1 being
      corrected by having the incorrect character thereof masked in accordance
      with the present invention;
PAR  FIG. 3 is an enlarged illustration of the corrected region showing the
      incorrect character masked in accordance with the present invention and
      ready to have the correct character inserted or struck thereon;
PAR  FIG. 4 is an illustration similar to FIG. 3 showing the completed
      correction;
PAR  FIG. 5 is an illustration similar to FIG. 3 showing the masking of a
      plurality of characters simultaneously in accordance with the present
      invention;
PAR  FIG. 6 is a plan view of an article of manufacture viewed from the bottom
      or transfer side thereof embodying correction apparatus in accordance with
      the present invention;
PAR  FIG. 7 is an enlarged cross-sectional view taken along section line 7--7
      FIG. 6; and
PAR  FIG. 8 is a partial plan view of another article of manufacture embodying
      correction apparatus in accordance with the present invention.
DETD
PAR  With reference now to the drawing, there is shown and illustrated a sample
      of graphic arts material, such as a sheet of paper 14 having written
      material 16 provided on one surface thereof, as by means of typewriting,
      or the like. The written material 16 as typed, contains a region 18 which
      contains an erroneous character 20, the exemplary error comprising a
      misspelling of the word "THREE" with the desired "H" thereof having been
      erroneously inscribed as a "G".
PAR  Heretofore, three basic methods of correction have been available; erasure,
      covering of the incorrect character with an opaque correction material
      which was applied, as by means of a brush while in a liquid state and then
      allowed to dry or by utilizing a typewriter correction material such as
      that sold under the trade name KO-REC-TYPE which comprises a paper-like
      sheet of material having a powdery opaque substance on the reverse side
      thereof and which may be positioned over the incorrect character which is
      then re-struck with the typewriter to transfer the powdery substance to
      cover the incorrect character, the correction material being similar to
      conventional single-use carbon paper except that the coating is selected
      to blend into, rather than contrast with the color of the sheet being
      corrected. Each of these various prior methods, however, have been
      objectionable and to some extent unsatisfactory, for a number of reasons.
      Physical erasure is time consuming, particularly when a number of copies
      need correction, the erasure particles produced interfere with the proper
      action of the typewriter, often results in tearing of the paper, and
      generally results in an unattractive appearance. The physical forces
      involved also often result in slippage of the paper on the typewriter
      carriage and misalignment of succeeding typewritten characters. The
      utilization of a correction fluid generally results in a better appearance
      but, the time required to make a correction is still substantial, the
      liquid material is messy to handle and use, and difficulty is experienced
      by many people in limiting the application of the correction fluid to the
      small area desired. The fluid, moreover, upon drying generally has a more
      glossy appearance than the surrounding paper and is therefore more obvious
      than may be desired. The utilization of correction paper has received very
      wide acceptance since this method is generally faster, cleaner and
      provides a better appearance than either physical erasure or utilization
      of correction fluid. However, since it requires that the erroneous
      character be exactly re-struck with the correction paper interpositioned
      over the paper, this method is only suitable while the paper is still in
      the typewriter, in its original orientation and, preferably, before many
      additional words or lines have been typed. Hence, this system is generally
      unavailable where the paper has been removed from the typewriter.
      Secondly, since the coating is a particulate one, it is generally
      ineffective for completely masking heavily inked characters. Further,
      where a large pluralities of copies have been made, the softness of the
      stack of paper generally has resulted in a slightly larger ink character
      which cannot be completely covered by the correction material. Yet
      further, while the correction material is generally cleaner to work with
      than the previous methods, some mess and inadvertent ruboff may occur.
PAR  In accordance with the present invention, however, there is provided as an
      article of manufacture a correction sheet designated generally by the
      reference character 22 comprising a carrier sheet 23 on which there are
      provided a plurality of masking elements 24 adapted to be positioned in
      superposition generally covering an erroneously typed character or other
      graphical material which are constructed and arranged to enable selective
      transfer of the masking elements 24 from the correction sheet 22 to the
      sheet of paper 14 or other surface to mask or cover an incorrect character
      or other character or graphic material which it is desired to delete or
      change, and enable a correct character to be applied on the surface
      thereof, as by being typed, hand lettered, transferred from a dry transfer
      sheet, or the like.
PAR  The carrier sheet 23 is preferably pellucid so as to enable the masking
      elements 24 to be visually positioned as desired over the region of the
      sheet of paper 14 to be masked, covered or corrected thereby. A large
      variety of materials are suitable for the carrier sheet 23 which may
      comprise greaseproof papers or films such as, for example, and without
      limitation, vellums, transparent papers, translucent papers, polyethylene,
      polystyrene, polypropylene, and the like. It has been found that the paper
      or film utilized to form the carrier sheet 23 preferably should not be
      calandered, it being believed that calandering leaves a residue of gloss
      on the adjacent surface of the masking element 24 which, for use with most
      papers, which are uncoated, is undesirable. For some papers, notably
      coated papers, it may be desirable to use a calandered carrier sheet 23 so
      that the masking elements 24 will have a higher gloss.
PAR  The masking elements 24 may comprise an ink or paint, such as a flat
      silkscreen paint or a highly pigmented varnish which should be of such a
      tensile strength that upon drying the ink or paint dries as a coherent
      film and may be applied to the carrier sheet 23, for example, by
      silkscreen printing techniques. Where the masking elements 24 are
      particularly adapted for use in the making of typewriter corrections, the
      masking elements 24 should have sufficient opacity and color retention to
      match the color, texture and appearance, as close as possible, of
      typewriter or Bond paper. It has been found that a suitable composition,
      which has the above characteristics, including opacity, color match to
      Bond typewriter paper, tensility and which will retain its whiteness and
      be nonyellowing comprises adding to, for example, one gallon of flat white
      silkscreen paint, one-half ounce ultramarine blue printing ink toner
      dispersed in a flating oil, such as marketed by National Lead Company,
      one-half ounce Japan black dispersed in a small amount of turpentine,
      followed by thorough mixing. It has also been found that greater opacity
      and covering power can be provided by milling one-half pound titanium
      dioxide into the basic white paint.
PAR  Suitable silkscreen paints are commercially available for use in the
      present invention with the addition of the substances as set forth above
      and one commercially available paint which has been found suitable is a
      white screen process ink sold under the trade name of SPEED PRINT and
      having a composition as follows:
     Pigment by Weight       45%                                               
     Vehicle by Weight       55%                                               
                             100%                                              
     Composition of Pigment by Weight:                                         
     Titanium Dioxide        69%                                               
     Silicates               22%                                               
     Calcium Carbonate       9%                                                
                             100%                                              
     Composition of Vehicle by Weight:                                         
     *Varnish                54%                                               
     **Cellulose Resin Solution                                                
                             9%                                                
     Aromatic Hydrocarbons   23%                                               
     Aliphatic Hydrocarbons  14%                                               
                             100%                                              
     *Non-Volatile                                                             
     Phenolic Ester Gum, Linseed,                                              
      Oiticia, Tung          40%                                               
     Volatile                                                                  
      Aromatic Hydrocarbons  60%                                               
                             100%                                              
     **Non-Volatile                                                            
     Ethyl Cellulose Resin   50%                                               
     Volatile                                                                  
      Aromatic Hydrocarbons  50%                                               
                             100%                                              
PAR  Between the marking elements 24 and the carrier sheet 23, there may be
      provided a release coating 26 which may comprise a polysiloxane or a
      chrome complex such as is marketed by duPont Corporation under the
      trademark "QUILON". QUILON is furnished by duPont as a 30% chrome complex
      and it has been found that this can be reduced by mixing with isopropyl
      alcohol in a 5-to-1 ratio to provide a 6% solution which is then applied
      to the carrier sheet 23 if the carrier sheet 23 is paper. The plastic
      films, if utilized as a carrier sheet 23, have sufficient release
      characteristics as to not require the release coating 26. Finally, an
      adhesive layer 28 which may comprise, for example, a microcrystalline wax
      may be applied over the masking elements 24 to enable transfer and
      adherence of the masking elements 24 from the correction sheet 22 to the
      typewritten sheet 14. As heretofore pointed out, the masking elements 24
      may be applied to the carrier sheet 22 by means of silkscreen printing
      techniques. A fairly open mesh silkscreen should be used to maintain a
      high buildup of ink and to aid in obtaining sufficient opacity and
      tensility. Silkscreen meshes between the aproximate range of 166 to 230
      mesh have been found to be suitable. This range of meshes is permissible
      when using the various methods of films or emulsions in preparing the
      silkscreen plate or stencil. The thicker the film or emulsion, the higher
      the mesh number. In the present application, it has been found that a
      masking element thickness of approximately 1 1/2 mils is appropriate to
      maintain the desired opacity and tensility.
PAR  For further details of the manufacture and composition, reference is hereby
      made to U.S. Pat. No. 3,013,917 dated Dec. 19, 1961 and to my co-pending
      U.S. application Ser. No. 587,751 filed Oct. 19, 1966, the entire
      disclosures of which are hereby expressly incorporated herein by reference
      as fully and completely as if physically reproduced herein.
PAR  In use, the correction sheet 22 may be positioned with one of the masking
      elements 24 overlying the incorrectly typed letter or character and force
      applied to the opposite surface of the carrier sheet 23, as by rubbing the
      surface thereof with a stylus 30 or other instrument such as a ballpoint
      pen, a pencil, a paper clip, a fingernail, or the like, to transfer the
      masking elements 24 from the correction sheet 22 into overlying, covering
      and blanking relationship adhered to the typewriter paper sheet 14 as
      illustrated in FIG. 3 and, then, the correct character may be inserted, as
      by typing or as a transfer from a sheet such as that described and
      disclosed in U.S. Pat. No. 3,013,917 configured and colored to match the
      typewriter font and inking. Hence, the correction may be made either while
      the sheet 14 is still in the typewriter or may be made after removal of
      the sheet 14 from the typewriter carriage. If desired, the masking element
      24 may, as shown, for example, in FIG. 8, define a composite element
      designated 24' which may comprise two portions, a blanking or opaquing
      portion 24a of sufficient dimensional extent to cover and effect deletion
      of a previously typed character and a portion 24b defining the desired
      replacement character having a color and texture similar to that of a
      typewritten character so that in a single operation, the element 24' may
      be transferred to the typewritten sheet 14 to simultaneously cover the
      typewritten character already thereat and provide a corrected character in
      its place and stead, as illustrated in FIG. 4.
PAR  As an aid in providing matching of texture with the typewritten characters,
      the dry transfer character should also be flat or non-glossy, as by being
      printed on an uncalendered paper carrier.
PAR  The masking element 24 illustrated in FIG. 3 may be configured so as to
      mask and cover a single typewritten letter as illustrated in FIG. 3.
      Preferably, however, a single correction sheet 22 comprises a plurality of
      masking elements designated generally by the reference character 24 and
      individually by the reference character 24 together with a suffix
      contained within parentheses indicating the number of typewritten letters
      or characters to be masked thereby and, accordingly, the correction sheet
      22 may comprise a plurality of masking elements 24 some of which are
      configured to overlie only a single letter and which are designated 24(1),
      such as illustrated in FIG. 3 and, some of which may be of sufficient
      dimensional extent as to simultaneously cover a plurality of typewritten
      characters, the part of the reference character associated therewith
      enclosed in parentheses designating the number of typewritten letters or
      characters to be covered thereby, such as the element 24(3) whose use is
      illustrated in FIG. 5.
PAR  With particular reference to FIG. 6, a single correction sheet 22 may have
      a plurality of elements 24, most of which, and particularly those
      illustrated on the lefthand portion of the sheet 22 illustrated in FIG. 6
      and designated as 24(1) being of such dimensional extent as to enable
      coverage of a single typewritten elite or pica character while being of
      such width as to cover only a single character and not interfere with the
      adjacent characters in a typewritten line, some of which, such as those
      generally in the central portion of the sheet 22 illustrated in FIG. 6 and
      designated as 24(2) may be of a width corresponding to two typewritten
      characters, some of which such as the second column from the right being
      of a width corresponding to three characters and designated as 24(3) and
      some of which, such as the righthand column of the sheet 22 shown in FIG.
      6 and designated as 24(4), corresponding to a width equal to four
      typewritten characters. Additionally, some masking elements 24 may be of
      extra height, such as those on the lower righthand corner of the sheet 22
      shown in FIG. 6 and designated as 24(X) may be of sufficient height for
      use with characters which extend above or below the usual line position.
      The correction or masking material in accordance with the present
      invention may also be produced in roll form.
PAR  While the invention has been described, disclosed, illustrated and shown in
      terms of an embodiment or modification which it has assumed in practice,
      the scope of the invention should not be deemed to be limited by the
      precise embodiments or modifications herein described, disclosed,
      illustrated or shown, such other embodiments or modifications as may be
      suggested to those having the benefit of the teachings herein being
      intended to be reserved especially as they fall within the scope and
      breadth of the claims here appended.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Correction sheet for obliterating graphic symbols or characters on a
      flat surface so as to enable the making of changes and corrections thereof
      comprising, in combination, a pellucid carrier sheet, an opaque film
      masking element of substantial dimensional extent in all directions so
      that said masking element is capable of obliterating any of a large number
      of graphic symbols and characters, said masking element comprising a color
      and texture similar to the color and texture of the flat surface so as to
      blend therewith and be substantially non-visible after transferral
      thereto, means for releasably securing said masking element on the rear
      face of said carrier sheet so as to enable said masking element to be
      easily visually and manually positioned by manual manipulation of said
      carrier sheet to overlie and cover the graphic symbol or character to be
      obliterated and means for adhering said masking element with said flat
      surface to enable manually induced transfer of said masking element as a
      coherent unit from said carrier sheet to said flat surface upon the
      application of pressure to the front surface of said carrier sheet, as by
      rubbing thereof with a stick-like object, so that said carrier sheet may
      be removed to leave said masking element permanently adhered on said flat
      surface, said correction sheet, particularly for obliterating typewritten
      material as for the correction of such material even after removal from a
      typewritter, having said masking element generally rectangular and
      configured to cover at least a generally rectangular area having a width
      and height equal, respectively, to the width and height allocated to
      spacing of a single typewritten character, and wherein said masking
      element is provided with a letter of contrasting color corresponding in
      shape and color to a typewritten character to enable obliteration of a
      typewritten error and correction thereof in a single operation even after
      removal of the material containing the error from a typewritter and
      without necessitating that the material be reinserted and re-positioned in
      a typewriter.
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ABST
PAL  For use in a business machine having a printer and a platen for backing
      documents during printing, a document stop and position indicator
      mechanism comprising, in preferred form: movable document stop means for
      vertically supporting a document at a preselected printing position
      relative to the platen, a manually rotatable drive shaft mounting gearing
      engaging gear linkage connected to the document stop means for adjusting
      the document printing position by raising or lowering the document stop
      means, a flexible band having ends thereof secured to the document stop
      means, and band guide means, comprising pulleys, for training the band
      past a viewing point, the band being calibrated to identify thereat the
      document printing position established by knob rotation of the drive
      shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates in general to business machines having
      printers, and, more particularly, to novel document-handling apparatus for
      use therein.
PAR  2. Description of the Prior Art
PAR  Printing business machines, such as accounting machines, when used for
      multiple business functions, are not readily adapted for printing on
      continuous form customer invoices or statements. In using such machines to
      prepare individual customer invoices at regular billing intervals, new
      balance forward entries must be printed on separate invoice documents at
      predetermined entry lines or locations thereon. In the past, separate
      vertical adjustment of invoices or other documents to predetermined
      printing positions has been a time-consuming procedure, particuarly where
      a large volume must be printed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a simple solution to this problem, and comprises a
      document stop and position indicator mechanism for enabling easy and rapid
      adjustment of a document to a predetermined printing position. A
      calibrated indicating band is provided to identify at a viewing point the
      particular printing line or position of a document that is supported by
      the stop, the viewing point preferably being a window mounted in the frame
      of the business machine. Separate adjustment of each similar customer
      document therefore is not necessary, each such invoice or document simply
      being required to be inserted into the machine in engagement with the stop
      means.
PAR  More specifically, the present invention is a document stop and position
      indicator mechanism in a printing business machine having a platen for
      backing documents during printing which comprises: movable document stop
      means for supporting a document at a preselected printing position
      relative to the platen, means for guiding the document stop means,
      manually operable means for adjusting the document by moving the document
      stop means, a flexible band having ends thereof secured to the document
      stop means, and band guide means for training the band past a viewing
      point, the band being calibrated to indicate at the viewing point the
      particular line of the document then disposed in print-receiving position.
      The document stop means preferably is raised or lowered by means of an
      adjustment knob. Where individual documents, such as ledger cards, require
      posting at different positions or lines, as is frequently encountered in
      entering customer debits and credits, document position adjustment is
      easily accomplished by manually adjusting the document stop means while
      viewing the calibrated indicating band.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a rear elevation view of a business machine, with parts broken
      away and parts in section, illustrating the basic features of the
      preferred document stop and position indicator mechanism embodying the
      present invention;
PAR  FIG. 2 is a top plan view, with the platen and other parts broken away, of
      a portion of the business machine shown in FIG. 1;
PAR  FIG. 3 is a rear elevation illustrating the manually rotatable drive shaft
      and associated gearing for adjusting the elevation of the document stop
      means;
PAR  FIG. 4 is a vertical sectional view taken substantially along line 4--4 of
      FIG. 1 and looking in the direction of the arrows thereon;
PAR  FIG. 5 is a side elevational view of the drive or elevating means, as seen
      from the left side of FIGS. 1 and 3, with parts broken away;
PAR  FIG. 6 is a front elevation, with parts broken away and parts in section,
      showing details of the attachment of the flexible indicating band to the
      document stop means; and
PAR  FIG. 7 is a detail side elevational view as seen from the left side of FIG.
      6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment of the document stop and position indicator
      mechanism of the present invention is adapted for use with a printing
      business machine, such as an accounting machine, having a printer (not
      shown) and a platen 10 (FIGS. 1 and 4) horizontally supported by frame
      members 11, 12 for backing a document 13, such as an invoice or ledger
      card, during printing, only a portion of the business machine frame being
      illustrated for simplification. As best shown in FIGS. 1, 3 and 4,
      document 13 is supported at a preselected printing position relative to
      platen 10 by a vertically movable document stop means 14, which comprises
      a horizontal bar, preferably made of plastic, having a longitudinal axis
      parallel to the axis of platen 10. Document stop means 14 has an upper
      document-engaging surface 15 and a central, rearwardly protruding block
      portion 16 (FIGS. 1, 6 and 7) having a vertical bore 17 therein for
      sliding engagement with a vertical metal guide rod 18 which is secured to
      an upper horizontal bar 19 (FIGS. 1, 2 and 4) by means of a plastic
      T-shaped fitting 21, bar 19 being rigidly fastened at its ends to frame
      portions 11, 12. The lower end of guide rod 18 is rigidly secured to a
      horizontal flange 22 (FIGS. 1 and 4) of an L-shaped support 23 fastened to
      frame sections 11, 12. Document stop means 14 is vertically movable, in a
      manner to be described, from a bottom position, shown in solid lines on
      FIG. 1, near flange 22, to an upper position, illustrated in phantom
      lines, near bar 19.
PAR  With particular reference to FIGS. 1, 2 and 4, document 13 is rearwardly
      supported by six spatially separated, rear vertical rods 24, each
      terminating in an upper, rearwardly extending hook portion 25 fitted into
      an annular recess in the horizontal rod 19, and a lower, straight portion
      26 secured to the horizontal flange 22 of support 23, preferably by
      insertion into a hole therein. Forward support for document 13 is provided
      by eight front vertical rods 27 (FIGS. 1, 2 and 4) laterally offset with
      respect to rods 24, each rod 27 having an upper, forwardly diverging and
      downwardly extending portion 28 supported by known means (not shown), and
      a bottom portion 29 slidably disposed within an associated vertical bore
      or recess 31 in document support means 14. Rear rods 24 and front rods 27
      cooperate, in conjuction with known roller means (not shown), to maintain
      document 13 against platen 10, as best shown in FIG. 4. The lower ends 26
      of rear rods 24 are slidably disposed within bores 32 in document stop
      means 14. Rods 18, 24 and 27 provide means for guiding the document stop
      means 14 throughout its vertical travel to insure that its upper edge 15
      remains horizontal and parallel to the longitudinal axis of platen 10.
PAR  Manually operable means are provided for adjusting the printing position of
      document 13 relative to platen 10 by raising or lowering document stop
      means 14. Transfer means comprising a drive shaft 32 (FIGS. 3 and 5) is
      rotatably supported by a bracket 33 connected to a frame portion (not
      shown) of the business machine. Shaft 32 is downwardly and rearwardly
      extending from, and manually rotatable by, a knob 34 fastened to a
      horizontal mounting shaft 35 (FIG. 3). A gear 36, connected to knob 34
      preferably through a suitable slip clutch (not shown), meshes with an
      idler gear 37 rotatably supported by a horizontal shaft 38 on which a
      bevel gear 39 is supported, the latter being secured to gear 37 and
      meshing with a bevel gear 41 securd to one end of shaft 32. Shafts 35 and
      38 are rotatably supported by frame portions (not shown) of the business
      machine in a known manner. The lower end of shaft 32 has a bevel gear 42
      secured thereto which meshes with a bevel gear 43 connected to a worm gear
      44. The gears 43 and 44 are mounted on and secured to a shaft 45 supported
      by vertical frame sections 46, 47. Worm gear 44 meshingly engages a
      segment gear 48 (FIGS. 1 and 3) formed on one end of an arm 49 which is
      pivotally mounted by a pin 51 supported by the machine frame to be
      rotated, upon operation of knob 34, to effect vertical movement of
      document stop means 14 between lowest and highest positions thereof. Arm
      49 is provided with a longitudinal slot 52 (FIGS. 1 and 3) at its other
      end for slidably receiving a pin 53 preferably integrally formed with the
      central portion 16 of document stop means 14. As best seen in FIG. 5, knob
      34 preferably is located at the front of the business machine for ready
      access by the machine operator, document stop means 14 being disposed
      rearwardly therefrom.
PAR  The document stop and position indicator mechanism of the present invention
      further includes a flexible band indicated generally by reference numeral
      54 (FIGS. 1, 4, 6 and 7) comprising an elongated plastic strip having ends
      56, 57 (FIGS. 6 and 7) secured to document stop means 14, the latter
      having a vertically extending recess or aperture 58 therethrough for
      receiving an upper adjustment block 59 and a lower block 61. Blocks 59, 61
      have horizintal bores 62 and 63 for tightly receiving plastic pins 64 and
      65, respectively, each with one of the ends 56 and 57 partially wrapped
      around it, and then inserted into the associated bore 62, 63, in order to
      effect an inexpensive but secure friction-held fit of the ends of band 54
      to blocks 59 and 61, respectively. Upper block 59 is adjustably held
      within recess 58 in central portion 16 of document stop means 14 by means
      of a set screw 66 (FIGS. 6 and 7) having a threaded portion 67 extending
      through a vertical slot 68 in central portion 16. Blocks 59 and 61 are
      interconnected by means of a spring 69 for maintaining tension in band 54.
PAR  With reference to FIGS. 1, 2 and 4, band guide means comprising plastic
      pulleys are provided for training band 54 past a viewing point comprising
      a window 71 mounted in an upper horizontal portion 72 of the business
      machine case. A pulley 73 is rotatably mounted on a horizontal pin 74
      extending rearwardly from, and connected to, T-shaped fitting 21. A pulley
      75 is mounted directly beneath pulley 73 by a horizontal pin 76 (FIG. 4)
      connected to a vertical portion 77 of L-shaped support 23. A pair of lower
      concentric pulleys, comprising a rear pulley 78 and a front pulley 79
      (FIGS. 1 and 2), are rotatably mounted on a horizontal shaft 81 supported
      by an L-shaped bracket 82 connected to frame section 11. Finally, an upper
      pulley 83 (FIGS. 1 and 2) is mounted on a laterally extending horizontal
      shaft 84 connected to a frame section 85 beneath window 71.
PAR  As best shown in FIGS. 1 and 2, pulleys 73, 75, 78 and 79 guide a first
      portion of band 54 substantially parallel to the document stop means 14,
      while pulleys 78, 79 and 84 turn a second portion through 90.degree. and
      back to align the band visually with window 71. Band 54 comprises a
      section 86 angularly disposed with respect to horizontal and extending
      over pulley 73 to join a vertical section 87, portions of the longitudinal
      axes of sections of band 54 being illustrated by phantom lines in FIG. 2.
      Vertical section 87 extends around pulley 75 to join a horizontal section
      88 extending beneath pulley 78, section 88 being twisted 90.degree. to
      form a section 89 extending over pulley 84. Section 89 joins a section 91
      extending downwardly to pulley 79, where the latter section joins section
      86.
PAR  Band 54 is calibrated or provided with appropriate indicia to indicate at
      viewing point 71 the printing position of document 13 supported by
      document stop means 14. Rotation of knob 34, as described earlier, serves
      to raise and lower document stop means 14 because end 56 is secured to
      adjustment block 59 and end 57 to block 61, and as the band 54 thus passes
      over pulleys 73, 75, 78, 79 and 83, the preferably numeric indicia thereon
      is displayed at viewing point 71 to indicate to the operator the
      particular line on a document supported by stop means 14 that is disposed
      in print-receiving position relative to the platen 10.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description and it will be apparent that
      various changes may be made in the form, construction and arrangement of
      the component parts without departing from the spirit and scope of the
      invention or sacrificing all of its material advantages, the form
      described being merely a preferred embodiment thereof.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a business machine having a printer and a platen for backing a
      document during printing, a document stop and position indicator mechanism
      comprising: movable document stop means for supporting a document at a
      preselected printing position relative to the platen, means for guiding
      said document stop means, manually operable means for adjusting the
      printing position of a document supported by said stop means by moving the
      latter, a flexible band, band guide means for training said band past a
      viewing point, said band being calibrated to identify at said point the
      print-receiving portion of said document then disposed in printing
      position, said document stop means comprising an aperture and first and
      second blocks slidably disposed therewithin, each said end of said
      flexible band being secured to an associated said block, one of said
      blocks being adjustably secured to said document stop means, and means for
      interconnecting said blocks.
NUM  2.
PAR  2. The document stop and position indicator mechanism of claim 1, wherein
      said document stop means is vertically adjustable and comprises a vertical
      aperture for slidably receiving said first and second blocks secured to
      ends of said flexible band, and wherein said means for interconnecting
      said blocks comprises an extension spring to maintain band tension.
NUM  3.
PAR  3. The document stop and position indicator mechanism of claim 2, wherein
      each said block comprises a horizontal bore for tightly receiving a pin,
      each said end being partially wrapped about an associated said pin prior
      to insertion thereof into a said bore.
NUM  4.
PAR  4. In a business machine having a printer and a platen for backing a
      document during printing, a document stop and position indicator mechanism
      comprising: movable document stop means for supporting a document at a
      preselected printing position relative to the platen, means for guiding
      said document stop means, manually operable means comprising a manually
      rotatable drive shaft mounting gearing for adjusting the printing position
      of a document supported by said stop means by moving the latter, a
      flexible band having ends thereof secured to said document stop means,
      band guide means for training said band past a viewing point, said band
      being calibrated to identify at said point the print-receiving portion of
      said document then disposed in printing position, and a gear linkage
      connected to said document stop means and drivingly engaged by said
      gearing, said linkage comprising an arm secured to a segment gear in
      meshing relation with a worm gear constituting part of said gearing.
NUM  5.
PAR  5. The document stop and position indicator mechanism of claim 4, wherein
      said arm includes a longitudinal slot, and a pin integrally connected to
      said document stop means and slidably disposed in said slot.
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ABST
PAL  Apparatus is provided for each conveyor in a pair of merged conveyors
      inclusive of a member supported to engage conveyed articles prior to
      arrival thereof at a junction location common to the conveyor pair. A
      system is operative to selectively energize brakes associated with such
      article-engaging members to maintain the same in arresting or releasing
      relation with respect to engaged articles. The brake arrangement for one
      conveyor permits preselected movement of such member while the brake is
      energized to inform the system of conveyor loading.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to article transport apparatus and control systems
      therefor.
PAC  BACKGROUND OF THE INVENTION
PAR  In warehousing and like article handling operations, need frequently arises
      for the collection at a common terminal of articles available at spaced
      terminals, for example, through the use of multiple article conveyors each
      extending from a preselected spaced terminal, with a reduced number of
      such conveyors directly serving the common terminal. Conveyors not
      directly serving the common terminal merge with other conveyors and feed
      articles selectively thereto as permitted by article flow conditions on
      the fed conveyor.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide improved article
      transport apparatus of the merged multiple conveyor type and improved
      systems for controlling operation thereof.
PAR  In attaining the foregoing and other objects, the invention provides for
      the controlled merging of any pair of conveyors in such multiple conveyor
      type transport apparatus through the arrangement, for each conveyor in a
      merged conveyor pair, of a member supported to frontally engage conveyed
      articles prior to arrival thereof at a junction location common to the
      conveyor pair and of brake means energizable to maintain the member in
      arresting relation to the engaged article. The brake means for one
      conveyor permits preselected movement of its associated article engaging
      member while energized and control means are provided to selectively
      energize the brake means responsively to the states of switches set in
      accordance with the positions of the article engaging members. An order of
      priority is predetermined as between each merged conveyor pair to
      determine which of the two brake means is normally energized and the
      article-engaging member braked by the normally energized brake means is
      permitted such preselected movement.
PAR  The foregoing and other objects and features of the invention will be
      further understood from the following detailed discussion of preferred
      embodiments of the invention and from the drawings wherein like reference
      numerals identify like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is block diagram of the control system of transport apparatus of the
      invention.
PAR  FIG. 2 is a schematic illustration of transport apparatus of the invention.
PAR  FIGS. 3 to 5 are explanatory of the activity of the FIG. 1 transport
      apparatus.
PAR  FIGS. 6 and 7 are schematic circuit diagrams of alternate arrangements of
      the control system of the invention.
PAR  FIG. 8 is a fragmentary plan view of a preferred form of transport
      apparatus of the invention depicting the junction location at which
      selective transfer or merger of articles from a center lane conveyor to a
      right lane conveyor or a left lane conveyor occurs, there further being
      depicted the brake means and article arresting means associated with the
      respective conveyor lanes.
PAR  FIG. 9 is a side elevational view of the apparatus depicted in FIG. 7 taken
      along the line IX--IX.
PAR  FIGS. 10 and 11 are sectional views as taken along the lines X--X and
      XI--XI, respectively, in FIG. 8.
DETD
PAR  The control system of the article transport apparatus of the invention now
      will be discussed by reference to the FIG. 1 block diagram thereof and the
      schematic illustrations of operation of the apparatus in FIGS. 2, 3, 4 and
      5.
PAR  Referring to FIG. 2, conveyors 100 (left lane), 102 (center lane) and 104
      (right lane) are shown extending below plate 106 which supports paddles
      108 (left lane), 110 (center lane) and 112 (right lane) through plate
      slots 114, 116 and 118, respectively for pivotal movement relative to the
      conveyors. The paddles are L-shaped, including stem portions 108a, 110a
      and 112a and base portions 108b, 110b and 112b which are of extent
      substantially coextensive with the conveyor widths. Plate 106 also
      supports shaft 120 for rotative movement in positioning diverter 122
      secured thereto. The diverter is shown in position for merger of lanes 102
      and 104, i.e., a center lane-right lane merger, effected at the junction
      location J common thereto.
PAR  Left and right lane paddles 108 and 112 may reside in any of two operative
      positions in use. FIG. 3 shows paddle 108 in a down (DN) position. All
      paddles are gravity-biased to this position. Paddles 108 and 112 assume
      such DN position either when they are not article sensing, i.e., not
      article engaging, or when they are braked, whether sensing or not sensing
      an article. FIG. 5 shows paddle 112 in an up (UP) position. Paddles 108
      and 112 assume such UP position when they are article sensing and
      unbraked.
PAR  Center lane paddle 110 may reside in any of three operative positions in
      use. FIG. 4 shows paddle 110 in a partially up (PUP) position. Paddle 110
      assumes this position when it is article sensing while braked. When paddle
      110 is article sensing and unbraked, it assumes the UP position, as shown
      for paddle 112 in FIG. 5. Paddle 110 resides in the DN position, as shown
      for paddle 108 in FIG. 3, only when paddle 110 is not article sensing.
PAR  Referring now to FIG. 1, the ultimately controlled elements thereof
      comprise left lane (LL) brake solenoid 124, right lane (RL) brake solenoid
      126 and center lane (CL) brake solenoid 128.
PAR  These solenoids are controlled by the remaining circuit blocks in FIG. 1,
      comprising conveyor monitors 130 (LL + CL) and 132 (RL + CL), left lane
      (LL) article sensor 134, right lane (RL) article sensor 136, center lane
      (CL) article sensor 138 and switches 140, 142, 144 and 146 which are
      controlled by mechanical inputs 148 and 150 derived from the diverter.
PAR  Article sensor 134 includes switch means responsive to the positions
      assumed by paddle 108. Article sensors 136 and 138 include switch means
      responsive respectively to the positions assumed by paddles 112 and 110.
PAR  FIGS. 2-5 show conveyor 100 supporting article 152, conveyor 102 supporting
      article 154 and conveyor 104 supporting spaced articles 156 and 158.
      Article 156 leads article 154 and article 154 in turn leads article 158.
      This arrangement is conveniently selected for illustration of the
      operation of the control system of FIG. 1. Since lanes 102 and 104 are
      being merged, left lane brake solenoid 124 is free from control influence
      of the control system. Thus, left lane paddle 108 is unbraked throughout
      and, as article 152 engages paddle 108 in its DN position, paddle 108
      moves under further advance of this article to its UP position and the
      article passes freely thereunder. In this connection, with the diverter in
      the illustrated position, it provides mechanical input 150 to close
      switches 142 and 146 (right and center lane, RL + CL, merge). Switches 140
      and 144 (left and center lane, LL + CL, merge) are open in the absence of
      mechanical input 148.
PAR  Under the conditions shown in FIGS. 2-5, RL article sensor 136 of FIG. 1
      energizes line 160. This occurs since RL paddle 112 is engaged by article
      156 and thus displaced into its UP position, since switch 142 is closed,
      and snce CL article sensor 138 energizes line 162, paddle 110 being PUP.
      CL brake solenoid 128 is energized by line 160. RL brake solenoid 126 is
      unenergized since sensor 136 does not energize line 164. Article 156
      proceeds to the right conveyor exit without interference from the center
      conveyor article 154. As article 156 passes beyond paddle 112, paddle 112
      reassumes its DN position and sensor 136 no longer energizes line 160. CL
      brake solenoid 128 is thus deenergized, freeing paddle 110 for movement
      from its PUP to its UP position and permitting article 154 to be conveyed
      from the center lane conveyor to the right conveyor.
PAR  Sensor 136 now energized line 164 since switch 142 is closed and sensor 138
      continues to energize line 162. At this time then, RL brake solenoid 126
      becomes energized, preventing paddle 112 from leaving its DN position upon
      engagement thereof by article 158.
PAR  As article 154 passes beyond paddle 110, paddle 110 again reverts to its DN
      position and CL article sensor 138 energizes line 166, reenergizing CL
      brake solenoid 128. Since sensor 138 no longer energizes line 162, sensor
      136 accordingly ceases energization of line 164 and RL brake solenoid 126
      is thus deenergized, whereupon article 158 now passes under paddle 112.
PAR  In the course of the foregoing exemplary operation of the transport
      apparatus, monitor 132 serves to detect any malfunctioning in the
      operation of either of merged conveyors 102 and 104 and thereupon to
      energize brake solenoid 128 through switch 146 whereby the center lane
      conveyed articles are arrested by paddle 110 and prevented from reaching
      junction location J.
PAR  As will be appreciated, the control system of FIG. 1 is symmetrical in
      controlling its brake solenoids. Thus, in the alternate merger situation
      involving the center and left lanes, switches 142 and 146 are opened by
      repositioning of the diverter and switches 140 and 144 are closed.
      Thereupon LL sensor 134, LL solenoid 124 and LL + CL monitor 130 are
      operative in the same manner as above-discussed for their right lane
      counterpart circuit elements.
PAR  FIG. 6 illustrates one embodiment of the control system of the invention.
      Lines L1 and L2 apply operating power to the system which is comprised of
      various branch circuits connected across these lines. Relay R1 and switch
      S1 function to monitor the center lane conveyor. S1 is closed at all times
      when the center lane conveyor is functioning properly and R1 is thereby
      energized, closing its associated relay contacts R1-1. Relay R2 and switch
      S2 function likewise for the left lane, relay contacts R2-1 being closed
      where the left lane conveyor is functioning properly. Relay R3 and switch
      S3 likewise provide closure of relay contacts R3-1 where the right lane
      conveyor is functioning properly. Based on the series connection of R1-1,
      R2-1 and R4 and the series connection of R1-1, R3-1 and R5, R4 is
      energized when both the center and right lane conveyors are functioning
      properly and R5 is energized when both the center and left lane conveyors
      are functioning properly.
PAR  Switches S4 and S5 correspond respectively to switches 144 and 146 of FIG.
      1. In the center lane-right lane merger situation, S5 is closed as shown
      in FIG. 6 and, whereby relay contacts R5-1 of R5 are also closed
      indicating that both the center lane and right lane conveyors are
      functioning properly, relay R6 is energized through S5 and R5-1 and its
      relay contacts R6-1 are accordingly opened, thereby preventing
      energization of R7. Where either the center or right lane conveyors
      malfunctions, either R1 or R3 is deenergized; consequently deenergizing
      R5. With contacts R5-1 thereby opened, R6 is deenergized and R7 can be
      energized through contacts R6-1. On this event, contacts R7-1 of R7 are
      closed and center lane brake solenoid 128 is energized. As indicated in
      FIG. 6, for solenoid 128, the brake solenoids preferably comprise a
      winding across which a diode is connected to provide customary protection
      against inductive kickback and to delay braking action.
PAR  Switch S6 is the above-mentioned switch means of center lane sensor 138 and
      has a first state, providing continuity therethrough to switch terminal
      S6-1, when center lane paddle 110 is DN, and a second state, providing
      continuity therethrough to terminal S6-2, when paddle 110 is PUP or UP.
      Switches S7 and S8 correspond respectively to switches 142 and 140 of FIG.
      1. In the center-right lane merger under discussion, S7 is closed and S8
      is open. Switch S9 is the above-mentioned switch means of right lane
      sensor 136 and has a first state, providing continuity therethrough to
      terminal S9-2, when paddle 112 is DN and a second state, providing
      continuity therethrough to terminal S9-1, when paddle 112 is UP. Switch
      S10 is the above-mentioned switch means of left lane sensor 134 and has a
      first state, providing continuity therethrough to terminal S10-2, when
      paddle 108 is DN and a second state providing, continuity therethrough to
      terminal S10-1, when paddle 108 is UP.
PAR  Returning again to the illustrated example depicted in FIGS. 2-5, and
      considering that the switches of FIG. 6 are set in accordance therewith,
      S5 and S7 are closed, S6 is in its second state, article 154 displacing
      paddle 110 into its PUP position, and S9 is in its second state, article
      156 placing paddle 112 in its UP position. The state of S10 is of no
      consequence snce S8 is open. A path of continuity is provided from L1 to
      solenoid 128 through S6-2, S7 and S9-1 and solenoid 128 is accordingly
      energized. Since S9 is in its second state, solenoid 126 is unenergized.
      As article 156 passes beyond paddle 112, S9 assumes its first state and
      solenoid 128 is deenergized. Solenoid 126 is concurrently energized
      through S6-2, S7 and S9-2. This condition persists until article 154
      passes beyond paddle 110. On this occurrence, S6 changes to its first
      state whereupon solenoid 128 is energized directly, through S6-1 and
      solenoid 126 is deenergized.
PAR  As article 159 thereafter displaces paddle 112 from its DN to its UP
      position, S9 returns to its second state thereby readied to reenergize
      solenoid 128 if S6 changes state.
PAR  In practice, lines L1 and L2 are broken as at BL in FIG. 6 with the
      circuitry below the broken lines being supplied with d.c. voltage.
PAR  The alternate embodiment of the control system shown in FIG. 7 provides for
      isolation of the high current brake solenoids from the switch control
      circuitry by the use of a power switching unit 168 supplied with a.c.
      voltage at power terminals 168-L1 and 168-L2 from lines L1 and L2 and
      responsive to conditions at its input terminals 168-1, 168-2, and 168-3 to
      apply d.c. voltage selectively to its output terminals 168-A, 168-B and
      168-C. A commercially-available unit of this type is the Regent NO. PR
      521-11 which supplies switched 90 v d.c. output when connected to 115v
      a.c. lines and has its terminals identified as above discussed.
PAR  Referring to FIG. 7, S4a is a switch diverter-operated as in the case of S4
      of FIG. 6. S6a is a switch operated by center lane articles as was switch
      S6 of FIG. 6. Switches S9a and S10a are switches operated respectively by
      right and left lane articles as in the case of switches S9 andd S10 of
      FIG. 6. R8 is a relay having normally-closed contacts R8-1 and R8-2 and
      normally-open contacts R8-3 and R8-4. For simplicity, the circuitry of
      conveyor monitors 130 and 132 of FIGS. 1 and 6 is omitted from FIG. 7.
PAR  When input terminals 168-2 and 168-3 of unit 168 are connected by switch
      S6, the unit supplies voltage only across output terminals 168-A and 168-B
      and center lane brake solenoid 128a is thereby energized. When switches
      S4a and S6a are in the position shown therefor in FIG. 7, R8 is
      deenergized and, upon closure of switch S9a, continuity is provided
      between input terminals 168-1 and 168-3, whereupon unit 168 supplies
      voltage only across output terminals 168-A and 168-C, energizing right
      lane brake solenoid 126a through R8-2. When switch S4a is closed and
      switch 6a is in its shown position, contacts R8-3 are closed and, on
      closure of switch S10a, input terminals 168-1 and 168-3 of unit 168 are
      interconnected and the unit applies voltage only across output terminals
      168-A and 168-C. In this case, with contacts R8-4 closed, left lane brake
      solenoid 124a is energized.
PAR  In its preferred application, the invention contemplates the use of
      elevators for supplying articles such as cigarette cartons to the center
      lane conveyor. When an outer lane malfunction occurs and R5 is thereby
      deenergized as above-discussed, there may be articles between the elevator
      (also thereupon deenergized) and the center lane paddle. If the center
      lane brake is on at the time of malfunction, as relay contacts R5-2 open,
      the system remains in such condition and the center lane brake is
      effectively latched. On the other hand, if the center lane brake is off
      when the malfunction occurs, it will not be energized until after the
      conveyor restarts.
PAR  In certain applications, the invention contemplates an override of the
      control system in the case of heavy traffic flow on the dominant conveyor.
      Thus, where a dominant conveyor is fed along its length by numerous
      tributaries, the invention contemplates the provision of sensor means for
      scanning dominant conveyor traffic upstream of a junction location and
      circuitry for locking the dominated conveyor paddle in its DN position
      where such traffic exceeds a predetermined volume.
PAR  In brief summary of the foregoing detailed discussion and in further
      explanation of the invention, the invention will be seen to contemplate
      means for engaging conveyed articles prior to conveyance thereof to a
      junction location, and energizable to arrest conveyance of engaged
      articles. Two such means are defined, e.g., by paddle 110 andd brake
      solenoid 128, and by paddle 112 and brake solenoid 126. With the right
      lane conveyor dominant over the center lane conveyor, control means (FIG.
      6) energize such right lane means upon engagement of an article by the
      center lane means and concurrent non-engagement of an article by the
      center lane means and concurrent non-engagement of an article by the right
      lane means, i.e., solenoid 126 is energized where paddle 112 is DN and
      paddle 110 is not DN. The control means energizes the article-engaging
      means of the center conveyor when not energizing the counterpart left lane
      means. The paddles, i.e., article engaging members, are supported in a
      common (DN) position for frontally engaging articles and are moveable a
      predetermined extent (DN to UP) into non-frontal engagement with the
      articles to allow them to be conveyed to the junction location. Upon
      energization, the brake means associated with the dominant conveyor (right
      lane) maintains its article engaging member in the DN position. Upon
      energization of the center line brake means, its article sensing member is
      permitted to be moved by an engaging article from the DN position to an
      extent (PUP) less than said predetermined extent and still in frontally
      engaging arresting relation to the article. Switches are responsive in
      state assumed to the respective positions of the article engaging members
      and the control means is in turn operative in selectively energizing the
      brake means.
PAR  A preferred embodiment of the mechanism for supporting the article engaging
      members and associated braking units will now be discussed with reference
      to FIGS. 8-11.
PAR  The depicted embodiment as indicated above is described in conjunction with
      transport of cigarette cartons but is should be understood that the
      invention is applicable to handling a wide range of articles of various
      sizes and shapes. As seen in FIG. 8, the apparatus includes left, center
      and right conveyors 100, 102 and 104 which could be individual conveyors
      or a single conveyor divided into the respective lanes by boundary plates
      20, 22 and 24 it being understood that such boundary plates desirably
      being used whether a single or plural conveyor means is used, such
      boundary plates extending longitudinally of the conveyors a distance up to
      the common juncture J. Fixedly disposed above the conveyors in the region
      of juncture J is a supporting plate structure 106 on which is mounted the
      respective paddles 108, 110 and 112 there being provided on plate 106 the
      respective upright standards 26 on which is supported the soon to be
      described brake units 28a, 28b and 28c, and shafts 30a, 30b and 30c, the
      paddles being carried on the shafts with paddles 108 and 112 being fixedly
      connected to shafts 30a and 30c respectively for unitary rotative movement
      therewith, and the paddle 110 being loosely mounted on shaft 30b for
      rotative movement independently of the movement of such shaft. Each
      respective paddle 108, 110 and 112 includes a stem part 108a, 110a and
      112a extending downwardly through respective plate slots 114, 116 and 118
      and a base part 108b, 110b and 112b extending laterally substantially the
      full width of its associated conveyor lane. Paddles 108 and 112 are
      provided at the upper part thereof with counterweights 32 which facilitate
      return of such paddles from an UP to a DN position, the paddle 112 being
      in UP position in FIG. 9.
PAR  Each shaft 30a-30c is fixedly connected to its associated brake means
      28a-28c so that when the brake means are energized, rotation of the shafts
      about their fixed axes which are transverse to to the direction of
      conveyor travel is prevented. As such and as earlier described, paddles
      108 and 112 will operate in either a DN position to arrest article travel
      with the associated brake energized, or will if the brake means is is
      deenergized, rotatably move to an UP position under the impetus of article
      travel thereunder to permit further transport of the article to a desired
      downstream location.
PAR  Paddle 110 on the other hand includes on the stem part thereof an upper
      disc-like part 42 which is loosely mounted on shaft 30b as by means of
      bearing unit 44 so that such paddle is rotatably movable independently of
      the movement of shaft 30b. Thus paddle 110 can be moved from a DN to a PUP
      position while its associated brake means 28b is energized for the purpose
      of orienting switch means 138 in the manner and to the end described
      earlier. However with brake means 28b energized, paddle 110 is prevented
      from moving beyond the PUP position by the locking means to be described
      next.
PAR  A locking disc 46 is fixedly connected to shaft 30b as by means of key 48
      in a position adjacent and spaced from disc part 42, there being provided
      a keeper 50 to prevent axial movement of disc 46. Disc 46 is provided with
      spaced slots 52, 52a at the periphery thereof, with the slots being
      widened and presenting pairs of opposed side surfaces 56, 58. Fixed to
      disc part 42 are a pair of pins 60 which extend axially of part 42 and
      through the slots 52, 52a with there also being provided a pair of pins 62
      fixed to a face of disc part 42. Tension springs 64 are connected to each
      pair of pins 60, 62, which biasing or tension springs tend to rotate
      locking disc 46 and shaft 30b counter to the rotative movement of paddle
      110 when such paddle moves from its common position. When paddle 110 is
      moved from a DN to PUP position and brake means 28b is energized, pins 60
      which in the DN position of paddle 110 engage slot surfaces 58 will be
      caused to engage slot surfaces 56, and since locking disc 46 is fixed on
      shaft 30b and the said shaft is locked by brake means 28b, the paddle
      cannot rotate any further unless and until the brake means is deenergized.
      When brake means 28b is deenergized, article 154 (FIGS. 4 and 9) will then
      cause the paddle to rotate to an UP position, the pins 60 being in
      engagement with slot surfaces 56 carrying the locking disc 46 and shaft
      30b along therewith in rotative movement.
PAR  In order to insure that when paddle 110 returns to a DN position, locking
      disc 46 returns to a predetermined angular relationship with the paddle as
      insures that the paddle can subsequently move to a PUP position and not be
      blocked by pins 60 remaining in engagement with slot surfaces 56 in the
      event the locking disc and shaft 30b were to overrotate, a detent 74 is
      fixed on plate 106 to engage the right side pin 62 (FIG. 10) and thus
      prevent overriding rotation of the locking disc.
PAR  Other features of the apparatus includes resilient bumpers 80 positioned at
      the underside of plate 106 to cushion any engagement of the paddles
      therewith during movement to an UP position, as well as barriers 82 to
      stop any article as may have been delivered to the conveyor in improperly
      oriented disposition, i.e., in edge upright rather than side upright
      position.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Article transport apparatus comprising: first and second conveyors, said
      second conveyor transporting articles to said first conveyor at a junction
      location therewith; first and second means for generating first and second
      output signals respectively on engaging articles on said first and second
      conveyors prior to conveyance thereof to said junction location and
      energizable by respective first and second control signals to arrest
      conveyance of such engaged articles; and control means receiving said
      first and second output signals for generating said first control signal
      upon occurrence of said second output signal and simultaneous
      non-occurrence of said first output signal, whereby said first means is
      energized to arrest articles on said first conveyor to prevent transport
      thereof to said junction location, and for generating said second control
      signal when said first control signal is not generated, whereby said
      second means is energized to arrest articles on said second conveyor to
      prevent transport thereof to said junction location.
NUM  2.
PAR  2. The article transport apparatus claimed in claim 1 wherein said first
      and second means comprise first and second members supported in
      preselected position to respectively frontally engage articles on said
      first and second conveyors and moveable by said articles a predetermined
      extent into non-frontal engagement therewith to allow said articles to be
      conveyed to said junction location, said first means having brake means
      energized by said first control signal for maintaining said first member
      in said preselected position upon such article engagement thereby, and
      said second means having brake means energized by said second control
      signal for permitting articles to move said second member from said
      preselected position to an extent less than said predetermined extent.
NUM  3.
PAR  3. The article transport apparatus claimed in claim 2 wherein said first
      and second means further comprise respective first and second switches
      being in first state upon respective disposition of said first and second
      members in said preselected position and in second state upon respective
      movement of said first and second members from said preselected position,
      said first and second means generating said first and second output
      signals respectively when said first and second switches are in said
      second state.
NUM  4.
PAR  4. The article transport apparatus claimed in claim 2 wherein said control
      means further comprises circuit means for energizing said brake means of
      said second means upon malfunction of said first or said second conveyor
      means.
NUM  5.
PAR  5. The article transport apparatus of claim 2 further comprising support
      structure fixed disposed a distance above said first and second conveyors,
      first and second shaft means mounted on said support structure for
      rotation about fixed axes extending transverse to the direction of
      conveyor travel, said first and second members being carried on said first
      and second shaft means, respectively, said first and second brake means
      being connected to said first and second shaft means respectively for
      preventing rotation of said shaft means where said brake means are
      energized, said first and second members extending downwardly of said
      support structure both when in the preselected position of each and when
      moved said predetermined extent.
NUM  6.
PAR  6. The article transport apparatus of claim 5 in which said first member is
      fixedly connected to said first shaft means for unitary movement
      therewith, said second member being loosely mounted in said second shaft
      means for movement independently of the rotative movement of said second
      shaft means, there being means for locking said second member to said
      second shaft means when said second member is moved from said preselected
      position said lesser extent and said second brake means is energized.
NUM  7.
PAR  7. The article transport apparatus of claim 6 in which said second member
      includes a disc part, said disc part being received loosely on said second
      shaft means, said locking means comprising a locking disc fixed to said
      second shaft means and having spaced widened slots at the periphery
      thereof, pins fixed to the disc part of said second member and extending
      through the slots in said locking disc, and biasing means carried on said
      locking disc and connected to said pins, said biasing means tending to
      rotate said locking disc and said second shaft means in a direction
      counter to the rotation of said second member when said second member is
      moved from said preselected position.
NUM  8.
PAR  8. The article transport apparatus of claim 7 in which the slots in said
      locking disc have a pair of opposed side surfaces, the pins on said disc
      part engaging one side surface of an associated slot when said second
      member is in said preselected position, said pins engaging the other side
      surface of an associated slot when said second member is moved from said
      preselected position at least said lesser extent, whereby when said second
      brake means is energized further rotative movement of said second member
      is prevented, and when said second brake member is deenergized further
      rotative movement of said second member causes unitary movement of said
      second disc and said second shaft means with said second member.
NUM  9.
PAR  9. The article transport apparatus of claim 7 further comprising detent
      means carried on said support structure and operative when said second
      member is in its preselected position to engage a companion structure on
      said second disc to maintain a fixed angular relationship between said
      second member disc part and said second disc.
NUM  10.
PAR  10. The apparatus of claim 7 in which said biasing means comprises tension
      springs.
NUM  11.
PAR  11. The article transport apparatus of claim 6 in which said first and
      second members each include a stem part fixed to the respective shaft
      means and a base part disposed below said plate, said plate having slots
      receiving the stems of said members, said bases extending substantially
      across the full expanse of each conveyor.
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ABST
PAL  A multiplicity of relatively narrow spaced apart parallel arrayed endless
      conveyor belts cantilevered from a support frame in the direction of
      product movement at a bagging station moves individual product articles,
      one at a time, towards the cantilevered ends of the conveyor belt array.
      At a predetermined point adjacent the belt cantilevered ends, the moving
      product article engages and depresses a sensing trigger which stops the
      belts forward movement to permit sliding a bag of suitable size over the
      article, with the bag side walls slipped under and between same or all of
      the cantilevered belts supporting the article. Conveyor belt movement is
      resumed upon a control signal by the bagging station operator and the
      bagged article is conveyed from the station.
BSUM
PAR  This invention relates to a packaging apparatus and method, particularly to
      the automatic or semiautomatic packaging of product articles, and the more
      particularly to the bagging of food articles which, in a given series, may
      vary individually as to size, shape, and weight, such as primal cuts of
      meat, in flexible bags. Food packaging techniques, particularly the
      packaging of meat articles, require the maintenance of strict standards of
      sanitation and the minimizing to whatever extent practicable of human
      handling of the products or articles being packaged. To the extent that a
      series of food articles being packaged or bagged at a processing station
      are relatively alike in size, shape and weight, a higher degree of
      automation of the packaging process is attainable. Conversely, to the
      extent that a series of articles being bagged or wrapped are dissimilar in
      size, shape and weight, the lower the degree of automation possible and
      the greater the reliance on human apparatus.
PAR  Traditionally, the continual bagging of food articles, such as primal meat
      and cuts for instance, which vary in a series as to size, weight, and
      shape, has been a tedious and time consuming manual operation. Such primal
      meat cuts may vary in size and weight from about to 8 to about 60 pounds
      and the bagging of these cuts into the flexible film bags customarily used
      in such meat packing operations presents problems not encountered in
      packaging uniform series type articles and not readily or conveniently
      solved by the application of known autmation techniques. In the simplest
      and illustrative of conventional packaging of primal meat cuts, the meat
      articles are delivered one at a time from a feeder conveyor system to a
      flat topped table or some form of platen where a packaging operator
      selects a flexible plastic film bag of suitable size from a bag supply
      magazine, manually opens the bag, inserts the meat cut into the open bag
      or otherwise wrestles the bag into the article, and then slides the bagged
      cut off the table or platen onto a removal conveyor means just as the next
      cut to be bagged is deposited at the bagging station by the feeder
      conveyor. Some improvements have been achieved over this most elemental
      system by the use of specially designed bagging racks in place of simple
      table tops or bagging platens. These racks may provide arrays of support
      bars or the like over which the bag may be slipped. In practice, however,
      even with experienced packaging operators, there still occur undesirably
      high incidences of bag tearing, production line slow downs or stoppages,
      human contact with the products, and general overall inefficiency. Thus,
      and essentially because of the very varying nature of the product, no
      completely satisfactory primal meat cut bagging technique has, prior to
      the time of the present invention, been available to the industry.
PAR  With this as the state of the art, the present invention was conceived and
      developed to provide a packaging technique for continually bagging, one at
      a time, individual product articles, which, in a given series, vary as to
      size, shape and weight.
PAR  The invention also provides a bagging technique, apparatus and method which
      is particularly suitable to packaging primal meat cuts, which may vary in
      a series in size, shape, and weight, in suitably sized flexible plastic
      film bags.
PAR  A further advantage of the invention is in the provision of a primal meat
      cut bagging system which minimizes the labor and human to product contact
      of the packaging station operator by furnishing controllable mechanical
      assistance in the performance of what were heretofore laborious manual
      procedures.
DRWD
PAR  These and other advantages and features of the invention will be the more
      readily understood and appreciated from the ensuing description and the
      related appended drawings wherein
PAR  FIGS. 1 through 3 are side elevational views of apparatus according to the
      invention illustrating the progressive sequence of an article bagging
      operation and
PAR  FIG. 4 is an oblique perspective view of the apparatus of FIGS. 1 through 3
     .
DETD
PAR  In general, the present invention comprehends apparatus for conveying and
      supporting during bagging individual articles in a series of articles
      being continually bagged comprising, in combination; an apparatus frame
      having a proximal end and a distal end; a multiplicity of spaced apart
      parallel arrayed article conveyor means disposed substantially
      horizontally in alignment with the direction of article progression; a
      multiplicity of spaced apart parallel arrayed article support means
      disposed substantially horizontally in alignment with the direction of
      article progression, each individually subtending one respectively of said
      multiplicity of conveyor means and each cantilevered towards the distal
      end of the frame from a fixed support adjacent the proximal end of the
      frame; motive means operably connected to said conveyor means arranged to
      advance said conveyor means continuously from the proximal end towards the
      distal end of the apparatus frame; and control means operable connected to
      and arranged and disposed to selectably continually activate said motive
      means.
PAR  Certain embodiments of apparatus according to the invention may
      advantageously include sensing means arranged to detect an article
      disposed at a preselected location on the conveyor means and signal
      generating means responsive to said sensing means and operably connected
      to said control means whereby the presence of an article at said
      preselected location on the conveyor means is detected by the sensing
      means and a signal is generated to deactivate said control means.
PAR  With reference to the drawings, apparatus according to present invention
      comprises an apparatus frame 11 designated as having what will for
      convenience of discussion be called a proximal end 13 and a distal end 15.
      Frame 11 may be made up of any suitable materials such as, for example,
      stainless steel structural elements, and is designed to mount a bridge 17
      which projects upwardly of the frame and constitutes an anchor point for
      four elongate parallel arrayed article support members 19, 21, 23, 25. The
      article support members project from the bridge 17 adjacent the proximal
      end 13 towards the distal end 15 of the frame in cantilever fashion and
      also are cantilevered slightly towards the proximal end of the machine
      from their connection points at the bridge as shown. Each support member
      is provided with an endless conveyor belt 27, 29, 31, 33 which passes over
      and rides on suitable pulleys or rollers. The belt 27, for instance, rides
      on rollers 35 at the proximal end of support 19, roller 37 at the distal
      end of the support 19, a roller 39, and an idler roller 41. Belt 27 is
      driven on this array of rollers by a drive pulley 43. In like manner, belt
      29 rides on rollers 45, 47, 49, and 51 and is driven by a drive pulley 53;
      belt 31 rides on rollers 55, 57, 59, 61 and is driven by a drive pulley
      63; and belt 33 rides on rollers 65, 67, 69, 71 and is driven by a drive
      pulley 73. Certain of the rollers, although designated numerically for the
      purposes of the description, do not appear in the views shown in the
      drawings but their function and operation will be nonetheless readily
      understood.
PAR  The rollers 39, 49, 59, 69 are mounted on a common shaft extending athwart
      the apparatus and mounted in a roller support frame 75 fixedly attached to
      apparatus frame 11. Idler rollers 41, 51, 61, 71 are also mounted on a
      common shaft extending athwart the apparatus and mounted in an idler
      roller support frame 77 which is pivotally or otherwise adjustably
      attached to the apparatus frame 11 adjacent its proximal end 13 and
      adapted and disposed to swing the idler rollers in and out against the
      belt surfaces so as to permit belt tensioning adjustment and provide for
      belt installation and removal.
PAR  Drive pulleys 43, 53, 63, 73 are mounted on a common drive shaft 79 which
      is journaled athwart the apparatus frame. Drive shaft 79 mounts a drive
      pulley 81 which is rotatably driven by a power take off pulley 83 on a
      mechanical power source such as a gear motor drive 85. An endless drive
      belt 87 connects the pulleys 81 and 83. Gear motor drivie 85 is shown
      pivotally suspended and adjustably held on frame 11 to facilitate the
      installation and removal of drive belt 87.
PAR  A sensing element or trigger 89 is arranged to extend upwardly through the
      space between conveyor belts 29, 31 and related support members 21, 23.
      The lower end of trigger 89 attaches to a trigger bracket 91 mounted
      pivotally on frame 11. The trigger 89 and trigger bracket 91 are so
      arranged and disposed that when the trigger is depressed downwardly as
      from impingement thereon by an article on the conveyor system, the bracket
      91 actuates a sensing device such as pneumatic control relay 93 to provide
      a signal which stops the conveyor movement. A pneumatic actuator 95 is
      attached to frame 11 with its actuating shaft 97 connecting to the lower
      portion of trigger bracket 91 and serves to tilt the entire trigger and
      trigger bracket assembly down clear of the underside of the cantilevered
      conveyor belts and their supports at the proper times to facilitate the
      bagging step. FIG. 3 of the drawings shows the apparatus with the actuator
      95 energized, its shaft 97 extended and the trigger and trigger bracket
      assembly tilted down clear of the underside of the cantilevered conveyor
      system.
PAR  FIG. 1 schematically shows a control system arrangement which includes a
      control panel or station 99 which may be provided with an air supply and
      an electric power supply. From the control station 99 as shown in FIG. 1,
      a pneumatic actuating conduit 101 extends to the actuator 95, a pneumatic
      control conduit 103 to the relay 93, and an electric power circuit 105 to
      the gear motor drive 85. The control station 99 contains pneumatic,
      electrical and electro-pneumatic relays, switches and other components
      arranged and interconnected in a manner well within the ken of persons
      familiar with control systems design, to produce the control effects and
      requirements of the present invention. The control system of the
      illustrated embodiment will be more fully explained and understood from
      the ensuing description of the operation of the apparatus.
PAR  The embodiment of apparatus illustrated in the drawings also shows gravity
      roller conveyor assembly 109 depending from the distal end of the frame.
      This element is not part of the invention, but is included to facilitate
      the description of the operational sequence.
PAR  FIG. 1 shows the start of an operational sequence with a meat article 111
      which has just been deposited on the conveyor at the proximal end 13 of
      the machine and is being conveyed towards the distal end 15 thereof. At
      the left of FIG. 1, a bagged article which has just been conveyed off the
      cantilevered ends of the moving conveyor system, is shown on the gravity
      conveyor assembly 109.
PAR  In FIG. 2, the meat article 111 has progressed to a point adjacent the
      distal end 15 and is out on the cantilevered portions of the belt
      conveyors and their related supports. By the time it has arrived at or
      near this location, article 111 will have engaged and depressed the
      sensing trigger 89 to the condition shown, causing the frame 91 to tilt
      sufficiently to actuate the pneumatic sensing device 93. This action
      transmits a pneumatic signal through pneumatic control conduit 103 to
      control station 99 which translates the signal into a first signal which
      effects electric power cut off to the gear motor drive 83, stopping the
      conveyor movement after a suitable time delay, and a second signal which
      effects transmission of a pneumatic actuating signal to the pneumatic
      actuator 95, which thereupon extends its shaft 97 and tilts the entire
      trigger and trigger bracket assembly down clear of the underside of the
      cantilevered conveyor array to the position shown in FIG. 3. The meat
      article 111 is now at rest at the cantilevered end of the conveyor array
      and a bag 113 is readily and easily slipped over the article and,
      according to the particular article size, some or all of the conveyor
      belts and their related supports. The spaces between the spaced apart
      conveyor assemblies permit the selection of various suitably sized bags to
      accommodate varying article sizes.
PAR  When the bag is on the article as shown in FIG. 3, the operator closes the
      restart-overrun switch 107 on control station 99 which causes resumption
      of conveyor movement and, when the bagged article is clear of the
      apparatus, return of the trigger and trigger bracket assembly to the
      position shown in FIG. 1.
PAR  It is also possible if found desirable in certain packaging operations, to
      override the intermittent stopping action hereinabove described and to bag
      the articles on the move, significantly increasing production.
      Accordingly, the control system may advantageously provide for by-passing
      the triggered stop sequence when the restart-override switch 107 is kept
      closed or depressed. Switch 107, it has also been found, may
      advantageously be a foot or knee bar actuated switch, leaving the
      packaging operator with both hands free.
PAR  Although the invention has been described in detail and with reference to
      the drawings, in respect of an illustrative working embodiment of
      apparatus, there are alternative modes, apparatus embodiments, and
      components thereof which are also properly within the ambit of the present
      inventive concept. It is possible for instance to use an array of narrow
      parallelled roller conveyor sets in place of the belt conveyors and their
      supports hereinbefore described. In such an embodiment, the motive power
      source and related controls and power supplies may be eliminated, the
      apparatus utilizing the forward inertia of the article deposited from
      whatever feed system is used to traverse the bagging station to the
      cantilever supported position for the actual bagging step and requiring
      only simple manual pushing off the apparatus to the removal conveyor for
      instance.
PAR  The power sources may also vary and include electrical, pneumatic,
      hydraulic and other sources as well as combination of these.
PAR  Other alternative modes and apparatus embodiments will, in light of this
      disclosure, undoubtedly occur to persons familiar with the art. It is
      intended therefore that the foregoing description be taken as illustrative
      only and not construed in any limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for conveying and supporting during bagging individual
      articles in a series of articles being continually bagged comprising, in
      combination;
PA1  an apparatus frame having a proximal end and a distal end;
PA1  a multiplicity of unconnectedly spaced apart parallel arrayed article
      conveyor means disposed substantially horizontally in alignment with the
      direction of article progression;
PA1  a multiplicity of spaced apart parallel arrayed article support means
      disposed substantially horizontally in alignment with the direction of
      article progression, each individually subtending one respectively of said
      multiplicity of conveyor means and each cantilevered towards the distal
      end of the frame from a fixed support adjacent the proximal end of the
      frame;
PA1  motive means operably connected to said conveyor means arranged to advance
      said conveyor means continuously from the proximal end towards the distal
      end of the apparatus frame; and
PA1  control means operably connected to and arranged and disposed to selectably
      continually activate said motive means.
NUM  2.
PAR  2. Apparatus according to claim 1 in combination with
PA1  sensing means arranged to detect an article disposed at a preselected
      location on the conveyor means and
PA1  signal generating means responsive to said sensing means and operably
      connected to said control means
PA1  whereby the presence of an article at said preselected location on the
      conveyor means is detected by the sensing means and a signal is generated
      to deactivate said control means.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the conveyor means comprises a
      multiplicity of individual endless conveyor belts.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the motive means and the control
      means are pneumatic means.
NUM  5.
PAR  5. Apparatus for conveying and supporting during bagging individual
      articles in a series of articles being continually bagged comprising, in
      combination; an apparatus frame having a proximal end and a distal end;
      and a multiplicity of spaced apart parallel arrayed article conveyor means
      disposed in alignment with the direction of article progression each
      cantilevered towards the distal end of the frame from a fixed support
      attached to and adjacent the proximal end of the frame.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein each of said conveyor means is a
      roller conveyor.
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ABST
PAL  For measuring the load output of a lifting conveyor powered by a
      three-phase motor, electric measuring apparatus is coupled to the motor
      power supply conductors by voltage take-off leads and current
      transformers. Voltage and current, proportional respectively to motor
      supply voltage and current, are fed to a solid state watt transducer,
      which produces a millivolt output proportional to the total power
      consumption of the motor. The transducer output signal is fed to a solid
      state transmitter, which amplifies the signal, and which includes a zero
      output adjustment for producing a zero output for a selected input
      proportional to the motor load driving an unloaded conveyor. The
      transmitter output is fed to a solid state integrator through an
      intervening potentiometer which is adjusted to calibrate the apparatus to
      the length and lift of the conveyor. The integrator produces voltage
      pulses representative of a selected ton fraction, and it triggers a
      counter which records cumulative tonnage conveyed.
PAL  In alternative form the apparatus includes a nonlinear amplifier which
      modifies the transducer output signal to compensate for the nonlinear
      relationship between mechanical power output and electrical power input of
      the motor.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to apparatus adapted to be quickly connected to
      electric motor driven lifting conveyors and which can be quickly adjusted
      to measure and indicate immediately the load delivered by the conveyor.
      More particularly, the invention relates to apparatus which is compact,
      light weight, and readily portable for use with a multiplicity of
      conveyors.
PAR  Apparatus for measuring the tonnage carried by lifting conveyors is known;
      and one form of such apparatus is described in applicant's U.S. Pat. No.
      3,722,660 issued Mar. 27, 1973. The apparatus disclosed in that patent is
      inherently bulky and cumbersome, not adapted to be readily connected to
      and disconnected from the conveyor, and therefore limited for use on
      permanent installations, or for use where the measuring apparatus is to
      remain connected to the conveyor for an extended period such as several
      days.
PAR  It is desirable that portable measuring apparatus be available for use in a
      large plant, such as quarrying operation, or in any other plant wherein a
      multiplicity of conveyors or conveyor systems are employed for the
      handling of bulk materials and where it is necessary to ascertain and
      record the load output from such conveyors. In situations where it is
      required to record the entire load output for the conveyors, but where
      only certain of the conveyors are being operated at any given time, with
      the use of portable measuring apparatus, a lesser number of such apparatus
      may be employed for ready connection to the several systems in use when
      they are used. This will obviate the necessity for having a separate
      measuring apparatus for each conveyor. In a situation where it is not
      necessary to fully measure the output of each conveyor, but only to
      monitor occasionally the output of a conveyor, it will be apparent that
      the expense of measuring systems can be minimized with the use of portable
      measuring apparatus which is readily connectable to a plurality of
      conveyors.
PAR  A principal object of this invention is to provide measuring apparatus
      adapted for use in monitoring a plurality of conveyors, and therefore
      adapted for quick connection to and disconnection from such conveyors and
      for quick calibration to the particular conveyor with minimum interference
      with the operation of the conveyor.
PAR  Another principal object of this invention is to provide such weighing
      apparatus in a compact and light weight package which can be readily and
      manually carried from one conveyor system site to another by a single
      operator.
PAR  Another object of this invention is to provide such apparatus which is very
      reliable and accurate.
PAR  A further object of this invention is to provide such conveyor measuring
      apparatus which is all electric and which has no moving parts.
PAR  These objects are accomplished in electric measuring apparatus for use with
      a lifting conveyor driven by an electric motor, which includes a solid
      state watt transducer, and means for coupling the transducer to the motor
      power supply conductors include means for feeding input voltage to the
      watt transducer proportional to the motor supply voltage and means for
      feeding an input current to the watt transducer proportional to the
      current drawn by the motor, whereby the watt transducer produces an output
      voltage proportional to the motor power consumption. A solid state
      transmitter coupled to the output of the transducer amplifies the
      transducer output voltage, and includes adjustment means for producing a
      zero output signal responsive to an input voltage of preselected value,
      and therefore produces an output signal proportional to the motor power
      consumption in excess of a selected power consumption. A solid state
      integrator is coupled to the transmitter for converting the transmitter
      output signal to voltage pulses of uniform value; and adjustment means
      coupled between the transmitter and the integrator adjust the value of the
      input voltage to the integrator. A counter coupled to the integrator
      output detects and records cumulatively the integrator output pulses.
PAR  The novel features and advantages of the invention as well as additional
      objects thereof will be understood more fully from the following
      description when read in connection with the accompanying drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a diagrammatic and schematic circuit diagram of one form of
      electric measuring apparatus according to the invention, coupled to a
      conveyor system;
PAR  FIG. 2 is a schematic circuit diagram illustrating the transmitter circuit
      for the apparatus of FIG. 1;
PAR  FIG. 3 is a diagram of a linear approximation of an efficiency curve for a
      conveyor motor;
PAR  FIG. 4 is a diagrammatic and schematic circuit diagram for an alternative
      form of electric measuring apparatus according to the invention; and
PAR  FIG. 5 is a schematic circuit diagram illustrating a nonlinear amplifier
      for the apparatus of FIG. 4.
DETD
PAC  DESCRIPTION OF THE EMBODIMENT OF FIGS. 1 AND 2
PAR  Referring to FIG. 1, there is included a diagrammatic representation of a
      conveyor apparatus or system. In the following specification, the term
      "conveyor" is used to designate a conveyor apparatus or conveyor system
      which may include a sequence of units or components for moving material
      from one point to another, and including a lift station at some point in
      the system.
PAR  The conveyor 10, illustrated diagrammatically in FIG. 1, represents a lift
      station and includes an endless conveyor belt 11 on suitable rollers and
      driven by a drive pulley 12. The drive pulley is driven by a suitable
      electric drive motor 13, such as a 480 volt three-phase motor, through a
      suitable transmission illustrated as belt 14. The motor control includes a
      motor starter 15 connected to /the motor by conductor lines 16a, 16b and
      16c, with the starter being supplied from a 480 volt supply source through
      power lines 17.
PAR  While the illustrated conveyor system is an endless belt system, it should
      be understood that the term conveyor is intended to include other types of
      systems such as bucket systems, liquid slurry systems and pneumatic
      systems. Also the term conveyor is intended to include a lowering
      conveyor, as well as a lifting conveyor.
PAR  A preferred form of measuring apparatus 20 according to the invention, as
      illustrated in FIG. 1, consists of the following solid state components
      with associated accessories and connecting conductors, all of which may be
      conveniently packaged in a carrying case with the total weight being only
      45 lbs. for example.
PAR  The principal components of the apparatus are a watt transducer 21, a
      transmitter 22, an integrator 23 and a counter 24. Accessory components
      are voltage transformers 25a and 25b, current transformers 26a and 26b, a
      calibrating potentiometer 27, and a volt meter 28.
PAR  The volt meter 28, as will be explained, provides a continuous reading
      which is proportional to the tons per hour delivered by the conveyor, and
      is calibrated to provide a visual ton per hour reading. The counter 24
      provides a reading of tonnage delivered for any selected period.
PAR  Referring to the drawing, the watt transducer 21 may be transducer model
      WT3-1K5 manufactured by Scientific Columbus, 1035 West Third Ave.,
      Columbus, Ohio 43212. Incorporated herein by reference is a brochure of
      Scientific Columbus describing this transducer, identified as follows: (1)
      Form 01173(5M), referring to Halltiplier Power Transducers/Converters
      (four pages); and (2) Halltiplier Watt Transducers/WT3-1K5 Series, three
      phase, three wire, two element (single page). Voltage inputs to this watt
      transducer are supplied from voltage transformers 25a and 25b, with the
      transformers being connected to the motor lines 16a, 16b, and 16c by means
      of leads 30a, 30b and 30c respectively; and each of these leads may be
      provided with alligator-type clips for conveniently attaching these leads
      to line terminals or any exposed portion of the motor lines. As seen in
      the drawing the leads 30a and 30b are connected to the primary of
      transformer 25a, and leads 30b and 30c are connected to the primary of
      transformer 25b. These transformers provide a 4 to 1 voltage reduction so
      that secondary voltages of 120 volts AC are fed to the watt transducer
      through conductors 31 and 32.
PAR  The current inputs for the watt transducer are provided by the current
      transformers 26a and 26b coupled to the watt transducer by respective
      leads 33 and 34. These current sensing transformers may be split-core
      transformers fitted with hinges and clamps so that they can be quickly
      placed around the lead wires to the motor without unhooking the wires. The
      watt transducer produces a 0 to 100 millivolt output which is proportional
      to the total electrical power input to the motor 13.
PAR  This transducer output voltage is fed, by means of conductors 35a and 35b,
      to the transmitter 22 which functions to amplify the voltage and to
      provide an output adjustment which allows the operator to set the
      transmitter output signal at zero for a selected electrical power input to
      the motor 13. This selected input will be the power input when the
      conveyor is running unloaded, so that the transmitter output signal will
      then be directly proportional to the increase in power input demanded by
      the conveyor load, and which would be directly proportional to that
      conveyor load. The zero adjustment is provided by a zero adjusting
      potentiometer 22a which is a normal part of the transmitter circuitry, but
      which is repositioned for ready adjustment by the operator in order to
      calibrate the measuring apparatus to the particular conveyor. A suitable
      transmitter for this purpose is transmitter Model 821-BX-U manufactured by
      Acromag Incorporated, 30765 Wixom Road, Wixom, Mich. 48096. The output
      signal from this transmitter is a voltage signal in the range of 1 to 5
      volts at 4 to 20  milliamps; and this signal is fed to the calibrating
      potentiometer through conductors 36a and 36b. Incorporated herein by
      reference is a brochure of Acromag Incorporated describing series 800
      Transmitters and identified as: "1-012. O Catalog: Sectional; Revised:
      Sept. 1972 (4 pages)".
PAR  FIG. 2 is a schematic circuit diagram of a portion of the circuitry for the
      transmitter 22, shown in broken lines, and further illustrating the
      function of the zero adjustment potentiometer 22a. Referring to FIG. 2 the
      transmitter circuitry includes a differential amplifier 45, and associated
      input resistor 46 and feedback resistor 47. An internal power supply 48
      supplies a positive reference voltage for biasing the amplifier through
      the zero adjustment potentiometer 22a. The amplifier output voltage is fed
      to a voltage-to-current transducer 49; and the transmitter output signal
      then is a current signal which is fed to the calibrating potentiometer 27
      through conductors 36a and 36b.
PAR  The voltage applied to the plus terminal of amplifier 45 is normally used
      in circuits of this type to provide a zero output when the input voltage
      applied through conductors 35a and 35b is zero. However, in this
      application the bias voltage applied to the positive input of the
      amplifier is intentionally increased so that the output of the amplifier
      is zero when the input voltage from conductors 35a and 35b is that
      generated by the belt running without any load. The feedback resistor and
      input resistor determine the gain of the amplifier with respect to
      deviations from this biased zero value. Thus the output of amplifier 45 is
      directly proportional to the increased power consumption of the conveyor
      motor 13 over its consumption when moving no material. Transducer 49
      produces a constant current into conductors 36a and 36b which is
      proportional to the voltage which it receives from amplifier 45. This
      current is impressed upon calibrating potentiometer 27, producing a
      voltage across that potentiometer which is proportional to the output of
      amplifier 45.
PAR  The calibrating potentiometer 27 is provided for the purpose of calibrating
      the measuring apparatus 20 to the length and lift of the conveyor as will
      be explained subsequently. The output voltage signal from this
      potentiometer is fed by means of conductors 37a and 37b to the integrator
      23, such as Integrator Model 205-LX-1 manufactured by Acormag Incorporated
      of Wixom, Mich. Incorporated herein by reference is a brochure of Acromag
      Incorporated describing Series 200 Electronic Integrators and identified
      as: "4-004.1 Catalog: Section 4; Revised Aug. 1972 (four pages). "
PAR  The output signal from the calibrating potentiometer is a continuous
      voltage signal proportional to the weight of material transferred on the
      conveyor belt 11; and this voltage is indicated at the volt meter 28
      connected across the conductors 37a and 37b. The volt meter dial may be
      calibrated to read in terms of tons per hour. Accordingly the volt meter
      28 always provides an instantaneous reading of the rate of material
      delivered per hour. This signal is fed to integrator 23 through conductors
      37a and 37b, and is converted by the integrator into 24 volt DC output
      pulses. The apparatus is calibrated so that each such output pulse
      corresponds to a unit of weight of material transported by the conveyor
      belt 11, such as 200 pounds or 1/10 ton.
PAR  The output of integrator 23 is fed by conductors 38a, 38b to the counter
      24, which counts the pulses and therefore records the cumulative tonnage
      transported over a delivery period. The counter is a commercially
      available unit.
PAR  Power is supplied to the transmitter 22 and the integrator 23 from a 120
      volt AC power supply, which is the secondary of transformer 25a, through
      conductors 40.
PAR  As indicated, the above described watt transducer 21, transmitter 22 and
      integrator 23 are solid state units which are commercially available; and
      which are connected together and with other components in the manner
      described to produce a unique measuring apparatus. Descriptions of certain
      of these component units are incorporated herein by reference.
PAC  DESCRIPTION OF THE EMBODIMENT OF FIGS. 4 AND 5
PAR  Although this apparatus measures the electric energy supplied to the motor,
      the actual quantity of interest is the power output from the motor because
      it is the power output which is directly related to the amount of material
      transported. Electric motors have an undesirable characteristic that the
      efficiency of energy conversion from electrical to mechanical is varying
      with the loading on the motor. This characteristic can be compensated for
      by introducing a nonlinear diode-function-generator amplifier to the
      circuit, to convert the voltage signal representing the input power to a
      voltage signal which represents the output power of the motor.
PAR  FIG. 3 of the drawing is an approximation of an efficiency curve for a
      typical electric motor used in this apparatus, in which the input voltage
      is plotted against an output voltage which represents the actual
      mechanical output power of the motor. In this figure, the efficiency curve
      is approximated by four linear segments which are separated by input
      voltage points V1, V2 and V3; and these voltage points, V1, V2 and V3
      represent values of the voltage output signal from the watt transducer.
PAR  FIG. 4 is a diagrammatic circuit representation of a modified form of
      measuring apparatus 50 according to the invention, capable of being
      connected to the described conveyor 10 by means of voltage lead conductors
      30a, 30b, 30c  and conductors 33 and 34 connected to current transformers
      56a and 56b. This apparatus is similar to the apparatus 20 except that it
      includes a nonlinear amplifier, the principal components including a watts
      transducer 51, a nonlinear amplifier 59, a transmitter 52, an integrator
      53 and a counter 54. Accessory components are voltage transformers 55a and
      55b, current transformers 56a and 56b, a calibrating potentiometer 57, and
      a volt meter 58.
PAR  Current proportional to the motor supply current is fed to the watt
      transducer 51 through the conductors 33 and 34; and voltage proportional
      to the motor supply voltage is fed to the watt transducer from
      transformers 55a and 55b through respective conductors 61 and 62. The
      transducer output signal is fed to the nonlinear amplifier 59 through
      conductors 64a and 64b; and the operation of this amplifier will be
      described subsequently in connection with FIG. 5. The amplifier output
      signal is fed through conductors 65a and 65b to the transmitter 52 which
      will function in the manner previously described to provide a zero
      adjustment through the adjustment potentiometer 52a. The transmitter
      output signal is fed through conductors 66a and 66b to the calibrating
      potentiometers 57, and its output signal is fed by means of conductors 67a
      and 67b to the volt meter 58 and to the integrator 53. The integrator
      output pulses are then fed to the counter 54 through conductors 68a and
      68b.
PAR  FIG. 5 is a schematic diagram for the diode-function-generator amplifier
      59. The input voltage is applied to an amplifier 70 to provide isolation
      between the input and the output of the amplifier 59. Resistors B, C, D
      and E provide a set of reference voltages which correspond to the break
      points, V1, V2 and V3 of the curve (FIG. 3), which we wish to approximate,
      with a positive reference voltage being supplied from an internal power
      supply 71. Resistors F, H, K, M and N provide a resistive voltage-divider
      whose gain ratio varies with the voltage supplied from amplifier 70.
PAR  When the circuit output voltage appearing across conductors 65a and 65b is
      less than the value V1, diodes J and L are conducting and the divider
      network is comprised of resistors H, K, M and N. As the output voltage
      increases beyond the value V1, diode L stops conducting thus removing
      resistor K from the network, and the gain of the amplifier increases. As
      the output voltage increases beyond the value V2, diode J will also stop
      conducting, and the maximum gain of the amplifier will be attained which
      is determined by the resistors M and N only. As the output voltage
      increases further beyond the value V3, diode G will begin conducting
      thereby introducing resistor F into the network and decreasing the gain of
      the amplifier.
PAR  It will be seen then with reference to FIG. 3 that for the condition where
      the conveyor motor is running at a low percentage of load and at
      relatively poor efficiency, the gain of the amplifier 70 will be reduced
      so that the recorded output signal will be less than would be recorded
      were it directly proportional to the input energy to the motor, to reflect
      this reduced efficiency. When the motor efficiency increases to a maximum,
      when it is operating in a range near 100 percent load for example, the
      amplifier gain will be a maximum to reflect this condition. Again when the
      motor is substantially overloaded, as represented by the area of the curve
      beyond the value V3, the amplifier gain is again reduced to reflect
      reduced efficiency. With a nonlinear amplifier of this type included in
      the system, the accuracy of the apparatus can be maintained in the range
      of 95 percent to 98 percent over the full load range of the conveyor
      motor.
PAC  OPERATION
PAR  For calibrating the above described measuring apparatus to a particular
      conveyor 10, the apparatus is coupled to the conveyor by coupling the two
      current transformers 26a and 26b to appropriate conductor lines such as
      the lines 16a and 16b, and by connecting the alligator clips of the lead
      lines 30a, 30b and 30c to appropriate connector points in the lines 16a,
      16b and 16 respectively. The conveyor is first run unloaded so that the
      transducer 21 output voltage will be proportional to the motor power
      consumption for driving the conveyor unloaded; and the transmitter zero
      adjustment 22a is then adjusted to produce a zero output at the
      transmitter 22, and this will be apparent from a zero reading on the volt
      meter or load rate indicator 28. This setting of potentiometer 22a may be
      noted and recorded and becomes the "no-load factor" for the conveyor.
PAR  The conveyor is then run in loaded condition to deliver a measured weight
      of material; and the reading of counter 24 compared with the actual
      weight. If the counter reading does not correspond with the actual weight,
      the input voltage to the integrator is adjusted by means of the
      potentiometer 22, as desired, and the necessary further calibrating runs
      of the conveyor made until the counter reading for tons delivered
      corresponds exactly with the actual weight of material delivered. When
      this calibration has been completed, the dial setting for the
      potentiometer 27 is noted and recorded; and this becomes the "lift factor"
      of the particular conveyor. The apparatus is now calibrated for the length
      and lift of the conveyor. With the apparatus set for both the proper
      no-load factor and lift factor, both the rate recorder 28 and the counter
      24 will provide accurate indications of the actual weight of material
      conveyed; and the accuracy for this system has been found to be in the
      range of 95 percent to 98 percent.
PAR  Once the lift factor for a particular conveyor is ascertained and recorded
      for future reference, the operator of the measuring apparatus 20 may check
      periodically the load output for this conveyor by quickly coupling the
      apparatus to the conveyor as described, dialing in the previously
      determined lift factor, dialing in the previously determined no-load
      factor, and obtain instantaneous readings of tons per hour being conveyed
      and also load delivered over a selected period. The measuring apparatus
      may be connected to the conveyor system while it is operating and without
      interfering with the conveying operation. If it is desired to provide for
      greater accuracy, the no-load factor may be checked by running the
      conveyor unloaded just for a sufficient time to reset the zero load
      adjustment 22a as previously described.
PAR  Should it be desirable or necessary to ascertain the performance of a
      conveyor for which the apparatus has not been calibrated previously, the
      apparatus may be connected to the conveyor in the described manner, the
      potentiometer 27 may be set for an estimated lift factor, and the conveyor
      may be run momentarily in unloaded condition to adjust the transmitter for
      zero load. The indications for load rate and tons delivered may then be
      noted and recorded; and at a later time when it is convenient to calibrate
      the measuring apparatus in relation to this particular conveyor. The
      correct lift factor may be ascertained and compared with the estimated
      lift factor; and the recorded readings may be corrected accordingly.
PAR  The calibration and operation of the measuring apparatus 50 is
      substantially identical.
PAR  It will be apparent, then, that for a plant having a number of conveyors or
      conveyor systems all of which have been previously calibrated, a single
      operator with a single measuring apparatus as above described could
      measure the output of a large significant number of conveyors in a single
      work day.
PAR  What has been described is a novel measuring apparatus which is portable,
      readily connected to and disconnected from conveyors, and therefore
      adapted for use by a single operator for measuring the output of a
      plurality of conveyors in a very short time period. Since the apparatus is
      all electric, composed of solid state components, and has no moving parts,
      it lends itself to portability, reliability, accuracy, and versatility in
      use.
PAR  While the apparatus has been described for use with a three-phase power
      system, it will be apparent that the apparatus according to the invention
      may be coupled, as well, to a single-phase power system.
PAR  While the apparatus has been described for use in connection with a
      continuous belt type conveyor, it will be apparent that it could be
      connected in the same manner to a bucket-type conveyor. It will further be
      apparent that this measuring apparatus is adapted for use in measuring
      loads delivered by a pneumatic conveyor system, for which it may be
      connected to the blower motor and calibrated for the no-load factor when
      the system is operated unloaded, and calibrated for the lift factor with
      the system delivering premeasured amounts of material in a similar manner.
      By the same token, the apparatus may be used for measuring loads delivered
      by a slurry type conveying system wherein solid materials are conveyed in
      a liquid, with the measuring apparatus being connected to the pump driving
      motor and calibrated in a manner similar to that described for the
      pneumatic conveyor system.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, it will be understood by those skilled in the art that changes
      and modifications may be resorted to without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Electric measuring apparatus for use with a lifting conveyor driven by
      an electric motor comprising
PA1  a solid state watt transducer; means for coupling said watt transducer to
      the power supply conductors of said motor, including means for feeding an
      input voltage to said watt transducer proportional to the motor supply
      voltage, and means for feeding an input current to said watt transducer
      proportional to the current drawn by said motor; said watt transducer
      producing an output voltage proportional to the motor power consumption;
PA1  a solid state transmitter coupled to the output of said watt transducer for
      amplifying the transducer output voltage; said transmitter including
      adjustment means for producing a zero output signal responsive to an input
      voltage of preselected value; said transmitter producing an output voltage
      proportional to the motor power consumption in excess of a selected power
      consumption to which the adjusted zero output voltage is responsive;
PA1  a solid state integrator coupled to said transmitter, for converting the
      transmitter output signal to voltage pulses of uniform value; adjustment
      means coupled between said transmitter and said integrator for adjusting
      the value of the input voltage to said integrator;
PA1  and counter means coupled to the output of said integrator for detecting
      and recording cumulatively the integrator output pulses.
NUM  2.
PAR  2. Apparatus as set forth in claim 1
PA1  said means for feeding input current to said watt transducer including
      current transformers for coupling to the motor power supply conductors.
NUM  3.
PAR  3. Apparatus as set forth in claim 1
PA1  said means for feeding an input voltage to said watt transducers including
      a potential transformer, and leads provided with spring clips for ready
      attachment to motor power supply conductors.
NUM  4.
PAR  4. Apparatus as set forth in claim 1
PA1  a voltmeter connected to the output of said transmitter for detecting and
      indicating the output voltage; said voltmeter providing means for
      determining the zero voltage output of said transmitter for the
      preselected input voltage; and said voltemeter providing a visual
      indication of the output voltage which voltmeter proportional to said
      excess power consumption.
NUM  5.
PAR  5. Apparatus as set forth in claim 1
PA1  said transmitter adjustment means comprising a solid state differential
      amplifier, and means including a source of positive reference voltage and
      a potentiometer connected in series therewith for selectively biasing said
      differential amplifier to produce the zero output.
NUM  6.
PAR  6. Apparatus as set forth in claim 1
PA1  wherein said conveyor motor is a three-phase motor supplied by first,
      second and third power conductors;
PA1  said means for feeding input voltage to said watt transducer including
      first and second potential transformers, said first transformer being
      connected across said first and second power conductors, and said second
      transformer being connected across said second and third power conductors;
PA1  said means for feeding input current to said watt transducer comprising
      first and second current transformers each coupled to a separate one of
      said motor power conductors.
NUM  7.
PAR  7. Apparatus as set forth in claim 6
PA1  conductor means coupled to the output of one of said potential
      transformers, for supplying power to said transmitter and to said
      integrator.
NUM  8.
PAR  8. Apparatus as set forth in claim 1
PA1  nonlinear amplifier means coupled to said transmitter including means for
      varying the amplifier gain in response to incremental increases in the
      value of the amplified signal.
NUM  9.
PAR  9. Apparatus as set forth in claim 1
PA1  nonlinear amplifier means coupled to said transmitter for amplifying the
      transmitter output signal; said nonlinear amplifier means comprising a
      solid state amplifier, and a diode-function-generator in a voltage divider
      network connected to the output of said amplifier for varying the gain of
      said amplifier in incremental steps corresponding to increased value of
      the amplified voltage signal.
NUM  10.
PAR  10. A method for measuring a load conveyed on a lifting conveyor powered by
      an electric motor, including the steps
PA1  sensing the voltage of the conveyor motor power supply;
PA1  sensing the current drawn by the conveyor motor;
PA1  feeding to a watt transducer an input voltage proportional to the motor
      supply voltage, and feeding to the watt transducer an input current
      proportional to the current drawn by said motor, to produce from said watt
      transducer an output signal proportional to the motor power consumption
      and to the power delivered by said motor;
PA1  shifting the value of said output signal to zero for a preselected value of
      motor power consumption;
PA1  integrating the shifted ouput signal to produce voltage pulses of uniform
      value which are proportional to incremental units of motor power
      consumption in excess of said preselected value of power consumption;
PA1  and counting said pulses to accumulate the load conveyed.
NUM  11.
PAR  11. A method as set forth in claim 10
PA1  including adjusting the value of the shifted output signal prior to
      integration, in relation to actual measured output of the conveyor.
NUM  12.
PAR  12. A method as set forth in claim 10
PA1  including detecting the shifted output voltage prior to integration, as an
      indication of the rate of excess power consumption.
NUM  13.
PAR  13. A method as set forth in claim 10
PA1  including amplifying said output signal prior to integration by means of a
      nonlinear amplifier, the gain of which varies as a function of the ratio
      of motor power output to motor power input over the load range of the
      motor.
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ABST
PAL  A channel belt conveyor includes a bed, an elongated belt, and belt
      supporting flanges adjustably mounted on the bed and having lower edges
      spaced from the bed to form an exit passage therebetween. The belt
      supporting flanges are raised above the bed to support the belt edges so
      the belt assumes a channel-like configuration in its load bearing run.
      Displaced particles of conveyed material, which find their way between the
      belt and the flanges or bed, can work their way free through the passage
      without being captured or impacted, thereby reducing accumulation of
      impacted material and consequent belt loading. Conveyed tobacco is
      contained by the belt so that it does not slide along stationary portions
      of the conveyor, thereby forming deleterious "shorts" and dust, nor is
      there any area in which the tobacco can "lump". The bed of the conveyor is
      extended outwardly of the flanges and is turned downwardly to form the
      conveyor sides and vertical bed support.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to conveyors and more particularly to belt conveyors
      of the type hereinafter referred to as channel belt conveyors.
PAR  Essentially, a typical channel belt conveyor includes a flexible,
      elongated, endless belt entrained around two pulleys mounted on horizontal
      axes at opposite ends of a belt supporting bed. In one known prior art
      construction, a bed is secured between the vertical webs of two elongated,
      horizontally disposed, structural channels, the webs of the structural
      channels forming the sides of the conveyor while the belt lies flat on the
      bed. Elongated seals of belting material are fixed to the inside webs of
      the channels and extend downwardly, frictionally engaging the belt in an
      attempt to seal off the edges of the belt.
PAR  This form of channel belt conveyor has found a particular application in
      the handling of various forms of treated tobacco products, such as cut
      filler, strip, and the like, prior to its conversion into a consumer item.
      When cut filler, for example, is conveyed by such a conveyor it has been
      found, however, that the conveyed material contains an undesired amount of
      "shorts" and "dust". "Shorts" is the term applied in the trade to pieces
      of tobacco which are smaller than desired for commercial processing and
      consumer use purposes. "Dust" is the term applied to tobacco dust
      apparently formed from tobacco particles during handling.
PAR  It is believed that the "shorts" and "dust" are caused by degradation of
      the conveyed tobacco particles which rub against the seals or the conveyor
      sides formed by the channels. This sliding engagement tears the particles
      or simply abrades them and this action is believed to contribute
      significantly to the amount of "shorts" and "dust" in the conveyed load.
PAR  A further problem encountered with this form of conveyor is that the seals
      are not effective to seal off all tobacco. Tobacco particles tend to find
      their way under the seals to the edge of the belt where they impact or
      "lump" between the seal, the belt and the side of the conveyor.
      Additionally, tobacco particles find their way under the belt and impact
      between the belt and the bed of the conveyor.
PAR  The lumps of tobacco present a severe problem in that when they find their
      way back into the mainstream of conveyed product, they cause malfunctions
      in downstream treatment apparatus such as in the feed station of the
      making machine. Impaction of tobacco under the belt causes belt wearing
      and belt drag problems as will be more fully discussed below.
PAR  A still further problem with this type of conveyor is that of infestation.
      The conveyors must periodically be stopped in order to clean them of
      insects which find their way into the areas behind the seals.
PAR  In another prior art construction, side boards or flanges are attached to
      the bed along their lower edges at the belt sides and between the pulleys
      in order to bend edge portions of the belt upwardly to form the load
      bearing run of the belt into a "channel"-like configuration. In an
      alternate known prior art construction, more expensive belt supporting
      rollers are substituted for the side boards.
PAR  Conveyors of this type, in particular those having fixed side flanges,
      however, have the disadvantage, when used with tobacco products, that
      particles of the tobacco product tend to overflow or otherwise find their
      way between the belt and the flanges or beds and there accumulate and
      impact. As the belt continues to move, more and more tobacco particles
      work their way into these areas and impact, with the result that the belt
      is severely loaded by frictional forces caused by the impacted tobacco. As
      more tobacco is impacted, friction and resulting belt loading increase
      until an overload point is reached where the belt automatically stops or
      stalls. In an extreme case, the impacting may be so severe as to pull the
      belt apart or wear it prematurely to shreds. In the case of overloading or
      stalling, the driving motors must then be stopped and the whole conveyor
      must be cleaned. The impacted tobacco is removed and is discarded as
      useless waste.
PAR  As a consequence of the tobacco impaction and resultant belt loading
      problem, channel belt conveyors generally are now provided with
      substantially more horsepower output capability, for driving the belt,
      than normal design techniques would theoretically call for. The additional
      power is required in order that the conveyor might be operated, despite
      building accumulations of impacted tobacco, for an acceptable time between
      down time clean-ups. Aside from the expedient of increasing horsepower,
      the impaction-belt loading problem has been particularly vexing since the
      conveyor payload is usually a very light tobacco product weighing only
      several pounds per square foot of belt. Without the accumulation and
      impaction problem, less driving horsepower is required, yet no known
      solution has been proposed.
PAR  Insofar as tobacco handling is concerned then, the raised belt edge
      conveyor having flanges fixed to the belt supporting bed does not provide
      a problem-free alternative to the fixed sided-flat belt configuration
      first discussed above.
PAR  It has thus been one objective of this invention to provide a channel belt
      conveyor, of the type utilizing side flanges to lift edge portions of the
      belt, wherein belt loading by impaction of material particles under the
      belt is substantially reduced or eliminated.
PAR  It has also been desirable to provide some degree of versatility in a
      channel belt conveyor so that it can be used not only to handle limited
      varieties of tobacco, but to handle different forms of products, such as
      hands of tobacco, which do not require a channel belt conveyor but which
      could be handled on a flat belt conveyor.
PAR  It has thus been another objective of this invention to provide a channel
      belt conveyor having a plurality of uses including a conversion capability
      for handling varied products on a flat belt configuration.
PAR  In accordance with certain aspects of the present invention, a channel belt
      conveyor of the type having side flanges for raising edges of the belt is
      provided which substantially reduces the impaction of conveyed product
      between the belt and its supporting surfaces. A preferred embodiment of
      the invention includes a channel belt conveyor having a belt, a belt
      supporting bed, and belt edge supporting flanges removably mounted along
      the conveyor, each flange having a lower edge spaced form the bed and
      being adjustably mounted to vary the angle made between the supported belt
      edge portion and a central portion of the belt supported on the bed.
      Despite the particular inclination of the flange, its lower edge remains
      spaced from the bed to permit any foreign particles, which find their way
      between the belt and the flanges or bed, to work their way free of capture
      without impacting beneath the belt. Impaction and belt loading is thereby
      substantially reduced. Further, the flanges can be removed to permit the
      belt to lie flat when flat belt operation is necessary, as determined by
      the product to be conveyed.
PAR  In another aspect of the preferred embodiment of the invention, friction
      eliminating belt engaging rollers are removably mounted beneath the bed
      and extend upwardly therethrough to engage the belt just before belt
      engagement with the flanges. This reduces belt friction against the ends
      of the flanges as the belt is flexed from a relatively flat disposition to
      a channel-like configuration. Additionally, the rollers are uniquely
      adjustably mounted for disposition of the belt engaging roller surface in
      about the same angle of inclination as that of the flanges.
PAR  In still another aspect of a preferred embodiment of the invention, the bed
      of the conveyor extends outwardly of the flanges and then is directed
      downwardly to form the sides which vertically support the elongated
      conveyor, thereby providing a very economic one-piece structural component
      serving a dual function as both conveyor bed and conveyor support.
PAR  One of the primary advantages attained by the present invention is due to
      the substantial reduction of accumulated impacted tobacco and consequent
      reduction in belt loading. The necessary horsepower capability required to
      drive the belt can now be reduced by up to as much as 35% without
      detracting from the conveyor's operational efficiency. Further, the
      creation of "lumps" is eliminated and the creation of "shorts" and "dust"
      is reduced.
DRWD
PAR  These and other objects and advantages of the invention will become readily
      apparent from the following detailed description of a preferred embodiment
      thereof, and from the drawings in which:
PAR  FIG. 1 is a side view of an elongated channel belt conveyor according to
      the invention;
PAR  FIG. 2 is a cross-sectional view showing the belt supporting flange;
PAR  FIG. 3 is a cross-sectional view showing a belt engaging roller in relation
      to the conveyor bed, a flange and the belt; and
PAR  FIG. 4 is a view showing the mounting details of the rollers.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now particularly to the drawings, there is illustrated in FIG. 1
      a channel conveyor 10 according to the invention. The conveyor includes an
      elongated belt supporting slide bed 11 and integral sides 12, (one of
      which is shown), turned downwardly from the bed to form the the lateral
      side of the conveyor and the vertical support for the bed. Two belt
      pulleys 13 and 14 are mounted on horizontal axes at each end of the
      elongated conveyor 10. One of the pulleys is driven by any suitable means
      such as a gear motor and chain drive linkage (not shown), while the other
      pulley is simply an idler pulley. For descriptive purposes it will
      hereinafter be assumed that pulley 13 is driven while the other pulley 14
      is an idler pulley. Both pulleys may be either cylindrical in shape or
      substantially cylindrical but slightly crowned for belt tracking purposes.
PAR  An elongated endless belt 15 is mounted around the pulleys 13 and 14 such
      that a central portion 16 of the belt is supported directly on the
      elongated bed 11. The belt has two elongated edge portions 17 which extend
      along the opposite edges of the belt. When mounted on the conveyor, the
      belt provides an upper load bearing run 18 along the conveyor bed and a
      lower return run 19.
PAR  The belt can be manufactured from any suitable form of flexible material
      such as any well-known cotton canvas-like material, or from a combination
      of materials. Preferably, the belt is manufactured with a plurality of
      plies, such as seven plies, and is provided along its edges with two sets
      of three spaced parallel cuts 20 which extend upwardly into the belt as
      shown in FIG. 2. The sets of cuts are disposed on opposite sides of the
      belt and define, outwardly of the cuts 20, respective edge portions 17 of
      the belt. The cuts are preferably three plies deep and allow the edge
      portions 17 of the belt to be angled upwardly from the plane of the belt
      portion 16 as will be described.
PAR  A plurality of belt supporting means or flanges 25 are mounted along the
      bed 11 and provide belt supporting surfaces 26 for supporting edge
      portions 17 of the belt above the bed. As shown in FIG. 1, the belt is
      normally entrained about the pulleys 13 and 14, where the belt assumes a
      relatively flat configuration across its entire width. As the belt enters
      its load bearing run 18, however, the edge portions 17 of the belt are
      raised by the flanges so that the belt is reoriented at a breakover area
      27 into a channel-like configuration. Assuming belt motion to the left, as
      viewed in FIG. 1, the belt continues this channel-like configuration until
      it passes the flanges 25 and breakover area 28. Thereafter, it returns to
      its flat form, conforming to the surface of the driving pulley 13, and is
      drawn through its return run beneath the bed 11 and toward pulley 14.
PAR  Each of the flanges 25 is similar to the other so only one flange will be
      described in detail. Each includes an upper edge 35 and a lower edge 36
      (FIG. 2), formed by turning back respective portions 35a and 36a to form
      acute angles with the flange. The lower and upper edges of each flange
      extend parallel to the direction of belt movement when the flanges are
      mounted on the conveyor.
PAR  Each of the flanges 25 is mounted on one or more first mounting brackets
      37. The first mounting brackets are in turn pivotally connected to second
      mounting brackets 38 via a pivot bolt 39. Brackets 37 are L-shaped, one
      leg 37a (not shown in FIG. 1) being adapted for connection to the rear
      surface of flange 25 and the other leg being provided with an arcuate slot
      40. A locking bolt 41 extends through the bracket 38 and into the slot 40.
      When the bolts are loosened, the bracket 37 and the attached flange 25 can
      be rotated angularly with respect to the bed 11 of the conveyor.
PAR  In the preferred embodiment, the arcuate slot 40 is disposed in bracket 37
      so that the belt supporting surface 26 of flange 25 can be rotated between
      about 90.degree. and 120.degree. with respect to the conveyor bed 11. In
      FIG. 2, the 120.degree. position of the belt supporting surface 26 is
      shown in solid lines, while the 90.degree. position of the belt supporting
      surface 26 is shown in phantom.
PAR  Each of the brackets 38 is provided with a right angle flange 42, having an
      elongated mounting slot 43 therein, and flange 42 is secured via bolt
      means 44 to the conveyor bed 11. By this means, the complete flange and
      bracket assembly is adjustable in a transverse direction with respect to
      the extension of the bed 11 beyond the belt, thereby facilitating the
      correct positioning of the belt supporting surface 26 in the 90.degree.
      position. This adjustment insures that regardless of the inclination of
      the belt supporting surface 26, the brackets and flanges can always be
      correctly positioned so that the belt is flexed along the area defined by
      the parallel cuts 20.
PAR  As can be appreciated from the drawings, the lower edges 36 of the flanges
      25 do not in any adjusted position engage the bed 11, but rather are
      spaced therefrom to form a gap or exit passage between the flange and the
      bed. When the conveyor is utilized to convey products such as tobacco (and
      particularly in the handling of tobacco in its cut filler or other small
      particle form), some tobacco particles will tend to overflow the belt or
      otherwise find their way between the edge portion 17 of the belt and the
      belt supporting surface 26 of the flange 25. In the present invention,
      however, this constitutes no specific problem as in prior claimed belt
      conveyors since tobacco particles are free to work their way between the
      belt and the flange through the exit passage between the lower edge 36 of
      the flange and the bed 11. The flange is not attached to or connected to
      the bed and thus the tobacco particles are not captured. In this manner,
      accumulation of compacted tobacco between the belt edge portion 17 and the
      belt supporting surface 26 of the flanges is reduced or entirely
      eliminated. As a result, frictional belt loading by impacted tobacco is
      substantially reduced. In addition, and since the flange does not engage
      the bed 11 near the flat run of the central portion 16 of the belt, the
      tobacco may work its way outwardly from the belt to reduce tobacco
      impaction between the belt and the supporting bed 11.
PAR  As a result of a substantial reduction in the impaction of tobacco between
      the belt and its supporting surfaces, it has now been possible to reduce
      the driving horsepower necessary to operate the conveyor by approximately
      35% over those previously known channel belt conveyors now available on
      the commercial market. This substantial reduction of horsepower
      requirements reduces the initial cost of the channel belt conveyor and as
      well reduces the cost of conveyor operation since the conveyor utilizes
      less power and does not wear out belts so quickly.
PAR  In addition, it can be appreciated from the foregoing description that the
      flanges are adjustable not only to provide different desired inclinations
      of the edge portions of the belt, but flanges 25 and the mounting brackets
      37 and 38 are completely removable from the bed 11 in order to allow the
      edge portion 17 of the belt to lie flat on the bed in the areas where the
      brackets and flanges are normally mounted. In this manner, the channel
      belt conveyor can be converted into a flat belt conveyor to handle varying
      types of products such as bound "hands" of tobacco, as opposed to tobacco
      in its cut filler, separate leaf, or strip form.
PAR  Proceeding now with a further description of the construction of the
      invention, it is to be noted in FIG. 2 that the bed 11 extends outwardly
      past the flange mounting area and then is bent over as at 50 to form the
      vertically depending and laterally extending conveyor sides 12. The side
      12 is thereafter bent inwardly, as at 51, to form a mounting flange 52 for
      mounting the conveyor on suitable supports and for providing mounting
      surfaces for conveyor cross-tie supports and the like. In this manner, the
      conveyor is essentially made from an integral piece of sheet material in a
      very economic form, the conveyor sides which provide the vertical conveyor
      support actually are formed from the same piece of material as the belt
      supporting bed 11. This substantially simplifies the construction of the
      channel belt conveyor.
PAR  While a plurality of flanges 25 may be utilized on the channel belt
      conveyor, as indicated by FIG. 1, two flanges 25a and 25b are provided on
      each side of the conveyor in the preferred embodiment. Of course, either
      one or more than two flanges could be used on either side of the conveyor.
      Assuming a direction of belt travel from right to left as viewed in FIG. 1
      and for descriptive purposes, each of the flanges has a leading end 55 and
      a trailing end 56. The trailing end 56 of flange 25a and the leading end
      55 of flange 26b are spaced apart a predetermined distance, for example,
      approximately 6 inches. The leading end 55 of flange 25a is located near
      the break-over area 27 of the belt 15. When the belt moves around the
      idler pulley 14, it is in a relatively flat configuration. As it moves off
      the pulley 14 toward the flange 25a, however, it is broken over to assume
      the channel-like-cross-section of the conveyor throughout the length of
      the conveyor between the flanges. Since the belt is flexed upwardly at the
      break-over point 27, it normally would tend to engage the leading end 55
      of the flange 25a and to wear upon that end.
PAR  In order to reduce the resultant friction at the leading end 55 of the
      flange 25a, and additionally at the trailing end 56 of the flange 25b,
      where the belt returns from the channel configuration to its flat
      configuration on the pulley 13, rollers 60 are provided adjacent the
      respective ends of the flanges. Each of the rollers 60 includes a roller
      surface 61 which is preferably inclined to lie approximately within the
      same plane as the belt supporting surface in the break-over areas 27 and
      28 and friction against the leading and trailing flange ends is thereby
      reduced.
PAR  In the preferred embodiment, each of the rollers 60 is a generally
      cylindrical roller and is mounted on an axis pin 62. Pin 62 is in turn
      mounted on a roller mounting bracket 63. The roller mounting bracket 63 is
      provided with means for mounting the roller at substantially the same
      inclination as the inclined belt engaging surface 26 of the flange 25.
      More specifically, the roller mounting bracket is constructed to provide
      for mounting of the roller's belt engaging surface at both approximately
      90.degree., with respect to the bed 11 of the conveyor, and at
      approximately 120.degree. with respect to the bed. In order to so
      adjustably mount the roller, the roller mounting bracket 63 is provided
      with three apertures 64, 65, and 66. These apertures are spaced to
      selectively cooperate with two apertures located in a frame portion or
      cross tie 67 of the conveyor. The centers of the apertures 64 and 65 lie
      on a straight line 68 which is normal to the axis 69 of the roller 60. The
      center of the aperture 66 lies on a line 70 which intersects the line 68,
      at an angle A with respect thereto, and at the center of the aperture 65.
      The angle A, formed by the lines 68 and 70, is preferably equal to the
      angular difference between the 90.degree. and 120.degree. positions of the
      flange and of the roller surface in the preferred embodiment. Thus, angle
      A is preferably equal to 30.degree.. As shown in FIG. 4, the roller shown
      by the solid lines therein is mounted to form an angle of 120.degree.
      between the roller surface and the belt supporting bed 11 of the conveyor.
      The roller is thus securely mounted to the conveyor, in the position shown
      in FIG. 4, by the use of bolts extending through the apertures 65 and 66,
      and through the corresponding apertures in the frame 67. When it is
      desired to mount the roller at its 90.degree. position, the bolts are
      removed from the apertures 65 and 66 and the roller mounting bracket 63 is
      rotated so that its apertures 64 and 65 now align with the two apertures
      (which have centers on a line parallel to the plane of bed 11) in the
      frame member 67 in the conveyor. The roller is thereby supported at
      90.degree. with respect to the bed 11 in order to correspond with the
      90.degree. position of the belt flanges when perpendicular belt edges are
      desired in the conveying operation. Of course, it will be appreciated that
      three holes could be provided in either the roller mounting brackets 63,
      or in the frame 67, with the corresponding element having only two holes.
      Also, the angular disposition of the holes could be changed or varied to
      provide the desired angular inclination of the roller surface.
PAR  In addition, it will be noted that the mounted rollers extend upwardly from
      beneath the bed 11 through an aperture 71 so that the roller surface can
      be positioned near or adjacent the selected ends of the flanges 25. When
      the flanges are removed to provide flat belt conveyor, the rollers may
      also be removed, the belt merely sliding over the apertures 71. Since the
      load of the conveyor (considering tobacco products) is only on the order
      of from one to ten pounds of load pressure per square foot of belt, the
      apertures 71 do not hinder the operation of the belt in a flat operating
      mode.
PAR  As mentioned above, the roller surface is preferably inclined so that it is
      in approximately the same plane as that of the belt supporting surface 26
      of the flanges 25. This may vary to some extent depending on manufacturing
      tolerances and the like. In addition, it might be found desirable to
      locate the belt engaging roller surface so that the belt is engaged in a
      plane slightly inwardly of the flange plane to insure that the belt will
      not engage the end of the flange and wear thereon.
PAR  From the foregoing, it will be seen that the channel belt conveyor of the
      present invention provides a unique belt supporting structure by which the
      edge portion of the belt can be supported at varying angles, or by which
      the belt edge supporting structure can be removed to provide a flat belt
      for specified conveying purposes. In addition, and despite the angular
      disposition of the flanges, the lower edge of the flange is spaced from
      the bed 11. This allows any foreign particles, which find their way
      between the belt and the various supporting surfaces, to work free of
      capture therebetween, and thereby the impaction of foreign particles
      between the belt and supporting surfaces is greatly reduced. As a result,
      frictional belt loading is substantially reduced, the horsepower necessary
      to drive the belt can also be substantially reduced, and the belt wear is
      substantially reduced.
PAR  Still further, and by the elimination of fixed elongated belt seals, the
      conveyor of the present invention eliminates those areas in which tobacco
      product could "lump" and there find its way back into the conveyed product
      mainstream only to cause malfunctions of downstream processing or handling
      equipment. The conveyed product is contained by the moving belt only, any
      product which does overflow works its way free through the exit passage
      between the flange and the bed, rather than impacting. The creation of
      "shorts" and "dust" is thereby reduced, as is infestation, and the flange
      supported raised belt edge configuration is therefore modified according
      to the invention to provide an efficient, problem eliminating, solution to
      the handling of products in a channel belt conveyor.
PAR  These and other modifications and alterations will become readily apparent
      to those of ordinary skill in the art, from the above description, without
      departing from the scope of this invention and the applicant intends to be
      bound only by the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A conveyor including:
PA1  an elongated belt having spaced parallel edge portions on opposite sides of
      a central belt portion,
PA1  a bed providing a surface slidably supporting at least a central portion of
      said belt for load-bearing movement therealong,
PA1  a plurality of elongated belt supporting flange means having respective
      belt engaging surfaces for slidably supporting the opposite edge portions
      of the belt above the bed, each of said belt edge portions being disposed
      at an angle with respect to the central portion of the belt supported by
      the bed, said supporting flange means having lower edges approximately
      parallel to the direction of belt movement along said bed and proximate,
      but spaced from said bed so as to define an exit passage to permit
      portions of conveyed material, which have overflowed said belt, to work
      free from between said belt, said belt supporting flange means and said
      bed, by outward movement through said passage, and
PA1  mounting means for adjustably mounting said belt supporting flange means so
      that said angle can be adjusted while maintaining said passage open.
NUM  2.
PAR  2. A conveyor as in claim 1 wherein said belt engaging surfaces are
      inclined with respect to the bed, and wherein said angle of inclination is
      selectively fixed within an approximate range of about 90.degree. to about
      120.degree..
NUM  3.
PAR  3. A conveyor as in claim 1 wherein said mounting means includes at least
      one first bracket mounted on each flange means, at least one second
      bracket mounted on said bed and pivotally connected to said first bracket,
      and
PA1  means to secure said first bracket against rotation with respect to said
      second bracket to hold said flange means and said belt at a predetermined
      angle with respect to said bed.
NUM  4.
PAR  4. A conveyor as in claim 3 wherein said mounting means and said belt
      supporting flange means are removable from said bed in order to permit
      said belt to lie completely flat on said bed.
NUM  5.
PAR  5. A conveyor as in claim 1 further including belt supporting rollers
      having belt engaging surfaces, said rollers being disposed adjacent
      selected ends of respective support flange means, and being mounted to
      incline the belt engaging roller surfaces at an angle with respect to said
      bed.
NUM  6.
PAR  6. A conveyor as in claim 5 wherein said belt supporting rollers are
      mounted on brackets having one plurality of mounting holes, and further
      including another plurality of corresponding mounting holes in a
      stationary portion of said conveyor, one of said pluralities of mounting
      holes having hole centers, one of which is transversely spaced from a
      straight line extending through the centers of at least two other holes of
      said one plurality, both of said pluralities of holes thus providing means
      for mounting said bracket and disposing said roller surface at a plurality
      of angles, with respect to said bed, one of said angles being
      approximately equal to the angle between the belt edge portion and the
      belt supported by the bed.
NUM  7.
PAR  7. A conveyor as in claim 6 wherein said other plurality of mounting holes
      in said stationary conveyor portion comprises two holes having centers on
      a first straight line parallel to the bed and wherein said one plurality
      of holes in said brackets includes three holes, two of which have centers
      on a second straight line normal to the axis of said roller, and another
      of which has a center transversely spaced from said second line and on a
      third line disposed to intersect the center of one of said two holes in
      said other plurality.
NUM  8.
PAR  8. A conveyor as in claim 3 wherein said second bracket is adjustably
      mounted on said bed for movement in a direction parallel to the plane of
      the elongated bed.
NUM  9.
PAR  9. A conveyor as in claim 5 including a roller opening in said bed,
      adjacent ends of respective support flange means, said rollers being
      connected to said conveyor below said bed and extending upwardly through
      said roller openings to support said belt beyond the ends of said flange
      means.
NUM  10.
PAR  10. A conveyor as in claim 1 wherein said bed includes an integral piece of
      sheet material forming said bed and extending outwardly beyond said
      surface supporting a central portion of said belt, then downwardly at
      opposite parallel edges of the conveyor to form vertical side supports
      therefor.
NUM  11.
PAR  11. A conveyor as in claim 1 wherein each of said flange means has upper
      and lower elongated parallel edges formed by bending portions of said
      flange means rearwardly from said belt engaging surfaces.
NUM  12.
PAR  12. A conveyor as in claim 1 including substantially cylindrical belt
      engaging pulleys at each end of said conveyor, said belt conforming across
      its width to the surface of the pulleys when drawn therearound, the edge
      portions of the belt thereafter being flexed to assume an angle with
      respect to said central portion of said belt on said bed.
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ABST
PAL  Load conveyor comprising a pneumatic mat comprising first elements and
      second elements which are inflatable respectively by a first and second
      inflating circuit, the elements having fixed ends in relation to a face of
      the mat and free ends capable of being brought, by means of the inflating
      circuits, by a pivoting movement, from a rest position to a work position,
      the elements having a same parity always being parallel to one another and
      situated on a same side in relation to their fixed ends, the projections
      of the first elements being parallel to the projections of the second
      elements, but pointing in opposite directions.
BSUM
PAR  The invention relates to the handling of unit loads and concerns more
      particularly a conveyor in the form of a mat.
PAR  The aim of the invention is to produce a load conveyor which is not very
      expensive, easy to use, capable, for example, of loading or unloading a
      wagon or truck, much more rapidly than the means used up till now, of the
      handling carriage or conveyor belt type.
PAR  The present invention has for its object a load conveyor, characterized,
      more particularly in that it comprises a pneumatic mat, comprising first
      elements and second elements which are inflatable, respectively, by means
      of a first and second inflating circuit; all the elements have ends which
      are fixed in relation to one face of the mat and free ends capable of
      being brought by a pivoting movement from a rest position to a work
      position; the elements having the same parity are always parallel to each
      other and situated on a same side in relation to their fixed ends, the
      orthogonal projections of the first elements on the face being parallel to
      those of the second, but pointing in opposite directions. The line of
      direction common to the projections of all the elements in the direction
      of propagation of the loads on the mat. The two inflating circuits are
      implemented so that the load to be moved be borne successively by the
      first elements, the second elements, again the first elements and so on.
PAR  According to a variant of embodiment which is particularly easy to produce,
      the first elements are alined according to the said direction of
      propagation and constitute a first file adjacent to a second file formed
      by a similar alinement of the said second elements.
PAR  In order that all the free ends of the elements having the same parity
      undergo simultaneous pivoting movements, it is an advantage to connect
      them by a rigid link, for example, a band or a cable.
PAR  By way of an example of embodiment, a file is formed by a flexible tube
      surrounded by parallel rings inclined on the axis of that tube, the
      assembly resting on a band provided with fixing points for the said rings,
      the said points constituting the said fixed ends.
PAR  A conveyor according to the invention may, to great advantage, have several
      mats respectively constituted by first and second elements and several
      belts orthogonal to the preceding ones, also constituted respectively by
      first and second elements.
DRWD
PAR  Other particularities and advantages of the invention will become apparent
      from the following description, which will be given with reference to the
      accompanying drawing, given by way of illustration but having no limiting
      character and in which:
PAR  FIGS. 1a and 1b illustrate very diagrammatically, in a partial longitudinal
      cross-section view, respectively in the rest position and in the work
      position, a portion of a pneumatic mat according to the invention;
PAR  FIG. 1c is a perspective view corresponding to figure 1b;
PAR  FIGS. 2a, 2b, 2c, 2d, 2e, 2f illustrate very diagrammatically the different
      phases of an operation cycle of a conveyor according to the invention;
PAR  FIG. 3 illustrates diagrammatically a perspective view of a variant of
      embodiment of a conveyor according to the invention;
PAR  FIG. 4 illustrates diagrammatically an application of a conveyor according
      to the invention to the loading of a lorry from a platform.
DETD
PAR  FIG. 1a illustrates partly in the rest position a longitudinal band of a
      pneumatic mat according to the invention, intended for transporting a unit
      load 10 which may be arranged on a pallet. The mat comprises several
      square rings 1, arranged parallel to one another round a flattened
      flexible tube 2, connected to a first pneumatic circuit which is not
      illustrated. The rings 1 are fixed rigidly at points 3 to a lower band 4
      constituting the face of the mat opposite to the carrying face for the
      load.
PAR  At the level of that carrying face, the rings 1 have free ends 5 capable,
      as shown in FIG. 1b, of pivoting about fixing points 3 under the effect of
      a pressure P applied in the flexible tube 2. The fixing of the rings 1 on
      the band 4 is such that the plane of the rings never pivots beyond a plane
      perpendicular to the plane of the band 4. The pivoting movement of the
      rings is such that they always remain parallel to one another and that
      they drive the load 10 in a linear movement diagrammatically represented
      by the arrow 11. The free ends 5 of the rings 1 are, to great advantage,
      connected by a link 23, for example a cable or a band, making it possible
      to encourage the simultaneousness of the pivoting movements.
PAR  FIG. 1c shows more clearly the arrangement of the rings in the working
      position.
PAR  It should be observed that the rings may be of any shape, for example,
      circular and that the rings may even be integrated in the wall of the tube
      2 or be inside that wall, as in the case of FIGS. 2a, 2b, 2c, 2d, 2e, 2f.
PAR  In FIG. 2a, a conveyor according to the invention comprises at least two
      series of rings. Thus, the first series of rings 12 connected with a
      flexible tube 15 connected to a first inflating circuit, not shown, has
      been shown in thick lines, and a second series of rings 21 connected with
      a flexible tube 22 connected to a second inflating circuit, not shown, has
      been diagrammatically shown in discontinuous lines. The two series of
      rings are arranged parallel to each other under the load 10; the planes of
      the rings having the same parity are always parallel to one another and
      the orthogonal projections of the rings 12 on the band 4 are parallel to
      those of the rings 21, but facing in opposite directions. Like the rings
      12, the rings 21 are capable of being driven in a pivoting movement
      generated by the applying of a pressure in the tube which is connected
      with them.
PAR  FIGS. 2b, 2c, 2d, 2e and 2f illustrate the principle of the variations in
      pressures in the flexible tubes 15 and 22, in order to enable a
      progression of the load 10 in the direction 11.
PAR  P1 will subsequently be observed as the value of the pressure in the tube
      15 and P2 will subsequently be observed as the value of the pressure in
      the tube 22. FIG. 2a shows the rest state where P1 and P2 are nil. In FIG.
      2b, P1 and P2 increase, P1 increasing faster than P2; the load 10 is then
      lifted only by the rings 12 and undergoes a linear movement in the
      direction of the arrow 11. As shown in FIG. 2c, P1 is maximum and the
      rings 12 always support the load 10. In the following phase, illustrated
      by FIG. 2d, P1 decreases and P2 becomes maximum; the load 10 is no longer
      supported by the series of rings 12, but by the series of rings 21. Then,
      as shown in FIG. 2e, the pressures P1 and P2 decrease in the two tubes 15
      and 22 and the pivoting movement from top to bottom of the rings 21 makes
      the load 10 progress again in the direction of the arrow 11. FIG. 2f shows
      the new rest position of the conveyor corresponding to the two zero
      pressures P1 and P2. The comparison between FIGS. 2a and 2f brings out
      clearly the linear progression of the load 10. The system is then ready
      for another operation cycle.
PAR  It must be understood that the principle illustrated in FIGS. 2 may be
      brought into effect by means of the variant of embodiment illustrated by
      the FIGS. 1, but also by means of any other equivalent variant; thus, the
      use of a pneumatic belt provided with a face comprising pockets one of
      whose ends is fixed and one of whose free ends is capable of being driven
      by inflating in a pivoting movement about the fixed end may be provided
      for. Such mats are made of resilient materials chosen from among natural
      rubbers and synthetic rubbers.
PAR  As shown in FIG. 3, a conveyor according to the invention, intended for
      transporting a load 10 having great dimensions, may comprise several belts
      of the preceding type, arranged parallel to one another; thus, a linear
      movement 11 is obtained by means of two series of parallel bands 31, 32
      and 33, 34, the controls of the related inflating circuits being
      synchronized. A linear movement 39 orthogonal to the linear movement 11
      may be obtained by means of two series of bands 35, 36 and 37, 38,
      perpendicular to the bands 31, 32 and 33, 34.
PAR  A conveyor according to the invention requires, for example, pressures in
      the order of a few kg/squ.cm. to transport the loads ordinarily stocked in
      wagons or trucks. As shown in FIG. 4, a mat 43 has been implemented with a
      view to loading in a truck 42 with a load 40 arranged on a platform 41, a
      mat 43 on the platform 41 and a mat 44 on the bottom of the truck 42
      facing the mat 43. The pneumatic circuits related respectively to the mats
      43 and 44 are controlled in phase so as to enable the easy passing in a
      few minutes of the load 40 from the platform 41 right to the bottom of the
      truck 42. A similar system makes it possible to unload easily the same
      load 40 from the same truck 42 onto another platform, into another wagon
      or into any other storage building.
PAR  A conveyor according to the invention makes it possible to avoid the use of
      handling carriages, while providing unloading which is simple and much
      more rapid.
PAR  All the above describes a mat in which the carrying face comprised free
      ends capable of pivoting movements. It must be understood that the carrier
      face may be the opposite face, the mat itself then moving on the ground,
      the load remaining fixed in relation to it.
PAR  The invention is not limited to the applications nor to the embodiments
      described and illustrated. It would be possible, without going beyond the
      scope of the invention, to replace certain means by equivalent means.
CLMS
STM  I claim:
NUM  1.
PAR  1. A load conveyor comprising a mat including first and second juxtaposed
      inflatable elements, said elements each having an upper supporting surface
      for a load and a lower surface resting on the mat, a plurality of members
      longitudinally spaced along each said element and having first ends
      attached to said mat along the lower surface of said element, said members
      having second movable ends opposite the first ends operatively associated
      with the respective element to undergo pivotal movement as the associated
      element is inflated and deflated, said members of each element being
      parallel to one another and initially inclined with the vertical when the
      associated element is deflated and undergoing tilting towards the vertical
      during inflation of said element to transport a load on said upper surface
      in the direction of tilting, said members of the two elements being
      inclined in opposite directions and undergoing opposite directions of
      tilting when their respective elements are inflated such that one element
      transports the load in one direction during inflation and the other
      element transports the load in the same direction during deflation.
NUM  2.
PAR  2. A conveyor as claimed in claim 1 wherein the lower surface of each
      element is attached to said mat, and said member are attached to said mat
      by being attached to its respective element at the lower surface thereof.
NUM  3.
PAR  3. A conveyor as claimed in claim 1 comprising rigid link means connecting
      the movable second ends of the members of each element.
NUM  4.
PAR  4. A conveyor as claimed in claim 1 wherein said inflatable elements are
      tubes and said members are rings disposed around said tubes.
NUM  5.
PAR  5. A conveyor as claimed in claim 4 wherein said rings are externally
      disposed on said tubes and the lower ends of the rings are attached to
      said mat.
NUM  6.
PAR  6. A conveyor as claimed in claim 4 wherein said rings are internally
      disposed in said tubes.
NUM  7.
PAR  7. A conveyor as claimed in claim 4 wherein said rings are of square shape.
NUM  8.
PAR  8. A conveyor as claimed in claim 1 wherein said mat is made from a
      resilient substance.
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PAL  An improved table feeder type material handling apparatus includes a
      support table or tray which is moved through forward and return strokes by
      a dirve assembly to convey ore or other material disposed on the tray in a
      forward direction relative to the tray. In accordance with a feature of
      the present invention, the stroke or distance through which the tray is
      moved can be varied while maintaining the stroke rate substantially
      constant. To provide this capability, the drive assembly includes a
      rotatable input member which is connected with the support tray by a
      linkage. A connection between the linkage and the input member is offset
      relative to the axis of rotation of the input member. Therefore, when the
      input member is rotated about its central axis, one end of the linkage is
      moved along a circular path. The stroke distance through which the support
      tray is moved is adjusted by varying the angular relationship between the
      central axis of the input member and the path of movement of the support
      tray to thereby move diametrically opposite portions of the circular path
      relative to the path of movement of the support tray. A screening table or
      tray receives material from the support tray. The screening tray moves
      through forward and return strokes with the support tray. In addition, the
      drive assembly is effective to move the screening tray through up and down
      strokes to promote the movement of small particles of ore through openings
      in the screening tray.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new and improved material handling apparatus
      and more specifically to a material handling apparatus having one or more
      support trays which move through forward and return strokes.
PAR  Heretofore support trays or tables have been used to convey ore by
      reciprocating the trays through forward and return strokes. The rate at
      which the ore is moved relative to the tray has been adjusted by varying
      the rate at which the support tray or table is moved through forward and
      return strokes. However, varying the stroke rate of the support tray or
      table can be relatively expensive and, in certain environments, rather
      difficult.
PAR  The ore may be dropped onto the support tray from trucks or supply bins for
      feeding to an ore crusher. In crushing it is generally desirable to avoid
      feeding to the crusher pieces of ore which are smaller than the output
      slit or opening of the crusher. This is because the small pieces of ore
      are not crushed and reduce the capacity of the crusher.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a new and improved material handling
      apparatus which includes a reciprocable support tray having a surface for
      supporting ore or other materials. A drive assembly is provided for moving
      the support tray through forward and return strokes at a predetermined
      stroke rate. The length of the forward and return strokes can be adjusted
      while maintaining the stroke rate substantially constant and without
      interrupting the reciprocatory movement of the support tray. The drive
      assembly has a compact construction and is disposed beneath the support
      tray where the drive assembly is protected from damage by falling pieces
      of ore and other foreign objects. The compact construction of the drive
      assembly enables the material handling apparatus to have a relatively low
      overall height.
PAR  The length of the forward and return strokes is advantageously varied by
      varying the angular relationship of a central axis of a rotatable input
      member relative to the path of movement of the support tray. The input
      member can be connected with the support tray by a linkage. One end of the
      linkage is connected with the input member at a location offset from the
      central axis of the input member so that rotation of the input member
      moves the one end of the linkage along a circular path. By varying the
      angular relationship between the central axis of the input member and path
      of movement of the support tray, the circular path of movement of the one
      end of the linkage is tilted to a greater or lesser extent relative to the
      path of movement of the support tray. The greater the extent to which the
      circular path of movement of the end of the linkage is tilted or canted
      relative to the path of movement of the support tray, the greater is the
      stroke length through which the support tray is moved by rotation of the
      input member. The speed at which the input member is rotated remains
      constant as the angular relationship of the input member to the path of
      movement of the support tray is varied so that the stroke rate, that is
      the number of strokes per increment of time, remains constant even though
      the distance through which the support tray is moved on each stroke is
      varied.
PAR  A second tray may be provided to receive material from the first tray. This
      second tray is advantageously provided with openings to enable small
      pieces of ore to be screened out or segregated from the larger pieces of
      ore. To promote such a screening action, the second tray is moved through
      up and down strokes as it is being moved through forward and return
      strokes with the support tray. The second tray may be moved through the up
      and down strokes and the forward and return strokes by the same drive
      assembly as moves the support tray.
PAR  Accordingly, it is an object of this invention to provide a new and
      improved material handling apparatus having a support surface which is
      reciprocated through a forward and a return stroke at a predetermined
      stroke rate and wherein a stroke adjusting means is provided to vary the
      length of the forward and return strokes while maintaining the
      predetermined stroke rate substantially constant.
PAR  Another object of this invention is to provide a material handling
      apparatus in accordance with the next preceding object wherein a linkage
      is provided to transmit forces from an input member which is rotatable
      about its central axis to the support surface, the length of the forward
      and return strokes being varied by varying the angular relationship of the
      central axis of the input member relative to the path of movement of the
      support surface.
PAR  Another object of this invention is to provide a material handling
      apparatus which includes a first support surface which is reciprocated
      through forward and return strokes and a second support surface which is
      moved through the forward and return strokes with the first support
      surface and is also moved through up and down strokes extending
      transversely to the forward and return strokes.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and features of the present invention will
      become more apparent upon a consideration of the following description
      taken in connection with the accompanying drawings wherein:
PAR  FIG. 1 is an elevational view for a material handling apparatus constructed
      in accordance with the present invention and illustrating the relationship
      between a support tray and a drive assembly for reciprocating the support
      tray through forward and return strokes;
PAR  FIG. 2 is a plan view, taken generally along the line 2--2 of FIG. 1,
      further illustrating the construction of the drive assembly;
PAR  FIG. 3 is a sectional view, taken generally along the line 3--3 of FIG. 1,
      further illustrating the relationship of the drive assembly to the support
      tray;
PAR  FIG. 4 is an enlarged fragmentary sectional view illustrating the
      relationship between the support tray, the drive assembly, and a mechanism
      for adjusting the stroke through which the support tray is moved by the
      drive assembly;
PAR  FIG. 5 is a schematic illustration depicting the relationship between the
      drive assembly and support tray;
PAR  FIG. 6 is an elevational view, generally similar to FIG. 1, of a second
      embodiment of the invention in which a screening tray is associated with a
      support tray;
PAR  FIG. 7 is a plan view, taken generally along the line 7--7 of FIG. 6,
      further illustrating the relationship between the screening and support
      trays;
PAR  FIG. 8 is an enlarged sectional view, taken generally along the line 8--8
      of FIG. 7 illustrating a screening tray drive assembly; and,
PAR  FIG. 9 is an end view, taken generally along the line 9--9 of FIG. 8,
      illustrating the construction of an outlet end portion of the screening
      tray.
DETD
PAC  DESCRIPTION OF ONE SPECIFIC PREFERRED EMBODIMENT OF THE INVENTION
PAR  A material handling apparatus 10 constructed in accordance with the present
      invention is illustrated in FIG. 1 and includes a support table or tray 12
      having a forwardly and downwardly sloping support surface 14 for receiving
      ore or other materials (not shown). An improved drive assembly 18 is
      operable to reciprocate the support tray 12 through forward and return
      strokes to advance the material on the support surface 14 in a forward
      direction, that is toward the right as viewed in FIG. 1. A stroke
      adjusting mechanism 20 (see FIGS. 2 and 4) is operable to vary the length
      of the stroke through which the drive assembly 18 moves the support tray
      without changing the stroke rate, that is the number of strokes through
      which the tray is reciprocated in a unit of time. Of course, varying the
      length of the strokes through which the tray is reciprocated varies the
      rate at which the material is advanced along the tray.
PAR  The drive assembly 18 includes an electric motor 24 which rotates an input
      or crank member 28 at a constant speed through a known coupling
      arrangement 30 (see FIG. 4). The rotatable input member 28 is connected
      with a rotatable drive member 34 by a linkage 36. A support block 38 is
      fixedly connected with the support tray 12 and holds the drive member 34
      against axial or translational movement relative to the support tray while
      permitting the drive member to rotate about the central axis. The linkage
      36 is of the conical pendlum type and includes a main rod or link 40 which
      is connected with the input member 28 by a cardan or universal joint 44.
      The other end of the link 40 is connected with the drive member by a
      second cardan or universal joint 46. The permanently lubricated universal
      joints 44 and 46 are capable of transmitting both axial and rotational
      movement so that the drive member is moved axially and rotated by the
      linkage 36. However, it should be understood that in the embodiment of the
      invention illustrated in FIGS. 1-5 the joints could, if desired, be
      constructed so as to be incapable of transmitting rotary movement.
PAR  Upon operation of the electric motor 24, the input member 28 is rotated
      about its central axis 50 (see FIG. 5) at a constant speed. The rotational
      movement of the input member 28 about its central axis 50 is converted to
      translational movement to reciprocate the drive member 34 and support tray
      12. This is accomplished by the interaction between the drive member 28
      and the linkage 36.
PAR  Upon rotation of the input member 28 about its central axis 50, an end
      portion 54 of the linkage 36 is moved along a circular path which is
      coincident with the central axis of the input member 28. The central axis
      50 of the input member 28 is offset relative to the path of movement of
      the support tray 12 (see FIG. 5). Therefore upon rotation of the input
      member about the central axis 50, the end portion 54 of the linkage 40
      moves from a lower position (shown in dashed lines in FIG. 5) in which it
      is spaced relatively far away from the path of movement of the support
      tray to a diametrally opposite upper position (shown in solid lines in
      FIG. 5) in which the end portion of the linkage 36 is relatively close to
      the path of movement of the tray. Therefore, as the end portion 54 of the
      linkage 36 moves from the position shown in dashed lines shown in FIG. 5
      to the position shown in solid lines in FIG. 5 the drive member 34 and
      support tray 12 are moved through a forward stroke equal to the distance
      designated S in FIG. 5.
PAR  The support tray 12 is connected with a base 58 by a plurality of resilient
      mounting members 60. The mounting members 60 are advantageously formed by
      a plurality of rubber blocks. However, if desired, resiliently deflectable
      leaf springs could be utilized. As the support tray 12 is moved through a
      forward stroke the support blocks 60 are resiliently deflected. The
      resilient rubber support blocks 60 absorb shock or impact loads resulting
      from the dumping of ore onto the support tray 60.
PAR  During continued rotation of the input member 28, the end portion 54 of the
      linkage 36 continues to move along its circular path from the position
      shown in solid lines to a position shown in dashed lines in FIG. 5. As
      this occurs, a second end portion 64 of the linkage 36 moves reardly
      through a linear return stroke of a length equal to the length of the
      forward stroke. As this occurs, the tray 12 is moved rearwardly under the
      combined influence of the linkage 36 and the biasing force supplied to the
      tray by the resiliently deflected support blocks 60. Thus, during each
      completion of revolution of movement of the input member 28 about its
      central axis 50, the support tray 12 is moved through forward and return
      strokes under the combined influence of the linkage 36 and the support
      blocks 60. Of course, the linkage 36 could be constructed in such a manner
      as to enable the support tray 12 to be moved rearwardly under only the
      influence of the support blocks 60.
PAR  In accordance with a feature of the present invention, the length of the
      forward and return strokes through which the tray 12 is moved can be
      varied without changing the stroke rate of the support tray. Thus, the
      distance S in FIG. 5 can be either extended or contracted while
      maintaining a substantially constant number of complete forward and return
      strokes per second. This is accomplished without interrupting movement of
      the tray 12 by varying the angular relationship of the central axis 50 of
      the input member 28 relative to the path of movement of support tray 12.
PAR  In the schematic illustration of FIG. 5, the central axis of the input
      member 28 is parallel to the path of movement of the support tray. If the
      input member is rotated in a clockwise direction (as viewed in FIG. 5)
      about an axis extending perpendicular to the axis 50, the upper portion of
      the circular path of movement of the end portion 54 of the linkage 36 is
      moved toward the support tray 12 while the diametrally opposite lower
      portion (illustrated in dashed lines in FIG. 5) is moved away from the
      support tray. This results in an increase in the length of the stroke S.
      Similarly, if the stroke S is to be decreased, it is merely necessary to
      pivot the input member 28 in a generally counterclockwise direction (as
      viewed in FIG. 5). This results in the lower portion of the circular path
      of movement of the end of the linkage 36 being moved toward the support
      tray while the upper portion of the circular path of movement is moved
      away from the support tray.
PAR  When the central axis 50 of the input member 28 is coincident with an axis
      72 of a right circular cone formed by the path of movement of the link 40,
      that is when the axis 50 is coincident with the axis 72 and the angle
      indicated at 74 is zero degrees, the input member 28 will be ineffective
      to drive the output member 34. However, as the angle 74 is increased, the
      stroke S through which the support tray 12 is increased.
PAR  The input member 28 is mounted on a rotatable support head or box 78 (see
      FIG. 4). Suitable thrust bearings 82 engage the input member 28 to hold it
      against axial movement while permitting it to be rotated about its central
      axis 50. The support box 78 is pivotally mounted on upstanding support
      posts 84 and 86 (see FIGS. 1-3). The pivot mountings between the support
      box 78 and posts 84 and 86 support the output member 28 for pivotal
      movement about an axis extending perpendicular to and intersecting the
      axis 50.
PAR  The stroke adjusting mechanism 20 is operable to pivot the support box 78
      to thereby vary the angular relationship of the input member 28 to the
      path of movement of the support tray. The stroke adjusting mechanism 20
      includes a tilt or actuator lever 90 (see FIGS. 2 and 4) which is fixedly
      connected to the support box 78. Upon operation of a stroke adjusting or
      tilt motor 94, the support box 78 is pivoted about an axis extending
      perpendicular to the central axis 50 of the input member 28 by the tilt
      lever 90. To this end, the tilt lever 90 is connected with the motor 94 by
      a screw 98 (FIG. 4) in a gear box 102 (FIG. 2) which is directly driven by
      the motor 94.
PAR  Upon operation of the motor 94, a suitable gear, which is in threaded
      engagement with the screw 98, moves the screw axially to pivot the support
      lever 90 in either a clockwise or counterclockwise direction as viewed in
      FIG. 4. It should be noted that this movement of the tilt lever 90 can be
      accomplished while the input member is being driven by the main motor 24.
      Since the main motor 24 is mounted on the support box 78 and moves with
      the support box, the driving and positional relationship between the motor
      24 and input member 28 are maintained constant even though the input
      support box 78 is rotated to vary the angular relationship between the
      central axis 50 and the path of movement of the support tray 12.
PAR  In the embodiment of the invention illustrated in FIGS. 6-9, a screening
      tray is associated with a support tray having the same construction as the
      support tray 12 of FIGS. 1-5. Although the screening tray is moved back
      and forth through forward and return strokes with the support tray by a
      drive assembly having the same construction as the drive assembly 18 of
      FIGS. 1-5, the screening tray is also reciprocated up and down to promote
      the segregating of relatively small pieces of ore from relatively large
      pieces of ore which are to be crushed. In order to avoid prolixity of
      description, elements of the embodiment of the invention illustrated in
      FIGS. 6-9 will be designated with the same numerals as corresponding
      elements of the embodiment of the invention illustrated in FIGS. 1-5.
      However, the suffix letter "a" will be added to the numerals associated
      with FIGS. 6-9 in order to avoid confusion.
PAR  The embodiment of the invention illustrated in FIG. 6 a screening tray 110
      is mounted on a forward or outlet end portion 112 of a support tray 12a.
      The support tray 12a is reciprocated back and forth through forward and
      return strokes by a drive assembly 18a. The screening tray 110 receives
      ore or other materials from the support tray 12a. The screening tray 110
      is effective to screen out or segregate relatively small pieces of ore
      from relatively large pieces of ore which must be crushed. Accordingly,
      the screening tray is provided with a pair of longitudinally extending
      openings 116 and 118 (see FIG. 7) through which the small pieces of ore
      fall out.
PAR  To promote movement of the small pieces of ore through the openings 116 and
      118, the screening tray 110 is moved back and forth with the support tray
      12a by the drive assembly 18a. In addition the screening tray 110 is moved
      up and down by a screening tray drive assembly 122 (see FIG. 8). The
      screening tray is mounted on the outer end portion 112 of the support tray
      12a by resiliently deflectable rubber support blocks 126 and 128 (see FIG.
      7). The support blocks 126 and 128 are effective to move the screening
      tray 110 back and forth with the support tray 12a. The screening tray
      drive assembly 122 includes an eccentric shaft 130 which is rotated by the
      drive assembly 18a for the support tray 12a to move the screening tray 110
      up and down along a generally circular path to thereby toss or raise the
      ore above a support surface 134 formed on longitudinally extending
      sections 136, 138, and 140 of the screening tray 110. The support surface
      134 is made of of sloping sections 142, 144, 146, and 148 (see FIG. 9)
      which are disposed adjacent to side portions of the openings 116 and 118.
PAR  The eccentric drive shaft 130 is rotatably disposed in thrust bearings 154
      and 156 which hold the shaft 130 against axial movement relative to a
      housing 158. A central axis of the shaft 130 extends parallel to the
      central axis of the drive member 34a. The housing 158 is fixedly connected
      with the screening tray 110.
PAR  The drive member 34a of the drive assembly 18a is provided with an output
      gear 160. The output gear 160 is disposed in meshing engagement with a
      gear 162 on a cylindrical end portion 164 of the drive shaft 130. This
      cylindrical end portion 164 is offset relative to a mounting or support
      section 168 of the drive shaft. Thus, the geometric center about which the
      end portion 164 of the shaft 130 is rotated is offset relative to the
      geometric center of the circular support portion 168. Therefore, when the
      end portion 164 of the shaft is rotated in bearings 172 and 174, the
      support section 168 is rotated about an axis which is offset from its
      geometric central axis so that the support tray 110 is moved up and down
      along a circular path by the drive shaft 130. It should be understood that
      a forward mounting portion 178 of the eccentric drive shaft 130 is coaxial
      with the mounting section 168 so that it is also disposed eccentrically of
      the central axis about which the end portion 164 of the shaft 130 is
      rotated by the gear 160. The drive shaft 130 is advantageously provided
      with a relatively large eccentric central portion 182 to enable the
      eccentric shaft 130 to function as a counterweight.
PAR  Upon operation of the drive assembly 18a, an input member 28a is rotated
      about its central axis at a constant speed by a motor 24a. The rotational
      movement of the input member 128a about its central axis is converted into
      translational movement to reciprocate and rotate a rod or link 40a. The
      rod or link 40a is connected with the drive member 34a and the input
      member 28a through suitable universal or cardon joints 44a and 46a which
      are capable of transmitting both axial and rotation movement from the
      input member 28a to the drive member 34a in the same manner as previously
      described in connection with the embodiment of the invention illustrated
      in FIGS. 1-5.
PAR  The axial movement of the drive member 34a causes the support tray 12a to
      reciprocate back and forth through forward and return strokes. This
      reciprocating movement of the support tray 12a is transmitted to the
      screening tray 110 and causes it to move back and forth through forward
      and return strokes. A stroke adjusting mechanism (not shown) is of the
      same construction as the stroke adjusting mechanism 20 and is operable to
      vary the length of the forward and return strokes through which the
      support and screening trays 12a and 110 are moved. Since the drive
      assembly 18a and associated stroke adjusting mechanism are constructed and
      cooperate in the same manner previously described in connection with the
      embodiment of the invention illustrated in FIGS. 1-5, varying the length
      of the forward and return strokes by operating the stroke adjusting
      mechanism does not vary the stroke rate.
PAR  While the support and screening trays 12a and 110 are being reciprocated
      through forward and return strokes, the screening tray drive assembly 122
      is effective to move the screening tray 110 up and down to toss or raise
      the pieces of ore upwardly from the support surface 134 to promote an
      efficient screening action. In the specific preferred embodiment of the
      invention illustrated in FIG. 8 the screening tray drive assembly 122 is
      effective to move the screening tray up and down at a frequency which is
      three times as great as the frequency at which the screening tray 110 is
      moved through forward and return strokes. To this end, there is a
      three-to-one drive ratio between the gears 160 and 162. The input member
      28a (see FIG. 6) is rotated by a constant speed motor 24a. Rotation of the
      input member 28a rotates the link 40a and drive member 34a through one
      revolution each time the support tray 12a is moved through a forward and
      return stroke. Therefore, the shaft 130 is rotated through three
      revolutions by the gear 160 each time the support tray 12a is moved
      through a forward and return stroke. For each revolution of the shaft 130,
      the screening tray 110 is moved through an up and down stroke. Therefore,
      the frequency of up and down vibration of the screening tray 110 will be
      three times as great as the frequency of forward and backward vibration
      and screening trays 12a and 110.
PAR  In the embodiment of the invention illustrated in FIGS. 6-9, the drive
      member 34a is connected directly with the link 40a by the universal joint
      46a. However, it is contemplated that the screening tray 110 could be
      connected in a different manner with the linkage 36a. For example, a drive
      member could be mounted on the support tray 12a in the same manner as in
      which the drive member 34 is mounted on the support tray 12 in FIG. 4. The
      drive member 34a of FIG. 8 could then be connected with the forward end of
      the drive member 34 of FIG. 4 by a suitable spline connection. In
      addition, if the screening tray 12a is to be reciprocated through up and
      down strokes at the same speed as which it is moved through forward and
      return strokes, the drive member 34a could be integrally formed with the
      eccentric shaft 130 of the screening tray drive assembly 122.
PAR  In view of the foregoing description, it can be seen that the material
      handling apparatus 10 includes a reciprocable support tray 12 having a
      surface 14 which supports ore or other materials. Upon operation of a
      drive assembly 18, the support tray 12 is reciprocated back and forth
      through forward and return strokes at a predetermined stroke rate. The
      length of the forward and return strokes can be adjusted by operating the
      stroke adjusting mechanism 20 while maintaining a substantially constant
      stroke rate.
PAR  The length of the forward and return strokes is varied by changing the
      angular relationship of a central axis 50 of the input member 28 relative
      to the path of movement of the support tray. The input member 28 is
      connected with the support tray by a linkage 36. One end 54 of the linkage
      36 is connected with the input member at a location offset from the
      central axis 50 of the input member 28. Rotation of the input member 28
      about its central axis moves the one end 54 of the linkage 36 along a
      circular path. Operation of the motor 94 in the stroke adjusting mechanism
      20 pivots the input member 28 about an axis extending perpendicular to the
      axis 50. This pivoting movement varies the angular relationship between
      the central axis 50 of the input member 28 and the path of movement of the
      support tray 12. This causes the circular path of movement of one end 54
      of the linkage 36 to be moved toward the support tray 12 while the
      diametrally opposite portion of the circular path is moved away from the
      support tray. When the operating stroke S of the support tray 12 is to be
      increased, the angle 74 is increased and the upper portion of the circular
      path is moved toward the support tray while the diametrally opposite lower
      portion of the circular path is moved away from the support tray.
      Similarly, decreasing the angle 74 moves the upper portion of the circular
      support path away from the support tray and moves the diametrally opposite
      lower portion of the circular path toward the support tray. This decreases
      the operating stroke.
PAR  In the embodiment of the invention illustrated in FIGS. 6-9 a screening
      tray 110 is connected with the support tray 12a. The screening tray 110 is
      moved up and down by a screening tray drive assembly 122. The screening
      tray drive assembly 122 forms an extension of the drive assembly 18a for
      the support tray 12a. This enables a common drive motor 24a to be utilized
      to drive support tray 12a through forward and return strokes and to move
      the screening tray 110 through up and down strokes. It should be noted
      that the length and frequency of the up and down strokes of the screening
      tray 110 are both maintained constant even though the stroke adjusting
      mechanism is operated to vary the length of the forward and return strokes
      through which the support tray 12a and screening tray 110 are moved. This
      is because the input member 28a is rotated at the same speed by the motor
      24a regardless of the length of the stroke of the support tray 12a.
CLMS
STM  Having described a specific preferred embodiment of the invention, the
      following is claimed:
NUM  1.
PAR  1. An apparatus comprising first reciprocatable material support means
      having a first support surface for supporting material, means for
      reciprocating said first support surface through forward and return
      strokes to move any material disposed on said first support surface,
      second reciprocatable material support means having a second support
      surface for receiving material from said first material support means,
      means for effecting movement of said second support surface through
      forward and return strokes with said first support surface and means for
      reciprocating said second support surface through up and down strokes
      extending transversely to said forward and return strokes at a rate which
      is a direct function of the rate of movement of said first support surface
      through forward and return strokes.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 further including stroke adjusting
      means for varying the length of said forward and return strokes while
      maintaining the length of said up and down strokes substantially constant.
NUM  3.
PAR  3. An apparatus as set forth in claim 1 wherein said means for
      reciprocating said first support surface includes means for reciprocating
      said first support surface at a predetermined stroke rate, said apparatus
      further including stroke adjusting means for varying the length of said
      forward and return strokes while maintaining said predetermined stroke
      rate substantially constant.
NUM  4.
PAR  4. An apparatus as set forth in claim 3 wherein said stroke adjusting means
      is operable to vary the length of said forward and return strokes while
      maintaining the length of said up and down strokes substantially constant.
NUM  5.
PAR  5. An apparatus as set forth in claim 4 wherein said means for moving said
      first support surface through forward and return strokes includes a drive
      member connected with said first support surface, an input member
      rotatable about a central axis, linkage means for connecting said input
      member with said drive member, said stroke adjusting means including means
      for varying the angular relationship of the central axis of said input
      member relative to the path of movement of said first support surface
      through said forward and return strokes to vary the length of said forward
      and return strokes.
NUM  6.
PAR  6. An apparatus as set forth in claim 1 wherein said second support surface
      includes means for defining a plurality of openings through which pieces
      of material of a size less than a predetermined size may pass.
NUM  7.
PAR  7. An apparatus as set forth in claim 1 wherein said means for
      reciprocating said second support surface through up and down strokes is
      effective to move said second support surface at a rate which is greater
      than the rate at which said first support surface is moved through forward
      and return strokes.
NUM  8.
PAR  8. An apparatus comprising first reciprocatable material support means
      having a first support surface for supporting material, means for
      reciprocating said first support surface through forward and return
      strokes to move any material disposed on said first support surface, said
      means for reciprocating said first support surface through forward and
      return strokes includes a first drive member connected with said first
      support surface, means for enabling said first drive member to rotate
      relative to said first support surface and for preventing translational
      movement of said first drive member relative to said first support
      surface, and drive means for rotating said first drive member and
      simultaneously therewith moving said first drive member through forward
      and return strokes, second reciprocatable material support means having a
      second support surface for receiving material from said first material
      support means, means for effecting movement of said second support surface
      through forward and return strokes with said first support surface and
      means for reciprocating said second support surface through up and down
      strokes extending transversely to said forward and return strokes, said
      means for reciprocating said second support surface through up and down
      strokes including means connected with said first drive member and said
      second support surface for moving said second support surface up and down
      relative to said first support surface under the influence of rotational
      forces transmitted from said drive means to said first drive member.
NUM  9.
PAR  9. An apparatus as set forth in claim 8 wherein said means for
      reciprocating said first support surface includes means for reciprocating
      said first support surface at a predetermined stroke rate, said apparatus
      further including stroke adjusting means for varying the length of said
      forward and return strokes while maintaining said predetermined stroke
      rate substantially constant.
NUM  10.
PAR  10. An apparatus as set forth in claim 9 wherein said stroke adjusting
      means is operable to vary the length of said forward and return strokes
      while maintaining the length of said up and down strokes substantially
      constant.
NUM  11.
PAR  11. An apparatus as set forth in claim 10 wherein said means for moving
      said first support surface through forward and return strokes includes a
      drive member connected with said first support surface, an input member
      rotatable about a central axis, linkage means for connecting said input
      member with said drive member, said stroke adjustment means including
      means for varying the angular relationship of the central axis of said
      input member relative to the path of movement of said first support
      surface through said forward and return strokes to vary the length of said
      forward and return strokes.
NUM  12.
PAR  12. An apparatus comprising first reciprocatable material support means
      having a first support surface for supporting material, means for
      reciprocating said first support surface through forward and return
      strokes to move any material disposed on said first support surface, said
      means for reciprocating said first support surface through forward and
      return strokes includes a first drive member connected with said first
      support surface, means for enabling said first drive member to rotate
      relative to said first support surface and for preventing translational
      movement of said first drive member relative to said first support
      surface, and drive means for rotating said first drive member and
      simultaneously therewith moving said first drive member through forward
      and return strokes, second reciprocatable material support means having a
      second support surface for receiving material from said first material
      support means, means for effecting movement of said second support surface
      through forward and return strokes with said first support surface and
      means for reciprocating said second support surface through up and down
      strokes extending transversely to said forward and return strokes, said
      means for reciprocating said second support surface through up and down
      strokes including means connected with said first drive member and said
      second support surface for moving said second support surface up and down
      relative to said first support surface under the influence of rotational
      forces transmitted from said drive means to said first drive member, said
      last mentioned means including a second drive member connected with said
      first drive member and means for rotating said second drive member at a
      speed which varies as a function of variations in the speed of rotation of
      said first drive member.
NUM  13.
PAR  13. An apparatus comprising first reciprocable material support means
      having a first support surface for supporting material, means for
      reciprocating said first support surface through forward and return
      strokes to move any material disposed on said first support surface, said
      means for reciprocating said first support surface through forward and
      return strokes includes a first drive member connected with said first
      support surface, means for enabling said first drive member to rotate
      relative to said first support surface and for preventing translational
      movement of said first drive member relative to said first support
      surface, and drive means for rotating said first drive member and
      simultaneously therewith moving said first drive member through forward
      and return strokes, second reciprocatable material support means having a
      second support surface for receiving material from said first material
      support means, means for effecting movement of said second support surface
      through forward and return strokes with said first support surface and
      means for reciprocating said second support surface through up and down
      strokes extending transversely to said forward and return strokes, and
      means for reciprocating said second support surface through up and down
      strokes including means connected with said first drive member and said
      second support surface for moving said second support surface up and down
      relative to said first support surface under the influence of rotational
      forces transmitted from said drive means to said first drive member, said
      last mentioned means including a second drive member connected with said
      first drive member and means for rotating said second drive member at a
      speed which varies as a function of variations in the speed of rotation of
      said first drive member, said means for rotating said second drive member
      including gear means connected with said first and second drive members
      for effecting rotation of said second drive member at a speed which is
      different than the speed of rotation of said first drive member.
NUM  14.
PAR  14. An apparatus comprising a first support surface, means for supporting
      said first support surface for movement through forward and return strokes
      to move any material disposed on said first support surface, a second
      support surface, means for connecting said second support surface with
      said first support surface to effect movement of said second support
      surface through forward and return strokes with said first support surface
      and for enabling said second support surface to move relative to said
      first support surface through up and down strokes contemporaneously with
      movement of said second support surface through forward and return
      strokes, and drive means for effecting contemporaneous movement of said
      first and second support surfaces through forward and return strokes and
      for simultaneously therewith effecting movement of said second support
      surface relative to said first support surface through up and down
      strokes.
NUM  15.
PAR  15. An apparatus as set forth in claim 14 further including stroke
      adjusting means for varying the length of said forward and return strokes
      of said first and second support surfaces while maintaining the length of
      said up and down strokes of said second surface substantially constant.
NUM  16.
PAR  16. An apparatus as set forth in claim 14 wherein said drive means includes
      a single motor and a drive member which is moved axially under the
      influence of said single motor to effect movement of said first and second
      support surfaces through forward and return strokes and which is rotated
      under the influence of said single motor to effect movement of said second
      support surface through up and down strokes.
NUM  17.
PAR  17. An apparatus as set forth in claim 14 wherein said drive means includes
      a single member which is effective to transmit forces to effect movement
      of said first and second support surfaces through said forward and return
      strokes and to transmit forces to effect movement of said second support
      surface through up and down strokes.
NUM  18.
PAR  18. An apparatus as set forth in claim 14 wherein said drive means includes
      an axially movable and rotatable drive member connected with one of said
      support surfaces, an input member rotatable about a central axis, and
      linkage means for connecting said input member with said drive member,
      said apparatus further including stroke adjusting means for varying the
      angular relationship of the central axis of said input member relative to
      said drive member to vary the length of at least one of the strokes
      through which said second support surface is moved.
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ABST
PAL  This disclosure relates to an apparatus for orienting elongated objects
      each of which is tapered at one end and has a larger end opposite thereto,
      the apparatus including a curved guide surface forming a transition path
      between a pair of conveyors with a gap between the curved guide surface
      and a support through which might pass tapered or larger ends of objects,
      first means for abuttingly contacting the larger ends of the objects to
      deposit the same with the larger ends thereof leading upon the second
      conveyor, means for contacting the tapered ends passing through the gap
      for again depositing the objects with the larger ends leading upon the
      second conveying means, the second conveyor means having movable belts
      diverging toward an exit end thereof, and means adjacent the exit end
      portion against which larger end objects leading on the second conveying
      means are deposited upon third conveying means with the tapered ends
      leading while objects with the tapered ends leading on the second
      conveying means are deposited with the same ends leading on the third
      conveying means.
PARN
PAR  This application is a continuation-in-part application of commonly assigned
      application Ser. No. 273,405 in the name of Paul F. Cover et al. filed
      July 20, 1972, entitled APPARATUS FOR AND METHOD OF ORIENTING ARTICLES
      HAVING AT LEAST ONE TAPERED END, and now U.S. Pat. No. 3,874,498.
PAR  The present invention is specifically directed to apparatus for orienting
      elongated objects which have one tapered end, such as corn whether husked
      or unhusked, butted or unbutted, although the apparatus is equally adapted
      to orient other articles, such as carrots, textile bobbins, etc.
PAR  Though orienting apparatuses for partially tapered or fully tapered
      articles are known, most are acceptable only if the objects to be oriented
      are of exceptionally uniformed contour and condition. Unique problems
      develop when the objects to be oriented are ears of husked or unhusked,
      butted or unbutted corn which are fed to most commerical machinery with
      the tapered ends thereof leading. For example, husked and unhusked ears of
      corn can be fed to conventional huskers, and cutters, respectively, tip
      end or tapered end first which is particularly more desirable in the case
      of cutters to obtain optimum kernel removal per ear of corn. However,
      irrespective of the particular end which is fed to the processing
      machinery various factors must be contended with if corn or similar
      produce are to be properly fed to the processing machinery as, for
      example, variations in diameter, length, taper, etc., depending upon
      growing conditions, seasonal variations, different varieties of the same
      product, mutations, and the like. Even assuming absolute uniformity of
      contour, there is ample variety to create problems simply because of such
      conditions as non-uniformity of field conditions and the usual damage to
      the corn ears between picking and the subsequent transporting, storing,
      conveying and eventual processing.
PAR  In keeping with the foregoing the latter-identified application defines a
      machine which adequately orients corn ears of generally constant and
      uniformed shape, size, form, etc. However, under actual conditions of
      operation it has been found that different lengths of corn, variations in
      the contour there, whether the same are husked or unhusked, whether the
      same are butted or unbutted, or the like have introduced variables into
      the orienting system which without solution could under less than optimum
      conditions preclude a desired high percentage of acceptable orientation.
PAR  It is therefore a primary object of the present invention to provide a
      novel orienting apparatus or machine which though common in structure in
      several aspects to that disclosed in the latter-noted application includes
      improvements which assure that under almost all conditions of the product
      to be oriented optimum orientation will be achieved.
PAR  The present invention includes, as in the machine of the latter-mentioned
      application, a pair of conveyors in side-by-side relationship but at
      different elevations with a curved guiding surface therebetween as well as
      an inclined support with the latter two elements defining a gap through
      which short butt end leading ears may partially pass as might be tip end
      leading ears the improvement comprising means for contactingly guiding the
      butt end leading ears to turn the same and direct or dispose the thus
      guided ears upon a conveyor with the butt end leading, as well as means
      for abutting the tip end of ears to likewise deposit such ears upon the
      second conveyor with the butt ends leading.
PAR  A further object of this invention is to provide a novel machine of the
      type immediately heretofore described wherein the means for contacting the
      butt end leading ears is a curved guide surface which may be adjusted
      relative to the direction of travel of the second conveyor or in a
      direction opposite thereto for accommodating different lengths of corn
      ears.
PAR  Still another object of this invention is to provide a machine of the type
      heretofore described wherein the tip end abutment means is simply a
      variably adjustable plate for likewise accommodating corn ears of
      different lengths.
PAR  A further object of this invention is to provide novel improvements in
      orienting machines of the type described wherein the second conveyor means
      includes a pair of continuous belts having entrance end and exit end
      portions with the adjacent flights of the belts diverging in a direction
      toward the exit end whereby, depending upon the ends leading, will be
      properly oriented and deposited upon a third conveyor.
PAR  A further object of this invention is to provide a novel apparatus of the
      type latter set forth wherein a transition zone is provided between the
      exit end portion of the second conveyor and the third conveyor, the
      transition zone being in the form of an abutment and guide plate disposed
      in generally a vertical plane such that ears traveling butt end first on
      the second conveyor abut the plate and are deposited upon the third
      conveyor with the tapered ends leading whereas cars traveling with the
      tapered ends leading on the second conveyor pivot in the tapered portion
      of the exit end portion of the second conveyor belts and upon contacting
      the guide surface are guided such that the tapered ends lead when
      deposited upon the third conveyor.
DRWD
PAR  With the above and other objects in view that will hereinafter appear, the
      nature of the invention will be more clearly understood by reference to
      the following detailed description, the appended claimed subject matter,
      and the several views illustrated in the accompanying drawings.
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic perspective view of a novel orienting apparatus or
      machine constructed in accordance with this invention and illustrates
      three conveyors with orienting means between or formed as a portion of
      each.
PAR  FIG. 2 is a side elevational view of different types of ears which can be
      successfully oriented by the machine of FIG. 1, and illustrates from top
      to bottom a relatively long husked and butted ear, a relatively short and
      substantially totally tapered husked and butted ear, a husked and unbutted
      ear, and an unhusked and unbutted ear.
PAR  FIG. 3 is a fragmentary schematic top plan view of the orienting machine of
      FIG. 1, and illustrates the manner in which relatively long and relatively
      short ears are oriented between first and second conveyors such that the
      butt ends are leading on the second conveyor.
PAR  FIG. 4 is a view similar to FIG. 3, and illustrates the manner in which a
      relatively small diametered butt end leading ear is oriented to likewise
      lead with its butt end on the second conveyor.
PAR  FIG. 5 is a top plan view along the length of the second conveyor, and
      illustrates the manner in which adjacent runs of a pair of belts diverge
      in a direction toward an exit end portion thereof for orienting purposes.
PAR  FIG. 6 is an enlarged sectional view taken generally along line 6--6 of
      FIG. 3, and more specifically illustrates the manner in which ears or
      similar tapered objects are oriented during the transition between first
      and second conveyors.
PAR  FIG. 7 is a fragmentary top plan view partially in cross-section looking
      downwardly in FIGS. 4 and 6, and details the manner in which small
      diametered butt end leading and tapered end leading objects are oriented
      during the transition between the first and second conveying means.
PAR  FIG. 8 is a fragmentary perspective view of the exit end portion of the
      second conveyor, and illustrates abuttment means in the form of a
      partially curved plate disposed in a vertical plane for augmenting the
      proper transition of ears from the second conveyor upon the third conveyor
      with the tapered ends leading.
PAR  FIG. 9 is a fragmentary sectional view taken generally along line 9--9 of
      FIG. 8, and illustrates the manner in which the abutment means facilitates
      the transition of a tip end leading object from the second conveyor to
      likewise become disposed on the third conveyor with its tip or tapered end
      leading.
DETD
PAR  A novel orienting apparatus or machine constructed in accordance with this
      invention in generally designated by the reference numeral 10 (FIG. 1) and
      includes a chute or like conveyor 11 for conveying a mass of objects, such
      as ears E of corn having tapered or tip ends T and butt ends B of a
      generally non-tapered or generally cylindrical configuration which may be
      shankless or have shanks S (FIG. 2). The ears may be butted, as
      illustrated by the top two ears E in FIG. 2, unbutted or husked as
      indicated by the third ear from the top in FIG. 2, or both unhusked and
      shanked, as illustrated by the lowermost ear in FIG. 2.
PAR  The conveying means 11 is in the form of a conveyor trough of a generally
      U-shaped configuration having a bottom wall 12 and a pair of upstanding
      side walls 13, 14. The bottom wall 12 includes means for singularizing the
      ears E of corn, the singularizing means being generally designated by the
      reference numeral 15 and being formed by an aperture (unnumbered) of a
      generally rectangular shape into which the articles of objects E are
      directed by an adjacent gate 16 upon the vibration of the conveyor 11
      through the energization of the conventional motor 17 whose output shaft
      (unnumbered) is connected to a crank 18 through a eccentric coupled in
      turn conventionally to the conveyor 11. Thus, the eccentric mounting of
      the crank arm 18 imparts reciprocal vibratory motion to the conveyor 11
      resulting in the feed of the objets in the direction of the unnumbered
      arrow associated with the conveyor 11 toward and individually into the
      opening 15 guided thereinto by the gate or deflector 16.
PAR  After each object or ear E of corn passes through the opening 15 it slides
      down a chute 20 which includes a bottom wall and a pair of side walls
      (unnumbered) constructed from relatively flexible metallic material. The
      guides of the chute 20 are suitably welded or otherwise secured to a frame
      F of the machine 10 and direct the ears E upon an upper flight 21 of a
      conveyor 22 journaled about respective drive and idler pulleys 23, 24. The
      drive pulley 23 has its shaft (unnumbered) connected to a drive sprocket
      25 as well as to a sprocket 26 having entrained thereabout a chain 27
      which is in turn entrained about a drive sprocket 28 driven from a
      conventional motor 30 through reduction gearing (unnumbered). Thus, upon
      the energization of the motor 30 the upper flight 21 of the conveyor 22 is
      driven from left-to-right, as viewed in FIG. 1.
PAR  Following the conveyor 22 is another conveyor 32 having an upper flight 31
      which is slightly lower and spaced from the upper flight 21 of the
      conveyor 22 to prevent choking in the manner described in the
      latter-mentioned application. The conveyor 32 is entrained about an idler
      pulley 33 and a drive pulley 34, respectively, and the latter pulley
      includes a shaft (unnumbered) keyed to a sprocket 35 about which is
      entrained a drive chain 36. The drive chain 36 is also entrained about the
      sprocket 25 and thus rotation imparted to the latter drives the upper run
      31 of the conveyor 32 from left-to-right, as viewed in FIG. 1.
PAR  Another conveyor, generally designated by the reference numeral 35, is
      located transversely adjacent to and below the upper flights 21, 31 of the
      conveyors 22, 32, respectively. The conveyor 35 includes a pair of endless
      conveyor belts or tapes 36, 37 which are entrained about respective
      pulleys 38, 39 and 40, 41. The inner runs (unnumbered) of the belts 36, 37
      diverge in a direction away from each other from an entrance end portion
      (unnumbered) of the conveyor 35 adjacent the pulleys 39, 41 toward an exit
      end portion (also unnumbered) adjacent the pulleys 38, 40. The shafts
      (unnumbered) of the pulleys 39, 40 correspond to the pulleys 93, 94 of the
      latter-mentioned application and are suitably coupled for motion toward or
      away from each other upon the rotation of a hand wheel 45 to vary the
      distance between the intermost runs of the conveyor belts 36, 37 at the
      entrance end portion of the conveyor 35, in the manner more particularly
      described in the latter-mentioned application. Suitable sprockets, drive
      belts or chains and gearing, generally designated by the reference numeral
      46 are coupled between a conventional electrical motor 47 and the pulleys
      39, 41 to impart rotation thereto such that the inner runs of the flights
      of the conveyor belts 36, 37 move from right-to-left, as viewed in FIG. 1.
      The pulleys 38, 40 are also carried by shafts which through a mechanism 48
      operated by the rotation of a hand wheel 49 can move the pulleys 38, 40
      relatively toward or away from each other to vary the distance at the exit
      end portion with once again the specific details of the adjusting
      mechanism 48 being generally the same as those depicted in FIGS. 15 and 16
      of the latter-mentioned application.
PAR  A final conveyor 50 directly underlies the conveyor 35 and is suitably
      mounted for rotation upon pulleys (unnumbered) journaled for rotation in
      the frame F. A take-off 51 from the shaft of the motor 30 is coupled to a
      drive pulley (unnumbered) of the conveyor 50 such that its upper flight 52
      moves from left-to-right in FIG. 1. The conveyor 50 may be a chain feed
      device, a flexible conveyor, or any type feed mechanism for directing the
      objects carried upon the upper flight 52 thereof toward and/or into a
      processing machine, such as a corn cutter, a husker, etc.
PAR  Orienting means, generally designated by the reference numeral 60 are
      provided in a transition zone between the upper flight 31 of the conveyor
      32 and the entrance end portion of the conveyor 35. The orienting means 60
      includes a curved guide or guide surface 61 mounted for relative
      adjustment upon the frame F in the manner disclosed in the latter-noted
      application. A steeply inclined plate 62 defines with the curved guide
      plate a gap G (FIG. 6) through which might at least partially pass ears E,
      depending upon the particular end of each ear leading and the particular
      size and shape thereof.
PAR  It has been found that ears with the tip or tapered ends leading on the
      upper flight 31 of the conveyor 32 will pass at least partially through
      the gap G prior to being influenced by the opposite moving direction of
      the conveyor 35 and to assure that such ears are disposed or deposited
      upon the conveyor belts 36, 37 with the butt ends leading abutment means,
      generally designated by the reference numeral 70 are provided to the right
      of the gap, as viewed in FIG. 7, which is upstream of the direction of
      travel of the innermost flights of the conveyor belts 35, 36. The abutment
      means 70 is an angle iron or plate having a pair of arms 71, 72 with the
      arm 71 spanning a portion of the gap G, as is best illustrated in FIG. 6.
      The remaining arms 72 has an elongated slot 73 through which may pass a
      bolt 74 threaded thereupon a nut 75. The bolt 74 passes through an
      aperture in an angle member 76 fixed to the frame F of the machine 10. By
      loosening the nut 75 the abutment means 70 can be shifted to the right or
      to the left as shown in FIG. 7 and fixed in such an adjusted position by
      simply retightening the nut 75. The shifting thus described varies the
      distance of the arms 71 from the gap G and thus accommodates for ears E of
      corn of random lengths to assure that all ears whose tip passes through
      the gap G and contacts the arms 71 of the abutment means 70 will be
      deposited upon the innermost flights of the conveyors 36, 37 for
      right-to-left conveyance thereby, as viewed in FIGS. 1 and 7.
PAR  Second guide means also in the form of an arcuate or curved guide plate or
      surface 80 is positioned generally between the curved guide plate 61 and
      the arm 71 and also projects partially into the gap G (FIG. 6). The curved
      guide plate also includes an elongated slot 81 through which passes a bolt
      82 having threaded thereupon a wing nut 83. The bolt 82 also passes
      through an aperture in a plate 84 secured to the frame F of the machine
      10. The slot 81 permits the plate 80 to be shifted to the left or toward
      the right, as viewed in FIG. 7, to decrease or increase, respectively, the
      distance between the plates 61, 80. This adjustment again accommodates the
      machine for ears of varying lengths. However, generally ears E with the
      butt ends leading on the upper flight 31 of the conveyor 32 will be guided
      by the plate 61 but at times due to a smaller diameter at the larger end
      thereof will partially pass into and through the gap G and in so doing
      will contact the plate 80 and will be guided thereby in the manner
      indicated by the unnumbered headed arrow associated therewith such that
      such shorter ears are deposited with their butt ends leading upon the
      adjacent flights of the conveyor belts 36, 37.
PAR  At times shorter ears, which have their tapered ends leading on the upper
      run 31 of the conveyor 32 may tend simply to roll down the incline 62, as
      indicated by the left hand uppermost ear in FIG. 7 to also be deposited
      upon the upper flights of the conveyors 36, 37.
PAR  Other ears which are leading tapered ends first on the upper run 31 of the
      conveyor 32 and which are guided continually by the guide surface or plate
      61 without entering the gap G are disposed butt end leading upon the
      conveyor 35 in the manner described relative to FIG. 4 in the latter-noted
      application. Likewise, longer and diametrically larger ears of corn which
      are butt end leading on the upper flight 31 of the conveyor 32 rotate
      clockwise, as viewed in FIGS. 1 and 7, as they roll down the incline
      surface 62 and are deposited butt end leading upon the conveyor 35 as
      described relative to FIG. 6 in the latter-mentioned application.
PAR  Unhusked ears E will be oriented by the means 60, 70 and 80 in the same
      manner heretofore described, be they shank or shankless, as will husked by
      unshanked ears of corn. However, unhusked corn has more irregularities
      than husked corn due primarily to the fact that the husk leaves and corn
      silk are still thereon, and therefore the adjustment provided for the
      means 70, 80 is of a more critical nature than might otherwise be the case
      with husked ears. Rarely are husked and unhusked ears oriented
      simultaneously and therefore with proper adjusting of the means 60, 70 and
      80 a comingling of the three uppermost illustrated husked ears and
      variation thereof can be oriented with success by the means 60, 70 and 80,
      as can be the lowermost shanked and unhusked ears of FIG. 2.
PAR  Of course, not all ears E will depart from the means 60, 70, 80 and be
      deposited upon the adjacent flights of the conveyor belts 36, 37 with
      their butt ends leading, as is desired. However, to assure that virtually
      all ears E are deposited upon the conveyor 50 with the tapered ends or
      tips leading further orienting means, generally designated by the
      reference numeral 100 (FIGS. 8 and 9) are provided and in part formed by
      the exit end portion (unnumbered) of the conveyor 35. By adjusting the
      relative distance between the pulleys 38, 40 the gap between the innermost
      runs of the conveyor belts 36, 37 can be varied, as was earlier noted and
      by and large all ears traveling butt first with the conveyor 35 simply
      drop directly downwardly upon the conveyor 32 when the major diameter of
      the ear E can no longer be gripped between the innermost runs of the
      conveyor belts 36, 37. This transfer of the butt leading ears from the
      conveyor 35 to the conveyor 50 occurs in the manner described in the
      latter-noted application relative to the ears P11, P12 of FIG. 5. However,
      should a relatively abnormally large diametered ear traveling butt first
      upon the conveyor 35 not drop therethrough the butt end will be carried by
      momentum against an abutment surface 101 of a plate 102 of the means 100
      (FIG. 9) and at this point the trailing tapered end will have well cleared
      the innermost runs of the belts 36, 37, and upon rebound of the ear from
      against the plate 101 the tip end thereof will be directly downwardly and
      to the right as viewed in FIG. 9 for tip end leading deposited upon the
      conveyor 50.
PAR  Should tip end leading ears approach the pulleys 38, 40 they will tend to
      pivot about a transverse or horizontal axis, in the manner indicated by
      the uppermost illustrated ear in FIG. 9. The tips thereof will be brought
      into contact with a curve portion 103 of the plate 102 and under the
      continued influence of the belts 36, 37 the pivoting action illustrated
      will be continued and augmented driving the tips along the curve surface
      103 in a direction downward and to the right, as viewed in FIG. 9,
      whereupon each ear so originally leading with its tip end on the conveyor
      35 will also lead with its tip end on the upper run 52 of the conveyor 50.
PAR  Depending, of course, upon primarily the length of the ears E the plate 102
      is mounted for adjustment toward and away from the exit end portion
      (unnumbered) of the conveyor 35. The plate 102 is further mounted for
      vertical adjustment to position the curved portion 103 of the plate 102 at
      a desired vertical location, again depending upon the length and other
      characteristics of the ears E. The mounting for the plate 102 consists of
      a bracket 104 vertically slidably adjusted in a slot 105 of another
      bracket 106 and fixed at a desired position by a suitable wing bolt 107.
      The bracket 106 likewise includes a slot 108 through which passes a bolt
      109 threaded in a portion of the frame F. Thus, by tightening or loosening
      the bolts 107 and/or 109 the vertical and horizontal adjustment,
      respectively, of the plate 102 can be effected.
PAR  It is also pointed out that though the lengths of the ears E may vary
      concern must equally be given to the fact that the diameters of the ears E
      are of concern, particularly since in most cases both long and short ears
      with the tip or tapered ends leading will pass through the gap G and abut
      the means 70 to be deposited upon the conveyor 35 with the butt ends
      thereof leading. However, when ears leading butt end first from the
      conveyor 32 pass along the plate 61 toward the progressively opening gap G
      the butt ends will pass through the gap G and contact the plate 80 only
      if, of course, the butts are small enough to enter into and through the
      gap G. Otherwise, such butt end leading ears E which are larger than the
      widest opening of the gap G will simply be oriented in the manner
      heretofore described relative to the earlier-mentioned application.
PAR  In further accordance with this invention the plate 80 may also not only be
      shifted left-to-right and vice versa, as viewed in FIGS. 1 and 7, but the
      plate 80 may also be bent to a different curvature toward or away from the
      plate 61 depending, of course, upon the particular diameters and/or
      lengths of the ears of corn contacting the plate 80 butt end first.
PAR  While preferred forms and arrangements of parts have been shown in
      illustrating the invention, it is to be clearly understood that various
      changes in detail and arrangement of parts may be made without departing
      from the spirit and scope of this disclosure.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for orienting elongated objects of random lengths each of
      which is normally tapered at one end and has a larger end remote from the
      tapered end comprising first means for conveying said objects randomly
      with different ends leading along a first generally horizontal path in a
      first direction, second means for conveying said objects along a second
      generally horizontal path in a second direction opposite and generally
      parallel to said first direction, means between said first and second
      conveying means for orienting said objects such that substantially all
      objects conveyed by said second conveying means have like contoured ends
      leading, said orienting means including means defining a first curved
      guide surface forming a transition path between said first and second
      conveying means for contactingly guiding the tapered ends of objects to
      cause the larger ends of the thus guided objects to be deposited upon said
      second conveying means with the larger ends thereof leading, and said
      orienting means further including means defining a second curved guide
      surface adjacent said second conveying means disposed at least partially
      upstream of the first curved guide surface relative to the direction of
      travel of said second conveying means for contactingly guiding enlarged
      ends of objects which pass beyond said first curved guide surface to cause
      the larger ends of the thus guided objects to be deposited upon said
      second conveying means with the larger ends thereof leading.
NUM  2.
PAR  2. The apparatus as defined in claim 1 including means for supporting said
      objects during the movement thereof between said first and second
      conveying means, a gap between said supporting means and said first curved
      guide surface through which may at least partially pass the larger ends of
      the objects, and said second curved guide surface being disposed adjacent
      said gap for contactingly intercepting objects passing through said gap
      incident to depositing said intercepted objects upon said second conveying
      means with the larger ends thereof leading.
NUM  3.
PAR  3. The apparatus as defined in claim 1 wherein said second curved guide
      surface is a resilient element which upon contact by the larger ends of
      objects will initially deflect and subsequently rebound to impart a
      turning force to said last-mentioned objects to dispose the latter with
      their larger ends leading upon said second conveying means.
NUM  4.
PAR  4. The apparatus as defined in claim 1 including means for selectively
      adjusting the position of said second curved guide surface in the
      direction of the path of travel of said second conveying means and
      opposite thereto.
NUM  5.
PAR  5. The apparatus as defined in claim 2 wherein said supporting means in a
      supporting surface inclined downwardly in a direction from said first
      conveying means toward said second conveying means.
NUM  6.
PAR  6. The apparatus as defined in claim 1 wherein said second curved guide
      surface is a resilient element which upon contact by the larger ends of
      objects will initially deflect and subsequently rebound to impart a
      turning force to said last-mentioned objects to dispose the latter with
      their larger ends leading upon said second conveying means, and said first
      and second conveying means are transversely offset relative to each other
      in side-by-side relationship of different elevations.
NUM  7.
PAR  7. The apparatus as defined in claim 2 wherein said second curved guide
      surface is a resilient element which upon contact by the larger ends of
      objects will initially deflect and subsequently rebound to impart a
      turning force to said last-mentioned objects to dispose the latter with
      their larger ends leading upon said second conveying means.
NUM  8.
PAR  8. The apparatus as defined in claim 2 including means for selectively
      adjusting the position of said second curved guide surface in the
      direction of the path of travel of said second conveying means and
      opposite thereto.
NUM  9.
PAR  9. The apparatus as defined in claim 5 including means for selectively
      adjusting the position of said second curved guide surface in the
      direction of the path of travel of said second conveying means and
      opposite thereto.
NUM  10.
PAR  10. Apparatus for orienting elongated objects of random lengths each of
      which is normally tapered at one end and has a larger end remote from the
      tapered end comprising first means for conveying said objects randomly
      with different ends leading along a first generally horizontal path in a
      first direction, second means for conveying said objects along a second
      generally horizontal path in a second direction opposite and generally
      parallel to said first direction, means between said first and second
      conveying means for orienting said objects such that substantially all
      objects conveyed by said second conveying means have like contoured ends
      leading, said orienting means including means defining a first curved
      guide surface forming a transition path between said first and second
      conveying means for contactingly guiding the tapered ends of objects to
      cause the larger ends of the thus guided objects to be deposited upon said
      second conveying means with the larger ends thereof leading, and said
      orienting means further including abutment means adjacent said second
      conveying means disposed upstream of said first curved guide surface
      relative to the path of travel of said second conveying means for
      abuttingly contacting the tapered ends of objects which pass beyond said
      first curved guide surface to cause the larger ends of the thus contacted
      objects to be deposited upon said second conveying means with the larger
      ends thereof leading.
NUM  11.
PAR  11. The apparatus as defined in claim 10 including means for supporting
      said objects during the movement thereof between said first and second
      conveying means, a gap between said supporting means and said first curved
      guide surface through which may at least partially pass the tapered ends
      of the objects, and said abutment means being disposed adjacent said gap
      for abutting intercepting objects passing through said gap incident to
      depositing said abutted objects upon said second conveying means with the
      larger ends thereof leading.
NUM  12.
PAR  12. The apparatus as defined in claim 10 wherein said orienting means
      further includes means defining a second curved guide surface adjacent
      said second conveying means disposed at least partially upstream of the
      first curved guide surface relative to the path of travel of said second
      conveying means for contactingly guiding the enlarged ends of objects
      which pass beyond said first curved guide surface to cause the larger ends
      of the thus guided objects to be deposited upon said second conveying
      means with the larger ends thereof leading.
NUM  13.
PAR  13. The apparatus as defined in claim 10 including means for selectively
      adjusting the position of said abutment means in the direction of the path
      of travel of said second conveying means and opposite thereto.
NUM  14.
PAR  14. The apparatus as defined in claim 11 wherein said supporting means is a
      supporting surface inclined downwardly in a direction from said first
      conveying means toward said second conveying means.
NUM  15.
PAR  15. The apparatus as defined in claim 11 wherein said second curved guide
      surface is a resilient element which upon contact by the larger ends of
      objects will initially deflect and subsequently rebound to impart a
      turning force to said last-mentioned objects to dispose the latter with
      their larger ends leading upon said second conveying means, and said first
      and second conveying means are transversely offset relative to each other
      in side-by-side relationship of different elevations.
NUM  16.
PAR  16. The apparatus as defined in claim 11 wherein said orienting means
      further includes means defining a second curved guide surface adjacent
      said second conveying means disposed at least partially upstream of the
      first curved guide surface relative to the path of travel of said second
      conveying means for contactingly guiding the enlarged ends of objects
      which pass beyond said first curved guide surface to cause the larger ends
      of the thus guided objects to be deposited upon said second conveying
      means with the larger ends thereof leading.
NUM  17.
PAR  17. The apparatus as defined in claim 16 wherein said supporting means is a
      supporting surface inclined downwardly in a direction from said first
      conveying means toward said second conveying means.
NUM  18.
PAR  18. The apparatus as defined in claim 16 wherein said second curved guide
      surface is a resilient element which upon contact by the larger ends of
      objects will initially deflect and subsequently rebound to impart a
      turning force to said last-mentioned objects to dispose the latter with
      their larger ends leading upon said second conveying means, and said first
      and second conveying means are transversely offset relative to each other
      in side-by-side relationship of different elevations.
NUM  19.
PAR  19. Apparatus for orienting elongated objects each of which is normally
      tapered at one end and has a larger end remote from the tapered end
      comprising first means for conveying said objects randomly with different
      ends leading along a first generally horizontal path in a first direction,
      second means below said first conveying means for conveying said objects
      along a second generally horizontal path in a second direction opposite to
      said first direction, said first conveying means having an entrance end
      portion upon which objects are deposited and an exit end portion from
      which objects are discharged, said first conveying means including a pair
      of laterally spaced movable supports which diverge in a direction toward
      said exit end portion whereby objects moving tapered ends first will pivot
      downwardly and become deposited upon said second conveying means with
      their tapered ends leading, and abutment means at said exit end portion
      against which will abut the larger ends of larger end leading objects on
      said first conveying means for stopping of said last-mentioned objects in
      their movement in said first direction and depositing said last-mentioned
      articles on said second conveying means with the tapered ends thereof
      leading.
NUM  20.
PAR  20. The apparatus as defined in claim 19 wherein said abutment means
      includes a curved surface defining a transition path of travel in a
      generally vertical plane between said exit end portion and said second
      conveying means.
NUM  21.
PAR  21. Apparatus for orienting elongated objects each of which is normally
      tapered at one end and has a larger end remote from the tapered end
      comprising first means for conveying said objects randomly with different
      ends leading along a first generally horizontal path in a first direction,
      second means for conveying said objects along a second generally
      horizontal path in a second direction opposite and generally parallel to
      said first direction, third means for conveying said objects along a third
      generally horizontal path in a third direction opposite to said second
      direction, said second conveying means being disposed above said third
      conveying means, first means between said first and second conveying means
      for orienting said objects such that substantially all objects conveyed by
      said second means along said second path have like contoured ends leading,
      and second means for orienting objects during their transition between
      said second and third conveying means such that those objects with said
      like contoured ends leading during movement by said second conveying means
      are conveyed with their opposite ends leading during movement by said
      third conveying means while objects with their opposite ends leading
      during movement by said second conveying means are also conveyed with
      their opposite ends leading during movement by said third conveying means.
NUM  22.
PAR  22. The apparatus as defined in claim 21 wherein said first orienting means
      includes means defining a first guide surface forming a transition path
      between said first and second conveying means for contactingly guiding the
      tapered ends of objects to cause the larger ends of the thus guided
      objects to be deposited upon said second conveying means with the larger
      ends thereof leading, and said first orienting means further includes
      means defining a second curved guide surface adjacent said second
      conveying means disposed at least partially upstream of the first curved
      guide surface relative to the direction of travel of said second conveying
      means for contactingly guiding the enlarged ends of objects which pass
      beyond said first curved guide surface to cause the larger ends of the
      thus guided objects to be deposited upon said second conveying means with
      the larger ends thereof leading.
NUM  23.
PAR  23. The apparatus as defined in claim 21 wherein said second orienting
      means includes abutment means adjacent said second conveying means
      disposed upstream of said first curved guide surface relative to the path
      of travel of said second conveying means for abuttingly contacting the
      tapered ends of objects which pass beyond said first curved guide surface
      to cause the larger ends of the thus contacted objects to be deposited
      upon said second conveying means with the larger ends thereof leading.
NUM  24.
PAR  24. The apparatus as defined in claim 21 wherein said second conveying
      means has an entrance end portion upon which objects are deposited and an
      exit end portion from which objects are discharged, said second conveying
      means include a pair of laterally spaced movable supports which diverge in
      a direction toward said exit end portion whereby objects moving tapered
      end first will pivot downwardly and become deposited upon said third
      conveying means with their tapered ends leading, said diverging movable
      supports define said second orienting means, and abutment means at said
      exit end portion against which will abut the larger ends of larger end
      leading objects on said second conveying means for stopping of said
      last-mentioned objects in their movement and depositing the same on said
      third conveying means with the tapered ends thereof leading.
NUM  25.
PAR  25. The apparatus as defined in claim 21 wherein said second conveying
      means has an entrance end portion upon which objects are deposited and an
      exit end portion from which objects are discharged, said second conveying
      means include a pair of laterally spaced movable supports which diverge in
      a direction toward said exit end portion whereby objects moving tapered
      ends first will pivot downwardly and become deposited upon said third
      conveying means with their tapered ends leading, said diverging movable
      supports define said second orienting means, abutment means at said exit
      end portion against which will abut the larger ends of larger end leading
      objects on said second conveying means for stopping of said last-mentioned
      objects in their movement and depositing the same on said third conveying
      means with the tapered ends thereof leading, and said abutment means
      includes a curved surface defining a transition path of travel in a
      generally vertical plane between said exit end portion, and said third
      conveying means.
NUM  26.
PAR  26. The apparatus as defined in claim 22 wherein said second orienting
      means includes abutment means adjacent said second conveying means
      disposed upstream of said first curved guide surface relative to the path
      of travel of said second conveying means for abuttingly contacting the
      tapered ends of objects which pass beyond said first curved guide surface
      to cause the larger ends of the thus contacted objects to be deposited
      upon said second conveying means with the larger ends thereof leading.
NUM  27.
PAR  27. The apparatus as defined in claim 22 wherein said second conveying
      means has an entrance end portion upon which objects are deposited and an
      exit end portion from which objects are discharged, said second conveying
      means include a pair of laterally spaced movable supports which diverge in
      a direction toward said exit end portion whereby objects moving tapered
      ends first will pivot downwardly and become deposited upon said third
      conveying means with their tapered ends leading, said diverging movable
      supports define said second orienting means, and abutment means at said
      exit end portion against which will abut the larger ends of larger end
      leading objects on said second conveying means for stopping of said
      last-mentioned objects in their movement and depositing the same on said
      third conveying means with the tapered ends thereof leading.
NUM  28.
PAR  28. The apparatus as defined in claim 22 wherein said second conveying
      means has an entrance end portion upon which objects are deposited and an
      exit end portion from which objects are discharged, said second conveying
      means include a pair of laterally spaced movable supports which diverge in
      a direction toward said exit end portion whereby objects moving tapered
      ends first will pivot downwardly and become deposited upon said third
      conveying means with their tapered ends leading, said diverging movable
      supports define said second orienting means, abutment means at said exit
      end portion against which will abut the larger ends of larger end leading
      objects on said second conveying means for stopping of said last-mentioned
      objects in their movement and depositing the same on said third conveying
      means with the tapered ends thereof leading, and said abutment means
      includes a curved surface defining a transition path of travel in a
      generally vertical plane between said exit end portion and said third
      conveying means.
NUM  29.
PAR  29. The apparatus as defined in claim 22 including means for supporting
      said objects during the movement thereof between said first and second
      conveying means, a gap between said supporting means and said first curved
      guide surface through which may at least partially pass the larger ends of
      the objects, and said second curved guide surface being disposed adjacent
      said gap for contactingly intercepting objects passing through said gap
      incident to depositing said intercepted objects upon said second conveying
      means with the larger ends thereof leading.
NUM  30.
PAR  30. The apparatus as defined in claim 26 including means for supporting
      said objects during the movement thereof between said first and second
      conveying means, a gap between said supporting means and said first curved
      guide surface through which may at least partially pass the larger ends of
      the objects, and said second curved guide surface being disposed adjacent
      said gap for contactingly intercepting objects passing through said gap
      incident to depositing said intercepted objects upon said second conveying
      means with the larger ends thereof leading.
NUM  31.
PAR  31. The apparatus as defined in claim 27 including means for supporting
      said objects during the movement thereof between said first and second
      conveying means, a gap between said supporting means and said first curved
      guide surface through which may at least partially pass the larger ends of
      the objects, and said second curved guide surface being disposed adjacent
      said gap for contactingly intercepting objects passing through said gap
      incident to depositing said intercepted objects upon said second conveying
      means with the larger ends thereof leading.
NUM  32.
PAR  32. The apparatus as defined in claim 28 including means for supporting
      said objects during the movement thereof between said first and second
      conveying means, a gap between said supporting means and said first curved
      guide surface through which may at least partially pass the larger ends of
      the objects, and said second curved guide surface being disposed adjacent
      said gap for contactingly intercepting objects passing through said gap
      incident to depositing said intercepted objects upon said second conveying
      means with the larger ends thereof leading.
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ABST
PAL  A sliding cover safety package including a container having a cover mounted
      thereon for slidable movement between open and closed positions with
      respect to the container. The container and cover are provided with
      locking lugs having a locked position when the cover is closed in which
      the cover is locked against movement from its closed position with respect
      to the container, and an unlocked position when the cover is closed in
      which the cover can slide with respect to the container to its open
      position. The locking lugs are movable between the locked and unlocked
      positions by axial movement of the cover with respect to the container.
      Resilient biasing members is engaged between the container and cover to
      bias the locking lugs to the locked position such that the cover can slide
      from its closed position with respect to the container only after axial
      movement of the cover with respect to the container against the biasing
      members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to safety packages, and is particularly
      concerned with a sliding cover safety package of the type including a
      container with a cover mounted thereon for slidable movement between open
      and closed positions with respect to the container.
PAR  2. Description of the Prior Art
PAR  In order to reduce the number of accidental poisonings resulting from young
      children having access to unsafe medicines, drugs and other potentially
      dangerous substances, considerable effort has been made toward developing
      child-proof safety packaging. To fulfill the criteria of a child-proof
      safety package, a container and cap or cover must be constructed in such a
      manner that the type of manipulation required to open the container to
      gain access to its contents is one that a young child is not capable of
      performing. Examples of prior art safety packages are disclosed in U.S.
      Pat. Nos. 3,344,942; 3,432,065; 3,623,623; 3,753,510; 3,756,445;
      3,819,090; and 3,830,413. The safety packages disclosed in the latter
      patents are of the type wherein a cap must be pushed axially toward the
      container against a biasing force, and then rotated with respect to the
      container in order to remove the cap from the container. It has been found
      that a young child is generally incapable of of performing this type of
      manipulation.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a sliding cover safety package of
      the type wherein a container has a cover mounted thereon for slidable
      movement between open and closed positions with respect to the container.
PAR  A more specific object is to provide a sliding cover safety package wherein
      a cover is mounted on a container for slidable movement between open and
      closed positions, and wherein locking means is provided on the container
      and cover having a locked position when the cover is closed in which the
      cover is locked against movement from its closed position and an unlocked
      position when the cover is closed in which the cover can slide with
      respect to the container to its open position, the locking means being
      movable between the locked and unlocked positions by axial movement of the
      cover with respect to the container and being biased to its locked
      position.
PAR  In carrying out the foregoing, and other objects, a safety package
      according to the present invention includes a container having a cover
      mounted thereon for slidable movement between open and closed positions.
      The container and cover are provided with locking means having locked and
      unlocked positions when the cover is closed. In the locked position, the
      cover is locked against movement from the closed position. The locking
      means is movable between the locked and unlocked positions by axial
      movement of the cover with respect to the container. Resilient biasing
      means is engaged between the container and the cover and biases the
      locking means to the locked position so that the cover can slide from its
      closed position only subsequent to axial movement of the cover wth respect
      to the container against the biasing means.
PAR  The locking means includes a plurality of cover locking elements on the
      cover and container locking elements on the container, the container
      locking elements being disposed in the path of sliding movement of the
      cover locking elements in the locked position. In the unlocked position,
      the container locking elements are axially displaced from the cover
      locking elements and are thus disposed out of the path of movement of the
      cover locking elements to permit sliding movement of the cover. The
      biasing means comprises resilient flexible members integrally formed on
      the cover and engaging the container to biasing the locking means toward
      the locked position. Consequently, in order to move the cover from the
      closed to the open position, the cover must first be pushed axially toward
      the container against the biasing means, and then slidably moved to the
      open position.
PAR  Other objects, advantages and features of the invention will become
      apparent from the following description taken in connection with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a safety package embodying the present invention
      with the cover of the safety package shown in the closed position;
PAR  FIG. 2 is a sectional view taken on lines 2--2 of FIG. 1 with the locking
      means shown in the locked position;
PAR  FIG. 3 is a partial sectional view similar to FIG. 2 showing the locking
      means in the unlocked position;
PAR  FIG. 4 is a sectional view taken on lines 4--4 of FIG. 1;
PAR  FIG. 5 is an elevational view taken on lines 5--5 of FIG. 1 with a portion
      of the cover broken away to illustrate the locking elements in the locked
      position;
PAR  FIG. 6 is a view similar to FIG. 5 with the locking elements shown in the
      unlocked position;
PAR  FIG. 7 is a perspective view of the cover of the safety package of FIG. 1;
      and
PAR  FIG. 8 is a perspective view of the container of the safety package of FIG.
      1.
DETD
PAR  In the drawings, a safety package embodying the present invention includes
      a container designated collectively by reference numeral 4 and a cover
      designated collectively by reference numeral 2. The cover 2 is slidably
      mounted on the container 4 for movement between open and closed positions
      with respect to the container. The cover is illustrated in the closed
      position in FIGS. 1 and 2, an open position being illustrated in phantom
      lines in FIG. 6.
PAR  The cover 2 has a base portion 5 and a pair of side skirt members 6
      depending from the side edges of the base. An end skirt 8 depends from one
      of the end edges of the base 5, as shown in FIGS. 4 and 7. Cover locking
      elements in the form of lugs 10 project inwardly from the inner surface of
      the side skirt members 6. Lugs 10 are integrally formed on the cover 2.
      Lugs 10 are formed on the cover adjacent the right-hand end of the cover
      as viewed in FIGS. 4 and 7. Slide members 12 are formed on the inner
      surface of the side skirt members 6 near the end of the side skirt members
      opposite the locking lugs 10.
PAR  The container 4 includes a bottom wall 14. A pair of side wall members 16
      project upwardly from the side edges of the bottom wall 14. A flange 18
      projects outwardly from the upper edge of each of the side wall members
      16. A container locking lug 20 depends from the flange 18 (FIGS. 4, 6 and
      8) intermediate the ends of flange 18.
PAR  The cover locking elements 10 and container locking elements 20 constitute
      locking means having a locked position illustrated in FIGS. 2, 4 and 5 in
      which the cover is locked against movement from its closed position, and
      an unlocked position illustrated in FIGS. 3 and 6, in which the cover can
      slide with respect to the container to an open position. In the locked
      position, the container locking elements 20 are disposed in the path of
      sliding movement of the cover locking elements 10 to prevent the cover 2
      from sliding toward the left as viewed in FIGS. 4, 5 and 6 to an open
      position. In the unlocked position, the cover locking elements 10 are
      axially displaced beneath the container locking elements 20 so that the
      container locking elements 20 are out of the path of the cover locking
      elements 10 as shown in FIGS. 3 and 6.
PAR  The locking means 10, 20 is biased to the locked position by resilient
      biasing means engaged between the container 4 and cover 2 such that the
      cover can slide from its closed position with respect to the container
      only subsequent to axial movement of the cover toward the container
      against the biasing means. The biasing means comprises a pair of spaced,
      parallel, resilient flexible spring members 22 depending from the base
      portion 5 of the cover and engaging the side wall members 16 at the upper
      edges thereof. Each of the spring members 22 extends substantially the
      length of the base portion 5 in parallel relationship with the side skirt
      members, and each projects downwardly and outwardly from the base portion
      and terminates in a free end overlying and engagable with the upper edge
      of the respective side wall members from which the flange 18 projects. As
      shown in FIGS. 2 and 4, in the closed and locked position of the cover 2
      with respect to the container 4, the spring members 22 bias the cover to
      an axial position with respect to the container in which the cover locking
      lugs 10 and slide members 12 engage the under side of the outwardly
      projecting flanges 18. When the cover is pushed axially toward the
      container 4, as shown in FIGS. 3 and 6, the spring members 22 deflect and
      the cover locking elements 10 and slide members 12 move axially downwardly
      as viewed in the drawing with respect to the container 4 and are displaced
      from the flange 18. In the unlocked position, the cover can slide to the
      left as viewed in FIG. 6 to an open position with respect to the container
      as illustrated in phantom lines in FIG. 6 to permit access to the interior
      of the container.
PAR  In the closed and locked position of the safety package illustrated in
      FIGS. 1, 2, 4 and 5, the cover is resiliently latched against longitudinal
      or sliding movement with respect to the container by interengagable
      latching means on the cover and container. The container 2 is provided
      with end wall members 24 and 26 extending between the side wall members
      16. The interengagable latching means is provided by a rib 28 formed on
      the upper edge of the end wall member 26, and a complementary groove 30
      formed in the base portion 5 of the cover 2 near the edge thereof opposite
      the edge from which the end skirt 8 depends. The rib 28 must be
      resiliently snapped into engagement with the groove 30 since the rib 28
      projects above the plane of the inner surface of the base portion 5 when
      the lugs 10 and slide members 12 are in engagement with the flange 18.
      Consequently, in order to move the cover 2 from the locked position to the
      unlocked position, the cover 2 must be shifted to the left to disengage
      the base portion 5 from the end wall 26 so that the cover can be pushed
      axially toward the container 4 to the position as shown in FIG. 6. Thus,
      in the closed and latched position illustrated in FIG. 4, the cover
      locking lugs 10 are spaced longitudinally from the container locking lugs
      20 a distance y to permit the cover to become unlatched from the container
      by disengaging the groove 30 from the rib 28.
PAR  For assisting in the unlatching movement of the cover with respect to the
      container, a serrated portion 32 is formed on the upper surface of the
      base portion 5 which may be engaged by the thumb of the operator to assist
      in moving the cover to the left as shown in FIG. 4 to disengage the rib 28
      from the groove 30.
PAR  The serrated portion 32 may also be utilized to return the cover to its
      closed position from an open position. In order to prevent overtravel of
      the cover 2 as it slides to the closed position, cooperating stop ribs 34
      and 36 are formed on the end skirt 8 and end wall 24, respectively of the
      cover and container. The stop rib 34 on the end skirt 8 of the cover
      engages the stop rib 36 on the end wall member 24 of the container as the
      cover assumes the closed position with respect to the container.
PAR  An inclined cam surface 40 is formed on each of the container locking lugs
      20 for cooperation with an inclined cam surface 42 on the respective cover
      locking elements 10 to assist in closing the cover.
PAR  Openings 44 and 46 are formed on opposite sides of the base portion of the
      cover (FIG. 7) overlying locking lugs 10 and slide members 12,
      respectively. The sizes of the openings 44 and 46 are such that the upper
      surfaces of the lugs 10 and slide members 12 can be formed during molding,
      by mold elements projecting through the openings.
PAR  While a specific form of the invention as illustrated in the accompanying
      drawings and is described in the foregoing specification, it should be
      understood that the invention is not limited to the exact construction
      shown. To the contrary, various alterations in the construction and
      arrangement of parts, all falling within the scope and spirit of the
      invention, will be apparent to those skilled in the art.
CLMS
STM  The embodiments of the present invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A sliding cover safety package comprising: a container having a cover
      mounted thereon for longitudinal slidable movement in one direction from a
      closed position with respect to said container to an open position, and in
      the opposite direction to return from said open position to said closed
      position; said cover having a base portion and a pair of spaced, parallel
      side skirt members depending therefrom; a cover locking element projecting
      inwardly from each side skirt member near one end thereof; a slide member
      projecting inwardly from each side skirt member near the other end
      thereof; said container having a pair of spaced, parallel side wall
      members received between said side skirt members, and a pair of spaced end
      wall members extending between said side wall members; a flange projecting
      outwardly from the end of each of said side wall members and overlying the
      cover locking member and slide member of the adjacent side skirt member; a
      container locking member depending from each of said flanges intermediate
      the ends thereof; said cover having a closed and locked position with
      respect to said container in which said base portion completely overlies
      the space enclosed by said side wall members and end wall members of said
      container and is spaced from said flanges in a fixed axial position with
      respect thereto, and in which said cover locking elements and slide
      members engage the underneath side of the respective flanges of said
      container with each of said container locking members being located in the
      path of a respective one of the cover locking elements to prevent sliding
      movement of the respective cover locking element along said flange in said
      one direction; cooperating stop elements on said container and cover
      preventing movement of said cover in said opposite direction with respect
      to said container when said cover is in the closed position; said cover
      having an unlocked position in which the space between said base portion
      and said flanges is reduced to displace said slide members and container
      locking elements from the underneath sides of the respective flanges with
      the container locking elements out of the path of movement of the
      respective cover locking elements to permit movement of said cover in said
      one direction with respect to said container; and a pair of spaced
      elongated spring members extending between said container and cover in
      parallel relationship with said side walls; each of said spring members
      being integrally formed on one of said cover and container and having a
      free edge slidably engaging the other of said cover and container to
      resiliently bias said base to said fixed axial position and hence said
      cover to said locked position to permit movement of said cover from said
      closed position only subsequent to deflection of said spring members by
      movement of said base toward said flanges from said fixed axial position.
NUM  2.
PAR  2. A safety package as claimed in claim 1 wherein each of said spring
      members is integrally formed on the base of said cover and depends
      therefrom with its free edge slidably engaging the end of the respective
      side wall of the container.
NUM  3.
PAR  3. A sliding cover safety package as claimed in claim 1 further including
      interengagable latching means formed on said cover and container for
      resiliently latching said cover in a latched position against longitudinal
      movement with respect to said cover from the closed position.
NUM  4.
PAR  4. A sliding cover safety package as claimed in claim 3 wherein said
      latching means is disengagable by slight opening movement of said cover
      against the resilient force of said latching means, and wherein said
      container locking elements are spaced longitudinally from the respective
      container locking elements in the closed and latched position of the cover
      a distance sufficient to permit said slight opening movement of said cover
      before said cover locking elements come into engagement with said
      container locking elements.
NUM  5.
PAR  5. A sliding cover safety package comprising: a container having a cover
      mounted thereon for longitudinal slidable movement in one direction from a
      closed position with respect to said container to an open position, and in
      the opposite direction to return from said open position to said closed
      position; said cover having a base portion and a pair of spaced, parallel
      side skirt members depending therefrom; a cover locking element projecting
      inwardly from each side skirt member near one end thereof; a slide member
      projecting inwardly from each side skirt member near the other end
      thereof; said container having a pair of spaced, parallel side wall
      members received between said side skirt members, and a pair of spaced end
      wall members extending between said side wall members; a flange projecting
      outwardly from the end of each of said side wall members and overlying the
      cover locking member and slide member of the adjacent side skirt member; a
      container locking member depending from each of said flanges intermediate
      the ends thereof; said cover having a closed and locked position with
      respect to said container in which said base portion completely overlies
      the space enclosed by said side wall members and end wall members of said
      container and is spaced from said flanges in a fixed axial position with
      respect thereto, and in which said cover locking elements and slide
      members engage the underneath side of the respective flanges of said
      container with each of said container locking members being located in the
      path of the respective one of the cover locking elements to prevent
      sliding movement of the respective cover locking element along said flange
      in said one direction; an end skirt extending between said side skirts at
      said other ends thereof; cooperating stop ribs formed on said end skirt
      and the adjacent end wall engageable in the closed position of said
      container to prevent movement of said cover in said opposite direction
      with respect to said container when said cover is in the closed position;
      said cover having an unlocked position in which the space between said
      base portion and said flanges is reduced to displace said slide members
      and container locking elements from the underneath sides of the respective
      flanges with the container locking elements out of the path of movement of
      the respective cover locker elements to permit movement of said cover in
      said one direction with respect to said container; a pair of spaced,
      elongated spring members extending between a respective one of the side
      walls of said container and the base of said cover in parallel
      relationship with said side walls; each of said spring members being
      integrally formed on one of said respective side walls and base of said
      cover with a free edge slidably engaging the other of said respective
      container side walls and base of said cover to resiliently bias said base
      to said fixed axial position and hence said cover to said locked position
      to permit movement of said cover from said closed position only subsequent
      to deflection of said spring members by movement of said base toward said
      flanges from said fixed axial position; and interengageable latching means
      formed on said cover and container for resiliently latching said cover in
      a latched position against movement in said one direction with respect to
      said cover from said closed and locked position, said latching means being
      disengageable by slight movement of said cover in said one direction
      against the resilient force of said latching means, said container locking
      elements being spaced longitudinally from the respective cover locking
      elements when the cover is closed and latched with the base portion
      thereof in said fixed axial position to permit the cover to move in said
      one direction a distance sufficient to permit slight opening movement of
      said cover before said cover locking elements come into engagement with
      said container locking elements.
PATN
WKU  039426319
SRC  5
APN  5297036
APT  1
ART  241
APD  19741205
TTL  Multi-unit packaging method and package
ISD  19760309
NCL  6
ECL  4
EXA  Marcus; Stephen
EXP  Dixson, Jr.; William T.
NDR  3
NFG  11
INVT
NAM  Sutherland; Robert L.
CTY  Sloatsburg
STA  NY
INVT
NAM  Naumann; Frederick E.
CTY  Old Tappan
STA  NJ
ASSG
NAM  Federal Paper Board Company, Inc.
CTY  Montvale
STA  NJ
COD  02
CLAS
OCL  206 4412
XCL   53 37
XCL  206154
XCL  206161
XCL  229 51DB
XCL  229 51TS
EDF  2
ICL  B65D  554
ICL  B65D 8136
FSC  229
FSS  40;51 R;51 S;51 D;51 DB;51 TS
FSC  206
FSS  44.12;45.12;145;151;152;154;161
FSC   53
FSS  37;48;49
UREF
PNO  2502561
ISD  19500400
NAM  Ebert
XCL  206 45.12
UREF
PNO  3043490
ISD  19620700
NAM  Burnett
XCL  229 51DB
UREF
PNO  3186545
ISD  19650600
NAM  Courades
XCL  229 40
UREF
PNO  3373867
ISD  19680300
NAM  Wood
XCL  229 40
UREF
PNO  3469766
ISD  19690900
NAM  Nelson
OCL  229 51S
UREF
PNO  3495704
ISD  19700200
NAM  Richards et al.
XCL  229 40
UREF
PNO  3552082
ISD  19710100
NAM  Howard
XCL  229 40
UREF
PNO  3653495
ISD  19720400
NAM  Gray
XCL  229 51TS
UREF
PNO  3669251
ISD  19720600
NAM  Phillips, Jr.
XCL  229 51TS
UREF
PNO  3884348
ISD  19750500
NAM  Ross
OCL  206 45.12
LREP
FR2  Greenawalt; Guy A.
ABST
PAL  A system for supplying to jobbers, in packaged form, quantities of bottled
      or canned beverages, or other products, similarly packaged, which enables
      the jobbers to readily convert the cartons, in which the packaged products
      are shipped, into display cases or trays, by removing portions of the
      shipping containers without disturbing the contents, so as to display and
      provide access to the multi-unit packages, and wherein the multi-unit
      packages are formed by tightly wrapping a cut and scored paperboard blank
      about the top, bottom and sides of an assembly of the bottles or cans
      which wrapper blank is provided with tear lines or areas near the bottom
      on opposite sides of the wrapper which enable the major portion of the
      wrapper to be torn off by an upward pull on top portions of the wrapper
      without the need for access to the sides thereof and which leaves the
      individual bottles or cans undisturbed but accessible for ready removal
      individually.
BSUM
PAR  This invention relates to packaging systems adapted to be employed in the
      marketing multi-unit packaged products, such as, bottled or canned
      beverages or other liquid products in containers having the form of
      bottles or cans and is more particularly concerned with improvements in a
      method and a means for enabling a manufacturer to furnish multi-unit
      packages of a product to jobbers for distribution to smaller outlets in
      the multi-unit packages or as loose single product items, out of one
      inventory.
PAR  In the marketing of a number of packaged products, such as, for example,
      bottled and canned beverages and other liquid products packaged in bottles
      and cans, several different multi-unit packaging systems have been
      developed to satisfy the needs of the manufacturer's customers and the
      desires of the ultimate retail purchaser who is generally the product
      consumer. Most often, the desires or convenience of the retail customer
      have been controlling and the jobber, who stands between the manufacturer
      and the retail outlet, has been forced to tailor his operations to fit his
      customers's desires. The familiar multi-unit bottle or can package,
      generally referred to as the 6-Pak package, which comprises six bottles,
      or cans, tightly enclosed in a wraparound paperboard blank, has been
      developed, in numerous forms, to satisfy the desire of the retail customer
      for a multi-unit package which is readily handled with little risk of
      damage or disassembly while presenting no problem with respect to ready
      removal of the individual units, when desired. However, the problem of the
      jobber in maintaining an adequate inventory or stock of items for
      distribution has been rendered more difficult of solution. It is a general
      object, therefore, of the present invention to provide a method and a
      means for alleviating the jobber's inventory problem while retaining the
      6-Pak idea which the ultimate customer or consumer generally finds most
      convenient.
PAR  It is a more specific object of the invention to provide a packaging system
      for use in marketing bottled or canned products which enables the
      manufacturer or producer of the single item products to supply a jobber
      customer with a plurality of 6-Pak units in a shipping container which is
      convertible into a display unit upon opening, and with the 6-Pak units
      constructed so as to be readily opened by the jobber without removal of
      the units from the shipping container, thereby enabling the jobber to
      supply either the 6-Pak units or individual single packaged units to his
      customers while maintaining minimum inventory.
PAR  A still more specific object of the invention is to provide a packaging
      system for distribution to a jobber, or the like, or multi-unit packages
      of canned or bottled products wherein the multi-unit packages are provided
      for incorporation in a shipping container which is convertible, upon
      opening, into a display unit with open top and front and partially open
      sides, or into a relatively shallow bottom tray, with the multi-unit
      packages having readily separable top and side wrapper portions which may
      be removed without removing the multi-unit packages from the tray-like
      container, thereby providing a multi-unit display of the individual
      package units and ready access for removal of single package units from
      the shipping container.
PAR  Another object of the invention is to provide a packaging system for
      products such as, for example, bottled or canned beverages, wherein a
      plurality of the bottles or cans are arranged in double row, transversely
      aligned pairs, in a wrapper which encircles the bottles or cans at the
      top, bottom and outer sides of the assembly and which has a tear line area
      or strip arrangement extending generally parallel with the bottom and
      spaced a short distance from the bottom in each side wall thereof, which
      tear line area is perforated by interrupted cutting lines of a character
      which enables the top wall and major portions of both side walls to be
      torn off by an upward pull thereon so as to expose the upper and major
      portions of the bottles or cans without the need for access to the side
      walls.
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PAR  These and other objects of the invention will be apparent from a
      consideration of the packaging system and the several package formations
      which are shown by way of illustration in the accompanying drawings
      wherein:
PAR  FIG. 1 is a perspective view of a package which embodies the principal
      features of the invention;
PAR  FIG. 2 is a perspective view of the package of FIG. 1 with a portion of the
      shipping container torn away so as to convert the same to a display tray
      and provide access to the two multi-unit packages enclosed in the outer
      container;
PAR  FIG. 3 is an end elevational view of one of the multi-unit can packages
      which are enclosed in the outer container to form the package of FIG. 1;
PAR  FIG. 4 is a top plan view of the can package of FIG. 3;
PAR  FIG. 5 is a side elevational view of the package of FIG. 3, the end cans
      only being indicated in phanthom line;
PAR  FIG. 6 is a vertical cross sectional view, taken on line 6--6 of FIG. 5,
      with portions broken away and with the cans omitted;
PAR  FIG. 7 is a plan view of a paperboard blank which is cut and scored to form
      the can package of FIG. 3;
PAR  FIG. 8 is a schematic perspective view illustrating the manner in which a
      portion of the wrapper is removed from the one multi-unit package;
PAR  FIG. 9 is a side elevational view of a multi-unit package of a bottled
      product which may be enclosed in the shipping container to form a package
      of the same character as shown in FIG. 1;
PAR  FIG. 10 is a top plan view of the package of FIG. 9; and
PAR  FIG. 11 is a plane view of a paperboard blank which is cut and scored for
      use in forming the package of FIGS. 9 and 10.
DETD
PAR  Referring first to FIGS. 1 and 2, there is illustrated a package unit 10
      adapted to be furnished by the manufacturer to a jobber for distribution
      to the jobber's customers which incorporates the principal features of the
      invention as applied in connection with the marketing of canned products.
      In the form shown, the individual product units 12 may be, for example,
      aerosol cans of the type which may be filled with any one of a large
      number of personal grooming products which are commercially available. The
      individual product units 12 are each part of a six unit package 14 formed
      by wrapping a paperboard blank about a cluster of six cans arranged in
      double row, transversely paired relation and generally referred to as a
      6-Pak, there being two of the multi-unit packages set into the outer
      container 16 which serves as a shipping container.
PAR  The shipping container 16 is preferably formed of a corrugated board of
      suitable weight. It is fabricated to be set up as an open ended tube with
      pairs of closure forming flaps at top and bottom, only the top closure
      flaps 18 being shown in FIG. 1. The container 16 is provided with a
      cutting or tearing line 20 in the front wall forming panel 22, as viewed
      in FIG. 1, which is generally parallel with the bottom edge or corner 23
      and spaced a short distance above the same. The cutting or tearing line
      20, which may be a line of spaced perforations or a marking line for
      cutting with a knife, is extended or continued about the end and back side
      walls, as indicated at 24 in the one end wall 25 which is visible in FIG.
      1. The oppositely disposed ends walls are also provided with a diagonal
      cutting or tearing line, one of which is indicated at 26 in the one end
      wall 25. A cutting or tearing line (not shown) may be indicated at or
      adjacent the top rear edge 27. The indicated cutting or tearing lines in
      the front and back side walls and the diagonal cutting or tearing lines in
      the end walls enable the top and a portion of the side walls to be torn or
      cut away so as to convert the shipping container 16 into the display case
      28 of FIG. 2, with the multi-unit packages 14 remaining in the case but
      visible in part and accessible for removal from the case.
PAR  The multi-unit packages 16 are each formed by folding about a double row of
      transversely aligned cans 12, a wrapper forming rectangular blank 30, of
      paperboard or similar foldable sheet material, which is cut and scored, or
      creased, as shown in FIG. 7 of the drawings and which is tightly drawn
      about the cans while the ends thereof are secured so as to enclose the
      assembly and securely lock the cans in the open ended tubular container
      thus formed.
PAR  The wrapper forming blank 30 is divided by longitudinally spaced,
      transverse, edge forming score lines 32, 33, 34 and 35 into a center top
      wall forming panel 36, adjoining side wall forming panels 37, 38 and
      bottom wall forming and locking panel sections 40 and 42. The side wall
      forming panels 37 and 38 are subdivided by transverse score lines 43 and
      44 which are spaced from the score lines 33 and 34 a sufficient distance
      to provide the package with relatively narrow, inwardly slanted panel
      portions 45 and 46 at the top of the side walls, as shown in FIG. 6, for
      better confining the top portions of the cans. The panel 36 is cut along
      one side on transversely spaced lines 47 each of which have generally
      U-shaped configuration, as shown in FIG. 5, and which extend into the
      panel 45 with the cut out portion forming a bottle separating tab 48
      (FIGS. 3, 5, 6 and 7) adapted to be hinged downwardly about a score line
      50 which coincides with the center line of the panel 36 and which results
      in an aperture with a portion 52 (FIGS. 2 and 6) in the top wall forming
      panel 36 for exposing part of the top of the associated can 12 and a
      portion 53 in the slanted panel 45 in which a portion of the top of the
      associated can is seated when the package is formed so as to lock the same
      against movement in the package. At the other side of the panel 36
      transversely spaced end apertures 54 and center aperture 55 are cut with
      the configuration shown in FIG. 7. The outside or end apertures 54 each
      extend into the adjoining slanted side wall panel portion 46 and serve to
      expose the top portion of the associated can and provide a seat for the
      outside edge of the can top in the same manner as apertures 52, 53. The
      center aperture 55 is confined to the top panel area. A U-shaped cut 56,
      largely in the panel 46 and opening toward the aperture 55, provides a
      center can retaining or locking aperture 57 (FIG. 6) in the side wall
      panel 46 and also a pull tab formation 58. The pull tap 58 provides a
      finger grip for co-operation with outwardly diverging tear lines 60 and
      60', of known construction, which facilitates tearing out the top of the
      package for access to the cans in the normal use of the package. A pair of
      spaced finger receiving apertures is provided by cutting hinged tab
      members 62, 62' on the center line of the panel 36 as shown, for carrying
      the package. The side wall forming panels 37, 38 are each apertured, as
      shown at 63, to expose a side wall portion of the center cans for
      identification, price marking or the like. The side wall panels 37 and 38
      are each provided with a transversely extending tearing line or tearing
      strip formation 64, 64' of identical construction. As shown, each of the
      tear line formations is provided by three closely spaced, parallel lines
      of spaced cuts or slits extending generally parallel to the respective
      bottom edge fold lines 32 and 35. The center line of slits 65 in the
      tearing line formation 64 is arranged relative to the two outside lines
      66, 67 so that the end portion of each slit overlaps the end portions of
      the adjacent pair of slits in the two outside lines 66, 67 thereof. This
      leaves a connecting portion or web of the material between these slit ends
      that must tear in order to provide separation of the tearing line
      formation. The uncut portion, in a vertical sense, shears off when
      sufficient upward pull is exerted on the top panel portion of the wrapper,
      the shearing action normally occurring with the grain of the paperboard in
      the conventional paperboard blank arrangement. The connecting portions
      have sufficient strength to resist separation in the normal handling or
      lifting of the package by gripping the top panel but will separate when
      greater than normal upward pull is exerted with the cans restrained
      against upward movement. This enables the major portion of the wrapper to
      be removed without there being access to the side wall portions thereof.
      The wrapper end panel portions 40, 42 each have a line of apertures 68,
      68' interrupting the bottom edge score lines 32, 35 and extending into the
      side wall and bottom panels for seating therein bottom edge portions of
      the cans to lock them in the package. The panel 42, which may be
      considered the female locking panel, is provided with transversely spaced
      locking apertures for co-operation with primary locking tab formations on
      the inside fold line 73 of the locking panel 74 and the secondary locking
      or latching tabs or fingers 75 spaced along the outside edge of the panel
      74. The panel locking arrangement may be according to the panel locking
      arrangement in U.S. Pat. No. 3,556,386, granted Jan. 19, 1971 to Robert H.
      Ganz to which reference may be had for details thereof not herein
      disclosed.
PAR  The package 16 is formed by wrapping the cut and scored blank 30 about a
      cluster or assembly of six cans 12 arranged in two rows with pairs thereof
      aligned transversely and connecting the bottom wall forming panels 40 and
      42 by manipulating the locking panel 74 so as to engage the primary and
      secondary locking elements 72 and 75 in the co-operating locking apertures
      70, resulting in a package of the familiar 6-Pak type. The resulting
      package 16 may be handled and the contents removed in a conventional
      manner. It also be packaged for shipment in the carton 14 which enables
      the jobber or other customer to remove the top portion of the carton 14 so
      as to provide the display type tray arrangement shown in FIG. 2 or
      alternatively to tear off and remove the major portion of the shipping
      container 14 along the tearing or cutting lines 20, 24 leaving a shallow
      bottom support tray 76 as shown in FIG. 8, and providing easy access to
      the well displayed packages 16. In addition, the major portion of the
      wrapper may be readily removed without removing the packages 16 from
      either the display case 28 or the support tray 76, thus freeing the
      individual cans 12 for removal one by one from the case 28 or tray 76.
      This may be readily and easily accomplished in a convenient manner by
      tearing the top panel 36 open along the tear lines 60, 60' and grasping
      each of the side wall panels 37, 38 in turn along the top margin, which is
      rendered accessible, and exerting an upward pull while restraining the
      cans, as illustrated in FIG. 8. One or both of the packages 16 may, of
      course, be opened without removal from the converted shipping container.
PAR  Referring to FIGS. 9, 10 and 11, there is illustrated a modified multi-unit
      package 80 which is adapted for use in practicing the present invention.
      The package 80 comprises a group or cluster of six bottled product units
      82 which are arranged in double row, transversely aligned pairs and
      enclosed in a wraparound type blank 84 of foldable paperboard or other
      suitable material, which is cut and scored as shown in FIG. 11.
PAR  The wrapper or carton forming blank 84 which is of generally rectangular
      shape is divided by parallel, longitudinally spaced, transverse score
      lines or crease lines, 85, 86, 87 and 88 into a center top wall forming
      panel 90, adjoining side wall forming panels 92, 93 and bottom wall
      forming end panels 94, 95. The top wall forming panel 90 is subdivided by
      parallel, spaced, transverse score lines 96, 97 so as to permit the side
      panel portions 98, 98' between the score lines 96, 86 nad 97, 87 to slant
      outwardly of the center portion of the panel when wrapped about the
      bottles 82. The top wall panel 90 is provided with two lines of
      transversely spaced bottle neck receiving apertures 100 each having the
      configuration shown in FIG. 11, which apertures extend into the side wall
      panels 92 and 93. The score lines 85 and 88 which form the bottom side
      edges of the package are interrupted by transversely spaced bottle heel
      accommodating openings or apertures 102 which are formed by cutting and
      scoring as shown most clearly in FIG. 11. The openings or apertures 102
      extend a short distance into the bottom wall forming end panels 94 and 95
      and a greater distance into the adjoining side wall forming panels 92 and
      93 for receiving the outermost bottom edge portions of the bottles. The
      apertures 102 may be formed in various ways depending upon the
      configuration of the bottles which are enclosed in the wrapper. The one
      end panel 95, which may be considered the female panel, is provided with a
      line of transversely spaced apertures 103 for co-operation with primary
      locking tabs 104 and secondary locking or latching fingers or tabs 105,
      which tabs are spaced along opposite edges of a relatively narrow locking
      panel 106, the latter being divided from the blank end panel 94 by the
      hinge forming crease line 107. The locking or latching arrangement for
      connecting the bottom wall forming panels 94 and 95 may be constructed
      according to the arrangement described in U.S. Pat. No. 3,556,386. The
      side wall forming panels 92 and 93 are provided with tearing lines or
      tearing strip areas 108, 108' of identical construction and each spaced a
      relatively short distance from the bottom edge fold lines 85 and 88 in the
      direction of the center top wall forming panel 90, so that, in the package
      80, as shown in FIG. 9, they are spaced a relatively short distance above
      the bottom wall and in generally parallel relation with the same. The
      tearing lines or tearing strip areas 108, 108', as shown, are formed by
      spaced parallel lines of slits arranged in the same manner as described
      with respect to slits 65, 66 and 67 in the blank of FIG. 7. Two lines of
      the slits with adjacent ends overlapping may be sufficient but the
      illustrated three lines have been found most effective. An opening may be
      provided in one or both of the side wall panels 92 and 93 as shown at 110
      rendering visible a portion of the side wall of the center bottle 82, and
      enabling identification of the product name, or the like.
PAR  The package 80 is formed by assembling the bottles, which, in the form
      shown, are odd shaped, in the sense that they are non-cylindrical, in
      double row, transversely aligned relation, and wrapping the cut and scored
      blank 84 about a group or cluster of six individual bottles and securing
      and locking the bottom wall panels 94, 95 by manipulating the locking
      panel 106 on the male panel 94 so as to engage the primary and secondary
      locking and latching tabs 104, 105 in the co-operating apertures 103 in
      the female panel 95.
PAR  The package 80 is adapted to be enclosed with a like package 80 in an
      outside shipping container 14 which may be opened by removing a portion
      thereof so as to leave the remainder as a display case 28 (FIG. 2) or a
      support tray 76 (FIG. 8). The packages 80 may be readily and easily opened
      by merely exerting an upward pull on the end margins of the top panel 90
      while restraining the end pairs of bottles 82 against upward movement so
      as to cause separation of the top side wall portions along the tearing
      lines or strip areas 108, 108', enabling the top and major portion of the
      wrapper to be removed, without any need for access to the side wall areas
      and without removal of the package from its original position in the
      shipping container. Removal of the major portion of the wrapper, of
      course, provides access to the bottles for ready removal of individual
      bottles from the display case or tray.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of packaging for use in supplying bottled or canned products to
      a distributor which comprises enclosing a group of the individual product
      units, which are arranged in double row, transversely aligned pairs, in a
      wrapper forming blank, which blank is cut and scored to provide a package
      having a top wall, oppositely disposed side walls, and a bottom wall, with
      both side walls of said package having tear strip areas adjacent the
      bottom side edges thereof, which tear strip areas are formed so as to
      resist tearing under normal lifting of the package by grasping the top
      wall while enabling the top portions of both side walls to be torn loose
      by an upward pull which applies an upwardly directed force to the top
      portion of each side wall while upward movement of the product units is
      restrained, and enclosing one or more of the packaged groups in a shipping
      container of the tubular type having bottom and top closure elements and
      having in the peripheral side walls tearing or cutting lines which enable
      the uppermost portion of the container to be readily separated and removed
      from the remainder thereof so as to leave a display tray with the contents
      remaining therein and the top portions thereof exposed for ready removal
      of the entire top portions of the package wrapper, when desired, without
      removal of the package from the tray and without full access to at least
      one of the wrapper covered side walls of the package.
NUM  2.
PAR  2. A method of packaging as set forth in claim 1 which includes providing
      tearing or cutting lines in the side walls of said shipping container
      which are substantially parallel with the bottom edges of said container
      and spaced a short distance above the bottom thereof so as to enable said
      uppermost portion of the container, including top portions of the side
      walls, to be torn away and to leave a bottom tray of relatively shallow
      depth without disturbing the contents.
NUM  3.
PAR  3. A method of packaging as set forth in claim 1 which includes providing
      tearing or cutting lines in the side walls of said tubular shipping
      container which are, in part, parallel with bottom edges of said shipping
      container, and, in part, diagonal, so as to extend, in oppositely disposed
      walls, in an upward direction from one adjoining side wall toward an
      oppositely disposed side wall, whereby to enable said uppermost portion of
      the container to be torn away and to leave a tray formation with a
      relatively low front wall, a much higher back wall and generally
      triangular shaped connecting side walls.
NUM  4.
PAR  4. A package comprising an outer shipping container of generally tubular
      form with top and bottom closure flaps connecting the top and bottom edges
      of peripheral side walls, said side walls having tearing or cutting lines
      which enable the topmost portions of said container to be readily
      separated from the bottommost portions so as to leave an open tray and
      expose the contents, and one or more packages of product units in the form
      of bottles or cans enclosed in said shipping container, which packages
      comprise a group of said product units arranged in a row, or in a double
      row with the product units aligned in pairs transversely, and a wrapper of
      paperboard, or the like, enclosing said product units which wrapper
      provides a top wall, depending side walls and a side wall connecting
      bottom wall, said side walls having tear line formations therein spaced a
      relatively short distance from the bottom wall which resist tearing under
      normal lifting of the package by grasping the top wall but which enable
      the top portions of the wrapper to be torn away by exerting a
      predetermined upward pull on the top portions of said side wall panels
      while restraining the upward movement of the product units.
NUM  5.
PAR  5. A package as set forth in claim 4 wherein said outer shipping container
      has peripheral side walls with tear line formations paralleling the bottom
      wall and spaced a short distance above the bottom wall which enable the
      topmost portion of said container to be torn off, leaving an open top tray
      of relatively shallow depth.
NUM  6.
PAR  6. A package as set forth in claim 4 wherein said outer container has
      peripheral side walls with tearing or cutting line formations which
      extend, in part, parallel with the bottom wall and, in part, extend
      diagonally in oppositely disposed side walls so as to enable the top
      portion of the container to be readily torn away leaving an upwardly open
      tray with a pair of side walls of unequal height and the adjoining side
      walls of generally triangular configuration.
PATN
WKU  039426327
SRC  5
APN  5025052
APT  1
ART  241
APD  19740903
TTL  Jewelry box
ISD  19760309
NCL  13
ECL  11
EXP  Summer; Leonard
NDR  2
NFG  10
INVT
NAM  Witkoff; Robert S.
CTY  Glen Cove
STA  NY
ASSG
NAM  The Alsten Company
CTY  Jersey City
STA  NJ
COD  02
CLAS
OCL  206 452
XCL  206508
XCL  65D 2102
EDF  2
ICL  B65D 2524
FSC  206
FSS  45.2;45.11;508;45.19;76
UREF
PNO  193366
ISD  18770700
NAM  Dreyfus
OCL  206 45.2
UREF
PNO  1324669
ISD  19191200
NAM  Harris
XCL  206 45.19
UREF
PNO  1636387
ISD  19270700
NAM  Peirce
OCL  206 45.2
UREF
PNO  1906822
ISD  19330500
NAM  Shields
OCL  206 76
UREF
PNO  2606708
ISD  19520800
NAM  Irvan
OCL  220356
UREF
PNO  3085839
ISD  19630400
NAM  Gallagher
XCL  206 45.2
UREF
PNO  D140985
ISD  19450400
NAM  Sawyer
UCL  206 45.11
FREF
PNO  930,555
ISD  19470800
CNT  FR
OCL  206508
FREF
PNO  572,551
ISD  19451000
CNT  UK
OCL  206508
LREP
FR2  Felshin; J. B.
ABST
PAL  This jewelry box comprises a case and a cover which can be assembled in
      closed condition to form a cube or rectangular prism. In such condition
      the case has a top forwardly and downwardly slanting top socket carrying a
      forwardly and downwardly slanting pad slit to receive part of a piece of
      jewelry such as a ring. The cover has a downwardly and forwardly slanting
      underside to match the top of the case and pad. In closed condition, with
      the cover on the case, the box is in shape of a cube or rectangular prism.
      The cover can be taken off and fitted to the underside of the case with
      the front of the cover flush with the rear of the case, so that the
      exposed pad at the top of the case slants downwardly and forwardly at a
      greater angle than when the cover is on top of the case, for better
      display of the jewelry.
BSUM
PAR  This invention relates to jewelry boxes.
PAR  An object of this invention is to provide a jewelry box comprising a bottom
      case having a downwardly and forwardly slanting top and a horizontal
      bottom and a cover for the case having a downwardly and forwardly slanting
      underside matching the top of the case, and a horizontal top, so that when
      the cover is on the case in closed condition, the box is in shape of a
      cube or rectangular prism.
PAR  Another object of this invention is to provide a box of the character
      described comprising a case having a downwardly and forwardly slanting
      recess at its upper end receiving a pad slit to receive part of a piece of
      jewelry.
PAR  Yet another object of this invention is to provide a box of the character
      described which is equal in dimension from front to rear and from side to
      side so that the case has a square underside and vertical walls, and the
      cover has a square top wall from which vertical walls extend downwardly.
PAR  Still another object of this invention is to provide a box of the character
      described comprising a case and cover for the case which have frictionally
      interfitting means to hold the case and cover in closed condition or in
      display condition.
PAR  Yet another object of this invention is to provide a box of the character
      described in which the cover can be removed from the top of the case and
      fitted onto the underside of the case.
PAR  A further object of this invention is to provide a box of the character
      described in which the side and end walls (front or rear) of the case and
      cover are flush when the cover is on top of the case to close the box, and
      when the cover is at the underside of the case in display condition of the
      box.
PAR  A still further object of this invention is to provide a strong and durable
      box of the character described which shall be relatively inexpensive to
      manufacture, attractive in appearance, easy to manipulate to closed or
      display positions, and which shall yet be efficient to a high degree.
PAR  Other objects of this invention will in part be obvious and in part
      hereinafter pointed out.
PAR  The invention accordingly consists in the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter described and of which the
      scope of invention will be indicated in the following claims.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a top front perspective view of a box embodying the invention
      shown in closed condition;
PAR  FIG. 2 is a rear bottom perspective view of the box shown in FIG. 1;
PAR  FIG. 3 is a bottom plan view of the case;
PAR  FIG. 4 is a cross-sectional view taken on line 4--4 of FIG. 1;
PAR  FIG. 5 is a side elevational view of the box in display condition with the
      cover turned around from front to rear and fitted onto the underside of
      the case;
PAR  FIG. 6 is a top plan view of the structure shown in FIG. 5;
PAR  FIG. 7 is a front view of the structure shown in FIG. 5;
PAR  FIG. 8 is a bottom plan view of the structure shown in FIG. 5;
PAR  FIG. 9 is cross-sectional view taken on line 9--9 of FIG. 5; and
PAR  FIG. 10 is a cross-sectional view taken on line 10--10 of FIG. 5.
DETD
PAR  Referring now in detail to the drawing, 10 designates a jewelry box such as
      a ring box, embodying the invention and shown in closed condition in FIGS.
      1 and 2 and in display condition in FIGS. 5 to 10. The ring or other
      article of jewelry R can also be displayed by merely removing the cover 11
      from the case 12. In closed condition the assembled box is a rectangular
      prism in shape, specifically a cube.
PAR  The case 12 is preferably molded of rigid plastics. Said case 12 comprises
      a front wall 14, a rear wall 15 parallel to wall 14, and parallel side
      walls 16. When the box is closed, the bottom of the case is in horizontal
      plane and the front, rear and side walls are in vertical planes. The front
      wall extends to a lesser height than the rear wall and the upper ends of
      the side walls slant downwardly and forwardly. The upper ends of the side
      walls and the front and rear walls are indented inwardly to form shoulders
      17 and flanges 18 all around. The lower ends of said front and rear walls
      and said side walls are indented inwardly to form shoulders 19 and flanges
      20 all around.
PAR  The case 12 is also formed with a bottom wall 22 which slants downwardly
      and forwardly in parallel relation to the upper edges of side walls 16 and
      extending from above the lower end of the rear wall 15 down to the lower
      end of front wall 14. Said wall 22 has four substantially square portions
      22a in the four corners of the case. Said four coplanar portions 22a are
      interconnected by downwardly extending, upwardly opening crossing vertical
      channel brace portions 23. Said brace portions 23 each have side walls 23a
      connected by a bottom web 23b. Extending down from the centerlines of the
      webs 23b are ribs 24 for the purpose hereinafter appearing. The ribs 24
      cross one another centrally. The brace portions 23 may meet where they
      cross as at 25. The wall portions 22a are thus inclined upwardly from the
      lower end of the case and form the bottom of a depression or recess 27 in
      the case. Said recess is parallel at its sides, vertical at front and rear
      and slants downwardly and forwardly.
PAR  Inserted into the recess is a pad 28 preferably of soft polyurethane. The
      pad has parallel vertical sides, a vertical front end, a vertical rear end
      and slants downwardly and forwardly at top and bottom to substantially
      fill the recess 27. The pad can be slit transversely as at 29
      perpendicularly to the plane of wall portions 22a and at the ends of slit
      29, as at 30 so that the band of a ring R or any portion of a piece of
      jewelry can be inserted into slit 29 with the head or part of the jewelry
      projecting above the pad for purpose of display.
PAR  The pad 28 may have a tougher layer 31 at the top, and may be glued into
      the recess if desired.
PAR  The cover 11 may also be a plastic rigid moulding. Said cover 11 has a top
      horizontal wall 40, a vertical front wall 41, a vertical rear wall 42, and
      parallel side walls 43. Said side walls 43 have downwardly and forwardly
      slanting lower edges complementary to the top edges of side walls 16 of
      the case. The front wall 41 of the cover is as high as the rear wall 15 of
      the case. The rear wall 42 of the cover is as high as the front wall 14 of
      the case. Thus when the box is in closed condition as shown in FIGS. 1-4,
      the box is a cube. The front and rear walls of the case and cover could be
      of greater or lesser dimension, end to end, than the side walls, in which
      case the box would not be a cube but would still be a rectangular prism.
PAR  The lower edges of walls 41, 42, 43 of the cover are indented outwardly
      from their inner sides to provide outer flanges 45 and inner shoulders 46
      to frictionally interfit with the flanges 18 and shoulders 17 of the case.
PAR  The top wall 40 of the cover is formed with crossing grooves 50 meeting
      centrally. At the underside of top wall 40 of the cover there are crossing
      flat ribs 51. The grooves 50 are aligned with the ribs 51.
PAR  In FIGS. 5 to 10 the box 10 is shown in display condition with the cover
      pried off the case, then turned 180.degree. from front to rear and placed
      underneath the case so that walls 41 and 15 are coplanar or flush, and
      walls 42 and 14 are coplanar or flush. In such position the ribs 24 of the
      case frictionally fit into the grooves 50 of the cover to hold the case
      and cover together. In the display position, the walls 15, 41 slant
      upwardly and forwardly in parallel relation to walls 42, 14. The top
      surface of pad 28 slants, in the display position, at twice the angle of
      the top of the pad in the closed position of the box.
PAR  The walls 15, 42, 16, 43 and 14, 41 may have grooves 60 for decorative
      purposes if desired.
PAR  It will be understood that the ring R or other piece of jewelry may be
      displayed by merely removing the cover from the case.
PAR  Also it will be understood that one closed box 10 may be placed beneath a
      box 10 in display condition (as in FIG. 5) to support the display box in
      raised position.
PAR  It will be noted that in the display position of the box, the shape of the
      bottom of the case (square) is exactly the shape of the top of the cover
      (square) to allow a good interfitting of the case and cover.
PAR  It will thus be seen that there is provided an article in which the several
      objects of this invention are achieved, and which is well adapted to meet
      the conditions of practical use.
PAR  As possible embodiments might be made of the above invention, and as
      various changes might be made in the embodiments above set forth, it is to
      be understood that all matter herein set forth or shown in the
      accompanying drawings, is to be interpreted as illustrative only.
CLMS
STM  I claim:
NUM  1.
PAR  1. A jewelry box comprising a case and a cover, said case, in the closed
      condition of the box, having a downwardly and forwardly slanting top end
      and a horizontal bottom end, said cover being on top of the case and
      having a horizontal top end and a downwardly and forwardly slanting bottom
      end, and said case and cover having vertical coplanar front walls and
      vertical coplanar rear walls, said case having a recess at its top end, a
      pad in the recess of said case, said case and cover having cooperative
      frictionally interfitting means at said top slanting end of the case and
      at the bottom slanting end of said cover, in said closed condition of said
      box, said cover being separable from and removable from said case, and
      said case and cover having cooperative means at said horizontal bottom end
      of the case and at said top horizontal end of the cover to frictionally
      interfit one another, in an open, display condition of the box, with the
      case on the cover and with the top end of the cover contacting the bottom
      end of the case, and with the top of the case exposed, the bottom end of
      the cover in said open display condition of the box, being in a horizontal
      plane, with the contacting top end of the cover and bottom end of the
      case, slanting downwardly and forwardly, with the top end of the case
      slanting downwardly and forwardly at a greater angle than the angle of
      slant of the contacting top end of the cover and bottom end of the case,
      and with the rear wall of the cover and front wall of the case in
      alignment at the front of the box and slanting upwardly and forwardly, and
      with the rear wall of the case and the front wall of the cover in
      alignment at the rear of the box and slanting upwardly and forwardly, and
      said case and cover each having left and right side walls, with the left
      side walls of the case and cover in alignment and vertical, in the closed
      condition of the box and the right side walls of said case and cover also
      being in alignment and vertical in said closed condition of the box, and
      the left side wall of the case being in alignment with the right side wall
      of the cover in said open display condition of said case.
NUM  2.
PAR  2. The combination of claim 1, the front wall of the case being of the same
      height as the rear wall of the cover, and the rear wall of the case being
      of the same height as the front wall of said cover in the closed position
      of the box.
NUM  3.
PAR  3. The combination of claim 1, the side walls of said cover and case being
      of the same depth from front to rear, as the length of said front and rear
      walls, from side to side.
NUM  4.
PAR  4. The combination of claim 1, the front wall of said case being of the
      same height as the rear wall of the cover, and the rear wall of said case
      being of the same height as the front wall of said cover, the side walls
      of said cover and case being of the same depth from front to rear, as the
      length of said front and rear walls, from side to side.
NUM  5.
PAR  5. The combination of claim 1, said recess being formed by a bottom wall in
      said case which slants downwardly and forwardly in parallel spaced
      relation to the upper end of the case.
NUM  6.
PAR  6. The combination of claim 5, said bottom wall of said recess comprising
      coplanar wall portions connected by crossing, brace portions.
NUM  7.
PAR  7. The combination of claim 6, said brace portions being channel shaped and
      opening upwardly.
NUM  8.
PAR  8. The combination of claim 1, said means to frictionally interfit the
      bottom end of the cover with the top end of the case. comprising indented
      walls on said case and cover forming flanges and shoulders, the flanges of
      the case interfitting with the flanges of the cover, and the shoulders of
      the case contacting the shoulders of said cover.
NUM  9.
PAR  9. The combination of claim 8, said cooperative means at said horizontal
      bottom end of said case and at the top end of said cover comprising ribs
      at the underside of said bottom end of said case adapted to frictionally
      interfit with grooves formed in the upper side of the top end of said
      cover.
NUM  10.
PAR  10. The combination of claim 1, said box, in the closed position thereof,
      being cubical in shape, the top of said case, in the display condition of
      the box having twice the angle to the horizontal, than the angle of said
      top of the case in the closed condition of the box.
NUM  11.
PAR  11. A jewelry box comprising a case, a cover separably and removably
      mounted on the case, said case having a downwardly and forwardly slanting
      upper end, said cover having a forwardly and downwardly slanting
      underside, contacting the upper end of said case, said cover having a
      horizontal top, said case having a horizontal bottom, said case and cover
      having coplanar front, rear and side walls, said case having a recess in
      its upper end, a pad in said recess, said pad having a slit to receive
      part of a piece of jewelry, said cover being hollow at its underside, said
      cover and case having frictionally interfitting means at the underside of
      the case and at the upper end of the cover, when the cover is removed from
      top of the case and turned 180.degree. from front to rear, and applied to
      the underside of said case.
NUM  12.
PAR  12. The combination of claim 11, said case having a slanting wall parallel
      to its upper end and forming a bottom for said recess.
NUM  13.
PAR  13. The combination of claim 11, said box, in the closed condition thereof,
      being of cubical shape.
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ABST
PAL  A holder for a book of matches comprised of an enclosure element having a
      back panel and top and bottom retention lips which partially enclose the
      match book. First and second side panels restrict lateral movement of the
      match book to prevent removal of the book by children. The match book
      strike plate is accessible only through an opening in the back panel of
      the enclosure which is covered by a movable guard element. The guard
      element is biased in a closed position by means of a spring mechanism and
      release tab to prevent access to the strike plate by children.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  A special receptacle for combtype match books having ignition and
      removal-prevention devices.
PAR  2. Description of the Prior Art
PAR  Flexible matches which can be ignited by striking the match on a roughened
      surface are available in several forms. A very popular form is the
      relatively inexpensive comb-type booklet wherein a plurality of matches
      are arranged in a side-by-side array and are enclosed by a flexible match
      book cover which is frequently imprinted with advertising matter and the
      like. A strike plate is generally provided at some location on the match
      book cover or back panel for use in igniting the matches after they are
      removed from the book.
PAR  Because match books are generally constructed of flexible material such as
      paper, several match book holders are presently available which are
      primarily intended to be protective devices for holding the match book and
      keeping them dry for easy lighting. These devices frequently include an
      enclosure element, a hinged cover and an unrestricted opening which
      exposes the match book strike plate. One particular device (U.S. Pat. No.
      2,341,856) provides a guard member for covering the strike plate opening.
      Such devices are generally not intended to prevent removal of the match
      book from the holder or striking of the match book by children.
PAR  Many of the presently available match book holders are limited in their
      usefulness by several factors. Because some of these holders totally
      enclose the match book, the advertising and other printed matter on the
      match book cover cannot be displayed. In other instances, the match book
      can be easily removed from the holder which makes it possible for a child
      to remove the match book from the holder and ignite the matches. Further,
      the strike plate of the match book is generally exposed, allowing the
      striking of matches by children. Where a guard element is provided for
      covering the strike plate, it is generally of such a simple design that it
      could be easily manipulated and opened by a child playing with the match
      book holder.
PAR  Because the relatively inexpensive paper match books are generously
      dispensed to the public to promote the advertising material which they
      carry, the match books are frequently available to children where they
      cause damaging fires and injury. As a result, various restrictions on the
      design of match books have been proposed, including proposed regulations
      under the Occupational Safety and Health Act (OSHA). In certain forms,
      such regulations may actually prevent the dispensing and use of the paper
      match book unless suitable packaging of the match book can be provided
      which reduces the likelihood of misuse of the match book by children.
PAC  SUMMARY
PAR  The present invention is a holder for flexible, combtype match books which
      is intended to prevent or reduce the likelihood of misuse of the match
      book by children. The match book holder is comprised of an enclosure
      element which is comprised of a back panel and top and bottom retention
      lips. The retention lips partially surround the top and bottom edges of
      the match book, leaving the advertising material which is typically
      carried on the front cover of a match book exposed.
PAR  A solid side panel attached to one side of the back panel covers one end of
      the enclosure. This prevents the match book from sliding out of the match
      book holder. A second side panel attached to the opposite end of the
      enclosure back panel partially covers the second end of the enclosure.
      This partial covering of one end of the enclosure allows a full book of
      matches to be forcibly inserted past the partial side panel into the
      enclosure, but makes it very difficult to remove the full or partially
      full match book. When all of the matches have been removed from the match
      book, the match book is very flexible and can then be easily removed from
      the enclosure.
PAR  An opening in the back panel of the enclosure exposes a strike plate which
      is carried on the back side of the match book. In an alternative
      embodiment, a permanent strike plate is attached adjacent the back panel
      of the match book enclosure. A guard plate is slidably attached to the
      enclosure back panel and moves from an open position in which the strike
      plate is exposed through the strike plate opening to a closed position
      wherein the opening is covered. A coil spring attached to the guard plate
      and to the enclosure back panel forcibly biases the guard plate to its
      closed position. A grip element attached to the guard plate allows the
      guard plate to be moved against the biasing spring force by finger
      movement by an adult. It is very difficult for a child to overcome the
      biasing force to move the guard plate. This helps prevent striking of a
      match by a child or mentally deficient person who may come into contact
      with the match book holder. Further, a release tab on the enclosure back
      panel prevents movement of the grip element except when the release tab is
      depressed by thumb or finger action.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of the match book holder with a book of
      matches inserted;
PAR  FIG. 2 is a back perspective view of the match book holder of FIG. 1
      showing the strike plate opening and shielding means;
PAR  FIG. 3 is an end view in section of the match book holder shown in FIG. 2
      taken along the line 3--3;
PAR  FIG. 4 is a top detailed view of the match book holder shown in FIG. 2
      taken along the line 4--4;
PAR  FIG. 5 is a detailed perspective view of the strike plate cover element;
PAR  FIG. 6 is a perspective view of a comb-type match book which could be
      retained in the match book holder;
PAR  FIG. 7 is a detailed top sectional view of an alternative match book holder
      design showing a removable strike element;
PAR  FIG. 8 is a detailed perspective view of the removable strike element of
      FIG. 7 showing the adhesive backing strip;
PAR  FIG. 9 is a detailed perspective view of the grip element; and
PAR  FIG. 10 is a detailed axial cross-sectional view taken along the line
      10--10 in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1-10 wherein like numerals refer to like structural
      elements, the match book holder 1 can generally be described as comprising
      an enclosure 2 into which can be inserted a match book 3 and which
      utilizes a shielding apparatus 4 to cover the strike plate, thereby
      preventing children from striking the matches on the strike plate.
PAR  As is shown in detail in FIGS. 1-3, enclosure 2 is comprised of a back
      panel 5 to which is attached a top retaining lip 6 and a bottom retaining
      lip 9. Top retaining lip 6 is constructed of a generally flat rectangular
      top element 8 which is attached to the top edge 14 of back panel 5. In the
      preferred embodiment, top element 8 is generaly perpendicular to back
      panel 5. A front element 7 is attached to the front edge of top element 8
      and extends downwardly and inwardly toward back panel 5. It is the purpose
      of top retaining lip 6, and in particular the front element 7, to
      partially cover over the top edge of match book 3 to hold the match book
      in place in enclosure 2. The manner in which the front element 7 extends
      downwardly and inwardly toward back panel 5 acts to exert a restraining
      compressive force on the top portion of the match book 3. Enclosure 2 and
      other elements can be sized to accommodate a single elongated match book
      (shown), a single "standard" size match book (not shown) or two "standard"
      match books positioned side by side (shown by dotted line in FIG. 1).
PAR  Bottom retaining lip 9 is constructed from a flat generally rectangular
      bottom element 11 which is joined to the bottom edge 19 of back panel 5.
      Bottom element 11 extends outwardly generally perpendicular to back panel
      5. Attached to the front edge of bottom element 11 is a front element 10
      which is generally flat and rectangular and extends upwardly from bottom
      element 11 and outwardly away from back panel 5. It is the purpose of
      bottom retaining lip 9 to partially wrap around the bottom portion of
      match book 3 when it is inserted in enclosure 2 to exert a compressive
      force on the match book to hold it in place within the enclosure. Front
      elements 7 and 10 of retaining lips 6 and 9 are intended to cover only a
      portion of the total height of the enclosure 2 thus leaving an opening 12
      through which advertisement or other printed matter carried on the front
      cover of the match book 3 can be viewed while the match book is retained
      in the holder 1. In addition front element 10 of bottom retaining lip 9 is
      sized so as to allow the cover of match book 3 to be closed by tucking it
      beneath front element 10 or into a portion of match book 3.
PAR  One of the principal purposes of match book holder 1 is to retain a match
      book 3 within enclosure 2 in a forceful manner which reduces the
      likelihood that a child will remove the match book from match book holder
      1 while matches still remain in the match book. The Applicant has found
      that the use of top retaining lip 6 and bottom retaining lip 9 makes it
      very difficult for a child to remove a full or partially full book of
      matches through the opening 12 between the two lips. This purpose is
      partially achieved because top element 8 extends outwardly from back panel
      5 a length which is approximately equal to or slightly less than the
      thickness of the top portion of match book 3. Similarly, bottom element
      extends outwardly from back panel 5 a length equal to or slightly less
      than the thickness of the bottom edge of match book 3. Generally, top
      element 8 will extend outwardly farther than bottom element 11 due to the
      typical shape of a comb-type book of matches. To restrict the lateral
      movement of a book of matches which may be positioned beneath the
      retaining lips 6 and 9, side panels 15 and 20 are provided. Side panel 15
      is attached to one edge of back panel 5 and has a generally triangular
      shape. In the preferred embodiment, side panel 15 extends generally from
      top element 8 to bottom element 11. The front edge 16 of side panel 15 is
      generally coincide with a line drawn through front element 7 and front
      element 10 of the retaining lips. In this manner, side panel 15 almost
      completely encloses the one end of enclosure 2 and prevents the removal of
      match book 3 via that end.
PAR  It is the purpose of the second side panel 20 to only partially enclose the
      side opening 24 of enclosure 2. As is shown in detail in FIG. 1, side
      panel 20 is generally flat and has a back edge 26 which is attached to the
      side edge of back panel 5 opposite side panel 15. Side panel 20 is bounded
      by a top edge 22 which extends outwardly from back panel 5 at a location
      removed from top element 8. Similarly, bottom edge 23 of side panel 20
      extends outwardly from back panel 5 at a position removed from by front
      element 11. The front edge 21 of side panel 20 is generally parallel to
      back panel 5 and extends outwardly from back panel 5 a distance of
      approximately 20% of the distance between back panel 5 and front element
      7. By limiting the size of side panel 20, the applicant has found that it
      is possible to forcibly insert match book 3 into enclosure 2 by moving it
      laterally through the end of enclosure 2 adjacent side panel 20. Once
      match book 3 is in place in enclosure 2, the Applicant has found that it
      is very difficult to remove the match book by sliding it either through
      opening 12 or past side panel 20. When the matches have been removed from
      match book 3, it is relatively easy to remove match book 3 from enclosure
      2. For these reasons, it is very difficult for a child to remove a book of
      matches from enclosure 2 while matches remain in the booklet. This reduces
      the likelihood that the match book would be removed from the protective
      match book holder 1 by a child.
PAR  In addition to providing means for restricting the removal of match book 3
      from match book holder 1, shielding apparatus 4 is provided to protect a
      strike plate 13, which is attached to match book 3. In the preferred
      embodiment, match book holder 1 is intended to be used in conjunction with
      a match book 3 which has a roughened strike plate surface 13 on the back
      panel of the match book (see FIG. 6). To provide access to strike plate
      13, back panel 5 contains a strike window 25. When match book 3 is
      inserted within enclosure 2, it is intended that the strike plate 13 be
      indexed with strike window 25. In the preferred embodiment, strike window
      25 is generally rectangular and positioned near the bottom edge of back
      panel 5. To prevent children from striking matches on the strike plate 13,
      a guard plate 30 is provided which can be slidably moved from a closed
      position wherein strike window 25 is shielded to an open position wherein
      the strike window 25 is open. A spring loaded biasing mechanism is
      provided for maintaining guard plate 30 in its closed position, as will be
      described in detail later.
PAR  Guard plate 30 consists of a generally rectangular cover element 31 which
      covers the strike window 25 when it is in its closed position. Attached to
      cover element 31 is an attachment element 32 which extends upwardly along
      the inside of back panel 5. Guard plate 30 is moved up and down by means
      of a grip element 34. As is shown in detail in FIGS. 2, 4 and 9 grip
      element 34 is positioned on the back surface of back panel 5 generally
      opposite attachment element 32. A slide opening 39 is located generally in
      the center portion of back panel 5 and has a bottom edge 76. Slide opening
      39 is elongated vertically to allow grip element 34 to be moved vertically
      a sufficient height to remove the cover element 31 from strike window 25.
      Grip element 34 is attached to element 32 by means of retaining device 70.
      As is shown in detail in FIG. 5, retaining device 70 is comprised of a
      base element 71 which extends outwardly from attachment element 32, and a
      retaining dowel 72 which protrudes upwardly from top surface 73 of base
      element 71. It is the purpose of retaining device 70 to be insertible in a
      retaining recess 42 located in grip element 34. Referring to FIG. 9,
      retaining recess 42 is a slot cut in the back side of grip element 34 at
      the bottom of spring recess 44. Base element 71 extends through slide
      opening 39 and is positionable within retaining recess 42. This structure
      allows grip element 34 to be easily and securely attached to attachment
      element 32 to allow cover element 31 to move in response to movement of
      grip element 34.
PAR  To forcibly bias guard plate 30 in its closed position so that strike plate
      13 is covered and cannot be utilized by children, a biasing spring 33 is
      attached between back panel 5 and attachment element 32 of guard plate 30.
      To accommodate biasing spring 33, spring 33 is inserted over retaining
      dowel 72 and abuts surface 73. This holds spring 33 securely in place.
      Spring recess 44, having a semi-circular cross section and extending
      vertically, is provided in grip element 34 and is intended to be indexed
      with a spring recess 29 in back panel 5. Thus, one end of biasing spring
      33 rests against surface 73 which is positioned in retaining recess 42 of
      grip element 34. When biasing spring 33 is at its extended or biased
      length, it exerts force upon guard plate 30 to force it into its closed
      position.
PAR  Spring recess 29 is formed in back panel 5 by deforming the surface of back
      panel 5 to form a semi-circular trough. Other means of providing spring
      recess 29 may also be utilized. Spring recess 29 has a generally
      semi-circular cross section and is intended to accommodate the upper
      portion of biasing spring 33. An opening 37 in back panel 5 allows biasing
      spring 33 to be inserted into spring recess 29. A top surface 38 in spring
      recess 29 provides a back stop for biasing spring 33 which allows it to
      exert force on guard plate 30 and urge it into its closed position. To
      restrict the downward movement of grip element 34 in response to the force
      of spring 33, a stop element 36 protrudes outwardly from the surface of
      grip element 34 which abuts back panel 5. It is the purpose of stop
      element 36 to abut against bottom edge 76 of slide opening 39 to restrict
      downward movement.
PAR  While the biasing force of spring 33 is intended to exert sufficient force
      on guard element 30 to prevent a child with relatively weak finger
      strength from moving guard element 30 and exposing the strike plate 13,
      the release tab 50 is also provided to lock guard element 30 in its closed
      position. Referring to FIG. 4, release tab 50 consists of a locking member
      51 which is attached to back panel 5 by means of a connecting strip 53.
      Locking member 51 and connecting strip 53 form a resilient member which in
      its biased position lies generally parallel with back surface 50. In this
      biased position, locking member 51 extends outwardly from the outer
      surface of back panel 5 and is positioned generally above the top surface
      of grip element 34 (see FIG. 2). In the preferred embodiment, locking
      member 51 and connecting strip 53 are formed by partially cutting out a
      portion of back panel 5 forming an opening 54 in which locking member 51
      is positioned. A release button 52 is attached to locking member 51 such
      that when release button 52 is depressed inwardly toward match book 3,
      locking member 51 is moved out of alignment with grip element 34 thereby
      allowing grip element 34 to be moved upwardly. When a match book 3 is
      retained in enclosure 2, the flexible cover of the match book resists the
      inwardly movement of locking member 51 thereby requiring a stronger
      pressure on release button 52 in order for locking member 51 to be moved
      out of alignment with grip element 34. Thus, for a person to fully release
      shielding apparatus 4, he must first depress the release button 52 and
      then move grip element 34 with sufficient finger or thumb force to
      overcome the biasing force of spring 33. By performing this sequence of
      steps, the guard element 30 is removed from opening 25 thereby exposing
      the strike plate 13. Applicant has found that it is very difficult if not
      impossible for a mere child to perform these various steps in proper
      sequence thereby making it highly unlikely that a child could properly
      manipulate shielding apparatus 4 to expose the strike plate 13. This
      feature of the match book holder 1, in combination with the design of
      enclosure 2 which makes it very difficult for a child to remove the entire
      match book 3 from the enclosure provides a match book holder 1 which
      greatly reduces the likelihood that the matches which are contained within
      it will be removed or utilized by a child.
PAR  As is shown is FIGS. 7 and 8, a second embodiment of the present invention
      may incorporate a strike surface 63 which is attached to the back panel 5
      of enclosure 2. Fixed strike plate 63 in effect replaces the function of
      strike plate 13 which is carried on match book 3. To allow guard element
      30 to cover strike surface 63, the strike surface is carried on a strike
      member 62. In this embodiment, strike member 62 is a generally flat
      rectangular element positioned parallel to back panel 5 and supported
      adjacent to back panel 5 by means of side support elements 64. As is shown
      in FIG. 7, support elements 64 are generally perpendicular to back panel 5
      and extend inwardly toward front element 10. This positioning of strike
      member 62 provides an open space 65 into which guard plate 30 can be
      slidably moved and was described in detail earlier. Thus, a strike surface
      63 is always present on the match book holder 1, yet is shielded from use
      by means of shielding apparatus 4 which helps prevent its use by a child.
      In this embodiment, it is not necessary that the match book 3 carry its
      own strike plate although it may. Strike surface 63 may be permanently
      affixed to strike member 62 (not shown) or it may be removably attached to
      strike member 62 by means of an adhesive surface 66 on the back side of
      strike surface 63. As is shown in detail in FIG. 8, strike surface 63
      could incorporate an adhesive surface 66 which is covered by an inert
      covering 67 until it is intended that it be attached to strike member 62.
      In this manner, as strike surface 63 is depleted it may be replaced by a
      new strike surface.
PAR  The operation of the preferred embodiment of match book holder 1 can be
      summarized as follows. A match book 3 is inserted into enclosure 2 and
      beneath each of retaining lips 6 and 9 by forcing one edge of the match
      book past side panel 20 which partially encloses one end of enclosure 2.
      Once the match book 3 has been inserted in enclosure 2, the front cover of
      the match book is exposed to show advertising carried thereon and can be
      easily opened and closed to expose the matches contained within the match
      book. After the match book 3 has been inserted in enclosure 2, the
      structure of enclosure 2 makes it difficult for a child to remove the full
      or partially full match book from the enclosure. After the matches have
      been removed from the match book, it is relatively easy to remove the
      match book from enclosure 2 by merely gripping the front cover of the
      empty book of matches and with a slight pull straight forward through
      opening number 12 the empty match book will come out easily. When matches
      are still in the match book this method will not work since it is the
      matches themselves that keep the match book in the holder. When you pull
      straight forward on a full or partially full book of matches it is
      elements number 7 and number 10 that hold the book of matches on top and
      bottom and element number 5 prevents the matches from bending and coming
      out through opening number 12.
PAR  In order for the intended adult user of the match book holder 1 to ignite a
      match on strike plate 13, or on strike surface 63 attached to back panel
      5, guard plate 30 is moved upwardly by first depressing release button 52
      and by then exerting thumb or finger pressure on grip element 34 to move
      it upwardly. This upward motion moves guard plate 30 from its biased
      position wherein a cover strike window 25 to its open position wherein
      strike plate 30 or strike surface 63 is exposed for use. After the match
      has been struck, grip element 34 and release button 52 are released and
      biasing spring 33 forces guard element 32 into its closed position.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A holder for a book of matches of the type having a strike plate on the
      back panel, the holder being intended to prevent the removal of the match
      book from the holder or the striking by children of matches removed from
      the holder, and comprising:
PA1  a. an enclosure element for retaining a match book, said enclosure having a
      back panel, a top retention lip and a bottom retention lip; said top
      retention lip extending outwardly from the top edge of said back panel and
      thence downwardly toward said bottom retention lip, said bottom retention
      lip extending outwardly from the bottom edge of said back panel and thence
      upwardly toward said top retention lip, said two retention lips forcibly
      restraining a book of matches which may be inserted therebetween with a
      portion of the match book cover surface exposed to display advertising
      carried thereon and to allow the match book cover to be opened for match
      removal;
PA1  b. a first side panel connected to one end of said enclosure, said first
      side panel generally extending outwardly from said back panel between said
      top and bottom retention lips to restrict lateral movement of a book of
      matches which may be positioned beneath said retention lips;
PA1  c. a second side panel connected to a second end of said enclosure opposite
      said first side panel and generally extending outwardly from said back
      panel, said second side panel only partially enclosing the open end space
      bounded by said retention lips and said back panel to restrict free
      lateral movement of a generally full book of matches through said opening
      while allowing a book of matches to be forcibly inserted beneath said top
      and bottom retention lips by partial compression of the match book;
PA1  d. said back panel having a strike plate opening therein intended to be
      indexed with the strike plate carried by a book of matches which may be
      positioned in said enclosure;
PA1  e. finger-actuated shielding means for selectively covering said strike
      plate opening, said shielding means including a guard element which is
      movable from a closed position wherein it covers said opening to an open
      position wherein it is removed from said opening to expose the strike
      plate of a match book which may be positioned within said enclosure
      allowing a match to be struck thereon; and
PA1  f. biasing means for forcibly biasing said guard element into its closed
      position to resist movement of said guard element from the closed position
      by the finger motion of a child.
NUM  2.
PAR  2. The match book holder of claim 1 wherein said biasing means include a
      spring operably attached between said enclosure and said guard element,
      said spring compressible from a normal extended length to a contracted
      length wherein it exerts an axial force to bias said guard element into
      its closed position.
NUM  3.
PAR  3. The match book holder of claim 1 wherein said shielding means include a
      grip element attached to said guard element and protruding through said
      enclosure back panel, said guard element movable from its biased closed
      position to its open position by finger force exerted upon said grip
      element;
NUM  4.
PAR  4. The match book holder of claim 1 and further including a release
      mechanism for restricting movement of said guard element from its biased
      to its open position, said release mechanism comprising:
PA1  a. a locking member positioned adjacent said back panel and movable from a
      biased locking position to an unlocked position, said locking member
      protruding outwardly from said back panel and adjacent said grip element
      to prevent sliding movement of said grip element when said locking member
      is in its biased locked position, said locking member movable to an
      unlocked positioned wherein it is positioned within the outer surface of
      said back panel so as not to restrict movement of said grip element and;
PA1  b. release means attached to said locking member for moving said locking
      member from said biased locked position to said unlocked position in
      response to thumb or finger motion.
NUM  5.
PAR  5. The match book holder of claim 1, including:
PA1  a. a strike plate attached to said back panel and generally indexed with
      said strike opening;
PA1  b. means for attaching said strike plate adjacent said strike opening and
      spaced apart inwardly from said back panel to allow said guard element to
      move between said strike plate and said strike opening as said guard
      element is moved from its biased closed to its open position; and
PA1  c. a strike surface carried by said strike plate, said strike surface
      indexed with said strike opening such that it is exposed through said
      strike opening when said guard element is in its open position and wherein
      said strike surface is covered by said guard element when said guard
      element is in its biased closed position.
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ABST
PAL  Sterilant package comprised of first and second sheets of a gas barrier
      material and an intermediate sheet of paper having a material capable of
      releasing gaseous formaldehyde on heating, the sheets being sealed
      together to define the package, with the paper sheet being in the interior
      of the package. The paper sheet divides the package into two compartments.
BSUM
PAR  This invention relates to a sterilant package, and more particularly a
      package in which articles can be sterilized.
PAR  Packages in which a material can be sterilized have been described in U.S.
      Pat. No. 3,494,726, granted on Feb. 10, 1970 and in U.S. Pat. No.
      3,630,348, granted on Dec. 28, 1971. The present invention is directed to
      an improvement in sterilant packages of the type described in the
      aforementioned U.S. Patents.
PAR  In accordance with the present invention, there is provided a sterilant
      package comprised of two sheets of a gas barrier material and an
      intermediate paper sheet treated with a material capable of releasing
      gaseous formaldehyde on heating. The sheets are sealed together to define
      a sterilant package for receiving an article to be sterilized with the
      paper sheet being in the interior of the package.
PAR  In accordance with a preferred embodiment, the paper sheet forms an
      interior dividing wall thereby defining two separate and distinct
      compartments within the package, each of which can receive an article to
      be sterilized. In accordance with the preferred embodiment, each of the
      sheets of the gas barrier material is sealed at its periphery to opposite
      sides of the paper sheet, whereby articles can be separately removed from
      each of the compartments, without impairing the sterile integrity of the
      other compartment. The gas barrier sheets are preferably sealed to the
      paper sheet in a manner which provides a peelable seal to facilitate
      opening of the compartments.
PAR  The gas barrier sheets may be formed from any one of a wide variety of
      materials which are known to have a low vapor transmission level, such as
      polyethylene, polyesters, polypropylene, etc. The gas barrier sheets are
      preferably transparent, however, other materials, such as foil coated
      paper and various laminations can be used.
PAR  The paper sheet is treated with a material which releases gaseous
      formaldehyde on heating. Such materials are known in the art and
      representative examples of such materials are described in U.S. Pat. No.
      3,630,348.
PAR  The coating material for releasing formaldehyde is preferably a compound
      having at least one --CH.sub.2 --OR group capable of releasing gaseous
      formaldehyde on heating, wherein R is alkyl, preferably lower alkyl (1 to
      6 carbon atoms), and most preferably R is methyl. A particularly preferred
      compound is hexamethoxymethylmelamine. The paper includes a sterilizing
      amount of such a compound, which is generally an amount to provide from
      about 0.1% to about 20%, by weight, of formaldehyde (CH.sub.2 O).
DRWD
PAR  The invention will be further described with respect to the embodiments
      thereof illustrated in the accompanying drawing wherein;
PAR  FIG. 1 is an isometric view of the sheets used in preparing the package of
      the present invention;
PAR  FIG. 2 is a cross section of an embodiment of the package of the present
      invention;
PAR  FIG. 3 is a front view, partially folded, of the package of FIG. 2;
PAR  FIG. 4 is a cross section of another embodiment of the package of the
      present invention;
PAR  FIG. 5 is a front view, partially folded, of the package of FIG. 4; and
PAR  FIG. 6 is a section along 6--6 of FIG. 5.
DETD
PAR  Referring to FIGS. 1-3 of the drawing, there is shown a sterilant package
      formed from a first film or sheet 11, formed of a gas barrier material, a
      second film or sheet 12, formed of a gas barrier material, and an
      intermediate paper sheet 13, which is treated with a material capable of
      releasing gaseous formaldehyde on heating. The sheets 11 and 12 are
      preferably provided with a peelable seal coating on the side to be sealed
      to the paper sheet 13 to maintain sterile integrity. The sealant material
      is such that the package can be opened by peeling without paper
      delamination, and without tearing the sheet. Such materials are well known
      in the art, and the selection of a particular material is well within the
      scope of those skilled in the art.
PAR  The sheet 11 is sealed, on three sides, to one side of the paper sheet 13,
      to define a first compartment 14, with an opening 15 through which an
      article to be sterilized can be inserted. Similarly, sheet 12 is sealed,
      on three sides to the other side of paper sheet 13 to define a second
      compartment 16, having an opening 17 for receiving an article to be
      sterilized. The paper sheet, at the open end of the package, preferably
      extends beyond the sheets 11 and 12 to provide a loading lip 18 for
      inserting the articles to be sterilized. The sheets 11 and 12, at the end
      opposite to the open end of the package, are sealed to the paper sheet 13
      in a manner such that sheets 11 and 12 are provided with peel flaps 21 and
      22, respectively, to facilitate opening of the package. As particularly
      shown, the peel flaps 21 and 22 are provided by sealing sheets 11 and 12
      to sheet 13, inwardly from the peripheral edges at the end opposite to the
      open end.
PAR  Articles to be sterilized are inserted into compartments 14 and 16, and the
      openings 15 and 17 are closed, by sealing the sheets 11 and 12,
      respectively, at the open end, to the paper sheet 13 to provide a hermetic
      seal. A sealed package, containing articles in compartments 14 and 16 is
      illustrated in FIG. 3. The seal lines for the package are schematically
      indicated at 23.
PAR  The package can then be placed in a heated chamber to effect release of
      formaldehyde from the treated paper sheet 13, and thereby sterilize the
      articles in each of the compartments 14 and 16. The released formaldehyde
      is maintained in the compartments as result of the sealed gas barrier
      sheets 11 and 12.
PAR  A sterilized article can be removed from either compartments 14 and 16 by
      peeling one of the sheets 11 or 12 apart from the paper 13. The sheet 11
      or 12 is preferably peeled by use of the peel flaps 21 or 22 respectively.
      As should be apparent, removal of an article from one of the chambers, in
      this manner, does not affect the integrity of the other chamber.
PAR  Another embodiment of the present invention is illustrated in FIGS. 4-6 of
      the drawing. In the embodiment, illustrated in FIGS. 4-6, the package is
      formed with a single compartment 50 by sealing the sheet 11' to the paper
      sheet 13' on all four sides, and sealing the sheet 12', on three sides, to
      provide the compartment 50 with an opening 51 for receiving an article to
      be sterilized. The sheet 11' is sealed at its periphery, on all four
      sides, to paper sheet 13', whereas sheet 12' is sealed at three sides,
      with the side opposite the open side being sealed inwardly from the
      peripheral edge to provide a peel flap 22'.
PAR  As hereinabove described, with respect to the embodiment of the sterilant
      package illustrated in FIGS. 1 and 2, an article to be sterilized is
      inserted into the package through opening 51, and the opening closed by
      sealing the sheet 12' to paper 13' at the open end. The article is then
      sterilized in the package by application of heat, which releases
      formaldehyde from the treated paper sheet 13'.
PAR  The article may be removed from the package by peeling the sheet 11' from
      paper sheet 13', preferably by use of the peel flap 22'.
PAR  The packages of the present invention may be prepared individually or in
      roll form, as known in the art, whereby a package of the present invention
      can be torn from a roll, and an article to be sterilized is inserted into
      the open end thereof, followed by sealing of the package.
PAR  Numerous modifications and variations of the present invention are possible
      in light of the above teachings and, therefore, within the scope of the
      appended claims the invention may be practiced otherwise than as
      particularly described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sterilant package for articles to be sterilized, comprising:
PA1  a first sheet of gas barrier material;
PA1  a second sheet of gas barrier material; and
PA1  a paper sheet, said paper sheet being treated with a material capable of
      releasing gaseous formaldehyde, said first sheet being sealed on three
      sides to a first face of the paper sheet to define a first sterilant
      compartment with a first opening for inserting a first article to be
      sterilized, said second sheet being sealed on three sides to a second face
      of the paper sheet to define a second compartment with a second opening
      for inserting a second article to be sterilized, said first and second
      sheets including a peelable seal coating for sealing a fourth side of each
      of said first and second sheets to the paper sheet to provide sealed first
      and second compartments for the first and second sterilant articles.
NUM  2.
PAR  2. The sterilant package of claim 1 wherein the two compartments each
      contain an article to be sterilized and the first and second sheets are
      each sealed to the paper sheet to seal the two compartments.
NUM  3.
PAR  3. The sterilant package of claim 2 wherein the first and second sheets are
      each sealed to the paper sheet by a peelable seal material.
NUM  4.
PAR  4. The sterilant package of claim 4 wherein the first and second sheets are
      sealed to the paper sheet to provide first and second peel flaps for
      opening the two compartments.
NUM  5.
PAR  5. The sterilant package of claim 1 wherein the first and second sheets are
      sealed to the paper sheet by a peelable seal material.
NUM  6.
PAR  6. The sterilant package of claim 5 wherein the first and second sheets are
      sealed to the paper sheet to provide peel flaps for separately opening
      each of the two compartments.
NUM  7.
PAR  7. The sterilant package of claim 6 wherein the paper sheet is treated with
      hexamethoxymethylmelamine.
NUM  8.
PAR  8. The sterilant package of claim 6 wherein the first and second sheets are
      formed of a transparent material.
NUM  9.
PAR  9. The sterilant package of claim 8 wherein the paper sheet at the openings
      to the two compartments extends beyond the first and second sheets to
      define a loading lip for inserting articles to be sterilized into the two
      compartments.
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ABST
PAL  In order to wrap individual slide-fastener units in plastic display
      envelopes enabling the testing of their sliders without removal from the
      package, a continuous strip of preferably transparent thermoplastic sheet
      material is advanced together with an integral series of such units past a
      cutting station where the units are separated from one another with
      simultaneous severance of the plastic strip. The latter, on approaching
      the cutting station, is folded from opposite sides around the outer edges
      of the carrier bands supporting the interlinked coupling elements of the
      units, the resulting flaps being kept spaced apart by a median gap
      exposing the juxtaposed coupling elements as well as the associated
      slider. The flaps are fastened with light adhesive bonding to opposite
      ends of the stringer tapes cut from the carrier bands.
PARN
PAR  This is a division of application Ser. No. 345,215, filed Mar. 26, 1973,
      now U.S. Pat. No. 3,913,297.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to individually packaged slide-fastener units
      and to a process for packaging such units.
PAC  BACKGROUND OF THE INVENTION
PAR  Slide fasteners of various sizes and colors are generally marketed in units
      each consisting, essentially, of two juxtaposed coupling elements on
      respective carriers (also known as stringer tapes) and a slider engaging
      these elements for alternately interlinking and separating their coupling
      heads. The coupling elements may terminate in individual or joint end
      stops, e.g. a joint bottom stop permanently interconnecting the lower
      extremities of the coupling elements and separate top stops preventing the
      detachment of the slider. The terms "top" and "bottom," as used in this
      connection, identify the starting and stopping positions of the separating
      stroke of the slider and are not necessarily related to the geometrical
      orientation of the fastener.
PAR  It is known, e.g., from commonly owned U.S. Pat. Nos. 3,340,594, 3,353,233
      and 3,353,256, to manufacture an integral series of such fastener units by
      interlinking two complementary fastener chains secured to respective
      carrier bands, forming longitudinally spaced windows in these chains
      between the carrier bands to divide each chain into a row of coupling
      elements, and introducing a respective slider into each window for
      engagement with an adjoining pair of coupling elements. The windows serve
      for separation of the top and bottom stops of successive units; where the
      coupling elements consist of thermoplastic material, these end stops are
      advantageously formed by monolithic fusion of terminal parts of the two
      coupling elements and of a superimposed stiffening foil of like material,
      as disclosed in the above-identified patents and also in commonly owned
      U.S. Pat. No. 3,482,292.
PAR  The conventional method of packaging individual fastener units, obtained by
      severance of an integral series of such units at the aforementioned
      windows, involves separate manufacture of envelopes into which these units
      have to be individually stuffed. Since this procedure is time-consuming
      and correspondingly adds to the cost of the slide fastener, manufacturers
      heretofore frequently elected to dispense with such packaging and to
      suspend the unwrapped fastener units from racks where they would be
      handled by customers and would thus be subject to soiling.
PAC  OBJECTS OF THE INVENTION
PAR  An important object of our present invention is to provide a simple and
      inexpensive process for individually packaging such slide-fastener units.
PAR  A related object if to provide an attractively packaged slide-fastener unit
      which protects the soilable carriers or stringer tapes thereof while
      giving access to the slider so as to let a customer test its operation
      before purchasing.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are realized, pursuant to our present invention, by
      intermittently or continuously advancing the aforedescribed integral
      series of fastener units along a predetermined path together with a strip
      of flexible, preferably thermoplastic sheet material of a sufficient width
      to let marginal portions of that strip project laterally beyond the
      carrier bands that are subsequently cut into stringer tapes. These
      projecting marginal portions are progressively folded about the carrier
      bands with maintenance of a longitudinal gap between confronting edges of
      the folded-over portions, the gap exposing the interconnected coupling
      elements and giving access to their sliders. Thereafter, the carrier bands
      and the strip are jointly severed, together with the integrally fused end
      stops if present, at the windows forming the boundaries between adjoining
      units.
PAR  In this way, an envelope is produced whose rear wall is formed from a
      central strip portion, the envelope further having two transversely spaced
      front flaps constituted by the folded-over marginal portions of the
      original strip. The ends of the envelopes may be releasably fastened to
      the ends of the stringer tapes, as by a light adhesive bond formed between
      these tapes and the front flaps. The strip, or at least the marginal
      portions thereof forming the front flaps, may be transparent to reveal the
      color of the underlying stringer tapes.
PAR  According to another feature of our invention, the otherwise continuous
      rear wall of the envelope is provided near one end, along its centerline,
      with an aperture by which the package may be suspended from a hook, nail
      or the like. A narrow angular slit may extend from this aperture to the
      adjoining end to facilitate the mounting of the package on a supporting
      rod and its subsequent disengagement from that rod; part of the slit is
      advantageously overlain by the front flap to guard against accidental
      detachment. These suspension apertures are therefore preferably produced,
      together with the adjoining slits, at a stage preceding the folding of the
      marginal portions.
PAR  The strip-forming blank of thermoplastic sheet material may be preshaped,
      e.g., by scoring or perforating, to have marked thereon a set of
      longitudinal crease lines along which it is folded about the carrier
      bands. If these bands also consist of thermoplastic material (e.g.
      filaments woven into fabrics), the adhesive bonding of the tape ends at
      the front flaps and/or the rear wall of the associated envelope may be
      performed at elevated temperature and under light pressure during the
      severing step to produce a frangible heat seal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features will now be described in detail with reference
      to the accompanying drawing in which:
PAR  FIG. 1 is a perspective overall view of an integral series of fastener
      units in the process of being enveloped in an accompanying strip of
      transparent thermoplastic sheet material, with associated forming and
      cutting tools indicated diagrammatically;
PAR  FIG. 2 is a similar perspective view of a slide-fastener package obtained
      from the assembly of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken on the line of III -- III of FIG. 2
      but drawn to a larger scale;
PAR  FIG. 4 is an enlarged plan view of a terminal portion of the unit of FIG. 2
      as seen in the direction of arrow IV;
PAR  FIG. 5 is a still further enlarged view of the area V of FIG. 3; and
PAR  FIG. 6 is a fragmentary cross-sectional view taken on the line VI -- VI of
      FIG. 3, also drawn to a larger scale.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 we have shown part of an assembly 7 of an integral series of
      fastener units 1 and of a continuous strip 12 longitudinally coextensive
      therewith, the width of the strip exceeding that of a pair of carrier
      bands 2 forming part of the interconnected fastener units. The series of
      units 1 further includes a pair of complementary fastener chains 3 which
      are interlinked over the entire length thereof, except at points where
      sliders 6 are inserted in the vicinity of split top stops 4 that are
      separated by windows 28 from bottom stops 5 of adjoining units. In the
      region of these top stops 4, but at locations offset from a transverse
      branch 28' (FIG. 6) of each window 28, the sheet 12 is formed with a
      centrally located aperture 23 and an adjoining oblique slit 24 terminating
      at a triangular cutout 24' (FIGS. 4 and 6) in line with branch 28'.
      Cutouts 24' and window branches 28' register with transverse lines 15
      which mark the boundaries between adjoining units 1 to be cut from
      assembly 7 with the aid of a vertically reciprocable blade 20; the latter
      may be ultrasonically vibrated to insure a clean cut.
PAR  Marginal zones 13 of sheet 12, projecting laterally beyond the bands 2, are
      folded around these bands on the approach of a station 17 where a pair of
      heated dies 18 are movable toward each other to clamp the assembly between
      them under a pressure sufficient to maintain the shape of a pair of front
      flaps 9a, 9b formed from the folded-over strip portions 13. The advance of
      the assembly 7, in the direction of arrow 11, may be intermittent and may
      be halted during operation of dies 18 and cutter 20; a further tool, not
      shown, serves to punch the apertures 23 upstream of fixing station 17.
      Together with a substantially continuous central portion 19, underlying
      the bands 2 and the fastener chains 3, these flaps 9a, and 9b form an
      envelope 8 around each unit 1 after severance of such unit along with a
      coextensive strip section from the remainder of the assembly by the
      operation of cutter 20. With continuous advance of the assembly, the
      associated tools may move codirectionally therewith for short distances
      during a working stroke and return upon withdrawal as is well known per
      se.
PAR  The flaps 9a and 9b are spaced apart by a central longitudinal gap 10 whose
      width is sufficient to expose the fastener chains 3 and the sliders 6.
      Thus, the finished package 25 shown in FIGS. 2 and 3 allows the testing of
      the slider which may be moved between top stop 4 and bottom stop 5 over
      the full length of a pair of coupling elements 3' cut from the chains 3.
      The strip 12 may be preshaped to form crease lines 16 (FIG. 5), single or
      in pairs, along the narrow edges 14 of the resulting envelopes 8, thereby
      facilitating the entry of the marginal portions 13 into the shaping and
      fixing station 17 in their folded-over position which they retain upon
      emerging from that station. Guide rails or rollers, not shown, may be
      provided ahead of station 17 to keep the strip initially spread out,
      especially in the region of the punching station forming the apertures 23.
      The integral series of fastener units 1, with end stops 4, 5 and windows
      28, 28' already formed therein, may be continuously delivered (e.g. by an
      apparatus as shown in U.S. Pat. No. 3,353,256) to a point where it is
      juxtaposed with the strip 12 continuously arriving from a supply reel or
      the like.
PAR  The ends of envelope 8 are sealed along transverse seams 26 (FIG. 2), with
      releasable bonding of front flaps 9a and 9b to the underlying stringer
      tapes 2' cut from bands 2. As illustrated in FIG. 6, the formation of the
      seams 26 may coincide with the severing of a package 25 from the assembly
      7 by the tool 20 of the cutting station which for this purpose is provided
      with shoulder 20', 20" bearing through the flaps 9a, 9b, the bands 2 and
      the central strip portion 19 upon a slotted anvil 29 under relatively
      light pressure. The cutting tool 20 may be heated for this purpose,
      especially at its shoulder 20' and 20". If heat sealing is not feasible,
      the bands 2 may be precoated at seams 26 with a suitable bonding agent,
      e.g. by means of an applicator disposed just ahead of station 17.
PAR  As best seen in FIG. 4, the slit 24 interconnecting the aperture 23 and the
      cutout 24' is of angular configuration and has its vertex overlain by the
      front flap 9a. A triangular part 19' of rear wall 19, bounded by the slit
      24, can be resiliently bent back to facilitate the introduction of a
      suspension rod 21 into the aperture 23 even if the end of that rod is not
      accessible. In the same way a selected package 25 can be removed from the
      suspension rod 21 without disturbing other packages hanging on the same
      rod.
PAR  An advertising message 27 or other information may be printed onto either
      or both front flaps 9a, 9b as shown in FIG. 2.
PAR  Since the seams 26 can be easily opened, the envelope 8 can be readily
      detached from the fastener unit 1 and either discarded by the purchaser or
      reused for the packaging of similar goods.
PAR  The interlocking fastener chains 3 are conventionally formed as
      helicoidally coiled or meandering monofilaments with fabric cores 30,
      secured to their supporting stringer tapes 2' by stitching 31 (FIG. 3).
CLMS
STM  We claim:
NUM  1.
PAR  1. A package comprising a slide-fastener unit with juxtaposed coupling
      elements on respective stringer tapes and a slider engaging said coupling
      elements for alternately interlinking and separating same, and an envelope
      of flexible sheet material longitudinally folded about lateral outer edges
      of said stringer tapes, said envelope forming a substantially continuous
      rear wall and two front flaps separated by a longitudinal central gap
      exposing said coupling elements over their entire length and giving access
      to said slider.
NUM  2.
PAR  2. A package as defined in claim 1 wherein said rear wall is provided along
      its centerline with a suspension aperture adjacent one end of said
      envelope, said coupling elements terminating short of said aperture.
NUM  3.
PAR  3. A package as defined in claim 2 wherein said aperture communicates with
      a narrow angular slit opening onto said one end, said slit being partly
      overlain by one of said front flaps.
NUM  4.
PAR  4. A package as defined in claim 2 wherein said coupling elements are
      provided with top and bottom end stops, said aperture being disposed
      between said one end and the adjoining end stop.
NUM  5.
PAR  5. A package as defined in claim 4 wherein said coupling elements consist
      of thermoplastic materials and are integral with said end stops.
NUM  6.
PAR  6. A package as defined in claim 1 wherein said front flaps are detachably
      bonded to said stringer tapes at the ends of said envelope.
NUM  7.
PAR  7. A package as defined in claim 1 wherein said front flaps are
      transparent.
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ABST
PAL  Portable fire-hose composed of a foldable fire-hose and a wrapping sheet
      member provided with at least one fastening member secured to the wrapping
      sheet member so as to tightly wrap the fire-hose in its folded condition.
      The fire-hose is provided with a metallic joint composed of a male member
      rigidly mounted on an end of the fire-hose and a female member rigidly
      mounted on another end of the fire-hose. The fastening member is provided
      with at least one velvet type fastener.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a fire-hose, more particularly a portable
      fire-hose which is convenient to carry by hand in a compact condition and
      easily operable when required for use in fire fighting.
PAR  It is well known that the conventional fire-hose is wrapped upon a reel or
      packaged in a reeled condition when it is not in use, and when it is
      required for use, the reeled fire-hose is carried to the place of the fire
      and unreeled from the reel. Then sections of unreeled fire-hose are joined
      to each other or a fire nozzle is connected to one end of the unreeled
      fire-hose. In the above-mentioned non-use condition, the reeled fire-hose
      occupies a fairly large space and, consequently it is not very easy or
      convenient to carry the reeled fire-hose. Moreover, the fire-hose reeling
      and unreeling operations are troublesome.
PAR  The purpose of the present invention is to provide a portable fire-hose
      which is very easy and convenient to carry to a fire and prepare for fire
      fighting. In the portable fire-hose according to the present invention,
      the fire-hose is provided with a wrapping sheet member secured to an end
      portion thereof so as to tightly wrap the fire-hose in a folded condition.
      To secure the tight wrapping of the fire-hose in a folded condition, a
      fastening member, provided with at least one velvet type fastener, is
      rigidly mounted on the wrapping sheet member. To carry the wrapped
      fire-hose in the folded condition by the wrapping sheet member, a shoulder
      band or portable band is secured to the outside surface of the wrapping
      sheet member.
PAR  As the wrapping sheet member is secured to an end portion of the fire-hose,
      loss of the wrapping sheet member can be prevented when the portable
      fire-hose of the invention is used for a fire. Moreover, the wrapping of
      the fire-hose to a folded condition, or the unwrapping operation of the
      portable fire-hose, can be accomplished very easily and promptly because
      the wrapping is held tight by utilizing the velvet type fastener. In this
      invention, the wrapping sheet material and the fastening member are made
      by non-metallic material such as a plastic material and, therefore,
      corrosion of the wrapping sheet and fastening member is completely
      eliminated. Moreover, in the portable fire-hose of the present invention,
      there are no metallic materials used except for the metallic joint secured
      to both ends of the fire-hose. Consequently, in the operation of fire
      fighting, injury to the operator caused by contact with hard metal can be
      satisfactorily prevented.
PAR  Further objects and characteristic features of the portable fire-hose
      according to the present invention will be hereinafter illustrated in more
      detail with reference to the accompanying drawings.
DRWD
PAC  BRIEF EXPLANATION OF THE INVENTION
PAR  FIG. 1 is a perspective view of a portable fire-hose according to the
      present invention;
PAR  FIG. 2 is a plan view of the portable fire-hose shown in FIG. 1 in opened
      or unwrapped condition;
PAR  FIG. 3 is a schematic cross-sectional side view of a velvet type fastener,
      used for the portable fire-hose shown in FIG. 1, in free condition;
PAR  FIG. 4 is a perspective view of another embodiment of the portable
      fire-hose according to the present invention;
PAR  FIG. 5 is a plan view of the portable fire-hose shown in FIG. 4 in opened
      or unwrapped condition;
PAR  FIG. 6 is a schematic cross-sectional side view of another type of velvet
      type fastener used for the portable fire-hose shown in FIG. 4,
PAR  FIG. 7 is a plan view of a modified portable fire-hose in opened or
      unwrapped condition, according to the present invention.
DETD
PAC  DETAILED ILLUSTRATION OF THE INVENTION
PAR  Referring to FIGS. 1, 2 and 3, an embodiment of a portable fire-hose
      according to the present invention comprises a fire-hose 1 made of
      water-proof woven cloth and a wrapping sheet member 2 secured to an end
      portion of the fire-hose 1. The wrapping sheet member 2 is provided with a
      pair of velvet type fasteners 3 each velvet type fastener 3 comprising a
      female element 3a, having a plurality of loops 4a projected from a base
      sheet thereof, and a male element 3b having a plurality of mushroom shaped
      projections 4b vertically projected from a base sheet thereof. The base
      sheet of the female element 3a is secured to an edge portion of the
      wrapping sheet member 2 on the face side thereof, which is on the side
      facing the fire-hose 1; while the base sheet of the male element 3b is
      secured to an opposite edge portion of the wrapping sheet member 2 on the
      back side thereof at a particular position where the mushroom shaped
      projections 4b of the male element 3b are capable of engaging with the
      loops 4 a of the female element 3a when the wrapping sheet member 2 is
      tightly wrapped around the fire-hose 1 when the fire-hose 1 is in a folded
      condition. In this embodiment, two separate fastening elements are
      utilized, however, a single fastening element can be used instead of two
      fastening elements, if the lateral length thereof is sufficiently large to
      engage the edge portions of the wrapping sheet member tightly. In the
      above-mentioned illustration, the term "lateral" means a direction along
      the fire-hose 1. It is important to realize that, in this embodiment, the
      intervening distance on the wrapping sheet member 1 in opened condition
      between the above-mentioned male element and female element must be such
      as to allow the wrapping of the wrapping sheet member about the fire-hose
      in folded condition. However, as the above-mentioned wrapping is tightly
      maintained by the engagement of the female element 3a with the male
      element 3b of the fastening member, there is a certain amount of allowance
      in the above-mentioned intervening distance. According to this allowance,
      even if the mass of the fire-hose 1 in folded condition is varied a little
      according to the swelling of the textile material of the fire-hose, the
      tightly wrapped condition of the wrapping sheet member 2 can be
      satisfactorily maintained in the desired condition. This is one of the
      preferable characteristic features of the present invention. In this
      embodiment, a portable band 5a is secured to an outside portion of the
      wrapping sheet member 2 as shown in FIGS. 1 and 2. Therefore, it is very
      convenient to carry the fire-hose, wrapped by the wrapping sheet member 2
      in folded condition, by the portable band 5a. The fire-hose 1 is provided
      with a joint comprising a male joint member 6a rigidly mounted on an end
      thereof, and a female joint member 6b rigidly mounted on the other end
      thereof.
PAR  When its use is required, the portable fire-hose 1 shown in FIG. 1 is
      carried by the portable band 5a to a fire and the wrapping of the sheet
      member 2, held by the velvet type fastener, is released. Then a plurality
      of fire-hoses 1 are joined by engaging the male joint or hose coupling of
      a fire-hose 1 with a female joint or hose coupling of another fire-hose 1,
      or a fire nozzle (not shown) is joined to one of the joints 6a or 6b of
      the fire-hose 1. The above-mentioned preparing operations of the portable
      fire-hose for fire fighting can be carried out very quickly without any
      trouble, because of the easily detachable engagement of the male element
      3b with the female element 3a of the fastening member.
PAR  As the above-mentioned fastening member is secured to the wrapping sheet
      member 2, its loss can be prevented during the fire fighting. Moreover,
      after completion of the fire fighting, the fire-hose 1 can be easily
      packaged because of the easy folding operation thereof, the allowable
      change of the engaging position of the female element 3a with the male
      element 3b of the fastening member, and the easily accomplished tight
      engagement of the female element 3a with the male element 3b of the
      fastening member.
PAR  In the above-mentioned embodiment, the fastening member is mainly made of
      plastic material and metallic materials are not utilized for the present
      portable fire-hose except for the metallic joints rigidly mounted on the
      ends of the fire-hose. Consequently, there is not a serious problem of
      personal injury caused by contact with hard metal during the utilizing
      operation. Further, even if the above-mentioned wrapping sheet member 2,
      female element 3a, male element 3b and handle 5 are stamped, these
      elements or members are still maintained in good condition without any
      damage caused by inflexibility.
PAR  Further, there is no trouble caused by rust of metallic elements, because,
      in this embodiment, the only metallic material used is for the joints
      mounted on each end of the hose.
PAR  The portable fire-hose 1, according to the present invention shown in FIG.
      1, can be tightly folded in compact condition. Consequently, it is very
      convenient to carry it by the handle 5.
PAR  Another preferable embodiment of the portable fire-hose according to the
      present invention is shown in FIGS. 4, 5 and 6. For the sake of
      convenience of explanation, component elements having the identical
      function as the elements of the above-mentioned first embodiment are
      represented by the same reference numerals and explanations thereof are
      omitted.
PAR  Referring to FIGS. 4, 5 and 6, another embodiment of the portable fire-hose
      according to the present invention is provided with the wrapping sheet
      member 2 again secured to an end portion of the fire-hose 1. A pair of
      fastening belts 7 are partly secured to the outside surface of the
      wrapping sheet member 2 in parallel condition as shown in FIG. 5. For the
      purpose of fastening the wrapping sheet member 2, when the fire-hose 1 in
      folded condition is wrapped by the sheet member 2, these belts are
      arranged at right angles to the longitudinal axis of the fire-hose 1. Each
      fastening belt 7 is provided with a looped guide member 8 held by a free
      end thereof. A velvet type fastener is secured to the other free end
      portion of the fastening belt 7 in such a way that either the female
      element 3a or male element 3b (hereinafter referred to as a first element)
      of said velvet type fastener is secured to the outside surface of the belt
      7 at a position inside from an edge of the wrapping sheet member 2; while
      the other element 3b or 3a (hereinafter referred to as a second element)
      of the velvet type fastener is secured to the outside surface of the belt
      7 at a position outside the position of the first element. The relative
      disposition of the female element 3a and the male element 3b on the belt 7
      is selected so as to permit the following operation. When the fire-hose in
      folded condition is wrapped by the wrapping sheet member 2, the free end
      of the belt 7 is inserted into the looped guide 8 and turned back; next,
      the free end of the belt 7 is pulled (downward in FIG. 4) so as to fasten
      the belt 7 by engaging both elements of the velvet type fastener. In FIG.
      4 the belt 7 on the left shows a condition of engagement of both elements
      while the belt 7 on the right shows a condition just before the
      above-mentioned engagement of the male element 3b with the female element
      3a of the velvet type fastener. When the above-mentioned fastening belt is
      secured to the wrapping sheet member 2, the operation of fastening the
      fire-hose 1 in folded condition can be carried out very easily. In
      addition, when it is necessary to open the wrapping sheet member 2, the
      free end of the belt 7 is pulled outward, and the engagement of the female
      member 3a with the male member 3b of the velvet type fastener secured
      thereon can be easily released. In this embodiment, the male element 3b of
      the velvet type fastener is the conventional hook type, as shown in FIG.
      6.
PAR  For convenience in carrying this portable fire-hose 1, a shoulder band 5b
      is secured to an outside surface of the wrapping sheet member 2. In this
      embodiment, the shoulder band 5b is mounted on the wrapping sheet member 2
      so as to be positioned outside the portable band 5a. It has been confirmed
      that the above-mentioned second embodiment of the portable fire-hose has
      the same function as the first embodiment shown in FIGS. 1 and 2.
PAR  In the modified embodiment the portable fire-hose shown in FIG. 7, the
      looped guide member 8 is mounted on an end of the belt 7 which extends
      outside from an edge of the wrapping sheet member 2. However, the quite
      similar function as that of the second embodiment shown in FIGS. 4, 5 can
      be expected.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable fire hose comprising, in combination: a foldable textile fire
      hose having at each end thereof a hose coupling and foldable during nonuse
      into a folded condition; a flexible wrapping sheet member secured to an
      end portion of said fire hose and wrappable completely around said fire
      hose when in said folded condition such that said wrapping sheet member
      encircles a major portion of the folded hose with only the fold portions
      and hose couplings remaining unwrapped; fastening means for releasably
      fastening said wrapping sheet member around the folded fire hose to
      thereby maintain said fire hose in said folded condition; said fastening
      means comprising at least one velvet type fastner comprising a female
      element provided with a plurality of loops and a male element provided
      with a plurality of projections releasably engageable with said loops,
      said female element being secured to one end portion of said wrapping
      sheet member and said male element being secured to the other end portion
      of said wrapping sheet member such that said projections releasably engage
      with said loops to fasten said wrapping sheet member around the folded
      fire hose to thereby maintain said fire hose in said folded condition; and
      a handle secured to said wrapping sheet member to enable hand-carrying of
      the folded and wrapped fire hose.
NUM  2.
PAR  2. A portable fire hose according to claim 1; wherein said male and female
      elements are secured on opposite side faces of said wrapping sheet member.
NUM  3.
PAR  3. A portable fire hose comprising, in combination: a foldable textile fire
      hose having at each end thereof a hose coupling and foldable during nonuse
      into a folded condition; a flexible wrapping sheet member secured to an
      end portion of said fire hose and wrappable completely around said fire
      hose when in said folded condition such that said wrapping sheet member
      encircles a major portion of the fire hose with only the fold portions and
      hose couplings remaining unwrapped; fastening means for releasably
      fastening said wrapping sheet member around the folded fire hose to
      thereby maintain said fire hose in said folded condition; said fastening
      means comprising at least one fastening belt secured to the outside face
      of said wrapping sheet member and having a length at least sufficient to
      extend around said wrapping sheet member when the latter is completely
      wrapped around the folded fire hose, and a velvet type fastener composed
      of a female element provided with a plurality of loops and a male element
      provided with a plurality of projections releasably engageable with said
      loops, said female and male elements being secured to said fastening belt
      at locations relative to one another to enable said projections to
      releasably engage with said loops when said fastening belt extends around
      said wrapping sheet member to thereby releasably fasten said wrapping
      sheet member around the folded hose; and a handle secured to said wrapping
      sheet member to enable hand-carrying of the folded and wrapped fire hose.
NUM  4.
PAR  4. A portable fire hose according to claim 3; wherein only one end of said
      fastening belt extends outward beyond the edge of said wrapping sheet
      member, a looped guide member connected to the other end of said fastening
      belt which does not extend beyond the edge of said wrapping sheet member,
      one of said female and male elements being secured to said fastening belt
      at said one end thereof but at a position inside from said edge of said
      wrapping sheet member and the other of said female and male elements being
      secured to the extended portion of said fastening belt at locations
      relative to one another to enable said projections to releasably engage
      with said loops when said wrapping sheet member wraps said fire hose in
      said folded condition and said extended portion of said fastening belt
      provided with said other element passes through said looped guide member
      and is pressed against said one element positioned inside from said edge
      of said wrapping sheet member.
NUM  5.
PAR  5. A portable fire hose according to claim 3; wherein both ends of said
      fastening belt extend outward beyond the edges of said wrapping sheet
      member, a looped guide member connected to one end of said fastening belt,
      one of said female and male elements being secured to the other end
      portion of said fastening belt at a position inside from the edge of said
      wrapping sheet member and the other of said female and male elements being
      secured to the extended portion of said other end of said fastening belt
      at locations relative to one another to enable said projections to
      releasably engage with said loops when said wrapping sheet member wraps
      said fire hose in said folded condition and the extended portion of said
      other end of said fastening belt provided with said other element passes
      through said looped guide member and is pressed against said one element
      positioned inside from said edge of said wrapping sheet member.
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ABST
PAL  A package for endless belts to avoid kinking and cracking of the belts
      including a first core having an axial slot to receive axially within said
      core one end of a nest of belts. The belts are wound around said first
      core and a second core is disposed in the opposite end of the belts. A
      third core inserted in the nest of belts and disposed in the loop within
      the first core will further restrict kinking of the belts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improvement in packaging of endless belt
      material to restrict folding or kinking the belts during shipment.
PAR  2. Description of the Prior Art
PAR  Endless abrasive belts have been sold in nests of 3-5 belts for convenience
      of shipping and the nested belts tend to support each other and decrease
      the possible folding or creasing of the belt. Belt kinks or folding cause
      cracks or tears in the belts and are most prevalent in coarse grit
      abrasive cloth belts and fine grit abrasive cloth and paper belts. These
      conditions are deleterious to the life of the endless belt. It has
      therefore been necessary to devise means for packaging the nested belts to
      avoid the development of folds or creases in one or more of the belts in
      the nest. Referring to the drawing which accompanies this application
      there is indicated in FIG. 1 a package of belts called a single coil nest.
      This nest of five belts has a first core which may be 3 inches in inside
      diameter positioned in one end of the nest and the nest is folded around a
      larger core of approximately 5-7 and then the nest extends back around the
      first end, over the larger roller and a third core is placed in the other
      end of the nest. It is found that if a box enclosing a single coil nest is
      dropped, kinks can develop in the belt at the areas indicated by the arrow
      7 because the core in the end adjacent that area will move upward in the
      belt.
PAR  FIG. 2 shows a package called a double coil nest. In the double coil nest
      3-5 belts the ends are positioned adjacent each other and cores may be
      placed in these ends. The ends are then folded together into the interior
      of the rest of the nest. In this type of the coil the nest often develops
      cracks at the areas indicated by the arrows 11.
PAR  Because of the expense of large abrasive belts which may be 1 inch to 52
      inches in width and which may be from 25 to 1211/2 inches long, it is very
      disturbing to have the same shortened in life because of a poor or
      impractical method of shipping such belts.
PAR  It has therefore been an area of research to develop a way of packaging the
      single or double-coil nest to permit the shipment of endless abrasive
      belts without the belts being damaged and their useful life shortened due
      to kinks or folds.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a new form of packaging for endless belts
      which will protect the belts from developing kinks during shipment under
      the normal forces resulting from handling and dropping, etc. to which the
      belts are exposed.
PAR  The package of the present invention comprises a first large core having an
      axially extending slot formed in one sidewall with the walls forming the
      slot being positioned other than radially with respect to the center of
      the large core. One end or loop of the nest is inserted axially into the
      core with the belts being positioned in the slot to position said one end
      of the nest within the core. The remainder of the nest is then wrapped
      about the outer peripheral surface of the large core and the other or free
      end has a second core positioned therein and is placed at the end of the
      wound nest. An outer wrap is disposed about the nest of belts and suitable
      fastening means is utilized to hold the free end of the nest against the
      wound nest to secure the end of the nest. A third core may be placed
      within the end of the nest disposed within the large core.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  As advised above in the description of the prior art, FIGS. 1 and 2 show
      the known single and double coil nest, respectively, utilized for shipping
      endless belts.
PAR  FIG. 3 is an end view of a nest of belts wound for packaging in accordance
      with the present invention; and
PAR  FIG. 4 is a plane view of the wound nest of belts of FIG. 3 illustrating
      portions thereof removed to permit the drawings to represent belts of any
      width.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 3, there is illustrated a nest of abrasive belts
      which may comprise five belts each having a flexible backing supporting a
      layer of abrasive granules on one surface thereof. The belts are nested
      one within the other. These belts may be from one inch to 52 inchhes (2.54
      cm to 132cm) in width and the belts may be 25 to 1211/2 inches (63.5 cm to
      310 cm) in length. The total length of the abrasive material within one of
      the belts would thus be from 50 to 243 inches (127 cm to 618 cm).
PAR  The nest is generally illustrated by reference numeral 21 and has a first
      end 22 disposed within a large core 25. The core 25 may be 4 inches to 7
      inches (10 cm to 18 cm) in inside diameter. The 7-inch diameter cores may
      be used if the belts of the nest 21 are of a coarse grade. A slot having a
      circumferential dimension of about 1 inch (2.5 cm) extends axially in the
      wall of the core 25. The edges of the slot are tapered with respect to the
      axis of the core such that the edge walls 26 and 27 forming the slot are
      disposed at an angle with respect to the radius of the core and preferably
      are shaped such that they taper from the inner cylindrical surface of the
      core toward the outer cylindrical surface of the core and the walls 26 and
      27 diverge from each other from the inner 28 toward the outer peripheral
      surface 29. The core 25 is longer than the width of the belt to provide an
      additional one-half inch of length of additional core at each side of the
      belt.
PAR  The package is formed by placing the belts in the nest 21. Then one end of
      the nest 21 is positioned in axial alignment with the interior of the core
      25 and the core is moved axially with a portion of the nest aligned with
      the slot formed by walls 26 and 27. The core and the nest are then
      assembled and after the end 22 is inserted within the core, the nest is
      convolutely wound about the outer peripheral surface 29 of the core 25.
      The free end 24 of the nest has a second core 30 disposed therein. The
      core 30 is no smaller than 2 inches (5 cm) in outside diameter and is
      possibly between 2 and 4 inches (5 and 11 cm) in outside diameter. This
      core is inserted into the free end and supports the free end 24. A
      wrapping 31 of, e.g., kraft paper is wound about the outer periphery of
      the nest 21 and a fastening member 32 is positioned around the wrapping
      and secures the free end 24 to the outer convolution on the core 25 to
      permit or prevent the unwinding of the nest.
PAR  In the illustrated embodiment, a third core 35 is disposed within the first
      end 22 of the nest 21 which end is disposed within the core 25. This core
      would have an outside diameter of between 11/2 to 3 inches (3.8 to 8 cm).
PAR  The fastening member 32 may be a band or strap secured at its ends or a
      length of pressure-sensitive adhesive taper adhesively affixed to the
      wrapping 31 and extending entirely around the package or between the
      wrapping on the end 24 of the nest 21 and the portion of the nest 21
      extending about the core 25.
PAR  The cores may be formed of pasteboard as is common with cores for winding
      material and have a wall thickness of between one eighth to one half inch
      (3mm and 12.7 mm). The cores are at least as long as the width of the
      belts preferably at least 1 inch (2.5 cm) longer with the core extending
      axially from each end of the nest of belts.
PAR  The cores and wound nest of belts is then placed in a rectangular packing
      carton to form the final package. The carton, not shown, would have
      suitable dimensions and be generally rectangular to enclose the portion of
      the package illustrated.
CLMS
STM  Having thus described the present invention, what is claimed is:
NUM  1.
PAR  1. A package for endless belt, said package comprising a first hollow core
      having a slot extending axially in the wall thereof, a plurality of
      endless belts of the same length nested within each other and having one
      looped end of the nest of belts disposed within said first core with the
      remainder of the nest extending from said core through said slot and being
      wrapped around the outer peripheral surface of said first core,
PA1  a second core disposed within the other end of said belts and contacting
      said other end, and means holding said other end to said wrapped portion
      of said belts on said first core.
NUM  2.
PAR  2. A package according to claim 1 wherein a third core is disposed within
      said one looped end of the belts and disposed within said first core.
NUM  3.
PAR  3. A package according to claim 1 wherein said belts are abrasives belts
      and wherein said holding means includes an outer wrapping around the
      exterior of said nest of belts and cores.
NUM  4.
PAR  4. A package according to claim 1 wherein said first core has an inside
      diameter of 4 to 7 inches.
NUM  5.
PAR  5. A package according to claim 1 wherein said first core has an inside
      diameter of 4 to 7 inches and said slot is defined by walls in the core
      which are angularly disposed relative to the radius of said core and
      diverge from each other between the inner surface and said outer
      peripheral surface.
NUM  6.
PAR  6. A package according to claim 1 wherein said cores have a length
      exceeding the width of the nest by at least 1 inch.
NUM  7.
PAR  7. A package according to claim 1 wherein said first core has an inside
      diameter of 4 to 7 inches, said slot is defined by walls in the core which
      are angularly disposed realtive to the radius of said core and diverge
      from each other between the inner surface and said outer peripheral
      surface to define a slot about 1 inch wide, and said second core has an
      outside diameter of between 2 and 4 inches.
NUM  8.
PAR  8. A package according to claim 7 wherein a third core is disposed with
      said one looped end of the nest disposed in said first core.
NUM  9.
PAR  9. A package according to claim 8 wherein said third core has an outside
      diameter of between 1 1/2 and 3 inches.
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ABST
PAL  A tubular paper core, about which a hard surface floor covering is coiled,
      is provided at its opposite ends with a pair of cap assembages, each of
      which includes inner and outer clamping disks and a collar, each disk
      formed with a central opening. The side margins of a web, which is wrapped
      about the floor covering roll, are crimped and glued to the exterior face
      of the inner disk and the interior face of the outer disk. The collar,
      which includes a tubular neck portion and an annular flange portion, is
      disposed between the disks, the flange portion being captively held
      between the disks and the neck portion being received within the opening
      formed in the inner disk and the tubular paper core.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to the wrapping an storage of hard surface
      floor coverings and, more particularly, is directed towards wrapping of
      hard surface floor covering rolls in such a way as to permit rack storage
      of the rolls.
PAR  2. Description of the Prior Art
PAR  Generally, hard surface floor covering, such as vinyl floor covering, are
      coiled in a roll about a tubular paper core that provided at its opposite
      ends with a cop. A connecting rod, which extends between the caps, is
      provided for holding the caps to the paper core. The purpose of the end
      caps and connecting rod is to hold the vinyl roll in tact and to prevent
      telescoping of the vinyl. In addition, since vinyl rolls generally are
      stored vertically on their ends, the end caps protect the vinyl edges. A
      vinyl roll is moved by tilting the roll on the edge of the cap and by
      wheeling the roll on the cap end. When a vinyl roll, which has a weight in
      the vicinity of 300 pounds, is moved in this manner, it has a tendency to
      tip. A need has arisen for improvements in hard surface floor covering
      rolls so that the rolls can be stored horizontally in storage racks.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide, for a hard surface
      floor covering roll coiled about a tubular paper core and having an
      overwrap of paper, a pair of end cap assemblages, each of which includes
      an inner disk, a collar and an outer disk. Each disk is formed with a
      central opening and the collar includes a tubular neck portion and an
      annular flange portion. The inner disk abuts against the coiled edge of
      the floor covering roll. The tubular neck is inserted through the inner
      disk and into the paper core, the flange portion abuts against the
      exterior face of the inner disk. A suitable adhesive is applied to the
      exposed margins of the exterior face of the inner disk and the overwrap is
      crimped about and cemented to the inner disk. The adhesive is applied to
      the exposed crimped face of the overwrap and the outer disk is pressed
      against and cemented to the overwrap. The arrangement is such that the
      overwrap and collar flange are sandwiched between the inner and outer
      disks, which are coaxial with the longitudinal axis of the paper core. The
      central opening in the end cap assemblage is provided for lifting and for
      horizontally storing the floor covering roll in a storage rack.
PAR  Other objects of the present invention will in part be obvious and will in
      part appear hereinafter.
PAR  The invention accordingly comprises the devices and processes, together
      with their parts, steps, elements and interrelationships, that are
      exemplified in the following disclosure, the scope of which will be
      indicated in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A fuller understanding of the nature and objects of the present invention
      will become apparent upon consideration of the following detailed
      description, taken in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of a plurality of hard surface floor covering
      rolls stored horizontally in a storage rack and a fork lift for removing
      the rolls from the rack;
PAR  FIG. 2 is a cross section of a hard surface floor covering roll embodying
      the invention, the cross section being taken in a vertical plane through
      the axis of the roll core;
PAR  FIG. 3 is an exploded view in perspective of a cap assemblage, overwrap and
      hard surface floor covering roll embodying the present invention;
PAR  FIG. 4 is a front plan view of the outer disk of the cap assemblage of FIG.
      3;
PAR  FIG. 5 is a front plan view of the collar of the cap assemblage of FIG. 3;
PAR  FIG. 6 is a section taken along the lines 6--6 of FIG.5; and
PAR  FIG. 7 is a front plan view of the inner disk of the cap assemblage of FIG.
      3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, particularly FIG. 1 there is shown a storage
      rack 10 in which a plurality of hard surface floor covering rolls 12 are
      stored horizontally. One of the rolls is shown at 14 being withdrawn from
      storage rack 10 by a prod truck 16, which has a stake 18 that projects
      into a paper core 20 of the roll. The prod truck thereby can remove rolls
      12 from storage rack 10 or can insert the rolls into the storage rack, the
      rolls being stored horizontally.
PAR  FIG. 2 illustrates a cross section of one hard surface floor covering roll
      12, which comprises paper core 20 in the form of an elongated hollow
      cylinder, a hard surface floor covering 22, and a pair of end cap
      assemblages 24 and 26. Successive convolutions of hard surface floor
      covering 22, for example a vinyl floor covering, envelope core 20. A sheet
      of an overwrap 28, for example a sheet of kraft paper, plastic film or
      tyvek, is wrapped about vinyl roll 12 and its edge margins are crimped at
      28 and 30 about the ends of the roll. The crimped margins are secured in
      end cap assemblages 24 and 26.
PAR  With reference to FIGS. 3, 4, 5, 6, and 7, end cap assemblage 24 includes
      an outer disk 32, a collar 34, and an inner disk 36. Outer disk 32, which
      is formed with a central opening 38 having a diameter in the range of 8.5
      cm to 12.5 cm (3.5 inches to 5.0 inches) is composed of a heavy sheet
      material such as fiberboard. Disk 32 has a diameter in the range of 25.4
      cm to 37.1 cm (10.0 inches to 15.0 inches) and a thickness in the range of
      0.2 cm to 1.0 cm (0.08 inches of 0.39 inches). Collar 34, which is
      composed of a metal such as steel, for example a low-carbon steel having
      0.15 percent to 0.30 percent carbon, includes a tubular neck portion 40
      and an annular flange portion 42. Flange portion 42, which has inner and
      outer circular peripheries, is disposed in a plane perpendicular to the
      longitudinal axis of neck portion 40, which extends from the inner
      periphery of the flange portion. The outside diameter of neck portion 40
      is approximately 0.01 cm to 0.5 cm (0.004 inches to 0.20 inches) less than
      the diameter of opening 38 of outer disk 32 and the diameter of flange
      portion 42 is approximately 1.0 cm to 20.3 cm (0.39 inches to 8.0 inches)
      larger than the diameter of opening 38. The length of neck 40 is in the
      range of 2.5 cm to 12.7 cm (1.0 inches to 5.0 inches). In the illustrated
      embodiment, by way of example, coller 34 is formed by a stamping process,
      the thickness of the steel being in the range of 0.05 cm to 0.37 cm (0.02
      inches to 0.15 inches). Inner disk 36 is substantially similar in
      construction to outer disk 32 and is formed with a central opening 44. End
      cap assemblage 26 is a mirror image of end cap assemblage 24,
      corresponding components denoted by like reference characters and
      distinguished by a primed notation. That is, end cap assemblage 26
      includes outer disk 32', collar 34', and inner disk 36', which correspond
      to outer disk 32 collar 34, and inner disk 36, respectively, of end cap
      assemblage 24. Similarly, collar 34' includes a tubular neck portion 40'
      and an annular flange portion 42' which correspond to neck portion 40 and
      flange portion 42 of collar 34.
PAR  In operation, a hard surface floor covering, particularly a vinyl floor
      covering is convoluted about paper core 20 to form vinyl roll 12 that has
      a side-to-side or width dimension of approximately 183.8 cm (72.375
      inches). The inside diameter of paper core 20 is in the range of 7.6 cm to
      15.2 cm (3.5 inches to 6.0 inches) and the outside diameter of the paper
      core is in the range of 10.9 cm to 11.9 cm (4.3 inches to 4.7 inches), the
      length of the paper core being substantially equal to the width of the
      vinyl roll. In the illustrated embodiment, by way of example, the inside
      and outside diameters of paper core 20 are 10.5 cm (4.124 inches) and 11.4
      cm (4.5 inches), respectively. Neck 40 of collar 34 is inserted through
      opening 44 of inner disk 36 and is pressed into paper core 20. The inside
      face of disk 36 abuts against the side edges of the vinyl and the inside
      face of disk 36. In a similar manner, disk 36' and collar 36' are fitted
      to the opposite end of the vinyl roll. In order to facilitate insertion of
      necks 40 and 40' into paper core 20, the leading edge of each neck is bent
      or tapered inwardly as shown at 46 and 48, respectively. Thereafter,
      overwrap 28, for example kraft paper, is convoluted about vinyl roll 12,
      typically three convolutions, the margins of the kraft paper extending
      beyond the edges of the vinyl roll. Next, an adhesive 50, for example a
      hot melt adhesive is applied to the outside face of disks 36 and 36' at 52
      and 54, respectively. Hot melt adhesive 50 is composed of non-volatile
      thermoplastic materials, for example a polymer such as polyethylene,
      polyvinyl acetate and ethylene-vinyl acetate copolymers, and a diluent
      such as wax, plasticizer, tackifying or plasticizing resin like wood
      rosin, rosin esters, stabilizers. Although it is preferred that kraft
      paper 28 is convoluted about vinyl roll 12 prior to application of
      adhesive 50, in an alternate embodiment, the adhesive is added to disks 36
      and 36' and then the kraft paper is convoluted about the vinyl roll. Next,
      kraft paper 28 is crimped about disks 36 and 36' at 56 and 58,
      respectively. Next, adhesive 50 is applied to the faces of kraft paper 38
      at the crimped margins opposite the adhesive shown at 52 and 54. In an
      alternate embodiment, adhesive 50 is applied to disk 32. Finally, disk 32
      is pressed against the crimped margins of kraft paper 28 and the outside
      periphery of flange portion 42. Outer disks 32 and 32' collars 34 and 34',
      and inner disks 36 and 36' are coaxial with the longitudinal axis of paper
      core 20, the outer periphy of innner disk 32 being in registration with
      the outer periphery of outer disk 36 and the outer periphery of inner disk
      32' being in registration with the outer periphery of outer disk 36'.
      Outer disks 32 and 32' flanges 42 and 42' and inner disks 36 and 36' are
      disposed in a plane perpendicular to the longitudinal axis of paper core
      20. From the foregoing, it will be appreciated that kraft paper 28 and
      flange 42 are sandwiched between disks 32 and 36, and are captively held
      by adhesive 50, neck 40 being snugly received within paper core 20.
      Similarly, kraft paper 28 and flange 42' are sandwiched between disks 32'
      and 36', and are captively held by adhesive 50, neck 40' being snugly
      received within paper core 20. End cap assembages 24 and 26 are held in
      position at opposite ends of the linoleum roll by kraft paper 28. After
      the end cap assemblages are in place, the vinyl rolls can be inserted
      horizontally in storage rack 10 and can be removed therefrom by means of
      prod truck 16. In addition, in the event that the vinyl rolls are wheeled
      on their ends, end cap assemblages 24 and 26 protect the edges of the
      vinyl from damage and prevent telescoping of the roll.
PAR  Since certain changes may be made in the foregoing disclosure without
      departing from the scope of the invention herein involved, it is intended
      that all matter contained in the foregoing description and shown in the
      accompanying drawings be construed in an illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cap assemblage for a hard surface floor covering roll constituting a
      hard surface floor covering convoluted about a paper core and an overwrap
      enveloped about the convoluted hard surface floor covering, said cap
      assemblage comprising:
PA1  a. a pair of disks, one of said disks being an inner disk and the other of
      said disks being an outer disk, each said disk formed with a central
      opening, each said disk having inner and outer faces;
PA1  b. a collar including an annular flange portion and a tubular neck portion,
      said flange portion having inner and outer faces and inner and outer
      circular peripheries, said neck portion extending from the inner periphery
      of said flange portion, said neck portion being received within said inner
      disk central opening and within said paper core, the diametral profile of
      said outer periphery of said flange portion being larger than the
      diametral profile of said inner disk central opening and the diametral
      profile of said outer disk central opening;
PA1  c. said cap assemblage said fitted to said hard surface floor covering
      roll, said inner face of said inner disk abutting against an edge of the
      convoluted floor covering, said neck portion being received within said
      inner disk central opening and within the paper core, said inner face of
      said flange portion abutting against said outer face of said inner disk,
      said inner face of said outer disk abutting against said outer face of
      said flange portion, and the said overwrap being sandwiched between said
      outer face of said inner disk and said inner face of said outer disk.
NUM  2.
PAR  2. The cap assemblage as claimed in claim 1 wherein the diameter of each
      said disk is approximately equal to the diameter of the convoluted hard
      surface floor covering roll.
NUM  3.
PAR  3. The cap assemblage as claimed in claim 1 wherein the extending end of
      said neck portion is tapered inwardly towards the longitudinal axis of
      said neck portion.
NUM  4.
PAR  4. The cap assemblage as claimed in claim 1 wherein each said disk is
      composed of a heavy sheet material.
NUM  5.
PAR  5. The cap assemblage as claimed in claim 4 wherein said collar is composed
      of low-carbon steel.
NUM  6.
PAR  6. The cap assemblage as claimed in claim 1 wherein the diameter of each
      said disk is in the range of 25.4 cm to 37.1 cm and the diameter of each
      said central opening is in the range of 8.5 cm to 12.5 cm.
NUM  7.
PAR  7. The cap assemblage as claimed in claim 6 wherein the outside diameter of
      said neck portion is approximately 0.01 cm to 0.5 cm smaller than the
      diameter of each said central opening and the diametral profile of said
      outer periphery of said flange portion is approximately 1.0 cm to 20.3 cm
      larger than the diameter of each said central opening.
NUM  8.
PAR  8. A method for storing hard surface floor covering, said method comprising
      the steps of coiling a hard surface floor covering about a tubular paper
      core to form a hard surface floor covering roll, pressing a collar and
      inner disk against each end of the hard surface floor covering roll, each
      said collar having an annular flange portion and a tubular neck portion
      extending from said flange portion, each said inner disk formed with a
      central opening that is adapted to receive said neck portion, an inner
      face of each said inner disk abutting against one end of said hard surface
      floor covering roll, each said flange portion abutting against an outer
      face of each said inner disk, each said neck portion received within the
      central opening of its associated disk and within the tubular paper core,
      applying an adhesive to the exposed outer face of each said inner disk,
      wrapping a sheet about said hard surface floor covering roll, crimping the
      ends of said sheet about the exposed outer faces of each said inner disk
      having said adhesive applied thereto, applying said adhesive to the
      exposed crimped regions of said sheet, and pressing an outer disk against
      each said crimped region of said sheet having said adhesive applied
      thereto, an inner face of each said outer disk abutting against the outer
      face of one of said flange portions, said adhesive holding said inner
      disks and said outer disks in fixed relationship, said central openings
      being coaxial with a longitudinal axis of said paper core.
NUM  9.
PAR  9. The method as claimed in claim 8 wherein said adhesive is composed of
      nonvolatile thermoplastic material.
NUM  10.
PAR  10. The method as claimed in claim 9 wherein said nonvolatile thermoplastic
      material is a polymer and a diluent.
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PAL  Guard device for storing a disk package comprising a jacket containing a
      flexible magnetic disk, said device being substantially rigid and having a
      front or cover surface, a back surface, sides and a bottom, said cover
      surface being preferably shorter in length than the back surface to permit
      a label on the jacket to be observed as well as to permit writing on the
      label and the sides preferably extending above the cover to protect the
      side edges of the disk package. The device also preferably includes ribs
      to protect a pocket for the disk package as well as restraining ribs
      located at the bottom of the pocket.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  This invention is directed to a protective guard device to store flexible
      magnetic disks of the type which are used for storing data e.g., digital
      data. Conventional flexible magnetic disks are of thin, flexible,
      magnetizable material and are generally cylindrically shaped. The disks
      are conventionally packaged in a partially cutaway jacket generally of
      flexible plastic and which exposes a portion of the disk. The jacket is
      sealed along its edges to hold the disk therein.
PAR  For purposes of this disclosure a combination of the disk and jacket is
      hereinafter referred to as a disk package.
PAR  Heavy paper envelopes are now conventionally used to store the disk
      package. The paper envelope is used to protect the disk package during
      storage and handling of same. While the envelope does provide protection,
      the abuse given to the envelope during continual handling, and accidental
      dropping generally causes wear at the edges of the envelope and thus the
      envelope will often split and expose the enclosed disk package.
PAR  Exposure of the disk package may permit scratching of the disk which may
      then be a cause of loss of data on the magnetic storage media of the disk.
      In addition, paper envelopes are subject to bending and are easily
      puncturable when moved about while being stored in a conventional filing
      system.
PAR  Bending of the disk for a prolonged period of time can cause a permanent
      formed set to the disk which may result in loss of stored date. Paper
      envelopes also tend to absorb liquids which then have a tendency to cause
      damage to the disk held therein.
PAR  In view of the above, a new and improved storage system was needed to
      replace the conventional paper envelopes, folders or the like used today
      to store magnetic disks.
PAR  The present invention overcomes the above mentioned disadvantages by
      providing a substantially rigid guard storage device preferably of plastic
      that will not easily wear, will not easily absorb liquid and will prevent
      bending or twisting of the disk during storage.
PAR  The device of this invention also permits easy access to and handling of
      the disk as well as being particularly adapted for storage in filing
      systems.
PAC  BRIEF SUMMARY OF THE DISCLOSURE
PAR  This invention is directed to a substantially rigid disk guard device
      particularly suited for storing therein a flexible magnetic disk package
      of the type used to store digital data.
PAR  The guard device is substantially rigid and is preferably of plastic. The
      device has a front cover, back surface, sides and a bottom. The front
      cover is preferably shorter than the back surface to expose a portion of
      the disk unit and the sides preferably extend above the front cover to
      protect the side edges of the magnetic disk package.
PAR  The guard device preferably has means at the bottom to hold the jacket of
      the disk package in the interior thereof without bearing on the disk held
      within the jacket, so as not to injure same.
PAR  Other features preferably include reinforcing ribs which provide a pocket
      for the disk package as well as hooks to permit storage of the guard
      device on rails or the like. In addition, projections at the bottom of the
      device are also preferably provided to facilitate pivoting or fanfolding
      thereof when stored in a cabinet drawer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front plan view with parts broken away of the guard device of
      this invention;
PAR  FIG. 2 is a top plan view of the guard device;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is a bottom plan view of the guard device;
PAR  FIG. 5 is a side view illustrating a plurality of guard devices supported
      on a bar of a storage unit;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 1;
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 1 illustrating the
      disk package held in the guard device;
PAR  FIG. 7A is a partial sectional view illustrating the disk package stored in
      the guard device taken along line 7A--7A of FIG. 7;
PAR  FIG. 8 is a plan view of the disk package;
PAR  FIG. 8A is a partial sectional view taken along line 8A--8A of FIG. 8; and
PAR  FIG. 9 is a side view of the disk package.
DETD
PAC  DETAILED DESCRIPTION OF THE DISCLOSURE
PAR  At this time reference should briefly be had to FIGS. 8, 8A and 9 for an
      understanding of the conventional magnetic disk package or diskette used
      in computer systems to store data.
PAR  The disk package is shown at 15 and generally includes a rectangular outer
      flexible jacket 16 e.g., nylon having openings 16A, 16B and 16C extending
      therethrough and exposing portions of a flexible magnetic material disk
      17, e.g., cylindrically shaped and appearing round. The jacket covers the
      top, bottom, and sides of the disk except where there are openings. One
      side of the jacket overlaps the other side (see FIG. 8A).
PAR  As may be observed the magnetic disk 17 is spaced away from the corners of
      the jacket (see FIG. 7A). The jacket is also usually provided with a label
      18 upon which identification information may be written by the user.
PAR  The disk package i.e., jacket and disk are generally of very flexible
      material and thus both are subject to bending in use.
PAR  Reference should now be had to FIGS. 1-7A which illustrate the disk guard
      device 20 of this invention. The guard device comprises a cover or front
      surface 21, back surface 22, sides 23 and bottom 25. The back surface 22
      is preferably smooth and flat. The cover surface preferably has a
      plurality of reinforcement ribs 26 which add strength and help provide a
      pocket area 20A between the rib surface 26A and the back surface 22 for
      the placement of disk package 15.
PAR  The side surfaces 23 are preferably extended at 23A above the front cover
      surface 21 to protect the edges of the disk package 15 that protrudes
      above the front cover surface 21. The cover surface 21 is preferably
      shorter in length than the back surface 22 to permit the label 18 to be
      visible and be open for writing information on the label.
PAR  The bottom 25 may be provided with holes 25A if desired. A further most
      preferred feature of this invention is the plurality of restraining ribs
      27 positioned at the bottom of the pocket. The ribs 27 may be supported by
      the front cover 21 as shown and preferably extend only a small distance
      along the cover 21 interior. The ribs 27 are preferably inclined as shown
      in FIG. 7 and extend outwardly from the cover 21 a distance greater than
      the ribs 26.
PAR  The inclined ribs 27 preferably are of a dimension to cause squeezing of
      one jacket surface towards the opposite jacket surface thereby holding the
      disk package firmly in the pocket against the back surfaces 22 (see FIG.
      7). The restraining ribs 27 are preferably spaced a distance apart so that
      they do not force or squeeze together the jacket portion which overlies
      the disk 17 (see FIG. 7A), and thus are not a source of damage to the disk
      surface.
PAR  In order to permit the disk guard device 20 to be easily stored in a
      cabinet having supporting bars or rods 30, there is provided hooks 24 with
      reinforcements above and below.
PAR  The hooks are positionable as shown in FIGS. 1 and 5 to permit a plurality
      of disk guard devices to be slideably hung in a drawer on bars 30.
PAR  A further preferred feature of this invention includes bottom extensions
      25B preferably rounded with full radius 25C to permit the guard device to
      pivot or fan-fold when the device is stored in a drawer. The guard device
      20 of this invention may be fabricated using conventional injection
      molding techniques.
PAR  The device is preferably constructed of a durable plastic which is
      substantially rigid such as provided by well known grades of
      polyvinylchloride (PVC), polyethylene, polypropylene, polystyrene, etc.,
      which have substantially rigid properties. The plastic material should
      provide sufficient rigidity to prevent bending of the disk.
PAR  It should be understood that the guard device 20 may if desired be
      constructed of other substantially rigid material other than plastic e.g.,
      plexiglass, as long as protection is provided to the disk, although
      plastics are preferred because they are readily molded using conventional
      techniques.
CLMS
STM  We claim:
NUM  1.
PAR  1. A guard device for the storage of a flexible magnetic disk package which
      comprises a flexible jacket in which there is positioned a flexible
      magnetic disk, said device being substantially rigid and comprising a
      cover surface, back surface, sides and a bottom, a plurality of pocket
      defining ribs supported by one of said surfaces and extending inwardly
      towards the other of said surfaces to provide a pocket for said disk
      package, and restraining means positioned adjacent the bottom and
      supported by one of said surfaces to urge the jacket of said package
      towards the other of said surfaces, said restraining means engaging said
      jacket at a point under which the disk does not lie.
NUM  2.
PAR  2. The device of claim 1 in which the device is constructed of plastic.
NUM  3.
PAR  3. The device of claim 1, said restraining means comprising at least two
      inclined ribs spaced apart and located near the sides.
NUM  4.
PAR  4. The device of claim 3 in which said restraining ribs extend from the
      cover surface towards said back surface.
NUM  5.
PAR  5. The device of claim 4 in which said pocket defining ribs extend from the
      cover surface towards said back surface.
NUM  6.
PAR  6. The device of claim 5 in which said pocket defining ribs extend towards
      said back surface a distance less than said restraining ribs.
NUM  7.
PAR  7. The device of claim 6 in which said cover surface is shorter in length
      than said back surface and in which said sides extend above said cover
      surface.
NUM  8.
PAR  8. The device of claim 7 in which each of said sides are provided with hook
      means.
NUM  9.
PAR  9. The device of claim 7 in which said bottom has rounded extensions to
      facilitate pivoting of said device.
NUM  10.
PAR  10. In a guard device for the storage of a flexible magnetic disk package
      which comprises a flexible magnetic disk supported within a flexible
      jacket, the device comprising a front cover, a back surface, sides, and a
      bottom, said cover being shorter in length so that the jacket is partially
      exposed to view when supported in the device, said sides extending above
      the cover to protect the sides of the package, said device being of
      substantially rigid material to prevent bending of the disk while stored
      in the device.
NUM  11.
PAR  11. In the device of claim 10, a plurality of pocket defining ribs
      extending from one of said surfaces to define a storage pocket between the
      ribs and the other of said surfaces.
NUM  12.
PAR  12. In the device of claim 11 in which there is provided a plurality of
      restraining ribs adjacent said bottom and supported by one of said
      surfaces to urge said disk package against the other of said surfaces.
NUM  13.
PAR  13. In the device of claim 12 in which said restraining ribs and said
      pocket defining ribs extend from the interior of said cover surface
      towards said back surface, said restraining ribs extending further towards
      said back surface then said pocket defining ribs.
NUM  14.
PAR  14. In the device of claim 13 in which hooks are supported by said sides.
NUM  15.
PAR  15. In the device of claim 13 in which the bottom includes curved
      projections extending therefrom to facilitate pivoting of the device.
NUM  16.
PAR  16. In the device of claim 13 in which said ribs are spaced apart a
      distance such that when the disk package is positioned in the pocket, only
      the jacket portion is urged inwardly where it does not overlie the disk.
NUM  17.
PAR  17. In the device of claim 16 in which said restraining ribs include
      inclined portions.
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PAL  A quick-open blister package comprises a base member and a blistered
      containment member peripherally secured to the base member. The base
      member is frangible substantially along a plane contained therewithin, and
      first and second series of score lines extending at least in part about
      the periphery of the blister are cut into the base member substantially to
      the depth of the plane of frangibility. The blister is secured to the base
      member within that area thereof which is defined by the series of score
      lines. A considerable area of the base member can extend laterally of the
      blister for front printing.
PARN
PAR  The present application is a continuation-in-part of my copending
      application filed July 7, 1972 for TEAR AWAY BLISTER PACKAGE, Ser. No.
      269,752, now abandoned.
BSUM
PAR  My present invention is in certain aspects an improvement upon the blister
      packages and claimed in my previous applications Ser. No. 812,234,
      QUICK-OPEN CONTAINER STRUCTURE filed Apr. 1, 1969, now U.S. Pat. No.
      3,595,446; Ser. No. 43,717, QUICK-OPEN FLEXIBLE PACKAGE filed June 5, 1960
      now U.S. Pat. No. 3,635,376; Ser. No. 716,554 for INDIVIDUALIZED
      DISPENSING PACKAGES, filed Mar. 27, 1968 now U.S. Pat. No. 3,540,570; Ser.
      No. 725,610 for QUICK-OPENING PACKAGE filed May 1, 1968 now U.S. Pat. No.
      3,472,367; Ser. No. 765,097 for QUICK-OPENING BLISTER PACKETS filed Oct.
      4, 1968 now U.S. Pat. No. 3,472,368; and Ser. No. 21,628, QUICK OPENING
      FULCRUM PACKAGE filed Mar. 23, 1970, now U.S. Pat No. 3,689,458.
PAR  The present invention relates to blister packages, and more particularly to
      a package of the character described incorporating an arrangement for
      quickly and easily opening a blister type package without damage to the
      contained item or items and without controlled tearing of the blister or
      the customary backing card.
PAR  Packing of a wide variety of products in blister type packages has become
      quite common. The usual types of blister packaging involves a transparent
      plastic-bubble sealed or otherwise secured to a cardboard backing. Usually
      the backing member is extended laterally of the transparent blister to
      allow space for printing or illustration such as advertising or other
      descriptive materials, or directions for use or assembly.
PAR  Heretofore considerable difficulty has been experienced in opening blister
      type packages. Both the plastic employed for the blister and the cardboard
      of the backing member are sufficiently heavy that they are not readily
      torn. Moreover, an attempt to tear or cut either the blister or the
      carboard backing can damage the contained item or items while attempts to
      manually lift the blister flange from the backing member can cause a
      painful cut under the fingernail of the user. In addition, tearing the
      blister from the cardboard backing, beyond the physical difficulties in
      doing so, leaves unsightly tear portions of the cardboard backing
      adhereing to the blister edges.
PAR  I am aware of a number of attempts in the past to produce quick-opening
      blister packages. While these attempts are justifiably suited to their
      intended purposes, they do not completely solve the problems to which my
      invention is directed as noted below. Rasmussen et al U.S. Pat. No.
      3,035,691 discloses a blister package having a three-sided, single set of
      score lines and a fold line along a fourth side intermediate the ends of
      the blister. The backing member therefore is not completely removed from
      the total blister opening.
PAR  Capezzuto U.S. Pat. No. 3,127,010 removes portions of the adjacent layer of
      backing material by means of scored circlets. Small circles of the backing
      material are removed and remain adhered to the blister flange when the
      latter is pulled away from the backing member. However, the blister and
      backing member not only cannot be sealed to one another, but the complete
      removal of the backing member is not intended. A fold line must in
      addition be embossed into the backing member. Grossman U.S. Pat. No.
      3,255,880 utilizes a scored cut-out area in the backing member to gain
      access to the blister flanges. Additional steps in the opening sequence
      are thus produced, along with difficulties in directing the user's
      attention to the location of the score lines and proper severance of the
      backing member portion thereat, particularly in packages with which the
      user is unfamiliar.
PAR  Bostrom U.S. Pat. No. 3,288,280, Edwards U.S. Pat. No. 3,325,000 and
      Burnside U.S. Pat. No. 3,630,346 disclose blister packages having a
      fingertab or the like for grasping and peeling the blister away from the
      backing member or vice versa. The last-mentioned group of packages appear
      to depend on the use of frangible cementing or heat sealing for their
      quick opening function, which are not altogether reliable and frequently
      require the application of considerable opening forces and inadvertent
      damage to the contained items.
PAR  The Bostrom and Rasmussen packages require the blister and backing
      materials to be coextending in planar areas. No free card areas laterally
      of the blister flanges remain for printing of advertising or instructional
      material or other indicia. Only the reverse side of the backing material
      can be so used, which may escape the notice of the purchaser or which may
      be too small in area in any event. The same is applicable to other known
      packaging such as the peel-back unit-dose and peel-back condiment
      packages. In contrast, my quick-open blister package can provide extensive
      card areas laterally of the blister. That is to say the blister proper and
      its securance flanges are substantially smaller than the card or backing
      member so that both printed indicia and the contained item can be
      displayed on the front of the card.
PAR  Potter U.S. Pat. No. 3,215,267 shows a cellophane-wrapped packet frangibly
      sealed to the base member such that removal of the package exposes opening
      cuts in the cellophane wrapping. Neary U.S. Pat. No. 2,884,127 discloses a
      perforated blister removed by twisting; however, the package is not
      sealable. Wayne U.S. Pat. No. 3,069,273, Baermann U.S. Pat. No. 3,301,394
      and Hey et al U.S. Pat No. 3,192,091 show frangibly sealed, peelable
      closure sheets adhered to "blister" flanges. Kuster U.S. Pat. No.
      3,498,448 sets forth a package utilizing a pull strip on the base member
      which is otherwise not severable from the blister. Werepny, Jr. U.S. Pat.
      No. 2,874,836 requires the base member of the package to be cut entirely
      through. Lingley U.S. Pat. No. 3,075,639 shows rupture of the blister
      itself, while British Pat. No. 932,694 relates to a blister package
      wherein the blister section is made in two discrete parts. Jarecki U.S.
      Pat. No. 3,314,535 requires specialized package and base structure at the
      junction of the package and the backing card. Tjaden U.S. Pat. No.
      3,397,774  employs a hinged base portion adjacent the back of the blister
      for opening the package. These patents likewise fail to disclose the
      features of my invention.
PAR  In my novel quick-opening blister package, the opening sequence is
      immediately apparent to the user without printed instructions. The means
      for affording the quick-opening function can be imparted to the package
      simultaneously with normal manufacturing operations such that making of
      the package is not further complicated. Moreover, specialized sealing
      techniques or the use of frangible cements is not required. Similarly an
      especially constructed backing member is not necessarily employed.
      Instead, conventional blister and backing member materials e.g. the
      commonly used plastic-coated or white layered cardboard can be employed
      for my novel package. Likewise, a uniform, grey cardboard is usable, if a
      white printable surface is not essential. Most importantly, my package can
      be completely and reliably sealed against entry of dust particles or other
      contamination. A simplified opening sequence is provided by my invention,
      while permitting use of lateral card areas for frontprinting of
      advertising, instructions, and other indicia.
PAR  I overcome the disadvantages of the prior art and achieve the foregoing
      desirable results by providing a quick-open blister package comprising a
      base member, a blistered containment member peripherally secured to said
      base member, said base member being frangible substantially along a plane
      contained therewithin, a first series of score lines in said base member
      and extending peripherally about said blistered member closely adjacent an
      opening thereof, a second series of score lines spaced outwardly of said
      first series and extending at least partially about the blistered member
      periphery, said first and said second score lines being cut into said base
      member substantially to the depth of said plane of frangibility, said
      blistered member being secured to said base member only within that area
      thereof which is defined by said series of score lines, whereby a
      substantial area of said base member can be extended laterally of said
      blistered member for front printing and the like.
PAR  I also desirably provide a similar quick-open blister package wherein said
      blistered member is provided with a peripheral securance flange, and a
      raised fingertab is molded integrally on a portion of said flange.
PAR  I also desirably provide a similar quick-open blister package wherein a
      finger lift is formed integrally with an end portion of a pocket area of
      said blistered member.
PAR  I also desirably provide a similar quick-open blister package wherein said
      base member is a laminated structure having a layer which is relatively
      more frangible than the remainder of said base member, said frangible
      layer substantially defining said plane of frangibility.
PAR  I also desirably provide a quick-open blister package comprising a base
      member having a frangible layer therewithin, a containment blister
      peripherally secured to said base member, first and second score lines cut
      in said base member substantially to the depth of said frangible layer,
      said series of score lines being spaced from one another and each
      partially surrounding said blister, said blister having a peripheral
      securance flange with portions thereof juxtaposed to an area of said base
      member enclosed between said series of score lines, said juxtaposed flange
      portions being secured only to said enclosed area, said flange having a
      remaining portion secured to said base member outside of said enclosed
      area to form a "living" hinge upon opening of said package.
PAR  I also desirably provide a similar quick-open blister package wherein
      opening means are coupled to one of said juxtaposed flange portions at a
      location remote from said remaining flange portions.
PAR  During the foregoing discussion, various objects, features and advantages
      of the invention have been set forth. These and other objects, features
      and advantages of the invention together with structural details thereof
      will be elaborated upon during the forth coming description of certain
      presently preferred embodiments of the invention and presently preferred
      methods of practicing the same.
DRWD
PAR  In the accompanying drawings I have shown certain presently preferred
      embodiments of the invention and have illustrated certain presently
      preferred methods of practicing the same, wherein:
PAR  FIG. 1 is an isometric view of one arrangement of my novel quick-open
      blister package, in accordance with the invention;
PAR  FIG. 1A is an isometric exploded view of the package shown in FIG. 1 but
      having the blister removed from the card or backing member;
PAR  FIGS. 1B, 1C, 1D, 1E and 1F are top plan views showing differing locations
      of the blister on a backing member therefor; FIG. 1G is a partial
      isometric view of another embodiment of the invention
PAR  FIG. 2 is a cross-sectional view of the package as shown in FIG. 1 and
      taken along reference line II-II thereof;
PAR  FIG. 3 is an enlarged partial sectional view of the package as shown in
      FIG. 1 and taken along reference line III-III thereof;
PAR  FIG. 3A is a similar view of a modified form of the package shown in a
      preceding figure;
PAR  FIG. 3B is a similar view of still another modified form of the package;
PAR  FIG. 3C is a similar view showing a modified form of the fingertab or
      "lift" of FIGS. 1 and 2;
PAR  FIG. 4 is an isometric view of an alternative means for initiating opening
      of the package;
PAR  FIG. 4A is an isometric view similar to FIG. 4 but showing a modification
      of the opening means thereof;
PAR  FIG. 4B is an isometric view of still another form of opening initiation
      means;
PAR  FIG. 5 is a cross-sectional view of another package made in accordance with
      my invention and showing the novel arrangement of backing member therefor;
PAR  FIG. 6 is a top plan view of still another arrangement of my novel package;
PAR  FIG. 6A is an isometric view of the package shown in FIG. 6 after opening;
PAR  FIG. 6B is a top plan view of still another form of my novel tear away
      package incorporating the living hinge feature of the FIG. 6 modification
      and also an optional, complete-removal feature;
PAR  FIG. 6C is a similar view of another form of my package incorporating both
      a theft-resistant feature and the living-hinge feature described
      previously;
PAR  FIG. 6D is a top plan view of a modified form of the package shown in FIG.
      6C and incorporating in addition a "tear away" or complete removal
      feature;
PAR  FIG. 6E is a top plan view of another form of the package shown in FIG. 6D;
PAR  FIG. 7 is a top plan view of another novel package of my invention,
      incorporating a theft-resistant feature;
PAR  FIGS. 8 and 8A are top plan views of still other forms of my novel package
      constructions representing interrupted sealing arrangements in combination
      with the unique "tear away" feature of the invention;
PAR  FIG. 9 is a top plan view of still another form of my novel package;
PAR  FIG. 9A is a similar view of a modified form of the package of FIG. 9;
PAR  FIG. 10 is a top plan view of still another modification of the invention;
PAR  FIG. 10A is a similar view of a modification of the package shown in FIG.
      10, and
PAR  FIG. 10B is a similar view of still another form of the package shown in
      FIG. 10.
PAR  FIG. 11 is a top plan view of still another modification of the tear-away
      package of the invention.
DETD
PAR  Referring now to FIGS. 1, 1A and 2 of the drawings, the exemplary package
      20 shown therein includes a card or backing member 22 and a formed blister
      component 24. Typically the blistered containment member 24 includes a
      pocket portion 26 and a peripheral securance flange 28 joined thereto. The
      containment blister 24 can assume a variety of shapes and sizes depending
      upon the configuration of the item or items (not shown) contained therein.
      To facilitate initiation of the opening procedure the blister 24 desirably
      is provided with a fingertab or "lift" 30. As better shown in FIG. 2 the
      finger lift 30 can be molded upwardly from a portion of the blister flange
      2B. The fingertab 30 thus can be molded as a "half blister," as it were,
      simultaneously with the molding or shaping of the remaining portions of
      the blister 24. The tab or lift 30 desirably is configured such that the
      user of the package 20 can insert an end of one of his fingers for
      initiating the opening procedure described below.
PAR  The blister flanges 28 can be either heat-sealed or adhered with an
      ordinary adhesive or cement to the card or backing member 22 as denoted by
      the shaded areas 32 of FIG. 1. However, in accordance with the invention,
      the securance or sealing area 32 is first delimited by first and second,
      spaced series of score lines 34, 36 respectively. Desirably, the score
      lines 34, 36 are disposed slightly inwardly and slightly outwardly,
      respectively, of the securance card area or band 32 to ensure that the
      adhered area does not extend inwardly of the inner series of score lines
      34 or outwardly of the outward series of score lines 36. This ensures
      complete and facile removal (FIG. 1A) of the blister 24 from the backing
      member 22 without adherence of ragged edges of the backing member, as
      explained more fully below. Note that the backing member or card 22 can be
      extended laterally on all sides of the blister 24 (as denoted by reference
      characters 22a, 22b, 22c, 22d) for adequate space for printing of
      advertising, instructions and other indicia visible from the front of the
      package.
PAR  As better shown in FIGS. 1B and 1C the blister 24a or 24b need not be
      centrally located on the card 22. In FIG. 1B the blister 24a is located
      adjacent one edge of the card 22 leaving lateral card areas 22a', 22c',
      22d' for printed indicia. In FIG. 1C the blister 24b is located in a
      corner area of the card 22 leaving card areas 22c" and 22d" for printing.
      Naturally, other blister positions than those represented in FIGS. 1, 1B,
      1C are within the context of my invention. Inner scorelines 34' are
      provided as in FIG. 1. Outer scorelines 36' are extended along those
      portions of the blister periphery which are removed from the card edge or
      edges.
PAR  For example in FIGS. 1D and 1E the blister 24d or 24e is located at one end
      of blister display card 22e or 22f to form blister/card package 20a or
      20b. The blister flanges in these latter examples can coincide with three
      adjacent edges of the card 22e or 22f. A fourth card edge is remote from
      the blister 24d or 24e to provide an adequate front printing area 22a" or
      22c". The blister/card package 20a of FIG. 1D can be provided with hole 25
      for display from a suitable hook or the like. Each package 20a, 20b is
      provided with inner score lines 34" as before, but can be provided with a
      single outer scoreline 36". Alternatively, an additional scoreline 36"a
      can be placed between the base member notch 27 and the sealed area 32" in
      package 20a (FIG. 1D) after the manner of FIGS. 1F and 1G. In FIG. 1D the
      card 22e is notched at 27 so that widened flange area 29 can be grasped
      for opening. In FIG. 1E a portion 29'a of the widened flange 29' is left
      unsealed for the same purpose. Grasping of the flange portion 29'a can be
      facilitated by shaping as shown. Alternatively as shown in FIG. 1G the
      unsealed flange area 29"a can be provided with fingertab 30' or equivalent
      opening facilitating means, such that the adjacent scorelines 36"a lies
      between the tab 30' or the like and the flange sealing area 32'. The
      arrangement facilitates grasping and raising the unsealed flange portion
      29"a. In any event printing or other indicia can be provided on the card
      under the unsealed flange portion 29'a, or other unsealed lifting tab,
      which can be extended to an adjacent card edge, if desired.
PAR  The various scorelines 34, 36 can be placed somewhat closer to the
      associated sealed areas such as area 32, or farther therefrom, depending
      upon the required opening forces. Likewise, the width of the securance or
      sealed area can be varied, together with the corresponding width of the
      card frame or portions to be removed from the card 22 as defined by the
      area between the scorelines 34, 36. Although shown as desirably
      continuous, the scorelines 34, 36 can be only substantially continuous,
      i.e., a series of interrupted lines or "dashes" or partial perforations
      sufficiently closely spaced to prevent ragged tearing when the blister is
      removed.
PAR  Theft of the contents of my blistered type packages can be minimized in an
      unexpected manner by the modification of my package 20c as shown in FIG.
      1F. The package 20c is generally inverted with respect to the package 20a
      of FIG. 1D, and the display hole 25' is extended through that portion of
      the blister flange 28' adjacent the base member opening notch 27' (when
      provided). Thus, when a group of the packages 20c are suspended from a
      hook or peg (not shown) it is virtually impossible to open the package 20c
      and to remove the contents thereof without removing the package from the
      hook or peg. In the package 20c of FIG. 1F it will be appreciated that the
      notch 27' can be omitted and other opening means such as the raised
      fingertab 30 of FIG. 1 can be substituted. In the latter event, the flange
      portion containing the suspending aperture 25' can be widened in order to
      accommodate both the fingertab (not shown in FIG. 1F) and the hole 25', or
      the aperture 25' can be extended through the base or card and the
      fingertab, which, when provided, forms part of the blister flange portion.
      It is also contemplated that the outer portion 28'a of the flange portion
      can be left unsealed to facilitate opening. In the latter event a
      scoreline 36'f should separate the sealed and unsealed areas of the flange
      28'.
PAR  The composition of the card or backing member 22, in the modification of
      the invention as illustrated in FIGS. 1-3, is that which is commonly used
      for blister type packages. Thus, the card 22 can be made from a typical
      gray cardboard material as denoted by its principal or main layer 38, on
      which there can be a superficial layer 40 of light cardboard material to
      provide a proper surface for printing or labeling. The blister flanges 28
      can then be joined to the superficial cardboard layer 40 by a
      non-frangible cement. Alternatively the layer 40 can be a commonly used
      white plastic coating or laminated plastic and white cardboard layer such
      that the blister flanges 28 can be non-frangibly heat-sealed thereto.
      Alternatively again the superficial layer or layers 40 can be omitted, as
      these layers are not necessary for establishing a plane of frangibility
      through the base layer 38, as noted below. In any event the base layer 38
      of the backing member 22, in this example, is more frangible than the
      superficial layer or layers 40 (if used), for reasons set forth below.
PAR  In any event a base member is desirably selected which has a layer of
      material which is internally frangible substantially longitudinally along
      a number of closely parallel planes within the base member, with the
      result that the score lines can penetrate to a given one of such planes.
      With this arrangement, the depth of penetration is not critical, as long
      as the score lines penetrate to one of the planes of frangibility. In
      other words the frangible layer has an appreciable thickness such that the
      precise depth of the score lines is not critical. In fact the depth of the
      score lines will determine that plane of frangibility within the backing
      or base member 22, along which tearing will occur during the subsequent
      opening procedure.
PAR  As better shown in FIGS. 2 and 3 of the drawings each of the series of
      scorelines 34, 36 penetrated through the superficial layer or layers 40 of
      the backing member 22 and into the base layer 38 thereof, which is usually
      more frangible than the superficial layer 40 (if used). Such penetration
      exists on each side of the secured area or band 32.
PAR  In any event the bottoms of the scorelines 34, 36 establish substantially
      the lowest plane of frangibility within the base member 22. Thus, when the
      blister 24 is removed in its entirety from the card or backing member 22
      (FIG. 1A) a portion of the base member 22 including that portion of the
      superficial layer 40 (if used) extending between the scorelines 34, 36 as
      designated by area 42 (FIG. 3), is removed from the card possibly along
      with an adjacent portion of the base layer 38, depending on the precise
      depth of the scorelines and the specific opening sequence applied to the
      package. The thickness (transverse to the card 22) of the removed area or
      frame or band 42 will depend to a large extent on the penetration of the
      scorelines 34, 36, the frangibility of the base member layer 38, and the
      strength and penetration of the cement or other means for joining the
      superficial layer 40 to the base layer 38 of the backing member. Area 43
      (FIG. 1A) from which the frame 42 is removed by tearing away the blistered
      member 24 is thus cleanly defined.
PAR  It is contemplated that my novel package can be made more or less difficult
      to open, e.g. for child-proofing, discouraging tampering, or for
      semi-invalids. Lesser opening forces can result from a softer, more
      frangible cardboard material, of which many grades are available.
      Similarly, a harder cardboard engenders greater opening forces, which can
      be further amplified through a mixture of particulate or shredded
      polyethylene or other admixture of suitable filler with the cardboard
      material. Naturally, the cardboard or other backing member cannot be made
      less frangible than the securance between the blister and the adjacent
      surface of the backing member -- in keeping with the teachings of my
      present invention.
PAR  It is important to note in any event that the actual securance means or
      seal 44 between the blister flanges 28 and the removed frame portion 42
      remains intact. Thus, it is not necessary to use a frangible junction
      between the blister flanges 28 and the card 22 or to employ interrupted or
      spaced, cemented or heat-sealed areas. Accordingly, a sealed integrity of
      the package 20 can be preserved until the moment of opening, while still
      allowing the quick-opening feature of the invention. Use of the score
      lines 34, 36 (which can be applied to the card or backing member 22 at the
      same time that the latter is printed) permits a quick removal of the
      blister 24 and a well defined severed portion or frame from the card 22
      without the unwanted inclusion of ragged edges or imperfect access to the
      blister pocket. The backing member of the package 20 can be extended
      considerably beyond the confines of the blister 24 as desired for
      inclusion of advertising material, instructions, or other printed
      information.
PAR  As noted previously, the series of score lines 34, 36 can be separated by
      varying distances to exercise a degree of control over the opening forces
      of the package 20. For example, the score lines 34, 36 can be more widely
      separated to render the package more difficult to open in order to
      discourage removal of the packaged contents by small children who may be
      harmed thereby or by shoplifters. Possible variations in opening forces
      are evident from a consideration of FIGS. 3, 3A, 3B and 3C. In FIG. 3 the
      score lines 34, 36 are without the confines of the blister flange 28
      respectively. A lesser opening force is required for the package of FIG.
      3A where the score lines 34, 36 are substantially aligned with the inner
      and outer edges of the blister flange 28 (assuming the same width of
      blister flange). The package of FIG. 3A has an additional advantage in
      that the score lines 34, 36 are largely concealed by the edges of the
      blister flange 28. In FIG. 3B the score lines 34, 36 are moved inwardly of
      the blister flange edges for a further reduction of opening forces (again
      assuming the same flange width as in FIGS. 3, 3A). Because of the actual
      seal 44a between the blister flanges 28 and the card 22 is relatively
      non-frangible, the width of the seal 44a can be made substantially
      narrower than the severable card frame 42 to be removed i.e., the area
      bounded by score lines 34, 36, and the aforementioned plane of
      frangibility.
PAR  In the blister package 20' of FIG. 3C the distance between the score lines
      34, 36 is substantially reduced for a further and substantial reduction in
      opening forces. In addition, a portion 28a of the blister flange is
      extended to a point or line overhanging the card or backing member 22 as
      denoted by reference character 46 to provide a lifting tab for the blister
      24'. In such case the finger lift shown in FIGS. 1 and 2 can be omitted.
PAR  Still another arrangement for initiating lifting of blister 48 from backing
      member 50 of blister package 52 is illustrated in FIG. 4. The backing
      member 50 is notched at 54 so that an edge of the card 50 lies beneath the
      adjacent portion of blister flange 56. Thus, it is not necessary to extend
      the blister flange portion 56 to the unbroken edge of the cardboard
      backing 50, in contrast to the arrangement of FIG. 3C. Portion 56a of the
      blister flange 56 can be widened as desired to lessen the depth of the
      notch 54. The widened portion 56a of the blister 48 can extend the full
      width of the blister as shown in FIG. 4 or alternatively as shown in FIG.
      4A only a portion 56b of the adjacent blister flange side 56' need be so
      extended. When so extended the flange portion can be coterminous with the
      adjacent edge of the backing member 50 or 50' as denoted by the extended
      flange portion 56b of FIG. 4A or alternatively can terminate short of the
      backing member edge as denoted by the flange portion 56a of FIG. 4.
PAR  As better shown in FIG. 4B the opening initiating means afforded by the
      invention can take other forms. The molded fingertab can be applied to the
      blister pocket portion 26' as denoted by reference numeral 57. The finger
      lift 57 can be molded to project inwardly a short distance into the
      blister pocket 26' as illustrated in FIG. 4B, or alternatively, where a
      sealed integrity of the package is not mandatory, the pocket 26' can be
      undercut or otherwise apertured (not shown) sufficient to admit an end of
      a person's finger or other object for the purpose of lifting one end of
      the blister to initiate opening of the package along scorelines 34', 36',
      as explained elsewhere herein.
PAR  Blister package 58 of FIG. 5 incorporates a modified form of backing member
      60, which likewise can be used with any of the aforedescribed packages. A
      blister 62 is secured to the card or backing member 60 substantially as
      described previously. In this arrangement the card 60 is a laminated
      structure including a base layer 64 formed from commonly available
      cardboard material, which provides overall thickness and relative rigidity
      to the backing member 60. Layers 66 and 68 are formed from a plastic
      material such as polyethylene which resists tearing. Layers 66, 68 are
      bonded by layer 70 which, however, is relatively frangible, and the
      backing member separates through layer 70 when the blister 62 is severed
      therefrom carrying with it frame portion 42' as defined by score lines 34'
      and 36' in the manner described previously. In this case the score lines
      34', 36' penetrate through the frangible layer 70 as evident from FIG. 5.
      Desirably, however, the score lines 34', 36' do not penetrate through
      layer 66 or into layer 64 of the backing member 60. Thus, upon opening of
      the package (as described above in connection with FIG. 1A and related
      Figures) the relatively thick cardboard layer 64 or like material provides
      stability for the opening sequence, while the frame or removed section 42'
      of the base member is severed therefrom between layers 66, 68, i.e.,
      substantially along layer 70, which defines a plane of frangibility within
      the card 60.
PAR  With reference now to FIGS. 6, 6A of the drawings a modified opening
      sequence is exhibited by package 72 including blister 74 adhered to base
      member 76. The base member is notched at 78 to expose an edge 80 of the
      blister flange for opening purposes. Alternatively other opening
      initiating means can be substituted, e.g. those shown in FIGS. 1 and 2 or
      in FIG. 3C or in FIGS. 4, 4B. To facilitate removal of the blister 74 from
      the backing member 76, in accordance with the invention, a first and
      second, generally U-shaped series of score lines 82 and 86 are cut
      partially through the backing member 76 substantially in the manner
      described previously with respect to score lines 34, 36 or 34', 36'. The
      score lines 82, 86 are disposed adjacent the inside and outside edges
      respectively of the blister flange 84 and are extended about three sides
      of the blister or partially there around as shown in FIG. 6. The
      juxtaposed portions of the blister flange 84 are adhered to the area
      defined between the score lines 82, 86 as described previously. The
      remaining portion 84a of the blister flange is similarly adhered to the
      backing member or card 76 but outside of the tear away area 42" of the
      card 76.
PAR  During the opening sequence of the package 72, the blister 74 is not
      completely removed therefrom as better shown in FIG. 6A. Instead the
      blister 74 remains "hinged" to the card 76 by virtue of its flange portion
      84a. The tear-away card portion 42" likewise forms a hinge at its
      junctions 88 with the body of the card 76. The area 76a of the card 76
      which is partially enclosed by the tear-away area 42" naturally remains in
      place on the card 76 to expose the pocket of the blister 74 when the
      latter is partially torn away from the card but remains hinged thereto
      along line 90.
PAR  The junction of the blister flange portion 84a, which remains adhered to
      the card 76 (FIG. 6A), with the remainder of the blister 74 along the line
      90 forms a natural and "living" hinge as this represents the weakest area
      of the opened package 72. The areas on either side of the line or living
      hinge 90 are strengthened, on the one hand, by securance of the blister
      portion 84a to the card 76, and on the other hand by the arch effect of
      blister pocket 92. The quick-open blister package 72 has the advantage of
      reclosure where desired and even resealing, by adhering lengths of Scotch
      brand tape or the like along the torn away blister flange portions, i.e.,
      those flange portions other than the hinged flange portion 84a, to reseal
      the torn away blister flange portions to the card 76.
PAR  In FIG. 6B of the drawings another form of my novel package 94 is
      disclosed. In the package 94 a flanged blister member 96 is adhered to a
      generally central location of the card 98. The peripheral areas 100 of the
      card 98 can be employed for the application of instructional or
      advertising indicia or the like. Alternatively the blister 96 can be
      located at an edge of the card 98 after the manner of FIG. 6C or in a
      corner thereof after the manner of FIG. 7. Flanges 102 of the blister 96
      can be adhered to the card 98 by heat sealing as set forth previously.
PAR  Desirably the card 98 is provided with a series of three inner score lines
      104 as in FIG. 6 to provide a living hinge 90', and in this case the
      blister 96 is opened downwardly (as viewed in FIG. 6B). The card 98 is
      also provided with outer score lines 106, 106a which surround the blister
      96 and its flanges 102. In contrast to FIG. 6 the outer score lines 106,
      106a extend entirely around the blister 96 so that the blister can be
      hinged after the manner of FIG. 6 for reclosure if desired, or so that the
      blister 96 can be completely removed from the card 98 without defacing any
      indicia applied to the peripheral portions of the card 98, after the
      manner of FIG. 1 and related figures.
PAR  Alternatively the fourth outer score line 106a can be omitted in order to
      enhance a theft-resistant characteristic of the package 94. Omission of
      the line 106a considerably increases the difficulty of initiating the
      tear-away opening of the blister 96, which is opened downwardly as
      aforesaid.
PAR  Although the inner score lines 104 are shown inwardly of the flanges 102
      and the outer score lines 106, 106a are shown outwardly thereof, it will
      be understood that these score lines can coincide respectively with the
      inward and outward edges of the blister flanges 102, as noted previously.
      Further, these score lines can be placed respectively within the confines
      of the flanges 102, depending upon the width of the heat sealed area
      thereof.
PAR  A similar arrangement is employed in package 108 of FIG. 6C, save that
      blister 110 and its sealing flanges 112 are located at an edge of card
      114. Thus, the living hinge 90' of FIG. 6C is delineated by the three
      inner score lines 104', while the outer score lines 116, 118 together with
      adjacent edge 120 of the card 114 (which in effect forms the third outer
      score line) provide the further, tear-away feature of the package 108,
      whereby the blister 110 can be completely removed when the living hinge
      feature thereof is no longer needed.
PAR  The absence of a fourth score line at the top of the blister 110 (as viewed
      in FIG. 6C) provides the theft resistant feature mentioned previously and
      alternatively in connection with the package 94 of FIG. 6B.
PAR  In my novel package 122 of FIG. 6D similar reference numerals with primed
      accents denote similar components of the package 108 of FIG. 6C. In the
      package 122 an outer score line corresponding to line 118 of FIG. 6C is
      omitted so that the package 122 does not have complete tear away
      capability after the blister 110' is opened on its living hinge 90".
PAR  As in the package 108 of FIG. 6C the package 122 can be provided with theft
      resistance by omission of an outer score line along the top edge (as
      viewed in FIG. 6D) of the blister flange 112'a. Of course, if such theft
      resistance is not desired an outer score line, as denoted by chain line
      124 can be added along the top of the blister 110'.
PAR  My novel package 140 of FIG. 6E is functionally similar to the package 108
      of FIG. 6C, save that blister 142 of the package 140 extends between
      opposite sides of card 144. In the illustrated modification the blister
      142 is thereby configured for containment of one or more elongated items
      (not shown).
PAR  Inner score lines 146, 148 provide a living hinge capability as denoted by
      reference numeral 150, while a single outer score line 152 provides for
      complete removal capability of the blister 142. The remaining outer "score
      lines" are provided in effect by adjacent and opposing edge portions 154,
      156 of the card 144.
PAR  An outer score line adjacent the top edge (as viewed in FIG. 6E) of blister
      flange 158 desirably is omitted for theft-resistant capability, similar to
      that described in connection with FIGS. 6B-6D. Alternatively, if such
      theft-resistance is not desired, a top score line can be provided as
      denoted by chain outline 160 thereof, to facilitate opening of the blister
      142.
PAR  For advertising purposes, or for eye-catching appeal in general, the
      elongated blister 142 can be disposed at an angle to the long or short
      axis of the card 144. Obviously, the blister 142 can be disposed
      rectilinearly (not shown) on the card 144, if preferred.
PAR  In FIG. 7 package 126 is illustrated which is generally similar to the FIG.
      1C embodiment of the invention with respect to the blister-card spatial
      relationship. In the case of the package 126, however, blister 128 is
      opened downwardly (as viewed in FIG. 7) and opening tab 30' is provided.
      Only a single outer score line 130 is employed. The remaining outer score
      lines are provided in effect by adjacent card edges 134, 136. With the
      omission of any score line along the top edge of blister flange 132 the
      package 126 is provided with a theft-resistant feature similar to that
      discussed primarily with references to FIGS. 6B and 6C. Four inner score
      lines 138, 138a are provided in the package 126. However, if the living
      hinge feature of the preceeding FIGS. 6-6E is desired, one of the four
      inner score lines, for example the bottom score line 138a, can be omitted.
PAR  In the package construction 162 of FIG. 8 blister 164 is adhered to card
      166 by discontinuous sealing techniques. As in previous modifications, the
      blister 164 is provided with a peripheral sealing flange 168 which is
      adhered to the card 166 by means of discrete and spaced sealing areas 170,
      172. The unsealed areas 168a and 168b of the peripheral flange lay flush
      against the card 166, owing to the relative stiffness of the material from
      which the blister 164 is made. In consequence the contents of the package
      162 are protected fairly well against entry of dust or other foreign
      material.
PAR  The tear-away feature of the invention is provided by series of score lines
      174, 176 which surround respectively the displaced sealing areas 170, 172.
PAR  The unsealed flange areas 168a, 168b can be employed to initiate the
      tear-away procedure, by suitably bending the card 166 so that one of the
      unsealed flange areas 168a or 168b can be grasped. The blister 164 can be
      opened either downwardly or upwardly, as the package 162 is symmetrical.
      Alternatively and desirably, the package 162 can be provided with an
      opening, finger tab 30", after the manner of FIG. 1F or other relevant
      Figures. If theft resistance is desired and, for example, the blister 164
      is opened downwardly, upper horizontal components 174a and 176a of the
      series of score lines 174, 176 can be removed.
PAR  A similar package 178 is illustrated in FIG. 8A. Blister 180 in this
      example can be arranged for removal either upwardly or downwardly (as
      viewed in FIG. 8A) of card 182 and is provided with a three-sided
      peripheral seal 184. The card 182 is provided with a pair of inner score
      lines 186 and outer score lines 188, 190. Flange portion 168a' of the
      blister 180 remains unsealed in this example and can be employed to
      initiate opening of the package 178, if desired. Score lines extending
      across the upper ends of the heat sealed area 184 desirably can be omitted
      for theft-resistant capability. By omission of an inner score line at the
      bight portion of the U-shaped sealing area 184 a living hinge 90' can be
      provided, as described in certain of the preceeding Figures. If it is not
      desired to completely remove the blister 180 from the card 182 the
      horizontal outer score line 190 can be omitted.
PAR  Alternatively, if it is desired to open the package 178 by completely
      removing the blister 180 in the upward direction additional inner and
      outer score lines denoted respectively by chain outlines 192, 194 thereof
      can be added. An opening tab 30' if used, could be located at the bottom
      in that case.
PAR  A compartmented package 196 is shown in FIG. 9 wherein blister 198 is
      provided with two blister compartments 200, 202. It will be understood
      that a larger number of blister compartments can be provided, if desired.
      The space or partition 204 between the compartments 200, 202 is formed in
      the plastic material comprising the blister 198 and desirably lies
      directly flushly upon the adjacent surface of an underlying card 206.
PAR  In this example the partition 204 is not heat-sealed to the card 206, with
      heat-sealing 208 being confined to a peripheral flange 210 of the blister
      198. Inner and outer series of score lines 212, 214 are provided in the
      card 206 to afford the tear-away capability of the invention, after the
      manner of FIG. 1 and related Figures. If desired one side of the inner
      score lines 212 can be omitted to provide the living hinge feature of the
      invention as shown in FIG. 6 and related figures. Simlarly, one or more
      sides of the outer series of score lines 214 can be omitted if the living
      hinge of FIGS. 6 or 7 only is desired, or if the blister 198 extends to
      one or more edges of the card 206, or if the theft-resistant feature of
      the invention is utilized.
PAR  A similar package 216 is illustrated in FIG. 9A in which blister
      compartments 218, 220 are separated by a formed partition 204'. In this
      case the partition 204' is heat sealed directly to the card 222, and each
      compartment 218 or 220 is provided with its own independent series of
      inner score lines 224 or 226 respectively. Adjacent horizontal portions
      224a, 226a of the inner series of score lines 224, 226 can be omitted if
      the living hinge feature of the invention is desired.
PAR  Various forms of reclosable packages 228, 230, 232 are illustrated in FIGS.
      10, 10A and 10B respectively. In FIG. 10, blister 234 of the package 228
      is adhered to the card 236 by a peripheral heat seal 238 after the manner
      of the preceeding Figures. As in previous embodiments, a living hinge 90'
      can be afforded by omitting the adjacent inner score line and by inner and
      outer score lines 240, 242 extending about three sides of the blister 234
      and its sealing flange 244. In the example of FIG. 10, a reclosable
      feature is afforded by a strip of pressure sensitive adhesive 246, which
      is adhered to the card 236 and extends along an upper flange portion of
      the blister 234 and opposite the living hinge 90'. The pressure sensitive
      adhesive strip 246 extends parallel with and outside of a reduced-width
      portion 238a of the peripheral heat seal 238. Accordingly the blister 234
      virtually is hermetically sealed by the heat seal 238. It will also be
      observed from FIG. 10 that the pressure sensitive strip 246 lies outside
      of the adjacent portions of the outer score lines 242. Accordingly the
      surface of the card 236 underlying the reclosable sealing strip 246 is not
      removed, in contrast to the surface underlying the peripheral heat seal
      238, when the package 228 is opened.
PAR  The reclosable feature of the package 230 of FIG. 10A is provided by
      pressure sensitive adhesive 248 extending about three sides of the blister
      250. The fourth side of the blister 250 is adhered to card 252 by means of
      heat seal 254. Surrounding the heat sealed area 254 is a peripheral score
      line 256 cut into the card 252 after the manner of the previously
      described score lines. As in FIG. 10 the use of the pressure sensitive
      sealing area 248 in FIG. 10A affords reclosability, while the heat sealed
      area 254 and the surrounding score lines 256 define a living hinge 90' and
      provide a tear-away feature respectively.
PAR  The reclosable package 232 of FIG. 10B, blister 258 is adhered to card 260
      by an outer peripheral (non-frangible) heat seal 262 and an inner
      peripheral pressure sensitive (frangible) seal 264. Conventional pressure
      sensitive adhesives can be employed for the pressure sensitive sealing
      areas of FIGS. 10, 10A, 10B.
PAR  Outer score lines 266 are extended about the periphery of the blister
      flange 268 as in certain of the preceeding Figures. Inner score lines 270
      however are extended about the inner periphery of the heat seal 262 and
      thus lie between the heat seal 262 and the pressure seal 264. When the
      blister 258 is removed from the card 260 a "frame" lying between the score
      lines 266, 270 is removed from the surface of the card 260, as described
      previously. However, the pressure sensitive sealing area 264 is frangible,
      and the juxtaposed surfaces of the card 260 are not thereby disfigured
      when the blister 258 is removed. Moreover, the blister 258 can be resealed
      to the card 260 by reorienting the blister on the card so that components
      of the pressure sensitive peripheral seal 264 are rejoined.
PAR  It will be understood that the positions of the inner or pressure sensitive
      seal 264 and the outer or heat seal 262 can be interchanged. In that case,
      the outer score lines 268 would be omitted and inner score lines (not
      shown) would be extended about the inner periphery of the sealing flange
      268 of the blister 258.
PAR  It will be understood that the tear-away packages of any of the preceeding
      Figures can be reclosed by one or more strips of pressure sensitive tape
      which can be temporarily adhered to a plastic-finished portion of the
      blister card, desirably at areas removed from the blister. The one or more
      strips of pressure sensitive tape can be readhered to the blister card
      when not in use. The reclosable feature of the invention is particularly
      desirable when the blister may contain two or more items which are not
      needed or used at the same time.
PAR  From package 272 of FIG. 11 it is evident that the tear-away blister
      package of the invention need not be square or rectangular. Oval blister
      274 is secured to card 276 by means of a blister flange and heat seal
      denoted generally by the reference numeral 278. Inner and outer score
      lines 280, 282 are provided for tear-away capability, as in preceeding
      Figures. It will also be understood that the blister 274 can be of
      irregular or nongeometric contour (not shown). The latter consideration is
      applicable generally to the preceeding figures hereof, to the extent that
      any such irregular figure is consistent with the living hinge capability
      when employed.
PAR  Desirably, but not necessarily, each of the packages shown herein is
      provided with an opening finger tab, such as the tab 30 of Figure 1, the
      tab 56b of FIGS. 1B, 1C, 1F, 4A or the tab 57 of FIG. 4B. The term "finger
      tab" also includes use of a notch, such as the notch 54 of FIG. 4 or the
      notch 78 of FIGS. 6, 6A, whereby the juxtaposed portion of the blister
      flange serves as a finger tab. Where the opening side of the blister is
      removed from the card edge, as in FIG. 6C and other figures a hole or
      knockout 284 (FIG. 6C) can be made in the base card in provision of such
      "finger tab."
PAR  As employed herein, the term "score lines" denotes an actual scoring cut
      into the card or other base member to a plane of frangibility contained
      within the base member or card. In the case of "outer score lines" or
      "outward score lines," the term includes an adjacent edge portion or
      portions of the base member or card (depending on a particular location of
      the blister member), provided that such edge portion or portions are
      sufficiently juxtaposed to the outer periphery of the sealed area between
      the blister and the card to provide the tear-away feature of the
      invention, without defacing the base member or card to any substantial
      extent beyond the limits of the sealed area.
PAR  From the foregoing it will be seen that novel and efficient forms of
      Tear-Away Blister Package have been described herein. Although the several
      blister package configurations illustrated herein are rectangular, it will
      be understood that other regular or irregular configurations can be
      employed within the teachings of the invention. The descriptive and
      illustrative materials employed herein, therefore, are utilized for
      purposes of exemplifying the invention and not in limitation thereof.
      Accordingly, numerous modifications of the invention will occur to those
      skilled in the art without departing from the spirit and scope of the
      invention. Moreover, it is to be understood that certain features of the
      invention can be used to advantage without a corresponding use of other
      features thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A quick-open blister package comprising a base member having at least
      one layer, a blistered containment member peripherally secured to said
      base member, the material of said base member layer being internally
      frangible in directions parallel to sides of said layer, a series of inner
      score lines in said base member and extending at least partially about
      said blistered member and closely adjacent an outer periphery of a pocket
      thereof, a series of outer score lines in said base member spaced
      outwardly of said inner series and extending closely and at least
      partially about the blistered member outer periphery, said inner score
      lines and said outer score lines excepting any portion of said outer score
      lines at an edge of said base member layer being cut into a nearer side of
      said base member layer but terminating short of a far side of said base
      member layer, said blistered member being secured to said base member
      within that area thereof between said series of score lines, a substantial
      area of said base member extending laterally of said blistered member in
      at least one direction thereof for front printing and the like, said score
      lines essentially delineating a relatively narrow band of securance area
      on said base member and at least partially surrounding said blistered
      member pocket, at least the major proportions of said inner and said outer
      score lines respectively coextending about said blistered member for this
      purpose, and means for securing said blistered member to said base member
      at said securance area band, whereby on opening said package said
      blistered member and said securance area band can be displaced from said
      base member by tearing taking place entirely within said base member layer
      but only between said score lines.
NUM  2.
PAR  2. The combination according to claim 1 wherein said delineated area is
      substantially wider than the peripheral securance of said blistered member
      to said base member to increase the opening forces of the package.
NUM  3.
PAR  3. The combination according to claim 1 wherein said blistered member is
      provided with a peripheral securance flange, and said first and second
      score lines are aligned respectively with inner and outer edges of at
      least a portion of said flange for at least partial concealment of the
      score lines.
NUM  4.
PAR  4. The combination according to claim 1 wherein said score lines are
      closely disposed to the securance of said blistered member to said base
      member to reduce the opening forces of the package.
NUM  5.
PAR  5. The combination according to claim 1 wherein said blister is provided
      with a peripheral securance flange, and the peripheral securance of said
      blistered member to said base member and said score lines are disposed
      inwardly of the respective edges of said flange to reduce the opening
      forces of the package and at least partially to conceal the presence of
      said score lines.
NUM  6.
PAR  6. The combination according to claim 1 wherein said blistered member is
      provided with a peripheral securance and sealing flange, and a fingerlift
      is formed integrally on a portion of said flange.
NUM  7.
PAR  7. The combination according to claim 1 wherein a fingerlift is formed
      integrally with an end portion of a pocket area of said blistered member.
NUM  8.
PAR  8. The combination according to claim 1 wherein said blistered member is
      provided with a peripheral securance flange, a portion of said flange
      being extended over an edge portion of said base member to provide a
      fingertab for opening said package.
NUM  9.
PAR  9. The combination according to claim 1 wherein said blistered member is
      provided with a peripheral securance flange, and a portion of said flange
      is extended to a point or line overhanging an adjacent edge portion of
      said base member for opening said package.
NUM  10.
PAR  10. The combination according to claim 1 wherein said base member is a
      laminated structure having a layer which is relatively more frangible than
      the remainder of said base member, said frangible layer substantially
      defining said plane of frangibility.
NUM  11.
PAR  11. The combination according to claim 10 wherein said base member includes
      relatively thin layers of tear-resistant material disposed one on each
      side of said frangible layer.
NUM  12.
PAR  12. A quick-open blister package comprising a base member having a
      frangible layer therewithin, a containment blister peripherally secured to
      said base member, inner and outer score lines cut in said base member
      substantially to the depth of said frangible layer, said score lines being
      spaced from one another and partially surrounding said blister, said
      blister having a peripheral securance flange with portions thereof
      juxtaposed to an area of said base member enclosed between said score
      lines, said juxtaposed flange portions being secured and continuously
      sealed to said base member but only at said enclosed area, said flange
      having a remaining portion secured and sealed to said base member outside
      of said enclosed area to form a "living" hinge upon opening of said
      package, said hinge and said enclosed area completely surrounding said
      blister.
NUM  13.
PAR  13. The combination according to claim 12 wherein opening means are coupled
      to said flange at a location remote from said remaining flange portion.
NUM  14.
PAR  14. The combination according to claim 1 wherein said blistered member is
      located within a central area of said base member and remote from the
      edges thereof, said outer series of score lines extending entirely about
      the blistered member periphery.
NUM  15.
PAR  15. The combination according to claim 1 wherein said blistered member is
      disposed adjacent at least one edge of said base member, said outer series
      of score lines extending about a portion of said blistered member
      periphery removed from said edge.
NUM  16.
PAR  16. The combination according to claim 1 wherein said base member is
      fabricated from an internally frangible material having a preselected
      frangibility less than that of the peripheral securance of said blistered
      member to said base member.
NUM  17.
PAR  17. The combination according to claim 16 wherein said base member includes
      a cardboard material having a plastic material admixed therewith to
      increase the opening forces productive of tearing of said base member
      substantially along said plane.
NUM  18.
PAR  18. The combination according to claim 1 wherein said base member is
      provided with an overlying heat-sealable plastic layer defining said plane
      of frangibility, said score lines penetrating said layer, and said
      blistered member being fabricated from a heat-sealable plastic and being
      heat-sealed to said plastic layer to secure said blistered member thereto
      and between said score lines as aforesaid so that a portion of said
      plastic layer is removed with said blistered member.
NUM  19.
PAR  19. The combination according to claim 1 wherein said blistered member is
      provided with a securance flange, and opening initiating means are mounted
      on said package adjacent a portion of said flange.
NUM  20.
PAR  20. The combination according to claim 19 wherein said flange portion in
      addition is provided with a suspending aperture extending through said
      package for minimizing theft of contents thereof upon suspending said
      package for display purposes.
NUM  21.
PAR  21. The combination according to claim 19 wherein said opening initiating
      means include an unsecured portion of said flange portion remote from a
      containment portion of said blistered member.
NUM  22.
PAR  22. The combination according to claim 18 wherein said blistered member is
      provided with a peripheral flange at least coextensive with that portion
      of said plastic layer between said score lines.
NUM  23.
PAR  23. The combination according to claim 1 wherein said base member is
      substantially rigid.
NUM  24.
PAR  24. The combination according to claim 1 including said outward series of
      score lines being discontinuous at a first-opened side of said blister for
      enhancement of a theft-resistant capability of said package.
NUM  25.
PAR  25. The combination according to claim 1 including said blister member
      having a peripheral securance flange, a portion of said flange forming a
      living hinge upon opening of said package, at least said first series of
      score lines being discontinuous in the area of said living hinge.
NUM  26.
PAR  26. The combination according to claim 1 wherein said blister member
      contains at least one additional pocket.
NUM  27.
PAR  27. The combination according to claim 26 including a partition formed from
      said blistered member and extending between an adjacent pair of said
      pockets into flush but unsealed engagement with said base member, said
      inner score lines crossing the ends of said partition and extending about
      the nonadjacent sides of said pockets.
NUM  28.
PAR  28. The combination according to claim 26 including a partition formed from
      such blistered member between a pair of said pockets, said partition being
      secured to said base member, said series of inner score lines being
      extended respectively about the outer peripheries of each of said pockets.
NUM  29.
PAR  29. The combination according to claim 25 wherein an auxiliary pressure
      sensitive securance means is provided between said blistered member and
      said base member at a location remote from said living hinge, said
      auxiliary securance means being repetitively frangible for reclosability
      of said blistered member in cooperation with said living hinge, said
      auxiliary securance means being located outside of said securance area
      band.
NUM  30.
PAR  30. The combination according to claim 1 including said securance band
      continuously surrounding said blistered member pocket, and frangible
      sealing means spaced from said securance area band and continuously
      surrounding said blistered member pocket for reclosability of said
      blistered member.
NUM  31.
PAR  31. The combination according to claim 1 wherein said securing means
      include sealing means continuously surrounding said blistered member
      pocket.
NUM  32.
PAR  32. The combination according to claim 18 including said heat sealing
      extending continuously and peripherally around said blister member pocket.
NUM  33.
PAR  33. The combination according to claim 12 including said outer score lines
      completely surrounding said blister for tear-away capability of said
      flange portion and complete removability of said living hinge from said
      base member without defacement thereof.
NUM  34.
PAR  34. The combination according to claim 1 wherein said base member layer is
      a gray cardboard material having a superficial layer of light cardboard
      material thereon and facing said blistered member, said scorelines
      penetrating through said superficial layer and into said gray cardboard
      material.
NUM  35.
PAR  35. The combination according to claim 1 wherein said base member layer is
      a gray cardboard material having a superficial layer of heat-sealable
      plastic thereon and facing said blistered member, said score lines
      penetrating through said superficial layer and into said gray cardboard
      material, said blistered member being heat sealed to said plastic layer at
      areas thereof between said score lines.
NUM  36.
PAR  36. The combination according to claim 34 wherein an additional layer of
      heat-sealable plastic is coated on said light cardboard material, said
      score lines penetrating through said plastic and said light cardboard
      layers and into said gray cardboard layer, said blistered member being
      heat-sealed to said plastic layer at areas between said score lines.
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ABST
PAL  This invention relates to a method of fertility control by use of novel
      cyclic progestogen-interrupted estrogen oral contraceptive regimens.
      Considering the first day of menstrual flow as day one of a 28 day
      medication administration cycle, a combined formulation of estrogen and
      progestogen substances is administered on the 3rd, 4th, 5th or 6th day of
      the cycle and every second or third day thereafter through, and including,
      the 23rd, 24th, 25th, 26th, 27th or 28th day of the cycle, and a
      formulation having only a progestogen substance as the active component is
      administered on the 4th, 5th, 6th, or 7th day of the cycle and every day
      thereafter on which a combination formulation is not administered,
      through, and including, the 22nd, 23rd, 24th, 25th, 26th, 27th or 28th day
      of the cycle.
PAL  In a particular regimen, a combination of estrogen and progestogen is
      administered starting with the 5th day of the cycle and continuing every
      other day through the 25th day of the cycle, and starting with the 6th day
      of the cycle and continuing every other day through the 24th day of the
      cycle only progestogen is administered. The remaining seven days are
      dosage-free or the regimen is completed by use of placebos or other
      nonhormonal supplements.
PAL  Dispensing packages for holding unit dosage forms for oral ingestion of one
      unit dosage form daily in the appropriate sequence during a single cycle
      of medication administration are also described.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 250,785, filed May
      5, 1972, which, in turn, is a continuation-in-part application of
      application Ser. No. 247,012 filed Apr. 24, 1972, now abandoned entitled
      "Novel Oral Contraceptive Regimens and Packaged Unit Dosage Forms
      Thereof", and assigned to the assignee of the present invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of fertility control in the human
      female by adherence to a novel oral contraceptive regimen. The regimen
      includes the administration of a combination of an estrogen and a
      progestogen during certain days of the reproductive cycle, and the
      administration of only the progestogen on certain of the other days of the
      cycle.
PAR  Research and development in the area of human contraception or fertility
      control has heretofore concentrated almost exclusively on preventative
      methods, whether in the form of chemical or physical diversions of or
      barriers to sperm transport, e.g. vaginal creams and foams, condoms,
      diaphragms, and intrauterine devices, or in the form of chemically based
      oral contraceptives. The former methods have been largely supplanted by
      the use of oral contraceptives which have proven to be extremely effective
      in the prevention of conception. This effectiveness, however, necessarily
      requires the administration of the oral contraceptive tablets over
      approximately 21 days of each reproductive cycle. During the remaining 7
      days of the 28 day cycle, no hormone-containing tablets are given and it
      is during this period, if the reproductive cycle is accurately regulated,
      that normal menstrual flow takes place.
PAR  The most common form of oral contraception is based upon the daily
      administration of a combination of estrogen and progestogen substances for
      about 21 successive days, starting generally on the 5th day of the
      menstrual cycle. After the 21 day period, there follows a 7 day period
      during which neither estrogen or progestogen substances are taken. If the
      reproductive cycle of the female has been properly regulated, the normal
      and characteristic menstrual flow is supposed to, and generally does,
      occur within the 7 day period.
PAR  A second method which has been developed is the "sequential" system wherein
      from the 5th through about the 19th day of the cycle only an estrogen is
      given. A different tablet containing both estrogen and progestogen
      substances is given for the 5 days from the 20th to the 24th day of the
      cycle. This regimen more closely approximates the time-related secretion
      by the female body of its own reproductive cycle-controlling hormones. As
      with the combined treatment, there are no hormonal substances given during
      the 7 days following the 24th day. If the reproductive cycle has been
      properly regulated, the normal menstrual flow will, and generally does,
      occur within the 7 day period.
PAR  Although oral contraceptives have proven to be extremely effective in
      controlling fertility, the administration of oral contraceptive
      formulations, like other potent drugs, has some side effects. Since the
      oral contraceptives maintain a pseudopregnancy condition, the most
      commonly occuring side effects are similar to the common symptoms observed
      during pregnancy. Such side effects may be attributable to the potent
      estrogenic and progestogenic agents administered during the course of the
      regimen. Accordingly, it is of continuing interest to those in this field
      to develop new oral contraceptive regimens which control fertility, yet do
      so with lower dosages of estrogen and/or progestogen agents, minimized
      side effects, or do so in an improved manner.
PAR  Thus, Coutinho and deSouza, J. Reprod. Fert.16,137-139, (1968) suggest the
      administration of a combined tablet containing estrogen and progestogen
      every other day starting on the 5th day of the menstrual cycle and ending
      on the 23rd day of the cycle. On intervening days between the 5th and the
      23rd days of the cycle, no tablets or placebos are administered. Although
      it was concluded that the contraceptive effectiveness of such a regimen is
      unaltered by extending the interval of administration to alternate days
      (as opposed to administration on 21 consecutive days), the reported data
      also shows that this was achieved with some sacrifice in cycle regulation
      and duration of menstrual flow. Specifically, regulation of the
      reproductive cycle to give menstrual flow upon termination of medication
      (i.e., so called "withdrawal bleeding") was only effective in slightly
      over 50 percent of the cycles recorded. This loss of cycle regulation can,
      in turn, expose the patient to the possibility of conception during an
      "unprotected" period (i.e., where no active medication is being taken)
      which does not coincide with actual menstrual flow. Additionally, the
      complete absence of menstrual flow (i.e., amenorrhoea) increased
      significantly as did those instances where the duration of menstrual flow
      was undesirably long (i.e., greater than 8 days).
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The method of controlling fertility, according to the present invention,
      comprises administering to the human female during certain days of the
      reproductive cycle a combination of estrogen and progestogen, and
      administering during certain other days of the reproductive cycle only a
      progestogen. This is considered an "interrupted treatment", as
      distinguished from the "combined" and "sequential" treatments described
      above.
PAR  In the broadest aspects, the present invention relates to methods for
      controlling fertility in women wherein the first day of menstrual flow
      prior to the initiation of the administration of oral contraceptive
      medication is considered as day 1 of a medication administration cycle. On
      the 3rd, 4th, 5th, or 6th day of the cycle and every second or third day
      thereafter through, and including, the 23rd, 24th, 25th, 26th, 27th, or
      28th day of the cycle, there is administered a combination formulation
      having both estrogen and progestogen substances. On the 4th, 5th, 6th or
      7th day of the cycle and every day thereafter on which a combination
      formulation is not administered, through, and including, the 22nd, 23rd,
      24th, 25th, 26th, 27th, or 28th day of the cycle, a formulation having
      only a progestogen substance as the active component is administered. On
      the remaining days of the cycle, active medication may be given in
      alternating or interrupted form, if desired. Generally, however, the
      remaining days are dosage-free or the regimen is completed by use of
      placebos or non-hormonal supplements. If the reproductive cycle of the
      female has been regulated by such a regimen, menstrual flow (i.e.,
      "withdrawal bleeding") will, and usually does, occur shortly after
      discontinuance of the administration of active medication.
PAR  According to a particular regimen, the first day of menstrual flow is
      considered to be the first day of the initial medication administration
      cycle. On the 5th day and every other day through, and including, the 25th
      day of the cycle, there is administered a combined formulation having both
      estrogen and progestogen substances. On the 6th day of the cycle and every
      other day through, and including, the 24th day of the cycle, there is
      administered a formulation having only a progestogen as the active
      component. For the remaining 7 days of the 28 day cycle (i.e., days 26-28
      and days 1-4) no estrogenic or progestogenic substances are taken.
      Optionally, during this 7 day period, placebos with or without
      non-hormonal supplements can be administered to provide a continuous
      program of oral contraception administration over successive cycles. If
      the reproductive cycle of the female has been regulated by the
      above-described regimen, menstrual flow will, and usually does, occur
      shortly after the 25th day (i.e., after discontinuance of the
      administration of the estrogenic/progestogenic substances).
PAR  The progestogen component of the oral contraceptive regimen is generally
      administered daily in an amount from about 0.03 mg to about 10.0 mg.,
      generally from about 0.3 mg. to about 1.0 mg., throughout period of
      therapy. The actual amount of progestogen utilized in a daily unit dosage
      form will depend upon the particular progestogen utilized and its relative
      potency or activity. For example, a smaller quantity of a more potent
      progestogen will be required to achieve the same results as a larger
      quantity of a less potent progestogen. The presently preferred progestogen
      is norethindrone (i.e.,
      17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-en-3-one), as described in
      United States letters Patent No. 2,744,122. Other progestogens include
      chlormadinone-acetate (6-chloro-17-hydroxy-pregna-4,6-diene-3,20-dione
      acetate, norethynodrel (17.alpha.-ethynyl-17-hydroxy-estr-5(10)-en-3-one),
      norgestrel
      (13.beta.-ethyl-17.alpha.-ethynyl-17.beta.-hydroxy-gon-4-en-3-one),
      medroxy-progesterone acetate
      (17.alpha.-acetoxy-6.alpha.-methyl-pregn-4-ene-3,20-dione), megestrol
      acetate (17.alpha.-acetoxy-6-methyl-pregna-4,6-diene-3,20-dione),
      lynestrenol (17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-ene), quingestrone
      (3-cyclopentyloxy-pregna-3, 5-diene-20-one), norethindrone acetate
      (17.beta.-acetoxy-17.alpha.-ethynyl-estr-4-en-3-one), ethynodiol acetate
      (3.beta.,17.beta.-diacetoxy-17.alpha.-ethynyl-estr-4-ene), dimethisterone
      [17.beta.-hydroxy-6.alpha.-methyl-17-(1-propynyl)-androst-4-en-3-one],
      other orally active progestogens, and the like.
PAR  On those days that the estrogen component of the oral contraceptive regimen
      is adminstered it is administered in an amount from about 0.01 mg. to
      about 2.0 mg., generally from about 0.03 mg. to about 0.1 mg. As with the
      progestogen substance, the actual amount of estrogen substance utilized in
      a unit dosage form will depend upon the particular estrogen utilized and
      its relative potency or activity. Estrogen administration is preferably in
      a combined unit dosage form along with the progestogen; however, the
      estrogen can be administered in separate unit dosage form if so desired.
      The presently preferred estrogen is ethinyl estradiol (i.e.,
      17.alpha.-ethynyl-3,17.beta.-dihydroxy-estra-1,3,5(10)-triene). Other
      estrogens include mestranol
      (17.alpha.-ethynyl-17.beta.-hydroxy-3-methoxy-estra-1,3,5(10)-triene),
      estradiol (3,17.beta.-dihydroxy-estra-1,3,5(10)-triene),
      estriol(3,16.alpha.,17.beta.-trihydroxy-estra-1,3,5(10)-triene),estrone
      (3-hydroxy-estra-1,3,5(10)-triene-17-one), diethylstilbestrol,
      quinestradiol
      (3-cyclopentyloxy-16.alpha.,17.beta.-dihydroxy-estra-1,3,5-(10)-triene,
      and other orally active estrogens, and the like.
PAR  Each of the estrogenic and progestogenic substances utilized in this
      regimen performs the same function or functions that it would if given,
      for example, in accordance with the "combined" treatment referred to
      above. However, it has been found that oral contraceptives, administered
      according to the regimen herein described, control fertility although
      administered at a substantially reduced dosage level (as compared, for
      example, to oral contraceptive unit dosage forms presently commercially
      marketed by the assignee of the present invention) while retaining
      satisfactory control over reproductive cycle length and duration of
      menstrual flow.
PAR  The process of the present invention is conventionally practiced by
      administration of the oral contraceptive formulations during a 28 day
      cycle, as described above. The formulations are prepared from the
      estrogenic and progestogenic agents to provide the combined
      estrogen/progestogen formulation and individual progestogen formulation,
      both as described above. The active component or components is, or are, as
      the case may be, in admixture with a pharamaceutically acceptable
      non-toxic carrier. Thus, the formulations can be appropriately compounded
      in any pharamaceutically acceptable non-toxic form and packaged in any
      manner suitable for proper delivery and use. For example, the formulations
      can take the form of tablets, capsules, and/or pills containing in
      addition to the active component or components, a number of inert
      materials including diluents, binders, lubricants, and/or other additives
      designed to improve its physical characteristics. See Remington's
      Pharamaceutical Sciences, Mack Publishing Company, Easton, Penn., 14th
      Edition, 1970, especially Chapter 87. As used herein, "unit dosage form"
      refers to any suitable manner, such as the use of tablets, capsules,
      and/or pills, etc., by which the formulations of the present invention,
      including, optionally, placebos, are made available to the user thereof
      for daily ingestion according to the regimen herein described.
PAR  Dispensing packages according to this invention, and particularly useful
      herein, include those which accommodate the required formulation
      representing daily unit dosage forms in a contiguous, sequential
      arrangement which, if properly used according to the instructions packaged
      therewith, cause the proper formulation to be taken at the appropriate
      time during the reproductive cycle. For example, such a dispensing package
      may comprise individual blister pods for the storage in each of a single
      unit dosage form. At the appropriate time during the reproductive cycle,
      the unit dosage form is manually dispensed therefrom through a frangible
      retaining layer. Storage of other unit dosage forms is not affected by
      such dispensing. Appropriate notations can be placed on the dispensing
      package, if desired, to guide or instruct the user thereof in the proper
      use of the oral contraceptive herein described. For example, day of the
      week, day of the cycle, miscellaneous instructions, etc., may be provided,
      if so desired.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following specific description is given to enable those skilled in this
      art to more clearly understand and practice the present invention. It
      should not be considered as a limitation upon the scope of the invention
      but merely as being illustrative and representative thereof.
DETD
PAC  EXAMPLE I
PAR  5,000 pink tablets having the following composition are prepared:
TBL  norethindrone  0.5       mg.                                              
     ethynyl estradiol                                                         
                    0.06      mg.                                              
     lactose (USP)  55.2      mg.                                              
     corn starch    19.2      mg.                                              
     polyvinylpyrrolidone                                                      
                    4.8       mg.                                              
     magnesium stearate                                                        
                    0.24      mg.                                              
     F D & C red No.2 dye                                                      
                    0.007     mg.                                              
PAR  In the following procedure, appropriate quantities of each component are
      utilized to give the desired number of tablets, each tablet having the
      composition listed above.
PAR  The norethindrone and ethynyl estradiol are disolved in ethanol which is
      heated slightly. The dye is dissolved in water and both solutions are
      mixed. The lactose, corn starch, and polyvinylpyrrolidone are mixed and
      passed through a No.40 mesh screen. The mixed solution of norethindrone
      and ethynyl estradiol is added to the powder mixture of lactose, corn
      starch, and polyvinylpyrrolidone, and grandulated through a No.12 mesh
      screen. This mixture is dried at 40.degree.-45.degree.C and then passed
      through a No.20 mesh screen. The magnesium stearate is passed through a
      No. 60 mesh screen, added to the grandulated powder and mixed for three
      minutes. The tablets are prepared from this grandulated power by
      compressing portions thereof using a 6mm. diameter flat face beveled edge
      punch.
PAC  EXAMPLE II
PAR  5,000 uncolored tablets having the following composition are prepared:
TBL  norethindrone  0.5      mg.                                               
     lactose (USP)  55.26    mg.                                               
     corn starch    19.20    mg.                                               
     polyvinylpyrrolidone                                                      
                    4.8      mg.                                               
     magnesium stearate                                                        
                    0.24     mg.                                               
PAR  The method of preparing the tablets of this Example is the same as is given
      above in Example I, except the ethynyl estradiol and F D and C red No.2
      dye are omitted.
PAR  In the preceding formulations, the polyvinylpyrrolidone can vary between
      4-6 percent, by weight, of the total weight of the tablet, the corn starch
      can vary between 19-25 percent, by weight, of the total weight of the
      tablet, the magnesium stearate can vary between 0.2-0.5 percent, by
      weight, of the total weight of the tablet, the coloring dye can be added
      as required, and the lactose is added in sufficient amount to bring
      individual tablets to their desired weight. Generally the lactose
      represents about 50-75 percent, by weight, of the total tablet weight.
PAR  Placebo tablets can be prepared from polyvinylpyrrolidone, corn starch,
      magnesium stearate, an appropriate coloring dye, and lactose in amounts,
      for example, as specified in the preceding paragraph.
PAR  Eleven tablets having the composition as shown in Example I, 10 tablets
      having the composition as shown in Example II, and 7 placebos are placed
      in a dispensing package. Considering the first day of menstrual flow as
      day one, placebos are placed in the first four individual storage pods.
      The eleven tablets corresponding to the composition of Example I are
      placed, on each, in the storage pods corresponding to the fifth day and
      every other day thereafter through, and including, the 25th day. The 10
      tablets corresponding to the composition of Example II are placed, one
      each, in the storage pods corresponding to the 6th day and every other day
      thereafter through, and including, the 24th day. The remaining 3 placebos
      are placed, one each, in the 3 remaining individual storage pods
      corresponding to days 26-28. Appropriate notations are made on the
      dispensing package instructing the user thereof to take the first placebo
      tablet on the first day of menstrual flow. The dispensing package also
      includes additional instructions directing the user thereof to take the
      remaining tablets, at one tablet per day, in the specified sequence during
      the remaining days of the  28 day cycle.
PAR  In an alternate dispensing package, the 7 placebo tablets are omitted.
      Appropriate instructions are placed on the dispensing package directing
      the user thereof to consider the 1st day of menstrual flow as the day 1 of
      the cycle, to commence the taking of the tablets in the sequence as shown
      on day 5 of the cycle, and to continue taking such tablets at one tablet
      per day until all of the tablets have been ingested. The dispensing
      package also includes additional instructions directing the user thereof
      to wait 7 days prior to starting the next regimen with a new dispensing
      package of tablets.
PAR  In either case, using either the 21 or 28 tablet-containing dispensing
      package, the administration of active medication will begin for each
      succeeding cycle on the same day of the week as administration of active
      medication began during the first cycle. For as long as the patient is
      maintained on this regimen by the physician this 28 day cycle will be
      adhered to, regardless of whether menstrual flow has taken place or not
      during the "unprotected" period.
PAC  EXAMPLE III
PAR  81 women with proven fertility and exposed to occurrence of pregnancy, but
      who are not using any other means of contraceptive or fertility control,
      are administered the oral contraceptives of the present invention
      according to the regimen described in Examples I and II above.
PAR  The results obtained in this clinical study are tabulated below in Table I.
      As used in Table I, "menstrual flow interval" refers to the number of days
      from the first day of menstrual flow for one cycle until the first day of
      menstrual flow for the next succeeding cycle; the "duration of menstrual
      flow" means the actual number of days of menstrual flow. Three patients
      involved in the clinical studies tabulated in Table I were on the program
      for too short a period of time to obtain meaningful data with regard to
      the interval of menstrual flow. Thus, only 78 patients are listed under
      that category in Table I. However, one such patient did have a bleeding
      episode during the time on the program and, thus, is included in the data
      tabulated in Table I under duration of menstrual flow.
TBL                TABLE I                                                     
     ______________________________________                                    
                    PATIENTS  CYCLES                                           
     MENSTRUAL FLOW INTERVAL                                                   
                      No.     %       No.   %                                  
     (DAYS)                                                                    
     ______________________________________                                    
     &lt;25              14      17.9    98    18.2                               
     25-32            49      62.9    375   69.9                               
     &gt;32              13      16.7    52     9.7                               
     &gt;60               2       2.6    12     2.2                               
                      78              537                                      
     DURATION OF MENSTRUAL FLOW                                                
     DAYS                                                                      
     &lt;3               12      15.2    74    12.2                               
     3-8              67      84.8    531   87.3                               
     &gt;8               --      --       3     0.5                               
                      79              608                                      
     ______________________________________                                    
PAR  No pregnancies occurred; accordingly, this represents a pregnancy rate 0.0
      per 100 woman years. As used herein, "pregnancy rate" is the number of
      pregnancies X 1,200 divided by the product of the number of patients
      observed X the months of exposure.
PAR  With regard to Table I above, the menstrual flow interval represented by
      25-32 days is commonly referred to as "withdrawal bleeding." That is, it
      refers to the occurrence of menstrual flow shortly after the
      administration of active medication is terminated (i.e., during the
      "unprotected" period during which the placebos are taken or no tablets are
      taken). As can be seen from the data presented in Table I, in a
      substantial majority (i.e., approximately 70 percent) of the cycles
      tabulated to date, withdrawal bleeding has occurred as desired. In
      addition, the incidence of amenorrheic cycles (as categorized by a
      menstrual flow interval greater than 60 days) is relatively modest and, in
      any event, is a substantial improvement over the results reported by
      Coutinho et al, supra. With regard to duration of menstrual flow, the
      duration of a substantial majority (i.e., approximately 87 percent) of
      menstrual flow episodes recorded fall within the desired 3-8 day range.
      Thus, these results reflect that the regimen described herein is effective
      in preventing conception, controlling the duration of flow, and regulating
      the length of the reproductive cycle, as evidence by the high incidence of
      "withdrawal bleeding" where the time of actual menstrual flow is desirably
      synchronized with the "unprotected" period. As indicated above, this is
      achieved with a substantial reduction in the amount of active components
      administered to the patient.
PAC  EXAMPLES IV AND V
PAR  The compositions of Examples I and II are repeated except 0.5 mg. of
      norethindrone acetate is substituted for the 0.5 mg. norethindrone in each
      instance.
PAC  EXAMPLES VI AND VII
PAR  The compositions of Examples I and II are repeated except 6.0 mg. of
      dimethisterone is substituted for the 0.5 mg. norethindrone in each
      instance.
PAC  EXAMPLES VIII AND IX
PAR  The compositions of Examples I and II are repeated except 0.5 mg. of
      norethynodrel is substituted for the 0.5 mg. norethindrone in each
      instance.
PAC  EXAMPLES X AND XI
PAR  The compositions of Examples I and II are repeated except 0.5 mg. of
      ethynodiol acetate is substituted for the 0.5 mg. norethindrone in each
      instance.
PAC  EXAMPLES XII AND XIII
PAR  The compositions of Examples I and II are repeated except 0.25 mg. of
      norgestrel is substituted for the 0.5 mg. norethindrone in each instance.
PAC  EXAMPLES XIV AND XV
PAR  The compositions of Examples I and II are repeated except that 5.0 mg. of
      medoxyprogesterone acetate is substituted for the 0.5 mg. norethindrone in
      each instance.
PAC  EXAMPLES XVI AND XVII
PAR  The compositions of Examples I and II are repeated except 0.5 mg. of
      chlormadione acetate is substituted for the 0.5 mg. norethindrone in each
      instance.
PAR  The present invention has been particularly described above with reference
      to not only an effective regimen, but one that conforms to an accepted
      mode of administration of oral contraceptives to a large number of women
      of varying backgrounds, intelligence, inclinations, etc. That is, the
      regimen has been based upon a medication administration cycle requiring 21
      days on medication and 7 days off medication, whereby in each succeeding
      cycle the administration of active medication begins on the same day of
      the week as in the first or preceding cycle. However, from a theoretical
      point of view without regard to convenience of use aspect, the present
      invention can be modified in certain particulars which are considered to
      be within the broad concepts of this invention.
PAR  For example, a combined formulation having both estrogen and progestogen
      substances can be administered on the 3rd day of the medication
      administration cycle and a progestogen formulation administered on the 4th
      day of the cycle. This is followed by the 21 days of medication
      administration as described above, whereby active medication is
      administered on 23 days of a 28 day cycle.
PAR  Alternatively, administration of the interrupted regimen can be as given
      above with the exception that no medication is given on the 25th day. In
      this aspect of the invention, administration of active medication ends on
      the 24th day with the administration only of the progestogen substance.
PAR  In a further aspect of the invention, once again considering the first day
      of menstrual flow prior to the initiation of administration of medication
      as day one, the administration of active medication can begin on the 3rd,
      4th, 5th, or 6th day of the cycle with the administration of a combined
      estrogen and progestogen formulation. The combined formulation, however,
      is only administered every third day. On intervening days, only a
      progestogen substance is administered.
PAR  Thus, in the broadest aspects of the invention, combined estrogen and
      progestogen formulations are administered on the 3rd, 4th, 5th, or 6th,
      day of the cycle and every second or third day thereafter through, and
      including, the 23rd, 24th, 25th, 26th, 27th, or 28th day of the cycle. On
      the 4th, 5th, 6th, or 7th day of the cycle and every day thereafter on
      which a combination formulation is not administered, through, and
      including, the 22nd, 23rd, 24th, 25th, 26th, 27th, 28th day of the cycle,
      formulation having only a progestogen substance as the active component is
      administered. On the remaining days of the cycle, the regimen may be
      completed by additional active medication or placebos, etc., as indicated
      above. Generally, however, active medication will be given for only a
      period of 20-23 days.
PAR  Dispensing packages accommodating the novel oral contraceptive regimen of
      this invention, with or without placebos, are also considered a part of
      the present invention. As indicated above, such packages include
      instructions directing the user thereof to take a single unit dosage form
      daily in the desired sequence, whereby the proper formulation is ingested
      on the proper day during the medication administration cycle. Suitable
      packages include those shown by Applezweig U.S. Pat. No. 3,409,721, and
      those oral contraceptive packages presently marketed by the assignee of
      the present invention. A further package has one row of combined
      estrogen/-progestogen unit dosage forms, and a second row of unit dosage
      forms having only progestogen as the active component. One unit dosage
      form is taken from one row and the next unit dosage form is taken from the
      other row, and so on, alternating back and forth. Placebos may be added at
      the beginning and/or end of each row, if so desired.
PAR  While the present invention has been described with reference to specific
      embodiments thereof, it should be understood by those skilled in this art
      that various changes may be made and equivalents may be substituted
      without departing from the true spirit and scope of the invention. In
      addition, many modifications may be made to adapt a particular situation,
      material or composition of matter, process, process step or steps, or
      then-present objective to the spirit of this invention without departing
      from its essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a dispensing package having cyclic
      progestogen-interrupted estrogen oral contraceptives in unit dosage forms
      therein, said unit dosage forms being adapted for oral administration of
      one unit dosage form daily in a predetermined sequence during a 28 day
      medication administration cycle, said sequence being predetermined by the
      manner in which said unit dosage forms are stored in said dispensing
      package, said dispensing package bearing directions to take one unit
      dosage form daily in the directed sequence; said combination comprising a
      unitary member having 20 to 28 individual storage pods formed therein,
      said storage pods corresponding to the 20 to 28 days during which unit
      dosage forms are to be administered, the storage pods beginning with a
      storage pod corresponding to one of the 3rd to 6th days of said cycle and
      every second or third day thereafter having therein a unit dosage form
      having a combination of about 0.01 mg. to about 2.0 mg. estrogen and about
      0.03 mg. to about 10.0 mg. of a progestogen, and said storage pods
      beginning with a storage pod corresponding to one of the 4th to 7th days
      of said cycle and every other day thereafter on which a combination
      formulation is not adminstered having therein a unit dosage form having
      only a progestogen in an amount of about 0.03 mg. to about 10.0 mg. as the
      active contraceptive component, said package containing
      progestogen-containing unit dosage forms for administration during a
      period of 20 to 23 consecutive days during said 28 day cycle; and
      retaining means adapted to maintain each unit dosage form in its
      individual storage pod until it is desired to dispense the unit dosage
      form therefrom, the amounts of said estrogen and progestogen in said unit
      dosage forms being effective to control the fertility of an otherwise
      fertile woman.
NUM  2.
PAR  2. The combination of claim 1 wherein said unitary member has 28 individual
      sotrage pods, said combination further including a single placebo unit
      dosage form in each of said storage pods not holding a
      progestogen-containing unit dosage form, said placebo unit dosage forms
      including neither estrogen nor progestogen substances.
NUM  3.
PAR  3. The combination of claim 1 wherein said dispensing package contains said
      combination formulations for administration every third day.
NUM  4.
PAR  4. The combination of claim 1 wherein said dispensing package contains said
      combination formulations for administration every second day.
NUM  5.
PAR  5. The combination of claim 4 wherein said combination estrogen and
      progestogen unit dosage forms include about 0.03 mg. to about 0.1 mg. of
      said estrogen and about 0.3 mg. to 1.0 mg. of said progestogen, and the
      progestogen-only-containing unit dosage forms include about 0.3 mg. to
      about 1.0 mg. progestogen.
NUM  6.
PAR  6. The combination of claim 4 wherein each of said combined estrogen and
      progestogen unit dosage form includes about 0.06 mg.
      17.alpha.-ethynyl-3,17.beta.-dihydroxy-estra-1,3,5(10)-triene and about
      0.5 mg. 17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-en-3-one, and said unit
      dosage forms containing only progestogen as the active component include
      about 0.5 mg. 17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-en-3-one.
NUM  7.
PAR  7. The combination of claim 1 wherein said progestogen in said unit dosage
      forms is selected from the group consisting of norethindrone,
      norethindrone acetate, chlormadione acetate, norethynodrel, norgestrel,
      medroxyprogesterone acetate, megestrol acetate, lynestrenol, quingestrone,
      ethynodiol acetate, and dimethisterone.
NUM  8.
PAR  8. In combination, a dispensing package having cyclic
      progestogen-interrupted estrogen oral contraceptives in unit dosage forms
      therein, said unit dosage forms being adapted for oral administration of
      one unit dosage form daily in a predetermined sequence during a 28 day
      medication administration cycle, said sequence being predetermined by the
      manner in which said unit dosage forms are stored in said dispensing
      package, said dispensing package bearing directions to take one unit
      dosage from daily in the directed sequence; said combination comprising a
      unitary member having 21 or 28 individual storage pods formed therein,
      said storage pods corresponding to the 21 or 28 days during which unit
      dosage forms are to be administered, the first of said storage pods
      corresponding, in the 28 pod-containing unitary member, to the 1st day of
      said cycle and, in the 21 pod-containing member, to the 5th day of said
      cycle, said storage pods corresponding to the 5th day of said cycle and
      every other day thereafter through, and including, the 25th day of said
      cycle having therein a unit dosage form having a combination of about 0.01
      mg. to about 2.0 mg. of an estrogen and about 0.03 mg. to about 10.0 mg.
      of a progestogen, and said storage pods corresponding to the 6th day of
      said cycle and every other day thereafter through, and including, the 24th
      day of said cycle having therein a unit dosage form having only a
      progestogen in an amount of about 0.03 mg. to about 10.0 mg. as the active
      contraceptive component; and retaining means adapted to maintain each unit
      dosage form in its individual storage pod until it is desired to dispense
      the unit dosage form therefrom, the amounts of said estrogen and
      progestogen substances in said unit dosage forms being effective to
      control the fertility of an otherwise fertile woman.
NUM  9.
PAR  9. The combination of claim 8 wherein said unitary member has 28 individual
      storage pods, said combination further including a single placebo unit
      dosage form in each of said storage pods corresponding to days 1-4 and
      days 26-28 of said cycle, said placebo unit dosage forms containing
      neither estrogen nor progestogen substances.
NUM  10.
PAR  10. The combination of claim 8 wherein each of said combined estrogen and
      progestogen unit dosage forms include
      17.alpha.-ethynyl(-17.beta.-hydroxy-estr-4-en-3-one as said progestogen
      and 17.alpha.-ethynyl-3,17.beta.-dihydroxy-estra-1,3,5(10)-triene as said
      estrogen.
NUM  11.
PAR  11. The combination of claim 8 wherein each of said combined estrogen and
      progestogen unit dosage forms include about 0.06 mg.
      17.alpha.-ethynyl-3,17.beta.-dihydroxy-estra-1,3,5(10)-triene and about
      0.5 mg. 17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-en-3-one, and unit
      dosage forms containing only progestogen as the active component include
      about 0.5 mg. 17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-en-3-one.
NUM  12.
PAR  12. The combination of claim 8 wherein said estrogen in each of said
      combined estrogen and progestogen unit dosage forms comprises
      17.alpha.-ethynyl-3,17.beta.-dihydroxy-estra-1,3,5(10)-triene.
NUM  13.
PAR  13. The combination of claim 8 wherein said progestogen in each of said
      unit dosage forms comprises
      17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-en-3-one.
NUM  14.
PAR  14. The combination of claim 8 wherein said unit dosage forms containing
      only progestogen as the active component include about 0.5 mg.
      17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-en-3-one.
NUM  15.
PAR  15. The combination of claim 8 wherein said combination estrogen and
      progestogen unit dosage forms include about 0.03 mg. to about 0.1 mg. of
      said estrogen and about 0.3 mg. to 1.0 mg. of said progestogen, and the
      progestogen-only-containing unit dosage forms include about 0.3 mg. to
      about 1.0 mg. progestogen.
NUM  16.
PAR  16. The combination of claim 8 wherein each of said combined estrogen and
      progestogen unit dosage forms includes about 0.06 mg.
      17.alpha.-ethynyl-3,17.beta.-dihydroxy-estra-1,3,5(10)-triene.
NUM  17.
PAR  17. The combination of claim 8 wherein said progestogen in said unit dosage
      forms is selected from the group consisting of norethindrone,
      norethindrone acetate, chlormadione acetate, norethynodrel, norgestrel,
      medroxyprogesterone acetate, megestrol acetate, lynestrenol, quingestrone,
      ethynodiol acetate, and dimethisterone.
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ABST
PAL  A large number of cards are vertically randomly stored on a horizontal
      platen. Each card has a serrated bottom code edge contacting the platen, a
      magnetic chip implanted in a vertical edge and a hook on the upper edge.
      Selected serrations are removed from the bottom edges of the cards to
      constitute a selection code. Selected sorting bars are raised into
      position between the serrations, and a magnet attracts the magnetic chips
      so that only the selected card having serrations removed corresponding to
      the raised sorting bars is pulled horizontally backward by the magnet by a
      distance of one serration. A push bar then engages with the hook of the
      selected card, and pushes the selected card horizontally forward and
      simultaneously lifts the selected card clear of the other cards to a
      retrieval position.
BSUM
PAR  The present invention relates to a method and system for selectively
      retrieving from storage a desired card or sheet of microfiche or the like.
PAR  With the increasing usage of rectangular sheets or cards, such as punch
      cards or microfiche sheets for retrievably storing infomation in discrete
      segments, means for storing and selectively retrieving large numbers of
      cards or sheets is a basic necessity. Selection or retrieval systems for
      sheets have hereto been limited to small numbers of sheets, and also to
      sheets of small size. Such prior art systems have also generally been
      limited to single drawers of sheet storage cabinets. However, it has
      recently been desired to store information on sheets as large as 280mm
      .times. 210mm, and provide as many as 2000 sheets in a single storage unit
      which would be as large as 1800mm .times. 400mm .times. 500mm. Although
      large, such storage units should be rectangular and easily stackable to
      provide a large bank of storage units. It is also desirable to make the
      storage and selection or retrieval means integral, so that it is
      unnecessary to remove a large number of sheets from the storage means and
      carry them to the selection means, which might have to be located in a
      remote area to serve a number of storage means in various locations.
PAR  Such a system is described in U.S. Pat. No. 3,478,877 granted to Robert D.
      Parry, and an improvement thereto in U.S. Pat. No. 3,610,413 granted to
      Daniel J. Bandenburg. In the basic Parry system, the cards have serrated
      or toothed bottom edges, and are randomly stored on a horizontal platen
      with the serrated edges in contact with the platen. Lock notches are also
      provided on the bottom edges, and various serrations are removed to
      constitute a selection code. Sorting bars are raised through slots formed
      in the platen corresponding to the code of the desired card, and the
      desired card is magnetically pulled away from the other cards by a
      distance of one serration by means of an elongated magnet and magnetic
      chips inplanted in vertical edges of the cards. This is possible because
      the serrations corresponding to the raised sorting bars are removed.
      Thereafter, a lock bar is raised into the lock notches of the undesired
      cards to hold the same, and the sorting bars are retracted back into the
      platen. The magnet is then moved farther to pull the desired card further
      away from the undesired cards. After use of the card is completed, the
      card is inserted partially into the deck of unselected cards, and pushed
      back to its original storage position by the magnet.
PAR  A drawback of this system is that the cards tend to become tilted as they
      are pushed back into the storage position by the magnet, which results in
      subsequent erroneous selection. This problem is solved to a certain extent
      by the improvement disclosed by Bandenburg, involving a novel magnet
      arrangement.
PAR  Another problem with the above described system is that since the desired
      card is separated from the other cards in a horizontal direction only, the
      distance of separation, and thereby the stroke of the magnet must be quite
      substantial. Also, the magnet in this prior art system is adapted to move
      externally from the main unit during the selection process, and is
      potentially dangerous and subject to breakage. Since provision must be
      made in the storage area for the external stroke of the magnet, the
      compactness of this prior art system is less than ideal.
PAR  It is therefore an important object of the present invention to provide a
      method of retrieving a desired card or sheet from storage which overcomes
      the above described drawbacks of the prior art and in which the desired
      card is moved in a combined horizontal and vertical direction from a
      storage position to a retrieval position.
PAR  It is another important object of the present invention to provide a system
      embodying the above described method.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become clear from the following detailed description taken
      with the accompanying drawings, in which like reference numerals designate
      like or similar elements throughout the different views, and in which:
PAR  FIG. 1 is a perspective view of a card or sheet retrieval system embodying
      the present invention;
PAR  FIGS. 2A and 2B are graphic representations of a card utilized in the
      system shown in FIG. 1;
PAR  FIG. 3 is a sectional elevation of a main storage unit of the system shown
      in FIG. 1;
PAR  FIG. 4 is a longitudinal sectional view of major components of the main
      storage unit shown in FIG. 3;
PAR  FIG. 5 is a fragmentary sectional elevation showing some of the components
      shown in FIG. 4;
PAR  FIG. 6 is a fragmentary exploded view of some of the components shown in
      FIG. 4;
PAR  FIG. 7 is a fragmentary plan view of a part of the main storage unit shown
      in FIG. 3;
PAR  FIGS. 8A and 8B are fragmentary elevations showing part of the main storage
      unit shown in FIG. 1;
PAR  FIG. 9 is an exploded view of part of the main storage unit shown in FIG.
      3;
PAR  FIG. 10 is a fragmentary elevation of part of the main storage unit shown
      in FIG. 3;
PAR  FIG. 11 is similar to FIG. 3, but shows the main storage unit in a storage
      condition;
PAR  FIG. 12 is similar to FIG. 11, but shows the main storage unit in a primary
      card selection condition;
PAR  FIG. 13 is similar to FIG. 11, but shows the main storage unit in an
      intermediate card selection condition; and
PAR  FIG. 14 is similar to FIG. 11, but shows the main storage unit in a final
      card selection condition.
DETD
PAR  Referring now to FIG. 1, a card or sheet selection or retrieval system
      embodying the present invention comprises a main storage unit 10 and a
      keyboard 12. A large number of sheets or cards 14 are randomly stored in
      the storage unit 10 in vertical storage positions. The cards 14 may be
      punched data cards, microfiche sheets, or the like. The storage unit 10 is
      provided with a partition 16 and a plurality of partition plates 18 which
      in combination impart high structural rigidity and strength to the storage
      unit as well as preventing the cards 14 from falling over. The cards 14
      are ideally stored in a vertical position, but may tilt slightly without
      hampering the operation of the system. The cards 14 rest on a horizontal
      platen 20 formed with horizontal slots 22 therethrough along the entire
      length of the platen 20 transverse to the bottom edges of the cards 14. A
      stop plate 24 is also provided to guide the bottom edges of cards 14 being
      inserted into the storage unit 10, align the front edges (the edges which
      face outward from the storage unit 10) of the cards 14 and prevent
      undesired cards 14 from being removed from the storage unit 10 along with
      desired cards 14 due to friction. The inner edge of the stop plate 24 is
      higher than the level of the platen 20.
PAR  Referring now to FIG. 2, each card 14 is generally rectangular in shape and
      is formed with a serrated bottom code edge which contacts the platen 20, a
      magnetically responsive implanted chip 26 provided on the rear vertical
      edge which faces the interior of the storage unit 10 and an engaging
      portion or hook 28 on the upper edge near the front vertical edge facing
      out of the storage unit 10. The bottom edge has serrations of teeth 30,
      selected teeth being removed to constitute a selection code, such as a
      tooth 30' shown in broken line. Registration notches 32 are defined
      between the teeth 30 as shown. If desired, the teeth 30 may have bottom
      edges 30a formed inwardly of the bottom edge 14a of the card 14 to provide
      a gap t between the edges of the teeth 30 and the platen 20 as shown in
      FIG. 2B. Moreover, it may be desired that a gap p be provided between the
      side edges 30b of the teeth 30 and the side faces of sorting bars as shown
      in FIG. 2B so that the sorting bars can be readily raisable into the
      registration notches 32.
PAR  The card 14 shown in FIG. 2A has 20 serrations or teeth 30, which are
      considered as being arranged in groups of five. Each group of five teeth
      represents one decimal digit, and two teeth 30 of each group of five are
      removed to designate the corresponding digit. In the system shown, 9,999
      cards 14 may be individually disignated. The number of the desired card 14
      is entered by means of the keyboard 12, and sorting bars, which will be
      described in detail below and which correspond to the designation of the
      desired card, are raised through the slots 22 in the platen 20 into
      engaging positions in the registration notches 32.
PAR  Referring now to FIG. 3, the storage unit 10 defines an access opening 34,
      through which cards 14 are removed and inserted, and which faces front
      edges (no numerals) of the cards 14. Movement of a card 14 in the
      direction out of the storage unit 10 through the access opening 34 is
      considered as forward movement and vice versa. A lockable door 36 is
      provided to protect the cards 14 from being stolen or soiled. Sorting bars
      38 are vertically raisable into the registration notches 32 of the cards
      14 through the slots 22 in the platen 20. An elongated magnet 40 is
      arranged transverse to the rear edges of the cards 14 adjacent to the
      magnetic chips 26. The magnet 40 is supported and guided for horizontal
      movement by a magnet holder 42 which is pivotally connected to an arm 44
      which is in turn pivotal about a shaft 46 supported by the frame of the
      storage unit 10. The end of the arm 44 carries a roller 48 serving as a
      cam follower, which is biased against the cam surface of a magnet cam 50
      by a tension spring 52. The magnet cam 50 is fixed to a clutch shaft 54
      which is rotatably supported within the storage unit 10 and also carries a
      push cam 56. A shaft 58 rotatably supported within the storage unit 10
      carries arms 60 and 61, a roller 62 being provided at the end of the arm
      60 which contacts the cam surface of the push cam 56 and acts as a cam
      follower. The arm 61 is biased by a tension spring 64 so that the roller
      62 closely follows the cam surface of the push cam 56. The top end of the
      arm 61 is pivotally connected to an elongated link 66 by a pin 68. The
      other end of the link 66 carries a roller 70 which rides on the top of a
      cam surface 72 formed on the plate 18. The other end of the link 66 also
      carries an engaging member or push bar 74, which is adapted to engage with
      the hooks 28 of the cards 14 as will be described below. Preferably a
      plurality of links 66 and plates 18 are provided to accurately guide the
      push bar 74.
PAR  Referring now to FIG. 4, a motor 76 is provided having an output shaft (no
      numeral) carrying a drive gear 78. A clutch disc 80 is rotatably carried
      by the clutch shaft 54 and meshes with the drive gear 78. Holes 83 are
      formed through the clutch disc 80 as will be described below. A clutch
      drum 84 is fixed to the clutch shaft 54 and has a hole (no numeral) formed
      therethrough parallel to the clutch shaft 54 through which is slidable a
      clutch pin 86. The center of the clutch pin 86 is spaced the same distance
      from the center of the clutch shaft 54 as the center of the holes 82, and
      is biased to enter one of the holes 82 by a spring 88. A rod 90 of a
      solenoid 94 is arranged to normally engage with a cam portion 92 of the
      clutch pin 86 to prevent the clutch pin 86 from entering a hole 82 against
      the force of the spring 88.
PAR  Referring now to FIG. 5, the holes 82 are shown to be equally
      circumferentially spaced about the clutch shaft 54. The assembly shown in
      FIG. 5 acts as a one rotation clutch, and constitutes part of actuating
      means for the push bar 74 and magnet 40. When the pin 86 aligns with the
      rod 90 with the solenoid 94 de-energized, the pin 86 will be retracted
      from the holes 82 and the clutch drum 84 and shaft 54 will not rotate even
      though the clutch disc 80 is rotated by the motor 76. When the solenoid 94
      is actuated, the rod 90 will be retracted from the cam portion 92 of the
      clutch pin 86 so that the clutch pin 86 will enter one of the holes 82.
      The clutch drum 84, clutch shaft 54, etc. will then start to rotate along
      with the clutch disc 80. The solenoid 94 is subsequently de-energized, but
      the clutch drum 84 will continue to rotate. As the pin 86 again aligns
      with the rod 90, the cam portion 92 will engage with the rod 90 so that
      the clutch pin 86 will be retracted from the hole 82. The clutch shaft 54
      is thereby rotated by one revolution for each actuation of the solenoid
      94.
PAR  FIG. 6 is an exploded view of the mechanism to move the push bar 74.
      Rotation of the shaft 58 will cause the push bar 74 to move in a combined
      vertical and horizontal direction shown by an arrow 95 as the roller 70 is
      guided by the cam surface 72 of the plate 18.
PAR  FIG. 7 shows the arrangement of two of the sorting bars 38 and the platen
      20. The sorting bars 38 are each provided with inclined cam surfaces 96
      which ride on control rods 98. When the sorting bars 38 are pulled in the
      direction of an arrow 100, they will be guided by means of the cam
      surfaces 96 and control rods 98 to diagonally rise out of the slots 22 of
      the platen 20 and into engaging positions in the registration notches 32
      of the cards 14.
PAR  Referring now to FIG. 8, an exemplary selector means or actuating mechanism
      for one of the sorting bars 38 is clearly shown. A bell crank lever 102 is
      pivotally connected to the end of the sorting bar 38, and is biased
      counterclockwise by a tension spring 104. The end of the lower arm of the
      lever 102 is formed with a cutout 105 adapted to engage with a rod 106
      carried at the end of an actuating arm 108. The spring 104 normally biases
      the lever 102 so that the cutout 105 and rod 106 engage. A bell crank
      trigger lever 110 is pivotal about an intermediate fixed point. The bottom
      arm of the trigger lever 110 engages with the upper arm of the lever 102,
      and the upper arm of the trigger lever 110 is pivotally connected to a rod
      112 of a solenoid 114.
PAR  The normal of unactuated state of the mechanism is shown in FIG. 8a, with
      the sorting bar 38 in a maximum low position substantially flush with the
      surface of the platen 20 and with the cutout 105 and rod 106 engaged. When
      it is desired to raise the selected sorting bars 38 in accordance with the
      code for the selected or desired card 14, the card number (1 to 9,999) is
      entered into the keyboard 12 which decodes the number and actuates the
      solenoids 114 for all of the sorting bars 38 except those which are to be
      raised. The actuating arm 108 is then rotated counterclockwise by means of
      a drive shaft 109 connected to drive means such as the motor 76.
PAR  Referring now to FIG. 8b, when the solenoid 114 is not energized and the
      actuating arm 108 is rotated counterclockwise, the cutout 105 and rod 106
      remain engaged and the sorting bar 38 is pulled upward and rightward as
      viewed in the drawing into position in the corresponding registration
      notch 32 of the cards 14. If the solenoid 114 is energized, the rod 112 is
      pulled upward by the solenoid 114 causing the trigger lever 110 to rotate
      counterclockwise. The bottom arm of the trigger lever 110 then engages
      with the upper arm of the lever 102 causing the lever 102 to rotate
      clockwise so that the cutout 105 will disengage from the rod 106. Thus,
      when the actuating arm 108 is subsequently rotated, the sorting bar 38
      will remain unmoved in its normal position and will not engage with the
      bottom edge of the cards 14. Solenoids 114' and rods 112' for an adjacent
      sorting bar 38 may be arranged above the solenoid 114 and rod 112 due to
      space limitations.
PAR  Referring now to FIG. 9, a clutch shaft 116 is connected through a one
      rotation clutch (not shown), which may be similar to that shown in FIGS. 4
      and 5, a drive means such as the motor 76. A bevel gear assembly (not
      shown) may be provided if required. A disc 118 carried by the clutch shaft
      116 is pivotally connected to a link 120 having an elongated slot formed
      through its other end by means of a pin 122. A shaft 124 is disposed
      parallel and adjacent to the stop plate 24 and carries an aligning bar 126
      by means of arms 128. Another arm 130 carried by the shaft 124 is biased
      by a tension spring 132 as shown and is pivotally connected at its end to
      the link 120 by means of a pin 134 extending through the elongated slot of
      the link 120.
PAR  As shown in FIG. 10, the arm 130 carrying the aligning bar 126 is normally
      in the position shown in solid line. One rotation of the shaft 116 will
      cause the arm 130 to rock to the position shown in broken line and back to
      the normal position. As the aligning bar 126 reaches the position shown in
      broken line, it will abut against the forward edges of the cards 14 to
      push the cards 14 rearward to abut against the magnet 40 (see FIG. 3). The
      cards 14 will thereby be aligned with themselves and with the sorting bars
      38. It will be noticed that even if an operator's fingers are caught under
      the aligning bar 126 on its return stroke, due to the provision of the
      elongated slot through the link 120 and the spring 132, which actually
      provides the force to return the arm 130 carrying the aligning bar 126 to
      the normal position, the operator's fingers will not be hurt since the
      stiffness of the spring 132 is preferably very low.
PAR  The operation of the system will now be described with reference to the
      drawings, especially FIGS. 11 to 14.
PAR  When it is desired to retrieve a selected card 14 from the main storage
      unit 10, the code number (1 to 9,999) of the card 14 is entered by the
      operator into the keyboard 12. The keyboard 12 or an associated control
      unit (not shown) then actuates the storage unit 10.
PAR  FIG. 11 illustrates the normal storage or rest condition of the storage
      unit 10. The magnet 40 is in a forwardmost position and the push bar 74 is
      disposed in a forward position above the hooks 28 of the cards 14. The
      clutch shaft 116 is then rotated by one revolution as indicated by an
      arrow in FIG. 9 so that the aligning bar 126 is rocked as previously
      described to push the cards 14 back against the magnet 40 for alignment.
PAR  Next, the sorting bar mechanism described with reference to FIGS. 7 and 8
      is actuated so that the required sorting bars 38 are raised into position
      in the corresponding registration notches 32 as shown in FIG. 12. The
      solenoid 94 is then momentarily energized so that the clutch shaft 54 and
      thereby the magnet and push cams 50 and 56 respectively also rotate
      counterclockwise as viewed in FIG. 11 through the position shown in FIG.
      12 to retract the push bar 74 to the rearward and downward position
      illustrated. Due to the configuration of the cams 50 and 56, movement of
      the magnet 40 has not yet begun. It will be noticed that the push bar 74
      is disposed directly behind the hooks 28 of the cards 14.
PAR  Subsequent rotation of the clutch shaft 54 causes the magnet 40 to retract
      to the position shown in FIG. 13 so that the selected card 14 is pulled
      rearward to an intermediate position. The desired card 14 is moved
      parallel to its bottom edge by a distance of one serration or tooth 30.
      The other cards 14 will remain in their normal or storage positions
      because they are restrained from movement by the sorting bars 38, since
      only the selected card 14 having teeth 30 removed corresponding to the
      raised sorting bars 38 will be able to move. It will be noticed in FIG. 13
      that rearward movement of the selected card 14 causes the hook 28 of the
      selected card 14 to engage with the push bar 74.
PAR  Further rotation of the cams 50 and 56 will cause push bar 74 to move
      forward and upward to lift and move the selected card 14 by means of the
      hook 28 to a retrieval position shown in FIG. 14. During this movement of
      the push bar 74, the push bar 74 will clear the hooks 28 of the other
      cards 14 so that only the selected card 14 is moved to the retrieval
      position. Any undesired cards 14 moved forward by frictional engagement
      with the selected card 14 will abut at their forward edges against the
      stop plate 24 and will thereby be prevented from further movement with the
      selected card 14. Due to the right triangular configuration of the teeth
      30, the selected card 14 may easily ride up over the sorting bars 38.
PAR  Next, the sorting bars 38 are retracted as shown in FIG. 14, and further
      rotation of the cams 50 and 56 cause the magnet 40 to move to its rest or
      storage position shown in FIG. 11. The selected card 14, elevated and held
      in the retrieval position shown in FIG. 14, may be easily removed from the
      storage unit 10 through the access opening 34, after use, the selected
      card 14 is manually inserted back into the storage unit 10 at any random
      position, and the magnet 40 serves as a stop so that the selected card 14
      will be aligned with the rest of the cards 14. To select another card 14,
      the above described procedure is repeated.
PAR  From the above description, it will be appreciated that a card retrieval
      system of the present invention successfully overcomes the drawbacks of
      the prior art and achieves the objects of effective and safe operation and
      efficient utilization of space.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for retrieving a selected one of a plurality of coded
      sheets, the system having a horizontal platen on which the sheets are
      vertically disposed in a storage position, the sheets having coded bottom
      edges contacting the platen, selector means provided to the platen to
      engage with the coded bottom edges of the sheets so that horizontal
      movement of only the selected sheet from said storage position to an
      intermediate position is possible when said selector means is actuated,
      biasing means to urge the sheets from said storage position towards said
      intermediate position, and actuating means operative to actuate said
      selector and biasing means, the improvement comprising:
PA1  hook portions formed on the upper edges of the sheets; and
PA1  an engaging member movable by said actuating means;
PA1  said actuating means being operative to sequentially actuate said selector
      means and said biasing means to move only the selected sheet from said
      storage position to said intermediate position and thereafter move said
      engaging member in a combined vertical and horizontal direction to engage
      with the hook portion of the selected sheet and lift and move the selected
      sheet to a retrieval position, said engaging member being arranged to
      engage with the hook portion of only the selected sheet in said
      intermediate portion and to clear the hook portions of the other sheets
      during the combined vertical and horizontal movement, and said biasing
      means being operative to move the selected sheet in one horizontal
      direction parallel to the horizontal edges of the sheets, and the
      horizontal component of the combined vertical and horizontal direction in
      which said engaging member is moved by said actuating means is opposite to
      the one horizontal direction.
NUM  2.
PAR  2. In a system according to claim 1 in which:
PA1  the sheets are formed with magnetically responsive portions on vertical
      edges thereof and said biasing means includes a magnet movable by
      actuating means from a first position to a second position to magnetically
      attract the magnetically responsive portions of the sheets to move the
      selected sheet from said storage position to said intermediate position,
      said actuating means being further operative to move said magnet from said
      second position back to said first position after moving said engaging
      member to constitute an alignment stop for the sheets, the improvement
      further comprising:
PA2  an alignment member movable, by said actuating means prior to movement of
      said magnet from said first position to said second position, in a
      direction to cause the sheets to abut against said magnet and thereby
      align the sheets with each other and with said selector means.
NUM  3.
PAR  3. In a system according to claim 1 in which the coded bottom edges of the
      sheets are serrated, selected serrations being removed to constitute the
      code, said selector means including sorting bars arranged transverse to
      the bottom edges of the sheets and being selectively raisable by said
      actuating means to engaging positions between the serrations so that only
      the selected sheet whose bottom edge has serrations removed which
      correspond to the raised sorting bars may be moved by said biasing means
      parallel to the bottom edge by a distance of one serration.
NUM  4.
PAR  4. In a system according to claim 1, further comprising a stop member
      arranged so that vertical edges of sheets moved with the selected sheet
      due to friction therewith when the selected sheet is moved by said
      engaging member will abut against said stop member.
NUM  5.
PAR  5. In a system according to claim 1 in which said engaging member is a push
      bar arranged transverse to the surfaces of the sheets and movable by said
      actuating means parallel to the horizontal edges of the sheets.
NUM  6.
PAR  6. In a system for retrieving a selected one of a plurality of coded
      sheets, the system having a horizontal platen on which the sheets are
      vertically disposed in a storage position, the sheets having coded bottom
      edges contacting the platen, selector means provided to the platen to
      engage with the coded bottom edges of the sheets so that horizontal
      movement of only the selected sheet from said storage position to an
      intermediate position is possible when said selector means is actuated,
      biasing means to urge the sheets from said storage position toward said
      intermediate position, and actuating means operative to actuate said
      selector and biasing means, the improvement comprising:
PA1  hook portions formed on the upper edges of the sheets; and
PA1  an engaging member movable by said actuating means;
PA1  said actuating means being operative to sequentially actuate said selector
      means and said biasing means to move only the selected sheet from said
      storage position to said intermediate position and thereafter move said
      engaging member in a combined vertical and horizonal direction to engage
      with the hook portion of the selected sheet and lift and move the selected
      sheet to a retrieval position, said engaging member being guided by at
      least one cam surface formed on a structural portion of the system to move
      in said combined vertical and horizontal direction, said engaging member
      being arranged to engage with the hook portion of only the selected sheet
      in said intermediate position and to clear the hook portions of the other
      sheets during the combined vertical and horizontal movement.
NUM  7.
PAR  7. In a system for retrieving a selected one of a plurality of coded
      sheets, the system having a horizontal platen on which the sheets are
      vertically disposed in a storage position, the sheets having coded bottom
      edges contacting the platen, selector means provided to the platen to
      engage with the coded bottom edges of the sheets so that horizontal
      movement of only the selected sheet from said storage position to an
      intermediate position is possible when said selector means is actuated,
      biasing means to urge the sheets from said storage position toward said
      intermediate position, and actuating means operative to actuate said
      selector and biasing means, the improvement comprising:
PA1  hook portions formed on the upper edges of the sheets; and
PA1  and engaging member movable by said actuating means;
PA1  said actuating means being operative to sequentially actuate said selector
      means and said biasing means to move only the selected sheet from said
      storage position to said intermediate position and thereafter move said
      engaging member in a combined vertical and horizontal direction to engage
      with the hook portion of the selected sheet and lift and move the selected
      sheet to a retrieval position, said actuating means including at least one
      cam for sequentially actuating said biasing means and said engaging
      member, said engaging member being arranged to engage with the hook
      portion of only the selected sheet in said intermediate position and to
      clear the hook portions of the other sheets during the combined vertical
      and horizontal movement.
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ABST
PAL  A continuously operating superconducting magnetic separator for the
      segregated separation of particles with different magnetic susceptibility
      from a mixture such as a mixture of ferromagnetic and non-ferromagnetic
      ore and rock, in which the magnetic separator comprises a stationary
      superconducting magnet arrangement along with at least one carrier running
      through the magnetic field for the particles to be separated, which
      particles are moved by means of a conveyer chute through the magnetic
      field of large volume and past the carrier, which is in the form of a
      ferromagnetic grid, generating a field gradient and forcing the particles
      onto the grid, from which they are carried to appropriate collection
      devices.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to magnetic separators in general, and more
      particularly to an improved separator which may be efficiently operated.
      Magnetic separators are known in which a mixture of particles having
      different magnetic susceptibilities, (magnetic susceptibilities will
      hereandafter be designated by the symbol (k)), is led continuously through
      the field of a stationary superconducting magnet arrangement and subjected
      to the influence of the product of the induction B and its local field
      gradient grad B. In such an arrangement, particles of a given
      susceptibility are continuously separated magnetically from the mixture by
      means of a carrier running through the magnetic field and are removed from
      the carrier outside the influence of the magnetic field.
PAR  One such separator of this type is described in U.S. Pat. No. 3,503,504 and
      comprises a sector-shaped magnet arrangement consisting of a multiplicity
      of small, superconducting magnet coils which are arranged beside each
      other and which are alternately excited in one and the other direction in
      order to generate the needed field gradients. Around the magnet
      arrangement a closed hollow cylinder of hard rubber or non-magnetic steel
      coated with hard rubber and which acts as the carrier rotates at a close
      axial distance. The carrier also encloses the cryostat of the
      superconducting magnet arrangement with it in turn surrounded by a
      stationary, hollow, cylindrical housing with an inlet for the mixture and
      separate outlets located underneath for the magnetic particles which have
      been separated and for the other components of the mixture. Although it is
      indicated that magnet coils field strengths of 3.5 tesla are attainable in
      the immediate vicinity of the magnet coils, only 0.7 tesla are at most
      available at the separation region itself, i.e., outside the wall of the
      carrier. This is no more than that in previously known electromagnetic
      separators such as that of U.S. Pat. No. 3,289,836. In electromagnetic
      separators of that type, a large number of small electromagnets are placed
      along a conveyor and separation arrangement for the mixture with the
      electromagnets continuously moved at constant spacings along the
      separation device. Clearly, such an arrangement is expensive since a large
      separator of electromagnets and heavy complicated support and handling
      devices along with flushing devices are required. The attraction force F =
      k. B.grad B on magnetizable particles, which are attainable with known
      superconducting or electromagnetic separators, are sufficient only for
      separating ores which have a relative high magnetizability. Such ores are
      essentially ferromagnetic ores such as magnetite and hematite.
      Non-ferromagnetic ores having smaller susceptibilities cannot be handled
      at all with these magnetic separators. If, for example, magnetite and
      hematite are to be extracted separately from a mixture when using the
      prior art devices, than either a magnetic separator with a product of
      induction and field gradient tuned to the susceptibility of magnetite and
      a second magnetic separator following the first on the transport path,
      having a higher attraction force tuned to hematite are required, or
      alternatively, the mixture must be run through the magnetic separator
      twice, after the excitation of the latter has been suitably increased. For
      a large number of particles of different susceptibility, correspondingly
      larger numbers of separators or repeated runs with changed excitation are
      required.
PAR  Thus, it can be seen that there is a need to generate high inductions and
      field gradients at a lower cost in such magnet arrangements as well as
      keeping the carriers and separation devices simple while maintaining
      continuous-throughput operation with satisfactory separation of even
      relatively weakly magnetizable particles, and to be able to sort the
      different components according to their susceptibility.
PAC  SUMMARY OF INVENTION
PAR  The present invention solves this problem using a superconducting magnetic
      separator, basically of the type described above, and by providing a
      superconducting magnet arrangement which produces a magnetic field of
      large volume which is arranged to penetrate the mixture moving past it,
      along with providing at least one ferromagnetic grid which produces a
      field gradient and acts as the carrier.
PAR  Preferably, the magnet arrangement will be composed of at least two
      superconducting magnets, hereafter referred to as the pair of magnets,
      which are arranged opposite each other on both sides of a transport path
      for the mixture and between which the ferromagnetic grid or grids are
      moved through the magnetic field close to the mixture being transported.
      As used herein, a grid refers to a planar integral grid structure which is
      adapted for movement past the transport path for the mixture. Typical
      examples of what is meant by a planar integral grid structure are a grid
      in the form of a rotating drum or a grid in the form of an endless belt. A
      magnetic field of large volume in the order of, for example, 4 to 8 tesla
      can be produced by such a magnet arrangement. The required local field
      gradients can be changed and adapted through the ferromagnetic grid or
      grids over a wide range, so that a product of B and grad B is obtained,
      which product is several times that obtainable with prior art magnetic
      separators. Because of the physical size of the magnetic field of a pair
      of magnets, a continuous or finely graduated increase of the product B
      grad B, which determines the attraction forces, can be obtained in this
      magnetic field either by obliquely positioning superconducting excitation
      coils, by interposing iron bodies and/or through the use of an
      appropriately non-uniform grid structure in the grids which are used as
      the carrier, thereby permitting in a magnetic separator of this type,
      particles of different susceptibility to be separated in a single pass.
PAR  Thus, with the superconducting magnetic separator of the present invention,
      it is possible to separate particles in a considerably larger
      susceptibility range, and to do this, if desired, with selectivity in
      small steps, so that, for example, ore with a susceptibility smaller than
      that of the accompanying dead rock can be cleanly separated and extracted.
PAR  In transporting the material or mixture passed between the pair or pairs of
      magnets, a conveyor belt or conveyor chute or the like, with the mixture
      in either dry or wet form may be used.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is an elevation view, partially schematic in form and partially in
      cross section, of a magnetic separator with one pair of magnets and at
      least one cylindrical ferromagnetic grid.
PAR  FIG. 1a. is a view illustrating a manner of establishing an increase in the
      magnetic field using obliquely positioned superconducting coils.
PAR  FIG. 1b. is a similar view showing the same results achieved using
      interposed iron bodies.
PAR  FIG. 2 is a plan view of the embodiment of FIG. 1.
PAR  FIG. 2a. is a view similar to the view of FIG. 2 showing how appropriately
      non-uniform grid structures may be used to separate particles of different
      susceptibilities.
PAR  FIG. 3 is a plan view of a second embodiment of the invention in which the
      carrier grid is in the form of a disc.
PAR  FIG. 4 is an elevation view of the arrangement of FIG. 3.
PAR  FIG. 5 is an elevation view of a further embodiment of the invention with
      the grid in the form of an endless belt.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A first embodiment of the invention is illustrated by FIGS. 1 and 2. Here,
      two superconducting magnets, 1a and 1b, which will, in conventional
      fashion, include excitation windings along with cryostats are arranged
      above and below a conveyer belt or conveyer chute 2, in which the mixture
      3 is transported, parallel to the magnets. As illustrated, the two magnets
      are excited in the same sense, so that their common field is normal to the
      conveyor direction. Between the upper magnet 1a and the mixture 3, a
      cylindrical ferromagnetic grid 4, which revolves about an axis of rotation
      4a, disposed above the upper magnet 1a and parallel to the lengthwise
      direction of the conveyor belt 2 is provided. Means will be provided in
      conventional fashion to rotate the grid 4 at constant speed. Through the
      influence of the induction and the field gradient effect at the grid 4,
      magnetizable components of the mixture are attracted to the outside
      surface of the grid, which are thereby transported out of the range of the
      magnetic field in the direction of the arrow. Once out of the magnetic
      field, the adhering particles reach a position where there is installed a
      flushing device 5 which may comprise means for directing compressed air or
      flushing water on the grid. The flushing device 5 dislodges the particles
      from the grid 4 and propells them to a collecting device 6 which may be a
      conveyor belt, conveyor chute or collecting trough, and which is laterally
      arranged below the grid 4. At the same time, this ensures that the grid is
      cleaned and protected against sticking. As illustrated by FIG. 2, the
      magnet arrangement can be subdivided in the lengthwise direction into
      several regions A, B and C with attraction forces that increase in the
      transport direction. One manner of accomplishing this is illustrated by
      FIG. 1a. As shown thereon, a continuous increase of the product B.grad B,
      which determines the attraction forces, can be achieved in a simple manner
      by inclining the magnets 1a and 1b on opposite sides of the conveyor chute
      toward the conveyor chute in the transport direction, i.e., the direction
      of the arrow. As shown, the rear ends of the magnets are arranged at a
      shorter distance from each other and the conveyor chute in their front
      ends. A second possibility of achieving the same result is illustrated by
      FIG. 1b. In this embodiment, the magnet 1a and 1b are arranged parallel to
      the conveyor chute but have their undersides equipped with iron bodies 1c
      and 1d which have an increasingly smaller distance from the conveyor chute
      toward the rear end. It is also possible to provide obliquely positioned
      magnets with such iron bodies whereby less inclination of the magnet is by
      itself sufficient for obtaining, together with the iron bodies, the
      desired effect. A third method of achieving a graduated increase in
      attaction forces is that illustrated by FIG. 2a. Here, instead of using a
      uniform illustrated as illustred in FIGS. 1 and 2, three differently
      structured, separately driven grids 4 c, 4d and 4e are provided one next
      to the other in the lengthwise direction of the conveyor chute 2 in the
      region of the parallel magnets 1a and 1b. Of these grids, the front grid
      4c excerts the smallest attraction force and the rear grid 4e, the highest
      attraction force on the passing mixtures. As shown in FIGS. 2 and 2a, with
      any of these arrangements for obtaining selective separation of particles
      with different susceptibility through the use of the zones A, B and C,
      separate flushing devices 5 and collection devices 6 are provided for each
      zone. In each case, only one pair of magnets and one ferromagnetic grid is
      required. Also, as indicated by FIG. 2 on the right hand side, rather than
      using a single grid drum, separate grid drums corresponding to the zones
      A, B and C may be used, much in the manner indicated on FIG. 2a, but with
      the same grid structure, when used in an arrangement such as that of FIG.
      1a or FIG. 1b. In addition, the axis of rotation of the grid 4 may be
      placed below the magnet 1b, in which case the flushing devices and the
      collecting devices will be located inside the drum and the product must be
      brought out at the end face.
PAR  A further embodiment of the invention which is quite compact is illustrated
      by FIGS. 3 and 4. Here, two pairs of magnets 8a and 8b and 9a and 9b are
      arranged on both sides of the conveyor belt or chute 2 much in the manner
      described above. However, this embodiment, rather than using a cylindrical
      grid, a disc-shaped ferromagnetic grid 4' is provided. Collection means 7
      are provided below the disc outside the magnetic fields and flushing
      devices 5 provided to operate in the manner described above. The two pairs
      of magnets may be set to separate particles of different susceptibilities;
      thus, the magnets 8a and 8b may be adjusted to separate particles of
      higher susceptibility and the magnets 9a and 9b to separate particles of
      lower susceptibility. The output obtained from the magnets 8a and 8b will
      be deposited in the collection device 7 at the top of the figure and those
      collected from the magnets 9a and 9b at the collection device 7 in the
      lower part of the figure. As in the previous embodiment, compressed air or
      flushing water may be used at the flushing devices 5. Furthermore, if
      desired, each pair of magnets can be sub-divided in the transport
      direction of the mixture, much in the manner shown in FIG. 2, into zones
      having different attraction forces. In this way, more than two different
      particles can be separated from the mixture selectively. Through the use
      of a flat grid, a magnetic separator with relatively small structural
      height is obtained.
PAR  A further embodiment of the invention is illustrated by FIG. 5. This is an
      arrangement which is easy to manage from a design standpoint and can be
      adapted to different operating conditions in many ways and, in addition,
      requires little space. Instead of the drum or disc, an endless belt 4" is
      advantageously used as the ferromagnetic grid. As shown, the belt is
      driven by the rollers 10 and 11, arranged on opposite sides of the
      conveyor belt or conveyor chute 2 and moves transversely to the transport
      path of the mixture 3. The remaining parts of the magnetic separator are
      identical to those in FIG. 1 and 2 and are given identical reference
      numerals. In a manner similar to the example given in connection with
      FIGS. 1 and 2, the ferromagnetic structure of the endless belt may be made
      different over the belt width, i.e., in the direction of the transport
      movement of the mixture 3 along its transport path. That is, it can be
      made to have an increasing field gradient or, alternatively, belts of
      different types having grid patterns such as those of FIG. 2a arranged
      side-by-side to form individual zones A, B and C. In addition, selectively
      can be increased by driving the individual belts at different speeds. The
      endless belt or belts 4" may consist of ferrogmagnetic material and have a
      structure serving to generate the required field gradient, e.g., they may
      be in the form of perforated strip material, link chains or the like.
      However, the belts can also be made of another flexible material which is
      used as the carrier for ferromagnetic strutures structures then serve for
      the generation of the field gradient.
PAR  Thus, a number of embodiments of an improved magnetic separator have been
      shown. Although specific embodiments have been illustrated and described,
      it will be obvious to those skilled in the art that various modifications
      may be made, without departing from the spirit of the invention which is
      intended to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A continuously operating superconducting magnetic separator in which a
      mixture of particles of different magnetic susceptibility is led through
      the field of a stationary superconducting magnet arrangement and subjected
      to the influence of the product of the induction B and its local field
      gradient grad B, and in which particles of a given susceptibility are
      continuously separated magnetically from the mixture by means of a carrier
      running through the magnetic field and are removed from the carrier
      outside of the influence of the magnetic field wherein the improvement
      comprises:
PA1  a. a magnet arrangement generating a magnetic field of large volume which
      penetrates the mixture moving past the field; and
PA1  b. a carrier including at least one planar integral ferromagnetic grid
      generating a field gradient.
NUM  2.
PAR  2. A magnetic separator according to claim 1 wherein the magnetic
      arrangement comprises at least two superconducting magnets arranged
      opposite each other on opposite sides of the transport path and wherein
      the ferromagnetic grid is removed through the magnetic field in closed
      proximity to the mixture being transported.
NUM  3.
PAR  3. A magnetic separator according to claim 2 wherein a single ferromagnetic
      grid is provided having a grid structure along the transport path of the
      mixture which results in an increasing field gradient, and which extends
      over the entire length of the magnet arrangement.
NUM  4.
PAR  4. A magnetic separator according to claim 3 wherein separate individually
      moveable grids of different grid structure are provided to define
      individual zones of increasing field gradient.
NUM  5.
PAR  5. A magnetic separator according to claim 2 wherein the ferromagnetic grid
      is moved through the magnetic field transversly to the transport direction
      of the mixture.
NUM  6.
PAR  6. A magnetic separator according to claim 5 wherein said ferromagnetic
      grid comprises a drum and wherein the axis of rotation of said drum is
      arranged above the transport path of the mixture and outside the magnet
      arrangement with its axis parallel to the transport path.
NUM  7.
PAR  7. A magnetic separator according to claim 5 wherein said ferromagnetic
      grid is an endless belt driven by two rollers arranged on opposite sides
      of the transport path.
NUM  8.
PAR  8. In a continuously operating superconducting magnetic separator in which
      a mixture of particles of different magnetic susceptibility is led through
      the field of a stationary magnetic conducting magnet arrangement and
      subjected to the influence of the product of the induction B and its local
      field gradient grad B, and in which particles of a given susceptibility
      are continuously separated magnetically from the mixture by means of a
      carrier running through the magnetic field and are removed from the
      carrier outside of the influence of the magnetic field the improvement
      comprising:
PA1  a. a magnet arrangement generating a magnetic field of large volume which
      penetrates the mixture moving past the field said magnet arrangement
      comprising at least two pairs of superconducting magnets arranged opposite
      each other on opposite sides of the transport path said magnets energized
      to have increasing field strength in the direction of transport; and
PA1  b. a carrier including at least one common ferromagnetic grid associated
      with all pairs of magnets said ferromagnetic grid being moved through the
      magnetic field in close proximity to the mixture being transported
      transversely to the transport direction of the mixture, said ferromagnetic
      grid generating a field gradient.
NUM  9.
PAR  9. A magnetic separator according to claim 8 wherein said ferromagnetic
      grid comprises a perforated steel disc having an axis of rotation which is
      perpendicular to the transport direction of the mixture and is located
      between the pairs of magnets.
NUM  10.
PAR  10. In a continuously operating superconducting magnetic separator in which
      a mixture of particles of different magnetic susceptibility is led through
      the field of a stationary magnetic conducting magnet arrangement and
      subjected to the influence of the product of the induction B and its local
      field gradient grad b, and in which particles of a given susceptibility
      are of a carrier running through the magnetic field and are removed from
      the carrier outside of the influence of the magnetic field the improvement
      comprising:
PA1  a. a magnetic arrangement generating a magnetic field of large volume which
      penetrates the mixture moving past the field said magnetic arrangement
      comprising at least two superconducting magnets arranged opposite each
      other on opposite sides of the transport path said magnets energized to
      have increasing field strength in the direction of transport and wherein
      zones of increasing strength are thereby defined; and
PA1  b. a carrier including at least one ferromagnetic grid said ferromagnetic
      grid being moved through the magnetic field in close proximity to the
      mixture being transported transversely to the transport direction of the
      mixture, said ferromagnetic grid generating a field gradient.
NUM  11.
PAR  11. A magnetic separator according to claim 10 wherein said means comprise
      obliquely positioned superconducting excitation coils.
NUM  12.
PAR  12. A magnet separator according to claim 10 wherein said means comprise
      iron bodies interposed between said magnets and the mixture.
NUM  13.
PAR  13. A magnetic separator according to claim 10 and further including a
      flushing device and collecting device for the separated particles
      associated with each ferromagnetic grid and positioned outside of each
      magnet arrangement.
NUM  14.
PAR  14. A magnetic separator according to claim 10 wherein a single
      ferromagnetic grid is provided having a grid structure along the transport
      path of the mixture which results in an increasing field gradient, and
      which extends over the entire length of the magnet arrangement.
NUM  15.
PAR  15. A magnetic separator according to claim 14 wherein separate
      individually moveable grids of different grid structure are provided to
      define individual zones of increasing field gradient.
NUM  16.
PAR  16. A magnetic separator according to claim 15 and further including a
      flushing device and collecting device for the separated particles
      associated with each ferromagnetic grid and positioned outside of each
      magnet arrangement.
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ABST
PAL  An apparatus for cooling castings and cooling and drying moulding sand,
      comprising a horizontal drum rotatable about its longitudinal axis and
      having an inlet opening for castings and casting moulds at one end and an
      outlet opening for castings at the other end. The drum wall first has an
      impermeable part which is followed by a perforate part for the discharge
      of moulding sand. An underlying descriptive line of the drum viewed in the
      direction from the inlet end to the outlet end slopes upwardly at least
      for a part and this gives rise to several embodiments.
BSUM
PAR  This invention relates to the cooling of castings and to the cooling and
      drying of moulding sand.
PAR  U.S. Pat. No. 1,125,757 describes a method and an apparatus whereby hot
      castings can be rapidly and uniformly cooled to hand-hot and the moulding
      sand of the associated casting moulds can simultaneously be cooled and
      dried. The method is based on the principle that a good heat transfer
      between the castings and the moulding sand promotes cooling and the total
      heat present can be dissipated by evaporation of the moisture present in
      the moulding sand.
PAR  The said method makes use of an apparatus consisting essentially of a
      horizontal drum which is rotatable about its longitudinal axis and which
      has an inlet opening for castings and casting moulds at one end and an
      outlet opening for castings at the other end. The wall of this drum viewed
      from the inlet end first has an impermeable part and then a perforate part
      for the discharge of moulding sand, and then usually again an impermeable
      part.
PAR  During the operation of this apparatus, flasks comprising a casting mould
      built up of moulding sand and having a hot casting therein are brought to
      the apparatus after partial cooling. The entire contents of the flasks,
      i.e., casting moulds plus castings, is then introduced into the rotating
      drum via the inlet opening, and in the drum they are turned over and over
      and also conveyed in the direction of the outlet end. As a result of the
      continuous turning over process, the casting moulds are ground up so that
      the moulding sand is released in the form of loose particles. The castings
      remain temporarily in contact with these loose sand particles and transfer
      their heat to the latter. The sand particles in turn transfer their heat
      to the moisture present in the sand particles and convert this moisture to
      steam which can escape from the drum through a special outlet. The
      moulding sand is then separated via the perforate part of the drum wall
      and the castings are discharged at the outlet end of the drum.
      Consequently, the castings are rapidly cooled to hand-heat, the moulding
      sand is also intensively cooled and dried to a given minimum content, and
      the liberated heat is discharged in the form of steam.
PAR  Using the said method and apparatus it has been found that certain problems
      may sometimes arise which require solution in the form of extra
      precautions or constructions. For example, efficient cooling usually
      requires optimum proportions between the amount of moulding sand (having a
      given moisture content) and the amount of castings present in the rotating
      drum. If there is less moulding sand than is equivalent to this optimum
      proportion, there is a risk of cooling not proceeding far enough, so that
      the castings and moulding sand are still too hot when they leave the drum.
      This disadvantage can be obviated by spraying water into the rotating
      drum, such water giving an extra cooling effect as a result to
      evaporation. If there is more moulding sand present than is equivalent to
      the optimum proportion, the castings are cooled satisfactorily but there
      is a risk of the moulding sand leaving the drum too rapidly so that the
      sand is too hot on leaving the drum. To obviate this disadvantage the
      residence time of the material in the drum should be increased and/or the
      circulation changed. The same requirement may arise if the castings have
      too high a temperature on entry to the drum. With the known construction
      of the apparatus, however, it is not possible without difficulty to
      satisfy this requirement of increased residence time and/or changed
      circulation.
PAR  The object of the invention is so to improve the prior-art apparatus as
      described above that the said problems are obviated. In particular, the
      object of the invention is so to improve the apparatus that extension of
      the residence time and/or change of the circulation in the drum is/are
      possible in order to obviate inadequate cooling of the moulding sand.
PAR  The invention provides an apparatus for cooling castings and for cooling
      and drying moulding sand, comprising a horizontal drum which is rotatable
      about its longitudinal axis and which has an inlet opening for castings
      and casting moulds at one end and an outlet opening for castings at the
      other end, the drum wall first having an impermeable part from the inlet
      end, said part being followed by a perforate part for the discharge of
      moulding sand.
PAR  This apparatus is characterized mainly in that an underlying descriptive
      line of the drum viewed in the direction from the inlet end to the outlet
      end slopes upwardly at least over a part of its length. With such a
      construction, the contents of the drum (castings and moulding sand) are
      compelled to move upwardly against an inclination, so that the speed of
      discharge is retarded and the residence time of the material in the drum
      is extended. This means at least better cooling of the moulding sand, so
      that the latter does not leave the drum at too high a temperature even
      when there are relatively considerable quantities of sand. The same
      applies to too high an initial temperatue of the castings.
PAR  Due to the difference in specific gravity between the castings and moulding
      sand, the retardation in speed of discharge is greater for the castings
      than for the moulding sand, but this is compensated by the fact that there
      is always a greater quantity of moulding sand present than castings, so
      that the total quantity of material of a charge leaves the drum
      practically simultaneously given a correct choice of the angle of
      inclination. The total effect of the inclination on the underlying
      descriptive line is therefore a more uniform material descharge together
      with better cooling.
PAR  The upward inclination of an underlying descriptive line of the drum can be
      obtained in various ways. For example, a cylindrical drum can be disposed
      at an angle, or alternatively a frusto-conical drum can be used, having a
      diameter decreasing in the direction from the inlet end to the outlet end.
      Both drums result in an extension of the residence time, but the first
      drum has a greater capacity. The advantages of extended residence time and
      high capacity are combined in a drum which is substantially cylindrical
      and which just by the outlet end has a frusto-conical part of decreasing
      diameter, this part being followed or not by a smaller cylindrical part.
      The angle of inclination of the underlying descriptive line to the
      horizontal need not be identical for these four types, but is usually
      between 0.degree. and 45.degree..
PAR  Preferably, care is taken to ensure that the angle of inclination of an
      underlying descriptive line to the horizontal is adjustable, for example
      by mounting the entire drum on an adjustable base plate. In this way the
      drum can be adapted to all possible operating conditions and, more
      particularly, a greater or smaller extension of the residence time can be
      used according as the proportion of moulding sand to castings varies with
      respect to the optimum proportion or the temperature of the incoming
      castings varies with respect to the normal value.
PAR  It will be understood that the angle of inclination, as defined by the
      shape of the drum or the adjustment of its position, cannot have an
      unlimited range of values. The castings and sand which are present in the
      drum during its operation must always have a chance to move along the
      upward slope of the underlying descriptive line of the drum while it
      rotates and to leave the drum without tilting it. Therefore, the total
      range for the inclination angle has been restricted to values between
      0.degree. and 45.degree.. A further restriction may be found in the
      requirement that the inlet point for castings and casting moulds on the
      underlying descriptive line of the drum is always situated on a higher
      level than the discharge point of sand on this underlying descriptive line
      because a good operation of the drum will only be possible if this
      requirement is fulfilled.
PAR  According to a following feature of the invention, the axial length of the
      impermeable part of the drum wall is at least three times the length of
      the perforate part of the drum wall. This results in an extension of the
      contact time between the castings and the moulding sand, and hence a more
      intensive cooling, as compared with the prior-art drum where only a ratio
      of at least 1/2 : 1 was specified. Preferably, the perforate part of the
      drum wall is then disposed adjacent the outlet end of the drum (e.g., in
      the frusto-conical or smaller cylindrical end part thereof) to keep the
      latter as short as possible.
PAR  A following feature of the invention is that the drum is rotated by a
      transmission having a variable speed of revolution. As a result of this
      step, the drum can be rotated selectively at higher or slower speed so
      that the circulation of the material in the drum can be varied
      transversely and the linear speed of said material can be varied
      longitudinally as circumstances require. This step can also contribute in
      influencing the contact time between the castings and the moulding sand.
      In many cases in practice a speed of 6 revolutions per minute will be
      adequate, but in other cases a variable speed is better.
PAR  According to a last feature of the invention, the drum wall is internally
      provided with longitudinal ribs having a triangular or rectangular
      section. The effect of this is that the drum contents are circulated more
      in the transverse direction, the speed of conveyance of the sand in the
      longitudinal direction of the drum being checked. Triangular ribs lift the
      moulding sand to a limited degree during the rotation of the drum while
      rectangular ribs lift the moulding sand higher but partially also entrain
      the castings and cause the sprues to break off the same.
PAR  All these steps alone or in combination result in good regulation of the
      contact and residence time and of the circulation of castings and moulding
      sand in the drum, so that optimum cooling is possible for any proportion
      of moulding sand to castings and any temperature of the castings.
DRWD
PAR  The invention is illustrated in detail in the drawing which shows some
      embodiments of the apparatus according to the invention by way of example.
PAR  FIG. 1. illustrates a first embodiment of the apparatus in side elevation.
PAR  FIG. 2. shows a second embodiment of the apparatus in side ele vation.
PAR  FIG. 3 shows a third embodiment of the apparatus in side elevation.
PAR  FIG. 4. shows a fourth embodiment of the apparatus in side elevation.
PAR  FIGS. 5 and 6 are partial cross-sections to an enlarged scale showing
      specific details.
DETD
PAR  The embodiment shown in FIG. 1 comprises a horizontal cylindrical drum 1
      which rests on supporting rollers 3 by means of peripheral rails 2 so as
      to be rotatable about its longitudinal axis.
PAR  At one end, the drum 1 has a widening inlet zone 4 with an inlet opening 5,
      into which leads a vibratory chute 6 to a supply of hot castings and
      associated casting moulds. Connected to this inlet opening is also an air
      flow generating and stream extracting installation (not shown).
PAR  At the other end, the drum has a widening outlet zone 7 with an outlet
      opening 8 followed by a discharge channel 9 and a conveyor belt 10 for
      cooled castings. Viewed from the inlet end towards the outlet end, the
      cylindrical wall of the drum 1 first comprises an impermeable part 11
      which allows good mixing of the contents of the drum, and then a perforate
      part 12 for the discharge of dried moulding sand. The axial length of the
      impermeable part 11 is generally at least three times and, in the example
      illustrated, six to seven times the axial length of the perforate part 12.
      This latter part is situated adjacent the outlet end of the drum and at
      the bottom of the drum 1 is surrounded by a stationary discharge casing 13
      which abuts the drum wall and in turn delivers the moulding sand to a
      conveyor belt 14.
PAR  The interior of the drum 1 may be smooth or bear longitudinal ribs 15 or 16
      having a triangular or rectangular cross-section (FIGS. 3 and 4).
PAR  For the sake of clarity, the supporting rollers 3 have been disposed
      beneath the drum in the drawing plane, although it will be apparent that
      in actual fact they are disposed in pairs somewhat laterally of the drum.
      They bear double flanges 17 in order to obviate lateral displacements of
      the rails 2. The rollers 3 are mounted in brackets 18 on a base plate 19.
      The latter also bears a motor 20, which drives the drum 1 by means of a
      transmission 21 with a change-speed gear, and also a gear rim 22.
PAR  At one end (corresponding to the inlet end of the drum 1), the base plate
      19 bears on the floor by means of a pivot connection 23 while the other
      end (corresponding to the outlet end of the drum 1) rests on a vertical
      screw spindle 24 which can be screwed up and down by means of a nut 25
      bearing on the floor. As a result of this construction, the base plate 19
      and hence the drum 1 can be given an inclined position. The angle of
      inclination between the base plate 19 and the horizontal can generally
      vary between 0.degree. and 45.degree. and is adjustable.
PAR  The system shown in FIG. 2 differs from the system shown in FIG. 1 only in
      that it comprises a drum 26 which is not cylindrical but frusto-conical,
      with a diameter decreasing towards the outlet end. The other components
      are the same. The angle of inclination between the drum wall and the
      longitudinal axis of the drum 26 is approximately 5.degree. in the
      drawing, although values from 0.degree. to 45.degree. are generally
      possible. This drum is also disposed on an adjustable baseplate 19.
PAR  The system shown in FIG. 3 differs from that shown in FIGS. 1 and 2 in that
      it comprises a drum 27 which is substantially cylindrical (part 29) and
      has near the outlet end a frusto-conical part 30 having a diameter
      decreasing in the direction of the said outlet end. The wall of this
      frusto-conical part includes a perforate part 31 for the discharge of
      dried moulding sand. The other parts are the same. The angle of
      inclination between the drum wall and the drum longitudinal axis in the
      part 30 is greater than the inclination in the drums shown in FIGS. 1 and
      2 and according to the drawings is about 15.degree., although generally
      values from 0.degree. to 45.degree. are possible. This drum is also
      disposed on an adjustable base plate 19.
PAR  The system shown in FIG. 4 differs from that shown in FIGS. 1 to 3 in that
      it comprises a drum 28 which includes in sequence three differently shaped
      parts: a substantially cylindrical main part 32, a frusto-conical part 33
      of decreasing diameter, and a smaller, substantially cylindrical part 34.
      The wall of this latter part 34 includes the perforate part for
      discharging dried moulding sand from the drum. The other parts are the
      same. The angle of inclination between the drum wall and the drum
      longitudinal axis in part 33 is greater than the angle in the drums of
      FIGS. 1 to 3 and is illustrated here as being about 30.degree., although
      values from 0.degree. to 45.degree. are generaly possible. This drum 28 is
      also disposed on an adjustable base plate 19.
PAR  The drum shown in FIG. 1 has a greater capacity than that shown in FIG. 2,
      while conversely the increase in the residence time of the material in the
      drum embodiment shown in FIG. 2 can be controlled more sharply than with
      that shown in FIG. 1. The embodiments according to FIG. 3 and 4 combine
      the advantages of both drums.
PAR  Prior to the operation of the system shown in FIG. 1., the base plate 19 is
      first brought into an inclined position by means of the screw spindle 24
      so that an underlying descriptive line of the drum viewed in the direction
      from the inlet to the outlet end always slopes upwards. The value of the
      angle of inclination depends on the required residence time of the
      moulding sand and castings in the drum, and this is in turn dependent upon
      the relative weight and/or volume proportions of the mould sand and
      castings, the moisture content of the moulding sand and the temperature of
      the material. Although values between 0.degree. and 45.degree. are
      generally possible, an angle of 10.degree. has been assumed in the
      drawing. Care should be taken to ensure that the inlet point of the drum
      on the underlying descriptive line (in zone 4) should always, during
      operation by situated on a higher level than the sand discharge point (in
      zone 12) on the same line.
PAR  In the systems shown in FIGS. 2 to 4, an underlying descriptive line of the
      drum 26, 27, 28 will have an upward inclination (along the whole length of
      the drum or only in part 30 or 33) even when the base plate 19 is in a
      horizontal position. Nevertheless, it is again possible prior to operation
      to bring the base plate 19 into an inclined position in order to increase
      the angle of inclination of the underlying descriptive line of the drum.
      The total range of possible values for the angle of inclination is still
      between 0.degree. and 20.degree.. Care should also be taken to ensure that
      the inlet point of the drum (in zone 4) on the underlying descriptive line
      is situated always at a higher level than the sand discharge point on the
      same line (in zone 12, 31, 34).
PAR  In all four systems, the change-speed gear of the motor transmission 21 is
      so adjusted that the drum is driven at a speed (for example 7 revolutions
      per minute or generally 5-10 revolutions per minute) corresponding to the
      required circulation conditions of the material in the drum.
PAR  During operation, the drum 1, 26, 27, 28 rotates about its longitudinal
      axis at the speed to which it has been adjusted and an air flow is
      established through the drum from outlet end towards inlet end by means of
      the steam extracting installation. Partially cooled flasks consisting of
      moulds built up from moulding sand and containing fresh castings, are
      successively brought to the drum at suitable intervals and opened, the
      entire contents of these flasks, i.e., the castings plus the casting
      moulds, being fed into the drum via the vibratory chute 6. The castings
      and the casting moulds remain in the rotating drum for some time, are
      turned over and over therein and also gradually conveyed in the direction
      of the outlet end. As a result of the turning over process, the casting
      moulds are quickly ground into loose moulding sand. The moulding sand
      particles remain in contact with the castings at least while they are in
      the first part of the drum surrounded by the impermeable part 11 of the
      drum wall, and here they ensure good heat transfer.
PAR  On entry into the drum, the castings have a temperature varying between
      600.degree. and 950.degree.C, while the average temperature of the
      moulding sand is much lower. As a result of the intimate contact between
      the castings and moulding sand in the drum, the castings continuously
      meeting fresh sand particles during this process, there is good heat
      transfer, the castings gradually being cooled until hand-hot. The sand
      particles in turn transfer the absorbed heat and the heat already present
      to the moisture in the sand particles. The moisture evaporates to steam
      during this heat transfer and this stream is removed from the drum by an
      air flow generated by the steam extraction installation. The result is
      that the castings are cooled to hand-hot, the casting moulds are ground
      up, the moulding sand is cooled and dried and the total heat liberated is
      discharged in the form of steam.
PAR  In the event that the proportion of moulding sand to castings by weight
      and/or volume is relatively low, or at least lower than is equivalent to
      the optimum proportion water should be sprayed into the drum, and this is
      possible with simple means. If the proportion of moulding sand to castings
      by weight is relatively high (or at least higher than equivalent to the
      optimum proportion) or if the temperature of the incoming castings is
      relatively high, the residence time of the material in the drum should be
      longer than, and/or the circulation should be different from, normal
      operation for optimum proportion and temperature. The system according to
      the invention now provides good facilities for increasing the residence
      time and changing the circulation. The inclined position of an underlying
      descriptive line of the drum -- which inclined position is also
      selectively adjustable -- ensures that the castings and the moulding sand
      must move against an inclination during conveyance through the drum, and
      this gives a reliable retardation and hence an increase in the residence
      time as compared with conditions having a purely horizontal descriptive
      line. The relatively considerable axial length of the impermeable part of
      the drum helps in this respect. The same effect is obtained by the
      longitudinal ribs in the drum, which partially transversely lift either
      moulding sand alone (in the case of triangular ribs) or moulding sand plus
      castings (in the cast of rectangular ribs) and thus check conveyance
      through the drum. The longitudinal ribs also ensure a change of
      circulation in the transverse direction so that the contact between the
      castings and the moulding sand changes. A similar change can be obtained
      by varying the speed of revolution of the drum by means of the
      change-speed gear of the motor transmission. In this way it is possible to
      adjust to various circumstances and cooling and drying can always be
      carried out in the correct way.
PAR  The inclined position of an underlying descriptive line of the drum causes
      the conveyance of the castings to be retarded more intensely than the
      moulding sand, but this difference is compensated by the greater quantity
      of moulding sand as compared with castings, so that the total quantity of
      material of a change nevertheless leaves the drum practically
      simultaneously.
PAR  When the mixture of castings and sand reaches that part of the drum which
      is surrounded by the perforate parts 12, 31, 34 of the drum wall, the
      moulding sand is separated from the castings and discharged via the
      discharge chute 13 to the conveyor belt 14. The discharged moulding sand
      is dry (to a required minimum moisture content) and can be re-used for
      making casting moulds. The castings themselves continue to move in the
      direction of the drum outlet end and leave the drum via the discharge
      chute 9 and the conveyor belt 10. On leaving the drum the castings are
      already partly clean and any cores present have been ground up. In the
      case of longitudinal ribs in the drum, the castings have also already lost
      their sprues, so that finishing by sand blasting can be shortened and is
      not always necessary now to break off the sprues.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An apparatus for cooling castings while cooling and drying molding sand,
      comprising in combination:
PA1  an elongate, generally horizontal drum having an inlet end and an open
      discharge end defining a casting discharge mouth;
PA1  wall means at said inlet end for defining a restricted opening centered
      with respect to the axis of the drum, and means for feeding the molding
      sand and casting contents of molding flasks into said drum through said
      restricted opening;
PA1  said drum including an imperforate section leading from said wall means to
      adjacent the discharge end of said drum and including at least a terminal
      region nearest said discharge end which is of frusto-conical section which
      narrows toward said discharge end;
PA1  said drum also having a perforate section leading from said frusto-conical
      terminal region of the imperforate section, whereby to discharge sand from
      said drum before reaching said discharge end of the drum; and
PA1  means for selectively elevating the discharge end of the drum relative to
      its inlet end whereby to alter the inclination of said frusto-conical
      terminal region and thereby alter the residence time of the material
      passing through the drum.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said imperforate section is
      frusto-conical throughout its length.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said imperforate section is
      cylindrical except for said terminal region thereof.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said perforate section is a
      frusto-conical extension of said frusto-conical terminal region.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein said perforate section is
      cylindrical.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein said imperforate section is of a
      length at least three times that of said perforate section.
NUM  7.
PAR  7. An apparatus for cooling castings while cooling and drying molding sand,
      comprising in combination:
PA1  an elongate, generally horizontal drum having an inlet end and an open
      discharge end defining a casting discharge mouth;
PA1  wall means at said inlet end for defining a restricted inlet opening
      centered with respect to the axis of the drum, and means for feeding the
      molding sand and casting contents of molding flasks into said drum through
      said restricted inlet opening;
PA1  said drum including an imperforate section leading from said wall means to
      adjacent the discharge end of said drum, and a perforate section at said
      discharge end, the imperforate section being of a length at least three
      times that of said perforate section;
PA1  said discharge mouth also being centered on the axis of said drum and the
      cummulative lengths of said imperforate and perforate sections of the
      drum, the size of said restricted inlet opening and the size of said
      discharge mouth being such that when said axis is inclined upwardly from
      said inlet end to said discharge end the lowermost point of said inlet
      opening lies at an elevated position with respect to the lowermost point
      of said discharge mouth and at least a portion of said imperforate section
      immediately adjacent and leading to said perforate section slopes
      upwardly; and
PA1  means for selectively inclining said axis to vary the amount by which said
      lowermost point of the discharge mouth lies below said lowermost point of
      the inlet opening whereby to vary the upward slope of said portion of the
      imperforate section and thereby control the residence time of the material
      passing through the drum.
NUM  8.
PAR  8. An apparatus as defined in claim 7 including means for establishing an
      air flow through said drum from its discharge mouth to its inlet opening.
PATN
WKU  039426459
SRC  4
APN  8368724
APT  1
ART  311
APD  19690626
TTL  Feeding and rectifying apparatus and method
ISD  19760309
NCL  2
ECL  1
EXA  Lane; Hadd S.
EXP  Knowles; Allen N.
NDR  7
NFG  30
INVT
NAM  Aronson; Theodore F.
CTY  Glen Cove
STA  NY
ASSG
NAM  Eli Lilly and Company
CTY  Indianapolis
STA  IN
COD  02
CLAS
OCL  209104
XCL  198271
XCL  198287
XCL  221157
EDF  2
ICL  B07B 1302
ICL  B65G 4724
FSC  198
FSS  33 R;33 AD;271;287
FSC  209
FSS  74;94;95;87;96;104
FSC  221
FSS  157;156;152
UREF
PNO  2857039
ISD  19581000
NAM  Whitecar
XCL  221156
UREF
PNO  2915165
ISD  19591200
NAM  Bell
OCL  198 33R
UREF
PNO  3372790
ISD  19680300
NAM  Pembroke et al.
OCL  198 33R
UREF
PNO  3489262
ISD  19700100
NAM  Roberts
OCL  198 33R
UREF
PNO  3508647
ISD  19700400
NAM  Meier et al.
OCL  209 74
UREF
PNO  3613861
ISD  19711000
NAM  Whitecar
OCL  198271
LREP
FR2  Ernsberger; Ralph W.
FR2  Smith; Everet F.
ABST
PAL  This disclosure is directed to a feeding and rectifying method and
      apparatus for orienting articles of manufacture in a predetermined manner
      onto a moving conveyor means. The feeding and rectifying apparatus
      comprises essentially a system of maintaining a supply of articles in a
      hopper through which the articles are randomly discharged. The dispensing
      of the articles from the hopper is attained by effecting relative rotation
      between the discharge means and the hopper, and orientation or
      rectification of the articles thus removed is effected by cooperating
      camming means and gauging means mounted for relative rotation with respect
      to one another operating on the article.
BSUM
PAC  PROBLEM IN THE ART
PAR  In the manufacturing arts, many manufacturing and/or product handling
      operations require that a given article be predeterminedly orientated so
      that each article will be properly presented so that the next succeeding
      operation may be properly performed thereon. For example in the capsule
      filling art, it is imperative that the capsule be properly presented to a
      filling station. Generally such capsules comprise a body portion and a cap
      portion frictionally interfitted to define a closed volume. In effecting
      the filling of such capsules the cap and body portion must be first
      separated to expose the open end of the body for receiving its contents.
      For this reason it is imperative that the capsules be properly orientated.
PAR  Heretofore considerable effort has been expended to effect a method and
      apparatus for effecting the rectification of various products. However,
      the known methods and apparatus for effecting such orientation or
      rectification of products were relatively complicated and relatively
      difficult and expensive to manufacture. Furthermore the known devices were
      particularly constructed to rectify a particular product or article and
      therefore and principle of operation of such methods and apparatus were
      not universally suited for other or differently shaped products.
PAC  OBJECTS
PAR  It is therefore an object of this invention to provide an improved method
      and apparatus which can be readily adapted to feed and rectify variously
      shaped articles or objects onto a moving conveyor which is relatively
      simple in operation and relatively inexpensive to fabricate.
PAR  Another object is to provide an apparatus for feeding and rectifying
      articles of manufacture having a minimum of moving components.
PAR  Another object is to provide a method and apparatus for feeding and
      rectifying articles of manufacture in which only the properly sized
      articles are rectified.
PAR  Another object is to provide a method and apparatus for feeding and
      rectifying articles of manufacture in which the articles are rectified by
      effecting the gauging of the article between relative rotating camming and
      gauging means under the influence of a centrifugal force.
PAR  Another object is to provide an apparatus for rectifying articles of
      manufacture which can be readily and quickly adapted with a minimum of
      effort to accommodate variously shaped articles by an interchange of
      gauging plates.
PAC  BRIEF SUMMARY OF INVENTION
PAR  The foregoing objects and other features and advantages of this invention
      are attained by a method of maintaining a random supply of articles in a
      hopper and effecting the discharge of the articles from the hopper in an
      orderly sequence by relative rotation between the hopper and the discharge
      therefor. The articles thus removed are then subjected to a centrifugal
      force in which an axis of the articles is initially disposed in the plane
      in which the centrifugal force is acting. While under the influence of the
      centrifugal force the axis of the article is rotated to a position
      substantially normal to the plane of the centrifugal force by subjecting
      the article to a camming action so as to predeterminedly position or
      orientate the article.
PAR  The apparatus by which the method may be performed comprises a hopper for
      receiving a random supply of articles. The hopper is provided with a
      discharge arranged for relative rotation with respect to the hopper.
      Associated with the discharge is a gauging means which is turn in
      cooperatively associated with a stator or camming means and means are
      provided for effecting relative rotation between the gauge means and the
      stator or camming means. Complementary means are formed on the stator or
      camming means and the gauging means for effecting rectification of the
      article during relative rotation therebetween. The complementary means of
      the gauge means includes a gauging plate having a series of slots each
      having opposed gauging portions sized substantially to the shape of the
      article with an enlarged escapement portion disposed therebetween. The
      complementary portion of the stator or camming means includes a cam plate
      having a camming opening formed with an edge for guiding the rectifying
      article toward the escapement portion of the gauge slot during relative
      rotation of the gauge plate and stator or camming means. The arrangement
      is such that whichever way an article is presented to the complementary
      portion of the gauge plate and stator, the article is gauged so as to
      insure proper orientation of the article. Means are also provided to
      insure positive initiation of the rectifying movement of the article
      relative to the gauge slot, and means are also provided for effecting a
      control release of the article from the discharge means.
PAC  FEATURES
PAR  A feature of the invention resides in the provision of a method and
      apparatus in which a plurality of articles can be rapidly and positively
      gauged and oriented.
PAR  Another feature of the invention resides in the provision of rectifying
      articles of manufacture by subjecting the article to the action of a
      relative rotating pair of complementary gauging and camming means.
PAR  Another feature of the invention resides in the provision in which the
      action of the complementary rotating gauging and camming means can be
      utilized to orientate variously shaped articles.
DRWD
PAR  Other features and advantages will become more readily apparent when
      considered in view of the drawings in which:
PAR  FIG. 1 is a verticle section view of a feeding and rectifying apparatus of
      the present invention.
PAR  FIG. 2 is a composite plan view taken along line 2--2 on FIG. 1.
PAR  FIG. 2A is a modified form of the invention.
PAR  FIG. 3 is a plan view taken along line 3--3 on FIG. 1.
PAR  FIG. 4 is a detail plan view of the upper cam member of the orientation
      portion of the apparatus.
PAR  FIG. 5 is a detail plan view of a complementary lower cam member of the
      orientation portion of the apparatus.
PAR  FIG. 5A is a section taken along line 5A--5A on FIG. 5.
PAR  FIG. 6 is a detail plan view of the floor plate of the orientation portion
      of the apparatus.
PAR  FIG. 6A is a detailed plan view of the gauging plate.
PAR  FIG. 6B is an exploded perspective of the camming and gauging means.
PAR  FIG. 7 is an enlarged detail view taken along line 7--7 or position 1 on
      FIG. 3.
PAR  FIG. 7A illustrates an alternate position which an article may assume in
      the showing of FIG. 7.
PAR  FIG. 8 is a sectional view taken along line 8--8 or position 2 on FIG. 3.
PAR  FIG. 8A is an alternate position which the article may assume in FIG. 8.
PAR  FIG. 9 is an enlarged detailed sectional view taken along line 9--9 or
      position 3 on FIG. 3.
PAR  FIG. 9A illustrates an alternate position which the article may assume in
      FIG. 9--9.
PAR  FIG. 10 is a sectional view taken along line 10--10 in the vicinity between
      positions 4 and 5 on FIG. 3.
PAR  FIG. 10A is an alternate position which the article may assume in the
      illustration of FIG. 10.
PAR  FIG. 10B is a sectional view taken along line 10B--10B on FIG. 3.
PAR  FIG. 11 illustrates the relative position of the article taken along line
      11--11 between positions 5 and 6 in FIG. 3.
PAR  FIG. 11A illustrates an alternate position which the article may assume in
      the position of FIG. 11.
PAR  FIG. 12 is a sectional view taken along line 12--12 or at position 7 in
      FIG. 3 illustrating the discharge of the rectified article and the
      positioning of the same on a moving conveyor.
PAR  FIG. 13 is a section view taken along line 13--13 on FIG. 3.
PAR  FIG. 13A is a sectional view taken along line 13A--13A or position 9 to
      illustrate a purged portion of the cycle of revolution.
PAR  FIG. 14 is a modified article shape which may be rectified by the described
      method and apparatus.
PAR  FIG. 14A is a plan view of a modified gauge slot construction for effecting
      rectification of articles shaped as shown in FIG. 14.
PAR  FIG. 15 illustrates another modified shape which may be rectified by the
      described method.
PAR  FIG. 15A illustrates a plan view of a gauge slot for effecting
      rectification of the article shape of FIG. 15.
PAR  FIG. 16 and 16A illustrate a modified object and gauge slot therefor,
      respectively.
DETD
PAR  In many manufacturing arts and/or product handling operations wherein an
      article is being handled, it is frequently necessary that the article be
      orientated in a particular manner so that it can be properly presented in
      a predetermined manner to the next succeeding operating station. The
      present invention is directed to a method and an apparatus for performing
      the method for rectifying or orienting articles having an elongated shape
      and a non-uniform cross-sectional area. While the method and apparatus to
      be described can be used to effectively rectify variously shaped articles,
      the article primarily referred to for the purpose of illustrating and
      describing the invention is a capsule. Generally such capsules 20, as
      shown, comprise a body portion 21 and a cap portion 22 which are arranged
      to be frictionally interfitted together to define a closed volume. Such
      capsules 20 may be formed of various materials adapted to received various
      products. In the pharmaceutical arts such capsules are formed of a readily
      digestible gelatin material and are filled with various medical powders or
      ingredients. In other commercial applications, such capsules may be formed
      of other materials, i.e., plastic, glass, metal, etc., and may be filled
      with various articles of manufacture wherein the capsule forms the package
      for such articles. However, regardless of the material or substance to be
      placed in the capsule, it is imperative that the capsule be oriented so
      that the respective portions thereof can be properly presented to a
      suitable filling station.
PAR  The capsule thus comprises an elongated member having a longitudinal axis
      and varying cross sectional dimensions as defined by the outside diameter
      of the body portion 21 which is slightly less than the outside diameter of
      the cup 22. Thus as used herein the term capsule may include any solid or
      hollow article having a longitudinal axis and varying cross-sectional
      dimensions equal to or less than the length of the longitudinal axis.
PAR  To effect rectification of such articles, the present invention
      contemplates maintaining a random supply of such articles 20 in a hopper
      means 23 from which the articles may be withdrawn in an orderly manner
      whereby the successively removed articles are disposed in alignment or
      randomly stacked in end to end relationship. The orderly array of articles
      withdrawn from the hopper is attained by effecting relative rotation
      between the hopper discharge means 24 and the hopper body 23A.
PAR  The articles or capsules 20 thus removed are maintained in alignment, i.e.
      in end to end relationship from whence the bottom or end most article is
      sequentially released at a predetermined point in the cycle of operation.
      The released article 20 is then subjected to a centrifugal force whereby
      the article is predeterminedly positioned with respect to relative
      rotating camming means and gauging means which cooperate to effect
      rectification of the article regardless of which way the article has been
      released from the hopper 23. While under the influence of the centrifugal
      force the longitudinal axis of the article is rotated about a point
      intermediate the longitudinal axis relative to the gauging means. This
      rotation may effected by gravity and/or by subjecting the capsule to a
      camming action imparted by a centered camming means.
PAR  Rotating of the axis of the capsule about a point intermediate the length
      of the axis is attained by causing the smaller end of the capsule to drop
      through an appropriately sized gauging opening formed in the gauging
      means. The direction of rotation of the capsule so as to effect proper
      rectification is controlled by a gauging opening which is sized for
      accommodating the smaller cross-sectional dimension of the article. This
      is attained by a gauging opening formed in the gauging means having
      similarly sized opposed gauging opening portions which are substantially
      sized to the smaller cross-sectional dimension of the article whereby the
      smaller cross-sectional portion of the article can be passed therethrough.
      Intermediate the opposed gauging portions, the gauge opening is provided
      with an enlarged escapement portion for permitting the article to pass
      completely therethrough only when the article has been properly rectified.
PAR  In operation, centrifugal force to which the article 20 is subjected, upon
      its release from the hopper 23 and associated discharge, causes the
      article 20 to be positioned over the gauge opening which is rotated in
      unison with the article. Because the article 20 is provided with varying
      cross-sectional dimensions, the smaller end of the article will tend to
      pass through the corresponding gauging portion of the gauge opening
      causing the larger end to follow. The tendency of the smaller end to first
      pass through the gauging portion of the opening causes the article 20 to
      rotate to a rectified position regardless of which way the article is
      presented to the gauging opening. As the article tends to fall through a
      gauging portion of the opening, a camming action is imparted to the
      article for directing it toward the escapement portion of the gauge
      opening. When the article has been shifted due to the camming influence
      operating thereon, to the escapement portion of the gauging opening, the
      enlarged portion of the article is then permitted to pass therethrough. A
      moving conveyor means, synchronized to the movement of the gauging and
      camming action is provided so that as each article is properly rectified
      it is received in a conveyor whereby the rectified article can be suitably
      transported to the next succeeding operating station.
PAR  Referring to the drawings there is shown in FIG. 1 a feeding and rectifying
      apparatus 25 adapted for positioning an article 20 onto a moving conveyor
      26 adapted to receive the same. The moving conveyor 26 may be of the type
      disclosed in co-pending application Ser. Nos. 765,519 and 776,128 filed
      Oct. 7, 1968 and Nov. 15, 1968 respectively, now U.S. Pat. Nos. 3,527,015
      and 3,601,954, respectivly.
PAR  The apparatus 25 comprises a means defining a supporting structure which
      may include a suitable table or frame 27 to which there is fixedly secured
      an upwardly extending shaft 28. Connected to the upper end of the shaft is
      a hopper 23 adapted to receive a random supply of articles 20. The upper
      end of the shaft 28 is provided with a reduced portion 28A adapted to
      receive the hub 29 of a spider by which the hopper body 23A is fixedly
      secured thereto. In the illustrated form of the invention the hopper body
      23A includes a cylindrical portion and a connected inwardly and downwardly
      sloping bottom wall 23B to define an opening 23C. If desired, a plurality
      of vanes 29 are circumferentially spaced and suitably secured to the
      inclined bottom wall 23B of the hopper to prevent rotation of the mass of
      articles disposed within the hopper 23, as will be hereinafter described.
PAR  The lower portion of the shaft 28 is incased within a sleeve 30 which is
      rotatably journalled to the shaft 28 by suitable bearings 32, 32A.
      Connected to the lower end of the sleeve 30 is a drive means 31 by which
      the sleeve 30 may be rotated relative to the fixed shaft. The drive means
      31 in the illustrated embodiment comprises a sprocket about which a
      conveyor means 26, in the form of a chain conveyor of the type disclosed
      in co-pending application Ser. Nos. 765,519 now U.S. Pat. No. 3,527,015,
      and 776,128, now U.S. Pat. No. 3,601,954, is threaded. The chain conveyor
      26 is thus arranged so as to be synchronized to the rotation or movement
      of the sleeve 30 and the article discharging means 24 carried thereon, as
      will be hereinafter described. The chain conveyor as disclosed in
      co-pending application Ser. Nos. 765,519 and 775,128, is provided with
      capsule receiving portions into which the respective rectified capsules 20
      are to be fed. However, it will be understood that a further detailed
      description of the conveyor is not essential to an understanding of the
      present feed and rectifying apparatus so long as it is understood that the
      moving conveyor 26 with the capsule receivers thereon is moving in
      synchronization with the feed and rectifying apparatus 25.
PAR  Fixedly connected to the upper end of the sleeve 30 to rotate therewith is
      a conical collar 33, which is formed with a plurality of walls or vanes 34
      to define a plurality of passageways or guideways 34 for directing the
      capsule toward a discharge passageway or tube 36. As shown, the lower end
      33A of collar 33 is reduced so as to be received and fixed to the upper
      end of the sleeve 30. Each tube or passageway 36 is operatively associated
      with each of the respective guideways 35.
PAR  As best seen in FIGS. 1 and 2 the plurality of circumferentially spaced
      discharging tubes 36 are secured to a flange or collar 37 which in turn is
      connected to sleeve 30 to rotate therewith. The inlet portion 38A of the
      openings 38 adapted to receive the respective tubes 30 are outwardly
      flared as seen in FIG. 1 to facilitate the aligning of the article 20
      cotained within the hopper with the inlet end of the respective discharge
      tubes 36. The diameter of the flange or collar 37 is sized as to be
      received within the opening 23C defined in the bottom wall 23B of the
      hopper. The arrangement is such that the collar or flange 37 is free to
      rotate relative to the body 23A of the hopper within opening 23C. The
      flange or collar 37 and associated discharge tubes 36 constitute a rotary
      discharge means of the hopper 23 through which the articles are withdrawn
      from the hopper in an orderly stacked array.
PAR  The lower or outlet ends of the respective discharge tubes 36 are provided
      with a radius for directing the articles passing therethrough in a
      radially outward direction. As shown in FIG. 1 the respective discharge
      ends of the tubes 36 are secured in a mounting 39 connected to the driving
      sprocket 31. Connected to the mounting 39 to rotate therewith is a
      component part of the orienting or rectifying means 40. Means 40 includes
      a gauging plate 41 and a complementary chamber plate 42. As best seen in
      FIG. 6A the gauging plate comprises an annular member having
      circumferentially spaced therearound a plurality of gauge openings 43
      which are particularly shaped so as to include a gauging portion 43A and
      an escapement portion 43B.
PAR  In the illustrated embodiment, the gauging opening 43 is particularly
      shaped to handle capsules 20. Accordingly, the gauging opening 43 is sized
      so as to have opposed similarly constructed gauging portions 43A, 43A,
      with an enlarged escapement portion 43B disposed therebetween. The gauging
      portions 43A, 43A, are specifically sized to have a snug or slight
      interference with the body portion 21 of the capsule. With the gauge
      opening 43 sized as described, the arrangement is such that the body
      portion 21 of the capsule is permitted to pass therethrough before the cap
      portion 22 regardless of which way the capsule is positioned relative to
      the gauge opening 43, as the larger cap portion 22 of the capsule will not
      fit through 43A but will fit through 43B.
PAR  It will be noted that the gauge plate 41 is provided with gauge openings
      which correspond in number to the number of discharge tubes 36. As the
      gauging plate 41 is fixed to the mounting block 39 it will rotate with the
      sleeve 30, connected driving sprocket 31 and conveyor 26 meshing
      therewith.
PAR  Co-operatively associated with the gauge plate 41 and connected to rotate
      therewith is the chamber plate 42. The chamber plate comprises a flange
      portion 42A which is connected in overlying relationship to the gauging
      plate 41 by suitable fasteners or studs 44. The outer portion of the
      flange 42A is formed with a raised portion 42B. The raised portion 42B of
      the chamber plate is provided with a plurality of circumferentially spaced
      openings 45 for receiving the discharge end of the respective tubes 36.
      Adjacent each discharge end of the respective tubes 37, the chamber plate
      42 is formed with a cell or chamber 42C for receiving a capsule 20 from
      the associated discharge tube 36. In the arrangement thus far described
      the sprocket 31, shaft sleeve 30 and the connected discharge tubes 36,
      gauge plate 41 and chamber plate 43 all rotate in unison relative to the
      fixed shaft 28 and connected hopper 23 when the sprocket 31 is actuated or
      driven.
PAR  The complementary portion of the orienting means comprises a stationary
      camming means 46. The complementary camming means 46 includes a pair of
      spaced cam plates 47 and 48 which are suitably fixed to the supporting
      frame 27 by spaced support members 27A to define therebetween an annular
      chamber C. As seen in FIG. 1 and FIGS. 4 to 12, the camming means includes
      an upper cam plate 47 and lower cam plate 48, the lower cam plate 48
      having a recessed portion 48A underlying the gauge openings 43 of the
      gauge plate 41. As best seen in FIG. 5 the recessed portion 48A is
      provided with a cam opening 49. Referring to FIG. 5 the cam opening is
      provided with an enlarged end opening 49A wherein the width of the opening
      is slightly greater than the longitudinal axis of the gauge opening 43.
      The enlarged portion 49A tapers to an elongated reduced opening 49B.
      Referring to FIG. 3 it will be noted that enlarged portion 49A extends
      from approximately position 4 to position 5. From position 5 in the
      direction of position 7 the opening 49A tapers to a dimension which is
      equal to or slightly greater than the diameter of the escapement portion
      43B of the gauging opening 43. In the vicinity indicated between the
      dotted lines on FIG. 5 and as best seen in FIG. 5A the lower camming plate
      is reduced to a narrow thickness to define a knife like edge 49C which
      will function to purge the orientation means of any defected capsules
      which may tend to hang up as will be hereinafter described.
PAR  Connected to the bottom of the lower cam is a floor plate 50. Referring to
      FIG. 3 the floor plate is formed with a slotted opening 51 which extends
      through substantially a quadrant portion thereof, i.e., commencing at
      about position 7 and terminating just beyond position 8. In the
      illustrated form the width of the opening 51 in the floor is substantially
      uniform throughout the length thereof and greater in width than the
      portion 49B of the opening 49 in the lower cam plate 48. As seen in FIG. 3
      it will be noted that the opening 51 in the floor plate commences in the
      direction of rotation just before the position 7.
PAR  The upper cam plate 47 is suitably secured and fixedly connected to the
      raised portion 48B of the lower cam plate 48 so that a portion of the
      upper cam plate 47 overlies the recessed portion 48B of the lower cam 48.
      The overlying portion of the upper cam plate 47, as best seen in FIGS. 3
      and 4, is provided with a cam opening 52 which extends about a
      circumscribing portion thereof. Referring to FIGS. 3, 4, and 6B, the cam
      opening 52 is provided with an enlarged portion 52A which tapers to a
      reduced elongated slotted opening 52B. The enlarged portion of the camming
      opening 52A extends through a circumscribing portion of the cam plate
      between positions 3 and 5 whereupon the opening 52A tapers to an elongated
      slot 52B substantially co-extensive with the reduced opening 49B of the
      lower cam plate 48.
PAR  In the superimposed assembled position of the upper and lower camming plate
      47 and 48 on the frame 27A, it will be noted that the enlarged portion 52
      of the upper cam eminates before the complementary enlarged opening
      portion 49A of the lower cam 48 in the direction of rotation, and that the
      respective reduced portions 52B and 49B respectively fall in supperimposed
      overlying relationship with respect to one another, and in alignment with
      the escapement portion 43B of the gauge opening 43 in the gauge plate 41,
      disposed therebetween in relative rotating relationship with respect
      thereto.
PAR  Secured and fixed to the upper camming plate is a locating ring 53. As
      shown in FIG. 3 the locating ring 53 is provided with an inner peripheral
      surface or wall 53A disposed in substantial coincidence with the outer
      most edge of the gauge openings 43. See FIGS. 7 to 11. As will be
      hereinafter described the wall 53A of the locating ring 53 functions to
      position the capsule 20 relative to its corresponding gauging opening 43
      immediately prior to rectification of the capsule.
PAR  In the vicinity of positions 4 and 5, as seen in FIGS. 3 and 10 there is
      connected to the top of the upper cam 47 a bracket plate 54 for supporting
      a stationary center cam or guide 55. As shown in FIGS. 1 and 3 the
      centering cam or guide 55 is arcuate in shape and vertically disposed in
      substantial coincidence with the central portion of the article or capsule
      20.
PAR  As will be hereinafter described the centering cam or guide 55 functions as
      a positive means directing the body of the capsule through the gauging
      portion 43A of the gauge opening 43 during the rectifying movement of the
      capsule. Where there is a snug interfit between the capsule body 21 and
      the gauging portion 43A of the gauge opening 43, the centering cam will
      effect a positive pressure on the body of the cam in directing it through
      the appropriate gauge opening 43A as the capsule rotates thereunder. The
      relative position of the edge or camming portion of the center cam 55 is
      such that it will direct the body portion of the capsule 20, depending on
      the lay thereof through the appropriate gauging position 43A of the gauge
      opening 43. This is because the cap portion 22 of the capsule is larger
      than the body portion 21 and will therefore not fit through gauge opening
      43, and will remain above gauge plate 41 as shown in FIGS. 9, 10 and 10A.
PAR  Referring to FIG. 1, the discharge tubes 36 are made sufficiently long so
      that the upper portion thereof will serve as a magazine for retaining
      therein a plurality of capsules stacked end to end therein. In this manner
      each of the tubes 36 is arranged to store therein a plurality of capsules
      to insure positive feeding of the capsules to the respective cells or
      chambers. A means is provided for retaining the columns of stacked
      capsules within each of the respective tubes. The capsule retaining means
      comprises a stop plate or ring 57 which is supported on a bracket or
      support 58 fixed on the frame 27. The arrangement of the stop ring is such
      that the inner peripheral portion 57A of the stop ring is adapted to
      extend through a notch or opening 59 formed in each of the discharge tubes
      36 as best seen in FIG. 1. Accordingly, the portion 57A of the ring 57
      which extends into the tubes 36 provides a stop or support for the
      lowermost capsule 20 in the magazine portion of the respective tubes.
PAR  Referring to FIG. 2, the ring 57 is provided with a notched out portion 57B
      which is sufficiently wide so as to encompass one or more tubes at a
      position in advance of position 1 and beyond position 8 in the cycle of
      revolution of the gauging means. Accordingly, it will be noted that the
      tubes when rotating in a clockwise direction as viewed in FIG. 2 will
      sequentially be caused to rotate through the notched portion 57B of the
      stop ring. When this occurs the bottom-most capsule in the tube passing
      the notch 57B is no longer supported within the tubes, thereby causing the
      bottom-most capsule to be directed by gravity to the discharge end of the
      respective tubes.
PAR  To retain the next succeeding capsule from dropping, a means is provided
      for frictionally retaining the next to the bottom capsule. As seen in
      FIGS. 1 and 2 the holding means comprises a brush 61, the bristles of
      which are arranged to extend into a second opening 60 in tubes 36 which is
      spaced above opening 50. In this manner the bristles of brush 61 function
      to retain the next to last capsule in position within the respective tubes
      passing the notched portion 57B, as the bottom-most capsule is released.
      Upon traversing the notched portion 57B the inner peripheral portion 57A
      again functions to support the column of capsules in the respective tubes.
      Accordingly the length of the brush 61 corresponds substantially to that
      of the notch 57B in ring 57. In operation then the lower most capsules in
      each of the tubes is released as the tubes rotate past the notched portion
      57B of the step ring with the remaining portion of the column being
      supported by the friction of the brush acting on the next to the bottom
      capsule. Thus the brush means 61 provides the necessary holding force
      without causing injury to the capsule during the release interval of the
      bottom-most capsule. The arrangement described thus provides for a
      positive release of the bottom-most capsule and a retention of the
      remaining portion of the column of capsules within the respective tubes at
      the point of release. Accordingly, it will be noted that with the
      arrangement described the capsules are individually released at a
      predetermined point, whereupon the released capsule is directed to the
      cell portion 42C of the rotating chamber plate 42.
PAR  Referring to FIG. 2A, there is shown an alternate means for retaining the
      next to last capsule in the discharge tubes from dropping upon the release
      of the bottom most capsule. The alternate means includes a pair of free
      running idler pulleys, 61A, B, each being oppositely journalled the ends
      of notch 57B of stop plate 57. Threaded about the idling pulleys is an
      endless band or belt 61C having a flight portion 61D thereof passing
      through openings 60 formed in the respective discharge tubes 36. As shown
      the pulleys 61A, 61B are positioned so that flight 61D of belt 61C is
      urged against the next to the last capsule in tube 36 to retain the
      capsule by friction in position therein as the respective tube 36
      approaches the release notch area of stop plate 57. Thus it will be
      apparent that the brush 61 of FIG. 2 and the endless belt arrangement
      61A--61D of FIG. 2A function to prohibit the column of capsules from
      dropping through the respective tubes 36 as the tubes approaches and
      passes through the notched area 57B of the stop plate 57.
PAR  Referring to FIG. 3, the cycle of operation is as follows: With the sleeve
      rotating and the discharge tubes connected thereto rotating in unison
      therewith, in a clockwise direction as viewed in FIG. 2, the capsule
      directing means in the form of the one collar 33 will continuously direct
      the capsules into the inlet portions of the tubes, the vanes 29
      functioning to prohibit rotation of the mass of capsules within the hopper
      23. The magazine portion of the tubes 36 is thus maintained substantially
      constantly filled with a column of articles so long as the hopper is
      maintained sufficiently full. As the tubes 36 successively rotate past the
      notch 57B of the stop plate 57, the bottom-most capsule is released
      whereby it is directed to a capsule chamber 42C formed in the rotary
      chamber plate 42 rotating with the tubes 36. The cycle of operation is
      such that the capsule is released into its corresponding cell or chamber
      42C, at approximately position 1 indicated in FIGS. 3 and 7. Due to the
      centrifugal force of the rotating cell plate, the capsule 20 is displaced
      radially outwardly until one end thereof engages the locating edge 53A of
      the locating ring 53 as seen in FIG. 8. This occurs at approximately
      position 2 in the rotational cycle as viewed in FIG. 3. During this
      portion of the cycle the capsule is riding and carried within its cell or
      chamber 42C on the solid portion 47A of the upper cam plate 47. Rotating
      in unison with the capsule and immediately below the upper cam plate is
      the gauging plate 41, the respective gauge openigs 43 therein being
      located directly below the capsule. Accordingly, as both the capsule and
      the gauge plate 41 pass the solid portion of the cam plate 47, the capsule
      will fall through the enlarged portion of the opening 52 and onto the
      gauge opening 43. Regardless of which end of the capsule is presented to
      the wall 53A of the locating ring 53 the smaller body portion of the
      capsule will tend to drop either by gravity or by the camming action of
      vertical inclined cam 55 through the corresponding gauging portions 43A of
      the gauge opening 43. The other end or cap portion because of its larger
      dimension is prohibited from dropping through the gauging portion 43A of
      gauging slot 43 thereby causing the capsule to rotate from a substantially
      horizontal position to a generally vertical position. As viewed in FIGS. 3
      and 9 the capsule is rotated beyond the solid portion 47A of the upper cam
      and through opening 52 therein at approximately position 3. As the capsule
      continues to rotate in a clockwise direction as viewed in FIG. 3 from
      position 3 and in the vicinity between position 4 and 5, the body portion,
      regardless of which end it points, is brought under the centering cam
      whereby the capsule is positively directed through the gauging portion 43A
      of the slotted opening 43 in the event a snug or interference fit is had
      between the capsule body and portion 43A of the slot. As seen in FIG. 3
      and in FIGS. 9 and 11, the opposed ends of the capsules are brought into
      engagement with the corresponding edges of the cam openings 53 and 49 of
      the respective upper and lower cam plates 47 and 48 as the body end of the
      capsule is caused to pass through its gauge slot 43. Due to the confining
      curvatures of the camming edge of cam slots 52 and 49 the capsule as it is
      rotated to a vertical position is advanced toward the escapement portion
      43B of the gauge slot. When the capsule has reached approximately position
      6, as viewed in FIGS. 3 and 11, the capsule has been substantially
      rectified and about to be released through the escapement portion 43B of
      the gauge opening 43. Release of the capsule is finally effected at about
      position 7, as viewed in FIGS. 3 and 12. Since the moving conveyor is
      moving in unison with the cycle described the capsule upon its release is
      received in a capsule carrier mounted or formed on the conveyor 26. As
      seen in FIG. 11, the article is dropped by gravity and pulley by vacuum 62
      into the receiver adapted to receive the same.
PAR  In the event of a deformed capsule which may hang up in the escapement
      portion 43B of the gauge opening or for some reason not release between
      position 7 through position 8 as viewed in FIG. 3, the capsule will be
      carried beyond position 8. In order to purge the rotating gauge plate 41
      of any such defected or hung up capsules, the lower cam member 48 and
      upper cam member 47 are provided with a reduced thickness in the vicinity
      of the end of the reduced opening 49B and 52B to provide a shear or
      cutting edge. Thus as the defected capsule is caused to be rotated
      thereby, the shearing action effected between the rotating plate 41 and
      the stationary lower and upper cam plates will destroy the capsule thereby
      rendering the orienting means 46 self cleaning. To provide a positive
      release of the capsule 20 from the rectifying means described, a vacuum or
      low pressure chamber 62 is disposed below the conveyor means as described
      in said co-pending application Ser. Nos. 765,519, now U.S. Pat. No.
      3,527,015, and 776,128, now U.S. Pat. No. 3,601,954, to positively draw
      the capsule into its receiver. With the capsule in its receiver the
      conveyor transports the respective capsules to the next series operation
      station wherein the caps of the respective capsules are removed and the
      body filled in a manner described in the foregoing mentioned co-pending
      applications.
PAR  The foregoing method and apparatus thus provides for positive rectification
      of the capsule by effecting relative rotation between cooperating camming
      and gauging members. While the method and apparatus has been described
      with reference to a capsule, it will be understood that variously shaped
      articles can be rectified by the method and apparatus so long as the
      gauging openings 43 are properly proportioned to the shape of the article.
PAR  For examples, FIG. 14 illustrates another form of article which may be
      rectified by the foregoing method and apparatus. The article illustrated
      in FIG. 14 may comprise an elongated object 65 having dissimilar shaped
      end portions, as for example, the head end of a bullet. Accordingly, a
      gauging opening 66 of the type illustrated in FIG. 14A is required to be
      formed in the gauging plate 41. In all other respects the operation and
      structure is unchanged. In FIGS. 14 and 14A the opposed gauge portions K
      of the gauging slot 66 are required to be made larger than the dimension C
      but less than the dimension A of the article 65 and that the width W of
      the gauging slot is made slightly less than the diameter of the object.
      Disposed between the opposed gauging portion K is an enlarged escapement
      portion 67. With the gauge slot 66 as constructed, it will be understood
      that regardless of which end of the object is presented to the
      corresponding opposed gauging portion K, the shorter A dimension of the
      article will always pass through the corresponding gauging portion K,
      before the D portion of the object. Objects so shaped will be therefore
      rectified in a manner hereinbefore described.
PAR  The method and apparatus may also be utilized to rectify such objects, as
      for example, as sheel casing 69, as illustrated in FIG. 15. With such an
      object a gauging slot 70 of the type illustrated in FIG. 15A must be
      provided in the gauge plate 41. In this embodiment it will be noted that
      regardless of the manner in which the shell case is presented to the slot
      70, the smaller or more narrow end of the shell casing will pass through
      the corresponding gauge portion 70A of slot 70 before the larger end, and
      the co-action of the cooperating cams acting on the shell casing will
      advance it toward the escapement portion 70B of the slot 70. With the
      construction described, rectification of objects can be attained for
      shapes not heretofore contemplated by prior know machines.
PAR  FIGS. 16 and 16A illustrate another variously shaped object and
      corresponding gauging opening necessary to be formed in the gauging plate
      41 to effect rectification thereof. In this form it will be noted that the
      longer narrow portion 80A of the object 80 will pass through the gauging
      portion 81A of slot 81 before the head end 80B of the object can pass
      therethrough.
PAR  In each of the foregoing noted shapes and others, it will be observed that
      the corresponding gauge opening or slot to be formed in the gauging plate
      has opposed gauging portions adapted to gauge or snuggly receive the
      smaller end portion of the object whereby the opposed larger end of the
      object is prohibited from passing therethrough. Thus escape of the article
      from the gauge opening can be effected only when the article has been
      rectified and moved to a position wherein the enlarged portion of the
      article is brought into alignment with the escapement portion of the
      respective gauging openings. The displacement of the rectifying object
      toward the escapement portion of the gauge opening is effected by the
      co-action of the camming openings formed in the upper and lower cam plates
      47 and 48 as the gauging plate 41 and the articles carried thereby are
      rotated relative to the fixed cam plates.
PAR  From the foregoing it will be noted that simply by interchanging gauge
      plates with variously shaped gauge openings that the method and apparatus
      described can be readily adapted to accommodate rectification of variously
      shaped objects in a simple, positive and expedient manner.
PAR  While the invention has been described with respect to various embodiments
      thereof it will be understood that variations and modifications may be
      made without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A feeder for successively feeding an article of manufacture to a moving
      carrier comprising:
PA1  hopper means adapted to receive a supply of said articles,
PA1  means cooperatively associated with said hopper means defining a discharge
      through which articles are successively dispensed from said hopper means,
PA1  means for effecting relative rotation between hopper means and said
      discharge means,
PA1  and means for orienting said articles as they are successively dispensed
      from said discharge means so that said articles are similarly presented to
      the moving carrier,
PA1  said orienting means comprising
PA1  means defining a chamber, and
PA1  a gaging means having a gaging slot disposed within said chamber, said
      chamber and gaging means being mounted for rotation whereby said article
      is directed through said slot to the carrier,
PA1  and including means for purging said orienting means of any defective
      article.
NUM  2.
PAR  2. A method of feeding and rectifying article of manufacture to orientate
      said articles in a predetermined manner comprising the steps of:
PA1  maintaining a supply of said articles at random in a hopper,
PA1  sequentially removing said articles from said hopper at random so that the
      axis of successively removed articles are coincident,
PA1  imparting said articles to a centrifugal force in which the axis of said
      article is disposed in the plane of said centrifugal force,
PA1  causing said articles to be rotated so that the axis of said article is
      disposed perpendicular to the plane of said centrifugal force,
PA1  and guiding said articles as the axis thereof is being rotated to a point
      of release from the influence of said centrifugal force,
PA1  and including the step of subjecting said article to a negative pressure to
      release it from the influence of said centrifugal force.
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ABST
PAL  An elongated, cast concrete block including a top, bottom, two ends and two
      sides has a median, vertical, longitudinal slot formed therein for the
      retention of a bicycle wheel. A locking channel extends through the block
      from an opening on one end of the block to an opening on one side of the
      block. The channel is sloped and is lined with polyvinyl chloride pipe to
      afford a smooth, uninterrupted surface which, when aided by the force of
      gravity, facilitates the insertion of a bicycle locking chain, or cable,
      downwardly through the channel and out the other end so that a bicycle can
      readily be chained to the stand.
PAL  A reinforcing bar inside the concrete block at least partially encircles
      the pipe and thus "hardens" the installation against attempts to steal the
      bicycle by rupturing the concrete in the vicinity of the locking channel.
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PAC  BACKGROUND OF THE INVENTION
PAR  Both the market place and the patent literature provide examples of devices
      which not only support a bicycle in upright attitude but also serve as
      anchors to which the bicycle can be secured, as by a locked chain, cable
      or other high strength steel member.
PAR  Exemplary is the disclosure in U.S. Pat. No. 3,739,609 granted to Edward A.
      Kaufmann on June 19, 1973 for Bicycle Lock.
PAR  Another form of bicycle stand comprises an elongated concrete block with a
      median vertical slot to receive a bicycle wheel and retain the bicycle in
      vertical attitude. Cast into the block, usually at the end of the block
      adjacent the pedal sprocket, is the shank of an eye-bolt with the eye
      projecting outwardly from the block. In this form of device, the security
      chain, or cable, is anchored by threading it through the eye. While the
      eye-bolt construction makes it convenient to lead the chain therethrough,
      it has been found that from the security aspect, eye-bolts leave much to
      be desired. A long, heavy bar with one end passed through the eye and
      fulcrumed against the block often provides sufficient leverage to rupture
      the concrete gripping the shank and to withdraw the bolt from the block.
PAR  In another form of commercially available device, the stand again comprises
      an elongated block of concrete provided with a median, vertical slot to
      retain the bicycle wheel and hold the bike in upright posture. The locking
      chain is secured in a registering pair of horizontal holes on opposite
      sides of the vertical slot. While this construction permits the use of a
      short chain, it presents considerable difficulty in installing the chain
      since one end of the chain must first be threaded through one horizontal
      hole, thence through the spokes and finally through the opposite hole.
      Then, the other end of the chain must be passed through the spokes so that
      both ends of the chain can be brought together to receive the lock.
PAR  In addition to the foregoing, there are numerous other types of bicycle
      stands and racks to which a bicycle can be chained while being held in
      vertical position. However, there is still considerable room for
      improvement in the art.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to improvements in bicycle stands of the type which
      hold bicycles in upright attitude and which also provide cooperating
      structure to which a bicycle can be quickly yet securely locked.
PAR  It is an especial object of the invention to provide a bicycle stand which
      is not only relatively economical to make and install but which is also
      convenient to use and unassailable against all but the most concerted
      attempts at destruction.
PAR  It is another object of the invention to provide a bicycle stand which is
      compact in size, yet strong and devoid of any protuberances and
      projections which tend to become the targets of mischievous or malicious
      wrongdoers and which do little to prevent destructive assaults by thieves.
PAR  It is a further object of the invention to provide a bicycle stand in which
      the locking chain structure is of an internal configuration rather than an
      external one, and which therefore is difficult to destroy.
PAR  It is another object of the invention to provide a generally improved
      bicycle stand.
PAR  Other objects, together with the foregoing, are attained in the embodiment
      described in the following description and illustrated in the accompanying
      drawing whose figures will now be described.
DRWD
PAC  SHORT DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a fragmentary side elevational view of a preferred form of stand
      showing the front wheel of a bicycle located in a vertical wheel recess in
      the stand and illustrating the arrangement of the locking hole in which
      the locking chain is installed;
PAR  FIG. 2 is a perspective view with portions of the concrete block broken
      away to disclose the relation of the pipe liner and steel reinforcing bar
      embedded in the block;
PAR  FIG. 3 is a top plan view;
PAR  FIG. 4 is an elevational view of the side on which the lower end of the
      pipe emerges, portions being broken away to reveal interior details of the
      pipe and the reinforcing bar; and,
PAR  FIG. 5 is an elevational view of the end in which the upper opening of the
      pipe is located.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  While the bicycle stand of the invention is susceptible of numerous
      different physical embodiments, depending upon the environment and
      requirements of use, substantial numbers of the herein shown and described
      embodiment have been made and used and all have performed in an eminently
      satisfactory manner.
PAR  The bicycle stand of the invention, generally designated by the reference
      numeral 11, comprises an elongated block 12, preferably of cast concrete
      construction. The block includes a top 13, bottom 14, pair of sloping
      sides 15 and pair of sloped ends 16.
PAR  As appears most clearly in FIG. 4, the bottom 14 of the block 12 is planar
      and is secured to a subjacent planar supporting surface 17 of asphalt,
      tile, concrete or the like, by a suitable adhesive such as an epoxy resin.
PAR  Ordinarily, although not necessarily, a battery of identical blocks would
      be arranged side to side to form a row. The width of each block in this
      event, is sufficient so that when a bicycle wheel, such as the front wheel
      21 of the bicycle 22 shown in FIG. 1, is placed in the median, vertical,
      longitudinal slot 23 in the top 13 of the block, there is adequate
      clearance between the bicycle 22 and any adjacent bicycles similarly
      located in blocks (not-shown) on opposite sides of the block 12.
PAR  The wheel-retaining slot 23 is so configured and dimensioned that when the
      front wheel 21, for example, is inserted in the slot 23, the tire and rim
      portions of the wheel are snugly confined by the walls 24 of the slot. In
      this fashion, the front wheel 21 and the bike itself are securely held in
      an upright attitude, as shown.
PAR  After the bicycle is thus positioned in the stand, the rider can lock the
      bike to the stand, as by a chain 26 with lock 27.
PAR  Conveniently, one end link 31 of a relatively short length 32 of chain is
      inserted through an upper opening 33 in the end 16 of the block adjacent
      the pedal sprocket 34. The link 31 and following links of the short length
      32 are then allowed to slide down a downwardly sloping channel 36
      extending laterally and at a forward angle and terminating in an opening
      37 in the side 15.
PAR  The channel 36, in other words, extends angularly across a corner of the
      block from the upper opening 33, located near the junction of the top 13
      and the left-hand side wall 15 (see FIGS. 1 and 5), to the lower opening
      37 in the right-hand side wall 15.
PAR  In order to facilitate the movement of the chain through the channel 36,
      the channel is lined with a pipe 41. Owing to the toughness, resistance to
      wear and smooth surface provided by polyvinyl chloride, this widely used
      "plastic" is the preferred material from which the pipe 41 is made.
PAR  The smooth, uninterrupted passageway 42 provided by the pipe 41, together
      with the force of gravity acting on the chain links as a result of the
      downward slope of the pipe axis 43, readily enables the chain to slide
      through the pipe and emerge from the lower opening 37 where the link 31
      can be grasped and recurved backwardly through the spokes 44 of the front
      wheel 21, as shown in FIG. 1.
PAR  At this juncture, the link 46 at the other end of the chain can either be
      locked directly to the link 31 by the lock 27 or, preferably, as appears
      in FIG. 1, the link 46 and adjacent long bight portion 47 of the chain can
      be led to the rear wheel 51, inserted through the rear wheel spokes 52,
      thence forwardly over the chain guard 53 and frame member, such as the
      down tube 54, for engagement with the lock 27 and opposite end link 31. In
      this arrangement, the chain 26 not only locks the front and rear wheels
      but the frame itself.
PAR  It is to be noted that with the inclined channel and PVC pipe construction
      heretofore described, the surface of the block is entirely devoid of
      protuberances. The only discontinuities in the side wall and the end wall
      are the respective openings 37 and 33, neither of which affords a
      convenient point of attack by a hammer blow or a prybar.
PAR  In the event an effort were to be made to destroy the mass of concrete
      enclosing the channel and pipe liner, as by inserting a bar into the
      passageway and prying upwardly or rearwardly, the effort would be resisted
      by the strength of a reinforcing bar 56 embedded in the block at the time
      of casting.
PAR  As appears most clearly in FIGS. 2 - 5, the reinforcing bar 56 at least
      partially encircles the pipe over the arcuate portion 57 and is of
      sufficient diameter, strength and length of leg 58 so as to resist all but
      the most violent assaults on the concrete mass protecting the channel and
      PVC pipe structure.
PAR  It can therefore be seen that we have provided a bicycle supporting stand
      which is not only compact, streamlined and virtually destruction-proof,
      but which also utilizes the force of gravity in conjunction with an
      uninterrupted smooth-walled passageway to facilitate the installation of a
      bicycle security chain.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bicycle stand comprising:
PA1  a. an elongated block of concrete having a bottom, a top, a forward end and
      an after end, and two sides, said top having formed therein an elongated
      recess capable of snugly receiving and maintaining a bicycle wheel in
      upright attitude;
PA1  b. a locking channel formed in said block, said channel extending from one
      opening located on the surface of said after end to another opening
      located on the surface of one of said sides, said locking channel being
      inclined at a predetermined slope so that a lock chain inserted downwardly
      through said one opening of said channel toward said other opening of said
      channel is at least partially assisted in its movement through said
      channel by the force of gravity,
PA2  the interior walls of said channel being smooth and uninterrupted to
      facilitate the movement of a lock chain therethrough.
NUM  2.
PAR  2. A bicycle stand as in claim 1 in which said channel is lined with pipe.
NUM  3.
PAR  3. A bicycle stand as in claim 2 in which the material of said pipe is
      polyvinyl chloride.
NUM  4.
PAR  4. A bicycle stand as in claim 3 including a reinforcing bar at least
      partially encircling said pipe.
NUM  5.
PAR  5. A bicycle stand as in claim 4 in which said bottom is planar to provide
      maximum contact area for attachment of said block to a supporting surface.
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ABST
PAL  A decorative permanent merchandise display rack including structural
      support means for removably mounting a plurality of vertically oriented
      display shelf units so as to be rotatable around a vertical axis. The
      display rack includes a base member which rotatably supports a central
      vertically disposed post and a spider member fixedly mounted at each end
      of the post. Vertically disposed plastic shelf units are provided with
      means to be removably mounted on radially outwardly extending projections
      of said spiders in such a manner that they can be easily lifted from the
      spiders to be removed or replaced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to permanent display devices, and
      particularly to such devices which are used for merchandising cigarettes
      in retail sales establishments. Such devices are shown, for example, by
      the design patent issued to Nielsen, U.S. Pat No. Des. 227,951, patented
      July 31, 1973, and by the patent to Crosslen, U.S. Pat. No. 3,820,862,
      issued June 28, 1974.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a merchandise display rack which is
      attractive to customers, which has structural simplicity and strength, and
      which can be easily assembled and disassembled. The display device has a
      lower profile than previous display devices of similar type but
      accommodates a substantial quantity of display merchandise.
PAR  The display rack includes a base member which is mounted upon casters or
      rollers so as to be movable and a central vertically disposed post which
      is rotatably mounted on the base member. The central post has spider
      members attached adjacent its upper and lower ends. The spider members
      each include a plurality of laterally extending arms which support
      vertically disposed display shelf units which accommodate the merchandised
      articles. Each of the arm members of the spiders includes a pair of
      mounting surfaces, these surfaces being arranged at an angle to each other
      and being verically positioned with respect to a complementary pair of
      surfaces of the other spider. Each of the mounting surfaces includes a
      perpendicularly extending projection which is designed to be received in a
      keyhole slot in the display shelf units. The arrangement of the spider
      arms and their mounting surfaces is such that display shelf units can be
      mounted adjacent to each other around the central post.
PAR  The spider members are secured in position on each end of the central post
      merely by tightening screws to shrink-fit the spider members around the
      post. Once in position the spider members and their laterally extending
      arms provide a very stable structure for the display shelf units. The
      units can be easily removed from the spiders by lifting them upwardly and
      pulling them away from the projections receivable in the keyhole slots,
      thus facilitating assembly of the display rack, replacement of the shelf
      units and easy filling of the display shelf units with merchandise.
PAR  The structural features of the merchandise display rack of the present
      invention result in a display rack which is attractive to customers,
      relatively inexpensive to construct and capable of displaying a
      substantial quantity of merchandise while requiring relatively little
      floor space. The display rack is easy to assemble so that one of
      relatively little skill can assemble the rack in the retail establishment,
      but when assembled the rack is stable so as not to be upset by mishandling
      and is durable so as not to be damaged by customer abuse. The display rack
      is also designed to have a relatively low profile so as not to obscure the
      view of store personnel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the merchandise display rack of the present
      invention in a fully assembled state;
PAR  FIG. 2 is a side elevation view of the merchandise display rack partially
      broken away to show the supporting structure;
PAR  FIG. 3 is a cross-sectional plan view of the display rack taken through
      line 3--3 of FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 3 but taken through line 4--4 of FIG. 2;
PAR  FIG. 5 is an exploded view of the assembly of the shelf units and the
      spiders with portions thereof deleted in the interest of clarity.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 shows a perspective view of the merchandise display rack of the
      present invention. As shown therein, the display rack generally comprises
      a plurality of display shelf units 1 arranged adjacent to each other
      around a central vertical axis, and supported by a base structure 2.
      Attached to the upper part of the display rack is a decorative crown 3
      including an upper supplementary shelf 7, means for supporting advertising
      signs 5, and a cover 9.
PAR  FIG. 2 illustrates in greater detail the structural relationship of the
      elements of the display rack and shows the means provided for supporting
      the display shelf units 1 and the crown 3.
PAR  Generally, the merchandise display rack includes a base structure 2 which
      supports a central vertically disposed post 4 in such a manner that the
      post 4 is rotatable about its axis. Spider members 6 and 8 are rigidly
      secured at each end of the post 4 in such a manner as to be rotatable
      therewith. Each of the spider members 6 and 8 has a plurality of radially
      extending arms 10 which include a pair of vertically disposed mounting
      surfaces 12 at their radially outward ends. The mounting surfaces 12 each
      include perpendicularly extending projections 14 for being received in
      keyhole slots 18 in the vertically disposed display shelf units 1 for
      supporting said shelf units.
PAC  BASE MEMBER
PAR  As shown in FIG. 2, the base structure 2 of the present invention includes
      two horizontally disposed platforms 28 and 30 rigidly attached to a
      cylinder 32 formed from sheet metal joined at seal 11 and secured to the
      periphery of upper and lower discs 13 and 15, respectively. The upper
      platform 30 includes a handle 33 pivotably attached to its lower surface,
      and the lower platform 28 includes on its lower surface a plurality of
      rollers or casters 34 for facilitating relatively easy movement of the
      display rack. The upper platform 30 supports a cylindrical shaft 36 having
      a butt plate 38 which is secured by screws 40 to the center of the upper
      surface of the platform 30. At a predetermined distance from its lower
      end, the shaft 36 includes a collar 37 rigidly secured thereto for
      supporting a washer 39 and the vertically disposed post 4. The shaft 36
      has an outside diameter which is slightly less than the inside of the post
      4 such that the upper end of the shaft 36 can be received within the lower
      end of the central vertically disposed post 4 to maintain it in a vertical
      position. The washer member 39 and the slight clearance between the
      surfaces of the post 4 and the shaft 36 facilitate relatively free
      rotation of the post.
PAC  DISPLAY SHELF UNIT SUPPORT STRUCTURE
PAR  The central vertically disposed post 4 includes at each of its ends spider
      assemblies 6 and 8 which, as shown in FIGS. 3 and 4, each consist of a
      plurality of brackets 42 rigidly held together by rivets 44 and screws 46.
      Each bracket member 42 is riveted to two adjacent bracket members by a
      rivet 44 and is also secured to those bracket members by screws 46. The
      spiders 6 and 8 composed of these brackets 42 define a central hub portion
      48 designed to fit around the central post 4. During assembly of the
      display device, the spiders 6 and 8 may be easily attached to the central
      post 4 by merely sliding them onto the post, such that the hub portion 48
      of the spiders fit around the post and by then tightening the screws 46
      causing the brackets 42 to be pulled together in a tightened relationship
      such that the hub portion 48 of the spider contracts in a clamping
      relationship around the post 4. When the spiders 6 and 8 have been
      attached to the central post 4, they include a plurality of radially
      extending arms 10 which each have a pair of vertically extending mounting
      surfaces 12 at the radially outward ends. As best shown in FIG. 5, each of
      the mounting surfaces 12 includes a perpendicularly extending projection
      14 for supporting the prefabricated display shelf units 1. The spiders 6
      and 8 are positioned relative to each other such that each of the mounting
      surfaces 12 of the upper spider 6 is aligned vertically over the
      respective mounting surface 12 of the lower spider 8 so that the
      respective mounting surfaces 12 of the spiders 6 and 8 lie in the same
      plane and such that the projections 14 are in vertical alignment.
PAR  As previously stated, removably attached to the radially extending arms 10
      of the spiders are a plurality of vertically positioned prefabricated
      disply shelf units 1, each including a plurality of shelves 17 for
      merchandise display. The display shelf units 1 generally have an open side
      for access to the merchandise, an opposite back side 16 and two opposing
      scalloped side walls 19 joining the open and back sides. Each of the
      display shelf units includes a vertically extending tab channel 20 rigidly
      attached to the outside surface of one of the side walls 19. The back side
      16 of the shelf units 1 has four keyhole slots 18 therein and properly
      positioned so as to receive projections 14 extending from the radially
      extending arms 10 of the spiders 6 and 8. The keyhole slots are arranged
      such that the shelf unit includes two spaced keyhole slots 18 in its upper
      portion for receiving the projections 14 extending from two of the arms 10
      of the upper spider 6 and two additional spaced keyhole slots 18 in its
      lower portion to receive the projections 14 of two of the arms 10 of the
      lower spider 8.
PAR  As shown in FIGS. 2 and 4-5, the projections 14 of the lower spider 8 also
      support, in addition to shelf units 1, lower supplementary shelves 45
      having keyhole slots 41. When assembled, the lower supplementary shelf 45
      and the shelf unit 1 are wedged between the surface 12 and the enlarged
      end 43 of the projection 14 so that they are securely held in position.
      These keyhole slots 18 and 41 and complementary projections 14 thus
      securely support the display shelf units but allow relatively easy removal
      of the display shelf units 1 and the lower supplementary shelves 45 if
      they are pulled upwardly and then outwardly away from the spiders.
PAR  The projections 14 of the upper spider 6 also support angular brackets 21
      which in turn provide support for supplementary display shelves 7, the
      advertising signs 5 and the cover 9. Each angular bracket 21 includes a
      horizontal portion 22 and a vertical portion 24 and further includes bores
      23 in opposite ends of the vertical portion for receiving therein the
      projections 14. As shown in FIG. 2, each of the supplementary display
      shelves 7 is secured to the upper surface of the horizontal portion 22 of
      one of the angular brackets 21 by screws 25 which pass through bores in
      the bracket 21 and are threadably received in spacer projections 27 which
      extend downwardly from the bottom surface of the supplementary display
      shelf 7. The position of the shelf 7 with respect to the angular bracket
      21 is also maintained by supporting legs 29 which extend downwardly from
      the front edge of the shelf 7 and rest on the angular bracket 21. Each of
      the shelves 7 also includes a shelf end 31 slidably received on and
      supported by the ends of the shelf 7. Each shelf end 31 includes a groove
      26 for receiving the advertising sign 5 so that the sign 5 is securely
      supported. The angular brackets 21 also have support straps 35 (FIG. 2)
      riveted to the vertical portion 24 and extending upwardly so as to support
      the cover 9.
PAR  During the assembly process, when the angular bracket 21 having the
      supplementary display shelf 7 attached thereto and the display shelf unit
      1 are received on the projections 14 they are held in relatively tight
      abutting relationship between the head portion 43 of the projection 14 and
      the surface 12.
PAC  RESUME
PAR  The structure of the merchandise display rack of the present invention thus
      provides a means for facilitating relatively easy assembly and disassembly
      of the component parts of the display rack without sacrifice of stability
      or durability and provides a display rack having a low profile but
      accommodating a substantial quantity of retail merchandise.
PAR  The supporting structure of the display rack, including the spider members
      and the means for removably attaching the display shelf units to the
      spiders, yields optimal strength but is uncomplicated to produce and
      economical. By providing a display rack which is readily assembled or
      disassembled without complicated tools or undue skill, the display rack
      can be readily assembled by relatively unskilled personnel in the retail
      establishment where it is to be used.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a multi-sided merchandise display rack the combination comprising: a
      central vertically disposed post, a plurality of spiders mounted on said
      post in vertically spaced relationship to one another, each of said
      spiders having a hub received on said central post and having means for
      attachment thereto, a plurality of radially extending arms connected to
      said hub in circumferentially spaced relation therefrom, the outer end of
      each arm having a pair of mounting surfaces, said surfaces arranged at an
      angle to one another, said mounting surfaces each being coplanar with and
      spaced from an adjacent mounting surface of an adjacent arm and said
      surfaces of said vertically spaced spiders being respectively vertically
      aligned, a plurality of vertically positioned display shelf units mounted
      on said spaced coplanar mounting surfaces of adjacent arms and means for
      detachably connecting said display shelf units to said surfaces.
NUM  2.
PAR  2. The display rack as defined in claim 1 further characterized in that
      said means for detachably connecting said display shelf units to said
      surfaces comprises projections and keyhole slots, said projections being
      received within said keyhole slots whereby said display shelf units may be
      lifted from said spiders for disassembly.
NUM  3.
PAR  3. The device as defined in claim 1 including a support stand and wherein
      said vertically disposed post is rotatably mounted upon said stand to
      allow rotation of said display shelf units.
NUM  4.
PAR  4. The device as defined in claim 1 wherein one of said spiders is mounted
      adjacent the upper end of the center post and a supplementary display
      shelf is removably mounted on said one spider.
NUM  5.
PAR  5. The device as defined in claim 1 further characterized by said spiders
      comprising a plurality of brackets secured together and wherein said means
      for attaching said spiders to said post comprises clamping means for
      rigidly securing said hub against said post.
NUM  6.
PAR  6. The device of claim 1 wherein said vertically positioned display shelf
      units include a plurality of shelves to support merchandise, an open side
      for access to merchandise therein, a closed side opposite to said open
      side and two opposite side walls joining said open and closed sides.
NUM  7.
PAR  7. In a multi-sided merchandise display rack the combination comprising: a
      central vertically disposed post, upper and lower spiders mounted on said
      post in vertically spaced relationship to one another, each of said
      spiders having a hub on said central post and having a clamping means for
      attachment thereto, a plurality of radially extending arms connected to
      said hub in circumferentially spaced relation therefrom, the outer end of
      each arm having a pair of mounting surfaces, said surfaces arranged at an
      angle to one another, said mounting surfaces each being coplanar with and
      spaced from an adjacent mounting surface of an adjacent arm and said
      surfaces of said upper and lower spiders being respectively vertically
      aligned, a plurality of vertically positioned display shelf units mounted
      on said spaced coplanar mounting surfaces of adjacent arms, and attaching
      means for detachably connecting said shelf units to said surfaces, said
      attaching means comprising keyhole slots and projections between said
      surfaces and shelf units whereby said shelf units may be lifted from said
      spiders for disassembly and including a support stand and wherein said
      vertically disposed post is rotatably mounted upon said stand to allow
      rotation of said display shelf units.
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ABST
PAL  This invention relates to a model railway system employing a novel
      uncoupling mechanism for couplers of the type which are coupled by having
      one coupler cam another upward so that it may then drop into the coupled
      relationship. Couplers of this type, equipped with suitable magnets, can
      be uncoupled mechanically or by magnetic repulsion or attraction. In
      accordance with the present invention a normally inactive uncoupling
      magnet, located at an uncoupling station, is rendered active, thereby to
      effect uncoupling by magnetic repulsion of one of the couplers. The
      couplers, after being thus disconnected, are displaced laterally in
      opposite directions by magnetic attraction and the raised coupler is then
      permitted to drop. The altered relationship is such that one coupler may
      push the other without recoupling. By this means a detached car or train
      section can be pushed to any desired location and left there. When this
      has been done the locomotive-connected train section may be withdrawn to
      permit the couplers, under spring action, to resume their normal
      positions. They will then automatically recouple when thrust together.
BSUM
PAR  This invention relates to a novel model railway system capable of effecting
      magnetic uncoupling and delayed recoupling of cars which can only be
      mechanically coupled by causing one coupler to be raised relative to
      another and then to drop into coupled relationship.
PAR  The purpose of the present invention is to provide means whereby one of two
      connected couplers of the kind referred to may be lifted to an uncoupled
      position by magnetic repulsion at an uncoupling station. Both couplers
      will then be deflected laterally by magnetic attraction, and the raised
      coupler can then be lowered by gravity into a non-coupling relationship to
      the other, so one car can push the other through the couplers to a desired
      parking location and leave it there. Having done this the couplers will
      automatically, upon separation of the cars, resume their normal positions
      so that automatic recoupling of the parked car and the driven car will
      result upon the bringing of the couplers together again.
DRWD
PAR  In the drawings forming part of this specification,
PAR  FIG. 1 is a fragmentary plan view of adjacent ends of two separated cars at
      opposite ends of a magnetic uncoupling station, the cars being equipped
      with identical, cooperative couplers which are generally of the type
      hereinbefore referred to;
PAR  FIG. 2 is a fragmentary sectional view in side elevation showing the cars
      joined to one another in a suitable position for uncoupling;
PAR  FIG. 3 is a view similar to FIG. 2, but showing the uncoupling magnet
      effective and the cars uncoupled;
PAR  FIG. 4 is a fragmentary plan view showing the uncoupled car ends separated
      but still in the uncoupling station, after the adjacent couplers have been
      swung away from one another by fixed magnets and the center magnet has
      been rendered ineffective;
PAR  FIG. 5 is a view similar to FIG. 4 showing the uncoupled and laterally
      skewed couplers brought together in a relationship suitable for pushing
      one coupler by the other without recoupling, to any location desired;
PAR  FIG. 6 is a view like FIG. 5 but showing the locomotive-connected car about
      to be recoupled to the parked car;
PAR  FIG. 7 shows the cars recoupled;
PAR  FIG. 8 is a fragmentary parti-sectional view of one of the couplers and the
      mounting means therefor;
PAR  FIG. 9 is a view in front elevation, partly diagrammatic, of a coupler and
      the magnet carried by it;
PAR  FIG. 10 is a view in elevation, partly in section, showing a modified form
      of magnetic uncoupler means for accomplishing essentially the same result
      as the embodiment of FIGS. 1 to 9;
PAR  FIG. 11 is a plan view of the modified form shown in FIG. 10;
PAR  FIG. 12 is a plan view of a still further modified form in which the
      central repelling magnet is of the switch controlled electromagnetic type,
      and the side magnets are of the permanent type; and
PAR  FIG. 13 is a transverse sectional view in elevation of a structure
      generally like that of FIGS. 10 and 11, but in which track sections of
      magnetic material at the uncoupling station serve as the side magnetic
      poles for attracting the active poles of the coupler carried permanent
      magnets.
DETD
PAR  As shown in FIGS. 1 to 7, the track 10, consisting of crossties 12 and
      rails 14, is mounted on a suitable support such as a board 16, which is
      formed with a rectangular recess 18 of suitable depth at an uncoupling
      station. At the uncoupling station, the crossties are cut away between the
      rails to provide clearance for a permanent magnet 20 which has north and
      south poles as indicated by the legends N and S in FIG. 1, which poles
      extend for the entire length of the magnet.
PAR  The magnet is affixed to a carrying plate 22. The carrying plate 22 has
      unitary with it a stem 24 which is guided in a fixed sleeve 26. The plate
      22 also includes guide pins 28 which extend through a fixed guide plate
      30. The guide plate 30 is affixed to the upper end of the sleeve 26. A
      spring 32 surrounds the stem 24, bearing at its upper end against the
      lower end of fixed sleeve 26 and at its lower end against a crosspin 34
      which is fixed in the lower end of stem 24. The spring 32 assists gravity
      in normally maintaining the magnet 20 in the lower, inactive position
      illustrated in FIG. 2, so that car couplers can normally pass through the
      uncoupling stations without being affected by the magnet 20.
PAR  When uncoupling is desired, however, the stem 24 may be thrust upward to
      move the magnet 20 upward to the active position, approximately at rail
      top level, illustrated in FIG. 3. The upward thrust may be imparted to the
      stem manually or from a remote control station through any suitable means
      (not shown). Such upward movement of the magnet 20 and its operating stem
      24 involves compression of the spring 32 so that the magnet 20 is promptly
      and definitely returned to the position of FIG. 2 by the spring and
      gravity as soon as the upward thrust applied to stem 24 is withdrawn.
PAR  The generally C-shaped couplers 34a and 34b at the ends of adjacent cars
      35a and 35b may be constructed and mounted as illustrated in FIG. 8 with
      freedom for tilting upward or sidewise. They are, however, incapable of
      being coupled or uncoupled through lateral movement as clearly shown in
      FIG. 5.
PAR  The car bodies 36 are mounted on wheel and axle assemblies 38 (FIGS. 2, 3
      and 8), each of which is pivotally attached to the car body by a pivot pin
      40, press-fitted into frame portion 42 of the car body.
PAR  Each such truck assembly also carries a coupler mechanism which includes a
      spring housing 44. The bottom of the spring housing is closed by a
      separable plate 46. The coupler 48 has a collar 52 secured to its inner
      end and the coupler is yieldingly thrust outward by a spring 54.
PAR  Coupler bar 48 is provided with an outwardly directed knife-edged hook
      portion 50 and a stop flange or collar 52 at the opposite end to limit
      outward movement of the coupler bar under the action of a compression coil
      spring 54. The coupler head can be deflected upwardly or laterally.
      Cooperative couplers cannot be engaged or disengaged accidentally,
      however, through lateral rocking of couplers, the gap in the side of each
      coupler being too narrow to pass the hook portion of the other.
PAR  Each coupler hook has affixed to it, at its outer side, a small permanent
      magnet 56, the south pole 58 of which is at the lower end and normally
      extends down beyond the lower extremity of the coupler by which it is
      carried.
PAR  When the magnet 20 is in raised (active) position, the south pole of one of
      the couplers travels directly over the south pole of the magnet 20 and is
      raised by magnetic repulsion, while the south pole of the other coupler
      travels over the north pole of magnet 20 and is drawn downward by magnet
      20. The couplers are thus moved clear of one another, so that they are
      free to be swung laterally by magnetic attraction of the side magnets. The
      relative lengths of the central magnet and of the side magnets is
      unimportant, since the central magnet 20 can be dropped to its ineffective
      condition while disengagement and lateral shifting of the couplers is
      maintained.
PAR  Side permanent magnets 60 and 62, shown as coterminous in length with the
      magnet 20, are affixed at substantially rail top level to supporting
      member 16 at opposite sides of the track and near to it. These magnets,
      like the magnet 20, have elongated north and south poles, the north pole,
      in each instance, being the pole nearer to the track and therefore adapted
      to attract the adjacent, downwardly extending south pole 58 of the nearer
      coupler carried magnet 56.
PAR  As soon as the condition illustrated in FIG. 3 is attained, the
      locomotive-connected car is moved to separate the cars slightly, and the
      magnet 20 is then permitted to drop to its normal, ineffective position.
      The south pole of the magnet 56 carried by coupler 34b will be swung
      toward the magnet 60 and the condition of FIG. 4 will result. Each coupler
      will now have been drawn by the south pole of the magnet carried by it
      toward the north pole of the adjacent, fixed magnet 60 or 62 as the case
      may be.
PAR  If, now, the locomotive-connected car is pushed toward the idle,
      disconnected car, a condition like that illustrated in FIG. 5 will result.
      In FIG. 5 the locomotive-connected car has pushed the detached car to any
      location desired on a siding or on the main track away from the uncoupling
      station, and is about to be withdrawn for leaving the detached car there.
PAR  As soon as such withdrawal occurs the couplers, being removed from the
      uncoupling station and from engagement with one another, will resume their
      normal conditions, as illustrated in FIG. 6 and in FIG. 1. They are now in
      condition to be recoupled at the location at which the detached car was
      left. When subsequently brought together in that location, one of the
      couplers will be cammed upward by the other and will then drop into the
      normal, coupled relationship illustrated in FIG. 7.
PAR  An alternative structure is disclosed in FIGS. 10 and 11 for achieving
      essentially the same result.
PAR  Instead of employing permanent magnets at the uncoupling station for
      lifting one coupler and then swinging both couplers laterally,
      electromagnets are employed for first lifting one coupler by magnetic
      repulsion, then swinging both couplers laterally in opposite directions by
      magnetic attraction of side magnets, and then, while keeping the couplers
      in their laterally swung positions permitting the raised coupler to drop
      into position to push the other coupler without recoupling.
PAR  In the embodiment of FIGS. 10 and 11, the cars, including the couplers and
      the coupler magnets, are the same as before. An elongated, normally inert
      electromagnetic pole 63 is provided in fixed position at rail top level
      directly below the path of one of the coupler carried permanent magnets,
      such pole, when energized, being effective to lift one of the couplers
      through electromagnetic repulsion.
PAR  Normally ineffective side magnetic poles 64 and 65 at the uncoupling
      station, adapted to be energized simultaneously with the coupler lifting
      electromagnetic pole 63, but of the opposite sign, draw both couplers
      laterally as soon as the couplers are freed from their interlocking
      relationship by the lifting of one of them. All three poles 63, 64 and 65
      are energized through a coil 66, from a battery 67 or other suitable
      means.
PAR  The side poles 64 and 65 and the lifting pole 63 are controlled
      simultaneously through a common switch 68. The three poles are unitary
      with one another and the single energizing coil 66, rendered active by the
      manual closing of the switch 68, is wrapped around a central arm of a
      three-armed magnet energizer 69. The closing of the switch causes one
      coupler to be raised by magnetic repulsion, and both couplers when so
      freed from their interlocking relationship to be swung laterally by
      magnetic attraction of the respective side electromagnetic poles 64 and
      65.
PAR  The side poles 64 and 65 are of the same sign, appropriate to attract the
      coupler carried magnets, while the central pole 63 is of the opposite
      sign, appropriate to repel upward the coupler carried magnet beneath which
      it is located.
PAR  The side poles 64 and 65 are desirably made to extend beyond the ends of
      the central pole 63 as shown in FIG. 11, so that the lateral displacement
      of the couplers will be maintained until after the raised coupler has been
      permitted to drop into the pushing relationship.
PAR  A third embodiment of the invention is illustrated in FIG. 12. Here the
      lifting magnetic pole 70 is an electromagnetic pole while the side magnets
      72 and 74 are permanent magnets. The permanent magnets, though active,
      cannot pull the couplers apart so long as they are interlocked, though
      they do seek to do so when the couplers are situated in the uncoupling
      station.
PAR  Even a momentary energization of the uncoupling electromagnetic pole 70
      will raise one of the couplers through electromagnetic repulsion,
      permitting the couplers to be swung laterally by the permanent side
      magnets 72 and 74, and to be retained in the laterally swung relationship
      after the central electromagnet has been deenergized. Deenergization of
      the central electromagnet, therefore, even after it has been energized
      only momentarily, will bring about the relationship in which one coupler
      can push the other without recoupling, so that delayed recoupling can be
      realized.
PAR  It should be understood, of course, that where reference is made to north
      poles and south poles of magnets, specific illustrative structures are
      being described. A complete reversal of polarities throughout would be
      equally operative.
PAR  A still further embodiment is illustrated in FIG. 13. As before, the cars
      and the couplers carried by them, including the coupler carried permanent
      magnets, are as already described.
PAR  Ordinarily the track rails 14 are of brass, but in this instance short
      track rails of steel constitute terminal portions of electromagnetic pole
      members for drawing the coupler carried magnets sidewise after one of the
      couplers has been raised to an uncoupled position through magnetic
      repulsion. The magnetizable track sections of FIG. 13 extend at both ends
      beyond the coupler repelling electromagnetic pole.
PAR  There is no reason why the track rail of the entire system cannot be
      composed of magnetic material, since current is supplied to the uncoupling
      electromagnet from a source distinct from that which drives the
      locomotive. The same reference numerals used in FIGS. 10 and 11 have,
      therefore, been applied to corresponding parts in FIG. 13 with the
      postscript a added in each instance and no further description will be
      given.
PAR  We have described what we believe to be the best embodiment of our
      invention. What we desire to cover by letters patent, however, is set
      forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A model railway system having track rails for rolling stock, which
      system provides for uncoupling, and for delayed recoupling, of the
      supported cars, said cars being equipped with couplers of the kind in
      which a coupler can normally be rocked upward for automatic coupling and
      for uncoupling, and when so rocked for uncoupling both couplers can then
      be rocked laterally and then allowed to assume an abnormal relationship in
      which one car can push another through the laterally rocked couplers
      without recoupling, said system comprising
PA1  a. coupler carried magnets affixed to the respective couplers of a pair of
      coupled cars, said magnets having lower poles of the same polarity, which
      poles are disposed to travel in distinct, substantially separated paths,
      parallel to the track rails and to one another,
PA1  b. an uncoupling station in the trackway which includes a normally
      ineffective coupler lifting magnet, which magnet is so located that, when
      rendered effective, it lifts a single coupler to an uncoupled position by
      magnetic repulsion, said coupler lifting magnet having an elongated pole
      of the same polarity as the lower poles of the coupler carried magnets,
      and
PA1  c. additional, side magnetic means at the uncoupling station at opposite
      sides of the coupler carried magnets, and each having active poles of
      opposite sign to the lower poles of the coupler carried magnets for
      deflecting the respective couplers laterally by magnetic attraction to a
      relationship in which the coupler of a locomotive-connected car can push
      the other coupler and the car on which said other coupler is carried,
      without recoupling, to any desired parking position, and can then leave it
      there while being individually withdrawn.
NUM  2.
PAR  2. A model railway system as set forth in claim 1 in which springs are
      provided for automatically restraightening deflected couplers to their
      normal conditions upon car separation in a location removed from the
      uncoupling station, thereby adapting the couplers for automatic
      recoupling, when separation of uncoupled cars is effected.
NUM  3.
PAR  3. A model railway system as set forth in claim 1 in which the couplers are
      C-shaped in form, the openings of the C's being too narrow to permit
      lateral recoupling.
NUM  4.
PAR  4. A model railway system as set forth in claim 1 in which the coupler
      lifting magnetic means is a permanent magnet and is normally maintained
      far enough below the paths of the coupler carried magnets to be
      ineffective, but which further includes means for raising said magnetic
      means to an effective level.
NUM  5.
PAR  5. A model railway system as set forth in claim 4 in which the side magnets
      are also permanent magnets, normally rendered ineffective by the
      interlocked condition of the car couplers so long as the coupler lifting
      magnet remains in an ineffective condition, but immediately made effective
      to swing the couplers apart laterally as soon as the coupler lifting
      magnet is made effective, and remaining effective to do so after the
      coupler lifting magnet has been permitted to return to its normal,
      ineffective position.
NUM  6.
PAR  6. A model railway system as set forth in claim 1 in which the coupler
      lifting magnet and the side magnets are all electromagnets, energized in a
      common circuit and rendered effective by the closing of a common switch.
NUM  7.
PAR  7. A model railroad system as set forth in claim 6 in which the side
      magnets extend beyond the coupler lifting magnets at both ends of the
      latter, for assuring establishment and maintenance of the uncoupled
      relationship with both couplers down and one pushing the other.
NUM  8.
PAR  8. A model railway system as set forth in claim 6 in which the rails at the
      uncoupling station are the coupler attracting poles of the side magnets.
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ABST
PAL  To move a workpiece from one location to another, the main body of the
      transfer mechanism is raised on an air bearing and pivoted automatically
      or manually from station to station, with the workpiece being held by a
      gripping head mounted to one end of the main body by a tranfer arm. To
      control the gripping head, a piston, slidably mounted within the transfer
      arm, is biased away from the gripping head so that, when air pressure is
      applied, it is forced toward the gripping head and, when air pressure is
      removed, it is moved away from the gripping head with the gripping head
      being provided with any one of a number of interchangeable
      piston-controlled gripping devices. To control the air pressure in the
      transfer arm, two external sensing switches are mounted outside the main
      body to control the flow of air, which switches are activated when the
      body is lowered. The automatic control system for the transfer mechanism
      utilizes an air logic system which is biased so that, upon the
      reapplication of power after an accidental interruption, the transfer arm
      will remain stopped and in the manual mode.
BSUM
PAR  This invention relates to transfer mechanisms.
PAR  In one class of transfer mechanism, a centrally-located main body pivots
      upon a central support column with a transfer arm and gripping head
      extending from one side of the main body. The main body of the transfer
      mechanism is elevated and pivoted to move the gripping head to and from
      the stations in which it is to receive or deposit a workpiece.
PAR  In a prior art type of transfer mechanism of this class, the rising,
      pivoting and falling of the main body of the transfer mechanism and the
      gripping and releasing of a workpiece are all done automatically. If power
      is interrupted during the operation of this type of device, the workpiece
      is released and the main body remains motionless until the power is
      restored, at which time the main body of the transfer mechanism continues
      with the interrupted operation from where the interruption occurred.
PAR  This prior art type of transfer mechanism has several disadvantages such
      as: (1) it is inefficient for transferring workpieces intermittently when
      the workpieces are to have other operations performed upon them before
      another workpiece is transferred by the transfer mechanism such as occurs
      in the making of a series of different one-of-a-kind parts; (2) if a
      workpiece is being carried when the power is interrupted, it may be
      dropped at a location where damage can be done; and (3) if the power is
      suddenly restored, the transfer mechanism may continue its operation
      although the workpieces or the work stations are not in condition for
      continued operation.
PAR  In another class of transfer mechanism, the transfer mechanism is hand
      operated to control at least some of the functions of gripping a workpiece
      and moving it to and from a work station.
PAR  In one prior art type of transfer mechanism of this class, the gripping
      head is moved between stations under the control of a single handle but
      the gripping of the workpiece and the releasing of the workpiece are
      performed manually by a different control that requires the use of the
      operator's hands at a different location from the handle.
PAR  This prior art type of transfer mechanism has the disadvantages of: (1)
      requiring that the operator release the handle to perform some operations,
      thus losing some control over the transfer mechanism; and (2) being
      relatively slow and expensive to use when a plurality of identical
      operations are to be performed by a single machine on a plurality of
      workpieces since each must be moved manually.
PAR  Accordingly, it is an object of the invention to provide a novel transfer
      mechanism.
PAR  It is a further object of the invention to provide a transfer mechanism
      that is simple in structure, reliable and inexpensive.
PAR  It is a further object of the invention to provide a transfer mechanism
      that is easily set up for operation to receive and release workpieces at
      fixed locations.
PAR  It is a still further object of the invention to provide a transfer
      mechanism in which the set up for gripping and releasing workpieces is the
      same whether the transfer mechanism is operated manually or automatically.
PAR  It is a still further object of the invention to provide a transfer
      mechanism in which the setup for determining the location where a
      workpiece is to be gripped or released may be easily checked visually.
PAR  It is a still further object of the invention to provide a transfer
      mechanism in which all of the operations may be controlled with one hand
      on the control handle.
PAR  It is a still further object of the invention to provide a transfer
      mechanism which is safe in operation.
PAR  It is a still further object of the invention to provide a transfer
      mechanism which continues to hold a workpiece even though the power has
      been accidentally disconnected from the transfer mechanism.
PAR  It is a still further object of the invention to provide a transfer
      mechanism in which a plurality of different types of gripping heads are
      interchangeably usable.
PAR  It is a still further object of the invention to provide a transfer
      mechamism which discontinues operation when the power is applied after
      having been accidentally interrupted during automatic operation of the
      transfer mechanism.
PAR  It is a still further object of the invention to provide a transfer
      mechanism which pivots about an air bearing.
PAR  It is a still further object of the invention to provide a transfer
      mechanism which releases or grips a workpiece automatically upon being
      lowered into the position of the workpiece.
PAR  In accordance with the above and further objects of the invention, a
      transfer mechanism includes a main body, a support column, a control
      handle, a transfer arm, and a gripping head. The control handle is mounted
      to one end of the main body and the transfer arm is mounted to the other
      end, with the support column being mounted to a central location so that
      the main body pivots about the support column, moving the transfer arm as
      the control handle is moved in a horizontal plane, the gripping head being
      mounted to the end of the transfer arm.
PAR  A piston is movably mounted within the transfer arm and includes a piston
      rod reciprocably movable in a line with the gripping head. The piston and
      piston rod are biased by a spring away from the piston head so that, when
      air pressure is applied through the main body to the transfer arm, the
      piston and piston rod are moved in the direction of the gripping head, and
      when the air pressure is removed, are moved away from the gripping head.
PAR  The gripping head is adapted to receive different types of gripping
      devices. A first type of gripping device includes a permanent magnet
      mounted to a vertically positioned shaft within the gripping head, which
      shaft includes an aperture adapted to engage a ramp formed on one end of
      the piston rod so that, as the piston rod is moved toward the head, the
      magnet is moved upwardly into the gripping head to free a workpiece and,
      as the piston rod is moved away from the head, the magnet is moved
      downwardly to engage a workpiece.
PAR  A second type of gripping device is a suction cup positioned with its
      convex side communicating with the transfer arm through an opening, so
      that, as the piston moves forward, air is forced into the concave side of
      the suction cup to release the vacuum pressure and, as the piston moves
      away from the gripping head, the vacuum pressure is increased to hold the
      workpiece.
PAR  A third type of gripping device is a pair of tongs which are moved together
      to grip a workpiece as the piston rod moves toward the gripping head and
      moved apart to release the workpiece as the piston rod is moved from the
      gripping head.
PAR  To lift the body upwardly so that it may be pivoted freely on the column,
      the control handle includes a button that connects the chamber between the
      main body of the transfer mechanism and the support column to a source of
      pneumatic pressure. To actuate the gripping head, the transfer arm is
      connected to a source of pressure under the control of two sensors each
      having at least a portion mounted in fixed relation with respect to the
      support column and adjusted to correspond to locations at which the
      gripping head is to be actuated. When positioned properly, a first of the
      sensors actuates a first pressure switch when a sensor probe is lowered
      upon the sensor, causing a magnetic or vacuum gripping head to release or
      tongs to grip a workpiece and the second sensor actuates the second
      pressure switch when the sensor probe is lowered upon the second sensor
      causing a magnetic or vacuum gripping head to grip or tongs to release a
      workpiece in a first embodiment. In a second embodiment the probes are
      stationary once positioned and pressure-sensitive switches, carried by the
      moving portion of the transfer body, are lowered upon the probes to
      control the gripping devices.
PAR  In operating the transfer mechanism automatically, the raising, lowering
      and pivoting of the body of the transfer mechanism is controlled by an air
      logic system, with a pneumatic cylinder providing the force for pivoting
      the main body of the transfer mechanism. The air logic system and
      pneumatic cylinder are easily connected to the transfer mechanism when
      automatic operation is desired.
PAR  Before operating the transfer mechanism, the type of gripping head is
      selected and inserted and the sensor probe positioned so that: (1) for a
      magnetic or vacuum gripping head, a probe activates the second sensor
      switch when the gripping head is lowered from just above the supply of
      workpieces and a probe activates the first sensor switch when the gripping
      head is lowered from above the work station in a machine that is to
      receive the workpieces, and (2) for a tong gripping head, a sensor probe
      activates the first sensor switch when the gripping head is lowered from
      above the supply of workpieces and a sensor probe activates the second
      sensor switch when the gripping head is lowered from above the work
      station.
PAR  After the sensor probe is properly positioned, the transfer mechanism is
      manually operated or automatically operated.
PAR  In manual operation the transfer mechanism is operated with one hand upon
      the control handle at all times. At a starting position, the button on the
      control handle is extended, the operator's hand is upon the control
      handle, the main body of the transfer mechanism is in its lower position
      with the sensor probe contacting a sensor switch, and the workpiece is
      held within the gripping head. In this position, if the gripping head is a
      magnet, the sensor probe contacts the second sensor switch and the piston
      rod is spring biased rearwardly permitting the magnet to move downwardly
      to engage the workpiece; if the gripping device is a vacuum suction cup,
      when the sensor probe contacts the second sensor switch, and the piston
      creates a vacuum to firmly grip the workpiece; and if the gripping device
      is a pair of tongs, sensor probe operates the first sensor switch and the
      piston rod pushes the linkage to bring the tongs together and grip the
      workpiece.
PAR  To raise the body of the transfer mechanism, the operator now depresses the
      button on the control handle, which permits air under pressure to flow
      through a valve into a chamber between the top of the support column and
      the body of the transfer mechanism, causing the main body to be raised.
      When the main body is elevated, the operator pivots the body of the
      transfer mechanism by moving the contol handle while maintaining the
      control button depressed until the gripping head and workpiece are in the
      station of the machine where the workpiece is to be released.
PAR  To grip or release the workpiece, the operator releases the control button,
      which causes the valve to connect the chamber between the support column
      and the body of the transfer mechanism to atmospheric pressure and closes
      the connection to the source of pressurized air, thus permitting the body
      to fall downwardly against the support column.
PAR  When the body of the transfer mechanism falls downwardly, the sensor probe
      contacts the first sensor switch, which applies air under pressure to the
      transfer arm to move the piston and piston rod forwardly or exhausts
      pressure to atmosphere if the gripping head includes tongs, thus
      permitting the piston and piston rod to return rearwardly. As the piston
      and piston rod move forwardly or rearwardly, depending upon the gripping
      head selected, the gripping head releases the workpiece into the work
      station.
PAR  In releasing the workpiece, if the gripping mechanism is a magnet, the
      piston rod moves into the shaft with a ramp-like portion upward to lift
      the magnet and knock the workpiece free against the downwardly extending
      sides of the gripping head; if the gripping device is a suction cup, the
      piston forces air into the gripping head and against the convex portion of
      the suction cup, forcing it outwardly to release the workpiece; and if the
      gripping device is a pair of tongs, the piston rod moves a linkage
      rearwardly to spread the tongs, thus releasing the workpiece.
PAR  After the workpiece has been released, the operator again depresses the
      control button to connect the source of pressurized air to the chamber
      between the support column and the body of the transfer mechanism. This
      causes the body of the transfer mechanism to rise and again be freely
      pivotable about the air bearing formed between it and the support column.
      The operator now pivots the main body of the transfer mechanism to return
      the gripping head to the source of workpieces.
PAR  When the gripping head is over the source of workpieces, the operator
      releases the control button thus permitting the body of the transfer
      mechanism to fall. When the body of the transfer mechanism falls, the
      sensor probe contacts the second sensor switch if the gripping head is
      magnetically or vacuum operated, connecting the transfer arm to
      atmospheric pressure and disconnecting the source of pressurized air
      therefrom or the first pressure switch if the gripping head includes tongs
      to apply air under pressure to the transfer arm to move the piston rod
      forwardly. The piston in the transfer arm is now biased rearwardly or move
      forward to cause the gripping head to again grip a workpiece.
PAR  In automatic operation, the sensor is set up in the same manner as in
      manual operation. Accordingly, the gripping and releasing of the
      workpieces are performed in the same manner. However, the lifting,
      dropping and pivoting of the main body are performed under automatic
      control.
PAR  To lift and drop the main body, an air logic circuit controls the
      application of air pressure to the chamber between the column and the body
      of the transfer mechanism in response to sensing devices that sense the
      location of the gripping head. The air logic circuit also controls the
      pneumatic cylinder to pivot the body of the transfer mechanism.
PAR  The air logic circuit includes a switch which biases the air logic circuit
      to the manual state or disconnect state of operation for safety reasons.
PAR  As can be understood from the above description, the transfer mechanism has
      several advantages such as: (1) it is simple in construction and thus
      reliable and inexpensive; (2) it is easily set up for operation to receive
      and release workpieces at fixed locations; (3) the set up for receiving
      workpieces and releasing them is the same whether in automatic or manual
      operation; (4) it provides an automatic technique for locating the exact
      place to release or grip a workpiece during manual operation; (5) the set
      up may be visually checked by inspecting the sensor probe and sensor
      location; (6) it enables manual control of the transfer mechanism with one
      hand without requiring the control handle to be released during operation:
      (7) the gripping head holds the workpiece when the power is accidentally
      disconnected; (8) several different types of gripping devices are easily
      interchangeable within the transfer arm; (9) the workpiece is always
      released when the transfer arm is in its lowest position; and (10) when
      power is connected after an accidental interruption during automatic
      operation, the machine switches to manual operation so that the operator
      must return it to automatic operation after visual inspection, thus
      avoiding accidental operation of the machine before it is ready.
DRWD
PAR  The above noted and other features of the invention will be better
      understood from the following detailed description when considered with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view of a transfer mechanism in accordance
      with an embodiment of the invention;
PAR  FIG. 2 is a plan view of the transfer mechanism of FIG. 1, partly broken
      away to show a portion of the transfer arm and the gripping head of the
      transfer mechanism;
PAR  FIG. 3 is a sectional view of one embodiment of gripping head which may be
      included in the mechanism of FIG. 1;
PAR  FIG. 4 is another embodiment of gripping head which may be used in the
      transfer mechanism of FIG. 1;
PAR  FIG. 5 is still another embodiment of gripping head which may be used in
      the transfer mechanism of FIG. 1;
PAR  FIG. 6 is a schematic diagram of the pneumatic system of the transfer
      mechanism of FIG. 1;
PAR  FIG. 7 is a fractional, elevational view of the transfer mechanism of FIG.
      1 partly broken away; and
PAR  FIG. 8 is a block diagram of the air logic system used in the embodiment of
      transfer mechanism shown in FIG. 1.
DETD
PAC  GENERAL STRUCTURE AND OPERATION
PAR  In FIG. 1, there is shown a transfer mechanism 10 having a gripping head
      12, a transfer arm 14, a main body 16, a control handle 18, a load-unload
      control section 20, and a mounting section 22, with the main body 16 being
      pivotally mounted to the mounting section 22, having the control handle 18
      on one side and the transfer arm 14 on its other side, the gripping head
      12 being mounted to the far end of the transfer arm. The load-unload
      control section 20 is mounted to the mounting section 22 adjacent to the
      main body 16.
PAR  To mount the transfer mechanism 10 to a support, the mounting section 22
      includes a bracket 24, a transfer-mechanism support column 26, a collar
      28, and a flat mounting plate 32. The bracket 24 receives the
      transfer-mechanism support column 26 in the collar 28, the collar 28 being
      mounted to the support column 26 and held tightly therearound by a bolt
      30. The flat mounting plate 32 is integrally formed with the collar 28 and
      includes apertures which receive bolts 34 and 36 for supporting the column
      against any suitable surface, with the column 26 being adjustable within
      the collar 28 for any height of the main body 16 of the transfer mechanism
      10.
PAR  To move the gripping head 12 between a supply station and a work station or
      between a work station and another location, the main body 16 is pivotally
      mounted to column 26 at its bottom side with the transfer arm 14 extending
      horizontally from one end and the control handle 18 extending vertically
      from the other end so that the transfer arm 14 and the gripping head 12
      are pivoted about the column 26 in either direction and raised or lowered
      by proper manipulation of the control handle 18.
PAR  To enable a workpiece held in the gripping head of 12 to be deposited at a
      precise location, the loading-control section 20 includes first and second
      vertically arranged probes, 40 and 42, first and second probe arms 44 and
      46, first and second probe arm bolts 41 and 43 and first and second
      pressure-sensitive switches 48 and 50 (FIGS. 6 and 7).
PAR  The first and second probe arms 44 and 46 are supported by column 26
      horizontally, one under the other being adjustably clamped thereto by the
      first and second probe arm bolts 41 and 43, respectively. The probes 40
      and 42 each extend vertically from the end of a different one of the probe
      arms 44 and 46, being bolted thereto, with the probe 42 being a greater
      distance from the column 26 than the probe 40. The pressure sensitive
      switches 48 and 50 are positioned to cooperate with the probes 40 and 42,
      respectively, and are each mounted the same radial distance from the
      column 26 as the corresponding probes 40 and 42 within the bottom side of
      the body portion of 16 so that, by positioning the probes 40 and 42 at
      fixed angular locations, the gripping head is activated at a predetermined
      location diametrically opposite the probe from the support column 26 by
      lowering the main body 16 onto the probe, thus causing the corresponding
      one of the pressure-sensitive switches 48 and 50 to be activated.
PAR  While probes and pressure-sensitive switches are included in the preferred
      embodiment of a loading-unloading control section 20, it is obvious that
      other types of switching mechanisms can be used instead. For example,
      switches that are activated by reflected light or by electromagnetic
      radiation may serve the same function. Moreover, the positions of the
      switches and probes may be reversed so that, for example, the probes are
      mounted on the main body 16 while the pressure-sensitive switches are
      mounted to the radially extending arms 44 and 46 or to another holder
      fixed in position with respect to the loading or work stations.
PAR  To raise or lower the gripping head 12, the control handle 18 includes a
      pressure-sensitive control button 52 on its top end, which control button
      raises the main body 16 about the support 26 when depressed. When the main
      body 16 is in its elevated position with the button 52 on the control
      handle 18 depressed, the main body 16 is free to pivot about the column
      26, which is accomplished simply by pulling the handle 18 in one direction
      or the other. Upon releasing the control button 52, the main body 16 falls
      to its lower, stationary position.
PAR  To automatically pivot the main body 16 about the column 26, the main body
      16 includes a top portion 55, a base 56, a plurality of socket head screws
      57 (FIG. 7) and a pneumatic cylinder 54. The base 56 rests upon a shoulder
      in the column 26 and the top portion 55 rests upon the base 56 and
      receives the socket head screws 57 in vertical apertures that extend
      through the base 56 and into aligned apertures in the top portion 55. The
      pneumatic cylinder 54 is mounted horizontally to any suitable stationary
      support by mounting brackets with its piston rod 59 mounted at its outer
      end to the base 56 so that the extension and retraction of the piston rod
      of the pneumatic cylinder 54 pivots the base 56, thus causing the top
      portion 55 to be pivoted by the connection to the base 56 through the
      screws 57 while permitting the top portion 55 to be raised or lowered.
PAR  Before operating the transfer mechanism 10, the probes 40 and 42 are
      positioned with respect to the supply of workpieces and the work station
      of a machine. Generally, the workpieces are automatically fed to a fixed
      location and the transfer mechanism 10 transfers them to a work station
      such as into a punch press. The transfer mechanism 10 may also remove them
      from the work station to another location after they have been worked upon
      if the punch press does not have an automatic ejection mechanism. A
      different one of the probes is positioned to actuate the gripping head 12
      at each location.
PAR  To position the probe 40, the bolt 41 on the probe support 44 is loosened,
      the probe 40 and probe support 44 are rotated into position, and the bolt
      41 is tightened so that the gripping head 12 is over the selected location
      when the switch 48 is over the probe 40. The probe 42 is adjusted in the
      same manner at another location in which the switch 50 is over the probe
      when the workpiece is in a work station.
PAR  The transfer mechanism 10 may be operated either manually or automatically
      to move workpieces from one location to another.
PAR  In manual operation, an operator holds the control handle 18 and physically
      pivots the main body 16 and the gripping head 12 while the main body 16,
      transfer arm 14 and gripping head 12 are elevated. The main body 16,
      transfer arm 14 and gripping head 12 are elevated by depressing and
      lowered by releasing the control button 52 on the handle 18.
PAR  To grip a workpiece in the gripping head 12 during manual operation of the
      transfer mechanism 10, the operator depresses the control button 52,
      causing the main body 16, the transfer arm 14 and the gripping head 12 to
      be elevated. With these parts elevated, the operator moves the gripping
      head 12 over the workpiece by exerting pressure in a horizontal plane upon
      the handle 18 so that the gripping head 12 pivots about the column 26
      until it is located over the workpiece. At this time, because of the
      previous setting, one of the probes 40 and 42 is located directly under a
      corresponding one of the presssure switches 40 and 50.
PAR  To pick up the workpiece, the button 52 is released while the gripping head
      12 is directly over the workpiece. This causes the gripping head 12 to
      fall upon the workpiece and the pressure switch to fall upon the
      corresponding probe by gravity. When the probe contacts the pressure
      switch, the gripping head 12 grips the workpiece.
PAR  To move the workpiece to a new location after the gripping head 12 has
      gripped it, the control button 52 is depressed by the operator, thus
      elevating the main body 16, the transfer arm 14 and the gripping head 12.
      With these parts elevated, the operator moves the gripping head 12 with
      the workpiece to a new location by exerting pressure in a horizontal plane
      in the appropriate direction from the handle 18 until the gripping head 12
      is properly located. This time, a different one of the probes 40 and 42 is
      located directly under the corresponding one of the pressure-activated
      switches, 40 and 50.
PAR  With the gripping head 12 and pressure switch in the proper location, the
      button 52 is released, causing the gripping head 12, the transfer arm 14
      and the body portion 16 to fall by gravity. When the main body 16 falls,
      the pressure-activated switch is activated causing the workpiece to be
      released. After the workpiece has been released in its proper location,
      the transfer arm 14 is moved to the source of workpieces or to a neutral
      position to await work upon the workpiece if the workpiece is not to be
      automatically ejected by the machine.
PAR  To move the transfer arm 14 to the supply of workpieces or to a neutral
      location, the button 52 is depressed to elevate the main body 16, the
      transfer arm 14 and the gripping head 12. Thr gripping head 12 is moved to
      a new location by exerting pressure upon the handle 18 in a horizontal
      plane.
PAR  In automatic operation, an automatic-operation pneumatic-control system
      (FIG. 8) applies control signals to the transfer mechanism 10 in a manner
      to be described hereinafter to perform the same operations that are
      performed during manual operation.
PAR  The control signals elevate and lower the main body 16, the transfer arm 14
      and the gripping head 12. As best shown in FIG. 2, the main body 16 is
      automatic operation is pivoted about the column 26 by the pneumatic
      cylinder 54 under the control of the automatic-operation,
      pneumatic-control system to be described hereinafter. The gripping head 12
      is activated to grasp or release a workpiece when it is dropped upon a
      properly positioned probe in the same manner as in the manual operation of
      the transfer mechanism 10.
PAR  It can be understood from the above general description of the transfer
      mechanism 10 that the transfer mechanism 10 has many advantages such as:
      (1) it is simple in contruction and thus reliable an inexpensive; (2) it
      is easily set up for operation to receive and release workpieces at fixed
      locations; (3) the setup for receiving workpieces and releasing them is
      the same in automatic and manual operation; (4) the setup can be visually
      checked with ease; (5) it provides an automatic technique for locating the
      exact place to release or receive a workpiece during manual operation of
      the transfer mechanism; (6) it enables manual control of the transfer
      mechanism 10 with one hand without requiring that the control handle be
      released during operation; and (7) the same apparatus may be used with
      either automatic control or manual control by an operator.
PAC  TRANSFER ARM AND GRIPPING HEAD
PAR  The transfer arm 14 and gripping head 12 cooperate with the remainder of
      the transfer mechanism 10 to provide a means for enabling a workpiece to
      be gripped, moved and released by an operator with only one hand on the
      control handle without needing to remove his hand from the control handle
      and a means for holding the workpiece for at least a short time after the
      power is disconnected from the transfer mechanism.
PAR  In FIG. 2, there is shown the transfer mechanism 10 in a plan view,
      broken-away and partially sectioned to show the gripping head 12 and
      first, second, and third cylindrical pneumatic tube sections 68, 70 and
      72, respectively, within the transfer arm 14. The first tube section 68,
      which has the largest diameter of the three sections, communicates at one
      end with the interior of the gripping head 12 and at the other end with
      the second tube section 70. The second tube section 70, which is the
      second largest diameter tube, communicates with the first tube section 58
      at a first shoulder on its first end and with the third tube section 72 at
      its other end at a second shoulder. The third pneumatic tube section 72
      communicates with the main source of air pressure when the control button
      52 is depressed.
PAR  To activate the gripping head 12 in response to changes in air pressure,
      the cylindrical piston rod 74 extends along the longitudinal axis of the
      second and third pneumatic tube sections 70 and 72, with a cylindrical
      piston 76 including one or more conventional piston rings 78 fastened
      thereto and fitting within the first pneumatic tube section 68 to form a
      seal against the internal walls thereof.
PAR  To move the piston and piston rod 74 and 76 and to hold them in place, the
      transfer arm 19 includes a cylindrical plug 80 and a helical compression
      spring 82, with the cylindrical plug 80 closing the end of the first
      pneumatic tube adjacent to the gripping head 12. The piston rod 74 extends
      through the plug 80 and the helical compression spring 82 is positioned
      therearound between the piston 76 and the plug 80 to bias the piston 76
      against the shoulder separating the first and second tube sections 68 and
      70 so that, when air pressure is applied to the first, second and third
      pneumatic tube sections 68, 70 and 72 by depressing the control button 52,
      the piston 76 is moved forward, forcing air into the gripping head 12 and,
      when the source of air pressure is removed from the first, second and
      third pneumatic tube sections 68, 70 and 72 by releasing the control
      button 52, the piston 76 is moved back against the shoulder between the
      first and second tube sections to draw air through the gripping head 12
      and to move the piston rod 74 back in the direction of the third pneumatic
      tube 72.
PAR  To grasp and hold the workpiece, either of three gripping devices shown in
      FIGS. 3, 4 and 5 are mounted within the gripping head 12 and cooperate
      with the piston rod 74 or with the piston 76. The particular gripping
      device is selected in accordance with the type of workpiece and the
      circumstances of use and all three gripping devices work with the transfer
      machanism 10.
PAR  In FIG. 3, there is shown a magnetic gripping device mounted within the
      gripping head 12 having a permanent magnet 84 mounted for reciprocal
      movement within a cylindrical opening 86 of the gripping head 12 so that,
      in its extended position, its end surface is flush with the end surface of
      the gripping head 12 to engage a ferromagnetic workpiece, and in its
      retracted position, it is recessed within the gripping head 12 to release
      the ferromagnetic workpiece.
PAR  To hold and move the permanent magnet 84 within the gripping head 12, the
      magnetic gripping device includes a holder 88 having a slot 90 therein and
      the end of the piston rod 79 includes a ramp 92. The slotted holder 88 is
      attached to the magnet 84, with the slot 90 being aligned with the center
      portion of the ramp 92 on the end of the piston rod 74 so that as the
      piston rod 74 moves into the gripping head 12, the ramp 92 lifts the
      slotted holder 88 and the permanent magnet 84 and as the piston rod 74
      moves from the gripping head 12, the permanent magnet 84 is permitted to
      drop downwardly by gravity.
PAR  In FIG. 4, there is shown a vacuum suction gripping head mounted within the
      gripping head 12 having a rubber suction cup 94 communicating at its inner
      end with the first tube section 68 so that, when air pressure pushes the
      piston 76 (FIG. 2) forward, suction in the suction cup 94 is released,
      causing any workpiece held in the gripping head to be dropped and when the
      air pressure is released so that the spring 82 forces the piston 76 back
      against the shoulder between the first and second pneumatic tube sections
      68 and 70, vacuum pressure forces the workpiece into the rubber suction
      cup 94 where it is held.
PAR  In FIG. 5, there is shown a mechanical clamp mounted within the gripping
      head 12 having tongs 98 and 100 activated by the linkage 102 which is
      connected to the piston rod 74 so that when the piston is moved forward by
      air pressure, the tongs 98 and 100 are clamped together to grasp a
      workpiece and when the piston rod 74 is moved backward by the piston 76
      and the spring 82, the tongs 98 and 100 are spread apart to release the
      workpiece.
PAR  Before the gripping head 12 and the transfer arm 14 are operated, the
      probes 40 and 42 (FIG. 1) are set with relation to the switches 48 and 50.
      The pressure switch 48 connects the three pneumatic tube sections 68, 70
      and 72 to atmospheric pressure and the pressure switch 50 connects the
      three pneumatic tubes 58, 70 and 72 to the main source of pressure.
PAR  In operation, the probes 40 and 42 and the switches 48 and 50 cooperate
      together with the pneumatic tube sections 68, 70 and 72 and any one of the
      gripping devices shown in FIGS. 3, 4 and 5 to grasp or release a workpiece
      when the control button 52 is released to drop the main body 16
      downwardly, causing one of the switches 48 and 50 to contact one of the
      probes 40 and 42. A releasing or gripping operation takes place in
      accordance with the selection of the probe and the switch that are being
      brought together.
PAR  To release a workpiece, the probe 42 is positioned to contact the pressure
      switch 50 when the control button 52 is released and the main body 16
      drops downwardly. When the pressure switch 50 is contacted by the probe
      42, the three pneumatic tube section 68, 70 and 72 in the transfer arm 14
      (FIG. 2) are pressurized by the main source of pressure which forces the
      piston 76 against the helical compression spring 82 to move the piston rod
      74 or air into the gripping head 12.
PAR  When the magnetic gripping device shown in FIG. 3 is included in the
      gripping head 12, the piston rod 74 forces the permanent magnet 84
      upwardly into the recess 86 to free the workpiece.
PAR  When the vacuum gripping device shown in FIG. 4 is included in the gripping
      head 12, the air forced through the conduit or pneumatic tube 68 by the
      movement of the piston 76 forces the workpiece, which is being held by
      suction in the rubber cup 94, to be released.
PAR  When the mechanical gripping device shown in FIG. 5 is included in the
      gripping head 12, the forward motion of the piston closes the tongs 98 and
      100 to release the workpiece.
PAR  To grasp a workpiece, the probe 40 is positioned to contact the pressure
      switch 48 when the control button 52 is released. With this arrangement,
      the three pneumatic tube sections 68, 70 and 72 are connected to
      atmospheric pressure as the main body 16 moves downwardly, causing the
      helical compression spring 82 to move the piston rod 74 back against the
      shoulder between the tube sections 70 and 72.
PAR  When the magnetic gripping device shown in FIG. 3 is included in the
      gripping head 12, the helical compression spring 82 in the transfer arm
      forces the piston 76 and the piston rod 74 (FIG. 2) back toward the third
      section 70 when the tubes are connected to atmospheric pressure so that
      the ramp 92 is withdrawn further from the slot 90 (FIG. 3), permitting the
      permenent magnet 84 to drop downwardly by gravity and contact the
      workpiece to hold it to the gripping head 12.
PAR  When the suction cup 94 is included in the gripping head 12, the movement
      of the piston 76 under the pressure of the helical compression spring 82
      when the pneumatic tubes 68, 70 and 72 are connected to atmospheric
      pressure forces air from the suction cup 94 (FIG. 4) causing it to grasp
      the workpiece and hold it in the gripping head 12.
PAR  When the tongs shown in FIG. 5 are included in the gripping head 12, the
      movement of the rod 74 by the helical compression spring 82 in the
      direction of the third pneumatic tube section 72 causes the tongs 98 and
      100 to open to release the workpiece.
PAR  As can be understood from the above description, the transfer arm 14 and
      the gripping head 12 have several advantages, such as: (1) the workpieces
      are grasped or released at the exact location without the necessity of the
      operator separately actuating a switch since the releasing or gripping
      action is initiated automatically when the body of the transfer mechanism
      drops onto the proper location; (2) the gripping device remains in its
      holding position when air pressure is removed from the transfer arm so
      that if the air pressure that operates the transfer mechanism 10 is
      accidientally disconnected during an operation, the gripping head 12 holds
      the workpiece until the power can be restored; (3) several different types
      of gripping devices are interchangeable and can easily be connected for
      use in the transfer mechanism; (4) the workpiece is always released when
      the transfer arm 14 is in its lowest position; and (5) the transfer arm 14
      and gripping head are controlled with one hand of the operator on one
      control handle without his being required to release the control handle
      for different operations.
PAC  MAIN BODY, CONTROL HANDLE AND LOADING-UNLOADING CONTROL SECTION
PAR  The main body 16, control handle 18 and loading-unloading control section
      20 are arranged to provide means for automatically releasing or gripping
      the workpiece when the gripping head 12 is properly located and to enable
      the transfer mechanism 10 to be easily set up and checked for this
      automatic procedure.
PAR  As best shown in FIG. 6, the control handle 18 includes a pneumatic switch
      120 that connects a source of air under pressure to a column chamber 124
      which elevates the main body 16 and the load-unload control section 20
      includes the two pressure sensitive pneumatic switches 48 and 50 to
      connect a source of air under pressure to the chamber of the transfer arm
      14 to operate the gripping head 12.
PAR  To apply air under pressure to the column chamber 124 that elevates the
      main body 16, the control handle 18 includes the three-way,
      normally-closed, pressure-sensitive pneumatic switch 120 which is closed
      by pressing the control button 52 that is located on the control handle
      18. As long as the control button 52 is depressed, air under pressure is
      applied to the chamber at the top of the column 26 to raise the main body
      16 and to permit it to be easily pivoted upon an air bearing.
PAR  To control the gripping and releasing of a workpiece by the gripping head
      12, the load-unload control section 20 includes the first normally-closed,
      pressure-sensitive pneumatic switch 48 and the second normally-open,
      pressure-sensitive pneumatic switch 50, each being adapted to contact a
      different one of the probes 40 and 42 at different locations when the main
      body 16 is lowered by releasing the control button 52. The normally-open
      inlet port of the switch 50 is connected to a source of air pressure and
      its outlet port is connected to the inlet port of the normally-closed
      switch 48, the normally-closed outlet port of the switch 48 being
      connected to the third tubular section 72 of the transfer arm 14 to apply
      air pressure thereto. The normally-open outlet port of the switch 48 is
      vented to the atmosphere.
PAR  In the operation of the load-unload control section 20 illustrated in FIG.
      6, the probe 42 is positioned to contact the pressure-sensitive switch 50
      when the main body 16 of the transfer mechanism 10 is lowered at a work
      station to release a workpiece. At this time, the normally-open switch 50
      is closed to connect the source of air through the switch 50 and the
      normally-closed switch 48 to the third tubular section 72 (FIG. 2) of the
      transfer arm 14 to cause the gripping head to release the workpiece. After
      the workpiece is released and the control button 52 of the control handle
      18 is depressed to elevate the body, the normally-open switch 50 is again
      opened, but the gripping head 12 remains open since pressure continues to
      be applied to the tubular section 72, thus closing the vent.
PAR  When the gripping head 12 has been pivoted to the source of workpieces and
      the main body 16 has been lowered by releasing the control button 52, the
      pressure-sensitive switch 48 falls upon the probe 40, causing the
      normally-closed outlet port of the switch 48 to be disconnected and the
      third tubular section 72 to be vented to the atmosphere through the
      normally open outlet port, so that the gripping head grasps a new
      workpiece. When the main body 16 is again raised by depressing the control
      button 52, the switch 48 again returns to its normally-closed position to
      disconnect the third tubular section 72 from the atmosphere, but the
      workpiece remains held within the gripping head because pressure is not
      applied again to the tubular section 72 since the source of pressure is
      disconnected by the normally-open switch 50.
PAR  As best shown in FIG. 7, the main body 16 includes the pressure-sensitive
      air switches 48 and 50, the normally-open switch 120 in the control handle
      18, a column cap 106, the base 56, the tubular air conduit 30 extending
      along the longitudinal axis of the support column 26, and a pressure
      chamber 124 above the column 26.
PAR  To raise and lower the main body 16 when air pressure is applied to the
      chamber 124 through the control handle 18, the main body 16 includes the
      column 26, the air conduit 38 passing along the longitudinal axis of the
      column 26, a spool-type air distributor 138, and the column cap 106.
PAR  To apply air under pressure to the load-unload section 20 and to raise and
      lower the main body 16 without requiring any substantial flexing of
      conduits, the conduit 122 is connected at one end to a primary source of
      air pressure and at its other end to the spool-type air distributor 138
      (FIGS. 6 and 7), which distributor includes an annular relief section 142,
      a lower piston ring 144, a tubular orifice 146, and a second piston ring
      148.
PAR  To apply air under pressure to the spool-type distributor 138, the tubular
      orifice 146 extends radially from the conduit 38 into the relief section
      142, with the lower and upper piston rings 144 and 148 providing a seal
      against the escape of this air while permitting the main body 16 to move
      upwardly and downwardly with respect to the column 26.
PAR  To apply air pressure to the three-way normally-closed pressure-sensitive
      pneumatic switch 120, a conduit 150, mounted to the main body 16 for
      movement therewith, communicates at one end with the relief portion 142 at
      such a location as to continue communication with this relief portion as
      the body portion and the conduit 150 move with respect to the column 26.
      The conduit 140 (FIGS. 6 and 7) communicates at its other end with the
      three-way, normally-closed, pressure-sensitive pneumatic switch 120. With
      this arrangement, air under pressure is applied to the valve 120 and to
      the switch 50 through the conduit 151 without requiring the flexing of a
      conduit.
PAR  To raise the main body 16, the cap 106 includes a cylindrical inner recess
      152, a plurality of bolts 153, and a piston element 154. The chamber 124
      is defined between the bottom of the cap 106 and the top of the piston
      ring 148, with the piston element 154 being freely movable within the
      recess 152 to the bottom of the recess 152 where it restrains the main
      body 16 from further movement upward. The inlet port 156 communicates with
      the chamber 124 and with an outlet port of the switch 120 through a
      conduit 155. The bolts 153 are circumferentially spaced around the cap 106
      and hold it to the main body 16.
PAR  With this arrangement, when air under pressure is applied through the
      conduit 155 (FIG. 6) to the inlet port 146 and the chamber 124, the cap
      106 has air pressure exerted against it to move the main body 16 to its
      upper position. The air flowing around the piston element 154 and out of
      the cylindrical recess 152 and the air pressure against the cap 106
      supports the body portion in a type of air bearing in an upper position so
      that it may be pivoted freely.
PAR  To apply air under pressure from the spool distributor 138 to the column
      chamber 124, the control handle 18 includes the control button 52, a
      plunger 157, a handle frame 158, a bushing 160, the normally-closed valve
      120, a first opening 166 and second opening 168.
PAR  The plunger 157 is connected to the control button 52 at its upper end and
      the switch 120 at its lower end, being slidable in the bushing 160 within
      the frame 158 of the handle 18 and biased upwardly by the valve 120. The
      first opening 166 and the second opening 168 communicate with the
      atmosphere and conduit 150, respectively. In the first position the button
      52 is depressed to exert pressure on the switch 120 through the plunger
      157 to connect conduits 150 and 155 (FIG. 6) to apply pressure to column
      chamber 124 and in a second position the button 52 is released to remove
      pressure from the switch 120 to connect the conduit 155 and the chamber
      124 to atmosphere.
PAR  With this arrangement, depressing the button 52 applies air pressure to the
      chamber 124 and releasing the button 52 vents the chamber 124 to the
      atmosphere.
PAR  To control the flow of air under pressure to the third section 72 of the
      transfer arm 14 (FIG. 2), the two pressure switches 48 and 50 are mounted
      underneath the frame of the main body 16 by screws, one of which is shown
      at 172. The probe arms 40 and 42 include inserts 174 and 176 in their
      upper ends adapted to engage the switches 48 and 50 to actuate the same.
PAR  The switches 120, 48 and 50 are standard pressure-sensitive, three-way,
      two-position pneumatic switches. There are several types of switches known
      in the prior art and commercially sold. One commercially sold suitable
      type of switch is the "Y" series three-way cartridge valves sold by
      Humphrey Air Control Specialist, Kilgore at Sprinkle Road, P.O. Box 2008,
      Kalamazoo, Michigan 49003.
PAR  The exact location of the conduits connecting the switches and the spool
      valve are not shown in FIG. 7 since they may be positioned at any location
      within the frame of the main body 16. However, the schematic drawing in
      FIG. 6 shows the connections between the various switches, the column
      chamber 124, and the spool valve 138 adequately to enable proper placement
      of the conduits to contact the parts of these elements.
PAC  AUTOMATIC-OPERATION PNEUMATIC-CONTROL SYSTEM
PAR  In FIG. 8, there is shown a logical block diagram 178 of the
      automatic-operation pneumatic-control system having a first
      manually-controlled pneumatic flip-flop 180, a pneumatically-controlled
      pneumatic flip-flop 182, five position sensors 184, 185, 186, 188 and 180,
      seven NOR gate control units 192-204, two pneumatic cylinders 54 and 208,
      two pushbuttons 210 and 212, a NOR gate 214, four time delays 216, 218,
      206 and 207, a NOR gate 220, and two OR gates 201 and 222.
PAR  To select the manual operation or the automatic operation mode of the
      transfer mechanism 10, the manually controlled flip-flop 180 includes
      first and second pressure-sensitive pneumatic valves (not shown), with
      each of the valves being connected to different ones of the colored
      push-buttons 210 and 212 which trigger the pneumatic flip-flop 180 into
      either the automatic operation or the manual operation modes.
PAR  to control the direction the transfer arm 14 swings, the direction-of-swing
      flip-flop 182 has one input connected to the machine loaded sensor 184 to
      switch the flip-flop 182 to its to-loading state and its other input
      connected to the machine-operating signal output 186 to switch the
      flip-flop to-machine state.
PAR  To prevent the transfer mechanism 10 (FIG. 1) from unexpectedly continuing
      operation after a power interruption, the pneumatic flip-flop 180 is
      biased to the manual operation mode. With this bias, if the power is
      suddenly applied to the transfer mechanism after an interruption during
      automatic operation, the transfer arm 14 will not swing but remain in
      manual mode until the flip-flop 180 is reset into its automatic position.
PAR  To sense the position of the gripping head 12 of the transfer mechanism 10,
      the transfer mechanism 10 includes four sensing devices which are: (1)
      sensing device 184 which senses the gripping head when it is in the
      loading station; (2) sensing device 186 which senses when a machine to
      which the workpieces are being supplied has operated to perform work on
      the workpieces; (3) sensing device 188 which senses when a workpiece has
      been unloaded from the gripping head 12, and (4) sensing mechanism 190
      which senses when the workpiece has been loaded into the gripping head. A
      fifth sensing device 185 is included in embodiments in which a transfer
      arm is to be extended at a work station to sense when the gripping head
      has moved into the work station. These sensing devices may be optical or
      mechanical transducers or may, in appropriate cases, be operated by
      signals that are generated by the machine which is performing the work. In
      the preferred embodiment, the outputs of the sensors are pneumatic.
PAR  To cause the pneumatic cylinder 54 to extend its piston rod and swing the
      transfer arm of the transfer mechanism (FIGS. 1 and 2) into the loading
      station, the NOR gate and swing-to-loading station control unit 192 has
      two inputs, the coincidence of which results in the flow of air under
      pressure to a first of the two input ports of the pneumatic cylinder 54,
      with one of the inputs to the NOR gate and swing-to-loading control unit
      192 being connected to the automatic-operation output terminal of the
      manual-automatic flip-flop 180 and the other input being connected to the
      to-loading station output terminal of the direction-of-swing flip-flop
      182.
PAR  With these connections, the transfer arm 14 swings to the loading station
      only during automatic operation and when the machine-loaded sensor 184 has
      switched the direction-of-swing flip-flop 182 to the to-loading station
      mode, indicating that a workpiece has been sensed within the machine.
PAR  To swing the transfer arm 14 from the loading station or from a neutral
      station into a machine to load a workpiece therein, and NOR gate and
      swing-to-machine control unit 194 includes two inputs, the coincidence of
      which causes air under pressure to be applied to a second port of the
      pneumatic cylinder 54 to cause the pneumatic cylinder 54 to retract its
      piston rod, thus swinging the transfer arm 14 toward the machine, with one
      of the inputs to the NOR gate and swing-to-machine control being connected
      to the automatic output terminal of the manual-automatic flip-flop 180 and
      the other input being connected to the to-machine output of the
      direction-of-swing flip-flop 182 through the time delay 218.
PAR  With these connections, the transfer arm swings toward the machine a period
      of time determined by the delay 206 after a machine operating signal is
      generated so that the machine has time to kick the workpiece from the
      machine and to lower its stop pin before the transfer arm arrives with a
      new workpiece. Of course, if the machine does not automatically eject the
      workpieces, the delay is still necessary so that the transfer arm arrives
      to pick up the workpiece after it has been machined and the stop pin has
      been retracted by the machine.
PAR  In some transfer mechanisms, the transfer arm 14 has a telescoping
      attachment which is extended and retracted by a pneumatic cylinder 208
      attached to the transfer arm and having first and second input ports. In
      this embodiment, the transfer arm is intended to swing into position near
      the machine and then extend to the proper location to deposit the
      workpiece.
PAR  To operate the pneumatic cylinder 208 for the purpose of extending the
      transfer arm 14 in this embodiment, the NOR gate and extend-arm control
      unit 196 includes two inputs, the coincidence of which applies air
      pressure to the first port of the cylinder 208 and causes the transfer arm
      14 to extend, with one input being connected to the automatic output of
      the manual-automatic flip-flop 180 and the other input being connected to
      the to-machine output of the direction-of-swing flip-flop 182 through the
      time delay 207 so that the arm is extended only when the machine operating
      signal has been received after a time delay determined by the delay 206
      and the delay 207. The delay 207 permits the transfer arm to swing into
      position before it is extended.
PAR  To retract an extended arm in this embodiment, the NOR-gate and retract arm
      control unit 198 includes three inputs, the simultaneous energization of
      which activates the pneumatic piston 208 through the second port to
      retract its piston rod, with the first input being connected to the
      automatic output of the manual-automatic flip-flop 180, the second input
      being connected to the to-loading output of the direction-of-swing
      flip-flop 182 and the third input being connected to the arm extended
      sensor 185. With this arrangement, the piston rod of the piston 208 is not
      retracted until the machine loaded sensor 184 senses a workpiece properly
      loaded and the arm extended sensor 185 senses that the arm is in position.
      Of course, when it is not necessary to extend the arm, the
      NOR-gate-and-extend-arm control unit 196, the delay 207, the
      NOR-gate-and-retract-arm control unit 198 and the arm-extended sensor 185
      are not necessary.
PAR  To control the lifting and falling of the main body 16, the
      NOR-gate-and-drop-to-load control unit 200 and the
      NOR-gate-and-drop-to-unload  control unit 204, each have an output
      connected to the conduit 166 (FIG. 7) through the NOR gate 220 so as to
      normally apply air pressure to the chamber 124 through the conduit 155
      (FIG. 6) and the normally closed ports of valve 120. With this connection,
      air pressure is applied to the chamber 124 to elevate the main body 16 and
      is vented to atmosphere to drop the main body under the control of the
      automatic-operation, pneumatic-control system.
PAR  The NOR-gate-and-drop-to-load control unit 200 has one of its two inputs
      connected to the automatic-operation output terminal of the
      manual-automatic flip-flop 182 and the other of its two inputs connected
      to the unloaded-gripping-head sensor 188 to cause the
      NOR-gate-and-drop-to-load control unit to vent the chamber when the
      unloaded-gripping-head sensor 188 senses the gripping head in the loading
      station and the NOR-gate-and-drop-to-unload control unit 204 has a first
      of its three inputs connected to the automatic-operation output terminal
      of the manual-automatic flip-flop 182, a second of its inputs connected to
      the arm-extended sensor 185 and a third of its inputs connected to the
      loaded gripping-head sensor 190 to cause the NOR-gate-and-drop-to-unload
      control unit to vent the chamber when the gripping head 12 is sensed in
      the work station. In embodiments which do not extend the transfer arm 12,
      a two-input NOR-gate-and-drop-to-unload control unit may be substituted
      for the three-input NOR-gate-and-drop-to-unload control unit 204 and the
      arm-extended sensor 185 is not required.
PAR  To control the operation of the machine to work upon the workpiece, the NOR
      gate and operate-machine control unit 202 includes two inputs, the
      coincidence of which initiates a machine operation, with one of the inputs
      being connected to the automatic output of the manual-automatic flip-flop
      180 and the other input being connected to the output of the unloaded
      gripping-head sensor 188 which detects the gripping head at the loading
      station so that the machine does not begin to operate unless the gripping
      head has left the machine and returned to the loading station.
PAR  The NOR gate and control units 192-204 are a combination of pneumatic NOR
      gates connected to pneumatic boosters. Such units are commercially
      available on the market in a form suitable for incorporation by persons
      skilled in the art in the control system shown in FIG. 8. While a
      pneumatic control system is described as the preferred embodiment, it is
      obvious that an electrical system may be used as well by substituting
      electrical units for the equivalent pneumatic units shown in FIG. 8 in a
      manner known in the art.
PAR  Before operating the transfer mechanism 10 in the Automatic mode using the
      automatic-operation pneumatic-control circuit shown in FIG. 8, the output
      of the NOR gate 220 is connected to the passageway 166 (FIGS. 6, 7 and 8)
      to communicate through the normally closed contacts with the passageway
      155 and the column chamber 124. With this connection, the
      automatic-operation pneumatic-control unit is able to control the rising
      and falling of the main body 16.
PAR  The probes 40 and 42 are positioned in place in the same manner as
      described in connection with the manual operation of the transfer
      mechanism 10. When the automatic-operation pneumatic-control unit of FIG.
      8 and the probes 40 and 42 are properly positioned, the automatic push
      button 210 (FIG. 8) is depressed which starts automatic operation and
      causes red indicators to be shown on the instrument panel (not shown) of
      the automobile-operation pneumatic-control unit.
PAR  In automatic-operation, when the gripping head 12 is sensed by the unloaded
      gripping head sensor 188 in the loading station, the
      NOR-gate-and-drop-to-load control unit 200 receives coincident pneumatic
      signals from the automatic state output of the manual-automatic flip-flop
      180 and from the gripping head sensor 188. When the
      NOR-gate-and-drop-to-load control unit 200 receives these pneumatic
      signals, it applies a pneumatic pulse to the NOR gate 220, which
      terminates its output to the AND gate 214, causing the AND gate 214 to
      terminate its application of air under pressure to the conduit 166. When
      air under pressure is not applied to the conduit 166, the column chamber
      124 (FIG. 6) is permitted to fall, causing the main body 16 to drop.
PAR  When the main body 16 drops, the probe 40 contacts the pressure sensitive
      switch 48, causing the switch 48 to open its normally-closed contact and
      connect the passageway section 72 (FIG. 2) of the transfer arm 14 (FIG. 6)
      to atmosphere, thus causing the gripping head 12 to grasp a workpiece.
PAR  The pneumatic pulse from the unloaded-gripping-head sensor 188 also
      energizes the NOR-gate-and-operate-machine control unit 202 to cause a
      machine operation to take place.
PAR  When the gripping head 16 has fallen to the supply of workpieces, the
      pneumatic pulse from the unload-gripping-head sensor 188 terminates, thus
      removing the pulse applied to the NOR gate 220 and the
      NOR-gate-and-drop-to-load control unit 200. The AND gate 214 now applies
      air pressure to the conduit 116 in the control handle valve 120 to cause
      the main body 16 to rise.
PAR  Until a short time after the machine has operated, the AND gate 214 is
      energized by signals from the NOR gate 220, the automatic output terminal
      of the manual-automatic flip-flop 180, and the to-loading output of the
      direction-of-swing flip-flop 182 through the NOR gate 221. After the
      machine has operated, the direction-of-swing flip-flop 182 is switched to
      the to-machine output terminal by a pulse applied from the machine
      operating signal 186 through the delay 206. However, this does not affect
      the air pressure applied to the conduit 166, since a signal continues to
      be applied through the NOR gate 221 but is applied from the to-machine
      output terminal rather than the to-loading output terminal of the
      direction-of-swing flip-flop 182.
PAR  After the machine has operated, the direction-of-swing flip-flop 182 has
      been switched to the to-machine state by a signal applied to it thorugh
      the delay 206 from the machine operating signal 186, the
      NOR-gate-and-swing-to-machine control unit 194 receives coincident pulses
      through the delay 218 from the to-machine output terminal of the
      direction-of-swing flip-flop 182 and the automatic output terminal of the
      manual-automatic flip-flop 180, causing the NOR-gate-and swing-to-machine
      control unit 194 to apply air under pressure to the extend port of the
      pneumatic cylinder 54. The pneumatic cylinder 54 extends its piston rod to
      swing the transfer arm 14 and the gripping head 12 (FIG. 1) into the work
      station in response to the air pressure applied to its extend port.
PAR  When the gripping head 12 has moved to the work station, in an embodiment
      in which the arm is to be extended, the NOR-gate-and-extend-arm control
      unit 196 receives coincident signals from the automatic output terminal of
      the manual-automatic flip-flop 180 and the to-machine output terminal 182,
      one signal of which is delayed by the delay 208 to permit the arm to reach
      its proper position before the NOR-gate-and-extend-arm control unit 196 is
      energized. When the control unit 196 is energized, the pneumatic cylinder
      208 receives air under pressure on its first port, causing it to extend
      its piston rod to extend the transfer arm 14. Of course, in embodiments
      where the transfer arm 14 is not to be extended, this last unit is
      unnecessary.
PAR  When the gripping head 12 is moved into the proper position within the work
      station, the loaded-gripping-head sensor 190 senses the head and applies a
      signal to the NOR-gate-and-drop-to-unload control unit 204, which also
      receives signals from the automatic output terminal of the
      manual-automatic flip-flop 180 and, in an embodiment in which the arm is
      extended, from the arm-extended sensor 185. At this time, the
      NOR-gate-and-drop-to-unload control unit 204 terminates its signal to the
      AND gate 214 by applying a signal to the NOR gate 220. When the AND gate
      214 no longer receives a signal from the NOR gate 220, the AND gate 214
      ceases to apply air under pressure to the conduit 166 (FIGS. 6 and 7),
      causing the column chamber 124 to have reduced pressure in it and thus
      permitting the main body 16 to fall.
PAR  When the main body 16 falls, the probe 42, contacts the pressure-sensitive
      switch 50, causing its normally open contact to close to connect the
      passageway section 72 (FIG. 2) in the transfer arm 14 to a source of air
      through the spool valve 138. When the passageway section 72 receives the
      air under pressure, the gripping head 12 releases the workpiece into the
      work station.
PAR  When the gripping head 12 has dropped to release the workpiece, the
      NOR-gate-and-drop-to-unload control unit 204 terminates its signal to the
      NOR gate 220, causing the AND gate 214 to reapply pressure to the conduit
      166 (FIGS. 6 and 7). The column chamber 124 is now again pressurized and
      lifts the main body 16.
PAR  When the workpiece has been dropped into the work station, the machine
      loaded sensor 184, applies a signal to the to-loading input terminal of
      the direction-of-swing flip-flop 182, which responds by switching to the
      to-loading state. When the direction-of-swing flip-flop 182 is in the
      to-loading state, signals continued to be applied to the AND gate 214
      through the NOR gate 220, through the NOR gate 221, and from the automatic
      output terminal of the manual-automatic flip-flop 180, with the signal
      applied through the NOR gate 221 originating from the to-loading output
      terminal rather than the to-machine output terminal of the
      direction-of-swing flip-flop 182 so that the main body 16 continues to be
      elevated and ready to be pivoted.
PAR  The to-loading output terminal also applies signals to the
      NOR-gate-and-retract-arm control unit 198 and to the
      NOR-gate-and-swing-to-loading-station control unit 192 through the delay
      216. The NOR-gate-and-retract-arm control unit 198 energizes the pneumatic
      cylinder 208 to retract the transfer arm 14 in embodiments having a
      retractable transfer arm and the NOR-gate-and-swing-to-loading-station
      control unit 192 applies pressure to the retract port of the pneumatic
      cylinder 54 after a time delay that enables the transfer arm 14 to be
      retracted, causing the main body 16 to pivot back to the loading station.
PAR  Once the gripping head 14 is in the loading station, the cycle above
      repeats with the loading head being sensed by the unloaded-gripping-head
      sensor 188.
PAR  If the power is interrupted during automatic operation of the transfer
      mechanism 10, the transfer arm 14 stops but the gripping head 12 retains a
      workpiece if it has one already in its grasp for reasons described above.
      When the power is again restored, the transfer arm 14 remains stopped in
      the manual mode of operation until the automatic push button 210 is
      depressed. This operation avoids accidents since the work station must be
      ready to receive a workpiece when power is restored since workmen may have
      altered the station in attempting to restore power or while waiting for
      power to be restored.
PAR  The transfer arm 14 returns to the loading station when the Automatic
      Button is depressed after power is restored after it has been accidentally
      interrupted because the direction-of-swing flip-flop 182 is biased to the
      to-loading state. To accomplish this, the
      NOR-gate-and-swing-to-loading-station control unit 192 receives its two
      coincident pulses from the to-loading output terminal of the
      direction-to-swing flip-flop 182 and from either the manual or the
      automatic output terminals of the manual-automatic flip-flop 180 through
      the NOR gate 222. Upon depressing the automatic operation push button 210,
      the automatic-operation pneumatic-control unit again controls the
      automatic operation of the transfer mechanism 10 after power is restored.
PAR  From the above description, it can be seen that the automatic-operation
      pneumatic-control unit shown in FIG. 6 has the advantages of: (1) being
      compatible with a manual control unit; (2) being easily connected to a
      transfer mechanism that is designed for manual control; and (3) switching
      to the manual mode of operation whenever power is restored after an
      accidental power interruption.
PAR  Although a preferred embodiment has been described with some particularity,
      many modifications and variations of the invention are possible in the
      light of the above teachings. It is therefore to be understood that,
      within the scope of the appended claims, the invention may be practiced
      otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transfer mechanism comprising:
PA1  a movable portion and a stationary portion;
PA1  gripping means for grasping and releasing an article;
PA1  transfer means for moving said movable portion with respect to said fixed
      portion, whereby an article carried in said gripping means is moved from
      location to location;
PA1  automatic control means for controlling said transfer means to move said
      movable portion automatically from place to place;
PA1  manual control means for moving said movable portion from place to place;
PA1  switch means for selecting one of said automatic and manual means for
      moving said movable portion from place to place;
PA1  biasing means for biasing said control means to said manual mode of
      operation;
PA1  said automatic control system being a fluidic logic system;
PA1  said fluidic logic system including sensing means for sensing the position
      of said movable portion; and
PA1  said biasing means including means for switching said control means to a
      manual mode of operation when power is restored after an accidental
      interruption of power.
NUM  2.
PAR  2. A transfer mechanism comprising:
PA1  a movable portion and a stationary portion;
PA1  gripping means mounted to said movable portion for gripping and releasing
      an article;
PA1  transfer means for moving said movable portion, whereby an article is moved
      from one location to another location;
PA1  said stationary portion including a support column;
PA1  first and second conduits;
PA1  said support column including said first conduit;
PA1  said movable portion including said second conduit;
PA1  said transfer means including an air bearing and at least one valve;
PA1  said first and second conduits communicating with each other and being
      transverse at least at one location;
PA1  said movable portion including an internal wall defining a chamber between
      said column and said movable portion;
PA1  said second conduit communicating with said chamber;
PA1  one of said first and second conduits communicating with said chamber and
      the other being adapted to communicate with a source of air pressure;
PA1  said valve means communicating with one of said first and second conduits,
      whereby air under pressure is applied to said chamber upon opeing said
      valve means and disconnected from said chamber upon closing said valve
      means; and means for forming a movable seal between said first conduit and
      said second conduit at the point of communication therebetween, whereby
      said stationary portion and said movable portion may move with respect to
      each other without disconnecting the source of air pressure from said
      chamber when said valve means is open.
NUM  3.
PAR  3. A transfer mechanism according to claim 2 in which said gripping means
      includes:
PA1  means for releasing an article in response to air pressure and gripping an
      article in response to the termination of said air pressure; and
PA1  second valve means connecting said gripping means to said first of said
      first and second conduits.
NUM  4.
PAR  4. A transfer mechanism according to claim 2 further including:
PA1  control means for selectively opening and closing said gripping means to
      selectively release and grasp an article;
PA1  said control means including first and second adjustable position detecting
      switch means for detecting the position of said movable portion;
PA1  said first adjustable position-detecting switch means including an
      actuatable means for opening said gripping means to release an article;
      and
PA1  said second adjustable position-detecting switch means including a second
      actuatable means for closing said gripping means to grasp an article.
NUM  5.
PAR  5. A transfer mechanism according to claim 4 in which said transfer means
      includes:
PA1  first means for moving said movable portion along a first path and second
      means for moving said movable portion selectively along a second path and
      a third path;
PA1  said first path being located above said one location and other location;
PA1  said second path being between said one location and a portion of said
      first path; and
PA1  said third path being between said another location and another portion of
      said first path.
NUM  6.
PAR  6. A transfer mechanism according to claim 5 in which:
PA1  said transfer means includes a handle mounted to said movable portion;
PA1  said handle including a control button;
PA1  said control button including means for moving said movable portion along
      said second and third paths.
NUM  7.
PAR  7. A transfer mechanism according to claim 2 in which said gripping means
      includes:
PA1  means for causing said gripping means to release an article upon the
      application of power thereto; and
PA1  means for causing said gripping means to grasp an article upon the
      disconnection of power thereto.
NUM  8.
PAR  8. A transfer mechanism according to claim 2 further including:
PA1  automatic control means for controlling said transfer means to move said
      movable means automatically from place to place;
PA1  manual control means for moving said movable means from place to place;
PA1  switch means for selecting one of said automatic and manual means for
      moving said movable portion from place to place; and
PA1  biasing means for biasing said control means to said manual mode of
      operation.
NUM  9.
PAR  9. A transfer mechanism according to claim 8 in which said switch means is
      a flip-flop.
NUM  10.
PAR  10. A transfer mechanism according to claim 8 in which said automatic
      control system is a fluidic logic system.
NUM  11.
PAR  11. A transfer mechanism according to claim 2 further including a fluidic
      logic system having a sensing means for sensing the position of said
      movable portion.
NUM  12.
PAR  12. A transfer mechanism comprising:
PA1  a movable portion and a stationary portion;
PA1  gripping means mounted to said movable portion for gripping and releasing
      an article;
PA1  transfer means for moving said movable portion, whereby an article is moved
      from one location to another location;
PA1  said stationary portion including a support column;
PA1  said transfer means including an air bearing and at least one valve;
PA1  said movable portion including an internal wall defining a chamber between
      said column and said movable portion;
PA1  conduit means communicating with said chamber and a source of air pressure;
PA1  valve means including said valve for applying air under pressure to said
      chamber upon opening said valve and disconnecting said air under pressure
      from said chamber upon closing said valve;
PA1  said chamber including movable seal means between said movable portion and
      said stationary portion at the point of communication with said conduit
      means, whereby said stationary portion and said movable portion move with
      respect to each other without disconnecting the source of air pressure
      from said chamber when said valve means is open; and
PA1  fluidic logic means for controlling said valve means.
NUM  13.
PAR  13. A transfer mechanism according to claim 12 in which said gripping means
      includes:
PA1  means for causing said gripping means to release an article upon the
      application of air pressure thereto; and
PA1  means for causing said gripping means to grasp an article upon the
      disconnection of air pressure thereto.
NUM  14.
PAR  14. A transfer mechanism according to claim 12 including:
PA1  automatic control means for controlling said transfer means to move said
      movable portion automatically from place to place;
PA1  manual control portion for moving said movable means from place to place;
PA1  switch means for selecting one of said automatic and manual means for
      moving said movable portion from place to place; and
PA1  biasing means for biasing said control means to said manual mode of
      operation.
NUM  15.
PAR  15. A transfer mechanism according to claim 14 in which said automatic
      control system is a fluidic logic system.
NUM  16.
PAR  16. A transfer mechanism comprising:
PA1  a movable portion and a stationary portion;
PA1  gripping means carried by said movable portion for selectively grasping and
      releasing an article;
PA1  transfer means for moving said movable portion with respect to said
      stationary portion to move an article from place to place;
PA1  said gripping means including means for continuously gripping an article
      when power is disconnected from said transfer mechanism;
PA1  said means for continuously grasping including means for causing said
      gripping means to release an article upon the application of power thereto
      and means for causing said gripping means to grasp an article upon the
      discontinuation of power thereto;
PA1  a pneumatic cylinder;
PA1  valve means for selectively applying air to and disconnecting a source of
      air from said pneumatic cylinder;
PA1  piston means;
PA1  means biasing said piston away form said gripping means;
PA1  means connected to said piston for causing said gripping means to grip an
      article when said piston is moved away from said gripping means and to
      release an article when said piston is moved towards said gripping means;
PA1  control means for applying air pressure to said piston means to move said
      piston means toward the gripping means;
PA1  said gripping means further comprising a magnet; a holder mounted to said
      magnet; and a rod connected to said piston;
PA1  one of said rod and holder including internal walls defining an opening;
      and
PA1  the other of said holder and rod including a ramp engaged within said
      opening, whereby the movement of said piston toward said gripping means
      lifts said holder and magnet and the movement of said piston away from
      said gripping means lowers said holder and said magnet.
NUM  17.
PAR  17. A transfer mechanism, comprising:
PA1  a movable portion;
PA1  a stationary portion;
PA1  said movable portion including gripping means for holding and releasing an
      artical;
PA1  transfer means for moving said movable portion with respect to said
      stationary portion to move an article from a first predetermined location
      to at least a second predetermined location;
PA1  control means for selectively opening and closing said gripping means to
      selectively release and grasp an article;
PA1  said control means including first and second adjustable position detecting
      switch means for detecting the position of said movable portion;
PA1  said first adjustable position-detecting switch means including an
      actuatable means for opening said grip means to release an article;
PA1  said second adjustable position-detecting switch means including a second
      actuatable means for closing said gripping means to grasp an article;
PA1  said first switch means including a first-switch primary sensing part and a
      first-switch secondary sensing part;
PA1  one of said first-switch primary and first-switch secondary sensing parts
      being mounted to said movable portion;
PA1  the other of said first-switch primary and first-switch secondary sensing
      parts being stationary;
PA1  said one of said first-switch primary parts and first-switch secondary
      parts being positioned on said movable portion to approach the other of
      said first-switch primary and first-switch secondary parts when said
      gripping means is in said first location;
PA1  means for opening said gripping means when said first-switch primary
      sensing part and first-switch secondary sensing part are within actuatable
      distance of each other;
PA1  said second-switch sensing part including a second-switch primary sensing
      part and a second-switch secondary sensing part;
PA1  one of said second-switch primary and second-switch secondary sensing parts
      being mounted to said movable portion;
PA1  the other of said second-switch primary and second-switch secondary sensing
      parts being stationary;
PA1  said one of said second-switch primary sensing part and second-switch
      secondary sensing parts being positioned on said movable portion to
      approach the other of said second-switch primary sensing part and
      second-switch secondary sensing part when said gripping means is in said
      second location;
PA1  means for closing said gripping means when said second-switch primary
      sensing part and second-switch secondary sensing part are within
      retractable distance of each other;
PA1  first means for moving said movable portion along a first path and second
      means for moving said movable portion selectively along a second path and
      a third path;
PA1  said first path being located above said first and second locations;
PA1  said second path being between said first location and a portion of said
      first path;
PA1  said third path being between said second location and another portion of
      said first path;
PA1  said transfer means including a handle mounted to said movable portion;
PA1  said handle including a control button;
PA1  said control button including means for moving said movable portion along
      said second and third paths;
PA1  said transfer means including a support column and an air bearing;
PA1  said movable portion resting upon said air bearing;
PA1  said air bearing connecting said support column to said movable means;
PA1  valve means for controlling air pressure to said air bearing, whereby said
      movable portion is selectively raised along said second and third paths
      under the control of said control button and moved along said first path
      by pivoting about said support column;
PA1  a fluid-operated cylinder having a piston and piston rod;
PA1  said fluid-operated cylinder connecting said movable portion and said
      stationary portion between a cylinder and piston rod and a movable part
      connected to said movable portion;
PA1  said movable portion being pivotable about said support column by said
      pneumatic cylinder;
PA1  automatic control means for automatically controlling the operation of said
      fluid-operated cylinder for automatic operation of said transfer
      mechanism;
PA1  said control means including means for de-energizing said automatic control
      means to permit manual operation of said transfer mechanism; and
PA1  means for causing said control means to select manual operation upon
      resumption of power after an accidental interruption of power to said
      control means.
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ABST
PAL  A turning mechanism for the movement of casting ladles in steel mills of
      the type wherein a member turning about a vertical shaft is provided with
      two diametrically opposite arms adapted to receive in each case a casting
      ladle. Each arm is fork-shaped and mounted to swing about a horizontal
      shaft fixed to the upper portion of the turning member. The two forked
      ends each receive a vertical support for the ladle pivotally mounted on a
      horizontal pivot received in the said forked end each support being
      pivotally connected at its upper end to one end of a rod whose other end
      is pivotally connected to the the upper portion of the said turning member
      in such a way that the arm forms on each occasion with the corresponding
      rod a deformable parallelogram which constantly maintains the support in
      the vertical direction during the rotation of the arms.
BSUM
PAR  The present invention relates to a turning mechanism for the movement of
      ladles in steel mills.
PAR  In particular in connection with the continuous casting of steel it is
      often necessary to perform this continuous casting in a bay of the
      building which is not the same as that where the steel has been made and
      where the casting ladle is filled. This ladle can contain a large amount
      of molten steel, for example of the order of 50-150 metric tons. It is
      then necessary to construct a large travelling crane in the bay containing
      the continuous casting apparatus.
PAR  To eliminate this disadvantage it has already been proposed to construct
      transfer mechanisms pivoting about a vertical shaft and which are known as
      turning mechanisms.
PAR  These mechanisms are mounted on solid bases generally made from concrete
      supporting at a level corresponding to the continuous casting level a
      device comprising two horizontal arms adapted to receive a casting ladle
      at their end, and said device can pivot about a vertical shaft. The
      pivoting device supporting the turning mechanism generally comprises a
      large diameter bearing such as those used in cranes. The rotation of the
      turning mechanism has the effect of bringing the ladle inside the bay
      where the continuous casting is performed whereby the said ladle can then
      be progressively emptied to perform the casting.
PAR  In certain continuous casting applications it is important to be able to
      modify the vertical position of the ladles on the turning mechanism so as
      to be able to easily control the supply of the receiving device for
      example a rotary continuous casting mould from the steel contained in the
      ladle by means of a tundish whereof the various flow rates into the ingot
      moulds are regulated by stoppers.
PAR  The stream leaving the ladle must be protected against oxidation by the air
      by means of a tube made from refractory material fixed underneath the
      ladle and dipping into the liquid bath of the tundish. However during
      casting it must be possible to unblock if necessary the gate with an
      oxygen jet and it is then necessary to raise the ladle and tube
      sufficiently high above the tundish to be able to perform this operation.
PAR  However the mechanisms necessary for ensuring the mobility of the ladles of
      the turning mechanisms in the vertical direction further increase the
      already large size of the mould which takes up a large area adjacent to
      the continuous casting line. Moreover the weight of the turning mechanism
      is further increased which makes more costly and complicated the
      construction of the concrete block or the framework necessary for
      supporting the turning mechanism.
PAR  The invention proposes to supply a turning mechanism for the movement of
      casting ladles in steel mills which eliminates these disadvantages and
      permits the modification of the vertical position of the ladles whilst
      only having a reduced size, making it possible to reduce to a minimum the
      working platform used, for example a continuous casting platform. At the
      same time the weight to be supported as well as the cost price are
      reduced.
PAR  The invention also aims at improving the safety and protection of the
      sensitive members in the mechanism such as rotary bearings.
PAR  In continuous casting installations supplied with molten steel by ladles
      there is always a danger of an accidental leakage of steel outside the
      ladles so that it is necessary if such a leak takes place to turn the
      mechanism thereby moving the leaking ladle into a position above an
      emergency tank. For this operation to be successful it is necessary to
      ensure that the initial leak does not damage the bearings, driving devices
      and other important members comprising the turning mechanism. It is also
      necessary for the rotation to be performable in all circumstances even
      when the bearing or other members are damaged.
PAR  The present invention has for its object the new industrial product
      comprising a turning mechanism for the movement of casting ladles wherein
      a body which rotates about a vertical shaft is provided with two
      diametrically opposed arms which can each receive a casting ladle whereby
      the said turning mechanism has bearings protected by walls and means for
      raising and lowering the ladles of molten metal supported by the arms.
PAR  Preferably each arm is fork-shaped being articulated by its base about a
      horizontal shaft mounted in the upper portion of the turning mechanism
      whereby the two ends of the fork each receive a vertical support for the
      ladle articulated about a horizontal pivot received in the corresonding
      end whereby in addition each vertical support is articulated at the end of
      a rod whose other end is articulated to the upper portion of the mechanism
      in such a way that the rod forms with the corresponding branch of the fork
      of the arm a deformable articulated parallelogram which constantly
      maintains the support of the ladle in the vertical direction during the
      rotation of the arm.
PAR  In a preferred embodiment the rods are arranged above the arms and are
      articulated to the upper portion of the mechanism by an articulation shaft
      common to the rod assembly.
PAR  According to a particularly advantageous embodiment the mechanism
      supporting the articulations of the jacks substantially comprises a
      vertical rigid tubular member extending coaxially about a second inner
      tubular member resting by its base on the structure or framework of the
      installation and having in its upper portion a vertical pivot whereby the
      first rigid tubular member is pivotally mounted about the inner member by
      means of a first bearing arranged between the two rigid members
      substantially at the base thereof and an upper bearing arranged about the
      said vertical pivot whereby a vertical thrust bearing arranged level with
      the said pivot.
PAR  According to an advantageous embodiment the lifting jacks extend obliquely
      upwards and are articulated in at their lower ends to the tubular member
      and at their upper ends to the corresponding end of the arm.
PAR  The lower articulations of the jacks are preferably at a distance above the
      casting floor which is greater than the height of a man.
PAR  In a particularly advantageous manner the casting floor supports a
      protective refractory cylindrical wall arranged around the turning
      mechanism which emerges from the casting floor and at a limited distance
      from the said turning mechanism.
PAR  In this way an additional protection of the turning mechanism is obtained
      relative to accidental leaks of the molten metal while increasing the
      space available in the immediate vicinity of the turning mechanism which
      considerably facilitates the manipulation of the members necessary for
      continuous casting purposes and notably the distribution tanks or
      tundishes which feed the casting mould or moulds.
PAR  According to a further embodiment of the invention wherein the turning
      mechanism comprises the said rigid tubular member rotating about the
      second fixed coaxial tubular rigid member the driving means for rotating
      the turning mechanism which are conventionally arranged at the base of the
      said mechanism below the casting floor are split into two by emergency
      means comprising a hydraulically or pneumatically operated member.
PAR  In this way it is ensured that a break-down or failure to operate of the
      conventional driving means which generally comprise an electric motor does
      not prevent the rotation of the turning mechanism more particularly when
      there is an incident such as a leak of moulten metal.
PAR  Advantageously the supplementary driving means can comprise peripheral
      teeth arranged around the turning mechanism and integral with the latter
      and co-operating with the end of the rod of a pneumatic or preferably
      hydraulic jack which for each stroke of the jack rotates the turning
      mechanism by one notch in the manner of a ratchet and pawl mechanism.
PAR  According to an improved embodiment of the invention for the supply of the
      said jack two pressure sources are provided whereby one is relatively
      small and permits a relatively rapid rotation of the turning mechanism and
      the other is much larger and only permits a slower rotation but with a
      force sufficient to ensure the rotation of the turning mechanism even in
      the case where the bearings arranged between the outer tubular portion of
      the mechanism and the fixed inner portions are damaged.
PAR  According to a special embodiment of the invention the ends of the fork
      form an arm which itself has a fork shape inside of which the vertical
      support of the ladle is articulated about a horizontal pivot supported by
      the two end fork members by means of a per se known weighing device.
PAR  Other and further objects of the present invention will be apparent from
      the following description and claims and are illustrated in the
      accompanying drawing which by way of illustration show preferred
      embodiments of the present invention and the principles thereof and what
      are now considered to be the best modes contemplated for applying these
      principles. Other embodiments of the invention embodying the same or
      equivalent principles may be used and structural changes may be made as
      desired by those skilled in the art without departing from the present
      invention and the scope of the appended claims.
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PAR  FIG. 1 is an elevational view, partially in axial section, showing the
      turning mechanism according to the invention.
PAR  FIG. 2 shows a horizontal sectional view of the turning mechanism taken at
      the level of the rods.
PAR  FIG. 3 is an end view with the end of one of the arms shown in section.
PAR  FIG. 4 shows a detail view of the turning mechanism.
PAR  FIG. 5 is a schematic view showing in elevation the mechanism according to
      a variant of the invention,
PAR  FIG. 6 is a schematic sectional view taken along the line VI-VI of FIG. 5.
DETD
PAR  FIG. 1 shows the intermediate floor 1 of a rotary vertical continuous
      casting installation comprising in particular a mould 2 supported by an
      upper floor 3 whereby the said mould 2 is supplied under rigorously
      constant conditions by means of a tundish 4. The floor 1 supports a lower
      dome 5 having an L-shaped cross-section and whereof the end of the
      vertical portion supports a rigid steel tubular member 6 extending
      vertically upwards. In its upper portion the tubular member 6 has an end
      plate 7 which itself supports a short vertical pivot 8.
PAR  Around the inner tube 6 is arranged a second vertical rigid concentric tube
      9 which terminates at its upper end in a head 10. The turning member 9 is
      able to rotate about the common vertical shaft by means of a first bearing
      11 arranged between the vertical portion of dome 5 and the end of member 9
      and the second bearing 12 arranged between pivot 8 and an inner ring 13
      carried by the upper end of tube 9. A horizontal bearing 14 is arranged
      between pivot 8 and the lower central surface of head 10 in order to serve
      as a rotary vertical stop member.
PAR  Towards its lower end the outer rigid member 9 has a toothed ring 15 which
      permits the vertical rotation of member 9 by means of a chain 16 driven by
      an appropriate motor 17.
PAR  Head 10 on top of tubular member 9 carries symmetrically relative to the
      common vertical shaft two horizontal shafts 18a and 18b about which are
      articulated the two arms 19a and 19b which are fork-shaped and can be seen
      more particularly in FIG. 2. The base of each fork is articulated about
      the horizontal shaft 18a or 18b and the two ends of each fork are
      themselves divided in fork-like manner to form the parallel lugs 20a and
      20b. Between the different lugs 20a or 20b are articulated about the
      pivots 21a, 21b carried by the respective lugs four vertical ladle
      supports 22a and 22b whereby. As shown more particularly in FIG. 3, each
      has a cylindrical bush 23 which has between its inner surface and pivot
      21b a weighing device 24 of a type known perse. The vertical support of
      ladle 22b also has a lug 25 integral with bush 23 whereby the upper
      portion of said lug 25 has an appropriate notch 26 which is adapted to
      receive the lower portion of one of the two attachment members 27b of the
      ladle 28b. Spaced from this notch 26 the lug 25 also has an articulation
      28 permitting the articulation of the forked end of a rod 29b whose other
      end is articulated about a horizontal shaft 30 arranged centrally at the
      upper end of head 10. As can be seen more particularly in FIGS. 1 and 2
      the shaft 30 is common to all the levers namely the two levers 29b
      co-operating with support 22b and the levers 29a co-operating with the
      support 22a. The distance between the articulation 28 and the articulation
      30 is equal to the distance between the articulation 18b and the pivot 21b
      whereby the different geometrical axes of the different articulations are
      parallel in such a way that the arm 19b forms with the lever 29b the head
      10 and the support 25 an articulated parallelogram which makes it possible
      to maintain constant the vertical direction of support 22b whatever the
      position of arm 19b about its shaft.
PAR  In order to ensure the lifting of arms 19a and 19b about their respective
      shafts 18a and 18b the invention provides four jacks namely two jacks 31a
      for arm 19a and two jacks 32b for arm 19b. These jacks are articulated by
      their lower ends on the turning tubular member 9 substantially level with
      floor 3 by means of a ring 33 which supports on either side of member 9
      two articulation members 35 each of which has two articulations forks 35a,
      35b for receiving the ends of the different jack rods. The upper ends of
      the jacks are also articulated to the ends of the forks of the arms by
      means of articulation lugs 36 integral with the said forks in such a way
      that the direction of the jacks is oblique extending towards the outside
      from member 6 towards the end of arms 19a and 19b whereby the directions
      of the vertical planes containing the axes of jacks 37a, 37b are also
      inclined as can be seen in FIG. 4 in order to apply the jack pressures
      against the wall of tubular member 9.
PAR  It can be seen particularly in FIG. 1 that the turning mechanism according
      to the invention permits an important reduction in the overall dimensions
      taking account of the extremely high performances required of such turning
      mechanisms which must be able to support ladles of more than 100 metric
      tons. In particular it should be noted that by means of the invention it
      is possible to give the turning mechanism a maximum external diameter
      which does not exceed double the diameter of a ladle in such a way that
      the turning mechanism has when carrying ladles a diameter which is no
      greater than triple the diameter of the ladle.
PAR  Moreover, the diameter of the cylindrical member 9 can be relatively small,
      for example of the order of 2 meters, which makes it possible to disengage
      the mould and to arrange about the said mould various ancillary devices
      required for the continuous casting operation.
PAR  Reference should now be made to FIGS. 5 and 6 which show a similar turning
      mechanism to that of FIG. 1.
PAR  It can be seen that a considerable portion of the tubular turning member 9
      extends above the casting floor 3.
PAR  In accordance with the invention the pivoting of the arms and therefore of
      the ladles is effected with the aid of jacks 32a, 32b whose rods are
      articulated on these arms whilst the members are articulated on turning
      member 9 by means of articulation pivots 38. The vertical distance
      extending between the floor 3 and the articulations is greater than the
      height of a man whereby the jacks are arranged adjacent to the upper
      portion of turning member 9.
PAR  As can be seen in the drawing a cylindrical wall made from a refractory
      material 39 is fixed to floor 3 and surrounds with a relatively small
      tolerance the emergent portion of member 9.
PAR  Obviously in this way if molten metal leaks from one of the ladles member 9
      as well as the radial space between the said member and the casing floor 3
      are protected in such a way that the moulten metal will neither reach
      member 9 nor will it flow along the said member towards the elements
      arranged in the lower portion of the said member for bringing about its
      rotation. Moreover there is no danger as a result of damaging the member
      of damaging the bearings arranged between the fixed tubular member 6 and
      the tubular member 9, i.e. bearings 11, 12, 14.
PAR  Per se known and not shown driving means are arranged level with a lower
      floor 1 to co-operate with circular teeth 15 carried on the base of
      tubular member 9. The said driving means generally comprise an electric
      motor with a reduction gear whereby the driving pinion of the reduction
      gear can be spaced from the toothed ring 15 or brought into engagement
      with the said toothed ring to ensure the rotation of tubular member 9 and
      therefore the ladles.
PAR  In accordance with the invention the tubular member 9 has at a relatively
      small distance above ring 15 two toothed rings 14 spaced by a small
      distance from one another and having teeth whose shape is particularly
      clearly shown in FIG. 6. The said teeth are identical to those of a
      ratchet wheel and co-operate with a vertical finger 41 carried by the end
      of a rod 42 of a hydraulic jack 43. It can be seen that finger 41 comes
      into contact with the rear rounded portion of a tooth 44 of each of the
      superimposed rings and when the rod moves from its rear position shown in
      FIG. 6 towards its front position in the direction of the arrow F, the rod
      of the jack supported on the rear of the tooth 44 rotates the ring until
      tooth 44 has assumed the position of the previous tooth 44' shown in FIG.
      6. At this moment the rearward return of the jack rod removes the finger
      from the teeth with which it was in contact to bring it into contact with
      the rear base of the following tooth 44". Obviously the rod of the jack
      can optionally be articulated and have a certain clearance in order to be
      able to move out of the previous tooth and enter the following tooth.
PAR  Cylinder 43 is supplied with hydraulic liquid from a pressure source which
      can for example have a pump supplying a pressure tank and driven by an
      electric motor having an independent electrical supply which can continue
      to function even in the case of a current failure in the main motor (not
      shown) which normally permits the rotation of member 9 by means to teeth
      15.
PAR  In a particularly advantageous variant a double supply to the jack 43 can
      be provided one from a pump-tank assembly supplying a pressure of the
      order of 30 Kg for a relatively rapid rotation but with a relatively small
      thrust and the other by means of a pump-tank system supplying a much
      higher pressure of the order of 250 Kg for a much slower but more powerful
      thrust of rod 42.
PAR  Thus, in the case of a break-down of the main motor, and more particularly
      in the case of an incident such as an accidental leakage of the molten
      metal, the operator can turn the turning member by means of the low
      pressure hydraulic source by acting on jack 43 in such a way as to bring
      the leaking ladle above the emergency tank (not shown). If the pressure in
      the jack 43 proves to be insufficient to turn the member 9, for example
      due to damage to the bearings as a result of the leak, the operator then
      uses the high pressure liquid source which then acts on the double set of
      teeth with a force which is sufficient to rotate the member even in the
      case of locking or damage to the bearings.
PAR  While the preferred embodiments of the invention have been described and
      illustrated it is to be understood that these are capable of variation and
      modification and it is not therefore desired to be limited to the precise
      details set forth but to include such modifications and alterations as lie
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A turning mechanism for the movement of casting ladles in a steel mill
      comprising a turning member mounted to turn about a vertical shaft and
      carrying two diametrically opposite arms,
PA1  each arm having a first end rotatably mounted on a horizontal shaft carried
      by the turning member and a forked end remote from said turning member,
PA1  two support members for each ladle, each support member defining a seat
      adapted to receive a projection from said ladle, the lower part of each
      support member being mounted to turn on a horizontal shaft supported by
      one of said forked ends,
PA1  a rod associated with each support member, one end of each rod being
      pivotally connected to said turning member for rotation about a horizontal
      axis and the other end of each rod being pivotally connected to the
      support member with which it is associated, whereby said turning member
      combines with said arms, rods and support members to form parallelogram
      linkages maintaining said individual support members in a generally
      vertical position during swinging movement of said arms, and
PA1  fluid-pressure operated jacks connected between said turning member and
      said arms to swing said arms.
NUM  2.
PAR  2. A mechanism according to claim 1 in which the said jack can be supplied
      from two pressure sources, one being relatively small to ensure a
      relatively rapid stroke and the other more powerful to ensure a slow
      stroke but which is reliable even in the case of damage to the said
      bearings.
NUM  3.
PAR  3. A mechanism according to claim 1 in which the said jacks extend
      obliquely upwards and are pivotally connected to the said turning member
      and the said arms and in which the jacks are pivotally attached to said
      turning member in the vicinity of the upper portion of the said member at
      a distance from the casting floor which is greater than the height of a
      man.
NUM  4.
PAR  4. A mechanism according to claim 3 in which the casting floor supports
      above the said turning member a generally cylindrical refractory wall.
NUM  5.
PAR  5. A turning mechanism as claimed in claim 1 in which each of said forked
      ends defines two parallel tines, each tine being itself forked to define a
      pair of lugs, and each pair of lugs supports the two ends of a horizontal
      shaft on which the lower part of a support member is pivotally mounted.
NUM  6.
PAR  6. A turning mechanism as claimed in claim 5 in which said jacks engage a
      toothed ring fixed to and encircling said turning member.
NUM  7.
PAR  7. A mechanism according to claim 6 in which the said ring is split to form
      two rings arranged one above the other.
NUM  8.
PAR  8. A mechanism according to claim 1 in which said rods are all mounted to
      turn about a common shaft positioned centrally in the upper end of the
      turning member.
NUM  9.
PAR  9. A turning mechanism as claimed in claim 1 in which said turning member
      comprises a rigid vertical tube mounted on said vertical shaft by means of
      a first radial bearing near the base of said shaft, a second radial
      bearing near the top of said shaft and a thrust bearing at the top of said
      shaft.
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ABST
PAL  An apparatus to form a hay bale stack which lies upon its side and upon the
      bed of a truck, trailer or similar vehicle. The bed will be tipped
      upwardly to discharge tha bale stack in an upright position.
PAL  A bale collecting, conveying and dispensing apparatus is mounted at the
      side of the vehicle. A shiftable stack-layer-forming platen is carried
      upon a framework above the bed of the vehicle and above a stack being
      formed on the bed. Hay bales picked up by the dispensing apparatus are
      shifted onto this platen to form a stack layer. When a stack layer is
      completed, the platen tips, dropping the layer on its edge at the forward
      end of the vehicle bed. A pusher means pushes the bale stack layers
      rearwardly as they are deposited upon the bed.
PAL  When a bale stack is completed, the bale collecting and dispensing
      apparatus may be disconnected from the vehicle, and the vehicle is then
      driven to a location where the stack is to be discharged. Once the bed is
      tipped upwardly to stand the bale stack upright, the tines of a holding
      fork, at the base of the stack and at the rear end of the vehicle bed,
      reciprocate to facilitate movement of the fork from underneath the upright
      stack as the vehicle moves away from the stack.
BSUM
PAR  This invention relates to hay bale collecting and stacking apparatus and
      more particularly to mobile bale stacking apparatus which will pick up,
      stack and convey hay bale stacks to any desired location.
PAR  A primary object of the present invention is to provide a novel and
      improved mobile apparatus, carried upon a vehicle, a truck or trailer, to
      pick up hay bales from a field, form the bales into stack layers and then
      place the layers in a stack which lays upon its side on the bed of the
      truck, or trailer, and which will tip upwardly to discharge the stack in a
      proper, upright position.
PAR  The present invention is an improvement over my invention of a bale
      stacking machine set forth in my U. S. Pat. No. 3,523,616. That patent
      discloses an apparatus wherein hay bales are picked up by a collecting and
      lifting conveyor alongside a vehicle. This conveyor lifts the bales to a
      dispensing chamber. Thence, the bales are shifted to a horizontally
      disposed assembly platform over the bed of the vehicle where a group of
      bales are formed as an interlocking stack layer. Whenever a layer is
      completed, the platform shifts laterally and out of the way to drop the
      layer upon a stack being formed on the bed of the vehicle. Naturally, the
      height of each bale stack so formed is limited to the height of the
      assembly platform above the truck bed, and usually this height will not
      exceed six to eight feet. Thus, a limitation is imposed upon the apparatus
      in that the height of the bale stacks formed by it is often insufficient
      for effective storage. Often a haystack is needed which is twelve to
      sixteen feet high, and in some types of hay bale stacking apparatus this
      is accomplished by forming a bale stack which lays on its side in a
      tippable bed of a vehicle.
PAR  The present invention was conceived and developed with the above
      considerations in view and comprises, in essence, a bale stack forming
      apparatus having a bale collecting and lifting conveyor alongside the
      vehicle, a bale dispensing chamber at the top of this conveyor, and a
      stack layer assembly platform over the bed of the vehicle alongside the
      chamber. The stack layer assembly platform in the present invention is
      adapted to permit a bale layer formed thereon to be tipped so that the
      bale layer will stand on edge when placed on the bed of the vehicle.
PAR  Accordingly, this arrangement of depositing a sequence of bale layers on
      edge will permit a bale stack to be formed in the bed of the vehicle which
      lays on its side, with the height of the stack being restricted only by
      the length of the vehicle. For example, the effective bed length of a
      vehicle may be sixteen feet, more or less, and the resulting stack, when
      tipped to an upright position, can be almost as high as the sixteen foot
      bed length. The present invention also includes, in combination with the
      components above set forth, other mechanisms to affect and control the
      tipping of the stack layers, the shifting of stack layers in the bed of
      the truck, the upward tipping of the truck bed to stand the stack and a
      means to move the upright stack from the apparatus.
PAR  It follows that another object of the invention is to provide a novel and
      improved apparatus for forming a hay bale stack having a height which is
      restricted only by the length of the bed of the apparatus.
PAR  Another object of the invention is to provide a novel and improved
      apparatus for forming a hay bale stack which can be mounted either upon a
      truck or a trailer, and in either case will result in a vehicle whose
      overall length is not excessive and an arrangement which does not require
      an additional eight to ten foot length for stack layer-forming-platform at
      one end of the vehicle.
PAR  Another object of the invention is to provide a novel and improved hay bale
      stacking apparatus which is carried upon a vehicle and which includes an
      apparatus capable of automatically and sequentially picking up, lifting
      and dispensing hay bales from a field and into the vehicle, and which is
      removably mounted upon the apparatus as an auxiliary component, to be
      easily disconnected from the vehicle to permit the vehicle to travel over
      public roads as a conventional truck or trailer.
PAR  Another object of the invention is to provide, in a hay bale stacking
      apparatus of the type which picks up bales from the field, arranges the
      same into stack layers, forms a stack laying upon its side upon the bed of
      a vehicle, and thereafter tips the stack to an upright position, a novel
      and improved apparatus for discharging the bale stack from the vehicle
      once it is tipped to its upright position.
PAR  Other objects of the invention are to provide a novel and improved hay bale
      stacking apparatus which is simple, sturdy, easy to operate, versatile in
      the manner in which it may be used, and is economical, rugged and durable.
DRWD
PAR  With the foregoing and other objects in view, all of which fore fully
      hereinafter appear, my invention comprises certain constructions,
      combinations and arrangements of parts and elements as hereinafter
      described, defined in the appended claims and illustrated in preferred
      embodiment in the accompanying drawing in which:
PAR  FIG. 1 is a plan view of one embodiment of my improved hay bale stacking
      apparatus, which is mounted upon a trailer and hitched to a tractor, the
      figure showing only the rear portion of the tractor, and also showing an
      auxiliary bale collecting and dispensing apparatus attached to the right
      hand side of the apparatus, with respect to its direction of movement.
PAR  FIG. 2 is a right hand side elevational view of the bale stacking apparatus
      shown at FIG. 1.
PAR  FIG. 3 is a plan view similar to FIG. 1, but with some components being
      broken away to show parts otherwise hidden from view, with a
      bale-stack-holding component on the bed of the truck being shifted from
      its retracted position shown at FIG. 1 and with the movement of certain
      other components being shown in broken lines.
PAR  FIG. 4 is an isometric view of the chamber forming the bale dispensing
      component of the apparatus, as taken from the indicated arrow 4 at FIG. 1,
      but on an enlarged scale.
PAR  FIG. 5 is a sectional view as taken from the indicated line 5--5 at FIG. 4,
      but on an enlarged scale.
PAR  FIG. 6 is a transverse sectional view as taken from the indicated line 6--6
      at FIG. 5, but on a further enlarged scale.
PAR  FIG. 7 is a fragmentary sectional view, as taken from the indicated line
      7--7 at FIG. 2, but on an enlarged scale, to illustrate the framework of
      the auxiliary component and the manner of attachment of this component to
      the trailer.
PAR  FIG. 8 is a fragmentary sectional detail, as taken from the indicated line
      8--8 at FIG. 7.
PAR  FIG. 9 is a fragmentary elevational view as taken from the indicated arrow
      9 at FIG. 8.
PAR  FIG. 10 is a longitudinal sectional view as taken from the indicated line
      10--10 at FIG. 3, with dash lines indicating a bale stack being formed in
      the bed of the trailer and dotted lines indicating an alternate position
      of a pusher element for shifting the bale stack on the vehicle bed.
PAR  FIG. 11 is a fragmentary sectional detail as taken from the indicated line
      11--11 at FIG. 3, but on an enlarged scale.
PAR  FIG. 12 is a fragmentary sectional detail as taken from the indicated line
      12--12 at FIG. 11.
PAR  FIG. 13 is a fragmentary sectional detail as taken from the indicated line
      13--13 at FIG. 12.
PAR  FIG. 14 is a fragmentary portion of the showing at FIG. 10, but with the
      layer-forming platform being tipped as to discharge a bale layer onto the
      bed of the trailer.
PAR  FIG. 15 is a longitudinal sectional view of the bale stacking apparatus as
      taken from the indicated line 15--15 at FIG. 1, showing only the rear
      portion of the trailer and with the bed of the vehicle being tipped to
      discharge a stack of bales, shown in broken lines, and with a portion of
      the trailer wheel being broken away to show components otherwise hidden
      from view.
PAR  FIG. 16 is a fragmentary sectional detail as taken from the indicated line
      16--16 at FIG. 15, but on an enlarged scale.
PAR  FIG. 17 is a fragmentary sectional detail as taken from the indicated line
      17--17 at FIG. 16, but on a further enlarged scale.
PAR  FIG. 18 is a somewhat diagrammatic longitudinal sectional view similar to
      FIG. 15, but on a reduced scale and illustrates a shiftable restraining
      plate to hold a bale stack together while it is being unloaded from the
      apparatus.
PAR  FIG. 19 is a sectional detail as taken from the indicated line 19--19 at
      FIG. 18, but on an enlarged scale.
PAR  The hay bale stack forming apparatus may be mounted upon any suitable
      vehicle such as a truck or trailer, and in the drawing the apparatus is
      shown as being mounted upon a trailer. However, this is entirely optional.
DETD
PAR  Referring more particularly to the drawing, the trailer T is built in a
      conventional manner. Its framework includes longitudinal beams 25 held
      apart in spaced parallelism by cross members 26. A tongue 27 is provided
      at the front end of this trailer for connection with a tractor W, the rear
      portion of which is shown at FIGS. 1 and 2. This trailer frame is mounted
      upon wheels 28 near the rear end of the beams 25, and the wheels are
      connected to a common axle 29 which is suspended from the beams 25 by
      springs 30.
PAR  A rectangular stack bed B is adapted to carry a bale stack S, as shown in
      broken lines at FIGS. 10 and 15. The bed includes a flat deck 35 which is
      mounted upon a framework having central longitudinal beams 36, which are
      directly above the longitudinal trailer beams 25. The bed framework also
      includes transverse cross members 37 and longitudinal sidebeams 38. The
      rear portion of this stack bed B is pivotally connected to the rear end of
      the trailer beams 25 by ears 39 depending from the central bed beams 36
      and connecting with a transverse pivot bar 40 extending through the rear
      of the beams 25. This permits tipping of the stack bed at the rear end of
      the trailer to a vertical position for unloading a stack as shown at FIG.
      15. To effect such tipping, a hydraulic cylinder 41 is secured to a cross
      member 26' on the trailer frame, and its piston rod is secured to a cross
      member 37 on the stack bed frame. This hydraulic cylinder is operated by a
      hydraulic power source which is at the tractor W. Hydraulic lines, not
      shown, extend from the tractor to a control panel 42 which is conveniently
      located on the tongue 27 of the trailer in reach of an operator. Thence
      hydraulic lines extend to the cylinder 41 and to other hydraulically
      operated components hereinafter described.
PAR  The position of the stack bed B is preferably not level, but is tilted
      rearwardly somewhat, with respect to the horizontal trailer body to better
      hold a stack as hereinafter described, and to assure retaining this bed in
      a tipped position, a crossbeam 43 is mounted upon the trailer beams 25
      underneath the front end of the bed to contact the beams 36, as best
      illustrated at FIG. 10.
PAR  The several components which cooperate to form a hay bale stack upon the
      stack bed B, by picking up hay bales laying in a field, will be mounted as
      sub-assemblies alongside the trailer T and upon the Trailer bed B. A bale
      collecting and dispensing apparatus 45 is attached to one side of the
      trailer. A stack layer-forming platen 46 is shiftably carried in framework
      members 47 upstanding from the forward end of the bed B. This platen 46 is
      normally held horizontally above the bed B to receive bales from the
      collecting and dispensing apparatus 45, but when a bale stack layer is
      formed thereon, the platen tips forwardly to drop the bale stack layer on
      its edge upon the bed B.
PAR  Once a stack layer is dropped upon the bed, a transverse, sliding
      stack-restraining fork 48, upstanding from the bed B, holds the stack
      layers forming a partially completed stack, in position upon the bed B. A
      transverse, stack-shifting platen 49 upstands from the forward end of the
      trailer to move over the bed B to push bale stack layers rearwardly as
      they are deposited upon the bed. Discharge forks 50 at the rear end of the
      bed hold the completed stack as the bed is tipped to stand the stack
      upright and then reciprocate to facilitate removing the stack, as will be
      explained.
PAR  The bale collecting and dispensing apparatus 45 is substantially the same
      as that described in my U.S. Pat. Nos. 3,523,616 and 3,596,777. A
      conventional bale collecting and lifting conveyor 55 is mounted at the
      leading edge of a narrow box-like framework 56, having one side secured to
      the trailer and the other side supported by a caster wheel, as will be
      described. A bale dispensing chamber 57, similar to the units described in
      my patents, is mounted upon the frame 56 to receive bales from the
      collector-conveyor 55 and move the same laterally onto the platen 46. The
      several motors and actuators which are required for moving the bales
      through the conveyor and through the dispensing chamber, as will be
      described, are preferably hydraulic, and the necessary hydraulic lines,
      not shown, are directed to the control panel 42, or any other suitable
      control system, not shown.
PAR  The framework 56 for this collecting and dispensing apparatus 45 is
      supported by the trailer T at the trailer side, as will be described, and
      by a caster wheel 58 at the opposite side which depends from an outrigger
      arm 59 pivotally connected to the framework 56 for vertical adjustments,
      as by a hydraulic cylinder 59a, such being desirable when the apparatus
      moves over uneven ground. A second caster wheel 61 is mounted under this
      framework 56 at the rear end thereof for supporting the apparatus 45 when
      it is disconnected from the trailer.
PAR  The collecting and dispensing apparatus 45 must be disconnected from the
      trailer should it be necessary to move the trailer over a public road,
      because the excess width imparted by the apparatus 45 would not make such
      movement possible. FIGS. 7, 8 and 9 show a hooking means for attaching the
      apparatus 45 to the frame 25 of the trailer. An arm 60 outstands from the
      frame member 25 and extend to the edge of the apparatus as shown at FIG.
      7. A horizontal, wedge-shaped hook 61 at the end of this arm, oriented in
      the direction of movement of the trailer, connects with an upright
      U-shaped post 62 outstanding from the frame 56 to be engaged by the hook
      61. A lock 63 holds the post in the throat of the hook 61 when it is
      positioned as shown at FIG. 8. This arrangement of hooks on two or more
      arms 60 provides for a quick, effective connection of the apparatus 45 to
      and from the trailer T.
PAR  The bale dispensing chamber 57 includes a longitudinally-disposed floor
      whereon a moving belt 64 shifts bales rearwardly from the exit of the
      conveyor 55. The rearward movement of a bale is stopped at a selected
      position by an end stop plate 65 which is carried upon the piston of a
      hydraulic cylinder 65a. Once a bale is positioned by this end stop plate
      65, as shown in FIG. 3 at the solid line or the dotted line positions of
      the plate, it will be pushed out of the chamber and onto the platen 46 by
      a side pusher plate 66, or swung out of the chamber by a forward swing arm
      67 or a rearward swing arm 68. These movements, which are described in
      detail in my prior patents, will produce an interlocked pattern of bales
      upon the platen 46 to form a bale layer as indicated in dashed lines at
      FIG. 1.
PAR  In contrast with the disclosure of my former patents, it was found
      expedient to use a side pusher plate 66, which not only pushes a bale from
      the dispensing chamber 57 and onto the platen 46, but also pushes a group
      of bales across the platen as indicated in dotted lines at FIG. 3. A
      double-section extension cylinder 69 is mounted in an outstanding arm 70,
      as best shows at FIGS. 3, 4 and 5. This arm, mounted upon the side wall of
      the chamber member, is suitably reinforced and is provided with guideways
      71 for movement of the cylinder therein, as best shown at FIG. 6. The
      double cylinder 69 has a rearwardly directed piston 72 which is affixed to
      the end of the arm 70 to push the cylinder outwardly from the arm and push
      the side pusher plate 66 to a first position across the baling chamber 57.
      A second forwardly directed piston arm 73 extends outwardly beyond the
      cylinder to extend the side pusher plate 66 over the platen. A block 74 in
      the cylinder 66 separates these two pistons, and thus the cylinder 66
      functions as two, interconnected, operatively-independent cylinder units.
      The lines 75 to these two cylinder units are indicated at FIG. 6 and are
      shiftable with the shifting of the cylinder. These lines extend to the
      control panel 42 in any suitable manner, not shown.
PAR  The layer-forming platen 46 is shiftably suspended between two upright
      frame bents 47. Each frame bent 47 upstands from a side edge of the stack
      bed B near the front end of the unit, and it is to be noted that these
      bents merge with suitable sidewalls 76 of the stack bed which function to
      laterally restrain the bales of a stack being formed upon the bed. The
      frame bents 47 and the platen 46 are proportioned so that the platen will
      normally lay horizontally above the stack bed B alongside the dispensing
      chamber 57 to receive bales therefrom and to support a stack layer of
      bales.
PAR  This platen 46 will then move forwardly and tip to drop the bale layer upon
      its edge at the forward edge of the stack bed. This movement is controlled
      by wheels 77 and 77a outstanding from the sides of the platen to move in
      tracks at the inner face of each bent. The track and wheel arrangement may
      be varied, and one such arrangement is illustrated at FIGS. 10 to 14. A
      vertical track 78 is mounted upon each forward post 47a of the bents 47.
      Each of these tracks guides a wheel 77 at the corresponding forward corner
      of the platen 46. The vertical movement of the front corner wheels 77 in
      these tracks pulls the front end of the platen 46 downwardly. This
      downward movement is effected by a hydraulic cylinder 79 mounted alongside
      each forward post 47a, and the cylinders 79 are connected by suitable
      lines to the control panel 42.
PAR  A second track 80 at each frame bent 47 extends horizontally underneath the
      horizontal platen position and thence downwardly alongside the track 78. A
      wheel 77a, mounted upon an arm 81 at each side of the platen 46 rides in
      its respective track 80. When at the downward limit of movement, the
      platen is vertical, as shown in broken lines at FIG. 14.
PAR  To hold a bale layer in position, a wall 82 is located at the side of the
      platen opposite the dispensing chamber 57 and at the rear end of the
      platen. A trip gate 83 is pivotally mounted upon the front end of the
      platen so that it may serve as a wall when the platen is at its normal
      horizontal postion, but will trip when the platen is tipped to a vertical
      position. This gate 83 may be pivoted upon shafts 83a which also hold the
      corner wheels 77 in position. The trip mechanism includes a lock arm 84 on
      each side of the platen which engages a lug 85 on the adjacent side of the
      gate whenever the gate is upward and serving as a wall. A spring 86 at
      each side of the platen will urge the gate to its upward position.
      However, stops 87 on the vertical bent members near the bottom point of
      the vertical movement of the platen will trip the arms 84 to permit the
      gate to fall downwardly to an open position. Thus, the gate keeps a bale
      layer on the platen until it has moved to an on-edge position for dropping
      upon the stack bed. Once dropped, the cylinders 79 can return the platen
      to its normal horizontal position at the top of the bent and the springs
      86 will swing the gate upwardly.
PAR  When a bale layer is dropped upon the sloping stack bed, it must be pushed
      rearwardly along the bed. This is accomplished by the shifting platen 49.
      This shifting platen is carried upon a swing arm 88 pivotally mounted to
      the front end of the trailer frame, as upon a pivot 89 at the center of a
      cross member 26. A suitable buttress framework 90 upstands from the
      trailer frame in front of the shifting platen 49 to hold the platen in
      place when it is retracted forwardly as illustrated at FIG. 10. A
      hydraulic cylinder 91 is mounted upon the trailer frame and connected with
      the swing arm 88 for rearward actuation of the pusher platen. The
      connection of the pusher platen 49 to the swing arm 88 is at a pivot 92 to
      permit the platen to rock and change its position with respect to the arm
      as it pushes a bale layer rearwardly as to a position shown in broken
      lines at FIG. 10. The hydraulic lines connecting with the cylinder extend
      to the control panel 42 as heretofore described.
PAR  As a stack is formed upon the bed B, the first layer of this stack is
      pushed rearwardly against the restraining fork 48 to become the bottom
      layer when the stack is tipped to its upright position, as heretofore
      mentioned. This restraining fork 48 is formed as a transverse array of
      upright, spaced-apart tines 48a which are held by a flat, transverse base
      93 at the bed deck 35. Each end of this base is slidably fitted in a
      guideway 94 upstanding from the adjacent side edge of the deck 35, as
      shown at FIGS. 3 and 10, and thus the fork 48 may shift rearwardly along
      the deck as a stack is formed thereon, as from an initial position shown
      at FIG. 1 to an intermediate position shown at FIGS. 3 and 10 and to a
      final position shown at FIG. 15 and partially shown in broken lines at
      FIG. 3. The tines 48a of the restraining fork 48 will lay between the
      tines of the discharge fork 50 when the restraining fork 48 is moved to
      the rear end of the bed. This restraining fork 48 is a conventional
      expedient used on hay bale stacking apparatus similar to the apparatus
      herein described, and its rearward movement is responsive to the pushing
      action of the shifting platen 49. Suitable retraction apparatus, not
      shown, may be used to return the forks to the forward end of the deck.
PAR  The discharge fork 50 comes into play whenever a bale stack is completed
      upon the trailer bed and is hauled to its destination. The stack bed B is
      then tipped upwardly as to the position shown at FIG. 15, and the platen
      46 is shifted about the frame to a position above and clear of the bale
      stack, as illustrated. It is necessary that the tines of the discharge
      fork 50 have sufficient strength to hold the upright stack. Nevertheless,
      the stack bed B. is so proportioned with respect to the pivot connection
      on the end of the trailer as to permit the fork 50 to be set upon the
      ground behind the trailer when the bed is tipped upright. For adjustment
      purposes, a hydraulic cylinder 95 is mounted upon each beam 25 of the
      trailer, and its piston engages the axle 29 of the trailer wheels. Thus,
      the cylinders 95 will hold the beams 25 of the trailer at a proper
      elevation regardless of the action of the trailer springs 30.
PAR  The tines 50a of discharge fork 50 extend across the rear of the bed B at a
      spacing complimentary to that of the tines of the restraining fork 48 so
      the two may intermesh as previously mentioned. Each discharge fork tine
      50a is slidably mounted in a sleeve 96 in the rear of the stack bed B, and
      as shown at FIGS. 16 and 17, these tines 50a are adapted to reciprocate. A
      hydraulic motor 97, controlled by lines extending to the control panel 42,
      rotates a shaft 98 mounted at the underside of the stack bed B in suitable
      bearings 99. Cams 100 on the shaft 98 are fitten into transverse pockets
      101 at the base of each tine 50a, and the shaft 98 extends through these
      pockets. The pockets 101 are transversely elongated with respect to the
      tines 50a to permit rotation of the cams 100 therein with resultant
      reciprocation of these tines 50a in the sleeves 96. The cams 100 are set
      to cause reciprocation of the tines 50a in an alternating manner so that
      some tines are retracting while others are extending. Thus, whenever a
      bale stack is tipped to its upright position, reciprocation of the tines
      50a will permit the trailer to easily move away from the bale stack as
      illustrated at FIG. 15.
PAR  Often the bales forming a bale stack are soft and slippery and it becomes
      difficult to hold a bale stack together, even when the bales in the
      several layers are interlocked. Therefore, as a further modification to
      the apparatus above described, it becomes desirable to have a plate,
      ordinarily at the deck of the stack bed, to extend from the deck and
      against the side of the stack as it is being pushed off the fork 50.
PAR  In the arrangement shown at FIGS. 18 and 19, this plate 105 forms a portion
      of the deck 35' of the stack bed B'. The stack bed is modified to provide
      a pocket 106 underneath the plate 105 wherein the upper ends of a pair of
      upper arms 107 and a pair of lower amrs 108 are fitted to transverse guide
      bars 109 to swing outwardly therefrom. These guide bars 109 are held in
      ways 110 in the pocket and are urged downwardly by springs 111. The lower
      ends of the arms 107 and 108 are pivotally connected to the push plate 105
      in a general parallelogram arrangement, and the lower end of this plate
      105 will be held against the tines 50a of the discharge fork 50 when the
      plate 105 moves outwardly, as best shown at FIG. 18. To minimize
      frictional resistance a wheel 112 at the bottom of the plate 105 may be
      used to engage a tine 50a.
PAR  Accordingly, a downward pull by the springs 111 will urge the plate 105
      outwardly and against a stack being unloaded from the apparatus. When the
      stack is unloaded, the stack bed B will be returned to its flat position
      and the weight of the plate 105 will return it to its initial flat
      position upon the deck.
PAR  I have now described my invention in considerable detail. However, it is
      obvious that others skilled in the art can build and devise alternate and
      equivalent constructions which are nevertheless within the spirit and
      scope of my invention. Hence, I desire that my protection be limited, not
      by the constructions illustrated and described, but only by the proper
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bale collecting and stack forming apparatus adapted to be mounted upon
      a vehicle and comprising, in combination therewith:
PA1  a longitudinally extended stack bed having its rear section pivotally
      mounted upon the rear end of the vehicle to tip from a flat initial
      position upon the body of the vehicle to an upright position behind the
      vehicle, whereby to lift a bale stack lying on its side upon the stack bed
      to an upright position behind the truck for discharge of the stack
      therefrom;
PA1  a tipping means to tip the bed from a flat position to an upright position
      when a bale stack, lying on its side, is on the stack bed;
PA1  a shiftable platen normally positioned above the stack bed and above a bale
      stack formed upon the bed to receive bales arranged as a bale stack layer;
PA1  a platen shifting means operable after a bale stack layer is received on
      the platen to shift the platen from the aforesaid normal position above
      the stack to a substantially vertical position near the front end of the
      stack bed and to then drop the bale stack layer upon its edge on the
      forward end of the stack bed and to thereafter return the platen to its
      aforesaid normal position;
PA1  a layer shifting means to shift a bale stack layer dropped onto the stack
      bed towards the rear of the stack bed whereby the bale stack layer may
      become part of a bale stack lying upon the stack bed; and,
PA1  means for dispensing bales onto the platen and arranging the bales in the
      form of a stack layer.
NUM  2.
PAR  2. In the apparatus defined in claim 1, including: a slidable restraining
      fork means upstanding from the stack bed adapted to hold on edge that
      stack layer which becomes the bottom layer of a hay bale stack formed upon
      the bed and to move rearwardly upon the stack bed as other layers are
      dropped upon the forward end of the bed and are shifted rearwardly by the
      aforesaid shifting means.
NUM  3.
PAR  3. In the apparatus defined in claim 1, wherein said platen is carried upon
      frame members upstanding from the side of the stack bed, and said platen
      is adapted to shift to its aforesaid vertical position when the bed is
      tipped to its upright, stack-discharging position, whereby to remain clear
      of a bale stack when it is tipped upright and discharged from the
      apparatus.
NUM  4.
PAR  4. In the apparatus defined in claim 1, wherein said means for dispensing
      bales onto the platen includes:
PA1  a framework mounted alongside the stack bed and extended upwardly to the
      aforesaid platen above the bed;
PA1  a pick-up and conveyor means at the forward end of the frame adapted to
      pick up bales lying in a field as the vehicle moves towards and past the
      bales and to convey the bales upwardly to an elevation above the platen;
      and,
PA1  a dispensing chamber means alongside the platen adapted to receive bales
      from the pick-up and conveyor means and to dispense the bales onto the
      platen in a stack layer arrangement.
NUM  5.
PAR  5. In the apparatus defined in claim 4 including a means for disconnecting
      the means for dispensing the bales from the vehicle as when a bale stack
      is completed.
NUM  6.
PAR  6. In the apparatus defined in claim 1, including holding forks upstanding
      from the rear edge of the stack bed to hold a bale stack upon the bed when
      the bed tips from its flat position to an upright position for the
      discharge of the bale stack.
NUM  7.
PAR  7. In the apparatus defined in claim 6, including means to reciprocate the
      forks to facilitate the removal of the forks from under the stack when the
      stack is stood upright.
NUM  8.
PAR  8. In the apparatus defined in claim 7, wherein the reciprocating means
      includes:
PA1  pockets at the rear end of the bed wherein the forks are shiftably held;
PA1  a shaft extending transversely across the bed adjacent to the forks;
PA1  cams upon the shaft reciprocably engaging the forks; and
PA1  means to rotate the shaft.
NUM  9.
PAR  9. In the apparatus defined in claim 7 including a push plate at the stack
      bed adapted to move outwardly from the stack bed and to push against an
      upright stack when the bed and stack are tipped to an upright position and
      said apparatus is moving away from the stack to remove the forks from
      underneath the stack.
NUM  10.
PAR  10. In the apparatus defined in claim 1, wherein said platen includes a
      trip gate at its forward edge, a latch means adapted to hold the gate
      upright and to hold a bale stack layer upon the platen as the platen tips
      to a vertical position, and release means adapted to release the gate when
      the gate has tipped to a vertical position whereby to permit the gate to
      open and drop the bale stack layer upon the stack bed.
NUM  11.
PAR  11. In the apparatus defined in claim 1, wherein the shifting means
      includes a shifting platen upstanding across the front of the bed and
      means adapted to shift the shifting platen rearwardly and over the bed to
      engage and push rearwardly a bale stack layer dropped thereon.
NUM  12.
PAR  12. In the apparatus defined in claim 1, wherein the body of said vehicle
      is a wheel mounted unit, including a pair of wheels on an axle at the rear
      of the unit, wherein the body of the vehicle is carried upon springs
      supported by the wheel axle and a jack means between the vehicle body and
      the axle, adapted to be extended to support the body of the vehicle
      wherever the stack bed is tipped from a flat position to an upright
      position.
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ABST
PAL  Crop material bales are formed into a pair of alternating, interlocking two
      and one-half bale wide tier patterns on a table of a bale wagon by
      alternately utilizing one of a pair of elongated platforms being each
      pivotally mounted at its one end adjacent one of two opposing sides, and a
      forward bale-receiving end, of the table and displaced from each other
      through a distance approximately equal to the length of two and one
      half-bales. Each platform is moveable from a forward, bale-receiving
      position along the table end to a side position along its corresponding
      table side for forming a pair of side rail bales in one of the tier
      patterns.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  Reference is hereby made to the following co-pending U.S. applications
      dealing with related subject matter and assigned to the assignee of the
      present invention:
PAR  1. "Method and Apparatus for Forming a Pair of Two and One-Half Bale Wide
      Tier Patterns" by Anthony E. Furtado et al, U.S. Ser. No. 473,242, filed
      May 24, 1974.
PAR  2. "Bale Position Sensing and Control Mechanism" by L. Dennis Butler et al,
      U.S. Ser. No. 473,262, filed May 24, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to the art of forming a stack of
      crop material bales and, more particularly, is concerned with a method and
      apparatus for positioning bales in alternating and interlocking tier
      patterns on a bale wagon in forming a two and one-half bale wide stack of
      bales.
PAR  2. Description of the Prior Art
PAR  It is accepted present day practice to form bales of crop material such as
      hay or the like into stacks through the employment of an automatic bale
      wagon. The wagons presently generally available come in two basic sizes,
      namely two wide and three wide machines. In a two wide machine, the bale
      wagon is capable of forming a stack having a width equal to the length of
      two bales. Similarly, a three wide bale wagon is capable of forming a
      stack having a width equal to the length of three bales.
PAR  Each of the commonly used two wide and three wide machines has a first
      table which accumulates two or three bales being arranged end-to-end, a
      second table which receives bales from the first table and accumulates a
      plurality of layers, such as four, five or six layers, of two or three
      bales each, which plurality of layers are commonly called a tier of bales,
      and a third table or load bed which receives the tiers from the second
      table and accumulates a plurality of the tiers, for example seven, to form
      a stack thereon. Once the stack has been accumulated on the load bed, it
      may be unloaded by pivoting the load bed 90.degree. and depositing the
      stack on the ground or the like with the first tier of bales which was
      previously accumulated on the second table now being the lowermost tier of
      the stack in contact with the ground surface.
PAR  In order to enhance the stability of the stack, it is generally desirable
      to provide one or more tie tiers within the stack, such being tiers having
      individual bales arranged to overlap two bales in adjacent tiers above and
      below the tie tier. This can be done either manually or automatically
      during formation of the stack on the bale wagon, for example, in the
      manner illustrated and described in U.S. Pat. No. 3,395,814 or in U.S.
      Pat. No. 3,664,519.
PAR  However, one disadvantage of both of the presently available two wide and
      three wide bale wagons is that under certain crop and terrain conditions,
      even the tied stacks formed by these wagons do not have the desired
      stability and weathering characteristic. This is apparently caused by
      continuous vertical splits or cleavage planes which sometimes form between
      bales in the stacks of these wagons and are only partially interrupted by
      the few tie tiers being interposed within the stacks. The presence of such
      splits or cleavage planes is particularly detrimental to the stability of
      stacks formed of bales of slippery crop material, such as coastal bermuda
      grass, or to the stability of stacks unloaded from the bale wagon onto
      uneven or hillside terrain. In order to prevent these stacks from
      occasionally toppling over as they weather at a storage location, it is
      usually necessary to provide stack poles about the stack in engagement
      with the ground and the sides of the stack to prop up the stack sides. The
      presence of such splits or cleavage planes down through the stack also
      diminishes the weatherability of the stack by allowing moisture to
      penetrate down through the stack which results in a higher degree of crop
      material spoilage than when the moisture is restricted solely to the outer
      surface of the stack.
PAR  Another disadvantage of both the two wide and three wide bale wagons is
      that they are not adapted to provide the optimum bale capacity in a stack
      within the maximum highway width limitations of the laws of certain
      jurisdictions, such as some European countries, where the maximum width
      allowed is approximately two and one-half meters. Specifically, the three
      wide wagon and its stack both exceed the two and one-half meter highway
      width maximum limit, while the two wide wagon and its stack fail to
      utilize all of the space available within this maximum limit.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention substantially overcomes the above-described
      disadvantages of the stacks formed by the two wide and three wide bale
      wagons.
PAR  First, a stack formed by the two alternating two and one-half bale wide
      tier patterns being formed by the present invention has substantially all
      of its bales interlocked together in a manner which minimizes the
      probability of splits or cleavage planes forming vertically through the
      stack which thereby enhances the stability and weatherability of the stack
      and generally eliminates the necessity for using stack poles to laterally
      support the standing stack.
PAR  Second, the two and one-half bale wagon and its stack provide the optimum
      utilization of the space available under the maximum highway width
      limitations of the laws of such European countries having the two and
      one-half meter maximum width restriction.
PAR  Accordingly, the present invention broadly comprises the steps involved in
      forming bales into a tier pattern being approximately two and one-half
      bales wide. First, one pair of bales, being arranged end-to-end in a row,
      is disposed in a first position and then pivoted to a second position
      being generally perpendicular to said first position. Second, a plurality
      of like pairs of bales are successively disposed in transverse
      relationships along one longitudinal side of the one pair and generally
      between opposite ends thereof.
PAR  More particularly, the present invention comprises the steps involved in
      forming alternating, interlocking tier patterns in the overall formation
      of a two and one-half wide stack of bales. A first interlocking tier of
      bales is formed by disposing one pair of bales longitudinally end-to-end
      in a row and then disposing a plurality of like pairs of bales in
      transverse relationships along one longitudinally extending side of the
      one pair and generally between opposite ends of the one pair. Following
      next, a second interlocking tier of bales is formed by disposing another
      like pair of bales longitudinally end-to-end in a row and then disposing
      another plurality of like pairs of bales in transverse relationships along
      the other longitudinal side of the another pair, being located opposite to
      the one longitudinal side of the one pair in the first tier, and generally
      between opposite ends of the another pair. The second tier is then
      deposited adjacent to the first tier and in general alignment therewith
      such that the one pair of bales in the first tier and the another like
      pair of bales in the second tier are respectively positioned along
      opposite sides of the adjacently deposited first and second tiers.
PAR  To complete formation of the stack, third interlocking tier is formed
      identical to the first tier and deposited adjacent the second tier in an
      alignment therewith identical to that of the first tier with the second
      tier. A fourth interlocking tier is formed identical to the second tier
      and deposited adjacent the third tier in an alignment identical to that of
      the second tier with the first tier. By repeating the forming and
      depositing steps in a corresponding manner, additional interlocking tiers
      of bales may be provided until a stack having the desired number of tiers
      has been formed.
PAR  Further, more particularly, the tiers are formed on a table having a pair
      of elongated platforms. Each of the platforms is pivotally mounted at its
      one end adjacent one of two opposing sides and the forward end of the
      tier-forming table and displaced from the opposite table side through a
      distance approximately equal to the length of two and one-half bales. One
      platform is utilized in forming the first tier pattern and the other
      platform is forming the second tier pattern.
PAR  Initially, the one longitudinal pair of bales of a respective tier pattern
      is received in end-to-end transverse alignment upon a respective one of
      the two platforms, and then the platform is pivoted to dispose the pair
      along one side of the table in a longitudinal relationship generally
      perpendicular to its initial transverse alignment. To complete each
      tier-forming operation, additional successive transversely arranged
      end-to-end pairs of bales are delivered to the forward end of the table at
      a position in line with, but offset from, the initial transverse position
      of the one longitudinal pair so as to position the additional pairs in
      successive transverse relationships along one longitudinal side of the one
      longitudinal pair and generally between the ends thereof.
PAR  Other advantages and attainments of the present invention will become
      apparent to those skilled in the art upon a reading of the following
      detailed description when taken in conjunction with the drawings in which
      there is shown and described an illustrative embodiment of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the course of the following detailed description reference will be
      frequently made to the attached drawings in which:
PAR  FIG. 1 is a side elevational view of a bale wagon embodying the principles
      of the present invention, showing the bale wagon with a partially formed
      two and one-half bale wide stack of bales on its load bed and during the
      formation of one of the two alternating and interlocking tier patterns of
      bales on its second tier-forming table;
PAR  FIG. 2 is a perspective view of the stack on a smaller scale than that of
      FIG. 1, showing the stack after it has been rotated 90 degrees and placed
      upright on the ground or the like by the bale wagon of FIG. 1;
PAR  FIG. 3 is a plan view of the first and second tables of the bale wagon of
      FIG. 1, showing the right and left pivotal platforms on the second table
      for respectively positioning the pairs of longitudinally arranged,
      end-to-end side bales of the two tier patterns and the locations along the
      first table of the first table outer trip mechanism and the first table
      inner trip and bale position sensing and control mechanism;
PAR  FIG. 4 is an enlarged fragmentary plan view of the outer and inner trip and
      bale position sensing and control mechanisms generally underlying the
      first table and the front portion of the second table of the bale wagon;
PAR  FIG. 5 is a partial front elevational view of FIG. 4;
PAR  FIG. 6 is an enlarged fragmentary plan view of the second table of the bale
      wagon, showing the right pivotal platform on the second table and the
      mechanism for pivoting the platform to form the right longitudinally
      arranged, end-to-end side pair of bales in the one of the two tier
      patterns;
PAR  FIG. 7 is a side elevational view of FIG. 6;
PAR  FIG. 8 is an enlarged fragmentary side elevational view of the means for
      selecting which one of the two pivotal platforms will be operated during
      the next succeeding tier-forming operation on the second table and thus
      determining which one of the two tier patterns will be formed thereon;
PAR  FIG. 9 is a plan view of FIG. 8 as seen at an approximately 45.degree.
      angle to the left of vertical in FIG. 8;
PAR  FIG. 10 is an enlarged fragmentary plan view of the means generally
      underlying the second table which ties together the pivotal movement of
      the second table with the pivotal movement of the first table to control
      the operation of the selected one of the pivotal platforms;
PAR  FIG. 11 is a side elevational view of FIG. 10;
PAR  FIGS. 12 through 19 are schematic representations of the operation of
      forming bales into one of the two interlocking tier patterns on the second
      table of the bale wagon of FIG. 1;
PAR  FIGS. 20 through 27 are schematic representations of the operation of
      forming bales into the other of the two interlocking tier patterns on the
      second table of the bale wagon of FIG. 1;
PAR  FIGS. 28 and 29 are schematic representations of intermediate steps
      occurring between those steps illustrated in FIGS. 14 and 15, showing a
      pair of standard length bales being successively received by the first
      table;
PAR  FIGS. 30 and 31 are schematic representations of intermediate steps
      occurring between those steps illustrated in FIGS. 16 and 17, showing a
      pair of bales being successively received by the first table where one of
      the bales is significantly shorter than the standard bale length;
PAR  FIGS. 32 and 33 are schematic representations of intermediate steps
      occurring between those steps illustrated in FIGS. 18 and 19, showing a
      pair of bales being successively received by the first table where one of
      the bales is significantly longer than the standard bale length;
PAR  FIG. 34 is a partial schematic representation of the hydraulic components
      of the bale wagon, showing the components for controlling the operations
      of the first and second tables, the pivotal platforms and the inner trip
      lever of the inner trip mechanism of the first table;
PAR  FIG. 35 is a partial schematic representation of the platform selecting
      means of FIG. 8, showing its condition when the right pivotal platform has
      been selected for operation; and
PAR  FIG. 36 is a partial schematic representation of the platform selecting
      means, similar to FIG. 35, but showing its condition when the left pivotal
      platform has been selected for operation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the following description, right hand and left hand references are
      determined by standing at the rear of the machine and facing in the
      direction of forward travel. Also, in the following description, it is to
      be understood that such terms as "forward," "left," "upwardly," etc., are
      words of convenience and are not to be construed as limiting terms.
PAC  IN GENERAL
PAR  Referring now to the drawings, and particularly to FIG. 1, there is shown a
      bale wagon, being indicated generally by the numeral 10, comprising the
      preferred embodiment of the present invention for forming a two and
      one-half bale wide stack of bales, as shown in FIG. 2.
PAR  The bale wagon 10 is provided with a chassis, indicated generally at 12,
      mounted on left and right pairs of tandemly arranged wheels, only the
      right pair of wheels 14 being shown in FIG. 1. The chassis 12 is formed of
      left and right longitudinally extending channels 16 (only the right
      channel being shown), with the forward ends thereof converging in a clevis
      assembly which adapts the wagon to be secured to a tractor, or other
      towing vehicle, located at the front of the wagon.
PAR  Mounted at the forward end of the chassis 12 and extending transversely
      thereto is a first receiving table, generally indicated by the numeral 18.
      The receiving table 18 is comprised by two transversely extending spaced
      beams 20 which are mounted on a forwardly extending horizontal portion 22
      of an L-shaped structure 24. The structure 24 includes a rear upwardly
      extending leg portion 26 which is pivotally secured at 28 between
      spaced-apart upstanding front brackets 30, only the right one being shown,
      mounted on the longitudinal channels 16. A hydraulic cylinder 32 is
      pivotally secured at its anchor end to a transverse frame member 34
      mounted between the longitudinal channels 16. The rod end of the hydraulic
      cylinder 32 is pivotally secured to the free end of an arm 36 which is
      fixedly secured to, and extends rearwardly and upwardly from, the L-shaped
      structure 24 of the receiving table 18. As the hydraulic cylinder 32 is
      extended, the receiving table 18 will swing or pivot approximately
      90.degree. upwardly about its pivot point 28 transferring any bales B
      which have been accumulated on the table 18 onto a second tier-forming
      table, being generally indicated by the numeral 38.
PAR  It will be understood by those skilled in the art, that the bales are first
      introduced to the receiving table 18 by means of a pickup, not shown,
      which is mounted to the chassis 12 at the left end of the table 18 and
      operative to lift bales from the ground and direct them to the left
      receiving end of table 18. The pickup, well known in the art, is generally
      similar to the one illustrated and described in U.S. Pat. No. 2,848,127
      and need not be illustrated and described herein for a thorough and clear
      understanding of the present invention. Also, it will be understood by
      those skilled in the art, that a cross conveyor 39 (FIG. 3) is operatively
      mounted to the chassis 12 and extends between and along the two beams 20
      of the first table 18 from approximately the left end to near the middle
      of the beams 20 for moving the bales from the pickup means toward the
      right end of the first table 18. The cross conveyor means, also well known
      in the art, is generally similar to the one illustrated and described in
      the aforementioned U.S. patent and need  not be illustrated and described
      herein for a thorough and clear understanding of the present invention.
PAR  The second tier-forming table 38 is comprised by an L-shaped structure 40
      (see also FIGS. 6 and 7) having a forwardly extending leg portion 42
      across which is formed a bed 44 which provides a surface upon which bale
      tiers are formed and an upwardly extending rear leg portion 46 which is
      pivotally secured at 48 between spaced apart upstanding intermediate
      brackets 50, only the right one being shown, mounted on the longitudinal
      channels 16. A hydraulic cylinder 52 is pivotally secured at its anchor
      end to a second transverse frame member 54 mounted between the
      longitudinal channels 16. The rod end of the hydraulic cylinder 52 is
      pivotally secured to the free end of an arm portion 56 which is fixedly
      secured to, and extends rearwardly from, the L-shaped structure 40 of the
      second table 38. When the second table 38 is in its normal horizontal
      tier-forming position, as shown in FIG. 1, it rests at its forward end on
      a transverse support member, not shown, fixed to the front brackets 30.
      When the requisite number of bales have been accumulated on the second
      table 38, and formed thereon into one of two alternating, interlocking
      tier patterns in a manner to be described in detail hereinafter, the
      hydraulic cylinder 52 is actuated by trip means 57 not shown in FIG. 1
      (see FIG. 3) so that it extends and causes the table 38 to swing or pivot
      upwardly generally 90.degree. about its pivot point 48 to a generally
      vertical, tier-discharging position adjacent the front end of a rearwardly
      disposed load bed, or third load table, being generally indicated by the
      numeral 58. In this manner, the bale tier formed on the second table 38 is
      transferred to the load bed 58.
PAR  It will be understood by those skilled in the art, that the trip means 57
      for actuating pivotal movement of the second table 38 is mounted to the
      chassis 12 and extends upwardly through a slot 60 formed in the middle of
      the table bed 44 at its rearward end. The structure and function of the
      second table trip means, well known in the art, is generally similar to
      that illustrated and described in U.S. Pat. No. 3,502,230 and need not be
      illustrated and described herein for a thorough and clear understanding of
      the present invention.
PAR  The load carrying bed 58 includes a platform assembly 62 which is pivotally
      mounted at 64 between spaced apart upstanding rear brackets 66, only the
      right one being shown, mounted on the longitudinal channels 16. A pair of
      spaced apart hydraulic cylinders 68, only the right one being shown, are
      pivotally secured at their anchor ends to the second transverse frame
      member 54 and at their rod ends to the platform assembly 62. When the load
      bed 58 is in its normal, generally horizontal tier-receiving position, as
      shown in FIG. 1, it rests at its forward end on upstanding intermediate
      brackets 50. A stack of bales is progressively formed on the load bed 58
      upon successive delivery thereto of tiers of bales by pivotal movement of
      the second table 38 from its normal horizontal tier-forming position of
      FIG. 1 to its generally upright position adjacent the forward end of the
      load bed 58.
PAR  As the first bale tier is delivered or deposited onto the load bed 58, a
      fore-and-aft moveable rolling rack, being generally indicated by the
      numeral 70, is contacted by the tier and forced to move rearwardly along
      the load bed 58. It will be understood by those skilled in the art, that
      while the rolling rack 70 is spring biased to move toward the forward end
      of the load bed 58, the bias of the spring means is overcome with the
      delivery of each successive bale tier from the second table 38 to the
      front end of the load bed 58 whereby the rolling rack 70 is forced to move
      rearwardly one bale width until the rack 70 reaches a rearmost position
      along the load bed 58, whereupon a complete stack has been formed on the
      load bed 58. The structure and function of the rolling rack 70, well known
      in the art, is generally similar to that illustrated and described in U.S.
      Pat. No. 2,848,127 and need not be illustrated and described herein for a
      thorough and clear understanding of the present invention.
PAR  When the load bed 58 has been fully loaded, the stack can be transferred to
      the ground in the form of a composite stack by extension of the hydraulic
      cylinders 68 which cause the load bed 58 to pivot generally 90.degree.
      about point 64 from its generally horizontal position of FIG. 1 to an
      upright position in which the rolling rack 70 and the rear end of the load
      bed 58 are disposed adjacent the ground.
PAC  THE TWO AND ONE-HALF WIDE STACK OF BALES FORMED BY THE BALE WAGON
PAR  The bale wagon 10 of FIG. 1 incorporates various mechanical and hydraulic
      components, described in detail hereinafter, which cooperate together and
      with some of the basic, generally well known bale wagon components, just
      described hereinbefore, to automatically form two alternating and
      interlocking bale tier patterns in a manner schematically illustrated in
      FIGS. 12 through 27, and, thus, adapt the bale wagon 10 to form a two and
      one-half wide stack of bales, as shown in FIG. 2.
PAR  While bales in either of the two tier patterns may form the base or
      lowermost tier of the stack which contacts the ground, a first of the two
      interlocking tier patterns of bales, being generally designated F and
      forming the base tier of the stack of FIG. 2 and the rearmost upright tier
      of the partially formed stack of bales on the wagon load bed 58 in FIG. 1,
      comprises one pair of bales disposed longitudinally end-to-end in a row,
      and a plurality of like pairs of bales, preferably five pairs,
      successively disposed in transverse relationships along one longitudinally
      extending side of the one pair and generally between opposite ends of the
      one pair of bales. The aforementioned one pair of bales of tier pattern F
      will be referred to hereinafter as the right rail bales R. A second of the
      two interlocking tier patterns of bales, being generally designated S and
      forming the next lowest tier of the stack of FIG. 2 and the next rearmost
      upright tier of the partially formed stack of bales on the wagon load bed
      58 in FIG. 1, comprises a second pair of bales disposed longitudinally
      end-to-end in a row, like the right rail bales R, but being aligned along
      the outer ends of the transversely disposed like pairs of bales in tier
      pattern F at a location remote from the right rail bales R, and another
      plurality of like pairs of bales, also preferably five pairs, successively
      disposed in transverse relationships along the other longitudinally
      extending side of the second pair of bales, being located opposite to the
      one longitudinal side of the right rail bales R, and generally between
      opposite ends of the second pair of bales. The aforementioned second pair
      of bales of tier pattern S will be referred to hereinafter as left rail
      bales L. It will be noted that the outer ends of the transversely disposed
      like pairs of bales in tier pattern S are aligned along the upper
      longitudinal surface of the right rail bales R generally between opposite
      ends thereof. Further, it is readily apparent from FIG. 2 that the two
      interlocking tier patterns F, S would be identical bale arrangements if
      one pattern was rotated 180.degree. about a central longitudinal axis.
PAR  Thus, the tier patterns F, S comprise the basic building blocks or units of
      the stack, being disposed in alternating fashion one on top of the other
      upwardly from the ground to the top of the stack. It should be pointed out
      that the left rail bales L, shown in dashed outline form in FIG. 2, of the
      uppermost tier, which is the last tier formed by the bale wagon 10, may be
      omitted during the last tier-forming operation on the wagon second table
      38, which will be described in detail hereinafter, in view of the tendency
      of bales formed of certain crop materials to fall off the stack during
      pivotal unloading of the stack by operation of the wagon load bed 58 as
      described hereinbefore. However, the alternately positioned right and left
      rails R, L of tiers F, S positioned successively below the uppermost tier
      are effectively locked in place in the stack by the respective outer ends
      of the transversely disposed pairs of bales in the tiers F, S being
      engageably superimposed thereon. Further, it is readily seen that each
      bale in the stack above the lowermost tier engageably overlaps at least
      two lower bales and each bale in the stack, above the lowermost tier,
      being exposed at either the right or left side of the stack engageably
      overlaps at least one lower bale which extends in a generally transverse
      relationship to it. Still further, the outer end of the middle
      transversely-disposed pair of bales, there being one such pair in each of
      the tiers F, S, above the lowermost tier, engageably overlaps both of the
      bales forming one of the rails R, L which extend transversely to the
      middle pair. The enhanced stability of the stack which results from the
      above-described overlapping relationship between the bales of adjacent
      tiers is readily apparent. In this regard, it should be brought out that
      the detrimental effects on stack stability which normally result from
      frequently encountered bale length variations, without some compensatory
      provision being made therefor during formation of the stack, could be a
      significant problem in the case of the two and one-half wide stack. In
      particular, the incorporation of short bales into the transversely
      disposed pairs of bales would appear to result in the withdrawal of
      underlying support for the adjacent, overlying rail bales and, thus,
      outward toppling of at least the affected rail bales, if not also the
      adjacently positioned portion of the bale stack, since in the formation of
      such pairs in the first tier pattern F of the two and one-half wide stack
      by utilizing an inner or intermediate trip mechanism, as it is generally
      known heretofore in the art, for controlling the actuation of the first
      table, all of the undesired length variation would appear along the outer
      left longitudinal side of the stack. However, such problem is
      substantially obviated in the bale wagon 10 of the present invention by
      one of the aforementioned mechanical components incorporated in the wagon
      10. Such component is a mechanism, generally indicated by numeral 72 in
      FIGS. 4 and 5, for tripping the first table and sensing and controlling
      the position of the two bales which are intended to form one of such
      transversely extending pairs in the first tier pattern F, during their
      delivery along the first table 18. The mechanism 72 is incorporated
      specifically into a first table outer trip mechanism, generally designated
      by numeral 74 which mechanism 74 generally is similar to that illustrated
      and described in U.S. Pat. No. 3,330,424. Both of the mechanisms 72, 74
      will be described in detail hereinafter.
PAC  PIVOTAL RAIL-FORMING PLATFORMS ON THE SECOND TABLE
PAR  The second table 38 of the bale wagon 10, as shown in FIG. 3 and in more
      detail in FIGS. 6 and 7, incorporates another one of the aforementioned
      mechanical components, that being a pair of pivotal left and right
      rail-forming platforms 76, 78 pivotally mounted on the second table 38
      adjacent respective forward end corners thereof at 80 and 82, only the
      right platform being shown in FIGS. 6 and 7.
PAR  A rectangular frame 84 is mounted transversely along the forward end of the
      second table 38 on the underside thereof and adjacent each corner thereof.
      Only the structure of the frame 84 and the various structural elements
      associated therewith and with the right platform 78 will be described, it
      being understood that an identical frame and identical structures
      associated therewith are also associated with the left platform 76. The
      frame 84 includes a cross brace 86 pivotally anchoring one end of a right
      hydraulic cylinder 88 (a left hydraulic cylinder 89 being schematically
      shown in FIG. 34) having its rod end pivotally secured to a free end of a
      right-angled link arm 90 being, in turn, fixed to a shaft element 92 fixed
      to the platform 78 and rotatably mounted about a vertical pivot axis at 82
      in an upstanding sleeve being fixedly carried by another cross brace 94 of
      the frame 84. An elongated slot 96 is transversely formed through the
      second table 38 for allowing passage of the shaft element 92 and lateral
      movement thereof along the slot 96 such that, through transverse
      adjustment of the frame 84, the platform 78 and its respective hydraulic
      cylinder may be moved as a unit to different desired positions in setting
      up the second table 38 to accomodate bales having different standard
      sizes, if such adjustment is deemed to be desirable.
PAR  When the hydraulic cylinder 88 is actuated to its extended position, as
      shown in FIG. 6, the right platform 78 is pivotally moved 90.degree. from
      its forward bale-receiving position of FIG. 3 to its side, rail-forming
      position of FIG. 6. Retraction of the cylinder 88 brings the platform back
      to its forward position of FIG. 3. The platform 78 is formed by a narrow
      elongated, generally planar bed portion 98 having an overall length nearly
      approximating the combined lengths of two average bales and somewhat
      shorter than the length or width of the second table 38. The width of the
      bed portion 98 also approximates the width of an average bale. The
      platform 78 has two spaced apart, rotatably mounted rollers 99 for
      carrying the platform 78 in its movement across the second table bed 44.
      The platform 78 further has opposing lips 100, 102 running respectively
      along opposite longitudinal edges of the platform 78. The outer or
      rearward lip 100, which ever it is depending on where the platform 78 is
      positioned, has a greater height than the forward or inner lip 102 for
      preventing the bales being delivered thereto by the first table 18, when
      the platform 78 is in its forward position, from sliding rearwardly past
      the platform 78 and also for maintaining the rail bales R in its desired
      position. The two lips 100, 102 when considered together, in a manner of
      speaking, provide sideboards for maintaining the rail upon the platform
      bed portion 98. When the platform 78 is in the side position shown in
      FIGS. 1 and 6, it should be noted that the lips 100, 102 generally extend
      parallel to the direction of movement of the transversely disposed pairs
      of bales during positioning and moving of the pairs rearwardly along the
      second table bed 44 whereby the tier-forming operation is not hindered by
      the presence of the right platform 78 when it is not, strictly speaking,
      in use. However, the lips 100, 102 do generally contribute to the
      maintaining of the original positional relationship of the transverse bale
      pairs, as established when they are first placed on the second table 38,
      with reference to the right side of the second table 38 and the facing
      longitudinal side of the left rail bales L. Although, the above-cited
      advantages were explained with reference to right platform 78, they have
      equal application in the case of left platform 76.
PAC  FIRST TABLE OUTER TRIP MECHANISM
PAR  In order to systematically perform the steps involved in the formation of
      each of the interlocking tier patterns F, S by the bale wagon 10, a pair
      of bales must be delivered to the first table 18 and disposed therealong,
      preferably on their "flat" (wire or twine bearing) sides as shown in FIG.
      1, at one of two predetermined positions, depending upon which particular
      step of the tier-forming operation is to be subsequently carried out,
      before the first table 18 is actuated so as to pivotally cycle and deposit
      the pair of bales, preferably on their "edge" (non-wire or -twine bearing)
      sides as shown in FIG. 1, on the front edge portion of the second table 38
      at a position therealong corresponding to the one of the two predetermined
      first table positions. The mechanical components being incorporated into
      the bale wagon 10 for insuring that the pair of bales will be disposed at
      a selected one of the two predetermined positions are the first table
      outer trip mechanism 74 and the first table inner trip and bale position
      sensing and control mechanism 72.
PAR  The first table outer trip mechanism 74, being shown in detail in FIGS. 4
      and 5, includes an outer trip lever 104, shown also schematically in FIG.
      3 but not shown in FIG. 5, being pivotally mounted about a vertical axis
      at 106 to a transverse frame member (not shown) which extends laterally
      outwardly from the right longitudinal channel 16. The lever 104 is
      pivotally coupled at one end to an adjustable rod 108 which is, in turn,
      pivotally secured at 110 to an actuating plate 112 being pivotally secured
      at 114 about a vertical axis to a bracket (not shown) fixed to the outer
      side of the right channel 16. Also mounted at 114 below the plate 112 for
      pivotal movement independently of the plate 112 is a link 116 which is
      also slideably coupled at 118 along one end of a rod 120 which is
      pivotally secured to the outer end of a spool 122 of a first table
      hydraulic control valve 124 for controlling the operation of the first
      table hydraulic cylinder 32.
PAR  As shown in FIGS. 4 and 34, the spool 122 is in its "out" position. In such
      position, the flow of hydraulic fluid in pressure supply line 126 from
      suitable lines, not shown, connected to a pump 128 via a bale pickup orbit
      motor, not shown, will not be connected to flow through the right end of
      the first table control valve 124 into line 130 and from there to line 132
      for supplying hydraulic fluid to the cylinder 32 in order to extend the
      cylinder 32 and thus pivotally cycle the first table 18. Instead, with the
      control valve spool 122 in its "out" position, the hydraulic fluid from
      pressure line 126 is connected to flow through the left end of the first
      table control valve 124 into line 134 which intersects with pressure
      supply line 136, communicating with the pump 128 via flow divider 138,
      whereby fluid being supplied along line 136 combines with that flowing in
      line 134 and flows in the direction indicated by the arrow along line 134
      to other hydraulic components. Thus, when control valve spool 122 is in
      its "out" position, the first table hydraulic cylinder 32 is maintained
      inoperative at its contracted position and the first table 18 is disposed
      in its generally horizontal bale-receiving position of FIG. 1. When the
      control valve spool 122 is moved to its "in" position, which connects the
      flow of hydraulic fluid from pressure supply line 126 through the left
      side of valve 124 to line 130 and from there along line 132 to cylinder
      32, the cylinder 32 is extended and the first table 18 is pivoted to its
      upright bale discharge position adjacent the front end of the second table
      38. The first table 18 will be held at such position so long as the spool
      122 is maintained at its "in" position.
PAR  For moving the control valve spool 122 from its "out" position to its "in"
      position, the outer trip lever 104 must be pivotally moved slightly
      clockwise about point 106, as viewed in FIG. 4, which moves adjustable rod
      108 toward plate 112 which causes pivoting of plate 112, if it is not
      prevented from doing so by a lock latch 140 the purpose for which will be
      described hereinafter, in a counterclockwise manner about point 114. As
      the plate 112 so moves, a small block 142, being fixed to the underside of
      the plate 112 and protruding downwardly therefrom across the plane within
      which the link 116 is capable of being pivoted, will engage the link 116
      and carry it along with the plate 112, the link 116 also pivoting
      counterclockwise about point 114, until the link 116 reaches the effective
      centerline of an over-center device 144 pivotally coupled to the link 116
      at 146. Upon passing the aforesaid centerline, the link 116 is further
      pivotally moved at an accelerated pace by device 144, independent of the
      movement of plate 112, and compresses a spring 148 encircling rod 120
      against a washer 149 fixed thereto to move the rod 120 toward the control
      valve 124 which moves the spool 122 from its "out" to its "in" position.
      Also, the over-center device 144 maintains the link 116 in compressive
      engagement against the spring 148 to maintain the rod 120 displaced toward
      the control valve 124 and the spool 122 at its "in" position.
PAR  As stated hereinbefore, the first table 18 will be held at its upright,
      bale-discharge position so long as the spool 122 is maintained at its "in"
      position. However, it is desired to return the spool 122 to its "out"
      position approximately simultaneously as the first table 18 reaches its
      upright position so that the table 18 will only be momentarily disposed at
      such position. In order to accomplish the return of the spool 122, a
      pivotal trip arm (not shown) is mounted to the right upstanding front
      bracket 30 and has an upper end which extends across the path of pivotal
      movement of the forwardly extending horizontal portion 22 of the L-shaped
      structure 24 of the first table 18 near the upper end of the path and a
      lower end which, during pivotal movement of the trip arm and upon
      engagement of its upper portion by the first table 18, moves through a
      path which crosses the dashed outline position of a protruding member 150
      fixed to the outer end of link 116, as shown in FIG. 4, and contacts the
      member 150 to pivotally move the link 116 back across the aforesaid
      centerline whereupon the over-center device 144 acts to pivotally return
      the link 116 at an accelerated pace to its initial position, independent
      of the movement of the trip arm, and compresses a spring 152 also
      encircling rod 120 against another washer 154 fixed at the end of the rod
      120 to move the rod 120 away from the control valve 124 which moves the
      spool 122 from its "in" to its "out" position. Also, the over-center
      device 144 maintains the link 116 in compressive engagement against the
      spring 152 to maintain the rod 120 displaced from the control valve 124
      and the spool 122 at its "out" position. It should be noted that a spring
      156 is coupled to the adjustable rod 108 which will automatically return
      the rod 108, the plate 112 and the lever 104 to their initial positions of
      FIG. 4 as soon as the forward end of the pair of bales on the first table
      18 are moved out of engagement with the outer end of lever 104 upon pivot
      movement of the first table 18 from its horizontal position. Thus, the
      actuation plate 112 is returned to its initial position prior to the
      return of link 116.
PAR  The first table outer trip mechanism 74 further includes an L-shaped trip
      lock lever 158, also shown schematically in FIG. 3, being pivotally
      mounted about a horizontal axis at 160 to another transverse frame member
      (not shown) which extends laterally outwardly from the left longitudinal
      channel 16. The lock lever 158 extends at its upper end between first
      table beams 20 and is pivotally coupled at its lower end near pivot point
      160 to a rod 162 which extends toward the left channel 16 and is pivotally
      secured to the upper end of a crank arm 164 being fixed on one end of a
      longitudinal connecting rod 166. The connecting rod 166 extends along left
      channel 16 and is pivotally mounted thereto near its opposite ends by tabs
      (not shown) fixed to the outer side of the left channel 16. An upstanding
      member 168 is fixed to the opposite end of the connecting rod 166 and has
      an opening formed through its upper end for slideably receiving one end
      portion of a link rod 170 have a washer 171 fixed thereto adjacent one
      side of member 168 and another washer 172 fixed to its outer end with a
      spring 174 encompassing the rod 170 between the washer 172 and an opposite
      side of member 168. The other end of the link rod 170 is pivotally coupled
      to lock latch 140 at 176, which latch 140 is pivotally mounted about a
      vertical axis at 178 to the bracket (not shown) on which the actuating
      plate 112 is mounted.
PAR  A spring 179 fixed to the transverse frame member (not shown) normally
      maintains the upper end of trip lock lever 158 extending above the first
      table beams 20 and thereby maintains the lock latch 140 in a normal
      locking position, as shown in FIG. 4. In its normal locking position, the
      lock latch 140 has a notch 180 formed therein which is aligned with a pin
      182 fixed to and extending above the surface of actuating plate 112 so
      that until the lock latch 140 is pivotally moved counterclockwise about
      pivot point 178, the plate 112 will be prevented from being pivotally
      moved counterclockwise.
PAR  Although counterclockwise pivotal movement of the L-shaped lever 158
      downwardly about point 160 by a bale received on the first table 18 causes
      movement of rod 162 toward the lever 158 which causes clockwise rotation
      of connecting rod 166 which compresses upstanding member 168 against
      spring 174 and causes link rod 170 to move in a direction away from lock
      latch 140 and pivotally move the latch 140 counterclockwise to unlock the
      actuating plate 112, the actuating plate 112 will not pivot
      counterclockwise unless simultaneously a bale engages the trip lever 104
      and moves it clockwise about point 106. Such simultaneous condition is not
      possible until two bales have been received on the first table 18 since
      the trip lever 104 and the lock latch 140 are displaced from each other
      substantially more than the length of a single bale, but less than the
      length of two bales.
PAR  Furthermore, the trip lever 104 is positioned in general alignment with the
      right side of the second table 38 and the right end of the first table 18
      so that the two bales when viewed together on the first table 18 are
      disposed in one of the two abovementioned predetermined positions along
      the first table 18 in offsetting relationship to the right of the
      longitudinal centerline of the second table 38 and will be deposited
      either on the right platform 78 when in its forward position at the
      beginning of the formation of tier F, as shown in FIG. 4, or on the second
      table 38 with the right end of the pair of bales overlying the front end
      of the right platform 78 when in its side position of FIG. 6 during the
      formation of tier S. It will also be noted that the two bales when viewed
      together in this right offsetting relationship are displaced at the left
      end thereof approximately one bale width from the left side of the second
      table 38.
PAC  FIRST TABLE INNER TRIP AND BALE POSITION SENSING AND CONTROL MECHANISM
PAR  In order to provide a pair of bales along the first table 18 in the other
      of the two abovementioned predetermined positions in which the bales, when
      viewed together as a unit, will be disposed in offsetting relationship to
      the left of the longitudinal centerline of the second table 38, a first
      table inner trip and bale position sensing and control mechanism 72 is
      provided which utilizes the actuating plate 112, trip lock lever 158 and
      lock latch 140 of the first table outer trip mechanism 74 in actuating the
      operation of the first table 18 when the bales are located at the other
      predetermined position.
PAR  The mechanism 72 includes an inner, arcuate-shaped trip lever 184, also
      shown schematically in FIG. 3, being adjustably mounted by clamp 186 in
      transverse relationship to a sleeve 188 which is rotatably fitted on a
      shaft 190 being rotatably mounted at its one end adjacent the clamp 186 on
      a transverse frame member (not shown) which extends laterally outwardly
      from the right longitudinal channel 16 and near its opposite end on the
      same transverse frame member (not shown) which also pivotally mounts the
      outer trip lever 104 of the first table outer trip mechanism 74. A crank
      arm 192 is fixed transversely to the opposite end of shaft 190 and
      pivotally coupled to the rod end of a hydraulic trip slave cylinder 194
      which is pivotally anchored to the same transverse frame member
      last-mentioned above. The trip slave cylinder 194 is shown in FIG. 4 in
      its extended position, while in FIG. 34 in its retracted position.
      Referring to FIG. 34, it is seen that the trip slave cylinder 194 is moved
      to its extended position, and the arcuate-shaped trip lever 184 is caused
      thereby to pivot to its operative position in which it extends between and
      upwardly above the beams 20 of the first table 18 as shown in FIG. 5, each
      time the right platform hydraulic cylinder 88 is actuated to its extended
      position, as shown in FIG. 6, and the right platform 78 is thus pivotally
      moved from its forward to its side position. Further, the trip slave
      cylinder 194 remains in its extended position, and the inner trip lever
      184 is maintained thereby in its raised operative position, so long as the
      right platform hydraulic cylinder 88 remains in its extended position to
      maintain the right platform in its side position. Once the right platform
      hydraulic cylinder 88 is returned to its retracted position shown
      schematically in FIG. 34, hydraulic fluid ceases to be maintained under
      pressure along line 196, as will be explained in further detail
      hereinafter, and within the slave cylinder 194 such that an extended
      spring 198, being coupled between the rod end of the cylinder 194 and the
      aforementioned latter transverse frame member near the anchor end of the
      cylinder 194, returns the slave cylinder 194 to its retracted position,
      causing the inner trip lever 184 to lower to its inoperative position
      below the first table beams 20.
PAR  In order for extension of the slave cylinder 194 to pivotally raise the
      inner trip lever 184, a tab 200 being fixed to, and extending radially
      outwardly from, the shaft 190 engages a side 202 of a vertical bracket 204
      fixed to sleeve 188, when the tab 200 rotates counterclockwise with the
      shaft 190 due to extension of slave cylinder 194, and carries the bracket
      204 and thus the sleeve 188 and inner trip lever 184 in counterclockwise
      rotation with the shaft 190.
PAR  The bracket 204 extends both generally upwardly and downwardly along the
      sleeve 188. A link rod 206 is slideably received through a tubular element
      208 pivotally mounted to the upper end of the vertical bracket 204 and has
      a washer 210 fixed to its outer end with a spring 212 encompassing the rod
      206 between the washer 210 and another washer 214 disposed adjacent one
      end of the tubular element 208. The opposite end of the link rod 206 is
      pivotally secured at 216 to one corner of a right-angled plate 218 being
      pivotally mounted about a vertical axis at 220 to the same aforementioned
      transverse frame member (not shown) that pivotal mounts the outer trip
      lever 104 of the first table outer trip mechanism 74. An opposite corner
      of the plate 218 is pivotally secured at 222 to one end of a connecting
      link 224 which is pivotally secured at its other end at 226 to the
      actuation plate 112.
PAR  An auxilliary lock latch 228 is pivotally mounted at 230 to the same
      aforementioned transverse frame member (not shown) that pivotally mounts
      the right-angled plate 218 and includes a transverse upper latching
      portion 232 and a depending lower linking portion 234.
PAR  The mechanism 72 further includes a bale position sensing arm 236 which is
      interconnected to the auxilliary lock latch 228 for moving the latch 228
      between a locking position and its unlocking position shown in FIG. 5. The
      arm 236, shown schematically in FIG. 3, includes an upstanding bale sensor
      238 having a short lower transverse section 240, and a long transverse
      tubular member 242 having the short transverse section 240 of the sensor
      238 telescopically received and adjustably secured on its outer end. The
      member 242 extends toward the left channel 16 (not shown) and is secured
      on one end of a connecting rod 244. The connecting rod 244 extends along
      the left channel 16 and is rotatably mounted through the same transverse
      frame member (not shown) that pivotally mounts the trip lock lever 158 of
      the first table outer trip mechanism 74. A depending member 246 is fixed
      to the opposite end of the connecting rod 244 and has an opening formed
      through its lower end for slideably receiving one end portion of a link
      rod 248 having a washer 250 fixed to its outer end with a spring 252 being
      disposed about the one end portion of the rod 248 between the washer 250
      the lower end of depending member 246. Another spring 254 is disposed
      about the one end portion of the rod 248 on an opposite side of the lower
      end of depending member 246 between the lower end thereof and another
      washer 256 being spaced a short distance therefrom and fixed to the link
      rod 248. The other end of the link rod 248 is pivotally coupled to the
      depending linking portion 234 of the auxilliary lock latch 228 at 258.
PAR  As was stated earlier in this application, the incorporation of short bales
      into the pairs of transversely disposed pairs of bales forming the first
      tier pattern F could be a significant problem in the case of a two and
      one-half wide stack if a first table inner trip mechanism was utilized
      which functioned generally the same as the first table outer trip
      mechanism 74, that is, it only would sense the position of the pair of
      bales along the first table 18 at the right end thereof. As pointed out
      hereinbefore, such bale position sensing method when applied to the
      transversely-disposed pairs of bales of the first tier pattern F would
      result in the formation of a void or gap between the left end of the pair
      and the left side of the second table 38 at which location the detrimental
      effect of a gap or void on stack stability is readily understood. However,
      the bale position sensing and control mechanism 72 incorporated into the
      bale wagon 10 senses and controls the position of a pair of bales with
      respect to two reference point, instead of just one, such points capable
      of being accurately established respectively at both right and left ends
      of the pair of bales by the mechanism 72.
PAR  The right reference point is established by adjusting the inner trip lever
      184 with respect to its pivotal axis so that when the lever 184 is pivoted
      upwardly upon being contacted by the leading bale of the pair being moved
      along the first table 18 by the cross conveyor, it would actuate pivotal
      movement of the first table 18, in the absence of lock lach 140 and
      auxilliary lock latach 228, when the leading bale has reached a position
      spaced a short distance from the left side of the right rail bales R, for
      example, four inches. In effect, by so adjusting the inner trip lever 184,
      the capability of creating a gap or void between the right end of the bale
      pair and the left side of the right rail bales R is stored in the inner
      trip lever 184, since the left reference point is most desirably
      established, through adjustment of the position of the upstanding bale
      sensor 238 along the tubular member 242, at a location being displaced
      from the left side of the right rail bales R through a distance
      approximately equal to two times the average or standard length of the
      bales being stacked. Such location generally falls in alignment with the
      outside longitudinal edge of the left platform 76 when in its side
      position.
PAR  Therefore, given the above two reference points, if the bales in the pair
      delivered across the first table 18 are both equal to the average or
      standard length, such being represented schematically in FIGS. 28 and 29,
      the inner trip lever 184, although being preset for a four inch gap, will
      not trip the first table 18 until the left end of the pair passes by the
      bale sensor 238 at which moment a spring 260 fixed between the tubular
      member 242 and the transverse frame member (not shown) pivots the arm 236
      upwardly to its normal position of FIG. 5. When the arm 236 is in such
      position and the trip lever 158 being depressed, both lock latches 140 and
      228 are in their unlocked position and actuation of the first table 18
      occurs. Thus, since such pair of two average-length bales upon actuation
      of the first table 18 are positioned at their left end toward the right
      end of the first table just pass the bale sensor 238, the left end of the
      bales will fall on the desired alignment for that side of the tier F and
      the right end will be substantially flush against the left side of rail
      bales R, as seen in FIG. 15. If the overall length of the pair of bales
      was short four inches as seen in FIG. 31, it is readily apparent that a
      four inch gap would be created adjacent the left side of the rail bales R,
      but that the left end of the pair would fall on the desired alignment with
      the left reference point, as seen in FIG. 17.
PAR  Suppose a long bale is encountered, such as shown in FIG. 33, it will be
      noted that, on the basis of the above-described adjustments of the inner
      trip lever 184 and the bale sensor 238 of the bale position sensing arm
      236, the arm 236 will not be allowed to pivot upwardly to its normal
      unlocking position for actuating the first table 18 since the left end of
      the pair will come to rest on the bale sensor 238. As seen in FIGS. 4 and
      5, an override device, generally designated 261, is incorporated in the
      mechanism 72 to compensate for this contingency. The device 261 includes a
      connecting rod 262 being slideably received at one end through a tubular
      element 264 pivotally mounted to the lower end of the vertical bracket 204
      and pivotally coupled at its other end at 266 to the lower end of the
      depending lower linking portion 234 of the auxilliary lock latch 228.
      Further, an adjustable stop 268 is secured along the rod 262 a small
      predetermined distance from the tubular element 264 which distance is
      preset so that, just slightly after the inner trip lever 184 has moved
      through its normal displacement, the element 264 will engage the stop 268
      and then move the rod 262 to unlock the auxilliary lock latch 228 to
      actuate the first table 18 even though the arm 236 remains in its locking
      position. Thus, the override device 261 insures that the auxilliary lock
      lach 228 is unlocked when ever the preselected gap stored on inner trip
      lever 184 has been used up.
PAC  MEANS FOR ALTERNATELY SELECTING THE INTERLOCKING TIER PATTERNS
PAR  The mechanical and hydraulic components incorporated into the bale wagon
      10, which comprise the means for selecting the interlocking tier patterns
      F, S in an alternating fashion, being generally designated by numeral 270,
      are illustrated in FIGS. 8 and 9, and schematically depicted in FIGS. 34,
      35 and 36.
PAR  Referring to FIGS. 8 and 9, the selecting means 270 includes a rachet and
      cam mechanism, generally indicated at 272, mounted along a brace 274 which
      extends at an approximately 45.degree. angle to, and interconnects, the
      upper end of right intermediate bracket 50 and the right longitudinal
      channel 16. The mechanism 272 includes a circular rachet 276 having four
      notches 278 formed at 90.degree. intervals about its periphery and a
      circular cam 280 having a pair of arcuate recesses 282 formed at
      180.degree. intervals about its periphery. The rachet 276 and cam 280 are
      fixed at axially spaced apart locations along the same sleeve 284 which
      is, in turn, rotatably received on a shaft 286 fixed at its opposite ends
      respectively to the brace 274 and to one end of a right-angled bracket 288
      which is also fixed at its opposite end to the brace 274.
PAR  The selecting means 270 further includes means, being generally indicated
      at 290, for sensing the motion of the second table 38 during approximately
      the final 45.degree. of its approximately 90.degree. movement from its
      horizontal, tier-forming position to its upright, tier-discharge position
      and for transmitting that motion to the rachet 276. The reason for sensing
      only the final 45.degree. of the second table pivotal movement toward the
      load bed 58 will be explained hereinafter in connection with the
      description of other hydraulic components incorporated into the bale wagon
      10. The motion sensing and transmitting means 290 includes a link 292
      which is rotatably mounted to the shaft 286 at a location adjacent to the
      racket 276 and extends in opposite directions radially outwardly from the
      shaft 286 along one side of the rachet 276 to opposite end portions.
PAR  A small block element 294 is pivotally coupled at 296 to a lower one of the
      link opposite end portions and has a central bore defined therein through
      which is slideably received a connecting rod 298. The rod 298 extends
      generally forwardly therefrom to one end which is secured to a bracket 300
      which, in turn, is secured to a U-shaped support member 302 (also shown in
      FIGS. 6 and 7) fixed to, and laterally extending outwardly from the right
      side of, the upwardly extending rear leg portion 46 of the second table
      38. The rod 298 also extends generally rearwardly from the block element
      294 to a free end having a washer 304 secured thereto.
PAR  The free end of rod 298 is initially provided at a given predetermined
      displacement from the block element 294 sufficient to allow the second
      table 38 to pivotally move upwardly approximately 45.degree. and slideably
      pull the rod 298 through the block element 294 before the washer 304 on
      the rod free end is brought into engagement with the block element 294.
PAR  When the washer 304 engages the block element 294, the element 294 is
      carried forwardly with the rod 298, as the second table 38 traverses the
      final 45 degrees of its upward pivoting cycle, to cause the link 292 to
      pivot counterclockwise about shaft 286 through at least a 90 degree arc of
      displacement. When the second table 38 pivotally moves back toward its
      lower, horizontal position, the rod 298 may slideably move through the
      block element 294 until another washer 306 fixed at a predetermined
      position along the rod 298 engages the opposite side of the block element
      294. Then the block element 294 is carried back to its original position
      and the link 292 is rotated clockwise back to its original position of
      FIG. 8.
PAR  A finger member 308 is pivotally mounted to a pin 310 protruding
      transversely from the upper one of the link opposite end portions in
      overlying relation to the periphery of the rachet 276 and biased for
      counterclockwise rotation, as viewed in FIG. 8, by a spring 312 toward the
      periphery of the racket 276. A lower tip 314 of the finger member 308 is
      received in one of the periphery notches 278 of the rachet 276. Therefore,
      counterclockwise rotation of the link 292 causes corresponding rotation of
      the rachet 276. Such rotation of the rachet 276 with the link 292
      continues until the outer tip 316 of the finger member 308 engages a
      stationary stop 318 mounted to a bracket 320 being fixed to brace 274 and
      disposed also in overlying relation to the rachet periphery and in the
      rotational path of the outer finger member tip 316. Engagement with the
      outer tip 316 by stop 318 causes clockwise rotation of finger member 308
      and removal of the lower tip 314 from engagement with the notch 278 of the
      rachet 276 as the rachet 276 reaches a location displaced counterclockwise
      90.degree. from its original location.
PAR  Further, the cam 280 being fixed to the same sleeve 284 as the rachet 276
      will also rotate counterclockwise 90.degree. with the rachet 276. A
      two-position platform selector valve 322 is mounted on brace 274 and has
      the outer end of its spool 324 linked to one end of a rod member 326
      having a roller 327 rotatably mounted by a U-shaped bracket 328 fixed to
      the other opposite end of the member 326. The rod member 326 is slideably
      mounted near its one end through a bracket 330 fixed to the brace 274. The
      U-shaped bracket 328 at the opposite rod member end is pivotally mounted
      to the outer end of a link arm 332 being pivotally mounted at 334 to
      bracket 320 which supports generally the bracket 328 such that the roller
      is aligned in a radial line with the rotational axis of the cam 280. A
      spring 336 is disposed about rod member 326 between the bracket 330 and
      the U-shaped bracket 328 so as to bias the roller end of the rod member
      326 toward the cam 280 and the spool 324 of the selector valve 322 toward
      its "out" position as shown in FIGS. 8 and 9, and also schematically in
      FIGS. 34 and 35.
PAR  When the spool 324 is in its "out" position the roller 327 is aligned and
      received within the recess 282 of the cam 280, as shown in FIGS. 8 and 35.
      When the cam 280 is rotated 90.degree. counterclockwise with rachet 276,
      the rod member 326 and its roller 327 are forced to move toward the
      selector valve 322 against the bias of spring 336 with the roller 327
      rolling out of the recess 282 of the cam 280 onto the outermost part of
      the periphery thereof and to a position where the roller 327 now engages
      the cam periphery 90 degrees from either of its recesses 282. Movement of
      the rod member 326 toward the selector valve 322 moves the spool 324 to
      its "in" position, as shown in FIG. 36.
PAR  Referring now to FIG. 34, it is seen that when the spool 324 is in its
      "out" position, also seen in FIG. 35, hydraulic lines 338, 340 are
      connected through the selector valve 322 to hydraulic lines 342, 344 which
      lead to the right platform hydraulic cylinder 88. Thus, upon actuation of
      other mechanical and hydraulic components to be explained hereinafter,
      hydraulic fluid will flow from the pump 128 to one of the opposite ends of
      the right platform hydraulic cylinder 88 and will flow from the other of
      the opposite ends of the cylinder 88 back to the tank 345.
PAR  Further, it is seen that when the spool 324 is in its "in" position, as
      seen in FIG. 36 hydraulic lines 338, 340 are connected through the
      selector valve 322 to hydraulic lines 346, 348 which lead to the left
      platform hydraulic cylinder 89. Thus, upon actuation of these same other
      mechanical and hydraulic components, just referred to above and which will
      be explained hereinafter, hydraulic fluid will flow from the pump 128 to
      one of the opposite ends of the left platform hydraulic cylinder 89 and
      will flow from the other of the opposite ends of the cylinder 89 back to
      the tank 345.
PAC  MEANS FOR CONTROLLING THE OPERATION OF THE SELECTED ONE OF THE PIVOTAL
      PLATFORMS
PAR  The operation of the selected one of the two pivotal platforms 76, 78 in
      the formation of the corresponding one of the two alternating and
      interlocking tier patterns F, S is controlled by means, generally
      indicated by numeral 350 and illustrated in FIGS. 10 and 11, which is
      responsive to the pivotal movement of the second table 38 from its upright
      tier-discharging position to its horizontal tier-forming position and also
      responsive to pivotal movement of the first table 18 from its upright
      bale-discharging position to its horizontal bale-receiving position.
PAR  The control means 350 includes a platform control valve 352 being mounted
      generally midway along the right longitudinal channel 16 under the second
      table 38 to an upstanding bracket 353 fixed to channel 16. Referring to
      FIG. 34, the spool 354 of valve 352 is schematically represented in a
      "neutral" position in which the flow of hydraulic fluid in pressure supply
      line 356 from the pump 128 via flow divider 138 is connected to the return
      line 358 which connects to the tank 345. Therefore, hydraulic fluid flow
      is blocked to lines 338, 340 which are respectively connected either to
      lines 344, 342 leading respectively to opposite ends of right platform
      cylinder 88 or to lines 346, 348 leading respectively to opposite ends of
      left platform cylinder 89, depending upon whether the spool 324 of
      selector valve 322 is in its "out" or "in" position. With further
      reference to FIG. 34, it is seen that the right platform 78 has been
      selected by valve 322 and that the right platform hydraulic cylinder 88
      has been retracted to pivot the right platform 78 to its forward position,
      as shown in FIGS. 3 and 12.
PAR  Preceding the performance of the above steps, the second table 38 was in
      its horizontal tier-forming position with both platforms 76, 78 in their
      respective side positions and a completed one of the interlocking tier S
      having been formed thereon, as shown in FIG. 27, by the delivery of a
      final transverse pair of bales to the front end of the second table 38
      upon pivotal cycling of the first table 18. Upon receipt of the final
      transverse pair of bales on the second table 38, the successive pairs of
      transverse bales already disposed thereon were pushed toward the rear end
      of the second table 38 such that the rearmost pair of transverse bales
      engaged the second table trip lever 57 which moved the spool 360 of the
      second table valve 362 to an "out" position through suitable linkage
      generally similar to that of aforementioned U.S. Pat. No. 3,502,230 and
      thereby connected pressure supply line 134 to line 364 through a pilot
      operated check or lockout valve 366 which allowed flow of hydraulic fluid
      to second table hydraulic cylinder 52 to cause extension thereof and
      pivotal movement of the second table 38 from its horizontal position to
      its upright position. As explained hereinbefore, the final 45.degree. of
      such pivotal movement of the second table 38 caused cam 280 to rotate
      90.degree., in particular, from its position shown in FIG. 36 to that
      shown in FIG. 35, which allowed the spool 324 of the selector valve 322 to
      move from its "in" position of FIG. 36 to its "out" position of FIG. 35
      and thereby select the right pivotal platform 78.
PAR  Upon the second table 38 reaching its upright, tier-discharge position, the
      aforementioned suitable linkage, being generally similar to that of
      aforementioned U.S. Pat. No. 3,502,230, resets the second table trip 57
      and moves the spool 360 of the second table valve 362 back to its "in"
      position. Line 364 is now connected to line 368 through check valve 366,
      which is connected by a pilot line 370 to line 134 and maintained open via
      the pressure of hydraulic fluid flowing from line 126 through the first
      table valve 124 with its spool 122 in its "out" as shown in FIG. 34, along
      line 134 through second table valve 362 with its spool in its "in"
      position as shown in FIG  34 and along line 369 to other hydraulic
      components (not shown) on the wagon 10. Therefore, the second table 38 may
      pivot back to its horizontal position under the force of gravity as
      hydraulic fluid is allowed to flow from its cylinder 52 along line 364. In
      this connection, it should be noted that if for some reason the spool 122
      of the first table valve 124 were moved to its "in" position to connect
      pressure supply line 126 to line 130 and thus allow the flow of hydraulic
      fluid to first table cylinder 32 and cause pivotal movement of the first
      table 18 to its upright position, the pressure of hydraulic fluid flowing
      from supply line 136 to line 134 through the second table valve 362 to
      other hydraulic components via line 369 and also from line 134 into the
      check valve 366 along pilot line 370 would not be great enough to open the
      check valve 366 so as to allow reverse flow of hydraulic fluid along line
      364 from the second table cylinder 52. Therefore, cylinder 52 will be
      maintained under pressure and the return pivotal motion of the second
      table 38 stopped to prevent it from descending and colliding with the
      first table 18 in the situation where the first table 18 is inadvertently
      simultaneously cycled to its upright position during the descent of the
      second table 38.
PAR  Pivotal return movement of the second table 38 from its upright
      tier-discharging position to its horizontal tier-forming position will
      cause the previously selected one of the two platforms, for instance, the
      right platform 78, to be moved to its forward, bale-receiving position.
PAR  In order to achieve the forward pivotal movement of the platforms 76, 78, a
      first assembly of mechanical linkage, being indicated generally at 371, is
      provided and forms the part of the control means 350 for responding to the
      movement of the second table 38 and transmitting such motion to the
      platform control valve 352 to move its spool 354 from its "neutral"
      position of FIG. 34 to an "in" position. In its "in" position, the spool
      354 connects pressure supply line 356 to line 340 and return line 358 to
      line 338 whereby hydraulic fluid flows to the right platform cylinder 88
      along line 342 and from the cylinder 88 along line 344 and the cylinder 88
      is moved to its retracted position which pivots the platform 78 to its
      forward position of FIG. 3 and 12.
PAR  The first assembly of mechanical linkage 371 of the control means 350
      includes an arm 372 being pivotally mounted at 374 to a L-shaped bracket
      376 fixed to right longitudinal channel 16 and having a roller 378
      rotatably mounted at its upper free end and an outwardly protruding tab
      380 fixed midway therealong between the roller 378 and its pivot point
      374. The tab 380 has an opening through which is received a rear end
      portion of a connecting rod 382 which extends therefrom forward through an
      opening in the L-shaped bracket 376 and along right channel 16. A washer
      384 is fixed near the terminal end of the connecting rod rear end portion
      and a spring 386 encompasses the rod 382 between the washer 384 and one
      side of the arm 372. Another spring 388 encompasses the rod 382 between
      the L-shaped bracket 376 and the other side of the arm 372. The connecting
      rod 382 extends forwardly from the opening in the L-shaped bracket 376 to
      a linking member, generally designated 390, with the forward end portion
      of the rod 382 being pivotally connected to the lower end of one side of
      the linking member 390 which is pivotally mounted at 392 to a C-shaped
      bracket 394 fixed to the longitudinal right channel 16. The opposite side
      of the linking member 390 is pivotally connected to the other end of the
      platform control valve spool 354.
PAR  Shortly after the second table 38 begins its descending pivotal movement, a
      T-shaped finger member 396 being fixed to, and extending rearwardly from,
      the right portion of upwardly extending rear leg portion 46 of the second
      table 38 (see also FIGS. 6 and 7) engages the forward side of the roller
      378 on pivotal arm 372 and deflects or pivots the arm 372
      counterclockwise, as seen in FIG. 11, through a small arc about point 374
      such that the tab 380 on the arm 372 urges or compresses the spring 386
      against the washer 384 on the connecting rod 382 which causes the rod 382
      to move rearwardly and thereby pivot linking member 390 counterclockwise,
      as viewed in FIG. 10, about point 392. Such movement of member 390 results
      in movement of its opposite side toward the control valve 352 which moves
      the valve spool 354 from its "neutral" position to its "in" position.
PAR  It should be noted that during upward pivotal movement of the second table
      38, the T-shaped finger member 396 would engage the rear side of the
      roller 378 on pivotal arm 372 and deflect or pivot it clockwise. However,
      such movement of the arm 372 merely compresses spring 388 against the
      bracket 376 and does not move the connecting rod 382. Once the finger
      member 396 passes the arm 372, the spring 388 restores the arm 372 to its
      centered, upright position of FIG. 11.
PAR  Pivotal return movement of the first table 18 from its upright
      bale-discharging position to its horizontal bale-receiving position will
      cause the previously selected one of the two platforms, for example, the
      right platform 78, if disposed in its forward position in which it has
      just received a pair of bales from the first table 18, to be rearwardly
      pivotally moved to its side, rail-forming position.
PAR  In order to achieve the rearward pivotal movement of the platforms 76, 78,
      a second assembly of mechanical linkage, being indicated generally at 397,
      is provided and forms the part of the control means 350 for responding to
      the movement of the first table 18 and transmitting such motion to the
      platform control valve 352 to move its spool 354 from its "neutral"
      position of FIG. 34 to an "out" position. In its "out" position, the spool
      354 connects pressure supply line 356 to line 338 and return line 358 to
      line 340 whereby hydraulic fluid flows to the right platform cylinder 88
      along line 344 and the cylinder 88 is moved to its extended position which
      pivots the platform 78 from its forward position of FIGS. 3 and 13 to its
      side position of FIGS. 6 and 14.
PAR  The second assembly of mechanical linkage 397 of the control means 350
      includes a connecting rod 398 which is pivotally secured at its rear end
      to the upper end of the one side of the linking member 390, extends
      forwardly along the channel 16, and is pivotally coupled at its front end
      to the lower end of a link 400 which, in turn, is pivotally mounted
      through its middle section at 402 to an upstanding C-shaped bracket 404
      fixed to the right longitudinal channel 16. The upper end of the link 400
      is pivotally secured to another rod 406 which is telescopically and
      slideably received at its forward end portion within the rearward end
      portion of a sleeve 408. The forward end of the sleeve 408 is pivotally
      coupled to the rear end of a link element 410 being pivotally mounted at
      412 between a pair of spaced apart tabs 414 which are fixed to, and extend
      at an inclined angle upwardly and rearwardly from, the upper end of the
      first table leg portion 26 near the right front bracket 30. In the
      position shown in FIG. 11, the link element 410 is prevented from pivoting
      or rotating counterclockwise about point 412, as would otherwise be caused
      by the weight of the telescoping rod and sleeve assembly 406, 408 imposed
      thereon, due to the presence of a transverse tab 416 which is fixed to the
      pair of tabs 414 and overlies the tabs 414 and the forward end of the link
      410.
PAR  As the first table 18 is pivotally moved upwardly from its bale-receiving
      position to its bale-discharge position, the pair of tabs 414 carried by
      the upper end of the first table leg portion 26 and the link element 410
      pivotally mounted by the tabs 414 together revolve in a counterclockwise
      direction about point 28 wih the first table 18. Such movement of link
      element 410 may initially cause the sleeve 408 to slide relative to the
      rod 406 toward a stop element 418 adjustably mounted along the rod 406 a
      short distance from the rearward end of the sleeve 408. However, the link
      element 410 may also pivot or "break" through a small arc in a clockwise
      direction about its pivot point 412 relative to tabs 414, as the link
      element 410 revolves counterclockwise with the first table 18, such that
      the sleeve 408 is prevented from being slideably displaced rearwardly
      through a sufficient distance to engage the stop element 418 and move the
      rod 406 rearwardly which would pivot link 400 counterclockwise and pull
      connecting rod 398 forwardly, which would pivot linking member 390
      clockwise and move the valve spool 354 from its "neutra" position to its
      "out" position.
PAR  However, as the first table 18 is pivotally returned from its upright
      position back to its horizontal position with the pair of tabs 414 carried
      by the upper end of the first table leg portion 26 and the link element
      410 pivotally mounted by the tabs 414 together revolving in a clockwise
      direction about point 28 with the first table 18, the presence of
      transverse tab 416 prevents the link element 410 from pivoting or
      "breaking" in a counterclockwise direction about its pivot point 412.
      Accordingly, during the last 45 degrees or so of the return cycle of the
      first table 18, the link element 410 causes the sleeve 408 to slide
      rearwardly relative to the rod 406 until it engages the stop 418, then the
      rod 406 moves rearwardly with the sleeve 408 through a sufficient distance
      to cause movement of the spool 354 of the platform control valve 352 from
      its "neutral" position to its "out" position via the other cooperating
      elements of the second mechanical linkage assembly 397 as explained
      hereinabove.
PAR  It has just been described hereinabove how the respective pivotal return
      movements of the second table 38 and the first table 18 control the
      pivotal movements of the selected one of the platforms 76, 78 to its
      forward and side positions. In the case of pivotal return movement of the
      second table 38 to its lower, tier-forming position, the first assembly of
      mechanical linkage 371 caused movement of the valve spool 354 from its
      "neutral" position to its "in" position, while in the case of pivotal
      return movement of the first table 18 to its lower, bale-receiving
      position, the second assembly of mechanical linkage 397 caused movement of
      the valve spool 354 from its "neutral" position to its "out" position. It
      was not explained in the description just presented how the spool 354 of
      the platform control valve 352 became initially set at, or is returned to,
      its "neutral" position. It will be recognized by one skilled in the art
      that control valve 352 as shown in FIG. 34 is a self-neutralizing, detent
      type valve. Each time the spool 354 is moved to either its "in" or its
      "out" position, a stationary spring loaded element 420 within the valve
      becomes engaged within one of a pair of detents on the valve spool and
      holds the spool at either the "in" or "out" position. The spool is
      maintained at such position until a predetermined level of back pressure
      higher than the pressure required to either extend or retract the selected
      one of platform cylinders 88, 89 builds along the pressure supply line
      356. Such level of back pressure is reached after the respective selected
      one of the platform cylinders 88, 89 has reached either its fully extended
      or retracted position and instantaneously opens internal relief valve 422
      which allows hydraulic fluid to flow along internal line 424 to the
      internal spring loaded, detent-engaging element 420 and lift the element
      420 against its spring loaded bias out of engagement with the respective
      one of the detents. Once the element 420 is disengaged from the one
      detent, the spool 354 is free to return to its normal centered position as
      shown in FIG. 34 due to the inherent action of internal spring means
      within the valve 352. Also, once the spool 354 has returned to its
      "neutral" position, the flow of hydraulic fluid will divert to the path of
      least resistance which is along return line 358 leading back to the tank
      345. Fluid pressure along internal line 424 of the control valve 352 will
      also seek the path of least resistance which is away from the
      detent-engaging element 420 and along restricted flow line 426 being
      connected to return line 358. In such manner the fluid pressure which
      previously was utilized to counteract the spring loaded bias of the
      detent-engaging element 420 in order to neutralize the valve 352 is
      allowed to drain off whereby the detent-engaging element 420 will again be
      capable of engaging one of the detents upon movement of the spool 354 to
      one of its "in" or "out" positions.
PAR  It should be mentioned that each time the first table 18 is pivotally moved
      on its return cycle, the spool 354 of the control valve 352 is moved from
      its "neutral" position to its "out" position. As stated hereinabove, if
      the selected one of the platforms 76, 78 happens to be disposed in its
      forward position, such as at the start of the formation of one of the tier
      patterns F, S, movement of the valve spool 354 to its "out" position
      causes extension of the one of the cylinders 89, 88 corresponding to the
      selected one of the platforms 76, 78 and thus pivotal movement of the
      selected one platform to its side position, and then the valve 352
      neutralizes itself. However, the one selected platform is only disposed in
      its forward position for receiving bales from the first table 18 the first
      time the first table 18 is cycled during a given one of the tier-forming
      operations. Thereafter, the selected platform is disposed in its side,
      rail-forming position as additional pairs of transversely arranged bales
      are successively delivered to the second table 38 by the first table 18.
      During the return portion of each one of these cycles of the first table
      18, being subsequent to the first cycle thereof, the valve spool 354 is
      moved to its "out" position, but since the selected one hydraulic cylinder
      is already extended, this has no effect on the position of the selected
      platform. Instead, as soon as the spool 354 moves to its "out" position,
      the back pressure is instantaneously "sensed," as has been explained
      hereinabove, by the neutralizing or restoring features of the valve 352,
      i.e., the detent-engaging element 420 and the internal relief valve 422,
      and the control valve 352 immediately neutralizes itself.
PAR  Referring again to FIGS. 10 and 11, addition mechanical linkage, generally
      designated as numeral 428, is provided, the purpose for which is to
      prevent successive cycling of the second table 38 without interposing a
      first table cycle between the second table cycles. It has been explained
      that each cycle of the second table 38 causes pivotal movement of the
      selected platform from its side position to its forward position. Also, it
      has been explained that the platforms 76, 78 are selected in alternating
      fashion by the pivotal cycles of the second table 38. Thus, for example,
      on one given cycle of the second table 38, the right platform 78 may be
      slected and then moved to its forward position. If the first table 18 is
      not cycled before another cycle of the second table 38 takes place, then
      the previously selected right platform 78 will not be moved from its
      forward position, but, instead, the subsequent cycle of the second table
      38 will select the other, left platform 76 and then move it toward its
      forward position, while the non-selected right platform 78 is being
      maintained at its forward position. Thus, it is readily apparent that the
      left platform 76 will collide with the right platform 78 and possibly
      cause damage to one or both of the platforms, to components associated
      therewith, or to components of the hydraulic system.
PAR  The additional mechanical linkage 428 includes a shaft 430 being rotatably
      mounted to, and extending along, the transverse support member 432 being
      fixed to the front brackets 30 which extend upright from the longitudinal
      left and right channels 16. At an inner end of the shaft 430, which is
      generally disposed midway along the length of the support member 432, is
      fixed an upright arm 434 which will extend through a slot 436, as seen in
      FIG. 6, formed at a central location along the front edge of the second
      table 38 and above the surface of the second table 38 when the second
      table 38 is in its horizontal tier-forming position with its forward
      transversely extending edge generally resting on the support member 432 so
      as not to interfere with rotatably shaft 430. The upright arm 434 has a
      roller 438 rotatably mounted at its upper end. The opposite outer end of
      the shaft 430 is formed in a 90 degree turned portion 440 which has an end
      of a cable 442 fixed thereto. The cable 442 extends downwardly from the
      turned portion 440 about a sheave 444 being rotatably mounted to right
      upright bracket 30 and therefrom rearwardly to the upper,
      inwardly-projecting end of a L-shaped lock lever 446 being pivotally
      mounted at 448 to the right longitudinal channel 16. A lower
      outwardly-projecting end 450 of the lever 446 overlies a rod 452, being
      only fragmentarily shown, which is coupled to the spool 360 of the second
      table valve 362, not being shown in FIGS. 10 and 11.
PAR  When the selected one of the platforms 76, 78 is moved to its forward
      position, the platform engages the roller 438 and pivots the upright arm
      434 clockwise, as viewed in FIG. 11, which correspondingly rotates the
      shaft 430 and the turned portion 440 of the shaft 430 clockwise. Clockwise
      rotation of the turned shaft portion 440 pulls the cable 442 forwardly
      which pivots the lever 446 clockwise to position its lower end 450, having
      a semicircular groove formed therein, partially about the rod 452 just
      rearwardly of a stop element 454 being adjustably fixed at a desired
      predetermined position along the rod 452. With the lever end 450 so
      positioned, the spool 360 of the second table valve 362 is locked in the
      position shown in FIG. 34 and may not be moved so as to cause cycling of
      the second table 38. For example, the operator of the wagon 10 will not
      now be able to operate certain remote control rods (not shown) which are
      normally positioned at the front of the wagon in order to manually cycle
      the second table. He must first cycle the first table 18 which will cause
      the selected platform to move to its side position and thus out of the
      path of the other platform which will be selected and moved forwardly on
      the next second table cycle. A spring 456 extending between the C-shaped
      bracket 404 and the upper end of the lever 446 will pivotally return the
      lever 446 counterclockwise to its initial position which rotates the
      upright arm 434 back to its original, generally vertical position and also
      raises the lower lever end above the stop element on the rod 452, once the
      selected platform disengages from the roller 438 of the arm 434. Thus, it
      is seen that provision has been made for preventing inadvertent
      consecutive cycling of the second table 38 in order to avoid colliding or
      crashing one platform with the other.
PAC  FUNCTIONS OF OTHER HYDRAULIC COMPONENTS
PAR  It should be pointed out that, with respect to the hydraulic circuit of
      FIG. 34, lines which cross are connected together whenever a large dot
      appears at the location of intersection; otherwise crossing lines are not
      connected. Other than the above variation, the hydraulic circuit of FIG.
      34 is in conformity with the standard graphical symbols specified by
      USASI.
PAR  It was stated hereinbefore that the trip slave cylinder 194 is moved to its
      extended position, as shown in FIG. 4, and the inner trip lever 184 is
      caused thereby to pivot or raise to its operative position of FIG. 5, each
      time the right platform hydraulic cylinder 88 is actuated to its extended
      position, as shown in FIG. 6, and the right platform 78 is thus pivotally
      moved from its forward to its side position. Also explained above,
      actuation of the right platform cylinder 88 to its extended position is
      caused by hydraulic fluid which is flowing from the supply line 356
      through the right end of control valve spool 354, being at its "out"
      position, along line 338 through the left end of selector valve spool 324,
      being at its "out" position of FIG. 34, and along line 342 to the right
      platform cylinder 88. A small portion of the hydraulic fluid flowing along
      line 342 from the selector valve spool 324 diverts along line 458, opens
      and passes through the spring loaded check valve 460, and then along line
      196 toward the trip slave cylinder 194 to move the cylinder 194 from its
      retracted position of FIG. 34 to its extended position of FIG. 4. The
      fluid is prevented from flowing in an opposite direction along line 196 to
      line 462 which leads to the tank 345 by the presence of a pilot operated
      check valve 464 normally closed to flow in such direction along line 196.
      As will be explained in detail later, any fluid present along pilot line
      466, which connects check valve 464 to line 468 which, in turn, connects
      to line 348 which leads to the left platform cylinder 89, is not at a
      level of pressure sufficient to open the check valve 464. Thus, it will be
      apparent that the presence of closed check valves 460, 464 prevents
      reverse flow of fluid from the extended hydraulic slave cylinder 194 so
      long as the selector valve spool 324 remains at its "out" position of
      FIGS. 34 and 35. Accordingly, the inner trip lever 184 will be maintained
      in its raised operative position so long as the selector valve spool 324
      remains at its "out" position.
PAR  Further, even upon the next pivotal cycling of the second table 38 which
      moves selector valve spool 324 from its "out" position to its "in"
      position of FIG. 36 and, following thereafter, moves the control valve
      spool 354 from its "neutral" to its "in" position which allows fluid flow
      from supply line 356 through the left end of control valve spool 354 to
      line 340 through the right end of selector valve spool 324 and along line
      346 to left platform cylinder 89 to cause retraction thereof and pivoting
      of the left platform 76 to its forward position, the inner trip lever will
      be maintained in its raised operative position since the check valves 460,
      464 are not affected and thus remain closed.
PAR  It is only upon the next succeeding cycle of the first table 18, after the
      initial pair of bales have been delivered to the second table 38 upon the
      forwardly-positioned left platform 76 by the first table 18 to begin
      formation of tier pattern S and when the first table 18 returns to its
      lower bale-receiving position which causes control valve spool 354 to move
      from its "neutral" position to its "out" position and thereby causes
      extension of the left platform cylnder 89 and pivotal movement of the left
      platform 76 to its side position of FIG. 3, that the normally closed check
      valve 464 is opened to allow reverse flow of fluid from the slave cylinder
      194 along line 196 to line 462 and onto the tank 345 and thus retraction
      of slave cylinder 194 and return pivoting of the inner trip lever 184 to
      its lower, inoperative position below the level of first table beams 20.
      The normally closed check valve 464 is opened when fluid flows from supply
      line 356 through the right end of control valve spool 354 to line 338
      through the right end of selector valve spool 324 and along lne 348 to
      left platform cylinder 89 to cause extension thereof and pivoting of the
      left platform 76 to its side position, since a small portion of the
      hydraulic fluid flowing along line 348 from the selector valve spool 324
      diverts along line 468 to pilot line 466 and therealong to check valve
      464. The flow of fluid along line 468 diverts to pilot line 466, instead
      of flowing on directly to return line 462, in view of the presence of a
      pilot operated check valve 470 normally closed to flow in such direction
      along line 468. The flow of fluid along pilot line 466 to check valve 464
      reaches a level of pressure sufficient to open the check valve 464 whereby
      the line 196 is now open to the return line 462 which allows the fluid
      pressure previously maintained within the slave cylinder 194 and holding
      it in its extended condition to evacuate to the tank 345 due to the
      inherent contractive action of the extended spring 198, the fluid being
      pushed from the cylinder 198 upon its retraction by the spring 198.
PAR  It should be recognized that upon the left platform cylinder 89 reaching
      its fully extended position with the left platform 76 then at its side
      position, the platform control valve spool 354 will automatically
      neutralize, in a manner as has been explained hereinbefore, and the fluid
      pressure along pilot line 466, which was previously built up to a level
      sufficient to open check valve 464, will now be maintained and held at
      such level. Further, it should be recognized that subsequent cycles of the
      first table 18 to complete formation of tier pattern S, which each cause
      the control valve spool 354 to move from its "neutral" position to its
      "out" position, with the spool then "self-neutralizing", all without any
      effect upon the extended condition of the left platform cylinder 89, as
      has been explained hereinbefore, will not connect line 348, and thus line
      468, to line 340, which connects to return line 358 each time the spool
      354 moves to its "out" position, and, therefore, will not evacuate the
      fluid pressure in pilot line 466 which is maintaining the check valve 465
      in its open condition.
PAR  However, some provision must be made to relieve the fluid pressure along
      pilot line 466 so as to allow the check valve 464 to restore or return to
      its initial condition, such being where it is normally closed to fluid
      flow along line 196, before the appropriate stage in the succeeding
      operation of forming the tier pattern F arrives in which it is again
      necessary to raise the inner trip lever 184 to its operative position of
      FIG. 5 by extending the slave cylinder 194. So long as the check valve 464
      remains open to fluid flow along line 196, it will be impossible to extend
      the slave cylinder 194.
PAR  Such provision for restoring the check valve 464 to its closed condition
      takes the form of a pilot line 472 connected between check valve 470 and
      line 364 which leads to the second table cylinder 52. Upon cycling of the
      second table 38 to its upper, tier-discharging position after the selected
      tier pattern S has been completed thereon, a small portion of the fluid
      flowing along line 364 to the second table cylinder 52 diverts along pilot
      line 472 and reaches a level of pressure sufficient to open check valve
      470 to fluid flow along line 468 through check valve 470 and therefrom
      along return line 462 to the tank 345. As a result, the fluid pressure
      present in check valve 464, and heretofore maintaining it open, will bleed
      off along pilot line 466 to line 468 through open check valve 470 and then
      along return line 462 to the tank 345, and thereby restore the check valve
      464 to its initial condition wherein it is closed to fluid flow from line
      196.
PAR  To limit the rate of flow to the return line 462, a restriction 474 is
      placed in the short portion of line 468 between check valve 470 and the
      point of connection of line 468 with return line 462. Such restriction 474
      is designed to allow flow therethrough sufficient enough to achieve
      bleeding off of the fluid pressure in pilot line 466 when the check valve
      470 is opened, but to limit the flow sufficiently so that back pressure
      will be created along interconnected lines 468, 348 and 338 at a level
      sufficient enough to make the control valve 352 neutralize itself after
      its spool 354 has been moved to its "out" position as caused by return
      movement of the first table 18 to its horizontal position during the first
      approximately 45.degree. of pivotal movement of the second table 38 toward
      its upright, tier-discharging position. Thereby, the control valve 352
      will be neutralized before the second table 38 moves through the final
      approximately 45.degree. of its upward cycle in which it causes the
      selector valve 322 to change selection from the left to the right platform
      and, thereafter, moves through its downward cycle in which it causes the
      control valve spool 354 to move to its "in" position to pivotally move the
      selected right platform to its forward position.
PAR  It has been found desirable to allow flow of hydraulic fluid to the
      selected one of the right or left platform cylinders 88,89 to assist in
      holding the corresponding selected one of the right or left platforms
      78,76 solidly at its forward position during pivotal movement of the first
      table 18 to its upright, bale-discharge position at which a pair of bales
      are delivered to the selected one of the platforms 78,76. Oftentime, if
      such flow is not provided, the selected one platform has a tendency to be
      slightly pivoted rearwardly due to engagement therewith by the bales being
      delivered by the first table 18, that is, the bales in being pushed or
      dragged across the front end of the second table 38 tend to push the
      respective selected one platform ahead of them and thereby displace the
      platform rearwardly out of the desired alignment along the front end of
      the second table 38. As a result the pair of bales may not be wholly
      resting on the platform when it is pivoted to its side position and may
      roll off the platform and thereby not reach the side, rail-forming
      position for the selected one of the tier patterns F, S. This would
      require the operator to stop the bale wagon and manually range the bales
      in the respective side rail position.
PAR  A short line 476 interconnects lines 130 and 340 and a spring loaded check
      valve 478 is provided along line 476 which only allows fluid flow in a
      direction away from the point at which lines 130, 132 and 476 are
      connected. Whenever the first table valve spool 122 has been moved to its
      "in" position which allows the flow of hydraulic fluid from supply line
      126 through the right end of the spool 122 to line 130 and then along line
      132 to the first table cylinder 32 to move the cylinder 32 to its extended
      position which pivots the first table 18 to its upright, bale-discharge
      position, additional fluid pressure, over and above that which is already
      present therealong, is imposed through check valve 478 and along line 340
      through the selector valve 322 and along one of the lines 342,346 to the
      corresponding selected one of the platform cylinders 88,89 being disposed
      in its retracted position to assist in maintaining such retracted position
      during placing of the pair of bales on the selected, forwardly positioned
      one of the platforms 78,76.
PAC  FORMING BALES INTO TWO ALTERNATING, INTERLOCKING TIER PATTERNS ON THE
      SECOND TABLE OF THE BALE WAGON
PAR  FIGS. 12 through 19 and 20 through 27 schematically illustrate the
      operations of forming bales into the first and second interlocking tier
      patterns F, S on the second table 38 of the bale wagon 10 of FIG. 1 as the
      bale wagon 10 moves across the field. Reference numerals have been omitted
      for purposes of clarity from FIGS. 12 through 27 (and also from FIGS. 28
      through 33), since the basic components involved in the operations have
      been identified in FIG. 3.
PAR  Since formation of bales into tier pattern F has been selected first and is
      illustrated in FIGS. 12 through 19, the right platform 78 is at its
      forward position and the left platform 76 is at its side position, as
      illustrated in FIG. 12. Also inner trip lever 184 is disposed in its
      lower, inoperative position. The operations begin with two bales being
      successively delivered along the first table 18 until both trip lock lever
      158 is depressed and outer trip lever 104 is pivotally moved to the left.
      Then, the first table 18 is actuated to pivot to its upright,
      bale-discharging position to deliver the pair of bales to the second table
      38 and thereby dispose the pair on the right platform 78 with the pair
      being arranged end-to-end in a row thereon, as shown in FIG. 13. Return
      movement of the first table 18 back to its horizontal, bale-receiving
      position causes pivotal movement of the right platform 78 and its pair of
      bales to the side position, as shown in FIG. 14, being generally
      perpendicular to the initial forward position, which provides the right
      pair of rail bales R for the tier pattern F. Upon such pivotal movement of
      the right platform 78, the inner trip lever 184 is actuated to its raised,
      operative position.
PAR  To complete formation of the tier pattern F, like pairs of bales are each
      successively delivered along the first table 18 until trip lock lever 158
      is depressed, bale position sensing arm 236 senses the passage of the
      right end of the pair (or override device 261 is actuated in the case of
      an overly long bale), and inner trip lever 184 is pivoted to the left and
      then delivered by the first table 18 to the second table 38 and thereby
      disposed or accumulated in transverse relationships along one
      longitudinally extending side of the right pair of rail bales R and
      generally between opposite ends of the pair, as shown in FIGS. 15 through
      19.
PAR  When the final pair of bales is delivered to the second table 38 to
      complete the tier pattern F, the rearwardly positioned transverse pair of
      bales of the tier pattern F engage and move the second table trip lever 57
      rearwardly which actuates pivotal movement of the second table 38 to its
      upright, tier-discharging position adjacent the load bed to dispose the
      tier of bales upright upon the load bed. Return movement of the second
      table 38 back to its horizontal, tier-forming position causes pivotal
      movement of the left platform 76 to the forward position with the right
      platform 78 being maintained at the side position, as illustrated in FIG.
      20, and, also, the inner trip lever 184 is still maintained in its raised,
      operative position.
PAR  Accordingly, formation of bales into the other, second tier pattern S,
      which had been selected by the prior upward movement of the second table
      38 in delivering tier F to the load bed, is now carried out and is
      illustrated in FIGS. 20 through 27. The operations begin with two bales
      being successively delivered along the first table 18 as the like pairs of
      bales were previously each successively delivered along the first table 18
      to complete formation of the tier pattern F. Then, the first table 18 is
      actuated to pivot to its upright, bale-discharging position to deliver the
      pair of bales to the second table and thereby dispose the pair on the left
      platform 76 with the pair being arranged end-to-end in a row thereon, as
      shown in FIG. 21. Return movement of the first table 18 back to its
      horizontal, bale-receiving position causes pivotal movement of the left
      platform 76 and its pair of bales to the side position, as shown in FIG.
      22, being generally perpendicular to the initial forward position, which
      provides the left pair of rail bales L for the tier pattern S. Upon such
      pivotal movement of the left platform 76, the inner trip lever 184 is
      actuated to its lower, inoperative position.
PAR  To complete formation of the tier pattern S, like pairs of bales are each
      successively delivered along the first table 18 until both trip lock lever
      158 is depressed and outer trip lever 104 is pivotally moved to the left
      and then delivered by the first table 18 to the second table 38 and
      thereby disposed or accumulated in transverse relationships along a
      longitudinallyextending side of the left pair of rail bales L, being
      located opposite to the one longitudinal side of the right pair of rail
      bales R, and generally between opposite ends of the pair, as shown in
      FIGS. 23 through 27.
PAR  When the final pair of bales is delivered to the second table 38 to
      complete the tier pattern S, the rearwardly positioned transverse pair of
      bales of the tier pattern S actuates the second table trip lever 57, as in
      the case of the tier pattern F, which causes pivotal movement of the
      second table 38 to its upright, tier-discharging position adjacent the
      load bed to deposit the tier S upright upon the load bed in general
      alignment with the tier F such that the right rail bales R of tier F and
      the left rail bales L of tier S are respectively disposed at opposite
      sides of the adjacently deposited tiers F, S.
PAR  Additional interlocking tiers F, S are successively and alternately formed
      and deposited onto the load bed by repeating the above-described
      operations until a stack having the desired number of tiers has been
      formed on the load bed of the bale wagon. Then, the bale wagon 10 is moved
      to a desired storage location, whereupon the load bed is pivoted
      90.degree. to its upright position, pushoff feet (not shown) are actuated
      and the wagon is moved forwardly which deposits the stack upright upon the
      ground or the like, as it is shown in FIG. 2.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description and it will be apparent that
      various changes may be made in the form, construction and arrangement of
      the components of the bale wagon described and that changes may be made in
      the steps of the method described and their order of accomplishment
      without departing from the spirit and scope of the invention or
      sacrificing all of its material advantagaes, the form hereinbefore
      described being merely a preferred or exemplary embodiment thereof.
CLMS
STM  Having thus described the invention, What is claimed is:
NUM  1.
PAR  1. A method of forming bales on a table of a bale wagon into a tier pattern
      being approximately two and one-half bales wide, comprising the steps of:
PA1  disposing one pair of bales, being arranged end-to-end in a row, onto an
      elongated platform of a length and width adapted to support said pair of
      bales and being movably mounted to said table and maintained at a first
      position on said table;
PA1  moving said platform with said on pair of bales being supported thereon to
      a second position on said table being generally perpendicular to said
      first position; and
PA1  successively disposing a plurality of like pairs of bales onto said table
      in transverse relationship along one longitudinally extending side, and
      generally between opposite ends, of said one pair being supported on said
      platform at said second position.
NUM  2.
PAR  2. A method as recited in claim 1, wherein said moving step is performed by
      pivoting said platform with said one pair of bales being supported thereon
      from said first position to said second position on said table.
NUM  3.
PAR  3. A method of forming bales into an interlocking pair of alernating tier
      patterns, each being approximately two and one-half bales wide, on a bale
      wagon, said wagon having a tier-forming table and a load-carrying bed,
      comprising the steps of:
PA1  a. forming a first tier of bales on said table by
PA2  1. placing one pair of bales, being arranged end-to-end in a row, onto a
      first elongated platform of a length and width adapted to support said
      pair and being movably mounted to said table and maintained at a
      transverse position on said table,
PA2  2. moving said first platform with said one pair of bales being supported
      thereon in a first direction to a longitudinal position on said table
      being generally perpendicular to said transverse position and
PA2  3. successively disposing a plurality of like pairs of bales on said table
      in transverse relationships along one longitudinally-extending side of
      said one pair and generally between opposite ends of said one pair;
PA1  b. moving said table to transfer said first tier to said load-carrying bed;
PA1  c. formng a second tier of bales on said table by
PA2  1. placing another pair of bales, being arranged end-to-end in a row, onto
      a second elongated platform of a length and width adapted to support said
      pair and being movably mounted to said table and maintained at another
      transverse position on said table,
PA2  2. moving said second platform with said another pair of bales being
      supported thereon in a second direction, being opposite to said first
      direction of moving of said first platform, to another longitudinal
      position on said table being generally perpendicular to said another
      transverse position and
PA2  3. successively disposing another plurality of like pairs of bales on said
      table in transverse relationships along the other longitudinally extending
      side of said another pair of bales, being located opposite to said one
      longitudinal side of said one pair of bales in said first tier, and
      generally between opposite ends of said another pair; and
PA1  d. moving said table to transfer said second tier to said load-carrying bed
      and thereby deposit said second tier adjacent to said first tier, and in
      general alignment therewith, so as to form said interlocking pair of
      alternating tier patterns wherein said one pair of bales in said first
      tier and said another pair of bales in said second tier are respectively
      disposed at opposite sides of said adjacently deposited first and second
      tiers.
NUM  4.
PAR  4. A method as recited in claim 3, further comprising the steps of:
PA1  e. forming a third tier of bales on said table in a manner identical to the
      formation of said first tier;
PA1  f. moving said table to transfer said third tier to said load-carrying bed
      and thereby deposit said third tier adjacent to said second tier in an
      alignment therewith identical to that of said first tier with said second
      tier;
PA1  g. forming a fourth tier of bales on said table in a manner identical to
      the formation of said second tier;
PA1  h. moving said table to transfer said fourth tier to said load-carrying bed
      and thereby deposit said fourth tier adjacent to said third tier in an
      alignment therewith identical to that of said second tier with said first
      tier; and
PA1  i. repeating said forming and moving steps in a corresponding manner to
      provide additional interlocking tiers of bales in the formation of a stack
      thereof on said load-carrying bed of said bale wagon.
NUM  5.
PAR  5. A method as recited in claim 4, further comprising the steps of:
      unloading said stack from said bale wagon by transferring said stack from
      said load-carrying bed to the ground or the like after the desired number
      of interlocking tiers of bales have been formed and deposited on said load
      bed.
NUM  6.
PAR  6. A method as recited in claim 3, wherein:
PA1  said step of moving said first platform is performed by pivoting said first
      platform with said one pair of bales being supported thereon in said first
      direction from said transverse position to said longitudinal position; and
PA1  said step of moving said second platform is performed by pivoting said
      second platform with said another pair of bales being supported thereon in
      said second direction from said another transverse position to said
      another longitudinal position.
NUM  7.
PAR  7. A method of forming bales on a bale wagon into a tier pattern being
      approximately two and one-half bales wide, said bale wagon having a
      pivotally mounted tier-forming table, a pivotally mounted bale-receiving
      table positioned forward along a bale-receiving end of said tier-forming
      table and an elongated platform having a length and width generally
      corresponding to that of a pair of bales being arranged end-to-end in a
      row and being pivotally mounted at its one end adjacent one of two
      opposite sides, and said bale-receiving end, of said tier-forming table
      through a distance from the other of said sides of said tier-forming table
      approximately equal to the length of two and one-half bales, comprising
      the steps of:
PA1  pivotally moving said tier-forming table to a horizontal position;
PA1  pivotally moving said platform to a forward position along said
      bale-receiving end of said tier-forming table;
PA1  pivotally moving said bale-receiving table from a horizontal position to a
      generally upright position when one pair of bales has been received on
      said bale-receiving table in a transverse position aligned wth said
      platform for placing said one pair on said platform;
PA1  pivotally moving said bale-receiving table from its upright position back
      to its horizonal position;
PA1  pivotally moving said platform with said one pair of bales thereon from its
      forward position to a side position along said one side of said
      tier-forming table for disposing said one pair in a longitudinal position
      to thereby form a pair of rail bales of said tier pattern on said
      tier-forming table, and maintaining said platform at its side position
      along said one side of said tier-forming table; and
PA1  successively pivotally moving said bale-receiving table from its horizontal
      position to its upright position and back to its horizontal position as
      pairs of bales in a plurality thereof, being like said one pair, are
      successively received on said bale-receiving table in another transverse
      position therealong, being offset from said transverse position of said
      one pair and aligned between said other side of said tier-forming table
      and one longitudinal side of said pair of rail bales facing said other
      side of said tier-forming table, for successively placing said like pairs
      in said plurality thereof on said tier-forming table in transverse
      relationships along said one longitudinal side of said pair of rail bales
      and generally between opposite ends thereof to thereby complete the
      formation of said tier pattern on said tier-forming table.
NUM  8.
PAR  8. A method of forming bales into a pair of alternating and interlocking
      tier patterns on a bale wagon, each being approximately two and one-half
      bales wide, said bale wagon having a pivotally-mounted tier-forming table,
      a pivotally mounted bale-receiving table positioned forwardly along a
      bale-receiving end of said tier-forming table, a load-carrying bed
      positioned rearwardly of said tier-forming table and a pair of elongated
      platforms, each having a length and width generally corresponding to that
      of a pair of bales being arranged end-to-end in a row and being pivotally
      mounted at its one end adjacent one of two opposite sides, and said
      bale-receiving end, of said tier-forming table through a distance from the
      other platform approximately equal to the length of two and one-half
      bales, comprising the steps of:
PA1  pivotally moving said tier-forming table to a horizontal position;
PA1  pivotlly moving one of said platforms to a forward position along said
      bale-receiving end of said tier-forming table and maintaining the other of
      said platforms at a side position along one of said sides of said
      tier-forming table;
PA1  pivotally moving said bale-receiving table from a horizontal position to a
      generally upright position when one pair of bales has been received on
      said bale-receiving table in a transverse position aligned with said one
      platform for placing said one pair on said one platform;
PA1  pivotally moving said bale-receiving table from its upright position back
      to its horizonal position;
PA1  pivotally moving said one platform with said one pair of bales thereon from
      its forward position to another side position along the other of said
      sides of said tier-forming table for disposing said one pair in a
      longitudinal position to thereby form a pair of rail bales of a first of
      said pair of tier patterns on said tier-forming table, and maintaining
      said one platform at its another side position along said other side of
      said tier-forming table;
PA1  successively pivotally moving said bale-receiving table from its horizontal
      position to its upright position and back to its horizontal position as
      pairs of bales in one plurality thereof, being like said one pair, are
      successively received on said bale-receiving table in another transverse
      position therealong, being offset from said transverse position of said
      one pair and aligned between said one side of said tier-forming table and
      one longitudinal side of said pair of rail bales facing said one side of
      said tier-forming table, for successively placing said like pairs in said
      one plurality thereof on said tier-forming table and across said other
      platform, being maintained along said one side of said tier-forming table,
      in transverse relationships along said one longitudinal side of said pair
      of rail bales of said first tier pattern and generally between opposite
      ends thereof to thereby complete the formation of said first tier pattern
      on said tier-forming table;
PA1  pivotally moving said tier-forming table with said completed first tier
      pattern thereon to a generally upright position for depositing said first
      tier pattern of bales on said load bed;
PA1  pivotally moving said tier-forming table back to its horizontal position;
PA1  pivotally moving said other platform to another forward position along said
      bale-receiving end of said tier-forming table, said another forward
      position being offset from said forward position of said one platform, and
      maintaining said one platform at its another side position along said
      other side of said tier-forming table;
PA1  pivotally moving said bale-receiving table from its horizontal position to
      its upright position when another pair of bales, being like said one pair,
      has been received on said bale-receiving table in said another transverse
      position therealong being aligned with said other platform for placing
      said another pair on said other platform;
PA1  pivotally moving said bale-receiving table from its upright position back
      to its horizontal position;
PA1  pivotally moving said other platform with said another pair of bales
      thereon from its another forward position to its side position along said
      one side of said tier-forming table for disposing said another pair in
      another longitudinal position to thereby form a pair of rail bales of a
      second of said pair of tier patterns on said tier-forming table, and
      maintaining said other platform at its one side position along said one
      side of said tier-forming table;
PA1  successively pivotally moving said bale-receiving table from its horizontal
      position to its upright position and back to its horizontal position as
      pairs of bales in another plurality thereof, being like said one pair, are
      successively received on said bale-receiving table in said transverse
      position being aligned between said other side of said tier-forming table
      and another longitudinal side of said pair of rail bales of said second
      tier pattern, being opposite to said one longitudinal side of said pair of
      rail bales of said first tier pattern and facing said other side of said
      tier-forming table, for successively placing said like pairs in said
      another plurality thereof on said tier-forming table and across said one
      platform, being maintained along said other side of said tier-forming
      table, in transverse relationships along said other longitudinal side of
      said pair of rail bales of said second tier pattern and generally between
      opposite ends thereof to thereby complete the formation of said second
      tier pattern on said tier-forming table; and
PA1  pivotally moving said tier-forming table with said completed second tier
      pattern thereon to its upright position for depositing said second tier
      pattern adjacent said first tier pattern on said load bed in general
      alignment therewith to form an interlocking pair of alternating tier
      patterns wherein said pair of rail bales in said first tier pattern and
      said pair of rail bales in said second tier pattern are respectively
      disposed at opposite sides of said adjacently deposited first and second
      tier patterns.
NUM  9.
PAR  9. Apparatus on a bale wagon for forming bales into a tier pattern being
      approximately two and one-half bales wide, comprising:
PA1  a tier-forming table mounted on said bale wagon;
PA1  an elongated platform of a length and width adapted to support a pair of
      bales being arranged end-to-end in a row, said platform being movably
      mounted on said table and movable between a bale-receiving position on
      said table and a rail-forming position on said table being generally
      perpendicular to said bale-receiving position; and
PA1  means for transferring a pair of bales being arranged end-to-end in a row
      onto said platform when said platform is disposed at its bale-receiving
      position and for successively transferring like pairs of bales onto said
      table in transverse relationships along one longitudinal side of said pair
      of bales when said platform with said pair of bales being supported
      thereon is disposed at its rail-forming position.
NUM  10.
PAR  10. Apparatus as recited in claim 9, wherein said elongated platform is
      pivotally mounted at one end thereof on said table adjacent a side, and a
      bale-receiving end, of said table and is pivotally moveable between said
      bale-receiving position and said rail-forming position.
NUM  11.
PAR  11. Apparatus on a bale wagon for forming bales into a pair of alternating
      tier patterns, each tier pattern being approximately two and one-half
      bales wide, comprising:
PA1  a tier-forming table mounted on said bale wagon;
PA1  a pair of elongated platforms, each platform being of a length and width
      adapted to support a pair of bales being arranged end-to-end in a row and
      being pivotally mounted at its one end adjacent one of two opposing sides,
      and a bale-receiving end, of said table through a distance from the other
      platform approximately equal to the length of two and one-half bales, each
      platform being movable between a bale-receiving position in which it is
      disposed along said table end and a rail-forming position in which it is
      disposed along its corresponding one table side generally perpendicular to
      said bale-receiving position, only one of said platforms being disposable
      at its respective bale-receiving position at a time; and
PA1  means for transferring a pair of bales being arranged end-to-end in a row
      onto either one of said platforms when said one platform is disposed at
      its bale-receiving position and for successively transferring like pairs
      of bales onto said table in transverse relationships along one
      longitudinal side of said one platform and of said pair of bales thereon
      and across said other of said platforms being disposed in its side
      position when said one platform is disposed at its rail-forming position
      along said table side with said pair of bales thereon.
NUM  12.
PAR  12. A method of forming bales on a table of a bale wagon into a tier
      pattern, comprising the steps of:
PA1  disposing a predetermined number of bales onto an elongated platform being
      pivotally mounted at one end to said table and maintained at a first
      position along said table;
PA1  pivoting said platform with said predetermined number of bales thereon to a
      second position being generally perpendicular to said first position on
      said table; and
PA1  successively disposing additional predetermined numbers of bales onto said
      table in transverse relationships along one elongated side of said
      platform, being disposed in said second position, and along one
      longitudinally extending side of said predetermined number of bales being
      disposed on said platform.
NUM  13.
PAR  13. A method of forming bales on a bale wagon into a tier pattern, said
      bale wagon having a tier-forming table, bale-receiving means positioned
      along a bale-receiving end of said tier-forming table and including
      movable means, and an elongated platform capable of receiving a
      predetermined number of bales and being pivotally mounted at its one end
      adjacent one of two opposite sides, and said bale-receiving end, of said
      tier-forming table, comprising the steps of:
PA1  positioning said platform at a forward position along said bale-receiving
      end of said tier-forming table for receiving said predetermined number of
      bales;
PA1  moving said movable means of said bale-receiving means from a
      bale-receiving position to a bale-discharging position when said
      predetermined number of bales have been received by said bale-receiving
      means in a transverse position aligned with said platform for placing said
      predetermined number of bales on said platform;
PA1  moving said movable means from its bale-discharging position back to its
      bale-receiving position;
PA1  pivotally moving said platform with said predetermined number of bales
      thereon from its forward position to a side position along said one side
      of said tier-forming table for disposing said predetermined number of
      bales in a longitudinal position on said tier-forming table;
PAR  maintaining said platform at its side position along said one side of said
      tier-forming table; and
PA1  successively moving said movable means from its bale-receiving position to
      its bale-discharging position and back to its bale-receiving position as
      additional predetermined numbers of bales are successively received by
      said bale-receiving means in another transverse position, being offset
      from said transverse position of said first predetermined number of bales
      and aligned between the other side of said tier-forming table and one
      longitudinal side of said first predetermined number of bales facing said
      other side of said tier-forming table, for successively placing said
      additional predetermined numbers of bales on said tier-forming table in
      transverse relationships along said one longitudinal side of said first
      predetermined number of bales.
NUM  14.
PAR  14. Apparatus on a bale wagon for forming bales into a tier pattern,
      comprising:
PA1  a tier-forming table mounted on said bale wagon;
PA1  an elongated platform capable of receiving a predetermined number of bales
      and being pivotally mounted at its one end adjacent a side, and a
      bale-receiving end, of said table and movable between a bale-receiving
      position in which it is disposed along said end of said table and a
      rail-forming position in which it is disposed along said side of said
      table generally perpendicular to said bale-receiving position; and
PA1  means for transferring said predetermined number of bales onto said
      platform when said platform is disposed at its bale-receiving position and
      for successively transferring additional predetermined numbers of bales
      onto said table in transverse relationships along one longitudinal side of
      said platform and of said predetermined number of bales thereon when said
      platform is disposed at its rail-forming position along said table side.
NUM  15.
PAR  15. A method of forming bales on a table of a bale wagon into a tier
      pattern, comprising the steps of:
PA1  disposing a predetermined number of bales onto an elongated platform being
      movably mounted to said table and mantained at a first position on said
      table;
PA1  moving said platform with said predetermined number of bales being disposed
      thereon to a second position on said table being generally perpendicular
      to said first position; and
PA1  successively disposing additional predetermined numbers of bales onto said
      table in transverse relationships along one longitudinally-extending side
      of said predetermined number of bales being disposed on said platform at
      said second position on said table.
NUM  16.
PAR  16. Apparatus on a bale wagon forming bales into a tier pattern,
      comprising:
PA1  a tier-forming table mounted on said bale wagon;
PA1  an elongated platform capable of receiving a predetermined number of bales
      thereon and being mounted on said table, said platform being movable from
      a first position on said table to a second position thereon being
      generally perpendicular to said first position; and
PA1  means for transferring said predetermined number of bales onto said
      platform when said platform is disposed at its first position and for
      successively transferring additional predetermined numbers of bales onto
      said table in transverse relationships along one longitudinal side of said
      predetermined number of bales being disposed on said platform when said
      platform is disposed at its second position on said table.
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ABST
PAL  The disclosure embraces a method of and apparatus for processing bodies or
      tiles such as surfacing tiles fashioned of compressed mineral fibers
      bonded by a cured binder wherein the bodies or tiles are arranged in
      stacked or nested relation and the bodies or tiles individually and
      successively detached or separated from the bottom of the stack and
      advanced through processing stations at which the bodies or tiles are
      subjected to finishing operations whereby the bodies or tiles are
      configurated to substantially uniform size and shape.
BSUM
PAR  The invention relates particularly to a method of and apparatus for
      processing bodies, for example, molded bodies, tiles or panels of a
      character especially usable for surfacing ceilings and walls, the process
      involving orienting bodies or tiles in nested or stacked relation,
      successively and automatically removing the tiles from the bottom of the
      stack and subjecting the tiles to devices performing finishing operations
      on the tiles to render the tiles of substantially the same size and
      configuration.
PAR  Recent developments have been made wherein a plurality of bodies, such as
      tiles or panels, are fashioned of fibers of mineral material, such as
      glass fibers, by compressing a mass of binder-bearing fibers into a
      multiple section molding die which configurates or contours the mass of
      fibers into a plurality of connected substantially rigid bodies or tiles.
      The connected assembly of bodies or tiles is then subjected to a severing
      or stripping process wherein the body or tile configurations of the molded
      assembly or unit are severed one from another to provide individual bodies
      or tiles. The individual bodies or tiles have areas which are unfinished
      such as residual protuberances not removed by the severing or stripping
      operations and other areas which require smoothing or finishing for sizing
      and shaping the bodies or tiles so that the finished bodies or tiles are
      of substantially uniform character. The finishing or sizing operations are
      essential in order that the bodies or tiles may be properly and accurately
      assembled as a wall or ceiling surfacing.
PAR  The invention embraces a method of establishing a stack of molded bodies or
      tiles and successively withdrawing, separating or removing each of the
      bodies or tiles individually from the bottom of the stack and successively
      conveying the removed bodies or tiles through a finishing station or
      stations at which roughness or roughened regions of the tiles are
      subjected to abrasive or finishing operations and the surfaces rendered
      smooth to provide bodies or tiles of uniform size, character and
      attractive appearance.
PAR  An object of the invention embraces a method involving stacking bodies and
      successively withdrawing the bodies from the bottom of the stack by
      instrumentalities effective to separate the lowermost body from the stack
      while providing support for the remaining bodies of the stack.
PAR  Another object of the invention is the provision of apparatus for
      processing molded bodies or tiles, the apparatus including an arrangement
      for supporting a stack of bodies or tiles, the stack supporting means
      being relatively movable for successively withdrawing or removing bodies
      or tiles from the bottom of the stack to separate the tiles for further
      processing operations.
PAR  Another object of the invention is the provision of an arrangement
      including apparatus for supporting a stack of molded bodies or tiles
      including means for selectively withdrawing bodies or tiles from the
      bottom of the stack and subjecting the withdrawn tiles individually to
      abrading devices for removing any burrs or roughness resulting from the
      molding operation to properly size the bodies or tiles as well as to
      improve the appearance thereof.
PAR  Another object of the invention resides in a feeding device usable with a
      stack of bodies or tiles involving rotatable means effective to separate
      the lowermost body or tile of the stack from the remaining bodies or tiles
      in a manner to assure the separation of the lowermost body or tile only
      from the stack to facilitate further processing operations on the
      individual bodies or tiles removed from the stack.
PAR  Another object of the invention resides in an arrangement for feeding
      molded bodies or tiles successively to abrading or deburring stations, the
      apparatus including means for successively removing bodies or tiles from
      the bottom of a stack of the bodies or tiles and effecting cleaning or
      deburring of pad surfaces at opposite edge regions of the bodies or tiles
      and subjecting other surfaces or areas to abrading devices to establish a
      uniform vertical dimension between the pad surfaces and the opposed edge
      regions of the bodies or tiles in order that in assembling the tiles on a
      wall or ceiling they may be properly positioned or interengaged to present
      a generally planar wall or ceiling surfacing.
PAR  Further objects and advantages are within the scope of this invention such
      as relate to the arrangement, operation and function of the related
      elements of the structure, to various details of construction and to
      combinations of parts, elements per se, and to economies of manufacture
      and numerous other features as will be apparent from a consideration of
      the specification and drawing of a form of the invention, which may be
      preferred, in which:
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PAR  FIG. 1 is an isometric view of a molded body or tile as stripped from a
      molded unit of several bodies or tiles;
PAR  FIG. 2 is a semischematic side elevational view of a form of apparatus for
      carrying out the method of the invention;
PAR  FIG. 3 is a top plan view of the arrangement shown in FIG. 2;
PAR  FIG. 4 is a top plan view of a container for a stack of bodies and a body
      separating or feeding device;
PAR  FIG. 5 is a sectional view taken substantially on the line 5--5 of FIG. 4;
PAR  FIG. 6 is a fragmentary sectional view taken substantially on the line 6--6
      of FIG. 4;
PAR  FIG. 7 is a schematic view of the drive arrangement for the body separator
      or feeder shown in FIGS. 4 and 5;
PAR  FIG. 8 is an elevational view of one of the body or tile separator or
      feeder elements having a right-hand spiral cam configuration;
PAR  FIG. 9 is a top plan view of the construction shown in FIG. 8;
PAR  FIG. 10 is an elevational view of one of the body or tile separator or
      feeder elements having a left-hand spiral cam configuration;
PAR  FIG. 11 is a top plan view of the construction shown in FIG. 10;
PAR  FIG. 12 is an elevational view of a portion of one of the body or tile
      feeding or separating elements illustrating a relative position of the
      feeder element with respect to a stack of bodies or tiles;
PAR  FIG. 13 is a view similar to FIG. 12 with the body or tile separator or
      feeder element rotated through sixty degrees illustrating the relative
      position of the feeder element and the adjacent bodies or tiles of the
      stack;
PAR  FIG. 14 is a view similar to FIG. 13 with the feeder element rotated
      through an additional sixty degrees illustrating the relationship of this
      position of the feeder relative to the tiles in the stack;
PAR  FIG. 15 is a view similar to FIG. 14 with the feeder element rotated
      through an additional sixty degrees and illustrating the relationship of
      the adjacent tiles and the delivery or separation of the lowermost tile
      from the feeder element;
PAR  FIG. 16 is a sectional view taken substantially on the line 16--16 of FIG.
      2;
PAR  FIG. 17 is a sectional view taken substantially on the line 17--17 of FIG.
      2;
PAR  FIG. 18 is a sectional view taken substantially on the line 18--18 of FIG.
      3;
PAR  FIG. 19 is an enlarged fragmentary sectional view taken substantially on
      the line 19--19 of FIG. 3;
PAR  FIG. 20 is a view illustrating another form of means for abrading certain
      regions of the tiles or bodies, and
PAR  FIG. 21 is a fragmentary end view of the arrangement shown in FIG. 20.
DETD
PAR  The method and apparatus of the invention are especially adapted for
      handling and processing molded bodies, tiles or panels of compressed
      fibers and cured binder, such as tiles or panels of glass fibers of a
      configuration to be conveniently stacked for successive separation, it
      being understood that the method and apparatus may be used for processing
      other types of bodies fashioned of other materials. The illustrated
      embodiment of the apparatus is of a character especially adapted for
      handling and processing molded fibrous bodies or tiles of rectangular
      configuration having pads or projections extending from opposed edge
      regions and flanges at the other edge regions which are engaged by
      instrumentalities performing finishing operations to configurate the
      bodies or tiles to substantially uniform size and shape.
PAR  Referring initially to FIG. 1, there is illustrated a substantially rigid
      molded body, tile or panel fashioned of fibers, for example, glass fibers,
      compressed to a high density and the binder, such as phenolformaldehyde,
      in the compressed mass of fibers heat cured or set in the molding
      operation. As shown in FIG. 1, the body, tile or panel 10 is of
      substantially rectangular shape and, in the molding operation, several of
      the tiles or bodies 10 in connected relation are simultaneously molded,
      the individual bodies or tiles being subsequently severed one from
      another. Each tile 10 is inclusive of a rectangular planar central section
      12 having generally transversely extending flanges 14 on two opposed edge
      regions of the tile, the other opposed edge regions of the central section
      12 being fashioned with transversely extending flanges 16, the flanges 16
      being integrally joined with projections, pads or tabs 18.
PAR  The tabs or projections 18 are of a height so as to extend beneath edge
      flanges 14 of adjacent tiles in assembly in covering a wall or ceiling
      surface with the tiles. The projections or tabs 18 provide means for
      securing the tiles or bodies to wall or ceiling surfaces by nails or
      staples driven through the tabs 18 or the tabs may be glued or otherwise
      adhesively secured to the wall or ceiling surfaces or other supports. In
      assembly with other tiles, the tabs or projections 18 are covered or
      obscured from view by adjacent tiles.
PAR  In fashioning the tiles or bodies 10, several of the bodies or tiles are
      simultaneously molded in single mold and are connected by narrow
      connectors or bridges 20 extending from the pads or projections 18, the
      bridges between adjacent tiles having been severed when the tiles, after
      molding, are severed or separated one from another. The method and
      apparatus of the invention enable the separation and feeding of successive
      tiles from a stack and each of the separated tiles successively subjected
      to instrumentalities for removing the bridges 20 and for sizing and
      smoothing other regions of the tiles or bodies.
PAR  The instrumentalities for removing the bridges or connectors 20 from the
      tiles also effect a smoothing or sizing of the edge surfaces 22 of the
      pads or projections 18. The lower surfaces of the projections 18 are
      subjected to instrumentalities for smoothing and sizing these surfaces.
      The apparatus is also inclusive of means for smoothing and sizing the
      lower edges 24 of the laterally extending flanges 14 of the body or tile
      10.
PAR  The apparatus for guiding and supporting a stack of tiles or bodies and for
      successively removing a lowermost tile or body from the stack for deposit
      or delivery onto a conveyor is illustrated in FIGS. 2 through 15. With
      particular reference to FIGS. 2 through 6, there is illustrated a
      receptacle or guide means 28 in which is disposed a stack 30 of tiles or
      bodies 10. The guide means or receptacle 28 for containing the stack 30 of
      tiles or bodies is inclusive of a frame structure comprising transversely
      extending longitudinally spaced members 32 and 34, the member 32 being
      substantially L-shaped in cross section, as shown in FIG. 5.
PAR  The end regions of the members 32 and 34 are joined or secured to the ends
      of members 36 and 38, providing with members 32 and 34, a substantially
      rectangular frame configuration. The apparatus includes transversely
      spaced tile or body guiding walls or members 40 and 42 which are spaced
      apart a distance to snugly, yet slidably, accommodate the stack 30 of
      tiles 10, there being sufficient clearance between the tiles and the guide
      walls as not to impair downward movement of the stack of tiles occurring
      at each successive withdrawal of a tile or body from the bottom of the
      stack.
PAR  The guide walls 40 and 42 may be supported in any suitable manner as by
      brackets 44 and 45 secured to members 36 and 38. The walls 40 may be
      welded or otherwise secured to the brackets so as to avoid any projections
      at the interior surfaces of the walls 40 and 42 which would impair
      vertical downward movement of the tiles. The vertical edge regions of the
      walls may be curved or flared as shown at 48 to facilitate delivery of a
      stack of tiles into the tile guiding means or receptacle.
PAR  Means is provided adjacent the members 32 and 34 for guiding and
      maintaining the tiles of the stack in a vertical position so that the
      tiles are properly engaged with tile support or feeder means hereinafter
      described. Secured to the vertically disposed portion of the bar or member
      32 are spaced tile guiding members or means 50. Also mounted upon the bar
      34 is a second pair of vertically disposed tile guiding members 52. The
      guides of each pair of members 50 and 52 are spaced transversely in order
      to facilitate manual delivery of a stack of tiles between members 50 and
      52 and between the walls 40 and 42.
PAR  The pairs of brackets 50 and 52 are preferably welded respectively to the
      bars 32 and 34 so as to avoid any projections which would impair downward
      movement of the tiles or bodies. As shown in FIGS. 2 and 3, the tile
      guiding means or stack receptacle construction 28 is disposed above a
      region of a pair of endless conveyor chains 56 or means for conveying
      tiles or bodies delivered from the bottom of the stack 30 for further
      processing.
PAR  Means is provided for supporting the stack 30 of bodies or tiles, the means
      being movable to successively separate the lowermost tile of the stack
      from the remaining tiles for delivery onto support rails 57 adjacent the
      upper flights of the conveyor chains 56. As shown in FIGS. 2 and 12 the
      tiles or bodies 10 are nested in vertical stack formation with the pads or
      projections 18 in adjacent relation as particularly shown in FIG. 12.
PAR  The body or tile supporting and feeding instrumentalities or means are
      relatively movable or rotatable and have inclined or helical surfaces
      adapted to engage a lowermost tile or body of the stack for supporting the
      tiles above the lowermost tile or body and for progressively moving the
      lowermost tile downwardly to separate the same from the stack for
      discharge from the tile feeding means whereby the disengaged tile descends
      or falls by gravity onto the rails or support means 57.
PAR  The body or tile supporting and feeding means and associated components are
      illustrated in FIGS. 4 through 15 and are inclusive of pairs of rotatable
      cams, members or instrumentalities 58 and 59, the cams of each pair being
      disposed as shown in FIGS. 4 and 5 for supporting the tiles adjacent their
      corner regions. The cams or members 58 and 59 are fashioned with inclined,
      helical or spiral cam-like configurations or surfaces whereby the movable
      or rotating members engage a lowermost tile of the stack and separate such
      tile from the stack and convey or feed it downwardly by means of the
      helical or inclined surface or contour of a cam portion of each of the
      members 58 and 59 until the tile falls by gravity from the support members
      58 and 59.
PAR  The cams 58 have right-hand helical configurations 60 as shown in FIG. 8,
      and the cams 59 have left-hand helical configurations 61 as shown in FIG.
      11. The progressive action of the helical or inclined surfaces of the cams
      or members 58 and 59 in disengaging the lowermost tile or body of the
      stack and conveying it downwardly to a discharge region is illustrated in
      FIGS. 12 through 15 and will be hereinafter described in detail.
PAR  The tile support and feeder cams 58 and 59 are journally supported within
      the receptacle or guide means 28 and are adapted to be rotated at the same
      speed so that a tile engagaed therewith remains in a horizontal position
      during its downward movement to the discharge region of the cams. It is
      important that the speed of rotation of the members or cams 59 and 60 be
      correlated or synchronized with the rate of advancement of the conveyor
      chains 56 so that the tiles or bodies successively delivered from the
      receptacle 28 are received on the support rails 57 at equal time intervals
      whereby the tiles 10 are in spaced relation for advancement by the
      conveyor means 56 to processing stations.
PAR  The cams 58 and 59 are disposed so that they are engaged with the
      projections 18 on opposed edge regions of the tiles 10 for supporting the
      stack of tiles in the receptacle 28. The conveyor chains 56 and the cams
      58 and 59 are actuated or rotated in synchronized relation by a motor 62,
      illustrated in FIGS. 1 and 2 through suitable speed reducing mechanism
      contained within a housing 64. A shaft 66 is journally supported in
      bearings 68 and 69 mounted by member 32, the shaft being driven by the
      motor 62 through the speed reducing means
PAR  Means is provided driven by the shaft 66 for simultaneously rotating the
      four tile supporting and feeder cams or members which successively
      separate the lowermost tile from the stack. Secured to the frame member 36
      are brackets 71 mounting bearings or bearing members 72 in which is
      journaled a shaft 73, the shaft being disposed normal to the shaft 66 as
      illustrated in FIGS. 4 and 7. Also secured to the frame member 38 are
      brackets 74 of the same character as the brackets 71. The brackets 74
      provide bearings 72' in which is journaled a shaft 75, the shaft 75 being
      disposed normal to the shaft 66.
PAR  Fixedly mounted on shaft 66 is a miter gear 76 which meshes with a miter
      gear 77 secured on the shaft 73 whereby the shaft 73 is driven by the
      shaft 66. Also secured on the shaft 66 is a second miter gear 79 which
      meshes with a miter gear 80 fixed on the shaft 75 whereby the shaft 75 is
      driven from the shaft 66. The shaft 73 is adapted to rotate two of the
      four cams and the shaft 75 is adapted to rotate the other two cams. Each
      of the brackets 71 is fashioned with a depending portion 83 as illustrated
      in FIG. 6, the brackets 74 being provided with similar depending portions.
PAR  Journaled in each of the depending portions 83 is a vertically disposed
      shaft 85, and a tile support and feeder cam is fixedly secured on each of
      the shafts 85, the cams 58 and 59 being disposed below the lower edge of
      the receptacle or tile guide 28 as shown in FIG. 5. Two of the shafts 85
      equipped with one each of cams 58 and 59 are rotated through pairs of
      miter gears, each pair including a driving miter gear 87 mounted on the
      shaft 73 enmeshed with a driven gear 88 mounted on a shaft 85. Thus two of
      the cams are rotated in opposite directions.
PAR  The other two shafts 85, each carrying a cam member, are rotated in
      opposite directions from the shaft 75 by pairs of miter gears, each pair
      comprising driving gears 87' mounted on the shaft 75 and meshing with
      driven gears 88' mounted on the shafts 85. As the four cam members are in
      concomitant engagement with the projections 18 of the lowermost tile of a
      stack of tiles, it is imperative that the cams 58 rotate in one direction
      and that the cam members 59 rotate in the opposite direction so as not to
      cause any laterial movement or displacement of a tile during its
      engagement with the cam members. As shown in FIG. 7, the miter gears 88
      rotate in opposite directions as indicated by the arrows, and the miter
      gears 88' likewise rotate in opposite directions as indicated by the
      arrows.
PAR  Fixedly mounted upon the shaft 66 is a sprocket 92 connected by a chain 93
      with a sprocket 94 mounted upon a shaft 95, the shaft being journaled for
      rotation in a support (not shown). Mounted upon the shaft 95 are sprockets
      97 which are engaged with the conveyor chains 56 providing a conveyor
      means for advancing the tiles delivered by the feeder cams 58 and 59
      through other stations for processing. The conveyor chains 56 embrace a
      second set of sprockets 99 mounted upon a shaft 100, the sprockets 97 and
      99 supporting the chains 56.
PAR  The conveyor means or chains 56 are provided with abutments or lugs 102
      spaced as illustrated in FIGS. 1 and 2 so that as the tiles 10 are
      successively delivered onto the supports or rails 57, a pair of abutments
      102 engages the tiles so that the tiles are advanced by the conveyor means
      56 and each tile spaced from adjacent tiles an equal distance so as to
      facilitate further processing of each tile. As the conveyor means 56 are
      advanced in correlated or synchronized relation with the rotation of the
      tile feeder cams 58 and 59, the tiles are sequentially deposited on the
      conveyor at intervals so that each tile is engaged with a pair of the
      abutments 102.
PAR  As shown in FIG. 3, the tiles are supported by rails 57 arranged at the
      respective sides of the conveyor chains 56, the rails engaging in the
      recess in a tile adjacent each of the projections 18 so that the tiles are
      properly aligned for rectilinear movement by the conveyor means through
      subsequent processing stations, portions of the rails 57 also engaging the
      projections 18 of the tiles.
PAR  One of the body or tile supporting and feeding elements or cams 58 is
      illustrated in FIGS. 8 and 9, and one of the cams 59 is illustrated in
      FIGS. 10 and 11. The progressive action of separating a lowermost tile
      from the bottom of the stack of tiles and its delivery from the feeder
      cams is illustrated in FIGS. 12 through 15. Each of the cams 58 and 59 is
      fashioned with a hub or body portion 108 having an axial bore 109 which
      snugly receives a driving shaft 85. Each cam is provided with a threaded
      bore 111 adapted to receive a securing screw for securely fastening the
      cam to its driving shaft.
PAR  Each of the cams 58 is inclusive of a right-hand helical cam configuration
      60 resembling a helical thread or a worm gear, each cam comprising
      substantially 11/2 helical revolutions as illustrated in FIGS. 8 and 9.
      The lead or pitch of the worm or helix 60 indicated at L is preferably
      equal to the total height of a body or tile 10 indicated at H in FIG. 12.
      The helical convolution 60 is fashioned with angular sides 116 so that at
      the root of the helical groove defined by the helical convolution 60, the
      height of the groove, indicated by J in FIG. 8, is sufficient to
      accommodate the thickness of a pad portion 118 of a tile as illustrated in
      FIGS. 12 through 15.
PAR  The leading edge of the helix 60 is indicated at 122, the leading edge
      being effective during rotation of the cam to initially separate the
      lowermost body or tile 10 from the stack. It should be noted from FIGS. 12
      through 15 that the edge regions 22 of the pads or projections 18 are of
      an acute angle so that the bottom surfaces of the projections 18 extend
      outwardly providing ledges adapted to be successively engaged by the
      leading edge 122 of the helix 60 so as to assure positive separation of
      the lowermost tile from the stack without damage to the adjacent tile.
PAR  Each of the cams 59, shown in FIGS. 10 and 11, is substantially identical
      with the cam 58 except that the cam configuration 61 of the cam 59 is a
      left-hand helix. With reference to FIG. 4, the lower right-hand cam 58 and
      the upper left-hand cam 58 are of right-hand helical configuration and the
      other two cams 59 are of left-hand helical configurations. With the pairs
      of cams 58 and 59 rotating in opposite directions, there is no tendency
      for the tiles in engagement with the cams to be biased or moved in a
      transverse direction.
PAR  FIGS. 12 through 15 illustrate successive relative positions of tiles
      during progressive separation of individual tiles from the stack supported
      by the feeder cams. FIG. 12 is illustrative of the position of the
      lowermost tile 10 upon rotation of the cams through one complete
      revolution, the lowermost tile 10 being completely separated from the
      adjacent tile and the leading edge 122 of the helix of each of the cams
      being in position to engage the projections 18 of the third tile from the
      bottom of the stack.
PAR  FIG. 13 illustrates the relative positions of the three lowermost tiles of
      the stack upon additional rotation of the cams through about sixty degrees
      from the position shown in FIG. 12. FIG. 14 illustrates the relative
      position of the three lowermost tiles of the stack with the cams rotated
      through an additional sixty degrees. It will be seen from FIG. 14 that the
      three lowermost tiles 10 of the stack are completely separated one from
      another.
PAR  FIG. 15 illustrates the relative position of the three lowermost tiles upon
      an additional sixty degrees of rotation of the cams. In such position the
      lowermost tile 10 is released from the trailing edges 124 of the cams and
      falls by gravity onto the stationary rails or members 57, shown in FIGS.
      3, 16 and 17. As the upper flights of the chain conveyors 56 are being
      advanced in a left-hand direction, as viewed in FIGS. 2 and 3, in
      synchronized relation with the rotation of the cams 58 and 59, the
      lowermost tile of the stack delivered from the cams is engaged by a pair
      of abutment blocks 102 carried by the chains 56.
PAR  In the embodiment of the cams illustrated in the drawings, the helical
      configurations 60 and 61 are preferably of an angularity or pitch as to
      separate the lowermost tile from the stack, during one revolution of the
      cams, a distance substantially equal to the height of a tile. In the
      embodiment illustrated, the peripheral length of a helical configuration
      from the leading edge 122 at the upper end of the helix to the trailing
      edge 124, being the lower terminus of the helix, is about one and one-half
      revolutions of a helix or about 540.degree.. It is to be understood that,
      if desired, the helical configurations may be of greater length.
PAR  The central section 12 of a tile, shown in FIG. 1, provides a surface which
      is square and the tabs or projections 18 on one opposed pair of edges
      provide for elongation of the tile or body by reason of the width of the
      projections. The distance between the guide walls or members 40 and 42,
      shown in FIG. 4, and the distance between the guide members 50 and 52 are
      such as to receive the stack of tiles with sufficient clearance so that
      the stack of tiles may move downwardly by gravity with the delivery of the
      lowermost tile of the stack. The helical portions of the cams are of
      sufficient diameter to engage the projections 18 of a lowermost tile
      whereby the stack of tiles if supported solely by the helical
      configurations of the cams.
PAR  The tiles or bodies delivered from the feeder cams 58 and 59 are advanced
      by the conveyor chains or members 56 to a first processing station
      indicated at 130 in FIGS. 2, 3 and 16. The arrangement at the first
      station includes instrumentalities adapted to abrade or smooth the lower
      surfaces of the projections or tabs 18 of the tiles 10. The apparatus at
      the first station is inclusive of electric motors 132 and 133, the shaft
      of each motor being equipped with an abrading wheel 135, the wheels 135
      being rotatable about horizontal axes. The tile supporting rails 57 are
      provided with openings or slots 136 for accommodating the abrading wheels
      135.
PAR  The abrading wheels 135 engage the lower surfaces of the tabs or
      projections 18 of the tiles 10 in the manner illustrated in FIG. 16. Pairs
      of rolls 137 and 138 disposed above the tiles are supported by pivotally
      mounted arms 139 and 140, the pairs of rolls exerting downward pressure on
      a tile at the station 130 providing a hold-down means to prevent upward
      movement of a tile during engagement of the abrasive members or wheels 135
      with the projections or pads 18 of the tile. The tiles are continuously
      and successively advanced by the conveyor chains 56 so that the abrasion
      of the projections 18 occurs during advancing movement of the tiles.
PAR  A second processing station is indicated at 145 illustrated in FIGS. 2, 3
      and 17. At the processing station 145 instrumentalities engage the edge
      regions 22 of the pads or projections 18 of the tiles. The processing
      station 145 is inclusive of motors 147 and 148 having vertically disposed
      shafts, the motors being arranged respectively adjacent each of the tile
      supporting rails 56 mounted by suitable means (not shown).
PAR  The shaft of each of the motors supports a frustoconically shaped abrading
      wheel 150, the wheels being rotated about vertical axes, the
      frusto-conically shaped surfaces being adapted to smooth the angularly
      disposed edge regions 22 of the projections 18 and to remove the residual
      bridge portions 20 from the tiles. Pairs of rolls 152 and 154, supported
      respectively by pairs of members or arms 156 and 158, engage the upper
      surfaces of the tabs or projections 18 exerting downward pressure on the
      projections providing a hold-down means for the tiles so as to prevent
      shifting or dislodgment of the tiles transversely or vertically during
      engagement of the abrasive wheels 150 with the edges of the projections.
PAR  If desired, the abrading wheels 150 may be of circular cylindrical shape
      and the axes of the motors 147 and 148 disposed in acute angular relation
      with respect to the plane of the major surface of the tiles to provide the
      proper abrading relation with the angular edges 22 of the projections 18
      on the tiles.
PAR  The tiles processed at the stations 130 and 145 are advanced by the chains
      56 to a region at which the tiles are engaged with second conveyor means,
      the latter conveying the tiles to a third processing station indicated at
      162. The processing station 162 is inclusive of instrumentalities
      engageable with the edges 24 of the laterally-extending flanges 14 of the
      bodies or tiles 10 to size the height of the flanges and remove any
      irregularities resulting in the molding operation. The station 162 is
      inclusive of a plurality of instrumentalities or units 164 for abrading or
      smoothing and sizing the flanges 14 of the tiles.
PAR  In the embodiment illustrated, there are three instrumentalities or units
      164 arranged in lengthwise spaced relation as illustrated in FIGS. 2 and
      3, one of the instrumentalities being shown in FIG. 18. The tiles or
      bodies being advanced by engagement of the conveyor chains 56 are engaged
      with abutment blocks 102 carried by the chains. In order to subject the
      lower edges of the tile flanges 14 to abrading devices, the tiles moving
      through the processing station 162 are advanced by a second conveyor means
      which includes two endless chains 168 arranged respectively adjacent
      opposite sides of the advancing tiles.
PAR  Each of the conveyor chains 168 is engaged with a pair of sprockets 170,
      each sprocket being mounted on a vertical shaft 171, the chains 168 being
      driven by conventional motive means (not shown) arranged to rotate one
      sprocket of each pair for advancing the inner flights 169 of the chains in
      a left-hand direction as viewed in FIG. 3. The linear rate of movement of
      the conveyor chains 168 is at least equal to the linear rate of movement
      of the conveyor chains 56 so that the tiles are advanced through the
      processing station 162 at a speed not less than the rate of advancement of
      the tiles or bodies by the chains 56.
PAR  Each of the conveyor chains 168 is provided with transversely-extending
      projections or lugs 172 which are spaced so that successive lugs engage
      successive tiles or bodies for advancing the same through the processing
      station 162. The lugs or projections 172 are disposed on the conveyor
      chains 168 so as to engage the ends of the projections 18 of the tiles.
PAR  The processing station 162 is inclusive of instrumentalities, units or
      means 164 for smoothing the edges 24 of the flanges 14, one form of means
      being illustrated in FIGS. 2, 3 and 18. In the embodiment illustrated,
      vibrator units or means 164 provided with abrasive elements are vibrated
      transversely of the path of travel of the bodies or tiles, there being
      three units equipped with abrasive elements and supporting members 176
      arranged in spaced relation lengthwise of the movement of the bodies or
      tiles, the vibrating units or devices being of conventional construction.
PAR  Each of the vibrator units or abrading devices 164 includes a horizontally
      disposed member or housing 176 which encloses electrically-actuated means
      for effecting rapid vibration of the member 176 in directions transverse
      to the direction of advancement of the tiles, each vibrator unit being
      supplied with electric current from a supply through a conductor 178. The
      upper surface or face of each of the members 176 is provided with a sheet
      or member 180 of abrasive material adhesively secured to the vibrating
      member 176.
PAR  The abrasive surface of the sheet is adapted to engage with the edges 24 of
      the flanges 14 of the bodies or tiles 10 as they are successively advanced
      through the processing station 162. The abrasive member may be a strip of
      metal having a file-like surface. A stationary support 181 is disposed
      beneath the members 176, a pair of blocks 182 for each member 176 being
      mounted on the stationary support 181, as shown in FIG. 18. Each member
      176 is supported by thin flexible metal plates or strips 184 mounted by
      the blocks 182, the strips facilitating vibration of each member 176 and
      its abrasive member or sheet 180.
PAR  Disposed for rotation above each of the members 176 is a transverse shaft
      186 journaled in suitable bearings (not shown). Mounted on each of the
      shafts 186 is a plurality of disc-like members or rolls 188, there being
      three rolls 188 on each shaft 186 in the illustrated embodiment. The
      peripheries of the rolls 188 engage the planar sections 12 of the tiles 10
      to prevent any upward movement of the tiles during abrasion of the edges
      24 of flanges 14 as the tiles are advanced through the processing station
      162.
PAR  As the members 176 and abrasive members 180 vibrate or have movement in
      transverse directions, the corner regions 190 of the tiles are not engaged
      and smoothed by the members 180. FIGS. 3 and 19 illustrate an arrangement
      for smoothing the corner regions 190 of the edges 24 of the tile flanges
      14. Supported adjacent one of the vibrator members 176 are metal files
      193, each file being secured to a portion of a rail 57 by a securing screw
      194, as shown in FIG. 19.
PAR  The metal files 193 extend upwardly and in an angular direction, as shown
      in FIG. 19, a sufficient distance to engage the surfaces of the files with
      the edges 24 of the flanges 14 of the tiles as the tiles are advanced by
      the conveyor members or chains 168. The roughened surfaces of the files
      smooth up the corner regions 190 of the tiles so that the edges 24 are
      accurately sized to accommodate the projections 18 of adjacent tiles when
      the tiles are in assembled relation as a wall and ceiling surfacing media.
      After the tiles move past the abrasive member 180 illustrated at the
      lefthand end of FIG. 3, the finished tiles or bodies are delivered from
      the support rails 57.
PAR  The operation of the apparatus for carrying out the method of the invention
      is as follows: A stack 30 of tiles 10 is placed in the receptacle or guide
      means 28, the tiles being in nested relation with the pads or projections
      18 in contiguous engaging relation. The stack of tiles 30 is supported by
      the pairs of cam members or feeders 58 and 59. The motors 62, 133, 148 and
      the motor (not shown) driving the conveyor members or chains 168 are
      energized. The motor 62, through the gear reducing mechanism contained in
      housing 64, rotates the cams or feeders 58 and 59 and the conveyor chains
      56 at comparatively low speeds and in synchronized relation.
PAR  As the cams or feeders are rotated, the lowermost tile 10 of the stack 30
      is conveyed progressively downwardly in a vertical direction, as
      illustrated in FIGS. 12 through 14, and the tile delivered by gravity from
      the cams, as shown in FIG. 15, onto the guide and support rails 57, the
      upper flights of the conveyor chains 56 advancing the tiles in a left-hand
      direction as viewed in FIGS. 2 and 3. A pair of abutments 102 engages the
      tile delivered onto the support rails 57, the chains advancing the tiles
      through engagement of the successive pairs of abutments 102 with each tile
      as it is delivered from the cams 58 and 59.
PAR  The spaced rails 57 support and guide the tiles during their advancement by
      the conveyor chains 56. During movement of a tile through the processing
      station 130, the abrasive members 135, rotated by motors 132 and 133,
      engage and smooth up the lower surfaces of the tabs or projections 18 of
      the tiles by the arrangement shown in FIG. 16.
PAR  The tiles are then successively advanced through processing station 145 at
      which station, illustrated in FIG. 17, members 150 rotated by members 147
      and 148 engage the edge surfaces 22 of the pads or projections 18 to
      smooth up the edges 22 and remove the residual portions 20 of bridges
      connecting the tiles during the tile molding operation. The tiles are
      advanced by the chains 56 and abutments 102 into the influence of the
      conveyors 168 whereby the tiles are advanced through the processing
      station 162 by the lugs or abutments 172 on the conveyor chains 168, the
      lugs engaging the ends of the pads or projections 18.
PAR  As the tiles are successively advanced by the conveyors or chains 168
      through the processing station 162, the edges 24 of the flanges 14 of the
      tiles are engaged by the vibrating members 180 for smoothing up the major
      length of the edges 24. As the tiles are successively advanced past the
      stationary metal files, shown in FIGS. 3 and 19, the edge regions 190 are
      smoothed up so that the entire edge 24 of each flange 14 is smoothed and
      properly sized.
PAR  At the completion of the processing steps, the projections 18 and the
      flanges 14 of the bodies or tiles 10 are smoothed and sized so that when
      the tiles are assembled with the projections 18 of one tile extending
      beneath flanges 14 of an adjacent tile, the planar central sections 12 of
      the tiles will be disposed in a common plane.
PAR  FIGS. 20 and 21 illustrate a modified arrangement for smoothing the edges
      24 of flanges 14 of tiles or bodies 10. The modified construction is
      inclusive of a cylindricallyshaped member 195 mounted upon a shaft 196
      journaled in openings in the rails 57', the cylindrical member being
      driven by a motor 197. In this form, the surface of the cylindrical member
      195 is of abrasive character and engages an edge 24 of a flange 14
      throughout the length of the flange for smoothing the flange and sizing
      the height of the flange.
PAR  The cylindrical abrasive member 195 is of a length equal to the length of a
      flange 14 of a tile so that the entire length of the edge 24 may be
      abraded or smoothed by the cylindrical member 195. Units of the character
      shown in FIG. 20 may be used in lieu of the three vibrating units
      illustrated in FIG. 18. Through the use of the arrangement shown in FIG.
      20, the metal files shown in FIG. 19 are unnecessary. The tiles, during
      processing by the cylindrical members 195, are held against the tile
      supporting rails 57 by the hold-down rolls 188 mounted upon a shaft 186.
PAR  While the axis of the cylindrical member 195 is disposed normal to the path
      of advancement of the tiles, it is to be understood that the cylindrical
      member may be mounted for rotation on a shaft askew or at an acute angle
      with respect to the path of advancement of the tiles.
PAR  It is apparent that, within the scope of the invention, modifications and
      different arrangements may be made other than as herein disclosed, and the
      present disclosure is illustrative merely, the invention comprehending all
      variations thereof.
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STM  I claim:
NUM  1.
PAR  1. Apparatus for processing bodies of a stack of bodies, in combination,
      guide means for maintaining a plurality of the bodies in vertical stacked
      relation, pairs of rotatable cams supporting the stack of bodies, said
      cams being rotatable about vertical axes and having uninterrupted
      helically configurated surfaces for separating bodies from the stack, one
      pair of cams having right-hand helical configurations, the other pair of
      cams having left-hand helical configurations, the pairs of cams having
      helical configurations of opposed directions being rotated in directions
      to maintain a body being separated from the stack in a horizontal
      position, a drive shaft, motive means for rotating the drive shaft, power
      transmission means associated with the drive shaft for rotating the pairs
      of cams in opposite directions whereby a lowermost body is discharged from
      the rotating cams while a succeeding body is being separated by the cams
      from the stack, support means receiving the successively discharged
      bodies, and means for advancing the discharged bodies along the support
      means and away from the stack.
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ABST
PAL  An elongated, adhesively-coated, load-sustaining, supporting member
      attachable to a load for assisting in transporting the load from one
      location to another and to facilitate stacking of load units. The member
      is generally of a rectangular parallelepiped shape and has an elongated
      side completely covered with a hot-melt, pressure-sensitive adhesive for
      securing the member to the load. An easily removable sheet protecting the
      adhesive layer is applied to the entire adhesive area to protect the
      adhesive until time of use. The member may be cut to size, as appropriate,
      for a given dimensioned load.
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PAC  FIELD OF THE INVENTION AND SUMMARY OF THE PRIOR ART
PAR  Known forms of adhesively coated spacing and/or supporting structures are
      evidenced by the following U.S. Patents:
PAR  U.S. Pat. No. 2,489,054, issued Nov. 22, 1949, to Sprolle, wherein adhesive
      areas are noted at 36 through 45, inclusive.
PAR  U.S. Pat. No. 3,112,715, issued Dec. 3, 1963, to Callahan, et al., wherein
      weight-carrying members 3--3 are adhesively secured to high strength paper
      1.
PAR  U.S. Pat. No. 3,126,843, issued Mar. 31, 1964, to DeLaney, wherein
      inexpensive plastic supporting material is shown with layers of adhesive
      and paper stripping thereon.
PAR  U.S. Pat. No. 3,236,197, issued Feb. 22, 1966, to Rossner, wherein
      pressure-sensitive tape is used to form the fork-lift entry areas under a
      load.
PAR  U.S. Pat. No. 3,556,886, issued Jan. 19, 1971, to Reusser, wherein blocks
      may be used as spacers or supports with adhesive applied to only one
      surface of the spacers.
PAR  U.S. Pat. No. 3,567,068, issued Mar. 2, 1971, to Carfizzi, wherein cleats
      for supporting a load may be variously shaped, in cross-section, such as
      circular, semi-cylindrical, triangular, etc., as well as rectangular.
PAC  SUMMARY OF THE INVENTION
PAR  Among the objects and advantages of my invention are the following:
PAR  1. To provide a low-cost, easily cut to size or design supporting unit that
      may be readily adhered to the bottom of a load.
PAR  2. To provide such a support including a hot-melt, pressure-sensitive
      adhesive, with a layer of readily removable material, to protect the
      adhesive until the time of application of the supporting structure to a
      load.
PAR  These together with other objects and advantages which will become apparent
      reside in the details of construction and operation as more fully
      hereinafter described and claimed, reference being had to the accompanying
      drawings forming a part hereof, wherein like numerals refer to like parts
      throughout.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a plurality of my structures being used as
      both spacers and load supports, with a handling means for the load shown
      in phantom.
PAR  FIG. 2 is a perspective view of a single support, showing the protective
      stripping partially removed and exposing the adhesive surface.
PAR  FIG. 3 is a cross-sectional view showing my support attached near one edge
      of a load.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The various loads are indicated by reference characters L1, L2, and L3 on
      FIGS. 1 and 3. The handling means, such as a conventional fork type lift
      truck, shown in phantom, is designated at 10. The block of supporting
      material is 12, the layer of adhesive is shown as 14, and the layer of
      strippable material is shown as 16.
PAR  The block of supporting material 12 may be of plastic, such as foamed
      polystyrene, wood, or similar, easily cut and shaped material. Preferably,
      whether wood or plastic, the material should be as non-absorptive as
      possible, where dampness or similar water problems are likely to be
      encountered. A non-absorptive foam plastic of sufficient strength to
      withstand the expected loads has proven most satisfactory.
PAR  The layer of adhesive 14 is a hot-melt, pressure-sensitive adhesive
      formulated from solid (at room temperatures) derivatives, heated to
      between 300.degree. and 350.degree.F. to flow and coat the supporting
      blocks. And, the layer 16 of protective material may be of paper or
      plastic constructed so that it will releasably adhere to the adhesive
      coating 14 and protect the adhesive during normal handling of the supports
      and yet is readily removable when desired.
PAR  Once the three layers of FIG. 2 have been assembled together, 18, all one
      has to do is cut the desired length needed, remove the strippable material
      16, and apply the support to the bottom of the load. The specific number
      and location of such supports being determined by the size and weight of
      the load, and similar factors, present in both storage and transportation
      activities.
PAR  The supports or blocks 12 enable quick assembly with a load unit and will
      adhere to most relatively clean, flat surfaces thus resulting in
      considerable saving in time, labor and expense. Also, the supports 12 can
      be stored and transported to a point of use in less space than
      conventional wood pallets with the tare weight being less. The supports
      are capable of supporting several thousand pound loads and are so
      economical that expendable use thereof is feasible. The supports or blocks
      12 may be attached to a load unit in various arrangements and by merely
      pressing it in position or positioning the blocks in desired position with
      the adhesive surfaces uppermost and placing the load unit thereon. The
      blocks may also serve as spacers for spacing load units horizontally as
      well as vertically and become an integral part of the load unit after
      attachment thereto.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination, a load unit having generally flat top and bottom
      surfaces and adapted to be lifted and transported by load handling means,
      such as a fork lift truck, and capable of vertical stacking with similar
      load units, and a plurality of supporting and spacing members attached
      directly to the bottom surface only of said load unit in a spaced pattern
      to support the load unit from a supporting surface and support an upper
      load unit from a lower load unit when stacked vertically to enable
      insertion of the forks of a fork lift truck between the members and under
      the bottom surface of the load unit for direct contact therewith for
      lifting and transporting the load unit, each supporting and spacing member
      including an elongated block of rigid material having a lateral dimension
      substantially less than the lateral dimension of the bottom surface of the
      load unit and including parallel opposed top and bottom surfaces, and a
      continuous coating of adhesive material on the top surface for
      self-adhering the member permanently to the flat bottom surface of the
      load unit, said block of material  being constructed of lightweight rigid
      foam plastic material capable of being cut to desired dimensional
      characteristics prior to installation and being substantially
      non-absorbent for retaining its strength characteristics when exposed to
      contact with water or moisture, each block being rectangular and having
      end edges substantially coinciding with opposed edges of the bottom
      surface of the load unit to which it is attached thereby forming
      projections on only the bottom surface of the load unit to which the
      supporting and spacing members are mounted, said adhesive material being a
      pressure-sensitive, hot-melt adhesive formulated from solid derivatives,
      and a strippable protective sheet for protecting the adhesive coating
      prior to mounting of each block on the load unit.
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ABST
PAL  A davit which is particularly useful in hoisting lobster traps from water
      onto a gunwale of a lobster boat, comprises a hoist arm; an essentially
      perpendicularly extending member in a substantially horizontal direction
      at one end of the hoist arm wherein the perpendicularly extending member
      is adapted to rotate on an axis essentially perpendicular to the hoist arm
      whereby rotation of the perpendicularly extending member causes the hoist
      arm to pivot; and a power means remote but in communication with the hoist
      arm by means of the perpendicularly extending member. Upon actuation, the
      power means is adapted to cause the perpendicularly extending member to
      rotate and the hoist arm to pivot. The end of the hoist arm opposing the
      perpendicularlly extending member is adapted to receive a hoist line. In a
      lobster trap hauling operation, the pivoting of the davit may assist in
      hauling a lobster trap onto the gunwale of the lobster fishing boat.
BSUM
PAR  This invention pertains to a davit which comprises a hoist arm which may be
      pivoted in a vertical plane without sacrifice to accessibility to and
      around the hoist arm and hoist line. The davit of this invention is
      particularly advantageous for hauling lobster traps and the like from
      water onto a gunwale of a boat in that not only does the lobster fisherman
      not have to reach over the side of the boat to haul a lobster trap onto
      the gunwale of the boat, but also he has relatively unfettered access to
      the lobster trap when it is resting on the gunwale of the boat.
PAR  Prior to this invention, a lobster fisherman either had to undertake the
      risk and physical stress and strain of manually lifing a lobster trap from
      the water onto the gunwale of a boat or he used a davit which employed
      overhead cables or the like to pivot the hoist arm to draw the lobster
      trap onto the gunwale of the boat or other suitable structure of the boat
      or davit. However, the overhead cables and the like which have been
      employed to pivot the davit interfered with the lobster fisherman's access
      to the lobster trap and required significant space on the boat for the
      necessary rigging.
PAR  By this invention, a davit is provided which is particularly advantageous
      especially in situations where compactness of and accessibility around the
      davit are essential, for instance, in hauling lobster traps from the water
      onto a gunwale of a boat. The davit comprises a hoist arm having a base
      end and a tip end. An essentially perpendicularly extending member to the
      hoist arm extends in an essentially horizontal direction from base end of
      the hoist arm. The perpendicularly extending member is rotably mounted on
      a stationary member such that it is able to rotate around an axis
      essentially perpendicular to the hoist arm. The movement of
      perpendicularly extending member around said axis causes the hoist arm to
      pivot in an essentially vertical plane.
PAR  When employed to hoist traps and in the operation wherein the lobster trap
      is hauled to the surface of the water the davit hoist arm can be
      positioned with the base end to the inside of the gunwale such that the
      hoist arm extends outwardly across the gunwale with the tip end extending
      over the water. The hoist arm may be essentially horizontal. When the
      lobster trap reaches a desired point adjacent the tip end of the hoist
      arm, the hoist arm is pivoted on the axis of the perpendicularly extending
      member in order to haul the lobster trap onto the gunwale of a boat. When
      the hoist arm is being pivoted, the hoist line may be held stationary with
      respect to the hoist arm or drawn in or let out as necessary. It is easily
      seen that the davit of this invention has advantageous applications in
      hoisting loads other than lobster traps and is capable of advantageous use
      as a hoist on supports other than boats.
PAR  The hoist arm may have attached thereto at the base end suitable means for
      drawing the hoist line, for instance, a winch, power warping block or the
      like. It is desirable, where space is limited and essentially unrestricted
      access around the davit is required, such as on a lobster trap fishing
      boat, that the drawing means should be compact. Desirably, the drawing
      means is positioned on the hoist arm such that after the hoist arm has
      been pivoted to haul, for instance, a lobster trap onto the gunwale of a
      boat, the drawing means is positioned under the hoist arm or even under
      the gunwale of the boat, and hence, does not restrict access to the
      lobster trap. The tip end of the hoist arm may be provided with a pulley
      for the hoist line and, if desired, guide means, e.g., rollers, to direct
      the hoist line onto the pulley and maintain it thereon.
PAR  The pivoting of the hoist arm is effected by rotation of the
      perpendicularly extending means around its axis. The perpendicularly
      extending means may serve as a drive means which can transmit power from a
      remote power means to the hoist arm to pivot the hoist means. The
      perpendicularly extending member thus permits the power means to be
      sufficiently distant from the hoist arm to allow relatively free access
      around the davit. The power means for rotating the perpendicularly
      extending member may comprise an attached electric motor, an electric
      motor in communication with the perpendicularly extending member by gears,
      pulleys and belt, chain and sprockets, or the like, levers which can be
      manually operated, etc. A preferred power means employs an actuating
      means, e.g., a hydraulic or pneumatic piston and cylinder arrangement,
      wherein the piston is in communication with a cam which is fixedly
      attached to the perpendicularly extending member whereby movement of the
      piston moves the cam to achieve rotation of the perpendicularly extending
      member.
DRWD
PAR  The invention is further described in a preferred embodiment by reference
      to the drawings in which
PAR  FIG. 1 is a diagrammatic representation of a davit in accordance with this
      invention; and
PAR  FIG. 2 is a diagrammatic representation of the davit of FIG. 1 employed on
      a boat to haul lobster traps, wherein the davit and lobster trap are in
      the position achieved when the lobster trap has been hauled onto the
      gunwale of the boat.
DETD
PAR  With reference to the drawings, the davit comprises hoist arm 10 which has
      flanges 12 at the tip end. Flanges 12 are in a vertical plane and serve to
      receive therebetween pulley 14. The axis of rotation of pulley 14 is
      depicted as horizontal and is adapted to receive a hoist line. Rollers 16
      are provided on the lower ends of flanges 12 such that a hoist line, when
      it is drawn across the tip of the base end of hoist arm 10, will be
      directed towards and maintained on pulley 14.
PAR  The base end of arm 10 is depicted as plate 18 which is shown in a plane
      essentially perpendicular to the extension of the hoist arm. Plate 18
      serves as a support base for the drawing means 20. Drawing means 20 is
      comprised of mounting member 22 which extends perpendicularly from plate
      18, warping pulley 24, and warping block motor which is enclosed in casing
      26. Mounting member 22 may be adapted to serve as a counterweight to the
      hoist arm, especially in instances when the hoist arm is long and heavy.
PAR  The base end of hoist arm 10, that is, plate 18, has extending therefrom at
      its lower edge, perpendicularly extending member 28, which is depicted as
      a rod. Rod 28 is pivotably attached to brackets 30 which are adapted to be
      fastened to the underneath side of gunwale 32. A sufficient offset space
      is provided between the axis of rod 28 and hoist arm 10 such that hoist
      arm 10 may assume an essentially horizontal orientation over the gunwale,
      if desired. The hoist arm is sufficiently long that its tip end extends
      over the side of the boat.
PAR  The actuating means for rotating rod 28 and hence pivoting hoist arm 10
      comprises cam 33 which is fixedly attached and perpendicularly extends
      from rod 28. Cam 33 is attached by means of drive mechanism 34 to piston
      and cylinder 36. Drive mechanism 34 is moveably attached to cam 33 such
      that movement of the piston in piston and cylinder 36 causes rotation of
      rod 28 around its axis and thus pivots hoist arm 10. Movement of the
      piston in piston and cylinder 36 is effected by passage of fluid to piston
      and cylinder 36 via lines 38 or 40. A valve mechanism (not shown) is
      controlled by lever 42 and is employed to direct the fluid to either of
      lines 38 and 40 to obtain the desired direction of piston movement.
      Mounting member 44 is affixed to the mounting bracket 30 and supports
      piston and cylinder 36.
PAR  In operation, hoist arm extends essentially horizontally over the gunwale
      of the boat such that pulley 14 is directly over the water. A lobster trap
      line is located by the buoy attached thereto and is drawn across pulley
      14, and the line is placed in warping pulley 24. The warping block motor
      is started, and lobster trap line 46 drawn into the boat and lobster trap
      48 is raised. When the lobster trap reaches a predetermined distance from
      the tip of hoist arm 10, the motor is stopped. The distance between the
      lobster trap and hoist arm at this point will depend on the size of the
      lobster trap, the length of the hoist arm, the width of the gunwale, and
      the expected degree of pivot of the hoist arm. The distance should be
      sufficient to permit the lobster trap to rest on the gunwale of the boat
      when the hoist arm is pivoted.
PAR  Lever 42 is then positioned to actuate the piston and cylinder, thereby
      extending drive mechanism 34 from the cylinder and causing rod 28 to
      rotate by movement of cam 33. The rotation of rod 28 causes hoist arm 10
      to pivot in a vertical plane towards the inside of the boat, thus hoisting
      lobster trap 48 on to gunwale 32 of the boat. The movement of rod 28 is
      conveniently terminated when hoist arm 10 has brought lobster trap 48 to a
      point where it rests on the gunwale of the boat. The drawing means is also
      rotated such that it is under hoist arm 10 and thus will not hinder access
      to the lobster trap.
PAR  The lobster fisherman can have relatively free access to the lobster trap
      since the power means is remote from the hoist arm and no cables are
      required to pivot the hoist arm. The apparatus of this invention does not
      require excessive area when in operation, and hence can be adapted for use
      in locations where space is limited.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A pivotable davit for hauling a load from water onto a gunwale of a boat
      comprising
PA1  a. a hoist arm having a tip end and a base end, said tip end being adapted
      to receive a hoist line;
PA1  b. a perpendicularly extending member which is fixedly attached to the
      hoist arm at the base end and extends essentially perpendicular to the
      extension of the hoist arm, said perpendicularly extending member being
      pivotably attached to the gunwale of the boat such that the
      perpendicularly extending member is able to rotate around an axis
      perpendicular to the hoist arm;
PA1  c. a cam fixedly attached to the perpendicularly extending member
      sufficiently distant from the hoist arm to allow relatively free access
      around the hoist arm between the hoist arm and cam;
PA1  d. an actuating means movably attached to the cam such that movement of the
      actuating means rotates the perpendicularly extending member around its
      axis and pivots the hoist arm, thereby adapting the hoist arm to hoist the
      load onto the gunwale of the boat by the pivoting motion; and
PA1  e. a drawing means attached to the base end of the hoist arm and extending
      rearwardly therefrom such that the drawing means is under the hoist arm
      when the load has been hoisted onto the gunwale, said drawing means being
      adapted to receive and draw the hoist line across the tip end of the hoist
      arm.
NUM  2.
PAR  2. The pivotable davit of claim 1 wherein the actuating means is a piston
      and cylinder.
NUM  3.
PAR  3. The pivotable davit of claim 1 wherein the hoist arm extends
      horizontally across the gunwale with the tip end extending over the water
      and pivots to hoist the load onto the gunwale.
NUM  4.
PAR  4. The pivotable davit of claim 1 wherein the hoist arm extends
      horizontally across the gunwale with the tip end extending over the water
      and pivots to hoist the load onto the gunwale.
NUM  5.
PAR  5. The pivotable davit of claim 1 wherein the hoist arm pivots in an
      essentially vertical plane.
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PAL  Material dislodging means for a bottom unloading type silo having a central
      vertical shaft projecting upwardly from the bottom adjacent an outlet
      opening therein and including a series of chains connected at one end to
      said shaft in vertically spaced relationship and of progressively greater
      length with the shortest being lowermost, said connections comprising
      openings extending diametrically through said shaft to receive said ends
      of said chains to provide effective, long lasting flexible connections for
      said chains. The outer ends of the chains have digging and raking elements
      connected thereto by means of sockets on said elements which receive at
      least the terminal outer link of each chain. Pin means connect the
      opposite ends of the chains respectively within said openings in said
      shaft and said sockets on said elements.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This applicaton is a continuation of copending U.S. application Ser. No.
      389,141, filed Aug. 17, 1973, now U.S. Pat. No. 3,828,947, issued Aug. 13,
      1974.
BSUM
PAR  Due to the progressively increased diameters and heights of silos used to
      store forage material or feeding livestock and especially dairy cows and
      the like, the use of bottom discharge means for such silos has become
      increasingly popular. Examples of such bottom discharge means are
      illustrated in the following prior patents; U.S. Pat. No. 3,424,350 to J.
      H. Herr et al., dated Jan. 28, 1969; U.S. Pat. No. 3,567,078 to J. H. Herr
      et al., dated Mar. 2, 1971; U.S. Pat. No. 3,710,960 to A. Z. Stauffer et
      al., dated Jan. 16, 1973.
PAR  Although the bottom discharge means illustrated in said prior patents have
      been highly satisfactory in general, it has been found in particular
      however that the connections of the material-dislodging chains employed in
      said prior structures respectively to the center shaft and the digging or
      raking elements on the ends of said chains have presented difficulties.
      The connections previously employed in said patent structures have not had
      nearly as long a life as is desirably, whereby various expedients have
      been developed and tested in an effort to provide connecting means having
      a greater life and thereby minimizing the periods of inactivity of such
      unloading means such as when it was necessary to replace the previously
      used connecting means. Such replacement consumes substantial amounts of
      time. Although chains formed from harder materials have been employed, as
      well as harder bolts and the like used in effecting such connections of
      the ends of the chains to the shaft and digging elements, it has been
      concluded that these expedients per se have not been sufficient to produce
      the desired results. Therefore, structural differences have been devised
      which comprise the present invention and these have been found to produce
      greatly improved operational characteristics and longer life than the
      connection means previously and presently used with respect to said
      chains. In addition, the effort required to effect such connections is not
      increased over that which is previously required. Details of said
      improvements are set forth hereinafter, as follows:
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the present invention to provide improved
      means for connecting the opposite ends of flexible material-dislodging
      means in a bottom unloading type silo respectively to the central shaft
      and the digging and raking elements connected to the outer ends of said
      chains.
PAR  It is another object of the invention to employ a preferably tubular
      central shaft which extends upwardly from the bottom of a silo adjacent
      the discharge opening in said bottom, the lower end of said shaft
      receiving the upper portion of a drive shaft which extends centrally
      upward from below the the bottom of the silo for purposes of supporting
      and driving said tubular shaft, said tubular shaft providing ready means
      for forming openings extending transversely therethrough at vertically
      spaced locations respectively to receive one end of said material-engaging
      chains which extends transversely of said shaft through said openings.
PAR  It is a further object of the invention to dispose short sleeves within
      said transverse openings in the shaft and fix the same thereto, one end of
      each tube preferably being substantially flush with the outer surface of
      the shaft, and the opposite end of said tube projecting radially beyond
      the opposite surface of the shaft for purposes of receiving connecting pin
      means such as a bolt which extends through openings in said projecting end
      of the tube and also extending through the terminal link in the end
      portion of the chain which is disposed within said tube, whereby the link
      of the chain which extends from the flush end of the tube serves as a
      highly satisfactory connecting means for that portion of the chain which
      extends beyond said shaft and the tube therein.
PAR  Still another object of the invention is to provide different types of
      elements connected to the ends of said chains, depending upon the location
      and length of the chains, one type of element comprising digging members
      which are connected to the longest chains which are disposed adjacent the
      upper end of the shaft, while the shorter chains have raking members
      connected thereto which are of a different configuration from the digging
      members, said digging and raking members being provided with sockets
      extending from one face thereof for purposes of receiving at least the
      terminal link of the outer ends of the chains, and aligned openings being
      formed in opposite walls of the sockets to receive pin means, such as
      bolts, which also extend through said terminal links of the chains and
      thereby effectively secure the digging and raking members flexibly to the
      outer ends of said chains said arrangement also having been found to
      greatly extend the life of connecting means by which such digging and
      raking members are connected to the chains in comparison with expedients
      previously employed.
PAR  A still further object of the invention ancillary to the immediate
      foregoing object is to form said sockets on the digging and raking members
      so as to be substantially square in cross section, whereby the terminal
      links of said chains are inserted in said sockets between opposite corners
      thereof and thereby provide accurate positioning means for said ends of
      the chains within said socket.
DRWD
PAR  Details of the foregoing objects and of the invention, as well as other
      objects thereof, are set forth in the following specification and
      illustrated in the accompanying drawings comprising a part thereof.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical elevation of a typical silo of the type to which the
      present invention pertains, the major portion of said view being in
      vertical section and the same also being broken transversely to
      foreshorten the view, said figure representing the prior art.
PAR  FIG. 2 is a fragmentary transverse sectional view as seen on the line 2--2
      of FIG. 3 and illustrating in plan view the means utilized in the prior
      art for connecting the inner ends of the chains to the vertical shaft in
      the silo.
PAR  FIG. 3 is a fragmentary vertical elevation of the lower portion of the
      shaft of the silo shown in FIG. 1 and illustrating side elevations of the
      means by which the inner ends of the chains are connected to the central
      shaft in the prior art.
PAR  FIG. 4 is a view similar to FIG. 1 but illustrating the improved means for
      connecting the oppostie ends of the chains respectively to a central shaft
      and the digging and raking members respectively connected to the opposite
      ends of said chain.
PAR  FIG. 5 is a fragmentary, enlarged, vertical elevation showing the lower
      portion of the central shaft of the silo shown in FIG. 4 and illustrating
      in greater detail the means by which the inner ends of the chains are
      connected to said central shaft.
PAR  FIG. 6 is a fragmentary vertical elevation on a larger scale than in FIG. 5
      and showing the end of the connecting means illustrated in FIG. 5 as seen
      on line 6--6 thereof.
PAR  FIG. 7 is a view similar to FIG. 6 but showing a further embodiment of said
      connecting means.
PAR  FIG. 8 is a fragmentary plan view, on a larger scale than in FIGS. 4 and 5,
      showing a preferred type of connecting means by which material digging
      members are connected to the outer ends of certain of the chains of the
      silo arrangement shown in FIGS. 4 and 5.
PAR  FIG. 9 is an end view of the digging member shown in FIG. 8 as seen on the
      line 9--9 thereof.
PAR  FIG. 10 is a side elevation of the digging member shown in FIG. 8 as seen
      from the line 10--10 of FIG. 8.
PAR  FIG. 11 is a view similar to FIG. 9 but showing the end view of a raking
      member, such as employed on the shorter chains shown in FIG. 4, and
      illustrating the preferred manner of connecting the outer end of the
      chains thereto.
PAR  FIG. 12 is a side elevation of the digging member shown in FIG. 11 as seen
      on the line 12--12 thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1-3, the same illustrate a bottom unloading type of silo
      now currently in use and therefor comprising the prior art. Certain
      characteristics and features of said silo are illustrated in one or more
      of the recent patents set forth hereinabove. In FIG. 1, it will be seen
      that the silo 10 comprises a preferably cylindrical wall of predetermined
      height and diameter. It is provided with a bottom 12 which has a discharge
      opening 14 therein over which a metering device 16 at least partially
      extends to prevent choking the discharge opening 14 such as when a
      substantial amount of silage material stored within the silo falls by
      gravity incident to an unloading operation being undertaken. Material
      receiving means 18 are mounted below the bottom 12 and includes a motor 20
      comprising power means by which a central shaft 22 is rotated about its
      axis. The shaft is supported by bearings within the material receiving
      means 18 which also include discharge mechanism 24 which preferably emptys
      into a conveyor 26 for purposes of moving the material upwardly from the
      lower compartment 28 within which the material receiving means 18 is
      mounted.
PAR  A relatively short auger 30 is mounted upon the lower end of the central
      shaft 22, primarily for purposes of effecting initial discharge movement
      of compacted silage material within th silo 10, especially when operation
      of the discharge mechanism is being initiated, at which time silage
      material usually is compacted around the auger as the result of having
      fallen by gravity from the bulk of materials stored within the silo.
      Material-engaging and dislodging means also include a series of chains 32,
      one end of each of the same being connected to the shaft 22 and said
      chains being of progressively greater length from the lower end to the
      upper end of the shaft 22. Material digging elements 34 are connected to
      the outer ends of said chains and the inner ends thereof are connected to
      the shaft 22 by means of clevises 36, details of which are best shown in
      FIGS. 2 and 3.
PAR  As seen from FIG. 2, the clevises 36, in plan view, are substantially
      U-shaped and comprise parallel ears through which aligned openings are
      formed for purposes of receiving a connecting bolt 38 by which the
      innermost link on each of the chains 32 is secured to the shaft 22. It has
      been found that, for reasons not entirely understood at present, that this
      means for connecting the inner ends of the chains 32 to the shaft 22
      results in rapid wearing of the links connected to the clevises 36 and the
      next link thereto on said chains 32, whereby frequent replacement of such
      chains is necessary either by removing the worn links, and thereby
      noticeably shortening the chains, or by replacing said chains with new
      chains of preferably the same original length of the worn chains.
PAR  It also was found that the material digging elements 34, which has similar
      clevises 40 thereof for purposes of connecting the digging elements 34 to
      the ends of the chains 32, likewise resulted in substantial wear and
      required relatively frequent replacement either of the entire chain or by
      removing the worn links and correspondingly shortening the effective
      length of the chains.
PAR  After studying the problem of undue wear such as referred to above and
      considering certain possible solutions to increase the life of the chains
      and especially the opposite ends thereof which respectively were connected
      either to the shaft 22 or the material digging members 34, the present
      invention has been devised which is illustrated in FIGS. 4-12, to which
      attention is now directed, as follows.
PAR  In FIG. 4, the basic elements of the silo are similar to those shown in the
      prior art such as illustrated in FIG. 1. Accordingly, common reference
      characters are applied to the structural members commonly shown in the two
      figures. The principal differences between the prior art and the present
      invention reside in the means by which the inner ends of the chains are
      connected to the central shaft, the structure of the material-engaging
      members connected to the outer ends of the chains and certain of the same
      comprising digging elements while others comprise raking elements, the
      means by which said members are connected to the outer ends of the chains,
      and the preferred structure of the central shaft itself. Such differences
      and the details and characteristics thereof are as follows.
PAR  As best shown in FIG. 5, immediately below the bottom 12 adjacent the
      discharge opening 14, a bearing 42 is mounted to support a drive shaft 44
      of predetermined diameter, such as the order of three or four inches,
      depending upon the diameter of the silo and the height and diameter of the
      central shaft 46 which is connected to and extends upward from the drive
      shaft 44, said central shaft preferably being tubular, especially for
      purposes of providing substantial strength to resist bending relative to
      the amount of metal from which the tubular shaft is formed. The drive
      shaft 44 extends a predetermined distance above the upper surface of
      bottom 12, the upper end 48 thereof being clearly shown in FIG. 5. To
      securely connect the drive shaft 44 to the lower end of the tubular
      central shaft 46, a plurality of bolts 50 extend transversely through both
      of the same at locations which will not interfere with the auger 30 which
      is similar in length and diameter, relative to the size of the central
      shaft, as in the embodiment shown in FIG. 3 representing the prior art.
PAR  For purposes of connecting the chain 32 to the central shaft 46, the
      present invention utilizes openings 52 which extend transversely through
      the tubular shaft 46 at vertically spaced locations of the order of
      between one and two feet apart, depending upon the height and diameter of
      the silo. Within these openings 52, short tubes 54 are mounted and are
      rigidly fixed with respect to the cental shaft 46, such as by weldments.
      The inner diameters of the tubes 54 are very slightly greater than the
      width of the links of the chains 32, whereby the so called inner ends of
      said chains are disposed within the short tubes 54 substantially for the
      full lengths thereof. It also will be seen from FIG. 5 in particular that
      one end of tubes 54 extend a short distance beyond the outer surface of
      the central shaft 46, while the opposite end of said tubes are
      substantially flush with said outer surface.
PAR  For purposes of securing the ends of the chains 32 within the projecting
      ends 56 of tubes 54, said projecting ends are provided with diametrically
      aligned openings in opposite sides of said projecting ends for purposes of
      receiving bolts 58 which also extend through the terminal link of the end
      portions of the chains 32 which are disposed within the tubes 52. This
      results in the chains 32 being very flexibly secured to the tubes 54 in a
      manner which it has been found results in minimum wear between the links
      disposed within the tubes 54 and the links immediately connected thereto.
      It will also be seen that by utilizing such means for connecting the inner
      ends of the chains 32 to the central shaft 46, such connection may be made
      quickly and effectively, either at the time the chains initially are being
      assembled with the shaft or at the time when replacement of the chains may
      be necessary.
PAR  Considering the lowermost chains shown in FIG. 5, which is disposed
      immediately above the upper end of the auger 30, and in a portion of the
      tubular shaft 46 within which the drive shaft 44 is disposed, a very short
      section 58 of the tubular material such as that from which the short tubes
      54 are formed is secured at one end to the exterior surface of central
      shaft 46, such as by welding, the length of the section 58 being adequate
      to receive the terminal link at the inner end of said lowermost chain for
      purposes of having a bolt 59 disposed through aligned openings formed in
      the opposite walls of the section 58 and also extend through said terminal
      link.
PAR  Referring to FIG. 4, it will be seen that the uppermost chain 32 is
      slightly shorter than the two chains immediately therebelow on the upper
      end of central shaft 46. However, the two chains immediately below the
      uppermost chain 32 are of such length that the material-engaging elements
      or members on the outer ends thereof nevertheless are spaced a short
      distance from the inner surface of the side walls of the silo 10. By such
      arrangement, a more arched effect is provided in the so-called ceiling of
      comprising the lower end of the compacted mass of silage material stored
      within the conveyor 10, as compared with such arched surfaces formed in
      said material when the uppermost chain is the longest and all chains
      therebelow progressively are shorter than the uppermost. In accordance
      with the principles of the invention, therefore, the two or three chains
      which are the longest and uppermost on the central shaft 46 have digging
      members 60 connected to the ends thereof, while on the outer ends of the
      chains therebelow, raking members 62 are connected. These members
      respectively are illustrated in FIGS. 8-10 and FIGS. 11 and 12. Also, with
      respect to the very short section 58 which forms a socket in which the
      terminal link on the inner end of the lowermost chain 32 is disposed, may
      be either circular in cross section, as shown in FIG. 6, or as a
      modification thereof, the same may be substantially square in cross
      section, as shown at 58' in FIG. 7. Similarly, if desired, the short tubes
      54, while preferably circular in cross section, also may be substantially
      square in cross section as in regard to the section 58' shown in FIG. 7.
PAR  Referring to FIGS. 8-10, it will be seen that the digging members 60, which
      are formed from metal, comprise a plate member 64 which preferably is
      longer than it is wide. V-shaped notches 66 are formed in the opposite
      ends thereof to provide digging points 68. To render such points more
      effective, the end portions of the plate member 64 are bent at obtuse
      angles with respect to the intermediate portion, as shown in FIG. 8,
      whereby a somewhat U-shaped configuration is formed in order that the
      digging points 68 may project from the outer surface of the plate member
      64. Connected to the opposite face of plate member 64 is a short tubular
      socket 70 which is connected by welding or the like at one end to said
      opposite face of plate member 64. As shown in FIG. 9, in which an end view
      of the socket 70 is shown, it will be seen that the preferred
      configuration is square. If desired however, a circular configuration may
      be employed in lieu of the square arrangement. However, the square
      arrangement is advantageous in view of the fact that the terminal link 32'
      on the outer end of the chain 32 may be closely disposed diagonally
      between opposing corners of the sockets 70, whereby a securing bolt 72 may
      extend through appropriately aligned openings in the alternate corners of
      sockets 70, as shown in FIG. 9, said bolt also extending through the
      terminal link 32', as shown in FIG. 8, for purposes of loosely connecting
      the digging members 60 to the terminal ends of the longer chains connected
      to the upper end portion of the central shaft 46 as shown in FIG. 4. Such
      arrangement has been found to minimize the wear between the links on the
      outer ends of said chain and thereby greatly extend the life thereof as
      compared with the connecting means previously used in the prior art
      referred to above.
PAR  Referring to the raking member 62, details of which are shown in FIGS. 11
      and 12, it will be seen that the same comprise substantially square plates
      74. The corners 76 thereof are bent away from the same surface of the
      plates 74, at an obtuse angle to said central portion of said plates,
      whereby the corners 76 provide raking points but the same preferably are
      less sharp than the points 68 of the digging members 60. Furthermore, the
      configuration of the plates 74 with the bent corners 76 are such as to
      provide a raking action when the members are extended outwardly from the
      outer ends of the chains 32 during the rotation of the central shaft 46.
      Such outward projection of the chains and raking members 62 thereon is
      caused by the centrifugal force resulting from the rotation of the entire
      assembly of chains 32 and central shaft 46. Due to the fact however that
      the greatest digging effort is required by the chains closest to the lower
      surface of the accumulated mass of silage in the upper portion of the
      silo, the digging members 60 are provided on the longer chains adjacent
      the upper end of the shaft 46.
PAR  For purposes of securing the raking members 62 to the outer ends of the
      shorter chains 32, socket members 78, which are shown in FIG. 11,
      preferably are square in cross section, but may be circular if desired,
      are fixedly connected to the opposite faces of the square plates 74 from
      the faces from which the corners 76 extend. Such connection preferably is
      by welding. Also, the length of the sockets 78 is such as preferably to at
      least receive the entire terminal link 32' of the shorter chains 32, as in
      regard to the length of the sockets 70 which are connected to the digging
      members 60.
PAR  Firm connection of the terminal links 32' of the shorter chains 32 within
      the socket members 78 is effected by means of a bolt 80 which extends
      through axially aligned holes formed in opposite corners of the socket
      members 78, whereby the terminal links 32 may be disposed between the
      intermediate opposite corners of the socket members 78 and thereby provide
      effective positioning of said terminal links 32' within the socket members
      78. Such arrangement also forms a desirable flexible connection between
      the terminal ends of the shorter chains 32 and the raking members 62 so as
      to result in minimum wear and produce long life, as in regard to the
      connection between the outer ends of the longer chains 32 and the digging
      members 60.
PAR  From the foregoing, it will be seen that the present invention provides as
      its primary objective means by which the opposite ends of material
      removing chains utilized in bottom unloading mechanism for silos may be
      connected respectively to a central shaft and material-engaging members,
      such as either digging members or raking members connected to the outer
      ends of said chains. Such connecting means are of a simple nature capable
      of minimum effort to effect connections of the various means to the
      opposite ends of the chain, but the important feature comprising the
      flexibility afforded by such connections which results in substantially
      longer life than the connecting means currently and previously utilized in
      bottom unloading structures utilizing chains for material dislodging
      purposes. The longer life resulting from such connections is highly
      desirable so as to minimize the times when it is necessary to interrupt
      unloading operations as when breakage occurs and requires repairing of
      such connection. Effecting such repairs also is not only time consuming
      but dangerous because it obviously must be conducted when there is a space
      around the central shaft as when the lower surface of the compacted silage
      in the silo is bridged over the upper end of the central shaft, at least
      temporarily, while the shaft and the chains connected thereto are idle.
      There always is the possibility that the bridge effect will be ruptured
      and the overhead mass of material will come falling down by gravity upon
      the repairman. Accordingly, aside from the time consuming feature of such
      repairs it is obvious that the fewer repairs needed, the better.
PAR  While the invention has been described and illustrated in its several
      preferred embodiments, it should be understood that the invention is not
      to be limited to the precise details herein illustrated and described
      since the same may be carried out in other ways falling within the scope
      of the invention as illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. Material dislodging means for a silo having a discharge opening in the
      bottom comprising a shaft adapted to be supported for rotation about an
      axis, a plurality of chains arranged with inner ends adjacent said shaft
      at spaced locations therealong, and outer ends adapted to swing freely
      outward of said shaft on rotation thereof for engaging said material, and
      means connecting said inner ends of said chains to said shaft, connecting
      means for at least one of said chains, comprising means defining an
      opening extending transversely through said shaft for receiving a terminal
      link at the inner end of a chain extended therethrough with at least a
      portion of said terminal link extending outwardly of the surface of said
      shaft, pin means extending transversely through said projecting terminal
      links on said chains to secure the chains to said shaft, and a sharp
      material dislodging member connected to the outer end of each chain.
NUM  2.
PAR  2. The material dislodging means according to claim 1 in which said
      openings in said shaft are each provided with a tube fixed therein, the
      inner diameter of said tubes being substantially equal to the width of the
      links of said chain and respectively adapted to receive at least the
      terminal link at the inner end of a chain to connect the same to said
      shaft.
NUM  3.
PAR  3. The material dislodging means according to claim 2 in which one end of
      said tubes projects a short distance outwardly of the exterior surface of
      said shaft and is formed with a hole extending transversely therethrough
      to receive said pin means and thereby secure a terminal link at the inner
      end of a chain against transverse movement with respect to said shaft.
NUM  4.
PAR  4. The material dislodging means according to claim 2 in which said shaft
      is tubular, and said dislodging means also including a drive shaft
      received telescopically within an end portion of said tubular shaft for a
      predetermined minor distance relative to the total length of said tubular
      shaft, and fastening means extending through said lower portion of said
      tubular shaft and said drive shaft for securing the same together for
      common rotation about the axis of said tubular shaft.
NUM  5.
PAR  5. The material dislodging means according to claim 1 in which said chains
      have a length less than the radius of the inner surface of the silo in
      which said dislodging means is adapted to be mounted, whereby the material
      engaging members on the outer end of said chains move in a path spaced a
      limited distance inwardly of the interior surfaces of said silo upon
      rotation of said shaft.
NUM  6.
PAR  6. The material dislodging means according to claim 5 in which one of said
      chains is shorter than at least another of said chains spaced below said
      one chain.
NUM  7.
PAR  7. The material dislodging means according to claim 5 in which said
      material-engaging members on at least one of said chains have sharp
      digging points thereon and the material-engaging members on at least
      another of said chains have raking members connected to the outer ends
      thereof.
NUM  8.
PAR  8. The material dislodging means according to claim 1 in which said
      material-engaging member on the outer end of at least one of said chains
      has a tubular socket thereon projecting inwardly toward said shaft for
      receiving at least a terminal link at the outer end of said chain, and
      further including pin means extending transversely through the walls of
      said socket and said outer terminal link of said chain.
NUM  9.
PAR  9. The material dislodging means according to claim 8 in which said tubular
      socket on said material-engaging member is substantially square in cross
      section and the terminal link at the outer end of said chain extends
      between opposing corners of said socket for accurate positioning of the
      chain within said socket.
NUM  10.
PAR  10. The material dislodging means according to claim 8 in which said
      material-engaging member includes a plate member and said socket has one
      end secured to one face of said plate member, said plate member including
      opposite end portion bent outwardly from an opposite face of said plate
      member for providing pointed material engaging projections.
NUM  11.
PAR  11. The material dislodging means according to claim 10 in which said plate
      member of said material-engaging member comprises an elongated strip
      having a greater length than the width, and opposite end portions of said
      strip having V-shaped notches forming pairs of points on each end, and
      said end portions of said strip being bent outwardly at obtuse angles from
      said opposite face providing sharp engaging points extending outwardly
      from the outer end of said chain to which said plate member is connected
      when said shaft is rotated.
NUM  12.
PAR  12. The material dislodging means according to claim 10 in which said plate
      member of said material-engaging member is connected to a chain shorter in
      length than another, said plate member being substantially square in plan
      view and having corner portions thereof bent outwardly at obtuse angles
      from a face opposite socket extends on each of said members to form raking
      points projecting outwardly from the ends of said chains when in use.
NUM  13.
PAR  13. The material dislodging means according to claim 8 in which said socket
      of said material-engaging member is longer than said outer terminal link
      of said chain extended therein, whereby said outer terminal link at the
      outer end of said chain is contained entirely within said socket.
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ABST
PAL  An apparatus for unloading material such as chips or the like from the
      bottom of a silo, comprising a conveyer screw which at its inner end is
      mounted in an annular frame. The frame surrounds a central outlet opening
      and is rotatable about the central axis of the silo for allowing a
      swinging motion of the screw along the bottom of the silo. The screw is
      also mounted for rotation about its longitudinal axis for conveyance of
      material to the outlet opening, the rotation of the screw being
      accomplished by a drive means arranged stationary independently of the
      rotating frame. The power transmission for effecting the rotating and
      swinging motion of the conveyer screw is accomplished by a transmission
      means rotatably mounted in the frame, the axis of said transmission means
      coinciding with said central axis. The frame carries an outlet funnel
      having an upper opening arranged below the inner end of the screw and a
      lower opening arranged coaxially with the central axis. The transmission
      means takes the form of a ring having an inner opening adjoining the lower
      opening of the outlet funnel, thereby providing an unobstructed discharge
      of the material passed through the funnel.
PAL  One of the parts which are moving upon rotation of the screw, drives a
      hydraulic pump on the frame, said pump providing hydraulic pressure to a
      device located at the outer end of the screw for the swinging thereof.
PAL  The pump communicates with the swinging device through a conduit for
      hydraulic drive fluid extending through the conveyer screw.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for unloading material such
      as chips or the like from the bottom of a silo, comprising a conveyer
      screw which at its inner end is mounted in an annular frame, which is
      rotatable about the central axis of the silo and surrounds a central
      outlet opening, for swinging the screw along the bottom of the silo, said
      screw being also mounted for rotation about its longitudinal axis for
      conveyance of material to the outlet opening, the rotation of the screw
      being accomplished by a drive means arranged stationary independently of
      the rotating frame, the power transmission taking place via a transmission
      means rotatably mounted in the frame, the axis of said transmission means
      coinciding with said central axis.
PAR  From U.S. Pat. No. 3,050,201 there is known an unloading apparatus which
      comprises only one drive motor which is arranged stationary outside the
      parts which follow the swinging motion of the conveyer screw. This one
      motor gives the screw both its swinging and its rotating motion, the power
      transmission being effected through a drive shaft which extends centrally
      through the bottom of the silo. The disadvantage of such an apparatus is
      that the drive shaft must be mounted in a lip which extends into the
      outlet orifice of the silo. This entails that unloading apparatuses of
      this type cannot be utilized if the silo contains material such as chips
      or the like, as such a material will pile up on the lip and clog the
      outlet orifice.
PAR  In U.S. Pat. No. 3,391,809 there is disclosed an apparatus which will give
      the same unloading problems as described in connection with the
      abovementioned U.S. patent specification, as the framework which carries
      the rotating annular frame onto which the inner end of the conveyer screw
      is mounted, as well as the pipes leading to the hydraulic drive means on
      the frame, extend into the outlet orifice through which the material in
      the silo is discharged.
PAR  An apparatus according to the German accepted patent application Ser. No.
      2,010,214 solves the problem of obtaining a free outlet orifice for the
      content of the silo, in that the bearing of the rotating frame extends
      around the outlet orifice, i.e. the outlet orifice and a subsequent outlet
      funnel are positioned inside the bearing, which is arranged at the
      periphery of the rotating frame. The advantages of an unobstructed outlet
      orifice is achieved by arranging all the drive motors on the rotating
      frame. However, an apparatus of this type suffers from the disadvantage
      that the rotating frame and thereby the screw cannot swing continuously in
      the same direction due to the cables for the current supply to the drive
      motors. The screw therefore has to sweep back and forth over the bottom of
      the silo, thus complicating the installation, since such a reciprocating
      movement requires additional control equipment. Besides, since the
      direction of rotation of the screw must always be the same, the feeding of
      the material by the screw will vary depending on whether the screw is
      swung back or forth. To obtain a continuous swinging movement of the screw
      in one direction collector ring means would be required, which means is
      very unfavourable in the circumstances under which the silo operates.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide an apparatus wherein said
      disadvantages are eliminated. In an apparatus of the type initially
      described, this is achieved in that the frame carries an outlet funnel
      having an upper opening arranged coaxially with the central axis, that the
      transmission means in the central axis takes the form of a ring having an
      inner opening adjoining the lower opening of the outlet funnel and
      provides an unobstructed discharge of the material passed through the
      funnel.
PAR  The operation of the swinging movement of the screw may in the apparatus
      according to the invention be derived from the rotating movement without
      locking the relation between the rotating movement and the swinging
      movement. Thus, one of the parts which are moving upon rotation of the
      screw, e.g. a rotating countershaft between the transmission means and the
      screw, drives a means, e.g. a hydraulic pump which provides hydraulic
      pressure to a device for swinging the screw. This hydraulic device may
      e.g. be mounted on the outer end of the screw and cooperate with the inner
      circumference of the silo. The screw can thereby be swung in the same
      direction about the central axis of the silo along the bottom thereof and
      take any position relatively to the central axis. The swinging and the
      rotating movement of the screw may be so coupled that the speed of the
      swinging movement tends to increase when the rotational speed of the screw
      increases.
PAR  Further features and advantages of the invention will appear from the
      claims, and an embodiment according to the invention will in the following
      be described with reference to the drawing.
DRWD
PAR  FIG. 1 is a vertical sectional view of the central part of the silo.
PAR  FIG. 2 is a vertical sectional view of the outer part of the silo.
PAR  FIG. 3 is a sectional view taken along line A--A in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIGS. 1 and 2, 1 designates the silo itself, and the bottom and walls
      thereof are designated by 2 and 3 respectively. On a base 4 beneath the
      floor 5 of the silo there is erected a framework 6 having an upper portion
      7 extending through the floor 5 and having its top surface in the same
      plane as the bottom 2 of the silo. Centrally in the framework 6, the
      central axis of which coincides with the central axis 8 of the silo, there
      is provided a circular opening 9 in which an annular frame 10 is rotatably
      mounted. The frame 10 is mounted horizontally and vertically by means of
      horizontal and vertical rollers 11 and 12 respectively, the shafts of
      which are attached to the upper portion 7 of the framework. On the base 4
      there is mounted a drive motor 13 with a variator which via a chain
      transmission 14 drives a substantially annular transmission means 15
      arranged in the central axis of the silo and mounted in a bearing 16 which
      is carried by the rotating frame 10 by means of arms 17 depending from the
      frame. Along its upper, outer periphery the transmission means 15 carries
      a gear rim 18 which engages a gear wheel 19 on the lower end of a
      countershaft 20 which through a coupling means 21 and a gear wheel
      transmission 22 rotates a conveyer screw 23. The shaft 20 is rotatably
      mounted in a bearing 24 secured to the rotating frame 10 by a bracket 25.
      For rotation about its longitudinal axis the conveyer screw 23 is mounted
      at its inner end 23'  in a bearing 26 and at its outer end in bearings 27
      and 28. The bearings 27 and 28 are attached to a plate 29 which carries a
      device 30 which swings the screw 23 around the central axis 8 of the silo,
      and which will be described below in further detail.
PAR  To the frame 10 are also secured braces 27' for the inner bearing 26 of the
      conveyer screw, an outlet funnel 28', as well as a pump 29' for fluid
      under pressure.
PAR  The outlet funnel 28' is formed as a truncated skewed cone surface. The
      upper opening 30' thereof is positioned in the central opening 9 of the
      framework 6 below the inner end 23' of the screw 23. The upper opening 30'
      of the outlet funnel 28' is offset from the central axis 8, whereas the
      lower opening 31 thereof is arranged coaxially with the central axis 8 and
      extends somewhat into the annular transmission means 15, the inner
      diameter of the transmission means being somewhat larger than the diameter
      of the lower opening 31 of the outlet funnel. Thereby an unobstructed
      discharge is provided for the material conveyed from the silo by the
      conveyer screw 23.
PAR  To the inner end 23' of the screw there are attached protruding ribs or
      studs 32 which serve the purpose of tearing apart the material conveyed by
      the screw 2, so that the material falls through the outlet funnel 28' and
      the transmission means 15 as loose mass.
PAR  Above the transmission 22 and the inner portion 23' of the screw there is
      provided a housing 33 which is attached to the frame 10, and which
      protects the central parts of the apparatus against the content of the
      silo 1. In the housing 33 there is provided an opening 34 through which
      the screw 23 extends, and through which the material can be conveyed.
PAR  The aforementioned frame 10 with its rollers 11, 12 for supporting the
      screw 23 at its inner end 23' serves to permit the swinging movement of
      the screw. Upper and lower rollers 35 and 36 support the outer end of the
      screw 23. The rollers 35 and 36 are mounted on the plate 29 and bear
      against an inwardly directed flange 42 which is secured along the inner
      wall 3 of the silo. The conveyer screw 23 has a central bore containing a
      conduit 37 for hydraulic liquid. The hydraulic conduit 37 establishes a
      connection between the pump 29' for hydraulic liquid and the device 30
      which moves the screw 23 around the central axis 8 of the silo and along
      the bottom 2 thereof.
PAR  The pump 29' for hydraulic liquid mounted on the frame 10, provides the
      required pressure of the hydraulic liquid to actuate a cylinder 38 in the
      device 30 for operating the swinging movement of the screw. The pump is
      driven by the shaft 20 through a cam disc 39 secured thereto. Upon
      rotation of the shaft 20 the cam disc 39 acts upon a piston means 40 which
      is provided on the pump 29', and which is given a reciprocating movement
      according to the rotation of the shaft. The hydraulic cylinder 38 in the
      device 30 is operated by hydraulic liquid from the pump 29' for pressure
      fluid and between the pump 29' and the cylinder 38 the liquid is connected
      via the hydraulic conduit 37 which from the pump 29' extends through the
      conveyer screw 23 and is connected to the cylinder 38 via an adapter 23".
PAR  The pressure in the conduit 37 between the pump 29' and the device 30 can
      be controlled by valves which are not shown. When the pressure in the
      conduit 37 increases, the cylinder 38 will be extended, and since it
      cooperates with abutment faces 41 along the inner circumference of the
      silo, the desired swinging movement of the screw 23 around the central
      axis 8 of the silo is achieved. The abutment faces 41 which are formed in
      the edge of the inwardly directed flange 42 on the side wall 3, are
      circumferentially spaced a distance which is a little shorter than the
      stroke which can be performed by the cylinder 38, and are interconnected
      via cam faces 43 which together with the abutment faces 41 form a
      sawtoothed circumferential face. The cylinder 38 is spring biased towards
      the circumferential face by means of a spring 44. A catch 45 is spring
      loaded towards said circumferential face, and when said catch 45 is
      bearing against one of the abutment faces 41, it prevents backward
      swinging of the screw 23 when the cylinder 38 is shortened to engage
      another abutment face 41.
PAR  The chamber in the cylinder 38 which by expansion effects an extension of
      the cylinder 38, communicates with the hydraulic conduit 37 from the pump
      29', whereas the other chamber in the cylinder 38 communicates with a
      pressure storage chamber 46 which effects shortening of the cylinder 38
      when the pressure in the conduit 37 is relieved.
PAR  A shield 47 extends around the circumference of the wall 3 of the silo and
      is designed so as to cover the device 30 and the outer part of the screw
      23 in the lower peripheral area of the silo. Another annular shield 48 is
      provided on the bottom 2 of the silo and prevents material in the silo
      from being forced into the area where the device 30 is moving. An
      inspection hatch 50 is provided in the wall 3 of the silo to allow access
      for maintenance and inspection of the device 30.
PAR  The rotation of the screw 23 takes place independently of the position of
      the screw along the floor, and the screw 23 can swing continuously and in
      the same direction around the central axis of the silo and along the
      bottom 2 thereof. By rotation of the screw 23 the content of the silo is
      conveyed along the conveyer screw 23 and towards the inner end 23'
      thereof. Here, the studs 32 will tear apart the material conveyed by the
      screw 23, the material thus obtaining a suitable loose texture before
      falling through the outlet funnel 28' and through the transmission means
      15. However, the swinging motion of the screw 23 is achieved by the
      hydraulic pressure in the conduit 37, said pressure being provided by the
      reciprocating motion of the piston means 40 of the pump driven by the cam
      disc 39 on the shaft 20 when the latter rotates.
PAR  In the disclosed embodiment the hydraulic pressure connection between the
      pump 29' and the cylinder 38 may be effected with variable or constant
      pressure. Besides the pressure by which the screw 23 is swung, also the
      speed of the swinging movement of the screw 23 can be adjusted, for
      example in relation to the height of the material in the silo 1. This
      adjustment may be effected manually when the drive motor 13 is shut off,
      but it may also be accomplished by means of radio control, if desired.
      Such a radio control would then require receiver equipment and relay
      devices adapted to the control means of the pump 29' and designed to
      influence the pump upon signal from a transmitter unit.
PAR  The disclosed embodiment can be varied within wide limits without exceeding
      the scope of the invention. For example the motive fluid for the movement
      of the cylinder 38 in the device 30 may be air or another suitable fluid.
      Further, the motive fluid of the cylinder 38 may be connected to the pump
      via a dual-pipe system. The pressure storage chamber 46 of the movable
      device 30 could then be eliminated. However, a single-pipe system for the
      drive fluid is, of course, simpler in many respects. Further, the power
      transmitting connection between the shaft 20 and the pump 29' may be
      constructed as a V-belt drive or a chain transmission or the like. The
      rotation of the annular transmission means may also be accomplished in
      various other ways. Thus, instead of a motor other suitable drive means
      may be used, and the power transmission between the drive means and the
      transmission means may e.g. be effected by means of V-belt or the like.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An apparatus for unloading material such as chips or the like from the
      bottom of a silo, comprising a silo having a bottom outlet opening, an
      annular frame surrounding said outlet opening in the bottom of said silo,
      a conveyor screw being mounted on said frame, said frame being arranged
      for rotation about the central axis of said silo for allowing the swinging
      of said screw along the bottom of said silo,
PA1  a motor mounted stationarily and independently of said rotary frame,
PA1  an outlet funnel being affixed to said frame, said outlet funnel having an
      upper opening arranged below the inner end of said screw and a lower
      opening arranged coaxially with said silo central axis,
PA1  transmission means being rotatably mounted in said frame and capable of
      effecting power transmission between said stationary motor and said rotary
      screw for rotating said screw about its longitudinal axis for conveying
      material to said outlet orifice, the axis of said transmission means
      coinciding with said silo central axis, said transmission means being in
      the form of a ring having an inner opening whose center coincides with
      said silo central axis and adjoining the lower opening of said outlet
      funnel for thereby providing an unobstructed discharge of the material
      passed through said funnel.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, including a countershaft eccentrically
      mounted on said annular frame relative to said silo central axis and
      operatively connected to said transmission means and one end of said
      screw.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, including a hydraulic pump operatively
      connected to said countershaft, and means capable of swinging said screw
      around said silo being operatively connected to said pump.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, including a conduit for hydraulic drive
      fluid extending from said pump through said conveyor screw and
      communicating with said swinging means.
NUM  5.
PAR  5. Apparatus as claimed in claim 3, characterized in that said swinging
      means comprises a hydraulic cylinder which is operatively connected to
      said pump and cooperates with abutment faces facing in the tangential
      direction and being arranged along the inner circumference of said silo
      for providing the desired swinging motion of said screw around the central
      axis of said silo.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, including an inwardly facing flange
      being mounted on the wall of said silo and having an edge with said
      abutment faces thereon circumferentially spaced apart a distance which is
      somewhat shorter than the stroke of said cylinder, and are interconnected
      by cam faces which together with said abutment faces form a sawtoothed
      circumferential face, and said hydraulic cylinder being spring biased
      towards said circumferential face.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, characterized in that said swinging
      means includes a catch spring biased towards said circumferential face,
      and which, when bearing against one of the abutment faces prevent the
      return swinging of said screw when said cylinder is shortened to engage
      another abutment face.
NUM  8.
PAR  8. Apparatus as claimed in claim 7, wherein said hydraulic cylinder has one
      chamber which when expanded effects extension of said cylinder and
      communicates with said hydraulic conduit from said pump, said cylinder has
      a second chamber, and a pressure storage chamber is in its communication
      with said cylinder second chamber to effect a shortening of said cylinder
      when the pressure in said conduit is relieved.
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ABST
PAL  An installation for the agglomeration of minerals including, a rotatable
      circular track, a plurality of grate-carrying cars which rest on the track
      and move with it through various treatment zones, and a device for moving
      the cars relative to the track through a discharge zone. The device may
      tilt each car as it passes through the discharge zone in order to unload
      treated minerals from the grate on the car.
BSUM
PAR  The present invention relates to an installation for agglomeration of
      minerals on a continuous circular grate. It relates more particularly, by
      way of example, to sinterizing ferrous minerals.
PAR  A known installation for continuous agglomeration of minerals comprises two
      portions: a movable straight line grate for the agglomeration proper, and
      a cooler for the agglomerated products. An improved agglomeration
      installation has been proposed which comprises a single grate upon which
      the operations of agglomeration and then of cooling take place in
      succession. An installation of this kind was, for example, the object of
      the French Pat. No. 2,053,095 filed on July 15, 1969. A single grate like
      this for agglomeration and cooling has advantages such as better
      metallurgical quality of the agglomerate and elimination of sensitive
      installations of crushing and screening the hot products.
PAR  Installations having a single straight line grate, however, suffer from the
      disadvantage that the whole of the return strand of the chain constitutes
      a dead zone of the installation and at any moment only half of the cars
      are employed. The employment of a circular grate has therefore been
      suggested, in which the discharge of the product is effected by
      shovel-wheels which rake the product of the chain as rotation proceeds.
      Although intended more especially for another metallurgical process,
      French Pat. No. 2,199,556 filed by the same Applicant on Sept. 15, 1972
      gives an example of an installation of this kind. Such installations
      suffer from the disadvantage that the shovel-wheels bring about a not
      inconsiderable degradation of the finished products.
PAR  The present invention corrects the above stated disadvantages and provides
      an installation for agglomeration of minerals which is relatively
      inexpensive whilst preserving in the agglomerate its intrinsic qualities.
PAR  According to the present invention there is provided an installation for
      agglomeration of minerals on a circular grate, comprising: a succession of
      independent grate-carrier cars which, in use, move through successive
      loading, ignition, baking, cooling and discharge zones, the wheels of each
      car resting on two circular co-axial tracks which in use are driven
      simultaneously and continuously at the same adjustable constant angular
      speed, and, in the discharge zone, a cyclically operable device for
      individual displacement of the cars with respect to the tracks, which
      device is independent of the driving of the tracks, the duration of the
      cycle of operation of the device being proportional to the angular speed
      of the tracks.
PAR  The invention will be better understood from the following description of
      preferred embodiments thereof, given by way of example only, and
      illustrated by the attached drawings, wherein:
DRWD
PAR  FIG. 1 is a diagrammatic plan view of an embodiment of installation for
      agglomeration of ferrous minerals, in accordance with the invention;
PAR  FIG. 2 is a vertical section through the baking or cooling zone of the
      installation of FIG. 1;
PAR  FIG. 3 is a top plan view of a grate-carrier car of the installation of
      FIGS. 1 and 2;
PAR  FIGS. 4 and 5 illustrate a cyclical device for individual displacement of
      the cars;
PAR  FIGS. 6 and 7 illustrate another embodiment of the device for individual
      displacement of the cars, employing systems of oscillating jacks.
DETD
PAR  Referring to FIG. 1 of the drawings, there is shown a circular grate
      comprising a succession of cars. In use, the grate moves in the direction
      indicated by the arrow 1. In the zone 2 the cars receive from a conveyor 3
      inert materials intended to protect the grate and the mixture to be
      agglomerated. The cars thus loaded pass next into the ignition zone 4 and
      then into the baking zone 5. In these zones 4 and 5 baking gases are drawn
      under the grate to a chimney 6 by way of a dust-extractor 7 and a fan 8.
PAR  After the baking zone the cars and the agglomerated materials pass into a
      cooling zone 10 in which cooling fumes are collected under the grate. The
      collected fumes pass through a dust-extraction at 11 to the chimney 12
      under the influence of a fan 13. The cooling fumes may be totally or
      partially returned as fuel into the baking zone 5 through the channels 14.
PAR  Finally, after cooling of the agglomerate, the cars enter the discharge
      zone 16 where there is located a device for emptying the cars. After
      discharge the coarse agglomerate passes to a known lump-breaker assembly
      (not shown) and is then moved by a conveyor 17 towards the screen plant 18
      where separation is effected into various sizes of granules.
PAR  Referring next to FIGS. 2 and 3, it will be seen that each of the cars of
      the circular grate comprises a frame 20 which rests by four wheels 21 and
      22 on two circular concentric rails, an inner rail 24 and an outer rail
      25. The frame 20 of the car supports a grate bar 26 and has the shape of a
      portion of a circular sector, being slightly narrower at the end next to
      the inner rail 24 than at the end next to the outer rail 25, so that the
      cars together define a continuous annular grate surface.
PAR  The circular rails 24 and 25 are supported respectively upon two circular
      concentric girders 28 and 29 which in turn are supported on a series of
      idler rollers 30 and 31 mounted on support columns 32 of the installation
      by means of supports 34 and 35. In use, the circular girders 28 and 29 are
      driven in continuous rotation at the same angular speed by suitable means
      (not shown), for example, by teeth integral with each of the circular
      girders and meshing with a driving pinion, the two driving pinions being
      mechanically or electrically synchronized.
PAR  In the baking and cooling zones lower fume collectors 37 are fixed to the
      support columns 32. Continuous blades 38 of flexible plastics material are
      fixed to the collectors 37 to seal against machined faces of the cars. A
      partial vacuum created within collectors 37 draws fumes downwardly through
      the grate. Inside the collectors 37 deflector-plates 39 direct the fumes
      downwards. Dust is removed from the lower hoppers of the collector 37
      automatically by a car 40 which circulates on the ground along a track
      co-axial with the grate and which positions itself under the various
      hoppers in accordance with a predetermined programme.
PAR  The loaded cars 20 which rest on the circular rails 24 and 25 are driven
      through the successive zones 2, 4, 5 and 10, by reason of friction between
      wheels 21 and the rails 24 and 25 rotate with the circular girders 28 and
      29. In these zones the cars therefore do not roll along the rails but
      revolve with the same continuous motion as the circular girders.
PAR  Reference will now be made to FIGS. 4 and 5 which illustrate a device
      enabling discharge of the cars in the discharge zone 16. This discharging
      device comprises a manipulator-car 45 which by wheels 46 can run along a
      track 47 arranged above the grate and co-axial with the track formed by
      the two circular rails 24 and 25. Motion may be imparted to the car 45 by
      a hydraulic jack 48 the rod of which is hingedly connected at 49 to the
      car, the body of the jack being hingedly connected to the frame of the
      installation.
PAR  The car 45 has two control-arms 50 hinged at 51 so as to move in a plane
      radial to the installation. The two arms 50 can be set in motion
      symmetrically by means of a double jack 52. A jack 53 is incorporated into
      each arm 50 and enables its length to be varied. The rod of each jack 53
      has a hook 54. Of course, the jacks 48, 52 and 53 are provided with
      pipework and control regulators which have not been represented on the
      drawings for the sake of clarity. The various apparatus and connections
      necessary for the manipulation of such jacks are entirely conventional and
      within the understanding of those skilled in the art.
PAR  The succession of operations leading to the discharge of a car is
      illustrated in FIG. 5. When a grate-carrier car 20 arrives at the entry to
      the discharge zone 16 the car 45 is located above it on the track 47 in
      such a way that the front axle of car 20 which carries wheels 22 is in the
      same radial plane as the arms 50 of the car 45. In this waiting position
      the jacks 53 of the arms 50 are in the extended position and the hooks 54
      are substantially aligned with the axis of the front axle of the car 20,
      but because the jacks 52 are retracted the hooks are spaced laterally on
      opposite sides of the car 20. It will be observed by reference again to
      FIG. 3 that the front wheels 22 of the car 20 have a projection 58 which
      jut out on opposite sides of the assembly.
PAR  When the front axle of the car 20 is just in the radial plane of the arms
      50 the jack 52 is operated to move the hooks 54 onto the projections 58 of
      the front axle; the car 20 in question is then locked together with the
      control car 45. The car 45 is next moved forwards by means of the jack 48
      at a speed higher than the linear speed of the circular girders, thus at a
      speed higher than that of the other cars. The car 20 locked to the car 45
      is thus separated from the next succeeding car and runs on the rails 24
      and 25. When the car is sufficiently separated from the next succeeding
      car the jacks 53 are retracted thereby lifting the front axle of the car
      20 whilst the rear wheels continue to run freely on the rails. When the
      tilt of the car is sufficient the agglomerated cake slides into the bottom
      receiver-hopper 55. The jacks 53 then bring the front wheels back onto the
      rails 24 and 25. The car 25 continues to move relative to rails 24, 25
      until the car 20 which it is driving comes gently into contact with the
      car emptied previously. By the action of the jack 52 the arms 50 are
      separated, freeing the car 20 to be driven as before by the rails 24 and
      25 upon which it rests freely. By retraction of the jack 48 the control
      car 45 is brought back to its starting position in order to empty the next
      car. The duration of a cycle of manipulation of the car 45 is equal to the
      time necessary for the circular girders 28 and 29 to move by the length of
      a grate-carrier car. Thus in its return position the manipulator-car 45
      finds another grate-carrier car ready to be taken over for discharge.
PAR  It is seen that in the discharge zone the control of the grate-carrier cars
      is independent of the general drive of the assembly of cars. However, it
      is obvious that the total duration of the operational cycle of the control
      car 45 is subordinated to the speed of rotation of the circular girders 28
      and 29 in such a way that if one were led to modify the general shape of
      the installation the duration of the operating cycle of the car 45 should
      be modified in order that at the beginning of each operating cycle it
      should always be in the appropriate position for locking itself to the
      next grate-carrier car.
PAR  Referring now to FIGS. 6 and 7, there will be seen another variant upon the
      device for individual manipulation of the grate-carrier cars in the
      discharge zone. The previously described device may in fact in certain
      installations suffer from the disadvantage that because it is exposed to
      dust from the installation it must be protected by a casing the interior
      of which is maintained at slightly above atmospheric pressure. In the
      device of FIGS. 6 and 7 the manipulator members are arranged on opposite
      sides of the movable grate and partly below it, which facilitates their
      protection against dust.
PAR  The device of FIGS. 6 and 7 comprises, on each side of the grate, a set of
      three main jacks 60, 61 and 62, the bodies of which are respectively
      pivotally mounted at 63, 64 and 65 on a longitudinal beam 66 at the side
      of the installation. Each of the three main jacks can oscillate about its
      pivot under the action of a respective control jack 68, 69 and 70,
      likewise pivotally mounted on the longitudinal beam 66 and of which the
      rod acts on a crank secured to the main jack. Here again the pipework for
      feeding the several main and control jacks has not been shown in order to
      simplify the drawing. The various connections enabling automatic operation
      of the jacks will be specified below.
PAR  When the front axle of a car 20 reaches the entry to the discharge zone the
      jack 60 starts to be extended and a fork 72 located at the tip of its rod
      is applied to the extension 58 to the wheel 24 of the car. The combined
      movement of the jacks 60 and 68 imparts to the car 20 a thrust in the
      direction normal to its travel but without lifting the car above the rails
      24 or 25; this motion of the car 20 takes place, however, at a speed
      higher than the speed of the group of cars, and the car taken over is
      therefore separated from the next succeeding car, running along the rails
      24 and 25.
PAR  When the action of the jacks 60 and 68 has sufficiently separated the car
      to be discharged from its immediate successor the jack 60 is retracted and
      returns to its starting position. At the same time the jacks 61 starts its
      extension and the jack 69 gives to it a motion of rotation about the pivot
      64. A fork 73 fixed to the rod of the jack 61 takes over the front axle of
      the car, which has been abandoned by the jack 60 and the respective
      motions of the jacks 61 and 69 bring about a raising of this front axle
      above the rails 24 and 25, which causes tilting of the car about its rear
      axle; the cake of agglomerate slides into the bottom hopper as has been
      described above. At the end of the motion of the jacks 61 and 69 the front
      axle of the car is put back on the rail and then the jack 61 is retracted
      and returns to the starting position whilst the front axle is taken over
      by a fork 74 at the end of the rod of the jack 62. The jack 62 associated
      with the rocker jack 70 continues to push the car, but the respective
      speeds of the two jacks are adjusted so that the linear speed of the car
      diminishes up to the moment at which it rejoins the preceding car; it is
      then abandoned by the jack 62 and is no longer driven save by the uniform
      motion of the rails 24 and 25 which support it.
PAR  It may be observed that the above described installation enables the
      employment of cars which can be emptied by tilting in association with the
      advantages of a circular grate which needs a fewer cars than a linear
      grate since it has no return strand. It will be observed again that with
      respect to a conventional straight-line grate an installation of the above
      described type is much lower due to the fact that the fume collectors are
      installed directly under the grate itself. The fume ducts are moreover
      considerably simplified. Finally, the grate bars are much easier to fix
      onto the cars because the cars are simply tilted and never turned upside
      down.
PAR  Of course the invention is not strictly limited to the embodiments which
      have been described by way of example, but it likewise covers other
      embodiments which fall within the scope of the claims. Thus one might use
      other variants for the control of the tilting of the cars in the discharge
      zone and, for example, a device associated with thrusters for taking over
      the cars individually with tilting-ramps for the front axle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An installation for agglomeration of minerals on a circular grate,
      having: a succession of independent grate-carrier cars each of said cars
      having a front and a rear axle moving through successive loading,
      ignition, baking, cooling and discharge zones, wheels for each car
      including wheels on said rear axle, two circular co-axial tracks receiving
      said wheels driven simultaneously and continuously at the same adjustable
      constant angular speed, a cylically operable device in the discharge zone
      independent of the driving of the tracks for individual displacement of
      said cars with respect to said tracks, the duration of the cycle of
      operation of said device being proportional to the angular speed of the
      tracks, said device for individual displacement of said grate-carrier cars
      including an auxiliary control car movable along a path co-axial with said
      tracks, articulated arms for said control car, seizure means for said arms
      engageable with a member at the front portion of each of said cars, means
      for manipulating said arms, and a retractable jack for said arms operable
      to raise the front portion of each of said cars from said tracks to tilt
      each of said cars about its rear axle.
NUM  2.
PAR  2. An installation for agglomeration of minerals according to claim 1, said
      device including a set of pivoted jacks and means of synchronising the
      motions of said jacks for pushing and tilting said cars.
NUM  3.
PAR  3. An installation for agglomeration of minerals according to claim 2, said
      set including three jacks one of said jacks displacing a grate-carrier car
      at a speed higher than the speed of said tracks, another of said jacks
      raising the front of the car above said tracks to tilt the car about its
      rear axle, and the third of said jacks displacing the car after emptying
      at a progressively decreasing speed until the car reaches the speed of
      displacement of said tracks.
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ABST
PAL  A cradle hearth oven for the heat treatment of parts, inside which is
       arred an inclined rocking trough serving as a parts conveyor. The rocking
      trough is directly supported on the oven floor and the entire oven is
      tiltable to adjust the trough inclination.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to ovens for heat treating manufactured
      parts, and in particular to ovens which are equipped with conveying means
      moving the parts through the oven chamber.
PAR  2. Description of the Prior Art
PAR  Various heat treatment ovens with conveying means are known. One such prior
      art oven is a so-called shaking hearth oven, having a shaking trough
      reaching through the oven chamber, the parts to be treated being loaded on
      one end of the trough and conveyed through the oven through the shaking
      action of the trough. This shaking conveyance is obtained through pulsing
      thrusts applied to the trough by means of a pneumatic cylinder. The
      shaking trough extends through the entire length of the oven, which may
      have one or two heating zones and which may be heated with gas or
      electrically.
PAR  Among the shortcomings of this prior art device are that the shaking trough
      and the parts to be treated must be protected against direct heat
      radiation in each oven zone by means of a muffle; that difficulties exist
      therefore in connection with the circulation of the oven atmosphere, so
      that the gas components necessary for the surface treatment of the parts
      come in contact with all parts surfaces and that the heat is distributed
      evenly; and that due to the pulsing thrusts applied to the shaking trough
      and the resulting impact stress, in combination with uneven heat
      distribution, buckling occurs on the shaking trough surface, with the
      result of impeded parts conveyance.
PAR  It has also been found that small parts, especially miniature parts and
      special parts, when treated in a shaking hearth installation, lead to
      damaging heat stress on the trough, because of their high bulk weight,
      resulting likewise in an impairment of the evenness of conveyance and of
      the quality of heat treatment.
PAC  SUMMARY OF THE INVENTION
PAR  Underlying the present invention is the objective of developing a heat
      treatment oven with an improved trough as a conveying means assuring an
      even, continuous movement of the parts to be treated through the oven
      chamber, where the trough itself is less subject to deformation, because
      of improved heat distribution, and where the heating conditions and the
      circulation of the oven atmosphere are likewise improved, so that more
      efficient heat transfer and a consistently high quality of heat treatment
      are obtained.
PAR  The present invention proposes to attain the above objective by suggesting
      a heat treatment oven with a conveying trough, in which the trough is
      designed as a cradle trough, or rocking trough, executing a rocking motion
      around a longitudinal axis, whereby the cradle is longitudinally slightly
      inclined, having a high point at the oven entrance and a low point at the
      oven exit. To obtain the inclination of the rocking trough, it is
      suggested that preferably the entire oven is mounted in an inclined
      orientation. This type of support is extremely simple, free of engineering
      problems, and very economical. The speed of parts conveyance through the
      oven chamber is determined by the angle of trough inclination and by the
      rocking frequency. The resulting movement of the manufactured parts is
      extremely smooth and free of shock and vibrations. The parts surfaces are
      fully accessible to the circulating atmosphere, because the novel rocking
      trough does not require a guide muffle, as a result of its rocking motion.
      The rocking action itself has the additional advantage that every rocking
      motion causes the parts load to change its position inside the oven
      chamber so that it is flowed through by the oven atmosphere and irradiated
      from alternatingly different directions. The result is an intensive and
      evenly distributed heating of the parts.
PAR  The shape of the rocking trough is preferably that of a drum segment. This
      shape decreases the sensitivity of the trough to heat stress.
      Cross-sectionally, the rocking trough should preferably have the shape of
      an ellipse with an open upper side, the aperture reaching approximately
      from a perpendicular plane through one ellipse focus to a similar
      perpendicular plane through the other ellipse focus. The remaining trough
      shape thus has an upwardly oriented ledge on each longitudinal side which,
      without effecting the operational characteristics of the rocking trough,
      greatly increases the parts carrying capacity of the trough.
PAR  The rocking motion for the trough can, of course, be provided in a variety
      of ways. It was found to be particularly advantageous to provide the
      bearing support for the rocking trough by attaching a cylindrical cradle
      arbor to the underside of the trough, thereby directly supporting the
      trough on the oven floor. The arbor then executes a cycloidal motion on
      the oven floor, the end positions of the rocking motion being determined
      by the points at which the trough borders contact the oven floor. The
      material of the oven floor, especially of the floor portion supporting the
      cradle arbor, should be hard stone. This arrangement has the advantage
      that the cradle is supported over its entire length, and that only
      negligible wear is caused by the limited rocking or rolling motion. The
      support of the trough over its entire length has the particular advantage
      that the trough cannot be deflected and deformed by its load, as was the
      case in the prior art shaking hearth oven, where a free space had to be
      provided under the shaking trough.
PAR  The end points of the rocking motion of the conveying trough may also be
      determined by special abutments provided in combination with the rocking
      drive and with the reversing mechanism of the drive. The particular mode
      and size of the rocking drive has to be choosen in accordance with the
      specific requirements of the installation involved. Thus, the drive may be
      provided pneumatically or hydraulically, with a double-acting rocking
      cylinder, or it may be provided mechanically through reciprocating gears,
      or a rotary drive with a crank.
PAR  In order to provide adjustability of the speed of conveyance, by taking
      advantage of the influence of the trough inclination and rocking frequency
      on the conveyance speed, the invention further suggests a simple means for
      adjusting the trough inclination. This is preferably accomplished by
      providing an adjustable inclination of the entire oven on the floor of
      which the rocking cradle hearth is supported. This adjustability of the
      inclination to any desired angle, even during operation, permits a
      convenient adaptation of the device to the weight and required treatment
      duration of the manufactured parts, by permitting a precise setting of the
      optimal speed of conveyance. For average conditions, where small parts or
      minature parts are to be heat treated in the oven, the optimal oven
      inclination will normally lie somewhere between 2 and 4 percent.
PAR  For an optimal operation of the novel cradle hearth oven, it is recommended
      that the maximum length of the manufactured parts be less than one-sixth
      of the width of the trough. On the loading end the rocking trough is
      preferably provided with baffle panels. Furthermore, the initial length
      portion of the trough at its loading end may have recessed overflow edges,
      permitting excess parts to be discharged from the trough and to be
      returned to the feeding device through an overflow chute. This arrangement
      has the advantage of preventing any overloading of the trough, while
      making it possible to always operate the latter at optimal efficiency. As
      the cradle hearth is rocked back and forth, the manufactured parts travel
      longitudinally through the oven chamber until they reach the discharge
      chute at the lower end of the cradle hearth through which they exit from
      the oven, preferably directly into a quenching tank. This arrangement
      represents a still further advantage of the invention, inasmuch as the
      aperture of the discharge chute can be kept minimal in size, because of
      the regularity of parts discharge, so that both the loss of radiation heat
      and the entry of steam from the quenching tank are minimized.
PAR  In operation, the novel heat treatment oven was found to require minimal
      supervision and to have a high operational efficiency in terms of output
      and energy consumption. Any accumulations of parts on the loading side of
      the trough are quickly dissipated, after only a few rocking motions of the
      trough. The entire conveying motion is extremely even and regular. Even
      spherical parts lend themselves well for this type of conveyance. The
      parts which are to be treated are handled gently and are treated evenly.
      The circulation of the oven atmosphere is considerably improved through
      the particular rocking orientations of the trough, no guide muffle being
      necessary. Because the orientation of the parts under treatment changes
      after each rocking motion, the parts accumulation is flowed through by the
      gas alternatingly from different directions and all surfaces of the parts
      are irradiated. The resultant through-heating is extremely even and
      efficient. The rocking trough itself is subjected to far less heat stress
      than known prior art conveying troughs, eliminating the previously
      encountered risks of buckling and blister formation. Lastly, the trough
      structure is no longer subjected to impact stress and, because of its
      continuous support on the oven floor, can be made less heavy.
PAR  The disclosed novel conveyance by means of a rocking trough is also
      conveniently applicable in other conveying situations, especially where
      environmental conditions make other conveying means subject to operational
      problems, and where a simple adjustment of the conveying speed is desired.
      Such applications are particularly useful in connection with washing
      troughs for heavily soiled parts, dosing troughs for bulk material,
      further as a substitute for vibrating troughs on supply bunkers, and as a
      feed trough in conjunction with conveyor ovens, for example, for the
      continuous loading of material charges under even distribution over the
      conveyor width, and others more.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further special features and advantages of the invention will become
      apparent from the description following below, when taken together with
      the accompanying drawings which illustrate, by way of example, an
      embodiment of the invention, represented in the various figures as
      follows:
PAR  FIG. 1 shows in a longitudinally cross-sectioned elevation a cradle hearth
      oven embodying the invention;
PAR  FIG. 2 illustrates schematically the rocking motions of the trough of the
      oven in FIG. 1;
PAR  FIG. 3 is a transverse elevational cross section through the treatment
      chamber of the oven of FIG. 1; and
PAR  FIG. 4 is an enlarged elevational cross section of the antechamber of the
      oven of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In its basic conception, the cradle hearth 1 of the invention, as
      illustrated in the drawing, is comparable to a known shaking hearth oven
      with a shaking trough. The general operational details of the novel oven
      are therefore not specifically described in this disclosure.
PAR  The oven 1 of FIG. 1 has an oven chamber 2 inside which the heat treatment
      of the manufactured parts 4 (FIG. 3) is performed. The parts 4 reach the
      oven chamber 2 from an oven antechamber 11 where the parts entry into the
      oven takes place. The supply of parts to the oven may be provided in a
      known manner, as, for example, with the help of a vibrating conveyor which
      feeds the parts from a chute, under the dosage control of a baffle, to a
      conveyor belt, whose speed of rotation is adjusted as a function of the
      oven operating speed. Through a loading funnel (not shown), whose clappet
      automatically opens at predetermined time intervals, the manufactured
      parts then slide into the oven antechamber 11, via an entry chute 13, to
      be deposited on the upper end, or loading end of a rocking trough 3. This
      trough 3 extends longitudinally through the entire antechamber 11 and
      through the treatment chamber 12 of the oven, reaching from the loading
      end of the oven to its opposite discharge end, the trough having an
      adjustable inclination between 2 and 4 percent.
PAR  In its outline, the rocking trough 3 represents a segment of a drum of
      cross-sectionally approximately elliptical shape, as can be seen in FIGS.
      2, 3 and 4. This rocking trough 3 has an aperture 14 on its upper side in
      at least its length portions located under the loading chute 13 and in the
      heated oven chamber 2, the aperture 14 being so designed that, even in its
      tilted end positions, a safe loading of the trough 3 through the chute 13
      is assured, as is best seen in FIG. 4.
PAR  The rocking trough 3 is arranged for a bilateral rocking motion around its
      longitudinal axis 5, so that the manufactured parts 4 slide from side to
      side on the rocking trough 3, while at the same time moving longitudinally
      through the oven 1, in accordance with the trough inclination. Thus, the
      rate of longitudinal advance of the parts 4 through the oven is determined
      by the combination of the trough inclination and the rocking frequency,
      with the rocking amplitude being unchanged.
PAR  The rocking trough 3 is supported over its entire length directly on the
      oven floor 9, by means of a cradle arbor 8 attached to the underside of
      the trough 3, in central longitudinal alignment therewith. The oven floor
      9 on which the arbor 8 is supported is preferably of hard stone. Thus, the
      cradle arbor 8 executes a rolling motion on the oven floor 9 (see (FIG.
      2).
PAR  As can be seen in FIG. 4, the loading zone of the cradle hearth further
      includes laterally arranged pivotable baffle panels 10 on each side of the
      trough 3. The baffle panels 10 engage the overflow edges of the trough 3,
      when they are in their low position, overflowing parts falling through an
      overflow chute 12 onto a return conveyor (not shown), which returns them
      to the supply funnel. The parts to be treated, once deposited on the
      rocking trough 3, advance in a smooth zigzag motion toward the oven
      chamber 2 where they are intensely flushed by the gases constituting the
      oven atmosphere. The rocking trough 3, in cooperation with an overhead
      ventilator 6, produce this flushing action, as indicated by the arrows in
      FIG. 3. The treatment heat in the oven chamber 2 is provided by the
      heaters 7.
PAR  When the treated parts reach the lower end of the rocking trough 3, they
      are discharged into the discharge chute 16, through which they fall
      directly into a quenching bath (not shown).
PAR  FIG. 2 of the drawing illustrates schematically the rocking motions of the
      trough 3. A suitable drive causes the cradle arbor 8 to execute a rolling
      motion on the oven floor 9, moving laterally in both directions from a
      central position, until the edge portion of the trough profile abuts
      against the oven floor 9. The two end positions of this rocking motion are
      indicated in FIG. 2 by thin lines. The total angle of the rocking motion,
      in reference to the support point between the arbor 8 and the floor 9, is
      indicated by the arching arrow of FIG. 2.
PAR  The shape of the rocking trough 3 is elliptical, as approximated by pairs
      of large and small radii, one large radius defining the bottom of the
      trough, while the two small radii form the trough sides. As FIG. 2
      indicates, the aperture of the trough corresponds substantially to the
      length of the second large radius. The ratio between the large and small
      radii should be at least five, and is preferably in the vicinity of ten.
PAR  It should be understood, of course, that the foregoing disclosure describes
      only a preferred embodiment of the invention and that it is intended to
      cover all changes and modifications of this example of the invention which
      fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an oven for the heat treatment of parts inside an oven chamber, a
      parts conveying device comprising in combination:
PA1  an elongated trough extending longitudinally through the oven chamber at a
      slight incline, the trough thus having an elevated loading end and a
      lowered discharge end;
PA1  bearing means for rotatably supporting the trough in such a way that it can
      execute a rocking motion about a central longitudinal rocking axis;
PA1  drive means for imparting to the trough a reciprocating rocking motion,
      thereby alternately moving the trough from a median orientation, in which
      the trough is in approximate balance with respect to its rocking axis, to
      either side thereof;
PA1  means for supplying treatable parts to the loading end of the trough from
      above the latter;
PA1  means for discharging the treated parts at the discharge end of the trough;
      and
PA1  a pair of laterally pivotable baffle panels arranged in the area of the
      loading end of the trough on either side thereof, the panels having a
      longitudinal pivot axis on their upper ends and engaging alternatingly
      that lateral extremity of the trough which is lowered in the rocking
      motion.
NUM  2.
PAR  2. A parts conveying device as defined in claim 1, further comprising
PA1  means for adjusting the trough inclination.
NUM  3.
PAR  3. A parts conveying device as defined in claim 2, wherein
PA1  the longitudinal inclination of the trough is adjusted preferably between 2
      and 4 percent inclination.
NUM  4.
PAR  4. A parts conveying device as defined in claim 2, wherein:
PA1  the bearing means for the trough is defined by the oven structure; and
PA1  the inclination adjusting means is a means for adjusting the longitudinal
      inclination of the oven itself.
NUM  5.
PAR  5. A parts conveying device as defined in claim 1, wherein:
PA1  the bearing means for the trough includes a longitudinal cradle arbor
      underneath the trough, the axis of the arbor being in vertical alignment
      with its rocking axis; and
PA1  the oven has a flat, inclined oven floor against which said arbor is
      supported on its circumference, over at least a major portion of its
      length.
NUM  6.
PAR  6. A parts conveying device as defined in claim 5, wherein:
PA1  the cradle arbor is fixedly attached to the underside of the trough;
PA1  the oven floor is composed of pressure resistant hard stone; and
PA1  the rocking motion is a cycloidal motion, generated by the arbor rolling
      from side to side on the oven floor.
NUM  7.
PAR  7. A parts conveying device as defined in claim 1, wherein
PA1  the trough has the general shape of a drum segment which is open on its
      upper side, and which has a cross-sectional outline of smooth curvature.
NUM  8.
PAR  8. A parts conveying device as defined in claim 7, wherein
PA1  the cross-sectional outline of the trough is derived from an ellipse, whose
      major diameter is horizontal in the median orientation of the trough, the
      trough aperture, or missing portion of the ellipse being that portion of
      its upper arch which is comprised between two vertical planes extending
      through the two foci of the ellipse.
NUM  9.
PAR  9. A parts conveying device as defined in claim 7, wherein
PA1  the cross-sectional inside curvature of the trough is composed of one large
      arc and two small arcs, approximating an ellipse whose major diameter is
      horizontal in the median orientation of the trough and at least twice as
      large as its minor diameter, the missing second large arc defining the
      trough aperture.
NUM  10.
PAR  10. A parts conveying device as defined in claim 9, wherein:
PA1  the two small arcs of the trough profile, defining upstanding ledges which
      serve to retain the parts inside the trough during its rocking motion, are
      partially cut away in the area of the loading end of the trough, so as to
      allow excess parts to flow over the ledges in this area.
NUM  11.
PAR  11. In an oven for the heat treatment of parts inside an oven chamber, a
      parts conveying device comprising in combination:
PA1  an elongated trough extending longitudinally through the oven chamber at a
      slight incline, the trough thus presenting an elevated loading end and a
      lowered discharge end;
PA1  bearing means for rotatably supporting the trough in such a way that it can
      execute a rocking motion about a central longitudinal axis;
PA1  drive means for imparting to the trough said rocking motion, thereby
      rocking it from side to side;
PA1  means for supplying treatable parts to the loading end of the trough from
      above the latter; and
PA1  means for discharging the treated parts at the discharge end of the trough;
      and wherein
PA1  the cross-sectional outline of the interior trough wall is substantially
      elliptical, as approximated by pairs of large and small radii, one large
      radius defining the trough bottom outline, and the two small radii
      defining the outlines of laterally spaced, upstanding and inwardly
      overhanging trough sides.
NUM  12.
PAR  12. A parts conveying device as defined in claim 11, wherein
PA1  the ratio between the large and small radii of the interior trough outline
      is at least five; and
PA1  the trough opening, or missing portion of the elliptical outline,
      corresponds substantially to the length of the second large radius.
PATN
WKU  039426602
SRC  5
APN  5578736
APT  1
ART  241
APD  19750312
TTL  Glass bottle mouth insert
ISD  19760309
NCL  4
ECL  1
EXP  Norton; Donald F.
NDR  1
NFG  6
INVT
NAM  Paller; Gerald J.
STR  214 N.E. 22nd St.
CTY  Delray Beach
STA  FL
ZIP  33444
CLAS
OCL  215 31
EDF  2
ICL  B65D  102
FSC  215
FSS  31;100 R
FSC  222
FSS  566;571
UREF
PNO  186750
ISD  18770100
NAM  Newton
OCL  215100R
UREF
PNO  1695851
ISD  19281200
NAM  Kersten
OCL  215100R
UREF
PNO  1941632
ISD  19340100
NAM  Staniland
OCL  215 31
UREF
PNO  2177754
ISD  19391000
NAM  Tainsh
OCL  222566
UREF
PNO  2736447
ISD  19560200
NAM  De Brock
OCL  222571
UREF
PNO  2789740
ISD  19570400
NAM  Pellett
OCL  222571
UREF
PNO  2848145
ISD  19580800
NAM  Livingstone
UCL  215100R
UREF
PNO  3179290
ISD  19650400
NAM  Whitney
OCL  222571
UREF
PNO  3491925
ISD  19700100
NAM  Sundgren
OCL  222571
LREP
FR2  O'Brien; Clarence A.
FR2  Jacobson; Harvey B.
ABST
PAL  An insert for reclaiming glass bottles, and the like, chipped around the
      mouth thereof has a ring adhereable adjacent the mouth of the bottle to a
      wall of the throat provided in a neck of the bottle. Extending from the
      ring is a flange adhereable to a lip which terminates the neck of the
      bottle and configured to conform to the contour of the lip for covering
      the lip and adjacent portion of the throat and resurfacing the chipped
      area of the mouth of the bottle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an insert for reclaiming glass bottles,
      and the like, that have been chipped around the top or mouth thereof, and
      particularly to an insert that permits the resurfacing of the sealing edge
      of a glass bottle to a new smooth and leakproof finish.
PAR  2. Description of the Prior Art
PAR  A problem that commonly occurs in conjunction with the use of the
      conventional five gallon jar bottles commonly used in homes and offices to
      contain drinking water is that the edges about the neck of the bottle
      frequently become broken or chipped to the extent that the conventional
      screw tops cannot be screwed onto the neck of the bottle.
PAR  The aforementioned problems with chipping and breaking about the neck of a
      bottle are also found with the conventional soft drink bottles, beer
      bottles, and the like.
PAR  Prior U.S. patents believed pertinent to the present invention are as
      follows:
      596,485           Jan. 4, 1898                                           
     1,720,888          July 16, 1929                                          
     1,941,632          Jan. 2, 1934                                           
     2,854,163          Sept. 30, 1958                                         
     3,247,992          Apr. 26, 1966                                          
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an insert which permits
      reclaiming of glass bottles and the like.
PAR  It is another object of the invention to provide an improved mouth
      construction for glass bottles and the like.
PAR  These and other objects are achieved according to the present invention by
      providing an insert having: a ring arranged for being adhered in a throat
      of a bottle adjacent the mouth of the bottle; and a flange extending away
      from the ring and arranged for being adhered to a lip which terminates a
      neck of the bottle and configured to conform to the contour of the lip for
      covering the lip. Advantageously, the ring is a hollow cylinder having a
      pair of spaced, open ends, with the flange being a continuous annular
      projection extending from one of the ends of the ring.
PAR  The ring and flange which form an insert according to the present invention
      are preferably constructed as a unit from a tough synthetic material
      capable of withstanding heat and caustic cleaning solutions encountered
      during cleaning of the associated bottle.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, perspective view showing a bottle provided with an
      insert according to the present invention.
PAR  FIG. 2 is a fragmentary, sectional view taken generally along the line 2--2
      of FIG. 1.
PAR  FIG. 3 is a top plan view of the insert according to FIGS. 1 and 2.
PAR  FIG. 4 is an elevational view showing an insert according to FIG. 3.
PAR  FIG. 5 is an elevational view similar to FIG. 4, but showing a modified
      form of an insert according to the present invention.
PAR  FIG. 6 is a fragmentary, sectional view, similar to FIG. 2, but showing the
      insert of FIG. 5 arranged in the mouth of a bottle provided with a cork
      finish for receiving a snap-on plastic cap.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIGS. 1 and 2 of the drawings, an insert
      10 according to the present invention is associated with a bottle 12 which
      may be, for example, chipped or broken around the mouth thereof. As
      illustrated, bottle 12 has a neck 14 provided with conventional screw
      threads 15 and having a wall 16 defining a throat 18. Further, neck 14
      terminates in a mouth 20 including a lip 22 which merges inwardly with the
      wall of throat 18. As can be seen in FIG. 2, insert 10 is retained within
      mouth 20 of bottle 12 as by a suitable adhesive 23 to resurface and cover
      the chipped portion 25 in the lip 22.
PAR  Referring now more particularly to FIGS. 3 and 4 of the drawings, insert 10
      can be seen to include a ring 24 arranged for being adhered in throat 18
      adjacent mouth 20, and a flange 26 extending away from ring 24 and
      arranged for being adhered to lip 22 while covering the latter. For this
      purpose, flange 26 is configured to conform to the contour of lip 22.
      While the configuration of ring 24 will vary depending on the design of
      the bottle with which the insert is associated, it will be appreciated
      that in most instances ring 24 will have the illustrated configuration of
      a hollow cylinder provided with a pair of spaced, open ends. Further,
      flange 26 will usually be the illustrated continuous annular projection
      extending from one of the ends of ring 24, advantageously at the
      illustrated acute angle A with respect to the vertical wall of ring 24.
PAR  Ring 24 and flange 26 are preferably constructed as a unit--that is, in one
      piece as by molding, and the like, in a known manner--from a tough
      synthetic material, such as polypropylene, capable of withstanding heat
      and caustic cleaning solutions commonly encountered during cleaning of the
      associated bottle 12. The adhesive 23 must also have properties which
      enable it to withstand the heat and caustic cleaning solution encountered
      during cleaning, and since dissimilar materials are being bonded, in most
      instances, should remain flexible after setting or curing. Flexibilized
      epoxy and silicone rubber are examples of synthetic adhesives generally
      suitable for use as adhesive 23.
PAR  FIGS. 5 and 6 of the drawings show a modified insert 28 according to the
      present invention which, like insert 10, has a ring 30 and a projecting
      flange 32. Flange 32, however, is of slightly different configuration than
      flange 26 so as to conform to the configuration of a lip 34 terminating
      the neck 36 of a bottle 38 provided with a cork finish surface 40 for
      receiving a conventional snap-on plastic cap (not shown) and the like.
      Insert 28 may be constructed from the same material and in the identical
      manner as insert 10, and may be adhered to lip 34 and neck 36 as by an
      adhesive 42 identical to adhesive 23.
PAR  It is to be understood that while two possible designs for an insert
      according to the present invention have been shown in the drawing, other
      possible designs may be employed as necessary. The determining factor is
      the shape of the lip of the bottle; the flange of the insert must be
      configured to conform to the lip of the bottle. Further, an insert
      according to the invention may be made in any size depending on the size
      of the bottle to be provided with the insert.
PAR  While the invention is primarily intended for use with glass bottles, such
      as the conventional five gallon water bottle, the invention may also be
      employed with plastic bottles, and the like, as desired. In addition,
      although the invention has been disclosed as primarily intended for use in
      reclaiming existing bottles, it is to be understood that the invention
      could be employed with newly manufactured bottles. There would be less of
      a change of chipping the new bottles in their production as well as their
      delivery and, therefore, less possibility of chips of glass, and the like,
      getting into the customer's water cooler, dispenser, water pitcher, and
      the like.
PAR  While the illustrated embodiments terminate the insert at the outer edge of
      the lip of the bottle, it will be appreciated that the insert can continue
      down over the outside of the neck of the bottle so as to, in particular,
      restore broken screw threads, such as threads 15, commonly provided on
      screw finish bottles. In this manner, by using slightly oversized caps
      (not shown), a bottle which otherwise would have to be discarded can be
      reclaimed and continued in use.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination with a bottle having a neck provided with a wall defining
      a throat, the neck terminating in a mouth including a lip which merges
      inwardly with the wall of the throat, said lip being chipped such that the
      bottle is rendered unsafe for use, an insert for resurfacing the mouth of
      the bottle, the insert comprising, in combination with the bottle:
PA1  a. a ring adhered in the throat of the bottle adjacent the mouth of the
      bottle;
PA1  b. a flange extending away from the ring adhered to the chipped lip which
      terminates the neck of the bottle and configured to conform to the basic
      contour of the lip for covering the lip and resurfacing the mouth of the
      bottle; and
PA1  c. adhesive means for adhering the ring and flange to the neck of the
      bottle.
NUM  2.
PAR  2. A structure as defined in claim 6, wherein the ring is a hollow cylinder
      having a pair of spaced, open ends, with the flange being a continuous
      annular projection extending from one of the ends of the ring.
NUM  3.
PAR  3. A structure as defined in claim 7, wherein the ring and flange are
      constructed as a unit from a tough synthetic material capable of
      withstanding heat and caustic cleaning solution encountered during
      cleaning of the bottle.
NUM  4.
PAR  4. A structure as defined in claim 1, wherein the adhesive means is a
      flexibilized epoxy.
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ABST
PAL  A refuse truck of the rear loading type provided with a novel packer blade
      and associated control apparatus. More specifically, the packer blade is
      mounted on a carriage that is arranged to reciprocate on an inclined track
      means so as to load and pack the truck body and the blade and carriage are
      respectively actuated by separate hydraulic cylinders which are in turn
      controlled in a novel manner. The control apparatus includes a main power
      flow circuit for driving the hydraulic cylinders and an associated low
      pressure fluid signal flow circuit for controlling the flow of oil in the
      power flow circuit. The signal flow circuit is further characterized by an
      emergency stop control as well as an optional holding control for certain
      portions of the cycle of the packer blade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to refuse handling equipment and more particularly
      to rear load type refuse trucks provided with a novel packing apparatus
      and associated fluid actuated control system.
PAC  SUMMARY OF THE INVENTION
PAR  In general the refuse truck of the present invention includes a body
      comprising a forward refuse receiving body portion and a rear body portion
      communicating with said forward body portion and provided with a novel
      packer blade and associated control apparatus.
PAR  The packer blade is pivotally mounted on a carriage that is arranged to
      reciprocate on an inclined track means so as to load and pack the forward
      body portion and the blade and carriage are respectively actuated by
      separate hydraulic cylinders which are in turn controlled in a novel
      manner so as to operate the carriage and the blade through successive
      cycles.
PAR  In accordance with the present invention the above mentioned hydraulic
      cylinders are driven by pressurized hydraulic fluid from a power flow
      circuit which is in turn controlled by a signal flow or servo fluid
      circuit which is preferably operated at lower fluid pressures as compared
      to the power flow circuit.
PAR  As another aspect of the present invention the above mentioned signal flow
      circuit is provided with an emergency stop apparatus which permits the
      operator to instantly and positively arrest movement of the packer blade
      during any portion of the packing cycle.
PAR  As another aspect of the present invention, the control circuit is adapted
      to provide a novel "split cycle" type of operation for the packing blade
      whereby the circuit automatically arrests the blade prior to its arrival
      at a pinch point with the bottom of the loading opening.
PAR  As another aspect of the present invention, the above mentioned signal flow
      circuit is provided with a holding circuit for the manual actuator which
      holding circuit permits manual reactuation of the packer blade after the
      control circuit has automatically arrested the blade just prior to its
      arrival at a pinch point of the packer blade with respect to the loading
      opering thereby completing the cycle of the packing blade.
PAR  It is therefore an object of the present invention to provide a novel
      control system for a refuse packer which includes a main power flow fluid
      circuit and an associated signal flow circuit with the latter serving to
      control the former so as to provide novel control functions.
PAR  It is another object of the present invention to provide a novel control
      system for a refuse packer which includes a main power flow fluid circuit
      and an associated signal flow circuit with the latter being operable at a
      relatively low pressure as compared to the power flow circuit.
PAR  It is another object of the present invention to provide a novel control
      system for a refuse packer which permits the instantaneous and pressure
      forced emergency stopping of the packer blade during the portion of the
      packing cycle.
PAR  It is still another object of the present invention to provide a novel
      control system for a refuse packer which system includes an optional
      hold-through control feature for manually completing the cycle of
      operation of the packing blade.
DRWD
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein preferred forms of embodiments of the invention are
      clearly shown.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial rear perspective view illustrating a rear loader type
      refuse truck to which the apparatus of the present invention has been
      applied;
PAR  FIG. 2 is a partial rear view, in broken section, showing the packer blade
      and carriage apparatus comprising a portion of the present invention;
PAR  FIGS. 3 through 6 are side sectional views of a rear body portion and
      apparatus of FIG. 2, the section being taken along a vertical plane
      through the centerline of such body portion;
PAR  FIG. 7 is a diagrammatic view of the control system for the refuse machine
      of the preceding figures;
PAR  FIG. 8 is a second diagrammatic view of the control system for the refuse
      machine of the preceding figures;
PAR  FIG. 8-A is a diagrammatic view of a shuttle valve comprising a portion of
      the control system of FIG. 8;
PAR  FIG. 8-B is a second diagrammatic view of a shuttle valve comprising a
      portion of the control system of FIG. 8;
PAR  FIG. 9 is a third diagrammatic view of the control system for the refuse
      machine of the preceding figures;
PAR  FIG. 10 is a fourth diagrammatic view of the control system of the refuse
      machine of the preceding figures;
PAR  FIGS. 11 through 13 are partial side elevational views of a rocker arm
      apparatus comprising a portion of the control apparatus of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring in detail to the drawings, FIGS. 1 and 2 illustrate a rear loader
      type refuse truck that includes a forward refuse receiving body portion
      indicated generally at 20 and a rear packer body portion indicated
      generally at 22. Rear body portion 22 is pivotally attached to the forward
      body portion 20 at a pivot 48, FIG. 4, and a hydraulic cylinder 21 is
      operatively connected between the forward and rear body portions at the
      pivots 23 and 25. Rear body portion 22 can be pivoted upwardly and away
      from front body portion 20 by extension of hydraulic cylinder 21 thereby
      permitting unloading of front body portion 20 after it has been packed
      with refuse.
PAR  With continued reference to FIG. 1, forward body portion 20 includes side
      walls 24, a top wall 26, a bottom wall 28 and a front wall 29 which define
      a refuse receptacle into which the packing apparatus on the rear body
      portion 22 functions to load and pack refuse.
PAR  Referring next to FIGS. 2 through 6, rear body portion 22 includes a
      carriage indicated generally at 68 which is mounted for reciprocation on
      inclined tracks 62 supported by side walls 30 of rear body portion 22.
PAR  Carriage 68 includes an upper shaft 60, the ends of which are provided with
      rollers 66 that run in track 62 and a lower shaft 58, the ends of which
      are provided with similar rollers 66 which also are mounted in the track.
PAR  Carriage 68 further includes outwardly extending brackets 46 which are
      pivotally attached to a pair of hydraulic carriage actuating or packing
      cylinders 40 at the pivot pins 47. The lower end of hydraulic cylinders 40
      are similarly pivotally attached to the side wall 30 of the rear body
      portion by the pivot pins 41 in brackets 44. It will now be understood
      that when carriage actuating cylinders 40 are pressurized in their upper
      chambers then cylinder rods 42 and carriage 68 are retracted downwardly
      and, conversely, when the other ends of the cylinders 40 are pressurized
      the cylinder rods and carriage will be extended upwardly.
PAR  With reference to FIGS. 2 through 6, a packing blade 50 includes collars 64
      which are pivotally mounted on shaft 58 and a blade actuating cylinder 52
      includes an inner end pivotally mounted on carriage 68 at upper shaft 60
      and an extendable ram 54, the outer end of which is pivotally connected to
      packer blade 50 at a pivotal connection 56. It will now be understood that
      when blade actuating cylinder 52 is pressurized so as to extend ram 54 the
      packing blade will be pivoted about lower shaft 58 from Position 2 to
      Position 3. Conversely when the other side of cylinder 52 is pressurized
      so as to withdraw ram 54, then packer blade 50 will be raised from
      Position 3 to Position 2.
PAR  It should be mentioned that the operators load refuse into the rear body
      portion 22 via a rear opening 34 such that the refuse is disposed on a
      bottom wall 36.
PAR  In general, when packing blade 50, just described, moves from Position 2 to
      Position 3 blade 50 will engage the refuse and, during a subsequent cycle,
      later to be described, when carriage actuating cylinder 40 is extended to
      raise carriage 68 from Position 3 to Position 4 then the refuse is further
      moved up into the previously described receptacle formed by forward body
      portion 20. As the forward body portion becomes filled the carriage
      actuating cylinders 40 serve to compress and pack the load.
PAC  OPERATION OF THE POWER FLOW CIRCUIT
PAR  Reference is next to FIG. 7 which illustrates a power flow circuit for
      supplying pressurized fluid to the previously described packing cylinders
      40 and blade actuating cylinder 52. The initial position of the packing
      mechanism is shown in FIG. 6. During the first phase of the cycle of
      operation packing blade 50 moves from Position 4, FIG. 6, to Position 1,
      FIG. 3. At this time a power flow control valve mechanism indicated
      generally at 240 causes the combined packing blade and carriage mechanism
      to move from Position 1 to Position 2, FIG. 4, at which point carriage 68
      automatically stops.
PAR  In the second phase of the cycle of operation power flow control valve 240
      is again actuated at which time the packing blade 50 will move from
      Position 2, FIG. 4, to Position 3 FIG. 5. At this time, power flow control
      valve 240 will automatically shift and the packing mechanism will move up
      the track 62 from Position 3 to Position 4 at which point it will
      automatically stop. This last motion is called the packing motion of the
      machine.
PAR  Actuation of power flow control valve 240 is provided by the control flow
      circuit shown in FIG. 8, which will be described later. In general the
      control flow circuit provides controlled low pressure flows of pressurized
      oil from flow divider 100, FIG. 8, for slave cylinders 158, 160, 162, and
      164 shown in FIG. 7 which shift spools 214 and 216 that in turn control
      the power flow.
PAR  Power flow control valve 240 consists of two power flow spools 214 and 216,
      FIG. 7. Control spool 216 is provided with a spool extension 221 on which
      is pivotally mounted a rocker bar 212 to the ends of which are connected
      pistons 200 and 202 of slave cylinders 158 and 160, respectively. The
      other end of power flow spool 216 carries a detent mechanism 220 which
      includes one detent 226 and a pressure actuated latch 284 which serves to
      latch spool 216 in its "out" position.
PAR  Power flow spool 214 consists of a spool extension 219 connected to a
      rocker arm 210 which is in turn connected to piston rods 206 and 204 of
      slave cylinders 164 and 162, respectively. The other end of power flow
      spool 214 carries detent mechanism 218. This mechanism has two detents,
      222 and 224, and a pressure actuated latch serves to hold the spool in
      either the "out" or the "in" position, depending on how actuated.
PAR  In FIG. 7 power flow control valve 240 is of the open center type and is
      shown in the neutral position. In such position of power flow valve 240
      the pressurized oil in line 272 flows directly through the valve to line
      274 and returns to tank 250. All cylinder ports are blocked in this
      position.
PAR  When the packing cycle is initiated by the control flow circuit, by
      actuating master control valve 150, FIG. 8, as will be described later,
      pressurized oil is introduced into chambers 161, 165, 169 and 173 of slave
      cylinders 164, 162, 158, and 160, respectively. This causes piston rods
      206, 204, 200 and 202 to move to the right as viewed in FIG. 7, thus
      extending spools 214 and 216 to their so-called outer position as shown in
      FIG. 12. Arriving at this position control spools 214 and 216 are locked
      therein by latches 282 and 284 entering detents 222 and 226, respectively.
PAR  With power flow control valve 240 in the outer position the pistons of the
      slave cylinders are free to move. Oil flows through flow divider 100 and
      line 272, FIG. 8, and into line 272, FIG. 7. This pressurized oil flows
      through spool 216 and via line 270 through pilot check valve 248, lines
      264 and into the rod side of blade activating cylinder 52. This valve also
      drains the base side of blade actuating cylinder 52 to tank via lines 266
      through spool 216 and line 274 to tank 250. With spools 214 and 216 locked
      in the "out" position pressure oil is prevented from entering spool 214 by
      spool 216. Pressurizing the rod side of cylinder 52 causes piston rod 54
      to move to the right as shown in FIG. 7. This action in turn causes scoop
      50 to move from Position 4 as shown in FIG. 6 to Position 1 as shown in
      FIG. 3.
PAR  When blade 50 arrives at Position 1 oil pressure builds up causing pressure
      sensing latch 284 to retract thus permitting spool 216 to return to
      neutral position by the action of centering spring 236. When spool 216 is
      returned to this neutral position, pressurized oil will flow from line 272
      to spool 214 and then via line 254 through pilot check valve 246, line 252
      into the rod end of packing cylinder 40. At the same time, the base side
      of packing cylinders 40 drains through line 258, spool 214 and line 274
      back to tank 250.
PAR  Introducing pressure oil into the rod end of cylinders 40 causes piston
      rods 42 to retract. Since these rods are connected to cause 68 this action
      causes carriage 68 and blade 50 to move from Position 1 as shown in FIG. 3
      to Position 2 as shown in FIG. 4. When cylinders 40 are fully retracted
      oil pressure will again build up causing detent latch 282 to release spool
      214 and spool 214 will be returned to neutral position by centering spring
      232. This will complete the first half of the cycle since both control
      valves spools 214 and 216 are in neutral position and pressurized oil from
      line 272 is flowing directly through power flow control valve 240 to line
      274 and thus to tank.
PAR  To initiate the second portion of the packing cycle the control flow
      circuit must again be activated by actuating master control valve 150,
      FIG. 8. This pressurizes chamber 163, 167, 171 and 175 of slave cylinders
      164, 162, 158 and 160. This causes piston rods 206, 204, 200 and 202 to
      move to the left as shown in FIG. 7 causing spools 214 and 216 of power
      flow control valve 240 to move to the "in" position shown in FIG. 13. With
      spool 216 in the "in" position pressurized oil flows from line 272 through
      spool 216 and via line 266 to the base end of blade actuating cylinder 52.
      Pressurized oil from line 266 also flows through pilot line 268 and opens
      pilot check valve 248 thus permitting oil to drain from the rod end of
      blade actuating cylinder 52 through line 264, pilot check valve 248, line
      270, spool 216 and line 274 to tank 250.
PAR  With spool 216 in the "in" position, pressurized oil is blocked by spool
      216 from passing on to spool 214, with oil being introduced into the base
      end of blade actuating cylinder 52 which causes the blade 250 to move from
      Position 2, FIG. 4, to Position 3, FIG. 5. It must be noted at this time
      that spool 216 has no detent holding the spool in the "in" position. Spool
      216 must be maintained in the "in" position by continued actuation of
      control flow circuit so that chambers 171 and 175 of slave cylinders 158
      and 160 remain pressurized. This is accomplished by the operator actuating
      master control operating handle 159 of master control valve 150 as shown
      in FIG. 8.
PAR  When blade 50 reaches Position 3 as shown in FIG. 5 the operator may
      release master control operating handle 159 as shown in FIG. 8. This will
      permit spool 216, FIG. 7, to return to the neutral position by means of
      spring 234. Once spool 216 has returned to the neutral position pressure
      oil will flow through line 272, spool 216 and to spool 214. Since spool
      214 is still locked in the "in" position by detent 224 pressurized oil
      will flow through spool 214 via line 258 to the base end of packing
      cylinders 40. Pressurized oil will also flow through line 256 thus opening
      pilot check valve 246 permitting oil to drain from the rod end of packing
      cylinders 40 through line 252, pilot chedk 246, line 254, spool 214 and
      into line 274 to tank 250. This action will cause carriage 68 and scoop 50
      to move from Position 3 as shown in FIG. 5 to Position 4 shown in FIG. 6.
PAR  Once these components have arrived at Position 4 pressure will build up
      releasing pressure sensing detent 282 which permits spool 214 to return to
      neutral position. This completes the packing cycle of the machine.
PAC  OPERATION OF CONTROL FLOW CIRCUIT
PAR  Referring to FIG. 8, pump 262 delivers pressurized oil through line 280 to
      previously mentioned flow divider 100. As has been mentioned before, this
      flow divider by-passes the main portion of the oil through line 272 into
      power flow control valve 240.
PAR  The control flow circuit is provided with pressurized oil by flow divider
      100 through lines 102, 120, to emergency stop valve 122. With emergency
      stop valve 122 in the "out" position, with respect to actuator 124, the
      control flow of oil is provided to master control valve 150 via lines 126
      and 148. Master control valve 150 is a standard four-way, spring centered
      control valve with open center with pressurized oil flowing to tank when
      the valve is in its neutral position.
PAR  When master control operating handle 159 of valve 150 is actuated so that
      the spool of master control valve 150 is extended to its out position a
      relatively low pressure control flow of oil flows through line 132 to
      manifold 166. Manifold 166 simultaneously delivers control oil through
      lines 114 and 116 to chambers 165 and 173 of slave cylinders 162 and 160,
      respectively and through line 188, shuttle valve 177 and line 174 to
      chamber 161 of slave cylinder 164, and via line 192 to shuttle valve 176,
      line 118 to chamber 169 of slave cylinder 158 thus pressurizing all rod
      end chambers of slave cylinders 158, 160, 162, and 164 causing the piston
      rods to retract as previously described thereby moving spools 214 and 216
      to the "out" position as shown in FIG. 12.
PAR  At the same time the opposite chamber of slave cylinders 158, 160, 162 and
      164 are drained by various lines shown through manifold 168, line 144 to
      master control valve 150, thence through lines 146, 142 and 152 to tank
      250.
PAR  When master control operating handle 159 of master control valve 150 is
      actuated so that the spool is to the "in" position control flow is then
      reversed so that oil goes from line 148 through master control valve 150,
      line 144 to manifold 168. This pressurizes chambers 171, 175, 167 and 163
      of slave cylinders 158, 160, 162, and 164, respectively. The opposite
      chambers are drained by the lines previously described and through
      manifold 166 and line 132, master control valve 150, line 146, 142, 152 to
      tank 250. Pressurization of these chambers extends piston rods 202, 200,
      204 and 206 thus shifting spools 214 and 216 to the "IN" position as shown
      in FIG. 13.
PAR  FIG. 8-A diagrammatically illustrates the flow action of shuttle valves
      176, 172, 175 and 177. Using shuttle valve 176 as an example, pressurized
      oil entering from line 192 will shift ball check 119 so that oil cannot
      enter line from 170. Pressure oil will be diverted to line 118. This is as
      shown in Position 1.
PAR  FIG. 8-B shows the shuttle valve 176 with reverse flow wherein pressurized
      oil flowing from 170 shifts ball check 119 so that oil is prevented from
      going out line 192 with the oil being diverted to line 118. It should now
      be understood that shuttle valves 176, 172, 175, and 177 permit the
      operation of salve cylinders 158 through 164 by pressurized oil coming
      from either of two different sources; that is, either a service source
      from manifold 166 or 168 or an emergency source from manifold 170.
PAC  EMERGENCY ACTUATION OF THE CONTROL FLOW CIRCUIT
PAR  The control flow circuit incorporates an emergency stop valve 122 which is
      a four-way, two position control valve. Valve 122 is detented in either
      the "in" or the "out" position only and is manually actuated by an
      emergency actuator 124. As has been previously described, actuator 124
      must be in the "out" position so that control oil passes through emergency
      stop valve 122 and into line 126 for normal operation of the control flow
      circuit.
PAR  The basic purpose of emergency stop valve 122 is to completely stop any
      packing action of the machine at any point during the cycle of operation.
      This is accomplished by manually pushing actuator 124 to the "in"
      position. With actuator 124 of emergency stop valve 122 in the "in"
      position the control oil flows from line 120 through emergency stop valve
      122 and via lines 128 to manifold 170. Control oil from manifold 170 goes
      through shuttle valve 176 and line 118 to chamber 169 of slave cylinder
      158. Also, control oil from manifold 170 passes through shuttle valve 172,
      line 182 into chamber 175 of slave cylinder 160. As may be noted, this
      retracts the piston rod 200 of slave cylinder 158 and extends piston rod
      202 of slave cylinder 160. The immediate effect of this action is to
      forcibly return spool 216 of power flow control valve 240 to the neutral
      position as shown in FIG. 11. In like manner, emergency control oil from
      manifold 170 is supplied to slave cylinder 162 and 164 extending piston
      rod 204 and retracting piston rod 206. This again forcibly returns spool
      214 of power flow control valve 240 to the neutral position of FIG. 11.
PAR  It will now be seen that blade actuating cylinder 52 and packing cylinders
      40 are instantly and forcibly isolated and hence any motion of blade 50
      and carriage 68 is instantly stopped regardless of position. Reactivation
      of the packing mechanism is impossible until actuator 124 of emergency
      stop valve 122 has been manually returned to the "out" position.
PAR  As seen in FIG. 8 the control flow circuit is preferably provided with a
      gauge port 106 for the attachment of a pressure gauge for the control
      flow. It will be understood that through use of the flow divider 100 it is
      possible, though not necessary, to operate the entire control flow circuit
      of FIG. 8 at a pressure lower than the operating pressure of the power
      flow circuit of FIG. 7. This, of course, can be pre-set or controlled by a
      pressure relief valve 104 within the flow divider 100.
PAC  OPTIONAL HOLDING CIRCUIT
PAR  It should be next mentioned that in certain types of operation it is
      desirable to speed up the packing operation. This is accomplished by an
      optional holding circuit for continuing automatic operation of the packer
      blade after it passes the pinch point which may be provided as shown in
      FIGS. 9 and 10. With reference to the previous description, when packing
      blade 50 pivots from Position 2 to Position 3, FIGS. 4 and 5, it was
      necessary for the operator to manually maintain pressure on master control
      operating handle 159 of master control valve 150.
PAR  In passing from Position 2 to 3 it will be noted that the tip of the
      packing blade 50 goes past a so-called "pinch point 35," FIGS. 4 and 5. In
      normal operation any time the operator releases his pressure on the master
      control handle 159 movement of the blade is instantaneously stopped as a
      safety factor. Moreover, spool 216 is immediately returned to neutral thus
      diverting oil to spool 214 which is, at that time, positioned to deliver
      oil to the base end of packing cylinder 40 whereby the carriage 68 and
      packing plate 50 mounted thereon are immediately moved up and away from
      the pinch point.
PAR  The above mentioned requirement for the operator to continually maintain
      pressure on the master control handle 159 can be overridden by an optional
      holding circuit which can easily be provided as illustrated in FIG. 9. It
      should be mentioned at the outset that such circuit is connected to the
      main control flow circuit of FIG. 8 at the "T" fittings 134 and 136 by
      attaching the lines 290 and 292 at such fittings.
PAR  FIG. 10 shows an electrical schematic circuit which may be used to control
      the hold-through circuit as shown in FIG. 9. Electrical power for this
      control circuit is supplied from the vehicle electrical system through
      lines 322 and 332.
PAR  As may be noted in FIG. 3, a limit switch 314 is mounted on carriage 68. A
      cam-type operator 318 is mounted on blade 50.
PAR  During packing cycle operation as blade 50 moves from Position 4 as shown
      in FIG. 6 to Position 1 as shown in FIG. 3 bracket 318 on the scoop
      actuates arm 316 of limit switch 314 thereby energizing the circuit
      consisting of lines 322, 324, 326, and 332 thus energizing relay coil 310.
      Energizing relay coil 310 will close contacts LR-1 and LR-2. A holding
      circuit is thus formed through lines 322, pressure switch 306, line 326,
      contact LR-1, line 324, 326 and 332, which maintains relay coil 310 in the
      actuated position. It must be noted that this also closes relay contact
      LR-2 until such time as pressure switch 306 deactivates relay coil 310.
PAR  Arm 316 of limit switch 314 has been previously set so that limit switch
      314 will not close until such time as blade 50 moves from Position 2, FIG.
      4, to Position 3, FIG. 5, wherein it is past pinch point 35. As such time
      as limit switch 314 again returns to its normal position a circuit will be
      complete from line 322 through limit switch 314, line 327, contact LR-2,
      line 328, 326 and 332, which will energize relay coil 312. Energization of
      relay coil 312 will close contact CR-1. This will in turn complete a
      circuit from line 322 through line contact CR-1, line 330, 326 and 332, to
      solenoid coil 302 of a hold-through valve 300.
PAR  Referring to FIG. 9 with solenoid 302 energized pressurized oil flows via
      line 290 through valve 300 to line 298 and into the base end of a
      hold-through cylinder 286. This action causes piston 288 of slave cylinder
      286 to extend against the end of the spool of master control valve 150
      thus holding this spool in the engaged position.
PAR  In the event the previously mentioned emergency stop valve 122, FIG. 8 is
      at any time actuated then a valve actuated limit switch 320, FIGS. 8 and
      10 will immediately de-energize all relays in the hold-through circuit of
      FIG. 10 whereby the coil 302 of hold-through valve 300 is de-energized
      thereby terminating pressurization of hold-through cylinder 286 with the
      immediate result that power flow control valve 240 is returned to its
      neutral position. Hence the packing mechanism is immediately brought to an
      emergency stop.
PAR  While the forms of embodiments of the present invention as herein disclosed
      constitute preferred forms, it is to be understood that other forms might
      be adopted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rear loader type refuse truck comprising, in combination, a body
      including a forward refuse receiving body portion and a rear packer body
      portion, said rear packer body portion including a load receiving opening;
      a packer blade means forwardly of said load receiving opening and
      including mounting means for longitudinal and pivotal movement of said
      packer blade; a blade actuating fluid motor operatively connected to said
      packer blade; a load packing fluid motor operatively connected to said
      mounting means for compacting the load; a power flow fluid circuit
      including a power flow control valve means for controlling the flow to
      said fluid motors, said valve means including a "neutral" position and a
      plurality of fluid motor actuating positions; a signal flow fluid circuit
      including a signal flow control valve means for controlling a signal flow
      of fluid; fluid actuated operator means in said signal flow fluid circuit
      for operating said power flow control valve means; a manual controller for
      said signal flow control valve means, said power flow control valve means
      including a first spool for controlling said blade actuating fluid motor
      and a second spool for controlling said packing fluid motor; a first
      rocker bar including a central pivot connected to said first spool, and
      first and second end pivots; a second rocker bar including a central pivot
      connected said second spool, and first and second end pivots; said fluid
      actuated operator means including first and second slave cylinders
      connected to said first and second end pivots of said first rocker bar;
      and third and fourth slave cylinders connected to said first and second
      end pivots of said second rocker arm.
NUM  2.
PAR  2. A rear loader type refuse truck comprising, in combination, a body
      including a forward refuse receiving body portion and a rear packer body
      portion, said rear packer body portion including a load receiving opening;
      a packer blade means forwardly of said load receiving opening and
      including mounting means for longitudinal and pivotal movement of said
      packer blade; a blade actuating fluid motor operatively connected to said
      packer blade; a load packing fluid motor operatively connected to said
      mounting means for compacting the load; a power flow fluid circuit
      including a power flow control valve means for controlling the flow to
      said fluid motors, said valve means including a "neutral" position and a
      plurality of fluid motor actuating positions; a signal flow fluid circuit
      including a signal flow control valve means for controlling a signal flow
      of fluid; fluid actuated operator means in said signal flow fluid circuit
      for operating said power flow control valve means; a manual controller for
      said signal flow control valve means, said signal flow fluid circuit
      including an emergency stop valve for delivering an emergency signal flow
      to said fluid actuated operator means to return said power flow control
      valve means to said "neutral" position.
NUM  3.
PAR  3. A rear loader type refuse truck comprising, in combination, a body
      including a forward refuse receiving body portion and a rear packer body
      portion, said rear packer body portion including a load receiving opening;
      a packer blade means forwardly of said load receiving opening and
      including mounting means for longitudinal and pivotal movement of said
      packer blade; a blade actuating fluid motor operatively connected to said
      packer blade; a load packing fluid motor operatively connected to said
      mounting means for compacting the load; a power flow fluid circuit
      including a power flow control valve means for controlling the flow to
      said fluid motors, said valve means including a "neutral" position and a
      plurality of fluid motor actuating positions; a signal flow fluid circuit
      including a signal flow control valve means for controlling a signal flow
      of fluid; fluid actuated operator means in said signal flow fluid circuit
      for operating said power flow control valve means; a manual controller for
      said signal flow control valve means, said fluid actuated operator means
      including service chamber means and emergency chamber means; said signal
      flow fluid circuit including an emergency stop valve delivering an
      emergency signal flow to said fluid actuated operator means to return said
      power flow control valve means to said "neutral" position; and shuttle
      valve means for delivering signal flow fluid to said service chamber means
      upon actuation of said manual controller and for delivering signal flow
      fluid to said emergency chamber means upon actuation of said emergency
      stop valve.
NUM  4.
PAR  4. A rear loader type refuse truck comprising, in combination, a body
      including a forward refuse receiving body portion and a rear packer body
      portion, said rear packer body portion including a load receiving opening;
      a packer blade means forwardly of said load receiving opening and
      including mounting means for longitudinal and pivotal movement of said
      packer blade; a blade actuating fluid motor operatively connected to said
      packer blade; a load packing fluid motor operatively connected to said
      mounting means for compacting the load; a power flow fluid circuit
      including a power flow control valve means for controlling the flow to
      said fluid motors, said valve means including a "neutral" position and a
      plurality of fluid motor actuating positions; a signal flow fluid circuit
      including a signal flow control valve means for controlling a signal flow
      of fluid; fluid actuated operator means in said signal flow fluid circuit
      for operating said power flow control valve means; a manual controller for
      said signal flow control valve means, said signal flow fluid circuit
      including a pressure actuated hold-through cylinder for biasing said
      signal flow control valve means in an actuated position during a certain
      position of the cycle of the packer blade; a hold-through valve for
      controlling the flow of fluid to said hold-through cylinder; and means for
      shifting said hold-through valve between open and closed positions.
NUM  5.
PAR  5. A rear loader type refuse truck comprising, in combination, a body
      including a forward refuse receiving body portion and a rear packer body
      portion, said rear packer body portion including a load receiving opening;
      a packer blade means forwardly of said load receiving opening and
      including mounting means for longitudinal and pivotal movement of said
      packer blade; a blade actuating fluid motor operatively connected to said
      packer blade; a load packing fluid motor operatively connected to said
      mounting means for compacting the load; a power flow fluid circuit
      including a power flow control valve means for controlling the flow to
      said fluid motors, said valve means including a "neutral" position and a
      plurality of fluid motor actuating positions; a signal flow fluid circuit
      including a signal flow control valve means for controlling a signal flow
      of fluid; fluid actuated operator means in said signal flow fluid circuit
      for operating said power flow control valve means; a manual controller for
      said signal flow control valve means, said signal flow fluid circuit
      including an emergency stop valve for delivering an emergency signal flow
      to said fluid actuated operator means to return said power flow control
      valve means to said "neutral" position; said signal flow fluid circuit
      including a pressure actuated hold-through cylinder for biasing said
      signal flow control valve means in an actuated position during a certain
      portion of the cycle of the packer blade; a hold-through valve for
      controlling the flow of fluid to said hold-through cylinder; and means for
      shifting said hold through valve between open and closed positions
      responsive to actuation of said emergency stop valve.
NUM  6.
PAR  6. A rear loader type refuse truck comprising, in combination, a body
      including a forward refuse receiving body portion and a rear packer body
      portion, said rear packer body portion including a load receiving opening;
      a packer blade means forwardly of said load receiving opening and
      including mounting means for longitudinal and pivotal movement of said
      packer blade; a blade actuating fluid motor operatively connected to said
      packer blade; a load packing fluid motor operatively connected to said
      mounting means for compacting the load; a power flow fluid circuit
      including a power flow control valve means for controlling the flow to
      said fluid motors, said valve means including a "neutral" position and a
      plurality of fluid motor actuating positions, said power flow control
      valve means includes a first spool for controlling said blade actuating
      fluid motor and a second spool for controlling said packing fluid motor; a
      signal flow fluid circuit including a signal flow control valve means for
      controlling a signal flow of fluid; fluid actuated operator means in said
      signal flow fluid circuit for operating said power flow control valve
      means, said fluid actuated operator means including a first slave cylinder
      means operatively connected to said first spool and a second slave
      cylinder means operatively connected to said second spool; a manual
      controller for said signal flow control valve means, said fluid actuated
      operator means including service chamber means and emergency chamber
      means; said signal flow fluid circuit including an emergency stop valve
      for delivering an emergency signal flow to said fluid actuated operator
      means to return said power flow control valve means to said "neutral"
      position; and shuttle valve means for delivering signal flow fluid to said
      service chamber means upon actuation of said manual controller and for
      delivering signal flow fluid to said emergency chamber means upon
      actuation of said emergency stop valve.
NUM  7.
PAR  7. A rear loader type refuse truck comprising, in combination, a body
      including a forward refuse receiving body portion and a rear packer body
      portion, said rear packer body portion including a load receiving opening;
      a packer blade means forwardly of said load receiving opening and
      including mounting means for longitudinal and pivotal movement of said
      packer blade; a blade actuating fluid motor operatively connected to said
      packer blade; a load packing fluid motor operatively connected to said
      mounting means for compacting the load; a power flow fluid circuit
      including a power flow control valve means for controlling the flow to
      said fluid motors, said valve means including a "neutral" position and a
      plurality of fluid motor actuating positions, said power flow control
      valve means includes a first spool for controlling said blade actuating
      fluid motor and a second spool for controlling said packing fluid motor; a
      signal flow fluid circuit including a signal flow control valve means for
      controlling a signal flow of fluid; fluid actuated operator means in said
      signal flow fluid circuit for operating said power flow control valve
      means, said fluid actuated operator means including a first slave cylinder
      means operatively connected to said first spool and a second slave
      cylinder means operatively connected to said second spool; a manual
      controller for said signal flow control valve means, said signal flow
      fluid circuit including a pressure actuated hold-through cylinder for
      biasing said signal flow control valve means in an actuated position
      during a certain portion of the cycle of the packer blade; a hold-through
      valve for controlling the flow of fluid to said hold-through cylinder; and
      means for shifting said hold-through valve between open and closed
      positions.
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ABST
PAL  A front end loader having a load supporting member, such as a boom, to
      which is attached an excavating bucket that is to be extended, retracted,
      elevated and lowered relative to the vehicle. The boom member is attached
      at one end to a first set of circular gear segments which may be rotated
      by power means to extend the boom member and thus the bucket attached
      thereto to impart substantially linear motion to the bucket attached
      thereto to impart substantially linear motion to the bucket for crowding
      the bucket into the material to be handled by the loader. A second set of
      circular gear segments pivotal about the same axis as the first set of
      gear segments is connected to the boom through lift links which, upon
      rotation of the second set of gear segments in a clockwise direction and
      rotation of the first set of gear segments in a counterclockwise direction
      will assist in extension of the boom relative to the vehicle. The second
      set of gear segments may be utilized, after full extension of the boom, to
      lift the boom by reversing the direction of rotation of the second gear
      segments. The first and second set of the segments may be powered
      independently to accomplish extension, retraction, lifting and lowering of
      the boom and the bucket attached thereto to permit crowding of the bucket
      into the material and lifting or lowering of the bucket from ground
      elevation to elevations above and below ground elevation. To permit
      control of the pitch of the bucket, the boom has attached thereto a tilt
      cylinder which through a linkage may be utilized to tilt the bucket.
BSUM
PAC  RELATED APPLICATION
PAR  Application for U.S. Ser. No. 46,325, filed on June 15, 1970 now U.S. Pat.
      No. 3,664,529, under the title APPARATUS FOR MANIPULATING LOAD SUPPORTING
      MEMBER and assigned to the same assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  Vehicles which are adapted to support a load from one end thereof are in
      common usage. Typical of such vehicles are "front end loaders" and "fork
      lifts" both of which have mechanisms attached thereto for engaging and
      lifting a load. It has been appreciated with front end loaders, for
      example, that the front opening excavating bucket is perferably propelled
      into the material while the tires of the vehicle are stationary. If the
      tires of the vehicle to which the bucket is attached are moving when the
      bucket encounters the material there will usually be slippage between the
      tire and the surface upon which the vehicle is operating causing rapid
      wear of the tires. Further, if the excavating bucket must be propelled
      into the material while the vehicle is moving the position of the bucket
      cannot be as accurately controlled as when the vehicle is stationary and
      the bucket is propelled by other means. Devices capable of extending the
      excavating bucket with the vehicle to which it is mounted remaining in a
      stationary position are illustrated in U.S. Pat. No. 3,327,880 issued to
      E. C. Brown on June 27, 1967, No.  2,707,059 issued to C. Gerst on Apr.
      26, 1955, No. 2,820,555 issued to H. F. Lessmann on June 21, 1958, and
      Australian Pat. No. 167,063 issued to O. B. Holbrook on Feb. 21, 1956.
PAR  The prior mechanisms employed to propel an excavating bucket or the like
      into a material have, however, had certain disadvantages. They are complex
      to operate, expensive to maintain or unstable when operating in certain
      modes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention may be generally described as a vehicle having a load
      supporting member which is to be extended, retracted, elevated and lowered
      relative to the vehicle which includes the improvement of a boom and means
      connected to one end of said boom for confining the movement of said end
      to a circular path. A lift link is also connected at one end to the boom
      for lifting and lowering of the boom. Means are connected to the other end
      of the lift link for confining the movement of the other end to a circular
      path. Power means are provided for moving the said one end of the boom and
      the said other end of the lift link through circular paths to manipulate
      the boom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of a front end loader which embodies the
      present invention;
PAR  FIG. 2 is a top plan view of the embodiment illustrated in FIG. 1;
PAR  FIG. 3 is a cross-sectional view along line 3--3 of FIG. 2;
PAR  FIG. 4 is a graphic representation of the arcs through which the gear
      segments of one embodiment are moved;
PAR  FIG. 5 is a table containing data relating to modes of movement of the gear
      segments represented in FIG. 4;
PAR  FIGS. 6, 7 and 8 are graphic representations of the relative timing of the
      movements of the gear segments represented in FIG. 4 during the modes of
      movement represented in FIG. 5; and
PAR  FIG 9 is a partial cross-sectional view along line 9--9 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With particular reference to FIGS. 1, 2 and 3, there is illustrated an
      articulated front end loader 10 having a back unit 11 and a front unit 12
      which are pivotally joined through wrist pin connectors 13. The back unit
      11 is supported for movement upon a pair of wheels 14 which may be, for
      example, electric wheels which derive their power from an engine and
      generator system (not shown) housed within unit 11. Similarly, front unit
      12 is supported by a pair of wheels 16 which may also be electric wheels
      which also derive their power from the engine and generator system in unit
      11 through conductor 17 which passes between back unit 11 and front unit
      12. Extending from unit 12 is a load engaging member, which in the
      illustrated embodiment takes the form of a front opening excavating bucket
      18, which is pivotally connected to a load supporting member such as a
      pair of booms 19 through bucket pins 21. Each of the booms 19 is formed of
      parallel plates 23 and 24 so that the ends of each of the booms 19 are
      furcated. Booms 19 receive ears 22 of bucket 18 within ends 15, to permit
      pivotal movement of bucket 18 relative thereto as explained above, and at
      the opposite ends 20 receive therebetween first circular gear segments 25
      to which they are pivotally mounted by boom pins 26. Rearward movement of
      booms 19 is limited by a resilient bumper 35 attached to wall 40 of front
      unit 11. Arcuate gear segments 25 through hubs 27 to which they are
      attached by spokes 28, as illustrated in FIG. 9, are mounted for
      rotational movement about axles 29 supported on the main frame 31 of front
      unit 12 in any suitable manner.
PAR  To assist in extension, retraction, elevation and lowering of booms 19
      there are provided second circular gear segments 32 which are provided
      with spokes 33 which radially extend from the hubs 34 which are rotatably
      mounted on shafts 29. The second gear segments 32 are connected to booms
      19 intermediate the ends of booms 19 by lift links 36 which are pivotally
      attached to the outer rings 37 of gear segments 32 by lift link pins 38
      and to booms 19 by pins 39 which extend through plates 23 and 24 and
      permit pivotal movement of the lift links 36 relative to booms 19. As the
      outer rings 37 of gear segments 32 are rotatable about the same axis as
      the outer rings 41 of gear segments 25, the two sets of gear segments may
      be used independently or simultaneously to impart movement to booms 19.
      The outer gear segments 25 may be driven, for example, by electric motors
      42 which are connected through gear boxes 43 to gear wheels 44. Gear
      wheels 44 have outer teeth 46 which engage the output spindles 47 of gear
      boxes 43 and inner teeth 48 which engage teeth 49 on the outer periphery
      of rings 41. Teeth 49 are protected by an arcuate guard frame 50 to
      prevent material being handled from fouling the teeth 49. As electric
      motors 42 are reversible electric motors, the direction of rotation of
      which may be controlled by conventional means from the operator cab 51,
      the direction of rotation of gear segments 25 may be controlled to cause
      rotation in a clockwise or counterclockwise direction. The inner or second
      gear segments 32 are powered by electric motors 52 which through gear
      boxes 53 drive gear wheels 54, the teeth 56 of which engage the output
      spindles 57 of gear boxes 53. Gear wheels 54 have smaller diameter toothed
      rings 58 which engage the teeth 59 on the inner periphery of gear segments
      32. Electric motors 52, like electric motors 42, are reversible electric
      motors. They thus permit rotation of the second gear segments 32 in a
      clockwise or counterclockwise direction.
PAR  As the movement of boom 19 will affect the attitude of the excavating
      bucket 18, means are provided for tilting the bucket 18 and in the
      illustrated embodiment take the form of hydraulic cylinder and ram
      assemblies 61 the cylinder portions of which are pivotally mounted on
      plates 23 by pins 62 and the ram portions 63 of which are pinned to
      jackknife toggle linkages generally indicated by reference numeral 64. The
      legs 70 of toggle linkages 64 to which rams 63 are pivotally attached by
      pins 66 are pivotally attached to plates 23 by pins 67 and pivotally
      attached at the other end to legs 68 of the linkages 64 by pins 69. Each
      leg 68 is at the opposite end pivotally attached between one of the
      furcated ears 71 of bucket 18 by a pin 72. Thus, by extension of rams 63
      relative to cylinders 61, the top edge 73 of bucket 18 may be tilted in a
      clockwise direction. Retraction of the rams 63 into cylinders 61 will
      affect movement of the top edge 73 in a counterclockwise direction.
PAR  For a better understanding of the movements which may be imparted to the
      boom 19 by inner gear segments 32 and outer gear segments 25, reference is
      made to FIG. 4 which is a schematic illustration of the arcs through which
      the outer periphery of gear segments 25 and the inner periphery of gear
      segments 32 move. When the booms 19 are in a fully retracted position the
      pins 26, which pin booms 19 to gear segments 25, are at the position
      generally indicated A1 on the outer arc of FIG. 4. The lift link pin 38
      will be generally in the position indicated D2 on the inner arc of FIG. 4.
      One mode of operation to effect extension of the boom 19 may be referred
      to as the horizontal crowd mode and is identified in FIGS. 5 and 6 as Mode
      I. In this mode of operation both the outer gear segments 25 and inner
      gear segments 32 are utilized to move the booms 19 in a horizontal
      direction and to elevate booms 19 after full extension of the booms. More
      particularly, through control means in cab 51, the outer gear segments 25,
      which are represented by the dotted lines in FIGS. 6, 7 and 8, are moved
      in a counterclockwise direction from position A1 to position F1. As the
      outer gear segments 25 pass position B1 the inner gear segments 32, which
      are represented by the solid lines in FIGS. 6, 7 and 8, are actuated and
      move from position D2 to position H2 so that the inner gear segments 32
      reach position H2 as the outer gear segments 25 reach position F1. At this
      point the bucket 18 will be at its maximum extended position. Elevation of
      the bucket 18 by movement of booms 19 in a generally vertical direction is
      accomplished by continuing movement of outer gear segments 25 from
      position F1 through position J1 while reversing the direction of movement
      of the inner segments 32 from a clockwise to a counterclockwise direction
      so that lift pins 32 are moved from position H2 to position A2 as viewed
      in FIG. 4.
PAR  In a second mode of operation which may be employed which mode may be
      characterized as the boom crowd mode or Mode II, the outer gear segments
      25 are moved from position A1 to position F1 to achieve maximum horizontal
      extension of bucket 18 while the inner gear segments 32 remain in a
      stationary position. Elevation of bucket 18 is then achieved as the outer
      gear segments 25 pass position F1 by moving the inner gear segments 32 in
      a counterclockwise direction from the initial position D2 so that as the
      outer gear segments 25 move from position F1 to position J1 the inner gear
      segments have moved from position D2 to position A2 to effect lifting of
      the booms 19.
PAR  In a third mode of operation which may be employed which may be identified
      as the lift mode or Mode III, the outer gear segments 25 are positioned at
      the F1 position and the inner gear segments 32 are actuated to move from
      D2 to A2. Upon reaching the position A2 the inner gear segments 32 are
      stopped and the outer gear segments 25 actuated to move from the F1
      position to be in a position between A1 and J1, depending upon the amount
      of lift required. Of course, it will be obvious from the above that
      various other modes of operation may be employed.
PAR  While the illustrated embodiment employs circular gear segments which are
      pivotal about the same axis, arcuate gear segments which are pivotal about
      different axes may be employed, though the gear segments should be pivotal
      in the same plane so that coordinated control may be effected. While the
      preferred embodiment illustrates an excavating bucket 18 attached to the
      load supporting member or boom 19, other types of load engaging members
      such as a fork, a platform, a vertically opening bucket, or the like may
      be attached to the boom member 19. As a particular load engaging member
      could be employed which would handle elongated loads which would extend
      between the sets of gear segments, each of the inner segments 32 is
      preferably mounted within the periphery of the outer gear segments 25 to
      provide as much open space in the area generally indicated by the
      reference numeral 74 as possible thus permitting wider items to be
      handled. The embodiment illustrated, wherein the inner gear segment is
      mounted within the outer gear segment, is, however, the preferred
      embodiment. This preferred embodiment is the invention of Nick Petelski
      and is claimed in U.S. Pat. No. 3,664,529 issued May 23, 1972. The claims
      of the present application are to the generic invention of the present
      invention whereas the claims to the preferred and illustrated embodiment
      are found in the Petelski patent. The particular arrangement just
      mentioned, which comprises positioning of the inner segments 32 within the
      periphery of outer gear segments 25, is the subject of another application
      for U.S. Ser. No. 46,325, filed by Petelski on June 15, 1970, and assigned
      to the assignee hereof. The Petelski application is thus directed to an
      improvement in the generic invention of this application.
PAR  After a reading of the above, various other modifications will suggest
      themselves to those skilled in the art, as the present invention provides
      the art with means for extending, retracting, elevating and lowering a
      load supporting member with a structural mechanism having relatively few
      moving parts and one which has great structural integrity to minimize
      maintenance and assure positive control over the load supporting member at
      all times.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle having a load supporting member which is to be extended,
      retracted, elevated and lowered relative to the vehicle, the improvement
      which comprises:
PA1  a first arcuate gear segment pivotally mounted on said vehicle;
PA1  a boom connected to said first gear segment and extending from said vehicle
      for supporting a load;
PA1  a second arcuate gear segment pivotally mounted on said vehicle,
      independently movable relative to said first gear segment, and positioned
      in proximity to said first gear segment for movement in a plane parallel
      to the plane of movement of said first gear segment;
PA1  a lift link having one end thereof connected to said second gear segment
      and the other end connected to said boom to permit vertical movement of
      said boom by movement of said second gear segment; and
PA1  means for moving said gear segments relative to said vehicle for
      manipulating said boom.
NUM  2.
PAR  2. The improvement of claim 1 wherein the means for moving said first and
      second gear segments are independently actuatable to permit rotation of
      one gear segment while the other is stationary, simultaneous rotation of
      the gear segments in the same direction or movement of one of said gear
      segments in a clockwise direction and simultaneous movement of the other
      in the opposite direction.
NUM  3.
PAR  3. The improvement of claim 2 including:
PA1  a load engaging member pivotally attached to the end of the boom which
      extends from the vehicle; and
PA1  means for tilting said load engaging member relative to said boom.
NUM  4.
PAR  4. The improvement of claim 2 wherein said first and second gear segments
      are pivotal about the same axis.
NUM  5.
PAR  5. The improvement of claim 4 wherein the movement of said first and second
      gear segments describe circular arcs.
NUM  6.
PAR  6. The improvement of claim 1 wherein:
PA1  said boom is pivotally mounted to said first gear segment at a point
      beneath the axis of said segment so that rotation of said first gear
      segment through a predetermined arc will effect substantially linear
      movement of said boom.
NUM  7.
PAR  7. The improvement of claim 6 wherein:
PA1  said lift link is pivotally attached to said second gear segment at a point
      above the axis of the second gear segment so that said second gear segment
      may be moved in one direction to assist in substantially linear movement
      of said boom and in the opposite direction to lift said boom.
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ABST
PAL  A dump elevator for use in conjunction with a fork lift truck and adapted
      to lift a load received from the fork lift truck to an elevated position
      and to subsequently dump the load through a chute into a receiving bin.
      The dump elevator comprises an upright frame having an upper and lower
      arcuate track disposed along two opposing sides of the frame. A carriage
      is disposed within the frame in an elevated position and includes rollers
      which are received and guided by the upper and lower tracks. A pusher
      assembly is disposed underneath and connected to the carriage so that
      after the fork lift truck has placed a load onto the carriage, the fork
      lift truck can then be used to lift the pusher assembly and thus raise the
      carriage. As the carriage is lifted the upper and lower tracks guide the
      travel of the carriage and simultaneously tilt the carriage so as to dump
      the load from the carriage when the carriage reaches a point near its
      apogee.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to dump elevators and more
      particularly to a dump elevator adapted to receive a load from a fork lift
      truck wherein the fork lift truck is then used to raise and dump the load.
PAR  2. Prior Art
PAR  Dump elevators, including dump elevators for use in conjunction with fork
      lift trucks or the like, are well known and are often used in
      manufacturing operations, warehousing operations, and the like. Previously
      known dump elevators typically comprised a carriage adapted to receive a
      load from the fork lift truck. After the load is placed onto the carriage,
      power means are actuated to lift the carriage to an elevated position and
      then to subsequently dump the load into a bin or the like. Dump elevators
      are typically utilized where it is desired to lift and dump the load at an
      elevated position higher than is obtainable by the limited travel of the
      rack of the fork lift truck.
PAR  A major disadvantage of previously known dump elevators is that such
      elevators are extremely expensive to construct or purchase. One of the
      primary reasons for the high cost of previously known dump elevators is
      that the drive or power means to lift the carriage in the elevator,
      typically electric or pneumatic motors, are very expensive not only to
      produce but also to maintain. An associated problem of such previously
      known dump elevators is that the electric or pneumatic drive means often
      fail due to the relative complexity of the drive means. Needless to say,
      failure of the drive means renders the dump elevator inoperative, thus
      resulting in expensive work stoppages.
PAC  Summary of the Invention
PAR  The present invention eliminates the above mentioned disadvantages of the
      previously known dump elevators by utilizing the fork lift truck as the
      power means to lift the carriage in the dump elevator rather than the
      previously known separate drive means which are attached to the dump
      elevator. In this manner not only are the construction and maintenance
      costs of the dump elevator greatly reduced, but also expensive work
      stoppages caused by failure of the dump elevator drive means are entirely
      eliminated.
PAR  The dump elevator of the present invention generally comprises an upright
      frame having a pair of facing upper tracks disposed along two opposing
      sides of the frame and likewise a pair of lower facing tracks one of which
      is disposed under each upper track. A carriage, adapted to receive a load
      thereon, is disposed substantially within the frame of the dump elevator
      and includes rollers which extend from the side of the carriage and are
      received in the upper and lower tracks on both sides of the dump elevator
      frame. A pusher assembly is pivotally secured to and disposed underneath
      the carriage. The pusher assembly serves not only to maintain the carriage
      in an elevated position when not in use, but also the pusher assembly is
      engageable by the fork lift truck to lift the carriage around the upper
      and lower tracks on the dump elevator frame.
PAR  In operation the fork lift truck places a load on the elevated carriage.
      The rack of the fork lift truck is then lowered to engage the pusher
      assembly. The fork lift truck then raises the pusher assembly which
      simultaneously raises the carriage with the load. The upper and lower
      track are arcuate in form so that as the carriage is lifted, the carriage
      will simultaneously tilt and dump the load when the carriage reaches a
      point near its apogee.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be more clearly understood by reference to the
      following detailed description when read in conjunction with the attached
      drawings wherein like reference characters refer to like parts throughout
      the several views, and in which:
PAR  FIG. 1 is a perspective view showing the dump elevator of the present
      invention;
PAR  FIG. 2 is a partial front elevational view showing a portion of the dump
      elevator of the present invention; and
PAR  FIG. 3 is a partial side cross sectional view of the dump elevator of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the dump elevator of the present invention,
      generally indicated by the numeral 10, is shown for use in conjunction
      with a fork lift truck 12 or the like. The dump elevator 10 generally
      comprises a frame 14 having vertical support members 16 and horizontal
      support members 18. The vertical and horizontal support members 16 and 18,
      respectively, are preferably of I-beam construction and in addition are
      preferably secured to each other by welding although any conventional
      attachment means may be used. In addition a foot 20 is preferably secured
      at the base of each vertical support member 16 for additional stability of
      the frame 14. Similarly cross members 22 may be disposed between and
      secured to adjacent vertical support members 16 for increased rigidity of
      the frame 14.
PAR  For ease of description only, side 24 will be referred to as the left side
      of the frame 14, side 26 will be referred to as the right side of the
      frame 14, side 28 as the back of the frame 14, and side 30 as the front of
      the frame 14. A pair of plates 32 are secured across the upper portions of
      the sides 24 and 26 on the interior of the frame 14 by any conventional
      means, such as welding, riveting, or the like. A lower arcuate track 34
      having a C-shaped cross section is secured to the interior side of each
      plate 32. The track 34 is generally horizontal near the back side 28 of
      the frame 14 and curves downwardly to nearly a vertical orientation near
      the front 30 of the frame 14. An upper track 36 is also secured to each
      plate 32 above the lower track 34. The upper track 36 is generally
      horizontal near the back side 28 of the frame 14, and like the lower track
      34, curves downwardly to a generally vertical orientation near the front
      side 30 of the frame 14. In addition the upper track 36, unlike the lower
      track 34, comprises only a flange from its rear horizontal position to its
      front vertical orientation. As shown in FIG. 3 the lower vertical portion
      38 of the upper track is C-shaped in plan similar to the lower track 34.
      Still referring to FIG. 3 it can be seen that the lower track 34
      terminates at a point above the center of the frame 14 whereas the upper
      track 38 extends substantially from the bottom of the frame 14 to the top
      of the frame. The upper track 36 and the lower track 34 along the right
      side 26 of the frame 14 are substantially identical to the above described
      tracks 34 and 36 and are in spaced, facing relationship to the tracks 34
      and 36 on the left hand side 30 of the frame 14. Thus for brevity the
      tracks along the right hand side 26 of the frame 14 will not be further
      described.
PAR  A carriage 40 is disposed between the right hand side 26 and the left hand
      24 of the frame 14 and includes a platform 42, side rail members 44, and a
      front cross member 46. Each of the side rail members 44 includes two
      vertical sections 48 and an elevated horizontal section 50 secured across
      the top of the two vertical sections 48. Additional horizontal cross
      members 52 may also be provided along the side rail members 44 for
      stability and increased rigidity. The precise construction of the side
      rail members 44 and the front cross member 46 of the carriage 40 is not
      crucial to the invention and conventional attachment means and the like
      may be utilized to secure the rail members 44 to the platform 42.
PAR  Referring now to FIGS. 1-3, it will be seen that two guide members or
      rollers 54 and 56 are attached to and protrude laterally outwardly from
      each side rail member 44 of the platform 40. Preferably the rollers 54 and
      56 include bearings, (not shown) so that the rollers 54 and 56 may rotate
      freely around their axes. Referring to FIG. 3 the roller 54 is rotatably
      attached to the upper horizontal section 50 of the rail 44 at about the
      midpoint of the section 50. The roller 56 is rotatably attached to the
      lower horizontal cross member 52 and is also positioned closer to the
      front side 30 of the frame 14 than the roller 54. Thus, for a reason to be
      later more fully described, the roller 54 is located not only above the
      roller 56 but also the roller 54 is horizontally displaced toward the rear
      side 28 of the frame 14 relative to the roller 56.
PAR  A pusher assembly 58 is disposed underneath and pivotally connected to the
      carriage 40. The pusher assembly 58 generally comprises a pair of
      parallel, spaced vertical members 60 having an upper bearing 62 pivotally
      connected to a shaft 63 which is the axis of roller 56. A horizontal
      pusher bar 64 is disposed between and attached to the lower end of the
      vertical members 60. In addition, additional cross members 66 may also be
      provided to add rigidity to the pusher assembly 58. The lower end of the
      vertical members 60 of the pusher assembly 58 includes a roller 68
      laterally protruding from each side of the pusher assembly 58. The roller
      68 is received in the lower portion 38 of the upper track 36.
PAR  Lastly, the pusher assembly 58 includes a foot member 70 (FIG. 2) secured
      to the pusher bar 64. The foot member 70 engages the ground and protects
      the lower roller 68 and the vertical member 60 from damage. It should also
      be apparent that the pusher assembly 58 as thus far described maintains
      the carriage 40 in an elevated position above the ground by way of the
      feet 70 and the vertical members 60. The operation of the present
      invention may now be described.
PAR  Referring first to FIG. 1, the fork lift truck 12 is of the conventional
      type having a front rack 72 and forwardly projecting forks 74 which are
      vertically movable along the rack 72. The truck 12 carries a container 76
      in an elevated position on the rack and places the container 76 on the
      platform 42 of the carriage 40. Preferably, the vertical elevation of the
      platform 42 is such that the forks 74 of the truck 12 must be elevated to
      near their most vertical extension in order to permit placement of the
      container 76 on the platform 42. After the container 76 is placed on the
      platform 42 by the fork lift truck 12, the truck 12 is retracted or backed
      away from the dump elevator 10. The forks 74 are then lowered on the rack
      72 and the fork lift truck 12 is then advanced toward the dump elevator 10
      so that the forks 74 are positioned beneath the pusher bar 64 of the
      pusher assembly 58 as shown in FIG. 3.
PAR  Still referring to FIG. 3, the forks 74 of the fork lift truck 12 are then
      lifted thus forcing the pusher assembly 58 with the attached carriage 40
      upwardly with the upward travel of the forks 74. As the carriage 40 moves
      upwardly, the travel of the carriage 40 is guided by the rollers 68 and 56
      which are received in the upper track 36 and by the roller 54 which is
      received in and guided by the lower track 34. As previously described, the
      roller 56, to which the pusher assembly 58 is connected, is located below
      and nearer the front side 30 of the frame 14 than the roller 54. Thus as
      the pusher assembly 58 forces the roller 56 upwardly along the upper track
      36, the roller 56 will attain a position above the rolling 54 thereby
      causing the carriage 40 to pivot in a clockwise position as viewed in FIG.
      3. The curvature of the tracks 34 and 36 is designed so that as the
      carriage 40 reaches a point near its apogee, as shown in phantom lines in
      FIG. 3, the carriage 40 will dump the load from within the container 76
      out of the back side 28 of the frame 14. Stops 79 (FIG. 3) prevent the
      container 76 from following the contents thereof. A chute 78 may be
      attached to the dump elevator 10 to receive the contents of the container
      76. Likewise a bin 80 is shown in a position to receive the contents of
      the container 76 as it exits from the chute 78. The chute 78 and bin 80,
      of course can be replaced by any means for receiving the load from the
      container 76. After the container 76 is dumped, the forks 74 of the fork
      lift truck 12 are lowered thus returning the carriage 40 and the empty
      container 76 to the lowermost position. The fork lift truck 12 is then
      removed and the empty container 76 is removed from the carriage 40. The
      dump elevator 10 is now ready to receive another container 76 for dumping.
PAR  The present invention thus provides a dump elevator for use in conjunction
      with a fork lift truck 12 which is both simple in construction and
      virtually maintenance free. The fork lift truck 12 eliminates the need for
      expensive and failure prone drive means of previously known dump
      elevators. It should also be noted, as best shown in FIG. 3, that the dump
      elevator 10 of the present invention is capable of lifting a container 76
      to a vertical elevation greatly in excess of the vertical elevation which
      may be achieved by the fork lift truck 12 alone. Thus for example, the bin
      80 may be of such height that a fork lift truck alone could not place a
      load into the bin 80.
PAR  Having thus described my invention many modifications thereto will become
      apparent to those skilled in the art to which the present invention
      pertains without deviating from the spirit of the invention as defined by
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a dump elevator and a fork lift truck, said dump
      elevator comprising:
PA1  a frame;
PA1  an upper track and a lower track attached to said frame along each of two
      facing sides of said frame,
PA1  a carriage disposed within said frame, said carriage having guide members
      which are received by said upper and lower tracks, said carriage adapted
      to receive a load from said fork lift truck, and
PA1  a pusher assembly disposed underneath and connected to said carriage, said
      pusher assembly adapted to maintain said carriage in an elevated position
      and including a pusher bar adapted to be engaged and elevated by the forks
      of said fork lift truck, and
PA1  said upper and lower tracks being arcuate in shape so that said carriage
      pivots as the carriage is lifted by the fork lift truck.
NUM  2.
PAR  2. The combination as defined in claim 1 wherein said guide members are
      rollers.
NUM  3.
PAR  3. The combination defined in claim 1 wherein the load is dumped from the
      carriage when the carriage reaches a point near its apogee.
NUM  4.
PAR  4. The combination defined in claim 1 wherein the pusher assembly comprises
      a pair of spaced and substantially parallel vertical members pivotly
      connected to said carriage at their upper ends, said pusher bar being
      horizontally disposed across the lower ends of said vertical members, and
      a pair of rollers laterally protruding from the lower ends of said
      vertical members, said rollers being received in and guided by the lower
      portion of said upper track.
NUM  5.
PAR  5. The combination as defined in claim 1 and in which said carriage is
      adapted to receive a container, said container being moved to a tipped
      position upon upward movement of said carriage to dump the contents
      thereof.
NUM  6.
PAR  6. The combination as defined in claim 5 and in which said carriage is
      spaced upwardly from the forks of said fork lift truck.
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ABST
PAL  A device for handling a load bucket removably mountable on a vehicle is
      adapted to load said bucket onto the vehicle, to remove said bucket from
      the vehicle and to tilt about the rear end of said vehicle with a view to
      evacuating or dumping a load from said bucket. The device comprises a boom
      pivotally mounted on one end of an arm the other end of which is pivotally
      mounted on a transverse shaft. Said transverse shaft is displaceable in a
      longitudinal direction by means of slide members guided in slide ways. The
      boom comprises lugs adapted to co-operate with stop or abutment members in
      such a way that a hydraulic jack which imparts an angular motion to the
      said arm simultaneously causes the boom to be angularly displaced. The
      instant device thus is capable of effecting all the above-mentioned
      handling operations by means of a single hydraulic jack.
BSUM
PAR  The instant invention is related to a device for handling a load bucket
      removably mountable on a vehicle, said device enabling specially said load
      bucket to be selectively placed onto, or removed from, said vehicle, or to
      be inclined for evacuating a load from said bucket. The invention, more
      particularly, relates to a device of the above-designated type which is
      adapted to be associated with a road vehicle and which enables a heavy and
      bulky truck load bucket to be handled.
PAR  In known devices of this kind, the loading and unloading of the load bucket
      is effected by means of a hoist or winch which is driven by a hydraulic
      motor, or by means of one or two pressure fluid jacks, especially
      hydraulic jacks which act on a cable hoist. In each one of the
      above-mentioned devices the unloading of the load bucket, i.e., the
      removal thereof from the associated vehicle, is effected by gravity. The
      inclining or dumping of the load bucket is effected by a frame hingedly
      connected to the rear end of the vehicle and controlled by one or several
      pressure fluid jacks, especially hydraulic jacks.
PAR  These known devices are disadvantageous, especially in that they require
      manual operations for attaching and removing the cables; furthermore,
      these known devices do not enable the user to place the laod bucket onto a
      comparatively elevated quay or onto a trailer, unless special
      supplementary means are provided to this end.
PAR  In another type of known devices for handling load buckets associated with
      vehicles, the hauling of the load bucket is not effected by means of a
      winch or cable hoist, but by means of pressure fluid jacks acting on an
      extension arm or the like. The displacement of the load bucket on the
      vehicle is not obtained by gravity, then, but by the force of the pressure
      fluid jacks. Consequently, this known system is reversible, as far as its
      operation is concerned, and it enables the load buckets to be deposed on a
      comparatively elevated quay or onto a trailer, without any special
      arrangement or implements.
PAR  One known device of this latter type comprises an angle bracket which is
      displaceable so as to move along a circular path, and which is provided at
      its free end with means for seizing or gripping the load bucket.
PAR  With a view to limiting the power, required especially for hoisting the
      load bucket onto the vehicle, this angle bracket may be slideably mounted
      in slide-ways and be displaced by a pressure fluid jack. Furthermore, two
      other pressure fluid jacks are provided for imparting a pivotal motion to
      said slide ways on the chassis of the vehicle.
PAR  This known device is comparatively expensive due to the fact that three
      pressure fluid jacks, especially hydraulic jacks, are required;
      furthermore, this device is comparatively fragile. Indeed, the slideably
      mounted angle bracket which is already comparatively fragile due to its
      structure is submitted to dangerous torsional forces when the load bucket
      is being loaded or unloaded on uneven ground, the load bucket then
      exhibiting a tendency to tilt laterally, as it is being gripped or held
      only at one single point.
PAR  It is an object of the instant invention to overcome the drawbacks of the
      known devices, and to provide a handling device of the kind considered
      which allows the same results to be achieved as those obtained with the
      known devices, while being less expensive and having a more rugged
      construction, as well as a lighter weight than that of the known devices.
PAR  According to the instant invention a device for handling a load bucket
      removably mountable on a vehicle comprises a boom having first and second
      ends and being provided, at said first end, with gripping means for
      gripping said bucket, while being pivotally connected at said second end
      to an arm which is rotatably connected to a shaft arranged transversely
      with respect to the framework of said vehicle and supported by a chassis
      which has a front end and a rear end and which also supports said boom,
      means being provided for angularly displacing said arm in a substantially
      vertical plane, at least one stop member being provided on said arm in the
      vicinity of the point of pivotal connection between said arm and said boom
      for limiting the pivotal movements of said boom, said second end of said
      boom being provided with at least one lug adapted to cooperate with at
      least two abutment members located on a line extending longitudinally with
      respect to said vehicle, said abutment members being fixedly mounted on
      said front end of said chassis, said chassis comprising means for enabling
      said transverse shaft to be displaced longitudinally with respect to the
      framework of said vehicle, as well as shaft locking means for locking said
      shaft in a desired position, said chassis being pivotally mounted at its
      end opposed to said boom on said vehicle framework, said device further
      comprising arm locking means for locking said arm in a predetermined
      angular position with respect to said chassis, when said load bucket is
      placed on said vehicle.
PAR  In accordance with one important feature of the instant invention the means
      used for angularly displacing said arm are the same means which are used
      for longitudinally displacing said transverse shaft to which said arm is
      pivotally connected, whereby said displacement co-relatively causes a
      pivotal movement of the boom when at least one of the lugs provided on the
      latter engages at least one of said abutment members provided on the
      chassis.
PAR  Due to this arrangement the boom is enabled to substantially effect two
      successive rotational movements, thus allowing the load bucket to be
      loaded or unloaded.
PAR  It will be understood that the instant invention allows on the one hand a
      framework comprising two juxtaposed members to be used for the
      construction of the boom and the arm supporting said boom, and allows, on
      the other hand, the utilization of one single pressure fluid jack for
      controlling all the operations which are required for handling the load
      bucket.
PAR  In accordance with one embodiment of the instant invention the
      above-mentioned arm comprises two juxtaposed beam members to which said
      boom is pivotally connected at two locations, an actuating pressure fluid
      jack for controlling said arm being mounted between said beam members
      constituting said arm. This fluid pressure jack is pivotally mounted on a
      frame integral with the framework of the vehicle and pivotally mounted on
      a transverse member which connects said beam members constituting said
      arm.
PAR  In this embodiment of the instant invention said boom comprises at each one
      of its ends a lug rigidly connected to the boom and disposed at respective
      locations beyond the respective adjacent pivotal connections between said
      beam members and said arm, and on the side opposed to the gripping means,
      each one of said lugs being adapted to be engaged between two abutment
      members arranged within each one of said beam members of the chassis
      supporting said arm, which chassis is supported by the frame which is
      integrally connected to the framework of the vehicle.
PAR  The lugs integrally connected to the boom impart the angular movement to
      the latter towards the rear part of the vehicle, when said lugs engage the
      respective associated abutment members during the extension motion of the
      pressure fluid jack with a view to unloading the load bucket. The said
      lugs cause a forwardly directed angular movement of the boom when they
      engage the respective associated abutment members during the retracting
      motion of the pressure fluid jack with a view to loading the load bucket.
DRWD
PAR  The instant invention will be described hereinafter in a more detailed
      manner with reference to the appended drawings which are given by way of
      example. Said drawings and the description hereinafter are not to be
      construed as limiting the scope of the instant invention.
PAR  FIG. 1 shows the device according to the instant invention, viewed from the
      above, the load truck and the end portion of the boom beyond its pivotal
      connection to the arm being omitted.
PAR  FIG. 2 shows at A1 a sectional view taken along the line A--A of FIG. 1.
      This Figure shows two successive phases B1 and A2 of the operation of
      loading the load bucket; A1 shows the device in the transportation
      position, or a position corresponding to the start of the unloading
      operation, or in a position corresponding to the end of the loading
      operation.
PAR  FIG. 3 is a detailed view of the connection between the arm and the
      chassis.
PAR  FIG. 4 shows a boom in its entirety, which is associated to the ends of the
      beam members constituting the arm.
PAR  FIGS. 5, 9 and 10 represent successive phases of a loading operation.
PAR  FIGS. 6 and 7 illustrate details of the locking mechanism for the
      transverse shaft on which the arm is pivotally mounted; more particularly
      FIG. 6 shows said mechanism in the locked position, while FIG. 7 shows the
      same mechanism in the unlocked position.
PAR  FIG. 8 is a perspective view of the load bucket.
PAR  FIG. 11 shows in detail the respective positions of the rollers and the
      locking beam when the device is in the position shown at A1 in FIG. 2.
PAR  FIG. 12 is an elevational view showing the position of the device according
      to the invention when the load bucket is being inclined about the rear end
      of the vehicle.
PAR  FIG. 13 shows another embodiment of the boom.
DETD
PAR  In the embodiment illustrated by FIGS. 1 to 12 the handling device
      according to the instant invention is mounted on a road vehicle
      constituted by a truck 1. This device, as illustrated, is adapted to
      unload a load bucket 60 from the truck 1 or to load said load bucket 60
      onto said truck 1, and to incline said load bucket on the truck with a
      view to evacuating a load previously placed into said bucket.
PAR  As shown in FIGS. 1 and 2 the handling device comprises a boom 3 provided
      at its free end with a gripping element and pivotally connected on a
      rotatively mounted arm 5 disposed on a chassis 10.
PAR  This arm comprises two beam members 10a pivotally mounted on a shaft 80
      which is mounted, in turn, in a transverse position at the rear end of a
      frame 81 rigidly connected to the framework 2 of truck 1. The handling
      device is supported on the truck by the intermediary of said frame.
PAR  Arm 5 comprises two beam members 5a connected by a cross-member 18 and by a
      transverse shaft 7 on which boom 3 is pivotally mounted. Beam members 5a
      are pivotally mounted on a terminal shaft 82 supported by chassis 10.
      Furthermore beam members 5a are slightly angled in a vertical plane near
      their ends so that when boom 3 is actuated arm 5 can not interfere with
      the motions of the load bucket.
PAR  A hydraulic jack fed by a hydraulic pressure source provided on the truck
      is mounted between the beam members 5a of beam 5 and pivotally connected
      on the one hand to frame 81 by means of a shaft 56 supported by forks 55
      integral with frame 81, and pivotally mounted, on the other hand, on a
      cross member 18 which connects beam members 5a. It will be understood that
      under the action of rod 11 of jack 9, arm 5 may be rotated in a
      substantially vertical plane so as to cause displacements of boom 3.
PAR  In accordance with an important feature of the instant invention, which is
      illustrated particularly in FIG. 3, the terminal transverse shaft 82 on
      which the two beam members 5a of arm 5 are pivotally mounted is provided
      at its ends with two slide members 39 adapted to be slidingly displaced
      each in a slideway 41 provided in each of the beam members 10a of chassis
      10. Slideways 41 enable the terminal transverse shaft 82 of the arm 5 to
      effect the translational motion which causes the angular motion of boom 3.
PAR  Referring now to FIG. 4 it will be seen that boom 3 comprises at one of its
      ends two substantially straight beams 3a which are juxtaposed (i.e., side
      by side), each of said beams or beam members 3a forming a lug 91, while at
      the other end of boom 3 the latter is formed with a hook 4 integral with
      the two beam members 3a which converge so as to constitute the end of boom
      3 shaped with said hook 4.
PAR  Each one of beam members 3a, which are of a symmetrical configuration, is
      pivotally mounted on a shaft 7 (indicated in FIG. 4 by a dash-point line)
      at a location between lug 91 and hook 4, in the immediate vicinity of said
      lug.
PAR  With a view to facilitate the co-operation between these lugs and the
      abutment members provided at the front ends of the beam members 10a of the
      chassis, rollers 92 are provided at the free end of said lugs 91.
PAR  Each lug is adapted to engage a recess 100 provided in beam members 10a
      (cf. FIG. 5). In front of, and behind each one of said recesses are
      provided respective abutment members 93, 94 which are spaced in the
      longitudinal direction. Abutment member 93 which is arranged in front of
      abutment member 94 has a slightly inclined front face 94 and a vertical
      rear face 96. Abutment member 94 which is arranged behind the recess 100
      only has one operative surface 99 which is vertical and directed
      forwardly.
PAR  The two vertical surfaces 96 and 99 delimit the recess 100. A horizontal
      surface 90 connecting said two abutment members constitutes the bottom of
      said recess. A certain clearance is provided between the two abutment
      members so as to enable lug 91 and the associated roller 92 to pass.
      Bottom 90 constitutes a bearing surface for rollers 92.
PAR  In accordance with an important feature of the instant invention beam
      members 5a of arm 5 bear each, as shown in FIG. 4, a stop member 17
      arranged in the vicinity of the point of pivotal connection between beam
      member 3a of the boom and the corresponding beam member of the arm. Cross
      member 19 connecting the two beam members 3a of boom 3 in the vicinity of
      pivoting shaft 7 is adapted to engage the above-mentioned two stop members
      17. In the embodiment shown this arrangement limits the amplitude of the
      angular movement of boom 3 with reference to beam members 5a of arm 5 to
      about 35.degree..
PAR  Referring now to FIGS. 6 and 7, means provided in accordance with the
      instant invention for locking the transverse terminal shaft 82 to which
      the arm 5 is pivotally connected, will be described hereinbelow.
PAR  An axial locking beam 24 is pivotally mounted on transverse terminal shaft
      82; the end of said locking beam is adapted to co-operate selectively with
      a stop member 63 constituting a cross member of chassis 10. More
      particularly, locking beam 24 is adapted to co-operate with a cam 64 which
      may be actuated by means of a crank 66 so that locking beam 24 connected
      to transverse terminal shaft 82 may be raised, as shown in FIG. 7, so as
      to enable the transverse terminal shaft to be moved rearwardly by sliding
      over the stop member.
PAR  According to another feature of the instant invention, means are provided
      for locking arm 5 with respect to chassis 10 so as to prevent arm 5 from
      executing any angular movement when load bucket 60 is placed onto the
      vehicle.
PAR  In the embodiment shown these locking means lateral studs 23 mounted on
      beam members 5a constituting arm 5 and recesses 31 provided in the beam
      members 10a constituting chassis 10, said recesses being adapted to
      receive studs 23 when transverse terminal shaft 82 is in its forward
      position (cf., FIG. 10).
PAR  Furthermore, with a view to facilitating the loading and unloading of load
      bucket 60 guide rollers 54 are provided. Load bucket 60 is provided with
      beam members 51 which during the various handling operations may roll on
      these guide rollers. On the other hand, the above-mentioned beam-members
      will bear on flanges 81a of frame 80 when load bucket 60 is definitely
      loaded on the vehicle. Load bucket 60 also is provided with a hoisting
      ring 48 connected to the bucket. Two terminal rollers 52 are provided for
      facilitating the displacement of the load bucket on the ground during the
      various phases of handling (cf., FIG. 8).
PAR  The successive operations which may be effected by means of the device
      according to the instant invention, to wit unloading of load bucket 60,
      loading and dumping (inclining) of the bucket with a view to evacuating a
      load from said bucket will be described herein-below.
PAR  The unloading operation will be described first, as follows:
PAR  Referring to FIG. 2 which shows load bucket 60 placed on the vehicle in
      position A1, it will be seen that hook 4 of boom 3 engages connecting
      member 48 and thus prevents load bucket 60 from moving in a longitudinal
      direction.
PAR  Load bucket 60 bears on flanges 81a of frame 81 and on rollers 54, through
      beam members 51.
PAR  The rollers 92 of the lugs are engaged in the recess 100 provided between
      the stop or abutment members 93 and 94 and bear on the horizontal surface
      90 which is also integral with the forward end portion of chassis 10.
      Chassis 10 reposes on a cross-member (not shown) of frame 81. The two beam
      members constituting arm 5 repose on the transverse front beam of frame
      81.
PAR  The rod of hydraulic jack 9 is in its entirely retracted position and the
      studs 23 of arm 5 are engaged in the recesses 31. Transverse terminal
      shaft 82 is in its position A wherein it is in abutment with the front
      ends 41a of slideways 41, through the intermediary of slide members 39
      (cf. FIG. 3); furthermore, as shown in FIG. 11, the end of locking beam 24
      which resposes on the arm 65b of notch or groove 65 defines a clearance J
      with respect to the upper portion 65h of said notch. As will be described
      hereinafter, due to this clearance locking beam 24 may be raised.
PAR  The unloading operation will now be described with reference to FIG. 2.
PAR  With a view to enable transverse terminal shaft 82 to effect a rearward
      displacement, cam 64 is first rotated so as to raise locking beam 24.
      Hydraulic jack 9 is then actuated, whereby rod 11 of said jack displaces
      through the above-mentioned arm the transverse terminal shaft 81 along the
      slideways 41 (cf., FIG. 3). At the same time, locking beam 21 glides on
      cam 64 and passes through the upper part 65h of notch 65 (cf. FIG. 7).
PAR  Rollers 92 of lugs 91 bear on the horizontal surface 90 and engage the
      vertical surface 99 so as to displace boom 3 angularly in a rearward
      direction whereby load bucket 60 is displaced (cf., FIG. 2) so as to
      effect a rearward movement in position B1, while the beam members 51 of
      the load bucket are in rolling engagement with guide rollers 54. The
      center of rotation of the angular motion of boom 3 is located on axis xx'
      connecting the centers of rotation of the two rollers 92 (cf., FIG. 4).
      The arm 5 simultaneously effects an upwardly directed angular displacement
      about transverse terminal shaft 82 and a translational displacement in the
      direction of the rear end of the vehicle, along slideway 41.
PAR  It is highly important to point out that boom 3, due to lugs 91 which bear
      on chassis 10, is raised while effecting a pivotal movement and is thus
      enabled to be displaced along a circular path with respect to the vehicle,
      the starting point .alpha. and the end point .beta. of said circular path
      being located on the same horizontal line. This is an absolutely necessary
      requirement with a view to satisfactory operation of the instant device,
      as the connecting member 48 of the load truck is absolutely prevented,
      during its displacement toward the rear end of the vehicle, from being
      lowered below the level defined by a horizontal line passing through
      starting point .alpha.. This would be the case if the boom 3 were not
      provided with the above-described lugs which impart to said boom a raising
      motion while imparting thereto simultaneously a pivotal motion.
PAR  During this displacement the lateral studs 23 leave the recesses 31 (cf.,
      FIG. 2) and thus unlock the beam members 5a of arm 5 with respect to
      chassis 10.
PAR  At the end of this first phase of operation boom 3 has effected an angular
      displacement of about 35.degree. with respect to the arm and engages
      through cross member 19 stop members 17 of arm 5 (cf., FIG. 4).
      Furthermore, transverse terminal shaft 82 is in its abutting position B
      (cf., FIG. 2), wherein it engages the ends 41b of slideways 41 through
      slide members 39 (cf., FIG. 3), and rollers 92 of lugs 91 engage the
      surfaces 99. It is important to point out that, as shown in FIG. 2, at the
      end of this phase load bucket 60 has been shifted from position A1 to
      position B1, by effecting a rearward movement over a distance L
      substantially greater than the distance l over which transverse terminal
      shaft 82 has moved backwardly between A and B, and thus substantially
      greater than the distance over which the rod of the hydraulic jack has
      moved during its extension motion.
PAR  In the described embodiment, L represents a length about seven times
      greater than l. It should be pointed out, too, that the power to be
      produced by hydraulic jack 9, to wit the power necessary to the
      substantially horizontal translational displacement of the load bucket
      (which displacement is comparatively small in magnitude) multiplied by the
      number representing the ratio of the lever arms remains relatively small
      as compared to the maximum power required, especially with a view to
      hoisting the load bucket onto the vehicle.
PAR  The actuation of hydraulic jack 9 is continued, and consequently arm 5
      which effects its angular displacement about terminal transverse shaft 82
      is raised, said transverse shaft 82 being locked in position B as shown in
      FIG. 2, due to the fact that the slide members supporting shaft 82 engage
      the rear ends of slideways 41. Simultaneously the rollers 92 associated
      with lugs 91 roll on the substantially vertical surface 99 of the rearstop
      member 94, and arm 5 effects an angular displacement indicated by arrow F
      and thus displaces boom 3 which remains locked in its angular position
      with respect to arm 5, due to the effect of stop members 17. This angular
      displacement of arm 5 and boom 3 causes the displacement of load bucket 60
      which is tilted while rolling on guide rollers 54. When arm 5 reaches a
      substantially vertical position boom 3 which remains in its position
      relative to said arm, is displaced in the opposite direction. Said shaft
      consequently effects a displacement in an opposite direction with respect
      to the previous, along slideways 41, until slide members 39 engage the
      forward ends 41a of the slideways in position a. Transverse shaft 82 is
      then again locked in position while arm 5 continues its angular movement
      about said shaft. The load bucket engages the ground through the
      intermediary of rollers 52 (cf., FIG. 8); the displacement is continued
      until the load bucket reposes entirely on the ground. It is then
      sufficient to lower slightly the arm for disengaging the hook from the
      gripping ring provided on the load bucket.
PAR  When it is desired to bring the device again into its initial position, it
      is sufficient to advance the vehicle so as to prevent hook 4 to engage
      again gripping element 48. Hydraulic jack 9 is then actuated in the
      opposite direction so as to bring arm 5 and boom 3 back into their initial
      position.
PAR  The various operations effected with a view to bringing arm 5 and boom 3
      back into their initial position are the same as the operations carried
      out during the loading process of the load bucket 16, which loading
      process will now be described hereinafter.
PAR  The device is now in its final position reached during the unloading
      process; terminal transverse shaft 82 thus is in the position indicated by
      A in FIG. 2.
PAR  The load bucket to be loaded reposes on the ground, the vehicle is moved
      rearwardly whereby arm 5 and boom 3 are brought into a position wherein
      hook 4 may be raised so as to engage gripping member 48 due to the action
      of hydraulic jack 9 with a view to retracting its rod 11.
PAR  The rotational movement of arm 5 in the direction corresponding to raising
      hook 4 is continued, whereby load bucket 60 is raised and advances on
      supporting rollers 52 until it reaches position A2 shown in FIG. 2; the
      rotational motion continues while transverse terminal shaft 82 remains in
      its abutting position as indicated in A. After an angular displacement of
      about 120.degree. arm 5 is in the position indicated by A in FIG. 5, while
      hook 4 retains load bucket 60 which is now partly loaded on the vehicle
      and which has effected a displacement by rolling on guide rollers 54.
PAR  During this angular or rotational displacement boom 3 remains locked in its
      angular position with respect to arm 5 due to the effect of stop members
      17. When the angular displacement is terminated rollers 92 associated with
      lugs 29 engage the surfaces 95 of the front stop members 93. Hydraulic
      jack 9 is then again actuated with a view to extending its rod 11 so as to
      bring transverse terminal shaft 82 into its rearward end position as
      indicated by reference-letter B in FIG. 9. Arm 5 which supports the load
      is then displaced in a substantially horizontal direction until, at the
      same time, rollers 92 engage the vertical surface 99 of stop members 94
      and transverse terminal shaft 82 reaches its abutting position B wherein
      it is in engagement with the rear ends 41b of the slideways, through the
      intermediary of the associated slide members.
PAR  Hydraulic jack 9 is then again retracted (cf.f FIG. 10) whereby, on account
      of the inclined position of said jack and on account of the supported
      weight, arm 5 is displaced so as to effect successively an angular
      downwardly directed movement and a forwardly directed translational
      movement, while rollers 92 engage the vertical surfaces 96 of the front
      stop members 93, thus causing a rotational displacement of boom 3 about
      shaft 7, which rotational movement causes, in turn, the displacement of
      load bucket 60 over a distance L (cf., FIG. 2), said distance L being
      substantially greater than the distance 1 representing the magnitude of
      the retracting motion of the hydraulic jack.
PAR  When said jack is entirely retracted load bucket 60 is in its definite
      position. Rollers 92 then engage simultaneously the vertical surfaces 96
      and the horizontal surfaces 90 of the recesses 100 associated with the
      lugs (cf., FIG. 11).
PAR  The dumping or tilting operation will now be described herein-below.
PAR  Initially, the device according to the instant invention is in position A1
      (cf. FIG. 2); rollers 92 and locking beam 24 are in the position indicated
      in FIG. 11.
PAR  Hydraulic jack 9 is then actuated, whereby clearance J is suppressed, and
      the end of locking beam 24 reaches its abutment position in notch 65. As
      terminal shaft 82 is prevented from being further displaced rearwardly,
      hydraulic jack 9 raises arm 5 while effecting a pivotal motion about shaft
      56 (cf., FIG. 12). As chassis 10 is rigidly connected to beam members 5a
      of arm 5, by the effort of studs 23 which are engaged in the recesses 31,
      said chassis is displaced by arm 5 and effects an angular movement about
      shaft 80 (cf., FIG. 12). The load bucket is consequently displaced under
      the action of hook 4 and tilts about shaft 80 while reposing on guide
      rollers 54.
PAR  It is important to note that boom 3 is locked itself against angular
      movement due to lugs 91 and rollers 92 engaged in the recesses 100 of the
      chassis.
PAR  Hydraulic jack 9 is stopped as soon as the inclination of chassis 10 and
      the load bucket 60 is sufficient for evacuating the load from said load
      bucket.
PAR  The handling device according to the instant invention allows of effecting
      all the handling operations requested in connection with a removable load
      bucket, while using a single pressure fluid jack, which constitutes a
      substantial advantage by comparison to the known handling devices of the
      type considered herein.
PAR  In the embodiment shown in FIG. 13 the boom has an angled configuration in
      its portion comprised between the gripping means and the pivotal
      connection; thus, when the load bucket is placed on the vehicle, one
      portion 3a of the boom, which comprises the gripping hook, is in a
      vertical position, and the other portion 3b of said boom is in a
      horizontal position underneath the load bucket. Due to this feature it is
      possible to obtain for a given displacement of the transverse terminal
      shaft a displacement of a greater magnitude of the end of the boom.
PAR  It should be well understood that the embodiments shown and described
      hereinabove may be varied in many respects by any person skilled in the
      art, without departure from the spirit or scope of the invention, said
      scope being defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for handling a load bucket removably mountable on a vehicle
      having a front end and a rear end and a framework extending longitudinally
      between said vehicle front and rear ends, said device comprising a boom
      having first and second ends and being provided, at said first end, with
      gripping means for gripping said bucket, while being pivotally connected
      at said second end to an arm which is pivotally connected to a shaft
      arranged transversally with respect to the framework of said vehicle and
      supported by a chassis which has a front end and a rear end and which also
      supports said boom, means being provided for angularly displacing said arm
      in a substantially vertical plane, at least one stop member being provided
      on said arm in the vicinity of said point of pivotal connection between
      said boom for limiting the pivotal movement of said boom with respect to
      said arm, said second end of said boom being provided with at least one
      lug adapted to co-operate with at least two abutment members located on a
      line extending longitudinally with respect to said vehicle framework, said
      abutment members being fixedly mounted on said front end of said chassis,
      said chassis comprising means for enabling said transverse shaft to be
      displaced longitudinally with respect to said framework, as well as shaft
      locking means for locking said shaft in a desired position with respect to
      said chassis, the latter being pivotally mounted at its end opposed to
      said boom on said vehicle framework, said device further comprising arm
      locking means for locking said arm in a predetermined angular position
      with respect to said chassis when said load bucket is placed on said
      vehicle.
NUM  2.
PAR  2. The device of claim 1 wherein the portion of the boom located between
      said gripping means and the pivotal connection between said boom and said
      arm has a substantially rectilinear configuration.
NUM  3.
PAR  3. The device of claim 1 wherein the portion of said boom which is
      comprised between said gripping means and the pivotal connection between
      said boom and said arm has an angular configuration.
NUM  4.
PAR  4. The device of claim 1 wherein said arm comprises two arm beam members
      arranged side by side, and wherein said chassis comprises two chassis beam
      members placed side by side, said means for locking said arm in a desired
      angular position with respect to said chassis comprising two studs
      provided, respectively, on said two arm beam members and adapted to
      co-operate with two corresponding recesses provided, respectively, in said
      two chassis beam members.
NUM  5.
PAR  5. The device of claim 1 wherein said boom comprises two boom beam members
      which are placed side by side, each one of said boom beam members being
      freely pivotally connected to a respective one of said arm beam members,
      said boom beam members being connected to each other by a cross member
      located in the vicinity of the pivotal connection between said arm and
      said boom and in the boom portion which comprises the boom end provided
      with said gripping means, said cross member being adapted to engage stop
      members which are provided on said arm, for locking said boom in a
      predetermined angular position with respect to said arm.
NUM  6.
PAR  6. A device for handling a load bucket removably mountable on a vehicle
      having a front end and a rear end and a framework extending longitudinally
      between said vehicle front and rear ends, said device comprising a boom
      having first and second ends and being provided, at said first end, with
      gripping means for gripping said bucket, while being pivotally connected
      at said second end to an arm which is pivotally connected to a shaft
      arranged transversally with respect to the framework of said vehicle and
      supported by a chassis which has a front end and a rear end and which also
      supports said boom, means being provided for angularly displacing said arm
      in a substantially vertical plane, at least one stop member being provided
      on said arm in the vicinity of the point of pivotal connection between
      said arm and said boom for limiting the pivotal movement of said boom with
      respect to said arm, said second end of said boom being provided with at
      least one lug being adapted to co-operate with at least two abutment
      members located on a line extending longitudinally with respect to said
      vehicle framework, said abutment members being fixedly mounted on said
      front end of said chassis, said chassis comprising means for enabling said
      transverse shaft to be displaced longitudinally with respect to said
      framework, as well as shaft locking means for locking said shaft in a
      desired position with respect to said chassis, the latter being pivotally
      mounted at its end opposed to said boom on said vehicle framework, said
      device further comprising arm locking means for locking said arm in a
      predetermined position with respect to said chassis when said load bucket
      is placed on said vehicle, said boom comprising two boom beam members
      which are placed side by side, each one of said boom beam members being
      freely pivotally connected to a respective one of said arm beam members,
      said boom beam members being connected to each other by a cross member
      located in the vicinity of the pivotal connection between said arm and
      said boom and in the boom portion which comprises the boom end provided
      with said gripping means, said cross member being adapted to engage stop
      members which are provided on said arm, for locking said boom in a
      predetermined angular position with respect to said arm, two lugs being
      arranged at the boom portion comprised between the boom end which is
      provided with said gripping means and the pivotal connection between said
      boom and said arm, said lugs being adapted to co-operate each with at
      least one abutment member integrally connected to each one of the front
      ends of said chassis.
NUM  7.
PAR  7. A device for handling a load bucket removably mountable on a vehicle
      having a front end and a rear end and a framework extending longitudinally
      between said vehicle front and rear ends, said device comprising a boom
      having first and second ends and being provided, at said first end, with
      gripping means for gripping said bucket, while being pivotally connected
      at said second end to an arm which is pivotally connected to a shaft
      arranged transversally with respect to the framework of said vehicle and
      supported to a chassis which has a front end and a rear end and which also
      supports said boom, means being provided for angularly displacing said arm
      in a substantially vertical plane, at least one stop member being provided
      on said arm in the vicinity of the point of pivotal connection between
      said arm and said boom for limiting the pivotal movement of said boom with
      respect to said arm, said second end of said boom being provided with at
      least one lug adapted to co-operate with at least two abutment members
      located on a line extending longitudinally with respect to said vehicle
      framework, said abutment members being fixedly mounted on said front end
      of said chassis, said chassis comprising means for enabling said
      transverse shaft to be displaced longitudinally with respect to said
      framework, as well as shaft locking means for locking said shaft in a
      desired position with respect to said chassis, the latter being pivotally
      mounted at its end opposed to said boom on said vehicle framework, said
      device further comprising arm locking means for locking said arm in a
      predetermined angular position with respect to said chassis when said load
      bucket is placed on said vehicle, said boom comprising two boom beam
      members which are placed side by side, each one of said boom beam members
      being freely pivotally connected to a respective one of said arm beam
      members, said boom beam members being connected to each other by a cross
      member located in the vicinity of the pivotal connection between said arm
      and said boom and in the boom portion which comprises the boom end
      provided with said gripping means, said cross member being adapted to
      engage stop members which are provided on said arm, for locking said boom
      in a predetermined angular position with respect to said arm, two lugs
      being arranged at the boom portion comprised between the boom end which is
      provided with said gripping means and the pivotal connection between said
      boom and said arm, said lugs being adapted to co-operate each with at
      least one abutment member integrally connected to each one of the front
      ends of said chassis, front abutment members being nprovided at the front
      ends of the chassis beam members, and rear abutment members being provided
      at the rear ends of said chassis beam members, said front abutment members
      being adapted to limit the forward movement of said lugs associated with
      said boom, while said rear abutment members are adapted to limit the
      rearward movement of said lugs.
NUM  8.
PAR  8. A device for handling a load bucket removably mountable on a vehicle
      having a front end and a rear end and a framework extending longitudinally
      between said vehicle front and rear ends, said device comprising a boom
      having first and second ends and being provided, at said first end, with
      gripping means for gripping said bucket, while being pivotally connected
      at said second end to an arm which is pivotally connected to a shaft
      arranged transversely with respect to the framework of said vehicle and
      supported by a chassis which has a front end and a rear end and which also
      supports said boom, means being provided for angularly displacing said arm
      in a substantially vertical plane, at least one stop member being provided
      on said arm in the vicinity of the point of pivotal connection between
      said arm and said boom for limiting the pivotal movement of said boom with
      respect to said arm, said second end of said boom being provided with at
      least one lug adapted to co-operate with at least two abutment members
      located on a line extending longitudinally with respect to said vehicle
      framework, said abutment members being fixedly mounted on said front end
      of said chassis, said chassis comprising means for enabling said
      transverse shaft to be displaced longitudinally with respect to said
      framework, as well as shaft locking means for locking said shaft in a
      desired position with respect to said chassis, the latter being pivotally
      mounted at its end opposed to said boom on said vehicle framework, said
      device further comprising arm locking means for locking said arm in a
      predetermined angular position with respect to said chassis when said load
      bucket is placed on said vehicle, said boom comprising two boom members
      which are placed side by side, each one of said boom beam members being
      freely pivotally connected to a respective one of said arm beam members,
      said boom beam members being connected to each other by a cross member
      located in the vicinity of the pivotal connection between said arm and
      said boom and in the boom portion which comprises the boom end provided
      with said gripping means, said cross member being adapted to engage stop
      members which are provided on said arm, for locking said boom in a
      predetermined angular position with respect to said arm, two lugs being
      arranged at the boom portion comprised between the boom end which is
      provided with said gripping means and the pivotal connection between said
      boom and said arm, said lugs being adapted to co-operate each with at
      least one abutment member integrally connected to each one of the front
      ends of said chassis, front abutment members being provided at the front
      ends of the chassis beam members, and rear abutment members being provided
      at the ear ends of said chassis beam members, said front abutment members
      being adapted to limit the forward movement of said lugs associated with
      said boom, while said rear abutment members are adapted to limit the
      rearward movement of said lugs, said front abutment members having at
      least one rearwardly directed transverse vertical surface, and said rear
      abutment members having at least one forwardly directed transverse
      vertical suface, said transverse vertical surfaces being connected at
      their lower ends by a horizontal surface.
NUM  9.
PAR  9. The device of claim 1 wherein a pressure fluid jack for angularly
      displacing said arm is mounted between two arm beam members constituting
      said arm and arranged in a side by side relation, said jack being
      pivotally mounted at its front end on a frame supporting said device,
      which frame is integrally connected to the framework of said vehicle, and
      the rear end of said jack being pivotally connected to a transverse shaft
      connecting said arm beam members.
NUM  10.
PAR  10. The device of claim 1 wherein said means for displacing said transverse
      shaft comprise slide members mounted onto the ends of said transverse
      shaft and adapted to be slidingly displaced in slide-ways provided,
      respectively, in two chassis beam members which constitute said chassis
      and which are arranged in side by side relation.
NUM  11.
PAR  11. A device for handling a load bucket removably mounted on a vehicle
      having a front end and a rear end and a framework extending longitudinally
      between said vehicle front and rear ends, said device comprising a boom
      having first and second ends and being provided, at said first end, with
      gripping means for gripping said bucket, while being pivotally connected
      at said second arm to an arm which is pivotally connected to a shaft
      arranged transversally with respect to the framework of said vehicle and
      supported by a chassis which has a front end and a rear end and which also
      supports said boom, means being provided for angularly displacing said arm
      in a substantially vertical plane, at least one stop member being provided
      on said arm in the vicinity of the point of pivotal connection between
      said arm and said boom for limiting the pivotal movement of said boom with
      respect to said arm, said second end of said boom being provided with at
      least one lug adapted to co-operate with at least two abutment members
      located on a line extending longitudinally with respect to said vehicle
      framework, said abutment members being fixedly mounted on said front end
      of said chassis, said chassis comprising means for enabling said
      transverse shaft to be displaced longitudinally with respect to said
      framework, as well as shaft locking means for locking said shaft in a
      desired position with respect to said chassis, the latter being pivotally
      mounted at its end opposed to said boom on said vehicle framework, said
      device further comprising arm locking means for locking said arm in a
      predetermined angular position with respect to said chassis when said load
      bucket is placed on said vehicle, said means for displacing said
      transverse shaft comprising slide members mounted onto the ends of said
      transverse shaft and adapted to be slidingly displaced in slide-ways
      provided, respectively, in two chassis beam members which essentially
      constitute said chassis and which are arranged in side by side relation,
      each one of said slide ways comprising at each one of its ends an abutment
      member.
NUM  12.
PAR  12. The device of claim 1 wherein said means for locking said transverse
      shaft comprise a locking beam pivotally connected to said transverse
      shaft, said locking beam having one end adapted to engage a notch provided
      in a cross member of said chassis, and a rotatively mounted cam being
      provided and adapted to raise said locking beam.
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PAL  A loading apparatus in motor truck is described which is capable of moving
      loads on the truck in a rotational manner by means of a series of endless
      chains and wherein substantially all of the area of the truck bed is
      utilized without producing a dead space on the truck bed while performing
      loading and unloading operation. The loading apparatus is characterized in
      that two longitudinal tracks and a lateral track therebetween are mounted
      on the truck bed and each track is equipped with a unique lifting
      assembly. Each of the longitudinal tracks and lateral track include a pair
      of guide rails and a fixed load supporting member mounted there-between to
      the truck bed and which cooperate with its lifting assembly, such that
      when the guide rails are lowered by the lifting assembly, a moving load
      will be stabilized upon such fixed load supporting members and
      immobilized.
BSUM
PAR  The present invention relates to a loading apparatus in a motor truck which
      is capable of moving loads on the truck in a rotational manner by means of
      endless chains and wherein substantially the entire area of the truck bed
      is utilized without producing a dead space on the truck bed while
      performing loading and unloading operations.
PAR  According to the present invention, a loading apparatus is provided in a
      motor truck in conjunction with the motor truck bed. Preferably, the motor
      truck is provided with a tailgate which can be raised and lowered bodily
      or by conventional elevator means. The loading apparatus is characterized
      in that guide rails comprising two longitudinal tracks and a lateral track
      therebetween are mounted on the truck bed and are equipped with a unique
      lifting assembly. Each of the longitudinal and lateral tracks include a
      pair of guide rails and a fixed load supporting mounted therebetween to
      the truck bed and which cooperate with the lifting assembly such that when
      the guide rails are lowered by the lifting assembly, the movable loads are
      stabilized upon such fixed load supporting members for immobilization of
      the loads. Each of the endless chains is provided with projections that
      are freely movable up and down on the chain and each of the chains is
      disposed in a middle groove that is provided within the fixed load
      supportng members that are located between the rails of each track such
      that each of the endless chains are exposed on the surface on the bed of
      the motor truck in the forward run of the chain.
PAR  In conventional loading apparatus for a motor truck which is capable of
      moving loads in a rotational manner in which the chain is provided in an
      elliptical shape in the plane of the bed and a load is transferred along
      said chain and unloaded from the truck, the transverse axis of said chain
      is long and the length of the body is extended accordingly, so that the
      loading apparatus is not efficiently operated on the truck which has a
      small loading area. Moreover, these conventional assemblies are of a much
      more sophisticated nature and fail to realiably fix a load supporting
      arrangement in conjunction with the rotationally operation for safe
      immobilization of any loads that are loaded and unloaded from the motor
      truck.
PAR  The patents to Kappen, U.S. Pat. No. 2,521,727, Chandler, U.S. Pat. No.
      3,240,797, Weston, U.S. Pat. No. 3,559,831 and Bohman, U.S. Pat. No.
      3,831,794 are indicative of the prior art and such sophisticated
      arrangements. While these conventional arrangements have been found to be
      quite practical under some circumstances where distribution only involves
      a limited number of different type or size loads, a small volume of loads,
      or the return of a small number of loads, many difficulties have been
      encountered under those circumstances where distribution had involved a
      plurality of different type or size loads, a large volume of loads or the
      return of a large volume of loads. These difficulties have primarily been
      due to the motor trucks not using all of the available space on the truck
      bed. Moreover, many problems have been encountered from a safety
      standpoint since in many cases the loads are not safely secured on the
      truck bed and quite frequently become mobile in relation to the truck bed
      during transit. Needless to say, many accidents have occurred as a result
      of such unrealiable securing means.
PAR  Accordingly, there has arisen a need in the industry for the production of
      a reliable and efficient loading apparatus for a motor truck, preferably
      of simple construction, having a lifting assembly that is capable of being
      utilzed quickly at all times during a distribution route, capable of
      accommodating loads of different types and sizes and supporting, handling
      and transporting such loads in a rotational manner on the truck bed by
      means of endless chains and wherein substantially the entire area of the
      truck bed is utilized without producing a dead space on the truck bed
      while performing loading and unloading operations.
PAR  The principal object of the present invention is to provide a loading
      apparatus in a motor truck which is capable of moving loads on the truck
      in a rotational manner by means of endless chains, which apparatus
      includes two longitudinal tracks and a lateral track positioned at the
      front of the truck bed and between the two longitudinal tracks.
PAR  Another object of the present invention is to provide a loading apparatus
      in a motor truck which employs guide rails that are associated with an
      endless chain assembly and lifting assembly such that when the guide rail
      and chain assemblies are raised or lowered, a load is provided,
      respectively, in a mobile or immobilized state on the truck bed.
PAR  Another object of the present invention is to provide a loading apparatus
      on a motor truck with endless chains which have projections that are
      freely movable up and down and which chains are disposed in a middle
      groove between a pair of guide rails such that during operation, the
      endless chain is exposed on the surface of the bed of the motor truck in
      the forward run of the chain.
PAR  Another object of the invention is to provide an apparatus for conducting
      loading and unloading operations by moving loads on a motor truck in a
      rotational manner by means of chains, wherein the entire area of the truck
      bed is utilzed without producing a dead space on the bed of the motor
      truck during the loading and unloading operations.
PAR  Another object of the present invention is to provide a loading apparatus
      for a motor truck in which the maximum load capacity of a flat bed carrier
      is utilized, at the same time permitting the selective loading and
      unloading of a load from the rear without the need for special handling
      equipment at the loading or unloading end.
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PAR  A still further object of the present invention is to provide a means for
      securing a load at any position in its rotational movement on the truck
      bed and thus, prohibit movement of a load during transit. These other and
      further objects, important features, and advantages of the present
      invention to which attention has not specifically been directed
      hereinabove, will be better understood and appreciated by those skilled in
      the art from the following detailed description of the invention taken in
      conjunction with the accompanying drawngs, in which,
PAR  FIG. 1 is a partially broken away plan view of a loading apparatus
      embodying the present invention.
PAR  FIG. 2 is a side elevational view thereof.
PAR  FIG. 3 is an illustrative view of the method of fixing a load when a motor
      truck is driven.
PAR  FIG. 4 is a side elevational view of a leaf spring element embodied as a
      part of the endless chains in the loading apparatus.
DETD
PAR  Referring to the drawings in detail, and more particularly FIGS. 1 and 2, a
      loading apparatus 20 for a motor truck 40 is mounted in conjunction with a
      truck bed 21 for moving loads 30 on the motor truck 40 in a rotational
      manner by means of endless chains 31, and wherein substantially the entire
      area of the truck bed 21 is utilized without producing a dead space while
      performing loading and unloading operations.
PAR  The loading apparatus, more specifically, comprises two longitudinal tracks
      33 and a lateral track 34 positioned at the front of the truck bed 21.
      Each of the longitudinal tracks 33, as well as lateral track 34, includes
      a pair of spaced guide rails 41 that extend substantially throughout the
      respective entire longitudinal and lateral lengths of the truck bed 21.
      The longitudinal tracks 33 are positioned in alignment with the
      corresponding tracks 22 on tailgate 23. A fixed load supporting member 42
      is mounted between each of the spaced guide rails 41 and to the truck bed
      21. The fixed load supporting member 42 may be constructed as longitudinal
      columns, rails or any similar supporting members, so long as they are
      mounted parallel between the guide rails 41 and capable of supporting a
      loaded cart 50 in a stabilized position. An endless chain 31 is positioned
      within a middle groove 32 of each of the fixed load supporting members 42
      for rotational movement of a load 30 around the entire area of the truck
      bed 21. The endless chains 31 are provided with projections 8 that are
      freely movable up and down such that the endless chains 31 are exposed on
      the surface of the truck bed in the forward run of the chain. The guide
      rails 41 are preferably formed of U-channel rail members so as to
      accommodate carts 50 having swivel castors 51 adaptable for movement
      within the U-channel guide rails 41 when the guide rails are in a raised
      position and in contact with the bottom surface of the castors 51. A
      lifting assembly 4 is provided in conjunction with the respective ends 43
      of each longitudinal track 33 and lateral track 34 and associated with the
      guide rails 41, such that upon actuation of the lifting asssembly 4, the
      guide rails are raised or lowered in the desired fashion. During the
      raised position, the load is mobile and may be shifted along the guide
      rails 41 since the castors 51 are in contact with the rails. Of course,
      the bottom of the load is provided out of contact with the fixed load
      supporting members when the lifting assembly 4 is raised. However, when
      the lifting assembly is lowered as shown by dotted lines in FIG. 2, and
      more specifically in FIG. 3, the guide rails 41 are lowered out of contact
      with the bottom of the load, whether it be the bottom surface of the load
      30 itself or the castors 51 of the cart 50. As depicted in FIG. 3, a space
      10 is provided beneath each castor 51 in the lowered position. When this
      occurs, the load 30 becomes safely and securely positioned upon the fixed
      load supporting members 42 and is immobilized. An endless chain 31 is
      mounted within the groove 32 around a triangular arrangement of three
      sprockets 5 which are mounted on shaft members 6 in each of the two
      longitudinal runs and in the lateral truck of the loading apparatus 20.
      Each chain 31 is adapted to be moved up and down aong with its set of
      guide rails 41 by the lifting or elevating assembly 4 that is associated
      with that particular track. The endless chain 31 is provided with a
      plurality of leaf springs 8 by which a load 30 or cart 50 can be moved by
      grappling lugs 7 projecting downwardly from the edge of the cart 50 when
      the chain is actuated and driven through the lower drive sprocket 5 by a
      motor (not shown). The grappling lugs 7 are nudged forward by the leaf
      springs 8 and moved in a rotational fashion around the truck bed 21. The
      three sprockets 5 are journaled on each corner of the chain 31 so that the
      springs 8 may be disconnected smoothly from the engaging lug 7 to change
      th direction of said chain 31 to about 90.degree. downwardly when the
      springs 8 have transferred the cart 50 to the intermost part of each
      track. While the chain 31 has been shown in engagement around three
      sprockets 5, it should be recognized that any number and array of
      sprockets 5 could be employed. Moreover, leaf spring 8 could easily be
      replaced by another type of projections arranged outside the chain 31 if
      so desired. In the preferred embodiment, lifting assembly 4 comprises a
      hydraulic piston rod assembly 25. Upon being activated, a pump (not shown)
      pushes a fluid against the piston rod and thereby raises and/or lowers the
      guide rails 41 in the desired manner, as the case may be.
PAR  Briefly describing the operation of the loading apparatus 20 on the motor
      truck, the lifting or elevating assembly 4 is driven upwardly and the
      bottom surface of a load 30, such as wheels 51 of a cart 50, are placed in
      contact with the guide rails 41. The endless chain 31 is then driven and
      the grappling lugs 7 of the cart 50 are pushed smoothly and lightly toward
      the front of the truck bed by leaf spring projections 8 of the chain. When
      this transferred operation is finished, the lifting or elevating device 4
      is operated so that the guide rails 41 and chain 31 are moved downwardly
      to fix the cart 50 safely and securely on the fixed load supporting member
      42. This phenomena occurs by virtue of locating the wheels 51 apart from
      the guide rails 41 and stabilizing the intermost part of the load or cart
      50 upon the fixed load supporting member 42. Such a loading apparatus
      allows the cart 50 to be transferred within the truck body without
      changing the direction in loading and unloading operation and, therefore,
      the narrow bed of a truck can be used more efficiently as the loading
      space. Moreover, the unique liftng and elevating assembly 4 allows the
      cart 50 to be secured during transit without the use of sophisticated
      rigging or dunnage arrangements.
PAR  It should be manifest that while the preferred embodiment of the present
      invention has been shown and described for illustrative purposes, the
      present invention is capable of wide variation. For example, instead of a
      motor truck the present invention is capable of being incorporated in a
      trailer body or any other high capacity vehicle that is used for the
      movement of a load, wherein it is desired to use all of the available
      storage and load capacity, and/or when it is desired to safely secure the
      load on the truck bed with relative ease. Also, while the preferred
      embodiment illustrates the use of a hydraulic means for raising or
      lowering the guide rails 41 and chain assembly 31, any other well-known
      elevating means could be used, such as a pneumatic, electrical or
      mechanical arrangement.
PAR  It is believed that the present invention, its mode of construction,
      assembly and operation, and many of its advantages attendant thereto
      should be readily understood from the foregoing without further
      description and it should also be manifest that, while a preferred
      embodiment of the invention has been shown and described for illustrative
      purposes, the structural details are nevertheless capable of a wide
      variation within the purview of the invention as defined in the appended
      claims.
CLMS
STM  The embodiment of the invention in which an exclusive property right or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A loading apparatus for a motor truck having a load supporting truck bed
      which is capable of moving loads on the load supporting truck bed in a
      rotational manner comprising two longitudinal tracks on opposite sides of
      the truck bed in spaced relationship and substantially covering the entire
      bed area of said truck with the exception of a void area at least
      approximately the size of the area covered by one load, and a lateral
      track that is positioned at the front of the truck bed between said
      longitudinal tracks substantially covering said void area, each of the
      longitudinal tracks and lateral track including a pair of spaced guide
      rails that extend substantially throughout the respective entire
      longitudinal and lateral lengths of the truck bed, a fixed load supporting
      means having a centrally located parallel groove being secured between
      each pair of guide rails secured to the truck bed, an endless chain
      assembly means positioned within the centrally located groove of said
      fixed load supporting member and being adapted to engage a movable load
      for rotational movement of the load around the entire area of the truck
      bed, each end of said longitudinal and lateral tracks being provided with
      a corresponding lifting means that is located directly below the truck bed
      and in contact with the respective end of each guide rail, such that upon
      actuation of the lifting means, the end of the guide rail in contact
      therewith is raised or lowered in the desired fashion.
NUM  2.
PAR  2. A loading apparatus for a motor truck as defined in claim 1, wherein the
      lifting means comprises hydraulic means located at the respective ends of
      each of the longitudinal tracks and lateral track and associated with its
      corresponding guide rails, such that upon actuation of the lifting means
      in a lowered position, the hydraulic means allows its corresponding guide
      rail end to be lowered out of contact with the movable load, in which
      event, the movable load is stabilized against the fixed load supporting
      means.
NUM  3.
PAR  3. A loading apparatus for a motor truck as defined in claim 2, wherein the
      endless chain assembly means is secured on a first sprocket located below
      the truck bed at one end of the centrally located groove and a second
      sprocket located below the truck bed at the opposite end of the centrally
      located groove, and wherein an additional drive third sprocket is located
      directly beneath the first forward sprocket so as to provide a triangular
      arrangement of three sprockets, and thus provide the endless chain
      assembly with a more effective pulling force when the drive sprocket is
      actuated.
NUM  4.
PAR  4. A loading apparatus for a motor truck as defined in claim 2, wherein the
      spaced guide rails are formed of U-channel rail members so as to
      accommodate moving loads having a plurality of castors thereon, and
      wherein each end of said U-channel rail members are provided with a
      corresponding hydraulic means for lifting or raising each end of said
      U-channel rail members in the desired fashion.
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ABST
PAL  An agricultural vehicle designed to be towed behind a farm tractor for
      lifting and transporting large cylindrical bales of hay. An inverting fork
      loader is provided for picking up a bale from the ground and depositing it
      at the front of the vehicle, which has endless conveyor means for
      transporting the bales rearwardly. The loader and conveyor are both
      actuable hydraulically. The vehicle has a tongue or draw bar which may be
      displaced laterally in either of two directions to cause the vehicle to
      follow the tractor in an offset fashion. One embodiment of the invention
      has two conveyors, and the loader may be displaced laterally to deposit a
      bale on either conveyor. Lateral displacement of the loader is reversely
      coordinated with lateral displacement of the tongue in this embodiment of
      the invention.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of agricultural machinery, and
      particularly to apparatus for facilitating the handling of hay in the form
      of large cylindrical bales about 5 feet in diameter and 4 feet long, as
      produced by newer hay harvesting machinery. The baling operation is
      considerably more efficient, tying and so forth being performed once
      instead of say 25 times for the same weight of hay, and subsequent
      handling involves one twenty-fifth as many units, but the cylindrical
      bales weigh about 1500 pounds apiece, are left lying on their sides on the
      ground by the baler, and do not lend themselves readily to transportation
      or handling by heretofore conventional means.
PAC  SUMMARY OF THE INVENTION
PAR  My invention comprises a vehicle, adapted for towing behind a conventional
      farm tractor, by means of which the tractor operator can load and
      transport a plurality of these heavy bales without leaving the tractor,
      and without the help of other workmen. In one embodiment of the invention
      the vehicle has a central partition and transports up to ten of the bales
      in two rows of five bales each carried coaxially. The bed of the vehicle
      has two longitudinal conveyors actuable to transport rearwardly material
      resting on them: these conveyors are actuated hydraulically. At the front
      of the vehicle a loader in the form of an inverting fork lift can be
      positioned to raise a bale from the ground and deposit it on a selected
      conveyor at the front end of the vehicle: the conveyor then moves the bale
      rearward by a bale length. The lift is also actuated hydraulically. The
      tow bar or tongue connecting the vehicle with the tractor is arranged to
      be offset, and the loader operation is coordinated with the direction of
      the vehicle offset. A simplified embodiment of the invention provides a
      narrower vehicle which can receive 5 bales coaxially along its length, and
      in which the position of the loader is fixed although the tongue is still
      displaceable to either side.
PAR  A principal object of the invention is thus to provide a new and improved
      agricultural vehicle. Another object is to provide such a vehicle which
      lifts bales from the ground and deposits them at the front of a conveyor
      which moves them rearward, all at the control of a single operator.
      Another object is to provide such a vehicle which will travel offset from
      the towing vehicle on either side thereof, so that the tractor moves
      beside the bale to be loaded while the loader engages it. Another object
      is to provide such a vehicle with a plurality of conveyors on which the
      loader can selectively deposit the bales. A more specific object is to
      provide such a vehicle in which displacement of a tongue in one direction
      to cause offset following by the vehicle automatically displaces the
      loader in the opposite direction.
PAR  Various other objects, advantages, and features of novelty which
      characterize my invention are pointed out with particularity in the claims
      annexed hereto and forming a part hereof. However for a better
      understanding of the invention, its advantages, and object attained by its
      use, reference should be had to the drawing which forms a further part
      hereof, and to the accompanying descriptive matter, in which there are
      illustrated and described certain preferred embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing FIG. 1 is a plan view of one embodiment of the invention;
PAR  FIG. 2 is a side elevation of that embodiment;
PAR  FIG. 3 is a front view of that embodiment, parts being broken away for
      purposes of illustration;
PAR  FIG. 4 is a section taken along the line 4--4 of FIG. 2;
PAR  FIG. 5 is a section along the line 5--5 of FIG. 1;
PAR  FIG. 6 is an exploded detail of a loading mechanism; and
PAR  FIGS. 7, 8 and 9 are plan, side and front views of a second embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The embodiment of the invention shown as FIGS. 1-6 comprises a wheeled
      chassis 10 upon which there is mounted an elongated bale transporting body
      11 having a bottom 12, side walls 13, 14, and a central longitudinal
      partition 15 which divides the body into left and right longitudinal
      sections 16 and 17. Cross reinforcing arches 18 may be provided as at 18
      if desired. An endless link coveyor 20 extends longitudinally along the
      floor of section 16, passing around an idler gear 21 at the rear and a
      drive gear 22 at the front. Gear 22 is driven by a hydraulic motor 23,
      having hydraulic connections 24 and 25, in a direction to move the upper
      reach of the conveyor rearwardly, and the conveyor has a plurality of lugs
      26 adapted to engage material resting on the conveyor and transport it
      rearwardly. Means 27 may be provided for adjusting the tension in conveyor
      20. A similar conveyor 30 extends along the bottom of section 17 of the
      vehicle, and is driven by hydraulic motor 33 having hydraulic connections
      34 and 35.
PAR  My vehicle is adapted to be drawn by a farm tractor, and for this purpose a
      draw bar or tongue 40 is pivoted at 41 to the front end of chasis 10, and
      is provided with a suitable hitch 42. At the front edge of the vehicle
      tongue 40 is supported by a bracket 43 secured to a cross plate 44 of body
      11. Plate 44 and bracket 43 are provided with a central bore 45 and
      lateral bores 46 through which a pin 47 may pass to engage bore 50 or bore
      51 in tongue 40, locking the tongue angularly in a straight ahead position
      or in right or left offset positions: the tongue is shown in its straight
      ahead position by solid lines in FIG. 1, and as displaced to the right in
      broken lines. Similarly the tongue is shown as displaced to the right in
      FIGS. 4, 5 and 6.
PAR  A track 60 is pivotally mounted at its ends of the front of body 11 by
      means detailed in FIG. 6. A plug member 61 is inserted into the track
      member and has a trunnion 62 adapted to be received between bearing plates
      63 and 64, the latter being a portion of a member 65 secured to the side
      of the body. The end of plug member 61 is squared at 66 to be received in
      a square opening 67 in a crank arm 70, which is held to the plug by
      suitable means such as a bolt 71. A crank pin 72 projects from arm 70, and
      a pivot pin 73 projects from an offset 74 of member 65. A hydraulic
      cylinder 75 is mounted on pins 72 and 73, and its stroke is such as to
      cause rotation of crank arm 70, and hence track 60, through an angle less
      than 180.degree.: in one embodiment of the invention that angle was
      147.degree.. Hydraulic connections are made to cylinder 75 at 76 and 77.
      The apparatus just described is repeated in mirror image at the other end
      of track 60, including hydraulic connections 78 and 79.
PAR  A carriage 80 is mounted for linear movement along track 70, and carries a
      pair of arms 81 and 82 suitably braced by gores 83 and 84 and a cross
      member 85. Arms 81 and 82 are pivoted at 86 to extend at an angle and
      provide lifting fingers 87, 88 resiliently maintained against supporting
      inserts 90 and 91 by springs 92 and 93.
PAR  Members 60-93 cooperate to comprise a loader 94 in the form of an inverting
      fork lift transversely movable with respect to the body. The angle between
      members 86, 87 and members 81, 82 is such that when the former are at
      ground level they extend generally parallel to the ground. For this
      condition the crank arms are arranged so that the hydraulic cylinders are
      in their fully extended conditon. Hydraulic energization of the cylinders
      then causes clockwise rotation of the crank arms, as seen in FIG. 2,
      raising members 81, 82 to the position shown in solid lines in FIG. 2, and
      thus inverting any object carried by the loader and allowing it to drop
      into the front of the vehicle body where it rests on a conveyor and may be
      transported rearwardly thereby. FIG. 2 shows in solid lines a first bale
      95 which has been loaded and transported rearwardly by one bale length, a
      second bale 96 just loaded, and the position of the bale 96 before
      loading.
PAR  Means are provided for reversely coordinating the lateral position of
      loader 94 with the lateral displacement of tongue 40. To this end an
      endless cable 100 is shown, particularly in FIG. 4, as passing around
      pulleys 101 and 102 secured slantwise to the insides of members 65 to have
      an upper reach and a lower reach, the former being located forwardly of
      the latter. A boss 103 projects upwardly from tongue 40 and is secured to
      cable 100 in any suitable fashion. A plate 104 oriented normally to the
      direction of the cable is a part of carriage 80, and includes an arcuate
      slot 105 through which cable 100 pases. Clamps 106 and 107 grip the cable
      on opposite sides of plate 104, so that movement of the carriage on track
      60 accompanies movement of the cable. The arrangement is such that when
      tongue 40 is in its straight forward position, carriage 80 is at the
      center of track 60, and when tongue 40 is displaced to the left or the
      right, carriage 80 is as a result oppositely displaced, to the right or
      the left respectively.
PAR  Hydraulic power for actuating the cylinders and motors of the vehicle is
      available at the tractor, where conventional valves for controlling the
      actuators may be located. A hose assembly 97 supplies the controlled
      hydraulic fluid to connections 25, 26, 34, 35, 76, 77, 78 and 79
      inclusive. The valving is entirely conventional, and may be located at the
      user's convenience on the tractor, or perhaps at the forward part of the
      tongue, or elsewhere as desired.
PAR  A simplified embodiment of the invention is shown in FIGS. 7-9. It
      comprises a wheeled chassis 110 upon which there is mounted an elongated
      bale transporting body 111 having a bottom 112 and side walls 113, 114. An
      endless link conveyor 120 extends longitudinally of the floor of bottom
      112, passing around an idler gear 121 at the rear and a drive gear 122 at
      the front. Gear 122 is driven by a hydraulic motor like motor 30, in a
      direction to move the upper reach of the conveyor rearwardly, and the
      conveyor has a plurality of drive lugs 126 adapted to engage material
      resting on the conveyor and transported rearwardly.
PAR  This vehicle is also adapted to be drawn by a farm tractor and for this
      purpose a draw bar or tongue 140 is pivoted at 141 to the front end of
      chassis 110, and is provided with a suitable hitch 142. At the front of
      the vehicle tongue 140 is supported by a bracket 143 secured to a cross
      plate 144 of body 111. Plate 144 and bracket 143 are provided with a
      central bore 145 and lateral bores 146 through which a pin 147 may be
      passed to engage bores in tongue 140, locking the tongue angularly in a
      straight ahead positiion or in right or left offset positions.
PAR  The loader 194 of this vehicle is exactly the same as loader 94 of the
      vehicle previously described, except that the fork lift is not adjustable
      laterally and has no connection with the tongue of the vehicle.
PAC  Operation
PAR  In use the vehicle is coupled to the tractor both for mechanical draft, by
      tongue 40, and for hydraulic control, through hose assembly 97. The tongue
      is in its straight ahead position, and the loader is raised, and is
      positioned centrally if the vehicle has two load sections. The vehicle is
      now towed to the field where bales of hay lie on their sides, where the
      operator displaces tongue 40 to one of its lateral positions, loader 94
      being simultaneously positioned for the two section vehicle.
PAR  Now the operator drives the tractor toward the first bale to be loaded, and
      lowers the fork so that members 86 and 87 slide along on the ground or
      nearly so. Coming up beside the first bale, he moves members 86 and 87
      under the bale, parallel to the axis thereof. The hydraulic cylinders are
      now actuated, and the bale is lifted and inverted, and tumbles off the
      loader onto the front of a conveyor, lying with its axis aligned
      therewith. The appropriate hydraulic motor is now energized to convey the
      bale rearwardly on the vehicle by the length of the bale. The vehicle is
      now towed to the location of the next bale to be loaded, and the process
      is repeated.
PAR  When one section of the vehicle is loaded the operator reverses the
      displacement of tongue 40, loader 94 following in a reverse sense, and
      proceeds to load another five bales. When this is done the tongue is
      returned to its central position, the vehicle is towed to a storage or
      utilization area, and the bales are moved off the vehicle at its rear end
      by conveyor operation.
PAR  From the foregoing it will be evident that I have invented a new and
      improved vehicle for lifting and transporting large cylindrical hay bales
      under the control of a single operator, using mechanical and hydraulic
      power available in farm tractors. By its use maximum advantage may be
      taken of the economics of baling hay in large cylindrical bales.
PAR  Numerous objects and advantages of my invention have been set forth in the
      foregoing description, together with details of the structure and function
      of the invention, and the novel features thereof are pointed out in the
      appended claims. The disclosure, however, is illustrative only, and
      changes may be made in detail, especially in matters of shape, size, and
      arrangement of parts, within the principle of the invention, to the full
      extent indicated by the broad general meaning of the terms in which the
      appended claims are expressed.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An agricultural vehicle for loading and transporting large cylindrical
      hay bales of known diameter and length, comprising:
PA1  a wheeled chassis;
PA1  an elongated bale transporting body mounted on said chassis and including
      longitudinal walls spaced in accordance with the diameteer of a bale, to
      divide said body into a plurality of lateral sections, and to prevent the
      bales from rolling sideways off said body;
PA1  conveyor means extending along each section of said body between said walls
      for transporting material resting thereon rearwardly of said body;
PA1  loading means at the front of said body for raising a bale from the ground
      and depositing it lengthwise on its side on either conveyor means at the
      front of said body;
PA1  means including a tongue pivoted to said body at a location behind the
      front of said body for setting out of a normal central position into
      either of two opposite laterally offset positions, to cause continuous
      lateral displacement of said agricultural vehicle as it moves behind said
      towing vehicle whereby either body section may be out of line with the
      towing vehicle and available for front loading;
PA1  means for positioning said loading means to deposit bales in a selected one
      of said channels;
PA1  means for actuating said conveyor means and said loading means and means
      connected to said tongue and said positioning means for automatically
      positioning the loading means, in accordance with offsetting of said
      tongue in front of that body section which is clear of the towing vehicle
      for loading.
NUM  2.
PAR  2. An agricultural vehicle for loading and transporting large cylindrical
      hay bales of known diameter and length, comprising:
PA1  a wheeled chassis;
PA1  an elongated bale transporting body mounted on said chassis and including
      longitudinal walls spaced in accordance with the diameter of a bale, to
      divide said body into a plurality of lateral sections, and to prevent the
      bales from rolling sideways off said body;
PA1  conveyor means extending along each section of said body between said walls
      for transporting material resting thereon rearwardly of said body;
PA1  loading means at the front of said body raising a bale from the ground and
      depositing it lengthwise on its side on either conveyor means at the front
      of said body;
PA1  means including a tongue pivoted to said body at a location behind the
      front of said body for setting out of a normal central position into
      either of two opposite laterally offset positions, to cause continuous
      lateral displacement of said agricultural vehicle as it moves behind said
      towing vehicle whereby either body section may be out of line with the
      towing vehicle and available for front loading;
PA1  means for positioning said loading means to deposit bales in a selected one
      of said channels;
PA1  means for actuating said conveyor means and said loading means;
PA1  means connected to said tongue and said positioning means for positioning
      the loading means in front of that body section which is clear of the
      towing vehicle for loading;
PA1  said last name means comprising
PA1  an endless cable extending transversely near the front of the agricultural
      vehicle about pulleys at each side to have an upper reach and a lower
      reach;
PA1  a track extending transversely at the front of the vehicle;
PA1  carriage means mounting said loading means on said track;
PA1  means pivotally connecting said tongue to said chassis at a point rearward
      of said track;
PA1  means interconnecting said carriage means with the upper reach of said
      cable and interconnecting said tongue with the lower reach of said cable
      so that as said tongue is displaced in one direction said loading means is
      displaced in the opposite direction;
PA1  and means for locking said tongue in a plurality of displaced positions.
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ABST
PAL  A package for such liquids as men's cologne and after shave lotion
      comprising a cork covering for a bottle and cap in the form of two body
      members recessed for receiving the cap and bottle and so arranged as to
      facilitate the handling and opening and closing of the bottle and cap. The
      cork covering serves to protect against breakage while providing a
      particularly appealing outer configuration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a package especially adapted to men's cologne,
      after shave motion and the like type liquids, and more particularly to an
      arrangement for providing a highly ornamental and pleasing package while
      protecting the contents against breakage, while also facilitating the
      opening and closing of the bottle.
PAR  2. Description of the Prior Art
PAR  Various types of packages have been used for packaging men's colognes,
      after shave lotions, and like liquids. Significantly, the most widely used
      are glass bottles generally provided with plastic caps. Because of the
      nature of the goods stored in such containers, very often the cap, which
      must be screwed tight to prevent evaporation, is difficult to remove
      especially when the user's hands have become wet or soapy from other
      bathing or cleansing operations. Further, glass bottles are very breakable
      and wet or soapy hands often cause the dropping of the bottles and
      breakage thereof or the spilling of the contents. Hence, plastic bottles
      have been utilized, but have proven to be unsatisfactory due to the fact
      that certain plastics have crack sensitivity to various types of aromatic
      liquids and the plastic material has a generally cheap and unattractive
      appearance and in themselves are slippery.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the disadvantages of prior packaging by
      enabling the use of glass bottles and by providing for protection against
      breakage and for facilitating the opening and closing of the bottle while
      providing a highly attractive appearance.
PAR  The concept of this invention features a package employing two body members
      formed of cork which cover the bottle and cap and hold the bottle and cap
      against rotation thereby facilitating the handling, opening and closing of
      the bottle. The bottle and cap are provided with vertical ribs thereon
      which aid the cork body members to more firmly grip the respective bottle
      and cap.
PAR  It is therefore an object of the invention to provide a package for such
      liquids as men's cologne, after shave lotion, and the like that is highly
      ornamental in appearance, yet which facilitates the handling of the bottle
      and cap and protects the bottle against breakage, while also providing a
      generally slip and tip-free base for the container.
DRWD
PAR  These, together with the various ancillary objects and features of the
      invention, which will become apparent as the following description
      proceeds, are attained by this package, a preferred embodiment of which is
      illustrated in the accompanying drawing, by way of example only, wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an exploded elevational view of the package with parts being
      broken away showing other parts in section;
PAR  FIG. 2 is a vertical sectional view of the package shown in a closed
      position;
PAR  FIG. 3 is a partial horizontal sectional view taken along the plane of line
      3--3 in FIG. 2;
PAR  FIG. 4 is a partial horizontal sectional view taken along the plane of line
      4--4 in FIG. 2; and,
PAR  FIG. 5 is a partial vertical sectional view in a reduced scale showing the
      invention in use with the cap seated in a body member and removed from the
      bottle.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continuing reference to the accompanying drawing, wherein like
      reference numerals designate similar parts throughout the various views,
      reference numeral 10 is used to generally designate a package constructed
      in accordance with the concepts of the present invention. The package 10
      includes four main parts, namely, a bottle 12, a cap 14, a lower body
      member 16, and an upper body member 18.
PAR  The bottle 12 is preferably formed of glass and has substantially
      cylindrical side walls 20 and a neck 22 of reduced cross-sectional
      configuration. The neck is threaded as at 24.
PAR  The outerconfiguration of the cylindrical side wall 20 is such that a
      plurality of recessed panels 26 are formed defining a plurality of
      vertically extending ribs 28.
PAR  The cap 14 is internally threaded and its outer surface is fluted to form a
      plurality of ribs 30 which are closely spaced and which extend vertically.
PAR  The lower body member 16 is formed of cork which is suitably resilient and
      which is of a generally cylindrical shape having a cylindrical recess 32
      therein. The recess 32 has a diameter which is slightly less than the
      diameter of the bottle 12. The bottle 12 is force fitted into the recess
      32 so that it is resiliently held against rotation by the lower body
      member 16, the ribs 28 serving to aid against rotation, as can be seen
      best in FIG. 4. The upper body member 18 is provided with a recess 36
      therein of slightly less diameter than the outer diameter of the cap 14,
      which is force fitted into the recess 36, with the ribs 30 serving to
      prevent relative rotation of the cap 14 and the upper body member 18. The
      upper body member 18 is provided with a further recess 38 for receiving
      the upper portion 40 of the bottle 12 and the upper body member is
      undercut at 42 to delineate the upper body member 18 from the lower body
      member 16.
PAR  In use, the bottle 12 is force fitted in the recess 32 with the cap 14
      thereon. Then, the upper body member 18 is positioned so that the cap 14
      is force fitted into recess 36. Rotation of the upper body member 18, such
      as indicated by arrow 46, FIG. 5, will rotate the cap 14 and thus
      facilitate the opening the closing of the bottle 12 by providing an easily
      grasped member having a much greater lever arm because of its greater
      diameter than that of the cap 14. Under conditions where a user's hands
      are wet or soapy, the manipulation of the bottle 12 and cap 14 is greatly
      facilitated by the body members 16 and 18 which have their respective
      upper surface 48 and lower surface 50 in abutting relationship, as can be
      seen in FIG. 2, when in a closed position. The use of the body members 16
      and 18 will facilitate the tight closing of the bottle to prevent
      evaporation and the larger base of the lower body member 16 from that of
      the bottle 12 as well as the anti-slip surface provided by the cork
      construction thereof safeguards the bottle 12 against tipping or sliding
      as often occurs as when a glass bottle is placed on a wet or soapy sink or
      the like.
PAR  A latitude of modification, substitution and change is intended in the
      foregoing disclosure and in some instances some features of the invention
      may be employed without a corresponding use of other features.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A package for liquid comprising a bottle having substantially
      cylindrical side walls, a threaded reduced diameter neck and a conical
      shoulder connecting said sidewalls and said neck, a threaded cap having a
      roughened outer surface disposed on said neck, and a plurality of
      vertically extending ribs disposed on said cylindrical side walls, a first
      body member of a resilient cork material having a first recess therein of
      slightly less diameter than the diameter of said bottle across a pair of
      opposed ribs, said first recess having a depth of not more than the length
      of said side walls, said bottle being press fitted in said first recess so
      that said vertically extending ribs engage said resilient cork material,
      and a second body member of resilient cork material having a second recess
      therein said second recess including an upper portion of slightly less
      diameter than said cap and a lower portion conforming to said shoulder
      portion of said bottle, said cap being press fitted in said upper portion
      of said second recess so that the roughened outer surface of said cap
      engages said second body member and snugly grips said cap, and said lower
      portion of said second recess encloses said shoulder portion of said
      bottle, said first and second body members being in abutting relationship.
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ABST
PAL  An elongated container substantially round in cross section comprising a
      substantially round elongated hollow female member having a closed end, an
      open end, and a peripheral opening extending from the closed end to the
      open end, and a substantially round elongated hollow male member having a
      first end, a second end, a peripheral opening extending from one end to
      the other, and a plurality of fingers attached to and extending inward
      from the periphery of the first end, the male member being slidably and
      rotatably inserted into the female member with the second end of the male
      member adjacent to the closed end of the female member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a container useful for storing and dispensing
      biological specimens including blood specimens, cultures, vaccines, animal
      semen, and the like. Such specimens are frequently sealed in glass
      ampules, plastic ampules, glass tubes, or plastic tubes (plastic straws),
      and the like. The ampules, or tubes, or straws containing such specimens
      are immersed in a refrigerant such as liquid nirogen and are removed from
      the refrigerant as needed.
PAR  The container of this invention is well adapted for holding or containing
      such ampules, or tubes, or straws when they (the ampules, tubes, or
      straws) are immersed in the refrigerant and for dispersing one or more
      such ampules, tubes, or straws when the content thereof is needed.
PAR  The container of this invention is especially useful for storing and
      dispersing straws containing semen for breeding cattle.
PAR  Extensive field tests led to the introduction in the early 1950's of
      commercial techniques which have shown that semen, properly collected and
      frozen, can be stored for long periods and distributed economically in the
      frozen state. Economics and advantages in the distribution of frozen semen
      are such that most of the artificial breeding of dairy cattle in the
      United States has been converted to this technique. Generally, the
      procedure involves collecting the semen, packaging it in a suitable
      container, such as an ampule or a slender plastic straw measuring about
      five inches in length, and storing the package in a suitable refrigerating
      apparatus maintained at a temperature of about -320.degree.F by means of
      liquid nitrogen.
PAR  Recently, the straw has gained favor as the most desirable container for
      use in the artificial breeding system. The straw containing the semen
      carries such information as the name of the sire, registration number,
      code number, batch identification, and any other information that may be
      desired.
PAR  Prior art containers are taught by U.S. Pat. No. 3,716,133 (206/65 A,
      Koebler) and U.S. Pat. No. 3,743,104 (211/60, Peterson).
PAR  U.S. Pat. No. 3,187,937 (220/94, Berta) describes a canister which can be
      used to suspend the container of this invention in a liquid refrigerant
      such as liquid nitrogen.
PAC  SUMMARY OF THE INVENTION
PAR  In summary, this invention is directed to a container for containing and
      dispensing tubes, straws, ampules, or the like containing biological
      specimens which are stored in a liquid refrigerant such as liquid
      nitrogen. Hence, it is an object of this invention to provide a container
      which is useful for storing and dispensing ampules, tubes, straws and the
      like which contain biological specimens.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical cross-section of a container of this invention, with
      storage straws therein, positioned in a canister adapted for supporting
      the container in a liquid refrigerant.
PAR  FIG. 2 is a vertical view of said canister with parts cut away to show the
      bottom thereof.
PAR  FIG. 3 is a vertical cross-section of said canister showing the storage
      area thereof.
PAR  FIG. 4 is a vertical view of the female and male members which, where
      assembled, comprise a container of this invention.
PAR  FIG. 5 is a vertical view of said female and male members assembled to form
      a container of this invention.
PAR  FIG. 6 is a vertical view of a plastic cup, with plastic straws therein,
      which can be inserted into said male member, before assembling the female
      and male members, to provide support for the plastic straws which contain
      the stored biological material.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Although canister 19 does not constitute a part of this invention, it does
      constitute a convenient device for supporting the container of this
      invention in a liquid refrigerant such as liquid nitrogen. The container
      of this invention shown generally at one of FIG. 1 and FIG. 5 can be
      positioned in the canister as shown in FIG. 1 and the loaded canister can
      then be placed in the liquid refrigerant (e.g., as taught by the
      above-mentioned U.S. Pat. No. 3,187,937). The canister, when immersed in
      the liquid refrigerant is supported by hook 28 which constitutes a part of
      canister handle 22. Handle 22 can be hinged as shown at 27 and a portion
      (or all) of the handle can be insulated as shown at 30. Canister 19
      preferably has a plurality of holes 21 in its bottom 20 to permit liquid
      refrigerant to enter and contact the container of this invention.
PAR  The female member (outer member) is shown generally at 2 of FIG. 4. The top
      end of said female member is shown at 3, and its bottom end is shown at 4.
      The peripheral opening of the female member is shown at 5.
PAR  Top end 3 of female member 2 is closed with member 6 which is supported by
      fingers 7 which extend inward from the periphery of the top end 3 of
      female member 2. Alternatively, member 6 can be an intregral part of
      female member 2 or it can be welded or bolted directly to female member 2.
      If desired, holes 35 can be provided in member 6. Alternatively, member 6
      can be attached to female member 2 in such manner as to leave openings
      between member 6 and female member 2. The male member (inner member) is
      shown at 8. The top end of male member 8 is shown at 10 and the bottom end
      of said member 8 is shown at 9. Fingers 12 extend inward from the
      periphery of member 8. In an equivalent embodiment fingers 12 can be
      replaced with rods or bolts extending inward from end 9 of male member 8.
      Said rods or bolts can be welded or bolted to the bottom end 9 of member
      8. Peripheral opening 11 of male member 8 extends from end 9 to end 10.
PAR  Female member 2 and male member 8 are assembled as shown in FIG. 5 to form
      container 1, the container of this invention.
PAR  Plastic cup 13, shown in FIG. 6, has a closed end 14 and an open end 15.
      Said cup is adapted to contain straws (or ampules or tubes) 16 which can
      contain biological specimens (e.g., animal semen or the like) to be
      refrigerated.
PAR  Plastic cups 13 and 26 (each containing straws 16) can be positioned one
      above the other (as shown in FIG. 1) within container 1 which can be
      positioned within canister 19 for storage in a liquid refrigerant.
PAR  It is generally preferred that female member 2, fingers 7, member 6, male
      member 8, and fingers 12 be made of metal (most preferably stainless
      steel). However, other materials such as plastic can be used with
      excellent results.
PAR  If it is desired to place biological samples in ampules, tubes, straws, or
      the like in a container 1 of this invention (e.g., in the container of
      Embodiments A or C, supra) without the use of a first plastic cup 13 or a
      second plastic cup 26, a bottom (e.g., a metal disc, a plastic disc (e.g.,
      a polypropyline disc, a polyethylene disc, or a nylon disc) or a screen or
      wire mesh disc) can be supported by fingers 12. If desired, the disc can
      contain perferations or holes. Such disc can then be used to support the
      ampules, tubes, straws, or the like (which contain the biological samples)
      within container 1.
PAR  If it is desired to dispense with canister 19, container 1 (the container
      of this invention) can be inserted in a box (or cylinder) having a bottom
      and a handle (or arm or wire) attached thereto, and container 1 in such
      box (or cylinder) can be inserted into the liquid refrigerant. Such box or
      cylinder can be made of metal sheets, plastic (e.g., polyethylene,
      polypropylene, or nylon), or screen or wire mesh. Such box or cylinder can
      be perforated to permit the liquid refrigerant to make direct contact with
      container 1. Alternatively, a handle (or wire or arm) can be attached to
      container 1 which can then be inserted into the liquid refrigerant and
      recovered therefrom by such handle.
PAR  Polyethylene, polypropylene, and nylon are preferred plastics for use in
      constructing plastic cups 13 and 26.
CLMS
STM  We claim:
NUM  1.
PAR  1. An elongated container substantially round in cross section comprising:
PA1  a. a substantially round elongated hollow female member having: (i) a first
      end; (ii) a second end; and (iii) a peripheral opening extending from the
      first end to the second end;
PA1  b. an end wall positioned on the first end of the female member;
PA1  c. a substantially round elongated hollow male member having: (i) a first
      end; (ii) a second end; and (iii) a peripheral opening extending from the
      first end to the second end slidably inserted into the female member with
      the first end of the male member adjacent to the second end of the female
      member, the male member being rotatable where inserted into the female
      member; and
PA1  d. a plurality of fingers attached to and extending inward from the
      periphery of the first end of the male member.
NUM  2.
PAR  2. The elongated container of claim 1 in which the width of the peripheral
      opening of the female member is equal to about one-fourth to one-third of
      the circumference of said member.
NUM  3.
PAR  3. The elongated container of claim 2 in which the width of the peripheral
      opening of the male member is equal to about one-fourth to one-third of
      the circumference of said member.
NUM  4.
PAR  4. The elongated container of claim 1 in which its length is about 4-5
      times its diameter.
NUM  5.
PAR  5. The elongated container of claim 4 in which the male member and the
      female member are substantially the same length.
NUM  6.
PAR  6. An elongated container for storing and transporting hollow tubes
      containing animal semen comprising:
PA1  a. a substantially round elongated hollow female member having: (i) a top
      end; (ii) a bottom end; and (iii) a peripheral opening extending from the
      top end to the bottom end;
PA1  b. an end wall positioned on the top end of the female member;
PA1  c. a substantially round elongated hollow male member having: (i) a top
      end; (ii) a bottom end; and (iii) a peripheral opening extending from the
      top end to the bottom end slidably inserted into the female member with
      the top end of the male member adjacent to the top end of the female
      member, the male member being rotatable where inserted into the female
      member;
PA1  d. a plurality of fingers attached to and extending inward from the
      periphery of the bottom end of the male member;
PA1  e. a first substantially round resilient plastic cup having a closed end
      and an open end, the first cup being slidably and rotatably positioned
      within the substantially round hollow elongated male member, the closed
      end of said cup being positioned against and supported by the fingers
      attached to and extending inward from the periphery of the bottom end of
      said male member to close the bottom end of said male member, the first
      plastic cup being adapted to receive and contain the hollow tubes
      containing the animal semen;
PA1  f. a second substantially round resilient plastic cup having a closed end
      and an open end the cup being slidably and rotatably positioned within the
      substantially round male member, the closed end of the second plastic cup
      being adjacent to the open end of the first plastic cup, the second
      plastic cup being adapted to receive and contain the hollow tubes
      containing the animal semen.
NUM  7.
PAR  7. The elongated container of claim 6 in which the width of the peripheral
      opening of the female member is equal to about one-fourth to one-third of
      the circumference of said member.
NUM  8.
PAR  8. The elongated container of claim 6 in which the width of the peripheral
      opening of the male member is equal to about one-fourth to one-third of
      the circumference of said member.
NUM  9.
PAR  9. The elongated container of claim 6 in which the length of the container
      is about 4-5 times its diameter.
NUM  10.
PAR  10. The elongated container of claim 6 in which the male member and the
      female member are substantially the same length.
NUM  11.
PAR  11. An elongated container substantially round in cross-section comprising:
PA1  a. a hollow substantially round elongated female member having a closed
      end, an open end, and a peripheral opening extending from the closed end
      to the open end;
PA1  b. a hollow substantially round elongated male member having a first end, a
      second end, and a peripheral opening extending from the first end to the
      second end slidably and rotatably seated in the female member with the
      second end of the male member adjacent to the closed end of the female
      member;
PA1  c. a plurality of fingers attached to and extending inward from the
      periphery of the first end of the male member.
NUM  12.
PAR  12. An elongated container for storing and transporting hollow tubes
      containing mammalian semen comprising:
PA1  a. a hollow substantially round elongated female member having a closed
      end, an open end, and a peripheral opening extending from the closed end
      to the open end;
PA1  b. a hollow substantially round elongated male member having a first end, a
      second end, and a peripheral opening extending from the first end to the
      second end slidably and rotatably seated in the female member with the
      second end of the male member adjacent to the closed end of the female
      member;
PA1  c. a plurality of fingers attached to and extending inward from the
      periphery of the first end of the male member;
PA1  d. a first substantially round resilient plastic cup having a closed end
      and an open end slidably and rotatably seated within the male member with
      the closed end of the cup positioned against and supported by the fingers
      attached to and extending inward from the periphery of the first end of
      the male member, the cup being adapted to receive and contain the hollow
      tubes containing the semen;
PA1  e. a second substantially round resilient plastic cup having a closed end
      and an open end slidably and rotatably seated within the male member with
      the closed end of the second plastic cup adjacent to the open end of the
      first plastic cup, the second plastic cup being adapted to receive and
      contain the hollow tubes containing the semen.
NUM  13.
PAR  13. The container of claim 12 in which the width of the peripheral opening
      of the female member is equal to about one-fourth to one-third of the
      circumference of said member.
NUM  14.
PAR  14. The container of claim 13 in which the width of the peripheral opening
      of the male member is equal to about one-fourth to one-third of the
      circumference of said member.
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ABST
PAL  A decorative support and enclosure structure for a small hand-held fire
      extinguisher is disclosed which possesses a generally rectangular shape
      with a peaked top and a gabled face configured to resemble an antique fire
      alarm box. The structure comprises a support member including a horizontal
      platform, a vertical back wall member continuous therewith, and
      reinforcement structures comprising paired triangular struts connecting
      the complementary surfaces of the horizontal platform and the vertical
      back wall member, and a removably engageable cover comprising the peaked
      top, the gabled face continuous therewith and parallel opposed side walls,
      all of which are continuous with the peaked top, and the side walls
      continuous with the gabled face along opposing vertical edges thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to support and enclosure
      structures, and particularly to such structures as are useful for the
      storage and support of safety equipment such as fire extinguishers and the
      like.
PAR  In recent years, there has been growing public concern with safety in all
      phases of activity, with the result that the federal government has
      created the Office of Safety and Health Administration (OSHA) to
      promulgate safety standards in industry and see to their enforcement. An
      outgrowth of this effort and corresponding public interest has been the
      proliferation and increased availability of various safety equipment for
      general consumption which was once manufactured and sold for industrial
      purposes. Thus, for example, an item such as a hand-held fire extinguisher
      of a size small enough to fit into the glove compartment of an automobile
      or a utility closet in a home, is now mass-produced and available to the
      general public in a large number of stores, including discount variety
      stores and supermarkets, at prices which make them economically
      attractive.
PAR  Though public acceptance of the hand-held fire extinguisher has been fairly
      wide, some concern exists regarding the appropriate location of the
      extinguisher in the home. The appearance of commercially available
      extinguishers is functional and not particularly attractive, and
      homeowners tend to store them in areas which are away from general
      visibility. Further, their size, shape and weight usually affect the
      choice of their location with the result that they are usually placed in a
      utility closet, cellar or outside passage and away from the areas where
      fires most likely occur and/or cause immediate danger and damage.
PAR  In view of the above, a need is believed to exist for the provision of a
      support and enclosure for a fire extinguisher which will prompt household
      consumers to purchase extinguishers and locate them in easily accessible
      areas nearby to possible fire hazards.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a support and enclosure structure
      for a small hand-held fire extinguisher is disclosed which comprises a
      support member including a horizontal platform, a vertical back wall
      member continuous therewith, and support means connecting the
      complementary surfaces of said platform and said back wall member, and a
      removably engageable cover comprising a peaked top, and a gabled face and
      two parallel opposed side walls all continuous with said top, and said
      side walls continuous with said face at opposite vertical edges thereof.
      The resulting structure resembles an antique fire department call box, and
      may, in a preferred embodiment possess a window centrally located within
      said face to enable a brief visual inspection of the enclosure to note
      whether an extinguisher is stored therein.
PAR  The enclosure of the present invention possesses an aesthetically pleasing
      exterior appearance which renders it conducive to conspicuous display in
      areas of a private dwelling such as the kitchen, living room and the
      hallway adjacent sleeping quarters where fires are most likely to start.
      Further, by virtue of its design and construction, the enclosure is
      capable of being supported upon a horizontal surface such as a shelf or
      table top, or may be mounted upon a vertical surface such as a wall.
PAR  The enclosure of the present invention is of simple construction and may be
      easily and inexpensively manufactured from a wide variety of materials,
      including plastics such as synthetic thermoplastic and thermosetting
      resins.
PAR  Accordingly, it is a principal object of the present invention to provide
      an enclosure and support structure for a fire extinguisher which is
      aesthetically pleasing for location in visible areas of the home most
      prone to fires.
PAR  It is an additional object of the present invention to provide a structure
      as aforesaid which is easily and inexpensively manufactured from a variety
      of readily available materials.
PAR  It is a further object of the present invention to provide an enclosure as
      aforesaid which is capable of mounting on both horizontal and vertical
      surfaces.
PAR  Further objects and advantages will become apparent from the ensuing
      description which proceeds with reference to the following drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the fire extinguisher enclosure in
      accordance with the invention.
PAR  FIG. 2 is an exploded view partly in phantom showing the enclosure of the
      present invention with a fire extinguisher in place.
PAR  FIG. 3 is a side sectional view partly broken away of the enclosure in
      accordance with the invention.
PAR  FIG. 4 is a partial exploded section view of FIG. 3.
PAR  FIG. 4A is a sectional view taken through Line A--A of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings where like numerals indicate like parts, and
      specifically to FIG. 1, the enclosure of the present invention is shown in
      perspective as possessing a generally rectangular shape with a peaked top
      10 comprised of two oppositely inclined rectangular planar roof members 11
      which are joined at abutting longitudinal edges to form elongated peak 12.
      Gabled face 13 is decoratively adorned to resemble a fire alarm call box
      by the ornamental trim 14, and the placement of a window 15 and a
      pull-handle 16 in the center thereof. In the use of the enclosure, the
      outer cover 18, shown more clearly in FIG. 2, may be lifted away from
      engagement with the support member 20 to enable the removal of the
      extinguisher. When cover 18 is in place, window 15 may be utilized to
      visually inspect the enclosure to note whether it contains an extinguisher
      or is empty.
PAR  Continuing with FIGS. 1 and 2, the enclosure further comprises two opposed
      side walls 17 situated in parallel planes, each side wall continuous with
      top 10 at a horizontal edge thereof, and with face 13 at a vertical edge.
      As clearly depicted in FIG. 2, top 10, face 13 and side walls 17 are
      joined together as a unit to constitute cover 18, as face 13 is continuous
      with top 10 at the edges of gabled portion 19. Cover 18 is provided with
      means, not shown, for engaging support member 20 when placed thereon,
      located on the free edges of side walls 17 and face 13. The nature of the
      engagement means and its variations will be discussed later on with
      reference to FIGS. 3-4A.
PAR  In FIG. 2, support member 20 is shown with a fire extinguisher 21, depicted
      in phantom, located thereon. Support member 20 is comprised of
      horizontally-extended, rectangular platform 22 which provides direct
      supporting contact with extinguisher 21 through a depression 23 located
      centrally therein, which receives the base 24 of the extinguisher. The
      outer bottom surface 25 of depression 23 is flat and enables the stable
      location of the enclosure on a flat horizontal surface such as a table top
      or a shelf.
PAR  Connected with platform 22 at a longitudinal edge thereof is upwardly
      extended vertical back wall member 26, which is adapted for removable
      mounting attachment to a vertical surface such as a wall or the like. In
      the illustration of FIG. 2, back wall member 26 is provided with
      symmetrically positioned eyelets 27 capable of receiving and resting upon
      nails, screws, wall hangers and the like, which are first fixed in the
      vertical surface. It is to be understood, however, that the specific
      manner in which back wall member 26 may be modified for attachment to a
      vertical surface is not limited within the scope of this invention to the
      foregoing illustration, but is rather intended to encompass a wide variety
      of attachment means such as are well known in the art. Also as
      illustrated, back wall member 26 and platform 22 are disposed in planes
      perpendicular with respect to each other, so that their respective
      complementary surfaces 28 and 29 meet and form a right angle. This
      configuration enables support member 20 to achieve flush engagement with
      cover 18 when the enclosure is assembled.
PAR  When the enclosure is mounted as aforenoted on a vertical surface, platform
      22 requires assistance in the support of extinguisher 21. To this end,
      reinforcement structures 30, comprising, in the illustration, paired
      triangular struts, are provided integral with and between inner
      complementary surfaces 28 and 29 to enable back wall member 26 to absorb
      virtually all of the vertical downward force exerted by extinguisher 21 on
      platform 22. Platform 22 is thereby able to remain in fixed position
      relative to back wall member 26, and can indefinitely support the
      extinguisher. Though only one pair of reinforcement structures is
      illustrated herein, one may employ a plurality of same, or may alternately
      increase the thickness of each strut to provide additional weight-carrying
      capacity. In a preferred embodiment, as will be discussed hereinafter, the
      enclosure of the present invention is molded as two unitary structures,
      comprising support member 20 and cover 18, and elements such as support
      structures 30 are integral with back wall member 26 and platform 22.
PAR  As noted above, a feature of the enclosure of the present invention is that
      it comprises two unitary cooperative structures which are readily and
      quickly separable to uncover the fire extinguisher in case of need. This
      is clearly illustrated in FIG. 3, which is a side sectional view of the
      enclosure of FIG. 1. Cover 18 is in cooperative engagement with support
      member 20, and is maintained in fixed relation thereto by engagement means
      which, in a first embodiment, may comprise a longitudinal notch 31 running
      the length of the free edges of the interior surfaces of side walls 17 and
      face 13 of cover 18 (shown in phantom in FIG. 2), which is dimensioned to
      provide a snap-fit engagement with the vertical edges of back wall member
      26, and supporting engagement with the free edges 32 (see FIG. 2) of
      platform 22. As further assurance of proper alignment and fit, cover 18
      may be provided with projections 33 which serve to broaden notch 31 to
      extend over surfaces 28 and 29.
PAR  In addition or as an alternate to the above engagement means, projections
      33 and the cooperating surfaces 28 and 29, may be modified in the manner
      depicted in FIGS. 4 and 4A to employ a male-female interlock. Referring to
      FIGS. 4 and 4A, projection 33 may be modified by the provision thereon of
      a nipple-like male extension 34 which is directed perpendicularly toward
      surface 28 of back wall member 26. Correspondingly, back wall member 26 is
      suitably modified by the provision therein of a mating female detent 35
      situated in juxtaposition to extension 34, whereby alignment and
      engagement therewith assures the alignment and flush fit of cover 18 and
      support member 20. Though FIGS. 4 and 4A have been labeled to refer to the
      engagement of side wall 17 with back wall member 26, it is contemplated
      that the illustrated embodiment may be at other appropriate locations such
      as between notch 31 and surface 29 of platform 22. Likewise, the invention
      should not be limited to the specific engagement means illustrated herein,
      as other means well known in the art may be employed within its scope.
PAR  As stated earlier, the enclosure of the present invention may be
      manufactured from a variety of materials including metals, woods and
      plastics such as natural and synthetic resins, by processes well known in
      the art. In a preferred embodiment, the enclosure is prepared from a
      suitable thermoplastic or thermosetting synthetic resin by an injection
      molding process, which facilitates the one-piece formation of the support
      member and the cover. If the cover is to be provided with a window such as
      is illustrated herein, the cover can be formed leaving an opening for the
      subsequent installation of a window which, also as illustrated, may be
      composed of a plastic material (see FIG. 3). The enclosure may be prepared
      in a variety of colors, though, naturally, red is the color preferred for
      authenticity. If the preferred manufacturing is to be employed, the
      plastic starting stock may be mixed to contain the desired color.
PAR  It is to be understood that the invention is not limited to the
      illustrations described and shown herein, which are deemed to be merely
      illustrative of the best modes of carrying out the invention, and which
      are suitable of modification of form, size, arrangement of parts and
      details of operation. The invention rather is intended to encompass all
      such modifications which are within its spirit and scope as defined by the
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A decorative enclosure and support structure for storing a small,
      hand-held fire extinguisher within a building, said structure comprising a
      support member comprising a horizontally extended, rectangular platform
      possessing a depression centrally located therein, said depression adapted
      to receive the base of said fire extinguisher, an upwardly extended,
      vertical back wall member integral with said platform at an edge thereof,
      said back wall member adapted for removable mounting attachment to a
      vertical support surface, and at least one pair of reinforcement
      structures connecting said platform and said back wall member for
      retaining said platform in fixed position relative thereto while under
      stress; and a cover adapted for removable engagement with said support
      member, said cover comprising a peaked top, a gabled ornamental face and
      two parallel opposed side walls, said face and said side walls all
      integral with said top, and said side walls continuous with said face at
      opposite vertical edges thereof.
NUM  2.
PAR  2. The structure of claim 1 wherein said back wall member is adapted for
      movable vertical mounting by the provision therein of a plurality of
      eyelets symmetrically disposed therein.
NUM  3.
PAR  3. The structure of claim 1 wherein said reinforcement structures comprise
      triangularly-shaped, planar struts in integral with the respective
      complementary inner surfaces of said back wall member and said platform.
NUM  4.
PAR  4. The structure of claim 1 wherein said peaked top comprises two
      oppositely inclined, rectangular planar members continuous with each other
      at abutting longitudinal edges thereof.
NUM  5.
PAR  5. The structure of claim 1 wherein said face further includes a window and
      a handle located therebelow.
NUM  6.
PAR  6. The structure of claim 1 wherein said cover is adapted for engagement
      with said support member by the provision on said cover of a continuous
      notch extending along the free interior edges of said side walls and said
      face, said notch so dimensioned to facilitate a snap-fit engagement with
      the corresponding free edges of said support member.
NUM  7.
PAR  7. The structure of claim 6 further including a plurality of projections
      laterally inwardly extending from said notch, thereby increasing surface
      contact with the complementary surfaces of said support structure.
NUM  8.
PAR  8. The structure of claim 7 wherein projections are provided with male
      extensions, and said complementary surfaces are provided with female
      detents therein for engagement with said extensions.
NUM  9.
PAR  9. The structure of claim 1 wherein said structure is prepared from a
      material selected from the group consisting of metals, woods, natural
      resins and synthetic resins.
NUM  10.
PAR  10. The structure of claim 9 wherein said material comprises synthetic
      resins suitable for processing by injection molding.
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ABST
PAL  A drum shaped container equipped with a tapered base plate having an
      inverted U-shaped channel extending diametrically through the bottom
      surface thereof, and a retrainer strap provided with adjustment holes in
      one end thereof and having a retainer spring resiliently connecting the
      ends of the strap together, the strap adapted to be passed about four of
      the drums with the channels in the base plate of the front pair of drums
      being longitudinally aligned with the channels in the back pair of drums
      so that the channels may be engaged by the lifting forks of a forklift
      truck for simultaneous movement of the four individual drum containers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to containers and more particularly to
      individual drum shaped containers and a retainer strap for the holding of
      at least four of such containers for simultaneous transport thereof.
PAR  2. Description of the Prior Art
PAR  In the field of industrial equipment and supplies, it is common practice
      for moving large loads, such as drum shaped containers, by placing such
      containers on a pallet with such pallet provided with access openings for
      the lifting fork of a forklift truck so that by insertion of the forks
      into the pallet openings the pallet and the load thereon may be
      transported to a desired location. The use of such pallet requires several
      operations as to the placing of the drums on the pallet, the securement of
      the drums to each other or to the pallet to prevent them from falling off
      of the pallet, the requirement of having pallets readily accessible for
      use, and the additional operation of constantly transporting pallets
      between locations of use.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention recognizes the disadvantages of utilizing pallets for
      transportation of drum shaped containers, and provides a novel solution
      thereto in the form of a set of at least four individual drum shaped
      containers, each provided with a tapered base plate with a channel
      extending therethrough and with a strap provided to hold the drums
      together in side-by-side relationship to provide a front pair and a back
      pair of drums with the channels in the front pair aligned with the
      channels in the back pair for receiving the forks of a forklift truck
      therethrough for ease of lifting and transportation of the set of drums in
      a pallet-less manner so that no pallet is required.
PAR  Additional features and advantages of this invention will be apparent
      during the course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings forming a part of this specification, and in
      which like reference characters are employed to designate like parts
      throughout the same:
PAR  FIG. 1 is a perspective view of the set of four individual drum containers
      of the invention secured together by the retainer strap of the invention;
PAR  FIG. 2 is a side elevational view of the set of containers resting on the
      ground illustrating the forks of a forklift truck extending through the
      base plate channels;
PAR  FIG. 3 is a side elevational view of the sets of containers stacked on top
      of each other for storage purposes;
PAR  FIG. 4 is a bottom plan view of the set of containers of FIG. 1;
PAR  FIG. 5 is a side elevational view of an alternative means of fixing the
      four containers together by the retainer strap; and
PAR  FIG. 6 is an exploded side elevational view of the base plate as affixed to
      the bottom of the drum container.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, there is illustrated individual
      drum shaped containers 11 each being of a general fifty-five gallon size
      having a flat top surface 12, a flat bottom surface 13, and cylindrical
      side walls 14.
PAR  Affixed to the bottom 13 of each drum 11 is an inverted frusto-conical
      shaped base plate 16 having a flat top surface 17, a flat bottom surface
      18, conical side walls 19, and an inverted U-shaped channel 20 extending
      diametrically therethrough and opening out of the bottom surface 18.
PAR  An elongated flat flexible retainer strap 30 is provided and includes body
      member 31 having opposite ends 32 and 33 with end 33 provided with a
      single opening 34 extending therethrough and with end 32 having a series
      of openings 35 spaced longitudinally apart from each other providing
      adjustment openings. A resilient retainer spring 36 is provided having its
      opposite ends adapted to be engaged at one end in opening 34 and at the
      opposite end in selected ones of openings 35.
PAR  In operation, a drum containers 11 are placed in parallel side-by-side
      relationship to define a front pair of drums 40 and a back pair of drums
      50 with the channels 20 of the set of drums 40 extending parallel to each
      other and being longitudinally aligned with the set of channels 20
      associated with the set of drums 50. Retaining strap 30 is passed about
      the general midpoints of the cylindrical sidewalls 14 of drums 11 with
      retaining spring 36 extending between openings 34 and 35 to snugly retain
      the retaining strap in position to retain the drums in their relative
      positions.
PAR  The lifting forks 60 of forklift truck 61 may then be readily inserted
      through aligned channels 20 for the lifting and movement of the drums in a
      pallet-less manner to any desired position, such as to the stacked
      position as generally illustrated in FIG. 3.
PAR  As noted in FIG. 3, the sets of drums may be readily stacked on top of each
      other in view of the tapered base plate 16 permitting base plate bottom
      surface 18 to be fully received within the perimeter of cylindrical side
      walls 14 to rest on drum top surface 12.
PAR  As seen in FIG. 5, it is envisioned that the drums 11 may be stacked in a
      series of four individual drums in side-by-side parallel relationships
      such that all of the channels 20 are in parallel alignment with each
      other, the drums being held in this manner by retainer strap 30 provided
      with an extension strap member 71 secured between the opposite ends 32 and
      33 of the retainer strap by a pair of retainer springs 36.
PAR  It is to be understood that the form of this invention herewith shown and
      described is to be taken as a preferred example of the same, and that this
      invention is not to be limited to the exact arrangement of parts shown in
      the drawings or described in this specification as various changes therein
      are envisioned without departing from the spirit or the scope of the
      invention or of the following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A pallet-less container comprising, in combination:
PA1  a set of four identical drum shaped containers wherein each of said
      containers includes a flat top surface, a flat bottom surface and
      cylindrical side wall surfaces;
PA1  a base plate affixed to the bottom surface of each of said containers, the
      base plates being defined by an inverted frusto-conical configuration
      having a flat top surface and a flat bottom surface, and an inverted
      U-shaped channel extending diametrically through each of said base plates
      and opening out of the bottom surface thereof;
PA1  an elongated strap configured flat retainer adapted to be passed about the
      containers to retain the containers together in side-by-side parallel
      relationship, said strap having a first end and a second end, a single
      opening adjacent said first end extending through said strap, and a series
      of longitudinally spaced apart openings disposed in said second end of
      said strap providing selective adjustment; and
PA1  a retainer spring having its opposite ends affixed to opposite ends of said
      retainer strap for retaining said retainer strap position about said
      containers.
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ABST
PAL  A tray for food and beverages in which the beverage cup recesses are
      adapted to retain differing size cups by reason of an arcuate projection
      from the bottom at one side of such recess.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Merchandising of food for immediate consumption is currently a large and
      rapidly expanding business. For convenience of the customer, it is usual
      to provide a cheap, disposable tray of chip board, plastic or the like for
      carrying sandwiches, snacks and beverages to the point of consumption such
      as a table, seat of an automobile or picnic blanket. In some arrangements,
      separate trays are made available for cups of beverage. In others, a
      single tray is provided with compartments for beverage cups and flat
      surfaces for support of sandwiches and other solid food.
PAR  It is common practice that beverage cup compartments be so formed as to
      inhibit dislodging or upset of the cups during transport to the point of
      consumption or while resting on a surface at the point of consumption. The
      latter consideration can be particularly important when the comestibles
      are consumed on such precarious surfaces as car seats or blankets.
      Stability of cups is generally provided by a member spaced above the
      bottom of the cup retaining area of the tray which bears against the side
      of the cup.
PAR  Because cups of different size are used for different volumes of beverage,
      it has been necessary to provide alternative trays or to so space the side
      supports that the cup reception areas will accept the largest cups, with
      consequent lessened security for smaller cups.
PAR  Carry-out trays adapted to consumption in cars, on blankets and other
      precarious supports are advantageously of a structure which provides a
      measure of rigidity such that the whole is stabilized. A particularly
      ingenious system of cross-bracing of such trays is described in U.S. Pat.
      No. 3,638,849, as a flat blank of plastic provided with hinged flaps and
      locking devices which can be erected to a stabilized tray particularly
      adapted for support on the seat of an automobile.
PAR  Need exists for a disposable and simple one-piece tray adapted to reception
      of both liquid and solid comestibles which will retain different size cups
      with good stability, which is ready for immediate use and which has
      inherent stability. That need is satisfied and other objects and
      advantages are provided by a molded carry-out tray shown in the annexed
      drawings.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a plan view of a tray embodying this invention;
PAR  FIG. 2 is a longitudinal section on line 2--2 of FIG. 1;
PAR  FIG. 3 is a transverse section on line 3--3 of FIG. 1;
PAR  FIG. 4 is a partial section on line 4--4 of FIG. 1;
PAR  FIG. 5 is a sectional side view in elevation illustrative of the secure
      mounting of cups of different size;
PAR  FIG. 6 is an end elevation of the tray;
PAR  FIG. 7 is a perspective view of the tray; and
PAR  FIGS. 8, 9 and 10: illustrate modified forms of cup retaining wells.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The tray of this invention is preferably provided with a central
      rectangular recess 10 adapted to receive sandwiches, potato chips, cakes
      or other solid comestibles, individually or commonly bagged in paper
      ("10") bags, flanked on each side by two recesses 11 adapted to receive
      containers of beverage, soup or other liquid comestible.
PAR  Side walls 12 and end walls 13 are formed integrally with an upper surface
      14 from which the recesses 10 and 11 depend. The side walls 12 are of
      triangular form as shown in FIGS. 2, 3 and 7 to provide plates which have
      the well-known structural strength of that form and provide a longitudinal
      girder by cooperation with the upper surface 14.
PAR  As will be seen in FIGS. 2 and 4, the circular recesses 11 for reception of
      cups have a relatively high wall 15 on the side thereof adjacent the
      rectangular recess 10 adapted to bear against the side of a cup 16 held in
      contact therewith by the relatively low wall 17 of recess 11 adjacent the
      end of the tray. The recess 11 is formed to have a diameter corresponding
      to that of the base of a standard large cup 16 which is retained thereby
      as indicated in FIG. 5.
PAR  Spaced inwardly from the low wall 17 of recess 11 is an arcuate projection
      18 spaced from the relatively high wall 15 by a distance equal to the
      bottom diameter of small cups 19, whereby such small cups may be inserted
      to have the chime resting against the inner surface of projection 18 to
      hold the side of a small cup 19 against the relatively high wall 15 as
      shown in FIG. 5.
PAR  The projection 18 may be of any desired form, e.g., a round knob, but must
      be so designed as to fit inside the bottom chime of a large cup 16 to
      avoid interference with firm retention of such large cups. The arcuate
      form shown for projection 18 is greatly preferred for the greater security
      it provides in retention of small cups 19. It is found that an arcuate
      projection 18 which subtends an angle of about 120.degree. having its apex
      at the center of the bottom wall of the recess 11 will not interfere with
      retention of large cups, particularly when the projection 18 has its
      maximum height at the center thereof as shown and tapers towards its ends
      to fair in with the bottom of recess 11 at the ends.
PAR  The wells are shown in FIGS. 1-6 as circular, but it will be understood
      that this preferred form is subject to modification, for example, to the
      multi-lobed forms of FIGS. 8, 9 and 10. The junction of lobes 20, provide
      projections 21 which bear against and retain the cups. It is only
      necessary that at least three points of contact be provided, as in FIG. 8.
PAR  The tray of this invention is well adapted to manufacture by thermoforming
      techniques since its surfaces are at angles to permit ready removal from
      molds. The same feature makes the tray nestable in the sense that a large
      number of trays may be stacked one on top of the other with each tray
      engaging adjacent trays to reduce the volume of the stack.
PAR  Although it is preferred to manufacture this tray by thermoforming of
      foamed polystyrene, it can also be prepared by thermoforming of unfoamed
      plastics, by injection molding or other techniques adapted to
      thermoplastic materials. The tray can also be made by molding of pulp by
      techniques well known in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A molded carry-out tray for food formed with a plurality of circular
      wells for retention of circular cups having chimes projecting downwardly
      from the bottoms thereof; the improvement in structure of each of said
      wells which comprises a flat circular bottom wall, a circular side wall
      integral with and extending upwardly from said bottom wall and adapted to
      retain a circular cup in said well, a projection extending upwardly from
      said bottom wall near an edge thereof and spaced inwardly of said bottom
      wall from the adjacent portion of said side wall to provide a continued
      surface of said bottom wall between said projection and the adjacent
      portion of said side wall adapted to support between the said projection
      and the said adjacent portion of said side wall the chime of a cup of
      diameter approximately equal to that of said bottom wall, said projection
      being  further adapted to contact at its surface remote from the side wall
      with the bottom of a cup of diameter substantially less than that of said
      bottom wall to thereby retain such cup of lesser diameter in contact with
      a portion of said side wall remote from said projection.
NUM  2.
PAR  2. An article of manufacture according to claim 1 in which the said
      projection is an arcuate segment concentric with said side wall along an
      interval less than half the circumference of said bottom wall.
NUM  3.
PAR  3. An article of manufacture accordng to claim 2 in which said arcuate
      projection subtends an angle of about 120.degree. having its apex at the
      center of the said bottom wall.
NUM  4.
PAR  4. An article of manufacture according to claim 1 characterized by a flat
      central portion flanked by a plurality of said wells on opposite sides of
      said central portion.
NUM  5.
PAR  5. An article of manufacture according to claim 2 characterized by a flat
      central portion flanked by a plurality of said wells on opposite sides of
      said central portion.
NUM  6.
PAR  6. An article of manufacture according to claim 3 characterized by a flat
      central portion flanked by a plurality of said wells on opposite sides of
      said central portion.
NUM  7.
PAR  7. An article of manufacture according to claim 4, further characterized by
      triangular side walls, an upper surface integral with and connecting said
      triangular side walls, said flat central portion and said wells being
      constituted by depressed portions of said upper surface.
NUM  8.
PAR  8. An article of manufacture according to claim 5, further characterized by
      triangular side walls, an upper surface integral with and connecting said
      triangular side walls, said flat central portion and said wells being
      constituted by depressed portions of said upper surface.
NUM  9.
PAR  9. An article of manufacture according to claim 6, further characterized by
      triangular side walls, an upper surface integral with and connecting said
      triangular side walls, said flat central portion and said wells being
      constituted by depressed portions of said upper surface.
NUM  10.
PAR  10. An article of manufacture according to claim 9 wherein said cylindrical
      side walls are higher on the side thereof adjacent said central portion
      and said arcuate projections are at the side of said wells remote from
      said central portion.
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ABST
PAL  A polyurethane composition, resistant to sulfuric acid, prepared by
      reacting 2,2'-diaminodisulfide with an isocyanate-terminated prepolymer,
      itself prepared by reacting, in the presence of a 2,6-dialkylated para
      cresol, at least one polymeric polyol with a diphenyl methane
      diisocyanate.
BSUM
PAR  This invention relates to a polyurethane composition and to a method for
      its preparation.
PAR  Polyester and polyether polyurethane compositions generally degrade
      excessively when exposed to sulfuric acid and thus typically are not used
      for applications which require contact with sulfuric acid for extended
      periods of time, particularly at elevated temperatures.
PAR  Polyurethane compositions have been disclosed as being resistant to
      phosphoric acid (U.S. Pat. No. 3,734,880) which are prepared by primary
      diamine curing a prepolymer formed from the reaction of a selected
      diisocyanate with a selected polyol in the presence of a 2,6-dialkylated
      para cresol. The preferred diamine was
      4,4'-methylene-bis(2-chloroaniline). However, particularly for large metal
      storage containers which are subject to wide ranges of temperatures which
      cause various expansions and contractions of the basic metal structure,
      interior coatings of lower modulus, thus greater elasticity, are needed in
      addition to necessary sulfuric acid resistance.
PAR  Therefore, it is an object of this invention to provide a polyurethane
      composition which is resistant to sulfuric acid and to provide a method
      for its preparation.
PAR  In accordance with this invention, it has been discovered that a
      polyurethane composition resistant to sulfuric acid comprises a
      composition prepared by the method which comprises reacting
      2,2'-diaminodiphenyldisulfide with a prepolymer having a free isocyanate
      content of about 2 to about 8 percent prepared by reacting in the presence
      of from about 1 to about 5 parts by weight of a 2,6 dialkylated para
      cresol having the formula
      ##SPC1##
PAL  Where R is an alkyl radical having from 4 to 12 carbon atoms; (1) 100 parts
      by weight of an hydroxyl containing polymeric polyol having a molecular
      weight of from about 1,000 to about 5,000, a corresponding hydroxyl number
      of from about 110 to about 20 and an hydroxyl functionality of from about
      2 to about 3 and where the polymeric polyol comprises from about 70 to
      about 100 percent units derived from conjugated dienes selected from the
      group consisting of 1,3-butadiene and isoprene and up to about 30 percent
      units derived from styrene, and (2) a diphenyl methane diisocyanate, where
      the ratio of primary amino groups of said diaminodisulfide to free
      isocyanato groups of said prepolymer is in the range of about 0.5/1 to
      about 1/1.
PAR  Uniquely, the aromatic diaminodisulfide provides a cured polyurethane
      prepolymer both resistant to sulfuric acid and having a favorable 100
      percent modulus for adherent inner liners for metal storage tanks.
PAR  Therefore, in further accordance with this invention, a container, suitable
      for storing sulfuric acid, is prepared which comprises a rigid metal
      container having an adherent inner liner with a thickness in the range of
      about 3 to about 100 mils comprised of said 2,2'-diaminodiphenyldisulfide
      cured prepolymer polyurethane of this invention.
PAR  In the practice of this invention it is usually preferred that the hydroxyl
      containing polymeric polyol has a molecular weight of from about 2000 to
      about 4000 and a corresponding hydroxyl number of from about 50 to about
      25. The polyol can also be characterized by having an equivalent weight in
      the range of about 1100 to about 1500. The hydroxyl terminated polymeric
      polyols used in this invention are unsaturated polymers of the type
      prepared by polymerizing unsaturated monomers comprising from about 70 to
      about 100 percent conjugated dienes selected from the group consisting of
      1,3-butadiene and isoprene and up to about 30 percent styrene with the aid
      of organic peroxy catalysts to provide polymers which are generally
      terminated at both ends of their chain with hydroxyl groups and have an
      hydroxyl functionality of from about 2 to about 3 and usually from about
      2.1 to about 2.8. The preferred hydroxyl containing polymeric polyols are
      polybutadiene polyols, polyisoprene polyols, and butadiene-styrene
      copolymer polyols having about 80 to 90 percent units derived from
      butadiene and about 20 to 10 percent units derived from styrene.
PAR  The diphenyl methane diisocyanates used in this invention include the
      isomers and mixtures of isomers of diphenyl methane diisocyanate such as
      the 4,4'- and 2,4-isomers which are normally solid at temperatures above
      15.degree.C and the so-called liquid diphenyl methane diisocyanates of the
      type treated with from about 0.1 to about 3 percent by weight of a
      trihydrocarbyl phosphate such as the tiralkyl phosphates exemplary of
      which are triethyl, tripropyl, triisobutyl, and trihexyl phosphates and
      also triphenyl and tribenzyl phosphates having an isocyanate equivalent of
      from about 125 to about 200. The diisocyanate equivalent of the
      diisocyanate is determined by ASTM D1638-60-T modified by heating the test
      sample to reflux in dry toluene in the presence of dibutylamine and
      holding the mixture at reflux for 45 minutes before cooling and continuing
      with the test procedure.
PAR  Representative of the 2,6 dialkylated para cresols and para cresol, 2,6
      dialkylated with alkyl radicals having from 4 to 12 carbon atoms and
      preferably from 4 to 6 carbon atoms. Examples of such alkyl radicals are
      butyl, tertiary butyl, amyl, tertiary amyl, hexyl, tertiary hexyl, heptyl,
      tertiary heptyl, octyl, tertiary octyl, nonyl, tertiary nonyl, decyl,
      tertiary decyl, undecyl, tertiary undecyl, dodecyl and tertiary dodecyl
      radicals. A preferred dialkylated para cresol is 2,6-ditertiary butyl para
      cresol and 2,6-ditertiary hexyl para cresol.
PAR  The prepolymer is conveniently prepared by reacting the hydroxyl containing
      polymeric polyol with a diphenyl methane diisocyanate in the presence of
      the 2,6 dialkylated para cresol to provide a prepolymer having an
      isocyanate content of from about 2 to about 8 percent free isocyanate
      groups. It is the preferred practice of this invention to mix the 2,6
      dialkylated para cresol with the hydroxyl containing polymeric polyol and
      heat the mixture to a temperature of from about 40.degree.C to about
      100.degree.C to reduce the viscosity of the polymeric polyol and dissolve
      the substituted para cresol. A reduced pressure of less than about 760
      millimeters of mercury can then be applied for a few minutes to remove
      possible traces of water which a commercial grade of the hydroxyl
      containing polymeric polyol may contain. The diphenyl methane diisocyanate
      is then mixed with the mixture and the reaction allowed to proceed for
      about 30 to about 60 minutes at a temperature of from about 50.degree.C to
      about 100.degree.C. It is then usually preferred to dilute the prepared
      prepolymer with a solvent to provide a prepolymer solution having from
      about a 30 to about a 70 percent by weight solids content.
PAR  Immediately before use a solution of the diaminodisulfide curative is mixed
      with the prepolymer solution to form the polyurethane reaction mixture. If
      desired, the curative solution can contain a portion of the substituted
      para cresol and also a catalyst or accelerator to promote the rate of
      curing of the polyurethane reaction mixture. Various catalysts or
      accelerators can be used and representative examples are shown in U.S.
      Patent application having Ser. No. 393,779 filed Sept. 1, 1964 now U.S.
      Pat. No. 3,446,779. A preferred class of accelerators is the
      2-mercaptothiazoles such as 2-mercaptobenzothiazole.
PAR  The polyurethane reaction mixture is then usually allowed to cure at a
      temperature of from about 25.degree.C to about 100.degree.C for about 1 to
      about 75 hours. If a catalyst or accelerator is used to promote the
      reaction of the polyurethane reaction mixture the curing temperature time
      can be reduced.
PAR  Various nonreactive solvents known to those skilled in the polyurethane art
      can be used for the preparation of the prepolymer solutions and
      polyurethane reaction mixtures. Representative examples of the solvents
      are aromatic solvents such as benzene, xylene and toluene; and the liquid
      lower ketones such as acetone, methyl ethyl ketone, methyl isobutyl
      ketone, and diisobutyl ketone. If the polyurethane reaction mixtures of
      this invention are to be used to prepare the cured polyurethanes in
      confined areas which are subject to explosive hazards, nonflammable
      chlorinated solvents can be used to form nonflammable prepolymer solutions
      and polyurethane reaction mixtures. Representative examples of such
      solvents are chloro-substituted olefins such as dichloroethylene,
      trichloroethylene, and 1,1,2,2,-tetrachloroethylene; and
      chloro-substituted saturated hydrocarbon compounds such as methyl
      chloroform, dichloromethane, 1,2-dichloroethane, trichloroethane, and
      1,1,2,2-tetrachloroethane. Trichloroethylene is particularly useful.
      Mixtures of the solvents may be used to obtain satisfactory solubilities,
      rates of solution, spreading properties and evaporation rates,
      particularly when the polyurethane is to be used as a spray composition
      and applied to a suitable surface.
PAR  If desired, various pigments and leveling and reinforcing agents such as
      particulate carbon blacks and titanium dioxide can be added to the
      hydroxyl containing polymeric polyol, prepolymer or prepolymer solution.
      Carbon black is especially preferable. The preferred carbon blacks are oil
      furnace carbon blacks. When such a pigment or carbon black is added, it is
      usually added in an amount from about 0.5 to 50 parts and preferably, in
      the amount from about one to about twenty parts of carbon black or pigment
      per hundred parts of prepolymer by weight. The carbon black usually has an
      average particle diameter of from about 15 to about 100 millimicrons and
      the titanium dioxide usually has a particle size of from about .2 to about
      1.0 microns.
PAR  The following examples further illustrate the invention and are not
      intended to be limiting. The parts and percentages are by weight unless
      otherwise indicated.
DETD
PAC  EXAMPLE I
PAR  A polyurethane prepolymer composite was prepared by the following method:
      To a suitable reactor was charged 100 parts of an hydroxyl containing
      polybutadiene polyol having an equivalent weight of about 1300, 3 parts
      2,6-ditertiary butyl para cresol and 5 parts carbon black obtainable as
      Raven 40 from The Columbian Carbon Co. The mixture was slowly heated to
      about 60.degree.C while stirring. To this masterbatch was added and mixed
      liquid diphenyl methane-4,4'-diisocyanate in a ratio of 3.5 moles
      diisocyanate to one mole of said polyol. Immediately external heating was
      stopped. With continued stirring the exotherm of the reaction caused the
      temperature of the mixture to rise to a maximum of about 72.degree.C over
      a 30 minute time span. By the time 40 minutes had elapsed the temperature
      had already begun to drop. The product was diluted in the ratio of 2:1:1
      with toluene and methyl ethyl ketone (50 percent solids). The diluted
      material was smooth and homogeneous. It was allowed to stand overnight and
      an NCO (free isocyanate) determination was made. The percent free NCO of
      the diluted product was 2.7, but can typically range between 2.7 and 3.1.
PAR  A 2,2'-diaminodiphenyldisulfide solution was prepared by mixing, with
      stirring, and heating 25 parts of said diaminodisulfide and 75 parts
      methyl ethyl ketone.
PAR  A coating was prepared by first mixing 13 parts of said diaminodisulfide
      solution with 50 parts of said polybutadiene prepolymer composite followed
      by quickly pouring the mixture onto a polyethylene slab and drawing a film
      thereof. The mixture itself demonstrated a pot life of about 50 minutes.
      The drawn or cast film was essentially track free after about 22 minutes
      in an atmosphere of about 25.degree.C. The film, which had a thickness of
      about 18 mils, was allowed to continue to air cure at about this
      temperature. An analysis of the film's physical properties was made at
      about 25.degree.C by ordinary rubber testing procedures with the following
      results more clearly shown in Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Property              Value                                               
     ______________________________________                                    
     100% Modulus (psi)    1600                                                
     Tensile, ultimate (psi)                                                   
                           2400                                                
     Elongation, ultimate (%)                                                  
                            200                                                
     ______________________________________                                    
PAR  Strips of the 18 mil thick film were placed in 25 percent sulfuric acid and
      heated in an oven to 70.degree.C for 28 days. The strips were removed and
      tested, showing excellent retention of physical properties as typically
      demonstrated in Table 2, with only a very small weight loss.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Property                Value                                             
     ______________________________________                                    
     100% Modulus (psi)          1800                                          
     Ultimate tensile (psi)      2400                                          
     Ultimate elongation (%)     150                                           
     Percent weight change (%)                                                 
                        (-)      0.4                                           
     ______________________________________                                    
PAC  EXAMPLE II
PAR  To especially demonstrate the utility of this invention, a 15,000 gallon
      capacity railroad metal tank car to be used for transporting 25 percent
      sulfuric acid, lined with the polyurethane of this invention, is described
      in the following manner.
PAR  The inner surface of the metal tank car is prepared by shot blasting
      followed by spray coating with a primer solution. The primer solution can
      comprise an adhesive mixture of resins of the thermosetting class
      comprising polyvinyl butyral resin and the phenolic type in a solvent
      mixture comprising isopropanol and toluene of the type obtainable from The
      Conap Company as Conap-1146-C primer. The primer can be allowed to dry for
      about 12 hours at about 25.degree.C.
PAR  Multiple spray coats of a polyurethane reaction mixture is spray coated
      onto the prepared inner surface of the tank car and allowed to cure at
      about 25.degree.C to form a built-up protective inner liner in the tank
      car having a thickness of at least about 0.05 inches or at least about 50
      mils.
PAR  The prepolymer for sprayable polyurethane mixture is prepared as follows.
PAR  To a suitable reactor is charged 34.7 parts of a mixture consisting of 80
      percent by weight of the hydroxyl containing polybutadiene polyol used in
      Example I and 20 percent by weight of the oil furnace black and 71.3
      additional parts of the hydroxyl containing polybutadiene polyol.
PAR  To the polyol-carbon black mixture is added 2.9 parts of 2,6-ditertiary
      butyl para cresol and the resulting mixture heated to about 50.degree.C
      and stirred for about 40 minutes.
PAR  Then 41.1 parts of a liquid diphenyl methane diisocyanate having a
      molecular weight of about 288 is added to the heated mixture and the
      reaction exotherm should cause the temperature to increase somewhat. This
      is followed by the addition of 75 parts of toluene and 75 parts of methyl
      ethyl ketone to form a prepolymer solution having a 2.85 percent free
      isocyanate content.
PAR  A sprayable polyurethane reaction mixture is formed by mixing with 9080
      parts of the prepared prepolymer solution at about 25.degree.C, 2190 parts
      of a curative solution which consists of
TBL                        Parts                                               
     ______________________________________                                    
     2,2'-diaminodiphenyldisulfide                                             
                             51.0                                              
     2,6-ditertiary butyl para cresol                                          
                             3.0                                               
     2-mercapotbenzothiazole 0.3                                               
     methyl ethyl ketone     90.0                                              
                             144.3                                             
     ______________________________________                                    
PAR  The polyurethane compositions of this invention are generally characterized
      by having less than about a 10 percent weight increase when exposed to a
      25 percent sulfuric acid at 70.degree.C for about 28 days. Thus, they are
      useful for applications which require exposure to sulfuric acid for
      extended periods of time. It is understood that the polyurethanes referred
      to in this specification may also contain polyurea linkages.
PAR  Where polyurethane compositions are used as structures, to contain sulfuric
      acid, it is desired that the polyurethanes do not increase in weight by
      more than about 10 percent immersed in the sulfuric acid at a temperature
      of about 70.degree.C for about 28 days. It is generally considered that
      polyurethanes exceeding a 10 percent weight increase under these
      conditions are unsuitable for the normal storage of sulfuric acid because
      of their tendency to allow the acid to seep through the polyurethane
      barrier, thereby causing a loss of the acid and damage to surrounding
      structures.
PAR  Sprayable liquid polyurethane reaction mixtures can be prepared by the
      method of this invention which are particularly useful for preparing
      seamless protective innerliners for storage containers such as containers
      used for storing sulfuric acid because of both their resistance to
      degradation by the mineral acid and their advantageous low 100 percent
      modulus which demonstrates their elasticity. This is especially useful for
      large storage tanks of at least 1,000 gallon capacity which are subject to
      environments of expansion and contraction due to wide temperature ranges.
PAR  Nonflammable sprayable solutions of the polyurethane reaction mixtures
      prepared with the chlorinated solvents can be used to coat surfaces of
      materials in confined areas such as the inner surfaces of storage
      containers without incurring explosive hazardous conditions. Such surfaces
      can be of metal, cement, wood, plastics, and other materials to support
      the coats of polyurethane. When used as protective innerliners for storage
      containers for sulfuric acid the layers of the polyurethane composition
      should have a thickness of at least about 3 and preferably of from about 5
      to about 100 mils.
PAR  Generally the interior surface of a storage tank is cleaned with a suitable
      solvent such as an aliphatic or aromatic hydrocarbon or with an inorganic
      acid or base, by steam, by shot or sand-blasting, or a combination of
      these methods before the polyurethane reaction mixture solution is
      applied. It is usually desired to apply the solution by spray coating. If
      desired, a bonding cement can be applied to the surface of the container
      in order to enhance the bonding of the polyurethane composition to the
      inner surface of the container. It is usually preferred to mix carbon
      blacks or titanium dioxide with the polyurethane reaction mixture to
      enhance its thixotropic properties and to provide a cured polyurethane
      innerliner relatively free of pinholes.
PAR  It should be pointed out that the preferred composition of this invention,
      as particularly practiced in the examples, is preferably for use in the
      preparation of storage containers for sulfuric acid which requires first
      forming a prepolymer by reacting the polymeric polyol with a diphenyl
      methane diisocyanate in the presence of the 2,6-dialkylated paracresol and
      then curing said prepolymer by reacting with the prescribed
      diaminodisulfide.
PAR  In this specification the term free isocyanato groups refer to NCO units in
      the prepolymer of polyurethane reaction mixture that are free for reaction
      with compounds having reactive hydrogens.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      having skill in this art that various changes may be made therein without
      departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A metal storage container suitable for storing 25 percent sulfuric acid
      having a protective innerliner of a thickness of from about 3 to about 100
      mils of a polyurethane composition prepared by reacting 2,2.sup.1
      -diaminodiphenyldisulfide with a prepolymer having a free isocyanate
      content of about 2 to about 8 percent, said prepolymer having been
      prepared by reacting in the presence of from about 1 to about 5 parts by
      weight of a 2,6 dialkylated para cresol having the formula:
      ##SPC2##
PAL  where R is an alkyl radical having from 4 to 12 carbon atoms; (1) 100 parts
      by weight of an hydroxyl containing polymeric polyol having a molecular
      weight of from about 1000 to about 5000, a corresponding hydroxyl number
      of of from 110 to about 20 and an hydroxyl functionality of of from about
      2 to about 3 and where the polymeric polyol comprises from about 70 to
      about 100 percent units derived from conjugated dienes selected from the
      group consisting of 1-3 butadiene and isoprene and up to about 30 percent
      units derived from styrene; and (2) a diphenyl methane diisocyanate, where
      the ratio of primary amino groups of of said diaminodisulfide to free
      isocyanate groups of said prepolymer is in the range of 0.5/1 to about
      1/1.
NUM  2.
PAR  2. The storage container of claim 1, suitable for storing at least about
      1,000 gallons of 25 percent sulfuric acid where said polyurethane is
      prepared from 2,2'diaminodiphenyldisulfide, 2,6 ditertiary butyl para
      cresol, polybutadiene polyol having an hydroxyl functionality of about 2.1
      to about 2.8 and an equivalent weight in the range of about 1100 to about
      1500, and a liquid diphenyl methane diisocyanate.
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PAL  A drawn and ironed container with a profiled bottom wall is disclosed
      herein. The profiled bottom wall includes an ellipsoidal dome surrounded
      by a substantially vertical wall portion which merges with the side wall
      of the container along an outwardly directed bead. The configuration of
      the bottom wall substantially increases the resistance to buckling when
      the container is filled with pressurized product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of drawn, extruded and/or ironed containers, one of the
      problems encountered is to incorporate sufficient rigidity into the bottom
      wall of the container to prevent buckling when the container is used for
      packaging pressurized products, such as carbonated beverages.
PAR  The most ideal type of container bottom wall would be a flat wall which
      would allow for maximum capacity for a given container with a minimum
      height. However, such a container is not economically feasible because the
      thickness of the wall would have to be of such magnitude that the cost of
      the container would be prohibitive.
PAR  One method that has been employed for maintaining sufficient rigidity with
      thin metals is to form the bottom wall into a spherical dome
      configuration. This configuration is generally shown in U.S. Pat. No.
      3,760,751.  While this configuration allows container manufacturers to
      somewhat reduce the metal thickness, these manufacturers are continuously
      working on techniques that will allow for further reduction in metal
      thickness without sacrificing container rigidity.
PAR  Since containers are produced and sold by the billions annually,
      manufacturers are constantly striving to reduce the wall thickness of the
      container while still maintaining the same operating characteristics.
      Because of the large volume, it will be appreciated that a small reduction
      in metal thickness, even on the order of one thousandth of an inch, will
      reduce manufacturing costs substantially.
PAR  While some small amount of buckling of the bottom wall is tolerable, if the
      buckle is noticeable, a customer will usually assume that the contents of
      the can are spoiled which results in substantial waste. It will be
      appreciated that when packaging pressurized materials, such as beer or
      other carbonated beverages, the pressure in the container may exceed 50
      p.s.i. when the container is stored and subjected to normal summer
      temperatures and must also be capable of withstanding 90 p.s.i. minimum
      during the pasteurization process.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a cylindrical container having a
      cylindrical side wall and a bottom wall is formed so that the bottom wall
      is capable of withstanding pressures on the order of 90 p.s.i. minimum
      while still reducing the thickness of the container wall by more than 10
      percent of the thickness of present day commercially competitive
      containers for the same product.
PAR  The cylindrical container has a side wall and a bottom wall integral
      therewith at one end thereof with the bottom wall consisting of a
      substantially vertical portion extending upwardly toward the opposite end
      and an ellipsoidal dome within the vertical portion.
PAR  The ellipsoidal dome is profiled in such a way that the maximum stress
      point on the ellipsoidal dome is located at the intersection of the dome
      with the vertical portion. Also, the lower end of the cylindrical wall
      merges with an outwardly directed bead along an arcuate portion so that
      the diameter of the bottom wall is smaller than the outside diameter of
      the container.
PAR  The ellipsoidal dome is formed with compound radii which have dimensions
      that are proportionate to the diameter of the cylindrical side wall. In
      addition, the height of the vertical portion is proportionate to the
      overall height of the bottom wall to further increase the strength to
      buckling resistance of the bottom wall.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side elevation, partly in section, showing the
      container of the present invention; and
PAR  FIG. 2 is an enlarged fragmentary sectional view of the area between the
      side and bottom wall of the container shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will herein be described in detail a
      preferred embodiment of the invention with the understanding that the
      present disclosure is to be considered as an exemplification of the
      principles of the invention and is not intended to limit the invention to
      the embodiment illustrated.
PAR  FIG. 1 of the drawings discloses the lower portion of a container 10 that
      is formed of metal, such as steel or aluminum. Container 10 has a circular
      or cylindrical side wall 12 integral with bottom wall 14. Side and bottom
      walls 12 and 14 are formed by drawing and ironing a single piece of steel
      or aluminum into a specific configuration that will be described later.
      The upper end of the container or can body (not shown) is also deformed so
      that an end can be seamed thereto. Since this portion of the container
      forms no part of the invention, the upper end of the container has been
      deleted.
PAR  According to the present invention, the bottom wall or panel 14 is
      specifically configured to be capable of withstanding substantial internal
      pressure without deforming or buckling.
PAR  The structural arrangement of the container side wall 12 and bottom wall 14
      will first be described and the advantages of the various structural
      features will then be summarized. Cylindrical side wall 12 is joined to
      bottom wall 14 through an arcuate portion 16 having a progressively
      decreasing radius which merges with the bottom wall through an annular
      outwardly directed bead 18. Bottom wall 14 has a substantially vertical
      portion 20 at the inner end of bead 18. The upper end of substantially
      vertical portion 20 merges along a radiused portion 21 with an upwardly
      extending ellipsoidal dome 22. Dome 22 has a first spherical portion 24
      and an annular portion 26 which merge with each other at juncture P.
PAR  Spherical portion 24 has a radius R1 having its center located on the
      center line CL of container 10. Annular portion 26 has a constant
      curvature in cross section which has a second radius R2 having its center
      located in close proximity to the point of intersection between R2 and R1.
PAR  Radius R1 or the first radius for ellipsoidal dome 24 defines an angle A
      with the center line CL at the periphery of spherical portion 24 while the
      radius R2 at the periphery of annular portion 26 defines an angle B with
      respect to the center line CL of the container. The periphery of annular
      portion 26 merges with substantially vertical portion 20 along arcuate
      portion 21 which has a radius R3 while the lower end of substantially
      vertical portion 20 merges with arcuate portion 16 through bead 18 that
      has a radius R4. The substantially vertical portion 20 defines an angle C
      with respect to a plane extending parallel to side wall 12.
PAR  With the configuration of the bottom end of the container as described
      above, container bottom wall 22 has a diameter D2 (as measured at the
      bottom edge or lowermost point of bead 18) which is smaller than the
      diameter D1 of the periphery of side wall 12. In addition, ellipsoidal
      dome 22 has a diameter D3 (measured from the point of merger with annular
      portion 26 substantially vertical portion 20) which is slightly smaller
      than the diameter D2 of bottom wall 14. Also, substantially vertical
      portion 20 has a vertical height H1 which is proportionate to the overall
      height H2 of bottom wall 14, as will be described later.
PAR  It has been found that the relation of H1 to H2 and the particular
      configuration of ellipsoidal dome 22 are the most important variables in
      the profiled bottom wall of container 10 to produce a container which is
      highly resistant to pressure buckling. Stated another way, the ellipsoidal
      dome 22 and substantially vertical wall 20 are dimensioned so that the
      maximum stress point on the ellipsoidal dome is located at the
      intersection between substantially vertical portion 20 and dome 22. In
      addition, the arcuate portion 16 at the lower end of side wall 12 and the
      annular bead 18 produce a reduced diameter for bottom wall 14. The
      diameter for bottom wall 14 is defined by the lowermost edge of bead 18
      and this annular edge produces the anchor point or base for bottom wall 14
      when pressure is applied inside the container.
PAR  It has been discovered that a significant stiffening action or resistance
      to buckling can be produced by having the dimensions described above
      within the following ranges:
TBL  Dimensions              Ranges                                            
     ______________________________________                                    
     D1 = Outside Diameter of Container                                        
     T = Metal Thickness                                                       
     D2                     0.85 to 0.95 D1                                    
     D3                     0.80 to 0.90 D2                                    
     a (semi-major axis)    0.45 to 0.55 D2                                    
     b (semi-minor axis)    0.30 to 0.40 a                                     
     H2                     b                                                  
     H1                     0.20 to 0.30 H2                                    
     R3                     1.0 to 2.0 T                                       
     R4                     3.0 to 4.0 T                                       
     A                      10.degree. to 30.degree.                           
     B                      30.degree. to 40.degree.                           
     C                       0.degree. to 20.degree.                           
     ______________________________________                                    
PAR  With the various dimensions in the above ranges, the first and second radii
      are determined from the following formulas:
      ##EQU1##
PAR  It has been determined that the buckling resistance can be increased by 40
      percent when utilizing an elliposidal dome rather than a conventional
      spherical dome.
PAR  While the invention is not limited to any specific dimensions, a container
      with the following dimensions resulted in increased resistance to buckling
      over a standard spherical dome:
TBL  D2 = 0.9 D1           R3 = 1.5T                                           
     D3 = 0.85 D1          R4 = 3.5T                                           
      a = 0.5 D2           A = 20.degree.                                      
      b = 0.333a           B = 35.degree.                                      
     H1 = 0.25 H2          C = 3.degree.                                       
     H2 = b                                                                    
PAL  with R1 and R2 determined by the above formulas.
PAR  It will be appreciated that a container constructed in accordance with the
      teachings of the present invention will allow the manufacturer to reduce
      the metal thickness without sacrificing rigidity or substantially increase
      the resistance to buckling when using a material having a thickness
      corresponding to what is presently used for these types of containers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container having a cylindrical side wall and an integral bottom wall
      at the lower end thereof, said bottom wall and side wall being joined by
      an annular outwardly directed bead having one end joined to said side wall
      and an opposite end, said bottom wall having an ellipsoidal dome within
      said opposite end of said bead, said ellipsoidal dome having a central
      spherical portion defining a first radius having its center located on the
      center line of the container, said ellipsoidal dome having an annular
      portion surrounding said spherical portion, said annular portion having a
      second radius which is less than said first radius, and a substantially
      vertical portion between the outer periphery of said annular portion and
      said opposite end of said bead.
NUM  2.
PAR  2. A container as defined in claim 1, in which said side wall has an
      arcuate lower end merging with said one end of said bead.
NUM  3.
PAR  3. A container as defined in claim 1, in which the vertical dimension
      between the lower edge of said bead and the upper edge of said vertical
      portion is in the range of 0.2 to 0.3 times the vertical dimension of said
      bottom wall at the center line of said container.
NUM  4.
PAR  4. A container as defined in claim 1, in which said first radius defines a
      first angle of less than 30.degree. with respect to the center line at the
      periphery of said spherical portion and said second radius defines a
      second angle of less than 40.degree. with respect to the center line at
      the periphery of said annular portion.
NUM  5.
PAR  5. A container as defined in claim 4, in which said first radius is
      determined by the following formula:
      ##EQU2##
      where (b) is the axial dimension of said bottom wall at the center line of
      said container, (a) is one-half the diameter of said bottom wall and (A)
      is said first angle.
NUM  6.
PAR  6. A container as defined in claim 5, in which said second radius is
      determined by the following formula:
      ##EQU3##
NUM  7.
PAR  7. A container as defined in claim 6, in which said side wall has an
      arcuate lower end merging with said one end of said bead and in which a
      lowermost edge of said outwardly directed bead has a diameter which is
      0.85 to 0.95 times the outside diameter of said side wall.
NUM  8.
PAR  8. A container as defined in claim 7, in which said substantially vertical
      portion is substantially flat and defines an angle of less than 10.degree.
      with respect to said side wall and in which the juncture between said dome
      and said vertical portion has a diameter which is 0.80 to 0.90 times the
      outside diameter of said side wall.
NUM  9.
PAR  9. A container as defined in claim 8, in which said outwardly directed bead
      has a radius which is 3 to 4 times the thickness of said bottom wall.
NUM  10.
PAR  10. A container as defined in claim 9, in which the juncture between said
      dome and said vertical portion is curved and has a radius which is 1 to 2
      times the thickness of said bottom wall.
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PAL  A floating cover that is spaced inwardly from the side of an upright tank
      is electrically grounded to the tank by a plurality of cable loops
      disposed in substantially vertical planes around the cover and spanning
      the space between it and the tank side wall. One side of each loop is
      secured to the side of the cover while the opposite side of the loop
      engages the side of the tank. The loops are compressed laterally between
      the cover and the tank side wall to maintain sliding electrical contact
      with that wall as the cover moves in the tank.
BSUM
PAR  A common way of electrically grounding a floating cover in a tank so that
      sparks caused by static electricity will not occur is to fasten one end of
      a metal cable to the cover and the other end of the cable to the bottom of
      the tank or to its roof if the tank has a roof. Such a system is
      satisfactory electrically, but as the cover moves up and down in the tank
      with changing liquid levels the necessary slack in the cable to permit
      this movement sometimes causes it to kink or become twisted in such a
      manner that it cannot be fully extended when necessary. This can result in
      a floating cover being prevented from rising with the rising liquid level
      or it may cause the cover to tilt as the liquid level rises or falls in
      the tank.
PAR  Grounding has also been accomplished by attaching metal strips to the
      cover, with the outer ends of the strips engaging the surrounding wall of
      the tank. Such strips may catch on projections from the side of the tank.
      If the cover turns in the tank, as sometimes happens, some of the strips
      may be bent laterally permanently so that they will not engage the tank
      when the cover floats toward the opposite side of the tank.
PAR  It is among the objects of this invention to provide the floating cover of
      an upright tank with grounding devices which are very flexible, which are
      inexpensive and durable, which will always remain in engagement with the
      side of the tank regardless of the position of the cover, and which cannot
      be bent out of shape permanently.
DRWD
PAR  The preferred embodiment of the invention is illustrated in the
      accompanying drawing, in which
PAR  FIG. 1 is a fragmentary plan view of a floating cover in a tank shown in
      section;
PAR  FIG. 2 is an enlarged fragmentary vertical section showing a side view of a
      grounding device;
PAR  FIG. 3 is an enlarged view taken on the line III--III of FIG. 2; and
PAR  FIG. 4 is a view similar to FIG. 1, but showing the cover rotated a few
      degrees in the tank.
DETD
PAR  Referring to FIGS. 1 and 2 of the drawings, an upright tank that may or may
      not have a roof has a bottom and a vertical side wall 1. Generally, the
      tank will be cylindrical but it can be some other shape as long as its
      side wall is vertical. Inside the tank there is a floating cover 2 of any
      suitable construction, many forms of which are well-known, that floats on
      the liquid in the tank and rises and falls with the liquid level. The
      diameter of the cover is somewhat less than the diameter of the tank so
      that when the cover is centered in the tank the side of the cover will be
      spaced from the side of the tank. The top of the annular space thus formed
      between the cover and tank is closed by a flexible sealing strip 3 clamped
      to the edge of the cover and extending outwardly and upwardly into sliding
      engagement with the side of the tank. Preferably, the cover has an
      encircling side wall that extends down into the liquid below.
PAR  It is a feature of this invention that means are provided for electrically
      grounding the cover to the tank to prevent the buildup of static
      electricity that might cause an electric spark, which could ignite the
      contents of the tank or even cause an explosion. Accordingly, the cover is
      surrounded by several electrical conducting loops spaced uniformly around
      it. As shown in FIGS. 1 and 2, each loop is formed from a metal cable 5
      and is disposed in a substantially vertical plane between the side of the
      cover and the side of the tank. The loops span the annular space between
      the cover and the surrounding side wall of the tank.  In a circular tank
      the planes of the loops are disposed substantially radially of the tank
      and the cover when the cover is centered in the tank. Each loop is formed
      by overlapping the opposite ends of a length of cable for several inches.
      These overlapping end portions are secured rigidly together by any
      suitable means spaced apart vertically, such as by a pair of sleeves 6
      surrounding them and compressed tightly against the cable to hold its end
      portions together as shown in FIG. 3. The overlapping end portions of the
      cable between the sleeves are clamped against the side wall of the cover
      by fastening members, such as by bolts 7 extending between the overlapping
      ends and through holes in the cover. Nuts 8 (FIG. 2) are mounted on the
      inner ends of the bolts and tightened against the inner side of the cover
      side wall. Washers 9 between the heads of the bolts and the cable clamp it
      tightly against the cover.
PAR  The cable loops, before they are attached to the cover, are substantially
      circular and their diameter is greater than the widest space that can be
      formed between the floating cover and the side wall of the tank if the
      cover floats toward one side of the tank. Therefore, when the loops are
      attached to the cover they are cmmpressed laterally or horizontally
      between the cover and the side of the tank and are elongated vertically as
      shown in FIG. 2. This provides a substantial length of contact between the
      loops and the side of the tank. This contact is maintained by the pressure
      of the loops against the tank, due to their tendency to expand to circular
      form. As the cover rises and falls in the tank, the loops slide up and
      down the inner surface of the tank and maintain the cover electrically
      connected to the tank. In case the cover floats toward one side of the
      tank, the loops at that side will be compressed more but at the opposite
      side they will expand a like amount and still remain in engagement with
      the side of the tank. This action of the loops is indicated in dotted
      lines in FIG. 2. The loops, being made from a flexible cable, do not take
      a permanent bend or set position, so that when the cover floats back
      toward the opposite side of the tank the highly compressed loops will
      expand and remain in contact with the side of the tank.
PAR  Although the loops can be made from a solid single wire cable, it is
      preferred to make them from a cable that has been formed from a plurality
      of twisted wire strands, because such a cable is more flexible and
      resilient.
PAR  Another advantage of these grounding loops is that if a cover floats toward
      one side of the tank and at the same time rotates on its axis, the loop or
      loops at the nearest side of the tank can be swung into lateral positions
      where they will extend in a generally circumferencial direction relative
      to the tank and cover, as shown in FIG. 4. This lateral swinging or
      twisting of the loops does not affect them permanently. As the cover
      floats away from that side of the tank, the loops will move back toward
      their normal radial position without becoming disengaged from the side of
      the tank.
PAR  According to the provisions of the patent statutes, I have explained the
      principle of my invention and have illustrated and described what I now
      consider to represent its best embodiment. However, I desire to have it
      understood that, within the scope of the appended claims, the invention
      may be practiced otherwise than as specifically illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an upright tank, a floating cover spaced inwardly from the side of
      the tank and movable therein in vertical, horizontal and circumferential
      directions, a flexible sealing ring encircling the cover and secured
      thereto, the outer edge of the sealing ring slidably engaging the tank
      side wall, a cable loop disposed between the cover and the tank side wall
      and spanning the space between them, said loop being spaced vertically
      from the sealing ring, and means securing one side of the loop to the side
      of the cover, the opposite side of the loop engaging the tank side wall,
      and the loop always being compressed laterally between the cover and the
      side of the tank as the cover moves in the tank in any of said directions,
      whereby the loop maintains electrical contact with said side wall.
NUM  2.
PAR  2. In an upright tank, a floating cover spaced inwardly from the side of
      the tank and movable therein in vertical, horizontal and circumferential
      directions, a flexible sealing ring encircling the cover and secured
      thereto, the outer edge of the sealing ring slidably engaging the tank
      side wall, a plurality of flexible cable loops disposed in substantially
      vertical planes around said cover between it and the tank side wall and
      spanning the space between them, said loops being spaced vertically from
      the sealing ring, and means securing one side of each loop to the side of
      the cover, the opposite side of each loop engaging the tank side wall, and
      the loops being compressed laterally between the cover and the side of the
      tank to maintain sliding electrical contact with said side wall as the
      cover moves in the tank in any of said directions.
NUM  3.
PAR  3. In a tank according to claim 2, the uncompressed width of each of said
      loops being greater than the maximum distance between said cover and the
      side of the tank when the cover is as close to one side of the tank as it
      is possible to be.
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ABST
PAL  A container closure of the type having a friction fit on a container and
      including a depending skirt radially inwardly deformed below a radially
      outward projection on the container body is provided with a peripheral
      weakening line generally at the point where the skirt of the closure tends
      to bend below the body projection and wherein tensioning means are carried
      by the lower skirt portion for radially inwardly tensioning the skirt
      portion below the line of weakening so that by utilizing the tensioning
      means, the lower skirt portion may be detached from the remainder of the
      closure and the closure being free to be removed from and replaced on the
      container. The tensioning means is also utilized to tightly clamp the
      removed skirt portion to the exterior of the container so that the removed
      skirt portion is not discarded separately from the container.
BSUM
PAR  This invention relates in general to new and useful improvements in
      containers and more particularly to an easy opening container.
PAR  In the recent past numerous easy opening containers of varying
      constructions and configurations have been delevoped. However, these
      containers are primarily of the type wherein a portion of the end panel of
      the closure is removed to facilitate dispensing of the product and, in
      certain instances, wherein the product is liquid, the rupturable panel
      portion may be pressed inwardly of the container so as to remain a part
      thereof. However, little progress has been made in the field of container
      closures of the friction fit type wherein the container closure, when once
      removed, may be readily re-applied for the purpose of resealing the
      container.
PAR  In accordance with this invention, it is proposed to provide a friction
      type closure for a container wherein the closure is provided with a
      depending skirt which is radially inwardly deformed beneath an external
      projection on the container body. In lieu of requiring a special opener to
      deform or spring the skirt outwardly so as to effect the removal of the
      closure, in accordance with this invention, the depending skirt portion is
      removed in its entirety so that the closure is free to be removed and
      replaced.
PAR  The removal of the closure retaining skirt portion is facilitated by
      providing the same with a peripheral line of weakening and applying to the
      depending skirt portion a tensioning device for radially inwardly
      tensioning the depending skirt portion so as to effect rupture thereof
      along the line of weakening.
PAR  In accordance with this invention, the means for tensioning the lower skirt
      portion is merely in the form of a wire hoop having a projecting loop
      portion which can be twisted so as to tighten the wire hoop about the
      skirt portion. As the skirt portion is radially inwardly deformed, it is
      tensioned at the line of weakening and thus rupture occurs.
PAR  A further feature of the invention is the forming of the container body
      with an annular groove for receiving that part of the removable skirt
      portion which is radially inwardly deformed in interlocking relation so as
      to retain the removable skirt portion on the container body after it has
      been broken from the remainder of the closure so that no portion of the
      closure is discarded separately of the remainder of the container.
PAR  With the above and other objects in view that will hereinafter appear, the
      nature of the invention will be more clearly understood by reference to
      the following detailed description, the appended claims and the several
      views illustrated in the accompanying drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a top perspective view of a container provided with the easy
      opening closure.
PAR  FIG. 2 is an enlarged fragmentary sectional view taken along line 2--2 of
      FIG. 1 and shows the details of the easy opening feature of the closure.
PAR  FIG. 3 is a fragmentary schematic perspective view of the container of FIG.
      1 and shows the manner in which the container is opened.
PAR  FIG. 4 is an enlarged fragmentary vertical sectional view similar to FIG. 2
      and shows the closure released from the container.
DETD
PAR  Referring now to the drawings, it will be seen that there is illustrated a
      container formed in accordance with this invention, the container
      generally being identified by the numeral 10. The container 10 includes a
      container body 11 having the lower end thereof closed by an end closure
      12. The upper end of the container body 11 is normally open and is closed
      by a further end closure 13 which has a friction fit with the container
      body 11 and which has easy opening means facilitating the releasing
      thereof from the container body 11.
PAR  The container body 11 is provided at the upper end thereof with a hollow
      radially outwardly directed projection 14. Below the projection 14, the
      container body 11 is provided with an inwardly directed peripheral recess
      15.
PAR  The closure 13 is preferably formed of metal, such as aluminum, although it
      may be formed of other suitable materials, including, in certain
      instances, plastic. The closure 13 is provided with an end panel 16 which
      is connnected to an inner cylindrical wall 17 by an inwardly offset
      cylindrical wall portion 18. The closure 13 also includes a depending
      skirt 20 which is connected to the cylindrical wall 17 by means of a
      reverse bend or curl 21.
PAR  The interior surface of the bend 21 is coated with a suitable sealing
      compound 22. Thus, when the closure 13 is applied to the container body 11
      by a downward force, a seal is effected between the closure 13 and the
      container body 11, the sealing compound 22 pressing against the hollow
      projection 14 and being in sealing contact therewith.
PAR  It is to be understood that the dimensional relationship between the
      closure 13 and the upper portion of the container body 11 is one wherein
      there is a frictional fit so that the closure 13 is normally retained in
      place on the container body. However, for shipping and handling purposes,
      in order to firmly retain the closure 13 on the container body 11, the
      skirt 20 would normally be radially inwardly deformed below the projection
      14 in any conventional manner.
PAR  In accordance with this invention, the skirt 20 is relatively elongated and
      is modified by being provided with a peripheral weakening line in the form
      of a score 23 at the point where the skirt 10 is to bend and be stressed
      relative to the projection 14 when the lower portion of the skirt is
      radially inwardly deformed.
PAR  The portion of the skirt 20 below the weakening line 30 will hereinafter be
      defined as the lower skirt portion and identified by the numeral 24.
PAR  The lower skirt portion 24 is provided with a tensioning device generally
      identified by the numeral 25. The tensioning device 25 is simply in the
      form of a wire hoop which passes around a middle part of the lower skirt
      portion 24 and then is twisted as at 26 leaving an eye 27. It is to be
      noted that that portion of the hoop of wire which directly encircles the
      lower skirt portion 24 is seated in an annular recess 28 which, in turn,
      defines an inwardly projecting rib 30.
PAR  The closure 13 is initially retained on the container body 11 by the lower
      skirt portion 24 being radially inwardly deformed below the projection 14.
      The lower skirt portion 24 is retained in this position by the tensioning
      device 25. It is to be noted at this time that the twisted portion 26 and
      the eye 27 of the wire hoop are in a depending relation alongside the
      container body 11 during normal shipping and storage.
PAR  When it is desired to open the container 10, the eye 27 is lifted to the
      dotted line position shown in FIG. 2 and thereafter twisted in a
      counterclockwise direction, as schematically shown in FIGS. 3 and 4 to
      further twist the wire hoop and to tighten the same around the lower skirt
      portion 24. The twisting of the wire hoop may be accomplished by means of
      any suitable implement, for example the handle of a spoon, if necessary.
PAR  As is shown in FIG. 4, the radial inward deformation of the lower skirt
      portion 24 to a point where it approaches the container body 11 will
      result in applying a combined bending and tensile force on the skirt 20
      along the line of weakening defined by the score 23 so as to effect
      separation of the lower skirt portion 24 from the remainder of the skirt
      20. The remainder of the closure 13 is now free to be lifted from the
      container in the manner shown generally in FIGS. 3 and 4.
PAR  It is to be noted that at the time rupture of the lower skirt portion 24
      from the skirt 20 occurs, the bead 30 is substantially seated in the
      annular recess 15 of the container body 11 so that a slight further
      twisting of the wire hoop will result in the interlocking of the bead 30
      and the retention of the removed lower skirt portion 24 with the
      container.
PAR  It is to be understood that once the closure 13 has been removed from the
      container, if it is desired to reseal the container, this may be
      accomplished by merely pressing the closure 13 back into place on the
      container body 11. It is to be understood that the frictional relationship
      between the closure 13 and the container body 11 will be retained and a
      good seal will be effected. It is also pointed out here that the twisted
      portion of the wire hoop may be depressed to the dotted line position
      shown in FIG. 3 and as schematically indicated in FIG. 4 after the opening
      process has been completed.
PAR  It is to be understood that the constructional details of the container 11,
      except for the necessity of the projection 14 and the desirability of
      providing the annular recess 15, may be varied in any manner desired
      without departing from the principles of this invention.
PAR  Although only a preferred embodiment of the invention has been specifically
      illustrated and described herein, it is to be understood that minor
      variations may be made in the container construction without departing
      from the spirit and scope of the invention, as defined by the appended
      claims.
CLMS
STM  What is claimed as new:
NUM  1.
PAR  1. An easy opening container closure of the type having a depending
      external retaining skirt, a peripheral weakening line around said skirt,
      and tensioning means carried by said skirt below said weakening line for
      tensioning said skirt along said weakening line and effecting rupture of
      said skirt along said weakening line.
NUM  2.
PAR  2. The container closure of claim 1 wherein said closure is of the type
      wherein said skirt has a radially inwardly directed deformation formed
      independently of said tensioning means to retain said closure on a
      container, and said tensioning means also functions as retaining means.
NUM  3.
PAR  3. The container closure of claim 1 wherein said tensioning means is a
      device extending about said skirt and includes means for foreshortening
      the same to apply a radial inwardly pressure on said skirt.
NUM  4.
PAR  4. The container closure of claim 3 wherein said device is in the form of a
      wire hoop.
NUM  5.
PAR  5. The container closure of claim 3 wherein said skirt has an annular
      groove receiving said device.
NUM  6.
PAR  6. The container closure of claim 1 wherein said closure is carried by a
      container body having an outer peripheral projection at one end thereof,
      said closure is mounted on said container body one end, said skirt is
      deformed radially inwardly below said peripheral projection, and said
      tensioning means are disposed below said peripheral projection.
NUM  7.
PAR  7. The container closure of claim 6 wherein said skirt has a natural bend
      line adjacent said peripheral projection, and said weakening line is
      disposed along said bend line.
NUM  8.
PAR  8. The container closure of claim 6 wherein said tensioning means is a
      device extending about said skirt and includes means for foreshortening
      the same to radially inwardly deform said skirt and thereby effect
      stressing of said skirt along said weakening line.
NUM  9.
PAR  9. The container closure of claim 8 wherein said device is in the form of a
      wire hoop.
NUM  10.
PAR  10. The container closure of claim 6 wherein said skirt has an annular
      groove receiving said device, and said container body has a radially
      inwardly directed annular groove aligned with said skirt annular groove
      and receiving the same subsequent to rupture of said skirt along said
      weakening line to retain a released lower portion of said skirt attached
      to said container body.
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ABST
PAL  A lightweight container for foodstuffs or the like, formed from a
      multi-layer composite material, typically a sandwich of metal and
      synthetic plastic foil. A dish-shaped base member and a cover are
      thermally joined or welded at respective flanges. The cover is provided
      with weakening score lines which define an area which is to be removed by
      fracturing the cover material along the score lines when a tab, contiguous
      with a part of the cover, is pulled up. Each partial section of the
      tear-open cover has such a tab which is intended to be grasped with the
      fingers of one hand. The tabs themselves are not joined to the base member
      of the container and may, in fact, protrude out of the plane of the cover
      when the container is sealed. The hermetic seal in the region of the
      free-standing tabs is assured by a platelet, which may be made of the same
      material as that from which the container is made, but which may have a
      different composition. This platelet is welded to the inside of the cover,
      substantially congruent with the region of the starting tabs. To open the
      package, one of the tabs is grasped and pulled up, resulting in fracture
      of the material of the cover along the weakening score lines, permitting
      removal of the associated part of the cover. The procedure is then
      repeated, if necessary, for removal of any remaining parts of the cover.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a packaging container comprising a multi-layer
      composite material of metal and synthetic plastic foils having a wall in
      which a weakening score line defines a tear-open part and in which a
      starting region of the tear-open part is punched free. A small plate,
      which covers the punched-open starting region is tightly sealed to the
      inside of the wall of the container.
PAR  A tear-open container made known, for example, by the German
      Offenlegungsschrift 2,250,594, has a multilayer cover whose outer layer is
      a metal foil from which the cover derives its rigidity and tightness. The
      inside of the metal layer is covered with a synthetic plastic layer whose
      purpose is to prevent corrosion of the metal by the contents of the
      container. To facilitate opening the container, the cover has a tear-open
      portion defined by a weakening score line and is also equipped with a
      specially formed lever of rigid material which is fixedly attached to the
      starting portions of the tear-open part. The lever is attached to the
      cover with a rivet which is formed integrally out of the material of the
      cover. However, this method of fastening the lever can be used only with a
      cover material whose metal layer has a certain minimum thickness and
      rigidity.
PAR  Also known are so-called semi-rigid containers or lightweight containers
      which are deep-drawn out of a thin, metal-plastic composite material into
      the shape of a dish, and which have an edge flange to which a cover made
      of the same metal-plastic composite material is welded. The metal-plastic
      composite material usually consists of an aluminum foil of a thickness of
      0.08 mm to 0.2 mm to which a polypropylene foil of a thickness of 0.015 to
      0.05 mm is glued. These containers, which are very handy and appealing,
      are opened by cutting open the cover within the welding bead or by pulling
      the cover off, whereby the welding bead is peeled apart. Pulling the cover
      off in this manner is possible only when the plastic layer is very thin,
      which reduces the reliability of the seal.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is the principal object of the invention to provide so-called
      lightweight containers whose walls are made of a thin metal-plastic
      composite material and which include a tear-open device which can be
      simply manipulated and which permits easy removal of one of the walls of
      the container.
PAR  This object is attained, according to the invention, in that the starting
      region of the tear-open cover is divided into several tabs and the
      tear-open part is divided by at least one central weakening score line or
      groove.
PAR  The division of the starting region into several tabs and the disposition
      of adjacent central weakened score lines has the effect that the first
      removed strip of the tear-open part of the cover has a narrow beginning
      and becomes wider only gradually, at a small angle. This brings the
      advantage that, at the outset, only a small strip of the welding bead
      needs to be peeled apart and that the actual tearing path does not break
      out of the weakened score lines during further opening.
PAR  Any one of the punched-free tabs of the starting region, which preferably
      protrude from the level of the cover, can be comfortably grasped between
      the thumb and index finger of one hand. Subsequent pulling results, in the
      first instance, in releasing one strip or section of the entire tear-open
      part in the vicinity of the base of the grasped tab by separating the
      plastic layers within the welding bead from the platelet. During this
      action, those portions of the weakened score line which are adjacent to
      the tab, and which are contiguous with the welding bead, are also torn
      open. Continued pulling releases a first strip of the tear-open part from
      out of the cover along the weakened score lines. Subsequently, the other
      tab is grasped and the strip connected thereto is pulled out of the wall.
PAR  Experiments have shown that when using covers consisting of an aluminum
      foil of a thickness up to 0.2 mm and a synthetic layer of a thickness up
      to 0.1 mm, the forces required for the initial and continued tearing are
      well within the region of forces that can be supplied by the thumb and
      index finger of one hand so that special auxiliary tools are not required.
PAR  The invention will be better understood as well as further objects and
      advantages will become more apparent from the ensuing detailed
      specification of a preferred, although exemplary embodiment, taken in
      conjunction with the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top view of the container with a tear-open cover;
PAR  FIG. 2 is a view of the container of FIG. 1, seen along the sectional plane
      II--II in FIG. 1, and drawn on enlarged scale;
PAR  FIG. 3 is a perspective view of the container of FIGS. 1 and 2, in
      partially opened condition;
PAR  FIG. 4 is a perspective view of the container, similar to that of FIG. 3;
PAR  FIG. 5 is a top view of a second exemplary embodiment of a container with a
      tear-open cover;
PAR  FIG. 6 is a top view of a third exemplary embodiment of a container with a
      tear-open cover;
PAR  FIG. 7 is a cross section of the starting region of the tear-open device,
PAR  Fig. 8 is a cross-sectional view, similar to that of FIG. 7, of the
      starting region of the tear-open device; and
PAR  FIG. 9 is a cross-sectional view of still another embodiment showing a
      structure generally similar to that of FIGS. 7 and 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The containers depicted in the drawings are used to package high-grade,
      easily spoilable foodstuffs which are to be stored for a prolonged period
      of time. Each container comprises a dish- or tray-shaped base member 10
      which is deep-drawn in one piece or formed in some other manner and is
      provided with a cover 11, sealingly fastened to the filling opening of the
      base member 10. The exemplary embodiments represent so-called semi-rigid
      or lightweight containers. They are formed from a metal-plastic composite
      material whose metal layer 12, which is preferably aluminum, has a
      thickness of approximately 0.08 to 0.2 mm and whose synthetic plastic
      layer 13, which is preferably polypropylene, has a thickness of
      approximately 0.015 to 0.05 mm. The above data concerning the thickness of
      the individual layers of the composite material are intended only as
      examples and actual values can, in individual cases, deviate widely from
      these exemplary numbers. The base member 10 and the cover 11 are so formed
      and connected to one another that the synthetic plastic layer 13 forms the
      interior of the container.
PAR  In all the exemplary embodiments depicted in the drawings, the deep-drawn
      dish-shaped member 10 is provided with a shoulder 14 at its opening and a
      horizontally extending flange 15. The cover 11 is also provided with a
      flange 16 which is in substantial congruence with the flange of the base
      member 10. The flange 16 lies adjacent to a step 17 in the level surface
      18 of the cover 11 which corresponds to the shoulder 14 on the base member
      10, so that the cover 11 is suitably received on the base member 10. The
      base member 10 and the cover 11 are welded together by heat and pressure
      which is applied in the vicinity of their flanges 15, 16. This process
      melts and joins the adjacent synthetic plastic layers 13 of the base
      member 10 and of the cover 11. The exterior edge of the flange 16 of the
      cover 11 is provided with a rolled rim or crimp 19 which prevents injury
      to the hands when the container is handled. The container itself can also
      be provided with a similarly crimped flange. In order to facilitate
      opening the container, the surface level 18 of the cover 11 is provided
      with weakened areas 20, 21 which are provided by scoring metal layer 12 to
      a depth of approximately 30 to 50 percent of its thickness. To insure that
      the entire surface 18 can be torn open, the weakened area 20 runs parallel
      to and at a slight distance removed from the step 17 in the surface 18 of
      the cover 11 and defines a tear-open part 24. The starting region 25 of
      the tear-open part 24 is punched free and is bent out of the plane of the
      surface 18, so that it may be grasped by the fingers.
PAR  In the exemplary embodiment according to FIG. 1, the starting region 25
      comprises two tabs 27, 28, punched free by cuts 31, 32, 33 and located in
      a corner of the square tear-open part 24. The tabs are symmetrical with
      respect to the separating cut 33 which lies along the diagonal of the
      tear-open part 24. A median weakening score 21 is provided along the
      extension of the cut separating the two tabs 27, 28 and along the diagonal
      of the tear-open part 24 of the cover 11. This score line 21 divides the
      tear-open part 24 into two symmetrical partial sections. The division of
      the tear-open part 24 into several sections brings the advantage that the
      angle at which a partial section of the tear-open part widens is kept
      relatively small, which prevents a break-out of the rupture line out of
      the predetermined weakening scores 20, 21 during the tearing of the cover.
PAR  The two tabs 27, 28 provided at the starting region 25 have the form of
      isosceles triangles whose legs are formed by the separating cuts 31, 32,
      33, and whose base is formed respectively, by the lines 29, 30 which
      connect the ends of the separating cuts 31, 33 and 32, 33, respectively.
PAR  The area of the starting region 25 defined by the outer separating cuts 31
      and 32 and by the lines 29, 30 is covered by a platelet 35, which is
      disposed on the inside of the cover 11, and extends over the separating
      cuts 31, 32 and over the lines 29, 30. The platelet 35 is sealingly
      attached to the interior coating 13 of the cover 11 in the areas of the
      cover 11 which are adjacent to the tabs 27, 28, along a closed,
      frame-shaped welding seam or bead 36. The parts of the seam 36 lying near
      the outer separating cuts 31, 32 are parallel thereto. In the region of
      the base of the tab, (lines 29, 30) the seam has apices 37, 38 pointing in
      the direction in which the tabs 27, 28 are to be pulled. The two legs of
      each apex 37, 38 intersects with the weakened score lines 20, 21 near the
      ends of the separating cuts 31, 32, 33 and the tips of the apices 37, 38
      are located on the center lines of the two partial sections of the
      tear-open part 24, extending from the tabs 27, 28. It is to be noted that
      the ends of the separating cuts 31, 32, 33 are extended as near as
      possible to the inner edge of the seam 36. Due to this disposition and the
      shape of the tabs 27, 28, when the tab 27 (or the tab 28) is torn open, it
      first buckles along its base line 29 (or 30) and the pulling direction is
      aligned with the center line of a partial section of the tear-open part
      24. In addition, when a tab is pulled up, the seam 36 within the region of
      the apices 37, 38 is not torn open along a straight line, but is
      continuously separated beginning at two points and the force required to
      accomplish this separation is very small. The shape of the platelet 35
      substantially corresponds to the circumference of the seam 36. In the
      exemplary embodiment depicted in FIG. 2, the platelet comprises a
      metal-plastic composite material similar to the material of which the
      cover 11 and the base member 10 are made. The thermoplastic synthetic
      layer 40 of the platelet 35 attaches to the plastic layer 13 of the cover
      11 and is suitably secured to it along the seam 36 under the influence of
      heat and pressure.
PAR  Since the contents of the container should not come in contact with the
      metallic layer 41 of the platelet 35, the exemplary embodiment according
      to FIG. 9 provides that the platelet 35 is covered by a thermoplastic
      synthetic foil 42 which also extends over the edges of the platelet 35 and
      is sealingly secured to the inside surface of the cover. However, the
      platelet 35 may also comprise highly rigid plastic material (FIG. 7). It
      is also possible to make the platelet 35 out of a three-layer composite
      material in which the two outer layers 43, 44 are plastic and the middle
      layer 41 is metallic (FIG. 8). When such a platelet 35 is secured to the
      cover 11, material from the two thermoplastic synthetic layers 43, 44
      extrudes beyond the edge of the metallic layer 41 and joins together,
      thereby covering the edge of the metallic layer 41.
PAR  In order that the connection of the platelet 35 with the cover 11 in the
      welding seam 36 may be easily peeled apart, the synthetic plastic material
      for the platelet 35 is not identical in nature to the material of the
      synthetic plastic layer 13 of cover 11. However, since the seam 36 must
      have satisfactory strength, the two synthetic materials should not be too
      dissimilar in nature. A useful combination is provided, for example, by a
      layer of polypropylene on the cover and a layer made from a propylene
      co-polymer on the platelet 35. Depending on the strength of the desired
      seam, the plastic layers are either separated within the plane of the seam
      during the tearing of the cover, or one layer is ripped open and is peeled
      off from the metal layer during further opening of the container.
PAR  The operation of tearing open a container such as depicted in FIGS. 1 and 2
      proceeds as follows:
PAR  The container is held with one hand and the thumb and index fingers of the
      other hand grasp one of the two tabs 27, 28 of the starting region 25.
      Pulling up the tab 27, for example, causes a bend in its base along the
      connecting line 29 between the two ends of the separating cuts 31, 33.
      When the tearing operation is now initiated, the portion of the seam 36
      lying between the two weakened score lines 20, 21 is continuously
      separated toward the apex 37, and the tear-open part 24 is peeled off from
      the platelet 35. At the same time, the region of the weakened score lines
      20, 21 adjacent to the separating cuts 31, 33 is fractured. After the apex
      37 of the seam 36 has been peeled off, continued pulling on the tab 27
      results in the separation of the left partial section of the tear-open
      part 24 from the container and this section is discarded (FIG. 3). The
      container is then completely torn open by grasping the second tab 28 and
      pulling it upwardly, whence, in a manner similar to that described above,
      the right partial section of the tear-open part 28 is removed from the
      cover 11 (FIG. 4).
PAR  Another exemplary embodiment of the container is shown in FIG. 5 wherein
      the container has an approximately rectangular base member and wherein the
      surface 18 of the cover 11 has two curved weakened score lines 45, 46
      within the tear-open part. These score lines start at the end of the
      separating cut 33 between the tabs 27, 28, first diverge from one another
      and then reconverge in the corner of the cover diagonally opposite to the
      starting region 25. It is to be especially noted that, when the two
      weakened score lines 45, 46 lie within the tear-open part 24, the
      beginning of each of these score lines 45, 46 lies parallel, respectively,
      to the adjacent part of the scoring line 20 which defines the tear-open
      part 24. Furthermore, the end points of the separating cuts 31, 32, 33 lie
      near the seam 36 on the connecting lines 29, 30, respectively, extending
      transversely to the direction of the initial extent of the pairs of
      weakened score lines 20/45 and 20/46. Due to this disposition, a breakout
      of the fracture lines from the prescribed weakened score lines is
      prevented during the critical starting phase of the tearing operation by
      means of one of the tabs 27, 28. Furthermore, the disposition of the two
      weakened score lines 45, 46 within the tear-open part 24 brings the
      advantage that each partial tear-open section lying, respectively, between
      these median weakened score lines 45, 46 and the edge weakened score line
      20, is progressively enlarged in approximately the same measure. Even
      though, during the removal of the tear-open part 24 of the cover 11, only
      one of the two central weakened score lines 45, 46 is fractured, this
      disposition of the weakened score lines makes it possible to omit
      instructing the consumer as to which of the two tabs 27, 28 he is to grasp
      and pull up first. In both possible cases, the conditions of the start and
      continuation of the tearing operation are equally satisfactory. The form
      of the tear-open tabs 27, 28 and of the seam 36 benefits from an
      arrangement in which the ends of the separating cuts 31, 32, 33 as well as
      the points of intersection of the seam 36 with the weakened score lines
      20, 21 and 20, 45, 46 adjacent to the separating cuts, lie, respectively,
      on lines 29, 30 which extend transversely to the desired pulling
      direction, i.e., transverse to the center line of the tear-open part 24 or
      of its partial surfaces.
PAR  In this exemplary embodiment, the platelet 35 may have a shape generally
      corresponding to the circumference of the seam 36. However, it may also
      extend beyond the seam 36 in the direction of the center of the container,
      as is shown in FIG. 5. The overhanging portion may be partly sealed to the
      tear-open part 24 of the cover by means of suitably adhered seams 39
      extending from the main seam 36 in the manner of fingers. Preferably, the
      seamed area 39 runs parallel to the initial regions of the weakened score
      lines 20, 45 and 46 and at a small distance therefrom within the tear-open
      sections defined by the weakened score lines. Such seams also prevent a
      deviation of the fracture line out of the weakened score lines during the
      critical starting phase of the tearing operation.
PAR  The further exemplary, preferred embodiment of a container, according to
      FIG. 6, has a basically oval shape with two opposite, short, straight
      sides. The starting region 25 in this container lies adjacent to and in
      the center of a short side. The tabs 27, 28 are approximately rectangular.
      Lying adjacent to the separating cuts of the tabs 27, 28 are weakened
      score lines 47, 48, 49 of which the two outer score lines 47, 48 at first
      extend in straight lines with respect to the separating cuts of the tabs
      27, 28 and then proceed obliquely toward the edge of the cover and finally
      run parallel thereto. The third weakened score line 47 symmetrically
      divides the length of the tear-open part 24. The closed seam 36, which
      connects the platelet to the cover 11 while covering the starting region
      25, has apices 50, 51 which point in the pulling direction of the tabs 27,
      28 and whose apex angles are more obtuse than those in the exemplary
      embodiment according to FIG. 5., i.e., somewhat more similar to those of
      the exemplary embodiment depicted in FIG. 1.
PAR  For completeness, it is to be noted that the seam which fastens the
      covering platelet within the starting region need not have only one apex
      within the region of the base of the tab, but may have several apices so
      that a tearing or peeling of the seam within this region beginning at a
      point or points may take place without the exertion of great force.
CLMS
STM  We claim:
NUM  1.
PAR  1. A packaging container formed from a composite material having a cover
      element including top and bottom walls the latter being provided with a
      circumferential primary score line defining a portion capable of being
      torn away from said cover and further including an initial point of
      fracture, a plate-like means secured to the surface of said bottom wall
      adjacent to the point of initial fracture of said score line, the
      improvement comprising plural juxtaposed tab means having portions
      arranged to overlie said plate-like member and secondary score line means
      communicating with said tab means defining a limited area to be removed
      from said cover upon fracturing at least one of said tab means from said
      plate-like means.
NUM  2.
PAR  2. A packaging container as claimed in claim 1, in which the said cover
      element comprises a square body having a plurality of corner portions and
      the tab means is arranged to terminate above said plate-like means and
      adjacent to at least one of said corner portions.
NUM  3.
PAR  3. A packaging container as claimed in claim 1, wherein said cover element
      comprises a rectangular body having a plurality of corner portions and the
      tab means is arranged to terminate above said plate-like means and
      adjacent to at least one of said corner portions.
NUM  4.
PAR  4. A packaging container as claimed in claim 1, in which the cover element
      comprises an oval body having at least four corners and the tab means is
      arranged to terminate above said plate-like means and adjacent to at least
      one of said corner portions.
NUM  5.
PAR  5. A packaging container as claimed in claim 1, in which the said secondary
      score line divides the cover element into at least two equal zones.
NUM  6.
PAR  6. A packaging container as claimed in claim 1, in which the secondary
      score line divides the cover portion into a plurality of zones.
NUM  7.
PAR  7. A packaging container as claimed in claim 6, wherein the said zones are
      of unequal area.
NUM  8.
PAR  8. A packaging container as claimed in claim 1, in which the point of
      initial fracture and separation of the tab means from the plate-like
      member occurs along broken lines.
NUM  9.
PAR  9. A packaging container as claimed in claim 1, in which said plate-like
      member comprises a laminated structure having oppositely disposed plastic
      surface areas at least one of which is capable of being welded to the
      bottom wall of said corner element.
NUM  10.
PAR  10. A packaging container as claimed in claim 1, in which the said tab
      means have a termini and the line of initial fracture and separation
      thereof from the plate-like member occurs along a divergent line, said
      divergent line extending in opposition to said termini of said tab means.
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ABST
PAL  A closure adapted to be applied to a neck of a vessel or container so as to
      seal a comparatively wide mouth in said neck has a rim or skirt which is
      divided up into a plurality of sections by slits between the sections
      depending from a lid portion of the closure and a stressing or tensioning
      band placed around the rim, the arrangement being such that there is at
      most only slight engagement between corresponding screw threads or the
      like on the neck and in the skirt when the closure is applied to the neck,
      full sealing engagement between the said screw threads being produced by
      tensioning of said band after the closure is in position on the neck, such
      tensioning causing the initially radially outwardly splayed said sections
      to be pulled radially inwardly on to the neck. The vessel and closure are
      preferably of thermoplastic material. Preferably tensioning of said band
      also causes the closure to move axially into more intimate contact with
      the vessel to compress a sealing ring and thereby improve the seal
      therebetween.
BSUM
PAR  The invention relates to a closure device applied to a wide necked vessel
      preferably consisting of a thermoplastic material and having a closure cap
      consisting of a lid portion and a rim, its rim consisting of a
      thermoplastic material, being sub-divided into sections, forming a
      positive fit with the marginal region (neck) surrounding the mouth of the
      vessel and being secured in this position by stressing means, preferably
      in the form of a stressing band.
PAR  The designation "wide necked vessel" in this context means a container
      having a relatively large mouth, viz. by contrast with a vessel in which
      the mouth is very small, e.g. defining a bung-hole. The margin surrounding
      the mouth of the vessel will hereinafter be referred to as the "neck"
      throughout, but this expression is not intended to impart any limitation.
PAR  Known closure devices of the kind hereinbefore described have the
      disadvantage that the rim of the closure cap has to be splayed when it is
      applied to and removed from the vessel. This is possible by reason of the
      elastic deformability of the rim or of sections forming it, since the rim
      or the sections consist of thermoplastic material. On the other hand it
      is, however, necessary to apply considerable forces for the purpose of
      elastically deforming the rim, so that manipulation of the closure cap
      causes difficulties.
PAR  A closure device of thermoplastic material for wide necked vessels is also
      known, in which the rim of the closure cap consists of a plurality of
      separate claw-shaped parts, which are threaded on to a wire or the like
      and loosely connected to the lid portion proper. The manufacture of this
      closure is extremely complicated and therefore expensive, without any
      appreciable improvement in its durability.
PAR  Furthermore, it is known to provide closure devices of thermoplastic
      material with a screw thread, so that the closure cap can be screwed in
      the usual way on to or into the neck of the vessel which is also provided
      with a screw thread.
PAR  In the case of wide necked vessels such a closure, which is applied solely
      by a screwing operation, has the disadvantage that it generally requires a
      very large torque, which inter alia is also caused or increased by the
      sealing ring, which is generally required, and by dirt and the like.
      Moreover in the case of wide necked vessels such a screw closure has the
      general disadvantage that it requires relatively close tolerances to be
      maintained. Thereby the cost of manufacture of the vessel or container can
      be increased.
PAR  It is an object of the invention to construct a closure device of the kind
      hereinbefore described in such a way that the vessel can be securely and
      sealingly closed by means which are simple to manufacture and manipulate.
      Moreover the closure device should be capable of coping with all normal
      stresses without the latter causing any difficulties or disadvantages.
PAR  For the purpose of fulfilling this object, the invention proposes that the
      rim of the closure cap is splayed outwardly relative to the neck in an
      unstressed condition, that the projections, indentations or the like on
      the inside of the rim which, when the rim is stressed, effect the positive
      fit and are constructed to define screw threads or thread sections do not
      come into engagement with the corresponding projections, indentations or
      the like (threads) on the neck or do so only over a portion of the height
      of the rim and/or do so loosely. These portions of the rim and of the neck
      which effect the positive fit will hereinafter throughout be referred to
      as a "thread" or "thread sections" without thereby intending to impart any
      limitation as to the configuration of these projections, indentations or
      the like.
PAR  The stressing means is desirably in the form of a stressing band. It is
      moreover advantageous to provide that, when the rim is unstressed, the
      thread section(s) which are close to the lid portion come into loose
      engagement with the thread section(s) of the neck. Furthermore, the
      arrangement may be such that the unstressed rim is radially outwardly
      splayed relative to the neck by a dimension such that the thread sections
      which are located at the terminal region of the neck which faces away from
      the lid portion are not in engagement with the corresponding thread
      sections of the neck.
PAR  The invention is based on the realisation that the prestressing of the
      individual rim sections in the case of the known snap-action closures,
      which makes their manipulation for the purpose of applying and removing
      them so difficult, is superfluous from the point of view of the closure
      function since, despite the positive fit between the rim sections and the
      neck of the vessel, it is necessary additionally to apply a stressing
      means, e.g. a stressing band, which secures the closure cap in position
      and possibly also additionally stresses it. Thus the invention dispenses
      entirely or at least substantially with a positive fit between the closure
      cap and the neck, before the stressing means has been stressed. Instead
      the final positive fit is not effected until the rim is pressed radially
      inwardly against the neck.
PAR  In a particularly advantageous embodiment of the invention the closure cap
      is applied to the neck by an initial short screw movement, a relatively
      short screw movement being adequate, since this screwing-on of the cap
      does not represent the final securement proper, but merely a form of
      provisional application, viz. with the aim of bringing the lid into the
      correct position for stressing the stressing means. It is also perfectly
      possible, instead of loosely screwing on the cap, to push the latter, by
      deforming both parts -- the rim and the neck -- on to threads or thread
      sections on the neck, only moderate elastic deformation being required for
      this purpose. The extent of this deformation is that which is necessary
      for the purpose of bringing the lid into the initial position for
      stressing the stressing means. Overall, the closure device in accordance
      with the invention is exceptionally easy to manipulate; it is by no means
      more expensive to manufacture than known closure devices all of which are
      so-called snapaction closures. By comparison with the known closure
      already mentioned by way of introduction, which is made up of a plurality
      of separate parts, the closure device according to the invention has the
      advantage of being exceptionally simple and therefore cheap.
PAR  Furthermore the invention envisages the possibility of making the
      inter-engaging threads or thread sections on the rim and the neck of such
      configuration that an axial displacement of the closure cap takes place in
      the direction of the body of the wide necked vessel when the rim is
      radially stressed, whereby simultaneously the seal is provided with the
      necessary degree of prestressing for the desired sealing effect. The axial
      displacement can be produced by regions of the rim thread on the one hand
      and of the neck thread on the other hand being disposed in a relatively
      displaced relationship, e.g. in such a way that, when the stressing means
      is in the open condition, the threads or thread sections facing away from
      the lid portion and, when the stressing means is in the closed condition,
      the threads or thread sections facing the lid portion, are disposed in a
      somewhat relatively displaced relationship. It is moreover possible to
      select the flank angle of the threads or thread sections in such a way
      that a force component acting in the axial direction acts on the closure
      cap when the threads or thread sections inter-engage as a result of
      stressing of the rim; at least one of the threads or thread sections which
      form a positive fit when the rim is stressed may have a larger flank
      angle. It may also be desirable for at least one of the threads or thread
      sections which form a positive fit when the rim is stressed to have a
      larger external diameter. The thread or thread section with the larger
      diameter and/or with the larger flank angle may be provided on the vessel
      and/or on the closure cap.
PAR  Advantageously the stressing means is arranged in that region of the
      prestressed rim in which the threads or thread sections of the rim and of
      the neck form a positive relative fit.
PAR  It may also be appropriate to sub-divide the threads or thread sections on
      the neck of the vessel into sections, a neck region extending
      substantially axially in the longitudinal section of the neck being
      disposed between each section. In this way it is intended to strengthen
      the neck, since in general the threads or the like on the neck do not
      increase the wall thickness, but instead are created by appropriate
      profiling of the neck. This may particularly be the case where the vessel
      is made of thermoplastic material by a blowing process. There is then the
      possibility of the neck being of inadequate stability for certain
      stresses. This may, for example, cause the neck to become deformed in
      bellows-like manner, particularly under severe axial stress. This
      possibility will have to be taken into account particularly where filled
      vessels of this kind are stacked one on top of the other. Although such
      deformations do not cause damage to the vessel, it is nonetheless
      desirable to prevent them or to reduce them to a minimum. The stiffening
      of the neck referred to above serves this purpose.
PAR  It is furthermore possible to provide for the thread section(s) or the like
      which effect the positive fit when the rim is stressed, to have a rifling,
      rough surface, tooth configuration or the like on the rim and/or the neck,
      which effects a positive or a friction fit. This constitutes securement
      against angular displacement, which is intended to prevent any involuntary
      release of the closure. This will always be of advantage where the
      portions of the rim and of the neck which effect the positive fit are in
      the form of a thread. Another possibility consists in providing a rim
      which is corrugated or provided with a tooth configuration or the like at
      or in the vicinity of its free end, which co-operates with a
      correspondingly constructed tooth configuration or the like on the vessel
      so as to form a positive or friction fit therewith.
PAR  In accordance with a further proposal of the invention, the closure cap
      and/or the neck may be provided with one or more projections which
      "penetrate" into the cross-section of the sealing ring when the rim is
      stressed. This is intended to mean that the cross-section of the sealing
      ring is subjected to a deformation which results in a kind of positive fit
      between the sealing ring and the closure cap and/or the neck. The
      projection may be in the form of at least one circumferential protruding
      strip.
PAR  There is also the further possibility of providing the neck and/or the rim
      of the closure cap with retaining means for the stressing means; the neck
      and/or the rim may have bridges, beads or the like, which are provided
      with rear recesses behind which the marginal regions of the stressing
      means engage. The bridges and beads are advantageously arranged in
      relatively axially displaced relationship. The bridges in particular may
      serve the additional purpose of stiffening the separate rim sections,
      where appropriate for the purpose of avoiding any substantial deformation
      of the rim sections. It is also possible to provide the rim of the closure
      cap with strip- or pin-shaped projections which are arranged in pairs and
      which are associated with a bridge or the like which is disposed in the
      region of the rim thereabove, at least its lower terminal region extending
      loosely between the two pin-or strip-shaped projections of a pair of these
      projections. For the purpose of applying or removing the stressing means,
      the pin-shaped projections may be bent to an extent such that they are
      disengaged from the bridge. Desirably the projections of a pair are
      arranged on either side of an incision in the rim.
PAR  It is also possible to make the lid portion on the one hand and the rim
      portion on the other hand relatively separate parts, the rim being
      provided with a continuous and integral extension which overlaps the
      boundary wall of the neck mouth and the rim of the lid portion at that one
      of its ends which faces away from the vessel. Although this embodiment is
      somewhat more elaborate than the integral closure, it has the advantage
      that the lid portion proper which cooperates with the sealing ring
      normally provided does not rotate at all, so that consequently the only
      stress acting on the seal which is left is a compressive one in the axial
      direction. On the other hand the two-part embodiment of the closure
      according to the invention is still considerably simpler and cheaper than
      that known closure in which each rim section constitutes a separate part
      requiring to be manufactured separately. Where the lid portion and the rim
      are relatively separate parts, it is possible to make them of different
      materials. The rim portion will consist of a thermoplastic material,
      whilst a different material may be used for the lid portion. In an
      integral closure cap on the other hand the entire cap is normally made of
      thermoplastic material.
PAR  Desirably the arrangement is such that the closure lever of the stressing
      band extends substantially radially from the rim when in the opened
      condition and is suitable for use as a grip for engagement or
      disengagement of the screw connection. It may also be desirable to have
      the sections of the rim somewhat prestressed radially inwardly even when
      the stressing means is opened.
DRWD
PAR  In the drawing several embodiments of the invention are shown:
PAR  FIG. 1 shows the side view of a closure cap for wide necked vessels,
PAR  FIG. 2 shows the corresponding plan,
PAR  FIG. 3 shows a longitudinal section through the neck of a wide necked
      vessel with a closure cap screwed thereon, in the unstressed condition,
PAR  FIG. 4 shows a view corresponding to FIG. 3 with the parts in the stressed
      condition,
PAR  FIG. 5 shows the side view of a second embodiment of a wide necked vessel,
PAR  FIG. 6 shows a view corresponding to FIG. 4 of a further embodiment with a
      two-part closure cap,
PAR  FIG. 7 shows the side view of a wide necked vessel without any closure cap,
PAR  FIG. 8 shows a longitudinal section through the neck of the wide necked
      vessel according to FIG. 7 with a closure cap applied thereto in the
      stressed condition.
PAR  FIG. 9 shows the side view of the closure cap according to FIG. 8.
DETD
PAR  The closure cap 10 shown in FIGS. 1-4 consists of a lid portion 11 which
      closes the mouth 12 at the upper end of the neck 13 of a wide necked
      vessel 14, and a rim 15 which is integrally connected to the lid portion
      11 and which consists of a plurality of sections 16 separated from each
      other by slits 17. In the closure cap applied to the wide necked vessel 14
      the rim 15 of the former overlaps the neck of the vessel 14.
PAR  FIGS. 3 and 4 show that the rim 15 is provided with an internal screw
      thread 18 and the neck 13 with an external screw thread 19. Externally the
      rim 15 is provided with retaining means or a guide for a stressing band.
      This retaining means or guide 20 consists basically of bridges 22 and
      beads 23, which are arranged relatively spaced externally around the
      circumference of the rim 15 and which are provided with rear recesses 24,
      25 or which form such rear recesses, behind which the stressing band 21
      engages.
PAR  In FIG. 3 it can be seen that, in its unstressed condition, i.e., with the
      stressing band 21 loose, the rim 15 of the closure cap 10 extends
      outwardly away from the neck 13 in such a way that the individual sections
      16 are outwardly splayed. Consequently, of the three thread sections 26,
      27, 28 of the rim 15 and of the thread sections 29, 30 and 31 of the neck
      13 seen in the view shown in FIG. 3, only the thread sections 26 and 29
      are relatively engaged. The reason for this is initially when the closure
      cap 10 is loosely applied and the rim 15 extends outwardly, the thread
      section 26 of the rim 15 can merely engage the upper thread section 29 of
      the neck 13 by a screwing operation in the usual way, only a loose
      engagement being involved. From this it follows that the formation of this
      first positive fit by screwing does not require any major exertion.
      Loosely screwing the closure cap 10 on to the neck 13 does not require a
      large torque.
PAR  After the closure cap 10 has been provisionally applied by screwing
      together the two thread sections 26 and 29 (FIG. 3) the stressing band 21,
      which until then was loose, is tensioned, whereby the rim 15, viz. the
      sections 16 defining it, are drawn radially inwardly against the neck 13
      of the wide necked vessel 14. This means that in the result the individual
      sections 16 perform a kind of pivotal movement, the "pivot" being
      approximately in the region 33, i.e., at the transition from the rim 15 to
      the lid portion 11 proper. The lower thread sections 27 and 28 on the one
      hand, as well as 30 and 31 on the other hand, come into engagement, but
      not in the course of a screwing movement, but rather merely by reason of
      the above-mentioned drawing together of the sections 16, which results in
      radially inwardly directed stressing of the rim 15, until portions of the
      interior surface of the rim 15 become contiguous with portions of the
      exterior surface of the neck 13.
PAR  The rim 15 is stressed in this way by utilising the elastic deformability
      of the closure cap consisting of thermoplastic material. Conversely, the
      consequence of releasing the stressing band 21 is that the sections 16 of
      the rim 15 again become outwardly splayed from the position shown in FIG.
      4 of the drawing into that according to FIG. 3 so that again only a
      relatively small angular displacement of the closure cap 10 relative to
      the neck is required to cause the thread sections 26 and 29 which are
      still loosely engaged to become disengaged.
PAR  Clearly the arrangement may be modified from that according to FIGS. 1-4 in
      such a way that more than one thread section is in engagement at any one
      time or the thread is in the form of a multi-start thread.
PAR  A comparison between FIGS. 3 and 4 shows moreover that, in the course of
      stressing the rim 15, the closure cap 10 is subjected to an axial
      displacement in the direction of the body of the wide necked vessel 14. In
      FIG. 3 of the drawing the extent of this displacement is indicated at 34.
      The consequence of the latter is that, in the course of the stressing of
      the rim 15, the sealing ring 32 is subjected to a compression which
      effects the final sealing of the closure. This, i.e., the compression of
      the sealing ring caused by stressing of the rim, is also significant,
      because it is thereby made possible to effect the initial provisional
      connection by screwing the closure cap 10 on to the neck 13 with no or
      only slight prestressing of the sealing ring 32, so that correspondingly
      the sealing ring 32 is also subjected to only a slight frictional load and
      the torque required for producing the screw connection can be kept low.
PAR  The axial displacement of the closure cap 10 by the dimension 34 may be
      determined by the choice of the flank angles 35 and/or 36 and of the angle
      of splay 37. The latter determines the distance by which the rim 15 is
      pivoted in the direction of the bottle neck when stressing the stressing
      band 21. The larger the flank angles and the angle of splay, the larger
      also is the extent of the axial movement 34 which occurs when stressing
      the rim 15.
PAR  Another possible way of achieving the above-mentioned axial displacement of
      the closure cap 10 when stressing the rim 15 consists in arranging in
      relatively displaced disposition regions of the rim thread 18 on the one
      hand and regions of the thread 19 on the neck 13 on the other hand. When
      the closure cap is initially screwed on, the effect of the displacement is
      such that only the upper thread sections come into relative engagement. It
      is only when the sections 16 are stressed, that the displacement of the
      lower thread sections causes the closure cap 10 to become displaced
      downwardly in the direction of the body of the wide necked vessel 14 by a
      predetermined amount.
PAR  As a result of the axial displacement the thread sections of the closure
      cap 10 and of the neck 13, which are initially in engagement during the
      screwing-on operation, are able to become disengaged. This can be seen in
      FIG. 4 of the drawing, in which the two thread sections 26 and 29 are no
      longer contiguous after stressing of the rim 15 by the stressing band 21.
      In practice the positive fit is now only defined by the lower portions 28
      and 31 of the threads. Clearly the arrangement shown in FIG. 4 could be
      modified such that a plurality of portions or sections of the threads are
      relatively engaged when the rim is stressed. It is also possible to
      provide simple strips or grooves -- extending around the whole or part of
      the circumference -- instead of a screw thread in the region of the rim 15
      and of the next 13 facing away from the lid portion 11 proper. What is
      decisive is that stressing of the sections 16 causes a positive fit
      between the rim 15 of the closure cap 10 on the one hand and the neck 13
      of the wide necked vessel on the other hand to be created. In this
      connection it is desirable to arrange the stressing means 11 in that
      region of the rim 15 of the closure cap 10 in which the effective positive
      fit with the neck 14 takes place.
PAR  It can be seen from FIGS. 3 and 4 of the drawing, that the bottle neck has
      a profile appropriate to the portions or sections of the screw thread. In
      order nevertheless to give the bottle neck the necessary rigidity -- even
      in the case of thin walled containers --, it may, in accordance with the
      embodiment shown in FIG. 5, be advantageous to provide the thread portions
      or the like 129, 130 with gaps 139, in the region of which the well of the
      neck 113 of the wide necked vessel 114 extends substantially linearly in
      longitudinal section. In other respects the embodiment of FIG. 5 may be
      the same as that according to FIGS. 1 - 4.
PAR  The arrangement may moreover be such that the ability of the closure cap --
      irrespective of its construction in other respects -- to rotate relative
      to the neck 13, 113 respectively is reduced by a positive or a friction
      fit in the stressed condition of the rim 15. This is of importance
      particularly where the portions or the like which effect the positive fit
      are defined by screw threads. Particularly in the case of multi-start
      threads, it is possible that the self-retentive property of the thread is
      relatively low even when the rim is in its stressed condition. Under
      unfavourable loading conditions loosening of the closure may then take
      place. In order to prevent this, the lower thread section 131 in the
      embodiment according to FIG. 5 is, for example, provided with a kind of
      tooth configuration 140. The thread section of the cap which in the
      stressed condition of the lid rim cooperates with this thread section 131
      is also provided with a corresponding tooth configuration, which results
      in a positive fit which prevents any rotation of the lid. This effect,
      i.e., securement against rotation, may also be achieved by providing
      beads, corrugations or the like at the free margin of the closure cap. In
      general the arrangement has to be such that such corrugations, beads,
      tooth configurations or the like do not impede the provisional application
      of the lid which is initially caused by screwing it on, since, as shown in
      FIG. 3, the thread portions causing the positive fit in the stressed
      condition of the rim are, during the screwing-on operation, not yet or at
      any rate not to any substantial degree in relative engagement.
PAR  In the embodiment according to FIG. 6 the closure consisting of the lid
      portion 211 on the one hand and the rim portion 215 on the other hand is
      of two-part construction. The external circumferential region 241 of the
      lid portion 211 has a U-shaped profile, this region 241 overlapping the
      free end 242 of the neck 213 of the wide necked vessel. A sealing ring 232
      is arranged between the U-shaped circumferential region 241 of the lid
      portion 211 and the region in the vicinity of the free end 242.
PAR  The rim portion 215 in turn is provided with a circumferential extension
      243, which also has a U-shaped profile and which overlaps the U-shaped
      marginal region 241 of the lid portion 211. So far as the rim portion 215
      is concerned, the arrangement corresponds to the embodiment according to
      FIGS. 1 - 4. This means that in the unstressed condition of the rim
      portion 215 its sections are splayed outwardly relative to the neck 213
      and that it is only in the stressed condition effected by a stressing
      means 221 that they are pressed radially inwardly against the neck 213, so
      that a positive fit between the two screw threads or the like located
      inside the rim portion 215 and externally of the neck 213 results. The
      advantage of the arrangement according to FIG. 6 consists in the fact that
      the lid portion can be applied to the neck 213 and the region adjacent the
      free end 242 of the latter, with the sealing ring 232 therebetween,
      without any screwing operation, whereupon the loose rim portion 215 is
      then pushed over the outer circumferential region of the lid portion 211
      and secured in the usual manner by a stressing means. Here also it is
      advantageous to effect a degree of axial displacement of the stressing
      member 215 in the direction of the body of the wide necked vessel, so as
      to achieve a possibly necessary degree of pretensioning of the sealing
      ring 232.
PAR  The invention also envisages the possibility of interconnecting the lid
      portion 211 and the rim portion 215 positively yet relatively rotatably,
      from the start, so that with this embodiment also merely an integral
      closure has to be manipulated.
PAR  The embodiment according to FIGS. 7 - 9 agrees in its essential parts with
      the embodiment according to FIGS. 1 - 4. One difference consists in the
      fact that the neck 313 of the vessel 314 which is provided with a
      four-start screw thread 319 has, in the region of the sealing ring 323, an
      outwardly projecting circumferential strip 345, which deforms the sealing
      ring 332 when the rim 315 of the closure cap 310 is in the stressed
      condition. By reason of the additional compression of the ring 332 caused
      thereby the sealing effect is improved. The strip 345 moreover provides a
      fixture for the ring 332, so that even if the cap 310 is subjected to any
      blows, impact or the like, the danger of any displacement of the sealing
      ring and consequent reduction in the sealing effect is eliminated.
PAR  Furthermore in the embodiment according to FIGS. 3 - 9 the flank angle 336a
      as well as the external diameter 337 of the lower thread section 331 are
      larger than the flank angle 336 and the external diameter 338 of the other
      thread sections 329, 330 of the neck 313. What is achieved by this
      configuration is that the extent to which the closure cap is pulled down
      axially when the stress band 321 is stressed is larger than the
      corresponding axial displacement 34 (FIG. 3) in the embodiment according
      to FIGS. 1 - 4. Additionally, by reason of the larger diameter of the
      lower thread section 331, a greater depth of engagement between the thread
      section 331 of the neck 313 and the thread section 328 of the cap 310 is
      achieved (FIG. 8).
PAR  In the embodiment according to FIGS. 7 - 9, the retaining means or guide
      for the stressing band 321 consists basically of relatively spaced bridges
      322 applied externally over the circumference of the rim 315, and of
      pin-shaped extensions 347 which extend upwardly from the lower end of the
      rim 315 and which are applied to the rim 315 in pairs. The arrangement is
      such that the bridges 322 define extensions of the shorter slits 348,
      which alternate with longer slits 317 in the rim 315. On either side of a
      slit 348 a pin-shaped projection 347 is provided. The lower ends of the
      bridges 322 are provided with an outwardly protruding projection 349. The
      dimensions of the bridges 322 and of the projections 349 on the one hand
      and the related pins 348 on the other hand are so chosen that the lower
      end of the bridge 322 concerned and the associated projection 349 engage
      between the upper terminal regions of the pins 347 disposed on either side
      of a slit 348. In this way a closed retaining means is formed for the
      stressing band 321. The latter can be inserted, i.e., so to speak
      threaded, circumferentially into the guide 350 bounded by the pins 347,
      the projection 349 and the lower region of the rim 315. For the purpose of
      inserting the stressing band 321 into the guide 350, it is however also
      possible to bend the pins, strips or the like 347 outwardly to a certain
      extent, so that the stressing band 321 can be inserted into the guide or
      retaining means 350 from above between the pins 347 and the projection
      349. Such bending of the pins or strips 347 is possible without difficulty
      by reason of the elasticity inherent in the thermoplastic material. The
      projections 347 then spring back into the position shown in FIGS. 8 and 9.
CLMS
STM  We claim:
NUM  1.
PAR  1. The combination of a vessel having a mouth in a marginal region of said
      vessel, a closure and selectively engageable stressing means associated
      with said closure for causing said closure to seal said mouth, said
      closure having a lid portion and a rim depending from said lid portion,
      relatively interengageable projections and recesses being provided on said
      marginal region and in said rim, said rim being sub-divided into sections
      forming a positive fit with said marginal region between said
      interengageable projections and recesses when said closure is secured to
      said marginal region by stressing of said stressing means, and said rim
      sections being, when not stressed by said stressing means, splayed
      radially outwardly relative to said marginal region such that said
      projections and recesses are in relative engagement at most loosely over
      only a portion of the height of said rim.
NUM  2.
PAR  2. The combination of claim 1, wherein said stressing means is defined by a
      stressing band.
NUM  3.
PAR  3. The combination of claim 1, wherein said interengageable projections and
      recesses define thread sections and wherein, when said rim is unstressed,
      those of said thread sections of said rim which are close to said lid
      portion come into loose engagement with said thread sections of said
      marginal region.
NUM  4.
PAR  4. The combination of claim 3, wherein said rim, when unstressed by said
      stressing means, is radially outwardly splayed relative to said marginal
      region by a dimension such that said thread sections of said rim which are
      disposed at a terminal portion of said marginal region which faces away
      from said lid portion are at most in loose engagement with corresponding
      said thread sections of said marginal region.
NUM  5.
PAR  5. The combination of claim 3, wherein said thread sections in said rim and
      on said marginal region are multi-start thread sections.
NUM  6.
PAR  6. The combination of claim 3, wherein said thread sections in said rim and
      on said marginal region are such that when said rim is radially stressed
      by said stressing means, said closure is axially displaced towards said
      vessel.
NUM  7.
PAR  7. The combination of claim 6, wherein regions of said thread sections in
      said rim are disposed in a relatively displaced relationship with said
      thread sections on said marginal region.
NUM  8.
PAR  8. The combination of claim 6, wherein flank angles of said thread sections
      are such that a force component acts on said closure in the axial
      direction of the mouth when said thread sections interengage as a result
      of stressing of said rim by said stressing means.
NUM  9.
PAR  9. The combination of claim 8, wherein at least one of said thread sections
      has a larger flank angle than other ones of said thread sections.
NUM  10.
PAR  10. The combination of claim 9, wherein said thread section having a larger
      flank angle is a thread section on said marginal region.
NUM  11.
PAR  11. The combination of claim 3, wherein at least one of said thread
      sections has a larger external diameter than other ones of said thread
      sections.
NUM  12.
PAR  12. The combination of claim 11, wherein said thread section having a
      larger external diameter is a thread section on said marginal region.
NUM  13.
PAR  13. The combination of claim 3, wherein said stressing means is arranged in
      a region of said rim in which said thread sections of said rim and of said
      marginal region form a positive relative fit.
NUM  14.
PAR  14. The combination of claim 3, wherein said thread sections on said
      marginal region are sub-divided into sections and a portion of said
      marginal region extends substantially axially of said marginal region
      between adjacent ones of said portions.
NUM  15.
PAR  15. The combination of claim 1, wherein at least some of said
      interengageable projections and recesses are provided with ridges to
      produce a friction effect.
NUM  16.
PAR  16. The combination of claim 1, wherein the free end of said rim and said
      marginal region each have a tooth-like configuration, said configurations
      co-operating to form a relative positive fit.
NUM  17.
PAR  17. The combination of claim 1, including a sealing ring interposed between
      said marginal region and said closure, and wherein at least said closure
      is provided with at least one projection arranged to penetrate into said
      sealing ring when said rim is stressed by said stressing means.
NUM  18.
PAR  18. The combination of claim 17, wherein a said projection is defined by at
      least one circumferential protruding strip.
NUM  19.
PAR  19. The combination of claim 1, including a sealing ring interposed between
      said marginal region and said closure, and wherein at least said marginal
      region is provided with at least one projection arranged to penetrate into
      said sealing ring when said rim is stressed by said stressing means.
NUM  20.
PAR  20. The combination of claim 19, wherein a said projection is defined by at
      least one circumferential protruding strip.
NUM  21.
PAR  21. The combination of claim 1, including retaining means on said marginal
      region retaining said stressing means.
NUM  22.
PAR  22. The combination of claim 21, wherein said retaining means is defined by
      bridge-like members and rear recesses behind which marginal regions of
      said stressing means engage.
NUM  23.
PAR  23. The combination of claim 1, including retaining means on said rim
      retaining said stressing means.
NUM  24.
PAR  24. The combination of claim 23, wherein said retaining means is defined by
      bridge-like members and rear recesses behind which marginal regions of
      said stressing means engage.
NUM  25.
PAR  25. The combination of claim 24, wherein said bridge-like members are
      arranged in relatively axially displaced relationship.
NUM  26.
PAR  26. The combination of claim 24, wherein said rim has a plurality of
      projections which are arranged in pairs and which are associated with a
      said bridge-like member which is disposed in a region of said rim
      thereabove, at least its lower terminal region extending loosely between
      the two projections of a said pair.
NUM  27.
PAR  27. The combination of claim 26, wherein said rim has at least one incision
      and said projections of a said pair are arranged on either side of a said
      incision.
NUM  28.
PAR  28. The combination of claim 1, wherein said lid portion on the one hand
      and said rim on the other hand are relatively separate parts, said rim
      having a continuous and integral extension which overlaps a boundary wall
      of said mouth and said rim at that one of its ends which faces away from
      said vessel.
NUM  29.
PAR  29. The combination of claim 1, including a closure lever associated with
      said stressing band, said closure lever extending substantially radially
      from said rim when in an opened condition and being adapted to be suitable
      for use as a grip for engagement and disengagement of said interengageable
      projections and recesses.
NUM  30.
PAR  30. The combination of claim 1, wherein even when said stressing means is
      opened, portions of said rim are somewhat prestressed radially inwardly.
NUM  31.
PAR  31. The combination of claim 1, wherein said stressing means has structure
      for producing an inward radial stress on said sections of said rim and
      wherein said closure includes threads and said marginal region has threads
      mating therewith so structured that the closure is secured to said
      marginal region of said vessel initially by a short screwing movement and
      then finally secured by radially inwardly stressing said rim by means of
      said stressing means to engage said outwardly splayed sections with said
      vessel.
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ABST
PAL  A temperature insulating receptacle, e.g. of styrofoam or polyurethane,
      which is composed of two sections hinged together so as to be adapted to
      be folded like a suitcase while the ends opposite the hinging means are
      provided with interengaging closure means a part of which simultaneously
      serves as a handle.
BSUM
PAR  The present invention relates to an insulating container for maintaining
      certain temperatures to preserve and transport food, beverages, etc. For
      camping purposes, especially for day excursions to the beach, it is known
      to transport and keep beverages in so-called cooler bags in order to
      protect the same against undue warm temperatures. Such bags, which as a
      rule can be closed by a zipper, comprise a frame which has mounted thereon
      a double wall textile or synthetic material which encloses an insulation
      consisting of fibers. These bags are expensive to manufacture and,
      considering the price, have a relatively poor insulating effect.
PAR  It is, therefore, an object of the present invention to provide an
      insulating container which can be made at a relatively low cost and is
      very efficient. This object and other objects and advantages of the
      invention will appear more clearly from the following specification in
      connection with the accompanying drawing illustrating an isometric view of
      the two sections of the insulating container prior to their assembly. The
      insulating container according to the present invention is characterized
      primarily in that the two sections of the container are pivotally
      interconnected by a hinge and on that side which is located opposite the
      hinge have a closure serving as a handle for carrying the insulating
      container.
PAR  The insulating container according to the invention may be made in a simple
      manner of hard foam material, for instance, polyurethane or styrofoam, and
      has the form of a small suitcase and is easy to handle.
PAR  For purposes of forming the hinge, one side of each section of the
      container may be provided with extensions which preferably have oblong
      openings, adjacent to which there are provided corresponding recesses.
      Wall portions arranged adjacent to said recesses and pertaining to the
      sections of the container have bores which are in alignment with the
      oblong openings and into which a bar is insertable. In order to obtain an
      insulating container which can be unfolded, it is in conformity with the
      invention necessary only to place two sections adjacent to each other in
      such a way that the extensions engage the recesses, and to introduce a
      bar, for instance of synthetic material, into the bore, whereby the two
      sections can be quickly and simply connected to each other to form a
      suitcase shaped insulating container which can be opened up in the manner
      of a suitcase.
PAR  According to a preferred embodiment of the insulating container according
      to the invention, its closure is simultaneously designed as a handle and
      is obtained by each section of the container having that side thereof
      which is located opposite to the hinge provided with protrusions having
      preferably oblong openings and with recesses which correspond to said
      protrusions and into which the protrusion of the other section can be
      inserted. That section of the container which is located within the region
      of said protrusions has a bore which is in alignment with the oblong
      openings and is adapted to receive a bar, while said last-mentioned
      section in the center of its side has a recess for releasing the inserted
      bar. When the container is filled and folded together, it is merely
      necessary in order to close the container to introduce the bar into the
      bores of the sections. This bar can within the region of the recess be
      grasped as a handle.
DRWD
PAR  Referring now to the drawings in detail, the insulating container
      illustrated therein comprises two sections 1 which are preferably made by
      injection molding of hard foam material. The sections are on the inner
      side provided with depressions 2, for instance for holding cans containing
      beverages. Around the depressions 2 there is provided a frame-like rib 3
      in one section and a corresponding groove 4 in the other section. The said
      rib and groove engage each other when the container is closed, thereby
      improving and enhancing the insulating effect.
DETD
PAR  At one marginal portion of each section 1 there are provided two extensions
      5 with oblong openings 6, which extensions are adapted to be inserted into
      corresponding recesses 7 adjacent to the extensions 5 of the other
      section. The wall portions which are adjacent to the recesses 7 are partly
      provided with elevations 8 which have a bore 16 aligned with the
      longitudinal openings 6. When the sections 1 are connected to each other,
      a bar 9 is inserted into the bore 16 through the oblong openings 6. This
      bar 9 forms the bolt of a hinge so that the two sections 1 are held
      together in the manner of the two sections of a suitcase.
PAR  In order to prevent an accidental opening of the insulating container
      during its transport, and in order simultaneously to obtain a handle for
      facilitating the handling of the insulating container, the sections 1 are
      on that side thereof which is located opposite the extensions 5 provided
      with protrusions 10. When the container is closed, these protrusions 10
      engage corresponding recesses 11 of the oppositely located section 1 and
      have oblong openings 12. In this side there is furthermore provided a bore
      13 which is in alignment with the oblong openings 12. A bar 14 can be
      inserted into said bore 13 and holds together the two sections 1 when they
      engage each other. In the center of this side, the sections 1 are
      additionally provided with a recess 15 which exposes the bar 14 to such an
      extent that it can be grasped in the manner of a handle.
PAR  It is, of course, to be understood that the present invention is by no
      means limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable temperature insulating receptable for storing and
      transporting containers for beverages and food comprising two
      complementary, molded sections of insulating material, said sections
      having plane meeting faces surrounding partial, complementary, closely
      adjacent cavities in each section to form complete cavities when said
      sections are closed, complementary rib and groove formations on said plane
      faces interfitting to form a tight closure and surrounding all said
      cavities when said sections are closed, one edge of each section having a
      pair of molded extensions projecting over the edge of the other section,
      so that said extensions are aligned transversely, aligned openings in said
      extensions and a rod through said aligned openings with said rod in the
      plane of said meeting faces to form a hinge, the opposite edges of said
      sections having molded projections overlapping the edges of the sections
      and recesses on said sections receiving said projections, said sections
      having central meeting portions between said projections and recesses,
      aligned openings through said projections and the walls of said recesses,
      and a rod through said openings to maintain said sections closed, said
      central portions being cut out with said rod through the space formed by
      the cut out portions to provide a carrying handle.
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ABST
PAL  A sealable closure arrangement for a plastic container and
      full-removable-cover, including a container with a stiffening rim and a
      cover with a compliant skirt, which includes sealing, camming, and locking
      means for effecting such closure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The invention relates to plastic containers with full-removable-cover which
      are required to have a sealable connection between the cover skirt and
      container rim.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide, in a closure arrangement for a
      plastic container with a stiffening rim and a full-removable-cover with a
      compliant skirt, means for properly aligning the cover on the container,
      means for effecting a sealing engagement between the cover and container,
      and means for locking the cover snugly on the container.
PAR  A more specific object of the invention is to provide, in an arrangement of
      the type described, a container rim having a deflectable sealing lip, an
      aligning groove, and a retaining ledge, all of which are adapted to
      cooperatively engage complementary portions of a cover skirt.
PAR  Another object of the invention is to provide, in a closure arrangement of
      the type described, a cover with a locking portion including a thin wall
      hinge section having integral depending camming and locking lugs adapted
      for engagement with the underside of a container rim ledge.
PAR  Yet another object is to provide, in an arrangement of the type described,
      a sealing ring which serves as an energy reservoir to effect tighter
      sealing between container and cover in the event the plastic material of
      the container and/or cover should lose some of its original resiliency.
PAR  These and other objects of the invention will be apparent from an
      examination of the following description and drawing.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a side elevational view of a container and cover with a closure
      arrangement embodying features of the present invention;
PAR  FIG. 2 is a plane view of the cover illustrated in FIG. 1;
PAR  FIG. 3 is a transverse, vertical sectional view of the structure
      illustrated in FIG. 2;
PAR  FIG. 4 is a view on an enlarged scale of an edge portion of the structure
      illustrated in FIG. 3.
PAR  FIG. 5 is a fragmentary, vertical, sectional view of a portion of the
      container illustrated in FIG. 1, with the cover removed; and
PAR  FIG. 6 is a sectional view illustrating the structures of FIGS. 4 and 5 in
      an assembled condition.
DETD
PAC  THE SPECIFICATION
PAR  Referring now to the drawing for a better understanding of the invention,
      it will be seen that the container, indicated generally at B in FIG. 1, is
      of the type known as a full-removable-head container having an outlet at
      the top with a diameter substantially equal to that of the container body.
      The Container B is provided with a removable and sealable cover indicated
      generally at C.
PAR  It will be seen that the container body has a neck 10 at its upper
      extremity which includes an outlet defined by an annular, integral rim 12.
PAR  At its lower extremity rim 12 includes a horizontal ledge or shoulder 14
      which projects outwardly from neck 10 for engagement with a locking
      portion 40 of cover C, in a manner hereinafter described. Rim 12 also
      includes a vertical center portion 16 extending upwardly from the outer
      periphery of ledge 14. As best seen in FIG. 5, vertical center portion 16
      presents an annular, outwardly facing, generally V-shaped aligning groove
      17 adapted to engage a complementary portion of the cover, in a manner
      hereinafter described. Additionally, rim 12 includes, at its upper
      extremity, a sealing portion 18 which curves inwardly and then outwardly
      and upwardly from the uppper extremity of vertical wall portion 16 to
      define an outwardly facing, annular, 180.degree. groove, the purpose of
      which is described later in the specification.
PAR  As best seen in FIGS. 2 and 3, container cover C includes a round central
      portion, which is bowed upwardly to present a generally domed end 20,
      having depending from its outer periphery an annular skirt 22. As best
      seen in FIG. 4, the cross-section of skirt 22 is generally in the shape of
      an inverted "U" and defines an internal annular channel 24 adapted to
      receive rim 12 of the container body upon closure of the container by the
      cover. If desired, in order to reinforce the center section or domed end
      of the cover, there may be provided a plurality of reinforcing ribs or
      veins 26 which extend radially outward from the center portion of the
      cover to the rim. Although the container cover illustrated is a
      full-removable-cover, if desired it may be provided with one or more
      smaller openings 28 which are shown in FIGS. 2 and 3 of the drawing.
PAR  As best seen in FIG. 4, cover skirt 22 includes inner and outer walls 30
      and 34 which are joined to each other at their upper ends by a curved,
      integral, top wall 32. Outer wall 34 includes a generally vertically
      disposed upper portion 36 which presents an annular inwardly extending,
      generally V-shaped, aligning bead 38 which is adapted to be received
      within complementary annular aligning groove 17 in the container body rim
      when the cover is placed on the container. The purpose of the aligning
      bead and groove is to assure proper alignment of the cover on the
      container, to insure that the sealing portion of the body rim will engage
      the cover properly and also that the camming and locking lugs of the cover
      locking portion will engage the container body rim locking ledge in a
      proper manner.
PAR  Still referring to FIG. 4, it will be seen that, at its lower extremity,
      outer wall 36 is provided with a locking portion, indicated generally at
      40, which is integrally connected to upper wall portion 36 by an annular
      hinge portion 41. The cross sectional area of the hinge portion is thinner
      than that of the outer wall upper and locking portions so that it will
      afford a degree of flexibility when the cover is placed on the container.
      As best seen in FIGS. 4 and 6, locking portion 40 of the cover skirt
      includes a plurality of enlarged camming and locking lugs 42 which are
      formed integrally with hinge area 41 and which are spaced from each other
      circumferentially around the periphery of the skirt. Locking lugs 42 each
      present an inwardly facing, generally round, cam surface 43 adapted to
      help the cover skirt slip over the container rim when the cover is placed
      on the container body. After the cover has been placed on the container,
      lugs 42 engage the underside of rim locking ledge 14 to maintain the cover
      skirt in firm engagement with the body rim. In order to retain the lugs in
      tight engagement with the locking ledge, certain of the lugs may be
      provided with integral, outer, strap retaining elements, extending
      upwardly from the lower edges of the lugs adjacent the outer surfaces
      thereof and spaced a slight distance therefrom, which define an annular
      groove 45 for receiving conventional locking strap indicated generally at
      S. As the locking strap may be of a conventional design, it is not
      illustrated in specific detail.
PAR  Referring now to FIGS. 5 and 6, it will be seen that the upper extremity of
      the rim sealing section 18 is generally tapered so as to be more flexible.
      When the cover is placed firmly on the container, the upper portion of the
      sealing section is depressed or deflected downwardly to effect a snug
      sealing engagement between the rim and the cover. If desired, although not
      absolutely necessary, there may be provided an O-ring, indicated generally
      at O and having a wire core indicated generally at K, which is located
      within the annular groove 19 of the rim sealing portion.
PAR  As previously stated, the container and cover will have a sealing
      engagement without the use of the ring O. However, it has been found that
      as time goes by if the plastic material of the cover or rim loses some of
      its resiliency or elasticity, the O-ring may serve as an "energy
      reservoir" to provide an additional force to effect the proper sealing
      between the container rim and the cover skirt.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a sealable closure arrangement for a plastic container body and a
      full-removable-cover, the combination of:
PA1  a. a unitary, tubular body having an open upper end terminating in an
      annular stiffening rim;
PA1  b. said rim comprising:
PA2  i. a peripheral, horizontal, retaining ledge portion extending radially
      outward from said body;
PA2  ii. a vertical center portion extending upwardly from the outer periphery
      of said ledge portion and presenting thereon an outwardly facing, V-shaped
      aligning groove;
PA2  iii. a sealing portion curving inwardly from the upper extremity of said
      center portion and then curving outwardly and upwardly to present therein
      a generally semicircular groove;
PA1  c. a cover having a round central portion with a peripheral, dependent,
      annular, compliant skirt adapted for sealing engagement with said rim;
PA1  d. said skirt comprising inner and outer walls joined by a curved upper
      wall to form a channel for receiving said rim, said outer wall including:
PA2  i. a vertical upper portion presenting an inwardly projecting V-shaped
      aligning bead adapted to be received within the V-shaped aligning groove
      of said rim for properly positioning said cover on said body;
PA2  ii. a locking portion joined to the lower extremity of said upper portion
      by a relatively flexible hinge portion having a cross-sectional area which
      is of less thickness than that of the locking and upper portions;
PA2  iii. said locking portion including at least one cover camming and
      retaining lug adapted for engagement with the underside of the retaining
      ledge portion of said rim;
PA1  e. said skirt upper portion being adapted to engage and compress said rim
      sealing portion to effect a snug sealing engagement between said rim and
      skirt;
PA1  f. means engageable with said cover locking portion for exerting a radial
      force thereagainst to retain said cover firmly on said container.
NUM  2.
PAR  2. In a sealable closure arrangement for a plastic container body and a
      full-removable-cover, the combination of:
PA1  a. a unitary, tubular body having an open upper end terminating in an
      annular stiffening rim;
PA1  b. said rim comprising:
PA2  i. a peripheral, horizontal, retaining ledge portion extending radially
      outward from said body;
PA2  ii. a vertical center portion extending upwardly from the outer periphery
      of said ledge portion and presenting therein an outwardly facing, V-shaped
      aligning groove;
PA2  iii. a sealing portion curving inwardly from the upper extremity of said
      vertical center portion and then curving outwardly and upwardly to present
      therein a generally semicircular groove;
PA1  c. a cover having a round central portion with a peripheral, dependent,
      annular, compliant skirt, adapted for sealing engagement with said rim;
PA1  d. said skirt comprising inner and outer walls joined by a curved upper
      wall to form a channel for receiving said rim, said outer wall including:
PA2  i. a vertical upper portion presenting an inwardly projecting V-shaped
      aligning bead adapted to be received within the V-shaped aligning groove
      of said rim for properly positioning said cover on said body;
PA2  ii. a locking portion joined to the lower extremity of said upper portion
      by a relatively flexible hinge portion having a cross-sectional area which
      is of less thickness than that of the locking and upper portions;
PA2  iii. said locking portion including at least one cover camming and
      retaining lug adapted for engagement with the underside of the retaining
      ledge portion of said rim;
PA1  e. means engageable with said cover locking portion for exerting a radial
      force thereagainst to retain said cover firmly on said container.
NUM  3.
PAR  3. In a sealable closure arrangement for a plastic container body and a
      full-removable-cover, the combination of:
PA1  a. unitary, tubular body having an open upper end terminating in an annular
      stiffening rim;
PA1  b. said rim comprising:
PA2  i. a peripheral, horizontal, retaining ledge portion extending radially
      outward from said body;
PA2  ii. a vertical center portion extending upwardly from the outer periphery
      of said ledge portion and presenting therein an outwardly facing, V-shaped
      aligning groove;
PA1  c. a cover having a round central portion with a peripheral, dependent,
      annular, compliant skirt, adapted for sealing engagement with said rim;
PA1  d. said skirt comprising inner and outer walls joined by a curved upper
      wall to form a channel for receiving said rim, said wall including:
PA2  i. upper portion presenting an inwardly projecting V-shaped aligning bead
      adapted to be received within the V-shaped aligning groove of said rim for
      properly positioning said cover on said body;
PA2  ii. a locking portion joined to the lower extremity of said upper portion;
PA2  iii. said locking portion including at least one cover camming and
      retaining lug adapted for engagement with the underside of the retaining
      ledge portion of said rim;
PA1  e. means engageable with said cover locking portion for exerting a radial
      force thereagainst to retain said cover firmly on said container.
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PAL  The apparatus includes in one form an attachment for a conventional spray
      paint container comprised of an arcuately shaped receptacle having inner
      and outer walls and a bottom wall defining an arcuate chamber. An elastic
      band is secured to opposite ends of the receptacle to releasably secure
      the latter about the neck of the spray paint container with the inner wall
      of the receptacle in close fitting relation about the neck. The open upper
      end of the receptacle lies at an elevation flush with or below the upper
      edge of the container for collecting paint leaked between the container
      and its lid and/or from the vent hole in the lid. In one form, the
      receptacle extends about the neck for less than 180.degree. and slots are
      provided in the elastic band for receiving the diametrically opposed
      outwardly projecting pins carried by the neck of the conventional paint
      container. In another form, the receptacle extends circumferentially a
      distance greater than 180.degree. and slots are formed in the inner wall
      of the receptacle for receiving the pins. In a still further form, the
      receptacle is formed integral with the paint container. A cap is also
      provided in the vent hole through the lid of the container to deflect
      paint leaking from or blown out of the container through the vent hole
      onto the outer face of the lid for collection in the receptacle. In
      another form, an annular receptacle is carried on the underside of the
      lid. An aperture is formed through its inner wall and lies in
      communication through the annular chamber defined thereby with a pair of
      vent holes opening through the lid thereby isolating such openings and
      precluding paint leakage through the vent.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 384,280,
      filed July 31, 1973 now U.S. Pat. No. 3,858,810 for SPRAY PAINT CONTAINER
      AND ATTACHMENT THEREFOR.
BSUM
PAR  The present invention relates to paint containers for spray painting and
      particularly relates to an attachment for use with spray paint cans for
      collecting paint leaking therefrom, a novel spray paint container per se,
      a vent cap for deflecting paint leaked or blown through the vent hole in
      the lid of the container for collection in the receptacle, and a novel lid
      for spray paint guns for facilitating venting without leakage.
PAR  Spray guns for use in painting are generally used in conjunction with
      standardized paint containers or cans including lids therefor specifically
      configured for ready connection with the spray guns. Conventional
      containers or cans utilized with spray guns are each usually comprised of
      a cylindrical container having a reduced diameter neck with diametrically
      opposed pins projecting radially outwardly from the neck. The lid most
      often carries a device for releasably locking the lid to the container as
      well as a fitting for securing the spray gun to the lid, the fitting
      including a tubular stem for communicating paint from the container to the
      nozzle of the spray gun. The locking device includes a pair of arms
      carried by the stem and which arms project outwardly and downwardly
      terminating at their lower ends in respective lugs. The lugs have slots
      for receiving the pins projecting from the neck of the container. A
      camming device also carried by the stem cooperates with the arms and lid
      to lock the arms to the pins whereby the lid is releasably secured to the
      top of the container.
PAR  Each of the lids of these conventional paint containers or cans normally
      carries an annular gasket along its undersurface for sealing engagement
      with the upper edges of the container neck upon securement of the lid to
      the container. The lid also has a vent hole for equalizing the pressure
      within and without the paint container while spray painting. When the
      spray gun is secured to the stem and a source of air under pressure is
      attached to the gun, paint is siphoned from the container to the nozzle of
      the gun and sprayed onto the surface to be painted.
PAR  Spray painting utilizing the conventional container lid and spray gun
      attachment as described previously is, however, not without problems. One
      very significant problem is leakage of paint from between the container
      and the lid. This oftentimes occurs due to improper sealing between the
      gasket carried by the lid and the upper edges of the container neck and is
      usually caused by worn gaskets. Even with new gaskets, however, improper
      sealing does occur before the gasket seals properly about the container
      neck. Accordingly, the paint leaked from between the lid and container
      adheres to the outside of the paint container and undesirably very often
      drips onto the work surface and/or adjacent surfaces.
PAR  Another source of paint leakage and consequent leakage of paint onto the
      work and/or adjacent surfaces is through the vent hole in the lid. If the
      container is canted sufficiently during use, a quantity of the paint will
      flow out of the vent hole onto the lid and probably onto the work and/or
      adjacent surfaces. Also, the vent very often becomes clogged with paint
      which renders the spray gun inoperative or ineffective. Most painters,
      rather than cleaning the vent hole, will, while spray painting, cover the
      spray gun nozzle whereby the paint blocking the vent hole is blown out of
      the hole. Obviously, clearing the vent hole in this manner permits paint
      to be sprayed outwardly through the vent hole and onto the work and/or
      adjacent surfaces.
PAR  The present invention, in one form hereof, provides an attachment for a
      standard paint container utilized in spray painting and which attachment
      serves to collect the paint leaked from between the container and its lid
      as well as paint leaked onto the outer surface of the lid, for example
      through the vent hole. To accomplish this, the present invention provides
      an attachment comprised of an arcuately shaped receptacle having inner and
      outer walls and a bottom wall for securement about the neck of the paint
      container. A strap, preferably formed of elastic material, is connected at
      opposite ends to the respective opposite ends of the receptacle whereby
      the receptacle and strap encompass the neck of the standard paint
      container previously described with the inner wall of the receptacle in
      close fitting engagement about the container neck. Paint leaking through
      an ineffective portion of the seal between the gasket carried by the lid
      and the container neck can thus be collected in the receptacle. In one
      form, the receptacle extends about the container neck a circumferential
      distance less than 180.degree.. Openings are provided in the opposite ends
      of the strap for receiving the diametrically opposed, radially outwardly
      projecting pins carried by the container neck. In another form, the
      receptacle extends about the neck of the container a circumferential
      distance greater than 180.degree.. Slots are provided in the inner wall of
      the receptacle for receiving the pins on the container neck. In both
      cases, the strap is preferably formed of elastic material and draws the
      receptacle taut about the neck of the container. It will be appreciated
      that full encirclement of the container neck is not usually necessary if
      the spray gun nozzle and receptacle lie on like sides of the container
      since the container will most likely be canted to that same side.
PAR  In another form hereof, a novel paint container of this type is provided
      and which container has a receptacle formed integral therewith. That is,
      an outer wall is provided, spaced from the container neck. The outer wall
      is provided as an integral part of the container and defines with the
      reduced diameter container neck an annular receptacle thereabout. In this
      embodiment, the container can be formed of plastic material with its outer
      wall integrally molded therewith.
PAR  A further feature of the present invention is the provision of a vent cap
      for the conventional vent hole formed in the lids for spray paint
      containers of this type. The cap includes a stem receivable through the
      vent hole and carrying an external head having a depending skirt. A
      retaining element is carried by the inner end of the stem. The head is
      normally spaced from the margins of the vent hole whereby the vent is
      normally open. Should the vent become clogged with paint and the painter
      close the nozzle of the spray gun whereby the clogging paint is blown
      through the vent hole, the blown paint is deflected by the head and
      depending skirt onto the outer surface of the lid for flow into the
      receptacle. The vent cap therefore prevents paint from being inadvertently
      blown onto the work and/or adjacent surfaces.
PAR  A still further embodiment of the present invention provides a spray paint
      container having segregated or isolated vent passages for preventing
      outflow of paint from the container through its vent. In one form of this
      embodiment, an annular receptacle is carried by the lid along its
      underface. A pair of vent holes through the lid open into the annular
      chamber defined by the receptacle. An aperture is formed through the inner
      wall of the receptacle and a vent passage to the paint container is thus
      provided through the vent holes in the lid, the annular chamber, and the
      aperture. The vent holes lie along a chord line on the forward part of the
      lid while the aperture is formed adjacent the underface of the lid at a
      location equally circumferentially spaced from the vent holes. In this
      manner, the vent holes are isolated from the aperture thereby precluding
      paint leakage through the vent. In another form hereof, the bottom wall of
      the annular receptacle is removable to facilitate cleaning of the vent
      chamber. In still another form, such annular receptacle is provided in the
      top of the can with the lid being provided similar vent holes in
      communication with the annular chamber when the lid is sealed to the
      container and to the upper margins of the receptacle. In all these forms,
      venting isolation is achieved. Also, should the aperture in the receptacle
      become clogged, the painter can simply cover the spray gun nozzle to blow
      air through the vent passage to clear the clogged aperture without the
      danger of blowing paint from the gun onto the work or adjacent surfaces.
PAR  Accordingly, it is a primary object of the present invention to provide a
      novel and improved spray gun attachment for collecting paint leaked from a
      spray paint container.
PAR  It is another object of the present invention to provide a novel and
      improved spray gun attachment specifically configured for releasable
      securement to standard spray paint containers for collecting paint leaked
      therefrom.
PAR  It is another object of the present invention to provide a novel and
      improved attachment for spray paint containers which prevents leakage of
      paint from the container onto the work and/or adjacent surfaces.
PAR  It is a further object of the present invention to provide an attachment
      having the foregoing characteristics which can be readily and easily
      constructed and formed of readily available inexpensive materials.
PAR  It is a still further object of the present invention to provide in
      combination with the foregoing a vent cap for the vent hole in the lid of
      the spray container for deflecting paint blown and/or leaked through the
      vent hole onto the outer surface of the lid for collection in the
      attachment.
PAR  It is a still further object of the present invention to provide a novel
      and improved spray paint container having a receptacle formed integrally
      therewith for collecting paint leaked from the spray paint container.
PAR  It is a related object of the present invention to provide a novel and
      improved spray paint container having a venting passage which opens
      externally of the container and internally thereof at isolated locations
      to preclude paint spillage and paint from blowing through the vent passage
     .
DRWD
PAR  These and further objects and advantages of the present invention will
      become more apparent upon reference to the following specification,
      appended claims and drawings wherein:
PAR  FIG. 1 is a perspective view of a paint spray container with a spray gun
      secured thereto and illustrating a novel and improved attachment for
      collecting paint leaked therefrom constructed in accordance with the
      present invention;
PAR  FIG. 2 is an enlarged perspective view of one form of attachment hereof;
PAR  FIG. 3 is a plan view of the spray paint container with the attachment of
      FIG. 2 secured thereto;
PAR  FIG. 4 is an enlarged front elevational view thereof;
PAR  FIG. 5 is an enlarged fragmentary side elevational view thereof with parts
      broken out and in cross section;
PAR  FIG. 6 is a view similar to FIG. 3 and illustrates a further form of
      attachment in accordance with the present invention;
PAR  FIG. 7 is an enlarged fragmentary view with parts broken out for ease of
      illustration and taken generally about on line 7--7 in FIG. 6;
PAR  FIG. 8 is an enlarged fragmentary cross-sectional view of the vent hole in
      a paint container lid with a vent cap therein constructed in accordance
      with the present invention;
PAR  FIG. 9 is a plan view of a still further form of spray paint container
      constructed in accordance with the present invention;
PAR  FIG. 10 is a fragmentary enlarged side elevational view thereof with parts
      broken out and in cross section;
PAR  FIG. 11 is an enlarged perspective view of a further embodiment of the
      present invention and illustrating a modified spray paint container lid;
PAR  FIG. 12 is an enlarged cross-sectional view thereof taken generally about
      on line 12--12 in FIG. 11;
PAR  FIG. 13 is an enlarged cross-sectional view thereof taken generally about
      on line 13--13 in FIG. 12;
PAR  FIG. 14 is a view similar to FIG. 12 and illustrates a further form of lid
      for the spray paint container hereof; and
PAR  FIG. 15 is an enlarged fragmentary cross-sectional view of a still further
      form of spray paint container hereof.
DETD
PAR  Referring now to the drawings, particularly to FIG. 1, there is illustrated
      a conventional spray paint container or can generally designated 10 having
      a lid 12, a device generally designated 14 for securing lid 12 to
      container 10 and a spray gun generally designated 16. Container 10
      includes a cylindrical body 18, a closed lower end, and a reduced diameter
      neck 20 defining an opening through the upper end of the container. In
      spray paint containers of this type, a pair of pins 22 project radially
      outwardly from diametrically opposite sides of neck 20 for cooperation
      with device 14 for securing lid 12 to container 10. A stem including a
      siphon tube, not shown, extends axially through lid 12 and carries a nut
      24 loosely coupled about its upper end for securing the spray gun 16 to
      the lid 12 and hence to container 10. Secured about the stem for limited
      axial sliding movement is a pair of radially extending arms 26 terminating
      at their opposed ends in downwardly projecting lugs 28 having
      circumferentially opening slots 30 for receiving the pins 22 on container
      10. A disc-like fixed cam 32 is carried by lid 12 about the stem and below
      arms 26. A similar disc-like movable cam 34 is disposed about the stem
      between the fixed cam 32 and arms 26. An arm, not shown, projects from
      movable cam 34 for rotating cam 34. Rotation of cam 34 causes arms 26 to
      move in an axial direction.
PAR  Accordingly, in order to secure lid 12 to container 10, the lid is located
      on top of the container neck 20 with the annular gasket 36 (FIG. 5)
      carried along its underside bearing against the upper edges of neck 20.
      The lid 12 is rotatably positioned such that the pins 22 are received
      within the slots 30 of arms 26. The movable cam 34 is thereafter rotated
      to displace the arms 26 axially outwardly whereby the container and lid
      are clamped one to the other with the gasket 36 forming a seal along the
      upper edge of the container neck. It will be appreciated that with the lid
      secured to the container in this manner, the siphon tube, not shown,
      extends to adjacent the bottom of the container. The lid 12 also carries a
      vent hole 38.
PAR  The foregoing described container and lid construction is conventional.
      When the spray gun 16 is coupled to the lid 12 by nut 24 either before or
      after lid 12 is secured to container 10 and an air source is coupled to
      the spray gun, the air causes paint within the container to flow upwardly
      through the siphon tube, not shown, through the stem and into gun 16 for
      spraying through the gun nozzle 40. The vent hole 38 in lid 12 is
      necessary to permit outflow of paint from container 10.
PAR  As noted previously, the seal between gasket 36 of lid 12 and neck 20 of
      container 10 often wears or is inadequate in the first instance whereby
      paint leakage between the lid and container occurs. Also, paint leaks
      through the vent hole 38 when the container is canted or when the painter
      attempts to clean the vent hole by blowing paint through it by covering
      nozzle 40. This leaked paint very quickly covers the paint container and
      very often gets onto the work and/or adjacent surfaces. In one form of the
      present invention, there is provided an attachment generally designated 42
      for collecting the paint leaking from the paint container from either or
      both of these sources of paint leaks whereby paint is prevented from
      dripping from the container. Referring particularly to FIG. 2, the
      attachment 42 comprises an arcuately shaped receptacle 44 having inner and
      outer walls 46 and 48 respectively, and a bottom wall 50 interconnecting
      the lower edges of inner and outer walls 46 and 48 to define an arcuately
      extending chamber 52. End walls 54 are also provided whereby receptacle 44
      extends a discrete distance in a circumferential direction. In the form
      hereof illustrated in FIGS. 1-5, the receptacle 44 extends a
      circumferential distance slightly less than 180.degree. and is configured
      such that the inner wall 46 obtains substantially the same curvature as
      the neck 20 of container 10.
PAR  Receptacle 44 has a depth substantially the height of the neck 20 of
      container 10. The bottom wall 50 of receptacle 44 slopes outwardly as
      illustrated in FIG. 5 to conform to and bear against a shoulder 56 which
      forms the transition between neck 20 and the body container 10. Receptacle
      44 may be formed of any type of material and in a preferred embodiment is
      formed of plastic material whereby the receptacle is to a limited extent
      flexible in a circumferential direction for achieving a close fit about
      the neck 20 and for other reasons which will become clear from the ensuing
      description.
PAR  A strap 58 has opposite end portions which are secured to the respective
      opposite ends of receptacle 44. Preferably, strap 58 is formed of an
      elastic material and its end portions may be suitably riveted as by one or
      more rivets 60 along and to the inner wall 46 of receptacle 44. In the
      form illustrated in FIGS. 1-5, the strap is provided with a slot 62 in
      each of its opposite end portions for receiving the pins 22 when the
      receptacle is applied about the neck of the paint container 10.
PAR  In order to utilize the paint container and receptacle described above,
      receptacle 44 is located about the container neck 20 on one side of pins
      22. Particularly, the elastic strap 58 is disposed about neck 20 on the
      opposite side thereof from receptacle 44 with the pins 22 being received
      in the slots 62. The elastic strap thus draws the receptacle 44 in close
      fitting relation about the neck 20 of the container 10 whereby the inner
      wall 46 of the receptacle bears directly against neck 20. It will be
      appreciated that the strap 58 need not extend completely about neck 20 but
      may extend sufficiently only for attachment to pins 22. However, the
      illustrated embodiment is preferred in view of the greater elasticity
      obtained by using a longer strap. As illustrated in FIG. 5, it will be
      seen that the upper edge of inner wall 46 lies flush with or slightly
      below the upper edge of neck 20. The upper edge of the outer wall 48
      extends above the upper edge of the inner wall 46 since the container is
      normally canted in this direction in use thereby providing a chamber 52 of
      increased capacity. Once the receptacle is applied about neck 20, lid 12
      may be secured to the container in the manner previously described. From a
      review of FIGS. 4 and 5, it will be appreciated that any paint leaking
      from the container past the annular gasket 36 carried by lid 12 would thus
      leak into the chamber 52 defined by receptacle 44. It will be appreciated
      that in applying lid 12 to container 10, the nozzle 40 of the spray gun is
      located on the same side of can 10 as attachment 42. Since, most often,
      spray painting is accomplished with the nozzle pointed downwardly, i.e.,
      the container being in a canted position, it will be appreciated that any
      leakage past the gasket 36 will flow into the receptacle 42.
PAR  In a preferred form hereof, a liner 60 is provided for lining the inner
      wall surfaces of receptacle 44. Preferably, this can be in the form of a
      replacable or reusable absorbent or nonabsorbent paper shaped and
      configured to lie within the chamber 52 and substantially coextensively
      with the walls defining chamber 52.
PAR  Referring now to the embodiment hereof illustrated in FIGS. 6 and 7,
      attachment 42a is similar to the attachment illustrated in the previous
      embodiment but has a circumferential extent exceeding 180.degree. as will
      be appreciated from the following description. The attachment 42a includes
      a similar receptacle 44a as previously described and has inner and outer
      walls 46a and 48a and a bottom wall 50a. Receptacle 44a, however, extends
      a circumferential distance approximately 250.degree. about the neck 20 of
      the container. As in the previous embodiment, a strap 58a preferably
      formed of elastic material is provided and has opposite ends suitably
      secured to the opposite ends of the receptacle, for example by one or more
      rivets 60a. In this form, however, a pair of slots 70 are formed through
      the inner wall 46a of receptacle 41a at diametrically opposed positions
      therealong. The slots are elongated in a circumferential direction as
      illustrated in FIG. 7. In applying the receptacle to the paint container
      10, attachment 42a is flexed such that the pins 22 are receivable within
      the slots 70. The elastic strap 58a is then disposed about the backside of
      neck 20 whereby receptacle 44a is drawn taut about neck 20 such that its
      inner wall 46a lies in close fitting relation therewith. It will be
      appreciated that pins 22 remain free for connection with the arms 26 of
      device 14 whereby lid 12 is secured to container 10. That is, lugs 28
      extend to a limited extent within the chamber 52a of receptacle 44a when
      in use.
PAR  Referring to FIG. 8, it will be recalled that a painter very often blocks
      the nozzle 40 on the spray gun in order to unclog the vent hole by blowing
      paint through it. There is thus the danger of blowing the paint onto the
      work and/or adjacent surfaces. To preclude this, the present invention
      also provides a vent cap generally designated 72 comprised of a stem 74
      having a head 76. Head 76 is provided with a depending annular skirt 78
      and a downwardly projecting lug 80 along its underside for engagement with
      a boss 82 formed on lid 12 and surrounding vent hole 38, whereby head 76
      is spaced from the vent hole. The vent hole is thus maintained in a
      normally open condition. A retainer pin 84, is provided on the lower end
      of stem 74 preferably by threaded engagement therewith to prevent loss of
      the vent cap 72. Consequently, any paint blown through the vent hole 38 is
      deflected against the underside of head 76 and against skirt 78 for
      disposition along the outer surface of lid 12. Since the paint container
      is usually inclined or canted in a forward direction during use, this
      paint leakage eventually flows into chamber 52a of receptacle 42a or the
      receptacle illustrated in FIGS. 1-5.
PAR  Referring now to FIGS. 9 and 10, the present invention hereof also includes
      a paint container 10b specifically configured to provide a chamber 52b
      about the neck 20b of the container. Particularly, a wall 48b  is formed
      integrally with container 10b and is spaced radially outwardly of the wall
      forming the neck 20b of container 10b. The annular shoulder 56b
      interconnecting neck 20b and the body of the container 10b also forms the
      lower wall for chamber 52b. It will thus be appreciated that the chamber
      52b comprises a full annulus surrounding the opening of the paint
      container through neck 20b. The upper edge of the outer wall 48b tapers
      upwardly from the diameter of the container containing the pins 22b and
      peaks at diametrically opposed sides of the container. In this form, the
      container is preferably formed of a plastic material and it will be
      appreciated that the pins likewise can be integrally molded therewith or
      formed of metal and secured thereto whereby the lid and spray gun can be
      attached in a similar manner as previously described. Thus, in this form,
      paint leaking past the gasket on the underside of the lid and/or through
      the vent hole flows into chamber 52b.
PAR  In the embodiment hereof illustrated in FIGS. 11-13, there is provided a
      spray paint container lid generally designated 12c. Lid 12c carries a
      locking device 14c identical to the locking device 14 described in
      connection with FIG. 1. The siphon tube, not shown, extends through a
      central aperture 100 formed in lid 12c and through the locking device 14c.
      In this form, the lid comprises a circular disc-like body or cover 102,
      preferably formed of a plastic material (although it will be appreciated
      that other material such as metal may also be utilized), having a
      depending marginal flange 104 and an annular gasket 36c extending about
      cover 102 inwardly of flange 104 and along its underface. A receptacle 106
      depends from the underface of cover 102. Particularly, receptacle 106
      comprises an annulus having inner and outer walls 108 and 110 respectively
      and a bottom wall 112. The central opening defined by the inner wall 108
      enables the siphon tube to extend from the spray gun through the opening
      100 in cover 102 into the paint container 10c.
PAR  Receptacle 106 is also preferably formed of plastic and is suitably secured
      to the underface of cover 102. For example, receptacle 106 may be spun
      welded to the underside of cover 102 whereby it becomes essentially
      integral therewith. It will be appreciated however, that the receptacle
      can be otherwise attached to cover 102. Receptacle 106 is provided with an
      aperture 112 formed through inner wall 108 directly adjacent the underface
      of cover 102. Particularly aperture 112 slopes upwardly from annular
      chamber 114 defined by the inner and outer walls 108 and 110 respectively
      and is closely spaced, i.e., about 1/16th inch, from the underface of
      cover 102 to substantially eliminate any paint flow during use into
      annular chamber 114 through aperture 112.
PAR  A pair of vent holes 116 are formed through cover 102 at radial positions
      thereabout to lie in communication with annular chamber 114. Vent holes
      116 are spaced forwardly of a diameter of cover 102 extending through the
      arms of device 14 and toward the front part of the paint can, i.e., on the
      nozzle side of the spray gun when in use. Particularly, vent holes 116 lie
      along a chord of the circle defined by cover 102 which chord parallels the
      above-noted diameter while aperture 112 is equally circumferentially
      spaced from the respective vent holes 116. A single vent hole or more than
      two may be utilized although two are preferred. Thus, a vent passage is
      provided through vent holes 116, annular chamber 114, and aperture 112
      into the can whereby paint spraying can be accomplished.
PAR  From a review of FIG. 13, it will be appreciated that the vent holes 116
      are isolated from and remotely positioned relative to the aperture 112.
      Thus, when the spray paint container is utilized, paint is effectively
      precluded from flowing or being blown out of vent holes 116 onto the cover
      and onto the work or adjacent surfaces. Moreover, by locating the aperture
      112 through inner wall 108 and directly adjacent the undersurface of cover
      102 and particularly by inclining its opening, the probability of paint
      entering chamber 114 is minimized. Consequently, very little paint, if
      any, enters annular chamber 114 through aperture 112 and any paint that
      does enter chamber 114 is located remotely from vent holes 116 thus
      effectively preventing any paint leakage through the vent passage.
PAR  Referring now to FIG. 14, there is illustrated a modified form of the cover
      illustrated in FIGS. 11 - 13. In this form, the cover 102d has radially
      spaced depending inner and outer walls 108d and 110d forming an annular
      chamber 114d therebetween. The walls 108d and 110d are formed integrally
      with the cover 102d, it being appreciated that these walls are preferably
      formed of a plastic material and formed integrally with cover 102d. Vent
      holes 116d are provided through cover 102d similarly as in the cover 102
      illustrated in FIG. 11. An aperture 112d is also provided through the
      inner wall 108d adjacent the underface of cover 102d, aperture 112d being
      upwardly inwardly inclined from chamber 114d. The spacing of the vent
      holes 116d relative to aperture 112d are identical to the spacing of the
      corresponding openings as described above in connection with FIGS. 11 -
      13.
PAR  To close the bottom of annular chamber 114d, there is provided an annulus
      116 having upstanding inner and outer annular flanges 118 and 120
      respectively. The inner margin of wall 108d is provided with a radially
      inwardly projecting bead 122, while the outer margin of outer wall 110d is
      provided with a radially outwardly projecting bead 124, beads 122 and 124
      being located adjacent the lower ends of walls 108d and 110d respectively.
      Flanges 118 and 120 of annular member 116 are provided with corresponding
      annular recesses about their respective outer and inner faces whereby the
      annular member 116 can be releasably snapped onto walls 108d and 110d.
      Annulus 116 thus forms a releasable closure for annular chamber 114d. In
      this manner, any paint entering chamber 114d can be readily removed by
      removing member 116 from the walls 108d and 110d and cleaning the surface
      of member 116 and/or the inner surfaces of the walls 108d and 110d. As in
      the previous embodiment, the vent passage is provided by openings 116,
      chamber 114d, and aperture 112d.
PAR  Referring now to the embodiment hereof illustrated in FIG. 15, there is
      provided a spray paint container 10e having a conventionally configured
      neck 128. The lid 12e is similar in all respects to the lid illustrated in
      FIG. 1 hereof with the exceptions noted below and carries a locking device
      similar to the locking device 14 illustrated in FIG. 14 for releasably
      securing the lid 12e to container 10e. In this form, container 10e is
      provided with an annular receptacle 130 within the container neck 128. The
      annular receptacle is comprised of inner and outer walls 132 and 134
      respectively and which walls are interconnected by a lower annular wall
      136. Receptacle 130 is secured in the neck 128 of container 10e by the
      pins 30e which extend through the outer wall 134 of receptacle 130 and
      through openings formed in the neck 128 of container 10e. As will be
      recalled, these pins 30e form part of the connection for securing the lid
      to the can as described above.
PAR  A pair of annular gaskets 138 and 140 are carried along the underside of
      lid 12e, gaskets 138 and 140 being radially spaced one from the other. As
      illustrated in FIG. 15, outer gasket 138, when lid 12e is applied to
      container 10e, seals against the upper margin of container neck 128 and
      also the upper margin of outer wall 134 of annular receptacle 130. Inner
      gasket 140, when the lid 12e is secured to container 10e, seals against
      the upper margin of inner wall 132. Similarly as in FIGS. 11-13 and FIG.
      14, the annular receptacle 130 in FIG. 15 is provided with an aperture 144
      formed at an angle through inner wall 132 adjacent the underface of cover
      12e. Also, a pair of vent openings 146 are provided through cover 12e in
      communication with annular chamber 148 defined by walls 132, 134 and 136.
      The vent holes 146 and aperture 144 are circumferentially spaced and
      radially positioned relative to one another similarly as described above
      in connection with the embodiments of FIGS. 11 - 13 and 14. Consequently,
      the vent passage is provided through cover 12e by way of vent holes 146,
      annular chamber 148 and aperture 144. As in the previous embodiments, the
      isolation of aperture 144 from the vent openings 146 prevents paint
      spillage and/or paint from blowing through the vent from the spray paint
      container. In this embodiment, any paint in annular chamber 148 can be
      readily removed simply by removing cover 12e and cleaning receptacle 130.
PAR  In the embodiments illustrated in FIGS. 11-15 hereof, each annular
      receptacle preferably has a depth of about 1 inch deep with its inner and
      outer walls spaced one from the other approximately 5/8th inch. The
      diameter of the vent openings and aperture in each case is preferably
      1/8th inch. The location of the aperture in the inner wall of the
      receptacles is preferably 1/16th inch from the underface of the lid.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  We claim:
NUM  1.
PAR  1. A closure for a spray paint container comprising a cover adapted to
      carry a spray paint gun, means carried by said cover and cooperable with
      the container for releasably securing said cover to the container, means
      carried by said cover providing for communication between the interior of
      the container when said cover is releasably secured thereto and the
      exterior of the container including a housing having walls at least in
      part defining a chamber, said cover having an aperture therethrough in
      communication with said chamber, one of the walls of said housing having
      an aperture therethrough providing communication between said chamber and
      the interior of the container when said cover is secured thereto, said
      apertures being spaced one from the other, and means carried by said cover
      and cooperable with the container for sealing the cover to the container
      when said cover is secured thereto whereby said apertures provide a vent
      passage through said cover and housing into the container.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said cover is generally circular
      in plan and said apertures are circumferentially spaced one from the other
      about said cover.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the walls of said housing include
      spaced sidewalls extending in generally circular configurations about said
      cover and a lower wall generally annular in shape interconnecting the
      lower margins of said sidewalls whereby said walls define a generally
      annular chamber, said apertures lying in circumferentially spaced
      positions relative to one another about said cover.
NUM  4.
PAR  4. Apparatus according to claim 3 including means for releasably securing
      said lower wall to said sidewalls.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said cover is generally circular
      in plan, said housing defining a substantially annular shaped chamber.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said apertures are
      circumferentially spaced one from the other about said cover, said housing
      and said chamber lying along the underside of said cover.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said securing means includes a
      pair of arms extending in radially opposite directions from a central
      portion of said cover, the aperture through said cover lying alongside the
      diameter defined by the arms with the aperture through said one wall being
      located on the opposite side of said diameter.
NUM  8.
PAR  8. Apparatus according to claim 6 in combination with said container, said
      container having a generally circular neck carrying a pair of radially
      outwardly oppositely directed pins on substantially a diameter of said
      container neck, said securing means including a pair of arms extending in
      radially opposite directions from the central portion of said cover, and
      means carried by the distal ends of said arms for engagement with said
      pins to releasably secure said cover to said container.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein the aperture through said cover
      lies on one side of said diameter with the aperture through said one wall
      being located on the opposite side of said diameter.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said cover has a pair of
      apertures therethrough constituting vent holses in communication with said
      chamber, said vent holes lying substantially on one side of said diameter
      along a chord line generally parallel to said diameter.
NUM  11.
PAR  11. Apparatus according to claim 8 wherein the walls of said housing
      include spaced sidewalls extending in generally circular configurations
      about said cover and a lower wall generally annular in shape
      interconnecting the lower margins of said sidewalls whereby said walls
      define said generally annular chamber.
NUM  12.
PAR  12. Apparatus according to claim 11 wherein the aperture through said one
      wall opens through the inner wall of said housing directly adjacent the
      underside of said cover.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein said cover has a pair of
      apertures constituting vent holes in communication with said chamber, said
      vent holes lying substantially on one side of said diameter with the
      aperture through said one wall being located on the opposite side of said
      diameter.
NUM  14.
PAR  14. Apparatus according to claim 11 including means for releasably securing
      said lower wall to said side walls.
NUM  15.
PAR  15. Apparatus according to claim 1 including means carried by said cover
      providing for access to the interior of said housing.
NUM  16.
PAR  16. Apparatus for spray painting comprising a container having a generally
      circular neck, an annular housing including spaced sidewalls extending in
      generally circular configurations about said housing and a lower wall
      interconnecting said sidewalls to define an annular chamber, means for
      securing said housing in said container neck, a cover for said container,
      means for releasably securing said cover to said container, means
      cooperable between said cover and said container when said cover is
      secured thereto for sealing said cover to said container neck, means
      carried by said cover and engageable with the upper edges of said sidewall
      to substantially seal said chamber from said container, and means for
      venting said container when said cover is secured thereto including an
      aperture through said cover in communication with said annular chamber,
      one of said sidewalls having an aperture therethrough providing
      communication between said chamber and the interior of said container
      whereby said apertures are isolated one from the other and provide a vent
      passage through said chamber for venting said container.
NUM  17.
PAR  17. Apparatus according to claim 16 wherein said apertures are
      circumferentially spaced one from the other about said cover.
NUM  18.
PAR  18. Apparatus according to claim 16 wherein the aperture through the one
      housing wall extends through the inner sidewall and directly adjacent the
      underside of said cover when secured to said container.
NUM  19.
PAR  19. Apparatus according to claim 17 wherein said securing means includes a
      pair of arms extending in radially opposite directions from the central
      portion of said cover, the aperture through said cover lying on one side
      of the diameter defined by said arms with the aperture through said one
      wall being located on the opposite side of said diameter.
NUM  20.
PAR  20. A closure for a spray paint container comprising a cover adapted to
      carry a spray paint gun, means carried by said cover and cooperable with
      the container for releasably securing said cover to the container, means
      carried by said cover providing for communication between the interior of
      the container when said cover is releasably secured thereto and the
      exterior of the container including a housing having walls at least in
      part defining a chamber, said cover having an aperture therethrough in
      communication with said chamber, one of the walls of said housing having
      an aperture therethrough providing communication between said chamber and
      the interior of the container when said cover is secured thereto, means
      cooperable with the container and said cover about its margin for sealing
      the cover to the container when said cover is secured thereto whereby said
      apertures in said chamber provide a vent passage through said cover into
      the container, and means carried by said cover providing for access to the
      interior of said housing.
NUM  21.
PAR  21. Apparatus according to claim 20 wherein said housing and said chamber
      lie along the underside of said cover and within the container when said
      cover is releasably secured thereto, the walls of said housing including
      spaced sidewalls extending in generally circular configurations about said
      cover and a lower wall generally annular in shape interconnecting the
      lower margins of said sidewalls whereby said walls define a generally
      annular chamber.
NUM  22.
PAR  22. Apparatus according to claim 20 in combination with said container,
      said container having a generally circular neck carrying a pair of
      radially outwardly oppositely directed pins on substantially a diameter of
      said container neck, said securing means including a pair of arms
      extending in radially opposite directions from the central portion of said
      cover, means carried by the distal ends of said arms for engagement with
      said pins to releasably secure said cover to said container, said sealing
      means being carried by said cover for sealing the same about the circular
      neck of said container.
NUM  23.
PAR  23. Apparatus according to claim 21 wherein said access means includes
      means for releasably securing said lower wall to said side walls.
NUM  24.
PAR  24. Apparatus according to claim 20 wherein said housing and said chamber
      lie along the underside of said cover and within the container when said
      cover is releasably secured thereto, the walls of said housing including
      spaced sidewalls extending in generally circular configurations about said
      cover and a lower wall generally annular in shape interconnecting the
      lower margins of said sidewalls whereby said walls define a generally
      annular chamber, said apparatus being in combination with said container,
      said container having a generally circular neck carrying a pair of
      radially outwardly oppositely directed pins on substantially a diameter of
      said container neck, said securing means including a pair of arms
      extending in radially opposite directions from the central portion of said
      cover, means carried by the distal ends of said arms for engagement with
      said pins to releasably secure said cover to said container, said sealing
      means being carried by said cover for sealing the same about the circular
      neck of said container.
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ABST
PAL  There is disclosed a device comprising a disc for disposal over the outer
      side of a flange, an annular ridge on the disc for substantially filling a
      ring groove in the outer side of the flange, a plurality of plugs on the
      disc for fitting closely within certain holes of a circle of bolt holes
      through the flange, and fasteners for holding the plugs in the bolt holes.
PARN
PAR  This is a continuation of application Ser. No. 415,216 , filed Dec. 12,
      1973 now abandoned.
BSUM
PAR  This invention relates to an improved device for protecting a flange of the
      type having an annular seal groove in the outer side thereof and a circle
      of bolt holes therethrough arranged concentrically outwardly of the
      groove.
PAR  In use, the groove in the flange is adapted to receive a seal ring for
      sealing between it and a corresponding groove in the oppositely facing
      side of another flange, and the holes are adapted to be aligned with
      correspsonding holes through the other flange for receiving bolts for
      connecting the flanges together. When the flanges are so connected, the
      seal ring, which may be a standard metal A.P.I. ring, is compressed into
      sealing engagement with the grooves to thereby provide a sealed connection
      between the flanges.
PAR  In order to protect the seating surfaces of the groove against damage, as
      might occur during storage or transportation, it has been proposed to
      cover the outer side of the flange with a disc of fiberboard. The disc is
      provided with slits aligned with certain of the bolt holes so that
      fasteners may be extended through the slits and aligned holes for securing
      the disc in covering position. These fasteners have enlarged upper ends
      for bearing on the outer side of the disc and are flexible to permit their
      opposite ends to be bent under the inner side of the flange. Generally,
      washers are provided each for bearing over the inner side of the flange
      about each bolt hole, so as to provide a wide bearing surface for the bent
      end of the fastener and thus reduce the possibility of its being pulled
      free.
PAR  However, it has been found that the existing devices do not protect the
      seal groove in the flange under certain conditions which often occur
      during transportation or storage of the flange. For example, heavy blows
      against the outer side of the disc may break or distort the disc, and thus
      cause damage to the seal groove. Also, the fasteners are often incapable
      of preventing the disc from being laterally displaced, and actually
      removed from the outer side of the flange, in which case the ring is
      exposed to not only damaging blows and scratches, but also corrosion, etc.
PAR  An object of this invention is to provide a device which protects the
      flange against heavy blows, and which is retained against lateral
      displacement.
PAR  Another object is to provide such a device which may be manufactured with a
      minimum of time and expense.
PAR  A further object is to provide such a device which is easily and quickly
      installed over or removed from the outer side of the flange.
PAR  Yet another object is to provide such a device which may be stored in a
      small space.
DRWD
PAR  In the drawings, wherein like reference characters are used throughout to
      designate like parts:
PAR  FIG. 1 is a vertical sectional view of a flange, as seen along broken line
      1--1 of FIG. 1A, having a device constructed in accordance with the
      present invention disposed over its outer side for protecting the seal
      groove;
PAR  FIG. 1A is a horizontal cross-sectional view of the flange and protector
      device of FIG. 1, as seen along broken lines 1A--1A of FIG. 1;
PAR  FIG. 2 is a vertical sectional view of another type of flange also having a
      device constructed in accordance with another embodiment of the present
      invention disposed over the outer side thereof;
PAR  FIG. 2A is a partial top plan view of the protector of FIG. 2, as seen
      along broken line 2A--2A thereof; and
PAR  FIG. 3 is a perspective view of one of the fasteners used for retaining the
      plugs of the device in the bolt holes of the flanges.
DETD
PAR  With reference now to the details of the above-described drawings, the
      flange 10 shown in FIGS. 1 and 1A has a central bore 11 therein, a ring
      groove 12 formed in its outer (or upper as seen in FIG. 1) side in
      surrounding relation to the bore 11, and a circle of bolt holes 13
      therethrough arranged concentrically outwardly of the ring groove 12. As
      well known in the art, the flange may be integral with or connected to a
      conduit (not shown) with its bore aligned with the bore through the
      conduit so as to provide a means on one end of the conduit for connecting
      it to a flange of another conduit.
PAR  For this latter purpose, and as well known in the art, the groove 12 is
      adapted to receive a ring, such as a standard metal A.P.I. ring, for
      forming a seal between the flange 10 and another flange having an
      oppositely facing groove therein. Thus, as well known in the art, with the
      seal ring disposed within the oppositely facing grooves, so as to space
      the oppositely facing sides of the flanges from one another, bolts may be
      extended through the holes 13 and a matching circle of holes on the other
      member to receive nuts for drawing the flanges toward one another and thus
      causing the seal ring to be tightly compressed into sealing engagement
      with the grooves in the flanges.
PAR  The device for protecting the flange, particularly the seal groove 12
      thereof, and indicated in its entirety in FIG. 1 by reference character
      14, comprises a disc 15 of a diameter at least approximating that of the
      flange 10 and adapted to fit flat against the outer side of the flange. An
      annular ridge 16 is arranged on the inner side of the disc 15 for
      substantially filling the ring groove 12, and a plurality of plugs 17 are
      arranged thereon for fitting closely within certain of the bolt holes 13.
      Since the ridge fills the groove, it protects it against damage from blows
      delivered to the device, even when the outer face of the disc itself might
      be damaged. On the other hand, the plugs resist any tendency of the disc
      to move laterally out of its position covering the ring groove in the
      flange.
PAR  As also shown in FIG. 1, the plugs 17 are of generally frusto-conical shape
      with a diameter at the base thereof which is slightly larger than that of
      the bolt to engage tightly therewith as the plugs are forced into the
      holes. As shown in FIG. 1A, there are four such plugs arranged in equally
      spaced, diametrically opposed relation for fitting within similarly
      arranged holes. However, a lesser number of plugs may be used, having in
      mind that at least two generally equally spaced-apart plugs are needed for
      balancing the resistance to lateral movement of the disc of the protector
      14.
PAR  Each plug is held within the bolt hole into which it is fitted by means of
      a fastener 18, which further reduces any tendency of the disc to be moved
      laterally out of position over the flange. As best shown in FIG. 3, each
      fastener comprises a thin strip of sheet metal having an enlarged head 19
      at its upper end and being bendable to permit the lower portion 20 thereof
      to be turned under the inner side of the flange for bearing thereagainst
      so as to hold the plug through which it extends in the bolt hole. More
      particularly, the length of each fastener extends through a narrow opening
      21 formed through the disc and the plug tangent to the outer side of the
      plug, whereby it will lie against the outer side of the bolt hole beneath
      the plug.
PAR  The flange 22 shown in FIG. 2 is similar to the flange 10, except that the
      central portion 23 of its outer side is raised above the outer portion
      thereof. As shown in FIG. 2, the ring groove 24 is formed in the raised
      portion concentrically about the bore 25 through the flange, and the
      circle of bolt holes 26 is formed through the outer portion of the flange.
      The device for protecting the flange 22, and particularly the ring groove
      24 therein, is designated in its entirety by reference character 27 and
      comprises, similarly to the device 14, a disc 28 having an inner side
      disposable over the outer side of the flange. Also, an annular ridge 29 is
      carried on the disc for substantially filling ring groove 24, and a
      plurality of plugs 30 are carried thereon for fitting closely within
      certain of the bolt holes 26. However, the disc 28 of the device 27 is
      formed with a raised, central portion, with the annular ridge 29 carried
      on the raised portion and the plugs 30 carried on the outer portion of the
      device, to permit the inner side of the disc to fit closely against the
      raised and outer portions of the flange.
PAR  As in the case of the device 14, the device 27 preferably has four equally
      spaced-apart frusto-conically shaped plugs 30 having base diameters for
      fitting tightly within the upper ends of their respective bolt holes.
      Also, openings 31 are formed through the disc and each of the plugs 30
      adjacent the outer sides of the plugs so as to receive fasteners 18
      therethrough. These fasteners are adapted to extend through the openings
      and to have their lower ends bent into retaining positions, as indicated
      at 20 in FIG. 1A.
PAR  Preferably, each device is molded from styrofoam, or other suitable
      material which is sufficiently tough to absorb loads delivered against its
      upper side, but at the same time soft enough to avoid scratching or
      otherwise marring the surface of the ring groove. As well known in the
      art, integral parts of such material, such as the above described devices,
      may be molded with a minimum of time and expense.
PAR  The devices may be installed thereon merely by alignment of the plugs
      thereof with bolt holes in the grooves, and forcing of the plugs into the
      holes to dispose the inner side of the disc tightly against the outer side
      of the flange. Then, the fasteners need only be extended through the
      preformed openings 21, and bent over at their lower ends, as shown at 20.
      To remove the devices, the ends 20 of the fasteners need only be bent down
      and the disc lifted from the flange. Since they are substantially flat,
      and the fasteners are removable therefrom, the devices may be stacked one
      above the other with a minimum consumption of space.
PAR  From the foregoing it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the
      apparatus.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the present invention without
      departing from the scope thereof, it is to be understood that all matter
      herein set forth or shown in the accompanying drawings is to be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  The invention having been described, what is claimed is:
NUM  1.
PAR  1. For use in protecting a flange having an annular groove in the outer
      side thereof, and a circle of bolt holes therethrough concentrically
      outwardly of the groove, a device comprising a disc having one side
      adapted to be disposed against said outer side of the flange, an annular
      ridge on the one side of the disc for substantially filling the groove in
      the flange, a plurality of generally equally spaced-apart plugs on said
      one side of the disc for fitting closely within certain of the bolt holes
      in the flange, and a plurality of fasteners each being extendible through
      a plug to dispose an end thereof in position to bear against the inner
      side of the flange for holding the plug in its respective bolt hole.
NUM  2.
PAR  2. A device of the character defined in claim 1, wherein openings are
      formed through the disc and plugs, and each fastener has one end which is
      enlarged for engaging the outer side of the flange, and another end which
      is bendable into its position for bearing against the inner side of the
      flange.
NUM  3.
PAR  3. A device of the character defined in claim 2, wherein each said opening
      is generally tangent to the outer side of the plug.
NUM  4.
PAR  4. For use in protecting a flange having an annular groove in the outer
      side thereof, and a circle of bolt holes therethrough concentrically
      outwardly of the groove, a device comprising a disc having one side
      adapted to be disposed against said outer side of the flange, an annular
      ridge on the one side of the disc for substantially filling the groove in
      the flange, a plurality of spaced-apart plugs on said one side of the disc
      for fitting closely within certain of the bolt holes in the flange, and a
      plurality of fasteners each being extendible through a plug to dispose an
      end thereof in position to bear against the inner side of the flange for
      holding the plug in its respective bolt hole.
NUM  5.
PAR  5. A device of the character defined in claim 4, wherein openings are
      formed through the disc and plugs, and each fastener has one end which is
      enlarged for engaging the outer side of the flange, and another end which
      is bendable into its position for bearing against the inner side of the
      flange.
NUM  6.
PAR  6. A device of the character defined in claim 5, wherein each said opening
      is generally tangent to the outer side of the plug.
NUM  7.
PAR  7. For use in protecting a flange having an annular groove in the outer
      side thereof, and a circle of bolt holes therethrough concentrically
      outwardly of the groove, a device comprising a disc having one side
      adapted to be disposed against said outer side of the flange, an annular
      ridge on the one side of the disc for substantially filling the groove in
      the flange, a plug on said one side of the disc for fitting closely within
      a bolt hole in the flange, and a fastener extendible through the plug to
      dispose an end thereof in position to bear against the inner side of the
      flange for holding the plug in its respective bolt hole.
NUM  8.
PAR  8. A device of the character defined in claim 7, wherein an opening is
      formed through the disc and plug, and the fastener has one end which is
      enlarged for engaging the outer side of the flange, and another end which
      is bendable into its position for bearing against the inner side of the
      flange.
NUM  9.
PAR  9. A device of the character defined in claim 8, wherein said opening is
      generally tangent to the outer side of the plug.
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ABST
PAL  An elevating device for use in a box of facial tissues for the purpose of
      elevating the stack of tissues therein comprises a unitary structure of a
      resiliently flexible plastics material, such as polyethylene. The
      structure includes a central platform on which the stack of tissues is
      supported and resiliently splayable legs integrally formed with the
      platform along opposite transverse edges thereof. Longitudinally extending
      and generally central fingers are usefully also integrally formed with the
      platform to provide additional support for the stack of tissues.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to elevating devices and more
      particularly to an elevating device intended to be inserted into a box of
      facial tissues for the purpose of facilitating the progressive removal of
      tissues from such a box through a discharge opening in the top wall of the
      box.
PAR  With presently available boxes of tissues, it is frequently difficult for a
      person to remove a single tissue from the box in the intended manner after
      some of the tissues have already been removed. One previously proposed
      solution to this problem has been directed to the serial but releasable
      interconnection of the tissues so that, as one tissue is removed through
      the opening, a subsequent tissue is partially unfolded and pulled into the
      neck of the discharge opening. Such a known system has, however, shown
      some tendency to be somewhat unreliable in that the desired separation of
      two connected tissues is not always obtained in the neck of the discharge
      opening while, on other occasions, successive tissues sometimes separate
      within the box or container.
PAR  It is accordingly a principal object of this invention to provide an
      elevating device intended to be inserted below the tissues in a box
      containing a stack of such tissues so as to be effective to facilitate the
      sequential removal of tissues through the discharge opening at all times
      and particularly after the stack of tissues has been substantially
      depleted.
PAR  Another object of this invention is to provide an elevating device for the
      aforementioned purpose which device, although reliable and effective in
      its operation and function, has a very simple construction and can,
      therefore, be manufactured at an extremely low unit cost.
PAR  Yet another object of this invention is to provide a device of the
      aforesaid type and which is suitable for use in most of the tissue boxes
      presently in commercial use.
PAR  Other objects of this invention and the manner in which such objects are
      achieved in accordance therewith will become apparent as the description
      herein proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the present invention provides an elevating device for disposition
      in a box containing a stack of tissues below such a stack, which device
      comprises a unitary structure of a resiliently flexible plastics material
      including a generally central platform and longitudinally spaced apart and
      resiliently splayable legs integrally formed with said platform and
      extending downwardly therefrom in their unflexed state whereby, when said
      elevating device is disposed below a stack of tissues within a box with
      said legs thereof splayed apart, said device is effective, by virtue of
      the resilient flexibility of said legs, to urge such a stack of tissues
      upwardly for abutment of such a stack with an undersurface of a top wall
      of such a box for sequential removal of topmost ones of the tissues
      through a discharge opening in the top wall of the box and whereby said
      legs of said device are progressively and resiliently returned toward
      their unflexed downwardly extending orientation thereby progressively to
      elevate said platform and the stack of tissues supported thereon.
PAR  In accordance with one particular feature of this invention, an elevating
      device in accordance therewith is formed with resiliently flexible
      tissue-supporting fingers integrally formed with the platform of the
      device. Such fingers usefully extend in their unflexed state angularly
      upwardly relative to the platform from opposed transverse edges thereof.
      The manner in which such fingers function in such a construction will be
      more readily understood as the description herein proceeds, as will other
      advantages and features of this invention.
DRWD
     BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described merely by way of illustration with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of one embodiment of an elevating device in
      accordance with this invention;
PAR  FIG. 2 is a side elevation of another embodiment of an elevating device in
      accordance with the invention showing that device inserted below a stack
      of facial tissues in a box or container of a conventional type and shown
      in section;
PAR  FIG. 3 is a side elevation similar to that of FIG. 2 but showing the
      position of the elevating device after several tissues have been removed
      from the box or container;
PAR  FIG. 4 is a plan view of a sheet of resiliently flexible plastics material
      usefully used for the manufacture of the elevating devices as shown in
      FIGS. 1 to 3 after an initial stage in the manufacture of such a device
      has been completed; and
PAR  FIG. 5 is a plan view similar to that of FIG. 4 but on a reduced scale and
      after a further stage in the manufacture of the device has been completed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, there is indicated therein generally at 10, one
      embodiment of an elevating device in accordance with this invention. The
      device 10 includes a platform 12 defined by side edges 13 and 14 and
      spaced apart transverse edges 15 and 16 with transversely spaced apart
      legs 20, 21 and 22, 23 respectively which legs in their unflexed state
      extend downwardly as shown in FIG. 1 but which can be resiliently splayed
      apart into positions corresponding to thos shown in FIG. 2.
PAR  Referring further to FIG. 1, it will be seen therefrom that the platform 12
      of the elevating device 10 is also integrally formed with fingers 26 and
      27 which extend longitudinally from the transverse edges 15 and 16
      respectively of the platform 12 generally centrally relative thereto.
PAR  In the device generally indicated at 30 in FIGS. 2 and 3, the fingers 26
      and 27 are deformed so as normally to extend angularly upwardly at a small
      angle to the plane of the platform 12 whereas, in the elevating device 10
      shown in FIG. 1, the fingers 26 and 27 are essentially coplanar at all
      times with the principal plane of the platform 12. Otherwise, the devices
      10 and 30 are identical and accordingly identical component parts thereof
      are identified by the same legends in all the figures of the accompanying
      drawings.
PAR  In use, a device in accordance with this invention is inserted into a
      conventional box 40 containing a stack 41 of facial tissues, a topmost one
      42 of which is shown as being partially withdrawn through a discharge
      opening 43 formed in the top wall 44 of the box, the device 10 or 30 being
      introduced into the box during or prior to the insertion of the stack 41
      of tissues thereinto. Insertion of the device into a pre-packaged box of
      tissues is, however, also within the scope of this invention.
PAR  For such insertion of the device 10 or 30 into a box of tissues, the legs
      20, 21 and 22, 23 of the device are splayed apart as shown in FIG. 2 so
      that the device is disposed below the stack 41 of tissues. The resilience
      of the material from which the device 10 or 30 is formed urges the legs
      20, 21 and 22, 23 to flex inwardly to the relative positions shown in FIG.
      3 as tissues are progressively removed through the discharge opening 43 in
      the top wall 44 of the box 40.
PAR  It will now be understood that the devices 10 and 30 are effective to
      maintain the stack 41 of tissues in abutment with the undersurface of the
      top wall 44 of the box 40 as the tissues are sequentially removed from the
      box. In the case of the device 30, the fingers 26 and 27 will also flex
      slightly upwardly as shown in FIG. 3 by virtue of their natural resilience
      as tissues are removed from the box 40.
PAR  Although the invention is not restricted to elevating devices manufactured
      in any particular manner, one particularly effective procedure for
      manufacturing such a device will now be described with particular
      reference to FIGS. 4 and 5 of the accompanying drawings.
PAR  Such a manufacturing procedure involves cutting a generally rectangular
      sheet generally indicated at 50 in FIG. 4 of a suitable resiliently
      flexible plastics material to form two transversely spaced apart and
      open-ended slots 51, 52 and 53, 54 from opposite ends of the sheet 50 so
      as to define longitudinally extending tongues 55, 56, 57 and 58, 59, 60.
      Usefully the corners of the sheet and the inner ends of the slots 51, 52,
      53 and 54 are rounded as indicated at 61 to reduce the risk of tearing of
      the sheet 50 in use.
PAR  With the slots so formed, the outer tongues 55, 57 and 58, 60 are deformed
      downwardly generally to the positions shown in FIGS, 1, 3 and 5. Such
      deformation is performed in such a way that the deformed positions
      described are the relaxed or unflexed positions from which the legs can be
      resiliently splayed apart in the manner already explained. For example, if
      the device 10 or 30 is manufactured from a sheet of a heat-formable
      thermoplastic material such as polyethylene, the deformation of the
      tongues 55, 57, 58 and 60 will be carried out at a suitably elevated
      temperature so that the legs 20, 21 22 and 23 naturally return to their
      unflexed positions shown in FIGS. 1 and 3 in the manner already described
      herein.
PAR  The selection of a suitable material for the construction of the elevating
      devices of this invention will be affected by many factors. Polyethylene
      has, however, proved to be particularly suited for such a purpose in view
      of its low cost and the ease with which it can be cut and folded at
      relatively low temperatures. Particularly effective devices have been
      manufactured using polyethylene sheet having a thickness of about one
      sixteenth inch.
PAR  It will also be understood that numerous modifications and variations can
      be made in the structures described herein without departing from the
      scope of the invention. As already explained, the tongues 56 and 59 of
      such a device can be permanently deformed slightly angularly upwardly to
      form the tissue-supporting fingers 26 and 27 respectively, suitably by
      deformation at an elevated temperature. Furthermore, more than four legs
      can be provided on such a device. Other variations and modifications are
      also possible and will be apparent to those conversant with
      plastic-forming technology.
CLMS
STM  What I claim as new and desire to secure by Letters Patent in the U.S.
      Patent Office is:
NUM  1.
PAR  1. In combination a box containing facial tissues, said box having an
      aperture located centrally in the top surface of the box to provide access
      for removal of tissues therethrough, and an elevating device within the
      box underlying the tissues in supporting and elevating relation to
      facilitate removal of tissues, said elevating device comprising an
      integral one piece body formed from a single sheet of plastic material,
      with a pair of oppositely extending finger surfaces and a pair of
      laterally extending platform surfaces providing a generally planar
      cruciform tissue support surface lying in a plane substantially parallel
      with said box top, said platform surfaces each having a pair of bendable
      leg portions connected at the plane of said platform surfaces and flexible
      downwardly from said plane, said leg portions each being substantially
      equal in width with said finger surfaces and extending substantially
      parallel thereto when compressed to lie in said plane, said leg portions
      when extending downwardly out of said plane permitting partial downward
      displacement of the corners of said tissues within the box to facilitate
      grasping of the central portion of the topmost tissue in supported
      relation on said cruciform support.
NUM  2.
PAR  2. The elevating device as claimed in claim 1 wherein said finger portions
      are elastically biassed upwardly to exert, in use, an upwardly displacing
      force on said tissues.
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PAL  In a tablet dispensing receptacle whose housing carries a spring-biased
      cover designed to dispense an uppermost tablet from the housing upon
      pivoting, the spring bias for the cover is provided by an elastically
      deformable transverse ledge extending between side wall extensions of the
      housing in a horizontal plane and integral with the side wall extensions
      and a bent-over spring leaf integrally projecting from the ledge so that
      the ledge and leaf spring constitute a spring. The outer end of the
      bent-over leaf spring engages an abutment of the cover for pushing the
      uppermost tablet and dispensing it from the receptacle housing when the
      cover is pivoted about its pivoting axis against the spring bias which
      normally holds the cover in closed position. The pivoting axis extends
      below the horizontal plane defined by the ledge.
PARN
PAR  This is a continuation-in-part of my copending U.S. application Ser. No.
      300,487, filed Oct. 25, 1972, now abandoned.
BSUM
PAR  The present invention relates to improvements in receptacles for receiving
      and sequentially dispensing individual shaped bodies from a stack of like
      shaped bodies received in the receptacle.
PAR  Austrian Pat. No. 166,326 and corresponding U.S. Pat. No. 2,620,061
      discloses a receptacle, one of the receptacle parts being a housing having
      a dispensing end and the other receptacle part being a pivotal cover at
      the dispensing end. Spring means in the housing presses the stack of
      shaped bodies, such as tablets, towards the dispensing end to place
      sequential uppermost shaped bodies of the stack into a dispensing
      position, a spring biases the pivotal cover into a closed position, and
      the cover has a portion pushing the uppermost shaped body and dispensing
      it from the receptacle when the cover is pivoted against the spring bias.
PAR  This type of dispensing receptacle has found wide commercial acceptance for
      use with a great variety of tablets. The receptacle disclosed in the
      indicated patents carries a laterally open drawer within the receptacle
      housing, a spring-biased bottom for the drawer which presses the stack of
      tablets towards the dispensing end of the housing, and the side walls of
      the receptacle housing have extensions at the dispensing end which
      supports the cover. Another part of the receptacle is the cover spring.
      All the parts of the receptacle are assembled manually. Considering the
      steady increase in wages for manual labor, this has made the manufacture
      of these receptacles correspondingly more expensive.
PAR  A similar tablet dispensing receptacle is disclosed in U.S. Pat. No.
      2,853,206, except that it omits a special drawer holding the tablets.
      However, it still provides a separate spring for biasing the cover.
PAR  It is the primary object of this invention to overcome this disadvantage in
      the manufacture of receptacles of the indicated type and to simplify the
      assembly of the receptacle parts, more particularly by doing away with a
      separate cover spring whose assembly involved an especially time-consuming
      operation.
PAR  The above and other objects are accomplished in accordance with the
      invention by making the spring which biases the pivotal cover into a
      closed position integral with the cover of the receptacle.
PAR  According to a preferred embodiment of the present invention, the
      receptacle housing integral with the spring is an injection molded
      thermoplastic resin body, for instance of polystyrene.
PAR  According to this invention, an elastically deformable transverse ledge
      extends between side wall extensions of the receptacle housing in a
      horizontal plane and is integral with the side wall extensions. The
      housing receives and sequentially dispenses individual shaped bodies, such
      as tablets, from a stack of like ones of the bodies received in the
      housing and the uppermost shaped body is pressed against the ledge by
      spring means in the housing which presses the stack of shaped bodies
      towards the dispensing end of the housing to place sequential uppermost
      ones of the shaped bodies of the stack into a dispensing position between
      the side wall extensions of the housing. A bent-over leaf spring
      integrally projects from the ledge, the integral ledge and leaf
      constituting a spring. The outer end of the bent-over leaf spring engages
      an abutment of the cover which is pivotally mounted on the side wall
      extensions at the dispensing end about a transverse pivoting axis which
      extends above the horizontal plane defined by the ledge, the abutment
      being adjacent the pivot for pushing the uppermost shaped body and
      dispensing it from the receptacle housing when the cover is pivoted about
      the pivoting axis. The spring biases the pivotal cover into a closed
      position and permits pivoting of the cover about the pivoting axis against
      the spring bias into an open and dispensing position.
PAR  If receptacles of this type are to be used repeatedly for refills, it is
      important to impart a long operating life to the spring. It has been found
      that the use of a bentover leaf spring well fulfills this purpose because
      the zone of flexing is transferred almost exclusively into the material of
      the leaf spring itself, rather than the connecting point between the ledge
      and the leaf spring, so as to minimize wear and breakage of the spring.
DRWD
PAR  The above and other objects, advantages and features of the present
      invention will more fully be understood by reference to the following
      detailed description of a now preferred embodiment thereof, taken in
      conjunction with the accompanying drawing wherein
PAR  FIG. 1 is a longitudinal section along line I--I of FIG. 2 of a receptacle
      according to this invention;
PAR  FIG. 2 is a top view of the spring arrangement, with the cover removed; and
PAR  FIG. 3 shows the top of FIG. 1, with open cover in dispensing position.
DETD
PAR  Referring now to the drawing, the receptacle is shown to comprise housing 1
      receiving a stack of like shaped bodies, such as tablets 2, which are
      sequentially dispensed from the receptacle housing. A spring means
      constituted by compression spring 3 is mounted in the receptacle housing
      between fixed bottom 6 and movable tablet stack support bottom 5 for
      pressing the stack of tablets 2 towards the dispensing end of housing 1 to
      place sequential uppermost tablets of the stack into a dispensing
      position.
PAR  As shown, housing 1 has side wall extensions 7 and 8 carrying a pair of
      pivot pins 9 and 10 which receive bearing bores 12 of cover 11 for
      pivotally supporting the cover on the side wall extensions for pivoting
      about an axis defined by the pivot pins.
PAR  Elastically deformable transverse ledge 4 extends between the side wall
      extensions of the housing in a horizontal plane and is integral with the
      side wall extensions, the uppermost tablet 2 being pressed by compression
      spring 3 against ledge 4 into the dispensing position which is delimited
      by ledge 4 and side wall extensions 7, 8. Bent-over leaf spring 13
      integrally projects from ledge 4, the leaf spring bulging slightly
      forwardly from the ledge, as seen in FIGS. 1 and 3, so that its inner end
      is bent 180.degree. and then runs backwards, with the outer end of the
      leaf spring engaging abutment 14 of the cover.
PAR  The cover abutment is adjacent pivot 9, 10 of the cover and the pivoting
      axis is above the horizontal plane defined by ledge 4 so that the abutment
      pushes the uppermost tablet in the dispensing position from housing 1 when
      cover 11 is pivoted about the pivoting axis in the direction of arrow 17
      to reach the open position shown in FIG. 2. In the illustrated embodiment,
      abutment 14 is fork-shaped and has a shoulder portion 16 engaging the
      outer end of leaf spring 13 and biasing the same downwardly, and a
      dispensing portion 15 extending from the shoulder portion below the spring
      leaf for engaging the uppermost tablet and dispensing it upon pivoting of
      the cover against the spring bias. The integral ledge and leaf spring
      constitute the spring normally biasing the cover into its closed position
      shown in FIG. 1 and the outer end of the leaf spring is received in the
      slot defined between shoulder portion 16 and dispensing portion 15 of
      cover abutment 14. This arrangement makes it unnecessary to provide a
      special shoulder in the cover for engaging the outer leaf spring end. The
      abutment shoulder portion is spaced upwardly from the horizontal plane
      defined by ledge 4 and the abutment dispensing portion has an arcuate
      outer surface moving into the dispensing position between the side wall
      extensions of the housing upon pivoting of the cover. This makes it
      possible to decrease the depth of the cover.
PAR  It will be noted from FIG. 3 that pivoting of the cover caused shoulder
      portion 16 to depress the outer end of leaf spring 13, thus loading the
      spring, while dispensing portion 15 pushes the tablet forwardly and out of
      receptacle housing 1. When the pivoting pressure on the cover is released,
      the loaded spring will automatically return the cover into its closed
      position and spring 3 will push the stack up to place the next tablet into
      a dispensing position.
PAR  It will be simple to injection mold housing 1 with the spring consisting of
      ledge 4 and leaf spring 13 integral therewith, the housing and spring
      forming an integral unit. Any sheet-forming thermoplastic synthetic resin
      may be used for this purpose, polystyrene being preferred, and the
      thickness of the ledge and leaf spring is such that they are elastically
      deformable. Suitable synthetic resins which are form-retaining under
      ambient temperatures but permit elastic deformation in the selected gage
      may be readily selected by those skilled in the art and, while injection
      molding will be particularly inexpensive, the unit may also be produced in
      different ways and from different materials, such as sheet metal.
PAR  Since the primary zone of flexing of the spring is transferred from the
      point of connection between ledge 4 and leaf spring 13 towards the outer
      end of the leaf spring beyond its 180.degree. bulge, breakage at the
      latter point will be delayed. This prolongs the life of the receptacle.
PAR  Because the spring formation in accordance with the present invention
      requires the pivoting axis of the cover to be positioned above ledge 4,
      the cover would have to have considerable depth if abutment 14 extended
      perpendicularly. It has, therefore, been proposed to shape the shoulder
      and dispensing portions of the abutment arcuately so that they project
      inwardly into the dispensing end of housing 1 delimited by side wall
      extensions 7 and 8. This makes it possible considerably to decrease the
      depth of cover 11.
PAR  The springiness of leaf spring 13 may be influenced by tapering its width
      from the ledge towards the outer end thereof, as shown in FIG. 2, the
      outer end being narrower than the bulge connecting the leaf spring to the
      ledge. This makes the pivoting of the cover responsive to a very light
      pressure and thus further increases the life of the spring.
PAR  As shown, the end wall of receptacle housing 1 may have a shoulder 19
      cooperating with stop 18 on cover 11 to limit the pivoting range of the
      cover.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a receptacle having a housing for receiving and sequentially
      dispensing individual shaped bodies from a stack of like one of said
      bodies received in the housing, the housing having two side wall
      extensions at a dispensing end thereof, a cover pivotally mounted on the
      side wall extensions at the dispensing end about a transverse pivoting
      axis, the cover having an abutment adjacent the pivot for pushing an
      uppermost one of the shaped bodies and dispensing it from the receptacle
      housing when the cover is pivoted about the pivoting axis, and spring
      means in the housing for pressing the stack of shaped bodies towards the
      dispensing end to place sequential uppermost ones of the shaped bodies of
      the stack into a dispensing position, the improvement of an elastically
      deformable transverse ledge extending between the side wall extensions of
      the housing in a horizontal plane and integral with the side wall
      extensions, the uppermost shaped body being pressed by the spring means
      against the ledge, and a bent-over leaf spring integrally projecting from
      the ledge, the integral ledge and leaf spring constituting a spring, the
      outer end of the bent-over leaf spring engaging the abutment of the cover
      and the spring biasing the pivotal cover into a closed position and
      permitting pivoting of the cover about the pivoting axis against the
      spring bias into an open and dispensing position, and the pivoting axis
      extending above the horizontal plane defined by the ledge.
NUM  2.
PAR  2. In the receptacle of claim 1, the leaf spring tapering in width from the
      ledge towards the outer end thereof.
NUM  3.
PAR  3. In the receptacle of claim 1, the abutment of the cover having a
      shoulder portion engaging the outer end of the leaf spring and biasing the
      same downwardly and a dispensing portion extending from the shoulder
      portion below the spring leaf for engaging the uppermost shaped body and
      dispensing it upon pivoting of the cover against the spring bias.
NUM  4.
PAR  4. In the receptacle of claim 3, the abutment dispensing portion having an
      arcuate outer surface.
NUM  5.
PAR  5. In the receptacle of claim 3, the abutment shoulder portion being spaced
      upwardly from the horizontal plane defined by the ledge.
NUM  6.
PAR  6. In the receptacle of claim 1, the leaf spring having an inner end
      projecting from the ledge and bent 180.degree..
NUM  7.
PAR  7. In the receptacle of claim 1, the housing, with the integral ledge and
      leaf spring, and the cover being thermoplastic synthetic resin bodies.
NUM  8.
PAR  8. In the receptacle of claim 7, the synthetic resin being polystyrene.
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ABST
PAL  A system for transferring a charge of air under high pressure from an
      accumulator or reservoir to a container of dispensable or flowable
      material of granular or like nature to facilitate flow or discharge of the
      material, as in cases where the material tends to "bridge" or "hang up"
      and create blockages as at the outlet of the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One form of prior art system of this character forms the subject matter of
      assignee's U.S. Pat. No. 3,788,527, which depicts the manner in which an
      accumulator connected to a container via a discharge port is charged with
      compressed air by means of a valving system which closes off the discharge
      port while the accumulator is being charged, thus storing a certain volume
      of air under pressure. A quick-release valve connects the charged
      accumulator to the interior of the container and produces the equivalent
      of a dull "explosion" that effectively breaks up the bridged material.
PAR  In that patent, the aerator, which contains the valving, is a part of the
      accumulator in the sense that part of it is coaxially within the
      accumulator, which enables the achievement of certain advantages, as where
      it is desired to weld the discharge pipe to the container, one example
      being a relatively tall container in the form of a silo. In such a case,
      several aerator-accumulator units must be used where the silo volume is
      quite large, mainly because the welded-on construction does not readily
      permit changing a mounted unit to a new position.
PAR  In assignee's copending U.S. Pat. application Ser. No. 502,547, filed Sept.
      9, 1974, the patented structure is improved to the extent that it provides
      separable flange mountings for the aerator so that, if required, the unit
      may be moved readily from one position to other positions. Also in that
      application, the valving system is changed to a coaxial piston seating on
      a stop or spacer included as a separable part of the flange-to-flange
      connection between the aerator body and the accumulator.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, improvements are provided over the
      patented and application structures, especially in the area of the
      relationship between the aerator piston valve and valve seat at the
      aerator-to-accumulator connection. More specifically, the valve seat is
      formed as part of the wall structure of the accumulator. One advantage
      here is that the accumulator may be provided with several mountings, each
      provided with a valve seat, closed off during non-use, but permitting the
      closures to be removed when a different position for the aerator is
      desired, as where the relationship of the accumulator to the container
      requires different positioning. In such case, each change of position of
      the aerator involves only re-mounting and not a separate valve seat.
PAR  Additionally, the accumulator wall structure is strengthened in the
      mounting area by plate-like structure including the valve seat and, still
      further, the plate structure has a counterbore into which a projecting
      cooperative part of the aerator is piloted, thus assuring coaxial
      alinement between the aerator piston valve and accumulator valve seat.
      Other features and advantages will appear as the disclosure is fully
      developed in connection with a preferred embodiment of the invention.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation, with portions of the container broken away,
      illustrating one form of aerator-accumulator-container arrangement.
PAR  FIG. 2 is a fragmentary section of the aerator and lower portion of the
      aerator.
PAR  FIG. 3 is a two-part fragmentary view, partly in section, showing the pilot
      relationship of the valve seat counterbore and proximate end of the
      aerator body.
PAR  FIG. 4 is an end view as seen along the line 4--4 of FIG. 3.
PAR  FIG. 5 is an end view as seen along the line 5--5 of FIG. 3.
PAR  FIG. 6 is a fragmentary view, partly in section, showing a modified form of
      the invention in which the closure means at the inlet end of the aerator
      is removable.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  By way of illustration, an accumulator 10 comprises an elongated hollow
      cylindrical body having upper and lower end, the lower of which is
      provided with relatively heavy plate-like structure 12 affording a flat
      face portion 14 to abut a cooperative face 16 on a flange 18 forming a
      rigid part of an aerator body 20. The aerator body is cylindrically
      tubular and has at its end opposite the end provided with the flange 18
      closure means in the form of an end plate 22 centrally bored and tapped to
      afford an air inlet 24 connectible, as by a line 26 to a source of
      compressed air 28. Interposed in the line 26 is a quick-release three-way
      valve 30. The flange is rigid with the accumulator-proximate end of the
      aerator body 20, preferably by being welded thereto, and the securing
      means for connecting the flange 18 to the accumulator may comprise cap
      screws 32, the plate structure 12 having a circle of tapped bores 34 and
      the flange 18 having a like circle of holes 36. See FIGS. 4 and 5.
PAR  The aerator body is provided intermediate its ends with a discharge port 38
      and a discharge pipe 40 is rigidly secured as by welding to the body and
      projects laterally therefrom. In one use of the invention, the remote end
      of the pipe may have welded thereto a flange 42 connectible by cap screws
      44 to the wall of a container 46, such as a silo, etc. for containing the
      flowable material.
PAR  As best seen in FIGS. 2, 3 and 4, the accumulator end structure 12 has a
      circular opening in the form of a valve seat 48, here of the truncated
      conical type having its larger area facing axially toward the aerator. The
      opening that includes the valve seat further has a larger counterbore 50.
      As seen in FIGS. 2, 3 and 5, the aerator body has an accumulator-proximate
      end portion 52 which projects axially beyond the upper face of the flange
      18 to an extent enabling it to relatively tightly fit into the counterbore
      50, thus providing a pilot during assembly of the aerator to the
      accumulator. The axial projection of this end portion beyond the flange is
      such that, when assembled, the faces 14 and 16 abut to establish an
      air-tight seal when the cap screws 32 are tightened.
PAR  A piston valve 54 is slidable in the interior of the aerator body and at
      its end proximate to the valve seat 48 has an annular portion 56 shaped to
      complement the valve seat. The piston valve has an axial passage 58
      running end to end therethrough, and the length of the piston valve is
      such that when it is in the position shown in FIG. 2, the valve seat 48
      and the discharge port 38 are uncovered. When the piston valve moves
      upwardly to seat on and close the valve seat, it also closes the discharge
      port, so that air under pressure from the source 28 flows only to the
      accumulator.
PAR  After the aerator has been assembled to the accumulator and container (FIG.
      1), the operation is as follows: Assume that air compressor 28 is either
      not running or the three-way valve occupies a position where the inlet 24
      is not being supplied with air, in which case, the piston valve 54 is in
      the position of FIG. 2; i.e., the valve seat and the discharge port are
      open.
PAR  When it is desired to charge the accumulator, and the air compressor is
      running and the valve 30 is in its "charge" position, air under pressure
      first raises the piston valve 34 to seat on and close the valve seat 48,
      at the same time closing the discharge port 38. The piston rises, of
      course, because of the area of the lower face thereof compared to the size
      of the passage 58. After the accumulator has been fully charged, the valve
      30 is changed to its "hold" position, trapping air under the piston valve
      so that it remains in its closing or seating position. When the valve 30
      is changed to its "release" position, exhausting the space under the
      piston valve 54 and discontinuing supply from the source 28, the piston
      valve returns rapidly to its FIG. 2 position, uncovering both the valve
      seat and discharge port and the sudden evacuation of the accumulator
      creates the dull "explosion" in the container 46.
PAR  In the modified form shown in FIG. 6, the aerator body 21 has at its lower
      or inlet end an integral flange 23 to which a closure means 25, like that
      at 22, is removably secured as by cap screws 27, thus enabling removal of
      the piston valve from that end without dismounting the aerator from the
      accumulator. The closure plate or means 27 has an air inlet corresponding
      to that at 24.
PAR  The foregoing are of course merely by way of illustration and it will be
      apparent that the preferred embodiment lends itself to many variations in
      structure and use.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination: a compressed air accumulator including a tank-like
      structure having a wall provided with a circular opening and a flat face
      portion normal to the axis of the opening and surrounding the opening; an
      aerator including a hollow cylindrical body projecting from and normal to
      the face and coaxial with the opening and having one end proximate the
      opening and a second end remote from the opening, a mounting flange rigid
      with the one end and seating on the face portion with the opening and said
      one end in communication, closure means fixed to the other end of the body
      and having an inlet connectible to a source of air under pressure, said
      body having a lateral discharge port intermediate the ends of the body,
      and a piston valve slidably movable in the body between a first position
      adjacent to the closure means and uncovering both the opening and the
      discharge port and a second position closing both the discharge port and
      the opening, said piston valve having at one end a portion operative to
      close said opening in said second position; and means securing the flange
      to the accumulator face portion.
NUM  2.
PAR  2. The invention defined in claim 1, further characterized in that the
      securing means is separable to enable removal of the aerator from the
      accumulator.
NUM  3.
PAR  3. The invention defined in claim 1, further characterized in that the flat
      face portion is a plate member additional to and rigidly affixed to the
      wall portion.
NUM  4.
PAR  4. The invention defined in claim 1, further characterized in that the
      circular opening is a valve seat and the piston valve has an end portion
      cooperative with the seat.
NUM  5.
PAR  5. The invention defined in claim 4, in which the valve seat is of
      truncated conical form with its larger area facing the piston valve and
      the proximate end of the piston valve is cooperatively formed of truncated
      conical shape.
NUM  6.
PAR  6. The invention defined in claim 4, further characterized in that the
      circular opening includes a counterbore of larger diameter than the valve
      seat and proximate to the aerator body and said body has its one end
      portion projecting axially beyond the mounting flange to fit within the
      counterbore.
NUM  7.
PAR  7. The invention defined in claim 6, further characterized in that the
      amount of axial projection of said body end portion beyond the mounting
      flange is such that the mounting flange seats tightly against the
      accumulator face portion when assembled.
NUM  8.
PAR  8. The invention defined in claim 1, in which the closure means is
      removably mounted on the aerator body.
NUM  9.
PAR  9. The invention defined in claim 1 in which the other end of the aerator
      body has an annular flange rigid therewith and the closure means is
      affixed to the flange.
NUM  10.
PAR  10. The invention defined in claim 9, in which the means affixing the
      closure means to the flange is separable.
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ABST
PAL  A dispenser assembly for dispensing a plurality of beverages and which
      includes a support housing for mounting in a refrigerator. The housing
      includes upper and lower sections therein, and a removable front cover to
      enable access to the interior thereof. A keyboard-like selector valve
      assembly is removably mounted in the upper section being connected to a
      source of mixing beverage by a remote mounted inlet valve. A plurality of
      containers are mounted in the lower section, each storing a drink
      concentrate therein. A mixing section connects the containers to the
      selector valve assembly for mixing the drink concentrate with the mixing
      beverage. The selector valve assembly includes a plurality of selector
      keys mounted in juxtaposed relation to one another each having one end
      accessible through the cover for quick and easy identification and
      selection of a beverage. The mixing section includes nozzle means for
      securing the mixing section to the selective valve assembly and through
      which the selected beverages are dispensed. Each container is detachably
      connected to the mixing section at one end and pivotally supported on an
      inclined ramp at the other end to enable the container to be slid into and
      out of the housing and pivoted into and out of connection with the mixing
      section in a manner to reduce spillage of the concentrate therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to dispensing assemblies, and more
      particularly, to a dispensing assembly arranged for quick and easy
      identification and selection of one of a plurality of beverages, and still
      more particularly, to a dispensing assembly which is arranged for quick
      disassembly for cleaning and maintenance for the dispensing of beverages
      in a highly sanitary and efficient manner.
PAR  Several known types of dispenser assemblies have been utilized in
      refrigerators to dispense either water or a mixture of water and a drink
      concentrate therefrom. One of these known dispenser assemblies is
      disclosed in U.S. Pat. No. 3,756,473 issued Sept. 4, 1973 to William R.
      Donahue, Jr. While these known dispenser assemblies have been generally
      satisfactory in operation, certain problems have been encountered in both
      operating and manufacturing them.
PAR  For example, the operation of one of such known drink dispensers is
      considered somewhat unsatisfactory in that identification and beverage
      selection has been somewhat complicated, or at least is not considered to
      be as easy or simple as desired. In addition, difficulties have been
      encountered due to leaking and dripping of the water and/or mixed
      beverages from the dispenser due to excessive pressure buildup within the
      dispenser or backing up of the beverages in the dispenser after shut off.
      Mounting problems have also been encountered due to the bulky construction
      of many known drink dispensers which prevents them from being located at
      certain desirable positions within a refrigerator. Another problem which
      has been encountered has been excessive evaporation of the concentrate, as
      well as, odor transfer between the concentrate and other items in the
      refrigerator. Finally, many of the known dispensers have been relatively
      difficult to assemble and disassemble so as to make repair and maintenance
      cumbersome and time consuming.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates providing an improved dispenser assembly
      which can be operated in a highly efficient and sanitary manner as
      compared to known dispensers and particularly as compared to a dispenser
      of the type described in U.S. Pat. No. 3,756,473 issued Sept. 4, 1973.
PAR  The dispenser assembly of the present invention includes a support housing
      which is adapted for mounting in a refrigerator. The housing includes a
      removable front cover to provide access to the interior thereof, and has
      an interior support shelf which defines an upper section and a lower
      section. A selector valve means is slidably mounted on the shelf in the
      upper section for easy assembly and disassembly, being operably connected
      to a mixing beverage source, such as a reservoir of water, for controlling
      the flow of the water through the dispenser assembly. The selector valve
      means includes a plurality of distributing valve assemblies, each having a
      closed position to prevent water flow therethrough and an open position
      permitting water flow through its outlet. A nozzle means is connected to
      the distributing valve assemblies for dispensing the beverages. The
      selector valve means further includes a plurality of laterally extending
      selector keys disposed in juxtaposed relation for easy beverage
      identification and selection. The keys are supported for pivotal movement
      in generally parallel planes, each having one end operably connected to a
      respective one of the valve assemblies for moving the latter between its
      closed and open position to permit water to flow to the nozzle means for
      dispensing therefrom. Container means is mounted in the lower section for
      storing a drink concentrate therein, and a mixing means is connected
      between the container means and the outlet of at least one of the valve
      assemblies for mixing a concentrate with water. The container means
      includes at least one container having one end adapted for detachable
      connection to the mixing means, and the housing includes a ramp means
      below the mixing means to enable the container to be slidably guided into
      the housing into aligned relation with the mixing means for connection
      thereto. The opposite end of the container is pivotally supported by the
      ramp means to enable the one end of the container to be raised from the
      ramp means into its connected position and lowered onto the ramp means
      upon disconnection thereof to reduce the possibility of spillage of the
      concentrate from the container during installation and remove thereof. The
      selector valve means further includes inlet valve means having a main
      inlet valve for controlling the flow of water from the reservoir. The
      inlet valve comprises a solenoid-actuated valve mounted in the
      refrigerator at a location remote from the housing, and a common operating
      lever is mounted in the housing for camming engagement with one end of the
      respective keys for actuating the inlet valve to permit water to flow to
      the distributing valve assemblies. A switch assembly is mounted on the
      housing, being separated from the valve assemblies, and thus, from the
      associated plumbing thereof. Still further, the selector valve means
      includes a body, and the mixing means is mounted on the body. The mixing
      means includes a frame having an opening therein and the body includes an
      outwardly projecting conduit which is connected in fluid communication at
      one end to another one of the valve assemblies. The conduit extends
      through the opening in the frame, having its outer end projecting beyond
      the frame when the mixing means is in the mounted position on the body.
      The nozzle means includes one nozzle which is detachably and
      interlockingly connected to the outer end of the conduit to secure the
      mixing means in a mounted position on the body. A drip tray is detachably
      connected to the housing below the nozzle means, being detachable
      independently of the front cover. The drip tray is of a double trough
      construction, having an inner trough for receiving any beverage dripping
      outwardly of the front cover from the nozzle means and an inner trough for
      receiving any beverage dripping inwardly of the cover, such as from the
      mixing means. As can be seen, the foregoing arrangement provides a
      dispenser assembly which is extremely compact providing great versatility
      for mounting within a refrigerator. In addition, the assembly is arranged
      for quick, simple beverage identification and selection, as well as quick,
      and easy assembly and disassembly for maintenance and cleaning thereof.
      Still further, the dispenser assembly is arranged to minimize concentrate
      evaporation, odor transfer, spillage and dripping resulting in a highly
      sanitary installation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the dispenser assembly of the present
      invention shown mounted in a refrigerator. FIG. 2 is a partially cut-away,
      front elevation view of the dispenser assembly of the present invention
      shown in FIG. 1.
PAR  FIG. 3 is a side elevation view of the dispenser assembly of the present
      invention as seen from the right side of FIG. 2.
PAR  FIG. 4 is a transverse sectional view taken along the lines 4--4 of FIG. 5.
PAR  FIG. 5 is a top plan view of the selector valve assembly of the present
      invention shown in its disassembled condition.
PAR  FIG. 6 is an assembly view of the dispenser assembly of the present
      invention shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now again to FIG. 1, the drink dispenser assembly of the present
      invention is illustrated, generally at 1, in FIG. 1, and is shown mounted
      in a refrigerator 2 in association with a mixing beverage reservoir or
      tempering tank 4 for storing a mixing beverage, such as water or the like,
      which is supplied from a water line 5. The dispenser assembly 1 includes a
      housing 3 which supports a keyboard-like selector valve assembly 6 having
      a plurality of selector keys 8, 9 and 10, which are operable between an
      unactuated or non-dispensing position and an actuated or dispensing
      position for dispensing only cold water or a combination of cold water and
      a drink concentrate. More particularly, the key 9 is operable to dispense
      only cold water through a nozzle 13, whereas, the keys 8 and 10 are
      operable to dispense a selected one of a plurality of drinking
      concentrates such as two through nozzles 12 and 14 (FIG. 2). The drink
      concentrates are stored in separate containers 15 and 15a disposed within
      the housing 3. The assembly 1 further includes a mixing section 20 FIGS. 2
      and 3) which is adapted to mix the drink concentrates with the water for
      dispensing through the nozzles 12 and 14. Control knobs 22 and 23 are
      operably connected to the mixing section 20 for controlling the strength
      of the mixed drinks being dispensed.
PAR  Referring now to FIGS. 2, 3 and 6, the housing 3 is shown as having a
      removable front wall or cover 26 to enable access to its interior. In the
      form shown, the housing 3 is of a box-like construction including a top
      wall 28, a bottom wall 29, and rear wall 30 (FIG. 2) which extend between
      are are made integral with opposed sidewalls 31 and 32 (FIG. 6). The
      houring 3 further includes an interior or upper support shelf 34, which is
      supported between the sidewalls 31 and 32 and divides the housing 16 into
      an upper section 35 and a lower section 36 as best seen in FIG. 3.
PAR  The cover 26 is formed with rearwardly extending peripheral flange 25 which
      extends rearwardly along the upper and side edges thereof for fitted
      engagement about deformable forwardly extending flanges 27 which extend
      downwardly along the forward edges of the sidewalls 31 and 32. The flanges
      27 are notched, as at 33, (FIG. 6), being adapted to interlockingly
      receive projections, only one shown at 34 in FIG. 3, formed on the inside
      of the cover flange 25. As shown in FIG. 3, the cover 26 is provided with
      an opening 37 near its upper end, which is defined along its upper side by
      marginal edge 38, and through which the nozzles, such as 14, extend so as
      to be disposed outwardly of the cover 26. A downwardly opening hood 39
      covers the opening 37, and thus the nozzles, and includes a generally
      horizontally extending roof portion 41 which is formed integrally with a
      downwardly depending outer wall portion 42 which is inclined downwardly
      and forwardly at a slight angle with respect to the general plane of the
      front wall 26. As further shown in FIG. 3, another opening 42 is formed in
      the hood 39 which extends from the front wall 26 forwardly across the roof
      wall portion 41 and partially down the outer wall portion 42 to provide
      access to one end, such as the outer end of the keys 8, 9 and 10, to
      enable actuation thereof. In addition, openings 37a and 37b (FIG. 6) are
      formed in the outer wall portion of the hood 39 through which access may
      be had to control knobs 22 and 23, thus enabling complete control of the
      dispenser assembly from the exterior of the housing 3. Elongated windows
      in the form of slots 37a and 37d are also formed in the cover 26 being
      offset from the center so that the level of the liquid concentrate in the
      containers may be observed, and thus visually indicated when refilling is
      necessary without necessitating the removal of the cover 26.
PAR  Referring now to FIG. 4, the selector valve assembly 6 is removably mounted
      on the upper shelf 34 in the upper section 35. As shown, the assembly 6
      includes a support body 46 which pivotally supports the keys 8, 9 and 10
      for movement in generally parallel, vertical planes, as will be described
      more fully hereinafter. As shown in FIGS. 3, 4 and 6, the support body 46
      has a set of downwardly depending legs including a front pair 44 and 44a
      (FIG. 6), and a rear pair 44b and 44c (FIGS. 5 and 6). As shown in FIG. 6,
      each of the legs includes outwardly extending flanges or feet 45, 45a, 45b
      and 45c (FIGS. 3, 4 and 6), which are adapted for sliding interlocking
      engagement with spaced, laterally extended slide rails 43 and 43a (FIGS.
      3, 4 and 6) which are secured to the upper shelf 34, and which extend from
      the front to the rear of the housing 3. More particularly, the slide rails
      43 and 43a include oppositely disposed, inwardly projecting flanges which
      are spaced above the shelf 34, under which the feet 45, etc., are slidably
      received when the selector assembly 6 is in the mounted position within
      the housing, as best seen in FIGS. 3 and 4, for guiding the body 46 into
      position in the housing 3.
PAR  Referring now again to FIGS. 3 and 4, the keys, such as 10, (FIG. 3), are
      supported in the housing 15 in a generally horizontal, non-actuated
      position having their outer ends extending into the hood 39 just below the
      marginal edge 38 to enable access thereto through the opening 37. The
      opposite, or inner, end of the key 10 (FIG. 3) is disposed for operable
      engagement with an inlet valve assembly 47 as will be described more fully
      hereinafter.
PAR  As the keys 8, 9 and 10 are of a generally similar construction, only one
      such as 9, will be described in detail, and like parts of the other keys 8
      and 10 will be designated by like numerals having a suffix a and b added
      thereto, respectively, when necessary. Referring now to FIGS. 4 and 5, the
      key 9 is of a hollow construction and has a generally oblong
      configuration. The key 9 is open at the bottom and is defined by a top
      wall 49, generally parallel front wall 51 and rear wall 53, all of which
      extend between and are formed integral with downwardly depending,
      generally parallel sidewalls 57 and 58. The top wall 49 includes a
      slightly arcuate depression 60 adjacent the outer end of the key 9
      providing an actuating area for contact with the finger tip of an
      operator.
PAR  As seen best in FIG. 5, the keys 8, 9 and 10 are mounted in laterally
      extending, juxtaposed relation having their sidewalls disposed in
      generally parallel relation to one another. More particularly, the
      sidewalls 58 and 59 of the key 9 are disposed in confronting, close
      proximity to the sidewalls 59 and 58b of the adjacent keys 8 and 10,
      respectively. The spacing between the confronting sidewalls, such as
      sidewall 58 of key 9, and sidewall 59a of the key 8 is considerably less
      than the widthwise dimension of the respective keys. In addition, and as
      best seen in FIG. 2, the top walls 49, 49a and 49b of the keys are
      disposed in generally parallel, coplanar relation when the assembly 6 is
      in the assembled condition, and thus, forms a keyboard-like construction
      which provides quick and easy beverage identification and selection of a
      desired beverage due to the close aligned grouping of the keys.
PAR  Referring now to FIGS. 4 and 5, the keys, such as 9, are maintained in
      their horizontal non-actuated position on the support body 46 by a
      resilient holding element 62 and a common operating lever 63 which forms
      part of the inlet valve assembly 47. As shown, the support body 46
      includes a plurality of support posts as at 65, each of which supports a
      respective one of the keys 8, 9 and 10 thereon. More particularly, each
      post 65 includes a fulcrum support 66 which pivotally engages the
      underside of the top walls 49a and 49b. In the form shown, the fulcrum
      supports 66 are each formed by an inclined surface 67 which is inclined
      forwardly and downwardly, and which terminates in an upwardly extending
      projection 68. Each of the keys 8, 9 and 10 includes an opening, such as
      at 69a, 69 and 69b, respectively, in its top wall between its inner and
      outer end through which an associated projection 68 extends for attachment
      to the holding element 62. As shown in FIG. 5, the holding element 62
      includes a base portion 70 which is attached to the respective post 65 by
      screws, as at 71. The holding element 62 further includes a pair of
      spaced, upwardly extending fingers 72 which are adapted to engage the top
      wall 29 and apply a downward pressure to the support body 46 when it is in
      the installed position. Downwardly depending abutment tabs 73 are disposed
      between the fingers 72 in overlying relation with respect to each key 8, 9
      and 10, for abutting engagement with the top walls 49, 49a and 49b of the
      keys 8, 9 and 10 to limit their upward movement and maintain them in
      parallel aligned relation when pressure is applied at their inner ends by
      the common operating levers 63 when the assembly 6 is in the installed
      position, as will be discussed hereinafter.
PAR  As shown in FIG. 4, the inlet valve assembly 47 includes manifold means 75
      having a plurality, such as three distributing valve assemblies 76, 77 and
      78 (FIG. 6) which are actuated by the keys 8, 9 and 10, respectively (FIG.
      5). The valve assemblies 76, 77 and 78 are of similar construction to the
      distributing valve assemblies described in the aforementioned U.S. Pat.
      No. 3,756,473, and thus, will not be described in substantial detail
      herein, except that each valve assembly, such as 77 (FIG. 4) is connected
      in fluid communication to a common manifold passage 80 by an inlet passage
      81 (FIG. 4). Each includes an actuating pin 82 which is connected to a
      diaphragm 83 for opening and closing the inlet passage 81. A leaf spring
      84 is mounted on the support body 46 having three forwardly extending
      resilient leaves 84a, 84b and 84c which are connected to an associated one
      of the pins 82 of the valve assemblies 76, 77 and 78, being adapted to be
      lifted by the keys 8, 9 and 10, respectively, to open the valve inlets 81
      and permit the flow of water therethrough. More particularly, the leaves
      84a, 84b and 84c include actuating tip portions 85a, 85b and 85c which
      extend forwardly of the pins 82 and overlie actuating bars 86a, 86 and 86b
      which are formed integral with and extend transversely between the
      sidewalls of the keys 8, 9 and 10, respectively. The actuating tip
      portions 85a, 85b, and 85c are disposed in sufficiently close proximity to
      the actuating bars 86a, 86 and 86b, respectively, such that upon pivotal
      movement of the keys 8, 9 and 10, in a counterclockwise direction, as best
      seen with regard to key 9 in FIG. 4, the associated actuation bar, such as
      86, will cammingly engage the actuating tip portion, such as 85b, to lift
      the leaf 84b and raise the associated pin 82 to open the valve assembly
      77. The levers 8 and 10 operate in a similar manner to open the valves 76
      and 78.
PAR  As also seen in FIG. 4, the common operating lever 63 is supported at its
      lower edge, as at 87, for pivtal movement on the support body 46. A coil
      spring 89 is mounted between the lever 63, and an upstanding backwall 90
      of the body 46 which urges the lever 63 in a counterclockwise direction
      into engagement with the inner end of the keys 8, 9 and 10, and thus, urge
      the keys in a clockwise direction for abutting engagement with the tabs
      73, as previously described. The lever 63 includes a cam surface 63a which
      extends angularly upwardly and forwardly such that the inner end of one of
      the keys 8, 9 or 10 will cammingly slide upwardly therealong when it is
      actuated and cause rearward pivotal movement of the lever 63 in a
      clockwise direction.
PAR  Referring again to FIG. 1, the inlet valve assembly 47 includes a remote
      mounted solenoid-operated valve 92. The solenoid valve 92 has its inlet
      connected to the saddle clamp 88 via a conduit 91 and its outlet connected
      to the reservoir 4 (inlet) via a conduit 93. The reservoir outlet is
      connected to the common manifold passage 80 via a conduit 94. The valve 92
      is actuated by a switch assembly 95 which may be mounted on the housing 3,
      such as on one sidewall 32, within a compartment 3a (FIG. 3) behind the
      back wall 90 so as to be separated from all of the plumbing of the inlet
      valve assembly 47. As best shown in FIG. 3, the switch assembly 95
      includes a yieldable contact button 96 which is adapted to be depressed by
      an adjustable contact pin 97, such as a screw or the like, which is
      threadably mounted at one end of the lever 63. More particularly, and as
      best shown in FIG. 6, the back wall 90 includes an opening 98 to enable
      the pin 97 to contact the button 96. Still further, the pin 97 is
      adjustable to vary the distance which it projects rearwardly from the
      lever 63 so as to provide proper timing in opening and closing the valve
      assemblies 76, 77 and 78, and the solenoid valve 92. More particularly,
      the switch assembly 95 must be adjusted to energize the solenoid valve 92
      after the valve assemblies 76, 77 and 78 have been mechanically opened to
      start dispensing and to de-energize the solenoid valve 92 before the valve
      assemblies 76, 77 and 78 have been closed to avoid the possibility of a
      pressure buildup which could result in leakage in the assembly 6.
PAR  The mixing section 20 (FIGS. 3 and 6) is detachably mounted on the body 46
      and operates to mix the concentrate with water in a manner substantially
      similar to that described in the aforementioned U.S. Pat. No. 3,756,473.
      That is, venturitype mixing devices 100 and 101 are provided which include
      a pair of venturi tubes 103 and 103a which operate to draw the concentrate
      from the containers 15 and 15a. Variable orifice bypass controls 104 and
      104a are operably connected to the tubes 103 and 103a for controlling the
      rate of flow of concentrate to water being dispensed such as by the knobs
      22 and 23. The venturi tubes 103 and 103a are mounted in spaced-apart
      relation on a frame 105 which includes a rear support bar 105a and a front
      support plate 105b. The tubes 103 and 103a have their inner ends adapted
      for telescopic connection in outlet conduits or sockets 106 and 106a which
      are integrally formed in the support body 46 for connecting the tubes 103
      and 103a in fluid communication with the outlets of the valves 76 and 78,
      respectively. The outer ends of the tubes 103 and 103a extend through the
      front plate 105b and are adapted for connection to the nozzles 12 and 14.
      In the form shown, the front plate 105b includes an opening 108 between
      the venturi tubes 103 and 103a. The support body 46 includes an integrally
      formed outlet conduit 109 for the center valve assembly 77 (FIG. 4) which
      projects forwardly beyond the sockets 106 and 106a and extends through the
      opening 108 when the mixing section is in the mounted position. The outer
      end of the conduit 109 remote from the body 46 projects beyond the front
      support plate 105b, being adapted for connection to the water dispensing
      nozzle 13. The nozzles 12, 13 and 14 are all provided with generally
      L-shaped slots, only two are shown at 110 and 111 in FIG. 6, adjacent one
      side for receiving projections 114, 115 and 116 which extend radially
      outwardly from the tube 103, conduit 109 and tube 103a, respectively. The
      nozzles 12, 13 and 14 each include a flange having a radially extending
      abutment (only one shown at 117 in FIG. 2) abutting engagement with
      bosses, such as at 117a, on the front support plate 105b, for limiting the
      rotation of and properly positioning the nozzles 12, 13 and 14 in a
      downwardly or vertical dispensing position. By the foregoing arrangement,
      the entire mixing section 20 is locked in the assembled position when the
      water dispensing nozzle 13 is connected in the dispensing position to the
      conduit 109. In addition, each of the nozzles 12, 13 and 14 includes an
      air vent 12a,  12b (FIG. 6) and 12c (FIG. 2) for venting the interior of
      nozzles to prevent backup of beverages through the vent slot in the
      outlets of the venturi tubes 103 and 103a, such as are provided in the
      venturi tubes described in U.S. Pat. No. 3,756,473.
PAR  As shown in FIGS. 2 and 3, the containers 15 and 15a are mounted in the
      lower section 36 of the housing 3. An upright divider wall 119 is mounted
      on and extends upwardly from the bottom wall 29 for guiding the containers
      15 and 15a into position in the housing 3. As best seen in FIG. 6, each
      container, such as 15, includes a lid 120 for sealing the container to
      lengthen the storage life and retain the flavor of the concentrate
      contained therein. The lid 120 also enables the stacking of a plurality of
      containers one upon the other when stored outside of the housing 3, to
      provide a variety of concentrate flavors for selective interchangeable use
      in the dispensing assembly. The containers 15 and 15a are detachably
      connected at their outer or front ends to the mixing section 20 in a
      manner substantially the same as described in U.S. Pat. No. 3,756,473.
      More particularly, and referring again to FIG. 6, each container, such as
      15, includes a conduit 122 which is detachably and telescopically
      connected to a sleeve 123 on a check valve 124 which is connected to one
      of the venturi tubes, such as 103. The lid 120 and shelf 34 are formed
      with inwardly extending recesses 126 and 127, respectively, to provide
      clearance for the sleeve 123 to make connection with the conduit 122.
PAR  As shown in FIG. 3, the bottom wall 29 is inclined downwardly toward the
      front and of the housing 3 forming a ramp for slidably supporting the
      container 15 and 15a for installation andd removal from the housing 3. The
      containers, such as 15a, are placed on the bottom wall 29 and slid into
      the housing 3 until they engage the rear wall 29. The rear wall 29 is
      positioned so as to locate or align the conduit 122 directly under the
      sleeve 123. The bottom wall 29 is inclined to the extent that when the
      front side of the container 15a is lifted, the container 15a will pivot
      about its inner or rear side on the bottom wall 29 to connect the conduit
      122 in the sleeve 123. The nozzles 12 and 14 each include latches 130
      (FIG. 6) and 130a (FIG. 3) which are made integral therewith and which
      cammingly and interlockingly engage flanges 131 (FIG. 6) and 131a (FIG. 3)
      on the containers 15 and 15a, respectively, for holding the front sides of
      the containers above the bottom wall 29 while the rear side is supported
      on the bottom wall 29 when in the assembled position, as best seen in FIG.
      3. The latches 130 and 130a are rotatable with the nozzles, such as over
      an angle of 45.degree., so as to be disengageable from the flanges 131 and
      131a to release the containers 15 and 15a so that they may be lowered
      downwardly onto the bottom wall 29 when being removed. By this
      arrangement, there is considerably less likelihood of spilling of the
      concentrate by accidentally dropping or otherwide mishandling of the
      containers 15 and 15a as they are being removed from or installed in the
      housing 3.
PAR  Referring again to FIGS. 3 and 6, a drip tray 140 is mounted adjacent the
      front end of the housing 16 below the cover 26. More particularly, the
      drip tray 140 extends widthwise of the housing and includes an outer
      trough 141 and an inner trough 142. The inner trough 142 is formed with
      grooves along its opposed side edges as best seen, at 143 (FIG. 2), which
      are arranged to slidably receive oppositely disposed, mating tongues, such
      as at 144, in FIG. 2, which project inwardly from the sidewalls 32. A
      downwardly depending under wall 145 depends downwardly from the bottom
      wall 29 and extends between the sidewalls 31 and 32. The wall 145 is cut
      along its lower marginal edge, as at 149, to form an opening defined by a
      marginal cam edge 148. The drip tray 140 includes a deformable, resilient
      flange 146 which extends rearwardly from the inner trough 142 having a
      downwardly and rearwardly inclined cam surface 147 for camming coacting
      engagement with the cam edge 148 to deform the flange downwardly and a
      downwardly and forwardly inclined surface 147a which enable the flange to
      return toward its undeformed condition and engages the edge 148, to
      interlock the flange 146 in snap action relation with the under wall 145
      for securing the drip tray 140 to the base when in its fully inserted
      position, as in FIG. 3. Further, the outer trough 141 is disposed
      outwardly of the cover 26 and beneath the nozzles 12, 13 and 14 to receive
      any material dripping therefrom, whereas, the inner trough 142 is disposed
      on the opposite side of the cover 26 interior of the housing 3 and beneath
      the mixing section to receive material which may for any reason be leaking
      or dripping therefrom. By this arrangement, the drip tray 140 is easily
      and readily removable from the housing 3 independently of the cover 26 for
      cleaning when dripping or leakage does occur contributing to the
      maintenance of a sanitary condition within the refrigerator.
CLMS
STM  I claim:
NUM  1.
PAR  1. A drink dispenser assembly for dispensing one of a plurality of
      beverages consisting of water or a mixture of water and a drink
      concentrate comprising:
PA1  a reservoir means for supplying water in said assembly;
PA1  a support adapted for mounting in a refrigerator.
PA1  a selector valve means mounted on said support for controlling the flow of
      water in said assembly;
PA1  said selector valve means includes a plurality of distributing valve
      assemblies, each having a closed position preventing water flow
      therethrough and an open position permitting water flow through its
      outlet;
PA1  nozzle means connected to said distributing valves for dispensing said
      beverages;
PA1  said selector valve means includes a plurality of laterally extending
      selector keys disposed in juxtaposed relation for easy beverage
      identification and selection;
PA1  said keys are supported by said support for pivotal movement in generally
      parallel planes each having one end operably connected to a respective one
      of said valve assemblies for moving the latter between its closed and open
      position to permit water to flow to said nozzle means for dispensing
      therefrom;
PA1  container means on said support for storing a drink concentrate therein;
PA1  mixing means connected between said container means and the outlet of at
      least one of said valve assemblies for mixing a concentrate with said
      water; and
PA1  said nozzle means includes one nozzle connected to said mixing means and
      said outlet of said one valve assembly for dispensing a mixture of water
      and a concentrate therefrom upon actuation of its associated key;
PA1  and including inlet valve means having a main inlet valve, and a common
      operating lever is supported by said support for camming engagement with
      said one end of each of said keys for actuating said inlet valve to permit
      water to flow through to said distributing valve assemblies.
NUM  2.
PAR  2. A dispenser assembly in accordance with claim 1 wherein
PA1  said inlet valve comprises a solenoid-actuated valve mounted in said
      refrigerator at a location remote from said housing,
PA1  a switch assembly is mounted on said housing separated from said valve
      assemblies, and
PA1  said common operating lever is supported for pivotal movement into contact
      engagement with said switch assembly to energize and de-energize said
      solenoidactuated valve.
NUM  3.
PAR  3. A dispenser assembly in accordance with claim 1 wherein
PA1  said support comprises a housing having an opening at one end, the other
      end of said keys are accessible through said opening for actuating said
      keys,
PA1  said housing includes rail means defining an upper section for said
      housing,
PA1  said selector valve means includes a body having rail follower means for
      guiding said body into and out of said housing for easy assembly and
      disassembly thereof, and
PA1  resilient retaining means coacting between said body and said housing for
      retaining said selector valve means in the assembled position within said
      housing.
NUM  4.
PAR  4. A dispenser assembly in accordance with claim 1 wherein
PA1  said support comprises a housing having an opening at one end,
PA1  the other end of said keys are accessible through said opening for
      actuating said keys,
PA1  said container means includes at least one container having one end adapted
      for detachable connection to said mixing means,
PA1  said housing including ramp means below said mixing means for slidably
      guiding said container into and out of said housing, and
PA1  the opposite end of said container is pivotally supported by said ramp
      means to enable said one end of said container to be raised from said ramp
      means into its connected position and lowered onto said ramp means upon
      disconnection thereof to reduce the possibility of spillage of said
      concentrate from said container during assembly and disassembly thereof.
NUM  5.
PAR  5. A dispenser assembly in accordance with claim 1 wherein
PA1  said support comprises a housing having an opening at one end,
PA1  the other end of said keys are accessible through said opening for
      actuating said keys,
PA1  said housing includes window means for observing the level of said
      concentrate in said container means and
PA1  said housing includes abutment means on said ramp means for limiting
      movement of said container along said ramp means for aligning one end of
      said container with said mixing means for connection thereto.
NUM  6.
PAR  6. A dispenser assembly in accordance with claim 1 wherein
PA1  said selector valve assembly means includes a body,
PA1  said mixing means is mounted on said body,
PA1  said mixing means includes a frame having an opening therein,
PA1  said body includes an outwardly projecting conduit connected in fluid
      communication at one end to another one of said valve assemblies,
PA1  said conduit extends through the opening having an outer end projecting
      beyond said frame when said mixing means is in the mounted position on
      said body, and
PA1  said nozzle means includes one nozzle detachably and interlockingly
      connected to the outer end of said conduit for securing said mixing means
      in the mounted position on said body.
NUM  7.
PAR  7. A dispenser assembly in accordance with claim 1 wherein
PA1  said support comprises a housing,
PA1  said housing includes a removable cover disposed in covering relation over
      said nozzle means and is removable to provide access to the interior or
      said housing,
PA1  a drip tray is detachably connected to said housing below said nozzle
      means, and
PA1  said drip tray is detachable from said housing independently of said cover.
NUM  8.
PAR  8. A dispenser assembly in accordance with claim 7 wherein
PA1  said drip tray is of a double trough construction including an outer trough
      disposed outwardly of the housing below said nozzle means for receiving
      any dripping material outwardly of said housing and an inner trough
      disposed inwardly of said housing for receiving dripping material
      interiorly of said housing.
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ABST
PAL  The gluing device includes a glue storage and heating unit, a valve unit, a
      pump unit, a pressure-equalizing unit and a nozzle head. A support is
      provided which has two parts which are thermally insulated from one
      another, one of the parts supporting the glue storage and heating unit,
      and the other part supporting and including the other units and the nozzle
      head. Two separately energized heating rods are provided, each of which
      heats one of the parts of the support. An actuating arrangement is
      provided for the pump unit and includes an actuating piston reciprocating
      in a cylinder bore and actuated by a pressurized medium introduced into
      the cylinder bore and connected to the pump unit. A control arrangement
      controls the supply of the pressurized medium into the cylinder bore of
      the actuating arrangement and includes a switch, a rod mounted for
      retarded movement in the actuating arrangement in axial parallelism with
      the cylinder bore and acting on the switch, and a pair of abutment pins
      connected to the rod and extending into the path of reciprocation of the
      actuating piston so that said pins and said rod share the movement of the
      actuating piston when the latter approaches any one of the end positions
      thereof with the attendant actuation of the switch in a sense reversing
      the mode of operation on the actuating arrangement.
BSUM
PAR  The invention relates to a gluing device for packing machines, the device
      comprising a glue-melting pot, a nozzle head and, disposed therebetween, a
      glue pump, the nozzle of the nozzle head being adapted to be opened or
      closed at choice.
PAR  Gluing devices of this kind are known; they comprise a central glue-melting
      facility and a central glue pump to which one or more nozzle heads are
      connected by way of flexible pressure lines. The known devices have three
      considerable disadvantages. In the first place, the central gluing device
      is always the same size, and the glue pump is always the same size,
      irrespective of the number of nozzle heads. If only one or two nozzle
      heads are required for a packing machine, the costs for the glue-melting
      facility and the glue pump are excessive. In the second place, the glue
      pump and the nozzle heads have to be interconnected by heatable pressure
      lines or hoses. Hoses of this kind must be produced in various standard
      lengths, since the distance between a nozzle head and the glue pump varies
      in different kinds of packing machines.
PAR  In the third place, the hoses must be heatable and are relatively difficult
      to clean.
PAR  According to the invention, to obviate these disadvantages, the
      glue-melting pot, nozzle head and glue pump are mounted on a carrier block
      having heating elements.
PAR  The invention renders possible the provision of a relatively inexpensive
      small gluing device for each gluing station.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying diagrammatic drawings wherein:
PAR  FIG. 1 is a side elevational view of a gluing device;
PAR  FIG. 2 is a front elevational view of the gluing device in the direction of
      the arrow II of FIG. 1;
PAR  FIG. 3 is a top plan view of the gluing device of FIG. 1;
PAR  FIG. 4 is a sectional view similar to FIG. 1, and
PAR  FIG. 5 is a partial side elevational view of the gluing device with a
      horizontal nozzle head.
DETD
PAR  As FIGS. 1 to 3 show, the gluing device comprises a carrier block or unit 1
      to which a nozzle unit 2 is secured. The nozzle unit 2 carries a multiway
      valve 3 controlling the opening and closure of a nozzle 50. A glue storing
      and heating unit 4, a pump drive casing 5 for a glue pump 6 and a
      pressure-equalizing vessel 7 are supported on the carrier unit 1. Also
      mounted on the carrier unit 1 is a bracket 8 which carries a multiway
      valve 9 having a magnetic winding 10.
PAR  The glue storing and heating unit 4 comprises a glue container 11 having a
      screwthreaded extension 12. Disposed in container 11 axially thereof is a
      heating bar or rod 13 which, together with the screwthreaded extension 12,
      forms a flow channel 14 connected to a horizontal passage 15. The carrier
      unit 1 is combined from four rigidly interconnected parts, namely a first
      end unit 16 which supports the glue storing and heating unit 4, a second
      end unit 17 carrying the pressure-equalizing vessel 7 and the nozzle head
      2 and, intermediate the two end units 16 and 17, a valve unit 18 and a
      pump unit 19. The four units 16 - 19 are made of a material which is a
      good heat conductor. Disposed in the first end unit 16 is a thermostat 20
      which controls the heating element 13 so that the glue in the glue storing
      and heating unit 4, and the end unit 16, can be maintained at
      predetermined temperatures. The end unit 16 is formed with a cylindrical
      recess 21 which cooperates with the valve unit 18 to bound a distribution
      chamber 22. A heat insulation ring 23 is provided in the distribution
      chamber 22 and inhibits the flow of heat from the first end unit 16 to the
      valve unit 18. Passages 24, 25 are provided in the valve unit 18 and
      connect the distribution chamber 22 to passages 26 and 27 provided in the
      pump unit 19. The passages 24, 25 can be closed by spherical elements 28,
      29, respectively, each of which operates as a one-way valve. The
      displacement of the spherical elements 28, 29 is limited by pins 30, 31,
      respectively, which are affixed to the in pump unit 19. The passages 26,
      27 communicate with a cylinder bore 32 which is provided in the pump unit
      19 and in which a pump piston 33 is mounted for vertical reciprocation.
      Two passages 36, 37 closable by one-way valves 34, 35 respectively extend
      from the cylinders bore 32 to a collecting chamber 38. The collecting
      chamber 38 is bounded by a recess 39 in the second end unit 17 and by the
      pump unit 19. The collecting chamber 38 communicates via a passage 40 with
      an equalizing chamber 41 provided in the second end unit 17; the chamber
      41 is extended upwardly by a cylindrical member 42 which together with the
      chamber 41 forms the pressure-equalizing vessel 7. Accordingly, the
      cylindrical member 42 has at its base a screwthread 43 and is screwed into
      a corresponding internal screwthread in the wall defining the equalizing
      chamber 41. A second equalizing chamber 44 in the nozzle head 2
      communicates with the above-mentioned equalizing chamber 41 by way of a
      passage 45. The nozzle head 2 has a housing member 46 which has a
      screwthreaded axial extension 47. A bore 48 extends from the second
      equalizing chamber 44 into the screwthreaded extension 47, and a passage
      49 of much smaller cross-section than that of the bore 48 communicates
      with the latter and extends into the end face of the screwthreaded
      extension 47. The nozzle 50 is mounted coaxially of the passage 49 and is
      tightly connected to the screwthreaded extension 47 by means of a nut 51.
      The glue which has been melted in the glue storing and heating unit 4 is
      drawn by the vertically reciprocating pump piston 33 and leaves the glue
      storing and heating unit 4 through the passages 14, 15, chamber 22 and
      passages 24 - 27 to enter the cylinder bore 32. When the pump piston 33
      descends from its top end position illustrated in FIG. 4, the glue present
      in the cylinder bore 32 is compressed and therefore flows through the
      passage 37 into the chamber 38. The spherical element 29 prevents any
      flowback through the passage 27, the spherical element 29 closing the
      passage 25 in response to the pressure produced by the punp piston 33.
      While the pump piston 33 is descending from its top end position to its
      bottom end position, it generates a negative pressure in the passage 26,
      so that the spherical element 28 opens the passage 24 and glue can be
      drawn from the chamber 22 into the passage 26. The negative pressure
      produced by the descending pump piston 33 causes the one-way valve 34 to
      close, thus preventing the possibility that of the glue which is present
      in the chamber 38 may be drawn back. When the piston 33 rises from its
      bottom end position, the glue present in the cylinder bore 32 is delivered
      through the passage 36 into the chamber 38, the one-way valves 28, 35
      closing and the one-way valve 29 opening so that more glue can enter the
      cylinder bore 32. The liquid glue is forced from the chamber 38 through
      the passage 40 into the pressure-equalizing vessel 7 which equalizes out
      any pressure variations resulting from the reciprocation of the pump
      piston 33. The liquid glue flows at a substantially constant pressure
      through the passage 45 into the second equalizing chamber 44 in the nozzle
      head 2 and thence flows through the passages 48, 49 to the nozzle 50. A
      heating rod 52 heats the second end unit 17, pump unit 19 and valve unit
      18. The heating rod 52 is controlled by a thermostat 52'. For metering the
      glue leaving the nozzle 50, the passage 49 can be closed by a ball 53
      disposed at the end of a piston rod 54 which can move axially in the
      passage 48. The piston rod 54 is mounted for axial movement in a passage
      55 which is coaxial of the second equalizing chamber 44 and which is
      provided in the housing member 46; the piston rod 54 has a piston 56 at
      its other end. A casing 57 is rigidly secured to the housing member 46.
      The housing member 46, the casing 57 and the piston 56 define a pressure
      chamber 58 which is connected to the multiway valve 3 by way of a venting
      orifice 59. A helical compression spring 60 which is disposed between the
      piston 56 and the casing 57 presses the piston 56 and therefore the ball
      53 downwards so that the ball 53 closes the passage 49. The valve 3 is
      connected to a non-illustrated source of compressed air. When compressed
      air enters the chamber 58, the piston 56 rises and the ball 53 at the end
      of the rod 54 opens the passage 49 so that glue can issue from the nozzle
      50. When the valve 3 is operated to relieve the pressure in the chamber
      58, the spring 60 forces the piston 56 downwards, so that the passages 49
      is closed and glue ceases to issue from the nozzle 50.
PAR  The heating element 52 heats the liquid glue in the regions of the valve
      unit 18, the pump unit 19, the second end unit 17 and the nozzle head 2 to
      a higher temperature than in the region of the first end unit 16, since
      the glue spends less time near the units 17 to 19 than near the unit 16
      and is therefore not damaged by heating despite the high temperature.
PAR  A description will now be given of the drive and control of the pump piston
      33. The pump drive casing 5 has a cylinder 61 which is rigidly connected
      by screws 62 to the pump unit 19. A piston 64 is mounted for movement in a
      bore 63 provided in the cylinder 61. To move the piston 64, two air
      passages 65, 66 extend into the bore 63 and are supplied alternately with
      compressed air by way of lines (not shown) and of the multiway valve 9.
      The driving piston 64 is rigidly connected by a piston rod 67 to the pump
      piston 33 so that the two reciprocate vertically with the same stroke in
      their respective bores 63, 32. The magnetic winding 10 which operates the
      multiway valve 9 is energized or de-energized by means of a switch 68
      adapted to be operated by a cam 69. To operate the same, a passage 70 is
      provided in the cylinder 61 parallel to the axis of the bore 63 and a rod
      71 is mounted for movement axially of the passage 70. Screwed into the rod
      71 are two screws 72, 73 whose respective projecting ends extend through
      respective apertures 74, 75 into the bore 63 to cooperate as abutments
      with the piston 64. A resilient brake pin 76 contacts, and retards the
      movement of the rod 71 in the passage 70. The brake pin 76 is mounted for
      axial displacement in a cover 77 secured to the cylinder 61 and is pressed
      against the rod 71 by a helical spring 78. When the piston 64 descends
      from its top end position illustrated in FIG. 4, shortly before reaching
      its bottom end position it strikes the abutment screw 73 which then shares
      the downward movement of the piston 64 toward its bottom end position, the
      rod 71 also descending and releasing the cam 69. An electric circuit (not
      shown) is interrupted by the switch 68 and the winding 10 operates the
      valve 9, whereafter the piston 64 rises. Shortly before reaching its top
      end position, the piston 64 strikes the abutment screw 72 and causes the
      rod 71 to move upwards until the piston 64 it has reached its top end
      position, whereby the rod 71 abuts against the cam 69 and closes the
      circuit previously referred to. The winding 10 then operates the valve 9
      again, whereafter the movements of the piston 64 which have been just
      described are repeated. The advantage of the control system described is
      that the winding 10 can be operated by means of a simple contact switch,
      there being virtually no wear of the mechanical actuating elements 71 -
      73.
PAR  As can be gathered from FIG. 2, the nozzle unit 2 can be secured to the
      second end unit 17 at angular offsets of 90 or 180.degree. or 270.degree..
      Also, and as FIG. 5 shows, the nozzle head 2 can be secured to the carrier
      unit 1 as an extension thereof, so that the nozzle axis is oriented in the
      direction of the carrier unit 1.
PAR  In an embodiment which is not shown, intermediate units can be arranged
      between the end unit 17 and the nozzle head 2 to increase the distance
      between the nozzle head 2 and the pressure-equalizing vessel 7, to suit
      special packing machine requirements.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gluing device for packing machines comprising, in combination, glue
      storing means; nozzle means; control means for said nozzle means; pump
      means intermediate and in communication with said glue storing means and
      said nozzle means and including a double-acting reciprocating pump having
      a pump casing and a piston mounted in said casing for reciprocation with
      respect thereto; support means for said glue storing, pump and nozzle
      means; heating means connected to said support means; and actuating means
      for said pump means comprising a cylinder housing connected to said casing
      and defining a cylinder bore, an actuating piston mounted in said bore for
      reciprocation therein between two end positions, means for supplying an
      actuating medium into said cylinder bore so as to reciprocate said
      actuating piston therein, a piston rod connecting said piston to said
      actuating piston so that the former shares the reciprocating movement of
      the latter, and means for controlling said supplying means and including a
      control rod mounted for movement in a bore provided in said cylinder
      housing in axial parallelism with said cylinder bore, a pair of abutment
      screws connected to said control rod and projecting into said cylinder
      bore and into the path of reciprocation of said actuating piston, a
      spring-biased braking pin acting on said control rod so as to prevent the
      latter from conducting movement axially of said bore when said abutment
      screws are out of contact with said actuating piston and to permit such
      movement when one of said abutment screws is contacted by and entrained by
      said actuating piston as the latter approaches one of said end positions
      thereof, and a switch operative for controlling the flow of the actuating
      medium into said cylinder bore and having a cam cooperating with said
      control rod.
NUM  2.
PAR  2. A gluing device as defined in claim 1, wherein said pump means includes
      a pump casing; and wherein said pump casing is incorporated into said
      support means.
NUM  3.
PAR  3. A gluing device as defined in claim 1, and further comprising
      pressure-equalizing means intermediate and in communication with said pump
      means and said nozzle means.
NUM  4.
PAR  4. A gluing device as defined in claim 1, wherein said support means
      includes a first end unit supporting said glue storing means, a second end
      unit supporting said nozzle means, a valve unit, and a pump unit
      intermediate said first and second end units and connected thereto and to
      one another; wherein said heating means includes a first heating rod
      connected to and heating said first end unit and said glue storing means,
      and second heating unit connected to and heating at least one of said
      second end unit, valve unit and pump unit, said first and second heating
      rods being energized independently of one another; and further including
      heat-insulating means interposed between said first end unit and said
      valve unit so as to thermally insulate the former from the latter.
NUM  5.
PAR  5. A gluing device for packing machines comprising, in combination, glue
      storing means; nozzle means; pump means; pressure-equalizing means;
      support means including a support plate composed of at least three
      discrete connectable sections, respective ones of said sections supporting
      said glue storing means, said pump means, and said pressure-equalizing
      means, said sections each being provided with passage portions which, when
      said sections are connected, form a passage extending from said glue
      storing means through said pump means to said nozzle means, said
      pressure-equalizing means communicating with said pressure intermediate
      said pump means and said nozzle means; and heating means accommodated in
      the respective sections of said support plate and operative for heating
      the same.
NUM  6.
PAR  6. A gluing device as defined in claim 5, wherein said pump means includes
      a pump casing; and wherein said pump casing constitutes one of said
      sections.
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ABST
PAL  An applicator by which small, discrete, uniform quantities of molten
      thermoplastic adhesive can be dispensed in rapid succession comprises a
      body having a heated inlet chamber, which hot melt enters under low
      pressure, and a pump chamber. A plunger in the pump chamber is
      reciprocated by a pneumatic motor. A charging stroke of the plunger draws
      hot melt out of the inlet chamber, across a check valve and into the pump
      chamber. The discharging stroke expels the hot melt across an outlet check
      valve and through an outlet orifice coaxial with the pump chamber.
BSUM
PAR  This invention relates to applicators for molten thermoplastic adhesives,
      and is more particularly concerned with an applicator by which small,
      discrete quantities of adhesive hot melt can be dispensed in rapid
      succession, so that a row of dots of such adhesive can be quickly and
      accurately deposited onto a workpiece surface.
PAR  Molten thermoplastic adhesives are widely used as bonding agents for paper,
      cardboard and other sheet materials. Commercially, such adhesives are
      obtainable in any of numerous formulations and are sold in the form of
      rods, pellets or the like. When the adhesive is to be used, it is heated
      to its molten state in a melting unit that comprises a reservoir for
      holding a supply of the molten material. A duct or hose carries the hot
      melt from the reservoir to an applicator by which the hot melt is
      deposited onto a workpiece surface where it is needed.
PAR  The present invention is concerned with a hot melt applicator which is in
      the nature of a nozzle or gun and which dispenses the adhesive
      intermittently, at regular and frequent intervals and in small, discrete,
      uniform quantities, so that relative motion between the gun and a
      workpiece beneath it causes the hot melt to be deposited on the workpiece
      as a row of dots. Hence the hot melt applicator of this invention can be
      designated a "dot gun."
PAR  A dot gun is particularly useful for packaging operations that are
      performed at more or less irregular intervals. For example, hot melt
      apparatus comprising a hand-held dot gun may be used in a shipping room,
      for applying hot melt to the closure flaps of shipping cartons whenever
      occasion arises. In such an installation the dot gun may be idle for a
      period of time between successive uses. However, a dot gun is also useful
      for many hot melt application processes that are more or less continuous
      in nature, and there are situations in which such an applicator is
      required to operate uninterruptedly for hours. In either type of
      installation the dot gun must dispense accurately uniform quantities of
      hot melt so that all of the dots that it forms will be equal in size and
      volume.
PAR  A prior dot gun hot melt applicator is disclosed in U.S. Pat. No.
      3,408,008, to H.E. Cocks. The dot gun of that patent was essentially a
      valved nozzle, intended to be connected with a pressurized hot melt source
      by means of a flexible hose. Electric heating elements along the hose and
      at the nozzle assured that the thermoplastic would remain in its molten
      state and would issue from the nozzle at a temperature substantially
      higher than the temperature at which the adhesive solidified, so that
      after deposition there would be an adequately long cooling period during
      which the deposited adhesive remained tacky.
PAR  The Cocks patent points out that a valved nozzle dot gun cannot eject dots
      which are uniform as to volume unless ejection always begins promptly upon
      opening of the valve. It also recognizes that because of the high
      viscosity of most hot melt materials and the relatively small diameter of
      a dot gun nozzle, the hot melt will be sluggish in leaving the nozzle if
      its pressure there is not fairly high.
PAR  With prior valved nozzle dot guns of the type exemplified by Cocks, high
      pressure on hot melt at the nozzle required that the hot melt be under
      high pressure at the melting unit and all through the hose that connected
      the dot gun with the melting unit, even though the high pressure was
      actually needed only upon the very small volume of the fluid that was in
      the nozzle itself and just upstream from it. It seems unlikely that
      persons skilled in the art could have failed to recognize that this
      arrangement presented a serious potential hazard if the hose was not so
      designed and maintained as to afford absolute assurance that it would
      withstand high pressures notwithstanding the flexing to which it was
      subjected. Apparently the hazard was accepted as inevitable because no
      alternative was available to those skilled in the art.
PAR  The Cocks patent points out another disadvantage of prior valved nozzle dot
      guns. When pressure in the system was high enough to assure prompt
      issuance of the hot melt from the nozzle under most conditions, there
      would be occasions where the initial release of pressure would cause a
      greater thickness of the adhesive at the beginning point of application.
      The Cocks patent does not explain the cause of this initial surge of hot
      melt at the beginning of an ejection sequence. Undoubtedly, however, it
      was related to the fact that during a period of valve closure there would
      be a build-up of pressure all along the length of the flexible hose that
      connected the dot gun with the source of pressurized hot melt, and this
      pressure was abruptly relieved by expulsion of hot melt when the nozzle
      valve was opened and the flexible hose was allowed to relax. An oversize
      dot of hot melt at the beginning point of an application retained more
      heat then the normal size dots, therefore solidified more slowly, and thus
      gave rise to difficulties in the processing in which the applicator was
      used, or caused defects in the products produced by the processing.
PAR  The solution of this problem that was proposed by Cocks was to insert, near
      the nozzle outlet orifice, a pressure baffle that set up a primary
      reduction in pressure of the hot melt just before it issued from the
      nozzle, to retard the surge of adhesive that developed when the valve
      first opened. Obviously this solution did not get to the root cause of the
      problem. Furthermore, it involved a paradoxical inefficiency, inasmuch as
      the high pressure that was maintained all along the line for the purpose
      of forcing hot melt out of the nozzle was reduced precisely at the point
      where it was intended to be utilized.
PAR  The Cocks patent is mainly concerned with getting prompt but controlled
      emission of hot melt upon opening of the nozzle valve, and merely mentions
      that there must also be prompt cessation of flow of hot melt out of the
      nozzle when the valve closes. This other half of the general problem of
      achieving precise control of the quantity of hot melt issued at each
      ejection is given more attention in U.S. Pat. No. 3,386,625, to R. B.
      Lessard. To prevent drooling from the nozzle. The Lessard patent discloses
      means for producing a suction inside the applicator body by which a small
      amount of the hot melt in the nozzle outlet passage is positively drawn
      back into the body upon closure of the valve.
PAR  By contrast with the prior art, the general object of the present invention
      is to provide a dot gun that affords very accurate control of the quantity
      of hot melt issued from the gun nozzle at each ejection, and which does
      not require high pressure to be imposed upon the hot melt at a point
      upstream from the dot gun.
PAR  Hence, it is a more specific object of this invention to provide a dot gun
      which can be connected with a source of hot melt by means of a flexible
      hose that need not be capable of supporting particularly high pressures,
      thus affording an installation which has inherently greater overall safety
      than equivalent apparatus previously available.
PAR  As is evident from the foregoing discussion of the prior art, the usual
      expedient heretofore employed for metering the quantity of fluid expelled
      from a dot gun at each hot melt ejection has been, basically, to valve hot
      melt from a pressurized source thereof. If the valve was kept open for
      uniform periods, then during each such period a predetermined quantity of
      fluid would be expelled from the gun -- provided the viscosity and
      pressure of the hot melt did not change between one such valveopen period
      and another. But the viscosity of the hot melt does in fact vary with time
      and circumstances; and from the foregoing discussion of the Cocks patent
      it is apparent that pressure on hot melt at a dot gun nozzle is not likely
      to remain constant if the source of such pressure is many feet distant
      from the nozzle, at the other end of a flexible hose.
PAR  Thus another and very important general object of this invention is to
      provide a dot gun which incorporates metering means whereby a precisely
      measured quantity of hot melt is drawn from a nearby supply thereof
      immediately prior to being ejected, and whereby the measured quantity thus
      drawn off is isolated from the remainder of the hot melt during its
      ejection, to thus ensure that precisely uniform quantities of hot melt
      will be consistently ejected regardless of the viscosity of the fluid or
      the pressure at the source thereof.
PAR  It is also an object of the invention to provide a dot gun of the character
      described wherein high pressure for expulsion of hot melt from the outlet
      nozzle of the gun is applied only to a metered and isolated quantity of
      hot melt that is to be expelled to form one dot, and only during the time
      that said quantity of hot melt is actually being expelled.
PAR  Another and more specific object of the present invention is to provide a
      dot gun that has readily adjustable means for controlling the quantity of
      hot melt to be expelled at each ejection.
PAR  A further object of the invention is to provide a compact and efficient dot
      gun that is capable of use with hot melt adhesives of any of a wide
      variety of formulations.
PAR  With these observations and objectives in mind, the manner in which the
      invention achieves its purpose will be appreciated from the following
      description and the accompanying drawings, which exemplify the invention,
      it being understood that changes may be made in the specific apparatus
      disclosed herein without departing from the essentials of the invention
      set forth in the appended claims.
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PAR  The accompanying drawings illustrate one complete example of an embodiment
      of the invention constructed according to the best mode so far devised for
      the practical application of the principles thereof, and in which:
PAR  FIG. 1 is a side perspective view of a hot melt applicator or dot gun
      embodying the principles of this invention, illustrated in relation to a
      workpiece upon which it has deposited a row of dots of adhesive hot melt
      but, for simplicity, shown disconnected from a source of hot melt with
      which it cooperates;
PAR  FIG. 2 is a view in vertical section of the hot melt applicator shown in
      FIG. 1, although the air cylinder of the applicator is shown rotated
      90.degree. around its axis as between FIG. 1 and FIG. 2, to simplify
      illustration of its porting;
PAR  FIG. 3 is a fragmentary vertical sectional view generally corresponding to
      the lower portion of FIG. 2 but on an enlarged scale, particularly
      illustrating the positions of the check valves during the discharge stroke
      of the pump;
PAR  FIG. 4 is a view generally similar to FIG. 3 but illustrating the positions
      of the check valves during the charging stroke of the pump;
PAR  FIG. 5 is a fragmentary sectional view on a further enlarged scale taken on
      the plane of the line 5--5 in FIG. 3; and
PAR  FIG. 6 is a disassembled perspective view of those portions of the
      applicator body that comprise its valve chambers and outlet.
DETD
PAR  Referring now more particularly to the accompanying drawings, the numeral 5
      designates generally a dot gun hot melt applicator which embodies the
      principles of this invention and which is adapted to be connected with a
      source of molten thermoplastic adhesive. In contrast to prior dot gun
      applicators, to which hot melt had to be delivered under substantially
      high pressure, the applicator of this invention can be connected with a
      hot melt source at which pressure is no higher than is necessary merely to
      ensure a steady flow of hot melt to the applicator.
PAR  The applicator 5 has a generally L-shaped body 6 with an upright leg
      portion 7 that comprises an inlet chamber or compartment 8 and a forwardly
      projecting leg portion 9 that comprises a pump chamber 10. Hot melt enters
      the inlet chamber 8 through a fluid inlet fitting 11 in the rear of the
      upright leg portion of the body and is ejected from the applicator through
      a small diameter outlet orifice 12 at the underside of the front leg
      portion 9. The inlet fitting 11 is of course connectable with a hose or
      the like (not shown) that communicates the dot gun with a melting unit.
PAR  It will be appreciated that the body 6 of the applicator can be readily
      mounted on a machine in any suitable manner, for cooperation with other
      parts of the machine in the performance of a packaging or similar
      operation, or it can be equipped with a suitable handle so that it can be
      used as a self-contained hand held unit that is manually guided across a
      workpiece upon which dots of hot melt are to be deposited. In either case,
      the applicator, when in operation, ejects small, discrete quantities of
      hot melt from its outlet orifice 12 at regular intervals; hence relative
      linear motion between the applicator and a workpiece surface 14 beneath it
      will result in the deposition upon that surface of a row of uniform dots
      15 of adhesive material.
PAR  The inlet chamber 8 in the upright leg portion 7 of the body, which is
      vertically elongated, serves as a small secondary reservoir for hot melt.
      Normally the adhesive is brought to the dot gun at a temperature somewhat
      below that at which it should be dispensed, and the necessary additional
      heat is imparted to it in the inlet chamber by means of an electric
      heating element 16 that is embedded in the lower portion of the upright
      leg.
PAR  Hot melt flows from the inlet chamber 8 towards the pump chamber 10 through
      a passage 17 which opens forwardly from the lower portion of the inlet
      chamber and in which there is a cylindrical filter screen 18 that prevents
      passage beyond the inlet chamber of any unmelted particles of adhesive
      material and any solid foreign matter.
PAR  In flowing from the screened passage 17 into the pump chamber, the molten
      adhesive must pass through an inlet valve chamber 20 in which there is an
      inlet check valve 21. That check valve is arranged to permit flow of fluid
      in the direction toward the pump chamber, but to block reverse flow, in
      the direction from the pump chamber towards the inlet chamber.
PAR  The pump chamber 10 is essentially a cylinder which is communicated at its
      lower end, which constitutes the mouth of the cylinder, (as explained
      below) with the inlet valve chamber 20. A closely fitting plunger 22 is
      axially reciprocable in the pump chamber and is driven for reciprocation
      by means of a penumatic motor 25 which is mounted on top of the forwardly
      projecting leg portion 9 of the applicator body.
PAR  Upward motion of the plunger 22 in the pump chamber constitutes a charging
      stroke by which a measured quantity of hot melt is drawn into the pump
      chamber from the inlet chamber 8. Downward motion of the plunger
      constitutes a discharging stroke by which that quantity of fluid is
      expelled through the nozzle orifice 12. The inlet check valve 21 is open
      during the charging stroke of the plunger and closed during its
      discharging stroke.
PAR  The nozzle orifice 12 is beneath the pump chamber and coaxial with it.
      Between the lower end of the pump chamber and the inner end of the orifice
      there is an outlet valve chamber 26 in which there is an outlet check
      valve 27. The outlet check valve is of course closed during the charging
      stroke of the plunger 22 and open during its discharging stroke.
PAR  It will be apparent that the reciprocating pump which comprises the plunger
      22 and the check valves 21 and 27 applies pressure to hot melt precisely
      at the zone where pressure is needed -- namely, at the inner end of the
      outlet orifice 12 -- but only at the zone. Consequently that pump can
      safely and reliably apply a sufficiently high pressure to the hot melt to
      ensure its prompt and complete expulsion from the nozzle regardless of
      whether the hot melt is relatively viscous or relatively free flowing. It
      will also be apparent that the volumetric displacement of this
      reciprocating pump defines and accurately controls the quantity of hot
      melt that will be expelled from the nozzle at each ejection. Attention is
      also directed to the fact that the course of flow of hot melt through the
      applicator body takes it through relatively large diameter passages all
      the way from the inlet fitting 11 to near the inlet check valve 21, so
      that relatively little pressure is required to move the hot melt to that
      point. From the inner end of the screened passage 17 to the outer end of
      the outlet orifice the pump is responsible for flow of the hot melt,
      independently of any pressure at the hot melt source.
PAR  Turning now to a more detailed consideration of the structure of the dot
      gun, the upright leg portion 7 of the body can comprise a single
      rectangular block in which there is a lengthwise bored well that defines
      the inlet chamber 8. The inlet chamber well opens to the top of the block
      through a threaded counterbore 28 in which the correspondingly threaded
      body of a thermometer 29 is received. The thermometer, which has its
      sensing probe 30 projecting coaxially down into the inlet chamber, thus
      serves as a plug which closes the upper end of the inlet chamber bore, as
      well as providing a constant display of the temperature of the hot melt in
      the inlet chamber.
PAR  The inlet fitting 11 is threaded into a short upper bore that opens from
      the inlet chamber to the rear face of the inlet chamber block 7. A similar
      bore, near the bottom of the block and coaxial with the screened passage
      17, is normally closed by a plug 32 that can be removed for access to the
      filter screen 18.
PAR  The front leg portion 9 of the applicator body comprises a block 34 that
      defines the pump chamber, together with two superimposed plate-like
      members 35 and 36 that underlie the block 34 and cooperate with it and
      with one another to define the two valve chambers. The plate-like members
      35 and 36 are secured to one another and to the block 34 by bolts 37 that
      extend upwardly through the plate-like members and are threaded into said
      block. In like manner the pump chamber block 34 can be secured to the
      inlet chamber block 7 by means of bolts (not shown) that extend through
      one of those blocks and are threaded into the other.
PAR  The pump chamber or cylinder 10 is defined by a vertical bore that extends
      all the way through the body block 34. At its upper end that bore opens to
      a shallow counterbore in which is confined an O-ring 38 that serves as a
      seal around the plunger 22.
PAR  The rear portion of the filter passage 17 is defined by a bore 40 and
      counterbore 41 in the upright block 7, opening to the front face thereof;
      and the front part of that passage is defined by a coaxial well 42 in the
      pump chamber block 34, opening to the rear face of that block but
      terminating short of the pump chamber 10. The counterbore 41 in the
      upright block 7 has the same diameter as the well 42 in the pump chamber
      block 42, which diameter is somewhat larger than that of the cylindrical
      filter screen 18. However, the screen closely fits in the axially short
      bore 40 in the block 7, which is near the inlet chamber 8, and therefore
      fluid is compelled to pass radially outwardly through the filter screen in
      flowing forwardly through the passage 17. An O-ring 43, confined in an
      axially shallow counterbore around the mouth of the well 42, serves as a
      gasket between the two blocks 7 and 34.
PAR  From the inner end of the well 42 in the pump chamber block 34 a small
      diameter bore 44 extends down to the bottom surface of that block to
      communicate the screened passage 17 with the inlet valve chamber 20. That
      chamber is defined by a counterbore at the mouth of said bore 44, and the
      inlet check valve 21 comprises a ball with a diameter larger than that of
      the bore 44 but small enough to be received in the counterbore with
      substantial clearance. The shoulder defined by the junction of bore 44
      with counterbore 20 serves as a seat for the ball 21.
PAR  In the underside of the block 34 there is a shallow groove or elongated
      pocket 45, one end of which is at the inlet valve chamber and which is
      laterally spaced from the pump chamber bore 10. A leaf spring 46 is
      received in this pocket with a free end portion adjacent to the valve
      chamber and engaged under the ball 21 to urge the latter towards its
      seated position. The upper plate-like valve chamber member 35 has an
      L-shaped groove 47 in its upper surface, one leg 48 of which registers
      with the groove 45 in the block 34 to provide a spring chamber into which
      the leaf spring 46 can flex for unseating of the ball 21. The leg 48 of
      the L-shaped groove is shorter than its opposing groove 45 so that the
      captive or anchored end portion of the leaf spring 46 is confined in and
      clamped against the bottom of said groove 45 by the flat top surface of
      the plate-like member 35. The other leg 49 of the L-shaped groove extends
      over to the pump chamber 10 to provide an inlet thereto, at the bottom end
      thereof, that is controlled by the check valve 21.
PAR  From said other leg of the L-shaped groove 47, at its end remote from the
      spring chamber 48, an axially short bore 50 and a coaxial counterbore
      extend downwardly through the plate-like member 35, said counterbore
      defining the outlet valve chamber 26. The outlet check valve 27 is a ball
      similar to the inlet check valve 21 and is similarly urged upwardly
      towards its seated position by means of a leaf spring 51 having a captive
      or anchored end portion and a free end portion. The axially short bore 50
      in the plate-like member 35 is coaxial with the pump chamber bore 10 and
      thus serves as an outlet from the pump chamber that is controlled by the
      outlet check valve.
PAR  The leaf spring 51 for the outlet check valve is received in an elongated
      shallow groove or pocket 52 in the bottom surface of the upper plate-like
      member 35. It is secured in place with its free end portion overlying a
      shorter registering groove 53 in the top surface of the lower plate-like
      member 36, by having its captive end portion clamped between the bottom of
      the groove or pocket 52 and the top surface of the lower plate-like member
      36.
PAR  The outlet orifice 12 has a very small diameter, and is preferably defined
      by a small tube that is snugly fitted into the lower plate-like member and
      extends vertically through the same coaxially with the pump chamber 10 and
      the outlet valve chamber 26. The orifice 12 of course communicates with
      the spring chamber defined by the groove 53 in the top surface of the
      lower plate-like member 36.
PAR  At the conclusion of a discharge stroke of the plunger 22 the outlet
      orifice is effectively sealed at its inner end by closure of the outlet
      check valve 27 under the bias of its spring 51; hence, any hot melt that
      remains in the orifice will be trapped therein by the combined effects of
      atmospheric pressure at the lower end of the orifice and capillary action
      due to the small diameter of the orifice.
PAR  A retainer plate 55 flatwise overlies the top surface of the pump chamber
      block 34 and confines the O-ring seal 38 in its counterbore at the top of
      that block. The upper end portion of the plunger 22 projects above the
      retainer plate, through a hole therein that is concentric with the pump
      chamber 10, to have a link connection 56 with the piston 57 of the
      reciprocating pneumatic motor 25.
PAR  The cylinder of the motor 25 comprises a tubular member 60 in which the
      piston 57 has a close sliding fit, together with upper and lower end caps
      61 and 62, respectively, which sealingly engage the opposite ends of the
      tubular member. Relatively long through-bolts 63 have their heads engaged
      with the top of the upper end cap 61 and extend downwardly, parallel to
      the cylinder axis, through the upper and lower end caps, through tubular
      spacer sleeves 64 and through the retainer plate 55, to have their lower
      end portions threaded into upwardly opening wells in the pump chamber
      block 34. The end caps 61 and 62 and the retainer plate 55 are all square
      in planform, and the holes for the through-bolts 63 are near their corners
      so that the through-bolts are in radially and circumferentially equispaced
      relation to one another and to the cylinder.
PAR  The spacer sleeves 64, which are interposed between the lower end cap 62
      and the retainer plate 55, hold the cylinder of the pneumatic motor in
      upwardly spaced relation to the retainer plate, and they also enable the
      through-bolts to clamp the end caps against the ends of the tubular member
      60 and to force the retainer plate flatwise down onto the top surface of
      the block 34. It will be evident that the sleeves 64, in holding the
      penumatic motor 25 spaced from the gun body, thermally insulate the motor
      and the gun body from one another so that air passing through the motor
      will not carry away heat from the body.
PAR  In each of the end caps 61, 62 there is an air passage 65 which leads to
      the interior of the cylinder and which comprises a fitting that is
      connectable with an air hose (not shown). It will be understood that the
      air passages 65 are alternately connected with a source of pressurized
      air, through an automatically and rapidly reversing valve mechanism of
      known type, so that pressure air is applied first to one side of the
      piston 57 and then to its other side, while air is exhausted from the end
      portion of the cylinder towards which the piston moves.
PAR  The piston has a coaxial stem 66 that projects down beneath the lower end
      cap 62 through a closely fitting bore therein in which there are O-rings
      67 that provide a seal around the stem. The link 56 that connects the
      piston stem with the plunger 22 can be an ordinary transmission chain
      connecting link having its pins 68 passing through transverse holes in the
      piston stem and the plunger, respectively. The link of course constrains
      the plunger to partake of all axial motion of the piston while
      accommodating any misalignment between them. The employment of this link
      connection is made possible by the spacing between the gun body and the
      motor.
PAR  The stroke length of the piston determines the volumetric displacement of
      the pump that comprises the plunger 22, or, in other words, determines the
      amount of hot melt to be ejected with each discharging stroke of the
      plunger. To provide for adjustment of this quantity, an abutment screw 69
      is threaded through the upper end cap, coaxially with the cylinder.
      Engagement of the piston against the lower end of this screw determines
      the upper limit of piston travel, hence downward adjustment of the screw
      69 diminishess the volume of hot melt expelled at each ejection. The screw
      can be locked in any position of adjustment by means of a jam nut 70.
PAR  From the foregoing description taken with the accompanying drawings it will
      be apparent that this invention provides a thermoplastic hot melt
      applicator that dispenses small, discrete, accurately uniform quantities
      of hot melt; and it will also be apparent that the dot gun of this
      invention can dispense such uniform quantities of hot melt even though the
      viscosity of the hot melt may vary rather widely and the pressure on the
      hot melt at the source thereof is no more than sufficient to keep it
      flowing to the applicator.
PAR  Those skilled in the art will appreciate that the invention can be embodied
      in forms other than as herein disclosed for purposes of illustration.
PAR  The invention is defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dispenser having a discharge orifice and by which molten thermoplastic
      fluid can be delivered from a source thereof to a zone of use in
      successive small, discrete, uniform quantities, said dispenser comprising:
PA1  A. body means;
PA1  B. means at an external surface of the body means providing the discharge
      orifice of the dispenser;
PA1  C. said body means having
PA2  1. a bore therein providing a pump cylinder with a mouth at one end thereof
      through which fluid enters and leaves the cylinder,
PA2  2. a cavity providing an inlet compartment having an entrance through which
      fluid enters from a source thereof and an exit through which fluid can
      leave the inlet compartment,
PA2  3. first passage means therein to communicate the exit of the inlet
      compartment with the mouth of the pump cylinder, and
PAR  4. second passage means to communicate the mouth of the pump cylinder with
      the discharge orifice, said first passage means comprising
PA3  a. an inlet valve chamber communicated with the exit of the inlet
      compartment through the port of an inlet valve seat,
PA3  b. a ball in said inlet valve chamber movable to and from engagement with
      said inlet valve seat, and
PA3  c. an elongated leaf spring having an anchored end portion and a free end
      portion the latter of which projects into the inlet valve chamber and
      engages the ball therein to yieldingly hold the same on the inlet valve
      seat,
PA2  said second passage means comprising
PA3  a. an outlet valve chamber in open communication with the discharge orifice
      and communicated with the inlet valve chamber through the port of an
      outlet valve seat,
PA3  b. a ball in said outlet valve chamber, and
PA3  c. an elongated leaf spring having an anchored end portion and a free end
      portion the latter of which projects into the outlet valve chamber and
      engages the ball therein to yieldingly hold the same on the outlet valve
      seat,
PA2  each of said leaf springs being flatwise normal to its associated valve
      seat so that the inlet and outlet valve chambers can have small volume and
      still accommodate flexing of the free end portions of the leaf springs
      therein;
PA1  D. a plunger reciprocable in the pump cylinder to draw fluid into the mouth
      of the cylinder during the charging stroke of the plunger and to expel
      fluid from the cylinder mouth during its discharging stroke, the
      orientation of said first and and second passage means and their
      respective valve seats being such that during the charging stroke of the
      plunger the ball in the outlet valve chamber is drawn tightly against its
      seat and the ball in the inlet valve chamber is drawn off its seat,
      enabling fluid to pass from the exit of the inlet compartment into the
      mouth of the pump cylinder, while during the discharge stroke of the
      plunger the disposition of the balls with respect to their respective
      seats is reversed, enabling fluid to be forced from the pump cylinder and
      out of the discharge orifice; and
PA1  E. means for reciprocating the plunger.
NUM  2.
PAR  2. A hot melt applicator for dispensing, in rapid succession, small
      discrete, uniform quantities of molten thermoplastic material, to enable a
      dotted line of such material to be formed on a workpiece surface, said
      applicator comprising:
PA1  A. a body consisting of superimposed secured together body elements
      defining
PA2  1. an elongated pump chamber having an inlet near one end thereof, and
PA2  2. an outlet passage extending substantially straight down from said end of
      the pump chamber through the lowermost of said superimposed body elements
      to the exterior of the body, the upper end portion of said outlet passage
      comprising an outlet valve chamber communicated with the pump chamber at
      said end thereof, said outlet valve chamber having relatively closely
      spaced top and bottom walls and said outlet passage having a small volume
      as a whole and having at its outlet end a cross section substantially
      smaller than that of the pump chamber so that capillary action and
      atmospheric pressure prevent any molten thermoplastic therein from
      escaping therefrom when the outlet passage is sealed at its upper end;
PA1  B. a plunger having a close sliding fit in the pump chamber;
PA1  C. plunger actuating means operatively connected with the plunger to impart
      charging and discharging strokes to the plunger to successively draw
      molten thermoplastic into said pump chamber through the inlet, and expel
      such thermoplastic from said chamber and through the outlet passage;
PA1  D. a ball valve element in said outlet valve chamber, said ball valve
      element being movable axially of the outlet passage between a closed
      position sealing the inner end portion of the outlet passage from
      communication with the pump chamber during the charging stroke of the
      plunger and an open position permitting flow of molten thermoplastic from
      the pump chamber through the outlet passage during the discharging stroke
      of the plunger;
PA1  E. biasing means urging the ball valve element towards its closed position,
      said biasing means comprising a thin flat leaf spring having a captive end
      portion and a free end portion;
PA1  F. coacting opposing surfaces on the lowermost and adjacent one of said
      superimposed body forming elements having the captive end portion of the
      leaf spring clamped therebetween to thereby secure the leaf spring in
      position with its free end portion extending into the outlet valve chamber
      and engaging said ball valve element and with the flat faces of its free
      end portion substantially parallel to and between said relatively closely
      spaced top and bottom walls of the outlet valve passage and normal to the
      axis of said outlet passage so that the outlet valve chamber can have a
      small volume but can nevertheless accommodate flexing of the free end
      portion of said leaf spring incident to opening and closing movement of
      said ball valve element.
NUM  3.
PAR  3. The applicator of claim 2, further characterized by:
PA1  A. said body also defining an inlet chamber near the pump chamber and
      communicated with said inlet, for holding a supply of molten thermoplastic
      that can be drawn into the pump chamber, said inlet chamber being
      communicable with a source of molten thermoplastic under small pressure
      that is remote from the body; and
PA1  B. heating means in the body, near said inlet chamber, for heating molten
      thermoplastic material therein to bring it up to a temperature at which it
      is to be dispensed.
NUM  4.
PAR  4. The applicator of claim 3, wherein said heating means is further so
      located as to impart heat to substantially the entire body, and wherein
      the other end of the pump chamber opens to one face of the body and the
      plunger projects outside the body, beyond said face thereof, further
      characterized by:
PA1  A. a reciprocating air motor having a driving connection with the plunger
      to reciprocate the same; and
PA1  B. means mounting the air motor on the body in spaced relation to said face
      of the body, to thermally insulate the air motor from the body.
NUM  5.
PAR  5. The applicator of claim 2, wherein said body further defines an inlet
      valve chamber with relatively closely spaced top and bottom walls adjacent
      to the pump chamber and communicated therewith through said inlet, and
      further characterized by:
PA1  A. a second ball valve element in said inlet valve chamber movable in
      opposite directions between a closed position preventing flow of molten
      thermoplastic into the pump chamber and an open position permitting such
      flow;
PA1  B. means biasing said second ball valve element towards its closed
      position, the last named means comprising a second leaf spring in the form
      of a thin, flat strip of metal having a captive end portion and a free end
      portion; and
PA1  C. coacting opposing surfaces on two adjacent body forming elements having
      the captive end portion of said second leaf spring clamped therebetween to
      thereby secure the second leaf spring in position with its free end
      portion extending into said inlet valve chamber and engaging said second
      ball valve element and with the opposite faces of its free end portion
      substantially parallel to and between the relatively closely spaced top
      and bottom walls of the inlet valve passage and normal to the directions
      of movement of the second ball valve element so that the inlet valve
      chamber can have a small volume to insure accurate metering of the
      quantity of molten thermoplastic drawn into the pump chamber and
      discharged therefrom during each cycle of plunger reciprocation.
NUM  6.
PAR  6. An applicator by which molten thermoplastic adhesive from a source
      thereof at low pressure can be dispensed in rapidly successive small,
      discrete, uniform quantities, said applicator comprising:
PA1  A. body means having a substantially flat bottom face and having therein
PA2  1. a bore opening to said bottom face and providing a pump chamber,
PA2  2. an inlet chamber communicable with the pump chamber and in which a small
      supply of molten adhesive can be retained, there being an inlet through
      another face of the body means by which said inlet chamber can be
      connected with a remote source of molten adhesive under low pressure, and
PA2  3. passage means leading from the inlet chamber to said bottom face, said
      passage means terminating in a counterbore which opens to said bottom face
      in spaced relation to the pump chamber and which provides an inlet valve
      chamber, and
PA2  4. said body means having in its said bottom face an elongated leaf spring
      groove which extends lengthwise in one direction from said counterbore and
      which is laterally spaced from said pump chamber;
PA1  B. a closely fitting plunger reciprocable in the pump chamber;
PA1  C. plunger actuating means operatively connected with the plunger to
      reciprocate the same successively in a first direction to draw molten
      adhesive from the inlet chamber into the pump chamber and in the opposite
      direction to expel molten adhesive from the pump chamber;
PA1  D. a first ball check valve element in said inlet valve chamber movable to
      and from a closed position preventing flow of molten adhesive from the
      inlet valve chamber towards the inlet chamber;
PA1  E. a first flat, elongated leaf spring located in said groove and having a
      free end portion engaged with the first valve element, for biasing the
      same towards its closed position;
PA1  F. an upper plate-like member secured in flatwise underlying relationship
      to said bottom face of the body means, said upper plate-like member having
      substantially flat top and bottom faces and
PAR  1. having a small diameter bore coaxial with the pump chamber and a coaxial
      counterbore opening to its bottom face that provides an outlet valve
      chamber,
PA2  2. having in its upper face a substantially L-shaped groove that
      communicates the inlet valve chamber with the pump chamber, one leg of
      said groove terminating at the pump chamber and the last-mentioned bore,
      the other leg thereof being in register with a part of said groove in the
      body means, to provide a spring chamber in which said one end portion of
      the first leaf spring is flatwise movably received, the other end portion
      of said leaf spring being confined in said spring chamber by the flat
      upper surface of the upper member, and
PA2  3having in its lower face a shallow, elongated groove that extends
      lengthwise from said counterbore in the upper plate-like member;
PA1  G. a second ball check valve element in said counterbore that is in the
      upper plate-like member, movable between a closed position blocking flow
      of molten thermoplastic upwardly into the pump chamber and an open
      position permitting flow downwardly out of the pump chamber;
PA1  H. a second elongated, flat leaf spring, located in said groove in the
      bottom surface of the upper plate-like member and having a free end
      portion engageable with said second valve element for biasing the same
      towards its closed position; and
PA1  I. a lower plate-like member having a substantially flat top surface and
      secured in flatwise underlying relation to the upper plate-like member,
      said lower plate-like member
PA2  1. having a small diameter outlet passage therethrough that is coaxial with
      the pump chamber, and
PA2  2 having in its upper surface an elongated shallow groove to which said
      outlet passage opens and which registers with said groove in the lower
      face of the upper plate-like member to provide a spring chamber in which
      said one end portion of the second leaf spring is movably received, the
      other end portion of said second leaf spring being held in place by the
      flat upper surface of the lower plate-like member.
NUM  7.
PAR  7. The applicator of claim 6, wherein said body means has a substantially
      flat top face opposite said bottom face, and wherein said plunger projects
      beyond the top face, further characterized by:
PA1  I. a reciprocating pneumatic motor comprising a cylinder and a piston;
PA1  J. means securing said pneumatic motor to the body means in spaced relation
      to the top face thereof and in coaxial relation to the pump chamber; and
PA1  K. a link connecting the projecting end portion of the plunger with the
      piston of the pneumatic motor, said link being accommodated in the space
      between the body means and the pneumatic motor.
NUM  8.
PAR  8. The applicator of claim 7, further characterized by:
PA1  means on the cylinder providing an adjustable stop engageable by the piston
      to define the limit of its reciprocating motion in one direction,
      adjustment of said means providing for control of the quantity of fluid
      expelled by the plunger at each reciprocation thereof.
NUM  9.
PAR  9. A dispenser having a discharge orifice and by which molten thermoplastic
      fluid can be delivered from a source thereof to a zone of use in
      successive small, discrete, uniform quantities, said dispenser comprising:
PA1  A. a body having
PA2  1. opposite faces,
PA2  2. a bore having one of its ends opening to one of said opposite faces,
      said bore providing a pump cylinder with a mouth defined by said end of
      the bore, and
PA2  3. an inlet compartment having
PA3  a. an entrance through which molten thermoplastic fluid enters the
      dispenser from a source thereof, and
PA3  b. an exit opening to said face of the body at a point spaced from but
      adjacent to the mouth of the pump cylinder;
PA1  B. a plunger reciprocable in the pump cylinder to draw fluid into the
      cylinder from the inlet compartment during its charging stroke and to
      expel fluid from the cylinder during its discharing stroke;
PA1  C. a passage-forming assembly secured to said face of the body to coact
      with the plunger in delivering fluid to the pump cylinder and discharging
      the same through the discharge orifice of the dispenser, said assembly
      comprising
PAR  1. a pair of inner and outer overlying plates, the former being contiguous
      to said face of the body,
PA2  2. means on the outer plate providing the discharge orifice of the
      dispenser,
PA2  3. means at the interface of said inner plate and said face of the body
      defining
PA3  a. an inlet valve chamber in open communication with the mouth of the pump
      cylinder and with the exit of said inlet compartment, and
PA3  b. an inlet valve seat with a port therethrough, and an outlet valve seat
      with a port therethrough, the former being between the exit of the inlet
      compartment and the inlet valve chamber, and the latter providing an exit
      from said inlet valve chamber,
PAR  4. means at the interface between said inner and other plates defining an
      outlet valve chamber that has open communication with the discharge
      orifice and that communicates with the inlet valve chamber through the
      port of said outlet valve seat,
PA2  5. a ball in each of said valve chambers, and
PA2  6. first and second leaf springs, each having an anchored end portion and a
      free end portion,
PA3  the first leaf spring having its anchored end portion clamped between the
      inner plate and said face of the body with its free end portion projecting
      into the inlet valve chamber and engaging the ball therein, to yieldingly
      hold the same on its respective seat, and
PA4  the second leaf spring having its anchored end portion clamped between the
      inner and outer plates with its free end portion extending into the outlet
      valve chamber and engaging the ball therein, to yieldingly hold the same
      on its respective seat,
PA3  the orientation of the inlet and outlet valve chambers and their respective
      valve seats being such that during the charging stroke of the plunger the
      ball in the outlet valve chamber is drawn onto its seat enabling fluid to
      be drawn into the pump cylinder, while during the discharging stroke the
      disposition of the balls with respect to their seats is reversed enabling
      fluid to be forced from the pump cylinder and out of the discharge
      orifice; and
PA1  D. means for reciprocating the plunger.
NUM  10.
PAR  10. The dispenser of claim 9, wherein said means for reciprocating the
      plunger comprises a pneumatic motor, and further characterized by:
PA1  A. a heating element in said body to heat the same and assure that fluid
      flowing therethrough will be at a high enough temperature for dispensing;
PA1  B. means rigidly mounting said pneumatic motor on the body at the face
      thereof that is opposite said face at which said passage-forming assembly
      is located but in spaced relation to the body, so that the pneumatic motor
      is thermally insulated from the body; and
PA1  C. means forming a motion transmitting connection between the pneumatic
      motor and the plunger.
NUM  11.
PAR  11. The dispenser of claim 10, further characterized in that
PA1  said leaf springs are flatwise normal to the axes of their associated valve
      seats, so that the valve chambers into which their free end portions
      project can have a small volume and still accommodate flexing of the free
      end portions of the leaf springs.
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ABST
PAL  A syrup tank for a post-mix carbonated beverage vendor comprising a
      container open at the top and a removable cover having an opening for
      pouring syrup into the container, the cover having flanges forming a
      channel surrounding the pouring opening for collecting liquid being poured
      which misses the opening to prevent it from running down on the outside of
      the container to the floor, with an auxiliary cover member separate from
      said cover carrying a syrup pick-up tube extending down into the
      container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to tanks, and more particularly to a syrup tank for
      a post-mix carbonated beverage vendor.
PAR  The invention is especially concerned with a syrup tank of the class
      described meeting the requirements of Section 406 entitled
      "Non-Pressurized Food Containers" of the present Health and Sanitization
      Evaluation Manual Code of the National Automatic Merchanidising
      Association. Such tanks are used in post-mix vendors, a number of such
      tanks usually being provided in the cabinet of a vendor on the floor of
      the cabinet in a single row side-by-side, sometimes in two rows. Tanks
      such as used at present generally comprise a container of relatively long
      and narrow rectangular shape in plan having a removable cover with a
      circular pouring opening in the cover, a flange extending up around the
      opening, and a lid fitting on the flange. Also, meeting the above-noted
      Code, the cover is generally shaped so that any syrup being poured into
      the container which misses the pouring opening will run off the cover or
      down the sides of the container onto the floor. Even if the routeman is
      sufficiently diligent to endeavor to clean up the tanks and floor, his
      task is difficult because of the difficulty of removing the tanks for
      clean-up, noting that a filled tank may weigh as much as 60 pounds, making
      it difficult to remove it, clean it and replace it in the cabinet, in
      addition to which removal is prone to cause sloshing and spilling of
      syrup.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, among the several objects of this invention may be noted the
      provision of an improved tank of the class described which simplifies the
      clean-up problem attendant upon pouring syrup into the tank; and the
      provision of such a tank which reduces the possibility of spillage when
      pouring syrup into the tank.
PAR  In general, a tank of this invention comprises a container open at the top
      and a cover for the top having an opening therein for pouring a liquid
      (e.g., syrup) into the container, the cover also being formed with a
      channel surrounding said opening for collecting liquid being poured which
      misses said opening to prevent such spillage from running down the outside
      of the container to the floor, and said cover being removable from the
      container for pouring out the collected spillage and cleaning the cover.
DRWD
PAR  Other objects and features will be in part apparent and in part pointed out
      hereinafter.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in elevation of one side of a tank of this invention;
PAR  FIG. 2 is a plan of the FIG. 1 tank with a lid removed;
PAR  FIG. 3 is a view in elevation of the right side of the FIG. 1 tank, taken
      on line 3--3 of FIG. 1;
PAR  FIG. 4 is a view in elevation of the left side of the FIG. 1 tank, taken on
      line 4--4 of FIG. 1;
PAR  FIG. 5 is a view in elevation of the FIG. 1 tank taken on line 5--5 of FIG.
      2;
PAR  FIG. 6 is a vertical section on line 6--6 of FIG. 2, showing the lid in
      place;
PAR  FIG. 7 is an exploded perspective;
PAR  FIG. 8 is an enlarged fragment of FIG. 2; and
PAR  FIG. 9 is a section on line 9--9 of FIG. 8.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, a tank of this invention, designated in its
      entirety by the reference numeral 1, is shown to comprise a container 3
      open at the top and a cover 5 for the top of the container having an
      opening 7 therein for pouring a liquid (e.g., syrup) into the container.
      The cover is also formed with a channel 9 surrounding the opening 7 for
      collecting liquid being poured which misses the opening to prevent such
      spillage from running down the outside of the container to the floor on
      which the container stands. The cover is removable from the container for
      pouring out the collected spillage and cleaning the cover. The channel 9
      is shaped for flow of liquid collected in the channel to a low zone of the
      channel. The cover 5 covers part of the top of the container and
      constitutes the main cover of the tank, the remainder of the top of the
      container being covered by an auxiliary cover member 11 having a pick-up
      tube 13 extending downwardly therefrom into the container, having means 15
      constituted by the upper end of the tube for connecting a line (not shown)
      to the tube for drawing liquid (e.g., syrup) out of the container. This
      auxiliary cover member 11 along with the pick-up tube is removable from
      the container, and the main cover 5 is removable without removing the
      auxiliary cover member.
PAR  The container 3 is rectangular in plan, having a rectangular bottom 17 and
      four sides 19, 21, 23 and 25 with rounded vertical corners 27. It is
      preferably molded of polypropylene, although the material from which it is
      made is not at all critical. The main cover 5, which may be molded of the
      same material as the container, is pentagonal, having two sides 29 and 31
      at right angles to one another meeting at a rounded corner 33, these two
      sides matching sides 25 and 23 of the container, a third side 35 at right
      angles to side 29 meeting it at a rounded corner 37, and a fourth side 39
      at right angles to side 31 meeting it at a rounded corner 41. Sides 35 and
      39 match sides 19 and 21 of the container. At 43 is indicated the fifth
      side extending between the ends of sides 35 and 39. The opening 7 in the
      cover is rectangular and relatively large in relation to the side of the
      cover. The channel 9 surrounding the opening 7 is formed by an inner
      flange 45 extending up from the cover around the opening and an outer
      flange 47 extending up from the cover all around at its periphery. The
      cover has a flange 49 extending downwardly therefrom at its periphery
      along sides 29, 31, 35 and 39, this flange 49 having a telescoping sliding
      fit on the outside of the sides of the container. Flanges 47 and 49 are
      coplanar at the periphery of the cover. The container and cover may have
      snap-fit means as indicated at 50.
PAR  As noted above, the channel 9 is sloped; in this regard, it has bottom
      portions 9a- 9d at sides 35, 39, 31 and 29, respectively. Bottom portion
      9a and bottom portions 9b and 9c slope down from high points 51 of the
      bottom of the channel at the side 43 of the cover to the ends of bottom
      portion 9d, which is the low zone of the channel, and which is generally
      level from end-to-end. It is to be noted that portion 9d is at a side of
      the cover away from the corner occupied by the auxiliary cover member 11.
PAR  The inner flange 45 of the cover is higher than the outer flange 47 to
      preclude liquid collected in the channel 9 from spilling over into the
      container 3. The upper edge 53 of the inner flange of the cover is
      horizontal all the way around. At 55 is indicated a lid fitting on the
      inner flange 45, the lid having a downwardly extending peripheral flange
      57 which has a telescoping sliding fit on the outside of the inner flange
      45. The upper edge of the outer flange 47 may be sloped as indicated at 59
      on sides 31 and 35 of the cover down to the side 29.
PAR  The auxiliary cover member 11, which may be molded of the same material as
      the container, has a flat body portion 61 generally of triangular outline
      in plan with the two legs of the triangular outline at right angles and
      meeting at a rounded corner 63 corresponding to the rounding of the
      vertical corners 27 of the container 3. Member 11 fits removably on top of
      the container at a corner of the container (the corner at the juncture of
      sides 19 and 21 as shown). It has a flange 65 extending down along its two
      legs and a flange 67 on the inside of flange 65 forming a groove 69 for
      receiving said corner of the container with a telescopic fit. The side 43
      of the cover 5 is inset at its bottom as indicated at 71 and the cover has
      a recess 73 at side 43 opening downwardly to this inset for receiving a
      flat flange 75 extending up from the body 61 at the base (hypotenuse) of
      its triangular outline. The auxiliary cover member 11 has a tubular boss
      77 extending up from the body 61 thereof.
PAR  Pick-up tube 13 is secured in this boss as by having an annular groove 79
      receiving an internal annular bead 81 at the upper end of the boss, and
      extends down from the boss into the container 3. An upwardly extending
      portion of the tube constitutes the means 15 for connecting the syrup line
      (not shown).
PAR  The tank 1 as above described is particularly for use as a syrup tank in a
      post-mix carbonated beverage vendor. It will be understood that such a
      vendor will have a plurality of the tanks 1 placed therein for holding
      different flavors, the tanks usually being arranged side-by-side in a row.
      Each tank is preferably placed in the vendor with its side 25 (and hence
      the low zone 9d of channel 9) toward the front. Syrup lines (not shown)
      are connected between the upper ends 15 of the syrup tubes 13 of the tanks
      and the usual syrup pumps on the vendor.
PAR  A tank may be filled with syrup by removing the lid 55 and pouring the
      syrup into the container 3 through the opening 7 in the cover 5. The
      opening 7, being of the rectangular shape shown, presents a good target
      for syrup entry, and reduces the possibility of spillage; but if any syrup
      is spilled in being poured into the container, it is collected in the
      channel 9 and flows down and is collected in the low zone of the channel
      at 9d. If more syrup is spilled than can be collected in the channel 9, it
      cannot enter the container because the flange 45 is higher than the flange
      47, and spills over the flange 47 at the front 25 of the container,
      running down the front of the container to the floor of the vendor on
      which the container rests. Since the spillage is at the front, the
      container and floor may be readily cleaned without having to take the
      container out of the vendor. The cover 5 may be readily removed for
      cleaning without having to remove the syrup line, the auxiliary cover
      member 11 remaining in place on the container. The fact that the cover 5
      may be removed without having to disconnect the syrup line encourages the
      sanitation of the cover.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tank comprising a container open at the top and a cover for the top
      having an opening therein for pouring a liquid into the container, the
      cover also being formed with a channel surrounding said opening for
      collecting liquid being poured which misses said opening to prevent such
      spillage from running down the outside of the container to the floor, and
      said cover being removable from the container for pouring out the
      collected spillage and cleaning the cover, said cover covering part of the
      top of the container and constituting the main cover of the tank, the
      remainder of the top of the container being covered by an auxiliary cover
      member having a pick-up tube extending downwardly therefrom into the
      container and means for connecting a line to the tube for drawing liquid
      out of the container, said auxiliary cover member along with said pick-up
      tube being removable from the container, the main cover being removable
      without removing the auxiliary cover member.
NUM  2.
PAR  2. A tank comprising a container open at the top and a cover for the top
      having an opening therein for pouring a liquid into the container, said
      cover having an upwardly extending inner flange surrounding said opening,
      an upwardly extending outer flange surrounding said inner flange, and a
      downwardly extending flange interfitting said container, said inner and
      outer flanges in conjunction with the portion of the cover between said
      inner and outer flanges defining a channel surrounding said opening for
      collecting liquid being poured which misses said opening to prevent such
      spillage from running down the outside of the container to the floor, said
      cover being removable from the container for pouring out the collected
      spillage and cleaning the cover, the inner flange being higher than the
      outer flange to preclude liquid collected in the channel from spilling
      over into the container.
NUM  3.
PAR  3. A tank as set forth in claim 2 having a lid fitting on the inner flange.
NUM  4.
PAR  4. A tank as set forth in claim 2 wherein a portion of the cover between
      the flanges constituting the bottom of the channel is sloped for flow of
      liquid collected in the channel to a portion of the channel at one side of
      the cover.
NUM  5.
PAR  5. A tank comprising a container open at the top and a cover for the top
      having an opening therein for pouring a liquid into the container, the
      cover also being formed with a channel surrounding said opening for
      collecting liquid being poured which misses said opening to prevent such
      spillage from running down the outside of the container to the floor, and
      said cover being removable from the container for pouring out the
      collected spillage and cleaning the cover, the channel being formed by an
      inner flange extending up from the cover around said opening and an outer
      flange extending up from the cover at its periphery, the inner flange
      being higher than the outer flange to preclude liquid collected in the
      channel from spilling over into the container, a portion of the cover
      between the flanges constituting the bottom of the channel being sloped
      for flow of liquid collected in the channel to a portion of the channel at
      one side of the cover, said cover covering part of the top of the
      container and constituting the main cover of the tank, the ramainder of
      the top of the container being covered by an auxiliary cover member having
      a pick-up tube extending downwardly therefrom into the container and means
      for connecting a line to the tube for drawing liquid out of the container,
      said auxiliary cover member along with said pick-up tube being removable
      from the container, the main cover being removable without removing the
      auxiliary cover member.
NUM  6.
PAR  6. A tank as set forth in claim 5 wherein the container is rectangular, the
      auxiliary cover member being located at a corner of the container, the
      cover having four sides at the four sides of the container and a fifth
      side at said corner.
NUM  7.
PAR  7. A tank as set forth in claim 6 wherein the opening in the cover is
      rectangular and the channel thereby has four portions along said four
      sides.
NUM  8.
PAR  8. A tank as set forth in claim 7 wherein the channel is sloped for flow of
      liquid in the channel to the portion of the channel at one side of the
      cover.
NUM  9.
PAR  9. A tank as set forth in claim 7 wherein said one side of the cover is a
      side away from said corner.
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ABST
PAL  An apparatus and a method are disclosed for loosening compacted fibrous
      material in a container whereby the fibrous material will flow freely out
      through an outlet located in the bottom of the container. Agitation means
      are provided on the sidewalls of the container adjacent to the outlet to
      create and maintain an open space adjacent the outlet. A flexible, tubular
      member is placed in said container so that a free portion having an open
      end extends into the open space a sufficient distance that when a
      pressurized fluid is passed through the flexible member and out of its
      open end it causes whip-like movements of the free portion within the open
      space causing the pressurized fluid to be directed upwardly towards the
      fibrous material compacted overhead to loosen and dislodge the fibrous
      material.
PARN
PAR  This is a continuation of application Ser. No. 347,017, filed Apr. 2, 1973
      now abandoned which was a continuation of application Ser. No. 147,911
      filed May 28, 1971 and now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method and apparatus for dispensing
      solid materials and more particularly to a new and improved method and
      apparatus for dispensing fibrous or fiber-like materials from containers.
PAR  2. Discussion of the Prior Art
PAR  Fibrous materials, such as asbestos fibers or other similar solid materials
      are being shipped in Pressure-Flow tank cars made for rail transport of
      dry bulk products. Each of the tank cars is divided into a plurality of
      inverted cone-shaped compartments or containers and the various containers
      are unloaded by introducing a compressed fluid, such as air, into the
      containers. The air pressure developed within the containers forces the
      aerated fibers out of the bottom of the cone of the containers and into
      pipes through which the fibers are blown into storage silos.
PAR  Although such arrangements have proved to be advantageous compared to
      manual unloading procedures, they have not proven entirely satisfactory
      under all conditions of service because considerable difficulty in
      unloading has been experienced due to compaction of the fibers in transit.
      This compaction has made it especially difficult, if not impossible, for
      compressed air emitted from fixed nozzles to completely loosen all of the
      fibers within the container. Frequently, the fibers compact into a
      bridge-like form within the container that prevents a significant
      proportion of the fibers from being unloaded. As a result, the expensive
      and time-consuming procedure of manually scraping and loosening the fibers
      remaining in the container has been necessary to ensure the complete
      evacuation of the fibers from the container.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, a primary object of the present invention to provide a
      new and improved method and apparatus for efficiently dispensing solid
      materials from shipping containers.
PAR  Another object is to provide a new and improved method and apparatus for
      dispensing fibrous materials from inverted, cone-shaped containers wherein
      the apparatus is simple and rugged in construction, is highly efficient in
      breaking down bridging of the fibrous materials in the containers, and can
      be readily installed in existing containers.
PAR  Additional objects and advantages of the invention will be set forth in
      part in the description which follows, and in part will be obvious from
      the description, or may be learned by practice of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  To achieve these objects and in accordance with its purpose, this invention
      provides a simply constructed and inexpensive apparatus that ensures
      complete evacuation of compacted solids, including fibers, from a
      container having a discharge outlet. The invention works in conjunction
      with agitating means positioned adjacent the outlet for discharging a
      portion of the material adjacent the discharge opening and creating an air
      space. The invention comprises conduit means for introducing pressurized
      fluid into the container, and at least one flexible, hollow, tubular
      member located within the container and having one end connected to said
      conduit means for passing pressurized fluid to the interior of the tubular
      member and then out of the tubular member and into the container.
PAR  Preferably, the conduit means include at least one rigid pipe mounted
      within the container for introducing pressurized fluid to the interior of
      said tubular member, and the agitation means includes at least one fixedly
      positioned aerating nozzle mounted within the container for passing
      pressurized fluid directly into the container.
PAR  The invention also includes a method of loosening compacted solid material
      to enable substantially complete evacuation of the material through a
      discharge outlet of a container. The solid material adjacent the discharge
      outlet is agitated to discharge a small quantity of material from the
      container and form an opening within the container above the outlet. One
      end of a flexible tubular, whip-like member is fixed within the container
      with the other end of the whip-like member being free to move through the
      opening created by the initial agitation step. Pressurized fluid is
      introduced through the flexible member and into the container to cause
      whip-like movements by the flexible member and the discharge of fluid from
      said tubular member onto varying portions of the solid material whereby
      complete evacuation of the solid materials from the container through the
      discharge outlet can be accomplished.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate examples of several embodiments of the
      invention and together with the description serve to explain the
      principles of the invention.
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic elevation, partly in section, of a prior art
      shipping container for fibrous material.
PAR  FIG. 2 is a diagrammatic top plan view of the container of FIG. 1.
PAR  FIG. 3 is a diagrammatic elevation, partly in section, of a shipping
      container and showing one embodiment of the present invention.
PAR  FIG. 4 is a diagrammatic end elevation, partly in section, of FIG. 3.
PAR  FIG. 5 is a diagrammatic elevation, partly in section, of still another
      embodiment of the invention.
PAR  FIG. 6 is a diagrammatic elevation, partly in section, of still another
      embodiment of the invention.
PAR  FIG. 7 is a diagrammatic plan view of the embodiment illustrated in FIG. 6;
      and
PAR  FIG. 8 is a diagrammatic side elevation, partly in section, of another
      embodiment of the invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to the drawings, wherein like characters designate like or
      corresponding parts throughout the several views, there is shown in FIGS.
      1 and 2 a conventional inverted cone shipping container 10 for
      transporting solid materials, such as asbestos fibers and the like. FIG. 1
      illustrates the configuration that a fibrous material 20 frequently takes
      after air under pressure is used to attempt to discharge the container. A
      plurality of aeration pipes 12 are located within the container and along
      the lower portions of the interior walls of the inverted conical shape
      which converges to a discharge outlet 14. A plurality of upper aeration
      pipes 26 are located along the upper portions of the interior walls of the
      inverted conical shape. A supply pipe 16 is coupled to a header 18 so that
      compressed fluid, such as air, can be forced through pipe 16 into lower
      aeration pipes 12 spaced around the sloping side of the container, and out
      through suitable apertures (not shown) in aeration pipes 12.
PAR  The aeration of material 20 within the container and the pressure created
      by the air within the container force some of the material down and out
      through outlet 14. A valve 22 is connected in series with outlet 14 for
      controlling the flow of material from container 10, through piping 24 to a
      desired destination, such as a storage silo (not shown). Containers 10 are
      formed by compartmentalizing a Pressure-Flow tank car designed for
      transport of dry bulk products.
PAR  Experience has shown that vibration during transport of fibrous material 20
      causes the material to settle within the containers and to compact to a
      relatively rigid state, particularly in the bridged area indicated at 25
      in FIG. 1. The introduction of compressed air into container 10 through
      the lower bank of aeration pipes 12 always succeeds in evacuating the
      bottom portion of container 10 which is formed by the walls of cone 30.
      However, once the lower ends of the upper bank of aeration pipes 26 are
      exposed, the pressure created by the air causes a central hole 28 to
      develop through material 20, as illustrated in FIG. 1, leaving the
      remaining material hung up or bridging on the sides of the container, as
      illustrated at 25. As a result, it has been necessary to manually scrape
      or shovel the material at 25 into the lower portion of the cone before it
      could be discharged from the container.
PAR  As best shown in FIG. 3, the present invention provides an efficient
      apparatus and method that eliminates hang-ups and bridging of the material
      and ensures complete evacuation of the solid material from container 10
      through discharge outlet 14.
PAR  Agitation means are provided for dislodging a portion of the solid
      materials positioned adjacent the discharge outlet of the container. The
      agitation means permit the dislodged material to flow from the container
      and help create an air space adjacent the discharge outlet. The agitation
      means can be selected from a variety of mechanical devices or pneumatic
      arrangements that are well-known in the art.
PAR  As illustrated in the embodiment of FIG. 3, the agitation means comprise a
      plurality of aerating pipes 12 which direct streams of pressurized air at
      the material in the bottom of container 10. Pneumatic pressure generated
      by the introduction of pressurized air from nozzles 12 causes solid
      material positioned adjacent outlet 14 to be discharged through the
      outlet.
PAR  A supply pipe 16 is connected to a header 18 so that compressed air, can be
      forced through pipe 16, into aeration pipes 12, spaced around the sloping
      sides of the container, and out through suitable apertures (not shown) in
      aeration pipes 12. The aeration of material 20 within the container and
      the pressure created by the air within the container force some of the
      material down and out through oulet 14. A valve 22 is connected in series
      with outlet 14 for controlling the flow of material from container 10,
      through piping 24 to a desired destination, such as a storage silo (not
      shown).
PAR  Conduit means are provided for introducing pressurized fluid into the
      container. In preferred embodiments, the conduit means also function as a
      fixed means on which one end of a flexible tubular member is mounted. As
      illustrated in the embodiment of FIG. 3, the conduit means comprise pipes
      38 and 38' which introduce pressurized fluid from supply lines 40 and 40'
      into the container. The end portions 41 and 41' of pipes 38 and 38' are
      vertically aligned and are positioned above discharge outlet 14. As here
      embodied, the conduit means also includes separate valves 44 and 46 which
      are located on fluid supply lines 40 and 40', respectively, to control the
      supply of compressed air to a pair of flexible whip-like members 42 and
      42' (discussed below).
PAR  In accordance with the invention, a flexible, hollow, tubular and whip-like
      member is located within the container. One end of the tubular member is
      connected to the conduit means to fix the position of this end and to
      permit passage of fluid from the conduit means to the interior of the
      tubular member. When pressurized fluid is passed into and through a
      flexible member mounted as described above, with one end fixed and the
      other completely free to move, the flexible member moves like a whip.
PAR  It is believed that at least three factors contribute to the surprisingly
      effective displacement results that are achieved: (a) the flexible tubular
      member achieves a large area of coverage due to its whip-like motion; (b)
      the pneumatically applied force caused by the compressed fluid emitted
      from the tubular member; and (c) the mechanical shearing action of the
      exterior of the moving tubular member as it contacts the solid material.
PAR  As illustrated in the embodiment of FIG. 3, a pair of flexible tubular
      members 42 and 42' are provided. The upper end of the tubular members are
      connected to the end portions 41 and 41' of the pipes, while the lower end
      of the tubular members are free to move in all directions in reaction to
      gas emitted from their free end. Preferably, and as illustrated in FIG. 3,
      only a single discharge opening 47 or 47' is provided at the end of each
      tubular member for passing air into the container. The use of a single end
      opening helps provide a strong blast of air for dislodging the solid
      material and for exerting a strong reaction force on the tubular member.
PAR  The tubular members 42 and 42' must be flexible and should be abrasion
      resistant. A wide variety of elastomeric materials can be used to form the
      tubular members including natural rubber; various synthetic rubbers, and
      various linear or cross-linked synthetic organic plastic materials such as
      polyvinyl chloride and polypropylene. Preferably, the tubular members are
      cylindrical with an annular cross-section and have inside diameters of
      from 1/2 inch to 1 inch and outside diameters of from 1 inch to 13/4 inch.
      However, it should be understood that for unloading some materials an
      irregular outer wall surface for the tubular member is sometimes
      desirable.
PAR  Flexible members 42 and 42' desirably have an outside diameter of from 1
      inch to 13/4 inch and an inside diameter of from 1/2 inch to 1 inch and a
      length of about 6 feet. The desired length, diameter, and material of
      construction of the flexible members varies with the size of the container
      to be evacuated and the number of flexible members utilized, the
      characteristics of the material being conveyed and the conveying fluid.
      For example, when a single substantially centrally located flexible,
      whip-like member, as shown in FIG. 8 is provided, the flexible member must
      be long enough to reach all portions of the material that tend to compact,
      and the inside diameter of the member should allow passage of a large
      enough volume of air to create whipping action and provide mechanical and
      pneumatic shear.
PAR  In the operation of the apparatus of FIG. 3, container 10 is initially
      filled with a solid material such as asbestos fibers and the material is
      transported to a desired destination. During transportation, the material
      is compacted by vibration. When evacuation of the compacted material from
      the container is desired, compressed air is introduced into container 10
      by opening valve 50 on fluid supply pipe 16 to agitate and aerate material
      positioned directly above outlet 14. Then valve 22 is opened and material
      is discharged from container 10. An air space is thus produced above
      outlet 14.
PAR  Valves 44 and 46 in pipes 40 and 40' are opened. The passage of
      high-pressure air through pipes 38 and 38' and into flexible, whip-like
      members 42 and 42' and the discharge of gas from the free end of these
      members cause whip-like action by the flexible members so that they
      rapidly move about within the container. The whip-like members exert
      direct shearing forces on the compacted solid material and at the same
      time direct a high-pressure air stream at varying angles and at different
      portions of the surface area and the mass of the compacted solid material.
      This combination of rapid whip-like movement of members 42 and 42' into
      contact with the compacted fibers together with the flow of compressed air
      over almost all portions of the surface of the compacted fibers dislodges
      and fluidizes the fibers and enables the desired evacuation of the fiber
      material from the container through discharge outlet 14. The high-pressure
      air introduced by pipes 12 and flexible members 42 and 42' creates a high
      pressure within the container. Flow of air from the container to a low
      pressure zone carries the dislodged solid material from the container.
PAR  Another embodiment of the invention is illustrated in FIG. 5. A
      substantially rigid, hollow, tubular guide member 52 extends through the
      upper wall 54 of container 10 in an air-tight sealed relationship which
      permits vertical movement of member 52 relative to wall 54. Preferably,
      member 52 slides relative to wall 54 and a conventional stuffing box 55 or
      mechanical seal provides the seal. Member 52 is vertically aligned above
      discharge outlet 14. The upper end of tubular member 56 is axially mounted
      on a supply line 57 in fluid flow communication therewith. Member 56
      extends coaxially down rigid member 52 with the bottom end 60 of member 56
      extending into container 10 beyond the lower end 58 of the rigid member
      and being free to move. A sealing ring of nylon or the like interconnects
      member 52 and flexible tubular member 56 to prevent escape of gas up the
      interior of member 52 and to permit member 52 to slide vertically with
      respect to flexible tubular member 56. Compressed air passes through
      supply line 57 into member 56 and then passes out end 60.
PAR  In the embodiment of FIG. 5, agitation means comprising aeration pipes 12
      are provided for creating an opening above outlet 14.
PAR  The passage of compressed air through tube 56 causes the free end 60 to
      rapidly move about within the container in a whip-like motion. As the
      material around tube end 60 is dislodged, the free length of tube end 60
      is increased by sliding member 52 upward. Continuing the whipping action
      of tube end 60 dislodges compacted materials from increasing heights in
      the container. Similar results can be achieved by withdrawing both member
      52 and tube 56 upwardly so the free length of tube end 60 remains
      constant.
PAR  Still another embodiment of the invention is illustrated in FIGS. 6 and 7
      in which eight flexible members are installed along the interior wall of
      the conical portion 30 of container 10. A first group of four flexible
      members 42 are spaced apart substantially 90.degree. from each other, as
      best seen in FIG. 7, and are located at a first level along the side of
      conical portion 30. A second group of four flexible members 43 are located
      adjacent the interior wall of container 10 at a position above members 42.
      Flexible members 43 are also spaced substantially 90.degree. from each
      other and are offset from the lower series of members 42 by about
      45.degree..
PAR  As in the previously described embodiment, aerating pipes 12 are positioned
      adjacent the discharge opening. Air is supplied to lower flexible
      whip-like members 42 via fluid pipes 40 and header 45 while a separate air
      supply 60 and header 61 provide compressed air to upper flexible members
      43.
PAR  The operation of this embodiment is similar to the previously described
      embodiments. Air is forced directly into container 10 through fluid supply
      pipe 16 and aerating members 12, and at the same time, compressed air is
      forced through flexible members 42 and 43. The passage of compressed air
      through the flexible members causes them to move in a whip-like manner to
      physically contact the fibrous material within the container while at the
      same time directing a flow of compressed air over almost all portions of
      the surface of the fiber within the container. As a result, the container
      is successfully evacuated.
PAR  This invention provides an efficient apparatus for effectively dispensing
      solid materials from a container and particularly for effectively
      dispensing fibrous materials which tend to compact within the container
      due to vibration during transportation.
PAR  The invention in its broader aspects is not limited to the specific details
      shown and described and departures may be made from such details without
      departing from the principles of the invention and without sacrificing its
      advantages.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for dispensing compacted fibrous material from a
      container having a discharge outlet and a sloping sidewall adjacent to
      said outlet, said sloping sidewall having fixed nozzles mounted thereon
      for loosening the material in the portion of the container adjacent said
      sloping sidewall, comprising conduit means for introducing pressurized
      fluid into the container, and at least one flexible, hollow, tubular
      member connected to said conduit means, said at least one flexible,
      hollow, tubular member having a free portion and an open end and being of
      sufficient length to extend said open end into the portion of the
      container adjacent said nozzles a sufficient distance to cause a whip-like
      movement of said free portion when said pressurized fluid is passed
      therethrough whereby said fibrous material compacted above said open end
      is loosened for removal from said container, the improvement comprising:
PA1  a vertically extending tubular guide member, said guide member being
      slideably mounted on a top wall of the container in sealing relationship
      with the top wall, with said flexible tubular member extending along said
      guide member and slidably mounted within said guide member in sealing
      relationship with the interior wall surface of said tubular guide member
      to permit varying the elevation of said guide member and thus varying the
      exposed length of said flexible tubular member.
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ABST
PAL  Disclosed is a slidable gate for controlling flow of liquid metal from a
      bottom pour vessel. The gate is springpressed against a top plate. The
      springs engage bolts, the heads of which have a large number of small
      projections contacting the underside of the gate, whereby less heat is
      transmitted from the gate to the bolts and springs, and their useful life
      is prolonged.
BSUM
PAR  This invention concerns a slider valve for ladles for liquid metals,
      especially steel. A well established type of slider valve comprises a
      fixed, ceramic, replaceable head plate, mounted in a steel frame and a
      replaceable, ceramic sliding plate, mounted in a sliding frame, which
      grips, from underneath, the head plate, which can be shifted with respect
      to the latter, which is, by preference, power operated, which is pressed
      against the head plate by spring loaded bolts. The latter comprise a
      reinforced head, a compression spring acts upon the inner surface of the
      head and the upper surface of the head applies pressure to the bottom
      surface of the sliding plate.
PAR  Slider valves of this type have a sufficiently long life. The orifices in
      the head plate and in the sliding plate are formed by ceramic parts and
      therefore consist of mechanically strong and thermally resistant material.
      The head and the sliding plate can be easily replaced in case of damage or
      when the wear limit is reached.
PAR  Experience showed that an important factor in the increase of life of the
      head and of the slider plate was the thrust exerted by the sliding plate
      upon the outer surface of the head plate by spring elements. The latter
      provide the high thrust which is required, especially when the ladle is
      full, to ensure tightness under the effect of the hydrostatic pressure
      which appears at the slider. On the other hand the spring elements make it
      possible to avoid excessive thrusts during operation when the outer
      surfaces of the head and of the sliding plates are not perfectly smooth.
PAR  Experience has proved the effectiveness of compact spring elements for the
      generation of high thrusts with sufficient elasticity, within a limited
      space, in which a helical compression spring acts, from underneath, upon
      the reinforced head of a bolt and in which the top surface of the head
      takes hold, supports and puts under pressure the sliding plate. With this
      type of spring elements one can obtain the desired, favorable pressure
      characteristics and, with limited displacement of the bolts, replacement
      of the sliding plate is simple to perform. But experience has shown that
      the pressure spring characteristics, which are satisfactory at the
      beginning, will change in service and, after a prolonged time in
      operation, the thrust exerted upon the sliding plate will decrease.
PAR  The object of the invention is to improve the above described design of the
      slider valve to the point that the characteristics of the springs, which
      act upon the sliding plate, will remain constant after prolonged times in
      operation.
PAR  This object is accomplished by providing the top surfaces of the bolts,
      which transmit the thrust, with a certain number of projections the crests
      of which are located in the same plane transversely of the vessel.
PAR  Experience has shown that surface stresses which occur under load can be
      limited by providing projections on the head surfaces located in the plane
      transversely of the vessel. The projections can be square shaped or can
      have the shape of truncated pyramids. It was recognized to be an advantage
      to make the free spacing between projections larger than the dimension of
      the base of the projections so that each bolt which supports the sliding
      plate comprises a large number of top surface elements the sum of the
      surfaces of which is considerably smaller than the cross section of the
      head of the bolt.
PAR  The making of the projections is considerably simplified when they form an
      array consisting of rows separated by grooves. An additional
      simplification is obtained if a rectangular contour is superimposed upon
      the circular contour of the head.
DRWD
PAR  The novel characteristics are described individually by using an example
      shown on the accompanying drawings wherein.
PAR  FIG. 1 is a longitudinal section through the lower portion of a vessel
      showing the slider valve;
PAR  FIG. 2 is a side elevational view, partly in section, of a bolt constructed
      in accordance with the invention and associated parts;
PAR  FIG. 3 is a top plan view of the bolt; and
PAR  FIG. 4 is a side elevational view of a portion of the bolt showing a
      modification.
DETD
PAR  FIG. 1 shows the longitudinal section of ladle 1 which is encompassed, from
      underneath, by mounting plate 2 of the slider valve. Slider housing 3 is
      connected to mounting plate 2 by articulated elements which are not shown
      on the drawing and which are located behind the plane of the section. The
      housing can be stopped in the position in which it is shown by locking
      elements which are not represented on the drawing. Sliding frame 4 is
      mounted in housing 3. The sliding frame can be shifted in the longitudinal
      direction and it is provided with a large number of openings which hold
      spring elements 5.
PAR  Ceramic head plate 6, provided with a orifice, is mounted in a recess of
      mounting plate 2, while sliding plate 7 which is, also, made of ceramic
      material, is mounted in a recess of sliding frame 4. The sliding plate is
      extended downwards by a collector nozzle which protrudes through slider
      housing 3 and through the shielding plates.
PAR  In the closed operating position, which is shown on the drawing, a large
      number of spring elements 5, which are provided in the front and in the
      rear portions of the sliding frame, are acting, by means of their heads,
      on the underside of sliding plate 7 and are pushing it upwards by spring
      action. The outer surface of head plate 6 rests upon the outer surface of
      sliding plate 7. In turn, head plate 6 is pressed against outer nozzle 8
      of the ladle which fits tightly into a circular groove of headplate 8,
      provided with a sealing pack.
PAR  The slider housing and sliding frame 4 are provided with bushings which act
      as parts of a "bayonet" socket for the coupling with a positioning drive,
      which can comprise a hydraulic cylinder, which is not shown on the
      drawing. If sliding frame 4 is shifted inside of housing 3 by such a
      positioning drive it will carry along sliding plate 7 which will, move
      with respect to the fixed head plate. The force which presses the outer
      surface of head plate 6 against the outer surface of sliding plate 7 is
      generated by spring elements 5.
PAR  The longitudinal section of a spring element is shown in FIG. 2. The spring
      element is centered by bolt 9, head 10 of the latter is gripped, from
      underneath, by helical compression spring 11. The other end of the spring
      takes hold on washer 12 which is held on bolt 9 by circular key 13. Head
      10 of bolt 9 is provided with a series of projections 14 which are square
      in the present example and are arranged in longitudinal and transverse
      rows which are easy to make: the conventional cylindrical head of a bolt
      is machined to provide perpendicular grooves so that the squares which
      form the remainder of the initial head surface constitute projections 14
      arranged in perpendicular rows. FIG. 4 shows a modification in which the
      projections 14a are shaped as truncated pyramids when viewed from the
      side. Either design is further simplified, or made easier to make by using
      head 10 with a circular cross section (planar view) from which
      perpendicular segments have been removed by superimposing a square upon
      the circular cross section. This cross section and the arrangement of
      projections 14 are shown on the view of the outer surface of head 10 in
      FIG. 3. This figure shows clearly that the grooves which separate
      projections 14 are wider than the bases of the projections. As a result of
      this the surface of each spring element, which acts on the surface of
      sliding plate 7, is considerably reduced with respect to the total surface
      of head 10 of the bolt, so that the amount of heat transmitted by the
      sliding plate to the spring element and, consequently, also to compression
      spring 11 is considerably reduced and, therefore, the temperature is kept
      at a lower level. In addition heat can be removed by convection by the
      gasses or by the air which circulate in the grooves formed by projections
      14. This cooling action can be considerably intensified by feeding
      compressed air.
PAR  By supporting sliding plate 7 by spring elements, provided with a large
      number of small projections 14, the thermal load of compression springs 11
      of the spring elements is considerably reduced so that their lifetime is
      considerably increased. An additional advantage results from the fact that
      spring elements, provided with the projections 14, rest on the back side
      of sliding plate 7 practically without moving, so that, after mounting,
      the spring element with washer 12 is centered and supported in the
      corresponding recess of sliding plate 7 and guides the stem of bolt 9
      while, at the same time, the head of the bolt is unrestrained in
      supporting sliding plate 7 by means of the projections.
PAR  The shape of the projections is subject to extensive changes; however, it
      was established that the sum of the top surfaces of the projections must
      be considerably smaller than the top surface of the head and that the
      grooves which separate the projections must penetrate relatively deeply
      into the head to provide the possibility for additional cooling. All these
      possible variations solve, by simple means the chosen problem of
      increasing the life time of the compression springs and of ensuring
      constant thrust exerted by the sliding plate upon the head plate.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a slider valve for a vessel, which valve comprises:
PA1  a replaceable fixed ceramic head plate;
PA1  a metal frame in which said head plate is mounted;
PA1  a replaceable ceramic slidable plate beneath said head plate;
PA1  a slidable frame in which said slidable plate is mounted;
PA1  operating means connected with said slidable frame; and
PA1  a plurality of spring-loaded bolts carried by said frame and having heads;
PA1  the improvement in which the outer faces of the bolt heads carry a large
      number of projections which have crests located in a common plane
      transversely of the vessel;
PA1  said projections bearing against the underside of said slidable plate,
      whereby said bolts urge said slidable plate against said head plate.
NUM  2.
PAR  2. A valve as defined in claim 1 in which said projections are square
      shaped when viewed from the side.
NUM  3.
PAR  3. A valve as defined in claim 1 in which said projections have the shape
      of truncated pyramids when viewed from the side.
NUM  4.
PAR  4. A valve as defined in claim 1 in which the base dimensions of said
      projections are smaller than the free spacings between projections.
NUM  5.
PAR  5. A valve as defined in claim 1 in which said projections are arranged in
      rows.
NUM  6.
PAR  6. A valve as defined in claim 1 in which the planar view of the bolt heads
      correspond with a circle from which segments have been removed by
      superimposing an intersecting square.
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ABST
PAL  An improved gun lock for permitting a gun, particularly a shotgun, to be
      positioned within the passenger compartment of a vehicle, specifically a
      law enforcement vehicle. The gun lock includes a protective closable
      housing which surrounds the barrel and trigger mechanism of the gun for
      preventing unauthorized access to same. The housing has a cover which is
      spring urged into an open position. The cover is normally maintained in a
      closed position by a locking device which can be electrically actuated to
      release the cover only when the vehicle ignition switch is in the "on" or
      "accessory" positions. Upon release of the lock device, the spring
      automatically opens the cover, so that the shotgun is accessible only to
      those authorized persons having the vehicle ignition key.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a device for mounting and locking a gun,
      specifically a shotgun, and in particular relates to an improved device
      which totally encloses at least the barrel and trigger mechanism of the
      gun when the gun is in a locked position for preventing unauthorized
      access to the gun and for preventing accidental discharge of the gun due
      to accidental release of the trigger mechanism.
PAC  BACKGROUND OF THE INVENTION
PAR  Most law enforcement vehicles used by city, county and state police
      departments contain a shotgun which is available for the use of the police
      officer. However, the storage location of the shotgun has presented a
      continuing problem since the gun should be readily available for the
      officer's use when needed, but at the same time the gun should not be so
      readily available as to permit its theft or unauthorized removal from the
      vehicle. Because of these latter considerations, many law enforcement
      agencies require that the shotgun be carried in the trunk of the vehicle
      since this is considered to be the only safe location so as to prevent
      theft or unauthorized removal of the shotgun. While storing the shotgun in
      the trunk does eliminate theft and unauthorized removal, nevertheless this
      storage location is often undesirable inasmuch as it requires substantial
      time and effort on the part of the officer in order to gain access to the
      shotgun when use thereof is desired. This obviously presents a serious
      disadvantage, particularly in those emergency situations where the shotgun
      is needed immediately. Also, in some situations it may be difficult to
      gain access to the trunk, and thus the officer is denied the availability
      of the shotgun.
PAR  Further, due to the moisture and temperature variations often encountered
      in a vehicle trunk, the shotgun is normally stored within a separate
      carrying case or the like. This thus still further complicates the prompt
      and efficient utilization of the shotgun.
PAR  To overcome the obvious disadvantages associated with the storage of a
      shotgun within the trunk, attempts have been made to carry the shotgun
      within the passenger compartment of the vehicle. However, the carrying of
      the shotgun within the passenger compartment, without securely locking
      same to the vehicle, is obviously undesirable since the shotgun can be
      easily stolen or removed from the vehicle. Further, the availability of
      the gun within the car creates a risk for the officer in those instances
      when other persons are being transported in the vehicle.
PAR  To permit a relatively safe storage of a shotgun within the passenger
      compartment of a vehicle, to the best of my knowledge there is presently
      available only one type of gun mount which permits the shotgun to be
      locked within the passenger compartment. This known mount, which is
      commonly referred to as the standard vertical collar lock, consists of a
      bootplate which is positioned on the floor of the passenger compartment so
      as to engage the butt end of the gun, and a releasable locking collar
      which is mounted on the dashboard of the vehicle, which locking collar
      engages the shotgun in the vicinity of the slide. This known mount
      lockingly maintains the shotgun in a vertical or upright position directly
      adjacent the dashboard, whereupon the barrel of the gun projects above the
      dashboard and is readily visible through the windshield of the vehicle.
      One of the primary objections to this vertical collar lock is the fact
      that the gun is readily visible at all times to persons located outside
      the vehicle. This visibility, from a political and psychological
      standpoint, has been considered undesirable. A further disadvantage of
      this known vertical collar lock is that it leaves the trigger mechanism
      totally exposed. While the collar prevents loading of the gun when it is
      mounted in the collar, nevertheless if the gun is positioned within the
      collar while still containing a cartridge within the chamber, any
      accidental release of the trigger mechanism can cause discharge of the
      gun. The vertical mounting of the shotgun is also undesirable since it
      presents a potential safety hazard relative to the occupants of the
      vehicle, particularly if the vehicle should become involved in an
      accident. This known vertical gun mount also provides no protection for
      the gun since the barrel and trigger mechanism are totally exposed,
      whereby the gun must be removed from the collar and cleaned almost daily
      to prevent the accumulation of dust and dirt within the barrel.
PAR  Accordingly, it is an object of the present invention to provide an
      improved gun mount for permitting a shotgun or rifle to be safely and
      securely mounted within the passenger compartment of the vehicle, which
      gun mount overcomes the numerous abovementioned disadvantages.
      Particularly, it is an object of the present invention to provide:
PAR  1. An improved mount for a shotgun, as aforesaid, which can be positioned
      in the passenger compartment of a vehicle and which permits the gun to be
      securely locked to prevent theft or unauthorized removal of same from the
      vehicle.
PAR  2. A gun mount, as aforesaid, which can be positioned in the passenger
      compartment in a relatively unnoticeable manner to thus minimize
      visibility of the shotgun from the exterior of the vehicle.
PAR  3. A gun mount, as aforesaid, which totally encloses the barrel and trigger
      mechanism to thus eliminate the possibility of any accidental discharge of
      the gun while also maintaining the gun clean during periods of storage.
PAR  4. A gun mount, as aforesaid, which can be positioned in the vehicle so as
      to not create any hazard or danger to the vehicle occupants, such as might
      occur during an accident or a collision.
PAR  5. A gun mount, as aforesaid, which is particularly suitable for mounting
      directly along the front seat of the vehicle under the legs of the vehicle
      occupants, whereby the gun is readily accessible.
PAR  6. A gun mount, as aforesaid, which can be easily mounted on any
      conventional vehicle in an efficient manner without requiring major
      modifications of the vehicle or of the interior structure thereof.
DRWD
PAR  Other objects and purposes of the present invention will be apparent to
      persons acquainted with devices of this type upon reading the following
      specification and inspecting the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the enclosed gun lock of the present
      invention, as mounted on the front side of a vehicle seat.
PAR  FIG. 2 is an end elevational view taken from the right side of FIG. 1.
PAR  FIG. 3 is a broken front elevational view of the gun lock in a closed
      position.
PAR  FIG. 4 is a sectional view taken along line IV--IV in FIG. 3.
PAR  FIG. 5 is a sectional view taken along line V--V in FIG. 3.
PAR  FIG. 6 is a view taken along line VI--VI in FIG. 2 and illustrating the
      interior of the gun lock.
PAR  FIG. 7 is a sectional view taken along line VII--VII in FIG. 6 and
      illustrating the cover in its open position.
PAR  FIG. 8 is a fragmentary view of the latching device.
PAR  FIG. 9 is a diagram of the electrical circuit associated with the gun lock
      for controlling the unlocking thereof.
DETD
PAR  The words "front" and "rear" will refer to the left and right sides,
      respectively, of the gun lock as appearing in FIGS. 6 and 7. The words
      "inwardly" and "outwardly" will refer to directions toward and away from,
      respectively, the geometric center of the device and designated parts
      thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and purposes of the present invention are met by providing an
      enclosed gun lock which comprises an elongated mount or housing having an
      elongated cover which is normally spring urged into an open position. The
      cover is maintained in a closed position by a latching device. The shotgun
      is positionable within the gun lock so that the barrel and trigger
      mechanism are positioned within the housing, with only the butt of the
      shotgun extending outwardly from one end of the housing. The latch device
      is moved into a release position by an electrical solenoid which is
      connected to a manual switch, which in turn is connected to the vehicle
      ignition switch, whereby the cover can be opened by closing the manual
      switch only when the vehicle ignition switch is in an activated position,
      such as the "on" or "accessory" position.
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates therein an enclosed gun lock 11 according to the present
      invention, which gun lock is adapted to have a gun, specifically a shotgun
      12, lockingly enclosed therein. The gun lock 11 is, in a preferred
      embodiment, mounted along the front side of a vehicle seat 13.
PAR  The gun lock 11 includes an elongated boxlike housing or mount 16 which
      opens upwardly and outwardly. Housing 16 has an elongated cover 17 mounted
      thereon, as by a hinge 18, for swinging movement thereof about a
      substantially horizontal axis so that the cover is movable between open
      and closed positions as illustrated in FIGS. 2 and 7. The housing 16 and
      cover 17 define therebetween a closed storage compartment 19 in which is
      positionable a major portion of the shotgun 13. As illustrated in FIG. 6,
      the barrel 21, slide 22 and trigger mechanism 23 of the shotgun are
      positionable within the compartment 19, with a majority of the butt 24
      projecting outwardly from one end of the gun lock 11.
PAR  Considering now the housing 16, same includes a bottom wall 26 which has
      the opposite edges thereof fixedly secured to front and rear walls 27 and
      28, respectively, which walls project upwardly in substantially parallel
      relationship to one another. The walls 26, 27 and 28 are interconnected at
      one end thereof by a first end wall 29, and are also interconnected
      adjacent the other end thereof by a further end wall 31. A pair of
      mounting brackets 33 are fixedly secured to the housing 16, particularly
      to the bottom wall 26 in the illustrated embodiment, which mounting
      brackets 33 are in turn fixedly secured to a frame member 34 which runs
      longitudinally along the front side of the vehicle seat.
PAR  The cover 17, which closes the upwardly and sidewardly extending opening
      defined between the front and rear walls 27 and 28, is provided with an
      elongated wall portions 36 which is of an arcuate configuration when
      viewed in cross section as illustrated in FIGS. 4 and 5. The wall portion
      36 extends throughout the complete length of the housing 16 and has the
      lower longitudinally extending edge thereof connected by the hinge 18 to
      the upper edge of the wall 27. The other longitudinally extending edge of
      the wall portion 36, is adapted to overlap the inwardly extending flange
      32 formed on the upper free edge of the rear wall 28 to insure a secure
      closing of the gun lock 11 when the cover 17 is in the closed position.
      The cover 17 also has end walls 37 and 38 which are fixed to the opposite
      ends of the wall portion 36, which end walls 37 and 38 are positioned
      closely adjacent and overlap the end walls 29 and 31, respectively, when
      the cover is in its closed position. The housing 16 and cover 17 result in
      the compartment 19 being totally closed except for an opening 39 formed
      between the cooperating end walls 31 and 38, which opening 39 enables the
      butt 24 of the shotgun to project outwardly from the gun lock. The opening
      39 is formed by opposed notches or recesses formed in the end walls 31 and
      38, which recesses form the opening 39 when the cover is in its closed
      position. The edges of the recesses are bordered by elastomeric cushioning
      strips 41A and 41B, which cushioning strips surround the opening 39 to
      permit a snug and secure engagement with the butt of the shotgun for
      holding same.
PAR  To support the shotgun within the compartment 19, the housing 16 is
      provided with a first hanger or support device 42 (FIG. 5) associated
      therewith. The hanger 42 comprises an elongated rigid rod 43 which is
      fixedly secured to and extends between the front and rear walls 27 and 28
      in spaced relationship from the bottom wall 26. The rod 43 is preferably
      provided with a protective covering 44 thereon, which covering may be an
      elastomeric or plastic coating or sleeve.
PAR  The housing 16 has a second hanger or support device 46 (FIG. 4) mounted
      thereon, which device 46 also includes a rigid rod 47 extending between
      and fixedly connected to the front and rear walls 27 and 28, respectively.
      The rod 47 has an intermediate arcuate or cradle-shaped portion 49. The
      rod 47 is also preferably provided with a protective covering 48 thereon,
      which covering may comprise an elastomeric or plastic coating or sleeve.
PAR  As illustrated in FIGS. 4-6, the hanger devices 42 and 46 are spaced a
      substantial distance apart in the longitudinal direction of the gun lock,
      with the hanger 42 being disposed close to but spaced from the end wall 31
      so that the hanger 42 will thus supportingly engage the shotgun directly
      ahead of the trigger mechanism 23. The other hanger device 46 is spaced
      more closely adjacent the other end of the housing 16 and is positioned so
      that the arcuate portion 49 thereof supports the gun barrel 21.
PAR  To insure the complete protection of the shotgun when same is mounted
      within the gun lock 11, the housing 17 is preferably provided with several
      strips 51 of cushioning material, such as elastomeric or plastic foam,
      positioned at longitudinally spaced locations along the inner surface of
      the wall portion 36.
PAR  The cover 17 is also provided with a spring device 52 (FIGS. 6 and 7) for
      causing the cover to be continuously resiliently urged towards its open
      position. The spring device 52 includes a support shaft or pin 53 fixedly
      secured to a U-shaped bracket 54, which bracket 54 is fixedly secured to
      the front wall 27 of the housing 16. A torsion spring 56 is wound around
      the pin 53 and has one leg 56A thereof disposed in engagement with the
      bracket 54, and has the other leg 56B thereof disposed in engagement with
      a hinge plate 57 which bears against the wall portion 36 of the cover 17.
      The spring 56 normally urges the cover 17 to swing outwardly from its
      closed position (as illustrated in solid lines in FIG. 2) towards its open
      position (as illustrated by dotted lines in FIG. 2). The cover 17, when in
      the open position illustrated in FIG. 2, normally engages the drive shaft
      tunnel 58 which extends longitudinally through the central portion of the
      passenger compartment.
PAR  To permit the cover 17 to be lockingly engaged with the housing 16, there
      is provided a lock mechanism 61 (FIGS. 6 and 8) for securely locking the
      cover in its closed position, which lock mechanism 61 permits quick
      release of the cover only when a proper electrical signal is received via
      the vehicle ignition switch. The lock mechanism includes an actuator 62
      and a latch device 63, both of which are mounted on the housing 16. The
      latch device 63 includes a stationary housing 64 which pivotally supports
      a rotary latch member 66. The latch member 66 has a slot 67 therein which
      is adapted to receive therein the free end of a latch pin 68, which pin 68
      is fixedly secured to the inside of the cover 17 as illustrated in FIG. 7.
      The latch pin 68 when disposed within the slot 67 causes the rotary latch
      member 66 to be angularly displaced (clockwise in FIG. 6) so that a
      latching finger 69 formed on the latch member 66 overlaps the pin 68 and
      prevents same from swinging upwardly out of the slot.
PAR  The rotary latch member 66 is normally urged by a spring 71 into the
      position illustrated in FIG. 8, so that the slot 67 opens upwardly to
      permit release of the latch pin 68. However, when the cover is closed, the
      pin 68 engages the sidewall 72 of the slot 67 and cams the latch member 66
      downwardly (clockwise in FIG. 8) so that the notch 73 is moved downwardly
      until the detent 74 associated with the lever 76 is urged, as by the
      spring 77, to enter into the notch 73, thus locking the latch member 66 in
      a holding position wherein the latch pin 68 is confined within the slot 67
      and is prevented from moving upwardly. When release of the latch pin 68 is
      desired, then the actuator 62 is activated, which actuator preferably
      comprises a conventional electrical solenoid having a linearly movable
      plunger 78. Energization of solenoid 62 causes the plunger 78 to be moved
      (leftwardly in FIG. 8) in opposition to the urging of the spring 77,
      thereby withdrawing the detent 74 from the notch 73, whereby spring 71
      urges the latch member 66 towards its open position (counterclockwise in
      FIG. 8) so as to release the latch pin 68. This rotary movement of the
      latch member 66 towards its open position, coupled with the biasing effect
      created by the spring device 52, results in the cover 17 being
      automatically swung into its open position as soon as the solenoid 62 is
      energized so as to release the latching member 66 from its locking
      position.
PAR  The solenoid 62 is activated and controlled by a suitable circuit 81, one
      embodiment of which is illustrated in FIG. 9. The coil associated with the
      solenoid 62 is connected to an electrical conductor 82, which conductor is
      connected to selected positions of a conventional vehicle ignition switch
      83. The ignition switch in turn is connected to a vehicle battery 84 in a
      conventional manner. The conductor 82 is preferably connected only to the
      "on" and "accessory" positions of the ignition switch 83, which positions
      are energized only when a key is inserted into the ignition switch in a
      conventional manner. The conductor 82 cannot be energized when the
      ignition switch is in its "off" position, and thus unauthorized persons
      will not be able to activate the solenoid 62. The conductor 82 also has a
      manually operable switch 86 associated therewith, which switch normally
      comprises a conventional push button which is mounted on the vehicle
      dashboard and is normally maintained in an open position. The solenoid 62
      can thus be energized only by momentarily depressing the switch 86 onto
      its "on" position while simultaneously having the vehicle ignition switch
      in either its "on" or "accessory" positions.
PAC   OPERATION
PAR  It will first be assumed that the shotgun 12 is positioned within the gun
      lock 11, and that the cover 17 is in its closed and locked position as
      illustrated in FIG. 1. If removal of the shotgun is desired, then the gun
      can be removed from the gun lock only be depressing the switch 86 while
      the vehicle ignition 83 is in either its "on" or "accessory" positions,
      which positions both require insertion of the key into the ignition
      switch. If the ignition switch is not in either of these positions, then
      the conductor 82 is de-energized and accordingly depression of the switch
      86 has no effect.
PAR  Upon energization of the solenoid 62, the plunger 78 moves leftwardly in
      FIG. 8 and retracts the detent 74 from the notch 73, whereupon spring 71
      moves the latch member 66 towards its released position as illustrated by
      solid lines in FIG. 8. This thus releases the latch pin 68 from the slot
      67, whereupon the spring device 52 automatically swings the cover 17 into
      the open position illustrated by dotted lines in FIG. 2. In this open
      position of the cover, the officer can then grasp the shotgun and lift
      same upwardly out of the housing 16. The gun is thus readily available for
      use by the officer without requiring the officer to leave his vehicle.
PAR  When the gun is repositioned within the gun mount, it is positioned on the
      hanger 42 and 46 with the forward end of the butt 24 engaging the
      cushioning strip 41A provided on the end wall 31. With the gun so
      positioned, the cover 17 is then manually swung upwardly toward its closed
      position. When the cover approaches its closed position, the latching pin
      68 engages the sidewall 72 of the slot 67 and cams the latch member 66
      downwardly until the detent 74 is again urged by the spring 77 into the
      notch 73. This thus results in the latch member 66 being held in a
      position wherein the latching finger 69 extends over the latch pin 68 and
      prevents same from being moved upwardly. In this position, the cover 17 is
      securely held in a closed and locked relationship with respect to the
      housing 16 so that the gun can again be removed from the gun lock 11 only
      by again energizing the solenoid 62.
PAR  The gun lock of the present invention is highly desirable since the barrel,
      slide and trigger mechanism are totally enclosed and protected, and can
      accordingly not be accidentally contacted. This thus eliminates the
      possibility of accidental discharge of the gun in the event that same is
      stored in a loaded condition. Further, the housing 16 and cover 17 are
      preferably made from relatively heavy sheet steel so that the gun lock is
      not only durable, but is also safe so that any accidental discharge of the
      gun within the gun lock will not cause any damage or injury. The gun lock
      11 is also preferably provided with a package of silica gel or other
      suitable product therein so as to absorb moisture within the gun lock,
      thereby preventing collection of moisture on the gun.
PAR  The gun lock 11 of the present invention is preferably mounted on the lower
      front side of the vehicle seat, as illustrated in FIG. 1, since this
      position of the gun within the vehicle makes same relatively unnoticeable
      to persons positioned exteriorly of the vehicle. However, it will be
      appreciated that the gun lock can be securely mounted within the passenger
      compartment at numerous other locations if so desired. The position
      disclosed in FIG. 1 is highly desirable, however, since the shotgun is
      readily available to the officer without having to leave the vehicle seat
      and, in fact, is available to the officer even while lying on the seat.
PAR  The lock device 61 may deviate substantially from the disclosed structure
      since it will be recognized that numerous latching mechanisms could be
      provided so as to perform the same function disclosed above.
PAR  It will be appreciated that the gun lock 11 of the present invention could
      also be provided with a separate key lock for locking the cover 17 to the
      housing 16, which key lock would take the place of the solenoid-controlled
      latch device 61. However, use of the separate key lock is not as desirable
      since this would require the officer to carry a separate key and would
      also require greater effort and time on the part of the officer to permit
      removal of the shotgun from the gun lock.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a gun mount for storing and locking a gun, the gun mount being
      adapted for connection to a motor vehicle and having housing means
      defining therein a substantially closed compartment for storage of the gun
      barrel, comprising the improvement wherein said housing means is elongated
      and tubular and defines therein a substantially closed elongated
      compartment adapted to have positioned therein the barrel and trigger
      mechanism of a rifle or shotgun, said housing means including an elongated
      housing member having support means associated therewith for supportingly
      engaging the gun barrel, said housing means also including elongated cover
      means extending longitudinally throughout substantially the complete
      length of said housing member and being hingedly mounted on said housing
      member for swinging movement about an axis extending substantially
      parallel to the longitudinal direction of said housing member so that said
      cover means is swingable between open and closed positions, said cover
      means when in said closed position coacting with said housing member for
      defining said closed elongated compartment therebetween, said cover means
      being substantially L-shaped in cross-section and including first and
      second wall portions which respectively function as the top wall and at
      least part of the front wall of the housing means when said cover is in
      its closed position, said cover means being hinged along the lower edge of
      said second wall to said housing member so that said cover means swings
      outwardly and downwardly away from said housing member when swingably
      moved into its open position, one end of said housing means being closed,
      the other end of said housing means being defined by end wall means which
      has opening means therethrough when said cover means is closed, said
      housing means being free of openings except for said opening means, said
      end wall means having edge means defining said opening means and disposed
      so as to closely surround the butt of said gun for maintaining the barrel
      and trigger mechanism of the gun within said compartment while permitting
      the butt of said gun to project outwardly from said compartment, and
      locking means coacting between said housing member and said cover means
      for fixedly locking said cover means to said housing member when said
      cover means is in said closed position, whereby said gun can be removed
      from said housing means only by swingably moving said cover means into its
      open position.
NUM  2.
PAR  2. A mount according to claim 1, further including spring means coacting
      with said cover means for normally resiliently urging same toward said
      open position.
NUM  3.
PAR  3. A gun mount according to claim 1, wherein said edge means includes
      flexible cushioning strips extending around said opening means to create a
      snug and secure engagement with the butt of the gun.
NUM  4.
PAR  4. A gun mount according to claim 1, further including key-actuated release
      means coacting with said locking means for releasing said locking means to
      permit swinging movement of said cover means into said open position.
NUM  5.
PAR  5. A mount according to claim 1, further including release means coacting
      with said locking means for permitting release of said cover means from
      said housing member, said release means including electrical solenoid
      means operatively interconnected to said locking means for releasing same
      whenever said solenoid means is energized.
NUM  6.
PAR  6. A mount according to claim 5, further including spring means coacting
      with said cover means for normally resiliently urging same towards said
      open position.
NUM  7.
PAR  7. In a gun mount for storing and locking a gun, the gun mount being
      adapted for connection to a motor vehicle and having housing means
      defining therein a substantially closed compartment for storage of the gun
      barrel, comprising the improvement wherein said housing means is elongated
      and tubular and defines therein a substantially closed elongated
      compartment adapted to have positioned therein the barrel and trigger
      mechanism of a rifle or shotgun, said housing means including an elongated
      housing member having support means associated therewith for supportingly
      engaging the gun barrel, said housing means also including elongated cover
      means extending longitudinally throughout substantially the complete
      length of said housing member and being hingedly mounted on said housing
      member for swinging movement about an axis extending substantially
      parallel to the longitudinal direction of said housing member so that said
      cover means is swingable between open and closed positions, said cover
      means when in said closed position coacting with said housing member for
      defining said closed elongated compartment therebetween, one end of said
      housing means being closed, the other end of said housing means being
      defined by end wall means which has opening means therethrough when said
      cover means is closed, said end wall means having edge means defining said
      opening means and disposed so as to closely surround the butt of said gun
      for maintaining the barrel and trigger mechanism of the gun within said
      compartment while permitting the butt of said gun to project outwardly
      from said compartment, and locking means coacting between said housing
      member and said cover means for fixedly locking said cover means to said
      housing member when said cover means is in said closed position, release
      means coacting with said locking means for permitting release of said
      cover means from said housing member, said release means being connected
      to the electrical system of the vehicle and being interconnected to said
      locking means for releasing the same whenever that particular portion of
      the electrical system is activated, whereby said gun can be removed from
      said housing means only by swingably moving said cover means into its open
      position.
NUM  8.
PAR  8. The combination according to claim 7, wherein said cover means is
      substantially L-shaped in cross section and includes a first wall portion
      which comprises at least a major portion of the front wall of said housing
      means and a second wall portion which comprises at least a major portion
      of the top wall of said housing means, whereby a majority of the top and
      front sides of the housing means are fully uncovered when said cover means
      is in its open position, and said cover means being hingedly connected to
      said housing member along the lower edge of said first wall portion so
      that said cover means swings outwardly and downwardly relative to said
      housing member when being swingably moved toward said open position.
NUM  9.
PAR  9. The combination according to claim 7, wherein, said locking means
      includes cooperating first and second latch members mounted on said
      housing member and said cover means, respectively, for holding said cover
      means in said closed position, one of said first and second latch members
      being mounted on its respective member for movement relative thereto
      between latching and unlatching positions; and
PA1  said release means including electrical solenoid means operatively
      interconnected to said one latch member for releasing same from its
      latching position.
NUM  10.
PAR  10. The combination according to claim 9, further including electrical
      circuitry means operatively connected to said solenoid means for
      controlling energization thereof, said electrical circuitry means
      including electrical conductor means operatively connected between said
      solenoid means and the key-operated vehicle ignition switch, and
      manually-actuatable switch means associated with said conductor between
      said solenoid means and said ignition switch, said manually-actuatable
      switch means being normally maintained in an open position.
NUM  11.
PAR  11. The combination according to claim 10, further including spring means
      coacting with said cover means for normally resiliently urging same into
      said open position.
NUM  12.
PAR  12. The combination according to claim 7, wherein said vehicle includes a
      seat structure having a seat portion and a back portion, said seat
      structure also having frame means positioned under said seat portion; and
PA1  said housing means being positioned directly adjacent the front side of
      said seat portion, and securing means fixedly connecting said housing
      member to said frame means so that said housing means is elongated in a
      substantially horizontal direction.
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ABST
PAL  A belt revolver holster with the pocket formed of one piece of leather
      folded symetrically along the front edge then welted and stitched closed
      along the back edge.
PAL  The revolver is held securely in place by a 5/8 inch .times. 3 inch flat
      leaf spring inserted and stitched in place along the vertical front edge
      of the holster pocket. The spring, bent to an approximate angle of
      25.degree. presses against the revolver frame forcing it back agaist a
      nylon welt which is shaped to, and houses most of the revolver trigger
      guard.
PAL  The revolver then can be released only by grasping the butt and by using a
      clockwise pivoting motion. The same motion or "draw" taught in most police
      weapon training schools.
PAL  The revolver pocket is stitched to two 11/2  inch strips which protrude,
      one to the front, and one to the rear of the holster.
PAL  The strips are in turn fastened to the waist belt by means of Velcro straps
      which when wrapped around the waist belt allow an adjustment and hold
      securely to most standard belt widths.
BSUM
PAC  BACKGROUND
PAR  The invention relates to firearms generally and more particularly to a gun
      holster for side arms.
PAR  The object of the invention is to provide a secure holster for a hand gun
      or side arm, such as those carried by under-cover police officers, which
      permits maximum concealment, fast and natural drawing motion without
      breakout, and a safety device against unauthorized removal from behind.
PAC  SUMMARY
PAR  The present invention relates to off duty and undercover style revolver
      holsters.
PAR  It fills several requirements, such as:
PA1  1. The revolver is held securely when wearer runs, jumps, or is engaged in
      violent physical combat.
PA1  2. The revolver butt is hang close to the body, the revolver does not "hand
      out".
PA1  3. The revolver cannot be jerked from the holster by a person standing
      behind the wearer.
PA1  4. The revolver is released only by a natural drawing motion.
PA1  5. Revolver can be replaced in the holster easily with one hand.
PA1  6. The holster can be worn with any standard width belt as the fastening
      device is adjustable.
PA1  7. The holster is designed for maximum concealment and minimum bulk.
PA1  8. The holster has no revolver retaining straps or snap fasteners to slow
      or impede the drawing of the revolver.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a side elevational view of a holster constructed in accordance
      with the present invention with parts broken out and in cross section for
      ease of illustration and illustrating a hand gun in carrying position
      within the holster; and
PAR  FIG. 2 is a side elevational view similar to FIG. 1 illustrating the manner
      in which the hand gun is withdrawn or inserted into the holster.
DETD
PAC  DESCRIPTION
PAR  Reference is now made more particularly to the drawing which illustrates
      the component parts of the invention with the practical application of the
      theory with reference to a hand gun in a secure position and a drawn
      position. The fire arm herein is a hand gun including the hand grip 1, the
      hammer 2, the frame 3, the cylinder 6, and the trigger guard 7.
PAR  The holster is formed of one piece of leather folded along the front edge
      then welted and stitched closed along the back edge 10.
PAR  In order to secure the hand gun in the holster a 5/8 inch .times.3 inch
      flat leaf spring 5 is inserted and stitched in place along the vertical
      front edge of the holster pocket. The spring, bent to an approximate angle
      of 25.degree. presses against the revolver frame 3 forcing it back against
      a nylon welt 4 which is shaped to, and houses most of the revolver trigger
      guard 7.
PAR  The hand gun then can be released by grasping the butt 1 and by using a
      clockwise pivoting motion, same motion or "draw" taught in most police
      weapon training schools.
PAR  The revolver pocket is stitched to two 11/2 inches strips 14 and 16
      respectively which protrude, strip 14 to the front, and strip 16 to the
      rear of the holster. The strips are in turn fastened to the waist belt 12
      by means of straps 11 carrying "Velcro" type fasteners which when wrapped
      around the waist belt 12 allow an adjustment and hold securely to most
      standard belts.
PAR  With the hand gun carried within the holster as illustrated in FIG. 1, it
      will be appreciated that the upper end portion of the leaf spring 5 bears
      against the top of the gun frame biasing the hand gun rearwardly to
      maintain the trigger guard 7 in engagement with and within the trigger
      guard housing 4. Consequently the opening at the upper end of the holster
      body in a forward to rearward direction is smaller than the dimension of
      the hand gun from the top of its frame to the bottom of the trigger guard
      within the holster whereby the handgun cannot be withdrawn directly
      through the opening at the upper end of the holster body. To withdraw the
      handgun from the holster, the handgun is rotated forwardly against the
      bias of the leaf spring 5 to bend the upper portion of the spring
      forwardly as illustrated in FIG. 2. This movement rotates the trigger
      guard 7 forwardly and away from the trigger guard housing 4 substantially
      to the position illustrated in FIG. 2 whereby the handgun is in position
      for full withdrawal from the holster. To insert the handgun into the
      holster, the reverse procedure is followed. That is, tha handgun is
      disposed within the holster body at substantially the angle illustrated in
      FIG. 2 with the upper end of the leaf spring being bent forwardly. The
      handgun is then pushed into the body and the leaf spring biases the
      handgun in a rearward direction finally clamping the handgun within the
      holster body between the upper portion of the spring and the trigger guard
      housing 4.
PAR  While a preferred embodiment of the invention has herein been illustrated
      and described, it has been done by way of illustration and not limitation,
      and the invention should not be limited except as required by the scope of
      the appended claims.
CLMS
STM  Having described my invention, what I claim and desire to secure by Letters
      Patent is:
NUM  1.
PAR  1. A holster for a handgun having a frame, a barrel, a trigger guard and a
      hand grip comprising a holster having spaced opposed side walls and means
      interconnecting the side walls at the respective forward and rear ends of
      said holster body whereby said holster body defines a pocket open at its
      upper end for receving the handgun, and means carried by said body for
      releasably retaining the handgun within said pocket including means
      adjacent the rear end of said body and said opening engageable with the
      trigger guard of the handgun to prevent direct withdrawal of the handgun
      from said pocket through the open upper end of said body, resilient means
      carried by said body adjacent its forward end engageable with the handgun
      frame for biasing the handgun in a rearward direction such that the
      trigger guard engageable means is maintained in engagement with the
      trigger guard, said resilient means comprises an upstanding elongated leaf
      spring, means for substantially rigidly securing the lower portion of said
      leaf spring to said holster body at the forward end thereof, the upper
      portion of said spring being disposed adjacent the open upper end of the
      holster body and being flexible for movement in generally forward and
      rearward directions between a normally disposed rearward position
      engageable with the handgun frame to retain the handgun in the holster
      pocket and a forwardly disposed rearwardly biased position enabling
      withdrawal of the handgun from the holster, said resilient means being
      movable forwardly against its bias in response to movement of the handgun
      forwardly within said pocket to disengage the trigger guard of the handgun
      from the trigger guard engagement means thereby enabling withdrawal of the
      handgun from the holster through its open upper end.
NUM  2.
PAR  2. A holster according to claim 1 wherein the connecting means at the
      forward end of said body includes a forward wall between said side walls,
      said spring extending vertically along the forward wall of said holster
      body over a major portion of the depth of said holster body.
NUM  3.
PAR  3. A holster according to claim 1 including means carried by said holster
      body for releasably securing said holster to a belt worn by an individual
      carrying the holster.
NUM  4.
PAR  4. A holster according to claim 1 wherein said holster body is formed of
      flexible material reversely folded, means at the rear end of said holster
      body for securing the free end of said reversely folded material one to
      the other, the upper portion of said holster body at its forward end being
      cut out, said resilient means comprising an upstanding elongated flat leaf
      spring, means for substantially rigidly securing a lower portion of said
      leaf spring to said holster body at the forward end thereof, the upper
      portion of said spring being disposed adjacent the open upper end of the
      holster body and within said cutout for engagement with the hand gun.
NUM  5.
PAR  5. A holster according to claim 4 wherein the upper spring portion is bent
      such that it extends toward the rear end of said holster body.
NUM  6.
PAR  6. A holster for a handgun comprising a body defining an elongated pocket
      having an opening at its upper end for receiving a handgun, means carried
      by said body at one end of said pocket and said opening for engaging a
      portion of the handgun, resilient means carried by said body at the
      opposite end of said pocket and said opening for engaging an opposite
      portion of the handgun, said resilient means comprises an upstanding leaf
      spring, means for substantially rigidly securing the lower portion of said
      leaf spring to said holster body at the forward end thereof, the upper
      portion of said spring being disposed adjacent the open upper end of the
      holster body and being flexible for movement in generally forward and
      rearward directions between a normally disposed rearward position
      engageable with the frame of the handgun to retain the handgun in the
      holster pocket and a forwardly disposed rearwardly biased position
      enabling withdrawal of the handgun from the holster, said resilient
      engaging means being normally biased toward the first mentioned engaging
      means into a first position defining a first predetermined distance
      between the respective engaging means at opposite ends of said opening,
      said resilient means in said first position enabling engagement of the
      handgun by said engaging means at opposite ends of said body for
      releasably retaining the handgun within the pocket of said holster body
      and being movable against its bias away from the first mentioned engaging
      means into a second position defining a second distance between the
      respective engaging means at opposite ends of said body greater than said
      first predetermined distance whereby the handgun is movable past said
      holster body opening.
NUM  7.
PAR  7. A holster according to claim 6 including means carried by said holster
      body for releasably securing said holster to a belt worn by an individual
      carrying the holster.
NUM  8.
PAR  8. A holster according to claim 6 wherein said holster body is formed of
      flexible material reversely folded, means at the rear end of said holster
      body for securing the free end of said reversely folded material one to
      the other, the upper portion of said holster body at its forward end being
      cut out, said resilient means comprising an upstanding elongated flat leaf
      spring, means for substantially rigidly securing a lower portion of said
      leaf spring to said holster body at the forward end thereof, the upper
      portion of said spring being disposed adjacent the open upper end of the
      holster body and within said cutout for engagement with the handgun.
NUM  9.
PAR  9. A holster according to claim 8 wherein the upper spring portion is bent
      such that it extends toward the rear end of said holster body.
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ABST
PAL  A device employing a wrist purse slidably secured to the arm of a wearer,
      the purse being normally hidden under the sleeve of a garment worn by the
      wearer. Means secured removably to the arm under the sleeve and secured to
      the purse holds the purse in hidden position except when the purse is
      pulled along the arm and the wrist and is held momentarily exposed for
      use. As soon as the purse is released, it is retracted into hidden
      position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In order to protect purses containing money and other valuables from being
      stolen by pickpockets, purse snatchers and other criminals, it is known to
      conceal purses when not in use. For example, U.S. Pat. No. 1,313,229
      discloses a secret pocket supported against a leg of a wearer by means
      which also serve as a hose supporter and is suspended from a corset. U.S.
      Pat. No. 1,416,238 shows a purse supported by straps which are secured to
      a body encircling strap. These and other patents do provide protection,
      but the user must rearrange clothing both to provide access to the purse
      and thereafter to conceal same. This invention not only provides purse
      concealment but also enables the user to obtain access to the purse and
      then conceal same without rearranging clothing. Moreover, access to the
      purse is performed much more easily and quickly and the purse is concealed
      quickly, easily and automatically.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of this invention, a wrist purse is
      slidably disposed on and secured to the arm of a user, the purse being
      normally hidden under the sleeve of the garment worn by the user but being
      slid along the wrist into exposed position for insertion or removal of
      money when the purse is pulled into this position and held thereat by the
      user.
PAR  Elastic means secured removably to the arm under the sleeve and also
      secured to the purse applies a retraction force to the purse which causes
      the purse to be automatically retracted into hidden position as soon as
      the purse is released from exposed position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side view of the invention in use showing the purse in hidden
      position;
PAR  FIG. 2 is a view similar to FIG. 1 but showing the purse in exposed
      position;
PAR  FIG. 3 is a view taken along line 3--3 in FIG. 2; and
PAR  FIG. 4 is a view taken along line 4--4 in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1-4, a user has arm 10 extending through long sleeve
      12 of a suitable garment. A strap 14 encircles the arm and is secured to
      and supports a wrist purse 16 having a normally closed pocket into which
      money can be inserted and out of which money can be removed. The strap 14
      can fit loosely so that it and purse are slidable together along the arm.
      The strap can be secured fixedly at one end to the purse and can be
      detachably secured thereto at the other end by snaps or the like. Another
      strap 18 can be removably wrapped about the arm between wrist and elbow in
      a non-slidable manner. Oppositely disposed snaps or other means such as
      Velcro type fasteners or buckle means can be used to secure opposite ends
      of strap 18 together.
PAR  Three spaced elastic straps 20 extend transversely along the arm, being
      secured at one set of ends to strap 18 and at the other set of ends to the
      strap 14 and purse 16. The opposite end of the purse carries pull ring 22.
      Ring 22 is also normally concealed.
PAR  When the device is in position on the arm, straps 20 normally hold the
      purse in concealed position within the sleeve 12.
PAR  To use the purse, the user pulls the purse along the wrist against the pull
      of the straps 20, extending the straps until the purse is exposed, using
      the hand 24 of the arm which does not carry the purse. Once the purse is
      in position, ring 22 is grasped by the other hand 26 to hold the purse for
      use. Once ring 22 is released, the straps 18 pull the purse toward strap
      18 until the purse slides into the sleeve and is again concealed from
      view.
PAR  While my invention has been described with particular reference to the
      drawings, such is not to be considered as limiting its actual scope.
CLMS
STM  Having thus described this invention, what is asserted and claimed as new
      is:
NUM  1.
PAR  1. A device adapted for use by an individual wearing a garment with a
      sleeve through which an arm extends, said device comprising:
PA1  a first strap secured to the arm and extending therearound in non slidable
      fixed position within the sleeve near the elbow;
PA1  a wrist purse having a pocket for holding valuables and having two opposite
      ends;
PA1  a second strap secured at each end to a corresponding one end of the purse,
      said purse and said second strap forming a loop which is disposed on the
      wrist and is slidable therealong; and
PA1  a plurality of elastic straps, each of which is secured at one end to the
      first strap and at the other end to said loop, said elastic straps
      extending longitudinally along the arm between the first strap and the
      loop, whereby the purse has a normal retracted position hidden within the
      sleeve and is capable of being pulled outside the sleeve against the
      tension of the elastic straps for access by the wearer.
NUM  2.
PAR  2. The device of claim 1 wherein the purse has a pull ring secured thereto.
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ABST
PAL  A machine for severing individual plastic bags from a length of bags joined
      by perforated junctures. The length of bags is extended and severed by the
      action of two spaced apart sets of rollers, each set grasping the bags,
      the second set rotating with a higher surface speed than the first. During
      extension and severing the bags are supported by two overlapping conveyor
      belts travelling at speeds intermediate the surface speed of the two sets
      of rollers. The conveyor belts minimize the whipping of the severed edges
      of the bags. The bag severing machine is suited to operate in conjunction
      with equipment for folding plastic bags and inserting the folded bags in
      packages.
PARN
PAR  This application is a divisional application to our copending patent
      application Ser. No. 395,937 filed on Sept. 10, 1973, which was a
      divisional application to our then copending patent application Ser. No.
      207,306 filed on Dec. 13, 1971 and now abandoned.
BSUM
PAR  This invention relates to a machine for producing stacks of plastic bags
      suitable for packaging.
PAR  Bags formed of plastic film such as polyethylene are used widely as
      containers. These bags commonly are produced by the transverse sealing and
      transverse severing of lengths of tubular film. Small size bags can be
      packaged as rolls of unsevered bags, the individual bags being joined
      along a line of perforations. Individual bags can then be detached as
      needed by tearing off along the perforated juncture. However, larger size
      bags cannot conveniently be packaged as rolls. In this case the package
      must contain several separate bags. In addition, in order to reduce the
      dimensions of the package to reasonable size it is necessary to fold the
      flattened bags at least once. The folding and packaging can be done
      manually but there is an economic advantage in carrying out most of the
      operations by machine. There is thus need for a machine to accumulate a
      stack of flattened bags and transfer this stack of bags to a
      container-filling station. Preferably such a machine will have means for
      folding the bags prior to the operation of stacking.
PAR  The machine of the present invention carries individual bags to a stack on
      a conveyor. The conveyor is adapted to advance when a predetermined number
      of bags have accumulated in the stack. The conveyor thus provides a stream
      of separate stacks of bags which may be removed manually from the conveyor
      for packaging.
PAR  It is thus the main object of the invention to provide in a continuing
      operation stacks of bags suitable for placing manually in packages. A
      further object of the invention is to provide means for folding plastic
      bags. Additional objects will appear hereinafter.
PAR  The machine for forming stacks of bags comprises:
PAR  1. AN INTERMITTENTLY MOVABLE CONVEYOR,
PAR  2. A MOVING BELT CARRIER COOPERATING WITH SAID CONVEYOR AND ADAPTED TO HOLD
      INDIVIDUAL BAGS BY TWO OPPOSITE EDGES OF THE BAG AND CARRY SAID BAGS TO A
      POSITION ABOVE THE CONVEYOR,
PAR  3. A VERTICALLY OPERATING RECIPROCATABLE RAM LOCATED ABOVE SAID CONVEYOR
      AND BELT CARRIER, SAID RAM BEING ADAPTED, IN RESPONSE TO DELIVERY OF A BAG
      BY THE BELT CARRIER TO A POSITION ABOVE THE CONVEYOR, TO PUSH THE BAG
      DOWNWARD FROM THE BELT CARRIER ONTO THE CONVEYOR, THE RAM RETRACTING AFTER
      EACH DOWNWARD MOVEMENT, THUS ACCUMULATING A STACK OF BAGS ON THE CONVEYOR,
      AND
PAR  4. MEANS FOR ADVANCING THE CONVEYOR A DISTANCE GREATER THAN THE DIMENSION
      OF THE STACK OF BAGS ON THE CONVEYOR THUS SEPARATING THE BAGS INTO GROUPS,
      SAID ADVANCING MEANS BEING INITIATED IN RESPONSE TO COMPLETION OF A
      PRESELECTED NUMBER OF OPERATIONS OF THE RAM.
PAR  Preferably the bags are folded prior to their delivery to the belt carrier.
      The folding may be carried out by means of an A-frame folder or by means
      of two coacting rollers or by both these means. The A-frame folder is
      suitable for forming longitudinal folds in a length of unsevered bags. The
      bags must be severed into separate bags before delivery to the belt
      carrier. The coacting roller folder is suitable for folding separate bags.
      In a combination of the two folding means it is necessary to interpose
      between them a means for severing the individual bags.
PAR  A suitable A-frame folder comprises a triangular frame positioned so that
      corner of the frame contacts the central part of a length of unsevered
      bags as it is guided through the folder, the bags thus assuming a V-shaped
      fold, and two coacting rollers positioned so that the bite of the rollers
      bisects the V-shaped fold of the length of bags, the length of the bags
      after passing over the frame passing between the two rollers to complete
      the fold.
PAR  A suitable roller folder comprises two coacting rollers and an air nozzle
      adapted to direct a synchronized blast of air into the bite of the two
      rollers, the operation of the blast of air being initiated when a bag
      passing over the upper parts of both rollers lies with its midpoint above
      the bite of the rollers, the blast of air forcing the midpoint of the bag
      between the rollers.
PAR  A suitable means for severing the individual bags from a length of bags
      joined by perforated junctures comprises two sets of double coacting
      rollers, the surface of the second set being adapted to travel at a higher
      speed than the surface of the first set so that the length of bags passing
      first between the first set of rollers and then between the second set of
      rollers is extended thus separating the bags at the perforated juncture.
PAR  Advantageously, the length of bags passing between the two sets of double
      rollers is supported between cooperating upper and lower endless conveyor
      belts which travel at a speed intermediate that of the surface speed of
      the two sets of rollers so that when the perforated juncture of the bags
      is severed the whip action of the severed ends is minimized.
DRWD
PAR  A preferred embodiment of the invention is illustrated in the accompanying
      drawings wherein:
PAR  FIG. 1 is a front view of a machine for folding and stacking bags;
PAR  FIG. 2 is a plan view of the machine of FIG. 1; and
PAR  FIG. 3 is a diagram of the electrical and pneumatic control system of the
      machine of FIG. 1.
DETD
PAR  The air valves illustrated in FIG. 3 have the following characteristics:
PA1  V.1 a two-way solenoid actuated, pilot air assisted, spring return valve.
PA1  V.2 a two-way solenoid actuated, pilot air assisted, spring return valve.
PA1  V.3 a four-way double solenoid actuated, pilot air assisted valve, the two
      solenoids being designated as S.sub.1 and S.sub.2.
PA1  V.4 a four-way solenoid actuated, spring return valve.
PA1  V.5 a four-way solenoid actuated, spring return valve.
PA1  Prv-1, prv-2, prv-3, prv-4, prv-5 are pressure regulator valves having
      pressure gauges.
PAR  Referring to the drawings, a roll of bags wherein the constituent bags are
      joined by perforated junctures is shown at 1. The roll is mounted on a
      shaft 2 which is rotatable in bearings carried by brackets 3 and 4. The
      joined bags pass from roll 1 under rollers 5 and 6 to an accumulator
      comprising rollers 7, 8 and 9 rotatable in bearing carried by frame
      members 11 and 12 and rollers 13 and 14 rotatable in bearings 15, 16
      slidable on vertical guides 17 and 18 respectively. The motion of bearings
      15, 16 on guides 17, 18 is restricted by helical springs 19, 20 and 21,
      22. There are of course matching sets of bearings and guides at each end
      of rollers 13 and 14. The function of the accumulator is to maintain the
      length of joined bags taut as it passes through the machine.
PAR  After passing through the accumulator the length of joined bags is folded
      twice longitudinally by passage over two consecutive A-frames. The
      A-frames and accessory rollers are mounted in a framework of which 11 and
      12 are two upper horizontal members and 23 and 24 are two vertical
      members. The length of joined bags passes from accumulator roller 9 to
      roller 25 at the top of the framework. From roller 25 the length of bags
      passes over A-frame 26. A-frame 26 is a triangular shaped guide attached
      at two corners to brackets 27 carried by the framework. The third corner
      of the A-frame is positioned at a midpoint of the length of bags, lying
      lower than the corners attached to brackets 27. The A-frame is maintained
      in its slanting position by means of rod 28 attached to both the A-frame
      and the framework member.
PAR  The inclined edges of the A-frame are fitted with air bearings 29. These
      are constituted by perforated tubes attached to a supply of compressed
      air. The air bearings reduce the friction between the A-frame and the bags
      passing over it.
PAR  Below the A-frame 26 is positioned a pair of coacting rollers 30, 31. These
      rollers are rotatable in bearings carried by a cross member of the
      framework. The bite of rollers 30, 31 lies directly beneath the lower
      corner of the A-frame. The length of bags passing over the A-frame is
      folded into a V-shaped longitudinal fold. This folded length then passes
      between rollers 30, 31 completing the fold.
PAR  Beneath rollers 30, 31 lies a second, smaller A-frame 32. Two corners of
      A-frame 32 are attached to the framework through rods 33, 34. A rod, not
      shown, maintains A-frame 32 in a slanting position. The inclined edges of
      A-frame 32 are fitted with air bearings 35. Beneath A-frame 32 are
      positioned coacting rollers 36, 37. The bite of rollers 36, 37 lies
      beneath the lower corner of A-frame 32. The once folded length of bags
      issuing from rollers 30, 31 is folded longitudinally a second time as it
      passes over A-frame 32 and between rollers 36, 37.
PAR  The twice folded length film next passes upwards and over roller 38. Roller
      38 is rotatable in bearings carried by brackets 39 fixed to vertical
      members 24 of the framework. From roller 38 the length of bags passes
      between coacting nip rolls 40, 41. To the ends of these rolls are fixed
      meshing gears 40A, 41A respectively. Lower roll 40 is driven, being
      journalled in bearings in the framework of the machine. Upper roll 41
      rotates through the action of meshing gears 40A, 41A. Upper roll 41 is
      journalled in bearings carried by matching blocks 42 slidable vertically
      between guides in frame members 43. Blocks 42 are fixed to the pistons of
      double acting air cylinder-piston units 44, 45. It is thus possible to
      raise roll 41 to assist in threading the length of bags through the nip
      rolls. The nip rolls serve to draw the length of bags through the A-frame
      folding assembly.
PAR  After issuing from the nip rolls the length of bags passes between a double
      conveyor belt unit formed of cooperating upper and lower belt systems.
      This unit has four endless belts. The upper belts 46, 47 are carried by
      double rollers 48, 49. The lower belts, one of which is shown at 50 in
      FIG. 1, are carried by three double rollers 51, 52 and 53. Roller 53 is an
      idler serving to maintain the belts taut. Rollers 48, 49, 51, 52 and 53
      turn in bearings carried by support plates 54, 55.
PAR  From the conveyor belt unit the length of bags passes over a set of three
      coacting folder rolls 56, 57, 58. The surfaces of rolls 56 and 57 are in
      contact as are the surfaces of rolls 57 and 58. These rolls are journalled
      in bearings carried by plates 59 and 60 of the machine frame. Roll 56 is
      driven by electric motor 61 by means of belt 62 running over motor pulley
      63 and roll pulley 64 mounted on the shaft of roll 56. Roll 56 also has
      another shaft mounted pulley 65 which serves to drive nip roll 40 through
      belt 66 and pulley 67 mounted on the shaft of the nip roll. The conveyor
      belt unit is driven through belt 68 which passes over pulley 69 mounted on
      the shaft of nip roll 40 and pulley 70 mounted on shaft 71 which is an
      extension of roller 51. The upper endless belt of the conveyor belt unit
      is driven through pulley 72 attached to roller 49, pulley 73 attached to
      roller 51 and connecting belt 74. Upper and lower endless belts travel at
      the same speed but rotate in reverse sense. The system of pulleys and
      belts connecting the nip rolls, belt conveyor and folder rolls is so
      devised that the surface of the folder rolls is greater than the surface
      speed of the nip rolls and the speed of the conveyor belt lies between the
      surface speeds of the folder rolls and nip rolls.
PAR  Ejecting into the bite of folder rolls 56, 57 is air nozzle 75. Passage of
      air to nozzle 75 is controlled by valve V.1. The length of bags passes
      over roll 56, under nozzle 75 and onto support plate 76 which is
      positioned above roll 57. Plate 76 has four air bearings consisting of
      four perforated tubes 77 fed with compressed air. The perforations are
      directed to urge the length of bags to the right. Plate 76 is fitted with
      an opening through which light from incandescent lamp 78 shines. Light
      from 78 impinges upon photocell 79. However, when the end of the length of
      bags is interposed between 78 and photocell 79 a signal is stored in a
      delay circuit which can be adjusted to actuate valve V.1 when the midpoint
      of the bag length is precisely over the bite of rolls 56 and 57. The
      momentary actuation of valve V.1 sends an air blast through nozzle 75 and
      the folded midpoint of the bag is forced into the bite of coacting rolls
      56 and 57. The rolls seize the bag folding it transversely and since the
      surface velocity of rolls 56, 57 is greater than that of nip rolls 40, 41
      the bag is torn from the length of bags at the perforated juncture which
      lies at a position between these two sets of rolls. The perforated
      juncture lies between belts 46, 47, 50 of the belt conveyor which are
      travelling at a speed intermediate the surface speeds of the nip rolls and
      folder rolls. The belt conveyor functions to minimize whipping of the
      separated edges of the bags at the perforated juncture.
PAR  As folded separated bag passes between folder rolls 56, 57 it is prevented
      from clinging to roll 56 by a stream of air issuing from nozzle 80. The
      bag then passes between folder rolls 57, 58 and air nozzle 81. The air
      supply to nozzle 81 is controlled by valve V.2. The control circuit
      actuating valve V.1 is adapted after a preselected time delay to actuate
      valve V.2. Thus a blast of compressed air from nozzle 81 drives the
      midpoint of the folded bag into the bite of coacting folder rolls 57, 58.
      The rolls seize the bag and fold it transversely a second time.
PAR  The folded bag is ejected from folder rolls 57, 58 into the inlet of a belt
      carrier. This carrier is formed of six endless belts supported by a system
      of 10 rollers. Four long belts, three of which are shown at 82, 83, 84
      pass over rollers 85, 86, 87, 88, 89, 90, 91, 92, 93, 94. The belts are in
      two sets of upper and lower belts, each set passing over the extremities
      of the rollers leaving a free space between the belts. The upper and lower
      belts of each set are in contact over part of their traverse, travelling
      at the same linear speed. The long belts thus are adapted to hold the
      folded bags between two sets of contacting belts by two opposite bag
      edges, leaving the intermediate portion of the bag free. Two short belts,
      upper and lower, are supported by the inner portions of rollers 85, 86,
      93, 94. The upper belt is shown at 96. These belts serve to support the
      intermediate portion of the folded bag at the inlet section of the belt
      carrier. The rollers are journalled in bearings carried by the framework
      of the machine. Rollers 89 and 92 act as idlers to maintain the belts
      taut.
PAR  The power to drive the belt carrier is provided by electrical motor 97. The
      shaft of this motor carries a pulley 98 which, through belt 99 drives
      pulley 100 on the shaft of roller 90. Only the lower long belts pass over
      roller 90, the upper long belts being driven through gears 87A and 88A
      fixed to rollers 87 and 88 respectively.
PAR  When the folded bag B held by the belt carrier passes between lamp 101 and
      photoelectric cell 102 the latter acts through a control circuit to
      actuate valve V.3. Valve V.3 then directs compressed air to air
      cylinder-piston unit 103 to extend the piston thereof. The cylinder of 103
      is attached to plate 107 fixed to the framework of the machine, the piston
      to the head 104 of a ram assembly which includes two guide rods 105, 106
      slidable in bores in plate 107. When head 104 is driven down by the piston
      of cylinder-piston unit 103 it pushes the folded bag, which has now
      advanced under the head, from the belt carrier and deposits it upon the
      conveyor shown generally at 108.
PAR  As the head 104 moves downward a cam actuated electrical switch 109 (FIG.
      3) is closed by a cam carried by the head. The closing of switch 109 acts
      through the control circuit to reverse the position of valve V.3 which in
      turn directs air to cylinder-piston unit 103 to raise the head 104 of the
      ram assembly. The surface of head 104 is covered with a layer of elastic
      material 110 such as foam rubber. It is of advantage to provide head 104
      with air lines exhausting air from cylinder 103 through its surface
      contacting the folded bag. A stream of air issuing from the surface of the
      head during action of the cylinder-piston unit assists in the rapid
      separation of the folded bag when the head is retracted. It is clear that
      the repeated action of the carrier belt and ram assembly will form a stack
      of folded bags on the conveyor.
PAR  Conveyor 108 comprises a movable belt system formed of flexibly linked
      plates 111. The belt system turns about two gears 112, 113 mounted on
      shafts 114, 115 journalled in bearings carried by the framework of the
      conveyor. The belt system is driven by gear 112 upon whose shaft 114 there
      is mounted a ratchet wheel 116. A pawl bracket mounted on shaft 114
      carries a pawl engaging ratchet wheel 116. The pawl bracket is linked to
      the end of the piston of air cylinder-piston unit 117. The air supply to
      cylinder-piston unit 117 is controlled by air valve V.4. A control circuit
      acting in response to the operation of valve V.3 actuates valve V.4 after
      a predetermined number of bags have been driven by the ram onto the
      conveyor. The resulting action of cylinder-piston unit 117 turns ratchet
      wheel 116 by action of the pawl and pawl bracket linked to its piston.
      Thus the conveyor belt is advanced by a predetermined increment moving the
      stack of bags from beneath the ram assembly. The carrier belt and ram
      assembly then proceed to form another stack of bags on the conveyor.
PAR  The stacks of bags may be removed from the conveyor manually or may be
      deposited by the conveyor in a container located at the end of the
      conveyor belt.
PAR  The coordination of the several elements of the machine is carried out by
      means of the electrical and pneumatic control system illustrated in FIG.
      3.
PAR  Compressed air, conveniently at a pressure of 80 p.s.i.g. passes from an
      air supply through pressure regulator valve PRV-1 to filter F. A branch
      line provides air, controlled by pressure regulator valves PRV-2 and
      PRV-3, for air bearings on A-frames (29, 35) and on folder plate (77)
      respectively. The main air line then passes through lubricator L through
      reservoir 118 to air valves V.1, V.2, V.3, V.4 and V.5. The inputs to
      valves V.1 and V.2 are provided with reservoirs 119, 120. Lines carrying
      pilot air bypass these reservoirs.
PAR  The inputs to valves V.3 and V.4 are provided with pressure regulator
      valves PRV-4 and PRV-5 respectively. Pilot air is supplied also to valve
      V.3.
PAR  These air valves are actuated by an electrical control circuit powered
      through transformer 121 and protected by fuse 122. Power supply 123
      provides regulated power for lamps 78, 101 used to excite photocells 79
      and 102. Photocell 79 acts through time delay circuit 124 and power supply
      125 to send a pulse of electric power to the solenoid of valve V.1
      actuating this valve momentarily. Then after a preset interval delay
      circuit 124 sends a pulse to the solenoid of valve V.2 actuating this
      momentarily. These valves control the air supply to folder roll nozzles 75
      and 81 respectively. Switch 126 permits valve V.2 to be disabled so that
      only nozzle 75 is operated.
PAR  Photocell 102 acts through time delay circuit 127 to send a pulse of
      electric power to solenoid S.sub.1 of valve V.3. This causes
      cylinder-piston unit 103 to lower head 104 of the ram assembly. Head 104
      as it descends operates cam controlled switch 109 sending a pulse to
      solenoid S.sub.2 of valve V.3 raising head 104 to its original position.
PAR  Valve V.4, controlling cylinder-piston unit 117 of the conveyor advance
      mechanism, is actuated through a counter circuit coordinated with the
      operation of valve V.3.
PAR  The counter circuit is isolated from the other circuit elements by means of
      transformer 129. The counter circuit is also provided with double switches
      130 and fuse 131. The main element of the counter circuit is counter 132.
      This is a known device adapted to energize valve V.4 after receiving a
      preselected number of pulses from the circuit of solenoid S.sub.1 of valve
      V.3. These pulses originate when S.sub.1 is energized, being transmitted
      through capacitor 133 and resistance 134 to input terminal 135 of the
      counter. Output terminal 136 of the counter is connected to the solenoid
      of valve V.4. Also in the solenoid circuit of valve V.4 is indicating
      counter 137 which indicates the total of operations of valve V.4, thus
      giving the number of stacks of bags deposited upon the conveyor.
PAR  Also contained in the control circuit is nip roll control 138. This is the
      electrical circuitry, including a control relay, adapted to permit valve
      V.5 controlling nip roll cylinder-piston units 44, 45 to be maintained
      open or shut.
PAR  The belt carrier motor circuit 139 includes a control relay and controls
      motor 97.
PAR  Folder roll motor circuit 140 includes a control relay and provides control
      of motor 61. As auxiliary to the folder roll motor circuit is the power
      supply 141 for clutch 142. The clutch links motor 61 to motor pulley 63.
PAR  Switch 143 provides a means of shutting down the machine under emergency
      situations.
PAR  Employing the machine of this invention plastic bags formed from
      polyethylene can be folded and stacked at the rate of at least 120 bags
      per minute.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A machine for severing individual bags from a continuously fed length of
      bags joined by perforated junctures which comprises first and second
      spaced apart sets of double coating rollers, the second set of rollers
      being positioned downstream from the first set of rollers, and positioned
      intermediate said first and second set of rollers a bag support means
      comprising a lower endless conveyor belt and in contact therewith a
      cooperating upper endless conveyor belt, said cooperating conveyor belts
      being adapted to support the length of bags between the contacting
      surfaces of the belts as the length of bags passes from between the first
      set of rollers to the second set of rollers, the second set of rollers
      being adapted to grasp the length of bags issuing from between the
      conveyor belts, and means for driving the two sets of rollers and
      intermediate conveyor belts so that the surface speed of the second set of
      rollers is greater than the speed of the conveyor belts and the speed of
      the conveyor belts is greater than the surface speed of the first set of
      rollers, thus extending the length of bags as it passes from the first set
      of rollers to the second set of rollers so as to sever the individual bags
      at the perforated junctures, the individual severed bags being delivered
      from between the second set of rollers.
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ABST
PAL  A process for the formation of loops freely suspended over a plurality of
      supporting means for the conveyance of textile material, particularly
      web-shaped material, which is sensitive to longitudinal tension through a
      treatment chamber, e.g. a steamer, slowly traversed by the supporting
      means, e.g. supporting rollers, supported by an endless conveying means,
      e.g. an endless conveyor chain includes the steps of maintaining
      supporting means coming into contact with the material constantly in
      rotation during the formation of the loops, and effecting the loop
      formation by the relative motion of successive supporting means with
      respect to one another.
BSUM
PAR  This invention related to a process and apparatus for the formation of
      textile material, e.g. webs, bands, sheets, etc., into loops freely
      suspended over supporting rollers for the conveyance of especially such
      material which is sensitive to longitudinal stretching and is web-shaped
      through a treatment chamber, this chamber being slowly traversed by the
      guide elements, e.g. rollers, supported by an endless conveying means, for
      example, an endless conveyor chain. Treatment devices of interest in this
      connection, wherein the process and apparatus of this invention are
      utilized, are the conventional festoon steamers and in certain cases also
      the travelling loop steamers.
PAR  The formation of the loops of textile materials in traveling loop steamers
      is basically effected without any problems because these steamers are
      employed only in case of materials, the traveling speed of which is only
      minor, and the roller characteristics of such steamers permit the material
      to form a pronounced curve in the lower point of return of the loop during
      the automatic, unguided deflection. Only in this case is it possible to
      convey the material continuously at the delivery speed through the
      treatment chamber of a traveling loop steamer.
PAR  Traveling loop steamers for feeding speeds of 40-80 m. and 100 m. per
      minute would be very advantageous, but they cannot be accomplished. It is
      impossible to obtain with this system a trouble-free conveyance of the
      material at this speed. For such a purpose, only festoon steamers are
      suitable. In these steamers, an endless conveying means travels with at
      least two chains wherein the two ends of supporting elements are held.
      Suitable supporting elements are round rods, triangular rods, rollers, or
      the like. All of these elements are to be encompassed within the scope of
      the present application and will be denoted hereinbelow as supporting
      element means and more particularly as rollers for the sake of simplicity.
      The material is suspended over these supporting means, disposed in the
      region of the ceiling of the apparatus, on both sides in freely hanging
      loops and is carried transversely through the treatment chamber by means
      of the supporting means which are gradually moved-- pushed or pulled-- in
      the conveying direction of the material.
PAR  In this conveying mode, the feeding speed of the material is completely
      insignificant. The only important consideration, for example, for uniform
      dye fixation, is only that the material does not rest, i.e., stand still,
      on the rollers during this conveyance, but rather is shifted with respect
      to the supporting means. This can be effected at a moderate speed which--
      as is known, is made possible by the intermittent rotation of the
      supporting means carrying the material.
PAR  Another important prerequisite for such a festoon steamer is that the
      material touch the conveying or other auxiliary elements only on one side.
      This is ensured by the formation of the loops as suspended loops which are
      not guided at the bottom, i.e., are not forcibly deflected in the inner
      loop. However, the loop formation, which must be accomplished even in case
      of an only unilaterally guided material, does cause problems.
PAR  A festoon steamer is known wherein the material entering the steamer is
      pulled upwardly by a sieve drum under a suction draft, which drum is
      arranged in the zone of the ceiling of the apparatus and is halfway
      covered by the material; the material, while hanging downwardly from the
      sieve drum, is placed in loops around the supporting elements with the aid
      of a blowing unit. This loop formation makes it possible to effect contact
      with the material only on one side, but the conveying seive drum must be
      arranged at the very top in the zone of the ceiling, with medium
      circulation and with the associated blowing or fan unit. Both of these
      devices prevent a quiet steam atmosphere in the treatment chamber, which
      is necessary due to a 100% absence of air, and both devices exert a
      considerable longitudinal force on the material which, in case of
      tension-sensitive goods, must be absolutely avoided. The sieve drum pulls
      the liquid-weighted material from the steamer bottom, where the inlet and
      outlet for the material are provided in order to prevent a spontaneous
      entrance of air, upwardly to far beyond the plane of the rollers in the
      zone of the ceiling, and the blowing unit stresses the sensitive material
      during the entire period of loop formation, whereby the material is forced
      to absorb pressure fluctuations due to fluttering motions.
PAR  Another conventional loop-forming method causes a lesser longitudinal
      tension; in this method, the respectively following loop is preformed
      between the last guide roller forming a loop and a guide roller serving as
      the material-introducing roller, wherein the latter is associated at the
      top with a supporting roll to ensure uniform feeding of the material. The
      subsequent guide roller, carried by a conveying means and coming from the
      downward direction enters the material hanging downwardly from the nip of
      the rollers into the steamer. The roller, which continues its upward
      movement, then carries the loop, previously fixedly determined with
      respect to its length of material, to the level of the conveying rail
      extending longitudinally through the steamer and receiving the guide
      roller.
PAR  A disadvantage of this method is the necessary bilateral contacting of the
      material by the introducing and supporting rollers in the zone of the
      material inlet, which furthermore, for reasons of the principle involved,
      cannot be arranged at the bottom of the steamer. For at the bottom, it
      would be impossible to form a loop with a predetermined length of
      material. Furthermore, one and the same point of the material is in
      constant contact with the upwardly moving, hot roller during the loop
      forming step, resulting in a nonuniform fixation of the dye at this point
      in the extremely sensitive initial stage of the treatment. Another
      disadvantage is that the dye accumulates in a sage of the loop. Although
      this runnel of dye does not remain uniformly at the same point of the
      material during the loop formation, but rather recedes downwardly in the
      material transporting direction while the material moves upwards, this dye
      runnel will travel downwardly in opposition to the transporting direction
      of the material during the conveyance of the material through the steamer,
      where the rollers rotate slowly by means of an auxiliary chain or the like
      in the transporting direction, thus again covering the zone which was
      covered by the dye during the loop formation. This, of course, likewise
      ensues in an undesired result in fixation of the dye.
PAR  The invention is based on the problem of developing especially universal
      festoon steamer for printed or dyed knit fabrics or woven goods which
      optimally meets all possibly occurring technical requirements for the
      flawless fixation of dye with the textile materials. An absolute
      prerequisite is that the textile material be contacted only on one side
      even during the loop formation. The textile material is to be at rest
      relatively to the rollers, not only while the material is being conveyed
      through the steamer. However, there must be no instant at all during the
      treatment, especially at the beginning where the textile material is
      stationary on a roller. A condition for a material-preserving treatment is
      that the material to be conveyed to the respectively desired level without
      any tension. This is problematic in case of arranging the inlet and outlet
      of the material in the zone of the steamer bottom, which is desirable in
      order to prevent the spontaneous entrance of air into the steamer. Also,
      the steamer must always contain a quiet and 100% pure steam atmosphere,
      which must not be disturbed, either, by the loop-forming mechanisms.
PAR  These many different conditions are met if the elements contacting the
      material are preferably constantly kept in rotation, especially when
      forming the loops, and if the loop formation is effected by the relative
      motion of successive elements. Consequently, the material can only be
      contacted by the supporting elements, particularly the rollers
      unilaterally from the bottom side, from the beginning to the end of the
      steamer, even during the feeding and discharging, as well as during the
      loop formation, and also during the residence treatment. The loops are
      formed between respectively two rollers rotating at a differential speed,
      on which the material is held solely by friction.
PAR  A special facilitation of the loop formation in accordacne with this system
      is provided if the continuously rotating rollers contacted by the material
      during the loop formation additionally vary their mutual distance. For, if
      the spacing of the rollers is large during the loop formation, whereas
      they are in close proximity to each other during the residence treatment
      in the steamer, a disturbance of the loop formation by rollers is avoided
      with great probability, especially in case of treatment of stiff printed
      material.
PAR  The process of this invention can be made even more sophisticated in many
      details to ensure a trouble-free conveyance of the material through the
      steamer. The above-mentioned measures as well as those set forth below are
      of inventive importance individually as well as in combination with other
      features for solving the posed problem. Thus, it is advantageous, for
      example, to provide that the textile material, upon its first contact with
      a roller, maintains its feeding speed exactly. In other words, the textile
      material must not be accelerated or decelerated in sudden bursts, which
      would result in the exertion of longitudinal tension on the material. This
      is made possible by the feature that the respectively subsequent,
      loop-forming roller, upon first contact with the textile material, travels
      longitudinally and rotates at speeds which, together, result in the
      feeding speed of the material. In this connection, it is to be kept in
      mind that the roller, during the formation of the loop, executes a motion
      in the direction of, for example, the steamer ceiling, which is
      superimposed by the rotating motion of the roller. Both motions must be
      adapted to each other so that the outer surface of the roller does not
      have a differential speed with respect to the material.
PAR  The loops are to be formed, in accordance with the invention, by the
      differential speed of successive rollers. It is advantageous not to drive
      each successive roller at a different speed. Therefore, it is suggested
      according to the present invention to provide that the roller which again
      comes in contact with the material first rotates at a high speed, the
      following roller rotates more slowly, and again the following roller or,
      preferably, only a few elements further on, rotate continuously at an even
      slower velocity. The acceleration and deceleration of the rollers to the
      predetermined speed are not to be effected suddenly, but rather in a
      throttled mode of operation, again in order to ensure a maximally
      tensionless conveyance of the material. Also, this throttling provides a
      gentle treatment of the material.
PAR  The above-mentioned steps of the process can be employed at any level of
      the steamer for the loop formation. It is possible, for example, first to
      convey the material into the zone of the ceiling. This transport should be
      conducted with the aid of driven rollers or the like without tension.
      However, it is more advantageous to form, preferably first preform, the
      loops in the lower zone of the treatment device between two rollers of the
      chain, and then to fully form the loops during the conveyance of the
      material in the zone of the ceiling of the apparatus. Another embodiment
      provides to guide the rotating, upwardly traveling roller against the
      underside of a loop already formed between a fixed auxiliary roll and a
      roller, thus forming, from this one loop, now two loops laterally
      suspended from this roller. In another embodiment, the accelerated,
      upwardly moving roller is laterally guided in a loop already formed
      between an auxiliary roll and a roller, thus taking over this loop in
      unchanged form.
PAR  In all of these embodiments, it is advantageous that the loops are not
      formed in full length immediately between two rollers. This avoids
      auxiliary means which must retain the textile material on the guide
      rollers to prevent shifting of this material. In the process of this
      invention, the textile material is held on the rollers solely by friction.
      By a simple determination of the rotating speed of the rollers, it is
      furthermore possible to determine the length of the loops, dependent on
      the sensitivity of the material, over any desired height. In all of these
      features, there is merely the requirement that the weight of a rather long
      loop must not be greater than the force of the friction of the material on
      the here controlling, adjacent roller, plus the weight of of the material
      of the shorter loop. This condition can readily be met.
PAR  The features necessary for the constuctional solution of the process of
      this invention will be set forth below.
PAR  An absolute requirement for this process is the drive means for the rollers
      coming into contact with the material. This driving operation is
      preferably accomplished by one or more auxiliary chains. The
      series-disposed auxiliary chains have, of course, different speeds, in
      order to effect the gradual formation of the loops in their full length.
PAR  The feature of this invention to make the spacing of the respective rollers
      to be variable is a special facilitation in the loop formation and
      contributes toward the safety factor. The mutual spacing of a certain
      number of rollers is to be consistently the same, whereas the spacing of
      the rollers with formed loops is to be smaller than the spacing of rollers
      without or with only partially formed loops. This is made possible quite
      simply by providing that the endless conveying means, laterally extended
      in the steamer housing and serving for the transportation of a plurality
      of rollers consist, for example, of chain links which can be telescoped.
      One embodiment consists of chain links which can be tilted up- and
      downwardly in the manner of an accordion. The rollers are then to be
      mounted at large spacings to such a chain, held in the stretched
      condition. If, then, the chain is pushed together in the residence section
      of the steamer, the rollers are disposed in close proximity for receiving
      a large quantity of material. Also, the conveying means can consist of a
      line, rope, or the like, to which the rollers are affixed at spacings. In
      any event, only a few rollers are thus necessary for the total system
      which also has an advantageous effect on the manufacturing cost.
PAR  Several chain-guiding and auxiliary devices are possible where the
      principle of the loop formation according to this invention can be
      utilized. For example, it is possible to form the loops in the zone of the
      ceiling of the treatment apparatus, for which purpose the material must
      first be transported in an obliquely upwardly directed path toward the
      ceiling. Pulling a vertically hanging material would be infeasible in this
      case, since the liquid-saturated material would have too great a weight
      over such a length of material corresponding to the height of the
      apparatus. The transportation should be accomplished by means of driven
      guide rollers with an endless conveyer belt. It is also possible to
      provide a sieve drum under a suction draft which simultaneously serves for
      the heating of the material, but which does not pull the material upwardly
      but only heats the material during contact with the drum and conveys the
      material without tension during this step. From the end of this material
      conveying means, the material first passes straight to the preceding
      roller. The loop is then gradually formed by the differential speed of
      this roller and the feeding speed provided by the conveying means.
PAR  More advantageous is an embodiment wherein a feed roll, which rotates at
      the feeding speed and is preferably heated, is arranged behind the inlet
      end wall of the housing in the lower zone of the height of the apparatus;
      the first loop is then preformed between this feed roll and a further
      auxiliary roller and a subsequent roller of a conveying chain. In this
      connection, it is advantageous to deflect the conveying chain with the
      rollers somewhat below this feed roll in the conveying direction of the
      material, preferably so that it is obliquely inclined downwardly, for some
      distance, corresponding approximately to the spacing between two guide
      rollers when the conveying chain is stretched out. This distance is then
      to be associated with a first auxiliary chain. In this way, the feed roll
      constitutes a connecting member for the subsequent loop to the successive
      roller at the conveying chain.
PAR  Another embodiment resides in extending the conveying chain with the
      rollers, close to the inlet, upwardly in an oblique direction over the
      entire height; in the lower zone, at the level of the above-mentioned feed
      roll, a first auxiliary chain for driving the rollers at approximately
      feeding speed is arranged over the length of the distance of two
      successive rollers when the chain is stretched out.
PAR  It is furthermore advantageous for a tensionless conveyance to extend the
      conveyer chain so that it is inclined in the downward direction also at
      the end of the apparatus, and to associate an auxiliary chain for a more
      rapid driving action with the rollers which are suspended at that point
      with the chain stretched out. In this way, the loops are then slowly
      dissolved.
DRWD
PAR  Several embodiments of the apparatus of this invention are illustrated in
      the drawing. Additional features of the present invention will be
      understood in the following detailed description with reference to these
      embodiments wherein:
PAR  FIG. 1 shows a longitudinal sectional view of a festoon steamer of this
      invention wherein the loops are formed in the zone of the ceiling;
PAR  FIG. 2 shows the festoon steamer according to FIG. 1, wherein the loops are
      first preformed in the lower zone of the height of the apparatus;
PAR  FIG. 3 shows the festoon steamer according to FIG. 2, likewise with loop
      formation in the lower zone of the height of the apparatus, but with a
      conveyer chain which is extended obliquely upwardly over the entire height
      of the apparatus;
PAR  FIG. 4 shows the festoon steamer according to FIG. 3 with an auxiliary
      loop-forming device;
PAR  FIG. 5 shows, in an enlarged view, a chain conveyer wheel in the zone of
      the ceiling of the apparatus with the associated chain-guide rail;
PAR  FIG. 6 shows a longitudinal section through a conveying roller according to
      FIG. 5;
PAR  FIG. 7 shows a longitudinal section through a conveying roller in a
      different construction as compared to FIG. 6; and
PAR  FIG. 8 is a section at right angles through the conveying roller of FIG. 7.
DETD
PAR  A festoon steamer consists of a housing 1, the bottom of which has a heated
      water sump 2. The ceiling 3 of the housing is likewise heated by
      heat-exchange with steam or other heated fluid in order to avoid droplet
      condensation. The housing 1 is traversed by an endless conveying means 4
      to which the conveying or supporting means, i.e., rollers 5 are attached.
      In the illustrated embodiments, respectively, one chain 4 is extended
      along both sides of the housing, conveying rollers 5 being held laterally
      in these chains. The chains are guided with the housing by means of chain
      sprockets 16, 17, 32, 33. During the return of the conveying rollers from
      the wheel 32 to the sprocket 16--i.e. from the zone of the material outlet
      by way of the steamer bottom up to the zone of the steamer ceiling in the
      region of the material inlet--the conveying rollers 5 have a large mutual
      spacing; whereas the rollers are disposed in close proximity to one
      another during the slow conveyance of the material through the steamer in
      the vicinity of the ceiling. In order to make this possible, a special
      chain construction is suggested which can be seen, in particular, from
      FIG. 5 described hereinbelow.
PAR  In the embodiment of FIG. 1, a new loop is formed in the proximity of the
      textile material inlet at the zone of the steamer ceiling. For this
      purpose, the material must be transported into this zone of the ceiling
      without exerting any tension. Since an upwardly pulling action, for
      example, by means of a sieve drum, is impossible in case of the sensitive
      textile materials to be treated, a feeding funnel or chute 7 is necessary
      which guides the material obliquely in the upward direction. The mouth of
      this chute 7, not shown, must be in the zone of the steamer bottom, so
      that no air can spontaneously enter the steamer. Several conveying rollers
      8 are provided along the length of the chute 7, which rotate while driven
      with the aid of an auxiliary chain 6. It is possible to dispose above the
      chute 7 a sieve drum 10 under a suction draft and surrounded by a housing
      9, in order to conduct the material lifted off the rollers 8 about the
      sieve drum 10 for heating the material more quickly, optionally to HT
      temperatures. In any event, the sieve drum must be arranged outside of the
      housing 1 in order to avoid turbulence in the steam atmosphere.
PAR  In the zone of the ceiling of the first embodiment, a feed roll 11 is
      disposed at the end of the chute; this roll is likewise driven so that it
      rotates at the feeding speed. From there, the material 12 is first held
      extending up to the following roller 5'. However, this following roller is
      driven by the second auxiliary chain 13 only at a lower rotating speed.
      This speed is of such a magnitude that the material is not affected with
      respect to the fixation results by the effect of the temperature of the
      conveying rollers. Furthermore, the runnel of dye forming in the loops is
      to be taken into account. Therefore, the speed of rotation of the rollers
      in the zone of the auxiliary chain 13 should be such that the length of a
      loop 14 has passed once over a roller 5 during the conveyance from the
      inlet to the outlet of the steamer.
PAR  Due to this slow speed of rotation of the following roller 5', the new loop
      15 is automatically formed between this roller and the feed roll 11. The
      sliding of the material over the roller 5' is prevented by the weight of
      the material from the roller 5' to the feed roll 11, which, in total with
      the frictional force on the conveying roller 5', must not be smaller than
      the weight of the finished loop 14.
PAR  While the material 12 continues to travel over the feed roll 11 with the
      feeding speed, a new conveying roller 5" passes around the chain sprocket
      16 which pulls the chain 4 vertically upwardly from the chain sprocket 17.
      Prior to contacting of the roller 5" with the textile material 12, this
      roller is accelerated by means of the first auxiliary chain 18 to a speed
      equal to the velocity at which the material passes the roller 5" with the
      loop 15 being formed. Consequently, there is not the slightest relative
      speed between the material 12 and the roller 5". Thus, the material is
      taken over by the roller 5" without tension and is further conveyed
      continuously.
PAR  While the chain 4 is further moved in the conveying direction, the loop
      15', indicated in dot-dash lines, is gradually formed. If the spacing
      between the rollers 5' and 5" is equal to the spacing of the rollers in
      the zone of the second auxiliary chain 13, then the loop 15, 15' has been
      formed into the loop 14 in its full length and is now moved only slowly at
      the speed according to the auxiliary chain 13. At the instant which the
      speed of rotation of the roller 5" is decelerated to the speed in
      dependence on the auxiliary chain 13, the weight of the material suspended
      between the feed roll 11 and the roller 5" is again of such a magnitude
      that automatically a new loop can be formed.
PAR  Another principle for the loop formation is illustrated in FIG. 2. Here,
      the loops are first preformed between two successive rollers and are fully
      formed after having been conveyed into the zone of the ceiling of the
      apparatus. This embodiment advantageously avoids the chute 7 of FIG. 1,
      which takes up a large amount of space in its dimensions. The same holds
      true for the embodiments of FIGS. 3 and 4.
PAR  In all these examples, the inlet as well as outlet 19, 20 are provided in
      the zone of the bottom of the steamer. In this way, no air can
      spontaneously enter the steamer, except for air entrained perhaps by the
      material. These minor quantities of air are collected in the zone of the
      bottom due to the quiet steam atmosphere in the steamer, and can be
      removed at that point by suction. A 100% steam atmospheres is ensured in
      the steamer.
PAR  If it is desired to heat the material first intensively, optionally to
      temperatures of around 200.degree. C., a sieve drum under a suction draft,
      designated by reference numeral 21, can be arranged in front of the
      steamer. The fan mounted at the end face of the drum is shown
      schematically by the blades in dash lines. The sieve drum should be placed
      in the vicinity of the bottom, so that the loops formed laterally of the
      drum 21 have only a minor weight of material. When using the sieve drums
      as heating units, the inlet for the material can be provided approximately
      at the level where the material leaves the sieve drum. The inlet for the
      material illustrated in the drawing, which can be closed off, is denoted
      by numeral 19'. If the sieve drum 21 is not to be employed, the material
      travels over a roller train 22 underneath the sieve drum 21 to the inlet
      19. In any event, the inlet 23 to the sieve drum unit should also be
      arranged in the zone of the bottom of the steamer.
PAR  The textile material is again fed into the steamer first of all by the feed
      roll 11. This feed roll can also be designated as a heating roll, by
      passing a heating medium therethrough. The feed roll is disposed behind
      the inlet-side end wall of the housing, if possible in the lower zone of
      the height of the apparatus, in order to keep the length of the loops
      small from the inlet 19 to the feed roll 11. The subsequent loop is, in
      turn, formed following the feed roll 11. For this purpose, the chain 4
      travels over an additional sprocket 24 arranged closely underneath and in
      the proximity of the feed roll 11. Another chain sprocket 25 subsequently
      guides the chain 4 upwards again in the direction toward the chain
      sprocket 16 arranged in the zone of the ceiling of the device. Preferably,
      the chain sprocket 25 is arranged so that the chain 4 is guided obliquely
      downwardly, but in any event horizontally, away from the sprocket 24.
PAR  Just as in the embodiment of FIG. 1, the weight of the material between the
      following roller 5' and the feed roll 11 or a further auxiliary roller
      11', with the material being extended in the straight condition, is at
      least so large that automatically a new loop 15 is formed, namely, without
      the material being able to slide along the roller 5'. In any event, the
      roller 5' rotates, at the instant where the loop 15" has just been
      preformed, with approximately the feeding speed. For this purpose, the
      first auxiliary chain 18 is again employed, which drives the rollers 5
      moving between the auxiliary roller 11' and the chain sprocket 25 at
      approximately the feeding speed. If the roller 5', during the further
      conveying of the chain 4, moves further upwardly from the drawn position,
      it enters the zone of the second auxiliary chain 26 which drives the
      roller at a lower speed of rotation. Consequently, the loop 15', indicated
      in dot-dash lines, gradually forms between the roller 5' and the following
      roller 5" which passes into the region of the first auxiliary chain 18.
      The length of the preformed loop 15" remains the same during the
      conveyance until the ceiling of the steamer has been reached. This length
      is only changed again when the third auxiliary chain 27 determines the
      speed of rotation of the roller 5. Thus, the loop suspended between the
      last roller under the effect of the auxiliary chain 27 and the subsequent
      roller, which is still in the zone of the auxiliary chain 26, is formed in
      its full length into the loop 14 only in the region of the ceiling.
PAR  This stepwise formation of a loop has several advantages. On the one hand,
      the already partially formed loop can be conveyed upwardly within the
      steamer without tension, thus also eliminating the feeding funnel of FIG.
      1. On the other hand, a greater variation of lengths of the fully formed
      loop 14 is made possible. Indeed, any desired loop length--namely a loop
      utilizing the full height of the steamer, and also a loop which is quite
      small-- can be formed without danger and without any problems. One must
      only keep in mind that the weight of the partially formed loop, or of the
      loop to be formed between a first roller and a second roller is at most
      equal to the weight of the material of the loop between the second roller
      and a third roller plus the force of friction of the material on this
      second roller. When considering this rule, a sliding of the material over
      a roller is made impossible.
PAR  The embodiments of FIGS. 3 and 4 are similar to that of FIG. 2 in that the
      loops are first preformed in the lower zone of the height of the apparatus
      and are then fully formed in the zone of the ceiling. Also, it is possible
      to associate a sieve drum according to FIG. 2 with the embodiments shown
      in FIGS. 3 and 4. However, in contrast thereto, in the embodiments of
      FIGS. 3 and 4, the conveyer chain 4 is extended obliquely upwardly up up
      to chain sprocket 16 from the chain sprocket 17 without any further
      deflection.
PAR  In the embodiment of FIG. 3, a loop is first formed between the feed roll
      11 and the roller 5'. The roller 5' is shown at the end of the first
      partial path between the chain sprockets 17 and 16. Underneath this level,
      the first auxiliary chain 18 drives the rollers, which move obliquely
      upwardly, at approximately the feeding speed. Above this point, the
      rollers, which continue their upward movement, are driven by the auxiliary
      chain 26 at a slower speed, in a similar manner as in the embodiment of
      FIG. 2. The subsequent roller 5" engages the loop suspended between the
      feed roll 11 and the subsequent roller 5' approximately in the lower point
      of reversal. For this purpose, the feed roll 11 must have a certain
      position with respect to its height level, and the chain 4 must move
      upwardly with an exactly predetermined inclined direction at a spacing
      from the feed roll.
PAR  At the instant of contact of the preformed loop with the following roller
      5", the latter has a speed which does not produce a relative motion
      between the outer surface of the roller and the material. Consequently,
      the roller 5" will subdivide the loop between the feed roll 11 and the
      roller 5' in the middle and thus form immediately two loops--one loop to
      the left and one loop to the right of the roller 5'. The roller 5" will
      then move further upwardly and will rotate at a speed predetermined by the
      auxiliary chain 18. During this step, the loop between the auxiliary
      roller 11 and the roller 5" will increase. Simultaneously, the loop
      between the roller 5" and the roller 5' will be enlarged, since the roller
      5' now rotates at a slower speed due to the auxiliary chain 26.
PAR  In the embodiment of FIG. 4, the first auxiliary chain 18 in parallel to
      the upwardly moving endless chain 4 of FIG. 3 is replaced by an auxiliary
      chain 28 disposed on a circular disk 29, which is arranged at the level of
      the feed roll 11 between the latter and the obliquely upwardly moving
      chain 4. Here, the loop is formed between an auxiliary roller 30 rotating
      on the disk 29 and the last loop-forming roller 5' of the chain 4. The
      subsequent loop-forming roller 5" is then conducted laterally upwardly
      into this preformed loop; during its further upward movement by the chain
      4, the roller 5" is accelerated in its peripheral velocity by means of the
      auxiliary chain 26 and lifts off the loop and takes the same over
      unchanged. This position is illustrated with dot-dash lines. The
      subsequent loop is then preformed between the upwardly moving roller 5"
      and a further auxiliary roller 31 at the disk 29. Of course, the disk can
      also be constructed to have a crosswise structure of shafts or the like.
      Also, the auxiliary chain 28 can be replaced by spur gears.
PAR  In all embodiments 1 through 4, the manner in which the loops are dissolved
      is the same. In all cases, the conveying chain 4 is traveling obliquely
      downwardly in an extended form from the chain sprocket 32 to the chain
      sprocket 33. These downwardly moving rollers are accelerated in their
      peripheral speed by the auxiliary chain 34, so that one loop after the
      other is pulled apart between the last roller afffected by the auxiliary
      chain 13 or 27, respectively, and the already downwardly moving roller, so
      that only approximately one-half of a loop remains. In this connection,
      care must again be taken that the weight of the loop to be dissolved is at
      most equal to the weight of the material of the exiting loop, plus the
      frictional force of the material on the associated roller. This prevents a
      sliding back of the material into the suspended loop which is still fully
      formed.
PAR  The final discharge of the material from the steamer is effected by means
      of a take-off roll 35 rotating at the feeding speed and associated, for
      safety purposes, with another roller 36 for the formation of a nip. This
      bilateral contacting of the material is without significance at this
      point, which is after termination of the fixation period.
PAR  A special advantage of all embodiments is that, independently of the length
      of the loops in the zone of the auxiliary chain 13 or 27, the subsequent
      loops can be formed at any desired length. It is merely necessary to
      regulate the speed of the respective auxiliary chains, at a uniform or
      varying feeding speed of the material. In this manner, the steamer can
      also be fed with only a short feed piece of material. This feed piece of
      material can be pulled so that it is extended over all rollers arranged in
      the range of influence of the three auxiliary chains. The first loop will
      be formed independently thereof in the desired manner, depending on the
      set speeds of the auxiliary chains.
PAR  In all embodiments, the material is moved continuously over the supporting
      or conveying rollers. Thus, contact heating cannot be effected. This also
      holds true during the dwell treatment, since the rollers, which have been
      placed in close proximity to one another, rotate in the zone of the
      ceiling continuously, but slowly.
PAR  The manner in which it is made possible for the rollers to be arranged in
      close vicinity in the range of influence of the auxiliary chain 13 or 27,
      whereas they otherwise pass through the steamer housing at large spacings
      from one another, is shown in FIG. 5. The chain consists of chain links
      36' which can be tilted upwardly and downwardly in the manner of an
      accordion, so that they are upright and in close contact with one another.
      The telescoping action is provided by the arrangement of the supporting
      rails 37, 38 disposed in the zone of the ceiling of the apparatus. These
      rails are disposed in relation to the chain sprocket 16 so that an
      automatic telescoping of the chain links 36 can be effected. For this
      purpose, a tongue 39 of the lower supporting rail 37 engages, for
      providing a supporting action, the annular groove 40 of the chain sprocket
      16 disposed in front thereof. The annular groove 40 can be seen from FIG.
      6. Thus, each chain link is forcibly lifted off the sprocket 16 and urged
      between the rails 37 and 38. In order to prevent the chain from lifting
      off of the sprocket 16, the chain sprocket 16 passes around the free end
      of the top rail 38 as a guide rail 41.
PAR  A maximally gently conveyance of the material is accomplished if the
      material coming into contact with rollers does not have a relative speed
      with respect to these rollers. Therefore, it is advantageous to accelerate
      the rollers 5 prior to contact with the material. The accelerative force
      can assume a high value, and therefore, also in order to reduce wear on
      the chain, the acceleration should not be sudden, but rather elastic-like,
      i.e., gradual. For this purpose, the cogwheel 42 attached to the end face
      of each roller and engaging the auxiliary chain is joined to the roller 5
      in a torsional-elastic manner. According to FIG. 6, this is achieved with
      the aid of a helical torsion spring 43 which is fixedly joined, on the one
      hand, with the cogwheel 42 and, on the other hand, with the roller 5.
      Another embodiment is shown in FIGS. 7 and 8, where plate springs 44 which
      project elastically radially from the shaft journal of the cogwheel 42,
      are attached and are limited in their movement by stops 45. These stops
      are axially attached to the roller 5 and extend across the range of
      rotation of the springs 44. The mode of operation of the plate springs is
      explained by the illustration of FIG. 8. Both embodiments are elastic
      torsional connections for decelerating or accelerating velocities.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the formation of loops of textile material freely
      suspended over a plurality of successive supporting roller means for the
      conveyance of the textile material which is sensitive to longitudinal
      tension through a treatment chamber slowly traversed by the supporting
      means supported by an endless conveying means wherein the supporting means
      coming into contact with the textile material are maintained constantly in
      rotation during formation of the loops of textile material, and the loop
      formation is accomplished by producing a relative motion between
      successive supporting means with respect to one another on said endless
      conveying means, and by providing substantially no relative motion between
      the supporting means and the textile material, said loop formataking place
      between supporting roller means rotating at different speeds and the
      material being supported thereon solely by friction.
NUM  2.
PAR  2. The process according to claim 1, in which the material comes into
      contact with the supporting means only on one side, until termination of
      the treatment, during the loop formation.
NUM  3.
PAR  3. The process according to claim 1, in which the continuously rotating
      supporting means contacting the material during the loop formation are
      additionally caused to vary their mutual distance between each other.
NUM  4.
PAR  4. The process according to claim 1, in which the textile material, upon
      its first contact with a supporting means on said endless conveying means,
      exactly maintains its feeding speed.
NUM  5.
PAR  5. The process according to claim 4, in which the respectively following,
      loop-forming supporting means upon first contact with the material, moves
      longitudinally and rotates at velocities which together result in the
      feeding speed of the material.
NUM  6.
PAR  6. The process according to claim 4, in which the supporting means is
      accelerated to the material feeding speed already prior to coming into
      contact with the material.
NUM  7.
PAR  7. The process according to claim 4, in which the acceleration or
      deceleration of the supporting means is throttled to the respective speed
      of the material in the treatment chamber.
NUM  8.
PAR  8. The process according to claim 1, in which the loops between two
      successive supporting means are first preformed and only subsequently are
      lengthened to the desired loop length.
NUM  9.
PAR  9. The process according to claim 8, in which the supporting means which
      again comes into contact with the material rotates at a high speed, while
      the following supporting means moves more slowly and, in turn, following
      supporting means or preferably only several elements farther on, move at
      an even further reduced speed.
NUM  10.
PAR  10. The process according to claim 8, in which the material is taken over,
      in the zone of the ceiling of the treatment chamber by a supporting means
      rotating at the material feeding speed, and the loop is formed between
      this supporting means and the following, more slowly moving supporting
      means.
NUM  11.
PAR  11. The process according to claim 8, in which the accelerated, upwardly
      traveling supporting means is placed into engagement with the underside of
      a loop already formed between a fixed auxiliary roll and one of said
      supporting means, thus forming from the single loop two loops laterally
      suspended from this said one of said supporting means.
NUM  12.
PAR  12. The process according to claim 8, in which the accelerated, upwardly
      traveling supporting means is laterally guided into a loop already formed
      between an auxiliary roll and one of said supporting means, thus taking
      over this loop in an unchanged condition.
NUM  13.
PAR  13. The process according to claim 1, in which the material, for the loop
      formation, is transported without tension into the zone of the ceiling of
      the treatment chamber while being contacted only on one side, and the loop
      formation is only effected at that zone.
NUM  14.
PAR  14. The process according to claim 13, in which the material is taken over,
      in the zone of the ceiling, by a supporting means rotating at the material
      feeding speed, and the loop is formed between this supporting means and
      the following, more slowly moving supporting means.
NUM  15.
PAR  15. The process according to claim 1, in which also the supporting means at
      the end of the treatment chamber rotate in a driven manner during the
      dissolution of the loops, and the loops are likewise shortened by
      differential speeds of the successive supporting means.
NUM  16.
PAR  16. The process according to claim 1, wherein the textile material is in
      the form of a continuous web and said treatment chamber is a steamer
      housing.
NUM  17.
PAR  17. The process according to claim 16, in which the supporting roller means
      comprise a plurality of rollers laterally arranged in parallel
      relationship to each other within said treatment chamber, said process
      further comprising engaging the web material with said rollers by friction
      alone.
NUM  18.
PAR  18. The process according to claim 1, in which the endless conveying means
      is an endless conveyor chain means.
NUM  19.
PAR  19. The process according to claim 1, in which the formation of said loops
      of textile material is effected at an initial front portion of said
      treatment chamber.
NUM  20.
PAR  20. An apparatus for producing loops of textile material which comprises a
      steamer housing including a dwell section, an endless conveyor means
      longitudinally traversing said housing, said conveyor means comprising two
      chain means respectively guided laterally within said housing, a plurality
      of supporting roller means for supporting and for conveying loops of
      textile material within said housing, said supporting roller means being
      transported and held laterally within said housing by said endless
      conveyor means, said conveyor means while moving the loops of textile
      material through the dwell section of the housing effecting change in
      position of the loops with respect to the supporting roller means, means
      for continuously rotating the supporting roller means coming into contact
      with the textile material during loop formation to effect continuous
      movement of the textile material over successive supporting means, said
      conveyor means effecting relative motion between successive supporting
      roller means during loop formation and said means for rotating said
      supporting roller means providing substantially no relative motion between
      the roller means and the moving textile material and including auxiliary
      means for causing the supporting roller means on which the loop formation
      take place to rotate at different peripheral speeds.
NUM  21.
PAR  21. The apparatus according to claim 20, in which said auxiliary means
      includes three auxiliary chain means having means which engage said
      supporting roller means for effecting rotation thereof at said different
      peripheral speeds, respectively.
NUM  22.
PAR  22. The apparatus according to claim 21, in which said supporting roller
      means include a plurality of rollers which are positioned in parallel
      relationship between said two chain means, said rollers engaging said
      textile material by friction alone.
NUM  23.
PAR  23. The apparatus according to claim 20, in which the supporting means
      comprise loop-forming rollers that are driven by at least one auxiliary
      chain.
NUM  24.
PAR  24. The apparatus according to claim 23, in which, for the formation of the
      loops, the peripheral speed of at least two successive rollers on said
      conveyor means is different.
NUM  25.
PAR  25. The apparatus according to claim 23, in which the spacing between the
      respective rollers is variable, wherein the spacing between a subsequent
      roller is always uniformly small or uniformly large.
NUM  26.
PAR  26. The apparatus according to claim 25, in which the spacing of a certain
      number of rollers is always uniform, but the spacing of the rollers with
      formed loops is smaller than the spacing of the rollers without loops or
      with only partially formed loops.
NUM  27.
PAR  27. The apparatus according to claim 26, in which the spacing of the
      rollers with fully formed loops in minor, while the otherwise rotating
      rollers are arranged on the conveyer means including said chain means at
      uniformly large spacings for being transported back to the beginning of
      the treatment apparatus.
NUM  28.
PAR  28. The apparatus according to claim 25, in which the chain means include
      chains consisting of chain links which can be pushed into one another.
NUM  29.
PAR  29. The apparatus according to claim 28, in which the chain links can be
      tilted upwardly and downwardly accordion-like so that they are disposed
      upright in close proximity to one another.
NUM  30.
PAR  30. The apparatus according to claim 28, in which the rollers are attached
      at large spacings to the chains held in a straight extended condition.
NUM  31.
PAR  31. The apparatus according to claim 25, in which the loop to be formed
      between two rollers is suspended therebetween with a large spacing between
      the rollers, and these two rollers are driven at differential peripheral
      speeds.
NUM  32.
PAR  32. The apparatus according to claim 31, in which the weight of the loop
      partially formed or to be formed between the two rollers is at most equal
      to the weight of the material between the subsequent roller and the
      preceding roller plus the frictional force of the material on this
      subsequent roller.
NUM  33.
PAR  33. The apparatus according to claim 31, further comprising means for
      conveying the material obliquely upwardly up into the zone of the ceiling
      of the treatment apparatus, said conveying means including driven rollers
      and a sieve drum under a suction draft, said conveying means being so
      arranged that the material extends from the end of this conveying means
      first straight to the preceding roller and then, for the formation of the
      loop, the material is freely suspended between two successive guide
      rollers.
NUM  34.
PAR  34. The apparatus according to claim 31, in which, following a sieve drum
      under a suction draft, but behind the inlet-side end wall of the housing,
      in the lower zone of the height of the apparatus, a feed roll is disposed
      which rotates at the feeding speed and is heated, the first loop being
      formed between this feed roll or another auxiliary roll and a subsequent
      roller.
NUM  35.
PAR  35. The apparatus according to claim 34, in which the conveyer chain with
      the rollers is obliquely downwardly directed a small distance below the
      feed roll in the direction of feeding of the material, for a distance
      corresponding approximately to the spacing between two supporting rollers
      when the conveyer chain is stretched straight, and thus the subsequent
      roller represents a supporting roller at the conveyer chain.
NUM  36.
PAR  36. The apparatus according to claim 35, in which the rollers are driven in
      the zone of the straight extension of said material by a first auxiliary
      chain.
NUM  37.
PAR  37. The apparatus according to claim 35, in which the conveyer chain after
      said extension of material is guided slightly obliquely in the upward
      direction up into the zone of the ceiling of the apparatus, and, over this
      length, the rollers suspended at the chain are driven by means of a second
      auxiliary chain at a peripheral speed which is lower as compared to that
      of the first auxiliary chain.
NUM  38.
PAR  38. The apparatus according to claim 31, in which a heated feed roll
      rotating at the feeding speed is arranged behind the inlet-side end wall
      of the housing, most advantageously in the lower zone of the height of the
      apparatus, and the conveyer chain with the rollers is extended close to
      the inlet so that it travels obliquely upwardly over the entire height,
      wherein, in the lower zone of this height, a first auxiliary chain for
      driving the rollers is provided over the length of the distance of two
      successive rollers when the chain is in the extended condition.
NUM  39.
PAR  39. The apparatus according to claim 38, in which the feed roll is disposed
      in relationship to the spacing from and to the incline of the upwardly
      moving chain in such a manner that the roller forming the next loop
      touches the loop suspended between the feed roll and the last loop-forming
      roller approximately in the lower point of return thereof.
NUM  40.
PAR  40. The apparatus according to claim 39, in which, following the first
      auxiliary chain, a second auxiliary chain is arranged over the residual
      length of the obliquely upwardly moving chain, with a peripheral speed
      which is lower as compared to that of the first auxiliary chain, for
      driving the respective rollers to be conveyed upwardly in this zone.
NUM  41.
PAR  41. The apparatus according to claim 40, in which, at the end of the upward
      movement, the conveyer chain with the rollers is again deflected into the
      horizontal, and the rollers are at that point driven with a horizontally
      extended, third auxiliary chain with a peripheral speed which is lower as
      compared to the preceding second auxiliary chain.
NUM  42.
PAR  42. The apparatus according to claim 20, in which each of said rollers has
      a cogwheel at one of their ends for driving purposes, which cogwheel
      engages a respectively associated auxiliary chain.
NUM  43.
PAR  43. The apparatus according to claim 42, in which the cogwheel is secured
      with the roller by a torsional-elastic coupling.
NUM  44.
PAR  44. The apparatus according to claim 43, in which the elastic, torsional
      coupling is constituted by a helical torsion spring or a plate spring.
NUM  45.
PAR  45. The apparatus according to claim 42, in which a chain sprocket of the
      conveyer means has a peripheral annular groove in the zone of the ceiling
      at the material inlet, which groove is engaged by guide means including a
      tongue of a lower rail guiding the telescoped chains for a safe transfer
      of the chain links.
NUM  46.
PAR  46. The apparatus according to claim 42, in which the chain sprocket is
      encompassed by a guide rail in the zone of the ceiling at the material
      inlet, with an angle approximately corresponding to the angle formed by
      the conveyor chain.
NUM  47.
PAR  47. The apparatus according to claim 46, in which this guide rail is the
      free end of a top rail of the guide means receiving the folded chain.
NUM  48.
PAR  48. The apparatus according to claim 34, in which the subsequent roller is
      formed as an auxiliary roller disposed between the feed roll and the chain
      supported rollers, for the purpose of preforming loops, which auxiliary
      roller is reciprocated between the feed roll and the conveyer chain.
NUM  49.
PAR  49. The apparatus according to claim 48, in which the auxiliary roller is
      guided circularly on a disk which rotates and is mounted in parallel to
      the longitudinal wall of the apparatus, and a separately driven first
      auxiliary chain associated with the auxiliary rollers rotates together
      with the disk.
NUM  50.
PAR  50. The apparatus according to claim 49, in which the conveyer chain is
      extended obliquely downwardly at the end of the apparatus, and an
      auxiliary chain for more rapid driving is associated with the rollers
      which are suspended at that point on the stretched-straight chain.
NUM  51.
PAR  51. The apparatus according to claim 50, in which a take-off roll, rotating
      at the feeding speed, is disposed in front of the outlet-side end wall of
      the housing in the lower zone of the apparatus.
NUM  52.
PAR  52. The apparatus according to claim 52, in which said take-off roll is
      associated with a further roll for the formation of a nip that engages
      said material.
NUM  53.
PAR  53. The apparatus according to claim 51, in which the take-off roll is
      arranged at such a level that the weight of the loop to be dissolved is at
      most equal to the weight of the material of the exiting loop, plus the
      force of friction of the material on this roll.
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ABST
PAL  Apparatus for controlling lateral divergence or displacement of a web from
      its true path, which requires contact of its rollers with one face only of
      the web, and which does not impose deflection of the path of the web.
BSUM
PAR  The present invention relates to an apparatus for correcting the lateral
      divergence or displacement of a travelling air-impervious web from its
      true path.
PAR  In many operations where web material is handled, the web must travel
      considerable distances before it is finally re-rolled, or other
      disposition of the web is finally provided for, and during its travel, one
      or more operations on the web may take place.
PAR  For instance, a coating, examining, printing, laminating or tentering
      operation may be performed on the web many meters from the unwind roll. It
      is therefore imperative that the travelling web be properly guided at the
      operational points in the web's travel. In cases wherein the operation on
      the web takes place at a point remote from the unwind roll, the position
      of the web at the place of operation cannot accurately be controlled by
      the shifting of the unwind roll.
PAR  In operations wherein a web is compelled to travel a lengthy path, there
      are several contingencies which might cause the web to deviate from a
      perfectly straight line of travel, called hereinafter "the true web path".
      A slackening of the web's tautness might well make it shift laterally.
      Such slackening might be caused by bearing wear in the web supporting roll
      shafts or by web material stretch. A slight variation in web thickness or
      in its coating on either side of its longitudinal center line might well
      cause the web to creep towards the thicker or tighter side of the web.
PAR  Web guiding apparatus are known which comprise several free rotatable
      rollers mounted in parallel on a frame which is movable with respect to
      the true web path. The web is wrapped about the several rollers to effect
      a substantial frictional engagement therewith. Since the described
      apparatus involve frictional contact of both the web faces with roller
      surfaces, these apparatus are unsuited for correcting the path of webs
      which have been provided with a wet coating or the like on one side.
PAR  Further there are known web guiding apparatus which comprise one movable
      roller only. A usual angle of wrap in such apparatus amounts to 30 angular
      degrees, so that in consequence the plane of travel of the leaving span of
      the web considerably differs from that of the entering span of the web.
      Whereas such difference puts no problems in the handling of a dry web
      since the web may be pulled with its opposite side over one or more
      additional rollers to restore the initial direction or plane of travel of
      the web, the handling of webs which do not tolerate frictional contact
      with one face raises difficulties and requires a careful design of the web
      path throughout an installation to take account of the impossibility to
      deflect the web into the direction of said one face.
PAR  It is the aim of the present invention to provide an apparatus for
      correcting the lateral divergence of a travelling web from its true path,
      which requires frictional contact with one web face only, and which
      apparatus yet does not necessitate a substantial deflection of the plane
      wherein the web is moving.
PAR  More in particular, the invention aims at providing such apparatus wherein
      the leaving span of the web may be located in the same plane as the
      entering span of the web.
PAR  According to the present invention there is provided apparatus for guiding
      a longitudinally travelling web so as substantially to maintain a
      predetermined line of travel thereof between two points, said apparatus
      comprising at least two parallel rollers extending laterally across the
      intended path of the web and so as to support the web at one side thereof
      at a zone between said points, which rollers are mounted so that the angle
      between their axes and said line of travel, in the projected plane of the
      web, can be varied, and means which in operation of the apparatus serves
      to produce a difference in the air pressures on opposite sides of the web
      at the place where it bridges said rollers, thereby to cause successive
      portions along the length of the web to follow a path which dips between
      said rollers.
PAR  By virtue of the fact that the web dips between the rollers the web
      conforms to portions of the peripheral surfaces of the rollers instead of
      making line contact with them as it would do if the web were in a plane
      tangential to the rollers. In other words the web wraps around portions of
      the rollers and in consequence the frictional engagement of the web is
      substantial. The angle of wrap, i.e. the angle subtended by the portions
      of the roller peripheries against which the web is pressed, may be, e.g.,
      of the order of 20.degree.. As hereinafter referred to the web need not be
      in direct contact with the rollers. There may be an intervening support
      member or members, e.g. a supporting belt or band or a plurality off
      supporting bands at spaced positions across the width of the web.
      Generally speaking the apparatus is intended for guiding air-impervious or
      substantially air-impervious webs.
PAR  Apparatus according to the invention is used as follows. If the web starts
      to deviate from its intended line of travel between the two points
      referred to, the line of travel is corrected by swinging the rollers to a
      different angle relative to the intended line of travel of the web. For
      reasons hereafter given such a change in the disposition of the rollers
      results in a change in the actual line of travel of the web. Adjustment of
      the direction of the rollers can be performed automatically in dependence
      on signals from a web position sensor and apparatus according to the
      invention is preferably constructed to achieve such automatic guidance of
      the web.
PAR  The rollers are preferably mounted so that they are freely rotatable and
      are driven by the web itself.
PAR  In order to achieve a very satisfactory guidance of the web responsive to
      the swinging movements of the rollers, it has been found to be necessary
      to have a sufficient free length of web on the approach side of the
      rollers. In other words the distance between such rollers and the upstream
      point at which the web is supported should not be too short. Preferably
      such distance is at least 1.5 times and more preferably at least 2 times
      the length of a roller.
PAR  In preferred embodiments therefore, apparatus according to the invention
      for guiding a web over a path between two points comprises at least two
      freely rotatable parallel rollers for supporting the web at one side
      thereof at a zone between said points, which rollers are mounted for
      swinging movement so that the angle between their axes and said line of
      travel, in the projected plane of the web, can be varied, and means for
      producing an air-pressure difference which is capable of causing a web
      (which in the absence of such air-pressure difference would be pulled in a
      tangent plane to said rollers) to follow a path which curves into the
      space between said rollers thereby to increase the angle of wrap to effect
      a substantial frictional engagement of the web with the rollers or with an
      intervening support and means for determining the path of travel of the
      web towards said rollers so that the length of the free entering span of
      the web amounts to at least twice the length of a roller.
PAR  The term "air-impervious webs" used in the present specification covers,
      inter alia, webs made from materials such as for instance polyethylene
      terephthalate, polypropylene, polyethylene, triacetate or paper, and woven
      and non-woven fabrics which are air-impervious to a sufficient extent to
      make them respond to the solicitation by the described air-pressure
      difference.
PAR  Preferred embodiments of the invention are as follows. The means for
      producing an air-pressure difference comprises an air-box or pleum which
      is situated between said rollers and which has an opening that is turned
      towards the said tangent plane to the rollers, and means for establishing
      a reduced pressure in said box.
PAR  The dimension of the opening of the air-box that runs parallel to the axis
      of the rollers preferably is at least 10% smaller than the width of a web
      to be controlled.
PAR  The rollers of the apparatus are mounted so that, in addition to their
      angular position, also their axial position may be altered.
DRWD
PAR  The invention will hereinafter be described with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 is a top view of an embodiment of the apparatus according to the
      present invention,
PAR  FIG. 2 is a section on line 2--2 of FIG. 1, and
PAR  FIG. 3 is a section on line 3--3 of FIG. 1.
PAR  FIG. 4 is a diagrammatic cross-sectional illustration of another embodiment
      of an apparatus according to the invention.
DETD
PAR  Referring to FIGS. 1 and 2, the apparatus comprises four parallel rollers
      10, 11, 12 and 13 over which is pulled a web 14 the lateral position of
      which must be controlled. The web is advanced in the direction illustrated
      by the arrow 30. The web 14 is fed to the roller 10 via a freely rotatable
      roller 9 on a fixedly mounted shaft, which determines a plane of travel
      for the free-entering span of the web running approximately parallel with
      a plane that passes through the axes of the four rollers. Further there is
      provided means, not shown, for pulling the web from the apparatus in a
      plane that coincides with the plane wherein the web is fed to the
      apparatus.
PAR  The rollers 10, 11, 12 and 13 are mounted for free rotation in bearings 15
      and 16 which are fitted to a rectangular base plate 17. The base plate is
      stiffened by longitudinal stringers 18 and 19. At the lateral extremities
      of the base plate there are provided short beams 20 and 21 which are
      pivotally connected to pairs of arms 22 and 23, by means of vertical pins
      24 and 25. The arms may pivot about vertical pins 26 and 27 which are
      fixedly mounted on two horizontal beams 28 and 29 which run parallel to
      each other at both lateral sides of the apparatus and which are supported
      by upstanding columns 32 and 33 which are anchored in the floor. A beam 31
      rigidly connects the beams 28 and 29 with each other and is intended for
      stiffening the construction.
PAR  Between each pair of adjacent rollers there is formed a vacuum box with an
      opening at its top side. The air boxes are formed by two lateral walls 34
      and 35 which are fitted at their lower side to the base plate 17 and which
      extend upwardly betwen the rollers. It may be seen in particular in FIG. 2
      that the walls comprise portions which closely surround the peripheries of
      the rollers and which terminate at the upper side at a level which is
      situated somewhat below the level determined by a tangent plane to the
      rollers. The two outer air boxes are further closed by two ledges 36 and
      37 which are fitted to the base plate and which have a concavely curved
      upper face that is closely spaced from the periphery of the corresponding
      rollers 13 and 10.
PAR  A central opening 38 in the base plate is connected via a flexible conduit
      to a device (not shown) for creating an underpressure in the air box.
PAR  A hydraulic cylinder 42 is connected via a lever 43 to the pin 27 of the
      apparatus and enables to rotate said pin in either direction under the
      control of a controller 44 which is responsive to the signal from a web
      edge sensor 45.
PAR  In the operation of the apparatus, a web which is being pulled over the
      apparatus as illustrated in FIG. 2, is passing over the rollers while
      following slightly curved paths as indicated by the numerals 39, 40, and
      41. These curvatures in the web path are caused by the air-pressure
      difference which results from the atmospheric pressure which prevails at
      the upper side of the web and the reduced pressure which is produced in
      the air box at the lower side of the web and which tends to displace the
      web portions extending between the successive rollers towards the nip of
      the rollers. (As will be seen the rollers are not in contact with each
      other).
PAR  Since a moving web which is in sufficient frictional contact with a roller
      always endeavours to contact the roller at a position wherein the
      longitudinal direction of the web is strictly normal to the roller axis,
      it will be understood that swinging of the base plate will cause the web
      to shift laterally in an attempt to find a position wherein the roller may
      yet be approached perpendicularly. For instance, a tilting of the base
      plate as illustrated by the position 46 in broken lines in FIG. 1, will
      cause the entering web to move to the right-hand side of the figure.
PAR  The angular displacement of the rollers preferably occurs automatically
      under the control of a controller which itself responds to the signal
      which is produced by a sensing head which senses the lateral position of a
      web as illustrated by the edge sensor 45 and the controller 44,
      respectively. The controller may be a servo-valve which controls the flow
      of pressurized hydraulic fluid to the hydraulic cylinder 42, and the
      correction rate may be directly proportional to the material's lateral
      error at the sensing head.
PAR  The following example illustrates the apparatus described hereinbefore.
PA1  Length of the rollers: 2000 mm.
PA1  Diameter of the rollers: 95 mm.
PA1  Axial spacing of the rollers: 120 mm.
PA1  Distance between the lateral walls 34 and 35: 1500 mm.
PA1  Gap between the lateral walls and the roller peripheries: 1 to 2 mm.
PA1  Distance between the upper edges of said walls and a tangent plane to the
      rollers: 8 mm.
PA1  Width of the web: 1700 mm.
PA1  Web material: polyethylene terephthalate of a thickness of 0.18 mm.
PA1  Web tension: 30 kg.
PA1  Underpressure in the air box: 30 to 40 mm of H.sub.2 O.
PA1  Maximum deflection of the web from a tangent plane to the rollers towards
      the nip of the rollers: 3 mm.
PA1  Approximate contact angle of each of the rollers 11 and 12 with the web:
      20.degree..
PA1  Length of the free entering span of the web extending between the rollers 9
      and 10: 4.5 m.
PAR  It will be understood that the invention is not limited to the described
      apparatus.
PAR  The apparatus may comprise more or less than four rollers, but at least two
      rollers.
PAR  The planes werein the entering and leaving spans of the web are situated
      need not necessarily coincide, and thus the web may be fed to and pulled
      from the apparatus in planes that are inclined downwardly as compared with
      the planes illustrated in FIG. 2.
PAR  The pivotal movement of the rollers may occur by swinging the base plate on
      which the rollers are mounted about a central vertical axis, rather than
      by displacing the plate by two arms as illustrated. It should be noted,
      however, that the correcting effect of suchlike device is slower than that
      which may be obtained by the embodiment illustrated in the FIG. 2.
PAR  The pivotal movement of the rollers may also result from a sliding movement
      of the lateral extremities of the base which supports the rollers, in
      directions which intersect each other at the longitudinal center line of
      the apparatus, as disclosed in U.S. Pat. No. 2,797,091.
PAR  The air-pressure difference may also be established by an overpressure of
      air at the web side which is remote from the rollers, or by a combination
      of an over- and underpressure.
PAR  There may be provided an air-pervious endless belt about the set of rollers
      covering a lateral distance which extends between the two lateral
      extremities of the air-box, thereby to support the web and to prevent that
      upon accidental unbalance between the web tension and the air-pressure
      difference, the web should be pulled too far towards the nip between the
      rollers. Alternatively, several narrower air-pervious or air-impervious
      belts which are spaced from each other in the axial direction of the
      rollers may be used.
PAR  The air-box must not necessarily extend uninterruptedly according to the
      width of the web and in an alternative embodiment the air-box may be
      replaced by several smaller units which are spaced in the axial direction
      of the rollers and which may form separate air-pockets for establishing
      air-pressure differences acting on limited areas of the web surface that
      are spaced from each other in the transverse direction of the web.
PAR  Referring to FIG. 4 wherein an alternative embodiment of the apparatus,
      according to the invention is illustrated, the apparatus comprises four
      freely rotatable rollers 47, 48, 49 and 50 which are mounted in closely
      parallel relation and underneath which a vacuum box 51 is provided. The
      rollers and the vacuum box are mounted by means, not shown, for angular or
      angular and axial displacement as described hereinbefore in order to
      correct the path of an air-impervious web which is running over the
      rollers. The outer rollers 47 and 50 have a fixed position whereas the
      inner rollers 48 and 49 are mounted by means, not illustrated, for
      pivotation about the axis 53, respectively 54 of the corresponding
      adjacent outer rollers 47 and 50. The lateral boundaries which determine
      the effective vacuum box width, and which can be compared with the walls
      34 and 35 of the apparatus described hereinbefore, are formed by the walls
      55 and 56 shown in drawn lines, which have concavely curved edges at the
      upper end which closely surround the corresponding portions of the
      peripheries of the rollers, and convexly curved edges 67 and 68 which face
      the concavely curved edges of a generally triangular upstanding wall
      member 57. The walls 55 and 56 are mounted for pivotation together with
      the corresponding rollers 48 and 49 about the axis 53 and 54. In the
      mentioned way, the rollers 48 and 49, and the walls 55 and 56 may take an
      inclined extreme lower position as is illustrated in broken lines in the
      figure.
PAR  The described pivotal displacement of the walls 55 and 56 is made possible
      by slots 58 and 59, in the bottom and side walls of the vacuum box,
      through which the walls 55 and 56 may pass with some small clearance.
PAR  In the inoperative position of the apparatus, the rollers take a position
      as shown in drawn lines. This position is obtained by masses 60 and 61
      which bias through arms 62 and 63 the pivotal rollers 48 and 49 and the
      corresponding walls 55 and 56. The path which would be followed by a web
      if the mechanism would be blocked and an air-pressure difference yet be
      applied, is shown by the uninterrupted line 52. It may be seen that the
      angle over which the web is wrapped about the rollers 47 and 50 is
      .alpha., and in consequence the angle of wrapping of the web about the
      rollers 48 and 49 will be 2 .alpha.. In normal operation of the apparatus
      when an underpressure is established through a connection 66 which may be
      situated about centrally of the vacuum box, the web will follow a
      deflected path 62 shown in broken lines, which results from an equilibrium
      between the bias of the masses 60 and 61, the pressure difference acting
      on the web, and the longitudinal tension in the web. The upper extremities
      64 and 65 of the walls 55 and 56 are in the deflected position of the web
      more remote from the underside of the web than they are in the
      non-deflected web position and thus the section of a leakage opening for
      the underpressure in the vacuum box is increased. The described increase
      may have a self-stabilising effect on the apparatus since the variation of
      the underpressure in the vacuum box is inversely proportional to the
      deflection of the rollers 48 and 49.
PAR  The wrapping angle of the web about the rollers 47 and 50 in the operative
      position of the apparatus is indicated by .beta., the wrapping angle about
      the rollers 48 and 49 being almost zero. It may be seen that the angle
      .beta. is considerably greater than the angle .alpha. and in consequence
      much higher correcting forces may be exerted by the apparatus on the web
      since the frictional force between a web and a roller is an exponential
      function of the wrapping angle of such web about such roller.
PAR  In an alternative embodiment of the apparatus which has been described
      hereinbefore the upstanding wall member 57 may be omitted and the walls 55
      and 56 may have rectangular edges as illustrated by the dash and dot lines
      69 and 70 rather than curved edges such as 67 and 68. In the mentioned
      way, the edges 69 and 70 may define a narrow gap in the upper position of
      the rollers 48, 49 and the walls 55 and 56, which gap increases
      automatically in section as the rollers 48 and 49 are lowering and the
      edges 69 and 70 of the walls 55 and 56 are swinging accordingly away from
      each other. The self-stabilising effect which is obtained in the mentioned
      way by the leakage opening of varying section, may exceed the effect of
      the arrangement described hereinbefore.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for correcting the lateral divergence or displacement of a
      travelling air-impervious web from an intended line of longitudinal travel
      between two points, said apparatus comprising:
PA1  a series of at least two freely rotatable parallel rollers for supporting
      the web at one side thereof at a zone between said points, said rollers
      being mounted for pivotable movement so that the angle between their axes
      and said line of travel, in the projected plane of the web, can be varied,
PA1  a freely rotatable stationary roller mounted upstream from said series of
      pitotable rollers, the distance between said stationary roller and the
      adjacent roller of the series of pivotable rollers being at least equal to
      1.5 times the length of a roller; and
PA1  means for producing on one side of said roller series an air-pressure
      difference capable of urging a web, which in the absence of such
      air-pressure difference would be pulled in a tangent plane to said
      rollers, to follow a path which curves into the space between said
      pivotable rollers thereby to increase the angle of wrap to effect a
      substantial frictional engagement of the web with said pivotable rollers,
      and means for confining said air pressure difference to substantially the
      length of web within said roller series whereby said web follows a
      rectilinear path between the stationary roller and the series of pivotable
      rollers.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said means for producing an
      air-pressure difference comprises means for defining an air-box located
      between said series of pivotable rollers, said box having an opening
      directed towards said tangent plane to the rollers, and means for
      establishing a reduced air-pressure in said box.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said means for determining an
      air-box comprises at least two lateral walls extending along the sides of
      said series of pivotable rollers and spaced from each other in the axial
      direction of said rollers over a distance which is smaller than the length
      of said rollers, and a wall interconnecting the ends of said at least two
      walls which are opposite to said box opening in a plane that runs
      generally parallel to a plane passing through the axis of said rollers.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein the distance over which said
      lateral walls are spaced from each other is at least 10 % smaller than the
      width of the web to the controlled.
NUM  5.
PAR  5. Apparatus according to claim 3, wherein the extremities of said lateral
      walls which face the said pivotable rollers are concavely curved about an
      axis that coincides with the axis of the corresponding rollers, and define
      a narrow gap with the peripheries of said rollers.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said pivotable rollers are
      mounted so that, in addition to the altering of the angular position of
      the rollers, also the axial position of the rollers may be altered.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein said pivotable roller series
      comprises at least three rollers, the axis of said rollers being situated
      in one plane.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said pivotable roller series
      comprises four parallel rollers which are located in closely spaced
      relation in the direction of travel of the web, each of the two inner
      rollers being arranged for bodily pivoted displacement about the axis of
      the corresponding outer roller.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein said inner rollers are biased
      for movement towards a position which is about in line with the two outer
      rollers in the absence of an air-pressure difference applied to a web
      supported on the rollers.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein the lateral boundaries which
      determine the effective air box width are formed by walls which extend
      between each corresponding outer and inner roller, and which are arranged
      to pivot about the axis of the outer roller.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein said walls may be displaced
      through corresponding slots in the bottom and side walls of the air box.
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ABST
PAL  In hot strip rolling apparatus a driving roll stand is located between a
      rolling stand for producing the hot strip and a strip take-up reel. The
      driving roll stand comprises a pair of rolls capable of axial floating
      movement during take-up of the strip on said reel. A control system
      provides that the pair of rolls are locked axially when the strip tension
      between the rolling stand and the pair of rolls ceases.
BSUM
PAR  The invention relates to an arrangement of a driving roll stand between a
      rolling mill for producing hot strip and a strip reel. Apart from
      sustaining the strip tension during the winding-up of the strip, it is the
      object of the driving roll stand to supply the hot strip leaving the stand
      to the strip reel, which is generally located in a lower position, whilst
      maintaining the tension between the rolling mill and driving roll stand,
      without the strip wandering sideways. After the beginning of the strip has
      been wound onto the strip reel by approximately one loop, the length of
      strip between the driving roll stand and strip reel comes under tensile
      stress.
PAR  Since the thickness of the hot strip is not always uniform, or even has an
      approximately wedge-shaped cross section under certain circumstances, the
      strip is not always correctly wound onto the strip reel. It was found that
      the driving roll stand exerts a considerable influence on the production
      of coils with correctly positioned loops, since it tensions the hot strip
      at a third point. If the strip has a somewhat wedge-shaped cross section
      for example, then the drive rollers acting with considerable pressure on
      the strip cause the strip to wander laterally. This has an immediate
      effect on the winding operation.
PAR  It is the object of the invention to produce correctly wound coils of hot
      strip, despite the fact that the strip is tensioned at three points during
      the winding operation, namely in the rolling mill, in the driving roll
      stand and in the strip reel. This object is fulfilled according to the
      invention in that the pair of driving rollers is free to move in axial
      direction out of a fixed initial axial position relative to the strip, at
      the same time that the strip is secured to the reel mandrel. This axial
      mobility of the pair of driving rollers from the time when the strip is
      clamped at three points, has the result that the pair of driving rollers
      is now able to wander laterally and the strip passes straight to the reel
      without a change of direction. The driving rollers may be axially movable
      in their bearings, but it is advisable for the driving roll stand to be
      movable as a whole in the axial direction of the driving rollers.
PAR  The control of the fixed initial axial position of the pair of driving
      rollers as well as the transition to free axial movement is undertaken
      according to the invention by a disengagable control device for
      selectively providing axial mobility and for fixing the pair of driving
      rollers in the initial axial position, which could be operated manually.
      However, in a further development of the invention, an automatic control
      of the adjusting device is proposed such that in the normal case, i.e.
      when it is unloaded, the pair of driving rollers is controlled in the
      fixed initial axial position, is free to move when there is strip tension
      between the driving rollers and reels and, when the strip tension between
      the rolling mill and driving roll frame ceases, is instantaneously stopped
      in its axial position until the strip leaves the driving rollers. The
      aforementioned stoppage of the driving rollers in the respective axial
      position, which they occupy when the hot strip leaves the last roll stand,
      ensures that the end of the strip is still guided at least in the driving
      roller frame, in order to wind this end of the strip in an orderly manner.
PAR  The details of an adjusting device and its automatic control are the object
      of Claim 4.
DRWD
PAR  One embodiment of the arrangement according to the invention of a driving
      roll stand between a hot strip rolling mill and a strip reel is
      illustrated in the drawings.
PAR  FIG. 1 is a diagrammatic side view of the arrangement and
PAR  FIG. 2 is a plan view showing a hydraulic adjusting device and an automatic
      control.
DETD
PAR  The hot strip 2 leaving the last stand 1 of a wide strip rolling mill,
      passes over a roller bed with the roller bed rollers 3, only a very short
      portion of which is illustrated in FIG. 1, into a driving roll stand 4,
      whose shafts are located on an inclined plane, so that the strip 2 is
      deflected downwards to a strip reel 5 located at a lower position.
      Normally, the upper driving roller 4a has a significantly greater diameter
      than the lower driving roller 4b.
PAR  The driving rollers 4a and 4b are mounted in bearing housings 4c, which
      extend upwards from a common base plate 4d. The adjustability of the two
      driving rollers is not illustrated. According to the invention, the entire
      driving roll stand 4 is guided to move in axial direction, in that the
      base plate 4d is arranged to slide on a guide bed 6.
PAR  FIG. 2 shows a hydraulic servo motor 8, which is flange-connected to a
      raised wall 6a of the guide bed 6, as the servo motor for the control of
      the axial position of the driving roll stand 4 relative to the strip 2.
      Sliding in the hydraulic servo motor 8 is a double-acting piston 9, whose
      continuous piston rod 10 is firstly fixed to the adjacent bearing housing
      4c of the driving roller stand 4 and secondly projects into a displacement
      pick-up 11, which monitors the position of the piston rod and thus of the
      driving roll stand on the guide bed 6. Serving for positioning and fixing
      the piston and thus a pair of driving rollers in the initial axial
      position is a first servo valve 16, which is connected by the pressure
      medium conduits 18, 19 to the two pressure chambers of the servo motor 8.
      In the illustrated switching position of the first servo valve 16, the
      piston 9 of the servo motor 8 is locked hydraulically, if the method of
      operations of a second servo valve 22 to be described hereafter, which is
      connected in parallel to the first servo valve 16 by way of the conduits
      20, 21, is firstly disregarded.
PAR  For automatically positioning or restoring the pair of driving rollers, the
      displacement pick-up 11 sends signals by way of the signal lead 12 and a
      normally closed, electrically actuated isolating switch 13, in order to
      switch the first servo valve either towards the left or towards the right,
      until the initial axial position predetermined in the displacement pick-up
      11 is provided and the first servo valve 16 assumes the blocking position
      illustrated. However, this servo valve must be locked in this blocking
      position when the strip 2 enters the driving roll stand 4 and the latter
      thus comes under load. A transmitter 15 is provided for this, which, when
      the pair of driving rollers is under load, sends a signal by way of the
      lead 14 for the electrical actuation of the isolating switch 13, in order
      to open the latter and interrupt the signal lead 12.
PAR  When the strip 2 is placed on the winding reel 5 and comes under tensile
      stress, a signal passes by way of a transmitter 23 and the lead 24 to the
      second servo valve 22. A further signal is sent by a transmitter 25
      associated with the last roll stand 1 to the servo valve 22 by way of the
      lead 26, which signal indicates the loading of the roll stand. Only when
      both signals are present does the second servo valve 22 switch to the
      position illustrated, in which the two pressure medium conduits 18, 19 are
      short-circuited by the branch conduits 20, 21. Due to this, the piston 9
      of the servo motor 8 and thus the driving roll stand 4 are free to move.
      As soon as the signal from the transmitter 25 ceases, i.e. the end of a
      strip leaves the roll stand 1, the second servo valve 22 instantaneously
      switches over to the blocking position, so that the driving rollers are
      stopped for guiding the end of the strip to the reel. On the other hand,
      if the beginning of a strip has already passed through the driving roll
      stand, but the reel tension is not yet effective, the second servo valve
      22 remains in the locked position until the signal of the reel tension
      arrives from the transmitter 23.
PAR  The control device illustrated in FIG. 2 operates as follows: Due to spring
      pressure or the like, the electrically actuated isolating switch 13 is
      always closed during pauses in the rolling, so that the initial axial
      position of the driving roll stand is automatically provided by way of the
      displacement pick-up 11 and the first servo valve 16. The second servo
      valve 22 is in the change-over locked position, since neither the roll
      stand 1 nor the reel 5 are loaded. As soon as the beginning of a strip
      passes through the roll stand 1, the transmitter 25 sends a signal to the
      second servo valve 22, which is inactive. When the strip passes between
      the driving rollers of the driving roll stand 4, then the transmitter 15
      sends a signal to the isolating switch 13, in order to open the latter and
      to block the first servo valve 16 in the locking position illustrated.
      After the beginning of the strip is engaged by the reel 5 and the reel
      tension begins, the transmitter 23 sends the necessary second signal for
      reversing the second servo valve 22 into the short-circuit position
      illustrated. The drive roller stand 4 is then free to move in axial
      direction over the entire travel of the strip. When a strip leaves the
      roll stand 1 and the signal from the transmitter 25 ceases, the second
      servo valve 22 returns to the locked position, the drive rollers thus
      being stopped in their instantaneous axial position. The isolating switch
      13 remains open until the strip also leaves the driving roll stand 4 and
      the signal from transmitter 15 ceases. Since, at this instant, the signal
      lead 12 is once more closed, the cycle of positioning the driving roll
      stand in the initial axial position re-starts.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hot strip rolling apparatus comprising a rolling stand for producing
      hot strip, a take-up reel located downstream of the rolling stand, a
      driving roll stand located intermediate said rolling stand and said
      take-up reel, said driving roll stand comprising a pair of axially movable
      rolls and a control means to lock said pair of rolls against axial
      movement when there is no strip tension between said rolling stand and
      said take-up reel, and to release said pair of rolls for free axial
      floating movement when there is strip tension between said rolling stand
      and said take-up reel.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said pair of rolls is movable
      as a unit.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said control means operates
      automatically to move said pair of rolls into a fixed initial axial
      position when the rolls are unloaded, to release said rolls for free axial
      floating movement when strip tension occurs between said pair of rolls and
      said take-up reel, and to lock said rolls against axial movement when the
      strip tension ceases between said rolling stand and said pair of rolls.
NUM  4.
PAR  4. A control system for a hot strip apparatus as claimed in claim 3,
      comprising a hydraulic servo-motor with a double-acting piston as the
      adjusting device, a first servo-valve for positioning and fixing the
      piston thus the pair of driving rollers in the initial axial position, a
      displacement pick-up for monitoring the piston position of the
      servo-motor, an electrically actuated isolating switch in the signal lead
      leading from the displacement pick-up to the first servo valve, a
      transmitter for supplying a signal when the pair of driving rollers is
      under load, which signal opens the isolating switch which is normally
      closed, a second servo valve parallel to the first servo valve for
      short-circuiting the pressure medium conduits between the servo motor and
      the first servo valve, due to which the piston of the servo motor and thus
      the pair of driving rollers is free to move in axial direction, and a
      transmitter indicating the presence of strip tension on the reel and a
      transmitter indicating the loading of the last roll stand, when the
      signals from both transmitters are present at the same time, the second
      servo valve changing-over from a locked position to short-circuit the
      pressure medium conduits and returning to the locked position when one of
      the two signals ceases.
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ABST
PAL  An apparatus for scanning a magnetic video tape includes a drum and a
      rotatable magnetic head. A freely rotatable roller and a loosening
      mechanism are positioned on opposite sides of the tape. When the tape
      stops, the loosening mechanism is driven toward the roller and thus
      engages the tape between the loosening mechanism and the roller. Rotation
      of the loosening mechanism then loosens the tape.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new and improved helical-scan video tape
      recorder (VTR), in which a magnetic tape is scanned at an angle with
      respect to the longitudinal direction of the tape to form a slanted track
      or record thereon, and more particularly to such a device having a
      tape-loosening mechanism.
PAR  Ordinarily, in a helical-scan VTR, when a running magnetic tape is brought
      to a stop, it is held tightly under tension and remains in engagement with
      the peripheral surfaces of adjacent component parts such as guide posts, a
      stationary head and a guide drum. The tape may thus occasionally adhere to
      the contacting component surfaces due to a type of vacuum condition to
      which the contacting ares are subjected or due to dew formation in the
      narrow air spaces or layers surrounding the contacting areas.
      Particularly, in the event of dew formation, when the dew once deposited
      evaporates, the tape adhesion may be enhanced to such an extent that the
      tape sticks tightly to the adjacent component surfaces. Such sticking
      phenomenon of the magnetic tape is likely to occur particularly on the
      outer peripheral surface of the guide drum or a similar component surface
      with which the tape is placed in contact along a substantial and
      continuous length thereof. If the magnetic tape is driven and starts
      running while adhering to the adjacent component or components or while
      deposits of dew are present, it will be subjected to unduly large
      tensioning because of the adhesion and in some cases it will fail to
      start, remaining stuck to the contacting component surfaces. Thus, the
      phenomenon of tape sticking materially impairs the operational performance
      required of a helical-scan VTR.
PAR  Accordingly, it is an object of the present invention to provide a
      helical-scan VTR having a tape-loosening mechanism designed to prevent any
      tape-sticking phenomenon which may occur along the contacting surface of
      the magnetic tape.
PAC  Summary of the Present Invention
PAR  According to the present invention, there is provided a helical-scan VTR in
      which a freely rotatable roller, and a shaft adapted to effect cranking
      motion and having a surface engageable with the peripheral surface of said
      freely rotatable roller are installed on opposite sides of the magnetic
      tape upon cranking motion of the shaft, the magnetic tape is engaged
      between the shaft and the freely rotatable roller and fed under the
      friction of the surface of said shaft so as to be loosened.
DRWD
PAR  For a more complete understanding of the present invention, reference may
      be had to the detailed description below taken in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a schematic view of apparatus embodying the present invention;
PAR  FIG. 2 is a plan view of a tape-loosening mechanism of the apparatus of
      FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along the line A--A in FIG. 2;
PAR  FIG. 4 is a cross-sectional view taken along the line B--B in FIG. 2;
PAR  FIG. 5 is a cross-sectional view taken along the line C--C in FIG. 2;
PAR  FIG. 6 is a cross-sectional view taken along the line D--D in FIG. 2;
PAR  FIG. 7 is a diagrammatic view illustrating a number of successive stages of
      the loosening operation of the embodiment; and
PAR  FIG. 8 is a schematic view showing the loosened magnetic tape.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For clarity of illustration, only a tape-loosening mechanism will be
      described in detail, with the description of the conventional control
      means for brake-release and temporary positioning of movable component
      parts and of the construction of the guide drum and rotary magnetic head
      and operational control thereof being omitted.
PAR  FIG. 1 shows a magnetic tape 1 arranged to pass over a guide post 2 and
      helically 360.degree. around a drum 3 making contact therewith, and
      further over a guide post 4, an audio head 5 and a tape-loosening
      mechanism 6, without making any contact with a crank pin 7a of a tape
      drive shaft 7 and a friction roller 8. The drive shaft 7 and the crank pin
      7a of the loosening mechanism 6 form a crank the function of which is to
      loosen the tape when driven in response to an interruption in the movement
      of the tape.
PAR  FIGS. 2 and 3 shows the tape drive shaft 7, made of nonmagnetic material
      such as stainless steel, formed at one end with the crank pin or drive
      portion 7a, which forms a right circular cylinder having an axial length
      larger than the width of the magnetic tape. The outer peripheral surface
      of the crank portion 7a is somewhat rough-finished, for example, by
      sandblasting to exhibit a substantially increased coefficient of friction.
      The tape drive shaft 7 also has a boss 7b formed at the other end thereof
      and is thus formed as an integral structure including crank portion 7a,
      boss 7b and flange 7c. The boss 7b is axially bored as at 7d. The axes of
      bore 7d and crank portion 7a are parallel to and spaced from each other.
      The tape drive shaft 7, bored at 7d, is fitted over one end portion 9a of
      a shaft 9 and held in place by a set screw 10. The shaft 9 is journaled in
      a bearing portion 12a of a base plate 12 through the intermediary of a
      pair of ball bearings 11 for smooth rotation. A gear 15 is fixed to the
      opposite end 9b of the shaft 9 by means of a set screw 18. A collar 13 is
      provided to position the tape drive shaft 7 vertically or axially thereof
      and retainers 14 serve to prevent dislocation of the respective ball
      bearings 11. A gear 16 is arranged in mesh with the gear 15 and fixed to
      the output shaft 17a of a motor 17 by means of a set screw 18'. The motor
      17, which forms a drive means is fixed to the base plate 12 by screw means
      19 and is arranged to start with a signal from a control means (not shown)
      when the magnetic tape 1 comes to a stop. The output power of the motor 17
      is transmitted through the meshing gears 15 and 16 to the shaft 9 and
      hence to the tape drive shaft 7. The motor 17 is controlled in a manner
      such that the tape drive shaft 7 is driven 360.degree. about its axis or
      the bore 7d in a direction indicated by the arrow 20 and comes to a stop
      at its initial starting position. In this manner, the tape drive shaft 7
      and crank portion 7a are driven to make one revolution each time the
      magnetic tape is brought to a stop. In this connection, the starting
      position of the tape drive shaft 7 is so determined that the crank portion
      7a comes to rest at the position farthest from the magnetic tape 1 lest
      the normal tape running should be hampered.
PAR  Referring to FIGS. 2, 4, 5, and 6, the friction roller 8 comprises a core
      8a of nonmagnetic material, for example, phosphor bronze, covered by soft
      elastic material 8b having a relatively high coefficient of friction, for
      example, urethane rubber and is finished as a circular cylinder having a
      length greater than than the width of the magnetic tape. With a bore 8c
      formed in the core 8a, the friction roller 8 is fitted over a shaft 21 for
      free rotation. A flange 21a is integrally formed on the shaft 21 at one
      end thereof to restrain axial displacement of the friction roller 8. The
      shaft 21 is fixed at the other end to one end 22c of an arm 22 by screw
      means 23. Fitted over the opposite end portions of the shaft 21 are
      collars 24 and 25 made of low friction material such as flouroplastic so
      that the friction roller 8 may rotate smoothly despite the frictional drag
      on the opposite end faces thereof. The arm 22 is formed at its base end
      with a boss 22a, which is bored at 22 b to fit over a shaft 26 for smooth
      rotation about the axis thereof. The shaft 26 is formed at one end with a
      flange 26a, which is secured to the base plate 12 by screw means 27.
      Formed in the shaft 26 at its other end is an annular groove 26b which
      receives a retainer 35 to restrain axial displacement of the arm 22.
      Collars 28 and 29 serve the same purpose as the collars 24 and 25 for the
      friction roller 8. An arm portion 22d of the arm member 22 is formed
      intermediate the ends thereof with an aperture 22e through which one end
      30a of a spring 30 is hooked. The other end 30b of the spring is hooked
      through an aperture 31a formed in a portion of an anchor bracket 31, which
      is secured to the base plate 12 by screw means 32. In this manner, the
      spring 30 is held under tension to bias the arm member 22 in a
      predetermined direction. An eccentric stop 33 is displaced for pressure
      engagement with the arm portion 22d in order to define the position of the
      friction roller against the bias of spring 30, and is adjustable in
      eccentricity to control the position of the friction roller thereby to
      adjust the distance over which the crank portion 7a travels maintaining
      contact and engagement with the friction roller 8 so as to impart an
      optimum amount of slack or looseness to the magnetic tape, as will be
      described later in further detail. The eccentric stop 33 is shaped
      generally cylindrically and has formed therein an off-center bore 33a
      through which a screw 34 is fitted to secure the stop to the base plate
      12.
PAR  A description of the operation of the apparatus described above will now be
      given. Referring to FIG. 7, the crank portion 7a produces a cranking
      motion about the axis of tape drive shaft 7, as shown in the order of V,
      W, X, Y and after Z, and making one complete revolution, comes to rest at
      its initial position to complete its cycle of operation. `V` represents a
      state assumed when the magnetic tape 1 under tension is brought to a stop
      and the crank portion 7a is about to start its cranking motion about the
      axis 7e in the direction of the arrow 20. In this state, the magnetic tape
      1 is in its normal running position clear of the friction roller 8. `W`
      represents a state assumed when the magnetic tape 1 has been pushed just
      slightly by the crank portion 7a to make contact with the friction roller
      8. In this state, the magnetic tape 1, crank portion 7a and friction
      roller 8 are in interengaging relation with each other, and, under the
      pressure of engagement, the friction roller 8 is about to be driven in a
      direction indicated by the arrow 36 together with the magnetic tape 1. `X`
      represents an intermediate state assumed while the friction roller 8 is
      rotating and in which state the arm 22d is spaced from the eccentric
      stopper 33 as indicated at 37 and the friction roller 8 is continuously
      pressed against the crank portion 7a under the bias of spring 30 to
      maintain interengagement with the magnetic tape 1. `Y` represents a state
      assumed when the interengagement of the crank portion 7a, magnetic tape 1
      and friction roller 8 have been just released. `Z` represents a state
      assumed when the crank portion 7a has further advanced in the direction of
      the arrow 20 to restore its initial position, thus allowing the magnetic
      tape 1 to resume its normal running position in a loosened state. In this
      manner, the previously tensioned magnetic tape 1 is loosened under the
      action of the crank portion 7a to an extent corresponding to the distance
      over which the tape is driven backward during the period of
      interengagement including states W, X and Y.
PAR  The extent of loosening or the amount of slack imparted to the tape can be
      readily adjusted within predetermined limits by adjusting the eccentric
      stop 33 to vary the initial position of the friction roller 8. The
      loosening operation is performed not only to release the magnetic tape 1
      from tension but is also to afford a certain slacking of tape such
      slacking is expended in forming a space 38 (FIG. 8) between the outer
      peripheral surface of the guide drum 3 and the magnetic tape 1 as the tape
      is floated off the drum surface under the pressure of air blown out of the
      guide drum through small openings in the drum wall, under the air moving
      and impelling effect of the rotary magnetic head arranged in the drum.
      Under this condition, the magnetic tape, once loosened, remains in its
      normal course within the whole tape running system expecting the region
      around the guide drum.
PAR  The tape loosening function, according to the present invention, is further
      ensured by auxiliary operations such as those described below:
PA1  1. Reel brakes are released to allow the reels to rotate when the magnetic
      tape is fed back in the direction of the guide drum;
PA1  2. The rotary magnetic head is left to continue its rotation even after the
      tape has come to stop. Rotation of the rotary magnetic head, which is
      arranged in the guide drum, acts to disturb the air within the drum so
      that a portion of the air is driven out of the drum through small openings
      in the wall thereof and acts upon the magnetic tape helically wrapped
      about the outer peripheral surface of the drum to expand such tape
      radially outwardly. Under this action, the magnetic tape lying on the drum
      is floated off the drum surface with its radius increased as it is
      loosened and
PA1  3. To prevent the loosened tape from being again tensioned under the action
      of a spring or other means, movable members such as tension arms are
      temporarily held against movement simultaneously with the stopping of the
      magnetic tape.
PAR  The tape-loosening operation and accompanying auxiliary operations
      described above should be effected as rapidly as possible to maximize
      their effect of preventing the tape-sticking phenomenon. The rotary
      magnetic head can be brought to a stop after the lapse of an appropriate
      time period from the begining of the loosening of the magnetic tape,
      without any danger of incurring any tape-sticking phenomenon. As will be
      apparent from the above description, a number of advantages are gained by
      the use of a tape-loosening mechanism of the present invention. In the
      first place, the magnetic tape once loosened is held free from engagement
      with the tape transport system of the helical-scan VTR with respect to
      every contacting surface of the system and any tape-sticking phenomenon is
      effectively avoided, ensuring easy and accurate tape starting. Moreover,
      the space 38 formed between the outer peripheral surface of the guide drum
      and the magnetic tape enables the rotary magnetic head to continue to
      rotate without any contact with the magnetic tape. This means that the
      magnetic head is kept free from wear and that the magnetic tape is not
      damaged in any manner despite the rotation of the magnetic head, which
      would otherwise rub a portion of the tape at rest in a continuous fashion.
PAR  The above-described embodiment is intended to be illustrative of the
      concept of the invention. Numerous variations and modifications thereof
      within the spirit and scope of the invention will occur to those skilled
      in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for scanning a magnetic video tape including a drum about
      which the tape is wound in a helical manner and a rotary magnetic head,
      wherein the improvement comprises:
PA1  a freely rotatable roller disposed along the path of the magnetic tape;
PA1  a tape loosening means disposed on the side of the tape opposite the roller
      for movement toward the roller whereby the tape is engaged between the
      loosening means and the roller; and
PA1  drive means for moving the loosening means toward the roller and rotating
      the loosening means so as to loosen the tape in response to an
      interruption of tape movement.
NUM  2.
PAR  2. The apparatus of claim 1, wherein the improvement further comprises a
      pivotable arm on which the roller is mounted and a spring which biases the
      arm for movement of the roller with respect to the tape.
NUM  3.
PAR  3. The apparatus of claim 2, wherein the improvement further comprises an
      eccentrically rotatable stop against which the arm is biased by the
      spring, the position of the arm thus being adjustable by the rotation of
      the stop to vary the amount of loosening action affected by actuation of
      the drive means.
NUM  4.
PAR  4. The apparatus of claim 1, wherein the drive means includes an electric
      motor.
NUM  5.
PAR  5. The apparatus of claim 1, wherein the drum is provided with a plurality
      of holes through which air can be blown to separate the loosened tape from
      the drum.
NUM  6.
PAR  6. The apparatus of claim 1, wherein the tape loosening mechanism comprises
      a crank formed by a tape drive shaft and a crank pin for direct engagement
      with the tape, the center of the crank pin being spaced from the center of
      the tape drive shaft.
NUM  7.
PAR  7. The apparatus of claim 1, wherein the drive means, when actuated by an
      interruption of the tape movement, causes one complete revolution of the
      tape drive shaft.
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ABST
PAL  A box stitching machine is disclosed which includes a stitching head and a
      set of pull rollers for intermittently moving a box to be stitched past
      the stitching head. An operating motor drives a shaft which is connected
      to the pull rollers through a clutch brake combination. Logic circuitry is
      disclosed which is responsive to a pair of photocells for starting and
      stopping operation of the stitching head; a manual switch for adjusting
      the desired spacing between stitches applied by the stitching head and a
      plurality of photocells for finely adjusting the stitch spacing.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to box stitching machinery and paticularly to a box
      stitching machine which can be employed to stitch various size and weight
      boxes.
PAC  BACKGROUND OF THE INVENTION
PAR  Box stitching machines have been in existence for some time which include a
      stitching head for applying wire stitches to overlapping portions of a box
      blank passing therebeneath and conveying means for incrementally advancing
      the box blank past the stitching head. Conventionally, such conveying
      means have taken the form of cooperating pull rollers which sandwich the
      box blank therebetween and advance the same through the machine in
      response to the driving rotation thereof.
PAR  At startup, the pull rollers operate at a continuous high rate of speed to
      initially convey the box blank from the input side of the machine toward
      the stitching station defined by the stitching head. When the box blank
      reaches a preselected position with respect to the stitching head,
      appropriate sensing means (in the form of a mechanical sensing finger or a
      photocell arrangement) detects the leading edge of the box blank to
      energize a timer which generates a signal after a fixed interval which
      starts the operation of the stitching head. The stitching head then begins
      to apply the first stitch to the box blank positioned therebeneath.
PAR  Simultaneously with the operation of the stitching head, a signal is
      generated to stop the aforementioned pull rollers holding the box blank
      stationary beneath the head when the first stitch is applied thereto.
      After the completion of the first stitch, and after the stitch driving
      means associated with the head has been lifted from the box blank, another
      signal is generated to start the pull rollers moving again to advance the
      blank a preselected distance whereupon the pull rollers are again stopped
      to halt the movement of the box blank to await the application of the next
      stitch being applied by the now continuously operating stitching head.
      This cycle of stop and start movement of the box blank and the application
      of a stitch at the stop or dwell period of the box blank motion continues
      until a preselected number of stitches have been applied or a
      predetermined portion of the blank has been stitched. At this point the
      stitching head is de-energized and pull rollers returned to their earlier
      mode of continuous operation to rapidly eject the box blank from the
      stitching machine. In my priorly issued U.S. Pat. No. 3,664,564, an
      electronically controlled stitching machine is disclosed which places a
      predetermined number of stitches in a box with predetermined spacing
      therebetween. It has been found that when heavy boxes have been stitched,
      either with my above-mentioned machine, or any of the other prior art
      machines, variations in spacing occur between the stitches.
PAR  In my prior U.S. Pat. No. 3,758,015, I disclosed an electronically
      controlled stitching machine in which the spacing variation of stitches
      resulting from heavy boxes was overcome by providing a photocell which
      detected a last stitch position and placed a stitch at that last position
      without regard to the previous stitch spacing. This system overcame the
      problem encountered when the last stitch was not sufficiently close to the
      end of the box to ensure proper fastening. However, an uneven pattern of
      stitching resulted therefrom.
PAR  Therefore, it is an object of this invention to provide a new and improved
      box stitching machine.
PAR  It is another object of this invention to provide a box stitching machine
      which maintains even spacing between stitches regardless of the weight of
      boxes being stitched.
DRWD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  With these and other objects in view, the present invention contemplates a
      stitching machine which includes a head for (1) applying fastening means
      at a predetermined rate to a work piece passing thereby and (2) generating
      a first control signal at said predetermined rate; apparatus for moving
      the work piece along a path past the head; apparatus for stopping and
      starting the moving apparatus in response to the first and a second
      control signal applied thereto in which a device responsive to the first
      control signal and a spacing signal generates the second control signal.
PAR  In the preferred embodiment the spacing signal is a D.C. voltage which is
      switched between discreet values for choosing a desired spacing between
      the stitches. A feedback loop senses the actual spacing and modifies the
      spacing signal to bring the actual spacing to the desired value.
PAR  The preferred embodiment also includes a plurality of photocells mounted
      upon a rigid bar for measuring the actual spacing of the stitches being
      applied.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the invention, reference can be made
      to the following detailed description of the invention and drawings in
      which:
PAR  FIG. 1 is a schematic representation partially in block diagram form and
      partially in isometric showing the organization of a stitching machine
      constructed in accordance with the teachings of this invention;
PAR  FIG. 2 is a plan view of a photocell bar which forms a portion of this
      invention; and
PAR  FIG. 3 is a block diagram showing details of logic circuitry for
      controlling the machine of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1 we see a diagram showing the basic organization of
      the machine of this invention. Many of the elements in the machine of FIG.
      1 are direct analogies of and organized in an analogous manner to the
      electronically controlled stitching machine disclosed in U.S. Pat. No.
      3,758,015, the disclosure of which is incorporated herein by reference
      thereto and all disclosures incorporated therein by reference are also
      incorporated herein by reference. The stitching machine of FIG. 1 has a
      pair of pull rollers 10 and 11 which move a work piece 10 past a stitching
      head 13. A motor 14 drives the pull rollers 10 and 11 via a clutch 16 and
      a brake 17. A power drive unit 21 controls the clutch 16 and brake 17.
      Signals are applied to the power drive unit 21 via leads 44 and 48 which
      are driven by logic circuitry 23. The logic circuitry responds to a
      contact 19 carried by the stitching head 13 as well as photocells 22 and
      24 which respond to light from light sources 26 and 27. The logic
      circuitry also drives a clutch coil 30 in the stitching head 13.
PAR  The description thus far corresponds to the machine disclosed in U.S. Pat.
      No. 3,758,015 with the exception that the logic circuitry 23 herein
      differs from the logic circuitry in U.S. Pat. No. 3,758,015 and will be
      described hereinafter in detail.
PAR  The machine of this invention also includes, in addition, a photocell bar
      51 which also drives the logic circuitry 23. The photocell bar 51 is
      mounted along the path of travel taken by the portion of the box 12 in
      which the stitches appear. The photocell bar 51 is to the left of the
      stitching head 13 in FIG. 1 so that a stitch applied to the box 10 by the
      stitching head 13 comes to rest under the photocell bar 51 when the brake
      17 stops the box 10 for the next stitch to be applied. In particular, if
      the stitching machine is to provide stitch spacing in a range between 1/2
      and 2 inches, the photocell bar 51 has a first end thereof within 1/2 inch
      of the stitching head 13 and extends for at least an additional 11/2
      inches so that a stitch applied by the stitching head 13 will be beneath
      the photocell bar 51 when the next stitch is applied to the box 10.
PAR  Referring now to FIG. 2, we see the underside of the photocell bar 51. The
      photocell bar 51 includes an elongated light source 52 for illuminating
      the box 10 and stitches therein therebeneath. A plurality of photocells 53
      are provided in spaced array linearly along the photocell bar 51. In this
      embodiment the photocells are evenly spaced having a spacing of 1/16 inch
      therebetween. Each of the photocells 53 have a lead 54 extending
      therefrom. In operation, the stitching head 13 applies a stitch to the box
      12. When the second stitch is applied by the stitching head 13 to the box
      10 the first stitch rests under the photocell bar 51. The light from the
      light source 52 shines upon the box and first stitch. The first stitch
      reflects light back to the photocells 53. The particular photocell 53
      under which the stitch rests is energized providing a signal on the
      particular lead 54 related thereto. It should be noted that the light bar
      51 could also be used in conjunction with the leading edge of the box 12
      in order to determine the distance traveled in the first stitch space as
      well as the previously described method of sensing the position of the
      staple. In FIG. 1 the leads 54 are shown as a bundle of leads 54 driving
      the logic circuitry 23.
PAR  Referring now to all the Figures, we see that when the stitching machine is
      started, the box 12 is driven by the pull rollers 10 and 11 until the box
      12 interrupts the light from the source 27 providing a signal on photocell
      22. The signal from the photocell 22 energizes a timer 56 which activates
      a flip-flop 57 a predetermined time interval after energization thereof.
      The flip-flop 57 provides a brake pulse on the lead 44 via lead 58 and OR
      gate 59 to stop movement of the box 12 a predetermined distance from the
      leading edge thereof. The flip-flop 57 also actuates the clutch coil 30 of
      the stitching head 13 thereby beginning continuous operation thereof. If
      should be noted that the signal from the flip-flop 57 is a D.C. level
      thereby holding the clutch coil 30 actuated as long as the flip-flop 57 is
      energized. The OR gate 59 has a differentiating circuit built therein so
      that when the flip-flop 57 is activated by the timer 56, a single brake
      pulse is provided on the lead 44.
PAR  Operation of the stitching head 13 actuates contacts 19 which have a source
      of voltage + V connected thereto. At a predetermined point in the cycle of
      the stitching head 13 a pulse is applied via the contact 19 to a pulse
      shaper 61 which applies a clutch pulse on the lead 48 thereby reconnecting
      the motor 14 to drive the pull rollers 10 and 11.
PAR  The pulse from the pulse shaper 61 is also applied by a lead 62 to a
      voltage controlled timer 63. The voltage control timer 63 provides a pulse
      on an output lead 64 a predetermined time after the pulse is applied on
      the lead 62. The predetermined time is controlled by a voltage applied on
      a lead 66. The pulse applied by the voltage control timer 63 on the lead
      64 is passed by an AND gate 67 to the OR gate 59 to provide brake pulse on
      the lead 44. Therefore, it can be seen that the stitch spacing in the box
      10 is determined by the predetermined time of the timer 63.
PAR  It should be noted that the flip-flop 57 provides another input via lead 68
      to the AND gate 67. When the flip-flop 57 is in a state which energizes
      the stitching head 13 the AND gate 67 is enabled by the flip-flop 57 to
      pass signals provided by the voltage control timer 63.
PAR  The voltage on the lead 66 which determines the predetermined time of the
      timer 63, is provided by a summing amplifier 69 which adds signals applied
      thereto via resistors 71 and 72. In accordance with the teachings of this
      invention, a signal indicating the desired stitch spacing is provided via
      the resistor 72, while an adjustment signal is provided via resistor 71. A
      switch 73 having a first bank 73a and a second bank 73b is provided for
      selecting the voltages applied to the resistors 71 and 72.
PAR  The bank 73a has a voltage divider formed by resistors 74, 76, 77, 78 and
      79 connected thereto to provide a desired voltage to the resistor 72 in
      accordance with the setting of the switch 73. The voltage applied by the
      bank 73a via lead 81 to the resistor 72 provides a component of the
      voltage applied by summing amplifier 69 to the lead 66 for determining the
      time the voltage control timer 63 delays the pulses supplied thereto via
      lead 62.
PAR  Therefore, it can be seen that the use of the voltage control timer 63, in
      conjunction with the bank 73a of switch 73, allows for easy adjustment of
      stitch spacing by varying the time between clutch and brake pulses in a
      stitching machine of the type described.
PAR  A further advantage of using a voltage controlled timer such as the voltage
      control timer 63 in place of a fixed timer as disclosed in my prior
      patent, is that signals added to the main signal provided by the bank 73a
      of the switch 73, can be used to finely adjust the stitch spacing. In
      accordance with a further aspect of this invention, the bank 73b of the
      switch 73 which is ganged with the bank 73a, provides a voltage to a
      predetermined contact in accordance with the setting thereof. It should be
      noted at this time that the switch 73 is shown with four positions
      indicating four stitched spacings. However, any number of stitch spacings
      can be employed but four have been shown here for convenience in the
      drawings. It should be noted that in all likelihood a larger number would
      be employed but showing additional positions would not aid in a further
      understanding of the invention.
PAR  Each of the contacts (1 through 4) of the bank 73b of the switch 73 is
      connected to an AND gate 82, 83, 84 and 86. The outputs of the AND gates
      82, 83, 84 and 86 are each connected to an OR gate 87. Each of the AND
      gates 82, 83, 84 and 86 have as a second input thereof, an output from a
      counter 88.
PAR  In a like fashion, each of the output leads 54 of the photocell bar 51 are
      connected to an AND gate 89, 91, 92 and 93 respectively. The outputs of
      the AND gates 89, 91, 92 and 93 are each connected to an OR gate 94. An
      output from the counter 88 is connected as an input to each of the AND
      gates 89, 91, 92 and 93. Therefore, and AND gate 82 has as an input
      thereof, the same output of the counter 88 as does and AND gate 89. In a
      like fashion the AND gates 83 and 91, 84 and 92, and 86 and 93 are
      associated by having the same output from the counter 88 connected
      thereto. The AND gate 89 is connected to a photocell in the photocell bar
      51 which corresponds to the position that the first stitch should be in
      while the second stitch is being applied with the switch 73 in its fourth
      position. Therefore, the voltage applied to the resistor 72 by the bank
      73a, with the switch 73 in its fourth position, is adjusted to provide a
      stitch spacing which will put the first stitch under the photocell
      associated with the AND gate 79 when the box 10 has been stopped to place
      the second stitch therein. The counter 88 is driven by a continuously
      running clock 96 and reset to its zero position when the first brake pulse
      is provided on the lead 44. This is accomplished by a flip-flop 95 driven
      by the AND gate 67. Upon resetting of the counter 88 to zero, the clock 86
      begins stepping the counter 88 through its position. The flip-flop 95 also
      resets flip-flops 97 and 98 to their reset positions. The flip-flops 97
      and 98 drive an up-down counter 99 which holds its count if the same input
      is applied to input leads 101 and 102. The up-down counter 99 advances a
      count if the input on the lead 101 is a one while the input on the lead
      102 is a zero. In a like manner if the input on the lead 101 is a zero,
      and the input on the lead 102 is a one, the up-down counter counts in a
      downward direction each time a pulse is applied on the lead 103. The
      output of the up-down counter 99 is applied to a digital to analogue
      converter 104 which applies an analogue signal to the resistor 71 to
      provide a component of the signal applied on the lead 66 by the amplifier
      69.
PAR  Therefore it can be seen when both of the flip-flops 97 and 98 are in their
      set state, the up-down counter 99 is not affected. In a like manner, when
      they are both reset simultaneously by the flip-flop 95, the count therein
      again is not effective. However, as the clock 96 counts the counter 88, a
      comparison is made between the inputs on the AND gates 82, 83, 84 and 86
      with the inputs on the AND gates 89, 91, 92 and 93, respectively. If the
      first stitch is in its proper position the photocell in the photocell bar
      51 will be illuminated when the switch 73 is in a position to energize an
      AND gate corresponding thereto. Under such circumstances, the OR gates 87
      and 94 will be simultaneously energized flipping the flip-flops 97 and 98
      simultaneously, again not affecting the count in the up-down counter 99.
      If, on the other hand, the switch 73b is set to energize the AND gate 83
      and the stitching machine is providing spacing which is too close, the
      photocell bar 51 will actuate the AND gate 89 rather than the AND gate 91.
      When the counter 88 reaches its first count the AND gate 89 having an
      input from the photocell bar 51 and the counter 88, will energize the OR
      gate 94 to flip the flip-flop 98. Since the selection switch 73 is not
      energizing the AND gate 82, the OR gate 87 will not operate to flip the
      flip-flop 97. On the next count of counter 88, the up-down counter 99 will
      be incremented to increase its count. At the same time the AND gate 83
      will now be energized to actuate the OR gate 87 to flip the flip-flop 97,
      bringing the up-down counter again to a quiescent position. When the next
      box 10 is stitched the spacing between the first and second stitch will
      now be increased by the change in count of the up-down counter 99. If it
      still is not sufficiently increased to actuate the photocell associated
      with AND gate 91, rather than the photocell associated with the AND gate
      89, the up-down counter 99 will again be incremented.
PAR  It is of course seen that if the spacing is too large the flip-flop 97 will
      be actuated before the flip-flop 98 and the up-down counter will be
      decreased in count once per stitching cycle.
PAR  Therefore it can be seen that a system has been described in which the
      basic spacing between stitches is controlled by the bank 73a of the switch
      73 in combination with a voltage control timer 93. It has further been
      shown that a photocell bar 53, in combination with limited circuitry, can
      be employed to provide a fine adjustment for the stitch spacing.
PAR  The intermittent stitching cycle can be terminated in any of the known ways
      discussed in my prior patents referred to above, for example, a certain
      number of stitches can be counted or, as shown here, the photocell 24 can
      be employed to detect a last stitch position for providing the last brake
      pulse, resetting the flip-flop 95 and the flip-flop 57. In this way a last
      stitch is placed in its final position without regard to the actual stitch
      spacing. If the feedback adjusting circuitry described above is operating
      and adjusted properly, this will correspond to the normal stitch spacing.
PAR  It should be understood that while this invention has been described with
      respect to a particular embodiment thereof, numerous others will become
      obvious to those of ordinary skill in the art in light thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stitching machine including:
PA1  first means for (1) applying fastening means at a predetermined rate to a
      workpiece passing thereby and (2) generating a first control signal at
      said predetermined rate;
PA1  second means for moving said workpiece along the path past said first
      means;
PA1  third means for stopping and starting said second means in response to said
      first and a second control signal applied thereto;
PA1  fourth means responsive to said first control signal and a spacing signal
      for generating said second control signal;
PA1  said fourth means being a voltage controlled timer;
PA1  said stitching machine also including a summing amplifier for providing
      said spacing signal;
PA1  means for generating a predetermined signal indicative of said desired
      spacing;
PA1  means for generating a feedback signal responsive to the actual stitch
      spacing;
PA1  means for applying said predetermined signal to said summing amplifier; and
PA1  means for applying said feedback signal to said summing amplifier.
NUM  2.
PAR  2. The stitching machine as defined in claim 1 also including a plurality
      of photocells mounted in a fixed relationship to each other for providing
      said feedback signal.
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ABST
PAL  A safety device for a setting gun used for driving fastening elements into
      a receiving material by means of an explosive charge, utilizes two arm
      swivel levers pivotally mounted on the forward end of the gun housing for
      locking the gun barrel out of the firing position. One arm of each lever
      forms a catch arranged to block the movement of the barrel into the firing
      position until the other arm presses against the receiving material and
      causes the lever to pivot, displacing the catch from its blocking
      position. Normally, the swivel levers are spring biased into position to
      prevent movement of the barrel into the firing position.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a setting gun used for driving
      fastening elements into a receiving material by means of an explosive
      charge and, more particularly, it concerns a safety device used on the gun
      to prevent movement of the gun barrel into the firing position. Normally,
      the gun barrel is displaceable axially into the firing position by
      pressing it against the receiving material and the safety device provides
      one or a number of elements which prevent the movement of the barrel into
      the firing position until the element is displaced from the path of the
      barrel.
PAR  Setting guns of the type mentioned above, are used to drive fastening
      elements, such as bolts, into hard receiving materials, such as concrete,
      steel and the like. As a fastening element penetrates into the receiving
      material, a volume of the material, corresponding to the penetrating shaft
      of the fastening element, is displaced primarily in the lateral direction.
      Considerable radial forces are produced and if a fastening element is set
      too close to the edge of a brittle receiving material, there is the
      possibility that the element will cause cracking in the edge zone of the
      material. If such cracking occurs as the fastening element is being driven
      in, the element may leave the receiving material at the edge zone
      travelling at a high rate of speed, because of the lack of guidance
      normally provided by the receiving material. Such a fastening element
      passing through a working area represents a serious hazard for the person
      handling the setting gun and for any other persons who might be working in
      the area.
PAR  Conventional setting guns which require only that the barrel be pressed
      against the receiving material for movement into the firing position are
      particularly dangerous, because it is possible to position the gun
      relative to the receiving material so that the barrel center is offset
      outwardly from the edge of the receiving material. In such a situation
      there is the risk that the bolt can be fired directly into the open space
      alongside the material.
PAR  To ensure that fastening elements are not placed too close to the edge of
      the receiving material, axially displaceable cylindrical pins have been
      used in the forward end of the housing in known guns as sensing or
      scanning elements, that is, they determine the presence of the receiving
      material in the region of the elements outwardly from the setting gun
      barrel. Each of the pins is connected to a push rod which is axially
      displaceable within the gun housing. In turn, the push rods are in contact
      with locking pins which are spring loaded in the driving direction. The
      locking pins are located in a head positioned on the rearward portion of
      the setting gun and the head is arranged to rotate relative to the
      housing. In the rest or non-firing position of the setting gun the locking
      pins protrude into the guide bores of the push rods positioned in the gun
      housing.
PAR  If all of the sensing elements are displaced rearwardly, for example, by
      being pressed against the receiving material, the push rods associated
      with the elements are also moved rearwardly and, in turn, move the locking
      pins against the spring force in the rearward direction by a similar
      amount. With the locking pins disengaged from the guide bores of the push
      rods, the head can be turned. After turning the head, the setting gun can
      be fired, provided the barrel is displaced into its rearward or firing
      position.
PAR  If the setting gun is positioned against the receiving material with its
      barrel too close to the edge of the receiving material, at least one of
      the sensing elements will be positioned outwardly from the material and
      thus will not have a surface against which it can be pressed. Though the
      barrel and any other sensing elements are moved rearwardly, the one
      displaced outwardly from the edge will not be displaced and, as a result,
      it will not be possible to fire the setting gun.
PAR  This multipart safety mechanism is very elaborate in its design and
      extremely susceptible to operating problems. The design, characterized by
      long pin guides and several thrust transfer points, leads to jamming of
      the sensing fingers or of the parts connected with them when there is the
      slightest fouling of the setting gun. Further, the push rods can be jammed
      if the setting gun is dropped during usual rough operation at a
      construction site, since even slight deformation of the gun housing is
      sufficient to damage the relatively long pushrod guides.
PAR  If the push rods should jam in the displaced rearward position, the setting
      gun could be fired without being pressed against the receiving material.
PAR  A general disadvantage of the known safety mechanism is that the barrel can
      be displaced rearwardly, that is, into its firing position, independent of
      the sensing elements.
PAR  Accordingly, it is possible if the firing mechanism is faulty, that a
      cartridge in the firing position can be set off without the sensing or
      scanning elements being depressed against the receiving material and, as a
      result, it is not possible to ensure a tight bearing of the gun on the
      receiving material.
PAR  With regard to the handling of the setting gun, the known safety mechanism
      has a number of other disadvantages. Such a setting gun must be operated
      with both hands. One hand serves to press the setting gun against the
      receiving material, while the other hand is needed to turn the head. In
      the trigger operated setting guns frequently used at the present time,
      which are equipped for one-hand operation, in order to retain the object
      to be fastened with the other hand, the use of such a safety mechanism is
      impractical.
PAR  Accordingly, the present invention is directed to the solution of the
      problem of providing a simple and trouble-free safety mechanism to prevent
      the positioning of a setting gun barrel too close to the edge of the
      receiving material.
PAR  Therefore, in accordance with the present invention, the sensing or safety
      elements are displaceable between a forward position and a rearward
      position and, in the forward position, each element has a catch which
      prevents the barrel from being displaced into its firing position.
PAR  When the setting gun is pressed against the receiving material, it is
      necessary that each of the elements be displaced so that the rearward path
      of the barrel is clear for movement into the firing position. The direct
      functional relationship between the sensing elements and the barrel
      permits a safety mechanism which consists of only a few parts and which is
      suitable for use in trigger operated setting guns.
PAR  The safety or sensing elements are preferably formed as two arm swivel
      levers pivotally mounted on the forward end of the housing, with one arm
      extending forwardly and providing the sensing action against the receiving
      material while the other arm extends radially inwardly toward the barrel
      axis and forms a locking catch. These swivel levers have the advantage
      that they can be formed as a single part so that additional transfer
      members and their bearings which are susceptible to operating
      difficulties, can be eliminated.
PAR  The length of the sensing fingers can be selected in accordance with the
      conditions to be experienced, so that the extent of the sensing range is
      variable. In this manner, it is possible to provide the setting gun with
      swivel levers having sensing fingers of a length adapted to the strength
      of the receiving material. The swivel levers can be pivoted with a smooth
      movement if they are mounted in slots formed in the forward end of the
      housing. The smooth movement of the swivel levers is made possible by the
      small bearing surfaces involved in this arrangement.
PAR  Another advantage of the arrangement of the swivel levers is that the
      relation of the pressing path of the swivel levers to the blocking path of
      the catch can be selected at random in a simple manner by the discretional
      arrangement of the fulcrum of the swivel levers.
PAR  A particularly advantageous locking or blocking of the barrel is obtained
      by providing a shoulder adjacent the muzzle end of the barrel and facing
      in the opposite direction from the firing direction so that the shoulder
      can be engaged by the swivel lever catch as the barrel attempts to move
      rearwardly into the firing position. Preferably, the shoulder is formed by
      a revolving collar located on the muzzle end of the barrel. It is also
      possible to provide axially extending grooves in the outer surface of the
      barrel so that each of the swivel lever catches or engages in one of the
      grooves. In such an arrangement, the forward end of the grooves, that is,
      the end closer to the muzzle end of the barrel, is provided with a
      shoulder-like surface.
PAR  To ensure that the barrel is displaced into the firing position when the
      swivel levers are pivoted out of the locking or blocking position, the
      catches are preferably displaced outwardly out of the path of movement of
      the outer contour of the shoulder.
PAR  Another feature of the invention is the provision of stops on the housing
      for limiting the pivotal movement of the swivel levers. This arrangement
      ensures an unhindered assembly and disassembly of the barrel, since the
      catches on the swivel levers can only move radially inwardly by a small
      amount toward the barrel axis.
PAR  To assure that the catches on the swivel levers are in position to provide
      a lock on the movement of the barrel into the firing position, a spring
      element is provided which returns the swivel levers into the blocking
      position after they have been pivotally displaced. In this way a
      vibration-free locking, free from play, is obtained. An expedient solution
      is obtained if the spring element is designed as a ring-shaped, closed
      tension spring. To protect the spring from damage, the swivel levers are
      provided with recesses in the arms which form the catches and the spring
      is inserted into the recesses under an initial stress so that it is
      protected from any damage from the exterior of the housing.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated and described a preferred embodiment of the invention
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a partial side view of the forward end of a setting gun embodying
      the present invention, shown partly in section; and
PAR  FIG. 2 is a front view of the forward end of the setting gun shown in FIG.
      1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 illustrates the forward end of a setting gun used for driving
      fastening elements into a receiving material by means of an explosive
      charge. The setting gun includes a housing 1 having an axially extending
      open space within which a barrel 2 is axially displaceably mounted. A
      compression spring 3 bears at one end against a shoulder on the housing
      and at the other end against a shoulder on the barrel and biases the
      forward or muzzle end of the barrel outwardly from the housing into a
      forward or non-firing position. To limit the displaceability of the barrel
      in the forward direction, an axial groove 4 is provided in the outer
      surface of the barrel which is engaged by a threaded pin 5 positioned
      within the forward end of the housing. In the front end of the housing,
      that is, the end facing in the firing direction, four equiangularly spaced
      slots 6 are provided, note FIG. 2, and a sensing element 7 is secured
      within each of the slots by means of a pivot 8. The elements 7 are formed
      as swivel levers for pivotal movement about the pivots 8. Each element or
      swivel lever 7 is in the form of a two arm lever with one arm forming a
      sensing finger 9 and the other arm forming a catch 10. Each arm of the
      swivel levers forming the catch 10 extends radially inwardly from the
      pivot toward the barrel axis. The levers are pivotally displaceable from a
      forward position, as shown in FIG. 1, to a rearward position. In the
      forward position, each catch 10 bears against the outer surface of the
      barrel and prevents the rearward displacement of the barrel into the
      firing position by forming a locking or blocking action with the shoulder
      11, located slightly rearwardly of the muzzle end of the barrel. It can be
      appreciated that the shoulder 11 on the barrel must be displaced
      rearwardly from the position of the catch 10 shown in FIG. 1 in order to
      establish the barrel in the firing position of the setting gun. The
      opposite or radially outer surface of each arm forming a catch 10 has a
      recess 13, the opening to which faces outwardly, and within which a
      ring-shaped tension spring 12 is seated. The tension spring 12 provides a
      biasing action directing the catches 10 inwardly toward the barrel. The
      rearward surface of the slots 6 each form a stop 14 for limiting the
      movement of the swivel levers 7.
PAR  As mentioned, the setting gun, as shown in FIG. 1, is in the non-firing
      position and the swivel levers 7 are in the forward position due to the
      biasing action of the tension spring 12. If the muzzle end of the barrel
      of the setting gun is pressed against the surface of a receiving material,
      initially the barrel is moved rearwardly against the force of spring 3. As
      the barrel moves rearwardly, the forward ends of the sensing fingers 9,
      which extend forwardly and radially outwardly from the point of pivot
      attachment to the housing, contact the surface of the receiving material.
      As each of the sensing fingers 9 contact the surface of the receiving
      material the levers 7 rotate about the pivots 8 against the biasing force
      of the tension springs. As each lever pivots, its catch 10 is lifted off
      the surface of the barrel and it is displaced radially outwardly out of
      the rearward path of movement of the shoulder 11. The barrel 2 can be
      fully displaced into the firing position when each of the swivel levers
      has been pivoted by contact with the receiving material. If one of the
      swivel levers 7 does not contact the receiving material, its catch 10
      remains in contact with the barrel surface and engages the shoulder 11
      preventing the barrel from being displaced fully into the firing position.
      As long as one of the catches continues to block the rearward movement of
      the barrel the setting gun is maintained in the non-firing position and a
      cartridge or explosive charge cannot be fired. Accordingly, a simple
      positive locking action is provided for the barrel which assures that
      fastening elements will not be fired into the receiving material if the
      axis of the barrel is located too close to an edge surface of the
      receiving material.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A setting gun for driving fastening elements into a receiving material
      by means of an explosive charge, comprising a housing, a barrel having a
      muzzle end from which the fastening elements are driven and a rearward
      end, said barrel mounted within said housing and axially displaceable
      rearwardly therein from a position where the gun cannot be fired to a
      firing position by pressing the muzzle end of the barrel against the
      receiving material into which the fastening element is to be driven, at
      least one element located adjacent the muzzle end of said barrel and
      displaceably from a blocking position located within the range of movement
      of said barrel rearwardly from its non-firing position into its firing
      position and a release position for establishing the firing position of
      said barrel, characterized in that said element includes a catch, said
      barrel has a laterally outwardly extending shoulder located forwardly
      toward the muzzle end of the gun from said catch, sid catch located in the
      path of said shoulder or said barrel between the non-firing and firing
      positions to prevent the barrel from being displaced into its firing
      position when the element is in the blocking position, and in the release
      position of said element said catch being displaced out of the path of
      said shoulder so that the barrel can be displaced into the firing
      position.
NUM  2.
PAR  2. A setting gun, as set forth in claim 1, wherein said element is a swivel
      lever pivotally mounted on said housing for movement between its blocking
      and release positions.
NUM  3.
PAR  3. A setting gun, as set forth in claim 2, wherein said swivel lever is a
      two arm lever with the two arms arranged angularly to one another and with
      the pivot axis being located at the junction of said arms.
NUM  4.
PAR  4. A setting gun, as set forth in claim 3, wherein the pivot axis of said
      swivel lever is located radially outwardly from said barrel, one of said
      arms forms said catch and extends radially inwardly from the pivot axis
      toward said barrel and the other said arm extends radially outwardly from
      the pivot axis and angularly forwardly therefrom toward the muzzle end of
      said barrel.
NUM  5.
PAR  5. A setting gun, as set forth in claim 4, wherein said arm forming said
      catch by pressing contact against the receiving material into which the
      setting gun is to drive a fastening element, is pivotally displaceable out
      of the rearward path of movement of the shoulder on said barrel so that
      said barrel can be displaced into the firing position.
NUM  6.
PAR  6. A setting gun, as set forth in claim 4, wherein said housing forms a
      stop in the path of movement of said swivel lever from the blocking
      position for defining the limit of the displaced position of said swivel
      lever from the blocking position.
NUM  7.
PAR  7. A setting gun, as set forth in claim 4, wherein a spring element is
      associated with said swivel lever for biasing said swivel lever into the
      blocking position.
NUM  8.
PAR  8. A setting gun, as set forth in claim 7, wherein said spring element
      comprises a ring-shaped closed tension spring encircling said barrel.
NUM  9.
PAR  9. A setting gun, as set forth in claim 4, wherein four equiangularly
      spaced slots are formed in said housing and said slots open from the
      forward end of said housing and extend in the axial direction of said
      barrel into said housing, the forward end of said housing is located
      rearwardly from the muzzle end of said barrel when the barrel is in the
      non-firing position, one said swivel lever is pivotally mounted within
      each said slot with each of the arms of said swivel lever extending out of
      said slot toward the muzzle end of said barrel from the point of pivotal
      attachment to said housing, the other said arm which extends radially
      outwardly from the pivot axis having a free end extending forwardly from
      said slot and located in the firing position of said barrel rearwardly of
      its position when said barrel is not displaced rearwardly in said housing,
      each said swivel lever having a recess formed in said arm forming said
      catch with the opening in the recess facing outwardly away from said
      barrel, and a ring-shaped closed tension spring encircling said barrel and
      seated into the recess in the catch of each said swivel lever for biasing
      said swivel lever into the blocking position so that said catch bears
      against the outer surface of said barrel.
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ABST
PAL  A reciprocable member for inserting the leads of electronic components into
      preformed holes of circuit boards and the like is provided with a
      hold-down means cooperative with an inside former whereby portions of the
      leads are predeterminedly positioned and clamped during trimming and
      stand-off formation and then, at a later stage of an operating cycle,
      allows the member to insert the cut leads up to the stand-off formation. A
      mounting machine also desirably includes an inside former of improved
      configuration inducing lead retention in an outside former, and mechanism
      whereby the bodies of successive overlapping tape-fed components to be
      mounted are uniformly positioned for such lead clamping, forming and
      insertion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to machines for mounting lead-bearing components,
      and is not restricted to use in mounting any particular form of component.
      More particularly it is concerned with providing improved means for
      cutting and forming the leads of successive components such as disc
      capacitors (disc caps) or the like having a portion of their leads
      disposed radially or parallel, especially when the leads are to provide
      stand-off mounting of their component bodies.
PAR  As disclosed, for instance, in U.S. Pat. No. 2,896,213 issued July 28, 1959
      in the names of Alderman et al, a widely known and used machine for
      cutting, forming and inserting the leads of successive coaxial lead-type
      electrical components comprises a reciprocable driver, lead cutting tools,
      lead forming means including inside and outside formers, means for feeding
      successive components to the aforesaid instrumentalities, and power means
      for operating them cyclically in appropriate sequence. So-called radial or
      parallel lead-type components have also been processed for circuit board
      mounting in machines of that type and in other machines, for instance
      those disclosed in U.S. Pat. Nos. 2,850,737 and 3,777,350.
PAR  Because the lead receiving holes of circuit boards customarily afford
      little clearance for the respective wire leads to be inserted endwise
      therethrough after they have been cut to proper length and formed as may
      be required, it is essential to attaining a high degree of reliability in
      inserting machines that the cutting and forming means control the leads
      precisely at each stage. A major difficulty encountered in prior inserting
      machines, especially with disc cap inserters, has been that the leads have
      not been fixedly secured as they were being cut and formed and then
      sufficiently retained in the formers, and accordingly they would often
      prematurely separate and fall from control of the outside formers during
      the lead inserting stroke. One or both leads would then fail to be
      inserted and electrically connected in its circuit. Additionally it is
      found important to establishing and maintaining upright mounting of each
      component body above its circuit board that the leads be bent
      substantially at right angles without stressing the component body and
      placed in parallel relation with the upper surface of the board before
      being projected therethrough for clinching.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing it is a primary object of this invention to
      provide in a component lead forming and inserting machine an improved
      means for insuring that the leads of each component to be mounted on a
      circuit board, or the like, will be angularly formed to securely grip the
      board in a manner to hold the body of the component fixedly spaced
      therefrom.
PAR  Another object of this invention is to provide a highly reliable machine
      for mounting radial or parallel lead-type components in stand-off fashion
      on circuit boards when the components are fed to the mounting means by
      lead-carrying tapes storing the component bodies in overlapped relation.
PAR  A further and more specific object of the invention is to provide a machine
      for successively bending and mounting the leads of disc caps and the like
      which are fed from a supply tape and are to have substantially
      90.degree.-bent lead portions grippingly engaging opposite sides of a
      support.
PAR  To these ends and as herein shown, a feature of the invention resides in
      providing means for immobilizing portions of the leads of a component with
      respect to an inside former supporting it when other portions of the
      respective leads are being trimmed and bent by a cooperating cutter and
      outside former whereby the latter can carry and accurately guide the cut
      lead ends after they have been formed. More particularly the lead
      immobilizing means advantageously provided in an illustrative embodiment
      employs a hold-down means frictionally coupled to an inserter or driver
      bar for an initial portion of its stroke and thus operable during a
      cutting and lead forming portion of each cycle to insure that the formers
      cooperate precisely as intended without permitting premature separation of
      the leads from the formers. A further feature relates to incorporation of
      an inside former having a novel shape or character conducive to enakling
      retention and control of formed leads by the outside lead forming means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other features of the invention will now be more
      particularly described in connection with an illustrative embodiment and
      with reference to the accompanying drawings thereof, in which:
PAR  FIG. 1 is a view in elevation, with lead formation somewhat exagerated, of
      a disc cap component as mounted by prior art mechanism;
PAR  FIG. 2 is a view similar to FIG. 1 showing stand-off disc cap lead
      formation as effected by the present invention;
PAR  FIG. 3 is a view in side elevation of a component inserting machine, for
      instance of the general type shown in the mentioned Alderman et al patent,
      as modified by the present invention for reliably effecting mounting of
      tape-fed disc caps or the like on circuit boards;
PAR  FIG. 4 is a vertical enlarged section through the head of the machine shown
      in FIG. 3 and revealing its instrumentalities including a driver bar
      having a hold-down means, lead formers and cutters, and a component feed
      means, the parts being in their respective positions at the start of the
      cycle;
PAR  FIGS. 5 and 6 show successive positions of a device for transferring
      successive disc caps from the end of a raceway to a predetermined lead
      preparation position;
PAR  FIGS. 7-11 inclusive show positions of the instrumentalities in a cycle
      from full driver bar retraction to lead insertion as indicated in FIG. 2;
PAR  FIG. 12 is a view of the head in front elevation, with feed mechanism
      removed, ans showing parts in the relative positions indicated in FIG. 7;
PAR  FIG. 13 is an enlarged detail of an end portion of the inside former;
PAR  FIG. 13a is an end view of the lead supporting end of an alternate form of
      an inside former laterally deflectible to aid in lead spring-back;
PAR  FIG. 14 is a view similar to FIG. 12 but showing the parts at a next stage
      in the cycle wherein the hold-down means has clamped lead portions to the
      inside former;
PAR  FIG. 15 is a section taken on the line XV--XV in FIG. 12;
PAR  FIGS. 16 and 17 are front elevations of the head showing successively the
      lead forming and insertion-clinching, respectively;
PAR  FIG. 18 is a front view, taken normal to the raceway, of the tape-fed disc
      caps therein and means to predeterminedly position successive components
      in the head, and
PAR  FIG. 19 is a view taken transversly of the raceway shown in FIG. 18.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The following description pertains to disc cap insertion by way of example
      only; it will be understood that this invention is applicable to the
      insertion of different body sizes of disc capacitors and also to the
      formation and insertion of other components whether their leads project
      radially or otherwise from their bodies and even if the latter are of
      widely different shapes.
PAR  In FIG. 3 an illustrative component inserting machine generally designated
      20 has a C-frame 22 mounted at one of a plurality of stations along a
      printed circuit board conveyor 24, though it will be understood the
      machine 20 may be mounted for operation by itself on a suitable support.
      Circuit boards 26 (FIGS. 1-3, 11, 16 and 17) preformed with sets of spaced
      lead-receiving holes are appropriately positioned over suitable lead
      clinching means 28 (FIGS. 3 and 17). Power means and control means for
      cyclically actuating an inserting head generally designated 30 (FIGS. 3
      and 4) and carried by the frame 22 may be assumed to substantially
      correspond with the disclosure set forth in the above cited Alderman et al
      U.S. Pat. No. 3,896,213, except in certain novel respects hereinafter to
      be explained.
PAR  As shown in FIGS. 1, 2, 18 and 19 disc capacitors C to be mounted have
      their respective leads L, L preferably previously shaped so that shorter
      parallel and radial projecting portions extend from the bodies and outer
      end portions are coaxially disposed and held in spaced parallel relation
      by tapes T, T. Bodies of the capacitors C may accordingly be maintained in
      overlapping relation as they are successively advanced, by means later
      referred to, from a supply reel 32 (FIG. 3) through a raceway 34 secured
      to the head 30 by a bracket 36 (FIG. 4), and the coaxial lead portions of
      successive endmost components are delivered onto the lower end portion of
      a pivotal inside former 38 (FIGS. 4-14) and onto spaced shear blocks 40,
      40 secured to the bottom of a housing 42 of the head 30.
PAR  In an arrangement generally resembling construction of the mentioned
      Alderman et al patent, operating instrumentalities in the head in addition
      to the inside former 38 include a vertically reciprocable driver bar 44
      (FIGS. 4, 7-14), outside formers 46, 46 disposed for heightwise movement
      one on each side of the driver bar 44, and cutter bars 48, 48 reciprocable
      vertically at opposite outer sides of the outside formers 46, 46,
      respectively, for cooperation with the shear blocks 40, 40. The
      organization preferably includes ball and socket detent means as hitherto
      disclosed in the Alderman et al patent whereby the cutters 48 and the
      outside formers 46 successively partake of portions of the descent of the
      driver bar 44 sequentially to sever the leads to selected lengths and then
      direct the leads through a selected pair of circuit board holes. Also, as
      fully disclosed in that patent, unwinding of the reel 32 and advance
      through the raceway of the successive taped components is effected by a
      pair of circumferentially notched lead-engaging feed wheels 50, 50
      coaxially journalled in the housing 42, the wheels 50 being indexed in
      steps (clockwise as seen in FIG. 4) by pawl and lever mechanism generally
      designated 52 (FIG. 4) operatively connected to the driver bar 44.
PAR  Mechanism next to be explained is provided for insuring that at least parts
      of the coaxial lead portions of each successive endmost component C to be
      mounted are held stationary on the inside former during lead cutting and
      bending and then reliably guided during inserting. To this end a side of
      the lower end of the driver bar 44 is recessed and bored to threadedly
      receive a clamping screw 54 (FIGS. 4, 7-17) which extends through a
      vertical lost motion slot 56 in a frictional hold-down 58. Referring
      particularly to FIGS. 12, 14-17, the hold-down 58 is formed with a recess
      60 for accomodating with clearance the body of each disc capacitor C when
      vertically disposed, and a pair of depending, grooved lead clamping feet
      62, 62 spaced at opposite sides of the recess 60. The feet 62, as best
      shown in FIG. 14, are thus arranged to clamp coaxial lead portions of
      component C on oppositely spaced portions 64, 64 of the U-shaped end of
      the inside former 38. As shown in FIG. 15, the head of the screw 54 bears
      on a spring washer 66 causing the hold-down 58 to exert pressure on a
      suitable friction washer 68 confined against a vertical side of the driver
      bar. It will be appreciated that friction exerted by the driver on the
      hold-down 58 can accordingly be adjusted by turning the screw 54. Descent
      of the driver 44 in the first part of a forming and inserting cycle is
      consequently accompanied by a lowering of the hold-down feet 62, 62 into
      lead clamping positions against the shoulder forming surfaces 64, 64 of
      the inside former, and the lost motion slot 56 allows this lead clamping
      to continue while lead severance is effected by the cutters and then
      during formation of the stand-off lead shoulders by the outside formers 46
      cooperating with the inside former 38. Using a frictional hold-down as a
      lead clamp, in contrast to a spring actuated clamp, avoids energy storage
      in the clamp which could be released and prematurely eject the component.
PAR  A rather critical and important feature to note is that outer sides
      adjacent to each of the leading clamping surfaces 64, 64 of the inside
      former are slabbed off or otherwise relieved as shown in FIG. 13 at 67 at
      an angle of approximately 10.degree. to 20.degree., usually preferably
      about 15.degree. to the vertical. This slight bevelling or rounding off of
      the inside former sides insures that each lead portion wiped over the
      inside former by the outside former retains sufficient memory or
      spring-back resilience to be biased outwardly and slidably retained in
      grooves 65, 65 of the outside formers. As illustrated in an alternative
      inside former (FIG. 13a), in lieu of providing a relieved side surface 67
      as shown in FIG. 13, an inside former 69 (or two discrete cooperating
      inside formers 69, 69) generally of relatively slender stock may suitably
      form the stand-off lead shoulders in cooperation with the outside formers,
      the requisite spring-back for lead retention in the outside former grooves
      65 now being attained by enabling each inside former to laterally deflect
      inwardly in response to pressure transmitted through the lead wire being
      wiped and bent thereover by an outside former 46. It will be understood,
      moreover, that it will be within the scope of this invention to provide an
      inside former having a lead supporting portion which may be both angularly
      relieved and inwardly deflectable as aforesaid.
PAR  In order to shift each endmost component body from its inclined position at
      the lower end of the raceway 34 shown in FIG. 4 to an upright position
      within the upwardly retracted driver hold-down recess 60 as shown in FIG.
      6 in preparation for lead formation and insertion, a lever 70 is
      cyclically pivoted by means next to be described. Bracketed to the raceway
      34 is a fluid pressure operated cylinder 72 (FIGS. 4 and 18) having a
      piston (not shown) depressible against spring-return. A piston rod 74 is
      accordingly lowered in response to a signal given for the start of a
      machine cycle, the signal causing fluid pressure to be admitted to the
      cylinder 72, and a rounded free end 76 of the lever 70, which is connected
      to the rod 74, is thereupon thrust upwardly against the lowermost body C
      as shown in FIG. 5. The end 76 maintains the capacitor in this
      predetermined position against a vertical positioning surface 78 of the
      hold-down 58 as shown in FIGS. 7-9 inclusive until the driver bar 44
      positively forces the hold-down past the end 76 to effect lead insertion.
      When the driver bar 44 is subsequently retracted upwardly to its starting
      position shown in FIG. 4 the lever 70 is returned counterclockwise to its
      starting position as there indicated in readiness to act on the next
      component C to be processed.
PAR  Briefly to review operation of the machine, on signalling for start of a
      cycle of operations, power means (commonly actuated by fluid pressure)
      lowers the driver bar 44 from its retracted upper position shown in FIGS.
      4 and 12, and simultaneously the lever 70 is pivoted to urge an end disc
      cap C upright into hold-down recess 60 against the positioning surface 78.
      The tapes T, T at the outer ends allow them to be turned about their
      common axis for this predetermined body positioning. The hold-down 58 at
      this initial stage, as shown in FIGS. 4 and 12, is in its relatively
      lowest position on the driver bar 44, the screw 54 then extending through
      the upper end of the slot 56; also, the inside former 38 is then
      maintained in its indicated forming position by reason of its upper
      extremity engaging a vertical flat side of the driver bar under the
      influence of a leaf spring 80.
PAR  By reason of the frictional coupling of the driver bar and the hold-down
      58, the feet 62, 62 are caused to clamp inner coaxial lead portions L, L
      on the inside former surfaces 64, 64 (one shown in FIG. 13) respectively
      and hold these lead portions against movement throughout operation of the
      cutters 48 while freeing the component from the tapes T, T, and then
      during subsequent cooperation of the outside formers 46 with the inside
      former 38 on outward lead portions. Commonly the lead receiving grooves in
      the feet 62 and in the cutters 48 are aligned with the outside former
      grooves 65, 65 during lead shearing, but upon occasion the grooves
      disposed on one side of a center line through the component body may be
      offset from those disposed on the other side if need be in accommodating
      offset leads. As the outside formers 46 descend past the inside former
      surfaces 64, the leads L are wiped downwardly over the slabbed-off or
      relieved side surfaces of the inside former and caused to be bent
      substantially at right angles, each lead end portion being biased
      outwardly and slidably retained for endwise movement in the adjacent
      outside former grooves 65 and hence tending to be retained frictionally
      against the walls of the grooves. Thus there is no opportunity for the
      component C to become disassociated from the outside formers, and the lead
      ends are therefore directed precisely into their respective board
      receiving holes. It will be understood, comparing FIGS. 14 and 16, that in
      the interval of lead clamping concurrent with lead cutting and forming,
      the clamping pressure of suitable degree is provided by the friction
      imparted to the hold-down 58 by the driver bar 44 via the washer 68 as the
      hold-down is permitted by the lost motion slot 56 to slide relatively
      upward on the descending driver bar. Before the screw 54 can engage the
      bottom of the slot 56, the hold-down is positively moved further
      downwardly by engagement therewith of a shoulder 81 (FIGS. 4, 12) of the
      driver bar. As soon as the inside former is retracted, the hold-down is
      able to move downward with the driver bar and thus completes the insertion
      cycle, guided into the circuit board holes the leads being slidably by the
      outside former grooves 65, 65 as shown in FIG. 17 and thrust by the driver
      bar against the clinching means 28.
PAR  It will be appreciated that the inside former 38 is allowed, at the instant
      the substantially right angle lead shoulders are formed, to pivot
      (clockwise as shown in FIGS. 9-11) to a position from its lead supporting
      and forming position by reason of its upper extremity clearing the above
      mentioned flat side of the driver bar and swings into a recess 82 (FIG. 4)
      formed in the bar 44. Following lead clinching which securely mounts the
      component, the upward retraction of the driver bar operates the pawl and
      lever mechanism 52 whereby the wheels 50, 50 advance a next endmost
      component C to be mounted into position to be engaged by the positioning
      lever 70 in the ensuing cycle. Such upward return to starting position of
      the driver bar, cutters and outside formers also causes the screw 54 (by
      reason of its overcoming washer friction and now engaging the upper end of
      the slot 56) to restore the hold-down 58 to its initial relatively lower
      most position on the driver bar 44 in readiness for the next cycle.
PAR  From the foregoing it will become apparent that the invention provides a
      compact and reliable lead forming and inserting machine which is adaptable
      for processing different components to be mounted in stand-off manner.
      Moreover, with minor adaptation of the machine and without departing from
      the invention the machine can also be employed to insert non stand-off
      type components. Loose mounts as suggested by FIG. 1, for instance, and
      misinsertions are practically all elliminated.
CLMS
STM  Having thus described our invention what we claim as new and desire to
      secure as Letters Patent of the United States is:
NUM  1.
PAR  1. In a machine for mounting electronic components having coaxial leads,
      portions of which leads are to be bent to extend in parallel relation into
      preformed circuit board holes, a reciprocable driver bar movable toward
      and from the circuit board, a hold-down having a lost motion connection to
      the driver bar, said hold-down having spaced, grooved feet engageable with
      the coaxial lead portions, respectively, and friction means
      interengageable with the driver bar and the hold-down for causing the
      latter yieldingly to bear on said coaxial lead portions before the driver
      bar acts positively to insert the parallel lead portions into the holes.
NUM  2.
PAR  2. A machine as in claim 1 wherein the hold-down is formed with a recess
      for accommodating a component body and defined in part by a body
      positioning surface, means including a raceway having a delivery end for
      feeding successive components in parallel lead relation to the vicinity of
      the hold-down when retracted from the circuit board by the driver bar, and
      power means for transferring successive endmost components from said
      delivery end into the retracted hold-down recess to be predeterminedly
      positioned by said surface.
NUM  3.
PAR  3. In an inserting machine having instrumentalities including an outside
      former for forming and mounting the leads of electronic components, the
      improvement which consists in providing an inside former with an end
      portion deflectable laterally inward by a lead portion being wiped and
      bent thereover by the outside former.
NUM  4.
PAR  4. In a machine for forming and inserting coaxial portions of leads
      extending from component bodies to be mounted on a circuit board,
      inserting mechanism movable toward and from the board, said mechanism
      having in one end portion a recessed positioning surface, cutters and
      cooperative lead forming means sequentially operable during a portion of
      the movement of the inserting mechanism toward the board, means for
      carrying the components by their coaxial lead portions and spaced
      side-by-side with their bodies generally aligned with, but disposed at an
      angle to, the path of said surface, guide means for causing the component
      carrying means to deliver the leads of each successive endmost component
      to a predetermined position with respect to the lead forming mechanism,
      and a cyclically operable member for engaging each endmost component body
      at said position to angularly shift said body about the general axis of
      its coaxial lead portions and against said positioning surface prior to
      operation of the lead cutting and forming means on the lead portions
      associated with said body.
NUM  5.
PAR  5. In a machine for forming and inserting leads extending in part coaxially
      and at least partly projecting radially or generally parallel from a
      component body such as that of a disc capacitor to be mounted on a circuit
      board or the like, a head comprising lead cutting and forming
      instrumentalities, a driver bar movable cyclically in the head to operate
      these instrumentalities and then thrust the formed leads endwise into the
      circuit board, and means comprising a hold-down member adjustably
      frictionally coupled to the driver bar for predeterminedly positioning and
      clamping a portion of the respective leads intermediate their body and the
      locality of operation of the lead forming instrumentalities whereby the
      latter can thereafter cooperate with the lead clamping means in accurately
      directing each formed lead into the circuit board.
NUM  6.
PAR  6. A machine as in claim 5 wherein the hold-down member is formed with a
      slot for slidably receiving a clamping screw adjustably threaded into the
      driver bar, and a friction material is disposed between the bar and the
      hold-down whereby said feet exerted lead clamping pressure derived from
      the initial portion of an operating stroke of the bar and said pressure is
      maintained via the friction material throughout lead forming.
NUM  7.
PAR  7. In a machine for forming and inserting the leads of components
      respectively having a pair of leads including stand-off spaced parallel
      portions projecting from their component bodies and coaxial outer portions
      to be formed and inserted, a reciprocable driver bar and lead forming
      means operable during a portion of the stroke of the driver bar, lead
      clamping means operatively connected to the driver bar and including a
      positioning surface for abutting each component body and spaced feet for
      bearing on said coaxial outer portions of the leads, said lead forming
      means including an inside former and cooperative outside formers, the
      inside former having spaced lead supporting surfaces against which the
      lead clamping feet bear during operation of the outside formers, and
      friction means actuated by the driver bar for causing the clamping feet
      thus to bear from a time prior to the cooperation of said formers.
NUM  8.
PAR  8. A machine as in claim 7 wherein means is provided for supplying
      successive tape-fed components with their bodies in overlapped relation to
      a delivery position adjacent to the locality of cooperation of said
      formers, and means operative alternatively with inserting strokes of the
      driver bar for transferring successive endmost component bodies from said
      delivery position into predetermined relation to said positioning surface
      of the lead clamping means.
NUM  9.
PAR  9. In a machine for forming and inserting leads of components having
      substantially coaxial lead portions to be mounted on a circuit board, a
      vertically reciprocable driver bar movable toward and from the board,
      cutters and cooperative lead forming means sequentially operable on said
      coaxial lead portions during a portion of the movement of the driver bar
      toward the circuit board, a hold-down means actuatable during said portion
      of the driver bar movement to immobilize at least spaced parts of the
      coaxial lead portions before and during operation of the cutters and
      forming means thereon, means for supplying successive components in
      predetermined position between the hold-down means on the one hand and the
      cutters and forming means on the other hand when the driver bar is
      retracted from the circuit board, said component supplying means
      comprising a pair of circumferentially notched feed wheels for cyclically
      advancing coaxial pairs of leads of the respective components toward the
      cutters and forming means, said components being interconnected by means
      of tape in parallel, spaced lead formation with their component bodies
      overlapping, a member automatically shiftable to urge the endmost
      component about the axis of its coaxial leads to predeterminedly position
      the body of said component relative to said hold-down means in each cycle,
      and power means for controlling operation of the driver bar, the hold-down
      means, and the supplying means in sequence.
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ABST
PAL  A method of producing a corrugated flexible tube wherein a corrugated
      profiled strip having multiple corrugations is wound in a helical path
      such that its edges overlap and then the overlapped edges are tight welded
      together, preferably by electrical resistance welding, such that every
      welded corrugation of the resultant corrugated flexible tube is followed
      by at least one unwelded corrugation.
BSUM
PAR  The present invention relates to a method of producing a corrugated pipe
      from a profiled strip which is helically wound and continously soldered or
      welded on the marginal portion contacting or overlapping each other. To
      convey gases and liquids through a pressure tight pipe, corrugated tubes
      or flexible tubing which are manufactured from a profiled strip and those
      marginal portions are overlapped and soldered or welded to each other are
      known. The profiled strip contains in the direction of its length only one
      corrugation. The edges of the strip overlapping each other form the top of
      the corrugation which through its overlapping contains a double wall which
      is soldered or welded.
PAR  Such well known corrugated pipe for many application has rather important
      problem as each top of the corrugation has a double wall and each bottom
      of the corrugation only one wall, the self-resistance of the outside wall
      of the corrugation against a radial bending being greater than the
      self-resistance of the inside wall of the corrugation. The flexibility of
      such a corrugated pipe is therefore non homogeneous. In any case the
      double wall of the top of the corrugation increases the weight of the
      corrugated pipe. There is naturally a possibility to reduce the weight of
      such a corrugated pipe by a smaller corrugation or a greater distance from
      one corrugation to the other. But in special application such as for
      aircraft, even a such reduced weight is too big as in the aircraft
      flexible pipe of very light weight are very important.
PAR  In many applications there is only a restricted flexibility necessary, as
      sample we can enumerate corrugated pipes to be used only for correcting
      the differences of fitting the pipe, such as in pipes to be connected with
      machinery or other technical installations, and which are only in motion
      just for installation purposes or for cleaning purposes. With the known
      corrugated tubing a difference in flexibility can only be obtained in very
      small limits.
PAR  An other problem of the known corrugated tubes is the very slow speed of
      manufacturing and the small production capacity as the overlapping edges
      of the strip which are forming the top of the corrugation has to be welded
      or soldered by electrical resistant welding on their total length of the
      top of the corrugation. For a few feet of corrugated tube one needs a weld
      of a multiple of its length which involves the risk of leaks from time to
      time.
PAR  To prevent the described problems the method according to the present
      invention provides that to the welded corrugation is added at least an
      unwelded corrugation. For this purpose the profiled strip is provided with
      several corrugations of a identical or different height of the
      corrugation. According to this method the edges of the strip are also bent
      and after having been wound on a mandrel with one edge overlapping the
      other one to form the double walled top of the corrugation, they are
      welded with an electrical resistance-welding or with an other welding
      method. If the welded portion has the same profile form as the
      corrugations which are made by profiling the strip, one corrugation is
      practically indistinguishable from the other. In such a design all
      corrugations can have absolutely the same bending radius. If the
      corrugations which are manufactured by profiling a strip, are smaller or
      larger than the corrugations which are constructed by overlapping the
      edges of the strip, then the corrugated tubes contain unequal
      corrugations, and the flexibility of the corrugated tube can be determined
      in advance by calculated methods. An other characteristic consists in
      that, that the edges which are overlapping to form the welded corrugation
      can be formed with a lesser stiffness, such that the increase of stiffness
      due of the overlapping of two edges can be balanced in regard to the other
      corrugations which are not overlapped and not welded and made by profiling
      the strip. The edges of the strip which are bent to be overlapped may be
      for example higher and/or manufactured with greater radius. The
      overlapping of the edges therefore does not reduce the homogeneity of the
      bending and motion capacity of the corrugated tube.
PAR  The corrugated tube according to this invention can be manufactured with
      much greater production speed than is possible for a corrugated tube on
      which each top of the corrugation is overlapped and welded. Employing the
      same speed of winding and welding the produced quantity of corrugated tube
      is double or multiple according as the profiled strip contains one or
      several finished corrugations. Such a method of increasing a production
      capacity without any other technical installation and only by a new method
      of construction produces a very important economical advantage.
PAR  Welding without any faults is required for the tube to be gas- and vacuum
      tight. A welding with faults which cannot be absolutely excluded, may
      result in a leakage on the points of the faults. The welding in itself may
      therefore be a source of faults, for the flexible corrugated tubing.
      Reducing the length of the welding of a corrugated tube in comparison with
      another of the same length can therefore increase the security of
      tightness and therefore also the safety of service.
PAR  Opposite to corrugated tubes on which the connection of the edges are only
      made by folding, the welding connection has the big advantage not only of
      the smaller weight but of the absolute tightness, by the effect that the
      edges of the strip have not to be bent several times and folded one in the
      other, but that for the welding of the edges a simple overlapping is
      sufficient, the reduction of the weight is essential, particularly as such
      corrugated tubes are normally used in great diameters. Also transport and
      installation of such corrugated tube are much easier.
PAR  The extremely high tensile strength subject to the welded connection of the
      edges of the strip is of great importance especially when the corrugated
      tube is installed vertically or if for other reasons the corrugated tube
      is exposed to great tensions. In regard to the quality characteristics the
      welded corrugated tubing is highly superior to a folded corrugated tubing.
      Following the method of the invention the tightness of the corrugated
      welded tubing can at each position and in any time be granted and
      increases the safety in operation in comparison with the folded corrugated
      tubing. On the application of the welded tubing, for instance in
      ventilation and heating installations, the absolute tightness of the
      tubing prevents liquids of condensation from finding their way from the
      inside of the pipe to the outside and therefore, a corrosion of the
      flexible tubing and a damage of the brickwork around the flexible tubing
      cannot be possible. Such folded tubing is especially adapted to restore
      chimneys of smaller or medium heating installations.
PAR  The experience has shown that in certain cases of fuel heating the
      sulphuric acids, which develop in the chimney, forces their way through
      the folder of the corrugated tube and can increase corrosion of the
      corrugated tube as well as damage the brickwork of the chimney. On the
      other side in gas heatings leakages on the folder of the flexible tubing
      may permit gas to penetrate through the brickwork of the chimney and cause
      an unpleasent scent.
PAR  In accordance with the present invention these two problems can absolutely
      be excluded, as no other flexible corrugated tube known until today on the
      market can produce a similar tightness; the product of the invention
      provides a very important technical advantage.
DRWD
PAR  The method according to the invention will now be described with references
      to FIGS. 1 to 5 of the accompagning drawings.
PAR  FIG. 1 shows a profiled strip for manufacturing the corrugated tube,
      subject of the invention.
PAR  FIG. 2 shows a corrugated flexible tubing manufactured with a profiled
      strip as shown in FIG. 1.
PAR  FIG. 3 shows a corrugated tubing manufactured from a profiled strip with
      corrugations of different shape.
PAR  FIG. 4 shows a corrugated tubing of double wall with high corrugations.
PAR  FIG. 5 shows a double walled corrugated tubing of smaller corrugations of a
      similar method or as FIG. 4.
DETD
     The profiled strip 1 as shown in FIG. 1 includes 3 corrugations in the
      middle of the strip 2.
PAR  The edges 3a  and 3b  are bent of half a corrugation. The profiled strip 1
      can be wound helically on a mandrel in a manner that the edges 3a and 3b
      are overlapping and can be welded by electrically welding resistance,
      welding to a corrugation 4, and in this manner an absolutely gas- and
      vacuum tight corrugated tube 5 is manufactured as showed in FIG. 2, on
      which the left half part of tubing shows its section.
PAR  The corrugated tubing 5 contains in between two welded corrugations various
      unwelded corrugations. The number of the unwelded corrugations of the
      middle part 2 will be adapted according to the form of the profile and the
      diameter of the flexible tubing.
PAR  FIG. 3 shows a corrugated tubing, in which in the profiled strip there are
      in the middle part 3 formed smaller corrugations of one ply, than the
      corrugations obtained by overlapping and welding the edges of the strip.
      In this way a flexible tubing of very homogenious flexibility of all
      corrugations will be produced from the 3 formed closed corrugations as
      well as on the welded corrugations. Because the increase of the stiffness
      due to the double walls of the welded corrugations can be reduced by the
      greater radius of a value which nearly conforms to the stiffness of the
      non welded corrugations of one ply with a smaller radius and a lower side
      of the corrugations. The two different forms of the corrugations therefore
      have the same characteristics of flexibility. The preformed non welded
      corrugations of the middle part of the strip can be even lower and closer
      if one desires an increase of the stiffness and of the tensile strength of
      the corrugated tube.
PAR  A double walled corrugated tube as shown in FIG. 4 can be manufactured in
      the manner that a profiled strip is wound overlapping itself totally but
      only is welded on the edges of the strip 6. In this case a double walled
      flexible tubing is formed which is welded on each second corrugation as
      shown in FIG. 4 and in between of each welded corrugation there is non
      welded corrugation.
PAR  FIG. 5 shows an other alternative, on which instead of one single strip two
      or several strips are wound each over the other and are welded on the
      edges. In this way a multiple corrugated tube can be manufactured with a
      higher pressure capacity, the flexibility being still the same.
PAR  On such corrugated tubes of 2 or more plies the single ply can consists on
      different metals or alloys or of different thickness of the strip
      according to the proposed application. Such constructions of tubing can
      also be provided to get a difference in electrical resistance, of
      difference of heat conduction, of different resistance of corrosion.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of producing a helically corrugated flexible tube which
      comprises winding a corrugated profiled strip in a helical path such that
      the edges of said strip overlap and then welding together the overlapped
      edges, wherein every welded corrugation of the resultant corrugated
      flexible tube is followed by at least one unwelded corrugation and wherein
      the corrugations that are welded together have less stiffness than the
      other corrugations to thereby reduce the stiffness resulting from the
      overlapping of the edges of said strip.
NUM  2.
PAR  2. The method of claim 1 wherein the overlapped edges are tight welded by
      electrical resistance welding.
NUM  3.
PAR  3. The method of claim 1, wherein the welded corrugations have the same
      profile as the unwelded corrugations.
NUM  4.
PAR  4. The method of claim 1 wherein the corrugated flexible tube has a wall
      consisting of several plies.
NUM  5.
PAR  5. As an article of manufacture, a helically corrugated flexible tube
      comprising a corrugated and helically wound strip having the edges of said
      strip overlapped and welded together wherein every welded corrugation
      thereof is followed by at least one unwelded corrugation and wherein the
      corrugations that are welded together have less stiffness than the other
      corrugations to thereby reduce the stiffness resulting from the
      overlapping of the edges of said strip.
NUM  6.
PAR  6. The article of claim 5 wherein the welded corrugations have the same
      profile as the unwelded corrugations.
NUM  7.
PAR  7. The article of claim 5 wherein the corrugated flexible tube has a wall
      consisting of several plies.
NUM  8.
PAR  8. The article of claim 5 wherein said strip has multiple corrugations and
      every welded corrugation is followed by at least two unwelded
      corrugations.
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ABST
PAL  The machine comprises a frame, a rotating gripper supported by the frame
      and comprising two arms provided with removable bearing plates for the
      end-plates of a radiator, pressing means maintaining the header boxes of
      the radiator on the end plates, and two heating units adjustably mounted
      on parallel shafts for the welding of these two parts.
BSUM
PAR  The present invention relates to a machine enabling to automatically
      perform a welding of header boxes on end plates of the cooling or heating
      radiators typically used in the motor car industry.
PAR  The machine of the invention enables, further, in its working cycle to
      eventually also weld various additional components on the header boxes,
      especially filling bases, inlet and outlet tubes, and lugs of lateral
      flanges that radiators are provided with.
PAR  In the art of manufacturing radiators, welding of the header boxes on the
      end plates is performed at the end of the manufacturing cycle, i.e. after
      welding of the core, so-called, which means the welding of the tubes with
      the end plates and the welding of the tubes with the heat disturbers
      constituted by fins slipped on the tubes or by corrugated strips inserted
      between said tubes.
PAR  For welding the header boxes on the end plates it is very important that
      the core which has already been manufactured be not damaged. Yet, it is
      constituted of very fragile parts and it is important also that the
      welding to be performed does not have any chance to damage the already
      existing welds.
PAR  The problem is still more complicated in that it is essential to be able to
      work in succession radiators of various types having noticeable
      differences as to heights and widths and also in shapes and arrangements.
      In fact, it is well known that a radiator can have an end plate which is
      more or less wide for a given core thickness, moreover a header box can
      comprise various components such as filling bases, inlet and outlet tubes
      placed at different places, and the lateral flanges of the radiator can
      have to be welded on the smaller sides of the end plate or still on the
      top of the header boxes.
PAR  Yet, the invention solves completely the above stated problem and
      practically without any manual handling during the working cycle of the
      machine.
PAR  According to the invention, the machine comprises:
PAR  A FRAME,
PAR  A ROTATING GRIPPER SUPPORTED BY SAID FRAME AND COMPRISING TWO ARMS, ONE OF
      WHICH BEING MOBILE, SAID TWO ARMS BEING PROVIDED WITH REMOVABLE PLATES OF
      A LENGTH CORRESPONDING TO THE DISTANCE BETWEEN THE END PLATES OF EACH
      RADIATOR TO BE MACHINED, TO CONSTITUTE THROUGH THEIR ENDS, BEARING
      SURFACES FOR SAID END PLATES,
PAR  A PRESSING ELEMENT CONTROLLED IN TIME RELATION WITH THE ROTATION OF THE
      GRIPPER TO EXERT A PRESSURE SUCCESSIVELY ON EACH OF SAID HEADER BOXES BY
      MAINTAINING THEM APPLIED AGAINST THE CORRESPONDING END PLATE RETAINED BY
      THE REMOVABLE PLATES OF THE GRIPPER, AND
PAR  TWO HEATING UNITS, RESPECTIVELY PLACED ON PARALLEL ROTATING SHAFTS AND
      COMPRISING BURNER HEADS CONNECTED TO SAID SHAFTS THROUGH SLIDING SUPPORTS,
      WHEREBY SAID BURNER HEADS ARE ADJUSTABLE IN POSITION AS A FUNCTION OF THE
      RADIATOR TO BE MACHINED.
PAR  Various other features of the invention are moreover shown in the following
      detailed description.
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PAR  An embodiment of the invention is shown by way of non-restrictive example
      in the accompanying drawings, in which:
PAR  FIG. 1 is a partly diagrammatical elevation view of the welding machine of
      the invention.
PAR  FIG. 2 is a diagrammatic side view taken on line II--II of FIG. 1.
PAR  FIG. 3 is an enlarged elevation view taken substantially on line III--III
      of FIG. 1.
PAR  FIG. 4 is an elevation view of a detail of realization substantially taken
      on line IV--IV of FIG. 1.
PAR  FIG. 5 is a partly sectional diagrammatic elevation view taken on line V--V
      of FIG. 1.
PAR  FIG. 6 is a partly sectional elevation view illustrating a realization of
      one of the heating ramps of the machine shown in FIG. 1.
PAR  FIG. 7 is an elevation view corresponding to FIG. 6 after a rotation of
      90.degree..
PAR  FIG. 8 is an enlarged cross sectional view taken along line VIII--VIII of
      FIG. 1 and showing the control mechanism of the heating ramps of FIGS. 6
      and 7.
PAR  FIG. 9 is a diagram of a mechanism for bringing a welding wire to the
      machine.
PAR  FIG. 10 is an enlarged diagrammatic sectional view taken substantially
      along line X--X of FIG. 9.
PAR  FIG. 11 is a diagram of the cooling mechanism of the machine of FIG. 1
      taken on line XI--XI.
DETD
PAR  The machine represented in the drawings is designed to realize a welding of
      header boxes A, A.sub.1 on the end plates B, B.sub.1 of radiators C and
      also a welding of the various components provided on the header boxes A or
      A.sub.1, for example tubes D, filling bases E, end lugs F.sub.1 of flanges
      F, etc..
PAR  The machine comprises a table generally designated by 1 on which is placed
      a frame designated by 2.
PAR  To support the radiator core, the machine comprises a gripper generally
      designated by 3. The gripper 3 is represented in FIGS. 1, 2 and 4 and
      comprises a "fixed" arm 4 provided with an axially adjustable abutment 4a.
      The arm 4 protrudes from a hub 5 to which said arm is rigidly fixed. The
      gripper 3 also comprises a "mobile" arm 6 which is pivotally mounted
      through a pin 7 (FIG. 4) on the hub 5.
PAR  A pneumatic or hydraulic jack 8 is pivotally mounted through a pin 9 on a
      lug 10 supported by the hub 5 and by a pin 11 on the mobile arm 6.
PAR  The fixed and mobile arms 4 and 6 of the gripper 3 each supports
      respectively a plate 12 fixed to each of them by removable elements, for
      example pins or bolts 13 to be interchangeable. The plates 12 are provided
      for a given type of radiator to be worked by the machine and thus
      constitute a kind of jigs. The width 1 (FIG. 1) of the plates 12 can be
      any one, but their length L corresponds, or so, to the interval between
      the end plates B, B.sub.1 of the type of core to be machined.
PAR  FIG. 2 shows that the plates 12 have a length designed to be just smaller
      than the interval between the end plates B and B.sub.1 in order that on
      one hand, the radiators C be easily placed without any risk of damaging
      the end plates upon tightening the gripper 3 and, on the other hand, to
      enable a small sliding of said radiators C upon the first working step, as
      described below. Said small sliding has for its result to bring the end
      plate, in which one of the header boxes is to be welded, in contact with
      one of the ends of the plates 12 which are thus designed to support
      directly the end plate having to be machined, without any stresses be
      transmitted to tubes G of the radiators C and, still more especially, to
      the portion of the tubes which have been previously fixed to said end
      plates B and B.sub.1.
PAR  The tightening pressure produced by the jack 8 is also designed, while
      taking into consideration the surface of the plates 12, so that the
      pressure applied by said plates on both sides of the radiator C will not
      damage it. For that purpose also, that part of the plates 12 which is
      supported by the mobile arm 6 is connected to the same by a hinge 14.
PAR  The hub 5 which supports all the above described gripper 3 is rigidly
      connected to a marking disk 15 having slots 16, for example in the number
      of four, and both said disk 15 and the hub 5 are fixed at the end of a
      shaft 17 mounted in bearings 18 which are themselves fixed on the table 1.
PAR  The shaft 17 is connected to a control mechanism generally shown at 19
      (FIGS. 1 and 5) which controls rotation of the hub 5, firstly in a first
      direction through 90.degree. from the rest position of the gripper 3, then
      in the opposite direction through 180.degree. from the last above
      position.
PAR  The control mechanism 19 is, for example, constituted as represented in
      FIGS. 1 and 5 in which it comprises a sprocket-wheel 20 wedged on the
      shaft 17 and a free sprocket-wheel 21 on which is mounted a chain 22 of
      which one segment placed between the two wheels 20, 21 is constituted by a
      connecting rod 23 on which are placed resilient washers 24 between which
      is fixed a finger 25 placed at the end of the piston 26 of a jack 27
      having a body comprising two cylinders 27a, 27b separated by a diaphragm
      28 which is axially guided by columns 29 (FIG. 1).
PAR  The cylinder 27b contains a piston 30 of which the end is fixed to a
      bracket 31 which is itself rigidly connected to the table 1.
PAR  In the position represented in FIG. 5, the pistons 26 and 30 are in a
      position for which the gripper 3 has been rotated through 90.degree. with
      respect to the rest or loading position and, consequently, they are in the
      first working position for which the header box A has to be welded on the
      end plate B. By controlling the jack 27a so that the piston 26 be brought
      against the diaphragm 28, the chain 22 is moved a magnitude which
      corresponds to a first rotation through 90.degree. of the shaft 17 which
      brings back the gripper 3 in the rest or loading position. By also
      controlling the piston 30 so that it be brought against the diaphragm 28,
      the chain 22 is moved a new magnitude causing the shaft 17 to rotate in
      the same direction, also through 90.degree. and, consequently the second
      working position is reached, in which the end plate B.sub.1 and the header
      box A.sub.1 will have to be worked.
PAR  In order that the rest and work positions, successively occupied by the
      gripper 3, be perfectly accurate, the table 1 supports a locking jack 32
      of which the piston 33 comprises a finger 34 (FIG. 3) entering one of the
      notches 16 of the marking disk 15, said notches 16 being made at
      90.degree. from each other.
PAR  FIG. 3 shows that the movements of the piston 33 of the locking jack 32 are
      controlled by relays 35, 35a, the position of which enables to know the
      locked or unlocked position of the marking disk 15.
PAR  Similarly, the position of the chain 22 driving the shaft 17 is controlled
      by means of relays 36, 36a supported by the table 1 and it is the same
      with regard to the position of the body of the jack 27 which is controlled
      by a relay 36b, which determines the rest and work positions of the
      gripper 3 by making possible to control, depending on the information thus
      furnished, the various working operations which are described hereinbelow.
PAR  During the successive welding operations of the header boxes A and A.sub.1,
      they must be held firmly applied against the corresponding end plate with
      which they have to be welded and, for that purpose, the frame 2 supports a
      rotating lever 37 (FIG. 1) which is hinged about a pin 38. At one end, the
      lever 37 supports, through a pin 39, a pressing part 40. At the other end
      thereof, the lever 37 is hinged through a pin 47 to the piston 42 of a
      jack 43 which is itself hinged through a pin 44 on the frame 2.
PAR  The jack 43 is calibrated to always exert a constant force on the header
      boxes A through the lever 37 and tightening part 40. For practical reasons
      the stroke of jack 43 has to be small and if possible substantially
      constant for all types of radiators C having to be machined, and the part
      40 is placed, according to an easily removable way, on the lever 37 to be
      changed while thus constituting an equipment or a jig special to each type
      of radiator in the same way as the above described plate 12.
PAR  To perform the weldings which have to be made all around the end plates
      when they are in the position of the end plate B of FIG. 1, the machine
      comprises, as shown in FIG. 2, heating units, respectively shown at 45 and
      46 and which are supported by the shafts 47, and respectively 48. Said
      shafts are supported in bearings 49 and 50 (FIG. 1) respectively placed at
      the higher portion of the frame 2 and at the end of a cross-piece 51
      formed by this frame.
PAR  FIG. 2 shows that heating units 45, 46 can occupy two positions, a working
      position for which they are represented in full line, and a rest position
      for which they are represented in phantom line. These two positions are
      controlled by shafts 47, 48 having a portion inside the frame 2 which
      supports pinions 47a, and respectively, 48a engaged with racks formed at
      the end of rods 52, 53 of jacks 54, 55 (FIG. 8).
PAR  Each heating unit 45, 46 comprises, as shown in FIGS. 6 and 7, arms 56, 57
      for example constituted of tubes on which are fixed plates 58 on which are
      provided extended apertures 59 brought more or less in coincidence with
      similar apertures 60 of homologous plates 61 fixed to support-tubes 62
      which are advantageously connected together by means of cross-bars 63.
PAR  Bolts 64, or other fixation components, are passed through the apertures 59
      and 60 of the plates 58, 61 to ensure a fixation of the support-tubes 62
      in a way adjustable in height to take into consideration the position of
      the end plates B and header boxes A of a particular type of radiator. Thus
      the arms 56, 57 constitute, so-to-speak, telescopic elements.
PAR  At the lower portion thereof, the support-tubes 62 are connected to a head
      65 of burners provided, on its side facing the end plate B, with burner
      nozzles 66. The length of the burner head 65 is selected to correspond to
      the type of end plate B the longest having to be worked by the machine and
      each nozzle 66 is controlled by a valve 67 constituted, for example, by a
      punch-screw which enables to inactivate some of the nozzles 66 when the
      machine works on end plates of a smaller length than the maximal possible
      length.
PAR  The burner head 65 supports, on its top, a longitudinal small bar 68
      forming a support for various additional components, especially for
      placing end burners 69 designed to heat the smaller sides of the end
      plates and of the header boxes, said burners having a support 70 provided
      at its lower portion with a stirrup 71 covering the small bar 68. A
      locking screw 72 is designed to lock the support 70 on said small bar 68.
PAR  The drawings show that each heating unit 45, 46 can be provided with
      further burners such as that shown at 73 for heating the additional
      components, such as bases E or tubes D, having to be welded on the header
      box.
PAR  The small bar 68 supports also at least one cutting burner 74 (FIG. 6)
      whose function will be given below.
PAR  It is noted from the above disclosure that each heating unit 45, 46 can
      easily be arranged to correspond to a particular type of radiator to be
      machined since there is only to suitably adjust the height of the burner
      head 65, then open or close a more or less important number of nozzles 66,
      and then place on each small bar 68, at suitable places, the various
      mobile burners such as 69, 73, and 74, and any other burners which would
      become necessary for particular operations to be made on a given type of
      radiator.
PAR  The support-tubes 62 are provided, at their lower portion, with lugs 75
      which are, for example, welded beneath the burner head 65, these lugs
      being provided with adjustable abutments 76.
PAR  FIGS. 2 and 6 show that the abutments 76 are designed to come and bear
      against the plates 12 of the gripper 3 when the heating units are taken
      down in working position, which enables -- the jacks 54-55 controlling the
      shafts 47-48 being maintained under pressure -- to be sure that the
      burners, especially the nozzles 66, are exactly at a suitable distance
      from the portions of the parts to be heated which prevents also that
      stresses be directly applied to the parts of the radiator C during the
      working process.
PAR  The support-tubes 62 are also provided with auxiliary adjustable abutments
      77 constituted in the same way as the abutments 76 and which are designed
      for controlling the devices feeding the welding wire 78, shown in detail
      in FIGS. 1, 9 and 10. These devices, which are carried by the frame 2, are
      in the represented example, in the number of two and placed on each side
      of the position to be occupied by each radiator C when it is machined. For
      that purpose, the frame 2 supports brackets 79 -- 80, whose position is
      adjustable in height, along supports 81 with extended slots 82 in the same
      way as the brackets 79, as shown at 83 in FIG. 9.
PAR  Brackets 79-80 each supports a small rod 84 urged by springs 85 tending
      always to bring back said small rods 84 in a retracted position to make
      possible a rotation of the radiators C when they are not in a working
      position.
PAR  The free end of each small rod 84 comprises a sleeve 86 into which is
      passed a guiding tube 87 which is axially adjustable relative to the
      sleeve 86 into which it can be blocked, for example by means of
      punch-screws 88.
PAR  It is noted from the above disclosure that the tube 87 can be adjusted both
      in height, by acting on the position of the brackets 79-80, and axially,
      by sliding it in the sleeve 86 and placing it in a position which would be
      appropriate to the position and to the length of the header box and end
      plate of a particular type of radiator.
PAR  The tube 87 is connected to a flexible pipe 89 through which is brought a
      welding wire 90 coming from a distributing device 91 of which the
      controlling element, for example rollers 92, is operated to deliver, at
      each time, a length of welding wire 90 corresponding to the type of
      radiator under work. Such distributing devices being well known in the art
      have not to be described in more detail.
PAR  The operation of the small rods 84 to bring them in the position
      represented in FIG. 10, by stretching the springs 85, is caused at the
      moment of the going down of the heating units 45, 46 of which the
      auxiliary abutments 77 push said small rod as illustrated in FIG. 10. The
      auxiliary abutments being adjustable, and also the abutments 76 which bear
      against the plates 12, there is thus obtained automatically an accurate
      position for the tubes 87, whatever the width of the end plates B of the
      header boxes A may be, since said abutments 76 are previously set to take
      said width into consideration.
PAR  Besides the elements described in the above disclosure, the machine
      comprises also cooling units 93-94 (FIG. 1 and 11). Each cooling unit
      comprises a blowing head 95 and a small bar 96 (FIG. 1) connected to the
      blowing head 95 for example by means of lugs 97. These blowing units are
      respectively mounted at one end of arm 98 of which the other end is
      provided with a sleeve 99 which can be wedged in any point of the shafts
      100 which are vertically placed in bearings 101 of the frame 2. Thus, the
      cooling units 93-94 can be placed at a suitable height relative to end
      plate B and header box A.
PAR  The blowing head 95 of each unit is fed, by any appropriate means, in
      cooling compressed air and the compressed air can also be brought to water
      sprayers 102 which can slide at will along each small bar 96. The feeding
      in water of said sprayers 102 is ensured from a tank having a constant
      level 103 adjustable in height along a vertical rod 104 also placed in the
      frame 2.
PAR  The water sprayers 102 are particularly provided to ensure a very strong
      cooling, through a mist, of some previously welded portions, particularly
      the ends of the lateral flanges F.sub.1 when they bear on the top of the
      header boxes A, as well as an accelerated cooling of the filling bases E,
      etc. . .
PAR  The shafts 100, which support the two cooling units 93-94, are connected
      together by means of a rod 105 (FIG. 11), the ends of which are
      respectively pivotally mounted on a crank 106 fixed with one of the shafts
      100 and on a rocker-arm 107 fixed with the other shaft 100. The rocker-arm
      107 is moreover connected to the rod 108 of a jack 109 hinged by a pin 110
      on a support 111 of the frame 2. Controlling the jack 109 makes possible
      either to hold the cooling units 93-94 in the position represented in FIG.
      11, i.e. parallel with the radiator C, or to separate said cooling units
      according to arrows shown in FIG. 11 for them to occupy the position in
      which they are in FIG. 2 and for which they enable the motion of the
      heating units 45-46.
PAR  The above described machine operates in the following way:
PAR  At a rest position, the shaft 17 has been brought by the jack rod 26 in a
      position for which the gripper 3 is horizontally disposed.
PAR  In said position:
PAR  the gripper is now blocked by the disk 15 in one of the notches 16 in which
      enters the finger 34,
PAR  the jack 43 has been operated and the lever 37 rotates to lift the pressing
      component 40,
PAR  the jack 8 controlling the mobile arm 6 of the gripper 3 has also been
      operated to lift said arm 6,
PAR  The jacks 54 and 55 controlling the rotation of the heating units 45, 46
      hold the same in the elevated position, which is that represented in
      phantom lines in FIG. 2. Consequently, the small rods 84 supporting the
      tubes for guiding the wire 87 are also lifted by the springs 85, which is
      provided by the soft constitution of the tubes 89 bringing the welding
      wire 90 to the distributing tube 87,
PAR  the jack 109 controlling the shafts 100 is in a position for which the
      cooling units 93-94 are in a separated position, which is that represented
      in FIG. 2.
PAR  The operator in charge of the machine then brings - on the plate 12 of the
      fixed arm 4 of the gripper 3 -- a radiator C, preferably already provided
      with its water boxes A - A.sub.1 and eventually with some further
      components: base, tubes, etc.. held in position by temporary crimpings or
      other means known in the art. The radiator is placed so that one of its
      flanges F will come against the abutment 4a (FIG. 4). The radiator is thus
      transversally centered by said abutment 4a and longitudinally by the plate
      12, the ends of which are in the vicinity of the two end plates B
      -B.sub.1.
PAR  The working operations are then proceeded according to the following
      sequence:
PAR  the jack 8 is operated and causes the motion of the mobile arm 6 of the
      gripper 3 of which the plate 12 grips the radiator C, but gently against
      the plate 12 of the arm 4. The end of this operation is controlled through
      a relay which causes operation of the jack 32 of which the rod 33 puts
      down the locking finger 16 of the disk 15. At the end of the stroke, the
      relay 35 is operated, which causes operation of the jack 27a making the
      shaft 17 to rotate for example in the counterclockwise direction, and thus
      the gripper 3 brings the radiator in the position represented in full line
      in FIGS. 1 and 2.
PAR  At the end of the stroke, a relay, for example the relay 36, is operated by
      the chain 22, which causes a new operation of the jack 32, the finger 16
      controlled by the rod 33 thereof entering a new notch of the disk 15 which
      locks the gripper 3.
PAR  If the header box A has not yet been placed, as above explained, then it is
      placed by the operator at that very moment; but it is prefered that the
      header box be already placed to prevent stoppage of the automatic cycle of
      the machine. Actually:
PAR  the last stroke of the jack 32 has operated the relay 35a (FIG. 3) which
      causes the feeding of the jack 43 operating the lever 37 (FIG. 1); thus
      the pressing element 40 bears on the top of the header box A maintaining
      the same applied into the end plate B. Said motion has eventually caused
      the radiator C to very slightly slide between the plates 12 for the top of
      the same to bear beneath the end plate B;
PAR  the end of the above motion of the pressing element 40 controls, through a
      relay, the jacks 54-55 operating the shafts 47-48 bringing the heating
      units 45-46 in their working position. The going down motion of the
      heating units 45-46 causes rotation of the rods 84 of the wire bringing
      devices, through the auxiliary abutments 77.
PAR  An end-of-stroke relay, or a temporized relay, then operates the
      distributing device 92, whereby a suitable length of welding wire 90 is
      brought through the flexible tube 89 and through the distributing tube 87
      to come in the position illustrated in FIG. 9.
PAR  At the end of this operation, the cutting burner 74, which was turned low,
      is supplied at full power for example by an appropriate electrovalve, thus
      the wire 90 is cut and completely housed between the end plate and the
      header box as shown in FIG. 10. Simultaneously, or with a slight time
      delay, the burner-heads 65 are operated, and also the auxiliary burners
      such as 69, having to heat the small sides of the end plate, and 73 for
      heating the additional components to be welded on the water box, said
      additional components having been provided, upon positioning with a
      welding alloy band or having previously been covered with welding alloy.
PAR  The heating time is controlled by a relay or a clock which controls, after
      a period appropriate to the work in question, operation of the jacks 54-55
      causing the heating units 45-46 to raise up.
PAR  A little time before the raise of the heating units 45-46 or upon end of
      said raise, the jack 109 (FIG. 11) operating the cooling heads 93 and 95
      is fed and said heads are brought in the position represented in FIG. 11
      through a rotation around the shafts 100. Blowing of air and spraying of
      water mist by the sprayers 102 very quickly causes the welding alloy to
      become coagulated and cool, and after an appropriate period of time, the
      jack 109 is again fed but in the opposite direction to bring the cooling
      heads in the position shown in FIG. 2. The return to said position of the
      cooling heads 93-94 controls again the jack 32 which unlocks the disk 15.
PAR  The new unlocking of the disk 15 controls the jacks 27a and 27b which drive
      the chain 22 in making the shaft 17 to rotate through 180.degree. in the
      clockwise direction.
PAR  At the end of said motion, the jack 32, which is again controlled, stops
      the gripper 3 in the new position for which the end plate B.sub.1 and the
      water box A.sub.1 are in the welding position. Then the same sequence of
      operations as above described in caused to start.
PAR  Lastly, the jack 27a brings back the gripper 3 in its initial position,
      through a new rotation of 90.degree. in the counter-clockwise direction.
      The jack 8 is operated to lift the mobile arm 6 of the gripper 3, and the
      finished radiator is removed.
PAR  The invention is not restricted to the embodiment shown and described in
      detail, for various modifications thereof can moreover be applied thereto
      without departing from the scope of the invention as shown in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for the successive welding of two header boxes in two end
      plates of different sized radiators, comprising:
PAR  a frame;
PA1  a rotating gripper supported by said frame and comprising two arms, namely
      a fixed arm and a mobile arm, said two arms being provided with removable
      plates of a length corresponding to the distance between the end plates of
      each radiator to be machined to constitute, by end portions thereof,
      bearing surfaces for said end plates;
PA1  a pressing element, controlled in time relation with the rotation of the
      gripper, to exert a pressure successively on each of the header boxes by
      maintaining them against the corresponding end plate held by the removable
      plates of the gripper; and
PA1  two heating units respectively placed on parallel rotating shafts and
      comprising burner heads connected to said shafts through sliding supports,
      whereby said burner heads are adjustable in position as a function of the
      radiator to be machined.
NUM  2.
PAR  2. Machine as set forth in claim 1, wherein the heating units are provided
      witth adjustable abutments bearing against the lateral sides of the
      removable plates for holding the radiator when the shafts controlling said
      heating units are rotated to bring said units in working position.
NUM  3.
PAR  3. Machine as set forth in claim 1, wherein each burner head extends on a
      length corresponding to the longest radiator to be machined and comprises
      individually adjustable burners, whereby each head is adapted to the
      length of the end plate of each type of radiator to be machined.
NUM  4.
PAR  4. Machine as set forth in claim 1, wherein each burner head comprises a
      small longitudinal bar for placing supporting stirrups for auxiliary
      burners particularly designed for welding of additional components
      provided on the header boxes of the radiators to be machined.
NUM  5.
PAR  5. Machine as set forth in claim 1, including welding wire distributing
      devices, wherein the heating units comprise auxiliary abutments for
      operating rotating rods connected to return-springs and supporting a tube
      for feeding a welding wire coming from said distributing devices, whereby
      said tube is thus in line with each end plate edge at the end of a
      rotation stroke of the heating units.
NUM  6.
PAR  6. Machine as set forth in claim 5, wherein the tube feeding the welding
      wire is axially adjustable relative to the rod which carries it and is
      connected to the distributing devices through a flexible tube, whereby the
      end of said feeding tube is adjustable to come in coincidence with an end
      portion of the end plate whatever the type of the machined radiator may
      be.
NUM  7.
PAR  7. Machine as set forth in claim 5, wherein each heating unit comprises a
      cutting burner directed towards the end of the tube feeding the welding
      wire to ensure melting of said welding wire at the opening position of
      said feeding tube.
NUM  8.
PAR  8. Machine as set forth in claim 1, further comprising cooling units with
      air blowing heads placed on shafts in the frame and connected together and
      to a control mechanism to ensure rotation thereof by separating or uniting
      said cooling heads from the radiator to be machined in synchronism with
      the motion of the heating units.
NUM  9.
PAR  9. Machine as set forth in claim 8, wherein the heads of the cooling units
      are supported by arms connected through sliding sleeves on the shafts
      controlling rotation of said cooling units, said shafts being placed
      upwardly in the frame, whereby position of the cooling units is adjustable
      depending on the height of the radiators to be machined.
NUM  10.
PAR  10. Machine as set forth in claim 8, wherein each cooling head comprises
      small axial bars for placing water sprayers fed with compressed air at
      same time as said heads and with spraying water from a constant level tank
      slidably mounted on a vertical rod carried by the frame, whereby said tank
      is adjustable depending on the height of the radiators to be machined.
NUM  11.
PAR  11. Machine as set forth in claim 1, wherein the rotating gripper
      supporting the radiators comprises on its fixed arm an adjustable abutment
      ensuring a transverse centering of the radiator upon placing thereof,
      while longitudinal centering is ensured by the plate of said gripper which
      extends between the two end plates of said radiator.
NUM  12.
PAR  12. Machine as set forth in claim 1, wherein the rotating gripper is
      controlled by a shaft connected through a transmission to a double body
      jack, the length of each body of said jack being so selected to have a
      working stroke causing rotation through 90.degree. of said shaft and
      gripper, whereby said gripper rotates in a given direction through
      90.degree. with respect of original position and then in a reverse
      direction through 180.degree. with respect to position reached upon the
      first rotation, resulting therefrom that the radiator is put flat on the
      gripper, then brought in its first vertical position, and lastly brought
      in a second vertical position after the rotation through 180.degree.
      preceeding a return to the original position.
NUM  13.
PAR  13. Machine as set forth in claim 1, wherein the shaft controlling the
      rotation of the gripper is provided with a notched disk having notches
      corresponding to the various positions that must occupy the gripper, and
      cooperating with a locking finger formed at the end of the rod of a jack.
NUM  14.
PAR  14. Machine as set forth in claim 1, wherein the successive machining
      operations are controlled by end-of-stroke relays respectively operated at
      the end of a preceeding machining operation.
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ABST
PAL  Members are welded together by indirect application of heat, as for welding
      internal battery posts for connecting groups of plates electrically,
      through the use of a plurality of heated elements simultaneously engaging
      posts to be welded together, and wherein the configuration of molten
      material is controlled as the weld cools, by the use of a templet. The
      elements are heated, preferably by application of open flame through a
      plurality of mixing systems for the fuel, with one system being provided
      for each heated element. A guideplate is provided for positioning the
      elements relative to the base and to each other.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 395,528 filed Sept. 10, 1973 for
      Apparatus for Thermal Relay Welding, now U.S. Pat. No. 3,861,575, which,
      in turn, is a division of application Ser. No. 184,338, abandoned, filed
      Sept. 28, 1971 for Apparatus and Method for Thermal Relay Welding.
PAR  Reference is made to my copending applications, Ser. No. 475,273, filed May
      31, 1974, Automatic Air Leak Testing Apparatus and Method, and Ser. No.
      423,317, filed Dec. 10, 1973, Acid Filling Apparatus for Batteries or the
      Like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to welding in general, and specifically for welding
      posts of batteries, as for example of the type used in automobiles.
PAR  In the welding of various members together, it is commonplace to use a
      welding rod having a flux therein, for many types of welding, such as arc
      welding. In other instances, particularly when the materials being welded
      together are soft, such as those comprising pot metal, lead, lead alloys
      or like materials, welding my be effected by application of open flame to
      members that are to be welded together. In many instances such techniques
      are highly desired and quite meritorious.
PAR  However, in some instances, as for example when electrical conductivity is
      desired, it becomes paramount that the connection between members being
      welded be such as to create minimal electrical resistance.
PAR  In the art of battery manufacture, particularly wet cell batteries for
      automobile usage and the like, it has become commonplace to utilize wet
      cell batteries, having a plurality of cells. In each cell, there are
      disposed a plurality of parallel but spaced plates, each having a lug
      extending therefrom, with the various lugs being interconnected by a
      battery strap, by any suitable means, such as that disclosed in U.S. Pat.
      No. 3,395,748. Extending from a strap of this type which connects plates
      of a given cell, is a post. Adjacent cells of a given battery are
      separated by cell partitions. Posts of groups of plates in adjacent cells
      must be connected for electrical conductivity between cells. Accordingly,
      it is this connection of adjacent battery cell posts that is of primary
      concern in this application.
PAR  Because of the presence of a cell partition between the posts, the posts
      are somewhat spaced at their upper ends, in that the posts extend
      generally upwardly above the height of the cell partitions, such upward
      extension or protrusion facilitating the application of heat thereto, for
      obtaining an electrical connection between the posts across the upper end
      of an associated plate. Because of the necessity of obtaining good
      electrical conductivity across such post connections, the art of welding
      battery posts has become highly developed, with individuals for performing
      the same having developed a high degree fo skill with respect thereto.
PAR  However, because such posts are generally spaced by the thickness of a cell
      partition, the flame achieved by the use of a gas-oxygen torch or the like
      must be raised to such a temperature that will permit the delivery of a
      sufficiently high temperature at the lower end of the spacing between
      adjacent posts, if it is desired to adhere the posts together as close as
      possible to the cell partition at the lower end of the spacing. However,
      in raising the welding temperature to such a level, excessive temperatures
      are reached at the uppermost ends of the posts, most closely located
      relative to the torch which accomplishes such "burning," such that early
      metal flow from the upper ends of the posts commences, such flow
      continuing down into the space between the posts, above the separator
      plate, and solidifying there, before lower ends of the posts in the
      vicinity of the upper end of the separator plate have become sufficiently
      heated, thereby resulting in an incomplete fusion of metal at a location
      corresponding to the upper edge of the cell partition. Thus, the result is
      that while a good fusion may exist at the upper ends of posts thus welded,
      often, at the lowermost ends of such posts, directly above the separator
      plate, the fusion is imperfect, with insufficient bond to provide
      sufficiently low electrical resistance as a connector. In order to avoid
      this, an operator may play the torch between the posts, in order to assure
      a good weld in the lower zone of such space above the separator plates or
      partitions, but such may cause the cell partitions to be scorched or
      damaged. Accordingly, the result is that present techniques of welding
      battery posts often results in variations of uniformity in weldments of
      batteries, depending upon the particular operator or welder involved, as
      well as resulting in an undesirable percentage of rejects due to welds
      that have a sufficiently good external appearance to pass customary
      quality control, but which are really poor weldments. Furthermore,
      batteries having poor weldments of battery posts are more prone to cause
      operating difficulties.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed toward overcoming the above and other
      difficulties in connection with the welding of battery posts, as well as
      with welding in general by providing a novel method and apparatus whereby
      adjacent members, such as battery posts, may be indirectly welded by the
      use of a solid heat sink which penetrates the members to be welded, as it
      liquifice the same, thereby carrying the temperature of welding through
      the zone to be welded, in order to achieve uniformity in welds, as well as
      for other purposes.
PAR  Accordingly, it is a primary object of this invention to provide a novel
      method for welding together members that are to be welded, preferably by
      indirect application of heat thereto.
PAR  It is a further object of this invention to accomplish the above object,
      when the members are spaced apart, preferably in order to secure a good
      weld across a cell partition located between, but below the upper ends of
      the members that are to be welded together over the separator.
PAR  It is a further object of this invention to provide a novel method and
      apparatus for welding together battery posts.
PAR  It is another novel of this invention to provide a novel welding mechanism,
      for delivering and mixing gases that are to be used in welding, and for
      applying the same to heat sink carried thereby.
PAR  It is a further object of this invention to accomplish the above object,
      wherein locating plates are utilized, in order to properly position a
      plurality of welding elements on the apparatus, in accordance with
      predetermined locations.
PAR  It is a further object of this invention to provide a novel method and
      apparatus for welding together battery posts, together with a means for
      molding the posts to desired configurations during solidification thereof
      after the welding has been effected.
PAR  Further objects of this invention reside in the construction of
      particularly novel welding apparatus more fully described hereinafter.
PAR  Other objects and advantages of the present invention, such as apparatus
      and method particularly directed toward the welding of battery posts, will
      be readily apparent, as will be objects of a generally broader nature,
      from a reading of the following brief descriptions of the drawing figures,
      detailed description of the preferred embodiment, and the appended claims.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an apparatus for welding battery
      posts, in accordance with this invention disposed above battery that in
      itself is partially illustrated in section for clarity of illustration,
      with the battery being disposed on a conveyor.
PAR  FIG. 2 is an enlarged fragmentary transverse view, of a portion of the
      apparatus illustrated in FIG. 1, taken generally along the line 2--2 of
      FIG. 1.
PAR  FIG. 3 is a further enlarged fragmentary sectional view, taken through one
      of the heat-applying devices of this invention, taken generally along the
      line 3--3 of FIG. 2.
PAR  FIG. 4 is a perspective view of some of the welding apparatus illustrated
      in FIG. 1.
PAR  FIG. 5a is a fragmentary view of a pair of upstanding battery posts with a
      cell partition between adjacent battery cells being disposed therebetween.
PAR  FIG. 5b is a fragmentary view of the pair of adjacent battery posts of FIG.
      5a, with a templet disposed thereover, and with a welding element received
      within the templet, at the lower end of its stroke of penetration of
      liquified post portions.
PAR  FIG. 5c is a fragmentary view of portions of the illustration of FIG. 5b,
      at a later stage, after withdrawal of a welding element from the void in
      the templet in which the liquid mass will be molded into solid form.
PAR  FIG. 5d is a fragmentary transverse view of a completed weld of battery
      posts of adjacent cells, welded across a partition, and with a battery
      cover being fragmentally illustrated in phantom disposed thereover, in
      order to best illustrate the manner in which a cover may accurately fit
      over an accurate and uniform battery post welded in accordance with this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail, reference is first made to FIG. 1,
      and particularly to the lower end thereof, wherein there is illustrated a
      battery, generally designated by the numeral 10, disposed upon a conveyor
      11, having a plurality of transverse rollers 12, for movement of the
      battery 10 from left to right, as viewed in FIG. 1, across the rollers 12.
PAR  A plurality of cells (six in number), such as those 13 and 14 are
      illustrated, in which are disposed a plurality of plates 15 extending
      downwardly from plate straps such as those 16 and 17, the plate straps 16
      and 17 having been already connected to the plate 15, by any suitable
      means, such as that described in U.S. Pat. No. 3,395,748, or by any other
      means.
PAR  The cells 13 and 14 are separated by suitable cell partitions 18,
      constructed of an inert material such as plastic or rubber (due to the
      presence of battery acid within the cells 14, 15, etc.). The partition 18
      extends vertically upwardly between posts 20 and 21 of adjacent cells 14
      and 13, respectively, with the partition 18 terminating at its upper end
      short of the upper ends of the posts 20 and 21, leaving a space 22
      therebetween.
PAR  It is this space 22 that, upon welding by the use of open flame being
      applied to posts 20 and 21, may become filled with molten or liquid lead
      (or other post material) from the upper ends of the posts 20 and 21, and
      flow downwardly to solidify in the space 22 just above the separator plate
      18, without application of a proper amount of heat to those portions of
      the posts 20 and 21, below the upper ends thereof as illustrated in FIG.
      5a, in the vicinity of the upper end of the cell partition 18.
PAR  A templet 23, constructed of some material (preferably metal) having a
      melting point substantially in excess of that of the material of the posts
      20 and 21, is provided, on the battery, at the upper ends thereof, as
      illustrated in FIG. 1, with pairs of posts 20 and 21 extending upwardly
      through voids 24 therein. It will be clear that the voids 24 extend
      entirely through the templet 23, and that the voids 24 comprise central
      portions 25 of a desired size and configuration corresponding to the
      posts, to easily receive and contain the same.
PAR  The upper and lower ends of the voids 24 are countersunk as at 26 and 27,
      to permit reception of posts 20 and 21 through the lower ends 27 of the
      voids 24, and to provide a dished portion 26 at the upper end of each void
      24, to accommodate the reception of molten metal during the welding
      operation, with the lower countersink or cut-away portion 27 also
      facilitating the removal of the templet 23 after the welding operation is
      complete, with the weldments solidified. It will further be noted that the
      templet 23 is received on the upper lip of the casing 28 of the battery
      10, as illustrated in FIG. 1.
PAR  With particular reference to FIGS. 5a, 5b and 5c, it will be seen that a
      heated element 30 that has been heated by means later to be described
      herein, to a temperature sufficient to melt the upper ends of posts 20 and
      21 of adjacent battery cells, across the top of a partition 18, is lowered
      into engagement with the upper ends of the posts 20 and 21, and proceeds
      to melt the same, into a liquid state, and then to continue its downward
      movement, penetrating the liquid portions of the post members 20 and 21
      being progressively melted as the element 30 moves downwardly, throughout
      a predetermined vertically downward stroke of movement of the element 30,
      such stroke also including a dwell time at the lower end thereof, as
      illustrated in FIG. 5b, if desired (but such dwell not being required),
      followed by retraction, or vertically upward movement of the element 30,
      in the direction of the arrow 31 illustrated in FIG. 5c, whereby the mass
      of liquid melt displaced into the zone 26 of the templet 23 during that
      portion of the operation illustrated in FIG. 5b, is free to fill the zone
      25 of the void 24 of the templet 23, above the upper end of the partition
      18, as illustrated in FIG. 5c, for cooling and solidification of the melt
      in the zone 25. It will be noted that a plurality (five in number) of such
      elements 30 may be utilized simultaneously, in order to simultaneously
      effect five different welds, between posts of adjacent battery cells, or
      in fact any desired number of such weldments may be effected, for battery
      cells, or for any other purpose, by the above-mentioned method of
      maintaining a constant temperature for the element 30 and delivering such
      temperature completely throughout the zone of the posts 20 and 21, or
      other members, in which the weldment is desired.
PAR  Furthermore, it will be noted that the voids 24, and particularly the
      central portions 25 thereof, comprise molds for the welds, during
      solidification and cooling thereof. After the welds are solidified, the
      templet 23 may be removed from the casing 28 of the battery 10, for reuse,
      as desired.
PAR  With particular reference to FIG. 5d, it will be apparent that a battery
      cover 32, having an annular cylindrical protrusion 33, for each pair of
      battery posts welded together, may be disposed over the upper end of the
      battery, with each weld 34 being received within a corresponding annular
      protrusion 33, for purpose of aligning the battery cover 32, if desired,
      and for facilitating the covering of the welds 34 and retention of the
      cover 32 on the battery 10.
PAR  It will further be noted that the welds 34 are simultaneously effected, for
      a given battery, and are all uniform, as regards their electrical
      qualities, and as regards their general height and other physical
      characteristics. Particularly as regards the height of the same, it will
      be noted that, all being of the same general height, the battery cover 32
      will more easily fit thereover, with posts having welds 34 at the upper
      ends thereof, all being uniformly received in uniformly sized annular
      protrusions 33 of the covers 32.
PAR  Referring now to the welding apparatus of this invention specifically
      illustrated in FIGS. 1 through 4, it will be seen that an apparatus 40 is
      presented, for carrying a plurality of heating elements or heat sinks 30
      protruding outwardly (downwardly) from the lower end thereof.
PAR  The apparatus 40 comprises a post 41 of cylindrical configuration,
      connected by any suitable means, such as threading or the like, as at 42,
      through a manifold head 43, and through a base member 44, to be secured by
      means of a nut 45 therebeneath. The base member 44 is of channel-like
      construction, being generally of inverted U-shape in transverse
      cross-sectional configuration, as best illustrated in FIGS. 2 and 4. The
      manifold head 43 is secured to the upper end of the base 44, by any
      suitable means, such as screws or the like. The manifold head 43 is
      provided with a pair of conduits 46 and 47 extending longitudinally
      therethrough, each connected at one end to an associated gas distribution
      conduit 48 or 50, provided with associated on-off inlet valves 51, as
      desired. The conduits 48 and 50 are connected to suitable sources of
      gases, such as natural gas and oxygen, respectively, or any other gases
      that will facilitate and support combustion at the desired temperatures.
      Thus, acetylene gas may replace the natural gas if desired, as may a
      mixture of other gases, such as air, replace the oxygen, if desired.
PAR  The left-most end of each of the manifold channels 46 and 47 is closed, as
      blind conduits (not illustrated).
PAR  Five element heating means, generally designated each by the numeral 52 are
      provided, each of substantially identical construction, so that only one
      need be described in detail, and each of which is carried at the lower end
      of the base member 44, by a suitable horizontal plate 53, secured by means
      of a cap headed screw 54 or the like extending therethrough, in engagement
      within a nut 55 disposed within the base 44. Thus, the position of any
      given element heating means 52 may be altered by loosening the screw 54,
      and repositioning such desired element heating means by moving the plate
      53 longitudinally of the base member 44.
PAR  Each of the heating means 52 is constructed as an independent torch, being
      provided at its upper end with a mixing device 57, having upper inlets 58
      and 60 for receiving for example gas and oxygen therein from respectively
      associated hoses 61 and 62 that, in turn are respectively connected to
      associated manifold ducts 46 and 47, for supplying gas and oxygen to a
      chamber 63 disposed within the device 57, in which they are mixed.
PAR  Accordingly, the inlets 58 and 60 communicate respectively with the chamber
      63. A pair of needle adjustments 64 and 65 are provided, associated with
      respective inlets 58 and 60, each comprising a thumb screw or the like 66,
      operative through a boss 67 in threaded engagement with the device 57 at
      68, for adjusting the position of a needle 70 in the associated inlet, for
      regulating the amount of gas to be mixed with oxygen, and the converse.
      Upon arriving at a desirable gas-oxygen mixture, the mixture passes
      through the conduit 71, to discharge from the device 57, through a
      distribution line 72, that in turn is connected to an element holder 73,
      by suitable nuts 74 or the like in threaded engagement with threads 75,
      wherein the delivery line 76 is bifurcated at 77, into a pair of delivery
      lines 78 and 80 that are inwardly bent at the lower ends, and have nozzles
      81 and 82 respectively carried thereby, in the vicinity of the upper ends
      of the elements 30, for heating the elements at a location spaced above
      the lowermost, or free ends thereof. The elements 30 are contained within
      bores or recesses 83, by suitable screws 84, for ease of replacement.
PAR  Thus, the application of open flame due to the elimination of gas and
      oxygen from nozzles 81 and 82, to the elements 30, will heat the element
      30 as aforesaid. It will be noted that elements 30 may also be heated by
      induction heating (not illustrated), or by other suitable means, if
      desired. In any event, heat is built up and stored in the element 30, and
      in order to facilitate this end the element 30 may be constructed of a
      high temperature alloy, ceramic, or any other suitable material. It will
      be noted that the flame may continually be applied to the element 30
      during the descent thereof and its retraction, as illustrated in FIGS. 5b
      and 5c, throughout its engagement with and projection into the material of
      the battery posts 20 and 21, if desired, or the heat may be applied to the
      elements 30 only when the same are in their uppermost or retracted
      positions, as desired. In any event, there will be a transfer of heat from
      the elements 30 to the upper ends of the battery posts 20 and 21, that
      will be constantly replenished by the application of heat to the elements
      30, by virtue of the application of open flame thereto as described above,
      or by induction heating, or the like. Furthermore, it will be noted that
      the heating elements or tips 30 may take on various desired physical
      configurations and sizes, depending upon the particular application.
PAR  Another feature of this invention resides in the use of a plate 90 secured
      to the member 44, by a pair of screws such as 91 and 92, for ease of
      removal of the same, with the plate 90 having a plurality of openings,
      voids, notches or the like, disposed in a uppermost set 93, and a
      lowermost set 94. The lowermost set 94 is arranged to accommodate plates
      53, in accordance with a desired predetermined spacing of element 30
      relative to each other, as measured horizontally, and relative to posts 20
      and 21 of a battery 10 to be welded therebeneath, and also relative to the
      templet 23 mounted on the battery 10 and disposed therebeneath.
      Accordingly, placement of the plates 53, in desired ones of the notches
      94, will readily accurately position the elements 30, in accordance with
      the desired position for welding the posts of a given battery, for
      example. However, the assembly illustrated in FIG. 4 may readily
      accommodate an alternative placement of the elements 30, by merely
      removing the plate 90, and inverting the same such that the notches 93 are
      disposed downwardly, whereby another placement of the element 30 relative
      to each other may readily be effected quickly and economically, with
      minimum set-up time.
PAR  With particular reference to FIG. 1, it will be noted that the rod 41 is
      either mounted to, or comprises, the piston rod of a piston (not shown),
      disposed within a piston cylinder 96, mounted on a suitable frame 97. The
      cylinder 96 is provided with suitable fluid inlets 98 and 100,
      respectively for providing a downward driving force, for lowering the
      elements 30, or for retracting the same, depending upon the position of
      the two way valve 101. It will be noted that the fluid supplied through
      the lines 98 and 100 may be any desirable hydraulic, pneumatic fluid or
      the like, and that the piston within the cylinder 96 would be driven
      either upwardly or downwardly, depending upon the setting of the valve
      101.
PAR  It will be noted that the stroke of the piston contained within the
      cylinder 96 is controlled to automatically re-set the valve, upon the
      piston disposed therein reaching the lower end of a predetermined stroke,
      in order that the elements 30 may be retracted prior to striking the
      separator plates or partitions 18. However, in the event of misalignment
      of elements 30 relative to posts 20, 21, or relative to the templet 23, or
      relative to anything else wherein it is desired to prevent a striking of
      the same by the element 30, or even in the event that a battery 10 is
      raised, for example at one end, due to the presence of a foreign item
      between the lower end of the battery and the conveyor rollers 12, such
      that the battery is "cocked," upon the striking of the elements 30 against
      any solid member, a sensor of pressure, force or the like 102, which is
      particularly responsive to pressure required to lower the piston contained
      within the cylinder 96, and consequently responsive to resistance to
      vertical downward movement that the elements 30 may meet, will be
      operative to actuate the valve 101, to cause an upward movement, or
      retraction of the assembly 40, and consequently of the elements 30 carried
      thereby, in order to prevent damage to the apparatus, or to batteries
      being welded.
PAR  Also, with reference to FIG. 1, it will be noted that the rod 41 is
      provided with a guide, comprising a plate 103 having a boss 104 disposed
      about the rod 41, and carried by the plate 103, and with a guide rod 109
      being provided, mounted in a suitable bushing 105 carried by a plate 106,
      such that, upon downward movement of the rod 41, the same is guided
      against undesirable lateral movement, due to the presence of the guide
      plate and rod 103 and 109.
PAR  It will thus be seen that the apparatus of this invention is adapted toward
      accomplishing its desired ends, both in broad respects, and in specific
      respects, regarding the construction of multiple-cell lead-acid storage
      batteries.
PAR  It will further be noted that the particular inwardly bent orientations of
      the nozzles 81 and 82, present the application of heat to adjacent areas,
      thereby concentrating the heat on the elements 30 themselves. It will also
      be noted that the element 30 may be adjustably positioned vertically
      within the blind hole 83, by merely loosening the screw 84 and
      repositioning the element 30. Furthermore, in operation, a proper
      positioning of the battery can actuate a switch (not shown), that in turn
      will cause the piston within the cylinder 96 to be actuated, if desired.
PAR  In view of the above-discussed invention, it has been possible to cut down
      the time necessary for completing a weld from 30 seconds to 4 seconds.
      Accordingly, aside from accomplishing improved welds, both insofar as
      their physical appearance and construction is concerned, and insofar as
      improving the uniformity and electrical conductivity of the same is
      enabled, the overall economics of battery manufacture is greatly improved,
      due to the automation of what has previously been a manual function.
PAR  An additional advantage over prior techniques of battery post weldment is
      also made possible with weldments of this invention. Such resides in the
      formation of a homogeneous weldment of adjacent battery posts.
      Spectrographic analysis of battery posts welded by conventional
      application of gas and oxygen flame directly to the post results in a
      tendency toward concentration of antimony from the posts at or near the
      bond of the weld, apparently caused by more severe heat at such locations
      relative to less heat applied to other areas of the weld. In thermal relay
      welding as taught by the instant invention, spectrographic analysis will
      reveal similar grain structures throughout the weld, in that the entire
      post area is heated uniformly and therefore cools evenly, without causing
      an antimony precipitation that would result in an antimony concentration
      Consequently, the possibility of electrolysis at the antimony interface
      that forms the junction of dissimilar metals upon use of the battery in an
      electrical circuit is avoided by this invention, along with any corrosion
      attendant thereto. Furthermore, the structural strength of the post
      weldment is better, because of the absence of substantial discontinuities
      that would be formed by such antimony precipitation.
PAR  It will also be noted that, while the invention is described and
      illustrated above, it is principally for use with multiple-terminal
      applications, the same may be used for single applications, regarding the
      welding of batteries, and with respect to other types of welding.
      Furthermore, various changes in the details, materials and arrangement of
      parts, as well as in the use and operation thereof may be effected, all
      within the spirit and scope of the invention as recited in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In battery processing apparatus having a plurality of elements for
      application to a corresponding plurality of battery parts, element
      positioning apparatus comprising:
PA1  a. a mounting base in said apparatus with said elements carried on said
      base;
PA1  b. adjustable positioning means engaging said elements and said base to fix
      the position of said elements with respect to said base and to permit the
      changing of the relative lateral position of said elements with respect to
      one another; and
PA1  c. a guide plate carried by said base and having sets of voids therein for
      at least partially receiving portions of said elements therein for guiding
      and positioning each of said elements relative to said base and to each
      other in a plurality of predetermined desired alternate lateral positions.
NUM  2.
PAR  2. In a battery processing system, an adjustable mechanism for laterally
      locating a plurality of individual processing elements for arbitrarily
      configured batteries, said mechanism comprising structural support means,
      said plurality of processing elements being slidably mounted thereon, said
      processing elements all having protruding portions oriented parallel to
      one another, and a plate removably connected to said support means and
      having a portion overlying the protruding portions of said processing
      elements, said plate having periodic perforations matable with said
      protruding portions of said processing elements, whereby movement of said
      elements along said support means to mate protruding portions thereof with
      different ones of said perforations produces corresponding different
      positioning of said elements laterally relative to one another and
      relative to said batteries.
NUM  3.
PAR  3. A mechanism as described in claim 2 wherein said plate includes a
      plurality of sets of perforations, some of said perforations comprising
      means facilitating mating of said plate with attachment means on said
      support means, and with each of the remaining sets of perforations
      comprising means facilitating the mating of said plate with said
      protruding portions of said processing elements whereby the mounting of
      said plate on said support means and the positioning of protruding
      portions of said processing elements relative to corresponding
      perforations in a said set will thereby position said processing elements
      at predetermined selected positions on said structural support means.
NUM  4.
PAR  4. The invention of claim 1 wherein in the battery processing apparatus the
      mounting base is movable toward and away from said battery parts and the
      lateral adjustment of said elements on said base is in a direction
      transverse to the direction of movement.
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ABST
PAL  The method of preventing surface erosion of a preselected portion of
      aluminum tubing during the ultrasonic soldering of a joint in another
      portion of the tubing. The preselected portion of tubing to be protected
      is coated prior to its being subjected to the ultrasonic soldering step so
      that the solder and its deoxidation action does not contact the aluminum
      surface of the preselected portion of the tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the process of ultrasonically soldering aluminum tube joints that are a
      part of an assembly the joints including adjacent portions of the assembly
      are immersed in a pot of molten solder while being exposed to ultrasonic
      energy generated by a plurality of transducers spaced on the outer surface
      of the pot.
PAR  The cavitation caused by the ultrasonic energy is effective in breaking and
      removing the oxide coating from the aluminum surface in the joint area so
      that the solder adheres to the aluminum surfaces and forms a seal. The
      location of the joint area relative to the level of the solder is
      carefully selected so as to effectively remove the oxide without causing
      damage to the tubing.
PAR  Generally the areas of the molten solder that are closer to the transducers
      or source of energy are subjected to higher energy and greater cavitation.
PAR  In many instances such as in soldering joints wherein the joint is part of
      an assembly, other parts of the assembly may be located by necessity
      closer to the energy source. When so located, they are, as a result,
      subjected to greater cavitation of the solder than the joint area. In some
      instances, the cavitation of the solder may be great enough to cause
      sufficient surface erosion to weaken the tubing and cause rupturing of the
      tubes under certain pressure conditions.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a method of soldering
      a joint of an aluminum tubing assembly immersed in a molten solder bath
      that is subjected to ultrasonic energy. The joint area is in a preselected
      area of energy in the solder bath that is sufficient to cause the
      scrubbing away of oxide and the soldering of the joint. Portions of the
      assembly that are located sufficiently close to the ultrasonic energy
      source as to result in surface erosion during the soldering process are
      protected, in accordance with this invention by a coating applied prior to
      immersing the tubing assembly in the ultrasonic solder bath.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic elevational view in section illustrating an
      ultrasonic soldering pot employed in carrying out present method.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the fabrication of aluminum tube joints 10 employing solder as the
      sealing medium, it has been known to employ a process in which the parts
      to be joined are immersed in a molten solder bath 12 while being exposed
      to ultrasonic energy.
PAR  The solder bath is contained in a pot 14 which may have associated
      therewith appropriate heater elements 16 to maintain the solder at its
      proper consistency. In order for the surface of the aluminum parts to be
      joined in a tight seal, they first must be capable of becoming completely
      wetted by the solder which requires that the oxide be completely removed
      from the surface to be joined.
PAR  One well known method of removing the oxide from the surfaces to be
      soldered is to transmit to the solder an amount of ultrasonic energy
      sufficient to create a level of cavitation of the solder that will scrub
      the oxide from the surface of the tubes. The source of ultrasonic energy
      may be electrically energized transducers shown schematically at 18
      juxtaposed along the outer surface of the bottom wall of pot 14.
PAR  It should be noted that the cavitation activity of the solder or energy
      level becomes or is greater as the source of energy 18 is approached. The
      area indicated at A in the drawings is a preselected level in the energy
      range that produces the desired result in the joint area. The cavitation
      of the solder at the level of joint 10 or area A is sufficient to remove
      the oxide and thoroughly wet the surface of the parts to be joined. As
      shown in the drawing with the joint to be soldered in the preselected
      desired area A, the portion of the assembly such as the lower end of the
      bend 20 may be in an extremely undesirable area of cavitation B. The
      cavitation activity in area B may be great enough that the scrubbing
      action of the solder on the surface of the aluminum tube is sufficient to
      cause surface erosion and a weakening of the side wall of the tube in that
      area.
PAR  In accordance with carrying out the method of the present invention, a
      protective coating is applied to the surface of the tubing that may be
      subjected to damaging cavitation of the solder as for example the portion
      of tubing 20 that may be located in the area B. The coating applied to the
      tubing preferably should be non-wetting with regard to the solder used;
      e.g., the coating should not be of the type that would become wetted
      during immersion, which would cause solder to adhere to it. While other
      material may be affected in preventing erosion, in the present embodiment,
      the tube portion to be protected from excessive cavitation was coated with
      a thin layer of tin plating of approximately 2 to about 6 .times.
      10.sup.-.sup.5 inches.
PAR  In the preferred tin plating, the portion to be protected can be cleaned of
      oxide by acid washing. An example, aqueous solution is a 10-20 percent by
      volume concentration of concentrated nitric acid. Thinner tin platings are
      undesirable because the resulting protective coating is too easily damaged
      during handling operation prior to soldering, and a thicker coating is not
      necessary for the protection of the part. The acid can be rinsed from the
      surface to be plated with water. The cleaned portion is then immersed in a
      tin-plating solution under conditions sufficient to fix a tin-plating
      covering over the portion to be protected from the cavitation of the
      solder during the joining process.
PAR  An example of immersion tin-plating processing material is, for example,
      one manufactured under the trademark "Alstar" by M & T Chemicals, Inc.,
      Rahway, New Jersey. Other immersion tin-plating materials and processes
      are available and are known in the art.
PAR  While there has been shown and described a specific embodiment of the
      invention, it will be understood that it is not limited thereto and it is
      intended by the appended claims to cover all such modifications as fall
      within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of soldering a joint of an aluminum tubing assembly in a
      molten solder bath that is subjected to ultrasonic energy source
      comprising:
PA1  immersing the tubing assembly in said bath so that said joint is in an area
      having a preselected level of solder cavitation sufficient to scrub
      surface oxide from said joint to cause the solder to adhere to said
      surface to seal said joint before surface erosion of said surface takes
      place;
PA1  coating a portion of said tubing assembly prior to said immersing of the
      tube assembly with a layer of tin plating so that the surface area of said
      portion when in an area having a greater level of solder cavitation than
      said preselected level is protected from erosion damage in said area
      having a greater level of solder cavitation during the scrubbing and
      soldering of said joint in said preselected level.
NUM  2.
PAR  2. A method, as set forth in claim 1, wherein the coated portion of said
      tubing assembly when in said area of greater solder cavitation is closer
      to said ultrasonic energy source.
NUM  3.
PAR  3. A method as set forth in claim 2 wherein the coating is tin plate having
      a thickness of between 2 to 6 .times. 10.sup.-.sup.5 inches.
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ABST
PAL  A steam iron soleplate, generator, and distributor subassembly of a thin
      soleplate with a coverplate spaced from and supported on the soleplate by
      spaced peripheral rib means to define a steam distributing passage
      therebetween. The coverplate is integrally attached to the soleplate by a
      continuous weld between the ribs and soleplate and steam generating means
      are provided in the upper surface of the coverplate separate and spaced
      from the soleplate and ducted below to the steam passage means. A heat
      generating element forms an integral part of the coverplate for heat
      transfer to the soleplate through the ribs primarily by conduction. Both
      the method of assembly and the subassembly itself are disclosed.
PARN
PAR  This is a division of application Ser. No. 491,463, filed July 24, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention herein pertains to a steam iron soleplate, generator, and
      steam distributor subassembly using inexpensive parts in an arrangement
      for easy cleaning and efficient conversion of all water to steam in a
      simplified arrangement that permits use of any number of soleplate
      surfaces.
PAR  2. Description of the Prior Art
PAR  Recent designs in irons disclose simpler irons that may use plastic parts,
      may be used as clothes steamers as well as for ironing, are lighter
      weight, and that are intended to sell at a lower price. These irons use
      different constructions from the normal rather complex well known
      constructions. Typically, such irons may employ the construction shown in
      U.S. Pat. Nos. 3,260,005 and 3,811,208 showing a soleplate subassembly and
      semi-plastic construction, respectively.
PAR  One of the difficulties in using relatively thin soleplates is applying the
      heating element to the soleplate without causing the soleplate to warp.
      Typically, this is not a problem in the normal heavy cast soleplate where
      the heating element is cast in the soleplate or is welded to it and the
      heavy soleplate provides a large heat sink and is sufficiently massive for
      machining of the surface afterward. Additionally, in steam irons it is
      necessary that the parts be effectively sealed because of the presence of
      water and the sealing compound applied between separable parts is itself
      often the source of trouble in creating dri-filming problems where the
      water tends to boil and bounce on the heated surface rather than wet it
      and boil off as steam.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the present invention is directed to a steam iron
      soleplate, steam generator and steam distributor subassembly that uses a
      relatively thin soleplate in combination with a coverplate that is spaced
      from and supported on the soleplate by a peripheral spaced rib to define a
      steam distributing passage means therebetween. The coverplate is
      integrally attached to the soleplate by a continuous weld between the rib
      and soleplate and the steam generating means is provided directly in the
      coverplate rather than the soleplate and is connected or ducted to the
      steam passage means below. The heat generating means is directly in the
      coverplate and the subassembly is put together by stamping out the
      soleplate, welding the spaced coverplate completely around its periphery
      to the soleplate to permanently secure the two together and then the rest
      of the iron is assembled on this base subassembly. Additional ribs may be
      used to weld the parts together so that the suspended heating means heats
      the soleplate primarily by conduction through the ribs to the soleplate
      and a very large steam conversion and distributing area is provided for
      maximum steam capacity. Thus, the main object of the invention is to
      provide a simple steam iron subassembly that is easily put together
      permanently by welding and comprises very few parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of the soleplate subassembly;
PAR  FIG. 2 is a cross-sectional view on the line 2--2 of FIG. 1 showing the
      spacing arrangement; and
PAR  FIG. 3 is a perspective view of the completed subassembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The soleplate subassembly described is primarily for use with a steam iron
      of a typically general type as shown in U.S. Pat. No. 3,188,757 of common
      assignment in that it may be operated dry or, by operating a well-known
      water valve to drip water into a generator where it flashes into steam and
      then is distributed under a coverplate to steam ports in the soleplate in
      the conventional manner. Closing the water valve provides dry operation
      and such structure is well-known in the prior art and is not repeated
      here. Usually the irons employ a rather massive aluminum soleplate to
      provide a large heat sink and this may be die cast or gravity cast with
      the soleplate having the heating rod or element cast integrally therein
      for best even heat distribution on the soleplate. The soleplate of such
      conventional irons generally runs about a half an inch thick thinning down
      in the area of the steam distribution passages to less than a half inch.
      The steam generator and the soleplate around the heater is the thickest
      portion, generally resulting in about a half inch casting.
PAR  Referring to FIG. 1, there is shown a wrought soleplate 10 to which the
      present invention is especially applicable. The advantage of wrought
      material is that it is possible to get alloys of better corrosion
      resistance than available in the cast soleplates, the wrought material
      requires essentially no machining, it has no porosity which is a problem
      in cast soleplates and it is lighter in weight. Additionally, it provides
      a highly flexible material choice, can be more easily polished, and
      provides a smoother ironing surface. It can be stamped directly from rolls
      and can be purchased clad with a variety of materials such as stainless
      steel, titanium, and polytetrafluoroethylene (better known as Teflon) to
      provide smoother and more durable ironing surfaces. Thus, the wrought
      material, whether clad or not, may be bought in large rolls and complete
      soleplates stamped out of the rolls. The material is ribbon-like in the
      sense that it is flat material of approximately 1/8 inch or less
      throughout. This is what is meant by the term "relatively thin" as used in
      the claims as being different from the normal massive thick cast
      soleplates.
PAR  The soleplate may be formed with suitable steam ports 12 that can be
      stamped in any suitable number and orientation in the same assembly line
      in which the soleplates 10 are stamped. Thus, no drilling is required. The
      ports and edge of the soleplate may also then be coined to provide a
      finished, relatively thin soleplate with or without either stainless steel
      clad or other suitable coatings.
PAR  In order to provide a simple steam distribution system and provide even
      heat to the soleplate, a simple formed coverplate 14 is provided. This may
      be a formed casting that has a continuous depending peripheral rib 16
      around the coverplate. Heat is provided by the customary heat generating
      element or rod 18 that is cast in position directly on the coverplate to
      form part of the coverplate as shown in FIG. 2. The heating element is
      generally of the sheath type and normally extends around the soleplate in
      a loop beginning at the rear of the iron along one side to the forward end
      and then rearwardly along the other side to enclose the iron except at the
      rear of the soleplate as shown in FIG. 1. The sheathed heating element has
      an electrical resistance wire extending through an outer tubular
      protective sheath with the heating element separated from the outer sheath
      by an electrical insulating compound resistant to heat, such as a mass of
      granulated and compressed magnesium oxide well-known in the art.
PAR  In order to transfer heat from element 18 to the soleplate 10, the
      peripheral rib 16 is integrally attached to the soleplate, after the
      desired ports are punched, by a continuous weld 20 completely around the
      coverplate as shown in FIG. 1. The welding is made by any suitable welding
      process such as Electron Beam, TIG, MIG, or Laser and the entire periphery
      is welded to the soleplate to seal the edges of the coverplate to the
      soleplate. This complete welding eliminates any need for a sealing
      compound with its tendency to create dri-filming problems since the
      welding provides an unbroken integral connection between the soleplate and
      coverplate. Thus, heat transfer to the soleplate from element 18 is
      primarily by heat conduction through the ribs that space and support the
      coverplate from the soleplate. In order to stiffen the subassembly, avoid
      warping, and provide improved support and heat transfer, a central
      longitudinal rib 22 may be provided and it is also continuously welded to
      the soleplate in the same manner as shown in FIG. 2. Again, heat transfer
      through rib 22 is primarily by conduction through the weld to the
      soleplate so that the combination of the peripheral welded rib 16 and
      central rib 22 provides for even heating of the relatively thin soleplate.
      The high heat intensity welding allows the coverplate and soleplate to be
      joined with no warping or buckling and no local hot spots to separate any
      cladding material.
PAR  For steam distribution in the large distribution chamber 24, additional
      guide ribs 26 on the bottom of the coverplate can be provided for any
      suitable labyrinth to distribute steam uniformly to steam ports 12. With
      the coverplate spaced from the soleplate as shown, a copious steam
      distribution chamber 24 is provided which, with the suitable guide ribs
      26, may direct the steam in any desired path through the soleplate. The
      arrangement described permits economic application of any number of
      soleplate surfaces including stainless steel.
PAR  Because of the relatively thin light soleplate, it is necessary to generate
      steam off of the soleplate and this is done by providing a steam
      generating means in the form of a boiler 28 wholly disposed directly in
      the upper surface of the coverplate separate and distinct from the usual
      steam generator in the soleplate. With the construction shown this may be
      relatively large and in the generally forward portion of the iron as shown
      in FIg. 1, although its specific location may be other than as shown.
      Preferably, it is located forward of the longitudinal rib 22 at one end
      thereof and disposed along the longitudinal center line of the soleplate
      as is rib 22. Thus, it is symmetrical about the longitudinal center line
      at the forward end of longitudinal rib 22. Steam generated in the upper
      surface of the coverplate is disposed to enter distribution chamber 24 by
      any suitable connection such as directing rib 29 and ducting means 30 to
      direct the steam down below the coverplate and into large chamber 24 or
      distributing passage from whence it exits port 12.
PAR  It will be seen that the subassembly is formed by stamping out the
      soleplate and then punching or coining the steam ports and the edge of the
      soleplate to round them and smooth them and then placing the cast
      coverplate in place and welding it continuously around its depending rib
      to the soleplate to permanently attach it thereto. Thus, a steam
      distributing chamber 24 is formed and this completed two-part subassembly
      may then form the base for the rest of the iron components such as
      attaching at 32. The spaced coverplate provides an ideal shelf or pad 34
      on which a thermostat may be mounted in close proximity to the hot portion
      for sensing the iron temperature.
PAR  The present soleplate assembly provides a simple two-part construction
      where the heat element is embedded, for a maximum heat conduction and
      maximum heater life, directly in the chamber cover about the relatively
      thin soleplate. The two parts are welded together at their edges to create
      heat conduits to the soleplate surface so that heat transfer is primarily
      by conduction evenly throughout the soleplate. The distribution chamber
      formed between the parts permits copious steam distribution through any
      number or orientation of spaced ports punched through the thin soleplate
      which may be punched directly from rolled alloys and thus permits economic
      application of any number of surfaces such as stainless steel and a light
      weight soleplate. The boiler or generator is located directly in the cast
      coverplate and is of relatively large size to permit complete conversion
      of water to steam and ample area for mineral deposit storage which means
      longer iron life. By locating the steam generator in the coverplate rather
      than the soleplate the invention does not generate a cold spot in the
      soleplate surface and the large boiler will not flood within standard
      temperature ranges because of its massiveness and its spacing from the
      soleplate. Thus, the simple two-piece construction of the subassembly
      permits all the advantages previously noted.
PAR  While there has been described a preferred form of the invention, obvious
      equivalent variations are possible in light of the above teachings. It is
      therefore to be understood that, within the scope of the appended claims,
      the invention may be practised otherwise than as specifically described,
      and the claims are intended to cover such equivalent variations.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of assembling a steam iron soleplate, steam generator, and
      steam distributor subassembly comprising the steps of,
PA1  stamping out a thin wrought soleplate,
PA1  placing a cast coverplate with steam generator and heating element cast
      therein and depending continuous peripheral rib directly on the soleplate,
PA1  welding the coverplate to the soleplate by a continuous weld between the
      rib and soleplate to permanently secure the coverplate to the soleplate
      forming a steam distributor passage therebetween, and
PA1  assembling the rest of the iron to this subassembly.
NUM  2.
PAR  2. The method according to claim 1 including stamping or coining steam
      ports in the soleplate prior to welding the coverplate thereon.
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ABST
PAL  A shoe box includes a lower receptacle portion of generally rectangular
      horizontal cross section having downwardly convergent side walls and end
      walls so as to be nestable with like receptacles. A hollow partition is
      disposed internally of the receptacle to serve as a divider between a pair
      of shoes or the like to eliminate contact between the shoes. The partition
      opens downwardly through the bottom of the receptacle so as not to inhibit
      the nesting capabilities of the receptacle. A top member is hingedly
      connected to the upper edge of the receptacle by a living hinge, and latch
      means along an opposite edge serves to releasably secure the top member in
      closed relationship over the open top of the receptacle. The top member
      has a pair of raised rims along opposite sides thereof so that when the
      shoe box is closed, a plurality of the boxes can be stacked in a reliable
      manner and yet can be slid off an underlying container to facilitate easy
      removal from a storage shelf.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to box type containers and more
      particularly to a box type container adapted to retain footwear.
PAR  Box type containers for footwear have not changed appreciably from their
      inception and consequently have not been updated to take advantage of
      modern day containerizing techniques. Conventional shoe boxes consist of a
      lower receptacle with mutually perpendicular side and end walls defining
      an unobstructed interior portion in which a pair of shoes or the like are
      positioned and separated by a sheet of tissue paper to prevent damaging
      frictional contact between the shoes. A lid or top for the box typically
      has a peripheral down turned flange which fits over the upper edge of the
      receptacle portion of the box to selectively close the box. The boxes do
      not have nesting capabilities nor can they be reliably stacked in a closed
      condition since there are no cooperative means on the box for restraining
      relative movement when stacked vertically upon each other.
PAC  SUMMARY OF THE INVENTION
PAR  The shoe box of the present invention includes a lower receptacle portion
      having a bottom wall and downwardly convergent side walls and end walls.
      Partition means are positioned interiorally of the receptacle portion of
      the box so as to separate a pair of shoes or the like retained in the
      receptacle to eliminate damaging frictional contact between the shoes
      while in the box. The partition means is hollow and opens downwardly
      through the bottom of the box so that the receptacle portion of a
      plurality of like boxes can be nested in stacked relationship for storage
      of the boxes when they are not in use. Protruding handles are provided at
      oppostie ends of the receptacle to facilitate removal from shelves and the
      like and provide an abutment stop for uniform nesting.
PAR  A top member is preferably hinged to the receptacle portion of the box
      along an upper edge thereof so as to be swingable from an open position to
      a closed position overlying the open top of the receptacle portion. A
      quick release latch is provided along the opposite upper edge of the
      receptacle from the hinge to selectively secure the top member in its
      closed position. The top member has a pair of raised ribs extending along
      opposite side edges which define a space adapted to seat the lower portion
      of the receptacle of an adjacent vertically stacked box. The ribs prevent
      stacked boxes from being slid laterally off each other, but allow the
      boxes to be easily slid longitudinally off an underlying box so that
      selected ones of the boxes in a stack of the boxes can be easily removed
      without detrimentally affecting the stack.
PAR  It will be appreciated that the aforementioned features of the box provide
      distinct advantages over the conventionally used shoe boxes in that the
      use of tissue paper to separate the shoes is not needed, the boxes can be
      reliably stacked with shoes therein in a neat vertically oriented stack
      and the empty boxes can be nested in a compact stack to minimize storage
      space. Preferably the boxes are made of a synthetic plastic material so
      that the top member can be hingedly connected to the receptacle portion by
      a living hinge and the latch can be molded into the top and the receptacle
      portion in a simple manner. Additionally, if the boxes are made of a
      plastic material, they can be made in various colors and identifying
      indicia corresponding to the type and/or style of footwear contained in
      the box can be embossed or embedded in the end of the box for ready
      identification by a shoe clerk.
DRWD
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the shoe box of the present invention in an
      open condition.
PAR  FIG. 2 is a front elevation of the shoe box of FIG. 1 with the box in a
      closed condition.
PAR  FIG. 3 is an enlarged vertical section taken along line 3--3 of FIG. 2 with
      a phantom line representation of boxes stacked above and beneath the
      illustrated box.
PAR  FIG. 4 is a vertical section illustrating the latch for the box of FIG. 1
      taken along line 4--4 of FIG. 2.
PAR  FIG. 5 is an enlarged vertical section taken along line 5--5 of FIG. 3
      showing the latch for the box.
PAR  FIG. 6 is a vertical section taken through a nested stack of shoe boxes of
      the type shown in FIG. 1.
PAR  FIG. 7 is a perspective view of a plurality of the shoe boxes of FIG. 1 in
      a stacked arrangement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the shoe box or container 10 of the present
      invention can be seen to include a lower or receptacle portion 12 and a
      top member or lid 14 adapted to selectively close the receptacle portion
      12. The receptacle portion is seen to have a flat bottom wall 15,
      downwardly convergent side walls 18a and 18b and downwardly convergent end
      walls 20a and 20b which are integrally interconnected at rounded corners
      21. The upper peripheral rim 22 of the receptacle 12 flairs outwardly
      along most of its extent defining a flange upon which the top member 14
      rests.
PAR  A continuous partition or divider 26 of generally S-shaped longitudinal
      cross-section is integrally formed within the confines of the receptacle
      portion 12 and serves to separate shoes S or the like retained in the box
      to eliminate contact between the shoes. The partition has upwardly
      convergent sides 27 and is hollow so as to open at 28 through the bottom
      wall 16 of the receptacle. In this manner it will be appreciated that when
      the receptacle portion of the box is nested with the receptacle portion of
      other identical boxes FIG. 6, the partition of an underlying receptacle
      can protrude into the hollow interior of the associated partition of the
      overlying receptacle. The partition extends above the upper edge of the
      receptacle so as to engage or lie in close proximity to top member 14 when
      the top member is closed over the open top of the receptacle. As best seen
      in FIG. 1, the partition intersects the opposite end walls 20a and 20b at
      locations which are unequally spaced from the side walls 18a and 18b.
PAR  As best illustrated in FIG. 1, it will be seen that the corners 21 of the
      box are of thicker construction than the sides and bottom of the box so
      that these areas are reinforced relative to the remainder of the box and
      are, therefore, not easily collapsed or damaged in normal use.
PAR  At opposite ends of the receptacle 12 and at the upper edges thereof, the
      end walls protrude outwardly defining a boss 29 (FIG. 5) having a
      generally vertical portion 29a and a lower portion 29b which inclines
      inwardly and upwardly to form a handle which can be gripped by the fingers
      to facilitate easy removal of a box from a storage shelf or the like.
      Also, the lower portion 29b which inclines inwardly and upwardly to form a
      handle which can be gripped by the fingers to facilitate easy removal of a
      box from a storage shelf or the like. Also, the lower portion 29b serves
      as an abuttment stop for the upper edge of the end wall of a lower nested
      receptacle so the receptacles will nest uniformly. The portion 29a of the
      boss 29 can be used to support an identifying label or the like which
      could provide a visual display of the style and size of the shoes or the
      like retained in the box. It will be appreciated that since the boss 29
      limits the amount of overlap of nested receptacles, indicia on a label
      affixed to the boss would assuredly always be visible and unobstructed by
      a lower nested receptacle.
PAR  The top member or lid 14 of the box 10 is seen to have a top wall 30 with a
      pair of downturned side walls and end walls 32 and 34, respectively with
      the end walls having out turned flanges 34a which abut the rim 22 of the
      receptacle. The size and configuration of the lower edges of the flanges
      32 and 34 are substantially the same as the size and configuration of the
      upper edge 22 of the receptacle portion of the box. The lower edge of one
      side wall flange 32 is hingedly connected at 36 to the upper edge of the
      rear side wall 18a of the receptacle 12 so that the top member is freely
      swingable between an open condition, FIG. 1, and a closed condition, FIG.
      3. The unhinged side wall 32 of the top 14 has an elongated horizontal
      slot 24 therethrough which is adapted to frictionally receive a protruding
      rib 37 on a flap 35 connected by a hinge 35a to the side wall 18b of the
      receptacle. The cooperation of the rib 37 with the slot 24 serves to latch
      the box in the closed condition of FIG. 3. Preferably, the shoe box is
      made of a plastic material so that the hinges 35a and 36 are in the form
      of a living hinge as illustrated. In the closed condition, it can be seen
      in FIG. 3 that the top member 14 and receptacle 12 cooperate in defining a
      closed chamber divided by the partition 26 in which a pair of shoes S or
      the like can be positively retained in separated relationship.
PAR  As best seen in FIG. 3, the top member 14 along both side edges of the top
      wall 30 is raised establishing ribs 38 therealong. The longitudinally
      extending ribs 38 define therebetween a recessed zone or seat 40
      conforming in width to the width of the bottom of the receptacle 12 so
      that the boxes can be stacked in their closed condition in a positive
      manner. In other words, as shown in FIGS. 3 and 5, when a box is stacked
      on top of an underlying closed box, the bottom portion of the overlying
      box fits within the recessed zone 40 and is thereby prevented to a limited
      extent from being slid laterally relative to the underlying box. The
      recessed zone 40 thereby provides for positive stacking of the boxes and
      also assures that the boxes will be stacked in a perfectly vertical stack.
      The raised ribs 38 are not continuous around the perimeter of the top
      member 14 so that an overlying box can be slid relative to an underlying
      box in a longitudinal direction across the end walls 20a and 20b of the
      box to facilitate easy removal of a selected one of a plurality of boxes
      in a vertical stack. This allows a shoe salesman or the like to quickly
      and easily remove a selected box having the desired style and type of shoe
      therein from a stack of the boxes without materially disrupting the stack
      and so that a resulting stack is left in a perfectly vertical arrangement.
PAR  Preferably, the boxes 10 are made of an expanded polystyrene or
      polypropylene material which can be mass produced very inexpensively
      within limited tolerances. This makes the box very attractive from both
      the commercial and manufacturing standpoint. The advantages obtained from
      a shoe box of this type are innumerable since the boxes can be reliably
      stacked in very neat and orderly arrangements and can also be nested in
      compact stacks when not in use to avoid unsightly piles of disordered
      empty boxes. Further, since the top member or lid of the box is integrally
      connected to the receptacle portion or bottom of the box, the lids cannot
      be lost or separated from the remainder of the box. It will be appreciated
      that a box of uniform external dimensions can be varied internally to
      snugly receive most any size or style of shoe by varying the thickness of
      the partition and/or the corners and walls of the receptacle and/or top
      member.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of strcuture may be made
      without departing from the spirit thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A container for footwear comprising in combination:
PA1  an open topped receptacle having a bottom wall and side walls, said side
      walls being downwardly convergent whereby identical ones of said
      receptacles can be nested,
PA1  a top member adapted to lie over the open top of the receptacle to
      selectively close the open top of the receptacle, and
PA1  internal divider means in said receptacle adapted to separate respective
      ones of a pair of said footwear, said divider means opening downwardly
      through the bottom of the receptacle so as to pass through a generally
      S-shaped curve intersecting said opposite side walls at locations which
      are unequally spaced from adjacent side walls and thereby defining
      adjacent compartments in the receptacle of a size and configuration to
      approximate the size and configuration of a shoe.
NUM  2.
PAR  2. The container of claim 1, wherein said partition has upwardly convergent
      side walls so that when a plurality of said receptacles are nested, said
      partitions will protrude into the partition of an overlying receptacle.
NUM  3.
PAR  3. The container of claim 1, wherein said receptacle is of generally
      rectangular horizontal cross-section and has raised rims extending only
      along the side edges of the top member so that containers in stacked
      relationship can be easily slid longitudinally of each other, but the
      raised rims inhibit lateral sliding movement of the stacked containers.
NUM  4.
PAR  4. The container of claim 1, wherein said top member is hingedly connected
      to the receptacle by a living hinge along one upper side edge of the
      receptacle.
NUM  5.
PAR  5. The container of claim 4 wherein the upper side edge of the receptacle
      opposite from said one upper side edge and a portion of the top member
      having cooperating latch means to secure the box in a closed condition.
NUM  6.
PAR  6. The container of claim 1 wherein the partition protrudes above the upper
      edge of the receptacle.
NUM  7.
PAR  7. The container of claim 1 wherein said side walls at opposite ends of the
      receptacle protrude outwardly near the upper edge of the receptacle and
      said protrusions have means for facilitating manual gripping of the
      receptacle.
NUM  8.
PAR  8. A container for footwear comprising in combination:
PA1  an opened topped receptacle having a bottom wall and side walls, internal
      divider means therein for at least partially separating respective ones of
      a pair of said footwear, said side walls being downwardly convergent and
      said divider means opening downwardly through the bottom of the receptacle
      whereby identical ones of said receptacles can be nested, and
PA1  a top member adapted to lie over the open top of the receptacle to
      selectively close the open top of the receptacle,
PA1  said side walls of the receptacle at opposite ends protruding outwardly
      near the upper edge of the receptacle with said protrusions having a lower
      portion which inclines upwardly and inwardly to facilitate manual gripping
      of the receptacle.
NUM  9.
PAR  9. The container of claim 8 wherein said protrusions have a generally
      vertically extending portion and further including indicia on the
      vertically extending portion of at least one of said protrusions
      corresponding to material to be carried in the receptacle.
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ABST
PAL  A fluid tight container having an outer blank with top and bottom closing
      flaps and a lining laminated over substantially the entire inner surface
      thereof and extending beyond the top and bottom flaps and laterally beyond
      one side edge of the outer blank and folded thereover. In the finished
      state of the blank, the inside of the outer blank at the side thereof
      opposite the folded over lining portion is attached to the outside of the
      outer blank at the folded over lining portion. The longitudinal ends of
      the lining extending beyond the closing flaps are sealed together to form
      sealed container ends.
BSUM
PAR  The present invention refers to a liquid and gas tight container and a
      method and an apparatus for manufacturing same.
PAR  The invention is more particularly directed to such a container, which is
      made of cardboard or any other stiff material and which is at least on the
      inside formed with a sealing layer of a thin metal, a plastic coated metal
      foil, a metallized plastic foil or the like.
PAR  Two different types of containers of this kind are previously known. In one
      type the cardboard material is covered with the sealing layer in the
      manufacturing of the cardboard material, and the container blank is
      punched out from this cardboard material and is glued or welded together
      to form a liquid container. For various reasons the cardboard material
      however must be fairly thick and for this reason the sealing of the
      container which usually takes place by welding of the inner sealing layer
      of the cardboard material has to be performed at such a high temperature
      that the container may be damaged or miscoloured and so that there may
      sometimes even be some destruction of taste in the contained food stuff.
      The thickness and stiffness of the cardboard material also makes it
      difficult to obtain a completely tight container, in particular a gas
      tight container, and further the cardboard material for such a package is
      often difficult to handle due to its thickness and stiffness.
PAR  In order to avoid the said disadvantages the previously known container of
      the second type is formed with an inner and sometimes also an outer
      sealing lining of metal, plastic or similar thin material which separately
      or in connection with the formation and erection of the outer package is
      sealed without intermeditate layer of the thick cardboard material.
      Suitably the lining has to be thin and has to extend up above the upper
      edge of the outer package cardboard material whereby the lining may simply
      be closed separately so as to obtain a completely tight inner container in
      which the lining does not run the risk of breaking or bursting due to the
      stretching during the formation of the package.
PAR  A package of this kind is previously known, which comprises an envelope of
      cardboard material and a lining of plastic material applied in said
      envelope. When manufacturing the said container the cardboard material and
      the lining material are punched independently of each other and the lining
      is folded together and formed to an elongated tube by means of a
      longitudinal joint, whereupon the lining tube thus formed is attached to
      one or perhaps two sides of the punched outer package of cardboard by
      means of glue points. Then the outer package is folded together around the
      lining tube, and the lining tube and subsequently the outer package are
      closed and sealed independently of each other.
PAR  It has however shown that such a package involves some disadvantages. The
      lining containing the packed product rests loosely within the outer
      package except for the few points where the lining is attached to the
      outer package. Due to vibrations in connection to transportation the
      lining may therefore move somewhat in relation to the outer package, in
      particular in liquid containers, and the said small movements may cause
      ruptures and subsequent leakages of the lining. It also has been shown to
      be very difficult to have the lining penetrate closely into the corners of
      the outer package and since the lining does not penetrate completely into
      said corners there will be stretchings in the lining in particular when
      closing and sealing the outer package, and also the said stretching may
      cause ruptures and subsequent leakages.
PAR  Since the outer package made of cardboard or similar material is
      hygroscopic the containers are usually sensitive to moisture and are not
      suited for packing such goods which have to be subjected to a
      sterilization process which is generally accomplished by means of
      overheated steam or otherwise in a damp atmosphere.
PAR  The container also should be easy to open preferably by tearing a little
      piece of the part of the lining which extends above or outside the outer
      package, and in a particular embodiment the container should be formed so
      that it may be subjected to a sterilization process.
PAR  The invention also refers to a method and an apparatus for manufacturing
      such containers. Further characteristics of the invention will be evident
      from the following detailed description in which reference will be made to
      the accompanying drawings.
DRWD
PAR  In the drawings
PAR  FIG. 1 shows a separate unit including a punched and creased blank for an
      outer package applied to a lining blank.
PAR  FIG. 2 is in somewhat reduced scale showing the package blank according to
      FIG. 1 in a phase of the manufacturing.
PAR  FIG. 3 shows a part of the package according to FIGS. 1 and 2 in a
      cross-sectional view taken along line 3--3 of FIG. 2 and an apparatus for
      manufacturing the package in a phase of the manufacturing of the package.
PAR  FIG. 4 diagrammatically illustrates the sealing of the package seen from
      the side and
PAR  FIG. 5 is a picture of the package according to FIG. 4 seen from above.
PAR  FIGS. 6 and 7 are views from above and from the side showing a part of the
      package according to the invention in the opened state.
PAR  FIG. 8 diagrammatically shows an apparatus for continuous manufacture of a
      container according to the invention.
PAR  FIG. 9 is similar to FIG. 1 showing a modified embodiment of a container
      blank and
PAR  FIG. 10 shows a portion of the container according to FIG. 9 in a
      cross-sectional view.
DETD
PAR  The container shown in FIGS. 1 and 2 basically comprises a blank 1 for an
      outer container of cardboard or similar stiff material and a blank 2 for a
      lining of e.g. plastic, metal, plastic covered paper, plastic covered
      metal or the like. In a preferred embodiment of the invention the foil
      material is a free layer material, viz. a thin paper which is covered with
      a thin aluminium layer and on top of this aluminium layer a thin plastic
      layer.
PAR  The blank for the outer container in the conventional way comprises four
      container walls 3, 4, 5 and 6 and a narrow attachment flap 7, which in a
      ready container is attached to the outermost container wall 6. Each
      container wall and the attachment flap 7 is formed with corresponding
      bottom flaps 8-12 and lid flaps 13-17. The outermost package wall 6 and
      its bottom flap 11 and lid flap 16 are somewhat narrower than the
      remaining container walls 3, 4 and 5 for a purpose which will be explained
      below. The different parts of the outer container are divided from each
      other by fold lines like the fold or crease line 18, and the bottom part
      and the lid part of the outer container blank are in the conventional way
      formed with fold lines like the lines 19 and 20 intended to provide fold
      indications during the manufacture of the container. On line with each
      fold line 18 a cut is formed at the outer edge of the bottom flaps and the
      lid flaps and the purpose of said cuts are to provide an opening adjacent
      the fold at the center of the container at the two opposite sides where
      the bottom flaps and the lid flaps meet each other and where there may be
      a fold and subsequent damage of the lining when the container is later on
      closed.
PAR  The outer container blank 1 is shown applied to a lining blank, and the
      said lining blank extends outside the attachment flap 7 with a part 22 and
      it likewise extends outside the bottom flaps 8-12 with a part 23 and
      outside the lid flaps 13-17 with a part 24. On the contrary the lining
      does not extend as far as to the right hand edge of the uttermost
      container wall 6 as shown in the drawing and this for the purpose that the
      part of the corner wall 6 which is not covered with lining material may be
      attached directly to the attachment flap 7 by direct contact of cardboard
      material against cardboard material to provide a thin and safe joint.
PAR  The outer container blank 1 is punched separately and is not applied to the
      lining blank 2 until in connection to the final formation of the
      container. An essential advantage of this is that the outer container may
      be printed prior to the contact with the lining and consequently there are
      not such strong demands on the most sterile conditions as possible as in
      the case where the printing is made onto lined containers and there are no
      strong demands either on use of non-toxic printing colours as otherwise.
      The creasing of the container blank preferably is made after the printing
      but it may be made before or after the joining of the outer container
      blank with a lining blank 2. As mentioned above the joining of the outer
      container blank 1 and the lining blank 2 does not take place until in
      connection to the final formation of the complete container blank and this
      takes place in an apparatus which is schematically illustrated in FIG. 8.
      It is essential to the invention that the outer container blank 1 and the
      lining blank 2 are joined so that the lining blank is completely attached
      to at least the outer container walls 3-6 and the attachment flap 7. The
      lining may also be attached to the complete outer container blank 1 except
      for the outermost part of wall 6, but the closing of the package may be
      accomplished somewhat more simple if the bottom flaps 8-12 and the lid
      flaps 13-17 are free from the lining blank 2. The attachment of the outer
      container blank 1 and the lining blank 2 may take place in any suitable
      way so that the lining is laminated against the side of the outer
      container blank 1 which is to form the inner side of the container, and
      the lining thereby should be turned with its plastic or metal side against
      the interior of the container to be made. The laminating may take place by
      cold-glueing, hot glueing or welding and as glue may be used some hot glue
      like hot melt, water glue, glue foils or the like.
PAR  The final formation of the container is best illustrated in FIG. 8, and
      there are diagrammatically illustrated five different stations designated
      A, B, C, D and E. The lining material is here shown as a continuous path
      onto which the outer container blanks 1 are successively applied. The
      cutting of the ready tube-formed container blanks do not take place until
      after station E and during the process the continuous path of lining
      material is utilized as feeder path in all stations A-E, and this way a
      quick safe and disturbance-free manufacturing operation is obtained.
PAR  In station A the glue is applied either to the lining path 25 or to the
      outer container blank 1, whereby the glue may be applied by means of a
      roller 26 or in any other suitable way. During the continuous feeding of
      the lining path and the outer container blanks then follow station B, in
      which a pressing together of the outer package blank and the lining
      material takes place, and the said pressing together may be accomplished
      by means of a roller 27, which is forced against a non-illustrated base.
      The roller 27 may be cold or hot depending on the type of glue which is
      used. In case a plastic layer existing on the outer container blank 1 or
      the lining blank 2 is utilized as attachment means the roller 27 should be
      heated to melt the said plastic material and provide a welding between the
      two layers of material. The pressing together of the parts 1 and 25 may be
      performed in any suitable way such as by means of a roller or a press
      plate and thereby the press plate may have an oscillating movement
      following the continuous feeding of the lining material path 25 or the
      feeding of the lining material path may follow intermittently so as to
      make use of a press plate which is moveable only upwards and downwards. In
      the case that the lining material path and the outer container blanks 1
      are to be joined only along the side walls 3-7 of the container preferably
      a hot or cold press plate is used which may be formed or adjusted exactly
      according to the joining which is wanted between the pieces of material.
PAR  Thereafter the path of material passes station C, in which the projecting
      part 22 of the lining material path is bent upwards and is folded
      downwards along the upper side of the attachment flap 7 and is attached to
      the said flap in any suitable way. Usually a cardboard material is
      utilized as material for the outer container, which material is on the
      upper side thereof covered with a plastic material and in this case the
      attachment of the lining material part 22 may be accomplished by a hot
      roller 28, which rolls over the said part and provides a welding together
      of the lining part 22 and the attachment flap 7.
PAR  In station D the container side 3, the attachment flap 7 and the its outer
      container parts and the connected lining material are folded down. With a
      slight drag a folding down of the container wall 6 and its parts 11 and 16
      and the correspoinding part of the lining material takes places at the
      same time, and the folding down thereby follows over a plate 29 which is
      located so as to form a holder-on on line with the parts of the container
      to be joined. From FIG. 3 is evident that the folded-over lining part 22
      will be pressed in direct contact with the inner side of the narrow
      container wall 6 and that the part of said wall which has no lining will
      be pressed into contact with a part of the attachment flap 7. Since the
      lining material on the inside of the container to be formed is plastic
      laminated and the outer container flap on the outside thereof is likewise
      plastic laminated the joining may be accomplished by means of a hot air
      means 30 which is heating the plastic material of the lining part 22 and
      the inner side of the adjacent container wall 6 so that the said material
      parts are welded together when pressed against each other. The plate 29 in
      this case avoids a glueing together due to the heat of the remaining parts
      of the inside of the container. The hot air means 30 may be an elongated
      tube having a series of nozzles blowing hot air into the cleft between the
      lining part 22 and the adjacent container wall 6 at the same time as the
      container blank is advanced so the apparatus. Concurrently with the
      welding together of the lining parts also the wall 6 of the outer
      container is welded together with the outside of the attachment flap 7.
      Following station E the ready container blanks are finally cut apart and
      the said cutting takes place right across the lining material path 25
      along a suitable line between two successive outer container blanks.
      Depending on the distance between two following outer container blanks a
      narrower or wider projecting lining part 23 and 24 may be obtained at the
      bottom end and the top end of the container, but for containers having a
      volume of about 0.5 liters it is generally sufficient to have a projecting
      part of between 10 and 20 mm at each end.
PAR  The embodiment of the invention shown in FIGS. 9 and 10 is particularly
      intended as container for such products which ought to be sterilized and
      for this purpose the container blank comprises a stablizing cardboard
      blank 1' of the same kind as in FIG. 1 and on each side of said cardboard
      blank 1' a foil of a sealing material of a type which may stand the
      temperatures at which sterilizing takes place. Generally sterilizing is
      performed slightly over 120.degree.C and as example on suitable foils
      which may stand such temperatures and which are otherwise suitable for the
      purpose may be mentioned foils of polyethylene plastics which are heat
      resistant up to about 130.degree.C or polypropylene plastics having a heat
      resistance of about 150.degree.C.
PAR  The cardboard blank 1' is preferably laminated on both sides with such
      suitable foil so that the foils and the cardboard blank form a solid,
      co-herent unit and so that the cardboard material is hermetically enclosed
      between the foils.
PAR  As best evident from the example shown in FIG. 10 the cardboard material 1'
      is enclosed between an outer plastic foil 35 and an inner foil which is a
      laminated unit of a thin aluminium foil 36 and a plastic foil 37. In order
      that the cardboard material shall be hermetically enclosed between the
      plastic foils the said foils must extend outside the entire cardboard
      blank and the foils are welded together round the edges extending outwards
      the cardboard material, whereby it is foreseen that the cardboard material
      has sufficient low content of moist and air to be suited for sterilizing
      so that no air or damp bubbles will occur in the container during the
      sterilizing process.
PAR  The erecting, the closing, the filling and sealing of the container is
      accomplished in a way known per se and in short it is accomplished as
      follows: After the more or less plainly folded blank has been erected the
      bottom thereof is closed by means of a plane closing rib as indicated in
      FIGS. 4 and 5, whereby the projecting part 24 of the lining is first
      welded together, whereupon the closed lining rib is folded down towards
      the container bottom and the free edge ears 31 and 32 of the outer
      container are folded inwards towards each other and are attached against
      the bottom of the container. After filling of the container the top is
      closed in exactly the same way, but in this case one of the free edge ears
      32 may suitably be folded outwards and be attached against the front side
      of the container. The container is very easily opened by releasing the
      front free edge ear 32 and the projecting welded lining rib is torned
      away, whereby the lining itself provides a dispensing spout 33 having a
      parallelepipedical opening 34.
PAR  It is to be understood that the above described invention is only an
      explanatory example and that all kind of different modifications may be
      presented within the scope of the appended claims. Accordingly the
      apparatus for executing the method according to the invention may be
      structered in several different alternative ways and the above described
      means may be substituted by other means. E.g. the welding may be
      accomplished with hot air instead of by means of heated rollers etc.
PAR  By the method a container for liquids is obtained which may be manufactured
      completely gas tight in that the inner container or the lining may be
      sealed by welding independently of the outer container, and in that each
      joint of the inner container or the lining is formed by direct contact of
      lining against lining without intermediate layer of cardboard material of
      the outer container. Since the lining is laminated at least over the
      entire surface of the wall parts 3-7 of the outer container there is no
      risk either that the lining during transportation or careless handling
      moves in relation to the outer container, whereby there is no risk either
      that the lining will be damaged due to such movements. The laminating of
      the lining against the container wall parts 3-7 also leads to the
      essential advantage that the stability of the lining or inner container
      itself may be utilized so that the thickness of the cardboard material of
      the outer container may be reduced correspondingly which leads to an
      essential reduction of cardboard material and makes the method still more
      economical. Because of the cuts 21 at the edges of the container it has
      also been possible to eliminate the risk that the otherwise sharp edges of
      the outer container will cause a stretching of the lining material when
      the container is closed, and thereby the risk of rupture of the lining
      material due to such stretching is thereby eliminated. Due to the
      laminating of the lining material against the outer container blank the
      lining follows the outer container strictly into the corners thereof. This
      is particularly the case when the package is folded after the lining
      material and the outer container blank have been joined together i.e. the
      container is folded between the above described station B and C. This is
      additionally contributed to in that the outermost container wall 6 is
      narrower than the remaining container walls 3, 4 and 5, whereby the said
      contaainer walls 6 with the outer edge thereof is located a short distance
      aside of the corresponding corner of the container.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A fluid tight container comprising:
PA1  an outer blank of a stiff material such as cardboard or the like, said
      outer blank having a plurality of wall panels, each panel having attached
      thereto a bottom closing flap and a top closing flap;
PA1  an inner lining of a flexible material such as plastic, metal foil or the
      like, said lining being laminated over substantially the entire inner
      surface of said the wall panels and extending longitudinally beyond the
      outer periphery of said top and bottom closing flaps and including a
      portion extending laterally beyond the outer periphery of one side edge of
      the outer blank, this portion also extending laterally beyond the top and
      bottom closing flaps of the wall panel at said one side edge;
PA1  the said portion of the lining being folded over said one side edge as well
      as over the side edges of the top and bottom closing flaps at said one
      side edge, and attached to the outer side of the outer blank; the inside
      of the outer blank at the side edge thereof opposite from said one side,
      including the top and bottom closing flaps located at said opposite side
      edge, being connected to the folded-over portion of the lining;
PA1  and each of the portions of the lining located longitudinally beyond the
      top and bottom closing flaps being sealed together to close that
      respective end of the container by a flat transverse seal located
      substantially completely longitudinally beyond its respective closing
      flaps.
NUM  2.
PAR  2. A container according to claim 1, the said portion of the lining
      folded-over the said one side edge of the outer blank being substantially
      narrower than the wall panel located at the side, and being welded against
      the inside of the lining at the opposite side of the outer blank.
NUM  3.
PAR  3. A container according to claim 1, the lining leaving a narrow rib
      uncovered at said opposite side edge of the outer blank, and said
      uncovered narrow rib being attached directly to the folded-over portion at
      the outside of the said one side of the container blank.
NUM  4.
PAR  4. A container according to claim 1, the outer blank comprising five wall
      panels forming four container sides and an attachment flap, the side edge
      of the flap constituting the said one edge of the outer blank over which
      the said lining portion is folded, the outer free container side being
      somewhat narrower than the remaining three container sides, so that the
      outer edge of the said free side, which is the said opposite side edge of
      the outer blank, is located spaced apart from the corner of the container
      formed by the attachment flap and its adjacent container side.
NUM  5.
PAR  5. A container according to claim 1, said container being of
      parallelepipedical cross-section, and the outer blank being cut down at
      the extreme ends of each longitudinal fold between the top and bottom
      closing flaps located at those ends, in order to prevent stretching or
      fold formation of the lining as a result of sharp folds of the outer
      blank.
NUM  6.
PAR  6. A container according to claim 1, the outer blank being hermetically
      enclosed between a pair of said linings.
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ABST
PAL  A divider used in containers formed of cardboard or like material has
      intersecting partitions and a tying strip attached to the ends of the
      partitions and adapted to lie adjacent to the wall of a container. The
      tying strip holds the partitions substantially parallel so that the
      divider may be inserted by machine into a container and will remain in a
      fixed spacial relationship while the container is filled with goods by
      automatic casing machinery. The partitions and the tying strip have
      transverse cuts and are joined by interlocking the cuts into a rectilinear
      network. The corners of the partitions and the openings to the cuts are
      relieved to allow ease of assembly of the partitions and strip and of
      insertion of the completed divider into a container by automatic
      machinery. The portions of the partitions which are joined to the tying
      strip are folded over and glued to provide additional strengthening
      elements which increase the strength of the divider and boxes using the
      divider. The partitions are formed by cutting and scoring cardboard stock
      on conventional die cutting machines and by applying glue to a portion of
      the partitions at a location near one end of the strip. The glued
      partitions are then assembled with a pre-cut tying strip and the glued
      portions are adhered to the tying strip by folding the interlocking parts
      together.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Cardboard dividers are commonly used in containers, such as cardboard boxes
      and crates, to divide the interior of the containers into a plurality of
      sections for receiving goods, such as cans, bottles, or other articles,
      which require protection in storage and transit. These dividers are
      commonly inserted in a container by automatic machines and the container
      carrying the divider is then filled, usually also by an automatic casing
      machine.
PAR  Use of automatic casing machines, in particular, has caused some difficulty
      with containers which have used previous cardboard dividers. The dividers
      must divide the interior of the container into equal volumetric sections
      and there must be no distortion or racking of the divider. If the divider
      is distorted or racked, it is not possible for the casing machine to
      insert the articles into the case since the articles will not index
      properly with the assigned space due to the unexpected shape of the
      divider.
PAR  Prior dividers attempted to solve the problem of accurately spacing the
      divider by using a dead cell construction in which the ends of partition
      strips or elements extended past the location of the articles and spaced
      the partition strips and the articles in the container from the walls of
      the container. The partitions were tied together by overlapping the ends
      of the partitions.
PAR  This dead cell construction is wasteful of material since the containers
      are considerably larger than the total volume of all the articles
      contained therein. Dead cell construction also weakens the container and
      allows the walls of the container to collapse from impact or from the
      weight of other stacked containers.
PAR  Applicant's divider eliminates the necessity of a dead cell in the
      container, eliminates unnecessary consumption of packaging, and increases
      the stacking strength of containers using the divider.
PAR  Applicant's divider may be readily manufactured, assembled and inserted
      into containers using automatic machinery and is readily adapted to use in
      automated casing processes.
PAR  The divider eliminates the use of dead cells by joining a tying strip to
      the ends of the partitions, thereby placing the tying strip immediately
      adjacent to the wall of the container in which the divider is placed. The
      tying strip is fastened to the ends of the partitions and holds the
      partitions in a substantially parallel relationship so that they are not
      able to rack or distort about their intended location in a container.
      Portions of the partitions are joined to the tying strip, preferably by a
      glue seam.
PAR  The folded over portions of the partitions form portions of increased
      thickness at the locations where they are joined to the tying strip and
      increase the vertical compressive strength of the divider and the
      container in which the divider is placed. A container using the divider
      has the tying strip and the portions of increased thickness immediately
      adjacent to the wall of the container. The container containing the
      divider and goods located in the spaces of the divider, has increased
      strength since there are no dead cells into which the walls of the
      container can buckle or outside forces can penetrate. The folded portions
      also add increased vertical strength. Material for packaging is conserved,
      since the box does not need to be oversized to compensate for the unused
      dead cell space previously necessary to provide a stable divider.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of an assembled divider according to the
      invention;
PAR  FIG. 2 is a plan view of a partition according to one aspect of the
      invention;
PAR  FIG. 3 is a plan view of a cross partition;
PAR  FIG. 4 is a plan view of the tying strip;
PAR  FIG. 5 is a top view of a partially assembled divider such as that shown in
      FIG. 1;
PAR  FIGS. 6 and 7 are views of the divider during steps of the assembly of the
      divider to join the tying strip and partitions;
PAR  FIG. 8 is a top view of an assembled, joined divider; and
PAR  FIG. 9 is a top view partially in section of a container containing the
      assembled divider.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring in more detail to the drawings, a divider 10, shown in FIG. 1,
      has two parallel partitions 12, an intersecting cross partition 14, and a
      tying strip 16 which form a six-section divider. Partitions 12 have
      parallel slots 18 and 20 cut partially through the partitions, as shown in
      FIG. 2. Slot 18 is located at approximately the center of the partition
      12, and the second slot 20 is located near one end of the partition. Cross
      partition 14 has two slots 22 extending halfway through the vertical
      extension of the cross partition, as shown in FIG. 3. The slots are
      located to divide the cross partition approximately in thirds. Tying strip
      16 also has two slots 24 similar to slots 22 of cross partition 14, as
      shown in FIG. 4. Slots 24 are spaced to divide the tying strip
      approximately in thirds.
PAR  Partitions 12 and cross partition 14 have the entrance to slots 18, 20 and
      22 relieved by a triangular cut 26 at the upper edge of the partitions 12
      and 14 to facilitate insertion and assembly of the partitions and the
      cross partition 12 and 14 into the slots 18, 20 and 22. Tying strip 16 has
      smaller relieved areas 28 to facilitate assembly of the complete divider.
PAR  Partitions 12 and cross partition 14 have a locking protrusion 30 at the
      edge of the partition adjacent to the entrance to slots 18 and 22. A
      relieved portion 32 is located at the opposite edge of partitions 12 and
      cross partition 14 from the slots 18 and 22. Relieved portion 32 and
      locking extension 30 cooperate to hold partitions 12 and cross partition
      14 together when the partitions are assembled in an interlocking position.
      The protrusion 30 extends across the partitions and through relieved area
      32 to form a lock abutting against the partitions and preventing any
      substantial relative motion between the partitions 12 and 14 in a
      direction parallel to slots 18, 20 and 22. Cooperating means 30 and 32
      also restrict relative longitudinal motion perpendicular to slots 18, 20,
      and 22, between partitions 12 and 14. All of the elements 12, 14 and 16
      have relieved portions 34 at their corners which permit ease of insertion
      of the complete assembly into a container.
PAR  Partitions 12 are scored at 36 along the vertical extension of slot 20 and
      have areas 38 located between slots 20 and score lines 36 and the outer
      end of the partitions. In the complete assembly, as shown in FIG. 1,
      portions 38 extend beyond tying strip 16, are folded over parallel to the
      outermost side of tying strip 16, and are adhered to tying strip 16 by
      glue bond 40. Elements 38, when adhered to the back, or outer, side of
      tying strip 16, form areas of increased thickness in the tying strip 16,
      which increase the vertical compressive strength of the divider and of a
      carton with the divider included therein. By folding the elements 38
      tightly adjacent to the tying strip 16, the tying strip can be spaced
      closely adjacent to the walls of a container, thereby eliminating a dead
      cell space which would allow the walls of the container to collapse into
      the interior of the container.
PAR  By joining the elements 38 of partitions 12 to the tying strip 16, the
      partitions 12 are held in a substantially parallel relationship so that
      they do not rack about in the interior of the container and the divided
      areas of the container remain substantially equal. The spaces are thus
      susceptible to being filled rapidly by automatic casing machinery. FIG. 9
      shows a container 42 having the divider 10 included therein to divide up
      the interior of the container 42 into six equal volume spaces 44.
PAR  To form applicant's reinforced and stabilized divider 10, elements 12, 14
      and 16 are cut by conventional methods, such as reciprocating punches and
      dies, to form slots 18, 20, 22, 24; relieved areas 26, 28, 32 and 34; and
      outward extending portions 30. Scores 36 are made along the extensions of
      slots 20. Glue bond 40 is spread in area 38 by conventional means, such as
      glue brush and pot, a pneumatic glue gun, or other conventional
      applicator. Glue bond 40 can also be applied to the back side of tying
      strip 16 adjacent slots 24, if desired.
PAR  Elements 12, 14 and 16 are assembled with slots 18, of partitions 12
      interlocking with slots 22 of partition 14 and with slots 20 of partitions
      12 interlocking with slots 24 of tying strip 16, as shown in FIG. 5. The
      assembled divider 10 is then collapsed, as shown in FIGS. 6 and 7, so that
      glue bond 40 on portions 38 of partitions 12 adheres to the outer side of
      tying strip 16. After areas 38 of partitions 12 have been adhered to strip
      16, the divider 10 is then expanded to its normal configuration, as shown
      in FIG. 8, with portions 38 firmly adhered to the outer side of partition
      16. The assembled divider 10 can be inserted in a container such as
      cardboard container 42 by an automatic machine. Tying strip 16 will hold
      partitions 12 and 14 in a fixed stable relationship with areas 44
      maintained substantially uniform. Articles may be rapidly inserted into
      the areas 44 by automatic casing means.
PAR  It will be appreciated by those skilled in the art that many modifications
      and alternative constructions could be used incorporating the invention
      without departing from the basic concepts thereof. It is intended that the
      invention is not to be limited by the description included herein for the
      purposes of illustration, but is to be limited only by the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A divider for use in the container to divide the internal space of the
      container having a partition extending in the first direction and a tying
      strip extending in a direction intersecting the partition, the partition
      and the tying strip being joined so that an end of the partition is
      connected to an intermediate portion of the tying strip and wherein the
      partition and tying strip have interengaging slots which are interlocked
      at the point of intersection, the partition being scored along the
      vertical extension of its slot and having a portion of the partition
      extending past the point of intersection folded along the score, the
      folded portion being joined to the tying strip and forming a reinforcing
      member.
NUM  2.
PAR  2. The divider of claim 1 wherein the partition is joined to the tying
      strip by a glue bond between the folded portion of the partition and the
      tying strip.
NUM  3.
PAR  3. The divider of claim 1 wherein there are a plurality of partitions.
NUM  4.
PAR  4. The divider of claim 3 wherein there are a plurality of partitions and
      the tying strip and at least some of the partitions are joined to maintain
      at least some of the partitions substantially parallel.
NUM  5.
PAR  5. The divider of claim 4 wherein there is at least one additional
      partition intersecting the partitions joined to the tying strip at a
      location space from the tying strip, the additional being substantially
      parallel to the tying strip.
NUM  6.
PAR  6. The divider for dividing the internal space of a container having a
      plurality of partitions extending in the first direction and means
      retaining the partitions in a substantially parallel relationship, wherein
      the means retaining the partition strips in substantially parallel
      relationship includes a tying strip joining the ends of the partition
      strips, the partition strips being connected thereto at intermediate
      locations along the length of the tying strip, at least some of the
      partitions having slots extending partially along the vertical extension
      of the partitions and spaced adjacent to the ends of the partitions, the
      remainder of the slotted partitions along the vertical extension of the
      slots being scored, the slots of the slotted partitions being interlocked
      with cooperating slots in the tying strip and the slotted partitions
      having portions extending past the points of intersection with the tying
      strip which are folded about the scores and fastened to the tying strip,
      the divider having an additional element intersecting the partition at a
      location spaced from the tying strip, the additional element and
      partitions having cooperating interlocking slots and holding means to
      stabilize the divider from undesired movement, the additional element
      being substantially parallel to the tying strip.
NUM  7.
PAR  7. A method of producing a reinforced divider having a tying strip
      comprising cutting a first partition, applying glue to a portion of the
      first partition at a location near one end of the partition, cutting a
      second partition, assembling the first and second partitions, and joining
      the first and second together by the glued portion of the first partition.
NUM  8.
PAR  8. The method of claim 7 wherein a third partition is cut, scored, and
      coated with glue at a location near one end of the partition and assembled
      with the first and second partitions, and wherein the third partition is
      joined to the second partition by the glued portion of the third
      partition.
NUM  9.
PAR  9. The method of claim 8 wherein the first and third partition are held
      substantially parallel by the second partition.
NUM  10.
PAR  10. The method of claim 8 wherein additional partitions are added to the
      assembly.
NUM  11.
PAR  11. The method of claim 7 wherein the partitions are joined by collapsing
      the assembly.
NUM  12.
PAR  12. The method of producing a reinforcing stabilized divider comprising
      cutting a plurality of partitions, scoring the partitions in a location
      adjacent to an end of the partitions, applying glue to areas of the
      partitions adjacent to the scored locations, cutting a tying strip,
      assembling the partitions and tying strip, joining the partitions to the
      tying strip by the glued portions of the partitions to maintain the
      partitions in a substantially parallel relationship.
NUM  13.
PAR  13. The method of claim 12 wherein the glued portions of the partitions are
      located to reinforce the divider.
NUM  14.
PAR  14. The method of claim 12 wherein the divider has additional
      interconnecting means.
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ABST
PAL  A folding carton is disclosed, preferably with a square cross-section when
      erected, having top and bottom forming members as well as front and rear
      and side members defining a square tube. Extending from one of the side
      members is a strut panel extending from one of the tubular forming panels,
      and having one extension strut and one reversely folded strut positioned
      thereon in spaced relationship. When the carton is erected, the two struts
      form a V-shaped type support, so that a triangular cross-section shaped
      bottle can be fitted within the carton, and secured against rotation. In
      the preferred embodiment, the front panel has an open window for
      displaying the label on the bottle. The bottom closure preferably is an
      automatic bottom, and positioned with the tug tabs adjacent the
      intersection of the strut panel and its adjacent panel so that when the
      carton is flattened, the two struts extend and are sandwiched in between
      the opposed pairs of panels.
BSUM
PAC  BACKGROUND
PAR  1. Field of Invention
PAR  The subject carton relates generally to folding cartons having a
      rectangular cross-section and tubular body with top and bottom closures.
      More particularly, however, it relates to such a carton having an interior
      strut formation which is adaptable for securing non-rectangular elements
      in the carton, such as triangular cross-sectioned bottles. It will also
      assist in positioning bottles with more than three sides, just so long as
      the sides do not intersect at right angles.
PAR  2. Prior Art
PAR  The prior art, generally speaking, is taken from a wide variety of carton
      constructions which have separate inserts. An example of the prior art is
      shown in FIG. 2 of the accompanying drawings in which a triangular
      cross-section bottle 1 is positioned on a stand 2 having a triangular
      recess 3 and a rectangular flange 4; the rectangular flange 4 serving to
      secure the bottle 1 within the container or carton.
PAR  With the type of structure just described, it is quite obvious that there
      is a disadvantage in the manual or difficulty of automating the
      positioning of the stand within the carton. Furthermore, the separate
      stands must be shipped in nested form, or otherwise they become too bulky.
      In erecting the carton and in inserting bottles or other elements, where a
      separate stand is employed, it is a slower procedure and obviously more
      costly from the standpoint of filling the carton.
PAC  SUMMARY
PAR  The present invention is directed to a folding carton having an exterior
      rectangular cross-section for packaging a member, such as a bottle, having
      a non-rectangular cross-section, such as triangular. The carton has a
      front panel, side panels, and a rear panel which are joined in tubular
      form, and is further provided with a top and bottom permitting the carton
      to be shipped in a knocked down configuration. A strut panel extends from
      the side of one of the tubular forming panels, and has a reverse strut
      formed in the strut panel as well as an extension strut. The base of the
      strut panel is a glue flap portion, and is secured to the opposite panel
      when the carton is assembled. Thereafter, when the unit is erected, the
      reverse strut is reversely folded on itself, and the extension strut
      extends out until the ends of both intersect one of the panels. By viewing
      from the top, they (the struts) define a generally V-shaped support for
      nesting a triangular bottle, or a wider V can be utilized, if for example,
      the element for insertion is pentagonal or even hexagonal. Desirably the
      carton has an automatic bottom in which the tug tabs are positioned so
      that they crease adjacent the juncture of the glue flap and opposed panel
      and opposite that position. This insures a flat, extended, sandwiched
      relationship between the struts and the opposed pairs of panels in the
      knocked-down condition.
PAR  One of the principal objects of the present invention is to provide a
      folding carton which, upon erection, has its own independent
      self-contained support for a member having a non-rectangular,
      non-circular, cross-section.
PAR  Another object of the present invention is to provide a knocked-down carton
      with interior support struts which can be formed from a single sheet of
      carton forming material.
PAR  Still another object of the present invention is to provide a carton
      achieving the above objects in which the struts are extended and
      sandwiched between opposed pairs of panels because of the particular
      automatic bottom construction employed.
PAR  Still another object of the present invention, particularly when a
      triangular cross-section item is being contained, relates to positioning
      the struts in a window in a front panel so that one face of the triangular
      member can present advertising or other indicia through the window.
PAR  Still another advantage of the present invention, and a major objective, is
      a sturdy carton which is self-contained and which lends itself to
      inexpensive production.
DRWD
PAC  DESCRIPTION OF ILLUSTRATIVE DRAWINGS
PAR  Further objects and advantages of the present invention will become
      apparent as the following description of the illustrative embodiment
      proceeds, taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of an illustrative carton.
PAR  FIG. 2 is a partially exploded, partially diagrammatic view of the prior
      art type constructions showing a bottle having a triangular cross-section.
PAR  FIG. 3 is a front section taken along section line 3--3 of FIG. 1 showing
      the interior position of the struts in the illustrative carton.
PAR  FIG. 4 is a transverse sectional view taken along section line 4--4 of FIG.
      1, showing, in phantom line, the bottle which is contained within the unit
      and how the struts engage the same for support.
PAR  FIG. 5 is a layout view of the die cut material from which the illustrative
      carton is formed.
PAR  FIG. 6 is a partially broken, partially diagrammatic view of the
      illustrative carton showing the general configuration of the struts in the
      knocked-down or folded condition.
PAR  FIG. 7 is a partially diagrammatic, partially broken end view of the bottom
      portion of the carton illustrating the relationship of the elements of the
      bottom forming members.
PAR  FIG. 8 is a sequential view from that shown in FIG. 7, illustrating how the
      bottom is assembled.
PAR  FIG. 9 is yet a further view of the carton shown in FIGS. 7 and 8 with a
      sequential assembly step being formed.
PAR  FIG. 10 is a sequential view of FIGS. 7, 8 and 9, illustrating the bottom
      in its fully formed configuration.
PAR  FIG. 11 is a further sequential view illustrating how the bottom retracts
      interiorly of the carton upon folding into the knocked-down configuration.
PAR  FIG. 12 is a final sequence in the bottom assembly illustrating how, when
      the carton is to be erected by biasing across its diagonal edges, the
      bottom is automatically formed.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As pointed out above, an understanding of the invention and its advantages
      arises from a review of the typical prior art such as that shown in FIG.
      2. There it will be seen that the bottle 1, having a generally isosceles
      triangular cross-sectional configuration is nested in a stand 2. Such a
      stand may be preformed from styrofoam, or molded from sheet plastic, in
      order to present a triangular recess 3 and an exterior flange portion 4.
      The stand 2 is then normally fitted into the lower portion of a folding
      carton, and the bottle 1 inserted into the recess 3, the same being
      retained against rotation by means of the recess 3 and the coaction of the
      edges of the flange 4 with the interior of the carton.
PAR  The present invention is directed, however, to the utilization of interior
      struts which form a generally V-shaped type support for a bottle 1, such
      as seen in FIG. 4. There it will be seen that the struts 21, 22, define a
      V-shape, and by engaging their respective panels, as well as the sides of
      the bottle 1, they serve the purpose of retaining the bottle 1 against
      rotation. In addition, a front panel 11 may be provided with a display
      hole 16, and the struts 21, 22, will direct the flat portion of the bottle
      against the display hole 16.
PAR  The typical exterior or the carton is shown in FIG. 1 where it will be seen
      that the carton 10 has a front panel 11 and side panels 12, 14, closed in
      the rear (not shown) by a back panel 15. One of the side panels is
      preferably a strut support side pannel, and the other a back support side
      panel. Top members 18 close one end of the carton 10, and bottom members
      19 close the other end. Preferably the bottom members constitute those
      elements making up an automatic bottom, but the top may be of any
      particular configuration including those which are adaptable for
      decorative purposes such as receiving a bow, and the like.
PAR  All of the elements will be better understood in their respective
      relationship by a review of FIG. 5 in which the layout carton panel is
      shown. There it will be seen that the strut panel 20 includes an extension
      strut 21 and a reverse strut 22, the extension strut being above the
      reverse strut 22. Both struts are joined to the balance of the strut panel
      20 by means of a strut score, a reverse strut score 26 being provided for
      the reverse strut 22, and another score 28 for the extension strut. The
      rear portion of the strut panel 20, where it joins the adjacent panel,
      namely side panel 12, is a glue flap portion and is glued to the glue
      portion 25 of the opposite panel, shown here as the back or rear panel 15.
PAR  The various panels are joined by panel scores 30. The top closure 31 has a
      cross-section substantially the same as the cross-section of the carton
      10, and terminates with a top closure tab 32. Top flaps 34, 35 extend from
      the adjacent side panels 12, 14, and the top is closed by sequentially
      folding over the top flaps 34, 35, and thereafter bringing the top closure
      31 into position with the top closure tab 32 tucked in against the flaps
      34, 35, to close the top with the configuration as shown generally in FIG.
      1. The top flaps are joined to their adjacent member by a top flap score
      36, and the extension strut 21 is provided with a tab relief notch 38 so
      that the tab 32 of the top closure 31 will pass therethrough.
PAR  With the particular bottom construction to be described, the carton 10
      closes in the configuration as shown in FIG. 6, with the struts 21, 22
      extending in a flat sandwiched relationship between the opposed panels. In
      order to achieve this result, and easily when erecting or folding the
      carton, it is preferable to use an automatic bottom, and the automatic
      bottom should be in a particular relationship to the strut forming panel,
      namely, the scores 48, 49, in at least one case, must terminate at the
      point where the base of the strut panel 20 or its glue flap portion 24
      adjoins the opposed panel, in this instance, the glue portion 25 of the
      rear panel 15. In the event the bottom members are moved from this
      orientation, the struts need to be reversed in order to fold the carton.
      It is more desirable to have the struts extended as shown in FIG. 6, since
      upon opening the carton, one can immediately insert the hand, or a
      fixture, to separate the struts to reversely fold the reverse strut 22 and
      extend the extension strut 21 to the configuration shown in FIG. 4, and
      thereafter insert the bottle 1 as shown in FIG. 4.
PAR  The bottom forming members as shown in FIG. 5, include a pair of opposed
      puller members 45, 46 which are secured beneath the side panels 12, 14.
      The bottom formers 42, 44, are respectively beneath the front panel 11 and
      rear or back panel 15, and by means of score lines 48, 49. The tub tabs
      40, 41 are secured to the bottom formers, but conditioned for folding
      within the automatic bottom when the carton is in its flattened or
      knocked-down condition. The interlock notches 50, 51, are provided to lock
      the bottom construction in its erected configuration with sufficient
      strength to hold a bottle 1 or other such elements interiorly thereof.
      Glue spots 52, 54 are provided, as shown in FIGS. 7 and 9 respectively, to
      engage their opposed side puller elements 45, 46.
PAR  As will be seen in FIGS. 7 through 12 inclusive, the bottom elements may be
      sequentially secured each to the other and in such a fashion, so that when
      the unit is pressed across its diagonal corners, such as shown in FIG. 11,
      the bottom elements fold inwardly within the carton, and yet pass the
      interior struts 21, 22. Alternatively, when the opposite corners are
      biased as shown in FIG. 12, the bottom members extend due to the pulling
      action of the tug tabs 40, 41, on the side pullers 45, 46.
PAR  In review it will be seen that the novel folding carton 10 has been
      disclosed and described which has an interior strut panel 20 having a pair
      of struts, one above the other, which respectively reversely fold and
      extend in order to define a V-shaped support for a triangular bottle 1.
      With the bottom formed in an advantageous sequence, the unit can be
      knocked down with the struts extended in sandwiched relationship between
      opposed pairs of panels as shown in FIG. 6. The entire carton, as amply
      illustrated in FIG. 5, is formed form a single sheet of material in an
      economical fashion.
PAR  Although particular embodiments of the invention have been shown and
      described in full here, there is no intention to thereby limit the
      invention to the details of such embodiments. On the contrary, the
      intention is to cover all modifications, alternatives, embodiments, usages
      and equivalents of a cabinet as fall within the spirit and scope of the
      invention, specification, and the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A folding carton having an exterior rectangular cross section for
      packaging a member having a nonrectangular cross section comprising, in
      combination,
PA1  a front panel, side panels, and a rear panel,
PA1  a strut panel extending from one of said panels,
PA1  an extension strut formed in said strut panel and having an extension strut
      score,
PA1  a reverse strut formed in said strut panel and having a reverse strut score
      parallel to and spaced from the extension strut score,
PA1  a glue flap portion adjacent the junction of the strut panel and the panel
      from which it extends,
PA1  said extension and reverse struts being above and below each other,
PA1  said glue flap portion being secured to the marginal edge of the panel
      remote from the strut panel to form a tubular folding carton with front,
      side and rear panels,
PA1  top closure means extending from the upper portion of ones of said panels,
PA1  bottom forming means extending from the lower portion of said panels and
      secured to each other to form a bottom when the carton is erected,
PA1  said extension and reverse strut being formed to extend from and reversely
      fold from said strut panel when the carton is erected to have an angular
      relationship each with the other and having their ends contact ones of
      said panels, whereby an interior nest is provided by the struts in the
      carton when erected to receive a non-rectangular cross sectioned member
      and nestingly engage the same against rotation.
NUM  2.
PAR  2. In the carton of claim 1,
PA1  said strut panel extending from a side panel,
PA1  and said glue flap portion being secured to the marginal edge of the rear
      panel.
NUM  3.
PAR  3. In the carton of claim 1,
PA1  said front panel having a window,
PA2  said struts extending centrally on the rear panel, whereby a member with
      faces defining a substantially isosceles cross section will present one
      face to the window and two other faces will engage the struts.
NUM  4.
PAR  4. In the carton of claim 1,
PA1  said top comprising a top closure having a tab and extending from the front
      panel,
PA1  top side flaps extending from the side panels, whereby smooth edges are
      presented at the top of the front and side panels when closed.
NUM  5.
PAR  5. In the carton of claim 2,
PA1  said front panel having a window,
PA1  said struts extending centrally on the rear panel, whereby a member with
      faces defining a substantially isosceles cross section will present one
      face to the window and two other faces will engage the struts.
NUM  6.
PAR  6. In the carton of claim 1,
PA1  said bottom comprising opposed pullers extending from opposed panels,
PA1  and opposed bottom formers extending from the other opposed panels,
PA1  said opposed bottom formers having tug tab portions secured to the adjacent
      pullers, whereby biasing a diagonal of the folded carton will form the
      bottom.
NUM  7.
PAR  7. In the carton of claim 2,
PA1  said bottom comprising opposed pullers extending from opposed panels,
PA1  and opposed bottom formers extending from the other opposed panels,
PA1  said opposed bottom formers having tug tab portions secured to the adjacent
      pullers, whereby biasing a diagonal of the folded carton will form the
      bottom.
NUM  8.
PAR  8. In the carton of claim 7,
PA1  said pullers extending from the lower portion of said front and rear
      panels, thereby directing the struts toward the front panel when closed
      and divergingly toward the rear panel when the carton is erected.
NUM  9.
PAR  9. In the carton of claim 7,
PA1  said front panel having a window,
PA1  said struts extending centrally on the rear panel, whereby a member with
      faces defining a substantially isosceles cross section will present one
      face to the window and two other faces will engage the struts.
NUM  10.
PAR  10. In the carton of claim 3,
PA1  said strut panel extending from a side panel,
PA1  and said glue flap portion being secured to the marginal edge of the rear
      panel.
NUM  11.
PAR  11. In the carton of claim 8,
PA1  said front panel having a window,
PA1  said struts extending centrally on the rear panel, whereby a member with
      faces defining a substantially isosceles cross section will present one
      face to the window and two other faces will engage the struts.
NUM  12.
PAR  12. In the carton of claim 6,
PA1  each of said tug tabs having an edge terminating substantially at an
      intersection of two panels,
PA1  one of said edges terminating substantially at the intersection of the
      strut panel and its adjacent panel, whereby upon flattening the carton the
      struts will both extend between the opposed pairs of folded panels.
NUM  13.
PAR  13. In the carton of claim 6,
PA1  said tug tabs being part of a bottom former with a diagonal score line for
      folding,
PA1  the base of said score line terminating at the intersection of a panel and
      the base of the strut panel.
NUM  14.
PAR  14. In the carton of claim 12,
PA1  said tug tabs being part of a bottom former with a diagonal score line for
      folding,
PA1  the base of said score line terminatng at the intersection of a panel and
      the base of the strut panel.
NUM  15.
PAR  15.  In the carton of claim 1,
PA1  said extension strut having a tab relief notch formed at the upper portion
      of the extension strut score, whereby the top closure means can extend
      into the notch for closing.
NUM  16.
PAR  16. In the carton of claim 4,
PA1  said extension strut having a tab relief notch formed at the upper portion
      of the extension strut, whereby the top closure tab may be inserted into
      the notch.
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ABST
PAL  A tubular decorative carton closure arrangement including a plurality of
      overlapping top closure flaps which automatically fold into interlocking
      relation when the carton is erected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The invention relates to decorative cartons which are printed and folded in
      such a way as to simulate cartons with separate, decorative paper
      overwraps.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention represents an advantage over the known prior art,
      because it prevents the exposure of raw edges of certain of the closure
      flaps by additional folds, without the necessity of covering the raw edges
      of the paperboard by a separate decorative overwrap. This, of course,
      reduces the cost of these types of decorative cartons without sacrificing
      the desirable decorative appearance.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is an exploded perspective view of an erected carton embodying
      features of the invention;
PAR  FIG. 2 is a plan view of the outside surface of the paperboard blank from
      which the carton illustrated in the other views may be formed;
PAR  FIGS. 3 and 4 are fragmentary views of portions of the inside surface of
      structure illustrated in FIG. 1, showing the manner in which the closure
      flaps are folded in forming the carton;
PAR  FIG. 5 is a view similar to FIG. 1, but showing the carton in a partially
      erected condition;
PAR  FIG. 6 is a transverse, horizontal sectional view taken on line 6--6 of
      FIG. 5;
PAR  FIG. 7 is a fragmentary plan view of the structure illustrated in FIG. 6;
      and
PAR  FIG. 8 is a view similar to that of FIG. 7, but showing the inside of the
      upper end of the carton in a completely erected condition.
PAR  It will be understood that, for purposes of clarity, certain elements may
      have been intentionally omitted from certain views where they are believed
      to be illustrated to better advantage in other views.
DETD
PAC  SPECIFICATION
PAR  It is contemplated that the carton embodying the invention described herein
      will be formed from paperboard which has been printed with a decorative
      pattern, so that when the carton is erected, it will have the appearance
      of a gift package which has been overwrapped with decorative paper or
      film.
PAR  Referring now to the drawings for a better understanding of the invention,
      it will be seen that the novel, decorative, gift-type carton indicated
      generally at C in FIG. 1 may be formed from the unitary blank B of
      foldable paperboard illustrated in FIG. 2.
PAR  Referring now particularly to FIG. 2, it will be seen that the blank B
      includes a plurality of side wall panels 10, 12, 14, and 16, and a glue
      panel 18 which are hingedly attached to each other on parallel score lines
      19, with glue panel 18 secured to first side wall panel 10 to form a
      tubular structure open at the ends.
PAR  As the novel closure arrangement of the invention relates to the upper
      portion of the carton, it will be understood that the lower portion or
      bottom end of the carton may be closed in any desired manner. In the
      embodiment illustrated in the drawings, for example, there are provided a
      pair of inner closure flaps 20, and 22, and an outer closure flap 24 which
      are hingedly attached to the lower edges of side wall panels 12, 16, and
      10, respectively, along common hinge lines 25. Outer closure flap 24 may
      be provided with an additional glue tab or tuck tab 26 hingedly attached
      to the free edge thereof on hinge line 27. The bottom closure flaps may be
      folded into overlapped relation to close the bottom of the carton in the
      manner illustrated in FIG. 1 of the drawings.
PAR  Referring now to the top closure arrangement, as best seen in FIG. 2, the
      carton is provided with top closure flaps 40, 42, 44, and 46, which are
      hingedly attached to the upper edges of side wall panels 10, 12, 14, and
      16, respectively, along common hinge lines 37.
PAR  It will be noted that each of the top closure flaps includes a pair of
      major and minor sections, the major sections of flaps 30, 32, 34, and 36
      being designated by the numerals 40, 42, 44, and 46, respectively, and the
      minor sections of flaps 30, 32, 34, and 36 being designated by the
      numerals 50, 52, 54, and 56, respectively. The minor sections of each flap
      are hinged to their related major sections along parallel fold lines 59,
      all of which extend at an angle of less that 90.degree. with respect to
      score lines 19 and hinge lines 37.
PAR  Each of the top closure flaps has one section with presents a free outer
      edge extending generally parallel to the related hinge line 37. In the
      case of closure flaps 40 and 44, the free edge referred to is on the minor
      section; whereas, in the case of closure flaps 42 and 46, the free edge
      referred to is on the major section. Also, each of the top closure flaps
      has one section which presents an extension which projects outwardly
      beyond the free edge on the other of its sections. Top closure flaps 30
      and 34 have projections 60 and 64 projecting from their major flaps 40 and
      44, respectively; whereas, top closure flaps 32 and 36 have projections 62
      and 66 projecting from their minor sections 52 and 56, respectively.
PAR  In forming the carton, it will be noted that minor sections 50 and 54 of
      flaps 30 and 34 are folded over 180.degree. and secured to their related
      major sections 40 and 44, respectively, as shown in FIG. 3 of the
      drawings. All of the top closure flaps are then folded inwardly
      180.degree. against the inner faces of their related side wall panels, as
      shown in FIG. 4. Adhesive is then applied to projections 60, 62, 64, and
      66 and glue panel 18, so that when the blank, as shown in FIG. 4, is
      folded over upon itself, a glued, collapsed carton is formed of the type
      illustrated in FIG. 5.
PAR  When the carton is ready for use by the customer, it is erected by the
      application of pressure against diagonally opposed corners, as shown in
      FIG. 6, which causes the upper closure flaps to be folded sequentially
      into overlapped relationship to form a flat or level upper wall of the
      carton, as seen in FIG. 1. The carton may then be loaded from the bottom,
      and the bottom closure flaps closed in the conventional manner to form the
      bottom closure illustrated in FIG. 1.
PAR  It will be understood that by providing the minor closure flaps 50 and 54
      to be folded over onto their related major sections, all of the raw edges
      of the top closure flaps are concealed, so that the top of the carton has
      the appearance of a carton that has been overwrapped with a decorative
      wrap.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an automatic end closure arrangement for a collapsible, decorative
      carton formed from a unitary blank of foldable paperboard, the combination
      of:
PA1  a. opposed first and second pairs of side walls hingedly interconnected on
      parallel score lines to form a tubular structure open at one end;
PA1  b. opposed first and second pairs of closure flaps hingedly attached to
      related end edges of said first and second pairs of side walls,
      respectively;
PA1  c. each of said closure flaps including a major section, hingedly attached
      at one edge thereof to a related side wall on a hinge line extending in a
      direction normal to said score lines, and a minor section, hingedly
      attached to another edge of said major section along a fold line extending
      at an angle of less than 90.degree. with respect to said score and hinge
      lines;
PA1  d. each of said closure flaps having one of said sections presenting a free
      outer edge extending generally parallel to said hinge line and having the
      other of said sections presenting an extension projecting beyond said free
      edge of said one section;
PA1  e. said first pair of closure flaps having said extensions on their
      respective major sections, and said second pair of closure flaps having
      said extensions on their respective minor sections;
PA1  f. said minor sections of said first pair of closure flaps being folded
      180.degree. on said fold lines and being secured in face-to-face relation
      with their respective major sections to prevent the exposure of raw edges
      of said closure flaps from the outside of said carton;
PA1  g. said extensions on each of said first pair of closure flaps being
      secured in face-to-face relation with respective extensions on said second
      pair of closure flaps, so that when the carton is moved from a collapsed
      condition to an erected condition, all of said closure flaps will
      automatically be folded sequentially into overlapped relationship to close
      said one end of said tubular structure.
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ABST
PAL  A carton is provided having a hinged reclosable hooded cover, and recess
      means provided in the upper corners connecting the front wall panel to the
      side wall panels to provide relief for the upper body portion of the
      carton when the cover is closed, thereby preventing bowing or other
      distortion thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  (1) Field of Invention
PAR  The present invention relates to cartons and is more particularly concerned
      with a sealed carton having a hinged hooded cover which may be opened and
      subsequently reclosed.
PAR  (2) Prior Art
PAR  Cartons formed of paper board and comprising a body portion and a hooded
      cover adapted to be opened and reclosed are well-known in the art.
      Additionally, cartons have been disclosed which have means for locking the
      cover or hood in place once the seal has been broken and the cover opened.
      Additionally, cartons of the type described have been disclosed having
      outward displacement of the sources of the hood of the cover in order to
      clear the inner layer of the hood. However, such cartons of the prior art
      have still been troubled with distortion of the upper part of the body
      portion of the carton when the hood of the cover is closed over the upper
      edges of the side walls and front wall.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a carton
      having a hinged hooded cover which may be readily opened and reclosed.
PAR  It is an additional object to provide an improved carton which can be
      readily fabricated and assembled on standard high speed packaging
      equipment.
PAR  It is another object to provide a carton having a structure permitting the
      hooded cover to be closed over the body of the carton without causing
      distortion of the carton.
PAR  Still further objects and advantages of the invention will appear from the
      following description and drawings.
PAR  According to the invention a hooded carton is provided comprising a body
      portion formed of a bottom, rear wall, side walls, and front walls, and a
      hinged hooded reclosable cover. Additionally, recesses or notches and
      provided at the upper corners between the front wall panel and side wall
      panels at a depth substantially equal to that of the hood of the carton
      but preferably a small amount shorter, so that when the cover is closed,
      the recesses are covered or obscured. The recesses provide sufficient
      relief when the cover is closed to permit the side wall panels and front
      wall panel to be displaced slightly inward within the cover without
      causing substantial distortion or bowing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the annexed drawings:
PAR  FIG. 1 is a plan view of a blank for forming the carton of the present
      invention.
PAR  FIG. 2 is a fragmentary plan view of the blank as shown in FIG. 1, but
      after the hood has been folded over.
PAR  FIG. 3 is a fragmentary end view of the blank taken at the line 3--3 of
      FIG. 2, looking in the direction of the arrows.
PAR  FIG. 4 is a fragmentary cross-sectional view taken at the line 4--4 of FIG.
      2, looking in the direction of the arrows.
PAR  FIG. 5 is a fragmentary perspective view of the carton with the cover
      closed, and
PAR  FIG. 6 is a fragmentary perspective view of the carton with the cover open.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an integral blank 10 as shown suitable cut and scored
      to form a carton according to the invention. The blank includes a front
      wall panel 11 connected by a hinge score line 12 to a side wall panel 13
      and by another hinge score line 14 to another side wall panel 15, which in
      turn is connected by a hinge score line 16 to a rear wall panel 17. A
      hinge score line 18 connects the rear wall panel 17 to a glue flap 19.
PAR  The carton bottom is formed of a plurality of end flaps. The side wall
      panel 13 is connected by a hinge score line 20 to a side wall end flap 21,
      the front wall panel 11 is connected by a hinge score line 22 to a front
      wall end flap 23, the side wall panel 15 is connected by means of a hinge
      score line 24 to a side wall end flap 25, and the rear wall panel 17 is
      connected by a hinge score line 26 to a rear wall end flap 27.
PAR  The cover is formed by a cover panel 28 hingedly connected to the rear wall
      panel 17, and by hinged together sections including an end wall cover
      section 31, a front wall cover section 32, and an end wall cover section
      33. The end wall cover section 31 is connected to the side wall panel 15
      by means of a perforated fracture line 34, the front wall cover section 32
      is connected to the front wall panel 11 by means of a perforated fracture
      line 35, and the end wall cover section 33 is connected to the side wall
      panel 13 by a perforated fracture line 36. The end wall cover section 31,
      front wall cover section 32 and end wall cover section 33 include inner
      hood panels 37, 38, and 39, respectively, outer hood panels 40, 41, and
      42. Hingedly connected to the outer hood panels 40, 41, and 42 are cover
      panel engaging flaps 44, 45, and 46. Glue areas 47, 48, 49, 50, 51, 52 and
      53 are provided for assembling the carton. Cut-outs 56 and 57 are provided
      for relieving strains on the carton, and also for defining lock tabs 58
      and 59 adapted to engage V-shaped slits 60 and 61 adapted to engage the
      tabs 58 and 59 when the carton is assembled and the cover reclosed.
PAR  According to the invention, recesses or slots 62 and 63 are provided at the
      upper corners of the hinged score lines 12 and 14 at the corners of the
      front wall panel 11 and the side wall panels 13 and 15. The recesses 62
      and 63 permit the corners or hinge lines 64 and 65 of the outer hood
      panels 40, 41 and 42 to recess therein, and additionally serve to relieve
      stresses created by the placing of the double layer cover over the edges
      of the carton panels. They also permit the upper edge of the front wall
      panel 11 and side wall panels 13 and 15 to move inwardly when the cover is
      placed thereover. The length of the recesses 62 and 63 should be a major
      proportion of the width of the cover walls, that is, the width of the
      walls formed by the folding over of the outer hood panels 40, 41 and 42
      over the inner hood panels 37, 38 and 39. Preferably the recesses should
      be almost equal to the width of the outer hood or cover panels in order to
      provide as much relief as possible, but for the sake of appearance, should
      be just slightly shorter, so that when the carton is assembled, the outer
      hood or cover panels 40, 41 and 42 hide or obscure the recesses.
PAR  In assembling the carton of the invention from the blank shown in FIG. 1,
      the end wall cover sections 31, 32 and 33 are folded over and then the
      outer hood panels 40, 41 and 42 folded over and glued to the inner hood
      panels 37, 38 and 39, as shown in FIG. 2. The glue panel 19 is then glued
      to the side wall panel 13, in which condition the carton is folded flat
      and may be stacked and shipped. To erect the carton, the panels are
      squared up and the side wall end flaps 21 and 25 folded up and the end
      flaps 23 and 27 folded in place and glued. The carton is then filled and
      the cover panel engaging flaps 44, 45 and 46 are folded over and the cover
      panel 28 is folded over and glued to the cover panel engaging flaps 44, 45
      and 46. FIG. 5 illustrates the carton in completely assembled form. In the
      assembled form the recesses 62 and 63 receive the corners of the cover and
      permit the upper edges of the carton body to be moved inwardly by the
      cover, thereby preventing bowing or other distortion of the closed carton.
PAR  FIG. 3 illustrates the end portion of the folded blank.
PAR  FIG. 4 illustrates the relationship of the corners of the front wall panel
      11 and the recesses 62 and 63.
PAR  In opening the carton, the hood is grasped at the front wall panel 11 and
      lifted up, tearing the perforated fracture lines 34, 35 and 36, the open
      structure being shown in FIG. 6. The carton is reclosed by flipping the
      cover 28 back so that the hood covers the edge of the side wall panels and
      front wall panel. When the hood is in closed position, the tabs 58 and 59
      engage the V-slots 60 and 61 and prevent the carton from opening
      spontaneously. The cover may be reopened by grasping and forcing the tabs
      out of the V-slots.
PAR  The carton of the present invention has several advantages over prior art
      cartons. First, by providing the slots or recesses in the upper corners of
      the body of the carton space is provided for nesting the corners of the
      hood or cover side walls therein without forcing the corner of the front
      panel outwardly. Additionally, the corner recesses provide freedom or
      relief so that if there should be any forces tending to bow the upper
      portion of the front wall panel or side wall panels, the relief so
      provided permits the upper margins of the panels to more inwardly, thereby
      permitting the hood to slide thereover easily and without setting up
      stress in any direction. The structure obviates the need for displacing
      the score lines of the hood outwardly to clear the carton body, an
      expedient that increases the complexity of the cutting and scoring of the
      carton blank.
PAR  It is to be understood that the invention is not to be limited to the exact
      details of operation or structure shown and described in the specification
      and drawings, since obvious modifications and equivalents will be readily
      apparent to one skilled in the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A carton comprising:
PA1  1. a body portion having a front wall panel, a rear wall panel, side wall
      panels, and a bottom panel,
PA1  2. a reclosable cover comprising
PA2  a. a cover top panel hingedly connected to the rear edge of said rear wall
      panel,
PA2  b. a cover front wall panel connected to said cover top panel, and
PA2  c. a pair of cover side wall panels connected to said cover front wall
      panel and said cover top panel, and
PA1  3. a recess provided at the upper portion of each corner between said front
      wall panel and said side wall panels of the body of said carton, each said
      recess having spaced apart sides and extending from an upper marginal edge
      of said panels thereinto a given length, the length of said recesses being
      a substantial proportion of the width of said cover front wall and said
      cover side walls, thereby relieving stress caused by the overlapping of
      said cover over the top of the body portion of said carton when said cover
      is closed.
NUM  2.
PAR  2. A carton according to claim 1, wherein the length of said recesses is
      substantially the same as the width of said cover front wall panel and
      said cover side wall panels.
NUM  3.
PAR  3. A carton according to claim 1, wherein the length of said recesses is
      smaller than the width of said cover front wall and said cover side walls,
      whereby said cover front wall panel and cover side wall panels obscure
      said recesses when said cover is closed.
NUM  4.
PAR  4. A carton according to claim 1, wherein said cover and the upper portion
      of said body portion are provided with cooperating locking means.
NUM  5.
PAR  5. A carton according to claim 1, wherein said cover is comprised of inner
      cover front wall and side wall panel members connected to said carton
      front wall panel and side wall panel members hingedly connected to said
      inner cover wall members and adhesively affixed thereto, and glue flaps
      hingedly connected to said outer cover front and side wall panel members
      and adhesively affixed to said cover top panel.
NUM  6.
PAR  6. A carton according to claim 5, wherein said fracture lines are
      substantially coplanar.
NUM  7.
PAR  7. A carton according to claim 5, wherein the length of said recesses is
      substantially the same as the width of said cover front wall and cover
      side wall panel members.
NUM  8.
PAR  8. A carton according to claim 5, wherein the length of said recesses is
      smaller than the width of said cover front and side wall panel members,
      whereby said cover front wall and side wall panel members obscure said
      recesses when said cover is closed.
NUM  9.
PAR  9. A carton according to claim 5, wherein said cover and the upper portion
      of said body portion are provided with cooperating locking means.
NUM  10.
PAR  10. A blank suitably cut and scored for forming a carton comprising:
PA1  1. a front wall panel, a rear wall panel, side wall panels, and bottom end
      flaps adapted to form a body portion,
PAR  2. means adapted to form a reclosable cover comprising:
PA2  a. a cover top panel hingedly connected to the rear edge of said rear wall
      panel,
PA2  b. a cover front wall panel connected to said cover top panel, and
PA2  c. a pair of cover side wall panels connected to said cover front wall
      panel and said cover top panel, and
PA1  3. a recess provided at the upper portion of each corner between said front
      wall panel and said side wall panels of the body of said carton, each said
      recess having spaced apart sides and extending from an upper marginal edge
      of said panels thereinto a given length, the length of said recesses being
      a substantial proportion of the width of said cover front wall panel and
      said cover side walls, thereby relieving stress caused by the overlapping
      of said cover over the top of the body portion of said carton when said
      carton is erected and said cover is closed.
NUM  11.
PAR  11. A blank according to claim 10, wherein the length of said recesses is
      substantially the same as the width of said cover front wall panel and
      said cover side wall panels.
NUM  12.
PAR  12. A blank according to claim 10, wherein the length of said recesses is
      smaller than the width of said cover front wall and said cover side walls,
      whereby said cover front wall panel and cover side wall panels obscure
      said recesses when said cover is closed.
NUM  13.
PAR  13. A blank according to claim 10, wherein said cover and the upper portion
      of said body portion are provided with cooperating locking means.
NUM  14.
PAR  14. A blank according to claim 10, wherein said cover is comprised of an
      inner cover front wall member hingedly connected to said front wall panel,
      an outer cover front wall member hingedly connected to said inner cover
      front wall member, and a cover top panel glue flap hingedly connected to
      said outer cover front wall member and adapted to be adhesively affixed to
      said cover top panel, and wherein inner cover side wall members are
      hingedly connected to said side wall panels, outer cover side wall members
      are hingedly connected to said inner cover side wall members, and glue
      flaps are hingedly connected to said outer cover side wall members and
      adapted to be adhesively affixed to said cover top panel.
NUM  15.
PAR  15. A blank according to claim 14, wherein the length of said recesses is
      substantially the same as the width of said cover side panel members and
      cover front panel members.
NUM  16.
PAR  16. A blank according to claim 10, wherein the length of said recesses is
      substantially the same as the width of said cover front wall and cover
      side wall panel members.
NUM  17.
PAR  17. A blank according to claim 10, wherein the length of said recesses is
      smaller than the width of said cover front and side wall panel members,
      whereby said cover front wall and said wall panel members obscure said
      recesses when said cover is closed.
NUM  18.
PAR  18. A blank according to claim 10, wherein said cover and the upper portion
      of said body portion are provided with cooperating locking means.
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ABST
PAL  A thermoplastic bag comprising a front wall and a rear wall. The upper edge
      of said rear wall is turned inwardly and the resultant downwardly facing
      pouch is sealed along its edges to the upper edges of the rear bag walls.
      The upper portion of the front bag wall has an adhesive stripe extending
      across the width thereof. The adhesive stripe is protected from direct
      contact with the pouch on the opposite wall, until it is desired to close
      and seal the bag, by means of a strip of release paper covering the
      adhesive or, alternatively, by folding a portion of the front bag wall
      back upon itself to cover the adhesive stripe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to thermoplastic bags and in particular
      specially-designed bags having an adhesive closure arrangement. The
      adhesive is protectively covered until it is desired to close and seal the
      bag.
PAR  The bag comprises a specially-designed pouch formed interiorly of the bag
      adjacent the open mouth thereof. The cuff is designed to contain one end
      of an article which is packaged in the bag. The pouch forms a primary,
      built-in mechanical closure for containing the bag contents. Additionally,
      a secondary adhesive stripe closure located intermediate the outer pouch
      wall and the adjacent bag wall provides a tight, integral closure
      protecting the contents of the bag against intrusion of dust and foreign
      materials and additionally preserving the freshness of the bag contents.
      An added advantage of such a bag closure is that since the primary
      strength of the closure is derived from the interiorly bag pouch, the need
      for strength in the adhesive seal is not as critical as when only a
      pressure sensitive adhesive is employed to close and contain the bag
      contents. This allows for the adhesive which is employed on the bags to be
      much less aggressive or tacky, thereby facilitating ease of handling and
      closure manipulation of individual bags.
PAR  2. Brief Description of Prior Art
PAR  In the past, numerous closure arrangements have been proposed and employed
      as closure devices for securing plastic bags in a closed condition. Such
      devices include rubber bands or so-called twist-ties, paper or plastic
      coated lengths of wire, which are fastened around the gathered and twisted
      neck of a plastic bag to secure it in closed condition. An obvious
      disadvantage of such closure devices is that they do not form an integral
      part of the bag structure and hence, may not in many instances be readily
      accessible when it is desired to effect closure of the bag. Another
      closure arrangement for plastic bags which has been employed in the past,
      without significant commercial success, is the employment of an exposed
      and unprotected adhesive stripe adjacent the open mouth of such bag
      structures. Such an arrangement presented many drawbacks. When such bags
      were packaged within a dispensing carton either in continuous roll form or
      individually adjacent to one another, the bags had a tendency to stick to
      one another as well as to exterior objects following dispensing of
      individual bags from the container, thus making it difficult to use the
      bags. Also, the adhesives necessarily were relatively non-aggressive in an
      attempt to alleviate such problems thereby making the closures insecure.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to thermoplastic bags having front and rear walls
      which are integrally joined along their bottom edges. The longitudinal
      edges of the bag walls are heat sealed together along the major portion of
      their edges. The upper portion of the bag rear wall is folded downwardly
      and sealed along its opposite edges to the upper edges of the bag rear
      wall thereby forming a downwardly facing pouch. The upper portion of the
      front bag wall forms a locking flap which has a pressure sensitive stripe
      extending across the width of the flap. The pressure sensitive stripe is
      adapted to be adhesively secured to the downwardly facing pouch. The
      adhesive stripe is protected from direct contact with the adjacent pouch
      on the rear wall until it is desired to close and seal the bag. The
      adhesive stripe protection may take the form of a disposable release paper
      covering the stripe or, alternatively, the flap may be folded back upon
      itself in a manner that covers the adhesive stripe. When a product, such
      as a sandwich, is inserted into the open mouth of the bag and the closure
      flap adhesively secured to the outer surface of the pouch the bag securely
      encases the sandwich and when the bag is inverted, the bag contents enter
      the pouch and remain securely encased.
DRWD
PAC    BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective, fragmentary view of an embodiment of the bag
      structure of the present invention in an open position.
PAR  FIG. 2 is a persepective view of the bag shown in FIG. 1 during the initial
      closing manipulation.
PAR  FIG. 3 is a fragmentary, perspective view of the bag shown in FIG. 2 as the
      closing manipulation continues.
PAR  FIG. 4 is a fragmentary perspective view of the bag structures shown in
      FIGS. 1 through 3 in a closed and sealed condition.
PAR  FIG. 5 is a perspective view of the bag structure of the present invention
      in the closed and sealed condition and containing a product, e.g. a
      sandwich.
DETD
PAC    DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  As shown in FIGS. 1 and 2 the bag structures of the present invention
      comprise a front wall 12 and a rear wall 11, the walls being joined
      together by fold line 16 at the bag bottom and heat seals 17 secure the
      major portion of the longitudinal edges of the bag. The upper portion of
      rear wall 11 is folded downwardly to form a downwardly facing pouch the
      edges of which are secured, as by heat sealing to the upper longitudinal
      edges of rear wall 11. Also as shown in FIGS. 1 and 2 the upper portion of
      front wall 12 forms a closure flap 13. Flap 13 has a stripe of pressure
      sensitive adhesive 14 extending across its width. Suitable adhesive
      materials which may be employed include acrylic resins, natural and
      synthetic based rubbers, and polyvinyl ether based pressure sensitive
      adhesives. Adhesive stripe 14 is protected from premature adherence to the
      bag structure proper or to extraneous objects by folding a portion of
      closure flap 13 back upon itself in such a manner that a "Z-fold" is
      produced, as shown in FIG. 1, whereby a portion of closure flap 13 now
      protectively covers adhesive stripe 14. As shown in FIGS. 2 and 3, when it
      is desired to close and seal the bag, the upper edge of locking flap 13 is
      pulled upwardly unfolding the "Z-fold" until the adhesive stripe is
      completely exposed, see FIG. 3. The locking flap 13 is then folded
      upwardly until adhesive stripe 14 is brought into pressure engagement with
      cuff 15, as shown in FIG. 4, thereby sealing the mouth 11' of the bag.
      FIG. 5 illustrates a commodity, such as a sandwich which has been
      protectively enclosed by the bag structure of the present invention.
PAR  Although not illustrated in the accompanying drawings, a strip of coated
      release paper may be used to protectively cover adhesive stripe 14 until
      ready for use rather than employing the "Z-fold" configuration as
      illustrated and hereinabove described. Release materials which may be
      commonly employed generally comprise various types of paper impregnated,
      typically, with silicone based compounds. Also various plastics, for
      example, high density polyethylene, have inherent release properties which
      make them suitable for use as a protective cover in this application.
      Surface treatment of the bag film by corona discharge, chemical, or other
      conventional techniques will also make the bag flap 20 more receptive to
      adhesion by the adhesive.
PAR  It will be understood that when an object to be packaged is inserted into
      the open mouth 11' of the bag and the bag is subsequently sealed, the
      packaged article is free to slip into the confines of cuff 15 if the bag
      is turned or inverted as shown in FIG. 5. While cuff 15 provides excellent
      security for the bag contents, adhesive stripe 14 provides an integral
      seal which protects the bag contents against the intrusion of foreign
      materials and additionally maintains the freshness of the bag contents.
PAR  Although the present invention has been described with preferred
      embodiments, it is to be understood that modifications and variations may
      be resorted to without departing from the spirit and scope of this
      invention as those skilled in the art will readily understand.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermoplastic bag comprising a front wall and a rear wall, said walls
      being continuously joined together along their bottom edges, said front
      and rear walls being heat sealed together along the major portion of their
      opposite longitudinal edges, the upper portions of said front and rear bag
      walls initially forming flaps which are not joined together along their
      opposite longitudinal edges, said rear bag wall upper flap being turned
      downwardly into overlying relationship with an interior portion of said
      rear bag wall surface and said rear wall flap being sealed along its
      opposite longitudinal edges to the upper edges of said rear bag wall,
      thereby forming a downwardly facing pouch, said upper flap portion of said
      front bag wall forming a locking flap and being characterized by having a
      pressure-sensitive adhesive stripe extending across the width of the inner
      surface of said flap, said locking flap being folded in a Z-fold
      configuration, a portion of said configuration covering said stripe.
NUM  2.
PAR  2. A thermoplastic bag structure in accordance with claim 1 whereby said
      adhesive stripe is protected, until ready for use, by covering said stripe
      with a length of release paper.
NUM  3.
PAR  3. A thermoplastic bag in accordance with claim 1 wherein said adhesive is
      a member selected from the group consisting of acrylic, natural and
      synthetic rubbers or polyvinyl ether based pressure sensitive adhesives.
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ABST
PAL  A two-way mailer in the form of a three-sheet pack which is mailable by a
      company to a customer for billing purposes, the pack containing a bill for
      goods sold or services rendered. The pack is edge-perforated to define a
      first removable stub constituted by the left edges of the top and back
      sheets which are longer than the middle sheet, and a second stub
      constituted by the left edge of the middle sheet and an inward portion of
      the back sheet. The face of the top sheet is addressed to the customer,
      while the face of the middle sheet is addressed to the company. The rear
      of the top sheet has the bill imprinted thereon, whereas the rear of the
      middle sheet and the face of the back sheet contain data relating to the
      payment of the bill. When the customer receives the pack mailed to him, he
      removes the first stub, making it possible for him to peel off the top
      sheet and examine the bill on the rear thereof. The customer retains the
      top sheet as a record of the bill which he pays by inserting a check into
      the return envelope defined by the middle and back sheets. The back sheet
      has an edge flap for sealing the return envelope which is then mailed to
      the company. When the return envelope is received, the second stub is
      removed to open the envelope, and after the check is withdrawn, the middle
      sheet is separated from the back sheet to provide record data regarding
      the received payment for a branch office and the central office of the
      company.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates generally to two-way mailers adapted to forward a
      bill to a customer and for the customer to return payment to the company
      sending the bill, and more particularly to a two-way mailer in the form of
      a pack having three superposed sheets which not only define the forwarding
      and return envelopes but also the bill and two distinct records of the
      billing transaction.
PAR  In order for a large company such as a telephone company, an electric power
      utility or a large department store having many branches, or for that
      matter any other commercial facility which sells goods or renders services
      to a multiplicity of customers, to bill each customer on a monthly or
      other periodic basis, it is the usual billing practice to enclose each
      bill in a forwarding envelope addressed to the customer. Also inserted in
      this envelope is a return envelope for payment as well as advertising
      folders and other types of material relating to the company's business.
      The customer receiving this pack is expected to send back his payment
      check and the record section of the bill in the return envelope.
PAR  While the preparation of bills for customers and the addressing of the
      forwarding envelopes are generally carried out by high-speed computer
      techniques, it has heretofore been necessary to employ special machines
      for stuffing the forwarding envelope. This is not only a time consuming
      and costly operation, but because of machine or human error it gives rise
      to troublesome mistakes. One may, however, minimize the possibility of
      inserting a bill for one customer in an envelope addressed to another
      customer by printing his address on the bill itself and inserting the bill
      with the address exposed in a window-type envelope. But such envelopes are
      more costly than ordinary envelopes and machine insertion is still
      required.
PAR  In order to avoid the need for separate forwarding and return envelopes, it
      is known to provide convertible envelopes which carry out both functions,
      such as those disclosed in the following U.S. Pat. Nos.: 2,759,658,
      2,887,944, 3,184,150, and 3,111,336. But the making of envelopes of this
      type usually involves folding operations and cannot be carried out on a
      low-cost, continuous form basis. Moreover, it is still necessary with such
      envelopes to separately prepare and insert the bill. Also, the company
      receiving payment in the return envelope must then proceed to prepare
      records of the billing transaction.
PAR  Another characteristic of modern billing procedures which cannot be
      overlooked in this era of ecological sensitivity and conservation, is
      waste. With billing procedures currently practiced, the forwarding and
      return envelopes are discarded after use, since they no longer serve a
      useful purpose. Inasmuch as hundreds of millions of such envelopes are
      used every year by American corporations, the resultant waste has assumed
      astronomical proportions.
PAC  SUMMARY OF INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide a two-way mailer formed by a pack of three unfolded, superposed
      sheets which together define a forwarding envelope and a return envelope,
      which pack may be mass produced at high speed on a continuous form basis
      in conjunction with computer techniques for addressing both envelopes.
PAR  More significantly, it is an object of this invention to provide a pack of
      the above type in which the bill for the customer need not be a separate
      insert but may be printed on the rear face of the top sheet whereby upon
      receipt of the pack by the customer and the removing of a stub, the top
      sheet may be peeled from the pack and the bill examined.
PAR  Also an object of this invention is to provide a pack which requires no
      separate bill insertion and which lends itself to addressing and the
      imprinting of billing and record data by a computer-controlled, direct
      image printing by a jet ink transfer system.
PAR  Still another object of the invention is to provide a two-way mailer which
      minimizes the amount of paper required for producing both a forwarding and
      return envelope as well as a bill and two records of the billing
      transaction, in that the elements of the pack which constitute the
      envelopes, when separated from each other, then constitute the bill and
      the records, thereby avoiding waste.
PAR  Briefly stated, these objects are attained in a pack formed by three
      superposed sheets having the same dimensions save for the middle sheet
      whose left edge falls short of the matching left edges of the top and back
      sheets. The sheets are marginally secured together except at the left edge
      of the middle sheet which is left free, the middle sheet defining a
      forwarding envelope pocket with the top sheet and a return envelope pocket
      with the back sheet.
PAR  The top and back sheets are perforated along corresponding first lines
      which lie intermediate the interconnected left edges of these sheets and
      the free left edge of the middle sheet to define a first stub. The zone of
      the back sheet between the first perforation line and the left edge of the
      middle sheet constitutes a return envelope flap having an adhesive layer
      thereon. The middle and back sheets are perforated along corresponding
      second lines which lie adjacent the left edge of the middle sheet to
      define a second stub.
PAR  When, upon receipt of the pack by the customer, the first stub is removed,
      the top sheet whose face is addressed to the customer may be peeled from
      the pack to expose the address appearing on the face of the middle sheet
      to thereby extinguish the forwarding envelope. The bill to the customer is
      printed on the rear of the top sheet, the check in payment thereof being
      then inserted in the return envelope pocket and the flap folded over and
      sealed onto the second stub. Upon receipt of the return envelope by the
      company, the second stub is removed and the check withdrawn, after which
      the middle sheet is separated from the back sheet. A record of the billing
      transaction appears both on the rear of the middle sheet and on the face
      of the back sheet so that one record may be kept at a branch office and
      another at the central office of the company.
DRWD
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      description to be read in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a plan view of a two-way mailer pack in accordance with the
      invention;
PAR  FIG. 2 is a longitudinal section taken in the plane indicated by line 2--2
      in FIG. 1;
PAR  FIG. 3 is a longitudinal section taken in the transverse plane indicated by
      line 3--3 in FIG. 2;
PAR  FIG. 4 is a perspective view of the pack shown in FIG. 1, with the major
      stub removed and an insert from the forwarding envelope withdrawn;
PAR  FIG. 5 shows the rear of the top sheet of the pack, which rear has the
      customer's bill printed thereon;
PAR  FIG. 6 shows, in perspective, the return envelope section of the pack with
      a payment check about to be inserted therein;
PAR  FIG. 7 shows the sealed return envelope ready for mailing to the company;
PAR  FIG. 8 shows the received return envelope with the minor stub removed and
      the payment check withdrawn;
PAR  FIG. 9 shows the middle sheet being separated from the back sheet;
PAR  FIG. 10 shows the rear of the middle sheet; and
PAR  FIG. 11 shows the face of the back sheet.
DETD
PAC  DESCRIPTION OF INVENTION
PAR  Referring now to FIGS. 1 to 5, there is shown a two-way mailer in
      accordance with the invention, the mailer being in the form of a pack
      constituted by top, middle and back sheets 10, 11 and 12 which have the
      same dimensions except for the middle sheet whose left edge 11E falls
      short of the matching left edges of the top and back sheets 10 and 12. The
      sheets are marginally secured together except at the edge 11E of the
      middle sheet which remains free. For this purpose, the sheets are
      preferably held together by spots of adhesive so that they may later be
      peeled apart without difficulty.
PAR  A pack in accordance with the invention may be used for any type of modern
      billing transaction. For purposes of illustration only, we shall identify
      the company which provides goods or services to be billed as the ABC Co.,
      Inc. of Big Town and one of its customers to be billed as XYZ Services of
      Anytown. As shown in FIG. 1, the face of the top sheet 10 is addressed to
      this customer while the face of the middle sheet 11 is addressed to the
      company. The respective names of the addressors also appear on these
      sheets.
PAR  Printed on the rear of top sheet 10 is the customer's bill. The bill is in
      the usual form and contains the customer's account number, the period
      billed, the previous balance, the amount due and all other data
      appropriate to billing. The pocket defined between top sheet 10 and middle
      sheet 11 constitutes the forwarding envelope of the pack. Since the bill
      is incorporated in the top sheet, this pocket may be left empty or stuffed
      with advertising, promotional or any other material, such as insert card
      13.
PAR  Alternatively, instead of printing the bill on the top sheet, it may be
      printed on a card to be inserted in the forwarding envelope pocket. The
      obvious advantage of printing the bill on the rear of the top sheet is
      that this printing action as well as other required printing steps may be
      carried out under the control of high-speed computers which store and
      update the necessary information, thereby avoiding the need for hand
      insertion of the bills.
PAR  Top and back sheets 10 and 12 are perforated along corresponding first
      lines 10R.sub.1 and 12R.sub.1 which lie intermediate the left edges of
      these sheets and edge 11E of the middle sheet 11 to define a first or
      major stub S.sub.1. The zone of back sheet 12 between the first line of
      perforations 12R.sub.1 and the edge 11E of middle sheet 11, as shown in
      FIG. 4, constitutes a return envelope flap F having a suitable
      water-activated adhesive layer thereon. The middle and back sheets are
      perforated along corresponding second lines 11R.sub.2 and 12R.sub.2 which
      lie adjacent the left edge of the middle sheet to define a second or minor
      stub S.sub.2.
PAR  When, therefore, a pack of the type shown in FIG. 1 is sent to the address
      of the customer which appears on the face of top sheet 10 and is received
      by the customer, the first step taken by the customer is to tear off major
      stub S.sub.1. Instructions to this effect may be printed across stub
      S.sub.1. When this is done, the customer may remove insert card 13, as
      shown in FIG. 4, and then peel off top sheet 10 so that he can examine the
      bill (FIG. 5) appearing on the rear thereof, which bill he retains as a
      record.
PAR  With top sheet 10 removed, the forwarding envelope is extinguished and now
      the customer has before him the return envelope formed by sheets 11 and
      12, with flap F open. The customer, to pay his bill, inserts a check 14 in
      the proper amount in the return envelope and folds over and seals flap F
      onto the second or minor stub S.sub.2, as shown in FIG. 7. The sealed
      return envelope is mailed to the company whose address appears on the face
      of middle sheet 11. Upon receipt thereof, stub S.sub.2 having folded flap
      F attached thereto is stripped off the envelope, as shown in FIG. 8, and
      the payment check 14 withdrawn.
PAR  Then, as shown in FIG. 9, middle sheet 11 is separated from back sheet 12.
      Printed on the rear of middle sheet 11, as shown in FIG. 10, is data
      regarding the account number of the customer and the amount due. Similar
      data is printed on the face of back sheet 12, as shown in FIG. 11. The
      amount received as payment may be entered on these record sheets as well
      as other information relevant to the transaction, one record being held in
      the branch office responsible for the transaction and the other in the
      central office of the company. Except for the narrow stubs, no component
      of the pack is wasted or discarded, in that the sheets which form the
      envelopes also provide the bill and records of payment.
PAR  Since the three sheets which form the pack are unfolded, they may be
      printed at high speed on webs and combined in a continuous form operation,
      rather than assembled in separate sheets which must thereafter be
      collated. The billing and record data appropriate to the customer is
      preferably entered on the sheets by a Mead "Dijit" image system or an
      equivalent system involving direct imaging by jet image ink transfer
      effected by means of an array of hundreds of individually-controlled ink
      jets each capable of generating thousands of uniform, evenly-spaced ink
      droplets per second. At the direction of a computer, the droplets are
      given an electrical charge or left neutral. All droplets then pass through
      a high-voltage deflection field that allows the neutral droplets to pass
      through to the paper advancing below to form a portion of a letter, number
      or other graphic image, the charged droplets being deflected and returned
      to the ink reservoir.
PAR  A computer for controlling the image systems may include a multi-channel
      IBM compatible magnetic tape on which is recorded the desired billing and
      addressing information to be imprinted on the moving webs which are
      combined and severed and ultimately form sheets 10, 11 and 12.
PAR  While there has been shown and described a preferred embodiment of a
      two-way mailer, it will be appreciated that many changes and modifications
      may be made therein without, however, departing from the essential spirit
      thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A two-way mailer for an exchange between a recipient and a forwarder,
      comprising three superposed sheets having the same dimensions save for the
      middle sheet whose left edge falls short of the matching left edges of the
      top and back sheets, said sheets being marginally secured together except
      at the left edge of the middle sheet to define a pack having a forwarding
      envelope pocket between the top and middle sheet and a return envelope
      pocket between the middle and back sheet, the face of the top sheet being
      addressed to the recipient of the mailer, the face of the middle sheet
      being addressed to the forwarder of the mailer, the top and back sheets
      being perforated along corresponding first lines which lie intermediate
      the left edges of these sheets and the left edge of the middle sheet to
      define a first stub, the zone of the back sheet between the first line
      thereon and the edge of the middle sheet constituting a return envelope
      flap and having an adhesive layer thereon, the middle and back sheet being
      perforated along corresponding second lines which lie adjacent the left
      edge of the middle sheet to define a second stub, whereby when the first
      stub is removed by the recipient the top sheet may be peeled from the pack
      to extinguish said forwarding envelope and expose the return envelope to
      permit the flap of the return envelope to be folded over and sealed to
      said second stub for transmission by the recipient to the forwarder, and
      when said second stub with the flap thereon is thereafter removed by the
      forwarder, the contents of said return envelope may be extracted by the
      forwarder and the middle sheet separated from said back sheet.
NUM  2.
PAR  2. A mailer as set forth in claim 1, wherein said mailer serves for billing
      the customers of a company, the face of the top sheet being addressed to a
      customer who is the recipient and the face of the middle sheet being
      addressed to the company which is the forwarder, the bill being inserted
      in said forwarding envelope pocket and being removable therefrom after the
      first stub is removed and the top sheet peeled off to expose the pocket of
      the return envelope, and payment being inserted in the exposed return
      envelope pocket.
NUM  3.
PAR  3. A mailer as set forth in claim 1, wherein said mailer serves for billing
      the customers of a company, the face of the top sheet being addressed to a
      customer and the face of the middle sheet being addressed to the company,
      the bill being printed on the rear of said top sheet.
NUM  4.
PAR  4. A mailer as set forth in claim 3, further including an advertising or
      other insert in said forwarding envelope pocket.
NUM  5.
PAR  5. A mailer as set forth in claim 3, wherein the face of said back sheet
      has data thereon relating to payment of the bill.
NUM  6.
PAR  6. A mailer as set forth in claim 3, wherein the rear of said middle sheet
      has data thereon relating to payment of the bill.
NUM  7.
PAR  7. A mailer as set forth in claim 1, wherein said sheets are marginally
      secured together by spots of adhesive.
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ABST
PAL  A rural delivery type mailbox having an elongated hollow container with a
      single mail receiving compartment therein, the container normally mounted
      adjacent a roadway and having a front end with a door therein for the
      insertion of mail into the compartment, and provided with a door in the
      rear wall of the container to permit removal of the mail from the
      compartment without having to force an individual to step into the
      adjacent roadway and expose himself to oncoming traffic. The rear entrance
      includes a door hinged at the bottom whereas the front entrance has the
      hinge at the top such that access to the mail compartment may be gained
      from both ends of the mailbox.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to mailboxes and more particularly to a
      novel and improved mailbox of the type normally used in rural mail
      delivery and mounted on a post adjacent the roadway where the individual's
      property abuts the roadway.
PAR  2. Description of the Prior Art
PAR  Mailboxes having a mail receiving container therein with a fro;nt entrance
      providing access to the compartment have become conventional for use as
      rural mailboxes wherein such mailboxes are customarily mounted on posts or
      stands at a point adjacent the roadway where the individual's property
      abuts the roadway. To expedite the delivery of mail and to aid the mail
      carrier in making his appointed rounds on schedule, such mailboxes are
      customarily positioned adjacent the pavement at a prescribed height above
      the ground as normally required by the Postmaster General and that will
      enable the carrier to make his pick-up and deliveries without having to
      dismount from his vehicle and without having to drive his vehicle off of
      the roadway. The front end of the mailbox must, therefore, obviously be
      directed toward the roadway to provide access thereto by the carrier, this
      providing the highly dangerous and hazardous situation of requiring the
      individual to stand in the roadway to gain access to the mailbox
      compartment, this placing the individual in a dangerous position exposed
      to oncoming traffic. Alternately, an individual may stand next or behind
      the mailbox and then struggle to remove mail from the compartment, however
      due to the great inconvenience of removing mail on a daily basis in this
      manner, it is only normal that most individuals disregard their personal
      safety in favor of the convenience of standing in the roadway to remove
      the mail from the mailbox.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention recognizes this problem of an individual removing his
      mail from the mailbox and the dangerous situation presently required to do
      so, and provides a novel and improved solution thereto wherein a mailbox
      is provided having a front end intended to face the roadway for the
      deposit of mail thereinto by the carrier, and having a door provided in
      the back end thereof and facing away from the roadway to permit the
      individual to remove mail from the mailbox without having to step into the
      adjacent roadway.
PAR  It is a feature of the present invention to eliminate a previously
      dangerous situation by providing a rear access door to the mailbox
      compartment disposed opposite the roadway so that an individual can remove
      the mail without stepping into the roadway.
PAR  A further feature of the present invention provides an improved mailbox
      intended for rural delivery and having one end for a carrier to deposit
      mail thereinto with the opposite end adapted for an individual to remove
      mail therefrom.
PAR  Still a further feature of the present invention provides a door in the
      rear of a mailbox to gain access to the mailbox compartment and which door
      operates in a manner different from the door at the front of the mailbox
      through which the carrier deposits the mail into the mailbox such that
      depositing of the mail into the mailbox through the front door will not
      effect the opening of the rear door.
PAR  Yet still a further feature of the present invention provides a mailbox
      which is relatively inexpensive to manufacture due to its simplicity of
      construction.
PAR  The provision of a mailbox intended for rural mail deliveries, such as
      briefly outlined above, and possessing the stated advantages, constitutes
      the principal features of the present invention. The provision of a
      mailbox which is rugged and durable and which therefore may be guaranteed
      by the manufacturer to withstand rough usage; one which is aesthetically
      pleasing and refined in appearance; one which includes a bottom surface
      having drainage means associated therewith in order that mail placed
      thereinto will not come in contact with any moisture which might otherwise
      be found at the bottom surface of a mailbox; and one which, otherwise, is
      well adapted to perform the services required of it, are further desirable
      features which have been borne in mind in the production and development
      of the present invention.
PAR  Other features and advantages of this invention will be apparent during the
      course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings forming a part of this specification, and in
      which like reference characters are employed to designate like parts
      throughout the same:
PAR  FIG. 1 is a perspective view of a mailbox constructed in accordance with
      the present invention and having the front entrance door closed with the
      back entrance door open;
PAR  FIG. 2 is a perspective view similar to FIG. 1 but having the front
      entrance door open with the back entrance door closed;
PAR  FIG. 3 is a fragmentary side elevational view of the mailbox, partially
      broken away to illustrate the internal compartment thereof;
PAR  FIG. 4 is a front end elevational view of the mailbox;
PAR  FIG. 5 is a fragmentary cross-sectional view taken along Line 5--5 of FIG.
      4; and
PAR  FIG. 6 is a fragmentary rear end elevational view of the mailbox showing
      the signaling means associated therewith.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail there is illustrated a rural type
      mailbox constructed in accordance with the present invention and
      designated in its entirety by the reference numeral 10. The mailbox
      includes a hollow housing container 11 comprising an elongated flat
      horizontally extending rectangular base 21 having a pair of opposed side
      walls 22 secured to opposite edges of the base and extending upwardly
      therefrom, the side walls diverging outwardly from the base to the
      midpoint thereof and then diverging back inwardly to be joined along their
      top edges to a flat elongated rectangular horizontal top member 23 which,
      it is to be understood, may be formed integrally with and joins the upper
      ends of the side walls to form an enclosed single compartment 25
      interiorly thereof. The housing 11 is provided with a vertically extending
      front end wall 26 and a vertically extending back end wall 27. Further,
      the bottom surface 21 is provided interiorly thereof in compartment 25
      with a longitudinally extending corrugated liner member 31 having a
      plurality of transversely spaced longitudinally extending side-by-side
      disposed ridges 32 and valleys 33 to provide a support for mail inserted
      into compartment 25 in a manner to support such mail off of the valleys of
      the corrugated lining member which might have moisture thereon so that the
      mail is retained in a dry protected position.
PAR  The front end wall 26 is provided with a door 41 pivotally connected along
      its top edge 42 by spring loaded hinge members 43 for swinging movement
      thereabout such that the bottom edge 44 of the door swings in a vertical
      plane upwardly about the hinge members to open the entrance to the
      compartment 25, with the door having a handle 45 mounted thereon acting to
      weight the bottom edge of the door such that after the door has been
      opened and then released it will return to its closed position due to the
      effect of gravity along with the effect of the spring loaded hinge member
      43. To releasably secure the door in the closed position there is provided
      a magnet 47 mounted on the bottom surface 21 adjacent the bottom edge 44
      of the door and adapted to magnetically hold the door in the closed
      position while permitting the same to be opened upon the grasping of the
      handle 45 and the pivoting of the door about the hinge members 43.
PAR  In contrast to conventional single compartment mailboxes which normally
      include a fixed rear wall, the rear end wall 27 of the container 11
      includes a rear door 51 having a bottom edge 52 pivotally connected by a
      hinge 53 extending therealong to the back end wall 27, the door being
      swingable in a vertical plane about the hinge member such that the top
      edge 54 of the door is readily movable between an open position to provide
      access to the compartment 25, and a closed position to close the
      compartment, this providing access to mail and the like disposed in the
      compartment.
PAR  It is to be noted that the front door 41 is hinged at the top edge thereof
      while the rear door 51 is hinged at the bottom end thereof, such that mail
      inserted through the front door by the carrier will not effect the opening
      of the back door.
PAR  The back door 51 is provided with a convenient and efficient flag or signal
      device 61 to indicate to the carrier or to the individual that the mail is
      to be picked up or has been delivered to the mailbox 10. The flag signal
      61 comprises an elongated rectangular bar 62 provided at its anchored end
      63 with an elongated slot 64 by means of which slot the signal pivots on a
      mounting pin 65 projecting outwardly from the door 51, the signal
      pivotable between a downward position as indicated in phantom
      configuration and designated by reference numeral 61' in FIG. 6, and an
      upright position where the flag portion 66 of the signal is visible above
      the top surface 23 of the mailbox 10. To secure the signal in either the
      upright or downward position, the bar 64 is provided along its terminal
      end 67 with a transversely extending ridge like projection 68 which
      projects normal to the axis of the bar outwardly from the surface of the
      bar in juxtaposition with the exterior surface of the door 51, such ridge
      like projection frictionally engaging the door surface to maintain the
      signal in the selected position. Further, adapted to engage the edge of
      the bar 62 when the signal is in the down position there is provided a pin
      68 projecting outwardly from door 51 such as seen in the drawings.
PAR  In operation, the mailbox 10 has the bottom surface 21 mounted on a
      vertical upright, such as a post 71 projecting out of the ground 72, with
      the front door 41 disposed adjacent the roadway and the back door 51
      spaced inwardly of an individual's property away from the roadway, a
      carrier readily opening the front door 41 to insert mail into the
      compartment 25 and operating signal 61 to indicate the presence of such
      mail, an individual then readily removing such mail by opening door 51 and
      then resetting signal 61 to its downward position, the positioning of the
      signal on the door reminding the individual of the need to reset the same
      after withdrawing the mail to prevent false indications of presence of
      mail to the carrier along the route.
PAR  It is to be understood that the form of this invention herewith shown and
      described is to be taken as a preferred example of the same, and that this
      invention is not to be limited to the exact arrangement of parts shown in
      the accompanying drawings or described in this specification as various
      changes in the details of construction as to shape, size, and arrangement
      of parts may be resorted to without departing from the spirit of the
      invention, the scope of the novel concepts thereof, or the scope of the
      sub-joined claims.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A rural type mailbox comprising, in combination:
PA1  an elongated hollow housing having a flat elongated rectangular
      horizontally extending bottom surface, a flat elongated rectangular
      horizontally extending top surface disposed above and spaced from the
      bottom surface, and a pair of spaced apart opposed side wall members
      vertically interconnecting the side edges of the top and bottom members;
PA1  a compartment defined interiorly of said surfaces and extending completely
      therethrough;
PA1  a vertical front end wall closing the front of the compartment;
PA1  a vertical back end wall closing the back of the compartment;
PA1  an opening in the front end wall providing access to the compartment;
PA1  a front door member pivotally attached along its top edge to the front end
      wall of the housing and adapted for swinging pivotal movement thereabout
      between a normally closed position covering the front wall opening and an
      open position permitting access to the compartment in the housing;
PA1  spring means associated with the front door member urging the same into the
      normally closed position;
PA1  a handle projecting outwardly from the bottom exterior portion of the door
      adapted to be grasped by an individual's hand to effect the opening of the
      door;
PA1  a magnet secured to the front edge of the bottom housing surface adjacent
      the bottom edge of the opening in the front end wall and adapted to
      magnetically engage the back surface of the front door when in the closed
      position to releasably secure the front door in the closed position;
PA1  an opening provided in the back end wall to provide access to the
      compartment;
PA1  a back door member pivotally attached along its bottom edge surface to the
      bottom portion of the back end wall and swingably operable between a
      normally closed position covering the back end wall opening and an open
      position providing access to the compartment;
PA1  spring means resiliently retaining the back door member in the normally
      closed position;
PA1  an elongated rectangular corrugated lining member disposed longitudinally
      along the interior bottom surface of the compartment and including a
      plurality of side-by-side transversely spaced apart and longitudinally
      extending ridges and valleys therealong in a manner to support the mail in
      the compartment resting on the ridges to maintain such mail off the
      valleys of the corrugated liner which might have moisture, dirt, and other
      contaminants thereon which would tend to spoil the mail;
PA1  signal means pivotally connected to the exterior surface of the back door
      and movable in a plane parallel to and spaced outwardly from the plane of
      the door, the signalling means being movable between an upright position
      projecting above the top surface of the housing and a downward position
      projecting outwardly of one of the side wall surfaces of the housing;
PA1  the signal means comprising:
PA2  a flat rectangularly shaped bar member having a flag like signal member
      connected at one end thereof with the opposite end projecting outwardly
      from the flag member to be pivotally connected to the exterior surface of
      the back door;
PA2  an elongated slot extending through the terminating end; a pivot pin
      projecting outwardly of the back door and slidably engaged in the slot of
      the bar member to permit reciprocal movement of the bar member therealong;
PA2  a ridge like projection disposed transversely across the terminating end
      and projecting outwardly of the surface of the bar member disposed
      immediately adjacent the exterior surface of the back door, the ridge like
      projection adapted to frictionally engage the back door for retaining the
      signal means in a selected position;
PA2  the bar being pivotable and slidable about the pivot pin between an upright
      position and a down position;
PA2  a holding pin projecting outwardly of the back door adjacent one edge of
      the back door and adapted to support the bar when in the down position to
      retain such selected position;
PA2  the side wall members diverge outwardly at their midpoints such that the
      horizontal area in the compartment defined at the midpoints of the side
      members is greater than the horizontal area in the compartment defined at
      either the top surface or the bottom surface of the compartment;
PA2  such that mail and the like may be inserted by a mail carrier through the
      front door which is normally disposed adjacent a roadway, such mail being
      readily removed by an individual from the back door which is normally
      disposed away from the roadway.
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ABST
PAL  A vacuum bushing for an ultracentrifuge that minimizes excessive oil loss
      due to the high pressure differential across the bushing and allows
      automatic reclaiming and reusing of a major portion of the uncontaminated
      oil flow. The bushing is provided with first and second annular chambers,
      one chamber being connected to an atmospheric oil reservoir and the other
      chamber being connected to a vacuum oil reservoir. The major oil flow is
      from the atmospheric reservoir to the first chamber, along the rotor drive
      shaft to the second chamber, and then to the vacuum reservoir. The vacuum
      reservoir is connected to the atmospheric reservoir by a one-way check
      valve so that the oil is automatically returned to the atmospheric
      reservoir when the centrifuge is deactivated and the vacuum released.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a flow-thru vacuum bushing for
      ultracentrifuges and, more particularly, to a vacuum bushing for an
      ultracentrifuge that minimizes excessive oil loss and allows automatic
      reclaiming and reusing of a major portion of the uncontaminated oil flow.
PAR  2. Description of the Prior Art
PAR  It is known in the art of centrifugation to position a rotor in a chamber
      from which all atmosphere is evacuated. By operating the rotor in a
      vacuum, substantially higher speeds are permissible than when the rotor is
      operated in an atmospheric environment.
PAR  A typical vacuum bushing-type drive system for a vacuum centrifuge includes
      a bushing through which the rotor drive shaft passes from atmospheric
      conditions into the evacuated rotor chamber. The bushing has an annular
      chamber surrounding the drive shaft, adjacent the atmospheric side of the
      bushing. The annular chamber is connected to an oil reservoir at
      atmospheric pressure positioned at a height somewhat above the annular
      chamber. Thus, oil flows by gravity from the oil reservoir to the annular
      chamber.
PAR  Upon reaching the annular chamber, the oil can flow along the drive shaft
      in two directions. One path is downward through the clearance between the
      shaft and the bushing into a drive sump. Since the oil reservoir and drive
      sump are both at atmospheric pressure, the pressure differential in this
      path, between the annular chamber and the drive sump, is equal to the
      difference in height between the oil reservoir and the first annular
      chamber.
PAR  The other path is upward through the clearance between the drive shaft and
      the bushing into the rotor chamber. Because there is a vacuum in the rotor
      chamber, the differential head pressure in this path, between the annular
      chamber and the rotor chamber, is approximately 30 feet. Tests show that
      about 85% to 95% of the oil flows along this path, due to the greater
      pressure difference.
PAR  This type of system is designed on the premise that the clearance between
      the rotating drive shaft and the bushing is such that the vacuum pump
      associated with the rotor chamber can pump more air out of the rotor
      chamber than can pass through the bushing in the oil. As the maximum speed
      of a centrifuge is upgraded, the clearance must be opened so that more oil
      passes through for lubrication. While this does not present a problem with
      maintaining the vacuum, it does increase the oil usage since the oil that
      passes through the bushing into the rotor chamber is contaminated and
      unusable. This is not only an inconvenience to the user but also becomes
      troublesome to the centrifuge itself due to oil contamination of other
      systems in the rotor chamber.
PAR  Many attempts have been made to solve this problem. It has been often
      suggested that a completely closed system be provided to recover the oil.
      However, none of the systems proposed heretofore have been successful for
      one or more reasons. In some cases, there is still a substantial amount of
      lost oil. In other cases, even though the excessive oil loss has been
      minimized, the oil reclaimed has been contaminated and incapable of reuse.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, these problems are solved by
      providing a flow-thru vacuum bushing for an ultracentrifuge. The present
      bushing design minimizes excessive oil loss due to the high pressure
      differential across the bushing. In addition, the present bushing allows
      automatic reclaiming and reusing of a major portion of the oil flow.
      Furthermore, such reclaimed oil is uncontaminated and may be reused with
      no difficulty. According to the present invention, the oil supply from one
      reservoir is collected in a second reservoir and automatically returns to
      the first reservoir from the second reservoir when operation of the
      centrifuge is completed.
PAR  Briefly, the present flow-thru vacuum bushing is provided with first and
      second annular chambers, one chamber being connected to an atmospheric oil
      reservoir and the other chamber being connected to a vacuum oil reservoir.
      The major oil flow is from the atmospheric reservoir to the first chamber,
      along the rotor drive shaft to the second chamber, and then to the vacuum
      reservoir. The vacuum reservoir is connected to the atmospheric reservoir
      by a one-way check valve so that the oil is automatically returned to the
      atmospheric reservoir when the centrifuge is deactivated and the vacuum
      released.
PAC  OBJECTS
PAR  It is therefore an object of the present invention to provide a flow-thru
      vacuum bushing for ultracentrifuges.
PAR  It is a further object of the present invention to provide a flow-thru
      vacuum bushing for ultracentrifuges which minimizes excessive oil loss due
      to the high pressure differential across the bushing.
PAR  It is a still further object of the present invention to provide a
      flow-thru vacuum bushing for ultracentrifuges that allows automatic
      reclaiming and reusing of a major portion of the uncontaminated oil flow.
PAR  It is another object of the present invention to provide a check valve with
      no wearing parts for use with a flow-thru vacuum bushing in an
      ultracentrifuge.
PAR  Still other objects, features, and attendant advantages of the present
      invention will become apparent to those skilled in the art from a reading
      of the following detailed description of the preferred embodiment
      constructed in accordance therewith, taken in conjunction with the
      accompanying drawings wherein like numerals designate like parts of the
      several figures and wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic cross-sectional view of an ultracentrifuge
      incorporating the present flow-thru bushing; and
PAR  FIG. 2 is an enlarged sectional view of a portion of the apparatus of FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and, more particularly, to FIG. 1 thereof,
      there is shown a centrifuge, generally designated 1, including a rotor 10
      connected to a drive shaft 11 which is driven by a motor 12. Rotor 10 is
      positioned within a chamber 13 having a passage 14 connected to a conduit
      15. Conduit 15 is connectable to a source of vacuum (not shown) so that
      the air within chamber 13 may be evacuated.
PAR  The base 16 of chamber 13 is provided with a bushing or bearing member,
      generally designated 25, having an axial bore 26 through which drive shaft
      11 passes. Immediately below bushing 25, base 16 is provided with a sump
      17 where oil 41 escaping from bushing 25 may accumulate.
PAR  The bottom of base 16 of chamber 13 is provided with an axial bore 21
      through which drive shaft 11 passes. The clearance between drive shaft 11
      and bore 21 is large enough that atmospheric conditions exist in sump 17.
      Base 16 has a lip 20 surrounding shaft 11 so that the oil flowing along
      shaft 11 accumulates within sump 17, as shown. Furthermore, base 16 has a
      passage 18 therethrough which connects with a conduit 19, passage 18
      acting as an over flow prevention device to conduct the excess oil
      accumulating within sump 17 to a suitable dump.
PAR  Bushing 25 is a generally cylindrical member positioned within a
      cylindrical bore 27 in base 16 of centrifuge 1. Bushing 25 has three
      annular grooves 28, 29, and 30 spaced axially in the outer surface 31
      thereof. "O" rings 32 positioned within grooves 28-30 seal chamber 13 from
      sump 17.
PAR  Bushing 25 has first and second annular chambers 33 and 34 in the inner
      surface thereof, surrounding drive shaft 11. Annular chamber 33 is
      positioned closest to sump 17 whereas annular chamber 34 is positioned
      closest to rotor chamber 13. Chambers 33 and 34 are connected via inlet
      and outlet passages 35 and 36, respectively, to conduits 37 and 38,
      respectively. Passages 35 and 36 extend through base 16 of chamber 13 and
      also through bushing 25. "O" rings 32 prevent oil leakage in the area
      between bore 27 and surface 31 of bushing 25.
PAR  Conduit 37 is connected to a passage 37' in the bottom 39 of a first oil
      reservoir 40 for storing lubricating oil 41 therein. Reservoir 40 has a
      passage 42 near the top thereof connected to a conduit 43 opened to the
      atmosphere. Oil reservoir 40 may have any suitable type of opening (not
      shown) for filling same with oil 41.
PAR  Conduit 38 is connected to a passage 38' in the bottom 44 of a second oil
      reservoir 45 for storing oil 41 therein. Reservoir 45 has a passage 46
      near the top thereof connected to a conduit 47 which is adapted to be
      connected to the vacuum source (not shown). Reservoir 45 has a second
      passage 48 in bottom 44 thereof which is connected to a conduit 49.
      Conduit 49 is connected to bottom 39 of reservoir 40 via a one-way check
      valve, generally designated 50, to be described more fully hereinafter.
PAR  In operation, centrifuge 1 and, more specifically, bushing 25, is designed
      on the premise that the clearance between shaft 11 and bore 26 in bushing
      25 is such that the vacuum source can pump more air out of chamber 13 than
      can pass through bore 26 in oil 41. In centrifuge 1, oil 41 is fed from
      atmospheric reservoir 40 through a first conduit means including conduit
      37 and inlet passage 35 to annular chamber 33. It should be particularly
      noted that reservoir 40 is positioned at a greater height than annular
      chamber 33 so that the oil flows under the influence of gravity. As a
      practical matter, the surface of oil 41 in reservoir 40 may be
      approximately one foot above chamber 33 so that a one foot head exists in
      chamber 33 in bushing 25.
PAR  Upon reaching shaft 11, oil 41 can flow in two directions. One path is
      downward through the clearance between shaft 11 and bore 26 into sump 17.
      The pressure differential in this path, between annular chamber 33 and
      sump 17, is approximately 1 foot because reservoir 40 and sump 17 are both
      at atmospheric pressure. The oil that passes through bushing 25 in this
      direction is lost and unusable and is conducted via passage 18 and conduit
      19 to a suitable dump.
PAR  The second oil path is upward through the clearance between shaft 11 and
      bore 26 towards rotor chamber 13. Ignoring for the moment annular chamber
      34, the differential head pressure between chamber 33 and chamber 13 is
      approximately 30 feet because there is a vacuum in chamber 13. The oil
      that passes into chamber 13 also becomes contaminated and is lost. This
      oil is conducted via a passage 22 and a conduit 23 to a suitable dump.
      Again ignoring chamber 34, tests show that about 85% to 95% of oil 41
      flows upwardly due to the greater pressure difference.
PAR  Now considering the effect of chamber 34, the oil flowing from annular
      chamber 33 upward along shaft 11 encounters chamber 34. Chamber 34 is not
      connected directly to rotor chamber 13 but is connected via a second
      conduit means including outlet passage 36 and conduit 38 to oil reservoir
      45. Oil reservoir 45 has a vacuum therein and is physically located above
      oil reservoir 40. Typically, oil reservoir 45 is about six inches higher
      than reservoir 40. However, the pressure differential between chambers 33
      and 34 is still approximately thirty feet since reservoir 40 is at
      atmospheric pressure and reservoir 45 is in a vacuum. Thus, upon reaching
      chamber 34, there are still two paths for the oil flow. One path is
      through passage 36 and conduit 38 to reservoir 45 and the second path is
      through the clearance between shaft 11 and bore 26 in bushing 25 to rotor
      chamber 13. The clearance between shaft 11 and bore 26 in the upper part
      of bushing 25 is very small so that the restriction presented to the oil
      flowing from the chamber 34 through the second conduit means including
      passages 36 and 38 is substantially less than the restriction presented to
      the flow of oil by the portion of bushing 25 between chamber 34 and rotor
      chamber 13. Furthermore, since reservoir 45 is also in a vacuum, a major
      portion of oil 41 will flow through passage 36 and conduit 38 into
      reservoir 45, with the flow from chamber 33 to rotor chamber 13 being
      pressurized by only a 1.5 foot head, the height difference between
      reservoir 45 and chamber 33.
PAR  Therefore, the oil that is now lost into vacuum chamber 13 is of about the
      same quantity as is lost into drive sump 17. The remaining oil flows into
      reservoir 45 and only about 5% to 10% of the oil is lost instead of 100%
      as before. Furthermore, because of the substantial area of bushing 25
      between chamber 34 and rotor chamber 13, the oil entering chamber 34 is
      relatively uncontaminated because it is in a closed system. Therefore, if
      the oil in reservoir 45 can be reclaimed in an efficient and economical
      manner, it can be used again.
PAR  Referring now to FIGS. 1 and 2, bottom 39 of reservoir 40 is provided with
      a cylindrical valve housing 52 having an axial bore 53 which connects with
      conduit 49. Valve 50 consists of a flat disc 54 which sits on an "O" ring
      55 within a recess 56 at the upper end of housing 52. Disc 54 is retained
      within the upper end of housing 52 by a conventional snap ring 57. A
      plurality of slots 58 in housing 52, between recess 56 and snap ring 57,
      permit oil flow into reservoir 40 from bore 53.
PAR  In operation, valve 50 permits automatic reclaiming of the uncontaminated
      oil 41 in reservoir 45. Valve 50 prevents oil flow between reservoirs 40
      and 45 as long as reservoir 45 has a vacuum therein and automatically
      permits oil flow from reservoir 45 to reservoir 40 when such vacuum is
      released. More specifically, when centrifuge 1 is started, all of oil 41
      will be in atmospheric reservoir 40. In order to run an ultracentrifuge,
      it is necessary to first pull a vacuum in the rotor chamber. By connecting
      conduit 47 with conduit 15 to the vacuum source, a vacuum can be
      simultaneously pulled in reservoir 45. At this time, valve 50
      automatically closes to prevent oil 41 in reservoir 40 from being drawn
      into reservoir 45. More specifically, if a vacuum is pulled on reservoir
      45, the pressure differential between reservoirs 40 and 45 causes disc 54
      to seal against "O" ring 55 thereby closing conduit 49. While centrifuge 1
      continues to run, oil 41 passes from reservoir 40 to reservoir 45 as
      described previously.
PAR  When centrifuge 1 stops and the vacuum is released, there is then created a
      differential pressure in conduit 49 in the opposite direction because of
      the difference in height between reservoirs 40 and 45. This differential
      pressure causes oil 41 to flow from reservoir 45 back into reservoir 40
      for reuse. Disc 54 is held away from "O" ring 55 by the oil flow and is
      contained within valve housing 52 by snap ring 57. Oil 41 flows between
      disc 54 and "O" ring 55 and through slots 58 in housing 52 into reservoir
      40. When the oil flow stops, disc 54 settles back onto "O" ring 55 due to
      gravity.
PAR  It can therefore be seen that in accordance with the present invention, the
      prior art problems associated with vacuum bushing-type drive systems for
      ultracentrifuges have been solved by providing a novel flow-thru vacuum
      bushing. The present bushing design minimizes excessive oil loss due to
      the high pressure differential thereacross. In addition, bushing 25 in
      combination with valve 50 allows automatic reclaiming and reusing of a
      major portion of the oil flow. Furthermore, such reclaimed oil is
      uncontaminated and may be reused with no difficulty. According to the
      present invention, oil 41 from reservoir 40 is collected in reservoir 45
      and automatically returns to reservoir 40 from reservoir 45 when operation
      of centrifuge 1 is completed and the vacuum released.
PAR  While the invention has been described with respect to a preferred physical
      embodiment constructed in accordance therewith, it will be apparent to
      those skilled in the art that various modifications and improvements may
      be made without departing from the scope and spirit of the invention.
      Accordingly, it is to be understood that the invention is not to be
      limited by the specific illustrative embodiment, but only by the scope of
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a vacuum centrifuge of the type including: a bushing through which a
      rotor drive shaft passes from atmospheric conditions into an evacuated
      rotor chamber, said bushing having a first annular chamber surrounding
      said drive shaft adjacent the atmospheric side of said bushing; a first
      oil reservoir at atmospheric pressure; and first conduit means for
      conducting oil from said first atmospheric oil reservoir to said first
      annular chamber, said first atmospheric oil reservoir being positioned at
      a greater height than said first annular chamber whereby said oil flows by
      gravity to said first annular chamber, said oil flowing from said annular
      chamber along said shaft primarily towards said rotor chamber, the
      improvement wherein said bushing has a second annular chamber surrounding
      said drive shaft and positioned between said first annular chamber and
      said rotor chamber and comprising:
PA1  a second oil reservoir adapted to have air pressure evacuated therefrom;
PA1  second conduit means for connecting said second annular chamber to said
      second oil reservoir; and
PA1  said drive shaft and said bushing being so arranged and constructed as to
      produce a restriction to the flow of oil along said shaft between said
      second annular chamber and said rotor chamber which is substantially
      greater than the restriction to flow of oil in said second conduit whereby
      substantially all of said oil flowing along said shaft is directed from
      said second annular chamber via said second conduit means to said second
      oil reservoir when said second oil reservoir has air pressure evacuated
      therefrom.
NUM  2.
PAR  2. In a vacuum centrifuge according to claim 1, the improvement wherein
      said portion of said bushing between said second annular chamber and said
      rotor chamber has the same clearance as the remainder of said bushing.
NUM  3.
PAR  3. In a vacuum centrifuge according to claim 1, the improvement wherein
      said second oil reservoir is positioned at a height above the height of
      said first reservoir and further comprising:
PA1  third conduit means for conducting the oil from said second reservoir to
      said first reservoir at atmospheric pressure; and
PA1  one-way check valve means associated with said third conduit means for
      preventing oil flow from said vacuum reservoir to said first reservoir as
      long as said second reservoir has a vacuum therein and for automatically
      permitting oil flow from said second reservoir to said first reservoir
      when said vacuum is released.
NUM  4.
PAR  4. In a vacuum centrifuge according to claim 3, the improvement wherein
      said third conduit means is connected between the bottom of said second
      reservoir and the bottom of said atmospheric reservoir.
NUM  5.
PAR  5. In a vacuum centrifuge according to claim 4, the improvement wherein
      said check valve means comprises:
PA1  a valve housing having an axial bore in fluid communication with said third
      conduit means and said first atmospheric reservoir, said housing having an
      enlarged recess at the upper end thereof;
PA1  an "O" ring positioned within said recess in said housing, said "O" ring
      surrounding the upper end of said axial bore;
PA1  a disc having a diameter greater than the diameter of said bore in said
      housing; and
PA1  means for retaining said disc above said "O" ring, perpendicular to the
      axis of said housing, the vacuum in said second reservoir automatically
      closing said disc against said "O" ring, said disc rising away from said
      "O" ring to permit oil flow from said second reservoir to said first
      atmospheric reservoir when said vacuum is released.
NUM  6.
PAR  6. A vacuum centrifuge comprising:
PA1  a source of vacuum;
PA1  a rotor chamber adapted to be connected to said source of vacuum;
PA1  a rotor within said chamber;
PA1  a rotor drive shaft for driving said rotor;
PA1  a bushing positioned within the base of said rotor chamber, said drive
      shaft passing from said rotor chamber through said bushing to a drive
      means situated in atmospheric conditions, said bushing having first and
      second axially spaced annular chambers surrounding said drive shaft, said
      first annular chamber being positioned adjacent the atmospheric side of
      said bushing, said second annular chamber being positioned adjacent the
      vacuum side of said bushing;
PA1  a first oil reservoir at atmospheric pressure being positioned at a height
      above said first annular chamber;
PA1  a second oil reservoir adapted to be connected to said source of vacuum and
      being positioned at a height above said first oil reservoir;
PA1  first conduit means for conducting oil from said first reservoir to said
      first annular chamber, said oil flowing from said first annular chamber
      along said shaft primarily towards said rotor chamber;
PA1  second conduit means for conducting oil from said second annular chamber to
      said second reservoir;
PA1  said rotor drive shaft and said bushing being so constructed and arranged
      as to produce a restriction to the flow of oil along said shaft from said
      second annular chamber to said rotor chamber that is substantially greater
      than the restriction of oil in said second conduit to said second oil
      reservoir when said second oil reservoir has air pressure evacuated
      therefrom whereby substantially all of said oil flowing along said shaft
      is directed from said second annular chamber via said second conduit means
      to said second oil reservoir when said second oil reservoir has air
      pressure evacuated therefrom; and
PA1  third conduit means for conducting oil from said second oil reservoir to
      said first oil reservoir when said second oil reservoir is at atmospheric
      pressure.
NUM  7.
PAR  7. A vacuum centrifuge according to claim 6 comprising:
PA1  one-way check valve means associated with said third conduit means for
      preventing oil flow from said second oil reservoir to said first oil
      reservoir as long as said second oil reservoir has a vacuum therein and
      for automatically permitting oil flow from said second oil reservoir to
      said first oil reservoir when said vacuum is released.
NUM  8.
PAR  8. A vacuum centrifuge according to claim 7 wherein said check valve means
      is operated to a closed position by the vacuum in said second oil
      reservoir and is operated to an open position by the oil flow from said
      second oil reservoir to said first oil reservoir when the vacuum in said
      second oil reservoir is released.
NUM  9.
PAR  9. A vacuum centrifuge according to claim 7, further comprising:
PA1  a valve housing having an axial bore in fluid communication with said third
      conduit means and said first oil reservoir, said housing having an
      enlarged recess at the upper end thereof;
PA1  an "O" ring positioned within said recess in said housing, said "O" ring
      surrounding the upper end of said axial bore;
PA1  a disc having a diameter greater than the diameter of said bore in said
      housing; and
PA1  means for retaining said disc above said "O" ring, perpendicular to the
      axis of said housing, the vacuum in said second oil reservoir
      automatically closing said disc against said "O" ring, said disc rising
      away from said "O" ring to permit oil flow from said second oil reservoir
      to said first oil reservoir when said vacuum is released.
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ABST
PAL  A specimen container of generally tubular construction and formed with a
      base tube defining a specimenreceiving chamber for receipt of a fecal
      specimen or the like and which is flared outwardly at its upper extremity
      for receipt of the open lower end of a tubular top member formed in its
      lower extremity with inwardly flared walls for frictionally engaging the
      outward flare of the base tube. The top member is formed interiorally with
      a conical wall which is open in its upper extremity to define an access
      orifice for analysis of a specimen contained therein. A cap is provided
      for covering the top member whereby a specimen may be placed in the base
      tube and the top member mounted on such base with the cap in position
      overlying the access orifice. The container may then have a fluid added
      thereto and the entire container then spun in a centrifuge with the base
      disposed radially outwardly in such centrifuge to cause the high density
      material in such specimen to seek the bottom of such base and the low
      density material, such as parasite eggs, to be forced upwardly in the
      container to be disposed in such orifice for easy access thereto when the
      cap is removed.
PARN
PAR  This application is a continuation of application Ser. No. 331,330, filed
      Feb. 9, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The specimen container of present invention relates generally to an
      analyzing container and more particularly to a container which may be
      utilized to analyze a fecal specimen.
PAR  2. Description of the Prior Art
PAR  Various proposals have been made for the construction of analyzing
      containers which may be utilized to analyze fecal specimens. However, all
      prior art fecal specimen containers known to applicant are relatively
      inconvenient to use and/or relatively complicated in construction thus
      being rather expensive to manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  The fecal specimen container of the present invention is characterized by a
      tubular base portion formed with a specimen-receiving chamber and
      terminating in its upper extremity in an upwardly opening coupling flare.
      A top member is formed with a downwardly opening inwardly tapered flare
      which is received frictionally in the upwardly opening flare and includes
      an interior conically shaped wall which tapers upwardly and inwardly to
      terminate in an upwardly opening access orifice. A cap is provided for
      covering the top end of such top member. Thus, a fecal specimen may
      conveniently be disposed in the base member, the top member coupled to
      such base member to form a liquid tight seal and the container filled to
      the level of such orifice with a high density saline solution and the cap
      placed in position. The entire container may then be spun in a centrifuge
      and any parasitic eggs in the fecal specimen which are more bouyant than
      the saline solution will be buoyed upwardly in the saline solution to
      float within the orifice for convenient access thereto for medical
      analysis.
PAR  The objects and the advantages of the present invention will become
      apparent from a consideration of the following detailed description when
      taken in conjunction with the accompanying drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a specimen container embodying the present
      invention;
PAR  FIG. 2 is a vertical sectional view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view similar to FIG. 2 but showing the
      base and top member separated; and
PAR  FIG. 4 is a longitudinal sectional view similar to FIG. 2 and showing a
      slide positioned over the access orifice shown in the container in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 2 and 3, the specimen container of the present invention
      includes, generally, a base tube 11 formed with an upwardly opening
      outwardly tapered female coupling flare 13 and a tubular top member 15
      formed with a downwardly and inwardly tapered male coupling flare 17 for
      receipt in such coupling flare 13. The top member 15 is formed
      interiorally with a conical wall 21 which tapers inwardly and upwardly and
      terminates in its upper end at an access orifice 23. A removable cap 25 is
      provided for covering the upper end of such member 15. Thus, the base tube
      11 and top member 15 may be separated and a fecal specimen 27 placed in
      the base member 11 and the top member 15 then joined therewith. The
      container may then be filled with a high density saline solution 29 and
      rotated at a high rate of speed in a centrifuge to cause any low density
      parasitic eggs or the like to be buoyed upwardly in the relatively dense
      saline solution to collect at the orifice 23 for convenient access thereto
      for analysis.
PAR  The container of the present invention is preferably constructed of a
      transparent plastic and the base 11 may be in the form of a thin walled
      tube which is flared outwardly at its upper extremity to form a standard
      female taper 13.
PAR  The top member 15 may also be tubular shaped and is formed with a
      cylindrical peripheral wall 35 which extends downwardly and tapers
      inwardly to form a standard male taper 17 for frictional receipt and
      retention within the female taper 13.
PAR  The top member 15 is formed interiorally with the intermediate wall 21
      which is shaped in the form of an inverted cone and terminates in its
      upper extremity in the access orifice 23. Such access orifice 23 is
      disposed in the same plane as the top edge 40 of the peripheral wall 35
      and is sufficiently small to adequately converge the parasitic eggs
      contained in a normal stool specimen for convenient collection and
      analysis.
PAR  A snap cap 25 is provided for overfitting the peripheral wall 35 and is in
      the form of a downwardly opening cup forming a circular flange 41 which is
      formed in its lower portion with a cut back portion 42 which telescopes
      over the upper extremity of the peripheral wall 35 and cooperates with
      such wall to hold the cap 25 frictionally in place. The cut back portion
      42 forms a downwardly facing annular shoulder 44 which abuts the top edge
      40 of the peripheral wall 35 to limit downward telescoping of such cap 25
      on the wall 35 to maintain the top wall of such cap spaced from the
      orifice 23.
PAR  In operation, the specimen container of the present invention is normally
      provided in a sterile condition and the top member 15 may be separated
      from the base tube 11 by merely pulling such top member and base tube
      apart at the interfitting male and female tapers 17 and 13. With the
      relatively large opening formed by the female flare 13, the stool specimen
      27 may conveniently be placed within the base 11 and the top member 15
      again coupled to such base member by fitting the flare 17 within the flare
      13.
PAR  The snap cap 25 may then be removed from the top member 15 and a small
      diameter tube utilized to introduce a saturated saline solution into the
      orifice 23 to fill the entire chamber formed by the joined base 11 and top
      member 15 thus providing fluid to the level of the access orifice 23. The
      snap cap 25 may then be snapped into position as shown in FIG. 3 to
      prevent spillage while leaving the orifice 23 free for unobstructed
      collection of eggs 31. The entire container may then be mounted in a
      standard centrifuge and the centrifuge actuated to spin the container in a
      circular path at a high rate of speed and in an orientation with the top
      thereof disposed radially inwardly with respect to the bottom thereof to
      thus cause the saline solution to be forced to the bottom of the container
      while the comparatively buoyant parasitic eggs 31 are forced radially
      inward with respect to the path followed in such centrifuge to be
      converged in the orifice 23. In this respect, it will be appreciated that
      while it is desirable to have a relatively wide opening to the base 11 for
      convenient receipt of the stool specimen 27, it is also desirable to have
      a relatively small access orifice 23 for convergence of the parasitic eggs
      31 in a relatively small collection area for collection thereof through
      such access orifice. In the preferred embodiment the opening defined by
      the flare is 1.2 inches in diameter while the orifice 23 is 0.15 inches in
      diameter thus creating a ratio of 1 to 8. In practice the ratio should not
      fall below 5 to 1.
PAR  The container may then be removed from the centrifuge and the cap 25
      snapped off the top member 15, it being realized that the top wall thereof
      has been maintained spaced from the orifice 23 thus permitting collection
      of the eggs 31 without adherence thereof to such cap. A microscope slide
      45 may then be placed over the top end of the top member 15 and the eggs
      31 disposed within the orifice 23 will adhere thereto so such slide may
      subsequently be removed and placed under a microscope or otherwise used in
      the analysis of the parasitic eggs 31.
PAR  The container may then subsequently be disassembled and the saline and
      specimen mixture dumped therefrom and the entire container washed and
      sterilized for subsequent use in analyzing other specimens.
PAR  From the foregoing it will be apparent that the specimen container of the
      present invention provides a convenient and economical means for
      collecting and centrifuging fecal specimens to converge eggs included
      therein at an orifice for convenient collection on a slide for subsequent
      analysis.
PAR  Various modifications and changes may be made with respect to the foregoing
      detailed description without departing from the spirit of the present
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A specimen container for a centrifuge comprising:
PA1  a tubular base formed with a specimen-receiving chamber having a closed end
      and terminating at its opposite extremity with an outwardly flared skirt
      forming a relatively large specimen-receiving opening;
PA1  a tubular top member formed at its lower extremity with an inwardly tapered
      section received in said skirt, said top member being further formed with
      an upwardly tapered, inwardly converging top wall terminating at the end
      of its taper in a relatively small orifice and a peripheral wall
      projecting upwardly therearound; and
PA1  a cap fitted telescopically over the top end of said peripheral wall and
      including a top wall spaced from said orifice whereby said base and top
      may be separated, a specimen adapted to be analyzed insertable through
      said specimen-receiving opening into said chamber, and said container
      adapted to be centrifuged to cause buoyant particles in said specimen to
      float to the top thereof for disposition in said orifice for subsequent
      collection.
NUM  2.
PAR  2. A specimen container as set forth in claim 1 wherein:
PA1  said peripheral wall projects coaxially about said top wall and terminates
      in the plane of said orifice.
NUM  3.
PAR  3. A specimen container as set forth in claim 1 wherein:
PA1  said cap includes an annular wall telescoping over said peripheral wall and
      formed with shoulder means engagable with the end of said peripheral wall
      to limit fitting together of said cap and top member to maintain said top
      wall spaced from said orifice.
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ABST
PAL  An electronic thermostat for controlling the operation of a temperature
      changing device such as a heater or a cooling device to maintain the
      temperature of an object at a desired level. The thermostat comprises a
      device in heat exchanging relationship with the object for generating a
      temperature signal representative of the temperature of the object. A
      reference signal generator is operable to generate a reference signal
      representative of the desired temperature level. A comparator compares the
      reference and temperature signals and produces an operate signal to
      operate the temperature changing device when the reference and temperature
      signals are unequal.
BSUM
PAR  The present invention relates generally to a thermostat for generating
      control signals for an associated temperature changing device and, more
      particularly, pertains to an accurate and reliable electronically operable
      thermostat.
PAR  A thermostat is utilized to maintain the temperature of an object at a
      desired level. For example, the conventional home thermostat is located in
      a room of a house and maintains the temperature of the room at a desired
      level by controlling the operation of a heater to heat the room to the
      desired temperature or by controlling the operation of a cooling device to
      cool the room to the desired temperature, as the case may be.
      Conventionally, a thermostat comprises a bimetallic strip which curls or
      uncurls as the ambient temperature varies. As the strip moves, a mercury
      switch mounted thereon similarly moves and causes contacts to be bridged
      by the mercury if the ambient temperature varies from the desired level by
      a few degrees. This action energizes the heating or cooling device thereby
      changing the ambient temperature until subsequent movement of the strip
      causes the contacts to open. While this type of thermostat has gained
      widespread use in both home and industry, there are severe disadvantages
      associated with such use.
PAR  For example, since the heart of such electromechanical thermostat is the
      mercury switch, it is of utmost importance that the thermostat be mounted
      in a specific orientation otherwise the switch will lie at an angle and
      produce temperature errors. As a matter of fact, most thermostats of the
      type under consideration must be mounted with a plumbline so that they
      retain their accuracy. Obviously, not only is this requirement burdensome
      but it is also time consuming and, consequently costly.
PAR  Another more immediate problem associated with these prior art thermostats
      resides in the fact that the rate of movement per degree of the bimetallic
      strip varies with temperature. Hence, in general, thermostats of this type
      do not maintain the same accuracy over their range of operation.
      Additionally, the constant changing of the reference temperature of the
      thermostat by the operator eventually causes misalignments and therefore
      inaccuracies occur over a period of time. Moreover, since the thermostat
      is electromechanical in nature, it suffers from all the other problems
      associated with such devices. For example, the contacts arc when the
      circuit is broken and normal operation requires periodic recalibration of
      the device.
PAR  Accordingly, an object of the present invention is to provide an improved
      thermostat.
PAR  A more particular object of the present invention is to provide an
      electronically operated thermostat.
PAR  Another object of the invention is the provision of an electronic
      thermostat which is highly reliable and accurate over its entire range of
      operation.
PAR  A further object of the invention resides in the novel details of
      construction which provide an electronic thermostat of the type described
      which can be mounted in any orientation and which maintains its accuracy
      regardless of changes in such orientation.
PAR  Accordingly, a thermostat or temperature control apparatus constructed in
      accordance with the present invention comprises temperature signal
      generating means responsive to the ambient temperature for producing a
      temperature signal representative signal representative of the ambient
      temperature. Reference signal generating means is provided for producing a
      reference signal representative of a desired temperature. Comparing means
      is connected to the temperature and reference signal generating means and
      is operable to generate an operate signal in response to an inequality
      between the temperature and reference signals to cause operation of an
      associated device such as a heater or a cooling device.
PAR  If a conventional bimetallic strip thermostat is defective, it may
      continuously operate the temperature changing device. If no person is
      present, a constantly operating furnace, for example, may cause
      irreparable damage to a home and its furnishings.
PAR  Accordingly, a feature of the electronic thermostat of the present
      invention is the provision of an overload or an alarm sensor for producing
      an alarm signal in response to extreme temperatures.
DRWD
PAR  Other features and advantages of the present invention will become more
      apparent from a consideration of the following detailed description when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic circuit wiring diagram, partially in block form,
      illustrating an electronic thermostat constructed in accordance with the
      present invention;
PAR  FIG. 2 is a schematic circuit wiring diagram, partially in block form, of a
      circuit for use in conjunction with the circuit of FIG. 1 for introducing
      a temperature differential of a predetermined amount prior to operation of
      a controlled device; and
PAR  FIG. 3 is a circuit diagram, in block form, of a modification of the
      circuit of FIG. 1 showing the use of a plurality of reference signal
      generators.
DETD
PAR  An electronic thermostat constructed in accordance with the present
      invention is designated generally by the reference numeral 10 in FIG. 1
      and is adapted to control the operation of an associated temperature
      changing device. Basically, the thermostat 10 is a digitally operated
      device which includes: a temperature signal generator section 12 that
      generates, in binary coded decimal form, a number representative of the
      ambient temperature; a reference signal generator section 14 that
      generates, in binary coded decimal form, a number representative of the
      reference temperature or desired temperature level; and a comparator
      section 16 for comparing the binary coded signals from the temperature
      signal generator section and the reference signal generator section to
      produce an operate signal when the binary coded signals are unequal,
      thereby to operate an associated temperature changing device. The
      temperature changing device thereupon either heats or cools the
      environment, as the case may be, until the ambient temperature is equal to
      the reference or desired temperature level.
PAR  More specifically, the temperature signal generator section 12 includes a
      temperature controlled oscillator 18, the frequency of which varies in
      proporation to variations in temperature of the object to be monitored.
      That is, the oscillator 18 includes a thermister 20 which is placed in
      heat-exchanging relationship with the object whose temperature is to be
      controlled. In the example under consideration, it is assumed that the
      temperature of a room is to be maintained at a desired level and,
      accordingly the thermister 20 is located in the room. (For ease of
      reference, the room temperature will be referred to as the "ambient" or
      "A" temperature.) The output terminals of the oscillator 18 are connected
      by a lead 22 to the input terminals of a "tens" decade counter 24. The
      tens counter 24 is connected by a lead 26 to a "units" decade counter 28.
PAR  The counters 24 and 28 are conventional in construction and are operable to
      count the frequency of the signal produced by oscillator 18 and to
      represent the same as a decimal number in binary coded decimal form by
      appropriate binary signals appearing on output leads 30A-30D of the
      counter 24 and output leads 32A-32D of counter 28, in the conventional
      manner. That is, as is conventional in digital circuits, the signals on
      the leads 32A-32D will be either a logical 1 or a logical 0. The operation
      of the counters 24 and 28 are controlled by a clock designated generally
      by the reference numeral 34, and described in detail below. More
      specifically, the clock 34 produces an enable pulse on a lead 36 (which is
      connected to the counters 24 and 28) and enables the counters to count as
      long as the pulse is present on the lead 36. The clock 34 is also adapted
      to produce a reset pulse on a lead 38 (which is similarly connected to
      counters 24 and 28). The reset pulse resets the counters to zero.
PAR  In the example under consideration, the oscillator 18 is adapted to produce
      a frequency of 5,000 Hz when the temperature of 0.degree.F. Additionally,
      the frequency of the oscillator increases 10 Hz for every 1.degree.F
      increase of temperature. Thus, if the room is at 75.degree.F, the
      oscillator 18 will produce a signal having a frequency of 5,750 Hz.
PAR  As noted below, the clock 34 produces an enable pulse of 0.1 second
      duration. This effectively causes the counters to divide the frequency of
      the oscillator 18 by a factor of 10. Thus, the counters 24 and 28 will not
      count the units column of the oscillator frequency. However, since the
      counters 24 and 28 are decade counters, they will only count the tens and
      hundreds columns of the oscillator frequency. In other words, the counter
      28 will count the tens column of the oscillator frequency and the counter
      24 will count the hundreds column of the oscillator frequency. However,
      since the frequency of the oscillator changes by 10 Hz for every
      1.degree.F change of temperature, it will be obvious that the counter 28
      will effectively count the units column of the room temperature while the
      counter 24 effectively counts the tens column of the room temperature.
      Hence the signals on leads 30A-30D will represent the tens portion of the
      room temperature as binary coded decimal signals and the leads 32A-32D
      will represent the units column of the room temperature as binary coded
      decimal signals.
PAR  The clock 34 may include a square wave generator 40 which is connected to a
      60 Hz source (not shown) by a lead 42. The square wave generator 40 is
      connected to a counter 44 that produces a 0.1 second pulse at its output
      terminals for every six input pulses (i.e., it divides the 60 cycle square
      waves by a factor of six). Connected to the output terminals of the
      counter 44 is a counter 46 which produces 0.1 second width pulses on leads
      36 and 38 and a lead 48 in response to the leading edges of the 0.1 second
      pulses received at its input terminals. That is, the first two pulses
      received at the input terminals of the counter 46 will cause a 0.1 second
      width pulse (the enable pulse) to appear on the lead 36. The next pulse
      appearing at the input terminals of the counter 46 will cause a 0.1 second
      pulse (a latch pulse) to appear on the lead 48. The next signal appearing
      at the input terminals of the counter 46 will cause a 0.1 second pulse
      (the reset pulse) to appear on the lead 38. This operation is repeated
      periodically under the control of the 60 Hz source so that the enable,
      latch and reset pulses are cyclically produced.
PAR  The lead 48 that carries the latch pulse is connected to displays 50 and
      52. The display 52 is also connected to the leads 30A-30D and the display
      50 is connected to the leads 32A-32D. The displays 50 and 52 are
      conventional in construction and are operable to decode the binary coded
      decimals signals on the leads 30A-30D and 32A-32D and display the same as
      respective decimals numbers. Thus, while the counters 24 and 28 encode the
      frequency of the oscillator 18, the displays 50 and 52 may be thought of
      as decoding the information and displaying the same. The display 50 will
      visually indicate the units column of the temperature and the display 52
      will visually indicate the tens column of the temperature. The latch pulse
      on the lead 48 effectively maintains the display constant during a cycle
      of the clock 34. That is, the displays 50 and 52 will be updated each time
      a latch pulse is received on the lead 48. In practice, the displays are in
      juxtaposition so the ambient temperature may be read easily.
PAR  The reference signal generator section 14 comprises manually presettable
      switches which produce a decimal number in binary coded decimal form at
      their output terminals. More specifically, binary switch device 54 may
      include a thumb wheel 56 and a display 58. Movement of the thumb wheel 56
      causes a different decimal number to appear at the display 58. The decimal
      number is encoded by the binary switch device 54 so that the number
      appears in binary coded decimal format on output leads 60A-60D connected
      to the output terminals of the device 54. Similar comments apply to the
      binary switch device 62 which includes a thumb wheel 64 and a display 66.
      That is, the device 62 produces on leads 68A-68D the decimal number in the
      display 66 as binary coded decimal signals.
PAR  The binary switch devices 54 and 62 are selectively operable to be preset
      to the desired level of temperature in the room. (For ease of reference,
      the desired temperature will be referred to as the "reference" or "R"
      temperature. The device 62 controls the tens column of the temperature and
      the device 54 controls the units column of the temperature. In practice
      the switch devices 54 and 62 are in juxtaposition so that the reference
      temperature may be easily read.
PAR  The comparator section 16 comprises magnitude comparators 70 and 72. The
      comparators 70 and 72 are conventional in construction (which may comprise
      magnitude comparator model 7485 manufactured by Texas Instruments Inc.)
      and compare the binary coded decimal signals applied to their respective
      input terminals and produce output signals in accordance with the
      magnitude of the signals applied to their input terminals.
PAR  More specifically, leads 60A-60D are connected to one set of input
      terminals of the comparator 70 and 32A-32A-32D are connected to another
      set of input terminals of the comparator 70. The comparator 70 is provided
      with three output terminals respectively designated 74, 76 and 78. The
      comparator 70 compares the units column of the room (ambient) temperature
      as represented by binary coded decimals signals appearing on the leads
      32A-32D with the units portion of the reference temperature as represented
      by the signals appearing on the leads 60A-60D. If the ambient (A) or room
      temperature is greater than the reference (R) temperature a logical 1
      signal will appear at the output terminal 74 (the A&gt;R terminal). If the
      ambient temperature is equal to the reference temperature, a logical 1
      output signal will appear at the output terminal 76 (the A=R terminal). On
      the other hand, if the ambient temperature is less than the reference
      temperature, a logical 1 signal will appear at the output terminal 78 (the
      A&lt;R terminal). Normally, logical 0 signals appear at the output terminals.
PAR  Similar comments apply to the comparator 72 which compares the tens column
      of the temperature. Thus, leads 30A-30D are connected to one set of input
      terminals of the comparator 72 and leads 68A-68D are connected to the
      other set of input terminals. A logical 1 output signal will appear at the
      terminal 80 of the comparator 72 when the ambient temperature is greater
      than the reference temperature (the A&gt;R terminal). When the ambient
      temperature is equal to the reference temperature, a logical 1 output
      signal will appear at output terminal 82 of the comparator 72 (the A=R
      terminal). On the other hand, if the ambient temperature is less than the
      reference temperature, a logical 1 output signal will appear at the
      terminal 84 of the comparator 72 (the A&lt;R terminal).
PAR  Connected to the output terminals of the comparators 70 and 72 is a gating
      arrangement which ensures proper operation of the temperature changing
      device controlled by the thermostat 10 when the ambient temperature and
      the reference temperature are unequal in the desired direction. That is,
      for proper operation of the controlled device, the controlled device
      should be energized for heating purposes when the ambient temperature is
      less than the reference temperature and the controlled device should be
      energized for cooling purposes when the ambient temperature is greater
      than the reference temperature.
PAR  Thus, the terminals 80 and 84 of the comparator 72 are connected to
      terminals 86A-86B of the double-pole double-throw switch 86. The terminal
      86B is connected to the terminal 86C and the terminal 86A is connected to
      the terminal 86D of the switch. Connected to the terminals 86E and 86F are
      switch armatures 86G and 86H, respectively. The armature 86G is operable
      to connect terminal 86E with the terminals 86A and 86C, depending on the
      position of the switch. On the other hand, the armature 86H is adapted to
      connect the terminal 86F with the terminals 86B or 86D, depending upon the
      position of the switch.
PAR  Connected to the terminal 86E by a lead 88 is the input terminal of an
      inverting amplifier 90. The output terminal of the amplifier 90 is
      connected to one input terminal of NAND gate N1. The other input terminal
      of the NAND gate N1 is connected by a lead 92 to the armature 94A of a
      single-pole double-throw switch 94. The armature 94A is adapted to be
      connected with either the terminal 94B or the terminal 94C. The terminal
      94B of the switch 94 is connected to the output terminal 78 of the
      comparator 70 and the terminal 94C is connected to the output terminal 74
      of the comparator 70. The armatures of the switches 86 and 94 are ganged
      together as indicated by the dashed line 96. Accordingly, the switches 86
      and 94 will move as a unit so that when the switch 86 is operated to
      connect terminals 86E and 86F with terminals 86C and 86D, respectively,
      the armature 94A of the switch 94 will be connected with the terminal 94C.
PAR  The switches 86 and 94 are operable to permit the thermostat of the present
      invention to be used to control either a heating or a cooling device. For
      the position of the switches shown in FIG. 1, the thermostat will operate
      to raise the ambient temperature to a desired level. On the other hand, if
      the switches are moved to the alternate position, the thermostat will be
      operable to lower the temperature to a desired level.
PAR  The output terminal of NAND gate N1 is connected to the input terminal of
      an inverting amplifier 98. The output terminal of the amplifier 98 is
      connected to the input terminal of an AND gate A1. Connected to the input
      terminal of an AND gate A2 by a lead 100 is the terminal 86F of the switch
      86. The output terminals of the AND gates A1 and A2 are connected to the
      input terminals of a NOR gate NR1. The output terminal of gate NR1 is
      connected to the input terminal of an inverting amplifier 102, the output
      terminal of which is connected to a junction 104 by a lead 106. Connected
      to the junction 104 is the input terminal of a time delay device 108 and
      the input terminal of an AND gate A3. Connected to another terminal of the
      gate A3 is the output terminal of the delay device 108. The output
      terminal of the gate A3 is connected by a lead 110 to the controlled
      device so that a signal appearing on the lead 110 will operate the
      controlled device, such as a furnace, to cause the ambient temperature to
      rise in accordance with the example under consideration. The delay of the
      device 108 is selected so that the period of delay will be slightly in
      excess of the interval of the enable pulse produced by the clock 34. This
      ensures that the thermostat counting circuits will have reached an
      equilibrium state before a signal is produced on the lead 110. That is,
      the delay device 108 prevents the production of the operate signal on the
      lead 110 during the counting operation.
PAR  In operation, it will be assumed that the switches 86 and 94 are set for a
      heating condition and are in the position shown in FIG. 1. It will further
      be assumed that the reference signal generator comprising the switch
      devices 62 and 54 will be set for a reference temperature of 72.degree.F.
      Additionally, for purposes of illustration, it will be assumed that the
      ambient or room temperature is 70.degree.F and therefore below the
      reference temperature, thereby requiring operation of the furnace or
      heater.
PAR  Accordingly, the oscillator 18 will produce an output frequency of 5,700
      Hz. Immediately after the enable pulse on the lead 36, the decade counter
      24 will register a count of 7 in binary coded decimal format and the
      decade counter 28 will register a count of 0 in binary coded decimal
      format. The latch pulse appearing on lead 48 will therefore cause the
      decimal 7 to be displayed by the display 52 and the decimal number 0 to be
      displayed by the display 50 thereby visually indicating to the operator
      the ambient temperature.
PAR  Since the binary switch device 62 and the counter 24 will produce signals
      or voltage patterns representing the decimal number 7 in binary coded
      format, an output signal will only appear at the terminal 82 thereby
      indicating that the tens column of the ambient temperature is equal to the
      tens column of the reference temperature. However, the binary signals
      applied to the comparator 70 which represent the reference temperature
      will be greater than the binary signals applied to the comparator 70 from
      the counter 28 which represent the ambient temperature. Accordingly, an
      output signal will appear at the terminal 78 since the units column of the
      ambient or room temperature will be less than the units column of the
      reference temperature (i.e., A&lt;R). Accordingly, a logical 1 signal will be
      applied to the input terminal of the NAND gate N1 via the lead 92. Since a
      logical 0 signal is applied to the input terminal of the inverting
      amplifier 90, the output signal from the inverting amplifier will
      similarly be a logical 1 signal.
PAR  Accordingly, the NAND gate N1 will therefore produce a logical 0 signal
      which will be inverted to become a logical 1 signal via the inverting
      amplifier 98 so that a logical 1 signal is applied to gate A1. Since a
      logical 0 signal appears on the lead 100, a logical 1 signal from the gate
      A1 will be applied to NOR gate NR1 and a logical 0 signal will be applied
      to gate NR1 via the gate A2. Thus, NOR gate NR1 will produce a logical 0
      signal at its output terminals and the inverting amplifier 102 will
      therefore produce a logical 1 signal at its output terminals. Hence, the
      delay device 108 will be triggered and, after the elapsed time interval, a
      logical 1 signal will be produced by the delay device 108 and applied to
      the input terminal of the AND gate A3. Accordingly, since logical 1
      signals are applied to both terminals of the AND gate A3, a signal will be
      produced on the lead 110 to cause operation of the associated controlled
      device.
PAR  The lead 110 may, for example, be connected to a relay having a time delay
      release which is greater than a cycle of operation of the clock 34 so that
      the relay will not release until a signal has been absent from the lead
      110 for a period greater than a cycle of operation. This will prevent
      release of the relay during a counting interval, for example.
PAR  When the ambient temperature reaches the reference temperature, the logical
      1 signal of the output terminal 78 will become a logical 0 signal. Thus,
      the NAND gate N1 will thereby produce a logical 1 signal at its output
      terminal which is inverted to become a logical 0 signal applied to the AND
      gate A1. Thus, both AND gates A1 and A2 apply logical 0 signals to NOR
      gate NR1 thereby causing a logical 1 signal to be applied to the input
      terminal of the amplifier 102. The amplifier will then produce a logical 0
      signal at its output terminals so that no signal will appear on the lead
      110.
PAR  A similar analysis shows that for any ambient temperature greater than the
      reference temperature, no signal will be produced on the lead 110. For
      example, as long as the tens column of the ambient and reference
      temperatures are equal, a logical 0 signal will be appled to the NAND gate
      N1 via the lead 92. As long as the units column of the ambient temperature
      is equal to or greater than the reference temperature units column a
      logical 0 will appear on lead 92 and no signal will appear on the lead
      110. On the other hand, assuming that the tens portion of the ambient
      temperature is greater than the tens portion of the reference temperature
      (thereby indicating that the room temperature is greater than the
      reference temperature) a logical 1 signal will be applied to the input
      terminal of the inverting amplifier 90 via: the output terminal 80 of the
      comparator 72, the switch 86 and the lead 88. Therefore, the amplifier 90
      will apply a logical 0 signal to the input terminal of the NAND gate N1
      connected thereto. Hence, regardless of the signal applied to the other
      input terminal of the NAND gate N1, a logical 1 signal will appear at the
      output terminals thereof. As noted above, as long as a logical 1 signal
      appears at the output terminals of the NAND gate N1 and a logical 0 signal
      appears at the output terminals of the AND gate A2, no signal will be
      produced on the lead 110.
PAR  On the other hand, if the value of the tens column of the ambient
      temperature drops below that of the tens column of the reference
      temperature, a logical 1 signal will appear at the output terminal 84 of
      the comparator 72 (i.e., A&lt;R terminal). This signal will be applied to the
      AND gate A2 which, in turn, will apply a logical 1 signal to the input
      terminal of the NOR gate NR1. The gate NR1 will therefore produce a
      logical 0 signal at its output terminals and, as indicated above, a
      logical 0 signal applied to the input terminals of the amplifier 102 will
      cause a signal to be produced on the lead 110 thereby operating the heater
      or furnace. Moreover, as will be obvious from a consideration of the
      circuits thus far described, a logical 1 signal applied to the AND gate A2
      will always cause a signal to appear on the lead 110 regardless of the
      type of signal applied to the NAND gate N1 via the lead 92.
PAR  In many cases, it is desirable to produce an indication if the temperature
      reaches an extreme level. For example, a temperature in the 90.degree.F
      range may be considered to be an overload condition which may be produced
      by a malfunction in the heater If the home is unoccupied and the condition
      permitted to exist, serious damage may result. In order to eliminate this
      possibility, the thermostat of the present invention further includes an
      overload comparator 112 connected to the tens counters 24 via the leads
      30A-30D. The other input of the comparator 112 may be connected to a
      binary switch device (not shown) which is set to produce the number 9 in
      binary coded decimal form. Thus, the comparator 112 will produce an alarm
      signal on an output lead 114 when the input signals indicate decimal
      number 9. The signal on the lead 114 may then be utilized to disable the
      heater.
PAR  When it is desired to utilize the thermostat 10 for cooling purposes, the
      switches 86 and 94 are operated so that terminal 86E is connected with the
      terminal 86C and the terminal 86B is connected with the terminal 86D.
      Additionally, the armature 94A will engage the contact 94C. An analysis
      similar to that above will illustrate that a signal will only be produced
      on the lead 110 when the ambient temperature is greater than the reference
      temperature. For example, if the reference temperature is set for
      72.degree.F and the ambient temperature is 78.degree.F, logical 1 signal
      will be produced at the output terminal 74 (i.e., A&gt;R). Since the lead 88
      now is connected to the terminal 86B, a logical 0 signal is applied to the
      input terminals of the amplifier 90 thereby resulting in a logical 1
      signal being applied to the input terminal of the NAND gate N1 connected
      thereto. Similarly, a logical 1 signal is applied to gate N1 via lead 92
      which is now connected to the A&gt;R terminal of comparator 70. Thus, the
      NAND gate N1 will produce a 0 output signal which, in effect, causes a
      logical 1 signal to be applied to the input terminal of the gate NR1 via
      the AND gate A1. Since the AND gate A2 produces a logical 0 input signal,
      the NOR gate NR1 will similarly produce a logical 0 signal at its output
      terminals. Hence, the amplifer 102 will produce logical 1 signal and a
      signal will appear on lead 110 thereby operating the cooling unit. If the
      ambient temperature rises into the 80.degree.F range, a logical 1 signal
      will be applied to gate A2 from terminal 80 (i.e., A&gt;R). As noted above, a
      logical 1 signal applied to gate A2 and thereby to gate NR1 will always
      cause a signal to be produced on the lead 110.
PAR  On the other hand, if the temperature drops into the 60.degree.F range, a
      logical 0 signal appears at gate A2. Moreover, a logical 0 signal appears
      at the output terminals of amplifier 90 thereby causing a logical 0 signal
      to appear at gate A1 regardless of the signal produced by comparator 70.
      Hence, as long as the tens column of the ambient temperature is less than
      the tens column of the reference temperature, no signal appears on lead
      110.
PAR  When the thermostat 10 is operated as a cooling device, the overload
      comparator 112 may still be utilized by setting the binary switch device
      so that the number therein represents a minimum cooling temperature such
      as, for example, 5. Thus, if the ambient temperature drops into the
      50.degree.F range, an alarm signal will be applied to the lead 114.
PAR  Accordingly, an electronic thermostat has been disclosed which is simple in
      construction and reliable in operation and which maintains a high accuracy
      over its range of operation.
PAR  In many cases, it may be desirable to permit a specific differential in
      temperature to occur between the ambient or room and the reference
      temperature before an operate signal is produced on the lead 110. To be
      more specific, if the heating or cooling unit is operated for a 1.degree.F
      difference between ambient and reference temperatures, the duty cycle of
      the operated device will be extremely high. For this reason, it is
      desirable to introduce a differential of, for example, 3.degree. before
      the associated device is operated to bring the ambient temperature to the
      desired level. Thus, FIG. 2 illustrates a circuit which may be used in
      conjunction with the circuit of FIG. 1 to produce such differential in a
      specific decade range.
PAR  Thus, the differential circuit is designated generally by the reference
      numeral 116 in FIG. 2 and comprises an adder 118 that is connected to the
      units counter 28 via the leads 32A-32D. A differential incrementor 120 is
      provided which may comprise a set of binary switches similar to the binary
      switch device 54. The differential incrementor is set for the specific
      difference in temperature desired before the output signal appears on the
      lead 110. In the example under consideration, it is assumed that the
      incrementor is set for the decimal number 3 so that the incrementor 120
      will produce the number 3 in binary coded decimal format on the output
      leads 122A-122D. Thus, the output signal appearing on leads 124A-124D will
      be the sum of the numbers from counter 28 and the incrementor 120 in
      binary coded decimal notation. These output leads are connected to one set
      of input terminals of a comparator 126. The other input terminals of the
      comparator 126 are connected to the binary switch device 54 via the leads
      160A-160D.
PAR  The comparator includes an output terminal 128 and, as is conventional,
      means within the comparator produces a logical 1 signal at the terminal
      128 if the encoded number at the output terminals of the adder 118 is
      smaller than the encoded reference number on the leads 60A-60D. In other
      words, a logical 1 signal will be produced at the output terminal 28 of
      the comparator only if the reference termperature is greater than the sum
      of the ambient temperature and the differential increment. (Again, this
      circuitry assumes that the thermostat is set for a heating operation. If
      instead the thermostat is utilized for a cooling operation, a logical 1
      signal produced when the reference temperature is smaller than the sum of
      the ambient temperature plus the differential increment would be used.)
PAR  The terminal 128 is connected to the set input terminal of a JK flip-flop
      or bistable multivibrator FF1 by a lead 130. The reset terminal of
      flip-flop FF1 is connected to terminal 76 (the A=R terminal) of comparator
      70 (the units comparator) of the circuit of FIG. 1. The 1 output terminal
      of FF1 is connected to an input terminal of a NAND gate N2. The other
      input terminal of the gate N2 is connected to the output terminal of the
      amplifier 102 of FIG. 1 by the lead 106. In other words, when utilizing
      the differential circuit 116 of FIG. 2, the lead 106 of the circuit of
      FIG. 1 is disconnected from the junction 104 and is connected to the other
      input terminal of the NAND gate N2. The output terminal of the NAND gate
      N2 is connected to the input terminal of an inverting amplifier 132, the
      output terminals of which are connected to the junction 104 via a lead
      134.
PAR  In operation it will be assumed that reference temperature is set for
      75.degree.F and that the differential incrementor 120 is set for a
      difference of 3.degree.. Accordingly, assuming that the temperature of the
      room or the ambient temperature is 72.degree.F, the decimal number 2 in
      binary coded decimal format will be applied to the adder 118 via leads
      32A-32D and the number 3 in binary coded decimal format (i.e., or a
      pattern of voltages) will be applied to the adder via the leads 122A-122D.
      Accordingly, the decimal number 5 in binary coded format will be applied
      to the comparator 126 via the leads 124A-124D. The same signals will be
      applied to the comparator via the leads 60A-60D and accordingly, a logical
      0 signal will appear at the output terminal 128. Hence, no further action
      will take place and no signal will appear on the lead 110.
PAR  It will be obvious from a consideration of the foregoing, that if the
      ambient temperature is greater than 72.degree.F, no logical 1 signal will
      appear on lead 130 and, therefore, no signal will appear on lead 110.
PAR  However, if the ambient temperature drops to 71.degree.F, the decimal
      number represented by the binary coded notation on the leads 124A-124D
      will indicate a 4. Since the reference numberal 5, a logical 1 signal will
      appear at the output terminal 128 thereby setting the flip-flop FF1.
      Hence, a logical 1 signal will appear at the input terminal to the NAND
      gate N2 connected thereto. Additionally, since the ambient temperature is
      less than the reference temperature a logical 1 signal will also appear on
      the lead 106 from amplifier 102. Thus, the output terminals of the gate N2
      will produce a logical 0 signal which will appear as a logical 1 signal on
      the lead 134 via amplifier 132. Since the lead 134 is connected to the
      junction 104, a signal will now appear on the lead 110 thereby causing the
      heating element to operate.
PAR  Thus, a circuit has been disclosed which is operable to introduce a
      difference of a desired magnitude before operation of the controlled
      device.
PAR  In many cases it is desirable to control the temperature of the object to
      be monitored from a remote point. In those cases the reference signal
      generator may be located at the remote point while the thermister is
      located in heat-exchanging relationship with the object (i.e., the room in
      the present example). However, it may be desirable to control the
      temperature of the room from a plurality of remote points and/or from the
      room proper. For example, during day hours it may be desirable to control
      the temperature of the room from a reference signal generator located in
      the room. However, at night it may be desirable to control the temperature
      of the room from a remote point. Thus, if the controlled room is a
      playroom or a living room, the temperature of the room may be lowered at
      night and raised during the day from a remote point such as the bedroom.
PAR  Accordingly, FIG. 3 illustrates a circuit which permits control of the
      temperature of a room from a plurality of reference signal generators.
      Thus, a switch 136 is provided that is serially connected between
      reference signal generator 14 and the comparators 70 and 72 via the leads
      60A-60D and 68A-68D (shown in FIG. 3 as repective cables). Additionally, a
      reference signal generator 214, identical in construction to the generator
      14, is provided. The generator 214 is similarly adapted to be connected by
      the switch 136 to the comparator 70 and 72 via the respective leads
      60A-60D and 68A-68D. Switch 136 may be of the rotary wafer type of
      conventional construction having a plurality of decks and is operable to
      selectively connect generator 14 or 215 or both to the comparators 70 and
      72 via the leads 60A-60D and 68A-68D depending on the position of the
      switch.
PAR  In operation, during the daytime, the switch 136 may be operated so that
      reference signal generator 14 is connected to comparators 70 and 72 via
      the leads 60A-60D and 68A-68D, respectively, and the generator 214
      disconnected therefrom. The thermostat will therefore operate in the
      manner described in connection with the description of FIG. 1, or if the
      differential circuit is used, in the manner described in connection with
      the description of FIG. 2. If it is desired to override the reference
      signal generator 14 from a remote location by lowering or raising the
      reference temperatures, the switch 136 may be operated to connect the
      reference signal generator 214 to the comparators 70 and 72 and to
      disconnect the generator 14 therefrom. Accordingly, thermostat 10 will now
      operate in the same manner as described hereinabove but based upon the
      setting of the generator 214 as the reference temperature rather than the
      setting of generator 14.
PAR  While preferred embodiments of the invention have been disclosed herein, it
      will become obvious that numerous omissions, changes and additions may be
      made in such embodiments without departing from the spirit and scope of
      the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digitally-operated thermostat for controlling the operation of an
      associated temperature changing device to maintain the temperature of an
      object at a desired level, comprising: digital temperature signal
      generating means in heat exchanging relationship with said object for
      generating a temperature signal comprising a pattern of voltage levels
      representative of the temperature of said object in binary coded decimal
      form, digital reference signal generating means adapted to be operated to
      produce a reference signal comprising a pattern of voltage levels
      representative of said desired level in binary coded decimal form, and
      digital comparing means responsive to pattern differences between said
      patterns of voltage levels representing said object temperature and said
      desired temperature when said pattern difference represents a difference
      in only one direction with respect to said desired level for producing an
      operate signal to cause operation of said temperature changing device,
      said temperature signal generating means comprising a variable frequency
      oscillator, said oscillator having a temperature sensor adapted to be
      placed in heat exchanging relationship with the object for varying the
      frequency of said oscillator as a function of the temperature of said
      object, counting means connected to said oscillator for encoding the
      frequency of said oscillator as binary coded decimal signals to provide
      said temperature signals, and clock means for cyclically resetting and
      enabling said counting means for a preselected interval of time in each
      cycle.
NUM  2.
PAR  2. Temperature control apparatus as in claim 1, in which said digital
      comparing means is operable to produce said operate signal when said
      desired temperature is greater than said ambient temperature, and manually
      operable reversing means for reversing the operation of said comparing
      means whereby said comparing means generates said operate signal when said
      ambient temperature is greater than said desired temperature.
NUM  3.
PAR  3. Temperature control apparatus as in claim 1, and digital differential
      means connected to said comparing means for preventing generation of said
      operate signal until said pattern difference is representative of a
      temperature differential greater than a preselected temperature
      differential.
NUM  4.
PAR  4. A thermostat as in claim 1, in which said reference signal generating
      means comprises selectively variable presettable temperature means for
      producing a plurality of digital reference signals corresponding to
      different temperature values.
NUM  5.
PAR  5. A thermostat as in claim 1, in which said counting means comprise decade
      counters for counting unit and tens increments.
NUM  6.
PAR  6. A thermostat as in claim 1, and display means connected to said counting
      means and responsive to said binary coded decimal signals for numerically
      displaying the ambient temperature.
NUM  7.
PAR  7. A thermostat as in claim 1, in which said comparing means comprises time
      delay means for delaying the production of said operate signal for a
      period of time in excess of said preselected interval of time.
NUM  8.
PAR  8. A thermostat as in claim 1, wherein said comparing means comprises a
      comparator for comparing the binary coded decimal signals produced by said
      temperature signal generating means with the binary coded decimal signals
      produced by said reference signal generating means, at least a pair of
      output terminals connected to said comparator, means in said comparator
      for applying an output signal to one of said output terminals when the
      temperature signal is greater than the reference signal and for applying
      an output signal to the other of output terminals when said reference
      signal is greater than said temperature signal, gate means responsive to
      said comparator output signal for producing said operate signal, and
      switch means for selectively connecting said gate means to a selected one
      of said pair of output terminals.
NUM  9.
PAR  9. A thermostat as in claim 8, in which said gate means comprises a
      detection stage for detecting said output signal and an output stage for
      generating said operate signal when energized, and differential means
      connected between said detection and output stages for energizing said
      output stage when said ambient temperature differs from said reference
      temperature by a preselected difference.
NUM  10.
PAR  10. A thermostat as in claim 1, in which said clock means comprises a pulse
      generator for cyclically generating an enable pulse to enable said
      counters to count, and for generating a reset pulse at the end of each
      cycle for resetting said counters to zero.
NUM  11.
PAR  11. A thermostat as in claim 1, and overload means connected to said
      counting means responsive to a predetermined binary coded decimal number
      for generating an overload signal, whereby an overload condition is
      indicated.
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ABST
PAL  Normally some car heaters may have an air and a water system or only a
      water system, which system or systems are heated by a heater burner. A
      battery is used for the supply of the required electric energy to the
      heater. According to the invention the heat quantity delivered to the
      water is at least partly removed therefrom as steam, which is delivered to
      a steam engine. In this motor, the heat energy of the steam is converted
      into mechanic energy, which is utilized to drive apparatus included in the
      heater, which apparatuses normally consume electric current and/or is
      utilized to charge the battery.
BSUM
PAR  This invention relates to heaters, e.g. car heaters, having a burner in
      which the heat source includes a flame.
PAR  Of such car heaters, there are many makes and types. The fuel for the flame
      is generally delivered from the ordinary fuel tank of the motor-car.
      However, gas in bottles may also be utilized. The most common type of
      heater sucks air from the passenger compartment, heats it, and returns it
      back into the compartment. Often this type of heater is combined with a
      heat exchanger for water, so that also the cooling water of the engine is
      also heated. There are also such car heaters which only heat the water in
      the cooling system of the car engine and the water in the ordinary heating
      system of the car. The water is then circulated by a water pump driven by
      the car heater. Thus, the heating of the passenger compartment is
      accomplished by means of the normal heating system and a fan included in
      this system. In the last mentioned type of car heaters the air does not
      circulate inside the passenger compartment. Instead fresh air is forced
      into this compartment, which displaces a corresponding quantity of air
      that must leave the passenger compartment through the ordinary fresh air
      outlet of the car or through other openings between the passenger
      compartment and the air outside.
PAR  All these heaters have a disadvantage in that they consume current from the
      car battery during the entire time that they are operated. It is true that
      the power required is small, about 25 W, but it is large enough to
      discharge a cold battery, if it is not entirely fresh and newly charged at
      the beginning of the heating period. Therefore, it often happens that the
      battery discharges so far that it is impossible to start the car, after
      that the heater has been in operation an hour or so.
PAR  The present invention has for its purpose an elimination of this
      disadvantage and even an improvement of the car heater so that, instead of
      consuming current from the battery, it charges it.
PAR  According to the invention, the heat delivered to the water is at least
      partly removed therefrom as steam, which is delivered to a steam engine.
      There it is converted into mechanic energy which drives apparatus included
      in the heater, which apparatus normally consumes electric current or the
      steam engine may be utilized to charge the battery.
DRWD
PAR  The invention will become more apparent from a consideration of the
      following description taken in connection with the accompanying drawings,
      wherein:
PAR  FIG. 1 shows schematically a car heater of a previously known type;
PAR  FIG. 2 shows schematically a car heater of another known type;
PAR  FIG. 3 is a longitudinal section of a car heater provided with the
      inventive device;
PAR  FIG. 4 is a longitudinal section of a feed pump included in the inventive
      device;
PAR  FIG. 5 is a cross section of a steam engine included in the inventive
      device;
PAR  FIG. 6 is a longitudinal section of a portion of the same steam engine;
PAR  FIGS. 7 and 8 are two diagrams of the operation of the same steam engine;
PAR  FIG. 9 shows schematically a modification of the device according to FIG.
      3;
PAR  FIG. 10 is a device used in connection with an electric motor included in
      the car heater according to the invention;
PAR  FIG. 11 is a modification of the device according to FIG. 10; and
PAR  FIGS. 12 and 13 show schematically additional modifications of the device
      according to FIG. 3.
DETD
PAR  One of the more common type of known car heaters is shown in FIG. 1. An
      electric motor 1, which takes current from the ordinary car battery (not
      shown), drives a fan 2. This fan sucks air from the automobile engine
      compartment and forces it through a tube 3 and into a burner chamber 4. A
      fuel supply tube 5 is connected from the fuel tank of the car to an
      electric fuel pump 6, driven by the car battery. The fuel is transported
      from the pump 6 through a tube 7 and certain control means, known per se
      and therefore not described here, to a burner 8.
PAR  The combustion gases pass through the burner chamber 4 and leave the
      burner, as indicated by the arrow 9, through an exhaust tube 10, which is
      surrounded by a heat exchanger 11 connected to the cooling system of the
      car engine. The auto cooling water is heated in exchanger 11 and by means
      of a thermosiphon action circulating through the heat exchanger and the
      cooling system of the engine. The water entering into the heat exchanger
      11 is indicated by the arrow 12 and leaving it by the arrow 13. The
      electric motor 1 also drives a fan 14, which sucks air from the passenger
      compartment 15, as is indicated by the arrow 16. The air passes through a
      tube 17, connected to an opening in the wall between the engine
      compartment and the passenger compartment. The air proceeds to the housing
      19 of the fan 14 and is forced through a tube 20 and down into a heat
      exchanger casing 21 surrounding the burner chamber 4. From this heat
      exchanger casing, the heated air passes through the tube 22 and through an
      opening in the wall between the engine and passenger compartments, as
      indicated the arrow 23.
PAR  The device is includes an automatic starting system and a time switch which
      can be set to start the heater at a preselected time point. Thereafter, it
      is burning for a preselected time length, usually two hours.
PAR  There is no reason at all to describe this automatic control system here,
      as this system is not influenced by the additional devices, according to
      the present invention. In this control system are included a number of
      relays, thermostats and an ignition device comprising a glow spiral or an
      electric arc device.
PAR  When the heater is started manually or automatically by the time switch,
      the first step is that the ignition device is switched on and the fan
      motor 1 starts. When the ignition device operates, the fuel pump is
      started and the combustion begins. If the ignition device comprises a glow
      spiral it will take about a minute before it has arrived to at such a
      temperature that the injected fuel will be ignited. The glow spiral
      requires a power of about 250 W, which will be a rather severe shocklike
      load on the battery. Ignition systems of the arc type require considerably
      less current and are in general, after the burner has been started,
      practically immediately prepared to ignite the fuel.
PAR  Another often used heater is shown in FIG. 2. It heats only the water
      circulating in the cooling system of the engine and in the heat exchanger
      included in the ordinary heating system of the car.
PAR  An electric motor 24 is supplied with current from the car battery which is
      used to drive a fan 25. At the arrow 26, the fan sucks air from the engine
      compartment and into a fan housing 27. The fan 25 forces the air further
      through a tube 28 and down into a burner chamber 29. The combustion gases
      leave the burner chamber through the exhaust gas tube 30 at the arrow 31.
PAR  The motor 24 drives a water pump 32, which draws heated water through a
      tube 33 from the space between the burner chamber 29 and a heat exchanger
      casing 34. The water to the heat exchanger is sucked through a tube 35,
      partly via a tube 36, from the cooling system of the car engine, as
      indicated by the arrow 37, and partly via a tube 38 from the heat
      exchanger 39 which is included in the ordinary car heating system. The
      pump 32 forces the water through a tube 40 to a distributor device 41,
      which can be adjusted to control how much of the circulating water shall
      pass via a tube 42 (at the arrow 43) through the cooling system of the car
      engine and how much of the water shall pass via a tube 44 through the heat
      exchanger 39. After being heated, the air shall be forced by the fan 46
      into the passenger compartment 49, as at the arrow 45. The air is sucked
      from the outer air via the air inlets of the ordinary car heating system.
      This fan 46 and its drive motor 47 are included in the ordinary car
      heating system. The air is forced by the fan 46 through the heat exchanger
      39 and into the passenger compartment, as at the arrow 48. The numeral 50
      designates the wall between the engine and passenger compartments.
PAR  The fuel system, consisting of a tube 51 extending between the fuel tank of
      the car and an electric fuel pump 52, and a tube 53 extending between this
      pump and a burner chamber 54, is arranged in the same way as is described
      above in connection with the heater according to FIG. 1. The same applies
      generally also to the automatic starting and control system.
PAR  This type of heater differs from the one described in connection with FIG.
      1. It is somewhat smaller and therefore easier to have room for in the
      engine compartment. It is also easier to install as it does not need the
      large diameter tubes 17 and 22 for the air heated in the heater, according
      to FIG. 1. The water tubings 38 and 44 have smaller diameters and these
      tubings do not cause any troubles when installing the heater. On the other
      hand the heater according to FIG. 2 requires more power than the heater
      according to FIG. 1, as the water pump 32 in FIG. 2 needs more power than
      the air fan 14 in FIG. 1. In addition to this also the motor 47 requires
      power.
PAR  Petrol-operated heaters usually consume about 0.6 liters/hour. Petrol has
      the density 0.72, thus meaning that the consumption is 0.43 kg petrol per
      hour. The heat value of petrol is about 10 000 kcal/kg, this giving a
      combustion energy of 4300 kcal/hour at complete combustion and if the heat
      energy is completely saved.
PAR  At a normal degree of efficiency of the combustion and a normal utilization
      of the heat power generated, it can be estimated that the heater
      effectively gives about 3000 kcal/hour, which corresponds to 3, 5 kW or 4,
      75 HP.
PAR  A normal electric power consumption of a petrol-operated heater is 25 W,
      most of which operates the fan motor. An electric motor of this magnitude
      has a degree of efficiency of maximum 40%, which means that the mechanic
      energy which the two fans can utilize only is 40% of 25 W, i.e. 10 W.
PAR  If a device was possible which could convert heat energy into mechanic
      energy with a degree of efficiency of 100% the two fans should require
      only 10/3500 = 0.00286, which means not quite three pro mille of the
      generated heat energy.
PAR  There are different ways to convert part of the generated heat energy into
      mechanic energy to drive the fans or to drive both the fans and a
      generator for charging the car battery.
PAR  It is also possible to use a thermoelement or a device with similar action
      to directly convert heat energy into electric energy, which then is
      utilized to supply the current to the fan motor or to both the fan motor
      and the battery charging.
PAR  As a basic principle for a device for converting heat energy into mechanic
      energy, it is possible to use a hot-air-engine of any kind, i.e. to
      utilize the condition that air expands when heated. The heater according
      to FIG. 1 and a modification of this does not use any water heating
      device. There are two air flows, which are heated, i.e. firstly the
      circulating passenger compartment air and secondly the combustion air. In
      the heater according to FIG. 2, there is only the combustion air flow. Of
      these two air flows, it is the circulating passenger compartment air which
      is easiest to utilize in this connection. It is, without any comparison,
      the largest air flow. In addition, it is supplied with the maximum part of
      the heat. It is further the question of moderate temperatures, about
      100.degree. C, and it is also clean. These two last conditions are
      essential when constructing a cheap hot-air-engine with good reliability
      and life.
PAR  Theoretically the hot-air-energy may be of the piston-engine type, but it
      is easier to build a turbine machine. When the turbine is arranged in the
      passenger compartment air flow according to the heater in FIG. 1, the
      turbine should be placed in the tube 22 and for instance be mechanically
      connected to the fan motor 1. The cool air is sucked through the tube 17,
      in which it has a certain velocity. When passing the heater, it will be
      heated thereby having its volume increased. Thus, the velocity in the tube
      22, if this has the same diameter as the tube 17, will be higher than that
      existing in the latter tube. This increase of the velocity energy the
      turbine will convert into mechanic energy, which thus is transferred to
      the fan motor shaft. Hence, the turbine takes over the drive of the two
      fans through increasing the rotational speed of the fan motor so much,
      that the counter voltage of the fan motor will be equal to the battery
      voltage. The power requirement of the fan motor therefore will be zero. If
      the rotational speed of the fan motor is increased still more, the counter
      voltage will be higher than the battery voltage, and the battery is
      charged.
PAR  The principle is very much alike the one, according to which modern gas
      turbines and jet engines are working.
PAR  It is also possible to use a generator, which is driven by the turbine and
      thereby charges the battery by at least the current which the fan motor
      consumes. However, there will be a loss of efficiency in the generator,
      which is considerably larger than such a loss in the mechanic connection
      between the turbine and the fan motor, in addition to which there will be
      the complication of a generator.
PAR  It is, of course, possible to utilize the hot-air-engine principle also in
      the heater according to FIG. 2, the turbine thereby preferably being
      placed in the air outlet from the heat exchanger 39. Calculations and
      tests, however, have proved, that a hot-air-engine device should possibly
      fully compensate for the power requirement of the fan motor. However the
      chances of achieving this condition is not large, at least when using
      moderate devices. It is not at all possible to receive a reserve for
      charging a battery. To provide a reasonable degree of efficiency, a very
      fine turbine is required, having probably several steps, a high r.p.m. and
      a very exact form of the air channels in order to avoid flow losses as
      much as possible.
PAR  The present invention is based on quite other ideas. That is, it uses a
      regular, complete steam engine having a steam generator and a steam
      superheater, a steam engine, a feed pump, a liquid level control system
      and finally a device for the condensation of the exhaust steam. The whole
      equipment will be described in the following specification, but first I
      will give a brief statement of the energy balance.
PAR  The steam engine is preferably connected directly to the fan motor shaft.
      It has been mentioned before that an input power of 25 W for the fan motor
      corresponds to only 10 W shaft effect. If the steam engine has a shaft
      effect of 10 W, the power requirement of the fan motor is eliminated.
PAR  Suppose, then, that a charging effect of 25 W is wanted. Suppose further
      that the steam engine, as a generator, has the same degree of efficiency
      as it has as motor, which means 40%. The steam engine must then, for
      charging of 25 W, deliver a shaft effect of 25/0.4 = 62 W, which means
      that the total shaft effect of the steam engine must be 62 + 10 = 72 W,
      say 100 W. This effect is only 100/3000 = = 0.033, that is about 3% of the
      total heat power generated by an ordinary car heater.
PAR  It is quite obvious that it is here possible to use a steam engine
      equipment having a poor degree of efficiency. The engine can be designed
      for moderate steam pressures and a poor degree of expansion. It is also
      possible to allow large dead-volumes and a considerable leakage past the
      sealing elements of the steam engine. It does not matter if the exhaust
      steam contains large quantities of energy in relation to the supplied
      steam. The heat is not lost as it is returned to water, which in any case
      is heated.
PAR  The inventive device can be applied to all sorts of heaters, in which water
      is heated, for instance to heaters according to FIGS. 1 or 2 or
      modifications thereof.
PAR  The invention is first described in connection with a heater according to
      FIG. 1. The inventive device is shown in FIG. 3, which corresponds to FIG.
      1 with the exception that the simple heat exchanger 11 of FIG. 1 has been
      replaced by a flat heat exchanger 55 having a transfer surface which is
      considerably larger than that of the heat exchanger 11 of FIG. 1. FIG. 3
      also shows the automobile battery B which powers the fan motor 1. Further
      there have been added a steam engine 56, a feed pump 57, a relief valve
      58, a drive system between the steam engine 56 and the feed pump 57. The
      system consists of two bevel gears 59, 60 and a shaft 61. There are also
      tubes 62, 63, 64, 65, 66 and 67.
PAR  The steam engine 56 is directly connected to the fan motor 1. If the steam
      engine is "self-starting", that means that it can start from any angular
      position when supplied with overpressure. It is preferably connected to
      the fan motor 1 via a free wheel, so that the fan motor can run without
      the need of rotating the steam engine 56, when this, before the steam
      generation has started, is without pressure.
PAR  The system functions in the following way. The automatic starting process
      corresponds to the one according to FIG. 1. When the combustion has
      started the water in the heat exchanger 55 is heated. Steam is generated
      in the part of the heat exchanger which is above the water level 79 in
      FIG. 3. The part of the heat exchanger 55 above the water level 79 serves
      as steam superheater, which improves the degree of efficiency of the steam
      engine. The steam engine begins to operate, when there is a steam pressure
      generated, to assist the fan motor 1 in driving the two fans 2 and 14.
PAR  When the steam pressure has arrived at its full level, which is controlled
      by the preset position of the relief valve 58, the steam engine is giving
      the two fans 2, 14 and the motor 1 an r.p.m. which is higher than the
      normal r.p.m. of the motor, corresponding to the existing voltage of the
      electric system of the car. The motor 1 consumes no current from the car
      battery, but begins to charge it. The steam thus flows through the tube 62
      to the steam engine 56, and from this through the tube 63 to the cooling
      system of the car engine, in which system the steam delivers its heat, and
      it is condensed. The steam engine 56 drives the feed pump 57 via the two
      bevel gears 59 and 60 and the shaft 61. Pump 57 sucks water from the
      cooling system of the car engine via tube 65 and forces it via the tube 64
      into the heat exchanger 55. The pump 57 is described more in detail in the
      following. It is so designed that it automatically keeps the water at the
      level 79. That means that it cannot feed water above this level.
PAR  The heat exchanger 55 and the available heat energy of the combustion gases
      are so dimensioned, that more heat is supplied to the water than is
      necessary for the steam generation and the steam supply to the steam
      engine. This means that the steam pressure in the heat exchanger, at
      regular intervals, is increased over the value preset on the relief valve
      58. This is then opened to let off hot water into the cooling system of
      the car engine, the water level thereby being lowered below the level 79.
      The feed pump 57, which has a capacity exceeding the quantity which shall
      be transformed into steam and then be supplied to the steam engine, begins
      to pump water into the heat exchanger. This water has a temperature
      corresponding to the temperature of the cooling water of the car engine.
      Thereby the temperature in the heat exchanger 55 is lowered and the
      pressure is lowered below the level preset on the relief valve 58. If the
      cooling effect given by the pumped water is not enough to lower the
      pressure to the required extent, which can happen at the end of a heating
      period when the water pumped by the feed pump 57 has arrived to rather
      high values, the water level is lowered to the level 80, so that steam
      blows off through the tube 66, the relief valve 58 and the tube 67 into
      the cooling system of the car engine, in which the steam is rapidly
      condensed.
PAR  The passenger compartment is heated in exactly the same way as is described
      in connection with FIG. 1. The water in the cooling system of the car
      engine is heated through condensation of exhaust steam from the steam
      engine 56, through hot water every time the pressure is increased above
      the preset value of the relief valve 58 and through steam (at the end of a
      heating period) blowing off into the cooling system of the car engine and
      is condensed there.
PAR  It has been mentioned here above that the installation of heaters for
      direct heating of the passenger compartment air, as for instance in the
      heater according to FIG. 1, is troublesome because of the large diameter
      tubes leading the air to and from the passenger compartment. Besides, in
      many cars, it is not so easy to find room for the large openings in the
      wall between the engine and passenger compartments. In some cases it is
      impossible to make these large openings without seriously reducing the
      strength of the car structure.
PAR  Under these premises, the heater of FIG. 2 has considerable advantages in
      relation to the heater of FIG. 1. The inventive device according to the
      present invention can therefore preferably be applied even to this type of
      heater. The disadvantage of which, until now, of having a still higher
      current consumption than the one of FIG. 1, dependent on the pump 32 and
      the "ordinary" fan motor 47, is eliminated thereby. The steam engine 56
      enables a take-off of very large mechanic power, of which a part directly
      drives the pump 32 and a part is converted into electric power for driving
      the motor 47. It is also possible to use the steam motor to drive
      directly, for instance, via a flexible shaft and a free wheel, the fan 46
      of the "ordinary" passenger compartment heater.
PAR  Principally, it is also possible to complete the device according to FIG. 2
      by placing in the exhaust gas tube 30, a heat exchanger 55 and in
      connection there to use the feed pump 57, the relief valve 58 with
      associated tubes, the steam engine 56, the drive system 59, 60 and 61 for
      the feed pump, all taken from FIG. 3. The steam engine is thereby arranged
      to drive the fan 25, the motor 24 and the water pump 32 according to FIG.
      2.
PAR  However, it is more realistic to utilize a heat exchanger system similar to
      that shown in FIG. 1, but which is given a heat transferring surface large
      enough to take all available heat from the combustion gases and not as in
      FIG. 1 only about 1/3 of the heat. In such a modification, the water pump
      32 in FIG. 2 can be eliminated by giving the feed pump 57 such a large
      capacity that all the heat which is not utilized for generating the steam
      for the steam engine (about 2/3 of the whole heat quantity) passes the
      heat exchanger and is let out through the relief valve 58 according to
      FIG. 3. The tube from the relief valve 58 is then directly connected to
      the ordinary passenger compartment heater of the car. The water is
      circulating, driven by the steam pressure of the heat exchanger.
PAR  The cheapest solution, however, is shown in FIG. 9. Here two heat
      exchangers, joined together into a unit, are used. The flat heat exchanger
      81 is the steam generator, which for two reasons can be made small. The
      first reason is that it is placed near the flame, where the temperature is
      high. The other reason is that the feed pump capacity can be made so
      small, that the water feed, with a very little reserve, is enough for the
      steam generation, which means that the relief valve is opened and returns
      hot water in a very little degree. Surrounding and below the heat
      exchanger 81 for generating the steam is a more simple heat exchanger 82,
      which is not under pressure and therefore can be made at low cost.
PAR  A water pump 88 is recognized from FIG. 2, where it is marked 32. The steam
      engine 84 and its drive system 85, 86, 87 to the feed pump 88 is
      recognized from FIG. 3 and also the relief valve 89 is similar to valve 58
      in FIG. 3. The only new arrangement is the device 90, which can be a
      simple distributing valve for controlling the quantity of water
      circulating through the passenger compartment heater and the water passing
      through the engine block. It can also be a thermostatically controlled
      valve regulating this relation. When no water is circulating through the
      engine block, no water is passing through the tube 91. If the distributing
      valve is thermostatically controlled, it can for instance be so adjusted
      that at the beginning of a heating period no water is allowed to circulate
      through the engine block. Water first passes therethrough first when the
      water circulating through the passenger compartment heat exchanger 96 and
      the water heat exchanger 82 has arrived to a suitable temperature. The
      tubes 91, 92, 93, 94 and 95 can all be connected to the engine block, but
      also in this respect several modifications are possible. So, for instance,
      the steam outlet tube 92 can be connected to the water quantity
      circulating through the water heat exchanger 82 and the passenger
      compartment heat exchanger in order to rapidly raise its operating
      temperature. The water in the engine block is first heated very slowly.
      After that, when the distributing valve 90 is allowing water to be taken
      from the engine block, the water is heated more rapidly. It is also
      possible to have one or more separate heat exchangers replacing the
      ordinary passenger compartment heat exchanger of the car.
PAR  The apparatuses here above described are all intended to be provided with,
      for instance, permanent magnet motors. At all events, they are of such a
      nature that they and so also the steam engine and the two fans, before the
      steam pressure has been fully built up, are operated at a lower speed than
      when the full steam pressure and full charging exist during the continuous
      operation of the car heater.
PAR  With a very moderate complication, it is also possible to make such
      arrangements that the electric motor, even immediately after the start, is
      driven at full speed, for instance, through the use of a steam pressure
      regulated switch, which controls the field magnetization.
PAR  In FIG. 10, is shown a shunt-conduction motor, in the field circuit 141 of
      which is inserted a resistance 142. When the steam pressure has arrived at
      a value of 80% of the full pressure, resistance 142 is short-circuited by
      means of a steam pressure guard 143. The field magnetization is increased
      and the relationship of the motor, between its terminal voltage and its
      rotational speed, is changed.
PAR  Another modification is shown in FIG. 11, which discloses a motor, the
      field magnets of which consist of permanent magnets and a coil, which
      magnifies the field, if current is through this coil. There is a steam
      pressure controlled switch 144, which, when the steam pressure has arrived
      to a value of 80% of the full value, connects the field coil to the plus
      pole of the motor.
PAR  In these ways, it is possible to achieve the same rotational speed of the
      motor immediately after start as when full steam pressure exists during
      the continuous operation of the car heater.
PAR  The speed variation during the start and until the full steam pressure and
      full charging has been arrived at may then for instance be the following.
PAR  It is supposed that the motor at normal battery voltage is capable of
      driving the steam motor and the two fans at 6000 r.p.m. Thus, the motor
      immediately after start is running at this rotational speed. Or, if the
      heater is provided with an energy requiring ignition device, for instance
      a glow spiral, the motor runs at a somewhat lower rotational speed, due to
      the potential drop caused by the current consumption of the ignition
      device. In all events, the rotational speed will be 6000 r.p.m., when the
      ignition device is shut-off by the automatic means.
PAR  As the steam pressure is increased, the rotational speed is also increased
      to more than the normal 6000 r.p.m. or perhaps is 6500 r.p.m. When 80% of
      the full steam pressure has arrived, the field magnetization of the motor
      suddenly is increased as described before. The rotational speed is then
      decreased to a value somewhat under 6000 r.p.m., for instance 5500. The
      current consumption of the motor now ceases, as the motor is driven at a
      rotational speed which gives a terminal voltage corresponding to that of
      the battery. When the steam pressure arrives to its full value, the
      rotational speed is again 6000 r.p.m., and the terminal voltage of the
      motor is exceeding that of the battery, which is charged.
PAR  It is also possible to completely control the rotational speed, so that it
      is maintained constant during all operation conditions. A simple method is
      to use a motor according to FIG. 10 or 11 and to have a switch controlled
      by the rotational speed for regulating the field magnetization. Such a
      switch controlled by the rotational speed is easily arranged in the form
      of a device on the motor shaft which is actuated by the centrifugal force
      and which flutters between open and closed position at the normal
      rotational speed.
PAR  If there is no requirement for the heater to charge the battery, it is
      enough that the heater consumes no current once it has been started. Then
      it is possible to make the device much cheaper.
PAR  It has been mentioned before that the energy consumption of the two fans is
      only about 10 W. Thus the shaft effect of the steam engine could be
      limited to 10 W, if it is sufficient that the heater takes no current once
      it has been started. It has also been mentioned that if the steam
      equipment should be dimensioned for a charging effect of 25 W then it is
      necessary to have a shaft effect of the steam engine of 100 W, i.e. 10
      times larger. This shaft effect requires at a steam condition of 10 bar -
      250.degree. C a heat exchanger transferring surface of 1/3 m.sup.2.
PAR  At the same steam values a non-current consumption, but also non-charging
      car heater should require a heat exchanger transferring surface of only
      1/30 m.sup.2. This is possible to achieve by using a tube of 10 mm outer
      diameter and a length having just a little more than 1 m. Such a tube can
      be helically coiled to form a very small and cheap heat exchanger.
PAR  Further, the water consumption for this little device will be so small that
      it may be possible to dispense with the feed pump and, instead, at the
      beginning of a heating period to fill up all the water consumed during for
      instance two hours. A charging car heater consumes 1.3 liters of water per
      hour, which for a non-charging car heater would correspond to 1/4 liter of
      water during two hours.
PAR  As there is no need of keeping the whole water volume at the temperature of
      the steam, the water tank is placed outside the space where the hot
      combustion gases pass.
PAR  The whole device is described in the following specification in connection
      with FIG. 12, which in turn emanates from the device according to FIG. 1.
PAR  The motor 1 of FIG. 1 has in FIG. 12 been replaced by a simple bearing
      bracket 145 and the heat exchanger 11 of FIG. 1 has in FIG. 12 been
      provided with a coil 146.
PAR  A tube 156 is connected to the water cooling system of the car. Through
      this tube, water flows down into a tank 147 via a valve 149 connected to a
      float 148, mounted on an arm 150, which can turn about a shaft 151. When
      the water in the tank has arrived to a certain level, the water supply is
      shut off by the valve 149, in a well known way. The water level in the
      coil 146 will be adapted to the same level as that of the water tank 147,
      due to a vent pipe 159.
PAR  When starting the heater, an electromotor 158 drives a steam engine 153 and
      the two fans 160 and 161, via a free wheel 157. When the combustion has
      proceeded for a while, a steam pressure is generated in the coil 146 and
      of course also in the tank 147. The valve 149 is thereby effectively
      pressed against its seat, and the steam engine begins to assist the motor
      158 in driving the fans 160 and 161. When the steam pressure has arrived
      at its full level, a switch (not shown) controlled by the steam pressure
      shuts off the current to the motor, which then stops. The steam engine
      alone takes over the drive of the two fans 160 and 161. The exhaust steam
      from the steam engine passes through a tube 154 and the tube 156 back to
      the cooling water system of the car, in which system it is condensed.
      Should the steam pressure arrive at a value exceeding that to which the
      relief valve 155 is adjusted, it opens and releases the steam, which in a
      way or another is returned to the cooling water system and is there
      condensed.
PAR  When the heater is stopped, the steam pressure successively is lowered to
      the outer air pressure or the pressure existing in the cooling water
      system, (which can be provided with a thrust cover). The valve 149 is
      opened for the water, which fills up the tank 147 to the level controlled
      by the float 148. The switch controlled by the steam pressure is closed
      again, and the heater is ready for the next operation period.
PAR  The system described here above, including the tank 147, the valve 149
      etcetera, can of course be used also in the other car heaters described
      here above. In such cases, however, it will be the question of rather
      large water tanks, having a volume of about 3 liters. These will be rather
      bulky as they must be low, but wide, so that the water level in the heat
      exchanger will not vary too much during an operation period.
PAR  The steam engine included in the device will now be described. It is to be
      chosen over a dynamic motor, i.e. a turbine of any kind or a motor having
      enclosed volumes which vary with the shaft rotation. It is hardly possible
      to make a turbine of this magnitude, which has a reasonable degree of
      efficiency, unless very high rotational speeds are used. However, that
      speed should make the turbine too expensive. It is obvious that an engine
      having enclosed, varying volumes is the right solution and in this
      connection there are engines of many types to choose between. The ones
      nearest at hand is a piston engine or a wing motor. It is true, as
      mentioned before, that a motor having a poor degree of expansion can be
      used, but it is nevertheless necessary to have a degree of efficiency
      which is not too poor. A wing motor is tempting, but if such a motor shall
      have moderate dimensions it must be designed as a full pressure motor,
      i.e. the pressure of the steam must be as high, when it leaves the motor,
      as it is when supplied to it, giving a degree of efficiency which is too
      poor. All of these considerations indicate that a simple piston machine is
      the best solution.
PAR  Here below is described a very simple single-cylinder piston machine, which
      is well adapted to be used in connection with the present device. The
      engine is shown in two sections in FIGS. 5 and 6. The cylinder part 97 of
      the engine and its crankcase 98 are moulded in one piece. Into the
      cylinder part 97 is pressed a lining 99 of plastic. A crankshaft 100 is
      pivoted in two ball bearings 101 and 102, whch in turn are mounted in a
      bearing plate 103. The crankshaft 100 is fixed axially therethrough. The
      bearing 101 is axially fixed in the bearing plate 103 by means of two
      washers 104 and 105. The crankshaft 100 is axially fixed in the bearing
      101 by means of a washer 106 mounted onto the crankshaft, a spacer 107 and
      the other ball bearing 102, which is in engagement with a shoulder formed
      on the crankshaft 100. In the lining 99 runs a piston 108, the lower part
      of which is designed principally in the same way as the piston of an
      ordinary car engine, but the upper part of which is provided with a
      tubular protrusion 109 having a series of holes 110. These holes 110 and
      the tubular protrusion 109 constitute, together with two series of further
      holes 111 and 112, the control system of the engine.
PAR  In the cylinder part 97, there are grooves for three O-rings 113, 114 and
      115 which are sealing against a cylinder casing 116, this being fastened
      to the crankcase with screws 117. In the cylinder casing 116, there is
      inserted a fill-up member 131, the purpose of which is to reduce the large
      dead volume constituted by the tubular protrusion 109 of the piston 108.
      In the cylinder casing 116, there are made collared holes, in which a
      steam supply tube 118 and a steam exhaust tube 119 are soldered. In the
      piston 108 is inserted an ordinary piston bolt 120. About this bolt, a
      connecting rod 121 is pivoted. For the drive of the feed pump 57, there is
      a drive shaft 122, which is rotatably mounted in a slide bearing of a
      cover 123. This cover is, by means of screws 124, fastened to the
      crankcase 98. The drive shaft 122 is rotated by the piston bolt 120 of the
      crankshaft 100 via a rubber bushing 130. The O-rings 125 and 126 seal the
      cover 123 and the bearing plate 103 against the crankcase 98. Shaft
      sealing rings 127 and 128 seal the drive shaft 122 and the crankshaft 100.
PAR  The crankcase is filled up with oil to a certain level in order to
      lubricate the parts of the crank mechanism and also to some extent the
      lower part of the piston 108. However, substantially through the use of a
      appropriate plastic material for the lining 99, the piston 108 will
      function satisfactorily without any lubricating means other than the
      water, which appears when the steam condensates against the walls. In the
      lower end of the piston 108, there is an O-ring 129, which prevents oil
      from entering the cylinder and also prevents steam and condensed water
      from entering the crankcase 98. The crankcase is provided with a vent
      device not shown.
PAR  The piston 108 runs in the lining 99 with substantially no play. The
      thickness of the lining is selected on a criteria that the plastic
      material has a considerably larger coefficient of thermal expansion than
      the metal of the cylinder part 97 and of the piston 108. Therefore, the
      play between the piston 108 and the lining 99 will not be changed with
      temperature variations.
PAR  As the effect of the steam engine is not too high, the ball bearings 101
      and 102, the slide bearings in both ends of the connecting rod 121 and in
      the cover 123, can all be produced from a plastic material. The slide
      bearings in the described embodiment have been machined directly in the
      metal material from which these details have been made. Again, water is
      all that is used as a lubricating means. This water can be obtained by
      allowing the holes 112 to be connected to the crankcase 98, so that the
      exhaust steam can enter the crankcase and then leave the motor through an
      opening made in the crankcase. Thus, condensed water is obtained in the
      crankcase. The O-ring 129 can then be eliminated. The development of newer
      materials and techniques within the plastic field will probably, in a near
      future, allow even a greater use of plastics with good effects.
PAR  It is even possible to arrange, in an uncomplicated way, for a regular
      forced lubrication system known from the modern four-cycle engines. In
      such an engine, the lubricant is pumped by an oil pump, driven by the
      engine. The oil is sucked from the sump and is forced to the crankshaft
      bearings and from there through bores in the crankshaft to the big-end
      bearings. Sometimes also the gudgeon pin bearings are lubricated through
      bores in the connecting rods. From the bearings, the oil splashes and
      lubricates the pistons.
PAR  In the present case with plastic bearings and water as lubricant, it is
      possible to do without a pump by taking water from the bottom of the steam
      generator and supplying it to the steam engine after an intermediate
      proper cooling of the water. Thus, it is possible to have the water supply
      tube helical and air cooled, e.g. through placing it in the air intake of
      the heater.
PAR  Through such a forced lubrication system, the load on the bearings can be
      considerably increased.
PAR  The function of the steam engine can be studied on FIG. 5 and also on FIGS.
      7 and 8.
PAR  FIG. 7 is a diagram, showing the angles of the crankshaft 100 at which the
      steam intake is opened and closed (I.O. and I.C. respectively) and at
      which the steam exhaust is opened and closed (E.O. and E.C. respectively).
      The angles have here all been stated at 45.degree., but other angles, both
      larger and smaller, may be more suitable dependant on the existing
      conditions. It is also of course not necessary that the intake and exhaust
      angles are alike.
PAR  FIG. 8 is an indicator diagram, in which the area shaded through vertical
      lines is the effective working area.
PAR  In the position of the piston 108 in FIG. 5, the passage for the supply
      steam to the upper side of the piston is free. The steam enters through
      the tube 118 and passes through the space between the cylinder casing 116
      and the cylinder part 97 and further through the holes 111 and 110. The
      corresponding position in FIGS. 7 and 9 is marked T.D.C (Top dead centre).
      The engine is capable of running in both directions, but here it is chosen
      to show the rotation clockwise according to FIG. 5. The piston 108 is
      moving downwards and the steam pressure above the piston is constantly
      equal to that of the supplied steam. At the point marked I.C. in FIGS. 7
      and 8, the steam supply is shut off since the holes 110 of the piston 108
      are not covered by any part of the holes 111 of the lining 99. The
      crankshaft 100 is rotated further clockwise, and the piston moves further
      downwards, the enclosed steam quantity being expanded. At the point which
      in FIGS. 7 and 8 is marked E.O., the holes 110 of the tubular protrusion
      109 of the piston 108 is moving in over the holes 112 of the lining 99.
      The steam pressure thereby expands down to about the outer air pressure.
      At the point which in FIGS. 7 and 8 is marked E.C., the exhaust openings
      are closed again At a further rotation of the crankshaft 100, the enclosed
      remaining steam is compressed more and more until a point is reached which
      in FIGS. 7 and 8 is marked I.O. At this point, steam is again supplied to
      the cylinder part. At a further rotation of the crankshaft 100, the piston
      will arrive at the position shown in FIG. 5, and a working cycle is
      completed.
PAR  The steam engine is unique in several respects. So for example it has,
      contrary to other machines of that kind, a compression stroke, which is a
      sacrifice to the simplicity. If this compression stroke was not included,
      it should be able to get a larger effect from the engine, i.e. an increase
      of the working area which corresponds to the area, which in FIG. 8 is
      shaded with horizontal lines. The compression stroke does not affect the
      degree of efficiency to any noticeable extent.
PAR  For an idea of the dimensions of the steam engine it can be mentioned that
      for a car heater having a fan motor with ordinary rotational speeds and
      effects, it will require an output power of the steam engine of about 100
      W in order to have a charging effect of 35 W. With a steam pressure of 10
      bar and a superheating to 250.degree. C, a cylinder volume of 2.5 cm.sup.3
      is required, which means a cylinder diameter and a piston stroke of 16 mm.
      The steam engine in FIGS. 5 and 6 (as presented in the application) is
      drawn in the scale 1:1 with substantially these dimensions.
PAR  With the powers and the steam condition mentioned in the preceeding
      paragraph, a steam effect of about 1000 W will pass the steam motor and of
      these about 100 W is converted into mechanic energy. The remaining 900 W
      is returned to the water with the exhaust steam.
PAR  In connection with FIG. 4 as here below described, the water level
      controlling feed pump 57, which has been mentioned before in connection
      with FIG. 3, is an essential contributory case to the simplicity of the
      whole system. If an ordinary pump type had been used, it would have
      required a special control system, containing for instance a float in the
      steam generator, which float through an electric, mechanic or in any other
      way driven servo system should have controlled the start and stop of the
      pump or in any other way varied its capacity.
PAR  The pump consists of a housing 130 having a connection flange 131 facing
      the steam generator and further with a water supply opening 132, which is
      connected to a channel 133 leading to the cylinder bore for a piston 134.
      This piston is provided with a waist 135 and grooves for two O-rings 136
      and 137. The piston 134 is provided with a fork like recess and a hole, in
      which a piston bolt 138 is mounted. The piston bolt 138 constitutes a
      pivotal connection between a connecting rod 139 and the piston 134. The
      other end of the connecting rod 139 is pivotally mounted about a bolt 140
      belonging to a crankshaft which is only schematically indicated in FIG. 4.
      This crankshaft is continuously driven by the steam engine or, by the fan
      motor if this is self-starting, so that it, as is mentioned before, is via
      a free wheel connected to the fan motor 1 in FIG. 1.
PAR  In order to describe the function of the pump, it is advisable to begin
      with the position the piston has in FIG. 4b. The waist 135 of the piston
      134 is then in connection with the water supply opening 133. By gravity
      water flows down and fills up the space between the waist 135 and the
      cylinder bore. The crankshaft is rotated counterclockwise and will arrive
      at the position according to FIG. 4c. The water quantity enclosed by the
      waist 135 is then entirely cut off from the connection with the water
      supply opening 133 and has also no connection with the steam generator.
      When the piston 134 at a further rotation of the crankshaft in
      counterclockwise direction, it is moved further to the left. The wasit 135
      will be connected to the steam generator. In FIG. 4a, this connection is
      entirely completed.
PAR  If the water level in the steam generator is below the lower edge of the
      cylinder bore, then the whole water quantity enclosed between the waist
      135 and the cylinder bore will be supplied to the steam generator. If,
      however, the water level is above the upper edge of the cylinder bore, no
      water will be supplied to the steam generator. If the water level is
      anywhere between the upper and lower edges of the cylinder bore, a part of
      the water quantity, enclosed between the waist and the cylinder bore, for
      instance half of this quantity, if the water level in the steam generator
      corresponds to the centre line of the cylinder bore -- piston.
PAR  FIG. 13 shows a modification of the structure of FIG. 3 wherein the steam
      engine 56 drives a generator G for charging battery B. In this case only
      the steam engine drives the generator G since there is no shaft between
      fan motor 1 and the steam engine, as was provided in the embodiment of
      FIG. 3.
PAR  In order to show how small a pump of the type here above described can be
      made, it can be mentioned that a steam engine having a shaft effect of 100
      W at a pressure of 10 bar absolute and a superheating to 250.degree. C
      requires 1.3 litres per hour. If the speed of the pump is reduced to one
      revolution per second, it needs only deliver 1/3 cm.sup.3 per stroke if
      the liquid density is 1. Taking a certain security margin into account for
      instance 1/2 cm.sup.3 seems to be proper.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an automobile heating system, a heater comprising a burner, an air
      system means for circulating air from said automobile through said heating
      system, a water system heated by said burner, means including a battery
      for supplying any required electric energy to said heater, said heater
      further including means for removing steam from the water system heated by
      said burner, which steam is formed at least in part responsive to the heat
      delivered from the burner to said water, and steam engine means driven by
      said steam for converting said steam there into mechanic energy, said
      mechanic energy being utilized to drive apparatus included in the heater,
      which apparatus normally consume electric current.
NUM  2.
PAR  2. A car heater according to claim 1 for use in a car with a water system
      for cooling the engine or for heating the passenger compartment, and means
      for directing the exhaust steam from the steam engine into a suitable part
      of this water system.
NUM  3.
PAR  3. A car heater according to claim 1, and means including an electromotor
      for operating at least one fan for supplying combustion air to the heater
      and for circulating heated air to the passenger compartment of the car,
      means for coupling the steam engine to the shaft of the electromotor,
      whereby the steam engine drives the shaft at such a high rotational speed,
      that its counter electromotive force is equal to or exceeds the battery
      voltage.
NUM  4.
PAR  4. A car heater according to claim 1 and means whereby the steam engine
      only operates a generator for charging the battery.
NUM  5.
PAR  5. A car heater according to claim 1 and a steam generator for supplying
      steam to the steam engine, means for supplying the generator with water by
      means of a feed pump, and a relief valve for the steam generator, said
      relief valve being placed on a level which is below the maximum water
      level of the steam generator caused by the supply of the feed pump,
      whereby when the relief valve is opened, in the beginning, it is only
      releasing water, and, when the water level of the steam generator has been
      lowered to the level of the relief valve, steam is blowen off.
NUM  6.
PAR  6. A car heater according to claim 1, wherein said steam engine includes a
      piston, and control means for the steam engine, said control means
      comprising three series of holes and a tubular, upper protrusion extending
      from the steam engine piston, one of said series of holes being formed in
      the protrusion mentioned and the two other series of holes being formed in
      the cylinder walls of the motor, and means whereby the holes of the
      protrusion on the upper side of the piston are alternatively connected to
      the two other series of holes to enable the supply thereto of steam or the
      exhaust of steam therefrom.
NUM  7.
PAR  7. A car heater according to claim 6, characterized therein, that the steam
      engine has an intake stroke, an expansion stroke, an exhaust stroke, and a
      compressive stroke.
NUM  8.
PAR  8. A car heater according to claim 1, characterized therein, that the
      bearings required for the steam motor is made of a plastic material.
NUM  9.
PAR  9. A car heater according to claim 8, characterized therein, that condensed
      water is used as lubricating means for the plastic bearings.
NUM  10.
PAR  10. A car heater according to claim 8, characterized therein, that a forced
      lubricating system is used for supplying water to the plastic bearings,
      which water is taken from the bottom of the steam generator and is cooled
      before being delivered to the bearings.
NUM  11.
PAR  11. A car heater according to claim 10, characterized therein, that the
      water is fed from the steam generator to the bearings through a helical
      supply tube placed in the air intake for the heater.
NUM  12.
PAR  12. A car heater according to claim 1, characterized therein, that the
      cylinder of the steam engine is provided with a plastic lining, the
      thickness of which is such that the play between the piston of the steam
      motor and the cylinder lining is unchanged upon variations of the
      temperature.
NUM  13.
PAR  13. A car heater according to claim 1, for use in a car which is provided
      with a heat exchanger which uses circulating water for heating the
      passenger compartment and steam generator means in the form of a heat
      exchanger which has a large heat transferring surface, means for taking
      heat from the exhaust gases from the heater burner and using it for the
      generation of steam, means for supplying the steam to the steam engine,
      and means for passing the remaining heat through said generator heat
      exchanger and further through a relief valve connected to the passenger
      compartment heat exchanger.
NUM  14.
PAR  14. A car heater according to claim 1, and a steam generator means for
      supplying steam to the steam engine, and feed pump means for supplying the
      water to the steam generator, said feed pump comprising a cylinder and a
      horizontally positioned piston running in said cylinder, means for
      supplying said piston with a water supply from above and with a waist
      formed therein for receiving a certain quantity of the supplied water,
      which during the movement of the piston is fed laterally into the water of
      the steam generator.
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ABST
PAL  A vehicle path controller has a plurality of cylindrical support rollers
      arranged in section(s) with each roller axis (of rotation) substantially
      parallel to and along the prescribed path. An entrance ramp is positioned
      adjacent the initial roller section and facilitates the driving of the
      vehicle onto same. The rollers are rotatably connected to framework and
      are conveniently arranged in two separate paths, one path for the left
      wheels and one path for the right wheels. Guide rollers are also connected
      to the framework but have an axis of rotation elevated with reference to
      the vehicle support rollers.
PAL  The method of controlling the movement of a vehicle along a prescribed path
      comprises the steps of:
PA1  Moving a vehicle on said prescribed path having a plurality of rollers
      supporting substantially the weight of the vehicle,
PA1  Guiding the advancing end of the vehicle on said roller path, and
PA1  Laterally shifting the trailing end of the vehicle on said roller path to
      maintain said vehicle movement along a prescribed path.
PARN
PAR  This is a continuation of application Ser. No. 277,173, filed Aug. 2, 1972,
      and now abandoned.
BSUM
PAC  BACKGROUND AND BRIEF DESCRIPTION OF THE INVENTION
PAR  The use of apparatus to control vehicles along a prescribed path is an art
      recognized concept. Sometimes apparatus of this nature controls automobile
      movement to enable same to be worked on such as in automatic car washes.
      Other types of apparatus have a support surface for the automobile tires
      with guide rails along the peripheral edges of the supports to define the
      prescribed path. These path controllers are conventionally used with
      grease racks and trucker's ramps to facilitate the loading and unloading
      of automobiles from automobile transport trailers. While the above
      mentioned guides did tend to direct the vehicle, they could not maintain
      the vehicle within the desired path since the vehicle tires could obtain
      sufficient traction to climb over the guides and escape therefrom. Often a
      vehicle is damaged as a result of such a procedure. Further, the support
      surface of the ramp or tracks were immobile relative to the guides
      therefore virtually precluding that the ramp or track path could have a
      radius or curvature less than the turning radius of the vehicle being
      moved along the path. Accordingly such apparatus could not facilitate the
      accomplishment of a sharper turn by an automobile than could be
      conventionally accomplished by the automobile steering mechanisms.
PAR  The present invention relates to a method and apparatus for controlling the
      path of a vehicle. The prescribed path is generally constructed of an
      entrance ramp and at least one section for each of the advancing wheels,
      the sections being comprised of a plurality of support rollers. Each of
      the support rollers will have its axis of rotation substantially parallel
      to the path and rotatably connected to framework thereby providing an
      elevated support for the rollers. The framework further serves as a means
      for mounting guide rollers on the peripheral side portions of the
      section(s) immediately adjacent the direction of the turn. Stated another
      way, if the vehicle is negotiating a left hand curve, the left hand
      section will be provided with the guide rollers on either side thereof. In
      any event, the guide rollers will be elevated above the support rollers
      and will likewise have their axis of rotation substantially parallel to
      the desired path.
PAR  It is contemplated that a plurality of sections may be combined to define
      various curves and tortuous paths. In fact, each section may be considered
      to be a vehicle correlator as the first section meeting the advancing
      portion of the vehicle acting to essentially "capture" the vehicle and
      begins the turning process. As the trailing two wheels eventually move on
      the initial section, the guide rollers operate to preclude the advancing
      wheels from inadvertently leaving the desired path and the support rollers
      will then effect a lateral shifting of the trailing end of the vehicle so
      as to coordinate the turning of the vehicle and to direct same along the
      path behind the front wheels.
PAR  One of the principal objects of the invention is to provide a unique method
      and apparatus for moving a vehicle along a prescribed path. It is a
      feature of the invention that the method and apparatus provide for the
      lateral shifting of at least the trailing end of the vehicle as it is
      moved along the path.
PAR  Another object of the invention is to provide a uniquely constructed
      correlator and turn coordinator which enables vehicles to by-pass
      obstacles and to make optimum use of limited space.
PAR  A further object of the invention is to provide a correlator and turn
      coordinator of the character described which utilizes rollers as a support
      surface for a vehicle riding thereon and providing its own motive force,
      said rollers operable to effect the lateral shifting and controlled
      vehicle turning within a prescribed arcuate path.
PAR  A further object of the invention is to provide a uniquely constructed
      correlator and turn coordinator of the character described which includes
      the utilization of novel guide rollers. It is a feature of this object
      that the guide roller(s) operates to maintain the vehicle within the
      bounds of the prescribed path and can actually eliminate need to manually
      steer the vehicle once same is "captured" by the correlator section.
PAR  Another object of the invention is to provide a vehicle correlator and turn
      coordinator that is comprised of a plurality of sections having various
      lengths therein. It is a feature of the object that the sections may be
      oriented in a number of ways to permit the vehicle riding thereon to
      negotiate a tortuous path, including 90.degree. turns, in significantly
      less space than has been heretofore required. Accordingly, a salient
      feature of the invention is to maximize the utilization of expensive real
      estate ordinarily associated with car washes, drive-in banks,
      tractor-trailer loading zones, and any other areas where tight vehicle
      maneuverability is required on limited space.
PAR  Another extremely important object of the invention is to provide a rugged,
      inexpensive, and easy to install vehicle correlator and turn coordinator.
      A very important feature of this object is that the manufacture and
      assembly of the portions comprising the correlator and turn coordinator
      are simplified in order to keep maintenance and repairs at a minimum.
PAR  These and other objects of the invention, together with the features of
      novelty appurtenant thereto, will appear in the course of the following
      description.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the accompanying drawings, which form a part of the specification and
      are to be read in conjunction therewith and in which like reference
      numerals are employed to indicate like parts in the various views:
PAR  FIG. 1 is a plan view of an arrangement of the present invention;
PAR  FIG. 2 is an end elevational view taken generally along the line 2--2 of
      FIG. 1 in the direction of the arrows and with a portion of the framework
      broken away to more clearly illustrate the roller mounting technique;
PAR  FIG. 3 is a side elevational view taken generally along the line 3--3 of
      FIG. 1 in the direction of the arrows;
PAR  FIg. 4 is an enlarged partial plan view taken generally along the line 4--4
      of FIG. 3 in the direction of the arrows;
PAR  FIG. 5 is a top plan view of another arrangement utilizing the present
      invention as a means to control the path of the vehicle exiting from a car
      wash; and
PAR  FIG. 6 is still another arrangement making use of the subject invention to
      facilitate the vehicle negotiation of a tortuous path.
DETD
PAR  Referring now more particularly to FIGS. 1-4, the turn coordinator is
      generally depicted by the numeral 10. As shown in FIG. 1, this turn
      coordinator provides a path for a 90.degree. left hand turn from the
      vehicle lubber line entering same. Actually, the turn coordinator will
      include a left portion 11 and a right portion 12 which are substantially
      parallel to each other and follow the prescribed path. It should be
      pointed out that while the turn coordinator is shown as being comprised of
      two separate portions (11 and 12), the entire width of the path could be
      constructed without the center median although guide rollers (described
      infra) would still be needed.
PAR  As suggested above, the turn coordinator is constructed from a plurality of
      sections 13. These sections may be thought of as individual turn
      correlators in that a pair of sections (left and right) serve to capture
      an incoming vehicle. For example, a section of slightly different
      construction is shown in communicating relationship with the entrance
      ramps 14. In section 15, the roller lengths will be substantially equal
      and curvilinear motion will be imparted to the vehicle. However, it is
      contemplated that the rollers in correlator sections 13 will be
      constructed of predetermined but varying length so that a particular
      increment of the curve is provided by each pair of sections. As
      illustrated in FIG. 1, sections 13 are constructed of such a length and
      angulation that a 10.degree. arc is negotiated each time the vehicle
      passes a particular section.
PAR  As suggested, the sections 13 do not begin to approximate the curvilinear
      path until the vehicle has entered into the first capture sections
      indicated by the numeral 15. These capture sections will be adjacent the
      exiting portion of ramps 14 on both the left and right portions. The
      capture sections begin the original locating and correlating of the
      approaching vehicle so that the roller sections 13 may then substantially
      take over the steering and shifting of the vehicle as its advancing end
      portion is accepted and moved thereon. Also, since the left coordinator
      portion 11 is inside the radius or curvature of the illustrated prescribed
      path, the sections 13 of correlator portion 12 are larger than the
      corresponding section 13 of portion 11.
PAR  Turning now more particularly to the construction of the correlator
      sections, it may be clearly seen in FIGS. 2, 3 and 4 that the rollers 23
      which comprise a supporting portion of each correlator section, are
      supported on angle framework structurals generally designated by a numeral
      20. Each angle which comprises the roller supporting framework will seat
      on ground level on its lower horizontal flange 20a with its vertical web
      20b is spaced apart relationship with the next occurring angle structural
      20. As shown in FIG. 2, the vertical web of each angle will be
      appropriately notched or slotted at 21 and will accommodate one end
      portion a corresponding roller shaft 22 of support roller 23. For
      convenience of assembly and to eliminate excessive spacing between the
      correlator sections, notches 21 in the adjacent angle supports 20 will be
      staggered so that the roller shafts in the succeeding section will
      substantially interleave (as seen from above) with the roller shafts of
      the preceding section (note FIG. 4).
PAR  The construction of rollers 23 may be tubular steel rotatively mounted on
      the roller shafts 22 by nylon bushings or bearings located adjacent each
      roller end portion. These rollers, hereinafter identified by the numeral
      23, may be easily laid in place between the vertical webs 20b of the
      corresponding angles of framework 20. A flat plate 24 may then be placed
      over the upper surfaces of the vertical adjacent webs 20b to preclude the
      roller shafts from bouncing out of the slots or notches 21. With this
      construction, a damaged roller may be easily replaced by simply removing
      the plate 24 at each end of the roller and lifting the roller out of its
      normally operative position within the framework.
PAR  As suggested above, the turn coordinator portion with the inside radius or
      curvature (the left portion 11 shown in FIG. 1) will have guide rollers
      defining the boundary limits of the prescribed path. These guide rollers
      will be supported on each side of each section 13 of the coordinator
      portion 11 by the flat, vertically oriented, metal guide mount 25 that is
      bolted or otherwise connected between the adjacent vertical web portions
      20b. As shown in FIGS. 2 and 3, the guide mounts extend substantially
      above the upper surface of the support rollers 23 and are provided at the
      upper portion thereof with a suitable apperture and/or slot to accept the
      roller shaft 26 of a guide roller 27. In a similar manner, the guide
      rollers 28 (FIG. 1) are supported above the upper surface of the support
      rollers in the capture section 15 and are flared outwardly therefrom to
      facilitate the driving of the advancing end portion of the vehicle tire
      therein. Guide roller 28 will be supported between the first guide mount
      25 adjacent the entry to the first section 13 of the left hand portion 11.
      The flared end portions of the guide rollers 28 will have guide mounts 29
      (of similar construction to mount 25) supported from the ground level
      however properly elevating guide roller 28 for utilization with the
      capture section 15. This guide mount (29) likewise is suitably appertured
      and slotted to accept the flared guide roller shaft.
PAR  The above described description illustrates how a plurality of sections,
      having rollers of proper lengths, may be interrelated to define a curved
      path and how the rollers are supported above the ground level for free
      rotation so that both the guide rollers 27 and the support rollers 23 are
      free to rotate on their bearings about their substantially stationary
      axes. In the same manner, the flared entrance guide rollers 28 will freely
      rotate for the purpose of guiding the advancing vehicle tires into the
      proper path. As will be explained in more detail, the guide rollers
      preclude the vehicle (if not steered) from climbing over the guide roller
      level. At the same time, the advancing and trailing wheels of the vehicle
      will experience a lateral shift due to the rotative presence of the
      support rollers 23 in both the left and right hand turn track portion 11
      and 12. Further, the angle framework 20 provides a rugged, easy to
      manufacture and simple to assemble support for the rollers requiring only
      a minimum of advanced planning as to the size of the curve and related
      roller lengths.
PAR  Turning now to the additional embodiments shown in FIGS. 5 and 6, it should
      be stressed that the uniquely constructed correlator sections are
      utilizable to describe preselected automobile paths other than the
      90.degree. turn shown in FIG. 1. For example, the coordinator shown in
      FIG. 5 is positioned adjacent the exit end of a car wash 30. In this
      particular embodiment, the car wash will have blowers 31 on each side of
      the exit end to facilitate in the drying of the automobile as it leaves
      the car wash. In order to eliminate what seems to be a natural tendency to
      turn an automobile too tightly and run into blowers 31, the vehicle path
      coordinator in FIG. 5 is shown as being comprised of at least two sections
      13 for both the left and right path portions 11 and 12 respectively. In
      this embodiment, there is no need for the rollers in the right hand path
      portion 12 to be longer than the rollers in the left path portion however,
      the guide rollers, hereinafter identified by the numeral 32 may be located
      on either the outer peripheral side portions of each section instead of
      being only on one (either right or left) path portion as described with
      respect to FIGS. 1-4.
PAR  As suggested above, the roller sections are constructed substantially
      identical to the section discussed with respect to FIGS. 1-4 and will
      include the support frame angles (not shown), guide mounts 32a, and the
      flared entrance rollers 33 and their associated mounts 33a adjacent the
      ramps 34. Also, with this structure, an exit ramp 35 will be in
      communicating relationship with the end extremity of the support sections
      so that the vehicle may proceed with the turn only after the blowers have
      been cleared by the vehicle thereby insuring that same will negotiate the
      path between the blowers without a possible injury to either.
PAR  In certain instances, a vehicle (more than likely a delivery truck) needs
      to negotiate a tortuous path around building corners or other obstacles
      and to be able to back through narrow, crowded city blocks and alleys. The
      embodiment shown in FIG. 6 facilitates the movement of a vehicle along
      such a path thereby making certain loading docks, pick up and delivery
      stations, and counter tops accessible to larger contemporary vehicles for
      the first time. Again, the coordinator is comprised of a plurality of
      sections 13 with parallel left and right paths 11 and 12 defining the
      route to be taken by the vehicle. It is contemplated that the guide
      rollers 36 will again be located on the left hand path but could
      conceivably be mounted on either path depending upon the more convenient
      assembly. Further, the support rollers 23 will be substantially identical
      in structure and operation, the only difference being in the fact that
      certain rollers must have a prescribed length in order to create the
      arcuate vehicle path movement. In this instance, entrance and exit ramps
      will be available for elevating or lowering the vehicle on the support
      surfaces of the rollers as will be needed.
PAR  In operation, the subject method and apparatus first requires that the
      selection of the path be made. For example, service station car washes
      have become quite popular and are generally located on extremely valuable
      real estate at intersections or close to busy highways and streets. In
      order to add a car wash facility to an existing service station, it is
      sometimes necessary that an automobile make a 90.degree. turn to enter the
      automatic car wash facility. Also, lesser turns must sometimes be made
      within a limited space in order to efficiently utilize existing facilities
      and this limited space could, without the subject invention, make the
      addition of a car wash facility totally impossible. In any event, after
      the path selection has been made, the turn coordinator is laid along the
      path with the left and right coordinator portions 11 and 12 being in a
      substantially parallel relationship. Quite obviously, entrance ramps to
      each path portion will be provided for easy access to the supporting
      surface thereof. In any event, the initial roller support section with the
      flared guide rollers acts to capture the advancing end of the vehicle.
      This, in effect, positions the vehicle on the path and further vehicle
      movement by its own power and will result in the guiding of the vehicle
      even though the driver does not steer the vehicle at all.
PAR  The previous description has generally indicated that the guide rollers 27
      (27 in FIG. 1-4) are mounted on the left side of the path portion along
      each longitudinal edge of the roller support section. As the advancing end
      of the vehicle contacts a guide roller with one of its wheels, the guide
      roller will rotate about its axis of rotation and will preclude the
      advancing vehicle from "climbing" over the guide rail portion. At the same
      time, the support rollers will effect the lateral shifting of the vehicle
      both at the advancing wheels and at the trailing wheels when on the
      support rollers. Since the support rollers permit the shifting of the rear
      or trailing end of the vehicle in a direction transverse to the axis of
      rotation thereof, the rear end follows the front end of the vehicle along
      a path that may have a significantly shorter radius of curvature than that
      of the vehicle's normal turn.
PAR  The size of the framework and the length of the rollers are selected so
      that the vehicle will travel over a prescribed increment of the path. This
      increment will be determined by factors such as the weight of the vehicle
      or the load to be carried by the framework, the radius or curvature
      through which the vehicle is moved, the width and length of the vehicle,
      and the space limitations in which the vehicle is being moved. In
      determining the distance between the left coordinator portion 11 and the
      right coordinator portion 12, the variations in the track width of
      different types of vehicles travelling over the prescribed path and the
      radius of curvature will be considered. Further, the rollers used for
      guiding the vehicle through the path may have been optimum height above
      the support rollers. If it is contemplated that very heavy trucks must
      negotiate a particular path, the guide rollers will be placed somewhat
      higher than would be the normal location for most passenger automobile
      vehicles. However, in any case, when the vehicle tire or wheel attempts to
      "climb" the guides, the rollers will roll and will not provide sufficient
      support or a frictional track to permit the tires of the vehicle to climb
      over same.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all the ends and objects herein set forth, together with other
      advantages which are obvious and which are inherent to the structure.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. Apparatus for guiding a wheeled vehicle capable of negotiating a turn
      having a predetermined maximum curvature, said apparatus comprising:
PA1  a plurality of roller sections, each having substantially parallel support
      rollers of diverse lengths rotatably mounted generally side by side and in
      a staggered longitudinal relationship to support the vehicle and permit
      lateral shifting thereof, each roller section defining a width greater
      than the width of the vehicle;
PA1  means for mounting said roller sections end to end with the support rollers
      of adjacent sections angled relative to one another to define a curved
      path having a greater curvature than said predetermined maximum curvature,
      said support rollers extending generally longitudinally along said curved
      path and chordally relative thereto; and
PA1  raised guide rail means elevated with respect to said support rollers and
      extending along at least one longitudinal edge of said curved path to
      retain the vehicle thereon.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, wherein said guide rail means
      comprises a plurality of guide rollers positioned end to end and supported
      for rotation about axes oriented substantially chordally relative to said
      curved path.
NUM  3.
PAR  3. Apparatus as set forth in claim 1, including a shaft carrying each
      support roller thereon and a bracket disposed at the end of each roller
      section for supporting said shafts, each of said brackets being adopted to
      rest on a supporting surface and having an upstanding portion supportively
      receiving said shafts to mount said support rollers a spaced distance
      above said surface for free rotation about the axes of said shafts.
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ABST
PAL  Powder to be used for coating articles electrostatically is maintained in a
      fluidized condition in the supply container and in conveyor ducts all the
      way to a discharge over the inner wall of an annular channel onto the
      rotating disk of an electrostatic coating machine.
BSUM
PAR  This invention relates to powder feed systems for electrostatic powder
      coating machines in which powder distributed by a rotating disk is used to
      provide a coating on articles in the neighborhood of a disk through the
      influence of an electrostatic field between the disk and the article. The
      powder feed for such machines must deliver the coating powder in the
      region of the upper side of the distributing disk in the neighborhood of
      the disk axis.
PAR  Apparatus of this type operates today mostly with thermosetting resin
      powders which, after a coating thereof has been provided on the articles
      to be coated, are heated along with the articles to harden the resin. The
      hardening of the resin is the result of an internal chemical
      transformation of the coating material and it therefore follows that this
      material must be delivered to the distributing apparatus when it is
      already in a highly reaction-susceptible form. It has been found that the
      above mentioned chemical transformation, that in practice is intended to
      take place only after completion of the coating operation, can be
      prematurely initiated, usually only partially of course, by incidental
      effects such as impact, friction or slow accidental temperature increases.
      Such an effect is in many respects damaging to the operation. Not only can
      the presence of already reacted particles of the coating material in the
      deposited layer produce a damaging inhomogeniety in the deposited layer,
      but there are usually also engendered some agglomerates of the coating
      material within the coating apparatus, either in the form of encrusation
      inside the conveyor system for the coating powder or in the form of coarse
      particles. The first of these effects leads to insufficient output or
      efficiency or even to irregularity in operation of the equipment, whereas
      the second (coarse particles) leads to a further degradation of the
      quality of the completed coatings (so called lens formations), which can
      be remedied, if at all, only by expensive refinishing.
PAR  The handling of the coating powder within the coating equipment therefore
      requires a special degree of care and many arrangements have already been
      suggested in this regard for the design of equipment, but up to now
      without fully satisfactory results. The present invention is directed to
      the same goal, i.e. to mitigate so far as possible the above mentioned
      damaging influences on the coating powder in a coating apparatus of the
      type abovementioned.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, an annular channel is provided just above and co-axial to the
      distributing disk of the apparatus for delivery of the coating powder
      thereto by overflow over its inner walls and means are provided for
      maintaining the coating powder in the annular channel in the fluidized
      condition. The annular channel so provided is preferably at least partly
      open upwards.
PAR  A further advantage is obtained in the practice of the invention by the
      provision of means by which the coating powder is maintained in the
      fluidized condition on its way to the aforesaid annular channel, such
      means being provided in the supply container, rate of flow control
      apparatus, conveyor arrangements, and the like. It is of further advantage
      to provide perpendicularly upstanding radial vanes on the upper side of
      the distributing disk of the apparatus, extending outwards from the middle
      thereof.
PAR  With regard to other requirements of the coating apparatus according to the
      present invention it is required only, corresponding to the usual manner
      of operation of distributing disks, that the coating material fed to the
      disk should reach or pass the spray edge or the region of the spray edge
      with an appreciable radial velocity component and there, if not sooner, be
      seized by the electrostatic field and be carried away further by it. In
      this operation, in other and known ways, mechanical and/or pneumatic
      accelerating forces can be made to assist the operation.
PAR  The overflow delivery of the coating powder from the annular channel to the
      rotating disk below is preferably improved by providing crenelations on
      the inner wall of the annular channel for better assurance of even
      distribution of the overflow around the circumference, except that when
      the powder is conveyed to the annular channel by a spout discharging over
      its outer wall, it is desirable to provide a raised baffle portion of the
      inner wall opposite the spout to prevent irregular discharges directly
      from the spout to the disk.
DRWD
PAR  The invention is further described by way of example with reference to the
      accompanying drawings in which:
PAR  FIG. 1. is an elevation view partly in section of a powder feed system
      according to the invention together with the distributing disk to which
      powder is delivered thereby, and
PAR  FIG. 2. shows on a smaller scale, likewise in elevation partly in section,
      a complete assembly, including a supply container and conveyor duct ahead
      of the annular feed channel, of a powder feed system according to the
      invention.
DETD
PAR  In the drawings there is shown a vertical shaft 1 at the lower end of which
      a level and circular distributing disk 3 having a sharpened outer edge
      (spray edge) 4, is afixed by a hub 2. Upright standing radial vanes 5 are
      provided on the upper side of the distributing disk 3, extending away from
      the shaft 1, each stretching over a considerable portion of the disk
      radius.
PAR  The shaft 1 extends upwards and is continued by a coupling 6 into a casing
      7 in which there are provided bearings and drive means (not shown) for the
      shaft 1.
PAR  A feed device 9 to be described further below is connected to the casing 7
      by a holding bracket 8. The feed device 9 consistes essentially of an
      annular trough 10 above the distributing disk 3 and co-axial to it,
      composed of a cylindrical outer wall 11, a cylindrical inner wall 12, and
      a floor 13, inserted between the cylindrical walls and also somewhat above
      the floor 13, a sieve-like false floor 14. The false floor 14, together
      with the portions of the circumferencial walls 11 and 12 extending
      thereabove, defines the above mentioned open annular trough 10 for feeding
      the coating powder and also forms with the lower floor 13 and the lower
      portion of the walls 11 and 12 a pressure chamber 15. An oblique duct 16
      serves to supply the coating powder to the circular trough 10. The lower
      end of the duct 16 meets the upper edge 17 of the outer wall 11 and it
      like-wise is fitted with a sieve-like false bottom 18 and an underlying
      pressure chamber 19.
PAR  The false bottoms 14 and 18 are made of a material provided with
      air-permeable pores such that compressed air supplied to the corresponding
      presssure chambers 15 and 19 over piping 20 and 21 respectively can pass
      upwards through the pores and maintain the coating powder thereabove in a
      so-called fluidized condition. Thus, the fluidized coating powder flows
      down the oblique duct 16 at gravity in consequence of the slope of the
      latter.
PAR  The upper edge 22 of the inner wall 12 of the annular feed channel lies a
      little lower than the upper edge 17 of the outer wall 11 of the same. It
      is provided with a series of rectangular crenelations the bottoms 23 of
      which serve as overflow dams, but in the sector opposite the spout end 24
      of the oblique feed duct 16, there is a baffle-like raised portion 25 of
      the inner wall 12. The general view of the spray coating apparatus
      embodying the invention shown in FIG. 1, shows the shaft 1, the
      distributing spray disk 3, the powder feed system 9 with its annular
      channel 10 in turn fed by the duct 16 and also the casing 7 that houses
      the means (not shown) providing bearings and a drive for the shaft 1.
PAR  The casing 7, together with the already mentioned parts afixed to it, in
      particular the distributing disk 3, can be shifted upwards and downwards
      by means of a hydraulic cylinder 26 and can be fixed in any vertical
      position to which it can be so adjusted. The hydraulic cylinder 26 is
      secured firmly to the building in which it is situated both at it upper
      end 27 and elsewhere by a cross brace 28.
PAR  Likewise afixed to the building structure is a supply container 29 for the
      coating powder, the outlet 30 of which is connected by an oblique delivery
      duct 31, to the upper end of a drop tube 32. The lower end of the drop
      tube 32 is inserted loosely in another drop tube 33 that connects directly
      to the oblique delivery duct 16. The drop tube 33 is firmly afixed to the
      casing 7 and is movable therewith, whereas the drop tubes 32, like the
      supply container 29 remains in fixed position. The concurrent telescopic
      adjustment of the drop tube 32 and 33 makes it possible to avoid any
      disturbance of the path of the coating powder through the drop tubes 32
      and 33 when the casing 7 and the parts mounted on it are vertically
      displaced.
PAR  As indicated at 34 and 35, the supply container 29 and the oblique deliver
      duct 31 are both provided with porous bottoms and underlying pressure
      chambers suitably supplied with compressed air, so that the coating powder
      can be maintained in fluidized condition also in these parts of the powder
      feed system of an electrostatic coating apparatus according to the present
      invention.
PAR  Control of the rate of flow of the coating powder is produced by a coarse
      adjustment provided by a slide 36 at the output 30 of the supply container
      29 and by a fine adjustment provided by a constriction valve 37 inside the
      supply container 29 which is supplied with compressed air over a supply
      line 38 so that an adjustable air jet is directed against the outlet 30
      and thus controllably affects the outflow of the coating powder. Details
      such as the supply of compressed air to this valve and to the various
      sieve floors and so on are not shown in the drawings, since their position
      requires no further explanation.
PAR  The coating powder feed for the coating apparatus according to the
      invention operates as follows. The coating powder is present in the
      container 29 in the fluidized state and flows through the outlet 30, the
      sloping duct 31, the drop tubes 32 and 33 and the sloping duct 16 to the
      ring shaped channel 10 in the feed device 9. From there it flows over the
      overflow dam 23 on the inner wall 12 of the channel 10 and goes down the
      distributing spray disk 3. The baffle effect of the raised portion 25 of
      the inner wall 12 prevents occasionally occurring irregularities in the
      feed of the coating powder through the oblique duct 16 from gushing
      directly over the upper edge 22 of the inner wall 12 onto the distributing
      disk 3.
PAR  The coating powder is thus continuously in the fluidized condition on its
      entire way from the container 29 to the spray disk 3. That means that the
      above mentioned damaging influences, such as shock, friction and
      uncontrolled temperature increases are eliminated in an almost ideal
      manner, because the medium that carries the particles of the coating
      powder, the air continuously streaming up through the sieve floors,
      prevents excessively intensive contact of the particles with each other
      and with the duct walls, and, in addition, has a temperature moderating
      effect. It is assumed, of course, that a sufficiently low velocity of
      material transport is produced as a result of choice of operating
      conditions and of dimensions of the equipment parts. It is not difficult
      to obtain a material transport velocity of from 1 to 2 meters per second
      in a powder feed system in accordance with the invention.
PAR  The coating powder flowing down onto the distributing spray disk 3 is
      exposed to the air currents produced by the rotation of the distributing
      disk when it reaches the neighborhood of the upper surface of the disk.
      The powder is thereby subjected to a radial acceleration and is therefore
      propelled towards the spray edge 4 of the disk. In this part of the
      operation the vanes 5 on the disk 3 can provide additionally a whirling
      movement serving to smooth out still further the distribution of the
      particle stream, as may suit the configuration and dimensions of the
      particular apparatus.
PAR  Although the invention has been described with reference to a particular
      illustrative example, it will be understood that variations are possible
      within the inventive concept. Thus, for example, the crenelations of the
      top of the cylindrical wall 12 may be wide as shown, or the lower portions
      may be narrowed into slots, or V shaped or arcuate indentations may be
      used instead of rectangular slots. As another example, horizontal slits
      level with the bottoms of the crenelations may be provided in the raised
      baffle sector 25 of the wall 12 in order to allow some flow of particles
      to the disk in that sector.
CLMS
STM  We claim:
NUM  1.
PAR  1. Powder feed system for the rotary spray disk of an electrostatic coating
      apparatus for coating with said powder work pieces caused to pass by the
      neighborhood of the edge of the disk while subjected to an electric
      potential relative to said disk, comprising:
PA1  an annular channel (10) located above the rotary disk and co-axial thereto
      and provided with overflow crenelations on its inner wall (17);
PA1  said inner wall defining an axial passageway, open at its bottom, whereby
      to feed said rotary spray disk;
PA1  means for pouring a stream of powder into said annular channel, and
PA1  means (14, 15) for maintaining the coating powder in said annular channel
      in a fluidized condition whereby to overflow at said crenelations to feed
      said disk.
NUM  2.
PAR  2. Powder feed system as defined in claim 1 in which said channel is open
      at the top.
NUM  3.
PAR  3. Powder feed system as defined in claim 1 in which said means for pouring
      a stream of powder into said annular channel includes means (16, 18, 19)
      for delivering said powder to said channel in fluidized condition.
NUM  4.
PAR  4. Powder feed system as defined in claim 1 comprising also a supply
      container (29), a rate of powder delivery control means (30, 36, 37) and
      conveyor ducts (16, 31) and means for maintaining the coating powder in
      fluidized condition throughout its path in said powder feed system to said
      means for pouring a stream of powder into said annular channel.
NUM  5.
PAR  5. Powder feed system as defined in claim 1, in which the upper surface of
      said disk (3) is provided with vanes (5) standing vertically and oriented
      radially with respect to said disk and leading outward from substantially
      the center of said disk.
NUM  6.
PAR  6. Powder feed system as defined in claim 1, in which the said annular
      channel comprises a cylindrical outer wall (11), a cylindrical inner wall
      (12), a floor member (13) connecting the aforesaid inner and outer walls,
      a gas-permeable false floor (14) above said floor member (13) and defining
      therewith a pressure chamber (15) and a compressed air supply line (20)
      for supplying compressed air to said pressure chamber (15), in which
      system, further, said means for pouring a stream of powder into said
      annular channel includes an input spout duct (16) leading over said upper
      wall of said annular channel, and in which system the inner wall (12) of
      said annular channel (10) is slightly lower than the outer wall (11)
      thereof except opposite said input spout channel (16) where it has a
      raised baffle portion (25) and the top (22) of said inner wall (12) is
      provided with a series of crenelations (23) except in said raised baffle
      portion (25) serving as outlets for said coating powder for delivery of
      said coating powder to said disk.
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ABST
PAL  Irrigation apparatus comprises a movable vehicle arranged to be steered
      along a required ground path and carrying a pair of laterally-extending
      booms each of which is pivoted to one side of a rotatable turret mounted
      on the vehicle chassis. Each boom carries spray or sprinkler nozzles
      spaced along their lengths and one or more spray nozzles at its tip, all
      connected to a supply of water, and the spray patterns of the various
      nozzles overlap one another in such a way as to ensure even total dosage
      of water delivered per unit area of ground as the machine advances. Means
      is provided for angularly reciprocating the turret and booms about the
      vertical axis of the turret. The vehicle may be connected by a trailing
      flexible hose pipe to a hydrant, or may have a power-driven hose reel on
      which the hose is wound and by which it can can be reeled in or unreeled
      whilst the vehicle is moving and with the hose either empty or delivering
      water. The flexible hose may also be of a longitudinally-seamed
      construction. The vehicle may alternatively run along a water-filled canal
      and pick up water from the canal as it moves.
PARN
PAR  This is a continuation of application Ser. No. 374,972, filed June 29,
      1973, and now abandoned.
BSUM
PAR  This invention relates to apparatus for treating land and crops by
      distributing liquid or powder material thereon, for example for irrigation
      purposes.
PAR  The general problem with above ground sprinkler systems for irrigation is
      that there is a normal limit of about 20 metres on the length of throw of
      a sprinkler water jet, which leads to a very close spaced system or grid
      of sprinkler heads. But the application of water from these points can be
      completed in the matter of about 4 hours, an operation which does not need
      repeating for a week or 2 weeks. A permanent system of pipes feeding each
      sprinkler point is greatly under-utilised as a result and is normally
      uneconomic, whereas a system temporarily set up for 4 hours requires to be
      moved at the end of this period, and the cost of this operation and the
      labour required for it constitute problems and the task is often unwelcome
      for this reason. There has been various proposals for enabling the lines
      of pipes to be progressively moved forward, for instance by forming them
      into a line rotating on wheels about a fixed central axis which is also
      the pipe, or by having the line moving forward by a means of a series of
      wheels and carriages kept in line on a parallel basis by a control system,
      or on a rotary basis about a central point. Such systems all leave defects
      in connection with the necessary feed of water to the moving machine, or
      in negotiating soft uneven ground or in dealing with such obstructions as
      interspersed trees. It is an object of the present invention to provide an
      improved liquid distribution apparatus which overcomes such problems and
      provides improved evenness of liquid distribution.
PAR  According to one aspect of the present invention, ground treatment
      apparatus, for example for irrigation purposes, comprises a movable land
      vehicle constructed and arranged to be steered along a required ground
      path whilst connected to a supply of treatment fluid via a fluid delivery
      conduit, the vehicle comprising a steerable carriage having a fluid inlet
      for connection to the fluid delivery conduit, and having a pair of
      laterally-extending booms mounted one on each side of the carriage, each
      boom carrying a plurality of sprinklers, spray nozzles or other fluid
      distributors to which fluid is supplied from the fluid inlet and which are
      arranged to deliver fluid material in spray or droplet form onto an area
      of ground on the corresponding side of the carriage, and each boom also
      carrying at its tip one or more spray nozzles supplied with fluid material
      from the fluid inlet and arranged to project a spray of fluid material
      laterally outwardly (with respect to the direction of forward movement of
      the vehicle) beyond the outer end of the boom, the overall area of ground
      onto which fluid is distributed from the vehicle being many times wider
      than the width of the carriage, and in which the construction, calibration
      and arrangement of the fluid distributors along the length of each boom
      and of the tip spray nozzle or nozzles are such that the ground areas
      covered by the individual fluid distributors overlap one another and that
      covered by the tip sprayer or sprayers in the direction of the length of
      the boom in such a way that the total quantity of fluid deposited per unit
      area of ground on each side of the vehicle in a single forward traverse of
      the vehicle is uniform throughout a strip of ground extending widthwise
      from a line located beneath or approximately beneath the path of movement
      of the inner end of the respective boom to a line extending outside the
      path of movement of the tip of that boom as viewed in plan.
PAR  Each boom may be pivoted to the side of the vehicle about a horizontal axis
      at its inner end, means being provided for swinging each boom up and down
      about its pivot.
PAR  The vehicle may comprise a chassis and a tower structure supported on the
      chassis and rotatable about a vertical axis relatively to the chassis, the
      booms being mounted on the tower structure on opposite sides thereof.
      Furthermore, means may be provided for angularly oscillating the tower
      structure together with the booms continuously about the vertical axis of
      rotation thereof during the advancing movement of the vehicle and during
      material distribution.
PAR  Where the vehicle is self-propelled it may be provided with automatic
      steering means arranged to cause the vehicle to follow a track defined by
      a current-bearing buried electric cable, or by a furrow formed in the
      surface of the ground, or by a rigid or semi-rigid pipe line forming part
      of the water supply to the vehicle.
PAR  For irrigation purposes, the water supply to the vehicle may be arranged in
      various ways. For instance, the vehicle may have a liquid intake to which
      is connected one end of a flexible hose the other end of which is
      connected to a fixed supply outlet. The vehicle is then driven along the
      required path towards or away from the water supply outlet, within the
      limits dictated by the length of the flexible hose, after which the far
      end of the hose is disconnected from that supply outlet and is connected
      to another supply outlet to supply the vehicle during a further stage of
      its movement.
PAR  The vehicle may be provided with a power driven reel onto which the hose
      can be wound and from which it can be withdrawn, the reel being preferably
      constructed and arranged to progressively wind in and store the hose on
      the reel, and also to pay out the hose behind the vehicle, in each case
      whilst the hose is filled with water and is conducting water from the
      supply to the advancing vehicle.
PAR  In an alternative embodiment, the water supply to the vehicle is effected
      through a longitudinally-seamed hose made from flexible strip material
      whose longitudinal edges have continuous oppositely-facing longitudinal
      sealing formations which are mutually interengageable, and which, when
      interengaged, form a sealed seam, the vehicle being provided with a reel
      on which a supply of the strip material is wound, and a former device
      through which the strip material drawn from the reel is passed
      longitudinally and is thereby progressively rolled into tubular form and
      inter-connected by its edge formations so that the seamed tube is
      dispensed from the rear of the former as the vehicle advances. The former
      device may include an open-end tubular probe adapted to enter and extend
      rearwardly down the interior of the newly-formed seamed tube being
      dispensed from the former, and to receive water delivered through the
      seamed hose from a supply to which the rear end of the hose is connected,
      the probe being connected to the intake of a booster pump mounted on the
      vehicle which supplies the water at increased pressure to the distribution
      means.
PAR  In another arrangement, the water supply to the vehicle is provided by a
      longitudinally-seamed water-filled flexible hose lying on the ground and
      connected to a pressurized water supply, along which hose the vehicle is
      guided, the hose being formed of a transversely-curled flexible strip
      material whose longitudinal edges have mutually-cooperating continuous
      oppositely-facing longitudinal edge formations releasably engaged with one
      another to form a sealed longitudinal seam, and the vehicle carries a
      probe device engaged locally with the hose at a zone which advances
      progressively along the length of the hose as the vehicle advances, the
      probe being constructed and arranged to create a local separation of the
      seam edges in the said zone and to draw water through the separation from
      the interior of the hose, the probe reconnecting the seam edges behind the
      advancing separation zone, and the probe being connected to the intake of
      a booster pump on the machine by which the water drawn from the pipe is
      delivered at increased pressure to the distribution means.
PAR  The invention according to another aspect comprises the combination of the
      specified vehicle, water supply means comprising a longitudinally-seamed
      pipe of either of the types referred to above with means for drawing water
      from a progressively-advancing point along the pipe and supplying it to
      the intake of a booster pump carried by the vehicle, which delivers the
      water at increased pressure to the distribution means.
PAR  Instead of using a pipe to supply water to the advancing vehicle, the
      installation may include at least one longitudinally-extending open-topped
      canal filled with water, the vehicle being arranged to move on or over the
      canal along the length thereof and to draw water from the canal for
      delivery by the distribution means. The means for drawing water from the
      canal may comprise a suction pipe or scoop carried by the vehicle and
      having a mouth shaped and dimensioned so that it approximately fits or
      occupies substantially the whole of the cross-section of the canal.
PAR  Where the vehicle is a wheeled carriage its steering wheels are preferably
      arranged to run on surfaces of the canal so as to guide the vehicle
      automatically along the length of the canal. In other arrangements,
      however, the vehicle may be adapted to float on the water of the canal.
DRWD
PAR  The invention may be carried into practice in various ways, but certain
      specific embodiments will now be described by way of example only, with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic front elevation of a powerdriven irrigation
      machine,
PAR  FIG. 2 is a plan of the machine or FIG. 1,
PAR  FIG. 3 is a diagram showing the total water dosage distribution along a
      line at right angles to the direction of travel of the machine,
PAR  FIG. 4 is a plan on a much smaller scale of an area of ground provided with
      a water supply system with hydrants, over which the machine of FIGS. 1 and
      2 is to move,
PAR  FIG. 5 is a fragmentary cross-section on the line V -- V of FIG. 1,
PAR  FIG. 6 is a block diagram of an electronic guidance system for automatic
      steering of the machine along a buried cable,
PAR  FIG. 7 shows a modified mounting arrangement for the guidance equipment of
      FIG. 6,
PAR  FIG. 8 is a diagram of a mechanically-operated hydraulic system for
      automatic steering,
PAR  FIG. 9 is a diagram showing how the machine may be guided along a rigid or
      semi-rigid pipe line,
PAR  FIG. 10 is a sectional view on a larger scale of the pipe line of FIG. 9,
      showing the steering slider and a hydrant,
PAR  FIGS. 11, 12 and 13 show respectively in side and end elevation and in
      plan, a modified boom arrangement employing trailing hose water
      distributors,
PAR  FIGS. 14 and 15 are a side elevation and a plan of a trailer carrying a
      power-driven hose reel for use with the machine of FIGS. 1 and 2,
PAR  FIGS. 16 and 17 are elevation and plan views of a hydrant with a swivelling
      coupling,
PAR  FIG. 18 is a cross-section of the moulded edges of a strip for forming a
      seamed hose pipe,
PAR  FIGS. 19 and 20 are elevation and plan views of an attachment for the
      machine of FIGS. 1 and 2 for forming and laying a seamed pipe behind the
      machine,
PAR  FIGS. 21a, 21b and 21c show the cross-section of the flexible strip at
      points A--A, B--B and C--C respectively in FIGS. 19,
PAR  FIG. 22 is an enlarged cross-section on the line XXII -- XXII of FIG. 20,
PAR  FIG. 23 is a side elevation, in diagrammatic form, of a machine with a
      follower device for steering the machine along a seamed pipe laid on the
      ground, and for drawing water from a progressively-advancing opening in
      the seam formed by the follower device,
PAR  FIG. 24 shows diagrammatically in plan how the follower device and pivoted
      probe of FIG. 23 are coupled to the steering of the machine,
PAR  FIG. 25 is a plan on a larger scale of the follower device of FIG. 23,
PAR  FIG. 26 is a plan of an area of ground provided with laid seamed pipes for
      supplying a machine having a follower attachment according to FIGS. 23 to
      25,
PAR  FIG. 27 is a plan of a modified form of follower device,
PAR  FIG. 28 is an enlarged fragmentary view of one edge of a resilient strip
      for forming into a second pipe by means of the device of FIG. 27,
PAR  FIGS. 29a and 29b are diagrams showing the crosssection of the seamed pipe
      at the lines A--A, and B--B, in FIG. 27,
PAR  FIG. 30 is a cross-section of a water supply canal showing the driving
      rollers of an irrigation machine following the canal, and
PAR  FIGS. 31 and 32 are views similar to FIG. 30 of modified canal arrangements
     .
DETD
PAR  In the embodiment of FIGS. 1, 2 and 5, an irrigation system comprises a
      movable wheeled carriage 60 which is caused to travel in a predetermined
      path over an area of ground to be irrigated and delivers water in a
      controlled spray pattern during its travel, the water being supplied from
      hydrants distributed over the ground area, to which the machine is
      successively connected by a flexible hose.
PAR  The irrigation machine 60 in self-propelled, being provided with driven
      rear wheels 61 and nondriven steerable front wheels 62. The rear wheels 61
      are driven by a prime mover such as a tractor engine mounted on the
      chassis 63 of the machine, and the front wheels 62 are provided with a
      guidance system for automatic steering, which will be described later.
PAR  The tower 64 of the machine, which is rotatably mounted on the chassis 63
      for rotation about the vertical post 66, carries a pair of elongated booms
      67 each of which is of generally triangular cross section as shown in FIG.
      5. Thus the lower part of each boom 67 comprises a pair of converging
      rigid pipes 68 and 69 pivoted at their inner ends to pivots 70 on the side
      of the tower 64, the pipes 68 and 69 being provided with bracing triangles
      71 at intervals along their lengths as shown, and the apices of the
      bracing triangles being joined by a tensioning cable 72 and appropriate
      bracing wires 73 to form a stiff lattice-work structure. At their
      convergent outer ends the leading and trailing pipes 68 and 69 are joined
      by a fitting 75 which also carries a short extension pipe 80.
PAR  The inner end of each boom 67 is pivoted about a horizontal axis pivot at
      70 to the tower 64, and a cable 22 is connected to the upper end of the
      innermost triangle 71 and is led over a pulley 23 at the top of the tower
      and down through the tower framework to a winch or hydraulic ram (not
      shown) which enables the whole boom 67 to be swung upwardly from a
      horizontal or near-horizontal position to a maximum angle of tilt of about
      20.degree. to the horizontal. Fixed or rotating sprinkler nozzles 81 are
      mounted at spaced points along the lengths of the two pipes 68 and 69, and
      direct feathers of sprayed water outwardly and upwardly in directions
      inclined to the general length of each boom 67, as indicated at 82 in FIG.
      2. In addition a sectoring tip nozzle 83 is mounted on the outer end of
      the extension pipe 80. The calibration and arrangement of the sprinklers
      81 and tip jet 83 are such that their spray patterns overlap to give a
      substantially uniform water dosage rate over the sprayed strip of ground
      in a complete pass of the machine. The sprinklers 81 near to the carriage
      60 are arranged so as to avoid wetting the ground in the track of the
      moving machine, it being preferable to keep this ground hard so that the
      wheels of the machine will not sink in or slip.
PAR  The "sectoring" nozzle 83 (which oscillates about a vertical axis) directs
      a jet or spray of water in the direction of the length of the boom and
      generally upwardly, i.e. laterally with respect to the path of movement of
      the machine 60, in a spray of up to 90.degree. cone angle, thereby
      increasing correspondingly the width of the strip of ground which is
      sprayed by each boom during the movement of the carriage. The total width
      of the machine with its booms extended laterally may be about 74 meters,
      and the tip nozzles 83 have the effect of extending the lateral spraying
      distance by about 23 meters in each direction beyond the tips of the
      booms, so that the machine will effectively spray a strip of ground of
      about 120 meters width. The wheel track of the machine is about 2.5
      meters.
PAR  The leading and trailing pipes 68 and 69 of each boom provide separate
      conduits for the supply of water to the sprinklers and tip jet. Thus the
      leading pipe 68 supplies all the fixed sprinklers 81 mounted on that pipe,
      whilst the rear pipe 69 provides a separate supply of water to the tip jet
      83, and also to the sprinklers 81 which are mounted on that pipe and are
      of smaller capacity than those on the pipe 68. The inner ends of both
      pipes 68 and 69 are separately connected to the water supply intake of the
      machine 60.
PAR  The sprinklers 81 and 83 are so calibrated and arranged on the booms that
      their spraying patterns overlay one another as the machine advances, and
      so that the total water dosage delivered to every unit of ground area in
      the strip sprayed by the machine in a single pass is approximately
      uniform. This is indicated diagrammatically in FIG. 3, which is a graph of
      the total water dosage per unit area, plotted against the boom length. It
      will be observed that in the region A in FIG. 3 the dosage due to the
      sprinklers 81 is supplemented by that due to the tip nozzle 83 through the
      overlapping of their spray patterns, and that as a result approximate
      uniformity of total distribution is achieved, apart from the narrow path
      over which the machine passes and onto which spraying is deliberately
      avoided.
PAR  Moreover, means, shown generally at 270, are provided for causing the tower
      64 and both booms 67 to oscillate angularly about the vertical pivotal
      axis 66 of the tower through an angle of about 30.degree.. This
      oscillation, which is continuous throughout the spraying action of the
      machine in use, spreads the spraying pattern more widely on both sides of
      the mean position of the boom, and hence reduces the instantaneous rate of
      water application per unit area of ground within that pattern, especially
      in the regions sprayed by the tip jets; and also assists in spreading the
      spray dosage more uniformly over the sprayed area of ground. The
      oscillation of the tower and two booms may be produced mechanically by
      means such as a cyclically-actuated hydraulic ram 271 acting between the
      chassis 63 and the tower 64.
PAR  In the forward direction, water distribution is maintained constant by
      causing the machine to move forwards at a steady speed, which may be in
      the region of 16 to 64 meters per hour, and can be adjusted as one means
      of controlling the water application rate. It should be pointed out that
      although the instantaneous rate of water application may vary a good deal
      at any single point from moment to moment as the machine approaches,
      passes over it and leaves it, nevertheless this is of no account provided
      that the total amount deposited at each point in the sprayed band during a
      complete pass of the machine is uniform. The arrangement described enables
      a very high standard of uniformity of the water dosage to be achieved.
PAR  The pivoting of the booms 67 about their pivots 70 enables them to be
      raised and manoeuvred over small trees and other obstacles during the
      course of a run of the machine, and moreover the height of their pivots 70
      on the tower 64, normally be at least 2 meters above the ground, enables
      the machine to be used for irrigating tall standing crops such as maize,
      sorgham, sugar can and bananas.
PAR  For transport purposes, the tower 64 is rotated about the post 66 until the
      booms extend parallel to the fore-and-aft axis of movement of the
      carriage.
PAR  The water supply to the machine 60 is obtained via a trailing hosepipe 50
      of nylon-reinforced plastic hose, approximately 10 cms in diameter when
      inflated with water, the length of the hosepipe 50 being for example 200
      meters. An economical irrigation system utilising the machine 60 can be
      provided by installing above ground a main hydrant pipeline of about 15
      cms diameter extending at right angles to the proposed directions of
      spraying movement of the machine, with standpipe hydrants at the points
      where each main pipeline crosses the centre line of each of the proposed
      paths along which the machine is to travel for spraying. FIG. 4 shows an
      arrangement with a single main hydrant pipe 51 provided with hydrants 52
      spaced 120 meters apart along the pipe 51. In use the machine 60 is driven
      along a path 53 which consists of a series of straight parallel tracks 54
      each passing through one of the hydrants 52 and joined at their ends by
      cross-tracks 55, so that the machine travels in opposite directions along
      the successive tracks 54. In this way each track 54 serves a spraying area
      as indicated at 56 120 meters wide and 400 meters long. Eight such areas
      56 would represent the total capacity of the machine when operated for
      about twenty hours per day at a low speed, the total area served being
      then approximately 40 hectares.
PAR  Since the machine 60 is self-propelled, no towing cable is available to
      provide steering guidance. FIG. 6 shows an electronic guidance circuit
      which can be used in conjunction with a buried cable to provide automatic
      steering of the machine 60 along the length of the cable.
PAR  The cable is buried at about 50 cm depth below ground level along the
      centre line of the path which the machine 60 is required to follow. An
      alternating or fluctuating electrical signal is passed through the cable,
      and generates a correspondingly alternating magnetic field around the
      buried cable. Mounted on the front of the machine 60 are a pair of ferrite
      rods 90, 91 each provided with a pick-up coil 92 or 93. These ferrite
      aerials are positioned one on either side of the fore-and-aft centre line
      of the machine, at equal distances therefrom, and serve to pick up the
      magnetic signal from the buried cable and to induce corresponding
      electrical signals in their pick-up coils, which are connected to two
      guidance channels each containing an amplifier 94 or 95 by which the
      associated signal is amplified, and a detector 96 or 97 which rectifies
      the signal and supplies it to an input of a common differential amplifier
      98. The differential amplifier 98 supplies an output signal corresponding
      to the difference between the two signals in the guidance channels
      associated with the rods 90 and 91. Consequently, whenever the machine 60
      is symmetrically aligned over the buried cable, the signals picked up by
      the ferrite rods will be equal and no output signal will be produced by
      the differential amplifier 98. If the machine veers to right or left with
      respect to the buried cable, the corresponding one of the ferrite rods
      will pick up a stronger signal than the other, and an output signal will
      be produced by the differential amplifier 98, this output signal being
      either positive or negative depending upon which channel of the guidance
      signal is dominant. The output signal is supplied to a position servo
      device 99 arranged to drive steering motors so as to produce a mechanical
      steering correction which is applied to the steering linkage in the sense
      tending to reduce the difference signal to zero. Hence the machine is
      automatically steered along the line of buried cable.
PAR  FIG. 7 shows a modification of the electric steering arrangement described
      with reference to FIG. 6, the modified arrangement being designed to
      incorporate feedback and to prevent excessive yawing of the machine. For
      this purpose the machine 60 is provided with a forwardly-extending
      steering bar 100 coupled mechanically to the Ackermann steering linkage 42
      of the carriage, but the outer end of the steering bar is not coupled to
      any towing cable or other tractive means. A guidance housing 89 which
      supports the two ferrite aerials 90, 91 and their associated pick-up coils
      92, 93 is mounted on the front end of the bar 100, with the aerials 90, 91
      symmetrically arranged one on either side of the centre line of the bar
      100. A double-acting hydraulic ram 101 having an electro-hydraulic control
      valve 101A constitutes the steering motor and is controlled by the output
      of the position servo device 99, the ram 101 acting on the bar 100 to
      pivot it in one direction or the other. Thus when the machine 60 deviates
      from the line of the buried cable, the resultant steering correction
      produced automatically by the electrical guidance system will actuate the
      steering motor 101 to turn the bar 100 back until the ferrite aerials and
      the front end of the bar 100 are once again centred over the cable, when
      the motor will stop, and this will produce a corresponding steering action
      on the whole vehicle which will trail behind the bar 100 back into
      alignment with the cable. The system thus provides a servo loop with a
      position feedback by which the leading end of the bar 100, with the
      aerials, is controlled to travel along the line of the cable and the bar
      100 steers the carriage to follow.
PAR  FIG. 8 shows an equivalent mechanical steering arrangement in which the bar
      100 carries a steering rod 102 journalled in a support 103 on top of the
      drawbar 100 extending parallel to the bar 100. The steering rod carries a
      downwardly-extending drop arm 105 provided at its lower end with a
      follower wheel 106 of conical radial section which engages in a furrow 107
      ploughed in the surface of the ground. The drop arm 105 extends through an
      aperture in the bar 100 and has a yoke 108 at its lower end in which the
      spindle of the follower wheel 106 is journalled. The steering rod 102 is
      coupled to the operating lever 109 of a hydraulic control valve 110 by
      which a hydraulic steering motor ram 111 acting on the tail 112 of the bar
      100 is controlled. As the machine advances under its own self-propulsion
      means, the wheel 106 tilts as it follows the line of the soil furrow 107
      in which it is engaged, this tilting turning the steering rod 102 about
      its longitudinal axis in the corresponding angular direction and causing
      corresponding operation of the hydraulic control valve 110. This energises
      the hydraulic motor 111 correspondingly in the direction tending to turn
      the bar 100 until the drop arm 105 is once again vertical and the control
      valve 110 is restored to its neutral position. This pivoting of the bar
      100 produces a corresponding steering correction on the steered front
      wheels 62 of the vehicle via the steering linkage, so that the vehicle
      tends to follow the bar 100 back into alignment withh the ploughed furror
      107. In this way an automatic steering effect is produced by a system
      which operates mechanically, but is analogous to the electrical system of
      FIGS. 6 and 7. A ground feeler yoke device with twin trailing feeler arms
      190 may be provided which is connected to a shut-off control 192 for the
      engine of the machine 60 and acts to stop the machine if the wheel 106
      rides out of the furrow 107. The use of a feeler with two interconnected
      arms 190 prevents the shut-off valve from being actuated by a local
      irregularity in the ground which affects one feeler only, whilst the wheel
      106 is still in the furrow.
PAR  In another arrangement for steering the machine, instead of following a
      surface furrow ploughed in the ground the machine is made to follow a
      pipeline which runs down the centre or to one side of the path to be
      followed. In this case the guidance of the machine is by reference to the
      pipeline, which will be fixed to the ground so as to be sufficiently rigid
      for the purpose. FIGS. 9 and 10 show such an arrangement. The pipeline 120
      extends longitudinally down the path to be followed, being mounted on
      stakes 121 forced into the ground. The pipe 120 is provided at intervals
      along its length with hydrants in the form of U-shaped hose connectors
      122, one arm of each of which is secured to the under side of the pipe 120
      so as to communicate with its interior, and the other arm carries an
      upwardly-directed hose coupling member 123 to which the flexible nylon
      trailing hose 50 is to be connected. A slider 124 mounted directly on the
      leading end of the steering bar 100 engages over the top of the pipe 120
      so as to be able to slide along its length, and to steer the bar 100 and
      the front wheels of the vehicle 60 accordingly. Again, the slider 124 may
      take the place of the follower wheel 106 in the arrangement of FIG. 8. One
      of the advantages of this system is that the guidance by reference to the
      pipe 120 is more positive than can be provided by a soil furrow, and the
      path of the machine may be more sharply curved. Furthermore a smaller
      length of trailing pipe 50 is required, and the hydrants 122 can be at
      closer intervals along the pipeline, for instance at intervals of 100
      meters, so that the flexible hosepipe 50 coupled between the machine 60
      and the pipeline 120 serving it need only be 50 meters long instead of 200
      meters as in the arrangement of FIG. 4.
PAR  Whilst in the arrangements previously described the machine 60 has been
      provided with laterally-extending booms with sprinkler nozzles or
      apertures through which the irrigation water is sprayed, FIGS. 11 to 13
      show a different arrangement which employs a series of short trailing
      lengths of hose 150 which are secured at their leading ends to the water
      conduit pipe 68 or 69 of each boom and have water delivery members in the
      form of perforated hollow shoes 151 each attached to the downstream end of
      one of the short hose lengths 150. In use the hose lengths 150 and their
      delivery shoes 151 are trailed between rows of crops 152 by the booms as
      the machine is advanced along the length of a strip of land to be
      irrigated.
PAR  A further development of the invention concerns the provision of a
      power-driven reel for reeling in and dispensing the flexible hose 50 which
      is used to connect the advancing machine 60 to the fixed hydrants 52 which
      are distributed about the area of ground to be irrigated. It will be
      appreciated that when these 200 meter lengths of hose 50 are simply
      trailed behind the advancing machine throughout the whole of each pass,
      the heavy water-filled hose has to be dragged along the ground and in so
      doing severe stresses are set up in the hoses. It is obviously desirable
      to reduce these dragging stresses if possible, bearing in mind that the
      total weight of a 200 meter length of flexible pressure hose 10 cms in
      diameter when filled with water may be about 2 tons. A further difficulty
      arises from operator resistance to the disagreeable task of picking up and
      laying down the flexible hosepipe lengths between runs of the machine, and
      in practice this relaying operation interrupts the irrigation procedure
      for periods of from between 3/4 and 11/2 hours. If a 12.5 cm hose is used,
      its extra weight and water content will increase these difficulties.
      Moreover it is clearly advantageous to avoid operating with dragging hose
      lengths if the irrigation machines are to be used for irrigating row crops
      where no path way through the crop exists.
PAR  These difficulties can be avoided by the use of a powered hose reel
      transported on or with the irrigation machine, on to which the
      water-filled hose is wound as the distance decreases between the starting
      point of a run of the machine and the mid-point of the run where a hydrant
      52 is situated, and which the pays out the hose as the distance lengthens
      from the mid-point hydrant to the end of the run. By this means the
      dragging of the hose is eliminated as is the generation of pull necessary
      to drag the hose. There is no problem in providing the necessary forward
      pull for the trailer. In the case of a hose reel mounted on a self-driven
      irrigation machine, the extra weight would give improved performance in
      terms of increased available draft before wheel slip occurs.
PAR  FIGS. 14 and 15 show one form of hose reel trailer unit 160 which can be
      towed behind the irrigation machine 60. A drum or reel 161, some 2 meters
      in diameter and up to 2 meters in width and constructed of light steel
      tube, is mounted on a tubular spindle 162 journalled in a frame 163 having
      rearwardly inclined legs 164 on which ground wheels 165 are journalled.
      The trailer has a forwardly-extending drawbar 166 which is forked and
      provided with a water outlet socket 167 communicating with the interior of
      one hollow side member 168 of the frame 163. A sealing gland 169 at the
      bearing provided on this member 168 for the reel spindle 162 provides
      communication between the bore of the member 168 and the interior of the
      spindle 162, the latter having an inlet socket 170 to which the inner end
      of the flexible hose 50 is connected, and which delivers the water content
      of the hose via the spindle 162, member 168 and outlet 167 to the
      irrigation machine for spraying.
PAR  The 10 cm diameter hose when filled with water under pressure will pack
      down on the reel 161 in neat layers, the filled hose assuming a
      near-circular cross section as wound due to the pressure of the water. A
      guide fork 171 carried by a travelling nut 172 engages the
      forwardly-extending run of hose being led onto the reel during the wind-up
      part of the run to feed the hose transversely to its length along the
      axial length of the reel so as to ensure correct winding in layers. The
      nut 172 is in threaded engagement with a leadscrew 173 extending between
      the two arms of the forked frame 163, the nut being also in sliding
      engagement with a rail 174 which prevents rotation of the nut and hence
      ensures its axial travel. During this wind-up portion of the run the
      forwardly-extending hose in engagement with the transport fork 171 is
      wound underneath the drum as shown in FIG. 14.
PAR  The power drive to the hose reel 161 and leadscrew 173 is in this instance
      through a slipping clutch 180 driven by a chain drive 181 from one of the
      ground wheels 165 of the trailer. A further chain drive 182 from the
      clutch drives the leadscrew 173 of the hose transport mechanism. This
      chain drive 182 is driven through a reversible gear mechanism in the
      clutch housing. Reversal of the gear mechanism is effected by a solenoid
      control (not shown) actuated by limit switches 183 and 184 mounted at
      opposite ends of the leadscrew 173 for operation by the nut 172 at the
      ends of its travel, so that the reversal of the direction of travel of the
      nut and of the transport fork are effected automatically, in synchronism
      with the rotation of the ground wheels 165 and reel 161.
PAR  Instead of the solenoid-actuated reverse gear and leadscrew system
      described, a cam mechanism or an intermittently-engaging chain drive
      mechanism, in each case driven from the clutch 180, might be employed to
      engage the transport fork 171 and cause its timed reciprocation, the fork
      being pivoted at its upper end to a crossbar of the frame 163.
PAR  Instead of, or in addition to, the drive from the trailer wheel 165, a
      power-drive can be provided for the reel 161 by means of a hydraulic motor
      mounted on the trailer 160 and energised through hydraulic lines connected
      to a supply of pressure hydraulic fluid on the irrigation machine itself;
      alternatively a separate auxiliary engine could be mounted on the trailer.
      Where a hydraulic drive is provided, the trailer could be used on occasion
      separately from the irrigation machine and in conjunction with a tractor
      for picking up or dispensing hose, with a choice of driving the reel
      through the wheels of the trailer or by connection to the standard power
      take-off on the tractor, or to the hydraulic pressure system which is
      normally provided as standard equipment on modern tractors.
PAR  Normally however, the trailer will be coupled to the irrigation machine 60
      to be towed behind the latter. To facilitate hose dispensing the
      irrigation machine is preferably provided with a high-speed forward or
      reverse gear. To lay out the hose initially, the free end of the reeled
      hose is coupled to a fixed hydrant at the mid-point of the first pass of
      the machine, and the machine is then driven back to the starting point of
      the pass with the reel freed so that the trailing hose is drawn off the
      reel and is deposited on the ground close to the centre line of the
      required path. The machine is then driven forwardly in its low working
      gear to perform the spraying operation, the water supply being delivered
      through the layed-out hose 50, which is progressively wound onto the reel
      as the machine advances. On reaching the mid-point hydrant, the drive to
      the reel 161 slips so that dispensing of the hose 50 can take place
      thereafter. As the trailer passes the mid-way hydrant 52, the hose
      connection to the hydrant has to change direction by nearly 180.degree.,
      and this is accommodated by means of a rotatable 90.degree. bend fitting
      190 mounted on the standpipe of the hydrant 52 as shown in FIGS. 16 and
      17, the fitting being able to swivel in plan through the necessary angle
      to allow the hose to be moved from the position extending towards the
      right, for reeling in, as shown in firm lines in FIGS. 16 and 17, to a
      position extending towards the left and shown in broken lines for paying
      out from the reel. The hydrant 52 is preferably offset about 1 metre to
      one side of the path of the machine so that it can be ensured that the
      hydrant head 190 turns freely through nearly 180.degree. as the machine
      passes, and thereby kinking of the hose is avoided. The rotatable coupling
      190 is, of course, suitably sealed to the vertical standpipe 52.
PAR  During the second part of the run of the machine forwardly from the mid-way
      hydrant 52, the line of the hose 50 moves from its reeling-in position
      underneath the reel 161, to the paying-out position leading from the top
      of the reel as shown in broken lines in FIG. 14. In doing so the hose 50
      moves out of the control of the transport fork 171, which is not needed
      for the paying-out operation during the second part of the run.
PAR  At the end of the first pass, the extended trailing hose 50 is disconnected
      from the hydrant and is reeled in by power operation of the reel 161. The
      machine is then driven to the standpipe at the mid-point of the next strip
      of ground to be irrigated, and its end is coupled to the hydrant. With the
      reel released the machine is then driven back to the starting point of the
      next run, so that the empty hose is laid out ahead of the machine, the
      water supply is turned on to fill the hose, and the next irrigation pass
      of the machine is then performed. It will be seen that the use of the
      powered reel 161 enables the hose 50 to be laid out and to be picked up
      entirely mechanically, and saves all manual handling of the hose as well
      as avoiding any necessity for the filled hose to be dragged along the
      ground.
PAR  In practice it may be found that the hose 50 will normally pack in a
      near-circular but slightly squared sectional form on the reel 161, due to
      the internal water pressure. Thus the effective diameter of the hose for
      reeling in is slightly less then its nominal full diameter. A 10 cm hose
      200 meters long can thus be accommodated on a reel having an effective
      winding diameter of about 2 meters, and having an axial length of about
      1.8 meters, in about two complete wound layers of the filled hose.
      Alternatively, a drum of the same reeling diameter but only 1.2 meters
      long would store the same length of hose in four layers giving a potential
      drum capacity of nearly 300 meters hose length. The same size of drum
      could accommodate about 250 meters of 12.5 cm hose, in four layers, and a
      practical diameter for such a drum would be about 3 meters overall. This
      is a possible common size of drum to accommodate both sizes of hose,
      leaving some capacity to spare.
PAR  A limiting factor in the irrigation capacity of an installation such as
      that of FIG. 4, using a machine 60 with trailing flexible hoses 50 with or
      without the powered hose reels 161, is the pressure drop in the hose 50.
      To overcome this difficulty, a large-diameter flexible hose which supplies
      the moving machine but does not have to be moved or reeled whilst filled
      is required. It need not be operated at high pressure, because the
      pressure can be boosted if need be at the receiving point on the moving
      machine.
PAR  FIGS. 18 to 22 shown an arrangement which enables this requirement to be
      achieved, by the use of a large-diameter (e.g. 22.5 cm diameter) flexible
      hose which is formed from a flat strip or ribbon 200 of flexible material
      having cooperating longitudinal mouldings 201, 202 along both its
      longitudinal edges enabling the strip to be rolled up longitudinally and
      the mouldings secured together to form a longitudinally-seamed pipe. A
      length of the flat strip material with its edge mouldings is wound on a
      reel 203 mounted on the machine 60 and is paid out behind the machine,
      being passed through a former device 205 carried by the machine 60 behind
      its rear end, the device 205 progressively rolling the strip into tube
      form and progressively joining the edge mouldings 201, 202 together in a
      manner analogous to that of a zip fastener, to form the strip into a
      seamed tube 212 passes through and emerges from the former device 205.
PAR  As shown in FIG. 18, the edge mouldings 201, 202 are moulded by extrusion
      of a hard but resilient plastics material, for example a synthetic rubber,
      with a mesh or fabric reinforcement if necessary, and are formed with
      cooperating opposed longitudinal ribs and grooves 206 and 207 which can be
      interengaged with one another with an interference fit, or even with a
      positive interlock (released by flexing the backs of the mouldings 201,
      202) to form the required longitudinal seam. The backs of the mouldings
      are formed with longitudinal protruberances 208 which are undercut at
      their edges for positive engagement by the former device 205, and the
      mouldings also have flanges 209 in which the edges of the flexible strip
      200 are embedded. The flexible strip 200 may be a fabric of longitudinal
      and transverse tension fibres impregnated with a thermosetting synthetic
      resin material which is flexible when cured. In a 22.5 cm hose, the
      mechanical hoop tension to be withstood per inch of pipe length and per 10
      p.s.i. of internal pressure would be 45 lbs.
PAR  The former device 205 comprises a pair of channel-section guide tracks 210,
      211 whose channels are oppositely-facing and whose flanges are internally
      undercut, so that each can grip positively the protruding undercut
      protruberance 208 of one of the strip edge mouldings 201 or 202. These
      guide tracks converge into overlapping relationship as shown, and are so
      arranged that as the strip 200 is drawn lengthwise through the device 205
      with the edge mouldings 201, 202 engaged in the guide tracks 210, 211, the
      latter draw the edge mouldings into overlapping relationship and force
      them positively into engagement to form a locked seam before the strip,
      now curled the form of a tube 212, leaves the device 205. If necessary,
      the guide tracks 210, 211 also flex the mouldings backwardly to enable
      their cooperating ribs and grooves to become interengaged.
PAR  The former device 205 also incorporates a tubular probe 214 having a curved
      outlet end 215. The probe 214 extends rearwardly a substantial distance
      beyond the rear ends of the guide tracks 210, 211 within the newly-formed
      seamed tube 212, and is open at its rear end around which the tube 212 is
      a close sliding fit. The probe 214 is rigidly secured to the two guide
      tracks 210, 211 and is supported by means of a rearwardly-extending
      bracket (not shown) on the irrigation machine 60, and its upswept outlet
      end 215 passes between the inturning edges of the strip 200 and is
      connected to the suction inlet of a booster pump mounted on the machine
      60, the pump being driven by the propulsion engine of the machine itself
      in the case of the self-propelled machine 60.
PAR  In use, the end of the strip 200 coiled on the drum 203 is fed through the
      former device 205 and is connected to a hydrant at the start of a run of
      the machine 60, with the machine standing close to the hydrant. The water
      supply is turned on, and the machine is started into movement along the
      required track. As the machine advances, with the drum 203 free, the strip
      is progressively paid out from the drum and fed through the former 205, to
      form a seamed tube 212 which is progressively laid along the ground behind
      the advancing machine. The water supply is delivered from the hydrant
      through the newly-formed tube to the open rear end of the probe 214, into
      which it is drawn by the suction of the booster pump. The water drawn into
      the probe 214 passes via its upswept outlet 215 to the inlet of the
      booster pump which delivers it at increased pressure to the boom
      sprinklers and tip nozzles, or other distribution devices.
PAR  Since the water pressure in the newly-formed pipe 212 is low, for instance
      15 p.s.i. at inlet, leakage at the seam will be low, not exceeding 1
      gallon per minute per 100 feet of hose, and a certain amount of leakage at
      the former device can be tolerated, not exceeding say 1 gallon per minute
      at the maximum operating pressure. All available water delivered at the
      low pressure to the region of the mouth of the probe 205 will be swept up
      by the pump suction applied to the probe. The delivery pressure of the
      booster pump may be 60 p.s.i.
PAR  When the machine 60 reaches the end of its run, the water supply is turned
      off at the hydrant and the hose end disconnected, and then the drum 203 is
      power-driven in the winding direction to wind back the strip 200, drawing
      the empty hose 212 over the ground and through the former device which
      progressively releases the seam joint between the mouldings 201, 202 and
      uncurls the hose to flat strip form.
PAR  The arrangement of FIGS. 18 to 22 is convenient for field operation in that
      it obviates the operations of laying down pipe and trailing the filled
      pipe. This advantage is partly offset by the need for picking up the pipe
      at the end of each run, but the winder equipment for performing this
      operation mechanically is provided on the irrigation machine.
PAR  Another arrangement employing zip-up seamed pipe is illustrated in FIGS. 23
      to 25. In this case a large-diameter seamed hosepipe 220, formed of
      flexible strip with edge mouldings 201, 202, is laid down on the ground
      along the required path of the machine 60 during a run, and is connected
      to a water supply to fill the pipe, and the filled pipe is used as a
      reference to guide the steering of the machine to follow the length of the
      pipe. A guide collar device 221 surrounds the pipe 220 and is carried by a
      forwardly-extending tubular probe 222 pivoted near its rear end about a
      vertical swivelling axis 223 to the machine 60. The probe actuates the
      control valve 224 (FIGS. 24) of a hydraulic steering ram 225 coupled to
      the steering linkage 42 of the machine in a manner providing a positional
      feedback, somewhat similar to the arrangement of FIG. 8, so that the guide
      collar 221 as it follows the pipe 220 operates an automatic steering
      control of the vehicle causing it to follow the length of the pipe. The
      collar 221 also incorporates a double-zip device which progressively
      unfastens the seam joint between the mouldings 201, 202 to allow the probe
      222 access to the interior of the pipe 220, and then reconnects the seam
      beyond the probe, as the collar slides along the length of the pipe. A
      booster pump (not shown) mounted on the moving machine 60 has its inlet
      connected by a pipe 226 to the downstream end of the probe so that the
      upstream end of the probe draws out water from the interior of the pipe
      220 through the opened-up (de-zipped) portion of the seam.
PAR  The collar 221 comprises a pair of opposed channel-section guide tracks
      227, 228 which diverge from an overlapping position at the front end of
      the collar, pass one on either side of the downswept end of the probe 222,
      and then converge again to an overlapping position at the rear end of the
      collar. At their overlapping ends the guide tracks are secured to rings
      229 which slidably surround the seamed pipe 220. Thus as the collar 221 is
      advanced along the pipe 220, with the guide tracks in slidable engagement
      with the protuberant backs of the mouldings 201, 202, the seam is first
      progressively unzipped in front of the probe and then reconnected behind
      it. The space between the separated portions of the guide tracks 227 and
      228 is closed by a plate 230 sealed around the probe 222.
PAR  FIG. 26 shows a typical installation using this form of water supply to the
      machine 60. Seamed hoses 220 are laid on the ground at suitable spacings,
      say 120 meters, along the centre lines of adjacent required runs of the
      machine, and are all connected to a feeder main 235 connected to the
      outlet of a low-pressure pump 236 which draws water from a stream, canal
      or other source 237 and supplies it at say 15 p.s.i. to the feeder main
      and seamed pipes. The machine 60 is driven along each pipe 220 in turn
      with the collar 221 engaged with and following the pipe to steer the
      machine, and draws water from the unzipped portion of the seam within the
      collar. The water is delivered by the booster pump at 60 p.s.i. to the
      boom sprinklers and jets for distribution of the strip of ground on either
      side of the pipe 220.
PAR  This arrangement has the advantage that the seamed pipe can be laid on the
      ground and can remain in position semi-permanently, and themselves provide
      the necessary references for automatic steering of the machine 60.
      Moreover, once again, the pipes 220 can be of larger diameter than could
      be handled conveniently when full. Each of the seamed pipes 220 could be
      say 22.5 cm in diameter and up to 650 meters long, and with a pressure
      drop of only 7 p.s.i. per 325 meters could supply a 300 acre strip of
      ground. The arrangement thus provides an economical water supply
      distribution system for a large area, operating at 15 p.s.i. in the
      distribution hoses in combination with a pressure booster pump on each
      machine.
PAR  FIGS. 27 to 29 show a modified form of seamed pipe and a modified form of
      follower collar which can be used in an arrangement similar to that of
      FIGS. 23 to 25. In this case the seamed pipe 240 is made of a hard,
      springy plastics strip material, for example that sold under the trade
      name VYBAK, having preformed curled-over edge formations 241, 242 on its
      longitudinal edges, as shown in section in FIG. 28, which hook together as
      shown in FIG. 29a to form the seam joint of the hose and are held in
      engagement by the resilience of the strip material aided by the internal
      water pressure. A resilient sealing strip 243 is located in one or each
      edge formation for sealing engagement with the extreme edge of the other
      formation.
PAR  The collar comprises a tubular sleeve 245 surrounding the pipe 240 and
      provided with annular seals 246 at each end which engage with the exterior
      of the pipe. Journalled on brackets 247 in the interior of the sleeve are
      pairs of pressure rollers 248 which engage the exterior of the pipe within
      the sleeve on either side of the seam and press the pipe walls inwardly,
      i.e. together, thus locally disconnecting the seam to create a leak (see
      FIG. 29b) through which water is drawn by the suction of the booster pump
      acting via the probe 222. This arrangement relies on the resilience of the
      plastics strip material, aided by the internal water pressure, to ensure
      that the seam is re-established before the pipe leaves the sleeve.
PAR  It will be understood that the various seamed hose and zip-follower devices
      of FIGS. 18 to 29 may be used for many fluid supply and distribution
      purposes other than in connection with irrigation machines such as the
      machine 60.
PAR  Other arrangements for obtaining the water supply to the machine 60 without
      involving the use of a supply pipeline of flexible hose, are shown in
      FIGS. 30, 31 and 32, and involve the use of concrete canals of regular
      cross-section having an open top and side walls which slope generally
      outwardly from the bottom. These canals may be formed either as
      prefabricated sections of metal or concrete which are assembled together
      on site, or may be formed in situ of concrete by a continuous casting
      process, preferably employing reinforcing wires which are inserted where
      required, especially in the base of the canal section. The arrangement of
      such canals in plan or cross-section has to take account of the
      configuration of the ground, and would be ideally arranged so that all
      parts of the area of ground to be irrigated can be sprayed in a single
      pass of the machine 60 as it progresses along the length of the canal from
      one end to the other, or as it passes around a canal formed in the shape
      of a closed loop. In such arrangement the propulsion of the machine can be
      obtained by the use of a motor or engine mounted on the machine and
      driving carriage wheels or rollers which engage the canal in some way.
      Thus in FIG. 30 there is shown a cross-section of a cast concrete canal
      301 having outwardly sloping side walls 302 whose inclination to the
      horizontal is approximately 45.degree., and having a flat bottom wall. The
      chassis 63 of the machine 60 carries a pair of supporting and driving
      rollers 303 which are journalled in supports 305 and 306 on the machine
      with their driving shafts 307 correspondingly inclined outwardly and
      coupled by means not shown to the prime mover on the machine. These
      outwardly-inclined rollers 303 engage against the inner surfaces of the
      sloping side walls 302 of the canal section so as to support the machine
      and also to drive it along the length of the canal, the rollers dipping
      into the water in the canal. The whole assembly of the two rollers 303 and
      the upper and lower supports 305 and 306 constitutes a steering bogie
      which is pivoted to the chassis of the machine about a vertical pivotal
      axis 308 and steers the machine automatically along the canal without the
      need for further guidance control.
PAR  FIG. 31 shows another arrangement in which the chassis of the machine has a
      main propulsion wheel 310 journalled in supports 311 and running along the
      flat bottom 312 of the canal shown in section at 313. In addition the
      machine has a pair of subsidiary wheels 314 attached to the chassis 63 and
      running along the ground 315 on each side of the main wheel 310 and canal
      313.
PAR  FIG. 32 shows a third arrangement in which the top inner edges of the sides
      of the canal 320 are used as rails along which run pairs of flanged
      supporting/steering wheels 321 of the machine. Alternatively metal rails
      might be mounted on the top lip portions 327 of the concrete canal 320 to
      support the rails 327.
PAR  In all these cases in which an irrigation machine moves along a canal, and
      possibly also floats on the water on the canal, the motor used for
      tractive purposes for the machine may also be used for pumping up water
      from the canal via a suction pipe or scoop, and forcing the water under
      pressure through the sprinklers and jets of the booms, or other
      distribution means. In certain instances the mouth of the suction pipe or
      scoop is shaped and dimensioned so that it approximately fits or occupies
      the entire submerged cross-section of the canal and sucks up all or most
      of the water reaching it as the machine advances, leaving the canal
      substantially empty on the other side of the scoop. The scoop may face
      forwardly or rearwardly, depending upon the direction of the water supply
      along the canal.
PAR  It will be appreciated that, broadly speaking, the invention provides a
      land treatment installation in which a vehicle is guided, preferably
      automatically, along a supporting path way extending along the length of
      the area to be treated, water or other liquid material being supplied,
      preferably substantially continuously, to the vehicle, and the vehicle
      having liquid distribution means enabling it to distribute the treatment
      material approximately evenly on one or both sides of the path way to a
      distance which is much greater, e.g. at least 10 times and preferably 20,
      30, 40, 50 or even 100 or more times the width of the path way required to
      support the vehicle, the vehicle only interacting with the ground or other
      supporting surface inside the confines of the path way. The path way need
      only be narrow e.g. 2 to 5 meters wide, in order to support the vehicle
      which may be 1.5 to 3 meters wide for irrigating an area 120 meters wide
      with the twin boom arrangement described above.
PAR  It is also possible to dispense with the booms of the machine 60 etc.
      altogether, and to provide the required degree of lateral spread of the
      sprayed water on each side of the main carriage by the use of suitable
      jets directed from rain guns mounted on the carriage.
PAR  The apparatus could also be used to supply liquid or powder nutrients or
      medicaments such as insecticides, herbicides or fungicides to a crop, and
      thus although the invention has been described principally with reference
      to irrigation, it is to be appreciated that the apparatus can be used to
      distribute these other fluid materials as well. Chemicals can be metered
      directly into the water supply, or the machine could carry a supply of the
      chemical and meter it into the water being distributed through the booms
      on the machine.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A land irrigation machine which comprises a self-propelled steerable
      vehicle which can be driven and steered in a direction of forward movement
      along a required path on the ground while connected to a supply of water
      through a flexible hosepipe, the vehicle comprising
PA1  a. a steerable carriage having a water inlet for connection to the
      hosepipe,
PA1  b. a generally horizontal elongated boom structure pivotally mounted on the
      carriage, said boom structure comprising two elongated sprinkler arms
      which are disposed transversely to the direction of forward movement of
      the vehicle and extend respectively on opposite sides of the carriage over
      a distance several times greater than the width of the carriage, each of
      said arms carrying a plurality of fixed water sprinklers distributed along
      the length of the arm, each of said sprinklers being connected to be
      supplied with water from the water inlet and to deliver the water in
      droplet form onto the ground in respective areas which overlap one
      another,
PA1  c. means for pivotally mounting said arms for oscillation in alignment with
      each other about a vertical pivot axis, and
PA1  d. means for decreasing the rate at which the water from said water inlet
      is distributed to the ground without decreasing the volume of water being
      supplied to each segment of the ground, said means including power means
      for continuously oscillating said arms about said vertical pivot axis
      while water is being delivered through said water sprinklers onto the
      ground alongside the vehicle during the forward movement of the vehicle
      along said path.
NUM  2.
PAR  2. A land irrigation machine as claimed in claim 1 wherein said boom
      structure includes a central tower pivotally mounted on the carriage for
      rotation about said vertical pivot axis, said sprinklers arms being
      attached at their inner ends to the tower on opposite sides thereof, and
PA1  wherein said power means for oscillating said arms acts directly between
      the said carriage and said tower to cause angular oscillation of said
      tower and said two sprinkler arms carried thereby.
NUM  3.
PAR  3. A land irrigation machine as recited in claim 2 further comprising means
      for pivotally mounting each of said arms about a horizontal axis on said
      tower transverse to the axis of said arms, and means for adjusting the
      angular inclination of each of said arms with respect to the ground by
      pivoting each of said arms about said horizontal axis.
NUM  4.
PAR  4. A land irrigation machine as claimed in claim 1 wherein said carriage is
      a wheeled carriage with steerable wheels, and wherein said machine further
      includes an automatic power steering mechanism arranged to steer the
      vehicle along an elongated guide formation, at the surface of the ground,
      said steering mechanism including a follower arranged to engage and follow
      said guide formation, said follower constituting a sensor responsive to
      the engagement of said follower with either side of said guide formation,
      a servo mechanism responsive to signals from the follower, and a steering
      motor acting on said steerable wheels under the control of said servo
      mechanism to steer said vehicle along the line of the guide formation and
      retain said follower in engagement therewith as said vehicle advances.
NUM  5.
PAR  5. A land irrigation machine as claimed in claim 4 further comprising a
      forwardly-extending steering arm pivoted about a vertical axis to the
      carriage and coupled to said steerable wheels so that angular movement of
      said steering arm about its pivot produces a corresponding steering
      movement of said steerable wheels, hydraulic motor means constituting said
      steering motor and acting on said steering arm under the control of a
      hydraulic control valve, a drop arm pivotally mounted at the leading end
      of said steering arm for tilting movement about a horizontal axis through
      its upper end parallel to the length of said steering arm, said follower
      member being mounted on the foot of drop arm for engagement in a soil
      furrow constituting the guide formation, and a mechanical connection
      between said tiltable drop arm and said hydraulic control valve, whereby a
      divergence of the leading end of the steering arm in either direction from
      a position immediately above the line of the furrow is sensed by follower
      engaged between the side walls of the furrow and tilts drop arm, thereby
      actuating control valve to cause hydraulic motor to impose a corresponding
      steering correction movement on steering arm and thereby also restoring
      drop arm to its upright position and restoring control valve to its
      neutral position.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 including feeler means carried by the
      steering arm and constructed and arranged to contact the ground surface,
      the feeler means being connected to shut-off means for stopping the
      forward movement of the vehicle and being arranged to sense a change in
      the height of the steering arm above ground surface level caused by the
      follower member riding out of the furrow, and to actuate the shut-off
      means in response to the said change in height.
NUM  7.
PAR  7. A land irrigation machine as claimed in claim 5 in which the follower
      member comprises a wheel whose radial section is frusto-conical, said
      wheel being journalled on the foot of said drop arm.
NUM  8.
PAR  8. A land irrigation machine as claimed in claim 1 in which the vehicle is
      provided with a power-driven reel on which the hose can be wound and from
      which it can be withdrawn.
NUM  9.
PAR  9. A land irrigation machine as claimed in claim 8 wherein the hose is
      collapsible to flattened form when empty and is constructed and arranged
      to be inflated to circular cross-section by internal water pressure, and
      wherein the reel is constructed and arranged to progressively wind in and
      store the inflated hose on the reel, and also to pay out the inflated hose
      behind the vehicle, in each case while the hose is conducting pressurized
      water from the supply to the advancing vehicle and is inflated by the
      pressure of the said water.
NUM  10.
PAR  10. A land irrigation machine as claimed in claim 1 which each of said
      sprinkler arms carries at its outer end a spray nozzle which is directed
      outwardly and upwardly with respect to the length of the arm and is
      arranged to project a spray of water outwardly beyond the outer end of the
      arm.
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ABST
PAL  Forming system for generating from heated, pressurized gas a pair of
      flattened, angularly colliding gas streams, each stream being adapted to
      be on a different opposed side of a die head producing a plurality of
      generally aligned, spaced, hot melt strands of polymeric material or the
      like. The system employs a plenum chamber on each such opposed side, and
      heated, pressurized gas enters into and passes from each such chamber
      through a slotted nozzle associated therewith. The nozzles are positioned
      to produce the desired colliding gas streams. Each stream is substantially
      identical to the other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of producing melt-blown microfibers, a plurality of spaced,
      aligned hot melt strands of polymeric material, or the like, are extruded
      downwardly simultaneously directly into the elongated zone of confluence
      formed by a pair of heated, pressurized, angularly colliding gas (usually
      air) streams, each stream typically being in a flat, sheet-like
      configuration and being on a different, opposed side of such strand
      plurality. The gas streams break up the strands into fine, filamentous
      structures, and move such forwardly, so that a non-woven mat thereof is
      continuously laid down upon a moving surface. The U.S. Naval Research
      Laboratory, Washington, D.C. and Esso Research and Engineering Company,
      Baytown, Texas, have heretofore reported research and development work on
      such process.
PAR  In the process, it is believed desirable to have the two flattened gas
      streams employed be not only as nearly identical to each other as
      practical (as respects such variables as gas composition, gas temperature,
      gas pressure, gas volume, stream angle with respect to the forward
      direction in which the strand plurality is being extruded, and the like),
      but also as uniform as possible. Thus, with respect to an individual one
      of such pair of streams, it is very desirable to control and maintain
      uniformly such variables as temperature, pressure, velocity, eddy
      currents, and the like. Preferably, each gas stream has a temperature
      about equal to that of the temperature of the strands in one presently
      preferred mode of practice.
PAR  In prior art apparatus used for the practice of this process, a pipe was
      located along each side of a die head adapted to extrude such strand
      plurality, and an elongated, slotted orifice in each pipe permitted air to
      escape therefrom and pass against each opposed side of such strand
      plurality. To supply heated air to each one of such pipes, a plurality of
      conduits in adjacent spaced relationship to each other joined the outside
      upper side wall of each such pipe; this arrangement was sometimes
      nick-named by those skilled in the art "the pipe organ". Unfortunately,
      this arrangement is not particularly easy or economical to construct or
      even to maintain. In addition, this arrangement characteristically
      produces a non-uniform temperature gradient along the mouth of each
      slotted orifice, causing a patterned variation of "hot" and "cold" spots
      therealong, these gradient differences being so great as to commonly cause
      a "striped" effect to appear in a non-woven web of melt blown microfibers
      produced with such arrangement. Such stripes indicate sheet thickness
      variations transversely along the path of web generation, and these
      thickness variations in turn are believed to be caused by temperature and
      perhaps even pressure variations in air stream uniformity along individual
      stream longitudinal width. Precise, accurate, stable, uniform individual
      gas streams are difficult, and probably impossible, to achieve with such
      prior art apparatus.
PAR  So far as is known, no one has heretofore discovered a system for the gas
      stream generation required in practicing the melt blown microfiber process
      which is well suited for large scale industrial utilization, which has
      associated favorable cost, maintenance, long life, and reliability
      features, and offers the potential of overcoming disadvantages of prior
      art apparatus above described, so that gas stream characteristics may be
      equalized and made uniform before being impinged upon a plurality of hot
      melt strands to be attenuated.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  There has now been discovered an improved apparatus and associated process
      adapted for forming a pair of flattened, angularly colliding gas streams.
      The apparatus employs no parts which move during operation and the
      associated process employs a pressure drop in each of a pair of gas
      streams. Each gas stream of such pair is intended to have substantially
      uniform properties, especially as respects temperature and pressure, and
      to be substantially identical to the other gas stream in such properties.
      Each gas stream is normally located in use on a different opposed side of
      a plurality of generally aligned, speced hot melt strands of polymeric
      material, or the like, of the type characteristically used in the
      manufacture of melt blown microfibers and non-woven webs thereof.
PAR  Each gas stream is produced through the use of its own separate single
      plenum chamber arrangement, one such arrangement being on each opposed
      side of such strand plurality. Heated, pressurized gas is fed to each
      plenum chamber wherein gas characteristics (such as temperature and
      pressure) equalize, and then each stream exits through a nozzle slot in
      each such chamber as a gas stream adapted to flow against one side of a
      row of strands being generated, equal but opposite stream angles being
      used.
PAR  It is an object of this invention to provide a system for achieving
      improved gas stream uniformity in a gas stream supply system for a melt
      blown microfiber production system.
PAR  Another object of this invention is to avoid the use of the prior art "pipe
      organ" arrangement.
PAR  Another object is to achieve a system for producing a gas stream supply for
      melt blown microfibers which avoids the temperature and even pressure
      variations of prior art systems and which is suitable for the production
      of substantially uniform pairs of gas streams for such a gas stream
      supply.
PAR  Another object of this invention is to produce a gas stream supply system
      for melt blown microfibers which uses a twin single plenum chamber
      arrangement with one plenum chamber being used for each individual one of
      the gas stream pair generated by such suply system.
PAR  Another object of this invention is to provide an improved gas stream
      supply system for melt blown microfibers which is intended to produce gas
      streams of substantially uniform properties.
PAR  Another object of this invention is to provide an improved process and an
      improved apparatus for a system of the type indicated which is economical
      to fabricate and maintain, adapted to be stable in operation, and simple
      to use and maintain.
PAR  Other and further objects, aims, purposes, advantages, utilities, and
      features will be apparent to those skilled in the art from a reading of
      the present specification and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic representation of operative principles of the present
      invention;
PAR  FIG. 2 is an end elevational view of one embodiment of apparatus of the
      present invention, some parts thereof broken away and some parts thereof
      shown in section;
PAR  FIG. 3 is a view similar to FIG. 2 but showing a portion of an alternative
      arrangement for the apparatus of the type as shown in FIG. 2;
PAR  FIG. 4 is a diagrammatic view in longitudinal side elevation showing a
      portion of the apparatus illustrated in FIG. 3, some parts thereof broken
      away and some parts thereof shown in section;
PAR  FIG. 5 is a vertical, sectional view showing another embodiment of
      apparatus of the present invention, some parts thereof shown in end
      elevation, and some parts thereof broken away;
PAR  FIG. 6 is a fragmentary bottom plan view taken along the line VI--VI of
      FIG. 5, some parts thereof broken away;
PAR  FIG. 7 is a vertical, sectional, enlarged detail view through the orifice
      region of the embodiment shown in FIG. 5 illustrating an alternative
      arrangement for the apparatus of the type as shown in FIG. 5;
PAR  FIG. 8 is a fragmentary bottom plan view, taken along the line VIII--VIII
      of FIG. 7, some parts thereof broken away;
PAR  FIG. 9 is a transverse sectional view taken along the line IX--IX of FIG.
      5, some parts thereof broken away and some parts thereof shown in section,
      with special emphasis being given to illustrating the melt distribution
      system employed in the die body shown in the embodiment of FIG. 5;
PAR  FIG. 10 is an enlarged, fragmentary, detail view taken along the line X--X
      of FIG. 9;
PAR  FIG. 11 is an enlarged, fragmentary, detail view taken along the line
      XI--XI of FIG. 9;
PAR  FIG. 12 is an enlarged, fragmentary, detail view taken along the line
      XII--XII of FIG. 9; and
PAR  FIG. 13 is an enlarged, fragmentary, detail view taken along the line
      XIII--XIII of FIG. 9.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 there is seen a schematic diagram of an embodiment of a
      typical gas stream generating apparatus of the present invention herein
      designated in its entirety by the numeral 19. Apparatus 19 employs a means
      adapted to emit continuously a compressed gas of predetermined pressure,
      such as a conventional compressor 20. Output from the compressor 20 is fed
      through a tube 34 to a heating means adapted to heat the compressed gas to
      a predetermined temperature, such as a conventional furnace 21. If
      desired, the furnace can precede the compressor.
PAR  A pair of elongated plenum housings 22 and 23 are provided in spaced,
      preferably generally parallel, relationship to each other. Each such
      plenum housing 22 and 23, has an input port 24 and 25, respectively,
      defined therein (here shown in the opposite end walls of each such housing
      22 and 23 though other locations may be chosen), and a longitudinally
      extending output port 26 and 27, respectively, defined in the respective
      side walls 28 and 29 thereof. A tube 35 from the furnace 21 interconnects
      at a tube Y-joint 36 with a pair of tubes 37 and 38 which each in turn,
      interconnect with input ports 24 and 25, respectively. If desired, input
      ports 24 and 25 may be constricted in cross-sectional area relative to the
      cross-sectional area of the respective tubes 37 and 38.
PAR  A pair of funnel shaped ducts 31 and 32 are provided. Each such duct 31 and
      32 has a width which is longitudinally elongated, and each has a
      longitudinally elongated enlarged input mouth portion interconnected with
      and coterminous with the respective output ports 26 and 27 of plenum
      housings 22 and 23. Each duct 31 and 32 has a terminal constricted nozzle
      portion 40 and 41, respectively, of slotted shape. Such nozzle portions
      are in generally spaced, generally parallel, generally symmetrical
      relationship to each other so that, cross sectionally, the angle of
      inclination of opposed respective center portions 42 and 43 of each one of
      said nozzle portions 40 and 41 can range from between about 0.degree. to
      90.degree., with preferred such angles of inclination ranging from about
      15.degree. to 45.degree., with respect to the center 44 between such
      nozzle portions 40 and 41.
PAR  The relationship in apparatus 19 between said compressor 20, said furnace
      21, said plenum housings 22 and 23, said tubes 34, 35, 36, 37 and 38 and
      said ducts 21 and 32 is such that heated, pressurized gas entering said
      plenum housings 22 and 23 from said tubes 34, 35, 36, 37 and 38 expands in
      said plenum housing 22 and 23 before such gas enters said ducts 31 and 32
      and exits through said nozzle portions 40 and 41. Preferably little or no
      recompression of such gas occurs at output ports 26 and 27, but such gas
      more or less gradually, as it flows through ducts 31 and 32 preferably
      increases in pressure until a maximum pressure is reached at nozzle
      portions 40 and 41.
PAR  Tube 34 is equipped with a variable valve 46, tube 35 is equipped with a
      variable valve 47, tube 37 is equipped with a variable valve 48, tube 38
      is equipped with a variable valve 49, all of which are so adjusted during
      operation of the apparatus 19 as to equalize the total volume of gas at a
      predetermined pressure entering the plenum housings 22 and 23 from the
      tubes 37 and 38 so that a substantially equal total volume of air is
      emitted during operation of the apparatus 19 from each of the nozzle
      portions 40 and 41. The position where and manner in which tubes 37 and 38
      interconnect with each plenum housing 22 and 23 is preferably such that
      gas entering a housing 22 or 23 does not escape through nozzle portions 40
      and 41 prematurely before undergoing the desired depressurization in
      plenum housings 22 or 23. Automatic control means may be employed if
      desired.
PAR  In addition, the apparatus 19 further includes a conventional temperature
      control means, including a thermostat means or the like (not shown) which
      is employed to regulate the temperature of gas entering each of the plenum
      housings 22 and 23 from tubes 37 and 38 so that gas so charged into each
      one of the plenum housings 22 and 23 from the tubes 37 and 38,
      respectively, is at approximately the same predetermined temperature as it
      enters each of the plenum housings 22 and 23, respectively.
PAR  In the apparatus 19, the relationship between the tube means 37 and 38, and
      the associated plenum housings 22 and 23, is such that gas entering such
      plenum housing 22 and 23 from the tube means 37 and 38 expands to a
      pressure of at least about 5 relative to that of its total pressure in
      each of the respective supply or feed tubes 37 and 38. Preferably this
      expansion pressure ratio falls in the range of from about 4:1 to 5:1,
      based on a constant air volume in the respective ones of tubes 37 and 38
      and in the respective ones of the adjoining plenum housings 22 and 23. Not
      more than two tubes supply heated, pressurized gas to an individual plenum
      chamber.
PAR  When the apparatus 19 of the present invention is in an operative
      configuration, each one of the plenum housings 22 and 23 with its
      respective associated funnel shaped ducts 31 and 32 is so located
      spatially in relation to an elongated die body 50 that the nozzle portions
      40 and 41 are adjacent the forward end or nose 51 of a die body 50 with
      the nozzle portions 40 and 41 being in generally opposed relationship to
      each other so that such nozzle portions 40 and 41 are adapted to supply
      during operation of the apparatus 19 a desired pair of angularly colliding
      gas streams intended to be of matching, uniform properties, one on either
      side of the forward end 51 of die body 50 from which a plurality of
      aligned strands of hot melt issue during operation. Each nozzle portion 40
      and 41 is preferably equally distant from the strands during apparatus
      operation, but at a complementary angle with respect to each other.
PAR  Although gas temperatures and pressures can vary widely, depending upon
      material being stranded, process conditions, product desired, and many
      other variables, typical gas temperatures in a tube 37 or 38 range from
      about 550.degree. to 750.degree.F. while typical gas pressures in a tube
      37 or 38 range from about 5 to 30 psig. Similarly, gas temperatures at a
      nozzle portion 40 or 41 are in the same range with typical gas pressures
      at a nozzle portion 40 or 41 ranging from about 5 to 30 psig. Gas
      temperatures at the respective exits of nozzle portions 40 and 41 are
      generally less than the temperatures of gas supplied to distributor
      conduits 140 and 141 due to inherent expansion cooling; typical
      temperatures at respective nozzle portions 40 and 41 range from about
      400.degree. to 520.degree.F. Pressures at the respective exits of nozzle
      portions 40 and 41 are substantially atmospheric, but pressures at the
      respective entrances to nozzle portions 40 and 41 are only slightly below
      gas supply pressures and typically range from about 4.8 psig to 29.5
      psig.
PAR  The width of a gas stream issuing from a nozzle portion 40 or 41 typically
      ranges from about 0.007 to 0.12 inch with the length thereof being
      dependent upon the length of the plenum housing 22 or 23, which in turn is
      chosen so as to be about the length of a die body 50. Gas issuing from a
      nozzle portion 40 or 41 is typically moving at a velocity of from about
      400 to 1,650 feet/second in accordance with process variables desired in
      the art of producing melt blown microfibers, but the upper limit is sonic
      velocity which varies with temperature.
PAR  As those skilled in the art will appreciate, it is conventional to employ,
      in apparatus for generating melt blown microfibers, a moving surface, such
      as shown by the dotted line 33 in FIG. 1, against which the melt blown
      microfibers impinge and form a web. Also, it is sometimes convenient to
      employ in such a process a source of secondary gas (usually air) which gas
      is at pressures only slightly above atmospheric and which is usually at
      ambient temperatures. Such secondary gas stream is provided by appropriate
      conduits 78 and 79 (see FIG. 1) located on outer sides, respectively, of
      the nozzle portions 40 and 41. The secondary gas facilitates air flow from
      the nozzles 40 and 41 and is particularly advantageous when a plurality of
      die bodies 50 are employed in a single melt blown microfiber production
      operation.
PAR  The moving surface 33 and the secondary air supply, such as provided by
      conduits 78 and 79, are sub assemblies which are not a part of the present
      invention and so are not described in detail herein, particularly since
      such are known generally to the prior art.
PAR  The apparatus 19 of this invention may be adapted for use with a plurality
      of die bodies 50, each such die body 50 being equipped with its own
      apparatus 19 or equivalent. Observe that the tube 35 may interconnect with
      a plurality of tube Y-joints 36 so that a single unit of this invention
      can include a plurality of plenum housing pairs 22 and 23 with associated
      components, such as tubes 37 and 38 and the like, and still use only a
      single compressor 20 and a single furnace 21, as those skilled in the art
      will appreciate.
PAR  Referring to FIG. 2, there is seen an end elevational view of an embodiment
      of a pair of plenum chambers and associated elements incorporating the
      teachings of the present invention. Thus, a pair of plenum housings 53 and
      54 are positioned in spaced, generally parallel relationship to each other
      in symmetrical fashion, one on either side of a die body 55. The internal
      structure of die body 55 is not part of this invention, but can be as
      desired for use in melt blowing microfibers, as those skilled in the art
      will appreciate; for illustration herein, die body 55 may have a structure
      as described hereinafter for die body assembly 89 as shown in FIGS. 5 and
      9-13. Plenum housing 53 has centrally located in opposite end walls
      thereof a pair of input ports 56 and plenum housing 54 has similarly
      located in it a pair of input ports 57. A longitudinally extending output
      port 58 and 59, respectively, is defined in a side wall portion 60 and 61,
      respectively, of each plenum housing 53 and 54.
PAR  A pair of funnel shaped ducts 63 and 64 are provided, each such duct 63 and
      64 having a width which is longitudinally elongated and further having a
      longitudinally elongated input mouth portion which is interconnected to,
      and is coextensive with, the output ports 58 and 59 of a different one of
      the plenum housings 53 and 54, respectively. In addition, each duct 63 and
      64 has a terminal, longitudinally elongated slotted nozzle portion 65 and
      66. The nozzles 65 and 66 are in generally spaced, generally parallel,
      generally symmetrical relationship to each other such that, cross
      sectionally, the complementary respective angles of inclination of opposed
      center portions of each one of the nozzle portions 65 and 66 ranges from
      between about 0.degree. to 90.degree. with respect to the center midway
      between such nozzle portions 65 and 66 all as earlier above indicated in
      reference to FIG. 1.
PAR  In order to provide heated pressurized air for each of the plenum housings
      53 and 54, a primary duct or tube 67 and 68 is provided for each
      respective plenum housing 53 and 54, each tube 67 and 68 being supplied
      with heated, compressed gas in, for example, the manner above indicated in
      reference to FIG. 1, although any convenient arrangement may be employed
      to supply compressed, heated gas to the apparatus shown in FIGS. 2-4, as
      those skilled in the art will appreciate. Each tube 67 and 68 joins a
      cross duct 69 and 70, respectively, so that such gas is fed simultaneously
      to the opposed end regions of each respective plenum housing 53 and 54.
      Such an arrangement aids in distributing gas uniformly within the
      respective plenum housings 53 and 54 which are here each more than one
      foot in length.
PAR  Although the plenum housings 53 and 54 are tubular and thus circular in
      cross-section, those skilled in the art will appreciate that other cross
      sectional configurations for plenum housings 53 and 54 may be employed.
      Thus, for example, referring to FIGS. 3 and 4, there is seen an embodiment
      similar to that shown in FIG. 2, but wherein the plenum housings 73 and
      74, respectively, each have tapered side wall portions proceeding from one
      end to the other thereof. Thus, heated, pressurized gas enters only at one
      end, the enlarged end, each respective plenum housing 72 and 73 as from
      paired tubes 76. As the gas passes down the tapered interior of either
      plenum housing 72 or 73 the desired pressure equalization results so that
      gas pressure and temperature along each of the output ports 74 and 75,
      respectively, of plenum housings 73 and 74 is adapted to be substantially
      equal, based upon constant streams at constant temperatures entering
      through the tubes 76.
PAR  In FIG. 5 is seen a presently preferred embodiment of a plenum chamber
      system of the present invention. Here, a die assembly 89 has a die body
      formed of a pair of mating halves designated as 80A and 80B and a die nose
      81. The die nose 81 is mounted by its enlarged base 85 against the forward
      face of the die body 80A/80B by appropriate bolts (not shown). The
      respective halves 80A and 80B are secured together by means of bolts 82.
      The die nose 81 has a forwardly located elongated narrow planar face 83. A
      plurality of orifices 84 (see FIG. 6) are defined in the face 83 and are
      adapted for simultaneous extrusion therefrom of a plurality of spaced
      aligned parallel strands (not shown) of a hot melt of plastic material or
      the like during operation of such apparatus. On either exterior side of
      the face 83 and adjoining same is a pair of forwardly tapered, planar,
      opposed side walls 86 and 87 which extend back to the base 85.
PAR  The assembled die body mating halves 80A and 80B are equipped centrally
      with a rearwardly opening melt input port 88 leading into the interior
      thereof. The interior of die body 80A/80B is adapted to distribute
      therewithin a melt entering the input port 88 so that when the melt
      reaches the orifices 84 and exits therefrom, the melt is uniformly
      distributed and evenly extrudes uniformly from such orifices 84. To
      achieve such melt distribution within the die body 80A/80B, the opposed
      engaging surface portions of the respective die body halves 80A and 80B
      are machined so that when such halves 80A and 80B are brought together
      into mating engagement (see FIGS. 5 and 9), there is defined therebetween
      a pair of diverging main channels 90 and 91. These channels 90 and 91
      extend in generally opposed directions away from the melt input port 88
      with which they commence. Each of these channels 90 and 91 is tapered
      along the length thereof, as shown by FIGS. 10 through 13, opens on its
      forward (or bottom) side into channels 121 and 122, respectively, so as to
      permit a hot melt to move continuously from each channel 90 or 91
      downwardly or forwardly towards a longitudinally extending chamber region
      92 formed in die body 80A/80B adjacent the forward face thereof where the
      rear face of the die nose 81 abuts.
PAR  Formed in the die nose 81 is a mating longitudinally extending chamber 93.
      The forward portion of the chamber 93 is tapered and interconnects
      forwardly with the individual channels 123 terminating in the orifices 84
      in the forward face 83 of the die nose 81. The overall arrangement of the
      channels 90 and 91, channels 121 and 122, chamber 92, chamber 93, and
      channels 123 is conventional and is known to those skilled in the art as a
      "coat-hanger" type of melt distribution system. Any convenient
      distribution arrangement may be used for distributing a hot melt within a
      die assembly 89 for purposes of the present invention. It is preferred to
      manufacture a die assembly 89 of metal which has been machined to close
      tolerances so that metal to metal seals between the die body halves 80A
      and 80B, and between such halves 80A and 80B and die nose 81, may be
      employed without necessity to employ independent sealing means as is
      conventional in die manufacture.
PAR  On each side of the die assembly 89 is positioned an elongated plenum
      chamber 95 and 96. Each such plenum chamber 95 and 96 is defined by the
      walls of a plenum housing 98 and 99, respectively. Each plenum housing 98
      and 99 has its top wall portions, bottom wall portions and end wall
      portions integrally formed with its respective inside wall portions. The
      outside wall of each plenum housing 98 and 99 is formed by a separate
      plate member which is secured to such top, bottom and end wall portions by
      any convenient means, here by bolts (not shown) threadably received within
      such top, bottom, and end wall members and passing through the perimeter
      edges of such outside walls.
PAR  Between the outside walls of the die body 80A/80B and the adjacent inside
      walls of the plenum housings 98 and 99, a recess is formed within which is
      accommodated heater members 100 and 101, respectively, of a conventional
      electric resistance coil, or the like, the heaters 100 and 101 preferably
      being mounted against the die body 80A and 80B. These heaters 100 and 101
      aid an operator in maintaining a substantially uniform temperature within
      the die body 80A/80B. Such heaters 100 and 101 also help maintain the wall
      of the plenum chambers 95 and 96 at a uniform temperature which better
      enables one to control the uniformity of the temperature of gas being
      processed in accordance with the teachings of the present invention.
      Optionally, as shown in FIG. 5, layers 102 and 103 of insulation is
      provided between the respective heaters 100 and 101 and the adjacent
      inside walls of the plenum housings 98 and 99, respectively. These
      insulation layers 102 and 103 tend to prevent rapid changes in the
      temperature of the system, such as might occur through a sudden alteration
      of gas temperature within the plenum chambers 95 and 96, as during a start
      up, shut down or process change-over of apparatus embodying this
      invention.
PAR  Optionally and preferably, a screen member 124 is mounted transversely
      across the mouth of the chamber 93 to prevent any foreign solid bodies
      within a polymer hot melt from entering the forward portion of the die
      nose 81 and possibly plugging channels 23.
PAR  To rigidify the assembly, a pair of face plates 104 is mounted one over
      each opposed end of die assembly 89 and the adjacent ends of the plenum
      housings 98 and 99. The face plates 104 are secured to the respective end
      walls of the plenum housings 98 and 99 by means of bolts or the like
      matingly received within appropriate threaded sockets formed in the
      respective end walls of the plenum housings 98 and 99. Between the bottom
      wall and the inside wall of each plenum housing 98 and 99 an output port
      106 and 107 is formed. Each bottom wall adjacent each output port 106 and
      107 is so shaped that the ports 106 and 107 are inclined at complementary
      angles with respect to one another in spaced, symmetrical relationship.
      These output ports 106 and 107 extend over approximately the entire
      longitudinal length of each plenum housing 98 and 99, respectively.
PAR  A pair of generally funnel shaped ducts 108 and 109 are provided over each
      output port 106 and 107, respectively. Each duct 108 and 109 extends
      between respective output ports 106 and 107 and the face 83 of the die
      nose 81. Each duct 108 and 109 is defined by a combination of wall
      portions of the respective plenum housings 98 and 99, the respective side
      walls 86 and 87 of the die nose 81, and by a pair of cap plates 110 and
      111, respectively. Each cap plate 110 and 111 is secured to a different
      bottom wall of respective plenum housings 98 and 99 adjacent the
      respective output ports 106 and 107 thereof by means of bolts 112
      threadably received within appropriate sockets formed in the plenum
      housing bottom walls 98 and 99. The cap plates 110 and 111 cooperate with
      the side walls 86 and 87 of die nose 81 to define the desired nozzles 118
      and 119 adjacent the die face 83 whereby a desired pair of angularly
      colliding elongated gas streams may be generated in accordance with the
      teachings of the present invention. As those skilled in the art will
      appreciate, the internal surface configuration of the cap plates 110 and
      111, particularly in the region of the side walls 86 and 87 of the die
      nose 81, can be adjusted or chosen for optimum operating efficiency in a
      given apparatus embodiment. Plenum housing 98 has a pair of input ports
      113, one in each opposed end wall thereof, and plenum housing 99 similarly
      has a pair of input ports, one in each opposed end wall thereof. To each
      such input port 113 is joined a tube, such as tube 114 by bolts 116
      extending through a flange 115 thereof into end walls of plenum housings
      99. These tubes, such as tube 114 connect with, in turn, other tubes (not
      shown) to complete the air supply system for this assembly which is
      conventional.
PAR  It is much preferred in the system of the present invention to employ in a
      given embodiment thereof means for adjusting the size and position of gas
      stream orifices in relation to their respective relative positions
      adjacent a plurality of hot melt strands. For example, in the embodiment
      shown in FIG. 5 some adjustability is provided before the nozzles 118 and
      119, respectively, defined by the cap plates 110 and 111 in relation to
      the die nose 81, since the plurality of bolts 112 employed provides a
      measure of adjustability for regulating the size of the orifices 118 and
      119, respectively, along the slotted length thereof. Shims may be provided
      between adjacent surfaces of the cap plates 110 and 111, respectively, and
      the adjoining surfaces of the plenum housings 98 and 99. Such
      adjustability or orifice dimensions is convenient because it has been
      found that it is possible for a given nozzle 118 and 119 to expand in its
      mid section along a die face 83 during operation, owing to thermal changes
      occurring in respective plenum housings 98 and 99 which is an undesirable
      effect. One way of compensating for such expansion is to preset the gaps
      for nozzles 118 and 119 in the mid-section along die face 83 before a
      startup so that after the apparatus has reached a desired operating
      temperature, the nozzles 118 and 119 have, in their heated and expanded
      condition, the desired dimensions in their respective mid sections.
PAR  An alternative arrangement permitting the regulating of the size of the
      nozzles 118 and 119 is shown in the cap plate embodiment illustrated in
      FIG. 7. Here, cap plates 125 and 126 are each equipped with adjustment
      means. The adjustment means includes a slot 127 and 128, respectively,
      longitudinally formed in the outside face of each cap plate 125 and 126,
      the depth of the slots 127 and 128 being chosen so as to provide a
      pivotal, yieldingly biased, arcuate movement in the regions 129 and 130 of
      cap plates 125 and 126 adjacent the slots 127 and 128 when leverage is
      applied by bolts against terminal bodies 131 and 132, respectively, of cap
      plates 125 and 126 adjacent the die nose 81 so that the size of the
      orifices 118 and 119 is controlled. Adjustment bolts 136 are mounted in
      threaded bores transversly formed in longitudinally extending ridges 133
      and 134 formed on the outside walls of respective cap plates 125 and 126,
      there being a plurality of longitudinally spaced adjustment bolts 136
      transversely mounted through each ridge 133 and 134. Suitable grooves 137,
      are cut in the cap plates 125 and 126 so as to permit the adjustment bolts
      136 to extend in a horizontal direction through the ridges 133 and 134,
      respectively, and to have the ends of bolts 136 abut against the surface
      of the terminal bodies 131 and 132 which are then pivotably moved in
      response to the adjustment given to the bolts 136, as those skilled in the
      art will appreciate.
PAR  Some adjustability for the embodiment shown in FIG. 2, above, is provided
      by means of a pair of end plates 138 secured to opposed end regions of the
      adjacent plenum housings 53 and 54. The end plates 138 are bolted to the
      housings 53 and 54 through slotted apertures 139.
PAR  Any convenient means, as those skilled in the art will appreciate, may be
      employed to achieve adjustment of nozzles employed in apparatus of the
      present invention.
PAR  The present invention includes a process for forming a pair of angularly
      colliding elongated gas streams of substantially uniform but equal
      characteristics. The process comprises a series of steps which are
      practiced continuously and occur simultaneously in operation of apparatus
      of this invention. In a first step, one charges a heated, pressurized gas
      to a pair of plenum zones under conditions such that, as the heated
      pressurized gas enters such a plenum zone, it undergoes a controlled
      expansion therewithin. The amount of expansion is substantially identical
      in each one of the two zones. The pressure and temperature associated with
      the gas charged to each respective zone to being substantially identical.
      Each of the plenum zones is substantially identical to the other thereof
      in size and configuration. Conditions of expansion of a gas within such a
      plenum zone are as described hereinabove.
PAR  In a second step, one releases the gas from each elongated plenum zone
      through an elongated side outlet portion formed along the length of each
      plenum zone. The relationship between each one of such pair of outlet
      portions is such that the pressurized heated gas is so released from each
      plenum zone at a generally uniform and constant rate along such side
      outlet portion. Gas released through each outlet portion is compressed and
      released through a nozzle adapted to produce one of the two streams of air
      desired. The nozzles are in spaced, symmetrical relationship to cause the
      so-released air streams to collide angularly. Preferably in the operation
      of a process of the present invention, the gas is released from the nozzle
      zone at a temperature in the range of from about 600.degree. to
      700.degree.F while the pressure of such gas is in the range of from about
      5 to 30 psig. The temperature and pressure of the gas are dependent upon
      the operating conditions selected. As the heated pressurized gas is
      released from each plenum zone, the conditions of release are regulated so
      that the streams collide with one another at an angle for each stream
      which is substantially identical to the other thereof. This angle can
      range very widely but it is preferably within the range of from about
      15.degree. to 45.degree. with respect to the vertical line between the
      regions of release or the nozzle zones.
PAR  The angularly colliding gas streams preferably strike a plurality of spaced
      aligned hot melt strands one on each side thereof, as indicated
      hereinabove. Each such strand initially ranges in average diameter of from
      about 0.008 to 0.022 inches and the spacing between strand centers ranges
      from about 0.030 to 0.050. Preferably these so extruded hot melt strands
      move downwardly and are oriented so as to lie substantially on a
      (hypothetical) vertical plane lying midway between the two colliding gas
      streams and preferably the strands are extruded in a vertical downwardly
      extending direction. In one preferred mode of operation the temperature of
      the gas streams is approximately equal to that of the hot melt.
PAR  While for illustrative purposes the embodiments hereinabove have utilized
      funnel shaped duct means interconnecting each plenum chamber with each
      nozzle, those skilled in the art will appreciate that such duct means need
      not necessarily be funnel shaped, and that, indeed, one can so position
      the pair of plenum chambers relating to a die body that such duct means
      may be minimized and even eliminated so that a nozzle may be substantially
      directly associated with its plenum chamber. Any convenient means
      interconnecting a nozzle with its plenum chamber may be employed.
PAR  Preferably a nozzle is continuous and uninterrupted so that the flow of gas
      therethrough is not impeded.
PAR  Other and further embodiments and variations of the present invention will
      become apparent to those skilled in the art from a reading of the present
      specification taken together with the drawings and no undue limitations
      are to be inferred or implied from the present disclosure.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus adapted to form a pair of angularly colliding, elongated gas
      streams comprising:
PA1  A. a pair of elongated plenum housing means in spaced relationship to each
      other, each such plenum housing means defining therewithin an elongated
      plenum chamber and having plenum input port means defined therein and a
      plenum output port means defined in longitudinally extending wall portions
      thereof,
PA1  B. a pair of elongated nozzle means, each one being interconnected in
      fluid-tight engagement with a different one of said plenum housing means,
      each said nozzle means having a longitudinally elongated nozzle input port
      means defined therein and a longitudinally elongated nozzle orifice
      defined therein, said plenum output port means communicating with said
      nozzle input port means, each of said nozzle output orifices being in
      spaced, parallel relationship to the other thereof and oriented angularly
      so that cross-sectionally the angle of inclination between respective
      center planes of said output orifices relative to each other ranges from
      about 90.degree. to 180.degree., said nozzle input port means being
      substantially wider in width than the width of said nozzle output orifice
      in each of said nozzle means, the side walls of each said nozzle means
      generally defining a taper between said nozzle input port means and said
      nozzle output orifice thereof,
PA1  C. the relationship between each of said input port means and said plenum
      housing means associated therewith being such that a pressurized gas
      entering such plenum housing means from such input port means expands in
      such plenum housing over its pressure in the region of said input port
      means to an extent such that the ratio of gas pressures before and after
      such expansion is at least about 4:1, and
PA1  D. means for adjusting the width of each of said nozzle output orifices
      along the length thereof.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said expansion ratio is in the range
      from about 4:1 to 5:1 and one said side wall of each of said nozzle means
      is characterized by having longitudinally therealong on the outside
      thereof generally upstanding post means in transversely spaced
      relationship to said nozzle output orifice thereof, flange means extending
      longitudinally along the outside of said one side wall adjacent said
      nozzle output orifice thereof, said post means of each said one side wall
      having transversely extending therefrom in adjustable threaded engagement
      therewith screw means which has a screw means end portion extending
      towards and adapted to abut against a portion of the adjacent said flange
      means of the same said one side wall, each said screw means being adapted
      to coact with the associated said post means, said flange means and said
      one side wall to permit width adjustment of said nozzle output orifice in
      regions adjacent thereto.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said expansion ratio is in the range
      from about 4:1 to 5:1.
NUM  4.
PAR  4. The apparatus of claim 1 further including gas supply means adapted to
      emit continuously a pressurized gas, and tube means interconnecting said
      gas supply means with each of said input port means.
NUM  5.
PAR  5. Apparatus adapted to form a pair of angularly colliding, elongated gas
      streams comprising:
PA1  A. gas supply means adapted to emit continuously a pressurized gas,
PA1  B. heating means adapted to heat said gas to an elevated temperature,
PA1  C. a pair of elongated plenum housing means in spaced relationship to each
      other, each such plenum housing means defining therewithin an elongated
      plenum chamber and having plenum input port means defined therein and a
      plenum output port means defined in longitudinally extending side wall
      portions thereof,
PA1  D. a pair of elongated nozzle means, each one being interconnected in
      fluid-tight engagement with a different one of said plenum housing means,
      each said nozzle means having a longitudinally elongated nozzle input port
      means defined therein and a longitudinally elongated nozzle output orifice
      defined therein, said plenum output port means communicating with said
      nozzle input port means, and being generally coextensive therewith, each
      of said nozzle output orifices being in spaced, parallel relationship to
      the other thereof and oriented angularly so that cross-sectionally the
      angle of inclination between respective center planes of said output
      orifices relative to each other ranges from about 90.degree. to
      180.degree., said nozzle input port means being substantially wider in
      width than said nozzle output orifice in each said nozzle means, the side
      walls of each said nozzle means generally defining a taper between said
      nozzle input port means and said nozzle output orifice thereof,
PA1  E. tube means functionally interconnecting said gas supply means, said
      heating means, and each of said input port means, and adapted to deliver
      heated, pressurized gas into each of said plenum housing means,
PA1  F. the relationship between each of said input port means and said plenum
      housing means associated therewith being such that a pressurized gas
      entering such plenum housing means from such input port means expands in
      such plenum housing over its pressure in the region of said input port
      means to an extent such that the ratio of gas pressures before and after
      such expansion is at least about 4:1, and
PA1  G. means for adjusting the width of each of said nozzle output orifices
      along the length thereof.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said expansion is in the range from
      about 4:1 to 5:1.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said tube means are equipped with
      variable valve means adapted to regulate the volume of gas at a
      predetermined pressure entering each of said plenum housing means from
      said tube means so that a substantially equal, predetermined volume of air
      is emitted during operation of said apparatus from each one of said nozzle
      portions.
NUM  8.
PAR  8. The apparatus of claim 5 wherein each of said plenum housing means with
      its associated nozzle means is so located spatially in relation to an
      elongated die body interposed therebetween that (A) said nozzle output
      orifices are adjacent the forward end of said die body in opposed
      relationship to each other, and (B) said nozzle output orifices are
      adapted to supply during operation of said apparatus a pair of angularly
      colliding gas streams one on either side of said die body's forward end.
NUM  9.
PAR  9. The apparatus of claim 1 further including means for adjusting the
      spatial orientation of said nozzle output orifices relative to each other.
NUM  10.
PAR  10. The apparatus of claim 1 wherein said plenum input port means is
      located in an end region of said plenum housing means.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said plenum housing means has
      longitudinally tapered side wall portions proceeding generally from said
      end region to the opposite end region.
NUM  12.
PAR  12. The apparatus of claim 1 wherein said plenum input port means are
      located in both opposed end regions of said plenum housing means whereby
      heated gas can be fed simultaneously through such plenum input port means
      into said elongated plenum chamber.
PATN
WKU  039427242
SRC  5
APN  4935675
APT  1
ART  313
APD  19740801
TTL  Variable throat nozzle
ISD  19760309
NCL  9
ECL  1,6
EXP  Love; John J.
NDR  1
NFG  6
INVT
NAM  Mocarski; Zenon R.
CTY  Easton
STA  CT
ASSG
NAM  S.R.C. Laboratories, Inc.
CTY  Fairfield
STA  CT
COD  02
CLAS
OCL  239417
XCL  2394345
XCL  417193
EDF  2
ICL  B05B  700
FSC  417
FSS  182;185;192;193
FSC  239
FSS  318;341;412;417;417.3;434.5;534;535
UREF
PNO  344480
ISD  18860600
NAM  Holden et al.
OCL  417193
UREF
PNO  414098
ISD  18891000
NAM  Westphal
OCL  417193
UREF
PNO  2914084
ISD  19591100
NAM  McLean et al.
UCL  239534
UREF
PNO  2937802
ISD  19600500
NAM  Fisher
OCL  417185
UREF
PNO  2998198
ISD  19610800
NAM  Young
XCL  239534
UREF
PNO  3791764
ISD  19740200
NAM  Summer
XCL  417193
LREP
FR2  Junkins; Ernest M.
ABST
PAL  A nozzle having a through passageway in which the flow of pressurized fluid
      induces the flow of secondary fluid therethrough with the passageway
      having a throat that is adjustable in cross-sectional extent to enable the
      nozzle to efficiently operate over a wide range of operating conditions.
      The throat extent may be automatically changed with a change in the
      operating condition within its range or as in one embodiment be easily set
      for one operating condition.
BSUM
PAR  The present invention relates to the movement of a secondary fluid by a
      pressurized fluid and especially to a nozzle formed to provide a through
      passageway with an entrance and an exit. Pressurized fluid is caused to
      flow through the passageway to induce the flow of secondary fluid into the
      entrance with the combined fluids being discharged from the exit. In a
      Venturi type nozzle having a circular passageway, a minimum diameter is
      formed somewhat adjacent the entrance and is generally referred to as the
      nozzle throat. When pressurized fluid flows by the throat it creates a
      reduced pressure or suction which induces the flow of the secondary fluid.
PAR  The capability of a nozzle to cause movement of secondary fluid for a
      quantity of pressurized fluid depends on many factors including the value
      of the ambient discharge pressure, the value of the suction at the
      entrance and the values of the quantity and pressure of the pressurized
      fluid. One operating condition has one value for each of the above factors
      and a nozzle's dimensions may be selected which, for this one condition.
      provides for the maximum amount of secondary fluid flow and hence the best
      operating efficiency of the nozzle. However, if the actual operating
      condition departs from the selected condition by a change in one or more
      values, the efficiency of the nozzle decreases quite rapidly. Thus, a
      nozzle selected for a condition of low suction, where it efficiently
      causes a high secondary fluid flow is only capable of producing a somewhat
      higher value of suction before it stops inducing flow. On the other hand,
      a nozzle dimensioned for a condition of high suction and low secondary
      fluid flow where it is quite efficient, will be very inefficient for
      conditions of low values of suction as it will not induce a much greater
      flow of secondary fluid.
PAR  It is accordingly an object of the present invention to provide a nozzle
      which is capable of being easily adjusted to a selected operating
      condition within a wide range of possible operating conditions.
PAR  Another object of the present invention is to provide a nozzle that is
      capable of efficiently operating over a wide range of operating conditions
      and which will automatically adjust to a change in an operating condition
      to thereby maintain efficient operation at such a new condition.
PAR  A further object of the present invention is to achieve the above objects
      with a nozzle that has a throat which is adjustable in cross-sectional
      extent, either manually or automatically.
PAR  Still another object of the present invention is to achieve the above
      objects with a nozzle that is extremely simple in construction, reliable
      and durable in use, easily set to an operating condition and which is
      economical to fabricate.
PAR  In carrying out the present invention, there is provided in the specific
      embodiment shown, a Venturi type nozzle having a passageway that includes
      an entrance, an exit and a minimum diameter or cross-sectional area throat
      portion. A jet of pressurized fluid is directed into the entrance and a
      source of secondary fluid is caused to communicate with the entrance. The
      flow of pressurized fluid creates a reduced pressure or suction at the
      entrance which induces the flow of the secondary fluid into and through
      the passageway.
PAR  The throat of the passageway is formed to be adjustable so that its
      diameter or cross-sectional extent is capable of being changed. Relatively
      large throats are efficient for low values of suction conditions while
      smaller throats are capable of producing high values of suction. In the
      specific embodiment herein disclosed, the passageway is circular and the
      throat is defined by the inner surface of an annular ring. The ring is
      formed of resilient material and by its deformation, the diameter of the
      inner surface may be varied to thereby change the throat diameter.
PAR  If the nozzle is desired to be operated at only one selected condition, the
      ring is manually deformed to have its diameter set for efficient operation
      at the values of the selected condition. If, on the other hand, the nozzle
      is desired to be efficiently operated at different conditions within its
      range and to adapt itself automatically to the instant operating
      condition, then the ring is made to be deformable in accordance with the
      values of the condition, preferably the instant value of the suction at
      the nozzle entrance. The nozzle will then for low values of suction at the
      entrance have a large diameter which induces a relatively large flow of
      secondary fluid while as the entrance suction value increases, the throat
      will decrease in cross-sectional extent to increase the suction value,
      thereby adjusting itself to the operating condition.
PAR  Other features and advantages will hereinafter appear.
DRWD
     In the drawing:
PAR  FIG. 1 is a diametric cross-section of one embodiment of a nozzle of the
      present invention.
PAR  FIG. 2 is a diametric cross-sectional detail of the nozzle of FIG. 1
      showing a different extent of the throat.
PAR  FIG. 3 is a diametric cross-section of another embodiment of the present
      invention.
PAR  FIG. 4 is a section taken on line 4--4 of FIG. 3.
PAR  FIG. 5 is a diametric cross-sectional detail of a further embodiment of the
      nozzle of the present invention.
PAR  FIG. 6 is a radial cross-section of another embodiment of a throat forming
      member.
DETD
PAR  Referring to the drawing, the nozzle shown in FIGS. 1 and 2 is generally
      indicated by the reference numeral 10 and includes a tubular housing 11. A
      cap 12 closes one end of the housing 11 and is provided with an opening 13
      which communicates through a duct 14 to a source of pressurized fluid (not
      shown) such that the pressurized fluid will be ejected from the opening 13
      as a jet. If desired, and not shown, valve means may be incorporated to
      control the flow of pressurized fluid. Secured intermediate the housing is
      an entrance forming member 15 and an exit forming member 16 both having
      the cross-sectional shape shown. Positioned between the two members 15 and
      16 is an annular ring 17 formed of resilient material, such as rubber and
      which has an inner surface 18 that is the minimum diameter or
      cross-sectional extent of a passageway 19 formed through the members 15,
      16 and 17. The inner surface 18 thus constitutes the throat of the nozzle.
PAR  The member 16 is relatively movable with respect to the member 15 and is
      held within the housing 11 as by a C-ring 20. The exit member 16 further
      has an exterior surface 21 which is subject to the pressure at the exit
      19a of the passageway. The other end of the member 16 has a surface 22
      which is subject to the pressure within the housing which is generally
      that existing at the entrance 19b of the passageway. A conduit 23
      communicates the interior of the housing 11 with a source of secondary
      fluid (not shown) so that a jet of pressurized fluid issuing from the
      opening 13 through the passageway 19 creates a reduced pressure or suction
      at the entrance of the passageway which in turn induces the flow of
      secondary fluid through the conduit 23 and then through the passageway.
      The pressure at the entrance is transmitted as by apertures 24 formed in
      the member 15 to the surface 22 of the member 16.
PAR  With the nozzle operating, the exterior pressure exerted on the surface 21
      and the entrance pressure exerted on the surface 22 will exert a force by
      reason of the pressure difference which tends to move the member 16
      towards the member 15 as the exterior pressure is higher than the entrance
      pressure. In doing so, it compresses the throat forming ring 17 to deform
      it. As the difference in pressure increases, greater movement occurs and
      the deformation of the ring 17 increases, causing it to assume a shape
      such as shown in FIG. 2. The deformation results in a bulging outwardly of
      the inner surface 18 which decreases its diameter and thus decreases the
      cross-sectional extent of the throat. The decrease of the throat area
      enables the nozzle to efficiently operate for a condition of higher
      suction than if it had maintained the extent shown in FIG. 1.
PAR  The extent of the reduction in the throat cross-sectional extent is in one
      example, a reduction from five-eighths of an inch in diameter which would
      be the extent produced for the operating position of the parts shown in
      FIG. 1 to about one-half an inch in diameter as shown in FIG. 2. This, in
      effect reduces the cross-sectional throat area by approximately 25 percent
      or by a ratio of 25/64 to 16/64ths.
PAR  For intermediate values of pressures between the values of pressures which
      enable the ring 17 to maintain its basically undeformed shape shown in
      FIG. 1 and the values of pressures which cause the ring to assume the
      deformed shape in FIG. 2, the ring will adjust itself to a diameter which
      corresponds to the extent of the intermediate value pressures.
PAR  In some instances, the ring 17 may be formed of material which is
      sufficiently resilient to balance the force tending to deform it for the
      desired range of operating conditions. However, in other ranges, a spring
      24a may be employed to set the values of the range of conditions over
      which deformation occurs.
PAR  The compressed force is directly related to the difference in the value of
      the pressures at the exit 19a and the entrance 19b. The entrance pressure
      may change by restricting the flow of secondary fluid while the exit
      pressure may change as when the nozzle is discharging into a closed
      container. In both instances, or a combination thereof, it is the pressure
      difference which controls the deformation and not an absolute value of
      other pressures.
PAR  While the nozzle shown in FIGS. 1 and 2 is capable of automatically
      adjusting its throat extent in accordance with the values of the
      pressures, it will also be apparent that if desired the throat extent may
      be set for one operating condition within its range. This may be easily
      achieved simply by the use of a set screw 25 that threadingly passes
      through the housing 11 to abut against the member 16 and hold it at the
      position selected.
PAR  Shown in FIGS. 3 and 4 is a further embodiment of the nozzle of the present
      invention in which the throat forming member 26 is hollow and formed to
      have an inner surface 27 that defines the throat of a passageway 19'. The
      members 15' and 16' are fixed with relation to each other and the
      deformation of the member 26 depends on the values of pressure within the
      member 26 and at its interior surface 27 at the entrance 19b'. The
      interior of the throat member 15 may communicate with the atmosphere as by
      integral tubes 28 or if desired, it may be connected to a source of
      pressure 29 (either positive or negative) which may be adjusted and held
      at a desired value. In this latter instance, the value of entrance
      pressure which causes the deformation of the ring may thus be varied to
      set the range of operation of the nozzle, after taking into account the
      resistance of the member.
PAR  Shown in FIG. 5 is a further embodiment of a throat forming member which in
      this instance consists of a tubular ring 30 with a closed hollow chamber.
      The ring interior surface is deformable from its largest cross-sectional
      extent to its smaller extent indicated by the reference numerals 31 and
      32, respectively and the extent of deformation depends upon the relative
      difference between the pressure initially within the ring and the pressure
      at the surface 31 which is essentially the entrance pressure.
PAR  Shown in FIG. 6 is a radial cross-section of still another embodiment of a
      throat forming annular ring 33. In this embodiment rather than having the
      ring circular in cross-section, it is formed into an ellipse and also may
      have its inner surface 34 which defines the extent of the throat formed
      with a thinner wall 35 than the remaining walls.
PAR  It will also be clear that instead of being hollow, either member (30 or
      33) may be solid with the resilience of the material being selected to
      provide the range of operating conditions, the ring 17 of FIGS. 1 and 2
      being solid. On the other hand, any one of the hollow rings 26, 30 and 33
      may be used with the movable member 16 in the embodiment shown in FIGS. 1
      and 2, if desired.
PAR  It will be understood that a nozzle with a throat having a large extent
      enables a relatively high quantity of flow of secondary fluid to be
      induced at a low value of differential pressure and which in one
      embodiment of the invention, wherein the throat had a diameter of
      five-eighths of an inch, a suction of 5 inches of mercury was produced. On
      the other hand when the throat diameter was reduced to one-half inch in
      diameter, a suction of 11 inches of mercury was produced with, of course,
      a reduction in the quantity of secondary fluid flowing. The other factors
      of the operating conditions remained the same. Thus, the present invention
      enables not only a wider range of operating conditions to be experienced
      by the nozzle and especially the value of the suction created but enables
      the nozzle to operate extremely efficiently in accordance with the
      pressures instantly occurring within the range. Moreover, the ability to
      set the nozzle to operate at one selected operating condition within a
      wide range of operating conditions enables one nozzle to be utilized
      without physically altering it for any one of a plurality of conditions.
PAR  It will accordingly be understood that there has been disclosed a nozzle
      that is capable of operating efficiently over a wide variety of operating
      conditions. Such a nozzle depends upon being able to vary the extent of
      the minimum cross-sectional area of the passageway through which a
      pressurized fluid and a secondary fluid are caused to flow. In the
      specific embodiment shown the adjustablness of the throat extent is
      achieved by the utilization of a deformable member which has an inner
      surface that defines the extent of the throat. The extent of the
      deformation may be made to one selected value or may be made to be
      responsive, where conditions vary, to the instant operating condition such
      that the nozzle tends in the latter instance to automatically adjust
      itself for efficient operation.
PAR  Variations and modifications may be made within the scope of the claims and
      portions of the improvements may be used without others.
CLMS
STM  I claim:
NUM  1.
PAR  1. A nozzle for inducing flow of a secondary fluid by using a pressurized
      fluid comprising means forming a passageway to have an entrance, an exit
      and an intermediate portion of minimum cross-sectional extent, means for
      causing a pressurized fluid to flow through the passageway, means for
      communicating the entrance with a source of secondary fluid whereby the
      flow of pressurized fluid induces the flow of secondary fluid into the
      passageway with both fluids being discharged from the exit and means for
      varying the cross-sectional extent of the intermediate portion, said last
      named means including an annular ring formed from resilient material and
      having an exterior exposed surface that defines the minimum extent, said
      ring being deformable to have the exposed surface vary the cross-sectional
      extent, means for substantially restraining deformation of the remaining
      portion of the ring and in which there are movable means for mechanically
      deforming said deformable means to set the cross-sectional extent defined
      by said means.
NUM  2.
PAR  2. The invention as defined in claim 1 in which there are means for
      securing the movable means in one selected position.
NUM  3.
PAR  3. The invention as defined in claim 1 in which the movable means is
      responsive to the difference in the values of pressure at the entrance and
      exit and in which said means reduces said extent as the entrance pressure
      decreases.
NUM  4.
PAR  4. The invention as defined in claim 3 in which the deformable means is
      resilient and tends to oppose deformation by the movable means.
NUM  5.
PAR  5. The invention as defined in claim 3 in which the difference in pressure
      tends to urge relative movement of the movable means in one direction and
      in which there are spring means for resisting said movement.
NUM  6.
PAR  6. A nozzle for inducing flow of a secondary fluid by using a pressurized
      fluid comprising means forming a passageway to have an entrance, an exit
      and an intermediate portion of minimum corss-sectional extent, means for
      causing a pressurized fluid to flow through the passageway, means for
      communicating the entrance with a source of secondary fluid whereby the
      flow of pressurized fluid induces the flow of secondary fluid into the
      passageway with both fluids being discharged from the exit and means for
      varying the cross-sectional extent of the intermediate portion, said last
      named means including an annular ring formed from resilient material and
      having an exterior exposed surface that defines the minimum extent, said
      ring being deformable to have the exposed surface vary the cross-sectional
      extent, means for substantially restraining deformation of the remaining
      portion of the ring and in which the deformable means is a tubular ring
      having a hollow interior.
NUM  7.
PAR  7. The invention as defined in claim 6 in which the exposed surface is
      normally essentially eliptical.
NUM  8.
PAR  8. The invention as defined in claim 6 in which the hollow interior forms a
      closed chamber.
NUM  9.
PAR  9. The invention as defined in claim 6 in which there are means for
      communicating the hollow interior with a source of fluid pressure to
      thereby control the interior pressure of the ring.
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ABST
PAL  The present invention is directed to an aerosol spray apparatus comprising
      two parts which when joined or brought into a sealing engagement cooperate
      to form a mechanical break up means. The mechanical break up consists of a
      sprayhead and stem which cooperate to form a swirl forming means which
      mechanically breaks up pressurized materials being dispensed. The swirl
      forming means comprises a swirl chamber which is arranged concentrically
      to a spray orifice, two tangential channels which are directed
      tangentially into the swirl chamber and two annular channels. The swirl
      forming chamber and tangential channels are formed by depressions molded
      into the inner wall surface of the socket of the sprayhead. The two
      annular channels are formed by depressions molded into the surface of the
      valve stem. The swirl chamber and tangential channels are covered by a
      tightly fitted outer wall surface portion of the stem. The tangential
      channels with the stem form passageways for the pressurized materials. The
      two annular channels in the surface of the stem are covered by a tightly
      fitted inner wall surface of the socket of the sprayhead. The annular
      channels with the sprayhead form passageways for the pressurized material.
      Regardless of the manner in which the stem and sprayhead are brought
      together the swirl forming chamber will always be properly aligned
      relative to the stem.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to aerosol valves and to new and improved
      sprayheads for use therewith. The invention relates to mechanical break up
      and swirl forming means for use with aerosol dispensers. The invention is
      particulary directed to a novel sprayhead and a valve stem structure which
      cooperate to form a mechanical break up and swirl forming means. The
      mechanical break up means consist of the sprayhead and the valve stem.
PAR  The swirl forming means comprises a swirl chamber which is arranged
      concentrically to a spray orifice, and two tangential channels which are
      directed tangentially into the swirl chamber. There is an upper tangential
      channel and a lower tangential channel. The swirl forming chamber and
      tangential channels are formed by depressions molded into the inner wall
      surface of the socket of the sprayhead. There are communicating means
      connecting the hollow bore of the valve stem with the tangential channels.
      The communicating means can comprise two annular channels formed by
      depressions molded into the surface of the valve stem. There is an upper
      annular channel and a lower annular channel. The swirl chamber and
      tangential channels are covered by the tightly fitted outer wall surface
      portion of the stem. The tangential channels with the stem form
      passageways for the pressurized materials. The two annular channels in the
      surface of the stem are covered by the tightly fitted inner wall surface
      of the socket of the sprayhead. The annular channels with the socket form
      passageways for the pressurized material.
PAR  The sprayhead socket and stem are dimensioned to provide a tight fit
      between the stem and the socket. In this manner pressurized product cannot
      escape from the pressurized container except by way of the passageways
      formed by the tangential channels and the passageways formed by the
      annular channels.
PAR  The upper tangential channel communicates at one end with the swirl forming
      chamber and at the other end with the upper annular channel. The lower
      tangential channel communicates at one end with the swirl forming chamber
      and at the other end with the lower annular channel.
PAR  Each of the tangential channels feed pressurized materials from the annular
      channel with which it is in communication to the swirl forming chamber.
      The flow of pressurized material into the swirl forming chamber produces a
      swirl action of the material which action continues as the material
      emerges from the spray orifice and a fine atomization of dispersion of the
      material is obtained.
PAR  A notch in the top portion of the stem forms communicating means between
      the bore of the hollow stem and the upper annular channel. An orifice in
      the stem below the notch forms communicating passage means between the
      bore of the stem and the lower annular channel.
PAR  In another embodiment of the invention, the upper and lower annular
      channels are formed on the inner wall surface of the sprayhead socket.
PAR  In still another embodiment of the invention, the upper annular channel and
      notch are omitted and communication between the bore of the hollow stem
      and the upper tangential channel is provided by spacing the upper surface
      of the top of the valve stem a short distance below the top wall surface
      of the socket of the sprayhead.
PAR  The sprayhead and valve stem are constructed in such a manner that it is
      not necessary to align the sprayhead and stem relative to each other prior
      to assembly. The ability to assemble the sprayhead and stem without having
      to align them comprises an important feature of the invention.
PAR  Prior to the present invention the swirling spray had been produced by
      specially constructed sprayheads, which were characterized by complicated
      structure and construction means. Generally the sprayheads were made of a
      plurality of parts which had to be separately assembled to obtain the
      necessary duct and chamber formations, and had to be aligned relative to
      each other prior to assembly. This type of swirl forming means was
      expensive to produce and materially added to the cost of the dispensing
      mechanism as a whole.
PAR  It is an object of the present invention to provide a sprayhead constructed
      of a minimum of simple and economically produced parts which are easily
      assembled.
PAR  An object of the invention is to provide a sprayhead which may be used with
      different valve stem and valve structures.
PAR  An object of the present invention is to provide a swirl forming mechanical
      break up means in which the complete sprayhead structure may be made in a
      single pressure molding.
PAR  An object of the present invention is to provide a sprayhead of mechanical
      simplicity which affords excellent atomization and dispersion of a liquid.
PAR  An object of the invention is to provide a mechanical break up means
      consisting of only two parts which can be manufactured inexpensively and
      assembled by existing automatic equipment.
PAR  The sprayhead of the present invention is briefly discussed with reference
      to the Figures of the drawings. The sprayhead has a frusto-conical shaped
      socket formed therein which conforms essentially in size and shape to the
      upper portion of the hollow stem which is also frusto-conical in shape.
      The sprayhead socket and valve stem are dimensioned such that when they
      are engaged there is a tight fit between them and a tight seal obtained.
      The swirl forming means are defined by the swirl forming chamber and the
      tangential channels formed between the frusto-conical shaped inner wall
      surface 29 of the sprayhead socket 28 and the frusto-conical shaped outer
      wall surface 24 of the hollow valve stem 18. A generally round swirl
      forming chamber 47 is formed in the inner wall surface of the socket and
      communicates with spray orifice 36. There is an upper tangential channel
      42 and a lower tangential channel 42 formed in the inner wall surface of
      the socket. The swirl forming chamber communicates with tangential
      channels 42 along an edge of the swirl chamber 47 at two locations spaced
      equidistant from each other. An upper annular channel 51 and a lower
      annular channel 39 are formed on the outer wall surface of the stem. The
      outer ends of the upper and lower tangential channels 42 intersect annular
      channels 51 and 39 respectively. The outer wall surface 24 of the valve
      stem 18 together with the channels 42 form enclosed passageways through
      which pressurized material can flow. The inner wall surface 29 of the
      socket 28 together with channels 39 and 51 form enclosed passageways
      through which pressurized material can flow.
PAR  A notch 37 or communicating passage means may be molded or otherwise formed
      in the top of the stem 18 such that when the stem top wall surface 48 is
      brought into or substantially into engagement with the top wall surface 41
      of socket 28 a passage 37 is formed which communicates with annular
      channel 51 and the bore 23 of the valve stem 18. An orifice or second
      communicating passage means 38 spaced below the notch may be molded or
      otherwise formed in the wall of stem 18 to form a passage which
      communicates with annular channel 39 and the bore 23 of the valve stem 18.
PAR  When the sprayhead 1 is depressed to open the aerosol dispensing valve, the
      pressurized material in the container will flow upwardly through the bore
      23, through the horizontal passage 37 and orifice 38 into, and outward and
      around in the annular channels 39 and 51, respectively and through each of
      the two tangential passageways 42, into the swirl forming chamber 47 and
      out through spray orifice 36.
PAR  At the place in the swirl forming chamber 47 where tangential passageways
      42 intersect, a swirling action is imparted to the pressurized product
      being dispensed which atomizes the material as it passes through the
      orifice 36 and disperses the product as a fine spray.
PAR  Because the swirl chamber is of relatively small volume as compared to the
      volume of pressurized mixture entering through the tangential channels,
      the pressurized mixture is caused to swirl at a high velocity before being
      discharged to the atmosphere through the spray orifice.
PAR  Clogging of the passages of the sprayhead is frequently a serious problem
      in the case of certain heavy materials which are dispensed at high rates.
      Because the sprayhead of the present invention has two tangential
      channels, i.e. an upper and a lower channel, any spray material remaining
      after spraying in the tangential channels can drain downward into the
      lower annular channel and into the hollow stem bore. The sprayhead of the
      present invention is thus practically nonclogging.
PAR  In accordance with an embodiment of the present invention the dies used to
      mold the sprayhead and valve stem are made of unique construction which
      allow the single "shot" molding of the desired sprayhead and valve stem
      structures. The dies are such that they can be used in conventional
      pressure molding machines, utilizing a suitable type of plastic molding
      material.
PAR  The preferred embodiment of the invention comprises molding the sprayhead
      socket to have a frusto-conical shape portion and a cylindrical shaped
      portion. The included angle at the apex of the frusto-conical shaped
      portion, considering a vertical plane taken through the center of the
      sprayhead, can be 10.degree. to 170.degree. and preferably 60.degree. to
      90.degree.. In a particular embodiment, the angle can be
      20.degree.-30.degree..
PAR  The upper portion of the valve stem is molded to have a frusto-conical
      shaped portion and a cylindrical shaped portion.
PAR  The included angle at the apex of the frusto-conical shaped portion,
      considering a vertical plane taken through the center of the valve stem,
      can be 10.degree. to 170.degree. and preferably 60.degree. to 90.degree..
      In a particular embodiment the angle can be 20.degree.-30.degree..
PAR  The shape of the valve stem conforms to the shape of the inner socket of
      the sprayhead. The sprayhead socket and valve stem are dimensioned such
      that when the stem is engaged in the sprayhead socket a tight sealing fit
      is obtained.
PAR  By having the sprayhead socket molded in the form of a frusto-conical shape
      and having the wall of the swirl chamber and the wall of the tangential
      channel slanting inwardly in the inner wall surface of the sprayhead
      socket, the die used to mold the sprayhead can be constructed in such a
      manner that it is easily removably from the molded plastic part without
      risking damage to the walls of the swirl chamber and tangential channels.
      This is particularly true of the lower wall of the swirl forming chamber
      and the lower wall of the lower tangential channel.
PAR  In accordance with the present invention the die used to mold the inner
      wall surface of the sprayhead can, after the molding step, be pulled
      vertically downward and out of the molded sprayhead leaving the swirl
      chamber and tangential channels in the precise condition as intended.
PAR  In the design of the sprayhead as herein contemplated there are no or
      substantially no under cut portions of the molded part that can be damaged
      by withdrawal of the die.
PAR  Further, the present invention allows use of harder faster setting plastic
      materials which perform better and last longer, since it is not necessary
      for the molded plastic material to remain soft long enough to remove the
      die so as to allow withdrawal of the die from undercut portions of the
      molded plastic part. Normally the removal of the die from an undercut
      portion of the molded plastic part disrupts the undercut portion, which
      after removal of the die is hoped returns to its previous position without
      damage.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary front elevational view of a valve assembly mounted
      on a pressurized container and a sprayhead constructed in accordance with
      the invention.
PAR  FIG. 2 is an enlarged fragmentary sectional view taken along line A--A of
      FIG. 1, in the direction shown, illustrating a valve assembly construction
      in which the stem and valve plunger are separable and in which the valve
      stem has in the lower portion thereof a clear through metering slot.
PAR  FIG. 3 is a median section through the sprayhead, taken along line B--B of
      FIG. 2, in the indicated direction, showing an enlarged view of the
      sprayhead and valve stem in which the annular channels are formed on the
      valve stem.
PAR  FIG. 4 is an enlarged detailed sectional view of the sprayhead, taken along
      line C--C of FIG. 3, in the indicated direction.
PAR  FIG. 5 is a median section through the sprayhead, similar to FIG. 3,
      showing an enlarged view of the sprayhead and valve stem of an embodiment
      in which the annular channels are formed in the sprayhead socket.
PAR  FIG. 6 is an enlarged detailed sectional view of the sprayhead, taken along
      line D--D of FIG. 5, in the indicated direction.
PAR  FIG. 7 is a median section through a sprayhead similar to FIG. 3, showing
      an enlarged view of the sprayhead and valve stem of an embodiment in which
      the upper annular channel and notch are omitted and the lower annular
      channel is formed on the valve stem.
PAR  FIG. 8 is an enlarged detailed sectional view of the sprayhead taken along
      line E--E of FIG. 7, in the indicated direction.
PAR  FIG. 9 is an exploded view of a sprayhead and conventional stem type valve
      construction.
PAR  FIG. 10 is an exploded view of a sprayhead and simplified valve stem and
      valve plunger construction.
PAR  FIG. 11 is a top plan view of the valve plunger of FIG. 10.
DETD
PAR  In a detailed description of the drawings that follows the same characters
      of reference are used whenever feasible to designate the same or similar
      parts throughout the several figures thereof.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now referring to FIGS. 1 to 4 there is illustrated a sprayhead 1
      constructed in accordance with the invention, here shown mounted upon a
      valve structure designated generally 2 that is normally carried on a
      pressurized container 3. The assembly as shown in FIG. 2 with the
      sprayhead in place is the form in which the structure is normally sold to
      packers of pressurized products. The sprayhead, however, may or may not be
      sold with the valve. The containers normally used consist of a canister or
      bottle having a cover member 4 secured over the top thereof. The cover
      member 4 is of sheet metal suitably stamped and shaped to provide a
      central boss or pedestal formation 6 having a coaxial central aperture 7.
      An annular rubber gasket 8 is clamped in position inside of the pedestal
      formation 6 with its central opening 9 coaxial with the aperture 7. The
      valve structure 2 includes a valve plunger 11 that is normally biased
      upward by means of a coiled spring 12 contained within the valve housing
      13. The upper flanged end 14 of the valve housing 13 is crimped as at 16
      to the bottom of the gasket 8. The valve plunger 11 is intended to ride up
      and down inside of the valve housing 13, and has an upper edge forming a
      valve seat 17 which engages the bottom of the gasket 8 around its central
      opening 9 in valve sealing relationship.
PAR  The sprayhead 1 has a depending hollow stem 18 which slidingly and
      sealingly engages through the said central opening 9 of the gasket 8 in
      operating the valve structure. The bottom end of the stem engages into and
      upwardly opening socket 22 of valve plunger 11 and is provided with an
      axially extending metering slot 19 that is open through the wall of the
      stem and extends upward into the gasket 8 a slight distance and is sealed
      by the gasket when the valve member is seated. The bottom of the stem fits
      over upstanding pilot member 21 formed in the bottom of valve plunger
      socket 22.
PAR  The hollow stem 18 has a central bore 23. Thus, when the valve stem is
      pushed downward by the user pressing on the top of the sprayhead 1 the
      valve seat 17 will be unseated from the bottom of the gasket 8 and access
      will be had for the propelled mixture coming up from the bottom of the
      pressurized container 3 by way of the dip tube 33 into the interior
      chamber 34 of the valve housing 13. The mixture will pass up alongside and
      around the valve plunger 11, past the valve seat 17 into and through the
      slot 19 and up into the conduit 23 to be dispensed from spray orifice 36.
PAR  The body 27 of the sprayhead 1 has a socket 28 formed therein, with an
      upper frusto-conical shaped section 29 and a cylindrical section 31
      immediately therebelow. Portions of the body of the sprayhead may be
      hollowed out as at 32 to lighten and minimize the amount of material
      needed to mold it. The bore 23 of the hollow stem 18 continues up into the
      sprayhead and opens to communicating passage means which in this
      embodiment consists of a notch 37 which communicates with the upper
      annular channel 51 and orifice 38 which communicates with lower annular
      channel 39.
PAR  The cross-sectional areas of the slot 37 and orifice 38 may be greater or
      less than the cross-sectional area of the spray orifice 36. The sprayhead
      socket 28 is formed on the inside of the body portion 27 of the sprayhead
      1. The portion 31 of the socket is cylindrical in shape and the portion 29
      is frusto-conical in shape and has an upper flat circular wall 41. When
      the stem is engaged with the sprayhead, communication is established
      between the bore 23 of the stem and the annular channels 51 and 39
      regardless of the orientation of the stem and sprayhead when they are put
      together.
PAR  The swirl forming means is molded into the inner wall surface 29 of the
      socket 28 (see FIGS. 3 and 4) and comprises swirl chamber 47 and
      tangential channels 42. When the stem is engaged in the socket, the outer
      wall surface of the stem forms a wall surface of the chamber 47. Opposite
      this wall surface is spray orifice 36.
PAR  The annular channels 51 and 39 and slot 37 and orifice 38 in the stem 18
      can be molded at the same time the stem is molded. The slot 37
      communicates with annular channel 51. The orifice 38 communicates with
      annular channel 39. When the sprayhead is depressed the pressurized
      mixture passes through slot 37 and orifice 38 out and around in annular
      channels 51 and 39, respectively and enters into each of tangential
      channels 42 and then into swirl chamber 47 and out of spray orifice 36.
PAR  The upper portion 24 of the stem is frusto-conical in shape having a
      horizontal upper surface 48. The portion 26 of the stem immediately below
      the frusto-conical shaped portion is cylindrical in shape. The portions 24
      and 26 of the stem 18 conform to and are complimentary in shape to the
      corresponding portions 29 and 31 of the socket of the sprayhead.
PAR  The tangential channels 42 are such that there are passageways formed
      between the inner wall of the frusto-conical shaped portion 29 of the
      sprayhead 28 and the outer wall surface of the frusto-conical shaped
      portion 24 of the stem 18 to transport pressurized material. The annular
      channels 51 and 39 formed on the outer wall surface of the stem are such
      that there are passageways formed between the inner wall surface of the
      frusto-conical shaped portion 29 of the sprayhead socket 28 and the outer
      wall surface of the frusto-conical shaped portion 24 of the stem 18 to
      transport pressurized material. The frusto-conical shaped portions and the
      cylindrical shaped portions of the sprayhead and stem are dimensioned to
      provide a tight sealing fit. For example, the upper surface 48 of the
      upper portion of the stem 24 can be spaced slightly below the upper wall
      41 of the upper portion 29 of the socket 28 to assure a tight fit of the
      frusto-conical portion of the stem with the frusto-conical portion of the
      socket.
PAR  During molding, the stem 18 may be provided with a small annular bead 49
      and the sprayhead socket may be provided with a cooperating small annular
      bead 60 such that when the stem is inserted into the socket 28 the bead 49
      will cooperate with bead 60 on the side wall of the socket 28 and lock
      therewith forming a very effective seal substantially permanently
      attaching the stem and sprayhead.
PAR  When the stem is seated in the sprayhead socket the upper wall surface 41
      of the sprayhead socket forms a top wall surface of slot 37 communicating
      passage.
PAR  The side walls of annular channels 51 and 39 of the stem are generally
      vertical and the bottom walls are generally horizontal. The top, bottom
      and side walls of the tangential channels 42 slant generally inwardly in
      the direction of the wall of the socket. The top, bottom and side walls of
      swirl forming chamber 47 slant generally inwardly in the direction of into
      the wall of the socket.
PAR  By having the walls of the annular channels, the swirl forming chamber and
      the tangential channels constructed in the aforesaid manner, substantial
      advantages in molding and constructing of the sprayhead and swirl forming
      chamber are achieved. For example, the dies used to mold the sprayhead and
      stem can be pulled directly away from the molded part without damaging the
      molded part.
PAR  FIGS. 5 and 6 of the drawings are of an embodiment of the invention in
      which the annular channels 51' and 39' are formed in the inner wall
      surface of the sprayhead socket. The inner wall surface 29 of the
      sprayhead has a central opening that forms the exterior spray orifice 36.
      The pressurized mixture is sprayed or dispersed from orifice 36. Coaxially
      with the external metering orifice 36 there is the swirl forming chamber
      47. The chamber 47 is shown here as generally round and has two tangential
      branches or channels 42. Swirl chamber 47 communicates directly with the
      orifice 36, and through the two tangential channels 42 with annular
      channels 51' and 39' respectively, formed in the inner wall surface 29 of
      the sprayhead socket. Swirl chamber 47 and annular channels 39' and 51'
      are formed in the inner wall surface 29 of the frusto-conical shaped
      portion of socket 28 during the molding of the sprayhead 1'.
PAR  When the stem is pressed into the socket and forms a tight fit therewith
      there will be formed between the inner wall of the frusto-conical shaped
      portion of the socket and the frusto-conical portion 24 of the valve stem
      18 the swirl chamber 47, two tangential passages 42 and the annular
      passages 51' and 39'. The annular channels 51' and 39' are covered by the
      outer wall surface 24 of the valve stem 18. The slot 37 in the upper
      portion of the stem 18 forms with the upper wall surface 41 of the socket
      28 a communicating passage. Pressurized mixture entering through slot 37
      and orifice 38 will pass in both directions outward and around in annular
      channels 51' and 39', respectively and into the tangential channels 42.
PAR  The propelled mixture enters the swirl chamber 47 at two points tangential
      to the chamber causing a rotative or swirl movement of the propelled
      mixture within the chamber 47 and is discharged through spray orifice 36.
PAR  It will be appreciated from the above discussion that the embodiment shown
      in FIGS. 5 and 6 is similar in construction and operation to that shown in
      FIGS. 3 and 4 except that in FIGS. 5 and 6 the annular channels 51' and
      39' are molded in the sprayhead socket.
PAR  FIGS. 7 and 8 of the drawings are of an embodiment in which the upper
      annular channel and notch are omitted and communication between the bore
      23 of the stem 18 and the upper tangential channel 42' is provided by
      communicating passage 67. Communication between the bore 23 and the lower
      tangential channel 42' is provided as before by a lower annular channel 39
      and orifice 38. The communicating passage 67 is obtained by spacing the
      upper surface 48' of the upper portion of the stem 24 below the upper wall
      41' of the upper portion 29 of the socket 28. The upper surface 48' is
      spaced a sufficient distance below the upper wall 41' to provide adequate
      passage for the spray material from the bore 23 to the upper tangential
      channel 42'. The upper surface 48' of the stem can be spaced 0.005 to
      0.100 inch, preferably 0.025 to 0.075 inch below the upper wall 41' of the
      sprayhead socket.
PAR  The distance that upper surface 48' is spaced below upper wall 41' is
      determined to some extent by the size of the orifice 38 and is such that a
      substantially even flow of spray material in the upper and lower
      tangential channels 42' is obtained. The inner wall surface 29 of the
      sprayhead socket 28 has a central opening that forms the exterior spray
      orifice 36. Coaxially with the orifice 36 there is a swirl forming chamber
      47'. The chamber 47' is shown here as generally square and has two
      tangential branches or channels 42'. The tangential channels are generally
      square in cross-section. The bottom wall of the swirl chamber and the
      bottom wall of the lower tangential channel is made to slant inwardly into
      the inner wall surface of the sprayhead socket.
PAR  Swirl chamber 47' communicates directly with the spray orifice 36. Swirl
      chamber 47' communicates through the upper tangential channel 42' and the
      lower tangential channel 42' with communicating passage 67 and lower
      annular channel 39, respectively. Swirl chamber 47' and tangential
      channels 42' are formed in the inner wall surface 29 of the frusto-conical
      shaped portion of the socket 28 during the molding of the sprayhead 1".
PAR  When the stem is pressed into the socket and forms a tight fit therewith
      there will be formed between the inner wall of the frusto-conical shaped
      portion 29 of the socket 28 and the frusto-conical portion 24 of the valve
      stem 18, the swirl chamber 47', two tangential passages 42', the
      communicating passage 67 and the annular passage 39. The upper wall
      surface 41' of the socket 28 with the upper wall 48' of the valve stem 18
      form the communicating passage 67. Pressurized mixture entering through
      communicating passage 67 and annular channel 39 will pass, respectively
      into the upper tangential channel 42' and the lower tangential channel 42'
      and from the tangential channels 42' into the swirl chamber 47'.
PAR  The propelled mixture enters the swirl chamber 47' at two points tangential
      to the chamber causing a rotative or swirl movement of the propelled
      mixture within the chamber 47' and is discharged through spray orifice 36.
PAR  It will be appreciated from the above discussion that the embodiment shown
      in FIGS. 7 and 8 is similar in construction and operation to that shown in
      FIGS. 3 and 4 except that in FIGS. 7 and 8 the upper annular channels 51
      and notch 37 have been omitted and communication between the bore 23 and
      the upper tangential channel means is provided by passage communicating
      67.
PAR  FIG. 9 is an exploded view showing the sprayhead 1, stem 18 and a
      conventional stem valve type plunger. In this drawing, the relationship
      between the various parts of the stem and sprayhead can be easily
      visualized. The sprayhead and valve stem construction are the same as
      shown in FIGS. 3 and 4. The bore 23 of the hollow stem 18, communicates
      with slot 37 formed in the top of the stem 18. The top inner wall surface
      41 of the socket is dimensioned to form a close fit with the top wall
      surface 48 of the stem when the stem and socket are engaged. The stem 18
      and valve plunger 11 are integrally molded together. When in place in the
      valve assembly (see FIG. 2) the tubular stem 18 protrudes through the
      aperture 9 in gasket 8 and through the opening 7 in boss 6. The bore 23 of
      the hollow stem 18 is closed at its lower end and open at its upper end.
      There is a transverse aperture 58 at the bottom of the bore 23 adjacent
      the closed end which when the valve is in the closed or at rest position
      is normally sealed by gasket 8. The construction and operation of the
      valve assembly is otherwise similar to that discussed with reference to
      FIG. 2.
PAR  FIGS. 10 and 11 illustrate another embodiment of the invention in which the
      stem and valve plunger structures are further simplified. The construction
      and operation of the sprayhead and stem are as discussed above with
      reference to FIGS. 5 and 6. The stem 18 is imperforate throughout its
      length except for slot 37 and orifice 38 in the upper portion of the stem.
      There are no other slots, apertures, grooves or any other openings in the
      surface of the stem wall. This construction makes the stem a very simple
      structure which is very easy and economical to make. The construction of
      the valve plunger is also simple, economical and easy to make. The
      interior of the plunger 11 provides a socket 22 which has a blind bottom
      end which forms a floor 45. The upper end of the socket 22 can have a
      gallery 52 that extends around the interior thereof, giving rise to a
      narrow section that has an end surface which forms the valve seat 17. The
      inner wall of socket 22 has one or more vertically disposed metering
      channels 43 formed therein. These channels opens at their upper ends into
      the gallery 52 and extend slightly below floor 45 at their bottom ends and
      open into groove 44.
PAR  The stem 18 fits into the socket 22. The diameter of the stem 18 is such as
      to form a tight sealing fit in the socket 22 of plunger 11. The channels
      43 together with the outer wall surface of the stem form passageways of
      predetermined cross-sectional areas. The channels open at their upper end
      adjacent the valve seat 17 and open at their bottom end adjacent the floor
      45. Since the lower end of the stem is imperforate except at its axial
      bottom end, no pressurized material can escape except by way of metering
      channels 43 and groove 44.
PAR  FIG. 11 is a plan top view of valve plunger 11 showing the upward facing
      socket 22. The upper outer edge of the plunger forms the valve seat 17.
      The top portion of the metering channel 43 opens into gallery 52 and the
      bottom portion communicates with the groove 44 formed in the bottom floor
      45 of socket 22.
PAR  In the FIGS. 1-11 of the drawings the metering can take place in one or
      more of the spray orifice 36, slot 19, aperture 58, metering channels 43,
      slot 37, orifice 38 and tangential channels 42 depending on the relative
      cross-sectional area of each. The metering occurs at the place of the
      smallest cross-sectional area. Excellent metering control without loss of
      efficiency of dispersion and atomization may be achieved by varying the
      dimensions of swirl chamber 47, tangential channels 42, and/or the
      external orifice 36. Metering can also be effected by varying the height
      and/or width of slot 19 above valve seat 17. The tangential channels 42,
      can be V-shaped, rounded or generally square in cross-section. The
      preferred construction, however, is generally V-shaped with a flat bottom
      to the V. The swirl chamber can be round or generally square.
PAR  It will be understood that certain additional changes may be made in the
      construction or arrangement of the sprayhead and stem disclosed herein
      without departing from the spirit and scope of the invention as defined in
      the appended claims.
CLMS
STM  I clalim:
NUM  1.
PAR  1. A sprayhead and valve stem combination which cooperate to form a
      mechanical breakup swirl forming and dispersing means for pressurized
      materials including a sprayhead having a spray orifice and a socket with
      an inner wall surface for engagement with the valve stem, the valve stem
      having an outer wall surface and being hollow with a central bore, the
      stem when engaged in the sprayhead socket depending therefrom, the swirl
      forming means comprising a swirl chamber arranged concentrically to said
      orifice, two tangential channels and communicating means connecting the
      tangential channels to the stem bore, the tangential channels directed
      into the swirl chamber, the swirl chamber and tangential channels are
      formed by depressions molded into the inner wall surface of the sprayhead
      socket, the swirl chamber and tangential channels are covered by the
      tightly fitted outer wall surface of the stem, the tangential channels
      with the outer wall surface of the stem form passageways for pressurized
      material, the communicating means comprise upper and lower passageways,
      the swirl chamber communicates with the spray orifice, one of the
      tangentail channels communicate at one end with the swirl forming chamber
      and at the other end with the upper passageway and the other tangential
      channel communicates at one end with the swirl chamber and at the other
      end with the lower passageway.
NUM  2.
PAR  2. The sprayhead and valve stem combination of claim 1 in which the
      communicating means connecting the tangential channels to the stem bore
      comprise upper and lower annular channels.
NUM  3.
PAR  3. The sprayhead and valve stem combination of claim 1 in which the
      communicating means connecting the tangential channels to the stem bore
      comprise an upper communicating passage formed between the upper portion
      of the sprayhead socket and the upper portion of the valve stem, and a
      lower annular channel.
NUM  4.
PAR  4. The sprayhead and valve stem combination of claim 1 in which the
      sprayhead has a frusto-conical shaped socket portion and the upper end of
      the stem has a frusto-conical shaped portion, the swirl forming chamber
      and tangential channels are formed in the frusto-conical shaped portion of
      the sprayhead socket and the communicating means connecting the tangential
      channels to the stem bore are formed between the frusto-conical shaped
      stem portion and the frusto-conical shaped portion of the socket and the
      frusto-conical shaped portion of the stem and the frusto-conical shaped
      portion of the socket are dimensioned to have a tight fit.
NUM  5.
PAR  5. The sprayhead and valve stem combination of claim 1 in which the
      sprayhead has a frusto-conical shaped socket portion and the upper end of
      the stem has a frusto-conical shaped portion, the swirl forming chamber
      and tangential channels are formed in the frusto-conical shaped portion of
      the sprayhead socket, the communicating means connecting the tangential
      channels to the stem bore comprise upper and lower annular channels, the
      annular channels are formed in the frusto-conical shaped stem portion, and
      the frusto-conical shaped portion of the socket and the frusto-conical
      shaped portion of the stem are dimensioned to have a tight fit.
NUM  6.
PAR  6. The sprayhead and valve stem combination of claim 1 in which the
      sprayhead has a frusto-conical shaped socket portion and the upper end of
      the stem has a frusto-conical shaped portion, the communicating means
      connecting the tangential channels to the stem bore comprise upper and
      lower annular channels, the swirl forming chamber, the tangential channels
      and annular channels are formed in the frusto-conical shaped portion of
      the sprayhead socket, and the frusto-conical shaped portion of the socket
      and the frusto-conical shaped portion of the stem are dimensioned to have
      a tight fit.
NUM  7.
PAR  7. The sprayhead and valve stem combination of claim 1 in which the
      communicating means connecting the tangential channels to the stem bore
      comprise a first communicating passage formed by spacing the top of the
      valve stem a short distance below the top of the sprayhead socket, and a
      second communicating passage formed below the first communicating passage
      by an annular channel defined between the stem and sprayhead socket and an
      opening in the stem wall, said opening connecting the stem bore to the
      annular channel, each of said communicating passages being connected to
      one of the tangential channels.
NUM  8.
PAR  8. A sprayhead and valve stem combination which cooperate to form a
      mechanical break-up swirl forming and dispersing means for pressurized
      materials including a sprayhead having a spray orifice and an inner
      frusto-conical shaped socket with an inner wall surface for engagement
      with the valve stem, the valve stem having at its upper end a
      frusto-conical shaped portion which conforms in shape to the sprayhead
      socket, said valve stem having an outer wall surface, being hollow and
      having a central bore, the stem when engaged with the sprayhead depends
      therefrom, the mechanical break-up swirl forming means comprising a swirl
      forming chamber arranged concentrically to said orifice, two tangential
      channels directed into the swirl chamber, two annular channels and first
      and second communicating passages, the swirl chamber, tangential channels
      and annular channels are formed between the frusto-conical shaped portion
      of the sprayhead socket and the frusto-conical shaped portion of the stem,
      the first and second communicating passages are formed in the stem, the
      swirl forming chamber communicates with the spray orifice, the tangential
      channels communicate at one end with the swirl forming chamber and at the
      other end with each one of the annular channels, the first and second
      communicating passages each communicate with one of the annular channels
      and provide communication between the bore of the stem and the respective
      tangential channels.
NUM  9.
PAR  9. The sprayhead and valve combination of claim 8 in which the swirl
      forming chamber and tangential channels are formed by depressions molded
      into the inner wall surface of the sprayhead socket and the two annular
      channels are formed by depressions molded into the wall surface of the
      valve stem.
NUM  10.
PAR  10. The sprayhead and valve stem combination of claim 8 in which there is
      an upper annular channel and a lower annular channel, a first
      communicating passage means formed by a notch in the top frusto-conical
      shaped portion of the stem and a second communicating passage means formed
      below the first means by an orifice in the wall of the stem, and the first
      communicating passage means communicating with the upper annular channel
      and the second communicating passage means communicating with the lower
      annular channel.
NUM  11.
PAR  11. A sprayhead and valve stem combination which cooperate to form a
      mechanical break-up swirl forming and dispersing means for pressurized
      materials including a sprayhead having a spray orifice and a
      frusto-conical shaped socket, the socket having an inner wall surface for
      engagement with the stem, the stem having at its upper end a
      frusto-conical shaped portion which conforms in shape to the sprayhead
      socket, the stem having an outer wall surface, being hollow and having a
      central bore and when engaged with the sprayhead depends therefrom, the
      mechanical break-up swirl forming means comprising a swirl chamber
      arranged concentrically to said orifice, two tangential channels directed
      tangentially into the swirl chamber, two annular channels and first and
      second communicating passages, the swirl chamber and tangential channels
      are formed by depressions molded into the inner wall surface of the
      frusto-conical shaped portion of the sprayhead, the swirl chamber and
      tangential channels are covered by a tightly fitted outer wall surface of
      the frusto-conical shaped portion of the stem, the annular channels are
      formed by depressions molded in the stem, the annular channels are covered
      by a tightly fitted inner wall surface of the frusto-conical shaped
      portions of the sprayhead, the first communicating passage means is
      provided in the upper portion of the stem and the second communicating
      passage means is provided in the stem below the first communicating
      passage means, the swirl forming chamber communicates with the spray
      orifice, the tangential channels communicate at one end with the swirl
      forming chamber and at the other end with one of the annular channels and
      the first and second communicating passages each communicate with one of
      the annular channels and the stem bore.
NUM  12.
PAR  12. A sprayhead and valve stem combination which cooperate to form a
      mechanical break-up swirl forming and dispersing means for pressurized
      materials including a sprayhead having a spray orifice and a
      frusto-conical shaped socket, the socket having an inner wall surface for
      engagement with the stem, the stem having at its upper end a
      frusto-conical shaped portion which conforms in shape to the sprayhead
      socket, the stem having an outer wall surface, being hollow and having a
      central bore and when engaged with the sprayhead depends therefrom, the
      mechanical break-up swirl forming means comprising a swirl forming chamber
      arranged concentrically to said orifice, two tangential channels directed
      into the swirl chamber and communicating means connecting the tangential
      channels to the stem bore, the swirl chamber and tangential channels are
      formed by depressions molded into the inner wall surface of the
      frusto-conical shaped portion of the sprayhead, the swirl chamber and
      tangential channels are covered by a tightly fitted outer wall surface of
      the frusto-conical shaped portion of the stem, the communicating means
      comprising a first communicating passage formed by spacing the top of the
      valve stem a short distance below the top of the sprayhead socket, and a
      second communicating passage formed below the first communicating passage
      by an annular channel defined between the stem and sprayhead socket and an
      opening in the stem wall, said opening connecting the stem bore to the
      annular channel, the swirl forming chamber communicates with the spray
      orifice, the tangential channels each communicate at one end with the
      swirl chamber, and each of the communicating passages communicating with
      one of the tangential channels.
NUM  13.
PAR  13. An aerosol valve assembly including a valve plunger and a sprayhead and
      valve stem combination which cooperate to form a mechanical break-up swirl
      forming and dispersing means for pressurized materials, the sprayhead
      having a spray orifice and a frusto-conical shaped socket, the socket
      having an inner wall surface for engagement with the stem, the stem having
      at its upper end a frusto-conical shaped portion which conforms in shape
      to the sprayhead socket, the stem having an outer wall surface, being
      hollow and having a central bore and when engaged with the sprayhead
      depends therefrom; the mechanical break-up swirl forming means comprising
      a swirl forming chamber arranged concentrically to said orifice, two
      tangential channels, and first and second communicating passages; the
      swirl chamber and tangential channels are formed by depressions molded
      into the inner wall surface of the frusto-conical shaped portion of the
      sprayhead, the swirl chamber and tangential channels are covered by a
      tightly fitted outer wall surface of the frusto-conical shaped portion of
      the stem, the communicating passages are formed between and in the
      frusto-conical shaped portion of the socket and the frusto-conical shaped
      portion of the stem; the swirl forming chamber communicates with the spray
      orifice, the tangential channels each communicate at one end with the
      swirl forming chamber and at the other end with the one of the
      communicating passages and the communicating passages each communicate
      with the stem bore.
NUM  14.
PAR  14. The valve assembly of claim 13 in which the valve plunger has an upward
      facing socket, the stem slidingly and sealingly fits into the valve
      plunger socket, the upper edge portion of the plunger forms a circular
      valve seat, the lower portion of the stem has an axial elongated slot in
      its outer wall surface which when the stem is fully seated in the socket
      extends a short distance above the valve seat.
NUM  15.
PAR  15. The valve assembly of claim 13 in which the valve plunger has an upward
      facing socket, the stem slidingly and sealingly fits into the valve
      plunger socket, the socket has a blind bottom floor, the floor has therein
      a radially extending groove, the upper end of the plunger forms a circular
      valve seat, the lower end of the stem is imperforate except for an axial
      end opening, the inner wall surface of the socket of the valve plunger has
      vertical metering channels, said channels open at their upper ends
      adjacent the valve seat and open at their lower ends slightly below the
      floor of the socket and communicate with the radially extending groove.
NUM  16.
PAR  16. The valve assembly of claim 13 in which there is a gallery formed below
      the valve seat in the upper end of the plunger and in which the upper ends
      of the channels open into said gallery.
NUM  17.
PAR  17. The aerosol valve assembly of claim 13 in which the valve plunger is
      molded integrally with the stem, the upper edge of the valve plunger forms
      a circular valve seat, the bore of the hollow stem is closed at its lower
      end and has a transverse aperture through the stem wall at the lower end
      thereof adjacent the valve seat and providing communication between the
      inside and the outside of the hollow stem.
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ABST
PAL  The invention relates to a device for spreading distributable material, for
      example, fertilizer, comprising a hopper containing the material and
      having an outlet port, communicating with a distributor pipe adapted to
      swing to and fro, to which a bracket is fastened; the bracket favorably
      affecting the distribution pattern of the material to be deposited. The
      invention has for its object to improve the action of the distributor pipe
      so that a more advantageous distribution pattern is obtained; the
      invention provides a device in which the bracket holds a deflection member
      arranged behind the exhaust opening of the distributor pipe, viewed in the
      direction of flow of the material, the operative surface of the member
      being at an acute angle to the direction of flow; a further object of the
      invention is to improve the connection between the bracket with the
      deflection member and the end of the distributor pipe so that a ready
      exchange becomes possible.
BSUM
PAR  The invention relates to a device for spreading distributable material, for
      example, fertilizer, comprising a hopper containing said material and
      having an outlet port which communicates with a distributor pipe adapted
      to swing to and fro, to which is fastened a bracket at a distance around
      the outlet port.
PAR  A device of the kind set forth is usually drawn by a vehicle or carried by
      said vehicle, but it may alternatively be self-propelled. It is common
      practice to spread the material during the runs over a given width behind
      the vehicle on the field. In this way the field is covered strip-wise with
      the material to be deposited. It is important to obtain on each strip a
      distribution pattern of the material such that after a few runs have been
      made, which may involve partial overlap of the strips, the material is
      uniformly distributed across the field. In order to favorably affect the
      distribution pattern it is known to arrange a bracket around the outlet
      port of the distributor pipe for varying the path of the material during
      the ejection.
PAR  The invention has for its object to improve the action of the distributor
      pipe so that a more advantegeous distribution pattern is obtained.
PAR  The invention provides a device in which the bracket holds a deflection
      member arranged behind the exhaust opening of the distributor pipe, viewed
      in the direction of flow of the material, the operative surface of said
      member being at an acute angle to said direction of flow.
PAR  A further object of the invention is to improve the connection between the
      bracket with the deflection member and the end of the distributor pipe so
      that a ready exchange becomes possible. In practice it has been found that
      after some time of use, the bracket with the deflection member has worn
      down to an extent such that the distribution pattern to be acted upon by
      said elements changes to an undesirable extent. It is necessary,
      therefore, to replace the bracket from time to time. Nevertheless, the
      bracket should be secured to the pipe so that the positions of the bracket
      and of the deflection member relative to the exhaust end of the pipe do
      not change, which is the more important when the bracket is made from
      elastic material.
PAR  According to the invention the deflection member and the end of the
      distributor pipe are provided with coupling means for establishing a
      detachable connection in order to prevent a relative movement of the
      deflection member and the distributor pipe.
PAR  In a further emobodiment of the invention each of the ends of the bracket
      to be secured to the distributor pipe has a rectangular cross-section so
      that each end fits in two parallel, axially extending flanges arranged on
      the outer wall of the distributor pipe, a pin being passed through the
      flanges and the associated end.
PAR  Simply by withdrawing the pin from the flanges and by subsequently
      disengaging the coupling means between the deflection member and the
      bracket, this part can be readily exchanged.
PAR  In order to avoid erroneous mounting of the new bracket with its deflection
      member, which would have an undesirable effect on the distribution pattern
      of the material to be spread, the part of the coupling means secured to
      the distributor pipe is, in accordance with the invention, off-set
      relatively to the coupling flanges of the bracket.
DRWD
PAR  Further features of the invention will be set out hereinafter with
      reference to the drawing of two embodiments. In the drawing:
PAR  FIG. 1 is a side elevation of a carried spreading device, in accordance
      with the invention,
PAR  FIG. 2 shows a detail of the end of the reciprocatory distributor pipe,
PAR  FIG. 3 is a sectional view and an elevation taken along the line III--III
      in FIG. 2,
PAR  FIG. 4 is a plan view of the end of the pipe shown in FIGS. 2 and 3,
PAR  FIG. 5 is a perspective view of a second embodiment of a bracket and
      deflection member.
DETD
PAR  The spreading device shown in FIG. 1 comprises a hopper 1 containing the
      material to be spread and having an outlet port in its bottom. This outlet
      port communicates with a distributor pipe 2, adapted to swing to and fro,
      which swinging movement is obtained from a crank mechanism 3 driven by a
      driving shaft 4 which may be, for example, the power take-off shaft of an
      agricultural tractor.
PAR  FIGS. 2, 3 and 4 show in detail the outlet end of the distributor pipe 2
      with the bracket 5 arranged around the same. The deflection member 6
      provided in accordance with the invention is held by the bracket 5 so that
      it is located behind the outlet opening of the distributor pipe 2.
PAR  In a preferred embodiment the deflection member 6 is formed by a strip,
      whose ends are fastened flat to the bracket 5 and which is locally twisted
      or undulated between said ends. In the embodiment shown the front rim 7 is
      straight, but in accordance with the material to be spread this front rim
      7 may also be undulated. Moreover, in the embodiment shown the rear rim is
      bent upwardly so that a double waveline is obtained, the peaks of which
      are substantially aligned with the upright wall portions of the
      distributor pipe 2 (see FIG. 3). Since the major portion of the material
      to be spread travels along the upright wall portions of the distributor
      pipe 2, the embodiment shown in the drawing provides maximum deflection
      effect.
PAR  From FIG. 2 it will be apparent that the operative surface of the
      deflection member 6 is at an acute angle to the direction of distribution
      indicated by the arrow P. The largest angle lies at the highest point of
      the rear rim of the deflection member 6 (see FIG. 3).
PAR  It should be noted that the deflection member 6 is struck not only by the
      material directly emerging from the hindmost outlet opening of the
      distributor pipe 2 but also by the material emerging through the lateral
      outlet openings 9 in the upright wall portions of the distributor pipe 2
      and impinging upon the portions of the deflection member 6 lying between
      the distributor pipe 2 and the ends thereof.
PAR  Since the bracket may be slightly resilient and may therefore shift with
      respect to the exhaust end of the distributor pipe 2 because of the rapid
      oscillations of the pipe, it may be preferred to fasten the deflection
      member 6 to the pipe 2. In this way the correct position of the deflection
      member 6 relative to the exhaust end of the distributor pipe 2 is
      maintained.
PAR  FIG. 5 shows the exhaust end of the distributor pipe 2 with the bracket 15
      to be arranged around said pipe and holding a deflection member 16, which
      are shown in detail. The free ends 17 of the bracket 15 are fastened to
      the sidewall of the distributor pipe 12. Each end 17 has a rectangular
      cross-section and fits between two projecting, axially extending flanges
      18 arranged on the outer wall of the distributor pipe 12. The flanges as
      well as each end 17 have a hole for receiving a pin 19. Owing to the
      rectangular cross-section of the end 17 and to the corresponding U-shaped
      opening between the flanges, a firm assembly is ensured despite the use of
      only one fastening pin 19 so that any undesirable movement between the
      bracket 15 and the end of the distributor pipe 12 is avoided.
PAR  If the bracket 15 is made from elastic material, for example, a synthetic
      resin, the position of the deflection member 16 relative to the exhaust
      opening 10 of the distributor pipe 12 may vary due to the rapid
      reciprocatory movement of the distributor pipe 12. In accordance with the
      invention both the deflection members 16 and the end of the distributor
      pipe 12 are provided with coupling means 111 and 112 respectively. The
      part of the coupling means fastened to the deflection member is formed by
      two lugs 111 extending one on each side of the distributor pipe 12 to the
      front and projecting from the operative face 13 of the deflection member
      16. These lugs 111 fit in recesses 14 of the parts 112 of the coupling
      means fastened to the distributor pipe 12. FIG. 5 shows that after
      mounting of the lugs 111 in the recesses 14 of the ears 112 any horizontal
      or vertical movement of the deflection member 16 relative to the exhaust
      opening 10 is avoided. Any potential axial movement of the deflection
      member 16 with respect to the distributor pipe 12, which may still be
      allowed in this embodiment, is negligibly small in view of the shape of
      the bracket 15. Nevertheless, the lugs 111 may furthermore have a profile
      gripping around the ears 112 in order to prevent such an axial movement.
PAR  It is furthermore apparent from FIG. 5 that mounting of the bracket 15 and
      the deflection member 16, which are preferably cast as a single unit, is
      particularly simple. After the lugs 111 are arranged in the recesses 14 of
      the ears 112, the ends 17 can be urged in between the flanges 18 and the
      pins 19 can be inserted.
PAR  Within the scope of the invention the coupling means may be formed by a
      pin-hole connection, in which either the distributor pipe or the
      deflection member are provided with a pin and a hole respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for spreading material such as fertilizer, comprising in
      combination:
PA1  a hopper for containing the material to be spread and having an outlet
      port;
PA1  a horizontally extending distributor pipe communicating with said outlet
      port and extending therefrom along the axis of the pipe to terminate in a
      discharge mouth;
PA1  means for oscillating said distributor pipe about a vertically extending
      pivot axis so that said discharge mouth oscillates back and forth along a
      horizontally extending path;
PA1  a bracket secured to said distributor pipe and including portions spaced
      laterally from either side of said discharge mouth; and
PA1  a deflection member secured to and extending between said portions, said
      deflection member having a surface facing said discharge mouth and
      defining a bottom edge traversing said discharge mouth, said surface being
      inclined to lie obliquely with respect to the axis of said distributor
      pipe.
NUM  2.
PAR  2. A device as defined in claim 1 wherein said surface of the deflection
      member is undulated.
NUM  3.
PAR  3. A device as defined in claim 2 wherein said surface defines a valley
      substantially aligned with the axis of said pipe and a pair of peaks
      substantially aligned with the opposite sides of said discharge mouth.
NUM  4.
PAR  4. A device as defined in claim 1 wherein said portions of the bracket are
      joined by an arcuate portion.
NUM  5.
PAR  5. A device as defined in claim 1 wherein said distributor pipe includes
      means receiving said portions of the bracket for removably attaching said
      portions thereto and wherein said discharge mouth and said deflection
      member define mutually interengageable means for locating the deflection
      member positively with respect to the discharge mouth.
NUM  6.
PAR  6. A device as defined in claim 5 wherein said mutually interengageable
      means permits the bracket and deflection member assembly to be connected
      only in one position on the distributor pipe.
NUM  7.
PAR  7. A device as defined in claim 6 wherein said mutually intergageable means
      comprises ears on the opposite sides of said discharge mouth and lugs
      projecting forwardly from said deflection member.
NUM  8.
PAR  8. A device as defined in claim 4 wherein said bracket and said deflection
      member are of one piece, cast construction, said deflection member being
      of bar-like form and lying on top of said bracket with said bottom edge of
      the deflection member lying in a plane common with the upper surface of
      said bracket.
NUM  9.
PAR  9. A device as defined in claim 8 wherein said distributor pipe includes
      means receiving said portions of the bracket for removably attaching said
      portions thereto and wherein said discharge mouth and said deflection
      member define mutually intergageable means for locating the deflection
      member positively with respect to the discharge mouth.
NUM  10.
PAR  10. A device as defined in claim 9 wherein said mutually interengageable
      means permits the bracket and deflection member assembly to be connected
      only in one position on the distributor pipe.
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ABST
PAL  A grinding plant for autogenous or semi-autogenous grinding of ores in
      particular, in separate mills in two steps. The second step uses material
      from the first step, which is provided with two outlets. The first outlet
      has holes for discharging relatively finely ground material to be further
      ground in the second step, and the second outlet has holes for discharging
      material containing relatively coarse pieces forming grinding media in the
      second step. A device is provided between the stages to control the flow
      of coarser material to the second step. Connected to the discharge side of
      the second step, which is provided with outlet holes as large as the holes
      for fine material in the first step, there is a means to separate material
      removed from the second step into a finely ground portion, which is led
      away, and a portion returned to the first and second steps in proportions
      adjustable by said means.
BSUM
PAR  The present invention relates to a plant for the autogeneous or
      semi-autogeneous grinding of material, particularly ore, in at least two
      separate grinding mills forming a primary grinding step and a secondary
      grinding step which works with material obtained from the primary grinding
      step. The grinding chamber of the primary grinding step has a first and a
      second outlet means of which the first outlet means includes a group of
      openings serving to discharge from said grinding chamber relatively finely
      ground material which will be wholly or partially ground in the secondary
      grinding step, while the second outlet means includes a second group of
      openings serving to discharge from said grinding chamber material also
      containing relatively coarse pieces forming grinding media in the
      secondary grinding step. The plant further including means for controlling
      during the grinding operation the discharge of grinding media containing
      material from the primary grinding step and means connected between said
      mills for passing to the secondary grinding step at least all of the
      material removed from the primary grinding step which has not been ground
      to the desired final size.
PAR  In a plant of the aforementioned kind it is normally desirable to let both
      mills operate at a preselected power input of their respective driving
      devices, usually close to the maximum input thereof. This can, however, be
      difficult to carry out in practice when the grinding mills are coupled in
      series, since the power consumption of the primary mill is affected by
      other parameters than those affecting the power consumption of the
      secondary mill.
PAR  The object of the present invention is to provide a novel and useful
      grinding plant of the aforementioned type which is of simple design and is
      easy to operate but which, substantially eliminating the aforementioned
      difficulties at the same time, enables the comminuation of solid materials
      in an accurately controllable manner while fully utilizing the capacity of
      the plant.
PAR  Accordingly, the plant of the present invention is mainly characterized in
      that the grinding chamber of the secondary mill is provided with an outlet
      means including a number of openings with a smallest cross-dimension which
      is at least substantially equal to the smallest cross-dimension of the
      openings in said first outlet means of the primary mill, and in that the
      grinding plant is provided with a classifying means arranged to receive
      the material from the secondary mill and to separate said material into a
      finely ground product and an intermediary material requiring further
      grinding, and with means for continuously returning said intermediary
      material to the primary and secondary mills in adjustable proportions
      between the amounts of material returned to the primary and secondary
      mills.
PAR  With this arrangement the advantage is gained that variations in
      grindability of the starting material fed to the primary mill does not
      need disadvantageously to affect the composition of the finely ground
      product separated after the secondary mill, since the means for returning
      the intermediary material allows selective distribution of the
      intermediary material to the primary and secondary mill. Thus if the
      grindability of the ingoing starting material diminishes and/or its
      coarseness increases, the proportion of the intermediary material received
      from the secondary mill and returned to the primary mill can be decreased
      so that a larger portion of the primary mill power is utilized for
      grinding of incoming starting material. The grinding capacity of the
      secondary mill available as a consequence of the diminished amount of
      material from the primary mill is simultaneously utilized for grinding the
      returned intermediary material. If instead the grindability of the ingoing
      starting material increases and/or its coarseness diminishes, the
      proportion of the intermediary material returned to the primary mill can
      be increased so that the primary mill power and grinding capacity is fully
      utilized, without the secondary mill, as a result of the increased amount
      of material from the primary mill, being loaded to such a degree that it
      gives a product with an undesired particle composition. By making the
      openings of the outlet means of the secondary mill substantially as large
      as the openings of the said first outlet means of the primary mill, the
      collection of material in the secondary mill having a particle size too
      large to enable it to be effectively ground by means of the grinding media
      received from the second outlet means of the primary mill is circumvented.
PAR  Since the power input required for the secondary mill is essentially
      independent of the quantity of material passing through said mill, but on
      the other hand stands in a proportional relationship to the weight of
      grinding media in it, it is preferred that said means connected between
      the mills is adapted to pass all the material removed from the primary
      grinding step directly to the secondary grinding step, the desired power
      consumption being retained by the means for controlling the discharge of
      material from the grinding chamber of the primary mill via the said second
      outlet means being adapted to control said discharge so that the secondary
      mill will operate with a preselected quantity of grinding media. This can
      be accomplished in a simple way by controlling the said second outlet
      means of the primary mill dependently on the power input of the driving
      device of the secondary mill.
PAR  It is further preferred that the classifying means receiving material from
      the secondary mill includes means for separating the said intermediary
      material into a coarser and a finer fraction and that the means for
      returning the intermediary material to the primary and secondary mills is
      provided with means for primarily returning said coarser fraction to the
      primary mill. The material of this coarser fraction can namely readily be
      reduced by the coarse grinding bodies in the primary grinding step and
      when again discharged to the secondary mill will occur in a particle size
      more suitable for grinding therein.
PAR  The power consumed by the primary mill is, contrary to what is the case in
      the secondary mill, dependent on the total amount of material in the mill,
      for which reason the power consumption of the driving device of the
      primary mill can be held constant by suitable regulation of the material
      supplied to said mill. In line therewith, it is preferred that said means
      for returning the intermediary material is adapted to return said
      intermediary material to the primary and secondary mills in such
      proportions that the driving device of the primary mill operates with a
      preselected power consumption.
PAR  Separation of the material leaving the secondary mill is suitably effected
      in a classifying means having a first separating device and a second
      separating device, the first separating device separating the coarser
      fraction and the second, which is preferably of the vortex type,
      separating the finer fraction of the intermediary material from the finely
      ground material. The first separating device comprises to advantage a
      classifier of the settling type, for example a spiral classifier, but may
      also comprise, for example, a screen. The second separating device
      suitably comprises a hydrocyclone. This arrangement affords the advantage
      whereby in the first separating device there is obtained a very clearly
      defined separation of coarse material, while in the second separating
      device there is obtained a very clearly defined separation of finely
      ground material.
PAR  It also lies within the purview of the invention to pass all the material
      removed from the primary mill to the secondary mill. This is the case, for
      example, when the material ground in the plant will be subjected to
      subsequent flotation or leaching processes. If a more collected particle
      distribution is required in the ground material, however, it is suitable
      to provide in said means connected between the mills a classification
      means for separating material ground to the desired final particle size
      from the material removed from the primary mill.
PAR  Mill drums used in the plant of the present invention are normally
      internally provided with wear linings, suitably made of a rubber or other
      elastomeric material. In addition thereto, the mill drums are preferably
      provided on the heads or end walls thereof and on their cylindrical inner
      surface with lifters which normally contribute to holding the lining in
      place. The lifters, which may also be made of a rubber or other
      elastomeric material, primarily exert a lifting effect to the coarser
      pieces in the material being ground. This effect produced by the lifters
      is suitably utilized to homogenize the charge in the mill, by arranging
      the lifters on the cylindrical surface of the drum so that they extend
      obliquely relative to the drum axis, the angle formed between the lifters
      and the drum axis being such that said lifters provide a substantially
      uniform distribution of said coarser material pieces throughout the length
      of the drum. This is achieved simply by inclining at least some of the
      lifters so that, when seen in the direction of rotation of the drum, that
      portion of the lifters which is located nearest the end wall of the drum
      is placed further forward than the portion thereof which is further
      distant from said end wall. Similarly, a conveying effect towards the
      center region of the drum can be obtained by similarly inclining portions
      of the front surfaces of the lifters or by giving such portions a helical
      shape. It is also possible to arrange the lifters along a zig-zag line, so
      that the material being ground is fed towards a plurality of axially
      divided regions in the mill. The angles of inclination of the lifters or
      the front surfaces thereof are chosen in dependence of the diameter of the
      mill, its length and rotational speed etc., and lie within the range of
      2.degree. - 20.degree.. The aforesaid angles of inclination may be
      different in different portions of the mill, in order that the best
      possible homogenization of the material charged thereto is obtained. When
      the drum lining and at all events the lifters are made from a rubber
      material and the like it is suitable that, when unworn, the lifters have a
      relatively large height calculated from the cylindrical surface of the
      drum or the bottom level of the end walls thereof. The height of the
      lifters is preferably either approximately equal to the diameter or
      cross-dimension of the largest lumps of material which will conceivably be
      charged to the mill or, with respect to the inner diameter of the mill,
      have a height which assumes a value of approximately 4 to 8% of the mill
      diameter.
PAR  Particularly in such cases where a relatively large quantity of grinding
      media is required for the grinding work effected in the secondary mill, or
      where the material being ground in the primary mill tends to break down
      rapidly to sizes falling below those desired for the secondary mill, it is
      suitable to use in the primary step a mill having a relatively large
      length-diameter ratio. In a corresponding manner it is also suitable to
      use in the secondary grinding step a mill having a relatively large
      length-diameter ratio, to avoid excessive wear on the grinding media and
      therewith a deficiency of such grinding media in the secondary mill. A
      suitable length-diameter ratio of the mills is at least 0.7, preferably at
      least 1.0.
PAR  When the apparatus of the present invention is to be used for grinding ore
      containing in mineral form at least one of the substances gold, copper,
      lead, molybdenum and uranium, it is especially convenient that the power
      input of the driving means of the secondary mill comprises less than half,
      preferably at most one third of the power input to the primary grinding
      step, since in this way there is obtained finely ground material
      especially suited for subsequent flotation or leaching processes. In this
      way ores having a lower content of said substances than in ores now
      normally processed can be economically recovered.
PAR  In accordance with the invention, the means for discharging from the
      primary mill material containing grinding media can be adjusted during
      operation. This adjustment can be effected in a number of different ways.
      In accordance with one embodiment of the invention, the grinding plant
      includes means for at least partially closing the openings of the second
      outlet means during operation. This embodiment is particularly useful in
      connection with mills not provided with a discharge trunnion or mills
      which employ the periphery discharge technique.
PAR  In the case of mills provided with discharge trunnions, it is particularly
      suitable for the purpose of controlling the removal of material containing
      grinding media from the primary grinding mill to provide in the discharge
      end of the primary mill a device which can be adjusted during operation,
      for selectively directing the material passing through the openings of the
      second outlet means either back to the discharge portion of the grinding
      chamber of the primary mill or to said means connected between the mills.
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PAR  In order that the invention shall be more readily understood and further
      features thereof made apparent, a grinding plant according to the
      invention will now be described with reference to the accompanying
      drawing.
PAR  FIG. 1 illustrates diagrammatically a preferred plant according to the
      invention.
PAR  FIG. 2 illustrates diagrammatically an axial sectional view of the
      discharge portion of the primary mill.
PAR  FIG. 3 is a sectional view taken through the line III--III of FIG. 2.
PAR  FIG. 4 shows diagrammatically an axial sectional view of an alternative
      embodiment of the discharge portion of the primary mill.
PAR  FIG. 5 illustrates in larger scale a portion of the arrangement shown in
      FIG. 4.
DETD
PAR  Identical or substantially identical elements are identified in the
      different Figures by the same reference numerals.
PAR  In FIG. 1 the reference numeral 10 indicates a bin from which material to
      be ground is passed by means of an adjustable feed means 11 to a conveyor
      12. The conveyor 12 is provided with a weighing device 13, by means of
      which the material fed on said conveyor is weighed. The weighing device 13
      is coordinated with a flow transmitter 14 which is arranged to transmit
      any suitable signal such as an electrical signal to a flow control and
      regulating means 15, that signal corresponding to the flow of material on
      the conveyor 12. The material is fed to a drum-type primary mill 17 via a
      chute 16 located at the discharge end of the conveyor 12, the material
      being autogeneously ground in said mill 17. The mill is driven by an
      electrical motor 18 via a reduction gear 19.
PAR  The mill 17 is provided with means for discharging material which is to be
      subjected to further autogeneous grinding in a secondary mill 20 and which
      also contains coarse pieces of material which serve as grinding bodies or
      grinding media in the secondary grinding step. The secondary mill 20 is
      driven by an electrical motor 22 via a reduction gear 21. The material
      discharge means will be described in more detail hereinafter.
PAR  A device 23 connected between the mills 17, 20 passes all the primarily
      ground material discharged from the primary mill 17 to the secondary mill
      20. As shown with the dash lines at 24, however, it lies within the scope
      of the invention to give the device connected between the mills the form
      of a classifier or screen arranged to separate from the primary ground
      material such material which is of such small particle size as to render
      it unnecessary to subject same to further grinding in the secondary mill
      20.
PAR  It is assumed that the material is ground in the described grinding plant
      in the presence of water, so that the material departing from the
      secondary mill 20 is always in the form of a slurry having a pumpable
      consistency. Water is supplied in a conventional manner, as is known in
      the art, to the mill 17, 20, to the chutes 16 & 23 or to the vessels 25,
      31 and 36 and to the classifier as desired. The material discharged from
      the secondary mill 20, said material leaving the mill through a
      conventional discharge grate made of rubber, for example, and arranged at
      the discharge end of the mill, is passed to a vessel 25, from which it is
      pumped to a classifying device through a pipe 27 by means of a pump 26,
      the classifying means comprising a first and a second separating device 28
      and 29 respectively. In the separating device 28, which in the illustrated
      embodiment consists of a spiral classifier, a relatively coarse material
      is separated, the separated material being passed to the primary mill 17
      via the chute 16, as indicated at 30. By adjusting the quantity of water
      added to the feed box of the screw classifier 28, it is possible to
      strictly control and regulate the quantity of coarse material separated in
      the classifier. The quantity of material passed to the primary mill from
      the spiral classifier 28 is small in relation to the quantity of material
      arriving from the conveyor 12. The fine fraction obtained from the
      classifier 28 is passed to a vessel 31, from which it is conveyed by means
      of a pump 32 to the second separating device 29, which in the illustrated
      embodiment consists of a hydrocyclone. The material passed to the
      hydrocyclone contains partly material ground to the desired final size,
      which is separated and discharged through a pipe 33, and partly a
      relatively fine but not finely ground material which is passed in a manner
      hereinafter described to one of the two aforementioned mills or
      distributed between said mills by a distributing means 34, 35, 36 located
      at the bottom outlet of the hydrocyclone. This latter material is passed
      to the mills 17, 20 through pipes 37, 38 which convey the material to the
      chute 16 and to the device 23 respectively. With the illustrated
      embodiment, the distributing means 34, 35, 36 consist of a shiftable pipe
      34 connected to the bottom outlet of the hydrocyclone, a container 36
      divided into two compartments, each of which is connected to its
      respective one of the pipes 37, 38, and a pressure cylinder 35 connected
      with the pipe 34 to effect shifting of said pipe so that the material
      discharged from the pipe 34 can be distributed as desired between the
      compartments of the container 36 or passed entirely to one or the other of
      said compartments.
PAR  As will be understood, the grinding plant of the present invention can also
      be designed for dry grinding, wherewith the classifying means 28, 29 are
      replaced with devices suitable for dry classification operations, for
      example a dry screen instead of the spiral classifier 28 and a wind sieve
      instead of the hydrocyclone 29. Similarly, the pumps 25, 26 together with
      associated equipment are replaced with devices suitable for conveying dry
      material, for example belt or screw conveyors or pneumatic conveyors.
PAR  In FIGS. 2 and 3, which show portions of the discharge end of the mill 17,
      the head or end wall and cylindrical shell or casing of the mill at the
      discharge end thereof are indicated by the reference numerals 39 and 40
      respectively. The cylindrical casing 40 is internally lined with a rubber
      lining 41 and is provided with a number of lifting bars or lifters 42
      which project above said lining and which are also made of rubber. The end
      wall 39 is also provided with a lining 43, which has a number of
      sector-shaped plates from which project radially positioned partition
      plates or webs 44 which have on the edge surface thereof facing the
      interior of the mill, flange portions 45 which, in turn, carry a rubber
      inner wall 46. The inner wall is provided with a number of radially
      positioned lifters 47 and defines, together with the webs 44 and the
      lining 43 a number of sector-shaped spaces 48, 48'. The inner wall 46 is
      provided with groups of openings 49 and 50, the first group of openings
      49, which connect a number of the spaces 48 with the grinding chamber of
      the primary mill, serve to discharge relatively finely ground material
      which is to be further ground in the secondary grinding step. The other
      group of openings 50, which are relatively large, serves to conduct
      material containing relatively coarse pieces, which form grinding media in
      the secondary grinding step, away from the grinding chamber of the primary
      mill. The openings 50 discharge into the sector-shaped space 48', the
      portion of which located nearest the mill axis can be arranged to
      communicate with the outlet opening 52 of the mill trunnion 53 via a valve
      means generally indicated by the reference numeral 51. The sector-shaped
      spaces 48 receiving material from the openings 49 discharge directly into
      the outlet opening 52. The outlet opening 52 passes the material
      discharged from the grinding chamber of the primary mill directly to the
      device 23 for further passage to the secondary mill 20. The reference
      numeral 54 indicates a portion of a support means which carries the mill
      trunnion 53 via a bearing means 55.
PAR  The valve 51 includes a rod-like portion 56 which extends through a
      cylindrical valve housing 57, said housing communicating with the space
      48' via a channel or funnel 58. Mounted on the portion 56 are two valve
      discs or plates 59, 60, by means of which the one or the other of the end
      openings of the valve housing can be closed. The valve rod 56 is connected
      via an extension 61 to the piston rod of a pressure cylinder 62 arranged
      externally of the primary mill and carried by the device 23. The valve rod
      56 can be adjusted by means of the pressure cylinder 62 between the
      position shown by full lines, in which the valve plate 60 by abutment with
      the end of the cylindrical valve housing 57 facing the grinding chamber of
      the mill 17 closes the space 48' against said grinding chamber, and a
      position shown in chain-dotted lines in which the valve plate 59 closes
      the axially outer opening of the valve housing 57 and the valve plate 60
      is located at a distance from the axial inner opening of the valve housing
      57 so that the material charged to the space 48' is able to pass back into
      the discharge portion of the grinding chamber of the primary mill. In the
      outlet opening 52 of the mill trunnion 53 are arranged radial supporting
      means 63 which support a pipe 64 in which the extension 61 is displaceably
      mounted. The portion of extension 61 located between the valve plate 59
      and the inner end of the tube 64 is protected by means of a seal bellow
      structure 65. Arranged between the outer end of the extension 61 and the
      piston rod of the cylinder 62 is a coupling 66 which permits rotation of
      the extension 61 relative to the piston rod. The position of the valve 51
      is regulated or adjusted in a manner hereinafter described, so that when
      the grinding plant is in operation the desired quantity of grinding media
      is maintained in the secondary mill 20.
PAR  In FIGS. 4 and 5, which show an alternative embodiment of the discharge end
      of the mill 17, the sector-shaped spaces 48 defined by the inner wall 46,
      the webs 44 and the lining 43 are all in direct communication with the
      outlet opening 52 of the mill trunnion 53. The openings 50 for the coarser
      material containing pieces of such size that they are able to serve as
      grinding bodies in the secondary mill 20, and the openings 49 for the
      normal primaryground material, discharge into the spaces 48. The openings
      50 can be at least partially closed during the operation of the primary
      mill 17. Closure of the openings 50 is effected by a device 67 which
      surrounds each opening 50 and which is capable of being expanded radially
      inwardly toward the center of the opening. With the illustrated
      embodiment, the device 67 consists of a sleeve of elastic material
      attached to the inner wall 46 and having an internal, comparatively wide
      ring-shaped channel 68. Each ring-shaped channel is connected by means of
      pipes 69, 70 to a source (not shown) of hydraulic or pneumatic pressure
      medium by which the sleeve 67 is expanded radially inwardly when pressure
      is applied in the ring-shaped channel 68. The reference numerals 71
      indicate metallic reinforcing inserts for the sleeves, the inserts
      simultaneously serving to mechanically secure the sleeves. If the pressure
      medium source is not arranged to rotate together with the mill 17, there
      is provided a coupling 72 between the pipe 70 and the source of pressure
      medium, to permit the desired relative rotation. The reference numeral 73
      indicates means for protecting the pipes 69, 70 from the material
      discharged through the openings 49, 50, If the source of pressure medium
      is mounted on the mill 17 and thus rotates together therewith, the
      application of pressure to the ring-shaped channels 68, and thus closing
      and opening of the openings 50, can be controlled by means of tele-signals
      or radio-signals. In this connection, the opening and closing of the
      openings 50 is controlled so that the desired quantity of grinding media
      forming coarse material is constantly maintained in the secondary mill 20.
PAR  The grinding plant is provided with control equipment hereinafter
      described, said equipment ensuring that the inherent grinding capacity of
      both mills is optimally utilized while obtaining a desired ground product
      during operation of the grinding plant.
PAR  The power delivered by the motor 22 to the secondary mill 20, said power
      being essentially proportional to the quantity of grinding media as
      beforementioned, is sensed by means of a power transmitter 74 (FIG. 1)
      arranged to transmit a signal to a flow control and regulating means 75
      responsive to the power sensed. The means 75 is adapted to transmit
      control signals to a control means 76 when the signal received shows that
      the power delivered to the mill 20 deviates from a predetermined set point
      range, normally in the region of maximum power, the control means 76
      adjusting the cylinder 62 and therewith the valve means 51 in response to
      the received control signals. Thus, when the power delivered to the mill
      20 reaches the lower limit of the set point range, the valve means 51
      (FIGS. 2 and 3) is adjusted to also feed material containing grinding
      bodies for the secondary grinding step via the outlet opening 52 in the
      trunnion 53 of the primary mill 17 and the device 23 of the secondary mill
      20. Conversely, the supply of material containing grinding bodies is
      interrupted when the power delivered to the mill 20 reaches the upper
      limit of the set point range. The same control arrangement can be used
      when the mill 17 is provided with a discharge means of the type
      illustrated in FIGS. 4 and 5.
PAR  With grinding operations of the type envisaged here, the power required to
      drive the primary mill 17 is essentially proportional to the quantity of
      charge in the mill. If the grindability of the material fed to the primary
      mill 17 from the bin 10 increases or decreases, the charge in the primary
      mill at a given time will decrease and increase respectively and thus the
      power required to drive the primary mill will also decrease and increase
      respectively. Thus, a greater or smaller quantity of material will be fed
      to the secondary mill 20 than that registered by the weighing device 13,
      which results in undesirable variations in the screen analysis of the
      material discharged from the secondary mill. Thus, with regard to the
      primary mill it is not possible, for the purpose of fully utilizing the
      capacity of said mill, to control merely the supply of material from the
      bin 10, but that it must be constantly ensured that the grinding work
      effected in the grinding plant is so distributed between the mills that
      the secondary mill delivers material with the desired screen analysis.
      Thus, if the power consumed in the primary mill 17 drops, the first
      measure taken in order to increase said power is to increase the quantity
      of not finely ground material from the cyclone 29 to the primary mill. If
      necessary, the supply of material from the bin 10 to said primary mill is
      also increased. If the power increases, the first measure taken is to
      reduce the supply of material from the cyclone 29 and then, if necessary,
      to decrease the supply of material from the bin 10. The supply of material
      from the cyclone and the bin, however, may be reduced in a reversed order
      to that disclosed, if so desired.
PAR  The power consumed by the primary mill 17 is sensed by means of a power
      transmitter 77, which is arranged to transmit a signal to a logic unit 78
      in response to the power sensed. The logic unit 78 is so arranged that if
      the signal indicates that the power delivered to the mill 17 deviates from
      a preadjusted set point range the supply of material to the primary mill
      is adjusted in the aforedescribed manner. The means 35 for directing the
      flow of material from the cyclone 29 is controlled by a control means 79,
      which receives control impulses from the logic unit 78 and information
      regarding its relevant position is transferred to the logic unit by means
      of a position indicator 80. The logic unit is also arranged so that if the
      power consumed by the mill does not reach the set point value subsequent
      to the means 35 being adjusted in response to the signal from the
      transmitter, so that all material from the cyclone 29 is passed to the
      mill 17, the flow control and regulating means 15 is arranged to cause a
      control means 81, which is arranged to be active upon receiving a signal
      from the means 15, to increase the feed of material via the feed means 11.
      The supply of material via the feed means 11 is increased until the logic
      unit obtains, via transmitter 77, information to the effect that a set
      point value for the power consumed by the primary mill has been reached.
      When the upper limit of the set point value range is exceeded, the logic
      unit will ensure that the system is again regulated, by supplying material
      from the cyclone 29 to the mill 20 and by optionally reducing the flow of
      material from the bin 10.
PAR  The two mills 17, 20 are designed to require mutually different driving
      power and to rotate at different speeds, depending upon the specific
      properties of the material to be ground. For example, it is often
      expedient to design the secondary mill for higher operational rotary
      speeds than those of the primary mill and to work at a lower power rating
      than that of the primary mill, for example up to at most half of the power
      consumed by the primary mill. The openings in the discharged grate of the
      secondary mill 20 have substantially the same smallest cross dimension as
      the openings 49 in the discharge grate 46 of the primary mill 17. When
      grinding ore, which, for example, is to be enriched by flotation
      techniques, the openings 49 normally have a smallest cross dimension of
      the order of magnitude of 8-16 mm, for example approximately 12 mm. The
      openings 50 may suitably have a smallest cross dimension of between 70-100
      mm, for example approximately 90 mm.
PAR  The grinding plant of the present invention may also be used for
      semi-autogeneous grinding operations, wherewith grinding bodies comprisng
      a material different to that of the material being ground are supplied to
      the primary mill. The number and dimensions of the openings 50 permitting
      grinding bodies to be passed to the secondary mill 20 are suitably
      selected, both with autogeneous and semi-autogeneous grinding operations,
      so that their total through-flow capacity exceeds that required to obtain
      a sufficient quantity of grinding charge when grinding in the secondary
      mill while utilizing the full grinding capacity thereof.
PAR  The invention is not restricted to the described and illustrated
      embodiments, but can be modified within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A grinding plant for autogeneous or semiautogeneous grinding of material
      in at least two separate grinding mills in a primary grinding step and a
      secondary grinding step which works with material obtained from the
      primary grinding step, the grinding chamber of the primary mill having a
      first and a second outlet means, the first outlet means including a group
      of openings for discharge from said grinding chamber relatively finely
      ground material which is to be ground in the secondary mill, the second
      outlet means having at least one opening to discharge from said grinding
      chamber material containing relatively coarse pieces to be used as
      grinding media in the secondary mill; the plant further including means
      connected between said mills for passing to the secondary mill at least
      all of the material removed from the primary mill which has not been
      ground to the desired final size, means for controlling during the
      grinding operation the discharge of material from the primary mill via the
      second outlet means so that the secondary mill will operate with a
      preselected quantity of grinding media, the grinding chamber of the
      secondary mill having an outlet means including a number of openings with
      a smallest cross-section which is at least substantially equal to the
      smallest cross-section of the openings in said first outlet means of the
      primary mill, and a classifying means arranged to receive the material
      from the secondary mill and to separate said material into a finely ground
      product and an intermediary material requiring further grinding, and means
      for continuously returning said intermediary material to the primary and
      secondary mills in such adjustable proportions between the amounts of
      material returned to the primary and secondary mills that the driving
      means of the primary mill operates with a preselected power consumption.
NUM  2.
PAR  2. A grinding plant according to claim 1, wherein the power input of the
      driving means of the secondary mill is less than half of the power input
      to the primary mill.
NUM  3.
PAR  3. A grinding mill according to claim 2, wherein the power input of the
      driving means of the secondary mill is at most one third of the power
      input to the primary mill.
NUM  4.
PAR  4. A grinding plant according to claim 1 wherein the classifying means
      receiving material from the secondary mill includes means for separating
      said material into a finely ground product and an intermediary material
      comprising a coarser and a finer fraction, and wherein the means for
      returning the intermediary material to the primary and secondary mills
      includes means for primarily returning said coarser fraction to the
      primary mill.
NUM  5.
PAR  5. A grinding plant according to claim 4, wherein the classifying means
      includes a first separating device and a second separating device, the
      first separating device being arranged to separate the coarser fraction
      from the material received from the secondary mill and the second
      separating device being arranged to separate the finer fraction of the
      intermediary material from the finely ground material.
NUM  6.
PAR  6. A grinding plant according to claim 1, wherein said means connected
      between the mills comprise a classification means for separating material
      ground to the desired final particle size from the material being passed
      to the secondary mill.
NUM  7.
PAR  7. A grinding plant according to any of claim 1, wherein at least one of
      the mills has a length-diameter ratio of at least 0.7, preferably at least
      1.0.
NUM  8.
PAR  8. A grinding plant according to claim 1, comprising means for at least
      partially closing the openings of said second outlet means when the plant
      is in operation.
NUM  9.
PAR  9. A grinding plant according to claim 1, comprising a device arranged in
      the discharge end of the primary mill capable of being adjusted during
      operation, for selectively directing the material passing through the
      openings of said second outlet means either back to the grinding chamber
      of the primary mill or to said means connected between the mills.
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ABST
PAL  The container for the stock suspension is made as a body of revolution with
      a conical circumferential wall and a conical end wall which defines an
      acute angle with the circumferential wall to facilitate separation of
      materials. A compartment is formed in the circumferential wall near the
      end wall. This compartment is of increasing radial thickness in the
      direction of rotation of the rotor and terminates at the location of an
      outlet for heavy impurities.
BSUM
PAR  This invention relates to a stock pulper for pulping and sorting waste
      paper.
PAR  Stock pulpers have been known in which a container for accommodating a
      stock suspension is formed as a body of rotation with a circumferential
      wall, a front wall and an end wall. Generally, a rotor is positioned
      axially on the front wall and in front of a screen or sieve to which is
      connected a discharge pipe for the discharge of good stock. In addition,
      various openings have been formed in the container for removing
      impurities. For example, it has been known to provide a container with an
      outlet opening in the end wall opposite to the rotor and substantially
      axially of the container for discharging impurities of low specific
      gravity while a discharge opening is arranged in the circumferential wall
      for the removal of heavy impurities.
PAR  Stock pulpers of this type serve for pulping and sorting waste paper which
      is used in the manufacture of paper. Usually, the good stock which is
      discharged can be used directly for the manufacture of new paper. The
      light weight impurities, as for example synthetic plastic foils, are
      removed through the outlet opening disposed axially of the container. The
      heavy impurities, as for example metallic parts, are removed through the
      outlet opening formed in the circumferential wall.
PAR  Generally, these known stock pulpers have had a limited sorting action
      which has now been found to be due in part to the particular construction
      used in the fabrication of the container. In addition, the container of
      these stock pulpers have been subjected to a relatively great amount of
      wear caused particularly under the influence of the heavy impurities.
PAR  Accordingly, it is an object of this invention to improve the sorting
      action of stock pulpers.
PAR  It is another object of the invention to reduce the wear on the stock
      suspension container of a stock pulper.
PAR  Briefly, the invention provides a stock pulper for pulping and sorting
      waste paper with a container for receiving a stock suspension which has a
      conical circumferential wall. The container also has an end wall with an
      outlet opening for impurities and the circumferential wall has a diameter
      which increases in the direction of the end wall to meet with the end wall
      and form an acute angle. An outlet opening for heavy impurities is also
      disposed in the portion of the circumferential wall which adjoins the end
      wall.
PAR  In order to circulate the suspension within the container, a rotor or other
      suitable stirrer means is mounted adjacent a front wall. The front wall is
      also provided with a screen or sieve for discharging good stock.
PAR  The conical circumferential wall of the container assists a movement of
      heavy impurities in a delivered stock suspension along the wall as far as
      the region of the outlet opening, where the impurities can be separated
      out. The acute angle existing between the end wall and the circumferential
      wall allows the formation of a region in which a slower circulatory flow
      can occur. This facilitates the separating out of the heavy substances. As
      a consequence, the heavy substances, which are mainly responsible for the
      wear on the circumferential wall, are separated out more quickly and more
      efficiently than hitherto.
PAR  The end wall can advantageously be conical, the apex of its cone being
      directed into the interior of the container. This measure not only
      improves separation of the heavy materials, but also facilitates
      separation of the light materials from the center of the vortex formed in
      the container.
PAR  In order to further enhance the removal of heavy impurities, a compartment
      is provided in the circumferential wall which extends over a part of the
      container. This compartment is of a radial depth which, considered in the
      direction of rotation of the rotor, increases towards the end of the
      compartment; the outlet opening being situated at that position in the
      compartment which has the maximum depth. In this way the heavy materials
      are prevented from being moved over a relatively long period on the
      circumference of the container.
PAR  Furthermore, the outlet opening can advantageously be formed by a
      substantially radially extending discharge pipe. In addition, the end wall
      of the compartment has a projection directed opposite to the direction of
      rotation of the rotor. The highest point or apex of the projection is
      disposed radially outside the plane of the surface of the circumferential
      wall of the container. The projection functions to cause an advantageous
      splitting up of the flow in the circumferential direction of the container
      and the formation of an eddy flow in the compartment so that parts which
      are in the compartment are unable to return into the container. This also
      has a favorable influence on the wear of the container and the separating
      effect of the stock pulper.
PAR  The axis of the container can advantageously be arranged horizontally and
      the compartment can be situated at the lowest point of the container. This
      assists the separation effect of the stock pulper, particularly with
      respect to the heavy materials.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 illustrates an axial sectional view of a stock pulper according to
      the invention; and
PAR  FIG. 2 illustrates a view taken on line II--II of FIG. 1.
DETD
PAR  Referring to FIGS. 1 and 2, a stock pulper for pulping and sorting waste
      paper has a container 1 in the form of a body of revolution with a conical
      circumferential wall 2, a front wall 3 and a conical end wall 4. As shown,
      the circumferential wall 2 extends from the front wall 3 on an increasing
      diameter to the end wall 4. The front wall 3 is formed by the front wall
      of a bearing housing 5 and has a sieve or screen 6 therein forming a part
      of the wall 3 through which stock can be discharged. A discharge means in
      the form of a pipe 7 is connected to the front wall 3 for discharging the
      stock passed through the screen 6. In addition, a rotor 9 is rotatably
      mounted within the container 1 with blades 8 at a small spacing from the
      front of the screen 6. The rotor 9 is disposed axially of the container 1
      and is driven through a shaft 10 by a suitable drive means (not shown).
PAR  The circumferential wall 2 is formed with a section 11 adjacent the front
      wall 3 which has a larger cone angle than the remainder of the
      circumferential wall 2. This section 11, as shown, surrounds the blades 8
      of the rotor 9.
PAR  The conical end wall 4 has an apex which is directed into the interior of
      the container 1 for purposes as explained below.
PAR  In order to discharge impurities from a suspension within the container 1,
      the circumferential wall 2 is provided with an outlet opening in the form
      of a discharge pipe 12 for heavy weight impurities. The pipe 12 is located
      in the part of the wall 2 adjacent the end wall 4. Also, the end wall 4 is
      provided with an outlet opening in the form of a discharge pipe 13 for
      removing light weight impurities, i.e. impurities of low specific gravity
      such as synthetic plastic parts and foils. This pipe 13 is located on the
      axis of the container 1 and is opposite the rotor 9.
PAR  Referring to FIG. 2, the container 1 has an inlet means in the form of a
      pipe 14 in the circumferential wall 2 for waste paper. In addition, the
      container has supports 15 for setting on in a horizontal disposition on a
      ground surface.
PAR  Referring to FIGS. 1 and 2, a compartment 16 is formed within the container
      1 and extends over a part of the circumference of the circumferential wall
      2 to communicate with the outlet opening formed by the pipe 12. The
      compartment serves to enhance the extraction of heavy impurities from the
      suspension and is of a radial depth T which increases from a minimum in
      the direction of rotation of the rotor 9, indicated by the arrow P to a
      point of maximum radial depth at the opening of the pipe 12. The end wall
      17 of the compartment 16 has a projection 18 directed opposite to the
      direction of rotation of the rotor 9 i.e. directed into the compartment.
      This projection 18 has an apex radially outside the plane of the surface
      of the circumferential wall 2.
PAR  In operation, when the rotor 9 is rotated with the container 1 filled with
      a suspension, a rotation of the contents of the container in the direction
      of the arrow P is first established. Thereafter, a circulating motion of
      the suspension in the direction of the arrows R in FIG. 1 occurs. Because
      of these movements, the mass of waste paper further pulped by the rotor 9
      is exposed to the action of centrifugal force, whereby a sorting effect is
      established. Because of the slope of the circumferential wall 2 and the
      wall section 11, heavy impurities quickly reach the angular zone between
      the circumferential wall 2 and the end wall 4. These heavy impurities are
      then held in the compartment 16. The light impurities accumulate in the
      axis A of the container 1 and can be discharged through the outlet opening
      13. Inside the compartment 16, a flow is established as indicated by
      arrows U and V (FIG. 2) and this effectively prevents any heavy impurities
      caught in the end region of the compartment 16 from being entrained by the
      circulatory movement.
PAR  Although the stock pulper has been shown with a horizontally extending axis
      A and the compartment 16 disposed at the lowest point of the container 1,
      it is understood that other arrangements are conceivable. For example, the
      axis A can extend obliquely or vertically. With a vertical arrangement,
      the rotor can for example be at the top.
PAR  During operation, the heavier particles move to the outer radial limits of
      the container 1 and to the region adjacent the juncture of the
      circumferential wall 2 and end wall 4. Because of the conical shape of the
      end wall 4 the heavier particles are more positively separated into the
      outer region of the container 1 while the lighter particles are passed out
      of the discharge pipe 13.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stock pulper for pulping and sorting waste paper comprising
PA1  a container for receiving a stock suspension, said container being in the
      form of a body of revolution with a front wall, an end wall and a conical
      circumferential wall extending from said front wall on an increasing
      diameter to said end wall;
PA1  a screen forming a part of said front wall for discharging stock from said
      container;
PA1  a discharge means in communication with said screen for discharging the
      stock passed through said screen;
PA1  a rotor rotatably mounted within said container adjacent said screen and
      axially of said container;
PA1  a first outlet opening in said end wall axially of said container for
      removing impurities of low specific gravity from the stock suspension; and
PA1  a second outlet opening in said circumferential wall adjacent said end wall
      for removing heavy impurities from the stock suspension.
NUM  2.
PAR  2. A stock pulper as set forth in claim 1 wherein said end wall is conical
      and has an apex directed into the interior of said container.
NUM  3.
PAR  3. A stock pulper as set forth in claim 1 further comprising a compartment
      within said container extending over a part of the circumference of said
      circumferential wall and communicating with said second outlet opening,
      said compartment having a radial depth increasing in the direction of
      rotation of said rotor to a point of maximum radial depth at said second
      outlet opening.
NUM  4.
PAR  4. A stock pulper as set forth in claim 3 wherein a radially extending
      discharge pipe forms said second outlet opening.
NUM  5.
PAR  5. A stock pulper as set forth in claim 3 wherein said compartment includes
      an end wall having a projection directed opposite to said direction of
      rotation of said rotor, said projection having an apex radially outside
      the plane of the surface of said circumferential wall.
NUM  6.
PAR  6. A stock pulper as set forth in claim 3 wherein said container is
      disposed on a horizontal axis and said compartment is disposed at the
      lowest point of said container.
NUM  7.
PAR  7. In a stock pulper for pulping and sorting waste paper having a container
      for receiving a stock suspension, said container having a conical
      circumferential wall and an outlet opening in said wall adjacent the
      larger end thereof for removing impurities; a compartment within said
      container extending over a part of the circumference of said wall and
      communicating with said outlet opening, said compartment having a radial
      depth increasing in a direction towards said outlet opening to a point of
      maximum depth at said outlet opening, said compartment having an end wall
      with a projection directed into said compartment, said projection having
      an apex radially outside the plane of said circumferential wall.
NUM  8.
PAR  8. In a stock pulper for pulping and sorting waste paper having a container
      for receiving a stock suspension, said container having a conical
      circumferential wall, an outlet opening in said wall and an end wall, said
      walls defining an acute angle therebetween, said end wall being conical
      with an apex directed into the interior of said container.
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PAL  Meterial to be ground, such as ligno-cellulose containing material, is
      fed-in centrally between a pair of juxtaposed relatively rotatable discs.
      The material being ground moves outwardly towards a discharge point
      adjacent the periphery of the discs, and a fluidized treatment agent is
      supplied to the material as it is discharged from between the discs, the
      treatment agent issuing from an array of circumferentially spaced nozzles
      which surround the periphery of the discs.
BSUM
PAR  This invention relates to a grinding apparatus comprising a housing, in
      which a pair of grinding discs are supported adjacent and directly in
      front of each other of which discs at least one is rotatable and the
      surfaces of the discs facing each other are capable of grinding material,
      such as lignocellulosic material, which material is supplied substantially
      at the centre of the discs and moves outwards from within the space
      between the grinding discs from which it egresses into the surrounding
      housing.
PAR  Known grinding apparatus of the aforesaid kind does not include
      possibilities of treating the grinding product immediately after its
      passage between the grinding discs, before certain ageing effects and/or
      temperature fluctuations could affect the produce. In the defibration of,
      for example, wood in grinding apparatus, it is known that the mechanically
      treated fibers, immediately after the working has stopped, show a great
      number of free bonds of a short duration. The high accessibility of the
      fibers to, for example, chemical treatment in the moment after the
      grinding has stopped cannot be utilized effeciently in known grinding
      apparatus.
PAR  It is known that in the defibration of, for example, wood in grinding
      apparatus, an increase in temperature and pressure up to a certain level
      in the treatment zone favorably affects the defibration process in such a
      manner, that the fibers in the pulp have a greater average length and the
      pulp does not include as many undefibrated wood particles as a pulp
      produced at a lower temperature and lower pressure. In an open grinding
      apparatus of known type treatment temperatures of the range
      100.degree.-120.degree.C are obtained. In certain known grinding apparatus
      the treatment temperatures obtained are still higher, due to the fact that
      the grinding discs are included in a pressure chamber. The aforedescribed
      types of known grinding apparatus have one disadvantage in common, viz.
      that the grinding product is maintained at high temperature for some time
      after the treatment between the grinding discs has stopped, which implies
      that the defibrated wood material then is affected for an unnecessarily
      long time by the heat and is discolored. When the grinding product has a
      high solids content, the temperature increase to which it is subjected
      during treatment between the grinding discs in known refiners can be so
      high, that the treatment is disturbed by an intensive steam formation in
      the grinding zone. In order to prevent this intensive steam formation,
      cold water is supplied to the material to be ground prior to the treatment
      between the grinding discs. The material to be ground is thereby cooled,
      and its solids content decreases. The cooling as well as the decrease in
      solids content have a negative effect on the quality of the pulp after the
      grinding.
PAR  The present invention has as its object to render possible the supply of
      liquid or gas, under given and controlled conditions with respect to
      temperature, content of chemicals etc., to the grinding product
      immediately after the treatment between the grinding surfaces. By the
      possibility of adding, for example, chemicals when the fibre material is
      most accessible to chemical reactions, the efficiency of a certain
      treatment can be improved, compared with known methods. By supplying
      cooling water it is possible to adjust the temperature of the grinding
      products immediately after the grinding has stopped and thereby to reduce
      the decrease in brightness.
PAR  A further object is to be able to cool the grinding zone by the treating
      agent and thereby to render possible grinding at consistencies higher than
      normal. The cooling of the grinding zone is effected by directing the cold
      treating agent into the space between the grinding discs, before the agent
      is injected against the pulp flow at the end of the grinding zone. The
      pulp and the treating agent, thus, do not come into contact with each
      other during the treatment in the grinding zone. The grinding thereby can
      be carried out under optimum conditions at a high consistency and without
      disturbing steam formation.
PAR  The aforesaid and other objects are achieved in that the grinding apparatus
      according to the invention is given the characterizing features defined in
      the appended claims.
PAR  Some constructional embodiments of the invention are described in detail in
      the following, with reference to the drawings, in which
PAR  FIG. 1 is a partial sectional view through the outer portion of the
      grinding discs of a grinding apparatus, showing one embodiment of a device
      for separate supply of treating agent;
PAR  FIG. 2 is a similar partial sectional view, showing a different form of
      device for the same purpose; and
PAR  FIG. 3 is a vertical cross-sectional view of of the upper half of a housing
      for the grinding apparatus and shows an embodiment according to which the
      treating agent is made to cool grinding plates before being jetted against
      exiting flow of ground material from between a pair of grinding discs.
DRWD
PAR  FIG. 1 shows an embodiment where the treating agent is directed via the
      grinding disc of the grinding apparatus. This embodiment requires the
      grinding disc be drilled out and a turnedout ring be laid around the
      grinding disc so that a passageway about the periphery of the disc is
      formed. The treating agent is led from this passageway via a narrow gap or
      a series of holes or nozzles against the grinding product when it is
      leaving the grinding gap.
PAR  By mounting a ring of suitable shape on the opposed disc, the device for
      separate supply of the treating agent can be completed by an adjustable
      flow restriction according to FIG. 2. To effect this relationship the
      upper extremity of said disc is tapped to receive a bolt "b" while flow
      restrictor 20 is provided with an elongated slot "s" to receive bolt "b".
      Adjustment of restrictor 20 toward or away from nozzle 16, as indicated by
      the arrows, is made by releasing bolt "b", adjusting 20 with respect to
      16, and tightening bolt "b".
PAR  FIG. 3 shows an example of an embodiment where the treating agent is used
      as cooling agent for the grinding zone prior to its supply to the grinding
      product after completed grinding.
PAR  In FIG. 1 there are shown portions of a pair of grinding discs 1, 1 which
      are faced with grinding surfaces in the form of grinding plates 2, 2. One
      of the discs is driven in conventional manner (driving mechanism not
      shown). Material to be ground is fed to the space 3 between the grinding
      discs and moves outwardly through the gap 4 between the grinding surfaces
      exiting at 5. In the figure there is indicated a cap piece 12, in
      association with one of the discs 1, in which disc there has been
      developed a passageway 13 leading to a manifold space 14 from which a
      plurality of passageways 15 lead to nozzles 16 adapted to direct a flow 10
      of treating agent perpendicularly to the flow direction of exiting ground
      product.
PAR  This combination can be further improved, according to the illustration in
      FIG. 2 by adjustably mounting a flow restriction member 20 on the disc 1
      opposite that on which manifold space 14 is provided. To effect this
      relationship the upper extremity of said disc is tapped to receive a bolt
      "b", while flow restrictor 20 is provided with an elongated slot "s" to
      receive bolt "b". Adjustment of restrictor 20 toward or away from nozzle
      16, as indicated by the arrows, is made by releasing bolt "b", adjusting
      20 with respect to 16, and tightening bolt "b".
PAR  According to FIG. 3, the grinding plates 2', 2', are so configured as to
      provide in association with discs 1', 1', open spaces 22, 22 on either
      side of the grinding parts. Treating agent (cold) is fed to spaces 22, 22
      through passageways 23, 23, and from spaces 22, 22 via passageways 23',
      23', to a pair of manifold spaces 14, 14 equipped as shown in FIG. 1.
      Thereby a flow of treating agent serves to cool the grinding plates before
      being jetted against the exiting flow of ground material.
PAR  As shown in FIG. 3, the drawing shows a vertical cross-sectional view of
      the upper half of a grinding disc housing of a grinding apparatus. From a
      tank (not shown) the treating agent flows through a feed pipe 27. A pump
      means (not shown) for controlling the flow might be inserted in the feed
      pipe 27. The feed pipe 27 extends into an annular groove 28 in the
      grinding disc 1. Said groove 28 communicates with a passageway 23, 23'
      which extends outwards in the grinding disc 1 up to the nozzle 16. The
      treating agent is introduced into the annular groove 28 from the feed pipe
      27. When the grinding disc 1 is rotating the centrifugal force will cause
      the treatment agent to flow outwards from the annular groove 28 through
      the passageway 23, 23', and out through the nozzle 16 into the ground
      material which leaves the gap 4 between the discs 1.
PAR  While, as mentioned hereinbefore, at least one of the grinding discs is
      rotatable, both discs may be rotatable. Whichever disc is rotatable is
      mounted on a rotatable shaft. As is indicated in FIG. 3, the grinding
      discs 1, 1, are mounted for rotation on shafts 1', 1'.
CLMS
STM  I claim:
NUM  1.
PAR  1. Grinding apparatus which comprises
PA1  a housing;
PA1  a pair of grinding discs, adjacent to and directly in front of each other,
      in said housing, at least one of which discs is rotatable;
PA1  the facing surfaces of which discs are capable of grinding a material;
PA1  means for supplying material to be ground to a space between the grinding
      discs for movement outwardly from within said space through a gap between
      the discs, ground material exiting therefrom into the surrounding housing;
      and
PA1  means for the separate supply of a treating agent to the ground material
      said means comprising a passageway system formed in at least one of the
      grinding discs which is rotatable, for rotation together with said disc;
PA1  said passageway system being connected to supply openings located around
      and immediately outside the circumference of said gap between the grinding
      discs for supplying treating agent directly into the flow of grinding
      product upon exiting from said gap.
NUM  2.
PAR  2. Grinding apparatus as defined in claim 1, wherein the grinding disc
      which is provided with the passageway system projects peripherally outside
      of the outlet of the grinding gap, the supply openings being provided in
      said projecting portion of the disc.
PATN
WKU  039427307
SRC  5
APN  5028310
APT  1
ART  325
APD  19740903
TTL  Grain milling wheels
ISD  19760309
NCL  18
ECL  14
EXA  Goldberg; Howard N.
EXP  Custer, Jr.; Granville Y.
NDR  1
NFG  9
INVT
NAM  Coucher; Robert G.
CTY  Salt Lake City
STA  UT
ASSG
NAM  Pioneer Associates
CTY  Salt Lake City
STA  UT
COD  02
CLAS
OCL  241248
XCL  2412612
XCL  241296
EDF  2
ICL  B02C  706
ICL  B02C  718
FSC   51
FSS  206 R
FSC  241
FSS  245;248;260;261;261.2;261.3;291;296
UREF
PNO  1286865
ISD  19181200
NAM  Winegardner
OCL  241261.3
UREF
PNO  2623700
ISD  19521200
NAM  Scherer
OCL  241261
UREF
PNO  2984555
ISD  19610500
NAM  Curtis
UCL  241291
UREF
PNO  3032282
ISD  19620500
NAM  Asplund
XCL  241245
UREF
PNO  3040996
ISD  19620600
NAM  Ginavin
XCL  241261
UREF
PNO  3248189
ISD  19660400
NAM  Harris
UCL  241291
UREF
PNO  3496682
ISD  19700200
NAM  Quass et al.
UCL  241291
UREF
PNO  3553905
ISD  19710100
NAM  Lemelson
OCL   51206R
UREF
PNO  3742654
ISD  19730700
NAM  Darrow et al.
OCL   51206R
UREF
PNO  3880367
ISD  19750400
NAM  Grover
XCL  241296
LREP
FRM  Trask & Britt
ABST
PAL  A matched pair of milling wheels for use in home grain mills includes a
      stator and a rotor. Each wheel is ideally composite, with a metal casting
      supporting a peripheral ring of cast stone. When the wheels are mounted in
      a mill with their peripheral grinding surfaces juxtaposed, their interior
      sections define a central cavity which functions as a crushing section.
      The crushing section contains opposed cutting teeth constituting means for
      primary shearing and grooves spaced between the cutting teeth constituting
      means for secondary shearing action. The grooves also provide access for
      grain particles to migrate out toward the grinding interface between the
      peripheral cast stone rings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field
PAR  This invention pertains to milling wheels for grain and is particularly
      directed to a matched pair of such wheels suitable for home grain mills.
PAR  2. State of the Art
PAR  A large variety of hand-powered and electrical-powered home grain mills is
      known. Many types and styles of milling wheels have been developed for use
      in such mills. Some of the milling wheels known to the prior art are
      constructed entirely of metal, but such wheels are generally not preferred
      because of the preference for stone ground flour. Milling wheels with
      stone or cast stone grinding surfaces have been of two types. Some such
      wheels are cast entirely from ceramic materials. Exemplary of such milling
      wheels is the matched set disclosed in U.S. Pat. No. 3,688,996. Ceramic
      wheels of this type produce excellent flour but have attendant
      disadvantages associated with the extremely poor heat conductivity of the
      ceramic material from which they are constructed. As a consequence, the
      grinding surface becomes unduly hot, tending to scorch the flour produced,
      particularly when wet grain is milled. Moreover, because heat is not
      readily radiated from the stone surfaces, a large quantity of heat is
      transferred from the rotor stone into the driven shaft to which it is
      mounted, thereby causing the shaft to expand. This expansion tends to
      decrease the spacing between the rotor and stator stones, thereby causing
      the stones to jam or overload the motor.
PAR  Efforts have been made to solve some of the problems associated with the
      poor heat conductivity of cast stone wheels through the expedient of
      attaching a cast stone ring to a metallic center. Such efforts have
      heretofore been unsatisfactory, both because of the relatively large
      proportion of stone in the composite wheel and because of the difficulties
      associated with achieving a balanced rotor and with maintaining good
      alignment between the grinding surface and the axis of the metallic
      insert.
PAR  There thus remains a need for a composite matched set of milling wheels
      with a stone grinding interface, good heat conductivity and balance,
      efficient milling characteristics and reliable alignment capabilities.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a matched set of milling wheels which offers
      several advantages over the stone, metallic and composite wheels known to
      the prior art. They are configurated to perform effectively each of the
      milling functions: crushing, shearing and grinding. The milling wheels of
      this invention are preferably composite in the sense that they are
      fashioned from both metal and stone elements. The composite wheels taught
      by this disclosure are designed to maximize the heat conductivity of the
      wheels by maintaining a very high proportion of the mass of the wheel
      metallic. Crushing and shearing are accomplished principally by the
      interaction of structures (preferably of metal) within the central portion
      of the wheels. Nevertheless, the surface area of each wheel devoted to the
      grinding function is substantial, in fact, greater than typical grinding
      wheels of the prior art. The grinding element of each composite wheel is a
      shallow cast stone ring with a large surface-to-volume ratio.
PAR  The matched set of this invention comprises a stator wheel and a rotor
      wheel, adapted for mounting with corresponding milling surfaces
      juxtaposed. Each wheel includes a central recessed section so that the
      mounted wheels together define a central cavity adapted to receive grain
      through an axial bore through the back of the stator. In composite wheels,
      the aforementioned grinding ring of cast stone surrounds this recessed
      section which may be regarded as a crushing section. The respective wheel
      elements are configurated so that when they are installed with the stone
      grinding surfaces in registration with each other, their respective
      interior structures are also in registration to define an interior
      crushing section within the central cavity referred to hereinbefore. The
      interior crushing section comprises a primary zone, including spaced vanes
      or cutting teeth carried by each wheel so that as the rotor spins or turns
      on its axis, the rotor teeth and stator teeth cooperatively crush and cut
      grain to reduce it to smaller grain particles. This action may be regarded
      as "primary shearing". The interior crushing section further comprises a
      secondary zone at its perimeter including spaced access grooves carried by
      each wheel to cooperatively crush and cut grain particles, further
      reducing their size ("secondary shearing"). These grooves also provide an
      improved travel path for grain and grain particles from the interior of
      the wheels to the peripheral grinding interface between the opposed
      wheels.
PAR  The preferred geometry and relationships of the aforedescribed elements and
      zones of the interior crushing section will be described in greater detail
      hereinafter. These features themselves constitute important improvements
      which are applicable to metallic or ceramic milling wheels, as well as to
      the composite wheels disclosed herein. However, for the sake of brevity,
      this specification is directed principally to a full description of the
      milling wheels presently regarded as most advantageous in all of its
      aspects. It is recognized that one or more of the novel features disclosed
      herein could be separately utilized to advantage while foregoing the
      advantages associated with certain of the other features suggested herein.
PAR  According to the presently preferred embodiments, each of the wheels of the
      matched set of milling wheels comprises a metal base member, (generally a
      metal casting), the full diameter of the wheel, with its half of the
      central crushing section separated from a peripheral recessed shoulder
      (adapted to receive a cast stone ring) by a concentric thin metal rim. An
      annular cast stone ring is then bonded to the peripheral recessed shoulder
      to provide the grinding section of the milling wheel. The metal base
      element may be of cast iron, but is preferably of aluminum because of
      aluminum's greater conductive properties, lighter weight and easier
      machinability.
PAR  Certain embodiments of the invention which utilize aluminum base members
      include the additional feature of coating the metallic milling surfaces
      with iron, steel, or other abrasion-resistant surface. This coating
      functions both to protect the relatively softer aluminum surfaces from
      abrasion and to satisfy the preference of a large section of the consuming
      public that foodstuffs be kept out of contact with aluminum.
PAR  The interior portion of the crushing section of each wheel comprises a
      plurality of cutting teeth extending from the inside perimeter of the
      grinding section inward into the central cavity. The stator teeth and
      rotor teeth together comprise a primary shearing zone wherein the
      interaction of the rotor teeth turning against the stator teeth crushes
      and cuts grain kernels into particles of reduced size. One of the wheels,
      preferably the stator, has at least one more tooth than the other wheel.
      Preferably, the rotor has an even number (e.g., six) of such teeth, while
      the stator has an odd number (e.g., seven) such teeth. In each instance,
      the teeth are approximately evenly spaced about the perimeter. Each tooth
      extends upward from the inner surface of the metal base member to
      approximately the plane of the grinding surface of the wheel (preferably
      within one or two thousandths of an inch). The teeth are thus held
      slightly out of contact with each other even when the wheels are closed so
      that their opposing grinding surfaces touch. The leading edge of each
      tooth is ramped, that is sloped slightly downward, to define a rake angle
      so that an opposing teeth meet, grain can enter between opposing ramps to
      be crushed. Grain is cut between the opposing tooth surfaces trailing the
      ramps as the rotor teeth are carried around past the stator teeth.
PAR  Each rotor tooth preferably slopes slightly, e.g., about 5.degree. to about
      20.degree. with respect to the radius of the wheel, so that the axis of
      each tooth forms a tangent with a reference circle (sometimes called an
      action circle) concentric with the rotor perimeter and the aforementioned
      metal rim. The action circle is typically about 1/10 to about 1/4 the
      diameter of the crushing section, and the inner ends of the teeth should
      lead the radius which intersects the tooth axis at the rim of the crushing
      section. The cutting teeth of the stator are desirably also sloped in
      opposition to the rotor teeth so that as the rotor turns, the inner end of
      a rotor tooth first meets the inner end of a stator tooth, and the teeth
      thereafter cooperatively effect a scissoring action progressing towards
      the rim.
PAR  By providing, for example, one more tooth on the stator wheel than the
      rotor wheel, the shock load transmitted from the milling wheels to the
      power source is minimized. Because no more than one pair of teeth is
      initiating shearing at any given instant, the primary shearing function is
      distributed over many more occurrences per revolution than where all rotor
      teeth pass a corresponding stator tooth at the same instant. An embodiment
      of the present invention in which the stator carries seven teeth and the
      rotor carries six teeth may be compared with typical milling wheels of the
      prior art wherein both wheels carry six teeth, as follows:
TBL                Present                                                     
                   Invention                                                   
                            Prior Art                                          
     ______________________________________                                    
     Number of stator teeth                                                    
                      7         6                                              
     Number of rotor teeth                                                     
                      6         6                                              
     Number of primary shearing                                                
      actions per cycle                                                        
                     42         36                                             
     Shock load per primary                                                    
      shearing action                                                          
                     162/3%     100%                                           
     ______________________________________                                    
PAR  The crushing section further comprises a series of grooves spaced around
      the periphery, through the rim of the central cavity, to provide access
      for fragments of grain leaving the cutting teeth to migrate from the
      crushing section into contact with the stone grinding surfaces. These
      grooves are desirably sloped in the same direction (that is, the slope
      angle is of the same sign) as the teeth and constitute a secondary
      shearing zone. In other words, the axes of the grooves form a tangent to a
      reference circle of greater diameter than the action circle of the cutting
      teeth. Thus, as the access grooves of the rotor pass corresponding grooves
      in the stator, the interacting grooves provide additional cutting and
      crushing action to reduce the size of grain fragments ultimately entering
      into contact with the grinding interface. At this interface, grinding is
      accomplished in conventional fashion. The slope of the grooves with
      respect to the radius of the wheels is preferably greater (e.g., double)
      that of the teeth. The scissoring action of the teeth, of course, tends to
      force grain particles towards the secondary shearing zone.
PAR  The cast stone grinding ring is preferably of the least depth required to
      provide the rigidity and strength needed for the application. Typically,
      cast rings about one-fourth to about one-half inch thick are sufficient,
      thereby permitting a substantial mass of metal in contact with the stone.
      (Of course, thicker cast stone rings may be used.) In this fashion, heat
      generated by the grinding action of the stones is dissipated through the
      metal to radiate into the atmosphere. The temperature of the wheels is
      thus kept below tolerable limits. In practice, it has been found,
      particularly in grinding wet grains, that temperatures very much exceeding
      the boiling point of water may be generated in home grain mills of this
      type, and ultimately the flour produced can be scorched. The incidence of
      such excessive temperatures, which are detrimental to both the
      palatability and the nutritional value of the flour, is minimized by the
      composite wheel structures of this invention.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which illustrate what is presently regarded as the best
      mode for carrying out the invention:
PAR  FIG. 1 is a plan view of a rotor wheel of this invention, looking towards
      the milling surface of the wheel;
PAR  FIG. 2 is a side view in elevation of the rotor wheel of FIG. 1;
PAR  FIG. 3 is a view in section of the rotor wheel of FIG. 1 taken along the
      section line 3--3 as viewed in the direction of the arrows;
PAR  FIG. 4 is a view similar to FIG. 1 of a stator wheel of this invention;
PAR  FIG. 5 is a side view in elevation of the stator wheel of FIG. 4;
PAR  FIG. 6 is a view in section of the stator wheel of FIG. 4 taken along the
      section line 6--6 as viewed in the direction of the arrows;
PAR  FIG. 7 is a fragmentary view in section of the grinding and hopper
      compartments of a home grain mill illustrating the milling wheels of FIGS.
      1 and 4 assembled therein;
PAR  FIG. 8 is a fragmentary view partially in section of the assembled milling
      wheels taken along the section line 8--8 of FIG. 7 as viewed in the
      direction of the arrows; and
PAR  FIG. 9 is a fragmentary view of a rotor tooth and a stator tooth taken
      along the reference line 9--9 of FIG. 8 as viewed in the direction of the
      arrows.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The illustrated milling wheels comprise a rotor 11 and a stator 12. The
      fashion in which these wheels are mounted in the grinding chamber 13 of a
      home grain mill 14 is best illustrated by FIG. 7, from which it may be
      seen that the rotor element 11 is fixed to the distal end of a motor shaft
      15 and the stator element 12 is securely fastened to a mounting plate 17
      which defines the front wall of a hopper 18. Grain introduced into the
      hopper 18 flows through matched feed holes 19a, 19b through the plate 17
      and the back of the stator 12, respectively. As the rotor 11 turns within
      the grinding chamber 13, grain is ground through the interaction of
      opposed milling surfaces of the rotor 11 and stator 12. Flour works its
      way out between the grinding interface 20 to drop through the bottom of
      the grinding chamber into a suitable container (not shown) below.
PAR  As is clear from the drawings, the final milling or flour grinding action
      occurs between the opposed milling faces of annular, ring-shaped, cast
      stone elements 21, 22, which comprise the outermost portions of the
      milling surfaces of the rotor 11 and stator 12, respectively. These cast
      stone rings 21, 22 are seated on shoulders 25 and 26 provided in a rotor
      casting 31 and stator casting 32, respectively, all as best illustrated in
      cross section by FIGS. 3 and 6, respectively. Before this grinding can
      occur, the grain is subjected to the interaction of structure contained
      within a central crushing section 40. This section (or cavity) 40 is
      defined by a metal rim 41 carried by the rotor 11 juxtaposed to a
      corresponding metal rim 42 carried by the stator 12. These rims 41, 42 are
      integral with the metal castings 31, 32, respectively.
PAR  The internal crushing section 40 includes cutting teeth 45 (rotor teeth)
      extending inward from rim 41 of the rotor 11 and corresponding teeth 46
      (stator teeth) extending inward from the rim 42 of the stator 12. As
      illustrated, the rotor 11 carries six rotor teeth 45, while the stator 12
      carries 7 stator teeth. These cutting teeth 45, 46 cooperatively comprise
      a primary shearing zone, the effectiveness of which is greatly enhanced by
      certain structural details. In the description which follows, the
      direction of rotation of the rotor 11 (shown by the arrows designated A)
      should be borne in mind.
PAR  FIG. 1 shows how each rotor tooth 45 is oriented with respect to a
      reference line 49 congruent with the radius which intersects the rim 41 at
      the axis line 50 of a tooth 45. The lines 49, 50 enclose an angle B of
      approximately 15.degree., although this angle may be varied in certain
      instances from nearly 0.degree. to 20.degree. or more. The angle B is set
      by the "action circle" selected for the rotor as explained previously
      herein. It should be noted that the inner (tip) end 45a of the tooth 45
      leads the outer (rim) end 45b of the tooth 45 as the rotor 11 turns on its
      axis. The reference line 51 and axis 52 of the stator teeth 46 define a
      corresponding angle C which may be, but is not necessarily, the same as B.
      Again, the inner (tip) end 46a of each stator tooth 46 "leads" the outer
      (rim) end 46b of that tooth 46 in opposition to the rotor teeth 45.
PAR  The leading edge 45c of each rotor tooth 45 is sloped or ramped at a "rake
      angle" D (FIG. 9), and the leading edges 46c of each stator tooth 46 is
      sloped at a similar rake angle E. The angles D and E may be identical, and
      ordinarily fall within the range of about 5.degree. to about 20.degree..
PAR  As best illustrated by FIGS. 8 and 9, as the rotor turns on its axis, so
      that a rotor tooth 45 advances with respect to a stator tooth 46, grain
      within the central cavity 40 (FIG. 7) is first crushed between opposed
      surfaces 45c and 46c, and is thereafter sheared between opposed shearing
      surfaces 45d and 46d. Concurrently, grain and grain particles are urged
      from the tooth tips 45a and 46a towards the tooth rims 45b and 46b.
PAR  A plurality of spaced grooves or slots 55 is provided between each rotor
      tooth 45, and corresponding grooves 56 are provided between each stator
      tooth 46. As illustrated, there are four such grooves between each tooth
      for a total of 24 rotor grooves 55 and 28 stator grooves 56. These grooves
      cooperatively define a secondary shearing zone to further reduce the size
      of grain particles migrating towards the grinding interface 20. The
      precise number of grooves 55, 56 is not critical, but it should be noted
      that in the illustrated instance, relatively few of the grooves 55 can
      pass opposing grooves 56 at the same instant, thereby spreading the shock
      load in the secondary zone in the same fashion as explained hereinbefore
      with respect to the primary shearing zone.
PAR  The grooves may be oriented in any direction or combination of directions
      and still enhance the milling results of the wheels, 11, 12. Preferably,
      however, the grooves 55, 56 are all slanted or sloped in the same fashion
      as the associated teeth 45, 46, respectively, ideally at a much greater
      angle F, e.g., approximately double the angles B and C. A secondary
      function of the grooves 55, 56 is to provide easier access of grain
      fragments and particles past the rims 41, 42 to the grinding interface 20.
PAR  The stone rings 21, 22 may be bonded by any suitable system, e.g., epoxy,
      to the appropriate metal base member 31, 32. Preferably, the milling
      surfaces of the rings will extend beyond the milling surfaces of the rims
      41, 42 by a short distance, normally no more than about 0.005 inch. In
      time, the stone milling surfaces may be eroded away so that the stone and
      metal surfaces are approximately coplaner.
PAR  The metal base members may be cast from steel or cast iron, but it is
      presently preferred to form these members 31, 32 from aluminum. Aluminum
      is especially preferred for the rotor 11. As illustrated, the interior
      metal surfaces 60 of both the members 31 and 32 are coated with a thin
      layer 61 of abrasion-resistant material, in this case iron. This coating
      is ideally applied by plasma flame spraying techniques which produce a
      metallurgical bond, although suitable coatings may be applied by other
      techniques. U.S. Pat. Nos. 2,707,691; 2,906,612; 2,964,420; 2,984,555;
      3,042,508; 3,248,189; 3,337,264; and 3,496,682 all contain disclosures of
      techniques and materials useful for applying abrasive-resistant coatings
      to metal substrates. The presently preferred metallurgically bonded iron
      coatings range in thickness from about 5 to about 8 mils, although
      coatings of about 3 to about 12 mils are acceptable.
PAR  Reference herein to details of the illustrated embodiment is not intended
      to limit the scope of the appended claims which themselves recite those
      features regarded as essential to the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a set of milling wheels for home grain mills comprising a rotor
      adapted for mounting on a driven shaft with the milling surface of the
      rotor facing out from the end of the shaft and a stator adapted for
      mounting with its milling surface juxtaposed in registration with the
      milling surface of the rotor so that the registered milling surfaces
      together define a central cavity adapted to receive grain from an outside
      supply and to reduce said grain to grain particles as the rotor turns on
      its axis and a peripheral interface adapted to grind said particles to
      flour as they are urged from said central cavity outward by the spinning
      rotor, the improvement which comprises:
PA1  a stator with a central bore to admit grain to said central cavity and a
      milling surface within said cavity including evenly spaced cutting teeth
      radiating from the proximity of the peripheral interface inward, each said
      tooth having a milling surface comprising a leading ramped portion with a
      rake angle; and
PA1  a rotor with a milling surface within said central cavity including evenly
      spaced cutting teeth, of a number different from the number of such teeth
      associated with the stator, radiating from the proximity of the peripheral
      interface inward, each said tooth having a milling surface comprising a
      leading ramped portion with a rake angle;
PA1  the leading ramped portion of said stator teeth being opposed to the
      leading ramped portion of said rotor teeth so that grain is crushed
      between said ramped portions as the rotor turns on its axis.
NUM  2.
PAR  2. An improvement in accordance with claim 1 wherein the axis of each
      stator tooth forms a tangent with the circumference of a reference circle
      concentric with said stator and having a diameter between about 1/10 to
      about 1/4 of the diameter of said central cavity, and the axis of each
      rotor tooth forms a tangent with the circumference of a reference circle
      concentric with said rotor and having a diameter between about 1/10 and
      about 1/4 of the diameter of said central cavity, the orientation of said
      stator teeth being opposed to that of said rotor teeth so that as the
      rotor turns on its axis, the inner end of a rotor tooth passes the inner
      end of a stator tooth before the peripheral ends of said teeth pass each
      other, thereby to urge grain caught between said teeth towards the
      peripheral interface.
NUM  3.
PAR  3. An improvement according to claim 2 wherein the rake angles of the
      ramped portions of said stator teeth and said rotor teeth are between
      about 5.degree. and about 10.degree..
NUM  4.
PAR  4. An improvement according to claim 3 wherein the angles establishing the
      tangent orientations of the stator teeth and rotor teeth are between about
      5.degree. and about 20.degree..
NUM  5.
PAR  5. An improvement according to claim 1 wherein each wheel comprises:
PA1  a metal base member approximately the diameter of the wheel, said base
      member including that wheel's portion of the central cavity and cutting
      teeth enclosed within an integral metal rim; and
PA1  a cast stone ring member mounted on said base member peripheral to said
      metal rim in a recessed shoulder so that the grinding surface of said
      wheel is no more than about 5 thousandths of an inch above said rim.
NUM  6.
PAR  6. An improvement according to claim 5 wherein each wheel is provided with
      grooves in said metal rim to provide access of grain particles from said
      central cavity to said peripheral grinding interface.
NUM  7.
PAR  7. An improvement according to claim 6 wherein the axis of each stator
      tooth forms a tangent with the circumference of a reference circle
      concentric with said stator and having a diameter between about 1/10 to
      about 1/4 of the diameter of said central cavity and the axis of each
      rotor tooth forms a tangent with the circumference of a reference circle
      concentric with said rotor and having a diameter between about 1/10 and
      about 1/4 of the diameter of said central cavity, the orientation of said
      stator teeth being opposed to that of said rotor teeth so that as the
      rotor turns on its axis, the inner end of a rotor tooth passes the inner
      end of a stator tooth before the peripheral ends of said teeth pass each
      other, thereby to urge grain caught between said teeth towards the
      peripheral interface.
NUM  8.
PAR  8. An improvement according to claim 7 wherein the axis of each groove
      forms a tangent with a reference circle of greater diameter than the first
      named reference circle and wherein the slope of each groove is of the same
      sign as the slope of the cutting teeth in said wheel.
NUM  9.
PAR  9. An improvement according to claim 8 wherein said metal base member is
      cast from aluminum, and the milling surfaces thereof are coated with a
      material more abrasion-resistant than aluminum.
NUM  10.
PAR  10. An improvement according to claim 9 wherein said milling surfaces are
      coated with ferrous metal applied by plasma-coating techniques.
NUM  11.
PAR  11. An improvement according to claim 7 wherein the number of cutting teeth
      carried by the stator differs from the number of such teeth carried by the
      rotor by one.
NUM  12.
PAR  12. An improvement according to claim 11 wherein the stator carries an odd
      number of cutting teeth.
NUM  13.
PAR  13. An improvement according to claim 12 wherein the stator carries seven
      cutting teeth and the rotor carries six cutting teeth.
NUM  14.
PAR  14. In a set of milling wheels for home grain mills comprising a rotor
      adapted for mounting on a driven shaft with the milling surface of the
      rotor facing out from the end of the shaft and a stator adapted for
      mounting with its milling surface juxtaposed in registration with the
      milling surface of the rotor so that the registered milling surfaces
      together define a central cavity adapted to receive grain from an outside
      supply and to reduce said grain to grain particles as the rotor turns on
      its axis and a peripheral interface adapted to grind said particles to
      flour as they are urged from said central cavity outward by the spinning
      rotor, the improvement which comprises each wheel being constructed of:
PA1  a metal base element approximately the full diameter of said wheel and
      including that wheel's portion of said central cavity enclosed within a
      rim with internal crushing structure contained within the cavity and
      approximately coplaner with said rim and a peripheral shoulder portion
      recessed with respect to said rim; and
PA1  a cast stone ring bonded to said recessed shoulder portion so that the
      grinding surface of said ring extends to at least the milling surface of
      said rim but not more than about 0.005 inch beyond said rim.
NUM  15.
PAR  15. In a set of milling wheels for home grain mills comprising a rotor
      adapted for mounting on a driven shaft with the milling surface of the
      rotor facing out from the end of the shaft and a stator adapted for
      mounting with its milling surface juxtaposed in registration with the
      milling surface of the rotor so that the registered milling surfaces
      together define a central cavity adapted to receive grain from an outside
      supply and to reduce said grain to grain particles as the rotor turns on
      its axis and a peripheral interface adapted to grind said particles to
      flour as they are urged from said central cavity outward by the spinning
      rotor, the improvement which comprises each wheel being constructed of:
PA1  a metal base element approximately the full diameter of said wheel and
      including that wheel's portion of said central cavity enclosed within a
      rim and a peripheral shoulder portion recessed with respect to said rim;
PA1  a cast stone ring bonded to said recessed shoulder portion so that the
      grinding surface of said ring extends to at least the milling surface of
      said rim; and
PA1  wherein the stator has a central bore to admit grain to said central cavity
      and a milling surface within said cavity including evenly spaced cutting
      teeth radiating from the proximity of the peripheral interface inward,
      each said tooth having a milling surface comprising a leading ramped
      portion with a rake angle, and the rotor has a milling surface within said
      central cavity including evenly spaced cutting teeth, of a number
      different from the number of such teeth associated with the stator,
      radiating from the proximity of the peripheral interface inward, each said
      tooth having a milling surface comprising a leading ramped portion with a
      rake angle opposed to the leading ramped portion of said rotor teeth so
      that grain is crushed between said ramped portions as the rotor turns on
      its axis.
NUM  16.
PAR  16. An improvement according to claim 15 wherein the metal base member of
      said rotor is formed from aluminum.
NUM  17.
PAR  17. An improvement according to claim 16 wherein the milling surfaces of
      said rotor base member are coated with a ferrous metal metallurgically
      bonded thereto.
NUM  18.
PAR  18. An improvement according to claim 17 wherein said metallurgically
      bonded coating is between about 3 and about 12 mils thick.
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ABST
PAL  A suction means and a severing means are located behind the friction drive
      drum to receive a yarn when the bobbin holder is lifted into a idling
      position and to sever the yarn when the holder is returned to the
      operating position with a fresh tube in place. The suction means and
      severing means are actuated via the holder and are positioned to one end
      of the fresh tube so that the short yarn end can be wound onto the tube in
      a reserve winding zone. The yarn is thereafter moved into the usual yarn
      traversing zone of the tube to form a bobbin.
PARN
PAR  This is a continuation-in-part of copending U.S. patent application Ser.
      No. 376,282 filed July 5, 1973, now abandoned.
BSUM
PAR  This invention relates to a method of forming reserve windings during the
      bobbin change on a spinning machine and an apparatus for implementing the
      method.
PAR  Open end spinning machines have been known in which a yarn is spun in a
      spinning unit, continuously taken off by take-off rolls and taken up on a
      bobbin disposed above and in contact with a drive drum. Heretofore, in
      order to carry out a bobbin change in such a machine, a holder or frame on
      which the full bobbin is mounted has been pivoted upwardly from the drive
      drum and the full bobbin removed, i.e. doffed, while the yarn which is
      still supplied has been severed by hand.
PAR  In order to free the hands of the operator for donning a fresh empty tube,
      the bobbin has been deposited on the machine or any other place and the
      free yarn end being delivered from the take-off rolls continuously and
      without interruption is taken off a traversing device for winding of the
      yarn across the bobbin and is placed into a suction device usually
      arranged between the take-off rolls and the winding position. Thereafter,
      the empty tube has been placed in the holder. Next, the holder has been
      lowered, i.e. brought into contact with the friction drive drum and the
      yarn end has been thrown onto the tube in any manner; the thread sticking
      to the tube owing to the adhesive properties of the tube. Then, the yarn
      is replaced in the traversing device and the build-up of the new bobbin
      started.
PAR  Since these operations have been performed manually, it has been proposed
      to automate the operations to effect a more economical operation. For
      example, it has been proposed to lift off the full bobbin automatically,
      to detach the bobbin from the holder and to drop and guide the bobbin onto
      a transporting belt, whereupon a fresh empty tube is automatically
      supplied from a tube storage and placed into the bobbin holder which is
      then brought into the operating position. The piece of yarn of a certain
      length extending from between the friction drive drum and the freshly
      placed tube on one hand and the dropped full bobbin on the other hand
      would be thrown in loop form by means of a blowing nozzle, without
      severing the yarn, onto the empty tube. The tube would then be driven so
      that the winding process is started and the yarn extending to the full
      bobbin necessarily torn off.
PAR  However, the manual as well as the fully automatic bobbin change process
      described above have the severe disadvantage that a formation of reserve
      windings is not possible, i.e. the inner yarn end of the bobbin is covered
      up and cannot be reached on the complete full bobbin. Furthermore, the
      fully automatic device is very complicated and expensive, as control
      elements and timing relays which must be adapted to the operating
      conditions each time (yarn count, delivery speed, etc.,) cannot be
      eliminated.
PAR  Accordingly, it is an object of the invention to form a yarn reserve on a
      bobbin in an automated manner.
PAR  It is another object of the invention to form reserve windings during a
      bobbin change while making use of the operationally less-loaded time
      periods of the operators and without incurring stoppages of operation or
      undesireable waste materials.
PAR  It is another object of the invention to form reserve windings in a simple
      manner so that the free yarn end is not covered over by the bobbin build
      windings.
PAR  It is another object of the invention to avoid disturbances during
      subsequent processing of bobbin wound yarns by unsuccessful attempts to
      free a covered yarn end.
PAR  It is another object of the invention to sever a yarn between a full bobbin
      and the reserve windings on a fresh bobbin reliably and neatly even at low
      yarn tension.
PAR  It is another object of the invention to reduce the risk of accidents to
      operating personnel on spinning machines.
PAR  It is another object of the invention to use a minimum of energy in
      effecting a yarn reserve during a bobbin change.
PAR  It is another object of the invention to create conditions under which,
      during a bobbin change on a staple fiber spinning machine, a yarn
      delivered by the spinning machine is sucked off in a simple manner by a
      suction device and the yarn delivered by the spinning machine after
      piecing-up on a new bobbin tube is severed reliably between the bobbin
      tube and the suction device, independently of the yarn count spun and of
      the fiber material processed.
PAR  Briefly, the invention provides a method and apparatus for forming reserve
      windings during a bobbin change on a spinning machine which allows for an
      automated operation.
PAR  The method includes the steps of initially lifting the wound bobbin from an
      operating position adjacent a friction drive drum to an idling position
      while continuously supplying yarn, e.g. from a spinning device, of
      displacing the yarn transversely, i.e. laterally, of the wound bobbin into
      a reserve winding path, of holding the yarn under a suction force while
      doffing the wound bobbin and donning a fresh empty tube, and of lowering
      the tube into the operating position while severing the held yarn
      immediately downstream of the tube relative to the supplied yarn shortly
      before or while the tube makes contact with the drive drum to form a short
      yarn end. The short yarn end is then automatically taken up on the tube in
      the reserve winding zone to form a plurality of reserve windings.
      Thereafter, the yarn is moved into the winding zone of the tube to build a
      bobbin.
PAR  The apparatus includes a holder for removably receiving a tube for winding
      of a bobbin thereon with the holder being pivotally mounted between an
      operating position and an idling position above said operating position, a
      friction drive drum mounted adjacent the operating position for driving
      the tube, a spinning device for supplying a yarn between said friction
      drive drum and said holder, a yarn suction means for holding a yarn and a
      yarn severing means for severing a yarn. The yarn suction means is
      positioned downstream of the friction drive drum relative to the supplied
      yarn for holding the yarn under suction. In addition, the suction means is
      positioned below the holder for actuation thereby upon movement of the
      holder towards the operating position in order to stop the suction of the
      suction means. The yarn severing means is also positioned downstream of
      the friction drive drum relative to the supplied yarn to sever a yarn held
      in the yarn suction means in order to produce a short yarn end. The yarn
      severing means is also positioned below the holder for actuation thereby
      upon movement of the holder towards the operating position.
PAR  The tube for taking up the regular bobbin package windings and the
      laterally arranged reserve windings is driven by friction while in contact
      with the friction drive drum so that the windings are formed while the
      yarn is traversed across the tube, e.g. by a yarn traversing means. A
      means is also provided for taking up and holding the yarn end delivered by
      a spinning device on the newly placed tube.
PAR  The yarn suction means and a yarn severing means are each mounted in close
      proximity behind the friction drive drum and approximately in the zone of
      the means for holding the yarn end on the tube. The suction means and
      severing means are arranged so that the holder upon being pivoted down
      activates the closing of the cutting means and the stopping of the suction
      of the suction means shortly before reaching the operating position.
PAR  In one embodiment, the bobbin holder is lifted manually and the yarn is
      introduced to the suction means. After doffing of the bobbin and donning
      of a fresh tube, the holder is lowered manually. The yarn is then severed
      and the reserve windings formed automatically. The return of the yarn to
      the traversing means is carried out manually.
PAR  In another embodiment, the yarn can be lifted off the traversing device and
      moved to the reserve winding zone automatically when the bobbin holder is
      lifted. The yarn can also be returned automatically to the traversing
      device as the bobbin holder is lowered.
PAR  In these embodiments, the tube can have an adhesive in the reserve windings
      zone to catch and hold the yarn end for winding purposes. Alternatively,
      the tube can cooperate with a clamping means on the holder so that the
      yarn end is initially clamped between the holder and one end of the tube
      prior to lowering of the holder. In this case, the holder has a guide
      means for directing a portion of the yarn to move into the reserve winding
      zone when the tube is secured in place.
PAR  In still another embodiment, instead of using a severing means, a clamping
      means is adjoined to the pivotal bobbin holder to clamp and hold the yarn
      between a suction means and the bobbin tube during the time of downward
      pivoting of the bobbin holder with a fresh tube to the operating position.
      Once the yarn begins to be wound into the reserve windings, the increase
      in tension serves to rupture the yarn between the clamping means and the
      tube. Thereafter, as the holder pivots upwardly under the force of the
      accumulated windings of the bobbin package, the severed yarn is released
      from the clamping means and sucked off.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 illustrates a schematic side view of an open end spinning machine
      having an apparatus according to the invention;
PAR  FIG. 2 illustrates a top view of the apparatus of FIG. 1;
PAR  FIG. 3 illustrates a cross-sectional view of a suction means and a cutting
      means according to the invention;
PAR  FIG. 4 illustrates a switching sleeve in the developed state for
      controlling the movements of the suction means and cutting means;
PAR  FIG. 5 illustrates an axonometric view of an alternative apparatus of the
      invention;
PAR  FIG. 6 illustrates a view of another alternative construction of part of
      the apparatus of the invention;
PAR  FIG. 7 illustrates a top view of a modified bobbin holder according to the
      invention;
PAR  FIG. 8 illustrates a view taken along line VIII--VIII of FIG. 7;
PAR  FIG. 9 illustrates a view of the bobbin holder as seen in the direction IX
      indicated in FIG. 7;
PAR  FIG. 10 illustrates a schematic side view of a winding device of an
      open-end spinning machine utilizing a yarn clamping means in accordance
      with the invention;
PAR  FIG. 11 illustrates an enlarged view of the yarn suction and clamping means
      of FIG. 10; and
PAR  FIG. 12 illustrates a top view of a winding position of the machine of FIG.
      10.
DETD
PAR  Referring to FIG. 1, the spinning machine includes an open end spinning
      device 1 which receives a staple fiber sliver 2 from a known source and
      forms the sliver 2 into a twisted yarn 3. The yarn 3 is then removed by a
      pair of takeoff rolls 4 and wound onto a bobbin 5. The bobbin 5 is
      disposed in an operating position and is frictionally driven by a friction
      drive drum 6. A suction nozzle 7, known per se, is provided above the
      take-off rolls 4 to take up the yarn e.g. in case of an end breakage, and
      is connected to an exhaust duct 8 extending along the inside of the
      machine. A second connectable suction means 9 also extends from the
      exhaust duct 8 and is combined with a thread cutting means 10. The bobbin
      5 is held laterally by a two-armed holder 11, the arms 12 and 13 (FIG. 2)
      of which tend towards each other in spring-like fashion and are moved away
      from each other, in any suitable manner, for doffing a full bobbin or for
      donning a fresh bobbin tube 14.
PAR  The yarn suction and cutting means 9, 10 are arranged as close as possible
      to the vicinity of the friction drive drum 6 or the tube 14 in its
      operating position respectively, as well as to the vicinity of the
      vertical pivoting plane of the holder arm 12. A plate 15 is mounted on the
      arm 12 in the region of the yarn suction means to act as a cam for
      activating the yarn suction and cutting means 9, 10. Also, a thread guide
      16 is positioned in front of the friction drive drum 6 to traverse across
      a yarn winding zone H and a guide plate 17 is arranged upstream of the
      thread guide 16. This guide plate 17 is provided with a notch 18 at a
      distance a outside the winding zone H into which the yarn can be placed.
      The notch 18 and the centerlines of the suction and cutting means 9, 10
      are arranged at about the saem lateral distance a from the winding zone H.
PAR  The bobbin tube 14 placed into the holder 11 is provided with an adhesive
      reserve winding zone 19 spaced laterally at the same distance a, as above,
      from the yarn winding zone H. The reserve winding zone 19 can be provided
      in the form of a roughed surface, a flocked surface or in the form of a
      circumferential recess with notches which during the bobbin change take up
      and hold the yarn as described in more detail later on.
PAR  Referring to FIG. 3, the yarn suction and cutting means 9, 10 consists of a
      cutting and sealing piston 20 which is axially movable but secured against
      rotation within a housing 21 and held by a spring 22 in an upper suction
      and readiness position for cutting. The upper part of the piston 20 is
      provided with a recess 23 or suction opening which merges into a central
      bore 24 extending vertically downwards into the exhaust duct 8. A vacuum
      is supplied to the recess 23 via the bore 24 by the exhaust duct 8. In
      addition, a rotatably arranged switching sleeve 25 is mounted between two
      rings 26, 27 with grooves 28, 29, 30 (shown enlarged and in the developed
      state) being arranged in the outer surface of sleeve 25 into which a pin
      31, mounted in the housing 21, protruces. If the piston 20 is depressed
      down from an upper suction position, as shown in FIG. 3, the sleeve 25
      moves down with the piston 20 and is guided by the pin 31 protruding into
      the groove 28. The pin 31 thus moves, relative to the sleeve 25, up from
      the position Z causing the sleeve 25 to be rotated until the pin 31
      reaches the position X. In this manner, the recess 23 is sealed by being
      retracted within housing 21 and the suction air stream is interrupted.
      Thus, the piston 20 and housing 21 by being mounted in the path of the
      holder 11 serve as a means for terminating the suction on a held yarn upon
      movement of the holder towards the operating position.
PAR  If the pressure on the piston 20 is released, the piston 20 including the
      sleeve 25 move up until the pin 31 reaches a rest position Y, i.e. the
      piston 20 remains still inside the housing 21 so that the recess 23
      remains sealed and the suction action thus remains ineffective. If a
      downward pressure is applied again on the piston 20, the pin 31 reaches
      via the groove 29, as the sleeve 25 rotates further, and remains in a
      relative position Z' for a short time. As the pressure is subsequently
      released, the piston 20 and the sleeve 25, guided by the groove 30, move
      up fully, the pin 31 moving, relative to the sleeve 25, down in the groove
      30 and reaches position Z again. The sleeve 25 then again is in its
      initial position indicated in FIG. 3. Thus, upon a first application and
      release of pressure the piston 20 does not move up so far that the recess
      23 is unsealed. Only upon a second application and release does the piston
      20 move up fully.
PAR  As shown in FIG. 3, the cutting or severing means 70 is formed by a cutting
      edge 32 on the upper edge of the housing 21 and a cutting edge 33 about
      the suction opening 23 of the piston 20.
PAR  In operation, if the bobbin 5 is full, or if its desired diameter is
      reached, the bobbin 5 on the holder 11 is lifted off the friction drive
      drum 6 by hand into an upper idling position and is held there by a
      catching device (not shown) as indicated with dash-dotted lines in FIG. 1.
      The yarn is then lifted off the traversing thread guide 16 and placed in
      the notch 18 of the yarn guide plate 17. The bobbin 5 is then taken off by
      detaching the bobbin tube 14 from the holder 11 and is deposited on the
      machine, e.g. on a transporting belt, or any other place. The yarn
      extending to the full bobbin is then brought by hand to the suction means
      9 after the piston 20 has been pushed downwardly by an operator. The yarn
      is then sucked into the opening 23 so that a loop of yarn is formed within
      the piston 20. Subsequently, an empty tube 14 is placed into the holder
      11. Owing to the lateral distance a of the suction means 9 from the
      regular yarn winding zone H, the yarn extends outside the yarn winding H
      about at a distance a. The yarn also extends in a path from the notch 18
      to the suction means 9. This yarn path also coincides with the region of
      the adhesive reserve winding zone 19 on the tube 14 and the piston 20 is
      arranged exactly in the pivoting zone of the plate 15 which pivots
      together with the holder 11.
PAR  Next, the holder 11 with the empty tube 14 thereon is pivoted downward
      until the plate 15 first contacts the piston 20. As the holder 11 pivots
      further, the piston 20 is lowered so far that the suction recess 23
      disappears and is sealed by the housing 21; the piston 20 reaching its
      lowest position (FIG. 1) as the holder 11 reaches its lowest operating
      position. The yarn which is under very low tension due to the suction
      force is thus reliably severed in close vicinity to the contacting line of
      the tube 14 by the scissor action of the knife-edged upper cutting edge 32
      of the housing 21 and the edge 33 on the piston 20. The short yarn end
      which results is brought into contact with the adhesive zone 19 of the
      tube 14 at the very moment in which the tube 14 contacts the friction
      drive drum 6 and starts rotating. Thus, the extremely short yarn end is
      taken up and held by the zone 19 at the side of the tube 14 and by the
      following revolutions, yarn reserve windings 34 are formed to cover the
      free yarn end. As a next step, the yarn is placed into the traversing
      thread guide 16, and the regular bobbin package build is started over the
      yarn winding zone H. Once the bobbin has reached a desired diameter, the
      bobbin change process is initiated anew.
PAR  In the method described above, the steps of suction, severing and taking up
      the yarn end on the tube are automated, and the other steps are effected
      manually by the operator. These processes by themselves, however, are
      decisive for simple operation and for reliably forming yarn reserve
      windings that can be used effectively. There are, however, possibilities
      of further automating the procedure if desired and if increased
      expenditure is justified.
PAR  For example, referring to FIG. 5, the yarn can be also lifted off the
      traversing device (not shown) and laterally moved into the region of the
      adhesive zone of the bobbin tube automatically as the bobbin is lifted.
      Furthermore, the yarn can be brought back into the traversing guide
      automatically, as the empty bobbin tube is brought into contact with the
      friction drive drum. To this end, the apparatus includes a pivoting axle
      35 on which a bobbin holder 36 is mounted along with a freely pivotable
      lever 39 consisting of two arms 37 and 38. One arm 38 is provided with an
      extension 40 to which a connecting member 41 is linked at one end with the
      other end linked to an angled end 42 of a rod 44 rotatably arranged in a
      support 43. The front end of the rod 44 carries a yarn guide member 45
      which is pivotal clockwise from a horizontal position, indicated by broken
      lines, by somewhat more than 90.degree., to an approximately vertical rest
      position. The rod 44 is activated by the upward pivoting motion of the
      bobbin holder 36 as the arm 37 contacts a transverse member 46 of the
      holder 36. A tension spring 47 also acts on the arm 38 to effect a setting
      back of the lever 39 as soon as the transverse member 46 releases a
      ratchet 48 from a pin 49 mounted on the arm 38 as the holder 36 is pivoted
      down. This occurs at the moment in which the tube contacts the friction
      drive drum 56. In addition, a dampening device 50 is provided for the
      lever 39 while a yarn guide plate 51 is fixed to the support 43 behind the
      yarn guide member 45 in its vertical position. This plate 51 has an
      inclined yarn guide edge 52 which extends towards the inside.
PAR  A mechanism for automatically taking yarn off the yarn traversing means
      (not shown) i.e. yarn guide, is connected to the bobbin holder for
      actuation by the holder upon pivoting of the holder toward the idling
      position. This mechanism includes a rod 54 mounted in the arm 38 in a
      bracket 53 on the support 43 towards the front. The rod 54 has a curved
      front part 55 which in an idling position is outside the regular yarn path
      slightly below a traversing and drive drum 56.
PAR  In operation, as the bobbin holder 36 is pivoted up, the rod 54 slides
      forward owing to the pivoting motion of the lever 39 and lifts the yarn 57
      (the position of which is indicated with dash-dotted lines in FIG. 5) off
      grooves 58 in the traversing and drive drum 56 into the position indicated
      with solid lines in which position the yarn guide member 45 can easily
      take up the yarn. As above, a suction and cutting means 59 is arranged
      behind the traversing and drive drum 56 in analogous manner.
PAR  In this embodiment, once a bobbin 60 is full, the holder 36 is pivoted up
      until the traverse member 46 pivots the lever 39 and the rod 54 lifts the
      yarn off the groove 58, i.e. off the traversing device. Simultaneously,
      the yarn is taken up by the yarn guide element 45 pivoting into the
      vertical position and is pushed along the guide edge 52 towards the
      outside and upwards until the lever 39 comes to rest in the end position.
      The yarn then has reached the position indicated with broken lines in FIG.
      5. The full bobbin 60 is now detached by hand from the holder 36 and the
      yarn is brought to the suction opening 61 of the suction means 59. Then, a
      fresh empty tube 62 is placed into the holder 36 and the holder 36 is
      lowered again. The yarn delivered into the suction opening 61, forming a
      loop in the bore 24 or in the exhaust duct 8, is severed shortly before
      the holder 36 reaches the operating position again by the cutting means
      (not shown in detail) which is combined with the suction means 59 in close
      vicinity of the empty tube 62 or of the traversing and drive drum 56,
      respectively. The free end of the continuously supplied yarn is thus
      immediately taken up by an adhesive zone 63 of the tube 62 and the
      formation of yarn reserve windings is effected. In the meantime, the yarn
      guide member 45 and the rod 54 return into their idling position under the
      influence of the spring 47 and of the dampening device 50. As the yarn is
      now no longer held by the suction means 59 in the lateral position
      corresponding to the adhesive zone 63 of the tube 62, the yarn tends to
      move back upon formation of a few reserve windings towards the middle part
      of the bobbin tube 62 on the guide edge 52 and to be caught in the
      traversing groove 58 again, whereupon the regular winding process is
      resumed.
PAR  The yarn reserve windings 64 formed on the tube 62 at the beginning of a
      bobbin package building process are shown on the full bobbin 60 in the
      lifted-off position.
PAR  In case the tube has no adhesive zone for taking up the yarn, the apparatus
      can be constructed to accommodate such a tube. For example, referring to
      FIG. 6, wherein like reference characters indicate like parts as above, a
      clamping means such as a disc 67 is slidably supported on the left side
      arm 65 of a bobbin holder along with a plate 66 for activating the suction
      and cutting means 59. This disc 67 is brought, or held respectively, in a
      clamping position with the tube 70 by a lever 68 and a compression spring
      69 mounted on the arm 65. The lever 68 is held in a non-clamping position
      by a retaining device 71.
PAR  As shown, when a tube 70 is being donned, the yarn extends from the yarn
      guide member 45 and the guide edge 52 between the disc 67 and the face
      side of the tube 70 and is held in readiness position by hand. After the
      arm 65 is lowered, the retaining device 71 is released by hand and the
      disc 67 contacts the face side of the tube 70 (position indicated with
      broken lines) so that the tube 70 is clamped. The yarn is immediately
      clamped and, at the same time, is shifted by a rod 72 moving together with
      the disc 67 into the position in which the reserve windings are to be
      formed on the tube 70. The short yarn end severed by the suction and
      cutting means 59 while the arm 65 is brought into the operating position
      is thus held between the face side of the tube 70, where the yarn is
      clamped, and the position of the reserve windings as determined by the rod
      72.
PAR  Alternatively, referring to FIG. 7, where a tube without an adhesive zone
      is used, the bobbin holder can consist of two coupled arms 73, 74 known as
      such which tend towards each other in spring-like fashion. These arms 73,
      74 are adaptted to manually receive an empty bobbin tube 70 and are
      pressed apart so far that the arm 74 with a cam 77 contacts a piston 75 of
      a suction and cutting means 76 (FIG. 8). At the same time, the arm 74 is
      supported by a support 78 rigidly connected to the machine frame so that
      the arm 74 cannot reach its lowest position. Furthermore, a lever 79 is
      pivotably mounted on the arm 74 to one side while a member 80 is pivotally
      connected on the outer side of the arm 74 in such a manner that the end of
      te member 80 is inserted into a slot 81 (FIG. 8) of the piston 75 when the
      arm 74 contacts the support 78 and the cam 77 laterally contacts the
      piston 75. As shown, the member 80 is pivotally connected to the lever 79
      which passes through the arm 74. The inside of the arms 73, 74 are
      equipped with rotatably supported discs 82 for taking up the tube 70.
PAR  As shown in FIG. 7, during donning, the yarn extending to the full bobbin
      passes along the yarn guide member 45 which is pivoted into its upright
      position and along the yarn guide edge 52 to the yarn suction opening 83
      (FIG. 8) at the side of the manually held tube 70 to be placed into the
      holder (compare FIG. 7) and at a height corresponding to the face side of
      the tube 70, or the discs 82, respectively, while the arm 74 is still
      supported. If now the lever 79 is pressed down, the piston 75 is activated
      by the member 80 and lowered so that the yarn is cut. At the same time,
      the arm 74 is also released for horizontal movement towards the inside
      (i.e. the lowering of the piston 75 below the cam 77 allows the arm 74 to
      move to the left as viewed) and the tube 70 is clamped between the discs
      82. The yarn positioned between the disc 82 and face side of the tube 70
      is thus clamped. As the clamping action is effected, the arm 74 drops from
      the support 78 into the position indicated with broken lines in FIG. 8 and
      the empty tube 70 thus contacts the friction drive drum 56 arranged below.
      At the same moment, a reserve rod 80 (FIG. 7) shifts the yarn onto the
      tube 70 up to the zone of the reserve windings where the reserve windings
      are now formed, the short free end of the yarn being bound in the process.
      The yarn guide element 45 is pivoted back into the idling position as the
      retaining device 48 (FIG. 5) is released at the moment in which the tube
      70 contacts the drive drum 56, whereupon the regular traversing motion is
      resumed.
PAR  Referring to FIG. 10, wherein like reference characters indicate like parts
      as above, the spinning machine for staple fibers delivers yarn 3 from the
      spinning device by a pair of take-off rolls 4 and winds the yarn onto a
      bobbin tube 14 which in its operating position contacts a friction drive
      drum 6 and is frictionally driven so as to rotate. A sealable suction
      means 85 is positioned downstream of the drive drum 6 relative to the
      supplied yarn 3 for holding the yarn 3 under suction at a first position.
      To this end, the suction means 85 has an orifice located immediately
      behind and in alignment with an adhesive zone 19 (FIG. 12) on the bobbin
      tube 14. The suction means 85 also has a pivotally mounted cover 88
      attached to a cover plate 87 (FIG. 11) of the spinning machine for
      selectively opening and closing the orifice. Also, the suction means 85
      has a notch 86 in communication with the orifice, i.e. adjoining the
      orifice, and which is disposed in a position outside the cover 88 when the
      cover 88 closes the orifice and on the side facing the bobbin tube 14.
      Thus, a small suction duct is formed by the notch 86 and the cover 88
      which always remains open. In order to seal the suction orifice, the
      underside of the cover 88 is provided with an elastic layer 89. A rubber
      bumper 90 is also mounted on the upper side of the cover 88 to support the
      cover 88 in an opened state on the cover plate 87. The elastic layer 89
      and the rubber bumper 90 can also be formed in one piece; the bumper 90
      protruding through and being held in place by an opening provided in the
      cover 88.
PAR  Referring to FIGS. 10 and 11, a means is mounted on the holder 11 for
      selectively clamping the yarn 3 in a second position between the suction
      device and the bobbin tube 14 with the holder 11 in the operating
      position. This means includes a two-legged yarn guide plate 91 having one
      leg 93 mounted onto a cover plate 94 of the spinning machine to secure the
      plate 91 in a stationary position and a depending leg 92. The yarn guide
      plate 91 has a crest or bent portion for passage of the yarn 3 and a notch
      95 in the crest which guides the yarn 3 in a predetermined path in the
      middle of the guide plate 91. In addition, the means includes a clamping
      plate 97 which is mounted on the holder 11. As shown, the plate 97 is
      secured on an arm 12, which together with an arm 13 supports the bobbin
      tube 5. The plate 97 is adjustably arranged in such manner that its
      position on the arm 12 can be adapted to the diameter of the bobbin tubes
      14 used. On the right hand side, the plate 97 is provided with an elastic
      leg with a lower longitudinal edge 98 extending parallel and opposite to
      the leg surface 93 of the yarn guide plate 91 to selectively abut the
      plate 91 to clamp the yarn 3 therebetween. The plate 97 is dimensioned to
      selectively abut and be pressed against the guide plate 91 as the holder
      11 is lowered completely.
PAR  In order to maintain sufficient contact pressure between the lower edge 98
      of the clamping plate 97 and the leg surface 93 of the guide plate 91,
      even if the diameters of the bobbin tubes 14 vary slightly, the yarn guide
      plate 91 is elastically yieldable. Instead of, or in addition to, the yarn
      guide plate 91 also the cover plate 94 can be elastically yieldable. on
      the left hand side, the plate 97 is provided with a leg member, the
      inclined position of which causes the cover 88 of the suction means to be
      closed as the holder 12 is lowered. That is, the cover 88, when opened, is
      disposed in the path of the plate 97 on the holder 11 to be moved into the
      closed position.
PAR  The apparatus is operated as follows:
PAR  If the bobbin package 5 is completed or, respectively has reached the
      desired diameter (FIG. 10) the bobbin package 5 is lifted off the friction
      drive roll 6 by lifting the handle on the holder 11 and the holder 11 is
      held in the lifted position (indicated with dash-dotted lines in the upper
      position in FIG. 10) by a stop mechanism (not shown). After the yarn has
      been manually lifted off a traversing thread guide 16 and has been placed
      into a notch 18 of a thread guide plate 17, the bobbin package 5 is then
      doffed by unclamping the bobbin tube 14 from the holder 11 and deposited
      on the machine, e.g. on a transporting belt, or elsewhere. After manual
      opening of the cover 88, the yarn which trails off from the full bobbin
      package is then brought to the suction means 85 by hand in such manner
      that a growing loop is formed in the suction means 85 which loop is sucked
      in. The yarn extending from the suction means to the deposited full bobbin
      package then is severed by hand and the bobbin package 5 can be
      transported off.
PAR  Subsequently, an empty bobbin tube 14 is clamped into the holder 11 which
      is still in the idling position. The lateral distance a to the suction
      means 85 ensures that the yarn extends laterally outside the regular yarn
      traversing zone H about at a distance a from the notch 18 through the
      notch 95 in the guide plate 91 towards the suction means 85.
PAR  The holder 11, into which the empty bobbin tube 14 is clamped, is again
      pivoted down. In this step, the angled back end of the plate 97 closes the
      cover 88 and the plate 97 contacts the leg surface 93 of the guide plate
      91. Due to the clamping action of the lower edge 98 of the clamping plate
      97 and the leg surface 93, the yarn feebly tensioned by the action of the
      suction means 85 is clamped in very close vicinity to the contacting point
      of the bobbin tube 14 and the advancing free yarn loop is brought into
      contact with the adhesive zone 19 of the bobbin tube 14 at the moment at
      which the bobbin tube 14 starts rotating under the influence of the
      friction drive drum 6. If the yarn loop has formed a sufficient wrap angle
      on the bobbin tube 14, the yarn between the bobbin tube 14 and the
      clampaing point is ruptured. The subsequently formed warps create a yarn
      reserve which covers the short free yarn end.
PAR  In a next step, the yarn is placed manually into the thread traversing
      guide 16 and the regular bobbin package build over the lift H can be
      started. As the bobbin package diameter increases, the lower edge 98 again
      moves away from the guide plate 91. Thus, the yarn portion clamped there
      is freed and is sucked off via the suction duct formed by the notch 86 and
      the cover 88. The clamped yarn portion can also be sucked off immediately,
      however, if the holder 11 is lifted for a short time after the yarn is
      placed onto the new bobbin tube. As soon as bobbin package has reached a
      desired diameter, the bobbin change process is started again.
PAR  This above embodiment not only forms the yarn wrap reserve or reserve
      windings desired for the further processing of the bobbin package but
      also, as the yarn is ruptured in very close vicinity to the winding point,
      prevents the short yarn end which is generated from extending from the
      adhesive zone 19 of the bobbin tube 14 out of the yarn wrap reserve into
      the regular thread traversing zone 14 where the end could be bound in by
      the regular package build. Thus, the yarn wrap reserve 34 can be
      subsequently taken off the bobbin tube 14 easily and the process of
      piecing the end to the subsequent bobbin package in the next processing
      step can be shortened.
PAR  In the apparatus described above the processes of suction, of clamping and
      of thread catching on the bobbin tube are automated, while the other
      manipulations are effected manually by the operator. The above-mentioned
      processes, however, in themselves are decisive for easy operation and for
      reliably generating a suitable yarn wrap reserve or reserve windings.
      There are, however, possibilities of further automating the apparatus if
      desired and if a more complicated and expensive construction is justified.
PAR  The term "short yarn end" used in the above description to describe the end
      of the yarn cut by the cutting means is understood to designate a yarn end
      of a length corresponding to about half the circumference or shorter of
      the fresh tube in the bobbin holders.
PAR  The formation of yarn reserve windings according to the invention is
      advantageous insofar as the method can be applied by untrained operators
      without disturbances insofar as the apparatus, due to its simplicity, can
      also be operated and maintained by untrained operators without
      disturbances. Since the reserve windings are always formed at the same
      bobbin side, no difficulties are encountered in further processing. For
      example, in creeling the bobbins, the reserve winding can be presented at
      all processing positions in the same manner. Thus, during unwinding of the
      yarn, balloons of adjacent bobbins all rotate in the same direction
      desired, namely in the direction for which the yarn guide elements are
      laid out.
PAR  Primarily, the short yarn end allows the achievement of great reliability
      in the subsequent processing of the yarn. Also, as far as tube quality is
      concerned, only minimal requirements are needed.
PAR  The method of forming yarn reserve windings as described is also feasible
      at the most diverse yarn winding tenlevels, as e.g. required for weft
      yarns to be woven on shuttle-less weaving machines, on one hand, and for
      drying bobbin packages on the other hand. Application of the inventive
      method is very flexible since it can be carried out whether the bobbin
      change is effected by hand or fully automatically. As the method permits
      fast operation, the amount of waste yarn produced is low and also the
      consumption of suction air for eliminating the yarn loop is insignificant.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming reserve windings during a bobbin change on a
      spinning machine wherein a wound bobbin is removed from the machine and an
      empty tube is placed in the machine comprising the steps of
PA1  lifting the wound bobbin from an operating position to an idling position
      for making a bobbin change;
PA1  continuously supplying yarn from a spinning device during said bobbin
      change;
PA1  displacing the continuously supplied yarn transversely of the wound bobbin
      into a reserve winding path;
PA1  holding the displaced yarn under a suction force at a first position while
      doffing the wound bobbin and thereafter donning the empty tube;
PA1  lowering the empty tube into said operating position while simultaneously
      clamping the yarn at a second position upstream of said first position;
PA1  thereafter winding the yarn for a plurality of reserve windings onto the
      empty tube in a reserve winding zone to impart a sufficient tension in the
      yarn between said second position and the tube to rupture the yarn
      therebetween and to form a short yarn end for winding into the reserve
      windings; and
PA1  thereafter moving the supplied yarn from said reserve winding zone
      transversely of the tube into a yarn winding zone of the tube spaced
      laterally from the reserve winding zone to build a bobbin.
NUM  2.
PAR  2. A method as set forth in claim 1 which further comprises the step of
      unclamping the ruptured yarn at said second position in response to a
      subsequent lifting of the tube.
NUM  3.
PAR  3. An apparatus for forming reserve windings comprising
PA1  a holder for removably receiving a tube for winding of a bobbin thereon,
      said holder being pivotally mounted between an operating position and an
      idling position above said operating position;
PA1  a friction drive drum mounted adjacent said operating position for driving
      a tube removably mounted in said holder;
PA1  a spinning device for supplying a yarn between said friction drive drum and
      said holder;
PA1  a yarn suction means positioned downstream of said friction drive drum
      relative to the supplied yarn for holding the yarn under suction, said
      suction means being positioned below said holder and including means in
      the path of said holder for terminating the suction of said suction means
      on a held yarn movement of said holder towards said operating position;
      and
PA1  a yarn severing means positioned downstream of said friction drive drum
      relative to the supplied yarn for severing a yarn held under suction in
      said yarn suction means to produce a short yarn end, said yarn severing
      means being positioned below and in the plane of said holder and including
      means in the path of the holder for actuating said yarn severing means
      upon movement of said holder towards said operating position to sever a
      yarn.
NUM  4.
PAR  4. An apparatus as set forth in claim 3 wherein said suction means includes
      a housing, a piston slidably mounted in said housing and including a
      suction opening therein for receiving a yarn, and a spring in said housing
      for biasing said piston out of said housing to expose said suction
      opening.
NUM  5.
PAR  5. An apparatus as set forth in claim 4 wherein said severing means
      includes a first cutting edge on said housing and a second cutting edge on
      said piston, said cutting edges being positioned to sever a yarn upon
      movement of said piston into said housing to seal said suction opening.
NUM  6.
PAR  6. An apparatus as set forth in claim 5 wherein said second cutting edge is
      disposed about said suction opening and said cutting edge is positioned at
      an end of said housing.
NUM  7.
PAR  7. An apparatus as set forth in claim 3 wherein said holder includes a cam
      for pressing said piston into said housing against said spring upon
      movement of said holder from said idling position to said operating
      position.
NUM  8.
PAR  8. An apparatus as set forth in claim 7 wherein said piston is manually
      operable with said holder in said idling position.
NUM  9.
PAR  9. An apparatus as set forth in claim 8 wherein said piston is movable
      between an upper position to receive a yarn, a retracted position to seal
      said suction opening, and an intermediate rest position with said suction
      opening within said housing.
NUM  10.
PAR  10. An apparatus as set forth in claim 3 wherein said suction means
      includes a suction opening for receiving a yarn and said severing means
      has an edge for sealing said suction opening upon movement of said holder
      towards said operating position.
NUM  11.
PAR  11. An apparatus as set forth in claim 3 wherein said suction means remains
      in a rest position during an upward pivoting movement of said holder in
      said operating position.
NUM  12.
PAR  12. An apparatus as set forth in claim 3 wherein said severing means
      remains closed during an upward pivoting movement of said holder in said
      operating position and is opened upon pivoting of said holder into said
      idling position.
NUM  13.
PAR  13. An apparatus as set forth in claim 3 further comprising a yarn
      traversing means for moving the yarn laterally of said holder to wind a
      bobbin on a tube mounted in said holder, and a mechanism connected to said
      holder for actuation upon pivoting of said holder toward said idling
      position for taking the yarn off said yarn traversing means prior to said
      holder reaching said idling position.
NUM  14.
PAR  14. An apparatus as set forth in claim 13 wherein said mechanism is movable
      into an idle position upon movement of said holder from said idling
      position thereof towards said operating position.
NUM  15.
PAR  15. An apparatus as set forth in claim 14 which further includes a guide
      means connected to said holder for guiding a yarn taken off said
      traversing means into a reserve winding zone spaced from said traversing
      means.
NUM  16.
PAR  16. An apparatus as set forth in claim 15 wherein said guide means is
      movable into an idle position upon movement of said holder from said
      idling position thereof towards said operating position.
NUM  17.
PAR  17. An apparatus for forming reserve windings comprising
PA1  a holder for removably receiving a tube for winding of a bobbin thereon,
      said holder being pivotally mounted between an operating position and an
      idling position above said operating position;
PA1  a friction drive drum mounted adjacent said operating position for driving
      a tube removably mounted in said holder;
PA1  a spinning device for supplying a yarn between said friction drive drum and
      said holder;
PA1  a yarn suction means positioned downstream of said friction drive drum
      relative to the supplied yarn for holding the yarn under suction at a
      first position; and
PA1  means mounted on said holder for selectively clamping the yarn in a second
      position between said first position and a tube on said holder with said
      holder in said operating position.
NUM  18.
PAR  18. An apparatus as set forth in claim 17 wherein said means for clamping
      includes a yarn guide plate mounted in a stationary position on the
      machine and a clamping plate mounted on said holder opposite said guide
      plate to selectively abut said guide plate to clamp the yarn therebetween.
NUM  19.
PAR  19. An apparatus as set forth in claim 18 wherein said yarn guide plate has
      a crest for passage of the yarn thereover and a notch in said crest for
      guiding the yarn in a predetermined path.
NUM  20.
PAR  20. An apparatus as set forth in claim 18 wherein one of said yarn guide
      plate and said clamping plate is elastically yieldable.
NUM  21.
PAR  21. An apparatus as set forth in claim 18 wherein each of said yarn guide
      plate and said clamping plate is elastically yieldable.
NUM  22.
PAR  22. An apparatus as set forth in claim 18 wherein said clamping plate is
      adjustably mounted on said holder.
NUM  23.
PAR  23. An apparatus as set forth in claim 17 wherein said yarn suction means
      includes an orifice at said first position to receive a yarn therein, said
      orifice being positioned immediately behind said second position.
NUM  24.
PAR  24. An apparatus as set forth in claim 23 wherein said yarn suction means
      includes a cover for selectively opening and closing said orifice, said
      cover being disposed in the path of said means on said holder to move into
      a position closing said orifice upon movement of said holder to said
      operating positon.
NUM  25.
PAR  25. An apparatus as set forth in claim 23 wherein said yarn suction means
      further includes a notch in communication with said orifice and disposed
      in a position outside said cover when said cover closes said orifice.
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ABST
PAL  Means associated with a yarn package building mechanism such as a winder
      automatically to assure that the package is built to a predetermined
      diameter, thus assuring that such packages are efficiently used in
      subsequent processes. The invention provides a simple, economical
      attachment which may be placed on existing winders and other package
      builders without major change therein. The mechanism incorporates a knife
      which is engaged by the oscillating thread as it is level wound onto the
      package, the knife being raised as the package is built, so that finally
      the thread engages the knife and is cut, thus stopping the building of the
      package.
BSUM
PAR  This invention relates to apparatus for building uniform size packages of
      yarn on winding machines and similar mechanisms used in the textile arts.
PAR  In the art to which this invention relates there is a need for uniform
      packages of yarn in textile operations. For instance, when packages of
      yarn are to be wound on warp beams for weaving it is desirable that the
      packages contain substantially the same number of linear feet of yarn so
      that when the ends are wound on the beam there will be a minimum of
      wastage of yarn due to some of the packages having more or less yarn that
      others. If one package contains less linear footage of yarn than the
      remaining packages the winding on the beam has to cease when the first
      package is used up, thereby resulting in waste of the remaining yarn on
      the other packages.
PAR  My invention contemplates a simple, readily adaptable cut-off member for
      the yearn in the form of a knife. The knife is so mounted that when the
      package builds up to a certain diameter the knife thereby is automatically
      brought into position to be engaged by the oscillating yarn as it level
      winds on the package. This severs the yarn and stops the building of the
      package.
PAR  More in detail, my invention contemplates mechanism of the character
      designated which may consist essentially of an arm which is pivoted
      adjacent its upper end, preferably below one side of the cradle for the
      package. As will be understood, the cradle itself is mounted for pivotal
      movement about a stationary shaft carried by the frame of the machine so
      that as the package builds in size the end of the cradle carrying the
      spool for the package moves upwardly. On the end of the arm I secure a
      knife holder and a knife, preferably as herein described, the holder
      having an upwardly opening notch with a cutting edge or edges of the knife
      or knives forming a side of the notch. Secured to the pivoted arm
      intermediate its ends is a vertical arm which has a portion extending over
      a side of the package cradle. Adjustment means in the form of a bolt or
      the like is provided between the vertical arm and the cradle so that as
      the package approaches a predetermined size the adjustable stop carried by
      the vertical arm is engaged by the cradle, thereby to raise the pivoted
      arm and hence the knife. In view of the fact that the thread is being
      oscillated back and forth longitudinally of the package for level winding
      purposes, as soon as the entrance end of the notch in the knife holder
      reaches the level of the thread, the thread is trapped therein on one of
      its oscillating motions, engages the knife, and is severed.
DRWD
PAR  Apparatus illustrating features of my invention is shown in the
      accompanying drawings forming a part of this application in which:
PAR  FIG. 1 is a somewhat fragmental, diagrammatic isometric view showing my
      invention applied to a package building station of a winding machine at
      which a package of yarn is being wound;
PAR  FIG. 2 is a plan view partly broken away and in section;
PAR  FIG. 3 is a detail sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 4 is an isometric view to an enlarged scale of the knife carrying arm;
PAR  FIG. 5 is a fragmental, front view of the knife carrying end of the arm
      drawn to an enlarged scale; and
PAR  FIG. 6 is a detail sectional view taken along the line 6--6 of FIG. 5.
DETD
PAR  Referring now to the drawings for a better understanding of my invention I
      show the same in association with one package building section or station
      of an existing winding machine. Thus, the winding machine in question may
      incorporate a longitudinally extending rod 10 secured to the end frames,
      not shown. Pivotally surrounding the shaft 10 is a support housing 11 for
      a package cradle which is generally indicated by the numeral 12. The
      cradle 12 may comprise the rearmost piece or block 13 secured in suitable
      fashion to the member 11. The cradle also incorporates a rear plate or leg
      member 14 and integrally formed with member 14 is an arm 16. Mounted in
      the forward end of the arm 16 is a bearing member 17 which is adapted
      rotatably to receive one end of a cone, spool, bobbin or the like 18 on
      which the yarn Y is to be wound, thus to form the package P as shown in
      the drawings.
PAR  The other leg or side 19 of the cradle 12 may be pivotally mounted as at 21
      to the back plate member 14. This leg or side of the cradle also carries a
      bearing member 22 adapted to fit into the opposite end of the cone or the
      like 18. A handle 23 is secured to the side 19 so that when doffing the
      package the entire side 19 may be pivoted outwardly, namely, to the left
      as viewed in FIG. 2, so that the package may be removed.
PAR  The apparatus also includes a driven shaft indicated at 24. Beneath each
      package to be formed is a drum 26 against which the periphery of the
      spool, bobbin or the like engages so that it is rotated, the drum thus
      being effective to drive the package throughout its formation and as it
      builds up.
PAR  Also carried by the machine and as a standard part thereof is a traversing
      rod 27. Each station is provided with a thread guide 28, secured to the
      traversing rod 27. As the yarn feeds onto the package the rod oscillates
      back and forth, moving the guide 28, thus level winding the yarn on the
      package.
PAR  The foregoing represents generally and in diagrammatic fashion one form of
      winding apparatus with which my invention may be associated. As will later
      appear, my invention may with equal facility be associated with various
      kinds of apparatus in which the package is built up by winding yarn
      thereon and wherein it is desired to stop the building of the package when
      the package reaches a predetermined diameter.
PAR  My invention may conveniently be applied to the apparatus shown by mounting
      a plate 29 adjacent the rear of the arm 16. The plate 29 pivotally
      receives as at 31 one end of a knife arm 32. The arm 32 has a transversely
      extending knife carrying end portion 33 having an open mouth notch 34
      therein.
PAR  For reasons later to be explained, mounted on each side of the arm 33 and
      associated with the notch 34 so as to have their cutting edges form one
      side of notch and to engage the yarn are razor blade-like knives 36. The
      knives are accurately located and held in place by a bolt 35, and 35.sup.a
      therefor and pins 35.sup.b.
PAR  Intermediate the ends of the knife arm 32 I adjustably secure thereto an
      arm 37. As shown in FIG. 4, the arm 37 is provided adjacent its lower end
      with a longitudinally extending slot 38. A stud 39 passes through the arm
      32 and may be threaded into the arm 32 to secure the parts adjustably
      together.
PAR  At its upper end the arm 37 is provided with an inturned section 43.
      Threaded through the section 43 is a bolt 44 which may be held in
      vertically adjusted position relative to the end 43 by means of a nut 46.
PAR  From the foregoing the method of constructing and using my improved
      apparatus together with the several advantages thereof may now be more
      fully explained and understood. First, it will be understood that the yarn
      Y may be delivered to the thread guide 28 by passing over a leading roller
      48 or the like so that the yarn is fed generally horizontally to the
      bottom of the package. Also, as will be remembered, the traversing rod 27
      moves the yarn guide 28 back and forth so that as the roller 26 drives the
      package the yarn is level wound thereon.
PAR  In adjusting my mechanism for the job at hand, the first adjustment is to
      loosen stud 39 and adjust the arm 32 so that its outer end 33 is supported
      free of the oscillating traverse rod. The stud 39 is then tightened and
      the lower end of the arm 37 is permitted to come to rest on the plate or
      other member 47. Next, using a package of yarn of the desired diameter I
      insert it in the cradle and then adjust the position of the bolt 44 until
      the traversing yarn will just enter notch 34. The nut 46 is now tightened
      so that the parts are secure.
PAR  With the parts thus adjusted a cone, bobbin or the like 18 is inserted in
      the cradle, the yarn end is placed through the yarn guide and its end is
      wrapped around the cone. The apparatus is now started, the roller 26
      driving the cone, and the package commences to be built up. When the
      package reaches the desired diameter the top edge of the cradle arm 16
      engages the lower end of the bolt 44, raising the arm 32, thereby raising
      its outer end 33 which carries the knives 36. As soon as the package
      reaches the final desired diameter, on one of the sweeps of the traversing
      mechanism the yarn will be trapped by the open mouth notch and pulled
      downwardly and into contact with the knives.
PAR  As heretofore indicated, I use two knives, one on the front side and one on
      the rear side of the slot. The reason for this is that I have discovered
      that without both of these knives the moving yarn oftentimes fails to be
      cut. By noting what has happened, the two knives cooperate with each other
      inasmuch as the outside knife, that is to say, the one on the side from
      which the yarn is being fed, serves more or less to wedge the yarn in
      place and the cutting almost always is done by the knife on the inside of
      the arm section 33. This action can be understood when it is realized that
      the yarn not only is being traversed to the left as seen in FIG. 1 when
      the cutting takes place, but also is moving at a considerable rate of
      speed, axially. In actual practice I have observed that with only one
      knife 36 the yarn sometimes will traverse into the slot and then out of
      the slot without being cut, in other instances it would be partially cut,
      and in other instances would not be cut until the package had built up
      considerably more than the desired diameter. In any event, the use of the
      two knives is an important feature of my invention and in practice
      eliminates the need for movable, sissors-type cutters for the yarn.
PAR  It will be noted that the cutting edges 36.sup.a of the knives form with
      the bottom wall 34.sup.a what might be termed a V-shaped cutting notch.
      See particularly FIG. 5. The knives are, as shown, in tandem, spaced
      apart, and have their cutting edges parallel. The yarn is effectively
      severed by this arrangement as stated.
PAR  In view of the foregoing it will be apparent I have devised an improved,
      simple and efficient apparatus which may readily be attached to winding
      machines and the like to assure the building thereon of packages of
      constant size. As of the date of filing this application I have installed
      on what is known in the trade as the Hamel Twister some 240 of the devices
      incorporating features of my invention. These have proven to be practical,
      trouble-free, and satisfactory in every way. Also, by actual measurement
      of packages made with my improved apparatus I find that I can consistently
      produce packages of yarn weighing an average of 5.85 pounds per package
      with a weight variation of no more than one-half of one per cent. Using
      uncontrolled, "eyeball" doffing the weights of the packages from this same
      machine prior to the installation of my invention thereon had run anywhere
      from 51/2 to 61/2 pounds, even though the machines were tended by skilled
      operators. In addition to the foregoing the use of my invention greatly
      reduces the amount of labor required to tend this type of machine and this
      is because the operator merely has to pass down the aisle between the
      machines and note whether or not an end is down. When the end is down the
      operator knows that the package is ready to be doffed.
PAR  While I have shown my invention in but one form, it will be obvious to
      those skilled in the art that it is not so limited, but is susceptible of
      various changes and modifications without departing from the spirit
      thereof.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. The combination with yarn winding apparatus and the like including means
      to build a package of yarn and means to oscillate the yarn as the package
      is built thereby to level wind the yarn on the package of:
PA1  a. means to cut the yarn while it is being fed to said package, comprising
PA2  1. a pivoted arm having an end portion extending beneath the yarn in the
      area where it is to be cut,
PA2  2. yarn severing means carried by said end portion of the arm and
      comprising
PAR  3. a notch in the end of the arm,
PA2  4. two stationary knives, one located on one side of the arm and the other
      on the other side thereof,
PA2  5. said knives being located to form with said notch a wedge-shaped opening
      into which the yarn is pulled upon oscillation toward the apex of said
      opening whereby one knife engages and holds the yarn while the other knife
      cuts the same upon continued and further oscillation of the yarn, and
PA1  b. means to raise the knife-carrying end of the arm to place said
      wedge-shaped opening in yarn receiving position in response to the
      completion of a yarn package of predetermined diameter.
NUM  2.
PAR  2. In apparatus for building a package of yarn, said apparatus embodying:
PA1  a. a cradle for the package having arms for rotatably receiving between
      them a cone or the like on which the yarn is to be wound, thus to build
      the package,
PA1  b. means pivotally mounting the cradle in a fashion to permit the ends of
      the arms carrying the package to move upwardly responsive to increase in
      diameter of the package, and
PA1  c. means to rotate the package and to level wind the yarn thereon by
      oscillating the yarn to and fro relative to the longitudinal axis of the
      package, the improvement comprising:
PA2  1. an arm having one end pivotally mounted adjacent the pivoted ends of the
      cradle arms,
PA2  2. a laterally turned end on the pivoted arm positioned to lie below the
      path of the oscillating, on-coming yarn,
PA2  3. there being an open mouth notch in the upper surface of the laterally
      turned end of the pivoted arm,
PA2  4. two razor blade-like knives carried by the arm, a first one being
      located on one side of said laterally turned end of the arm and a second
      one on the other side thereof, the cutting edges of said knives being
      substantially parallel, and
PA1  5. means carried by the pivoted arm having a portion located in the path of
      upward movement of an arm of the cradle and effective when the package
      reaches a predetermined diameter to raise the mouth of said notch into the
      path of the oscillating yarn, thus to cut the yarn.
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ABST
PAL  A device for withdrawing full bobbins prepared on open-end spinning
      machines with a spooling device at its lower portion, which includes
      conveyor means arranged below the spooling device and having associated
      therewith protective means for protecting the spooling device and rotating
      bobbins from accidental interference from the floor on which the open-end
      spinning machine is mounted.
BSUM
PAR  The present invention relates to a device for removing full bobbins on
      open-end spinning machines with the spooling device arranged at the lower
      portion thereof.
PAR  In view of the very high output of open-end spinning machines, it is
      necessary to produce bobbins of optimum size with as large a diameter as
      possible and with as high a weight as possible.
PAR  It is an object of the present invention to provide a device for removing
      such heavy and relatively unhandy bobbins while simultaneously providing
      means which will protect the spooling device and the rotating bobbins
      against damage and will also protect the operator against injuries which
      might result when he should accidentally touch the rotating bobbins.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a vertical section transverse to the longitudinal extension of an
      open-end spinning machine between two adjacent bobbin holders, only the
      lower front portion of said open end spinning machine being shown.
PAR  FIG. 2 is a front view of FIG. 1 in which the guiding plates of the
      conveyor belt built into the spinning machine, and the protective device
      are removed.
PAR  FIG. 3 is a diagrammatic top view of the conveyor belt with the conveyor
      device following the same.
DETD
PAR  The device according to the present invention for removing full bobbins on
      open-end spinning machines with the spooling device located at the lower
      portion thereof is characterized primarily by a conveying device which has
      associated therewith a protective means shielding the spooling device and
      the rotating bobbins against accidental contact or manipulation from the
      floor side.
PAR  Expediently, at the end of the conveying device there is arranged a
      pivotable further conveying device by means of which the full bobbins may
      selectively be deposited into various containers or onto further conveying
      devices.
PAR  Referring now to the drawings in detail, below the spooling device there is
      arranged a conveyor belt 1 onto which the full bobbins 2 drop after their
      release from the bobbin frame 3. The conveyor belt 1 conveys the bobbins 2
      to a collecting station at the head side of the machine or to other
      transporting devices. In a manner not illustrated, at the end of the
      conveyor belt 1 there is expediently arranged a pivotable depositing belt
      by means of which the full bobbins may selectively be deposited into
      various containers or onto other conveying devices.
PAR  The bobbins 2 are, by laterally arranged guiding plates 4 and 5, guided on
      the conveyor belt 1. Simultaneously, the guiding plates 4 and 5 serve for
      catching the dropping down full bobbins 2 after they have been released
      from the bobbin frame 3.
PAR  The front guiding plate 4 is at the same time so designed that at its top
      side it comprises a collecting trough 7 in which empty sleeves or tubes 8
      are contained so that they will be available in the vicinity of the bobbin
      frame 3 in case a manual exchange of the full bobbins is necessary.
PAR  In addition thereto, the guiding plate 4 together with a pipe 6 resting on
      supports 6a forms a protective device which prevents injuries to the
      operators and damage to the spooling device with its rotating bobbins by
      accidental contact or manipulation, especially from the floor side.
PAR  On that side of the bobbin frame 3 which is located upstream of the
      conveying direction there is provided a tilting frame 9 by means of which
      any bobbins which might be standing in upright position on the conveyor
      belt will during their removal automatically be tilted into their flat
      position so that they will not come into contact with the bobbins rotating
      in the spooling device.
PAR  According to FIG. 2, between the heads 21 and 22 at the end of the device
      there are provided driving units and electric control devices as well as
      the spinning field 23 without the pertaining spinning devices. Below the
      spinning field 23 there is provided a winding device 24. Below the winding
      device 24 and structurally pertaining to the open-end spinning machine is
      a conveyor belt 1 of any standard type.
PAR  The winding device 24 comprises a plurality of individual winding stations
      25. Each winding station 25 has associated Therewith a traversing and
      driving shaft 11 with a traversing groove 26. The traversing and driving
      shaft 11 together with the driving shafts of the remaining winding
      stations is non-rotatably arranged on the driving shaft 27, which in its
      turn is rotatably journaled in the heads 21 and 22 and is driven from
      there. The U-shaped bobbin frame 3 receives the empty sleeve 8 upon which
      the bobbin is wound while the traversing and driving shaft 11 drives
      directly upon the circumference first of the empty sleeve 8 and then of
      the bobbin 2 being formed. The bobbin frame 3 is vertically pivotally
      mounted on the horizontal shaft 13, which in its turn is arranged on the
      holding means 10, said holding means forming a non-movable part of the
      machine frame 28. The bobbin frame is, in a manner known per se, by a
      non-illustrated spring device loaded in the direction of rotation upwardly
      in such a way that the bobbin 2 is yieldably pressed against the
      non-yieldably mounted driving shaft 11, and during the winding up is with
      increasing diameter pivoted downwardly.
PAR  The so-called bobbin lever 12 is arranged on one arm 29 of the bobbin frame
      3. This arm 29 is in a non-illustrated manner laterally pivotable
      outwardly (in FIG. 1 in the direction perpendicular to the drawing plane)
      in order to detach a complete or full bobbin 2 from the bobbin frame 3 or
      to cause the full bobbin 2 to drop out of the frame 3. The tilting of the
      arm 29 is effected by means of the bobbin lever 12 which comprises a
      handle 12a.
PAR  The full bobbin 2 released from the bobbin frame 3 drops automatically due
      to its weight onto the conveyor belt 1 which comprises the two reversing
      rollers 1a and 1b. By means of the conveyor belt 1, the bobbins 2 are
      conveyed in the direction of the arrow 30. At the reversing roller 1b, the
      full bobbins 2 are, preferably through the short intermediate conveyor
      belt 31 arranged at an incline, conveyed to a conveyor 34 which is
      horizontally pivotable in conformity with arrows 32 and 33. This conveyor
      34 drops the complete bobbins 2, for instance, into a container 35. The
      conveyor 34 comprises a frame 36 which, for purposes of carrying out the
      horizontal tilting movement is, by means of rollers 38, mounted on the
      floor 37. Arranged on frame 36 with a considerable ascent is a conveyor
      belt 39 which for purposes of grasping the full bobbins 2 is equipped with
      followers 40. The pivoting adjustment of the conveyor 34 may with regard
      to the conveyor belt 1 or the short intermediate conveyor belt 31 be
      carried out manually while by pivoting the conveyor device 34, the full
      bobbins 2 are either uniformly distributed into a container 35 or are
      successively deposited in a plurality of containers arranged adjacent to
      each other.
PAR  According to FIG. 1, the bobbins 2 when being conveyed by the conveyor belt
      1 are passed through the guiding plates 4 and 5 arranged laterally of the
      belt 1. At the same time, the guiding plates 4 and 5 serve for catching
      the dropping complete bobbin 2 after the latter has been disengaged from
      the bobbin frame in the manner described above.
PAR  The front guiding plate 4 is so designed that at the upper end thereof
      there is provided a collecting trough 7 in which empty bobbins 8 are
      received so that they will be at hand when exchanging the full bobbin 2
      for an empty bobbin 8 and are located in the vicinity of the bobbin frame
      3.
PAR  In addition thereto, the guiding plate 4 together with the tube resting on
      the support 6a forms a protective device which will prevent damage to the
      winding device 24 with the rotating bobbins 2 as it may otherwise be
      caused by accidental handling operations especially from the floor side.
      Furthermore, the protective device also serves as protection against
      accidents, inasmuch as it prevents the servicing personnel or operator
      from coming into contact from the floor side with the winding device 24
      and the rotating bobbins 2.
PAR  On that side of the bobbin frame 3 which is located opposite to the
      conveying direction (arrow 30 in FIG. 2) and, more specifically, on the
      leg 29 comprising the bobbin lever 12 there is provided a shiftover frame
      9. The function of this shiftover frame will now be described in
      connection with FIG. 2.
PAR  There exists the possibility that bobbins 2 located in on-edge position in
      the bobbin frame 3 will when disengaging the bobbins from the bobbin frame
      also rest on edge on the conveyor belt 1 (see the full bobbin 42 which has
      been disengaged from bobbin station 41). This full bobbin 42 resting on
      edge would during its conveyance by means of the conveyor belt 1 hit the
      rotating bobbin 43 which is not yet filled and has not yet reached its
      intended thickness and will be exchanged later, so that the danger of
      damaging the not yet completed bobbin would exist. This danger is
      prevented by the shiftover lever 9. When the bobbin 42 is being withdrawn,
      it engages with its upper portion of the leading end face 42a the
      shiftover lever 9 and in the course of its further removal will
      automatically shift over into its flat position as is illustrated in
      connection with the full bobbin 44.
PAR  Moreover, as a rule, the bobbins 2 of the different winding stations 25 are
      not completed simultaneously, which fact is due to the starting of the
      winding at different times and also is due to the occurrence of thread
      breaks. Thus, the conveyor belt 1, as well as the conveyors 31 and 34
      following the same expediently do not move all the time, but are
      expediently made effective temporarily whenever a certain number of full
      bobbins has been deposited onto the conveyor belt 1. It is the conveyor
      belt 1 when at a standstill, upon which the full bobbins 2 are sometimes
      deposited on edge. During the later removal or conveyance, the full
      bobbins 42 standing on edge will then on the respective shiftover frame
      automatically be placed into their flat position so that a starting of the
      conveyor against bobbins which turn in the bobbin frame and are built up
      fairly far will be avoided.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the particular showing in the drawings, but also
      comprises any modifications within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In combination with a spooling device of an open-end spinning machine, a
      device for removing full bobbins, which includes; conveyor means arranged
      below said spooling device for receiving full bobbins therefrom,
      protective means arranged laterally of said conveyor means at least where
      the latter receives a full bobbin from said spooling device for protecting
      the spooling device and rotating bobbins against accidental interference,
      said protective means including support means and a pipe attached to said
      support means and having an axis generally parallel to said conveyor
      means, guiding plate means arranged on opposite sides of said conveyor
      means where the latter receives full bobbins from said spooling device,
      said guiding plate means converging toward said conveyor means for guiding
      a full bobbin released from said spooling device onto said conveyor means
      and centering said released bobbin thereon, said guiding plate means
      having an upper end formed as trough means for receiving and supporting an
      empty bobbin sleeve, said pipe being fixedly attached to said guiding
      plate means at the upper end thereof adjacent said trough means, a bobbin
      frame forming part of said spooling device, and a folding over member
      projecting downwardly (as to) toward the conveying means and extending
      below the lowermost portion of a full bobbin held and supported by said
      bobbin frame, said folding over member extending to a distance from the
      conveyor means which is less than the height of a full bobbin package for
      tilting any bobbin leaving said spooling device in approximately upright
      position moved by said folding over member into lying position so that its
      axis will be transverse to the longitudinal direction of said conveyor
      means and substantially parallel to said folding over member.
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ABST
PAL  A cartridge for an endless magnetic tape which includes a tape reel, a
      pressure roller and a drive connection between the pressure roller and a
      portion of the tape reel. In this way, the pressure roller can be utilized
      to drive that portion of the tape reel with which it is connected. The
      tape reel comprises two discs each having a hub portion. The hub portions
      serve to align the discs in assembly. One of the discs has a plurality of
      rollers concentrically arranged with respect to its hub portion around
      which a tape roll is formed. The other disc has a plurality of
      tape-engaging ribs extending outwardly from one surface and a rotation
      imparting structure extending outwardly from the other surface.
PARN
PAC  RELATED APPLICATION
PAR  The present application is a continuation of application Ser. No. 363,880,
      filed May 25, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a tape cartridge, and more particularly to
      a means for driving the tape cartridge.
PAR  Many known types of tape cartridges for endless magnetic tapes, provide
      relatively complex assemblies, which adds to the cost of the cartridge and
      reduces its reliability.
PAR  It would therefore be desirable to have a tape cartridge for an endless
      magnetic tape which is simplified, from an assembly standpoint, and is
      more reliable from an operational standpoint.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of the present invention, to provide an
      improved tape cartridge for an endless magnetic tape which is
      significantly simplified from an assembly and operational standpoint.
PAR  It is a more specific object of the present invention to provide a tape
      cartridge for an endless magnetic tape which is simplified in its means
      for driving the tape.
PAR  These and other objects are accomplished according to the present invention
      by the provision of a cartridge including a disc, a stationarily retained
      tape roll forming means, a pressure roller, and means connecting the
      pressure roller to the disc for imparting rotation to the disc and to the
      tape roll formed on the tape roll forming means in relation to the
      rotation of the pressure roller.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view with portions cut away illustrating the tape
      cartridge according to the present invention.
PAR  FIG. 2 is an exploded view in elevation illustrating the elements
      comprising the tape reel, the pressure roller and the drive connection
      between the pressure roller and the tape reel along with means for driving
      the pressure roller.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now more specifically to the drawing, there is shown a tape
      cartridge 10 including a top housing portion 12 and a lower housing
      portion 14. These housing portions are preferably molded of a styrene
      plastic material. Details of the housing portions 12 and 14 are not shown,
      however, they include known means for forming an assembly of the two
      portions and for mounting a tape reel 16, an idler roller 44, and a
      pressure roller 48 thereto.
PAR  The tape reel 16 includes an upper disc 18 and a lower disc 20, both of
      which are fabricated of a preferably light weight synthetic material.
      Mounted through a central bore in the upper disc 18 is a hub 22.
      Surrounding the hub 22 are a plurality of equally spaced tape roll forming
      rollers 24. The rollers 24 are mounted on pins 26 which extend from the
      surface of the disc 18. The tape roll forming rollers 24 serve as a hub
      portion for the formation of a tape roll from an endless magnetic tape 28.
      Within the disc 18 there is formed a slot 30 through which the tape 28
      passes from the roll formed by the tape roll forming rollers 24 toward the
      recording or reproducing heads (not shown). The disc 18 is preferably
      provided with a segmented annular rib 19. Extending from the upper surface
      of the disc 18 is an abutment member 32 formed preferably integrally with
      the rib 19, which cooperates with an appropriate stop means or slot 66
      shown dotted in FIG. 1 formed in the top housing portion 12 to ensure that
      the disc 18 remains stationary.
PAR  It should be understood that, alternatively, the abutment member could be
      formed on the housing portion 12 and the slot formed in the rib 19.
PAR  The lower disc 20 includes a hub 34 which engages with the hub 22 of the
      disc 18 during the assembled state of the tape reel 16. Extending from the
      disc 20 in the opposite direction from the hub 34 is an extension member
      36 having an annular groove 38 formed therein. The extension 36 serves as
      a rotation imparting means to the disc 20.
PAR  The hub 34 and extension 36 define a first axis or axis of rotation 40 of
      the disc 20 while the hub 22 defines a coincident axis 42. The idler
      roller 44 is mounted for rotation to a second axis 46 while the pressure
      roller 48 is mounted for rotation about a third axis 50.
PAR  In the assembled reel 16 the tape roll is rotated by the pressure roller 48
      along with the disc 20. In a known manner, the tape 28 is drawn from the
      inner radius of the roll through the slot 30 around the idler roller 44
      and the pressure roller 48 where it is taken up on the outside radius of
      the tape roll. The tape 28 is drawn through the slot 30 so that an
      appropriate side thereof will be presented to the recording or reproducing
      heads between the idler roller 44 and the pressure roller 48.
PAR  In order to provide a minimum amount of frictional drag to the movement of
      the tape 28, ribs 52 are provided on the top surface of the disc 20.
      Preferably at least four such ribs are provided. The ribs 52 in their
      extent toward the outer edge of the disc 20 are inclined upwardly such
      that only a limited portion of the tape roll near the outer radius thereof
      engages the ribs.
PAR  To drive the disc 20, the pressure roller 48 is preferably fabricated to
      include a tape engaging body 54, which is preferably made of hard rubber,
      and an extension member 56 having an annular groove 58 formed therein. The
      extension member 56 defines a rotation transmitting means for the disc 20.
      The tape engaging body 54 engages a capstan 60 which, in turn, is driven
      by a motor 62. In this way the pressure roller 48 receives a driving
      torque from the drive means (capstan 60 and motor 62) of the recording or
      reproducing device with which the cartridge is to be used. To transmit the
      torque imparted to the pressure roller 48 by the capstan 60, a preferably
      flexible endless member 64, which may be an O-ring, is utilized. The
      flexible member is received within the grooves 38 and 58, respectively,
      with a sufficient tension being developed in the flexible member 64 so
      that the driving motion can be imparted to the disc 20.
PAR  The diameter of the annular groove 38 is preferably slightly greater than
      the diameter of the annular groove 58 so that the disc 20 will rotate at a
      slightly lower rate than the pressure roller 48.
PAR  The cartridge housing has formed therein a slot 66 within which a member
      (not shown) of the recording or reproducing device is received for
      retaining the cartridge 10 in proper alignment within the recording or
      reproducing device.
PAR  As a result of the present invention, a much simplified tape cartridge from
      the standpoint of structure and operation is disclosed. Driving the disc
      20 directly from the tape advancing pressure roller 48 and not through an
      intermediate transmission, significantly simplifies the overall assembly
      and increases the efficiency of operation and reliability of the tape
      cartridge.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cartridge for an endless magnetic tape, comprising:
PA1  a. a housing;
PA1  b. a disc mounted within said housing for rotation relative thereto and
      about a first axis, said disc including rotation imparting means extending
      from one surface thereof, a hub portion extending from the other surface
      thereof, said rotation imparting means and said hub portion defining said
      first axis, and a plurality of tape engaging ribs which extend outwardly
      from the other surface thereof;
PA1  c. tape roll forming means mounted within said housing to be stationary
      therewith and defining an axis coincident with said first axis, said tape
      roll forming means including a further disc provided with a slot through
      which a magnetic tape passes, a hub portion extending from said further
      disc and defining said coincident axis and a plurality of annularly spaced
      rollers also extending from said further disc and concentrically arranged
      about said portion, with the two hub portions forming aligning means for
      the assembly of said disc and tape roll forming means into a tape reel,
      and with said rollers forming a hub about which a magnetic tape is
      spirally wound
PA1  c. a first roller mounted within said housing for rotation relative thereto
      and about a second axis, said roller including tape engaging means;
PA1  d. a second roller mounted within said housing for rotation relative
      thereto and about a third axis, said roller including tape-engaging means
      and rotation transmitting means;
PA1  e. an endless magnetic tape spirally wound into a roll about said tape roll
      forming means, said tape extending from the inner radius of said tape roll
      through the slot in said further disc into engagement with the tape
      engaging means of said first and second roller to define thereby a
      predetermined path of travel; and
PA1  f. means connecting said rotation imparting means and said rotation
      transmitting means for imparting rotation to said disc and tape roll in
      relation to the rotation of said second roller, wherein:
PA2  i. said rotation transmitting means comprises an extension of said second
      roller;
PA2  ii. said rotation imparting means and said rotation transmitting means form
      annular grooves within which said connecting means are received;
PA2  iii. the diameter of the annular groove defined by said rotation imparting
      means is greater than the diameter of said rotation transmitting means'
PA2  iv. said second roller exclusive of said rotation transmitting means is
      formed of rubber;
PA2  v. said connecting means is a flexible endless member; and
PA2  vi. said ribs have inclined surfaces which increase in height in their
      extent away from said hub portion such that only a limited portion of the
      tape roll near the outer radius thereof engages said ribs.
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ABST
PAL  A web of material is drawn by the machine from a removable supply roll over
      a first self-centering pulley, across a flat reviewing surface, over a
      second set of self-centering pulleys arranged in a figure S fashion, and
      is wound on a removable takeup shaft. Cutting means are provided for
      severing the portion of the web wound on the takeup shaft from the
      remainder of the web, and motor driven means are provided for selectively
      driving either the takeup shaft forwardly or the supply roll rearwardly in
      order to collate different web segments on one or more takeup shafts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a machine for drawing a web of material
      across a reviewing surface and more particularly to such a machine wherein
      segments of the web may be collated on separate shafts.
PAR  It is desirable in some industries, particularly the garment industry, to
      provide a device for reviewing, correcting, separating and collating
      rolled graphic material, for example, computer generated cutting patterns,
      or to review and patch hectographic carbon paper, which is expensive, for
      later reuse. It is also necessary in such a machine to provide means for
      winding and rewinding the web of material and for straightening disheveled
      rolls of material.
PAR  In order to collate the segments of the rolled web material, means must be
      provided by which a plurality of takeup shafts may be conveniently
      interchanged. The different web segments are severed and wound on these
      separate takeup shafts and, in some case, are re-inserted into the
      continuous web by patching at a different location along the web. When
      segments are cut, the web must be prevented from unraveling from the
      supply roll. The machine also must adequately control the tension in the
      web of material as it passes over the reviewing surface and furthermore
      the web must be centered at all times in passing through the machine or
      else the edges of the web become torn or frayed.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other requirements are met by the present invention of a
      machine for drawing a web of material along a predetermined path from a
      supply roll across a reviewing surface and for winding it on a batching
      roll, the invention comprising an upright frame, a supply roll shaft,
      means for removably mounting the supply roll shaft on the upright frame at
      one end of the path of web travel, a substantially flat reviewing surface
      supported by the frame, a first self-centering web feed pulley rotatably
      mounted on the frame between the supply roll shaft and the reviewing
      surface along the path of web travel and a takeup shaft removably mounted
      on the frame at the other end of the path of web travel for supporting the
      batching roll.
PAR  A second self-centering pulley is rotatably mounted on the frame between
      the reviewing surface and the takeup shaft along the path of web travel.
      Motor means are provided for selectively driving the takeup shaft to draw
      the web in a forward direction along the path or alternatively to drive
      the supply shaft to draw the web of material in the reverse direction
      along the path. Cutting means are provided for severing segments of the
      web from the remainder of the material which are then wound on the
      batching roll.
PAR  In one preferred embodiment a third self-centering pulley is spaced from
      the second self-centering pulley so that the web of material is diverted
      in a figure S pattern during its travel along the path. The supply shaft
      is fitted with a gear at one end and is supported by a pair of spaced
      apart guide rails which are generally parallel to the direction of the
      path traveled by the web. The supply shaft is rolled into engagement with
      a first driving gear rotatably mounted on the frame. The first driving
      gear is selectively connected to motor means when it is desired to drive
      the web of material in the reverse direction. Succeeding web segments are
      prevented from unraveling from the supply roll during the collation
      process by means of a brake upon the supply roll.
PAR  In the preferred embodiment the reviewing surface is translucent and is
      backlighted. To allow for skew adjustment of the web material as it is
      wound on the takeup shaft, one end of the takeup shaft can be moved with
      respect to the other end. The takeup shaft mounting includes a pair of
      cones which are adapted to be inserted into cavities in the opposite ends
      of the takeup shaft. At least one of these cones is spring biased toward
      the other cone so as to resiliently hold the takeup shaft between them.
      One of the cones is also engaged by a driving gear to be selectively
      driven by the motor means in the forward direction.
PAR  In some preferred embodiments, the self-centering pulleys are provided with
      non-parallel grooves which converge in the direction of forward web travel
      so as to center the web. In some preferred embodiments, the covering of
      the self-centering pulleys is made of a resilient material while in other
      embodiments the self-centering pulleys do not rotate but instead are air
      bearings provided with a plurality of small nozzles which jet streams of
      air to support the web of material. The jets and a plurality of grooves
      are oriented along non-parallel lines which diverge in the direction of
      forward travel of the web.
PAR  The same amount of air is independently supplied to the right and left
      longitudinal halves of the surface (e.g., air bearing). If the web rides
      to the left, more air supply jets will be exposed on the right half of the
      air bearing. Hence, the air pressure on the right will drop and the right
      side of the moving web will ride harder on the grooves of the right side.
      Since the grooves are at an outward direction in reference to the
      direction of web movement, the web will dynamically center itself. The
      objective of this design is to minimize moving parts and provide a more
      responsive means for self-centering the web.
PAR  If a more stable means of keeping the paper centered when the web is
      reversed during the edit stage is desired, then the air bearing can be
      rotated to a flat side or if more precise centering is desired, it can be
      rotated to a side with grooves arranged to favorably center the paper in
      reverse. In other embodiments the air bearing can be simply dropped away
      from the paper during the reverse web travel or the air flow can be
      reversed through the air bearing. Rotation of the air bearing can be
      accomplished by a chain or ribbed belt and a crank or motor.
PAR  In an alternative embodiment an electro-stataic charge is placed on the
      plastic coated takeup shaft to anchor the web of material until the takeup
      roll is to be removed. At such time it is discharged by connection to a
      battery. In other embodiments the web of material is held by simple
      mechanical clips to the takeup shaft.
PAR  It is therefore an object of the present invention to provide a machine for
      reviewing and collating rolled, web material.
PAR  It is another object of the invention to provide a machine for segmenting
      rolled, web material and for rolling the segments onto different shafts.
PAR  It is still another object of the invention to provide a machine for
      reviewing rolled, web material wherein the web feeding means includes
      means for centering the rolled web material.
PAR  The foregoing and other objectives, features and advantages of the
      invention will be more readily understood upon consideration of the
      following detailed description of certain preferred embodiments of the
      invention, taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a reviewing machine according to one
      embodiment of the invention with portions broken away and prior to winding
      the web of material on the machine;
PAR  FIG. 2 is a reduced, side view in elevation of the machine illustrated in
      FIG. 1;
PAR  FIG. 3 is an enlarged, exploded view in perspective of the takeup shaft of
      the machine of the embodiment of FIG. 1;
PAR  FIG. 4 is a perspective view of a self-centering pulley used in the
      embodiment of FIG. 1;
PAR  FIG. 5 is a perspective view, with portions broken away, of a
      self-centering pulley according to another embodiment of the invention;
      and
PAR  FIG. 6 is a side view in elevation of the pulley of the embodiment of FIG.
      5 together with air pressure generating apparatus.
DETD
PAC  DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIG. 1, a generally rectangular, upright
      frame 2 supports a pair of parallel, spaced-apart, generally horizontal
      guide rails 4 at an elevated position from the floor 6. Each of the guide
      rails is provided with a stop member 8 at its end which is closest to the
      interior of the machine. The stop members 8 are in the form of upwardly
      extending hooks.
PAR  The purpose of the guide rails 4 is to removably support a supply shaft 10
      between them. The supply shaft 10 is equipped with a first driving gear 12
      spaced inwardly from one end (the left end as viewed in FIG. 1). A hollow
      rod 14 of webbed material 30 is snugly fitted onto the shaft 10. In
      operation the supply shaft 10, together with the supply roll 14, is placed
      across the outward ends of the guide rails 4 and rolled inwardly until it
      engages the hook-shaped stop members 8. When this happens the driving gear
      12 also engages a gear 16 rotatably mounted on the frame 2 and driven by a
      chain 18 connected to a motor assembly 64 as will be explained in greater
      detail hereinafter.
PAR  The upright frame 2 also supports a substantially flat reviewing surface 20
      which may be tilted from the horizontal for ease in viewing by the
      operator. The reviewing surface 20 is provided with a translucent panel 22
      and is of a width which is approximately the same as the width of the web
      of material 30 wound on the supply roll 14. The length of the reviewing
      surface 20 may be any desired length. Between the supply shaft 10 and the
      end of the reviewing surface 20 which is closest to the supply shaft 10 is
      a self-centering pulley 24 whose shaft is rotatably mounted in bearing
      blocks 26 attached to the upright frame 2.
PAR  As best illustrated in FIG. 4, the self-centering pulley 24 is made by
      helically wrapping a straight, hollow pulley shaft with a stretched,
      elastic molding or tape 28 from each end of the pulley shaft with
      decreasing stretch toward its center so that the exterior surface of the
      pulley 24 is crowned from its longitudinal center and is provided with a
      plurality of resilient ridges. The ridges on one longitudinal half are
      non-parallel with the corresponding ridges on the other longitudinal half
      of the pulley 24. By longitudinal half is meant the half of the pulley
      which would lie on either side of a plane passing perpendicularly through
      the axis of rotation of the pulley at its midpoint. The term radial half
      is used to refer to the half of the pulley which would lie on either side
      of a plane passing through the axis of rotation of the pulley lengthwise
      and parallel to it. The ridges on the surface of the pulley 24 tend to
      converge in the direction of travel of the web 30 of material as it moves
      from the supply roll 14 over the self-centering pulley 24 in the forward
      direction.
PAR  At the opposite end of the reviewing surface 20 from the self-centering
      pulley 24 is a second self-centering pulley 32. The self-centering pulley
      32 is constructed in substantially the same manner as the self-centering
      pulley 24 and has helical ridges 34 of resilient material on the exterior
      surface of the pulley 32 extending in opposite directions from its center
      towards its ends so that the ridges 34 on the opposite longitudinal halves
      of the pulley 32 converge in the direction of forward travel of the web
      30. The shaft ends of the pulley 32 are rotatably mounted in bearing
      blocks 36 on the frame 2.
PAR  As best shown in FIG. 2, a third self-centering pulley 38 is mounted
      between the self-centering pulleys 24 and 32 and below the reviewing
      surface 20. The self-centering pulley 38 is constructed in substantially
      the same manner as the self-centering pulleys 24 and 32. The path of
      travel of the web 30, as shown more clearly in FIG. 2, is in the form of
      an S. After leaving the surface of the self-centering pulley 38, the web
      passes beneath and around an idler roller 40 and then up to a hollow
      takeup shaft 42.
PAR  A pair of cones 44 and 46 are rotatably mounted on the frame 2 and are
      pressed into separate ends of the shaft 42 by means of a compression
      spring 52. The cone 44 is connected to a driving gear 48 driven by a
      driving chain 50. As best shown in FIG. 3, in practice, the takeup shaft
      42 is removed from the machine by pulling the cone 46 away from the end of
      the shaft 42.
PAR  A core 54 is then snugly fitted over the exterior of the shaft 42. The
      length of the core 54 is substantially the same as the length of the shaft
      42 so that the ends of the core 54 are engaged by the cones 44 and 46 when
      the shaft and the core are remounted in the machine. The end of the web 30
      is attached to the core 54 by friction wrap, adhesive tape, metal clips,
      or in one embodiment, by electrostatically charging the core 54, which is
      made of an insulated material, by means of a high voltage source 55 which
      has corona discharge elements 57 placed adjacent the core 54 and is
      grounded to the machine. (See FIG. 3.) A V-shaped tearoff cutter 56 is
      pivotally mounted on the frame 2 along the path taken by the web of
      material between the idler roller 40 and the takeup shaft 42.
PAR  Referring now more particularly to FIG. 2, the driving chain 50 passes from
      the driving gear 48 around a second driving gear 58 rotatably mounted at
      the bottom of the frame 2. Another driving chain 60 is also engaged with
      the driving gear 58 and an output driving gear 62 of a motor assembly 64.
      The motor assembly 64 is connected to the output driving gear 62 through a
      clutch 66. The driving chain 18 for the gear 16 is connected to a second
      output driving gear 68 which is connected to the motor assembly 64 through
      the clutch 66. A linkage assembly 70 connected to a lever arm 71 at one
      end of the reviewing table controls which of the driving gears 62 or 68 is
      connected to the motor 64. Gears 62 and 68, which are connected to the
      motor assembly 64, only in the alternative through the clutch 66, rotate
      in opposite directions so that the web of material may be pulled in a
      forward direction when the driving gear 62 is connected between the takeup
      shaft 42 through the chains 60 and 50 and the motor 64. Likewise, when the
      driving gear 68 is connected to the motor assembly 64 through the clutch
      66 the driving gear 68, through the driving chains 18, causes the supply
      shaft 10 to rotate in a direction such that the web 30 is pulled in a
      reverse direction across the reviewing surface 20.
PAR  A platform 72 is mounted on the frame 2 beneath the reviewing surface 20. A
      plurality of lights 74 are mounted on the platform 72 and are directly
      upwardly at the bottom of the translucent panel 22 to furnish backlighting
      for the web passing over the reviewing surface 20.
PAR  In order to maintain a substantially constant tension on the web 30 as it
      is being drawn across the reviewing surface 20, a braking mechanism 75 is
      connected to one end of the shaft of the first centering pulley 24. The
      braking mechanism 75 provides an adjustable, constant drag on the rotation
      of the centering pulley 24. In other embodiments a differential gearing
      mechanism is substituted for the clutch 66 to provide a constant
      differential torsion between the driving gears 62 and 68 in order to
      maintain a constant tension in the web 30. In still other embodiments
      electronic circuits which measure the power supplied to the motor 64
      control it so that a constant tension is applied to the web 30.
PAR  In order to correct for misalignment of the web 30 with the takeup shaft
      42, a skew adjustment is necessary. The cone 46 is rotatably mounted in a
      bearing block 76 which is slidably mounted on a cross member 78 of the
      frame 2. A lever 80 is pivotally attached to the slidable bearing block 76
      to allow the horizontal position of the bearing block to be adjusted with
      respect to the crosss member 78. In this way, the relative angle between
      the takeup shaft 42 and the web of material 30 being wound thereon may be
      adjusted and the skew of the web 30 as it is wound on the takeup shaft 42
      may be varied. The reviewing table 20 has registration marks at one or
      both ends to aid in initially centering the web of material before
      collation.
PAR  Referring now more particularly to FIGS. 5 and 6, an alternative embodiment
      of the self-centering pulley is illustrated. In this embodiment, a
      self-centering pulley 82, which may be substituted for the pulleys 24, 32
      and 38 above, is equipped with a helical ridge 84 which, as in the cases
      of the self-centering pulleys 24, 32 and 38, has a a right hand lay on one
      longitudinal half of the pulley and a left hand lay on the other
      longitudinal half of the pulley. The surface of the pulley 82 has a
      plurality of holes 86 therein between the ridges 84. This combination of
      holes and grooves essentially constitutes a grooved air bearing with air
      being supplied from an external source 90 through the holes 86 to the
      underside of the web of material riding on the surface. A raised airtight
      baffle 88 is located around both the middle (lengthwise) and the center of
      the pulley surface. The same amount of air is independently supplied to
      the right and left longitudinal half surfaces from an external source 90.
      If the paper rides to the left, more air supply holes will be exposed on
      the right longitudinal half of the air bearing, hence, the air pressure on
      the right will drop and the right side of the moving paper will ride
      harder on the right side ridges 84. The ridges 84 on the right side of the
      pulley 82 diverge with respect to the ridges 84 on the left side of the
      pulley 82 in the direction of normal travel of the web 30. Hence as the
      web 30 rides harder on the ridges of one side or the other the paper will
      dynamically center itself.
PAR  In one embodiment, the pulley 82 has ridges 84 as shown in FIG. 5 on one
      radial half of its surface while on the other radial half of its surface,
      that is when the pulley 82 is rotated 180.degree. with respect to the
      position shown in FIG. 5, the ridges are oriented to diverge in the
      opposite direction. This allows the pulley 82 to be used in both the
      forward and the reverse directions merely by rotating the pulley 82 such
      that the ridges 84 have the proper orientation for centering with respect
      to the direction of web travel.
PAR  While in the above described embodiment, the skew control was described as
      being manually operated, in other embodiments the skew control may be
      varied automatically by an edge guide monitoring device which controls an
      appropriate actuator to move the bearing block 76.
PAR  In some embodiments, a side portion of the reviewing table 20 is hinged or
      can be slid away to allow access by the operator to the self-centering
      pulleys in order to thread the web of material through the machine.
PAR  Although the specific web material has not been designated in detail, it is
      contemplated that the machine may be adapted for reviewing
      computer-plotter output (in rolled forms) and more specifically to review
      hectographic carbon paper pattern markers in the garment industry. It is
      especially useful since the roll of paper would otherwise have to be
      manually unrolled, cut apart and re-rolled. The machine is useful for many
      other applications, however, and it is not intended to limit the scope of
      the invention specifically to computer plotter reviewing.
PAR  The terms and expressions which have been employed here are used as terms
      of description and not of limitation, and there is no intention, in the
      use of such terms and expressions, of excluding equivalents of the
      features shown and described, or portions thereof, it being recognized
      that various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reviewing and collating machine for drawing a web of material along a
      predetermined path from a supply roll across a flat reviewing surface and
      winding it on a batching roll, comprising an upright frame, a supply roll
      shaft, means for rotatably and removably mounting the supply roll shaft on
      the upright frame at one end of the predetermined path, a substantially
      flat reviewing surface supported by the frame, a first self-centering web
      feed pulley rotatably mounted on the frame between the supply roll shaft
      and the reviewing surface along the predetermined path of travel of the
      web of material, a takeup shaft for supporting the batching roll, means
      for rotatably and removably mounting the takeup shaft on the frame at the
      other end of the predetermined path, a second self-centering pulley
      rotatably mounted on the frame between the reviewing surface and the
      takeup shaft along the predetermined path, means for selectively driving
      either the takeup shaft to draw the web of material in a forward direction
      along the predetermined path or the supply shaft to draw the web of
      material in the opposite direction along the predetermined path, and means
      for severing the batching roll from the remainder of the web of material.
NUM  2.
PAR  2. A reviewing and collating machine as recited in claim 1 wherein the
      reviewing surface comprises a translucent panel and means are provided for
      backlighting the translucent panel.
NUM  3.
PAR  3. A reviewing and collating machine as recited in claim 1 further
      comprising skew adjustment means for shifting the position of one end of
      the takeup shaft to change the angle at which the web of material is wound
      on the takeup shaft.
NUM  4.
PAR  4. A reviewing and collating machine as recited in claim 1 wherein the
      means for rotatably and removably mounting the takeup shaft comprise a
      pair of spaced apart cones rotatably mounted on the frame, at least one of
      the cones being rotated by the driving means and at least one of the cones
      being spring biased along a direction coaxial with the longitudinal axis
      of the takeup shaft.
NUM  5.
PAR  5. A reviewing and collating machine as recited in claim 1 wherein the
      means for rotatably and removably mounting the supply shaft comprise a
      pair of spaced apart guide rails, mounted on the frame in a substantially
      horizontal position, and vertically extending, hook shaped stop members
      mounted on corresponding ends of each guide rail to engage the ends of the
      supply shaft.
NUM  6.
PAR  6. A reviewing and collating machine as recited in claim 5 wherein the
      driving means include a driving gear rotatably mounted on the frame
      adjacent one of the hook shaped stop members and a corresponding gear is
      affixed to the end of the supply shaft adjacent the same hook shaped stop
      member such that the driving gear and the supply shaft gear are engaged
      when the supply shaft ends engage the hook shaped stop members.
NUM  7.
PAR  7. A reviewing and collating machine as recited in claim 1 wherein the
      surface of the takeup shaft is electrically non-conductive and means are
      provided for electrostatically charging the non-conductive surface to
      prevent unraveling of the portion of the web of material wound thereon.
NUM  8.
PAR  8. A reviewing and collating machine as recited in claim 1 wherein at least
      one of the self-centering pulleys comprises a cylinder mounted on the
      frame, the exterior surface of the cylinder having a circumferential,
      protruding ridge at its midsection and a plurality of helical, protruding
      ridges on either longitudinal side of the circumferential ridge, the
      ridges on one longitudinal side of the circumferential ridge being
      divergent with respect to the helical ridges on the other longitudinal
      side of the circumferential ridge in the direction of forward travel of
      the web of material from the supply roll to the batching roll, the
      exterior surface of each side of the pulley having a plurality of holes
      therein, and means for independently supplying gas under pressure to the
      holes in the surface of each longitudinal half of the pulley, the gas
      being supplied in equal amounts to each longitudinal half of the pulley.
NUM  9.
PAR  9. A reviewing and collating machine as recited in claim 8 further
      comprising means for rotatably mounting the cylinder on the frame and
      wherein the helical pattern of the protruding ridges on the external
      surface of each radial half of the cylinder is a mirror image of the
      helical pattern on the external surface of the opposite radial half of the
      cylinder.
NUM  10.
PAR  10. A reviewing machine as recited in claim 1 wherein the reviewing surface
      is positioned in the frame so as to allow open access to the reviewing
      surface by an operator of the machine for making corrections to the web of
      material.
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ABST
PAL  A dispenser for a spool of ribbon wherein the spool is rotatably mounted
      within an open frame. An adjustment means interconnects between the spool
      and the frame in order to vary the tension of the dispensing of the
      ribbon. A handle means is attached to the frame and includes a rotatable
      member therein through which person's finger may be positioned and the
      entire device then rotated with respect to the person's finger. A funnel
      is attached to the forward end of the frame and the ribbon is conducted
      therethrough and the funnel includes a flat spout through which the ribbon
      is passed. The flat spout maintains the ribbon in a flat aligned condition
      with respect to the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention relates to dispensers, and more particularly to
      a dispenser for a ribbon, such as tinsel which is used in the tieing of
      flies for fishing.
PAR  A most common type of fishing relates to the use of a fly rod wherein a
      fish hook that is dressed to appear like an insect is cast upon the water,
      caused to remain a few seconds and then removed and then caused to be
      again cast upon the water. This procedure is continuously repeated in
      order to make the fly appear like a real insect so as to entice a fish to
      strike the fly.
PAR  The constructing of these flies is quite a tedious, time consuming
      procedure and also has become an art in itself. Some people spend long
      hours trying to construct a fly of a particular design which is believed
      will be readily sought after by fish.
PAR  The constructing of these flies with tinsel is usually employed. This
      tinsel is flat like a ribbon and is usually in the form of some bright
      color, such as gold. The tinsel may be wound upon a tiny little member of
      the fly several times and it is desired that this winding be such that the
      tinsel is not twisted. Also, the winding of it should be done at the same
      tension so that the tinsel will be tightly wound and will give a smooth
      appearance upon the fly. Such tinsel is usually supplied on a spool and it
      is difficult to accomplish these objectives by merely grasping the spool,
      removing a length of tinsel and winding the tinsel upon the fly.
PAR  Previously, there has been no known dispenser for a spool of tinsel to wind
      such upon a fly to be used in fishing.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is believed to be summarily described within The Abstract Of
      The Disclosure and reference is to be had thereto.
PAR  The primary objectives of the apparatus of this invention is to design a
      dispensing apparatus for tinsel which is to be used in the making of flies
      for fishing, the dispenser facilitating the dispensing of the tinsel at an
      exact location and to facilitate its winding about the to be constructed
      fly at the same tension throughout the entire winding procedure. Another
      objective of this invention is that the tension of the wound tinsel can be
      readily adjusted and maintained at a selected value.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top plan view of the dispenser of this invention;
PAR  FIG. 2 is a side view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 1; and
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE SHOWN EMBODIMENT
PAR  Referring particularly to the drawing, there is shown the ribbon dispenser
      10 of this invention which is adapted to dispense at a constant tension
      the tinsel or ribbon 12 which is wound on a spool 14. The spool 14
      includes a central elongated opening 16 therethrough. A rod assembly 18
      extends through the opening 16 and supports the spool 14 so as to permit
      easy rotation of the spool 14 upon the rod assembly 18. The rod assembly
      18 comprises a rod which is conducted through a hollow tube.
PAR  Each end of the rod assembly 18 is conducted through appropriate openings
      formed within a frame 20. An enclosed area 22 is formed within the
      confines of the frame 20 and it is within this area that the spool 14 is
      located. One end of the rod assembly 18 is secured to the frame 20 with
      the other end of the rod assembly 18 being threaded. A first set of
      washers is located about the rod 18 between the spool 14 and the fixed end
      of the rod assembly 18. A second set of washers 26 are located about the
      threaded end of the rod assembly 18 between the spool 14 and the frame 20.
      Connected to the threaded end of the rod assembly 18 is a wing nut 28. A
      washer 30 is located between the wing nut 28 and the frame 20.
PAR  Attached to one end of the frame 20 is a handle which is composed of a
      cylindrical shaped member 32. The member 32 includes a central cylindrical
      shaped opening 34. Attached to the member 32 and located within the
      confines of the opening 34 are a pair of annular strips of material 36 and
      38. The strips of material 36 and 38 are located in a spaced apart manner
      forming a annular opening 40 therebetween. The material 36 and 38 can
      comprise any conventional type of material, but the synthetic nylon type
      of material which is commonly sold under the trade name of Velcro has been
      found to be preferable. However, it is considered to be within the scope
      of this invention that any other type of material could be employed.
PAR  A cylindrically shaped inner member 42 is positioned within the member 32.
      Formed about the exterior of the inner member 42 is an annular
      protuberance 44. The protuberance 44 is located within the annular opening
      40. A covering material 46, such as a strip of leather, is attached to the
      inside of the member 42. The material 46 may include a series of
      ventilation openings 48, if desired.
PAR  Attached to the frame 20 is a brace 50. The brace 50 supports a funnel 52.
      The funnel 52 includes an enlarged inlet opening 54. The exit opening of
      the funnel 52 is formed by a flattened spout 56. The spout 56 causes the
      ribbon 12 to be dispensed in a particular alignment, that is, holds the
      ribbon in a flat position. The spout 56 and the funnel 52 extend through
      an opening 58 formed within the frame 20.
PAR  The operation of the ribbon dispenser of this invention is as follows: It
      will be assumed that the spool 14 with the ribbon 12 wound thereon is
      attached as shown in FIGS. 1 and 2 with the ribbon 12 extending through
      the enlarged opening 54 of the funnel 52 and through the exit opening
      provided within the spout 56. A person then grasps the handle 32 and
      extends his forefinger within the member 42. The ribbon 12 is then tied to
      the article of manufacture (not shown) at a desired location. The person
      then proceeds to revolve the entire unit about the article of manufacture
      thereby winding the ribbon thereon. During the revolving of the dispenser
      10, the member 42 remains essentially stationary and the entire remaining
      part of the dispenser is revolved with respect to the member 42. This
      revolving is permitted due to the strips 36 and 38 which are the only
      connection between the member 42 and the handle member 32. The annular
      protuberance 44 prevents lateral movement of the member 42 with respect to
      the member 32.
PAR  To adjust the tension of the ribbon 12, the person only needs to tighten or
      loosen the wing nut 28. This tightens or loosens the spool 14 with respect
      to the frame 20 by exerting a frictional force between the washers
      assemblies 24 and 26. This adjustment can be accomplished quite precisely
      and once it is established, the tension of the ribbon will be maintained
      until the adjustment is changed.
PAR  The material of construction of the device of this invention could be made
      from plastic, wood or any other rigid material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ribbon dispenser comprising:
PA1  a frame within which is supported by supporting means a supply of ribbon,
      said ribbon being dispensible from said supporting means;
PA1  a dispensing supply funnel attached to said frame, said ribbon conductible
      through said funnel;
PA1  handle means attached to said frame, said handle means including a member
      rotatably mounted by a rotation supporting means, whereby a person's
      finger may be placed upon said member and said frame moved in respect
      thereto and said frame rotated with said ribbon to be wound about an
      article of manufacture.
NUM  2.
PAR  2. The ribbon dispenser as defined in claim 1 wherein:
PA1  said member including a central aperture into which a person's finger is to
      be located during use.
NUM  3.
PAR  3. The ribbon dispenser as defined in claim 2 wherein:
PA1  said handle means being cylindrically shaped and said member being
      similarly cylindrically shaped and mounted within said handle means.
NUM  4.
PAR  4. The ribbon dispenser as defined in claim 3 wherein:
PA1  said member includes an annular exterior protuberance which is located
      between annular strips of synthetic material attached to said handle means
      one on either side of said annular protuberance, whereby, said member is
      maintained in position within said handle means and normally preventing
      dislodgement of said member with respect to said handle means.
NUM  5.
PAR  5. The ribbon dispenser as defined in claim 1 wherein:
PA1  said funnel being connected to a flat spout, whereby said ribbon is
      conducted through said spout and dispensed in a particular alignment at
      all times.
NUM  6.
PAR  6. The ribbon dispenser as defined in claim 5 wherein:
PA1  said member includes a central aperture into which a person's finger is to
      be located during use;
PA1  said handle means being cylindrically shaped and said member being
      similarly cylindrically shaped and mounted within said handle means; and
PA1  said member includes an annular exterior protuberance which is located
      between annular strips of synthetic material attached to said handle means
      one on either side of said annular protuberance, whereby, said member is
      maintained in position within said handle means and normally preventing
      dislodgement of said member with respect to said handle means.
NUM  7.
PAR  7. The ribbon dispenser as defined in claim 1 wherein:
PA1  said supporting means comprises a spool, said spool supported upon a rod
      which is connected to said frame, adjustment means attached to said frame
      to control the tension of said ribbon as it is dispensed by varying the
      frictional binding of said spool to said frame.
NUM  8.
PAR  8. The ribbon dispenser as defined in claim 7 wherein:
PA1  said member includes a central aperture into which a person's finger is to
      be located during use;
PA1  said handle means being cylindrically shaped and said member being
      similarly cylindrically shaped and mounted within said handle means; and
PA1  said member includes an annular exterior protuberance which is located
      between annular strips of synthetic material attached to said handle means
      one on either side of said annular protuberance, whereby, said member is
      maintained in position within said handle means and normally preventing
      dislodgement of said member with respect to said handle means.
NUM  9.
PAR  9. The ribbon dispenser as defined in claim 7 wherein:
PA1  said funnel being connected to a flat spout, whereby said ribbon is
      conducted through said spout and dispensed in a particular alignment at
      all times.
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ABST
PAL  Two equal sized sheaves, each having a crank handle, are journaled for
      independent rotation. A sinker weight is supported on the loop of a
      control cable whose ends are attached to the respective sheaves. The
      control cable extends tangentially from the bottom of one sheave and the
      top of the other. Rotating the sheaves in the same direction transfers
      control line from one sheave to another without raising the sinker.
      Rotating the sheaves in opposite directions simultaneously or in sequence
      raises and lowers the sinker depending on the selected directions of
      rotation. A fishing tackle line which is attachable to the control cable
      may thereby be raised and lowered independently of the sinker weight.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When trolling for fish in deep water it is customary to use a control cable
      or line to lower a heavy weight or sinker to the approximate depth at
      which fishing is desired. Before lowering the weight, a short clip line is
      attached to the control cable near the weight or to the weight itself. A
      tackle line for the fisherman's rod and reel is attached to the clip line
      with a separable connector and the leader to the hook and bait is held
      with the connector. When the fishing boat is in motion the weight holds
      the bait at the selected depth. When a fish strikes, the connector
      separates so landing of the fish can be accomplished solely with the
      tackle line.
PAR  One disadvantage of this prior practice is that after a fish is landed or
      at any time that rebaiting or inspecting the bait is desired, it is
      necessary to raise the sinker to the level of the boat. Usually this is
      done by cranking the control line onto a drum or reel mounted on the boat
      using manual effort or an electric motor. Since fishing at depths of 50 to
      150 feet or more with weights of about 15 pounds is not uncommon, it is
      evident that considerable energy must be expended in raising and lowering
      the sinker.
PAR  Using an electric motor to drive each downrigger on a single boat avoids
      the physical stress of manual operation, but electric motor drives create
      other problems. The electric motors are usually supplied from batteries
      aboard the boat. When there are several fisherman aboard or when the
      weights are raised frequently to check the condition of the bait or to
      remove fish, a heavy current drain is imposed on the batteries and they
      may become depleted and incapable of supplying the boat engine and the
      downrigger motors.
PAR  When doing deep water trolling, the sinker weight occasionally snags or
      catches on the bottom of the body of water. If detachment of the sinker
      cannot be accomplished by maneuvering its control cable, the cable must be
      cut at above water level so that the weight and a substantial part of the
      cable is lost.
PAC  SUMMARY OF THE INVENTION
PAR  A general object of the present invention is to provide a downrigger which
      overcomes the aforementioned and other known disadvantages of prior art
      downriggers.
PAR  Another object is to provide a downrigger in connection with which the
      sinker may be carried on a loop of a control cable in a translatable
      fashion so that the tackle line which is detachably fastened to the
      control cable, may be taken in or lowered by simply translating the
      control cable without changing the elevation of the sinker.
PAR  Still another object of the invention is to avoid loss of the control cable
      when the sinker weight becomes snagged by means which permit detaching the
      cable from a windup wheel and translating it through a pulley on the
      sinker weight, thereby recovering substantially all of the control cable
      even though the weight may be lost.
PAR  Other objects of the invention are to provide a downrigger which is easy to
      operate and inexpensive, considering its capabilities, and that permits
      convenient fishing from the stern or the side of a boat.
PAR  In general terms, an illustrative embodiment of the invention comprises a
      stand that has a bearing. A shaft is journaled in the bearing. There are
      two large sheaves for handling the control line. One of the sheaves is
      fixed on the shaft on one side of the bearing stand. The other sheave is
      journaled for rotation on the shaft on the other side of the bearing
      stand. The control line, which is preferably a steel cable has one end
      fastened to one sheave and its other end fastened to the other sheave. The
      cable ends are disposed on each of the sheaves in such manner that if the
      sheaves are turned in the same direction, cable will unwind or feed from
      one and will be taken up on the other sheave. This means, when the shaft
      is horizontal, that one end portion of the cable will make tangential
      contact with one sheave above the rotational axis and the other end
      portion of the cable will make tangential contact with the other sheave
      below the rotational axis. The continuous cable running from sheave to
      sheave may be extended to form a loop. The sinker is provided with a
      pulley by means of which the sinker is supported in the cable loop. The
      portions of the cable extending from the large sheaves to form the loop
      are further guided on individual small sheaves that are supported on an
      arm which is radially remote from the large sheaves. The two small
      sheaves, in one embodiment, maintain the plane of the cable legs extending
      down to the loop in the plane of travel of the boat on which the
      downrigger is mounted. The large sheaves are each provided with crank
      handles to enable turning them in the same or reverse directions. When the
      sheaves are turned simultaneously in the same direction, cable transfers
      from one sheave to the other by virtue of it translating through the
      pulley which supports the sinker and the elevation of the sinker in the
      water does not change. The large sheaves may be turned individually or
      sequentially in opposite directions to feed out or take up cable and
      thereby lower or raise the sinker.
PAR  A more detailed description of the new downrigger and its use in connection
      with deep water fishing will now be set forth in reference to the
      drawings. Further objects of the invention, besides those indicated above
      will also be evident in the ensuing detailed description of a preferred
      embodiment of the invention.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the downrigger;
PAR  FIG. 2 is a partial vertical section taken on a line corresponding with 2-2
      in FIG. 4;
PAR  FIG. 3 is a plan view of the downrigger;
PAR  FIG. 4 is a side elevation view of the downrigger;
PAR  FIG. 5 is a partial view of the sinker supported in the cable loop and
      associated with fishing tackle with which the downrigger cooperates; and
PAR  FIG. 6 is a modification of a downrigger which is adapted for fishing from
      the side as opposed to fishing from the stern of the boat.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The downrigger shown in FIG. 1 comprises a first large sheave 10 and a
      second similar sheave 11 mounted for rotation about a normally horizontal
      axis. The sheaves are rotatable manually. A continuous control cable 12
      has one of its end portions 13 wound onto sheave 10 and another of its end
      portions 14 wound onto sheave 11. The extreme ends of the cable are
      fastened to the periphery of the sheaves, respectively. The control cable
      is wound on the sheaves such that the end portion 13 makes tangential
      contact with the periphery of sheave 10 at its top and above its
      rotational axis. End portion 14 of the control cable makes tangential
      contact with the periphery of sheave 11 at its bottom and below its
      rotational axis.
PAR  As shown in FIG. 1, cable 12 has two downwardly extending portions 15 and
      16 which form a loop in the region of a sheave assembly 17. The sheave in
      assembly 17 can be seen in FIG. 5 where it is marked 18. Sheave assembly
      17 is fastened to a sinker 19 with the bolt 20. The illustrated sinker 19
      comprises a fusiform shaped body 21 which has a normally vertically
      oriented fin 22. Body 21 is preferably made of lead and fin 22 is
      preferably made of a stiffer metal such as steel. Fin 22 may be molded in
      or otherwise secured to body 21.
PAR  Sinker 19 may be variously shaped. For instance, it may be a lead ball to
      which sheave assembly 17 is suitably attached. The illustrated
      configuration of the sinker 19, however, is streamlined such that fin 22
      will guide it in the line of travel of the fishing boat on which the
      downrigger is mounted during trolling. Moreover, the stability of sinker
      19 afforded by fin 22 when the sinker is being pulled through the water
      contributes toward maintaining downwardly extending cable portions 15 and
      16 in alignment or in a vertical plane directed along the line of travel
      of the boat. In other words, twisting of downwardly extending cable
      portions 15 and 16 is inhibited.
PAR  Note that cable portions 13 and 14 extend tangentially from large sheaves
      10 and 11 and that their directions are changed from generally horizontal
      to generally vertical by a pair of small sheaves 25 and 26 over which
      cable 12 runs. As can be seen in FIGS. 1 and 3, sheave 25 is rotatable on
      a shaft 27 that is mounted in a bracket 28. The base of the bracket has a
      hole 29 through which the downwardly directed cable passes. The other
      sheave 26 is on a shaft 29 mounted in a bracket 30 which has a hole 31 to
      enable the cable to be directed downwardly after it passes over small
      sheave 26. The two sheave brackets 28 and 30 are supported on the end of
      an arm 32 that extends away from a bearing stand or support 33. Arm 32 may
      comprise a flat member and a web 34 welded or cast thereon to impart
      rigidity to the arm. The arm has a base 35 for fastening it to the side of
      bearing stand 33 by any suitable means such as with cap screws 36.
PAR  Note in FIG. 3, particularly, that cable direction changing small sheave 25
      is substantially aligned with large cable takeup and feed sheave 10 and
      that small sheave 26 is substantially aligned with the other cable takeup
      and feed sheave 11. Sheave 25 is also more distant from large sheave 10
      than small sheave 26 is from large sheave 11.
PAR  FIG. 2 shows how the large sheaves 10 and 11 are mounted. Sheave 10 has
      several spokes 40 which join with a central hub 41. A shaft 42 having an
      integral head 43 extends through hub 41. Hub 41 and, hence, sheave 10 are
      fixed on shaft 42 for rotation therewith by any suitable keying means such
      as one or more set screws 44. Bearing stand or support 33 preferably has a
      bushing 45 in which shaft 42 is journaled for rotation.
PAR  The other large sheave 11 has several spokes 46 joined to a central hub 47
      in which there is a bushing 48 such that sheave 11 is selectively
      rotatable with respect to shaft 42.
PAR  Sheave 11 is selectively engageable and disengageable for independent and
      joint rotation, respectively, with shaft 42. A detent pin 49 is provided
      for engaging and disengaging sheave 11 with respect to shaft 42. Detent
      pin 49 is in a tube 50 which is screwed radially into hub 47. There is a
      spring 51 in the tube which reacts against a cross pin 58 extending
      through detent pin 49. Shaft 42 has several radial holes 59 of sufficient
      size to receive the tip of detent pin 49. Detent tube 50 has a cross slot
      60, as can be seen in FIG. 1, to enable retracting the detent and giving
      it a 90.degree. turn to keep its tip out of engagement with the holes 59
      in bushing 48 and shaft 42. When the detent is turned oppositely such that
      pin 58 can enter slot 60, spring 51 drives the detent 49 into engagement
      with shaft 42 such that sheave 11 cannot turn thereon but will jointly
      turn with shaft 42 and the other sheave 10. The sheaves are restrained on
      opposite sides of bearing stand 43 by means of a retainer disk 64 which
      has a flat head screw 65 for fastening it into the end of shaft 42 as is
      clearly evident in FIG. 2. Retainer disk 64 has an axially extending boss
      66 slightly smaller than the bore of bushing to provide for a little free
      play in the shaft.
PAR  Means are also provided for locking either or both of the large sheaves 10
      and 11 against rotation. As can be seen in FIGS. 2-4, illustrative locking
      means comprise a pair of pivotally mounted arms 70 and 71 on a pivot pin
      72. The pin is through a prism shaped upwardly projecting portion 75 of
      bearing stand 33. Arm 71 is swingable on pivot pin 72 such that the arm
      can enter between spokes 40 of large sheave 10 to restrict its rotation.
      Arm 70 is swingable in the other direction such that it may enter between
      spokes 46 of large sheave 11 and prevent its rotation. Arms 70 and 71 are
      similarly shaped in this example of the sheave locking means. Typically,
      arm 71 has a straight lower edge or end portion 73 and a curved corner 74.
      The curved corner permits the arm to swing in one direction as illustrated
      by its phantom line position in FIG. 2 where it is engaging with sheave
      10. The straight edge 73 serves as a stop by reacting against bearing
      stand 33 so that arm 71 cannot turn counterclockwise beyond center
      position in which it is shown in solid lines in FIG. 2. As can be seen in
      FIG. 3, arms 70 and 71 are on opposite sides of the upstanding prism
      shaped projecting 75 of bearing stand 33. The locking means just described
      is only illustrative. For instance, the large sheaves 10 and 11 might be
      locked with slide bolts, not shown, that are mounted between large sheaves
      10 and 11 on bearing stand 33 for movement in and out of the rotational
      path of sheaves 10 and 11.
PAR  Bearing stand 33 may be provided with a base for fastening the downrigger
      assembly at a convenient position relative to the deck of a boat. An
      illustrative mounting means is the inverted U-shaped clamping member 76
      which is clearly visible in FIGS. 1 and 4. One of the sides of the member
      76 is provided with a clamping screw 77 for securing the member to the
      boat such as to the gunwale on the stern whereupon arm 32 will extend over
      the rear of the boat in a direction opposite of the direction of the
      travel of the boat during trolling.
PAR  Large sheaves 10 and 11 each have a handle 78 and 79 for turning the large
      sheaves manually. As illustrated, the handles are mounted on pins
      supported in metal segments such as 80 which are fastened to the spokes of
      the sheaves.
PAR  Use of the downrigger in connection with trolling for fish will now be
      described primarily in reference to FIGS. 1 and 5. Initially sinker weight
      19 is suspended above water level within the reach of the fisherman as may
      be assumed to be its position in FIG. 1. It will be understood that cable
      12 is long enough to make many turns on large sheaves 10 and 11 when
      sinker weight 19 is raised. Typically, control cable 12 may be at least
      three times as long as the maximum depth at which the sinker is to be
      placed and sheaves 10 and 11 may have a diameter of about 10 inches, for
      example, but can be larger or smaller. A control cable 12 of its length
      would permit fishing at an approximate depth of 150 feet. In any case, the
      maximum depth permissible is about one-third the total length of the
      cable. After sinker 19 is lowered into the water as will be explained, a
      leader line 90 is attached to cable 12 by means of an alligator clip 91.
      At one end of leader 90 there is a detachable connector body 92 which may
      be made of fibrous material. Connector 92 receives a pin 93 that fits
      frictionally into a hole in the bottom of the connector. Pin 93 is held
      with a clasp 94 attached to leader 90. Another pin 95 having an eye
      connected to a double-eyed clasp 96 is fixed in connector 92. The tackle
      line 97 extending up to the rod and reel, not shown, of the fisherman on a
      boat engages with clasp 96. Extending from the clasp is a bait leader line
      98 which terminates in a fishhook 99 on which a live bait may be attached
      and, of course, other types of lures might also be substituted for live
      bait and hook 99. When a fish strikes the bait, connector 92 is pulled off
      of pin 93 so that the fish may be landed by taking in tackle line 97
      independently of sinker weight 19 and of control cable 12.
PAR  The downrigger may be operated in different modes but typically fishing is
      initiated by first lowering the sinker 19 without alligator clip 91 and
      the tackle line 97 being attached to control cable 12. Prior to lowering
      the sinker 19 to the approximate depth at which fishing is desired, and
      assuming maximum depth is desired, two-thirds of cable 12 may be wound
      onto one large sheave such as sheave 11 and one-third on sheave 10. Then,
      as viewed in FIG. 1, sheave 10 may be held with manual handle 78 and
      sheave 11 may be rotated counterclockwise, while detent 19 is disengaged
      from shaft 42, so the portion 15 of cable 12 extends and sinker 19
      translates thereon downwardly by virtue of it being engaged by small
      pulley 18 in the loop of cable 12. The sinker can be lowered under these
      circumstances to a maximum depth equal to half the length of the cable on
      sheave 11 originally. Sheave 10 is also independently rotatable when the
      detent is retracted such that if part of the cable 12 is on sheave 10
      initially, the latter may be turned to cause the cable to extend and lower
      the sinker. Of course, sheave 10, when feeding out cable, is turned in a
      direction opposite to that in which sheave 11 is turned when cable is
      being fed out and the sinker is being lowered. This is because the cable
      is wound on the respective sheaves in different directions.
PAR  Assuming that the sinker has been lowered to the desired depth, the next
      step is to get the bait down the approximate depth at which fishing is
      desired. This is accomplished by attaching alligator clip 91 to the
      downwardly extending portion, such as outboard portion 16 of cable 12
      beyond small sheave 25 as illustrated in FIG. 1. Now to move the alligator
      clip for the tackle line toward the sinker 19, the fisherman engages
      sheave 11 with shaft 42 by inserting detent 49 in which case sheaves 10
      and 11 are locked together for joint rotation. In reference to FIG. 1,
      sheaves 10 and 11 are then turned clockwise by the fisherman engaging
      either or both handles 78 and 79 in which case cable 12 is fed from sheave
      10 and an equal amount is simultaneously taken up on sheave 11. The
      alligator clip and, hence, the bait may be lowered to any depth limited
      only by the sinker depth. In this case, sinker 19 remains at whatever
      level it was set since cable 12 merely translates relative to sinker 19 by
      virtue of the cable passing over pulley 18 on the sinker.
PAR  When a fish bites and is landed with tackle line 97 independently of the
      sinker as described above, the line with the alligator clip 91 must be
      brought up to rebait the tackle line. The alligator clip and its
      attachments may also be brought up when the fisherman desires to inspect
      the condition of the bait. Under these circumstances, large sheaves 10 and
      11 are interlocked with detent 49 and the sheaves are turned jointly
      counterclockwise as viewed in FIG. 1 in this example. This transfers cable
      from sheave 11 to sheave 10 such that the alligator clip 91 is brought up
      but the cable translates through the sinker and it remains at whatever
      level it has been set.
PAR  Whenever it is desired to hold sinker 19 at a fixed level, locking means 70
      and 71 may be engaged with the respective sheaves 10 and 11 to prevent
      their rotation. Of course, since the weight of the sinker is equalized on
      both portions of the cable leading from each large sheave, the sheaves
      tend to be held in equilibrium if they are locked together because of
      substantially equal tension on both portions of the cable.
PAR  When it is desired to terminate fishing, sheaves 10 and 11, which are then
      locked together for joint rotation, are rotated in a suitable direction
      for bringing up the alligator clip 91 and it is detached. This frees the
      tackle line. After that, sheave 11 is disengaged from shaft 42 so that
      each of the sheaves 10 and 11 can be turned independently. They are then
      turned jointly or consecutively in opposite directions to take in the
      cable and lift sinker 19.
PAR  Another operational sequence for lowering the sinker and the tackle line
      and for raising them independently as desired is to start with all of the
      cable 12 prewound onto large sheave 10 in reference to FIG. 1. Then while
      holding large sheave 11, sheave 10 is turned clockwise to feed out cable
      and extend intermediate cable portion 16 to lower the sinker. The sinker
      will descend a distance equal to one-half the amount of cable that is fed
      out from sheave 10. The two large sheaves may then be locked by pivoting
      locking levers 70 and 71 after which alligator clip 91 and associated
      tackle line 97 may be fastened to descending portion 16 of cable 12 as
      shown in FIG. 1. Locks 70 and 71 are then released and detent 29 is
      inserted to interlock the two large sheaves 10 and 11 for joint rotation.
      The two sheaves 10 and 11 are then rotated clockwise as viewed in FIG. 1
      so that additional cable is fed from sheave 10 and simultaneously taken up
      on sheave 11 while the cable feeds through or translates with respect to
      sinker pulley 18 so the sinker 19 depth remains constant. Locking members
      70 and 71 may then be set again while trolling for fish proceeds. The
      procedure for raising either the sinker or tackle line or both should be
      self-evident from the foregoing and from the previous description of one
      mode of operation so the procedure will not be repeated.
PAR  Of course, many other operational sequences are obtainable as governed by
      the amount of control cable available, the amounts on each of the sheaves
      10 and 11 at a given time and the depths at which the sinker and tackle
      line and bait are desired to be placed.
PAR  The amount of cable fed out or taken in by rotation of large sheaves 10 and
      11 may be determined by simply counting the number of sheave rotations.
      Each rotation feeds or takes in about the same number of lineal feet of
      cable even though the axial widths of grooves in the sheaves are narrow
      such that the cable piles up or overlays and produces an effective change
      in sheave diameter. It has been found that a calibration chart or scale,
      not shown, is useful. The scale is based on experimentally determining the
      relation between the number of turns of a sheave and the lineal feet of
      cable. In this way non-linearity between the two for several check points
      can be recorded and the chart or scale may be affiliated with the
      downrigger for use by its operator when more accuracy is required.
PAR  As mentioned earlier, the common mode of fishing is to have the downrigger
      mounted on the stern of the boat with arm 32 which supports the small
      sheaves 25 and 26 extended rearwardly in a direction opposite to that in
      which the boat is expected to travel. In such case, the planes of large
      sheaves 10 and 11 are parallel to or coincident with the line of travel of
      the boat. The axis of shaft 42 is transverse to the line of travel. The
      downrigger may also be adapted for fishing off the side of the boat in
      which case arm 32 would extend transversely and the axis of shaft 42 would
      be directed in the line of travel. Motion of the boat would cause fin 22
      to turn the sinker in the water such that the downwardly extending
      portions 15 and 16 of the cable might twist with each other. To avoid this
      and to make fishing from the side of the boat more convenient, the
      downrigger may be modified as depicted in FIG. 6.
PAR  In FIG. 6, the outboard end of arm 32 is provided with a first additional
      bracket mounted sheave 101 cooperating with sheave 26 and a second
      additional sheave 103 cooperating with sheave 25. These sheaves may be
      part of a standard model and not used for stern fishing or they may be
      incorporated in a special model adapted for fishing from the side of the
      boat. The axis of small sheave 101 is normal to the axis of sheave 26 so
      that the cable bears on the periphery of the small sheave. Similarly,
      sheave 103 directs the cable at a right angle to sheave 25. This disposes
      the downwardly extending portions 15 and 16 of cable 12 in alignment with
      each other and in a plane which coincides with the line of travel of the
      boat. Thus, sinker 19 can be trolled from the side of the boat with its
      fin 22 in the line of travel without downwardly extending portions 15 and
      16 of cable 12 twisting.
PAR  In the foregoing description of the invention, the term "cable" has been
      used to designate the control line. A small cross section flexible cable
      comprised of steel strands has been found to work satisfactorily but it
      should be understood that any suitable line made of other materials and
      having high strength in comparison with its cross section can be used. A
      long length of cable has the merit of being somewhat elastic so that when
      the sinker is jerked due to changes in boat speed or to dragging on the
      bottom, the shock will be largely absorbed by the elastic cable.
PAR  The large sheaves 10 and 11 are essentially wheels having a periphery for
      accommodating cable. Thus, the term "wheel" and "wheel means" are intended
      to be generic to such equivalent devices as cable drums and reels.
PAR  Although a preferred embodiment of the invention has been described in
      considerable detail, such description is intended to be illustrative
      rather than limiting, for the invention may be variously embodied and is
      to be limited only by interpretation of the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A downrigger adapted to operate a cable for selectively raising and
      lowering a sinker means and for selectively feeding and taking up said
      cable independently of substantial movement of said sinker means,
      comprising:
PA1  a. first and second reversibly rotatable wheel means constructed and
      arranged for engaging opposite end portions of a continuous cable for
      suspending said sinker means translatably on a loop portion of said cable
      formed intermediate its ends,
PA1  b. means for rotating said wheel means individually and jointly, rotation
      of said wheel means individually and jointly in first opposed directions
      causing said cable to be fed from one and the other of said wheel means to
      extend said intermediate portion of said cable between said end portions
      for lowering said sinker means on said loop portion, and rotation of said
      wheel means individually and jointly in second opposed reverse directions
      causing said cable to be taken up on one and the other of said wheel means
      for raising said sinker means on said loop portion,
PA1  c. rotation of said first and second wheel means jointly in a selected
      direction causing said cable to be fed from one wheel means and to be
      taken up by the other wheel means for said cable to translate relative to
      said sinker to thereby maintain the distance of said sinker from said
      wheel means substantially constant.
NUM  2.
PAR  2. The downrigger of claim 1 wherein:
PA1  a. said wheel means are coaxial.
NUM  3.
PAR  3. The downrigger of claim 1 including:
PA1  a. means for selectively coupling and uncoupling one wheel means relative
      to the other for said joint and individual rotation of said wheel means,
      respectively.
NUM  4.
PAR  4. The downrigger of claim 1 wherein:
PA1  a. said sinker has pulley means journaled for rotation thereon, said cable
      loop portion running on said pulley means for translating said cable
      relative to said sinker and for supporting said sinker.  pg,18
NUM  5.
PAR  5. The downrigger of claim 1 wherein said means for rotating said wheel
      means includes manually engageable handle means on each of said wheel
      means for selectively rotating said wheel means individually and jointly.
NUM  6.
PAR  6. A downrigger adapted to operate a cable for selectively raising and
      lowering a sinker means and for selectively feeding and taking up said
      cable independently of substantial movement of said sinker means,
      comprising:
PA1  a. first and second reversibly rotatable wheel means arranged for rotation
      about the same axis, each of said wheel means having means for engaging
      opposite end portions of a continuous cable such that an intermediate
      portion of said cable may form a loop portion between said first and
      second wheel means for suspending said sinker means in a manner that
      permits said cable to translate relative to said sinker means,
PA1  b. means for rotating said wheel means jointly and individually, and means
      for selectively coupling and uncoupling said first and second wheel means
      for enabling joint and individual rotation, respectively, of said wheel
      means,
PA1  c. rotation of said wheel means jointly in the same direction causing said
      cable to be fed from one of said wheel means and to be taken up
      correspondingly by the other of said wheel means while said cable
      including said loop portion translates relative to said sinker means for
      enabling said sinker means to remain at a substantially constant distance
      from said wheel means,
PA1  d. rotation of said wheel means individually in first opposite directions
      simultaneously and sequentially causing said cable to be taken up by said
      wheel means to thereby raise said sinker means on said loop portion, and
      reversing said directions of rotation causing said cable to be fed from
      said wheel means to thereby lower said sinker means on said loop portion.
NUM  7.
PAR  7. The downrigger in claim 6 wherein:
PA1  a. said axis of rotation of said wheel means is substantially horizontal
      and said reversibly rotatable wheel means rotate in substantially vertical
      planes,
PA1  b. said wheel means being arranged for said cable to extend from one of
      said wheel means tangentially of its periphery above said rotational axis
      and to extend from the other of said wheel means tangentially of its
      periphery below said axis.
NUM  8.
PAR  8. The downrigger in claim 7 including:
PA1  a. a pair of sheave means and support means for supporting said sheave
      means for rotation at a place spaced from said wheel means, said sheave
      means being arranged for said cable extending from each of said wheel
      means to run over respective ones of said sheave means and to form in said
      intermediate cable portion a loop lying in a first vertical plane that is
      approximately parallel with the plane of said wheel means for suspending
      said sinker means.
NUM  9.
PAR  9. The downrigger in claim 8 including:
PA1  a. additional sheave means mounted for rotation on said support means for
      said cable to run on and to cooperate with said first pair of sheave means
      for establishing said loop in a second vertical plane which is
      approximately perpendicular to said first plane.
NUM  10.
PAR  10. A downrigger for operating a cable to raise and lower a sinker
      selectively and to feed and take up cable selectively independently of
      substantial movement of said sinker, comprising:
PA1  a. a shaft,
PA1  b. means for supporting said shaft for rotation,
PA1  c. first wheel means fixed on said shaft for rotation therewith,
PA1  d. second wheel means mounted for selective rotation on said shaft,
PA1  e. said wheel means being constructed and arranged for engaging with
      opposite end portions, respectively, of said cable such that an
      intermediate portion of said cable may form a loop between said first and
      second wheel means for supporting said sinker means translatably relative
      to said cable,
PA1  f. handle means on each of said wheel means for rotating said wheel means,
      and
PA1  g. means for selectively engaging and disengaging said second wheel means
      with said shaft, whereby when said means is engaged said wheel means are
      rotatable jointly to translate said cable relative to said sinker means
      and transfer said cable from one wheel means to another to thereby
      maintain the distance between said sinker means and wheel means
      substantially constant and when said second wheel means is disengaged both
      of said wheel means are rotatable in first opposite directions to extend
      said intermediate portion of said cable and in reversed opposite
      directions to take up said cable.
NUM  11.
PAR  11. The downrigger in claim 10 including:
PA1  a. first and second sheave means,
PA1  b. means for supporting said sheave means for rotation remotely from said
      wheel means, the rotational axes of said sheave means, respectively, being
      substantially parallel to the axis of said wheel means,
PA1  c. said sheave means being arranged for cable leading from each wheel means
      to run on them, respectively, with said sinker supporting loop being
      formed between them.
NUM  12.
PAR  12. The downrigger in claim 11 wherein said first sheave means is
      substantially in the vertical plane of said first wheel means and the
      second sheave means is substantially in the vertical plane of said second
      wheel means.
NUM  13.
PAR  13. The downrigger in claim 12 wherein the point of tangency of said cable
      on one of said sheave means leading to said loop is farther from said
      wheel means than the point of tangency of said cable on the other of said
      sheave means leading to said loop, whereby intermediate portions of said
      cable forming said loop will be spaced from each other.
NUM  14.
PAR  14. The downrigger in claim 11 including:
PA1  a. additional sheave means located near and cooperating with said first and
      second sheave means for changing the direction of said cable means to
      maintain said cable portions leading to said loop in a plane that is
      substantially transverse to the plane of said wheel means.
NUM  15.
PAR  15. The downrigger in claim 12 including means for selectively locking one
      and the other and both of said wheel means against rotation and for
      selectively releasing the same for rotation.
NUM  16.
PAR  16. A downrigger for fishing, comprising:
PA1  a. support means,
PA1  b. a shaft journaled for rotation on said support means, the axis of said
      shaft being nominally horizontally disposed,
PA1  c. first wheel means fixed on said shaft for rotation therewith on one side
      of said support means,
PA1  d. second wheel means mounted for rotation on said shaft on the other side
      of said support means,
PA1  e. said wheel means being rotatable in nominally vertical planes about said
      shaft axis and being constructed and arranged for winding and unwinding a
      cable,
PA1  f. means for selectively engaging and disengaging said second wheel means
      and said shaft for selective joint and individual rotation of said wheel
      means, respectively,
PA1  g. a cable having opposite end portions attached to said wheel means and
      having a continuous intermediate portion between said end portions,
PA1  h. said cable extending tangentially from generally opposite sides of the
      peripheries of said wheel means, respectively,
PA1  i. first and second sheave means supported for rotation in spaced relation
      from and in substantial alignment with said first and second wheel means,
      respectively, said cable running over said sheave means from each wheel
      means for forming a loop in said cable,
PA1  j. pulley means for supporting a sinker, said pulley means being
      supportable in said cable loop, and
PA1  k. handle means on said wheel means, respectively, for rotating said wheel
      means manually, whereby when said second wheel means is disengaged from
      said shaft means one and another of said wheel means may be rotated in
      first opposite directions to feed said cable from said wheel means for
      lowering said sinker and may be rotated in second opposite directions to
      take up said cable on said wheel means and when said wheel means are
      engaged and rotated in the same direction said cable will transfer from
      one wheel means to the other translatably relative to said sinker means.
NUM  17.
PAR  17. A downrigger comprising:
PA1  a. first and second spaced apart coaxial wheel means,
PA1  b. a bearing support between said wheel means,
PA1  c. a shaft journaled in said bearing support, said first wheel means being
      fastened to said shaft and said second wheel means being rotatable
      thereon,
PA1  d. means for selectively engaging and disengaging said second wheel means
      relative to said shaft to enable joint and individual rotation of said
      wheel means, respectively,
PA1  e. a continuous cable having its opposite ends fastened to said wheel
      means, respectively, for being wound onto and fed from said wheel means,
      said cable being disposed on said wheel means such that joint rotation
      thereof in either direction will transfer cable from one wheel means to
      the other and individual simultaneous and sequential rotation thereof in
      first opposite directions will feed said cable and such rotation in
      reverse directions will take up said cable,
PA1  f. first and second sheave means supported remotely from said wheel means
      for rotation in planes respectively parallel to said wheel means,
      respectively, said cable from each wheel means running on said sheave
      means for directing said cable vertically and for forming a loop in said
      cable,
PA1  g. pulley means and a sinker supported thereon, said pulley means being
      supported in said cable loop for said cable to translate relative to said
      sinker upon said joint rotation of said wheel means and for said cable to
      raise and lower said sinker, selectively, upon said individual rotation of
      said wheel means, and
PA1  h. handle means on said wheel means for turning said wheel means.
NUM  18.
PAR  18. The downrigger of claim 17 including means for locking said first and
      second wheel means against rotation.
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ABST
PAL  This disclosure relates to a brake member for a tape measure in which the
      brake member is symmetrical so that in assembly either end can be placed
      in contact with the tape measure. There is also provided two detents for
      the brake member to hold it in either its braking or non-braking position.
BSUM
PAR  This invention relates to coilable rules and is an improvement upon the
      invention disclosed and claimed in U.S. letters Pat. No. 3,214,836 issued
      Nov. 2, 1962 upon an application of Robert F. West and assigned to the
      assignee of the present invention.
PAR  The principal object of this invention is to provide an improved coilable
      rule incorporating a novel lock mechanism for releasably holding the
      measuring tape blade against movement in its various extended positions.
PAR  Another object of the present invention is to provide such a coilable rule
      which will permit adjustment of the measuring tape to different extended
      positions while retaining the lock mechanism in locking position wherein
      the measuring tape is frictionally held in its extended position. Included
      in this object is the provision of an improved detented lock mechanism for
      holding the tape blade in its locking and non-locking positions.
PAR  A still further object of the present invention is to provide in such a
      coilable rule a novel lock mechanism which is symmetrical in design to
      provide for fool-proof assembly and lower cost of production.
PAR  Other objects will be in part obvious and in part pointed out more in
      detail hereinafter.
PAR  A better understanding of the invention will be obtained from the following
      detailed description and the accompanying drawings of an illustrative
      application of the invention.
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PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of an illustrative coilable rule
      embodying the invention with portions broken away to show the improved
      lock mechanism in its locking position;
PAR  FIG. 2 is a side elevational view, on a reduced scale, of the lock
      mechanism of the invention;
PAR  FIG. 3 is a rear elevational view thereof; and
PAR  FIG. 4 is a top elevational view thereof.
DETD
PAR  Referring now to the drawings in detail, FIG. 1 is an illustrative
      embodiment of the present invention wherein a coilable rule is shown as
      having a hollow casing 10 defining a chamber to receive the coiled
      measuring tape blade 12, preferably formed of spring steel, and the recoil
      spring 14 which serves as a spring motor connected to the inner end of the
      coiled tape blade 12 to recoil the same into the casing 10.
PAR  As shown, the front wall 16 is provided, at the lower edge thereof, with an
      opening 18 through which the tape blade 12 passes. The outer end of the
      tape blade 12 is provided with a hook 20 for facilitating the manipulation
      of the measuring tape and for limiting the movement of the tape into the
      casing 10 by its engagement with the lip 22 of the housing as the tape
      reaches the termination of recoil into the casing.
PAR  In accordance with the present invention, there is provided an improved
      lock mechanism for releasably wedging the measuring tape blade 12 against
      the bottom wall 37 of the casing thereby to secure the measuring tape
      blade against movement in any of its extended positions. In the
      illustrated embodiment, the lock mechanism comprises an arcuate brake
      member 24 preferably molded from a suitable flexible resilient
      hard-wearing and self-lubricating material such as nylon. The arcuate
      brake member 24 includes thin tongue-like symmetrical upper and lower
      portions 26, 28 which are mirror images of each other and have the same
      radius of curvature and an intermediate portion 30 positioned at the
      midpoint between the upper and lower portions and offset therefrom by a
      necked down web 32 which extends through a slot 34 in the front wall of
      the casing 10 so that the intermediate portion 30 is exposed to serve as a
      finger piece or button for the manipulation of the locking mechanism.
PAR  The brake member 24 is mounted for sliding movement against the concave
      inner surface 33 of the front wall of the casing with the button 30
      bearing against the arcuate outer surfaces 35 of the front wall 16
      adjacent the slot 34 to mount the brake member 24 on the casing 10.
PAR  The lower portion 28 of the brake member 24 is provided with a tab or shoe
      36 at the end thereof which, in the illustrative embodiment, is integrally
      formed on the extremity of the lower portion 28 of the brake member 24 and
      projects generally perpendicular therefrom. When the brake member 24 is
      rotated counter-clockwise, as viewed in the drawings, by means of the
      finger piece 30 until it reaches its lower-most position (as shown in FIG.
      1), the shoe 36 engages the top surface of the measuring tape blade 12 so
      as to force it against the bottom wall 37 of the casing to frictionally
      hold the blade against movement.
PAR  It will be apparent that the cooperation between the button and the front
      wall of the casing provides a cantilever mounting for the upper and lower
      portions 26, 28 of the brake member 24.
PAR  Due to such cantilever mounting and the concave inner surface 33 of the
      front wall 16 of the casing 10, the lower portion of the brake member 24
      engages the tape blade 12 at an acute angle pointed in the coiling
      direction of the tape blade and provides a uniform level of frictional
      force without requiring close dimensional tolerances in the manufacture of
      the brake member or the tape casing. Additionally, the maintenance of the
      wedging engagement between the shoe 36 and the tape blade 12 is aided by
      the biasing force imparted by the spring motor 14 tending to move the tape
      blade 12 to its coiled position. A reinforcement rib 39 is provided to
      augment the biasing force of the thin tongue-like cantilever mounted lower
      portion 28 of the brake member 24. The free edge of the brake shoe 36 is
      preferably formed so to conform with the contour of the top side of the
      measuring tape blade 12 so as to provide broad surface contact
      therebetween.
PAR  As shown in FIG. 1, the arcuate inner surface 33 of front wall 16 is
      provided with a pair of spaced recesses 40, 42. The upper portion 26 of
      the brake member 24, being symmetrical with the lower portion 28 thereof,
      is provided with a tab or shoe 38 which is identical to the shoe 36. Shoe
      38 serves as a detent biased into the recess 40 due to the cantilever
      mounting of upper portion 26 of brake member 24 to latch the brake member
      24 in its unlocked position.
PAR  Similarly, tab 38 serves as a detent engageable with recess 42 to latch the
      brake member in its locking position. By providing for the detenting of
      the brake member in its locking position, the possibility of releasing the
      brake member 24 during the adjustment of the tape when the brake member is
      in a locking position is obviated.
PAR  In operation, when the tape blade 12 is extended to its desired position,
      the operator is merely required to push the button 30 downwardly into the
      locking position where the detent 38 is engaged in the recess 40. As
      described above, the brake shoe 36 then resiliently and frictionally
      engages the tape blade 12 to wedge the same against the bottom wall 24 of
      the casing with sufficient force to hold the tape against undesired
      movement.
PAR  Since the holding power of the brake member 24 is determined by the
      inherent resiliency of the cantilevered lower portion 28 of the brake
      member 24, it will be appreciated that, should it be desired to extend the
      tape a greater amount, the braking force applied to the tape by the lock
      mechanism may be overcome without damage to the tape blade 12 or the brake
      member 24.
PAR  When it is desired to recoil the tape, the operator merely has to push the
      button 30 upwardly to its release position wherein the tab 38 engages the
      recess 40 to release the braking force applied to the tape blade 12 so
      that the tape may, under the influence of the spring motor 14,
      automatically recoil into the casing.
PAR  As indicated above, the coilable rule of this invention provides a lock
      mechanism wherein the brake member 24 is symmetrical to eliminate the
      possibility of misassembly in the casing, provides a construction in which
      the lock is detented into its braking position to prevent inadvertent
      release thereof during manual adjustment of the tape blade while the brake
      member is in its operative position, and provides a design adapted for
      lower manufacturing costs.
PAR  As will be apparent to persons skilled in the art, various modifications,
      adaptations and variations of the foregoing specific disclosure can be
      made without departing from the teachings of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a coilable rule including a casing having a slotted arcuate front
      wall provided with an opening forming a mouth adjacent the lower edge
      thereof and a flat bottom wall, a measuring tape blade coilable in the
      casing, a brake member for releasably holding the tape blade against
      unintended movement from a desired extended position, said brake member
      comprising upper and lower arcuate portions with shoes at the ends thereof
      and an intermediate offset finger piece connected thereto by a necked down
      web received in the slot of said front wall of the casing to cantilever
      mount said upper and lower portions on said casing for slideable movement
      toward and away from the tape blade between locking and unlocking
      positions and to bias said lower arcuate portion of the brake member into
      engagement with said tape blade at an acute angle to the coiling direction
      of the tape to clamp the blade against the flat bottom wall when said
      brake member is in its locking position, the improvement wherein said
      upper and lower arcuate portions are mirror images of each other and the
      shoes thereof project radially outwardly from the ends thereof,
      respectively, and said front wall further provides a pair of spaced
      recesses which cooperate with the shoe of the upper arcuate portion to
      detent the brake in both the locking and unlocking positions thereof.
NUM  2.
PAR  2. The coilable rule of claim 1 wherein said upper and lower arcuate
      portions of said brake member are provided with a reinforcing rib to fix
      the biasing force thereof.
NUM  3.
PAR  3. The coilable rule of claim 1 wherein said finger piece and said upper
      and lower arcuate portions of said brake member straddle said slot.
NUM  4.
PAR  4. The coilable rule of claim 1 wherein a spring motor biases said tape
      blade into its coiled position within the casing.
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ABST
PAL  A safety belt construction adapted for use as an automobile seat or
      shoulder belt providing normally desired freedom of movement to a wearer
      during normal driving with the belt snagged into a locked passenger
      retaining position upon a rapid change of speed or direction of the
      vehicle. A belt is wound on a spring biased rotatable drum, the spring
      tending to rotate the drum to wind the belt thereon. At relatively
      constant speed and direction, the belt may readily be unwound from the
      drum. However, upon a rapid change of direction or speed, ratchet teeth
      associated with the drum are engaged by a pawl preventing drum rotation
      and holding the belt tightly. The pawl is actuated to a drum locking
      position by a pendulum moving in response to rapid speed and direction
      changes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of safety belts, and more particularly to
      an improved safety belt particularly adapted for use as a lap or shoulder
      restraining belt in motor vehicles.
PAR  The use of such automobile seat and shoulder belts though generally
      recognized as minimizing injury in vehicle collisions is resisted by many
      drivers because of the discomfort encountered in the use of these belts.
      Among the primary causes of discomfort is the fact that the wearer is
      restricted in movement not only during a collision, but also during normal
      driving.
PAC  BRIEF DESCRIPTION OF INVENTION
PAR  It is with the above considerations in mind that the present improved
      safety belt has been evolved, providing a desired degree of freedom of
      movement to the wearer during normal driving but snagging to a locked
      position in the event of a sharp change of speed or direction.
PAR  It is accordingly among the primary objects of the invention to provide a
      safety belt which will permit the wearer to move about to the extent
      normally desired during normal driving, but which snags to a locked
      position when the vehicle is subjected to rapid changes of speed or
      direction, such as occurs during a collision.
PAR  According to the invention, this and other objects which will appear
      hereafter are attained by training a belt around a spring biased rotatable
      drum with the spring biasing the drum to wind the belt thereabout. A
      ratchet wheel is secured to one end of the drum and a pawl is positioned
      to engage the ratchet teeth preventing rotation of the drum upon a rapid
      change of direction or speed of an automobile or the like in which the
      belt is employed. The pawl is moved to a ratchet engaging position by a
      pendulum coupled to the pawl, with a change in inertia of the pendulum
      moving the pawl.
PAR  A feature of the invention resides in the mounting of the pawl on a
      displaceable axis of rotation permitting pawl displacement during ratchet
      engagement to assure desired seating of the pawl with respect to the
      ratchet teeth.
PAR  Another feature of the invention resides in the provision of a cam surface
      on the pawl implementing return of the pendulum to a centered position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The specific details of the invention will be described in full, clear,
      concise and exact terms in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a side elevational view of a belt holder with the pendulum and
      fulcrum seat shown in partial cross-section;
PAR  FIG. 2 is a view of the interior of the belt holder shown in FIG. 1, with
      parts broken away showing the drum, ratchet teeth, and pawl;
PAR  FIG. 3 is an end view at right angles to the FIG. 2 view with the pendulum
      and pivot arm rotated 90.degree.;
PAR  FIG. 4 is a detail elevational view of the pawl and ratchet in locked
      position;
PAR  FIG. 5 is a detail elevational view of the pawl and ratchet in an undesired
      point to point position;
PAR  FIG. 6 is a detail view looking up at the lower right hand corner of the
      holder as viewed in  FIG. 3 showing a plan view of the lever connection
      between pendulum and pawl;
PAR  FIG. 7 is a detail elevational view of the lever seen in FIG. 6 in a
      position moving the pawl to a ratchet engaging position;
PAR  FIG. 8 is a detail elevational view of the upper end of the pendulum
      fulcrum when the pendulum is pivoted;
PAR  FIG. 9 is a detail elevational view of a modified pawl shown in an inactive
      position with respect to the ratchet teeth;
PAR  FIG. 10 is a detail elevational view of the modified pawl of FIG. 9 in
      ratchet tooth engaging position; and
PAR  FIG. 11 is a detail view at right angles to the views of FIG. 9.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now more particularly to the drawings, like numerals in the
      various FIGS. will be employed to designate like parts.
PAR  As best seen in FIGS. 1-3, the safety belt construction embodying the
      invention is formed with a belt holder housing 1 in which a hollow drum 2,
      as best seen in FIGS. 2 and 3 is mounted on a rotatable shaft 3 rotatably
      supported between the side walls of the housing 1 as best seen in FIG. 3.
      A pin 4 secures drum 2 to shaft 3 for rotation therewith.
PAR  The hollow drum 2 is formed with a slot 5, and the belt 6 has one end
      secured with respect to the drum 2 by inserting a belt end into the drum 2
      through slot 5. The inserted belt end is looped and shaft 3 inserted
      through the loop and drum. The belt end, drum and shaft are locked
      together by means of pin 4, as best seen in FIG. 2. As a result of this
      arrangement the belt may be replaced when worn.
PAR  Ratchet teeth are associated with the drum to permit control of drum
      movement. In accordance with the invention, a ratchet wheel 8, as best
      seen in FIGS. 2 and 3, is fixed to the drum 2. As will be apparent, the
      ratchet wheel 8 may either be fixed to the shaft or formed integrally with
      the drum. A pawl 9, as best seen in FIG. 2 is pivoted on shaft 10 in
      housing 1 adjacent the teeth of ratchet wheel 8.
PAR  A drum biasing torsion coil spring 11, as best seen in FIG. 3 is mounted in
      spring housing 12 at one end of housing 1. The outer end of spring 11 is
      anchored to spring housing 12 and the inner end of spring 11 is secured to
      drum shaft 3. The spring 11 is tensioned to resist the unwinding of the
      belt from the drum.
PAR  A pendulum 13 is mounted on a pivot arm 14, as best seen in FIG. 3. As
      illustrated pivot arm 14, is secured at its lower end to the center of the
      top of cylindrical pendulum 13, and is curved and formed at its other end
      with a point adapted to sit in fulcrum seat 15 formed on an extension from
      housing 1. The pivot point end of arm 14 is formed with a spring engaging
      recess opposed to the fulcrum point in which one end of spring 16 rests.
      The other end of spring 16 is engaged in casing projection 17, as best
      seen in FIG. 3, so that the spring 16 can act to bias the fulcrum point
      into fulcrum seat 15.
PAR  The lower end of pendulum 13, as seen in FIG. 3, is formed with a recess
      receiving a trunnion 19. Trunnion 19 is secured to one arm of a class 2
      lever 20 pivoted at 21 on a U-shaped housing projection 22, as best seen
      in FIGS. 3 and 6. The other arm 23 of lever 20 is positioned beneath pawl
      9 as viewed in FIGS. 2 and 4, so that when trunnion 19 is moved downwardly
      as viewed in FIGS. 3 and 7; lever arm 23 will move upwardly against pawl 9
      to bring pawl 9 against ratchet teeth 8, as seen in FIG. 4. A biasing
      spring 24, as seen in FIGS. 3, 6 and 7, is arranged between the base of
      U-shaped projection 22 and trunnion 19.
PAR  To insure desired engagement of the pawl 9 with respect to the ratchet
      teeth 8, proper positioning being shown in FIG. 4, and to prevent an
      undesired point to point engagement, as shown in FIG. 5, which may result
      in pawl or ratchet teeth breakage, the pawl 9 is formed with an oval
      bearing hole 25, as shown in FIG. 2. A compression spring 26 is arranged
      between the pawl shaft 10 and the pawl 9 with the spring 26 tending to
      bias the pawl to the FIG. 2 position but permitting pawl movement axially
      with respect to shaft 10. Additionally, the pawl 9 is formed with a cam
      arm 27 engaging fixed cam surface 28 on the housing, so that upon
      engagement of the pawl with the ratchet teeth, the rotation of drum 2 will
      move pawl 9 to engage cam surface 28, as seen in FIG. 5, causing the pawl
      to be positively displaced into desired seating engagement with ratchet
      teeth 8, as shown in FIG. 4.
PAR  A modified pawl arrangement is shown in FIGS. 9-11 for implementing return
      of the pendulum to a central position. The modified pawl 9' is formed with
      a cam arm 31 engaged by lever arm 23. Bearing hole 25' is formed of an
      oval configuration, as seen in FIG. 9, with its axis extending obliquely.
      Thus, upon engagement of pawl 9', with ratchet teeth 8, the ratchet teeth
      will urge the pawl to move against the biasing action of pawl spring 26'
      to the position shown in FIG. 7, with pawl shaft 10 at the lower end of
      bearing hole 9. As a result of this pawl shift on shaft 10, cam arm 31
      will ride against lever arm 23, urging it downwardly so that lever 20 will
      assume the position shown in FIG. 11 with the trunnion 19 centering
      pendulum 13.
PAC  OPERATION
PAR  In use, the belt assembly is formed as above described and where used in a
      vehicle, mounted to permit the belt to be trained either over the lap or
      shoulders of the wearer. The housing 1 may thus be positioned adjacent the
      seat or seat back. The free end of the belt is drawn out of the housing
      over the lap or shoulders of the user and anchored in conventional
      fashion.
PAR  During normal driving, pendulum 13 is centered as viewed in FIGS. 1 and 2,
      and pawl 9 is free of engagement with ratchet wheel 8, as viewed in FIGS.
      2 and 9.
PAR  However, where there is a rapid change of inertia due to a rapid change of
      vehicle speed or direction, the pendulum, which is selected with a moment
      of inertia responsive only to the changes of speed or direction, regarded
      as critical, will be displaced from its central position swinging about
      the fulcrum provided by fulcrum seat 15, moving trunnion 19 downwardly as
      viewed in FIG. 7, to cause the lever arm 23 to move up against pawls 9 or
      9' against the ratchet teeth 8.
PAR  Spring 16 bearing against pendulum pivot arm 14 as best seen in FIGS. 1 and
      8, has its center line shifted as a result of the pendulum movement and
      the spring provides an accelerating force urging the pendulum to swing in
      its direction of movement, and provide a biasing force tending to maintain
      the pendulum in its displaced position.
PAR  Similarly, spring 4, as best seen in FIGS. 3 and 7, has its center line
      shifted by the displacement of trunnion 19 and lever 20, accelerating the
      upward movement of lever arm 23 against the pawl.
PAR  Springs 16 and 24 thus provide a locking action, on one hand biasing the
      pendulum to a centered position, and when displaced from this centered
      position, biasing the pendulum to an off-center position. By selecting
      appropriate spring constants, the sensitivity of the locking action can be
      controlled.
PAR  When the vehicle speed or direction has become relatively constant, the
      pendulum returns to its centered position. The pawl 9 will be released
      from ratchet teeth 8 by the release of tension on belt 6 which permits
      drum 2 to be turned by drum biasing return spring 11, causing pawl 9 to be
      moved down by ratchet teeth 8. The downward movement of pawl 9 moves lever
      arm 23 down, raising trunnion 19 into pendulum recess 18, which is
      preferably conical so that the trunnion will center on the cone apex
      centering the pendulum 13. Springs 16 and 24 are simultaneously returned
      to their starting positions.
PAR  In the FIGS. 9-11 embodiments of the pawl, the pendulum is returned to its
      center line position simultaneously with the engagement of the pawl with
      the ratchet teeth, without requiring release of tension on the belt. As
      above described, the tension on the belt forces teeth 8 against pawl 9',
      shifting its position with respect to pawl shaft 10. The obliquely
      arranged bearing hole 25' permits the pawl to move with the ratchet a
      slight distance, simultaneously causing cam arm 31 to ride against lever
      arm 23 camming the lever arm down to raise trunnion 19 into seating
      position in recess 18 to center the pendulum.
PAR  The above disclosure has been given by way of illustration and elucidation,
      and not by way of limitation, and it is desired to protect all embodiments
      of the herein disclosed inventive concept within the scope of the appended
      claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A safety belt assembly comprising: a belt; a spring biased rotatable
      drum on which said belt is wound; a spring for biasing said drum to wind
      said belt thereon; ratchet teeth associated with said drum; a pawl
      positioned for engagement with said ratchet teeth; and a pendulum coupled
      to said pawl to move same into locking engagement with said ratchet teeth
      preventing the belt from being unwound from the drum upon displacement of
      said pendulum; a lever; said pawl being coupled to said pendulum by said
      lever, one arm of which engages said pawl, and the other arm of which is
      subject to movement by said pendulum; said pendulum being formed with a
      recess at its lower end; said recess having walls converging to an apex;
      and said lever being formed with a trunnion seating in said recess.
NUM  2.
PAR  2. A safety belt assembly as in claim 1, including a second spring mounted
      to bias said pendulum alternatively to a centered or off-centered
      position.
NUM  3.
PAR  3. A safety belt assembly as in claim 1, including a second spring mounted
      to bias said lever alternatively to a pendulum centering position or a
      pawl actuating position.
NUM  4.
PAR  4. A safety belt assembly comprising: a belt; a spring biased rotatable
      drum on which said belt is wound; a spring for biasing said drum to wind
      said belt thereon; ratchet teeth associated with said drum; a pawl
      positioned for engagement with said ratchet teeth; and a pendulum coupled
      to said pawl to move same into locking engagement with said ratchet teeth
      preventing the belt from being unwound from the drum upon displacement of
      said pendulum; said pawl being formed with an oval bearing hole; a pawl
      shaft in said bearing hole; a spring between said pawl and said pawl shaft
      biasing said pawl to a position where one end of said oval bearing hole
      contacts said shaft permitting shifting of said pawl after engagement with
      said ratchet teeth to insure desired interengagement between said pawl and
      said ratchet teeth.
NUM  5.
PAR  5. A safety belt assembly as in claim 4 in which said pawl is formed with a
      cam leg; a cam surface adjacent said cam leg, whereby, upon shifting of
      said pawl or said shaft, said pawl will be urged into desired seating
      relationship with said ratchet teeth.
NUM  6.
PAR  6. A safety belt assembly as in claim 1 in which said pawl is formed with a
      cam surface engaging said lever.
NUM  7.
PAR  7. A safety belt assembly as in claim 6 in which said pawl is formed with
      an oval bearing hole and a circular bearing shaft in said hole.
NUM  8.
PAR  8. A safety belt assembly as in claim 7 in which said oval bearing hole has
      a longitudinal axis parallel to a tangent to said ratchet teeth.
PATN
WKU  039427404
SRC  5
APN  4785967
APT  1
ART  242
APD  19740612
TTL  Safety belt retractor assembly
ISD  19760309
NCL  4
ECL  1
EXP  Christian; Leonard D.
NDR  1
NFG  4
INVT
NAM  Torphammar; Nils G. Y.
STR  Ostermalmsv, 6
CTY  61200 Finspong
CNT  SW
INVT
NAM  Torphammar; Per G.
STR  Ostermalmsv, 6
CTY  61200 Finspong
CNT  SW
CLAS
OCL  2421074B
EDF  2
ICL  B65H 7548
ICL  B60S  900
FSC  242
FSS  107.4
FSC  280
FSS  150.5
FSC  297
FSS  386-388
UREF
PNO  3480228
ISD  19691100
NAM  Ulert
OCL  242107.4
UREF
PNO  3695545
ISD  19721000
NAM  Peters
OCL  242107.4
LREP
FR2  Munson; Eric Y.
ABST
PAL  A safety belt retractor assembly adapted for use in connection with
      automobile seat or shoulder belts providing normally desired freedom of
      movement to a wearer during normal driving with the belt snagged into a
      locked passenger retaining position upon a rapid change of speed or
      direction of the vehicle. A belt is wound on a spring biased rotatable
      drum, the spring tending to rotate the drum to wind the belt thereon. At
      relatively constant speed and direction, the belt may readily be unwound
      from the drum. However, upon a rapid change of direction or speed, ratchet
      teeth associated with the drum are engaged by a pawl preventing drum
      rotation and holding the belt tightly. A spring normally biases the pawl
      to a position out of engagement with the ratchet teeth. However, the
      spring biasing is overcome and the pawl is actuated to a ratchet engaging
      drum locking position by a sudden pull on the belt when a wearer is
      suddenly moved as a result of a rapid speed and direction changes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of safety belts, and more particularly to
      an improved retractor assembly for safety belts adapted for use as lap or
      shoulder restraining belts in motor vehicles.
PAR  The use of such automobile seat and shoulder belts though generally
      recognized as minimizing injury in vehicle collisions is resisted by many
      drivers because of the discomfort encountered in the use of these belts.
      Among the primary causes of discomfort is the fact that the wearer is
      restricted in movement not only during a collision, but also during normal
      driving.
PAC  BRIEF DESCRIPTION OF INVENTION
PAR  It is with the above considerations in mind that the present improved
      safety belt retractor assembly has been evolved, permitting the safety
      belt to be freely extended and retracted during normal driving, providing
      a desired degree of freedom of movement to the wearer, but snagging to a
      locked position in the event of a sharp change of speed or direction.
PAR  It is accordingly among the primary objects of the invention to provide a
      safety belt retractor assembly which will permit the wearer to move about
      to the extent normally desired during normal driving, but which snags to a
      locked position when the vehicle is subjected to rapid changes of speed or
      direction, such as occurs during a collision.
PAR  A further object of the invention is to provide an improved safety belt
      retractor assembly which is simple of manufacture and maintenance.
PAR  These and other objects which will appear hereafter are attained by
      training a belt around a spring biased rotatable drum with the spring
      biasing the drum to wind the belt thereabout. A ratchet wheel is secured
      to one end of the drum and a pawl is positioned to engage the ratchet
      teeth preventing rotation of the drum upon a rapid change of direction or
      speed of an automobile or the like in which the belt is employed. A pawl
      biasing spring normally biases the spring to a position out of engagement
      with the ratchet wheel teeth. A belt guide bar is secured to the pawl and
      the belt passes thereover. When the belt is subjected to a sudden pull the
      spring biasing is overcome and the pawl is moved to a ratchet engaging
      position.
PAR  A feature of the invention resides in the mounting of a relatively simple
      and inexpensive belt guide bar on the pawl to effect pawl movement into
      ratchet engagement upon a sudden movement of the belt.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The specific details of the invention will be described in full, clear,
      concise and exact terms in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a schematic view of the interior of the belt retractor assembly
      with parts broken away showing the belt, drum, ratchet teeth, and pawl;
PAR  FIG. 2 is a view at right angles to the FIG. 1 view looking down at the
      retractor assembly shown in FIG. 1;
PAR  FIG. 3 is a detail elevational view of the pawl and ratchet in its unlocked
      position; and
PAR  FIG. 4 is a detail elevational view of a modified pawl.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now more particularly to the drawings, like numerals in the
      various FIGS. will be employed to designate like parts.
PAR  As best seen in FIGS. 1-3, the safety belt retractor assembly embodying the
      invention is formed with a housing 1 in which a hollow drum 2, as best
      seen in FIGS. 2 and 3 is mounted on a rotatable shaft 3 rotatably
      supported between the side walls of the housing 1 as best seen in FIG. 2.
      A pin 4 secures drum 2 to shaft 3 for rotation therewith.
PAR  The hollow drum 2 is formed with a slot 5, and the belt 6 has one end
      secured with respect to the drum 2 by inserting a looped belt end 7 into
      the drum 2 through slot 5. Shaft 3 is inserted through the looped belt 7
      and drum. The belt end, drum and shaft are locked together by means of pin
      4, as best seen in FIG. 1. As a result of this arrangement, the belt may
      be replaced when worn.
PAR  The belt is trained over a belt guide 8 fixed at a distance from housing 1
      and positioned to insure the movement of the belt over the pawl.
PAR  Ratchet teeth are associated with the drum to permit control of drum
      movement. In accordance with the invention, ratchet wheels 9 and 10 as
      best seen in FIGS. 1 and 2 are fixed to the drum 2. Pawls 11, as best seen
      in FIG. 2 are pivoted on shaft 12 in housing 1 for engagement with the
      teeth of ratchet wheels 9 and 10.
PAR  A pawl biasing spring 13 is arranged to bias the pawls 11 away from the
      teeth of ratchet wheels 9 and 10. As illustratively shown, spring 13 is
      wound around pawl shaft 12 with one spring end bearing against the housing
      wall and the other bearing against a belt guide bar 14 arranged on the
      pawl. In the FIGS. 1-3 embodiment, as illustrated, the pawl is formed as a
      class I lever pivoted at its center. The spring arm contacting the belt
      guide bar 14 as seen in FIGS. 1 and 3 exerts a clockwise force on the pawl
      arm above the pivot moving the ratchet engaging pawl end away from the
      ratchet wheel teeth. The spring is selected with a spring modulus such
      that the pawl biasing force exerted by the spring is sufficient to
      maintain the pawl away from the ratchet wheel teeth as the belt slides
      over the belt guide bar 14 during normal movement of a passenger wearing
      the belt. However, upon a sudden jerk of the belt, as would occur in the
      event of sudden braking or a collision, the belt force on the pawl 11 must
      be such as to overcome the biasing of spring 13.
PAR  A drum biasing torsion coil spring 15, as best seen in FIG. 2 is mounted in
      spring housing 16 at one end of housing 1. The outer end of spring 15 is
      anchored to spring housing 16 and the inner end of spring 15 is secured to
      drum shaft 3. The spring 15 is tensioned to resist the unwinding of the
      belt from the drum.
PAR  The pawl is shown in a modified form in FIG. 4, wherein pawl 11' is in the
      form of a class II lever pivoted at one end. The belt guide bar 14' is
      arranged on the same side of the pivot 12 as the ratchet engaging leg of
      the pawl. Spring 13, as in the FIGS. 1-3 embodiments acts to bias the pawl
      to a position out of ratchet tooth engagement.
PAC  OPERATION
PAR  In use, the belt retractor assembly may be used in connection with
      automobile safety belts by positioning the assembly either adjacent an
      automobile seat for lap belts or seat back for shoulder belts. A belt
      guide rod 8 of a length preferably at least equal to the width of the belt
      such as to support a belt trained thereover, is positioned adjacent the
      housing to provide a belt path as illustrated in either FIG. 1 or FIG. 4,
      depending on the embodiment employed.
PAR  During normal driving, the srping 13 will bias the pawl to a position
      remote from the ratchet wheel teeth and the belt may be unwound from the
      drum 2 resisted only by the force of drum biasing spring 15, which is
      selected of a spring modulus such that the belt can be unwound from the
      drum as a result of the forces exerted thereon by a user of the belt
      desiring to move about with the belt in position.
PAR  When the vehicle is subjected to rapid retardation or a sudden change of
      direction such as might occur in the event of collision and the passenger
      is suddenly thrown against the belt, the sudden tension on the belt will
      cause the belt to pull against the belt guide bar 14 or 14' on the pawls
      11 or 11'. This sudden force will be sufficient to overcome the pawl
      biasing forces exerted by spring 13, which has been selected of a spring
      modulus such that the spring will give way to a sudden belt force. As a
      result, pawls 11 or 11' will be moved into engagement with the teeth of
      ratchet wheel 9 preventing rotation of drum 2, and the belt will be
      locked.
PAR  Thus, the belt wearer will be provided with freedom to make the relatively
      slow movements normally made by a vehicle passenger in moving to adjust a
      radio or heater, or to change position for comfort. However, when the
      passenger is jolted by a sudden change of speed or direction tending to
      suddenly throw the passenger laterally or forward; the belt will be locked
      into a passenger restraining position.
PAR  The above disclosure has been given by way of illustration and elucidation,
      and not by way of limitation, and it is desired to protect all embodiments
      of the herein disclosed inventive concept within the scope of the appended
      claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A safety belt retractor assembly for maintaining a relatively loose
      tension on a safety belt during normal conditions, but locking the belt
      when the user is subjected to a sudden movement, said assembly comprising:
      a rotatable drum on which the belt is wound; a drum biasing spring urging
      the drum in a belt winding direction; ratchet teeth associated with the
      drum and rotating therewith; a pivotally mounted pawl movably positioned
      to engage said ratchet teeth; a pawl bearing spring urging said pawl in a
      direction out of engagement with said ratchet teeth; a belt guide bar
      connected to said pawl over which the belt is trained exerting a force
      opposed to the pawl spring biasing force, said pawl spring having a spring
      modulus such that it will resist the forces exerted by the belt as a
      result of relatively slow belt movement over the belt guide bar, but gives
      way when the belt is subjected to a sudden pull, whereby upon a sudden
      pull on said belt, said pawl will engage said ratchet teeth to prevent
      drum rotation and lock the belt.
NUM  2.
PAR  2. A belt retractor assembly as in claim 1 in which said ratchet teeth are
      formed on a ratchet wheel attached to opposed ends of said drum.
NUM  3.
PAR  3. A safety belt retractor assembly for maintaining a relatively loose
      tension on a safety belt during normal conditions, but locking the belt
      when the user is subjected to a sudden movement, said assembly comprising:
      a rotatable drum on which the belt is wound; a drum biasing spring urging
      the drum in a belt winding direction; ratchet teeth associated with the
      drum and rotating therewith; a pawl movably positioned to engage said
      ratchet teeth; a pawl bearing spring urging said pawl in a direction out
      of engagement with said ratchet teeth; a belt guide bar connected to said
      pawl over which the belt is trained exerting a force opposed to the pawl
      spring biasing force, said pawl spring having a spring modulus such that
      it will resist the forces exerted by the belt as a result of relatively
      slow belt movement over the belt guide bar, but gives way when the belt is
      subjected to a sudden pull, whereby upon a sudden pull on said belt, said
      pawl will engage said ratchet teeth to prevent drum rotation and lock the
      belt; said pawl being pivotable about a central point with said belt guide
      bar secured to said pawl on one side of the pivot point and the ratchet
      engaging end of the pawl formed on the other side of the pivot point.
NUM  4.
PAR  4. A safety belt retractor assembly for maintaining a relatively loose
      tension on a safety belt during normal conditions, but locking the belt
      when the user is subjected to a sudden movement, said assembly comprising:
      a rotatable drum on which the belt is wound; a drum biasing spring urging
      the drum in a belt winding direction; ratchet teeth associated with the
      drum and rotating therewith; a pawl movably positioned to engage said
      ratchet teeth; a pawl bearing spring urging said pawl in a direction out
      of engagement with said ratchet teeth; a belt guide bar connected to said
      pawl over which the belt is trained exerting a force opposed to the pawl
      spring biasing force, said pawl spring having a spring modulus such that
      it will resist the forces exerted by the belt as a result of relatively
      slow belt movement over the belt guide bar, but gives way when the belt is
      subjected to a sudden pull, whereby upon a sudden pull on said belt, said
      pawl will engage said ratchet teeth to prevent drum rotation and lock the
      belt; said pawl being pivotable about a point located at one end thereof
      with said guide bar and the ratchet engaging end of the pawl being
      arranged on the same sides of the pivot point.
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ABST
PAL  A reel construction which among other innovations and improvements, enables
      the production of reels by the formation of identical half sections
      thereof which can be joined one to another in pairs to provide a complete
      reel unit, and including means facilitate labeling and to afford stable
      axial end stacking of the reel product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to reels or spools, typically comprising a shaft
      provided with a pair of axially spaced annular rims, for the packaging or
      containment, and shipping or storage of products or materials of
      substantial length, such as wire or cable, cordage, hose, textiles and
      like articles.
PAR  Plastics have become a common substitute for wood in the construction of
      reels in the smaller sizes and/or for lighter duty service. However, the
      manufacture of plastic reels by injection molding or other conventional
      forming techniques is complex and costly, or requires the formation of a
      number of separate components therefor and their complex assembly and
      joining of parts. Moreover, many of the currently available low-cost
      plastic reels are so wanting in strength and durability as to preclude
      their use in many common types of service such as packaging of wire or
      cable for shipment or for containing a feed supply of material in
      production operations under factory conditions. High strength plastic
      reels, on the other hand, frequently contain so much plastic material in
      their more massive structures so as to render them as expensive as the
      costly wooden reels.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a novel construction for a reel which facilitates
      the operations employed in its production, lowers manufacturing costs, and
      provides high strength and durability in relation to its mass, among other
      innovations and advantages. The invention includes a construction for the
      production of the reels in conveniently formable components or half
      sections of identical structure whereby any and all components for the
      assembly of a reel of a given size are the same and anyone section can be
      conveniently and easily joined with any other section to produce a
      complete reel product.
PAC  OBJECTS OF THE INVENTION
PAR  It is a primary object of this invention to provide an improved reel
      construction which is economical and practical to produce, and provides
      high strength and durable products having many advantageous features.
PAR  It is also an object of this invention to provide a construction for reels
      which is readily adaptable to the use of plastic materials and
      conventional low cost molding techniques and thus enables the manufacture
      of reels by means of simplified molding and assembling procedures.
PAR  It is a further object of this invention to provide a unique composite reel
      construction which enables the reel products to be formed in easily
      moldable sections or segments that can be all identical for the same size
      unit, whereby all components of the product match each other and any pair
      thereof can be quickly joined to fully assemble the complete reel.
PAR  It is a still further object of this invention to provide a distinctive and
      versatile construction for molded reels providing high strength ratios
      with respect to their material mass, an interlocking system which
      stabilizes the units when stacked one upon another, and an integral
      receptical for the secure retention of labels or other identifying
      material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. I of the drawing comprises a perspective view of the reel construction
      of this invention with the half sections separated to illustrate the means
      for joining same.
PAR  FIG. II of the drawing comprises a fragmentary portion of FIG. I
      illustrating the construction of the rim for carrying a label.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawing, the reel 10 of this invention is formed in two
      sections 12 and 12', or units, which are of matching or identical
      structure whereby any pair thereof can be mated and readily joined
      together for the assembly of the complete composite reel product 10. The
      configuration of the reel sections 12 and 12' of the construction of the
      invention, consisting of half unit segments of the overall product and
      comprising a portion of the shaft 14 or 14' and a rim 16 or 16', is easily
      formed or reproduced by molding or casting of plastics or metal with
      conventional techniques such as injection molding. Thus the specific
      distinctive construction of the invention significantly contributes to the
      economy of fast and effective production of all component parts of the
      product.
PAR  In that the reel product of the construction of this invention is composed
      of two half sections of identical structure and dimensions which are
      joined together to provide the assembled complete product, the invention
      is described hereinafter with respect to one of said identical half
      sections, unless stated otherwise.
PAR  The sections 12 of reel 10 each comprise a segment of the shaft 14 which is
      preferably cylindrical, but can be oval or of an angular cross-section,
      such as square, triangular, or other polygonal shape. Each shaft segment
      of the sections is provided with an annular rim 16 at one end thereof and
      extending radially outward from the shaft for a given distance.
PAR  A hub portion 18 at the end of the segment of the shaft 14 adjacent to the
      rim 16, extends axially outward a short distance from the rim 16. A
      cylindrical flange 20 is provided extending axially outward from the
      peripheral area of the rim 16, and a series of reinforcing ribs 22 extend
      radially from the hub portion 18 to flange 20. In a molded or cast
      product, the ribs 22 are preferably integrally formed with each, the rim
      16, hub portion 18 and flange 20. Portions of the rim 16 intermediate the
      radial disposed ribs 22 may be removed or, preferably, the rim 16 is
      formed with voids or openings 24 intermediate the ribs 22 as means of
      conserving material, and also to facilitate visual determination of the
      reel contents.
PAR  Additionally, gusset ribs 26 are preferably provided spaced between the
      ribs 22 extending from the rim portion 16 to the rim flange 20 to enhance
      the strength and rigidity of the rims.
PAR  The hub portion 18 of the reel product 10 is provided with a center opening
      28 to receive a supporting or mounting rod or lugs, and preferably with
      one or more off center openings 30 which are available to receive
      rotational drive means or simply handling devices. Further, in accordance
      with the improved construction of this invention, the hub portion 18 of
      the reel product 10 comprises a plane surface provided with one or more
      projections 32 extending axially outward from its surface and also with
      one or more depressions 34 within the surface of the hub portion. The
      projections 32 and depressions 34 are of corresponding configurations and
      alignment or pattern of distribution about the hub portion such as the
      circumferential uniformly arranged peripheral deployment illustrated in
      the drawings. Thus the projections 32 have the same radial spacing from
      the longitudinal axis of the shaft as the depressions 34 and thus the
      projections are insertable within the corresponding depressions 34
      whereupon they are adapted for fitting together in a mating relationship
      which provides great stability when a plurality of the reels of this
      invention are stacked or placed one on another with one hub end adjoining
      another hub end. Also it is preferably that the outer edge of flange 20 be
      in the same plane as the face of hub portion 18 to extend the base for
      stacking and further increase stability. It is also preferably that there
      be at least two projections 32 for insertion and mating with two
      counterpart depressions 32 to provide for the alignment of the stacked
      reels and prevent lateral movement thereof.
PAR  The depressions 34 can comprise cutout portions as illustrated in the
      drawing, or each can comprise simply a cavity with the structure, and in
      either case they can be formed by machining or molding. Also the
      configuration of the projections 32 and corresponding depressions 34 can
      be semicircular as illustrated in the drawing, or of any other apt shape.
      Furthermore, it is essential merely that the projection on one reel and a
      cooperating depression of an adjacent reel be of corresponding mating
      relationships and be spaced radially the same distance from the
      longitudinal axis of the shaft to permit their mating.
PAR  Another unique feature of the construction of this invention is the
      provision of an integral means on the reel for receiving and securely
      retaining a label of other identifying or instructive material in a
      readily visible manner without the use or need for ancillary fastening
      means such as glue or staples. Specifically at least two adjacent radially
      extending ribs 22 are provided with cutout portions adjacent, and
      preferably extending down to the surface of the rim 16 which provides a
      series of slots 36 for the insertion of sheets of identifying or
      instructive material in the slots and so as to lie flat on the surface of
      the rim.
PAR  Preferably, the cutaway slots 36 are provided in at least three adjacent
      radial ribs 22, such as slots 36, 36' and 36". Thus, when a label of apt
      rectangle dimensions is inserted through the slots 36 of the radially
      disposed ribs 22, the slotted ribs transverse a central portion of the
      inserted label and also diagonally across a corner of each end of the
      label, thereby securely locking the label in a fully visible position
      without ancillary fastening means. The cutaway portion forming the slots
      36, as in case of the openings 24 and depressions 34, can be formed by
      machining or molded into the structure.
PAR  This invention further comprises the manufacture of reels with easily
      molded or formed segmental components and the assembly therewith of a
      composite, complete reel product, utilizing only sections or components of
      identical or matching structures whereby any one unit can be matched and
      combined with any other unit to produce the completed product. A further
      and significant aspect of the invention is the construction of the
      sections or components of identical or matching structure and their
      distinctive system of intermating and uniting the segments of the shaft 14
      to provide a strong and durable composite reel product.
PAR  Each reel section 12 or component of the product includes a segment of the
      shaft 14, and the end of the shaft segment opposite the rim 16 is provided
      with an axially projecting extension 38 and a counterposed axially
      directed internal recess 40 of corresponding shape and dimensions. In a
      preferred embodiment of this invention comprising a shaft 14 of
      cylindrical configuration, the extension 38 and counterposed recess 40 are
      each semicircular in shape and of reduced arcuate diameter with respect to
      the cylindrical shaft 14 whereby the sections 12 and 12' cooperate with
      the intermating of the respective semicircular extension 38 and
      semicircular recess 40 of each section to provide a composite shaft and
      complete reel product 10.
PAR  As illustrated in the drawing, half circle extension 38 and half circle
      recess 40 compliment each other with respect to their shapes and
      dimensions whereby the depth and arcuate configuration of recess 40 is a
      counterpart of extension 38, and they receive each other in close fitting
      relationship to provide an effective and strong union of the shaft
      segments. It is also preferred that each segment of the shaft 14 be
      provided with a shoulder 42 encircling the extension 38 and recess 40
      which are both of reduced diameter with respect to the shaft 14. Shoulder
      42 provides an abutment or stop to fix the length of the shaft of the
      assembled reel 10.
PAR  Also, the extension 38 and recess 40 can be formed as multiple alternating
      units of two or more extensions in alternating series with two or more
      recesses on each segment of the shaft whereby the extensions and recesses
      of each of such segments mesh together with their counterparts of another
      segment to provide a secure and durable union. Extensions 38 and their
      counterpart recesses 40 can be of any apt configuration provided they
      compliment each other in location or alignment and dimensions whereby they
      mate in close fitting relationship.
PAR  Preferable, to insure permanence of the union of the sections 12 of the
      reel, an appropriate adhesive or bonding element is applied to the uniting
      extension and/or recess to secure the assembly.
PAR  Although the invention has been described with reference to certain
      specific embodiments thereof, numerous modifications are possible and it
      is desired to cover all modifications falling within the spirit and scope
      of the invention.
CLMS
STM  What I claim as new and desire to secure by letters patent of the United
      States is:
NUM  1.
PAR  1. A reel having an elongated cylindrical shaft and a pair of annular rims
      thereabout, comprising:
PA1  a. a shaft;
PA1  b. an annular rim extending radially from adjacent each end of the shaft;
PA1  c. a flange extending axially outward from adjacent the periphery of each
      rim;
PA1  d. a hub at each end of the shaft extending axially outward from each rim;
PA1  e. a plurality of ribs extending radially from the hub to the flange of
      each rim;
PA1  f. said hub having at least one projection extending axially outward
      therefrom and at least one depression having the same radial spacing from
      the longitudinal axis of said shaft and the same configuration as said
      projection, whereby the projections and depressions of like reels are
      effective for fitting together in a mating relationship to enable stable
      hub end on hub end stacking of such reels.
NUM  2.
PAR  2. The reel of claim 1, wherein at least two of the radial ribs are
      provided with elongated slots forming a holder for labels.
NUM  3.
PAR  3. The reel of claim 1, comprising a pair of identically constructed mating
      sections each constituting one of said rims and half of said shaft and
      joined at their respective shaft ends to complete the assembly.
NUM  4.
PAR  4. The reel of claim 1, having a cylindrical shaft and being constructed of
      a pair of mating sections with each comprising a segment of the
      cylindrical shaft and an annular rim extending from adjacent an end
      thereof, and wherein the end of the segment of the cylindrical shaft
      opposite the rim of each section is provided with an axially projecting,
      semicircular extension of reduced diameter and an axially directed
      semicircular internal recess of corresponding dimensions with said
      extension whereby a pair of the mating sections of the reel assemble with
      the intermating of the respective semicircular extension and the
      semicircular recess of each section to join the segments of the shaft and
      provide a composite shaft and complete reel.
NUM  5.
PAR  5. The reel of claim 4, wherein each of the mating sections are of the same
      configuration.
NUM  6.
PAR  6. The reel of claim 4, wherein the end of the segment of the cylindrical
      shaft opposite the rim of each section is provided with at least one
      extension and an equal number of internal recesses of corresponding
      arrangement and dimensions with the extensions whereby they intermeshingly
      mate together.
NUM  7.
PAR  7. A reel having an elongated shaft and a pair of annular rims thereabout
      constructed of a matched pair of mating sections assembled together, each
      section of the reel comprising:
PA1  a. a segment of a shaft;
PA1  b. an annular rim extending radially from adjacent an end of the shaft
      segment;
PA1  c. a flange extending axially outward from adjacent the periphery of the
      rim;
PA1  d. a hub extending axially outward from the rim provided with at least one
      projection extending axially outward therefrom and at least one depression
      having the same radial spacing from the longitudinal axis of said shaft
      and the same configuration as said projections, whereby the projections
      and depressions of like reels are effective for fitting together in a
      mating relationship to enable stable hub end on end stacking of such
      reels; and
PA1  e. a plurality of ribs extending radially from the extended hub portion to
      the extended flange.
NUM  8.
PAR  8. The reel of claim 7, wherein at least two of the radial ribs are
      provided with elongated slots forming a holder for labels.
NUM  9.
PAR  9. The reel of claim 7, wherein the end of the segment of the shaft
      opposite the rim of each section is provided with an axially projecting
      extension of reduced diameter and an axially directed internal recess of
      corresponding dimensions with said extension whereby a pair of the mating
      sections of the reel assemble with the intermating of the respective
      extension and the recess of each section to provide a composite shaft and
      complete reel.
NUM  10.
PAR  10. The reel of claim 9, wherein each of the mating sections are of the
      same configuration.
NUM  11.
PAR  11. The reel of claim 9, wherein the end of the segment of the shaft
      opposite the rim of each section is provided with at least one extension
      and an equal number of internal recesses of corresponding arrangement and
      dimensions with the extensions whereby they intermeshingly mate together.
NUM  12.
PAR  12. A reel having an elongated cylindrical shaft and a pair of annular rims
      thereabout constructed of a matched pair of mating sections assembled
      together, each section of the assembled reel comprising:
PA1  a. a segment of a cylindrical shaft;
PA1  b. an annular rim extending radially from adjacent an end of the shaft
      segment;
PA1  c. a flange extending axially outward from adjacent the periphery of the
      rim;
PA1  d. a hub extending axially outward from the rim;
PA1  e. a plurality of ribs extending radially from the extended hub to the
      extended flange; and
PA1  f. the end of each segment of the cylindrical shaft opposite the rim having
      an axially projecting, semicircular extension of reduced diameter and an
      axially directed semicircular internal recess of corresponding dimensions
      with said extension whereby a pair of the mating sections of the reel
      assemble with the intermating of the respective semicircular extension and
      the semicircular recess of each section to join the segments of the
      cylindrical shaft and provide a composite reel.
NUM  13.
PAR  13. The reel of claim 11, wherein the hub portion is provided with at least
      one projection extending axially outward therefrom and at least one
      depression of corresponding alignment and configuration with that of the
      projection whereby said projection and depression fit together in a mating
      relationship to provide stable hub end on hub end stacking of such reels.
NUM  14.
PAR  14. The reel of claim 11, wherein at least two of the radial ribs are
      provided with elongated slots forming a holder for labels.
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ABST
PAL  A cable guide means comprised of spaced spools having spaced grooves
      thereon for guiding a cable to and from a cable driven drum so that spaced
      marginal lengths of the cable do not wear against one another as the cable
      changes directions in order to be rove about the drum.
PARN
PAC  RELATED PATENT APPLICATIONS
PAR  This patent application is a division of my co-pending patent application
      Ser. No. 386,758 filed Aug. 8, 1973 entitled "Recording Instrument for
      Determining Rate of Penetration in a Borehole," now U.S. Pat. No.
      3,842,507.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cable driven drums usually have the cable thereof wound thereabout in a
      manner whereby marginal lengths of the cable which are spaced apart by the
      drum usually travel in the same, or nearly the same direction, as pointed
      out in my co-pending patent application referred to above. It is
      advantageous to arrange the spaced marginal lengths of the cable going to
      and from the drum in a relative manner whereby they do not wear against
      one another. Otherwise the accelerated wear rate brought about by such an
      undesirable arrangement necessitates early replacement of the cable.
PAR  It is therefore desirable to have made available cable guide apparatus
      which can receive the cable going to and from the drum and cause it to be
      rove about the cable drum in a manner to preclude spaced outer surfaces of
      the cable lengths from wearing against one another. This desirable
      expedient not only greatly reduces wear on the cable as well as the drum,
      but also prevents the cable from climbing on top of itself and becoming
      entangled, which would preclude reliability of operation so far as regards
      precision with which the drum is driven by the cable.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention relates to cable guide means for guiding cable to and
      from a cable driven drum. The cable guide means includes spaced spools
      rotatably mounted in spaced relation to one another and to the drum with
      spaced circumferentially extending grooves being located on each of the
      spools so that when the spools are properly arranged respective to one
      another and to the drum, a cable can be rove along one groove, about the
      drum, and back through the second groove so that marginal spaced lengths
      of the cable going to and from the drum do not wear against one another.
PAR  Accordingly, a primary object of the present invention is the provision of
      a cable guide means for guiding cable to and from a cable drum.
PAR  Another object of the invention is to provide a new combination of a cable,
      a cable guide means, and a cable driven drum for preventing wear from one
      part of the cable rubbing on another part thereof.
PAR  A further object of this invention is to provide an improved guide means
      for a cable which drives a drum so that adjacent marginal lengths of the
      cable are prevented from wearing against one another.
PAR  A still further object of this invention is to provide a guide means for
      maintaining the cable of a cable driven drum assembly separated from one
      another as the cable is rove to and from the drum.
PAR  These and various other objects and advantages of the invention will become
      readily apparent to those skilled in the art upon reading the following
      detailed description and claims and by referring to the accompanying
      drawings.
PAR  The above objects are attained in accordance with the present invention by
      the provision of a combination of elements which are fabricated in a
      manner substantially as described in the above abstract and summary.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view which discloses apparatus made in accordance
      with the present invention operatively disposed in association with a
      cable driven drum of a recording instrument;
PAR  FIG. 2 is an enlarged, part cross-sectional, fragmentary, elevational view
      of a cable driven drum assembly which can be used in conjunction with the
      present invention;
PAR  FIG. 3 is a side elevational view of part of the apparatus disclosed in
      FIG. 1; and,
PAR  FIG. 4 is a fragmentary top plan view disclosing part of the apparatus seen
      in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Throughout the various figures of the drawings, like or similar numerals,
      wherever it is practical to do so, will refer to like or similar elements.
PAR  In FIG. 1 there is broadly illustrated a recording apparatus 15 having a
      pin assembly 16 affixed thereto so that rotation of a cable drum assembly
      24 causes the pin to pivot, thereby enabling the pin assembly to be
      utilized for recording indicia in the usual manner.
PAR  The details of the drum assembly 24 are more fully disclosed in the above
      referred to co-pending patent application. As seen in the figures of the
      drawings, the drum receives a cable 25 rove thereabout in a particular
      manner while a clutch actuator 26 releasably engages a clutch plate
      located on a relative rotatable drum member 27. The cable engages face 27'
      of the drum member. A stationary swivel 28 provides an air supply for
      remotely actuating the clutch assembly in a controlled manner. Drive shaft
      29 is journaled in aligned relationship between spaced support bearing
      means 30 so that drive gear 31 is rotated one revolution in accordance
      with one foot of movement of cable 25 and 25' when the clutch is engaged.
PAR  As seen in FIGS. 1, 3, and 4, a cable guide means 50, made in accordance
      with the present invention, is comprised of a large or first spool 51
      rotatably mounted in close tolerance relationship upon a first fixed shaft
      52. The shaft has the fixed end thereof mounted within a counterbore
      formed within the main body 43, for example, by threadedly engaging a
      marginal fixed end thereof with a threaded interior of the counterbore.
PAR  A small or second spool 53 is rotatably mounted in close tolerance
      relationship upon a second shaft 54. The second shaft has a fixed end
      which is secured to the housing or main body 43 by a clamp 48 and fastener
      means 49.
PAR  Link 55 spaces the free end portions of the shafts from one another and
      captures the first and second spools on a marginal length of their
      respective shafts. The link is rigidly affixed to the outermost end
      portion of shaft 54 and removably affixed to the outwardly depending end
      of shaft 52 by the illustrated fastener means. One spool 53 is provided
      with spaced apart circumferentially extending outwardly directed flanges
      56 and 56' while the other spool is provided with spaced shoulders 57 and
      57' which are also in the form of flanges. The flanges of each spool are
      of a diameter which enables one spaced pair thereof to be received within
      the other spaced pair so that the circumferentially extending grooves 58,
      58' and 59, 59' are maintained properly aligned with one another with the
      illustrated spaced apertures 60 being formed by the cooperative action of
      the adjacent grooves.
PAR  Hence the grooves of one spool, when indexed or brought into registry with
      the grooves of another spool, form spaced apertures, one of which is
      indicated by the numeral 60.
PAR  The axial center line of the two spaced apart spools coincide with the
      axial center line of their respective shafts, and the spaced shafts of the
      large and small spools are parallel to the axial center line of the drum
      24 while the axial centerline of the drum, the large spool, and the small
      spool is placed normal to the before mentioned cable 25.
PAR  Cable 25 is of a size relative to the spaced cable grooves of the first and
      second spool so that the resultant aperture 60 loosely captures the cable
      therewithin. This expedient enables the cable to be brought from the
      traveling block of a borehole forming apparatus, for example, and into the
      illustrated position indicated by numeral 25 in FIG. 3. The cable
      continues through one of the apertures 60, and circumferentially extends
      for approximately 225.degree. about face 27' of the drum, where the cable
      then tangently leaves the drum near numeral 125' and is received by cable
      groove 59. The cable continues for approximately 135.degree. about the
      groove 59 where it emerges at 25' so that it can be connected to a wind-up
      reel or a counterbalance as may be required in order to maintain the
      traveling cable taut.
PAR  The spaced flanges 56' and 57' maintain the cable grooves 59, 59', 58, and
      58' aligned relative to one another so that the spaced apertures 60
      through which the cable is rove are always properly aligned with respect
      to one another. The spaced flanges on the drum which form the cable
      engaging face 27' also assists in maintaining the cable and the spools in
      properly aligned relationship with one another.
PAR  The present invention provides a cable guide means 50 for a cable driven
      drum 24 wherein the drum is rotatably mounted to a housing and rotated by
      a cable 25 rove thereabout in the manner of FIG. 3. The cable guide means
      is mounted to the cable drum housing for guiding the cable to and from the
      drum so that spaced marginal lengths of the cable do not wear against one
      another. The cable guide means includes the before mentioned spaced shafts
      52 and 54 which are affixed to the housing at 48 and 52 and positioned
      with the central axis thereof being disposed parallel to one another and
      to the axial centerline of the drum and normal to a cable rove about the
      spools and the drum.
PAR  One of the spools, as for example the first spool 51, is rotatably mounted
      on a first of the shafts 52; a second spool 53 is rotatably mounted on a
      second shaft 54, with each spool having spaced flanges 57, 57' and 56, 56'
      which define the length thereof. Spaced circumferentially extending
      grooves 59, 59' and 58, 58' are located between the flanges so that the
      spaced flanges of one spool overlap the spaced flanges of another spool to
      thereby capture one spool within the other, so that the circumferentially
      extending grooves thereof are placed in properly aligned relationship with
      one another, thereby leaving spaced apertures 60 through which the cable
      can be placed in order to direct it to and from the cable driven drum in
      accordance with the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a cable driven drum rotatably mounted to drum support structure by a
      drum shaft and rotated by a cable having opposite moving marginal cable
      lengths spaced from a central marginal portion which is rove about the
      drum, the combination with said cable and drum of a cable guide means for
      separating said opposite moving marginal cable lengths from one another
      while guiding the cable to and from the drum;
PA1  said cable guide means having spaced shafts affixed to the recited support
      structure and positioned with the longitudinal central axis thereof being
      parallel to one another and to the drum shaft, and normal to the cable
      rove about the drum;
PA1  a first spool rotatably mounted on a first of said spaced shafts, a second
      spool rotatably mounted on a second of said spaced shafts, each spool
      having spaced flanges defining the cable receiving width thereof, and
      spaced circumferentially extending cable receiving grooves located between
      said flanges;
PA1  said spaced shafts being arranged relative to one another and the support
      structure and drum such that the flanges of one spool are received in
      overlapping relationship respective to the flanges of the remaining spool;
      said grooves of one said spool being positioned respective to the grooves
      of the remaining spool and to the cable bearing portion of the drum to
      provide spaced cable receiving apertures between said spools which can
      loosely capture spaced marginal lengths of the cable when the cable is
      placed therethrough;
PA1  said cable having a marginal length rove through one said aperture and
      about part of one spool, about part of the drum, back around part of said
      one spool, and through the remaining aperture to thereby maintain the
      marginal opposite moving lengths of the cable separated from one another
      while the cable travels to and from the drum.
NUM  2.
PAR  2. The combination of claim 1 wherein the first spool is smaller than the
      second spool, the diameter of the large spool being of a size which
      provides a cable bending radius compatible with the cable being roved
      about the cable drum, so that the cable can be received by a marginal
      length of one of the grooves of the large spool before it is received
      about the drum, and thereafter the cable can be received by a marginal
      length of the remaining groove of the large spool to thereby maintain
      marginal portions of the cable separated from one another as the cable is
      guided to and from the drum.
NUM  3.
PAR  3. The combination of claim 1 wherein said means by which said spools are
      journaled in spaced relationship relative to each other includes a first
      and second shaft, each spool being rotatably received upon a shaft, the
      last said means supports one marginal end portion of each said shaft, a
      link affixed to the remaining end portion of each said shaft and capturing
      the spools on a central marginal length of the shafts, so that the link
      can be removed to enable replacement of the spools.
NUM  4.
PAR  4. The cable guide means of claim 3 wherein said link is rigidly affixed to
      one shaft and slidably received by the other shaft, a fastener means
      removably affixing said link to said other shaft, so that said other shaft
      can have one end affixed to a support member, said one shaft can be
      removably affixed to the support member, thereby enabling disassembly of
      the cable guide means.
NUM  5.
PAR  5. In a cable driven drum apparatus wherein a cable is rove at least part
      of the way about the drum to leave opposite moving cable ends which cross
      one another, the combination with said drum apparatus of a cable guide
      means for guiding the cable ends to and from the cable driven drum:
PA1  said guide means having a first spool and a second spool; the axial
      centerline of each spool being arranged parallel to each other, to the
      axial centerline of the cable drum, and normal to the cable which is rove
      thereabout;
PA1  spaced flanges on each spool, means forming spaced circumferentially
      extending grooves about each spool at a location spaced from said flanges;
PA1  means by which said spools are journaled in spaced relationship relative to
      each other with a marginal circumferentially extending edge portion of the
      flanges of the one spool being received in overlapping relationship
      respective to the marginal circumferentially extending edge portion of the
      flanges of the remaining spool, and with the grooves of the first spool
      being aligned respective to the corresponding grooves of the second spool
      to jointly form spaced passageways between the flanges and between the
      spools, through which a marginal length of the cable ends can be guidably
      placed so that a marginal length of the cable can be received through one
      of the passageways, roved about the cable drum, and returned through the
      remaining passageway, thereby preventing the opposite moving marginal
      cable ends from contacting one another.
NUM  6.
PAR  6. The combination of claim 5 wherein the first spool is smaller than the
      second spool, the diameter of the large spool being of a size which
      provides a cable bending radius compatible with the cable being rove about
      the cable drum, so that the cable can be received by a marginal length of
      one of the grooves of the large spool before it is received about the
      drum, and thereafter the cable can be received by a marginal length of the
      remaining groove of the large spool to thereby contribute to maintaining
      marginal portions of the cable separated from one another as the cable is
      guided to and from the drum.
NUM  7.
PAR  7. The combination of claim 5 wherein said means by which said spools are
      journaled in spaced relationship relative to each other includes a first
      and second shaft, each spool being rotatably received upon a shaft, the
      last said means supports one marginal end portion of each said shaft, a
      link affixed to the remaining end portion of each said shaft and capturing
      the spools on a central marginal length of the shafts, so that the link
      can be removed to enable replacement of the spools.
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ABST
PAL  A tape cassette which automatically brings the tape into direct engagement
      with the detection head and into indirect engagement with the drive wheel
      of a machine when the tape cassette is pushed in one direction into the
      machine. Disposed in the cassette is a rotary roller which is brought, at
      the flanges provided on its outer periphery, into engagement with the
      drive wheel and driven thereby. The rotary roller cooperates with other
      guide members to maintain at the appropriate tension an endless belt which
      backs up the inner side of a portion of the tape which is paid out from
      one of the cores and wound onto the other core.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a cassette for holding therein an information
      tape, such as a magnetic tape or optical tape.
PAR  The practice of holding a tape of this type in a cassette has become
      popular in view of the ease with which the tape can be handled. In many
      types of cassettes now available, the cores on which the tape is wound are
      driven directly. Because of this, it is necessary to provide the cassette
      with a sturdy tubular shaft portion for receiving therein the drive shaft
      of a tape player or other machine, which hampers miniaturization.
      Moreover, in the cassettes of the prior art, the operation of connecting
      the drive shaft of the machine to the tubular shaft portion of the
      cassette and the operation of bringing the read-out element into
      engagement with the tape must be performed separately because the cassette
      must be moved in different directions in performing these operations.
      Thus, the operator is required to perform two operations, thereby reducing
      the operational efficiency of the cassettes.
PAR  In order to obviate defects of the prior art, proposals have been made to
      eliminate the tubular shaft portion of the cores by frictionally driving
      the tape by an endless belt which is moved with the tape. In cassettes of
      this type, the endless belt is merely brought into engagement with the
      tape which is wound on the cores. By this arrangement, however, it is
      impossible to obtain a sufficiently high frictional force, and it becomes
      necessary to use an additional tape tensioning means.
PAC  SUMMARY OF THE INVENTION
PAR  This invention has as its object the provision of an information tape
      cassette in which an endless belt engages the rolls of tape on the cores,
      and extends between two adjacent corners of the cassette. The free run of
      the tape, connecting the two rolls, overlaps the run of the extending
      portion of the endless belt. The frictional engagement of the belt with
      the rolls of tape on the cores and with the free run of the tape is used
      in driving the tape past a magnetic head.
PAR  In the cassette according to the invention, the tubular shaft for bringing
      the drive shaft into engagement with the cores can be eliminated, and each
      core is provided with a shaft for winding the tape thereon. This is
      reduces both the cost and the thickness of the cassette. Since the
      operation of bringing the tape into engagement with the drive member and
      the operation of bringing the tape into engagement with the read-out
      element can be performed by moving the cassette in one direction, only
      insertion of the cassette according to the invention into a cassette
      player or other machine can be effected in a single operation.
PAR  In the cassette according to the invention, the endless belt and the tape
      can be tensioned satisfactorily by the radially directed tension of the
      tape wound in roll form on the cores. This eliminates the need to use
      additional tensioning means, and facilitates retrieval of the desired
      information by moving the tape at a constant speed or moving the same in
      the normal or reverse direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a tranverse sectional view of the information tape cassette
      comprising one embodiment of the invention;
PAR  FIG. 2 is a fragmentary sectional view showing the manner in which the
      flanges provided on the outer periphery of the rotary roller are engaged
      by the drive roller;
PAR  FIG. 3 is a fragmentary sectional view showing the tape and the endless
      belt in engagement with each other;
PAR  FIG. 4 is a transverse sectional view of the information tape cassette
      comprising another embodiment of the invention;
PAR  FIG. 5 is a fragmentary sectional view showing the manner in which the tape
      and the endless belt are driven; and
PAR  FIG. 6 is a schematic view of the information tape cassette comprising
      another embodiment of the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1, a cassette case 1 comprises a guide roller 2 rotatably mounted
      in its central upper portion and guide rollers 3 and 4 rotatably mounted
      in its left and right lower portions. Each of the guide rollers 2, 3 and 4
      is formed on its outer periphery with corresponding peripheral grooves 2a,
      3a and 4a thus providing on each a pair of flanges. Cores 5 and 6 for
      winding a tape 9 thereon are rotatably supported by shafts 7 and 8 and
      disposed leftwardly and rightwardly of the central portion of the cassette
      case 1 respectively. The guide rollers 3 and 4 are disposed outwardly of
      the shafts 7 and 8 respectively.
PAR  The tape has opposite ends which are fixed to the cores 5 and 6, and the
      tape 9 is wound on the two cores in roll form. An endless belt 10 is
      trained about the guide rollers 2, 3 and 4 and received in the peripheral
      grooves 2a, 3a and 4 thereof. The belt 10 is maintained in pressing
      engagement with the tape 9 wound on the cores 5 and 6 in roll form. The
      tape 9 has a paid-out free portion 9a which unwinds from one of the cores
      5 and 6 and is rewound on the other core. The paidout free portion 9a of
      the tape 9 overlaps a portion 10a of the belt 10 which forms a bottom run
      extending between the bottom guide rollers 3 and 4. As shown in FIG. 2 and
      FIG. 3, the peripheral groove 2a of the roller 2 has the same with as the
      endless belt 10, while the peripheral grooves 3a and 4a of the guide
      rollers 3 and 4 respectively have the same width as the tape 9.
PAR  The length and resilience of the endless belt 10, which may be made of
      rubber, polyester or the like, are chosen so that the belt is maintained
      at all times in pressing engagement with the tape on the cores.
PAR  The case 1 is formed with a drive roller opening 1a and a record read-out
      element opening 1b in the upper portion and the lower portion thereof
      respectively as seen in FIG. 1. The pair of flanges provided on the outer
      periphery of the guide roller 2 stick outwardly of the case 1 through the
      opening 1a and are engaged by the drive roller 11 of the machine when the
      cassette is inserted in the machine. A record read-out element 12, such as
      a magnetic head, can be disposed in the opening 1b and brought into
      engagement with the free tape portion 9a. Because of the resilience of the
      endless belt 10, the free tape portion 9a is kept in engagement with the
      element 12. This eliminates the need to use a backup roller or the like
      which is used in the prior art.
PAR  FIG. 4 shows another embodiment of the invention which is similar to the
      first embodiment in that the endless tape 10 is trained about three guide
      rollers 42, 43 and 44, but which differs therefrom in that the rollers 43
      and 44 are disposed in drive roller openings 1c and 1d respectively which
      are formed on the same side of the case 1 as the record read-out element
      opening 1b and disposed on the left side and right side of the opening 1b.
      The guide rollers 43 and 44 are disposed in positions corresponding to
      those of drive rollers 45 and 46 respectively, with the drive rollers 45
      and 46 being adapted to be alternately brought into driving engagement
      with the guide rollers 43 and 44 respectively. In this embodiment, the
      rollers 43 and 44 are each formed with a peripheral groove which has the
      same width as the tape 10 (See FIG. 5.). The drive rollers 45 and 46 are
      adapted to rotate in opposite directions. Thus, by alternately bringing
      the drive rollers 45 and 46 into engagement with the guide rollers 43 and
      44 respectively, it is possible to move the tape in opposite directions or
      in the normal and reverse directions. In this embodiment, the drive
      rollers 45 and 46 are disposed on the same side as the record read-out
      element 12. This facilitates insertion of the cassette in a machine and
      initiation of the operation of recording or reading information stored on
      the tape.
PAR  FIG. 6 shows still another embodiment of the invention in which the endless
      belt 10 is trained about four guide rollers 47, 48, 49 and 50 and the
      rolls of tape engage the right and left vertical runs of the tape 10. The
      record read-out element 12 engages the paid-out free portion of the tape
      10 as is the case with the aforementioned embodiment. In positions where
      the tape 9 overlaps the endless belt 10, the guide rollers are disposed
      outwardly of the shafts 7 and 8 of the cores 5 and 6 on which the tape is
      wound in roll form, so that the paid-out free portion of the tape can be
      properly tensioned by the resilience of the rolls of tape on the cores.
PAR  In the aforementioned description, the invention has been shown and
      described as using a plurality of guide rollers. It is to be understood
      that the invention is not limited to the use of guide rollers alone and
      that some of the guide rollers may be replaced by a suitable number of
      sleeves, guide plates or other guide members.
CLMS
STM  I claim:
NUM  1.
PAR  1. An information tape cassette for a machine having a tape head and a
      driving capstan, said cassette comprising a case formed therewith with a
      first, a second and a third opening, wherein when the cassette is
      positioned in the machine said first opening faces the tape head, said
      second opening faces the driving capstan, and said third opening faces a
      different possible location for a driving capstan, a pair of cores
      rotatably disposed in said case and each having means for securing thereto
      one end of a continuous length of a tape so that the tape can be wound on
      the cores in roll form and a paid-out portion of the tape can connect the
      rolls of tape wound on the cores, and an endless belt and means for
      confining the belt to move along a path in which the belt backs said
      paid-out portion of the tape and brings said paid-out tape portion into a
      position in which it faces said first opening of the case so as to be
      engaged by the head facing said first opening from outside the case when
      the cassette is positioned in the machine, said belt partially engaging
      under a predetermined tension a portion of the outer periphery of each of
      the rolls of said tape formed on said cores, said confining means
      comprising a plurality of guide members arranged such that the endless
      belt trained about said guide members can move along said path, said guide
      members comprising at least a first and a second rotary roller arranged
      such that the endless belt is trained over said rollers, with the paid-out
      portion of the tape being over the belt portions trained on the rollers,
      and said first and second rollers face and are adjacent to said second and
      third case openings respectively, said first roller engaging said driving
      capstan when the cassette is in position in the machine and said second
      roller being disposed to engage a driving capstan disposed at said
      different location, whereby the first rotary roller can be driven by said
      driving capstan and said second rotary roller can be engaged and driven by
      another driving capstan in the same or a different machine.
NUM  2.
PAR  2. An information tape cassette as in claim 1 where all of the openings are
      at a single side of the case.
NUM  3.
PAR  3. An information tape cassette as in claim 1 wherein each of said rotary
      rollers is formed on its outer periphery with a pair of flanges extending
      radially outwardly of the belt and tape portions trained over the roller
      for frictional engagement of the flanges with a driving capstan, without
      engagement of the driving capstan with the tape or belt.
NUM  4.
PAR  4. An information tape cassette as in claim 1 wherein said endless belt is
      made of a resilient material.
NUM  5.
PAR  5. A tape cassette for a tape machine having a tape head and tape driving
      means, said cassette comprising: a case having a plurality of side
      openings and a side aperture; a pair of spaced-apart cores rotatably
      mounted in the case, each core having means for securing thereto one end
      of a continuous length of tape which can be wound in roll form on each
      core so as to leave a paid-out tape portion connecting the rolls of tape
      wound on the cores; a plurality of guide rollers rotatably mounted in the
      case, each guide roller being adjacent to and facing a different one of
      said case openings; an endless belt trained on said guide rollers and
      engaging each of the rolls of tape on said cores at a predetermined
      tension, said endless belt further engaging the paid-out tape portion at a
      location adjacent to and facing said case aperture, with the paid-out tape
      portion being between the belt and each opening and between the belt and
      the aperture, whereby the paid-out tape portion can be accessed through
      said aperture by said head from outside the case and any of said guide
      rollers can be accessed by said tape driving means through any of said
      openings to thereby rotate the rolls of tape wound on the cores and to
      move the paid-out tape portion with respect to said case aperture and said
      tape head.
NUM  6.
PAR  6. A tape cassette as in claim 5 wherein each guide roller is rotatably
      mounted in the case and comprises a spool-like structure having a lesser
      diameter central portion and greater diameter axially-spaced flanges, said
      belt frictionally engaging said central portions of the rollers and the
      engaging portion of the belt being spaced radially inwardly from the
      flange periphery.
NUM  7.
PAR  7. A tape cassette as in claim 6 wherein said openings and said aperture in
      the case are located at opposite sides of the case.
NUM  8.
PAR  8. A tape cassette as in claim 6 wherein said openings and aperture are
      along the same side of the case.
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ABST
PAL  The invention relates to magnetic tape cartridges in general in which
      between the tape packs and the upper and lower cartridge walls liners are
      provided which have regions that resiliently guide the tape packs and/or
      the magnetic tape. By means of specifically shaped regions of the liners,
      guide channels for the outer turns of the tape pack and/or for the winding
      or unwinding magnetic tape are formed according to the invention. By
      virtue of particular spatial arrangements of these guide channels,
      slipping and folding of the turns of tape already wound is avoided and the
      magnetic tape is maintained in the correct position as it leaves and joins
      the packs, irrespective of the type of bearing means used for the tape
      winding reels and irrespective of the shape of the tape packs, so that
      disturbances in operation are avoided and the tape is correctly positioned
      relative to the scanning means. Cartridges according to the invention may
      be employed advantageously in the recording and reproduction of audio and
      other signals.
BSUM
PAR  The present invention relates to a magnetic tape cartridge, especially a
      compact cassette, with at least one tape winding hub onto which, and/or
      from which, magnetic tape is wound or unwound, liners being arranged
      between the reel of magnetic tape and the upper and lower walls of the
      cartridge, each of the liners being provided with at least one portion
      which resiliently guides the pack.
PAR  In German Published application No. 1,962,628, for example, liners with
      curved portions are disclosed for magnetic tape cartridges with juxtaposed
      reels, which curved portions are resiliently urged against the tape packs
      such that they bear against their horizontal surfaces. The liners are also
      intended to bear on the outer zones of the packs located at either end of
      the cartridge and on the upper and lower edges of magnetic tape which is
      being wound or unwound. Almost without exception, all these types of liner
      are provided, in the longitudinal direction, with a portion convexly
      curved toward the pack surfaces. As a result, pressure is applied to the
      hubs, the inner turns of the pack, the outer turns of the pack and the
      edges of the winding or unwinding magnetic tape within a comparatively
      narrow rectangular region above and below the pack, so that the tape
      winding operation is rendered more uniform. However, these known types of
      liner cannot prevent "slipping" of the outer turns of the pack and/or
      "seizure" of the pack between the upper and lower cartridge walls with any
      degree of safety.
PAR  The term "slipping," as used in this context and later on in the
      description, refers to the following hazard: one or more turns of magnetic
      tape at the periphery of the pack slide up or down and, during further
      winding, slip into the space between the pack and the upper or lower
      cartridge wall, so that the tape jams between the pack and the upper or
      lower wall. A tape which has jammed in this way can no longer be
      transported. Visible symptoms of such jamming are tape escaping from the
      openings in the front wall of the cartridge, tape coiling itself around
      the capstan of the playback apparatus and, eventually, cartridge stoppage,
      with complete immobility of the tape and the tape pack.
PAR  The term "seizure" refers to the following hazard: the frictional torque of
      the tape pack increases to such an extent during the tape winding
      operation that it becomes greater than the torque of the drive shaft; in
      this condition, the pack stops and the tape ceases to be wound. This
      frictional torque builds up when the pack is unevenly wound in the
      cartridge and eventually begins to rub against the upper and lower walls.
      A pack is said to be wound unevenly when its shape deviates from that of a
      disc, i.e. for example when individual layers of tape protrude from the
      pack or when the pack assumes a saucer or ridged shape.
PAR  A seized cartridge develops the same kind of trouble as that described
      above in connection with "slipping."
PAR  In German Petty Pat. No. 7,116,933, another liner is disclosed which has
      parallel linear embossed projections extending in a longitudinal
      direction. In addition, longitudinal peripheral strips of the liner are
      bent toward the associated upper and lower cartridge walls, so that the
      liners are supported on the inner walls of the housing. This liner has
      much the same properties as the above-described liner; it is not an
      effective remedy against slipping or seizure.
PAR  In German Petty Pat. No. 1,996,273, a liner is disclosed which is provided
      with radial crimpings adjacent to the tape pack surfaces. In the
      longitudinal direction of the cartridge these crimpings are likewise
      arranged in the central region of the pack surfaces, so that the packs are
      centered in the plane of rotation a little more effectively. On the other
      hand, slipping or seizure is only countered by extremely narrow resilient
      embossed projections which cannot perform this function adequately.
PAR  A magnetic tape cartridge is known which is provided with liners with a
      fold along the center line of the cartridge, the fold pointing toward the
      associated upper or lower wall, so that the lateral portions of the liner
      cover the tape pack like a gently sloping roof and extend at angle of
      about 5.degree. relative to the associated lower or upper wall. Apart from
      having, at most, a slight centering effect on the tape pack in the plane
      of rotation, this arrangement can scarcely prevent slipping or seizure
      because the liner exerts little or no pressure on the peripheral zone of
      the tape pack.
PAR  According to the German Petty Pat. No. 7,124,132, the outer turns of the
      tape pack are prevented from slipping from the pack by means of a leaf
      spring bearing on the pack. The effective force of this leaf spring must
      be extremely low and must be within very narrow limits of tolerance in
      order to ensure the application of a specified braking force to the pack.
      This is difficult to achieve in manufacture. Moreover, such a leaf spring
      constitutes an additional element in the cartridge and therefore makes the
      cartridge more expensive to manufacture.
PAR  An object of the invention is to provide an improved magnetic tape
      cartridge in which slipping of the tape and/or seizure of the tape pack or
      packs is prevented by special liner designs.
PAR  According to the invention, this object is achieved by a magnetic tape
      cartridge of the type referred to, wherein at least one guide channel for
      the outer turns of the tape pack and/or for the winding or unwinding
      magnetic tape is formed by liners, which channel is delimited on one side
      by the tape pack itself.
PAR  In this way tape travel and winding in cartridges is considerably improved
      under all operating conditions. Above all, cartridge life is prolonged and
      the quality of the recorded or reproduced signals is enhanced. These
      advantages are the result, in particular, of extremely uniform and
      trouble-free winding and unwinding of the magnetic type which makes for
      more consistent tape pace and improved tape/head contact. A special
      advantage of the invention is that, by mere modification of the liner
      shape, additional means for preventing the tape from slipping from the
      pack (e.g. the above-mentioned tape pack brake spring and/or special tape
      guide means which prevent the tape from jamming, such as are disclosed,
      for example, in German Petty Pat. No. 7,111,932) can be dispensed with. On
      the other hand, a combination of these conventional means with the liners
      of the present invention could be of advantage.
PAR  Last but not least, the invention reduces the manufacturing costs of
      magnetic tape cartridges. In particular, magnetic tape cartridges, and
      especially compact cassettes, become more attractive for the user, owing
      to the present invention.
PAR  In an advantageous embodiment of the invention, the guide channel is formed
      by curved or, preferably, sharply bent-over peripheral liner portions
      which are substantially congruent with each other and whose planes form an
      angle with the planes of the liner portions bearing on the upper and lower
      cartridge walls and extend toward the central plane of the cartridge. In
      this way, a guide channel is formed between the peripheral liner portions
      projecting beyond the periphery of the tape pack and the tape pack itself,
      so that the spring force acting upon the outer turns of the tape pack and
      on the winding or unwinding magnetic tape can be readily set up by
      appropriate choice of the liner material, its thickness and flexibility
      and the selection of a suitable angle. Besides, these curvatures or folds
      can be produced very easily and assembly of the cartridge is not rendered
      more difficult than in the case of conventional magnetic tape cartridges.
PAR  In a preferred embodiment of the invention, the peripheral liner portions
      forming the guide channel or channels are bent substantially symmetrically
      with respect to the central plane of the cartridge. As a result,
      substantially identical forces act upon the turns of the tape pack or on
      the winding or unwinding magnetic tape on either side, so that the same
      advantageous tape winding and running properties are achieved in both
      operating positions of reversible cartridge types. For non-reversible
      cartridges, which are used only on one side and employed, for example, for
      data recording, it is also possible to use liners which are asymmetrical
      relative to the central plane of the cartridge.
PAR  According to another advantageous arrangement of the invention, several
      guide channels extend parallel and/or at right angles to the front wall of
      the cartridge and symmetrically with respect to at least one center line
      of the tape pack or packs. In this way, either slipping or seizure or both
      are prevented merely by a suitable arrangement of the guide channels.
PAR  Further according to the invention, a guide channel may be situated
      asymmetrically with respect to a center line of the tape pack or packs
      substantially parallel with the front wall of the cartridge, and
      especially asymmetrically with respect to the longitudinal central axis of
      the cartridge.
PAR  With such an arrangement it is simple to counter tape slip in those regions
      of the tape pack or packs which are liable to develop this kind of
      trouble.
PAR  In a further advantageous embodiment of the invention, one or more guide
      channels may be formed by peripheral liner portions bent along lines
      between the tape pack peripheries determined by half the pack radius and
      the maximum pack radius. In this way it is possible to prevent slipping
      and folding of the tape especially in the case of large tape packs whose
      outer turns are relatively long.
PAR  In yet another advantageous embodiment of the invention, seizure is
      prevented and guidance of the winding or unwinding tape improved by one or
      more guide channels which are formed by peripheral liner portions bent
      along lines situated between the periphery of the winding hub and the
      periphery of the tape pack at maximum diameter. This prevents tape layers
      from protruding from the pack in its outer regions, which might cause
      seizure. The improved guidance brought about by the liners also makes for
      a uniform flat pack and, on the side of the unwinding magnetic tape,
      improves the alignment of the tape relative to the magnetic head.
PAR  The invention offers the further advantage that the guide channel or
      channels formed by the peripheral liner portions are provided in the
      region of a tape pack periphery determined by a radius smaller than the
      maximum radius. As a result, the guide channels are always bound to become
      most effective in the critical region of the tape pack periphery. In
      cartridges with two juxtaposed tape packs, for example, this has the
      advantage that the braking force applied to the larger tape pack is
      greater than that applied to the smaller pack while the total drive torque
      remains unchanged.
PAR  In an advantageous, inexpensive embodiment of the invention, the guide
      channels are formed by two liners with a central curvature concave to the
      central plane of the cartridge.
PAR  In a further advantageous embodiment of the invention, one guide channel is
      arranged close to, and parallel with, the rear wall of the cartridge. This
      arrangement counters slipping and folding of the outer turns of the
      magnetic tape pack at critical points on the pack or packs, so that the
      likelihood of seizure is considerably lessened. Moreover, a guide channel
      arranged in this way can easily be combined with known movable tape guide
      elements.
PAR  In yet another advantageous embodiment of the invention, a guide channel is
      arranged on the side of the tape pack or packs which the tape joins or
      leaves.
PAR  Although a tape guide associated with the take-up pack is more important,
      especially as a safeguard against seizure, it has been found that
      effective tape guiding means on the unwinding side also contribute to
      trouble-free tape travel in the cartridge and relative to the magnetic
      head.
PAR  A safeguard against slipping as well as seizure is provided by the
      invention in that a guide channel extends along a quadrant of the tape
      pack circumference nearest the rear wall of the cartridge and that side of
      the tape pack which the tape joins or leaves.
PAR  In an embodiment of the invention combining various features, a guide
      channel extends adjacent to the rear wall of the cartridge, and a further
      guide channel is arranged on the side of each tape pack which the tape
      joins and leves. This arrangement is of particular advantage for
      cartridges with juxtaposed tape winding hubs, such as compact cassettes,
      and makes further special tape guiding means superfluous.
PAR  In a highly effective embodiment of the invention, a guide channel extends
      around the tape pack periphery, an inlet and an outlet for the winding and
      unwinding tape being provided. This prevents the outer turns of the tape
      pack from slipping at almost every point on the tape pack periphery and,
      at the same time, improves tape guidance and prevents seizure.
DRWD
PAR  Further details of the invention are disclosed in the following description
      of various embodiments thereof illustrated in the accompanying drawings,
      in which
PAR  FIG. 1 is a diagrammatic plan view of a transparent compact cassette;
PAR  FIG. 2 is a cross-sectional view of the cassette along the lines II--II of
      FIG. 1, showing conventionally shaped liners;
PAR  FIG. 3 is a longitudinal section along the lines III--III of FIG. 1,
      likewise showing conventionally shaped liners;
PAR  FIG. 4 is the plan view of a liner;
PAR  FIG. 5 is a cross-sectional view (along the lines V--V) of a cassette with
      liners reversed relative to FIG. 2;
PAR  FIG. 5a is a detail of the cassette cross-section according to FIG. 5;
PAR  FIG. 6 is a plan view of a liner with a bent longitudinal edge;
PAR  FIG. 7 is a cross-sectional view (along lines VII--VII) of a cassette with
      liners according to FIG. 6;
PAR  FIG. 8 is a plan view of a liner according to FIG. 6 with additionally bent
      lateral edges;
PAR  FIG. 9 is a longitudinal section (along lines IX--IX) of a cassette with
      liners according to FIG. 8;
PAR  FIG. 10 is a plan view of a liner with quadrantally bent corner edges;
PAR  FIG. 10a is a plan view of a liner with straight folds at the corners;
PAR  FIG. 11 is a cassette detail with a liner according to FIG. 10 (sectioned
      along lines XI--XI);
PAR  FIG. 12 is a plan view of a cassette with liner portions fastened to the
      upper and lower cassette walls;
PAR  FIG. 13 is a longitudinal section of a cassette (along lines XIII--XIII)
      with liner portions according to FIG. 12;
PAR  FIG. 14 is a plan view of a cassette with liners having annular embossings;
PAR  FIG. 15 is a perspective view of a liner section according to FIG. 14.
DETD
PAR  A compact cassette 10 contains magnetic tape 15 wound on two juxtaposed
      hubs 11 and 12 to form tape packs 13 and 14. Between the tape packs 13 and
      14 the magnetic tape 15 runs over idler rolls 16 and 17, so that it is
      guided parallel to the front wall 18 of the cassette. In the front wall 18
      there are provided apertures, not shown here, through which magnetic heads
      on the recorder and, possibly, tape pressure rollers can enter the
      cassette. Symmetrically with respect to the transverse central axis 19 of
      the cassette 10, apertures 22 and 23 are provided in the lower and upper
      walls 20 and 21 through which capstans and/or tape guide pins on the
      recorder pass. In the plane of the transverse central axis 19, pins 24 and
      25 are molded integrally with the lower and upper walls 20 and 21, which
      pins serve to secure the liners 26. The liners 26 are provided with
      circular apertures 27 and 28 above the openings in the hubs 11 and 12. The
      liners 26 are substantially rectangular, with chamfered corners, thus
      being adapted to the inner space of cassette 10. For the pins 24 and 25 a
      small circular aperture 29 and a cut-out 30 are provided in each of the
      two liners 26. Provision of these fastening means and conformation of the
      shape of the liners to the cassette space ensure that the liners 26, after
      insertion, retain their correct position in the cassette part with which
      they are associated.
PAR  FIG. 2 shows a cross-section on lines II--II of a compact cassette 10 with
      conventional Teflon liners. It can be seen that each of the liners (26a
      and 26b) bears with its longitudinal edges on the lower and upper walls,
      20 and 21 respectively, and surrounds with its apertures 27 and 28 the
      annular flanges 31 and 32 on the lower and upper walls 20 and 21 of the
      cassette 10. In FIG. 2, there can be seen a slightly curved
      cross-sectional outline of each liner 26a and 26b which extends from its
      longitudinal outer edges to the annular flanges 31 and 32.
PAR  As has already been mentioned, the conventional liners are intended to
      exert pressure on the central region of the tape pack. As can be seen in
      the sectional views of FIGS. 2 and 3, there is achieved mainly by the
      curvature of the liner extending in the longitudinal direction. The width
      and the length of this curvature are indicated in FIG. 1 by the dotted
      lines 34 and 35.
PAR  Apart from these dotted lines 34 and 35, FIG. 1 could be a view of any
      compact cassette containing liners. FIGS. 2 and 3, on the other hand,
      represent the present state of the art in respect of liner shapes in any
      type of magnetic tape cartridge.
PAR  A first novel liner arrangement is shown in FIG. 5. In this cassette 10,
      Teflon liners 36a and b have been inserted in a position reversed relative
      to that of FIG. 2. Here, the curved liner portions bear against the lower
      and upper walls 20 and 21 of the cassette, and the edge portions of the
      liners on both sides bear on the periphery of the tape pack. Therefore,
      the liners 36a and 36b, due to their resilience, become most effective
      where their action is most needed in a magnetic tape cassette, i.e. at the
      tape pack periphery, especially in the case of large pack diameters. The
      hatched regions 37 in FIG. 4 indicate where the tape pack 38 and 39 make
      contact with the liners 36a and b or, in other words, where a force is
      applied to the tape packs 38 and 39. It is clearly apparent that a greater
      force is applied to tape pack 39 than to pack 38 and that pack 39 is
      therefore retarded to a greater extent than pack 38. The hatched areas on
      the tape pack 39 show that the applied forces become effective near the
      rear wall 40 of the cassette, the cassette front wall 18 and also on the
      side where the tape joins and leaves the tape pack. When comparing this
      arrangement with that of FIG. 2, the following observations can be made:
      in FIG. 2 the liners 26a and 26b exert substantially equal pressure on the
      two tape packs 13 and 14 because both tape packs are continuously situated
      within the region of the curvature limits 34 and 35. In the embodiment of
      FIGS. 4 to 5a, a relatively large pressure is exerted on pack 39 by the
      liners 36a and 36b, whereas less pressure is exerted on pack 38. By virtue
      of this difference, slipping is avoided in the critical region, i.e. in
      the region where the outer turns of the tape pack are at their longest,
      because the larger the pack diameter, the greater the risk of slipping.
      This effect is achieved especially by the liner pressure exerted near the
      cassette rear wall 40 which ensures that the outer turns in this region
      are retained and guided to a higher degree and are therefore prevented
      from slipping. At the same time, the frictional torque applied to the tape
      pack 39 is greater than that applied to a tape pack of equal size in
      cassettes with liners according to FIG. 1. However, this apparent
      disadvantage can be disregarded - in terms of the overall  frictional
      torque - since the frictional torque applied to the tape pack 38 is much
      smaller than in the case of a cassette such as shown in FIG. 1, for
      example. Also the guiding effect of the liners 36a and b on the winding or
      unwinding tape of the pack 38 is much smaller than the effect on the pack
      39. If the pack 39 operates as take-up pack, the lateral peripheral
      regions of the liners 36a and 36b also improve winding and unwinding of
      the magnetic tape, the result being a uniform flat tape pack. This
      constitutes a remedy against seizure. In this way, trouble caused by
      slipping and/or seizure especially during recording, playback and fast
      winding, for example in the case of sudden stops, starts or drive
      reversal, can be eliminated, even when extremely thin magnetic tapes of 10
      .mu. or less are used.
PAR  If the tape pack 38 of FIG. 4 is the take-up pack, the hatched regions 37
      associated with it increase in size as the pack diameter increases, so
      that the liner exerts increasingly greater pressure on the pack 38,
      whereas the frictional torque applied to the pack 39 decreases
      simultaneously.
PAR  The detail A of FIG. 5 is shown enlarged in FIG. 5a, illustrating the guide
      channel 41. At the upper and lower edge of its periphery the tape pack 39
      makes contact with curved or sharply bent-over peripheral portions 42 of
      liners 36a and b whose cross-sectional outlines form a partly open
      triangle with the tape pack and, in spatial terms, a guide channel 41. The
      cross-sectional outline may also be approximately circular or parabolic or
      any other suitable shape. Within the channel 41 there is an individual
      tape layer 15a which may be a turn just detaching itself from the
      periphery of the pack or a tape portion just joining or leaving the tape
      pack.
PAR  It is clear that the peripheral portions 42 of the liner lift and support
      the magnetic tape 15 at its lower and upper edges merely as a result of
      the shape of the guide channel 41, this being of particular importance in
      view of the play at the bearings for the hubs in compact cassettes.
      Furthermore, the tape 15 is urged back toward the pack by the inclined
      walls of the channel 41 if it has detached itself therefrom. Furthermore,
      the tape 15 is prevented from folding at the points 43 where the
      peripheral portions 42 contact the peripheral edges of the tape pack and
      from completely sliding past these points and slipping below one of the
      tape pack surfaces 44 - a fault which must eventually lead to seizure of
      the pack. Apart from the shape of the guide channel 41, the pressure
      exerted by the peripheral regions 42 is another decisive factor which
      prevents slipping. The known Teflon liners designated 36a and 36b
      respectively are flexible; therefore, the fold lines 45 should be
      advantageously situated closely adjacent to the periphery of the tape pack
      39, so that these peripheral regions 42 can exert sufficient pressure on
      the magnetic tape 15. More resilient liners should be bent at a
      proportionately smaller angle, so that the fold lines 45 - given the same
      position of the guide channel 41 - become further removed toward the hub,
      if it is desired to exert the same pressure. The cross-sectional outline
      of the guide channel 41 or, in three-dimensional terms, the bent-over
      peripheral regions 42, in addition to having the effects already
      described, also damps wobbling of the tape pack, i.e. the tape pack is
      maintained essentially in a central plane. This effect, in conjunction
      with the guidance provided by the channel 41 for the winding or unwinding
      magnetic tape, prevents seizure of the tape pack. In the case of the other
      channels to be described below, which may also be arranged on those sides
      of the tape pack which the magnetic tape joins or leaves, the same effects
      as those already described in connection with channel 41 are produced by
      the liners.
PAR  The following regions in FIG. 4 are considered to be guide channels for the
      purposes of the present invention: the first guide channels 46 and 47 are
      situated near the front wall 18 and the rear wall 40 respectively of the
      cassette at the tape pack 39 (their delimination being indicated by dotted
      lines) and extend in a longitudinal direction past the pack 38. Channel 46
      extends approximately from the dotted line to the rear edge of the liner.
      The second category of guide channels 48 and 49 extend laterally along the
      outsides of tape packs 38 and 39.
PAR  In view of the above-described effects of liners 36a and 36b it is
      necessary to optimally adjust the effective pressure exerted by them also
      in relation to the tape pack diameter. Practical experiments have revealed
      that guide channel 47, which is particularly important as a safeguard
      against slipping, should be situated between half the tape pack diameter
      and the maximum tape pack diameter. More particularly, this guide channel
      may be arranged in a region approximately coincident with two thirds or
      three quarters of the maximum diameter.
PAR  The guide channels 48 and 49 for the unwinding or winding magnetic tape,
      which constitute a particularly effective safeguard against seizure, may
      be arranged in a suitable position between the hub periphery and the
      periphery of the pack at maximum diameter.
PAR  The above-described liners may be made of Teflon, i.e. conventional
      polytetrafluoroethylene sheets having a thickness of approximately 20 to
      100 .mu.. These liners are very soft and flexible. However, the
      above-described liners and the liners still to be described below may also
      be made of any other suitable material, such as polyethylene, polyvinyl
      chloride, etc. Furthermore, these liners may be provided with suitable
      coatings, such as metal or graphite, which prevent the accumulation of
      static electric charges.
PAR  All the liners still to be described should have approximately the same
      shape and be secured in the cassettes without any additional means mainly
      be means of pins 24 and 25, etc.
PAR  FIG. 6 shows a liner 50 having a fold on a level with aperture 29,
      indicated by a dotted line 49. The line 49 may also indicate a curve. For
      the manufacture of such modifications, a hot shaping process is
      recommended, to ensure the necessary dimensional stability; however, other
      suitable production methods may be used.
PAR  FIG. 7 shows the position of such liners 50a and 50b in a cassette relative
      to a tape pack. Toward the front wall 18 of the cassette, the liners 50a
      and 50b extend substantially parallel with the lower and upper cassette
      walls 20 and 21, so that the winding or unwinding magnetic tape can
      approach the tape pack or leave it without being obstructed. Pressure is
      exerted by the peripheral portions of the liner bent, so as to form the
      guide channel 47, at an angle of approximately 170.degree. (in the case of
      polyester material 35 .mu. thick) relative to the flat portion 51. In
      other words, the angle .alpha. is from about 10.degree. to 20.degree. and
      largely depends on the type of material. The arrangement of this guide
      channel 47 constitutes the best possible safeguard against slipping, and
      liners like 50a and 50b can be employed advantageously in cassettes with
      additional tape guide levers.
PAR  FIG. 8 shows a liner with a similar guide channel 47, likewise formed by a
      sharply bent-over portion, which communicates at its ends with guide
      channels 48 and 49, likewise formed by sharply bent-over portions. In FIG.
      9, the guide channels 48 and 49 are shown in crosssection. This cassette
      therefore comprises three guide channels, 47, 48 and 49, each being formed
      by curved or sharply bent-over portions and the periphery of the tape
      pack. While the channel 47 serves again mainly to counter slipping, the
      channels 48 and 49 act mainly as guides for the outer turns of the tape
      pack as well as the winding or unwinding magnetic tape and in particular
      prevent seizure.
PAR  A region which is particularly critical with regard to slipping extends
      from the point of intersection of the transverse center line of the tape
      pack and the tape pack periphery to the point where the winding tape
      joins, or the unwinding tape leaves, the pack.
PAR  FIG. 10 shows a liner 52 with guide channels 53 and 54, indicated in this
      region by dotted lines and describing a quadrant about each of the tape
      packs. FIG. 10a shows a somewhat simplified liner version 55 in which the
      channels 56 and 57 at the corners are straight. The latter version can be
      produced simply by folding or bending the liner corners. FIG. 11 shows a
      cassette section along the line XI--XI, with liners 52 or 55. The fold
      lines occupy a position defined by the dotted line 69 at a comparatively
      large distance from the illustrated tape pack periphery, so that the liner
      edges projecting beyond the periphery of the pack are spaced relatively
      far apart. This is usually a sign that the full spring force of the liners
      becomes effective approximately between the dotted lines 69 and 58, so
      that the guide channel 53 or 56 can be assumed to occupy this region.
PAR  Another embodiment of a cassette 59, with liner sections 60, 61 and 62
      fastened, for example, by adhesive to the lower and upper cassette walls
      20 and 21, is shown in FIG. 12. Here, the flat liner portions above the
      tape packs, which have little or no effect, have been omitted. The
      arrangement of the guide channels 47 to 49 corresponds for example to that
      shown for the liner in FIG. 8.
PAR  Liner sections 61 and 62 may either be used in conjunction with portion 60
      or without it. Portion 60 may also be used on its own. FIG. 13 is a
      longitudinal section of cassette 59 showing the position of the liner
      sections 61 and 62.
PAR  FIG. 14 shows another advantageous embodiment of a cassette 63 with a liner
      arrangement in which saucer-shaped embossed projections are provided above
      and below the tape packs. However, the embossed portion is not completely
      annular in shape but has a flat section allowing the magnetic tape 15 to
      approach and leave the pack. FIG. 15 illustrates the saucer-shaped portion
      of a lower liner 66. The liner 66 may be produced, for example, by
      embossing a flat sheet. However, it is also possible to merely cut out the
      embossed portion and glue it to the lower cassette wall 20.
PAR  This annular arrangement of the guide channels 67 and 68 makes possible
      particularly effective centering of the tape packs in the plane of
      rotation, constitutes an extremely effective safeguard against slipping
      and seizure, and greatly improves guidance of the tape.
CLMS
STM  We claim:
NUM  1.
PAR  1. A magnetic tape cartridge, especially a compact cassette, with at least
      one tape winding hub onto which the magnetic tape is wound and/or from
      which it is unwound, at least two liners being provided, one on each side
      of the reel of wound tape, between the latter and the lower and upper
      cartridge walls, respectively, said liners comprising portions, at least
      one for each liner, which resiliently engage the tape pack, wherein said
      portions are formed to provide between them at least one guide channel for
      the outer turns of the tape pack and/or for the tape to be wound or
      unwound, said channel, at its bottom being delimited by the tape pack
      itself and having legs defined by said liner portions and angling towards
      each other in a radially outward direction, and said channel extending
      substantially between the region where the winding or unwinding tape joins
      or leaves the pack and the region of intersection of the pack periphery
      with the transverse center line of the pack, whereby the tape is kept from
      slipping off the pack.
NUM  2.
PAR  2. A cartridge according to claim 1, in which said liner portions are
      peripheral bent-over liner portions substantially congruent with one
      another whose planes form an angle with the planes of the liner parts
      bearing on the lower and upper cartridge walls and extend in a direction
      toward the central plane of the cartridge.
NUM  3.
PAR  3. A cartridge according to claim 1, in which said liner portions extend
      substantially symmetrically with respect to the central plane of the
      cartridge.
NUM  4.
PAR  4. A cartridge according to claim 1, in which said liner portions are
      formed to provide a plurality of guide channels extending parallel and at
      right angles to the front wall of the cartridge and symmetrically with
      respect to at least one center line of the tape pack.
NUM  5.
PAR  5. A cartridge according to claim 1, in which said liner portions are
      formed to provide a guide channel extending asymmetrically with respect to
      the center line of the tape pack corresponding to the longitudinal central
      axis of the cartridge, and substantially parallel with the front wall of
      the cartridge.
NUM  6.
PAR  6. A cartridge according to claim 4, in which said liner portions providing
      said guide channel extending parallel to the front wall of the cassette
      are peripheral liner portions bent along lines situated in a range defined
      by half the pack radius and the maximum pack radius.
NUM  7.
PAR  7. A cartridge according to claim 4, in which said liner portions providing
      said guide channel extending at right angles to the front wall of the
      cassette are peripheral liner portions bent along lines situated between
      the periphery of the winding hub and the periphery of the tape pack at
      maximum diameter.
NUM  8.
PAR  8. A cartridge according to claim 1, in which said liner portions providing
      one guide channel are peripheral liner portions provided adjacent to a
      tape pack periphery determined by a radius smaller than the maximum
      radius.
NUM  9.
PAR  9. A cartridge according to claim 1, in which said two liners, in their
      central region, have parts concave relative to the central plane of the
      cartridge.
NUM  10.
PAR  10. A cartridge according to claim 8, in which said liner portions are
      formed to provide a guide channel which runs substantially parallel with
      the rear wall of the cartridge and is arranged adjacent thereto.
NUM  11.
PAR  11. A cartridge according to claim 1, in which said liner portions are
      formed to provide a guide channel on that side of each of a pair of tape
      packs which the tape joins or leaves.
NUM  12.
PAR  12. A cartridge according to claim 1, in which said liner portions are
      formed to provide a guide channel extending along a quadrant of the tape
      pack circumference nearest the rear wall of the cartridge and that side of
      the tape pack which the tape joins or leaves.
NUM  13.
PAR  13. A cartridge according to claim 1, in which said liner portions are
      formed to provide a guide channel extending generally annularly around the
      tape pack periphery, except for the provisions of an inlet and an outlet
      for the winding or unwinding tape.
NUM  14.
PAR  14. A cartridge according to claim 1, in which said liner portions are
      formed to provide a guide channel running close to the rear wall of the
      cartridge and one further guide channel on the side of each tape pack
      which the tape joins or leaves.
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ABST
PAL  An apparatus for driving a reel-to-reel system in which the tape web such
      as magnetic sound tape for a player-recorder and film strip for a cine
      camera is wound onto one reel from another is provided with means forming
      part of a motion transmitting mechanism for imparting constantly changing
      driving torque to the reel driving means during the reeling operation. The
      driving torque control mechanism is provided with a movable member
      responsive to an insertion and a removal of a tape cassette into and from
      a cassette chamber and arranged to move it into and out of operative
      relationship with the motion transmitting mechanism respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus for driving a winding reel to take up a
      web material from an unwinding reel, and more particularly to a mechanism
      for controlling the driving torque force applied to the web transport
      mechanism in accordance with the quantity of web material taken up on the
      winding reel.
PAR  2. Description of the Prior Art
PAR  It is generally known that as a web material is pulled from an unwinding
      reel and is taken up on a winding reel, the driving torque necessary for
      the winding reel to take up the web material is gradually decreased with
      the increasing diameters of the core of web material on the winding reel
      as it winds in, the difference between driving torques in initial and
      final stages of the entire reeling operation being made larger with a
      longer length of the web material with a larger winding diameter of the
      entire web material wound on either reel.
PAR  With a film cassette, for example, in a cine camera, therefore, it is
      necessary to compensate for the difference in the driving torque so as to
      maintain constant the stress on the film strip between the reels during
      entire cassette operation, or otherwise, in an initial state of the
      reeling operation where the film transport mechanism is subject to a
      larger load, the unwinding reel is driven to rotate at a slower rate,
      while in a final state where the film transport mechanism is subject to a
      smaller load, it is driven to rotate at a faster rate, it being recognized
      that this kind of action not only seriously affects the quality of
      reproduction in image recordings, but sometimes gives rise to failure in
      image recordings.
PAR  Also in the case of player-recorders, similar problems to those described
      above are encountered, if not resolved by providing some means for
      controlling the driving torque in accordance with the varying winding
      diameters of the tape web on the winding reel, resulting not only in an
      unstability of sound records and reproductions, but also in sound
      discontinuity.
PAR  In order to accomplish the desired driving control of the reels,
      conventional motion picture cameras of large size adapted for use with 70
      mm, 35 mm and 16 mm frame size film reels, and open reel type tape
      recorders of large size adapted for use with large-diameter reels have
      utilized a system for controlling the driving torque as the quantity of
      tape or film wound on the take up reel is varied. Such system results in
      an expensive, complex and bulky mechanism which is undesirable for use in
      cine cameras of compact type, for example, of 8 mm frame size as well as
      in tape recorders of compact type.
PAR  On the other hand, the system for travelling magnetic sound tape or film
      strip between a pair of reels which are enclosed in a cassette has found a
      wide acceptance in the fields of cine cameras of 8 mm frame size and tape
      recorders of compact type. Particularly, in the reel-to-reel system
      wherein one of the coplanar reels to which the respective ends of a tape
      web are attached is driven to take up the tape web from the other reel,
      the above-mentioned problems which make reliable cassette operation
      difficult to achieve remains unsolved. As a result, differential pulls
      arise with corresponding differences in rate of rotation of the reels
      owing to constantly changing diameters of the core of tape web on each
      reel as one unwinds and the other winds in, it not scarcely happening that
      such an action gives rise to breakage and damaging stresses on the tape
      web.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a web reel drive apparatus
      which has resolved the above-mentioned conventional problems.
PAR  Another object of the present invention is to provide a web reel drive
      apparatus of simple structure and of low cost is adaptable to various
      types of web transport.
PAR  Still another object of the present invention is to provide a web reel
      drive apparatus provided with a mechanism for imparting constantly
      changing driving torques into web transport mechanism with ever increasing
      winding diameters of the web core on the winding reel as it winds in.
PAR  Other objects of the present invention will become apparent from the
      following detailed description taken in conjunction with the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic perspective view of a first tape reel drive apparatus
      according to the invention.
PAR  FIG. 2 is a fragmentary schematic partly elevational partly sectional view
      of the apparatus of FIG. 1 and a cooperative tape cassette 41 which is
      about to be loaded in a cassetted chamber 40.
PAR  FIG. 3 is a schematic perspective view of a second tape reel drive
      apparatus according to the invention.
PAR  FIG. 4 is a schematic partly elevational partly sectional view of the
      apparatus of FIG. 3 and a cooperative tape cassete 141 which is about to
      be loaded in a cassette chamber 140.
PAR  FIG. 5 is a fragmentary schematic partly elevational partly sectional view
      of a third tape reel drive apparatus according to the invention.
PAR  FIG. 6 is a fragmentary schematic perspective view of an arrangement of the
      basic parts of the torque control mechanism provided in a fourth tape reel
      drive apparatus according to the invention.
PAR  FIG. 7 is a fragmentary schematic perspective view of a fifth tape reel
      drive apparatus according to the invention.
PAR  FIG. 8 is a fragmentary perspective view of a sixth tape reel drive
      apparatus according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, there is shown one example of a tape reel drive
      apparatus according to one embodiment of the present invention adapted for
      use with a reel-to-reel type tape cassette. The tape reel drive apparatus
      includes a movable member in the form of a lever 1 having three
      projections 1A, 1B and 1C, mounted at a pivot axle 2 in the housing of the
      apparatus to be actuated in response to the insertion of a cassette into a
      cassette chamber in sliding engagement with the projection 1B extending
      into the cassette chamber through an opening provided through a portion of
      the cassette chamber wall. The projection 1C is arranged in the lever 1 to
      limit the counter-clockwise movement of the lever 1 when the cassette 41
      is removed from the cassette chamber 40. The projection 1A normally
      engages an extension 3a of an one-armed guide lever 3, which is pivotable
      about a shaft 4 connected to motor drive means including a single motor
      indicated at 21 independently of rotation of the shaft 4, and which is
      biased in a counter-clockwise direction as viewed in FIG. 1 by a spring 5
      which tends to urge the extension 3A against the projection 1A. Affixed to
      the shaft 4 is a first rotary drive pinion 6 engaging a spur gear 7
      rotatably mounted on a shaft 8 extending from the guide lever 3. The shaft
      8 has a cylindrical sleeve having a helical thread on its outer surface,
      thereinafter referred to as helix 8B affixed through a clamp 8A to the
      spur gear 7 for rotation therewith. For limiting the clockwise pivoting
      movement of the guide lever 3, there is provided a stopper 9. The parts 3,
      4, 5, 6, 7, 8, 8A and 8B constitute part of the torque control mechanism
      according to the invention.
PAR  A mechanism for transmitting the motion of the motor drive means to the
      reel driving means comprises a spur gear 15 normally engaging a second
      rotary drive pinion 16 of which the shaft 42 is connected to the motor
      drive means 21. One of the gear teeth of spur gear 15 engages in the
      helical groove of the helix 8B when the guide lever 3 is set in the
      illustrated operative position. The spur gear 15 is mounted on a reel
      drive shaft 43 to be slidable movable along its axis as well as to be
      rotatable about it. The spur gear 15 carries a coaxial anti-friction disk
      14 on which is abuttingly engaged a forked portion 10A of a two-armed
      pressure lever 10 which is fulcrumed at a pivot axle 13 and which is
      biased in a clockwise direction by a helical spring 46 connected to the
      arm of the pressure lever 10 opposite to that having the forked portion
      10A to urge the forked portion 10A against the anti-friction disk 14,
      thereby the spur gear 15 is prevented from being taken out of contact with
      the shaft 43. The reel shaft 43 has a two-flanged sleeve 19 affixed
      thereto and a frictional helical expansion spring 17 compressed between
      the slide or spur gear 15 and one flange 18 of the sleeve 19 and having an
      expansion force weaker than the pressure force applied on the slide or
      spur gear 15 by the pressure lever 10. The other flange 19A of the sleeve
      19 is connected through a spiral spring 44 to an adapter piece adapted for
      engagement with the recess of the takeup reel of the cooperative tape
      cassette. The parts 14, 15, 17 and 18 constitute a slip clutch assembly as
      well as part of the driving torque control mechanism.
PAR  The operation of the apparatus shown in FIGS. 1 and 2 is as follows. Upon
      insertion of a tape cassette 41 into the cassette chamber 40, a forward
      edge of the cassette 41 abuts the projection 1B and a further insertion of
      the cassette 41 causes the lever 1 to turn about the axle 2 in the
      clockwise direction. Note the positions of the lever 1,1' shown in full
      and dashed lines in FIG. 2. In the dashed line positions the parts are
      identified by their reference numerals with an affixed prime, i.e., 1'.
      Such a turning movement of the lever 1 causes the guide lever 3 to turn
      about the shaft 4 in the clockwise direction against the force of the
      spring 5, thereby the helix 8B is brought into engagement with one of the
      teeth of the gear 15 which is initially located at the downmost position
      as viewed in FIG. 1, wherein the maximum driving torque is imparted to the
      reel drive shaft 43. When the first and second rotary drive pinions 6 and
      16 are driven into synchronous rotation by the motor drive means 21, the
      gear 15 is caused to slowly move in the upward direction as guided by the
      helical thread of the helix 8B while rotating with the shaft 43 to
      transmit the motion of the second rotary drive pinion 16 to the reel drive
      shaft 43 through the frictional driving engagement of the spring 17 with
      the frictional flange 18, thereby the driving torque force is decreased
      with decrease in the frictional force of the spring 17 to the flange 18.
      It will be appreciated from the foregoing description that constantly
      changing driving torques are imparted to the winding reel of the cassette
      41 with ever increasing diameters of the tape core on the winding reel.
      The helix 8B is so designed to have a helix angle such that the tension of
      the tape web withdrawn from the unwinding reel is maintained constant
      during the entire reeling operation, and to have an axial length relative
      to the axial length of the second rotary drive pinion 16 such that upon
      termination of the entire cassette operation, the rotating drive gear 15
      is upwardly taken out of the operative relationship with the pinion 16 as
      guided by the helix 8B to terminate the transmission of the drive motion
      from the pinion 16 to the reel drive shaft 43, preventing breakage and
      damaging stresses on the tape from occurring.
PAR  After the entire cassette operation has been completed, the operator may
      remove the tape cassette 41 from the cassette chamber 40 to release the
      actuating lever 1 from its active state, thereupon the guide lever 3 is
      turned about the shaft 4 in the counter-clockwise direction under the
      force of the spring 5, causing the lever 1 to turn in the
      counter-clockwise direction in engagement of the extension 3A with the
      projection 1A until the projection 1C abuts the chamber wall 41A. Such a
      pivoting movement of the guide lever 3 causes the disengagement of the
      helix 8B from the gear 15 note the dashed lines 8' in FIG. 2, to the
      initial downmost position.
PAR  It will be seen from the foregoing description that one of the features of
      the present invention is the driving torque control mechanism operatively
      associated with the tape reel drive motion transmitting mechanism
      including a single slip clutch to compensate for variation in the driving
      torque as the quantity of the tape web wound on the winding reel varies.
      Another feature of the present invention is the actuating lever 1 which
      actuates and releases the torque control mechanism into an operative state
      and to an inoperative state in response to an insertion and to a removal,
      respectively, of the cassette into and from the cassette chamber. While
      the foregoing description is particularly directed to reel-to-reel
      cassette operation, it makes open deck operation of the reel-to-reel
      system efficiently feasible wherein photographic film strip and magnetic
      sound tapes of different characteristics may be employed with cine cameras
      and tape recorders for high speed picture taking operation and high speed
      sound recording operation, because of improved image and sound qualities
      and considerably reduced unit cost for the reasons that the stresses on
      the tape or strip between the two reels owing to differential pulls with
      corresponding differences in rate of rotation of the reels is maintained
      constant during the entire reeling operation by controlling the frictional
      driving torque regardless of the constantly changing diameters of the core
      of tape or strip on each reel. Any design which performs the necessary
      driving torque control function according to the invention may be utilized
      in such cine camera and tape recorder.
PAR  In FIGS. 3 and 4, a second tape reel driving apparatus is illustrated as
      including an actuating member in the form of a lever 101, having three
      projections 101A, 101B and 101C, movably mounted at a pivot axle 102 in
      the housing of the apparatus to be actuated in response to an insertion of
      a cassette into a cassette chamber in sliding engagement with the
      projection 101B extending into the cassette chamber through an opening
      provided through a portion of the cassette chamber wall. The projection
      101C is arranged on the lever 101 to limit the counter-clockwise movement
      of the lever when the cassette 140 is removed from the cassette chamber
      141. The projection 101A normally engages an extension 103A of an
      one-armed guide lever 103, which is pivotable about a shaft 104 connected
      to motor drive means including a motor indicated at 121 independently of
      rotation of the shaft 104, and which is biased in a counter-clockwise
      direction as viewed in FIG. 3 by a spring 105 which tends to urge the
      extension 103A against the projection 101A. Affixed to the shaft 104 is a
      first rotary drive pinion 106 engaging a spur gear 107 rotatably mounted
      on a shaft 108 extending from the guide lever 103. The shaft 108 has a
      cylindrical sleeve having a helical thread on its outer surface, or a
      helix 108B affixed through a clamp 108A to the spur gear 107 for rotation
      therewith. For limiting the clockwise pivoting movement of the guide lever
      103, there is provided a stopper 109. The parts 103, 104, 105, 106, 107,
      108, 108A and 108B together with a torque control lever 110 constitute
      part of the torque control mechanism according to the invention.
PAR  A mechanism for transmitting the motion of the motor drive means to reel
      driving means comprises a spur gear 115 normally engaging a second rotary
      drive pinion 116 of which the shaft 142 is connected to the motor drive
      means 121. Spur gear 115 is mounted on a reel drive shaft 143 to be
      slidably movable along its axis as well as to be rotatable about it. The
      spur gear 115 carries a coaxial anti-friction disk 114 on which is
      abuttingly engaged a forked portion 110B of the torque control lever 110
      which is fulcrumed at a pivot axle 113 and which is biased in a clockwise
      direction by a helical spring 111 connected to an arm 110A of the torque
      control lever 110 opposite to the arm 110B to urge the forked portion 110B
      against the anti-friction disk 114, thereby the gear 115 is prevented from
      being taken out of the shaft 143, when the helix 108B is disengaged from
      the arm end 110A. The reel drive shaft 143 has a two-flanged sleeve 119
      affixed thereto and a frictional helical expansion spring 117 compressed
      between the gear 115 and one flange 118 of the sleeve 119 and having an
      expansion force weaker than the pressure force applied on the opposite
      side of the gear 115 by the torque control lever 110. The other flange
      119A of the sleeve 119 is connected through a spiral spring 144 to an
      adapter piece 120 adapted for engagement with the recess of the takeup
      reel of the cooperative tape cassette. The parts 110, 114, 115, 117 and
      118 constitute a slip clutch assembly as well as part of the driving
      torque control mechanism.
PAR  The operation of the second apparatus shown in FIGS. 3 and 4 is as follows.
      Upon insertion of a tape cassette 141 into the cassette chamber 140, a
      forward edge of the cassette 141 abuts the projection 1B and a further
      insertion of the cassette 141 causes the lever 101 to turn about the axle
      102 in the clockwise direction from the position shown in dashed lines to
      the position shown in full lines. The parts shown in dashed lines are
      identified by a prime added to the reference numeral, i.e., 101'. Such a
      turning movement of the lever 101 causes the guide lever 103 to turn about
      the shaft 104 in the clockwise direction against the force of the spring
      105, thereby the helix 108B is brought into engagement with the end of the
      arm 110A which is initially located in the uppermost position as viewed in
      FIGS. 3 and 4, wherein the gear 115 is located in the downmost position to
      impart the maximum driving torque to the reel drive shaft 143. When the
      first and second rotary drive pinions 114 and 116 are driven into
      synchronous rotation by the motor drive means 121, the torque control
      lever 110 is slowly turned in the counter-clockwise direction, as the arm
      end 110A is guided by the helical thread of the helix 108B so that the
      gear 115 is permitted to slowly move in the upward direction while
      rotating to transmit the motion of the second rotary drive pinion 116 to
      the reel drive shaft 143 through the frictional driving engagement of the
      spring 117 with the frictional flange 118, thereby the driving torque
      force is decreased with decrease in the frictional force of the spring 117
      to the flange 118. It will be appreciated that constantly changing driving
      torque are imparted to the takeup reel of the cassette 141 with ever
      increasing diameters of the tape core on the winding reel. The helix 108B
      is so designed to have a helix angle such that the tension of the tape web
      withdrawn from the unwinding reel is maintained constant during the entire
      reeling operation. The clamp 108A provides a recess adapted to receive the
      arm end 110A of the torque control lever 110 and arranged so that when the
      entire reeling operation has been completed, the arm end 110A enters the
      recess to prevent the apparatus from being damaged by a further operation
      of the torque control mechanism. After the entire cassette operation has
      been completed, the operator may remove the tape cassette 141 from the
      cassette chamber 140 to release the actuating lever 101 from its active
      state, thereupon the guide lever 103 is turned about the shaft 104 in the
      counter-clockwise direction under the force of the spring 105 causing the
      lever 101 to turn in the counter-clockwise direction in engagement of the
      extension 103A with the projection 101A until the projection 101C abuts
      the chamber wall. Such a pivoting movement of the guide lever 103 results
      in the disengagement of the helix 108B from the arm end 110A causing the
      torque control lever 110 to turn about the axle 113 in the clockwise
      direction under the force of the spring 111, thereupon the gear 115
      returns to its initial operative position.
PAR  In the embodiment of the invention described in connection with FIGS. 1
      through 4, various modifications may be devised. For example, as shown in
      FIG. 5, instead of constructing the actuating member for the torque
      control mechanism in the form of a lever 1 or 101, it is possible instead
      to provide a pin 123 mounted in the housing of the apparatus to be
      operable in response to a movement of a cover 122 of the cassette chamber,
      when loading a tape cassette therein, or unloading it therefrom, to
      actuate the pivoting movement of the guide member 103. Also in order to
      control the driving torque stepwisely instead of continuously, it is
      possible to interconnect adjacent grooves of the helix 108B in a number of
      points 125A spaced apart from each other by a predetermined angular
      distance as shown in FIG. 6.
PAR  An alternate embodiment of the invention for imparting changing driving
      torques to reel driving means is illustrated in FIG. 7 as including a
      torque control lever 110 of a form similar to that of the lever shown in
      FIG. 3, arranged between the motion transmitting mechanism, not shown for
      simplicity of illustration, and a guide member 213 in the form of a
      slidable L-shaped plate having a longitudinally elongated slot in which is
      engaged a pin 216 fixedly mounted on the housing and having a pair of
      shaft mounts between which a shaft 214 is rotatably mounted. The shaft 214
      is biased by a spring 219 toward the initial operative position and it
      fixedly carries a cam disk 211 having an outer periphery providing a
      camming surface of continuously changing radii with angle about the axis
      thereof and a worm wheel 212, the cam disk 211 and the worm wheel 212
      being respectively arranged on the shaft 214 so that when a cassette is
      inserted into and seated in the cassette chamber into which extends the
      projection 101B of an actuating lever 101 of a function similar to that of
      the lever shown in FIGS. 1 or 3, the slidable plate 213 is displaced as
      guided by the pin 216 against the force of a spring 218 connected between
      the axle 202 and the plate 213 to a position where the cam disk 211 and
      the worm wheel 212 engage the cam follower edge of the torque control
      lever 110 and the worm 215 connected to the motor drive means respectively
      and when the cassette is removed from the cassette chamber, the cam disk
      211 and worm wheel 212 are diengaged from the lever 110 and the worm 215.
PAR  In operation of the mechanism shown in FIG. 7, when a tape cassette is
      inserted into the cassette chamber, the lever 101 is turned in a clockwise
      direction to push the plate 213, whereupon the cam disk 211 and the worm
      212 are brought into engagement with the torque control lever 110 and the
      worm 215 respectively. The motion of the motor drive means is transmitted
      through the worm 215 and worm wheel 212 to the shaft 214 to turn the cam
      disk 211 from the minimum to the maximum radius position. As the radius of
      the turned cam disk in a radial direction to the cam follower edge of the
      torque control lever 110 increases, the lever 110 is slowly turned in the
      counter-clockwise direction, so that the gear 115 (see FIG. 3) is
      permitted to slowly move in the upward direction while rotating to
      transmit the motion of the rotary drive pinion 116 to the reel drive shaft
      143 through the slip clutch, thereby the driving torque force is decreased
      with decrease in the frictional force of the spring 117 to the flange 118.
      On the other hand, when the tape cassette is removed from the cassette
      chamber, the plate 213 is displaced toward the lever 101 under the force
      of the spring 218 causing the cam disk 211 and the worm wheel 212 to be
      disengaged from the torque control lever 110 and the worm 215
      respectively, thereupon the cam disk returns to its initial position under
      action of the spring 219 and simultaneously the torque control lever 110
      is turned to its initial position under action of the spring 217.
PAR  Another alternate embodiment of the invention for imparting changing
      driving torque to the reel driving means is illustrated in FIG. 8 as
      applied to a belt drive system. An actuating member in the form of a lever
      301 having two projections 301A and 301B is movably mounted on a pivot
      axle 302 in the housing of the apparatus to be actuated in response to an
      insertion of a tape cassette into a cassette chamber, both not shown, in
      sliding engagement with the projection 301B extending into the cassette
      chamber through an opening provided through a portion of the cassette
      chamber wall. The lever 301 is normally biased by a spring 303 in a
      clockwise direction as viewed in FIG. 8. The projection 101A normally
      engages an extension 304A of an one-armed guide lever 304 which is
      pivotable about a shaft 305 connected to motor drive means including a
      motor indicated at 323 independently of rotation of the shaft 305 and
      which is biased in a counter-clockwise direction by a spring 306 which is
      weaker than the spring 303 and which tends to urge the extension 304A
      against the projection 301A. Affixed to the shaft 305 is a rotary drive
      screw gear 307 engaging another screw gear 309 rigidly mounted on a shaft
      310. The shaft 310 has a cylindrical sleeve having a helix 11 affixed
      thereto for rotation therewith. For limiting the counter-clockwise
      pivoting movement of the guide lever 304 there is provided a stopper 308.
      A mechanism for transmitting the motion of the motor drive means 323 to
      reel driving means comprises a drive pulley 316 of which the shaft 317 is
      connected to the motor drive means 323 and a driven pulley 319 connected
      by a belt 318 to the drive pulley 316 and mounted on a reel drive shaft
      320 having an adapter piece 322 at the opposite end thereof adapted for
      engagement with the recess of the winding reel of the cooperative tape
      cassette. A driving torque control lever 312 is pivoted at the shaft 317
      of which one arm 312A has a toothed edge for engagement with the helix 11
      and the other of which carries a rotor 313 rotatably mounted on a shaft
      314 extending from the lever 312. Torque control lever 312 is biased in a
      clockwise direction by a spring 315 which tends to turn the rotor 313
      toward the belt 318.
PAR  In operation of the mechanism shown in FIG. 8, upon insertion of a tape
      cassette into the cassette chamber, note FIG. 2 a forward edge of the
      cassette abuts the projection 301B and a further insertion of the cassette
      causes the lever 301 to turn about the axle 302 in the counter-clockwise
      direction. Such a turning movement of the lever 301 causes the guide lever
      304 to turn about the shaft 305 in the counter-clockwise direction under
      the force of the spring 306, thereby the helix 311 is brought into
      engagement with the teeth 312A of the torque control lever 312. When the
      motor drive means 323 is operated to drive the pulley 316 and gear 307
      into rotation, the torque control lever 312 is caused to turn about the
      shaft 310 in the counter-clockwise direction as guided by the helix 311,
      while the belt 318 transmits the motion of the pulley 316 to the pulley
      319 to drive the reel drive shaft 320 into rotation, thereby the tension
      on the belt 318 owing to the confrontation of the rotor 313 thereto is
      decreased with decrease in the frictional force of the belt 318 to the
      pulleys 316 and 319. It is to be understood that constantly changing
      driving torques are imparted to the winding reel of the cassette with ever
      increasing diameters of the tape core on the winding reel. The helix 311
      is so designed to have a helix angle such that the tension of the tape web
      withdrawn from the unwinding reel in maintained constant during the entire
      cassette operation, and to have an axial length relative to the width of
      the toothed portion 312A such that upon termination of the entire cassette
      operation, the toothed portion 312A is taken out of the operative
      relationship with the helix 311 to prevent the mechanism from being
      damaged by the further operation of the motor drive means. After the
      entire cassette operation has been completed, the operator may remove the
      tape cassette from the cassette chamber to release the actuating lever 301
      from its active state, thereupon the lever 301 is turned in the clockwise
      direction under the force of the spring 303 causing the guide lever 4 is
      turned about the shaft 305 in the clockwise direction in engagement of the
      extension 304A with the projection 301A. Such a pivoting movement of the
      guide lever 304 causes the disengagement of the helix 311 from the toothed
      portion 312A of the torque control lever 312, thereupon the lever 312 is
      permitted to turn in the clockwise direction under the force of the spring
      315 about the shaft 317, and simultaneously the rotor 313 returns to its
      initial position where a predetermined tension is imparted to the belt
      318.
PAR  It will be seen from the foregoing description that one of the features of
      the present invention is the driving torque control mechanism operatively
      associated with the tape reel drive motion transmitting mechanism
      including a single frictional slip clutch to compensate for variation in
      the driving torque as the quantity of the tape web wound on the winding
      reel is varied. While the foregoing description is particularly directed
      to reel-to-reel cassette operation, it makes open deck operation of the
      reel-to-reel system efficiently feasible wherein photographic film strip
      and magnetic sound tapes of different characteristics may be employed with
      cine cameras and tape recorders for high speed picture taking operations
      and high speed sound recording operations, because of improved image and
      sound qualities and significantly reduced unit cost for the reasons that
      the stresses on the tape or strip between the two reels owing to
      differential pulls with corresponding differences in rate of rotation of
      the reels is maintained constant during the entire reeling operation by
      controlling the frictional driving torque regardless of the constantly
      changing diameters of the core of tape or strip on the reel as it winds in
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus cooperating with a reel-to-reel type cassette for
      driving the winding reel of the cassette through frictional driving
      engagement with motor drive means to take up a web material contained in
      the cassette, the improvement comprising, in combination:
PA1  a. a first gear assembly including:
PA2  1. a first drive shaft connected to said motor drive means, a first rotary
      drive pinion affixed to said first drive shaft,;
PA2  2. a guide member arranged to be pivotable on said first drive shaft of
      said first rotary drive pinion selectively between first and second
      operative positions; said guide member being pivotally displaced to the
      first position and to the second position in response to an insertion and
      to a removal, respectively, of said cassette into and from a chamber
      adapted to receive the cassette;
PAR  3.  a first spur gear mounted on said guide member to be rotatable in
      engagement with said first rotary drive pinion; and
PA2  4. a cylindrical sleeve having a helical thread with a certain helical
      angle on its outer surface coaxially fixedly mounted on said first spur
      gear for rotation therewith;
PA1  b. reel driving means arrange to be brought into engagement with the
      winding reel of said cassette when it is loaded in the cassette chamber,
      said reel driving means includes a second drive shaft;
PA1  c. a second gear assembly including:
PA2  1. a second rotary drive pinion connected to said motor drive means; and
PA2  2. a second spur gear engaging said second rotary drive pinion and mounted
      on said second drive shaft of said reel driving means to be axially
      movable along the axis thereof as well as to be rotatable about it;
PA1  d. slip clutch means for transmitting the motion of said second spur gear
      to said reel driving means in frictional driving engagement therewith,
      said slip clutch means including:
PA2  1. a frictional disk coaxially affixed to said second drive shaft of said
      reel driving means, a flanged sleeve affixed to said second drive shaft
      and spaced thereon from said second spur gear; and
PA2  2.
NUM  2.
PAR  2.  a frictional expansion spring means arranged to be compressed between
      said second spur gear and said flanged sleeve; and
PA1  e. a driving torque control member engaging said second spur gear and
      arranged to be in disengaging relationship with said cylindrical sleeve
      when said guide member remains in the second position, thereby serving as
      a means for preventing the second spur gear from being taken out of
      contact with its shaft under action of said expansion spring means, and to
      engage in the helical thread of said cylindrical sleeve when it is
      displaced to the first position, whereby the position of said second spur
      gear relative to the position of said frictional disk is adjusted by said
      cylindrical sleeve to impart into said reel driving means constantly
      changing driving torques dependent upon ever increasing diameters of the
      core of web material on the winding reel as it winds in, such that the
      stress on the web material between the reels is maintained constant during
PAR   the entire cassette operation. 2. The improvement as described in claim 1,
      wherein said guide member is provided with means for detecting the
      cassette arranged to control the pivoting movement of said guide member in
      response to a detecting signal produced therein when inserting or removing
      said cassette into or from the cassette chamber.
NUM  3.
PAR  3. The improvement as described in claim 1, wherein the attitude of said
      helical thread is modified to interconnect adjacent grooves at a number of
      points so that said torque control member assumes stepwisely different
      operative positions during the entire cassette operation.
NUM  4.
PAR  4. The improvement as described in claim 1, wherein said second spur gear
      is provided with resetting means arranged so that when said guide member
      is displaced to the second position, said spur gear returns to its initial
      operative position.
NUM  5.
PAR  5. In an apparatus cooperating with a reel-to-reel type cassette for
      driving the winding reel of the cassette through driving engagement with
      motor drive means to take up a web material contained in the cassette, the
      improvement comprising, in combination;
PA1  a. a first gear assembly including:
PA2  1. a first drive shaft connected to said motor drive means; a first rotary
      drive pinion affixed to said first drive shaft;
PA2  2. a guide member arranged to be pivotable on said first drive shaft of
      said first rotary drive pinion selectively between first and second
      operative positions; said guide member being pivotally displaced to the
      first position and to the second position in responsive to an insertion
      and to a removal, respectively, of said cassette into and from a chamber
      adapted to receive the cassette;
PAR  3.  a first spur gear mounted on said guide member to be rotatable in
      engagement with said first rotary drive pinion; and
PA2  4. a cylindrical sleeve having a helical thread with a certain helical
      angle on its outer surface coaxially affixed on said spur gear for
      rotation therewith;
PA1  b. reel driving means arranged to be brought into engagement with the
      takeup reel of said cassette when it is loaded in the cassette chamber,
      said reel driving means includes a second drive shaft;
PA1  c. a second gear assembly including:
PA2  1. a second rotary drive pinion connected to said motor driving means; and
PA2  2. a second spur gear engaging said second rotary drive pinion and arranged
      in said reel driving means to engage in the helical thread of said
      cylindrical sleeve when said guide member is displaced to the first
      position and to be in disengaging relationship therewith when it is
      displaced to the second position, said spur gear being mounted on said
      drive shaft of said reel driving means to be movable along the axis
      thereof when it engages said helical thread, as said first and second
      rotary drive pinions are rotated; and
PA1  d. motion transmitting means for transmitting the motion of said second
      spur gear to said reel driving means, said motion transmitting means also
      acting as means for controlling the driving torque imparted thereto in
      accordance with the amount of sliding movement of said second spur gear,
      as it is guided by the helical thread.
NUM  6.
PAR  6. The improvement as described in claim 5, wherein said guide member is
      provided with means for detecting the cassette arranged to control the
      pivoting movement of said guide member in response to a detecting signal
      produced therein when inserting or removing said cassette into or from the
      cassette chamber.
NUM  7.
PAR  7. The improvement as described in claim 5, wherein the attitude of said
      helical thread is modified to interconnect adjacent grooves at a number of
      points so that said torque control member assumes stepwisely different
      operative positions during the entire cassette operation.
NUM  8.
PAR  8. In an apparatus cooperating with a reel-to-reel type cassette for
      driving the winding reel of the cassette through frictional driving
      engagement with motor drive means to take up a web material contained in
      the cassette, the improvement comprising, in combination:
PA1  a. a first gear assembly including:
PA2  1. a first drive shaft connected to said motor drive means, a rotary drive
      worm affixed to said first drive shaft;
PA2  2. a slide member arranged to be movable between first and second
      positions, said slide member being slidingly moved to the first position
      and to the second position in response to an insertion and to a removal,
      respectively, of said cassette into and from a chamber adapted to receive
      the cassette;
PA2  3. a second shaft, a worm wheel fixed to said second shaft and operatively
      associated with said rotary drive worm to be engaged therewith or
      disengaged therefrom in response to the sliding movement of the slide
      member; and
PA2  4. a disk coaxially affixed to said second shaft of said worm wheel, said
      disk having its outer periphery configured in the form of a spiral;
PA1  b. reel driving means arranged to be brought into engagement with the
      winding reel of said cassette when it is loaded in the cassette chamber;
PA1  c. a second gear assembly including;
PAR  1.  a rotary drive pinion connected to said motor drive means; and
PA2  2. a spur gear engaging said rotary drive pinion, a second drive shaft of
      said reel driving means mounting said spur gear so that said spur gear is
      axially movable along the axis thereof as well as to be rotatable about
      it;
PA1  d. slip clutch means for transmitting the motion of said spur gear to said
      reel driving means in frictional driving engagement therewith, said slip
      clutch means including:
PA2  1. a frictional disk coaxially affixed to said drive shaft of said reel
      driving means, a flanged sleeve affixed to said second drive shaft and
      spaced thereon from said spur gear; and
PA2  2. a frictional expansion spring means arranged to be compressed between
      said spur gear and said flanged sleeve; and
PA1  e. a driving torque control member engaging said spur gear and arranged to
      be in disengaging relationship with said spiral disk when said slide
      member remains in the second position, thereby serving as a means for
      preventing the spur gear from being taken out of contact with said second
      drive shaft under action of said expansion spring, and to engage the outer
      periphery of said spiral disk when it is displaced to the first position,
      thereby the position of said spur gear relative to the position of said
      frictional disk is adjusted by said spiral disk to impart into said reel
      driving means constantly changing torques dependent upon ever increasing
      diameters of the core of web material on the winding reel as it winds in,
      such that the stress on the web material between the reels is maintained
      constant during the entire cassette operation.
NUM  9.
PAR  9. The improvement as described in claim 8, wherein said slide member is
      provided with means for detecting the cassette arranged to control the
      sliding movement of said slide member in response to a detecting signal
      produced therein when inserting or removing said cassette into or from the
      cassette chamber.
NUM  10.
PAR  10. The improvement as described in claim 8, wherein said spur gear is
      provided with resetting means arranged so that when said spiral disk is
      disengaged from the torque control member, said spur gear returns to its
      initial operative position.
NUM  11.
PAR  11. In an apparatus provided in a motion picture camera cooperating with a
      reel-to-reel type cassette for driving the winding reel of the cassette
      through frictional driving engagement with motor drive means to take up a
      film strip contained in the cassette, the improvement comprising, in
      combination:
PA1  a. a first gear assembly including:
PA2  1. a first drive shaft connected to said motor drive means, a first rotary
      drive pinion affixed to said first drive shaft;
PA2  2. a guide member arranged to be pivotable on said drive shaft of said
      first rotary drive pinion selectively between first and second operative
      positions, said guide member being pivotally displaced to the first
      position and to the second position in response to a closing and to an
      opening, respectively, of the cover of the cassette chamber of said
      camera;
PA2  3. a first spur gear mounted on said guide member to be rotatable in
      engagement with said first rotary drive pinion; and
PA2  4. a cylindrical sleeve having a helical thread with a certain helical
      angle on its outer surface coaxially fixedly mounted on said first spur
      gear for rotation therewith;
PA1  b. reel driving means arranged to be brought into engagement with the
      winding reel of said cassette when it is loaded in the cassette chamber,
      said reel driving means includes a second drive shaft;
PA1  c. a second gear assembly including:
PAR  1.  a second rotary drive pinion connected to said motor drive means; and
PA2  2. a second gear engaging said second rotary drive pinion and mounted on
      said second drive shaft of said reel driving means to be axially movable
      along the axis thereof as well as to be rotatable about it;
PA1  d. slip clutch means for transmitting the motion of said second spur gear
      to said reel driving means in frictional driving engagement therewith,
      said slip clutch means including:
PA2  1. a frictional disk coaxially affixed to said second drive shaft of said
      reel driving means, a flanged sleeve affixed to said second drive shaft
      and spaced thereon from said second spur gear; and
PA2  2. a frictional expansion spring means arranged to be compressed between
      said second spur gear and said flanged sleeve; and
PA1  e. a driving torque control member engaging said second spur gear and
      arranged to be in disengaging relationship with said cylindrical sleeve
      when said guide member remains in the second position, thereby serving as
      a means for preventing the second spur gear from being taken out of
      contact with said second drive shaft under action of said expansion spring
      means, and to engage in the helical thread of said cylindrical sleeve when
      it is displaced to the first position, whereby the position of said second
      spur gear relative to the position of said frictional disk is adjusted by
      said cylindrical sleeve to impart into said reel driving means constantly
      changing driving torques dependent upon ever increasing diameters of the
      core of film strip on the winding reel as it winds in, such that the
      stress on the film strip between the reels is maintained constant during
      the entire cassette operation.
NUM  12.
PAR  12. The improvement as described in claim 11, wherein said guide member is
      provided with means for detecting the closing and opening of the cassette
      chamber cover to control the pivoting movement of said guide member in
      response to a detecting signal produced therein when the cover is closed
      or opened.
NUM  13.
PAR  13. The improvement as described in a claim 11, wherein said second spur
      gear is provided with resetting means arranged that when said guide member
      is displaced to the second position, said spur gear is permitted to return
      to its initial operative position.
NUM  14.
PAR  14. In an apparatus for driving a winding reel in frictional driving
      engagement with motor drive means to take up a web material from an
      unwinding reel, the improvement comprising, in combination:
PA1  a. a first rotary drive assembly connected to said motor drive means, said
      first rotary drive assembly including:
PA2  1. a first drive shaft connected to said motor drive means, a guide member
      arranged to be movable about said first drive shaft selectively between
      first and second operative positions, said guide member being displaced to
      the first position and to the second position in response to a loading and
      to an unloading, respectively, of the reels of said web material into and
      from the apparatus; and
PA2  2. an axle extending from said guide member, a rotary cylindrical member
      having a helical thread with a certain helical angle on its outer surface
      coaxially mounted on said axle extending from the guide member to be
      rotatable in connection with said first drive shaft of said first rotary
      drive assembly;
PA1  b. spindle driving means arrange to receive the winding reel of said web
      material when it is loaded in the apparatus, said spindle driving means
      including a second drive shaft;
PA1  c. a second rotary drive assembly arranged on said spindle driving means to
      be movable along said second shaft of said spindle driving means as well
      as to be rotatable about it in connection with said motor drive means;
PA1  d. slip clutch means for transmitting the motion of said second rotary
      drive assembly to said spindle driving means in frictional driving
      engagement therewith, said slip clutch means including:
PAR  1.  a frictional disk coaxially affixed to said second drive shaft of said
      spindle driving means; and
PA2  2. a frictional expansion spring means arranged on said second drive shaft
      to be compressed between said second rotary drive assembly and said
      frictional disk; and
PA1  e. a driving torque control member engaging said second rotary drive
      assembly and arranged to be in disengaging relationship with said helical
      thread when said guide member remains in the second position, thereby
      serving as a means for preventing the second rotary drive assembly from
      being taken out of contact with said second drive shaft of the spindle
      driving means under action of said expansion spring means, and to engage
      said helical thread when it is displaced to the first position, whereby
      the position of said second rotary drive assembly relative to the position
      of said frictional disk is adjusted by said cylindrical member to impart
      into said spindle driving means constantly changing driving torques
      dependent upon ever increasing diameters of the core of web material on
      the winding reel as it winds in, such that the stress on the web material
      between the reels is maintained constant during the entire reeling
      operation.
NUM  15.
PAR  15. In an apparatus for driving a winding reel in frictional driving
      engagement with motor drive means to take up a web material from an
      unwinding reel, the improvement comprising, in combination:
PA1  a. a first rotary drive assembly connected to said motor drive means, said
      first rotary drive assembly including:
PAR  1.  a first drive shaft connected to said motor drive means, a guide member
      arranged to be pivotable on said first drive shaft of said rotary drive
      assembly selectively between first and second operative positions, said
      guide member being pivotally displaced to the first position and to the
      second position in response to a loading and to an unloading,
      respectively, of the reels of said web material into and from the
      apparatus; and
PA2  2. an axle extending from said guide member, a rotary cylindrical member
      having a helical thread with a certain helical angle on its outer surface
      coaxially mounted on said axle extending from the guide member to be
      rotatable in connection with said first drive shaft of said first rotary
      drive assembly;
PA1  b. spindle driving means arrange to receive the winding reel of said web
      material when it is loaded in the apparatus, said spindle driving means
      including a second drive shaft;
PA1  c. a second rotary drive assembly arranged on said spindle driving means to
      engage in the helical thread of said cylindrical member when said guide
      member is displaced to the first position and to be in disengaging
      relationship therewith when it is displaced to the second position, said
      second rotary drive assembly being mounted on said second drive shaft of
      said spindle driving means to be movable along the axis thereof when it
      engages said helical thread, as said first and second rotary drive
      assemblies are rotated; and
PA1  d. motion transmitting means for transmitting the motion of said second
      rotary drive assembly to said spindle driving means, said motion
      transmitting means also acting as a means for controlling the driving
      torque imparted thereto in accordance with the amount of sliding movement
      of said second rotary drive assembly, as it is guided by the helical
      thread.
NUM  16.
PAR  16. In an apparatus for driving a winding reel in frictional driving
      engagement with motor drive means to take up a web material from an
      unwinding reel, the improvement comprising, in combination:
PA1  a. a slide member arranged to be slidingly movable between first and second
      positions, said slide member being moved to the first position and to the
      second position in response to a loading and to an unloading,
      respectively, of the reels of said web material into and from the
      apparatus; and including
PA2  1. a first rotary means arranged selectively to be engaged with and
      disengaged from said slide member in response to the sliding movement of
      said slide member;
PAR  2.  second rotary means arranged on the same axis of said first rotary
      means to be rotatable in cooperating with said first rotary means, the
      outer periphery of said second rotary means being configured in the form
      of a spiral;
PA1  b. spindle driving means arranged to receive the winding reel of said web
      material when it is loaded in the apparatus said spindle driving means
      including a drive shaft;
PA1  c. third rotary means arranged on said spindle driving means to be slidably
      movable and rotatable in connection with said motor drive means;
PA1  d. slip clutch means for transmitting the motion of said third rotary means
      to said spindle driving means in frictional driving engagement therewith,
      said slip clutch means including:
PAR  1.  a frictional disk coaxially affixed to said drive shaft of said spindle
      driving means; and
PA2  2. a frictional expansion spring means arranged on said drive shaft to be
      compressed between said third rotary means and said frictional disk;
PA1  e. a driving torque control member engaging said third rotary means and
      arranged to be in disengaging relationship with said spiral disk when said
      slide member remains in the second position, thereby serving as a means
      for preventing the third rotary means from being taken out of contact with
      said shaft of said spindle driving means under action of said expansion
      spring means, and to engage the outer periphery of said spiral disk when
      it is displaced to the first position, thereby the position of the third
      rotary means relative to the position of said frictional disk is adjusted
      by said spiral disk to impart into said spindle driving means constantly
      changing torques dependent upon ever increasing diameters of the core of
      web material on the winding reel as it winds in, such that the stress on
      the web material between the reels is maintained constant during the
      entire reeling operation.
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ABST
PAL  An aircraft having a composite configuration comprising a conventional
      fuselage forebody portion which symmetrically and variformly blends into a
      relatively wide, substantially flat beaver-tail-like afterbody, with the
      afterbody having an integral pitch trimming camber and a composite pitch
      control device and air brake, hinged transversely thereacross and forming
      at least a part of its trailing edge. The beaver-tail afterbody is
      geometrically blended into and joined with the after portion of the
      conventional forebody through the medium of an intervening medial body
      defined by a geometric transition piece. The composite aircraft is further
      capable of fixedly accommodating any type of conventional wing
      configuration without the necessity for any adaptative, structural change
      or modification and also carries conventional propulsion units and control
      surface components.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of our copending application Ser. No.
      212,180, filed Dec. 27, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in aircraft design configuration and
      related operational functions primarily in the supersonic flight regimes
      (Mach I and above).
PAR  Until the present, conventional, tapering, conical boat-tail shapes
      generally formed the afterbody of aircraft. A typical afterbody of the
      known art is illustrated in U.S. Pat. 3,447,761 and also in U.S. Pat.
      3.076,625. Several disadvantages are inherent in the conventional conical
      boat-tail shapes, especially when the engines are buried, or housed within
      the fuselage afterbody, forming bulky, aero-dynamically inefficient,
      postern profiles and particularly between engines in multi-engine
      aircraft. The aerodynamic problems associated with the postern profile of
      conventional aircraft are especially deleterious and complex in the
      supersonic speed regimes. The problem is even more severe if the nozzles
      of the buried engines emerge from the fuselage. At supersonic speeds flow
      separation occurring from the aft fuselage surface contours and the highly
      converging surfaces between the emerging engine nozzles increases the
      postern or wake drag of the aircraft and is significantly detrimental to
      its performance. This base drag, induced by the conical boat-stern-like
      aft end of a conventional fuselage, is very detrimental to the performance
      of aircraft, particularly during supersonic flight.
PAR  High fineness ratio which is derived by dividing the length of the fuselage
      by its maximum equivalent diameter presently necessitates use of
      exceptionally long fuselages which are required in order to reduce the
      conical boatstern drag effect at transonic and supersonic speeds. Complete
      elimination of such base drag is a highly sought for objective by those
      skilled in the art of designing high performance aircraft. Additional
      lengthening of the fuselage for the purpose of achieving a high fineness
      ratio is not feasible since increased wetted area drag results therefrom.
      Wetted area drag is also detrimental to the achievement of efficient
      transonic and supersonic performance as is trim drag induced by
      conventional devices for the necessary trimming out the airplane against
      pitching moment.
PAC  SUMMARY OF THE INVENTION
PAR  The prime object, therefore, of this invention is to improve aircraft
      performance and controllability by symmetrically blending and variformly
      transforming the fuselage from a forward portion of conventional
      configuration into a wide, flat, airfoil-like afterbody hereinafter
      referred to as a beaver-tail afterbody with a laterally hinged composite
      air brake and pitch control device embodied in and forming at least a
      portion of its trailing edge. Spanwise separation of the buried engines in
      the afterbody is achieved and the composite air brake and pitch control
      device, integrally embodied in the trailing edge of the beaver-tail,
      achieves a very significant improvement in the efficiency of aircraft's
      performance by substantially eliminating back-end, postern or wake drag,
      further a very salient improvement in maneuverability, is also realized.
PAR  The above object, and others, are accomplished, by an aircraft having any
      desired conventional forebody configuration which is variformly and
      symmetrically blended, through the medium of an intervenient transitional
      piece, into a wide, flat, airfoil-shaped afterbody or beaver-tail having
      an integral composite air brake and pitch control device hinged
      transversely across the beaver-tail and embodied therein and also forming
      at least a portion of its trailing edge. The invention is capable of being
      used in conjunction with several wing configurations to include, but not
      necessarily limited to, the following: (1) The fixed, transverse span wing
      type, (2) the fixed delta wing type, (3) the variable, sweep wing type,
      (4) or with control surfaces that generally comprise the aft empennage
      assembly or elevons, twin vertical fins, and with strut attached engine
      nacelles.
PAR  The invention is thus characterized as an improved composite aircraft which
      comprises, in combination, a conventional forebody, a beaver-tail
      afterbody having zero base drag to aerodynamically enhance aircraft
      performance, a transitional piece or body component capable of receiving
      and fixedly accommodating without design change or modification thereof,
      any conventional type wing, a composite air brake and pitch control
      device, defining at least a portion of the trailing edge thereof, which is
      rotatably integral with beaver-tail afterbody and when appropriately
      cambered 25, FIG. 11, is an effective trimming device and redundant
      aerodynamic pitch control instrumentality while also providing an optimum
      longitudinal center line location for the dual acting aerodynamic air
      brake which is also incorporated therein. Locating the composite air brake
      and pitch control device at the extreme aft end of the aircraft requires
      only minimal trim change and achieves minimal interference and buffeting
      effects and also provides a design option for incorporating an airfoil
      aftbody camber to achieve the desired zero-lift pitching moment for
      minimal trim drag and increased maneuver control power. The invention has
      a relatively flat, wide undersurface permitting the mounting of external
      weapons and stores, and further provides a wide body paddle type area for
      improved aerodynamic pitch damping and for a further rearward center of
      body lift location, and a unique design for achieving a more nearly ideal
      cross-section area distribution for improved performance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The details of the preferred embodiments of the present invention will be
      further understood upon reference to the drawings, wherein:
PAR  FIG. 1 is a simplified composite plan view of the aircraft winged
      configurations, effected by respectively super-imposing one wing type upon
      the other, and graphically shows, by a solid line delineation, the total,
      detachable and separately intact structural fuselage, having a novel, wide
      afterbody of beaver-tail aspect and, by broken line delineation, the wing
      and tail components, together with affixed propulsion elements;
PAR  FIG. 2A shows a common fixed fitting means of attachment for wings having
      various planform geometries;
PAR  FIG. 2B illustrates means for attaching a variable sweep wing with
      provision of an adaptor fitting that permits cooperative use of the common
      fuselage fitting attachment shown in FIG. 2A;
PAR  FIG. 3 is an isometric view of an aircraft embodying the concept of the
      present invention and exemplifies geometric cross-sectional development of
      transition piece configurations from that of a circular cross-section nose
      segment into that of a substantially flat, wide, airfoil-like afterbody of
      beaver-tail aspect and constituting the composite body's trailing edge
      portion and further illustrates the airfoil-like cross-section of the
      central transition piece and beaver-tail afterbody;
PAR  FIG. 4 is a rear perspective view of the empennage affixed afterbody and
      particularly illustrates the trailing edge of the beaver-tail and
      afterbody of the composite air brake and pitch control device embodied
      therein in a neutral and fully constringed mode;
PAR  FIG. 5 is similar to FIG. 4 but also illustrates the mechanical details of
      the trailing edge of the beaver-tail with its composite dual element air
      brake component horizontally displaced in the first phase of its dual
      phase operation and also exemplifies the dual duct-like airstream passages
      resultant therefrom;
PAR  FIG. 6 is similar to FIG. 5, but more perspicuous than the latter in that
      it shows the dual element air brake components or panels angularly
      disposed above and below the beaver-tail surface in a full braking mode of
      operation;
PAR  FIG. 7 is a detailed perspective view of the preferred mechanical linkage
      system employed in the invention for vertically displacing and then
      angularly disposing the air brake elements or panels shown in FIGS. 4, 5
      and 6, as viewed during the first phase or vertically displaced position
      during its dual phase operation;
PAR  FIG. 8 is a partial view similar to FIG. 7 but shows the upper segment
      brake element linkage when such element is angularly disposed during phase
      two of the braking operation;
PAR  FIG. 9 is a bottom plan view of an aircraft embodying the invention and
      particularly illustrates its attributes in respect to the mounting of
      internal weapons and/or stores thereon;
PAR  FIG. 10 is an enlarged profile configuration of the present beaver-tail
      afterbody's trailing edge and is exemplary of its cross-sectional camber
      when the object aircraft composite is intended to be primarily operated in
      its subsonic regime; and
PAR  FIG. 11 is similar to FIG. 10 with the exception that it is exemplary of
      the trailing edge's cross-sectional camber when the object aircraft
      composite is intended to be operated primarily in its supersonic regime.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is seen a simplified composite plan view of
      the invention as it would appear with aircraft having forebodies 1 of
      conventional cross-section and respective medial body transition pieces 2,
      wherein the cross-sectional configuration of the conventional forebody 1
      is aerodynamically faired into the cross-sectional configuration or
      afterbody 3, which is of substantially airfoil segment configuration 17,
      FIG. 3, by geometric development of an intervenient transition piece which
      defines a medial body segment 2, thus variformly and symmetrically
      blending said forebody 1, into a wide, flat planform or planar afterbody
      3; conventional crew compartments 4 being embodied in the fuselage
      forebodies 1 in the usual manner.
PAR  The term "transition piece" is a drafting or geometric phrase-of-the-art
      which is employed in substantially all college-level textbooks which treat
      of geometry per se or of the geometry of drafting. Reference is made, for
      exemplary showing, to the well known, widely employed textbook entitled
      GRAPHIC SCIENCES (2nd Edition) by Thomas E. French and Charles J. Vierck,
      McGraw-Hill Book Company, Inc., New York, N.Y.; Library of Congress Card
      No. 62-20995-22302; with specific reference being made to Paragraph 18-42
      and to FIGS. 18.46 through 18.49 thereof.
PAR  In its various constructional forms the invention may be selectively
      embodied separately or in combination with conventional prime lifting
      surfaces or wings of various types, such as with a fixed span wing 5, a
      delta wing 6, a swept or variable geometry wing 7 and/or with a single or
      plurality of propulsion units 8. Further combinations include conventional
      aft empennage assemblies 22, or elevons in the case of tailless delta wing
      6, preferably each having twin vertical fins and strut appended engine
      nacelles 8, as shown. The combination includes the wide planform afterbody
      fuselage 3 with the upper and the lower afterbody contour surfaces
      tapering to define an airfoil trailing edge 10 and having a movably
      integrated composite air brake 13 and auxiliary elevator or pitch control
      11 device angularly deflective about lateral hinge line 12. A salient
      feature of the present invention is the inherent simplicity of the
      foregoing arrangement of a wide airfoil section beaver-tail aft end body 3
      and an integral, deflective pitch control device 11 which when normally
      constringed augments pitch control and pitch trim in cooperation with
      conventional horizontal tail surface 9 for the variable sweep wing
      embodiment and the conventional fixed wing embodiment; the same pitch
      effect is made in cooperation with elevons, however, in the tailless delta
      wing aircraft embodiment 6. In the event the aforementioned conventional
      horizontal tail 9 or elevon should become inoperative during flight, the
      composite air brake 13 and pitch control 11 device, significantly enhances
      aircraft survivability and reliability when employed as a back-up,
      adjunctive aerodynamic control device. This is accomplished through the
      use of the pitch control elements of the device 11 to provide adequate
      pitch control and pitch trim, thus affording a margin of difference
      between crashing the aircraft and safely landing it.
PAR  As seen in FIGS. 2A and 2B this invention can be used in conjunction with a
      variety of prime lifting surface or wing types. FIG. 2A shows the fuselage
      transition piece 2 and the fuselage bulkhead end fittings 14 to which can
      be attached a fixed span type wing 5 or a delta type wing 6 through the
      medium of end fittings 15 located on the spars of the wings. The fuselage
      bulkhead spacing is aligned with the corresponding wing spars which also
      have fittings 15 which are bolted or otherwise fixedly attached to their
      corresponding fuselage fittings 14. This type of wing attachment will
      accommodate all wing types, including any of a given type even though
      differing in planform geometry. FIG. 2B shows the fuselage transition
      piece 2 and the fuselage bulkhead end fittings 14 to which can be attached
      an adaptor fitting element 16 which adapts fuselage body section 2 to a
      single point of attachment for operably accommodating variable sweep wing
      7.
PAR  The true airfoil shape of afterbody 3 eliminates back end or base drag and
      effects significantly improved performance in the range, speed and
      acceleration of the invented aircraft. The configuration shown in FIG. 1
      with podded or semi-podded engines 8 and twin vertical tails 22 allows the
      integral incorporation into the trailing edge 10 of beaver-tail afterbody
      3, a unique, composite air brake 13 and pitch control device 11, pivotal
      about hinge line 12. The beaver-tail shape of the afterbody 3 itself
      improves aircraft reliability and survivability by being functionally
      redundant with the horizontal tail. The composite air brake 13 and pitch
      control device 11 when constringed and used for pitch control by angular
      deflection about hinge line 12 and used in combination with the horizontal
      tail 9 effects significantly improved pitch response and maneuverability.
      Use of the beaver-tail's pitch control element 11 in combination with the
      horizontal tail 9 or with elevons maintains a low pitch trim deflection so
      that trim drag is reduced and resultant in improved performance. Aircraft
      instantaneous maneuver "g" capability is significantly improved by the
      greatly increased tail or elevon deflection available above the trim
      deflection. The beaver-tail pitch control element 11 of the device assumes
      primary responsibility for pitch control and pitch trim thus freeing the
      horizontal tail 9 or elevons to provide additional differential roll
      control.
PAR  The wide airfoil afterbody 3 also lends itself readily to incorporation,
      when desired, of controlled body camber indicated by 25 of FIG. 11. The
      body camber 25, when employed, provides the desired level of positive
      aerodynamic zero lift pitching moment for minimum trim drag. Excellent
      reserve maneuver control power becomes available as a result of such
      capability.
PAR  The relatively flat, wide undersurface of the afterbody 3 shown in FIG. 9
      serves as an ideal attachment surface for optimum mounting of external
      weapons and/or stores 21 near the center line of the longitudinal axis in
      lieu of conventional mounting spanwise on the wing, thereby considerably
      enhancing both the static and dynamic stability of the aircraft. Mounting
      of stores 21 near the aircraft's longitudinal axis of symmetry results in
      reduced roll inertia thereby effecting improved roll control response.
      Resultant separation and launch reactions from such weapons and/or stores
      from the afterbody is much less malefic than that resultant from wing
      mounted stores because more favorable flow fields exist at the afterbody
      location than at the wing spanwise mounting positions. The afterbody
      mounting also permits the weapons and/or stores to be semi-submerged with
      attendant reduced drag and improved performance of the aircraft.
PAR  The wide, flat afterbody 3 forms paddle-like planar surfaces which serve to
      provide much greater inherent aerodynamic pitch damping when compared to
      that resultant from a conventional, conical, relatively narrow fuselage
      afterbody. Similarly, such a wide, flat afterbody provides a more
      favorable aft location of the center of pressure for the component of lift
      contributed by the body. This more favorable location of the aft center of
      pressure permits utilization for fuel of aft volume space provided by the
      wide afterbody 3.
PAR  The wide afterbody 3 also permits tailoring of the area distribution in
      such manner as to most efficiently obtain favorable minimal maximum
      cross-sectional area and favorable variation in the aft slopes of area
      distribution in order to realize improved performance through improved
      drag characteristics.
PAR  Referring now to FIGS. 4, 5 and 6 composite air brake 13 and pitch control
      device 11 are illustrated in their dual phase operation. FIG. 4
      illustrates the neutral position of the device and its location on the
      trailing edge of the beaver-tail afterbody 3. In such neutral position the
      composite device operates to control pitch but does not operate as an air
      brake. FIG. 5 shows the composite air brake 13 and pitch control 11 device
      in operation with the air brake 13 in an extended position permitting a
      continuous air flow 19 between the air brake surfaces 13 and the pitch
      control surface 11. In this position pitch control can be maintained by
      angular rotation of the pitch control surface 11 about hinge line 12. FIG.
      6 shows the composite air brake 13 and or auxiliary elevator pitch control
      11 device in operation and performing its dual function. The air brakes 13
      have been applied through the use of the mechanical linkage 20 and are in
      an angular position in relation to the afterbody 3. The pitch control
      function is simultaneously achieved by deflecting the pitch control
      surface 11 slightly while a continuous air flow 19 is achieved by the
      separation of the air brake surfaces 13 from the pitch control surface 11.
      Since the composite air brake 13 and pitch control device 11 is located at
      the extreme aft end of the aircraft composite, exposure of the airframe to
      the turbulent air flow downstream of the device is minimal. By allowing
      the continuous air flow 19 when the air brakes 13 are in operation, the
      air turbulence is greatly reduced and structural vibration is greatly
      minimized during the operation of the air brakes 13.
PAR  The composite air brake 13 and pitch control 11 device is further shown in
      detail in FIGS. 7 and 8. In FIG. 7 a detailed perspective view of the
      preferred four bar mechanical linkage system 20 employed for vertically
      displacing and then angularly disposing the air brake elements 13 is shown
      during the first phase or vertically displaced position during its dual
      phase operation. The separation of the air brake elements or panels 13
      from the pitch control element 11 allows a continuous air flow 19 to
      reduce air turbulence and enhance aircraft maneuverability. FIG. 8 is a
      partial view similar to FIG. 7 but shows the upper segment's air brake
      element 13 linkage 20 when such element is angularly disposed during phase
      two of the braking operation. Even at this stage in the operation of the
      composite air brake 13 and pitch control 11 device, a continuous air flow
      19 is maintained which allows the use of the pitch control element 11 to
      control pitch even while the air brakes 13 are in operation.
PAR  Pitch control is accomplished by rotating the entire assembly about hinge
      line 12, with air brake surfaces 13 closed against surface 11 or in any
      other position such as those shown in FIGS. 7 and 8. With the control
      assembly closed, the pitch control may effectively reshape the after
      fuselage as schematically shown in FIGS. 10 and 11. Any suitable means may
      be used for rotating the assembly about hinge line 12 under pilot control.
      Any conventional hinge having structural integrity, such as that shown in
      U.S. Pat. No. 2,445,399, may be used.
PAR  Any suitable conventional mechanical linkage, such as that shown in U.S.
      Pat. No. 2,511,446, may connect the pitch control and air brake assembly
      to a cockpit control. Alternatively, a conventional electrical motor may
      be directly connected to the control assembly, with a control switch at
      the cockpit. Similarly, any conventional control linkage or system, such
      as those shown in U.S. Pat. Nos. 3,486,720; 3,243,148 or 2,723,091, may be
      used to move air brake elements 13 among the various positions
      illustrated.
PAR  Preferably, wing attachments are effected by the employment of
      multifurcated clevis fittings 14, FIG. 2A, having sufficient structural
      integrity to provide the capability for safely transferring all
      aerodynamically induced loads from the prime structure of the wing. Such
      transfer is from spars, as shown, or as the case may be, from a structural
      box section of the wing, into the prime structure of the body to which it
      is attached, for example, to longerons, bulkheads as shown, or beltframes;
      such multifurcated fittings being rigidly interlocked by means of a
      conventional pinned-clevis nexus into corresponding multifurcated adaptor
      fittings of similar structural integrity, which are affixed to and carried
      by the root section of the object wing.
PAR  It will be appreciated that typically in an aircraft fuselage the forebody
      component extends from the aircraft nose aft to about the area of
      attachment of the forward portion of the wing structure to the fuselage;
      the intervenient body component extending therefrom aft to about the area
      of attachment of the rear portion of the wing to the fuselage; and the
      afterbody component extending therefrom aft to the rearmost edge or tip of
      the fuselage. It also will be understood herein that transverse or
      longitudinal camber refers to curvature in an amount represented by the
      deviation between the mean line between upper and lower surfaces and a
      chord connecting the dimensional extremes, e.g., longitudinally or
      transversely of the fuselage such camber to be seen in FIG. 3.
PAR  Other ramifications, variations and applications of the present invention
      will become apparent to those skilled in the art. These are intended to be
      included within the scope of this invention as defined in the following
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a supersonic aircraft having propulsion means, stabilizer fin means
      and a supersonic configuration fuselage provided with wings extended to
      opposite sides thereof, the improved fuselage that has a longitudinally
      and transversely cambered airfoil configuration of high fineness ratio in
      which the airfoil fuselage extends flat-like substantially continuously
      from the forebody portion of the fuselage to the trailing edge thereof
      which comprises:
PA1  a supersonically faired fuselage forebody component for accommodating the
      aircraft crew and for housing conventional apparatus and instruments for
      operation and control of the aircraft;
PA1  a fuselage afterbody component having a beaver-tail-like planform and a
      longitudinally cambered airfoil cross-sectional profile with a relatively
      wide, flat-like lateral cross-section for effecting optimum pitch trim
      while operating in a desired supersonic speed regime;
PA1  a fuselage intervenient body component adapted for attachment of aircraft
      wings thereto and having a longitudinally cambered airfoil cross-sectional
      profile with a generally flat-like lateral cross-section that flattens
      progressively from the forebody component towards the rear of the aircraft
      so as to aerodynamically blend and fair said forebody into said afterbody;
PA1  said fuselage forebody component extending from the aircraft nose to about
      the area of attachment of the forward portion of the wing structure to the
      fuselage; the intervenient body component extending therefrom aft to about
      the area of attachment of the rear portion of the wing to the fuselage;
      and the afterbody component extending therefrom aft to the rearmost edge
      or tip of the airplane fuselage;
PA1  said fuselage intervenient and afterbody components having upper and lower
      surfaces together forming a substantially smoothly continuous airfoil
      section extending continuously from said forebody component to the
      trailing edge of said afterbody component, the upper surface of the
      fuselage intervenient body component extending as a flat-like
      substantially constant transverse curvature throughout substantially the
      full longitudinal extent of the intervenient body component and at least a
      portion of said afterbody component;
PA1  attachment means carried by said intervenient body component for affixing
      aircraft wing structure thereto so as to extend on opposite sides thereof;
PA1  said forebody component, intervenient body component and afterbody
      component forming an airfoil configured high fineness ratio fuselage that
      is both progressively flattened and longitudinally and transversely
      cambered in longitudinal cross-section substantially continuously from
      said forebody to said trailing edge, said fuselage afterbody component
      having the lateral edges thereof approximately parallel for the major
      portion of the length thereof;
PA1  whereby at supersonic speed drag resulting from wake turbulence from said
      fuselage afterbody is largely eliminated and aerodynamic force is gained
      from said fuselage independent of the aircraft wing structure to thereby
      reduce trim drag otherwise tending to slow the speed of the aircraft.
NUM  2.
PAR  2. The fuselage of claim 1 in which the fineness ratio is from about 12 to
      about 16.
NUM  3.
PAR  3. The fuselage of claim 1 in which said upper and lower surfaces are each
      longitudinally cambered in the same direction with respect to the depth of
      the fuselage throughout the major portion of said fuselage intervenient
      and afterbody components.
NUM  4.
PAR  4. The fuselage of claim 1 in which the stabilizer fin means are dual
      stabilizing tail fins mounted at opposite sides of said fuselage afterbody
      component.
NUM  5.
PAR  5. The fuselage of claim 4 in which the distance from the longitudinal
      centerline of said afterbody component to the inboard contour of
      propulsion means adjacent thereto is at least about one-half the planform
      width of said afterbody component.
NUM  6.
PAR  6. The fuselage of claim 1 in which said upper surface has a smoothly
      continuous upwardly convex lateral curvature or camber extending
      substantially continuously from the fuselage forebody component to the
      area of the fuselage trailing edge.
NUM  7.
PAR  7. The fuselage of claim 1 in which successive vertical longitudinal
      cross-sections thereof in profile from the fuselage longitudinal
      centerline vertical plane outward display substantially an airfoil
      configuration of progressively higher fineness ratio in directions
      laterally outward of said plane.
NUM  8.
PAR  8. In a supersonic aircraft having propulsion means, stabilizer fin means
      and a supersonic configuration fuselage provided with wings extending to
      opposite sides thereof, the improved fuselage that has a cambered airfoil
      configuration of high fineness ratio in which the airfoil fuselage extends
      flat-like and is cambered substantially continuously from the forebody
      portion of the fuselage to the trailing edge thereof and defines a
      relatively wide flat-like afterbody portion having a transversely hinged
      auxiliary pitch control means forming the fuselage trailing edge
      comprising:
PA1  a supersonically faired fuselage forebody component for accommodating the
      aircraft crew and for housing conventional apparatus and instruments for
      operation and control of the aircraft;
PA1  a fuselage afterbody component having a beaver-tail-like planform and a
      longitudinally cambered airfoil cross-sectional profile with a relatively
      wide flat-like lateral cross-sectional for effecting optimum pitch trim
      while operating in a desired supersonic speed regime;
PA1  a fuselage intervenient body component adapted for attachment of aircraft
      wings thereto and having a generally flat-like lateral cross-section
      flattening progressively from the forebody component towards the rear of
      the aircraft so as to aerodynamically blend and fair said forebody into
      said afterbody,
PA1  said fuselage forebody component extending from the aircraft nose to about
      the area of attachment of the forward portion of the wing structure to the
      fuselage; the intervenient body component extending therefrom aft to about
      the area of attachment of the rear portion of the wing to the fuselage;
      and the afterbody component extending therefrom aft to the rearmost edge
      or tip of the airplane fuselage;
PA1  the upper and lower surfaces of said fuselage intervenient and fuselage
      afterbody components forming a substantially smoothly continuous airfoil
      section extending continuously from said forebody component to the
      trailing edge of said afterbody component, the upper surface of the
      fuselage intervenient body component extending as a flat-like
      substantially constant transverse curvature throughout substantially the
      full longitudinal extent of the intervenient body component and at least a
      portion of said afterbody component
PA1  attachment means carried by said intervenient body component for affixing
      aircraft wing structure thereto so as to extend on opposite sides thereof;
PA1  said forebody component, intervenient body component and afterbody
      component forming a high fineness ratio fuselage cambered longitudinally
      substantially continuously throughout said fuselage intervenient and
      afterbody components;
PA1  the rearmost portion of said afterbody component being hinged for movement
      about a line transverse thereof to form the fuselage trailing edge portion
      as an auxiliary pitch control means which can be angled up and down above
      and below the mean camberline of the fuselage forward of said line so as
      to alter fuselage longitudinal camber for control of aircraft trim and
      pitch.
NUM  9.
PAR  9. The fuselage of claim 8 in which airbrake means is provided on said
      fuselage afterbody component in association with said auxiliary pitch
      control means, said airbrake means including upper and lower braking
      panels adapted to lie flat-like against outer-directed control surfaces of
      the pitch control means so as effectively to form at least a portion of
      the control surfaces thereof when in retracted position, and means for
      moving said panels away from said pitch control means into the airstream
      passing over said fuselage afterbody component to create an air flow
      passage between the panels and the pitch control means when the airbrake
      means is to be deployed.
NUM  10.
PAR  10. The fuselage of claim 8 in which said braking panels extend
      substantially the width of said fuselage afterbody component at the
      location of said airbrake means.
NUM  11.
PAR  11. The fuselage of claim 9 in which said pitch control means and said
      airbrake means are operatively disposed between dual propulsion units
      mounted on the aircraft.
NUM  12.
PAR  12. In a supersonic aircraft having propulsion means, stabilizer fin means
      and a supersonic configuration fuselage provided with wings extending to
      opposite sides thereof, the improved fuselage that has a cambered airfoil
      configuration of high fineness ratio defining a relatively wide flat-like
      afterbody portion having a transversely hinged auxiliary pitch control
      means forming the fuselage trailing edge comprising:
PA1  A. a supersonically faired fuselage forebody component for accommodating
      the aircraft crew and for housing conventional apparatus and instruments
      for operation and control of the aircraft;
PA1  B. a fuselage afterbody component having a beaver-tail-like planform and a
      longitudinally cambered airfoil cross-sectional profile with a relatively
      wide flat-like lateral cross-section for effecting optimum pitch trim
      while operating in a desired supersonic speed regime;
PA1  C. a fuselage intervenient body component adapted for attachment of
      aircraft wings thereto and having a generally flat-like lateral
      cross-section flattening progressively from the forebody component towards
      the rear of the aircraft so as to aerodynamically blend and fair said
      forebody into said afterbody,
PA1  upper and lower surfaces of said intervenient and afterbody components
      being substantially smoothly continuous airfoil surfaces from said
      forebody component to the trailing edge of said afterbody component;
PA1  D. attachment means carried by said intervenient body component for
      affixing aircraft wing structure thereto so as to extend on opposite sides
      thereof;
PA1  E. said forebody component, intervenient body component and afterbody
      component forming a high fineness ratio fuselage having longitudinal
      camber in said fuselage afterbody component;
PA1  F. the rearmost portion of said afterbody component being hinged for
      movement about a line transverse thereof to form the fuselage trailing
      edge portion as an auxiliary pitch control means which can be angled up
      and down above and below the mean camberline of the fuselage forward of
      said line so as to alter fuselage longitudinal camber for control of
      aircraft trim and pitch;
PA1  G. airbrake means on said fuselage afterbody component in association with
      said auxiliary pitch control means and including upper and lower braking
      panels adapted to lie flat-like against outer-directed control surfaces of
      the auxiliary pitch control means so as to form at least a portion of the
      effective control surfaces thereof when in retracted position;
PA1  means for moving said panels away from said pitch control means into the
      airstream passing over said fuselage afterbody component to create an air
      flow passage between the panels and the pitch control means when the
      airbrake means is to be deployed; and
PA1  H. vertical translation means operatively connecting said braking panels
      with said auxiliary pitch control means for maintaining a substantially
      constant planar relation therebetween as the said airflow passage is
      varied during movement of the panels into and out of the airstream passing
      over said pitch control means, whereby laminar airflow is sustained over
      the control surfaces thereof to maintain the effectiveness of said pitch
      control means for aircraft trim and pitch control when the braking panels
      are so moved.
NUM  13.
PAR  13. The fuselage of claim 12 in which means are provided for angularly
      deflecting said panels out of planar relation with said pitch control
      means axially of the fuselage to effect airbraking of the aircraft in
      flight.
NUM  14.
PAR  14. The fuselage of claim 12 in which forward edges of said braking panels
      lie substantially at or rearward of the hinge line of said pitch control
      means when the panels are against the surface thereof to facilitate
      pivoting of the panels and pitch control means together as a unit for
      altering the trim or pitch of the aircraft.
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ABST
PAL  An aircraft of the Canard type in which a first airfoil is attached to an
      aft fin portion of the fuselage at a higher elevation than a second
      airfoil which is attached to the fore portion of the fuselage. The second
      airfoil extends outwardly and rearwardly to meet the first airfoil whereby
      a triangular configuration is formed in plan view and in front elevation
      view. The airfoils may be flexible; simple cable controls may be provided
      to control the aircraft so that even inexperienced pilots can easily
      operate the aircraft. The triangular configuration ensures a lightweight
      and inexpensive yet rugged and strong aircraft. The aircraft may also
      include a split rudder and may be hinged for folding to facilitate storage
      and transportation.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of Application Ser. No. 318,720, filed Dec. 27, 1972
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a simply constructed and inexpensive
      aircraft and more particularly to a simply constructed and inexpensive
      aircraft which maybe of the flexible wing type.
PAR  2. Description of the Prior Art
PAR  Flexible wing aircraft have been known for many years as exemplified in
      1910 by the Edwards rhomboidal airplane and the Picat Dubreuil airplane,
      and in the 1920's by the Platz sailwing glider. It is to be understood
      that the term "flexible wing" refers to a wing having a flexible lifting
      portion made of material such as canvas, for example; the flexible lifting
      portion forms, when properly inclined to the relative wind, an airfoil
      curve in response to the pressure differential on its upper and lower
      surfaces. This wing is to be distinguished from the more usual rigid type
      wing formed by a frame covered with sheet metal in which the airfoil curve
      is maintained by the stiffness of the wing structure, even at zero
      relative wind. The early aircraft mentioned are of interest for their
      simplicity; however, these aircraft were not entirely aerodynamically
      sound or were difficult to fly.
PAR  Later inventors developed the modern version of the flexible wing aircraft
      where the wing might include a leading edge spar, a trailing edge cable
      and a tip brace. This is exemplified by U.S. Pat. No. 2,228,829 to E. P.
      S. Newman. Additional work has been done by F. M. Rogallo who has received
      a number of United States patents extending over two decades for various
      aircraft systems using flexible lifting surfaces.
PAR  In the 1960's and 1970's interest in flexible wing aircraft has continued,
      such as exemplified by U.S. Pat. No. 3,584,813 to T. E. Sweeney et al.
      Since about 1948, Sweeney and his associates at the Princeton University
      Department of Aeronautical Engineering have been developing flexible wing
      aircraft of the type having a leading edge spar, a trailing edge cable,
      and a bridle system for bracing the flexible wing. Another example of
      interest is U.S. Pat. No. 3,614,032 to T. H. Purcell which also
      illustrates a leading edge spar and a trailing edge cable between which is
      a flexible material having embedded stays or cables for stiffening
      purposes.
PAR  Nevertheless, in spite of the work that has been done, there remain control
      problems, e.g. flexible wing aircraft have been found to be prone to
      luffing at low lift coefficients. Luffing is a nautical term which denotes
      fluttering of a sail. Manufacturing and cost problems have also arisen
      since flexible wings appeared to require somewhat massive and heavy
      structures in order to withstand the tension of the trailing edge cable.
      It has been found that this tension must be relatively high to prevent
      excessive luffing and billowing of the sail. Excessive billowing is
      undesirable because it causes loss of lift and increased induced drag.
      Further, no one appears to have developed an aircraft which can be flown
      and easily controlled by an individual having little or no flying
      experience. Nor does it appear that anyone has developed an aircraft
      capable of sustained flight, yet limited performance for use as an
      amusement type device. The term "limited performance" as used herein is
      intended to mean an aircraft limited in such characteristics as altitude
      so that even a novice pilot would have difficulty hurting himself or the
      aircraft regardless of the pilot's handling of the aircraft. Thus the
      prior art has not indicated a truly simple yet easily flyable aircraft
      which is exceedingly safe to operate by one who has never flown before.
      The majority of the prior art patents relate to traditional type aircraft
      in which the wings are made of flexible material, or to aerospace systems
      in which weight and volume are critical factors so that foldable, flexible
      wings are suggested.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves some of the problems in the prior art by
      providing an aircraft comprising fuselage having fore and aft portions; a
      first airfoil connected to the aft portion of the fuselage, and the
      airfoil extending outwardly therefrom; a second airfoil connected to the
      fuselage at a location spaced forwardly from the first airfoil and at an
      elevation different from the first airfoil, the second airfoil extending
      rearwardly away from the fuselage, and having extended ends connected to
      the first airfoil, the first and second airfoils forming a triangular
      configuration in front elevation view wherein the first airfoil resists
      lifting loads developed on the second airfoil. The airfoils may also form
      triangular configurations in plan view and also in side view when in
      combination with the upper part of the fuselage profile. Further, the
      aircraft may have flexible airfoils in which case the leading edge
      includes a spar and the trailing edge is flexible and may be defined by a
      cable. Control cables can also be provided having two ends, one end
      connected to the trailing edge of one of the airfoils and the other end
      connected to the trailing edge of the other airfoil whereby increasing the
      tension in a cable lessens the lift of the airfoil affected. The control
      cable extends to the fuselage adjacent a location where the operator would
      be positioned. The aircraft may also have a split rudder and incorporate
      hinges to allow folding for storage and transportation. The aircraft
      structure may also include a continuous cable extending from one wing
      along the fuselage to the other wing.
PAR  It is a general aim of the present invention to provide a simply
      constructed yet strong and rugged aircraft of the flexible wing type which
      is so designed to amply protect the pilot even in an emergency landing
      situation. Another aspect of the present invention is to provide an
      aircraft of the flexible wing type having good stability and control
      including gentle stall characteristics, and further to provide an aircraft
      having an easily operable control system.
PAR  Another aim of the present invention is to provide an aircraft of the
      flexible wing type which is easily foldable to form a compact package for
      facilitating transportation and storage, and to provide an aircraft having
      flexible wings which is uncomplicated, lightweight and easy to handle on
      the ground in an unfolded condition, even in relatively strong winds.
PAR  Still another object of the present invention is to provide an aircraft of
      the flexible wing type which is inexpensive to manufacture and which may
      be designed either in a glider configuration or in a powered
      configuration. A more general object of the present invention is to
      provide an aircraft of the Canard type which is strong and rugged and yet
      light in weight.
PAR  Other objects and advantages of the invention will appear from the
      following description and taken in conjunction with the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the aircraft of the present invention as
      viewed from a position above the aircraft.
PAR  FIG. 2 is a plan view of the aircraft shown in FIG. 1.
PAR  FIG. 3 is an elevational view of the aircraft shown in FIG. 1.
PAR  FIG. 4 is an elevational view of the frame of the fuselage of the FIG. 1
      aircraft.
PAR  FIG. 5 is a sectional elevational view of a wing taken along line 5--5 of
      FIG. 2.
PAR  FIG. 6 is a perspective view, from a position beneath a modified FIG. 1
      aircraft.
PAR  FIG. 7 is a plan view of the FIG. 1 aircraft showing the left side of the
      aircraft in a folded position for transporting and storage.
PAR  FIG. 8 is a partial perspective view of the front portion of a modified
      aircraft showing the mounting of an engine.
PAR  FIG. 9 is a diagrammatic front elevation view of the FIG. 1 aircraft
      illustrating the lifting forces acting on the tails of the aircraft.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While the present invention is susceptible of various modifications and
      alternative constructions, illustrative embodiments are shown in the
      drawings and will herein be described in detail. It should be understood
      however that it is not the intention to limit the invention to the
      particular forms disclosed; but on the contrary the invention is to cover
      all modifications, equivalences and alternative constructions falling
      within the spirit and scope of the invention as expressed in the claims.
PAR  Referring now to FIG. 1, there is illustrated an aircraft 10 which includes
      a fuselage 12, a port wing or airfoil 14 and a starboard wing or airfoil
      16. Extending from the nose 17 in the fore-portion of the fuselage and
      tapering rearwardly to connect to the wings are a port tail 18 and a
      starboard tail 20. Such a design is commonly referred to as a canard or
      tail first type. Attached to the rear or aft portion of the fuselage is a
      rudder 22, while attached between the nose and the rudder is a pilot's
      seat 24, a backrest 26 and a headrest 27. It can be seen that the aircraft
      is in the form of a glider though it is to be understood that with slignt
      modification as will be explained hereinbelow in reference to FIG. 8 the
      aircraft can be powered.
PAR  The aircraft of FIG. 1 is purposefully designed to be easily operated so
      that individuals with limited or even no flight training can still operate
      the aircraft with relative ease. In particular, it is contemplated that
      the aircraft will be used with a control device that limits the distance
      from the ground the aircraft can fly and thus enhance safety; should the
      aircraft be operated incorrectly causing it to return to the ground the
      maximum vertical distance of drop is limited to a predetermined value. It
      is further contemplated that the aircraft with such an altitude control
      device can be used as an amusement park device or sport apparatus. For
      example, a system could be built using a number of aircraft for descending
      a hill along a path similar to that a skier might take. Since the aircraft
      is easy to operate and relatively inexpensive to manufacture, for a
      nominal cost individuals with very limited or even no prior training can
      achieve, to a certain extent, the thrill of flight in a craft that they
      themselves operate. And this can be done in relative safety.
PAR  A major advantage of the present invention is that the aircraft is simply
      constructed yet strong and rugged. Referring now to FIGS. 2, 3 and 4,
      there is illustrated in much greater detail the construction of the
      aircraft 10. The fuselage 12 is relatively narrow (see FIG. 2) and
      comprises a simple framework of metal tubes 30 as shown in FIG. 4. These
      tubes can be welded or connected in any suitable fashion to one another to
      form a strong and yet extremely lightweight unit. It is of course to be
      understood that other material such as synthetic resin or even wood can be
      used to form the frame. Or, the fuselage may be formed of a single piece
      or block of polystyrene foam covered with reinforced glass fibers, for
      example. The frame includes a main straight member 32 upon which the seat
      24 is mounted and upon which a curved nose member 34 is attached. Beneath
      the main member is a skid member 36 which defines the bottom of the
      aircraft and upon which the aircraft may land. The skid member 36 is bent
      at one end to mate with one end of the curved member 34 to form a hook 38.
      The hook allows the aircraft to be towed or catapulted should it be
      desired. Extending upwardly from the main member 32 is a fin member 40 to
      which the backrest 26 and headrest 27 are attached and to which a rudder
      mount member 42 is attached. Additional strut members, such as struts 35
      and 37, are provided to connect the longer first mentioned members and
      provide strength and rigidity to the frame at a minimum of weight. The
      frame may be covered, if desired, by a cnvenient material such as canvas
      or mylar to enhance its strength and appearance as well as its simplicity
      and low cost.
PAR  Pivotally connected to the nose portion 17 are the port and starboard tails
      18, 20. The tails are preferably constructed of leading streamline (in
      cross section) spars 44, 44a. The spars establish or define the leading
      edges of the tails. Defining the trailing edges of the tails are cables
      46, 46a. Covering the spars, connected to the cables and forming the
      airfoil upon which the lifting forces act are sheets 48, 48a of flexible
      material such as canvas or a suitable synthetic resin. This structure is
      similar to that used on a simple boat sail so that the construction is
      commonly referred to as a sail wing. As is noted, the tails are designed
      in plan view to be tapered as one moves away from the fuselage toward the
      trails' extended ends and in elevation view to form a dihedral angle. The
      port tail 18 is connected to the fuselage by a hinge 50 so as to be
      pivotable relative to the fuselage; in a similar fashion the starboard
      tail 20 is pivotally connected to the fuselage by the hinge 50a.
PAR  Referring again to FIG. 2, the port and starboard wings 14, 16 are
      constructed in a fashion analogous to that of the tails. The wings have
      leading streamline (in cross section) spars 52, 52a defining the leading
      edges and cables 54, 54a which define the trailing edges. Between the
      spars and the cables are sheets 56, 56a of flexible material upon which
      the lifting forces act when there is relative motion with the air. Each of
      the spars 52, 52a is pivotally connected to the fuselage by a hinge such
      as the hinge 58 for the spar 52 and the hinge 58a for the spar 52a.
PAR  At the extended ends of the wings are tip ribs 60, 60a, the tip rib 60
      being pivotally connected to the spar 52 by a hinge 62 while the tip rib
      60a is connected to the spar 52a by a hinge 62a. Also connecting the tip
      rib 60 to the spar 52 is a tip brace 64. The tip brace is fastened to one
      end of the tip rib by fastener 66 while the other end of the tip brace is
      pivotally connected to the spar 52 by the hinge 68. In a similar manner,
      the tip brace 64a is pivotally connected to the spar 52a by a hinge 68a
      while the other end of the tip brace is attached by a fastener 66a to an
      end of the tip rib 60a. The tension in the trailing edge cables 54 and 54a
      may be adjusted by means of turnbuckles (not shown) preferably positioned
      at the extreme ends of the cables 54 and 54a near their point of
      attachment to the tip ribs 60 and 60a.  Additional means of adjusting the
      tension in the cables are described hereinbelow in the discussion on FIG.
      7.
PAR  Attached to the upper part of the fuselage are two ribs 80 and 82, FIG. 2,
      which extend outwardly from the fin 23 and which have undersurfaces that
      are cambered to conform to the desired shape of the flexible material of
      the wings. In flight when the wings are subjected to lifting forces the
      flexible material will billow upwardly thereby pressing the flexible
      material to the ribs 80 and 82. This feature minimizes the leakage of air
      from the bottom surface of the wing to the upper surface; such a leakage
      causes a loss of lift and increases induced drag. It has been found
      unnecessary to bond the flexible material to the ribs since air pressure
      is suficient to cause a close contact. By not bonding the wing may also be
      folded without hindrance. However, if the aircraft is nonfoldable any
      suitable means may be used to bond or attach the flexible material to the
      ribs if so desired. It is now readily apparent that while the wing has
      sufficient strength and capacity to provide lift it is also constructed in
      a manner to be easily folded for transportation and storage purposes.
PAR  The tip ribs 60 and 60a while shown to be linear may be curved so that the
      wings of the aircraft have a semielliptical appearance in plan view
      thereby enhancing the aesthetic appearance of the aircraft.
PAR  A fastener 70 having a portion attached at the end of the spar 52 and a
      portion attached to the spar 44 allows the port tail and port wing to be
      fastened together. A similar fastener 70a allows the spar 44a and the spar
      52a to be fastened together.
PAR  The tail spars 44 and 44a form a dihedral angle and are swept backwardly;
      it is to be understood that there is no required angle of the dihedral or
      the sweep. All that is preferred is that the spars 44 and 44a are
      attachable to the spars 52 and 52a, respectively. When connected, a
      triangular structure is formed as viewed in plan (see FIG. 2). This
      connection provides a certain rigidity to the aircraft even though major
      portions of the tails and wings are comprised of flexible or non-rigid
      material. The rigidity and strength achieved is at low cost and without
      the addition of further structural members which might add weight. For
      example, the triangular structure provides lateral stiffening for the
      fuselage. The fuselage may therefore be very narrow. Once again this
      reduces the size, weight and cost of the aircraft.
PAR  A particular advantage of the rigidity provided by the triangular structure
      is that it enables the wing and tail spars 44, 44a, 52, 52a, to resist the
      loads applied by the taut trailing edge cable, without the spars being
      excessively massive or heavy.
PAR  Because the tail spars have their ends, those closest to the fuselage,
      lower than the fuselage ends of the wing spars a triangular truss
      structure also is evident when the airplane is viewed in front elevation.
      Since the wing spars can withstand compressive loads they support the tail
      spars against the loads induced in the tail spars by aerodynamic lift on
      the tails 18 and 20. This enables the tail spars to be of smaller cross
      section and consequently lighter and less costly than would be the case if
      the wing spars were unable to carry compressive loads. Referring to FIG.
      9, a diagrammatic drawing of the aircraft as viewed from the front is
      illustrated. Lines 130 and 132 represent the tails 18 and 20, lines 134
      and 136 represent wings 14 and 16 and line 138 represents the fuselage 12.
      Also shown, by the arrows 131, 133, are the loads or forces to which the
      tails are subjected. These loads are resisted by the wings because of the
      triangular disposition. This structure, therefore, represents a distinct
      advantage. This structure also allows the fuselage 12 to be very narrow
      and of uniform thickness along its entire length.
PAR  It is to be further understood that while the particular design of the
      aircraft shown in FIGS. 2 and 3 indicates a sweptback tail and an unswept
      wing, variations from this design are contemplated and come within the
      scope of the appended claims. For example, the wings may also be swept
      back or even swept forward, up to about 30.degree. if desired, while the
      angle formed between the spars 44, 44a of the tails may be varied
      accordingly to the dimensions of a particular design. Further the tip ribs
      60, 60a shown to be at an obtuse angle relative to the wing spars 52, 52a
      respectively may be designed to meet at an acute angle or at a right angle
      or even have a curved design as already mentioned.
PAR  The split rudder 22, shown more clearly in FIG. 2, is divided into two
      halves 22a and 22b. Each rudder half is movable independently, as depicted
      by the dotted line for the rudder half 22a or together with the other
      rudder half depending upon the desired movement to be given the aircraft.
      The flexible wing type of construction used for the tails and wings may
      also be used for the fin 23, FIG. 3, and the rudder should it be desired.
      The rudder halves are connected in a customary fashion by cables or
      suitable linkages (not shown) to a rudder bar 72 which is in a position to
      be operated by the pilot's feet and legs. The bar is split into two parts
      and pivoted about a pivot pin 74. Each part of the bar is constrained by
      springs, (not shown) to align the bar at the position shown. However, by
      the pilot using his legs he can change the position of either half of the
      bar independently of the other half to cause a corresponding change in the
      position of the rudder halves 22a and 22b.
PAR  The split rudder may be used as an air brake simply by causing the two
      halves of the rudder 22a and 22b to be deflected outwardly through equal
      angles in opposite directions. The rudder can also be used in a more
      traditional fashion to give the airplane yaw control by deflecting the
      rudder halves 22a, 22b through approximately equal angles in the same
      direction. Or, the rudder can be used to provide yaw control as well as be
      used as an air brake by pivoting each rudder through a different angle
      than the other. Control of the aircraft about a vertical axis can also be
      obtained simply by deflecting one of the rudder parts while the other one
      remains in a position shown in FIG. 2. Thus if the rudder part 22a is
      deflected to the position shown in dotted line there will be a tendency
      for the aircraft to rotate the nose in a direction to port. It is to be
      understood that the fin and rudder shapes shown in FIG. 3 do not limit the
      invention as they are designed partly from an aesthetic standpoint. Also,
      vertical stabilizing fins may be added, such as at the extended ends of
      the wings, if desired.
PAR  Referring now to FIG. 5, there is illustrated in more detail the
      construction of the wing illustrating its simple yet novel construction.
      As can be seen more clearly the spar 52 which forms the leading edge of
      the wing is streamlined and hollow and is positioned in a drooped fashion.
      (A different cross sectioned spar, e.g. circular, could be used but
      without the advantages mentioned hereinbelow). The single sheet 56 of
      flexible material may be glued or attached by other suitable means such as
      adhesive tape to the spar or may be wrapped from a position designated by
      the numeral 76 around the spar and then rearwardly to the cable 54 which
      defines the trailing edge of the wing. It can be seen that the wing when
      in flight forms the traditional airfoil profile. The spar may be of any
      suitable material such as wood or may be as shown with a hollow interior
      in which case the spar may be formed of sheet metal for example. Of
      course, as with a sail, battens may be used to stiffen the wing if
      desired. It is to be noted that the wing of FIG. 5 differs structurally
      from those structures used in the prior art, for example, by Platz in the
      1920's, at Princeton University in the 1960's, by Herreshoff in 1927, and
      by Gerhardt in 1937. While the Platz wing also included a flexible
      material the leading edge spar appeared to have a circular cross section
      and the flexible material was loosely wrapped around the spar and attached
      to itself. The Princeton wing which came in two variations included a
      forward spar which was either circular (or elliptical) in cross section or
      semi-circular (or semi-elliptical) and included two sheets of flexible
      material spaced one from the other forming a lifting surface. Herreshoff
      also included a semi-circular or bullet-shaped leading spar with a first
      sheet of flexible material connected to an upper portion of the spar and a
      second sheet connected to a lower portion of the spar. The second sheet
      extended to a point about half way along the chord of the first sheet to
      which it was then attached. Finally the Gerhardt sail included a circular
      cross section spar to which upper and lower flexible sheets were attached
      to form a lifting surface. The flexible material only was loosely placed
      around the spar. The advantages of the airfoil of FIG. 5 over the prior
      art include higher maximum lift coefficient due to the drooped nose, lower
      drag coefficient due to the streamline shape of the nose, and lighter
      weight due to the use of only a single surface of flexible material. These
      advantages are accompanied by increased resistance to billowing and
      luffing since the previously described triangular airplane structure
      permits high tension of the trailing edge cables 54, 54a, 46 and 46a.
PAR  Another major advantage of the present invention is its ease of operation
      both in the air and on the ground by the use of a very simple control
      system which allows one with very little or even no training to suitably
      operate the aircraft. Referring now to FIG. 1, one embodiment of a control
      system is illustrated. Connecting the trailing edge cable 46a of the
      starboard tail with the trailing edge cable 54a of the starboard wing is a
      control cable 84. It is noted that the control cable is attached to the
      fuselage by a hoop 86, FIGS. 1 and 2 so that it can easily be gripped by
      an operator seated in the seat 24. In a like fashion, a control cable 88
      attaches the trailing edge cable 46 of the port tail with the trailing
      edge cable 54 of the port wing. A hoop 87 similar to that of the loop 86,
      connects the cable 88 to the fuselage so that it also may be easily
      gripped by the operator seated in the seat 24. Turnbuckles or other
      suitable means may be provided to adjust the lengths of the cables 84 and
      88 to the pilot's comfort. It is contemplated that when the pilot grasps
      each of the cables in his hands, the cables will be slightly slack. The
      control cables are constrained by the hoops to pass close to the fuselage
      near the pilot so that should he accidentally drop them they can easily be
      regained.
PAR  An alternative control system is illustrated in FIG. 6. A continuous
      control cable 90 is connected to the trailing edge cable 54 of the port
      wing and mounted around pulleys 92, 94, 95 and 96 which are all attached
      to the fuselage. An analogous control cable 98 is attached to the trailing
      edge cable 54a of the starboard wing and four pulleys (not shown). It is
      to be understood that the hoops of the FIG. 1 control system and the
      pulleys of the FIG. 6 control system are merely low friction devices for
      allowing a change of direction of the cable and that other devices may be
      used, such as tubular guides or pegs to achieve the same results. For the
      intended purposes of the aircraft, either control system can be used even
      though the latter mentioned control system attaches only to the wings. The
      method by which the pilot manipulates the cables for flight control will
      be explained hereinafter.
PAR  Ground control of the aircraft is enhanced by forming the trailing edge
      cable of a corresponding wing and tail of a single continuous length. For
      example reference is made to FIG. 6 where the starboard wing and tail
      trailing edge cables 54a and 46a respectively are formed of a single
      continuous length. The trailing edges of the wing and the tail form the
      end portions of the continuous cable while a middle portion 100 runs along
      the fuselage and through an opening 102 at the rear end or aft portion of
      the fuselage and an opening 104 in the forward portion or fore of the
      fuselage. In an identical fashion the trailing edge cables of the port
      wing and tail may be made from a continuous length which will not be
      described in detail nor shown in order to enhance clarity of the starboard
      cable. A restraining hook 106 is attached to the fuselage and engages the
      central portion 100 of the starboard edge cable to insure a proper degree
      of tautness. To slacken the edge cable it is only necessary to disengage
      the central portion 100 from the hook 106. The need for taut trailing edge
      cables is to prevent the flexible material, which acts as a lifting
      surface, from billowing excessively. Such billowing would cause a loss of
      lift and an increase in induced drag.
PAR  In operation when the aircraft is in its unfolded position as shown in the
      right half of FIG. 7, the aircraft is made ready for flight by restraining
      the trailing edge cables of the wings and tails such as by engaging the
      central portion 100 with the hook 106. An oppositely placed cable for the
      port side of the aircraft is similarly set up. By allowing the trailing
      edge cables to remain slack until flight time there is little likelihood
      that the aircraft will lift off the ground even in a strong wind because
      the flexible wings will simply flutter rather than lift the aircraft. The
      aircraft is also easier to maneuver on the ground prior to take off.
      However, once the cables are made taut, the lifting surfaces of the
      aircraft will become more rigid and will assume the traditional airfoil
      profile when there is a sufficient relative velocity between the air and
      the airfoil.
PAR  To control the aircraft in the air, the pilot, prior to flight takes the
      control cables, such as the cables 84, 88 of FIG. 1 in his hands, or in
      the alternative system the control cables 90 and 98 in FIG. 6. The
      aircraft is then provided with a forward motion such as by catapulting, by
      being towed or by being allowed to proceed along a downhill directed rail.
      Of course if the aircraft is powered then it can take off in the customary
      manner. Once airborne the aircraft can be maneuvered simply by the
      movement of the pilot's hands. For example, if it is desired to roll the
      aircraft to the left the pilot would simply move his hands to the left.
      This will cause, in the FIG. 1 embodiment, the cable 84 to become taut
      which in turn would cause a tension upon the cables 54a and 46a. By
      increasing the tension in these trailing edge cables the corresponding
      tail and wing will become stiffer thereby increasing their lift to provide
      the desired rolling motion. Thus more lift will exist on the starboard
      side of the aircraft than on the port side. The port wing and tail remain
      at the same tautness since the cable 88 was initially in a slackened
      condition. If it is desired to roll to the right, the pilot need only move
      his hands to the right to stiffen the port wing and tail. Thus cable 88
      becomes taut and causes an increase in lift to the left side of the
      aircraft.
PAR  To cause the nose portion to pitch downwardly the pilot need merely push
      both his hands an equal distance forward causing a tautness in the cables
      88, 84 in those portions between the the pilot's hands and the trailing
      edge cables 54a, 54 of the wings. This will increase the lifting force on
      the wings inducing the wings to rise and pivoting the nose downwardly. The
      lifting forces of the tails would remain the same since the portions of
      the cables 84, 88 between the pilot's hands and the trailing edge cables
      of the tails remain in a slackened condition. To pitch the nose upward the
      reverse action is taken by the pilot, that is the pilot pulls back on the
      cables 84, 88 causing the trailing edge cables 46, 46a to become more taut
      thereby increasing the lifting force on the tails. At the same time the
      cables 84, 88 between the pilot's hands and the trailing edge cables 54a,
      54 of the wing remain in a slackened condition. It is of course to be
      understood that the cables 84, 88 can be attached to a control stick or
      wheel rather than being directly held by a pilot.
PAR  Referring to the FIG. 6 embodiment, control is achieved simply by pulling
      on the cables 90 and 98 in a desired fashion. For example, to roll to the
      right, the pilot simply moves his right hand back and his left hand
      forward. This will induce a tensioning of the cable 90 from a position
      below the port wing 14 so that the lifting capacity of the wing is
      increased. At the same time the cable 98 is made taut above the starboard
      wing portion 16 thereby reducing its lifting capacity. To cause the
      aircraft to roll to port the pilot simply reverses the movement of his
      hands causing a tautness in a downward direction on the wing 16 thereby
      increasing its lifting capacity while at the same time the pilot increases
      the tautness in cable 90 above the wing portion 14 so as to decrease its
      lifting capacity. The resulting moment causes the aircraft to roll to the
      left. To pitch the nose downward the pilot merely pushes forward with both
      hands. This tautens the cables 90 and 98 below the wings thereby
      increasing the lift on the wings causing the wings to move upwardly and
      the nose downwardly. To pitch the nose upward the pilot pulls back on the
      cables 90 and 98 which in turn causes a tension above each of the wings
      causing the wings to lose some of their lift thereby rotating the wings
      downwardly and the nose upwardly. One advantage of the FIG. 6 embodiment
      control system is that the cables are relatively high off the ground aand
      unlike the FIG. 1 control system, they are less likely to be snagged by
      ground cover upon landing or taking off. As in the FIG. 1 embodiment, the
      cables of the FIG. 6 embodiment may also be attached to a wheel or stick
      rather than being held directly by the pilot. An additional advantage of
      the FIG. 6 embodiment is that the control cables can operate the trailing
      edges of the wings downwardly or upwardly rather than just downwardly as
      in the FIG. 1 embodiment. A larger rolling moment is created thereby.
PAR  Upon landing, the trailing edge cables are slackened by sliding them off
      the hook 106 and the corresponding hook on the opposite side of the
      fuselage, to minimize the chance of a strong gust of wind lifting the
      airplane partially or completely off the ground undesirably.
PAR  Another major advantage of the present aircraft is its good stability. This
      is accomplished by the droop of the tail spars 44, 44a, FIG. 2. The spars
      44, 44a are drooped similarly to the spar 52 illustrated in FIG. 5. The
      taper of the tails when viewed in plan, combined with this droop causes
      the tail airfoil to have a pronounced washout at the tips. This improves
      longitudinal stability of the aircraft. The washout may be set to any
      desired value by suitably designing the tail spars to have appropriate
      taper or twist. Another advantage of the attachment of the tails to the
      wings is that the outboard portions of the tail form a slat for the
      corresponding portions of the wing thereby increasing the maximum lift
      coefficient of the wing and reducing the likelihood of the commencement of
      a stall at the extended ends of the wings. Stalling at the extended wing
      portions is more undesirable than a stall commencing at the center
      portions of the wing because a rolling motion is induced by a stall at the
      wing ends.
PAR  As mentioned, the fuselage is preferably covered with any suitable material
      for aesthetic purposes; the aircraft will, of course, function even if the
      tubular frame shown in FIG. 4 is left uncovered. If in fact the aircraft
      is covered it is desirable for the covering to terminate at the skid
      member 36 without wrapping around the member since the member 36 may act
      as a skid upon landing. This will tend to tear away any type of covering
      which might be present. By allowing the member 36 to act as the skid the
      simplicity of the construction is enhanced as well as insuring a light
      weight structure.
PAR  To enhance the safety of the aircraft and protection of the pilot reference
      is made to FIGS. 2 and 3. Top skids 110 and 112 are attached at the end
      portions of the tail just forward of the fasteners 70, 70a which attach
      the wings and the tails. The tip skids 110 and 112 are preferably made of
      spring steel to absorb the shock of landings. The tip skids not only
      enhance stability during landing to limit the degree of rolling, but also
      function should the aircraft come into contact with an object such as a
      tree. For example, should the spar 44 contact a tree with sufficient
      force, the port tail 18 would break away from attachment with the wing 14.
      Because of the placement of the tip skid 110 however, the triangular
      construction formed by the spars 44, 52 and the fuselage 12 would remain
      because the impact force would cause the tail to fold inwardly toward the
      fuselage 12. However, the tip skid 110 will slide along the spar 52
      tending to keep the aircraft in its original rigid configuration. The tip
      skid will also act to retard by friction the movement of the tail toward
      the fuselage. The elasticity of the tip skid and the friction between it
      and the spar 52 of the wing will absorb much of the energy of the
      collision. The triangular structure will not collapse until either the tio
      skid breaks or is deformed to such an extent that it slides off the wing
      spar or the tail or wing spars break. The tip skid may also be attached to
      the wing spar though in the event of a crash the advantages just mentioned
      would be lost. It is noted that the rigidity of the aircraft is
      particularly high in the plane formed by the spars 44, 44a, 52 and 52a. It
      is within this plane that the aircraft will experience the greatest "g"
      loads induced by a sudden deceleration. It is noted that in a crash
      situation these "g" loads will be much higher than any loads acting on the
      glider during normal or even aerobatic flight. It is thus clear that the
      aircraft is most rigid in the direction of the greatest potential loads.
PAR  As already mentioned another advantage of the triangular structure is that
      it assists the tail and wing spars in resisting the deformation induced by
      the tensioning of the trailing edge cables. By connecting the spars the
      load on each individual spar due to the tensioning of the cables is
      reduced. This enables the cross sectional area and the total weight of the
      spars to be smaller than would be the case if they were not joined. Of
      course, this enhances the low cost and the low weight of the aircraft.
PAR  A safety belt and harness is also to be provided though it is not shown.
      And, of course, the seat 24 may be sufficiently wide to seat two people if
      so desired.
PAR  As mentioned earlier, another major advantage of the present invention is
      its ability to be folded and thereby easily transported and stored.
      Referring now to FIG. 7, half of the aircraft 10 is in a folded position
      and the other half of the aircraft is in an unfolded condition. As
      mentioned hereinabove, the port tail 18 is pivotally connected by the
      hinge 50 to the fuselage 12 while the port wing 14 is pivotally connected
      to the fuselage by the hinge 58. Folding the aircraft is a very simple
      matter. First, the fastener 70, FIG. 2, which attaches the tail and the
      wing is disengaged. Next, the tip brace is disengaged from the tip rib 60
      allowing the tip rib to be pivoted about the hinge 62 to a position almost
      parallel with the spar 52. The tip brace 64 itself is pivoted about the
      hinge 68 and is fastened in a suitable manner to the spar 52 in a position
      substantially parallel thereto. Next the wing is rotated in the forward
      direction to a position parallel to that of the fuselage as shown in its
      folded condition on the left side of FIG. 7. Finally, the tail portion is
      pivoted in an aftward direction toward the fuselage to a position almost
      parallel to the fuselage as shown. In a similar manner, the starboard tail
      and wing may be folded to a position corresponding to the left side of the
      aircraft. Preferably fasteners or other means are provided to retain the
      aircraft in a folded position. For example the fasteners 70, 70a may be
      snaps which are arranged to attach a corresponding wing and tail to the
      fuselage or to the opposite folded wing or tail.
PAR  The flexible material of the tail and wing may be of any suitable material
      such as dacron or mylar. Rigidity of the tail is provided by the leading
      edge spar and the tension in the trailing edge cable. Rigidity of the wing
      is provided by the leading edge spar, the wing tip rib, the wing tip brace
      and the tension trailing edge cable. Further rigidity is provided by the
      triangular joining of the wing and the tail with a central brace formed by
      the fuselage.
PAR  The nose portion of the fuselage including member 34, FIG. 4 is shaped in a
      curve similar to an upper surface of an airfoil. The flexible material of
      the tail should be attached to the member 34 between the locations
      designated 114 and 116, FIG. 4.
PAR  Referring now to FIG. 8, a powered embodiment of the aircraft is
      illustrated. To accommodate a motor 120 and mounting 122 the nose portion
      of the aircraft is extended slightly. Additional items such as engine
      controls, instruments and wheels usual with a powered aircraft are to be
      included, though not shown here.
PAR  Referring to FIG. 1 again, a tow cable 150 is attached to the aircraft 10
      and to a device 152 shown in block form which can selectively increase
      drag when some predetermined flight characteristic is exceeded. As more
      fully explained in my copending application titled Apparatus For Distance
      Control Ser. No. 515,886 filed Oct. 18, 1974, the device in a first mode
      provides little resistance to the aircraft, however, should the aircraft
      exceed a predetermined altitude the device in a second mode exerts a large
      drag on the aircraft so as to increase the steepness of the aircraft's
      glide path. The device may be used to actuate certain controls such as
      airbrakes when the predetermined threshold has been exceeded. Using the
      device in conjunction with the airbrakes the aircraft can be used as an
      amusement type apparatus with a high degree of safety.
PAR  It is recommended that a preferred embodiment of a glider aircraft have a
      wing span of about 31 feet, a length of about 22 feet and a total lifting
      area of about 200 square feet (lifting area of tails and wings). A glide
      angle range deemed most appropriate would be between 1 in 4 to 1 in 9. It
      is to be understood that the glide angle can be altered (by setting the
      airbrakes for example) to more nearly fit the particular terrain to be
      traversed. For a powered aircraft a slight increase in the length of the
      nose, (see FIG. 8.) is recommended upon which is mounted a motor having a
      brake horsepower between 60 and 100.
CLMS
STM  I claim:
NUM  1.
PAR  1. A foldable aircraft comprising:
PA1  a fuselage having fore and aft portions;
PA1  a first airfoil connected to said fuselage and extending outwardly
      therefrom, said airfoil having a spar;
PA1  a second airfoil having a spar connected to said fuselage at a location
      spaced forwardly from the connection of said first airfoil, said spar of
      said second airfoil having extended ends connected to said spar of said
      first airfoil;
PA1  said spar of said first airfoil being connected to said fuselage at the aft
      portion and having a starboard part and a port part;
PA1  a first hinge connecting said starboard part of said spar to said fuselage;
PA1  a second hinge connecting said port part of said spar to said fuselage; and
PA1  said spar of said second airfoil being connected to said fuselage at the
      fore portion and having a starboard part and a port part;
PA1  a third hinge connecting said starboard part of said second airfoil spar to
      said fuselage; and
PA1  a fourth hinge connecting said port part of said second airfoil spar to
      said fuselage.
NUM  2.
PAR  2. An aircraft comprising:
PA1  a fuselage;
PA1  an airfoil connected to said fuselage and extending outwardly therefrom,
      said airfoil having a leading edge spar;
PA1  a second outwardly extending spar connected to said fuselage at a location
      spaced forwardly from the connection of said first mentioned spar, said
      second spar having extended ends connected to said first mentioned spar;
PA1  first and second skids each attached to a corresponding extended end of
      said second spar,
PA1  each of said skids positioned to slide along said first-mentioned spar
      toward said fuselage when an impact is received by said second spar.
NUM  3.
PAR  3. An aircraft comprising:
PA1  a fuselage;
PA1  an airfoil connected to said fuselage and extending outwardly therefrom,
      said airfoil having a leading edge spar and a trailing edge;
PA1  a second outwardly extending spar connected to said fuselage at a location
      spaced forwardly from the connection of said first mentioned spar, said
      second spar having extended ends connected to said first mentioned spar;
PA1  a control cable connected to said trailing edge of said airfoil and
      extending to said fuselage adjacent a position on said fuselage for an
      operator of said aircraft, said cable being attached to an upstanding fin
      so as to position said cable above and below said trailing edge of said
      airfoil to move said trailing edge upwardly and downwardly.
NUM  4.
PAR  4. An aircraft comprising:
PA1  a fuselage;
PA1  aa first airfoil connected to said fuselage and extending outwardly
      therefrom, said first airfoil having a leading edge spar, a trailing edge,
      and port and starboard portions;
PA1  a second airfoil having a leading edge spar, a trailing edge, and port and
      starboard portions, said second airfoil being connected to said fuselage
      at a location spaced forwardly from the connection of said first airfoil,
      said spar of said second airfoil having extended ends connected to said
      spar of said first airfoil;
PA1  a first control cable having two ends, one end connected to the trailing
      edge of the first airfoil port portion and the other end connected to the
      trailing edge of the second airfoil port portion; and
PA1  a second cable having two ends, one end connected to the trailing edge of
      the first airfoil starboard portion and the other end connected to the
      trailing edge of the second airfoil starboard portion.
NUM  5.
PAR  5. An aircraft comprising:
PA1  a fuselage;
PA1  a first airfoil connected to said fuselage and extending outwardly
      therefrom, said airfoil having a leading edge spar;
PA1  a second airfoil having a leading edge spar connected to said fuselage at a
      location spaced forwardly from the connection of said first airfoil, said
      spar of said second airfoil having extended ends connected to said spar of
      said first airfoil;
PA1  a split rudder connected to said fuselage and positioned immediately aft of
      the first airfoil and in the airstream of said first airfoil for
      increasing the induced drag of said first airfoil.
NUM  6.
PAR  6. An aircraft comprising:
PA1  a fuselage;
PA1  a first flexible airfoil connected to said fuselage and extending away
      therefrom to form port and starboard portions, said first airfoil having
      leading and trailing edges;
PA1  a second flexible airfoil connected to said fuselage and extending away
      therefrom to form port and starboard portions, said second airfoil having
      leading and trailing edges;
PA1  a first control cable having two ends, one end connected to the port
      portion of said first airfoil and the other end connected to the port
      portion of said second airfoil;
PA1  a second control cable having two ends, one end connected to the starboard
      portion of said first airfoil and the other end connected to the starboard
      portion of said second airfoil.
NUM  7.
PAR  7. An aircraft as claimed in claim 6 including cable restraining means
      attached to said fuselage for guiding said control cables.
NUM  8.
PAR  8. An aircraft as claimed in claim 7 including a first trailing edge cable
      extending continuously along trailing edges of said port portions of said
      airfoils; and
PA1  a second trailing edge cable extending continuously along trailing edges of
      said starboard portions of said airfoils.
NUM  9.
PAR  9. An aircraft as claimed in claim 8 wherein said cable restraining means
      retains said trailing edge cables in a relatively taut position, said
      trailing edge cables being movable between two positions, a first position
      wherein said trailing edge cables engage said cable restraining means to
      cause said trailing edge cables to be relatively taut and a second
      position wherein said trailing edge cables are free from engagement with
      said cable restraining means to cause said trailing edge cables to be
      relatively slack.
NUM  10.
PAR  10. An aircraft comprising:
PA1  a fuselage;
PA1  a first flexible airfoil connected to said fuselage and extending away
      therefrom to form port and starboard portions, said first airfoil having
      leading and trailing edges;
PA1  a second flexible airfoil connected to said fuselage and extending away
      therefrom to form port and starboard portions, said second airfoil having
      leading and trailing edges;
PA1  a first continuous cable positioned along the trailing edge of said port
      portion of said first airfoil and extending to said port portion of said
      second airfoil and positioned along the trailing edge of said port portion
      of said second airfoil; and
PA1  a second continuous cable positioned along the trailing edge of said
      starboard portion of said first airfoil and extending to said starboard
      portion of said second airfoil and positioned along the trailing edge of
      said starboard portion of said second airfoil;
PA1  whereby loosening said first and second continuous cables substantially
      lessens the lifting capability of said flexible airfoils.
NUM  11.
PAR  11. An aircraft as claimed in claim 10 including cable restraining means
      attached to said fuselage for restraining said trailing edge cables
      relative to said fuselage.
NUM  12.
PAR  12. An aircraft comprising:
PA1  a fuselage having fore and aft portions;
PA1  a first airfoil connected to said aft portion of said fuselage, and said
      airfoil extending outwardly therefrom;
PA1  a second airfoil connected to said fuselage at a location spaced forwardly
      from said first airfoil and at an elevation different from said first
      airfoil, said second airfoil extending rearwardly away from said fuselage
      and having extended ends connected to said first airfoil, said first and
      second airfoils forming a triangular configuration in front elevation view
      wherein said first airfoil resists lifting loads developed on said second
      airfoil, said aft portion of said fuselage including a vertically
      extending member for providing directional stability and to which is
      mounted said first airfoil.
NUM  13.
PAR  13. An aircraft as claimed in claim 12 wherein the aft portion of said
      fuselage extends vertically upwardly for providing directional stability,
      and said first airfoil is mounted on said aft portion at an elevation
      vertically above the connection location of said second airfoil.
NUM  14.
PAR  14. An aircraft as claimed in claim 12 wherein said vertically extending
      member is a fin; a rudder is attached to said fin; and said first airfoil
      is mounted on said fin immediately adjacent to said rudder.
NUM  15.
PAR  15. An aircraft as claimed in claim 12 wherein said airfoils and said
      fuselage form a generally triangular configuration in side elevation.
NUM  16.
PAR  16. An aircraft as claimed in claim 12 wherein said airfoils and said
      fuselage form two generally triangular configurations in front elevation
      view.
NUM  17.
PAR  17. An aircraft comprising:
PA1  a fuselage having fore and aft portions;
PA1  said fuselage having a vertically extending fin;
PA1  a first airfoil connected to said fin;
PA1  a second airfoil connected to said fore portion of said fuselage;
PA1  said second airfoil extending outwardly and upwardly toward said first
      airfoil; and
PA1  said first airfoil and said second airfoil being connected so as to form
      with said fuselage two generally triangular configurations in plan view
      and two generally triangular configurations in front elevation view.
NUM  18.
PAR  18. An aircraft as claimed in claim 17 wherein said airfoils and said
      fuselage form a generally triangular configuration in side elevation view.
NUM  19.
PAR  19. An aircraft as claimed in claim 17 wherein said airfoils form a
      generally triangular configuration in plan view.
NUM  20.
PAR  20. An aircraft as claimed in claim 17 wherein bracing for said second
      airfoil consists solely of said first airfoil.
NUM  21.
PAR  21. An aircraft as claimed in claim 17 wherein bracing between said first
      and second airfoils consists solely of lift generating elements.
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ABST
PAL  An apparatus for controlling the distance between a vehicle to which it is
      attached and a surface over which the the vehicle may be moving. The
      apparatus includes a cable and a sheet member which in a first mode is in
      contact with the surface but in a second mode is out of contact with the
      surface. Because of design, the sheet member induces a greater tension in
      the cable when in the second mode than when in the first mode; the
      increase in tension may be used to actuate a control or indicating devices
      on the vehicle to maintain the distance within desired limits.
PARN
PAR  This is a continuation of Ser. No. 351,307, filed Apr. 16, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an apparatus for controlling an object's
      height above or distance from a surface and more particularly to an
      apparatus that can be used to give an indication of the distance from the
      ground of an aircraft and cause the aircraft to be controlled within some
      predetermined distance.
PAR  2. Description of the Prior Art
PAR  Various means have been developed for controlling the distance between an
      object or vehicle moving over a surface and the surface. For example, some
      powered model aircraft have control cables held at one end by an operator
      while the other end is attached to the flying aircraft thereby limiting
      the altitude of the aircraft to the length of the control cable. Similar
      tether devices have been used to limit the height of balloons and
      helicopters. Being able to control distance would also be very useful in
      such fields as crop dusting or flight training.
PAR  Other altitude control devices include for example, flaps located at the
      trailing edge of an aircraft's wings, or airbrakes consisting of pivotable
      flaps attached to the fuselage of the aircraft which are retracted in a
      position flush with the body of the aircraft during normal flight and are
      extended outwardly toward a more perpendicular position relative to the
      fuselage when braking is desired; the extended disposition increases
      parasite drag on the aircraft which in turn causes the aircraft's flight
      path to become more downwardly inclined relative to the horizontal.
PAR  Yet another form of aircraft control device, directed more toward velocity
      control, is an attached parachute which is normally folded within the body
      of an aircraft in normal flight and is extended only upon landing; the
      parachute's main function upon landing is to shorten the runway necessary
      to complete landing.
PAR  A more recent device used to increase drag of a flying object (which
      incidentally is not an altitude control device but a velocity control
      device) is exemplified by U.S. Pat. No. 3,374,973 to D. P. Lokerson. In
      that patent, a drag device consisting of a plurality of banners are stowed
      in a vehicle such as a rocket until the remaining portion of the rocket
      returns to the Earth. At this time, the banners are extended and provide a
      drag which the patentee believes is "caused primarily by energy transfer
      resulting from banner flutter and attendant air turbulence." (Column 2,
      lines 59 through 61). While the devices mentioned are useful in
      controlling altitude and/or velocity, none has been shown to effectively
      control the altitude or distance from the ground of an aircraft (or other
      object) and yet not interfere with the aircraft's maneuverability or
      performance when the distance from the ground is within a predetermined
      value or set of values.
PAR  Of course any apparatus that is devised would have to be economically
      feasible to warrant patent protection and to have commercial value.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an apparatus which not only acts in a way to
      control the distance of an object or vehicle from a surface over which the
      object is moving and does so effectively and in an economical manner but
      may also be used to control velocity. The apparatus comprises a cable
      having first and second ends, the first end being attached to the object
      and the object being movable in the space over the surface; and a sheet
      member having a weighted portion attached to the second end of the cable,
      the sheet member being movable by the object in two different modes, a
      first mode wherein the sheet member is in contact with the surface, and a
      second mode wherein the sheet member is not in contact with the surface,
      the sheet member causing a greater tension in the cable when in the second
      mode than when in the first mode. Stated in another fashion the tension
      differential may be described by the relationship:
      ##EQU1##
      where C.sub.D1 = aerodynamic drag coefficient of the sheet member when
      moved along the surface; .mu. = coefficient of friction of the sheet
      member on the surface; .rho. = density of fluid through which the sheet
      member is moved in the second mode; V = velocity of the sheet member
      relative to the fluid; w = weight of the sheet member per unit area when
      not weighted; W.sub.T = weight of the weighted portion; S = sheet member
      area; C.sub.D2 = aerodynamic drag coefficient on the sheet member when
      moved in the second mode.
PAR  It is a primary aim of the present invention to provide an apparatus for
      indicating when the distance from a vehicle or other object to a surface
      exceeds some critical value.
PAR  It is also an aspect of the present invention to provide an apparatus for
      indicating the distance of an object from a surface and for actuating
      control devices for keeping the distance to a predetermined value or
      within a predetermined range of values.
PAR  Another object of the present invention is to provide an aapparatus for
      specifically controlling an aircraft above a ground surface within a range
      of distances from the ground. When the apparatus are paired, they may be
      used on an aircraft to provide automatic circling control.
PAR  Still another object of the present invention is to provide an apparatus
      for controlling the velocity of an object moving through a fluid (air or
      water, for example) over a surface.
PAR  It is of course to be understood that while the apparatus is aimed
      primarily to act in conjunction with an aircraft it can function in an
      analogous manner with a submerged submarine or with a surface vessel.
PAR  Still another aim of the invention is to provide the above-mentioned
      apparatus as a simply constructed, rugged, and yet inexpensively
      manufactured device.
PAR  Other objects and advantages of the invention will appear from the
      description taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of distance control
      apparatus;
PAR  FIG. 2 is an elevational view illustrating the apparatus of FIG. 1 attached
      to an aircraft in a first mode, being dragged along the ground;
PAR  FIG. 3 is an elevational view similar to that shown in FIG. 2 with the
      apparatus in a second mode in which it is no longer in contact with the
      ground;
PAR  FIG. 4 is a front elevational view of an aircraft having two apparatus, one
      connected to each wing and suspended from differing cable lengths so as to
      direct the aircraft in a circle;
PAR  FIG. 5 is a perspective view of another embodiment of a distance control
      apparatus;
PAR  FIG. 6 is a perspective view of yet another embodiment of a distance
      control apparatus;
PAR  FIG. 7 is an elevational view illustrating the apparatus in a first mode
      used in conjunction with a helicopter;
PAR  FIG. 8 is an elevational view illustrating the apparatus shown in FIG. 7 in
      a second mode;
PAR  FIG. 9 is an elevational view illustrating the apparatus in a first mode
      while being attached to a submerged submarine;
PAR  FIG. 10 is an elevational view showing the apparatus of FIG. 9 in a second
      mode;
PAR  FIG. 11 is a perspective view of a metal embodiment of a distance control
      apparatus;
PAR  FIG. 12 is a perspective view of another metal embodiment of a distance
      control apparatus;
PAR  FIG. 13 is a perspective view of yet another embodiment of a distance
      control apparatus; and
PAR  FIG. 14 is a perspective view of an embodiment of a distance control
      apparatus which comprises a cascading of a previously mentioned distance
      control apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While the present invention is susceptible of various modifications and
      alternative constructions, illustrative embodiments are shown in the
      drawings and will herein be described in detail. It should be understood
      however, that it is not the intention to limit the invention to the
      particular forms disclosed; but on the contrary, the invention is to cover
      all modifications, equivalences and alternative constructions falling
      within the spirit and scope of the invention as expressed in the appended
      claims.
PAR  Referring now to FIG. 1, there is illustrated an apparatus 10 for
      indicating the distance of an object from a surface. The apparatus
      includes a cable 12 having an end portion which is divided into two parts
      14 and 16. The end parts in turn are connected to a rod 18 around which is
      attached to a sheet member 20 having a weighted end portion 22. As can be
      readily appreciated, the apparatus is very simple, easily constructed and
      inexpensive to manufacture and assemble.
PAR  In more detail, the cable 12 is connected to an object which in FIG. 2 is
      an aircraft 24, in FIG. 7 a helicopter 26, and in FIG. 9 a submarine 28.
      The object or vehicle is at some position relative to a surface which in
      FIG. 2 is the ground 30, the ground 32 in FIG. 7 and the ocean bottom 34
      in FIG. 9. The cable end parts 14 and 16 are attached to the rod 18 in any
      convenient manner, the rod being made of wood or metal or any other
      suitable material such as a synthetic resin.
PAR  The sheet member 20 is made of any suitable flexible material such as nylon
      or mylar. (While it is preferable to have a flexible material it is not
      required as is exemplified by the embodiments in FIGS. 11 and 12.) The
      sheet member is comprised of three portions. A first portion 36 is wrapped
      over the rod 18 from a second portion 38 which in turn is continuous with
      the third or weighted end portion 22 to define a trailing edge. Weights 40
      may be of any suitable material such as metal or may even be comprised of
      a plurality of rocks.
PAR  A major advantage of the present invention is its ability to indicate when
      the distance between an object to which it is attached and a nearby
      surface exceeds some predetermined value. For example, referring to FIGS.
      2 and 3, the aircraft 24, which may be a glider or a powered aircraft, is
      attached to one end of the cable 12 while the other end is attached to the
      sheet member 20. In FIG. 2, the sheet member is shown in a first mode; in
      this mode the sheet member is dragged along the ground surface 30 because
      of the low altitude of the aircraft relative the ground surface. In FIG.
      3, the aircraft is shown at a greater distance from the ground surface so
      that the sheet member is not in contact with the ground surface. The
      latter position places the sheet member in its second mode. In the second
      mode the weighted trailing edge of the sheet member causes the member to
      droop downwardly at a substantial angle to the horizontal.
PAR  A major thrust of the invention as will be explained hereinbelow in greater
      detail, is that when the sheet member is in its airborne second mode as
      shown in FIG. 3, the sheet develops more aerodynamic drag and hence a
      greater tension is developed in the cable 12 than is developed when the
      sheet member is in its first mode in contact with the ground as shown in
      FIG. 2. Since there is a distinct difference in tension in the cable
      between the first and second modes of the sheet member, the cable may be
      attached to the various controls on the aircraft such control box 25 which
      may operate the wing flaps or airbrakes to cause the aircraft to adjust
      its flight path. For example, it may be decided that the aircraft should
      only fly to some maximum altitude or distance from the ground surface. The
      cable length is then determined so that when the maximum distance or
      altitude is reached the sheet member will move from its first mode to its
      second mode thereby developing a greater tension in the cable; this in
      turn may cause an appropriate aircraft control to be actuated which alters
      the flight path of the aircraft causing it to fly within the predetermined
      maximum altitude or distance.
PAR  As a part of the invention a formula has been derived which shows the
      relationship of the tension in the cable when the sheet member is in its
      first mode as compared to the tension in the cable when the sheet member
      is in its second mode. Stated more succinctly the relationship is as
      follows:
      ##EQU2##
      where C.sub.D1 = aerodynamic drag coefficient of the sheet member when in
      the first mode;
PA0  .mu. = coefficient of friction of the sheet member on the surface;
PA0  .rho. = density of fluid through which the sheet member is moved in the
      second mode;
PA0  V = velocity of the sheet member relative to the fluid;
PA0  w = weight of the sheet member per unit area when not weighted;
PA0  W.sub.T = weight of the weighted portion;
PA0  S = sheet member area;
PA0  C.sub.D2 = aerodynamic drag coefficient of the sheet member when in the
      second mode.
PAR  The derivation of the relationship first included a balance of forces
      acting on the sheet member in its first mode where it is assumed that the
      surface along which the sheet member is dragged is a smooth horizontal
      plane and that the dragging is done at a constant velocity. Among the
      forces acting on the sheet member are the cable tension, the force of
      gravity, the aerodynamic drag of the sheet on the ground and the
      frictional force developed between the ground and the sheet member.
      Another assumption made is that the angle between the cable and the
      horizontaal surface is sufficiently small so that the following
      approximation can be made: sine of the angle equals the angle and cosine
      of the angle equals one. Then another balance of forces is derived for a
      steady second mode situation in which the angle of attack of the sheet is
      defined as the angle between the relative wind and a straight line joining
      the leading and trailing edges of the sheet, that is a straight line
      joining the rod 18 with the trailing edge portion of the sheet 22. Once
      again, it is assumed that the angle between a horizontal reference line
      and the cable is small so that the cosine of the angle is approximately
      equal to one. With the assumption that the angle between the reference
      horizontal line and the towing cable is small as compared to one and with
      the assumption that the coefficient of friction of the sheet member on the
      surface is less than one, the balancing of forces leads to the following
      relationship:
      ##EQU3##
      where D.sub.G = aerodynamic drag of the sheet member when it is on the
      surface;
PA0  D.sub.A = aerodynamic drag of the sheet member in the air. By defining
      aerodynamic drag coefficients as follows:
      ##EQU4##
      the equation may be rewritten in the form mentioned hereinabove:
      ##EQU5##
PAR  In order to function as desired the sheet member must create tensions in
      the cable in the first and second modes such that the following
      relationship is satisfied:
      ##EQU6##
PAR  For purposes of an example analysis, it will be assumed here that the sheet
      member' s dimensions are 2 feet by 2 feet, that the velocity of the towing
      aircraft is 30 miles per hour or 44 feet per second, that air density
      equals 0.00238 slugs per cubic foot, that the sheet weight per unit area
      is equal to 0.016 lbs. per square foot, and that the Reynolds number
      equals 6400 .times. 2 .times. 44 or 562,000; further, it is assumed that
      the aerodynamic drag on the sheet member in the first mode equals 0.016,
      (see Hoerner, FLUID-DYNAMIC DRAG [1965] at Sect. 2-6) that the coefficient
      of friction equals approximately 0.5, that the airborne drag coefficient
      of the sheet member is similar to that of a rigid plate at the same angle
      of attack (Hoerner, supra, Sect. 3-16). An optimum weight 40, FIG. 1, in
      the trailing edge portion 22 of the sheet member is then calculated to
      derive the maximum increase in tension in the cable between the first and
      second modes. Satisfactory performance is found to exist when the angle of
      attack of the sheet member is between 20.degree. and 70.degree. and the
      weight 40 is between 3.4 lbs. and 14.4 lbs. The optimum weight is about 6
      lbs. providing an angle of attack of 45.degree. which creates a cable
      tension differential of about 5.5 lbs. In other words, there is an
      increase of cable tension of 5.5 lbs. in the second mode as compared to
      the first mode. The tension in the cable in the first mode was about 3.8
      pounds while the tension in the second mode was about 9.3 lbs. Such an
      increase in tension has been found more than adequate to actuate various
      controls which might be used to alter the attitude of the aircraft. It is
      to be understood that the foregoing analysis included a number of
      approximations and assumptions and though not exact provides a very
      practical apparatus which when attached to an aircraft such as a glider,
      for example, (more specifically a glider as disclosed in my copending
      patent application entitled "Flexible Wing Aircraft, " Ser. No. 318,720)
      will provide more than sufficient force to operate appropriate controls.
      It is to be further understood that the increased drag of the sheet member
      may be used along to alter the flight path of an aircraft simply by this
      additional force acting on the aircraft.
PAR  Another advantage of the present invention is that it may be used not only
      to regulate distance or altitude from a surface but also to control an
      aircraft in other ways; for example, the present invention may be used to
      control an aircraft to automatically circle over a given location.
      Referring now to FIG. 4, there is illustrated an aircraft 50 having a pair
      of sheet members 52 and 54 each attached to a wing of the aircraft. By
      purposely selecting two different cable lengths, for example, a longer
      cable 55 for the port wing of the aircraft and a shorter cable 57 for the
      starboard wing and by having the cables attached to control either
      trailing edge flaps or lift spoilers fitted to each wing, the aircraft
      could be made to circle the location indefinitely without its center of
      gravity exceeding a predetermined maximum altitude. For example, should
      the sheet member 52 be lifted off the ground 56 because the starboard wing
      exceeded a predetermined altitude, the increase in tension of the cable
      could be used to deflect the flap of the starboard wing upwardly so as to
      roll the aircraft back to its predetermined bank angle, and to cause the
      center of gravity of the airplane to descend to the desired altitude. Of
      course, it is assumed that the aircraft 50 is powered and trimmed so that
      it would not have a tendency to lose altitude when both the sheet members
      52 and 54 are in contact with the ground. In a like manner, the sheet
      member 54 will roll the aircraft in an opposite manner to that just
      described, back to its predetermined bank angle.
PAR  Using a pair of sheet members, an aircraft could also be made to fly within
      a certain altitude range. This could be accomplished by attaching two
      sheet members with cables of different lengths. The apparatus with the
      longer cable would be attached to the aircraft's airbrakes so that an
      increase in tension would cause the airbrakes to open thereby increasing
      the drag on the aircraft causing the aircraft to lose altitude. At the
      same time, the apparatus with the shorter cable would be attached to the
      throttle in such a manner that a decrease in tension would ccause the
      throttle to increase power and thereby cause the aircraft to climb. Thus,
      the shorter apparatus would normally be in the second mode while the
      longer apparatus would normally be in its first mode. When the apparatus
      with the shorter cable changed from its airborne second mode to the ground
      dragging first mode, the resulting decrease in cable tension would actuate
      the throttle in the desired fashion.
PAR  It can now be appreciated that the distance control devices can be used by
      appropriately connecting them to the throttle, for example, and/or to the
      airbrakes to provide close restraint on the altitude at which the aircraft
      will fly. The apparatus can also be used for a velocity controlling device
      since it may be designed to remain in a first mode providing the air
      velocity of the craft is below a certain value; however, should the
      aircraft exceed the predetermined maximum velocity, the aerodynamic drag
      on the apparatus (even in its ground mode) would become sufficient to pull
      the cable to an almost horizontal angle. THis second mode position would
      cause an increase in tension which could be used to adjust the controls of
      the aircraft to, in turn, cause a reduction in speed.
PAR  Referring now to FIGS. 7 and 8, there is illustrated the helicopter 26
      which is hovering above the ground surface 32. A sheet member 60 attached
      to the helicopter by a cable 61 could be used to limit the altitude of the
      helicopter simply by the change in tension of the cable caused by the
      weight of the sheet member. For example, in the first mode shown in FIG. 7
      the weighted end portion of the sheet member would be supported by the
      ground. However, when the helicopter moves to a higher altitude as shown
      in FIG. 8, the apparatus would enter into its second mode where the entire
      weight of the weighted end portion would be borne by the helicopter. If
      the weight is 6 lbs., then there will be an increase in the tension of the
      cable of 6 lbs. Once again, the cable may be attached to the appropriate
      controls 59 of the helicopter to cause it to reduce the lifting forces
      acting upon it thereby causing a descent.
PAR  As shown in FIGS. 9 and 10, a sheet member 62 may be attached to the
      submarine 28 in order to retain the submarine very close to the ocean
      bottom 34. Working in a manner analogous to the operation shown in FIGS. 2
      and 3 for an aircraft, the sheet member which is shown in its first mode
      in FIG. 9 would increase tension when the submarine increased its distance
      from the ocean bottom 34 above some predetermined value. Once again, the
      cable may be attached to proper controls 29 to orient the submarine
      downwardly to correct its cruising distance above the ocean floor. As with
      an aircraft, a plurality of sheet members may be used to keep the
      submarine within a range of distances above the ocean floor or may be used
      to keep the submarine above some minimum distance between it and the ocean
      floor. Further, in an analogous manner, an apparatus may be used on a
      surface vessel to also indicate when it has moved within some
      predetermined minimum distance from the ocean bottom thereby preventing an
      undesirable grounding of the vessel.
PAR  It is to be understood that while the cable connecting a sheet member to
      the object may be directly attached to a control it may also be attached
      to some power mechanism which operates the proper control, or the cable
      may be attached to some warning system which merely indicates to an
      operator the desired information with the operator then taking appropriate
      action.
PAR  In operation in the first or ground mode, the tension induced in the cable
      12 by the sheet member 20 as the sheet member is dragged along a surface
      is less than the tension developed in its airborne or second mode. This is
      accomplished by designing the sheet member and appropriately weighting it
      to provide a high aerodynamic drag when the sheet member is airborne while
      at the same time keeping ground friction to a minimum.
PAR  Referring now to FIGS. 5 and 6, there is illustrated two modifications of
      the apparatus which have the advantage of providing low ground friction.
      In FIG. 5, the cable 70 is connected to a sheet member 72 by way of a rod
      74. At opposite ends of the rod 74 are wheels or rollers 76, 78 while at
      the trailing edge portion 80 of the sheet member is another rod 82 also
      having wheels or rollers 84, 86 at the ends of the rod. The purpose of the
      rollers or wheels is to further reduce ground or surface friction so that
      the differential between ground tension and airborne tension in the cable
      is enhanced.
PAR  In FIG. 6, a cable 88 is attached to a sheet member 90 by way of a rod 92.
      As with the FIG. 1 embodiment, the FIG. 6 cable includes two end parts 94
      and 96 between which, and between the rod 92 is a triangular sheet of
      material 98. It has been found that the overlapping first portion 36, FIG.
      1, of the sheet member 20 can be eliminated by the triangular sheet. The
      result will be similar, that is, to reduce the tendency of the apparatus
      to snag on various types of ground cover.
PAR  Referring now to FIGS. 11, 12, 13 and 14, still further variations are
      illustrated. In FIG. 11, for example, a sheet member 100 is designed in
      two connectable parts, a leading part 102, which is attached to a cable
      104, and a trailing part 106. The parts may be joined simply by providing
      the leading part with oppositely placed arms 108 and 110 to which hooks
      112, 114 of the trailing part can engage. The sheet member may be made of
      any suitable generally rigid material such as a metal of a thickness so as
      to be springy. The trailing part may be weighted if not sufficiently heavy
      to hang inclined to the relative wind; by hanging inclined to the relative
      wind when airborne a substantial drag is created. As mentioned
      hereinabove, an inclination or angle of attack (defined as the angle
      between the relative wind and a straight line joining the leading and
      trailing edges of the sheet) of about 45.degree. has been found to be
      optimum. This is in contrast to such prior art as the previously mentioned
      Lokerson patent where the banners trail substantially parallel to the
      relative wind, that is, the mean (or time averaged) angle of attack of the
      banners is substantially zero.
PAR  In FIG. 12, a metal sheet member 116 is illustrated having the same
      construction as the FIG. 11 embodiment except for a triangular part 118
      which is attached to a cable 120, and a leading part 122. A trailing part
      124 is shown engaged to the leading part as it would be in operation.
PAR  Referring to FIG. 13, elongated sheet member 126 is attached to a cable
      128. Because of the length and weight of the flexible material the sheet
      member need not have a weighted end portion in order to hang inclined to
      the relative wind.
PAR  FIG. 14 illustrates the FIG. 1 embodiment in a cascade posture, that is, a
      first sheet member 130 connected directly to a second sheet member 132. It
      is of course clear that any one of the previously described embodiments
      may be placed in cascade so as to provide a more gradual increase in drag
      as the critical weight is exceeded, in order to obtain a smoother control
      action.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus operatively connected to means for controlling a vehicle
      movable in a fluid, said apparatus being responsive to the distance from a
      surface over which said vehicle is movable, comprising:
PA1  a cable extending from said vehicle and having first and second ends, said
      first end adapted to operate said vehicle controlling means; and
PA1  a sheet member attached to said second end of said cable and movable
      between two modes, a first low drag mode wherein said sheet member is
      generally in contact with the surface and generally parallel to a relative
      wind caused by movement and a higher drag mode wherein said sheet member
      is spaced from said surface and is inclined to the relative wind,
PA1  whereby a greater tension is developed in said cable when said sheet member
      is in its second mode than when it is in its first mode.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein said sheet member is
      weighted for hanging without substantial fluttering when in said second
      mode.
NUM  3.
PAR  3. An apparatus as claimed in claim 1 wherein said sheet member includes a
      weighted portion.
NUM  4.
PAR  4. An apparatus as claimed in claim 1 wherein said sheet member is
      comprised of a rigid material.
NUM  5.
PAR  5. An apparatus as claimed in claim 1 including a plurality of sheet
      members in cascade.
NUM  6.
PAR  6. An apparatus as claimed in claim 1 including a rod positioned transverse
      to said cable second end and attached thereto; and
PA1  a pair of rotatable elements being attached, one element to each end of
      said rod.
NUM  7.
PAR  7. An apparatus as claimed in claim 1 wherein said surface is the ground
      and said object is an aircraft; and
PA1  the tension in said cable in said first and second modes is approximated by
      the relationship:
      ##EQU7##
      where C.sub.DG = aerodynamic drag coefficient of the sheet member when
      moved in contact with the ground;
PA1  .mu. = coefficient of friction of the sheet member on the ground;
PA1  .rho. = air density;
PA1  V = relative air velocity of the sheet member;
PA1  w = sheet member weight per unit area;
PA1  W.sub.T = weight of a weighted portion;
PA1  S = sheet member area; and
PA1  C.sub.DA = aerodynamic drag coefficient in air.
NUM  8.
PAR  8. An apparatus as claimed in claim 7, wherein
PA1  w = 0.016 pounds/ft.sup.2 ;
PA1  S = 4 ft.sup.2 ;
PA1  V = 30 miles/hour;
PA1  W.sub.T = 6 pounds;
PA1  C.sub.DG = 0.016;
PA1  c.sub.da = 0.8; and
PA1  cable tension in the air mode equals approximately 2.5 times the cable
      tension in the ground mode.
NUM  9.
PAR  9. An apparatus as claimed in claim 1 including:
PA1  a rod positioned transverse to said cable second end and attached thereto;
      and wherein
PA1  said sheet member is wrapped about said rod, said sheet having a weighted
      trailing edge.
NUM  10.
PAR  10. An apparatus as claimed in claim 9 wherein said cable second end is
      divided into two parts, each part attached to a respective end of said
      rod.
NUM  11.
PAR  11. An apparatus as claimed in claim 10 wherein said cable second end is
      divided into two parts; and including
PA1  a sheet portion, triangular in form, attached to the divided second end of
      said cable.
NUM  12.
PAR  12. An apparatus operatively connected to means for controlling a vehicle
      movable in a fluid, said apparatus being responsive to the distance from a
      surface over which said vehicle is movable, comprising:
PA1  a cable extending from said vehicle and having first and second ends, said
      first end adapted to operate said vehicle controlling means; and
PA1  a sheet member attached to said second end of said cable and movable
      between first and second modes, wherein said first mode said sheet member
      is in contact with said surface and in said second mode said sheet member
      is movable through said fluid at a distance from said surface, said sheet
      member inducing a varying tension in said cable according to the
      relationship
      ##EQU8##
      where C.sub.D1 = the aerodynamic drag coefficient of the member when
      dragged along the surface;
PA1  .mu. = the coefficient of friction of the member on the surface;
PA1  .rho. = the density of fluid through which the member is dragged in the
      second mode;
PA1  V = the velocity of the member relative to the fluid;
PA1  w = the weight of the member per unit area when not weighted;
PA1  W.sub.T = weight of a weighted portion of the member;
PA1  S = member area;
PA1  C.sub.D2 = the aerodynamic drag coefficient of the member when in the
      second mode,
PA1  whereby said varying tension actuates said controlling means.
NUM  13.
PAR  13. An apparatus included within a vehicle system movable in a fluid for
      changing the path of travel of said system by changing the drag of said
      system, said apparatus being responsive to the distance from a surface
      over which said vehicle system is movable, comprising:
PA1  a cable extending from said vehicle and having first and second ends, said
      first end being connected to said vehicle; and
PA1  a sheet member attached to said second end of said cable and movable
      between two modes, a first low-drag mode wherein said sheet member is
      generally in contact with the surface and generally parallel to a relative
      wind and a second higher drag mode wherein said sheet member is spaced
      from said surface and is inclined to the relative wind.
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ABST
PAL  This device for steadying, notably against lateral oscillation, a load
      releasably suspended from an aircraft comprises spring urged wedge members
      mounted to the load; these wedge members in their steading position
      penetrate between the upper face of the load and the lower face of the
      carrier member of the aircraft; these wedge members are retracted manually
      against the force of their spring means to allow the suspension of the
      load.
PARN
PAR  The present application is a division from our copending application Ser.
      No. 366,054, filed June 1, 1973 and now U.S. Pat. No. 3,840,201 dated Oct.
      8, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  The present invention relates to means for steadying loads suspended from
      aircraft.
PAR  2. Brief description of the p rior art
PAR  It is known that loads suspended from aircraft comprise as a rule tapped
      cavities engaged by correspondingly screw-threaded shanks formed
      integrally with suspension rings. The hooks carried by the supporting or
      jettisoning device engage these rings for actually carrying the load.
      Since these rings are aligned longitudinally, the loads tend to oscillate
      laterally under the influence of lateral accelerations or other
      aerodynamic effects, so that it is customary to steady these loads, when
      supported by the aircraft, by means of transverse bearing elements.
PAR  An arrangement generally employed to this end consists in utilizing four
      steadying or wedging screws engaging tapped orifices formed in four fixed
      bearing arms and clamping the load laterally.
PAR  This arrangement, although very efficient, has various drawbacks : in fact,
      the bearing arms are relatively heavy and the assembly including the four
      wedging or steadying screws is objectionable on account of its poor
      aerodynamic contour. On the other hand, the steadying operation proper
      requires the tightening of four screws.
PAC  SUMMARY OF THE INVENTION
PAR  It is the essential object of the present invention to provide an improved
      device for steadying loads suspended from aircraft which eliminates the
      inconveniences of prior art systems, while reducing or eliminating the
      span of the bearing arms.
PAR  For this object the load is equipped with wedge members and with spring
      means urging said wedge members to their steadying position in which they
      engage the carrier member of the aircraft, said wedge members being
      adapted to be moved manually to their load-releasing position against the
      force of said spring means and to be released to their load wedging
      position in which they operate freely.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A typical form of embodiment of the present invention will now be described
      with reference to the attached drawings in which :
PAR  FIG. 1 illustrates diagrammatically in vertical section a steadying device
      equipping a load suspended from an aircraft ;
PAR  FIG. 2 is a plan view of the device of FIG. 1; and
PAR  FIG. 3 is a perspective view of the anchoring block forming a part of the
      present device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows an anchoring block or member 60 secured to the load 3
      supported by a fork-shaped hook 19 pivotally connected by means of a pivot
      pin 25 to a carrier member or support 2 rigid with the aircraft structure
      (not shown). This anchoring block 60 has formed laterally therein a pair
      of bores slidably engaged by corresponding wedge members 61 each urged in
      the direction of the arrows (FIG. 2) by a two-armed spring blade 62. The
      inclined plane 63 of each wedge member 61 engages a conjugate inclined
      face formed on said support 2, the spring blade 62 taking up any play
      likely to develop therebetween. To permit the convenient suspension of the
      load, the wedge members are manually retracted beforehand and held in this
      position by a simple cross-pin or stud 64 responsive to a spring blade 65
      as shown in the lower portion of FIG. 2. When the load is properly
      suspended the spring blade 65 is pulled with a finger, thus releasing the
      corresponding wedge member.
PAR  Anchoring block 60 also has holes 66 for receiving screws (not shown) for
      securing said block to the upper part of load 3. Guide means 67 are rigid
      with block 60 and wedge members 61 can slide along said guide means. The
      upper parts 68 of guide means 67 are adapted to be engaged by hook 19. A
      support 69 is for securing the central portion of spring blade 22 to said
      block. Transverse holes 70 are provided in guide means 67 for the passage
      of cross-pins 64.
PAR  Thus, the wedging or steadying device is carried directly by the load to be
      suspended from the aircraft and the preliminary withdrawal of this device
      can be achieved manually and separately for each wedge member, as
      illustrated, although a central control may be provided for operating all
      these members simultaneously, if desired. This particular construction
      leaves the support unhampered by more or less complicated mechanisms.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Device for steadying loads suspended from aircraft comprising a carrier
      member being carried by the aircraft, at least one anchoring member being
      carried by the load, at least one fork-shaped hook pivotally connected to
      the aircraft and positioned for engaging and supporting said anchoring
      member, wedge members slideably mounted on said load for movement axially
      of the load, spring means being carried by said load and tending to move
      said wedge members between the face of the load and a part of the lower
      face of said carrier member for ensuring the steadying of the load, and
      which wedge members can be manually retracted from said carrier member
      against the action of said spring means.
NUM  2.
PAR  2. Device according to claim 1 including spring blades carried by said
      load, pins each carried by one of said spring blades and extending
      laterally of one of said wedge members, and said wedge members each having
      a bore positioned for receiving one of said pins when said wedge member is
      in its retracted position for detachably maintaining said wedge member in
      said retracted position.
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ABST
PAL  An adjustable clamp formed preferably of suitable molded plastic resin
      includes a base portion having a generally elongate strap receiving
      chamber within which are disposed a series of teeth adapted to releasably
      interlock with a pawl means located at the free end of a generally
      elongate flexible strap of preferably uniform cross section, the other end
      of the strap being attached to the base portion adjacent an apertured end
      arranged to guide the strap into the strap receiving chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is directed to the field of adjustable clamps for supporting
      elongate articles such as a bundle of wires or the like.
PAR  2. Description of the Prior Art
PAR  Various prior art adjustable clamps designed to accommodate elongate
      articles such as wire bundles as a harnessing aid or the like generally
      include an elongate strap portion in which the free end or tail portion
      thereof generally overlies the base portion of the clamp and is fastened
      thereto by means of a threaded fastener or the like to restrict movement
      of the wires or other tubular elements held within the looped portion of
      the strap. A disadvantage of such arrangement is the limited range of
      opening available in any given clamp size. A device designed to provide
      somewhat greater adjustment is disclosed in U.S. Pat. No. 3,169,005 issued
      to I. D. Wallach on Feb. 9, 1965. This device incorporates a free loop
      portion which is preformed to accommodate a bundle of wires or the like
      but which, however, fails to provide secure retention of the bundle due to
      the absence of any provision for securing the looped portion of the clamp
      to the base portion thereof. In U.S. Pat. No. 3,542,321, issued to R. D.
      Kahabka on Nov. 24, 1970, there is disclosed an adjustable tie having a
      flexible strap portion insertable within a relatively short, slotted
      bridge overhanging a central opening in the mounting member, the interior
      of the bridge being provided with a ratchet pawl having a lever arm
      extending therefrom for engagement with a series of teeth disposed along
      the length of the strap. The excess strap portion extending beyond the
      pawl is thus required to be severed from the remainder of the strap to
      avoid interference with adjacent components, thereby seriously limiting
      the effectiveness of the clamp in many applications where reuse is
      necessary or desirable. Furthermore, the release lever attached to the
      mounting member of the tie is located in a relatively exposed area and may
      be disadvantageously inadvertently contacted to cause premature release of
      the article intended to be restrained within the looped portion of the
      strap.
PAC  SUMMARY OF THE INVENTION
PAR  The invention overcomes the difficulties and limitations noted above with
      respect to prior art devices by providing a releasable adjustable clamp
      having a smoothly surfaced flexible strap portion terminating in a pawl
      means pivotally attached to the free end of the strap portion and
      selectively engagable with a series of transverse teeth extending
      longitudinally within a strap receiving chamber located within the base
      portion of the clamp wherein the portion of the strap which would normally
      be considered excess is fully contained within the base portion strap
      receiving chamber to provide a reusable clamp assembly which is more
      secure, compact, reliable, and efficient than such prior art devices. The
      entire assembly may be inexpensively molded as a single unitary element
      comprising an integral strap and base portion, wherein the strap portion
      may be preformed into a partial loop with the pawl means being flexibly
      joined to the free end of the strap portion by means of a flexible hinge
      portion of reduced cross sectional area arranged to provide increased
      flexibility thereat. The pawl means is arranged to interlock with the
      teeth within the strap receiving chamber of the base portion as the free
      end of the strap is inserted therewithin but may be readily released
      therefrom by providing, in one embodiment, an opening in a sidewall of the
      base portion to provide access to the pawl means to release same from
      interlocking engagement with the teeth. The clamp may be mounted to a
      supporting surface by the employment of either a resilient adhesive layer
      attached to the bottom of the base portion or by the employment of a
      suitable aperture or slot located remote from the strap receiving chamber
      and arranged to receive a fastener cooperatively engagable with the base
      portion and the supporting structure. Accordingly, the strap may be
      repeatedly engaged with and disengaged from the base portion either prior
      or subsequent to the attachment of the clamp to a supporting surface. The
      releasable feature also adds to the versatility of the device by
      permitting the clamp to be repeatedly closed and reopened about, for
      example, a bundle of wires to provide a harnessing aid for use in
      conjunction with a harness board or the like. It is therefore an object of
      this invention to provide an improved adjustable clamp.
PAR  It is another object of this invention to provide an adjustable clamp for
      wire bundles or the like incorporating a receiving chamber to encompass
      the excess strap portion extending beyond the locking means of the clamp.
PAR  It is a further object of this invention to provide an improved adjustable
      clamp having a releasable pawl means.
PAR  It is yet another object of this invention to provide an improved
      adjustable clamp of unitary construction which may be inexpensively molded
      from plastic material for use as an harnessing aid or the like.
PAR  It is still another object of this invention to provide a reuseable
      adjustable clamp attachable to a supporting surface either prior or
      subsequent to locking interengagement between the strap and base portion
      thereof.
PAR  It is yet a further object of this invention to provide a means for
      attaching a bundle of wires or the like to a supporting surface either
      temporarily or permanently in an assembly which may be formed as a single
      integral unit.
PAR  Other objects and features will be pointed out in the following description
      and claims and illustrated in the accompanying drawings, which disclose,
      by way of example, the principle of the invention and the best mode
      contemplated for carrying it out.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a top plan view, partly cut away and partly in section, of an
      adjustable clamp constructed in accordance with the concepts of the
      invention.
PAR  FIG. 2 is a side elevational view, in section, taken along the line 2--2 of
      FIG. 1.
PAR  FIG. 3 is a fragmentary perspective view, partly in section, of a portion
      of the device of FIG. 1.
PAR  FIG. 4 is a fragmentary side elevational view, illustrating the manner in
      which closure of the device of FIG. 1 is effected.
PAR  FIG. 5 is a fragmentary side elevational view similar to FIG. 4 but
      illustrating a manner of disengaging the device of FIG. 1.
PAR  FIG. 6 is an enlarged fragmentary side elevational view of a further
      embodiment of a pawl means of an adjustable clamp constructed in
      accordance with the concepts of the invention.
PAR  FIG. 7 is a fragmentary side elevational view, in section, showing a
      further embodiment of a mounting means of an adjustable clamp constructed
      in accordance with the concepts of the invention.
PAR  FIG. 8 is a fragmentary perspective view, partly in section, showing a
      further embodiment of a mounting means of an adjustable clamp constructed
      in accordance with the concepts of the invention.
PAR  FIG. 9 is a fragmentary side elevational view, in section, of a further
      embodiment of an adjustable clamp constructed in accordance with the
      concepts of the invention.
PAR  FIG. 10 is a fragmentary perspective view, partly cut away and partly in
      section, of the device of FIG. 9 illustrating a manner in which the strap
      portion may be released from the base portion thereof.
DETD
PAR  Similar elements are given similar reference characters in each of the
      respective drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to FIGS. 1 through 5 there is shown an adjustable clamp 20
      constructed in accordance with the concepts of the invention and
      comprising a flexible strap portion 22 having a first end 24 coupled to a
      base portion 26 having an entrance end 28 comprising an opening of cross
      sectional configuration conforming generally with the shape of the strap
      portion 22 and communicating with an elongate strap receiving chamber 30
      extending lengthwise within the base portion 26. The strap portion 22
      includes a second end 32 to which is hingedly coupled a pawl means 34
      which, as illustrated in FIG. 2, may be formed integrally with the strap
      portion 22 in the form of a barb-like member having a terminating edge 36
      selectively engagable with a series of transverse strap engaging teeth 38
      extending lengthwise within the strap receiving chamber 30 along a lower
      interior surface 40 defining one wall of the strap receiving chamber 30.
      The plane of the terminating edge 36 of pawl means 34 is arranged
      preferably to coincide with the plane of the upstanding surface of the
      teeth 38 when interlocked with one another to maximize the interengagement
      therebetween. The strap receiving chamber 30 is further defined by an
      upper interior surface 42, an end wall 44, and a closed sidewall 46 (FIG.
      1), the sidewall opposite the sidewall 46 being provided with an opening
      for access to the teeth 38 within the strap receiving chamber 30 to
      provide means for releasing the pawl means 34 from engagement with the
      teeth 38, as will be described in greater detail hereafter. The pawl means
      34 although shown as a simple hook in FIG. 2 may alternatively be formed
      as illustrated in detail in FIG. 6 wherein there is shown a pawl means 48
      having a strap engaging portion 50 and a heel portion 52, the heel portion
      52 being disposed remote from the tooth engaging portion 50 and arranged
      to abut an upper interior surface 54 of a strap receiving chamber 56
      essentially duplicative of the strap receiving chamber 30 illustrated in
      FIG. 2. As further shown in the embodiment illustrated in FIG. 6, the pawl
      means 48 is hingedly coupled to a flexible strap portion 58 by an
      interconnecting portion 60 communicating with the pawl means 48 generally
      intermediate the heel portion 52 and the tooth engaging portion 50
      thereof, as at 62. The interconnecting portion 60 is further provided with
      a recessed portion 64 located within the path described by the pawl means
      48 and arranged to at least partially accept the tooth engaging portion 50
      of the pawl means 48 as the pawl means 48 is deflected towards the
      flexible strap portion 58 to assume a position as shown generally by the
      dotted outline 50'. As further illustrated by the dotted outline 50', the
      heel portion 52 is caused to pivot away from the upper interior surface 54
      of the strap receiving chamber 56 so that the strap portion may be
      unobstructively withdrawn from the strap receiving chamber 56 simply by
      inserting a narrow flat blade such as 66, (FIG. 5) between the pawl means
      48 and teeth 68 within the strap receiving chamber 56 in the manner
      illustrated in FIG. 5. As further illustrated in FIG. 1, the strap portion
      22 and the base portion 26 are so oriented with respect to one another as
      to be longitudinally bisected by a common plane so that the free or second
      end 32 of the strap portion 22 may be conveniently and rapidly aligned
      with and guided directly into the strap receiving chamber 30 with a
      minimum of effort. The strap portion 22 may, accordingly, be looped about
      a bundle of wires or the like, (not shown) and the second end 32 of the
      strap portion 22 advanced into the strap receiving chamber 30 of the base
      portion 26, essentially as illustrated in FIG. 4, until a predetermined
      tightness is obtained whereby the strap portion 22 is now encircled about
      an article (not shown) disposed within the looped portion thereof with the
      looped portion maintained at a predetermined size as a result of the
      locking interengagement between the pawl means 34 and a given tooth 38
      disposed within the strap receiving chamber 30. As further shown in FIG.
      2, the strap portion 22 has an essentially rectangular cross section and
      comprises smoothly contoured opposing surfaces 70 and 72 substantially
      equally spaced from one another along the major length of the strap
      portion 22. The smooth interior surface 70 of the strap portion 22 insures
      that in those applications where the clamp is employed to restrain a
      bundle of insulated electrical wires there will be no distortion of or
      deformation of the wire insulation in direct contact with the inner
      surface 70 of the strap portion 22, as is generally the case where the
      strap is provided with serrations or teeth commonly employed in many prior
      art devices. It will also be clear from an examination of FIG. 4 that the
      spacing between the crest of the teeth 38 and the upper interior surface
      42 of the strap receiving chamber 30 will have a direct bearing upon the
      angular disposition of the pawl means 34 with respect to the major axis of
      the strap portion 22, as indicated by the reference character A in FIG. 4.
      Where the clamp 20 is to be molded or formed from relatively resilient
      plastic material, deflection or distortion of the pawl means 34 in the
      locked position may be minimized by minimizing the height of the strap
      receiving chamber 30 relative to the thickness of the strap portion 22, to
      provide an angle A less than 45 degrees so that the major portion of the
      force vector exerted by the strap portion 22 upon the pawl means 34 in the
      retention position will be directed against the adjacent face of a tooth
      38 and generally along the plane of the pawl means 34 with the smaller
      force vector component being applied in a direction generally transverse
      to the plane of the pawl means 34, which component, of course, will tend
      to bend the pawl means 34. Accordingly, thinner material than would be
      required in the event the angle A exceeded 45.degree. may be employed
      where the height of the strap receiving chamber 30 is properly controlled
      to insure that the above conditions are met. As illustrated in FIG. 2, the
      clamp 20 is provided with alternative means for permitting it to be
      mounted to a supporting surface (not shown), one of such means including a
      resilient adhesive layer 74 affixed to the bottom side of the base portion
      26 and which may contain a release paper removable from the adhesive layer
      74 just prior to application of the base portion 26 to the supporting
      surface. Alternatively, a generally transverse aperture 76 disposed within
      a recessed portion 78 located adjacent the end of the base portion 26
      remote from the entrance end 28 thereof, may be employed to receive the
      shank portion of a fastener such as a threaded screw or the like (not
      shown) to fasten the base portion 26 of the clamp 20 to a supporting
      surface. A second recessed portion 80 (FIG. 3) located on the opposite
      side of the recessed portion 78 may be advantageously employed to receive
      an upstanding rib or protrusion (not shown) located on the supporting
      surface to further lock the clamp 20 in a rotation of the base desired
      position. For convenience, the aperture 76 may be replaced by a slot 82 as
      shown in FIG. 8 to obviate the necessity for completely removing the clamp
      retaining fastener from the supporting surface when either repositioning,
      removing, or relocating the clamp 20. As further illustrated in FIG. 7,
      there is shown a clamp base portion 84 essentially similar to the base
      portion 26 shown in FIG. 2 but differing, however, in having mounting
      means in the form of a barb extension 86 depending from the underside
      thereof and arranged to be inserted within an aperture 88 in a supporting
      surface 90 to maintain the base portion 84 in position adjacent the
      supporting surface 90 while permitting it to be freely rotated about the
      extension 86. This feature may be found extremely advantageous in harness
      board applications where it is desired to effect repeated repositioning of
      the clamp during use.
PAR  Turning now to FIGS. 9 and 10 there is shown a further embodiment of an
      adjustable clamp 92 constructed in accordance with the concepts of the
      invention. In this case, there are provided a series of strap engaging
      teeth 96 disposed along the upper interior surface of the base portion 94
      and extending downwardly into a strap receiving chamber 98 arranged to
      receive a flexible strap portion 100 similar to strap portion 22, but
      having a pawl means 102 hingedly coupled thereto at its free or second end
      104 in an orientation opposite to that of the pawl means 34 to mate with
      the teeth 96. Otherwise, the elements 34 and 102 are essentially identical
      in all other respects. To permit disengagement of the pawl means 102 from
      the teeth 96 there is provided an opening 106 (FIG. 10) extending from the
      top surface of the base member 94 into the strap receiving chamber 98 to
      provide access to the pawl means 102, whereby a blade member or the like
      such as shown by the dotted outline 108 in FIG. 10 may be inserted within
      the opening 106 to force the pawl means 102 downwardly and away from
      engagement with the teeth 96 to permit the strap portion 100 disposed
      within the strap receiving chamber 98 to be withdrawn therefrom. It will
      of course be readily apparent to those skilled in the art that the opening
      in 106 base portion 94 may be eliminated and an opening (not shown)
      provided in the sidewall thereof in a manner similar to that described
      above with respect to the embodiment shown in FIGS. 1 through 5 whereby
      release of the pawl means 102 from engagement with the teeth 96 may be
      accomplished in a manner essentially as shown in FIG. 5. It will also be
      readily apparent to those skilled in the art that either of the clamps 20
      or 92 described heretofore may include a non-integral construction having
      separate strap and base portions joined together by cementing, welding, or
      other like bonding processes, or may be formed as a unitary integrally
      molded unit from almost any suitable plastic resin material. Although not
      shown, each of the clamps 20 and 96 may be provided with plural strap
      portions extending respectively from each end of the base portion and
      insertable within the strap receiving chamber essentially as described
      heretofore to provide a multi-loop clamp. In such case, however, the strap
      receiving chamber will be provided with two series of teeth each suitably
      oriented to mate with a respective pawl means.
PAR  As an alternative embodiment (not illustrated) the pawl engaging teeth may
      be disposed along the sidewalls of the base portion within the strap
      receiving chamber for engagement with suitably oriented pawl means
      disposed essentially perpendicular to the orientation illustrated above
      with respect to the embodiments described heretofore and extending
      outwardly from the sides of the strap portion.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An adjustable clamp comprising: a generally elongate base portion for
      supporting said clamp adjacent a given surface, said base portion having a
      first end, a second end, an exterior mounting surface, and an at least
      partially enclosed strap receiving chamber therewithin, said chamber
      extending generally lengthwise between said first and said second ends
      within said base portion generally parallel to said exterior mounting
      surface and communicating with said first end of said base portion to
      provide an entrance end thereat, said chamber being at least partially
      defined by an upper interior surface, a lower interior surface, and at
      least one sidewall; a series of teeth selectively disposed within said
      strap receiving chamber on one of said upper and said lower interior
      surfaces; a flexible strap portion having a first end and a second end,
      said strap portion first end being coupled to said base portion directly
      adjacent said entrance end of said strap receiving chamber, said strap
      portion second end terminating in a pawl means arranged for selective
      releasable engagement with said base portion teeth within said strap
      receiving chamber; and means to permit the attachment of said base portion
      to a surface; said flexible strap portion being selectively preformed into
      a loop with said pawl means positioned generally adjacent said entrance
      end of said strap receiving chamber, said flexible strap portion thus
      substantially fully encircling an article inserted within said loop prior
      to closure and restraining the movement of such article upon the
      engagement of said strap portion pawl means with said base portion teeth,
      said strap portion being formed integrally with said base portion, said
      pawl means being hingedly coupled to said strap portion second end for
      pivotal movement thereat, said clamp being a molded assembly of unitary
      construction, said pawl means being joined to said strap portion second
      end by a connecting portion having a reduced cross section to provide
      increased flexibility thereat, said pawl means further including a heel
      portion, said heel portion being joined to said pawl means at the junction
      between said pawl means and said strap portion second end and extending
      away from said pawl means along a common plane and in a direction opposite
      to said pawl means and arranged to abut one of said interior surfaces of
      said base portion chamber remote from said interior surfaces on which said
      teeth are disposed to increase the locking engagement between said pawl
      means and said teeth.
NUM  2.
PAR  2. An adjustable clamp as defined in claim 1 wherein said base portion has
      an opening along one side thereof to provide access to said base portion
      teeth.
NUM  3.
PAR  3. An adjustable clamp as defined in claim 2 wherein said teeth are
      disposed along said base portion lower interior surface.
NUM  4.
PAR  4. An adjustable clamp as defined in claim 1 wherein said teeth are
      disposed along said base portion upper interior surface.
NUM  5.
PAR  5. An adjustable clamp as defined in claim 4, there being an elongate slot
      extending inwardly from the exterior surface of said base portion and
      communicating with said base portion upper interior surface to provide
      access to said base portion teeth.
NUM  6.
PAR  6. An adjustable clamp as defined in claim 1 said strap portion having a
      recessed portion adjacent its second end and within the path described by
      said pawl means as said pawl means is pivoted towards said strap portion
      second end.
NUM  7.
PAR  7. An adjustable clamp as defined in claim 1 wherein the longitudinal axis
      of said strap portion and the longitudinal axis of said base portion lie
      in a common plane.
NUM  8.
PAR  8. An adjustable clamp as defined in claim 1 wherein said strap portion has
      a generally rectangular cross section of substantially uniform thickness
      throughout the length of said strap portion.
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ABST
PAL  There is provided an improved support for a hospital communication system
      characterized by a wall mount, an articulated arm secured to the wall
      mount at one end, and at the other end to a communicator mount, the latter
      being attached to a communicator unit having signal transmitting means and
      signal receiving means and characterized in that the communicator unit is
      rotatable in a vertical plane through a limited arc for convenient viewing
      by a reclining or sitting patient, and being easily positioned by the
      patient.
BSUM
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  In the interests of efficiency and possibly lower costs, hospitals have
      within recent times sought these ends by installation of communication
      and/or monitoring systems almost on a one-by-one basis. Thus, the patient
      initially had a call button or line with which to turn on a hall light,
      and if an attendant or nurse happened to see it, respond thereto. Then two
      way communication cane in and the patient now had a microphone available,
      and a speaker nearby, each with its lines. Later it became essential not
      to deprive a patient of his favorite TV programs while in a hospital and a
      set plus all the necessary cords, cables and remote controls became a
      necessary part of the equipment along with heart monitors, oxygen lines,
      etc. As these devices became available, they were generally merely
      installed one-by-one on a wall behind the patient's bed with one or more
      wires or leads from each such device until the web of wires and leads was
      not only confusing but dangerous.
PAR  Recent efforts have been directed to consolidating much of the equipment
      and leads to minimize the confusion and danger, and the present invention
      is an improvement in this area. Reference may be had to U.S. Pat. Nos.
      2,736,888, and 2,910,680 to McLain; 2,896,021 to Phillips, 2,740,842 to
      Schneider and 3,304,376 to Truby for examples of communication systems
      directed to patient care and convenience.
PAR  The present invention utilizes a multiple communications unit such as that
      described in my copending application Ser. No. 344,361 filed Mar. 23,
      1973. Such a communications unit may include signal receiving means and
      signal transmitting means, e.g., receiving means for TV programs for
      patient viewing, with an intercom, non-emergency nurse call, emergency
      nurse call, or the like. Specially built communications units can thus be
      produced for hospital patient use and communication with a central nurse
      station. The present invention provides an improved mounting means for
      such a unit. It is characterized by low resistance to movement by the
      patient for adjustment purposes, easy storage out of the way, and serves
      as a convenient means to consolidate several leads for several services
      into a common conduit.
PAC  BRIEF STATEMENT OF THE INVENTION
PAR  Briefly stated, the present invention is in a support for a hospital
      communications system comprising in combination a wall mount, an
      articulated arm secured to the wall mount, a communicator mount secured to
      the articulated arm and to a communicator unit. The wall mount is
      characterized by a bracket adapted to be fixedly secured to the wall
      adjacent a patient's bed and has a horizontally extending arm pivotally
      mounted on a transverse horizontal axis with an angularly related
      resilient means for resiliently holding the arm in a generally horizontal
      position. The articulated arm is secured to the horizontally extending arm
      by a vertically axised pivot and includes at least two arm portions
      pivotally secured together at confronting extremities also by a vertically
      axised pin. The communicator mount includes first means for securing the
      mount at one end to a communicator unit having signal transmitting means
      and signal receiving means and second means for attaching the mount to the
      articulated arm. Means are provided which co-act between the first and
      second means to enable selective rotation of the communicator in a
      vertical plane through a limited arc greater than 90.degree. and less than
      180.degree. for convenient viewing by a reclining or sitting patient.
PAR  In a preferred embodiment of the present invention, the horizontally
      extending arm, the articulated arm portions and the elements of the
      communicator mount are preferably of tubular and circular cross section
      enabling the passage of smaller wires and tubes therethrough as may be
      required for servicing the communicator system. The resilient means which
      supports the horizontally extending arm portion from the bracket in a
      generally horizontal position desirably includes at least one coil spring
      surrounding a telescoping rod attached at one end to the bracket and at
      the opposite end to a point on the horizontally extending arm remote from
      the supporting bracket.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention may be better understood by having reference to the
      annexed drawings wherein:
PAR  FIG. 1 is an environmental illustration showing a communicator unit
      supported in position over the bed of a hospital patient and in position
      for viewing of an associated TV monitor by a reclining patient.
PAR  FIG. 2 is a top view of the apparatus shown in FIG. 1 and showing a stored
      position in dotted lines.
PAR  FIG. 3 is a side elevation of the apparatus shown in FIG. 2 and showing in
      dotted lines the TV monitor rotated in a position for viewing by a patient
      sitting in bed.
PAR  FIG. 4 is a front view of a TV monitor and communications unit of the type
      for which the mounting of the present invention is especially adapted.
PAR  FIG. 5 is a cross-sectional view of the support or mount of the present
      invention as it appears in the plane indicated by the line 5--5 in FIG. 3.
PAR  FIG. 6 is a perspective view of the mount or support of the present
      invention showing the wall mount, the articulated arm portions, and the
      communicator unit mounting system, with a protective covering removed.
PAR  FIG. 7 is a fragmentary illustration in perspective on an enlarged scale of
      a joint between the horizontally extending arm and the articulated arm.
PAR  FIG. 8 is a fragmentary illustration on an enlarged scale of the joint
      between the outermost arm portion and the communicator mount.
PAR  FIG. 9 is a cross-sectional view on an enlarged scale of the joint shown in
      FIG. 8 as it appears in the plane indicated by line 9--9.
PAR  FIG. 10 is a cross-sectional view of a portion of the communicator mount as
      it appears in the plane indicated by the line 10--10 in FIG. 6.
PAR  FIG. 11 is an exploded view on an enlarged scale of a communicator mount
      useful in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now more particularly to FIG. 1, there is here shown a portion of
      a patient's room with a support unit of the present invention mounted on
      the wall adjacent the patient's bed and including a wall mount generally
      indicated at 10, an articulated arm generally indicated at 12 and a
      communicator unit 14. A nurse call line 16 is disposed in easily
      accessible position to the patient and fitted with a call button switch
      18. The wall mount 10 includes a bracket 20 adapted to be secured to the
      wall as by spring wing bolts 22. The articulated arm 12 is conveniently
      supported by a horizontally extending arm in a generally horizontal
      position by means of a pair of coil springs operating between end caps
      attached to a telescoping rod as will be hereinafter more particularly
      described.
PAR  Referring to FIGS. 2 to 5 inclusive, FIG. 2 shows the articulated arm 12 in
      a patient viewing position such as illustrated in FIG. 1. In dotted lines
      there is shown the device in a stored position out of the way. The arrows
      in FIG. 2 show the directions of movement in an horizontal plane which can
      be achieved by the distal extremity of the articulated arm 12. In FIG. 3,
      the arrows show the movement of the communications unit 14 about a
      horizontal axis whereby the communications unit can be adjusted for
      viewing by a patient in either the sitting position where the patient's
      head is above the level of the television monitor as shown in dotted
      lines, or in the position shown in solid lines for viewing from a half
      sitting position.
PAR  FIG. 4 shows a communications unit 14 with a TV screen 26, a channel
      selector 28 and other TV controls 30. A speaker 32 is provided for giving
      instructions to the patient from the central nurse's station, and a call
      button jack 34 is provided for attachment of the call button line 16.
PAR  FIG. 5 is a view of the apparatus shown in FIG. 3 as it appears in the
      plane indicated by the line 5--5. As shown in FIG. 5, the channel 20 is
      provided with left and right upstanding flanges 36. As best shown in FIGS.
      3 and 5, the resilient supporting means for the horizontally extending arm
      38 is composed of a pair of coil springs 24 operating between distal end
      caps 40, and proximal end caps 42. The end caps 40 and 42 have extending
      therethrough the extremities of a telescoping rod, each of the extremities
      external of the end caps 40 and 42 having an eye member 46 and 48 (FIG 3)
      attached thereto. The eye members 46 at the distal extremity of the
      supports is bored to receive a pin 50 which extends through the right and
      left hand eye members 46 and through the horizontally extending arm 38. In
      like manner, the eye members 48 at the proximal extremity of the springs
      is drilled to receive a pin 52 which is of sufficient length to pass
      through the parallel upstanding walls 36 of the channel member 20. The
      securement of the ends of the pins 50 and 52 is conventional, for example,
      a cotter pin. The horizontal arm member 38 is also pivotally secured to
      the channel member 20 by means of a pivot pin 54. Thus, the horizontal arm
      portion 38 is mounted for limited resilient movement in a vertical plane
      about the pin 54. Thus, if the patient should grab or otherwise place a
      downwardly directed load on the apparatus, the springs 24 will allow
      sufficient "give" to absorb such load without damage to the apparatus and
      when the load is released, return the apparatus to its normal unstressed
      position. In more specific embodiments, the eye members 46 and 48 may be
      threadedly secured to the telescoping rods 44 so as to permit some
      adjustment of the apparatus whereby a substantially horizontal disposition
      may be secured. When the apparatus is as nearly to horizontally disposed
      as desired, the apparatus can be adjusted and positioned for viewing by
      the patient with very little effort. For convenience and appearance, the
      articulated arm portion 12 including the horizontally extending arm 38 and
      the communicator support portion later to be discussed is covered with a
      flexible tubular covering 56 conveniently formed of a spirally wound wire
      covered with a thin plastic film. These tubular coverings are of
      conventional structure and commercially available.
PAR  Referring now more particularly to FIGS. 6, 7, 8 and 9, the various
      components are shown in perspective in FIG. 6, and details thereof shown
      in FIGS. 7, 8 and 9. The protective and/or decorative coating or covering
      56 has been removed for better visibility of the parts. The horizontally
      extending arm portion 38 is as shown by the arrows in FIG. 6 disposed for
      limited movement in a vertical plane as controlled by the telescoping rod
      44. Such rods 44 normally have an internal stop at each end of the stroke
      as is well-known. The distal extremity of the horizontally extending arm
      portion 38 is provided with a cut-out 58 on one side thereof to permit the
      installation of the proximal extremity 60 of the articulated arm 12. The
      external diameter of the articulated arm portion 62 is less than the
      internal diameter of the horizontally extending arm portion 38. Thus, the
      provision of a pin 64 vertically extending through the upper tongue
      portion 66, the proximal extremity or end 60 of the arm portion 62 and the
      lower tongue portion 68 provides an axis about which the articulated arm
      portion 62 may rotate. The pin 64 is held against falling out by any
      suitable means such as a cotter pin 70. While there may be a dimensionally
      corresponding opening 67 on the opposite side of the horizontally
      extending arm portion 38, for most purposes only one such opening is
      required, and rotation of the arm portion 62 past center limited or
      entirely prevented.
PAR  The reverse side of the joint between the horizontally extending arm
      portion 38 and the articulated arm portion 62 is shown in enlarged detail
      in FIG. 7. The pin 64 is conveniently provided with a cotter pin 70 to
      hold it in position. Any suitable means of holding the pin 64 may be
      employed, another holding means being illustrated and discussed in
      connection with FIG. 9. In order to provide a relief for the distal
      extremity 60 of the arm portion 62, there may be provided a cut-out
      portion 67. The cut-out portion will also provide for slight over-center
      movement of the arm portion 62 in the direction of the arrow 69. The
      combination of the cut-out portions 58 and 67 will enable folding of the
      arm 62 with respect to the horizontally extending portion 38, except for
      interference with the wall, of almost 180.degree..
PAR  In most cases without loss in rigidity of the tongue portions 66 and 68,
      the smaller cut-out 67 can be made on the opposite side thereof and will
      allow more freedom of movement and slight over-center movement of the arm
      portion 62 relative to the horizontally extending arm 38. It will also be
      found desirable to round off the proximal extremity of the articulated arm
      portion 62 to prevent interference between the proximal extremity 60 and
      the internal side wall of the horizontally extending arm portion 38.
PAR  As indicated the articulated arm 12 is composed of a first articulated arm
      portion 62 and a second articulated arm poriton 72. The distal extremity
      74 of the articulated arm portion 62 is shaped in a manner similar to that
      of the distal extremity of the horizontally extending arm portion 38 for
      pivotal acceptance of the articulated arm portion 72. Thus, there is
      provided a cut-out portion 76 resulting in tongue portions 78 and 80 on
      the upper and lower surfaces of the tubular member 62. The outside
      diameter of the tubular portion 72 is again less than the internal
      diameter of the articulated arm portion 62, and hence the vertical
      extension of a pin 82 through the upper tongue portion 78, the proximal
      extremity 84 of the tubular member 72 and the lower tongue portion 80
      provides a vertical axis about which the articulated arm poriton 72 may
      rotate relative to the articulated arm portion 62 in a horizontal plane.
      The relative rotations of the arm portion 62 and the arm portion 72 is
      indicated by the arrows associated with each such arm portion. As better
      shown in FIG. 8, a cotter pin 86 may be provided for securement of the
      vertically disposed pin 82. Also, in order to permit a slight amount of
      over-center movement of the arm portion 72 with respect to the arm portion
      62, there may be provided a small cut-out 88 of relatively small axial
      dimension to provide some relief for movement of the arm 72. Such a
      cut-out will also reduce interference between the proximal extremity 84 of
      the smaller tube 72 as it pivots about the pin 82 and the inner wall of
      the tube 62.
PAR  The communicator unit 14 is secured to the distal extremity 90 of the
      articulated arm portion 72 by means of a communicator mount generally
      indicated at 92 (FIG. 6).
PAR  FIG. 9 shows a typical elbow for the articulated arm and is a section as it
      appears in the plane indicated by the line 9--9 in FIG. 8. Instead of a
      cotter pin 86 as shown in FIG. 8, the pin 82 may be provided with heads 94
      and 96 to hold the pin 82 in proper position to serve as a vertical axis
      permitting relative movement between the arms 62 and 72.
PAR  Referring now more particularly to FIGS. 10 and 11, there is here shown in
      more detail the communicator mount 92. The communicator mount 92 is best
      shown in exploded relation in FIG. 11 and includes a flanged sleeve 98
      having a bore 100 extending therethrough and a flange 102 drilled as at
      104 to receive mounting bolts for securement to the communicator unit 14,
      such bolts not being shown. The sleeve 98 is provided with a drilled and
      tapped hole 106 into which is later fitted a threaded pin 108 having an
      Allen socket 110 at the distal extremity thereof. A cylinder 112 is
      provided and dimensioned for a sliding fit with the bore 100 and of
      sufficient length to extend beyond the sleeve 98. At the proper axial
      location, there is provided an arcuate slot 114 which is dimensioned to
      receive the inner end of the threaded pin 108. The threaded pin 108 is
      also dimensioned for movement within the confines of the slot 114 without
      interference with the side walls thereof except at the extremities such as
      the extremity 116 which serves as an abutment to prevent further
      rotational movement about the axis of the cylinder 112. The total extend
      of the arcuate slot 116 is less than about 180.degree. and greater than
      0.degree. and preferably 120.degree.. It is positioned so as to allow a
      slight upward inclination of the communicator unit 14 and a vertically
      downward disposition of the television screen 26. Any further extent of
      the slot than these preferred extremities will be dictated by the
      circumstances of the particular installation. However, a rotational extent
      of about 120.degree.  going slightly beyond the vertical by, say,
      10.degree. to 15.degree., and from 10.degree. to 15.degree. below the
      horizontal as best shown in FIG. 10 has been found satisfactory for most
      purposes. These limits will allow viewing of the television from the bed
      as well as from a chair.
PAR  The cylinder or shaft 112 is provided at its distal extremity with a
      vertically directed bore 118. The cylinder 112 is of smaller external
      diameter than the internal diameter of the distal extremity 90 of the
      auxiliary arm portion 72. The distal extremity of the arm portion 72 is
      provided with a cut-out portion 120 similarly to the other arm portions
      above described, and the tongue portions 122 and 124 are suitably drilled
      as at 126 to receive a pin 128. When the parts are assembled, the pin 128
      extends through the hole 126 in tongue portion 122, the bore 118 in the
      proximal extremity of the cylinder 112 and through the bore 126 in the
      tongue portion 124. A cotter 130 may be used to secure the pin in proper
      position. Thus it will be seen, that the communicator mount may be moved
      in a horizontal plane as indicated by the arrows in FIG. 6, and because of
      the pin 108 and the slot 114 permits limited rotation of the communicator
      unit 14 in a vertical plane to accommodate the viewing position of the
      patient.
PAR  The communicator wires, cables, etc., are threaded through the articulated
      arm portion 72 and 62 and through the horizontally extending arm portion
      38 for attachment to appropriate sources of input or output as may be
      required. As indicated, after the wires and cables are installed, the
      entire assembly may be covered with a decorative and protective flexible
      sleeve 56.
PAR  It is believed evident from the foregoing description that the support for
      the hospital communicator system is adapted for convenient storage and
      convenient positioning for use by a patient. Instead of a plurality of
      wires, cables, lines, etc., issuing from diverse spaced points on a wall,
      the present apparatus provides a flexible conduit therefor from a single
      outlet through the wall behind the support bracket 20 and leading to a
      communicator unit combining a plurality of services including television,
      non-emergency call, emergency call, voice communication, etc. Other
      services such as continuous electrocardiogram heart monitoring, etc., may
      also be supplied through the same conduit if desired. The apparatus can be
      constructed to withstand considerable weight applied thereto in a downward
      direction by the patient and because of the resilient mounting means will
      be returned to a substantially horizontal position where minimum friction
      or resistance to adjustment by the patient will be encountered. When a
      doctor is examining the patient or the equipment is to be stored, the
      apparatus is readily adaptable to a stored position such as shown in
      dotted lines in FIG. 2 well out of the way.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A support for a hospital communications system and television comprising
      in combination:
PA1  a. a wall mount including a bracket adapted to be secured to the wall
      adjacent a patient's bed, a horizontally extending arm pivotally mounted
      on a transverse horizontal axis onto said bracket and resilient means
      extending between said bracket and said horizontal arm for resiliently
      holding said arm in a generally horizontal position;
PA1  b. an articulated arm secured to the distal extremity of said horizontally
      extending arm of said wall mount by a vertically axised pivot and
      including at least two arm portions pivotally secured together at
      confronting extremities by a vertically axis pin; and
PA1  c. a communicator mount including a flanged sleeve for securing the mount
      at one end to a communicator unit, having signal transmitting means and
      signal receiving means, and a cylindrical member pivotally secured to said
      articulated arm by a vertically axised pin, and means coacting between
      said first and second means for selectively rotating said communicator in
      a vertical plane through a limited arc greater than 90.degree. and less
      than 180.degree. for convenient viewing by a reclining or sitting patient.
NUM  2.
PAR  2. A support in accordance with claim 1 in which the selective rotation
      means includes an arcuate slot in said sleeve and a pin extending from
      said cylindrical member for coaction in said slot to limit rotation of the
      cylindrical member and limit axial movement thereof relative to said
      sleeve.
NUM  3.
PAR  3. A support for a hospital communication system and television comprising
      in combination:
PA1  a. a wall mount including a channel-shaped bracket having parallel
      projecting flange members, said bracket adapted to be secured to the wall
      adjacent a patient's bed, a horizontally extending arm pivotally mounted
      on a transverse horizontal axis onto said flange members and resilient
      means for resiliently holding said arm in a generally horizontal position
      including a coil spring coacting around a telescoping rod member and
      between end caps pivotally secured on horizontal axes to said bracket and
      said horizontal arm, respectively;
PA1  b. an articulated arm secured to the distal extremity of said horizontally
      extending arm of said wall mount by a vertically axised pivot and
      including at least two tubular arm portions pivotally secured together at
      confronting extremities by a vertically axised pin; and
PA1  c. a communicator mount including a flanged sleeve for securing the mount
      at one end to a communicator unit, having signal transmitting means and
      signal receiving means, and a cylindrical member pivotally secured to said
      articulated arm by a vertically axised pin, and means coacting between
      said first and second means for selectively rotating said communicator in
      a vertical plane through a limited arc greater than 90.degree. and less
      than 180.degree. for convenient viewing by a reclining or sitting patent,
      said selective rotation means including an arcuate slot in said sleeve and
      a pin extending from said cylindrical member for coaction in said slot to
      limit rotation of the cylindrical member and limit axial movement thereof
      relative to said sleeve.
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PAL  A wall-mountable rack for a liquefied gas bottle comprises a base having
      two vertical angle iron members, an angle iron support member extending
      horizontally from the base, the angle iron support member having its ends
      attached to the two base members and having its flanges directed upwardly
      and inwardly to provide horizontal and vertical support to a bottle placed
      thereon, and means for maintaining the angle iron support in a horizontal
      position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Campers, recreational vehicles, such as motor homes, some trailers, and
      other living units which can be moved from place to place usually require
      an auxiliary source of fuel for utilities. While some recreational
      vehicles which are located in mobile home parks on a semipermanent basis
      may be connected to sources of natural gas and/or electricity supplied by
      local utilities, most such vehicles use liquefied propane or butane or a
      mixture thereof as a source of fuel for the living unit. These liquefied
      petroleum gases (LPG) may be stored in large tanks of several hundred
      gallons, or may be obtained in standard sized portable containers of 5,
      10, or 20 gallons. Specifications of these containers are prescribed by
      Federal law. These tanks may be stored at various locations inside or
      outside of the vehicle; however, many of the built-in storage
      installations are inherently unsafe.
PAR  In many cases, especially during times of heavy LPG usage, storage space
      for additional LPG bottles is highly useful. In view of the efficiently
      designed interiors of most mobile homes resulting in a minimum of unused
      space, there is usually insufficient storage space inside for extra LPG
      containers. In addition, a potential safety hazard may result from inside
      storage of these bottles. Accordingly, attempts have been made to build
      brackets or supports outside of the vehicle to hold the extra bottles.
      Many times these supports are adequate when the vehicle is stationary;
      however, some problems have been encountered with LPG containers coming
      loose or falling from outside supports onto the road while the vehicle is
      in motion.
PAR  It is therefore an object of the invention to provide an LPG bottle holder
      which can be mounted on the outside wall of a mobile home or other
      recreational vehicle, either as original equipment or as an add-on, which
      is compact but structurally strong.
PAR  It is a further object of this invention to provide an LPG bottle holder
      which firmly secures the bottle such that it can remain in place on the
      outside of a moving vehicle without danger of the bottle falling off of
      the holder.
PAC  SUMMARY OF THE INVENTION
PAR  The invention consists of a wall-mountable rack holder for standard size
      LPG containers. The holder comprises two parallel vertical angle iron base
      members, a rigid horizontal angle iron bottle support member having its
      ends attached to the two base members, the angle iron flanges directed so
      as to support the bottle horizontally and vertically. The vertical angle
      iron flange has two axially aligned holes adapted to receive bolts which
      penetrate the flange and the base of the LPG bottle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective drawing of the rack of the invention;
PAR  FIG. 2 is a side view of an LPG bottle in place on the rack;
PAR  FIG. 3 is a detail drawing of an alternative design for the front of the
      rack support; and
PAR  FIG. 4 is a cross-sectional view of an LPG bottle bolted in place on the
      rack.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the wall-mountable base comprises parallel vertical
      angle iron members 1 and 2 which are spaced apart at a fixed distance by
      steel strips 3 and 4 located at approximately the top and bottom of the
      base. These strips are preferably welded to the angle iron members at the
      strip ends, but may be removably mounted, e.g., with bolts. The strips add
      strength to the base member and although the rack is operable without
      either of the strips, at least one strip is helpful in maintaining the
      rigidity of the base, especially if the bottle support section 6 is
      removably mounted to the base. Optional holes 5 in angle iron members 1
      and 2 are used for mounting the unit on a wall, either by bolts, or by
      hanging on pegs or hooks. For permanent mounting, frame members 1 and 2
      can be welded or riveted to the wall.
PAR  Rigid bottle support member 6 extends in a horizontal plane from the base
      member, and is fabricated from an angle iron having its vertical flange 7
      extending upwardly and horizontal flange 8 extending inwardly. The ends of
      support member 6 are attached to the two vertical angle iron base members
      1 and 2 by bolts 9 and 10. The bolts are secured by standard locking nuts
      on the inside of the angle iron member, shown as nut 11 for bolt 10.
PAR  The liquefied gas bottle rests on the forward curved section 12 of
      horizontal support 6, and on steel support strip 13. The bottle base,
      shown as 35 in FIG. 2, is circular, and the support structure is
      dimensioned such that the diameter of the curved section 12 is slightly
      greater than the diameter of the bottle base. Accordingly, the base of the
      bottle rests on horizontal flange 8, and is supported at the back by steel
      strip 13 which is welded to the angle iron at points 14 and 15. Additional
      support in the horizontal plane is provided to the bottle by vertical
      flange 7, which helps to prevent the bottle from sliding or tipping off of
      the support. If desired, the horizontal piece comprising support 6 and
      strip 13 may be fabricated by stamping from one piece of metal. Similarly,
      the base comprising elements 1, 2, 3, and 4 may be stamped from a single
      member.
PAR  The horizontal angle iron support member is further strengthened and
      maintained in a horizontal position by steel struts 16 and 17, which
      attach to the bottom of vertical base members 1 and 2, respectively, with
      bolts 18 and 19. Bolt 19 is held in place with locking nut 20, and bolt 18
      is also locked with a nut (not shown). The struts are made from steel
      strips; however, if a large LPG container must be supported, the struts
      may also be made from angle iron.
PAR  The upper ends of struts 16 and 17 are attached to bottle support structure
      6 at the ends of the diameter of the semicircular section 12. At this
      location, the axially aligned bolt-receiving holes in the vertical angle
      iron flanges coincide with the opposing holes in the cylindrical bottom of
      standard LPG containers. Accordingly, when the LPG bottle is in place,
      bolt 21 extends through the side wall of the cylindrical bottom flange on
      the bottle, and also through holes in the angle iron and in strut 17. The
      bolt is then fastened with a locking nut, which may be easily removable
      such as a wing nut, securing both the bottle and the strut to the angle
      iron. Similar fastening means exists on the opposite side of the support,
      where bolt 23 and nut 24 secure the other side of the bottle flange and
      the top of strut 16 to the angle iron. If desired, permanent fastening
      means such as welding may be used for these joints; this would likely be
      the case for a permanent, original equipment installation.
PAR  The fastening of the bottle to the structure is also seen in FIGS. 2-4.
      FIG. 2 shows a side view of LPG bottle 30 locked in place on the bottle
      holder with bolt 21 and fastening nut 22 being visible. Bolt 21 extends
      outwardly through the bottle base 35, the vertical flange of support 6,
      and strut 17, and is bolted on the outside.
PAR  Another suitable fastening arrangement is shown in FIG. 3, which shows a
      single long bolt 28 threaded on each end which can extend through the
      diametrically opposed holes in the bottle base, shown in phantom as 31,
      and through the vertical angle iron flanges of the support structure and
      the struts. The bolt is locked on either end with nuts 32 and 33. When
      removing the bottle from this rack, only one nut need be removed, and the
      bolt can be slipped out through one end. A long bolt having only one
      threaded end may be used instead of a double threaded bolt, if desired.
PAR  FIG. 3 also shows an alternate design for the horizontal support structure,
      with the angle iron support being fabricated from three welded angle iron
      sections. Parallel sections 26 and 27 make up the side members, and front
      section 25 is welded perpendicularly to sections 26 and 27 to form a
      squared-off front end of the support. Bottle bottom 31 then rests on the
      horizontal flanges of angle iron members 25, 26 and 27, and on supporting
      strip 29, which is also welded perpendicularly to members 26 and 27. In
      this manner, firm support for the bottle is maintained even though the
      front section is not curved to fit the cylindrical bottle base as shown in
      FIG. 1.
PAR  FIG. 4 shows cross-sectional detail of an LPG bottle bolted to the rack.
      Bottle 31 having cylindrical base 35 sets on the horizontal flange of
      angle iron 6. Long bolt 28, secured on the outside by nut 32, passes
      successively through holes in strut 17, angle iron 6, and bottle base 35,
      thus securing the bottle to the rack.
PAR  The dimensioning of the rack will vary depending on the LPG tank size to be
      supported and is easily within the skill of the art. For a standard tank
      meeting Interstate Commerce Commission specifications having an 8 inch
      base diameter, the distance between inside edges of the vertical angle
      iron flanges should be slightly more than 8 inches, e.g., 81/4 inches -
      83/4 inches, at the holes. The back edge of support strip 13 (or 29)
      should be about 4 inches back from the center of the bolt holes in order
      to provide adequate support for the back edge of the bottle base. A
      typical height for angle iron members 1 and 2 is about 2 feet for a 5
      gallon bottle. For an 8 inch diameter bottle base, the total distance from
      the back to the front of the rack unit is about 11 inches - 12 inches.
PAR  As pointed out above, parts of the unit may be stamped from sheet metal to
      provide a minimum number of pieces. However, in a particularly preferred
      embodiment of the invention, the unit is collapsible to enable easy
      packaging for storing or mailing. By removing bolts shown in FIG. 1 as 9,
      10, 18, 19, 21, and 23, the unit separates into four sections (the base
      unit comprising members 1, 2, 3, and 4; the horizontal support comprising
      members 6 and 13; and the two struts 16 and 17). These four sections are
      easily and quickly assembled or torn down for storage.
PAR  The term "angle iron" as used herein for convenience to describe the
      material from which several pieces of the rack are fabricated means any
      rigid support member having two flanges located at right angles with
      respect to each other. The material need not be iron or steel, but may be
      any metal, plastic, or fiberglass material which has sufficient strength
      to provide support to the bottle.
PAR  While one specific embodiment of the invention has been described in
      detail, many modifications will be obvious to those skilled in the art
      which will be within the scope of the concept of the invention. The scope
      of the invention shall not be construed to be limited by materials of
      construction, methods of attachment of one piece to another, or methods of
      fabrication of the various pieces. Furthermore, features may be added to
      the rack of the invention, such as a cover to protect the bottle from the
      elements, and still be within the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wall-mountable rack for safely securing a liquefied gas container
      having a base of substantially circular cross-section to the outer wall of
      a vehicle under rough road conditions, said base having axially aligned
      holes in opposite sides thereof, comprising:
PA1  a base, attachable to a wall, comprising two vertical rigid members;
PA1  a platform attached to and extending horizontally from the base having two
      spaced parallel angle iron sides with an upwardly directed vertical flange
      and an inwardly directed horizontal flange, the vertical flange on each
      side having an axially aligned hole adapted to receive bolt means for
      securing the base of a liquefied gas container to the platform;
PA1  support means for maintaining the platform in the horizontal plane
      comprising rigid support members extending from each side of the platform
      downwardly toward the base, each support member having a hole in the upper
      end thereof axially aligned with the axially aligned holes in the vertical
      flange of the platform sides;
PA1  bolts means extending through the holes in the support member, the vertical
      flange, and the container base, thereby rigidifying the rack and securing
      the container to the rack; and
PA1  fastening means for securing the lower end of each support member to the
      base.
NUM  2.
PAR  2. The rack of claim 1 wherein the two holes in the vertical flanges of the
      two sides are located at a distance from each other slightly greater than
      the outside diameter of the base of the container to be secured thereon.
NUM  3.
PAR  3. The rack of claim 1 also comprising a single bolt adapted to extend
      through the axially aligned holes in the vertical flanges of the platform
      sides, and fastening means for securing the bolt in place.
NUM  4.
PAR  4. The rack of claim 1 wherein the platform also comprises a flat rigid
      member extending between and secured to the horizontal flanges of the
      parallel angle iron sides, said member being located between the base and
      the front of the platform.
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ABST
PAL  Pneumatic means comprising a hollow mandrel or hollow tube having secured
      around its outer surface along the length thereof according to one
      embodiment, a flexible open-cell polyurethane foam sleeve and an outer
      skin formed of a flexible non-permeable plastic such as a vinyl plastic
      skin adhesively secured to the outer surface of the flexible open-cell
      foam sleeve, and air passages for communication between the interior of
      the mandrel and the open-cell foam sleeve, the resulting assembly being
      positioned in a mold for production of cored structural panels. In
      operation the tool assembly is placed under pressure and expanded to force
      the plastic skin of the assembly outwardly during pouring and setting of
      the construction material, e.g., a cement or cement-polymer composition in
      a mold, and after setting thereof the tool assembly is subjected to
      reduced pressure or a vacuum to withdraw the plastic skin from the set
      composition, e.g., in the form of a molded panel, to facilitate removal of
      the tool from the molded panel, thereby forming a cored construction
      material or panel. Also included as a feature, pneumatic means in the form
      of a bellows arrangement comprising an external flexible, e.g., rubber,
      corrugated member, and in the interior of such corrugated member a
      permeable open-cell, e.g., polyurethane, foam, and tensioning means, said
      bellows being inflatable for applying pressure to force a contact, e.g.,
      honeycomb, member mounted on the bellows, against an outer surface of a
      casting composition in a mold, to form an outer surface for a structural
      molded panel, and which bellows can be deflated to facilitate removal of
      the pneumatic tool and associated members from the mold following setting
      of the panel construction. Also included, means providing a combination or
      arrangement of a plurality of both said mandrel and bellows assemblies for
      provision of a cored molded structural panel containing outer surfaces of
      a predetermined, e.g., smooth or textured, configuration.
PARN
PAR  This is a division, of application Ser. No. 378,337, filed July 11, 1973
      now U.S. Pat. No. 3,831,898, which in turn is a division of application
      Ser. No. 129,039, filed Mar. 29, 1971, now U.S. Pat. No. 3,768,769.
BSUM
PAR  This invention relates to novel pneumatic means or tools for production of
      molded construction materials, particularly designed for formation into
      molded panels and other structural shapes for general construction
      purposes, and is particularly concerned with the provision of specially
      designed mandrels, bellows and associated means, which can be operated
      pneumatically and placed under pressure in a mold during pouring and
      setting of a casting, e.g., cement, composition, and placed under reduced
      pressure or a vacuum to facilitate removal of the tools following setting
      of the casting composition, and particularly designed for use in the
      fabrication of cored structural panels.
PAR  There has developed in recent years especially for use in residential as
      well as in commercial building construction, a need for large panels of
      molded casting, e.g., cement-containing, compositions, for wall, floor and
      roof construction, and particularly adapted for prefabrication at a
      factory site, and for transporting of such prefabricated structures to the
      building site. Panels of this type generally are cored, that is, contain a
      multiplicity of hollow cores of various configurations, such cores
      generally extending throughout the entire length or height of the panel.
      The cores of the panel may be employed as electrical conduits or as fluid
      passage means for transporting air, water or any other suitable fluid.
      Such cores may be filled with insulation for improved thermal control.
      Further, panels of this type require undamaged outer surfaces either of a
      smooth, e.g., planar, configuration, or of a predetermined other
      configuration, e.g., of an artistic design or facing.
PAR  In the production of molded cement or cement composition panels of large
      size and which are cored and surfaced as noted above, it is necessary to
      employ suitable tools, which are inserted into the mold during pouring and
      setting of the casting, e.g., cement composition, and are withdrawn
      following setting. Particularly where, for example, a relatively large
      number of tools are employed in a single mold for providing a single large
      cored panel, it is necessary that such tools be capable of being rapidly
      withdrawn from the molded composition without sticking to the molded panel
      structure and also without injuring the surfaces of the usually only
      partially set panel structure, with which the tools are in contact during
      pouring of the casting composition and setting thereof, so as to provide
      suitably cored panels, the walls of the cores being smooth and undamaged,
      and having outer undamaged surfaces of predetermined, e.g., smooth,
      configuration. The ability especially to provide for facile and rapid
      withdrawal of the tools from a mold following setting of the panels
      therein is especially important so as to permit rapid and economical
      operation and production.
PAR  According to the present invention, pneumatic tools in the form of
      specially designed mandrels, bellows and associated means in combination
      therewith have been developed to achieve the above purposes. According to
      one feature of the invention, there is provided a pneumatic mandrel
      assembly for production of cored molded panels, which comprises a mandrel
      in the form of a hollow rigid tube, a flexible fluid permeable sleeve of
      substantial thickness positioned around and adhesively secured to the
      outer periphery of said tube, a thin outer flexible elastomeric
      non-permeable sheet adhesively secured around the outer periphery of said
      sleeve, said tube being apertured and providing fluid communication
      between said tube and said sleeve, and pneumatic means connected to said
      tube to apply fluid pressure or a vacuum to the interior of said tube and
      said sleeve. Thus, according to one embodiment, a mandrel comprising a
      metal, e.g., aluminum, hollow tube is provided with predetermined spaced
      holes therein, which communicate with a permeable open cell, flexible,
      e.g., polyurethane, foam outer sleeve which is securely adhered to the
      outer surfaces of the tube, and a non-permeable flexible plastic sheath or
      skin is securely disposed around the flexible permeable foam sleeve, the
      permeable foam sleeve and non-permeable outer plastic skin extending
      substantially the entire length of the mandrel. This structure permits
      compression of the outer flexible sleeve and outer plastic skin carried on
      the tube against a casting, e.g., a cement, composition poured into a
      mold, so as to form a core in the molded composition, and permits
      deflation of the flexible sleeve and outer skin assembly around the
      mandrel following setting of the surrounding molded structure in the mold,
      following at least partial setting, to remove the outer skin of the
      mandrel assembly from contact with the adjacent walls of the core and
      allowing rapid removal of the mandrel assembly from the mold without
      injury to the surface characteristics of the cored construction or panel.
PAR  A substantial number of such mandrel assemblies, including the outer
      flexible foam sleeve and plastic skin, all can be attached to or mounted
      on a header or manifold assembly for simultaneous application of pressure
      to all of the inflatable mandrel assemblies during the molding operation,
      and for simultaneous application of a vacuum to all of such assemblies
      following molding to facilitate removal of the mandrel assemblies as noted
      above.
PAR  Also, in the production of large structural cored panels as noted above,
      the molding of the sides of the panels is facilitated by provision of
      additional pneumatic means employed in operative association with the
      above described pneumatic mandrels, in the form of a bellows assembly or
      arrangement. Thus, according to another feature of the invention there is
      provided a pneumatic bellows assembly for production of molded panels,
      which comprises a flexible non-permeable outer, e.g., corrugated member, a
      flexible open cell plastic foam which is maintained or foamed in position
      within said flexible outer member of said bellows by suitable tensioning
      or restraining means, e.g., a plurality of permeable flexible plastic foam
      segments in said bellows disposed between individual corrugations of said
      flexible corrugated outer member and a flexible permeable tensioning sheet
      bonded between adjacent said flexible plastic foam segments, a contact
      plate mounted on one end of said bellows assembly, and pneumatic means
      connected to said bellows assembly to apply fluid pressure or a vacuum to
      the interior of said bellows assembly, whereby expansion of said bellows
      assembly to permit contact of said contact plate with a casting material
      in a mold, provides a panel having an outer surface of a predetermined
      contour such as a smooth outer surface, formed by the contact plate of
      said bellows assembly.
PAR  According to the above feature of the invention, a bellows assembly is
      provided having a flexible accordion shaped, e.g., corrugated, rubber
      member enclosing a plurality of segments of open-cell permeable flexible,
      e.g., polyurethane, foam, such segments being positioned between adjacent
      corrugations and being secured together by means of a tensioning sheet,
      e.g., a fiberglass scrim, bonded to the adjacent foam segments and to the
      interior surface of the adjacent corrugations, with a contact plate, e.g.,
      in the form of a honeycomb panel, mounted on one end of the bellows and a
      header arrangement mounted on the other end of the bellows and having
      holes therein for air communication from the header to the interior of the
      bellows for application of pressure or a vacuum for inflating or deflating
      same. A pair of such bellows is employed according to a feature of the
      invention, and the contact plates, e.g., in the form of the above
      honeycomb panels, are suitably arranged and maintained in position in a
      casting cell, so that upon inflation of the bellows during pouring and
      setting of the panel, such contact plates define the outer surfaces of the
      panel to be molded in the cell, and upon deflation of the bellows,
      withdrawal of such contact plates or honeycomb members from the sides of
      the molded panel is permitted, to facilitate removal of the molded panel
      and bellows assembly from the casting cell or mold.
PAR  According to still another feature, there is employed in combination an
      arrangement comprising a plurality of the above mandrel assemblies and a
      pair of the above bellows assemblies for producing a cored molded panel of
      predetermined outer surface contour as described above and illustrated in
      detail hereinafter.
DRWD
PAR  The invention will be more clearly understood by reference to the
      description below of certain embodiments of the invention, taken in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 is a partial perspective view of a cored hybrid foam panel produced
      employing the pneumatic mandrel assembly of the invention;
PAR  FIG. 2 is a perspective view showing an assembly of pneumatic mandrels
      according to the invention mounted on a header and positioned in a casting
      cell for producing the cored panel of FIG. 1;
PAR  FIG. 3 is a section in elevation of the assembly of FIG. 2, taken on line
      3--3 of FIG. 2, showing a pneumatic mandrel within the set panel formed in
      the casting cell illustrated in FIG. 2;
PAR  FIG. 4 is a longitudinal section, shown partly broken away, of a mandrel
      according to the invention, comprising a hollow tube, and flexible foam
      sleeve and outer plastic skin secured thereto, mounted on a header;
PAR  FIG. 4a illustrates a modified mode of attachment of a mandrel to a header;
PAR  FIG. 5 is a detail of the lower end of the assembly of FIG. 4, taken at the
      circled arrow 5 in FIG 4;
PAR  FIG. 6 is a section taken on line 6--6 of FIG. 4;
PAR  FIG. 7 is an exploded view of one mode of fabrication and assembly of the
      embodiment illustrated in FIGS. 4 and 6, showing a mode of attachment and
      assembly of the flexible foam sleeve in the form of four strips on the
      hollow tube, and of the outer skin to the foam sleeve and tube;
PAR  FIG. 8 illustrates the assembly of the elements of FIG. 7;
PAR  FIG. 9 illustrates a modified form of attachment of the ends of the outer
      skin to the flexible foam sleeve and the end portions of the tube.
PAR  FIG. 10 illustrates a modification of assembly and mounting of the flexible
      foam sleeve on the mandrel;
PAR  FIG. 11 shows the folding of an end portion of the outer flexible skin in
      the form of a flap in position around the outer end of the foam sleeve;
PAR  FIG. 12 illustrates a modification of the manner of adhesively securing the
      outer skin on the foam sleeve;
PAR  FIG. 13 illustrates a modification for formation of the outer skin on the
      flexible foam sleeve;
PAR  FIG. 14 illustrates a modification of the cross sectional configuration of
      the outer foam sleeve and plastic skin thereon;
PAR  FIG. 14a illustrates another feature of the invention for varying the
      density of the plastic foam sleeve;
PAR  FIG. 14b illustrates a modification employing both male and female mandrel
      assemblies;
PAR  FIG. 15 illustrates the pneumatic bellows tool according to the invention;
PAR  FIG. 15a is a detail illustrating expansion of the pneumatic bellows of
      FIG. 15, taken at the circled arrow 15a in FIG. 15;
PAR  FIG. 16 illustrates an assembly forming a casting cell, and employing the
      pneumatic mandrel assembly and the pneumatic bellows assembly tools
      according to the invention; and
PAR  FIG. 17 is a perspective view showing the components of FIG. 16 in
      operative relation in the casting cell of FIG. 16.
DETD
PAR  Referring to FIG. 1 of the drawing, the pneumatic mandrel and bellows
      arrangements of the invention are designed particularly for the production
      of cored molded, e.g., cement or gypsum foam composition, panels of the
      tpye indicated at 20, having a plurality of square shaped cores 22 which
      are separated by integral ribs 24, and which may have roving, e.g.,
      fiberglass roving, illustrated at 26, embedded or molded in the panel.
PAR  Referring particularly to FIG. 4 of the drawing, for producing the molded
      panel 20 of FIG. 1, there is provided according to the invention, a
      pneumatic mandrel comprising a rigid tube 28 formed of a metal, such as
      aluminum, which is hollow, with a closure 30 at one end, i.e., the upper
      end, containing an air passage 31, and an opposite or bottom closure 32,
      the tube having a square cross section, as seen in FIG. 6, and being
      provided at spaced intervals along the length of the tube with a plurality
      of holes 34, there being four such equally spaced holes at each horizontal
      plane of a plurality of spaced planes containing such holes in the tube or
      mandrel, including a hole 34 in each side of the square tube in each of
      such horizontal planes, as best seen in FIG. 6. It will be understood that
      any number of such holes 34 can be employed in any desired spaced
      arrangement. Adhesively secured to the outer surface of the tube 28 is a
      square shaped flexible open-cell, permeable plastic foam sleeve 36 of any
      suitable flexible foam composition, such as flexible open-cell
      polyurethane foam. The holes 34 in the tube or mandrel 28 provide fluid
      communication between the interior of the mandrel and the interior of the
      open-cell foam sleeve 36. Around the square shaped flexible foam sleeve 36
      is adhesively secured an outer flexible fluid or gas impermeable
      elastomeric skin 38.
PAR  The upper closure member 30 of the tube 28 carries a hollow extension 40,
      which is inserted into and suitably connected as by threaded engagement
      with a nut 41 and O-ring seal 41', with a header 42, and the tube or
      mandrel 28, with the elements 36 and 38 mounted thereon, is thus suitably
      connected and supported on the header 42. The extension 40 is provided
      with holes or appertures 43 for fluid communication with the interior of
      the header 42.
PAR  There is illustrated in FIG. 4a a modified form of connection for mounting
      the mandrel assembly on the header 42, comprising an attachment means in
      the form of a metal sleeve 44 carrying a square shaped lower portion 45
      which is press fitted into the upper end of the mandrel 28, and the sleeve
      44 is mounted on the header by means of a threaded connection and mating
      nut 46, the sleeve 44 having holes or apertures 48 therein for
      communication with the header 42, to provide fluid communication between
      the interior of the tube or mandrel 28 and the interior of the header.
PAR  Referring now particularly to FIGS. 7 and 8 of the drawing, illustrating
      one mode of assembly of the flexible foam sleeve 36 and flexible plastic
      skin 38 on the rigid core or mandrel 28, transfer tape or adhesive at 50
      is applied to a pair of opposite sides of the square tube or mandrel 28,
      and the tapes are perforated at 52 for communication with the adjacent
      holes 34 in the sides of the mandrel 28. Open cell flexible polyurethane
      foam strips 54 are then applied and adhered to the transfer tapes 52, as
      seen in FIG. 8. Transfer tapes or adhesive indicated at 56 are then
      adhered along the outer surfaces of the ends of foam strips 54 and the
      outer surfaces of the other two opposite sides of the mandrel 28, and the
      wider elongated strips 58 of open-cell flexible polyurethane foam are then
      adhered to the transfer tapes 56 which are adhered to opposite end
      surfaces of strips 54 and to opposite sides of mandrel 28, as illustrated
      in FIG. 8. Prior to application of strips 58 to transfer tapes 56, holes
      57 are made in the tapes 56 adhered to the sides of the mandrel, such
      holes 57 being in alignment with the adjacent holes 34 of the mandrel.
      Transfer tapes 50 and 56 are transparent or translucent to permit
      puncturing the holes 52 and 57 therein in alignment with the adjacent
      apertures 34 of the tube or mandrel 28.
PAR  Transfer tape indicated at 60 is then applied to the entire outside surface
      of the assembled polyurethane foam strips 54 and 58, as seen in FIG. 8, by
      means of individual lengthwise tape strips for each side of the
      polyurethane foam sleeve formed of the foam strips 54 and 58. A
      non-permeable flexible elastomeric outer sheet or skin 38 is then applied
      as a single sheet over the tape 60 on all four sides of the foam sleeve 36
      formed of the strips 54 and 58, such outer skin being, for example, a
      polyurethane rubber sheet, e.g., 3 to about 10 mils thick, or a
      polyethylene film, vinyl chloride polymer film, or a prevulcanized rubber
      of comparable thickness. Prevulcanized rubber non-permeable sheet has been
      found particularly effective for use as the outer skin or envelope around
      the tube and flexible foam assembly, since it is particularly effective in
      operation and is less subject to damage by abrasion, and is puncture
      proof.
PAR  Referring to FIGS. 4, 5 and 11, the outer opposite extending ends 62 of the
      flexible skin 38 are each turned over the ends of foam sleeve 36, and then
      inward, as illustrated at 64, by cutting the end portions of the sheet 38
      along the four outer edges thereof and folding inward to form a flap, and
      the inwardly folded portion 64 is adhesively secured to the transfer tapes
      56, 52 secured to the outer surface of the mandrel 28.
PAR  In a modification according to FIG. 9, if desired, a separate U-shaped flap
      67 of flexible plastic of the same composition as skin 38 can be
      adhesively secured to the outer ends 69 of the outer skin or sheet 38,
      extending around the outer ends of the foam sleeve 36, and adhesively
      secured at 71 to the transfer tape 56, 52 on the outer end surfaces of the
      tube 28, to render the outer skin 38 air tight.
PAR  In accordance with alternative embodiments for forming a flexible
      non-permeable outer skin on the flexible foam sleeve 36, as illustrated in
      FIG. 12, an outer flexible non-permeable skin or sheet indicated at 66,
      can be adhesively secured to and around the outer surface of foam sleeve
      36, e.g., by means of transfer tape, as illustrated at 60 in FIG. 7, or by
      application of adhesive to the outer surface of the foam sleeve 36, and
      the outer skin 66 rolled around the entire outer surface of the sleeve 36,
      and the outer edges of sheet 66 lap sealed to each other as illustrated at
      68. Alternatively, the outer skin can be formed on the foam sleeve 36 as
      illustrated in FIG. 13, by dipping the outer surfaces of the foam sleeve
      36 in a suitable latex 70 of elastomer provided in a container, and
      following withdrawal of the mandrel assembly with the latex coated sleeve
      38, the latex is cured to form the non-permeable outer skin adhesively
      secured to the foam sleeve. In a further modification the outer skin can
      be fabricated as a single seamless piece including the end flaps 62, 64 as
      shown in FIG. 11 by dipping a suitable tooling form in a latex or solution
      of a suitable elastomer to form the integral skin including such flaps,
      and the elastomeric skin thus formed after curing is stretched off the
      tooling form and stretched over the flexible foam sleeve 36, as
      illustrated in FIG. 11.
PAR  In FIG. 10 is illustrated a further modification for forming the foam
      sleeve around the mandrel 28. According to this embodiment, a plurality of
      square shaped foam segments 72 each containing a square aperture 73
      therein having the dimensions corresponding approximately to the
      peripheral outer surface of the square mandrel 28, are progressively
      mounted on the mandrel in contact with each other and secured to the outer
      surfaces of the mandrel, e.g., by means of transfer tape or adhesive
      initially positioned on the outer surfaces of the mandrel. The resulting
      open-cell foam sleeve 36' is thus formed of the stacked individual foam
      segments 72, each of which can be secured to adjacent segments, if
      desired, by means of transfer tape or a suitable adhesive.
PAR  In preferred practice, as illustrated in FIGS. 6, 7 and 8, the flexible
      foam sleeve can be machined at the corners to form rounded or relieved
      corners as indicated at 74 to improve the ability of the foam sleeve to
      collapse inward upon application of a vacuum to the interior of the
      mandrel and the foam sleeve, during operation of the tool, as described in
      greater detail hereinafter.
PAR  It will be understood of course that the flexible foam sleeve can have any
      desired cross sectional configuration depending upon the cross sectional
      configuration of the cores which are desired in the cored panel. Thus,
      although in usual or preferred practice, square shaped cores are formed in
      a molded panel, as illustrated in FIG. 1, and accordingly square shaped
      foam sleeves 36 are mounted on the mandrel in accordance with the
      invention as described above, for producing such square shaped cores, the
      cores of the cored panel can have other shapes, such as for example, round
      or hexagonal, and under such conditions, the flexible foam sleeves mounted
      on the mandrel and the mandrel generally have a corresponding cross
      sectional shape, such as the hexagonal shapes illustrated at 76 and 28' in
      FIG. 14, with the outer non-permeable flexible skin 38 adhesively secured
      thereto as noted above.
PAR  In operation, a plurality of pneumatic mandrel assembles 78 in FIG. 4,
      comprising the tube or mandrel 28, flexible foam sleeve 36 and flexible
      plastic outer skin 38, mounted on the header 42, are positioned in a
      casting cell or mold indicated at 79 in FIGS. 2 and 3, in which a casting
      or cement composition is to be poured for producing a molded cored panel,
      as indicated at 20 in FIG. 1. If desired, and in preferred practice,
      suitable roving, e.g., fiberglass roving, as indicated at 26 in FIGS. 1
      and 2, can be positioned in the casting cell or mold 79, as by mounting on
      a frame of the type illustrated at 102 in FIG. 17, and described
      hereinafter, prior to introduction of the casting or cement composition
      into the mold, to reinforce the structural panel to be formed in the mold.
      However, such roving is optional and may or may not be employed.
PAR  Air pressure is applied via header 42 and the interior of the mandrel 28
      and via the holes 34 therein to the flexible foam sleeve 36, causing such
      foam sleeve to expand taut, together with the outer flexible plastic skin
      38, as indicated by the arrows in FIG. 5, to the dotted line position A
      shown in FIG. 6. A casting or cement composition, which, for example, can
      be a polymer-inorganic hybrid foam, produced according to the process of
      my U.S. Pat. No. 3,775,351,  by whipping air into a resin emulsion, such
      as a polyvinyl acetate emulsion, to establish a pre-foam of resin emulsion
      bubbles, and adding an inorganic phase, such as Portland cement or gypsum,
      is poured into the mold to a predetermined height therein and into contact
      with the series of mandrel assemblies 78 according to the invention, which
      are positioned in the mold. It will of course be understood that the
      pneumatic mandrel of the invention can be employed in producing cored
      panels formed of any type of casting or cement composition. Upon pouring
      of the casting composition into the mold, the inflated or expanded
      flexible foam sleeve 36 and flexible outer plastic skin 38, expanded to
      the position A illustrated in FIG. 6, resists the static head or pressure
      of the casting medium or cement composition against the sides of the
      assembly, and such pressure of the cement composition against the mandrel
      assembly tends to compress the pressurized expanded foam sleeve 36 and
      flexible outer skin 38 back approximately to its normal full line
      essentially square shape illustrated in FIG. 6, thus equalizing the
      internal and external pressure on the mandrel assembly.
PAR  After pouring of the casting material or cement composition, e.g., the
      polymer-inorganic hybrid foam noted above, into the mold, and after a
      period of setting of the resulting casting material in the mold sufficient
      to permit such material to set to a solid self-supporting mass, e.g., a
      short period of the order of about 10 to about 30 minutes when employing
      the above noted polymer-inorganic hybrid casting foam, the air pressure
      applied to the header or manifold 42 is released and a vacuum, e.g., a 10
      inch vacuum, is applied to the header and the interior of the mandrel 28,
      to collapse the open cell foam sleeve 36 and the outer flexible plastic
      skin 38, and faciliated by the relieved corners 74 of the foam sleeve 36,
      around the tube or mandrel 28, thus shrinking the foam sleeve 36 and the
      outer plastic skin 38 so that this assembly becomes undersized, and the
      outer skin 38 takes the collapsed or shrunken position indicated by the
      dotted lines B in FIG. 6.
PAR  In this shrunken or withdrawn position of the flexible foam sleeve 36 and
      the outer skin 38, the outer skin 38 is now free from contact with the set
      adjacent wall of the casting composition with which it was in contact
      during the pouring and setting of such composition, forming the cores 22
      in the cast panel 20. For example, employing a 2 .times. 2 inch mandrel
      assembly 78 having a 1 .times. 1 inch inner aluminum tube 28, the foam
      sleeve 36 and flexible skin 38 on the mandrel will collapse inwardly at
      least about 1/4 inch. In this collapsed position of the flexible foam
      sleeve 36 and the flexible outer skin 38 as illustrated at B in FIG. 6,
      withdrawing same from contact with the adjacent walls of the casting
      composition, the mandrel assemblies 78 can now be withdrawn with the
      header 42 from the mold and the cast panel 20, e.g., in the direction of
      the arrow 81 indicated in FIG. 2, to form the square shaped cores 22
      separated by the integral ribs 24, and providing the cored panel 20
      illustrated in FIG. 1. Alternatively this arrangement can be inverted and
      the header 42 can be positioned at the bottom, and the mandrel assemblies
      withdrawn downward.
PAR  After removal of the mandrel assemblies 78 together with the header 42 from
      the mold and from the cast panel 20, air is readmitted to atmospheric
      pressure via the header 42, to the interior of the mandrel 28 and the
      interior of flexible sleeve 36, permitting the flexible sleeve 36 and the
      flexible outer skin 38 to expand and recover from their collapsed position
      indicated in dotted lines at B in FIG. 6, to the full line substantially
      square position indicated in FIG. 6.
PAR  It will be noted that the static pressure of the casting medium in the mold
      against the flexible foam sleeve 36 of the mandrel assembly, increases
      with the depth of the casting medium in the mold, so that, viewing FIGS. 2
      and 4, the static pressure of the casting medium around the lower end of
      the mandrel assembly 78 is progressively greater than the static pressure
      at the upper end of the mandrel assembly. According to another embodiment
      of the invention as illustrated in FIG. 14a, the strips of flexible foam
      such as 54 and 58 shown in FIG. 7, which are assembled to form the
      flexible sleeve 36, are initially wedge shaped as indicated by the dotted
      line 83, in FIG. 14a, and are hot pressed to compress the wedge shaped
      flexible foam strip at 83 to the rectangular shape indicated at 80,
      whereby the resulting strips 54' or 58' have a varying density which
      increases from the right to the left end of the strips 54' and 58' viewing
      FIG. 14a. Accordingly, when such strips are assembled as illustrated in
      FIG. 7 to form the flexible sleeve 36, the denser end portions 80' of the
      strips 54' and 58' to the left in FIG. 14a are positioned adjacent to each
      other at the lower end of the mandrel assembly so that the resulting
      flexible sleeve 36 has a density which increases gradually from the upper
      to the lower end of the mandrel assembly 78, viewing FIGS. 2 and 4. In
      this modification the pressure which would have to be applied to the
      flexible foam sleeve 36 can be reduced substantially, requiring much less
      expansion of the foam sleeve 36 and the outer skin 38 to oppose collapse
      of the flexible sleeve by the static pressure of the surrounding casting
      medium or cement composition in the mold.
PAR  Further, it will be understood that the mandrel assembly can be of any
      desired size for production of cores of any desired size, and for example,
      the mandrel assembly can be very large so at to simulate the entire inside
      of a room or house. Also, the mandrel assembly, in addition to being a
      male assembly as illustrated in FIG. 4, can also be a female assembly, as
      illustrated in FIG. 14b, showing the male mandrel assembly 78 employed in
      conjunction with an exterior surrounding female mandrel assembly 78a in
      the form of a large rigid hollow frame or tube 28a having attached to its
      inner surface an open-cell foam member 36a, to the inner surface of which
      is attached a non-permeable elastomeric skin 38a, the interior of frame
      28a communicating with foam member 36a via holes 34a. The female mandrel
      assembly 78a surrounds and encloses the male mandrel assembly 78 in FIG.
      14b, with the space 20a between the two mandrel assemblies to be filled
      with a casting composition to produce a cored molded panel. Both of the
      mandrel assemblies can be simultaneously compressed as described above by
      suitable connection of both assemblies to a source of pressure, during
      molding of the panel, and following setting of the panel, both mandrel
      assemblies can be simultaneously deflated to withdraw such assemblies from
      contact with the molded panel, the male mandrel assembly forming the core
      of the panel 20a' and the female mandrel forming the outer surfaces of
      such panel.
PAR  Referring now particularly to FIGS. 15 and 15a of the drawing, there is
      illustrated another feature of the invention in the form of a flexible
      bellows, for use in an assembly according to the invention for applying
      pressure to certain members used in forming the outer surfaces or sides of
      a molded panel, that is for example the sides 82 and 82' of the panel 20
      in FIG. 1, and to facilitate removal of the bellows assembly and
      associated elements from the molded panel, by deflating the bellows.
PAR  Thus, the pneumatic flexible bellows 84 of FIG. 15 is formed interiorly of
      a series of individual layers or segments of an open cell flexible plastic
      foam such as a polyurethane foam, indicated at 86 in FIG. 15, each of such
      segments or layers 86 of flexible foam being disposed or positioned within
      a separate corrugation 88 of a corrugated, flexible air tight and strong
      material, which can be metallic or non-metallic, e.g., rubber, forming a
      flexible corrugated outer housing or bellows member 90. At the boundary
      between each corrugation within the interior of the bellows and separating
      adjacent segments or layers of foam 86, is a strong permeable flexible
      tensioning sheet, e.g., a fiberglass scrim sheet, 91, which is bonded by
      suitable means such as a polyurethane adhesive, to the adjacent
      polyurethane foam segments or layers 86. Such tensioning sheet is also
      bonded at its extremities 91a between flexible scrim sheets 91b each of
      which extends around the interior surfaces of the corrugations 88, as at
      93, and is also securely bonded to the interior surface thereof. The
      tensioning or fiberglass scrim sheet or layer 91 between the adjacent
      layers or segements of foam 86, and scrim sheets 91b  secured to the
      corrugations 88, function as a tension form control member when the
      interior of the bellows is subjected to air pressure and is expanded in
      the direction indicated by arrow D in FIG. 15 to the position shown in
      FIG. 15a, to maintain the general form of the bellows during such
      expansion.
PAR  Alternatively, instead of foam segments 86 and scrim sheet 91, a permeable
      flexible foam such as polyurethane can be formed in place, e.g., as a
      single unit, in the interior of the bellows 84 cintaining any suitable
      tensioning members equivalent to scrim sheet 91 across the interior of the
      bellows, so that such tensioning members are embedded in the foam filling
      the interior of the bellows.
PAR  In FIG. 15, a header 92 is disposed around the periphery of the bellows 84
      at one end thereof, the header 92 being perforated or having a series of
      perforations or holes 94 therein to provide fluid communication between
      the interior of the header 92 and the interior of the bellows 84. The
      header 92 is secured in suitable manner as by bonding or cementing to one
      end of the bellows 84. Air pressure introduced into the bellows via the
      header 92 passes through the open cell foam segments or layers 86 and the
      permeable tensioning, e.g., fiberglass scrim, sheets 91 between adjacent
      layers of foam 86, throughout the entire bellows, so that expansion of the
      bellows under pressure causes expansion of each of the polyurethane foam
      layers 86 and ballooning of the respective corrugations 88 defining the
      outer perimeter of each foam layer 86, as indicated in FIG. 15a. A plate,
      e.g., a honeycomb panel, 96 is suitably attached to the opposite end of
      the bellows from the header 92, and as described below, functions as the
      pressure member in forming the molded sides of a structural panel.
PAR  A pair of bellows 84 are each mounted opposite each other in a "C" frame
      98, as illustrated in FIG. 16, providing a space or casting cell 100
      between the bellows, the frames 98 being bolted together at 110 at
      adjacent flanges 112 on the "C" frames to form a "O" frame 114, the two
      bellows 84 being arranged in the "O" frame so that the plates or honeycomb
      members 96 carried thereon are disposed adjacent each other and defining
      the casting cell space 100.
PAR  Viewing FIGS. 16 and 17, in casting a reinforced cored structural panel of
      the type illustrated in FIG. 1, a perimeter frame indicated at 102 having
      top and bottom members 116 and 118 and end members 120 connected together,
      is provided, with fiberglass roving 26 strung in suitable position both
      longitudinally and transversely across the frame. The top member 116 of
      the frame is hollow and forms a header 122 on which are mounted the square
      mandrel assemblies 78 illustrated in FIG. 4. The mandrel assemblies 78
      extend downwardly from header 122 into the perimeter frame 102 and between
      the two planes 26a and 26b of roving 26 as illustrated in FIG. 1, strung
      across the perimeter frame, each of such planes of roving being close to
      the outer sides 106 of the perimeter frame, to provide the two planes of
      roving adjacent the outer surfaces of the molded panel as shown in FIG. 1.
PAR  The perimeter frame 102 with the roving 26 strung across the frame, and the
      header 122 and mandrel assemblies 78 positioned in the frame, are placed
      in the casting cell 100 between the bellows 84 in the paired "C" frames
      98, as illustrated in FIGS. 16 and 17, with the opposite sides of the
      perimeter frame 102 disposed adjacent to but spaced from the honeycomb
      panels 96 carried on the bellows 84.
PAR  Air pressure is applied via the header 92 of each of bellows 84 to the
      interior of both of the bellows 84, causing the bellows to expand in the
      direction towards each other, viewing FIGS. 16 and 17, and as indicated by
      arrow D in FIG. 15, and forcing the honeycomb panels 96 carried on each of
      the bellows toward each other against the opposite longitudinal sides 106
      of the perimeter frame 102. This forms the casting cell 100 defined by the
      perimeter frame members and the opposite honeycomb panels 96 disposed
      adjacent the perimeter frame. Concurrently with the application of
      pressure to the bellows 84, pressure is also applied to the mandrel
      assemblies 78 as described above; to expand the flexible sleeve 36 and
      outer flexible skin 38 thereof, as illustrated at A in FIG. 6.
PAR  A suitable casting material, e.g., the polymerinorganic hybrid foam of my
      above copending application, at 108 is introduced via a suitable opening
      104 in the top 116 of the perimeter frame 102, or alternately pressure
      injected through an opening such as 125 in a side member 120 of the frame
      near the bottom of the casting cell, into the space or volume defined
      within the interior of the perimeter frame 102 and between the honeycomb
      panels 96, and around the mandrel assemblies 78 disposed within the
      perimeter frame, and the casting material is permitted to set therein. The
      fiberglass scrim sheets 91 between the foam segments 86 of the bellows
      provides uniform resistance to bending of the bellows from the static head
      of the casting material during casting and also permits only axial motion
      of the bellows while restraining lateral motion thereof. This permits the
      use of a relatively thin contact plate or honeycomb panel 96 for contact
      with the casting material.
PAR  Following sufficient setting of the casting material so that the resulting
      panel formed within the perimeter frame 102 is self-supporting, the
      pressure in the headers 92 of the bellows 84 is released, thus contracting
      the bellows in the direction indicated by the arrow E in FIG. 15a, to
      their normal unexpanded position shown in FIG. 15a, and withdrawing the
      honeycomb panels 96 away from the perimeter frame. The perimeter frame
      containing the mandrel assemblies 78 and supporting header 42, together
      with the molded panel 20 as seen in FIG. 1, is removed from the "O" frame
      114 by a supporting conveyor indicated at 124, and the pressure is
      relieved in the header 122 and the mandrel assemblies 78, permitting
      withdrawal of the mandrel assemblies 78 together with header 122 from the
      perimeter frame and from the molded panel formed therein, and providing
      the square cores 22, noted in FIG. 1. Thereafter, the cored panel 20
      having the smooth outer sides 82 and 82' formed by contact of such sides
      with the honeycomb panels 96, and the square shaped cores 22 formed by the
      mandrel assemblies 78, is removed from the perimeter frame 102.
PAR  If desired, the flexible foam segments 86 of the bellows can be formed as
      described above and illustrated in FIG. 14a, of varying and gradually
      increasing density from the top of the bellows as shown in FIG. 15 to the
      bottom thereof, to aid in resisting the static pressure of the surrounding
      casting medium in the mold.
PAR  If the sides 82 and 82' of the molded panel are to be faced with artistic
      designs and the like, appropriately surfaced plates (not shown) can be
      mounted by vacuum chucking on the contact or honeycomb plates 96 of the
      bellows assemblies 84 to provide the faced side surfaces of the molded
      panel, corresponding to the smooth sides 82 and 82' of the panel 20
      obtained employing the smooth flat honeycomb plates 96.
PAR  From the foregoing, it is seen that the invention provides simple
      relatively inexpensive pneumatic tools, in the form of pneumatic mandrels
      and bellows, separately or in combination, together with associated
      elements, to facilitate the production particularly of large cored
      structural composition panels having smooth surfaces or surfaces of any
      desired configuration, rapidly and economically.
PAR  While I have described particular embodiments of my invention for purposes
      of illustration, it will be understood that various changes and
      modifications can be made therein within the spirit of the invention, and
      the invention accordingly is not to be taken as limited except by the
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pneumatic bellows assembly for production of molded panels, which
      comprises a flexible non-permeable corrugated outer member, a plurality of
      permeable flexible plastic foam segments in said bellows assembly within
      said flexible outer member and disposed between individual corrugations of
      said flexible corrugated outer member, a flexible permeable tensioning
      sheet bonded between and in contact with the adjacent said flexible
      plastic foam segments, a contact plate mounted on one end of said bellows
      assembly, and pneumatic means connected to said bellows assembly to apply
      fluid pressure or a vacuum to the interior of said bellows assembly,
      whereby expansion of said bellows assembly to permit contact of said
      contact plate with a casting material in a mold, provides a panel having
      an outer surface of a predetermined contour formed by the contact plate of
      said bellows assembly.
NUM  2.
PAR  2. A bellows assembly as defined in claim 1, said flexible plastic foam
      segments of said bellows assembly comprising flexible open-cell
      polyurethane foam, said flexible permeable tensioning sheet of said
      bellows assembly being fiberglass scrim, and said corrugated outer member
      of said bellows assembly being a non-permeable rubber corrugation.
NUM  3.
PAR  3. A bellows assembly as defined in claim 1, wherein said pneumatic means
      connected to said bellows assembly comprises a header mounted on the end
      of said bellows assembly opposite said contact plate, said header being
      appertured for fluid communication with the interior of said bellows
      assembly, and said contact plate being in the form of a honeycomb panel.
NUM  4.
PAR  4. A bellows assemmbly as defined in claim 1 in combination with a second
      such bellows assembly and means forming a casting cell comprising a frame
      defining the outer perimeter of a panel to be molded, means mounting said
      bellows assemblies adjacent the open sides of said frame, with their
      respective contact plates adjacent each other, whereby on expansion of
      said respective bellows, said contact plates are substantially in contact
      with the sides of said frame and defining the opposite sides of a panel to
      be molded in said frame, and means for flowing casting material into said
      frame of said casting cell and into contact with the expanded bellows
      assemblies.
PATN
WKU  039427544
SRC  5
APN  5433827
APT  1
ART  322
APD  19750123
TTL  Mold for making magnetic base
ISD  19760309
NCL  3
ECL  1
EXA  Brown; John S.
EXP  Shore; R. J.
NDR  3
NFG  15
INVT
NAM  Jenkins; William A.
CTY  Englewood
STA  OH
ASSG
NAM  Monarch Marking Systems, Inc.
CTY  Dayton
STA  OH
COD  02
RLAP
COD  74
APN  448774
APD  19740306
PSC  01
PNO  3885498
RLAP
COD  82
APN  87673
APD  19701109
PSC  01
PNO  3885497
CLAS
OCL  249 84
XCL  249 96
EDF  2
ICL  B22D 1900
FSC  249
FSS  84;95;108;151;164;85;81;177;184;160;119;122;123;129;130
FSC  425
FSS  130;192;247;248;185
UREF
PNO  3000053
ISD  19610900
NAM  Hart
OCL  425145
UREF
PNO  3355772
ISD  19671200
NAM  Kolberg
XCL  249151
UREF
PNO  3463221
ISD  19690800
NAM  Tillery
OCL  249129
UREF
PNO  3771322
ISD  19731100
NAM  Betschart
XCL  425130
UREF
PNO  3836111
ISD  19740900
NAM  Binder
XCL  249164
UREF
PNO  3865343
ISD  19750200
NAM  Jenkins
OCL  249 95
LREP
FR2  Grass; Joseph J.
ABST
PAL  There is disclosed a magnetic printing base for one or more printing
      plates, a method of making the magnetic base, and a mold in which
      moldable, non-magnetic adhesive material is molded about various parts of
      the magnetic base. The base is structured to permit magnetic circuit
      devices and end plates to be interconnected by the non-magnetic material
      into a unitary arrangement. Each magnetic circuit device includes a flat
      magnet disposed between and in contact with a pair of flat magnetizable
      plates. The permanent magnetsextend short of the final desired dimension
      of the base. The plates and the molded material initially extend beyond
      the final desired dimension of the base, but are trimmed off by a cutter
      to the final desired dimension after assembly of the base. To obviate the
      tendency of the printing plate to creep or drift, the spacing between the
      magnetic circuits is such that the strength, at surface of the base, of
      the magnetic flux field between next adjacent pole plates of adjacent
      magnetic circuit devices is equal to the strength, at the surface of the
      base, of the magnetic flux field between the pole plates of a magnetic
      circuit device itself.
PAL  There is also disclosed a method of making a magnetic printing base by
      stages, as is desirable when molding a large base with a material that
      tends to set in a relatively short period of time, a mold therefor, and
      improved magnetic bases.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 448,774, filed Mar. 6, 1974 and
      now U.S. Pat. No. 3,885,498 which is a continuation-in-part of application
      Ser. No. 87,673, filed Nov. 9, 1970 and now U.S. Pat. No. 3,885,497.
      Reference is also made to application Ser. No. 422,400, filed Dec. 6, 1973
      and now U.S. Pat. No. 3,865,343, which is a division of application Ser.
      No. 87,673.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of magnetic printing bases, and methods
      of and molds for making same. There are numerous prior art patents
      relating to magnetic bases and the like; example are U.S. Pat. Nos.
      1,657,287, 2,481,191, 2,952,205, 2,992,733, 3,024,392, 3,027,835,
      3,039,390, 3,086,461, 3,097,598, 3,180,259 and 3,509,819 and British Pat.
      No. 933,666.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a unitized magnetic printing base is
      formed by providing an elongated member, placing at least two spaced-apart
      magnet means and a partition on the elongated member so that the partition
      is disposed in the space between adjacent magnet means to define separate
      zones, and flowing moldable material into empty spaces in the zones by
      stages. It is advantageous to mold the base in stages when using a
      material which sets in a relatively short period of time such as epoxy or
      polyester material, particularly when the base is of a large diameter
      and/or is long. Some large magnetic bases are known to be over seven
      inches in diameter and to be several feet in length. One specific
      embodiment of the invention comprises providing an elongated member,
      placing at least two spaced-apart magnetic circuit means and a partition
      on the elongated member so that the partition is disposed in the space
      between adjacent magnetic circuit means, the plates and the partition
      having diameters greater than the final desired diameter of the base and
      the magnet means extending short of the final desired diameter, placing
      the elongated member with the magnetic circuit means and the partition in
      a cavity of a mold such that the partition divides the cavity into zones,
      flowing non-magnetic moldable material into the zones by stages to fill
      the remaining empty spaces in the zones by stages to beyond the final
      desired diameter, and trimming off the portions of the plates and the
      partition beyond the final desired diameter.
PAR  Another specific embodiment of the invention comprises providing an
      elongated member, placing at least two spaced-apart magnetic circuit means
      on the elongated member, each magnetic circuit means including magnet
      means disposed between a pair of magnetizable plates, placing the
      elongated member with the magnetic circuit means in a cavity of a mold, at
      least some but less than all of the plates partitioning the cavity into
      zones, and flowing non-magnetic moldable material into the zones in
      stages. The invention also comprises a method whereby two or more bases
      can be made in stages. The invention also comprises improved printing
      bases and a mold in which the base structure can be unitized.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a magnetic base for printing plates;
PAR  FIG. 2 is a side elevational view, partly in section, of the magnetic base
      shown in FIG. 1;
PAR  FIG. 3 is a sectional view taken generally along line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged fragmentary sectional view showing a portion of the
      magnetic base as it appears during one of the manufacturing steps;
PAR  FIG. 5 is an exploded perspective view of a mold in which the magnetic base
      can be molded;
PAR  FIG. 6 is a vertical sectional view of the mold, showing the magnetic base
      in the mold after the moldable material has filled the mold;
PAR  FIG. 7 is a sectional view taken generally along line 7--7 of FIG. 6;
PAR  FIG. 8 is a sectional view taken generally along line 8--8 of FIG. 6;
PAR  FIG. 9 is an exploded perspective view of a mold and a fragmentary portion
      of a magnetic printing base in accordance with the present invention;
PAR  FIG. 10 is a vertical sectional view of the mold, showing the magnetic base
      in the mold with the moldable material having filled the zones in the mold
      cavity;
PAR  FIG. 11 is a sectional view taken along line 11--11 of FIG. 10;
PAR  FIG. 12 is a vertical sectional view similar to FIG. 12, but showing the
      manner in which a plurality of printing bases can be molded in the same
      mold;
PAR  FIG. 13 is a perspective view showing one of the plates;
PAR  FIG. 14 is a fragmentary sectional view of another embodiment showing
      magnetizable plates having stud-like keying means; and
PAR  FIG. 15 is a fragmentary view of yet another embodiment showing the use of
      a combination of two different varieties of keying means.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With particular reference to FIGS. 1, 2, and 3, there is shown a magnetic
      base in the form of a printing cylinder or drum generally indicated at 10
      mounted on shaft 11. The base 10 can be secured to and driven by the shaft
      11 or the base 10 can be rotatable ith respect to the shaft 10 and driven
      by other means, as desired. The magnetic base 10 is illustrated as
      including a plurality of spaced apart permanent magnetic circuit devices
      generally indicated at 12. Each magnetic circuit device 12 includes a
      flat, annular, permanent magnet 13 and a pair of magnetizable pole plates
      14. Each magnet has a central hole 13' and each plate 14 has a central
      hole 14'. A cylindrical mounting member 15 in the form of a sleeve is
      shown to pass through the holes 13' and 14' and forms a flux path for each
      of the magnetic circuits. The plates 14 and the member 15 are composed of
      magnetizable, easily machinable material such as low carbon steel. End
      plates 16 are received about reduced portions 17 of the mounting member 15
      at locations spaced apart from the endmost magnetic circuit devices 12.
      The magnetic circuit devices 12 are all constructed with equal strength;
      the magnets 13 are of the same size and composition and the pole plates 14
      are of the same size and composition. The magnets 13 are so arranged that
      alternate pole plates 14 are poled north-south-north-south, and so on, in
      a direction longitudinally of the base 10 as indicated by N and S in FIG.
      2. Accordingly, the next adjacent pole plates 14 of adjacent magnetic
      circuit devices 12 are of opposite polarity. In accordance with the
      invention, the distance between adjacent magnetic circuit devices 12 is
      not arbitrary, but rather it is established by spacing the magnetic
      circuit devices 12 apart by a distance at which the magnetic flux field
      strength between next adjacent hole plates 14 of adjacent magnetic circuit
      devices 12 are equal, or substantially so, to the magnetic flux field
      strength of the magnetic circuit devices 12 themselves. Once the spacing
      has been established for a magnetic base having circuit devices of a
      particular size, strength, material and configuration, any number of such
      bases can be constructed using the same spacing.
PAR  The external diameters of the magnets 13 are less than the external
      diameter of the base 10 whereas the plates 14 extend all the way to the
      final surface of the magnetic base 10. Each of the plates 14 has four
      equally spaced apart holes 18 near its periphery. The holes 18 extend at
      least partly beyond the associated magnets 13. The end plates 16 have four
      spaced apart apertures or holes 19 which are larger in diameter than the
      holes 18 in the plates 14. Moldable, non-magnetic, adhesive material 20,
      such as epoxy fills: the space between the magnets 13 and the surface of
      the base 10 between associated plates 14, the spaces between the outer
      surface of the cylinder member 15 and the outer surface of the base
      between plates 14 of adjacent magnetic circuit devices 12, the spaces
      between the plates 14 of the endmost magnetic circuit devices and the
      associated end plates 16 between the cylindrical member 15 and the surface
      of the base 10, and the holes 18 and 19 in respective plates 18 and 19.
      The magnetic base 10 is accordingly formed into a unitary support
      structure in which a magnetizable printing plate or a printing plate
      having a magnetizable holding portion is held to the base 10 by magnetic
      attraction, and in addition, the plates 14 and the non-magnetic material
      20 serve to provide a solid support for the printing plate or plates. To
      assure adequate keying of the material 20 to the member 15, the outer
      surface of the member 15 between the next adjacent plates 14 of adjacent
      magnetic circuit devices 12, and between the plates of endmost circuits 12
      and associated end plates 16 is roughened at annular zones 15. A
      fragmentary portion of one of these zones 15' is shown in FIG. 6.
      Roughening can be accomplished by knurling or any other suitable means.
PAR  With reference to FIGS. 1 and 3, printing plates P constructed at least in
      part of magnetizable material are shown held onto the base 10 by magnetic
      attraction. The base 10 is shown to be provided with four longitudinally
      extending slots or grooves 21 in its periphery. The slots 21 cut through
      the end plates 16, the non-magnetic material 20, and the plates 14.
      Leading edges of four of the printing plates are shown to be received in
      the grooves 21 which prevents the printing plates P from creeping around
      the base 10 as its rotates during the printing operation. The grooves 21
      are preferably milled into the base 10 by a milling cutter (not shown).
PAR  With particular reference to FIG. 4, there is shown in exaggerated form,
      the manner in which plates 14 initially extend beyond the final desired
      surface S' of the base 10. In the particular embodiment of a base 10 of
      cylindrical form illustrated in the drawings, the plates 14 initially
      extend beyond the final desired surface S' and in particular have a larger
      diameter than the final diameter of the base 10. It has been found to be
      most economical to eliminate close tolerances by sizing the plates 14
      larger than necessary and allowing wide positive tolerances, and by sizing
      the magnets 13 smaller than necessary and allowing wide tolerances. As one
      of the final steps in the manufacturing operation, the base 10 is turned
      on a lathe by rotating the base 10 in conventional manner relative to a
      cutter which moves at a predetermined rate of feed in a direction
      longitudinally with respect to the base 10, thereby removing material 20
      and the portions of the plates 14 radially beyond the final desired
      surface S' of the base 10.
PAR  With reference to FIGS. 5-8, there is shown a mold generally indicated at
      30 which is useful in performing the molding step of the invention. The
      mold 30 is shown to include a pair of mold sections 31 and 32 and a pair
      of end plates 33 and 34. The mold sections 31 and 32 are curved and extend
      through arcs of about 170.degree. each. The mold section 31 has side edges
      31' and 31", and the mold section 32 has side edges 32' and 32". When the
      mold is assembled side edges 31" and 32" of the respective mold sections
      30 and 31 are in liquid-tight abutment with an elongated nozzle 35, and
      there is a gap between the side edges 31' and 32' as best shown in FIGS. 7
      and 8. A plurality of tie rods 36 cause the end plates 33 and 34 to exert
      clamping pressure on the ends of the mold sections 31 and 32 when nuts 37
      are tightened.
PAR  Each of the mold sections 31 and 32 has a plurality of positioning and
      holding grooves 38 formed at its inside surface. These grooves 38 extend
      in an arcuate direction between the respective side edges 31' and 31" and
      32' and 32". Assuming that a circular cylindrical printing base is to be
      fabricated, a circular cylindrical member 15 shown to take the form of a
      sleeve is provided. Then plates 14 and magnets 13 can be assembled into
      the member 15 either individually or as sets or groups of magnet circuits.
      In the illustrated embodiment, one magnetic circuit comprises a permanent
      magnet 13 disposed between and in contact with a pair of plates 14. If the
      magnetic circuits are to be assembled as sets the attractive force of the
      magnet 13 will hold the associated magnetizable plates 14 to it and hence
      each magnetic circuit is easily moved into position by sliding the
      magnetic circuit into the member 15. In the illustrated embodiment the
      magnetic circuits 12 are shown to be spaced apart. As the magnets 13 have
      a diameter which is intentionally less than the final diameter of the base
      10 and the plates 14 having a diameter greater than the final diameter of
      the base 10, the accuracy of the outer surface of the base 10 is not
      dependent upon accurate sizing or location of the holes 13' and 14'.
      Accordingly, holes 13' and 14' are acceptable even though larger than
      necessary by a considerable tolerance.
PAR  Endmost grooves 39 in the mold sections 31 and 32 are shown to receive end
      plates 16. The grooves 38 have a width which is slightly greater than the
      combined thicknesses of two plates 14 and the magnet 13 so that during the
      molding operation the magnetic circuits 12 are not apt to be displaced by
      the moldable material. Here again accuracy of positioning the magnetic
      circuits 12 is not necessary. With the components which are to comprise
      the base 10 disposed within the mold and the mold in the clamped condition
      as shown in FIG. 6, the moldable, non-magnetic adhesive material is forced
      into the mold through orifices 35' in the nozzle 35. As the material
      enters the mold, air escapes through the gap between side edges 31' and
      32' of the mold sections 31 and 32. As the magnets 13 and the associated
      plates 14 have flat sides, the moldable material does not flow between the
      contacting surfaces. However, material is able to flow into the spaces
      between plates 14 of adjacent magnetic circuits 12, into the space around
      the magnets 13 and between the associated plates 14, between the plates 14
      of the endmost magnetic circuits 12 and the end plates 16, into and
      through holes 18 in the plates 14, and into holes 19 in the end plates 16,
      thereby providing a unitized base. As the moldable material, preferably in
      the form of epoxy gradually fills the spaces described above until excess
      non-magnetic material flows into the gap between side edges 31' and 32' at
      the time flow of additional material into the mold through the nozzle 35
      is interrupted and the moldable material is allowed to set and harden.
      After the material 20 sets and hardens, the mold 30 is removed with
      respect to the base 10 and the base 10 is ready to be turned on a lathe.
PAR  If desired, many of the benefits of the base 10 can be achieved by applying
      the invention to a flat bed type of magnetic base. In that event the final
      desired surface of the base 10 can be achieved by using a milling cutter
      (not shown). The milling cutter would make passes relative to the base 10
      in the same direction as the direction in which the plate and magnets
      extend.
PAR  With reference to FIGS. 9 and 10, there is shown a magnetic base 110.
      Magnetic circuit devices 112 are shown to include flat, annular, permanent
      magnets 113 between and in contact with a pair of magnetizable pole plates
      114. Each magnet 113 has a central hole 113' and each plate 114 has a
      central hole 114'. An elongated cylindrical mounting member 115 in the
      form of a sleeve is shown to pass through holes 113' and 114' and forms a
      flux path for each of the magnetic circuit devices 112. The plates 114,
      end plates 116, and the member 115 are composed of magnetizable, easily
      machinable material such as low carbon steel. End plates 116 are received
      about the end portions of the mounting member 115. The magnetic circuit
      devices 112 are all constructed with equal strength; the magnets 113 are
      of the same size and composition and the pole plates 114 are of the same
      size and composition. The magnets 113 are so arranged that the pole plates
      114 are poled north-south-north-south, and so on in a direction
      longitudinal of the base 110 as indicated by N and S in FIG. 10. The
      devices 112 are spaced apart by a distance at which the magnetic flux
      field strength between adjacent pole plates 114 of adjacent magnetic
      circuit devices 112 are equal, or substantially so, to the magnetic flux
      field strength of the magnetic circuit devices 112 themselves, at the
      surface of the base 110. The external diameters of the magnets 113 are
      less than the final external diameter of the base 110 whereas the plates
      114 extend all the way to the final surface of the magnetic base 110 when
      the base 110 has been trimmed. Each of the plates 114 has four equally
      spaced-apart holes 118 near its periphery. The holes 118 extend at least
      partly beyond the associated magnets 113. The end plates 116 have keying
      means in the form of four equally spaced apart studs 150. Partitions 151
      have respective holes 151' through which the elongated member 115 extends.
      The partitions 151 are shown to comprise flat, imperforate plates. The
      partitions 151 have keying means in the form of four equally spaced-apart
      studs 152 on its opposite faces. The studs 152 are undercut to promote
      better keying than in the event straight studs were to to be used. The end
      plates 116 and the partitions 151 divide cavity 153 to mold 130 into a
      plurality of zones 154 which can be selectively filled with any suitable
      moldable material, by way of example not limitation, epoxy or polyester
      material 120. Thus, the base 110 can be molded in sections. The mold 130
      has a pair of identical mold sections 131 and 132. The mold sections 131
      and 132 are in liquid-tight abutment with an elongated trough 135. Clamp
      members 155 and 156 are hinged to the trough 135 and can be tightened and
      loosened by any suitable means such as screws 157. Each of the mold
      sections 131 and 132 has a plurality of positioning and holding grooves
      138 and 158 formed at its inside surface. The plates 114 and 116 and the
      partitions 151 can be assembled into member 115 either individually or as
      sets or groups of magnetic circuit devices 112, with one or more devices
      112 disposed between a set of partitions 151, and with one or more devices
      112 disposed between an end plate 116 and a partition 151. As the magnets
      113 have a diameter which is intentionally less than the final desired
      diameter of the base 110, and the plates 114 and 116 and the partitions
      151 have diameters greater than the final diameter of the base, the
      accuracy of the outer surface of the base 110 is not dependent upon
      accurate sizing or location of the holes 113', 114' or 151'. Accordingly,
      holes 113', 114' and 151' are acceptable even though larger than necessary
      by a considerable tolerance.
PAR  The partitions 151 fit into positioning and holding grooves 158 in the mold
      sections 131 and 132. As best seen in FIG. 11, the partitions 151 enter
      the trough 135 and stop off the flow of moldable material between zones
      154. Inlets 160 communicate with the trough at spaced apart locations. A
      plug valve 161 is connected to each inlet 160, and a conduit 162 is
      connected to each valve 161. In accordance with the invention, individual
      zones 154 can be selectively filled with the moldable material in stages.
      For example, the empty space of one zone 154 can be completely filled with
      moldable material by opening the respective valve 161, and thereafter that
      valve 161 can be closed and the empty space of another zone can be
      completely filled by opening the respective valve 161, and so on until the
      entire base 110 is unitized. Air vent holes 163 allow the escape of air
      from the zones 154 in the mold 130. When all the moldable material has
      hardened, the base 110 can be removed from the mold, and in the manner
      illustrated in FIG. 4, the moldable material 120, the plates 114 and 116
      and the partitions 151 can be trimmed off to provide the desired final
      diameter. Trimming can be effected for example by turning the base 110 on
      a lathe. The partitions 151 and studs 152 are preferably composed of
      non-magnetic, easily machinable material such as aluminum.
PAR  It is apparent that the mold 130 can be constructed to make any desired
      length of base 110. One or more partitions 151 can be provided depending
      upon the volume of the empty space in the zones and the length of setting
      time of the moldable material. Although three magnetic circuit devices 112
      are shown in each zone 154, one, two or more than three can also be
      provided. In view of these variables, it is sometimes desirable to effect
      staging by filling more than one zone 154 at one time, or to start filling
      one zone before another zone has been completely filled.
PAR  As illustrated in FIG. 12, two (or more) bases 110 can be unitized at one
      time in a single mold utilizing partitioning. As is apparent the bases 110
      are not keyed or otherwise connected to each other. The valves 161 can be
      staged to provide filling of the zones 154 one at a time, or at selected
      rates of fill, or if desired, all the bases can be filled simultaneously.
PAR  In the embodiment of FIG. 14, no partitions, such as the partitions 151 are
      used in that pole plates 214 are themselves partitions, but in this event
      mold 230 must be provided with an inlet for the moldable material between
      each such partition and a corresponding vent hole 263 provided to allow
      for the escape of air. In other respects the mold 230 is the same as the
      mold 130. Studs 252, for example four in number, are provided to effect
      keying. Each pole plate 214 is like the pole plate 14 except that plates
      214 are imperforate and hence do not allow for the through-flow of the
      moldable material.
PAR  In the embodiment of FIG. 15, which is identical to the embodiment of FIGS.
      9, 10, 11, 12 and 13 except as noted below, some of the pole plates 314
      are also partitions. The other pole plates 114 are perforate, like pole
      plates 14. Holes 118 effect keying with the moldable material as to studs
      352.
PAR  In the embodiments of FIGS. 14 and 15, the end plates (not shown) are like
      end plates 116. As is apparent, each respective zone 254 and 354 has an
      inlet for moldable material and an air vent hole 263 and 363.
PAR  It is preferred to use one-piece magnets 13, 113, 213 and 313 although
      segmented or other shape magnets can be employed, if desired, within the
      spirit of the invention.
PAR  While it is most preferable to also key the member 115 to the remainder of
      the base in the embodiments of FIGS. 9 through 15 as by roughening 15'
      (FIG. 6), it is feasible to omit this roughening, to coat the outer
      surface with mold release compound and remove the member 115 following
      molding.
PAR  Other embodiments and modifications of this invention will suggest
      themselves to those skilled in the art, and all such as these as come
      within the spirit of this invention are included within its scope as best
      defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mold assembly for making a circular cylindrical magnetic base having
      an elongated member and spaced-apart magnetic circuit means disposed on
      the elongated member, the mold assembly comprising: a plurality a sections
      arranged to define a generally cylindrical mold cavity, the cavity being
      capable of receiving the elongated member and the magnetic circuit means,
      means forming part of the completed magnetic base for partitioning the
      cavity into zones, the partitioning means preventing moldable material
      from flowing from one zone to another during the molding operation, the
      partitioning means keying the moldable material of adjacent zones together
      to provide a unitary magnetic base, and means for selectively introducing
      moldable non-magnetic material into the empty spaces of the zones by
      stages.
NUM  2.
PAR  2. A mold assembly as defined in claim 1, wherein the means for selectively
      introducing the material comprises a valve individual to each zone.
NUM  3.
PAR  3. A mold assembly as defined in claim 1, wherein the means for selectively
      introducing the material comprises a trough, the partitioning means
      extending into the trough to close off passage of the moldable magnetic
      material in the trough at the partitioning means.
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ABST
PAL  A mould for use in injection moulding containers, for example, comprises a
      pair of mould parts movable between open and closed positions and which
      define between them a mould cavity, co-operating frusto conical locating
      surfaces being provided on the mould parts for determining their relative
      radial positions with the locating surface on one of the mould parts being
      radially adjustable relative to the portions of the mould parts which
      define the cavity. The adjustable locating surface may be provided on a
      locating ring which is preferably divided into a plurality of segments,
      each of which is separately mounted on the mould part and individually
      adjustable in the radial direction by a respective screw.
BSUM
PAR  This invention relates to moulds for use on moulding machines of the
      injection type, intended or suitable for moulding thin walled containers
      or the like, in which it is desired to maintain small tolerances on radial
      dimensions of an article such as a plastic container.
PAR  In the past, in the moulding of very thin walled containers especially
      those with circular cross-section and near-cylindrical or frusto-conical
      shape, great difficulty has been encountered in maintaining the radial
      wall thickness. Even when the mould parts are made initially with
      sufficiently high accuracy to obtain a uniform wall thickness, it is the
      common experience that after a period of use, the wall thickness will vary
      and will be no longer uniform. Where very thin wall thicknesses are
      involved, this may lead to inadequate properties of the finished
      container.
PAR  The present invention is concerned with a form of mould structure which can
      be used to give consistent results over a substantial period of time.
PAR  In accordance with the present invention there is provided a mould for use
      on an injection moulding machine, comprising a pair of mould parts which
      are axially movable towards and away from each other, and which in their
      closed position define a mould cavity, the said parts having co-operating
      locating surfaces which determine the relative radial positions of the
      mould parts, and wherein the locating surface on one of the mould parts is
      adjustable, in the radial direction, relative to the surfaces of the mould
      ports which border the mould cavity
DRWD
PAR  Other features and advantages of the invention will appear from the
      following description of an embodiment thereof, given by way of example,
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a longitudinal sectional view through a mould for an injection
      mould press and
PAR  FIG. 2 is an end view of a locating member for the mould parts.
DETD
PAR  The mould shown in FIG. 1 comprises a male portion 10 and female portion
      11; the two mould parts are designed for the moulding of a plastic
      container, of a shape indicated by the cavity designated by the reference
      numeral 12. The male portion of the mould comprises a backing plate 13,
      with a male mould member 14. The member 14 has a central opening for
      cooling water, admitted at an inlet port 15, leading to passage 16 and
      hence to the centre of an insert 17 which has a thin spiral fin 18,
      sitting in a recess in the mould member 14, and defining therewith a
      spiral water passageway, leading to an exit passage 19, at exit port 20.
PAR  The mould member 14 has a recess 21, in which is mounted a locating ring
      22, held by a series of bolts 23. The locating ring has an internal
      conical locating surface 24.
PAR  The female portion of the mould has a backing plate 25 to which is secured
      a first mould member 26 and a second mould member 27, all secured together
      by means of bolts as at 28. The two mould members 26 and 27 together with
      mould member 14 define the mould cavity. The injection nozzle, through
      which the moulding material is injected in use, enters the recess 30. The
      mould member 27 has an external conical locating surface 31 which engages
      the conical surface 24 on the locating ring 22. By this means, the male
      and female members are accurately positioned radially, so that the cavity
      in which the container will be moulded has an accurately defined radial
      thickness.
PAR  However, it is found by experience that however accurately the parts are
      initially made and set up, the container wall thickness will vary.
      Accordingly, means are provided whereby, in the event of such variation
      occuring, the relative positions of two mould members can be readjusted,
      to restore the initial uniform wall thickness. For this purpose, the
      locating ring 22 is made so that it is capable of radial adjustment to
      permit correction of the relative positions of the two mould members. A
      simple and convenient means by which this can be effected is shown in FIG.
      2. The locating ring 22 is interrupted by a series of radial cuts 32, to
      provide a series of isolated arcuate ring segments. Each segment is
      secured by one of the bolts 23; if desired, each segment can be fastened
      by two or more such bolts. A small clearance exaggerated, as shown in FIG.
      1 of the drawings, is provided between the bolts 23 and the holes through
      which they pass but since the radial adjustment required is usually
      extremely small, the clearance is correspondingly small. Cap screws 33
      with locking nuts 34 are used to assist in adjusting and holding in
      adjusted position, the individual segments.
PAR  The mould may include a stripping ring 35 having spring loaded stripper
      pins 36.
PAR  By means of a mould of the type described, it has been found possible to
      mould consistently thin walled containers, the wall thickness being less
      than that possible with conventional forms of mould. For example, it has
      been found possible to mould consistently containers having a wall
      thickness of approximately 0.013 inches and; by maintenance of the
      moulding machine by adjustment of the segments of the locating ring 23,
      such wall thicknesses have been maintained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mould for an injection moulding machine, comprising: a pair of mould
      parts which are movable along an axis towards and away from each other
      between open and closed positions, said mould parts each having moulding
      surfaces including side walls which, in said closed position of said mould
      parts, define a mould cavity; location means carried by each of the mould
      parts including locating surfaces, additional to said moulding surfaces,
      which co-operate when said mould parts are in said closed position and
      determine the relative positions of said mould parts radially of said axis
      and determine the relative position of said side walls, said location
      means of one of said mould parts being adjustable thereon for moving said
      locating surface of said one mould part relative to said side wall
      moulding surface of said one part to thereby adjust the relative radial
      positions of the side walls of said moulding surfaces when the mould parts
      are in said closed position.
NUM  2.
PAR  2. A mould as claimed in claim 1, wherein said locating surfaces are frusto
      conical.
NUM  3.
PAR  3. A mould as claimed in claim 2, wherein said location means of said one
      mould part includes a locating ring which is radially adjustable relative
      to said moulding surface of said one mould part.
NUM  4.
PAR  4. A mould as claimed in claim 3, wherein said locating ring comprises a
      plurality of circumferentially spaced ring segments which are individually
      adjustable radially of said axis.
NUM  5.
PAR  5. A mould as claimed in claim 4, wherein said locating ring segments are
      secured on said one mould part by bolts, and screws are provided for
      adjusting said ring segments in the radial direction.
NUM  6.
PAR  6. A mould as claimed in claim 1 wherein said mould cavity has the shape of
      a container with a circular cross-section.
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ABST
PAL  An expansible tube valve having inlet and outlet body and closures with a
      generally cylindrical body enclosure between them. A flexible tube
      embraces a slotted core and integral enlarged beads around the ends of the
      tube are confined in accommodating annular recesses. Being so confined,
      the beads serve as retainer means for the tube ends and function also as
      body seals, being under moderate compression between cylindrical surfaces
      on the end closures and the interior of the body enclosure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Expansible tube valves of the type shown in U.S. Pat. Nos. 3,272,470,
      3,371,677, and 3,306,569 have enjoyed considerable commercial success,
      particularly in pressure regulation service. Such valves include a slotted
      core with a barrier across it between inlet and outlet flow slots. An
      expansible tube is stretched to seal around the barrier normally to
      isolate the inlet and outlet slots. The core and expansible tube are
      carried within a housing with a jacket fluid pressure normally asserted
      against the outer surface of the expansible tube. In such valves, the ends
      of the tube must be firmly anchored in place and must also seal around the
      core, and between the housing and the end closure. According to the
      existing configuration, the expansible tubes are provided with integrally
      molded flange members at the ends thereof, one extending inward and the
      other extending outward. Because the seal between body parts must be
      effected over a relatively broad area, i.e. over the flat surface of the
      flanges, it is necessary to provide an initial high clamping force between
      the parts so as to insure a fluid-tight seal. Accordingly, a high axial
      bolt loading is required in assembly of the valve. However, should the
      loading be excessive, it could produce high stresses in the rubber being
      squeezed, perhaps causing compression cracking and even failure of the
      flexible tube and the seal portions thereof. Short of such failure,
      excessive squeezing of the flanges could produce displacement of the
      rubber therein, changing the shape of the resilient tube in ways which are
      difficult to predict and, therefore, difficult to anticipate in design.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide an expansible tube valve which
      does not require individually molded flanges on the ends of the expansible
      tube for retention and sealing.
PAR  It is a further object of this invention to provide an expansible tube
      valve wherein the tube is not subjected to excessive squeezing stresses
      for retention and sealing.
PAR  It is further object of this invention to provide an expansible tube valve
      wherein expansible tube ends may be retained without excessive squeezing.
PAR  It is further object of this invention to provide an expansible tube valve
      wherein the expansible tube ends may provide seals without being subjected
      to excessive squeezing forces.
PAR  It is a further object of this invention to provide an expansible tube
      valve wherein the tube may be retained without squeezing and can seal
      under modest compressive forces.
PAR  It is a further object of this invention to provide an expansible tube
      valve wherein an expansible tube is carried on a core, which is
      configurated to facilitate placement of the expansible tube.
PAR  Other objects and advantages of this invention will become apparent from
      the description to follow when read in conjunction with the accompanying
      drawing.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In carrying out this invention, there is provided a cylindrical core having
      a central barrier across it and two annular series of inlet and outlet
      flow slots enabling fluid flow around the barrier. The ends of the core
      are seated in circular receptacles in the body end closures, between which
      is also clamped a body tube enclsoure. Cylindrical bosses extend inwardly
      from the end closures surrounding the flow passages therethrough, and the
      flexible, expansible tube is carried on the core and the cylindrical
      bosses. The expansible tube has enlarged lips or beads around the ends
      thereof and, in assembly, the beads are placed under moderate radial
      compression between the cylindrical bosses on which they are carried and
      the surrounding body tube enclosure, Hence, the circular enlargements or
      beads form O-ring type seals between the end closures and the body tube to
      render the structure fluid-tight. A pair of inwardly extending shoulders
      or ridges around the inside of the body tube partially close the spaces
      between the body tube and the bosses to form an annular recess or gland
      for the o-ring type bead seal. These internal ridges are engagable by the
      beads to restrain them against axial movement towards the barrier and,
      hence, the inwardly extending ridges and beads function together as
      restraining means for the ends of the flexible tube.
DRWD
PAC  BRIEF SUMMARY OF THE DRAWINGS
PAR  In the drawing:
PAR  FIG. 1 is a vertical section view of an expansible tube valve embodying
      features of this invention;
PAR  FIG. 2 is a partial vertical section view of the expansible valve in open
      condition; and
PAR  FIG. 3 is a partial section view of an end of the expansible tube showing
      the sealing and retaining means.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The flexible tube valve 10 of this invention comprises an outer, generally
      cylindrical body tube 12 which may be clamped by any suitable means (Not
      Shown) between upstream and downstream end closures 14 and 16 having inlet
      18 and outlet 20 flow passageways therethrough. The end closures 14 and 16
      preferably have shoulders 21 formed therein to seat the body tube closure
      12 and have circular bosses 22 protruding axially inward from the interior
      surfaces thereof. In the faces of the bosses 22 are formed circular
      recesses 24 in which are seated the annular array of fingers 26 protruding
      from the central barrier 28 of the cylindrical core 30.
PAR  The axially extending fingers 26 of the core 36 may be integrally formed
      with the barrier 28 and are circumferentially spaced to form inflow 32 and
      outflow 34 slots therebetween. The core may be die cast in a single piece
      and, to facilitate removal from the mold, the core sleeve fingers 26 are
      preferably tapered inwardly at 36 from the central barrier 28 to the ends
      thereof which are seated in the recesses 24 and thereby restrained against
      outward deflection.
PAR  Stretched over and around the central barrier 28 with its ends carried on
      the cylindrical surfaces 38 of the end closure bosses 22 is the flexible
      expansible tube 40. With the tube firmly engaged around the barrier 28,
      flow is blocked from the inlet slots 32 to the outlet slots 34 and, hence,
      the flexible tube valve 10 is closed to fluid flow. However, when the tube
      is expanded away from the barrier as shown in FIG. 2, flow is enabled in
      the direction of the arrows from the upstream passage 18 through the slots
      32 between the upstream fingers 26 and around the barrier 28 to the
      downstream passage.
PAR  Formed on the ends of the flexible tube 40 are enlarged beads or lips 42 of
      generally circular cross-section in the nature of integral O-ring addenda.
      The beads are stretched around the cylindrical surfaces 38 on the end
      closure bosses and are placed under moderate radial compression between
      such cylindrical surfaces 38 and the inner cylindrical surface 44 of the
      surrounding body tube enclosure 12, whereby a seal is effected across the
      space between the bosses 22 and the body tube 12. Hence, pressure asserted
      against the flexible tube 40, as indicated by the arrows in FIG. 1, is
      transmitted through the rubber of the circular lips 42, in the fashion of
      O-ring seals, to effect seals between the end closures 14 and 17 and the
      body tube 12, and render the structure fluid-tight.
PAR  As shown in FIG. 2, when the pressure in the control jacket 46 around the
      flexible tube 40 is overcome by upstream pressure, the tube 40 is expanded
      outward against the inner surface 44 of the body tube 12. This tends to
      draw the ends 42 of the flexible tube 40 axially inward toward the barrier
      28. However, there are provided around the inside 44 of the body tube 12,
      a pair of annular ridges or internal shoulders 48 inwardly adjacent each
      of the circular beads 42, partially to close the space between the body
      tube 12 and the cylindrical bosses 22 to form annular recesses or glands
      50 within which the O-ring type beads 42 are confined. Hence, if the lips
      are drawn axially inward as shown in FIG. 2, they engage the annular
      ridges 48 to limit axial movement thereof. This retains the sealing beads
      42 on the cylindrical bosses 22 and maintains the seals between the bosses
      22 and the surrounding body tube 12.
PAR  As shown in FIG. 3, the beads or lips 42 around the ends of the flexible
      tube are of generally circular cross-section to constitute a toroidal type
      O-ring seal around the ends of the flexible tube 40, functioning both as
      retaining means and as body seals. In assembly, placement of the flexible
      tube 40 on the core sleeve 30 is greatly facilitated by the tapers 36 on
      the outer surfaces of the fingers 26.
PAR  In place in a pipeline, a pilot fluid load duct 52 is connected from a
      fitting 54 in the upstream end closure 14 to a second fitting 56 in the
      body tube enclosure 12. Similarly, an unloading duct 58 is connected from
      the jacket fitting 56 to a fitting 60 in the downstream end closure 16.
      Jacket loading and dumping valves 62 and 64 are interposed in the loading
      duct 52 and unloading duct 58, respectfully. In normal operation, the
      dumping valve 64 is closed and the loading valve 62 is open, whereby the
      upstream passage 18 is in the communication, through duct 52, with the
      pilot jacket 46 to equalize the pressure which is acting against the
      inside of the flexible tube 40 through the upstream slots 32. Since the
      tube is under moderate hoop tension around the barrier 28, a seal will be
      maintained as long as the pressure in the jacket and in the upstream
      passage 18 continue to be in balance.
PAR  When the flexible tube valve of this invention is to be opened, the load
      valve 62 is closed and the dumping valve 64 is opened, whereby pressure
      from the jacket 46 is evacuated into the downstream line 20 through the
      fitting 60 in the downstream end closure 16. With the pressure in the
      jacket 46 now at downstream pressure, the upstream pressure acting through
      the slots 32 easily overcomes it and expands the flexible tube 40 to the
      position shown in FIG. 2 whereby flow is enabled through the upstream
      slots 32 and around the barrier 28 in through the downstream slots 34 and
      then out through the outflow passage 20. The radial outward expansion of
      the tube tends to draw the beaded end seals 42 of the tube axially inward
      in opposition to the internal pressure forcing them outward. However, any
      such axial inward movement is restrained by the annular ridges 48, and the
      beads are maintained under moderate compression between the cylindrical
      surfaces 38 of the bosses and the inner cylindrical surface 44 of the body
      tube 12. Hence, fluid-tight seals are maintained between the end closures
      14 and 16 and the body tube 12.
PAR  While this invention has been described in conjunction with a preferred
      embodiment thereof, it is obvious that modifications and changes thereof
      may be made by those skilled in the art without departing from the spirit
      and scope of this invention, as defined by the claims appended hereto.
CLMS
STM  What is claimed as invention is:
NUM  1.
PAR  1. An expansible tube valve comprising:
PA1  inlet and outlet body end members, each with a flow passage therethrough;
PA1  a core of circular cross-section between said end members with opposite
      open ends thereof aligned with said flow passages;
PA1  said core having two axially spaced series of inlet and outlet through
      openings therearound, a barrier thereacross intermediate said through
      openings, and a sealing surface around said barrier;
PA1  an elastomeric expansible tube on said core having an intermediate sealing
      portion normally snuggly embracing said sealing surface to block flow and
      responsive to fluid pressure differential in said flow passages and
      exterior said elastomeric tube to control flow through said valve; and
PA1  a generally cylindrical body tube between said end members around said core
      and expansible tube;
PA1  the improvement comprising:
PA1  generally cylindrical bosses on said end members around said flow passages
      projecting inward toward said barrier; and
PA1  an enlarged bead of generally circular cross-section formed on each end of
      said expansible tube normally moderately compressed radially of said
      expansible tube between said bosses and said body tube to seal around said
      tube ends; and
PA1  means restricting movement of said tube ends axially inward toward said
      barrier to retain said beads on said bosses.
NUM  2.
PAR  2. The expansible tube valve defined by claim 1 wherein said last-named
      means comprises:
PA1  a pair of internal shoulders in said body tube displaced from the ends
      thereof to form an annular chamber for said enlarged beads, said shoulders
      being engagable by said beads to restrict axial inward movement of said
      expansible tube ends.
NUM  3.
PAR  3. The expansible tube valve defined by Claim 1 including: circular
      recesses in said bosses in which the ends of said core are seated.
NUM  4.
PAR  4. The expansible tube valve defined by claim 1 wherein:
PA1  the outer peripheral surface of said core is tapered inwardly toward the
      flow axis from said barrier to ends of smaller diameters.
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ABST
PAL  A spring biased poppet valve has the exposed end of its poppet plunger
      engaging the underside of a lever, and the poppet and lever are biased
      upwardly so that a tit on the upperside of the lever engages a cam surface
      defined on a cam member loosely mounted on a generally horizontal rock
      shaft. The shaft can be moved through an angular range of displacements as
      part of a normal control system, which system receives fluid operating
      pressure through the open poppet valve. An adjustable stop screw mounted
      to the shaft is so oriented that the cam member is positively moved about
      the axis of the shaft when the shaft has reached a predetermined angular
      displacement, whereby further movement of the shaft permits the spring
      loaded poppet valve to close.
BSUM
PAC  SUMMARY OF INVENTION
PAR  This invention relates generally to valve actuating mechanisms, and deals
      more particularly with a mechanism suitable for use in a control system
      for selectively operating a poppet valve in response to movement of a
      control member to and beyond a predetermined position. The valve actuating
      mechanism provides a "dead band" for a cam member such that only when the
      control member is moved to or beyond a predetermined position will the cam
      member actuate the poppet valve.
PAR  The control member comprises a lever on an angularly movable rock shaft,
      and the precise angle at which a poppet valve is actuated can be
      conveniently adjusted through a stop screw provided on the shaft. The
      screw is adapted to engage at least one abutment provided on a cam member
      loosely received on the shaft, which cam member has a cam surface with
      segments of differing radii. These cam segments are engaged by an idler
      lever, which lever is in turn engaged by the poppet so that rotation of
      the cam member serves to allow the spring loaded poppet to move, actuating
      the valve, but only when the stop screw has engaged the abutment on the
      cam member, the shaft being free to rotate independently of the cam member
      at least through a range of angular displacements. The idler lever
      provided between the poppet and the cam surface minimizes side loads on
      the valve poppet and also minimizes stresses on the cam segments. The cam
      follower portion of the lever preferably comprises a raised protuberance
      which cooperates with lobes on the cam to restrict the cam member's
      movement in one or the other of its two positions.
PAR  The general aim of the present invention is to provide a valve actuating
      mechanism such that actuation of a valve is precluded through a "normal"
      range of angular displacements of a shaft, but rotation thereof beyond a
      predetermined angular position does actuate the valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE shows a valve actuating mechanism constructed in
      accordance with the present invention, and also shows in schematic fashion
      the relationship of such mechanism and valve to a normal and an emergency
      control system of the type which are adapted to be alternatively selected
      for use as a result of rotation of movement of a control member.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning now to the drawing in greater detail, a control member in the form
      of a rock shaft 10 is mounted for limited angular rotation, as for example
      in response to movement of a control lever 12, in order to supply a
      signal, through a conventional linkage as indicated schematically at 14,
      to a normal control system 16. The system 16 is operated through fluid
      pressure, and such system amy comprise a flapper valve or motor in
      conjunction with an orifice so that the supply of fluid pressure from line
      24 can be utilized to selectively actuate a torque motor or the like,
      thereby providing an amplified signal responsive to movement of the shaft
      10 and lever 12. The normal system 16 communicates with a supply of fluid
      pressure, represented by line 18, through a poppet valve 20. As shown, the
      valve is in its open position, and the mechanism to be described assures
      that this valve remains open at least when the control member or rock
      shaft 10 is moved through a predetermined angular range of displacements.
      For example, 120.degree. might be conveniently utilized in a throttle
      linkage or the like. However, the invention described is not to be
      construed as limited to a fuel control system, and any desired range might
      be made available for conventional use of a control system such as that
      depicted schematically by reference to the solid and broken line positions
      depicted for the lever 12.
PAR  The valve actuating mechanism of the present invention comprises a
      convenient device for interrupting operation of the normal system 16, as
      for example to permit control of an engine or other apparatus (not shown)
      by an emergency system, as indicated generally at 22 in the drawing. Such
      an emergency system might, for example, be electrically energized, and
      actuated in response to a limit switch so arranged as to be closed when
      the rock shaft 10 reaches a predetermined angular position outside of the
      range referred to in the preceeding paragraph. The valve actuating
      mechanism to be described provides a convenient means for interrupting the
      supply of fluid pressure to the normal system 16 through the poppet valve
      20 when this shaft 10 has reached such a predetermined position.
PAR  The poppet valve 20 comprises a conventional component of the present
      system and includes an inlet port associated with line 18 and an outlet
      port associated with line 24. Thus the valve 20 controls the supply of
      fluid under pressure to the normal system 16. The valve element preferably
      comprises a ball 26 which is biased against an annular valve seat 28 by a
      coiled compression spring 30, which ball is adapted to be held in the open
      position shown as a result of a downward force exerted on the poppet
      member 32. The poppet or plunger 32 includes a lower end portion 32
      adapted to engage the upper surface of the ball 26 for holding the ball in
      the unseated condition shown, thereby opening the valve. However, when the
      plunger or poppet 32, in conjunction with the ball element 26, is allowed
      to move upwardly the ball 26 seats against the surface 28 under the
      biasing force of the spring 30 closing the valve, and interrupting the
      fluid pressure supply to the normal system 16.
PAR  Turning next to the means for operating the valve 20, and more particularly
      to the means for allowing the plunger 32 and the ball 26 to move upwardly
      in response to the biasing force provided by the spring 30, said means
      preferably comprise a cam member 40 having an upper portion 42 loosely
      received on the horizontal rock shaft 10, an idler lever 50 having a cam
      follower tit or protuberance 52 for engaging the cam surface on the member
      40, and a stop screw assembly 60 affixed to the shaft 10. The lever 50
      serves as a convenient means for imparting vertical movement to the
      plunger 32 from the cam surface defined at the free end portion of the cam
      member 40, without exerting side forces on the plunger 32. As shown the
      lever 50 is pivotally mounted for limited oscillatory motion in a vertical
      plane on the horizontal pivot pin 54, the axis of which pin 54 is
      generally parallel to the axis of the rock shaft 10. The protuberance 52
      is defined in the upper surface of the lever 50 generally opposite the
      underside of such lever which is engaged by the plunger 32.
PAR  As so oriented the protuberance 52 is adapted to engage either one of two
      cam segments 44 and 46 defined at the free end of the cam member 40. These
      cam segments 44 and 46 are preferably separated by a medial lobe 48, and
      the end portions of each of these segments 44 and 46 are more particularly
      defined by end lobes 47 and 49. These end lobes 47 and 49 provide stop
      surfaces for engaging the sides of the protuberance 52 on the lever to
      positively limit arcuate motion of the cam member 40 about the axis of the
      shaft 10. The cam member 40, and more particularly its upper end portion
      42, is loosely received on the shaft 10 as mentioned previously, but means
      is provided on the shaft in the form of the stop assembly 60 for imparting
      arcuate motion to the cam member 40 when the angular position of the shaft
      reaches a predetermined angular displacement. Thus, as a result of
      adjusting the position of the stop screw 62 the angle at which the cam
      member 40 follows rotation of the shaft 10 can be conveniently preset.
PAR  With protuberance 52 engaging cam segment 44 as shown in the drawing the
      valve 20 will be opened allowing pressure to reach the normal system 16.
      However, as the shaft 10 is rotated clockwise beyond the position shown in
      broken lines for the lever 12, stop screw 62 engages a generally radially
      extending abutment surface 54 defined on the cam member 40 with the result
      that the cam member is positively rotated from the position shown, and
      beyond said position, to cause the depending medial lobe 48 to engage tit
      52 and to rotate idler lever 50 downwardly depressing poppet plunger 32
      but valve 20 remains open. The purpose of the medial lobe 48 is to offer
      some resistance to clockwise rotation of the shaft 10, thereby giving the
      operator a positive indication or "feel" that tells him he is switching
      over from Normal to Emergency System Operation.
PAR  As the medial lobe 48 on cam member 40 passes over the protuberance 52 on
      the lever, the lever will be raised upwardly under the spring force
      provided by the coil spring 30 in the poppet valve 20. This action will
      cause the valve element 26 to seat and thereby close the valve. Further
      angular travel of the shaft 10 will result in no further action to the
      valve member, but may provide an input signal, electrical or otherwise, to
      the emergency system 22.
PAR  Means is provided for reopening the valve 20, in response to return
      movement of the lever 12. Return movement of the lever 12 beyond a
      predetermined angular position of the shaft 10, in said return, or
      opposite direction causes the opposite end of stop screw 62 to engage a
      second generally radially extending abutment surface 56 defined for this
      purpose on the cam member 40. The medial lobe 48 will offer some
      resistance to rotation of the shaft 10 in this direction also, thereby
      giving the operator a positive indication that he is changing from
      Emergency to Normal System Operation. The protuberance 52 on lever 50 will
      again engage the cam segment 44 as shown in the drawing with the result
      that the valve 20 will remain open, and fluid pressure again is available
      to the normal system 16.
PAR  Thus, an angular dead band is provided for the rock shaft 10 and its
      associated lever 12 such that the shaft is permitted an angular range of
      displacements which, when exceeded, will result in actuation of the valve
      20. In the example shown the valve 20 is closed, but it will be apparent
      to those skilled in the art that a valve could be arranged so as to be
      opened by the mechanism of the present invention. The mechanism disclosed
      also provides for return movement of the shaft 10 to return the valve 20
      to its "normal" position.
CLMS
STM  We claim:
NUM  1.
PAR  1. The combination comprising a valve including an element movable between
      open and closed positions, biasing means for urging said element toward
      one of said positions, a poppet having an inner end movable with said
      valve element and an outer end, means for moving such poppet against the
      force of said biasing means, a rock shaft which is rotatable on its axis
      through a normal range of angular displacements and through a
      predetermined angular displacement to a second range of angular
      displacements, said means for moving said poppet including a cam member
      rotatably mounted on said shaft and having a free end portion which
      defines a cam surface, at least two segments of said cam surface having
      different radii with respect to said shaft axis, a crank arm carried by
      said shaft and including screw means for engaging a first abutment surface
      on said cam member to rotate it together with said shaft beyond said
      predetermined angular displacement, said cam surface being so located with
      respect to said poppet that said cam surface segments permit said valve
      element to be selectively held in an open and in a closed position
      respectively, and wherein said cam member further includes a second
      abutment surface angularly related to said first abutment surface with
      respect to said shaft axis, said second abutment surface being engageable
      with an opposite end of said screw means.
NUM  2.
PAR  2. The combination defined by claim 1 wherein said means for moving said
      poppet further includes a lever mounted for limited pivotal movement on an
      axis generally parallel to that of said shaft, said lever having a lower
      surface engaging said poppet and an upper surface which defines a cam
      following protuberance for engaging said cam surface.
NUM  3.
PAR  3. The combination defined by claim 2 wherein said cam surface includes a
      depending medial lobe between said two segments, said medial lobe and said
      lever defined protuberance causing some resistance to rotation of said
      shaft beyond said predetermined angular displacement.
NUM  4.
PAR  4. The combination defined by claim 3 wherein said cam surface further
      includes depending end lobes for limiting angular rotational movement of
      said cam member upon engagement of said end lobes with said lever defined
      protuberance.
NUM  5.
PAR  5. The combination defined by claim 1 wherein said means for moving said
      poppet further includes a lever mounted for limited pivotal movement on an
      axis generally parallel to that of said shaft, said lever having a lower
      surface engaging said poppet and an upper surface which defines a cam
      following protuberance for engaging said cam surface.
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ABST
PAL  A gas conveying means and more particularly a gas conveying means such as a
      flue or duct having an improved damper valve and improved operating means
      therefor.
BSUM
PAR  It has long been well known to provide damper valves for regulating gas
      flow within flues, ducts and other such gas flow conveying means. For
      example, in many power generating plants wherein steam driven turbine
      generators receive driving steam from a boiler fired by fossil fuels such
      as coal or oil, the waste gases resulting from fuel combustion are
      conveyed from the boiler firebox by a flue including dampers which are
      provided to regulate the flow of combustion gases. Specifically, dampers
      have been employed for such varied purposes as, for example: selectively
      directing flue gas flow from one or more boiler fireboxes to one or more
      gas cleansing means such as a precipitator or scrubber; proportioning gas
      flow among a plurality of gas cleansing means: selectively varying gas
      pressure to regulate the flue draft; and the like.
PAR  Although prior damper valves employed for the abovementioned and other
      functions have generally served the purposes intended, they have
      nonetheless been subject to certain undesirable deficiencies. For example,
      seating surfaces of certain well known damper valves such as guillotine
      dampers have commonly been subject to fouling by accumulation thereon of
      fly ash or other particulate impurities entrained in the flue gas stream
      and such accumulations have often impeded gas tight closing of the valve.
      Additionally, the various possible settings of guillotine dampers,
      butterfly dampers and the like between the fully open and fully closed
      positions may dictate differing gas flow patterns therepast, some of which
      flow patterns may be undesirable, for example if they promote unwanted
      turbulence in the flowing gases to the detriment of subsequent operations
      such as gas cleansing or cooling.
PAR  The present invention provides a domed damper valve means which is operable
      by means of an improved axial push rod actuator whereby deficiencies of
      prior dampers such as cited hereinabove are overcome. Specifically, the
      damper of the present invention is not subject to fly ash fouling and is
      operable in a manner such that the flow pattern of gas flowing therepast
      remains substantially the same for any position of the valve, except the
      fully closed position of course whereat gas flow ceases completely. the
      damper of the present invention further provides improved actuator
      mechanism reliability and life span by having the actuating mechanism
      thereof isolated from the flue gas flow and thereby protected from
      deleterious particulate accumulations, corrosion and erosion.
DRWD
PAR  These and other objects and advantages of the present invention are more
      fully specified in the following description and illustrations, in which:
PAR  FIG. 1 is a partial longitudinal section of a gas flue including damper
      valve means of the present invention; and
PAR  FIG. 2 is an enlarged fragmentary portion of FIG. 1 illustrating partly in
      section the operating mechanism of the valve of this invention.
DETD
PAR  There is generally indicated at 10 in FIG. 1 a damper valve assembly
      constructed in accordance with the principles of the present invention and
      adapted to selectively regulate gas flow within a gas conveying means
      shown as a flue 20. Those versed in the art will readily appreciate that
      in practice the damper 10 may be variously adapted to control or regulate
      gas flow within any known gas flow conduit, duct or other such gas
      conveying means. However, for purposes of simplified illustration the
      recitation hereinbelow is directed to the damper 10 as adapted for
      selectively opening or closing the flue 20 to gas flow therethrough. Of
      course it is to be understood from the outset that such simplification is
      not intended to unduly limit the scope of the invention described.
PAR  Flue 20 comprises an upstream flue portion 12 shown as being of a generally
      curved or elbow configuration and of a circular cross section, a
      downstream flue portion 14 likewise shown as having a generally circular
      cross section, and a generally rectangular intermediate flue portion 16
      which communicates intermediate the portions 12 and 14 and carries the
      valve assembly 10 whereby the flue 20 is adapted to have a flow of gas
      directed therethrough in the direction indicated by arrows 18, for example
      the combustion gases from a coal or oil fired boiler (not shown(which
      communicates with flue portion 12. The flue gases so received into portion
      12 are directed therethrough and further through the portions 16 and 14 in
      that order to a stack or gas processing means (not shown), for example a
      well known electrostatic precipitator or wet scrubber which communicates
      with flue portion 14.
PAR  As shown, the portion 16 is comprised of a generally rectangular housing 38
      having an internal space 24 which communicates with the interior space of
      portion 12 by means of a port 40, and which further communicates with the
      interior space of portion 14 by means of a port 42 to provide for the
      conveying of gas therethrough intermediate portions 12 and 14 in the
      manner hereinabove described. Such gas flow is controllable by means of
      the valve 10, portions of which are housed within space 24 and are
      cooperable with port 40 to selectively open or close the port 40 to gas
      flow therethrough.
PAR  More particularly, the valve 10 as shown comprises: an axially movable,
      rigid actuator rod 28 extending through the space 24, coaxially through
      the port 40 and into portion 12; a valve controlling or actuator assembly
      36 rigidly carried by the portion 16 in coaxial alignment with the rod 28
      externally of housing 38 and adapted to render rod 28 axially positionable
      with respect to the housing 38; and a domed or dished valve head 22
      suitably rigidly affixed coaxially with respect to rod 28 within space 24
      as by means of gussets 46 rigidly secured to and extending between the rod
      28 and the head 22.
PAR  Rod 28 includes respective axially opposed end portions 28a and 28b which
      extend externally of the flue 10, the portion 28a extending through a
      suitably sized bore 94 (FIG. 2) is a sidewall 44 of portion 16 opposite
      the port 40, and the portion 28b extending through a suitable bore 47 in
      the wall of portion 12. As shown the rod 28 is supported for axial
      movement thereof adjacent end portion 28a and outwardly adjacent bore 94
      by means of the assembly 36 in a manner to be described hereinbelow. The
      portion 28b is shown as being supported outwardly adjacent bore 47 by
      means of a bearing bracket 30 rigidly carried adjacent the exterior of
      portion 12 and having a bore 34 to receive the rod end 28b whereby the
      valve head 22 carried by rod 28 is supported within space 24 for axial
      movement thereof with respect to port 40 to open or close the flue 20 in
      response to actuation thereof by assembly 36.
PAR  As shown in FIGS. 1 and 2, assembly 36 comprises: a flat mounting plate 48
      disposed outwardly adjacent wall 44 and rigidly affixed thereto as by
      means of screws 50 (FIG. 1); a pair of laterally spaced guide bars 52
      suitably rigidly affixed to plate 48 and extending outwardly therefrom; a
      transverse member 56 (FIG. 1) which spans the space intermediate bars 52
      adjacent the respective outermost ends thereof and is rigidly affixed
      thereto as by means of threaded fasteners 58; a transverse frame 60
      carried by bars 52 and slideable longitudinally with respect thereto; and
      an elongated screw assembly 79 carried by member 56 and cooperable with
      frame 60 to render the frame 60 selectively positionable intermediate the
      ends of guides 52. As shown, the bars 52 are disposed in parallel relation
      to the axis of rod 28 and are spaced transversely in opposite directions
      therefrom. Bars 52 may be supported in the position described by plate 48
      in any suitable manner, for example by welding thereof to gussets 54
      rigidly carried by plate 48. The assembly 36 additionally includes a rod
      support portion 92 which is coaxially aligned with bore 94. The portion 92
      includes a cylindrical bearing body 96 rigidly affixed adjacent the outer
      side of plate 48 and coaxially adjacent a bore 49 therein which is, in
      turn, disposed coaxially outwardly adjacent the bore 94. Body 96 is
      adapted to receive annular bearings 98 which encompass and support the rod
      28 extending therethrough. The bearings 98 are captively retained within
      body 96 axially intermediate plate 48 and a cylindrical sleeve 100
      disposed radially intermediate the body 96 and rod 28 and secured by
      screws 99 affixing together respective adjacent radially outwardly
      extending flanges 97 and 95 of sleeve 100 and body 96.
PAR  The frame 60 comprises a generally channel-shaped transverse member 62
      having bores 64 laterally spaced to receive the respective bars 52, and a
      transverse member 76 rigidly carried by the member 62 and spaced outwardly
      therefrom as by rigid side plates 78 extending therebetween.
PAR  The member 76 receives a reduced diameter inner end portion 82 of the
      assembly 79 within an axial bore 84 of the member 76 and secures the
      portion 82 therewithin as by a washer 86 rigidly affixed adjacent the
      innermost end of the portion 82. Thus the assembly 79 captively retains
      the member 76 intermediate the washer 86 and a shoulder 51 spaced
      outwardly therefrom and located adjacent the intersection of portion 82
      and a threaded portion 80 of assembly 79. Portion 80 extends axially
      outwardly from shoulder 51 through a cooperably threaded axial bore 88
      (FIG. 1) in member 56 and has a crank handle 90 rigidly affixed adjacent
      the outermost end thereof.
PAR  Similarly, the rod end 28a has a reduced diameter end portion 70 which is
      secured within an axial bore 68 in member 62 by means of a washer 71
      axially rigidly affixed adjacent the outermost end of the portion 70 to
      captively retain the member 62 intermediate the washer 71 and a helical
      spring element 72 which encompasses portion 70 axially intermediate member
      62 and a shoulder 74 located adjacent the innermost end of portion 70. As
      shown, there may also be included intermediate member 62 and shoulder 74
      washers 67 adjacent opposed ends of spring 72 to provide bearing surfaces
      for compression of the spring 72 during valve operation.
PAR  It will be apparent from the recitation hereinabove that in practice
      operation of valve 10 entails turning the crank 90 to advance screw 80
      inwardly or outwardly thereby translating frame 60 inwardly or outwardly
      along guides 52 as desired. Responsive to the movement of frame 60, rod 28
      is simultaneously translated axially inwardly or outwardly to adjust the
      flow area intermediate head 22 and an annular seating portion 26 of port
      40. At one extreme position of valve 10 comprising a fully open state,
      head 22 is spaced axially outwardly from seat 26 sufficiently to provide
      substantially free flow of gas through the port 40. At the opposite
      extreme or fully closed position of valve 10, an annular portion of the
      convex side of head 22 contacts seat 26 to provide a gas tight sealing
      closure of port 40 against gas flow therethrough. By operation of the
      actuator assembly 36 as described hereinabove the valve 10 may be
      positioned at any point intermediate the fully opened and fully closed
      positions thereof to selectively control gas flow through the port 40.
PAR  It is to be noted that in closing the valve 10, the closing force imparted
      by assembly 79 is transmitted from frame 60 to rod 28 via spring 72
      whereby additional turning of crank 90 after contact of head 22 with seat
      26 merely translates frame 60 inwardly against the bias of spring 72 to
      compress the spring 72 thereby imparting a closing bias at the rate of,
      for example, approximately 150 pounds per inch of spring compression to
      maintain the valve 10 in the positively closed state. Such closing bias
      additionally provides a safeguard whereby excessive closing turns of crank
      90 will not result in bending or other mechanical damage to head 22, seat
      26 or other members inasmuch as the lost motion connection between
      assembly 79 and rod 28 is taken up in compression of the spring 72 rather
      than through mechanical deformation of other valve elements.
PAR  By virtue of the invention described hereinabove there is provided an
      improved damper valve incorporating improvements in operating mechanism
      and valve seating structures, and additionally providing safeguards
      against inadvertent damage through excessive tightening of the valve
      actuator during closing. The present invention furthermore provides for
      improved operating mechanism life span and reliability by isolating the
      valve operating mechanism from the gas flow and thereby minimizing the
      effects of corrosion, erosion and particulate accumulations.
PAR  Notwithstanding the reference hereinabove to one particular preferred
      embodiment of the invention, it is to be understood that this invention
      may be practiced in numerous other embodiments with various modification
      thereto without departing from the broad spirit and scope thereof. For
      example: screw 80 may be replaced by a fluid operable cylinder, or may be
      automated as by inclusion of a driving motor; rod end 28b need not extend
      through the wall of flue portion 12 for support but may alternatively be
      carried by support means within flue portion 12; member 62 may include
      locking devices, as for example lock screws 66 adapted to engage guides 52
      to lock the valve 10 in a selected position thereof; spring 72 may
      alternatively be an elastomer, such as an elongated rubber cylinder; it is
      contemplated that head 22 may be domed on both sides thereof and adapted
      thereby to alternately open and close axially opposed ports, and rod end
      70 may in such a case include spring bias elements for biased closing of
      both such ports; and the like.
PAR  These and other embodiments and modifications having been envisioned and
      anticipated it is requested that this invention be interpreted broadly and
      limited only by the scope of the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve assembly comprising: a valve member movable to selectively open
      and close a conduit and being carried by an elongated valve stem; an
      actuating assembly adapted to selectively control the movement of said
      valve member and including, a plurality of elongated guide means extending
      parallel to said valve stem, a movable transverse member extending between
      said guide means and slidable therealong, an actuating rod means
      communicating with said movable transverse member for selective
      positioning of said movable transverse member along said guide means, and
      biasing means communicating between said valve stem and said movable
      transverse member for biasing said valve member toward the closed position
      thereof and for providing a lost motion connection between said first
      transverse member and said valve stem after said valve member initially
      makes contact with such conduit.
NUM  2.
PAR  2. A valve assembly as specified in claim 1 additionally comprising: a
      fixed transverse member extending between said guide means and being fixed
      thereto; said fixed transverse member including an internally threaded
      bore therethrough for threaded engagement with an externally threaded
      portion of said actuating rod means; wherein rotation of said actuating
      rod means causes said rod means along with said first transverse member to
      move in a direction parallel to said guide means.
NUM  3.
PAR  3. A valve assembly as specified in claim 1 additionally comprising:
      locking means on said movable transverse member for selectively engaging
      said guide means to temporarily prevent movement between said movable
      transverse member and said guide means.
NUM  4.
PAR  4. A valve assembly as specified in claim 1 wherein the surface of said
      valve member adapted to close such conduit is dished in a convex
      direction.
NUM  5.
PAR  5. A valve assembly as specified in claim 1 wherein said guide means
      comprise two bars rigidly affixed exteriorally of such conduit.
NUM  6.
PAR  6. A valve assembly as specified in claim 1 wherein said biasing means
      comprises a compression spring carried by one end portion of said valve
      stem.
NUM  7.
PAR  7. A valve assembly as specified in claim 6 wherein said valve stem extends
      on both sides of said valve member and the end portion of said valve stem
      opposite said one end portion is adapted to be slidingly supported by such
      conduit.
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ABST
PAL  A magnetically-actuated membrane valve for controlling and/or regulating
      the flow of a liquid medium is described which valve comprises a control
      membrane fixedly clamped in a valve housing, and an armature frictionally
      connected with the membrane, which armature is arranged on that side of
      the membrane which faces away from the exciting coil and from the magnet
      core of the solenoid, whereby the magnetic flux flows through the
      membrane, especially for the control of the flow of a liquid which serves
      as control means in a fuel injection system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a solenoid membrane valve for controlling and/or
      regulating the flow of liquid media, which valve comprises a membrane
      fixedly clamped in a valve housing, and an armature frictionally connected
      with the membrane.
PAR  Particularly, in the case of fuel injection systems, it is required to
      intervene in an automatic control circuit by means which are inexpensive
      to manufacture, but operate accurately, in order to change the proportions
      prevailing in the circuit. In a fuel injection system, such change will be
      in the proportionality of the aspirated amount of air and the injected
      amount of fuel. This proportionality is changed in dependence on engine
      data, such as rpm, load, temperature and composition of the exhaust gases,
      in order to combust the fuel as completely as possible, thereby avoiding
      or strongly reducing the formation of toxic exhaust gases, while
      maintaining the greatest possible efficiency of the internal combustion
      engine and a minimum of fuel consumption. As in the case of many other
      control systems with similar requirements, it has been found in such
      automatic fuel injection control systems that liquid is a highly suitable
      control medium owing to its non-compressibility with preservation of its
      fluid properties.
PAR  Especially when using electrical means for measuring the amount of air or
      metering the amount of fuel, a solenoid valve is usually an important
      element of the control system, a magnetically controlled membrane valve
      having a flat seat being preferred as such element. Apart from the fact
      that such a valve operates practically free from hysteresis, its flat seat
      with the cross-sectional area of its annular valve passage produces at
      short strokes a linear relationship between the stroke of the membrane and
      the cross-sectional area of the flow passage.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a novel valve of the
      aforementioned type, in which the above-described requirements are
      fulfilled better than in the known valves, which novel valve is, in
      particular, less expensive to manufacture.
PAR  This and other objects are attained according to the invention by providing
      a valve of the type described, wherein the armature of the solenoid is
      arranged on that side of the membrane which faces away from the exciting
      coil and from the magnetic core of the solenoid, whereby the magnetic flux
      flows through the membrane, especially for the control of the flow of
      liquids which serve as control means in a fuel injection system. According
      to a feature of the invention, the armature is pressed against the
      membrane by the magnetic flux flowing through the membrane. In known
      valves, the armature of the magnet is affixed to the membrane, thereby
      causing a change in the shape of the latter, which change will have a
      negative effect on the control of the medium. A further advantage of the
      novel valve according to the invention resides in its small size, and, if
      necessary, in the easy separability of the space containing the exciting
      coil from the control space.
PAR  In an advantageous embodiment of the invention the armature serves at the
      same time as a spring retainer of a control spring, being preferably
      manufactured from soft-magnetic material and having the shape of a cup,
      and encircling a sleeve which bears the valve seat. According to another
      advantageous embodiment of the invention the armature is mounted and
      radially guided on a guiding membrane. The armature is suspended to be
      axially displaceable and free from friction, preferably by means of a
      rolled flange portion. Thereby mechanical friction which would
      automatically lead to hysteresis is avoided. In this case the guiding
      membrane is made in a known manner of axially soft and radially rigid
      material. The guiding membrane can be axially attachable by means of a
      soft-iron ring of the same diameter which axially engages in the stator
      bore. Thus no additional dividing plane of the housing is needed for
      clamping-in the guiding membrane and the frontal face of the casing turned
      toward the membrane can be lapped in a single working step. A narrow
      radial play is provided between the soft-iron ring and the armature-spring
      retainer, in order to ensure minimum losses of magnetic flux. The
      soft-iron ring can be provided, on the side thereof facing away from the
      membrane, with an inner flange and the armature-spring retainer can be
      provided with an outer flange which extends beyond that side of the inner
      flange of the soft-iron ring which faces away from the membrane. This
      prevents the formation of unilateral radial forces due to eccentricity of
      the spring retainer in the soft-iron ring, resulting from manufacture
      thereof. Otherwise, such radial forces could effect a tilting of the
      spring retainer and may even cause magnetic adhesion during contact of the
      spring retainer and the soft-iron ring; also, avoidance of such radial
      forces affords the advantage of an additional axial power gain. Moreover,
      the guiding membrane can serve advantageously for controlling the magnetic
      flux, for which purpose it is preferably made of soft-magnetic material
      having a high saturation inductance. In this case, no additional and
      uncontrolled magnetic radial and/or axial forces will be exerted on the
      spring retainer.
PAR  It is important that valves of this type should be constructed of small
      radial extensions, so that they may be integrated readily into other
      control units. Furthermore, the clamped-in diameter of the membrane should
      be as small as possible, in order to keep the magnetic forces small, when,
      for example, different pressures prevail on the two sides of the control
      membrane, for the force of the membrane increases proportionally with the
      second power of the clamped-in diameter of the control membrane, and the
      diameter of the guiding membrane is largely dependent on the diameter of
      the control membrane. According to the invention, the head of the spring
      retainer should have the smallest possible diameter, and to this end, the
      control spring can be supported by the spring retainer in a range which is
      located, taken from the control membrane, axially behind the guiding
      membrane.
PAR  According to a further advantageous embodiment of the invention, the
      armature-spring retainer is axially displaceable and radially guided in
      the housing. In this case, it is important that there should be only a
      minimal clearance between the two members being displaceable relative to
      one another. In order to avoid any magnetic adhesion, the surfaces of
      members facing towards each other, through which the magnetic flux passes,
      can be coated with a non-magnetic material. In order to reduce expenses, a
      ring of soft-magnetic material, affixed to the housing, can be arranged
      between the armature-spring retainer and the housing, across which a
      locally large magnetic flux density is possible. The casing on the
      contrary, can be manufactured from less expensive material, since the
      magnetic flux density therein is smaller. In order to avoid a magnetic
      short circuit, the control spring, a tubular socket, or a casing part
      containing the socket, may consist of non-magnetic material. Washers made
      of non-magnetic material may also be used, provided their magnetic
      resistance is sufficient.
PAR  For some control purposes it is necessary that different pressures should
      prevail on both sides of the membrane. Therefore, according to the
      invention, the chambers on both sides of the membrane may be in
      communication with each other, preferably by way of a throttle bore. When
      a given pressure prevails in one chamber, this throttle bore brings about
      a constant pressure drop in the direction toward the other chamber. In
      addition, in accordance with the invention, oscillations of constant,
      small amplitude and constant frequency can be superimposed on the applied
      basic operating current, in order to eliminate the occurrence of adhesion
      hysteresis.
PAR  The invention will be better understood, and further objects and advantages
      will become apparent from the ensuing detailed specification of a
      preferred but merely exemplary embodiment taken in conjunction with the
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows in axial view a preferred embodiment of the solenoid membrane
      valve according to the invention, and
PAR  FIGS. 2 to 4 show in partial sectional view variations of the armature of
      the valve shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In a multiple-part housing of a solenoid membrane valve, a membrane 3 is
      clamped between the housing elements 1 and 2. Housing element 2 is closed
      by means of a top 4, and has a central bore 2a into a threaded portion 2b
      of which a magnetic core 5 having an external thread and bearing a plug
      portion 6 is screwed in position. About plug 6 an exciting coil 7 is
      affixed to core 5. The free end face 6a of plug 6 determines the maximal
      stroke of the membrane 3. In the central bore 1a of housing element 1,
      which registers with central bore 2a, there is affixed an insert 8 which
      is preferably manufactured from magnetically non-conductive material. In
      the central bore 8a of insert 8, there is seated a valve sleeve 9 whose
      reduced diameter portion 9a facing toward membrane 3 constitutes a valve
      seat 10. A coil spring 11 serving as a control spring and surrounding
      sleeve portion 9a, is seated with its one end on the inside face 8b of
      insert 8 and with its other end in a cup-shaped spring retainer 12,
      thereby urging the latter into contact with membrane 3. The cup-shaped
      spring retainer 12 serves as the armature of solenoid 7.
PAR  In the embodiment shown in FIG. 1, armature 12 is fixedly mounted in the
      central opening 13a of a guiding membrane 13, which is clamped between two
      rings 14 and 15 inserted fixedly into the central bore 1a of housing
      element 1. The cup-shaped armature 12 has an outer flange 16 which reaches
      over an inwardly extending flange 17 of ring 14, in order to provide
      particularly favorable flux-transmitting surfaces for the magnetic flux in
      the axial direction. Furthermore, there are provided in ring 14 axial
      bores 18, through which fuel flows in its passage past seat 10, to fill
      the entire space 30 of the housing even when flange 16 is in contact with
      flange 17. In this embodiment, a higher fuel pressure prevails in chamber
      30a of interior space 30 which is surrounded by element 2 than in chamber
      30b which is enclosed by elements 1 and 8. A constant pressure drop
      between the two chambers 30a and 30b which are separated by the membrane
      3, is caused by a throttle 19 through which fuel continually flows from
      chamber 30a into chamber 30b. Moreover, a larger amount of fuel flows
      through chamber 30a from entry bore 2d to exit bore 2c as indicated by
      arrows in order to effect a cooling of the exciting coil 7. From chamber
      30b the liquid passing through throttle 19 then flows either past the
      valve seat 10 and out of discharge bore 8c to another control pressure
      valve (not shown), whenever armature 12 (along with membrane 3) is
      attracted by solenoid 7; or, pressure-regulated, via axial duct 18,
      orifices 13b in guiding membrane 13 into discharge bore 20 in element 1 to
      a fuel-consuming device. Depending on which current intensity and/or
      current frequency is applied to the exciting coil 7, the stroke of
      membrane 3 can correspond to the applied current intensity (proportional
      actuation), or the membrane can be operated in cycles carrying out a full
      stroke in each cycle (integral actuation). In either case, the difference
      between the pressures prevailing on both sides of the membrane is thus
      controlled.
PAR  The magnetic core 5 has a bore 31 formed therein. The bore 61 serves as a
      connecting bore for the chamber 30a to the space 32 between the core 5 and
      the cover 4.
PAR  In the embodiment shown in FIG. 2, the magnetic flux does not pass via a
      special annular member as provided by annular flange 17 in the preceding
      embodiment, but, instead, via the guiding membrane 13 which is
      manufactured from suitable soft-magnetic material, and has an adequate
      cross-sectional area.
PAR  A ring 21, by means of which the guiding membrane 13 is fixedly held on
      ring 15 is preferably manufactured of soft-magnetic material in order to
      facilitate the passage of the densified magnetic flux from housing element
      1 to the guiding membrane.
PAR  In contrast to the magnetic system shown in FIG. 1, the magnetic system
      shown in FIG. 3 comprises a cup-shaped armature 22 of much smaller
      diameter, thus avoiding the need for too large an electromagnet even in
      the case of larger differences occurring between the pressures on both
      sides of membrane 3, as the required control forces increase with the
      square of the membrane diameter. The smaller diameter of armature 22 is
      made possible by supporting control spring 11 in this embodiment on a
      shoulder 23 in the armature cup rim 22a facing away from membrane 3 and
      beneath the cup zone in which the guiding membrane 24 engages armature 22,
      rather than having the spring located inside the cup of the armature as is
      the case in the embodiment of FIG. 1. In order to maintain an adequately
      soft characteristic spring curve, the length of control spring 11 must not
      be shortened, wherefor the valve sleeve 31 is slightly longer than the
      valve sleeve 9 of the embodiments shown in FIGS. 1 and 2, but has a much
      smaller diameter. Radial bores 25 are provided in the armature for the
      flow of fuel therethrough.
PAR  In the embodiment of the magnetic system shown in FIG. 4, the cup-shaped
      armature 26 is inserted in a soft-iron ring 27 which is provided with
      grooves 28 for fuel flow in the wall of its central bore 27a. A coating 29
      of non-magnetic material is provided on the outer cup surface of the
      armature 26 facing ring 27. Thereby, magnetic adhesion due to one-sided
      compression of the spring 11, and the resulting eccentric positioning of
      the armature, can be avoided.
PAR  According to the invention, a coating of non-magnetic material may be
      provided advantageously on all surfaces which must undergo displacement,
      relative to each other, in order to avoid magnetic adhesion. All other
      members which are not important for the magnetic flux can be made from
      less expensive non-magnetic material.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A magnetically-actuated membrane valve for the control or regulation or
      both of the flow of a liquid medium comprising: a valve housing; a control
      membrane held in position in said housing; a solenoid coil and a magnetic
      core on one side of said membrane; and an armature on the other side
      thereof, in said housing, whereby the magnetic flux between the solenoid
      coil and armature passes through said membrane; and a valve seat obturated
      by said control membrane when said valve is closed, wherein said valve
      seat is located on the same side of said control membrane as said
      armature.
NUM  2.
PAR  2. A magnetically actuated membrane valve as described in claim 1, wherein
      said control membrane is made of magnetically conductive material, and
      wherein said control membrane supplements the magnetic response of said
      armature.
NUM  3.
PAR  3. A magnetically-actuated membrane valve as described in claim 1, wherein
      said valve seat defines a positional plane, and wherein said control
      membrane is held in position in said positional plane.
NUM  4.
PAR  4. A magnetically-actuated membrane valve as described in claim 1, further
      comprising control spring means in said housing, one end of which spring
      means is supported at said armature, and valve sleeve means defining said
      valve seat, and wherein said armature is made of soft magnetic material,
      is cup-shaped and surrounds said valve sleeve means.
NUM  5.
PAR  5. A magnetically actuated membrane valve as described in claim 4, wherein
      said housing comprises an insert in the wall of the housing on the side of
      said control membrane facing away from said solenoid coil and core, and a
      tubular member projecting inwardly from said insert toward said control
      membrane, the end of said tubular member adjacent said control membrane
      bearing said valve seat, and wherein at least one of said control spring,
      tubular member and insert is of non-magnetic material.
NUM  6.
PAR  6. A magnetically-actuated membrane valve as described in claim 4, wherein
      said armature is radially guided and axially displaceable in said housing.
NUM  7.
PAR  7. A magnetically-actuated membrane valve as described in claim 6, wherein
      the external surface of said armature facing the internal wall of said
      housing is coated with a layer of non-magnetic material.
NUM  8.
PAR  8. A magnetically-actuated membrane valve as described in claim 6, further
      comprising a ring of soft magnetic material affixed in said housing and
      disposed between the latter and said armature.
NUM  9.
PAR  9. A magnetically-actuated membrane valve as described in claim 8, wherein
      at least one of the faces of said ring and of said cup-shaped armature,
      located opposite one another, bears a plurality of axial grooves for the
      guidance of fuel flow therealong.
NUM  10.
PAR  10. A magnetically-actauted membrane valve as described in claim 4, further
      comprising a guiding membrane, wherein said armature includes a rolled-in
      flange, and wherein said armature is suspended with the aid of said flange
      on said guiding membrane for radial guidance and axial frictionless
      displacement in said housing.
NUM  11.
PAR  11. A magnetically-actuated membrane valve as described in claim 10,
      wherein said guiding membrane is of magnetically conductive material and
      the magnet flux from said solenoid through said control membrane extends
      through said guiding membrane.
NUM  12.
PAR  12. A magnetically-actuated membrane valve as described in claim 10,
      wherein said guiding membrane is of soft magnetic material having a high
      saturation induction.
NUM  13.
PAR  13. A magnetically-actuated membrane valve as described in claim 10,
      further comprising a soft iron retaining ring holding the periphery of
      said guiding membrane fastened against displacement in an axial direction
      in said housing.
NUM  14.
PAR  14. A magnetically-actuated membrane valve as described in claim 13,
      wherein said soft iron ring and said armature are arranged in said housing
      on the same side of said control membrane with a small radial play between
      said ring and said armature.
NUM  15.
PAR  15. A magnetically-actuated membrane valve as described in claim 13,
      wherein said soft iron ring is provided on the side thereof facing away
      from said control membrane with an internal flange and wherein said
      armature has an external flange extending in radial direction in said
      housing, said external flange extending beyond the face of said internal
      flange on the side of the latter facing away from said control membrane,
NUM  16.
PAR  16. A magnetically-actuated membrane valve as described in claim 15,
      wherein the faces of said internal and said external flange facing toward
      each other extend in parallel planes.
NUM  17.
PAR  17. A magnetically-actuated membrane valve as described in claim 10,
      wherein said control spring means is housed in the interior of the cup of
      said armature, being supported with its one end against the bottom of said
      cup.
NUM  18.
PAR  18. A magnetically-actuated membrane valve as described in claim 10,
      wherein one end of said control spring means is supported on the cup rim
      of said armature facing away from said control membrane and from said
      guiding membrane, said spring means extending in the direction of the cup
      axis of said armature.
NUM  19.
PAR  19. A magnetically-actuated membrane valve as described in claim 1, wherein
      the face of said magnetic core turned toward said membrane is coated with
      a layer of non-magnetic material.
NUM  20.
PAR  20. A magnetically-actuated membrane valve for the control or regulation or
      both of the flow of a liquid medium comprising: a valve housing; a control
      membrane held in position in said housing; a solenoid coil and a magnetic
      core on one side of said membrane; and an armature on the other side
      thereof, in said housing, whereby the magnetic flux between the solenoid
      coil and armature passes through said membrane wherein said housing
      comprises two chambers separated by said control membrane, one of said
      chambers communicating with an entry bore of the housing and the other of
      said chambers communicating with at least one discharge bore of the
      housing, said control membrane comprises throttle means, and said two
      chambers of said housing on both sides of said control membrane are in
      free communication with one another through said throttle means.
NUM  21.
PAR  21. A magnetically-actuated membrane valve as described in claim 20,
      wherein said throttle means are located in said control membrane in the
      peripheral zone of the latter.
NUM  22.
PAR  22. A magnetically-actuated membrane valve as described in claim 1,
      comprising means for applying to said solenoid coil a base control current
      on which is superimposed oscillations of constant small amplitude and
      constant frequency.
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PAL  This invention relates to a water tap in which a screw threaded valve
      member is operated by a handle. Between the handle and valve member there
      is an intermediate member which is snapped into the valve housing and
      transmits rotary motion from the handle to the valve member. The handle is
      removably connected to the intermediate member and is arranged to overlie
      the intermediate member so as to conceal it and retain it in snap fit
      engagement with the valve body.
BSUM
PAR  This invention relates to valves and has especial but not exclusive
      reference to domestic water taps.
PAR  The invention is especially concerned with the provision of valves which
      are of simple construction and are easily assembled and which may
      advantageously be made from inexpensive and readily worked materials.
PAR  According to the invention a valve includes
PA1  A body having a valve seat,
PA1  A valve member in screw thread engagement with the body,
PA1  A control member for rotating the valve member,
PAR  AND AN INTERMEDIATE MEMBER ADAPTED TO LOCATE THE CONTROL MEMBER AXIALLY ON
      THE BODY AND TO TRANSMIT ROTATIONAL MOVEMENT FROM THE CONTROL MEMBER TO
      THE VALVE MEMBER.
PAR  To facilitate assembly the intermediate member preferably is adapted to
      enter into snap-on engagement with the body. There may be a
      circumferentially extending channel on the body or in the intermediate
      member, the channel being engaged by lugs or, preferably by a
      circumferentially extending bead. To provide resilience for assembly and
      stripping, the intermediate member preferably is provided with one or more
      generally axial slits or apertures which enable the intermediate member to
      expand radially in a resilient manner. The control member may then be
      arranged to contact at least that region of the intermediate member in
      which the slits or apertures are formed, in order to lock the intermediate
      member in engagement with the body.
PAR  In a preferred arrangement the intermediate member has axial slits which
      extend upwardly from the lower end of the member.
PAR  The control member is a generally cup-shaped knob and fits over the
      intermediate member such that the rim of the cup contacts and surrounds
      the lower end of the intermediate member. The exterior of the knob is
      contoured in a manner which assists operation and which is also
      decorative.
PAR  Preferably the control member is positively retainable on the intermediate
      member. For example the control member may be a snap-on fit on the
      intermediate member, or a stud may be employed which can seat against the
      control member and enter into a snap-on engagement with the interemdiate
      member. In a preferred arrangement the stud has a disc at one end for
      seating against control member and a spherical or frusto-conical portion
      at the other end for entering into snap-on engagement with the
      intermediate member. Preferably the disc conceals the remainder of the
      stud after assembly. The disc may bear a decorative device or may itself
      be concealed by a decorative insert. The disc or the insert may carry
      information as to the nature of or, for example, the temperature of the
      fluid to be controlled by the valve.
PAR  Travel of the valve member preferably is limited by contact between
      co-operable transverse surfaces on the valve member and the intermediate
      member, but as an alternative may be limited by stop means on the body.
PAR  The valve may also include a discharge spout. In one preferred arrangement
      the spout is a metal casting or a plastics moulding having a discharge
      nozzle at one end and a housing at the other end for the body.
      Conveniently the body is a push fit in the housing and the body and/or the
      housing have recesses for O-rings or other seals. Preferably all joins
      between the body and the housing are disposed downstream of the valve
      member so as to be pressurised only when the valve is open. Preferably
      also the housing and body are positively secured together at only one
      axial location so that relative axial expansion and contraction may be
      accommodated: this is especially advantageous where the housing and body
      are of different materials; for example the housing and indeed the entire
      spout may be of stainless steel or chromium-plated brass whereas the body
      may be of a plastics material such as an acetal co-polymer.
PAR  Where, for example, both the body and the spout are of plastics they may be
      ultrasonically welded together or joined by a hot-plate weld. For the sake
      of appearance and to afford some protection the spout and the body may be
      covered by a shroud, for example of metal-coated plastics, or stainless
      steel or chromium-plated brass. It will be appreciated that with this
      arrangement the join between the spout and the body is inevitably
      downstream of the valve member.
PAR  Preferably a sealing washer on the valve member is rotatable relative to
      the valve member so as to reduce scuffing on the valve seat.
DRWD
PAR  By way of example only, three valves embodying the invention will now be
      described with reference to the accompanying drawings of which:
PAR  FIG. 1 is a sectional elevation of a first valve,
PAR  FIG. 2 is a sectional elevation of a second valve, and
PAR  FIG. 3 is a sectional elevation of a third valve.
PAR  Like parts bear identical reference numberals throughout the drawings and
      description.
DETD
PAR  Referring to FIG. 1, an acetal co-polymer valve body has an axial inlet 12
      and a pair of diametrically-opposed radical outlets 14. The lower part of
      the body 10 forms an externally threaded adpater 16, and near the top of
      the body there is an internal helical thread in which a valve member 18
      may be run up and down. O-rings 19 prevent leakage between the valve
      member 18 and the body 10. At its lower end the valve member 18 retains a
      washer plate and stem 20 on which an annular rubber washer 22 is mounted.
      The washer 22 and the washer plate and stem 20 can rotate relative to the
      valve member; this is to reduce scuffing between the washer and seating 13
      of the inlet 12. The valve member 18 and the washer plate and stem 20 are
      also of acetal co-polymer.
PAR  The upper end of the valve member 18 is splined and engages a similarly
      splined intermediate member 24 within a control knob 30. In a modification
      (not shown) the splines are replaced by a hexagonal drive. The
      intermediate member 24 is of acetal co-polymer and has at its lower end a
      radially-inwardly projecting circumferential bead 28 which is a snap-on
      fit with a corresponding circumferential groove in the body 10. To provide
      resilience for the snap-on fit twelve axial slits (not shown) extend
      upwardly from the lower end of the intermediate member 24 for about a
      quarter of the overall length of the part. To lock the bead 28 into the
      groove the control knob 30, which is a generally cup-shaped plastics
      moulding, has a rim which is a push fit on the lower end of the
      intermediate member 24. When the knob 30 is positioned as shown in the
      drawing it locks the intermediate member 24 in engagement with the body
      10, and although the knob may rotate freely relative to the body, relative
      axial movement is prevented. Thus rotation of the knob 30 drives the valve
      member 18 up and down to open and close the inlet 12. A circlip 31 in a
      groove in the body limits upward movement of the valve member 18. This
      arrangement represents an improvement upon valves in which a separate
      head-part is screwed into the valve body, because either compaction of a
      sealing washer or thermal cycling can loosen a screwed assembly and
      eventually permit the head-part to become unscrewed from the body if the
      valve is over-enthusiastically opened.
PAR  Relative rotation of the intermediate member 24 and knob 30 is prevented
      because the latter has axial finger recesses 32, the inner surfaces of
      which engage recesses 34 in the intermediate member 24. The knob 30 is
      retained on the intermediate member 24 by a plastics stud 36 which is a
      snap-on fit with four fingers 38 formed at the upper end of the
      intermediate member 24. The upper end of the stud terminates in a disc 40
      which seats in a counterbore in the top of the knob 30. A decorative
      insert (not shown) conceals the disc 40. It will be appreciated that the
      components described so far may be assembled easily and without the use of
      tools. Similarly the valve is easily dismantled for replacement of the
      washer 22 should this be necessary.
PAR  The valve is completed by a chromium-plated brass spout 42 which has a
      nozzle 44 at one end and which at the other end forms a housing 46 for the
      valve body 10. The body 10 is a push fit in the housing 46 and is sealed
      thereto above and below the outlets 14 by O-rings 48. A shoulder 50 on the
      body 10 locates in a counterbore in the base of the housing 46, and axial
      restraint is provided by an in-turned lip 52 on the housing. It will be
      seen that relative thermal movement between the housing 46 and the body 10
      is readily accommodated. And it will also be seen that both of the joins
      between the housing 46 and the body, being downstream of the washer 22,
      are only pressurised when the valve is open.
PAR  Referring now to FIG. 2, it will be seen that only the body 10 and the
      spout 42 are different from the valve shown in FIG. 1. Accordingly, only
      these differences will be described.
PAR  The body 10 of the valve shown in FIG. 2 has a single radial outlet 14
      which co-operates with an acetal co-polymer spout 42 which has been
      ultrasonically welded to the body. Here again the join between spout and
      body is only pressurised when the valve is open. For better appearance,
      and to protect the spout 42 and the body 10, a shroud 54 extends over the
      spout and that part of the body 10 not concealed by the central knob 26.
      The shroud 54 is held in place by the knob 26. The shroud is of
      chromium-plated brass.
PAR  The valve shown in FIG. 3 is basically similar to those described above but
      incorporates a number of improvements which will now be described.
PAR  Firstly the circlip 31 shown in FIGS. 1 and 2 is dispensed with and instead
      upward travel of the valve member 18 is limited by contact between the
      valve member and the underside of the intermediate member 24. Quite apart
      from simplifying the valve, it has been found that this arrangement is
      stronger.
PAR  Secondly, the valve employs a shroud in the same manner as the valve of
      FIG. 2, but this shroud is of plastics and is an ABS moulding plated with
      chromium. Furthermore the shroud is retained on the body by a circlip 56
      rather than relying on the intermediate member 24 for retention as in the
      valve of FIG. 2.
PAR  Thirdly the spout 42 of acetal co-polymer has been joined to the body 10,
      which is of the same material, by hot-plate welding. For this reason the
      entire join between the spout and the body has been brought into a single
      plane so that a hot-plate can readily contact and heat the entire weld
      surface of each component. The weld is performed in the normal manner, the
      hot-plate being removed from between the components when their weld
      surfaces are sufficiently hot, and the components then being brought into
      direct contact.
PAR  And fourthly drive is transmitted from the control knob 30 to the
      intermediate member 24 by twelve axial ribs (not shown) on the inside of
      the former which engage the axial resilience slits in the latter.
PAR  Referring finally to FIGS. 1, 2 and 3, it will be appreciated that the body
      10 and its associated working parts could be utilised in ways other than
      those illustrated. For example a pair could be incorporated in a mixer
      arrangement.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid flow control valve comprising in combination a hollow valve body
      with a fluid inlet and a fluid outlet, a valve seating in the valve body
      between the fluid inlet and the fluid outlet, a valve member that
      co-operates with the valve seating to control fluid flow from the fluid
      inlet to the fluid outlet, the valve member being mounted in the valve
      body in screw threaded engagement therewith, an intermediate member, the
      valve member being engaged with the intermediate member for rotation
      therewith, the intermediate member being in snap-on engagement with the
      valve body whereby rotational but not axial movement of the intermediate
      member relatively to the valve body is permitted, an operating handle for
      rotating the intermediate member, and for retaining the latter in snap-on
      engagement with the valve body, leak preventing means located within the
      valve body for preventing the leakage of fluid between the valve member
      and the valve body, and a releasable retainer for securing the operating
      member to the intermediate member.
NUM  2.
PAR  2. A valve as claimed in claim 1 and further comprising, on the
      intermediate member, a plurality of resilient fingers, and, on the valve
      body, a peripheral groove in which the fingers engage and are retained in
      engagement by the operating member.
NUM  3.
PAR  3. A valve as claimed in claim 1 in which travel of the valve member is
      limited by contact between co-operable transverse surfaces on the valve
      member and the intermediate member.
NUM  4.
PAR  4. A valve as claimed in claim 1 in which travel of the valve member is
      limited by stop means on the valve body.
NUM  5.
PAR  5. A valve as claimed in claim 1 and further comprising a spout for the
      discharge of fluid from the valve body.
NUM  6.
PAR  6. A valve as claimed in claim 5 in which the spout has a discharge nozzle
      at one end and a housing at the other end in which the valve body is
      mounted.
NUM  7.
PAR  7. A valve as claimed in claim 5 in which the spout is welded to the valve
      body.
NUM  8.
PAR  8. A valve as claimed in claim 5 in which the valve body and the spout are
      covered by a shroud.
NUM  9.
PAR  9. A valve as claimed in claim 8 in which the shroud is retained on the
      valve body by the intermediate member.
NUM  10.
PAR  10. A fluid flow control valve comprising in combination a hollow valve
      body with a fluid inlet and a fluid outlet, a valve seating in the valve
      body between the fluid inlet and the fluid outlet, a valve member mounted
      in the valve body in screw threaded engagement therewith for co-operation
      with the valve seating, an intermediate member separate from the valve
      member, the valve member being engaged with the intermediate member for
      rotation therewith and longitudinal movement relatively thereto,
      intermediate member being rotatably mounted upon the valve body but
      secured against axial movement relatively thereto, a separate operating
      member for rotating the intermediate member, the operating member being
      separate from the intermediate member upon which the operating member is
      mounted and which it conceals, leak preventng means located within the
      valve body for preventing the leakage of fluid between the valve member
      and the valve body, and a releasable retainer for securing the operating
      member to the intermediate member.
NUM  11.
PAR  11. A valve as claimed in claim 10 in which the valve member has a
      screw-threaded portion and a plain surfaced portion having a peripheral
      groove therein, and in which the leak preventing means comprises an `O`
      ring located in the peripheral groove.
NUM  12.
PAR  12. A valve as claimed in claim 10 in which the valve body has a peripheral
      groove, and in which the intermediate member has a plurality of spaced
      resilient fingers engaged in the groove and retained therein by the
      operating member.
NUM  13.
PAR  13. A valve as claimed in claim 12 in which the interior of the operating
      member is formed with a pluality of axial ribs which engage the spaced
      resilient fingers to transfer rotation of the operating member to the
      intermediate member.
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PAL  4-(2'-norbornyl)-2-butanones characterized by the structural formula
      ##SPC1##
PAL  Wherein R.sup.1 represents hydrogen or methyl, and R represents hydrogen or
      a lower alkyl group are prepared by a crossed aldol condensation of
      5-norbornene-2-carboxaldehyde or norbornane-2-carboxaldehyde with methyl
      ketones in a basic medium followed by a subsequent dehydration of the
      aldol formed to prepare the 3-buten-2-ones which are subsequently
      hydrogenated. The compounds have very pleasant, strong and long lasting
      woody odors and are useful as compounds in fragrance compositions.
PARN
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 103,878, filed Jan. 4, 1971 now abandoned.
BSUM
PAR  This invention relates to the art of fragrance compositions and, more
      particularly, to a novel class of compounds possessing a characteristic
      odor. More specifically, this invention is directed to a novel class of
      useful compounds, their preparation and the utility of these compounds as
      fragrances.
PAR  The art of perfumery began, perhaps, in the ancient cave dwellings of
      prehistoric man. From its inception, and until comparatively recently, the
      perfumer has utilized natural perfume chemicals of animal and vegetable
      origin. Thus, natural perfume chemicals such as the essential oils, for
      example, oil of rose and oil of cloves, and animal secretions such as
      musk, have been manipulated by the perfumer to achieve a variety of
      fragrances. In more recent years, however, research perfume chemists have
      developed a large number of synthetic odoriferous chemicals possessing
      aroma characteristics particularly desired in the art. These synthetic
      aroma chemicals have added a new dimension to the ancient art of the
      perfumer, since the compounds prepared are usually of a stable chemical
      nature, are inexpensive as compared with the natural perfume chemicals and
      lend themselves more easily to manipulation than natural perfume chemicals
      since such natural perfume chemicals are usually a complex mixture of
      substances which defy chemical analysis. In contrast thereto, the
      synthetic aroma chemicals possess a known chemical structure and may
      therefore be manipulated by the perfumer to suit specific needs.
      Accordingly, there is a great need in the art of fragrance compositions
      for new compounds possessing specific characteristic aromas.
PAR  In accordance with the present invention, there is provided a novel class
      of 4-(2'-norbornyl)-2-butanones. The compounds of this invention are
      prepared by a crossed aldol condensation of 5-norbornene-2-carboxaldehyde
      or norbornane-2-carboxaldehyde with methyl ketones in a basic medium
      followed by a subsequent dehydration of the aldol formed to prepare the
      3-buten-2-ones which are subsequently hydrogenated. The class of compounds
      as a whole exhibits a characteristic pleasant, strong and long lasting
      aroma, which is highly useful in the preparation of fragrance compositions
      and perfumed products.
PAR  The principal object of the present invention is to provide a new class of
      aroma chemicals consisting of 4-(2'-norbornyl)-2-butanones and to methods
      of preparing them.
PAR  Another object of the present invention is to provide a specific class of
      norbornyl compounds having a characteristic aroma which is utilized in the
      preparation of fragrances and fragrance compositions.
PAR  These and other objects, aspects and advantages of this invention will
      become apparent from a consideration of the accompanying specification and
      claims.
PAR  In accordance with the above objects, there is provided by the present
      invention a novel class of compounds characterized by the structural
      formula
      ##EQU1##
      wherein R.sup.1 represents hydrogen or methyl, and R represents hydrogen
      or a lower alkyl group, i.e., an alkyl group of from 1 to 8 carbon atoms.
PAR  Representative alkyl groups characterized by R in the above formula include
      methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, tert-butyl, n-amyl,
      tert-amyl, i-amyl, n-octyl and the like.
PAR  The novel compounds of this invention are prepared by reacting a
      5-norbornene-2-carboxaldehyde or norbornane-2-carboxaldehyde characterized
      by the structure formula
      ##SPC2##
PAL  wherein R.sup.1 is hydrogen or methyl, with a methyl ketone characterized
      by the structural formula
      ##EQU2##
      wherein R is hydrogen, lower alkyl or alkenyl of from 1 to 8 carbon atoms,
      in a basic medium. Such a reaction is illustrated by the following
      equation:
      ##SPC3##
PAL  The resulting aldol is then dehydrated as illustrated in the following
      equation:
      ##SPC4##
PAR  Although it has been found that a large portion of the aldol formed in
      equation (I) can be dehydrated by merely heating and maintaining the
      reaction mass at elevated temperatures, it is preferred to add a catalytic
      amount of a strong acid to more completely dehydrate all of the aldol
      formed. Illustrative of such acids are phosphoric acid, sulfuric acid,
      hydrochloric acid and the aryl sulfonic acids and the like.
PAR  The resulting 3-buten-2-ones are then hydrogenated to the
      4-(2'-norbornyl)-2-butanones as illustrated in the following equation:
      ##SPC5##
PAR  The methyl ketones described above include compounds such as acetone,
      2-butanone, 2-pentanone, methyl isobutyl ketone, methyl amyl ketone,
      6-methyl hept-5-en-2-one, allyl acetone 5-hexene-2-one and the like.
PAR  In a preferred embodiment of this invention, 5-norbornene-2-carboxaldehyde
      is reacted with methyl ethyl ketone in the presence of a strong base such
      as sodium hydroxide and the like. Alternatively, a strongly basic ion
      exchange resin may be used in lieu of the strong base.
PAR  Ordinarily the mixture of the norbornene or norbornane carboxaldehyde and
      the ketone is refluxed for varying lengths of time to afford the products
      of this invention. The reaction is preferably carried out in the presence
      of water and the lower alkanols.
PAR  The norbornene or norbornane carboxaldehydes and the ketones which are
      reacted in accordance with this invention are preferably reacted in a mole
      ratio of at least about 1 to 1, preferably about 1 to 2 and most preferred
      to about 1 to 5.
PAR  The strong bases can be the alkali and alkaline earth metal hydroxides as
      well as other materials that form basic mediums.
PAR  The reaction conditions are not critical but should be such as to
      facilitate the preparation of the products. Thus, the reaction is normally
      conducted at a temperature of from ambient temperatures up to about
      120.degree.C.
PAR  The novel compounds of this invention are useful in the preparation and
      formulation of fragrance compositions such as perfumes and perfumed
      products due to their pleasing, strong and long lasting aroma. Perfume
      compositions and the use thereof in cosmetic, detergent and bar soap
      formulations and the like are exemplary of the utility thereof.
PAR  The term "fragrance composition" as used herein refers to a composition
      that has the quality or state of having a sweet or delicate odor. As such,
      fragrance compositions of the instant invention comprise the instant
      compounds, in an odoriferous amount, and at least one other odoriferous
      compound.
PAR  The compounds of this invention are used in concentrations of from trace
      amounts up to about 50 percent of the perfume composition into which they
      are incorporated. As will be expected, the concentration will vary
      depending on the particular fragrance composition and even within the same
      composition when compounded by different perfumers.
PAR  The following examples will serve to illustrate certain specific
      embodiments within the scope of this invention and are not to be construed
      as limiting the scope thereof.
DETD
PAC  EXAMPLE 1
PAC  4-(5-Norbornenyl)-3-methyl-but-3-en-2-one
PAR  A mixture of 80 ml. of 2-butanone (1.1 moles), 61.1 grams (0.5 moles) of
      5-norbornene-2-carboxaldehyde, and 250 ml. of water containing 6 ml. of
      40% sodium hydroxide solution was stirred rapidly at 50.degree.C. for 2
      hours when most of the aldehyde had been consumed (as determined by
      infrared analysis) and an aldol had formed. Stirring was continued and the
      temperature was slowly raised to 70.degree.C. and kept there for 30
      minutes causing dehydration of 75% of the aldol. A small amount of toluene
      sulfonic acid was added which catalyzed the dehydration of the remaining
      aldol. 90.8 grams of crude material which was a viscous liquid was
      distilled through a short Vigreux-column to give
      4-(5-norbornenyl)-3-methyl-but-3-en-2-one which had a boiling point of
      121.degree.-122.degree.C. at 10 mm., n.sub.D.sup. 25 =  1.5156.
PAC  EXAMPLE 2
PAC  3-Methyl-4-(2'-norbornyl)-2-butanones
PAR  A solution of 28.2 grams of 4-(5-norbornenyl)-3-methylbut-3-en-2-one and 50
      ml. of ethanol was hydrogenated over 1 gram 5% palladium on charcoal at 5
      psi at room temperature. The resulting product was distilled through a
      short Vigreux-column to give 25.3 grams of
      3-methyl-4-(2'-norbornyl)-2-butanone which had a boiling point of
      108.degree. to 113.degree.C. at 10 mm., n.sub.D.sup.25 = 1.4711 and was a
      colorless liquid.
PAC  EXAMPLE 3
PAR  An excellent hyacinth type fragrance composition was prepared containing
      the compound of Example 2. This fragrance composition was prepared by
      blending the ingredients using conventional blending methods.
TBL  ______________________________________                                    
            Ingredient       Parts by Weight                                   
     ______________________________________                                    
     phenyl acetic acid      5                                                 
     ionone standard AB      25                                                
     linalool synthetic      25                                                
     iso eugenol             25                                                
     heliotropine recrystal  50                                                
     benzyl acetate          50                                                
     phenyl ethyl alcohol    50                                                
     benzyl alcohol          100                                               
     phenyl acid acetaldehyde dimethyl acetal                                  
                             170                                               
     3-methyl-4-(2'-norbornyl)-2-butanone                                      
                             1                                                 
     Hercolyn D*             499                                               
     ______________________________________                                    
      *trademarked fixative and diluent of the Hercules Company.               
PAR  While this invention has been described hereinabove with regard to certain
      illustrative specific embodiments, it is not so limited since many
      modifications and variations are possible in the light of the above
      teachings. It is understood therefore that the invention may be practiced
      otherwise than as specifically described without departing from the spirit
      and scope of the invention.
CLMS
STM  The embodiments of this invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In the method of preparing a fragrance composition, the step comprising
      incorporating therein an odoriferous amount of a compound of the formula
      ##SPC6##
PAL  wherein R.sup.1 is hydrogen or methyl and R is hydrogen or a lower alkyl
      group containing from 1 to 8 carbon atoms.
NUM  2.
PAR  2. The method of claim 1 wherein the compound incorporated is
      3-methyl-4-(2'-norbornyl)-2-butanone.
NUM  3.
PAR  3. A fragrance composition having incorporated therein an odoriferous
      amount of a compound of the formula
      ##SPC7##
PAL  wherein R.sup.1 is hydrogen or methyl and R is hydrogen or a lower alkyl
      group containing from 1 to 8 carbon atoms and at least one other
      odoriferous compound.
NUM  4.
PAR  4. A fragrance composition of claim 3 wherein the compound that has been
      incorporated is 3-methyl-4-(2'-norbornyl)-2-butanone.
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ABST
PAL  A winch or capstan primarily for tightening the sails of a ship and having
      a winch head driven always in one direction only at a selected one of four
      speed ratios. A planetary transmission and free wheel arrangement provide
      two of the speed ratios corresponding to clockwise and counter-clockwise
      rotation of a control shaft. A sprocket and chain arrangement drive by
      handwheels is housed in two casings mounted at one end of the shaft, the
      driven sprocket in one casing being moveable into dog-clutch engagement
      with one or the other of two gear trains coupled with the shaft to provide
      the two further speed ratios.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a winch.
PAR  The invention is particularly, but not exclusively, concerned with the type
      of "winch" as employed on naval vessels, particularly sailing ships. Such
      winches employed on sailing vessels (sometimes known as "roller capstans")
      are employed in the navigation of sail ships and are intended to tighten
      the sail by winding the rope on a capstan head. It is known to provide a
      roller capstan in which the capstan head is controlled manually to turn
      always in the same direction but with only two speeds. Furthermore, all of
      the internal gear train, generally made of stainless steel or bronze, does
      not provide considerable resistance to stresses.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the invention there is provided a winch having a
      uni-directional rotary output and comprising; a housing, a control shaft
      rotatably mounted in said housing, drive means coupled with said shaft, a
      winch head mounted for rotation relative to said housing, and gear means
      coupled with said control shaft and with said winch head, said gear means
      being arranged to provide rotation of the winch head at a given speed
      ratio in one direction when the control shaft is rotated in a first
      direction and to provide rotation of the winch head at a relatively
      different speed ratio, also in said one direction, when the control shaft
      is rotated in a second direction opposite to said first direction.
PAR  According to another aspect of the invention there is provided a winch
      comprising; a housing, a control shaft rotatably mounted in said housing,
      a winch head mounted for rotation relative to the housing, gear means
      coupled with said shaft and with said winch head, and drive means coupled
      with said shaft, said drive means comprising a first rotary drive means, a
      second rotary drive means in driving engagement with said first drive
      means, and pre-selectable first and second drive trains coupled with the
      shaft to apply relatively different speed ratios to said shaft, said
      second rotary drive means being selectively moveable into driving
      engagement with one or the other of said drive trains.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in more detail, by way of example only,
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a front view, partly in section, of one embodiment of winch
      according to the invention;
PAR  FIG. 2 is a sectional view taken on line 2--2 in FIG. 1;
PAR  FIG. 3 is a sectional view taken on line 3--3 in FIG. 1; and
PAR  FIG. 4 is a front view and in section of a lubrication arrangement for the
      winch.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, there is shown a winch which is particularly
      suitable for employment in a sailing ship in order to tighten the sails
      thereof. However, it is to be understood that a winch according to the
      invention is not limited to such use of the winch. The winch or roller
      capstan comprises a casing support 1 in which is rotatably mounted a
      control shaft 2, a satellite or planetary pinion carrier 3 and a capstan
      head 4.
PAR  As will be described in more detail below, the capstan head 4 can be
      rotated in one direction only at any selected one of four speed ratios. To
      this end, the control shaft 2 is provided with appropriate gear means
      housed within the casing 1 to provide two different speed ratios in one
      direction for the capstan head 4 for rotation in one, or the other,
      direction of rotation of the shaft 2. To provide two further speed ratios,
      pre-selectable drive means are provided at one end of the shaft 2 and
      which can be operated by either one or both of hand wheels 23 and 24. A
      push-button control P is provided which can be operated to select which
      mode of operation is applied to the control shaft 2 whereby a total of
      four different speed ratios in one direction can be provided for the
      capstan head 4.
PAR  Concerning the gear train provided within the casing 1 first of all, the
      control shaft 2 has a bevel gear 5 coupled therewith by means of a key
      2.sup.2, the bevel gear 5 being in mesh with a further bevel gear 6 (to
      form a first pair of bevel gears) having a cylindrical portion housed, and
      drivingly engaged, with an inner portion of a free wheel 11. As shown in
      more detail in FIG. 2, an outer portion of the free wheel 11 is provided
      with pawls 11' which can engage, in one direction of rotation of the free
      wheel, with an inner portion of a central (sun) gear 7. It will be evident
      that, for relative rotation of the free wheel 11 in an opposite direction
      no drive will be imparted by the free wheel to the gear 7.
PAR  The gear 7 is in mesh with planetary pinions 8, 9 and 10 which are
      supported by the carrier 3 and, in turn, are in mesh with an internal ring
      gear 4' provided on the capstan head 4. Thus, rotation of the control
      shaft 2 in one direction can give rise to rotation of the capstan head 4
      at a given speed in one direction. However, the shaft 2 also has a bevel
      gear 12 coupled therewith, the bevel gear 12 being mounted on a key
      2.sup.1. The bevel gear 12 is in mesh with the conical teeth of a crown
      wheel 13 to form a second pair of bevel gears. The crown wheel 13 has a
      cylindrical portion which is freely turnably mounted on a cylindrical
      bearing surface of the bevel gear 6. As mentioned above, an inner portion
      of the free wheel 11 is coupled directly to the bevel gear 6, and has a
      uni-directional connection with the gear 7 by means of the pawls 11'.
      Similarly, the crown wheel 13 has a number of apertures one of which is
      shown in FIG. 1, in which pawls, (FIG. 3) similar to pawls 11', are
      received and which also provide the same uni-directional drive to the gear
      7, though at a different speed ratio. However, this drive will be
      transmitted only when the direction of rotation of shaft 2 is reversed
      relative to the rotation providing drive to the head 4 from bevel gear 5,
      6.
PAR  Thus, for rotation of the control shaft 2 in an opposite direction, drive
      is transmitted to the capstan head 4 by way of the bevel gear 12, crown
      wheel 13 and thence to the gear 7, the gear 7 then driving the planetary
      pinions 8, 9 and 10, in similar manner to that described above for the
      rotation of the shaft 2 in the first direction. It will be noted
      particularly that the rotation imparted to the capstan head 4 remains in
      the same direction as described above, though at a different speed ratio.
      The capstan head 4 therefore turns always in the same direction, the
      rotation opposed to it being prevented by the opposition of the pawls of
      the free wheel 11 and of the crown wheel 13.
PAR  All the internal gear train housed in casing 1 is made of case hardened
      steel so as to provide much greater resistance to stresses and therefore a
      lubrication system is provided for the gear train. The lubrication system
      comprises a pump P (FIG. 4) comprising a pump body P1, two valves P2 and a
      piston P15 which is controlled by the rotation of the shaft 2. This is
      achieved through the intermediary of a fork and an eccentric 14 which
      promotes the functioning of the piston P15. Thus, in operation,
      lubrication oil is projected by the pump through the longitudinal passage
      of the planetary pinion carrier 3 towards the top of the capstan head 4
      and then passes through three passages 3.sup.1 formed in the end of the
      cylindrical portion of the carrier 3 to be supplied to two needle roller
      bearings R provided to permit rotation of the capstan head 4 relative to
      the carrier 3. The lubrication oil falls onto the upper of the two needle
      roller bearings R and then passes by gravity to the lower needle roller
      bearing R and thence to the lower gear train mechanism. Appropriate
      sealing joints are provided at important locations in order to provide
      liquid tightness for the lubrication system.
PAR  It will be evident from the foregoing description that the control shaft 2
      and the associated gear train mechanism in housing 1 is capable of turning
      the capstan head 4 always in the same direction, but with two relatively
      different speed ratios. However, as will now be described below the
      further arrangement applied to one end of the control shaft 2 provides two
      further possible gear reduction ratios which can be preselected so as to
      permit preselection of any one of four possible speed ratios for the
      capstan head 4 and always in the same direction.
PAR  As mentioned above, the drive to the capstan head 4 is achieved by rotation
      one or both of hand wheels 23 and 24 (forming manually operable drive
      means) which are coupled with one end of the control shaft 2 by the
      mechanism described below. A lower casing A is mounted around a stepped
      end of the control shaft 2 and mounts a pinion 17 on a narrowest end
      portion of the shaft 2 and a pinion 18 on a larger diameter portion of the
      control shaft 2. The pinion 17 is rotatable idly on the shaft 2, whereas
      the pinion 18 is solid with the shaft 2 and is capable of applying
      rotation thereto. A drive sprocket 16 is slidably mounted on an
      intermediate stepped portion of the control shaft 2 and can be moved
      axially of the shaft between dog-clutch engagement with pinion 17 as shown
      in FIG. 1 to dog-clutch engagement with pinion 18. Depending upon which of
      two gear trains (pinion 17 or 18) is engaged by the sprocket 16, will
      determine the gear reduction ratio provided between the control shaft 2
      and the hand wheels 23 or 24.
PAR  To effect axial sliding movement of the sprocket 16 between either one of
      its two operating positions, a pushbutton P is provided which is mounted
      for axial sliding movement in casing A and carries a fork 19 which is
      engageable between two flange portions of the double sprocket 16 to effect
      axial displacement thereof. If desired, a control lever may be coupled
      with the push-button P. In addition to being slidably mounted in the
      casing A, the push-button P also is slidable axially within a pinion
      17.sup.1 which is in mesh with pinion 17 idly mounted on the end of
      control shaft 2. The pinion 17.sup.1 has a cylindrical extension 17.sup.2
      which mounts, at one end, a further pinion 17.sup.3 which is in mesh with
      pinion 18.
PAR  In the position of engagement of sprocket 16 shown in FIG. 1, rotation of
      the sprocket 16 by one or the other of the hand wheels 23 and 24 causes
      application of rotation to the control shaft 2 by way of the dog-clutch
      engagement with pinion 17, from pinion 17 to pinion 17.sup.1, and through
      shaft portion 17.sup.2 to pinion 17.sup.3 and thence ultimately to pinion
      18. In the event of depression of the push-button P, the drive sprocket 16
      is moved out of clutching engagement with pinion 17 and into dog-clutch
      engagement with pinion 18 to apply drive directly thereto. Evidently, this
      will apply a different speed ratio to the control shaft 2. Although a
      drive connection will remain between pinion 18 and pinion 17.sup.3 and
      ultimately to pinion 17, it will be remembered that pinion 17 is idly
      rotatable on the end of control shaft 2.
PAR  As mentioned above, the hand wheels 23 and 24 control the application of
      drive to the control shaft 2 and thence to the capstan head 4. To this
      end, the hand wheels 23 and 24 are mounted at opposite ends of a shaft 20
      by means of screws or bolts 25. The shaft 20 is mounted in an upper casing
      B and is provided with a drive sprocket 21 engaged by a key 22 which
      limits or stops the translational movement of the drive sprocket 21. The
      drive sprocket 21 is a double sprocket and is in driving engagement with
      sprocket 16 in casing B by means of a pair of chains shown in dash lines
      in FIG. 1. The casings A and B are interconnected by means of two tubes 28
      made of stainless steel which are connected to support shoes 26 and 27 of
      the casings B and A respectively. The two tubes 28 of stainless steel
      permit the passage of the two runs of the chains inter-connecting the
      pinions 16 and 21. Thus, the two casings A and B define a control assembly
      which transmits through the intermediary of pinion 18, in one direction or
      the other depending on the direction of rotation of the hand wheels 23,
      24, two different speed ratios according to the clutching effected on the
      pinion 17 or the sleeve pinion 18.
PAR  The fitting of the idle pinion 17 on the smallest stepped portion of the
      shaft 2 provides for easy assembly of the casings A and B on the control
      shaft 2 and hence relative to the "capstan head" part of the device.
      Locking in the desired position can be effected by means of two tangential
      stoppers 29 which can approach each other under the action of an adjusting
      screw, to come to lock themselves to a sleeve 30 solid with the capstan
      head assembly. By this means, the control assembly formed by the casings A
      and B is orientable angularly with reference to the capstan head assembly
      and can thus be immobilized in a preferred position.
PAR  The advantages of the winch or roller capstan described above, inter alia,
      are that according to the direction of rotation of the hand wheels 23 and
      24 and according to the pinion engaged by drive sprocket 16, four
      different gear reductions can be obtained and applied to rotate the
      capstan head 4. Thus, for one complete rotation of one or the other of the
      hand wheels 23 and 24, one can obtain four different gear ratios applied
      to the rotation of the capstan head 4.
PAR  The control assembly constituted by the lower and upper casings A and B is
      orientable and can be fixed in the desired position.
PAR  It should be noted that, if desired, the two hand wheels 23 and 24 can be
      constructed to be extensible in order to be shortened or lengthened in a
      manner to diminish or increase the length of the lever arm.
PAR  While it is preferred that the winch or roller capstan described above be
      employed in conjunction with naval sailing vessels, in order to tighten
      the sails by winding cordage around the capstan head, it is to be
      understood that the winch is not limited to such use and can be employed
      in many other situations in which winding or tensioning is to be applied
      to cordage or other flexible tensile elements.
CLMS
STM  I claim:
NUM  1.
PAR  1. A winch having a uni-directional rotary output and comprising:
PA1  a housing, a control shaft rotatably mounted in said housing, drive means
      coupled with said shaft, a winch head mounted for rotation relative to
      said housing, and gear means coupled with said control shaft and with said
      winch head, said gear means being arranged to provide rotation of the
      winch head at a given speed ratio in one direction when the control shaft
      is rotated in a first direction and to provide rotation of the winch head
      at a relatively different speed ratio, also in said one direction, when
      the control shaft is rotated in a second direction opposite to said first
      direction, said drive means comprising a first rotary drive means, a
      second rotary drive means in driving engagement with said first rotary
      drive means, and pre-selectable first and second drive trains coupled with
      the shaft to apply relatively different speed ratios to said shaft, said
      second rotary drive means being selectively moveable into driving
      engagement with one or the other of said drive trains, said first drive
      train comprising a gear coupled to said shaft for rotation therewith, said
      second drive train including a gear idly rotatable on said shaft, said
      second rotary drive means being mounted for axial displacement relative to
      the shaft between positions of driving engagement with one or the other of
      said gears.
NUM  2.
PAR  2. A winch according to claim 1, in which said first rotary drive means
      comprises a drive sprocket and said second drive means comprises a driven
      sprocket, chain means providing driving engagement between said sprockets.
NUM  3.
PAR  3. A winch according to claim 2, including manually displaceable selector
      means coupled with said driven sprocket, said driven sprocket being
      mounted on said control shaft and axially displaceable relative thereto by
      said selector means.
NUM  4.
PAR  4. A winch according to claim 1, in which the gear means comprises a
      planetary transmission coupled with the control shaft and having planetary
      pinions in driving engagement with a ring gear provided on the winch head,
      said planetary pinions being rotatable in the same direction, though at
      different speed ratios, regardless of the direction of rotation of the
      shaft.
NUM  5.
PAR  5. A winch according to claim 4, in which the gear means includes a free
      wheel coupled with the planetary transmission.
NUM  6.
PAR  6. A winch according to claim 1, including a control assembly housing said
      drive means coupled with the control shaft, said control assembly
      comprising a first casing housing said second rotary drive means and being
      mounted at one end of the control shaft, and a second casing housing said
      first rotary drive means and being secured to said first casing.
NUM  7.
PAR  7. A winch according to claim 6, including connecting tubes securing said
      first and second casings together and forming a housing for drive
      transmission means provided between said first and second rotary drive
      means.
NUM  8.
PAR  8. A winch according to claim 6, including manually operable drive means
      rotatably mounted on said second casing and coupled with said first rotary
      drive means.
NUM  9.
PAR  9. A winch comprising;
PA1  a housing, a control shaft rotatably mounted in said housing, a winch head
      mounted for rotation relative to the housing, gear means coupled with said
      shaft and with said winch head, and drive means coupled with said shaft to
      rotate the same in opposite directions, said gear means being rotatable in
      opposite directions by said shaft and being constituted to provide
      unidirectional rotation of said winch head at different speeds
      corresponding to the direction of rotation imparted to the gear means by
      said shaft, and drive means comprising a first rotary drive means, a
      second rotary drive means in driving engagement with said first drive
      means, pre-selectable first and second drive trains coupled with the shaft
      to apply relatively different speed ratios to said shaft, and selector
      means for moving said second rotary drive means into selective driving
      engagement with one or the other of said drive trains whereby said shaft
      can be driven in opposite directions at two different speeds depending on
      the engagement of the second rotary drive means with the first or second
      drive train.
NUM  10.
PAR  10. A winch according to claim 9, in which said gear means comprises first
      and second pairs of bevel gears arranged to be driven by said control
      shaft, and a planetary transmission coupled with said first and second
      pairs of bevel gears and with a ring gear provided on the winch head, said
      first pair of bevel gears providing rotation of the winch head at a given
      speed ratio in one direction when the control shaft is rotated by the
      drive means in a first direction and said second pair of bevel gears
      providing rotation of the winch head at a relatively different speed
      ratio, also in said one direction, when the control shaft is rotated by
      said drive means in a second direction opposite to said first direction.
NUM  11.
PAR  11. A winch according to claim 9 comprising a casing mounted on said shaft
      and containing said drive means and said selector means.
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ABST
PAL  An adjustable type connector menas for a wrought iron railing section
      having top and bottom rail elements of inverted, generally U-shaped
      cross-sectional construction includes a pair of plate-like members adapted
      to be assembled to an end of one of the rail elements in opposed,
      paralleling relation with one another, with a first of the members
      disposed within the rail element above and in seated relation with a pair
      of opposed, inwardly extending right-angle abutment means formed
      integrally in the sides of the rail element and with the second of the
      members disposed along the underside of the rail element in engaged,
      bridging relation with the extremities of the sides of said rail element.
      The plate members are adapted to be operatively coupled with one another
      to retain the rail element in compression therebetween through means of a
      mounting bolt fitting through an aperture in the second of the members to
      within a suitably tapped aperture in the first of the members.
PAL  The first of the members has an apertured extension projecting angularly
      from the end of the rail element to present a separate attachment or
      mounting surface for a fixed support for the railing section.
BSUM
PAR  This invention relates to wrought iron railings and in particular relates
      to ornamental railing sections of the type designed for residential
      installation by relatively unskilled personnel, using only commonly
      available hand tools.
PAR  Wrought iron railing sections of the present type generally include
      elongated top and bottom rail elements connected to one another in spaced
      apart, paralleling relation by a series of pickets or spindles which are
      characterized by end portions of reduced sectional thickness to permit the
      section as a whole to be readily pitched or raked where installation is to
      be effected along steps or a ramp, for example. The individual railing
      sections are designed to be attached to fixed supports such as newel posts
      whereby to form an installed railing unit or assembly of desired form or
      configuration through means of individual connector means fitting between
      the ends of the top and bottom rail elements of the section and the newel
      posts or other fixed supports.
PAR  While the connector means may take the form of conventional nut and bolt
      type fasteners, it generally is necessary in the installation of these
      railing sections to effect an on-site cutting of the rail elements of the
      section in order to attain exact correspondence between the length of the
      section and the spacing of the supports and normally then with
      conventional type fasteners it becomes necessary to also subject the rail
      elements to an on-site drilling operation to provide the latter with
      necessary assembly holes or apertures for receipt of the fastener means.
      This necessity of drilling the rail elements not only adds a further step
      to the installation procedure but also renders the installation a matter
      which requires the availability of other than the hand tools normally
      possessed by the typical home owner or other do-it-yourselfer.
PAR  In order to enhance the appeal of wrought iron railing to the home owner or
      other do-it-yourselfer, it has been proposed to substitute for the
      conventional nut and bolt type fastener, an adjustable form of connector
      means which attaches to the rail elements of the railing section through a
      special clamp-on action such that its assembly to the rail element may be
      readily and conveniently effected without the need for assembly holes or
      apertures in the rail elements. This clamp-on or adjustable type connector
      means (also hereinafter referred to at times or a no-drill type connector
      means) is dependent for its effectiveness upon the presence in the rail
      elements of continuously extending, clamping or support surfaces and, to
      achieve this, it has been proposed to provide the rail elements of the
      section with an inverted, generally U-shaped cross-sectional configuration
      with the opposed legs or sides of the U being turned inwardly and back
      upon themselves to form a pair of longitudinally extending, opposed
      abutment surfaces in the rail interior.
PAR  The fastener means themselves, in accordance with this proposal, are
      essentially in the form of a right angle plate or bracket having opposed
      leg portions, with one of the leg portions being of arched cross-sectional
      construction and adapted to be adjustably or slidably received in the end
      of a rail element is suspended or bridging relation between the abutment
      surfaces formed in the opposed sides thereof. The arched leg of the plate
      or bracket is provided with a tapped opening for receiving a set screw
      which upon being drawn up into the opening acts against the inner surface
      of the center web or base portion of the rail element to place the arched
      leg portion of the plate in tension against the abutment surfaces in the
      rail element whereby to effectively connect the plate with the rail
      element. The opposed leg portion of the plate extends from the end of the
      rail element to present a second attachment or mounting surface suitable
      for connection with a fixed support such as a newel post by a conventional
      nut and bolt assembly, such leg portion typically being slotted for
      receiving the bolt portion of the assembly from the newel post.
PAR  While greatly simplifying and facilitating the installation of wrought iron
      railing sections by eliminating the need for any on-site drilling of holes
      in the rail sections, this general type of connector does, nonetheless,
      possess a number of drawbacks or limitations which detract from the
      overall effectiveness of the same as a fastener for wrought iron railing.
PAR  For one thing, in this type of connector, the side walls of the rail
      element are subjected to very appreciable tension forces by the outward
      flexing or expansion of the plate element or bracket and in order to
      prevent the walls from deforming or failing under load, it becomes
      necessary to form the rail elements of fairly heavy gauge material. This
      not only increases the cost of the railing with commensurate increase in
      shipping or freight charges, but also adds to the weight thereof, thereby
      making it more difficult to handle the section during installation. The
      cutting of the rail elements also becomes more difficult as the gauge of
      the elements increases.
PAR  Then too, this type of connector results in the presence in the rail
      element of a joint or attachment of limited stability and strength insofar
      as bending and torsional loads are concerned and particularly severe cases
      of such loading may result in a deformation of the connector and/or the
      rail elements proper with a consequential loss of tightness between the
      connector and rail element.
PAR  A further drawback of this type of connector means is brought about by the
      need for maintaining a relatively close fit between the arched leg portion
      of the plate and the sides of the rail element to insure a proper
      suspension of the plate between the rail element side support surfaces.
      This, coupled with the requirement of holding the gap between the leg and
      the center web portion of the rail element to a level which can be spanned
      by a relatively short length set screw, leads to problems in installing
      the plate within the rail element as, in cutting the latter to the length
      required for installation, burrs invariably form in the rail elements
      along the cutting edges thereof, making it impossible or difficult at best
      to insert the plate in position without first removing the burrs, as by
      filing. An extra or additional operation is then usually necessary in the
      installation of the railing sections due to this particular characteristic
      of the existing types of adjustable connector means.
PAR  With the aforegoing in mind, it may be stated that the present invention is
      directed to an improved form of no-drill or adjustable type connector for
      wrought iron railing sections and which in addition to being mountable to
      the individual rail elements of the section is an extremely accurate and
      facile manner is capable of interacting with the rail elements to produce
      an inherently more stable, higher strength connection thereto than
      heretofore possible with existent forms of nodrill type connectors.
PAR  The present connector means are designed to be particularly employed with
      railing sections incorporating rail elements which are contoured in
      cross-section to include a pair of opposed wall segments depending from a
      center web or base portion and formed at corresponding positions along
      their length with special right-angle abutment surfaces or shoulders
      projecting inwardly of the rail element.
PAR  The connector means, in accordance with a preferred embodiment of the
      invention, includes an L-shaped connector clip adapted to be assembled for
      coupling action between a rail element and a fixed support such as a newel
      post, with a first of its leg portions extending within the end of the
      rail element above and in spanning or bridging relationship with the
      abutment surfaces and with the opposed or second leg portion of the clip
      projecting perpendicularly downwardly from the end of the rail element. A
      U-section bearing plate is adapted to bridge between the lower ends of the
      rail element side walls directly opposite to the first leg portion of the
      clip and is provided with a central aperture adapted to be aligned with a
      threaded hole in the first leg portion of the clip to provide for the
      assembly therebetween of a machine bolt which is adapted to act through
      the leg portion and plate to retain the rail in firmly clamped position
      therebetween.
PAR  The second leg portion of the clip is slotted to provide for the connection
      of the clip to the newel post or other support by a conventional type
      fastener means such as a nut and bolt assembly, for example, the leg
      portion being bendable relatively of the other or first leg portion of the
      clip to adapt the same to a railing section which is to be pitched or
      raked relatively of its supportive structure.
PAR  There thus is provided a connector means which may be employed to connect a
      railing section to a fixed support and which is adjustably connectible
      with the rail elements of such section through a clamping action, whereby
      to eliminate the necessity of holes or apertures being present in the rail
      element for permitting the assembly thereto of fastener means. The
      described connector means achieves this no-drill type assembly feature by
      an arrangement which results in the rail elements being held in
      compression rather than in tension and because of this there is a reduced
      tendency of the rail element to sustain sectional distortion or deflection
      during the fastening thereto of the connector means.
PAR  Also, with the novel construction of the invention, the connector means is
      in surface-to-surface contact with the rail element at two separate
      positions along both sides of the element, thereby affording a high degree
      of stability to the rail elements as well as to the railing sections
      themselves in the final, installed railing unit.
PAR  The connector means of the invention is of further advantage in that its
      efficacy is not dependent upon the maintenance of a close tolerance
      between the inner surfaces of the rail elements and the interfitting leg
      portion of the connector clip. Accordingly, with the present fastener
      means a rather generous all-around clearance may be maintained between the
      clip and the internal surfaces of the rail element so that despite the
      forming of burrs in the end of the rail element during the preliminary
      cutting of the rail section to the length required for installation the
      clip may, nonetheless, be assembled readily to the rail element.
PAR  Other objects and advantages of the present invention will appear in the
      course of the detailed description of the invention appearing hereinafter.
PAR  The accompanying drawings illustrate the best mode presently contemplated
      or carrying out the invention;
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PAR  In the drawings:
PAR  FIG. 1 is a side elevation of a railing section illustrating the general
      manner in which the section is mounted between a pair of fixed supports by
      the improved connector means of the invention;
PAR  FIG. 2 is an enlarged view of a fragmentary portion of the railing section
      of FIG. 1 showing the construction and general arrangement in the railing
      section of one of the connector means of the invention, with parts broken
      away and shown in section for purposes of clarity; and
PAR  FIG. 3 is a vertical section taken on the lines 3--3 of FIG. 2, showing
      further details of the connector means and the manner in which it is
      assembled within the railing section.
DETD
PAR  Referring now to the drawings, a wrought iron railing section 2 embodying
      the improvements of the invention includes identically formed top and
      bottom rail elements 4 and 6 of inverted, generally U-shaped
      cross-sectional construction, in combination with a series of spindles or
      pickets 8 arranged at uniformly spaced intervals to one another between
      the rail elements and connected thereto as by welding to form a rigid,
      generally rectangular rail structure having well known ornamentative or
      decorative qualities. The rail elements have connector means 10 assembled
      to their opposed ends for supporting the section as a whole between a pair
      of suitable fixed supports 12 such as newel posts, whereby to provide an
      installed railing unit capable of being combined with additional such
      sections and supports to form a complete railing assembly of desired shape
      or configuration.
PAR  While in the particular construction shown the railing section is mounted
      perpendicularly of the posts, it is to be noted that in certain
      installations, such as those involving steps or ramps, for example, it is
      necessary to "pitch" or "rake" the section to a particular slope or angle
      prior to its assembly to the posts. In order to facilitate this "pitching"
      or "raking" it is common to provide the spindles with "weakened" end
      portions and/or to join the spindles to the rail elements through
      yieldable type welds so as to permit the rail elements to be shifted
      relatively of one another in the direction of their lengths into the
      general form of a parallelogram by application of a relatively light force
      to the ends of one or both rail elements at the site of installation. A
      typical such spindle construction and mounting is set forth in U.S. Pat.
      No. 3,343,811, dated Sept. 26, 1967, and reference may be made thereto for
      a more complete understanding as to the techniques involved in installing
      "pitched" or 37 raked" type railing sections.
PAR  A detailed showing of one of the connector means 10 in operatively
      assembled position between a rail element and newel post is contained in
      FIGS. 2 and 3 of the drawings and particulate reference is made thereto in
      connection with the ensuing description of a presently preferred form of
      the invention. As shown therein, the connector means includes an L-shaped
      clip or bracket 14 disposed with a first, shorter of its leg portions 16
      extending horizontally within the end of rail element 4 or 6 between the
      opposed walls 18 thereof and with its opposed, longer leg portion 20
      depending from the end of the rail element in substantially 90.degree.
      relation with the leg portion 16. The leg portion 16 is enlarged
      transversely as indicated at 22 and, in accordance with the invention, is
      adjustably or slidably seated in the rail element 4 or 6 so as to support
      the clip generally therein through means of a pair of opposed right-angle
      abutment means or shoulders 24 which are formed integrally in the opposed
      sides of the rail element generally medially of the vertical projection of
      the walls from the upper base or web portion 26 of the rail element. The
      leg portion 14 as thus positioned in the rail element 4 or 6 is adapted to
      be connected with a separate bearing plate 28 which is designed to be
      located in bridging relation between the lower ends of the rail element
      side walls 18 by a threaded fastener means in the form of a machine bolt
      30 extending upwardly through an aperture 32 in the center of plate 28 to
      within a suitable tapped hole 34 in leg portion 16, the bolt being
      operative as it is tightened in place to draw the leg portion 16 and the
      plate 28 into firm clamping relation with the rail element 4 or 6. The
      clip and plate thus in effect form a clamp assembly which is capable of
      being attached to the end of a rail element 4 or 6 in a manner which
      completely obviates the need for the rail element to be provided with
      assembly holes or apertures or some type of prefixed securement means for
      enabling the attachment thereto of a connector or fastener means. The
      longer leg portion 20 of clip 14 is attached directly to the newel post to
      thereby connect the rail element 4 or 6 and the railing section 2 as a
      whole to the post as by a conventional nut and bolt assembly 36, there
      being one or more suitably predrilled, transversed holes 38 in the ends of
      the newel post for accommodating the bolt portion 40 of such assembly and
      an elongated slot 42 being provided in the leg portion to receive the bolt
      from the newel post. The provision of the slot 42 in leg portion 20 is of
      advantage in allowing the railing sections to be adjusted vertically of
      the newel posts for purposes of aligning intersecting sections with one
      another and/or for attaining alignment of a horizontal section with a
      section of raked rail at this point of intersection.
PAR  In a preferred construction of the invention, the abutments 24 contained in
      the rail elements 4, 6 are accorded a relatively wide transverse dimension
      so that the clip may properly engage therewith upon the assembly of the
      clip to the rail element without the necessity of a close correspondence
      between the lateral dimension of the leg portion and the inside lateral
      dimension of the rail element in the portion thereof above the abutments.
      Also, with the present construction, the development by the connector
      means of a clamping force against the rail element is not dependent upon
      the leg portion 16 of the clip lying in close proximity with the web
      portion 26 of the rail element in the assembled position of the connector
      means as it is, for example, in connector means of the type which include
      a clip in threaded support of a machine screw adapted to act between the
      clip and the web portion of the rail element to connect the clip with the
      rail element. Accordingly, it is possible with the instant connector means
      to maintain a rather generous clearance between leg portion 16 and rail
      element 4 or 6 both as regards the side walls 18 and the base or web
      portion 26 of the same and as a result of this the assembly of the clip to
      the rail element normally will not be hindered or prevented by reason of
      the presence in the end of the rail element of burrs or other
      irregularities arising out of the cutting of the rail elements in the
      preliminary stages of the installation procedure.
PAR  According to a further novel aspect of the invention, the bearing plate 28
      is formed along its opposed edges with flanges 44 designed to seat
      immediately along the outboard edges 18a of the walls 18 in the assembled
      position of the plate to the rail element. These flanges act to positively
      center plate 28 relatively in the longitudinal axis of the rail element,
      thereby facilitating the assembly of the connector means to the rail
      element. The flanges further serve to co-act with the edges 18a of the
      railing element to prevent bearing plate 28 from turning relatively of the
      rail element during the tightening of the machine bolt 30, thereby further
      simplifying assembly procedures.
PAR  Generally, in the installation of a railing section 2 incorporating the
      improvements of the invention, a pair of vertical supports such as newel
      posts 12 are initially anchored in place in predetermined, spaced
      relationship with one another as by lag screws or other conventional type
      fasteners (not shown), which normally are extended through a suitable
      plate on the base of the posts from a fixed position in a sidewalk, porch,
      ramp or the like. A length of railing section is then prepared for
      installation between such posts or other support structure by effecting a
      preliminary on-site cutting of the ends of the longitudinal rail elements
      4, 6 of the section to the dimension required to span the distance between
      the posts. Individual of the connector means 10 are then mounted to the
      opposed ends of each of the rails 4, 6 by a procedure which for any one of
      the rails entails an initial insertion of the leg portion 16 on the clip
      14 within the end of the rail between the web portion 26 thereof and the
      shoulder-like abutments 24 which are integral with the side walls 18 of
      the rail. A bearing plate 28 is then fitted along the underside of the
      rail element opposite to leg portion 16 of the clip, with the flanged
      edges 44 of the plate located over the edges 18a of the rail element side
      walls 18 and with the plate and clip positioned relatively of one another
      in a manner so as to align the aperture 32 in the plate with the tapped
      opening 34 in leg portion 16. With the parts thus positioned, a machine
      bolt 30 is then inserted through plate 28 and to a position of threaded
      engagement with the tapped opening 34 in leg portion 16. The bolt can at
      this time be drawn uptight against the bearing plate but normally the
      screw will be only partially tightened so as to allow some looseness or
      "play" in and between the various parts.
PAR  After a connector means 10 has thus been installed in the opposed ends of
      each of the rail elements 4, 6 the railing section 2 may then be mounted
      to the newel posts. To accomplish this it is only necessary to locate
      section 2 between the newel post in the general position it is to finally
      occupy and to then insert a bolt means 40 inwardly through a suitable one
      of the openings 38 in the newel posts and within and through the slotted
      leg portion 20 of a corresponding one of the clips 14, the clip being free
      for limited movement with respect to the rail element to facilitate the
      installation of the bolt means. Suitable nuts are then assembled to the
      bolts 40 and are drawn up thereon to force the clip 14 tightly against the
      newel post. To complete the installation, it is then only necessary to
      effect the final in-place tightening of each of the several machine bolts
      30 to their respective bearing plate 28.
PAR  The procedure which is followed in the instance where the railing section
      is to be installed along the edges of steps or a ramp, for example,
      differs from the above principally in that the railing section after being
      cut to the desired length is then pitched to the angle or slope of the
      steps or ramp, as the case may be, by application of suitable paralleling,
      opposed forces to the ends of the rail elements. Also, in the case of a
      pitched section, the individual clips 14 of the connector means 10 require
      bending to move the legs 16, 28 from a normal perpendicular position to
      one another to one in which the included angle of the legs is equal to
      that included by the posts and the respective ends of the rail elements in
      the final installed railing unit.
PAR  The relative displacement between the legs 16, 28 can be accomplished on
      site using known techniques and commonly available tools. By way of
      facilitating the modification of the clip in the instance of a pitched or
      raked railing section, the portion of the clip 14 at which the leg
      portions 16, 28 merge is provided with a cut-out or opening 46 so as to
      reduce the resistance of the legs to bending movement without substantial
      impairment in the overall strength of the clip in the finally assembled
      railing unit.
PAR  It is believed apparent from the above that the invention provides an
      extremely effective adjustable type connector means for permitting the
      assembly of a railing section to fixed supportive structure therefor, such
      as a pair of newel posts, by an individual home owner or other
      do-it-yourselfer having limited experience in such matters and using only
      commonly available hand tools. The present connector means are, by virtue
      of their compression type action, capable of maintaining the railing
      section to its associative support structure in a manner as will assure a
      high degree of tightness and rigidity in the assembled railing structure
      so that despite this do-it-yourself installation feature of the present
      railing section a structurally satisfactory final railing assembly is
      attainable.
PAR  The rail elements have a cross-section configuration which is particularly
      effective from the standpoint of resisting deflection or bending under
      load and this, in combination with the novel manner in which the connector
      means is coupled with the rail element, permits the rail elements to be
      provided with a very favorable weight to strength ratio. In order to
      enhance the overall aestheticness of the railing assembly and at the same
      time provide added user confort and safety, the rail elements 4, 6
      preferably are contoured over their length, as shown, to include
      indentations or recesses 18b between the outer surfaces of the sides 18
      and web portion 26 of the rail elements. The web portion 26 of the rail
      elements are also formed over their length with a center rib-like element
      26a.
PAR  Various modes of carrying out the present invention are contemplated as
      being within the scope of the following claims particularly pointing out
      and distinctly claiming the subject matter regarded as the nature of the
      invention:
CLMS
STM  I claim:
NUM  1.
PAR  1. A clamp-on type connector means for a wrought iron railing section
      adapted to be connected with a fixed support and which includes rail
      elements having an inverted, generally U-shaped cross-sectional
      construction with the opposed sides of such section being formed with
      continuously extending, internally positioned abutment means, said sides
      terminating in freely extending, depending edge portions, comprising an
      L-shaped clip adapted to be fitted to an end of a rail element with a
      first of its leg portions extending within the end thereof in engaged,
      seated relation with the abutment means contained in said rail element and
      with its second leg portion depending from the end of the rail element, a
      separate, U-section bearing plate adapted to be positioned along the
      underside of the rail element with the sides of the U extending towards
      the rail element and fitting immediately outboard of the corresponding
      free end portions of said side walls of the rail element, said first leg
      portion of the clip containing an internally threaded aperture and said
      bearing plate containing an aperture and adapted to be positioned
      lengthwise of said rail element with the aperture contained therein in
      vertically aligned relation with the aperture in said first leg portion of
      said clip and a threaded fastener means adapted to be inserted through
      said apertures to connect said bearing plate to said clip and operative
      when tightened into place to draw said plate and clip into firm,
      frictionally engaging relation with said rail element, said second leg
      portion of the clip presenting a separate attachment surface for
      connecting the rail element with said fixed support.
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ABST
PAL  A metallic structural fencing having inter-engaged horizontal and vertical
      members is disclosed. The horizontal members are lanced to provide
      laterally projecting web sections adapted to receive and engage the
      vertical members which are secured to the top and bottom horizontal
      members. The horizontal members are secured to vertical framing members at
      their ends.
BSUM
PAR  The invention comprises a plurality of vertically spaced apart,
      horizontally extending parallel metallic bar members, each of which is
      provided with a plurality of lanced web sections projecting laterally from
      one side of the member a distance sufficient to provide a vertical space
      within which metallic vertical bar members can be positioned. The lanced
      webs are formed from a medial portion of the horizontal member, or
      alternatively can be formed at the upper or lower edges of the member. The
      lanced webs are aligned vertically in rows so that the vertical members
      can be disposed within the webs of each of the horizontal members. The
      ends of the horizontal members are secured to vertical framing members by
      suitable fasteners such as rivets, bolts and nuts, etc. The upper and
      lower ends of the vertical members are formed with return bent portions
      over the edges of the top and bottom horizontal members, securing the
      vertical members thereto. In effect, the fencing of this invention
      provides a protective grille work for windows, openings in wall
      structures, land, and other property. Tie bars or brackets connecting
      adjacent units of the protective fencing are secured to the vertical
      framing members of such adjacent units, preferably by rivets, allowing
      each unit to assume its own horizontal level.
PAR  It is an object of the invention to provide a grille-type protective
      fencing having a plurality of vertically spaced apart horizontal members,
      each provided with lanced webs extending laterally outwardly from the
      horizontal members and in register for reception therewithin of vertical
      bar members. Another object is to provide vertical bar members which are
      formed with return bends over the top and bottom horizontal members to
      engage the same. A further object is to provide vertical framing members
      at the lateral sides of the fencing for securement of the horizontal
      members thereto, to form a fencing unit. Still another object is to
      provide a modification of the horizontal members wherein the lanced webs
      can be disposed at upper or lower edges of the horizontal members. Yet
      another object is to provide protective fencing of relatively inexpensive
      construction, readily formed and assembled.
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PAR  Various further and more specific objects, features and advantages of the
      invention will appear from the description given below, taken in
      connection with the accompanying drawings, illustrating by way of example
      a preferred form of the invention. Reference is here made to the drawing
      annexed hereto and forming an integral part of this specification, in
      which
PAR  FIG. 1 is a perspective view of a preferred form of protective fencing
      embodying the invention, secured over a window in a building.
PAR  FIG. 2 is a fragmentary horizontal sectional view taken substantially on
      the line 2--2 of FIG. 1.
PAR  FIG. 3 is a fragmentary perspective view of the lanced web and vertical
      member engaged therewithin, in accordance with the embodiment illustrated
      in FIGS. 1 and 2.
PAR  FIG. 4 is a perspective view similar to that illustrated in FIG. 3, showing
      a modified form of the horizontal member with its lanced web.
PAR  FIG. 5 is a front elevational view of connected adjacent fencing units, in
      which the central unit is disposed at a horizontal level below that of
      connected adjacent units.
PAR  FIG. 6 is a fragmentary horizontal sectional view taken substantially on
      the line 6--6 of FIG. 5.
PAR  FIG. 7 is a fragmentary vertical sectional view, taken substantially on the
      line 7--7 of FIG. 5.
DETD
PAR  As illustrated in the several views of the drawing, the protective fencing
      10 comprises a plurality of horizontal bar members 12, vertical bar
      members 14, a pair of lateral vertical framing members 16, and fasteners
      18 securing the ends of the horizontal members 12 to the vertical lateral
      framing members 16.
PAR  The horizontal bar members 12 are spaced vertically apart from each other,
      in equal or unequal increments as desired or required, and are each
      provided with laterally outwardly extending horizontally spaced apart
      lanced webs 20 to form vertical spacings or openings 22 between the
      lateral surface 24 of the horizontal bar member 12 through which the
      vertical bar member 14 will pass. The lanced web 20 has a width sufficient
      to allow the vertical bar member 14 to pass into the space 22 with
      relative ease and with only a very small side "play." The height of the
      web 20 should be fairly substantial but preferably not more than one-half
      the height of the horizontal bar member, in order to provide substantial
      strength to the web and avoid undue weakening of the horizontal bar member
      at the lanced web section.
PAR  A modified form of the lanced web is illustrated in FIG. 4 wherein the web
      section 20a is disposed adjacent the upper and lower edges of horizontal
      bar members 12a, rather than intermediate the height of the bar member 12
      as in FIG. 3. The spacing of the web 20a from the lateral surface 24a of
      the bar member is the same as that for the lanced web 20. As illustrated,
      the modified lanced web 20a can be disposed in the upper or lower half
      portions of the horizontal bar members 12a.
PAR  The fasteners 18 comprise conventional bolts and nuts to secure the lateral
      framing members 16 to the ends of the horizontal bar members 12, or headed
      rivets 26 (FIG. 6) with a washer 28 under the peened end of the rivet.
PAR  The vertical bar members 14 engage the top and bottom horizontal members 12
      by bending their upper and lower end portions 30,30 snugly and firmly
      about the horizontal members 12, as illustrated particularly in FIG. 7.
      The end portions 30,30 of the vertical members are formed with returned
      vertical portions 32 to engage the top and bottom horizontal members 12.
      The horizontal bar members 12 (or 12a, as the case may be) are arranged in
      vertical spaced apart relationship with their lanced webs 20 in alignment
      one above the other so that the vertical bar members 14 can be inserted
      within the spacing 22 of each web 20 to engage each of the horizontal bar
      members. After securing the ends of the horizontal members 12 to the
      vertical framing members 16 by the fasteners 18, the end portions 30,30 of
      the vertical members 14 are bent over the top and bottom horizontal bar
      members 12, forming a fencing unit 10.
PAR  The metallic fencing units 10 can be connected together by tie bars or
      brackets 40 which are secured to adjacent vertical framing members 16 by
      rivets and washers 26, 28 respectively, allowing each fencing unit to
      assume a horizontal level the same as or different from the level of the
      next adjacent unit or units, according to the application in which the
      fencing units are disposed.
PAR  Although the horizontal members 12 (or 12a) can be secured at their ends to
      the vertical framing members 16 by the fasteners 18, it will of course be
      understood that the members 12 can be affixed to the framing members 16 by
      welding or other suitable means.
PAR  Although particular embodiments of the invention have been disclosed herein
      for purposes of explanation, further modifications or variations thereof,
      after study of this specification, will or may become apparent to those
      skilled in the art to which the invention pertains. Reference should be
      had to the appended claims in determining the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In grille-type protective fencing, the improvements comprising in
      combination
PA1  a plurality of vertically spaced apart, horizontally extending,
      substantially parallel planar bar members,
PA1  each of said horizontal planar bar members having a plurality of
      substantially planar lanced webs extending laterally from one side only of
      the body and plane of said member in horizontally spaced apart
      relationship and in vertical alignment with the lanced webs of the
      remaining horizontal planar bar members,
PA1  each said lanced web being integrally formed and continuous from its
      conjunction at each end thereof with the body of said horizontal planar
      bar member,
PA1  a plurality of intermediate vertical planar bar members engaged with said
      horizontal planar bar members within said planar lanced webs,
PA1  the bodies of said horizontal planar bar members lying substantially in a
      first plane, said intermediate vertical planar bar members lying
      substantially in a second plane substantially parallel to and ajdacent
      said first plane, and said horizontally extending planar lanced webs lying
      substantially in a third plane substantially parallel to and adjacent said
      second plane,
PA1  each said lanced web forming a vertical space for reception of each said
      vertical bar member therewithin,
PA1  said space being sufficient to receive and pass said vertical bar member
      with very slight "play" between each said vertical bar member and each
      said horizontal bar member,
PA1  each of said intermediate vertical planar bar members having their end
      portions engaging and embracing the top and bottom horizontal planar bar
      members, and lateral vertical framing members fixedly secured to the ends
      of said horizontal planar bar members at each lateral side of said fencing
      to form a substantially rectilinear fencing unit.
NUM  2.
PAR  2. The fencing structure defined in claim 1, wherein
PA1  said lanced webs extend from the medial portion of each said horizontal bar
      member.
NUM  3.
PAR  3. The fencing structure defined in claim 1, wherein
PA1  said lanced webs extend from an edge portion of each said horizontal bar
      member.
NUM  4.
PAR  4. The fencing structure defined in claim 1, wherein
PA1  said lanced webs are spaced horizontally apart from each other in equal
      increments.
NUM  5.
PAR  5. The fencing structure defined in claim 1, wherein
PA1  the vertical height of said lanced webs is equal to substantially one-half
      the height dimension of each said horizontal bar member.
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ABST
PAL  There is provided an improved static mixing apparatus which comprises in
      combination a tubular body and a static mixing element preferably
      coextensive in length with the tubular body and disposed therein in fluid
      flow intercepting relation. The static mixing element is characterized by
      a plurality of alternately oppositely extending first triangular elements
      from a common center line whereby the laterally extending first triangular
      elements are in axially staggered relation, and a plurality of second
      triangular members each having one apex on the common center line and each
      having a side in common with a first triangular element, and each of the
      second triangular elements lying in a plane angularly related to the first
      triangular element with which it has a side in common.
PAL  The second triangular elements lie in sectors about the common center line.
      These devices are particularly useful for mixing a plurality of materials
      in the same or different states, miscible or immiscible, soluble or
      insoluble, and reactive or nonreactive.
BSUM
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  The concept of mixing materials by utilizing "static" or motionless mixing
      has been known for sometime. In the past 4 years, two designs have been
      available on the market one of which consists of a series of helical
      elements in a tube or pipe, and the other of which utilizes a complex
      series of tubular channels. Both of these structures divide and recombine
      a stream in geometric progression, and within a relatively short distance,
      feed stock material is thoroughly and predictably mixed. ("Automation",
      February 1972 "Motionless Mixers"). The helical element type of device is
      clearly disclosed in U.S. Pat. No. 3,286,992 to Armeniades et al. dated
      Nov. 22, 1966. These devices are called motionless mixers because they
      have no moving parts. Relative movement of the fluid with respect to the
      motionless mixing elements is, however, achieved by the flow of fluid
      within the conduit.
PAR  Other efforts at blending various materials include the patent to Heyl et
      al. No. 2,601,018 wherein the blending tube contains a single perforated
      sheet metal spiral member substantially throughout its length, the
      perforated surface of the spiral member extending from wall to wall of the
      blending tube. Rogers in U.S. Pat. No. 2,628,864 is disclosing an aerosol
      paint spraying device taught the use within the spray tube of a spiral
      form member formed either of twisted wire or a helical ribbon of metal.
      Andrews et al. in U.S. Pat. No. 2,710,250 taught the mixing of fluids with
      a series of orifice members in a conduit. Grubb et al. U.S. Pat. No.
      2,863,649 taught an apparatus for mixing on a small scale of compositions
      having a short period of coexistence when mixed and utilizing a rotating
      mixing rod having a small wire spirally wound around it and including at
      regularly spaced intervals spiral notches. Another device is taught in the
      patent to Thomas et al. U.S. Pat. No. 3,089,683 wherein an elongated
      tubular body is provided with a series of diffusers which create a
      turbulent flow of the liquids thereby ensuring a complete mixture of the
      liquids prior to ejection through the outlet. U.S. Pat. No. 3,203,371 to
      Mosey teaches a machine for whipping of confectionary filling utilizing in
      the nozzle thereof a baffle which comprises a strip of chrome steel
      twisted into a helical form and having a plurality of transverse slits to
      provide a multplicity of teeth or tongues which extend more or less
      radially from the axis of the helical bent strip.
PAR  The present invention is distinguished from these prior art devices in that
      the motionless mixing element is a singular structure of far simpler
      geometric configuration then that heretofore proposed and therefore much
      less costly in either fabrication or disassembly and cleaning than prior
      art structures.
PAC  BRIEF STATEMENT OF THE INVENTION
PAR  Briefly stated, therefore, the present invention is in a motionless mixing
      apparatus which comprises in combination a tubular body and a motionless
      mixing element disposed within the tubular body in fluid flow intercepting
      relation therein. The mixing element comprises an elongated member having
      a plurality of alternately oppositely extending first triangular elements
      from a common center line which forms a side of each said first triangular
      elements whereby the alternately oppositely extending first triangular
      elements are in axially staggered relation. There is also provided a
      plurality of second triangular members each having an apex on the common
      center line and each having a side in common with at least a portion of a
      side of a first triangular element, each of the second triangular elements
      lying in a plane angularly related to the plane of the first triangular
      element with which it has a side in least in part in common. In a
      preferred embodiment of the present invention, the first triangular
      elements all lie in a common plane. The second triangular elements each
      lie in a plane which is at right angles to the plane of the first
      triangular member with which it has a side in common. Conveniently,
      although not essentially, the triangular elements are right triangles, for
      example 30.degree. right triangles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention may be better understood by having reference to the
      annexed drawings wherein;
PAR  FIG. 1 is a cross sectional view of a motionless mixing apparatus of the
      present invention employing a preferred motionless element therein.
PAR  FIGS. 2a and 2b are perspective views of the motionless mixing element
      shown in FIG. 1.
PAR  FIG. 3 is a top plan view of the motionless mixing member shown in FIG. 2.
PAR  FIG. 4 is an end view on an enlarged scale of the apparatus shown in FIG.
      1.
PAR  FIG. 5 is a top plan view on an enlarged scale of a portion of the mixing
      element shown in FIG. 3.
PAR  FIG. 6 is a side elevation of the portion shown in FIG. 5.
PAR  FIG. 7 is a schematic illustration of a single stage solvent extraction
      unit employing a motionless mixing apparatus in accordance with the
      present invention.
PAR  FIG. 8 shows a portion of a blank from which the preferred motionless
      mixing elements may be formed by bending along the diverging diagonals of
      successive oppositely extending rectangular member according to a
      predetermined pattern.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now more particularly to FIG. 1, there is here shown a tubular
      member 10 having an inlet end 12 and an outlet end 14. The tubular member
      10 may be formed of any suitable material which will not be affected by or
      reactive with the materials or any one of them being mixed. In some cases,
      therefore, the tubular member may be formed of plastic, or glass, or a
      section of iron or cast iron pipe, or clay, as may be described. The cross
      section is desirably circular although a rectangular cross section may as
      well be used. The materials to be mixed are conveniently introduced
      through a Y-fitting at the inlet end as will be illustrated in FIG. 7. The
      mixing element 16 is positioned within the tubular member in fluid flow
      intercepting relation.
PAR  Referring now to FIGS. 2a, 2b, 3, 4, 5 and 6, FIGS. 2a and 2b show in
      perspective the mixing element generally indicated by the numeral 16. For
      convenience, a center line 18 is shown and provides a reference from which
      conveniently to describe the illustrated embodiment of the present
      invention. The center line 18 lies in a plane. What will be designated for
      convenience as first triangles 20 also lie in the same plane. The first
      triangles 20 alternately oppositely extend from the center line 18. Thus,
      first triangles 20a, 20b, 20c and 20d alternately extend first to the left
      then to the right, then to the left and then to the right, for example, of
      center line 18. This pattern persists for the length of the mixing element
      16, and illustrates what is meant by the language "alternately oppositely
      extending first triangular elements from a common center line 18."
      Considering, for the moment, the first triangle 20a, it will be observed
      that it is composed of a base line 26, a radial line 28 and a hypotenuse
      30, the first triangle 20a being a right triangle. The base line 26
      coincides with the center line 18. Considering the first triangle 20b, it
      is composed of a base line 32, a radial line 34, and a hypotenuse 36. The
      base line 32 of the first triangle 20b also coincides with the centerline
      18. In the preferred embodiment illustrated in FIGS. 2-6, the base line 32
      of the first triangle 20b also coincides with a portion of the base line
      26 of the first triangle 20a. The extent of the overlap or coincidence of
      the base line 32 with the base line 26 is a matter of choice and, as shown
      in the preferred embodiment is approximately one half the length of the
      respective base lines 26 and 32. This illustrates what is meant by the
      language "axially staggered and overlapping relation." It should be
      understood that while an overlap to the extent of one half of the base
      line of contiguous first triangles is a preferred arrangement, it is by no
      means an essential arrangement, and the extent of overlapping may be zero
      or up to 75%, with a 50% overlap being preferred.
PAR  In addition to the first triangles 20, there is provided a plurality of
      second triangular members 38 which members are disposed out of the plane
      of the first triangular members 20. Consider, therefore, second triangular
      members 38a, 38b, 38c and 38d. Each of these triangles 38a, 38b, 38c and
      38d has an apex on the common center line 18, and each of the second
      triangular members 38a, 38b, 38c and 38d, has a side in common with a
      first triangular element 20. Consider, therefore, second triangular
      members 38a. It has an apex 44 lying on the common centerline 18. Also, it
      has a side 46 which is in common with the side 30 of the first triangular
      member 20 a and in the embodiment shown, in coextensive therewith. It has
      been found convenient, and therefore illustrated in the preferred
      embodiment that the second triangular members 38 should also be right
      triangles as are the first triangles 20. Thus the side 46 of the second
      triangular member 38a is indeed a hypotenuse and coincides with the
      hypotenuse 30 of the first triangular member 20a. The sides 48 and 50 of
      the second triangular member 38a intersect at a 90.degree. angle, and
      again, although not essentially, the right triangle 38a is a 30, 60,
      90.degree. right triangle as is the right triangle 20a.
PAR  As shown in FIGS. 2a and 2b, the right triangle 38a is bent out of the
      plane of the right triangle 20a and extends upwardly as it appears in
      FIGS. 5 and 6. In like but opposite and staggered manner, the triangle 38b
      is bent downwardly along the hypotenuse 36 of the first triangular member
      20b. Thus, the right triangle 38b is bounded by the hypotenuse 52, the
      radial line 54 extending from the centerline 18, and the side 56. The
      triangles 38a and 38b are angularly related to the planes of their
      respective contiguous first triangular members 20a and 20b, that angle
      being in the preferred embodiment shown in FIGS. 2-6 a 90.degree. angle.
PAR  Considering the first triangle members 20a, 20b, 20c and 20d, these first
      triangles 20 in the order named are proceeding serially and axially in the
      direction toward what I shall for convenience denominate "the inlet", the
      vantage point of viewing the mixing element as shown in FIG. 4 being from
      the outlet end. The pattern of disposing the second triangle members 38a,
      38b, 38c and 38d with respect to their respective contiguous first
      triangular members 20a, 20b, 20c and 20d, and as shown in FIGS. 5 and 6 is
      that the second triangular member 38a is bent upwardly with respect to its
      contiguous first triangular member 20a, the second triangular member 38b
      is bent downwardly with respect to its contiguous first triangular member
      20d; the second triangular member 38c is bent upwardly with respect to its
      contiguous first triangular member 20c, and the second triangular member
      38d is bent downwardly with respect to its contiguous first triangular
      member 20d. Again regarding the device from the outlet end, in this first
      group of four first triangular members 20, the pattern of bending to form
      the second triangular members 38 is up-down-up-down. Thus, as one proceeds
      axially toward the inlet end of the device, the bending pattern is helical
      in a clockwise direction. With the next set of four first triangle members
      20e, 20f, 20g and 20h, the bending pattern to form the second triangular
      members 38e, 38f, 38g and 38h is just the opposite, i.e., counterclockwise
      and follows the pattern down-up-down-up.
PAR  The length of the motionless mixing element 16 is, in the preferred
      embodiment, therefore, desirably divided into segments of equal length
      wherein the bending pattern alternates between up and down in a clockwise
      manner when viewed from the outlet end followed by a bending pattern in
      the next adjacent segment in a counter-clockwise fashion, followed by a
      bending pattern in the next succeeding segment in a clockwise manner, etc.
      The length of the individual segments as above described is immaterial,
      and whereas in the preferred embodiment, each segment is composed of four
      succeeding first triangular members 20, the segment may be composed of any
      even number of first triangular members 20 in sequence with the bending
      pattern following first upward then downward then upward, etc. bending.
PAR  While reference has been had to "bending" in describing mixing element 16,
      this is only occasioned by reason that it has been found most convenient
      to form the motionless mixing elements 16 from a flat piece of metal,
      e.g., stainless steel sheet from a blank which appears as shown in FIG. 8.
      The blank 58 shown in FIG. 8 is conveniently slotted along alternately
      laterally extending lines 60. With the centerline 18 extending along the
      blank 58, it can readily be seen that the centerline 18, the slit lines 60
      and the lower marginal edge 62 of the blank 58 define a series of
      rectangles lying below the centerline 18. Likewise, the upper marginal
      edge 64 of the blank 58 in combination with the centerline 18 and the
      radiating lines 60 define a series of rectangular members. Since the lines
      60 alternately extend to the below and then above, the rectangular members
      so defined are in alternating oppositely extending staggered and
      overlapped relation. When the rectangular members are bent along the
      diagonals 66 shown in dotted lines and converging upon the centerline 18,
      the bending being in the pattern above described for each of the
      succeeding segments, the first triangular members 20 and the second
      triangular members 38 are readily and conveniently formed. Bending is
      desirably to an angular relationship with the first triangular member 20
      of 90.degree.. When viewed from the outlet end as shown in FIG. 4, it will
      be seen that there is no clear path for the fluid to take as it proceeds
      from the inlet to the outlet all quadrants are substantially blocked by
      upstanding or depending second triangular members 38. While a circular
      cross section has been shown for the tubular member 10, and there is
      necessarily some free space between the sides 50 and 56, for example and
      the tubular member 10, this is not regarded as material in the light of
      the convenience and inexpensive mode of fabrication the motionless mixing
      elements 16 in the preferred embodiment illustrated and as described
      above. The tubular member 10 might as well be provided with a square or
      rectangular cross section.
PAR  This apparatus has been tested and has demonstrated superior mixing
      characteristics in liquid-liquid extraction system, wherein, two
      immiscible phases are intimately dispersed to permit transfer of a soluble
      constituent from the aqueous phase to the organic phase.
PAR  FIG. 7 shows as apparatus incorporating a mixer in accordance with the
      present invention. Thus, there is shown in FIG. 7 in schematic and
      diagrammatic fashion a mixer tube 70 which although it cannot be seen in
      FIG. 7 contains an elongated mixing element such as that shown in FIGS.
      2-6. The inlet end 72 is attached to one leg of a Y-fitting 74, one arm of
      which is connected to a source of organic medium pumped therethrough by
      means of a pump 76 and controlled by means of a flow meter 78, and wherein
      the other arm is connected to an aqueous medium source pumped thereto by
      means of a pump 80 through a flow meter 82.
PAR  By the time the immiscible organic and aqueous phases have traversed the
      length of the tube 70 and emerge at the outlet end 84, the degree of
      subdivision of the organic phase in the aqueous phase is quite fine. The
      dispersion or emulsion, as the case may be, enters the settler portion 86,
      the fluid flows in to a T-shaped settling tube of relatively large
      diameter with the laterally extending arms in a vertical position. The
      organic phase containing the solute being lighter than the water rises to
      the top and is exhausted through the line 90. The aqueous phase is
      exhausted through line 92. Because the fluid velocity in the mixer 70 can
      be set to give uniform droplet size, coalescence is fast and requires a
      shorter retention time. After the mixing section 70, the mixed solvent and
      aqueous phases are discharged into the enlarged section of pipe 86 so that
      turbulance is reduced to a minimum and the phases are given an opportunity
      to separate. The length of the settler 86 which is required is dependent
      on the phase separation characteristic of the two fluids and is a function
      of the specific gravity, viscosity and surface or interfacial tension.
PAR  An apparatus of the type shown in FIG. 7 has been used in the solvent
      extraction of copper from a dilute aqueous copper sulphate solution with
      kerosene solution of 2-hydroxybenzophenoxime whereby copper is exchanged
      into the organic phase. Comparative studies were made using the mixing
      device of the present invention in a system as shown in FIG. 7, and using
      a conventional tank mixer-settler system.
PAR  It has been determined that a single stage of the extraction circuit shown
      in FIG. 7 which handles 1000 gallons dilute aqueous copper sulphate (1 to
      2 gms. per liter) and 1500 gallons of the organic phase per minute
      requires a mixer 70 which is 14 inches in diameter and approximately 80
      feet long. The settler 86 is then approximately 5 feet in diameter and
      approximately 40  feet long. This provides a fluid velocity of about 5.2
      feet per second in the mixer 70 and a mixing time of 15 seconds. The fluid
      velocity in the settler 86 is approximately 0.28 feet per second and
      retention time 143 seconds. The volume of solvent in the mixer 70 and
      settler 86 is approximately 4000 gallons.
PAR  For comparative purposes, a conventional tank mixer-settler system which
      will handle 1000 gallons per minute of aqueous flow requires 2 minutes
      retention in the mixer and 0.5 square feet of settler area per gallon per
      minute of total flow. Assuming a solvent aqueous ratio of 1.5 to 1 in the
      mixer and solvent depth of 8 inches in the settler, the volume of solvent
      in one stage will be approximately 10,000 gallons. This difference can be
      realized for a large size solvent extraction plant. The capital cost for a
      system such as that shown in FIG. 7 has been extimated to be approximately
      75% of the conventional type mixer-settler system.
PAR  The conditions of extraction vary, of course, with different systems and
      the mixer portion of the apparatus may be relatively shorter or longer
      depending upon these conditions, e.g. phase separation rate, solvent power
      of organic phase with respect to the solute, ion-exchange rate between
      phases, etc. It should also be noted that while, for convenience in
      description, reference has been made to an inlet end and an outlet end of
      the motionless mixing element, fluid flow may be in either direction
      relative to the mixing elements of the present invention with equivalent
      results.
PAR  The invention has been described in detail with particular reference to a
      referred embodiment thereof, but it will be understood that variations and
      modifications can be effected within the spirit and scope of the invention
      as described hereinabove and within the scope of the claims appearing
      below.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A motionless mixing apparatus comprising in combination:
PA1  a. a tubular body;
PA1  b. a motionless mixing element disposed within said tubular body in fluid
      flow intercepting relation, said mixing element comprising:
PA2  1. an elongated member having a plurality of alternately oppositely
      extending first triangular elements from a common centerline which forms a
      side of each said first triangular element, each of said first triangular
      elements lying on one side of said common centerline having a side in
      common with a portion of the sides of two oppositely extending first
      triangular elements lying on the other side of said common centerline,
      whereby said laterally extending first triangular elements are in axially
      staggered and overlapping relation, and
PA2  2. a plurality of second triangular members each having one apex on said
      common centerline and each having a side in common with a first triangular
      element, each of said second triangular elements lying in a plane
      angularly related to the first triangular element with which it has a side
      in common.
NUM  2.
PAR  2. A motionless mixing apparatus in accordance with claim 1 wherein the
      second triangular members each lie in a plane at right angles to the plane
      of the first triangular member with which it has a side in common.
NUM  3.
PAR  3. A motionless mixing apparatus in accordance with claim 1 in which the
      first triangular elements are right triangles.
NUM  4.
PAR  4. A motionless mixing apparatus in accordance with claim 3 in which the
      first triangular elements are 30.degree. right triangles.
NUM  5.
PAR  5. A motionless mixing apparatus in accordance with claim 4 in which the
      30.degree. angle of the first triangular members includes the side common
      to the common centerline.
NUM  6.
PAR  6. A motionless mixing apparatus in accordance with claim 1 in which the
      first and second triangular elements are right triangles.
NUM  7.
PAR  7. A motionless mixing apparatus in accordance with claim 6 wherein the
      common side between a first triangular member and its second triangular
      member is the hypotenuse of each.
NUM  8.
PAR  8. A motionless mixing apparatus in accordance with claim 6 in which the
      first and second triangular elements are 30.degree. right triangles.
NUM  9.
PAR  9. A motionless mixing apparatus in accordance with claim 8 in which the
      30.degree. angle of the first triangular members includes the side common
      to the common centerline.
NUM  10.
PAR  10. A motionless mixing apparatus in accordance with claim 1 wherein the
      second triangular members on axially succeeding first triangular members
      occupy a position in serial sectors about said common centerline.
NUM  11.
PAR  11. A motionless mixing apparatus in accordance with claim 10 in which the
      sectors are each 90.degree..
NUM  12.
PAR  12. A motionless mixing apparatus in accordance with claim 1 wherein the
      first and second triangular members are formed by folding staggered
      bilaterally extending rectangular sections along a diagonal thereof
      whereby the apices of successive first triangular members alternately
      oppositely extending from said common centerline also successively proceed
      along the common centerline.
NUM  13.
PAR  13. A motionless mixing apparatus in accordance with claim 1 in which the
      first triangular members all lie in a common plane.
NUM  14.
PAR  14. A motionless mixing apparatus in accordance with claim 1 in which the
      motionless mixing element is formed from stainless steel sheet.
NUM  15.
PAR  15. In a motionless mixing apparatus having a tubular fluid conduit and
      stationary mixing means disposed in said tubular fluid conduit, the
      improvement which comprises: a single stationary mixing element
      coextensive with said conduit comprising
PA1  a. an elongated member having a plurality of alternately oppositely
      extending first triangular elements from a common centerline which forms a
      side of each said first triangular element, each of said first triangular
      element, each of said first triangular elements lying on one side of said
      common centerline having a side in common with a portion of the sides of
      two oppositely extending first triangular elements lying on the other side
      of said common centerline, whereby said laterally extending first
      triangular elements are in axially staggered and overlapping relation, and
PA1  b. a plurality of second triangular members each having one apex on said
      common centerline and each having a side in common with a first triangular
      element, each of said second triangular elements lying in a plane
      angularly related to the first triangular element with which it has a side
      in common.
NUM  16.
PAR  16. A motionless mixing apparatus comprising in combination:
PA1  a. a tubular body;
PA1  b. a motionless mixing element disposed within said tubular body in fluid
      flow intercepting relation, said mixing element comprising:
PAR  1. an elongated member having a plurality of alternately oppositely
      extending first triangular elements from a common centerline which
      coincides with a side of each of said first triangular elements, whereby
      said alternately oppositely extending first triangular elements are in
      axially staggered relation; and
PA2  2. a plurality of second triangular members each having one apex on said
      common centerline and each having a side in common with at least a portion
      of a side of a first triangular element, each of said second triangular
      elements lying in a plane angularly related to the plane of the first
      triangular element with which it has a side at least in part in common.
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ABST
PAL  A process and arrangement for producing a strong turbulence in at least one
      fluid or quasi-fluid medium wherein the medium flows along at least two
      confined and adjacent stream paths, the streams being rotated in opposite
      directions within their paths so as to cause the flow components thereof
      to be directed opposite one another, and the streams laterally graze one
      another within a discharge chamber as they begin to move outwardly of
      their paths. The streams are suddenly brought into contact with each other
      within the chamber whereupon intensive movements of the medium particles
      develop transversely to the flow directions along fictitious planes of
      contact between the two streams as the result of a delay in speed of the
      flow components of the streams, whereby a strong turbulence develops with
      a most intimate mixing of the two streams.
PARN
PAR  This application is a Continuation-In-Part of my copending application Ser.
      No. 449,482, filed Mar. 8, 1974, now abandoned.
BSUM
PAR  This invention relates to a process for producing a strong turbulence in at
      least one fluid or a quasi-fluid medium, and an arrangement for carrying
      out such process.
PAR  Physical, chemical or technical processes as used continuously in
      procedural techniques are improved, accelerated or even basically made
      possible by the use of turbulence. Examples for such processes are the
      mixing of substances, chemical reactions, or the introduction or diversion
      of heat. Such turbulences can be produced in many ways in the
      participating media as, for example, by increase of the Reynolds number,
      by a specific shaping of the container or lines of conduction, increase of
      the flow velocity, insertion of resistance or turbu-elements, flow
      guidance in the rays, etc. In the production of turbulence in such manner,
      however, the underlying disadvantage is that they all require high power
      consumption or effect great losses of energy and, in most instances, the
      achievable degree of turbulence is not foreseeable and not sufficiently
      great.
PAR  The present invention is premised on the objective of creating a strong
      turbulence in fluids or quasi-fluid media with the simplest possible means
      and without any unnecessary loss of energy. In such instance, it is to be
      understood that the fluid or quasi-fluid media referred to include all
      substances which are liquid or gaseous, or which consist of a mixture of
      liquid or gaseous substances of some type. They can be homogeneous or
      heterogeneous and can also contain particles of fatty substance.
      Furthermore, viscous substances, plasma of different types, agglomerations
      of electrons, etc. are included. In short, all substances which are able
      to totally flow, and the mass particles of which can be shifted in
      relation to one another by flow forces, are considered to be among the
      fluids and quasi-fluid media referred to herein.
PAR  In carrying out the objective according to the invention, the medium or
      media are guided in two paths, which have oppositely directed flow
      components and which, after grazing laterally, are suddenly brought into
      contact with one another. As a result, intensive movements of the fluid or
      quasi-fluid particles develop transversely to the plane of contact, or at
      the fictitious plane of contact, of the two flow paths by retardation of
      speed of the two flow components oppositely directed to one another, as a
      result of which a strong turbulence develops with a most homogeneous
      mixing of the two streams.
PAR  In accordance with one arrangement in carrying out this process, at least
      two supply channels are provided for the two streams of the one medium, or
      two media, or more, which open into the fictitious plane of contact, and
      an outflow or discharge channel is further provided for the turbulent flow
      of the medium or media.
PAR  More particularly, such an arrangement includes three parallel and spaced
      circular discs having a common axis, the middle disc having a smaller
      diameter compared to the outer ones, wherein the discs constitute the
      inflow channels for the two streams of the medium which flow outwardly
      between two discs with the streams rotating in opposite directions. After
      the medium flows outwardly of the middle disc, the two streams contact one
      another so that the two outer larger discs then constitute the outflow or
      discharge channel for the turbulence flow of the medium.
PAR  As a result, it is possible to create a turbulence of a high degree in the
      participating streams of medium or media in a novel manner. At the same
      time the two streams can flow in a straight line and can be directed
      against one another, or they can meet at an angle--which also will be the
      case whenever a stream of medium or even both streams are guided
      rotatingly, also radially or axially--but they must have flow components
      which are directed oppositely in relation to one another. During the
      mutual sudden contact of the two streams at the fictitious plane of
      contact, a type of heating effect occurs in addition to that caused by
      friction, as a result of which the two flow components directed oppositely
      to one another are eliminated without delay and their originally contained
      flow energy is changed into turbulence. There merely remains a residual
      translation flow, which serves to eliminate--effectively in a direction
      deviating from the two original directions of flow--the turbulent stream
      of the medium developed through the mixing, the speed of which is
      determined mainly by the free path-through surface.
PAR  A measure for the turbulence that can be achieved according to this process
      is the quickest possible delay of speed of the two flow components
      directed against one another. This delay is best accomplished whenever the
      masses of the two streams of medium are equal, with their speeds likewise
      being equal; or in the case of unequal masses, if their flow energies are
      the same. If these assumptions do not occur, then the level of the
      achievable turbulence drops with the increase of the variability of the
      above-mentioned values of influence. Likewise, the achievable turbulence
      will decrease greatly whenever not all of the oppositely directed flow
      components are at least equally as large as their respective other
      assigned flow component. Naturally, a certain turbulence will still be
      produced, even in the latter instance, but a large part of the available
      energy will not have been used effectively, but will merely have served
      for a quick elimination of the stream of the medium and is thus lost for
      the production of the highest possible turbulence which is the actual
      objective.
PAR  The turbulence produced in this manner can be used in the case of all
      physical, chemical and technical processes where mass particles
      turbulently moved in a stream of the medium are of advantage. Such
      processes included mixing, homogenizing. dispersing, reacting, gassing,
      evaporating, vaporizing; also catalytic processes, heat exchange,
      treatment of plasma in the atomic technique, etc.
DRWD
PAR  The above and other objects of the invention will become more apparent from
      the following detailed description of the invention when taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a plan of the arrangement according to the invention;
PAR  FIG. 2 is an enlarged sectional view of the FIG. 1 arrangement taken along
      line 2--2 thereof;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is a partial side view taken along line 4--4 of FIG. 1;
PAR  FIG. 5 is a view taken along line 5--5 of FIG. 2;
PAR  FIG. 6 is a view at a slightly enlarged scale taken along line 6--6 of FIG.
      4; and
PAR  FIGS. 7 and 8 schematically illustrate the principle of the development of
      the rotation of two streams of medium with a reversed direction of
      rotation.
DETD
PAR  The arrangement according to FIGS. 1 to 6 essentially includes two outer
      circular discs 10, 11 and a middle circular disc 12, each of which are
      disposed in spaced, parallel relation to one another along a common axis
      23. As shown in FIGS. 1 and 3, disc 12 has a smaller diameter as compared
      to discs 10 and 11 of equal diameter. The space between discs 10 and 12
      forms one inflow channel 13, and the space between discs 12 and 11 forms
      another inflow channel 14 respectively for two streams of medium or media
      separated from one another by disc 12. The medium or mass streams are
      initially conducted from pumps, compressors, blowers or any applicable
      pressure head (not shown) through ducts or tubes 20 and 20a provided on
      respective discs 10 and 11 as shown in FIG. 3. These streams are therefore
      guided between the discs as shown by the arrows and flow around the axis
      23 thereof, but rotate in counter directions (see FIG. 4) and flow
      simultaneously radially outwardly (see FIG. 2), as a result of which in
      totality flat spiral parts result. They are similar because the peripheral
      flow components U of both streams directed oppositely to one another are
      equal (as shown in FIG. 4 by the same length of the arrows), and because
      the somewhat smaller radial flow components R of both streams are likewise
      equal.
PAR  Rotation of the streams in counter or opposite directions after entering
      through ducts 20 and 20a is effected by means of, for example, annular
      vanes 30 and 31 with blades directed respectively in opposite directions.
      The mass streams are conducted to flow radially outwardly and through the
      rotation inducing vanes (or through some other common rotation inducing
      means which may be substituted therefor).
PAR  As soon as the rotating streams of the medium or media pass radially beyond
      disc 12, both parts of the mass streams represent two counter-rotating
      fluid bodies with an escaping radial flow vector. After passing through
      the vanes, the rotating streams suddenly contact each other by grazing
      each other laterally at a fictitious plane of contact, which can be seen
      as the continuation of disc 12 in a radial direction. The hitherto
      undisturbed streams now rub against each other and the peripheral speed
      thereof is delayed, in the ideal instance for both streams, up to about
      zero. The energy which is thereby eliminated is converted into an
      intensively fluctuating chaotic movement of the mass particles in a
      transverse direction to the fictitious plane of contact. These movements
      in their entirety form a very marked strong turbulence. At the same time,
      the two streams of medium are most intimately mixed with one another.
PAR  These flow components have been at least partially symbolized in the
      drawings. The decrease and disappearance of the peripheral flow components
      U is indicated in FIG. 5 by the diminishing size of the arrows in an
      outward direction. The turbulence spreads immediately from peripheral edge
      15 of disc 12 towards discs 10 and 11. Approximately starting from the two
      fictitious peripheral planes 16, which contact the discs 10 and 11 along
      lines 17, there is now only one stream of a medium left as a result of the
      simultaneous mixing of the two streams thereof. This one stream is
      strongly turbulent and will remain so, and is carried off radially in the
      direction of arrows 18 by the discharge channel 19 now formed by the two
      outer larger discs 10 and 11.
PAR  It should be noted that technically the invention will be quite effective
      when the peripheral flow components U of both streams, suddenly contacting
      each other at peripheral planes 16, are made equal to or greater than the
      radial flow components R thereof. However, even when the peripheral flow
      components U are made smaller than the radial flow components R, a
      turbulence will nevertheless be produced although it will gradually
      decrease according to the relationship U/R. The degree of flow velocities
      is based on the given energy head and the width of the area of the
      distance between walls 10 and 11.
PAR  In FIG. 6, the peripheral components U of the two streams of media are
      shown, in relation to disc 12 and its edge 15, immediately prior to their
      mutual contact. The developing turbulent stream of the medium is carried
      off in the direction of arrows 18 by discharge channel 19.
PAR  The two streams of the medium can be of different types, as for example the
      mixture of two media, although they can also originate from the same
      source. Such will be the case whenever it is intended to shift a medium,
      for example, for the improvement of the heat transfer, into high
      turbulence, or generally everywhere, in which a highly turbulent movement
      in a medium will be useful. If the flow energy m.sub.1 v.sub.1.sup.2 of
      one stream of the medium is not equally as large as the flow energy
      m.sub.2 v.sub.2.sup.2 of the other stream of the medium, whereby m.sub.1,
      m.sub.2 signify the masses of the media and v.sub.1, v.sub.2 signify their
      speeds of flow prior to their contact, then only the smaller of the two
      flow components directed oppositely to one another will be reduced down to
      zero. Therefore, since there remains a residue of the other peripheral
      component, the discharge direction of the turbulent medium stream deviates
      correspondingly from the radial.
PAR  The turbulence can be utilized effectively in a discharge channel, for
      example, by feeding in of particles of substance or of finely dispersed
      substances. Likewise, the wall or walls of the discharge channel may form
      the heat exchange surfaces of a heat exchanger. Another possibility is to
      form the wall of the discharge channel as a catalyst, in which it is made
      entirely of a corresponding raw material, or wherein its side facing the
      turbulent medium is coated with such raw material.
PAR  It is also possible to effect rotation of the two streams of media in a
      radially inward direction instead of radially outwardly. Accordingly, the
      turbulent stream of the medium, which can be carried away in almost any
      desired direction, will be reversed outwardly of the discs and is
      conducted inwardly of the discs again in a similar manner, as a result of
      which its turbulence is still further increased. It is also possible to
      dispose several of the aforedescribed arrangements on the same axis so
      that the medium flows in parallel or in series between the discs.
PAR  Also, the combination of a rotating medium and of one which moves ahead in
      a straight line is also made possible by the present invention.
      Furthermore, both media can flow in a straight line toward each other and
      can flow off laterally thereto, which will result in an arrangement that
      is T-shaped in form.
PAR  The optimum size ratios for the discs in accordance with the present
      arrangement are best determined experimentally. They depend on the various
      values of influence: the desired turbulence, the viscosity of the medium
      or media, the type of arrangement of the streams, the amount of power
      available for the production of the velocity, etc. The arrangements are of
      a manifold nature, but they are relatively simple in their construction,
      since basically the flow paths of the two media can be produced by
      correspondingly directed pipelines and/or by nozzles of the proper type.
PAR  An example of the manner in which the desired flows can be produced is
      shown schematically in FIGS. 7 and 8. FIG. 7 illustrates one thread of a
      stream 21 or 22 of two streams of media, which at first flow toward each
      other within the arrangement along axis 23 and are then deflected
      outwardly in a radial direction. Just before contacting one another, as
      shown, they are reversed by vanes 30 and 31, or the like, in a peripheral
      direction, but in a reverse rotational direction, as indicated by arrows
      24 and 25.
PAR  In FIG. 8, the overall flow conditions are illustrated schematically with
      regard to movement. The two streams of media, as symbolized by threads 21
      and 22 of the streams, first rotate in opposite directions within the
      arrangement, flow toward each other along axis 23, and are deflected
      radially outwardly. Their peripheral components U are far larger than
      their radial components R, which are equally large by pairs for both
      streams of media. The turbulent stream of medium developed after contact
      of the two streams of media flows radially outwardly in all directions as
      indicated by arrows 18.
PAR  Obviously, many other modifications and variations of the present invention
      are made possible in the light of the above teachings. It is therefore to
      be understood that within the scope of the appended claims the invention
      may be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a strong turbulence in at least one fluid or
      quasi-fluid medium including the steps of, guiding the medium for stream
      flow along at least two confined and adjacent stream paths without
      intermingling, rotating the two streams in opposite directions within
      their respective stream paths so as to cause the flow components of the
      two streams to be directed opposite to one another, and causing the
      streams to laterally graze each other within a discharge chamber as the
      streams begin to move outwardly of their paths, the streams being suddenly
      brought into contact with each other within the discharge chamber
      whereupon intensive movements of the medium particles develop transversely
      to the flow directions along fictitious planes of contact between the two
      streams as the result of a delay in speed of the flow components of the
      streams directed opposite one another, whereby a strong turbulence
      develops with a most intimate mixing of the two streams.
NUM  2.
PAR  2. The process according to claim 1 wherein the flow components of one
      stream are at least equally as great as the flow components of the other
      stream.
NUM  3.
PAR  3. The process according to claim 1 including the further step of rotating
      and radially directing the flow components of one of the streams.
NUM  4.
PAR  4. The process according to claim 1 wherein both streams are rotated about
      a common axis in opposite directions.
NUM  5.
PAR  5. The process according to claim 1 wherein one of the streams is so
      rotated that its peripheral flow components are greater than the radial
      flow components thereof.
NUM  6.
PAR  6. The process according to claim 1 including the further step of carrying
      away the turbulent stream of the medium developed through the intermixing
      in a direction deviating from the stream paths.
NUM  7.
PAR  7. The process according to claim 1 wherein the two streams are rotated at
      the same speed.
NUM  8.
PAR  8. The process according to claim 1 wherein two fluid or quasi-fluid media
      are each guided for stream flow respectively along at least the two
      confined and adjacent stream paths, the flow energy m.sub.1 v.sub.1.sup.2
      of one of the media is equally as great as the flow energy m.sub.2
      v.sub.2.sup.2 of the other media, wherein m.sub.1 and m.sub.2 designate
      the masses of the two media and v.sub.1, V.sub.2 designate their flow
      velocity prior to contact.
NUM  9.
PAR  9. An arrangement for the production of a strong turbulence in at least one
      fluid or quasi-fluid medium comprising, at least one pair of adjacent flow
      channels for guiding the medium therealong in at least two stream paths
      without intermingling, means for rotating the streams in opposite
      directions within their respective flow chambers so that the flow
      components thereof are directed opposite one another, a discharge chamber
      being provided outwardly and adjacent the flow channels, the streams
      laterally grazing each other at the opening of the discharge chamber as
      they begin to move radially outwardly of their flow channels, the streams
      being suddenly brought into contact with each other within the chamber
      whereupon intensive movements of the medium particles develop transversely
      to the flow directions along fictitious planes of contact between the two
      streams as the result of a delay in speed of the flow components of the
      streams directed opposite one another, whereby a strong turbulence
      develops with a most intimate mixing of the two streams.
NUM  10.
PAR  10. The arrangement according to claim 9 wherein the flow channels are
      formed by means of three parallel and spaced, circular discs having a
      common axis, the middle one of said discs having a smaller diameter as
      compared to the outer discs, the two streams flowing respectively between
      said middle disc and said outer discs in opposite directions, the two
      streams flowing radially outwardly toward the peripheral edge of said
      middle disc and, at said edge, the two streams laterally graze each other
      whereafter the streams suddenly contact one another within said discharge
      chamber formed between said outer discs outwardly of said edge.
NUM  11.
PAR  11. The arrangement according to claim 10 wherein the walls of said chamber
      are made of catalytic material.
NUM  12.
PAR  12. The arrangement according to claim 10 wherein the walls of said chamber
      form heat exchange surfaces of a heat exchanger.
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ABST
PAL  A feed material is introduced into a pressure-kneading portion of a kneader
      with a slightly insufficient water content, wherein the remaining water is
      added and the material is kneaded to be delivered from the kneader as
      having a predetermined water content, and concurrently the water content
      of the kneaded material being delivered is continuously measured near the
      exit of said kneader and the amount of water to be added to the
      pressure-kneading portion is controlled according to the measured water
      content, whereby the water content in the kneaded material is maintained
      constant.
PARN
PAR  This is a division of application Ser. No. 264,570, filed June 20, 1972 now
      U.S. Pat. No. 3,841,610 issued Oct. 15, 1974.
BSUM
PAR  This invention relates to a method of and an apparatus for continuously
      automatically controlling the water content of kneaded viscous materials,
      such as butter and margarin, though not limitative, in the production of
      said kneaded materials. Further, the invention relates to an electrode
      plate adapted for use in controlling the water content of kneaded
      materials.
PAR  In general, in an apparatus for continuously producing kneaded materials,
      such as butter and margarin, a cream is introduced continuously into a
      pressure-kneading portion of the apparatus, wherein a suitable quantity of
      water is added, and then extruded from a nozzle. In order to determine the
      quantity of water to be added, it is necessary to know the water content
      in the product. The water content in the product has heretofore been
      measured by a non-continuous method, i.e. by sampling, but this method not
      only requires a skill but also causes a time lag in adjusting the quantity
      of water in accordance with the measured value. It has the additional
      disadvantage that the adjustment cannot be effected accurately and quickly
      as it is performed manually.
PAR  Therefore, an object of the present invention is to provide a method of
      continuously automatically controlling the water content of a kneaded
      viscous material, which comprises introducing a feed material into a
      pressure-kneading portion of a kneader with a slightly insufficient water
      content, adding the remaining water to said material being kneaded in said
      pressure-kneading portion to increase the water content to a predetermined
      level, discharging the kneaded material from the kneader, continuously
      measuring the water content of the kneaded material being discharged near
      the exit of said kneader and automatically controlling the quantity of
      water to be added to the pressure-kneading portion in accordance with the
      measured value, thereby maintaining the water contained in the kneaded
      material constant.
PAR  Another object of the invention is to provide an apparatus for continuously
      automatically controlling the water content of a kneaded material, which
      comprises a kneader having a pressure-kneading portion for kneading a feed
      material therein and a nozzle portion connected to said pressure-kneading
      portion for discharging the kneaded feed material therethrough as a
      kneaded material, water adding means connected to said pressure-kneading
      portion and including a water pump capable of supplying water in a varying
      quantity, water content detecting means arranged in said nozzle portion
      and including electrodes for detecting the water content of the kneaded
      material being extruded through said nozzle upon measuring the electric
      capacity thereof, and means for controlling the quantity of water supplied
      from said water pump in accordance with the detected water content to
      maintain the quantity of water contained in the kneaded material constant.
PAR  For measuring the electric capacity of a kneaded viscous material to
      determine the water content thereof, a pair of planar electrode plates
      have been used which are spaced apart from each other in opposed relation.
      The electric capacity of the material is measured by passing it between
      the electrode plates, and the water content thereof is determined from the
      measured electric capacity. The electrodes of this type can be effectively
      used in the continuous, automatic control method and apparatus of the
      present invention described above, but has some disadvantages.
PAR  First of all, when the conventional electrodes as mentioned above are
      applied to the measurement of the water content of a highly viscous
      material, such as butter or margarin, the material is subjected to a large
      shearing force from the electrode plates which causes the water to be
      separated from the material, possibly resulting in a demulsification of
      the product and an measurement error. Further, since these prior art
      electrodes are not of water-proof structure, the water carried in the
      highly viscous material and containing electrolytes, such as salt (sodium
      chloride), occasionally causes shorting of the electrodes. Furthermore,
      when such electrodes are used in the production of butter or margarin, the
      water contained in the material tends to condense on the electrodes,
      providing a cause of measurement error, and in addition, the sterilization
      and cleaning of the electrodes are impossible.
PAR  Therefore, still another object of the present invention is to provide an
      electrode plate for use in the measurement of the water content of a
      viscous material, which comprises a single sheet of a substrate plate made
      of an electric insulator, a pair of electrodes printed on said substrate
      plate and a thin layer of an electric insulator covering said printed
      electrodes, said viscous material being moved over said thin layer,
      whereby the electric capacity thereof is measured by said electrode plate.
PAR  A further object of the invention is to provide an electrode plate for use
      in the measurement of the water content of a viscous material of the
      character described above, which is disposed in a frame with said
      electrically insulating thin layer exposed on the upper side of said frame
      and with a filler disposed therebelow, and completely hermetically sealed
      in said frame with a sealing material filling the gaps within said frame.
PAR  In the construction of the electrode plate according to the present
      invention, it is preferable that the electrodes each have a pectinate
      shape and are arranged with each tooth of one electrode received between
      adjacent teeth of the other electrode. Alternatively, the electrodes may
      be formed each in a U-shape and arranged in opposed relation with their
      legs in alternate positions. Still alternatively, the electrodes may be
      formed in a helical shape or any other shape. With the electrode plate of
      the invention, arcuate lines of electric force are generated extending
      from one electrode to the other one in the thicknesswise direction of the
      material to be measured through said material, by which the electric
      capacity and hence the water content of the material is measured. The
      space interval between the electrodes must be suitably selected according
      to the thickness of the material to be measured, because the lengths of
      the lines of electric force passing through the material become shorter as
      the interval between the electrodes becomes smaller.
DRWD
PAR  Embodiments of the present invention will be described hereunder with
      reference to the accompanying drawings.
PAR  FIG. 1 is a schematic sectional view showing an embodiment of the present
      invention;
PAR  FIG. 2 is a block diagram showing an example of the control apparatus;
PAR  FIG. 3 is a graph showing the relationship between the voltage and the
      actual water content;
PAR  FIG. 4 is a perspective view of an embodiment of the electrode plate
      according to the invention;
PAR  FIG. 5 is a sectional view of the electrode plate shown in FIG. 4; and
PAR  FIG. 6 is a plan view of another embodiment of the electrode plate
      according to the invention.
DETD
PAR  With reference to FIG. 1, a continuous butter making machine to which the
      method of this invention is applied has a starting cream inlet 1 and a
      churning mechanism 2. The churning mechanism is driven from a suitable
      drive source in the direction of the arrow A. Reference numeral 3
      generally designates a pressure-kneading portion which is provided therein
      kneading and conveying screws 4, 5. These screws 4, 5 are driven also from
      a suitable drive source in the direction of the arrow B. A nozzle 8 is
      provided at the forward end of the pressure-kneading portion 3. Reference
      numerals 6, 7 designate screens disposed in the path of travel of the
      butter being conveyed by the screws 4, 5, 9 designates a container of
      butter milk and 10 designates a washing water inlet. The arrangement
      described above is already known as a continuous butter making machine,
      and reference may be made, for example, to the construction of the
      Contimab type apparatus produced and sold by Ets Simon Freres in France.
      In the arrangement described above, the starting cream fed from the inlet
      1 is subjected to churning by the churning mechanism 2 and introduced into
      the pressure-kneading portion 3. The churned butter granules in the
      pressure-kneading portion 3 are washed with water supplied thereto from
      the washing water inlet 10, conveyed by the screws 4, 5 while being
      kneaded by said screws, and discharged from the nozzle 8 as the product
      butter.
PAR  In the present invention, an electrode plate 11 is provided in the nozzle
      portion 8 for continuously measuring the water content of the butter being
      discharged from the nozzle 8.
PAR  This electrode plate 11 is of the construction which will be described
      later, and connected to a control apparatus indicated at 18 in FIG. 1. The
      control apparatus 18 is operative in such a manner that it detects a
      variation of the electric capacity of the butter by the arcuate electric
      field formed across electrodes of the electrode plate and generates a
      signal representative of the detected electric capacity variation, which
      is supplied to motor-driven water pump 19 to control the quantity of water
      to be supplied from a water supply port 20.
PAR  FIG. 2 is a block diagram showing an embodiment of the control apparatus
      18. In FIG. 2, reference numeral 21 designates an oscillator and 22
      designates a transformer bridge to which the electrode plate 11 is
      connected. The bridge 22 is connected to an indicator 27 through an
      alternating current amplifier 23, a detector 24, a parallel shifting
      circuit 25 and a high-cut circuit 26, and also connected to a recorder 28
      as required. The output of the high-cut circuit 26 is supplied through a
      direct current amplifier 31 to a motor 32 to control the rotation of a
      pump 33. Reference numeral 29 designates a limit signal generating circuit
      and 30 designates an alarm.
PAR  Namely, in the apparatus for practising the method of this invention water
      is added to the product from the water inlet 20, but the water content of
      the product being discharged from the nozzle 8 is continuously measured
      and the quantity of water added from the water inlet 20 is controlled
      according to the measured water content, whereby the water content of the
      product is automatically maintained at the optimum level. The oscillator
      21 is of 50 K - 3 MHz, preferably of 300 KHz. It was found through
      experiment that the voltage and the actual water content are in
      substantially proportional relation to each other as shown in FIG. 3. FIG.
      3 shows the result of the experiment conducted with the Contimab type
      machine under such conditions that the cream temperature was 11.degree.C.,
      the fat content in the cream was 41.5%, the speed of a churning cylinder
      (barattage) was 1400 RPM and the speed of a working chamber (malaxage) was
      48 - 68 RPM.
PAR  The electrode plate suitably used in the method and apparatus of this
      invention will be described hereunder:
PAR  With reference to FIGS. 4 and 5, reference numeral 101 designates a
      substrate plate consisting of an epoxy resin-coated glass fiber cloth, on
      which electrodes 102, 102' consisting, for example, of copper foil are
      printed each in a substantially U-shape. Further, the surface of the
      substrate plate 101 is coated with a layer of an electric insulator, such
      as plastics, and thus the electrodes 102, 102' are completely insulated
      against the exterior. In this embodiment, the substrate plate 101 is
      placed on and secured to insulating plates 105, 105' by means of screws
      104 in juxtaposed relation, and the resultant laminate is disposed, for
      example, in a stainless steel frame 106 and secured therein by means of
      screws 107. Reference numerals 108, 108' designate through-holes formed in
      the substrate plate 101 and conductors 109, 109' are extended through said
      through-holes 108, 108' respectively, with one ends thereof connected to
      the electrodes 102, 102' and the other ends to a socket 110 which in turn
      is connected to the control apparatus 18 shown in FIG. 1. Reference
      numeral 111 designates fittings provided on the frame 106. The space
      beneath the insulating plates 105, 105' is filled with a filler 112, such
      as a resin material, and the gaps within the frame 106 are filled with a
      sealing compound, so that the electrode plate is completely hermetically
      sealed.
PAR  Another form of the electrode plate is shown in FIG. 6. In this form,
      electrodes 202, 202' are printed on an electrically insulating substrate
      plate 201, each in a pectinate shape. It should be understood that,
      according to the present invention, the electrodes to be printed on the
      substrate plate may be of any other shape.
PAR  With the electrode plate of the construction described above, a material to
      be measured is continuously moved along the upper surface of the
      insulating coating layer 103 and, during this period, the socket 110 is
      connected to the control apparatus 18 shown in FIG. 1, whereby an electric
      field is formed across the electrodes 102, 102' or 202, 202' and the
      electric capacity of the material is measured. Thus, the water content of
      the material can be continuously measured from the measured electric
      capacity thereof. According to the invention, the material to be measured
      is not subjected to a large shearing force since it is not compressed
      between a pair of electrodes during movement, and further the washing with
      water and sterilization of the electrode plate become possible since it
      can be completely sealed hermetically. For the same reason, shorting of
      the electrodes can be prevented which otherwise occurs by contact with
      water containing electrolytes such as salt (sodium chloride), and further
      the measurement error can be minimized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of continuously automatically controlling the water content of
      a kneaded viscous material, comprising introducing a feed material into a
      pressure-kneading portion of a kneader with a slightly insufficient water
      content, adding salt-free water to said material being kneaded in said
      pressure-kneading portion to increase the water content to a predetermined
      level, discharging the kneaded material from the kneader, continuously
      measuring the water content of the kneaded material being discharged near
      the exist of said kneader and automatically controlling the quantity of
      salt-free water to be added to the pressure-kneading portion in accordance
      with the measured value, thereby to maintain the water contained in the
      kneaded material constant.
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PAL  A mixer comprising a substantially trough shaped bin said bin being
      substantially rectangular when viewed in plan, the lower portion of each
      of the side walls of said bin slope inwardly to form a central
      longitudinal channel at the bottom of said bin, a 1st pair of horizontally
      mounted longitudinal augers situated in said trough and rotatably driven
      so as to feed from the front to the rear of the bin and also cause the
      feed to be fed upwardly and away from the centre of said trough, a 2nd
      pair of horizontally mounted longitudinal augers positioned wider apart
      and above 1st said pair and caused to rotate and feed in the same
      direction as 1st said augers.
BSUM
PAR  THIS INVENTION relates to an improved mixer.
PAR  Whenever more than one ingredient is contained in a feed ration mixing
      becomes a necessity. Efficient mixing is necessary to ensure that each
      beast or bird receives its proper ration. With cattle, each animal needs
      its proper ration to achieve the weight gain or milk production required.
      If a feed containing several ingredients is not mixed then the situation
      exists where the feed may contain pockets or layers of different material.
      Some of the cattle when feeding will feed on hay and others may feed on
      grain. Those eating hay will convert less efficiently than those on grain
      and the ones on grain run the risk of eating lethal feed. When this feed
      is correctly mixed and each animal given equal opportunities to eat the
      feed, then the animals that are not performing in weight gain can be
      checked and culled if necessary. It therefore is essential that feeds
      containing ingredients should be thoroughly and correctly mixed and it is
      with this object in mind that this invention has set out to achieve.
PAR  In one form the invention resides in a mixer comprising a substantially
      trough shaped bin, said bin being substanitally rectangular when viewed in
      plan, the lower portion of each of the side walls of said bin slope
      inwardly to form a central longitudinal channel at the bottom of said bin,
      a 1st pair of horizontally mounted longitudinal augers situated in said
      trough and driven so as to feed from the front to the rear of the bin and
      so rotate so as to cause feed to be fed upwardly and away from the centre
      of said trough, a 2nd pair of horizontally mounted longitudinal augers
      positioned wider apart and above 1st said pair and caused to rotate and
      feed in the same direction as 1st said augers, said augers mixing and
      feeding ingredients from an input at one end of said bin to a discharge
      point at the rear portion of said bin.
DRWD
PAR  The invention will be better understood by reference to one specific
      embodiment as shown in the accompanying drawings wherein:
PAR  FIG. 1 is a side elevation of the mixer as a mobile unit;
PAR  FIG. 2 is a sectional end elevation of the drive means and auger
      arrangement;
PAR  FIG. 3 is a plan view of the augers situated in the bin.
PAR  FIG. 4 is a side elevation of the mixer as a mobile unit with a roller mill
      and additional smaller auger;
PAR  FIG. 5 is a side elevation of the mixer of FIG. 4 and shows the augers in
      respective places.
DETD
PAR  In this embodiment a mixer 11 is constructed comprising a substantially
      trough shaped bin 12. The mixer 11 is generally mounted upon
      transportation means 13 but may be used in a fixed position if so desired.
      The lower portion 14 of each of the side walls 15 of the bin slope
      inwardly to form a central longitudinal channel at the bottom 16 of the
      bin. Positioned in the bottom channel section of the bin is a horizontally
      and longitudinally mounted 1st pair of augers 17. Also horizontally and
      longitudinally mounted above and slightly wider apart than 1st said augers
      17, are a 2nd pair of augers 18. Both sets of augers 17 and 18, are
      operated so as to transfer feed from inlet points 19 and 20 to the
      discharge opening 21.
PAR  The lower augers 17 extend from the mixer compartment through a channelled
      recess 20 up to and including the area covered by the hammer mill 22. If a
      roller mill (not shown) is attached to the front of the hammer mill 22
      then a separate smaller screw or auger is used to carry the feed into the
      channelled recess 20 below the hammer mill.
PAR  Feed may be introduced into the bin by way of direct input through opening
      19 or by the use of a hammer mill 22 feeding into the bin through inlet
      recess 20. The operation of the hammer mill 22 and roller mill may be
      carried out by suitable linkage and connection to the power take off
      mechanism of a tractor. The power take off is also used to drive both sets
      of augers from the rear of the mixing bin. Power is supplied to the rear
      of the bin by a drive shaft linking the power take off unit to a gear box
      (not shown) mounted on the rear of the mixer. The gear box controls the
      drive of a driver sprocket 23 which operates in a clockwise direction. A
      one inch pitch chain 24 is linked around a series of jockeys, and
      sprockets to drive augers 17 and 18. The method of linking or engaging the
      various sprockets is shown in FIG. 2 of the drawings where it will be
      noticed that when viewed from the rear the left hand set of augers (both
      upper and lower) rate in an anticlockwise direction and the right hand set
      of augers (both upper and lower) rotate in a clockwise direction. This has
      the effect that once in the mixer, hay, grain and any additives are not
      only mixed in a basic clockwise/horizontal direction but due to the set of
      reverse flight augers and specially located wiper plates 25 a double
      vertical, circular rotation is achieved. This results in an evenly and
      consistently prepared feed ration. Chain tensioning means 26 are provided
      by way of a jockey sprocket 27 and spring 28. The tension of the spring 28
      and resultant tension of chain 24 being controlled by adjustment means 29.
      A small chain 30 is used to operate pulley 31 and so drive the paddles or
      buckets contained within a high side discharge unit (not shown). FIG. 2 of
      the drawings reveals a conventional side discharge unit 32 with the
      bearing bracket 33 and tension means 34 being visible from the outside.
      The bearing bracket 33 being used to operate the discharge paddles
      contained within the discharge unit. The chain drive mechanism is
      protected by cover 35. Door opening means 36 is provided at the rear of
      the mixer to control the opening and closing of the side discharge unit.
      To prevent moisture from damaging the feed ration, a removeable cover 37
      is provided to cover the mixing bin 12.
PAR  The mixer is constructed with a capacity of 170 cubic feet and will handle
      40 bales of hay.
PAR  Whilst the invention has been described with reference to one specific
      embodiment thereof it is not limited thereto.  The mixer may be
      constructed of various shapes and sizes and may be stationary or of a
      mobile construction. The mobile unit being drawn and operated by a tractor
      or other suitable means.
CLMS
STM  I claim:
NUM  1.
PAR  1. A material mixer comprising:
PA1  an elongated substantially trough shaped bin having side and end walls,
      said side walls sloping downwardly and inwardly to form a central
      longitudinal channel at the bottom of said bin;
PA1  a first pair of horizontally extending augers mounted rotatably for
      rotation in opposite directions within said bin adjacent the bottom
      thereof and having flights arranged to convey material from one end of
      said bin to the other end of said bin and upwardly within said bin;
PA1  a second pair of horizontally extending augers mounted rotatably within
      said bin above said first pair of augers spaced apart further than said
      first pair of augers, the augers of said second pair being adapted for
      rotation respectively in the same direction as the respective underlying
      auger of said first pair and to convey material from said one end of the
      bin to said other end;
PA1  a hammer mill mounted adjacent said one end of said bin in communication
      therewith;
PA1  a recessed channel extending between said bin and hammer mill to provide
      said communication therebetween;
PA1  said first pair of augers extending from said bin into said hammer mill for
      the conveyance of material from said hammer mill into said bin to the said
      other end thereof;
PA1  and means for rotating said first and second pair of augers.
NUM  2.
PAR  2. A material mixer according to claim 1 wherein said material mixer is
      mounted on self-powered vehicular means.
NUM  3.
PAR  3. A material mixer according to claim 1 including a roller mill mounted
      adjacent said hammer mill remote from said bin, and auguer means separate
      from said first and second pair of augers connected to said first augers
      for conveying material from said roller mill to said bin through said
      recessed channel.
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PAL  A composting unit comprising a container mounted in an elevated position
      for rotation about a substantially horizontal axis, said container being
      provided with a door through which material can be placed into and removed
      from the container.
BSUM
PAR  This invention relates to an improved composting unit.
PAR  It is well known that in order to ensure composting of organic refuse
      material within a reasonable period of time the composting material should
      be turned over at regular intervals.
PAR  The object of the present invention is to provide a unit which will
      facilitate the turning over of the composting material at regular
      intervals and which also can be readily emptied.
PAR  In one form the invention resides in a composting unit comprising a
      container mounted in an elevated position for rotation about a
      substantially horizontal axis, said container being provided with a door
      through which material can be placed into and removed from the container.
DRWD
PAR  The invention will be better understood by reference to one specific
      embodiment as shown in the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of the composting unit in an elevated
      position;
PAR  FIG. 2 is a sectional elevation of the base of the composting unit showing
      a fly-proof aeration drain unit;
PAR  FIG. 3 is an end elevation of an alternative rotation means for the
      composting unit.
DETD
PAR  In this embodiment, the container 11 is substantially cylindrical and is
      constructed from sheet metal and is closed at each end 12. The wall 13 of
      the container 11 is provided with a hinged lid or door 14 adapted to be
      locked in the closed position by clip 15. The door 14 is removeable to
      allow an unrestricted opening for filling or emptying of the container 11.
      Positioned on the ends 12 of container 11 and adjacent the door member 14,
      are fitted a fly-wire covered opening 16 which allows any excessive
      generated heat to pass out of the container. The base 17 of the container
      is fitted with a fly-proof aeration drain unit 18, which comprises a dome
      shaped structure 19 positioned over the provided recess 20 and held firmly
      in position by bolt 21. The lower edge of the dome structure 19 is shaped
      so that any excessive fluid formed within the container 11 during the
      composting cycle will pass through the space 22 provided and out recess
      20. The recess 20 is covered by fly-wire 23 to prevent entry into the
      container of flies, insects and the like. The cylindrical container is
      provided with a pair of non-skid or non-slip serrated tracks 24 around its
      circumference. The container is elevated on stand 25 and is positioned
      such that the tracks 24 provided on the periphery of the container are in
      contact with the driving wheels 26 provided on axles 27 of stand 25.
PAR  The periphery of the wheels or rollers is serrated to effectively engage
      the serrations on the container. The wheels 26 are firmly held on axles 27
      so that any rotation of the axles 27 by crank handle 28 will cause the
      wheels 26 to rotate and thereby turn container 11. The outer extremities
      of axles 27 may be held in freely rotating bearings or housings 29. If
      desired the handle 28 may be adapted to fit either one of the two axles
      provided.
PAR  In use the container is charged with suitable composting material and the
      door 14 closed. Thereafter the container is rotated once each day to
      agitate and turn over the contents. The agitation and the fact that the
      material is housed in a container which controls the amount of moisture
      retained within said container, and also controls the passage of air
      flowing between the fly-proof aeration drain unit 18 and the upper air
      vents 16 ensures that the material can be composted in less than half the
      time required for conventional procedures. When composting is complete the
      container is rotated so that the contents can discharge under gravity into
      a wheel barrow or other transport unit placed beneath the container. If so
      desired an open-mesh door may be fitted during the discharge operation.
      This would ensure that only the completely composted material would fall
      into the wheel barrow and any partly composted large material would be
      retained in the container for further treatment.
PAR  FIG. 3 of the accompanying drawings shows an alternative method of both
      mounting the container for rotation and means for causing the rotation. In
      this particular embodiment the container 11 is rotatably mounted for
      rotation on a substantially horizontal shaft coinciding with the central
      axis of the container. The ends of the shaft 30 project from each end of
      the container and are each supported on the upper end 31 of a vertical
      post 32 so that the lowermost portion of the container which is of about 3
      feet in diameter is approximately 2 feet-3 feet above ground level. A
      series of handles 33 are fixed to the outside of the container at spaced
      positions. If desired the container 11 may be fitted with internal baffles
      to assist in agitation of the contents if necessary. In this particular
      embodiment a ratchet 34 may be fitted to the shaft 30 at each end of the
      container 11 each ratchet being engaged by a stationary pawl 38 to ensure
      that the container rotates in one direction only and holds the container
      in the desired stationary position. The handle 35 may be fitted to one end
      of the shaft 30 and is used to rotate the container 11 by engaging the
      handle 35 in one of a series of lugs 36 which are welded to the ends 37 of
      the container. The handle 35 may be of varying length dependent upon the
      weight of compost which is required to be turned. Also the container may
      be fitted with gearing operated by a manual crank or a suitable electric
      motor to facilitate turning.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composting unit comprising a stand, a substantially cylindrical
      container being mounted in an elevated position on said stand for rotation
      about a substantially horizontal axis, means for effecting manual rotation
      of said container, a door being provided in the cylindrical wall of said
      container through which material to be composted can be loaded into and
      composted material discharge from said container, a fly proof aeration
      drain unit being fitted to the wall of said container through which any
      excess liquid can discharge when said unit is in the lowermost position
      and through which air can pass into said container and at least one fly
      proof discharge vent being positioned in at least one wall of said
      container remote from said aeration drain unit so that air can flow
      through said container, said seration drain unit comprising a dome shaped
      member being mounted over a recess formed in the wall of said container,
      the walls of said domed shaped member being provided with a series of
      perforated openings and the lower edge of said domed shaped member being
      provided with a series of castellations through which liquid can drain
      from said container into said recess and said recess being covered by a
      fly wire mesh member.
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ABST
PAL  A device for stirring a liquid having two cup-shaped elements coaxially
      mounted on the end of a shaft. Radial vanes extend between the two
      elements to define liquid flow passages, the liquid entering from a hole
      at the apex of the outer cup. The outlet end of each of the vanes is bent
      at approximately a right angle to the rest of the vane.
BSUM
PAR  The invention relates to a device for stirring a liquid.
PAR  Mixing two liquids and dispersing solids in a liquid are operations which
      must be performed in many laboratory techniques.
PAR  Mixtures and dispersions are generally obtained by agitating the liquid
      medium to generate motion in the liquid in order to facilitate the
      blending of a first liquid with a second one or the regular dispersion of
      solids in a liquid, for the purpose of obtaining a homogeneous solution.
PAR  By means of devices which according to their functions are referred to as
      agitators, blenders, mixers etc. crystalline solutions or mixtures of
      liquids are obtainable.
PAR  Generally simple devices are used, such as mechanical rotary agitators.
      Such agitators generally comprise a shaft one end of which is connected to
      a motor and the other end of which caries an element intended to generate
      motion in the liquid.
PAR  According to the desired motion the element may take a variety of known
      forms, such as a propeller having a plurality of blades, a small rod or an
      assembly of two rods, a paddle or an assembly comprising at least two
      paddles of rectangular shape, or a flat paddle or a paddle having raised
      edges, at right angles to a shaft. It may furthermore be in the form of
      small interconnected tubes, of concentric rings or any other shape.
PAR  All these simple devices are designed to create motion, generally of a
      turbulent nature, in a liquid.
PAR  In some cases the quality of the resulting agitation is not sufficient to
      produce motion of the liquid in a given direction. When such motion is
      obtained by means of pumps or turbines, however, the resulting motion
      frequently is too violent and involves considerable perturbation and
      agitation in the entire volume of the liquid, which is not always
      desirable.
PAR  It is an object of the present invention to produce a homogeneous mixture
      and to maintain the homogeneity without disturbing the entire liquid
      volume.
PAR  A device according to the invention comprises two coaxial cup-shaped bodies
      of revolution, one being arranged within the other, which latter is formed
      with an opening at the location of its geometric apex and further is
      connected to the first body by blades which extend radially between the
      two bodies, the first body being provided with a driving shaft. The part
      of each blade which adjoins the bases of the two bodies is bent toward a
      plane perpendicular to the axis and preferably is at an angle of about
      15.degree. to this plane. The first body preferably also has an opening at
      the location of its geometric apex, which opening is extended by an axial
      duct in the first body which via a plurality of inclined apertures
      terminates at the location at which the driving shaft is secured to the
      first body.
PAR  The device enables the solution or the liquid medium in which it is
      immersed to be well homogenized without the entire volume being too
      violently perturbed or agitated.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a perspective view of a stirring device according to the
      invention, part being cut away,
PAR  FIG. 2 is a bottom plan view thereof, and
PAR  FIG. 3 is a cross-sectional view thereof.
DETD
PAR  In the three Figures corresponding components are designated by like
      reference numerals.
PAR  Referring now to the Figures, the device comprises two coaxial
      hemispherical cups the smaller of which is designated by 1 and the larger
      by 2. The smaller cup 1 is formed, preferably at its apex,  with an
      opening 4 in which an end 5 of a shaft 6 is secured; the other,
      screwthreaded end 7 of the shaft 6 is secured to a driving member, for
      example an electric motor, not shown, which imparts the required rotation
      movement to the device.
PAR  The larger cup 2 at its apex 8 has an opening 9 the diameter of which is
      greater than that of the opening 4; the two mutually centered cups are
      joined to one another throughout their heights by rigid radial blades 10
      which exactly follow the shapes of the cups between which they are
      inserted; the upper parts of the blades 10 are bent at about right angles
      and form vanes 11 inclined with respect to the horizontal, adjacent the
      base end of cup 2 opposite its apex 8. In the embodiment described the
      blades 10 extend into the smaller-diameter hemispherical cup, which
      ensures secure attachment of the assembly of the two cups to the vertical
      driving shaft 6 and satisfactory rigidity of the device. The various
      components are joined by a method adapted to the material of which they
      are made, for example gluing, ultrasonic welding, etc.
PAR  From the above description it will be obvious that a liquid can circulate
      between the two hemispherical cups 1 and 2. The liquid is guided by the
      vertical blades 10 and the bent parts 11 thereof.
PAR  The smaller cup 1 may be filled with a compact material 12, for example
      polymethylmethacrylate, in which a central vertical duct 13 has been
      formed which through inclined openings 14 terminates at the base of the
      driving shaft 6.
PAR  The flow of the liquid is indicated by arrows in FIG. 3. Operation of the
      device may be explained in the following manner:
PAR  After the device has been immersed in a liquid medium, it is set into
      rotation by the shaft 6.
PAR  The rotation movement is imparted in the direction of inclination of the
      bent parts 11. Such movement causes liquid to be aspired so that it enters
      the device in the form of a column in the direction indicated by an arrow
      F; the liquid is entrained by the vertical blades 10 which move it upward
      along a helical path and guide it over the upper bent parts 11, which in
      turn drive the liquid and convey it along paths according to left-handed
      helices the envelope of which is a cone having an apical angle of
      120.degree. and a generatrix F' (see FIG. 3).
PAR  A duct 13 and inclined openings 14 produce a second flow stream which
      enters at f and exits at f'; this second stream, which is produced by the
      centrifugal forces exerted on the interface of the upper horizontal
      surface, prevents the formation of undesirable vortices.
PAR  The method according to which a column of liquid is evenly induced and
      discharged at the top enables the medium to be well homogenized without
      giving rise to lateral disturbances which may be troublesome in certain
      uses, in particular for crystal growth on a seed.
PAR  In a practical embodiment the ratio between the diameter D of the larger
      cup and the diameter d of the smaller cup was D/d.apprxeq.2.
PAR  The diameter of the driving shaft preferably is of the order of 6 mm. The
      number of vanes may lie between 4 and 8.
PAR  Such a device which had 6 vanes and the following dimensions: D = 40 mm, d
      = 20mm, diameter of the driving shaft = 10 mm, motor speed = 20 to 35
      revolutions per minute, enabled a liquid to be agitated at the rate of 8
      cm.sup.3 per second with the formation of a cone having an apical angle of
      120.degree.. The large number of inclined openings formed at the lower end
      of the shaft enabled the undesirable vortices to be greatly reduced.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for stirring a liquid, comprising an outer cup-shaped body
      having inner and outer surfaces of revolution about an axis, an apex and a
      base end opposite to the apex, and having an opening therethrough at said
      apex for the passage of liquid to be stirred; an inner cup-shaped body
      having an outer surface of revolution, an apex and a base end, disposed
      coaxially within said outer body; a plurality of blades extending radially
      between and connected to the outer surface of the inner cup and the inner
      surface of the outer cup, a first portion of each blade adjoining the base
      ends of said cups extending at a first angle with respect to a plane
      perpendicular to said axis, a second portion of each blade closer to said
      apices extending at a secoond angle from said plane greater than said
      first angle; and a driving shaft connected coaxially to said inner body at
      a location.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said inner body has an axial
      duct in said body, an opening at the inner body apex communicating with
      said axial duct, and a plurality of ducts inclined to the axis,
      communicating at inner ends with the axial duct and at outer ends having
      openings adjacent said connection location.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein said first angle is
      approximately 15.degree..
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ABST
PAL  An arrangement in a silo for bulk material, comprising a rotating agitator
      centrally arranged in the silo. The agitator consists of a rotatable disc
      equipped with at least one rigid paddle which is mounted on the disc for
      pivoting about an axis which is offset from the central axis of the disc.
      The swinging of the paddle about the offset pivot axis is effected by
      actuating means arranged below the disc. When the disc rotates the paddle
      is resiliently advanced through the material in the silo in a more or less
      radially extending position depending on the relation between the force
      imparted to the paddle by the actuating means and the reactive pressure
      from the contents of the silo. The paddle is pivotally mounted as a lever
      having two arms which are both exposed to the material in the silo. The
      paddle generally takes the form of an arc having a radius of curvature
      substantially corresponding to the distance of the axis of rotation of the
      disc from the pivot of the paddle, and is provided with studs or hooks
      along the leading edge as veiwed in the direction of advancement for
      improved tearing off of the bulk material in the silo.
PAL  The actuating means consists of a hydraulic cylinder which is in power
      transmitting connection with a first rotatable shaft on which the paddle
      is mounted. A second shaft which rotates the disc has a bore, which either
      in itself serves as or contains a conduit for pressurized fluid for
      communication between a stationary source of pressurized fluid and said
      hydraulic cylinder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an arrangement in a silo for bulk
      material, comprising a rotating agitator centrally arranged in the silo,
      said agitator consisting of a rotatable disc equipped with at least one
      rigid paddle which is mounted on the disc for rotation about an axis which
      is offset from the central axis of the disc, said paddle being resiliently
      advanced through the material in the silo in a more or less radially
      extending position depending on the relation between the force imparted to
      the paddle by actuating means and the reactive pressure from the contents
      of the silo.
PAR  For stirring the contents in silos for bulk material and for the discharge
      of the contents through an opening in the bottom it is known to provide
      rotatable agitators with fixed, rigid vanes or arms inside the silo, e.g.
      right above the bottom thereof. Such agitators are subjected to the danger
      of being overloaded when the resistance from the goods in the silo becomes
      very large.
PAR  Therefore, also agitators with resilient paddles have been developed. Thus,
      from Norwegian Patent Specification No. 101,986 there is known a rotating
      agitator with a rigid paddle mounted for resilient pivoting motion about
      an axis which is offset from the central axis of the agitator, a hood
      substantially covering the paddle in its inner or swung-in position. The
      paddle may assume several positions between the inner position and the
      fully extended or swung-out position in which it operates in the zone
      between the circumference of the hood and the walls of the silo. The
      reactive moment which the bulk material imparts to the paddle when the
      latter is in a given partly extended position, will be relatively large.
      The actuating means effecting the pivoting of the paddle towards an
      extended position must therefore be dimensioned for a moment-exerting
      reactive force which is proportional to the length of the paddle and the
      reactive pressure from the contents of the silo. Besides, the actuating
      means according to the patent specification is arranged inside the hood
      above the paddle. This complicates the access to the actuating means for
      adjustment, inspection, maintenance and repair, since the silo must then
      be completely emptied for its contents.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to eliminate the above-mentioned
      disadvantages. This is achieved in that the arm is pivotally mounted as a
      lever having two arms, the paddle generally taking the form of an arc
      having a radius of curvature substantially corresponding to the distance
      of the axis of rotation of the disc from the pivot of the paddle.
PAR  A substantially ineffective position of the paddle may thereby be achieved
      without any hood, as the paddle can be pivoted to a position in which it
      will follow a circular arc about the axis of rotation of the disc. In
      extended position the paddle will extend partly right to the wall of the
      silo and partly beyond the pivot point on the disc and inwardly towards
      the axis of rotation.
PAR  In the fully extended position the paddle will consequently sweep
      practically over the entire bottom of the silo with a maximum digging or
      agitating effect. In its fully swung-in position it will be advanced
      through the material with a minimum agitating effect.
DRWD
PAR  Preferred embodiments of the invention will be described in the following,
      reference being had to the drawings.
PAR  FIG. 1 is a horizontal sectional view of the silo, showing a first
      embodiment of the invention.
PAR  FIG. 2 is a vertical sectional view of the lower part of the silo,
      comprising the first embodiment of the invention.
PAR  FIG. 3 is a horizontal sectional view of the silo, showing a second
      embodiment of the invention, and,
PAR  FIG. 4 is a vertical sectional view of the lower part of the silo
      comprising the second embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing, 1 designates the silo itself. 2 designates a supporting
      bracket affixed to the underside of the floor 3 of the silo. Centrally in
      the floor 3 of the silo there is a circular shaped opening 4, wherein a
      circular disc 5 can rotate. The disc 5 is at its underside attached to a
      shaft 6 extending along the central axis 7 of the silo and through the
      supporting bracket 2 which serves as an axial and radial mounting of the
      shaft 6. The shaft 6 is rotated by means of not shown drive means and has
      a central bore 8 which in itself serves as or contains a conduit for drive
      fluid for communication between a stationary not shown source or
      pressurized fluid and a hydraulic cylinder 9 affixed to the underside of
      the disc 5 by means of a bracket 10. A transition conduit 11 leads from
      the cylinder 9, said transition conduit communicating with the central
      bore 8 in the shaft 6 through a second radial bore 11' in the upper
      portion of the shaft. The cylinder 9 is operated by hydraulic liquid from
      the not shown source of hydraulic fluid and the hydraulic liquid controls
      a piston 12 in the cylinder 9, said piston 12 being attached to a piston
      rod 13 which through a chain 14 is connected to a chain wheel 15 on the
      lower end of a shaft 16, which is offset from the axis 7 of the silo. The
      shaft 16 is rotatably mounted in the disc 5 and carries at its upper end
      an agitator arm or paddle 17 which takes the form of a ring segment or an
      arc, the radius of curvature of which approximately corresponds to the
      radius of the disc 5 at the pivoting point of the paddle 17. Further, the
      paddle 17 is designed as a lever with two arms, said paddle being
      pivotable on the shaft 16. In FIG. 2 the lengths a and b of the two arms
      are indicated. The ratio between the lengths of the arms a and b may be
      freely chosen depending on the other dimensions of the silo 1 and the disc
      5, but it is desirable to make b so long that the difference between a and
      b will not be too large. The radius of curvature of the paddle 17 should
      substantially correspond to the distance of the central axis 7 of the silo
      from the pivot axis 17' of the paddle.
PAR  In FIG. 1 two positions of the agitator arm or paddle 17 are shown. The
      position of the paddle 17 shown in full lines will exist when the piston
      12 is in the position shown in FIG. 1, this being the case when the goods
      in the silo exert a reactive moment less than the moment due to the
      hydraulic pressure in the cylinder 9 on the paddle 17. This fully extended
      or swung-out position of the paddle gives a maximum agitating effect when
      the disc 5 is rotating, and in this position both the lever arms a and b
      are influenced by the material in the silo. Thus, by the agitating effect
      of the paddle 17 the bulk material in the silo 1 will pour out through an
      outlet opening 18 in the floor 3 of the silo. For further increase of the
      digging or agitating effect the paddle 17 is equipped with a series of
      studs or hooks 17" as well as an arced end portion 19, which is bent in
      the opposite direction of the main portion of the arm.
PAR  If the material in the silo is densely packed, the reactive moment on the
      agitator arm or paddle 17 will increase and the paddle 17 will then swing
      so much towards the fully swung-in position shown in dash-dotted lines in
      FIG. 1 that the reactive moment on the agitator arm is in balance with the
      moment for the cylinder 9. In the position shown in dash-dotted lines in
      FIG. 1 the paddle 17 will exert a minimum agitating effect, said paddle
      then being dragged through the contents of the silo. Between these two
      extreme positions the angular position of the arm will determine the
      extent of the agitating effect exerted by the paddle, a maximum agitating
      effect being exerted when the paddle extends transversely to the direction
      of movement and a minimum agitating effect being exerted when the paddle
      extends in the direction of movement.
PAR  As the source of hydraulic drive fluid is arranged outside the silo, the
      pressure in the cylinder 9 may be adapted to the type and the quantity of
      the material housed in the silo. The pressure may, however, be provided by
      means which are designed for relatively low pressures, since the reactive
      forces resulting from the contents of the silo and exerted on each of the
      arms a and b of the paddle, will balance each other to a certain degree.
      Besides, the two-armed design of the paddle entails that the arm in its
      fully swung-out position sweeps across the entire bottom of the silo
      without leaving any uninfluenced zone at the central portion of the
      bottom. In the embodiment shown the portion b of the paddle 17 is not
      extended fully into the center of the disc, and in this case it may be
      appropriate to provide a central vane means on the central portion of the
      disc. This vane means may then effect a displacement of the part of the
      contents falling down on the center portion of the disc, out into the zone
      in which the paddle is operating.
PAR  The shown embodiment may be modified within wide limits without exceeding
      the scope of the invention. Thus, the drive fluid for the cylinder motion
      may be air or some other suitable fluid. Instead of a hydraulic cylinder
      other forms of power accumulators may be used, e.g. springs. Besides, the
      moment on the shaft 16 of the agitator arm may be transmitted from the
      power accumulators via a wire, a gear wheel transmission or in any similar
      manner.
PAR  By providing two or more agitator arms or paddles on the disc an even more
      effective agitating effect may be achieved. From the side of the
      supporting bracket there is access to the paddle actuating means provided
      under the disc 5, and this access does not depend upon a shut-down of the
      operation or an emptying of the contents of the silo. Starting-up,
      running-in and service will therefore be very simplified with the
      arrangement according to the invention.
PAR  The principle of the invention can also be used on one or more paddles
      provided on different discs which are arranged at different levels above
      the bottom of the silo. As the paddles are made to sweep across
      practically the entire horizontal surface of the silo, the possibility of
      the contents of the silo being jammed between the discs is reduced.
      However, in the additional discs positioned above each other, the same
      possibilities of access to the actuating means are not present, as in the
      arrangement adjacent the bottom of the silo.
PAR  FIGS. 3 and 4 show another embodiment of the invention, whereas a first
      paddle 17 in the same manner as described above in connection with the
      first embodiment of FIGS. 1 and 2, is provided on a lower circular disc 5
      adjacent the floor 3 of the silo 1. A second paddle 17a is provided on
      another circular disc 5a arranged at a level above the first circular disc
      5, the upper disc 5a being attached to a shaft 6a, which is an extension
      of the shaft 6 described above in connection with the first embodiment of
      FIGS. 1 and 2. The shaft 6a and the upper disc 5a affixed thereto are
      driven by the same drive means which are provided for the lower shaft 6 as
      explained above. At the same level as the upper disc 5a a second upper
      floor 3a is provided. Centrally in the upper floor 3a of the silo 1 there
      is a circular opening 4a, wherein the circular disc 5a can rotate. In
      FIGS. 3 and 4 2a designates a cover clamped to the bottom side of the
      upper rotating disc 5a and the shaft 6a for rotating therewith. The disc
      5a and the cover 2a form the housing of actuating means which tend to
      swing the upper paddle 17a towards its radially extending position against
      the reaction pressure from the contents of the silo. The actuating means
      comprise a hydraulic cylinder 9a affixed to the bottom surface of the disc
      5a, and the cylinder 9a is operated hydraulically in the same manner as
      described in connection with the first embodiment of FIGS. 1 and 2,
      pressurized fluid being supplied thorugh a bore 8a in the shaft 6a.
PAR  In the upper floor 3a of the silo 1 there is provided an outlet opening 18a
      through which the bulk material above the upper floor 3a of the silo will
      pour out by the agitating effect of the upper paddle 17a. The loosened
      material which falls through the opening 18a, will, if the opening 18a is
      positioned right above the lower outlet opening 18 in the floor 3 of the
      silo, leave the silo therethrough, provided the quantity of material which
      is held by the lower floor 3, is negligible. If the two outlet openings
      18a and 18 are displaced 90.degree.relative to each other the material
      from the upper part of the silo will at first be collected on the lower
      floor 3 of the silo for further agitation by the lower paddle 17 before
      leaving the silo through the lower outlet opening 18.
PAR  As the upper and lower paddle 17 and 17a, respectively, are made to sweep
      across practically the entire horizontal surface of the silo, the
      possibility of the contents of the silo being jammed between the disc 5
      and 5a is reduced. However, in the upper housing constituted by the upper
      disc 5a and the upper cover 2a the same possibilities of access to the
      actuating means as in the arrangement adjacent the bottom of the silo are
      not shown.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an arrangement in a silo for bulk material, a rotating agitator
      comprising a disc mounted adjacent the bottom of the silo for rotation
      about a vertical axis, and at least one rigid paddle means being shaped
      generally as an arc having a radius of curvature substantially
      corresponding to the distance of the axis of rotation of the disc from the
      pivot of the paddle, said paddle means being pivotally mounted as a
      two-armed lever on the disc for swinging motion about an axis which is
      offset from said vertical axis, both arms of the lever being fully exposed
      to the contents of the silo; and actuating means tending to swing said
      paddle towards its radially extending position against the reactive
      pressure from the contents of the silo.
NUM  2.
PAR  2. Arrangement as claimed in claim 1, characterized in that the paddle (17)
      is provided with studs or hooks (17") along the leading edge as viewed in
      the direction of advancement for improving tearing off of the bulk
      material in the silo.
NUM  3.
PAR  3. Arrangement as claimed in claim 1, characterized in that the actuating
      means (9, 14, 15) effecting the outward swinging of the paddle (17) is
      arranged below the disc (5).
NUM  4.
PAR  4. Arrangement is claimed in claim 3, characterized in that the actuating
      means consists of a hydraulic cylinder (9) which is in power transmitting
      connection with a rotatable shaft (16) on which the paddle is mounted.
NUM  5.
PAR  5. Arrangement as claimed in claim 4, characterized in that the shaft (6)
      rotating the disc (5) has a bore (8), which either in itself serves as or
      contains a conduit for pressurized fluid for communication between a
      stationary source of pressurized fluid and the hydraulic cylinder (9).
NUM  6.
PAR  6. Arrangement as claimed in claim 1, characterized in that two paddles
      (17) are arranged at different levels above the bottom of the silo.
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ABST
PAL  There is disclosed a technique for mixing concrete in which cement and
      aggregate are separately discharged from metering devices in free fall
      paths of precise predetermined cross-section toward a conveyor. The
      material paths converge toward a rotating mixing device positioned above
      the conveyor which intermingles the materials before they reach the
      conveyor. The conveyor includes an air supported endless belt equipped
      with adjustable wear strips for engaging the belt and limiting movement
      thereof away from the air support system. Means are provided to prevent
      belt damage caused by a prong of a mixing device binding a piece of
      aggregate against the belt.
BSUM
PAR  The concrete mixing devices which are presently in wide use basically
      comprise a pug mill into which cement, sand, gravel and water are metered
      in a batch operation. After the appropriate amount of the separate
      materials are placed in the mill, the mill is turned on to mix the
      materials together. The mixing operation in the mill is quite inefficient
      since the materials are effectively ground against the sides of the mill
      receptacle. Accordingly, an inordinate amount of energy is consumed in the
      mixing operation, the mill paddles or mixing elements wear quite rapidly
      and the mixing operation takes a substantial amount of time.
PAR  Because of the inherent undesirable features of batch type concrete mixing
      devices incorporating pug mills or the like, there have been suggested in
      the prior art a number of continuously operating concrete mixing devices.
      By and large, these devices have achieved limited or sporadic use, if any,
      in the industry. Typical disclosures are found in U.S. Pat. Nos.
      1,332,938; 2,264,170; 2,610,373; 3,107,901 and 3,306,589. One important
      requirement of concrete mixing devices is that the mixed concrete should
      be of substantially uniform and predetermined composition. In other words,
      a concrete mixing device which produces cement-rich streaks or which
      produces sand or gravel-rich streak is obvious undesirable. For most
      purposes, the creation of streaks or sections which are rich in one or the
      other of the concrete components renders the mixing device wholly
      unacceptable.
PAR  The device of this invention is a continuously operable mixing apparatus
      which produces a mixed material of substantially uniform and predetermined
      composition. One device has been built and tested in accordance with the
      principles of this invention. It was desired to mix an extremely stiff
      concrete for a pipecoating operation. The device was designed to produce
      10,000 pounds of concrete per minute. Since the concrete was designed for
      a pipe-coating operation, approximately 15% of pea gravel was incorporated
      in the concrete. In one test run, operating at about 60% of design speed,
      approximately 18,000 pounds of concrete was applied to a joint of 36 inch
      diameter pipe in about three minutes using known concrete application
      techniques. The concrete coating was uniform and free of either
      concrete-rich streaks or sand-rich streaks. In another test run, operating
      at about 60% of design speed for about 15 seconds and without adding
      either water or gravel, a sizeable mound of mixed cement and sand was
      delivered at the output end of the device. Digging through the mound
      revealed that the mixed material was free from discernible sand-rich or
      cement-rich streaks.
PAR  Other disclosures of interest with respect to this invention are found in
      U.S. Pat. Nos. 2,267,677 and 3,688,894.
PAR  It is an object of this invention to provide a continuously operable
      technique for mixing granular materials at relatively rapid rates to
      produce a mixture of substantially uniform composition.
PAR  In summary, one aspect of this invention is to provide a device for
      homogenously mixing first and second granular materials comprising a
      conveyor; means for discharging the first and second materials in first
      and second laterally aligned, equal width falling paths toward the
      conveyor and for shaping the paths in complementary predetermined
      cross-sectional shapes providing a substantially constant proportion of
      the first and second materials at all locations across the path widths;
      and means for mixing the first and second materials at a location above
      the conveyor during falling movement thereof toward the conveyor.
PAR  In summary, another aspect of this invention comprises a method of
      homogenously mixing first and second granular materials including the
      steps of delivering the first material in a first gravity influenced
      falling path of predetermined cross-sectional shape and predetermined
      width from a first location toward a support; delivering the second
      material in a second gravity influenced falling path of predetermined
      cross-sectional shape and the same predetermined width as the first path
      from a second location toward the support, the first and second paths
      being juxtaposed intermediate the locations and the support and being
      laterally aligned, the predetermined cross-sectional shapes of the first
      and second paths providing a substantially constant proportion of the
      first and second materials along the path widths; and intermingling the
      first and second materials at the juxtaposition of the paths at a third
      location above the support during falling movement of the material.
DRWD
PAR  IN THE DRAWINGS:
PAR  FIG. 1 is a schematic view of a mixing device in accordance with the
      principles of this invention;
PAR  FIG. 2 is an enlarged view of the input end of an aggregate conveyor used
      in the device of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the aggregate conveyor of FIG. 2, taken
      substantially along line 3--3 thereof as viewed in the direction indicated
      by the arrows;
PAR  FIG. 4 is a more detailed, but still partially schematic, view of part of
      the mixing device of FIG. 1;
PAR  FIG. 5 is an isometric view of the materials flowing out of metering
      devices in preparation for mixing;
PAR  FIG. 6A is a cross-sectional view of the aggregate metering device, taken
      substantially along line 6A--6A of FIG. 5 as viewed in the direction
      indicated by the arrows;
PAR  FIGS. 6B and 6C are views similar to FIG. 6A illustrating other embodiments
      of the invention;
PAR  FIG. 7A is a cross-sectional view of the cement metering device, taken
      substantially along line 7A--7A of FIG. 1, as viewed in the direction
      indicated by the arrows;
PAR  FIGS. 7B and 7C are views similar to FIG. 7A illustrating other embodiments
      of the invention;
PAR  FIG. 8 is a top view of FIG. 5;
PAR  FIG. 9 is an isometric view, partly broken away, illustrating the main
      conveyor of this invention;
PAR  FIG. 10 is an enlarged cross-sectional view of the main conveyor taken
      substantially along the line 10--10 in FIG. 9; and
PAR  FIG. 11 is an enlarged view illustrating certain details of the main
      conveyor.
DETD
PAR  Referring to FIG. 1, there is illustrated a device 10 designed in
      accordance with the principles of this invention for mixing concrete. The
      mixing device 10 comprises, as major components, means 12 for delivering
      aggregate to a blender 14, means 16 for delivering cement to the blender
      14, a conveyor 18 for receiving mixed materials from the blender 14 and
      transporting the same to a discharge or output 20 and a plurality of
      mixing or agitating devices 22 spaced along the direction of travel of the
      conveyor 18. As shown in FIG. 2, there is provided a water discharge line
      24 for adding water to the mixture since it is normally desired to produce
      a wet mix as opposed to a dry mix.
PAR  Also illustrated in FIG. 1 are certain components which suggest that the
      mixing device 10 is being used to deliver concrete to a pipe-coating
      operation. To this end, there is provided a concrete applicator 26 which
      receives mixed concrete from the discharge end 20 of the conveyor 18 and
      accelerates the same against a joint of pipe located in the path of travel
      28 of the applicator 26, in accordance with known techniques. There is
      also illustrated a reclaim conveyor 30 which receives surplus concrete
      from the applicator 26 and delivers it to the lower end of a concrete
      elevator 32 for discharge onto the main conveyor 18. The elevator 32 is of
      conventional design and may comprise a large rotatable wheel having
      buckets therein for receiving concrete from the reclaim conveyor 30.
      Rotation of the elevator wheel elevates the filled buckets to a position
      above the main conveyor 18 whereupon the concrete falls onto the conveyor
      18. It will be apparent that the concrete applicator 26 and reclaim system
      30, 32 are peculiar to pipecoating operations and are not required in
      other concrete mixing situations.
PAR  Referring to FIGS. 1-3, the aggregate delivery means 12 comprises a pair of
      hoppers 34, 36 which may be filled respectively with sand and gravel size
      aggregate or, in situations where only a sand-cement mixture is desired,
      may both be filled with sand. Suitable conveyors, 38, 40, such as augers,
      are provided to deliver granular materials in the hoppers 34, 36
      respectively toward the inlet end of an aggregate conveyor 42.
PAR  As shown best in FIGS. 2 and 3, the conveyor 38 discharges directly toward
      a vibrating shaker screen 44 supported by a suitable frame 46. The shaker
      frame 46 is resiliently supported by suitable springs 48 from a stationary
      framework 50. The shaker frame 46 is vibrated in any suitable manner.
PAR  The conveyor 40 is positioned to discharge into a chute 52 which acts to
      direct material discharging from the conveyor 40 toward the shaker screen
      44 at the intersection of the material discharging from the conveyor 38.
      The shaker screen 44 may be of any desirable mesh to reject oversize
      particles. Since the material flow paths from the conveyor 38 and the
      chute 52 are directed toward each other, there is a substantial amount of
      mixing of the sand and gravel. It will be apparent that the conveyors 38,
      40 may be driven at predetermined speeds in order to proportion the
      granular material delivered thereby. Even though augers are not precise
      metering devices, they will act to proportion sand and gravel within
      acceptable limits.
PAR  As shown best in FIG. 3, a funnel arrangement 54 is disposed between the
      shaker screen 44 and the aggregate conveyor 42. The funnel arrangement 54
      comprises a pair of outer funnel plates 56 which act to direct the
      discharge from the shaker screen 44 to an endless belt 58 of the conveyor
      42. It will be apparent that the outer funnel plates 56 would tend to
      concentrate granular material along the outer edges of the belt 58. To
      avoid this tendency and to promote a relatively even deposition of
      granular material on the belt 58, there is provided a pair of inner funnel
      plates 60. It will accordingly be apparent that the discharge from the
      relatively wide shaker screen 44 is concentrated in a relatively uniform
      fashion on the narrower belt 58.
PAR  The aggregate conveyor 42 may be of any desirable type and is illustrated
      as comprising the endless belt 58, a conveyor frame 62 which support a
      plurality of upper troughing rollers 64 and a plurality of return rollers
      66, a large drum 68 at the inlet end of the conveyor 42 and a large drum
      70 at the discharge end of the conveyor 42. The belt 58 may be driven in
      any suitable fashion, as by providing a motor (not shown) in driving
      relation with the drum 70.
PAR  Positioned adjacent the discharge end of the aggregate conveyor 42 and
      comprising part of the blender 14 is a device 72 for volumetrically
      metering the discharged aggregate and for distributing the discharged
      aggregate in a precise predetermined cross-sectional shape. As will be
      more fully apparent hereinafter, it is essential in the continuous high
      rate production of uniform consistency that the delivery of aggregate and
      cement to the blender 14 be in material paths having a correlated quantity
      of aggregate and cement throughout each incremental unit of path width.
      The simplest and most convenient technique for correlating the quantity of
      cement and aggregate throughout each incremental unit of path width is to
      shape the discharging material into paths of rectangular cross-section and
      equal width so that each path provides a substantially constant quantity
      of its material per linear unit of path width. The thickness of the
      rectangular material path is accordingly proportional to the quantity of
      material delivered. Accordingly, the thicknesses of the aggregate path is
      selected to deliver the proper quantity of aggregate at a predetermined
      speed of the belt 58.
PAR  To this end, the metering device 72 includes a pair of substantially
      vertical side plates 74, 76 which laterally constrain aggregate on the
      belt 58 and a strike-off blade 78 defining the thickness of the discharged
      material path, as shown in FIG. 5. The strike-off blade 78 is desirably
      adjustably mounted to vary the thickness of the discharged material path
      as may be seen by a comparison of FIGS. 5 and 6a. It will be apparent that
      the conveyor belt 58 defines the bottom of the material path. Since the
      belt 58 is somewhat flexible, its shape is determined by the external
      configuration of the drum 70 which is conveniently substantially
      cylindrical. It will accordingly be seen that the material paths defined
      by the apparatus illustrated in FIGS. 5 and 6a is rectangular in
      cross-section providing a substantially constant quantity of aggregate per
      linear unit of path width.
PAR  Referring to FIG. 6b, there is illustrated a strike-off blade 80 having an
      operative surface of different configuration to produce an aggregate
      material path of other than rectangular cross-section. In the embodiment
      of FIG. 6b, the quantity of aggregate per linear unit of path width is not
      constant but instead decreases toward the edge of the conveyor belt 58. As
      mentioned previously, the quantity of aggregate and cement must be
      correlated throughout each incremental unit of path width. Accordingly,
      when using an aggregate strike-off blade such as shown in FIG. 6b, one
      must provide a cement path of complementary configuration to assure that
      the proportion of cement and aggregate remains substantially constant for
      each incremental unit of path width.
PAR  Referring to FIG. 6c, there is illustrated a strike-off blade 82 of
      sawtooth configuration to provide an aggregate path which varies in
      thickness across the width thereof. As will be more fully pointed out
      hereinafter, the corresponding device in the cement delivery means 16 must
      be configured to deliver a cement path of complementary configuration.
PAR  The cement delivery means 16 conveniently comprises a hopper 84 for
      gravitationally feeding cement to a conveyor 86, such as an auger or the
      like, which is positioned to deliver cement into a device 88 comprising
      part of the blender 14 for volumetrically metering the discharged cement
      and for shaping the discharged cement in a precise predetermined
      cross-sectional shape. The device 88 includes a hopper 90 having a
      discharge end 92 closely adjacent a knurled roller 94 mounted for rotation
      on an axle 96 driven by a suitable motor (not shown). As shown in FIG. 4,
      the roller 94 is driven in a counterclockwise direction to deliver a path
      of cement in a free fall direction toward the aggregate path. A strike-off
      blade 100 is adjustably positioned on the hopper 90 to vary the thickness
      of the cement path.
PAR  As shown best in FIGS. 5 and 7a, the cement path emitting from the metering
      device 88 is substantially rectangular in cross section thereby providing
      a substantially constant quantity of cement per unit length of path width.
      Accordingly, the proportion of cement and aggregate emitting from the
      metering device 88, 72, respectively remain substantially constant
      throughout the width of the cement and aggregate paths so long as the belt
      58 and roller 94 are driven at constant rates. It will be apparent from
      FIG. 7a that the width of the cement path is determined by the spacing
      between the inner surfaces of the walls 102 of the hopper 90. As may be
      seen best in FIG. 8, the cement and aggregate paths are of the same width
      and are laterally aligned in the sense that the sides of the cement and
      aggregate paths reside in common planes.
PAR  Referring to FIG. 7b, there is illustrated a strike-off blade 104 for the
      cement metering device 88 which produces a cement path complementary to
      the aggregate path produced by the device of FIG. 6b. It will be apparent
      that the operative surfaces of the strike-off blade 80, 104 may be
      configured to produce a constant proportion of cement and aggregate
      throughout the path width.
PAR  Referring to FIG. 7c, there is illustrated a strike-off blade 106 of
      generally saw-tooth configuration to produce a cement path complementary
      to the aggregate path produced by the device of FIG. 6c. It will be
      apparent that the proportion of aggregate and cement remains substantially
      the same throughout the path widths.
PAR  In the metering devices of FIGS. 6b, 7b and 6c, 7c, it is apparent that the
      quantity of aggregate and cement varies along the width of the respective
      paths. It is also apparent that the proportion of cement and aggregate
      remains substantially constant. Accordingly, the quantities of aggregate
      and cement vary at the same rate along the respective path widths.
PAR  As shown best in FIG. 4, the aggregate and cement paths are desirably
      basically free fall and converge toward a dispersing device 108 comprising
      part of the blender 14. The device 108 includes a rotatably driven drum
      110 having a multiplicity of prongs or spikes 112 thereon.
PAR  It is desirable that the cement and aggregate paths be slightly narrower
      than the operative width of the concrete conveyor 18. The dispersing
      device 108 preferably spans the operative width of the conveyor 18. As
      shown best in FIG. 8, the aggregate and cement paths fall onto the
      dispersing device 108. Rotation of the device 108 in the direction shown
      by the arrow in FIG. 4 causes the prongs 112 to pass through the aggregate
      and cement and propel most of the granular particles to the left. The
      mixed aggregate and cement particles then fall onto the concrete conveyor
      18. In the model of the device built in accordance with this invention, it
      is estimated that the aggregate and cement is about 90-95 percent mixed by
      the time it reaches the conveyor belt 18.
PAR  As shown best in FIGS. 9-11, the conveyor 18 includes a pair of channels
      114 comprising a conveyor frame, an endless conveyor belt 116, a pair of
      side walls 118 for laterally constraining material on the belt 116 and an
      air suspension system 120 for supporting the conveyor belt 116. As shown
      best in FIGS. 9 and 11, the side walls 118 are spaced from the edges of
      the belt 116 for purposes more fully explained hereinafter.
PAR  The air suspension system 120 comprises an air reservoir 122 defined by the
      channels 114, a lower plate 124 and an upper plate 126. The plate 126
      immediately underlies the conveyor belt 116 and provides a plurality of
      air escape passages 128 from the reservoir 122 to the underside of the
      conveyor belt 116. As air pressure builds up in the reservoir 122, the
      conveyor belt 116 is vertically lifted thereby allowing air to escape
      laterally of the conveyor 18 through a gap 130 as suggested by the arrow
      in FIG. 11. A suitable air compressor 132 is provided to pressurize the
      reservoir 122.
PAR  An important feature of the air suspension system 120 is means 134 for
      adjusting the size of the gap 130 and preventing material loss under the
      side walls 118. The gap adjusting means 134 comprises a pair of elongate
      wear strips 136 adjustably and removably secured to the side walls 118, in
      any suitable fashion, as by counter-sunk screws operating in suitable
      slots in either the wear strips 136 or the side walls 118. In addition to
      adjusting the size of the gap 130 and preventing material loss under the
      side wall 118, the wear strips 136 also take all of the frictional
      engagement against the belt 116. Accordingly, the strips 136 undergo
      abrasion and need to be replaced periodically rather than the side walls
      118. It will be apparent that the frictional wear between the strips 136
      and the belt will be quite minor if the strips 136 are correctly adjusted.
PAR  In the event the wear strips 136 are too close to the upper perforate plate
      126, the gap 130 will be too small. The central part of the loaded belt
      116 may rub against the upper plate 126 during belt movement. In this
      circumstance, it will be apparent that unnecessary frictional forces are
      generated during operation of the mixing device 10 which would have to be
      overcome by the application of unnecessary energy. In addition, the strips
      136 will wear excessively.
PAR  In the event the wear strips 136 are too far from the plate 126, the gap
      130 becomes relatively large thereby allowing an unnecessarily large
      amount of air to escape from the reservoir 122 which would require that
      the compressor 132 be unnecessarily oversized. If the wear strips 136 were
      elevated substantially above the perforate plate 126, the belt 116 would
      not come into sealing contact with the strips 136 thereby allowing mixed
      concrete on the belt 116 to escape laterally under the side wall 118 and
      be wasted.
PAR  In operation, substantially the entire width of the belt 116 between the
      wear strips 136 is loaded with concrete. As suggested in FIG. 11, the belt
      116 tends to sag somewhat in the center and provides slightly elevated
      edges.
PAR  The mixing or agitating devices 22 may be substantially identical to the
      dispersing device 108 although they operate in a significantly different
      fashion. Accordingly, the mixing devices 22 may comprise a drum or mandrel
      140 having a plurality of spikes or prongs 142 thereon. The drums 140 are
      driven in a counterclockwise direction as suggested in FIGS. 4 and 10. The
      mixing devices 122 are positioned above the conveyor belt 116 so that the
      prongs 142 extend into the concrete traveling along the belt 116 as
      suggested in FIGS. 4 and 10. The drums 140 are driven at a rate such that
      the peripheral speed of the spikes or prongs 142 is in excess of the rate
      of travel of the belt 116. Concrete traveling along the belt 116, at a
      position immediately downstream of each of the mixing devices 22, is
      thrown off of the belt 116 and then falls by gravity back onto the belt
      116. The appearance of the concrete immediately downstream of each of the
      mixing devices 22 is somewhat similar to the wake produced by an outboard
      motor as the boat initially gets underway.
PAR  As previously mentioned, the dry aggregate and cement is substantially
      completely mixed before it reaches the first of the mixing devices 22. If
      one were producing a pre-mix concrete, the minimum number of mixing
      devices 22 would be substantially decreased. In the more common situation
      where water is being mixed with aggregate and cement, as through the
      waterline 24, the main function of the mixing devices 22 is to assure
      dispersal of the water throughout the aggregate-cement mixture.
PAR  As suggested previously, the mixing devices 22 are positioned relative to
      the conveyor belt 116 so that the prongs 142 extend into the concrete
      path. Obviously, the prongs 142 are not so long that they engage the belt
      116. Preferably, the terminal ends 144 of the prongs 142 are spaced from
      the conveyor belt 116, at the closest approach thereof, a distance
      slightly exceeding the largest sized aggregate which will pass through the
      shaker screen 44. Although this theoretically should prevent unnecessary
      damage to the conveyor belt 116, larger particles will inevitably either
      get into the concrete mixture or particles will agglomerate and become
      wedged between the prongs 142 and the belt 116 as illustrated in FIG. 10.
      In order to prevent damage to the belt 116, the upper plate 126 provides
      an enlarged opening 146 immediately beneath each of the mixing devices 122
      and the dispersing device 108. The opening 146 extends substantially the
      entire distance beneath the wear strips 136. The opening 146 conceivably
      could extend in the direction of belt travel for a substantial distance,
      for example, through a 60.degree. arc defined by the center of rotation of
      the drum 140 as suggested in FIG. 10. An opening of this size has a
      substantial disadvantage since the flexible belt 116 tends to sag in the
      center of the opening so that the prongs 142 do not penetrate and scatter
      the concrete to the same extent as with a smaller opening. The rate of
      approach of the prong ends 144 to the belt 116 suggests that the opening
      146 may be substantially smaller, for example, on the order of
      20.degree.-45.degree.. A suitable compromise between belt protection and
      scattering efficiency is achieved when the opening 146 extends through an
      arc of about 30.degree. defined by the center of rotation of the drum 140.
PAR  In operation, aggregate is fed through the conveyors 38, 40 and cement is
      fed through the conveyor 86 at rates which will achieve an average desired
      proportion between the various granular components. The metering devices
      72, 88 afford an instantaneous regulation of the granular material flow
      rate and discharge the granular materials in paths of precise
      predetermined cross section.
PAR  The quantity of aggregate discharging from the aggregate conveyor 42 is, of
      course, the product of the speed of the belt 58 and the cross sectional
      area under the strike off blade 78. Similarly, the quantity of cement
      discharged from the metering device 88 is the product of the tangential
      velocity of the roller 94 and the area under the strike off blade 100. The
      volumetric proportions of aggregate and cement may be varied by changing
      the rate of travel of the belt 58 or the roller 94 or changing the area
      under the strike off blades 78, 100.
PAR  The granular materials emitting from the metering devices 72, 88 fall in an
      inclined gravity influenced path toward the dispersing device 108. As the
      materials fall into contact with the rotating prongs 112, there is created
      a cloud of mixed particles which ultimately gravitate onto the moving
      conveyor belt 116 as suggested in FIG. 4. To prevent escape of scattered
      materials in the blender 14, there is preferably provided a hood or shield
      (not shown) enclosing the metering device 78, the lower end of the
      metering device 88, and the dispersing device 108. Water may conveniently
      be added to the mixture immediately downstream of the dispersing device
      108 and thoroughly worked into the mixture by the mixing devices 22. The
      concrete discharging from the main conveyor 18 may be used for any
      desirable purpose.
PAR  The mixing device 10 of this invention provides numerous and substantial
      advantages over prior art techniques. First, the device 10 is capable of
      continuous high rate production of streak free mixtures. Second, the
      energy consumed in the operation of the device 10 is surprisingly small.
      In a device designed to deliver 10,000 pounds of mixed concrete per
      minute, less than about 50 horsepower is required to drive the actual
      mixing components. A substantial energy savings occurs in the blender 14
      and in the air supported conveyor 18. As compared to a conventional
      pug-mill mixer, essentially the same amount of energy will be required to
      transport the various materials to the area where mixing will occur.
      Accordingly, the energy consumed in the augers 38, 40, 86 and by the
      conveyor 42 will be substantially the same as the comparable components in
      a conventional pug-mill mixer. The energy required, however, to drive the
      knurled roller 94, the dispersing device 108, the conveyor 18 and the
      various mixing devices 22 will be substantially less than is required to
      drive the actual mixing components of a conventional pug-mill mixer. In
      the model of the device constructed, the horsepower required to drive the
      roller 94, the dispersing device 108, the conveyor 118 and the mixing
      devices 22 is on the order of about 36 horsepower at full capacity. The
      horsepower required on a conventional pug-mill mixer of comparable
      capacity for the comparable functions is on the order of about 120
      horsepower since devices of this type mix the materials by grinding them
      against the mill receptacle.
PAR  Third, the device is relatively easy to clean, as at the end of a working
      day or temporary suspension of operations. All that is required is to stop
      the conveyors 38, 40, 86 while continuing to deliver water through the
      line 24. Except for concrete adhering to the prongs 142 of the mixing
      devices 22, the device is substantially self-cleaning. Concrete adhering
      to the prongs 142 need not be removed upon each stoppage of the device 10.
      It is presently believed that weekly removal of concrete from the prongs
      142, as by striking them with a hammer, will suffice. In fact, this is a
      mixed blessing. The mixing elements in conventional pug-mill mixers wear
      out rapidly since they basically grind the granular materials against a
      receptacle. There is some degree of abrasive wear on the prongs 142 since
      they pass through the wet concrete mixture thereunder. It will be
      apparent, however, that a small build-up of hardened concrete on the
      prongs 142 prevents abrasive wear on the prongs. It is presently believed
      that the prongs should be cleaned on the order of about once a week. Since
      a small build-up will occur after a few hours operation, it is apparent
      that the prongs 142 will suffer abrasive wear for only the first few hours
      after they have been cleaned. Accordingly, the prongs 142 should last a
      substantial length of time before retipping would be required.
PAR  Another advantage of the mixing device 10 is that it is substantially
      quieter than conventional pug-mill mixers of half the capacity. Another
      advantage of this invention is that no brake is required on the conveyor
      18, mixing device 22 or dispersing device 108 if hydraulic motors are used
      to drive the same. When the power fluid to the motor is turned off, the
      motor is liquid-locked and comes to an immediate halt rather than coasting
     .
CLMS
STM  I claim;
NUM  1.
PAR  1. A device for homogeneously mixing first and second granular materials
      comprising
PA1  a first conveyor for receiving and conveying a mixture of the first and
      second materials;
PA1  second and third conveyors for separately feeding the first and second
      materials;
PA1  means for peripherally confining the first and second materials on the
      second and third conveyors respectively into first and second streams of
      equal width and complimentary predetermined cross-sectional shapes
      providing a substantially constant proportion of the first and second
      materials at all locations across the stream widths;
PA1  the second and third conveyors being positioned for laterally aligning and
      delivering the streams in juxtaposed gravity influenced paths toward the
      first conveyor; and
PA1  means for mixing the first and second materials at a location above the
      first conveyor during falling movement thereof toward the conveyor.
NUM  2.
PAR  2. The device of claim 1 wherein the sides of the first and second paths
      define common planes.
NUM  3.
PAR  3. The device of claim 2 wherein the paths converge from horizontally
      spaced locations toward the mixing means.
NUM  4.
PAR  4. The device of claim 1 wherein the conveyor comprises an endless conveyor
      of predetermined width and means for advancing the conveyor in a direction
      of travel, and the mixing means includes a rotatable element in the first
      and second paths having a plurality of projections thereon, an axis of
      rotation extending transverse to the width of the conveyor and means for
      rotating the element.
NUM  5.
PAR  5. The device of claim 4 wherein the conveyor width exceeds the path
      widths.
NUM  6.
PAR  6. The device of claim 1 wherein the first and second paths provide first
      and second substantially constant quantities of the first and second
      materials per linear unit of path width.
NUM  7.
PAR  7. The device of claim 6 wherein the first and second paths are of
      substantially rectangular cross section.
NUM  8.
PAR  8. The device of claim 1 wherein the paths comprise substantially parallel
      segments extending from a second location above the mixing means toward
      the first mentioned location.
NUM  9.
PAR  9. A device for homogenously mixing first and second granular materials
      comprising
PA1  a conveyor;
PA1  means for shaping the first and second materials in first and second
      laterally aligned, equal width streams of complimentary predetermined
      cross-sectional shapes wherein the first and second streams provide first
      and second varying quantities of the first and second materials per linear
      unit across the stream width and the first and second varying quantities
      vary at the same rate providing a substantially constant proportion of the
      first and second materials at all locations across the stream widths and
      for delivering the streams in juxtaposed gravity influenced paths toward
      the conveyor; and
PA1  means for mixing the first and second materials at a location above the
      conveyor during falling movement thereof toward the conveyor.
NUM  10.
PAR  10. The device of claim 9 wherein the first and second paths include at
      least one arcuate surface.
NUM  11.
PAR  11. The device of claim 9 wherein the first and second paths include at
      least one saw-tooth shaped surface.
NUM  12.
PAR  12. A device for homogeneously mixing first and second granular materials
      comprising
PA1  a conveyor including a conveyor frame, an endless belt of predetermined
      width looped about the frame, means for advancing the belt in a direction
      of travel, sidewalls disposed above the conveyor frame parallel to the
      direction of travel and spaced closer than the width of the conveyor belt,
      an air suspension system for raising the belt relative to the conveyor
      frame including an elongate air outlet gap between the belt and the
      conveyor frame laterally of the side walls and a wear strip on at least
      one of the side walls between the one side wall and the center line of the
      conveyor and extending in the direction of travel, and means for adjusting
      the position of the wear strip toward and away from the belt;
PA1  means for shaping the first and second materials in first and second
      laterally aligned, equal width streams of complimentary predetermined
      cross-sectional shapes providing a substantially constant proportion of
      the first and second materials at all locations across the stream widths
      and for delivering the streams in juxtaposed gravity influenced paths
      toward the conveyors; and
PA1  means for mixing the first and second materials at a location above the
      conveyor during falling movement thereof toward the conveyor.
NUM  13.
PAR  13. A device for homogenously mixing first and second granular materials
      comprising
PA1  a conveyor including a flexible conveyor belt and means for driving the
      belt along a direction of travel;
PA1  means for shaping the first and second materials in first and second
      laterally aligned, equal width streams of complimentary predetermined
      cross-sectional shapes providing a substantially constant proportion of
      the first and second materials at all locations across the stream widths
      and for delivering the streams in juxtaposed gravity influenced paths
      toward the conveyor;
PA1  means for mixing the first and second materials at a location above the
      conveyor during falling movement thereof toward the conveyor; and
PA1  a mixing device spaced along the conveyor downstream of the mixing means
      and including
PA2  an element above the flexible conveyor belt having a plurality of
      projections thereon spaced from the conveyor belt at the closest approach
      therebetween, and
PA2  means for rotating the element about an axis transverse to the conveyor,
      and
PA1  wherein the conveyor includes
PA2  a planar element underneath and juxtaposed to the belt and extending
      therebeside along the direction of travel on either side of the mixing
      device, the planar element providing an enlarged depression under the
      mixing extending on both sides of the axis of element rotation.
NUM  14.
PAR  14. The device of claim 13 wherein the depression extends in the direction
      of travel for a distance equivalent to the intersection of the planar
      element and an arc of 20.degree.-45.degree. having a center on the element
      axis.
NUM  15.
PAR  15. The device of claim 14 wherein a vertical plane passing through the
      element axis substantially bisects the depression.
NUM  16.
PAR  16. The device of claim 15 wherein the distance is equivalent to an arc of
      about 30.degree..
NUM  17.
PAR  17. A method of homogenously mixing first and second granular materials
      comprising the steps of
PA1  shaping the first material in a first stream of predetermined
      cross-sectional shape and predetermined width;
PA1  delivering the first stream in a first gravity influenced falling path from
      a first location toward a support;
PA1  shaping the second material in a second stream of predetermined
      cross-sectional width and the same predetermined width as the first
      stream;
PA1  delivering the second stream in a second gravity influenced falling path
      from a second location toward the support, the first and second paths
      being juxtaposed intermediate the locations and the support and being
      laterally aligned, the predetermined cross-sectional shapes of the first
      and second streams providing a substantially constant proportion of the
      first and second materials along the path widths; and
PA1  intermingling the first and second materials at a third location above the
      support during falling movement of the material.
NUM  18.
PAR  18. The method of claim 17 wherein the second delivering step includes
      propelling the second material from the second location into an inclined
      falling path, the first and second paths converging in the direction of
      the support and the intermingling step includes passing a multiplicity of
      elements through the first and second paths at a location adjacent the
      convergence thereof in a direction substantially perpendicular to the
      paths.
NUM  19.
PAR  19. A device for mixing first and second granular materials comprising
PA1  means for discharging the first and second materials in a path;
PA1  a conveyor in the path for receiving and transporting the granular
      materials including
PA2  an endless belt and means for driving the belt;
PA2  a plate beneath the belt and juxtaposed thereto along the upper belt run in
      the direction of travel; and
PA1  a mixing device above the belt including
PA2  an element having a plurality of projections thereon extending away from
      the element toward the belt; and
PA2  means for rotating the element about an axis transverse of the belt;
PA1  the plate providing an enlarged depression under the mixing device
      extending on both sides of the axis of element rotation.
NUM  20.
PAR  20. The device of claim 19 wherein the depression extends in the direction
      of travel for a distance equivalent to the intersection of the plate and
      an arc of 20.degree.-45.degree. having a center on the element axis.
NUM  21.
PAR  21. The device of claim 20 wherein a vertical plane passing through the
      element axis substantially bisects the depression.
NUM  22.
PAR  22. The device of claim 21 wherein the distance is equivalent to an arc of
      about 30.degree..
NUM  23.
PAR  23. A device for homogenously mixing first and second granular materials
      comprising
PA1  a conveyor;
PA1  means for shaping the first and second materials in first and second
      laterally aligned, equal width streams of complimentary predetermined
      cross-sectional shapes providing a substantially constant proportion of
      the first and second materials at all locations across the streams widths
      and for delivering the streams in juxtaposed gravity influenced paths
      comprising substantially parallel path segments extending from a first
      location downwardly toward a second location; and
PA1  means for mixing the first and second materials at the second location
      above the conveyor during falling movement thereof toward the conveyor,
      the mixing means including a rotatable element having an axis of rotation
      extending transverse to the conveyor and means for rotating the element.
NUM  24.
PAR  24. The device of claim 23 further comprising at least one additional mixer
      disposed transversely across the conveyor and closely spaced therefrom
      past which the granular materials are conveyed by the conveyor.
NUM  25.
PAR  25. A method of homogenously mixing first and second granular materials
      comprising the steps of
PA1  delivering the first material in a first gravity influenced falling path of
      predetermined cross-sectional shape and predetermined width from a first
      location toward a support;
PA1  delivering the second material in a second gravity influenced falling path
      of predetermined cross-sectional shape and the same predetermined width as
      the first path from a second location toward the support, the first and
      second paths being juxtaposed at a third location intermediate the first
      and second locations and the support having substantially parallel
      segments extending from the third location downwardly toward a fourth
      mixing location and being laterally aligned, the predetermined
      cross-sectional shapes of the first and second paths providing a
      substantially constant proportion of the first and second materials along
      the path widths; and
PA1  intermingling the first and second materials at the fourth location above
      the support during falling movement of the material.
NUM  26.
PAR  26. A method of mixing first and second granular materials comprising
PA1  shaping the first material into a stream of predetermined cross-sectional
      shape and predetermined width;
PA1  shaping a second material into a stream of predetermined cross-sectional
      shape and the same predetermined width as the first stream;
PA1  delivering the first and second streams in gravity influenced paths toward
      a first rotary mixer above a conveyor;
PA1  rotating the first rotary mixer in the paths and intermingling the
      materials above the support;
PA1  conveying the materials by the conveyor from the first rotary mixer to at
      least one additional rotary mixer; and
PA1  rotating the additional rotary mixer into the materials about an axis above
      and transverse to the conveyor for further mixing the materials.
NUM  27.
PAR  27. The method of claim 26 wherein the paths comprise parallel segments
      extending from a location above the first mixer toward the first mixer.
NUM  28.
PAR  28. The method of claim 27 wherein the first mentioned rotating step
      comprises rotating the first rotary mixer about an axis transverse to the
      conveyor, the path segments being substantially perpendicular to the
      conveyor.
NUM  29.
PAR  29. A device for homogenously mixing first and second grandular materials
      comprising
PA1  a conveyor;
PA1  means for feeding the first and second materials through separate
      flow-confining shaping means in first and second laterally aligned, equal
      width, streams of complimentary predetermined cross-sectional shapes
      providing a substantially constant proportion of the first and second
      materials at all locations across the stream widths and for delivering the
      streams in juxtaposed gravity influenced paths toward the conveyor; and
PA1  means for mixing the first and second materials at a location above the
      conveyor during falling movement thereof toward the conveyor.
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ABST
PAL  An improved method and apparatus for extruding plastic materials provides
      for processing a mixture of plastic particles, additives, dyes, and the
      like by means of an extruder screw to form a melted mass which is moved in
      a helically-directed stream in a confined space. At a predetermined point,
      flow-diverting means in said confined space abruptly changes the flow
      pattern. Portions of the helically-directed melted mixture advanced by the
      extruder screw and coming into contact with the flow-diverting means,
      undergo a continuous shearing action and sheared-away portions of the
      melted material are constantly turned over upon themselves and forced
      through restricted passageways of short axial length in a highly turbulent
      flow pattern. After leaving the restricted passageways, the melted
      material again moves in a helical path of flow. Turbulency thus induced at
      one or more points in the flow line brings together melted and unmelted
      particles more effectively and rapidly, and there is further accomplished
      an improved mixing together of the melted mixture and the additives and
      other components.
PARN
PAR  This application is a divisional application of Ser. No. 273,190 filed July
      19, 1972, and now issued as U.S. Pat. No. 3,836,127.
BSUM
PAR  This invention relates to an improved method and apparatus for extruding
      plastic materials including mixtures of plastic mateials, additives, dyes
      and the like, and more particularly, the invention is concerned with
      processing mixtures of plastic material and other components wherein
      melting of the materials is accomplished by generating suitably high
      melting temperatures through friction and compression exerted by means of
      an extruder screw in a cylindrical body of the class commonly referred to
      as an "extruder barrel".
PAR  It is found that processing of plastic materials in this manner may develop
      difficulties in bringing together melted and unmelted particles in a
      satisfactory manner, and in accomplishing a degree of mixing which
      provides for the incorporation of additives, dyes and other substances
      distributed in a substantially uniform manner in the molded product.
PAR  It is an object of the invention, therefore, to provide an improved method
      and apparatus for extruding plastic materials and to devise a mixing
      technique for more effectively bringing together and mixing melted and
      unmelted plastic materials in the presence of additives, dyes and the
      like.
PAR  Another object of the invention is to provide an improved extruder screw
      apparatus for processing plastic mixtures, and for inducing a turbulent
      flow pattern at one or more points in the path of flow of a melted
      mixture.
PAR  Another object is to provide an improved method of constructing and
      assembling an extruder screw apparatus.
PAR  Still another object is to provide a method and means for improving the
      quality and appearance of extruded plastic products.
DRWD
PAR  The nature of the invention and its other objects and novel features will
      be more fully understood and appreciated from the following description of
      a preferred embodiment of the invention selected for purposes of
      illustration and shown in the accompanying drawings, in which:
PAR  FIG. 1 is a cross sectional view showing a plastic extruding screw
      apparatus and illustrating flow-diverting means of the invention combined
      therewith;
PAR  FIG. 2 is another cross sectional view illustrating the flow-diverting ring
      means of the invention on a somewhat larger scale;
PAR  FIG. 3 is a cross sectional view taken on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a cross section taken on the line 4--4 of FIG. 5;
PAR  FIG. 5 is a fragmentary cross-sectional view of the flow-diverting means of
      the invention;
PAR  FIG. 6 is a cross-sectional view taken on the line 6--6 of FIG. 5;
PAR  FIG. 7 is a detail perspective view of the diverter ring means shown in
      FIGS. 1-5 inclusive;
PAR  FIG. 8 is a diagrammatic view illustrating a helically directed flow of
      plastic material passing through the flow-diverting means of the
      invention;
PAR  FIG. 9 is a detail view illustrating diagrammatically a shearing flow
      pattern set up in melted material in accordance with the method of the
      invention;
PAR  FIG. 10 is a detail view of a ring member having reversely formed vanes;
PAR  FIG. 11 is a sectional view illustrating another form of extruder
      apparatus;
PAR  FIGS. 12, 13, and 14 illustrate a modified form of diverter ring means in
      which diverter vanes are formed with a helical shape;
PAR  FIGS. 15 and 16 illustrate diverter vane means associated with an extruder
      barrel by a clamping device;
PAR  FIGS. 17 and 18 illustrate a further modification in which the diverter
      vanes are formed integrally of a diverter ring member;
PAR  FIG. 19 is still another detail modification in which diverter vane means
      extend both inwardly and outwardly of the ring member.
DETD
PAR  I have found that the objectives noted above may be realized to a very
      satisfactory degree by inducing a region of turbulency in a flow of melted
      material. In the invention method, a melted mixture of plastic material,
      additives, dyes and the like is moved through an extruder screw apparatus
      in a helically directed stream in the conventional manner. At a
      predetermined point or points, however, the flow pattern is abruptly
      interrupted by flow-diverting means. Portions of the melted mixture
      advanced by the extruder screw and coming into contact with the
      flow-diverting means undergo a continuous shearing action.
PAR  Sheared-away portions of the melted material are constantly turned over
      upon themselves and forced through restricted passageways of short axial
      length to induce a highly turbulent flow pattern. Turbulency thus induced
      at one or more separated points in the flow line brings together melted
      and unmelted particles more effectively and rapidly and there is further
      accomplished a significantly improved mixing together of the melted
      material, additives, dyes and the like.
PAR  In carrying out the method of the invention, I have devised a special form
      of extruding apparatus which includes, in combination, an extruder barrel,
      an extruder screw specially formed with stepped-down portions of
      restricted diameter, and flow-diverting means located around the extruder
      screw portions of restricted diameter and held in stationary relationship
      to the inner peripheral surface of the extruder barrel.
PAR  The flow-diverting means may, for example, comprise a plurality of
      flow-diverting blades or vanes supported in a stationary position inside
      of the extruder barrel by means of an annular retaining body or ring which
      is located around the screw portions of reduced diameter. It should be
      understood that the invention is not limited to the use of an annular
      retaining body, and stationary vanes may be associated with the extruder
      barrel in other ways, and the method of diverting flow to induce
      turbulence may be carried out and other vane structures, as hereinafter
      described.
PAR  Referring more in detail to the method and apparatus illustrated in FIGS. 1
      through 9, numeral 2 denotes an extruder member formed with a cylindrical
      barrel having a hopper portion 4 into which plastic material is introduced
      together with additives. dyes, and the like. An extruder screw member 6 is
      rotatably mounted in the barrel and driven by suitable power driving
      means, for example, through the pulley 8. At the outer end of the barrel 2
      is located a die member 10, through which melted material may be extruded
      to form an extruded body 12 of some desired shape.
PAR  In accordance with one form of the invention, the extruder screw 6, as best
      shown in FIGS. 2 and 5, is formed with stepped-down portions 6a, 6b, 6c,
      6d and 6e of progressively smaller diameters.
PAR  In combination with this specially formed extruder screw construction, I
      further provide flow-diverting means consisting of one or more annular
      supporting bodies or retaining rings on which are mounted a plurality of
      flow-diverting vanes. In FIG. 1, two retaining rings have been shown and
      indicated by the numerals 14 and 16. These retaining rings are all
      similar, and as noted in FIGS. 1 through 7, the retaining ring 14 is
      constructed and arranged to encircle the extruder screw portions of
      restricted diameter. It is pointed out that the inner diameter of ring 14
      is greater than the diameter of the stepped-down portions 6a, 6b, 6c, 6d,
      so that the inner peripheral portion of the ring portion 14 is located in
      slightly spaced relation to adajcent stepped-down extruder screw surfaces,
      and the ring is, therefore, loosely supported and can be moved a short
      distance along the screw in either direction. It will be understood that
      this loose fitting may be desirable in some types of extruding. However,
      it should be further observed that the inner diameter of ring portion 14
      at one end, i.e., the left hand end as viewed in FIG. 1, is less than the
      diameter of those portions of the extruder screw which have been reduced
      at 6a, so that the ring may be displaced rearwardly only a short distance
      before being engaged and held by the portion 6a.
PAR  At its opposite end, i.e., the right hand, as viewed in FIG. 1, the ring
      portion 14 is formed with an annular abutment part 14c which projects
      radially inwardly and is of a diameter only slightly greater than the
      diameter of portions 6d and is of a diameter less than 6e. This size
      relationship provides for the abutment part 14c engaged against adjacent
      relieved screw surface 6f, thus preventing any forward displacement beyond
      this engaged position.
PAR  As one method of assembling ring 14 around the extruder screw with the
      reduced diameters described above, the ring 14 may be made from two half
      sections which are joined together, for example, by lines of welding 14a
      and 14b, as is most clearly shown in FIG. 7. This provides for the half
      sections and vanes being separately constructed and secured around the
      restricted portions of a screw at a desired point. Thereafter, the
      extruder screw and ring assembly can be introduced into the barrel 2 as a
      single unit.
PAR  The flow-diverting vanes earlier referred to are located around the outer
      peripheral surface of the ring member 14 in circumferentially spaced apart
      relation and are denoted by numerals 18, 20, 22, 24, 26 and 28. These
      vanes are of generally rectangular shape and may be solidly attached to
      the ring by welding or they may be formed as an integral part of the ring
      14. Each of the vanes is further positioned in an angularly disposed
      manner to facilitate flexing in a circumferential direction inside the
      barrel 2. Each vane is also chosen of a length such that the outer edges
      of the vanes all lie in a circle, of a diameter slightly exceeding the
      diameter of the barrel 2.
PAR  It will be understood that the ring body and vanes are preferably made of a
      metal such as spring steel, and also, the outer edges of each vane may be
      slightly beveled as indicated in FIG. 7 at 18a, 20a, 22a, 24a, 26a and
      28a. With such an arrangement, the extruder screw and ring member may be
      introduced into the barrel 2 and by slightly rotating the screw in the
      barrel and forcing it inwardly, the beveled edges of the vanes may be
      progressively engaged against inner peripheral surfaces of the barrel with
      the vanes becoming flexed and compressed very slightly. When all of the
      vanes are compressed and engaged inside the barrel, they become held in
      tight frictional engagement with the inner peripheral surface of the
      barrel 2 to constitute stationary flow-diverting surfaces with the
      extruder screw being free to rotate inside of the ring member 14.
PAR  In operation, a mixture of plastic particles, additives, dyes and the like
      is introduced through the hopper 4. Heating takes place with heat being
      externally applied or generated by frictional pressure of the extruder
      screw 6 turning in the barrel 2. There is thus induced a helical flow of
      the melted mixture indicated at F in FIG. 8 wherein a flow path of
      generally helical configuration has been indicated diagrammatically. It
      will be observed that at a predetermined point, this helical flow is
      brought into contact with the flow-diverting vanes described as will be
      evident from an inspection of the dotted line in FIG. 8. As suggested in
      this figure, fully melted particles mixed with partially melted particles
      approach the vanes, end portions of the mixture are continuously sheared
      away, with the sheared-away portions being turned over and forced through
      short angularly directed passageways defined by the spaced apart vanes. In
      thus abruptly changing the direction of flow of the mass, a highly
      turbulent flow pattern is induced which is found to provide an intense
      mixing action at a localized region with unmelted particles becoming more
      rapidly fused and mixed with already melted particles.
PAR  In addition, the additives, dyes and the like are found to be dispersed and
      distributed throughout the mass in a highly uniform manner not heretofore
      realized in extruding processes, and the effect of this is evidenced by
      significantly improved quality and appearance of the product thus
      extruded.
PAR  As the helical flow of melted mixed material is diverted a very large part
      of the flow passes between the vanes. However, small quantities may enter
      between the stepped-down portions of the screw and the inner periphery of
      the ring 14. I provide outlets 31, 33, etc., which are formed through the
      ring walls and through which material may emerge and be mixed together
      with other portions passing through the axial passageways. A second set of
      outlets is also provided at the forward end of the ring as indicated in
      the drawings by numerals 35, 37, etc., to provide for outward flow of
      material forced against the screw surface 6e. In FIG. 9, lines are shown
      in crossed relationship to illustrate diagrammatically the diverted flow
      pattern of sheared material.
PAR  In carrying out the method of the invention, I have determined that I may
      control the extruding operation in various ways to obtain different
      results, depending on the materials to be processed. Thus I may vary the
      spacing of the screw flights and their angularity. I may also increase the
      number of ring and diverting vane units employed, as for example, two
      units such as 32, 34 and 36 in a barrel 2' on a screw 6', as illustrated
      in FIG. 11. FIG. 11 is also intended to illustrate a screw with a single
      restricted diameter portion as indicated at 38, 40 and 42. In FIG. 10
      there is illustrated a ring member 37 having reversely curved vanes as
      37a, 37b, etc.
PAR  In FIGS. 12 and 13, a modification of the invention illustrates a barrel 2"
      having a screw 6" on which a ring body 14' is provided with vanes as 18',
      20', 22', etc., curved, as shown, to extend part way around the outer ring
      periphery in an interrupted helical-like manner. This vane arrangement
      provides passageways which tend to wind around the ring instead of
      extending linearly. FIG. 13 also shows the vanes curving in a direction
      from left to right, while FIG. 14 illustrates vanes as 18", 20", 22",
      etc., in which the vanes curve from right to left on a ring 14".
PAR  In FIGS. 15 and 16, there is illustrated an extruder screw barrel 50 in
      which is received an extruder screw 52, having a reduced portion 54.
      Formed in the barrel 50 are openings as 56, 58, 60, etc., through which
      are located vanes 62, 64, 66, etc., which are formed as an integral part
      of ring sections 68 and 70, adapted to be clamped together by means of
      vanes as 72 and 74 around the openings in the barrel to provide projecting
      vane ends which lie in spaced relation to the reduced section 54 of the
      screw 52. This arrangement provides another means of assembling vanes with
      a ring which is applied externally of the barrel and with the vanes being
      formed to extend radially inwardly.
PAR  FIGS. 17 and 18 illustrate another arrangement in which a ring member 80
      formed in half sections and welded together is provided with vanes as 82,
      84, 86, etc. This ring member may also be combined with a reduced section
      88 of a screw 90 received in a barrel 92.
PAR  In FIG. 19, still another arrangement of ring member is shown in which a
      ring 94, made in half sections and welded together, is constructed with
      radially outwardly extending vanes 96a, 96b, 96c, etc., and also with
      radially inwardly extending vanes as 98a, 98b, 98c, etc.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for extruding a mass of melted plastic material, including,
      in combination, a cylindrical enclosure body for receiving the plastic
      material, an extruder screw mounted for rotative movement in the enclosure
      body for advancing melted material along the enclosure body in a helical
      path of flow, and flow-diverting means located within the cylindrical
      enclosure body for interrupting the helical path of flow and moving the
      melted mass through short restricted passageways in a turbulent flow
      pattern, said flow-diverting means consisting in a ring member and a
      plurality of spaced apart vanes supported on the ring member and extending
      radially inwardly and outwardly therefrom.
NUM  2.
PAR  2. An apparatus for extruding a mass of melted plastic material, including,
      in combination, a cylindrical enclosure body for receiving the plastic
      material, an extruder screw mounted for rotative movement in the enclosure
      body for advancing melted material along the enclosure body in a helical
      path of flow, and flow-diverting means located within the cylindrical
      enclosure body for interrupting the helical path of flow and moving the
      melted mass through short restricted passageways in a turbulent flow
      pattern, said flow-diverting means consisting in a ring member and a
      plurality of spaced apart vanes supported on the ring member, said vanes
      being formed with a helically curved shape.
NUM  3.
PAR  3. An apparatus for extruding a mass of melted plastic material, including,
      in combination, a cylindrical exclosure body for receiving the plastic
      material, an extruder screw mounted for rotative movement in the enclosure
      body for advancing melted material along the enclosure body in a helical
      path of flow, and flow-diverting means located within the cylindrical
      enclosure body for interrupting the helical path of flow and moving the
      melted mass through short restricted passageways in a turbulent flow
      pattern, said flow-diverting means consisting in a ring member and a
      plurality of circumferentially spaced-apart vanes supported on the ring
      member, and said vanes being formed with a reversely curved shape.
NUM  4.
PAR  4. Apparatus for extruding a plastic material comprising an extruder screw
      barrel, an extruder screw mounted for rotative movement therein, said
      extruder screw being formed with a screw thread extending therearound and
      being interrupted to define separated thread sections which lie in closely
      spaced relation to the inner periphery of the barrel, and
      circumferentially spaced apart flow diverting vanes rigidly secured in the
      barrel and arranged to project radially inwardly between the said
      separated thread sections, said flow diverting vanes being located in
      slots formed in the extruder barrel, and said vanes being held in the
      slots by means of a clamping ring located around the outer peripheral
      surface of the exruder screw barrel.
NUM  5.
PAR  5. An apparatus for extruding a mass of melted plastic material comprising
      an extruder screw member consisting in an elongated body having threaded
      portions extending helically around its longitudinal central axis, said
      extruder screw being formed with a cylindrical section of reduced diameter
      which interrupts the helical thread portions to define spaced apart thread
      sections, an extruder barrel having a cylindrical bore in which the
      extruder screw is received for rotative movement therewithin the inner
      peripheral surface of the barrel being located in closely spaced
      relationship to the said helically extending thread portions, sections of
      the extruder barrel occurring in radially spaced relation to the said
      sections of the extruder screw cylindrical section of reduced diameter
      being formed with circumferentially spaced slots extending longitudinally
      along the extruder barrel, a plurality of flow diverting vanes mounted in
      the said slots and projecting radially inwardly into close proximity to
      the cylindrical section of reduced diameter to provide shearing edges
      lying in the path of flow of a melted plastic material advanced through
      the barrel by rotative movement of the extruder screw, said flow diverting
      vanes being contained within a clamping ring solidly secured around the
      outer peripheral surface of the slotted extruder barrel.
NUM  6.
PAR  6. An apparatus for extruding a mass of melted plastic material comprising
      an extruder screw member consisting in an elongated body having threaded
      portions extending helically around its longitudinal central axis, said
      extruder screw being formed with a cylindrical section of reduced diameter
      which interrupts the helical thread portions to define spaced apart thread
      sections, an extruder barrel having a cylindrical bore in which the
      extruder screw is received for rotative movement therewithin, the inner
      peripheral surface of the barrel being located in closely spaced
      relationship to the said helically extending thread portions, sections of
      the extruder barrel occurring in radially spaced relation to the said
      sections of the extruder screw cylindrical section of reduced diameter
      being formed with circumferentially spaced slots extending longitudinally
      along the extruder barrel, a plurality of flow diverting vanes mounted in
      the said slots and projecting radially inwardly into close proximity to
      the cylindrical sections of reduced diameter to provide shearing edges
      lying in the path of flow of a melted plastic material advanced through
      the barrel by rotative movement of the extruder screw, said vanes being
      formed with tapered head portions which fit into and mate with the said
      slots in the barrel and a clamping ring detachably secured around the
      barrel and located in abutting relationship to the tapered head of the
      vanes.
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ABST
PAL  Redistributive mixing is effected in an extruder wherein the extruder screw
      advances thermoplastic material toward and through transfer grooves in a
      corotative torpedo. The torpedo grooves progressively diminish in cross
      sectional flow area from inlet ends at the upstream end of the torpedo
      toward downstream ends running out adjacent to the torpedo tip. Feeder
      grooves in a complementary passage wall of a stationary discharge head
      adapter in which the torpedo operates, receive the thermoplastic material
      transferred and propelled with redistributive mixing action from the
      torpedo grooves. The passage wall grooves have upstream entry ends aligned
      with the upstream ends of the torpedo grooves and extend therefrom in
      progressively increasing cross sectional flow area to downstream ends
      feeding toward an outlet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in the extrusion of synthetic
      thermoplastic polymer melt, and is more particularly concerned with a new
      and improved method of and means for effecting redistributive mixing in an
      extruder.
PAR  A well-known problem in the extrusion of resinous thermoplastic materials
      is in the attainment of satisfactorily uniform melt and mixing of the
      particles or granules supplied to the extruder. In a common form, such
      extruders comprise a hollow barrel within which the plastic material is
      heated for fluxing and a helical screw mixes and advances the material
      toward an outlet such as an extrusion die or nozzle. Some particles, and
      particularly high-molecular weight particles, frequently resist melting
      while propelled through the heated passage within the extruder, and
      therefore various expedients have heretofore been employed to improve melt
      quality and mixing, including variously constructed mixing sections which
      may be of the barrier type. U.S. Pat. No. 3,486,192 is one example of such
      an arrangement. On the other hand, various disperision mixing devices have
      been proposed which comprise mechanical means for breaking up particles
      and randomly mixing them by agitation such as churning, shaking, tumbling,
      tossing and the like. U.S. Pat. Nos. 3,045,283 and 3,555,616 belong in
      this category. Proposal has also been made to provide an equalizing head
      arrangement with a fluted torpedo, and U.S. Pat. No. 3,782,692 is referred
      to as an example of such a structure.
PAR  However, various prior attempts at solving the problem have not been as
      efficient as hoped for, often have required excessive energy consumption,
      and in general have been expensive expedients.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a principal object of the present invention to overcome the
      foregoing and other problems by the provision of a new and improved method
      of and means for effecting redistributive mixing in an extruder of the
      helical screw type and enhancing the product quality and performance in
      plastic extrusion.
PAR  According to features of the invention, there is provided a new and
      improved method of and means for effecting redistributive mixing in an
      extruder including a barrel within which a helical extruder screw rotates
      to advance thermoplastic material toward a corotative torpedo of generally
      conical form within a complementary tapered wall which defines a passage
      in a stationary discharge head at the downstream end of the barrel and
      leads into a small diameter orifice outlet, grooves in the torpedo having
      inlet ends at the maximum diameter of the torpedo receptive of
      thermoplastic material advanced thereinto and therealong by the screw, the
      torpedo grooves progressively diminishing in cross sectional flow area
      toward downstream ends running out adjacent to the outlet, grooves in the
      tapered passage wall to which the thermoplastic material is progressively
      transferred and propelled with redistributive mixing effect from the
      torpedo grooves. The passage wall grooves have minimum cross sectional
      flow area upstream ends adjacent to the maximum cross sectional flow area
      ends of the torpedo grooves and extend therefrom in progressively
      increasing cross sectional flow area to downstream ends feeding toward the
      outlet.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts embodied in the disclosure, and in
      which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary longitudinal section elevational view showing a
      representative form of extruder embodying features of the invention;
PAR  FIG. 2 is a transverse sectional detail view taken substantially along the
      line II--II of FIG. 1;
PAR  FIG. 3 is a transverse sectional detail view taken substantially along the
      line III--III of FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 3 but demonstrating redistributive action
      of the components in operation;
PAR  FIG. 5 is a transverse sectional detail view taken substantially along the
      line V--V of FIG. 1;
PAR  FIG. 6 is an enlarged fragmentary sectional detail view taken substantially
      along the line VI--VI of FIG. 3;
PAR  FIG. 7 is a transverse sectional detail view similar to FIG. 6 but showing
      a modification;
PAR  FIG. 8 is a fragmentary longitudinal sectional elevational view similar to
      FIG. 1 but showing another modification; and
PAR  FIG. 9 is a fragmentary longitudinal sectional elevational view showing a
      further modification.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  On reference to FIG. 1, a typical extruder such as may be employed for
      injecting thermoplastic material, sometimes referred to as synthetic
      thermoplastic polymer melt, into an injection molding machine, includes a
      hollow tubular barrel 10 having therein a cylindrical inner wall 11 within
      which a helical extruder screw 12 rotates about the axis of its rod or
      shank 13 carrying one or more radially projecting continuous helical screw
      threads or flights 14 functioning as the screw rotates, as indicated by
      the directional arrow, to advance thermoplastic material from an upstream
      point in the working chamber 11 of the barrel downstream toward an adaptor
      or head 15 which may be part of or associated with a molding machine or
      extrusion die apparatus. Detachable mounting of the head 15 in stationary
      relation onto the downstream end of the barrel 10 may be effected by means
      of screws of bolts 17 securing together lateral attachment flanges 18 and
      19 on respectively the barrel and the head.
PAR  In the operative rotation of the screw 12, thermoplastic material is
      advanced through the barrel 10 toward a corotative torpedo 20 of generally
      conical form within a complementary tapered wall 21 defining a passage in
      the discharge head 15 communicating with the downstream end of the barrel
      10 and leading into a suitably small diameter orifice outlet 22. Although
      the torpedo 20 may be constructed as a one-piece integral part of the
      screw shank 13, it may be, for convenience in manufacture, made as a
      separate part fixedly, corotatively concentrically attached to the end of
      the shank 13 to function as an integral terminal part of the screw 12. In
      a preferred form, the torpedo 20 has a relatively short butt end portion
      23 which is cylindrical and of substantially the same diameter as the
      screw flight 14, and similarly as the outer diameter of the screw flight
      14 closely approaches the barrel chamber wall 11. The butt portion 23 is
      of a diameter which closely approaches the diameter of a complementary
      cylindrical lead-in portion 24 of the passage 21, and with the remainder
      of the torpedo 20 and of the wall of the passage 21 of complementary
      conically tapered form and with the conical surface of the torpedo closely
      approaching the conical wall.
PAR  According to the present invention, superior, positive redistributive
      mixing of the thermoplastic material is effected by means of a system of
      thermoplastic material transfer grooves 25 in the torpedo 20 (FIGS. 1-6)
      and cooperative feeder grooves 27 in the passage wall 21.
PAR  Separating the grooves 25 in the torpedo 20 are generally longitudinally
      extending substantially narrower ribs 28 which are suitably tapered at
      their upstream ends as shown at 29 (FIG. 1) to provide lead-in throats
      into inlet ends at the maximum diameter of the torpedo 20 and receptive of
      thermoplastic material advanced thereinto and along the grooves 25 by
      action of the extruder screw 12. Each of the grooves 25 is of maximum
      cross sectional flow area at its inlet end and progressively diminishes in
      cross sectional flow area toward its downstream end, running out adjacent
      to the outlet 22. More particularly, the torpedo 20 terminates in a
      coaxial tip extremity point 30 which projects into the upstream or entry
      end of the outlet 22. The grooves 25 preferably diminish in cross
      sectional flow area toward and run out to preferably zero cross sectional
      flow area at the tip end portion of the torpedo and short of the point 30
      so that there is a limited conical ungrooved terminal portion of the
      torpedo between the run-out ends of the grooves 25 and the point 30. This
      assures that the thermoplastic material advanced or propelled to and
      through the grooves 25 must transfer to the head passage grooves 27.
PAR  Toward attainment of the new and improved redistributive mixing provided by
      the present invention, the construction of the head passage grooves 27 and
      their relationship to the torpedo grooves 25 is such that as nearly as
      practicable all of the thermoplastic material forced into and through the
      torpedo grooves 25 must transfer to and move on from the torpedo to the
      outlet 22 through the grooves 27 with maximum mixing effect and without
      increasing load on the extruder screw 12 beyond that which would be normal
      for a conventional fluted torpedo arrangement. To the attainment of these
      advantageous results, the grooves 27 are of progressively increasing cross
      sectional flow area from their upstream ends adjacent to the maximum
      diameter of the passage wall 21, and thus also at the maximum diameter of
      the torpedo 20, to downstream ends feeding into the outlet 22,
      substantially as shown. Throughout their lengths which are coextensive
      with the grooves 25, the grooves 27 progressively increase in cross
      sectional flow area substantially proportionate to the decrease in cross
      sectional flow area of the grooves 25. Beyond the downstream ends of the
      grooves 25, the grooves 27 may continue to increase in cross sectional
      flow area to their downstream ends which feed into the outlet 22. Transfer
      relationship of the grooves 25 to the grooves 27 and the relative cross
      sectional flow areas are exemplified in FIGS. 3, 5 and 6. In FIG. 6 the
      directional arrows represent transfer flow of the plastic material from
      the grooves 25 into the grooves 27 and demonstrate unimpeded axial flow to
      and between and through the groove systems.
PAR  While promoting axial flow of the thermoplastic material by transfer of the
      material from the groove system 25 of the torpedo into and through the
      groove system provided by the grooves 27 of the head 15, relative rotary
      movement of the torpedo 20 causes the transfer to be effected by
      progressive increments from each of the grooves 25 of the torpedo
      successively into each of the grooves 27 of the discharge head 15.
      Thereby, concomitant with advancing, feeding movement of the thermoplastic
      material through the groove system, there is a lateral churning, twisting,
      mixing, blending action and movement as exemplified in FIG. 4 by
      directional arrows 31. This results from the slicing-off, layering,
      shredding action of the torpedo ribs 28 sweeping laterally across the
      discharge head grooves 27, and the concomitant lateral movement of the
      torpedo grooves 25 laterally past the successive ribs, identified at 32,
      of the chamber wall 21 dividing the respective grooves 27 one from the
      other. Inasmuch as the crowns of the ribs 28 and 32 closely approach one
      another as the ribs 28 pass the ribs 32 in each revolution of the torpedo
      20, it will be appreciated that in addition to the slicing off and rolling
      action imparted to the thermoplastic material as the ribs sweep across the
      grooves, there is a shearing action on the thermoplastic material as each
      of the torpedo ribs 28 passes each of the discharge head ribs 32. The
      efficiency of this action will be appreciated when it is considered that
      in each revolution of the torpedo 20 the mixing and shearing action is
      multiplied by the number of the grooves 25 multiplied by the number of the
      grooves 27, multiplied by the revolutions per minute. For example, where
      the torpedo rotates at 100 r.p.m. and there are 8 grooves in each set, the
      number of mixing actions and shearing actions will be
EQU  8 .times. 8 .times. 100 = 6400.
PAL  It will thus be apparent that by the time any particle of the thermoplastic
      material has traveled through the length of the groove systems it will
      have been redistributively mixed an exceedingly large number of times with
      the companion particles of the thermoplastic material, thereby attaining a
      very thorough, uniformly blended thermoplastic material stream in the
      outlet 22. Once the thoroughly mixed individual streams from each of the
      grooves 27 is delivered to and recombined in the outlet 22, the material
      undergoes additional and final mixing due to the localized high shear in
      the orifice of the outlet 22.
PAR  Means are provided to avoid cyclical shock and vibration in the high speed
      running passing of the grooves 25 and their separating ribs 28 past the
      grooves 27 and their separating ribs 32. One such means comprises having
      the torpedo grooves 25 formed on a slight helix, as best seen in FIG. 1,
      extending in generally the same direction as the helix of the screw flight
      or flights 14. This is especially effective where the number of the
      grooves 25 and 27 is identical, providing a slicing instead of chopping
      action.
PAR  Another means for avoiding operating shock and vibration is to provide
      differential number of grooves and separating ribs in each set. For
      example, as shown in FIG. 7, the torpedo 20' may be provided with one
      groove 25' and one rib 28' more than the grooves 27 and ribs 32 of the
      head 15. For example, where there are eight of the grooves 27 and ribs 32,
      there may be nine of the grooves 25' and ribs 28'. Therefore, at no time
      can all of the grooves 25' coincide with all of the grooves 27 nor can at
      any one time all of the ribs 28' coincide with all of the ribs 32.
      Further, the width of the grooves 25' may be less than the corresponding
      width of the grooves 27, and the widths of the ribs 28' may differ from,
      that is be narrower than the width of the ribs 32.
PAR  Where it is desired to attain additional shearing, mixing effect in the
      outlet orifice toward which the torpedo feeds in the discharge head, the
      arrangement depicted in FIG. 8 may be employed. Therein, the torpedo 20"
      has a cylindrical extension 33 between its conical ungrooved tip
      extremity, the extension being of a diameter to be received fairly closely
      within the outlet 22' in the head 15'. In this arrangement, the head
      grooves 27' extend at their delivery ends preferably throughout the length
      of the orifice passage in the outlet 22'. The cylindrical extension 33
      extends to a point about midway the length of the outlet 33' and with the
      conical terminal portion of the torpedo extending the remainder of the
      length of the outlet 22', with point 30" at the discharge end of the
      outlet. Thereby, thermoplastic material advanced and transferred from the
      grooves 25" into the grooves 27' is caused to pass through a high shear
      area where the individual streams from the grooves 27" are delivered into
      the outlet orifice 22' toward the extension 33 and the tapered tip of the
      torpedo. Thereby additional mixing of the plastic material is effected
      before it discharges from the outlet 22'.
PAR  In another desirable form, as shown in FIG. 9, an extruder barrel 35 has
      therein a cylindrical chamber 37 within which a helical extruder screw 38
      is rotatably driven to advance thermoplastic material toward a corotative
      torpedo 39 which may be coaxially secured to the end of the screw 38 as by
      means of a threaded coupling 40. Housing the torpedo 39 is a stationary
      discharge head 41 coupled by means of a collar flange 42 thereon to a
      matching collar flange 43 on the end of the barrel 35 through the medium
      of bolts 44. In this instance, the torpedo 39 is of generally cylindrical
      shape and the adapter head 41 has a chamber wall 45 therein which is of
      cylindrical form throughout its major length of preferably the same
      diameter as the diameter of the barrel chamber 37, with the torpedo 39
      having a cylindrical portion 47 of complementary cylindrical form and of
      almost the same length as the cylindrical portion of the passage 45.
      Adjacent juncture with the extruder screw 38, the torpedo 39 has a narrow
      annular groove 48 providing a dropoff into the inlet ends of a
      circumferential series of plastic transfer grooves 49 which are of maximum
      cross sectional flow area at their inlet ends to receive the plastic
      material advanced by helical impeller vane means 50 of the screw. From
      their inlet ends, the grooves extend in a slightly helical direction and
      progressively diminish in cross sectional flow area toward downstream ends
      running out at the downstream end of the cylindrical section 47 of the
      torpedo. Intervening between the grooves 49 are respective ribs 51 which
      are substantially narrower at the inlet ends of the grooves and become
      progressively wider toward the run-out ends of the grooves. Conversely,
      the cylindrical portion of the adapter head passage 45 has therein feeder
      grooves 52 extending from upstream ends adjacent to the maximum cross
      sectional flow areas of the torpedo grooves 49 and progressively
      increasing in cross sectional flow area to downstream ends substantially
      coinciding with the downstream ends of the grooves 49 and running out into
      a conical portion 55 of the head passage leading to a small diameter
      orifice outlet 53. It will be observed that the torpedo 39 downstream from
      the run-out ends of the transfer grooves 49 has a conical tip 54
      complementary in narrowly spaced relation to the passage wall portion 55,
      whereby the individual streams of redistributively mixed thermoplastic
      material run together and are extruded with continuous shearing action
      toward and through the orifice 53.
PAR  From the foregoing it will be apparent that the present invention provides
      for simple, economical, efficient positive redistributive mixing of
      thermoplastic material in an extruder. After leaving the extruder screw,
      laminar flow of the thermoplastic material is avoided in the adapter or
      discharge head by the unique cooperative functioning of the progressively
      diminishing cross sectional flow area transfer grooves in the perimeter of
      the tapered torpedo which extends from the extruder screw and the
      progressively increasing cross sectional flow area feeder grooves in the
      discharge head passage wall. As the thermoplastic material is transferred
      from the torpedo grooves into the discharge head feeder grooves, rotation
      of the torpedo effects a peeling off of the transferred material in thin
      layers, the thickness of which will depend on the speed of flow of the
      material and the relative widths of the grooves. Within the several
      grooves in the wall of the discharge head passage the peeled or sliced off
      layers of shredded particles of the thermoplastic material are mixed by
      blending of the shavings or layers of thermoplastic material during the
      churning, twisting of each sub-stream in each of the discharge head
      grooves about their respective axes to their confluence downstream in the
      discharge head passage for extrusion from the outlet orifice.
PAR  It will be understood that variations and modifications may be effected
      without departing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Means for effecting redistributive mixing in an extruder including a
      barrel within which a helical extruder screw rotates to advance
      thermoplastic material toward a corotative torpedo having a downstream end
      portion and operating within a generally complementary wall defining a
      passage in a stationary discharge head at the downstream end of the barrel
      and leading into a small diameter orifice outlet, the improvement
      comprising:
PA1  transfer grooves in said torpedo having inlet ends at the upstream end of
      the torpedo receptive of thermoplastic material advanced thereinto and
      therealong by the screw;
PA1  said torpedo grooves progressively diminishing in cross sectional flow area
      from their inlet ends to downstream ends running out toward said
      downstream end portion of the torpedo;
PA1  feeder grooves in the passage wall to which the thermoplastic material is
      progressively transferred and propelled from the torpedo grooves; and
PA1  said feeder grooves having upstream ends adjacent to the inlet ends of the
      torpedo grooves and extending therefrom in progressively increasing cross
      sectional flow area to downstream ends adjacent to said downstream ends of
      the torpedo grooves from which the plastic material advances to said
      outlet.
NUM  2.
PAR  2. Means according to claim 1, wherein the depth of the torpedo grooves
      progressively diminishes substantially proportionate to progressive
      increase in depth of the passage wall grooves, whereby to provide for the
      progressively diminishing cross sectional flow area of the torpedo grooves
      and the corresponding progressively increasing cross sectional flow area
      of the passage wall grooves.
NUM  3.
PAR  3. Means according to claim 1, wherein said downstream end portion of the
      torpedo comprises a conical tip running out at a terminal point and said
      grooves run out on the conical tip, with a substantial ungrooved conical
      terminal area of the torpedo intervening between said terminal point and
      the runout ends of the torpedo grooves.
NUM  4.
PAR  4. Means according to claim 3, wherein said torpedo tip terminal point is
      located in the upstream end of the outlet.
NUM  5.
PAR  5. Means according to claim 3, wherein said tip terminal point is located
      at the downstream end of the outlet.
NUM  6.
PAR  6. Means according to claim 3, wherein said outlet is cylindrical, and said
      torpedo has a cylindrical portion between said tip terminal point and the
      remainder of the torpedo tip, and said cylindrical portion and said tip
      terminal point being located within the outlet.
NUM  7.
PAR  7. Means according to claim 1, wherein the grooves in the torpedo are
      separated by intervening ribs, and the passage wall grooves are separated
      by intervening ribs, said ribs closely approaching one another so that in
      the relative rotation of the torpedo and the discharge head the
      thermoplastic material being advanced through the grooves is subjected to
      multiple shearing and churning mixing actions.
NUM  8.
PAR  8. Means according to claim 1, wherein the grooves in the torpedo are
      slightly helical to eliminate vibration in passing the passage wall
      grooves in the relative rotation of the torpedo and the discharge head.
NUM  9.
PAR  9. Means according to claim 1, wherein the number of grooves in the torpedo
      is differential relative to the number of grooves in said passage wall, to
      avoid vibration in high speed relative rotation of the torpedo and the
      discharge head.
NUM  10.
PAR  10. Means according to claim 1, wherein the torpedo has its upstream end of
      substantially the same diameter as the helical screw, and said grooves in
      the torpedo have their inlet ends provided with lead-in throats opening
      toward the extruder screw.
NUM  11.
PAR  11. Means according to claim 1, wherein the downstream ends of the passage
      wall grooves discharge longitudinally and radially into the outlet.
NUM  12.
PAR  12. Means according to claim 1, wherein said torpedo and said passage wall
      are cylindrical throughout the major extent of the torpedo, and said
      transfer grooves are in the cylindrical portion of the torpedo and the
      feeder grooves are in the cylindrical portion of the passage wall.
NUM  13.
PAR  13. Means according to claim 12, wherein said torpedo end portion is
      conical, said transfer grooves running out adjacent to juncture of the
      cylindrical and conical portions of the torpedo, and said downstream ends
      of the feeder grooves running into a conical portion of said passage wall
      generally complementary to the conical end portion of the torpedo.
NUM  14.
PAR  14. A method of effecting redistributive mixing in an extruder having a
      barrel within which a helical extruder screw rotates to advance
      thermoplastic material toward a corotative torpedo within a complementary
      wall which defines a passage in a stationary discharge head at the
      downstream end of the barrel, the passage leading into a smaller diameter
      orifice outlet, the steps comprising:
PA1  receiving thermoplastic material advanced by the extruder screw in transfer
      grooves in the torpedo having inlet ends at the upstream end of the
      torpedo and progressively diminishing in cross sectional flow area to
      downstream ends running out toward the downstream end of the torpedo;
PA1  advancing the thermoplastic material downstream along the torpedo grooves;
PA1  progressively transferring the thermoplastic material from the torpedo
      grooves and propelling the thermoplastic material along grooves in the
      passage wall having their upstream ends adjacent to the upstream ends of
      said torpedo grooves and extending therefrom in progressively increasing
      cross sectional flow area to downstream ends adjacent to the downstream
      ends of the torpedo grooves; and
PA1  advancing the thermoplastic material from the downstream ends of the
      passage wall grooves to said outlet.
NUM  15.
PAR  15. A method according to claim 14, including subjecting the thermoplastic
      material to multiple shearing and churning mixing during transfer to and
      advancing of the thermoplastic material along the passage wall grooves.
NUM  16.
PAR  16. A method according to claim 14, including subjecting the thermoplastic
      material to high shear mixing in the outlet.
NUM  17.
PAR  17. A method according to claim 14, including feeding the thermoplastic
      material from the downstream ends of the passage wall grooves in a
      longitudinal and radial converging relation into the outlet.
NUM  18.
PAR  18. A method according to claim 14, including subjecting the thermoplastic
      material to further shearing mixing action in the outlet by action of the
      torpedo.
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ABST
PAL  A ladle for receiving molten metal is equipped with an apparatus for
      introducing addition agents into molten steel in the ladle and takes the
      form of a hollow plunger partially formed of consumable material and
      serving to introduce the addition agents into the molten metal at a
      constant predetermined rate.
PARN
PAR  This application is a continuation-in-part application of Ser. No. 347,557,
      filed Apr. 2, 1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION 1. Field of the Invention
PAR  This invention relates to apparatus for introducing an addition agent into
      molten steel at a desirable location and introduction rate.
PAR  2. Description of the Prior Art
PAR  Prior apparatus includes a cylindrical device having a plurality of
      superimposed compartments, each of which contains different addition
      treating agents as disclosed in U.S. Pat. No. 2,915,386. U.S. Pat. No.
      3,168,608 discloses a heavy aluminum weighted device for introducing
      aluminum into molten steel for deoxidization thereof and U.S. Pat. No.
      2,005,540 introduces treating agents into molten steel by way of a device
      which is held down in the molten metal by a positioning structure.
PAR  This invention takes the form of a plunger of a length comparable with that
      of the stopper rod of an steel ladle and positioned therein in a similar
      manner and includes consumable material enabling the timed release of the
      addition agents at a desirable location in the molten metal in the ladle.
PAC  SUMMARY OF THE INVENTION
PAR  A ladle for receiving molten metal has a submerged addition agent
      containing device therein which takes the form of a hollow plunger having
      a conical closure of consumable material on its lower end containing
      desulphurization compounds for introduction thereby into the molten steel
      in the ladle. The construction of the device is such that the
      disintegration thereof is controlled so that the location and rate of
      release of the addition agent is most advantageously achieved.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical section through a ladle and the submerged agent
      holding device therein with parts in cross section,
PAR  FIG. 2 is a vertical section through a modified form of agent holding
      device with parts in cross section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the form illustrated in FIG. 1 of the drawings, a standard ladle 10
      having a metal casing 11, a refractory lining 12, a bottom aperture 13 and
      a stopper rod 14 terminating in a stopper nozzle is shown. A submerged
      desulphurization device positioned in the ladle 10 consists of a steel
      pipe 15 having a cone shaped member 16 detachably secured to the lower end
      thereof by pins 17 engaging openings 18 in the steel pipe 15. The upper
      end of the steel pipe 15 is attached to a cap 19 and safety valves or
      vents 20 are positioned in the steel pipe 15 and the cap 19. A vertically
      stacked series of insulating rings 21 are positioned around the exterior
      of the steel pipe 15 from a point immediately beneath the cap 19 to a
      flange 22 secured to the pipe 15 upwardly from the bottom end thereof and
      immediately above the upper end of the cone 16. The cone 16 and the
      insulating rings are formed of non-metallic consumable material that will
      disintegrate at a constant predetermined rate without any gas build up.
PAR  An example of a desirable non-metallic insulating material from which the
      cone shaped member 16 and the insulating rings 21 may be formed is as
      follows. A batch including 132 lbs. of dolomite, 16 lbs. of wood chips and
      10 lbs. of hydrocarbon resin binder and catalyst therefor such as known in
      the art as a two-part oil classification polyester resin and a
      polyisocyanate catalyst available under the trademarks Deep Set Binder CM
      2.5 and Deep Set Catalyst FS 100 manufactured by United-Erie Inc. of Erie,
      Pennsylvania 16512. An alternate composition may comprise 132 lbs. of
      limestone, 16 lbs. of wood flour and 10 lbs. of the hydrocarbon binder and
      catalyst as aforesaid. A further modification may comprise a substitution
      of rice hulls for the wood chips or wood flour. Variations in the amount
      of the wood chips, wood flour or rice hulls may be used; for example the
      amount thereof may vary from 8 lbs. to 16 lbs. Variations in the amount of
      the hydrocarbon resin binder may also be used wherein the total amount of
      the binder and the catalyst vary between 4 lbs. and 10 lbs.
PAR  By referring again to FIG. 1 of the drawings, it will be seen that the
      insulating rings 21 and the cone shaped member 16 are formed of the
      material as aforesaid and when shaped are assembled on the steel pipe 15
      as aforesaid. The lower end of the cone shaped member 16 is provided with
      an opening 23 in which a pair of steel plates 24 spaced by a plurality of
      circumferentially spaced rods 25 are located. The cone shaped member 16 is
      preferably formed around the plates 24 and the rods 25 so that the same
      form a closure in the otherwise open lower end of the cone shaped member
      11. A desirable quantity of an addition agent such as a suitable
      desulphurizing compound preferably in the form of pellets 26 is positioned
      in the cone shaped member 16 and above the uppermost plate 24 and is
      retained thereby until the timed disintegration of the device in the
      molten steel. The cone shaped member 16 and rings 21 are sprayed with
      insulating refractory material.
PAR  In forming the cone shaped member 16 and the insulated rings 21 the
      non-metallic material hereinbefore disclosed is mixed and molded into the
      desired shapes, dried and when suitably set assembled to the steel pipe 15
      as illustrated in FIG. 1 of the drawings and hereinbefore described. A
      hook arm 27 is attached to the cap 19 of the device so that the outer hook
      end thereof can engage the rim of the ladle 10 as seen in FIG. 1 of the
      drawings and thereby holds the device in vertical position in the ladle
      10.
PAR  Those skilled in the art will observe that the steel plate 24 on the lower
      end of the device may be positioned in a small puddle of molten steel in
      the ladle 10 so as to insure positioning of the device in the ladle and
      preclude floating of the same when the molten steel is placed therein.
PAR  The molten steel will cause the disintegration of the non-metallic cone
      shaped member 16 and the insulating rings 21 at a predetermined rate and
      thereby release the pellets 26 of the addition agent in a desirable
      location in the molten steel and at a timed desirable rate of release
      therein to adequately treat the same. The insulating rings 21 may be
      formed of a refractory material.
PAR  Those skilled in the art will observe that by varying the composition of
      the non-metallic material hereinbefore referred to, the entire device may
      be formed thereof and the steel pipe 15 eliminated. Such a modification of
      the invention may be seen in FIG. 2 of the drawings, and by referring
      thereto it will be seen that a pipe shaped member 28 of non-metallic
      consumable material is disclosed having a cap 29 on its uppermost end and
      safety vents 30 positioned therein and a securing hook 31 attached to the
      cap 29. The lower end of the pipe shaped member 28 is positioned in a cone
      shaped hollow member 32 and secured thereto by pins 33 and a quantity of
      an addition agent in the form of pellets 34 is positioned in the cone
      shaped hollow member 32, the bottom most portion of which is also formed
      of plates 35 spaced by a plurality of rods 36. The member 32 may be all
      consumable.
PAR  The device of the modification as illustrated in FIG. 2 of the drawings and
      just described works in the same manner as the device hereinbefore
      described in connection with FIG. 1 of the drawings, the timed rate of
      disintegration of the device being controlled by the mix of the
      non-metallic material.
PAR  The ladle and the addition agent device disclosed herein enables the
      desirable addition of agents to take place with improved efficiencies and
      without the troublesome smoke and fume problems that have existed in the
      past.
PAR  The weight of the agent holding device is about one and one half times the
      weight of the molten metal displaced thereby which will insure it's non
      floating positioning in the molten metal.
PAR  From the foregoing it will be seen that the ladle and the submerged
      addition agent device of the invention acts to properly locate and release
      treating compounds in the molten metal being treated.
PAR  A number of additions, including alloys can be made and the order of the
      particular addition can be easily controlled by the positioning of the
      same in the submerged devices disclosed herein. Volatile elements may be
      added with a controlled rate of introduction and location with a minimum
      of turbulence and fuming. Since there is far less turbulence in the area
      of the addition, less oxides will form and, therefore, not only will there
      be better recoveries of the addition agents, but there will be less
      sub-surface inclusions in the final product. For the same reason, fines
      such as ferro manganese fines or ferro silicon fines can be added and they
      will go into solution rather than blowing off or staying on the top slag
      and never getting into solution.
PAR  Although but two embodiments of the novel part of the combination in the
      present invention have been illustrated and described, it will be apparent
      to those skilled in the art that various changes and modifications may be
      made therein without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination: a refractory lined, apertured ladle for containing a
      molten metal; means to open and close the aperture of the ladle; a
      refractory lined rod extending within the ladle and terminating in an
      enlarged end section at a lower end portion of the ladle; consumable
      container means carried by the rod at said enlarged end section, said
      container means comprising a material consisting essentially of about 125
      to 135 lbs. of a material selected from the group comprising dolomite and
      limestone, from 8 lbs. to 16 lbs. of a material selected from the group
      comprising wood chips, wood flour, and rice hulls, and from 4 lbs. to 12
      lbs. of an oil class hydrocarbon resin binder and catalyst for the binder;
      and an addition agent in said container means for known, predetermined
      rate of release into molten metal in the ladle to treat the molten metal
      as the container means is consumed at a known, predetermined rate in the
      molten metal.
NUM  2.
PAR  2. The combination as in claim 1, wherein said container means is hollow
      and has an opening in a lower end thereof and a closure in the opening.
NUM  3.
PAR  3. The combination as in claim 1, wherein said rod is hollow and has an
      open upper end and a cover closing the open end.
NUM  4.
PAR  4. The combination as in claim 1, wherein the rod comprises a section of
      steel pipe and a jacket of said consumable material on the pipe.
NUM  5.
PAR  5. The combination as in claim 4, wherein said jacket comprises a plurality
      of superimposed rings of insulating material.
NUM  6.
PAR  6. The combination as in claim 1, wherein the container comprises about 132
      lbs. of dolomite, 16 lbs. of wood chips and 10 lbs. of a binder and
      catalyst therefor.
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ABST
PAL  A tempered resilient wire forms an upholstery coil spring which has a
      plurality of interconnected turns, with the top turn being a closed flat
      loop extending upwardly from the rear of the spring at a given angle to
      the horizontal, a second turn located immediately below the top turn and
      being inclined upwardly from the rear of the spring at an inclination
      angle which is less than the inclination angle of the top turn, a
      plurality of intermediate turns located below the second turn, and a flat
      base turn for resting on a support surface.
BSUM
PAR  This invention relates to upholstery coil springs used for providing a
      spring edge at the front of an upholstered article of furniture.
PAR  Springs of this general type have existed for many years and are formed of
      a top turn, a plurality of intermediate turns and a base turn which rests
      on a support surface in the article of furniture. The top turn is affixed
      to a linear edge wire which extends along the front of the furniture to
      give the furniture a spring edge.
PAR  It has been a practice in the furniture industry to bend the top turn of
      these coil springs upwardly before installing them in an article of
      furniture, thus prestressing the springs to maximize the upward force
      delivered to the edge wire. On occasions, the top turn has been formed of
      a closed loop with a linear section which lies parallel to the edge wire
      and is attached thereto by a clip which is conventional in the furniture
      industry.
PAR  When the top turns have been predisposed with an inclination from the
      horizontal, the top turn has subsequently been deflected downwardly so as
      to lie in a horizontal plane in the completed article of furniture.
      Various parts of adjacent turns in the article of furniture are tied
      together and to the frame, and the springs are held in their compressed
      positions by means of cords according to a practice well known in the
      furniture industry.
PAR  We have discovered three disadvantages attributable to this prior spring
      construction and installation technique. First, there is a concentration
      of torsional stresses in the spring wire at the juncture between the top
      turn and the second turn which is immediately connected thereto. Second,
      downward deflection of the top turn also produces a marked downward
      deflection of the second turn, to an extent that the second turn sometimes
      is depressed below portions of the third turn, placing the second turn in
      contact with the cords which are used to compress and position the spring.
      Third, the second turn is inclined substantially with respect to the turns
      therebeneath, which prevents the second turn from contributing
      significantly to the resilience of the spring.
PAR  An objective of the present invention is to avoid the previously-mentioned
      disadvantages of the prior art, providing an upholstery spring which
      results in a greater distribution of the torsionally stressed zones of the
      spring wire, prevents the spring wire from contacting the cords when
      installed in an article of furniture, and enables the second turn to
      contribute its proportional share to the resilience of the spring.
PAR  These advantages are achieved by means of the present invention whereby the
      second turn, like the top turn, is disposed at an angle which extends
      upwardly from the rear of the spring. The spring has a top turn in the
      form of a closed flat loop which extends upwardly from the rear of the
      spring at a given angle to the horizontal. The second turn is located
      immediately below the top turn and has a helical form. It, too, is
      inclined upwardly from the rear of the spring at an angle to the
      horizontal, but at an angle which is less than the inclination angle of
      the top turn. Below the second turn are a plurality of intermediate turns
      and, a base turn which is flat to enable it to rest on a support surface.
DRWD
PAR  For a complete understanding of a preferred embodiment of the invention,
      the following description will refer to the accompanying drawings wherein
PAR  FIG. 1 is a perspective view of a spring made according to the invention
      prior to its installation in an article of furniture.
PAR  FIG. 2 is a side elevation of a spring constructed according to the
      invention prior to its installation in an article of furniture;
PAR  FIG. 3 illustrates the spring of FIGS. 1 and 2 in its compressed condition,
      showing the top turn at its desired horizontal orientation and the various
      cords used to retain the spring in position; and,
PAR  FIG. 4 shows a spring according to the prior art when placed within an
      article of furniture, illustrating the undesirable contact between the
      spring and the spring-retaining cords.
DETD
PAR  Referring to FIG. 1, it will be seen that the spring has a top turn 2 which
      is flat and is closed by the knot 4 located at the rear of the spring at
      the juncture between the top turn 2 and the second turn 6. Diametrically
      opposed to the knot 4, the top turn 2 is provided with a linear section 8
      which, when installed in an article of furniture, will lie parallel to an
      edge wire and be retained thereto by a clip member. For purposes of
      illustration, the edge wire 10 and the clip 12 are shown in FIG. 1, with
      the understanding that these elements will be at the position illustrated
      in FIG. 3 when installed in an article of furniture.
PAR  The inclination angle of the top turn 2, i.e. the angle which it forms with
      respect to the horizontal, is not critical but in most instances, it will
      be in the range of about 60.degree. to the illustrated 90.degree.. Since
      the top turn is horizontally disposed when installed in an article of
      furniture, it will be recognized that a significant amount of torsional
      stresses must be sustained by the spring wire as the top turn is drawn
      from its inclined position down to its horizontal position and the spring
      compressed as is customary in the art. One purpose of the present
      invention is to distribute these torsional stresses to as many locations
      along the spring wire as is feasible, and this is achieved by orienting
      the second turn which lies immediately below the top turn at an
      inclination angle which extends upwardly from the rear of the spring.
PAR  This inclination angle is measured between a horizontal plane H and a line
      C which extends from the forwardmost point 16 of the turn to a point 15
      located midway between the vertically-spaced rearwardmost points on the
      turn. Unlike the intermediate turns 14 therebeneath which each have a
      180.degree. segment extending downwardly from the rear of the spring and
      another 180.degree. segment extending upwardly from the rear of the
      spring, the second turn has its entire helix inclined upwardly from the
      rear of the spring preferably at an inclination angle which is about
      15.degree. to 30.degree., and/or about one-half the inclination angle of
      the top turn. This causes the torsional stresses produced by movement of
      the top turn 2 to its horizontal position to be distributed in the area of
      the knot 4, at the intermediate or forwardmost point 16 of the second
      turn, at the juncture 18 between the second turn and the third turn and at
      the intermediate or forwardmost point 20 of the third turn.
PAR  A second advantage attributable to the upward inclination of the second
      turn is that it avoids any contact between the second turn and the
      conventional tie cords which are used in furniture manufacture. This
      aspect of the invention is illustrated in FIG. 3 where the spring is shown
      tied to a furniture frame. These frames conventionally are rectangular
      frames which include a wooden front piece 22. Webbing is attached to the
      bottom of these frames and the upholstery springs are usually affixed to
      this webbing by means of hog ring fasteners or other connecting means.
PAR  In upholstered funiture, a number of cords are used to tie the springs in
      position, only some of these cords being shown in this application. One
      such cord 24 is tied at 26 to the area of the knot 4 of the top turn. The
      cord 24 extends horizontally from the knot 26 to a knot 28 where it
      engages the linear section 8 of the top turn 2. From the knot 28, the cord
      extends downwardly to a point where it is affixed to the upper surface of
      the wooden element 22 by means of a nail or other fastener. A lower cord
      30 is also used, being tied in a knot at 32 which is located at the
      juncture of the second and third turns and at 34 which is the intermediate
      point of the third turn.
PAR  It is readily seen in FIG. 3 that the second turn is parallel to the
      intermediate turns 14, rather than being inclined as was the case in the
      prior springs described below. This enables the second turn to contribute
      to the resilience of the spring. The cords 24 and 30 do not contact any
      portion of the spring, except at the points where the knots are
      intentionally formed. Thus, there is no frictional or abrasive contact
      between the cords and the springs, subject to producing wear in the cords
      as the springs are compressed and released during normal usage of the
      furniture.
PAR  FIG. 4 shows a spring construction according to the prior art where the
      second coil is not predisposed at an upward inclination. There, it will be
      seen that the second turn 6' is inclined with respect to the turns
      therebeneath, thus detracting from its ability to contribute its
      respective share to the resilience of the spring. This turn 6', at its
      forwardmost point, is disposed below the forwardmost point on the third
      turn. With this disposition, the spring is in contact with the cord
      segment 36 which extends from the forward edge of the third turn to the
      wooden frame element 22'. As the spring is compressed under normal use,
      the second turn will bear upon the cord segment 36 and tend to produce
      undesired wear therein. As previously-explained, this disadvantage is
      avoided by the present invention.
PAR  Springs according to the invention may be cold formed in a conventional
      spring forming machine and, after being in the shape illustrated in FIGS.
      1 and 2, are stress-relieved at a temperature of about 512.degree. to
      600.degree.F. The springs are air cooled, thus leaving them in a stiff
      resilient condition whereby their elastic memory will sustain the normal
      forces encountered in furniture construction.
PAR  Those skilled in this art will realize that there are modifications and
      improvements which may be made to the single disclosed embodiment of the
      invention. Further the springs may be placed at various orientations and
      at different locations in the article of furniture, so the reference to
      the front and rear of the spring and the use of a horizontal reference
      plane are for purposes of describing the spring construction rather than
      being a limitation as to its final disposition. It is emphasized that the
      invention is not limited solely to the embodiment disclosed herein, but
      encompasses variations, modifications and improvements which fall within
      the spirit of the claims which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. An upholstery coil spring comprising
PA1  a tempered resilient wire forming a plurality of interconnected turns
      including a top turn, a plurality of intermediate turns and a bottom turn,
PA1  said top turn extending upwardly from the rear of the spring at a given
      angle to the horizontal,
PA1  a second turn located immediately below the top turn and having a helical
      form, said second turn being inclined upwardly from the rear of the spring
      at an angle which is less than said given angle of the top turn,
PA1  said intermediate turns being located below the second turn, and said base
      turn being a flat turn for resting on a support surface.
NUM  2.
PAR  2. The upholstery coil spring of claim 1 having an edge wire connected to
      the front of the top turn, and means for drawing the top turns down from
      its inclined position to a horizontal position.
NUM  3.
PAR  3. The upholstery coil spring of claim 1 wherein the angle of the second
      turn is about one-half the given angle of the top turn.
NUM  4.
PAR  4. The upholstery coil spring of claim 3 where the given angle of the top
      turn is about 60.degree. to 90.degree..
NUM  5.
PAR  5. The upholstery coil spring of claim 4 wherein the top turn is a closed
      flat loop provided with a linear section at its uppermost portion.
NUM  6.
PAR  6. The upholstery coil spring of claim 1 wherein the given angle of the top
      turn is about 60.degree. to 90.degree..
NUM  7.
PAR  7. The upholstery coil spring of claim 6 wherein the top turn is a closed
      flat loop provided with a linear section at its uppermost portion.
NUM  8.
PAR  8. The upholstery coil spring of claim 7 having an edge wire connected to
      the front of the top turn, and means for drawing the top turn down from
      its inclined position to a horizontal position.
NUM  9.
PAR  9. The upholstery coil spring of claim 1 wherein the angle of the second
      turn is about 15.degree. to 60.degree..
NUM  10.
PAR  10. The upholstery coil spring of 9 wherein the given angle of the top turn
      is about 60.degree. to 90.degree..
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ABST
PAL  A seat spring for a seating structure having front and rear frame rails
      wherein the spring is constructed from a one piece wire body shaped to
      form a front end fishmouth portion mounted on the front rail, a yieldable
      rear end portion mounted on the rear frame rail and a variable length main
      portion extending between the front and rear portions. The fishmouth
      portion and the front end of the main portion are configured so that when
      the spring is deflected in response to a downwardly directed seating load,
      the spring will bottom out on the front frame rail without any
      wire-to-wire engagement of portions of the spring during deflection. The
      result is a limited deflection spring which, under shock load, will
      deflect without any noise.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is customary, in seating structures having soft front edges, to
      construct the supporting springs with extender strips or springs which are
      clipped onto the main spring so that they extend upwardly and forwardly
      therefrom. An example of such a prior art structure is shown in U.S. Pat.
      No. 3,145,986. Satisfactory springs of the prior art type depend upon a
      secure attachment of the extender spring to the main spring, and
      inevitably involve wire-to-wire contact when subjected to shock loads
      since the wire in the extender spring will engage the wire in the main
      spring during deflection. Such noise is undesirable and it is also
      desirable from a manufacturing standpoint to be able to manufacture a soft
      edge spring from a single piece of wire and in a configuration in which
      the length and height of the spring can be readily varied during
      fabrication to adapt the spring to a particular size seating structure. It
      is an object of this invention, therefore, to provide an improved seat
      spring member.
PAC  SUMMARY OF THE INVENTION
PAR  The seat spring member in this invention is a limited deflection spring of
      variable length. It allows the necessary deflection to provide seating
      comfort without any attendant noise. Under shock load, the spring will
      bottom out on the supporting rail without any resulting wire-to-wire
      contact that causes objectionable noise. The spring is formed from a one
      piece wire body shaped to form a fishmouth front end portion mounted on a
      front frame rail, a rear end portion mounted on a rear frame rail and a
      main portion extending between the front and rear portions. The fishmouth
      front end portion has a lower section which is mounted at its forward end
      on the front frame rail and is provided with a juncture torsion bar at its
      rear end. The front end portion also has an upper section which extends
      upwardly and forwardly from the juncture torsion bar and terminates at its
      upper end in a mounting torsion bar. The upper section will deflect toward
      the lower section when the spring member is subjected to load and during
      deflection will move downwardly in a clearance relation with the lower
      section to thus avoid wire-to-wire noise.
PAR  The main portion is integral with the mounting torsion bar and extends
      rearwardly therefrom. The main portion includes a plurality of torsion
      bars and a substantially straight section which extends between a pair of
      the torsion bars. The main portion can be "stretched" to adapt the spring
      to larger seat sizes. The result is a particularly shaped one piece wire
      spring that provides a standard spring structure that can be manufactured
      for a variety of installations. To vary the height of the spring, it is
      only necessary to change the included angle between the upper and lower
      sections of the fishmouth front end portion.
PAR  In summary, therefore, it is the principal object of this invention to
      provide a one piece limited deflection spring of variable length and
      height which will provide the requisite comfort when installed in a
      seating structure.
DRWD
PAR  Further objects, features and advantages of this invention will become
      apparent from a consideration of the following description, the appended
      claims, and the accompanying drawing in which:
PAR  FIG. 1 is an elevational view of the spring member of this invention
      showing the spring member in mounted position on a pair of seating
      structure frame rails and showing the spring member in an undeflectd
      position;
PAR  FIG. 2 is a plan view of the structure shown in FIG. 1;
PAR  FIG. 3 is a fragmentary bottom view of the front end portion of the spring
      member of this invention, as seen substantially from the line 3--3 in FIG.
      1;
PAR  FIG. 4 is an elevational view of the spring member of this invention,
      illustrated in a deflected position in which the spring has bottomed out
      on the front frame rail; and
PAR  FIG. 5 is a developed view of the spring member of this invention on a
      reduced scale.
DETD
PAR  With reference to the drawing, the spring member of this invention,
      indicated generally at 10, is illustrated in FIG. 1 mounted on the front
      and rear frame rails 12 and 14, respectively, in a seating structure. The
      spring member 10 is formed from a one piece body 16 (FIG. 5) of the well
      known "formed wire".
PAR  The formed wire body 16 is shaped to form the spring member 10 with a
      fishmouth front end portion 18 having a lower section 20 and an upper
      section 22, a main portion 24 and a rear end portion 26. The front end
      lower section 20 consists of a first torsion bar 28 having an integral
      prong 30 that projects into the rail 12, second and third torsion bars 32
      and 34 and connecting bars 36 and 38 which connect the bars 28, 32 and 34.
      As shown in FIG. 1, the connecting bar 36 is generally horizontal in the
      undeflected position of the spring. The connecting bar 38 extends
      downwardly and rearwardly from the bar 32.
PAR  The front end portion 18 has a torsion bar 40 located at the juncture of
      the lower section 20 and the upper section 22. A generally horizontal
      connecting bar 42 connects the torsion bars 34 and 40. The upper section
      22 is provided intermediate its ends with a torsion bar 44 and terminates
      at its upper end in a torsion bar 46 which is hereinafter referred to as
      the mounting torsion bar. A connecting bar 48 which extends between the
      bars 44 and 46 is bent intermediate its ends so that it has two angularly
      related portions 50 and 52 (FIG. 4).
PAR  The main portion 24 of the spring member 10 consists of a first connecting
      bar 54 which is integral with one end of the mounting torsion bar 46 and
      extends rearwardly and downwardly therefrom, terminating at a torsion bar
      56. A connecting bar 58 extends rearwardly from the torsion bar 56 and
      terminates in a torsion bar 60 located at one end of a straight wire
      section 62 of substantial length which forms a signficant portion of the
      length of the main portion 24. A torsion bar 64 is disposed at the rear
      end of the wire section 62 and is integral with a connecting bar 66 which
      is integral with a torsion bar 68 which is in turn connected to a
      connecting bar 70. A torsion bar 72 at the rear end of the connecting bar
      70 cooperates with a pair of inclined connecting bars 74 and 76 and
      torsion bars 78 and 80 to form a generally V-shaped valve section 82
      adjacent the rear frame rail 14. The rear end portion 26 of the spring 10
      terminates in a connecting bar 84 and a torsion bar 86 which is integrally
      formed with a prong 88 that extends into the rail 14.
PAR  In the use of the spring member 10 assuming that the spring member is in
      the undeflected position shown in FIG. 1. When a seating load is applied
      to the spring member 10 it is deflected downwardly a distance which is
      dependent upon the magnitude of the load and the dynamic power with which
      the load is applied. Under heavy load or shock conditions, the spring
      member 10 will be deflected to the position shown in FIG. 4 in which the
      connecting bar 54 bottoms out on the front frame rail 12. Significantly,
      this bottoming out takes place without any previous wire-to-wire contact
      in the spring 10. This elimination of wire-to-wire contact is particularly
      desirable and advantageous because it positively precludes the generation
      of objectionable noise by movement of the spring member 10.
PAR  This objective is achieved by locating the connecting bars 48 and 54 so
      that they are on opposite sides of the segment of the lower spring section
      20 disposed immediately therebelow as shown in FIGS. 2 and 3. This spacing
      of the connecting bars 48 and 54 is in turn achieved by making the
      mounting torsion bar 46 significantly longer than the torsion bar 28 which
      is pronged into the frame rail 12 and the torsion bars 32 and 34 which are
      adjacent the front rail 12. This is apparent from FIG. 5 which shows the
      mounting torsion bar 46 as being substantially longer than the torsion
      bars 28, 32 and 34.
PAR  As shown in FIGS. 1 and 2, the mounting torsion bar 46 is conventionally
      secured by a clip 90 to a conventional border wire 92. Because of the
      mounting of the border wire 92 on the torsion bar 46, the bar 46 is
      referred to herein as the "mounting torsion bar".
PAR  The downward and rearward configuration of the fishmouth lower section 20
      with respect to the frame rail 12 also facilitates deflection of the main
      portion 24 without interference from the front fishmouth section 18. Thus,
      a limited deflection one piece spring member 10 is provided that is
      capable of imparting the necessary seating comfort and which is readily
      manufacturable in various sizes. The valve section 82 near the rear frame
      rail 14 obviates the "tail burn" problem associated with many seating
      structures and the fact that the straight section 62 can effectively be
      "stretched" enables the spring 10 to be used in seating structures in
      which there are varying spacings between the front rail 12 and the rear
      rail 14. This stretching is accomplished by exerting tensile forces on the
      connecting bars 58 and 66 so as to incline the torsion bars 60 and 64 at
      opposite ends of the connecting bar 62, as shown in borken lines in FIG.
      2, to in effect increase the length of the straight section 62. Similarly,
      the height of the spring 10 can be varied by varying the angle between the
      lower and upper sections 20 and 22, respectively, in the fishmouth portion
      18. One specific method for accomplishing this is to vary the magnitude of
      the twist in the juncture torsion bar 40.
PAR  From the above description it is seen that this invention provides a
      versatile limited deflection seat spring which can readily be manufactured
      from a single piece of wire and which will provide noise free operation.
      It should be noted that the portion 50 of the connecting bar 48 projects
      above the main portion 24 in the deflected position of the spring shown in
      FIG. 4. The portion 50 is substantially horizontal in this position and
      thus contributes directly to the seat support function. The valve section
      82 adds to the firm resiliency character of the spring 10 by utilizing the
      resistance of the torsion bar 78 to twisting. Similarly, the torsion bar
      34 and the connecting bars 38 and 42 form a valve like the valve 82 to
      improve the comfort characteristics of the spring 10. It should be noted
      that while the spring 10 is shown pronged into the frame rails 12 and 14,
      the spring 10 can alternatively be mounted at one or both ends on
      conventional mounting clips secured to the rails 12 and 14.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a seat spring assembly for a seating structure having front and rear
      frame rails, a seat spring mounted on and extending between said frame
      rails, said seat spring being of one piece formed wire construction and
      having torsion bars arranged in an alternating relation with connecting
      bars, said bars being relatively arranged so that said spring has a
      fishmouth shape front portion comprised of a lower section which extends
      rearwardly from said front rail and terminates in a juncture torsion bar
      and an upper section which extends upwardly and forwardly from said
      juncture torsion bar and terminates in a mounting torsion bar, said upper
      section including a connecting bar formed integral with one end of said
      mounting torsion bar and located in a vertical plane on one side of said
      lower section, said spring having a main body portion which extends
      rearwardly from said mounting torsion bar and a rear portion mounted on
      said rear frame rail, said main body portion including a connecting bar
      formed integral with the other end of said mounting torsion bar and
      located in a vertical plane on the other side of said lower section so
      that on deflection of said spring assembly said connecting bars formed
      integral with said mounting torsion bar will move in a clearance relation
      with said lower section.
NUM  2.
PAR  2. A seat spring assembly according to claim 1 wherein said lower section
      includes a first torsion bar engaged with the top side of said front rail,
      a second torsion bar connected to said first torsion bar and located
      rearwardly of said front rail and wherein said juncture bar is located
      rearwardly of and below said second torsion bar.
NUM  3.
PAR  3. A seat spring assembly according to claim 2 wherein said lower section
      also includes a third torsion bar located between said second torsion bar
      and said juncture torsion bar, said third torsion bar being located below
      said second torsion bar and in substantially horizontal alignment with
      said juncture torsion bar.
NUM  4.
PAR  4. A seat spring assembly according to claim 1 wherein said lower section
      has a first torsion bar mounted on said front rail, said lower section
      extending generally downwardly and rearwardly from said first torsion bar
      to said juncture torsion bar, said mounting torsion bar being of increased
      length relative to said first and juncture torsion bars to thereby locate
      said connecting bars formed integral with said mounting torsion bars in
      vertical planes located on opposite sides of said lower section of said
      fishmouth portion.
NUM  5.
PAR  5. A seat spring assembly according to claim 4 wherein said lower section
      of said front end portion includes at least one torsion bar located
      between said first and juncture torsion bars and of a length less than the
      length of said mounting torsion bar, said upper section of said front end
      portion having an intermediate torsion bar disposed adjacent said juncture
      torsion bar, said intermediate torsion bar being of a length less than the
      length of said mounting torsion bar and greater than the length of said
      juncture torsion bar so that when said mounting torsion bar is moved
      downwardly toward said front rail, said main spring connecting bar will
      engage said frame rail without having first engaged said front end portion
      to thereby eliminate noise during deflection due to wire-to-wire
      engagement in said seat spring.
NUM  6.
PAR  6. A seat spring assembly according to claim 5 wherein said main portion
      includes a straight wire section having torsion bars at the ends thereof,
      the effective length of said straight wire section being readily increased
      during fabrication of said seat spring by inclining the torsion bars at
      the ends thereof so that said torsion bars diverge in directions away from
      opposite ends of said straight section to adapt said spring to a
      particular spacing between said front and rear frame rails.
NUM  7.
PAR  7. A seat spring member comprising a one piece wire body of formed wire
      construction having a plurality of torsion bars arranged in an alternating
      relation with connecting bars and shaped to form a spring member having a
      fishmouth front end portion, a rear end portion, and a main portion
      extending between said front and rear end portions, said fishmouth front
      end portion having a lower section provided with spring mounting means on
      the forward end thereof and a juncture torsion bar at the rear end
      thereof, said front end portion also having an upper section extending
      upwardly and forwardly from said juncture torsion bar and terminating at
      the upper end thereof in a mounting torsion bar, said upper section
      deflecting toward said lower section when said spring member is subjected
      to load and being movable downwardly to a position in which said mounting
      torsion bar is in substantial horizontal alignment with said spring
      mounting means, said upper section moving downwardly during said
      deflection in clearance relation with said lower section, said main
      portion being integral with said mounting torsion bar and extending
      rearwardly therefrom, said main portion including a plurality of
      transversely extending torsion bars and a substantially straight section
      extending between a pair of said torsion bars, and spring mounting means
      on the terminal end of said rear end portion.
NUM  8.
PAR  8. In seat spring member according to claim 7 wherein said lower section of
      said front end portion has a segment thereof extending rearwardly from
      said spring mounting means located generally in a horizontal plane
      disposed below said mounting torsion bar.
NUM  9.
PAR  9. A seat spring member according to claim 8 wherein said upper section and
      said main spring portion cooperate with said mounting torsion bar to form
      a portion of said spring located above and in vertical alignment with said
      front end segment which is wider than said segment thereby enabling
      downward movement past said segment to avoid wire-to-wire contact in said
      spring member during deflection thereof.
NUM  10.
PAR  10. A seat spring member according to claim 7 wherein said torsion bars in
      said spring are of different lengths to enable said upper section of said
      front end portion to move downwardly in a clearance relation with said
      lower section and to enable said main portion to move downwardly in a
      clearance relation with said front end portion thereby to avoid
      wire-to-wire noise during deflection of said spring, said lower section
      having torsion bars shorter than said juncture torsion bar and said
      mounting torsion bar being longer than said juncture torsion bar, said
      upper section having an intermediate torsion bar located adjacent said
      juncture torsion bar and of a length greater than the length of said
      juncture torsion bar and less than the length of said mounting torsion
      bar.
NUM  11.
PAR  11. A seat spring member according to claim 7 wherein said rear end portion
      includes a valve section comprising an apex torsion bar and upwardly
      diverging connecting bars which are formed integral with opposite ends of
      said apex torsion bar, said valve section being located adjacent said
      terminal end of said rear end portion.
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ABST
PAL  A pallet for providing total and positive support for an object which is
      being subjected to a force capable of distorting or destroying it if
      unsupported, the support pallet automatically conforming to the contour of
      the object. The pallet comprises a plurality of elongate pistons; means
      for supporting the pistons in parallel, spaced-apart relationship for
      independent axial movement relative to the support means; and means for
      applying an equal force to each piston to urge all of the pistons in the
      same direction, into contact with the object.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an automatic contour-conforming support
      pallet and, more particularly, to a holding pallet for providing total and
      positive support for an object which is being subjected to a force capable
      of distorting or destroying it if unsupported.
PAR  2. Description of the Prior Art
PAR  There are numerous circumstances where an object is subjected to a force
      capable of distorting or destroying it if unsupported. While providing
      such support presents no particular problem when the object has a flat or
      regular surface, providing suitable support is often a serious problem
      where the supported surface of the object is irregular and/or is subject
      to change.
PAR  A typical example of the latter situation is found in the testing of
      electronic assemblies, such as printed circuit boards having discrete
      components mounted on one side thereof and a plurality of electrical
      contact points on the other side thereof. A widely accepted and proven
      method for testing such electronic assemblies is to connect them to an
      automatic circuit analyzer which is capable of performing several thousand
      tests per minute. Various ways are used to connect the assembly to the
      circuit analyzer. One circuit analyzer includes a plurality of
      spring-loaded probes supported in parallel, spaced-apart relationship and
      connected to the analyzer circuitry. The probes are brought into contact
      with the contact points of the circuit board, thus establishing a
      conductive path between the analyzer circuitry and the components mounted
      on the circuit board.
PAR  Such probes, by virtue of being spring loaded, exert a force on the circuit
      board during the testing procedure. While the force exerted by each probe
      is only on the order of a few ounces, it is multiplied by the number of
      probes, resulting in a total force of many pounds over the surface area of
      the circuit board. If the board is supported only around the edges
      thereof, the center of the board will be deflected relative to such edges.
      This can crack the discrete components mounted on the board and/or the
      conductive strips on the board, and can damage or crack the connecting
      adhesive between the multiple layers of a multi-layer board. Thus, under
      such circumstances, it is absolutely essential to support the entire
      surface of the board.
PAR  One common approach to the solution of this problem is simply to support
      the component side of the circuit board on a flat surface, which surface
      contacts only some of the circuit components. As a result, less than all
      of the components support all of the weight of the testing force. While
      such a procedure has often been acceptable in the past, when using rugged
      components having the capability of withstanding the total applied force,
      such a procedure is often unacceptable with new, more sensitive
      components, such as crystals and the like, which cannot tolerate such
      forces.
PAR  One common technique for distributing the force over substantially the
      entire surface of the board is to use a support surface which has been
      molded or formed to conform to the contour of the supported surface of the
      object under test. While such technique is obviously effective for many
      identical products, it is not necessarily effective for all identical
      products since normal manufacturing tolerances simply prevent all products
      from being identical and such molded supports cannot adjust themselves for
      variations among the same product. Furthermore, a different support must
      be made for every different product and this is time-consuming and costly.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, these problems are solved by providing
      a holding pallet which provides total and positive support for an object,
      such as a printed circuit board having discrete components mounted on one
      side thereof. The present support pallet automatically conforms to the
      contour of the object and, therefore, distributes the supporting force
      equally over the entire supported surface of the object. The present
      support pallet is ideally suited for circuit boards having sensitive
      components thereon and to products which vary in contour as a result of
      normal manufacturing procedures. Furthermore, the present support pallet
      can be used for an indefinite number of different products since the
      support surface automatically conforms itself to the supported surface of
      the object.
PAR  Briefly, the present automatic contour-conforming pallet for supporting an
      object comprises a plurality of elongate pistons; a plurality of support
      plates each having a plurality of parallel, spaced-apart holes therein,
      one hole for each of the pistons, the respective holes in all of the
      support plates being aligned, the support plates supporting the pistons in
      parallel, spaced-apart relationship for independent axial movement
      relative thereto, the diameter of each of the holes in the support plates
      being slightly greater than the diameter of each of the pistons; a thin,
      flexible, sealing member positioned between two of the support plates, the
      sealing member having a plurality of parallel, spaced-apart holes therein
      aligned with the holes in the support plates, the diameter of each of the
      holes in the sealing member being slightly less than the diameter of each
      of the pistons to form a fluid-tight seal between the sealing member and
      the pistons; means defining a chamber on one side of the sealing member,
      first ends of the pistons being movable in the chamber; and means for
      conducting fluid pressure into the chamber, the fluid pressure applying an
      equal force to the first ends of each of the pistons to urge all of the
      pistons in the same direction, into contact with the object, to support
      same.
PAC  OBJECTS
PAR  It is therefore an object of the present invention to provide an automatic
      contour-conforming support pallet.
PAR  It is a further object of the present invention to provide a holding pallet
      for providing total and positive support for an object which is being
      subjected to a force capable of distorting or destroying it if
      unsupported.
PAR  It is a still further object of the present invention to provide an
      automatic contour-conforming support pallet which distributes the entire
      supporting force over substantially the entire surface of an object being
      supported.
PAR  It is another object of the present invention to provide an automatic
      contour-conforming support pallet which automatically adjusts itself for
      variations in the contour of an object being supported.
PAR  Still other objects, features, and attendant advantages of the present
      invention will become apparent to those skilled in the art from a reading
      of the following detailed description of the preferred embodiment
      constructed in accordance therewith, taken in conjunction with the
      accompanying drawings wherein like numerals designate like or
      corresponding parts in the several figures and wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic view of a system for supporting and testing a
      circuit board constructed in accordance with the teachings of the present
      invention;
PAR  FIG. 2 is a further diagramatic view of a portion of FIG. 1;
PAR  FIG. 3 is a partial sectional view of the automatic contour-conforming
      support pallet of the system of FIG. 1 taken along the line 3--3 in FIG.
      1; and
PAR  FIG. 4 is an enlarged view of a portion of the sectional view of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and, more particularly, to FIGS. 1 and 2
      thereof, there is shown diagramatically a system, generally designated 10,
      for supporting one side of an object which is being subjected to a force
      on an opposite side thereof. System 10 will be described in its preferred
      embodiment, i.e. for supporting one side 6 of a circuit board 5, side 6
      having a plurality of discrete components 7 mounted thereon, while the
      other side 8 of circuit board 5, which has a plurality of electrical
      contact points 9 thereon, is subjected to a testing operation by a test
      head 11. However, it will be apparent to those skilled in the art that
      system 10 and the components thereof have wide applicability for
      supporting any number of different objects for any number of different
      purposes.
PAR  A widely accepted and proven method for testing a circuit board, such as
      board 5, is to connect it to an automatic circuit analyzer (not shown) by
      means of test head 11. Test head 11 includes a plurality of spring-loaded
      probes 12 supported in parallel, spaced-apart relationship with the same
      orientation and spacing as the pattern of contact points 9 on side 8 of
      circuit board 5. By bringing probes 12 into contact with contact points 9
      of circuit board 5, a conductive path may be established between the
      analyzer circuitry and components 7 mounted on board 5.
PAR  System 10 includes an automatic contour-conforming pallet, generally
      designated 15, which is mounted on a movable platen 16. Platen 16 is
      mounted for movement toward and away from head 11, in the direction
      indicated by arrow "A", under the control of a suitable motor 17 connected
      thereto by a shaft 18. Thus, pallet 15 is supported for movement relative
      to test head 11, circuit board 5 being adapted to be positioned with side
      6 thereof resting on pallet 15 and with side 8 thereof facing probes 12 of
      test head 11.
PAR  For reasons which will appear more fully hereinafter, test head 11 has
      mounted thereon a first sensor 20 and pallet 15 has mounted thereon a
      second sensor 21, sensors 20 and 21 being positioned so as to contact each
      other when probes 12 touch contact points 9 on circuit board 5. When
      sensors 20 and 21 make contact, an electrical signal is applied via a line
      22 to a system controller 23. System controller 23 provides activating
      signals for motor 17 and a fluid valve 24, the latter conducting a fluid,
      such as air, via a conduit 25 to pallet 15, as will be explained more
      fully hereinafter.
PAR  Referring now to FIGS. 3 and 4, the general principle of support pallet 15
      is to provide a reaction to any force, applied or gravitational, which is
      being exerted on an object being supported. Such a reactive force is
      applied to the object regardless of its shape because pallet 15
      automatically conforms itself to any and all shapes. More specifically,
      pallet 15 comprises a plurality of elongate pistons 30 which are supported
      in parallel, spaced-apart relationship for independent axial movement.
      Pistons 30 can be made out of steel, with or without an insulating cap 31,
      may be entirely made out of plastic, or may be made of any material which
      would lend itself to the duty cycle to which they are to be subjected. The
      length of each piston 30 and the distance of its travel, the diameter of
      pistons 30 and the spacing therebetween can be varied depending upon the
      application.
PAR  Pistons 30 are supported by means of first, second, and third generally
      rectangular, planar support plates 32-34, respectively, positioned in
      parallel, spaced relationship. Support plates 32-34 have pluralities of
      parallel, spaced-apart holes 32', 33', and 34', respectively, therein, one
      hole in each support plate for each piston 30, the respective holes
      32'-34' in support plates 32-34, respectively, being aligned. Furthermore,
      the diameters of all of holes 32'-34' are equal and are slightly greater
      than the diameters of pistons 30. According to one embodiment of pallet
      15, where the diameter of each piston 30 is 0.092 inch, the diameter of
      each hole 32'-34' in support plates 32-34, respectively, is 0.096 inch.
      Therefore, in view of the small difference in size between pistons 30 and
      holes 32'-34' in support plates 32-34, respectively, holes 32'-34' perform
      a guiding function, aligning pistons 30 and preventing lateral movement or
      tipping thereof.
PAR  Support plates 32 and 33 are positioned closely adjacent each other, near
      the lower ends of pistons 30, whereas support plate 34 is spaced from
      plates 32 and 33, adjacent the upper ends of pistons 30. The desired
      spacing between plates 33 and 34 is provided by a spacer plate 35 which
      has a plurality of parallel, spaced-apart holes 35' therein, one hole for
      each of pistons 30, holes 35' in spacer plate 35 being aligned with
      respective holes 32'-34' in support plates 32-34, respectively. The main
      difference between spacer plate 35 and support plates 32-34 is that the
      diameter of the holes in spacer plate 35 is substantially greater than the
      diameter of pistons 30, i.e. 0.106 inch, so that spacer plate 35 performs
      purely a spacing function and not a guiding function.
PAR  Pallet 35 includes a thin, flexible, sealing member 36 positioned between
      two relatively thin supports 37 and 38, the entire assembly being
      positioned between support plates 32 and 33. Whereas support plates 32-34,
      spacer plate 35, and supports 37 and 38 are made from suitable rigid
      materials such as aluminum, plastic, or the like, sealing member 36 is
      made of an elastomer, such as neoprene or any other material suitable for
      providing a seal between the piston chamber, to be described more fully
      hereinafter, and the atmosphere.
PAR  Sealing member 36 and supports 37 and 38 have pluralities of parallel,
      spaced-apart holes 36'-38', respectively, therein, holes 36'-38' being
      aligned with respective holes 32'-35' in support plates 32-34 and spacer
      plate 35, respectively. The diameter of each of holes 36' is slightly less
      than the diameter of pistons 30 to provide the necessary fluid-tight seal
      between sealing member 36 and pistons 30. By way of example, and using the
      dimensions given previously, the diameter of each hole 36' in sealing
      member 36 is 0.089 inch. On the other hand, the diameter of holes 37' and
      38' in supports 37 and 38, respectively, is greater than the diameter of
      pistons 30 but less than the diameter of holes 32'-34', i.e. 0.093 inch.
      Thus, the function of supports 37 and 38 is to prevent movement of sealing
      member 36 as pistons 30 move, which would effect the sealing action of
      sealing member 36.
PAR  Plates 32-35, sealing member 36, and supports 37 and 38 are mounted on a
      generally rectangular base plate 40 which may be made out of aluminum or
      any other suitable material. In order to achieve a complete seal between
      base plate 40 and the other components, the upper surface 41 of base plate
      40 must be substantially planar and free of blemishes which could create
      an air path and air leaks, for reasons which will appear more fully
      hereinafter.
PAR  An annular gasket 42 is positioned between surface 41 of base plate 40 and
      piston plate 32, around the outside of holes 32' in support plate 32 and
      pistons 30, gasket 42 serving several purposes. In the first instance,
      gasket 42 separates and provides a space 43 between surface 41 of base
      plate 40 and the lower surface of support plate 32, space 43 defining a
      chamber between plates 32 and 40. Furthermore, gasket 42 provides a seal
      around the perimeter of chamber 43, sealing member 36 sealing the upper
      end of chamber 43.
PAR  Pallet 15 also includes a passageway 44 through base plate 40, one end of
      passageway 44 terminating within chamber 43 annd the other end of
      passageway 44 terminating outside of chamber 43. As shown in FIG. 3, base
      plate 40 may be larger than the remaining plates 32-35 to provide an area
      for access to the outer end of passageway 44. Conduit 25 from fluid valve
      24 is connected to the outer end of passageway 44 thereby permitting the
      conduction of fluid pressure from valve 24 to chamber 43, as will be
      explained more fully hereinafter.
PAR  Pallet 15 further includes an annular top plate 45 which defines the sides
      of an open-ended chamber 46 in which piston heads 31 move, the base of
      chamber 46 being defined by support plate 34. Plate 45 may be mounted on
      and supported relative to base plate 40 along with support plates 32-34,
      spacer plate 35, sealing member 36, and supports 37 and 38. A plurality of
      elongate bolts 47 and mating nuts 48 may be used to interconnect plates
      32-35 and 40, sealing member 36, and supports 37 and 38, as shown.
      Positioned within chamber 46 and connected to the internal perimeter of
      top plate 45 are a plurality of thin, elongate strips 49, each having a
      groove 50 along the upper inner edge thereof for receipt of a
      corresponding edge of circuit board 5, as will appear more fully
      hereinafter.
PAR  In order to insure alignment of all holes 32'-38', support plates 32-34 and
      supports 37 and 38 are preferably drilled simultaneously to insure that
      the holes in all five parts are properly aligned. Simultaneously with this
      operation, holes 35' in spacer plate 35 are being drilled on an adjacent,
      interconnected fixture to obtain proper alignment of its holes with those
      in plates 32-34 and supports 37 and 38. After this operation, supports 37
      and 38 may be removed and holes 32'-34' in plates 32-34, respectively,
      redrilled by themselves to a diameter 0.003 inch larger.
PAR  Holes 36' in sealing member 36 are preferably fabricated by a punching
      operation performed simultaneously with the drilling of holes 32'-34', 37'
      and 38' in support plates 32-34 and supports 37 and 38, respectively. This
      is done in this manner to achieve proper alignment between all such holes.
PAR  Pistons 30 are made of a corrosion resistant material to avoid corrosion
      due to the moisture which can be carried by the air. The surface finish of
      pistons 30 must be very smooth to be able to provide a seal with sealing
      member 36 and to have a very low break-loose force. Piston caps 31 are
      preferably provided at the exposed ends of pistons 30. Caps 31 are made of
      an insulating material for those applications in which pistons 30 come
      into contact with an item which is being subjected to an electrical test.
      Otherwise, caps 31 may not be necessary.
PAC  OPERATION
PAR  In operation, circuit board 5 is positioned in chamber 46, at the top of
      support pallet 15, with at least some of the edges thereof resting in
      grooves 50 in support strips 49. Previous adjustments, not a part of the
      present invention, have aligned pallet 15 relative to test head 11 so that
      probes 12 are aligned with contact points 9 on side 8 of circuit board 5.
PAR  With system 10 so positioned and the test ready to proceed, controller 23
      is manually started to signal motor 17 to drive platen 16 upwardly, moving
      pallet 15 and circuit board 5 towards test head 11. At this time, fluid
      valve 24 is closed and no fluid pressure is conducted to chamber 43.
      Sensors 20 and 21 on test head 11 and pallet 15, respectively, are
      positioned so that a signal is generated on line 22 as soon as probes 12
      touch contact points 9 on side 8 of circuit board 5. Controller 23
      interprets this signal and activates fluid valve 24 to conduct a
      predetermined amount of fluid pressure to chamber 43, via conduit 25 and
      passageway 44 in base plate 40.
PAR  The amount of force applied by valve 24 to chamber 43 is equal to the total
      force applied by probes 12 to circuit board 5. That is, by multiplying the
      force of the spring bias on each probe 12 by the number of probes, the
      total force exerted on side 8 of circuit board 5 can be determined. If an
      approximately equal force is applied to chamber 43, such force is
      automatically equally distributed among pistons 30 thereby urging all of
      pistons 30 in the same direction, upwardly, until piston caps 31 contact
      side 6 of circuit board 5 or one of components 7. In other words, since
      each of pistons 30 is supported independently for axial movement through
      holes 32'-34' in support plates 32-34, respectively, and since chamber 43
      is sealed by sealing member 36 and gasket 42, the total pressure in
      chamber 43 will be exerted on the ends of pistons 30, urging them
      outwardly. Furthermore, since the diameters of all pistons 30 are equal,
      this force will be divided equally among all of pistons 30.
PAR  According to system 10, it is desired to move circuit board 5 toward test
      head 11 beyond the point of initial contact to insure a slight compression
      of the springs biasing probes 12 and a firm contact between probes 12 and
      contact points 9. Accordingly, upon receipt of a signal over line 22,
      controller 23 signals motor 17 to elevate platen 16 and pallet 15 by a
      predetermined additional amount, such as an additional 1/8 inch. Since the
      compression of the springs biasing probes 12 will increase the force
      applied by probes 12 to contact points 9 of circuit board 5, controller 23
      simultaneously signals valve 24 to apply an increased pressure to chamber
      43 to balance this increased force. According to one embodiment of the
      present invention, this additional movement of platen 16 approximately
      doubles the force applied by each probe 12 to each contact point 9 so that
      controller 23 signals valve 24 to double the pressure applied to chamber
      43.
PAR  It can therefore be seen that according to the present invention, the
      previously described problems of the prior art are solved by providing a
      holding pallet 15 which provides total and positive support for an object,
      such as a printed circuit board 5 having discrete components 7 mounted on
      side 6 thereof. Pistons 30 provide numerous support points for circuit
      board 5 and the upper ends of pistons 30, in chamber 46, automatically
      conform to the contour of circuit board 5, therefore distributing the
      supporting force equally over the entire supported surface of an object.
      Pallet 15 is ideally suited for circuit boards having sensitive components
      mounted thereon and to products which vary in contour as a result of
      normal manufacturing procedures. Furthermore, support pallet 15 can be
      used for an indefinite number of different products since the support
      surface defined by the upper ends of piston 30 automatically conforms
      itself to the contour of the supported surface of the object.
PAR  While the invention has been described with respect to a preferred physical
      embodiment constructed in accordance therewith, it will be apparent to
      those skilled in the art that various modifications and improvements may
      be made without departing from the scope and spirit of the invention.
      Accordingly, it is to be understood that the invention is not to be
      limited by the specific illustrative embodiment, but only by the scope of
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An automatic contour-conforming pallet for supporting an object
      comprising:
PA1  a plurality of elongate pistons;
PA1  first and second support plates, each having a plurality of parallel,
      spaced-apart holes therein, one hole for each of said pistons, the
      respective holes in said support plates being aligned, said support plates
      supporting said pistons in parallel, spaced-apart relationship for
      independent axial movement relative thereto, the diameter of each of said
      holes in said support plates being slightly greater than the diameter of
      each of said pistons;
PA1  a sealing member positioned between said first and second support plates,
      said sealing member consisting of a thin sheet of flexible sealing
      material having a plurality of parallel, spaced-apart holes therein,
      aligned with said holes in said first and second support plates, the
      diameter of each of said holes in said sealing member being slightly less
      than the diameter of each of said pistons to form a fluid-tight seal
      between said sealing member and said pistons;
PA1  means defining a chamber on one side of said sealing member, first ends of
      said piston being movable in said chamber; and
PA1  means for conducting fluid under pressure into said chamber, said fluid
      applying an equal force to said first ends of each of said pistons to urge
      all of said pistons in the same direction, into contact with said object,
      and to hold each of said pistons in contact with said object with the same
      force.
NUM  2.
PAR  2. An automatic contour-conforming support pallet according to claim 1
      further comprising:
PA1  a third support plate having a plurality of parallel, spaced-apart holes
      therein, one hole for each of said pistons, the diameter of each of said
      holes in said third support plate being approximately equal to the
      diameter of each of said holes in said first and second support plates;
      and
PA1  means for supporting said third support plate in parallel, spaced-apart
      relationship to said first and second support plates, the holes in said
      third support plate being aligned with respective holes in said first and
      second support plates, said first and second support plates supporting
      first ends of said pistons and said third support plate supporting the
      other ends of said pistons.
NUM  3.
PAR  3. An automatic contour-conforming support pallet according to claim 1
      wherein said chamber defining means comprises:
PA1  a base plate having a substantially planar first surface, one side of said
      first support plate being positioned on said first surface of said base
      plate, said sealing member and said second support plate being positioned
      adjacent the other side of said first support plate; and
PA1  an annular gasket positioned between said first surface of said base plate
      and said one side of said first support plate, around the outside of said
      holes therein, said annular gasket separating and providing a space
      between said first surface of said base plate and said one side of said
      first support plate, said space being said chamber.
NUM  4.
PAR  4. An automatic contour-conforming support pallet according to claim 3
      wherein said means for conducting fluid under pressure into said chamber
      comprises:
PA1  means defining a passageway through said base plate, one end of said
      passageway terminating within said chamber, the other end of said
      passageway terminating outside of said chamber, said other end of said
      passageway being adapted for connection to a source of fluid under
      pressure.
NUM  5.
PAR  5. A system for supporting one side of an object which is being subjected
      to a force on an opposite side thereof from a testing device or other
      pressure applying means comprising:
PA1  a plurality of elongate pistons;
PA1  means for supporting said pistons in parallel, spaced-apart relationship
      for independent axial movement relative to said support means, said object
      being positionable with said one side thereof adjacent first ends of said
      pistons with said opposite side thereof adjacent said pressure applying
      means, said supporting means being movable toward said pressure applying
      means;
PA1  means associated with second ends of said pistons for applying an equal
      force to each of said pistons to urge all of said pistons in the same
      direction, relative to said supporting means, until said first ends
      thereof contact said one side of said object, the total force applied to
      said pistons by said force applying means being approximately equal to the
      force applied to said opposite side of said object by said pressure
      applying means;
PA1  means for sensing contact between said opposite side of said object and
      said pressure applying means; and
PA1  means responsive to said contact sensing means for activating said force
      applying means when contact is made between said pressure applying means
      and said object.
NUM  6.
PAR  6. An object supporting system according to claim 5 wherein said activating
      means is further responsive to contact between said pressure applying
      means and said object for simultaneously providing a signal to move said
      supporting means a predetermined additional distance toward said pressure
      applying means and signaling said force applying means to apply an
      increased force to each of said pistons so as to equal the increased force
      applied to said opposite side of said object by said pressure applying
      means.
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ABST
PAL  A clamping assembly is disclosed to hold walls and the like in position
      during construction of housing. The assembly is located and supported by a
      base which is held in place by nails driven into the floor. An upright
      beam held by the base is keyed at a location above the walls being held
      together to a rod connected to a vise unit. The vise is manually closed
      around one of the walls being joined. Movable jaws spaced along the
      upright beam are manually moved into contact with the other wall. The
      assembly is economic, effecient, and adapted for reuse.
PARN
PAR  This is a continuation of application Ser. No. 337,155, filed Mar. 7, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to devices to hold large structures during assembly,
      and, more specifically, elements to hold sheet components such as walls
      while they are positioned for a joining operation as by the use of an
      adhesive.
PAR  Various clamping arrangements and assemblies are known in the prior art. In
      particular, clamping of two elements together by movable jaws each spaced
      90.degree.from one another is employed in various forms. But no such
      device is known having a base removably anchored in a floor or which is
      otherwise specifically suited to hold wall members.
PAR  In fact, mush of the present state of the art of housing construction still
      relies on crude or inefficient methods and on tools not specifically
      designed for the job conducted. One effecient method of construction is to
      construct completed wall members and the like and to them combine them
      into housing. The clamping assembly of the instant invention is a valuable
      tool well suited for such an application, especially where the wall
      members are to be joined by an adhesive. With the use of this relatively
      uncomplicated tool, the wall members are biased firmly together in an
      efficient manner. The tool is readily reusable.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a clamping assembly which
      produces firm clamping of large, flat members, such as walls.
PAR  It is a related object of this invention to provide such a clamping
      assembly which is suited for efficient and repeated use in the
      construction of structures such as housing.
PAR  It is another object of this invention to provide a clamping assembly which
      may be anchored to a floor member.
PAR  It is similarly an object of this invention to provide such a clamping
      assembly which is uncomplicated, and thereby relatively trouble free in
      operation and economical.
PAR  It is another, object of this invention to provide a clamping assembly
      which may be adapted readily to hold members of different sizes.
PAR  It is a more specific object of this invention to provide a clamping
      assembly having a reinforcing backing member.
PAR  It is another object of this invention to provide a clamping assembly which
      may be adapted for use in a specific application and subsequently reused
      for the same or generally alike applications.
PAR  In accordance with this invention, an elongated, upright beam is held and
      positioned by a base plate. Spikes holding the base plate are driven into
      the floor. Jaws movable perpendicular to the long axis of the beam are
      positioned at spaced locations along the beam. At the upper end of the
      beam a vise adapted to close around the other wall is linked to the beam.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, features, characteristics, and advantages of the
      invention will be apparent by consideration of the following description
      of a preferred embodiment, as illustrated by the accompanying drawings.
PAR  FIG. 1 is a perspective view of the clamp assembly in final position
      holding two wall members together.
PAR  FIG. 2 is a top view of the vise unit.
PAR  FIG. 3 is a side view of the upright beam at a location where it is
      reinforced to hold a rod which is part of a movable jaw.
PAR  FIG. 4 is a side view of the plate which anchors the assembly to the floor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a perspective view of the clamping assembly in a typical
      application in which it is used to position two wall members 1 and 3,
      resting on a floor 5, in a "T" configuration. With minor and
      straightforward variations, the system can be used to similarly hold such
      members in other configurations, including straight joints and corner
      joints.
PAR  The clamping assembly comprises a vise unit 7 (see also FIG. 2, which is a
      top view), which comprises a unitary contact member 9, yoke 11, and
      connecting rod 13, which is fastened to the center of yoke 11 and has
      perpendicular, handle-like extensions 15 at the end away from yoke 11.
      Supports 17 are each welded to the top of contact member 9 at each end and
      extend across to the opposite contact member 19, but are not fastened to
      contact member 19. Contact members 9 and 19 both have relatively large
      areas facing each other and adapted to close around a wall member or the
      like from each side and hold the member without damage to it.
PAR  A ball joint terminal 21 is fastened to member 19 on the side away from
      member 9. In the preferred embodiment the terminal 21 is held in place by
      flat-head screws which extend through member 19 into terminal 21 and are
      sunk so as to not present raised portions on the face of member 19 which
      might damage a wall member. A threaded rod 23, having perpendicular
      extensions at one end as handles, fits through and meshes with threads at
      the end part 11a of yoke 11, and extends further to fit into terminal 21
      to form a ball joint with terminal 21. The end part 11A is a threaded
      cylinder which is welded to the main, plate body of the yoke 11.
PAR  Perferably, all parts of the vise unit 7 are aluminum for the relatively
      low weight obtained, and the joints are accomplished by welding.
PAR  Rod 13 of vise unit 7 extends through slots 30 in opposite sides of upright
      beam 32. When vise 7 is positioned so that members 9 and 19 grip a wall
      member in normal use of the clamp assembly, the rod 13 is turned so that
      the perpendicular extensions 15 are blocked by the sides of the adjoining
      slot 30. In assemblying the clamp, rod 13 is positioned to 90.degree.of
      that posture, and in that position the ends 15 are passed through the
      slots 30.
PAR  When in place upright beam 32 is somewhat taller than the walls 1 and 3 so
      that rod 13 is positioned over the walls 1 and 3. At locations spaced
      along the length of beam 32, manually adjustable jaws 34 extend through
      the beam 32. In the preferred embodiment there are five such jaws 34,
      evenly spaced along beam 32, with the bottom jaw being relatively close to
      the floor.
PAR  Each jaw 34 has a foot 36, which is adapted to engage the wall firmly
      without damage to it. The foot 36 is mounted in a ball joint on the end of
      a threaded rod 38, and rod 38 is terminated by perpendicular extensions
      forming a handle. The beam 32 is reinforced at the location of each rod 38
      by a plate 40 (also FIG. 3, a side view), approximately 1/3 inch thick,
      welded to the side of beam 32 away from the walls 1 and 3, and having
      threads which mesh with the threads of rod 38.
PAR  The low end of upright beam 32 engages and is held by a floor plate 42. The
      connection may be by insertion into a meshing hole or other suitable
      temporary connection, although in the preferred embodiment the connection
      is a permanent one by welding, as shown best by the side view of FIG. 4.
      Plate 42 is held by nails or spikes 44, which are driven into the floor to
      thereby firmly position the plate 42 and thus position the entire clamp
      assembly. In the preferred embodiment the nails 44 are initially
      completely separate and are brought to the plate 42 and driven through the
      holes in plate 42 into the floor.
PAR  Lastly, along the length of beam 32 is a reinforcing backing 46, made of a
      1/2 inch diameter aluminum tubing, welded where it is fastened to the beam
      32. The long, outer tube 46a, which is parallel to the beam 32, has three
      perpendicular connecting tubes 46b, which are welded to both the outer
      tube 46a  and to the beam 32. The outer tube 46a is bent at approximately
      a 45.degree.angle at each end so that it extends down to the beam 32 and
      forms a triangle with a perpendicular tube 46b which extends to the point
      at which the bend originates.
PAR  All of the parts of the beam 32, the reinforcing back 46, and the other
      parts connected to them are preferably aluminum, employed for the low
      weight of the material, except the spikes 44 for which iron or steel is
      used for the hard penetrating characteristics provided. In the preferred
      embodiment shown, major dimensions, by way of example only, are: contact
      members 9 and 19, 6 .times. 3.75 inch plate; upright beam 32, 2 .times. 2
      inch tubing; and floor plate 42, 6 .times. 3 inch plate.
PAC  In Use
PAR  The assembly is handled manually during typical use. Typically, one of the
      wall members, for example member 1, will have been previously fastened to
      the floor, as by epoxy cement. The other wall member and the clamp are
      handled by the number of individuals reasonably necessary in view of the
      weight and bulk of those members.
PAR  The vise unit 7 is turned bodily to a posture at which the extensions 15 of
      rod 13 pass through the slots 30 in beam 32. Vise 7 is then positioned
      with contact members 9 and 19 on opposite sides of wall 1. The vise unit 7
      may be allowed to rest on supports 17 while the rod 23 is turned manually.
      Rotation of rod 23 brings member 19 toward wall 1, where it flattens
      against wall 1 by turning on the ball joint formed with terminal 21. This
      is continued until wall 1 is held under firm pressure between members 9
      and 19.
PAR  Plate 42 is moved to a position approximately under the location at which
      beam 32 would be parallel to walls 1 and 3, and the nails 44 are then
      driven through the holes in plate 42 and into the floor. Prior to
      tightening jaws 34, wall 3 is moved into place, such as to form a "T"
      configuration as shown, or other configuration. The primary application
      contemplated is to cement the members together, as by epoxy adhesive, and
      the cement is also applied prior to the tightening of jaws 34.
PAR  The jaws 34 are tightened manually by turning the threaded rods 38, using
      the handles 40 of each rod. Each foot 36 of the jaw 34 automatically turns
      on its ball joint to conform to the wall 3. When extensions 15 abut firmly
      against the sides of slot 30, further outward movement of beam 32 is
      prevented.
PAR  The two walls are then held firmly in place, and nothing further need be
      done until the curing of the adhesive or any other operation is completed.
      Then the tightening members 23 and 38 are simply loosened, and the nails
      44 are pried from the floor.
PAR  The assembly readily fits wall members and the like of different sizes. In
      addition to being usable for various joint configurations, it will be
      clear that the clamp assembly itself may be used in various
      configurations. Thus, three of the assemblies could be used in a mode
      similar to that described, in which the top parts of the three clamp
      assemblies are connected together by rods. Refinements of the invention
      and other variations will be apparent, and variations may well be
      developed which employ more than ordinary skill in this art, but
      nevertheless employ the basic contribution and elements of this invention.
      Accordingly, patent protection should not be essentially limited by the
      preferred embodiments disclosed, but should be as provided by law, with
      particular reference to the accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A member for clamping one wall section to a second wall section in the
      manufacture of a structure, said clamping member comprising:
PA1  a base adapted to be removably attached to a supporting surface;
PA1  an elongated upright support member having an upper end and a lower end and
      said lower end of said support member being held by said base for
      positioning said support member generally perpendicular to said supporting
      surface; said support member having attached thereto at least one jaw
      movable toward and away from said support member in directions generally
      perpendicular to the long axis of said support member;
PA1  a clamping assembly including vise means coupled to a connecting means and
      said connecting means also being in movable engagement with said support
      member at a point located generally at said upper end; and
PA1  said connecting means having a rod like member attached to said vise means
      and having means laterally extending from said rod to contact said support
      member, and said support member having an opening adapted to permit said
      rod like member to prevent said laterally extending means from freely
      passing through said opening; whereby, when a first wall is to be joined
      to a first surface of a second wall said upright support member is
      positioned alongside a second surface of the second wall, said vise means
      grips said first wall, said connecting means extends over said second wall
      for engaging said upright support means, and said movable jaw is moved
      against said second surface of said second wall for urging said first and
      second structural walls into engagement.
NUM  2.
PAR  2. The member as in claim 1 in which said base is adapted to be removably
      attached to a floor by spikes driven into the floor.
NUM  3.
PAR  3. The member as in claim 1 in which said elongated support member has an
      elongated reinforcing member fastened to said support member on the side
      away from said movable jaw.
NUM  4.
PAR  4. The member as in claim 1 in which said at least one movable jaw
      comprises at least two movable jaws located at spaced locations on said
      elongated dimension of said support member.
NUM  5.
PAR  5. The member as in claim 4 in which said elongated support member has an
      elongated reinforcing member fastened to said support member on the side
      away from said movable jaws.
NUM  6.
PAR  6. The member as in claim 5 in which said reinforcing member is an
      elongated tube generally parallel to said support member, connected to
      said support member by extensions from said tube welded to said support
      member.
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ABST
PAL  A drilling or milling machine on which workpieces of thin metal plate can
      be accurately located for machining. The machine has a workplate to which
      is secured a table formed with openings in regular matrix array occupied
      by plates at least some of which are apertured. A workpiece is located on
      a rectangular workpiece support plate and clamped thereto. This workpiece
      support plate is formed with two bores each housing a spring loaded pin
      and each adjacent to an opposite corner of the workpiece support plate.
      The pins fit into the respective bores and into adjacent plate apertures
      of the matrix and are engaged by slotted plates which when moved in one
      sense pull the pins down against the spring loading to clamp the workpiece
      support plate and table together and when moved in the opposite sense
      allow the pins to release by the spring action so that the workpiece
      support plate can be removed. The matrix array comprising the apertured
      plates permits the workpiece support plate to be located in any of a
      number of predetermined positions, or a plurality of workpiece support
      plates each in a predetermined position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an arrangement for securing a workpiece to be
      machined on a tool machine.
PAR  It is the object of the invention to provide an arrangement such that the
      workpieces to be machined, in particular with drilling or milling tools,
      may be secured to the machine quickly and in an accurately adjusted manner
      and may be removed from the machine in the shortest time after machining
      and replaced by new workpieces to be machined, so that a very economical
      series production of large quantities is possible. In particular, it is
      the purpose of the arrangement according to the invention to simplify and
      accelerate the series machining of thin plate-like workpieces, for example
      of printed circuits, for which the problem of rapid and accurate
      attachment to a machine tool has hitherto not been solved in an optimum
      manner.
PAC  SUMMARY OF THE INVENTION
PAR  Based on an arrangement of the aforedescribed type, the invention for
      fulfilling this object comprises a table which may be interchangeably
      secured to a workplate and is provided with a number of openings, and at
      least one workpiece support plate interchangeably located on this table
      and on which workpiece support plate the workpiece may be fixed. The
      workpiece support plate comprises at least two locking pins, each axially
      displaceable in a bore in the plate against the action of a spring, which
      pins engage in two of the said openings in the table. Adjustable locking
      plates are located below the table surface in the region of the openings,
      co-operating with the inner or lower ends of the locking pins, which
      locking plates, when shifted in one direction, draw the locking pin into
      the opening against the action of the spring and thus press the workpiece
      support plate with resilient force against the table. When shifted in the
      opposite direction the locking plates enable the springs to or raise the
      locking pins and thus to unlock The workpiece support plate.
PAR  Further features of the invention will become apparent from the subsequent
      description.
PAR  By means of the arrangement according to the invention, it is achieved that
      the interchangeable workpiece support plates, to which the workpieces to
      be machined can be removably secured remotely of the machine tool, need
      solely to be located on the table, by engaging their locking pins in
      openings in the table and then the locking plates need to be brought into
      their locked position, whereby a rapid and accurate attachment of the
      workpiece support plate to the table is ensured.
PAR  For the removable securing of thin, plate-like workpieces, such as printed
      circuits in particular, to a workpiece support plate and to facilitate the
      machining of the workpieces, special clamping members are preferably
      provided. Each of them comprises a locking plate, engaging a section of a
      securing pin penetrating the workpiece and the workpiece support plate and
      projecting on the underside of the workpiece support plate the clamping
      member being tightened so that the securing pin is drawn downwards through
      this locking plate. Substantially, the entire clamping member is located
      underneath the workpiece support plate, so that upper the surface of the
      thin plate-like workpiece to be machined, on which solely the head of the
      securing pin bears, is freely accessible.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One embodiment of the invention is illustrated in detail in the drawings:
PAR  FIG. 1 is a plan view of the machine with four workpiece support plates
      thereon,
PAR  FIG. 2 is a partial view of a section on line II--II of FIG. 1, drawn to an
      enlarged scale, with a workpiece clamped on one of the workpiece support
      plates;
PAR  FIG. 3 is a section through the region of a locking pin in the illustration
      according to FIG. 2, drawn to a more enlarged scale;
PAR  FIG. 4 is a plan view of the table according to FIG. 1, omitting the
      workpiece support plates;
PAR  FIG. 5 is a view of a locking plate;
PAR  FIG. 6 is a plan view of a clamping member for securing a thin plate-shaped
      workpiece to one of the workpiece support plates;
PAR  FIG. 7 is a side view of this clamping member according to FIG. 6, also
      showing a clamping pin; and
PAR  FIG. 8 is an underneath view of the clamping member according to FIG. 6 and
      7. According to FIGS. 1 and, 2 and 3, the machine comprises a workplate 1,
      a table 2,3 attached to and slightly spaced above this workplate by screws
      40 and adjustment pins 41, and four workpiece support plates 5 located on
      the table 2,3. Plates 5 are each supported on the table by four feet 5a.
      The tools as well as their supports and heads, which are located above the
      workpiece support plates, are not shown in the drawings but it will be
      understood that the machine may be a combined drilling and milling
      machine, in which at least two tool heads are movable firstly in
      longitudinal direction of the workplate and secondly at right angles
      thereto in transverse direction of the workplate. For this purpose,
      opposing vertical supports may be provided on both longitudinal sides of
      the table, which supports engage on their underside with an angular
      projection under the workpiece and are guided on longitudinal rails at
      this point. Attached to the upper end of both supports may be a cross-bar
      spanning the working plate, on which two tools heads, located on both
      sides of this cross-bar, are displaceably mounted for example. To move the
      tools in longitudinal direction of the workplate, the aforementioned
      supports are moved on their rails, whereas for the transverse movement of
      the tool heads, the latter are moved along the cross-bar. In this manner,
      the entire surface of the workplate is available for unhampered machining
      of workpieces.
PAR  According to FIGS. 1 and 4, the table consists of a rectangular baseplate 2
      with uniformly arranged circular recesses and of circular plate 3 inserted
      in these recesses, which plates are preferably secured by forcing in
      and/or by sticking. In the example according to FIG. 4, seven securing
      screws 40 and two adjustment pins 41 as well as four rows each of four
      circular recesses with circular plates 3 inserted therein are provided.
      Openings 4a, 4b are provided in the centre of these circular plates 3 and
      in particular, the circular plates of the first and third row have round
      holes 4a and those of the second and fourth row have slots 4b. The
      longitudinal axis of each slot is inclined with respect to the rows and
      intersects the centre of the round hole 4a in the diagonally staggered
      circular plate of a neighbouring row. In this manner, each round aperture
      4a defines the exact location of one point of plate 5 relative to table 2,
      and each slot 4b defines the exact alignment of the entire plate 5,
      without critical dependence on the exact distance between the centers of
      corresponding openings or bores in the plate. Each pair of diagonally
      adjacent openings, i.e. a slot 4b and a round hole 4a, serves for securing
      a workpiece support plate 5, which is provided with a pair of stepped
      bores 6 for this purpose according to FIGS. 1 and 2, which penetrate two
      diagonally opposed feet 5a. The centre to centre spacing of the stepped
      bores 6 is equal to the centre to centre spacing of the openings 4a, 4b of
      two diagonally adjacent circular plates 3 of the table. As shown in the
      drawing, feet 5a are spaced from the edges of the respective workpiece
      support plates 5.
PAR  According to FIG. 1, up to four workpiece support plates 5 can be arranged
      side-by-side in the form of a rectangle, as illustrated in FIG. 1.
      According to FIG. 4, those circular plates 3 which are not used for the
      type of attachment in question have no apertures.
PAR  According to FIG. 3, a centering bush 7, preferably of heat-treated steel
      is inserted in each stepped bore 6 of a workpiece support plate 5, which
      bush bears with an upper annular flange 7a on a corresponding annular edge
      of the stepped bore 6. A peripheral section of bush 7 projecting downwards
      from the stepped bore, engages in the respective opening 4a or 4b; as
      shown in FIG. 3, it engages in a round hole 4a in the table 2,3. The exact
      outer diameter of the centering bush guarantees an accurately adjusted
      position of the workpiece support plate 5 on the table 2,3. A locking pin
      8 axially inserted in the stepped bore 6 and penetrating the centering
      bush 7, projects, with its inner or lower end, which is provided with an
      annular groove 10, into the space below the circular plate 3 locking pin 8
      with its head 9 against one end of a helical spring 11, which surrounds
      the pin 8 above the centering bush 7 and bears with its lower end on the
      upper side of this centering bush 7. Located in the space below the
      circular plate 3, (which plate, as shown, bears with its lower annular
      flange 46a on the workplate 1), is a locking plate 12, which is movable
      parallel to the table surface. The locking plate is disposed slanting
      somewhat obliquely relative to the table surface and has a slot 21, which
      has an enlarged recess 22 at its end adjacent the table surface (FIG. 5).
      This enlarged recess 22 is dimensioned such that in the unlocked position
      of the locking plate 12 illustrated in FIGS. 2 and 3, the inner end of the
      locking pin 8 may engage freely in this recess. Thus, in this position,
      the workpiece support plate 5 with its locking pin 8 may be placed on the
      table 2,3 in suitably adjusted position, with the inner ends of the pins
      engaging in these recesses 22. Now if the locking plate 12 is moved
      towards the left in the illustration according to FIGS. 2 and 3, the edges
      of the slot 21 come into engagement with the annular groove 10 on the
      inner end of the locking pin 8 and draw the latter downwards against the
      action of the spring 11, owing to the inclined orientation of the locking
      plate 12; thus, the workpiece support plate 5 is pressed and locked
      against the table surface against the elastic force of the spring 11.
PAR  Each locking plate 12 is integral with two blocks or slides 13 located at
      its ends, which are guided between the surface of the workplate 1 and the
      underside of the circular disc 3. Attached to the left-hand slide 13 (FIG.
      2) is an axially displaceable actuating rod 14 located underneath the
      table 2,3, which is guided in a radial aperture 46 in the annular flange
      46a of the circular plate 3 and whose other end is connected by a coupling
      19 to the piston 17 of a pneumatic cylinder 16. This pneumatic cylinder 16
      is attached by means of a frame 18 to one narrow side of the workplate 1.
      All the locking plates 12 associated with the openings 4a or 4b arranged
      in a row, are attached (according to FIG. 2) by connecting rods 15, whose
      ends are attached to the adjacent slides 13 of adjacent locking plates 12
      and may therefore be simultaneously displaced by the associated pneumatic
      cylinder 16. Therefore, only one pneumatic cylinder 16 needs to be
      associated with each row of openings 4a, 4b in the table 2,3, i.e. in the
      embodiment in question, there are four cylinders 16,16a,16b and 16c, which
      are shown in FIG. 4 and located in a common housing 43. Therefore, if the
      four workpiece support plates 5, provided with the workpieces 20 to be
      machined (FIG. 2), have been placed on the table 2,3, as described, with
      the inner ends of the locking pins 8 engaged in the corresponding recesses
      22 in the locking plate 12, only the pneumatic cylinders need to be
      actuated for moving all the locking plates 12 into their locked position.
      After the completion of the machining operation, the locking plates 12 are
      returned to the unlocked position illustrated in FIG. 2, by the pneumatic
      cylinders, the locking pins 8 being raised and then released, so that the
      workpiece suport plates 5 can be removed from the table 2,3. In order that
      during the handling of the workpiece support plates 5, the locking pins 8
      are undetachably retained on the latter, a securing ring or clip 44 is
      provided in the lower region of the locking pin 8 between its annular
      groove 10 and the centering bush 7.
PAR  As shown in FIG. 1, each workpiece support plate 5 has semi-circular
      recesses 23 on opposing edges thereof, located so as to face one another
      on mutually adjacent workpiece support plates and thereby to provide
      access to the space between these plates and the table 2.
PAR  Clamping means 29 are provided for securing a thin, plate-like workpiece 20
      to a workpiece support plate 5, in particular for securing a printed
      circuit or several printed circuits lying one above the other to be
      machined at the same time, which means are illustrated in FIGS. 2 and 3 in
      their locked operating position and are shown in more detail in FIGS. 6 to
      8. Each of these clamping means, whereof at least two are used for
      securing one workpiece plate 20, comprises a locking or clamping plate 30,
      which has an external screwthread and is screwed by this thread in the
      corresponding internal screwthread 35 of a locking plate housing in the
      form of a sleeve 33, of a vertically perforated disc 36 serving as a
      support of sleeve 33 and, being mounted with axial clearance on an upper
      axial tubular projection 34 this sleeve 33, with the interposition of a
      spring plate 39; and an eccentric lever 37, which is pivoted to a lower
      region of the sleeve 33. For this pivoting, the inner section of the
      eccentric lever 37 is constructed in the form of a fork, whose arms
      surround diametrically opposed flattened regions of the sleeve 33 and at
      this point are pivoted thereto by means of pins, which form the
      articulation 38. As shown in FIG. 3, the locking plate 30, sleeve 33, disc
      36, spring 39 and lever 37 are located in the space between the workpiece
      support plates 5 and table 2. The locking plate 30 consists of a disc
      provided with a transverse slot 31 for introducing a screw-driver, which
      slot widens out at one end to form an enlarged round hole 32. The locking
      plate 30 co-operates with the lower end of a securing or fastening pin 26,
      which is inserted in aligning holes 24,25 of the workpiece 20 and
      workpiece support plate 5 and bears with its head 27 on the workpiece 20.
      The end of the securing pin 26 projecting from the underneath of the
      workplate support plate 5 may be freely inserted in the round hole 32 in
      the locking plate 30 and is provided with an annular groove 28, in which,
      on a corresponding displacement of the clamping member 29 with the locking
      plate 30, the longitudinal edges of the slot 31 in the locking plate
      engage for the purpose of locking the securing pin.
PAR  The eccentric lever 37 may be tilted through 180.degree.. The lever
      position swung through 180.degree. with respect to the locked position
      according to FIG. 2, forms the unlocked position and is illustrated in
      FIG. 7. In this unlocked position, the part 37a of the eccentric lever 37,
      which is eccentric relative to the articulation 38, is located on the side
      of the articulation 38 remote from the perforated disc 36. For using the
      clamping member 29, this member is pushed upwardly on the lower end of the
      securing pin 26, underneath the workpiece support plate 5, so that the pin
      extends through the locking plate 30, this securing pin firstly engaging
      in the round opening 32 and then, after a slight lateral displacement of
      the clamping member 29, engaging with its annular groove 28 in the slot
      31. Now, the eccentric lever 37 is tilted through 180.degree. for the
      purpose of locking. The eccentric part 37a of the lever then presses
      against the spring plate 39 and thus, under the tension of this spring
      plate 39, the perforated disc 36 is pressed against the underside of the
      workpiece support plate 5 and the securing pin 26 retained in the slot 31
      of the locking plate 30 is drawn downwards. In this manner, the workpiece
      plate 20 and the workpiece support plate 5 are clamped against each other
      with resilient force between the head 27 of the securing pin 34 and the
      perforated disc 36. For this purpose, as seen in FIGS. 6 to 8, the
      diameters of the spring plate 39 and perforated disc 36 are so much
      greater than the spacing between the lever arms pivoted to the sleeve 33
      or the diameter of the sleeve 33 in the region of the articulation that
      the spring plate and perforated disc project beyond the eccentric region
      37a of the eccentric lever 37.
PAR  To adapt the clamping member 29 to the thickness of the workpiece plate 20
      to be machined or several workpiece plates 20 located one above the other
      and to be machined at the same time, the spacing between the head 27 of
      the securing pin 26 and the locking plate 30 in the operating position of
      the clamping member 29 is simply adjusted. For this purpose locking plate
      30 is appropriately screwed in the sleeve 33 and thus the axial spacing of
      the locking plate 30 relative to the sleeve 33 is varied. This may be
      simply undertaken with a screwdriver inserted in the transverse slot 31 of
      the locking plate 30. The perforated disc 36 and thus the spring plate 39
      are undetachably retained on the sleeve 33 by the edge, which is flanged
      somewhat towards the outside, on the end of the projection 34 of the
      sleeve 33.
PAR  With few operations, which can be carried out quickly, the arrangement
      according to the invention makes it possible, on the one hand, to fix a
      workpiece 20, in particular a plate-like printed circuit, in a definite
      manner on a workpiece support plate 5, or to replace a machined workpiece
      20 by the next workpiece plate to be machined and, on the other hand, to
      secure or exchange a workpiece support plate 5 with the workpiece 20 fixed
      thereon, to the table 2,3 in an accurate manner. The exchange of a
      workpiece support plate 5 may be carried out in approximately 5 seconds
      and the attachment of a plate-like workpiece 20 to a workpiece support
      plate 5 may be carried out in 10 seconds at the maximum. It is thus
      readily possible to achieve an accuracy of 35  2/100mm for positioning a
      workpiece 20 on a workpiece support plate 5, which may have dimensions of
      300 .times. 300mm for example. The described clamping means facilitate the
      attachment of workpieces 20 or a set of workpiece located one above the
      other, in particular printed circuits, whose thickness may vary between
      0.8mm and 8mm for example, according to the length of the screwthread 35
      of the sleeve 33. By choosing an appropriate spring plate 39 or helical
      spring 11, optimum contact forces may be achieved.
PAR  In addition, owing to the arrangement of the circular plates 3 with their
      openings 4a,4b, it is possible, in place of four workpiece support plates
      5, to provide only one workpiece support plate on the central region of
      the table 2,3 or two workpiece support plates in the centre of the table,
      located one beside the other in the transverse direction of the latter. If
      it is intended not to machine plate-like workpieces, but workpieces of any
      other shape, then the table 2,3 on the workplate 1 may be simply replaced
      by another appropriately constructed table, which comprises bores arranged
      uniformly in the form of a matrix, as attachment points for the workpieces
      for example, the inner regions of which bores are provided with a
      screwthread for the purpose of screwing in a securing member.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for securing and registering a workpiece with respect to a
      tool machine, comprising;
PA1  a tool machine table having a plurality of openings; a workpiece support
      plate disposed on and parallel to the table and having a plurality of
      bores at locations matching those of the openings of the table; means for
      interchangeably securing the workpiece support plate to the table to
      secure a workpiece thereto, comprising, a plurality of locking pins each
      axially displaceable in one of the bores in the workpiece support plate
      and downwardly into and through one of the openings in the table and
      having a lower portion with an annular groove below the table, a spring
      for each locking pin disposed above the table to bias the pin upwardly;
PA1  a locking plate for each locking pin, disposed below the table in the
      region of the respective opening, slanting in a predetermined direction
      relative to the table and having a slot extending in said direction whose
      edges can engage the annular groove of the locking pin, said slot having
      an enlarged portion adjacent the table for releasing the locking pin, each
      locking plate having slide means rigid therewith and disposed to guide the
      plate along the underside of the table, and a rod secured to said slide
      means, below the table for reciprocably sliding the plate in said
      direction between a first position in which the respective locking pin has
      its lower end in the enlarged portion of the slot and a second position in
      which the groove of the pin is engaged by the edges of the slot and the
      pin is drawn down against the bias of the spring; and
PA1  actuator means lateral of the workpiece support plate for axially,
      reciprocably moving the rods to move the locking plates along the
      underside of the table, thereby to move the locking pins in directions
      through the workpiece support plate and thus to interchangeably secure the
      workpiece support plate to the table.
NUM  2.
PAR  2. Apparatus according to claim 1, in which a plurality of the locking
      plates are aligned with one another and disposed to be moved together by
      one of the rods and actuator means.
NUM  3.
PAR  3. Apparatus according to claim 1 including centering bushes, each having
      one of the bores of the workpiece support plate extending therethrough and
      each having an annular flange engaging said plate around the respective
      bore, a lower portion of each bush engaging in a respective opening of the
      table, and the spring of each locking pin bearing against the respective
      centering bush for the upward biasing of the locking pin.
NUM  4.
PAR  4. Apparatus according to claim 1, in which the table comprises means
      defining the openings in the table, including a round hole and a slot
      whose longitudinal axis intersects the round hole.
NUM  5.
PAR  5. Apparatus according to claim 1, in which the table comprises means
      defining additional openings, arranged in parallel rows of round holes and
      of slots, alternating with each other, the longitudinal axis of each slot
      extending obliquely with respect to the rows and intersecting a round hole
      of an adjacent row.
NUM  6.
PAR  6. Apparatus according to claim 1, in which the table comprises a
      base-plate having a plurality of circular recesses, and a circular plate
      in each recess, whereof at least some are apertured, each apertured plate
      having one of said openings at its center.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein each circular plate has an
      annular flange extending downwardly therefrom, each of said rods extending
      through the respective flange.
NUM  8.
PAR  8. Apparatus according to claim 1, including additional woripiece support
      plates uniformly interchangeably secured to the tool machine table.
NUM  9.
PAR  9. Apparatus according to claim 8, in which every workpiece support plate
      has four feet spaced from its edges and resting on the table, whereof at
      least two feet have said bores and said locking pins therein.
NUM  10.
PAR  10. Apparatus according to claim 8, wherein each workpiece support plate
      has recesses on mutually opposite edges thereof, facing one another on
      mutually adjacent workpiece support plates.
NUM  11.
PAR  11. Apparatus according to claim 1, including means for securing a
      plate-shaped workpiece to the workpiece support plate, comprising fastener
      pins extending through said plate and the workpiece, each fastener pin
      having a head engaging the workpiece and having means on the underside of
      the workpiece support plate for clamping the pin, and thereby the
      workpiece, to said support plate.
NUM  12.
PAR  12. Apparatus according to claim 11, in which the clamping means includes a
      clamping plate disposed below the workpiece support plate, parallel to it
      and having a locking slot, the fastener pin having an annular groove on
      its lower end engageable with said locking slot and that slot having an
      enlarged opening at one end, into which the lower end of the pin can be
      freely inserted; lever means tiltable relative to and mounted on the
      clamping plate for resiliently clamping the fastener pin and the workpiece
      to the workpiece support plate; and a spring plate located between the
      clamping plate and the lever to provide said resilient clamping.
NUM  13.
PAR  13. Apparatus according to claim 10, including means for adapting the
      workpiece securing means to the thickness of the plate-shaped workpiece,
      comprising means for holding the clamping plate to the workpiece
      supporting plate with adjustable spacing therebetween.
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ABST
PAL  A cutting machine having a reciprocating cutting blade is provided with a
      penetrable support bed for holding limp sheet material during a cutting
      operation. The support bed is formed from a plurality of flexible bristles
      held in a closely packed array. The base ends of the bristles are mounted
      in a binder and the free ends of the bristles have flattened heads which
      lie in a common plane defining the support surface on which the sheet
      material is spread. The flattened heads are developed by heating the free
      ends of the bristles in the array until they are softened and then forming
      the heads on the free ends. The bristles are preferably made of a
      thermoplastic material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the field of cutting and is concerned more
      particularly with a support bed that is used to hold sheet material such
      as plastic, fabrics and leather during work operations in which the
      material is penetrated by a cutting tool such as a reciprocating blade, a
      drill, a punch or other tool.
PAR  Prior art cutting machines that are used to cut limp sheet material such as
      fabrics for clothing or upholstery and similar materials have utilized
      bristled beds for supporting the sheet material as indicated in U.S. Pat.
      No. 245,150 issued in 1881 entitled "Machine for Cutting Cloth" and U.S.
      Pat. No. 3,548,697  issued in 1970 entitled "Penetrable Bed for Cutting
      Sheet Material". Bristles are ideally suited for cutting layups of sheet
      material with a reciprocating cutting blade because the blade can
      penetrate through the layup in cutting relationship with the material and
      into the bristled bed underlying the material without damaging or
      destroying the bed or blade. The bristles are generally flexible and
      readily separate at their free ends to accommodate the reciprocating
      cutting blade.
PAR  Also bristle support beds by virtue of their inherent porosity provide a
      convenient means for drawing a vacuum below a layup of sheet material to
      compress and hold the material in place during a cutting operation.
PAR  One problem that exists with prior art bristle beds arises with woven
      fabrics, especially those having a relatively coarse or open weave that
      permits threads to snag or catch on the bristles. In particular, knits can
      be severly damaged in appearance if one thread should become snagged on a
      bristle as the material is either spread or removed from a bed before or
      after a cutting operation.
PAR  Furthermore, in most bristle beds the free ends of the bristles do not lie
      in precisely the same plane due to slight differences in the length of the
      bristles and the manner in which the bristles are mounted in a supporting
      material or binder which holds the bristles in a closely packed array.
      With some bristles slightly longer than the others or projecting slightly
      above the others at the support surface, there is greater friction between
      the surface and the material, which hinders desired sliding movements.
      Snagging too is promoted by the uneven bristles.
PAR  Accordingly, it is a general object of the present invention to disclose an
      improved support bed for holding sheet material during a work operation
      and to disclose the method by which such a support bed is made.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in a support for holding limp sheet material
      during a work operation and a method for making the support.
PAR  The support is comprised of a plurality of flexible, elongated members,
      preferably thermoplastic bristles, which are supported from their base
      ends in side-by-side relationship and in a closely packed array. The base
      ends of the members are anchored in a binder or mat and the opposite, free
      ends of the members have flattened heads which lie substantially in a
      common plane to define the support surface for the limp sheet material.
PAR  The support is made by taking a bristled mat and heating the free ends of
      the bristles until they are softened. The softened ends are then formed
      with the flattened configuration by, for example, pressing the bristles
      collectively against a plate. Since all of the bristles are flattened by
      the plate, the heads of the bristles lie in a common plane which defines
      the support surface. The heating and forming steps can be performed
      simultaneously by heating the plate and pressing the bristles and the
      plate together.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing an automatically controlled cutting
      machine having a cutting table utilizing the penetrable support bed of the
      present invention.
PAR  FIG. 2 is a fragmentary cross-sectional view of the support bed annd a
      cutting tool as viewed along the sectioning line 2--2 in FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary view of a bristled mat in accordance with
      the present invention.
PAR  FIG. 4 is an enlarged fragmentary view of a bristled mat prior to
      modification in accordance with the method of the present invention.
PAR  FIG. 5 is a perspective view illustrating one manner in which flattened
      heads are formed on the free ends of the bristles in accordance with the
      present invention.
PAR  FIG. 6 is a plan view of a bristled mat and a vacuum fence circumscribing
      the mat to hold the bristles in place during the formation of flattened
      heads on the free ends of the bristles.
PAR  FIG. 7 is a fragmentary sectional view of the apparatus in FIG. 6 as viewed
      along the sectioning line 7--7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates an automatically controlled cutting apparatus, generally
      designated 10, having a cutting table 12 which utilizes the support bed of
      the present invention. A numerical controller 14 is included in the
      apparatus 10 for controlling the cutting operation.
PAR  The table 12 includes a reciprocating cutting blade 16 driven by a motor 18
      and mounted on a carriage system including an X-carriage 20 and a
      Y-carriage 22 for movement over the table 12 in the illustrated X- and
      Y-directions. Motions of the blade 16 and the X-carriage 20 in the
      illustrated X-coordinate direction are produced by an X-drive motor 24.
      Motions of the blade 16 and the Y-carriage 22 relative to the X-carriage
      20 and the table in the Y-coordinate direction are produced by a Y-drive
      motor 26.
PAR  Blade displacement or position commands are derived from a program tape 28
      on the controller 14 and are transmitted to the drive motors 24 and 26 by
      means of the cable 30. Commands are also transmitted from the controller
      to the platform 32 on the Y-carriage 22 to rotate the blade about its own
      axis and to lift the reciprocating cutting blade 16 in and out of cutting
      engagement with the sheet material spread on the table 12. Control of the
      reciprocating cutting blade 16 and movements of the blade in cutting
      engagement with sheet material are conventional and well known in the art.
      Further discussion of the control system is, therefore, not considered
      essential for an understanding of the present invention.
PAR  Sheet material is spread on the penetrable bed 40 of the table 12 in a
      multi-ply layup L for cutting by the reciprocating blade 16. The bed 40 is
      comprised of a bristled mat or mats 42 shown in greater detail in FIG. 2
      and a base or frame 44 of the bed on which the mats lie. Flexible bristles
      46 in the mats 42 have base ends anchored in a binder 48, such as a thick
      polyvinyl plastic sheet, and are supported in the binder in side-by-side
      relationship and a closely packed array. The bristles extend from the
      binder upwardly to their free ends opposite the base ends and define the
      support surface 50 of the bed 40 on which sheet material is spread.
PAR  During a cutting operation, the cutting blade 16 is reciprocated through
      the sheet material and into the bed of bristles 46 along a vertical axis
      perpendicular to the plane of the support surface 50. The reciprocating
      blade is also translated along a cutting path defined at the periphery of
      a pattern piece to be cut from the material. A presser foot 52
      circumscribes the reciprocating blade 16 and rests on the upper ply of the
      sheet material to hold the material in place. If desired, a vacuum may be
      produced in the region occupied by the bristles below the sheet material
      to further compress and hold the material during the cutting operation as
      explained in greater detail in U.S. Pat. No. 3,495,492 issued to the
      Assignee of this application.
PAR  In accordance with the present invention, the free or upper ends of the
      bristles 46 are provided with enlarged, heads 60 as illustrated in FIG. 3.
      The bristles 46 with flattened heads on the free ends offer a number of
      advantages over conventional bristles 52 illustrated in FIG. 4.
PAR  The heads 60 substantially increase the actual support area on which the
      sheet material is held when the heads are formed in a common plane on the
      free ends as illustrated in FIG. 3. When the diameter of a head is
      approximately twice the diameter of the bristle as illustrated, the
      support area is four times greater than that provided by the conventional
      bristle. The heads 60 greatly reduce the chances of the sheet material
      becoming snagged on the bristles which could result in damage to the
      material. It will be observed that although the conventional bristles in
      FIG. 4 have substantially the same length and, therefore, lie
      substantially in a common plane, one bristle projecting slightly above the
      others can readily catch or snag limp fabric material, particularly
      materials having a coarse or open weave such as a knitted material. The
      flattened heads 60 with greater surface area confronting the material are
      better adapted to preventing the material from settling over the free ends
      of the bristles particularly when pressure is applied to the material by
      means of the pressure foot 52 or vacuum produced below the support surface
      defined by the heads. The greater resistance of the heads to settling
      makes the support surface appear to be more firm so that the blade 16 has
      an apparently harder surface to cut the material on.
PAR  The flattened heads 60 are also formed in a manner described below so that
      they lie in the same plane. Accordingly, the propensity for a longer
      bristle to snag the sheet material or increase friction between the
      material and the bed is reduced. With a uniform height, each of the
      bristles tends to support the sheet material and contributes to the
      lateral stability of the material. Therefore, although friction is reduced
      to make sliding movements of the material over the bed easier to
      accomplish without stretching, overall lateral stability of the material
      on the table 12 is improved.
PAR  Furthermore, the flattened heads contact one another when the flexible
      bristles are slightly flexed and the free ends are deflected. Accordingly,
      the bristles reinforce one another, and the support surface defined by the
      bristles is more rigid for holding the sheet material more firmly in
      place.
PAR  The heads 60 also offer more resistance to threads and lint which are
      forced downwardly into the penetrable bed by the reciprocating blade in a
      cutting operation. Clogging of the bristles with such accumulated debris
      is undesirable because it ruins the penetrability of the bed 40.
PAR  Even though the heads 60 provide an improved support surface for the sheet
      material, the reciprocating cutting blade 16 penetrates with ease through
      the surface by separating the flexible bristles along the cutting path.
      The bristles merely deflect away from the knife and return to their
      original position after the knife has passed without suffering any
      permanent damage. Accordingly, the penetrable bed 40 is self-healing and
      not expended by one or a multitude of cutting operations.
PAR  One method of making the bristled mats with the heads 60 in FIG. 3 from the
      more conventional bristled mats illustrated in FIG. 4 is shown in FIGS.
      5-7. In this method it is assumed that the bristles 46 are made from a
      thermoplastic material such as polypropylene or some other material that
      softens when exposed to a moderate heat. Typically the bristles have a
      diameter of approximately 1/32 inch (0.8 millimeters) and a length of 1
      inch (2.5 cm). Preferably, the bristles do not have a diameter larger than
      1/16 inch (1.6 millimeters) and such bristles are arranged in a closely
      packed array of hot less than 200 per square inch (31 per square
      centimeter). Other flexible, elongated members such as metal pins can also
      be provided with flattened heads; however, the commercial availability of
      bristled mats renders their use as a penetrable support bed more
      convenient.
PAR  To form the flattened heads 60 on the ends of conventional bristles shown
      in FIG. 4, a bristled mat 42 is placed on a plate 70 shown in FIG. 5 after
      the plate has been heated to a temperature approximately equal to the
      melting temperature of the flexible bristles 46. The plate 70 is an
      aluminum plate under which a plurality of evenly spaced heating rods 72
      extend to transfer heat into the plate. The high heat conduction factor of
      aluminum is desirable so that local hot spots are avoided and a uniform
      temperature is developed across the entire surface of the plate which
      confronts the mat 42. In the case of polypropylene bristles the plate is
      heated to a temperature in the range of 295.degree. - 305.degree. F. and
      then the free ends of the bristles 46 are placed in contact with the plate
      until they soften.
PAR  While the bristles 46 and the heated plate 70 are in contact, a slight
      pressure P is applied to the mat. Although the pressure P is represented
      by an arrow in FIG. 5, in fact, the pressure should be applied uniformly
      over the entire area of the mat so that each of the bristle 46 is exposed
      to substantially the same pressure. A uniform and controlled pressure P
      can be applied by laying a weight upon the entire exposed surface of the
      mat 42 so that the support for the weight is derived uniformly from each
      portion of the mat. If the mat itself is of sufficient weight, no
      additional pressure may be needed. As the ends soften the flattened heads
      60 are formed in a common plane defined by the surface of the heated plate
      70. The mat 42 and the plate 70 are then separated and the heads 60 cool
      and set. To insure separation without damaging the soft heads 60 or the
      bristles 46, it is desirable that the plate 70 be coated with a silicone
      release agent.
PAR  Several precautions should be observed during the formation of the heads
      60. The time that the bristles 46 and plate 70 are in contact must be long
      enough to soften the free ends of the bristles but cannot be so long that
      the free ends melt and fuse with the adjacent bristles. If the bristles
      fuse together, they must be separated thereafter to allow a reciprocating
      cutting blade or other tool to penetrate the array with ease.
PAR  Furthermore, the temperature of the plate, the pressure P and the heating
      time must be correlated with one another so that, for example, the
      pressure is not too great for the degree of softening caused by the heated
      plate.
PAR  FIGS. 6 and 7 illustrate another method of applying pressure to the mat and
      controlling the degree to which the mat settles as the free ends of the
      bristles are flattened. A vacuum fence 80 is positioned around the
      periphery of the bristles and is connected to a vacuum pump (not shown)
      through a manifold 82. The fence 80 may be made of metal or other suitable
      material and rests on the plate 70. Vacuum is then drawn within the region
      of the bristles 46 through the manifold 82 and a passageway 84 in the
      fence 80.
PAR  The vacuum fence 80 holds the bristles along the periphery of the mat in a
      vertical position and prevents the bristles from spreading under the
      pressure applied to the mat when the vacuum is drawn. The pressure can be
      readily controlled by regulating the vacuum in the manifold 82, and a
      pressure in the order of 3/4 inches of water is contemplated.
PAR  The vacuum fence 80 also serves to limit the degree that the free ends of
      the bristles are flattened by limiting the distance that the mat 42 can
      settle as the softened ends of the bristles are crushed. Note particularly
      in FIG. 7 the small space S that exists between the binder and the upper
      side of the fence 80. If such spacing interferes with the process of
      drawing a vacuum within the bristles 46, the mat 42 and the fence 80 can
      be covered with an air-impermeable overlay such as a thin sheet of
      polyethylene plastic.
PAR  In summary, a penetrable support bed for holding limp sheet material during
      a cutting operation is formed by a plurality of closely packed bristles
      having flattened heads which lie in the support plane of the bed. The
      flattened heads are formed on the free ends of the bristles by pressing
      the bristled mat against a heated plate so that the free ends of the
      bristles are softened and formed in a common plane established by the
      surface of the plate.
PAR  While the present invention has been described in a preferred embodiment,
      it will be readily understood that numerous modifications and
      substitutions can be had to the disclosed support and method of making the
      support without departing from the spirit of the invention. As stated
      above, elongated members other than thermoplastic bristles may be utilized
      to form the support bed as long as the members are capable of flexing when
      a reciprocating blade 16 penetrates through sheet material into the bed.
      The dimensions referred to above in connecting with the bristles are
      exemplary of commercially available thermoplastic bristles and may vary if
      metallic bristles or pins are utilized. It is preferable that the heads
      have a diameter at least twice as large as the bristles. The parameters
      referred to in connection with the heating plate 70 and the pressure
      applied to mat 42 to form the flattened heads are generally applicable to
      thermoplastic bristles but may be varied to suit other materials. The
      heated plate 70 can be placed on top of the free ends of the bristles
      during the formation of the heads, or the plate and bristles can be
      pressed together in a position other than horizontal. The heads 60 can
      also be developed on the bristles by simultaneously heating and forming
      the free ends with a heated roller which rolls over the bristles at a
      standard height above the binder 48. Accordingly, the present invention
      has been described in several forms by way of illustration rather than
      limiation.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination in a machine having a cutting tool which penetrates
      through a material in a work operation, the improvement comprising:
PA1  a penetrable bed for supporting the material under the tool during the work
      operation and having a plurality of flexible, elongated members supported
      at their base ends in side-by-side and closely packed relationship with
      the opposite, free ends bearing enlarged heads lying substantially in a
      common plane to define a support surface of the bed.
NUM  2.
PAR  2. The improvement as defined in claim 1 wherein:
PA1  the flexible, elongated members are bristles formed from a thermoplastic
      material.
NUM  3.
PAR  3. The improvement as defined in claim 1 further including:
PA1  a binder supporting the elongated members at their base ends in the closely
      packed relationship.
NUM  4.
PAR  4. The improvement as defined in claim 3 wherein:
PA1  the elongated members are thermoplastic bristles; and
PA1  the binder comprises a plastic material in which the base ends of the
      bristles are imbedded.
NUM  5.
PAR  5. The improvement as defined in claim 1 wherein the elongated members are
      bristles having a diameter less than one sixteenth inch (1.6 mm) and
      wherein the enlarged heads have a diameter at least twice as large as the
      bristles.
NUM  6.
PAR  6. The improvement as defined in claim 1 wherein the bristles are packed in
      an array of no less than 200 per square inch (31 per sq cm).
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ABST
PAL  A method is disclosed wherein the longitudinal fold edges of the respective
      sections of a newspaper are disposed alternately on opposite sides thereof
      to form a more uniform, stable product; and apparatus is disclosed for
      practicing the method.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional rotary web newspaper presses are capable of producing
      completed daily editions at high speeds. An eight unit, six page wide
      press with a conventional folder, for example, is rated at and will
      consistently turn out about 85,000 newspaper per hour. Such speeds can be
      attained when printing the daily editions because the latter generally
      comprise not more than four to six sections and not more than a total of
      about 100 pages. Consequently, the press and folder can be run "straight,"
      i.e. two complete newspapers are produced during each cycle of operation,
      and since the daily papers are relatively thin and uniform in thickness,
      they can be processed through the folder and subsequent mail room machines
      at high speeds.
PAR  Problems are encountered, however, when "jumbo" editions such as the large
      metropolitan Sunday papers are produced. These bulky editions generally
      comprise ten to twelve sections with a total of about 200 pages and
      because of their size the press and folder must be run "collect." In other
      words, the press and folder are set up to produce X and Y products which
      must be combined in the folder to form a complete newspaper and therefore
      only one complete paper is produced during each cycle of operation.
PAR  When running collect the production capacity should be about one half the
      straight running capacity but in actual practice this has been virtually
      impossible to achieve. Because of problems encountered in folding and
      subsequent processing of the jumbo editions, it has been necessary
      heretofor to operate the presses at as much as one-third below the rated
      capacity.
PAR  The problems are caused primarily by the unevenness and instability of the
      bulky editions. As the various ribbons of superimposed webs are drawn over
      the former folders and associated in the folder the longitudinally folded
      edges of the respective sections are all juxtaposed along the same edge
      and thus are compressed and form a relatively stable edge. The opposite or
      open edges, however, are relatively loose and fluffed up due to entrapped
      air, etc., and thus tend to be substantially thicker and much less stable.
      The resultant non-uniformity in thickness and the difference in stability
      of the respective edges precludes the handling thereof at maximum speeds.
PAR  Not only do the impaling pins on the collecting and folding cylinder
      frequently fail to engage all of the sheets in the outer sections, but it
      is necessary to skew the second or cross fold rollers in order to
      compensate for the substantial difference in thickness between the
      respective edges of the products. Moreover, upon leaving the folder the
      uneven products tend to shift out of alignment on the delivery conveyors
      such that consistently accurate counts are difficult to obtain and it has
      been necessary heretofor to reorient or compensate alternate stacks of
      papers in the stackers and packer boxes in order to form relatively
      uniform bundles. It has been necessary, therefore, to operate the press
      units at substantially less than their rated capacity in order to maintain
      production without frequent stops.
PAC  SUMMARY OF THE INVENTION
PAR  The problems previously encountered are substantially eliminated and
      increased production speeds are made possible by the present invention
      which pertains to an improved method and apparatus for associating and
      folding the respective sections of multi-sectioned, bulky newspapers. Only
      relatively simple and inexpensive modifications of existing equipment are
      required and yet more stable products of uniform overall thickness are
      produced.
PAR  In accordance with the invention, the longitudinal folded edges of the
      respective assembled sections of each newspaper are disposed alternately
      on opposite sides thereof, in a compensating arrangement, thereby forming
      finished and cross folded newspapers of substantially uniform thickness
      with three stable edges and which can be processed through the folder and
      mail room devices at rated speeds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1, is a schematic side elevational view of a rotary newspaper press
      and folder embodying the invention;
PAR  FIG. 2, is a front view of the folder taken along line 2--2 of FIG. 1;
PAR  FIG. 3, is a view from the left of FIG. 2 illustrating the angle of
      inclination of the upper formers;
PAR  FIG. 4, is a view similar to FIG. 3, but illustrating the reverse angle of
      inclination of the lower formers, and;
PAR  FIG. 5, is a schematic view illustrating a multi-sectioned newspaper
      assembled in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference now to the drawings and particularly FIG. 1 thereof, the
      invention is illustrated, merely by way of example, as embodied in a
      conventional rotary web newspaper press comprising eight substantially
      identical printing units indicated by the reference numbers 10a to 10h,
      which are adapted to print a corresponding number of webs designated as
      11a to 11h. After receiving impressions in the respective printing units,
      the webs are then directed over a series of guide rollers designated
      generally as 12 to a folder 13 for association, folding and cutting to
      form completed newspapers.
PAR  As is well known, each printing unit is provided with two printing couples
      for printing on the respective sides of the webs. One such couple consists
      of a plate cylinder 14a- 14h and a coacting impression cylinder 15a- 15h
      for printing upon one side of the web whereas the other couple comprises a
      plate cylinder 17a- 17h and a coacting impression cylinder 18a- 18h for
      printing on the reverse side of the web.
PAR  For the purpose of illustrating the invention, it will be assumed that the
      respective printing units are of the 6 .times. 2 size in which case each
      plate cylinder is adapted to carry six plates across and two around.
      Accordingly, as each web passes through its respective printing unit, it
      will receive twelve separate impressions on each side thereof or a total
      of 24 printed pages during each cycle of operation. When such press units
      and the folder are set up for running straight, which is standard practice
      for small daily editions, the plate cylinders carry two sets of duplicate
      plates such that two each of twelve different pages and thus two complete
      newspaper are produced during each complete cycle of operation. For the
      bulky, jumbo editions, however, the press and folder must be set up for
      collect running in which case each plate cylinder carries twelve different
      plates, and 24 different pages are printed during each cycle of operation.
      Twelve of these pages will constitute an X product and the other 12 pages
      will constitute a Y product, the X + Y products being combined in the
      folder to form a complete newspaper. Consequently, when running collect
      only one complete newspaper is produced per cycle of operation.
PAR  In the past it has been the practice to direct all of the webs 11a- 11h
      from the respective printing units into the folder 13 in a manner whereby
      they are all folded along the same longitudinal edge. For example, the set
      of webs 11e to 11h would be guided directly from the respective printing
      units to the roller 21 and thence over former folders 22 which are
      inclined downwardly to the left, as seen in FIG. 1, to be folded
      longitudinally along the left hand edge thereof prior to their being
      engaged by the cutting and collecting cylinders. The set of webs 11a-11d
      on the other hand would be directed over direction reversing rollers, not
      shown, prior to entering the folder so that they would travel over a
      roller 24 located on the right hand side of the folder and thence over
      former folders 26 also inclined downwardly to the left as viewed in FIG.
      1. Consequently, all of the sections of the finished newspaper would have
      a longitudinal fold along the left hand edge thereof.
PAR  This practice was, and still is, satisfactory for the production of daily
      editions which, because of their minimum number of sections and pages,
      remain relatively stable and uniform in overall thickness and can thus be
      processed through the folder and subsequent mail room equipment at high
      speeds. However, when bulky, jumbo editions are to be produced, such as
      most metropolitan Sunday editions, the practice of folding all of the
      various sections thereof along one and the same longitudinal edge creates
      problems in handling the finished products and has necessitated
      substantial reductions in operating speeds.
PAR  These problems are due primarily to the fact that the juxtaposed folded
      edges of the assembled sections form a relatively stable edge which, due
      to the longitudinal fold, is of minimum overall thickness. The open edges,
      on the other hand, are comparatively loose and somewhat expanded due to
      entrapped air, etc. Consequently, the unfolded or open side of the
      assembled sections tends to be thicker and much less stable than the
      folded edge.
PAR  The resultant, non-uniform products are difficult to control at high
      speeds, necessitating special skewing adjustments of the second or
      cross-fold rollers in order to compensate for the non-uniform thickness of
      the products. The products also tend to shift out of alignment on the
      delivery conveyors so that accurate counts thereof cannot be consistently
      obtained. Moreover, in order to form uniform bundles of the products, it
      is necessary to provide mechanisms for reorienting alternate, individual
      stacks thereof in the stacking and bundling devices.
PAR  These problems are substantially eliminated and increased production speeds
      are made possible by the present invention which, as will now be
      explained, resides in a simple method and apparatus for introducing a
      compensating former fold into the web assembling procedure whereby more
      uniform and Figure. products are formed.
PAR  With further reference to FIG. 1, it will be seen that, contrary to the
      established practice, the upper former folders 26 are reoriented with
      respect to the lower former folders 22 so that they are inclined
      downwardly to the right, as viewed in said Figure The set webs 11a- 11d
      also are led directly into the folder instead of first travelling around
      direction reversing rollers as was the practice heretofor, and as they
      travel over the former folders 26 a longitudinal fold is formed along the
      right hand edge thereof. Consequently, as the webs 11a-11d are associated
      with the webs 11e--11h, the longitudinally folded edges thereof will be
      oppositely disposed.
PAR  With more particular reference now to FIGS. 2 to 5, it will be seen that as
      the set of superimposed webs 11a-11d passes over the roller 24 at the top
      of the former folders 26, it is slit into three, two page wide ribbons or
      sections indicated at A, B and C. These sections are then directed over
      the respective former folders 26A, 26B and 26C, which are inclined
      downwardly to the right as illustrated in FIG. 3, to form a longitudinal
      fold along the right hand edges thereof.
PAR  The set of superimposed webs 11e- 11h, in turn, is directed in a similar
      manner over the roller 21 at the top of the lower former folders 22 at
      which point it is slit into three, two page wide ribbons or sections
      indicated at D, E and F. These sections are then advanced over the
      respective former folders 22A, 22B and 22C, which are inclined downwardly
      to the left as illustrated in FIG. 4, to form a longitudinal fold along
      the left hand edges thereof.
PAR  Upon leaving the former folders 22 and 26, the respective assembled and
      folded web sections A-F are directed between nip rollers 28 at the tips of
      the respective former folders, thence over guide rollers 29 and
      compensator rollers 31, as is well known in the art, and finally into the
      nip of rollers 32 and 33. At this point, the respective sections are
      assembled in the proper sequence and in register one with the other
      longitudinally so they can be cut and folded to form discrete completed
      newspapers.
PAR  It will be noted with reference to FIG. 2 that the respective web sections
      A, B and C are guided in a manner that they alternate with web sections D,
      E and F as the combined web sections enter the nip of the rollers 32 and
      33. The respective web sections thus have their longitudinally folded
      edges located on opposite sides of the combined web assembly and in a
      manner that they alternate with the open edges of the adjacent sections,
      as illustrated in FIG. 5. This alternating arrangement forms a web
      assembly of uniform thickness overall, and the oppositely disposed folded
      edges serve to add stability to the web assembly and the individual
      products which are eventually formed therefrom.
PAR  Although an alternating sequence of folded and open edges is preferred,
      this is by no means essential. For example, if a section of an edition
      consists of two parts, it may be desirable to have the folded edge of both
      parts along the same side. In such case, web sections A and B, for
      example, may be located adjacent one another to form parts one and two of
      the first section of the newspaper and whereby both parts would have their
      folded edge on the same side. Sections D and E would then be adjacent each
      other with their folded edges on the same side but opposite to the folded
      edges of sections A and B. This would still form a web assembly of uniform
      thickness with stabilized edges along both sides thereof.
PAR  Upon leaving the nip of the rollers 32-33 the web assembly consisting of
      the web sections A to F inclusive, is directed through the nip of the
      folding couple comprising the folding cylinder 36 and cutting cylinder 37.
      These elements coact in known manner to separate the individual products
      from the ensuing web whereupon they are tucked between the second fold
      rollers 38 and then ejected into a pocket of the delivery fan wheel 39 for
      deposit onto the delivery conveyor 40.
PAR  From the foregoing description it will be evident that when the illustrated
      press and folder are set for straight running, two complete newspapers
      consisting of up to six sections and a total of 96 pages will be produced
      during each cycle of operation. As each completed newspaper is cut from
      the web by the cutting and folding cylinders, it is immediately tucked
      between the second fold rollers 38 to be cross folded whereupon it is
      ejected into the delivery fan wheel 39 for deposit onto a delivery
      conveyor 40.
PAR  When the same press is set for collect running, however, one complete
      newspaper comprising up to twelve sections and a total of 192 pages will
      be produced during each cycle of operation. In such case, X and Y products
      are printed by the printing units in consecutive, alternating sequence
      which must be combined to form a complete newspaper. As each X product is
      severed from the web, instead of being immediately tucked into the second
      fold rollers, it is retained on the collecting cylinder 36 for a second
      revolution. As the X product, consisting of six sections and up to 96
      pages, passes through the cutting nip the second time, it is combined with
      a subsequent Y product, also consisting of six sections and 96 pages, to
      form a jumbo edition of twelve sections and a total of 192 pages.
      Immediately thereafter, the combined X and Y products are tucked between
      the second fold rollers 38 to be cross folded and then deposited by the
      delivery fan wheel 39 onto the delivery conveyor 40.
PAR  In each instance the respective sections preferably have their
      longitudinally folded edge on opposite sides and alternating with the
      folded edges of the adjacent sections. A product of uniform thickness and
      improved stability is thus formed which can be folded, delivered and
      stacked at much higher speeds than has been possible heretofor.
PAR  While the invention has been disclosed as embodied in a press consisting of
      eight units and a folder with specific web leads, it will be understood
      that the particular arrangement is for illustrative purposes only. In
      actual practice, any number of press units may be employed and the web
      leads may be varied and the sections may be cross associated in different
      ways to form a completed product. The important factor is that the folded
      edges of the various sections be located on opposite sides of the finished
      product and preferably substantially equally divided.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of assembling thick newspapers consisting of a plurality of
      separate sections to form a completed newspaper of generally uniform
      thickness at high production speeds including the steps of, directing a
      plurality of newsprint webs simultaneously through printing and folding
      apparatus, combining said webs to form at least a first and a second
      separately progressing web set, forming a plurality of first progressing
      sections from said first web set by slitting said first web set along
      longitudinal, parallel lines, forming a plurality of second progressing
      sections from said second web set by slitting said second web set along
      longitudinal, parallel lines, folding each one of the first progressing
      sections along a longitudinal center line to form first folded progressing
      sections having a longitudinal fold edge and a longitudinal open edge,
      folding each one of the second progressing sections along a longitudinal
      center line to form second folded progressing sections having a
      longitudinal fold edge and a longitudinal open edge with the longitudinal
      fold edge of said first folded progressing sections being oriented
      opposite with respect to the longitudinal fold edge of the second folded
      progressing sections, combining all of said first and second folded
      progressing sections into a single progressing web assembly with the first
      folded progressing sections alternating with the said second folded
      progressing sections whereby the longitudinal fold edges of the first
      folded progressing sections are disposed adjacent the longitudinal open
      edges of the second folded progressing sections, cutting said progressing
      web assembly along successive lateral cut lines to separate discrete
      products from the ensuing web assembly, and cross-folding said discrete
      products to form finished newspapers of substantially uniform thickness.
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ABST
PAL  Remotely operated mechanisms for quickly clamping and unclamping one or
      both sides of an automatic catcher for a cloth spreading machine to a
      cloth cutting table. These mechanisms permit the automatic catcher to be
      clamped to and released from the cutting table by an operator who remains
      on one side of the table. The operator can also connect and disconnect the
      automatic catcher relative to the cloth spreading machine while remaining
      on one side of the cutting table.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is concerned with remotely operated mechanisms for clamping
      and releasing an automatic catcher for a cloth spreading machine to a
      cutting table. It is particularly concerned with mechanisms which permit a
      machine operator standing at one side of a cutting table to quickly fasten
      and release the automatic catcher.
PAR  An object of this invention is to facilitate the rapid attachment and
      release of an automatic catcher for a cloth spreading machine relative to
      a cutting table.
PAR  Another object is to permit a machine operator to quickly clamp and release
      an automatic catcher relative to a cloth cutting table without walking
      from one side of the cutting table to the other.
PAR  Another object is a remotely operated latching mechanism which permits an
      operator to quickly connect the automatic catcher to the cloth spreading
      machine and release it while remaining on one side of the table.
PAR  Other objects may be found in the following specification, claims and
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated more or less diagrammatically in the following
      drawings wherein:
PAR  FIG. 1 is a partial side elevational view of one embodiment of an automatic
      catcher and clamping mechanism mounted on a cloth cutting table;
PAR  FIG. 2 is a partial perspective view of the opposite side of the automatic
      catcher and clamping mechanism; and
PAR  FIG. 3 is a partial end elevational view of a cutting table showing a
      modified form of clamping mechanism in its clamped position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a cloth cutting table 11 which includes a table top 13 having
      an upper surface 17 and an under surface 19. An automatic catcher 21 for a
      cloth spreading machine 23 is located on the table and extends across the
      width thereof. The catcher is equipped with a base plate 25 which rests on
      the upper surface 17 of the table top 13.
PAR  A mechanism 31 for rapidly clamping and releasing one side of the automatic
      catcher relative to the cutting table is shown most clearly in FIG. 2.
      This mechanism includes a base plate 33 which rests on and is fastened to
      the base plate 25 of the automatic catcher and a heel plate 35 which
      functions as a shim to support the portion of the base plate of the
      clamping mechanism which extends beyond the base plate of the automatic
      catcher. The base plates of the automatic catcher and the clamping
      mechanism are held together by threaded fasteners 37.
PAR  An upright transversely extending plate 39 is fastened to the clamping
      mechanism base plate 33, preferably by welding. A pair of aligned threaded
      nuts 41 are welded to the top edge of this plate. A pair of rectangular
      bars 43 are welded to the base plate 33 on opposite sides of the upright
      plate 39 and extend cantileverly outwardly of the base plate. A
      horizontally aligned pivot pin 45 extends between the bars 43 and is
      located outwardly of the base plate 33. A vertically extending arm 47 is
      rotatively mounted on the pivot pin 45. Inwardly projecting fingers 49 are
      fastened to the lower end of the arm 47. A jaw 51 is mounted on top of the
      projecting portions of the fingers 49.
PAR  A cylinder 53 is fastened to the top of arm 47, perferably by welding. The
      inner end of this cylinder is hollowed out to form a socket 55. An
      operating rod 57 has a threaded portion 58 at one end which extends
      through the nuts 41 attached to the upright plate 39. This rod has a
      rounded end 59 which is received in the socket 55 of the cylinder 53. A
      spring 61 connected to the upright plate 39 and the arm 47 biases the
      socket 55 against the end 59 of rod 57.
PAR  The opposite end of rod 57 is journalled in an upright plate 65 mounted on
      the base plate 33 of the clamping mechanism 31. An operating handle 67 is
      attached to this rod. As can be seen in FIG. 1, the operating handle 67 is
      located on the opposite side of the cutting table from the clamping jaw 51
      of the clamping mechanism 31.
PAR  A remotely operating latching mechanism 71 is also provided. This mechanism
      includes a pivotally mounted latch 73 which engages a latch pin 75 mounted
      on the cloth spreading machine 23. The latch 73 is moved into and out of
      engagement with the pin 75 by the latching mechanism 71 through a series
      of links, levers and operating rods controlled by a handle 77 located on
      the same side of the cutting table as the operating handle 67 of the
      clamping mechanism. A C-clamp 81 and a cloth spreading machine latch 83
      are also provided on the side of the table adjacent the operating handles
      67 and 77 for use by the machine operator.
PAR  A second embodiment of this invention for rapidly clamping and releasing
      both sides of an automatic catcher relative to a cutting table is shown in
      FIG. 3 of the drawings. Clamping mechanism 91 is constructed with almost
      identical parts at each side of the cutting table. At each side of the
      table, the mechanism 91 includes a base plate 93 which rests on and is
      fastened to the base plate of an automatic catcher (not shown). It also
      includes a heel plate 95 which functions as a shim to support the portion
      of the base plate of the clamping mechanism which extends beyond the base
      plate of the automatic catcher. The base plates of the automatic catcher
      and the clamping mechanism 91 are held together by threaded fasteners
      which are not shown.
PAR  An upright transversely extending plate 99 is fastened to the clamping
      mechanism base plate 93, preferably by welding. A support bar 101 of
      square cross-section is mounted on the top of the upright plate 99 and is
      welded thereto. This support bar extends across the width of the cutting
      table 11 and is fastened to the top of a similar upright plate 99 located
      at the opposite side of the table. This upright plate is also mounted on a
      base plate 93 which in turn is mounted on a heel plate 95 resting on the
      table top 17. A sleeve 103 is mounted on the support bar on each side of
      the table adjacent to and partially extending over the upright plates 99.
      Each sleeve is of rectangular cross-section and consists of side plates
      105 which are fastened to the support bar 101 by threaded fasteners 107
      and a top plate 109 welded to the side plates.
PAR  Slide blocks 111 of rectangular cross-section are slideably mounted in each
      sleeve 103 and extend beyond the ends of the sleeves. The outside ends of
      the slide blocks are each pivotally connected by a pair of plates 113 to a
      generally vertically extending arm 115 which is pivotally mounted at 117
      to a pair of bars 119 which are welded to the upright plates 99 and extend
      laterally beyond the sides of the table. Inwardly projecting fingers 121
      are fastened to the lower end of each arm 115. A jaw 123 is mounted on top
      of the inwardly projecting portions of the fingers 121. The inner end of
      each slide block has an upstanding projection 125 formed thereon. The
      projection 125 of the slide block shown on the left hand side of FIG. 3
      has a bearing 127 mounted thereon. The projection 125 on the slide block
      111 on the right side of FIG. 3 has a threaded nut 129 mounted thereon.
PAR  An operating rod 135 is journaled in support 137 which is mounted on the
      slide block 111 shown on the left of FIG. 3 and in supports 139 and 141
      which are mounted on the support bar 101. The right hand portion 143 of
      operating rod 135, as viewed in FIG. 3, is threaded and this threaded
      portion meshes with the threads of nut 129 mounted on slide block 111. The
      operating rod also extends through bearing 127 which is mounted on slide
      bar 111. Sleeves 145 and 147 are affixed to the operating rod 135 and are
      located on opposite sides of the bearing 127. The sleeves have disks 149
      and 151 respectively which are adapted to engage the bearing 127 for the
      purpose of moving the left hand slide block 111. The spacing between the
      disks is slightly greater than the width of the bearing 127. A hand wheel
      155 is connected to the operating rod 135 on the operator's side of the
      cutting table. Springs 157 bias the arms 115 to their unclamped positions.
PAC  The Use, Operation and Function of this Invention are as follows:
PAR  An automatic catcher 21 is provided at each end of layers of cloth laid out
      by a power operated cloth spreading machine 23. One automatic catcher is
      generally located at one end of the table and another catcher is located
      somewhere intermediate the ends of the table in situations where the
      cutting table is longer than the layout of cloth. Rapid adjustment of this
      intermediate catcher is the main concern of this invention since the
      catcher at the end of the table generally is not moved during cloth
      spreading operations. However, the location of the catcher positioned
      intermediate the ends of the table must be changed as the length of layout
      for the cloth varies. This presents problems because the cutting tables
      may be several hundred feet long. Movement of this intermediate automatic
      catcher required that the operator first release the C-clamp holding the
      automatic catcher on one side of the table and then walk around the table
      and release the C-clamp holding the automatic catcher on the opposite side
      of the table. At the same time, the operator was removing the C-clamps, it
      was necessary for him to latch the automatic catcher to the cloth
      spreading machine since the power operated cloth spreading machine was
      used to move the catcher.
PAR  This invention enables the cloth spreading machine operator to rapidly move
      the automatic catcher to a selected position, disconnect it from the cloth
      spreading machine, and clamp it to the cutting table while remaining on
      one side of the cutting table. This sequence of operations can be
      accomplished in the following manner:
PAR  Assume that the automatic catcher 21 is clamped to the table 11 in the
      manner shown in FIG. 1 using a C-clamp 81 on the operator's side and the
      clamping mechanism 31 on the opposite side of the table. The operator
      removes the C-clamp 81 from the table in the normal manner. He then
      rotates the handle 67 thereby turning the rod 57 which, because of its
      threaded engagement with the nuts 41, will move away from the cup 55 at
      the upper end of the pivotally mounted arm 47. The spring 61 pulls the jaw
      51 attached to the lower end of the arm away from contact with the under
      surface 19 of the table top 13.
PAR  With the automatic catcher 21 thereby unclamped from the table, the
      operator connects the automatic catcher latch 83 on his side of the table
      to the cloth spreading machine 23 and rotates handle 77 moving the latch
      73 on the other side of the automatic catcher into engagement with latch
      pin 75 on the cloth spreading machine 23. Movement of the cloth spreading
      machine will then pull the catcher to a new location. At the new location,
      the operator releases latch 83 from the cloth spreading machine. He then
      rotates handle 77 thereby releasing latch 73 from latch pin 75 on the
      opposite side of the cloth spreading machine. The operator can then attach
      the automatic catcher to the table through the use of C-clamp 81 and by
      rotating operating handle 67 which moves rod 57 into engagement with the
      cup 55 on the upper end of arm 47. This in turn moves the clamping jaw 51
      of the clamping mechanism into clamping engagement with the under surface
      19 of the table top 13.
PAR  The modified clamping mechanism 91 is shown in FIG. 3 of the drawings is
      used with an automatic catcher in the same manner as heretofore described
      for the clamping mechanism of FIGS. 1 and 2. However, this clamping
      mechanism simultaneously clamps and released both sides of the cutting
      table and therefore eliminates the need for the C-clamp 81 on the
      operator's side of the table. The clamping mechanism 91 operates in the
      following manner:
PAR  Assume that the automatic catcher is clamped to the cutting table with the
      jaws 123 of the clamping mechanism 91 engaging the undersurfaces 19 on
      each side of the table in the manner shown in FIG. 3. To unclamp the
      automatic catcher, the operator rotates the hand wheel 155 thus rotating
      the operating rod 135. If the threaded portion 143 of the rod has a right
      hand thread, the operator will turn the hand wheel 155 in a clockwise
      direction. Rotation of the rod causes the threaded end 143 of the rod to
      move through the nut 129 thereby moving the rod 135 to the right as viewed
      in FIG. 3 until the disk 149, which was initially located to the left of
      the bearing 127, engages the bearing 127. Continued rotation of the rod
      135 in a clockwise direction after engagement of the disk 149 with the
      bearing 127 will move the left hand slide block 111 to the right, thus
      unclamping the left hand jaw 123. When the slide block 111 is moved its
      maximum distance to the right, it will stop and continued rotation of the
      rod 135 will cause the nut 129 to move along the rod to the left as viewed
      in FIG. 3, thereby carrying its slide block 111 towards the center of the
      table and unclamping the right hand jaw 123. During unclamping operations,
      the springs 157 will aid in unclamping movement of the jaws.
PAR  When the automatic catcher is moved to a new position, rotation of the
      operating wheel 155 in the opposite direction will bring about clamping
      movement of the arms 115. Upon opposite rotation, the disk 151 will engage
      the bearing 127 and move the slide block 111 on the left hand side of the
      table until its jaw 123 is clamped. Continued rotation of the rod 135 in
      the same direction will then cause the nut 129 and its attached slide
      block 111 to move towards the outside of the table thus clamping the right
      hand jaw 123 to the table.
CLMS
STM  We claim:
NUM  1.
PAR  1. A remotely operated mechanism for quickly clamping and unclamping an
      automatic catcher for a cloth spreading machine relative to a cloth
      cutting table,
PA1  said clamping mechanism including:
PA1  means to attach said clamping mechanism to an automatic catcher with said
      attaching means resting on and engaging top of said cutting table,
PA1  a movable jaw mounted to be moved into engagement with the underside of
      said cutting table on one side thereof, to cooperate with said attaching
      means in a clamping action, and
PA1  means operable from the opposite side of said cutting table for moving said
      movable jaw into and out of clamping engagement with said table,
PA1  said movable jaw being attached to the lower end of an arm which is
      pivotally mounted for rotation about a horizontal axis.
NUM  2.
PAR  2. The mechanism of claim 1 in which said movable jaw operating means
      includes a threaded rod which engages said arm and upon rotation moves
      relative to said arm to pivot said arm thereby to move said jaw into
      engagement with the underside of said table.
NUM  3.
PAR  3. The mechanism of claim 2 in which said threaded rod engages a socket
      formed as part of said arm and a spring means biases said socket against
      the end of said rod.
NUM  4.
PAR  4. The mechanism of claim 1 in which a latching hook is pivotally mounted
      on said automatic catcher on the same side of said cutting table as is
      said movable jaw, said hook being pivotally movable into and out of
      latching engagement with said cloth spreading machine, and means are
      located on the opposite side of said table for moving said hook into and
      out of said latching position.
NUM  5.
PAR  5. A mechanism for quickly clamping and unclamping an automatic catcher for
      a cloth spreading machine relative to both sides of a cloth cutting table,
PA1  said mechansim including:
PA1  means to attach said clamping mechanism to an automatic catcher with said
      attachment means resting on and engaging the top of said cutting table,
PA1  a movable jaw located on each side of said table with each jaw mounted to
      be moved into engagement with the underside of said cutting table to
      cooperate with said attaching means in a clamping action, and
PA1  means operable from one side of said table for moving said jaws into and
      out of clamping engagement with said table.
NUM  6.
PAR  6. The mechanism of claim 5 in which each movable jaw is attached to the
      lower end of an arm which is pivotally mounted for rotation about a
      horizontal axis.
NUM  7.
PAR  7. The mechanism of claim 6 in which the upper end of each arm is pivotally
      connected to a slide block and said means operable from one side of said
      table for moving said jaws into and out of clamping engagement with said
      table includes means for moving said slide blocks towards and away from
      each other.
NUM  8.
PAR  8. The mechanism of claim 7 in which said means for moving said slide
      blocks includes an operating rod mounted to rotate and to move
      longitudinally relative to said slide blocks, said operating rod having a
      threaded portion which meshes with a drive nut affixed to one of said
      slide blocks and a connection to said other slide block which permits said
      rod to rotate relative to said slide block but engages and moves said
      slide block upon longitudinal movement of said rod.
NUM  9.
PAR  9. The mechanism of claim 8 in which said operating rod connection includes
      a bearing affixed to said slide block and receiving said operating rod and
      a pair of disks affixed to said operating rod on opposite sides of said
      bearing with said disks spaced apart a greater distance than the width of
      said bearing and adapted to engage said bearing to limit movement of said
      rod longitudinally relative to said bearing in opposite directions.
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ABST
PAL  A sheet piling machine for stacking metal sheets of material which respond
      to magnetic force which machine is characterized by an upright supporting
      frame defining two in-line stacking areas having suitable lift platforms
      on which sheets are piled, an elongate overhead magnetic sheet conveyor
      mounted on the supporting frame above the first stacking or piling area, a
      roller skate conveyor forming an approach to the entrance end of each of
      the stacking areas and spaced below the overhead conveyor in
      predetermined, vertical relation so as not to interfere with the entry of
      sheets to the respective stacking areas, each roller skate conveyor being
      inclined in the direction of the associated stacking area so as to cause
      sheets deposited thereon to be advanced by gravity into the associated
      stacking area, end stop and back stop mechanisms and a side guide
      mechanism for each of the stacking areas, and electrical control circuits
      for controlling the operation of the magnetic conveyor and associated
      mechanisms so as to advance selected sheets onto the proper roller skate
      conveyor for deposit in a designated stacking area and to remove the
      stacks when completed.
BSUM
PAR  This invention relates to sheet handling apparatus and methods of operating
      the same and is more particularly concerned with improvements in methods
      and apparatus for piling or stacking sheets of a material which responds
      to magnetic force so as to enable the sheets to be deposited selectively
      in dual stacking areas.
PAR  In the handling of metal sheet materials in a fabricating or processing
      line it is frequently desirable to be able to provide for piling in dual
      stacks with arrangements for controlling the flow of the individual sheets
      into a selected stack in order to separate the sheets according to size,
      shape or some other difference in the character of the sheets or to enable
      a stack of sheets in one of the stacking areas or piler boxes to be
      removed from the machine while another stack is being formed in another
      stacking area and thus avoid interruption of the flow of sheets into the
      piling machine. A general object of the invention is to provide a piling
      machine for handling sheets of material wherein the machine is capable of
      piling or stacking selected sheets in a plurality of separate piling or
      stacking areas and provision is made for controlling the operation of the
      machine so that its operation is wholly or partially automatic.
PAR  A more specific object of the invention is to provide a sheet piling
      machine wherein an overhead sheet carrying conveyor is arranged above a
      plurality of in-line piling areas and its operation is controlled to
      enable successive individual sheets fed to the machine to be advanced to
      and deposited in a selected piling area with the selection being automatic
      according to a predetermined setting or at the will of an operator.
PAR  A further object of the invention is to provide a sheet piling machine
      which is characterized by an elongate sheet carrying conveyor supported
      for advancing sheets held on the bottom thereof in a path extending above
      dual in-line stacking areas with each stacking area having a sheet
      supporting and advancing conveyor at the entrance thereof for receiving
      sheets deposited thereon and for delivery of the sheets to the associated
      stacking area, and a control system for operating the overhead conveyor
      and associated mechanisms so as to advance the sheets for deposit on a
      selected sheet supporting and advancing conveyor and into the associated
      stacking area according to the presence or absence of a predetermined
      characteristic of the sheet, with the operation being automatic or under
      control of the operator.
PAR  Another object of the invention is to provide apparatus for piling metal
      sheets which are responsive to magnetic force wherein dual in-line piling
      areas are arranged beneath an elongate overhead magnetic conveyor, with
      inclined roller skate conveyors at the entrance to the piling areas, and
      with control circuitry for activating and deactivating the magnetic
      conveyor so as to deliver successive sheets to selected roller skate
      conveyors for deposit in the associated piling areas according to a
      predetermined characteristic of the sheets or predetermined control
      settings.
PAR  Still another object of the invention is to provide a sheet piling machine
      wherein an electromagnetic conveyor is arranged above dual in-line
      stacking areas or piler boxes with each of the latter having associated
      end stop, back stop and side guide mechanisms together with a pallet
      supporting and conveying apparatus which is power driven for moving a
      pallet into stack receiving position, raising and lowering it for the
      stacking and removing the completed stack, and wherein a roller skate
      conveyor is arranged at the entrance end of each piler box for gravity
      delivery of sheets deposited thereon into the piler box and an electrical
      control system is provided for the driven members which enables presetting
      for automatic operation with delivery of sheets to a preselected piler box
      or alternately into separate piler boxes.
DRWD
PAR  These and other objects of the invention will be apparent from a
      consideration of the sheet piling machine which is shown by way of
      illustration in the accompanying drawings wherein:
PAR  FIG. 1 is a plan view of a piling machine which incorporates therein the
      principal features of the invention, with portions of the machine being
      omitted and other portions being broken away;
PAR  FIG. 2 is a side elevational view of the machine shown in FIG. 1, with
      portions omitted and other portions broken away;
PAR  FIG. 3 is a partial cross sectional view taken on the line 3--3 of FIG. 2,
      with portions broken away;
PAR  FIG. 4 is a partial plan view taken on the line 4--4 of FIG. 2, to a larger
      scale;
PAR  FIG. 5 is a partial cross sectional view, to an enlarged scale, taken on
      the line 5--5 of FIG. 4;
PAR  FIG. 6 is a longitudinal sectional view taken on the line 6--6 of FIG. 4;
PAR  FIG. 7 is a longitudinal sectional view taken on the line 7--7 of FIG. 6;
PAR  FIG. 8 is a vertical sectional view taken on the line 8--8 of FIG. 6;
PAR  FIG. 9 is a fragmentary cross sectional view taken on the line 9--9 of FIG.
      6; and
PAR  FIGS. 10-12 are detailed schematic circuit diagrams showing the electrical
      circuits which control the various operations of the conveyor system of
      the present invention.
DETD
PAR  Referring first to FIGS. 1 and 2, there is illustrated a sheet piling
      machine which is adapted for carrying out the sheet piling operations
      required in practicing the sheet piling method or system embodying the
      invention. The illustrated machine comprises an elongate, upright frame
      structure 10 with an upright cross frame structure constituting a front or
      entrance end stand 12, an upright middle stand 14 which is spaced
      longitudinally from the entrance end stand 12 so as to define a first
      piling or stacking area 16 between the two stands 12 and 14, and an
      upright end stand 18 at the far end which is spaced longitudinally from
      the middle stand 14 so as to define a second piling or stacking area 20
      between the two stands 16 and 18 which are in line longitudinally. The two
      stacking areas 16 and 20 may be designated No. 1 and No. 2 piling or
      stacking areas, respectively. Each of the piling or stacking areas 16 and
      20 has a pile supporting or stack supporting lift structure, indicated at
      22 and 24, with associated operating and stack height control apparatus
      and with mechanism for removing the stack when completed, or when desired.
      Sheet supporting and advancing skate roller conveyors 26 and 28 are
      mounted in inclined relation at the entrance to the two in-line piling or
      stacking areas 16 and 20 so as to enable sheets received thereon to
      advance by gravity into the associated piling or stacking areas. An
      overhead electromagnetic sheet conveyor assembly 30 is mounted above the
      supporting frame structure 10, at the entrance end of the machine, which
      conveyor 30 is adapted to be operated to advance sheets fed to its bottom
      face, by an entry conveyor 32, for deposit on the skate roller conveyor
      28. Each of the pile or stack receiving areas 16 and 20 is provided with a
      longitudinally adjustable end stop mechanism 33, 34 and a back stop
      mechanism 35, 36, the latter being at fixed positions on the vertical
      cross frames or stands 12 and 14 and the former being supported for
      longitudinal adjustment on longitudinal top members of the support frame
      10. Each of the stack receiving areas 16, 20 is also provided with an
      adjustable side guide mechanism indicated at 37 and 38.
PAR  The overhead conveyor 30, at the entrance end of the machine, in the form
      shown, comprises a plurality of elongate rail units 40 (FIG. 1) which are
      spaced laterally, preferably equi-distant on opposite sides of the
      longitudinal center line of the machine, indicated at a--a, and supported
      adjacent their opposite ends on longitudinally spaced cross beams 42 and
      43, the latter being supported by and extending between laterally spaced,
      longitudinal side frame members 44, 44' which extend the length of the
      support frame 10. The rail units 40 are of identical construction with
      each unit comprising an elongate frame structure 45 housing longitudinally
      spaced electromagnets (not shown) which are arranged, so that when
      actuated, they hold metal sheets by magnetic force against the bottom run
      of a pair of traveling V-belts 46 which V-belts 46 are carried on idler
      pulleys 47 at the trailing ends and driven pulleys 48 at the leading ends.
      The pulleys 48 are mounted on a common drive shaft 50 at the leading end
      of the assembly 30 which is extended at one end and carries a sprocket 52
      connected by a drive chain 53 with an output sprocket 54 of a drive motor
      and clutch assembly 55 mounted on a suitable support structure 56 at one
      side of the machine. For further details of the magnetic rail units 40
      resort may be had to U.S. Pat. No. 3,199,654, dated Aug. 10, 1965, or U.S.
      Pat. No. 3,782,529, dated Jan. 1, 1974 both of which disclose rail units
      suitable for use in this machine.
PAR  The sheets S enter the machine on the entry conveyor 32 which, in the form
      shown, comprises a pair of wide, flat belts 58 supported at the leading
      end on a cross roller structure 60 having a sprocket 62 at one end which
      is connected by chain 63 with the output sprocket 64 of a motor drive
      assembly 65. The leading end of the entry conveyor 32 extends a short
      distance beneath the trailing end of the conveyor 30 and is supported on a
      bracket forming frame structure 66 on the trailing side of the end frame
      12. The leading or discharge end of the infeed or entry conveyor 32
      terminates at the trailing end of the skate roller conveyor structure 26
      which leads to or forms the approach to the first, or No. 1, piling or
      stacking area 16. When the conveyor 30 is inoperative sheets advanced on
      the entry conveyor 32 will be delivered to the skate roller conveyor 26
      for advance into the piling or stacking area 16.
PAR  The two piling or stacking areas 16 and 20 (FIG. 2) are in the form of
      longitudinally aligned boxes with the leading and trailing sides closed
      and the lateral sides open so as to enable completed stacks or piles of
      the sheets to be removed out of the side of the machine and empty pallets
      to be moved into the proper boxes. The two box-like areas 16 and 20 are
      provided with lift assemblies 22 and 24 which, in the illustrated machine,
      are of identical construction. In the piling area 16 the lift assembly 22
      comprises a pallet forming structure 66 on which the sheets are supported
      while a stack or pile of the sheets S accumulates. The pallet 66 rests on
      a driven roller bed 67 of a scissors-type lift assembly which may be
      constructed in accordance with the disclosure in U.S. Pat. No. 3,369,675,
      granted Feb. 20, 1968, to which resort may be had for details not
      described herein. The rolls in the bed 67 are driven by connection with a
      drive motor assembly indicated at 68, for shifting the loaded pallet 66
      laterally of the machine onto the pack conveyor 70 which has its rollers
      driven by a suitable motor drive assembly, indicated at 72 in FIG. 1. A
      pallet conveyor 73 is provided, at the opposite side of the machine, for
      feeding empty pallets onto the lift table 67, which conveyor 73 is driven
      by the motor drive assembly 74. The lift assembly 22 is carried in a
      vertical path by means of end brackets 75, 76 (FIG. 2) thereon which rest
      on nut arrangements 77, 78 and which ride up and down on vertically
      disposed screw post members 80, 82, the screw members being housed in the
      cross frame structures 12 and 14. The screw members 80, 82 are driven by
      suitable drive connection with drive motor assembly 83 through belt or
      chain drive and shaft connected right angle gear boxes 84 and 85.
PAR  The side guide assembly 37 comprises elongate side guide members 86, 86'
      which are mounted for lateral adjustment with oppositely disposed,
      vertical guide faces in parallel planes and in laterally spaced relation.
      The side guide members 86, 86' extend longitudinally between the cross
      frames 12 and 14. They may be constructed as shown in U.S. Pat. No.
      3,061,305, granted Oct. 30, 1962, with the trailing ends thereof mounted
      on a transversely extending screw shaft (not shown) having right and left
      hand threads and driven by a drive connection with a drive motor 88
      supported on the cross frame structure 12. The leading or opposite ends of
      the side guide members 86, 86' are mounted for travel on a cross beam 90
      on the cross frame 14 and have a rack and pinion arrangement (not shown)
      for insuring adjustment in parallel planes as described in U.S. Pat. No.
      3,061,305.
PAR  The end stop mechanisms 33 and 34 may be of identical construction, such as
      shown in U.S. Pat. No. 3,256,011, granted June 14, 1966, or U.S. Pat. No.
      3,799,540, granted Mar. 26, 1974, to which resort may be had for details
      not herein disclosed. The end stop mechanisms 33 and 34 are suspended by
      parallel linkages 92, 92' from cross frames 93, 93' of identical
      construction, which cross frames are mounted for adjustment longitudinally
      of the piler areas or boxes 16 and 20 with which they are associated. The
      cross frames 93 and 93' are mounted for longitudinal travel on the
      longitudinally extending top side frame members 44 and 44'. The cross
      frames 93 and 93' each have a driving connection with a pair of parallel
      screws 94, 94' and 95, 95' housed in the side frame members 44, 44'. The
      screws 94, 94' and 95, 95' are connected through suitable drive train
      members 96, 96' and 97, 97' with cross shafts 98 and 98' which are driven
      by motors 100, 100' so that the position of each of the end stop
      mechanisms 33, 34 relative to its associated piling areas 16 and 20 may be
      readily adjusted independently. The motor drive for adjusting the position
      of the end stop mechanisms 33 and 34 may, of course, be omitted and a
      suitable arrangement for manual adjustment substituted. The end stop face
      pad of each of the mechanisms 33, 34 is preferably mounted on a vertical
      pivot so as to be angularly adjustable as in U.S. Pat. No. 3,111,311,
      granted Nov. 19, 1963 and thereby adapt the machine for handling sheets of
      odd shape, such as, the sheets shown in U.S. Pat. No. 3,111,311.
PAR  The back stop mechanisms 35 and 36 are of identical construction and only
      one will be described in detail. The mechanism 35 (FIGS. 4 to 9) comprises
      a face plate 102 on a supporting frame 103 which is hingedly mounted by
      means of vertical pivot 104 in the open side of a carriage formation or
      frame 105 of generally U shape and having a slide bar 106 (FIGS. 6, 7 and
      9) extending horizontally from a vertically disposed base or web member.
      The pivot 104 is mounted between top and bottom leg forming plate
      assemblies 107 and 108 of the carriage frame 105. The slide bar 106 is
      supported at the forward end on a roller 110 (FIG. 8) mounted in suitable
      bearing brackets 112. At its opposite or rearward end the slide bar 106 is
      pivoted at 113 (FIGS. 6 and 9) to the top of a slidably mounted bracket
      114 which has a screw threaded connection with an adjusting screw 115. The
      adjusting screw 115 is mounted in longitudinally spaced bearing brackets
      116 on the top of the center cross frame structure 14 and is provided with
      a hand wheel 115' on the free end thereof for manually turning the screw
      so as to adjust the carriage 105 longitudinally of the machine. The
      carriage forming bracket 114 (FIGS. 6 and 9) is mounted for sliding
      movement on the horizontal frame member 117 which has a guide slot 117'
      for receiving a co-operating portion of member 114. The face plate 102 has
      mounted on its rearward side a worm gear 118 (FIGS. 6 and 7) which is
      engaged by a worm shaft 120 journaled in the framing of the carriage
      formation 105. The end of the worm shaft 120 is formed with a cross pin
      122 so as to accept a bifurcated end of a turning tool (not shown) for
      enabling manual turning so as to swing the face plate 102 into the proper
      position according to the configuration of the leading edge of the plates
      being handled. The back stop assembly 35 has a portion of the skate roller
      conveyor 26, at the forward end, attached to the carriage 105, as
      hereinafter described, so as to extend, with extension of the back stop
      plate or pad 102, in adjusting the working position of the latter.
PAR  The skate roller conveyor assembly 26 (FIGS. 2 to 6) comprises a plurality
      of longitudinally spaced cross bar frame members 124 forming a base on the
      top face of which a plurality of skate roller assemblies, indicated at
      125, 126 and 127, are mounted so as to extend in parallel, transversely
      spaced, longitudinal relation and in alternate arrangement except for the
      center assembly 127. Each of the skate roller assemblies 125, 126 and 127
      has two lines or rows of skate rollers 128 which are in multiple,
      transversely spaced, double line or double row relation and extend
      longitudinally of the machine. The assemblies 125 are mounted for
      longitudinal sliding movement on the base members 124 and the assemblies
      126, which are fixed on the base members 124, are arranged in alternate
      spaced relation with the assemblies 125, on each side of the center skate
      roller assembly 127. Each of the fixed skate roller assemblies 126 (FIG.
      3) comprises a skid rail formation 130 (FIG. 8) of inverted U-shaped cross
      section with side edge flanges 132, 132' which are secured on the base
      members 124. Two lines or rows of the rollers 128 are mounted in free
      rolling relation on horizontal axle forming cross pins on the rail side
      walls 133, 133', near the top of the latter, so as to revolve freely with
      the periphery traveling in a path extending above the top surface or wall
      134 of the skid rail.
PAR  The slidably mounted assemblies 125 (FIGS. 3 and 5) are constructed in a
      similar manner with a skid rail 135 of inverted U-shaped cross section and
      having outturned side edge flanges 136, 136' which are confined in sliding
      relation in laterally spaced, track forming or guideway forming members
      137 mounted on the supporting cross members 124. Two rows or lines of the
      skate rollers 128 are mounted on horizontal axle forming pins on the top
      portions of the side walls 138, 138'  with the peripheries traveling in a
      path above the top face or top wall 140 of the rail member 135. Each of
      the roller assemblies 125 FIG. 8 has a transverse plate 142 extending
      between the side walls 138, 138' on which an elongate rack 143 is mounted
      for engagement by a pinion 144 carried on a cross shaft 145 which extends
      from one of the side plate or side frame members 146 on the end stand or
      cross frame assembly 12. The cross shaft 145 is supported intermediate the
      side frame members 146, 146' by means of pairs of axially spaced bearing
      members 147 mounted on a bottom cross plate 148 of the fixed skate roller
      mounting assemblies 126. The one end of cross shaft 145 is mounted in a
      sleeve bearing 150 on the frame member 146 and provided with an end
      portion which is squared or otherwise shaped at 152 to take a wrench for
      manual turning of the shaft. A locking bolt or screw 153 is provided in
      the bearing 150 to enable the shaft to be locked in position when the
      assembly 125 is in the desired position of adjustment, which will depend
      upon the longitudinal and rotational adjustment of the stop member 102. In
      the arrangement illustrated there is a separate cross shaft for adjusting
      each of the moveable roller assemblies or units 125. In some arrangements
      it may be desirable to have one shaft adjust more than one of the
      assemblies 125 and 126. The assemblies 125 and 126 are arranged with the
      outermost assemblies 125 at a higher level than the center assemblies so
      as to enable a sheet of light material to bow of its own weight,
      transversely, or about a longitudinal center line.
PAR  The center roller assembly 127 (FIGS. 3 and 4) is specially constructed and
      is mounted for longitudinal sliding movement on the base members 124 in
      the same manner as the skate roller assemblies 125. The center assembly
      127 comprises a pair of laterally spaced, parallel side plate members 154,
      154' which extend in vertical planes and support between them a series of
      longitudinally spaced electromagnet coil members 155. The plates 154, 154'
      are of a material which will enable the plates to serve as pole pieces for
      the magnet coils 155. They also support two lines or rows of skate rollers
      128 mounted for free rotation on axle forming, horizontally disposed pins
      near the top margins of the side plates or pole plates 154, 154' so that
      the peripheries are in a path above the topmost edges of the pole plates
      154, 154'. The side plates or pole forming members 154, 154' have flange
      forming angle bar members 156, 156' on their lower ends which are of
      stainless steel or other non-magnetic material so as to insulate the plate
      members 154, 154' from the supporting frame members 124. The angle bars
      have their outturned flange formation confined in a pair of spaced, double
      guideway or track forming members 157, 157' which are mounted on the base
      members 124 and which provide half of the track mounting for the two
      adjoining skate roller assemblies 125 as shown in FIG. 5. The center
      roller assembly 127 is provided with the electromagnets so as to enable
      the center of a heavy sheet to be pulled down along the center by means of
      magnetic force and thereby bow the sheet and stiffen it, enabling better
      control of the sheet as it enters the piling box or stacking area 16.
PAR  The skate roller conveyor 26 is mounted in fixed position on the end stand
      or cross frame 12 by the spaced cross bar support members 124 in FIG. 2,
      so that the top surface is slanted in the direction of the piler box for
      gravity flow or gravity advance of the sheets. The center roller skate
      assembly 127, which is slidably mounted on the base members 124, is
      attached at its forward end to the carriage 105 for the back stop assembly
      35. A bracket formation 160 (FIG. 6) has upwardly opening sockets 162 for
      receiving a cross pin 163 on the side plates 154, 154' of the center
      assembly 127 so that upon extension of the carriage 105 the center skate
      roller assembly 127 will be extended with it.
PAR  The back stop assembly 36 for the piling area 20 is of the same
      construction as the back stop assembly 35 and the associated skate roller
      conveyor 28 is of the same construction as the skate roller conveyor 26
      and elements thereof corresponding to elements of back stop 36 and
      conveyor 26 and associated mechanism, where referred to, are identified by
      the same numerals primed. The roller conveyor 28 is mounted in the same
      manner as roller conveyor 26, with sufficient incline in the direction of
      the associated piler box or stacking area 20 to cause sheets deposited
      thereon by the overhead conveyor 30 to advance by gravity into the box 20.
      The trailing end of the roller conveyor 28 is, of course, disposed at a
      level above the piler box or piling area 16, which will provide clearance
      for passage of sheets into the box 16 from the roller conveyor 26.
PAR  The operation of the machine is under the control of an operator with
      manually settable electrical control elements connected in the electrical
      circuits as illustrated in FIGS. 10, 11 and 12 and hereinafter described.
PAR  The circuit of FIG. 10 controls the operation of the various drive motors
      of the conveying system of the piling machine. Each of the separate
      control portions of the circuit of FIG. 10 is connected in parallel across
      power buses 170 and 172 which are connected to a 110 volt AC power source
      as shown in FIG. 11.
PAR  Specifically, the control circuit of FIG. 10 controls the operation of the
      entry conveyor drive motor 65, the main magnetic conveyor drive motor 55,
      and the lift assembly drive motors 83 and 83', the pallet conveyor drive
      motors 74 and 74', the lift roll drive motors 68 and 68', the pack
      conveyor drive motors 72 and 72', the end stop drive motors 100 and 100'
      and the side guide motors 88 and 88', for the first and second piling
      areas 16 and 20, respectively. The control portions for the drive motors
      of the second piling area 20 are shown in block form inasmuch as they are
      identical to the control portions for the drive motors of the first piling
      area 16 which are fully shown and described herein.
PAR  The control portion for the entry conveyor and the main magnetic conveyor
      comprises off and on switches 173 and 174 respectively, starter contactor
      coils 175 and 176 for the entry conveyor and main magnetic conveyor drive
      motor respectively and overload contactors 177 and 178. When switch 174 is
      placed in the "ON" position, the power across buses 170 and 172 will be
      applied to the entry conveyor and main magnetic conveyor drive motor
      starter contactor coils 175 and 176 to activate their respective drive
      motors. Overload contactors 177 and 178 protect the starter windings from
      excessive currents and will open should an over current situation exist.
      While a control circuit for single phase motors has been herein described,
      it, of course, can be appreciated that a similar control circuit for three
      phase motors could be substituted.
PAR  The lift assembly drive motor control portion comprises a three
      position-three section spring loaded switch 180, knife switch 182, counter
      contacts 183, time delay relay 184 having contacts 185, proximity switch
      186, limit switches 187, 188, 190 and 192, lift assembly drive motor
      starter windings 193 and 194, and overload contactors 195 and 196. Starter
      winding 193 activates the lift assembly drive motor in the down direction
      and starter winding 194 activates it in the up direction.
PAR  Knife switch 182 places the lift assembly in either a manual or automatic
      mode for lowering the pallet as it is loaded. In the automatic mode, as
      the pallet is loaded, the loaded sheets will obtain a level which
      approaches the vicinity of proximity switch 186 which may be located in
      the back stop mechanism as indicated in FIG. 6. When proximity switch 186
      is activated, the time delay relay 184 will be set for a predetermined
      period, for example, three seconds. After the predetermined period has
      elapsed, and assuming switch 180 is in the down "DN" position, relay
      contacts 185 will close to apply power to the down starter winding 193.
      When the pallet has lowered a sufficient distance, the level of the sheet
      pile will be far enough from proximity switch 186 to cause it to open to
      thus stop the lowering of the pallet. The time delay relay 183 is provided
      to prevent the pallet from being lowered merely due to a steel sheet
      passing by the proximity switch. With switch 182 in the manual position,
      the pallet may be raised and lowered at will with switch 180.
PAR  Limit switches 190 and 192 limit the degree of upward travel while limit
      switches 187 and 188 limit the degree of downward travel. Therefore,
      should switch 180 be inadvertently left in either the up or down position
      while in the manual mode, the pallet will be automatically stopped when it
      reaches the limited extent of travel. Overload contactors 195 and 196
      protect the starter windings from over current conditions.
PAR  The control portion for controlling the pallet conveyor drive motor, the
      lift roll conveyor drive motor and the pack conveyor drive motor comprises
      a three position switch 200, forward and reverse starter windings 202 and
      203 respectively of the pallet conveyor drive motor, forward and reverse
      starter windings 204 and 205 respectively of the lift roll drive motor,
      forward and reverse starter windings 206 and 207 respectively of the pack
      conveyor drive motor, limit switches 208, 210 and 212 and respective
      override switches 213, 214 and 215, an eight position-three section drive
      motor selector switch 216 and overload contacters 217, 218, 220, 222, 223
      and 224.
PAR  Switch 200 is utilized to activate either the forward or reverse starter
      winding or none of them. Limit switches 208, 210 and 212 control the
      maximum degree of travel of the pallet conveyor, lift roll conveyor and
      pack conveyor respectively and will open to deactivate their respective
      drive motors when the maximum degree of travel is reached.
PAR  Switch 216 provides for selecting which drive motor combination of drive
      motors is to be activated. With the pallet conveyor designated "A", the
      lift roll conveyor designated "B" and the pack conveyor designated "C", it
      can be seen that any combination of drive motors may be selected. For
      example, if switch 216 were placed in the "AB" position, the pallet
      conveyor and lift roll conveyor motors will be activated when switch 200
      is placed in the forward or reverse position.
PAR  Overrides 213, 214 and 215 may be used to selectively override the
      respective limit switches. Overload contacters 217, 218, 220, 222, 223 and
      224 provide over current protection for the starter windings.
PAR  The end stop and side guide driver motor control portions comprise three
      position switches 225, limit switches 226, 227, 236, 237, end stop drive
      motor starter coils 228 and 230, side guide drive motor starter coils 238
      and 240 and overload contacters 232, 233, 242 and 243.
PAR  Switch 225 controls the in and out operation of the end stop mechanism. It
      is preferably spring loaded so that it will naturally return to the off
      position when not in use. Starter coil 228 activates the end stop drive
      motor to decrease the end stop distance and starter coil 230 causes the
      end stop drive motor to increase the end stop distance. Limit switches 226
      and 227 control the maximum degree of end stop adjustment.
PAR  The operation of the side guide drive motor 88 is identical to the
      operation of the end stop mechanism except that the width of the piling
      area is adjusted instead of the length.
PAR  FIG. 11 is a schematic circuit diagram of the circuit which controls the
      mode of operation of the conveyor system of the present invention. It
      provides selection of a No. 1 pile mode wherein all of the sheets are
      piled in the first piling area 16, a No. 2 pile mode wherein all of the
      sheets are piled in the second piling area 20 and an alternate pile mode
      wherein successive sheets are alternately piled in one or the other piling
      areas. It also provides control of the magnetic conveyor for accommodating
      different size sheets while in the alternate pile mode.
PAR  The circuit of FIG. 11 comprises a master switch 250, relay coil 252,
      inducto switch or proximity switch 253, which may be positioned as
      indicated in FIG. 1, counter 254, mode selector switch 255, magnetic
      conveyor magnet selector switch 256, contactor coils 257, 258, 260 and
      262-268, terminals 270 and 272 and magnet control contactor coil 251.
PAR  Terminals 270 and 272 are adapted for connection to a 110 volt AC external
      power source to be applied to buses 170 and 172. Master switch 250 is
      utilized to activate the DC magnet circuit of FIG. 12 which will be
      subsequently described.
PAR  Mode selector switch 255 selects the particular mode of operation of the
      conveyor system. In the position shown, the conveyor system will be in the
      No. 1 pile mode to stack all of the sheets in the first piling area 16.
PAR  Counter 254 is activated by proximity switch 253 and counts each sheet as
      it is loaded. Readout 259 provides a visual indication of the number of
      sheets loaded. Counter 254 is used when the system is in an automatic mode
      determined by switch 182 of FIG. 10. Referring to FIG. 10 for a moment,
      with switch 182 in the "AUTO" position and with counter 254 set to a
      predetermined count representing the total number of sheets to be stacked,
      as each sheet is stacked, proximity switch 253 will increase by count by
      one. When the desired number of sheets have been stacked, counter contacts
      183 will open causing the system to revert back to manual operation and
      the system will stop.
PAR  Referring now to the magnetic conveyor control circuit of FIG. 12, it
      comprises power switches 275 and 276, contacts 277 and 278, magnet control
      contactor contact 251', normally closed contacts 257a, 258a, 260a and
      262a-166a, normally opened contacts 257b, 258b, 260, and 262b-266b of
      contactors 257, 257, 260 and 262-266 of FIG. 11, magnet coils 280, 282,
      283-288, 290 and 292 and "Thyrite" resistors 293-298, 300, 302, 303 and
      304.
PAR  Contactors 257, 258, 260 and 262-266 and their respective normally closed
      and opened contacts control which magnet sections on the magnetic conveyor
      will be activated. With switch 255 in the "No. 1 pile" position, contactor
      251 and its contact 251' will cause none of the magnets to be activated so
      that all of the sheets will be stacked in piling area 16. With switch 255
      in the "No. 2 pile" position, contactor 251 and its contact 251' and the
      normally closed contacts will cause all of the magnets to be activated so
      that all of the sheets will be stacked into the second piling area 20.
PAR  When switch 255 is in the "alternate piling" position, contactor 251 and
      its contact 251' will control those magnet sections which are selected by
      switch 256. Switch 256 is a shorting selector type and for example, if in
      the No. 4 position, the normally closed contacts 257b, 258b, 260b and
      262b, and the normally opened contacts 257a, 258a, 260a and 262a will
      reverse so that magnets 283, 284, 285 and 286 will be under the control of
      contactor coil 251 and its contact 251'. All of the other magnets 287,
      288, 290 and 292 will be permanently activated. Thus, with switch 256
      properly set any size sheet may be handled without being prematurely
      dropped.
PAR  Counter 254 responsive to proximity switch 253 on alternate sheets will
      activate contactor 251 causing its contact 251' to deactivate magnets 280,
      282, 283, 284, 285 and 286 to drop every other sheet for stacking in
      piling area 20. All other sheets will be loaded into piling area 16
      because contactor 251 will not be activated.
PAR  Thus, the control circuitry of the conveyor system of the present invention
      provides manual or automatic control for piling sheets in one or the other
      piling areas or both of them, and while piling into both areas, the
      control circuitry accommodates for the size of the sheets being loaded.
PAR  While, in the machine illustrated, the side guide members 86, 86' are
      mounted equidistant from the center line a--a (FIG. 1) and are
      simultaneously adjustable in a transverse direction, by rotation of a
      common adjusting screw or shaft, they may be mounted for independent
      adjustment, or one may be fixed in position and the other adjustably
      mounted. Also the end stop mechanisms 33, 34 are shown mounted for
      operation on the center line a--a in the machine illustrated. It may be
      desirable in handling certain sheets to have the end stop mounted for
      operation on one side or the other of the center line. In some
      arrangements it may be desirable to mount the end stop mechanism on a side
      guide mechanism so that adjustment of the side guide will simultaneously
      adjust the position of the associated end stop mechanism. In the form of
      the machine illustrated the center skate roller assembly 127 is provided
      with electromagnets, the strength of which may be controlled by rheostats.
      Other magnet arrangements may be provided, such as, for example, permanent
      magnets with suitable mounting which will enable the poles to be moved
      relative to the top of the rollers 128 so as to control the strength.
      Likewise, the magnetic conveyor 30 may be equipped with suitably mounted
      and controlled permanent magnets so as to permit the desired operation and
      adjustment.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for handling metal sheets of material which is responsive to
      magnetic forces, said machine comprising an upright supporting frame
      structure having longitudinally spaced cross frame members constituting
      end frame structures at the opposite ends thereof and an intermediate
      cross frame structure spaced between the ends thereof, said end and cross
      frame structures defining longitudinally spaced, first and second areas
      between said structures for accommodating apparatus for forming at
      substantially the same level piles or stacks of the sheets which are
      deposited in the respective areas, a roller type conveyor arranged at the
      entrance forming end of each of said pile forming areas which conveyor has
      freely rotating rollers thereon forming a sheet supporting top face
      inclined downwardly and forwardly in the direction of the associated pile
      forming area so as to advance by gravity sheets deposited thereon and to
      deposit the same in the respective pile forming areas, means associated
      with each of said pile forming areas for guiding sheets deposited therein
      into a pile, an infeed conveyor having its delivery end supported on the
      end frame structure at the entrance end of the machine and having a sheet
      supporting top face aligned with the sheet supporting top face of said
      roller conveyor at the entrance to the associated first pile forming area,
      an elongate overhead magnetic conveyor having a bottom face on which
      sheets are held by magnetic force, which bottom face is disposed
      immediately above said infeed conveyor and said roller conveyors for said
      piling areas, said magnetic conveyor having its trailing end disposed
      above the leading end of said infeed conveyor and the trailing end of said
      roller conveyor for said first piling area and said magnetic conveyor
      extending to the leading end of said roller conveyor for said second
      piling area, and means for controlling the application of the magnetic
      force of said overhead conveyor and for adjusting the same according to
      the length of the sheet conveyed so as to enable sheets of varying length
      to be advanced on said infeed conveyor and delivered selectively to the
      roller conveyor for the first piling area or to the roller conveyor for
      said second piling area.
NUM  2.
PAR  2. A machine for handling metal sheets of material responsive to magnetic
      forces, said machine comprising an elongate upright frame structure
      arranged to provide longitudinally aligned and spaced first and second
      sheet receiving areas each adapted to accommodate at substantially the
      same level a plurality of sheets in stacked relation, a first
      longitudinally extending conveyor means having a sheet supporting top
      surface arranged to advance sheets received thereon in a longitudinal,
      forwardly inclined path for deposit in said first sheet receiving area, a
      second longitudinally extending conveyor means having a sheet supporting
      top surface arranged to advance sheets received thereon in a longitudinal,
      forwardly inclined path for deposit in said second sheet receiving area,
      an infeed conveyor means having a sheet supporting top surface aligned
      with the top surface of said first, longitudinally extending conveyor
      means at the entrance thereto and positioned to deliver sheets to said
      first longitudinally extending conveyor means, means for driving said
      infeed conveyor to advance sheets thereon, an elongate overhead sheet
      carrying magnetic conveyor having a bottom face on which sheets are held
      by magnetic forces, said bottom face being arranged above the discharge
      end of said infeed conveyor and extending to a point above said second
      longitudinally extending conveyor, means for driving said overhead
      magnetic conveyor to advance sheets carried thereon in said longitudinal
      path and means for controlling the magnetic forces of said overhead
      magnetic conveyor along the length thereof according to the length of the
      sheet conveyed so as to enable sheets of varying length to be selectively
      delivered by the infeed conveyor to said first longitudinally extending
      conveyor for deposit in said first sheet receiving area, or to said
      overhead magnetic conveyor for advance to said second longitudinally
      extending conveyor for deposit in said second sheet receiving area.
NUM  3.
PAR  3. A machine as set forth in claim 2 wherein said longitudinally extending
      conveyors comprise support members of rail-like form having mounted
      thereon for free rotation a plurality of longitudinally spaced skate
      rollers which provide a support for traveling movement of a sheet
      deposited thereon, and means for adjusting said support members
      longitudinally of the machine.
NUM  4.
PAR  4. A machine as set forth in claim 2 wherein said longitudinally extending
      conveyors comprise a plurality of longitudinally extending, transversely
      spaced support members of rail-like form with a plurality of skate rollers
      mounted for free rotation thereon which are adapted to provide a traveling
      sheet support.
NUM  5.
PAR  5. A machine as set forth in claim 2 wherein said longitudinally extending
      conveyors each comprise one or more rail-like members having a freely
      movable surface for receiving sheets thereon and said conveyors being
      mounted with said sheet receiving top surfaces inclined in the direction
      of the associated pile receiving areas at an angle sufficient to advance
      sheets received thereon by gravity into said pile receiving areas.
NUM  6.
PAR  6. A machine as set forth in claim 2 wherein said longitudinally extending
      conveyor means comprise elongate roller supporting members arranged in
      longitudinally extending, side-by-side relation, rollers mounted on said
      supporting members so as to form a sheet supporting bed with the rollers
      on the outermost supporting members at a higher elevation than the rollers
      on the supporting members which are arranged inwardly thereof so as to
      impart a transverse curvature to the sheet supporting bed and means spaced
      inwardly of said outermost rollers urging a sheet supported thereon to bow
      downwardly along the middle thereof thereby to stiffen the same for better
      control of longitudinal movement.
NUM  7.
PAR  7. A machine as set forth in claim 2 wherein each of said sheet receiving
      areas has an associated back stop assembly, an end stop assembly and a
      side guide assembly for confining sheets delivered thereto and for guiding
      said sheets into a vertical pile formation.
NUM  8.
PAR  8. A machine as set forth in claim 2 wherein said magnetic conveyor
      comprises a plurality of longitudinally spaced magnets for supplying said
      magnetic forces and wherein said means for controlling said magnetic
      forces comprises circuit means for energizing all of said magnets so as to
      enable sheets to be advanced to only said second longitudinally extending
      conveyor for deposit in said second sheet receiving area or for
      deenergizing all of said magnets so as to enable sheets to be delivered
      only to said first longitudinally extending conveyor for deposit in said
      first sheet receiving area.
NUM  9.
PAR  9. A machine as set forth in claim 2 wherein said magnetic conveyor
      comprises a first plurality of spaced apart manually deenergized magnets
      and wherein said control means comprises a proximity detector located at
      said infeed conveyor for detecting each sheet carried on said infeed
      conveyor, a counter coupled to said proximity detector for providing a
      control signal upon the detection of every other sheet and magnet control
      means coupled to said counter for controlling the energizing of said first
      plurality of magnets responsive to said control signal to enable alternate
      sheets to be advanced to said second longitudinally extending conveyor for
      deposit in said second sheet receiving area and to said first
      longitudinally extending conveyor for deposit in said first sheet
      receiving area.
NUM  10.
PAR  10. A machine as set forth in claim 9 wherein said first plurality of
      magnets comprises the first two magnets nearest said infeed conveyor.
NUM  11.
PAR  11. A machine as set forth in claim 9 wherein said conveyor additionally
      comprises a second plurality of spaced apart normally energized magnets.
NUM  12.
PAR  12. In a machine for handling metal sheet materials, a longitudinally
      extending conveyor structure comprising a plurality of elongate roller
      supporting units in the form of elongate channel members spaced
      transversely of a center unit, each of said channel members having rollers
      mounted thereon in longitudinally spaced relation with the rollers on the
      outermost units at a higher elevation than the rollers on the units which
      are disposed inwardly thereof so as to form a sheet supporting bed which
      bows downwardly about a longitudinal line intermediate the outermost units
      so as to enable a sheet carried thereon to bow downwardly along a
      longitudinal line and magnets positioned in said bed inwardly of the
      outermost units so as to apply magnetic force to a sheet carried thereon
      and cause the sheet to bow downwardly along said longitudinal line so as
      to stiffen the sheet for better longitudinal movement.
NUM  13.
PAR  13. A machine for handling metal sheets of material responsive to magnetic
      forces, said machine comprising an elongate upright frame structure
      arranged to provide longitudinally aligned and spaced first and second
      sheet receiving areas each adapted to accommodate a plurality of sheets in
      stacked relation, a first longitudinally extending conveyor means arranged
      to advance sheets received thereon in a longitudinal path for deposit in
      said first sheet receiving area, a second longitudinally extending
      conveyor means arranged to advance sheets received thereon in a
      longitudinal path for deposit in said second sheet receiving area, said
      longitudinally extending conveyors each comprising a series of rail-like
      skate roller supporting members arranged in side-by-side relation with
      alternate roller support members mounted for adjustment in the direction
      longitudinally of the machine, an infeed conveyor means having a sheet
      discharging end positioned to deliver sheets to said first longitudinally
      extending conveyor means, means for driving said infeed conveyor to
      advance sheets thereon, an elongate overhead sheet carrying magnetic
      conveyor arranged above said discharging end of said infeed conveyor and
      extending to a point above said second longitudinally extending conveyor,
      means for driving said overhead magnetic conveyor to advance sheets
      carried thereon in said longitudinal path and control means for
      controlling said overhead magnetic conveyor so as to enable sheets to be
      selectively delivered by the infeed conveyor to said first longitudinally
      extending conveyor for deposit in said first sheet receiving area, or to
      said overhead magnetic conveyor for advance to said second longitudinally
      extending conveyor for deposit in said second sheet receiving area.
NUM  14.
PAR  14. A machine for handling metal sheets of material responsive to magnetic
      forces, said machine comprising an elongate upright frame structure
      arranged to provide longitudinally aligned and spaced first and second
      sheet receiving areas each adapted to accommodate a plurality of sheets in
      stacked relation, a first longitudinally extending conveyor means arranged
      to advance sheets received thereon in a longitudinal path for deposit in
      said first sheet receiving area, a second longitudinally extending
      conveyor means arranged to advance sheets received thereon in a
      longitudinal path for deposit in said second sheet receiving area, said
      longitudinally extending conveyor means each comprising a plurality of
      elongate roller supporting members arranged in side-by-side relation,
      rollers mounted on said supporting members in longitudinally spaced
      relation and forming a sheet supporting bed with the rollers on the
      outermost supporting members at a higher elevation than the rollers on the
      supporting members which are spaced inwardly thereof so as to impart a
      transverse curvature to the sheet supporting bed, and magnets mounted in
      said supporting bed so as to apply magnetic force to a sheet carried
      thereon and cause the sheet to bow downwardly along the center line and
      stiffen the sheet for better longitudinal movement, an infeed conveyor
      means having a sheet discharging end positioned to deliver sheets to said
      first longitudinally extending conveyor means, means for driving said
      infeed conveyor to advance sheets thereon, an elongate overhead sheet
      carrying magnetic conveyor arranged above said discharging end of said
      infeed conveyor and extending to a point above said second longitudinally
      extending conveyor, means for driving said overhead magnetic conveyor to
      advance sheets carried thereon in said longitudinal path and control means
      for controlling said overhead magnetic conveyor so as to enable sheets to
      be selectively delivered by the infeed conveyor to said first
      longitudinally extending conveyor for deposit in said first sheet
      receiving area, or to said overhead magnetic conveyor for advance to said
      second longitudinally extending conveyor for deposit in said second sheet
      receiving area.
NUM  15.
PAR  15. A machine for handling metal sheets of material responsive to magnetic
      forces, said machine comprising an elongate upright frame structure
      arranged to provide longitudinally aligned and spaced first and second
      sheet receiving areas each adapted to accommodate a plurality of sheets in
      stacked relation, each of said sheet receiving areas having an associated
      back stop assembly, an end stop assembly and a side guide assembly for
      confining sheets delivered thereto and guiding them into a vertical pile
      formation, each of said sheet receiving areas comprising a lift assembly
      with a drive motor and a proximity detector located at an associated back
      stop assembly and coupled to an associated lift drive motor for lowering
      the sheet receiving areas when the top of the sheet piles reach a level
      approximate to the proximity detectors and a time delay relay coupled to
      an associated proximity switch to assure that said sheet receiving areas
      are lowered only due to the level of the sheet piles, a first
      longitudinally extending conveyor means arranged to advance sheets
      received thereon in a longitudinal path for deposit in said first sheet
      receiving area, a second longitudinally extending conveyor means arranged
      to advance sheets received thereon in a longitudinal path for deposit in
      said second sheet receiving area, an infeed conveyor means having a sheet
      discharging end positioned to deliver sheets to said first longitudinally
      extending conveyor means, means for driving said infeed conveyor to
      advance sheets thereon, an elongate overhead sheet carrying magnetic
      conveyor arranged above said discharging end of said infeed conveyor and
      extending to a point above said second, longitudinally extending conveyor,
      means for driving said overhead magnetic conveyor to advance sheets
      carried thereon in said longitudinal path and control means for
      controlling said overhead magnetic conveyor so as to enable sheets to be
      selectively delivered by the infeed conveyor to said first longitudinally
      extending conveyor for deposit in said first sheet receiving area, or to
      said overhead magnetic conveyor for advance to said second longitudinally
      extending conveyor for deposit in said second sheet receiving area.
NUM  16.
PAR  16. A machine as set forth in claim 15 wherein said back stop assembly,
      said end stop assembly and said side guide assembly are adjustably
      positioned so as to enable sheets of different predetermined size to be
      handled in said piling areas.
NUM  17.
PAR  17. A machine for handling metal sheets of material responsive to magnetic
      forces, said machine comprising an elongate upright frame structure
      arranged to provide longitudinally aligned and spaced first and second
      sheet receiving areas each adapted to accommodate a plurality of sheets in
      stacked relation, said sheet receiving areas each having an end stop
      member mounted adjacent the leading side of said area and a back stop
      member mounted adjacent the trailing side of said area, and means mounting
      said end stop and back stop members for adjustment longitudinally of the
      machine so as to adapt the machine for piling sheets of different lengths,
      a first longitudinally extending conveyor means arranged to advance sheets
      received thereon in a longitudinal path for deposit in said first sheet
      receiving area, a second longitudinally extending conveyor means arranged
      to advance sheets received thereon in a longitudinal path for deposit in
      said second sheet receiving area, said longitudinally extending conveyor
      means including a portion which is mounted for adjustment longitudinally
      of the machine and which is connected to the associated back stop member
      for simultaneous adjustment with said back stop member, an infeed conveyor
      means having a sheet discharging end positioned to deliver sheets to said
      first longitudinally extending conveyor means, means for driving said
      infeed conveyor to advance sheets thereon, an elongate overhead sheet
      carrying magnetic conveyor arranged above said discharging end of said
      infeed conveyor and extending to a point above said second longitudinally
      extending conveyor, means for driving said overhead magnetic conveyor to
      advance sheets carried thereon in said longitudinal path and control means
      for controlling said overhead magnetic conveyor so as to enable sheets to
      be selectively delivered by the infeed conveyor to said first
      longitudinally extending conveyor for deposit in said first sheet
      receiving area, or to said overhead magnetic conveyor for advance to said
      second longitudinally extending conveyor for deposit in said second sheet
      receiving area.
NUM  18.
PAR  18. A machine for handling metal sheets of material responsive to magnetic
      forces, said machine comprising an elongate upright frame structure
      arranged to provide longitudinally aligned and spaced first and second
      sheet receiving areas each adapted to accommodate a plurality of sheets in
      stacked relation, a first longitudinally extending conveyor means arranged
      to advance sheets received thereon in a longitudinal path for deposit in
      said first sheet receiving area, a second longitudinally extending
      conveyor means arranged to advance sheets received thereon in a
      longitudinal path for deposit in said second sheet receiving area, an
      infeed conveyor means having a sheet discharging end positioned to deliver
      sheets to said first longitudinally extending conveyor means, means for
      driving said infeed conveyor to advance sheets thereon, an elongate
      overhead sheet carrying magnetic conveyor arranged above said discharging
      end of said infeed conveyor and extending to a point above said second
      longitudinally extending conveyor, means for driving said overhead
      magnetic conveyor to advance sheets carried thereon in said longitudinal
      path and means for controlling said overhead magnetic conveyor so as to
      enable sheets to be selectively delivered by the infeed conveyor to said
      first longitudinally extending conveyor for deposit in said first sheet
      receiving area, or to said overhead magnetic conveyor for advance to said
      second longitudinally extending conveyor for deposit in said second sheet
      receiving area, said magnetic conveyor comprising a first plurality of
      spaced apart manually deenergized magnets and a second plurality of spaced
      apart normally energized magnets, said control means comprising a
      proximity detector located at said infeed conveyor for detecting each
      sheet carried on said infeed conveyor, a counter coupled to said proximity
      detector for providing a control signal upon the detection of every other
      sheet and magnet control means coupled to said counter for controlling the
      energizing of said first plurality of magnets responsive to said control
      signal to enable alternate sheets to be advanced to said second
      longitudinally extending conveyor for deposit in said second sheet
      receiving area and to said first longitudinally extending conveyor for
      deposit in said first sheet receiving area, and a magnet selector coupled
      to said second plurality of magnets for rendering selected ones of said
      second plurality of magnets normally deenergized to thereby bring said
      selected magnets under the control of said magnet control means.
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ABST
PAL  A reproduction machine adapted for producing copies of an original on
      either or both sides of a copy sheet and forwarding the finished copy to a
      collator. To collate the produced copy in the proper orientation, an
      inverter-reverser is employed to allow single-sided copy to pass directly
      to the collator, route single-sided copy to a secondary feed tray for
      subsequent processing to allow copying on the reverse side of the sheet to
      produce duplex copies, and for inverting duplex copies prior to delivery
      to the collator to provide the required sheet orientation in the collator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years a number of high volume electrostatic copy machines have
      been introduced. In order to take advantage of the high speed copying
      capabilities of these machines, document handlers adapted to feed the
      documents to be copied to the platen of the copy machine and remove them
      therefrom have been utilized to reduce the time required for an operator
      to place and remove documents. Further, to cope with the large quantities
      of copies produced, collators of the type illustrated in U.S. Pat. No.
      3,830,590, commonly assigned with the instant application, have been
      introduced for collating the copies to minimize operator involvement with
      the copying process. Following these developments, the need for a
      reproduction machine which would reproduce on both sides of a sheet of
      paper, ordinarily referred to as duplex copying was recognized. This
      presents a number of problems in a copy reproduction system adapted to
      produce both single-sided copy and duplex copy in that the machine must be
      capable of routing single-sided copy sheets directly to the collator, must
      be adapted for returning single-sided copy sheets to a paper supply tray
      in preparation for copying on the opposite side of the sheet to produce
      duplex copies, and must be adapted to invert the duplex copy to provide
      the proper orientation thereof prior to passage to the collator if the
      correct page order is to be maintained so that the finished copies are
      ready for stapling or binding without operator involvement. Sheet
      inverter-reversors also find utility in document handlers for turning over
      documents after imaging of the first side for imaging or exposing the
      reverse side. Further, certain automatic document handlers may require
      inversion and reversal of a document when operated in an automatic
      recirculation mode for repetitive imaging of the document. Sheet feed
      inverting mechanisms of the type illustrated in U.S. Pat. No. 3,523,678
      and U.S. application Ser. No. 429,252 now U.S. Pat. No. 3,856,295 commonly
      assigned with the instant application, may be employed for this purpose.
      However, most known inverters are capable of handling sheet material
      within a fairly narrow size range and paper weight.
PAR  At the high speeds encountered, an inverter-reverser must be provided that
      will positively handle light weight paper without damaging the leading or
      trailing edges of the paper. For heavy weight paper, the device must be
      capable of coping with the high inertial forces necessary for inverting
      the sheets at high speed. Further, since a wide variety of paper stock may
      be encountered, it is desirable to provide a device which is sheet size
      insensitive, that is, one which will handle a variety of sheet sizes
      without the necessity for specialized operator adjustment thereto or
      extensive sensing devices to sense the size of the sheets being fed to the
      inverter.
PAR  It is therefore an object of this invention to provide a mechanism adapted
      to deliver single-sided copy sheets to the collator, or if duplex copies
      are required, to route the single-sided copy to a duplexing paper tray and
      after the duplex copy is produced, route the duplex copy sheet through a
      self-actuating inverter to the collator to provide the proper sheet
      orientation in the collator.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a self-actuating inverter including first and
      second rolls forming a first roll pair to receive copy sheets transported
      to the inverter, the first roll being driven in a sheet forwarding
      direction, the second roll being freely rotatable for co-action therewith.
      A second roll pair formed by the first roll and a third idler roll is
      adapted to feed the sheet in a reverse direction. A third roll pair
      downstream from the first and second roll pairs is provided with an idler
      roll and a cooperating driven roll adapted to feed the sheet in the same
      direction as the second roll pair, one of the rolls of the third roll pair
      being mounted on lever means pivotally associated with the first roll
      pair, movement of a sheet between the first roll pair causing the first
      roll pair to move apart a distance equal to the thickness of the sheet and
      pivot the lever means to separate the rolls of the third roll pair a
      distance greater than the thickness of the sheet to prevent pinching the
      sheet therebetween, movement of the trailing edge of the sheet from
      between the rolls of the first roll pair allowing the rolls of the third
      roll pair to move together into contact with the sheet therebetween and
      thereby drive the sheet into the rolls of the second roll pair to feed the
      sheet in the reverse direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of an electrostatic reproduction
      system including a reproduction machine and a collator;
PAR  FIG. 2 is an enlarged view of the inverter-reverser portion of the
      reproduction system illustrated in FIG. 1;
PAR  FIG. 3 is a schematic view of the time delay drive mechanism for the
      reversing roll utilized in the inverter-reverser of FIG. 2 when the
      reversing rolls are spaced apart;
PAR  FIG. 4 is a schematic view of the time delay mechanism of FIG. 3 when the
      reversing rolls are first brought into contact with each other; and
PAR  FIG. 5 is a schematic view of the time delay drive mechanism at the end of
      the delay period when the reversing roll pair is driving the sheet in the
      reverse direction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a general understanding of an electrostatic processing system in which
      the invention may be incorporated, reference is had to FIG. 1. In the
      illustrated machine, an original D to be copied is placed upon a
      transparent support platen P fixedly arranged in an illumination assembly
      generally indicated by the reference numeral 10. While upon the platen, an
      illumination system flashes light rays upon the original thereby producing
      image rays corresponding to the information areas on the original. The
      image rays are projected by means of an optical system 11 to an exposure
      station A for exposing the photosensitive surface of a moving xerographic
      plate in the form of a flexible photoconductive belt 12. In moving in the
      direction indicated by the arrow, prior to reaching exposure station A,
      that portion of the belt being exposed would have been uniformly charged
      by a corona device 13 located at the belt run extending between belt
      supporting rollers 14 and 16. The exposure station extends between the
      roller 14 and a third support roller 15.
PAR  The exposure of the belt surface to the light image discharges the
      photoconductive layer in the areas struck by light, whereby there remains
      on the belt a latent electrostatic image in image configuration
      corresponding to the light image projected from the original on the
      supporting platen. As the belt surface continues its movement, the
      electrostatic image passes around the roller 15 and through a developing
      station B located at a third run of the belt wherein there is provided a
      developing apparatus generally indicated by the reference numeral 17. The
      developing apparatus 17 comprises a plurality of brushes 17' which carry
      developing material to the adjacent surface of the upwardly moving
      inclined photoconductive belt 12 in order to provide development of the
      electrostatic image.
PAR  The developed electrostatic image is transported by the belt 12 to a
      transfer station C located at a point of tangency on the belt as it moves
      around the roller 16 whereat a sheet of copy paper is moved at a speed in
      synchronism with the moving belt in order to accomplish transfer of the
      developed image. There is provided at this station a transfer roller 18
      which is arranged on the frame of the machine for contacting the
      non-transfer side of each sheet of copy paper as the same is brought into
      transfer engagement with the belt 12. The roller 18 is electrically biased
      with sufficient voltage so that a developed image on the belt 12 may be
      electrostatically transferred to the adjacent side of a sheet of paper as
      the same is brought into contact therewith. There is also provided a
      suitable sheet transport mechanism 19 adapted to transport sheets of paper
      seriatim from a first paper handling mechanism 20 or a second paper
      handling mechanism 21 to the developed image on the belt as the same is
      carried around the roller 16. A programming device operatively connected
      to the mechanisms 20, 21 and the illumination device for producing an
      electrostatic latent image on the belt 12, is effective to present a
      developed image at the transfer station C in time sequence with the
      arrival of a sheet of paper.
PAR  The sheet is stripped from the belt 12 after transfer of the image thereto
      by a stripper transport 23 and thereafter conveyed by the stripper
      transport into a fuser assembly generally indicated by the reference
      numeral 25 wherein the developed and transferred xerographic powder image
      on the sheet is permanently affixed thereto. After fusing, the copy is
      either discharged from the reproduction machine into the collator 24 or
      routed back to paper handling mechanism 21 in a manner to be hereinafter
      described. The toner particles remaining as residue on the developed
      image, background particles, and those particles otherwise not transferred
      are carried by the belt 12 to a cleaning apparatus positioned on the run
      of the belt between rollers 14 and 16 adjacent the charging device 13. The
      cleaning device, comprising a rotating brush 26 and a corona emission
      device 27 for neutralizing charges remaining on the particles, is
      connected to a vacuum source (not shown) for removing the neutralized
      toner particles from the belt prior to the formation of subsequent images
      thereon.
PAR  Referring now to FIGS. 1 and 2, there is illustrated an inverter-reverser
      mechanism adapted to receive copy sheets from the fuser 25 and route the
      fused copies either to the paper handling mechanism 21 or the collator 24.
PAR  The inverter-reverser mechanism includes a first transport 30 adapted to
      receive fused copies from the fuser for transport to the collator. When
      the reproduction system is being utilized to produce one-sided copy, the
      sheets from the fuser are transported by transport 30 directly to the
      collator 24 as illustrated in FIG. 1. When double-sided or duplex copies
      are to be produced, copies on the transport 30 are intercepted by a
      deflector 32 which is adapted for movement into the sheet path as
      illustrated in dotted line position to direct the sheets through a return
      path to paper handling mechanism 21 in a manner to hereinafter explained.
      With the deflector 32 in the intercept position, the sheets are fed into
      the nip of a first roll pair formed by a drive roll 34 and an idler roll
      36. Idler roll 36 is mounted on lever arm 38 which is pivotally anchored
      to the frame of the machine on a pivot pin 40. Lever arm 38 is biased
      toward roll 34 by a suitable means such as spring 39.
PAR  A third roll pair downstream from the first roll pair is formed by an idler
      roll 42 mounted on lever arm 38 and a driven roll 44 disposed opposite
      thereto. Roll 44 is adapted to be driven in a direction to move sheets to
      the paper handling mechanism 21. A fourth roll pair comprising idler
      roller 46 and a driven roller 48 are adapted to receive sheets from roll
      pair 34, 36 and feed the sheets to transport belts 50 for forwarding the
      sheets to mechanism 21. When the desired number of one-sided copies have
      been produced and delivered to the paper handling mechanism 21, the paper
      handling mechanism 20 may be inactivated and the paper handling mechanism
      21 activated. It should be understood that in following the paper path
      around roller 34 and between feed roll pair 34, 36, the copy sheets are
      turned over, i.e., the printed material is on the top of the sheets in
      paper handling mechanism 21.
PAR  Upon re-energization of the machine, the sheets from paper handling
      mechanism 21 are fed through the reproduction machine for copying on the
      blank side of the sheet in the same manner as described heretofore. As the
      duplex copy is exited from the fuser it is carried by the transport 30 and
      deflected around roll 33 in the same manner as heretofore described and
      illustrated in FIG. 1.
PAR  Simultaneously with the activation of the machine for producing the duplex
      copy, roll 44 would be energized for continuous rotation in the direction
      illustrated by the arrow thereon. Further, roll 48 would be inactivated
      and moved out of contact with idler roll 46 to prevent interference with
      the lead edge of sheets passing therebetween.
PAR  With the machine operating to print on the second side of the sheets,
      entrance of a sheet between roll pair 34, 36 will cause roll 36 to be
      displaced a distance equal to the thickness of the sheet. Through the
      mechanical advantage obtained by lever arm 38, roll 42 will be displaced a
      distance from roll 44 greater then the thickness of the sheet passing
      between rolls 34, 36 and allow free movement of the leading edge of the
      sheet therebetween. Stated another way, since roll 42 is mounted on lever
      38 at a greater distance from pivot 40 than roll 36, displacement of roll
      36 caused by passage of a sheet between rolls 34, 36 will cause a greater
      displacement of roll 42 to prevent the lead edge of the sheet from being
      pinched therebetween. As the trailing edge of the sheet leaves roll pair
      34, 36, roll 36 will be moved into contact with roll 34 thereby causing
      roll 42 to move towards roll 44 and pinch the sheet therebetween to drive
      the sheet toward a second roll pair formed by roll 34 and an idler roll 52
      disposed opposite thereto.
PAR  It can be seen that the upper guide members between rolls 52, 44, and 48
      are disposed in a relatively straight line offset from the path of sheet
      travel through rolls 34, 36. As the trailing edge of the paper leaves
      rolls 34, 36, the main body of the sheet will be disposed in the guide
      between roll pair 42, 44 and roll pair 46, 48. Due to the orientation of
      the guides, the beam strength of the paper will cause the trailing edge
      thereof to lift up toward the nip of roll pair 34, 52. Further, in the
      event there is a slight sag in the trailing edge of the paper, the contact
      of the trailing edge with rotating rolls 34, which are coated with a high
      friction material such as rubber, will also act to help lift the lead edge
      into the nip of roll pair 34, 52.
PAR  As stated heretofore, as the trail edge of the sheet leaves roll pair 34,
      36, roll pair 42, 44 will pinch the paper to drive the paper toward the
      left as illustrated in the drawings. To provide a slight delay in the
      drive provided by roll 44 and prevent the sheet from being prematurely
      driven to the left before the trailing edge thereof has time to reach the
      nip between roll 34 and 52, the drive for roll 44 may have a time delay
      mechanism built therein. By reference to FIGS. 3, 4, and 5 there is
      illustrated a simple, trouble-free mechanism to provide this time delay.
      In the disclosed mechanism the drive shaft 54 for roll 44 is provided with
      drive lugs 56 solidly affixed thereto. The inner portion of roll 44 is
      provided with a plurality of wheel lugs 58 solidly affixed thereto adapted
      for cooperation with drive lugs 56. Suitable springs 57 are connected
      between shaft 54 and roll 44 to maintain the drive lugs in engagement with
      the wheel lugs as illustrated in FIG. 3 when roll pair 42, 44 are
      separated. When roll 42 is initially moved into contact with roll 44, the
      resistance to rotation generated by the inertia of idler roll 42 and the
      passage of a sheet in the direction opposite to the feed direction of roll
      44 will cause the roll 44 to begin to rotate away from the drive lug
      against the force of the springs as illustrated in FIG. 4 into a final
      position illustrated in FIG. 5 and thereafter provide a solid drive in the
      reverse direction to feed the sheet to the left into the nip between roll
      34 and 52. While coil springs 57 are illustrated, it should be understood
      that other biasing means such as torsion springs connected between roll 44
      and shaft 54 could be utilized. The sheets exiting from roll pair 34, 52
      are directed by guides 60 to the exit transport 62 of the processor for
      forwarding to collator 24.
PAR  In the illustrated embodiment, the collator of the type illustrated in U.S.
      Pat. No. 3,830,590 mentioned heretofore, is adapted to receive
      single-sided copies face down for collation purposes. Stated another way,
      single-sided copy entering the collator is deposited in the collator trays
      face down so that the informational material on page 1 is at the bottom
      followed by the informational area on the succeeding page etc. to provide
      collated booklets or reports having the proper page orientation. Thus,
      when employing the collator with duplex copies, page 1 must also be
      presented to the collator face down. Since the duplex copy exits from the
      fuser with page 2 down, the inverter inverts the copy to present the
      duplex copy to the collator with page 1 down. The subsequent sheets having
      pages 3 and 4 thereon would be presented to the collator with page 3 down
      etc. to provide correct numerical order of the sheets in the tray.
PAR  The disclosed reverser-inverter device is capable of extremely high speed
      operation since in the reversing roll 44 is constantly driven and does not
      need to be programmed on and off as each sheet appears thereat. Further,
      irrespective of the sheet dimension presented to the inverter the
      controlling factor is the exit of the trailing edge from roll pair 34, 36
      which "actuates" roll pair 42, 44 for the reversing action. Thus, the
      inverter is capable of handling sheets of any length greater than the
      distance between roll pair 34, 36 and roll pair 42, 44 without changes in
      machine timing or other adjustments.
PAR  Further, since the inverter does not rely on a stop to physically contact
      the lead edge of the sheets prior to the reversing operation, the device
      is capable of extremely high speed operations without producing damage to
      the sheets.
PAR  While I have described a preferred embodiment of my invention, it is to be
      understood that the invention is not limited thereto but may be otherwise
      embodied within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-actuating sheet inverter-reverser including first and second
      rolls forming a first roll pair to receive sheets transported to the
      inverter-reverser, said first roll being driven in a sheet forwarding
      direction, said second roll being freely rotatable for co-action
      therewith;
PA1  a second roll pair formed adjacent said first roll pair adapted to feed
      sheets in a reverse direction;
PA1  a third roll pair downstream from said first and second roll pair, said
      third roll pair comprising an idler roll and a cooperating driven roll
      adapted to feed sheets in the same direction as said second roll pair;
PA1  lever means adapted for pivotal movement about a predetermined pivot point,
      one of the rolls of said first roll pair and one of the rolls of the third
      roll pair being mounted on said lever means, the roll of said first roll
      pair being mounted between the roll of said third roll pair and said pivot
      on said lever, movement of a sheet between said first roll pair causing
      said first roll pair to move apart a distance equal to the thickness of
      the sheet passing therebetween and pivot said lever means to separate the
      rolls of said third roll pair a distance greater than the thickness of the
      sheet to prevent pinching the sheet therebetween, movement of the trailing
      edge of the sheet from between the rolls of said first roll pair allowing
      the rolls of said third roll pair to move together into contact with the
      sheet therebetween and drive the sheet into the rolls of the second roll
      pair to feed the sheet in the reverse direction;
PA1  a time delay drive mechanism adapted for drivingly connecting the drive
      shaft for the driven roll of said third roll pair and said driven roll,
      said time delay mechanism comprising a plurality of driving lugs affixed
      to the drive shaft of the driven roll of said third roll pair;
PA1  a plurality of driven lugs mounted on the driven roll of said third roll
      pair; and,
PA1  biasing means adapted to bias said driven lugs away from said driving lugs
      in a direction opposite to the direction of rotation of the driven roll of
      said third roll pair, engagement of the rolls of said third roll pair
      causing said driving lugs to move toward said driven lugs in opposition to
      said biasing means, disengagement of the rolls of said third roll pair
      allowing said biasing means to move said driven lugs away from said
      driving lugs.
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ABST
PAL  After a cutter cutting sheets out of a travelling web has been arranged a
      pair of drive rollers rotated at a linear velocity at least equal to that
      of the web. The sheets are thrown by the pair of drive rollers and
      received and further delivered to a laying station by conveying means
      operated at a velocity lower than that of the drive rollers so as to cause
      the sheets to assume a partially overlapping relationship. After the drive
      rollers there is preferably arranged guide means for forcing the trailing
      edge of the sheet downward to enable the leading edge of the next sheet
      freely to pass over said trailing end.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a sheet cutting and laying apparatus of
      the type having a cutter for cutting sheets out of a travelling web, a
      laying station for receiving the sheets, and conveying means between the
      cutter and the laying station, particularly of the kind operated at high
      speed such that the velocity of the sheets has to be decelerated between
      the cutting station and the sheet laying station.
PAR  2. Description of the Prior Art
PAR  In the prior art the deceleration of the sheets after the cutting roller is
      accomplished by means of successive conveyors, as for example described in
      the German patent specification 631,555, whereby the sheet velocity
      decreases as the sheet is transferred from one conveyor to another so as
      to provide a suitable throwing velocity for laying the sheet. Such a sheet
      layer is however complicated and requires much supervision, since a great
      amount of various conveyor and guide belts are involved. In addition the
      apparatus requires much space.
PAR  The object of the invention is to eliminate the above-mentioned
      disadvantages and to provide a sheet laying apparatus which is of simple
      construction and reliable.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention there is provided a sheet cutting and laying
      apparatus of the type once described, which further comprises a pair of
      drive rollers situated after the cutting station and rotated at a linear
      velocity at least equal to the travelling velocity of the web and means
      for operating the subsequent conveying means at a velocity lower than that
      of said pair of drive rollers so as to cause the sheets after the pair of
      drive rollers to assume a partially overlapping relationship and to be
      conveyed at a decelerated velocity further to the laying station.
PAR  The pair of drive rollers is preferably so located that the leading edge of
      the sheet has reached the nip between the drive rollers at the moment of
      transversal cutting.
PAR  In the apparatus according to the invention guide means may be arranged
      after the pair of drive rollers for forcing the drive rollers to throw the
      trailing edge of the sheet downward so as to enable the leading edge of
      the next sheet freely to pass the trailing edge of the preceding sheet
      above the same.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view showing schematically a first embodiment of
      the sheet laying apparatus according to the invention;
PAR  FIG. 2 shows, also in elevation, a detail of the apparatus; and
PAR  FIG. 3 shows another embodiment of the detail shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing, FIG. 1 shows a web 1 travelling in the direction
      indicated by the arrow from left to right, driven by drive rollers 4, 5.
      The web is slit longitudinally by means of slitter blades 2, 3, and
      transversally by means of a cutter blade 6, thus providing a sheet 7
      which, thrown by a pair of drive rollers 8, 9 and guided by a guide plate
      15, travels under a pressure roller 11.
PAR  During the transversal cutting step the leading edge of the sheet is
      situated between the pair of drive rollers 8, 9 running at a slightly
      higher linear velocity than that of the pair of drive rollers 4, 5. The
      drive rollers 8, 9 direct the sheet 7 to a conveyor belt 10 in the
      direction of the common tangent of the rollers. The guide plate 15 presses
      the trailing edge downward so as to enable the leading edge of the next
      following sheet to move over the trailing edge of the preceding one. The
      velocity of the conveyor 10 is substantially lower than that of the
      feeding velocity of the rollers 8, 9, so that the sheets are placed on the
      conveyor in an overlapping relation. The location of the pressure roller
      11 is so chosen that the leading edge of the sheet just will reach the nip
      of the pressure roller as its trailing edge is released from the nip of
      the pair of drive rollers 8, 9. From the conveyor 10 the sheets travel at
      a constant velocity under a pressure roller 12 and between drive rollers
      13, 14, and fall down onto a layboy 19 where they form a pile of sheets.
PAR  FIG. 2 shows the drive roller 8 mounted pivotedly on a beam 16, spring
      loaded by means of a spring 17. The guide plate 15 is also mounted on the
      beam 16 so as to be able to swing upward from the position shown either
      freely or resiliently. The beam with the roller, the guide plate, and the
      spring, is horizontally adjustable, by means not shown, whereby the nip
      between the rollers 8, 9 is displaced and the direction of the sheet is
      changed. The pressure roller 11 is adjustable both horizontally and
      vertically.
PAR  An alternative embodiment is shown in FIG. 3. Here a roller 18, rotatably
      mounted on the beam 16, serves for guiding the sheet.
PAR  The velocity of the conveyor, being adjustable, is chosen so as to give the
      sheets a throwing motion suitable in view of pile formation. It has been
      found in practice that said velocity preferably should be in the range of
      from 60 to 120 meters per minute. The running speed of the pulp machine
      may be considerably higher. In an exemplary instance the ratio of the
      velocity of the rollers 4, 5 to that of the rollers 8, 9 was 1:1.2 and the
      ratio of the velocity of the rollers 4, 5 to that of the conveyor was
      1:0.3. It is to be appreciated that in some cases when the running speed
      of the pulp machine is low, the velocity of the conveyor may exceed the
      web velocity at the rollers 4, 5.
PAR  The apparatus according to the invention provides a simple means for
      arranging the sheets in overlapping relation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a sheet laying apparatus having a cutter for cutting sheets from a
      travelling web, a laying station for receiving the sheets in stacked
      order, and means for conveying the sheets from the cutter to the laying
      station, the improvement which comprises a pair of rollers driven at a
      peripheral velocity at least equal to the travelling velocity of the web,
      a conveyor driven at a velocity lower than the peripheral velocity of said
      rollers, and guide means, said pair of rollers being positioned to grip
      each successive sheet cut from the web and to advance the sheet onto said
      conveyor, said guide means being positioned to engage the sheet advanced
      by said rollers and deflect the trailing edge of the sheet toward the
      conveyor to enable the leading edge of the next following sheet to pass
      over the trailing edge of the preceding sheet whereby the sheets are
      placed upon the conveyor in overlapping relation for conveyance thereby to
      the laying station, at least one of said drive rollers being adjustable
      for varying the sheet throwing direction, said guide means being
      adjustable automatically in connection with the drive rollers.
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ABST
PAL  A sheet feeding table has pull-type side lays and front lays. Mounted
      beneath the feeding table and nearer the front lays are suction drums
      spaced apart and rotated by a transversely extending drive shaft on which
      they are mounted. The shaft is driven through toothed wheels having
      relative axial movement with respect to each other. A cam plate rotates
      with the shaft and a pair of fixedly mounted rollers guide the cam plate
      and impart reciprocating motion to the shaft and the suction drums. The
      lateral shifting of the suction drums clears the sheet from the pull-type
      side lay for the successive sheet. Each drum has a suction piece sealed
      and biasedly positioned adjacent a portion of the inside peripheral
      surface of the drum which rotates thereby and brings the drum suction
      holes into communication with the suction chamber within the suction
      piece. The suction chamber is in communication with a vacuum supply and a
      control valve is interposed in the supply. The sheets are fed to an
      impression cylinder having front stops and a series of sheet grippers. The
      speed of the drums is raised somewhat excessively to convey the sheets
      against the front stop in the impression cylinder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an apparatus for use in transferring sheets on
      printing presses from a feed table to a continuously rotating impression
      cylinder, in which the sheets are gripped in position of rest by a
      conveying device, are accelerated to peripheral speed of the impression
      cylinder, and are delivered to the grippers of the impression cylinder.
PAR  Mechanisms of this general kind are already known. The conveying device
      described in the German Patent Specification No. 1,123,678 comprises drive
      rolls between which the sheet is clamped, and by which it is transferred
      against front stops on the impression cylinder. Such clamping causes the
      risk of marks impressed on the sheet.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an apparatus by means
      of which the sheets can be fed at a high speed, so that the output of the
      printing press is increased. Furthermore, any risk of impressing marks on
      the sheet is eliminated.
PAR  According to the invention, this object is accomplished by the fact that
      the conveying device comprises a number of suction drums which are
      disposed below the feed table and, which are capable of partly being
      provided with vacuum admission, and of laterally being shifted, in order
      to clear the pull-type side lay for the successive sheet.
PAR  From the German Patent Specification No. 653,308, a pull gripper is known
      which pulls the sheet off the pull-type side lay after the registering
      procedure. This pull gripper meshes with the grippers of its gripper
      series between the grippers of the next cylinder, i.e. of the impression
      cylinder. Hitherto one has not succeeded in coordinating the grippers of
      the pull gripper and those of the impression cylinder in such a way that
      sheets can be registered alternately on the left or on the right side of
      the feed table without collision of the grippers of the pull gripper with
      the grippers of the impression cylinder. Thus the proposition described in
      the present specification has not yet been realized.
PAR  By means of the apparatus according to the present invention, the output of
      a printing press can be increased, as the pull-type side lay has already
      been cleared of the first sheet before this is pulled off over its whole
      length. Furthermore, the suction drums also accomplish another object.
      They can be used with sheets that are short in relation to the impression
      cylinder circumference, without lateral shifting, as simple and not very
      expensive conveying devices. They are particularly advantageous because
      any marks which may be impressed on the sheet by the drive rolls described
      in the German Patent Specification No.  1,123,678, can thus be avoided.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention is hereinafter described, by way of example
      only, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side view of the apparatus,
PAR  FIG. 2 is a sectional view along line II -- II of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Throughout the description, like reference numbers refer to similar parts.
PAR  Suction drums 1 to 4 are located under a feed table 5 between front lays
      and side lays. Drums 1 to 4 are accelerated from a position of rest to a
      peripheral speed somewhat higher than that of an impression cylinder 6, to
      which feed table 5 transfers the sheets. A rubber covered or plate
      cylinder 7 coacts with impression cylinder 6. On impression cylinder 6,
      front stops 8 and a series of grippers 9 are located. On feed table 5,
      front lays 10, capable of being withdrawn under feed table 5, and side
      lays 11, by means of which the sheets can be laterally registered, are
      located.
PAR  After registering of the sheets against front lays 10 and side lays 11, the
      sheets are seized by the suction drums 1 to 4, are accelerated, and are
      delivered to the impression cylinder 6. Suction drums 1 to 4 are
      positioned on a shaft 12, on which a toothed wheel 13 and a cam disk 14
      are fastened by means of keys. Toothed wheel 13 is in mesh with a toothed
      wheel 15 which is driven by the main drive of the printing press by means
      of an intermittent driving gear. Toothed wheel 13, which is secured on
      shaft 12, is axially slidable with respect to toothed wheel 15. By the cam
      disk 14 which runs between two rolls 17 mounted in the press frame, shaft
      12 and thus suction drums 1 to 4 are rhythmically driven in reciprocating
      motion. Cam disk 14 is capable of causing, by twisting, a positive or
      negative shifting. Shifting can also be effected individually by means of
      an individual drive, it must, be invertible according to the position of
      the pull-type lay. Control of suction of the suction drums 1 to 4 is
      effected by means of valves 16, which are located between a suction source
      not shown in the figures, and suction chambers 18. These are located
      inside the suction drums 1 to 4, are precision fitted to the radius of the
      inside peripheral surface 19, and are pressed by spring resilience to the
      inside peripheral surface of suction drums 1 to 4, so that the inside of
      suction chamber 18 is sealed against the environment. Suction drums 1 to 4
      are, at their circumference, provided with holes 20 through which the
      sheet is sucked and is driven when the suction drums 1 to 4 are rotating.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a sheet feeding apparatus useable for feeding sheets to the
      continuously rotating impression cylinder of a sheet-fed rotary printing
      press, and including a feed table having spaced front lays and side
      pull-type lays, a suction conveying device for grasping the sheets from
      the feed table and transferring the sheets to the grippers of the
      impression cylinder, the suction conveying device comprising:
PA1  at least two spaced apart rotary suction drums affixed on an axially
      shiftable shaft positioned generally beneath the feed table and between
      the front and side lays;
PA1  means operable to axially shift said shaft; and
PA1  means for applying vacuum to an interior portion of each of said suction
      drums together with means on said drums for communicating said vacuum to
      an outer surface of each of said drums whereby a sheet may be grasped by
      said rotary suction drums and forwarded for engagement with the grippers
      of the impression cylinder.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means operable to axially shift
      said shaft is a cam disc affixed to said shaft, said cam disc engaging
      guide means to cause said axial shifting of said shaft.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said means for applying vacuum to an
      interior portion of each of said suction drums is a suction chamber
      mounted inside the drum and pressed to the inside peripheral surface of
      said drums and further wherein said suction chamber communicates with
      suction holes in said drum whereby said vacuum in said suction chamber is
      communicated to an outer surface of said drum.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said rotary suction drums are
      positioned generally beneath the feed table and between the front and side
      lays close to the front lays.
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ABST
PAL  An apparatus for advancing a sheet of material comprises a rotary member
      having a longitudinal axis about which it is rotated and having projecting
      helical propelling ridges. Equipment is provided for biasing the sheet of
      material to be transported towards the rotary member by drawing air
      through apertures at the projecting ridges. The rotary member advances the
      sheet of material essentially in parallel to the longitudinal axis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The subject invention relates to material transport equipment and, more
      specifically, to apparatus for advancing cards or sheets of paper or other
      material.
PAR  2. Description of the Prior Art
PAR  The need for apparatus for advancing sheets of material is well known and
      recognized and touches upon the fields of manufacture and processing as
      well as on areas of the data handling and processing art.
PAR  Most commonly available equipment for transporting sheets of material
      employ rollers or belts to achieve the the requisite translation of the
      sheets. Such equipment requires precise alignment of the various parts of
      the driving or transporting system to insure that the paper proceeds on
      the desired path without skew and in the proper laterally referenced
      position.
PAR  The basic problem of such transporting equipment is the inability to
      provide "slip" in an orthogonal direction (in the plane of the sheet) to
      the desired direction of travel.
PAR  A further problem is the difficulty of existing equipment to hold the sheet
      within the desired limits describing a plane, without adding friction
      sufficient to cause buckling or tearing, and without encumbering
      operations, such as sensing or marking, associated with the transport of
      the sheet.
PAR  How little existing proposals in other areas are adaptable to a solution of
      the above mentioned problems may be seen from the following issued
      patents:
PAR  U.S. Pat. Nos. 2,811,920, by J. T. Richardson, issued Nov. 5, 1957,
      3,389,907, by L. H. Turner, issued June 25, 1968, 3,411,772, by H. Rovin,
      issued Nov. 19, 1968, 3,618,935, by George F. Howatt, issued Nov. 9, 1971,
      and 3,715,115, by W. Grobman, issued Feb. 6, 1973.
PAC  SUMMARY OF THE INVENTION
PAR  It is a broad object of this invention to overcome the above mentioned
      disadvantages.
PAR  It is a related object of the invention to provide the improved apparatus
      and techniques for advancing sheets of material in a continuous or
      continual manner.
PAR  It is also an object of the invention to provide improved sheet advancing
      apparatus which impart a vector force to the sheet and allow a controlled
      amount of slip in both the direction of travel and orthogonally to that
      direction.
PAR  From another aspect thereof, the invention resides in apparatus for
      advancing a sheet of material comprising, in combination, a rotary member
      having a longitudinal axis, means including projecting propelling means on
      the rotary member for advancing said sheet in a direction extending
      essentially in parallel to said longitudinal axis, means for applying the
      sheet to the projecting propelling means, and means for rotating the
      rotary member whereby to advance the applied sheet, said rotary member
      having apertures at said projecting propelling means, and said applying
      means including means for drawing air through said apertures whereby said
      sheet is drawn against said propelling means.
PAR  From a further aspect thereof, the invention resides in an apparatus for
      advancing a sheet of material, comprising in combination a rotary member
      having a longitudinal axis, means for rotating the rotary member about
      said longitudinal axis, means for biasing said sheet toward the rotary
      member, and means on said rotary member for advancing said sheet
      essentially in parallel to said longituidnal axis, said advancing means
      including screw-type propelling means on said rotary member, said rotary
      member having apertures at said screw-type propelling means, and said
      biasing means including means for drawing air through said apertures
      whereby said sheet is drawn against said propelling means.
PAR  From a further aspect thereof, the invention resides in an apparatus for
      advancing a sheet of material, comprising in combination a rotary member
      having a longitudinal axis, means for rotating the rotary member about
      said longitudinal axis, means adjacent said rotary member for guiding said
      advancing sheet, means for biasing said sheet toward the rotary member,
      and means on said rotary member for advancing said sheet essentially in
      parallel to said longitudinal axis, said advancing means including
      screw-type propelling means on said rotary member, said rotary member
      having apertures at said screw-type propelling means, and said biasing
      means including means for drawing air through said apertures whereby said
      sheet is drawn against said propelling means.
PAR  From a further aspect thereof, the invention resides in an apparatus for
      advancing a sheet of material, comprising in combination a rotary member
      having a longitudinal axis, means including projecting propelling means on
      said rotary member for advancing said sheet in a direction extending
      essentially in parallel to said longitudinal axis, means for applying said
      sheet to said projecting propelling means, and means for rotating said
      rotary member whereby to advance said applied sheet, said propelling means
      including projecting screw-type propelling means on said rotary member,
      said rotary member having apertures at said screw-type propelling means,
      and said applying means including means for drawing air through said
      apertures whereby said sheet is drawn against said screw-type propelling
      means.
PAR  From a further aspect thereof, the invention resides in an apparatus for
      advancing a sheet of material, comprising in combination a rotary member
      having a longitudinal axis, means including projecting propelling means on
      said rotary member for advancing said sheet in a direction extending
      essentially in parallel to said longitudinal axis, means for applying said
      sheet to said projecting propelling means, and means for rotating said
      rotary member whereby to advance said applied sheet, said applying means
      including means for defining a laterally confined channel in parallel to a
      longitudinal axis of said rotary member, and means for drawing a vacuum
      through said channel, said rotary member being hollow-cylindrical and
      encompassing said channel-defining means, and defining apertures for
      drawing said sheet with said vacuum to said projecting propelling means,
      and said apparatus including means for maintaining said channel-defining
      means relatively stationary.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will become more readily apparent from the following detailed
      description of preferred embodiments thereof, illustrated by way of
      example in the accompanying drawings, in which like reference numerals
      designate like or functionally equivalent parts, and in which:
PAR  FIG. 1 is a top view of a sheet advancing apparatus in accordance with a
      preferred embodiment of the subject invention;
PAR  FIG. 2 is a section taken along the line 2 -- 2 in FIG. 1; and
PAR  FIG. 3 is a fore-shortened section, on an enlarged scale, taken along the
      line 3 -- 3 in FIG. 2.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The sheet advancing apparatus 10 shown in the drawings comprises a table 12
      having leaves 13 and 14 defining a longitudinal slot 15 therebetween. An
      upright portion 16 integral with the table leaf 14 defines a guiding edge
      17 for the advancing sheet of material 18. The table 12 may be mounted on
      other structure (not shown) in any suitable conventional manner.
PAR  Two mounting blocks 21 and 22 are attached to the table 12 at opposite ends
      thereof by suitable fasteners, such as screws, three of which are seen in
      FIGS. 2 and 3 at 23. If desired, the blocks 21 and 22 may be employed for
      structurally supporting and spacing the table leaf 13 relative to the
      table leaf 14.
PAR  A core structure 25 has shaft portions 26 and 27 fitted into corresponding
      apertures 28 and 29 in the blocks 21 and 22. The core structure is held
      stationary in the blocks 21 and 22, either by means of a press fit or with
      the aid of fasteners (not shown). In other words, the core structure 25
      does not rotate relative to the table 12.
PAR  The shaft portion 26 of the core structure 25 carries a roller bearing 31
      and a spacer ring between the block 21 and the bearing 31. The shaft
      portion 27, on the other hand, carries a roller bearing 32.
PAR  A hollow-cylindrical rotatable member or rotor 34 encompasses the core
      structure 25 and is located on the outer races of the ball bearings 31 and
      32. These ball bearings thus mount the rotor 34 for rotation about the
      core structure 25 and relative to the table 12. The rotor 34 is driven by
      a motor 36 via a motor output pulley 37, an elastomeric transmission belt
      38 and a pulley structure 39 integral with the rotor 34.
PAR  Projecting propelling devices 41 are located on the rotor 34. In accordance
      with a preferred embodiment of the subject invention, these propelling
      devices are preferably of a helical nature. In the illustrated preferred
      embodiment, ridges in the form of a double helix 43 are provided on the
      rotor 34.
PAR  The rotor 34 has a series of apertures 45 between adjacent portions of the
      helices 43. In the illustrated preferred embodiment, these apertures 45
      are arranged in a regular helical pattern reaching from adjacent one end
      to adjacent the other end of the rotor 34 about its axis of rotation.
PAR  As best seen in FIG. 1, successive portions of the rotor 34 are exposed at
      the slot 15 between the table leaves 13 and 14 when the motor 36 rotates
      the rotor about its longitudinal axis. In this manner, successive openings
      45 and adjacent portions of the helical propelling devices 41 are exposed
      at the table opening or slot 15. These successively exposed openings are
      in their turn placed into communication with a channel 51 defined by the
      core structure 25 in parallel to the longitudinal axis of the rotor 34. As
      best seen in FIG. 2, the longitudinal channel 51 is laterally confined by
      internal wall portions 52 and 53 of the core structure 25. In the
      illustrated preferred embodiment, the longitudinal channel 51 in the core
      structure 25 is thus narrower than the width of the table slot 15.
PAR  The channel 52 is in communication with a longitudinal bore 54 in the core
      structure 25. As indicated in FIG. 1, the longitudinal bore 54 of the core
      structure 25 is connected to a vacuum pump 56 or other exhausting device.
PAR  The pump 56 draws a vacuum through openings 45, channel 51 and bore 54 in a
      conventional manner. Because of the laterally confined nature of the
      channel 51, the vacuum is drawn through only those openings 45 which, at
      the time, are located midway between the table leaves 13 and 14 within the
      slot 15. The gas or air pressure gradient provided by the evacuation
      process is thus sharply confined to the area of the sheet 18 at which the
      provision of a force vector acting radially toward the center of rotation
      of the rotor 34 is desired. This force vector or series of force vectors
      along the sheet 18 bias the sheet toward the rotor 34 and thereby apply
      the sheet to the helical or screw-type propelling devices 41 and 43. The
      rotating helical propelling devices, in turn, impart to the sheet 18 a
      force vector which is axially oriented relative to the rotor 34.
      Accordingly, the sheet 18 is propelled along the table 12.
PAR  In the illustrated preferred embodiment, a straight edge 17 essentially in
      parallel to the longitudinal axis of the rotor 34 is provided for guiding
      the continuously moving sheet 18 along the table 12. Skew and other
      misalignments are automatically corrected or avoided by the apparatus of
      the subject invention which imparts a vector force to the sheet 18 and
      allows a controlled amount of slip in both the direction of travel and
      orthogonally to that direction.
PAR  Accordingly, a highly precise operation with relatively simple and rugged
      equipment is readily accomplished, rendering the subject invention not
      only suitable for manufacturing and material processing purposes, but also
      in the delicate areas of data handling and processing, to name but two
      examples.
PAR  The subject extensive disclosure will suggest or render apparent various
      modifications and variations within the spirit and scope of the subject
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for advancing a sheet of material, comprising in
      combination:
PA1  a rotary member having a longitudinal axis;
PA1  means for rotating the rotary member about said longitudinal axis;
PA1  means for biasing said sheet toward the rotary member; and
PA1  means on said rotary member for advancing said sheet essentially in
      parallel to said longitudinal axis;
PA1  said advancing means including screwtype propelling means on said rotary
      member;
PA1  said rotary member having apertures at said screw-type propelling means;
      and
PA1  said biasing means include means for drawing air through said apertures
      whereby said sheet is drawn against said propelling means.
NUM  2.
PAR  2. An apparatus for advancing a sheet of material, comprising in
      combination:
PA1  a rotary member having a longitudinal axis;
PA1  means for rotating the rotary member about said longitudinal axis;
PA1  means adjacent said rotary member for guiding said advancing sheet;
PA1  means for biasing said sheet toward the rotary member; and
PA1  means on said rotary member for advancing said sheet essentially in
      parallel to said longitudinal axis;
PA1  said advancing means including screw-type propelling means on said rotary
      member;
PA1  said rotary member having apertures at said screw-type propelling means;
      and
PA1  said biasing means including means for drawing air through said apertures
      whereby said sheet is drawn against said propelling means.
NUM  3.
PAR  3. An apparatus for advancing a sheet of material comprising in
      combination:
PA1  a rotary member having a longitudinal axis;
PA1  means including projecting propelling means on said rotary member for
      advancing said sheet in a direction extending essentially in parallel to
      said longitudinal axis;
PA1  means for applying said sheet to said projecting propelling means; and
PA1  means for rotating said rotary member whereby to advance said applied
      sheet;
PA1  said rotary member having apertures at said projecting propelling means;
      and
PA1  said applying means including means for drawing air through said apertures
      whereby said sheet is drawn against said propelling means.
NUM  4.
PAR  4. An apparatus for advancing a sheet of material, comprising in
      combination:
PA1  a rotary member having a longitudinal axis;
PA1  means including projecting propelling means on said rotary member for
      advancing said sheet in a direction extending essentially in parallel to
      said longitudinal axis;
PA1  means for applying said sheet to said projecting propelling means; and
PA1  means for rotating said rotary member whereby to advance said applied
      sheet;
PA1  said propelling means including projecting screw-type propelling means on
      said rotary member;
PA1  said rotary member having apertures at said screw-type propelling means;
      and
PA1  said applying means including means for drawing air through said apertures
      whereby said sheet is drawn against said screw-type propelling means.
NUM  5.
PAR  5. An apparatus as claimed in claim 4, including:
PA1  means adjacent said rotary member for guiding said advancing sheet.
NUM  6.
PAR  6. An apparatus as claimed in claim 5, wherein:
PA1  said sheet guiding means define a straight edge essentially parallel to the
      axis of rotation of said rotary member.
NUM  7.
PAR  7. An apparatus for advancing a sheet of material, comprising in
      combination:
PA1  a rotary member having a longitudinal axis;
PA1  means including projecting propelling means on said rotary member for
      advancing said sheet in a direction extending essentially in parallel to
      said longitudinal axis;
PA1  means for applying said sheet to said projecting propelling means; and
PA1  means for rotating said rotary member whereby to advance said applied
      sheet;
PA1  said applying means including means for defining a laterally confined
      channel in parallel to a longitudinal axis of said rotary member, and
      means for drawing a vacuum through said channel;
PA1  said rotary member being hollow-cylindrical and encompassing said
      channel-defining means, and defining apertures for drawing said sheet with
      said vacuum to said projecting propelling means; and
PA1  said apparatus including means for maintaining said channel-defining means
      relatively stationary.
NUM  8.
PAR  8. An apparatus as claimed in claim 2, wherein:
PA1  said sheet guiding means define a straight edge essentially in parallel to
      said longitudinal axis.
PATN
WKU  039427897
SRC  5
APN  5125804
APT  1
ART  313
APD  19741007
TTL  Uniform pressure distributing self-leveling pinch roll for magnetic card
      transport system
ISD  19760309
NCL  9
ECL  1,6
EXA  Stoner, Jr.; Bruce H.
EXP  Love; John J.
NDR  2
NFG  6
INVT
NAM  Townsend; Robert H.
CTY  Richardson
STA  TX
ASSG
NAM  Xerox Corporation
CTY  Stamford
STA  CT
COD  02
CLAS
OCL  271274
XCL  226177
XCL  226180
XCL  226187
XCL  271DIG9
EDF  2
ICL  B65H  506
FSC  271
FSS  274;273;272;DIG. 9;251;264;80;3;250;248
FSC  226
FSS  177;187;180
FSC  198
FSS  167
UREF
PNO  2535234
ISD  19501200
NAM  Schwartz
XCL  226177
UREF
PNO  3561660
ISD  19710200
NAM  Nicol et al.
OCL  226187
UREF
PNO  3704360
ISD  19721100
NAM  McFadden
OCL  271DIG.9
ABST
PAL  A magnetic card transport subsystem for an electronic typewriter comprises
      a reversible drive roll and a coacting pinch roll which form a nip through
      which a magnetic card is passed. The drive roll and pinch roll coact to
      move the card in opposite directions. The pinch roll is so mounted that it
      can rock and be self-leveling to permit the full width of the pinch roll
      to engage the card and uniformly distribute pressure thereto. A mechanism
      for adjusting the pinch roll for alignment purposes is also provided.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention concerns a magnetic card transport subsystem for an
      electronic typewriter which subsystem comprises a drive roll and a pinch
      roll which coact to form a nip to receive a magnetic card and drive the
      magnetic card past a magnetic head for a read or write function.
PAR  In card transport systems, quite often only a portion of the width of a
      pinch roll engages a magnetic card to apply pressure thereto to urge the
      same against the drive roll resulting in too much pressure being
      concentrated on the magnetic card surface engaged by the pinch roll.
      Ordinarily, information is placed on the surface engaged by the pinch roll
      during a writing function or the surface already contains information
      during a reading function. The pinch roll engages the same surface area
      for as many times as there are tracks when the same pinch roll is used for
      driving the magnetic card in only one direction or engages the same
      surface area for twice as many times as there are tracks when the same
      pinch roll is used for driving the magnetic card in opposite directions.
      This excess pressure can cause damage to the surface resulting in problems
      in writing information onto the surface or reading the information already
      on the surface.
PAR  Accordingly, it is an object of this invention to provide such a card
      transport subsystem with a pinch roll which can rock about an axis which
      is normal to its axis of rotation to automatically adjust to the plane of
      the card to enable the entire width of the pinch roll to contact the card
      with substantially uniform pressure and thus avoid excess pressure being
      exerted on the card by the pinch roll.
PAR  It is also an object of this invention to provide a simple adjustment
      mechanism for a pinch roll.
DRWD
PAR  Other objects of this invention will become apparent from the following
      description with reference to the drawings wherein:
PAR  FIG. 1 is a perspective view of a card transport system;
PAR  FIG. 2 is a view taken along section line 2--2 of FIG. 1;
PAR  FIG. 3 is an exploded view of a support mechanism for a pinch roll;
PAR  FIG. 4 is a section view of the pinch roll support shown in FIG. 1;
PAR  FIG. 5 is a bottom view of FIG. 4; and
PAR  FIG. 6 is a view of a pinch roll and magnetic card wherein only a portion
      of the width of the pinch roll engages the card.
DETD
PAR  Referring to FIG. 1, there is illustrated a card transport subsystem of an
      electronic typewriter system which comprises a frame 10. The frame 10
      comprises a card support platform 12 having a plurality of ribs 14 for
      supporting a magnetic card 15. One longitudinal edge of the platform is
      defined by a groove 16 and the other longitudinal edge of the platform is
      defined by a groove 18. Projecting above the platform 12 adjacent the
      grooves 16 and 18 are support walls 20. Positioned in the groove 16 are a
      pair of resilient leaf springs 22 and 24 each of which has two U-shaped
      sections 26 and 28 connected to each other at the free ends of the legs of
      the U. The closed end 30 of section 28 is flat and is located in the
      groove 16 and is secured by screws 32 to the platform 12. The closed end
      34 of section 26 is flat and lies in a plane which is approximately normal
      to the platform with the bottom edge thereof extending below the ribs 14
      into the groove 16. The spring is so constructed that section 26 is biased
      away from section 28.
PAR  A guide bar 36 is located in the groove 18 and secured to the platform 12.
      The guide bar extends substantially above the ribs 14 to provide a guide
      surface 37 thereabove for a longitudinal edge of the card 15. An opening
      40 is provided in the platform 12 and receives a portion of a resilient
      drive roll 42 therein which is so located that a plane tangential to the
      periphery of the roll portion extending through the opening 40 will be
      substantially coincident with the plane of the top of the ribs 14 to
      prevent possible deformation of or lifting of the card 15 when the card is
      driven by the drive roll 42. A D.C. motor 44 is secured to one wall 20 and
      has a drive shaft 46 operably connected to the drive roll 42 by any
      well-known means to alternately drive the roll 42 in opposite directions.
PAR  Referring to FIGS. 3-5, a support bar 48 for a pinch roll assembly is
      secured to the walls 20. A pinch roll 50 is rotatably mounted on a rod 52
      which extends therethrough and through openings 54 in a U-shaped support
      member 56. A T-shaft 57 extends through a central opening 58 in the
      support bracket 56, through a central opening 60 in a bearing member 62,
      through a stepped bore 64 in the support bar 48. A threaded end 65 of the
      T-shaft extends beyond the bore 64 and has a locknut 68 thereon. A stop
      washer 69 surrounds the threaded end of the shaft and is slidably
      interposed between the nut and the top surface of the support bar 48
      surrounding the bore 64. The support bracket 56 has a shallow depression
      70 which extends transversely across the closed end of the bracket 56 and
      the annular bearing member 62 has an extended projecting transverse
      portion 63 in contact with and corresponding to the depression 70. The
      projection 63 is deeper than depression 70 to allow a rocking contact
      between the contacting surfaces. This will allow bracket 56 to rock
      relative to the bearing member 62 about an axis which is the line of
      contact therebetween. Relative rocking movement between the bracket and
      bearing member about an axis normal to the line of contact is prevented by
      the line contact therebetween. The depression 70 bears upon a portion of a
      flat annular head 72 of the T-shaft 57 to provide a line contact about
      which relative rocking movement between the bracket 56 and the shaft head
      may be effected. Relative rocking movement between the bracket 56 and the
      head 72 about an axis normal to the line of contact is prevented by the
      line contact therebetween. The bearing 62 is connected by cooperating
      threads 74 to the shaft 57 and is positioned to press the depression 70
      against the head 72.
PAR  In assembling the shaft assembly, the bracket 56 is slipped over the
      threaded end 65 of the shaft and slid into engagement with the head 72.
      Thereafter the bearing member is slipped over the threaded end and brought
      into engagement with the threads 74, the depression 70 and 63 aligned and
      the member 62 tightened to press the depression 70 against the head 72. A
      coil spring 76 is slipped over the shaft and one end thereof bears on the
      bearing member 62. The shaft is then inserted into bore 64 with the
      threaded end 65 thereof projecting out of the bore. The washer 69 and nut
      68 are then assembled onto the shaft. The other end of the spring bears
      against the bore shoulder 78 and is thereby compressed between the
      shoulder and bearing member to urge the shaft assembly downwards relative
      to the support bar 48. The support bar 48 is secured to the walls 20 in
      such a manner that the pinch roll 50 will be spaced from the drive roll 42
      by less than the thickness of the card 15. For instance, the spacing may
      be on the order of 0.003 inch while the thickness of the card is 0.008
      inch. This is to prevent contact between the two rolls when the machine is
      not in use to avoid producing depressions in the resilient drive roll 42
      since any depression in the drive roll will cause a jerky motion affecting
      reading the card or writing on the card or subsequent correlation of the
      two functions. When a card is inserted into the nip between the pinch roll
      50 and drive roll 42, the pinch roll 50 is moved vertically relative to
      the support bar 48 against the force of the spring 76 to accommodate the
      thickness of the card. The spring 76 maintains sufficient pressure on the
      card 15 to effect a sufficient friction driving force between the card and
      drive roll 42.
PAR  Another vertical bore 80 is located in the support bar 48 which receives an
      adjusting shaft 82 therein. A pair of bowed E-rings 84 is slipped into
      respective grooves 86 and 88 on the shaft 82 and bear against the upper
      surface and lower surface surrounding the bore 80 to secure the shaft 82
      to the support bar 48 for relative rotation therewith but provide a
      locking function by friction following rotation of the shaft for
      adjustment. An eccentric projection 90 extends from the lower end of the
      shaft and projects into an opening 92 in the rod 52. The upper end of the
      shaft 82 has a slot 94 therein for receiving a screwdriver. There is a
      loose enough fit between the rod 52 and the bracket openings 54 and the
      pinch roll 50 to allow for axial shifting of the rod relative thereto.
      Rotation of the adjusting shaft 360.degree. will shift the rod 52 first in
      one direction and then in the opposite direction to rotate the bracket and
      thereby the shaft 57 in alternate directions. Also, the rod 52 itself will
      be shifted axially relative to the bracket and pinch roll in alternate
      directions by the eccentric pin 90. The manufacturing tolerances are such
      that when the support bar is secured to the walls 20, the pinch roll 50
      will be substantially aligned with the guide members 36. The adjusting
      shaft is used to fine-tune the alignment of the roll by running the
      magnetic card back and forth while turning the adjusting shaft until the
      card continuously aligns to the guide member. Normally, the pinch roll may
      be rotated about 35 minutes in each direction. If desired, manufacturing
      tolerances may be loosened and the opening 92 may be sufficiently larger
      than the projection 90 to provide a slight lost motion connection to allow
      the T-shaft 57 and thereby the pinch roll to rotate slightly (between
      1.degree. and 6.degree.) to self-align. This feature does not form a part
      of this invention and is more fully disclosed in U.S. application Ser. No.
      512,581, entitled "Self-aligning Pinch Roll For Magnetic Card Transport
      System", filed concurrently herewith (common assignee).
PAR  By mounting the bracket 56 onto the shaft 57 for rocking movement about an
      axis corresponding to the line contact between the depression 70 and the
      shaft head 72, the peripheral surface of the pinch roll is allowed to
      align or level with the surface of the card to fully contact the same and
      apply a uniform pressure across the contacting surface. This is most
      desirable since the pinch roll contacts the surface upon which information
      is to be stored or is stored and any excess concentration of pressure can
      damage the surface. Damage can occur when the pinch roll surface is at an
      angle with the plane of the card (depicted in FIG. 6) and the load exerted
      by the spring onto the pinch roll is transferred to the card surface by a
      minor portion of the pinch roll surface.
PAR  A step motor 96 is connected to one of the walls 20 and a worm gear 98
      extends therefrom across the platform and is journalled into the other
      wall. A magnetic head 100 is operatively secured to a guide rod 102 and to
      the worm gear 98 for stepped slidable movement across the platform 12. A
      light emitting diode (LED) detector 104 is located to detect the leading
      edge of the card which then actuates a control circuit. The control
      circuit is designed to place the magnetic head 100 and the motor 44 into a
      read or write condition depending upon the function selected by an
      operator. In the write condition, an operator types one line of
      information into a buffer system to store the information. When the
      operator hits the carriage return button, the motor 44 is actuated to
      rotate the drive roll 42 to drive the card 15 forwards and simultaneously
      bits of information are fed from the buffer to the magnetic head 100 and
      recorded on the card. After one line of information is recorded, the motor
      44 is reversed to reverse rotation of the drive roll 42 and thereby move
      the card in the reverse direction while simultaneously motor 96 is
      actuated to move the magnetic head 100 transversely to the next track. The
      same procedure is followed after the operator types the next line and
      pushes the carriage return button. In the read condition, the motor 44 is
      continuously actuated to alternately move the card 15 in opposite
      directions. The magnetic head reads a track of bits during forward
      movement of the card 15 therepast and the card 15 is moved in the reverse
      direction while the magnetic head is moved transversely to the next track
      by motor 96. A sheet of paper is typed automatically in accordance with
      the bits of information on the card 15 during reading thereof.
PAR  In operation, the card 15 is placed onto the platform 12. As the leading
      edge thereof slides past the LED 104, the control circuits are readied for
      activation and further movement of the card brings the leading edge
      thereof to the nip between the rolls 42 and 50 raising the pinch roll 50
      against the force of spring 76 to accommodate the thickness of the card.
      When the motor 44 is activated either by depressing a carriage return
      button or by depressing the appropriate button for reading the card, the
      drive roll is rotated in a clockwise direction (FIG. 1) to drive the card
      forwards. The side edge of the card engages leaf spring 22 which exerts a
      force on the card to urge the opposite edge thereof against the guide rail
      36 to maintain registration for reading and writing functions. As the card
      continues its forward movement, it moves under the magnetic head 100 for
      either the printing or reading function and engages the spring 24 which in
      conjunction with spring 22 urges the card toward the guide rail. After the
      card has moved forward to receive a certain quantity of data bits from the
      magnetic head or a certain quantity of data bits have been read by the
      magnetic head, the control circuit will act to reverse the motor 44 to
      reverse the rotation of the drive wheel 42 and thereby move the card
      rearwards to its next read or write position. At the same time, step motor
      96 is activated to transversely move the magnetic head 100 to the next
      track.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A card transport system comprising a card support member having a top
      surface, an opening in said member extending through said top surface, a
      drive roll supported for rotation about an axis which is generally
      parallel to said top surface and having a portion thereof extending into
      said opening with a plane tangent to the periphery thereof being
      substantially coplanar with said top surface, means for driving said roll,
      a shaft extending in a direction generally normal to said top surface and
      having an annular flange at the lower end thereof, a pinch roll support
      member operatively connected to said shaft and comprising a U-shaped
      bracket forming a pair of spaced legs extending from a closed end, an
      opening in said closed end through which said shaft extends, a portion of
      the closed end of said bracket engaging a portion of said flange, said
      portions of said bracket and said flange being so constructed to form an
      axis about which said shaft and said bracket can relatively move, said
      axis being generally normal to said shaft, a pinch roll mounted on said
      legs for rotation about an axis generally normal to said rocking axis and
      generally parallel to said top surface, said pinch roll being located
      above said top surface opposite said drive roll and forming a card
      receiving nip with said drive roll, and resilient means urging said pinch
      roll towards said drive roll.
NUM  2.
PAR  2. The structure as recited in claim 1 further comprising means for
      limiting movement of said pinch roll toward said drive roll so that said
      pinch roll is slightly spaced from said drive roll.
NUM  3.
PAR  3. The structure as recited in claim 1 wherein one of said portions are
      flat and the other of said portions is depressed to form said axis.
NUM  4.
PAR  4. The structure as recited in claim 1 further comprising shaft support
      means, said shaft support means including an opening having vertically
      spaced apart shoulders, said shaft extending through said shaft support
      means opening past said shoulders, spring support means extending
      transversely from said shaft, said resilient means comprising a coil
      spring surrounding said shaft and having one end operatively connected to
      one of said shoulders and the other end operatively connected to said
      spring support means on said shaft to bias said shaft in a downward
      direction.
NUM  5.
PAR  5. The structure as recited in claim 4 wherein said spring is compressed
      between the upper one of said shoulders and said spring support means.
NUM  6.
PAR  6. A card transport system comprising a card support member having a top
      surface, an opening in said member extending through said top surface, a
      drive roll supported for rotation about an axis which is generally
      parallel to said top surface and having a portion thereof extending into
      said opening with a plane tangent to the periphery thereof being
      substantially coplanar with said top surface, means for driving said roll,
      pinch roll support means connected to said card support member, a first
      vertical shaft rotatably connected to said pinch roll support means, a
      pinch roll mounted on the lower end of said first shaft for rotation about
      an axis transverse to said first shaft, a transversely extending arm
      operatively connected to said shaft for rotating the same, a second
      vertical shaft rotatably mounted on said pinch roll support means and
      laterally spaced from said first shaft, a portion of the lower end of said
      second shaft engaging a portion of said arm, said portions of said arm and
      said second shaft being so constructed and arranged to rotate said first
      shaft in opposite directions during rotation of said second shaft in one
      direction, said pinch roll being located above said top surface opposite
      said drive roll and forming a card receiving nip with said drive roll, and
      resilient means urging said pinch roll towards said drive roll.
NUM  7.
PAR  7. The structure as recited in claim 6 further comprising means for
      limiting movement of said pinch roll toward said drive roll so that said
      pinch roll is slightly spaced from said drive roll.
NUM  8.
PAR  8. The structure as recited in claim 6 wherein one of said portions is an
      opening and the other of said portions is a projection, and one of said
      portions is arranged eccentrically relative to the axis of said second
      shaft.
NUM  9.
PAR  9. The structure as recited in claim 6 wherein said pinch roll is mounted
      on said first shaft for movement relative thereto about an axis which is
      generally perpendicular to the axis of rotation of said pinch roll and
      generally parallel to said top surface.
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PAL  "Teflon" coated aluminum arrow shaft seen personally by examiner Shapiro on
      Jan. 14, 1972.
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ABST
PAL  A Teflon exercising device for doing isometric physical body movements; the
      device being made in either of several different models or designs wherein
      each of which there is an elongated bar having either a ball on each end,
      or a suction cup for anchoring to any stationary, flat surface; the bar
      being firmly grasped by the hands while a force is applied on the hands to
      force them to slide along the axis of the bar, so that the opposing forces
      exercises and strengthens the muscles.
BSUM
PAR  This invention relates generally to body exercising devices.
PAR  A principal object of the present invention is to provide an exercising
      device which improves a person's general good health while giving a
      relaxing diversion.
PAR  Another object is to provide an exercising device that tones up the
      muscles, releaves tensions, stimulates the circulation, and keeps a
      person's body trim preventing overweight.
PAR  Yet another object is to provide an exercising device that permits a
      veriety of different exercises so the entire body is exercised.
PAR  Other objects are to provide an exercising device that is simple in design,
      inexpensive to manufacture, rugged in construction, easy to use and
      efficient in operation.
PAR  These and other objects will become readily apparent upon a study of the
      following specification and the accompanying drawing wherein:
DRWD
PAR  FIG. 1 is a perspective view of the invention.
PAR  FIG. 2 is a side view thereof shown with end balls in cross section.
PAR  FIG. 3 shows the device set up for securement on a suction cup.
PAR  FIGS. 4 and 5 show some of the different exercises that are possible with
      the invention.
PAR  FIG. 6 is an exploded perspective view of a modified design of the
      invention.
PAR  FIG. 6a is an end view of the bar shown in FIG. 6.
PAR  FIG. 7 is an exploded side view, partly in cross section, of still another
      modified design of the invention.
DETD
PAR  Referring now to the drawing in detail, and more particularly to FIGS. 1 to
      5 thereof, at this time, the reference numeral 10 represents an exercising
      device according to the present invention wherein there is an elongated,
      straight bar 11 of circular section and which is made either entirely of a
      polytetrafluoroethylene material, generally known by the trademark name of
      TEFLON, or which otherwise has its outer surface coated therewith.
      Alternately, the rod can be made of other plastic material which has the
      characteristic properties of Teflon. The bar, for practical purposes is
      suggested to be 5/8 inch in outer diameter and between 2 to 5 feet in
      length.
PAR  The both opposite ends of the bar have a screw thread 12 upon each of which
      there can be screwed either a spherical ball 13 or else a vacuum cup 14.
      The ball provides a smooth outer end to the assembly, and is made of
      polished Bakelite material being 1 3/4 inches in diameter. A threaded
      opening 15 is provided for engaging the threaded bar. The vacuum cup 14 is
      of conventional type, being made of soft rubber and having a threaded
      opening 16 on its stem for engaging the bar thread 12.
PAR  In use with balls 13, as shown in FIG. 4, the rod may be firmly or loosely
      grasped, as preferred, while sliding the hands along the bar, as indicated
      by arrows 17. This can be down overhead, in front, in back, toward a side,
      between the legs, or in any other position, thus exercising different
      muscles of the body. When one ball is replaced by a vacuum cup, as shown
      in FIG. 5, it can be struck hard against a floor, wall, ceiling or other
      object and both hands can be pulled in a same direction as indicated by
      arrow 18. Numerous other isometrics are possible to be performed,
      depending upon the person's own imagination.
PAR  In FIG. 6, a modified design of exercise device 19 incorporates a straight
      bar 20 of oval cross sectional configuration, made of Teflon or the like,
      as above described, and which has a threaded opening 21 in each opposite
      end which is engagable by a stud 22 having a thread 23 at each end and a
      square or hexagonal enlarged portion 24 at its center so to be engagable
      by a wrench. The spherical ball 13, above described in engagable on one
      end of each stud 22.
PAR  In FIG. 7, still another modified design of exercising device 25 is shown,
      consisting of three pipe sections 26, 27 and 28, all made of Teflon as
      stated above, and two balls 13. The pipe 26 has a protruding, threaded
      screw 29 integral with each opposite end, while each of the pipe sections
      27 and 28 are similar to each other by having a protruding, threaded screw
      30 at one end and a threaded opening 31 at the other end. As laid out in
      FIG. 7, it is now evident that all the components can be screwed together
      to form a single assembly. By leaving out either one or both pipe sections
      27 and 28, the assembled bar can thus be made in different desired lengths
      so to suit children, young teen-agers or adults, or for special exercises
      when different length bars are more practical to use. It should be further
      noted that the round pipes 26, 27 and 28 are made of Teflon material
      coated upon aluminum or other light metal.
PAR  Thus various forms of a useful Teflon exercising device is indicated.
PAR  While various changes may be made in the detail construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention as is defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An exercising bar, comprising in combination, a plurality of three pipe
      sections and a pair of end balls, and means for removable engagement of
      said pipe sections and end balls together; said pipe sections being made
      of a light weight metal and an outer surface thereof is coated with
      polytetrafluoroethylene material, so to have a characteristic of allowing
      hands grasping the same to slide along an axis of said bar, all said pipe
      sections being cross sectionally round and of a same diameter, a first of
      said pipe sections being integral with a threaded screw protruding axially
      from each opposite end thereof, while a second and third of said pipe
      sections each is integral with a threaded screw protruding axially from
      one end thereof and an opposite end has a threaded opening, each said end
      ball being made of a plastic material, being spherical in configuration
      and having a polished surface, said balls being of a larger diameter than
      a diameter of said pipe sections and each said ball having a radially
      extending threaded opening; said threaded screws and openings of said pipe
      sections and said threaded openings of said balls being selectively
      engagable whereby said exercising bar is assembled in variable length.
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ABST
PAL  An exercising device for a person's feet while he is seated, thus promoting
      good health particularly in those people who do not walk enough, such as
      older or confined persons; the device consisting of a pair of foot pedals
      that pivot about a hinge below the heel and against the action of a return
      spring so that when the pedals are pushed downward by feet placed
      thereupon, the pedals return upward again, including a compressible roller
      pivotally secured to each pedal whereby downward movement of the pedal
      causes the roller to move along the pedal over the users foot to provide a
      massaging action.
BSUM
PAR  This invention relates generally to exercising devices.
PAR  It iw well known that walking and movement of the feet muscles are
      necessary for maintaining good health. A lack of enough exercising of
      these muscles can result in muscle cramps throughout the legs, hips and
      other parts of the body. A great many persons unfortunately are not able
      to normally exercise these muscles, particularly persons who are confined
      so to sit a great deal so they are more apt to suffer from the lack of
      their vital muscular movement so to stay in good health. This situation
      is, of course, objectionable and is, therefore, in want of an improvement.
PAR  Accordingly, it is a principle object of the present invention to provide
      an energizer for exercising the both feet of a person while he is seated
      in a chair or rocking chair, and which will stimulate the blood
      circulation, strengthen the foot muscles and aid in preserving a person's
      general good health.
PAR  Another object is to provide a twin pedal energizer which is designed
      particularly to help older persons who sit a great deal and walk less, and
      which is also helpful to patients and others who may be confined to a
      chair so that their muscles need flexing.
PAR  Other objects are to provide a twin pedal energizer which is simple in
      design, inexpensive to manufacturer, rugged in construction, easy to use
      and efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing wherein:
PAR  FIG. 1 is a perspective view of the invention.
PAR  FIG. 2 is a top view thereof.
PAR  FIG. 3 is a side cross section on line 3--3 of FIG. 2.
PAR  FIG. 4 is a side view of a modified design of the invention in which there
      is additionally included an air inflated rubber roller that automatically
      rides up over the upper side of the foot when the pedal is depressed, thus
      messaging the top of the foot.
PAR  FIG. 5 is a front view of a portion thereof, and showing the roller partly
      in cross section to illustrate how it deforms to fit the foot as it
      travels thereacross for contacting a broader surface.
DETD
PAR  Referring now to the drawing in detail, and more particularly to FIGS. 1 to
      3 thereof at this time, the reference numeral 10 represents a twin pedal
      energizer according to the present invention wherein there is a flat base
      plate 11 mounted upon rubber feet 12 so to prevent skidding upon a floor
      surface.
PAR  Upon the upper side of the plate 11 a bearing bracket 13 is secured, the
      bracket supporting a long horizontal pin 14 about which a pair of foot
      pedals 15 are pivotally retained. A pair of coil springs 16 wrapped around
      the pin 14 serve to normal urge the pedals to be upwardly pivoted by means
      of one ends of the springs bearing against the undersides of the pedals.
PAR  A pair of chains 17 connected at one end to the base plate are connected at
      their other ends to the outer ends of each pedal 15 and serve to limit the
      upward pivotal travel thereof.
PAR  A rubber block 18 secured under the forward end of each pedal 15 serves to
      cushion a shock when the pedal is brought down fast against the base.
PAR  In operative use, it is now evident that a person 19 sitting in a chair or
      rocking chair 20 can place one foot 21 on each pedal 15 and push down
      thereupon independantly or together with the rocking rotion of the rocking
      chair. As the pedal pivots, the person's foot likewise pivots while
      applying downward force so that the muscles are exercised and stengthened.
PAR  This exercise can be done for specific lenghts of periods, and a specific
      number of periods each day. Otherwise, it can be done whenever it so
      pleases a person, so to just relay physically and mentally.
PAR  In FIGS. 4 and 5, a modified design of twin pedal energizer 22 includes all
      the above described structure, and additionally includes a structure that
      exercises the upper side of the feet at a same time.
PAR  This consists of a hollow soft rubber roller 23 having cleats 24 on its
      outer side so to roll over the upper side of the foot 25 and thus
      stimulate blood circulation by messaging the same.
PAR  The roller pivots about stub shafts 26 supported in slot 27 of a pair of
      rocker arms 28 that each pivot at their centers about a pin 29 secured in
      a block 30 fastened on the underside of the pedals 15. A lower end of each
      arm 28 supports a pin 31 about which a wheel on roller 32 is rotatable.
PAR  In use, as a person pushes the pedal 15 with a foot, the roller 32 travels
      frontward on the top surface of the base 11 thus causing the arm to pivot
      about pin 29 so to cause the roller 23 to roll upward over the top of a
      person's foot. A tension spring attached to each shaft 26 pulls the roller
      23 against the foot while at a same time allowing the roller to move away
      when it means with a thicker portion of the foot. The structure comprising
      the arms 28 and springs 33 can be enclosed so that a person does not get
      his foot caught in it, and also make the device more attractive.
PAR  Thus a useful energizer is provided.
PAR  While various changes may be made in the detail construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention as is defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A foot pedal exerciser comprising a base plate with a bracket secured
      thereto having a horizontal hinge pin mounted therethrough spaced from and
      adjacently parallel to said plate, said braket being secured to the
      midpoint of the pin, including a pair of pedals pivotally mounted on the
      pin, symmetrically on both sides of the braket in further combination with
      a pair of springs coiled about the pin having terminal portions contacting
      the pedals and the plate biasing the pedals to open positions whereby the
      free ends of said pedals are at a maximum distance from the plates,
      including tension members connecting the pedals and the plates restricting
      movement of said free ends to said maximum distance, said members offering
      no resistance to closing movement of said pedal free ends, in further
      combination with a lever pivotally secured to each pedal, including a
      compressible roller rotatably secured to each lever above each pedal, said
      roller having an axis parallel to the axis of rotation of said pedal about
      said hinge pin, each lever being secured to each pedal between the roller
      and hinge pin and including a lower end movably engaging said base below
      said pedal whereby downward movement of the pedal causes the lever to
      pivot and move the roller along the pedal.
NUM  2.
PAR  2. A device as in claim 1 wherein said roller is movable longitudinally
      relative to the lever including resilient means mounted on said lever
      biasing the roller towards the pedal.
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PAL  There is disclosed a process and apparatus for measuring the amount of a
      dissolved gas in a liquid wherein the device used to measure the gas is
      not immersed in the liquid and wherein there is no requirement that a
      sample of the liquid be removed from the main body of the liquid to be
      tested. A vertical zone is provided in the body of liquid which is to be
      measured for the amount of gas contained in the liquid, such as in the
      aeration tank in a sewage treatment system. The zone is at least partially
      open at the lower end so that it is in communication with the body of
      liquid and is closed to contact with the body of liquid on the sides. A
      gas is passed into the lower portion of the zone and a gas-lift effect is
      created in the zone. Gas is recovered at the upper portion of the zone and
      is returned to the lower portion of the zone, thereby creating a closed
      recirculating gas system -- i.e., the system is closed to the atmosphere
      and to the liquid outside of the zone. The gas-lift effect causes liquid
      to continuously overflow the top of the zone from which it is returned to
      the body of liquid outside of the zone and additional liquid enters the
      lower portion of the zone from the body of liquid outside of the zone.
      Recirculation of the gas is continued to establish an equilibrium between
      the recirculating gas and the liquid in the zone as to the dissolved gas
      to be measured. When this equilibrium has been reached, the amount of
      dissolved gas which has been extracted into the recirculating gas is
      measured by a gas measuring means which is not in contact with the liquid
      containing the dissolved gas.
BSUM
PAR  This invention relates to a method and apparatus for measuring the amount
      of a dissolved gas in a liquid, and, more particularly, for measuring the
      amount of dissolved oxygen in water.
PAR  The level of dissolved oxygen in water is extremely important in sewage
      treatment facilities as well as in natural bodies of water, such as rivers
      and streams. For example, in an activated sludge sewage treatment process,
      the operational cost for performing the process is affected significantly
      by the amount of energy consumed by the aeration equipment. In order for
      the microorganisms present in an activated sludge sewage treatment process
      to be most effective, the oxygen level should be maintained at or above
      about 2 ppm of sewage. To maintain the dissolved oxygen level at the
      desired level, it is common practice to provide large blowers or other
      devices which aerate the sewage in an aeration tank. Since the operation
      of more blowers than are necessary to furnish the required amount of
      dissolved oxygen is a costly waste of energy, an adequate blower control
      system is desirable -- i.e., a means for monitoring the dissolved oxygen
      content in the sewage so that the rate of aeration may be increased or
      decreased as required.
PAR  There are several types of devices for measuring the dissolved oxygen
      content of the liquid on the markets. One type in common use involves the
      utilization of a membrane electrode system. The basic structure of such a
      system includes a two solid electrode cell, a thin layer of supporting
      electrolyte in direct contact with the electrodes and an oxygen permeable
      membrane which separates the electrodes and the electrolyte solution from
      the test solution. This device is conventionally immersed in the liquid
      which is to be measured for dissolved oxygen, such as the sewage in an
      aeration basin. In order to continuously monitor the dissolved oxygen
      content of the sewage, it is necessary to leave the device immersed in the
      sewage. A disadvantage of this technique is that slime quickly forms on
      the apparatus, rendering the membrane inoperative.
PAR  There are devices known in the prior art which provide for the measurement
      of a dissolved gas in a liquid wherein the dissolved gas measuring device
      is not immersed in the liquid. Thus, U.S. Pat. No. 2,987,912 to Jacobson
      discloses a closed system for the measurement of a gas, such as dissolved
      oxygen in sewage, in which a sample of a liquid to be analyzed for
      dissolved gas is flushed by introducing bubbles of a neutral gas near the
      bottom of a closed chamber containing the liquid. The neutral gas together
      with the released dissolved gas from the sample vessel is recirculated
      until the measuring means gives a constant response -- i.e., until an
      equilibrium is established between the neutral gas and the liquid in the
      closed chamber as to the dissolved gas. However, according to the
      teachings of this patent, the entire system is located outside of the body
      of liquid which is to be analyzed for dissolved gas, and it is necessary
      to withdraw liquid from the body of liquid to be measured and pass it to a
      separate closed container. When such a system would be used to measure the
      dissolved oxygen content of sewage, it would be necessary to provide a
      separate pump and pipe to transport the sewage from the aeration basin to
      the measuring tank. This not only requires the use of additional equipment
      but also requires that care be taken under some circumstances, such as
      cold weather, so that the line between the aeration basin and the
      measuring tank would not freeze.
PAR  It is an object of this invention to provide a method and apparatus for
      measuring the amount of a dissolved gas in a liquid wherein the device
      used to measure the dissolved gas is not immersed in the liquid.
PAR  It is another object of this invention to provide such a method and
      apparatus which eliminates the requirement that a sample of the liquid be
      removed from the main body of liquid to be tested.
PAR  These and other objects are attained by the practice of this invention
      which, briefly, comprises providing a vertical zone in the body of liquid
      which is to be measured for the amount of gas contained in the liquid,
      such as in the aeration tank in a sewage treatment system. The zone is at
      least partially open at the lower end so that it is in communication with
      the body of liquid and is closed to contact with the body of liquid on the
      sides. A gas is passed into the lower portion of the zone and a gas-lift
      effect is created in the zone. Gas is recovered at the upper portion of
      the zone and is returned to the lower portion of the zone, thereby
      creating a closed recirculating gas system -- i.e., the system is closed
      to the atmosphere and to the liquid outside of the zone. The gas-lift
      effect causes liquid to continuously overflow the top of the zone from
      which it is returned to the body of liquid outside of the zone and
      additional liquid enters the lower portion of the zone from the body of
      liquid outside of the zone. Recirculation of the gas is continued to
      establish an equilibrium between the recirculating gas and the liquid in
      the zone as to the dissolved gas to be measured. When this equilibrium has
      been reached, the amount of dissolved gas which has been extracted into
      the recirculating gas is measured by a gas measuring means which is not in
      contact with the liquid containing the dissolved gas.
DRWD
PAR  This invention will be described in further detail in connection with the
      accompanying drawings wherein FIGS. 1 and 2 are schematic diagrams
      illustrating two different embodiments of an apparatus which may be used
      in the practice of this invention.
DETD
PAR  Referring to FIG. 1, there is shown a section of an aeration tank 10 such
      as is used in a conventional activated sludge sewage treatment process.
      The level of sewage or waste water is indicated at 12. A vertical zone is
      provided within the body of sewage by means of the cylindrical tube 14
      which is open at the top end 16 and the bottom end 18. An air pump 20
      pumps air through a conduit 22 into a gas diffuser or bubbling device 24
      located inside the cylindrical tube 14 and near the bottom thereof. There
      is thereby created a large number of upwardly moving bubbles 26 within the
      cylindrical tube 14.
PAR  Outside of the cylindrical tube 14, there are a number of upwardly moving
      air bubbles 28 which are produced by the aeration apparatus used to aerate
      the sewage in the aeration tank 10. It is preferred to keep these bubbles
      out of the cylindrical tube 14 since they are not in dissolved oxygen
      equilibrium with the sewage. Accordingly, an upwardly opening cylindrical
      cap 30 is placed over the bottom end 18 of the cylindrical tube 14 and is
      spaced apart from the bottom end 18 so that sewage from the main body of
      waste water contained in the aeration tank 10 is free to flow into the
      bottom end 18 and the upwardly moving air bubbles 28 are excluded
      therefrom.
PAR  The top end 16 of the cylindrical tube 14 in FIG. 2 is covered by a
      cylindrical cap 32 which is closed at its lower end 34 by an annular
      surface which surrounds and engages the outer surface of the cylindrical
      tube 14. An exit tube 36 is connected to the lower portion of the cap 32.
      The exit tube 36 has an opening 38 in the end thereof from which fluid
      contained in the cylindrical tube 14 and the cap 32 can emerge.
PAR  The cap 32 has an upper surface 40 which is closed except for a vent 42
      which connects with a conduit 44. The top 40 of the cap 32 extends above
      the level of the sewage 12 so that a space exists in the upper portion of
      the cap 32 above the water level 12. The vent 42 and the conduit 44
      conduct gas from the cap 32 to an oxygen sensor 46. The gas which has
      passed through the oxygen sensor 46 is returned by a conduit 48 to the air
      pump 20.
PAR  The conduits 22, 44 and 48 together with the air pump 20, the cap 32, the
      oxygen sensor 46 and the bubble path from the diffuser 24 to the cap 32
      constitute a completely closed system for the gas which is caused to
      bubble through the sewage which is within the cylindrical tube 14. Thus,
      the same gas is recirculated through this closed system so that an
      equilibrium is reached between the recirculating gas and the waste water
      contained in the cylindrical tube 14 as to dissolved oxygen. The
      composition of the initial gas which is first pumped into the diffuser 24
      is of no consequence since, once the recirculating gas reaches equilibrium
      with the liquid, the composition of this recirculating gas will be the
      same regardless of what gas was first pumped into the diffuser 14. Thus,
      if the dissolved oxygen content of the sewage is about 2 ppm and air is
      initially introduced into the diffuser 14, the oxygen content of the
      recirculating gas as measured by the oxygen sensor 46 will fall until it
      reaches equilibrium with the waste water. On the other hand, if a
      non-oxygen containing gas such as nitrogen is initially introduced into
      the diffuser 24, the oxygen content of the recirculating gas will increase
      until it reaches eqilibrium with the waste water.
PAR  Any type of gas measuring or detecting means may be used in the practice of
      this invention such as a polarographic membrane type probe as described in
      a brochure by Weston and Stack, Inc., entitled "Fundamentals of Molecular
      Oxygen Measurement With Polarographic Membrane-Type Probes"; a membrane
      electrode system as described in Water Quality Instrumentation, Vol. I.,
      pages 278 to 282; or an oxygen sensor as described in a paper entitled
      "The Application of Polarographic Dissolved Oxygen Sensors to Municipal
      and Industrial Waste Water Treatement," presented at the 15th National
      Symposium of the Analysis Instrumentation Division of the Instrument
      Society of America on May 5 to 7, 1969, and which was reprinted in
      Instrumental Analysis for Water Pollution Control, published by Ann Arbor
      Science Publishers, Inc., pages 99 to 113. The disclosures of each of
      these literature references are incorporated herein by reference.
PAR  The oxygen sensor 46 may be attached to a meter or recorder 50, shown in
      FIG. 1, which will visually show or automatically record the oxygen
      content of the recirculating gas which, being in equilibrium with the
      waste water as to dissolved oxygen, will be directly proportional to the
      dissolved oxygen content in the waste water in the cylindrical tube 14.
      Moreover, the oxygen sensor 46 may be connected to an actuating means
      which will start up a blower and increase the rate of aeration when the
      dissolved oxygen content falls below 1 or 2 ppm and/or to shut off an
      aerator if the dissolved oxygen content goes above the optimum level. The
      amount of gas dissolved in the body of liquid may be continuously
      monitored or intermittently measured.
PAR  The recirculating gas which is introduced through the diffuser 24 serves
      not only as a means to measure the oxygen content of a liquid contained in
      the cylindrical tube 14 but also provides a gas-lift effect within the
      tube 14. Thus, the mixture of gas and water in the tube 14 is lighter than
      the waste water surrounding the tube 14 and, as a result, the mixture of
      gas and water is forced upward by the pressure of the heavier waste water
      exerted at the lower portion of the tube 14. The waste water in the
      cylindrical tube 14 overflows the top end 16 into the cap 32 and is
      returned to the main body of sewage through the exit 36 as indicated by
      the arrows. To replace the liquid which is forced out of the top of the
      cylindrical tube 14 by this gas-lift effect, liquid from the surrounding
      body of waste water enters the bottom end 18 of the cylindrical tube 14 as
      indicated by the arrows. Thus, there is a continuous circulation between
      the waste water contained in the cylindrical tube 20 and the surrounding
      waste water contained in the aeration tank 10. The closed gas system
      previously described permits the recirculating gas to reach an equilibrium
      level not only with the liquid within the cylindrical tube 14 but also
      with the entire body of surrounding waste water as represented by the
      sample contained in the cylindrical tube 14. In other words, the waste
      water in the cylindrical tube 14 contains essentially the same amount of
      dissolved oxygen as does the waste water surrounding this tube.
PAR  Another means which may be used to enclose the top end 16 is shown in FIG.
      1. A housing 52 having a U-shaped cross section surrounds and engages the
      outer surface of the cylindrical tube 14. The legs 53 of the housing 52
      extend slightly above the level of the sewage 12 in the aeration tank 10.
      A downwardly opening cylindrical cap 54 is placed over the top end 16. The
      top 40 of the cap 54 and the legs 55 of the cap 54 are in spaced
      relationship from the top and sides of the cylindrical tube 14. The legs
      55 of the cap 54 are situated between the legs 53 of the housing 52 and
      the sides of the cylindrical tube 14.
PAR  In order for the gas-lift effect to be operative, the end of the
      cylindrical tube 14 may be located below the level of sewage 12 or at the
      same level or it may be somewhat above this level. However, the top end 16
      of the cylinder should not be so far above the level of the sewage in the
      aeration tank that the gas-lift effect will not cause the waste water
      contained in the cylinder 14 to overflow the top end 16.
PAR  The following example illustrates the practice of this invention:
PAC  EXAMPLE
PAR  An apparatus as shown in FIG. 1 is placed in the aeration tank of an
      activated sludge sewage treatment system. The apparatus is situated near
      the end of the aeration tank at which the sewage is withdrawn and passed
      to a secondary clarifier. The cylindrical tube 14 is about 3 feet high and
      has a capacity of about 5 liters. Air is pumped into the diffuser at a
      rate of about 1 liter per minute. The recirculating gas in the closed
      system has total volume of about 1 liter and reaches equilibrium with the
      waste water in about 10 minutes -- i.e., after the total volume of air has
      been recirculated about 10 times. After the recirculating gas has
      equilibrated with the liquid in the aeration basin, the dissolved oxygen
      content of the sewage is determined to be about 2 ppm. The dissolved
      oxygen content of the sewage is continuously monitored on this apparatus
      and is maintained at about 2 ppm plus or minus 1 ppm.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for measuring the amount of a gas dissolved in a body of liquid
      which comprises:
PA1  a. providing a vertical zone in said body of liquid, said zone being at
      least partially open at the lower end thereof so that it is in
      communication with said body of liquid and being closed to contact with
      said body of liquid on the sides,
PA1  b. passing a gas into a lower portion of said zone and creating a gas-lift
      effect in said zone,
PA1  c. recovering gas at the upper portion of said zone and returning said gas
      to said lower portion of said zone, thereby creating a recirculating gas
      system which is closed to the atmosphere and to the liquid outside of said
      zone,
PA1  d. withdrawing liquid from the top of said zone returning it to said body
      of liquid outside of said zone and introducing additional liquid into the
      lower portion of said zone from said body of liquid by means of said
      gas-lift effect,
PA1  e. continuing the recirculation of the gas to establish an equilibrium
      between the recirculating gas and the liquid in said zone as to the
      dissolved gas to be measured, and
PA1  f. measuring the amount of gas to be measured contained in the
      recirculating gas by a gas measuring means which is not in contact with
      said liquid.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the dissolved gas is oxygen.
NUM  3.
PAR  3. A method as defined in claim 2 wherein said oxygen is dissolved in
      sewage or other waste water.
NUM  4.
PAR  4. A method as defined in claim 1 wherein said zone is partially covered at
      the lower portion thereof to exclude bubbles of gas contained in said body
      of liquid from entering said zone.
NUM  5.
PAR  5. A method as defined in claim 1 wherein the amount of gas dissolved in
      said body of liquid is continuously monitored.
NUM  6.
PAR  6. A method as defined in claim 1 wherein the amount of gas dissolved in
      said body of liquid is intermittently monitored.
NUM  7.
PAR  7. A system for measuring the amount of gas dissolved in a body of liquid
      which comprises a hollow, vertical column which is at least partially
      immersed in said body of liquid and at least partially open at the bottom
      end thereof so that it is in communication with said body of liquid and a
      means at the top end thereof for closing the end of said column to contact
      with the surrounding environment, means for creating a recirculating gas
      system which is closed to the atmosphere and to said body of liquid which
      includes means for passing a gas into the lower portion of said column and
      means for withdrawing gas from the top of said column, thus creating a
      gas-lift effect within said column that circulates liquid from said body
      through said column and means for measuring the amount of a particular gas
      contained in the recirculating gas.
NUM  8.
PAR  8. An apparatus as defined in claim 7 wherein said means for introducing a
      gas into the lower portion of said column includes a gas diffuser situated
      in the lower portion of said column.
NUM  9.
PAR  9. An apparatus as defined in claim 7 wherein the lower portion of said
      column is provided with an upwardly opening cylindrical cap which is
      spaced apart from the bottom end thereof so that liquid from said body of
      liquid may flow into the bottom end of said column but gas bubbles
      contained in said body of liquid are excluded from entering said column.
NUM  10.
PAR  10. An apparatus as defined in claim 7 wherein said means for withdrawing
      gas from the top of said column includes a cap which surrounds the upper
      portion of said column.
NUM  11.
PAR  11. An apparatus as defined in claim 10 wherein said cap contains a vent in
      the top thereof which is in gas tight communication with the means for
      introducing gas into the bottom portion of said column.
NUM  12.
PAR  12. An apparatus as defined in claim 11 wherein said cap is closed at its
      lower end by a surface which surrounds and engages the outer surface of
      the column, an exit tube being connected to the lower portion of the cap,
      said exit tube having an opening therein, the top and sides of said cap
      being spaced from the top and sides of said column.
NUM  13.
PAR  13. An apparatus as defined in claim 11 wherein the means for withdrawing
      gas from the upper portion of said column includes a housing having a
      U-shaped cross section which surrounds and engages the outer surface of
      the column, and a downwardly opening cap which is located over the top end
      of said column, the top and sides of said cap being spaced from the top
      and sides of said column and the legs of said cap being situated between
      the legs of said housing and the legs of said column.
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ABST
PAL  In a weighted ball formed having a central core either constructed entirely
      of metal, or having embedded therein, or surrounded by, a weighted member
      constructed perferably of metal, said ball having an intermediate filler
      material usually constructed of wound yarn, with a horsehide or other hide
      type of cover securely stitched in place to provide the finished product,
      said ball having a composite weight slightly in excess of a standard and
      regulation ball of the usual construction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an adaptation to a ball used in various
      sporting events, such as a baseball, softball, or the like, and more
      particularly, pertains to such a ball into which has been incorporated a
      weighted member that slightly increases to a precise degree the weight of
      the ball for the purpose of assisting in strengthening the arm and
      accompanying muscles of a pitcher or other player without causing a loss
      of his control.
PAR  Various golf balls, handballs, and bowling balls have been provided in the
      prior art incorporating a weight therein either for the purpose of
      providing greater impact to achieve a further carry to the ball in flight,
      such as in the case of a golf ball, or such weights have been provided as
      a means for adjusting the standard weight of the ball so as to accommodate
      a wider range of users, although the weight of the ball as adjusted is
      still within the range of weight established by league regulations for
      such a ball, as in the case of the bowling ball. An example of the
      foregoing type of golf ball is disclosed in the patent to Young, U.S. Pat.
      No. 1,946,378, wherein a spherical center weight of metal is provided
      within the golf ball mainly to enhance the distance that it may be driven
      during usage. A summary of the latter type of a ball comprising the
      bowling ball and incorporating adjustable weights is disclosed in the
      patent to Rolke, U.S. Pat. No. 3,181,864, and therein discloses a complex
      series of weights which may be adjusted within the separable portions of a
      bowling ball so as to vary its weight to better adapt it to the bowler.
PAR  The present invention is more concerned with the incorporation of slight
      amount of additional weight within the standard ball, such as a baseball,
      so that the pitcher or other players during practice may utilize this ball
      for the purpose of strengthening the muscles within there back and arms,
      and without disrupting the degree of control they have acquired over their
      throw of the ball, particularly in the case of a pitcher. Various other
      types of weighted members have been provided for use during practice by
      athletes for the purpose of making them more limber when exposed to game
      conditions, and one such example is disclosed in the patent to Owen, U.S.
      Pat. No. 3,116,926, wherein a weighted baseball bat is provided for the
      purpose of enhancing the batting ability of the player during the game.
      This type of a bat is normally utilized by the player just prior to his
      taking a turn at bat during the game, and is primarily designed to provide
      an excessively heavy bat which can be swung a few times during warm up,
      and then replaced while at the plate by the batter's standard bat that
      makes the latter seem much more lighter and easier to swing. The object
      achieved by this type of a prior art devise is mainly concerned with the
      use of an equivalent device of a much greater weight which burdens the
      exerted muscles to an overworked condition, making them more responsive
      during use, particularly when a much lighter type of the same instrument
      is then immediately employed. This has been done with baseball bats, and
      in particular instances, the applicant has even heard of a baseball itself
      constructed entirely of lead or other metal and being utilized for the
      same purpose. These types of prior art devises while useful in perhaps
      strengthening, if not over strengthening, the muscles, have a tendency to
      cause extreme loss of control, and hence, particularly in the case of the
      lead baseball, are unthinkable for use by a pitcher during warm up.
PAR  It is the principal object of the present invention to provide a baseball,
      or the like, which includes a weighted member which only slightly exceeds
      the weight of the standard baseball so that the player during spring
      training and warm up can gradually tone his muscles, particularly in the
      vicinity of the upper arm, back and shoulders, without losing the delicate
      touch for control which is so essential to a player, particularly a
      pitcher.
PAR  Another object of this invention is to provide a set of baseballs or the
      like, which incorporate a weighted core which increases the weight of the
      balls within the range of from only a fraction of a ounce to a few ounces
      in excess of the standard baseball so as to provide only a slight increase
      in the weight of the balls for the purpose of enhancing the players
      strength without inducing a loss of control.
PAR  These and other objects will become more apparent to those skilled in the
      art upon reviewing the following summary, and upon undertaking a study of
      the description of the preferred embodiment in view of its drawings.
PAC  SUMMARY OF THE INVENTION
PAR  This invention contemplates the adaptation of a standard baseball,
      softball, corkball, or any other type of ball used in sporting events and
      of the type requiring skill and dexterity of the player while throwing
      such a ball. For example, in all three of the foregoing sports extreme
      precision is required particularly by the pitcher in delivering the ball
      over the plate to the batter, usually including a variety of pitches, with
      such precision generally referred to as control. Frequently, and
      particularly during spring training, the various muscles in the arm, such
      as the triceps, in the shoulder, such as the pectoralis major and deltoid,
      and in upper back, such as teres major and trapezius, have become over
      rested. And, even though the pitcher may still have his desirable control,
      which incidentially is probably more of an inherited trait but one that
      can be lost, these various muscles that regulate his control need to be
      strengthened and toned up so that the pitcher's strength may be maintained
      for the length of the game without sacrificing or impairing any of this
      desirable control. Hence, this invention adapts the standard baseball to
      provide for its slight increase in weight to graduated amounts, preferably
      somewhere in the vicinity of from 1/2 ounce to 16 ounces, with said
      additional quantities of weight being added to the normal weight of the
      regulation size baseball which is constructed to weigh over 5 ounces but
      not to exceed 51/4 ounces. This added weight is applied to the ball in a
      manner which does not detract from the usual characteristics of the
      baseball, said increased weight preferably being embedded within the
      central core of the ball, which for all practical purposes, will retain
      its usual liveliness, with said slight additional amount of weight being
      somewhat undetectable but useful for achieving its intended purpose.
      Preferably, the weighted members added to the central core of the ball
      will be constructed of metal, usually of spherical shape, and will be
      embedded within the combination rubber and cork center usually included as
      the center of the standard baseball. Where the weight to be added to the
      ball approaches the upper limits described herein, somewhere in the
      vicinity of sixteen ounces, the weight itself may replace in its entirety
      the usual central core of the baseball, with the usual intermediate filler
      material comprising the yarn being wound around said weight to that amount
      sufficient to provide a finished ball yet having a standard diameter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing,
PAR  FIG. 1 provides a view of approximately one half of a standard baseball,
      showing in full a weighted member being embedded within its central core;
PAR  FIG. 2 provides an exploded view of a standard baseball incorporating a
      spherical weight of the type embedded within its central core as in this
      invention;
PAR  FIG. 3 provides a sectional view taken directly through the ball and the
      weighted member as along the line 3--3 of FIG. 1;
PAR  FIG. 4 provides a sectional view of a modified ball of this invention
      wherein the weighted member comprises a replacement for its entire central
      core;
PAR  FIG. 5 provides a sectional view of the modified invention wherein the
      weighted member is disclosed as being embedded within the central core of
      the ball; and
PAR  FIG. 6 provides a sectional view of the modified invention wherein a
      nonspherical weighted member is shown embedded within the central core of
      the ball.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In referring to FIGS. 1 and 2 of the drawings, there is disclosed a ball
      constructed according to the teachings of this invention wherein, in these
      particular sketches, comprises the standard baseball 1 having the
      horsehide cover 2 that is double stitched and cemented to an intermediate
      filler material such as a series of layers of yarn, usually four in
      number, that mutually pack each other, and with the outer layer comprising
      a cotton finishing yarn which provides the smooth firm surface upon which
      the horsehide cover 2 may be applied. Within the center of the wound yarn
      3 are a series of rubber covers 4 and 5 which adds liveliness to the ball,
      giving it inherent resiliency. The rubber cover 4, while shown as
      separated in FIG. 2, actually comprises a solid spherical cover
      surrounding the hemispherical rubber shells 5 that surround the weighted
      member 6 of this invention, which as described comprises a spherical metal
      ball. It may also be commented that in the regulation baseball as commonly
      used in the professional game, the shells 5, while being hemispherically
      shaped, are slightly separated from each other and entirely covered during
      manufacture by the rubber cover 4, with said rubber cover 4 having a thin
      rib 7 that migrates into the separation between the shells 5. In the
      present invention, though, this feature is not critical, but rather, it is
      just desirable that the metal weighted members, be covered by the rubber
      covers 4 and 5, or either of them, so as to approximate the construction
      of the regulation ball.
PAR  As shown in FIG. 3, the various components that make up the standard ball,
      and as it has been modified according to the teachings of this invention,
      are shown in cross section wherein the horsehide cover 2 surround the
      layers of yarn 3, which in turn cover the first complete rubber cover 4,
      and the rubber shells 5, with the weighted member 6 being located therein.
      When the official baseball is constructed in this manner, its weight will
      be somewhere between 5.5 to 19 ounces, depending upon the type of metal,
      and its weight, used in the formation of the core 6.
PAR  Where it is desired to construct a ball having a weight of greater than a
      pound, the entire center core and the usual rubber cover and shells may be
      replaced by a metal weight 8, as shown in FIG. 4. In this particular
      construction, a central core of the ball itself will weigh approximately 1
      pound, and when weighed in conjunction with its wound yarn 3 and its
      horsehide cover 2, will have a total weight of approximately 20 ounces.
      Obviously, a ball constructed in this manner loses many of the attributes
      of the standard baseball, particularly its resiliency and liveliness, but
      a ball of this nature, has previously summarized, has not been designed
      for actual usage in game play, but rather, is designed for application
      during training so as to enhance muscle toning without disrupting the
      player's normal control, such as a heavy weighted ball would do.
PAR  As shown in FIGS. 5 and 6, the standard baseball as previously described
      incorporates the cover 2, the intermediate wound yarn filler material 3,
      the rubber cover 4, and the rubber shells 5. In these particular modified
      balls, there is also shown the standard cork center that is generally used
      in regulation baseballs, and such a center would appear to be constructed
      as a treated cork made from a combination of a rubber and cork
      composition, that adds the desired resiliency and liveliness to the
      standard game ball. Also shown being embedded within this cork center 9,
      as in FIG. 5, is a weighted member 10, which may be constructed as a
      spherical metal ball, adding approximately a quarter to a half ounce to
      the weight of the ball. As shown in FIG. 6, this weighted member may have
      a nonspherical shape, such as the cube of metal 11, as shown. These
      weights are designed to add only a slight amount of weight to the standard
      ball, and may be used as the finishing ball at a time when the player's
      muscles have been almost completely toned, and when he feels that he has
      strengthened his muscles to the point where he can achieve peak
      performance with the standard baseball.
PAR  As previously analyzed, the object of this invention is to provide a slight
      additional amount of weight to the standard type of ball, rather it be the
      baseball, a softball, a corkball, or any other type of ball which usually
      requires skill particularly of its pitcher, with said slight additional
      amount of weight providing the agency with which the pitcher may
      strengthen his muscles without sacrificing any of his important control.
      Since the object is just to add a slight amount of weight to such a ball,
      it is also likely that weight may be applied under slightly modified
      conditions but yet achieve the same results as herein analyzed and
      desired. For example, the standard ball, as shown in FIG. 5, incorporating
      the cork center 9, instead of applying a weighted member 10, may have a
      solid cork center 9 and have a coating of a thin metal shell around the
      same, or perhaps even around one or more of the rubber covers 4 and 5. In
      this manner, the weighted member may be added symetrically to the ball,
      and add for useful purposes the slight additional amount of weight at
      precise quantities to the ball and be used for muscle toning by the
      athelete.
PAR  Many other variations may be thought of by those skilled in the art upon
      reviewing the subject matter of this disclosure, and such variations are
      intended to be covered by the claims herein set forth which are designed
      to protect the spirit and scope of this invention.
CLMS
STM  Having thus described the invention, what is claimed and desired to be
      secured by Letters Patent is:
NUM  1.
PAR  1. In a baseball incorporating as components thereof a central core
      surrounded by wound yarn and having an outer cover, said components
      jointly having an overall weight of over 5 ounces but not in excess of
      51/4 ounces, the improvement which comprises a weighted member embedded
      within the center of said core and thereby increasing said overall weight
      an additional 0.5 ounce to 16 ounces, said weighted member being formed of
      metal and being smaller than said central core in which it is embedded so
      that the increase in said overall weight enables said baseball to be used
      for toning muscles and perfecting the pitching arm of a baseball player,
      without sacrificing pitching control.
NUM  2.
PAR  2. The invention of claim 1 wherein said weighted member is spherical in
      shape.
NUM  3.
PAR  3. The invention of claim 1 wherein said weighted member is of a
      nonspherical shape.
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PAL  There is disclosed a baseball supported by a downwardly curved, semirigid,
      composite cord, which in turn normally extends forwardly from the normally
      forwardly disposed end of a pole, the rearward end being swingable
      connected to a swing structure. Guy wires from the rear of the cord just
      forward of the pole extend to top of the swing structure and to the swing
      structure below the pole swing connection. Normally vertically extending
      coil springs, in plurality and spaced apart, extend from upper and lower
      cage members which extend diagonally outwardly and rearwardly from the
      front of the cage as disposed just rearwardly of the swing structure. When
      a batter strikes the ball with a bat the pole swings from the blow, and
      with the swing structure and rearwardly against the coil springs on the
      respective side of pole swing to urge the spring thus strike against by
      the pole, first to flex or bow responsive to the side swing of the pole,
      then to straighten back into vertical position. When the springs struck by
      the pole re-flex, or straighten up vertically, the counterflex of the
      springs imparts swinging motion in opposite direction to the pole, and the
      pole swings back at least to original position. When the ball returns, and
      at elevation in the strike zone, the batter again may swing at the ball.
      Obviously, a left handed batter stands to the right of the normal pole
      axis when he swings, while a right handed batter stands to the left of
      such axis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention comprises a definite improvement over the expiring Ponza U.S.
      Pat. No. 2,818,255, 1957, a comprising two adjacent standards for left and
      right handed batters, with balls on irregularly curved, only slightly
      flexible and rather rigid swingable arms, returnable to initial position
      by the equivalent of torsion spring action with the standards. In case of
      the captive, hollow, flexible ball on flexible material arm substantially
      anchored to a standard, the blow in Mueller U.S. Pat. 3,271,030, the arm
      flexes responsive to the blow on the ball.
PAR  In the Andersen U.S. Pat. No. 3,547,437, the balls are at the ends of coil
      springs which in turn extend from the ends of arms fixed rigidly to a
      common standard to extend oppositely therefrom, the standard being motor
      driven. The O'Leary U.S. Pat. No. 3,663,018,1972, is simply to a tethered
      ball, the tether comprising a long cord which extends from the outer end
      of a swing structure, swingable about a standard.
PAR  The invention relates to a pole extending centrally from a swing structure,
      and supported by guy lines which extend respectively upwardly and
      downwardly from pole connection to swing structure. A substantially rigid,
      slightly yieldable, cord assembly supports the ball outwardly from the
      pole. When the ball is struck by a batter the pole swings with the swing
      structure to which it is connected and strikes sidewardly against
      vertically extending coil springs sidewardly against vertically extending
      coil springs or resilient means which normally extend vertically between
      frame members directed diagonally rewardly and outwardly. Thus the pole,
      in striking the resilient means, bows them inwardly, but they reflex and
      straighten out and urge the pole, in return swing, back to central or
      forwardly extending position for the ball to be struck again.
PAR  As a primary object the invention provides a pole from the outer end of
      which the ball is supported to be struck, whereby the pole swings with a
      swing structure, the pole in course of rearward swing strikes sidewardly
      against, and bows the resilient means inwardly, after which the resilient
      means returns to normal upright position of initial extent; the force of
      return urging the pole to swing back around to initial position with the
      ball disposed forwardly to be struck again by a batter.
PAR  It is also an object of the invention to provide a pole swing return type
      device of this class, in which the ball, of a live latex or rubber
      material, is supported by a substantially rigid but slightly flexible
      composite cord, which includes the guy wires anchored centrally in the
      ball, and extending upwardly and downwardly to swing structure, swingable
      upon a standard or upright.
PAR  It is still another object of the invention to provide a device of this
      class equipped with a frame to rear of swing structure which extends
      outwardly and rearwardly on each side thereof with the sides of the frame
      comprising normally vertically extending coil springs disposed in
      substantially equally spaced apart relationship from forward coil nearest
      swing structure and in diagonally extending line of coils, successively
      spaced apart rearwardly and outwardly.
PAR  Also it is an object of the invention to provide a swingable pole that
      carries the ball to be struck, the pole swinging centrally with a swing
      structure, with upper and lower guy lines connected, respectely, to swing
      structure above and below the pole swing connection.
PAR  Other and further objects will be apparent when the specification
      hereinbelow is considered with relation to the drawings, as hereinbelow
      briefly described, and as further described in detail under the caption of
      DETAILED DESCRIPTION.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of an embodiment of a baseball batting practice
      apparatus disclosing both the construction and action of the invention.
PAR  FIG. 2 is a front elevation view of the spring cage which effectuates pole
      swing.
PAR  FIG. 3 is a plan view of FIG. 2.
PAR  FIG. 4 is fragmentary diagrammatic elevation view demonstrating spring and
      pole action and reaction.
PAR  FIG. 5 is an enlarged, fragmentary, broken elevational view, showing
      details of swing structure and shaft, and of swing structure support, the
      pole assembly being connected to rotate with the swing structure.
PAR  FIG. 6 is a sectional plan view taken along lines 6--6 of FIG. 5.
PAR  FIG. 7 is a sectional plan view taken along lines 7--7 of FIG. 5.
PAR  FIG. 8 is a sectional view of construction of ball, composite cord
      anchorage to pole, and of pole end portion, guy lines and ball
      relationship; and
PAR  FIG. 9 is a large scale, transverse sectional elevational view taken along
      lines 9--9 of FIGS. 1-8.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The invention may be summarized as comprising a live ball, as of rubber or
      latex, supported slightly less than rigidly from the outer end of a pole
      swingable with a swing structure, with the upper and lower guy lines or
      wires for the pole connected to swing structure above and below point of
      pole connection. As the ball is struck the pole swings rearwardly with the
      swing structure and upon contacy with a diagonally rearwardly and
      outwardly extending file or line or normally vertically disposed resilient
      means, the pole contact bows the resilient means inwardly. Then upon the
      resilient means springing back erect, the pole is urged back around by
      such return impulse to a normally forwardly extending position, for the
      ball to be struck again by a practice batter.
PAC  DETAILED DESCRIPTION
PAR  Referring now in detail to the drawings in which like reference numerals
      are assigned to like elements in the various views, there is shown in the
      isometric view in FIG. 1 external structures representing the full action
      of the invention. A base 10 supports a hollow post or upright 11 with a
      lower swing ring 12 rotatable thereon and from which upstands centrally a
      standard or vertical axle 13. Vertically extending, oppositely spaced
      apart connection angles 14a, 14b, connect the lower swing ring 12 to a
      central swing ring 15 from which extend a pair of lugs 16a, 16b,
      intermediately between the connection angles 14a, 14b. A sleeve 17 extends
      from between the lugs 16a, 16b, and receives the inner end of a pole 18
      therein, with the outer end of the pole 18 supporting a composite cord 20
      from the lower arcuate, substantially rigid but slightly flexible forward
      part 19 of which a live ball 21, as of rubber or latex, is supported.
PAR  From the opposed sides of the central swing ring 15, the angles 14a, 14b
      extend upwardly for connection at top to an upper swing ring 22. From the
      upper swing ring 22, guy wires 23a, 23b, extend to the outer end of the
      pole 18 to merge into the composite cord 20 as a part thereof. Also, from
      the lower swing ring 12, guy wires 24a, 24b, extend to the outer end of
      the pole 18 to merge into the composite cord 20, as a part thereof.
PAR  A triangular shaped angle frame 25, with apex at the rear of the post or
      upright 11, extends symmetrically rearwardly of the post 11 and swing
      standard assembly 26. An upright member 27 upstands centrally from the
      center of the base of the triangular frame structure 25, and bisects and
      has connected thereto for support, transversely extending frame members,
      as upper and lower rear angles 27a, 27b, substantially parallel to the
      base 25a of the triangular base angle frame 25, and forming the rear
      members of a spring cage frame 28.
PAR  From the center of the upper and lower rear angles 27a, 27b, upper and
      lower central angles 29a, 29b, extend forwardly, and bisect respective
      upper and lower forward transverse or cross angles 30a, 30b. An upright
      member 31 extends downwardly through such intersections to a transverse
      cross member or angle 25b spaced rearwardly of the post or upright 11.
      Bracing members 32a, 32b and 32c are provided, respectively, for the post
      11, upright 31, and upright 27. Upper and lower diagonally rearwardly and
      outwardly, horizontally extending angles 33a and 34a complete the left
      side of the spring cage 28 and upper and lower, diagonally rearwardly and
      outwardly, horizontally extending angles 33b, 34b, complete the right side
      of the spring cage frame 28. The ends of the transverse forward and
      rearward, upper members 30a, 27a, terminate within and against the left
      and right upper diagonally extending members 33a, 33b and 34a, 34b,
      respectively. Refer also to FIGS. 2, 3 and 4.
PAR  A series of vertical, substantially equally spaced apart tension coil
      springs or resilient means 35a, connected upwardly into the left side,
      diagonally extending, angle member 33a, and downwardly into the left side,
      diagonally extending angle member 33b, form the left spring member
      assembly 36a. Correspondingly vertical, substantially equally spaced apart
      tension coil springs or resilient means 35b, connected upwardly into the
      right side, diagonally extending angle member 34a and downwardly into the
      right side, diagonally extending angle member 34b, form the right spring
      member assembly 36b. FIG. 4 shows details of spring connections to upper
      and lower, diagonally extending angles; eye bolts 37 being shown
      connecting upper and lower ends of a coil spring 35b to respective
      diagonally extending angles 34a, 34b.
PAR  Now considering FIG. 5 with relation to FIGS. 6 and 7, the lower swing ring
      12 is indicated as an inverted cup structure, and to the opposed side
      areas of the cup 12, the lower end portions of the vertical connection
      angles 14a, 14b are welded, or otherwise firmly connected. The standard or
      upright rod or tube 13, comprising an upright or vertical axle, passes
      through a bore centrally through the base of the cup 12, and is affixed
      thereto, as by welding. The outer race of a ball bearing assembly 38 is
      press-fitted upwardly into the cup 12, while the inner race receives the
      standard or rod 12 rotatably therethrough, and is supported upon the top
      surface of the post or upright 11 which extends upwardly from the base 10.
PAR  As shown in FIG. 7, a pin 39 passes through the sleeve 17 and lugs 16a,
      16b, which are spaced apart to receive the inner end of the sleeve 17
      therebetween, with the pin 39 being held against lateral displacement, as
      by cotter pins 40, indicated in FIG. 7.
PAR  As indicated in FIG. 5, a cup 41 is provided within the upper swing ring 22
      which receives the outer race of a ball bearing assembly 38 press-fitted
      thereinto; the inner race receiving the top of the axle or standard 13
      rotatable therethrough. A washer 42, of greater diameter than the groove
      between races, overextends such groove to protect against extraneous
      matter entering between the races of the ball bearing assembly, while a
      machine screw 43, through the center of the washer 42 and into the axle
      13, holds such washer 42 in position, with the inner race of the ball
      bearing assembly 38 being capable of rotating with clearance thereunder.
PAR  Now considering FIG. 8 with relation to FIG. 9, the pole 18 is shown
      terminating forwardly in the rear end of a substantially hard rubber
      sleeve 44, of slight flexibility. This sleeve 44 is shown with opposed
      slits 45a, 45b therein to let the upper and lower guy wires 23a, 23b, 24a,
      24b, pass therein, and forwardly down the rubber sleeve 44.
PAR  A clamp 46 is fastened about the rubber sleeve 44 just forwardly of the
      entry of the guy wires thereinto and the sleeve, with guy wires therein,
      extends forwardly from the clamp 46. In FIG. 9 the clamp 46 is shown
      around the sleeve 44 with the wires 23a, 23b, 24 a, 24b, just inwardly of
      the sleeve 44 and outwardly of a reenforcing rubber core 47. The rubber
      sleeve 44 terminates, as molded into the latex or live rubber ball 21,
      short of the center thereof, and a spool like member 48, of wood or metal,
      centrally disposed within the ball 21, has the forward or outer ends of
      the guy wires 23a, 23b, 23c, 23d secured therearound.
PAR  The invention is best adapted as a light duty, or versatile baseball
      batting practice device to serve a range of age groups, as from "little
      leaguers" to more advanced and sizeable players, up into high school ages,
      or even further, for college baseball players. The positive return
      features accomplished by flexible means, as tension coil spring reflex
      against being bowed by sideward swing of pole thereagainst, assures that
      the device is constant in operation, and that the ball will be returned to
      location of or batter next swing, whether the batter stands to left of the
      axis through the device, and bats the ball right handedly, or whether the
      batter stands to right of the axis through the device and bats the ball
      left handedly.
PAR  The structures shown may not be considered as limitations upon the
      structures or combinations of elements, that may be employed to fall
      within the broad spirit of the invention, while the appended claims are
      not by way of limitation, but by way of introduction, or designed to
      initiate start of examination.
CLMS
STM  I claim:
NUM  1.
PAR  1. A baseball batting practice device comprising; a base structure having
      an elongated upright standard mounted thereon, said standard having
      intermediate its ends means mounting one end of an elongated pole thereon
      such that said pole is rotatable in a substantially horizontal plane about
      said standard, said pole having elongated and slightly flexible extension
      means on its outer end mounting a ball; a frame structure mounted on said
      base adjacent said standard and positioned a distance from said standard
      such that said pole will be engaged with said frame structure upon
      rotation in said horizontal plane; means mounted on said frame structure
      for engagement with said pole to cause said pole to rotate in the opposite
      direction after said means on said frame is engaged by said rotating pole;
      means on said standard for pivotally supporting one end of said pole for
      pivotal movement in a substantially vertical plane to allow said pole to
      be raised or lowered to a desired height of a batter and said pole will
      engage said means mounted on said frame when said ball is hit in one
      direction and will also engage said means mounted on said frame when said
      ball is hit in the direction opposite said one direction, each engagement
      of the pole with said means mounted on said frame causing said pole and
      ball to return substantially to a position from which said ball was hit.
NUM  2.
PAR  2. The batting practice device of claim 1 wherein said upright stand is a
      first elongated tubular member telescopically received in a second tubular
      upright member having length shorter than said first tubular member and
      mounted on said base; said first upright member having three tubular
      sleeves rotatably mounted thereon, said sleeves being a first sleeve
      mounted on the upper extremity of said first tubular member, a second
      sleeve mounted adjacent the lower extremity of said first tubular member,
      and a third sleeve mounted intermediate said first and second sleeves;
      said sleeves being held at a fixed vertical distance apart by a pair of
      elongated vertically standing, parallel angle members, attached at
      diametrically opposite points on each of said sleeves; said third sleeve
      being said means for mounting said one end of said elongated pole on said
      upright standard, said guy lines extending from the outer end of said
      elongated pole to said first and second sleeves.
NUM  3.
PAR  3. The batting practice device of claim 1, wherein said slightly flexible
      extension means is an elongated tubular member having one of its ends
      telescopically receiving the outer end of said elongated pole, the other
      end of said tubular member having said ball mounted thereon;
NUM  4.
PAR  4. The batting practice device of claim 3 wherein said other end of said
      tubular member telescopically extends into said ball to a distance
      intermediate its outer surface and core, said tubular member having a pair
      of opposing apertures intermediate its ends, the other end of said guy
      lines each extending through an aperture, passed longitudinally through
      said tubular member and into said ball, encircling the core of said ball
      and returned through said tubular member and apertures and terminating at
      said first and second rotatable sleeves.
NUM  5.
PAR  5. The batting practice device of claim 1 wherein said means mounted on
      said frame structure for engagement with said pole is at least one
      elongated, vertically extending resilient member.
NUM  6.
PAR  6. The batting practice device of claim 1 wherein said frame structure
      mounted on said base comprises two substantially identical triangular
      shaped frame members, fixedly spaced one above the other and being in
      substantially parallel horizontal planes; said frame members each being
      positioned relative to said upright standard such that two of their sides
      diverge from said upright standard defining left and right diverging
      vertical planes; said means mounted on said frame structure for engagement
      with said pole being at least one elongated resilient member lying in each
      of said planes and extending vertically and having its ends attached to
      said upper and low frame member sides, said pole being engagable with said
      resilient member substantially mid-way its ends; said pole being swingable
      against said resilient member in said left plane when said ball is hit by
      a righthanded batter and is swingable against said resilient member in
      said right plane when said ball is hit by a lefthanded batter.
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ABST
PAL  A game board in combination with a table tennis table, the board being
      movable on the table to selected positions and angularly adjustable both
      as to angle of inclination from the horizontal and angle of inclination
      with respect to the longitudinal axis of the table.
PAL  The board is provided with a first opening near its upper edge and a second
      opening adjacent the lower edge of the board. The first opening is
      provided with an insert ring having a through opening smaller than the
      first opening and dimensioned to fit therein, the insert having a radial
      flange shaped to fit within recess surround the first opening such that
      the insert will be coplanar with the front surface of the board. A guide
      chute is attached to the rear of the board such that a ball entering the
      first opening will gravitate through the chute to the second opening to be
      expelled forwardly therefrom to roll along the table to return to a
      player. The chute is provided with inwardly extending projections for
      engagement with a ball passing through the chute to produce an audible
      sound. A net is supported substantially around the entire peripheral edge
      of board by support posts which are inserted in sockets in the board and
      are frictionally held therein.
PAL  Preferably, the combination includes the net ordinarily provided on the
      table tennis table and the board is provided with an opening through which
      a ball may pass, and a chute connected to the rear of the board to receive
      a ball passing through the opening and to lead it forwardly beneath the
      net to the player.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in -part of my prior copending
      application Ser. No. 187,000 now abandoned filed Oct. 6,1971, which is a
      continuation-in-part of my prior application Ser. No. 27,125 filed Apr. 9,
      1970 (now U.S. Pat. No. 3,659,850), which is a continuation of my prior
      application Ser. No. 615,816, filed Feb. 13, 1967 (now abandoned).
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to equipment with which one or more players
      may practice table tennis shots or may carry out competitive games. The
      equipment comprises essentially the combination of a standard ping pong
      table, which is elongated and is provided midway between its ends with the
      standard table tennis net. The player or players stand at one end of the
      table and at the opposite side of the net there is provided a rigid ball
      return board. This board is of a width substantially less than that of the
      table tennis table top, ordinarily substantially less than half of its
      width, and has a height which may be approximately 12 inches. In a
      particular embodiment of the invention the ball return board is formed of
      hard rigid plywood having a width of 24 inches, and a slant height of 16
      inches.
PAR  The board is provided at its rear side with supporting means adjustable to
      vary the inclination of the board from a vertical plane so as to vary the
      manner in which a batted table tennis ball bounces from the board toward
      the player. Preferably, the board support comprises an angularly, and in
      some cases vertically adjustable leg. The lower edge of the board and the
      bottom end of the leg are provided with soft friction foot elements which
      retain the ball return board at whatever location it is placed on the
      table top and at whatever angular position it is set.
PAR  Preferably, the board is provided with an opening substantially larger than
      the diameter of a standard table tennis ball, as for example a circular
      opening having a diameter of 4 inches. In order to provide for return of a
      batted ball which passes through the opening, a chute is provided,
      preferably at the rear of the board having one end in registration with
      the opening through the board to receive the ball and to direct it
      forwardly toward the player. The chute may include an extension beneath
      the net so that the ball is returned directly to the player.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a simple form of ball return board
      shown in position on a table tennis table top.
PAR  FIG. 2 is a side elevational view of the board seen in FIG. 1.
PAR  FIG. 3 is an enlarged sectional view on the line 3--3, FIG. 2.
PAR  FIG. 4 is a front elevational view of a modified form of ball return board.
PAR  FIG. 5 is a side elevational view of the board shown in FIG. 4.
PAR  FIG. 6 is a fragmentary enlarged section on the line 6--6, FIG. 4.
PAR  FIG. 7 is an elevational view of a board provided with an extension net.
PAR  FIG. 8 is a diagrammatic view showing the table tennis table top with the
      ball return board in various locations and positions of angular
      adjustment.
PAR  FIG. 9 is an enlarged sectional view showing structure for changing the
      dimension of the opening through the board.
PAR  FIG. 10 is a fragmentary front elevation showing a modified board
      construction.
PAR  FIG. 11 is a sectional view on the line 11--11, FIG. 10.
PAR  FIG. 12 is a fragmentary sectional view on the line 12--12, FIG. 11.
PAR  FIG. 13 is an elevational view of the preferred embodiment of the present
      invention, incorporating the several features previously described.
PAR  FIG. 14 is a fragmentary sectional view on the line 14--14, FIG. 13.
PAR  FIG. 15 is a fragmentary sectional view showing post receiving brackets on
      the board.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIGS. 1-3 there is illustrated a ball return board 10
      which is in the form of a rectangular board of sufficient thickness and
      rigidity to provide a satisfactory bounce when a table tennis ball is
      batted against the board. Conveniently, the board may be formed of
      plywood. At its lower edge the board is provided with two soft friction
      foot elements 11 which may be of a suitable material such for example as
      soft rubber. In addition, means are provided for supporting the board in
      different positions of angular adjustment. This means comprises a rail 12
      at the back of the board formed of angle iron as indicated in FIG. 3.
      Associated with the rail is a block 13 having jaws 14 adapted to grip the
      rail under the action of a clamping screw or nut device 15. A support leg
      16 having a friction foot 17 formed of the same material as the foot
      elements 11 has a laterally extending arm 18 received in an opening in the
      block 13. It will be understood that in practice the ball return board
      will normally be positioned across the net from the player, and the angle
      at which the surface of the board is inclined to the vertical will be
      selected such as to produce the required bounce, taking into account the
      speed with which the ball is hit. Obviously, if the ball is hit with
      considerable speed, the practice board will be brought into a much more
      nearly vertical position than that illustrated.
PAR  Moreover, it will be understood that since the ball return board is merely
      retained in position on the table top at the desired location by the
      engagement between the friction foot elements 11 and 17, the board may be
      positioned closely adjacent the rear of the table from the player or it
      may be brought up much closer to the net. In some cases the net may be
      removed. In addition, the ball return board, since it is of much less
      width than the width of the table may have an angularity with respect to
      the longitudinal axis of the table. Thus for example, the ball return
      board may be positioned at a location adjacent one rear corner of the
      table while the player occupies a portion adjacent the diagonally opposite
      corner.
PAR  Referring now to FIGS. 4-6 there is illustrated a modified board 20 which
      differs principally from the board shown in FIGS. 1-3, in that the board
      20 is provided with a central opening 21 of a size substantially larger
      than the table tennis ball and through which the player attempts to bat
      the ball. The board is provided with an inclined return chute 22 which may
      be tubular or which may be closed at one side by the back surface of the
      board 20. In any case, extension means are provided at the discharge end
      of the chute to cause the ball to roll forwardly toward the net. This
      means, as best seen in FIG. 6, comprises a cap element 23 the end surface
      of which is concave or inclined as indicated at 24 to cause the ball to
      roll downwardly and then forwardly toward the net. Since the angle of the
      board to the vertical may be changed by the adjustable support mechanism
      indicated generally at 25, it is desirable for the cap 23 to be rotatable
      on the chute member 22. In FIG. 6 the forward end of the tubular extension
      28 is shown as extending forwardly of the table tennis net, the position
      of which is indicated at 29.
PAR  If desired, means may be provided on the board for keeping score, as for
      example a plurality of counters such as apertured discs 26 slidable on a
      rod 27 mounted at the top of the board. These counters are useful where
      the game board is used competitively and serve the purpose of keeping
      score.
PAR  Referring now to FIG. 7, a board 30, which may be identical with the board
      10 or the board 20, is provided with a net 32. The net may be provided at
      the sides as well as the top edge of the board so as to intercept balls
      batted toward the board which miss the target. As illustrated, the net 32
      is provided only at the top and this is ordinarily found to be sufficient.
      The net 32 is mounted on posts 34 which at their lower ends are provided
      with clamps 36 engageable with edge portions of the board 30. The ends of
      the net 32 may be doubled to provide loops which may be slipped over the
      upper ends of the posts 34 to bring the net into the position shown.
PAR  Referring now to FIG. 8 there is shown a diagrammatic view of the assembled
      apparatus including the table tennis top 40 having the usual net 42
      provided to extend transversely of the table midway between its ends.
      Various positions of the ball return board are designated 44a, 44b, and
      44c. It will of course be understood that these locations and angular
      positions of the board are merely illustrative and that according to the
      speed with which the ball is hit and the particular game which is being
      played, other positions may be employed.
PAR  Since the board is retained at a desired location on the table tennis table
      top by the soft friction foot elements, it is of course possible to change
      the location as well as the angular position with reference to the length
      of the table simply by moving the board to the required position.
      Inclination of the board with respect to the vertical is accomplished by
      appropriate adjustment of the support leg 16, either an angular adjustment
      of the leg relative to the board, or this in combination with a
      repositioning of the leg supporting block 13. The ball return board is
      thus characterized by the maximum possible ease of effecting changes in
      its location and angular adjustment.
PAR  Referring now to FIG. 9 there is illustrated an arrangement in which the
      ball return board, here indicated at 50, is provided with a relatively
      large through opening 51 surrounded by a recessed groove 52. If the player
      wishes to use the board with an opening smaller than the opening 51, an
      annular insert 53 is provided the outer diameter of which is such that it
      fits closely within the opening 51. The insert 53 is provided at its
      forward end with a radially extending flange 54 which fits into the
      annular recess 52. The insert 53 is provided with an opening 56 which is
      of a size smaller than the opening 51. With this arrangement it will be
      observed that the opening 56 is surrounded by a flush surface coplanar
      with the front surface of the board and terminating in a sharply defined
      corner 57. If the player wishes to use the board with an opening of the
      size illustrated at 51, the insert 53 is removed and replaced by a washer
      which seats within the recess 52. The inner diameter of the washer will be
      the same as the diameter of the opening 51 so that when the washer is
      employed the opening 51 will be provided at its forward end with a sharply
      defined corner.
PAR  Referring now to FIGS. 10-12 there is illustrated a modified construction
      in which the board, here designated 60, is provided with an upper enlarged
      opening 61 and a lower opening 62 dimensioned to pass the conventional
      table tennis ball. At the rear of the board there is provided guide
      structure indicated generally at 63, preferably formed of plastic to
      permit forward passage of the ball through the lower opening 62. The guide
      structure 63 may be formed from relatively thin plastic material by vacuum
      forming while in a softened condition. As best seen in FIG. 10, the guide
      structure 62 converges downwardly so as to guide the ball into proper
      registration with the exit opening 62. The guie structure includes an
      attaching flange 64 through which fastening elements such as tacks may be
      driven.
PAR  A feature of the guide structure illustrated in FIG. 11 is the provision of
      a multiplicity of inwardly extending projections 65 over which a ball is
      caused to pass and the passage of the ball will cause a sequence of
      sharply defined sounds. These sounds serve as an audible signal that the
      ball has passed into the upper opening. It will be understood that in use
      the table tennis ball will be batted with considerable velocity so that
      when it enters the upper opening its direction is changed by engagement
      with the curved contour of the plastic guide structure and it will tend to
      maintain contact with the inner interrupted surface of the guide
      structure. Since the table tennis ball is of relatively hard material and
      the plastic material of the guide structure is relatively hard, the
      passage of the ball over the curved guide structure will produce the
      aforementioned audible signal.
PAR  As best indicated in FIG. 10, the opening 61 is preferably provided
      adjacent the top and one side edge of the ball return board. This
      positions the guide structure 63 laterally from the supporting leg such as
      shown at 16 in FIG. 2 so that the leg may be swung into vertical abutment
      with the rear surface of the board so as to permit the assembly to be
      contained within a more compact container. In addition, of course, the
      lateral displacement of the opening from the center line of the board may
      be such as to increase the difficulty of driving a ball through the
      opening.
PAR  Since in normal usage of the ball return board, the net is in position
      between the player and the board, the net will prevent return of a ball
      emerging from the lower opening 62 unless special provision is made.
      Return of the ball to the player may be accomplished simply by elevating
      the lower portion of the net if desired, so that the ball will roll
      underneath the net to the player.
PAR  FIGS. 13 and 14 illustrate the preferred embodiment of the present
      invention, combining the several features as described in the foregoing.
PAR  In this embodiment of the invention the board is illustrated at 70 and has
      a ball receiving opening 72 which as illustrated in FIG. 13, has its
      effective size reduced by insertion of a ring 74 of the type illustrated
      in FIG. 9. The board is provided at its lower edge with soft supporting
      feet 76 which cushion the board and absorb the energy delivered to the
      board by impacting balls. The feet may be made of soft rubber and
      effectively prevent displacement of the board on the table top by repeated
      impacts of the balls. The board is illustrated in FIG. 14 as retained in
      an inclined position by an adjustable brace or leg 77 which may be of the
      type illustrated in detail in FIGS. 2 and 3. The leg 77 is also provided
      with a soft high-friction foot 78 which cooperates with the feet 76 in
      retaining the board in adjustment at the selected position.
PAR  The board 70 is surrounded both at the sides and top by a net 80 adapted to
      receive balls which are misdirected and to return them to the player. The
      net is supported by two lower posts 82 and two diagonally extending upper
      posts 84. Conveniently, the posts 82 and 84 may be inserted in openings 86
      and 88 provided in the board. Since the posts 84 extend diagonally the
      netting may be dimensioned so as to be substantially tensioned when placed
      in the illustrated position. This has the advantage of providing a net
      surface from which the balls rebound toward the player and may pass under
      the net as illustrated in FIG. 14. In addition, the tension of the netting
      80 retains the diagonally extending posts 84 in position and in fact,
      urges them inwardly of the inclined openings 88. The tensnon of the
      netting also biases the posts 82 upwardly and serves to retain them
      frictionally within the openings 86. Instead of providing openings in the
      board 70 to receive the inner ends of the posts 82 and 84, it is also
      contemplated that sheet metal sockets may be affixed to the rear of the
      board. Such a socket structure is illustrated in FIG. 14 where the socket
      is indicated generally at 88, and has flat flanges 90 by which it is
      attached to the rear surface of the board 70. Intermediate the flanges 90
      the socket 88 has an elongated U-shaped channel portion 92 in which one of
      the posts 82 or 84 may be received.
PAR  Finally, the embodiment of the invention illustrated in FIG. 13
      incorporates a ball return and sound producing housing 94 which is
      essentially similar to the corresponding element 63 seen in FIGS. 11 and
      12. In this case however, the curvature of the housing 94 adjacent the
      opening 72 or the opening provided by the ring 74, is modified to insure
      that a ball passing through the opening is directed downwardly and is not
      permitted to bounce back through the opening. In this case the housing 94
      is also provided with the inward projections 96 which produce an audible
      sound as the ball encounters them on its downward movement. In this
      embodiment of the invention the bottom edge of the board is notched to
      provide the opening 98 which is thus more closely adjacent to the surface
      100 of the table top. This has the result of insuring that the ball, such
      as indicated at 102, will roll along the table top toward the player.
PAR  In some forms of specific games which have been devised embodying use of
      the present board, it is desirable for the usual table tennis net 104 to
      remain in position. It is necessary for ball return to displace the lower
      edge 106 of the net upwardly to provide clearance for return of the ball
      102 beneath the net.
PAR  In FIG. 13 the location of the opening 72 is adjacent the upper left hand
      corner of the board. The precise location of the ball receiving opening is
      not critical and at 108 there is illustrated an alternative position of
      the opening centrally of the board.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. Table tennis game and practice equipment for use with a table tennis
      table comprising a rigid substantially upstanding, and substantially
      rectangular ball-return board having a width substantially less than the
      width of a standard size table tennis table, said board having at its rear
      adjustable downwardly and rearwardly inclined support means to provide for
      variation in the inclination of the board from the vertical, said board
      and its support means being freely movable to different positions on the
      table top, soft energy absorbing and friction feet on the lower edge of
      said board and on the lower part of said support means, said board having
      a first upper opening therethrough of a size substantially larger than a
      table tennis ball and spaced substantially from its lower edge, a second
      lower opening adjacent the lower edge of said board, guide means at the
      rear of said board shaped to guide a ball projected through said first
      opening to said second opening to expel the ball forwardly therefrom to
      roll along the table top to return it to a player, and net means mounted
      on said board to extend laterally from both side edges, upwardly from the
      top edge, and upwardly and outwardly from the corners thereof, said net
      means comprising net supporting posts projecting laterally from the bottom
      of the side edges of the board, and upwardly and outwardly extending net
      supporting posts at the upper corners of said board, mounting sockets
      associated with the board for receiving the inner ends of the net
      supporting posts, said net being tensioned to provide for resilient return
      of balls projected against the net and to urge the upwardly and outwardly
      extending posts inwardly of their sockets and to frictionally lock the
      laterally extending posts in their sockets.
NUM  2.
PAR  2. Table tennis game and practice equipment for use with a table tennis
      table comprising a rigid substantially upstanding, and substantially
      rectangular ball-return board having a width substantially less than the
      width of a standard size table tennis table, said board having at its rear
      adjustable downwardly and rearwardly inclined support means to provide for
      variation in the inclination of the board from the vertical, said board
      and its support means being freely movable to different positions on the
      table top, soft energy absorbing and friction feet on the lower edge of
      said board and on the lower part of said support means, said board having
      a first opening therethrough of a size substantially larger than a table
      tennis ball and spaced substantially from its lower edge, a second opening
      adjacent the lower edge of said board, guide means at the rear of said
      board shaped to guide a ball projected through said first opening to said
      second opening to expel the ball forwardly therefrom to roll along the
      table top to return it to a player, and net means mounted on said board to
      extend laterally from both side edges, upwardly from the top edge, and
      upwardly and outwardly from the corners thereof, said net means comprising
      net supporting posts projecting laterally from the bottom of the side
      edges of the board, and upwardly and outwardly extending net supporting
      posts at the upper corners of the board, mounting sockets associated with
      the board for receiving the inner ends of the net support posts, said net
      being tensioned to provide for resilient return of balls projected against
      the net and to urge the upwardly and outwardly extending posts inwardly of
      their sockets and to frictionally lock the laterally extending posts in
      their sockets, said guide means comprising a thin walled shell having a
      continuously curved outer wall extending from just above said upper
      opening to just below said lower opening provided with inwardly extending
      spaced projections formed from the thin wall material of said shell and
      engageable with a ball passing through said guide means at the velocity
      required to bat the ball through said upper opening to produce an audible
      sound upon engagement with a ball.
NUM  3.
PAR  3. Table tennis game and practice equipment for use with a table tennis
      table comprising a rigid ball-return board having a width substantially
      less than the width of the table, said board having at its rear adjustable
      downwardly and rearwardly inclined support means to provide for variation
      in the inclination of the board from the vertical, said board and its
      support means being freely movable to different positions on the table
      top, soft energy absorbing and friction feet on the lower edge of said
      board and on the lower part of said support means, said board having a
      first opening therethrough of a size substantially larger than a table
      tennis ball and spaced substantially from its lower edge, a second opening
      adjacent the lower edge of said board, guide means at the rear of said
      board shaped to guide a ball projected through said first opening to said
      second opening to expel the ball forwardly therefrom to roll along the
      table top to return it to a player, and net means mounted on said board to
      extend laterally from both side edges, upwardly from the top edge, and
      upwardly and outwardly from the corners thereof, said first opening having
      a shallow recess surrounding the opening at the front of the board, an
      insert ring having a through opening smaller than the board opening and
      dimensioned to fit within the board opening, said insert having a radial
      flange shaped to fit within said recess, the forward face of said insert
      including said flange being flat and coplanar with the front surface of
      said board when the insert is mounted in said first opening.
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ABST
PAL  A reaction machine for football practice or the like. An upright is
      provided supported from its lower portion by a base. A beam is pivotally
      mounted with the upright pivotable horizontally around the upright and
      pivotable vertically. A dummy support arm is vertically pivotally mounted
      on one end of the beam for mounting a tackle dummy or the like. A brake
      assembly is mounted between the beam and upright for holding the beam in a
      fixed horizontal position. A shock absorber is also mounted between the
      upright and beam for absorbing the shock of a player hitting the dummy.
      The dummy support arm and beam are provided with latch structure for
      holding the dummy in a raised position and releasing the dummy to a
      lowered position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to football practice devices and more particularly to
      a dummy support apparatus for use by football players and the like for
      practicing tackling, charging, blocking and other physical contact
      maneuvers. Numerous types of tackling dummy apparatuses are known in the
      prior art as they are now and have been commonly used for training
      football players in the history of the sport. Football practice dummies
      are of the two general types: one type has the padded dummy mounted on a
      sled or the like and the other type has the practice dummy suspended. The
      suspended type practice dummies are known in the prior art which have
      dummies supported above the ground on a pivotal apparatus which holds the
      dummy in a fixed position and will allow the dummy to be moved around its
      support to another position after it has been struck by the player. Other
      prior art practice dummy apparatuses are known which support the dummy in
      an upright position above the ground so the dummy can be pivoted or moved
      relative to a fixed pivoted point in a partially circular range of motion
      at the will of the coach. In some instances dummies have been suspended
      from an overhead track or beam and they swing about freely like a weight
      suspended on a string. In some instances, dummies have been supported from
      an overhead track or beam with the dummies being rotatable about their
      upright axis.
PAR  However, it is not known that any practice dummy apparatus herebefore
      produced has provided a practice dummy which can be moved at the ground
      level at the will of the coach and raised to an elevated position upon
      contact by the player.
PAC  SUMMARY OF THE INVENTION
PAR  In the specific embodiments of this invention a reaction machine structure
      includes an upright with a beam pivotally mounted on the upper portion of
      the upright to rotate in a horizontal direction and to be pivotable in a
      vertical direction and having a vertically swingably mounted dummy support
      arm on one end of the beam for mounting a tackling dummy or the like. The
      dummy support arm is movable between a lowered position placing the dummy
      at ground level and a raised position with the dummy above ground level.
      The beam is rotatable and the horizontal direction to move the position of
      the dummy at the will of the coach or the person operating the machine.
      The dummy support arm can be fixed in the raised position relative to the
      beam and since the beam can be pivoted in the vertical direction the dummy
      can be placed at the ground level for player contact or supported in a
      position above ground level for player contact if desired. The dummy can
      be positioned on the ground with the dummy support arm in the lowered
      position and moved to the raised position when the dummy is struck by a
      player.
PAR  One object of this invention is to provide a reaction machine structure
      overcoming the aforementioned disadvantages of the prior art devices.
PAR  Still, one other object of this invention is to provide a reaction machine
      structure having an upright supported by a base with a beam pivotally
      mounted with the upper end of the upright with the beam being pivotable in
      a horizontal direction completely around the upright and pivotal in a
      vertical direction and further with the beam having a swingably mounted
      dummy support arm on one end thereof for mounting a tackling dummy or the
      like with the swingable support arm movable between a lowered position and
      a raised position relative to the beam and retainable in the raised
      position if desired.
PAR  Still, one other object of this invention is to provide a reaction machine
      structure having a dummy support arm for mounting a tackling dummy or the
      like which will allow the dummy to be moved vertically and rotated
      horizontally about the upright support of the machine and further with the
      tackling dummy movable between a lowered position at ground level and a
      raised position above ground level.
PAR  Yet, another object of this invention is to provide a reaction machine
      structure for football practice which has a dummy movable in a vertical
      direction and a shock absorber apparatus to retard excessively rapid
      vertical movement of the supporting structure for the tackling dummy.
DRWD
PAR  Various other objects, advantages, and features of the invention will
      become apparent to those skilled in the art from the following discussion,
      taken in conjunction with the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of an embodiment of reaction machine with
      the dummy support arm in a lowered position having the tackling dummy
      indicated in dashed lines, and the base and the dummy support arm
      shortened for clarity;
PAR  FIG. 2 is a top plan view of the reaction machine shown in FIG. 1 showing a
      portion of the base thereof with a portion of the platform cover of the
      base removed for clarity;
PAR  FIG. 3 is a side elevation view of the upper portion of the reaction
      machine shown in FIG. 1, the machine being positioned ready for use with
      the dummy support arm in a lowered position, and the brake set, with the
      dummy support arm shortened for clarity;
PAR  FIG. 4 is a side elevation view of the upper portion of the reaction
      machine shown in FIG. 1 with the dummy support arm in the raised position
      and the brake released, with the dummy support arm shortened for clarity;
PAR  FIG. 5 is an enlarged side elevation view of the center portion of the
      upper portion of the reaction machine shown in FIG. 1 with the beam in a
      horizontal position and the brake in a released position;
PAR  FIG. 6 is an elevation view of the upper portion of the reaction machine
      shown in FIG. 1, the view taken on line 6--6 of FIG. 5;
PAR  FIG. 7 is an elevation view of the operator end of the reaction machine
      shown in FIG. 1, the view taken on line 7--7 in FIG. 5;
PAR  FIG. 8 is a side elevation view of an embodiment of the reaction machine
      with the dummy support arm in a lowered position, having the tackling
      dummy shown in dashed lines on the dummy support arm, and in the base and
      dummy support arm shortened for clarity;
PAR  FIG. 9 is a side elevation view of the upper portion of the reaction
      machine shown in FIG. 8 with the dummy support arm in the raised position
      and shown shortened for clarity and having only a portion of the dummy
      shown;
PAR  FIG. 10 is an elevation view of the outer end of the beam of the reaction
      machine shown in FIG. 9 taken on line 10--10 in FIG. 9;
PAR  FIG. 11 is an elevation view of the upper portion of the reaction machine
      shown in FIG. 9 taken on line 11--11 in FIG. 9;
PAR  FIG. 12 is an end elevation view of the operator end portion of the upper
      portion of the reaction machine shown in FIG. 9; and
PAR  FIG. 13 is an elevation view of the brake portion of the reaction machine
      shown in FIG. 9, the view taken on line 13--13 of FIG. 12.
PAR  The following is a discussion and description of the preferred specific
      embodiments of the reaction machine structure of this invention, such
      being made with reference to the drawings, whereupon the same reference
      numerals are used to indicate the same or similar parts and/or structure.
      It is to be understood that such discussion and description is not to
      unduly limit the scope of the invention. wavelengths
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The reaction machine of this invention is disclosed herein in two specific
      embodiments thereof. An embodiment, (1), of the reaction machine of this
      invention is shown in the drawings in FIGS. 1-7 thereof and such is
      generally indicated at 10. Another embodiment, (2), of the reaction
      machine of this invention is shown in the drawings in FIGS. 8-13 thereof
      and generally indicated at 12.
PAR  Referring to the drawings in detail and in particular to Sheets 1, 2 and 3,
      such depicts the first described embodiment, (1), of the reaction machine
      of this invention. The reaction machine 10 includes an upright 14
      supported on its lower end by a base 16 having a hub 18 pivotally mounted
      on the upper end of the upright 14, a beam 20 is pivotally mounted with
      the hub 18 to pivot in a generally vertical direction, and a dummy support
      arm 22 swingably mounted with one end portion of the beam 20. A tackling
      dummy or the like is mounted on the end of the dummy support arm 22 as
      shown and generally indicated at 23. The base 16 provides structural
      support for the upright 14 to hold it in a generally vertical position as
      shown. The base 16 is preferably constructed as shown in FIGS. 1 and 2 so
      the reaction machine 10 can be moved about on a football practice field or
      other supporting surface where the reaction machine 10 is to be used. The
      base 16 has an outer generally annular member 24 connected by cross
      members 26 joined in the center portion of the base with the upright 14
      extending vertically upward from the juncture of the cross members 26. The
      upright 14 has a standard indicated at 28 such as a pipe. In the
      horizontal portion of the base 16 alternate cross members 30 join
      mid-points of the cross members 26 for bracing of the base structure.
      Upwardly extending braces 32 are secured to the upright standard 28 and
      the alternate cross members 30 for structural support of the upright 14 as
      shown. Preferably, the base 16 is constructed in a generally circular
      shape from pipes, tubing or like members that are joined by welding. The
      upper surface of the base 16 is preferably constructed as a platform
      covered by planks 34 or the like so a person may walk around the base
      standing thereon while operating the reaction machine. As the reaction
      machine base 16 sets flush with the ground or other supporting surfaces,
      the reaction machine can be easily pulled or pushed to a desired location
      for use for storage. It is to be noted that the base 16 can be constructed
      different from the base structure shown in the drawings, for example it
      can be permanently mounted in the ground or constructed to be mounted with
      a socket in the ground and removable therefrom.
PAR  The hub 18 is rotatably mounted with the upper end of the upright 14 on a
      spindle portion thereof and the beam 20 is mounted at a mid portion
      thereof with the hub so it can be rotated horizontally in a full circle
      around the upright. The spindle portion of the upright 14 is shown in
      dashed lines in FIG. 6 and indicated at 19. A brake assembly, generally
      indicated at 36, is mounted with the hub 18. A shock absorber assembly,
      indicated generally at 38, is connected between the beam 20 and the hub 18
      as shown to retard excessively rapid vertical pivoting movement of the
      beam 20 when the dummy support arm 22 is raised rapidly. FIG. 5 shows an
      enlarged view of the upper portion of the reaction machine in the center
      portion thereof. The upright standard 28 has a collar 40 rigidly secured
      thereto, preferably by welding, on the upper end portion thereof
      immediately below the hub 18. The spindle 19 extends upward from the upper
      end of the upright standard 28 for rotatably mounting the hub 18. The hub
      18 has a flange 42 extending from the portion of the hub which is mounted
      with the spindle 19. A second flange 43 is secured with the flange 42 and
      has a pair of upright and spaced members 44 extending upward therefrom for
      mounting the beam 20. The upright spaced members 44 are on opposite sides
      of the center portion of the hub 18 as shown in FIG. 6. The beam 20 is
      supported on a shaft the end of which is indicated at 46. Preferably the
      beam supporting shaft is positioned generally in line with the axis of
      rotation of the hub 18. A combination guide member for the shock absorber
      assembly and brake assembly support is secured with the hub 18 to provide
      support for the brake assembly 36 and to provide a guide for a portion of
      the shock absorber assembly 38. The combination guide support member is
      indicated at 48 and includes a pair of like members constructed in a
      mirror image fashion which are secured with the upper hub flange 43 and
      the hub upright members 44 in an angular position as shown. The brake
      assembly 36 has a pivotally mounted brake shoe support member 50 pivotally
      mounted by a shaft 52 connected between the combination support members 48
      as shown in detail in FIG. 7. A brake shoe 54 is secured to the lower end
      of the brake shoe support member 50 and has a friction pad 56 on the
      interior thereof as indicated in FIGS. 5 and 6. The brake shoe 54 is
      curved to fit around a portion of the collar 40 on the upright standard
      28. The upper end of the brake shoe support member 50 has a ring like
      member 58 connected with a brake rod 60 which is in turn and connected
      with a brake control lever 62 pivotally mounted on the operator end
      portion 64 of the beam 20. The brake rod 60 is curved as shown on the end
      portions to attach the brake shoe support member 50 and the brake control
      lever 62. Pulling the brake control lever 62 rearward or rotating it so as
      to move the brake rod 60 outward relative to the hub 18 causes the brake
      shoe support 50 to rotate about the shaft 52 and brings the brake shoe 54
      in contact with the collar 40. FIG. 3 shows the brake assembly 36 in the
      engaged position with the brake shoe 54 in contact with the collar 40.
      Normally the brake is applied once the tackling dummy or the like 23 is
      dropped or placed for a player to hit in order to keep the beam 20 in a
      fixed horizontal position relative to the upright 14.
PAR  The shock absorber assembly 38 is connected between the operator end
      portion 64 of the beam 20 and the combination guide support members 48
      attached to the hub 18 and it functions to retard excessively rapid
      vertical pivoting motion of the beam 20 when the operator end portion 64
      is lowered. The shock absorber assembly 38 includes a pair of guide rods
      66 attached at the upper end portion thereof 68 by pivotal mounts with the
      beam 20, helical springs 70 on the guide rods 66, as shown, stop members
      72 on the upper end portions of the guide rods 66, lower stop members 74
      on the lower end portion of the guide rods 66 and guide rod support
      members 76 mounted with the combination support members 48. A spring, a
      guide rod, etc., is preferably provided on opposite sides of the beam 20
      and hub 18 as shown to prevent undue twisting of the structure. The guide
      rod support members 76 are pivotally mounted with the combination support
      members 48 and are constructed to let the guide rods 66 slide therethrough
      when the beam 20 is pivoted in the vertical direction at its support with
      the hub 18. The support members 76 are preferably collar-like members as
      shown in FIGS. 6 and 7 which pivot on an axis transverse to the axis of
      the guide rods 66 with the guide rod support members 76 mounted in the
      notch-like portion of the combination support members 48. Positioning of
      the stops 72 and 74 limit the range of vertical pivotal motion of the beam
      20. When the beams operator end 64 is raised the dummy support arm 22 is
      lowered and the stops 74 contact the guide rod support members 76 limiting
      the upward movement of that end of the beam. The stops 72 and 74 are
      preferably adjustably securable with the guide rods 66 so the limits of
      pivotal movement for the beam 20 can be adjusted as desired. When the
      beams operator end 64 is lowered, the spring 70 is compressed between the
      guide rod support members 76 and the upper stop members 72. Adjusting the
      position of the upper stop members 72 on the guide rods 76 can vary the
      amount of compression in the springs 70 and thus limit the downward
      movement of the beams operator end 64. Adjusting the compression in the
      springs 70 provides a control over the rate at which the beams operator
      end 64 can be lowered thus providing a control of its vertical pivoting
      speed. Controlling the downward movement of the beams operator end 64, by
      the shock absorber assembly 38 has two advantages: one, it lessens shock
      of impact forces on the machine which could damage it and; two, it makes
      the machine safer for a person to operate. In practice with the reaction
      machine 10 it has been found that the operator end of the beam 20 can be
      moved very rapidly downward when the tackling dummy 23 is raised rapidly
      from a ground level position to a raised position.
PAR  FIG. 3 shows the reaction machine 10 with the beam 20 having the operator
      end thereof 64 raised, the dummy support arm 22 lowered and the brake
      assembly 36 set; this being the position the machine assumes when in use
      with the tackling dummy 23 in a ground contact position ready for a player
      to hit the dummy. FIG. 4 shows the reaction machine 10 with the beams
      operator end 64 lowered, the dummy support arm 22 in the raised position
      and the brake assembly 36 released; which is the position the machine
      would normally assume once the dummy 23 has been hit by a player and
      raised. As a player hits the dummy 23 the dummy support arm 22 is raised
      rapidly thus causing the beams operator end portion 64 to be lowered in a
      rapid fashion once it reaches the raised position relative to the beam 20.
      Forces tending to cause the beams operator end portion 160 to be lowered
      are impact forces of the dummy support arm contacting or hitting the beam
      20 when the dummy support arm 22 reaches its limit of upper pivotal motion
      relation to the beam 20. The springs 70 of the shock absorber assembly 38
      retard the rapid vertical movement of the beam and its pivoting motion.
      The springs 70 absorb some of the energy of the players impact which
      causes the beam 20 to be pivoted. It is to be noted that the springs 70 in
      the shock absorber assembly 38 can be replaced by other resilient members,
      for example rubber or rubber like resilient members or fluid containing
      resilient energy absorbing members.
PAR  The dummy support arm 22 is pivotally mounted with the beams player end
      portion, indicated at 78. The dummy support arm 22 has an upper arm
      portion 80 pivotally or swingably supported by a mount 81 with the lower
      side of the beam 20, a lower arm portion 82 rigidly connected with the
      upper arm portion 80, and a flexible arm portion 84 secured with the outer
      end of the lower arm portion 82 and turned upward therefrom as shown. The
      mount 81 for the upper arm portion 80 pivots the upper arm 80 on a shaft
      or on an axis transverse to the beam 20 so the upward arm portion 80 will
      move in line with the beam 20. A pair of guide members 86 are secured to
      the beams player end portion 78 and extend downwardly therefrom as shown
      on opposite sides of the beam 20 forming a guide for the upper arm portion
      80. The guides 86 are positioned in a spaced relation so the upper arm
      portion 80 will move therebetween. the guides 86 prevent lateral bending
      or twisting movement of the upper arm portion 80 relative to the beam 20
      which can be caused by shock forces imposed laterally on the dummy support
      arm 22.
PAR  The connection between the beam 20 and the dummy support arm 22 is provided
      with a latch to hold the dummy support arm 22 in a raised position. The
      latch apparatus includes a curved latch member pivotally mounted with and
      extending upwardly from the outer end portion of the upper arm portion 80
      as shown in FIGS. 1, 3 and 4. The curved latch member 88 is supported on
      its lower end at a pivot 89. The curved latch member 88 is curved in the
      arc of a circle about the upper arm pivot 81, as shown, and it extends
      through a slot in the beam 20. The slot in the beam 20 is not visible in
      the drawings. A notch 90 is provided in what is the lower end portion of
      the curved latch member 88 the notch being engagable in an edge portion of
      the slot in the beam. A spring 91 is connected between the mounted end
      portion of the upper arm portion 80 and the lower portion or pivoted end
      portion of the curved latch member 88, as shown, to resiliently urge the
      curved latch member in the direction of the center portion of the beam for
      pulling the notch 90 into engagement with an edge of the slot in the beam
      20. When the dummy support arm 22 is raised to the position shown in FIG.
      4 the notch 90 is pulled over the edge of the slot in the beam 20 and
      retained in that position until released. Weight of the dummy support arm
      22 holds the notch 90 in the latch member 88 being in contact with and in
      position on the beam 20 until released. So long as the curved latch member
      88 is in the position shown in FIG. 4 the dummy support arm 22 will be
      retained in the raised position relative to the beam 20. A movable wedge
      member or block member 92 is provided which is movable on the beam 20 to
      move the curved latch member 88 and disengage the notch 90 from the edge
      portion of the slot in the beam for releasing the dummy support arm 22
      from the raised position. The movable wedge or block 92 if preferably
      positioned as shown on the upper portion of the beam 20. The wedge or
      block 92 is connected to a control rod 94 joining it with the beams
      operator end portion where the control rod 94 is pivotally connected with
      a control lever 96. The wedge or block control lever 96 is preferably
      pivotally attached to the beams so moving the lever will move the wedge 92
      along the beam. In order to release the dummy support arm 22 the control
      lever 96 is pushed in the direction of the beams player end portion 78
      which pushes the block or wedge 92 into contact with the curved latch
      member 88 which in turn pushes the notch 90 from its engaged position with
      the edge of the slot and the beam. Once the notch is free from the beam
      the dummy support arm will drop due to the force of gravity.
PAR  The upturned flexible arm portion 84 of the dummy support arm 22 is
      preferably a leaf spring like member for mounting the tackling dummy 23.
      An elongated generally cylindrical tackling dummy is indicated
      specifically at 100 and shown in dashed lines in FIGS. 104. In general the
      tackling dummy may be any of numerous shapes, it is preferably a well
      padded generally annular object in an elongated form covering the flexible
      arm portion 84. Preferably, the tackling dummy 23 extends upward
      approximately to the waist of the player so that when the tackling dummy
      is in the lowered position it can be used for both blocking and tackling
      practice.
PAR  In the use and operation of the reaction machine 10 of this embodiment,
      (1), of this invention, such provides a machine particularly well adapted
      for use in training football players. The preferred use of the reaction
      machine 10 is to place it on a football practice field with the dummy
      support arm 22 in the raised position generally as illustrated in FIG. 3.
      At this time football players can rush the dummy 23 and as the coach or
      operator moves it horizontally in pivoting motion about the upright the
      player mirrors or follows movement of the dummy. At any given time the
      coach or operator can drop the dummy 23 and proper reaction by the player
      results in the dummy 23 being hit by the player before it reaches the
      ground driven or raised back to the raised position relative to the beam
      20. The dummy 23 can be hit with the head, shoulders, or arms in offensive
      or defensive drills. The dummy support arm is dropped by pushing the wedge
      control lever 96. The brake assembly 36 should be engaged as shown in FIG.
      3 when the dummy is dropped and prior to the player's contacting the
      tackling dummy 23 to insure that the beam 20 stays in a fixed horizontal
      position. If the player rushes the tackling dummy 23 from a position not
      directly in line with the beam 20 then the beam will be rotated about its
      rotatable attachment with the upright 14. Once the dummy support arm is
      raised the brake assembly 36 can be released. It is to be noted that the
      rotatable motion of the beam 20 in the horizontal direction allows two or
      more groups of football players to use the reaction machine 10 at the same
      time as they can be positioned on opposite sides rotary reaction machine
      and rush the tackling dummy in rapid succession alternately as it is
      positioned first in the direction of one group and the next in the
      direction of another group. Additionally, it is to be noted that the
      reaction machine can be used by putting the tackling dummy 23 in a lowered
      position at or near ground level so a player can rush it, hitting it and
      raising it to the raised position. As a person operates the reaction
      machine 10 he can walk around the upright 14 while standing on the base
      116 and his weight in addition to the weight of the structure of the
      reaction machine 10 will retain same in position on the football practice
      field or other supporting surface.
PAR  Another embodiment, (2), of the reaction machine of this invention, is
      shown on Sheets 3 and 4 of the drawings and is generally indicated at 12.
      The reaction machine 12 includes an upright 114 supported on its lower end
      by a base 116 and having a hub 118 pivotally mounted on the upper end of
      the upright 114. A beam 120 is pivotally mounted with the hub 118 to pivot
      in a generally vertical direction and a dummy support arm 122 is swingably
      mounted with one end portion of the beam 120. A tackling dummy or the like
      is mounted on the end of the dummy support arm 122 as shown and as
      generally indicated at 124. The base 116 provides structural support for
      the upright 114 to hold it in a generally vertical position as shown. The
      base 116 is preferably a large, flat and annular structure which will
      enable the reaction machine 12 to be moved about on a football practice
      field or other supporting surface where the reaction machine 12 is to be
      used. More particularly, the base 116 is constructed similar to the base
      portion of the first described embodiment, (1), of the reaction machine of
      this invention, such having a generally annular outer member connected by
      cross braces and intermediate cross braces with the upright extending from
      the center portion thereof and having supporting braces. As shown in FIG.
      8 the base 116 has an outer member 126 and upwardly extending braces 128
      secured to the upright standard 130. Cross braces, intermediate cross
      braces and the juncture of the upright standard with the cross braces is
      not visible in FIG. 8, however, it is preferably constructed similar to
      the base of the first described embodiment, (1), of this invention, shown
      in FIG. 2. The upper surface of the base 116 is preferably constructed as
      a platform and covered by planks or a similar covering so a person can
      walk around on the base while operating the reaction machine 12. Since the
      reaction machine base 116 sits flush with the ground or other supporting
      surface, it can be easily pulled or pushed to a desired location on a
      football practice field for use or storage. It is to be noted that the
      base 116 can be constructed structurally different from the base structure
      shown in the drawings. For example, the base or support for the upright
      114 can be permanently mounted in the ground or constructed to be mounted
      with a socket in the ground and removable therefrom.
PAR  The hub 118 is rotatably mounted with the upper end portion 122 of the
      upright 114 and the beam 120 is pivotally mounted with the hub 118 so it
      can be rotated horizontally in full circle around the upright. The upper
      end portion of the upright standard 130 is indicated at 132 and is
      enclosed within the structure of the hub 118. A brake assembly generally
      indicated at 134 is mounted below the hub 118. A shock absorber assembly
      indicated generally at 136, is connected between the beam 120 and the hub
      118 as shown to retard excessively rapid vertical pivoting movement of the
      beam 120 when the dummy support arm 122 and player end of the beam are
      raised rapidly. Preferably the hub 118 is a cap like structure having a
      cylindrical portion 140 extending over the upper exterior portion of the
      upright standard 130 with an end member or top 142 on the upper end
      thereof, contacting the upper end of the upright standard 130. Preferably
      the hub 118 is sized to be freely rotatable on the upright standard 130. A
      pair of upright and spaced members 144 extend upward from the hub top 142
      for mounting the beam 120. The upright spaced members 144 are on opposite
      sides of the center portion of the hub 114 as shown in FIG. 11. The beam
      120 is supported on a shaft, the end of which is indicated at 146.
      Preferably, the beam supporting shaft extends through the upright spaced
      members 144 and is generally positioned in line with the axis of rotation
      of the hub 118 on the upright 114. The beam 120 is preferably mounted at
      the mid portions thereof as shown.
PAR  The brake assembly 134 is a compressible band type brake assembly having
      the band thereof supported from the hub 118 and compressible to engage a
      portion of the upright standards below the hub 118. The brake assembly 134
      is shown in detail in FIGS. 11, 12 and 13. A brake band fixed end support
      member 150 is secured to the hub outer portion 140 and extends downwardly
      therefrom, a brake band 152 is attached to support member 150 and extends
      substantially around the upright standard 130, a brake band free end
      support member 154 connects the brake band 152 with a brake band
      compressing lever 156. Preferably, the brake band 152 is constructed of a
      spring like resilient material which will move to an expanded position
      separating the interior of the brake band and the exterior of the upright
      standard when the brake compressing lever 156 is released. It is to be
      noted that the interior of the brake band 152 can be lined with a
      frictional brake lining material to increase the friction thereof on the
      upright standard. The compressing lever 156 is pivotally attached to both
      ends of the brake band 152. The brake band compressing lever 156 is
      pivotally mounted with the brake band fixed end support 150 and also
      pivotally attached to the brake band at the free end support 154, it moves
      in a pivoting motion about the fixed end support 150. Pivoting motion of
      the brake band compressing lever 156 moves the brake band 152 to bring the
      interior surface thereof in contact with the exterior surface of the
      upright standard 130. Control of the brake assembly 134 has a control
      lever 158 pivotally mounted with the beams operator end portion 160 which
      is connected by a link member 162 with the outer end of the brake
      compressing lever 156. The control link 162 joining the brake lever 158
      and the compressible brake lever member 156 can be a cable or it can be a
      rod depending upon the desire of the user. When the brake lever 158 is
      pulled in the direction of the beams operator end 160 the brake
      compressing lever 156 is moved to pull the brake band 152 into contact
      with the upright standard 130. Releasing of the brake lever 156 will
      loosen the brake band 152 on the upright standard 130 and permit rotation
      of the hub 118 and the beam 120 about the upright 114.
PAR  The shock absorber assembly 36 is connected between the beams operator end
      portion 160 and the hub 118 and it functions to retard excessively rapid
      vertical pivoting motion of the beam 120 when the operator end portion 160
      thereof is lowered. The shock absorber assembly 136 includes a spring 164
      mounted in a container 166, the container being pivotally mounted with the
      beam 120, a plunger 168 extending from the container 166 which is
      connected with the spring and mounted on one end with the hub 118. The
      container 166 can be a tubular structure. The end of the container 166
      which is attached to the beam 120 has a clevis 170 as shown in FIG. 12.
      The clevis 170 is attached with a beam mount 172 that extends downward
      from the underneath side of the beam 120. The spring 164 is compressible
      in the container 166 upon motion of the plunger 168. The plunger 168 is
      attached to a perforated member 174 on the hub 118. The perforated member
      174 is an elongated member secured with a side of the hub outer member 140
      and extending therealong as shown with a plurality of apertures
      therethrough. The shock absorber plunger 168 has a clevis 176 attachable
      to any of the apertures in the perforated member 174. The brake assembly
      support member 150 preferably extends downward from the perforated member
      174. Due to the clevis attachment of the shock absorber assembly 136 with
      the beam and the hub 118 it will pivot accordingly between the beam 120
      and the hub 118 as the beam 120 is pivoted at its support with the hub in
      the vertical direction. As the beams operator end portion 160 is lower
      than the spring 164 is compressed in the container 166 by the plunger 168.
      Compression of the spring 164 provides resistance to the pivotal motion of
      the beam 120 in lowering its operator end portion 160. The amount of
      compression of the spring can be varied by positioning the plunger end
      clevis 176 in the different apertures of the support member 174 which
      changes the length in which it operates. This adjustment can also be used
      to change the height of the beams player end portion. The amount of
      resistance of the shock absorber assembly 136 is adjustable and is
      adjusted by positioning of the clevis 176 in the different apertures of
      the perforated support member 174. Adjusting the retarding force of the
      shock absorber assembly 136 provides a control over the rate at which the
      beams operator end portion 160 can be lowered, thus providing a control
      over its vertical pivoting speed. Controlling the downward movement of the
      beams operator end portion 160 by the shock absorber assembly 136 has two
      advantages; one, it lessens the shock of the impact forces on the machine
      which could damage it, and; two, it makes the machine safer for a person
      to operate. The operator end portion 160 of the beam 120 can be moved very
      rapidly downward when the tackling dummy 124 is rapidly raised from a
      ground position to the raised position and the beam 120 is in turn rapidly
      pivotally moved due to upward motion of the dummy support arm 122 and its
      contacting the beam 120 in the raised position.
PAR  When the reaction machine 12 is being used for tackling or blocking
      practice the dummy support arm 122 is in the lowered position when the
      dummy 124 is on the ground, similar to the position shown in FIG. 8. In
      this position the brake assembly 134 is set and the beams operator end
      portion 160 is raised slightly from that shown in FIG. 8. As a player
      rushes the tackling dummy 123 and hits the dummy 123 the dummy support arm
      122 is raised rapidly by the player to the raised position relative to the
      beam 120. When the dummy support arm 122 is raised rapidly to the raised
      position it contacts or hits the beam and the beam 120 is pivoted on its
      supporting shaft. The shock absorber assembly 136 retards the rapid
      vertical downward movement of the beams operator end portion 160 by the
      spring 164 absorbing some of the energy of the players impact which caused
      the beam 120 to be pivoted. It is to be noted that the spring 164 in the
      shock absorber assembly 136 can be replaced by other resilient members;
      for example a rubber or rubber-like resilient member, or a fluid.
PAR  The dummy support arm 122 is pivotally mounted with the beams player end
      portion 180. The dummy support arm has an upper arm portion 182, a lower
      arm portion 184 and a flexible arm portion 186 on its outer end. The upper
      arm portion 182 is pivotally or swingably supported on one end portion
      thereof by a mount 188 on the lower side of the beam 120. The unmounted
      end of the upper arm portion 182 is secured to the lower arm portion 184.
      A pair of guide members 190 are secured to the beams player end portion
      180 and extend downwardly therefrom has shown on opposite sides of the
      beam 120 forming a guide for the upper arm portion 182. FIG. 10 shows the
      position of the guide members 190 in relation to the dummy support arm
      122. The guides 190 are positioned in a spaced relation on opposite sides
      of the upper arm portion 182 so it will move therebetween. The guides 190
      prevent lateral bending or twisting movement of the upper arm portion 182
      relative to the beam 120. Lateral movement of the upper arm portion 182
      can be caused by excessive shock forces or lateral forces imposed on the
      dummy support arm 122 as it is moved to the raised position when it is hit
      by a football player. A latch member is pivotally mounted with the upper
      arm portion 182 and is used for securing the dummy support arm 122 in the
      raised position relative to the beam 120. The latch member 180 is attached
      by a pivotal mount 194 on its lower end portion with the outer end portion
      of the upper arm portion 182 and it has a notch 196 spaced above its
      pivotal attachment the notch 196 being engagable in a slot 198 in the
      beams player end portion 180. The latch member 192 is preferably curved
      and passes through the slot 198 in the beam and the notch 196 is engagable
      over an inner edge portion of the notch when the dummy support arm 122 is
      in the raised position. The slot 198 is shown in FIG. 10. A spring 200 is
      connected between an inner end portion of the upper arm portion 182 and
      the lower portion of the curved latch member 192 to resiliently urge the
      latch member 192 in the general direction of the center portion of the
      beam 120 for engaging the notch 196 in the edge of the slot 198. A movable
      wedge or block member 202 is positioned on top of the beam 120 and is used
      to push the latch member 192 into the center portion of the slot 198
      releasing the notch 196 from the edge of the slot for dropping or lowering
      the dummy support arm 122. The wedge or block member 202 is connected to a
      control rod 204 which is pivotally connected with a control lever 206. The
      control rod 204 is held in position by guide members 208 on top of the
      beam 120. Moving the control lever 206 moves the block or wedge 202 and
      along the beam 120. When the wedge or block 202 is pushed against the
      latch member 198 to move it the notch 196 is disengaged from the edge of
      the slot 198 so the dummy support arm 122 will fall into the lowered
      position by the force of gravity.
PAR  The upturned flexible arm portion 186 of the dummy support arm 122 is
      preferably a leaf spring member on which the tackling dummy 124 is
      attached. An elongated cylindrical type of dummy is specifically indicated
      at 210. In general, the tackling dummy can be constructed in any number of
      shapes and it is preferably a generously padded and generally annular
      object in an elongated form to slip over and cover the flexible arm
      portion 186. Preferably, the tackling dummy 124 is sufficiently long
      enough to extend upward approximately to the waist of a player so when the
      tackling dummy 124 is in the lowered position it can be used for both
      blocking and tackling practices.
PAR  In the use and operation of the reaction machine 12 of this embodiment,
      (2), of this invention, such provides a machine which is particularly
      adapted for use in football player blocking and tackling practice. The
      machine 12 has a padded tackling dummy 124 movable between a lowered
      position on the ground and in a raised position above the ground. The
      reaction machine 12 is shown in the lowered position in FIG. 8 and it is
      shown in the raised position in FIG. 9. The preferred use of the reaction
      machine 12 is to place it on a football practice field with the dummy
      support arm 122 in the raised position generally as illustrated in FIG. 9,
      and as the coach or operator moves it horizontally in pivoting motion
      about the upright the player mirrors or follows movement of the dummy. At
      any given time the coach or operator can drop the dummy 124 and proper
      reaction by the player results in the dummy 124 being hit by the player
      before it reaches the ground driven or raised back to the raised position
      relative to the beam 120. The dummy 124 can be hit with the head,
      shoulders or arms in offensive or defensive drills. The wedge or block
      control lever 206 is pushed to drop the dummy 124. The brake assembly 136
      should be engaged as a player rushes the reaction machine 12 when the
      tackling dummy 124 is dropped to ensure that the beam 120 stays in a fixed
      horizontal position. If the player rushes the tackling dummy 124 from a
      position which is not directly in line with the upright 114 and the
      tackling dummy 124 then the beam 120 will be rotated horizontally about
      the upright 114. Once the dummy support arm 122 and the beam 120 are
      raised the brake assembly 136 can be released. It is to be noted that the
      rotatable motion of the beam 120 in the horizontal direction allows two or
      more groups of football players to utilize the reaction machine 12 at the
      same time as the groups can be positioned on opposite sides of the
      reaction machine and the players moving alternately from the separate
      groups one at a time can rush the tackling dummy 124 in rapid succession
      as it is positioned first in the direction of one group and next
      positioned in the direction of the other group. Additionally, it is to be
      noted that the reaction machine can be used by placing the tackling dummy
      124 in a lowered position at or near ground level so that a player can
      rush it, hitting it and raising it to the raised position. A person
      operating the reaction machine 12 can walk around the upright 114 while
      standing on the base 116 and his weight in addition to the weight of the
      reaction machine structure will hold same in position on the football
      practice field or other supporting surface.
PAR  As will become apparent from the foregoing description of the applicant's
      reaction machine structure, relatively inexpensive and structurally simple
      means have been provided to aid in the training of football players,
      particularly in the practice of blocking and tackling maneuvers. The
      structure is simple to use and simple in construction. Additionally, the
      reaction machine can be utilized by one or more groups of football players
      at the same time, thus making for a more efficient use of it as a training
      aid.
PAR  In the manufacture of the reaction machine structure of this invention, it
      is obvious that the structure can be easily constructed to achieve the end
      product. The structure of the reaction machine is relatively simple and
      can be constructed with sufficient strength to have a prolonged use
      without sustaining damage by player impact. The reaction machine is
      constructed to mount a tackling dummy which can be removed from the
      structure if desired.
PAR  While the invention has been described in conjunction with preferred
      specific embodiments thereof, it will be understood that this description
      is intended to illustrate and not to limit the scope of the invention,
      which is defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A football reaction practice machine, comprising:
PA1  a. a base,
PA1  b. an upright post member mounted on its lower end to said base,
PA1  c. an elongated beam mounted intermediate its ends on the upper end of said
      upright member for rotational movement in a generally horizontal plane and
      for pivotal movement in a generally vertical plane,
PA1  d. an elongated dummy support arm having one of its ends pivotally mounted
      on one end of said beam for movement therewith and for movement in a
      generally vertical plane, said dummy support arm having an elongated
      upturned outer end portion, said upturned outer end portion having a
      padded tackling dummy mounted thereon,
PA1  e. first means on said elongated beam and second means mounted on said
      dummy support arm; said first and second means cooperatively engaging to
      hold said dummy support arm in a raised position, third means mounted on
      said beam for disengaging said first and second means to release said
      support arm for movement to a lowered position, said third means being an
      elongated rod member movable along said beam, said second means being a
      latch member and said first means being an edge portion of said one end of
      said elongated beam,
PA1  f. means for urging said second means into engagement with said first
      means, and
PA1  g. means at the other end of said elongated beam operable to move said rod
      into engagement with said second means to disengage said second means from
      said first means to permit said dummy support arm to move to said lowered
      position under its own weight.
NUM  2.
PAR  2. The machine of claim 1, wherein:
PA1  a. a hub is rotatably mounted on said upper end of said upright post member
      and said beam is pivotally attached to said hub,
PA1  b. brake means operatively mounted on said hub for engagement with means on
      said upright post member to hold said beam in a fixed generally horizontal
      position, and
PA1  c. shock absorber means mounted between said hub and said beam to retard
      rapid vertical pivoting movement of said beam.
NUM  3.
PAR  3. The machine of claim 2, wherein:
PA1  a. said beam is attached to said hub at approximately the midpoint of said
      beam and the ends of said beam extends a substantial distance from said
      upright post member.
PA1  b. said brake means has a shoe element operable to engage said means an
      said upright post member to maintain said beam in said fixed position, and
PA1  c. said shock absorber means has an elongated rod having one of its ends
      pivotally attached to said beam at a point opposite said dummy support arm
      and at a substantial distance from said hub said rod also being slidably
      attached to a guide member secured to said hub, and a compressible
      resilient member mounted on said elongated rod intermediate the ends of
      said rod compressible upon movement of said beam when said end thereof
      opposite said dummy support arm is lowered.
NUM  4.
PAR  4. The machine of claim 3, wherein:
PA1  a. said base is a platform on which a person can stand,
PA1  b. said brake means has an operating handle at said other end of said
      elongated beam for manipulation by a person standing on said platform to
      engage and disengage said shoe with said means on said upright post
      member, and
PA1  c. a spindle is rotatably mounted on the upper end of said upright post
      member and said hub is mounted on said spindle.
NUM  5.
PAR  5. The machine of claim 1, wherein:
PA1  a. said latch member has a notch engageable with said beam when said dummy
      support arm is in raised position, and
PA1  b. said means for urging said latch member into engagement with said beam
      is a spring acting in tension.
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ABST
PAL  A string peg game comprises a circular disc member having an annular groove
      in a longitudinal sidewall of the disc member. A cylindrical handle member
      extends outward from one end of the disc member and a cylindrical peg
      member extends outward from the other end of the disc member. An elongated
      string member is secured into the annular groove. The user holds the
      member with his left hand and the free end of the string member with his
      right hand. The user flicks the string and attempts to lasso the peg
      member with the string member.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Our present invention relates to a unique and novel string peg game,
      wherein a user attempts to lasso a peg member with a string member.
PAR  A number of U.S. Pat. Nos. 568,792; 978,720; and 1,514,089 have employed
      string games, but these aforementioned patents are non-applicable to our
      present invention.
PAR  An object of our present invention is to provide a string game universally
      acceptable for all age groups, wherein the game serves as a means of
      teaching manual dexerity, as well as being a form of entertainment.
PAR  A further object of our present invention is to provide a string peg game,
      wherein the game is formed from one integral unit.
PAR  A still further object of our present invention is to provide a string peg
      game of simple design and relatively low manufacturing cost.
PAR  Briefly, our present invention comprises a circular disc member having an
      annular groove in a longitudinal sidewall of the disc member. A
      cylindrical handle member extends outwards from one end of the disc member
      and a cylindrical peg member extends outward from the other end of the
      disc member. An elongated string member is secured into the annular
      groove. The user holds the member with his left hand and the free end of
      the string member with his right hand. The user flicks the string and
      attempts to lasso the peg member with the string member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a perspective view of a string peg game;
PAR  FIG. 2 illustrates a side cross sectional view of the string peg game; and
PAR  FIG. 3 illustrates a perspective view of the string peg game in use.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-2
      show a string peg game 10 comprising a circular disc member 11 having an
      annular central grove 12 in a periphery 13 of the disc member 11. The disc
      member 11 has a central longitudinal bore 14 continuous therethrough,
      wherein the bore 14 has a threaded surface 15 thereon. One end 17 of an
      elongated cylindrical shaped handle member 16 has a threaded outside
      surface 18, wherein the one end 17 of the handle member threadably engages
      one end of bore 14. One end 20 of an elongated cylindrical shaped peg
      member 19 has a threaded external surface 21, wherein end 20 threadably
      engages the other end of bore 14. One end 22 of an elongated string member
      23 is secured within grove 12. A ring member 24 is secured to the other
      end 25 of string member 23. The length of the handle member 16 exceeds the
      length of the peg member 19.
PAR  As shown in FIG. 3, the user grasps the handle member 16 with his left hand
      26, while the user's right hand 27 grasps the end 25 of the string member
      23. The user flicks the string member 23 causing a loop 28 to form in the
      string member 23. As the loop 28 advances towards the free end 29 of the
      peg member 19, the user attempts to lasso the peg member. A plurality of
      variations can be used in the game 10 such as the length of time required
      to lasso the peg member 19 or the most number of consecutive lassos made
      on the maximum number of lassos in a given length of time. The user can
      also hold the peg member 19 and attempt to lasso the handle member 16
      which is easier due to the longer length of the handle member 16.
PAR  The game 10 can be formed from metal, wood or plastic formed from the group
      consisting of polyethylene, polypropylene, polyvinyl chloride,
      polystryene, and nylon.
PAR  Hence, obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as an illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what we claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A string game, which comprises:
PA1  a. a circular disc member having a threaded longitudinal center bore
      continuous therethrough;
PA1  b. an elongated string member communicating with said disc member;
PA1  c. a cylindrically shaped peg member having an externally threaded surface
      at one end thereof, said one end of said peg member threadably engaged
      into said bore of said disc member, said peg member extending outwardly
      from one side of said disc member;
PA1  d. a cylindrically shaped handle member having an externally threaded
      surface at one end thereof, said one end of said handle member threadably
      engaged into said bore of said disc member, said handle member extending
      outwardly from another side of said disc member, said handle member being
      longer than said peg member; and
PA1  e. a ring member affixed onto a free end of said string member whereby the
      user may hold the handle with one hand and the free end of the string with
      his other hand and thin flick the string in an attempt to lasso the peg
      with the string.
NUM  2.
PAR  2. A string peg game as recited in claim 1, wherein a said disc member
      periphery has an annular grove therein, and one end of said string member
      being affixed within said annular grove.
NUM  3.
PAR  3. A string peg game, according to claim 1, wherein said disc member, said
      handle member and said peg member are formed from a thermoplastic
      material.
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PAL  An amusement apparatus used in conjunction with projectiles thrown at the
      apparatus including a plurality of target orifices, projectile receiving
      containers and tubes connecting the orifices and the containers. Each
      container is slidably supported in the apparatus so it can be pulled out
      thereof and the projectiles therein can be counted. A catch pan is mounted
      below the containers and an ejection mechanism is provided for ejecting
      the projectiles from the containers and allowing them to fall by gravity
      into the catch pan for easy retrieval.
BSUM
PAR  The present invention relates to an amusement apparatus, and more
      particularly relates to a projectile tossing game in which a plurality of
      projectiles, such as discs, are sequentially thrown at a plurality of
      targets having point value indicia associated therewith.
PAR  Although there have been many projectile tossing games in the prior art,
      they have routinely been lacking in two respects. First, many of these
      games have a plurality of target orifices which have tubes leading
      therefrom and dispensing the various projectiles passing therethrough in a
      common container. In such a device, it is difficult to keep score of the
      game since all of the projectiles come to rest in a common area and the
      only way of knowing what any one individual has scored is to add the point
      values associated with each target orifice as the projectile passes
      therethrough. However, sometimes it is not readily ascertainable as to
      which target orifice has been penetrated by a projectile and the
      cumulative score of each player must be kept during that player's turn.
PAR  Secondly, many games provide a plurality of target orifices and a separate
      container for each orifice wherein a projectile thrown through the orifice
      comes to rest in that container associated with the orifice. However, this
      necessitates a plurality of separate containers, and while score keeping
      is rather simple by counting the projectiles in the containers, retrieval
      of the plurality of projectiles from the plurality of containers is time
      consuming and difficult.
PAR  It is therefore an object of the present invention to overcome the
      limitations and drawbacks associated with the aforesaid prior art games
      and to provide a new and improved amusement apparatus for use in
      conjunction with projectiles tossed thereat.
PAR  Another object of the present invention is to provide an inexpensive,
      portable and enjoyable amusement device.
PAR  A further object of the present invention is to provide a disc tossing game
      in which a plurality of containers are provided so that the score of each
      participant may be readily ascertained and an ejection mechanism is also
      provided so that the projectiles in the containers can be ejected
      therefrom and collected in a single catch pan for easy retrieval.
PAR  The foregoing objects are attained by providing an amusement apparatus used
      in conjunction with projectiles thrown towards the apparatus, the
      combination comprising a substantially horizontal base wall; an upstanding
      wall coupled to said base wall; a plurality of target orifices located in
      the upstanding wall at which a plurality of projectiles are sequentially
      thrown; point value indicia associated with each of the target orifices; a
      plurality of projectile receiving means, located above the base wall and
      below the target orifices, for receiving the projectiles passing through
      the target orifices, each one of the plurality of receiving means being
      associated with at least one of the target orifices; channel means for
      selectively conducting projectiles passing through the target orifices
      from each of the target orifices into the receiving means associated
      therewith; and a plurality of drawer means each for slidably supporting at
      least a part of one of the plurality of projectile receiving means between
      a first position wherein the part of the receiving means is on a first
      side of the upstanding wall and can receive a projectile from the channel
      means, and a second position wherein the part of the receiving means at
      least partially extends past the second side of the upstanding wall and
      projectiles therein are visible, each of the drawer means having point
      value indicia associated therewith corresponding to the point value
      indicia associated with the target orifice associated with the receiving
      means slidably supported thereby.
PAR  Other objects, advantages and salient features of the present invention
      will become apparent from the following detailed description, which, taken
      in conjunction with the annexed drawings, discloses a preferred embodiment
      of the present invention.
DRWD
PAR  Referring now to the drawings which form a part of this original
      disclosure:
PAR  FIG. 1 is a front elevational view of an amusement apparatus in accordance
      with the present invention;
PAR  FIG. 2 is a sectional view in elevation taken along lines 2--2 in FIG. 1;
PAR  FIG. 3 is a sectional view in elevation taken along lines 3--3 in FIG. 2;
PAR  FIG. 4 is a sectional view in elevation taken along lines 4--4 in FIG. 2;
PAR  FIG. 5 is a sectional view in top plan taken along lines 5--5 in FIG. 4;
PAR  FIG. 6 is a sectional view in elevation taken along lines 6--6 in FIG. 5;
PAR  FIG. 7 is a sectional view in top plan similar to FIG. 5 but showing one of
      the drawers moved to the left;
PAR  FIG. 8 is a sectional view in elevation taken along lines 8--8 in FIG. 7;
PAR  FIG. 9 is a sectional view in top plan similar to FIG. 7 but showing a
      bottom member moved to the right; and
PAR  FIG. 10 is a sectional view in elevation taken along lines 10--10 in FIG. 9
     .
DETD
PAR  Referring to the drawings in further detail, the overall apparatus 15, as
      shown in FIGS. 1-4, is comprised of an outer housing 17, a plurality of
      target orifices 19, a plurality of channels 21, a plurality of drawers 23,
      and a plurality of projectile receiving assemblies 25.
PAR  The outer housing 17 is comprised of a top wall 28, a bottom base wall 30,
      an upstanding front wall 32, an upstanding rear wall 34, a right side wall
      36 and a left side wall 38. All of these walls are preferably planar and
      rectangular, thereby defining a hollow interior within the outer housing
      17 having a substantially rectangular cross section.
PAR  The apparatus 15 is rendered portable by having the base wall 30 supported
      on four upright legs 40, 42, 44, and 46 located in each corner of the base
      wall, each of these legs having a wheel rotatably supported at the bottom
      thereof.
PAR  As seen in FIGS. 1-3, a shield 48 is mounted on the front of the top wall
      28 to deflect inaccurately thrown projectiles.
PAR  As best seen in FIGS. 1 and 2, the plurality of target orifices include six
      circular orifices 50, 52, 54, 56, 58 and 60 located near the top of the
      upstanding front wall 32 and passing completely through that wall. A point
      value indicia of "5000" is associated with target orifice 52, point value
      indicia of "2500" is associated with target orifice 58, and a point value
      indicia of "1000" is associated with each of the target orifices 50, 54,
      56 and 60. Preferably each point value indicia 62 is painted or otherwise
      attached to the upstanding front wall 32 of the apparatus adjacent to its
      associated orifice.
PAR  Additionally, the target orifices 19 include six horizontally oriented,
      spaced parallel elongated slots 64, 66, 68, 70, 72, and 74 passing
      completely through the upstanding front wall 32 in a position below the
      circular orifices. Each of these slotted target orifices has a point value
      indicia 62 associated therewith and, as seen in FIG. 1, value "800" is
      associated with slot 64, value "500" is associated with slot 66, value
      "300" is associated with slot 68, value "150" is associated with slot 70,
      value "75" is associated with slot 72 and value "30" is associated with
      the bottom slot 74. Preferably, these point value indicia are painted on
      the upstanding front wall 32 adjacent the associated slot, or provided
      thereon in any other suitable fashion.
PAR  Below the slotted orifices in the upstanding front wall 32 are the
      plurality of drawers 23 including a first drawer 76, a second drawer 78, a
      third drawer 80, a fourth drawer 82, a fifth drawer 84, a sixth drawer 86
      and a seventh drawer 88. Point value indicia 62 are associated with each
      of the seven drawers in such a fashion that the first drawer 76 is
      associated with value 5000, the second drawer 78 is associated with value
      2500, the third drawer 80 is associated with value 1000, the fourth drawer
      82 is associated with value 800, the fifth drawer 84 is associated with
      value 500, the sixth drawer 86 is associated with value 300 and the
      seventh drawer 88 is associated with value 150. Once again, these point
      value indicia 62 can be painted onto or otherwise adhered to the front of
      the upstanding front wall 32, or alternatively in this situation the point
      value indicia can be placed directly on the front of each of its
      associated drawer.
PAR  Below the seventh drawer 88 is a catch pan 90 which is wider than the other
      drawers and has a point value of 30 on its left hand side and a point
      value 75 on its right hand side.
PAR  Mounted below the catch pan 90 is a handle 92 whose function will be
      described in more detail hereinafter.
PAR  As best seen in FIGS. 1 and 2, a plurality of shelves 94 are rigidly
      secured to the upstanding front wall 32 below each one of the seven
      drawers contained therein. As seen in FIG. 2, these shelves 94 are
      substantially planar and are parallel.
PAR  Referring to FIGS. 2 and 3, the channels 21 for the circular target
      orifices are shown as comprising a hollow housing 96 mounted to the rear
      of the upstanding front wall 32 in a concentric relationship to each of
      the circular orifices and a tube communicating with each of the hollow
      housings. Preferably, all of the circular target orifices are of the same
      size and therefore the hollow housings 96 are all the same. Each of the
      hollow housings has a tube communicating with the hollow interior thereof
      including tube 100 associated with orifice 50, tube 102 associated with
      orifice 52, tube 104 associated with orifice 54, tube 106 associated with
      orifice 60, tube 108 associated with orifice 58 and tube 110 associated
      with orifice 56.
PAR  As best seen in FIG. 3, tubes 110, 104 and 110 communicate with tube 106
      which extends downwardly in a vertical path below such communication.
      Thus, any projectile passing into the target orifices associated with
      tubes 100, 104, 106 and 110 all pass ultimately down tube 106.
PAR  All of the hollow housings 96 are curved downwards and have walls sloping
      towards the communication with its respective tube so that any projectile
      entering a circular orifice associated therewith passes from the hollow
      housing into the tube and then downwards as viewed in FIG. 3.
PAR  As shown in FIGS. 2 and 3, the slotted targets located below the circular
      targets each have a hollow housing 112 rigidly mounted in a position
      surrounding the opening of the slotted orifice on the inside of the
      upstanding wall 32. Each of these hollow housings 112 slopes downwardly
      and converges towards an outlet therein in which a vertically oriented
      tube is located. Thus, the slotted target orifices 64, 66, 68, 70, 72, and
      74 communicate via each of the hollow housings 112 respectively with a
      vertically oriented tube 114, 116, 118, 120, 122, and 124.
PAR  Referring specifically to FIG. 4, the plurality of projectile receiving
      assemblies 25 are shown therein to include seven of these assemblies 126,
      128, 130, 132, 134, 136, and 138. These assemblies are supported in a
      spaced configuration one below the other in a vertical line within the
      outer housing 17 by means of a plurality of intermediate support members
      140, all of which are the same and all of which extend between the inside
      of the upstanding front wall 32 and the inside of the upstanding rear wall
      34. These members are rigidly supported to these walls and are in a spaced
      substantially parallel position relative to each other.
PAR  As best seen in FIG. 4, the bottom outlets of the tubes leading from the
      hollow housings 96 and 112 associated with the various target orifices are
      in such a position such that a projectile passing through the tube will
      enter the projectile receiving assembly associated therewith. Thus, each
      of the projectile receiving assemblies is thereby associated with at least
      one of the target orifices, projectile receiving assembly 130 being
      associated with the four circular target orifices 50, 54, 56, and 60 via
      main tube 106. Accordingly, projectile receiving assembly 126 is
      associated with tube 102, assembly 128 is associated with tube 108,
      assembly 138 is associated with tube 120, assembly 132 is associated with
      tube 114, assembly 134 is associated with tube 116 and assembly 136 is
      associated with tube 118.
PAR  Additionally, the catch pan 90 is supported below the plurality of
      projectile receiving assemblies 25 on a bottom support member 142 which,
      as seen in FIG. 6, extends between the upstanding front wall 32 and the
      upstanding rear wall 34. The catch pan 90 is slidably received in that
      bottom support member 142 and extends into the outer housing 17 until its
      rear wall 144 contacts wall 146 coupled to the bottom support member 142
      in a upright position. Catch pan 90 is slidable through the front wall 32
      via rectangular aperture 91 therein.
PAR  As seen in FIG. 4, the catch pan 90 is divided into three sections, a right
      section 148 located below the outlet of tube 122, a left section 150
      located below the outlet of tube 124 and a center section 152 located
      below the last of the projectile receiving assemblies. Thus, any
      projectile passing through tube 122 comes to rest in the right section 148
      of the catch pan and any projectile passing through tube 124 comes to rest
      in the left section 150 of the catch pan. Thus, the right section 148 is
      associated with slotted target orifice 72 having a point value of 75 and
      is labeled as such on the front of the catch pan is seen in FIG. 1.
      Additionally, the left section 150 of the catch plan is associated with
      slotted target orifice 74 having a point value of 30 as indicated on the
      front of the catch pan as seen in FIG. 1.
PAR  Referring now to FIGS. 5 and 6, the specific construction and operation of
      projectile receiving assembly 126 and its associated drawer 76 will be
      described, it being realized that the remainder of the projectile
      receiving assemblies and drawers are constructed and operate in
      substantially the same manner and therefore will not be separately
      described.
PAR  The intermediate support member 140 supporting projectile receiving
      assembly 126 has a central circular aperture 154 therein and a
      substantially rectangular passageway 156 therein adjacent the upstanding
      rear wall 34.
PAR  As seen in FIGS. 5 and 6, the aperture 154 is covered by a circular bottom
      member 158 having a diameter somewhat larger than that aperture. The
      bottom member 158, in its rest position shown in FIGS. 5 and 6, is
      received on the left side of aperture 154 in a small recess 160 formed in
      the intermediate support member 140 and is supported on the right hand
      side on the intermediate support member 140 itself which is reduced in
      thickness. Rigidly secured on the right side of the bottom member 158 is
      an upstanding plate 162 which rigidly receives the end of a cord or wire
      164 which extends through an orifice in a second plate 166 rigidly secured
      to the top of the intermediate support member 140 adjacent the rectangular
      passageway 156. A roller 168 is interposed between the second plate 166
      and the lip of the rectangular passageway 156 and the cord 164 passes from
      the aperture in the second plate 166 around the roller 168 and then down
      through the rectangular passageway 156. A compression spring 170 surrounds
      the cord 164 between the plates 162 and 166, thereby biasing the bottom
      member 158 to the left as seen in FIG. 5.
PAR  Two guide bars 172 and 174 are fixidly secured at opposite sides of the
      intermediate support member 140, the distance between these bars being
      equal to the diameter of the circular bottom member 158. These bars extend
      from the upstanding rear wall 34 to a position somewhat past the center of
      the intermediate support member 140.
PAR  Drawer 76, shown in FIGS. 5 and 6 is comprised of a bottom plate 176, a
      vertical plate 178 rigidly secured to the left hand side of the bottom
      plate, and a handle 180 rigidly secured in the middle of the vertical
      plate 178 and extending outward from the upstanding front wall 32. The
      vertical plate 178 is received in a rectangular aperture 181 formed in the
      upstanding front wall 32 and is slightly smaller than that aperture. The
      bottom plate 176 extends between the two upstanding side walls 182 and 184
      defined on the sides of the intermediate support member 140 and extends
      from the rectangular aperture 181 to the ends of the guide bars 172, 174,
      as shown in FIG. 6.
PAR  Rigidly coupled to the rear end of the bottom plate 176 is a cylindrical
      housing 186 which is supported on top of the bottom member 158, this
      member thereby closing the bottom opening of the open ended housing 186.
PAR  As seen in FIG. 6, the container formed by the housing 186 and the bottom
      member 158 can receive projectiles delivered from tube 102.
PAR  Since the housing 186 is rigidly secured to the bottom plate 176 of the
      drawer 76, if the drawer is pulled to the left as shown in FIG. 6, the
      housing 186 moves in that direction. The shelf 94 extends outwardly from
      the upstanding front wall 32 at the same level as the bottom of the bottom
      plates 176 of the drawer 76, so that the drawer can be pulled outward from
      the upstanding front wall 32 onto that shelf 94.
PAR  The cord 164, after extending downward through the rectangular passageway
      156 is coupled to a plurality of similar cords which are in turn coupled
      to a plurality of similar bottom members 158 for each of the projectile
      receiving assemblies shown in FIG. 4. Below the last of these assemblies
      138 the cord, as shown in FIG. 6, passes through a passageway 188 in the
      bottom support member 142 around a roller 190 located on the bottom of the
      bottom support member 142 adjacent that passageway and extends
      horizontally towards and then out an aperture 192 in the upstanding front
      wall 32. The cord 164 is rigidly secured to the handle 92 on the outside
      of the upstanding front wall 32. This handle is larger than the aperture
      192 and therefore cannot pass through the front wall 32. Because of this
      construction, pulling of the handle 92 away from the upstanding front wall
      32 causes the plurality of bottom members 158 associated with each of the
      projectile receiving assemblies to move from its position shown in FIG. 6
      towards the rear wall 34, thereby opening the bottom end of the housings
      186 so that they communicate with apertures 154 in each of the
      intermediate support members 140.
PAR  In playing the game provided by the apparatus described above, the player
      takes a position in front of the front of the apparatus and sequentially
      tosses a plurality of projectiles, preferably in the form a discs such as
      coins towards the various target orifices in the upstanding front wall 32
      and tries to obtain the highest point value possible by having the
      projectiles pass through the target orifices having the highest point
      value. It is contemplated that upwards of 12 to 15 discs will be thrown by
      each player. While many of the discs will fail to enter the target
      orifices, those that do pass through the orifice, into the hollow housings
      96 or 112 and then are conducted downwardly via the plurality of tubes
      shown in FIGS. 2, 3 and 4. As each disc exits from a tube it will enter
      the containers formed by the plurality of projectile receiving assemblies
      25 or the right and left sections 148, 150 of the catch pan, depending
      upon which orifice the disc enters.
PAR  Once the player has thrown all of the allotted projectiles, that player
      proceeds to add up the score attained by checking each of the projectile
      receiving assemblies and the catch pan and counting the number of
      projectiles in each, multiplying the correct point value times the number
      and then adding these values together.
PAR  In order to ascertain how many projectiles have landed in any one of the
      projectile receiving assemblies 25, the player sequentially pulls each of
      the drawers 23 outwardly, as shown in FIGS. 7 and 8 from the position
      shown in FIG. 6 so that the projectile 194 located in the receiving
      assembly is visible from the front of the upstanding front wall 32. That
      is, the drawer 76 shown in FIG. 6 is pulled outwardly by handle 180 so
      that the housing 186 is moved from its first position below tube 102 to a
      second position in which it partially extends past the upstanding front
      wall 32 and the projectile 194 therein is visible to the player. Since the
      bottom member 158 remains in the position shown in FIG. 6, the projectile
      194 slides across the top of the intermediate support member 140 and then
      outwardly onto the shelf 94 so provided. After all of the projectiles in
      the projectile receiving assemblies 25 have been counted and all of the
      drawers returned to their FIG. 6 position, the catch pan 90 is pulled
      outwardly and the projectiles in the right and left sections 148, 150 are
      counted.
PAR  With all of the drawers and the catch pan returned to their initial
      positions, the handle 92 attached to cord 164 is pulled, thereby pulling
      towards the rear wall 34 all of bottom members 158. This opens the
      previously closed bottom ends of the housings 186 for each of the
      projectile receiving assemblies and all of the projectiles therein drop
      under the force of gravity through the aligned apertures 154 in all of the
      intermediate support members 140 so that all of these projectiles fall
      into the center section 152 of the catch pan 90, as shown in FIGS. 4, 9
      and 10.
PAR  After the handle 92 is released, all of the bottom members 158 return to
      their FIG. 6 position and the catch pan 90 can be pulled outwardly from
      the upstanding front wall 32 and all of the projectiles can be easily
      retrieved therefrom. The next player of the game can then proceed.
PAR  Thus, an enjoyable game utilizing a plurality of target orifices at which a
      plurality of projectiles are sequentially thrown is provided in which the
      score for each player is easily determined and the retrieval of the
      plurality of projectiles is accomplished quickly.
PAR  While one advantageous embodiment has been chosen to illustrate the
      invention, it will be understood by those skilled in the art that various
      changes and modifications can be made therein without departing from the
      scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An amusement apparatus used in conjunction with projectiles thrown
      toward the apparatus, the combination comprising:
PA1  a substantially horizontal base wall;
PA1  an upstanding wall coupled to said base wall;
PA1  a plurality of target orifices located in said upstanding wall at which a
      plurality of projectiles are sequentially thrown;
PA1  point value indicia associated with each of said target orifices;
PA1  a plurality of projectile receiving means, located above said base wall and
      below said target orifices, for receiving the projectiles passing through
      said target orifices, each one of said plurality of receiving means being
      associated with at least one of said target orifices;
PA1  channel means for selectively conducting projectiles passing through said
      target orifices from each of said target orifices into the receiving means
      associated therewith; and
PA1  a plurality of drawer means, each for slidably supporting at least a part
      of one of said plurality of projectile receiving means between a first
      position wherein said part of said receiving means is on a first side of
      said upstanding wall and can receive a projectile from said channel means,
      and a second position wherein said part of said receiving means at least
      partially extends past the second side of said upstanding wall and
      projectiles therein are visible,
PA1  each of said drawer means having point value indicia associated therewith
      corresponding to the point value indicia associated with the target
      orifice associated with the receiving means slidably supported thereby.
NUM  2.
PAR  2. An amusement apparatus according to claim 1, wherein
PA1  said target orifices are circular.
NUM  3.
PAR  3. An amusement apparatus according to claim 1, wherein
PA1  said target orifices are horizontally elongated slots.
NUM  4.
PAR  4. An amusement apparatus according to claim 1, wherein
PA1  each of said plurality of projectile receiving means includes a container
      formed of an upstanding open ended housing and a bottom member slidably
      positioned below and closing the bottom open end of said housing.
NUM  5.
PAR  5. An amusement apparatus according to claim 4, wherein
PA1  said apparatus further includes a plurality of spaced, horizontally
      oriented intermediate support members extending from said upstanding wall,
PA1  each of said plurality of drawer means includes a plate slidably supported
      on the top of a support member, and a handle coupled to one end of said
      plate, and
PA1  each of said receiving means housings is coupled to the other end of one of
      said plates.
NUM  6.
PAR  6. An amusement apparatus according to claim 1, wherein
PA1  said channel means includes a plurality of tubes, each of which is mounted
      adjacent a target orifice at one end and in a position at the other end to
      guide a projectile passing therethrough into the receiving means
      associated with the target orifice.
NUM  7.
PAR  7. An amusement apparatus according to claim 1, and further including
PA1  a catch pan slidably received in said upstanding wall and extending below
      said plurality of receiving means, and
PA1  ejection means for ejecting from each of said receiving means the
      projectiles located therein so that the projectiles fall by gravity into
      said catch pan for convenient retrieval.
NUM  8.
PAR  8. An amusement apparatus according to claim 7, wherein
PA1  each of said receiving means includes an upstanding open ended housing and
      a bottom member slidably positioned to open and close the bottom open end
      of said container, and
PA1  said ejection means comprises cord means for connecting said bottom member
      in each of said receiving means with a handle, wherein slidable movement
      to an extended position of said handle moves said bottom members away from
      their position closing the bottom open end of said housings.
NUM  9.
PAR  9. An amusement apparatus according to claim 8, wherein said ejection means
      further includes
PA1  a plurality of bias restoring means for restoring said bottom members to
      their positions closing the bottom open ends of said housings when said
      handle is released from its extended position.
NUM  10.
PAR  10. An amusement apparatus according to claim 1, wherein
PA1  some of said plurality of target orifices have the same point value indicia
      associated therewith, and
PA1  said channel means includes a plurality of tubes, each extending from one
      of said target orifices having the same point value indicia and
      communicating with a main tube,
PA1  said main tube having an end located above one of said receiving means.
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ABST
PAL  A game arrangement in which a printed board or sheet is provided with a
      plurality of relatively large playing areas representing airports. A
      course is provided between the airports which is divided into three
      parallel paths adapted to be used by color coded airplane tokens owned by
      the respective players. The ownerships of the airplane tokens as well as
      instructions for their taxi and take-off, mileage to be flown, penalty and
      rewards to be received by a player when his airplane token lands at each
      airport, are obtained by picking cards from a deck of cards having such
      indicia or instructions indicated thereon. A single die also is provided
      which is used to multiply the penalties and rewards.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a board game apparatus, and more
      particularly to a board game apparatus of the type having a designated
      course or a plurality of parallel playing paths provided on the board
      through which player owned airplane tokens move in a manner determined by
      both chance and skill until a specified sum of money is earned.
PAR  The type of game of the present invention is that in which a substantially
      flat playing board is utilized, the upper surface of which is provided
      with suitable representations or markings indicating a playing course
      which includes a plurality of airports, relatively large playing areas,
      and generally three parallel paths between airports representing flight
      paths therebetween. Each path has a different number of a plurality of
      effective relatively small playing areas, representing the different
      amounts of mileage traveled by different type airplanes relegated to each
      of the respective paths during the play of the game, in accordance with
      the rules of the game. During play, the playing pieces or tokens
      simulating airplanes owned by the individual players are moved through
      their respective flight paths as indicated by cards held and then
      discarded by each player in turn in accordance with a variety of
      situations presented by said cards, whereby each of the players, by the
      elements of chance and skill, tries to accumulate or earn a prescribed
      amount of money, e.g., $20,000.00, to be declared the winner, whereupon
      the game is terminated.
PAR  Many of the board games known in the prior art merely involve movement of
      the players' tokens through the playing path or course in a manner
      determined by chance in accordance with means such as dice, a dial
      indicator or pointer arranged to be spun and the like. The game is thus
      reduced to a game of chance with little skill involved. However, the
      present invention combines both skill and chance and presents a challenge
      to the players and causes them to use their skill and their intelligence
      in acquiring the prescribed sum of money needed to be declared the winner.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, a primary object of the present invention is to provide a new
      and novel board game apparatus.
PAR  Another object of the present invention is to provide a new and novel board
      game apparatus which requires the exercise of good judgment, skill and the
      like, by the players during the competitive play so that the winning
      player is determined by his superior acumen.
PAR  A further object of the present invention is to provide a new and improved
      game apparatus which is simple in construction, inexpensive to
      manufacture, and which improves both amusement and education for the
      participating players.
PAR  A board game apparatus for a plurality of players, according to the
      principles of the present invention, comprises in combination: a playing
      board, a plurality of relatively large equal playing areas on the board, a
      course positioned between the large areas divided into a plurality of
      parallel paths, each path being divided into a plurality of relatively
      small equal areas with a different number of the small areas in each path.
      A plurality of each of a plurality of distinctive tokens constituting
      playing pieces for the respective players are included, each distinctive
      token being adapted to be used in a corresponding identifiable path, in
      accordance with the rules of the game. The tokens have means for
      indicating ownership by any one of the players and means for concealing a
      player selectable indicia thereon.
PAR  A group of monetary tokens for payment of rewards to and penalties by
      players whose tokens advance to said relatively large playing areas is
      also included, as well as a deck of cards, each card of the deck of cards
      having indicia thereon indicating ownership of a token, starting of a
      token, the number of small playing areas to be moved by a player's token
      and penalties and rewards to be paid or received by the player coming into
      possession thereof, respectively.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of a playing board for a board game apparatus
      constructed in accordance with the invention, portions of which are
      suitably colored according to the color symbols for draftsmen prescribed
      in 37 CFR 3.61 (1974).
PAR  FIG. 2 is a pictorial representation of airplane tokens used as playing
      pieces by the players.
PAR  FIG. 3 shows various denominations of monetary tokens or play money that
      are employed in connection with the present invention.
PAR  FIG. 4 shows a single die which is employed in the present invention.
PAR  FIG. 5 shows the designations on the respective cards forming the deck of
      cards that is a part of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and to FIG. 1 in particular, the game
      apparatus of the invention includes a playing surface which is preferably
      in the form of a board designated generally by the numeral 12 thereon. In
      the preferred embodiment, the board 12 is substantially rectangular as
      shown and contains an upper surface 14 on which is provided, by printing
      or the like, suitable indicia and graphic illustrations in accordance with
      the invention, as will be explained hereinafter. While any name suitable
      for the game apparatus of the invention may be employed, the game is
      preferably referred to as "Take Off", a name which suggests the playing
      aspects of the game.
PAR  In order to provide a playing field for the players, a playing path or main
      course, designated generally by the numeral 16, is divided into generally
      three different paths 18, 20 and 22, which preferably are colored blue,
      yellow and green, respectively. The paths 18, 20 and 22 are each divided
      into relatively small playing areas 18a, 20a, and 22a, respectively. A
      different number of playing areas are provided in each of the playing
      paths. Preferably, path 18 is divided into the largest number of
      relatively small playing areas, path 20 the next largest number of playing
      areas and path 22 is divided into the smallest number of playing areas.
      The playing areas 18a, 20a and 22a preferably form three generally
      parallel paths or a course 16 which is positioned between a plurality of
      generally larger playing areas 24, 26, 28 and 30. The larger playing areas
      include indicia A, B, C and D, respectively, which represent the names of
      various airports. Each of the relatively small playing areas represents
      the distance that would be traveled by three different types of airplanes
      with 400 gallons of fuel traveling between airports A, B, C and D.
PAR  The course 16 is divided into three different paths which are relegated to
      be flown by the three different types of airplanes.
PAR  The airplanes preferably are colored the same colors as the paths they use
      during the play of the game pursuant to the game rules. The three types of
      airplanes 32, 34 and 36 are shown in FIG. 2 and are known as the "Eagle,"
      "Hawk" and "Sprint," respectively. There are two deeds for two Sprint
      airplanes, two Hawk airplanes and one Eagle airplane which may be owned by
      the players; however, the players may also purchase Hawks and Eagles from
      the bank at a cost of $500 and $1000, respectively. Only one Sprint
      airplane 36, however, may be deeded to each player. A player may own more
      than one Sprint airplane only if he captures another player's Sprint
      airplane in a manner to be described hereinafter.
PAR  Each of the airplanes are provided with indicia for indicating the
      ownership of the airplane by a player. In the preferred embodiment of the
      invention, colored rubber caps which are adapted to be placed on the upper
      surface or antenna of the airplane are provided. Also, the under surface
      of the airplane wing is preferably provided with the numeral 5 or 10
      thereon to represent the altitude that the plane will fly at during the
      game. The purpose for the altitude designation will become apparent when
      the play of the game is explained.
PAR  The upper surface 14 of the playing board 12 is also provided with three
      medium sized playing areas 38, 40 and 42, each of which preferably are
      colored the same color as the paths 18, 20 and 22, respectively. These
      areas are known as the "taxi areas" or starting areas and are to be used
      by the correspondingly colored airplanes during the play of the game.
      Additionally, included on the upper surface 14 of the board 12 are three
      elongated areas 44, 46 and 48 which represent the "runways" or holding
      areas to be used by the airplanes, Eagle 32, Hawk 34 and Sprint 36,
      respectively, when permitted during the play of the game.
PAR  The amount of money that the owner of each airplane is to receive when a
      player's lands on any of the airports, A, B, C or D (24, 26, 28 or 30) is
      printed alongside each airport and is designated 50, 52, 54 and 56,
      respectively. Each type of airplane, Eagle 32, Hawk 34 or Sprint 36
      receives a different fee from the bank for landing at each airport when
      flying (moving) in a counter-clockwise direction as follows:
TBL          Airport Airport   Airport   Airport                               
             "A"     "B"       "C"       "D"                                   
     ______________________________________                                    
     Sprint    $100      $150      $300    $350                                
     Hawk      250       350        500     650                                
     Eagle     500       800       1000    1200                                
     ______________________________________                                    
PAR  When flying in a reverse or clockwise direction, the airplane landing fees
      are as follows:
TBL          Airport Airport   Airport   Airport                               
             "A"     "B"       "C"       "D"                                   
     ______________________________________                                    
     Sprint    $150      $600      $400    $400                                
     Hawk      400       1000       600     800                                
     Eagle     800       1800      1500    2000                                
     ______________________________________                                    
PAR  The money tokens, play or simulated money, are provided in various
      denominations for the play of the game and are shown in FIG. 3. The money
      may be of any suitable denominations and preferably is provided in
      denominations of $50,  $100, $500  and $1,000, as shown at 57, 58, 60 and
      62, respectively, in FIG. 3.
PAR  FIG. 4 illustrates a single die 64 which is used to multiply the penalties
      and rewards as will be explained hereinafter.
PAR  A deck of cards 66 which includes individual cards having indicia thereon
      representing thirteen different types is provided. These types of cards
      preferably indicate, for example, such items as: ownership of an airplane,
      taxying of an airplane, take-off of an airplane, the number of small
      playing areas to be moved by a player's airplane by application of the
      rules to convert fuel into the number of areas to be moved, and the
      penalties and rewards to be paid or received by a player coming into
      possession thereof during the course of play.
PAR  The indicia on the different types of cards are shown in FIG. 5.
PAR  The quantity of each of the different types of cards is shown in the table
      below:
TBL  Type of Card  Indicia on Card   Quantity                                  
     ______________________________________                                    
     Fuel           400 Gallons       33                                       
     Fuel           800 Gallons      14                                        
     Fuel          1200 Gallons      3                                         
     Fuel          1600 Gallons      6                                         
     Fuel          2000 Gallons      4                                         
     Deed          Deed For Sprint   2                                         
     Deed          Deed For Hawk     2                                         
     Deed          Deed For Eagle    1                                         
     New Position Order                                                        
                   Eagle to Longitude 10.degree.                               
                                     1                                         
     New Position Order                                                        
                   Eagle to Longitude 15.degree.                               
                                     1                                         
     New Position Order                                                        
                   Eagle to Latitude 20.degree.                                
                                     1                                         
     New Position Order                                                        
                   Eagle to Latitude 25.degree.                                
                                     1                                         
     New Position Order                                                        
                   Hawk to Longitude 10.degree.                                
                                     2                                         
     New Position Order                                                        
                   Hawk to Longitude 15.degree.                                
                                     2                                         
     New Position Order                                                        
                   Hawk to Latitude 20.degree.                                 
                                     2                                         
     New Position Order                                                        
                   Hawk to Latitude 25.degree.                                 
                                     2                                         
     Warm-UP       Taxi Card         17                                        
     Starting      Take-Off 500      2                                         
     Starting      Take-Off 750      10                                        
     Starting      Take-Off 1,000    7                                         
     Flight Plan   Reverse Flight Plan                                         
                                     7                                         
     Flight Card   Return Flight Card                                          
                                     12                                        
     Airport Penalty                                                           
                   Airport Closed A  1                                         
     Airport Penalty                                                           
                   Airport Closed B  1                                         
     Airport Penalty                                                           
                   Airport Closed C  1                                         
     Airport Penalty                                                           
                   Airport Closed D  1                                         
     Taxi Penalty  Taxi Delay        4                                         
     Fuel Shortage 800 Gallon Shortage                                         
                                     5                                         
     Bonus         $500 Air Bonus    2                                         
     Latitude      Choice of Latitude                                          
                                     2                                         
     Longitude     Choice of Longitude                                         
                                     2                                         
     ______________________________________                                    
PAR  The principles of the game are best described by a complete presentation of
      the rules of the game with examples to explain certain rules which may
      appear difficult to understand. At the start of play one of the players is
      placed in charge of the Bank and this player handles all the money for the
      Bank prior to beginning the game and during the game. The player in charge
      of the Bank participates in the game in the manner of regular players.
      Prior to the beginning of the game no money is given to any of the
      players. The first player to accumulate the sum of $20,000 of the play
      money by flying his planes around the board is declared the winner of the
      game. The game of the present invention may be played by two or more
      people or teams. At the start of play the players are not given money or
      airplanes. Planes may be acquired by purchasing them with money obtained
      by selling gas to the Bank or by picking a deed therefor from the deck of
      cards. Any player, by mutual agreement of the players, deals five cards
      face down, one at a time, to all of the players. The player to the left of
      the dealer draws a card from the remaining cards in the deck. All the
      players look at the cards set before them and they are required to pick an
      additional card from the deck before playing one when it becomes their
      turn. All of the players should familiarize themselves with the various
      types of cards and their applications before starting the play of the game
      to enable each player to make the best use of the cards in his possession.
PAR  The player drawing first has six possible moves:
PAR  1. If the player picks a New Position Order card, but owns no airplane, he
      must discard it immediately by placing it on the discard pile.
PAR  2. He must lay down an Airport Closed card in his own playing area, in
      front of him.
PAR  3. He may sell a gas card to the bank for money.
PAR  4. He may hold the card he drew and any future one, but may never hold more
      than a maximum of ten cards.
PAR  5. He may play an 800 Gallons Shortage card in front of any opponent he
      chooses.
PAR  6. He may trade in a deed for the specified airplane or sell it for the
      listed value and pick again.
PAR  Note: Whenever a New Position Order card is picked it takes precedence
      before all other cards and it must be played (discarded) immediately.
PAR  The functions of the several different cards are as follows and the cards
      may include indicia thereon pictorially representing their function:
PAR  The Taxi card allows any plane to move into the Taxi Zone 38, 40 or 42. A
      player would ordinarily, at the next opportunity, play a runway Take-Off
      card.
PAR  The Take-Off card, when played, permits any plane in the Taxi Zone to
      advance to the runway 44, 46 or 48. On the next turn a player may play a
      Gas (Fuel) card and move the appropriate number of small boxes (areas)
      related to the type of airplane. The plane is now considered "On The
      Board."
PAR  Example: To take-off with a blue-colored Eagle airplane 32 requires a card
      that reads "Take-Off 1000". A card reading "Take-Off 750" cannot be used
      since it applies only to a yellow-colored Hawk airplane (in accordance
      with the playing rules of the game).
PAR  Gas (Fuel) cards may be sold to the bank at a price of $100 for each 400
      gallons indicated thereon. Only one card may be sold each turn.
PAR  Example: A 1200 gallon card is worth $300. Only one gas card may be used
      each turn to move a single airplane and all the fuel listed must be used
      by the plane selected. Fuel cards may not be divided among airplanes.
PAR  Example: If all three type planes were sitting on their Runway Zones, and
      each were to be capable of propulsion by an 800 gallon card:
PAR  a. The Sprint would move twice (two small areas) to land on port A and
      collect flight pay.
PAR  b. The Hawk would also move two spaces (small areas) and now be midway
      between the runway and airport A.
PAR  c. The Eagle would move two spaces (small areas) and now be only one-fourth
      of the way to A.
PAR  Example: With all three planes on the runway:
PAR  a. A 1600 gallon card would land the Sprint directly on C allowing it to
      collect for the bypassed ports A and B. It is to be noted that for
      purposes of plane movement, the ports are considered to be the equivalent
      of one of the small playing areas.
PAR  b. Land a Hawk directly on A to collect the landing fee.
PAR  c. Position an Eagle midway (on the fourth blue box) between the Runway
      Zone and port A.
PAR  The Deed cards may be traded by the holder thereof for the specified
      airplane indicated thereon or the holder may accept the money value on the
      card ($500 for all planes) and immediately pick again.
PAR  The Air Bonus cards entitle the holder to $500 which is paid by the bank
      and entitles the holder to immediately pick again.
PAR  A Latitude or Longitude card entitles the holder thereof to elect to move
      any plane he has on board (in flight) to the effective position stated on
      the card when it is his turn. This permits:
PA1  a escape from pursuing planes;
PA1  b. landing directly on another plane to challenge it;
PA1  c. repositioning a plane to a position where it may land to collect more
      money.
PAL  Note: that a Sprint airplane can never land on a Longitude 15.degree. or a
      Latitude 20.degree. since there is no particular green box for that plane
      at this longitude and latitude between airports.
PAR  A New Position Order card, as noted earlier, must be played immediately. If
      a player has a Hawk Position Order, and he has that plane on board, he
      moves it to that position. If the player has two Hawks on board, he may
      choose which plane he wants to move to that new box. If a player has two
      Hawks or Eagles on board and one is already sitting on the box specified
      by the Position Order, he must move the other one to that new position.
PAR  When players move to these new positions, it does not count as "Bypassing"
      and no money is put up by the bank at the passed airports for other planes
      to collect. Note: If a player has a plane on the Taxi or Runway Zone, it
      moves to the new stated position.
PAR  All planes fly in a normal flight order (counterclockwise). To increase the
      amount of money a plane can earn, a player may fly his plane clockwise by
      submitting a Reverse Flight Plan card simultaneously with his Gas card for
      any of his planes. This is done when his plane is sitting on airport A.
      The plane is then faced heading towards D. Once in Reverse Order, every
      time the plane lands to collect, it must submit a Return Flight card at
      the same time with the final Gas card used to land it. The plane then
      collects the higher pay listed in parentheses, viz., 50a, 52a, 54a and
      56a. Continuing in Reverse Order, planes need only submit a Return Flight
      card every time they land at an airport. All planes in this order
      (Reverse) must always land directly at each airport, never bypassing. It
      is noted that a player's mobility is limited by the amount of "Return
      Flight" cards he has saved in his hand. All planes are entitled to collect
      any forfeited money left at an airport by other planes including the
      player's own whenever landing there first.
PAR  There are only two ways for a plane to resume normal flight order
      (counter-clockwise).
PAR  1. If the plane receives a New Position Order to Latitude 20.degree., it is
      faced heading toward B. When landing there, it is forced to return to
      normal flight order.
PAR  2. The player submits another Reverse Flight card at D entitling him to fly
      to B, thus returning to normal flight order. The plane is then faced
      heading toward C indicating its new direction of flight.
PAR  A Return Flight card is submitted at the same time a Gas card is submitted
      whenever landing a plane which is flying in Reverse Flight Order
      (clockwise) at an airport.
PAR  The 800 Gallon Shortage card is played on any opponent the holder wants to
      prevent from further movement on the board. The receiver may, when it is
      his turn, only remove it by turning in an 800 Gallon or two 400 Gallon Gas
      cards at once. If a player has two of these cards in front of him, he can
      pay them off with one 1600 Gallon card. Money can never be used to buy
      gas. A player cannot use a 1600 Gallon card to pay off a smaller 800
      Gallon Shortage.
PAR  A player with an 800 Gallon Shortage card in front of him may still make
      any other transactions but never move a plane.
PAR  When a Taxi Delay card is placed on the discard pile, the holder may choose
      any airplane of any player in the Taxi Zone to be removed from the Taxi
      Zone (board). This requires the owner of the removed airplane to submit
      another Taxi card for the airplane to regain its former position.
PAR  The Airport Closed card is the only card played against the player when it
      is picked. There are only four in the deck, one for each airport. Having
      drawn one, the player immediately puts it down in his own area. To remove
      it, he must land directly on the closed port with any one of his planes.
      He then pays the flight pay for the type plane that he landed from his own
      savings in exchange for the port opening again to his planes. This
      forfeited pay is then placed by the reopened port for the very next player
      landing there to collect. A player who just opened his port may fly around
      the board, or by repositioning his plane with a Choice of Latitude card or
      a Choice of Longitude card can be the first to land there and claim his
      own lost pay plus the flight play for the plane he just landed.
PAR  A player may fly over his closed port by not landing directly on it. The
      lost flight pay for bypassing it is put up by the player and is available
      for the next airplane landing there. A plane bypassing an airport in this
      manner still collects for any other open port it lands on.
PAR  A player who lands and collects another's lost pay must elect to roll a die
      and try to increase its value. If there is $500 or less on an airport, the
      player rolls one die. A roll of 1, 2 or 3 is the amount by which the money
      is multiplied for the roller to collect. A 4, 5 or 6 is that figure in
      hundreds of dollars the player now owes minus the amount of money already
      there.
PAR  Example: A roll of 2 against $500 at the airport permits the roller to
      collect $1000 in addition to the flight pay for landing.
PAR  Example: A roll of 6 against $500 at the airport means the player must add
      $100 of his own money to the $500 already there making it $600 that the
      next incoming plane collects upon landing.
PAR  When there is $550 or more at the airport when a plane lands, 1, 2 or 3 is
      again the value by which the money is increased for the roller to collect
      in addition to the flight pay for landing. A 4, 5 or 6 rolled is now
      doubled as the money which the player now owes less the amount of money
      already there.
PAR  Example: A roll of 2 against $700 means the player collects $1,400 plus his
      flight pay for landing.
PAR  Example: A roll of 5 against $700 means the player owes $1000 and puts up
      the additional $300 for the next incoming plane.
PAR  Example: A roll of 5 aginst $1100 entitles the player to take $100 leaving
      the remaining $1000 he owes. Note: a Sprint is a valuable plane to own. It
      is able to race ahead of slower planes to collect forfeited money and it
      is able to open closed ports at a small cost to the owner.
PAR  A plane may collect when bypassing an airport if it lands directly on
      another airport while flying in normal flight order only.
PAR  Example: A Sprint sitting on C may move five boxes with a 2000 Gallon card
      to land on A. Although it bypassed D, because it landed directly on A, it
      collects for both ports.
PAR  Example: A Hawk moving two boxes from A lands between two ports B and C. In
      so bypassing B, but having failed to land directly on the next airport C,
      the flight pay for that type plane had it landed on B is forfeited to that
      port by the bank for the next incoming plane to collect.
PAR  Challenging occurs whenever a plane lands on a box already occupied by
      another plane. Planes entitled to Challenge are those that are the same
      color-type and planes that are smaller than the plane they have landed on.
PAR  Example: A yellow Hawk can challenge another Hawk just as blue Eagles can
      challenge other Eagles.
PAR  Example: A Sprint which is the smallest plane may challenge the next larger
      Hawk whenever their boxes are linked together by the red radar lines 50.
      The Sprint may not challenge an Eagle.
PAR  Example: The Hawk can challenge the larger Eagle when their playing area
      boxes are linked together by the red radar lines 52.
PAL  Note: Larger planes NEVER challenge smaller planes.
PAR  Before placing his airplane token on the board, a player must provide a
      marking of either 5 or 10 under the wing. This represents the altitude at
      which the plane will fly. The player landing in the same square as another
      plane has the right to "Challenge". The two players then negotiate for the
      possible release of the captured plane. The challenger may ask any amount
      of money or valuable cards the other may be holding for the release of the
      plane. (Any value the two agree upon is acceptable). Or the challenger may
      not ask any ranson, thereby forcing both planes to turn over and show
      their flying altitude. If the numbers match, the challenger has won. The
      challenger then takes possession of the plane and assumes the plane
      position exactly where it sits on the board. He then changes the indicia
      of ownership to his own flying color. Should the two numbers not match,
      the challenged plane flies free and the owner is paid $200 by the
      challenger for delaying him.
PAR  The additional rules of play include the following:
PAR  1. When the complete deck of cards has been picked, the discarded cards are
      reshuffled and the new pile is started again, obeying the indicia on all
      cards as before.
PAR  2. There is no limit to the number of airplanes that can share the Taxi
      Areas, Runway Areas and any other Areas on the board.
PAR  3. Any trading or sale of cards for any value is acceptable on a player's
      (purchaser's) turn.
PAR  4. Generally only one Sprint airplane may be owned by each player in a
      game. The only way a player may own more than one Sprint airplane is to
      capture one from another player during a "Challenge."
PAR  It will be understood that various changes in the details, materials,
      arrangements of parts and playing conditions which have been herein
      described and illustrated in order to explain the nature of the invention
      may be made by those skilled in the art within the principles and scope of
      the invention.
PAR  Hereinbefore has been disclosed a board game apparatus which is suitable
      for adults as well as children and will provide amusement as well as tax
      the acumen of the players. Although chance is a consideration in the game,
      a player with an agile mind and with investing ability can rapidly improve
      his financial position to obtain $20,000 and be declared the winner of the
      game.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A board game apparatus for a plurality of players comprising in
      combination:
PA1  a playing board, a plurality of relatively large equal playing areas on
      said board, a course positioned between said large areas divided into a
      plurality of parallel paths, each said path being divided into a plurality
      of relatively small equal playing areas with a different number of said
      small areas in each said path;
PA1  a plurality of each of a plurality of distinctive tokens constituting
      playing pieces for the respective players, each distinctive token adapted
      to be used in a corresponding identifiable path, said tokens having means
      for indicating ownership by any one of said players and means for
      concealing a player selectable indica thereon;
PA1  a group of monetary tokens for payment of rewards to and penalties by
      players whose tokens advance to said relatively large playing areas;
PA1  a deck of cards, each card of said deck of cards having indicia thereon
      with reference to the playing rules which indicate, respectively,
      ownership of a token, starting of a token, the number of small playing
      areas to be moved by a player's token and penalties and rewards to be paid
      or received by the player coming into possession thereof.
NUM  2.
PAR  2. A board game apparatus according to claim 1, wherein said playing board
      further includes a plurality of holding areas and a plurality of starting
      areas having indicia thereon designating in accordance with the playing
      rules that the player tokens be held in place, said starting areas
      corresponding in color to said parallel paths.
NUM  3.
PAR  3. A board game apparatus according to claim 1, wherein each said plurality
      of paths is of a different color and each distinctive playing piece is
      correspondingly colored.
NUM  4.
PAR  4. A board game apparatus according to claim 1, wherein said distinctive
      tokens simulate airplanes, and said concealed selectable indicia is
      located on the underside of said simulated airplane.
NUM  5.
PAR  5. A board game apparatus according to claim 1, wherein said deck of cards
      includes one hundred fifty-one cards of thirteen different types.
NUM  6.
PAR  6. A board game apparatus according to claim 1, wherein said game includes
      one die used in multiplying said penalties and rewards.
NUM  7.
PAR  7. A board game apparatus according to claim 1, wherein said plurality of
      parallel paths comprises three paths and said plurality of distinctive
      tokens comprises three distinctive tokens.
NUM  8.
PAR  8. A board game apparatus according to claim 1, wherein said relatively
      large playing areas number four.
NUM  9.
PAR  9. A board game apparatus for a plurality of players comprising in
      combination:
PA1  a playing board including four relatively large playing areas representing
      airports,
PA1  a course positioned between at least two of said large areas divided into
      three color-coded parallel paths, each said path being divided into
      relatively small equal playing areas representing a theoretical distance
      which consumes a predetermined amount of fuel,
PA1  a plurality of each of three distinctive tokens having the general shape of
      an airplane and adapted to be used in a correspondingly color-coded path,
      said airplane tokens having means for indicating ownership by any one of
      said players,
PA1  each said airplane further including a player selectable indicia
      representing altitude on the underside thereof,
PA1  a group of monetary tokens for payment of rewards to and penalties by
      players whose tokens advance to said relatively large playing areas,
PA1  a single die used to multiply said penalties and rewards,
PA1  a deck of cards, each card of said deck of cards having individual indicia
      thereon indicating: ownership of an airplane, taxying of an airplane,
      take-off of an airplane, the number of small playing areas to be moved by
      a player's airplane and penalties and rewards to be paid or received by
      players coming into possession thereof.
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PAL  An archeological game utilizing common archeological techniques for
      locating an ancient buried civilization, termed the Great Civilization.
      The game interrelates two types of indicia bearing cards, termed fragment
      cards and clue cards, for determining the language of the ancient
      civilization from a plurality of possible languages and then deciphering
      the archeological fragments encrypted in that language to locate a
      predetermined number of fragments genuinely from that civilization, such
      as a predetermined number of mateable fragments which define a message, in
      order to be declared the finder of the ancient buried civilization. A
      fragment card may contain genuine encrypted language symbols as well as
      ingenuine or fake symbols not genuinely associated with the ancient
      civilization, such as forgeries or imports of another region than the
      known regional location of the ancient civilization. The game is played on
      a game board having a maplike area defining the archeological location in
      which information associated with the ancient buried civilization is
      located, with the maplike area being divided into a plurality of different
      coded, such as by color, adjacent areas each relating to rock stratum
      different adjacent historical ages. The clue cards and fragment cards are
      similarly coded with the fragment cards arranged at these locations in
      randomly provided stacks for selection therefrom. The language of the
      ancient civilization which must be initially determined is randomly
      variable from game to game dependent on the random arrangement and
      selection of the clue and fragment cards.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an archeological board game for a
      plurality of players.
PAR  2. Description of the Prior Art
PAR  Board games are well known such as those in which various clues are
      collected during the game in order to win the game by employing these
      clues. Such a typical game is one commercially available from Parker
      Brothers under the name "Clue." Other such games of this type are
      distributed, for example, by Minnesota Mining and Manufacturing in their
      "Book Shelf" series. Further examples of such games, are disclosed in U.S.
      Pat. Nos. 1,491,536; 3,117,789 and 2,635,881. In addition, archeological
      games, that is ones simulating an archeological expedition, are also well
      known, such as the game of "Exploration" described in U.S. Pat. No.
      3,556,528. However, none of these prior art games known to the inventor
      herein employ the basic archeological techniques for locating an ancient
      buried civilization of finding fragments of the language of the ancient
      buried civilization, then initially determining what these fragments mean
      and thereafter collecting sufficient evidence to prove that the fragments
      found genuinely belong to the ancient buried civilization and provide
      genuine information relating thereto, particularly in such a game in which
      the ancient buried civilization, which may have any one of several
      possible languages, may be randomly varied from game to game.
PAC  SUMMARY OF THE INVENTION
PAR  An archeological game apparatus for a plurality of players for finding an
      ancient buried civilization is provided. The game comprises a game board
      having a maplike area defining an archeological location in which
      information associated with the ancient buried civilization is located.
      The maplike area is divided into a plurality of different coded, such as
      by color, adjacent areas each relating to rock stratum of a different
      adjacent historical age relative to the ancient buried civilization. A
      plurality of indicia bearing fragment cards are located at predetermined
      locations in each of the different coded areas, such as in pockets located
      in the game board, and are arranged at these locations in randomly
      provided stacks for selection therefrom during the playing of the game. At
      least a portion of this plurality of fragment cards contains encrypted
      language symbols indicia thereon associated with one of a predetermined
      plurality, such as four, of different encrypted languages, only one of
      which genuinely belongs to the ancient civilization for a given game. At
      least another portion of the fragment cards contains indicia thereon which
      is not genuinely associated with the ancient civilization, such as
      forgeries or imports from a region outside the maplike area and,
      accordingly, is a fake with respect to the ancient civilization to be
      found. Each of the fragment cards has a code thereon associated with a
      particular stratum code and indicative of the relative age of a given one
      of the fragment cards with respect to another.
PAR  A plurality of indicia bearing clue cards are also provided with these clue
      cards being arranged in at least one randomly provided stack for selection
      therefrom. The clue cards contain indicia for decrypting the encrypted
      language symbols contained on the fragment cards including indicia
      relating to the genuine meaning of language symbols and evidence of the
      association between these language symbols and the ancient civilization,
      such as whether a given fragment card is a forgery or import or genuinely
      attributable to the acient buried civilization which is being sought. The
      clue cards have at least one code thereon corresponding to a particular
      stratum code. The clue cards are interrelated with or cooperatively
      associated only with those fragment cards having the same stratum code
      thereon. In playing the game, clue cards and fragment cards are
      cooperatively associated or interrelated in order to initially determine
      the language of the ancient civilization from a plurality of different
      possible languages and for subsequently decrypting a predetermined
      quantity of the fragment cards in the initially determined language to
      translate the language symbols thereon in the initially determined
      language. The ancient buried civilization is found when this predetermined
      quantity of fragment cards is translated and identified by the clue cards
      as genuinely belonging to the ancient civilization. The language which is
      initially determined to belong to the ancient buried civilization is
      randomly variable from game to game dependent on the random arrangement
      and selection of the clue and fragment cards.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the preferred game board and associated
      game apparatus in accordance with the preferred archeological game of the
      present invention;
PAR  FIG. 2 is a perspective view of the game board of FIG. 1 illustrated during
      the closing thereof upon the completion of the game;
PAR  FIG. 3 is a perspective view of the game board illustrated in FIGS. 1 and 2
      in the closed position;
PAR  FIG. 4 is a fragmentary cross sectional view of a typical preferred card
      holding portion of the game board of FIG. 1 taken along line 4--4;
PAR  FIG. 5 is a perspective view of a typical preferred insert for the card
      holding portion illustrated in FIG. 4;
PAR  FIG. 6 is an example of a typical encrypted message in a typical language
      of the game termed "Linear 1";
PAR  FIG. 7 is a plan view of a typical fragment card in another typical
      language of the game termed "Alphabetic";
PAR  FIG. 8 is a plan view of another typical fragment card in another typical
      language of the game termed "Linear 2";
PAR  FIG. 9 is still another typical fragment card illustrating another typical
      language of the game termed "Hieroglyphic";
PAR  FIGS. 10A through 10H are plan views of typical clue cards, termed "C
      cards" giving the meaning of symbols located on the fragment cards;
PAR  FIGS. 11A through 11D are plan views of other typical clue cards or C cards
      which show the respective front and back views thereof and further
      illustrate the association of the clue cards with various professions;
PAR  FIGS. 12A through 12H are plan views of other typical clue cards or C cards
      giving clues about forgeries, imports, and potters' designs for use in
      playing the preferred archeological game;
PAR  FIGS. 13A through 13H are plan views of still other typical clue cards or C
      cards giving evidence relating to the language of the ancient buried
      civilization, the Great Civilization, for use in playing the preferred
      archeological game;
PAR  FIGS. 14A through 14H are plan views of still other clue cards or C cards
      giving clues other than the meaning of symbols for use in playing the
      preferred archeological game;
PAR  FIGS. 15A and 15B taken together comprise the translation or decipherment
      of one of the typical preferred languages, termed "Alphabetic", used in
      playing the preferred archeological game;
PAR  FIGS. 16A and 16B taken together comprise a translation or decipherment of
      another typical preferred language, termed "Hieroglyphic" used in playing
      the preferred archeological game;
PAR  FIGS. 17A and 17B taken together comprise the translation or decipherment
      of still another typical preferred language, termed "Linear 1" used in
      playing the preferred archeological game; and
PAR  FIGS. 18A and 18B taken together comprise the translation or decipherment
      of still another typical preferred language, termed "Linear 2" used in
      playing the preferred archeological game of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, and initially to FIGS. 1 through
      5, the preferred game board, generally referred to by the reference
      numeral 20 for use in playing the preferred archeological game of the
      present invention is shown. The preferred archeological game is preferably
      played by a plurality of players with the object of the game being to find
      an ancient buried civilization, termed the Great Civilization. The game
      board 20 preferably comprises a maplike area 22 defining an archeological
      location in which information associated with this ancient buried
      civilization is located. By way of example, the maplike area is shown as
      illustrating a group of small islands 24, 26, 28, 30 and 32 located in an
      ocean 34. The islands 24 through 32 comprising the maplike area 22 are
      preferably divided into a plurality of different color coded adjacent
      areas 34, 36, 38 and 40 preferably being illustratively color coded as
      green for areas 34, red for areas 36, black for areas 38, and yellow for
      areas 40, although different colors or a different manner of coding may be
      utilized if desired. The color coding 34, 36, 38 and 40 each relates to a
      different rock stratum of a different adjacent historical age relative to
      the period of the ancient buried civilization. As shown and preferred,
      there are eight possible sites 42, 44, 46, 48, 50, 52, 54, and 56 for
      making an archeological dig. The location of a dig may be randomly
      selected by the player as will be explained in greater detail hereinafter.
      The color coded strata 34, 36, 38 and 40 are preferably arranged, by way
      of example, with the oldest stratum being the green stratum 34, the next
      oldest stratum being the red stratum 36, the next oldest stratum after
      that being the black stratum 38 above it and the stratum of most recent
      origin being the top stratum or yellow stratum 40. As further shown and
      preferred, in each of the stratum 34, 36, 38 and 40 on the maplike area
      22, there are two sites of the eight for an archeological dig, sites 42
      and 54 being in the green stratum 34, sites 44 and 46 being in the red
      stratum 36, sites 50 abd 56 being in the black stratum 38, and sites 48
      and 52 being in the yellow stratum 40.
PAR  As shown and preferred and indicated in greater detail in FIGS. 2 through
      5, a recessed pocket is preferably provided in the game board 20 at each
      of the archeological dig sites 42 through 56. The recessed pocket, such as
      at archeological dig site 54 by way of example, which is illustrated in
      greater detail in FIGS. 4 and 5, is preferably formed by means of a slot
      60 in the game board 20 which board 20 is preferably formed of a resilient
      cardboard material which provides side flaps 62 and 64 which are normally
      resiliently biased due to their composition towards a closed position, as
      illustrated in FIGS. 2 and 3, by way of example. Before playing the game,
      a card support platform, such as platform 66 is inserted in the slot 60
      and is preferably slightly wider than the width of this slot 60 so as to
      be resiliently held in position by the biasing of side flaps 62 and 64, as
      is illustrated in FIG. 4. The appropriate platform card 66 upon insertion
      of the various cards associated with the dig sites 42 through 56 is
      preferably marked with indicia indicating the rock strata to which they
      belong, as is illustrated in FIG. 5, although this is not necessary.
      However, in the preferred embodiment illustrated in FIGS. 1 through 5,
      when the game is played, the pockets are held open by means of these
      pocket inserts. If desired, however, any other type of pockets could be
      provided in the game board or, if it desired not to provide pockets, any
      other means of locating archeological dig sites on the game board 20 may
      be provided. As will be described in greater detail hereinafter, the
      purpose of the various dig sites 42 through 56 is to contain fragment
      cards, to be described in greater detail hereinafter, which contain the
      fragments to be dug up from that stratum. As also shown and preferred in
      FIGS. 1 through 3, the game board 20 preferably consists of two foldable
      half portions 20a and 20b with a pair of pivotally mounted fold out leg
      supports 70 and 72 which are of sufficient length when folded out to
      support both unfolded halves of the board 20 in an elevated position above
      a work surface, the purpose of this being to allow for the depths of the
      various pockets comprising the dig sites 42 through 56. In addition, as
      shown and presently preferred, if desired, a container 74 for housing the
      various cards and game implements utilized in playing the preferred
      archeological game of the present invention is provided under the game
      board 20, which game board 20 is shown in its folded position, which is
      its storage position, in FIG. 3.
PAR  In playing the preferred archeological game of the present invention, there
      are relatively few types of playing pieces, the playing pieces consisting
      of fragment cards, some of which contain encrypted language symbols
      indicia thereon associated with one of a predetermined plurality of
      different encrypted languages, such as preferably four languages, as will
      be described in greater detail hereinafter, only one of which generally
      belongs to the ancient buried civilization, and some of which fragment
      cards contain indicia thereon not genuinely associated with the ancient
      civilization, such as forgeries or imports from outside of maplike area 22
      in which the ancient buried civilization is located; clue or C cards which
      contain indicia for decrypting the encrypted language symbols contained on
      the fragment cards, this indicia relating to the genuine meaning of the
      language symbols and evidence of the association between the language
      symbols and the ancient buried civilization; and money of various
      denominations for use in buying and selling clue cards during the playing
      of the game, and for making digs, as will be described in greater detail
      hereinafter.
PAR  All fragment cards preferably are color coded, with the color code of a
      fragment being the color code, preferably, of the stratum 34 through 40,
      from which it comes, such as a green fragment coming from the green
      stratum 34, etc. During the playing of the game, this color coding of the
      fragment cards, except for forgeries as will be described in greater
      detail hereinafter, provides information not only as to what stratum 34
      through 40 a particular fragment card comes from but also whether it is
      older or younger than fragments of other colors since the color coded
      strata is in accordance with age; for example, the green fragment card
      being older than fragments of other colors and a yellow fragment card
      being younger than any of the other fragment cards of the other colors.
PAR  As shown by way of example in FIGS. 6 through 9, the fragment cards
      preferably contain one of four different encrypted languages thereon, each
      of these languages preferably being an ancient language associated with
      the maplike area 22 on the game board 20 but, as will be explained in
      greater detail hereinafter, only one of these languages being the language
      of the ancient buried civilization for any given game, with this language
      being randomly variable from game to game. These four languages are
      preferably termed "Hieroglyphic", as illustrated on the fragment card 100
      in FIG. 9; "Linear 1" as illustrated on the three fragment cards 102, 104,
      and 106 in FIG. 6; "Linear 2" is illustrated on the fragment card 108 in
      FIG. 8; and "Alphabetic" as illustrated on the fragment card 110 in FIG.
      7. Preferably, these ancient languages are fictional but for realism are
      modeled after four realistic ancient languages. Each of the four languages
      has an associated decipherment or translated text for use in playing the
      game, the decipherment for "Alphabetic" being illustrated in FIGS. 15A and
      15B taken together, the decipherement for the "Hieroglyphic" language
      being illustrated in FIGS. 16A and 16B taken together; the decipherement
      for the "Linear 1" language being illustrated in FIGS. 17A and 17B taken
      together; and the decipherement for the "Linear 2" language being
      illustrated in FIGS. 18A and 18B taken together. Each of the genuine
      fragment cards, such as 100 through 110, by way of example, except for
      picture evidence, contains a portion of the associated language
      decipherement, such as the typical message portion illustrated in FIGS. 6
      through 9. As is also shown and preferred, the fragment cards, such as
      typically shown by fragment cards 100 through 110, contain geometric
      representations, such as 100a, 100b for fragment card 100, 102a an 102b
      for fragment card 102, 104a and 104b for fragment card 104, 106a and 106b
      for fragment card 106, 108a and 108b for fragment card 108, and 110b for
      fragment card 110, which are mateable with adjacent fragment cards
      containing the adjacent portions of the associated language decipherement.
      The mateability of these adjacent portions is obtained when proper
      alignment of the geometric portions, such as 102a and 104b and 104a and
      106b illustrated in FIG. 6, occurs. Thus, in such an instance, as is
      illustrated in FIG. 6 which shows a preferred mating of three fragment
      cards 103, 104 and 106 associated with the encrypted language Linear 1,
      the message "FINGERS AND THE YOUTHS WHISPERED THE" which is a message
      portion of the Linear 1 decipherement contained in location 120 in FIG.
      17B. All the fragment cards for each given language preferably comes from
      a different stratum and there are preferably an equal number, such as
      preferably 50 fragment cards of each language, there thus being 50 green
      fragment cards with Hieroglyphic symbols, 50 red fragment cards with
      Linear 1 symbols and so forth. As shown and preferred in the various
      decipherements of FIGS. 16A through 18B, Hieroglyphic symbos are
      preferably created to look like pictures of things, Linear 1 and Linear 2
      symbols are created to be thinner strokes of lines and the Alphabetic
      symbols are created to look like letters of the archaic Greek alphabet for
      purposes of realism. Thus, there are preferably provided a total of 400
      fragment cards, with 200 of these cards containing the aforementioned
      language symbols and with the balance of these cards containing a selected
      number of blanks having no information at all, thus forcing the player to
      lose money as well as time in finding the ancient buried civilization, as
      will be described in greater detail hereinafter, and with some of these
      cards containing forgeries which forgeries can be found in any strata with
      the color code on the forgeries being part of the forgery. Preferably,
      forgeries look like fragments of the aforementioned four ancient languages
      but have mistakes, such as symbols on them which are not correctly
      written. During the playing of the game, any fragment card with a mistake
      is to be considered a forgery and, as will be described in greater detail
      hereinafter, these forgeries are detected with the aid of clue or C cards.
      In addition, the fragment cards may contain imports which are fragments of
      imported pottery the symbols on them belonging to a language of a country
      other than the country depicted in the maplike area 22. These imports, as
      will also be described in greater detail, are also detected with the aid
      of the clue or C cards. The fragment cards may also contain potters'
      designs. Lastly, the fragment cards also preferably contain cards termed
      power cards, one preferably relating to a village sorceress and another to
      a customs inspector, with the various power cards containing these names
      on them giving the players the power stated on the cards, this power
      preferably being usable once with the card then being discarded. As will
      also be described in detail hereinafter, fragment cards each have an
      associated monetary value in the game with the figure showing a fragment
      card's worth preferably appearing on the bottom of the fragment card, such
      as illustrated in FIGS. 6 through 9. By way of example, card 100 is worth
      $100, card 102 is worth $50, card 104 is worth $200, card 106 is worth
      $200, card 108 is worth $200 and card 110 is worth $300. Some fragment
      cards have no monetary indication of worth on them indicating to the
      player that the fragment card has no value. As will be described in
      greater detail hereinafter, the monetary value indicated on the fragment
      card becomes important if the player desires to sell the fragment card to
      raise money to buy clue cards.
PAR  Preferably, in playing the game, there are ten professions which, as
      illustrated in FIG. 1, are preferably "Museum Curator," "Art Collector,"
      "Computer Scientist," "Lab Technician," "Historian," "Philologist,"
      "Director of National Institute of Antiquities," "Geologist," "Editor of
      Archeological Journal," and "Specialist in Linguistics," all of these
      professions being conventionally associated with archeology. There are
      preferably 200 clue or C cards with 20 such clue cards being associated
      with each profession. The profession with which the various clue cards are
      associated is printed on one side of the clue cards and is illustrated in
      FIGS. 11A through 11D with the clue indicia or information being printed
      on the other side of the clue cards, such as the type of information
      illustrated in FIGS. 10A to 10H, 11A through 11D, 12A through 12H, 13A
      through 13H, and 14A through 14H. As previously described, clue cards
      include information about things which can be found on the fragment cards
      and thus, can be utilized to give the meaning of symbols, found on the
      fragment cards, such as illustrated in FIGS. 10A through 10H; clues about
      forgeries, imports and potters' designs, such as illustrated in FIGS. 12A
      through 12H; they may give evidence relating to the language of the
      ancient buried civilization, termed the "Great Civilization" such as
      illustrated in FIGS. 13A through 13H, and may also contain other evidence
      of the meaning of symbols which may be useful in locating evidence of the
      ancient buried civilization, or in locating the genuine language of the
      ancient buried civilization, or in decrypting or deciphering this
      language, such as illustrated in FIGS. 14A through 14H. Preferably, if the
      meaning of a symbol is uncertain, question mark indicia are provided
      therewith. As will be described in greater detail hereinafter, clue cards
      not only can be utilized in playing the game to give evidence that the
      player has located the ancient buried civilization, but may also be
      utilized to attack evidence in an opponent's hand which is to show that a
      fragment card does not mean what the opponent says it means, or that a
      particular fragment card does not belong to the ancient buried
      civilization. In addition, as shown and preferred in FIGS. 13E through
      13H, the game also includes picture evidence which when a player has both
      the clue card and the matching fragment card may be utilized to provide
      evidence that fragment cards from the stratum associated with the color
      code of the matching clue card belong to the ancient buried civilization.
      Thus, each clue card, such as illustrated in FIGS. 11A through 11D,
      preferably contains one or more color codes thereon having the associated
      colors of the various strata, with clues about fragment cards from a
      stratum being given on the clue cards having the color code or codes of
      that stratum. A matching picture evidence described above, as with other
      clue cards, can also be utilized against other fragment cards to show that
      fragments from a given stratum do not belong to the ancient buried
      civilization.
PAR  In playing the preferred archeological game, clue cards can be utilized as
      evidence only if they are in a player s hand with the use of a clue card
      as evidence counting as one lead and with the clue card only being able to
      count as evidence of one thing. For example, a clue card used as evidence
      of meaning cannot count as evidence of which fragments belong to the
      ancient buried civilization nor can a clue card used as evidence for some
      fragment also may be used as evidence against others. Furthermore, a
      picture clue card preferably only counts as one lead if the player has
      both the picture clue card and the matching picture fragment card in his
      hand. Lastly, a player cannot use a clue card as evidence against fragment
      cards in another player's hand if the clue card gives evidence against his
      own hand as well.
PAR  Preferably, in playing the preferred archeological game, there are three
      steps to winning the game, the first step being finding fragment cards of
      the language of the ancient buried civilization, the next step being
      discovering what these fragment cards mean, and, thereafter, collecting
      evidence, using clue cards, showing that the fragments which a player has
      in his hand belong to the ancient buried civilization and mean what the
      player says they mean. Thus, summarizing the above, by interrelating or
      cooperatively associating the clue cards obtained by the player with the
      fragment cards in his hand, the player initially determines the language
      of the ancient buried civilization from the four possible languages. The
      player thereafter subsequently decrypts a predetermined quantity of these
      fragment cards in this initially determined language to decipher or
      translate the language symbols thereon in the initially detemined
      language. The ancient buried civilization is then "found" by the player,
      who then wins the game, when the predetermined quantity of fragment cards
      is translated and identified by the clue cards as genuinely belonging to
      the ancient buried civilization. This language which is initially
      determined as belonging to the ancient buried civilization may be randomly
      varied from game to game dependent on the random arrangement and selection
      of the clue and fragment cards previously described.
PAR  In playing the game the map board 20 is set up with the pockets extended
      via the pocket inserts 66. The four packs of fragment cards, one pack per
      stratum, are separated and shuffled to provide four randomly arranged
      stacks, one for each stratum. Each pack is preferably divided in half with
      one half of the pack, indicia side facing down, being placed into each of
      the two associated pockets or dig sites for each stratum. The clue cards
      are preferably separated by profession with, therefore, ten packs of
      twenty cards each being provided as shown in FIG. 1. Each of these packs
      is shuffled to randomly arrange the clue cards in a stack with the packs
      or stacks of clue cards, profession side up, being placed on a surface
      next to the game board 20. As shown and preferred in FIG. 1, the clue card
      area is called the "Academy" and during the progress of the game, fragment
      cards may be sold to the "Academy" for the amount indicated on the face of
      the fragment cards, with fragment cards without value being discarded.
      During the playing of the game, sold fragment cards cannot be repurchased.
      However, clue cards, which may also be sold to the "Academy" for a fixed
      price, such as $50 each, may be repurchased by any player during his turn
      as will be described in greater detail hereinafter. Clue cards which are
      sold to the "Academy" are preferably spread out clue side up, as
      illustrated in FIG. 1, on the surface next to the game board 20. Those
      clue cards which have not yet been bought by any player and which are
      connected in the previously mentioned ten stacks may not be turned over
      before being initially purchased by a player. The dealer distributes two
      $50 and two $100  money coupons to each player at the start of the game as
      well as distributing four fragment cards from any, or several, of the
      recessed pockets selected at random, the player choosing the pockets he
      wants his four fragments taken from for distribution by the dealer. As was
      previously mentioned, each fragment card pack may also contain blank cards
      and at the start of the game, the player having the least blanks in the
      initially distributed four fragments cards begins the game with the turns
      thereafter preceeding clockwise. In the event two players tie at the start
      of the game, the one with the more valueable monetary hand goes first.
      When it is his turn, a player can make one or more digs at one, or
      several, of the eight locations or sites 42 through 56 on the maplike area
      22, with the player paying $100 for a dig. The player making the dig draws
      a fragment card from one of the recessed pockets 42 through 56 at the
      location of the dig and deposits the $100 in the bank, which bank is
      illustrated in FIG. 1. As was previously mentioned, the player may also
      buy clue cards during his turn with an unexposed clue card in one of the
      ten profession stacks costing $150 and an exposed clue card, that is one
      placed clue side up, and which has been previously sold to the "Academy",
      costing $300. Instead of digging or buying clue cards a player may elect
      to sell fragment cards or clue cards, the sale of clue cards having been
      discussed above. Furthermore, during his turn a player may dig and buy
      clue cards or sell what he does not want, although a player may not dig
      and sell or buy and sell in one turn. When a player believes he has
      gathered enough fragment and clue cards to assert that he has found the
      ancient buried civilization, the player lays out his hand for the other
      players to see. Preferably, this hand must show at least four fragments
      from the same stratum or two fragments that are mateable at the borders,
      such as illustrated in FIG. 6, which mated cards form a portion of the
      decipherement message. The player then must define the meaning of the
      symbols on the fragment cards utilizing the information provided on his
      clue cards. He then must show evidence on the clue cards that one or more
      of these fragment cards belongs to the ancient buried civilization or
      "Great Civilization." The player who makes this move termed a breakthrough
      move, wins the game unless another player makes a counter move which is
      the same as the breakthrough move except that the player who makes the
      counter move must show fragment cards from a different strat. In such an
      instance, the evidence in each player's hand is then scored with a clue
      card used as evidence counting as one lead and a player's score being the
      number of leads in his hand. Clue cards used as evidence against are not
      included in this score, the clue card with evidence against another
      player's hand being a lead against another player and this lead being
      subtracted from the other players' score. In such an instance, that is
      when a counter move is made, the player with the highest score wins the
      game; however in the event of a tie, the game continues until another
      breakthrough move is made. It should be noted that preferably the player
      who makes the breakthrough may not sell clue cards or fragment cards in
      the same turn.
PAR  By utilizing the above archeological game apparatus a realistic
      archeological game utilizing common archeological techniques for locating
      an ancient buried civilization can be played by a plurality of players.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An archeological game apparatus for a plurality of players to simulate
      the finding of an ancient buried civilization comprising a game board
      having a map delineated thereon representing an archeological location in
      which information associated with said ancient buried civilization is
      located, said maplike area being partitioned into a plurality of
      distinguishably coded contiguous subareas each representing a stratum of a
      different historical age; a plurality of indicia bearing fragment cards
      locatable at predetermined locations in each of said distinguishably coded
      subareas and arrangable at said locations in randomly arranged stacks for
      selection thereform; said plurality of fragment cards comprising a
      plurality of distinguishably coded decks, a portion of the cards in each
      respective deck having inscribed thereon symbols representing encrypted
      language indicia of a first type, said symbols collectively defining an
      ancient language uniquely associated with said respective deck, said
      language indicia of the first type thereby defining a unique encrypted
      language for each of said distinguishable decks; at least one decipherment
      for each of said encrypted languages assigning meaning to the symbols
      belonging thereto; a portion of the cards in each of the respective decks
      which bear said first type of indicia further having thereon a second type
      of confusing indicia comprising symbols resembling the encrypted language
      indicia of said first type borne by said cards but unrelated thereto and
      having no sensible meaning according to any decipherment associated
      therewith; stratum code indicia associated with each said deck and
      identical indicia associated with each said subarea for defining a one -to
      - one correspondence therebetween whereby each said subarea is uniquely
      associated with one and only one said deck; and a plurality of also
      bearing said stratum code indicia arrangable clue cards in at least one
      randomly provided stack for selection therefrom, said clue cards
      containing indicia for decrypting said encrypted language symbols
      contained on said fragment cards including indicia relating to the genuine
      meaning of said language symbols and evidence of the association between
      said language symbols and said ancient civilization, said clue cards
      having at least one code thereon corresponding to a particular stratum
      code, said clue cards being cooperatively associated only with those
      fragment cards having said same stratum code thereon, said clue cards and
      fragment cards being cooperatively associated in order to initially
      determine the language of said ancient civilization from said plurality of
      different languages and for subsequently decrypting a predetermined
      quantity of said fragment cards in said initially determined language to
      translate the language symbols thereon in said initially determined
      language, said ancient civilization being found when said predetermined
      quantity of fragment cards is translated and identified by said clue cards
      as genuinely belonging to said ancient civilization, said lanugage to be
      initially determined being randomly variable from game to game dependent
      on the random arrangement and selection of said clue and fragment cards.
NUM  2.
PAR  2. An archeological game apparatus in accordance with claim 1 further
      including simulated currency and wherein said clue cards each have a
      predetermined associated purchase value, each player being initially
      provided with a predetermined quantity of said currency for purchasing
      said clue cards at their respective purchase values on a given turn, said
      clue cards also being redeemable at said associated purchase value to
      increase a player's purchasing power on a given turn.
NUM  3.
PAR  3. An archeological game apparatus in accordance with claim 1 wherein said
      strata are color coded, with a different color being used for each
      stratum.
NUM  4.
PAR  4. An archeological game apparatus in accordance with claim 1 wherein said
      plurality of different languages comprises four.
NUM  5.
PAR  5. An archeological game apparatus in accordance with claim 1 wherein a
      portion of said fragment cards includes forged symbols thereon and said
      plurality of clue cards includes a portion thereof having indicia thereon
      definitive of said forged symbols for indicating that said forged symbols
      are not genuine.
NUM  6.
PAR  6. An archeological game apparatus in accordance with claim 1 wherein a
      portion of said fragment cards includes imported symbols from a region
      outside said maplike area, said imported symbols being not genuine with
      respect to said ancient civilization, and said plurality of clue cards
      include a portion thereof having indicia thereon definitive of said
      imported symbols for indicating that said imported symbols are not
      genuine.
NUM  7.
PAR  7. An archeological game in accordance with claim 1 wherein at least a
      portion of said fragment cards belonging to at least one of said decks
      each bear additional indicia of a third type enabling a plurality of the
      cards of said portion to be sequentially associated by correlation of said
      third type of indicia borne thereby to form a message in a particular one
      of said languages when said cards of said portion are mated together in
      adjacent sequence via said additional indicia.
NUM  8.
PAR  8. An archeological game in accordance with claim 1 wherein said game board
      comprises pockets at each of said predetermined locations for holding said
      fragment card random stacks.
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ABST
PAL  A golf game having adjustable boundaries and obstacles and having an
      adjustable end member or green provided with a ballreceiving cup. The ball
      is moved on the course by kicking.
BSUM
PAR  This invention relates to a golf game having adjustable boundaries and
      obstacles and an adjustable end member or green provided with a cup and
      wherein the ball is moved on the course by kicking.
PAR  The game of golf is usually played outdoors with a set of matching clubs,
      either on a private or a public golf course. With the present invention,
      play can be either indoors or outdoors, and clubs are not required since
      the player uses his foot to propel the ball along the course.
PAR  Instead of employing fixed boundaries as in ordinary golf, with the present
      invention the boundaries for the game are readily adjustable in order to
      provide variety of play. The present invention also includes obstacles
      which can be moved to different locations.
DRWD
PAR  Further objects and advantages of the present invention will become
      apparent from the following description and claims, and from the
      accompanying drawings, wherein:
PAR  FIG. 1 is a plan view of a course according to the present invention;
PAR  FIG. 2 is an enlarged elevational view taken substantially on line 2--2 of
      FIG. 1;
PAR  FIG. 3 is an enlarged sectional view taken substantially on line 3--3 of
      FIG. 1; and
PAR  FIG. 4 is an enlarged sectional view taken substantially on line 4--4 of
      FIG. 1.
DETD
PAR  Referring to FIG. 1, a portable variable miniature golf course is shown
      having a series of boundary members 2,2'. These may be moved toward one
      another to make the course narrower and thus more difficult to play.
      Should the ball be kicked off the course beyond the boundary members,
      either under or over the same, one stroke is added to the player's score
      to return the ball on course at its point of exit. Details of boundary
      members 2,2' are shown in FIG. 2, wherein short poles 12,12' are mounted
      on movable bases 14,14' the support an elevated net 16 so that a ball can
      pass thereunder. Other boundary members may be used within the scope of
      the present invention, such as short sections of wire fencing about three
      to six inches in height, if desired.
PAR  End member or green 4 has an opening 6 to receive the golf ball. Hazards 8,
      10 may be placed wherever desired on the course, of penalty of one stroke
      being added to the player's score if the ball comes to rest on the hazard.
PAR  Referring to FIG. 3, obstacle 8 comprises a mat, preferably blue in color
      to represent water, having projections 24 thereon to trap a ball. The
      projections may comprise upwardly directed pyramid-shaped protrusions. The
      mat may also be smooth, as a modification, provided with a slight
      depression to retain the ball. Obstacle 10 may be similar to obstacle 8,
      but colored brown to represent a sand trap.
PAR  Referring to FIG. 4, end member or green 4 is a portable mat of irregular
      shape having a plurality of projections 20 which may be of unequal height.
      The projections may comprise upstanding fibers, as shown. Artificial grass
      mats are suitable for this purpose. The top surface of the mat preferably
      has a curving configuration.
PAR  Returning to FIG. 1, the positions of members 2,2' determine the width of
      fairway 26 and these members may be positioned so as to make the fairway
      as tortuous as desired. From kick-off line 28 until the ball is kicked
      into opening 6, each kick counts as one stroke. Strokes are added when the
      ball is kicked off the course or stops on a hazard; the ball can then be
      placed back on the fairway.
PAR  While a specific embodiment of an improved portable golf game has been
      disclosed in the foregoing description, it will be understood that various
      modifications within the spirit of the invention may occur to those
      skilled in the art. Therefore, it is intended that no limitations be
      placed on the invention except as defined by the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for playing a game of golf wherein the golf ball is moved over
      a playing surface by kicking same comprising a golf ball, a plurality of
      portable boundary forming members adapted to be positioned on a playing
      surface to define the boundaries of a golf course fairway, each of said
      boundary forming members including an elongated lightweight panel having a
      predetermined length and height for forming an elevated elongated barrier
      to said ball, a base member adapted to rest on a playing surface, means
      for supporting said panel on said base member in an elevated position
      thereon so that when said base member is resting on a playing surface,
      said elongated panel member extends generally perpendicular to said
      playing surface and a lower elongated edge of said panel member is
      positioned at a generally uniform distance from said playing surface, said
      distance being such that said golf ball, when rolling on said surface, may
      pass under said panel at substantially any location along the length
      thereof for affecting the score of the player, and the height of said
      panel being such that said golf ball may be kicked from a playing surface
      over said panel by a player for also affecting the score of a player, and
      a portable mat simulating the appearance of a golf green and including an
      opening in the upper surface thereof for receiving said ball.
NUM  2.
PAR  2. The apparatus defined in claim 1, wherein said mat is of irregular shape
      and has an artificial grass surface.
NUM  3.
PAR  3. The apparatus defined in claim 1, including at least one artificial
      hazard for placement in a fairway, said hazard comprising a movable mat
      having means to retain said ball thereon.
NUM  4.
PAR  4. The apparatus defined in claim 3, wherein said means to retain said ball
      on the hazard mat is a recess in the upper surface thereof.
NUM  5.
PAR  5. The apparatus defined in claim 3, wherein said means to retain said ball
      comprises a plurality of pyramid-shaped projections on the upper surface
      of said hazard mat.
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ABST
PAL  A golfing aid for improving a golfer's swing plane and putting stroke
      includes a base member with an elongated rod connected to the base member
      by a pivotal support arm wherein the elongated rod is movable between a
      first position wherein it inclines upwardly and outwardly away from the
      golfer in a forward direction and a second position wherein it lies
      parallel to the ground in closely spaced relationship therewith. In the
      first position, the elongated rod visually suggests an inside-out path of
      movement for the club head and physically prevents an outside-in path so
      that the golfer is assisted in establishing the proper swing plane. In the
      second position the elongated rod can be pointed toward a cup on a
      practice putting green to assist in developing a putting stroke wherein
      the putter is maintained in close relationship to the ground throughout
      the entire stroke as is desirable for consistent putting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to golfing aids and more
      particularly to a golfing aid which assists in developing a desired
      inside-out golf swing for tee-to-green shots and for developing a putting
      stroke wherein the putter blade remains in close relationship to the
      putting surface and in perpendicular relationship to the intended line of
      putt throughout the putting stroke.
PAR  It is believed by most golf authorities that a proper golf swing effects an
      inside-out path of movement of the club head prior to impact with the ball
      for hitting shots between the tee and the green. An inside-out path of
      movement being defined as a path which is directed outwardly away from the
      golfer in a forward direction. As is common, however, with a large
      percentage of golfers, the path of movement of the club head passes along
      an outside-in path prior to impact with the ball which causes the shot to
      be pulled to the left of the target (for a right-handed golfer) or to
      impart a spin to the ball which causes the ball to slice to the right of
      the target. In either instance it is difficult to consistently get the
      ball to the desired target.
PAR  In another facet of the golf game, namely putting, it is desirable to
      maintain the putter head in closely adjacent relationship with the putting
      surface and perpendicular to the intended line of putt throughout the
      entire stroke so that the head makes uniform solid contact with the ball
      resulting in more consistent results.
PAR  While the inside-out club head movement is desirable for tee-to-green shots
      and the maintenance of the putter head in close relationship to the ground
      and perpendicular to the intended line of putt for putting, to applicant's
      knowledge, there have been no devices developed which adequately assist a
      golfer is obtaining these objectives and particularly one device which
      adequately assists the golfer in obtaining both objectives.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved golfing aid which assists a golfer in developing a golf swing
      wherein the club head follows an inside-out path of movement prior to
      impact with the ball.
PAR  It is another object of the present invention to provide an apparatus for
      assisting a golfer in developing a putting stroke wherein the putter blade
      remains in closely adjacent relationship with the putting surface and in
      perpendicular relationship with the intended line of putt throughout the
      entire stroke.
PAR  It is another object of the present invention to provide a new and improved
      golfing aid which assists a golfer in establishing a golf swing wherein
      the club head follows an inside-out path of movement prior to impact with
      the ball and also assists the golfer in establishing a putting stroke
      wherein the putter blade remains in closely adjacent relationship with the
      putting surface and in perpendicular relationship with the intended line
      of putt throughout the stroke.
PAR  It is still another object of the present invention to provide a golfing
      aid which helps establish a mental image for the golfer suggesting an
      inside-out swing path for the club head prior to impact with the ball and
      which physically prevents an outside-in path of movement of the club head
      prior to impact with the ball.
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  The golfing aid of the present invention is very simple in construction so
      as to be economical to manufacture and yet its utilitarian function is
      diversified such that it can not only be used to develop a proper golf
      swing for tee-to-green shots but can also be used for developing a proper
      putting stroke for most consistent putting.
PAR  The device includes a base adapted to be supported upon the ground and an
      elongated rod which is connected to the base by a pivotal support arm so
      that the rod can be selectively moved between a first position wherein it
      assists in developing a proper golf swing and a second position where it
      assists in developing a proper putting stroke. In the first position, the
      elongated rod is supported so that it is inclined upwardly and outwardly
      away from the golfer in a forward direction so as to suggest an inside-out
      path of movement for the club head prior to impact with the ball and so as
      to physically contact the golf club if the club head is moved along an
      outside-in path of movement prior to impact with the ball. In the second
      position, the elongated rod is retained in closely adjacent spaced
      parallel relationship with the putting surface so that the putter blade
      can be moved beneath the rod in perpendicular relationship with the
      intended line of putt but cannot be elevated away from the putting surface
      without engaging the rod.
PAR  It will be appreciated that in the first position of the elongated rod, the
      golfer is assisted in developing a desired inside-out path of movement for
      the club head prior to impact with the ball and in the second position the
      golfer is assisted in developing a putting stroke wherein the putter blade
      remains in closely spaced relationship with the putting surface in
      perpendicular relationship with the intended line of putt throughout the
      entire stroke.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the golfing aid of the present invention
      when in use by a golfer.
PAR  FIG. 2 is an enlarged perspective view of the golfing aid of FIG. 1 as
      viewed from the opposite side.
PAR  FIG. 3 is a further enlarged side elevation of the golfing aid of FIG. 1.
PAR  FIG. 4 is a top plan view of the golfing aid of FIG. 1.
PAR  FIG. 5 is a vertical section taken along line 5--5 of FIG. 3.
PAR  FIG. 6 is an enlarged section taken along line 6--6 of FIG. 5.
PAR  FIG. 7 is a section taken along line 7--7 of FIG. 5.
PAR  FIG. 8 is a side elevation of the golfing aid of FIG. 1 with the elongated
      rod of the device in position to assist in putting.
PAR  FIG. 9 is a top plan view of the golfing aid as it is shown in FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, the golfing aid device 10 of the present
      invention is shown being used by a golfer to assist the golfer in
      imparting movement to the club head 12 along an inside-out path prior to
      contact with the ball as indicated by the arrow. As will be appreciated,
      the golfing aid includes a base member 14, an elongated rod 16, and a
      support arm 18 connecting the rod 16 to the base 14.
PAR  The base member 14 of the golfing aid is seen to have a flat generally
      rectangular portion 20 and an enlarged protrusion 22 on the base which
      serves as the connection location for the support arm 18 so that the
      support arm can be moved between selected locations as desired. The flat
      portion 20 of the base has a straight side edge 24 having indicia in the
      form of an arrow 26 extending therealong which is adapted to be pointed
      toward the target of the golfer. Along the rear edge 28 of the flat
      portion of the base, a second arrow 30 points toward the side edge 24 and
      lies in perpendicular relationship to the side edge 24 to assist the
      golfer in placement of a golf ball and to help visually align the club
      head so that its perpendicular to the intended line of flight toward the
      target. The protrusion 22 on the base is substantially dome shaped and has
      a flat generally circular surface 32 on the back face thereof. The flat
      face 32 on the base forms approximately a 14.degree. forwardly convergent
      angle with the side edge 24 of the base for a reason to be explained
      later.
PAR  The golfing aid 10 is preferably made of a molded plastic material and for
      this reason the base 14 is hollow and opens downwardly. As a necessity of
      the molding process for assistance in getting the base out of the mold,
      the flat circular face 32 of the protrusion 22 is inclined slightly
      relative to vertical as can be appreciated in FIG. 5. The particular
      configuration of the base establishes a very stable supporting surface so
      that the device is not easily disrupted from its normal position.
PAR  The support arm 18, in the preferred form, is a hollow member having a
      first leg portion 36 extending generally perpendicularly away from a line
      lying perpendicular to the side edge 24 of the base and passing through
      the connection of the base to the support arm and a second leg portion 38
      extending perpendicularly to the first leg portion in a direction so as to
      protrude beyond the side edge 24 of the base. Adjacent the lower end of
      the first leg portion 36 of the supporting arm, a flattened area 40 on the
      arm slideably abuts the circular flat face 32 on the protrusion 22 and a
      fastener 42 in the form of a bolt, rivot or the like interconnects the arm
      18 with the base so that the arm is rotatable about an axis lying
      perpendicular to the abutting faces 32 and 40 of the protrusion and
      support arm respectively. The support arm has a forwardly protruding rib
      44, FIGS. 5 and 7, adjacent the upper surface of the protrusion 22 and
      this rib is adapted to be positioned between a pair of raised ribs 46 on
      the upper surface of the protrusion to retain the support arm in a first
      generally vertical position (FIGS. 1 through 5). An abutment rib 48 on the
      rear side of the protrusion 22 is adapted to abut and support the rib 44
      on the support arm when the support arm is positioned in a second position
      wherein it lies in a substantially horizontal plane (FIGS. 8 and 9) to
      retain the arm in this position. As will become more clear later, the two
      positions of the support arm correlate with angular orientations of the
      elongated rod 16 which assist the golfer in one position in establishing
      the proper path of movement of the club head for tee-to-green shots and in
      the second position in establishing a proper putting stroke.
PAR  The hollow support arm 18 opens at 48, FIG. 5, through its upper distal end
      and is provided with two pair of diametrically opposed slots 50a and 50b,
      FIG. 6, adapted to selectively and releasably receive a pair of
      diametrically opposed protruding ribs 52 on a cylindrical connection shaft
      portion 54 of the elongated rod 16. The cylindrical connection shaft
      portion of the elongated rod 16 extends away from the rod at approximately
      a 76.degree. angle and from a location which is spaced approximately
      two-fifths of the length of the rod from the trailing end thereof. The
      ribs 52 on the connection shaft 54 are inserted into one pair of slots 50a
      when the support arm is in its vertical position of FIGS. 2 through 5 so
      that the elongated rod 16 inclines upwardly and outwardly in a forward
      direction away from the golfer who is standing adjacent the side of the
      device as in FIG. 1 with the rod forming approximately a 14.degree. angle
      with the horizontal and with the side edge 24 of the base. However, when
      the support arm 18 is pivoted to its generally horizontal position,
      illustrated in phantom lines in FIG. 2 and in solid lines in FIGS. 8 and
      9, the ribs on the connection shaft are positioned in the second pair of
      slots 50b whereby the elongated rod 16 assumes a position in which it is
      parallel to the flat portion 20 and the side edge 24 of the base.
PAR  Accordingly, it will be appreciated that the elongated rod 16 can be easily
      moved from the first position of FIGS. 1 through 4 wherein the rod
      inclines upwardly and outwardly in a forward direction away from the
      golfer to the second position of FIGS. 8 and 9 wherein it lies parallel to
      the ground and to the front edge 24 of the base member.
PAR  In the position illustrated in FIGS. 1 through 5, and as best appreciated
      from FIGS. 2 through 4, the elongated rod 16 serves to mentally encourage
      the golfer to swing the golf club so that the club head 12 follows an
      inside-out path of movement at least until contact with the ball B, as
      illustrated by the arrow in FIG. 1, which is desirable for properly
      hitting the golf ball. Further, it has been found that proper weight
      distribution throughout the swing is more easily obtained by swinging
      along the path encouraged by the elongated rod. In other words, with the
      ball positioned at a location forwardly of the trailing end of the
      elongated rod as illustrated and at a position substantially beneath the
      rod 16, the golfer mentally perceives that the club head must follow an
      inside-out path of movement in order to make contact with the ball. If the
      club head follows an outside-in path of movement prior to contact with the
      ball the club head will contact the trailing end of the rod 16 and be
      deflected by the rod so that the club head will not engage the ball at
      all. Therefore, the device not only mentally suggests the proper path of
      movement for the club head but actually physically prevents the club head
      from contacting the ball if the club head follows an outside-in path of
      movement prior to reaching the ball.
PAR  Due to the 14.degree. angular relationship of the back face 32 of the
      protrusion 22 relative to the side edge 24 of the base member, as the
      support arm 18 is rotated to its second position about its pivotal
      connection to the base, the second leg portion 38 of the support arm is
      moved into a generally horizontal position wherein it forms approximately
      a 76.degree. angle with the side edge 24 of the base. Since the elongated
      rod 16 forms substantially a 76.degree. angle with the second leg portion
      38 of the support arm, in the second position it extends in a direction
      which is parallel to the side edge 24 of the base and at an elevation
      which is substantially level with the pivotal connection of the support
      arm 18 to the protrusion 22. Preferably, this is in a two to three inch
      range above the supporting surface so that a putter head can be moved
      beneath the rod and be physically prevented from being elevated to any
      substantial degree from the supporting surface during the putting stroke.
      Also, with the golf ball B positioned beneath the rod 16 along with the
      putter head the golfer can visually observe and maintain a perpendicular
      relationship between the face of the putter head and the intended line of
      putt, which extends in the direction in which the rod 16 is pointing,
      during the entire putting stroke.
PAR  It will be appreciated from the foregoing description that the golfing aid
      of the present invention is simple in design, can be easily and
      economically manufactured, and provides a two-fold function in assisting a
      golfer in developing an inside-out path of movement for the club head
      prior to impact with the ball for tee-to-green shots in developing a
      putting stroke wherein the putter head and remains in closely adjacent
      relationship with the putting surface and in perpendicular relationship
      with the intended line of putt throughout the entire stroke. It should be
      appreciated that in the preferred form, the elongated rod 16 is releasably
      secured in the distal end of the supporting arm 18 in any conventional
      manner so that when the elongated rod is contacted by a golf club which is
      traveling along an outside-in swing path, the rod will release from the
      support arm and be thrown forwardly so that the golfer will not be hurt
      and his club will not be damaged.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A golfing aid adapted to assist a golfer in hitting a golf ball toward a
      preselected target with a golf club comprising in combination:
PA1  a base,
PA1  a substantially straight elongated rod pointing along the intended line
      upon which said club is to be swung,
PA1  support means interconnecting the base and the rod to retain the rod in an
      elevated position relative to the ground, and
PA1  means permitting said rod to be selectively moved relative to said support
      means between a first use position wherein said rod is inclined upwardly
      and outwardly in a forward direction so as to point slightly outside a
      line extending from the aid to the golfer's target and a second use
      position wherein said rod extends parallel to the ground in closely spaced
      relationship with the ground.
NUM  2.
PAR  2. The golfing aid of claim 1 wherein said rod in said first use position
      forms approximately a 14.degree. angle with the line extending from the
      aid to the target of the golfer.
NUM  3.
PAR  3. The golfing aid of claim 2 wherein said rod in said first use position
      forms approximately a 14.degree. angle with horizontal.
NUM  4.
PAR  4. The golfing aid of claim 1 wherein said base has a relatively straight
      edge thereon adapted to be pointed toward the golfer's target and wherein
      said support means is an arm which is pivotally connected to said base so
      as to be pivotal about a generally horizontal axis.
NUM  5.
PAR  5. The golfing aid of claim 4 wherein said generally horizontal axis forms
      an angle of approximately 76.degree. with said straight edge of the base.
NUM  6.
PAR  6. The golfing aid of claim 4 further including positioning means on said
      base and support arm to selectively retain the relative positions of the
      base and support arm.
NUM  7.
PAR  7. The golfing aid of claim 1 wherein said support means is an arm of
      generally L-shaped configuration with two leg portions, one of said leg
      portions protruding in a selected direction away from its connection to
      the base and the other leg portion extending substantially perpendicularly
      to the one leg portion so as to protrude beyond a side edge of the base,
      said rod being connected to said other leg portion at a position beyond
      said side edge of the base.
NUM  8.
PAR  8. The golfing aid of claim 7 wherein said support arm is pivotally
      connected to the base.
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ABST
PAL  A gastight seal for fast rotating axes, spindles or other rotors having the
      form of a body of revolution, of the molecular type, in which helical
      grooves in the stationary seal part are surrounding the rotor without
      making contact. Special measures are taken to facilitate the casting of
      the stationary seal part.
BSUM
PAR  The invention relates to a gastight passage for a rapidly rotating solid of
      revolution incorporated in a housing, which passage is embodied in a wall
      of this housing, the stationary part of this passage having at least one
      helical and/or spiral rib which, along with the adjacent wall of the
      housing or the surface of the solid of revolution, forms the boundary of
      at least one continuous thread of the screw or spiral as the case may be.
PAR  According to the invention the measure is taken of fixing the rib to a
      passage support which is executed in the form of a casting.
PAR  In this way the advantage is obtained that a manufacturing process is
      possible which lends itself well for large-series production of the
      passage. Moreover, it may often be essenntial to execute the spiral in
      such a way that the depth of its thread and/or pitch is variable. This
      means that in most cases a casting process will be used for its
      production. Another reason for this is that the solid of revolution need
      not be cylindrical by may have any desired outer contour.
PAR  It has been found in practice that the casting, owing to contraction,
      adheres so firmly to the core that its removal is well-nigh impossible. In
      order to remedy this drawback the rib is fixed, according to the
      invention, by means of a contraction joint.
PAR  It is expedient for this purpose to form the rib itself also as a casting.
PAR  According to a special embodiment an inlet and an outlet channel
      respectively are provided in the solid of revolution that issues into the
      spiral passage.
PAR  This embodiment provides the possibility of supplying gas to the interior
      of the solid of revolution or of removing gas from it. In many cases this
      solid of revolution will be a spindle. The gases can in that case be
      further conveyed through this spindle, for instance outwards, or to
      another part of the installation.
PAR  The production of the gastight passage is effected as follows:
PAR  The passage support is executed as a self-releasing casting, after which
      the part of it that is intended for the reception of the rib is turned to
      size to the form of a hollow cylinder by means of a chip-removing
      operation. The rib is formed on an outer side of a second casting which is
      likewise self-releasing. The outer side of the latter is now machined to
      size by a chip-removing operation, to be subsequently fixed by contraction
      into the said hollow cylinder, after which the part of the second casting
      which protrudes into the rib is removed by a chip-removing operation.
PAR  As the rib is now positioned on the outer side of the second casting, the
      spiral is at once releasable and can easily be removed from the casting
      mould.
DRWD
PAR  Some embodiments of the invention are further elucidated by reference to
      the figures described below, in which the following views are given:
PAR  FIG. 1 - a vertical cross-section of a gastight passage, the hitherto usual
      construction is illustrated in the top half, whilst the bottom half
      represents according to the invention;
PAR  FIG. 2 - a vertical cross-section of the second casting before it has been
      placed in the passage support;
PAR  FIG. 3 - a vertical cross-section of a passage support;
PAR  FIG. 4 - a variant upon the FIG. 1 embodiment.
DETD
PAR  In FIG. 1 a space 2 is provided inside a housing 1, from which gases have
      to be pumped away to space 3. This is effected in that a passage support 4
      is provided which has a spiral screw-thread 5. Inside this screw-thread a
      spindle 6 is provided whose end 7 is pivoted in part 8 which is securely
      fixed to wall 9 of housing 1.
PAR  The working of this installation is as follows:
PAR  After the spaces 2 and 3 have been brought to a sufficiently low pre-vacuum
      and spindle 6 has begun to rotate, the gases are propelled out of space 2
      through the spiral passage 5, provided care is taken that the direction of
      rotation of spindle 6 is such that the entrained current of gas is moved
      by spindle 5 from space 2 to space 3. The gas currrent in spiral 5 is
      known as a Knudsen-type current. In a current of this kind, molecules are
      continually brought into such contact with the moving outer jacket of
      spindle 6 that they receive a forward impulse in the direction of the
      spiral passage. The drawing shows at 10 that it is possible to provide
      spindle 6 with a radial outlet channel communicating with a central outlet
      channel 11, which may, for instance, likewise issue into space 3. In the
      bottom part of FIG. 2 the construction is shown which is recommended
      according to the present invention. In this construction the passage
      support 12 is first drilled cylindrically so that a smooth inner wall 13
      is formed (see also FIG. 3). After this a second casting is made as
      illustrated in FIG. 2. After the latter has been machined to a precise
      cylindrical finish on its outer side 14, this second casting is introduced
      by contraction into the interior of the passage support 12, whereupon a
      firm connection is etablished in that 12 is heated while the casting 15
      may possibly be cooled. After the contraction joint has been established,
      the portion of part 15 which lies within the diameter 16 is turned away
      entirely, so that only spiral 17 (see FIG. 1) remains.
PAR  FIG. 4 illustrates a somewhat modified embodiment in which a spiral thread
      18 is formed in the passage support 12, this sprial thread being so
      dimensioned that it is suitable for containing a solid of revolution 19
      having an outer contour 20 which is curved. In this embodiment the spiral
      thread at the beginning 21 is much deeper and broader than it is near the
      end 22. In this way the pumping action of this spiral is greatly
      intensified.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus having a gastight spiral passage between a rapidly
      rotating solid of revolution having a curved contour and the inner wall of
      a stationary housing which surrounds said solid of revolution the
      improvement which comprises a casting in the form of a tubular support
      element surrounding said solid of revolution within said housing and
      sealed to said inner wall of said housing, and at least one continuous
      casting in the form of a spiral rib having a variable pitch, said spiral
      rib being shrunk fit within said tubular support element to thereby
      tightly engage the inner wall of said tubular support element so that said
      spiral passage is bounded by the sides of said sprial rib, the exposed
      portions of the inner wall of said tubular support and the adjacent
      surface of said solid of revolution.
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ABST
PAL  In a turbomachine of the type having several sections wherein each section
      includes a separate hood or casing having a rotor portion therein
      supported by bearings at each end of the stage or hood, there is provided
      a stationary to stationary annular seal between adjacent hood ends. The
      seal comprises an annular wrapper spaced radially outwardly from the
      turbomachine rotor and a first annular sealing element extending radially
      inwardly and terminating at a free end at the annular wrapper outer
      surface in a sliding interference fit. The annular wrapper is attached to
      one adjacent hood end whereas the first sealing element is attached to the
      other adjacent hood end and the seal construction accommodates
      differential thermal movement of the turbomachine stage hoods.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates, in general, to turbomachinery; and, in particular,
      this invention relates to a stationary to stationary seal between adjacent
      turbomachine sections.
PAR  A large turbomachine may comprise several axially aligned sections
      including a dynamoelectric machine or generator all connected in tandem by
      a common rotor shaft. Each section includes a rotor portion which is
      supported by a pair of bearings, one at each end of each stage. The rotor
      portions are coupled to adjacent rotor portions to form the single common
      rotor. Each bearing is supplied with high pressure oil for lubrication and
      cooling after which the oil is drained from the turbomachine section. In
      order to prevent oil from leaking out of the turbomachine stage and also
      to prevent air and dirt from entering the oil supply, it is customary to
      provide shaft seals for the rotor. A shaft seal is an annulus which
      extends radially inwardly from the hood or casing and terminates in a
      clearance fit closely adjacent the rotor. The free end of the annulus is
      provided with packing teeth and the clearance may be on the order of a few
      mils.
PAR  Occasionally a packing rub may occur whereby the rotor contacts the
      surrounding packing teeth or shaft seal. Such an occurrence may cause
      damage to the rotor and/or damage to the packing teeth and shaft seal. If
      the effectiveness of the shaft seal is diminished, oil may leak from the
      turbomachine. Another consequence of diminished seal effectiveness is the
      ingress of air and dirt into the turbomachine oil supply. If air enters
      the oil supply frothing may occur. If dirt or lint enters the oil supply a
      bearing may be damaged, and/or valve clogging and oil passage clogging may
      result.
PAR  Another factor in the design of shaft seals is the relative movement of
      turbomachine casings or hoods due to thermal differences.
PAR  It is therefore one object of the present invention to provide a
      turbomachine seal which is not subject to rotor contact or packing rub.
PAR  It is another object of the present invention to provide a turbomachine
      seal which may accommodate relative thermal movement of adjacent
      turbomachine sections.
PAR  A further object of the present invention is to provide an improved
      turbomachine seal which may be easily assembled between adjacent
      turbomachine sections.
PAR  Still another object of the present invention is to provide an improved
      turbomachine oil seal which is based on an interference fit between
      sealing elements rather than a clearance fit.
PAR  Another object of the present invention is to provide a stationary to
      stationary oil seal rather than a stationary to rotating oil seal
      hereinafter described.
PAR  The present invention relates to an oil seal positioned between adjacent
      turbomachine sections. An annular, axially extending wrapper is attached
      to one adjacent turbomachine section hood. The wrapper surrounds the
      turbomachine rotor but is spaced radially outwardly therefrom so as to
      obviate the occurrence of a shaft rub. An annular first sealing element is
      attached to another adjacent turbomachine section hood and extends
      radially inwardly towards the turbomachine rotor terminating at the
      wrapper outer surface in an interference fit. Moreover, appropriate oil
      deflectors are provided axially adjacent the ends of the wrapper with the
      wrapper included therebetween.
PAR  The novel features believed characteristic of the present invention are set
      forth in the appended claims. The invention itself, however, together with
      further objects and advantages thereof, may best be understood with
      reference to the following description, taken in connection with the
      appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially cutaway cross section elevation of a pair of adjacent
      turbomachine section ends with the present invention embodied therein.
PAR  FIG. 2 is an enlarged cross section view of a prior art oil seal
      arrangement.
PAR  FIG. 3 is an enlarged cross section view of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings and particularly referring to FIG. 1, a pair of
      adjacent turbomachine sections 11A and 11B each comprises a hood or casing
      13A and 13B respectively, having rotor portions 15A and 15B rotatable
      therein. At each end of a hood or section, there is a bearing 17A and 17B
      respectively, for supporting each rotor portion (only two adjacent end
      bearings being shown). Adjacent ends of the rotor portions are
      interconnected at a coupling 19. The present invention is directed to a
      sealing means 21 which is shown in greater detail in FIG. 3.
PAR  FIG. 2 is illustrative of the prior art. A rotor 15 is rotatably supported
      by bearings 17A and 17B, the coupling not shown. Each bearing is adjacent
      one end of a respective turbomachine section 11A and 11B including hood
      structures 13A and 13B. Each of the bearings is connected to a high
      pressure oil supply (not shown) which passes oil through the bearing and
      into the turbomachine hood or casing from which it drains back into a
      reservoir. Oil is prevented from leaking in the axial direction by means
      of annular shaft seals 23A and 23B. These shaft seals may be defined as
      stationary to rotating seals since the stationary seal is cooperatively
      associated with the rotating rotor shaft. Each of the shaft seals include
      packing teeth 25A and 25B at their respective free ends. The free ends of
      the packing teeth are within a few mils radial distance or clearance from
      the rotor surface. Hence the seal is a stationary to rotating clearance
      seal. If a packing rub occurs either the rotor and/or the annular seal may
      be damaged. If seal damage occurs, oil may leak from between adjacent
      casings or hoods. Moreover, air may leak into the turbomachine section
      hood causing frothing of the oil supply. A further consequence of seal
      damage may be dirt or lint contamination of the oil supply leading to
      valve and/or oil line clogging within the turbomachine and possible
      bearing damage.
PAR  Referring to FIG. 3, the foregoing prior art problems are obviated by the
      construction of a seal means 21 which is located radially outwardly from
      the rotor surface 29 thereby eliminating the possibility of a packing rub.
      The present embodiment may be defined as a stationary to stationary seal
      since the seal is between the two adjacent sections rather than between a
      turbomachine section and the rotating rotor. Furthermore, the seal is
      based on an interference fit rather than a clearance fit as will be shown
      in the following description.
PAR  The sealing means 21 comprises an annular wrapper 31 which is positioned
      radially inward between two adjacent turbomachine sections but is radially
      outward from the rotor surface 29. The annular wrapper may, for example,
      have any convenient axial dimension. The annular wrapper is attached to
      one turbomachine section hood including annular support means 51 by
      support means 32 which may be a pair of circumferentially spaced supports
      located on each side of the casing horizontal joint. A radially inwardly
      extending annular sealing element 33 is attached to the other adjacent
      turbomachine section hood and includes an annular free end 35 which
      terminates in packing teeth 37, the free ends, of which, contact the outer
      surface 39 of annular wrapper 31 to form a sliding interference fit. An
      alternative to packing teeth may be an "O" ring. The sliding interference
      fit between the annular wrapper and the sealing element accommodates
      thermal movement between adjacent turbomachine sections.
PAR  The sealing means 21 may also include a second annular sealing element 41
      which extends radially inwardly from the one turbomachine section end and
      terminates at the outer surface of the annular wrapper with packing teeth
      43. Again, an "O" ring may be substituted for packing teeth. The annular
      wrapper 31 and the first and second sealing means may be axially included
      between a pair of annular oil deflectors 45 which extend radially inwardly
      toward the rotor surface but which are spaced therefrom. Adjustment means
      49 are provided for aligning the annular wrapper and first sealing
      element.
PAR  The sealing means may be assembled between adjacent turbomachine section
      ends in the following manner. Support means 51 may be attached at one
      turbomachine section horizontal joint and have annular wrapper support
      means 32 attached thereto. Thereafter first annular sealing element 33 is
      attached to the other adjacent turbomachine horizontal joint and final
      alignment is made between the sealing means parts by means of adjustment
      means or leveling bolts 49.
PAR  While there is described what is considered, at present, to be the
      preferred embodiment of the invention, it is, of course, understood that
      various other modifications may be made therein.  For example, the present
      invention may be applied between a turbine casing and a dynamoelectric
      machine. It is intended to claim all such modifications as fall within the
      true spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a turbomachine having at least two separate sections each section
      including a rotor portion; sealing means disposed between adjacent section
      ends and spaced radially outward from said rotor portion comprising:
PA1  a. an annular, axially elongated wrapper extending radially inwardly from
      one adjacent section end; and,
PA1  b. a first sealing element attached at one end to the other adjacent
      section end, said sealing element extending radially inwardly toward said
      wrapper and having a free end terminating at the annular wrapper outer
      surface.
NUM  2.
PAR  2. The sealing means recited in claim 1 further comprising a second sealing
      element attached at one end to the one adjacent section end, said sealing
      element extending radially inwardly toward said wrapper and having a free
      end terminating at the annular wrapper outer surface.
NUM  3.
PAR  3. The sealing means recited in claim 2 wherein the first and second
      sealing elements are annular rings.
NUM  4.
PAR  4. The sealing means recited in claim 2 wherein the annular wrapper extends
      axially between the first and second sealing elements.
NUM  5.
PAR  5. The sealing means recited in claim 2 further comprising annular
      deflector means extending radially inwardly from each adjacent section end
      and each deflector means having a free end terminating adjacent the
      wrapper, said wrapper and the first and second sealing elements axially
      included therebetween.
NUM  6.
PAR  6. The sealing means recited in claim 2 wherein each sealing element
      terminates in a plurality of sealing teeth.
NUM  7.
PAR  7. The sealing means recited in claim 1 wherein there is an interference
      fit between the first sealing element and the wrapper.
NUM  8.
PAR  8. The sealing means recited in claim 1 further comprising radial
      adjustment means for said annular wrapper and first sealing element.
NUM  9.
PAR  9. An improved turbomachine of the type having at least two separate
      sections, each section including a rotor portion therein supported by a
      bearing element adjacent each section end, a sealing means disposed
      between adjacent section ends the improvement comprising:
PA1  a. an annular, axially elongated wrapper extending radially inwardly from
      one adjacent section end, said wrapper being spaced radially outwardly
      from said rotor portion;
PA1  b. a first sealing element attached at one end to the other adjacent
      section end, said sealing element extending radially inwardly toward said
      wrapper and having a free end terminating at the wrapper outer surface;
PA1  c. a second sealing element attached at one end to the one adjacent section
      end, said sealing element extending radially inwardly toward said wrapper
      and having a free end terminating at the annular wrapper outer surface;
      and,
PA1  d. annular deflector means extending radially inwardly from each adjacent
      section end and each deflector means having a free end terminating
      adjacent the wrapper, said wrapper and said first and second sealing
      elements axially included therebetween.
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ABST
PAL  A sealing ring for sealing between a stationary first member and a second
      member coaxially rotatable in relation to said first member and having a
      rotationally symmetric surface zone. The sealing ring is adapted for
      stationary attachment relative to said first member and elastically
      deformable at its portion located closest to said second member. The
      sealing ring further includes two annular surface portions provided in
      spaced relationship to each other along said portion, said surface
      portions during absence of external actuation sealingly abutting the
      rotationally symmetric surface zone on said second member and having
      between themselves an intermediate annular groove, into which open a
      plurality of channels. The channels supply a pressure medium to a space
      defined by said second member and the walls of said groove and build up in
      said space a pressure such that between each annular surface portion and
      the rotationally symmetric zone on the second member a narrow annular gap
      is formed, through which the pressure medium can leak out to the ambient.
      A plurality of partition walls extend from the bottom of the groove up to
      the level of the annular surface portions and transversely across the
      groove from one annular surface portion to the other, thereby dividing the
      annular intermediate groove into a corresponding number of groove sections
      separated from each other, at least one channel opening into each such
      groove section, so that upon co-action of the sealing ring with said
      second member each groove section constitutes a separate pressure chamber.
BSUM
PAR  This invention relates to sealing ring 9 kind.
PAR  With a sealing ring, such as is described in the Swedish Laid Open
      Specification No. 356,112, a good sealing effect can theoretically be
      achieved when the coaxially rotary second member, for example a shaft, is
      stationary as well as when it rotates at a high number of revolutions and
      at a high peripheral speed, for example about 15 m/s. The fact is that the
      sealing ring abuts the shaft when no pressure medium is supplied to the
      internal groove of the sealing ring, and upon pressure medium supply the
      two annular sealing surfaces of the sealing ring are lifted off the shaft
      and thereby form at each such sealing surface a narrow annular gap,
      through which the pressure medium leaks out to the ambient, at the same
      time as it prevents the entry of detrimental substances, for example solid
      impurities and water droplets. Such a sealing is said to be
      "frictionless", and it is insensitive to warping and unevenesses, for
      example scratches, of the coaxially rotary second member. It was found
      difficult, however, so to design the sealing ring that it is really lifted
      from the shaft about its entire circumference without an unreasonably high
      consumption of pressure medium. A typical sealing construction
      contemplates a sealing ring for sealing between a stationary first member
      and a second member coaxially rotatable in relation to said first member
      and having a rotationally symmetric surface zone. The sealing ring is
      adapted for stationary attachment relative to said first member and
      elastically deformable at its portion located closest to said second
      member. The sealing ring further includes two annular surface portions
      provided in spaced relationship to each other along said portion, said
      surface portions during absence of external actuation sealingly abutting
      the rotationally symmetric surface zone on said second member and having
      between themselves an intermediate annular groove, into which open a
      plurality of channels. The channels supply a pressure medium to a space
      defined by said second member and the walls of said groove and build up in
      said space a pressure such that between each annular surface portion and
      the rotationally symmetric zone on the second member a narrow annular gap
      is formed, through which the pressure medium can leak out to the ambient.
PAR  The problem of circumferential lift is solved, with the seal construction
      as described above, in accordance with the invention, by providing a
      plurality of partition walls extending from the bottom of the groove up to
      the level of the annular surface portions and transversely across the
      groove from one annular surface portion to the other, thereby dividing the
      annular intermediate groove into a corresponding number of groove sections
      separated from each other, at least one channel opening into each such
      groove section, so that upon co-action of the sealing ring with said
      second member each groove section constitutes a separate pressure chamber.
DRWD
PAR  The invention will be described in greater detail with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a partial longitudinal section through a part of a grinding
      machine and shows a preferred embodiment of the sealing ring built in.
PAR  FIG. 2 is a section through the sealing ring in FIG. 1, on an enlarged
      scale and taken along the line II--II in FIG. 3.
PAR  FIG. 3 is a section along the line III--III in FIG. 2.
PAR  FIGS. 4 and 5 show two alternative applications of the sealing ring and two
      alternative embodiments of said ring.
PAR  FIGS. 6, 7, 8, 9 and 10 show five additional alternative profiles for the
      sealing ring according to the invention.
DETD
PAR  FIG. 1 shows a shaft 1 with a grinding wheel 2 mounted thereon. The shaft 1
      is supported rotatably by means of bearings 3, of which one is shown, in a
      stationary housing 4, which carries a protective casing 23 extending over
      the grinding wheel 2. The bearing shown is a double row roller bearing
      comprising an inner ring 5 shrunk onto the shaft 1, an outer ring 6
      secured in the housing, and two rows of cylindric rollers 7. The shaft,
      however may, of course, also be supported in other rolling bearings or in
      hydrostatic bearings. The shaft bore of the inner ring 5 and also the
      corresponding zone on the shaft 1 are slightly conical, and the shaft is
      provided in said zone with an annular oil distribution groove 8 for
      dismounting the inner ring 5 by means of pressurized oil. A step sleeve 9
      is mounted on the shaft 1, which also is provided with a step, and with
      one end surface abutting one end surface of the inner ring 5 so as to fix
      the inner ring 5 in axial direction. The step sleeve 9 has on its inside
      an oil distribution groove 10 for mounting and dismounting by means of
      pressurized oil. The step sleeve 9 further has on its outside a
      rotationally symmetric surface zone 11, which in the embodiment shown is
      circular-cylindric. An axially two-part annular cover 12 is mounted on the
      housing 4. The axially inner part 13 of the cover 12 is secured to the
      housing 4 by a number of screws 14, one of which is shown, and has a
      collar 15 axially supporting the outer ring 6 of the bearing, and a
      radially inward directed flange 16, the inner periphery of which together
      with the step sleeve 9 forms a non-rubbing seal. The axially outer cover
      part 17 is secured to the inner part 13 by a number of screws (not shown)
      and has also with a radially inward directed flange 18, which together
      with the step sleeve 9 forms a second non-rubbing seal. In the cover 12,
      furthermore, an annular inner groove 19 is provided, which in the
      embodiment shown has a substantially square cross-section. The side walls
      of the groove 19 are formed by the flanges 16 and 18, and the groove
      bottom 20 is formed by a circular-cylindric surface portion of the inner
      cover part 13. Centrally in the groove bottom 20 an annular distribution
      channel 21a is provided. An inlet channel 22 for a pressure medium, such
      as clean pressurized air or pressurized oil, extends radially through the
      inner cover part and opens into said distribution channel 21a. A sealing
      ring 24 according to the invention, with its dimensions adapted to those
      of the groove, is mounted stationary in said annular cover groove 19. The
      dimensions of the sealing ring preferably comply with a valid standard,
      for example SMS 2290, but also other dimensions beyond the range for the
      standard are fully applicable.
PAR  In this embodiment, thus, the housing 4 and the cover 12 form a stationary
      first member, while the shaft 1 and step sleeve 9 form a second member,
      which is coaxially rotatable with a high number of revolutions relative to
      said first member.
PAR  The sealing ring 24 is elastically expandable in its portion located
      closest to the second member, i.e. in the present embodiment at its inner
      periphery, and it has, as appears most clearly from FIG. 2, two annular
      surface portions 25 and 26 in spaced relationship to each other along its
      inner periphery, which portions during the absence of external actuation
      -- i.e. when pressure medium is not fed continuously through the inlet
      channel in the cover 12 -- sealingly abut the rotationally symmetric
      surface zone 11 on the step sleeve 9 mounted on the shaft 1. Between the
      two annular surface portions 25 and 26 an intermediate annular groove 27
      is disposed, and into said groove open a plurality of channels 28, which
      pass pressure medium from the distribution channel 21, which is defined by
      the bottom 20 of the cover groove 19 and the sealing ring 24, into a
      space, which is defined by the step sleeve 9 and the walls of the sealing
      ring groove 27. A pressure is thereby built up in said space such that the
      inner diameter of the sealing ring 24 increases to such an extent, that
      between each of the annular surface portions 25 and 26 and the
      rotationally symmetric zone 11 on the step sleeve 9 a narrow annular gap
      29 is formed, through which the pressure medium can leak out to the
      ambient. The gap has normally a width of a few .mu.m up to a few hundred
      .mu.m, depending primarily on the surface finish of the zone 11 and the
      pressure medium used and the pressure applied.
PAR  A plurality of partition walls 30 extend, as appears from FIGS. 2 and 3,
      from the bottom of the sealing ring groove 27 radially inwards to the same
      level as the annular surface portions 25 and 26 and transversely across
      the groove 27 from one annular surface portion to the other. Said
      partition walls 30 divide the groove 27 into a corresponding number of
      separate groove sections, of which three -- 27a, b and c -- are shown in
      FIGS. 2 and 3. At least one of said channels 28 open into each of said
      groove sections Thereby when the sealing ring 24 is placed on the step
      sleeve 9, each groove section forms a separate pressure chamber.
PAR  In order to make each groove section or pressure chamber give the same
      effect as the other ones, they must be of equal size, i.e. the partition
      walls 30 must be equidistantly spaced along the length of the sealing ring
      groove 27. For operating in a perfect manner, however, the arrangement
      must be such that the ring 24 is centered relative to the step sleeve 9
      mounted on the rotary shaft 1. Each channel 28, therefore, should
      preferably include a built-in flow-restrictor 31, so that the pressure is
      substantially equal in all pressure chambers, whereby the sealing ring 24
      will be self-centering relative to the step sleeve 9. Said flow restrictor
      31 preferably is a channel portion having a reduced cross-sectional area,
      but also special throttle plates or other flow-restricting members may be
      mounted in the channels 28.
PAR  In order to reduce the consumption of pressure medium, the width of the
      annular gap 29 should be held as small as possible. When the inner
      peripheral portions of the sealing ring 24 are very weak, the gap width
      may in some cases vary along the pressure chamber. It is, therefore,
      suitable to arrange the channel 28 so as to open centrally into the
      pressure chamber. An additional improvement is obtained by shortening the
      extension of the pressure chamber in its longitudinal direction. The
      sealing ring 24, thus, should always include at least three, preferably
      four pressure chambers at small and relatively moderate diameters of the
      sealing ring groove 27. In cases of large outer diameters, however, it is
      preferred to case sealing rings with still more pressure chambers.
PAR  In order to prevent the partition walls 30 from deteriorating the
      flexibility of the sealing ring 24 in its elastically expandable portion,
      i.e., -- at the present embodiment in its inner circumferential portion,
      at least pointwise, the partition walls preferably should have a
      non-straight extension between the annular surface portions 25 and 26.
      Each partition wall 30 preferably should have a form resembling an open V,
      as shown in FIG. 2.
PAR  In the embodiment of the sealing ring 24 shown in FIGS. 2 and 3,
      furthermore, a distribution channel 21b corresponding to the
      distributional channel 21a of the cover 12 is provided in a surface of the
      sealing ring 24 having an orientation opposed to that of the annular
      surface portions 25 and 26, and the channels 28 extend from the
      distribution channel 21b to the pressure chambers. Said distribution
      channels 21a and b are located directly in front of each other and
      together form a distribution channel 21 with such a cross-sectional area
      that the pressure medium can flow therethrough relatively unimpeded. To
      improve economy, it may be further suitable to manufacture the entire
      sealing ring as an integrated unit and of rubber-elastic material, and
      preferably the entire distribution channel 21 should be placed into the
      sealing ring and no part of it into the cover 12. This latter step,
      however, can be taken only in certain cases, because a distribution
      channel sufficiently dimensioned and placed in the outer circumferential
      portion of the rubber sealing ring can have the effect that this portion
      will be too weak. It is, of course, fully possible to place the entire
      distribution channel 21 into the cover 12, if there is sufficient space,
      but this involves increased machining costs.
PAR  Comparing the profile for the sealing ring in FIG. 2 with the profiles for
      the sealing rings in FIGS. 4-8, it is noted that all have a basic
      cross-section resembling that of an I-beam with a relatively rigid and
      thick supporting flange 32, a sealing flange 33 and a web 34 connecting
      said flanges. Also, the possible distribution channel 21b is provided in
      the supporting flange 32, the groove 27 with its sections constituting
      pressure chambers is arranged in the sealing flange 33, and the channels
      28 extend at least through the supporting flange 32 and the web 34. In the
      embodiments shown, the supporting flange 32 may also be called outer
      flange, and the sealing flange 33 be called inner flange. A common feature
      is also that the sealing flange 33 has a smaller width than the supporting
      flange 32 in order to prevent the sealing flange upon actuation by the
      pressure medium from coming unintentionally into contact with the sides of
      the cover groove 19 and thereby possibly be inclined. A still more
      improved safety against such an event will be obtained if the side walls
      of the cover groove 19 in the zone closest to the step sleeve 9 are
      provided with annular recesses, as shown in FIG. 1.
PAR  In a preferred embodiment of the sealing ring according to the invention,
      as shown in FIGS. 2 and 4-6, the web 34 is relatively rigid and the
      sealing flange 33 relatively weak. The sealing flange 33, furthermore,
      consists of two rings 35 with substantially square cross-section and weak
      collar 36, which projects substantially diagonally from each such ring 35
      and connects the ring 35 with the web 34. The rings 35 are located one on
      each side of the groove sections 27a, b anc c, and they have surfaces, in
      the shown embodiments inner peripheral surfaces, which constitute said two
      annular surface portions 25 and 26 of the sealing ring. Said surface
      portions are suitably in their entirety disposed substantially in
      alignment with each other. In the embodiments shown, said portions are
      substantially cylindrical, each having an axial width, which corresponds
      to about one-fifth of the axial width of the sealing ring. This increases
      the possibilities of attaining the desired mode of operation of the
      sealing ring.
PAR  The flexibility of the sealing ring 33, thus, is based substantially on the
      weak collars 36, while the rings 35 are more rigid in order to reduce the
      variations in the width of the annular gap 29. In the embodiments shown,
      the stability of the rings 35 is improved still more when their axial end
      surfaces are slightly extended radially outwards. Thereby the outer
      peripheral surfaces of the rings 35 will be inclined somewhat inwards
      towards the weak collars 36. This can be utilized, if desired, for
      attaching a garter spring (not shown) about each ring 35.
PAR  For providing the supporting flange 32 with the desired rigidity
      properties, the thickness of the supporting flange, as shown in FIGS. 2, 4
      and 5, can be increased in a direction inwards towards the web 34, which
      is given a low height. The resulting profile of the sealing ring shows
      great similarities with an X. It is, however, also possible, as shown in
      the FIGS. 7 and 8, to make the I-profile more pronounced by forming also
      the sealing flange 33 relatively rigid and thick and placing the weak
      portion of the sealing ring in the web 34. The desired weakness of the web
      can be achieved by giving the web a non-straight cross-section, for
      example in the form of an obtuse-angled V, as shown in FIG. 7, or by
      forming the web certainly straight, but with a still more reduced
      thickness, as shown in FIG. 8.
PAR  The FIGS. 6-8 show that the flow restricting throttling 31 in the channels
      28 also can be obtained by forming the cnannels along their entire length
      with reduced crosssectional area.
PAR  When grinding a workpiece, the workpiece and the grinding wheel often are
      cooled by a water jet. As the grinding wheel many times may have a very
      high peripheral speed, close to or even higher than 50 m/s, the water
      droplets are atomized and form a fine mist surrounding the grinding
      machine and containing grinding dust, which must not be allowed to enter
      the bearings of the shaft. The pressure medium -- in this case preferably
      clean and dry compressed air -- which lifts the inner circumference of the
      sealing ring 24 out of contact with the step sleeve 9 mounted on the shaft
      1, so that the sealing ring is frictionless, passes out through the narrow
      annular gaps 29 partly in a direction towards the bearing 3, where it is
      led off through channels (not shown), and partly towards the grinding
      wheel 2. In order to prevent, to the greatest possible extent,
      contaminated mist from entering the gap between the inner flange portion
      18 of the outer cover part 17 and the step sleeve 9, in spite of the
      opposedly directed air stream, the outer circumference of the step sleeve
      is provided at the outer end surface of the sleeve with an integral
      flinger ring 37 and an immediately adjacent groove 38 with V-shaped
      cross-section, which groove is located at the outer end surface of the
      flange portion 18. After a long time of operation, impurities may have
      entered between the flange portion 18 and the sealing ring 24 in an amount
      such that the lifting of the inner flange of the sealing ring closest to
      the grinding wheel 2 is jeopardized. This problem can be avoided by
      applying one of the embodiments according to FIGS. 4 and 5. In the
      embodiment according to FIG. 4, the sealing flange or inner flange 33 of
      the sealing ring has been widened in axial direction so that it is only
      slightly narrower than the supporting or outer flange 32. Furthermore, the
      recess shown in FIG. 1 on the inside of the flange portion 18 has been
      abandoned. When pressurized air is being supplied to the sealing ring 24,
      the ring 35 of the inner flange 33 is lifted from its position indicated
      by dashed lines and, instead, brought to sealingly abut the inner surface
      of the flange portion 18. It is also possible in accordance with FIG. 5,
      to not use the flange portion 18 and make the inner circumference of the
      outer cover part 17 to transform continuously into the outer flange of the
      sealing ring 24. This increases the risk that impurities collect within
      said zone, but it facilitates both ocular inspection and cleaning.
PAR  FIG. 5 illustrates further two additional modifications of the sealing ring
      24, which to the right in the Figure is shown in free, unloaded condition,
      and to the left in the Figure is shown inserted into the cover groove 19
      and actuated by the pressure medium. As in certain cases the pressure
      medium may give rise to an initiating heeling of the ring 35 and the weak
      collar 36 about the attachment of the collar in the web 34, so that the
      width of the narrow annular gap 29 increases in axially outward direction,
      it may be suitable in these cases to reduce or entirely eliminate the
      effect of such an increase of the gap width by forming the aligning,
      substantially cylindric surface portions 25 and 26 so as to incline
      slightly inwards towards the intermediate groove 27.
PAR  The sealing ring according to FIG. 5 solves also another problem, because
      the ring, in order to facilitate the attainment of its intended function,
      must be well fixed in axial as well as radial direction. If, in the
      embodiments shown, the sealing ring has too loose a fit in the cover
      groove 19 and/or its rigid radially outer portion is too weak and/or the
      pressure medium during the passage through the channels 28 is being
      throttled too much, then the initial part of the pressure medium fed into
      the distribution channel 21 may exert on the sealing ring 24 such a high
      radially inward directed pressure, that the abutment of the ring 24
      against the bottom of the cover groove 19 will be discontinued at least
      partially. Thereby, the pressure medium can act on a still larger surface,
      so that the sealing ring 24 locally or along its entire inner periphery
      will be pressed so forcefully against the step sleeve 9, that a
      frictionless state cannot be obtained. If the machine is started, with the
      sealing ring 24 being in this position, the ring will rapidly be worn out.
      This risk is eliminated by providing in the transition between the outer
      peripheral surface of the sealing ring 24 and the side walls of the
      distribution channel 21b a sealing lip 39, which projects over a part of
      the width of the distribution channel and projects somewhat from the rest
      of the outer peripheral surface of the sealing ring body. A variant of
      this idea is shown in FIG. 8, according to which two parallelly extending
      sealing lips 40 project radially from the outer periphery of the outer
      flange 32 and from between themselves the distribution channel 21b.
PAR  It is also possible, instead of providing the supporting flange 32 with
      sealing lips 39 or 40, to apply the principle illustrated in FIGS. 9 and
      10. The profiles according to these Figures differ from those discussed
      above, in that the distribution channel 21b is considerably deeper and
      narrower, so that the pressure of the pressure medium upstream the flow
      restrictors 31 normally will act on a smaller zone, and in that a channel
      system for draining is provided on both sides of the distribution channel
      21b. In the embodiment according to FIG. 9, the draining system comprises
      an annular draining groove 41 in the outer peripheral surface of the
      sealing ring on each side of and within a short distance from the
      distribution channel 21b, and a plurality of draining channels 42
      extending substantially radially from the draining groove 41 through the
      outer flange 32 to its inner peripheral surface. In the embodiment
      according to FIG. 10, the draining channels do not pass through the outer
      flange 32, but extend from the draining grooves 41 in the outer peripheral
      surface of the outer flange 32 outward to its axial end surface and
      continue in said end surfaces to the inner peripheral surface of the
      flange. When the pressure medium exercises on the sealing ring 24 a
      pressure so high that a gap is formed between the ring and the bottom 20
      of the cover groove 19, then the width of this gap in axial direction is
      limited to the distance between the draining grooves 41, because all
      pressure medium, which possibly may arrive at the grooves 41, is
      immediately drained to the ambient. This eliminates the risk that the
      sealing ring due to radial impression will not be frictionless during the
      starting moment.
PAR  The above description is to be regarded merely as examples of preferred
      embodiments of the sealing ring according to the invention. A great number
      of modifications of the invention can be imagined within the scope of the
      following claims. It is possible, for example, but not preferable, to make
      the radially outer portion of the sealing ring of metal or another rigid
      material and to use rubber-elastic material for the other parts of the
      sealing ring. It is also possible, but not preferable, to vulcanize
      stiffening, reinforcing or some other kind of strengthening material, for
      example metallic material, into the sealing ring. The profile of the
      sealing ring, furthermore, may be turned through 180.degree., and the
      sealing ring be fixed on a stationary shaft or the like as to seal
      radially against a housing or the like, which is concentrically rotatable
      around the shaft. The profile of the sealing ring may also be turned
      through 90.degree. to being about an axial sealing ring.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For sealing between a stationary first member and a second member
      coaxially rotatable with respect to said first member, a sealing ring
      comprising a rotationally symmetric surface zone, said sealing ring being
      adapted for stationary attachment relative to said first member and
      elastically deformable at a portion thereof located closest to said second
      member, said sealing ring including two annular surface portions provided
      in spaced relationship to each other along said portion, said surface
      portions during absence of external actuation sealingly abutting the
      rotationally symmetric surface zone on said second member, said surface
      portions having between themselves an intermediate annular groove into
      which open a plurality of channels for supplying a pressure medium to a
      space defined by said second member and the walls of said annular groove,
      said supplying of pressure medium building up in said space a pressure
      such that between each of said annular surface portions and said
      rotationally symmetric zone on said second member a narrow annular gap is
      formed through which said pressure medium can leak out to the ambient, and
      further comprising a plurality of partition walls extending from the
      bottom of said annular groove up to the level of said annular surface
      portions and transversely across said annular groove from one annular
      surface portion to the other, thereby dividing said intermediate annular
      groove into a corresponding number of groove sections separated from each
      other, at least one of said channels opening into each such groove
      section, whereby co-action of said sealing ring with said second member
      results in each groove section constituting a separate pressure chamber.
NUM  2.
PAR  2. A sealing ring as defined in claim 1 wherein said partition walls are
      equidistantly spaced along the length of said intermediate groove.
NUM  3.
PAR  3. A sealing ring as defined in claim 1 wherein said partition walls,
      groove sections and channels are at least three, preferably four, in
      number when the diameter of the intermediate annular groove is small, and
      more in number when said diameter is large.
NUM  4.
PAR  4. A sealing ring as defined in claim 1 wherein said partition walls have a
      non-linear extension between said annular surface portions.
NUM  5.
PAR  5. A sealing ring as defined in claim 4, wherein said partition wall has a
      shape resembling an open V.
NUM  6.
PAR  6. A sealing ring as defined in claim 1 wherein each channel comprises a
      built-in flow-restrictor for substantially equalizing the pressure in all
      of said separate pressure chambers.
NUM  7.
PAR  7. A sealing ring as defined in claim 6, wherein said flow restrictor is a
      channel portion with a reduced crosssectional area.
NUM  8.
PAR  8. A sealing ring as defined in claim 1 wherein said two annular surface
      portions extending along said portion of the sealing ring are arranged
      substantially in alignment with each other with a slight inclination
      inwards towards said intermediate groove.
NUM  9.
PAR  9. A sealing ring as defined in claim 1 wherein an annular distribution
      channel, from which the said plurality of channels extend, is provided in
      a surface of the sealing ring with opposed orientation in relation to the
      annular surface portions and said intermediate groove.
NUM  10.
PAR  10. A sealing ring as defined in claim 9, wherein a sealing lip is provided
      in the transition between said opposedly oriented surface of the sealing
      ring and the side wall of said distribution channel, said lip projecting
      over part of the width of said distribution channel and projecting
      somewhat outwards from the rest of the opposedly oriented surface of the
      sealing ring.
NUM  11.
PAR  11. A sealing ring as defined in claim 9, wherein an annular draining
      groove is provided in said opposedly oriented surface of the sealing ring
      on both sides of the distribution channel, and that a plurality of
      draining channels extend from said draining groove to the ambient.
NUM  12.
PAR  12. A sealing ring as defined in claim 1 wherein one single channel of said
      plurality of channels extends into each separate pressure chamber, and
      opens centrally thereinto.
NUM  13.
PAR  13. A sealing ring as defined in claim 1 and having a basic cross-section
      resembling that of an I-girder with a relatively rigid and thick
      supporting flange adapted to be attached to the first member, a sealing
      flange intended to co-act with said second member, and a web connecting
      the flanges, said groove sections being provided in the sealing flange and
      said channels extending through the supporting flange and the web.
NUM  14.
PAR  14. A sealing ring as defined in claim 13, wherein said sealing flange has
      a somewhat smaller axial width than the supporting flange.
NUM  15.
PAR  15. A sealing ring as defined in claim 13 wherein said web is relatively
      rigid and the sealing flange relatively weak, and said sealing flange
      consists of two rings of substantially square cross-section, which rings
      are located one on each side of the groove sections and have surfaces
      constituting said two annular surface portions of the sealing ring, and
      that from each substantially square ring projects substantially diagonally
      a weak collar connecting the substantially square ring to the web.
NUM  16.
PAR  16. A sealing ring as defined in claim 15, wherein the thickness of the
      supporting flange increases in the direction inwards towards the web,
      which has a low height.
NUM  17.
PAR  17. A sealing ring as defined in claim 13 wherein said sealing flange is
      relatively rigid and thick, and that said web is weak.
NUM  18.
PAR  18. A sealing ring as defined in claim 17, wherein said web has a
      non-linear cross-section, preferably in the form of an obtuse-angled V.
NUM  19.
PAR  19. A sealing ring as defined in claim 17, wherein two parallel sealing
      lips project from that side of the supporting flange which is oppositely
      located in relation to the web.
NUM  20.
PAR  20. A sealing ring as defined in claim 1, characterized in that it consists
      of rubber-elastic material.
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PAL  A Sealing Ring Structure useful for pistons and piston rods has a sealing
      section and a stressing section for pressing a contact surface of the
      sealing section into engagement with a moving surface to be sealed. The
      sealing and stressing sections may be separate rings or may be layers of
      different material in an integral multilayer laminate. The contact surface
      of the sealing section is of small axial length compared with the overall
      length of the structure and is located between a recess in the sealing
      section on the high pressure side of the structure and an inclined surface
      of the sealing section which defines a wedge-like gap between the
      structure and the moving surface to be sealed which gap diverges towards
      the low pressure end of the structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a sealing ring structure useful for hydraulically
      operated pistons or piston rods. The invention is applicable to sealing
      ring structures comprising a tough elastic sealing ring which may be of a
      thermoplastic substance, e.g. based on polytetraflure ethylene and a
      separate highly elastic stressing ring for pressing radially on the
      sealing ring and preferably consisting of rubber, or to integral
      structures having a sealing section produced from an elastic material or a
      combination of materials to provide a tough elastic sealing section and
      integral highly elastic stressing section, the structure in either case
      being used as a contact seal between a stationary and a moving machine
      element, the sealing ring or the sealing section having an intrinsically
      elastic radial initial stress.
PAR  In the case of piston and piston rod seals of the above nature, it is
      necessary that a slight leakage be retained during reciprocating
      displacement. For low-friction sealing of reciprocating pistons and piston
      rods, use is made inter alia of two-piece seals, consisting of a synthetic
      material ring having a substantially rectangular cross-section for sealing
      the gap established by relative displacement between the machine elements
      displaceable with respect to each other, and of a rubber-elastic ring for
      secondary sealing and prestressing of the synthetic material ring. For the
      purpose of clear distinction, reference will be made hereinafter to the
      synthetic material ring establishing the moving seal as the sealing ring,
      and to the rubber-elastic ring thrusting the synthetic material ring into
      contact as a result of pressure-induced transverse thrust and
      over-dimensionally induced initial stress, as the stressing ring.
PAR  The sealing ring and stressing ring are commonly situated together within a
      groove or recess of the housing (for a rod seal) or of the piston (for a
      piston seal). The stressing ring commonly comprises a rubber-elastic ring
      of circular (O-ring) or rectangular cross-section, and its axis of radial
      symmetry is situated on an extension of the axis of radial symmetry of the
      rectangular sealing ring. As a result of radial prestressing of the
      stressing ring between the bottom of the groove and the external surface
      of the sealing ring situated opposite to the moved sealing gap which is
      the outer surface (in the case of the rod seal) or the inner surface (in
      the case of the piston seal), the secondary leakage path between the
      sealing ring and the bottom of the groove and the sealing ring is closed.
PAR  Practical experience has shown that the coefficients of friction of such
      combined seals are substantially smaller, above all upon starting up and
      at low stroke speeds, than in the case of conventional seals comprising
      rubber-elastic contact surfaces on the moving machine element.
PAR  Practical experience also indicates however that the combination consisting
      of a sealing ring having a substantially rectangular cross-section and of
      a stressing ring, has approximately the same leakage behaviour as
      conventional rubber-elastic contact seals. In this case too, a "drag" flow
      resulting in the forming of a lubricating film with intermittent
      separation of the sealing contact surfaces can occur during the
      reciprocating displacement as a result of the viscosity of the fluid which
      is to be sealed. As a consequence of the asymmetrical pressure
      distribution within the area of contact, a lubricating film of different
      thickness is commonly formed during the outward and return strokes, which
      can result in accumulation of fluid to be sealed off, at the low-pressure
      extremity of the sealing gap and thus in leakage.
PAR  It is an object of the present invention to reduce the leakage during
      reciprocating displacement of the piston rod or of the piston by
      appropriately forming and arranging the sealing ring, without increasing
      the frictional values.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a sealing ring structure comprising a sealing
      section and a stressing section for radially pressing a contact surface of
      the sealing section into engagement with a moving surface to be sealed
      wherein the contact surface under compression is of relatively small axial
      extent in relation to the axial extent of the structure and is formed
      between a cylindrical recess fromed at one axial end of the sealing
      section having a radial edge, from which a conical recess is formed
      extending in an inclined surface toward the other end of the sealing
      section adapted to provide a wedge-like gap between the structure and the
      moving surface to be sealed diverging towards the low pressure end of the
      structure.
PAR  With this arrangement, a contact surface of minimum axial length is formed,
      and as steep as possible a rise of the (specific) areal pressure between
      the sealing ring and the rod to be sealed may be obtained at the
      high-pressure side at the beginning of the contact surface, whereas at the
      low-pressure side of the contact surface, as shallow as possible a drop in
      areal pressure is set up through the wedge-shaped annular gap widening out
      at the smallest angle possible behind the extremity of the contact surface
      towards the low-pressure side end face of the sealing ring. Moreover, the
      contact surface is partially relieved of the radial contact pressure of
      the fluid and of the stressing ring. If, for example in the case of a rod
      seal, the internal surface of the sealing ring (being the external surface
      in the case of a piston seal) is conically formed and the radial thickness
      of the sealing ring is such as to establish an adequate resistance of the
      sealing ring against inversion to withstand radial stressing by the
      stressing ring, in conjunction with the modulus of elasticity of the
      material of the sealing ring, the desirable narrow contact area, as well
      as the favourable pressure distribution in combination with the annular
      gap opening out in approximately wedge-like manner as the low-pressure
      side, are established upon installing the sealing ring. Since a
      complementary elastic inverting movement of the sealing ring reduces the
      angle of the wedge-shaped gap as the sealing pressure rises, at higher
      pressures the hydrodynamic return displacement of fluid adhering to the
      friction surface is promoted.
PAC  DESCRIPTION OF THE INVENTION
PAR  The desirable steep rise in areal pressure at the high-pressure end of the
      contact surface is engendered by means of as sharp-edged a shoulder as
      possible at this point. The point at which this shoulder is formed (i.e.
      the intersection of the radial edge and the conical surface) may also be
      moved away from the high-pressure end face of the sealing ring and moved
      further into the sealing gap. This produces -- at the high-pressure side
      and before the contact surface -- an area comprising a larger gap
      receiving the pressure which is to be contained, thereby causing an action
      relieving the contact surface of the radial contact pressure which is
      generated by the intrinsic stress of the sealing ring, the initial
      overdimensionally induced thrust of the stressing ring and by the sealing
      pressure transmitted in a radial direction by the stressing ring.
PAR  The sealing ring is preferably so dimensioned with respect to its companion
      or mating sealing surface, that the piston rod (or cylinder bore) as
      compared to the diameter at the high-pressure extremity of the conical
      internal surface (or external surface) of the sealing ring extending
      towards the low-pressure side has a greater (or smaller) dimension such
      that upon installing the same, a very narrow contact surface is formed as
      compared to the axial width of the sealing ring.
PAR  During tests making use of an O-ring as a stressing ring, the value 2 : 5
      was determined as a particularly advantageous ratio of the length between
      the high-pressure end face of the sealing ring and the beginning of the
      contact surface, to the overall length of the sealing ring. The most
      favourable angle of opening of the low-pressure side wedge-shaped annular
      gap amounted to between 5.degree. and 10.degree. when sealing a
      conventional hydraulic oil. Other optimum values of the said parameters
      were established for other fluids.
PAR  In a development of the invention, the entire seal is formed in one piece
      of synthetic material, rubber or of a multilaminar combination of
      synthetic materials. The sealing ring may moreover also be subdivided into
      a highly elastic stressing section and a toughly elastic sealing section
      which, acts as a contact seal between a stationary and a moving machine
      element, with an intrinsically elastic initial radial stress and with an
      outward seal effective as a consequence of the pressure conditions.
PAR  The sealing section is formed such that the surface of the sealing ring
      which is displaced with respect to one of the machine elements and is
      turned towards the latter, has a recess formed at the high-pressure side
      within the sealing ring, which merges into a narrow contact surface
      between the sealing ring and the machine element, which is followed at the
      low-pressure side by an area extending at a small angle and forming a
      wedge-shaped annular gap.
PAR  Such a configuration of the sealing ring within the sealing gap, the
      configuration of the high-pressure side recess and of the low-pressure
      side wedge-shaped annular gap has the result that pressure distribution at
      the low-pressure side of the sealing ring is controllable, which effects a
      leakage reduction.
PAR  A reduction of the frictional losses is also established because
      "extrorsion" phenomena are largely eliminated as a result of the behaviour
      of the sealing ring.
PAR  Apart from an outward seal, an advantageous uniform contact pressure for
      the contact surface on the sliding machine element is effected, when a
      multilaminar synthetic material is used for the sealing ring, by means of
      a highly elastic stressing section opposed to a toughly elastic sealing
      section.
PAR  Another advantageous form of sealing ring is obtained if the annularly
      cylindrical contact surface is situated approximately in the central
      portion of the overall length of the sealing ring. In this manner, the
      tilting couple acting on the sealing ring -- and thus the frictional
      forces -- may be reduced.
PAR  Since the angle of the annular gap is reduced as the sealing pressure
      rises, by a complementary elastic deformation of the sealing section of
      the sealing ring, at higher pressures hydrodynamic return displacement of
      fluid adhering to the friction surface is promoted. The operation of the
      recess is the same as already described in the foregoing in respect of the
      two-piece seal.
PAR  For this purpose, it is possible in preferred embodiment of sealing ring
      which is constructed form a multilaminar synthetic material, for the
      toughly elastic sealing section to be situated within the gap between the
      two machine elements and the highly elastic stressing section within a
      receiving groove of one of the machine elements.
PAR  In another development of the invention, the incorporation of the two-piece
      seal comprising a sealing ring and a stressing ring, as well as that of
      the one-piece seal (comprising a combination of materials), may be
      arranged in such manner that two separate seals are positioned one behind
      the other with axial spacing and enclose a space between the stationary
      and moving machine elements, the sealing surface of each sealing ring or
      of each sealing section of an one-piece seal being provided at the
      high-pressure side with a recess which merges into a narrow contact
      surface between the sealing ring and the machine element which is to be
      sealed, and which is followed at the low-pressure side by an area
      extending a small angle and forming a wedge-shaped annular gap.
PAR  A configuration of this nature of the sealing rings, and in particular
      their consecutive arrangement, wherein they delimit a space between the
      stationary and moving machine elements, has the consequence that the
      leaking oil accumulating within the space is conveyed back to the
      high-pressure side from the space, as a consequence of the pressure
      potential built up within the space during the outward stroke, during the
      stoppage and return stroke of the moving machine element. Tests have
      produced the unexpected result that the oil loss by leakage is reduced
      approximately 40 times as much with the use of two seals set one behind
      the other axially, as compared to the use of a single seal.
PAR  Another improvement of the sealing action may be obtained if the contact
      surface is produced with sharp edges and makes linear contact with the
      machine element which is to be sealed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings in which:
PAR  FIG. 1, is a cross-section through a sealing ring structure comprising a
      sealing ring and a stressing ring with a sharp-edged recess at the
      high-pressure side of the sealing ring,
PAR  FIG. 2, is a cross-section through a structure similar to FIG. 1 with a
      convex recess,
PAR  FIG. 3, is a cross-section through a structure similar to FIG. 1 with a
      step-like recess,
PAR  FIGS. 4 to 7 are cross-sections through alternative forms of integral
      one-piece sealing ring structures,
PAR  FIG. 8 is a cross-section through a sealing ring structure comprising a
      combination of two different materials and
PAR  FIG. 9 is a cross-section through a pair of sealing ring structures
      installed one behind the other in an axial direction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In all figures, P.sub.h denotes the higher pressure side on which the media
      is to be contained, and p.sub.N the lower pressure at the other side of
      the seal. As illustrated in FIGS. 1 to 3, a sealing section in the form of
      ring 1 is in contact with the surface 3 of a machine element and which is
      displaceable with repsect to it along a common contact surface 4, as a
      result of over-dimensionally induced intrinsic stress and as a result of
      the radial force produced by compression of a stressing section in the
      form of a separate concentric ring 2.
PAR  If the axis I--I is the axis of rotational symmetry, the seal in question
      is a piston seal, whereas the axis II--II characterises a rod seal.
PAR  The axial length B of the contact surface 4 is preferably very small as
      compared to the overall axial length of the sealing ring.
PAR  In FIG. 1, the sealing ring is cut back on the high pressure side to have a
      radial end-face 5 terminating with a sharp edge at the contact surface 4,
      and so that a relatively large recess (as compared to the thickness of the
      lubricating film between the contact surfaces during displacement) is
      formed over a length D between the cylindrical external surface 6 of the
      sealing ring 1 and the surface 3 of the machine element which is to be
      sealed.
PAR  Fluid at the pressure p.sub.H penetrates unrestrictedly into this recess up
      to the end face 5 and in radial direction on the surface 6 This acts to
      relieve the radial forces of the sealing ring 1 against the surface 3 and
      of the stressing ring 2 which acts against the ring 1 and thus determines
      the areal pressure on the contact surface 4. The degree of the relieving
      action depends on the length D. This action is preset as a compromise
      between the leakage on the one hand and attrition and friction of the seal
      on the other hand, and it thus depends on the conditions of application of
      the seal. Between the contact surface 4 and the low-pressure side end face
      7, the ring 1 has an inclined surface 13 in such manner that a
      wedge-shaped annular gap 8 which diverges in the direction towards the end
      face 7 is formed between the surfaces 13 and the surface 3. The angle of
      the annular gap 8 is small because of the desirable gentle pressure drop
      at the low-pressure side within the area of contact which increases at
      higher pressure as a consequence of a tilting movement of the sealing
      ring, and preferably amounts to 5.degree. to 10.degree. in the case of
      sealing rings of synthetic material.
PAR  In FIG. 2, the outline 9c of the recess 5,6 is convex and a sharp-edged
      shoulder 5a which is advantageous in respect of a small lubricating film
      thickness during displacement of the surface 3 in the direction V (outward
      stroke) is again formed thereby at the high-pressure extremity of the
      contact surface 4.
PAR  Alternatively the outline at the high-pressure side may -- as illustrated
      in FIG. 3 -- comprise two cylindrical shoulders or recesses 9d and 9e or
      in generalised manner may comprises several partial sections with
      regularly or irregularly formed areas of transition.
PAR  In the embodiments shown in FIGS. 4 to 8, the sealing ring structure 1
      comprises a multilaminar synthetic material ring whereof the stressing
      section 1a situated within a receiving groove 27 is of highly elastic
      nature, and whereof the sealing section 1b sliding on the external surface
      3 of a rod 10 is of tough or less elastic nature. The stressing section 1a
      concomitantly has the task of providing an initial radial stress on the
      sealing section by virtue of its intrinsic elasticity, said sealing
      section bearing with its annularly cylindrical contact surface 4 on the
      external surface 3 of the rod 10.
PAR  The possibilities for a rod or piston seal are complementarily illustrated
      in FIG. 4. The case is that of a piston seal if the line I--I forms the
      central axis. The seal in question is a rod seal, if the line II--II is
      the central axis.
PAR  The axial length of the contact surface 4 is preferably very small as
      compared to the overall length of the sealing ring 1 and commonly amounts
      to approximately 0.5 mm.
PAR  In FIG. 4, the sealing ring 1 is equipped at the high-pressure side with a
      step-like recess 9 which has an end face 5 joining the contact surface 4
      at a sharp edge. The recess 9 forms a relatively large gap, over the
      length D, between the internal surface 6 of the recess 9 and the external
      surface 3 of the rod 10. Between the contact surface 4 and the
      low-pressure end face 7, the sealing ring 1 has formed on it a surface 13
      which with the rod 10 forms a wedge-shaped annular gap 8, which diverges
      in the direction towards the end face 7. The incline of the surface 13 is
      very small because of the desirable gentle pressure drop at the
      low-pressure side within the contact surface which increases under higher
      pressures as a consequence of tilting movement of the sealing ring, and
      preferably amounts to 5.degree. - 10.degree. in the case of sealing rings
      of synthetic material.
PAR  In FIG. 5, the length of the step-like recess 9 has been kept shorter, so
      that the sealing ring 1 has a higher degree of stability. The external
      surface of the stressing section 1a of the sealing ring 1 situated within
      the receiving groove 2 is of rounded form, analogous to an O-ring. The
      sealing ring 1 also operates in accordance with the principle of an
      O-ring, the action of the pressure p.sub.H pressing it against the
      right-hand side, and simultaneously pressing its rounded external surface
      against the bottom of the receiving groove 2, to shut off the secondary
      leakage path between the sealing ring 1 and the bottom of the groove.
PAR  In FIGS. 6 and 7, an encircling "enlargement" 11 or concavity open towards
      the high-pressure side P.sub.H is formed in the sealing ring 1.
      Complementary stressing means intended to increase the contact pressure on
      the sealing section 1b may be situated within the concavity 11, if the
      intrinsic elasticity of the material is insufficient, or non-existent as
      in the case of Teflon. The inserts may consist of a highly elastic O-ring,
      or of a spring. At the same time however, the stressing section 1a is
      sealingly thrust evenly against the right-hand side of the receiving
      groove 27 and against the bottom of the groove, by the high pressure
      P.sub.H.
PAR  To reduce a tilting couple acting on the sealing ring during the return
      stroke of the moving machine element as a consequence of the pressure
      P.sub.H, the external surface turned towards the bottom of the receiving
      groove 2 is provided with an encircling groove 12. This tilting couple may
      be reduced complementarily, by preferably positioning the contact surface
      4 approximately within the central portion of the overall length of the
      sealing ring 1 (FIG. 8).
PAR  In the embodiment illustrated in FIG. 9, two seals 21 and 22 depicted in
      FIG. 1 are positioned axially in series. It is also possible however for
      seals such as have been shown in FIGS. 2 to 8, to be arranged one behind
      the other, thereby securing the same action. Each seal 21 and 22 comprises
      a sealing ring 1 which is prestressed in a radial direction towards the
      machine element which is to be sealed, by means of a stressing ring 2 in
      the form of an O-ring. Whereas the sealing ring 1 preferably consists of a
      synthetic material based on polytetrafluoroethylene, use is preferably
      made of rubber as the material for the stressing ring 2. The seals 21 and
      22 in each case are situated within a receiving groove 27 machined into
      the stationary machine element 26.
PAR  Each sealing ring 1 is provided at the high-pressure side with a step-like
      recess 9 which has an end face 5 joining spring a contact surface 4 with a
      sharp edge. This recess 9 forms a relatively large gap between the
      internal surface 6 of the recess 9 and the external surface 3 of the rod
      10. The contact surface 4 may also be formed with a sharp edge however and
      make a linear contact with the moving machine element.
PAR  Surfaces 13 forming wedge-shaped annular gaps 8 with the rod 10, are formed
      on the sealing rings 1 of the seals 21 and 22. The annular gap 8 of the
      first seal 21 and the recess 9 concomitantly define a space 28 between the
      second seal 22 of the rod 10 and the stationary machine element 26. This
      measure has the consequence that the leaking oil accumulating within the
      space 28 during the outward stroke of the rod is not scraped off and thus
      lost during the return stroke of the rod 10. On the contrary, a pressure
      potential is built up within the space 28, whereby the oil present within
      the space 28 is returned through the wedge-shaped annular gap 8 to the
      high-pressure side P.sub.H and into the working space during the stoppage
      or return stroke of the rod 10.
PAR  In this way, the oil leakage losses may be reduced by approximately 40
      times as compared to a single seal, the frictional losses between the seal
      and the moving machine element not being increased appreciably.
CLMS
STM  I claim:
NUM  1.
PAR  1. A ring seal for effecting a fluid seal between a pair of members one of
      which is movable with respect to the other the improvement, comprising an
      annular sealing section and a concentric stressing section adapted to
      radially bias said sealing section, said sealing section having a contact
      surface adapted to slidably engage said movable member, said contact
      surface defined by a the intersection of cylindrical recess extending
      axially inwardly from one end thereof terminating in a radially extending
      edge and by a radially inwardly inclined conical recess extending axially
      inward from the opposite end thereof, said sealing section being arranged
      with respect to said movable parts so that said cylindrical recess faces
      the high pressure side of said seal and said conical recess faces the low
      pressure side of said seal.
NUM  2.
PAR  2. The assembly according to claim 1 wherein said sealing and stressing
      sections are formed of material having different elasticities.
NUM  3.
PAR  3. The assembly according to claim 1 wherein the sealing section and the
      stressing section comprise independent rings.
NUM  4.
PAR  4. The assembly according to claim 1 wherein said sealing and stressing
      sections are formed as an integral laminar structure wherein the stressing
      section is formed of material having a greater elasticity than the
      material of the sealing section.
NUM  5.
PAR  5. The assembly according to claim 1 wherein the radial depth of said
      cylindrical recess, from the surface of the movable part, is at least 0.3
      mm.
NUM  6.
PAR  6. The assembly according to claim 1 wherein the conical recess diverges at
      an angle of less than 10.degree..
NUM  7.
PAR  7. The assembly according to claim 1 wherein the radial edge is connected
      to the outer wall of said cylindrical recess by a curved boundry wall.
NUM  8.
PAR  8. The assembly according to claim 1 wherein said cylindrical recess is
      provided with at least one step.
NUM  9.
PAR  9. The assembly according to claim 1 wherein said contact surface is
      disposed axially substantially centrally of the sealing section.
NUM  10.
PAR  10. The apparatus for effecting a seal between two members one of which is
      movable with respect to the other, comprising a pair of annular seal ring
      assemblies according to claim 1, axially spaced from each other disposed
      between said members, one of said members being formed with an annular
      space arranged between said two sealing ring assemblies, to provide
      communication therebetween of a fluid media.
NUM  11.
PAR  11. The apparatus according to claim 10 wherein the annular space between
      said seal ring assemblies communicates with the conical recess of one and
      the cylindrical recess of the other of said ring assemblies.
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ABST
PAL  A sealing arrangement within the area of the joint surfaces between
      cylinder head, inserted cylinder liner with cylinder liner flange and
      cylinder crankcase of a water-cooled internal combustion engine in which a
      recessed fit is provided at the cylinder head for the accommodation of the
      cylinder liner flange; a flat seal is thereby arranged on the joint
      surface between the cylinder-crankcase and the cylinder head and the
      flange of the cylinder liner as well as the cylinder head rest on the flat
      seal; the transmission of the contact pressure onto the cylinder liner
      flange thereby takes place by direct contact with the cylinder head.
BSUM
PAR  This arrangement relates to a sealing arrangement within the area of the
      joint surfaces between the cylinder head, the cylinder liner, and the
      cylinder-crankcase of a water-cooled internal combustion engine with
      inserted cylinder liners having a collar or flange, whereby a fitting
      recess is provided at the cylinder head for receiving the cylinder liner
      collar.
PAR  The purpose of any such sealing arrangement for the described area is to
      assure the safe and reliable sealing of the various media, such as, for
      example, cooling water, lubricating oil, and combustion gases, with
      respect to one another under all operating conditions.
PAR  In a prior art sealing arrangement, the combustion space is sealed off by a
      sealing ring on the cylinder liner flange, made, for example, of soft
      iron, while the water jacket is sealed off by an O-ring on the shoulder of
      the cylinder liner and the liquid passages are sealed off by plug-in tubes
      with O-rings at the joint surfaces between the cylinder-crankcase and the
      cylinder head. The location of the sealing surfaces of the cylinder head
      relative to the cylinder liner collar and to the cylinder crankcase with
      respect to one another represents a type of double fit as regards
      achieving a sufficient sealing effect. For this reason, it is necessary in
      this prior art sealing arrangement to maintain within narrow limits during
      the manufacture the tolerances of three dimensions at three structural
      parts, namely, the thickness dimension of the cylinder liner flange, the
      thickness dimension of the sealing ring, and the depth dimension of the
      recessed fit within the cylinder head, which makes the manufacture of the
      parts considerably more expensive.
PAR  The soft iron gasket requires a large surface pressure for sealing off the
      combustion chamber. In contrast thereto, the surface pressure may be
      lower, or can even become zero on the joint surface of the cylinder head
      with the cylinder-crankcase, because the liquid openings are sealed off by
      the O-rings, by means of which also a gap between the joint surfaces can
      additionally be sealed off. Since it is not possible for constructional
      reasons to make the cylinder head absolutely resistant to bending,
      deformations of the cylinder head result due to forces occuring during
      operation so that micro-movements occur between the cylinder head and the
      cylinder-crankcase on the joint surface with the cylinder-crankcase. As a
      result thereof, a so-called frictional corrosion is initiated which
      destroys the surfaces and requires expensive refinishing operations on the
      joint surfaces.
PAR  The present invention is therefore concerned with the task of providing a
      sealing arrangement which avoids the above-described disadvantages and is
      simple and inexpensive.
PAR  This task is solved in accordance with the present invention in that a
      flat-seal is arranged on the joint surfaces between the cylinder-crankcase
      and the cylinder head and both the flange of the cylinder liner as well as
      the cylinder head abut on the flat-seal and the transmission of the
      contact pressure onto the cylinder liner flange takes place by direct
      contact with the cylinder head.
PAR  In order to be able to absorb the high contact surface pressure which is
      required for sealing off the combustion chamber between the cylinder head
      and the cylinder liner and also becomes effective between the cylinder
      liner flange and the cylinder-crankcase, the flat-seal consists, in
      accordance with this invention, of metal, preferably of aluminum.
PAR  For purposes of sealing off the liquid openings between the cylinder
      crankcase and the cylinder head, elastic sealing rings are arranged in the
      flat-seal according to the present invention.
PAR  According to a further feature of the present invention, the elastic
      sealing rings which may consist, for example, of rubber sealing rings, are
      non-detachably mounted in the flat-seal to avoid losing the same and
      project beyond the flat-seal on both sides by a slight amount, whereby a
      completely satisfactory seal is obtained at these places.
PAR  The advantages attained by the present invention consist in particular in
      that the sealing arrangement is able to get along with only a single part,
      that this flat-seal permits a repeated disassembly of the cylinder head
      without refinishing, that the surface pressure at the joint surfaces of
      the cylinder-crankcase within the area of the cylinder liner flange is
      effectively reduced by means of the flat-seal by reason of the effect of
      the pressure cone which results from the thickness of the flat-seal, and
      thus the danger of crack formation at the cylinder-crankcase is lessened
      within the area of the cylinder liner flange, and that the joint surfaces
      of the cylinder-crankcase and the cylinder head are no longer damaged by
      frictional corrosion, because the latter affects only the softer flat-seal
      and thus an expensive refinishing of the joint surfaces is dispensed with.
PAR  Accordingly, it is an object of the present invention to provide a sealing
      arrangement within the area of the joint surfaces between cylinder head,
      cylinder liner and cylinder crankcase in a water-cooled internal
      combustion engine with inserted cylinder liner which avoids by simple
      means the aforementioned shortcomings and drawbacks encountered in the
      prior art.
PAR  Another object of the present invention resides in a sealing arrangement
      within the area of the joint surfaces between cylinder head, inserted
      cylinder liner and cylinder crankcase which assures a sufficient seal
      under all operating conditions by extremely simple means.
PAR  A further object of the present invention resides in a sealing arrangement
      of the type described above for internal combustion engines which
      considerably reduces the cost of manufacture of the various parts and
      permits the repeated disassembly of the cyliner head from the cylinder
      crankcase without the need for replacement of the seal and/or without the
      need for refinishing the surfaces thereof.
PAR  Still another object of the present invention resides in a sealing
      arrangement for internal combustion engines within the area of the joint
      surfaces between cylinder head, inserted cylinder liner and cylinder
      crankcase which effectively eliminates the so-called friction corrosion
      and thus dispenses with the need of costly refinishing operations at the
      joint surfaces.
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment of a sealing arrangement in accordance
      with the present invention, and wherein:
DRWD
PAR  The single FIGURE is a cross sectional view of a sealing arrangement
      according to the present invention within the area of the joint surfaces
      between the cylinder head, the cylinder crankcase and the cylinder liner.
DETD
PAR  Referring now to the single FIGURE of the drawing, a flat-seal 11 is
      arranged on the joint surface 12 between the cylinder crankcase 13 and the
      cylinder head 14. Both the flange 15 of the cylinder liner 16 as well as
      the cylinder head 14 rest on the flat-seal means 11. The cylinder head 14
      is secured onto the cylinder crankcase in a conventional manner by means
      of cylinder head bolts. The transmission of the contact pressure onto the
      cylinder liner flange 15 takes place by direct contact with the cylinder
      head 14.
PAR  The height 17 of the cylinder liner flange 15 and the depth of the
      corresponding fitting recess in the cylinder head 14 are so matched to
      each other that the surface pressure at the cylinder liner flange 15, with
      a predetermined pretensioning of the cylinder head bolts, is always larger
      by a multiple than the surface pressure between the cylinder head 14 and
      the flat-seal means 11. In order to be able to absorb the high surface
      pressure which is required for sealing off the combustion chamber between
      the cylinder head 14 and the cylinder liner 16 and which is also effective
      between the cylinder liner flange 15 and the cylinder crankcase 13, the
      flat-seal means 11 consists, according to this invention, of a metal,
      preferably of aluminum, whereby a repeated disassembly of the cylinder
      head is possible without the need for replacing the flat-seal 11.
PAR  As a result of the pressure cone which results from the thickness of the
      flat-seal 11 within the area of the cylinder liner flange 15, the
      effective contact area on the joint surface 12 of the cylinder crankcase
      13 is increased, whereby the surface pressure at this area is effectively
      reduced and the danger of crack formation at the cylinder crankcase 13 is
      lessened within the area of the cylinder liner flange 15.
PAR  At the locations of liquid passage openings 18, such as, for example, for
      cooling water, elastic sealing rings 19, for example, rubber rings, are
      vulcanized into the flat-seal 11 and are thus fixedly mounted against
      possible loss. A completely satisfactory sealing effect is attained in
      that the sealing rings 19 project beyond the flat-seal 11 on both sides by
      a small amount.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sealing arrangement within the area of the joint surface means between
      cylinder head, cylinder liner and cylinder-crankcase of an internal
      combustion engine equipped with inserted cylinder liners provided with a
      flange, a fitting recess being provided at the cylinder head for
      accommodating the cylinder liner flange, characterized in that a flat seal
      means is arranged on the joint surface means between cylinder-crankcase
      and cylinder head and in that both the flange of the cylinder liner as
      also the cylinder head rest on the flat seal means, the transmission of
      the contact pressure onto the cylinder liner flange taking place by direct
      contact with the cylinder head.
NUM  2.
PAR  2. A sealing arrangement according to claim 1, characterized in that the
      flat seal means essentially consists of metal.
NUM  3.
PAR  3. A sealing arrangement according to claim 2, characterized in that the
      flat seal means consists of aluminum.
NUM  4.
PAR  4. A sealing arrangement according to claim 3, characterized in that the
      internal combustion engine is a water-cooled internal combustion engine.
NUM  5.
PAR  5. A sealing arrangement according to claim 4, characterized by the
      provision of elastic sealing ring means in the flat seal means at the
      places of liquid passage openings for the cooling water.
NUM  6.
PAR  6. A sealing arrangement according to claim 5, characterized in that the
      elastic sealing ring means are rubber rings.
NUM  7.
PAR  7. A sealing arrangement according to claim 5, characterized in that the
      elastic sealing ring means are fixedly secured in the flat seal means to
      avoid loss thereof and project beyond the flat seal means on both sides by
      a slight amount.
NUM  8.
PAR  8. A sealing arrangement for a water-cooled internal combustion engine
      according to claim 1, characterized by the provision of elastic sealing
      ring means in the flat seal means at the places of liquid passage openings
      for the cooling liquid.
NUM  9.
PAR  9. A sealing arrangement according to claim 8, characterized in that the
      elastic sealing ring means are fixedly secured in the flat seal means to
      avoid loss thereof and project the flat seal means on both sides by a
      slight amount.
NUM  10.
PAR  10. A sealing arrangement according to claim 1, wherein said direct contact
      between said liner means flange and said cylinder head is seal-free.
NUM  11.
PAR  11. A sealing arrangement for an internal combustion engine comprising:
PA1  a cylinder head, a cylinder-crankcase, and cylinder liner means arranged to
      provide facing joint surfaces, and
PA1  seal means arranged between the joint surfaces in sealing engagement
      therewith,
PA1  wherein a cylinder liner means flange and the cylinder head constitute one
      of said joint surfaces and the cylinder-crankcase constitutes the other of
      said joint surfaces.
NUM  12.
PAR  12. A sealing arrangement according to claim 10, wherein said flange
      contacts said cylinder head in a seal-free manner.
NUM  13.
PAR  13. A sealing arrangement according to claim 10, wherein said seal means is
      a single seal means.
NUM  14.
PAR  14. A sealing arrangement according to claim 10, wherein said flange and
      said cylinder head rest on one side of said seal means while said
      cylinder-crankcase is provided on a side of said seal means opposite said
      one side.
NUM  15.
PAR  15. A sealing arrangement according to claim 14, wherein a height of said
      flange and a depth of a recess in said cylinder head for receiving said
      flange are so matched to each other that the surface pressure at the
      flange, with a predetermined pretensioning of cylinder head bolts, is
      always larger by a multiple that the surface pressure between the cylinder
      head and the seal means.
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ABST
PAL  A piston ring assembly having a pair of resilient split rings of identical
      cross section in a single piston groove in which the rings contact each
      other over a large surface to maintain the gap of one ring diametrically
      opposed relative to the gap of the other ring to resist passage of oil and
      compressed gases. The rings each have a separate line contact with the
      piston which accomplishes sealing without imposing frictional loads
      detracting from the radial expansion of the rings to produce a tight seal
      against the cylinder walls. The rings afford spaced seals with the
      cylinder wall to form an annular oil containing cavity for controlled
      lubrication of the cylinder wall.
PARN
PAR  This is a continuation of application Ser. No. 363,976, filed May 25, 1973,
      and now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to piston rings and more particularly to rings of
      the type used for compression of gases such as with pistons of
      reciprocating air compressors.
PAR  Rings which are used for compression purposes with pistons and cylinders
      are usually of the split type which in their free state have a gap between
      the ends of the ring and are larger in diameter than the cylinder. The
      rings are compressed radially inward to fit within a groove in the piston
      and the tendency for the ring to resume it original shape exerts a radial
      outward force to seat the face of the ring against the cylinder wall. The
      gap is reduced and the ends are closely adjacent to each other.
      Nevertheless, when a single ring is used in a piston groove, lubricating
      oil passes through the gap toward the cylinder head on the suction or
      downward stroke of the piston and the gases in the cylinder head leak from
      the head through the gap upon the compression or upward stroke. In an
      effert to avoid this problem rings have been formed with ends of various
      configuration. Also efforts have been made to use two rings in a single
      groove with the two gaps diametrically opposed to form a more torturous
      path for the passage of oil or compressed gases. Such arrangements have
      relied on interlocking ring portions which have made the rings difficult
      to make and expensive or have required the use of two rings of different
      configurations which is undesirable from an assembly and replacement
      standpoint.
PAR  In addition to the sealing between the cylinder wall and the ring, it also
      is necessary to maintain sealing between the ring and the piston. This
      usually is accomplished by utilizing rings and grooves of very precise
      dimensions so that a close fit is provided. Such fits, however, impose
      frictional loads between the walls of the groove and the ring which must
      be overcome by the radial outward biasing of the ring which is needed for
      producing face pressure against the cylinder wall. Because of this it
      sometimes is necessary to use additional spring devices to supplement the
      spring force of the rings.
PAR  During the compression stroke of a piston, the pressure of the gases may be
      relied upon to increase the face pressure between the ring and the
      cylinder wall but this action is not available during the suction stroke
      of the piston at which time gases are drawn into the head of the cylinder.
      Such operation also is not available at other times with air compressors
      of the type used to supply the brake systems of motor vehicles. Such
      compressors usually are reciprocated continuously but compress air within
      a fixed predetermined range as demand requires. As a result the action of
      compressed gases is not available to assist sealing forces during a
      majority of the time that the piston is reciprocated.
PAR  It is an object of the invention to provide a piston ring assembly in which
      a pair of identical rings are disposed in a ring groove in a piston to
      provide line-contact sealing between the piston and the rings which afford
      maximum utilization of the radial forces due to the resiliency of the
      rings to maintain high sealing contact between the rings and the cylinder.
PAR  Also it is an object of invention to provide a piston ring assembly in
      which a pair of identical rings are disposed with their gaps angularly
      displaced and engage each other in a manner insuring that circumferential
      movement of one ring is transferred to the other ring to maintain the
      anuglar displacement of gaps.
PAR  Another object of invention is to provide a ring assembly disposed to form
      a reservoir of oil which lubricates the walls of the cylinder at a
      controlled rate.
PAR  A piston ring assembly has been provided in which a pair of split rings of
      identical cross section are disposed in a single groove in the piston so
      that the gaps are angularly displaced relative to each other to minimize
      the passage of oil and gases so that each ring can act independently to
      form a complete seal with the piston without imposing unnecessary
      frictional forces which detract from the radial pressure which the rings
      impose on the cylinder wall. The radial pressure is applied to the
      cylinder at spaced annular lines of contact which not only improves the
      sealing and the oil wiping action, but also the rings act to form an
      annular oil retaining cavity against the cylinder wall for controlled
      lubrication.
DRWD
PAC    DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of a piston with the ring assembly of the
      present invention.
PAR  FIG. 2 is a greatly englarged portion of one of the ring assemblies in FIG.
      1 showing the relationship to a cylinder wall; and
PAR  FIG. 3 is a top plan view of one ring in its free unassembled state.
DETD
PAC    DETAILED DESCRIPTION
PAR  As seen in FIG. 1, a compressor piston of generally conventional
      configuration is designated at 10. The piston 10 is generally cup shaped
      with a cylindrical outer wall 12 and diametrically opposed apertured
      bosses 14, only one of which is shown, for receiving the opposite ends of
      the usual connecting rod wrist pin 16.
PAR  The piston 10 is shown with upper and lower compression ring grooves 18
      located in the outer wall 12 of the piston 10 above the wrist pin 16 and
      an oil ring assembly 20 located below the wrist pin 16 in the skirt 21.
      The compression ring grooves 18 each have an upper annular wall 22 and a
      lower annular wall 24 which are generally parallel to each other and a
      cylindrical wall 26 at the root of the ring grooves 18. Upper and lower is
      meant to refer toward the head end and toward the skirt end of a piston
      respectively, since the piston could reciprocate on an axis other than
      vertical.
PAR  Disposed in each compression ring groove 18 are an upper ring 28 and a
      lower ring 30 which are identical to each other. The rings 28 and 30 are
      generally rectangular in cross-section and each ring has a relatively
      narrow upper face 32 and a relatively wider lower face 34 which is
      parallel to the upper face 32. Each ring 28 and 30 has an outer face
      surface 36 which is preferably tapered so that the outer face is at an
      angle of less than 90 degrees with the lower face 34. Each ring also has
      an inner wall surface 37 which merges with an inside beveled surface 38.
PAR  In the free state of the rings 28 and 30, one of which is shown in FIG. 3,
      there is a wide gap between the ends 40. Upon assembly of the rings 28 and
      30 into a ring groove 18 and positioning of the piston 10 into a cylinder
      which is designated at 42 in FIG. 2, the gaps in the rings 28 and 30 are
      closed so that the split ends 40 of the rings are closely adjacent to each
      other. Moreover, as the rings 28 and 30 are biased radially inward to fit
      within the ring groove 18 and within the cylinder 42, the rings become
      twisted to assume an angled or dished position so that in cross-section as
      seen in FIG. 2, the upper and lower faces 32 and 34 of each of the rings
      28 and 30 remain parallel to each other but are disposed at an angle to
      the upper and lower groove walls 22 and 24. Such rings are known as
      positive twist rings and when the pair of rings 28 and 30 are disposed in
      their respective ring grooves 18, the split portion formed by the ends 40
      of the upper ring 28 is disposed diametrically opposite the gap formed by
      the split ends 40 of the lower ring 30.
PAR  As will be seen from FIG. 2, the rings are disposed in their respective
      grooves 18 so that the lower face 34 of the upper ring 28 and the upper
      face 32 of the lower ring 30 engage each other with full contact. A lip 44
      on each of the rings 28 and 30 which is formed at the juncture of the
      outer face 36 and lower face 34 engages the wall of the cylinder 42. Also
      the upper face 32 of the upper ring 28 engages an annular edge 46 formed
      on the piston 10 by the juncture of the upper wall 22 of the groove 18 and
      the outer cylindrical side wall 12 of the piston 10. Each of the rings 28
      and 30 also has an annular edge 48 of the lower face 34 and the inner wall
      37. The annular edge 48 of the lower ring 30 engages the lower wall 24 of
      the ring groove 18.
PAR  When the pairs of rings 28 and 30 are assembled into their respective ring
      grooves 18, they are compressed radially inwardly which causes the rings
      to assume the twisted position illustrated in FIG. 2, which results in the
      rings being slightly defective in an axial direction. This causes the
      rings 28 and 30 to be tightly pressed together and to exert pressure
      axially of the piston 10 at the upper annular edge 46 and in an opposite
      direction at the lower annular edge 48 of the lower ring 30. The lines of
      contact at the annular edge 46 of the piston and the annular edge 48 of
      the lower ring 30 form effective seals between the piston 10 and the rings
      28 and 30. At the same time, the bottom face 34 of the upper ring 28 forms
      an effective seal with the upper face 32 of the lower ring 30. Also the
      lip 44 of each of the rings 28 and 30 forms a seal with the wall of the
      cylinder 42. Each pair of rings 28 and 30 forms an annular chamber 50
      defined by the outer face 36 of the lower ring 30, a radial outer portion
      of the bottom face 34 of the upper ring 28 and the wall of the cylinder 42
      between the ring lips 44.
PAR  Each of the rings 28 and 30 acts generally independently of each other to
      provide seals between the piston and the cylinder. The upper ring 28
      provides a line contact seal at the annular edge 46 and the lower ring 30
      provides a line contact seal at the annular edge 48. Because the rings act
      independently of each other to accomplish their sealing function, the
      necessity of maintaining the upper wall 22 and the lower wall 24 of the
      ring grooves 18 in perfect parallel alignment is not as critical as when a
      single ring is used.
PAR  During reciprocation of the piston 10 in its cylinder 42, effective seals
      are provided at the lips 44, the annular edges 46 and 48, and the two
      mating surfaces 34 and 32. During the downward stroke of the piston 10,
      the lips 44 act to scrape oil which has accumulated on the side walls of
      the cylinder 42 and leave a very thin film. At the same time oil is
      retained in the cavity 50 between the lips 44 to afford ample lubrication.
PAR  During compression on the upward movement of the piston 10, the high
      pressure in the cylinder head causes the rings 28 and 30 to be distorted
      downwardly so that the lips 44 are pressed into tight engagement with the
      wall of the cylinder 42 to increase the sealing action. However, when the
      piston 10 is moving downwardly on the suction stroke or when the
      compressor is being reciprocated but air is not bein compressed, such high
      pressure is not available to increase the sealing pressure of the lips 44.
      As a consequence, the resiliency of the rings tending to assume their free
      state must be relied on to exert a radial force to maintain the lips 44 in
      tight engagement with the walls of the cylinder 42. Such outward expansion
      or force is impeded only by the friction between the upper ring 28 at the
      annular edge 46 and between the lower ring 30 at the annular edge 48. In
      the present arrangement, the frictional effect is minimized since each
      ring acts independently at only one annular line of contact. By contrast,
      a single ring in a single groove would have two lines of contact and
      consequently greater resistance to radial outward movement of the rings 28
      and 30.
PAR  One of the sources of leakage between the bottom and the top of a piston is
      the gap formed by the ends of a ring. In the present arrangement such
      leakage is minimized by positioning the gaps 180.degree. apart at the time
      the rings 28 and 30 are assembled in their grooves 18. This relationship
      is retained permanently during the life of the rings, apparently due to
      the large surface area of contact between the lower face 32 of the upper
      ring 28 and the upper face 32 of the lower ring 30. The large area of
      contact prevents rotation of the rings 28 and 30 relative to each other
      and maintains the gaps formed by the ends 40 in their assembled position.
PAR  It will now be seen that a piston ring assembly has been provided in which
      a pair of positive twist rings are disposed in a single groove in such a
      manner that the gaps are maintained in their assembled, diametrically
      opposed state to minimize gas or oil passage and the rings each exert
      force separately in opposite direction to form line contact seals with the
      piston but without substantially diminishing the radial force pressing the
      ring lips into tight sealing engagement with the cylinder where the pair
      of lips of the ring assembly also form an annular oil retaining cavity to
      lubricate the cylinder wall.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination; a piston recirpocatingly positioned in a cylinder, said
      piston having an outer peripheral piston wall, a circumferential ring
      groove extending inwardly from said piston wall and having substantially
      parallel upper and lower annular groove surfaces terminating at upper and
      lower annular groove edges at said piston wall, a pair of positive twist
      split rings of substantially the same size and shape positioned in said
      groove, each said ring being generally circular and having a transverse
      gap, each said ring having a generally rectangular cross-sectional shape
      including substantially flat and parallel upper and lower surfaces,
      substantially flat inner and outer surfaces, and a chamfer between said
      upper and inner surfaces, said outer surface intersecting said lower
      surface at a knife edge, said rings being positioned in said groove with
      said transverse gaps circumferentially displaced from one another, said
      rings being radially compressed to reduce the size of said gaps and to
      dish said rings upwardly, said knife edges on each said ring being in
      engagement with the wall of said cylinder, said groove and rings being
      axially dimensioned so that said rings are axially stressed with said
      upper surface of one said ring adjacent said outer surface thereof
      engaging said upper groove surface adjacent said upper groove edge and
      with said lower surface of the other said ring adjacent said inner surface
      thereof engaging said lower groove surface, and said rings having their
      facing upper and lower surfaces engaging one another over substantially
      their entire area to prevent relative rotation between said rings.
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ABST
PAL  A safety ski binding with a release mechanism that normally retains the ski
      boot against a resistance; when exceeding this resistance, the release
      mechanism permits a rotation of the boot about an axis of rotation
      forwardly by an amount sufficient for the release of the boot; the axis of
      rotation is a cross-axis arranged between the toe and heel area as well as
      between the running surface of the ski and the knee joint and the rotary
      movement of the boot starts with a predetermined torque in relation to
      this cross axis which corresponds to a bending moment that is just barely
      still tolerable by the lower part of the leg.
BSUM
PAR  The present invention relates to a safety ski binding with a release
      mechanism holding the ski boot directly or indirectly against a
      resistance, which upon overcoming this resistance, permits a rotation of
      the boot about an axis of rotation in the forward direction by an amount
      sufficient for the release of the boot.
PAR  Known release safety ski bindings of this type function completely
      satisfactorily, if, in case of essentially forwardly acting forces in the
      knee joint relative to the ski, the extension of the vector of the
      resultant resulting from gravity and acceleration intersects the ski
      longitudinal axis sufficiently far in front of the boot tip, whereby one
      has to assume that the cross axis, about which the ski boot rotates during
      the release, lies within the area of the boot tip, i.e., within the area
      of the forward holding mechanism.
PAR  The present invention starts with the recognition that particularly
      dangerous fractures of the lower part of the leg, i.e., of the shank, may
      occur if the resultant force engaging in the knee joint which results from
      gravity and acceleration forces, points toward areas shortly in front or
      to the rear of the forward boot holding or retaining mechanism. In those
      cases, the conventional release ski bindings cannot respond whereas, on
      the other hand, notwithstanding the considerable force components in the
      direction of the neutral axis of the lower leg part, such considerable
      bending moments occur at the lower leg part that frequently very dangerous
      fractures result.
PAR  The aim of the present invention therefore consists in providing a safety
      ski binding of the aforementioned type which still releases without the
      danger of a fracture of the lower part of the leg or of the ankle also
      when the extension of the resultant of gravity and acceleration force
      intersects the ski longitudinal axis within the area of the boot tip or
      therebehind.
PAR  The underlying problems are solved according to the present invention in
      that the boot is rotatably supported for movement in the forward direction
      (movement corresponding to a forward fall) by the amount sufficient for
      the release of the boot about a cross axis arranged between toe- and
      heel-area as well as between ski running surface and knee joint in
      response to a predetermined torque in relation to this cross axis which
      corresponds to a bending moment just barely still tolerable for the lower
      part of the leg. The cross axis should preferably extend essentially
      through the neutral axis of the lower part of the leg or through the
      rectilinear extension thereof in the downward direction. By reason of this
      construction, practically every resultant force engaging in the knee joint
      which does not have the direction of the neutral axis and thus produces a
      torque about the cross axis, is able to produce a release of the ski
      binding. Only in the case that, for example, when skiing over a bump, the
      resultant of gravity and acceleration force lies precisely in the neutral
      axis, a release cannot take place. This case, however, is not critical
      because the buckling strength of the lower leg bone is considerably
      greater in contrast to its bending strength. However, as soon as a
      dangerous bending moment occurs at the lower leg part by reason of a
      deviation of the aforementioned resultant force from the direction of the
      neutral axis, a release of the boot takes place when the extension of the
      resultant intersects the ski longitudinal axis between the base point of
      the neutral axis and the forward holding or retaining mechanism. Insofar
      as this extension intersects the ski longitudinal axis considerably in
      front of the forward holding mechanism, no problems exist as regards a
      timely release because the lever arm between the effective line of the
      resultant force in the knee joint and the cross axis thereby becomes ever
      larger.
PAR  It is particularly advantageous if the cross axis is located approximately
      at that place of the lower part of the leg at which the quotient or ratio
      (the bending stress) of the bending moment to the resistance moment of the
      lower part of the leg has a maximum. More particularly, this area
      represents the weakest and therefore the most endangered point of the
      lower leg so that an optimum adaptation to the existing anatomic
      conditions is assured by the aforementioned location of the cross axis.
PAR  However, it is sufficient for practical purposes if the cross axis lies
      above the ankle approximately by one-third the distance between the ankle
      and the knee joint or within the area of the boot edge height.
PAR  One embodiment of this invention which can be realized in practice in a
      particularly simple manner is characterized in that the cross axis is
      disposed within the area of the boot sole. By the use of this construction
      in particular conventional ski bindings can be converted into release ski
      safety bindings according to the present invention with relatively slight
      structural expenditures.
PAR  It is particularly appropriate if the boot is also rotatable about a
      vertical axis by an amount sufficient for the release of the boot,
      beginning with a predetermined torque which corresponds to a just barely
      still tolerable torsion moment for the lower part of the leg. With this
      type of construction, a conventional side release, known as such, can also
      still take place.
PAR  In order to obtain a release also in the case of a lateral fall of the
      skier, of the so-called tipping over or tilting fall, a further embodiment
      of the present invention provides that the boot is also rotatable about a
      longitudinal axis by an amount sufficient for the release of the boot,
      starting with a predetermined torque which corresponds to a just barely
      still tolerable bending moment for the lower part of the leg.
PAR  A first practical embodiment of this invention is characterized in that the
      boot sole or a sole plate arranged therebelow is provided with a sliding
      surface cut out of a circular cylinder, whose cylinder axis coincides with
      the axis of rotation and cooperates with a complementary sliding surface,
      for example, secured to the ski where means are provided for holding
      together the sliding surfaces which are slidable with respect to one
      another about the cross axis, and a detent mechanism is provided between
      the slide surfaces which determines the predetermined torque about the
      cross axis. This embodiment may be appropriately further developed in that
      the sliding surfaces are curved spherically or at least about two axes so
      that, in addition to the release in the forward direction, also a lateral
      release about the vertical axis and/or a tilting release about the ski
      longitudinal axis are possible.
PAR  In a further practical embodiment of the present invention, the ski boot
      sole or a sole plate arranged therebelow is so suspended forwardly and
      rearwardly on guide members which are connected with the ski about cross
      axes, that the boot is able to carry out a limited rotary movement about
      the cross axis while a detent mechanism determines the predetermined
      torque about the cross axis.
PAR  According to a still further embodiment of the present invention, the boot
      sole or a sole plate disposed therebelow rests on a projection rounded off
      at the top and fixed on the ski, whose line- or point-shaped area in
      contact with the boot sole or the boot plate, determines the cross axis
      and possibly the vertical and longitudinal axes, and holding or retaining
      mechanisms are provided within the toe and/or heel areas, of which at
      least one holding or retaining mechanism is adjusted corresponding to the
      predetermined torques about the axis of rotation and possibly about the
      vertical and longitudinal axes. This embodiment is particularly suitable
      for use in conjunction with conventional holding devices and requires only
      a slight expenditure in order to realize a release ski binding according
      to the present invention. The projection may have within the area of the
      cross axis essentially the shape of a cylindrical surface with a
      transversely disposed axis or may be constructed as spherical dome-shaped
      member.
PAR  The safety ski binding according to the present invention inclusive the
      practical embodiments described hereinabove may be further developed in a
      simple manner to provide a response in case of a rearward fall in that the
      boot is rotatably supported in the rearward direction about the same cross
      axis by an amount sufficient for the release of the boot, starting with a
      predetermined torque in relation to this cross axis which corresponds to a
      just barely still tolerable bending moment for the lower part of the leg.
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PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, several embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a schematic side elevational view, partly in cross section, of
      one embodiment of a safety ski binding in accordance with the present
      invention, illustrating the principle according to the present invention,
      with the ski boot fastened in the ski binding, and also the lower part of
      the leg of a skier is illustrated;
PAR  FIG. 2 is a rear elevational view, partly in cross section, of the safety
      ski binding of FIG. 1;
PAR  FIG. 3 is a schematic plan view of the ski boot according to FIG. 1,
      whereby additionally the detent mechanisms are indicated;
PAR  FIG. 4 is a schematic side elevational view of a further advantageous
      embodiment of a safety ski binding in accordance with the present
      invention; and
PAR  FIG. 5 is a schematic side elevational view, partly in cross section, of a
      still further modified embodiment of a safety ski binding according to the
      present invention.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, and more
      particularly to FIGS. 1 to 3, the sole 16 of a ski boot 20 is secured
      according to these figures, on a sole plate 21 by means of a forward
      holding or retaining mechanism 22 and a rear holding or retaining
      mechanism 23 of any conventional construction. A spherical slide surface
      26 is formed on the bottom side of the sole plate 21 which cooperates with
      a slide surface 24, for example, complementary with respect thereto which
      is secured on the ski 25.
PAR  The center point of the slide surfaces 24 and 26 is located at 14. The
      slide surfaces 24 and 26 thus enable a limited rotary movement of the boot
      20 about a cross axis 14 disposed perpendicularly to the plane of the
      drawing in FIG. 1, about the vertical axis 17 and about the longitudinal
      axis 18. In order that the boot 20 can carry out the pivot movements about
      the cross axis 14 and the longitudinal axis 18, a free space 19 is left
      between the sole plate 21 and the surface of the ski 25.
PAR  In order that the ski boot comes free of the ski by a predetermined amount
      during rotary movements, for example, a pin 29 with an enlarged head 32
      may be provided on the bottom side of the sole plate 21, whereby the pin
      29 and head 32 operate within a guide means 30, for example, in the form
      of a template mounted on the lower slide surface 26 in such a manner that
      in the normal position illustrated in the drawing, the two slide surfaces
      24 and 26 are held fast in the sliding seat one over the other. However,
      as soon as the head 32 moves forwardly, rearwardly or toward the side so
      far that it comes into alignment with the enlarged guide surface areas,
      i.e., with the enlarged template openings, the two slide surfaces can
      disengage from one another and a release of the boot takes place.
PAR  Thus, the guide surfaces taper up to a slot 31, through which the pin 29 is
      just able to slide through.
PAR  The embodiment according to FIGS. 1 to 3 illustrates only one possibility
      for the release of the ski boot from the ski. According to a further
      preferred embodiment, a predetermined relative movement between the slide
      surfaces 24 and 26 brings about a release of the ski-binding parts, for
      example, of the heel ski-binding 23 by way of a hydraulic, pneumatic,
      electrical or mechanical connection (not shown) of any known conventional
      type so that exclusively the ski boot is released without the sole plate.
      For the sake of simplicity the details of such known connections are not
      illustrated herein.
PAR  In order to assure that the ski boot together with the sole plate is held
      fast in the normal position, detent mechanisms 27 and 28 are provided is
      the lower slide surface 26 consisting, for example, of balls 33, and
      detent recesses 34 in the counter-surface 24, which assure that the rotary
      movement about the axes 14, 17 and 18 are released only starting with the
      predetermined torques which are still without danger for the lower part of
      the leg.
PAR  According to FIG. 1, the cross axis 14 is arranged above the ankle 15 by
      about one-third the distance from the knee joint 13 to the ankle 15. This
      location is particularly preferred because the lower leg 12 is weakest
      within this area. Additionally, the cross axis 14 lies on the neutral axis
      11 of the lower part of the leg 12.
PAR  An assumed force P is also schematically indicated in FIG. 1, which engages
      in the knee joint 13 and has to be thought of as the resultant of the
      gravity and of an accelerating force. The extension of the force vector P
      intersects the ski longitudinal axis between the base point of the neutral
      axis 11 and the forward holding mechanism 22. A conventional ski binding
      would not release in this case. Since, however, the cross axis 14 is
      disposed according to the present invention at the location illustrated in
      FIG. 1, the obliquely downwardly directed force P produces a torque about
      the cross axis 14 by reason of the lever arm p, which with an appropriate
      adjustment of the detent mechanisms 27 and 28 can serve for the release of
      the ski binding according to the present invention. Consequently, a
      release takes place notwithstanding the nearly vertically downwardly
      directed resultant of the forces engaging in the knee joint.
PAR  A release may also take place in an analogous manner in case of a torque
      about the longitudinal axis 18. If a release of the boot is also to take
      place in case of a rotation about the upright axis 17, the head 32 may be
      so constructed that it is able to come free of the guide means 30 in case
      of a certain rotation of the boot about its vertical axis 17.
PAR  In the embodiment according to FIG. 4, a sole plate 21 is pivotally
      connected forwardly and rearwardly thereof on the ski 25 about cross axes
      by means of two guide members 35, 36 and 37, 38 each. The extensions of
      the guide members 35, 36, 37, 38 intersect approximately in a point and
      form the cross axis 14. The upper ends of the guide members 35, 36 and 37,
      38 are each pivotally connected to a respective coupler 42 and 43 which,
      in turn, is pivotally mounted on the sole plate 21. As a result of this
      construction, the sole plate 21 and therewith the boot 20 carries out a
      limited rotary movement about the cross axis 14. Schematically indicated
      detent mechanisms 27 and 28 hold the sole plate 21 fast in the normal
      position about the cross axis 14 until reaching the critical torque.
PAR  The embodiment according to FIG. 4 illustrates only one solution in case of
      excessive torques about the cross axis 14. The means for the release of
      the boot 20 in case of a disengagement of the detent mechanisms 27 and 28
      as well as release mechanisms which enable releases during movements
      and/or moments about other axes are not illustrated herein for the sake of
      simplicity since they are of conventional construction.
PAR  In the embodiment according to FIG. 5, the ski boot 20 is inserted into
      conventional holding or retaining mechanisms 40 and 41. A reinforcing
      plate 44 is inserted into its sole, by means of which it rests on a
      projection 39 fixed to the ski. The free space 19 again exists in front of
      and to the rear of the projection 39 which permits limited pivot movements
      of the boot 20.
PAR  In the embodiment according to FIG. 5, the cross axis 14, about which the
      boot is able to rotate is disposed in the top point or apex of the
      projection 39, which may also be constructed as knife-edge or pivot
      bearing.
PAR  The forward holding mechanism 40 and the rear holding mechanism 41 are so
      adjusted in conjunction with the location of the cross axis 14 below the
      neutral axis 11 that with the occurrence of the critical moment about the
      cross axis 14, a release of the rear holding mechanisms 41 takes place.
      The critical torsional moment is determined in an analogous manner by the
      holding mechanisms 40 and 41. A tilting release about the longitudinal
      axis and a rear fall release is possible in the embodiment illustrated in
      FIG. 5 if the forward holding mechanism permits the boot sole to pivot
      away in the upward direction by the use of any known means.
PAR  Also all other embodiments may be so constructed that they will respond in
      case of a rearward fall.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A safety ski binding which comprises a release means retaining a ski
      boot against a resistance, comprising means rotatably supporting the boot
      for movement by an amount sufficient for the release of the boot about a
      cross axis arranged intermediate the ball and heel area of the boot and
      intermediate the running surface of the ski and the knee joint of the
      skier, said release means releasing in response to a predetermined torque
      in relation to said cross axis which torque corresponds to a just barely
      still tolerable bending moment tolerable by the lower leg of the skier,
      said cross axis being vertically spaced above the sole of the boot when
      said boot is in a clamped position on a ski.
NUM  2.
PAR  2. A safety ski binding according to claim 1, wherein the release means
      holds the boot indirectly against the resistance.
NUM  3.
PAR  3. A safety ski binding according to claim 1, wherein the release means
      holds the boot directly against the resistance.
NUM  4.
PAR  4. A safety ski binding according to claim 1, wherein the cross axis
      extends essentially through the neutral axis of the lower leg.
NUM  5.
PAR  5. A safety ski binding according to claim 1, wherein the cross axis is
      located within the area of the upper boot edge height.
NUM  6.
PAR  6. A safety ski binding according to claim 1, wherein the boot is rotatable
      by an amount sufficient for the release of the boot also about an upright
      axis in response to a predetermined torque which corresponds to a
      torsional moment just barely still tolerable for the lower leg.
NUM  7.
PAR  7. A safety ski binding according to claim 6, wherein the boot is rotatable
      by an amount sufficient for the release of the boot also about a
      longitudinal axis in response to a predetermined torque which corresponds
      to a bending moment just barely still tolerable for the lower leg.
NUM  8.
PAR  8. A safety ski binding according to claim 7, wherein the cross axis
      extends essentially through the neutral axis of the lower leg.
NUM  9.
PAR  9. A safety ski binding according to claim 7, wherein the cross axis is
      located approximately at that place of the lower leg at which the ratio of
      the bending moment to resistance moment of the lower leg has a maximum.
NUM  10.
PAR  10. A safety ski binding according to claim 7, wherein the cross axis lies
      above the ankle approximately one-third the distance between the ankle and
      the knee joint.
NUM  11.
PAR  11. A safety ski binding according to claim 7, wherein the cross axis is
      located within the area of the upper boot edge height.
NUM  12.
PAR  12. A safety ski binding according to claim 1, wherein at least one of the
      two parts consisting of a boot sole and a sole plate arranged therebelow
      is so suspended forwardly and rearwardly thereof at guide means pivotally
      connected with the ski about cross axes, that the boot is able to carry
      out a limited rotary movement about said cross axis, and in that detent
      means are provided in the ski binding for determining the predetermined
      torque about the cross axis.
NUM  13.
PAR  13. A safety ski binding according to claim 1, wherein the boot is
      rotatable by an amount sufficient for the release of the boot also about a
      longitudinal axis in response to a predetermined torque which corresponds
      to a bending moment just barely still tolerable for the lower leg.
NUM  14.
PAR  14. A safety ski binding according to claim 1, wherein the boot is
      rotatably supported for movement by an amount in the rearward direction
      sufficient for the release of the boot about said cross axis in response
      to a predetermined torque in relation to said cross axis which corresponds
      to the bending moment just barely still tolerable for the lower leg.
NUM  15.
PAR  15. A safety ski binding according to claim 1, wherein said cross-axis lies
      intermediate the height of the ankle and the knee joint of a skier when
      said skiers leg is in a substantially vertical position with respect to
      said ski.
NUM  16.
PAR  16. A safety ski binding which comprises a release means retaining a ski
      boot against a resistance, comprising means rotatably supporting the boot
      for movement by an amount sufficient for the release of the boot about a
      cross axis arranged intermediate the toe and heel area of the boot and
      intermediate the running surface of the ski and the knee joint of the
      skier, said release means releasing in response to a predetermined torque
      in relation to said cross axis which torque corresponds to a just barely
      still tolerable bending moment tolerable by the lower leg of the skier,
      wherein the cross axis is located approximately at that place of the lower
      leg at which the ratio of the bending moment to resistance moment of the
      lower leg has a maximum.
NUM  17.
PAR  17. A safety ski binding which comprises a release means retaining a ski
      boot against a resistance, comprising means rotatably supporting the boot
      for movement by an amount sufficient for the release of the boot about a
      cross axis arranged intermediate the toe and heel area of the boot and
      intermediate the running surface of the ski and the knee joint of the
      skier, said release means releasing in response to a predetermined torque
      in relation to said cross axis which torque corresponds to a just barely
      still tolerable bending moment tolerable by the lower leg of the skier,
      wherein the cross axis lies above the ankle approximately one-third the
      distance between the ankle and the knee joint.
NUM  18.
PAR  18. A safety ski binding which comprises a release means retaining a ski
      boot against a resistance, comprising means rotatably supporting the boot
      for movement by an amount sufficient for the release of the boot about a
      cross axis arranged intermediate the toe and heel area of the boot and
      intermediate the running surface of the ski and the knee joint of the
      skier, said release means releasing in response to a predetermined torque
      in relation to said cross axis which torque corresponds to a just barely
      still tolerable bending moment tolerable by the lower leg of the skier,
      wherein one of the two parts consisting of a boot sole or a sole plate
      arranged therebelow is provided with a slide surface means of
      substantially circular cylindrical shape, whose cylinder axis essentially
      coincides with the cross axis and which cooperates with a slide surface
      means fixed on the ski, further means being provided for holding together
      the slide surface means slidable with respect to one another about the
      cross axis, and detent means being provided between the slide surface
      means which determine the predetermined torque about the cross axis.
NUM  19.
PAR  19. A safety ski binding according to claim 18, wherein the slide surface
      means are substantially spherically shaped.
NUM  20.
PAR  20. A safety ski binding according to claim 18, wherein said slide surface
      means are curved at least about two axes.
NUM  21.
PAR  21. A safety ski binding comprising:
PA1  a ski boot retaining means for normally retaining a ski boot in an in-use
      skiing position on a ski,
PA1  and release means for releasing said boot from said ski in response to
      predetermined forces acting on said ski boot,
PA1  wherein said release means includes means for guiding and supporting the
      boot for rotational movement along a predetermined path about a cross-axis
      from said in-use position to a release position which is rotatably spaced
      from said in-use position,
PA1  and wherein said cross-axis extends transverse to the longitudinal
      direction of said ski and is disposed intermediate the heel and ball area
      of said ski boot, said cross axis being vertically spaced above the sole
      of the boot when said boot is in a clamped position on a ski.
NUM  22.
PAR  22. A safety ski binding according to claim 21, wherein said cross-axis is
      disposed intermediate the running surface of the ski and the position of
      the knee joint of a skier using said bindings when said skiers leg is in a
      substantially vertical position with respect to said ski.
NUM  23.
PAR  23. A safety ski binding according to claim 22, wherein said means for
      guiding and supporting includes mated relatively slideable curvilinear
      surfaces having said cross-axis as the axis of curvature thereof.
NUM  24.
PAR  24. A safety ski binding according to claim 22, wherein said means for
      guiding and supporting includes means for maintaining said cross-axis in a
      relatively fixed position with respect to said ski during movement of said
      ski boot from said in-use to said release position.
NUM  25.
PAR  25. A safety ski binding according to claim 22, wherein said retaining
      means includes a sole plate separate from said ski and hold-down means for
      holding said ski boot to said sole plate, and wherein said release means
      includes means for releasably holding said sole plate to said ski.
NUM  26.
PAR  26. A safety ski binding according to claim 21, wherein said means for
      guiding and supporting includes means for maintaining said cross-axis in a
      relatively fixed position with respect to said ski during movement of said
      ski boot from said in-use to said release position.
NUM  27.
PAR  27. A safety ski binding according to claim 21, wherein said retaining
      means includes a sole plate separate from said ski and hold-down means for
      holding said ski boot to said sole plate, and wherein said release means
      includes means for releasably holding said sole plate to said ski.
NUM  28.
PAR  28. A safety ski binding according to claim 21, wherein said cross-axis
      lies intermediate the height of the ankle and the knee joint of a skier
      when said skiers leg is in a substantially vertical position with respect
      to said ski.
NUM  29.
PAR  29. A safety ski binding comprising:
PA1  a ski boot retaining means for normally retaining a ski boot in an in-use
      skiing position on a ski,
PA1  and release means for releasing said boot from said ski in response to
      predetermined forces acting on said ski boot,
PA1  wherein said release means includes means for guiding and supporting the
      boot for rotational movement along a predetermined path about a cross-axis
      from said in-use position to a release position which is rotatably spaced
      from said in-use position,
PA1  wherein said cross-axis extends transverse to the longitudinal direction of
      said ski and is disposed intermediate the heel and ball area of said ski
      boot, and
PA1  wherein said means for guiding and supporting includes mated relatively
      slideable curvilinear surfaces having said cross-axis as the axis of
      curvature thereof.
NUM  30.
PAR  30. A safety ski binding according to claim 29, wherein said means for
      guiding and supporting includes means for maintaining said cross-axis in a
      relatively fixed position with respect to said ski during movement of said
      ski boot from said in-use to said release position.
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ABST
PAL  A safety fixing device for skis permitting automatic re-centering of the
      ski boot on the longitudinal axis of the ski when fixing said device on
      the skier's feet while standing up, said device comprising a member
      adapted to retain one of the extremities of said boot and including a
      first ramp associated with said boot and a second ramp located on a catch
      member fixed on said ski, said catch having a portion which is movable
      between two positions, a first position in which the moving portion of
      said catch is raised with respect to the ski and a second position in
      which the moving portion of said catch is locked with respect to said ski,
      the transition from said first to said second position by the action of
      pressure of the boot being effected against the force of an elastic member
      by compressing this latter, the profile of the two ramps in a plane
      parallel to the ski and to the sole of the boot having substantially the
      forms of a concave and a convex curve opening out towards the same
      extremity of the ski, the ramp associated with said boot comprising at
      least one projecting portion and two sliding surfaces, one said surface
      being substantially parallel to the boot and directed downwards, the other
      being inclined with respect to said boot and directed upwards, the ramp
      located on the moving portion of said catch comprising at least one
      projecting portion, the ramps associated with the boot and the moving
      portion of said catch co-operating in such manner that the pivotal
      movement of the catch causes at least one of the projecting portions of
      the ramp of said catch to slide over the downwardly-directed sliding
      surface, while the projecting portion of the ramp associated with said
      boot slides over the ramp located on the moving portion of said catch.
BSUM
PAR  The present invention relates to safety fixing devices for skis, in which
      the boot is temporarily or permanently fixed to a member added or directly
      obtained by molding, intended to co-operate by means of a ramp with a
      homologous retaining member fixed to the ski, in particular a pivoted
      catch.
PAR  This type of fixing with a member molded or added to the boot has, by
      reason of its structure, a certain number of problems, especially during
      the putting on of skis, especially in the case where the said molded or
      added member has dimensions less than those of the boot sole - and are
      thus concealed from the skier's view - this member requiring nevertheless
      to be engaged with a maximum of accuracy in the retention member fixed on
      the ski.
PAR  With known devices, this represents a delicate operation necessitating a
      certain skill on the part of the skier on the one hand, and on the other
      hand, a checking of the correct placing in position of the boot.
PAR  In the known devices, the extremity of the boot, co-operating with a hinged
      catch fixed on the ski, has an inclined profile in the shape of a wedge,
      the catch having in horizontal section substantially the shape of a U. In
      particular, in a known alternative form of construction, the profile of
      the ramp associated with the boot is constituted by one or more
      frusto-conical studs applied against inclined planes of the catch which
      has an arcuate form in horizontal section.
PAR  These constructions have the disadvantage either of not permitting
      sufficient guiding when putting on the skis, or of necessitating a
      considerable effort in order to overcome the friction forces between the
      added members and the skis. In fact, in these known constructions,
      centering can only be effected when the molded or added member is in
      contact with the ski, since the catch is fixed with respect to the ski.
PAR  In order to comply with conditions of safety and convenience of use, the
      co-operating ramps must ensure, in addition to the retention of the boot,
      its correct positioning with respect to the axis of the ski when putting
      on the latter, and this is true even in the case where the user presents
      his boot laterally inclined with respect to the ski. It is therefore
      essential to provide a guiding action between the ramps of the boot and
      the ski in order to achieve this correct positioning.
PAR  The present invention proposes a new structure for the profiles in contact
      with these ramps which permits automatic re-centering of the boot along
      the longitudinal axis of the ski during the engagement of the foot-fixing
      device, in the upright position.
PAR  The invention is a combination of three essential arrangements which
      co-operate with each other in such manner that, when putting on the skis:
PA1  the boot is automatically re-oriented into the longitudinal axis of the
      ski;
PA1  the friction forces are reduced to a minimum;
PA1  the skier can use the weight of his body to overcome the friction forces.
PAR  To this end, according to a first arrangement of the invention, the catch
      member comprises a portion which is movable between two positions:
PA1  A first position in which the moving part of the catch member is raised
      with respect to the ski;
PA1  a second position in which the moving part of the catch member is locked
      with respect to the ski;
PA1  the passage from the first to the second position, by the action of the
      boot, being effected against the action of an elastic member, by
      compressing it.
PAR  According to a second arrangement, the profiles of the two ramps seen in
      cross section following a plane parallel to the ski or to the boot, have
      the shape of a concave and a convex curve and open out towards one single
      extremity of the ski. The section of these ramps in a vertical plane is
      inclined with respect to the ski towards the same extremity of this
      latter.
PAR  According to a third arrangement of the invention:
PA1  the ramp associated with the boot comprises at least one projecting portion
      and two sliding surfaces, one substantially parallel to the boot and
      directed downwards; the other inclined with respect to the boot and
      directed upwards; and
PA1  the ramp located on the catch member is mounted on the moving portion of
      the catch and comprises projecting portions.
PAR  The ramps associated with the boot and located on the moving portion of the
      catch member co-operate in such manner that when the moving portion of the
      catch pivots under the action of the boot, when putting on the skis:
PA1  the projecting part or parts of the ramp of the moving catch slide over the
      sliding surfaces directed downwards; and
PA1  the projecting portion of the ramp of the boot slides over the ramp mounted
      on the moving part of the catch member.
PAR  By virtue of this combination of means, the friction forces are reduced to
      a minimum. In fact, the contacts between the projecting parts and the
      sliding surfaces are substantially at points, so that the supporting
      surfaces are of very small dimensions.
PAR  Furthermore, the movement of the projecting portions on the sliding
      surfaces is the component of two movements:
PA1  a movement of lateral translation corresponding to the re-centering of the
      boot along the longitudinal axis of the ski; and
PA1  a movement of vertical translation corresponding to the pivotal movement of
      the catch and the boot towards the ski.
PAR  When putting on the ski, the skier uses the weight of his body to cause the
      catch to pivot, so that he easily overcomes the friction forces opposing
      the pivotal movement of the catch. Now, according to a well known
      principle of the mechanics of members under friction, it is known that if
      the friction is overcome in one direction, it is also overcome in all the
      other directions and therefore, especially in the present case, the
      friction forces are eliminated in the direction in which the friction
      forces oppose the re-centering of the boot.
PAR  Finally, the concave and convex forms given to the sliding surfaces and
      their inclination contribute in an essential manner to the re-centering of
      the boot by guiding the movement of the projecting portions fixed to the
      ramp of the boot.
PAR  According to an auxiliary feature of the invention, corresponding to a
      preferred form of embodiment:
PA1  The profile of the ramp of the boot in a plane parallel to the boot has
      substantially the shape of a V, the axis of symmetry of which is that of
      the boot; and
PA1  the profile of the ramp of the moving portion of the catch, in a plane
      parallel to the ski, has substantially the shape of an M, the axis of
      symmetry of which is the axis of the ski.
PAR  In addition, according to a further characteristic feature corresponding to
      this same preferred form of embodiment:
PA1  the projecting portions of the ramp of the moving catch are constituted by
      the projecting angles located on each side of the M-shaped ramp;
PA1  the sliding surface orientated downwards is located above the inclined
      sliding surface;
PA1  the projecting portion of the ramp of the boot is located at the extremity
      of the intersection edge of the two inclined surfaces forming a V; and
PA1  the V and M shaped ramps flare outwardly towards the boot.
PAR  Furthermore, according to another additional characteristic corresponding
      to another alternative form of this preferred embodiment:
PA1  the projecting portions of the ramp of the moving catch are located at the
      lower part and on each side of the M-shaped ramp, extending towards the
      boot;
PA1  the sliding surface orientated downwards is located below the inclined
      sliding surface;
PA1  the projecting portion of the ramp of the boot is located at the extremity
      of the intersection edge of the two inclined surfaces forming a V; and
PA1  the V and M-shaped ramps are flared outwards towards the boot.
PAR  According to another auxiliary feature of the invention, corresponding to
      another form of construction of a fixing device according to the
      invention:
PA1  the profile of the ramp of the boot, in a plane parallel to the boot, has
      substantially the form of an M, the axis of symmetry of which is the
      longitudinal axis of the ski; and
PA1  the profile of the ramp of the moving part of the catch, in a plane
      parallel to the ski, has substantially the form of a V, the axis of
      symmetry of which is the longitudinal axis of the ski.
PAR  In addition, according to a complementary characteristic feature
      corresponding to this latter alternative construction:
PA1  the projecting portion of the ramp of the moving catch is located at the
      extremity of the intersection edge of the inclined suafeces forming a V;
PA1  the sliding surface directed downwards is located above the inclined
      sliding surface; and
PA1  the projecting portion of the ramp of the boot is constituted by one of the
      angular projections located on each side of the M-shaped ramp.
PAR  All these alternative forms of construction differ in the number and the
      relative positions of the projecting portions of the sliding surfaces
      directed downwards, and the inclined sliding surfaces, but it is clear
      that they are all derived from the general principles previously stated.
PAR  Finally, it is emphasized that the ramp associated with the boot may be
      mounted permanently on this latter or on the contrary, it may be fixed on
      a member added in a removable manner to the boot. Similarly, the surfaces
      of these ramps may be flat or skewed.
DRWD
PAR  There will now be described a few non-limitative examples of construction
      of a fixing device according to the invention, reference being made to the
      accompanying drawings, in which:
PAR  FIG. 1 shows a general perspective view of a fixing device of the type
      comprising a member added to the sole of the boot and comprising a catch
      member having a moving part;
PAR  FIG. 2 is a detail view in longitudinal section of the fixing device shown
      in FIG. 1 in the position for putting on the skis;
PAR  FIG. 3 is a detail view in perspective of a first alternative form of
      construction of the system of ramps according to the invention; and
PAR  FIG. 4 is a detail view in perspective of a second alternative construction
      of the system of ramps in accordance with the invention;
PAR  FIG. 5 is a detail view in perspective of a third alternative form of
      construction of the system of ramps according to the invention;
PAR  FIG. 6a is a side view of a boot comprising a permanent ramp according to
      the invention; and
PAR  FIG. 6b is a view of the underside of the boot shown in FIG. 6a.
DETD
PAR  FIG. 1 represents a perspective view of a fixing device of a type
      comprising a member added to the sole of the boot in the position with
      skis removed, the boot not having been shown for the sake of clearness.
PAR  The fixing device is of the plate type, the plate 1 being temporarily fixed
      in known manner to the boot by means of the elements 2 and 3. The catch
      member comprises a fixed portion 4 and a moving portion 5. The fixed
      portion 4 of the catch is fixed to the ski 12 by means of screws 6. The
      moving portion 5, on which the ramp 7 is located is pivoted and movable in
      translation with respect to the fixed portion 4 of the catch, in
      particular about an axial pivot fixed on this portion of the catch. The
      extremity 3 of the plate 1 is in abutment against a stop 8 comprising two
      lateral levers 9 actuated by the boot against the action of an elastic
      member located in the interior of the stop.
PAR  The stop, in the example of construction shown in FIG. 1, is located at the
      front of the boot, but it could be formed in any other manner. In
      particular, in an alternative form of embodiment of the invention, this
      stop is fixed and the elastic member is mounted between the ski and the
      fixed portion 4 of the catch, this latter portion being obviously in this
      case movable in longitudinal translation with respect to the ski. In this
      latter alternative form of construction, the lateral release is obtained,
      either by means of the front stop if this latter is pivotally mounted for
      rotation, or by means of the catch if it is this latter which is pivotally
      mounted for rotation.
PAR  A system of ramps (which will be described with reference to FIG. 2)
      respectively fixed on the fixed portion 4 of the catch and on the rear
      extremity of the moving portion 5 of the catch guides the movement of
      rotation and longitudinal translation of the moving portion of the catch,
      so that this latter moves backward, when it is substantially forced down,
      under the action of the elastic member of the front stop which pushes the
      boot towards the rear.
PAR  In the down position, after longitudinal translation, the bent back
      extremity 10, located at the front of the moving portion of the catch,
      becomes engaged under a nose 11 fast on the fixed portion of the catch, so
      that in this position, the moving portion of the catch is locked with
      respect to the ski.
PAR  The ramp 13, located at the rear extremity of the plate, co-operates with
      the ramp 7 of the catch by becoming engaged under this latter by the
      action of the skier. In order to lower the moving part of the catch, the
      skier applies the rear extremity 14 of the plate 1 fixed to the boot
      against the projecting portions 15 fixed to the moving portion of the
      catch. It will be specified with reference to FIGS. 2, 3, 4 and 5 in what
      manner the ramp 13 fixed to the rear extremity of the plate 1 and the
      projecting portions 15 fixed to the catch co-operate with each other.
PAR  FIG. 2 is a view in vertical section taken along the longitudinal plane of
      symmetry of the ski, of the fixed and moving portions of the catch member.
      There are again seen the greater part of the members described with
      reference to FIG. 1, especially the moving part 5 of the catch on which
      are located the ramp 7 and the projecting portions 15. The fixed portion 4
      of the catch is secured to the ski 12 by means of screws 6.
PAR  The moving portion of the catch is movable in translation and in rotation
      with respect to the fixed portion, about a shaft 20 fast with the fixed
      portion of the catch. A system of ports 21 and ramps 22 permits the
      guiding of the combined movement of rotation and translation of the moving
      portion 5 of the catch, so that the latter cannot move back before it is
      substantially in its bottom position.
PAR  In his U.S. Pat. application Ser. No. 374,623, filed on June 28, 1973 for
      "A safety fixing device for putting on a ski boot", the Applicant has
      described other alternative forms of these systems of ports and ramps
      intended to guide the combined movement of rotation and translation of the
      moving portion of a catch member for locking on the ski in the down
      position.
PAR  FIG. 3 is a detail view in perspective with parts broken away, of an
      alternative form of the system of ramps and projecting portions located
      respectively at the extremity of the moving portion of the catch and at
      the extremity of the boot. There is again seen the extremity 14 of the
      plate fixed on the boot and the extremity of the moving portion 5 of the
      catch (the bent-back nose 10 fixed on the front extremity of the moving
      portion of the catch and intended to lock this latter on the ski has not
      been shown).
PAR  The ramp mounted on the boot comprises a projecting portion 30 and two
      sliding surfaces, of which one 31 is substantially parallel to the boot
      and directed downwards, while the other 32 is inclined with respect to the
      boot and is directed upwards. This latter is constituted by two flat
      surfaces 34 arranged symmetrically with respect to the longitudinal axis
      33 of the boot. The profile of this ramp, seen in cross-section in a plane
      parallel to the plane of the boot has substantially the shape of a V, the
      axis of symmetry is that 33 of the boot.
PAR  The projecting portion 30 of this ramp is constituted by the rear extremity
      of the intersection edge of the flat inclined surfaces 34.
PAR  The ramp located on the moving catch is constituted by two flat inclined
      surfaces 35, the intersection edge 36 of which is located in the
      longitudinal plane of symmetry of the ski. The profile of this ramp seen
      in section in a plane parallel to the plane of the ski (when the moving
      catch is in its lowered position) has substantially the form of an M, the
      axis of symmetry of which is the longitudinal axis of the ski. The moving
      portion of the catch comprises two projecting portions 37 constituted by
      the angular projections located on each side of the M-shaped ramp.
PAR  The sliding surfaces and the projecting portions co-operate in such manner
      that, when the catch rotates:
PA1  the projecting portions 37 of the ramp of the moving catch slide over the
      sliding surface 31 directed downwards; and
PA1  the projecting portion 30 of the ramp mounted on the boot slides over the
      sliding surfaces 35 located on the moving portion of the catch in the
      direction of the intersection edge 36 located in the longitudinal plane of
      symmetry of the ski.
PAR  Speaking generally, the profile of the ramp fixed on the moving catch is in
      the section a concave line having for its plane of symmetry the
      longitudinal plane of symmetry of the ski, so that the projecting portion
      30 of the ramp mounted on the boot slides in the direction of this plane
      of symmetry P.
PAR  It is emphasized that the ramps and the projecting portions of the moving
      portion of the catch and of the boot are in contact at three points, so
      that the boot is perfectly guided and its movement in the direction of the
      longitudinal plane of symmetry of the ski is defined without any degree of
      freedom. In confirmation of this, it will be noted that the trajectories
      of the projecting portions 37 and 30 on the sliding surfaces 35 and 31 are
      constantly the same and can be recognized by shiny marks due to the
      polishing of the metal forming the sliding surfaces by the projecting
      portions, the point of which is rounded.
PAR  In addition, it will be noted that the plane of symmetry of the boot is
      necessarily perpendicular to the plane of the ski since the sliding
      surface directed downwards is substantially parallel to the plane of the
      boot. There results from this a considerable degree of comfort for the
      skier when putting on his skis, since his foot has no tendency to place
      itself slantwise with respect to the ski.
PAR  FIG. 4 is a detail view in perspective with parts broken away, of a second
      alternative form of the system of sliding ramps and projecting portions.
      There is recognized the extremity 14 of the plate 40 fixed on the boot and
      the extremity of the moving portion 5 of the catch (the nose 10 permitting
      the locking of the moving portion of the catch on the ski has not been
      shown).
PAR  The ramp mounted on the boot comprises a projecting portion 40 and two
      sliding surfaces 41 and 42, of which one 41, is substantially parallel to
      the boot and directed downwards, while the other 42 is inclined with
      respect to the boot and directed upwards, and is constituted, in the same
      way as in the previous example of construction, by two flat surfaces 43
      arranged symmetrically with respect to the longitudinal axis 44 of the
      boot.
PAR  The profile of this ramp seen in cross-section in a plane parallel to the
      plane of the boot has substantially the shape of a V, of which the axis of
      symmetry 44 is that of the boot. The projecting portion 40 of this ramp is
      constituted by the extremity of the intersection edge 45 of the inclined
      flat surfaces 43.
PAR  The ramp located on the moving catch is formed by two flat inclined
      surfaces 46 of which the intersection edge 47 is located in the
      longitudinal plane of symmetry P.
PAR  The profile of this ramp seen in cross-section in a plane parallel to the
      plane of the ski (when the moving catch is in its bottom position) has
      substantially the shape of an M, the axis of symmetry of which is the
      longitudinal axis 48 of the ski.
PAR  The moving portion of the catch comprises two projecting portions 49 formed
      by extensions located on each side of the M-shaped ramp. The sliding
      surfaces and the projecting portions co-operate in such manner that, when
      the catch pivots:
PA1  At least one of the projecting portions 49 of the ramp of the moving catch
      slides over the sliding surface 41 directed downwards and fixed on the
      plate fast with the boot; and
PA1  the projecting portion 40 of the ramp mounted on the boot slides over the
      sliding surface 46 mounted on the moving portion of the catch, in the
      direction of the intersection edge 47 located in the longitudinal plane of
      symmetry of the ski and downwards.
PAR  FIG. 5 is a detail view in perspective with parts broken away of another
      alternative form of the system of sliding ramps and projecting portions.
PAR  There will again be seen the extremity 14 of the plate fixed on the boot
      and the extremity of the moving portion 5 of the catch (the nose 10
      permitting the locking of the moving portion of the catch on the ski has
      not been shown). The ramp mounted on the boot comprises a projecting
      portion 50 and two sliding surfaces 51 and 52, of which one 51 is parallel
      to the boot and directed downwards, while the other, 52, is inclined with
      respect to the boot and directed upwards, and is constituted by two flat
      surfaces 53 arranged symmetrically with respect to the longitudinal axis
      54 of the boot.
PAR  The profile of this ramp seen in cross-section in a plane parallel to the
      plane of the boot has substantially the form of an M, the axis of symmetry
      of which is that of the boot. The projecting portion of this ramp is
      constituted by one or the other of the angular projections located on each
      side of the M-shaped ramp.
PAR  The ramp situated on the moving catch is constituted by two flat inclined
      surfaces 55, the intersection edge 56 of which is located in the
      longitudinal plane of symmetry P of the ski. The profile of this ramp seen
      in section in a plane parallel to the plane of the ski (when the moving
      catch is in its bottom position) has substantially the form of a V in
      which the axis of symmetry 57 is the longitudinal axis of the ski in the
      bottom position.
PAR  The moving portion of the catch comprises a projecting portion 58
      constituted by the front extremity of the intersection edge 56 of the two
      flat inclined surfaces 55, directed downwards.
PAR  The sliding surfaces and the projecting portions co-operate in such manner
      that, when the catch pivots:
PA1  The projecting portion 50 of the ramp mounted on the boot slides over the
      sliding surface 55 mounted on the moving portion of the catch;
PA1  the sliding surface 51 of the ramp fixed on the boot slides over the
      projecting portion 58 of the ramp of the moving catch in a direction such
      that the vertical plane of symmetry of the boot comes into coincidence
      with the longitudinal plane of symmetry of the ski.
PAR  FIGS. 6a and 6b represent respectively a side view and a view of the
      underside of the boot comprising permanently a system of ramps according
      to the invention. The ramp is of the same type as that shown in FIG. 3.
PAR  There will be recognized the two sliding surfaces 60 and 61, of which one,
      61, is substantially parallel to the boot 62 and is located under the
      skier's heel; the other, 60, is inclined with respect to the boot and
      directed upwards, and is constituted by two substantially flat surfaces 63
      and 64 arranged symmetrically with respect to the longitudinal axis 65 of
      the boot. The profile of the inclined sliding surface 60, when looking
      from below, has substantially the form of a V in which the axis of
      symmetry 65 is the same as that of the boot.
PAR  The projecting portion of this ramp, as in the case of the alternative
      construction shown in FIG. 3, is constituted by the extremity 66 of the
      intersection edge 67 and of the two inclined flat surfaces 63 and 64. In
      the case of this alternative form of construction, the surfaces are
      directly machined in the thickness of the sole of the boot, made of
      appropriate material and having the mechanical characteristics necessary
      for this use (low rate of wear, resistance to deformation, etc.). The
      sliding surfaces may also be obtained directly by molding during the
      manufacture of the boot and of the sole. It is also conceivable to produce
      the sliding surface 60 and 61 of metal and to assemble them on the sole of
      the boot by any appropriate assembly means, in particular by sticking,
      screwing, etc.
PAR  The base of this ramp terminates in a bead 68 having the purpose of
      preventing damage to the vertical release nose 69 and the projecting
      portion 66 during incidental walking on stony ground.
PAR  The invention is not limited to the examples of construction illustrated
      and described in detail, since various modifications may be made thereto
      without thereby departing from its scope.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A safety fixing device for skis permitting automatic re-centering of the
      boot on the longitudinal axis of the ski when the skier fixes said device
      on the feet while standing up, said device including a member for
      retaining one of the extremities of said boot, comprising:
PA1  a first ramp mounted on said boot,
PA1  a catch member mounted on said ski comprising a mobile portion on which is
      located a second ramp; said mobile portion moving between two positions,
PA2  a first position in which the mobile portion of said catch member is raised
      with respect to said ski,
PA2  a second position in which the mobile portion of said catch member is
      locked with respect to the ski;
PA1  the transition from said first to said second position being effected by
      the action of the boot against the action of an elastic member located in
      said fixing device at least at one end of the extremities of the boot, the
      profile of said two ramps in a plane parallel to the ski and to the sole
      of said boot having substantially the form of a concave curve and a convex
      curve opening out towards the same extremity of said ski;
PA1  said ramp mounted on said boot comprising at least one projecting portion
      and two sliding surfaces, one said surface being substantially parallel to
      said boot and directed downwards, the other being inclined with respect to
      said boot and directed upwards;
PA1  the ramp located on the mobile portion of said catch member comprising at
      least one projecting portion,
PA1  the ramp associated with the boot and the ramp of the mobile portion of
      said catch member cooperating in such manner that when said mobile portion
      rotates:
PA2  the projecting portion of the ramp of said mobile portion slides over the
      sliding surface directed downwards;
PA2  the projecting portion of the ramp associated with said boot slides over
      the ramp located on the mobile portion of said catch member.
NUM  2.
PAR  2. A fixing device as claimed in claim 1, in which the profile of the first
      ramp mounted on said boot in a plane parallel to said boot has
      substantially the shape of a V, the axis of symmetry of which is the same
      as that of the boot; the profile of the ramp of the mobile portion of said
      catch in a plane parallel to the ski having substantially the shape of an
      M, of which the axis of symmetry is the axis of said ski.
NUM  3.
PAR  3. A fixing device as claimed in claim 2, in which the projecting portions
      of the ramp of said mobile portion are constituted by the angular
      projections located on each side of said M-shaped ramp, the projecting
      portion of the ramp of said boot is located at the extremity of the
      intersection edge of the two inclined surfaces forming a V, the V and the
      M-shaped ramps being outwardly-flared towards the boot, while the sliding
      surface directed downwards is located above the inclined sliding surface.
NUM  4.
PAR  4. A fixing device as claimed in claim 2, in which the projecting portions
      of the ramp of said mobile portion are located at the lower part and on
      each side of said M-shaped ramp, extending towards the boot, the
      projecting portion of the ramp of the boot is located at the extremity of
      the intersection edge of said two inclined surfaces forming a V, the
      sliding surface directed downwards being located below said inside sliding
      surface and the V and M-shaped ramps flaring outwardly towards the boot.
NUM  5.
PAR  5. A fixing device as claimed in claim 1, in which the profile of the ramp
      of said boot in a plane parallel to the boot has substantially the shape
      of an M, the axis of symmetry of which is the longitudinal axis of said
      boot; the profile of the ramp of the mobile portion of said catch member
      in a plane parallel to the ski having substantially the shape of a V, the
      axis of symmetry of which is the longitudinal axis of said ski.
NUM  6.
PAR  6. A fixing device as claimed in claim 5, in which the projecting portion
      of the ramp of said mobile portion is located at the extremity of the
      intersection edge of said inclined surfaces forming a V; the projecting
      portion of the ramp of the boot is constituted by one of the angular
      projections located on each side of said M-shaped ramp; and the sliding
      surface directed downwards is located above said inclined sliding surface.
NUM  7.
PAR  7. A fixing device as claimed in claim 1, in which the ramp mounted on said
      boot is rigidly fixed on a member added in a removable manner on said
      boot.
NUM  8.
PAR  8. A fixing device as claimed in claim 3, in which the lower part of said
      upwardly-directed inclined sliding surface is provided with a bead adapted
      to prevent damage to the lower edge of said sliding surface when walking
      over stony ground.
NUM  9.
PAR  9. A ski boot of the kind in which at least one of the extremities of said
      boot comprises in a recess, under the sole of the boot and above the
      surface of the sole touching the ground, a ramp; said ramp being provided
      with at least one projecting portion and two sliding surfaces, one of said
      surfaces being substantially parallel to said boot and directed downwards
      while the other said surface located below said one surface is inclined
      with respect to said boot and is directed upwards.
NUM  10.
PAR  10. A ski boot as claimed in claim 9, in which the profile of said ramp in
      a plane parallel to said boot has substantially the shape of a V, the axis
      of symmetry of which is the same as that of said boot.
NUM  11.
PAR  11. A ski boot as claimed in claim 10, in which the projecting portion of
      the ramp of said boot is located at the extremity of the intersection edge
      of said two surfaces inclined in the form of a V.
NUM  12.
PAR  12. A ski boot as claimed in claim 9, in which the profile of said ramp in
      a plane parallel to said boot has substantially the shape of an M, the
      axis of symmetry of which is that of said boot.
NUM  13.
PAR  13. A ski boot as claimed in claim 12, in which the projecting portions of
      the ramp of said boot are constituted by the angular projections located
      on each side of said M-shaped ramp.
NUM  14.
PAR  14. A ski boot as claimed in claim 9, wherein said other surface is located
      below the sliding surface substantially parallel to said boot.
NUM  15.
PAR  15. A ski boot of the kind in which at least one of the extremities of said
      boot comprises a ramp located under the sole of the boot; said ramp being
      provided with at least one projecting portion and two sliding surfaces,
      one of said surfaces being substantially parallel to said boot and
      directed downwards while the other said surface is inclined with respect
      to said boot and is directed upwards; said upwardly-directed inclined
      sliding surface being provided with a bead connecting the inclined sliding
      surface with the surface of the sole touching the ground.
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ABST
PAL  The invention relates to a safety binding providing automatic recentering
      of the boot on the longitudinal axis of the ski and comprises a retaining
      element for one end of the boot, the element consisting of a catch
      cooperating with a slope and adapted to move, in relation to the ski,
      between two positions. The end of the boot also comprises, above the slope
      which cooperates with the catch, a sliding surface pointing in a downward
      direction and also cooperating with the catch when the latter rocks from
      the first to the second position. The binding allows the skier to put his
      skis on while he is standing up and without having to look at the boots.
BSUM
PAR  The present invention relates to a safety binding for a ski boot, more
      particularly to a binding and a boot providing automatic recentering of
      the boot on the longitudinal axis of the ski when the binding is fitted to
      the boot with the skier standing upright.
PAR  Bindings comprising an element retaining one end of the boot, and having a
      catch cooperating with a slope located at the end of the boot are already
      known. This catch is adapted to move, in relation to the ski, between two
      positions:
PAR  A FIRST POSITION, KNOWN AS THE BOOT-REMOVED POSITION, IN WHICH THE CATCH IS
      LIFTED AWAY FROM THE SKI, SO THAT THE SKIER MAY REMOVE THE BOOT FROM THE
      BINDING;
PAR  A SECOND POSITION, KNOWN AS THE BOOT-FITTED POSITION, IN WHICH THE CATCH IS
      LOWERED TOWARDS THE SKI AND COOPERATES WITH A SLOPE LOCATED ON THE BOOT IN
      SUCH A MANNER THAT THE BOOT IS HELD TO THE SKI.
PAR  Such binding is described in applicant's co-pending application U.S. Ser.
      No. 374,623 filed June 28, 1973.
PAR  Although bindings of this kind ensure perfect centering of the boot on the
      longitudinal axis of the ski when the boot is in position, they do not
      completely solve the problem of automatically centering the boot when the
      ski is being put on, since the skier does not always place his boot on the
      longitudinal axis of the ski, either because it does not occur to him or
      because he is in no position to verify conveniently whether the boot is
      aligned with the longitudinal axis of the ski. With bindings of this kind,
      therefore, the skier will have some difficulty in locking his binding, and
      he will have to "fumble about" in order to find the position of the boot
      in which the retaining element pivots (either automatically or manually)
      into the locked position.
PAR  It is an object of the invention to solve this problem by providing a
      binding which will automatically centre the boot on the longitudinal axis
      of the ski when the ski is fitted by a skier standing upright. With a
      binding of this kind, even if the skier places the boot across the ski, it
      will automatically be brought back to the longitudinal axis of the ski,
      with no need for the skier to check (visually or otherwise) the movement
      of his boot.
PAR  In order to achieve this result, an essential characteristic of the binding
      and the boot according to the invention is that the end of the boot also
      has a permanent sliding surface above the slope which cooperates with the
      catch, the sliding surface being downwardly oriented, i.e. facing in a
      downward direction. This sliding surface also cooperates with the mobile
      catch when the catch pivots from the first to the second position, thus
      centering the boot on the longitudinal axis of the ski. This is achieved
      by imparting to the sliding surface a shape corresponding to that of the
      catch, so that the latter becomes partially embedded therein. According to
      the invention, the sliding surface located on the boot is a symmetrical
      surface having as its plane of symmetry the longitudinal plane of symmetry
      of the ski.
PAR  According to another characteristic of the invention, the profile of the
      sliding surface integral with the boot, as seen in section through
      transverse sloping planes, is a curve opening out towards the same end of
      the boot. The opening angle of this curve preferably varies continuously
      as a function of the angle of inclination of the planes of section.
      According to variations in the design, this opening angle may increase or
      decrease as a function of the angle of inclination. Preferably, however,
      the sliding surface is such that the opening angle increases when the
      angle of inclination in relation to the plane of the sole increases.
      Furthermore, when the boot is in position, the profile of the sliding
      surface may be complementary to the profile of the corresponding part of
      the catch with which the sliding surface engages.
PAR  In other forms of execution, and according to a complementary
      characteristic of the invention, the mobile catch comprises at least one
      projecting part cooperating with the downwardly oriented sliding surface
      when the catch pivots from the first to the second position, at least one
      of the projecting parts of the catch sliding on the downwardly oriented
      surface. In one preferred form of embodiment of this variant, the sliding
      surface also comprises, on each side, a substantially flat sloping
      surface, also downwardly oriented, upon which the projecting parts of the
      catch slide.
PAR  In other forms of execution, and according to a complementary
      characteristic of the invention, the catch also comprises, above the slope
      cooperating with the boot when the boot is in position, an upwardly
      oriented sliding surface. This upwardly oriented sliding surface is
      preferably symmetrical, having for its plane of symmetry the longitudinal
      plane of symmetry of the ski. Also preferably, the profile of the sliding
      surface integral with the catch, as seen in section through sloping
      transverse planes, is a curve opening out towards the same end of the
      boot. As previously indicated, the opening angle of this curve may
      increase or decrease as a function of the angle of inclination of the
      planes of section.
PAR  Similarly, with the boot in place, the profiles of the contacting surfaces,
      integral respectively with the catch and the boot, may be complementary,
      so that, with the boot in place, the boot engages with the corresponding
      part of the catch.
PAR  In certain forms of execution of this latter variant, and according to
      another complementary characteristic of the invention, the end of the boot
      also comprises a projecting portion, preferably located in the plane of
      symmetry of the binding, so that the projecting portion of the boot helps
      to guide the boot towards the longitudinal axis of the ski. Where the
      sliding surface integral with the boot has a V-shaped profile, the
      projecting portion is the apex of the V. But it is not essential to the
      correct operation of the automatic centering device according to the
      invention for the sliding surface integral with the boot to have a
      projecting portion. In other words, it is not essential for the contact
      between the end of the boot and the surface integral with the catch to be
      located on a projecting part; in fact, as already indicated, in certain
      design variants, this contact may first of all be made, when the skier
      starts to put the ski on,, by the projecting parts of the catch, and then
      as the catch pivots, the two sliding surfaces integral respectively with
      the catch and the boot may come into contact. When the attachment of the
      ski has been completed, these sliding surfaces engage one within the
      other. The projecting parts of the catch are preferably arranged
      symmetrically in relation to the longitudinal plane of symmetry of the
      catch. Where the catch has a M-shaped profile, the projecting parts are
      preferably the lateral points located on each side of the M-shaped
      profile.
PAR  In the case where the stop remote from the retaining element is such that
      the boot is displaced longitudinally in relation to the ski against the
      action of a spring, in the event of a fall involving vertical release of
      the safety binding (especially in the case of the binding described in
      U.S. Pat. application No. 358,329, filed on May 8th, 1973, in the name of
      Georges, Pierre, Joseph SALOMON), and according to a complementary
      characteristic of the invention, the catch or the boot furthermore
      comprises a longitudinal recess in which the sliding surface integral,
      respectively, with the boot or the catch engages when the boot is in the
      fitted position. This arrangement makes is impossible for the boot to move
      laterally until it is completely free of the catch; permanent lateral
      retention is thus assured. The depth of this recess, however, must be
      limited so that it does not prevent the boot from rotating when the stop
      is released under lateral stress.
PAR  By way of a new product, the invention also relates to a ski boot
      comprising retaining slopes and sliding surfaces designed to recentre the
      boot in the binding in accordance with the foregoing.
DRWD
PAR  A description will now be given of a few design variants, not intended to
      be in any way restrictive, in conjunction with the drawings, wherein:
PAR  FIG. 1 is a broken-away perspective view, from below and to one side, of
      the heel of skier's boot engaging with the binding according to the
      invention, with the sliding surfaces integral with the boot resting upon
      the sliding surface of the mobile catch, the latter being shown in the
      raised position, and the boot being located across the ski;
PAR  FIG. 2 is a detail, in longitudinal section and through the plane of
      symmetry of the ski, of the rear end of the binding and the boot, in the
      position shown in FIG. 1;
PAR  FIG. 3 is a detail, in longitudinal section and through the plane of
      symmetry of the ski, of the rear end of the binding and the boot, with the
      boot in the fitted position;
PAR  FIG. 4 is a detail of the profiles, in section through an inclined
      transverse plane a--a of the sliding surfaces integral respectively with
      the catch and the boot, in the position shown in FIG. 1;
PAR  FIG. 5 is a detail of the profiles, in section through an inclined
      transverse plane a--a, of another design of the sliding surfaces integral
      respectively with the boot and the catch, in the position shown in FIG. 1;
PAR  FIG. 6 is a detail of the profiles, in section and through a transverse
      plane b--b, of the sliding surfaces integral respectively with the boot
      and the catch, with the boot in the fitted position;
PAR  FIG. 7 is a detail of the profiles, in section through an inclined plane
      a--a, of another design of the sliding surfaces integral respectively with
      the boot and the catch, in the position shown in FIG. 1;
PAR  FIG. 8 is a detail of the profiles, in section through a transverse plane
      a--a, of the variant shown in FIG. 7 of the sliding surfaces, with the
      boot in the fitted position;
PAR  FIG. 9 is a detail of the profiles, in section through a transverse plane
      a--a, of the sliding surfaces of a variant other than that shown in FIG.
      8, with the boot in the fitted position;
PAR  FIG. 10 is a perspective view, from the rear, of a variant of the boot
      according to the invention;
PAR  FIG. 11 is a perspective view, from the rear, of a boot according to the
      invention, the boot comprising a sliding surface broken in the
      longitudinal plane of symmetry of the boot;
PAR  FIGS. 12a, 12b are two details, in section through two transverse planes
      inclined at different angles, of a variant of the sliding surface of the
      boot shown in FIG. 11.
DETD
PAR  A description will now be given of FIG. 1, which is a perspective view from
      below, and to one side, of the heel of the skier's boot engaging with the
      binding according to the invention.
PAR  Mounted on ski 1 is a heel-piece 2 comprising a mobile catch 3 adapted to
      rotate about an axis 4 integral with a baseplate 5 attached to the ski,
      more particularly by means of screws, not shown. Catch 3 is designed to
      retain rear end 7 of the boot by means of a downwardly oriented system of
      slopes 30, under which an upwardly-oriented slope 8 at the rear end of the
      boot engages when the boot is in the fitted position (shown in FIG. 3).
PAR  A stop, not shown, designed to retain the front end of the boot, is mounted
      farther forward on the ski. This stop may be arranged to release laterally
      under an abnormally high lateral torque.
PAR  In certain variants, the catch is designed to release and lift under an
      abnormally high vertical stress; this applies in particular to the stop
      described in French Pat. No. 1,341,417 filed on Dec. 27th, 1962, in
      respect of a safety binding for skis.
PAR  In other variants, the catch is locked to the ski, and it is the front stop
      which allows the boot to be released from the heel-piece by moving
      forwards; this applies in particular to the catch described in Application
      374,623 filed in U.S. on June 28, 1973.
PAR  Regardless of the design of the catch or the stop, the present system of
      automatic recentering according to the invention may be used whenever the
      mobile catch is in a raised position when the ski is being put on.
PAR  The automatic recentering system according to the invention consists of a
      sliding surface 9 integral with the boot and located above locking slip 8.
      This sliding surface 9 is a downwardly oriented symmetrical surface, the
      sections of which, through planes parallel with the plane of the boot, are
      curves in the variant illustrated in FIG. 1:
PAR  the concave curves being located in the upper portion opening towards each
      side of the boot,
PAR  the convex curves being located in the lower portion, in the vicinity of
      the locking slope opening towards the front of the boot.
PAR  In order to put his skis on, the skier engages the front end of his boot
      with the front stop, and lifts the rear end up. He then presses sliding
      surface 9, located under the heel of his boot, on raised catch 3, causing
      the catch to pivot downwardly. During this movement, the end of the catch
      slides on the sliding surface of the boot in such a manner that even if
      the boot lies across the ski, it will automatically be centred on the
      longitudinal axis thereof.
PAR  FIGS. 4, 5, 6 show preferred profiles for the sliding surfaces integral
      respectively with the boot and the catch, as required in order to obtain
      this result. It will be observed, however, that in the variant illustrated
      in FIG. 1, arched portion 10 of the sliding surface integral with boot
      slides on upwardly oriented sliding surface 11 of the catch located above
      the slope on the catch which locks the boot to the ski. If the boot is
      already centred when the ski is being fitted, the lateral M-shaped ends of
      the catch slide in grooves G, and the boot can no longer be off-centered.
PAR  A description will now be given of FIG. 2, which is a detail, in
      longitudinal section through the plane of symmetry of the ski, of the rear
      end of the binding and the boot, in the position shown in FIG. 1 which
      shows ski 1, heel-piece 2, and the end of boot 7 partly engaged in the
      binding.
PAR  The heel-piece executes a safety release under the action of a vertical
      load in known fashion; the resilient locking system consisting of a spring
      20, one end of which bears against the inside face of catch 21, while the
      other end bears, through a piston 22, against a flat 23 integral with
      baseplate 5. The arched portion 10 of the sliding surface integral with
      the boot (located substantially in the vicinity of the longitudinal plane
      of symmetry of the boot) bears at 24 against upwardly oriented sliding
      surface 11 integral with the catch. It will be observed that the contact
      area between these two surfaces is not in the longitudinal plane of
      symmetry of the ski, but, let it be remembered, the boot is not shown
      aligned with the longitudinal axis of the ski.
PAR  When catch 3 pivots under the action of the skier's heel, contact point 24
      slides towards the lowest point on concave sliding surface 11 integral
      with the catch; this lowest point is located on the longitudinal plane of
      symmetry of the ski, so that the boot automatically tends to align itself
      along the longitudinal axis. It will be better realized, from the
      descriptions of FIGS. 4 and 6 hereinafter, that the sliding surface
      integral with the catch is in the form of a left-hand concave surface, the
      axis of symmetry of which is the longitudinal plane of symmetry of the
      ski.
PAR  A description will now be given of FIG. 3 which is a detail, in
      longitudinal section through the plane of symmetry of the ski, of the rear
      end of the binding and the boot, with the boot in the fitted position.
PAR  This figure shows ski 1, heel-piece 2, and rear end 7 of the boot. Catch 3
      is in the lowered position locked to the ski, and inclined slope 8,
      integral with the boot, is engaged under slope 30 integral with the catch.
      In this variant, let us remember, vertical safety is assured by the mobile
      catch which lifts under an abnormally high vertical load; the front stop
      may be fixed in relation to the ski, since there is no need for the boot
      to slide forward along the longitudinal axis of the ski in order to
      release itself from the catch. On the other hand, if the catch remains in
      the low position locked to the ski (as described in French Pat.
      application No. 374,623 mentioned above), the boot must of necessity
      escape towards the front or the catch must slide towards the rear, if the
      boot is to be released from the binding when the skier's leg is subjected
      to an abnormally high load.
PAR  Convex portion 10 of the sliding surface integral with the boot is partly
      engaged in the complementary concave portion of the sliding surface
      integral with the catch. The boot is correctly centered on the
      longitudinal axis of the ski.
PAR  A description will now be given of FIG. 4, which is a detail of the
      profiles, in section through an inclined transverse plane a--a, of the
      sliding surfaces integral respectively with the catch and the boot, in the
      position shown in FIG. 1. Profile 40 of catch 3 is concave and is open
      towards the front end of the boot; profile 41 of the sliding surface
      integral with the boot is convex, the shape thereof being substantially
      complementary with the profile of the catch. In this particular variant,
      the radius of curvature of the catch profile is longer than the radius of
      curvature corresponding to the boot; in a similar manner, opening angle P
      of the catch profile is larger than opening angle C of boot profile 41.
PAR  It will be observed that, in this case, it is the arched portion of the
      sliding surface of the boot, adjacent the axis of symmetry thereof, that
      slides on the sliding surface integral with the catch. Contact area 24
      between the boot and the catch tends to slide automatically, under the
      skier's weight, towards lowermost portion B of profile 40 located in the
      longitudinal plane of symmetry in the direction of arrow F. This means
      that the boot will pivot about its front end and will centre itself
      automatically on longitudinal axis 42 of the ski when the catch pivots,
      and this will become easier and easier, since the intensity of the
      frictional forces between the bridge and the boot decreases substantially
      as the slope of the catch in relation to the ski decreases.
PAR  A description will now be given of FIG. 5, which is a detail of the
      profiles, in section through an inclined transverse plane a--a, of a
      variant of the sliding surfaces integral respectively with the boot and
      the catch, in the position shown in FIG. 1.
PAR  In this variant, M-shaped profile 50 of the bridge again has a concave
      portion open towards the front end of the boot, and profile 51 of the boot
      is again of a complementary convex shape. In this variant, however, the
      radius of curvature of the catch profile is shorter than the radius of
      curvature of the boot profile; in other words, opening angle P of the
      catch profile is smaller than opening angle C of the boot profile. The
      catch has projecting parts 2, 3 located on each side, in the shape of an
      M, at the lateral ends of the profile. It will be observed that, in this
      variant, at least one of the projecting parts is in contact at 54 with the
      sliding surface integral with the boot. This contact area 54 moves on the
      sliding surface of the boot in the direction of arrow G. This means that
      the boot will pivot about its front end and will be automatically centred
      on the longitudinal axis 55 of the ski.
PAR  A description will now be given of FIG. 6, which is a detail of the
      profiles, in section through a transverse plane b--b, of the sliding
      surfaces integral respectively with the boot and the catch, in the
      position shown in FIG. 3. It will be observed that when the boot is in the
      fitted position, profile 61 of the sliding surface of the catch is
      substantially superimposed on profile 60 of the sliding surface of the
      boot. In other words, the sliding surface of the boot is partly embedded
      in the sliding surface of the catch.
PAR  In the variant illustrated in FIG. 4, the radius of curvature (opening
      angle) of the sliding surface of the boot increases progressively and
      becomes substantially equal to that of the catch as the slope of the
      planes of transverse section decreases.
PAR  On the other hand, in the variant illustrated in FIG. 5, the radius of
      curvature (opening angle) of the sliding surface of the boot decreases
      progressively and becomes substantially equal to that of the catch as the
      slope of the planes of transverse section decreases.
PAR  A description will now be given of FIGS. 7, 8 and 9 which illustrate:
PAR  on the one hand, a detail of the profiles, in section through an inclined
      plane a--a, of another variant of the sliding surfaces integral
      respectively with the boot and the catch;
PAR  on the other hand, a detail of the profiles, in section through a
      transverse plane b--b, of the preceding variant;
PAR  and finally, a detail of the profiles, in section through a transverse
      plane a--a, of a variant other than that illustrated in FIGS. 7 and 8.
PAR  In the case in which the catch remains locked in relation to the ski during
      the safety-release phase, and in the case in which the front stop allows
      the boot to move longitudinally so that it releases itself from the
      locking slope on the catch, it is furthermore preferable to provide a
      system designed to retain the boot laterally, at least during the
      resilient travel.
PAR  In the variant illustrated in FIGS. 7 and 8, this lateral retention system
      consists of a recess 70 in the catch, in the form of two lateral wings 71,
      72 extending longitudinally. Lower part 80 of the sliding surface integral
      with the boot engages, when the boot is fitted, between the lateral wings
      71, 72 (FIG. 8), but contact between the boot and the catch occurs in the
      lateral areas only.
PAR  The method of operation of this recentering device is similar to that
      described in connection with FIG. 5; at least one of the projecting
      portions of the catch, more particularly part 72, comes up against the
      sliding surface integral with the boot, when the skier engages his boot in
      the binding (FIG. 7).
PAR  The depth of the recess (the length of lateral wings 71, 72) will
      preferably be equal to the length of the catch-release slope. However, the
      depth of the recess must be limited in order not to prevent rotation of
      the boot in the event of lateral release of the forward stop.
PAR  It is also possible to design this lateral-retention system for the case in
      which the recentering device operates as described in connection with FIG.
      4. This applies more particularly to the variant illustrated in FIG. 9, in
      which contact point 90 between the sliding surfaces is in the vicinity of
      longitudinal plane of symmetry 91 of the boot.
PAR  The recess may conversely be applied to the boot, in which case the
      longitudinal and lateral extensions designed to retain the boot are
      located on the latter and, after recentering, it is the catch that engages
      in the recess.
PAR  A description will now be given of FIG. 10 which is a perspective view of
      the rear of one variant of the boot according to the invention.
PAR  Seen in this figure, under the heel of boot 100, are locking slope 101 and
      downwardly oriented sliding surface 102 located thereabove. In this
      variant, the sliding surface comprises, on each side of a convex median
      part 108, two downwardly oriented, substantially flat parts 104, 105. The
      lower portion of sliding surface 106, designed to engage with the
      corresponding portion of the catch, has two lateral recesses 107, 108 for
      the accommodation of the lateral extensions integral with the catch, the
      purpose of which is to retain the boot laterally, as described in
      connection with FIGS. 7, 8, 9.
PAR  A description will now be given of FIGS. 11, 12a and 12b which illustrate:
PAR  on the one hand, a perspective view of the rear of a boot according to the
      invention, comprising a sliding surface which is broken along the
      longitudinal plane of symmetry of the boot;
PAR  on the other hand, two details 12a, 12b of the profiles, in section through
      two inclined transverse planes P2, P1 respectively, inclined at different
      angles, of the variant of the sliding surface on the boot illustrated in
      FIG. 11. In this variant, sliding surface 110 of boot 7 is always convex
      and symmetrical, like the catch; it consists of two surfaces joined
      together along the plane of symmetry of the boot and forming, in relation
      to each other, a more or less open angle.
PAR  It will be observed, with particular reference to FIGS. 12a, 12b, that, in
      this variant, opening angle C increases progressively as the angle of the
      transverse planes of section P1, P2 decreases in relation to the plane of
      the boot. It will also be observed that this variant comprises a sharp
      projecting edge 111 in the longitudinal plane of symmetry. This projecting
      portion 111 of the sliding surface of the boot will come into contact with
      the sliding surface of the catch for certain values of the radius of
      curvature, or of the opening angle, of the latter.
PAR  In all of the variants described above, the sliding surfaces integral with
      the boot and the catch are convex and concave respectively, but this could
      be otherwide - for instance they could be concave and convex; in this
      case, the catch would enter the boot when the boot was in the fitted
      position.
PAR  It will be observed on the other hand that, regardless of the particular
      variant, the profiles of these surfaces, in section through horizontal
      transverse planes in particular, are curves opening towards the same end
      of the boot, either towards the front or towards the rear.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A safety binding providing automatic recentering of the boot on the
      longitudinal axis of the ski when the binding is fitted to the boot with
      the skier standing upright;
PA1  said binding comprising an element for retaining one end of the boot, said
      element comprising a catch cooperating with a slope located at the end of
      the boot and being mobile, in relation to the ski, between two positions:
PA1  a first boot-removed position, in which the catch is lifted away from the
      ski, so that the skier may remove his boot from the binding;
PA1  a second boot-fitted position, in which the catch is lowered towards the
      ski and cooperates with a slope located on the boot in such a manner that
      said boot is held to the ski;
PA1  said binding being characterized in that the end of the boot also has a
      permanent sliding surface located above the slope which cooperates with
      the catch, said sliding surface being downwardly oriented and also
      cooperating with the mobile catch when the latter pivots from said first
      to said second position, thus centering the boot on the longitudinal axis
      of the ski and becoming partly embedded in the boot.
NUM  2.
PAR  2. A safety binding according to claim 1, characterized in that the sliding
      surface is a symmetrical surface, the plane of symmetry thereof being the
      longitudinal plane of symmetry of the boot.
NUM  3.
PAR  3. A safety binding according to claim 2, characterized in that the
      profiles of the sliding surface integral with the boot, as seen in section
      through transverse planes inclined in relation to the plane of the boot,
      are curves opening towards the same end of the boot.
NUM  4.
PAR  4. A safety binding according to claim 3, characterized in that the sliding
      surface of the boot comprises a substantially flat, sloping portion on
      each side, also downwardly oriented.
NUM  5.
PAR  5. A safety binding according to claim 4, characterized in that the mobile
      catch comprises at least one projecting portion cooperating with the
      downwardly oriented sliding surface when said catch pivots from said first
      to said second position, one of said projecting portions of the catch
      sliding on the downwardly oriented sliding surface.
NUM  6.
PAR  6. A safety binding according to claim 1, wherein the end of the catch
      comprises a slope cooperating with the boot in said boot-fitted position,
      said catch comprising, above said slope, a downwardly oriented sliding
      surface.
NUM  7.
PAR  7. A safety binding according to claim 6, characterized in that the sliding
      surface integral with the catch is symmetrical, the plane of symmetry
      thereof being the longitudinal plane of symmetry of the ski.
NUM  8.
PAR  8. A safety binding according to claim 7, characterized in that the
      profiles of the sliding surface integral with the catch, seen in section
      through inclined transverse planes, are curves opening towards the said
      same end of the boot.
NUM  9.
PAR  9. A safety binding according to claim 8, characterized in that, in said
      boot-fitted position, the profiles of the sliding surfaces, seen in
      section through transverse planes passing through the points of contact
      between the sliding surface integral with the catch and the sliding
      surface integral with the boot, are substantially identical curves opening
      towards the same end of the boot.
NUM  10.
PAR  10. A safety binding according to claim 9, characterized in that the end of
      the boot comprises a projecting portion, such that, when the catch pivots
      from the first to the second position, said projecting portion slides on
      the upwardly oriented sliding surface of the catch.
NUM  11.
PAR  11. A safety binding according to claim 10, characterized in that the
      projecting portion of the slope of the boot is located in the plane of
      symmetry thereof.
NUM  12.
PAR  12. A safety binding according to claim 2, said binding comprising a stop
      facing the retaining element, such that the boot moves longitudinally in
      relation to the ski, against the action of a resilient element, in the
      event of an accidental fall, said binding being characterized in that the
      catch also comprises a recess in which the lower end of the sliding
      surface of the boot engages, in the boot-fitted position, the length of
      said recess being substantially equal to the length of the release-slope
      on the boot, so that the latter cannot move laterally.
NUM  13.
PAR  13. A binding according to claim 1, said binding comprising a stop, facing
      the retaining element, such that the boot moves longitudinally in relation
      to the ski, against the action of a resilient element, in the event of an
      accidental fall, said binding being characterized in that the boot also
      comprises a recess in which the sliding surface of the catch engages in
      the boot-fitted position, so that said boot cannot move laterally as long
      as it is engaged in the vertical releaseslope of the catch.
NUM  14.
PAR  14. A safety binding according to claim 1, characterized in that the shape
      of the downwardly-oriented sliding surface is complementary to that of the
      catch.
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ABST
PAL  A snowmobile ski comprising a longitudinal runner and a keel, mounted on
      the underside of the runner, including a wear bar engageable with a
      surface to be traversed, a pair of clamps removably connected to the
      underside of the runner for releasably clamping opposite sides of the wear
      bar, and longitudinal key members locking the wear bar to the clamps to
      selectively prevent relative vertical movement of the wear bar and the
      clamps.
PARN
PAR  This is a continuation of application Ser. No. 253,863, filed in the United
      States Patent Office on May 16, 1972 now U.S. Pat. No. 3,778,078.
BSUM
PAC  THE FIELD OF THE INVENTION
PAR  This invention relates to snowmobile skis, and more particularly to a keel
      having a hardened wear rail removably clamped to the underside of a
      snowmobile ski runner.
PAC  BACKGROUND OF THE INVENTION
PAR  The steering of snowmobiles is conventionally accomplished by a pair of
      ground engageable skis which are mounted on the front of the snowmobile
      and are turned in the direction in which the snowmobile is to be
      propelled. The turning radius of a snowmobile which is equipped with
      conventional skis, traversing very hard snow or ice is very large because
      the conventional ski runners merely slide along the surface without
      "digging in". To overcome this, snowmobile skis are provided with skags or
      keels on the underside thereof, having sharpened carbide wear rails which
      cut or bite into the hardened surface to positively control the turning of
      the snowmobile. The ability to positively control the path of movement of
      the snowmobile becomes particularly important in racing at high speeds.
PAR  When a carbide wear rail becomes worn, it is important that the skag
      assembly be so constructed that only the worn wear rail need be discarded
      and a substitute wear rail installed in its place. Accordingly, it is an
      object of the present invention to provide a snowmobile ski having a
      hardened wear rail removably clamped to the underside thereof to permit
      the hardened wear rail to be replaced by a substitute rail.
PAR  The wear rail, which is conventionally formed of carbide and is generally
      much harder and more brittle than the mounting member for the carbide
      rail, will crack or break upon sharp impacts. It has been found that if
      the upper leading edge of the hardened wear bar is protected, the
      incidence of breakage is reduced. Accordingly, it is an object of the
      present invention to provide a snowmobile ski runner having a hardened
      wear rail on the underside thereof and a guard which will protect the
      leading edge of the wear rail. Although it is important that the hardened
      wear rail be releasably clamped to the underside of the ski runner to
      permit its quick removal, it is imperative that the wear rail cannot be
      inadvertently dislodged from a ski runner mounted on a racing-type
      snowmobile. If the wear rail on a racing snowmobile is dislodged, the
      delay in halting the snowmobile and installing new wear rails can cause a
      snowmobile racer the loss of the race.
PAR  The skis on racing snowmobiles are subjected to particularly large stresses
      and repeated jarring which tends to dislodge the wear rail. The
      inadvertent loss of a wear rail when traveling at high speeds represents a
      safety hazard. If a racer attempts a sharp turn at high speeds without a
      wear rail, he will lose his steering capability which could cause him to
      leave the track and possibly hit other racers. Accordingly, it is another
      object of the present invention to removably couple a hardened rail to the
      underside of a snowmobile ski and positively preclude the wear rail from
      being jarred loose from the underside of a snowmobile ski.
PAR  It is yet another object of the present invention to provide a snowmobile
      ski rail having a hardened wear rail positively coupled thereto by
      elongate key members.
PAR  It has been found that the handling characteristics of some snowmobiles
      improve as the wear rails are moved to different locations along the
      underside of the ski. On some occasions, the machine will handle better if
      the wear rail comprises longitudinally spaced sections separated by a gap
      underlying the king pin. Accordingly, it is still a further object of the
      present invention to provide a keel for a snowmobile ski runner having
      interchangeable parts which permits a hardened wear rail mounted thereon
      to be positioned substantially anywhere along the underside of the ski
      runner.
PAR  Yet another object of the present invention is to provide a keel for a
      snowmobile ski having a pair of clamp members removably coupled to a
      hardened wear rail and adapted to be removably coupled to the underside of
      the ski runner.
PAR  Other objects and advantages of the present invention will become apparent
      as the description thereof proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  A keel adapted to be mounted on the underside of a longitudinal, snowmobile
      ski runner comprising: a wear rail for engaging the surface to be
      traversed; a pair of opposed, separable, clamp members for removably
      clamping opposite sides of the wear rail; means for removably mounting the
      clamp members on the underside of the runner; and key means reacting
      between the wear rail and the clamp members for releasably preventing
      relative vertical movement of the clamp members and the wear rail.
DRWD
PAR  The present invention may more readily be understood by reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a sectional side view, taken on the line 1--1 of FIG. 2, of a
      snowmobile ski constructed according to the present invention;
PAR  FIG. 2 is an enlarged sectional end view, taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged sectional end view, taken on the line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged sectional plan view, taken on the line 4--4 of FIG.
      3;
PAR  FIG. 5 is a sectional side view, similar to FIG. 1, of a slightly modified
      construction; and
PAR  FIG. 6 is a sectional end view taken along the line 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A snowmobile ski constructed according to the embodiment shown in FIGS. 1 -
      4 is generally designated 10 and includes a longitudinal ski runner,
      generally designated 12, and a skag or keel, generally designated 14,
      removably mounted on the underside thereof. The longitudinal ski runner 12
      includes a longitudinal, flat body portion 16 having a longitudinally
      recessed, protuberance or rib section 18 and an upturned front end 15, as
      usual. The skis 10 are particularly adapted for use on a snowmobile (not
      shown) including a pair of laterally spaced, depending king pins 24 each
      supported on a ski 10 by a leaf spring assembly 22 connected to the king
      pin 24 by a spring mount 26 and supported by a pair of longitudinally
      spaced shackles 20 fixed to the upper side of a ski 10. The longitudinally
      recessed rib section 18 will be embedded in the snow when the snowmobile
      is traversing relatively soft snow to control the direction of travel of
      the snowmobile.
PAR  To assist in controlling the direction of travel when the machine is
      traversing ice or relatively hard snow, the skag or keel 14 is provided
      and includes a pair of identical clamp members 28 removably coupled to
      opposite sides of a wear rail 27 by a plurality of bolts 30, received in
      aligned apertures 31 provided in the clamp members 28, and nuts 30a
      removably threaded thereon. The clamp members 28 are removably coupled to
      the underside of the rib 18 by a plurality of T-bolts 32 having enlarged
      heads 35 received in semi-cylindrical confronting cutouts 37 provided on
      the inner surfaces of the clamp members 28. The T-bolts 32 include
      threaded shanks 32a received in a plurality of longitudinally spaced
      apertures 33 provided in the rib 18 and secured thereto by a plurality of
      nuts 34. The top surfaces 28a of the clamp members 28 are flat to provide
      increased bearing surfaces which minimize roll of the skag 12 about its
      longitudinal axis and eliminate the need for a reinforcing "fish plate"
      between the underside of the ski runner 16 and the top of the clamp
      members 28.
PAR  The clamp members 28 each include a longitudinal notch 36 along the lower
      inside surface thereof in confronting relation with the cutout or notch 36
      of the other clamp member 28 to define a downwardly opening,
      longitudinally extending slot receiving the longitudinally, extending,
      wear rail blank 27 which may conveniently be formed of hardened material
      such as carbide. A pair of semi-cylindrical, longitudinal recesses 42 are
      formed in opposite sides of the wear rail blank 27 in confronting relation
      with a pair of semi cylindrical, longitudinal recesses 44 formed in the
      inside vertical faces of the notches 36 to define longitudinal keyways for
      receiving a pair of longitudinal, cylindrical keys 46 which positively
      prevent the carbide blank 27 from being dislodged from the clamp members
      28 when the clamps are in the clamping positions illustrated in FIGS. 2
      and 3. The lower portions of the clamps 28 converge downwardly as
      illustrated at 28b. The keyway recesses 44 are cold rolled in the clamp
      members 28 by a pair of opposing, rotatable roller pressing members (not
      shown) between which the clamp members are individually passed. One of the
      roller members includes an annular forming rib which forms the groove or
      keyway portion as the clamp members are passed between the rollers.
PAR  The clamps 28 may be conveniently constructed of steel having a hardness
      rating of 22-25 on the Rockwell RC hardness scale, but the rail 27
      comprises carbide which is substantially harder than steel and has a
      hardness rating of 88.2 - 92.4 on the Rockwell RC hardness scale. The
      carbide rail 27 is very thin, i.e. 3/32 inches wide, very brittle, and
      subject to breakage on sharp impact. To minimize breakage of the rail 27,
      the leading and trailing edges are beveled, as indicated by the reference
      characters 29 and 31, at an angle of 30.degree. to 45.degree. to the
      horizontal to enable the rail to glide over obstructions without absorbing
      their full impact as the snowmobile is traveling.
PAR  The leading and trailing ends 55 of the clamp members 28 include
      confronting, semi-cylindrical recesses 62 for receiving the ends 64 of a
      pair of coupling rods 52 removably coupled thereto by bolts 54 and nuts
      54a. The free ends 56 of the coupling rods 52 are received in
      longitudinally, spaced, front and rear apertures 60 provided in the
      underside of the ski runner 12. The uppermost portions 29a and 31a of the
      leading and trailing edges 29 and 31, respectively, are protected from
      hitting obstructions in the path of the rail by the lower portions 51 of
      the coupling rods 52. The lower portions 51 of the coupling rods 52 also
      define thrust shoulders preventing longitudinal movement of the wear rail
      27 relative to the clamp members 28. The lower portion of the carbide
      blank converges downwardly to a relatively sharp edge 47 to form an
      included angle between the side faces of the blank, of 60.degree. to
      120.degree..
PAR  As illustrated in the drawing, the wear rail 27 comprises a pair of
      identical sections 41 and 43 which can be selectively interchanged with
      each other. The leading end 29 of the leading rail 41 will tend to wear
      quicker than the trailing end 31 on the trailing rail 43. The positions of
      the rail sections 41 and 43 can be interchanged after the front rail
      becomes partially worn so that the two rails will have approximately the
      same useful life. The positions of the wear rail sections 41 and 43 can be
      interchanged by merely turning the entire skag or keel 12 end for end or
      uncoupling the clamp members 28 from the coupling rods 52 and turning the
      wear bar supporting clamp members 28 end for end. The wear rail sections
      41 and 43 can also be unclamped by loosening bolts 30 and nuts 31 and
      interchanged.
PAR  The concept of coupling and decoupling the coupling rods 52 to the clamp
      members 28 is particularly important to enable differing length wear rails
      27 and clamp members 28 to be coupled to the underside of the ski 12. For
      instance, a wear rail 27 of substantially shorter length than that shown
      in FIG. 1 could be utilized by merely utilizing coupling rods 52 of a
      length longer than the length of the rods shown in FIG. 1. On the other
      hand, the clamp members 28 and the wear rail blank 27 illustrated in the
      drawing could be replaced by pairs of longitudinally spaced clamps
      gripping longitudinally spaced rail rods and a coupling rod (not shown)
      would span the pairs of clamp members. Accordingly, any number of
      different combinations of different length and number of coupling rods and
      skags could be utilized depending upon the characteristics of particular
      snow machine under consideration.
PAR  By coupling the clamp members 28 to the ski with the connecting rods 52 in
      addition to the bolts 32, a much safer and reliable system is provided. In
      the event that the bolts 32 break, the wear rail 27 will track behind the
      front connecting rod 52.
PAR  When a snowmobile turns, the ski 10 will cant about its longitudinal axis.
      To assist in turning, it is sometimes desirable to mount a skag or keel
      14' (FIG. 2) on the underside of the side portions of the ski runner 16.
      As the snowmobile negotiates a turn and the ski is canted, the skag 14'
      will be moved downwardly to engage the ice and snow. Coupling rods 52 need
      not be utilized with the keel 14' which is connected to the underside of
      the runner only by the T-bolts 32 and the nuts 34.
PAR  The keels 14 constructed according to the present invention may be used on
      existing snow machines which have conventional 3/8 inch diameter one piece
      wear rods similar to connecting rods 52 extending along the underside of
      the ski between recesses 60. The existing one piece wear rod would be
      replaced by two, relatively shorter coupling rods 52. The use of keel
      apparatus constructed according to the present invention, as opposed to
      the conventional wear rods, provides a substantially safer operating
      snowmobile and this is always important to snowmobile operators.
PAR  The snowmobile ski 10 is assembled by connecting the coupling rods 52 to
      the front and rear ends 55 of the clamp members 28 by bolts 54 and
      inserting the carbide wear rail blank 27 in the slot defined by the
      longitudinally extending notches 36 at the bottom of the clamp members 28
      and inserting the T-bolts 32 received in the confronting notches 36 at the
      top of the adjacent clamp members 28.
PAR  The longitudinally extending keys 46 are then inserted in the keyways
      defined by the longitudinal, confronting keyway portions 42 and 44. The
      nuts 30a are tightened on the bolts 30 to positively clamp the keys in
      position to prevent the wear rail blank 27 from moving vertically. The
      clamp members 28 and coupling rods 52 are bowed outwardly and the rod ends
      56 are positioned in the apertures 60 in the underside of the ski runner
      12. When the clamp members 28 and the connecting rods 52 are permitted to
      return to their original unbowed condition, the rod ends are received in
      the apertures 60 and the T-bolts 32 are received in the apertures provided
      in the underside of the ski runner 16. The rail 27 is prevented from
      moving longitudinally by abutting the lower portions 51 on the connecting
      rods 52.
PAR  When the leading edge 29 of the wear rail 27 becomes worn with use, the
      skag 10 is removed from the underside of the runner 16 and turned end for
      end so that the formerly trailing edge 31 is now the leading edge and the
      former leading edge 29 is now the trailing edge. In the event that one of
      the carbide sections 41 or 43 breaks, only the broken section need be
      removed and replaced with an identical section. The unbroken portion of
      the broken section can be salvaged for future use with other wear rail
      sections 41 and 43. The concept of reusing the salvaged material
      represents a substantial savings of the relatively expensive carbide
      material.
PAR  The skags 14' are installed with stub shaft portions 52' being substituted
      for the coupling rods 52. The stub shaft portions do not extend into the
      apertures 60 but include lower shoulder-defining portions 51' in
      prolongation with the upper leading and trailing edge portions 29a and 31a
      providing protection for the upper portions 29a and 31a of the leading and
      trailing wear rail edges.
PAR  It should be noted that the underside of the wear rail could be curvilinear
      so that the snowmobile is riding on the snow with substantial point
      contact.
PAC  ALTERNATE EMBODIMENT
PAR  Referring now more particularly to FIGS. 5 and 6, an alternate embodiment
      is illustrated wherein one clamp member 28' is coupled to an identical
      clamp member by bolts 30' and nuts 30a'. Parts corresponding to parts of
      the apparatus illustrated in FIG. 1 are identified by identical numerals
      followed by a prime designation. One of the clamp members 28' is removably
      coupled to the underside of the ski runner 12' by means of a bolt 32',
      fixed to the top of one of the clamps 28', and a nut 34'. A wear rail,
      generally designated 27', is provided and comprises a plurality of
      generally flat, cylindrical discs 60 having circumferentially outer sides
      61 and 62 converging to a sharp annular edge 63 which engages the surface
      being traversed. As the undersides of the discs 60 become worn, the disc
      retaining nuts 30a are loosened from the bolts 30 and the discs 60 can be
      individually rotated to expose the unworn portions to the surface being
      traversed.
PAR  It is to be understood that the drawings and descriptive matter are in all
      cases to be interpreted as merely illustrative of the principles of the
      invention, rather than as limiting the same in any way, since it is
      contemplated that various changes may be made in various elements to
      achieve like results without departing from the spirit of the invention or
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A keel for longitudinally extending ski runner including:
PA1  wear rail means for engaging a surface to be traversed;
PA1  longitudinally extending wear rail mount means having an upper face for
      bearing against the underside of said ski runner and a lower face having a
      longitudinally extending groove therein;
PA1  means for fastening said mount means to the underside of said runner; said
      wear rail means comprising a plurality of longitudinally spaced, flat
      discs having upper portions received in said groove and lower portions
      extending below said mount means, said discs being mounted for rotation on
      said mount means to permit selected perimetrically spaced portions of said
      discs to engage the surface to be traversed.
NUM  2.
PAR  2. The keel set forth in claim 1 wherein the sides of said discs radially
      outwardly converge to a perimetrically extending edge engageable with the
      surface to be traversed.
NUM  3.
PAR  3. The keel as set forth in claim 1 wherein said mount means includes a
      pair of opposed, longitudinally extending, transversely separable, clamp
      members for clamping to opposite sides of said discs to hold said discs in
      selected rotary positions.
NUM  4.
PAR  4. A runner blade for a longitudinally extending snowmobile ski runner
      comprising:
PA1  a longitudinally extending wear rail for engaging a surface to be traversed
      including a lower portion having opposed side surface which converge
      downwardly to define a sharp ground engaging lower edge portion and an
      upper portion of increased breadth;
PA1  opposed, longitudinally extending, transversely separable clamp members
      adapted to underlie said runner, for clamping opposite sides of said upper
      portion;
PA1  means extending upwardly from at least one of said clamp members for
      removably mounting said clamp members on the underside of said ski runner;
PA1  said clamp members including longitudinally extending, confronting groove
      portions along the lower portions thereof cooperating to define a
      downwardly opening, groove receiving said upper wear rail portion; and
PA1  means reacting between said clamp members for removably clamping said clamp
      members to opposite sides of said upper wear rail portion;
PA1  said included angle between said opposed side surfaces being in the range
      of 60.degree. - 65.degree..
NUM  5.
PAR  5. A snowmobile ski comprising:
PA1  a longitudinal runner having an upturned leading end, a trailing end, and a
      plurality of apertures which extend therethrough, between said ends; and
PA1  a keel mounted on the underside of said runner including:
PA2  longitudinally extending mounting means having a generally flat upper face
      bearing against the underside of said runner to minimize roll of said keel
      about its longitudinal axis when said keel is subjected to transverse
      forces and a bottom face provided with a longitudinally extending groove
      therein;
PA2  a plurality of longitudinally aligned fastening means extending upwardly
      from said upper face and received in said apertures for fastening said
      keel to said runner;
PA2  wear rail means, comprised of material substantially harder than said
      mounting means and having an upper portion received in said groove and a
      lower portion disposed below said mounting means, for engaging a surface
      to be traversed;
PA2  said lower portion including laterally opposite side surfaces converging
      downwardly to define a sharp, ground engaging cutting edge, the included
      angle between said converging side surfaces being in the range of
      60.degree. - 65.degree.;
PA2  said upper portion including generally vertical side walls joined at their
      lower edges to the upper edges of said laterally opposite side surfaces.
NUM  6.
PAR  6. The snowmobile ski as set forth in claim 5 including wear rail stop
      means supported by the trailing end of said mounting means and disposed
      rearwardly of and in prolongation with, the upper trailing edge portion of
      said wear rail means to prevent rearward movement thereof.
NUM  7.
PAR  7. The snowmobile ski as set forth in claim 5 wherein said groove includes
      upstanding side walls and further including means reacting between the
      walls of said groove and said wear rail means to prevent vertical movement
      of said wear rail means.
NUM  8.
PAR  8. A keel for a longitudinally extending snowmobile ski runner comprising:
PA1  longitudinally extending mounting means having a flat upper face for
      bearing against the underside of said ski runner to minimize roll of said
      keel about its longitudinal axis when said keel is subjected to transverse
      forces and a lower face provided with a longitudinally extending groove
      therein;
PA1  longitudinally aligned fastening means extending upwardly from said upper
      face of said mounting means for fastening said mounting means to said ski
      runner; and
PA1  wear rail means comprised of material substantially harder than said
      mounting means for engaging a surface to be traversed having an upper
      portion received in said groove and a lower portion disposed below said
      mounting means;
PA1  said lower portion including side surfaces converging downwardly to form a
      sharp ground engaging cutting edge, the included angle between said
      converging side surfaces being in the range of 60.degree. - 65.degree.;
PA1  said upper portion having generally vertical sidewall surfaces joined at
      their lower edges to the upper edges of said side surfaces.
NUM  9.
PAR  9. The keel as set forth in claim 8 including means reacting between said
      mounting means and said wear rail means for inhibiting relative vertical
      movement of said piece of carbide and said mounting means.
NUM  10.
PAR  10. The keel as set forth in claim 8 wherein the width of said wear rail
      means is substantially less than the length thereof.
NUM  11.
PAR  11. The keel as set forth in claim 8 wherein said included angle is
      60.degree..
NUM  12.
PAR  12. The keel as set forth in claim 8 wherein the breadth of said upper
      portion of said wear rail means is at least equal to the breadth of said
      lower portion of said mounting means includes opposed, longitudinally
      extending, transversely separable, clamp members for clamping to opposite
      sides of said upper portion, said clamp members including longitudinally
      extending groove portions cooperating to define a downwardly opening
      groove receiving said upper portion.
NUM  13.
PAR  13. The keel as set forth in claim 8 wherein said wear rail means comprises
      at least one piece of carbide having a hardness rating in the range of
      88.2 to 92.4 on the Rockwell RC hardness scale.
NUM  14.
PAR  14. The keel as set forth in claim 13 wherein said piece of carbide
      includes at least said leading edge being upwardly leading and trailing
      edges, at least said leading edge being vertically inclined at an angle of
      30.degree. - 45.degree. to the horizontal for guiding the keel over
      obstructions.
NUM  15.
PAR  15. The keel as set forth in claim 14 wherein said piece of carbide has a
      width substantially equal to 3/32 inch.
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PAL  A wheeled device for attachment to furniture legs. The device has a lifting
      surface in a channel which fits under a horizontal furniture leg
      crosspiece and which upon rotation of the wheels under the crosspiece
      elevates the furniture leg(s).
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to furniture moving equipment. It has particular
      application in moving furniture with crosspieces attaching any two legs of
      the furniture.
PAC  BACKGROUND OF THE INVENTION
PAC  Description of the Prior Art
PAR  At present it is customary to move furniture manually. When large pieces
      must be moved, two or more people are needed to carry the piece.
PAR  Typical furniture which require two or more people to move the piece
      include luncheon tables and tables customarily found in all purpose
      meeting halls. The tables are usually six to ten feet long and require
      that a person lift each end and carry the table when it is to be moved.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a wheeled device for facilitating movement of
      furniture and particularly tables by affording elevation of the legs of
      one end (or both if desired) of the table onto a wheeled structure.
PAR  The device is comprised of a channel member sized to accommodate a
      crosspiece between table legs or similar horizontal member. The channel is
      of a greater width than the horizontal member which fits into the channel.
PAR  The channel is defined by the lower surface on which the horizontal
      furniture member rests and two longitudinally extending vertical side
      members.
PAR  In operation, the channel surface is placed under the furniture horizontal
      member and the device is rotated around the horizontal member on the
      wheels to elevate a leg or legs of the furniture. As a result of the
      channel width being greater than the horizontal furniture piece the device
      will tilt so that the axis of the wheels is displaced from the axis of the
      horizontal piece resting in the channel.
PAR  Thus, the inner surface of each longitudinally extending vertical member
      bears against the respective opposite sides of any convenient vertically
      extending member on the furniture to hold the furniture piece in the
      elevated position.
PAR  The furniture piece, in the elevated position can be, rolled to another
      location by one person.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the furniture moving device of this
      invention;
PAR  FIG. 2 is a side elevational view of the furniture moving device engaging a
      table by cross member prior to elevating the table leg;
PAR  FIG. 3 is the same side elevational view seen in FIG. 2, with the furniture
      moving device rotated to the operative position wherein the furniture legs
      have been elevated;
PAR  FIG. 4 is an elevational view of an adapter 20 which is a complement to the
      invention of FIGS. 1-3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention will be described with reference to furniture of the type
      typically found in all purpose rooms. For illustrative purposes the
      furniture referred to in explaining the device of the invention is a
      luncheon table. These tables are customarily six to ten feet in length and
      about three feet wide. They have two sets of tubular legs, one at each
      end. Each set of legs extends downwardly from the lower surface of the
      table and is provided with a horizontal cross member connecting the two
      legs of each set. The horizontal cross member is usually a short distance
      from the floor. The horizontal member connecting the two legs extends
      laterally beyond the vertical legs and then turns downwardly to provide
      two vertical members which terminate in ends which rest on the floor. The
      luncheon table is manufactured by Krueger Metal Products Co., Green Bay,
      Wisconsin, Adirondak Chair Co., Inc., 276 Park Avenue South, New York,
      N.Y., Business and Industrial Furniture, Inc., 611 North Broadway,
      Milwaukee, Wisconsin, and others.
PAR  The furniture moving device 2 of the present invention is comprised of a
      first vertical side 6 a second vertical side 4 a bottom body member 8 a
      wheel assembly 10 and a handle 12.
PAR  The bottom body member 8 has a top surface 14. The top surface 14 of the
      body member 8, and the inner surfaces 16 and 18 of the vertical side
      members 4 and 6 define a channel 20. The channel 20 is designed to
      accommodate a horizontal cross member of the furniture piece to be moved.
      The width a of the channel is sized to be larger than the width of any
      horizontal furniture piece which it is intended to accommodate.
PAR  The wheel assembly 10 can be of any common type found on furniture. The
      wheels should be mounted for permanent alignment perpendicular to the axis
      of the channel 20. Casters have been tried and it has been found that they
      function awkwardly. The wheel location must be chosen to insure that when
      the furniture piece is elevated the wheel axis or the plane through which
      the force on the wheels is reacted is displaced from the horizontal axis
      or plane of the furniture horizontal piece being held in the channel 20.
      Thus, with the width of the channel 20 sized larger than the furniture
      piece to be accommodated by the channel 20, it will always be safe to
      locate the wheel axis (or wheel center) centrally along the bottom of the
      body 8 or anywhere between the center of the body 8 and the vertical side
      4. As seen in FIGS. 2 and 3, the channel 20 is arranged to receive the
      horizontal crosspiece 22 which extends between the legs 24 of a table.
PAR  In operation, as best seen in FIGS. 2 and 3, the side 4 is rolled under the
      crosspiece 22 of the table so that the crosspiece 22 is in the channel 20
      resting on the surface 14. The device 2 is then rotated around the
      crosspiece 22. A convenient means for rotating the device 2 is by use of
      the handle 12 which can be pulled to roll the wheels 10 under the
      crosspiece 22 and then rotated to thereby rotate the device 2 around the
      crosspiece 22. In practice, it has been found that the height of side 4
      will determine the position of the handle 12 when the device 2 is rotated
      to the position wherein the furniture is effectively locked into an
      elevated position. For practical purposes it is desired that the handle be
      at a comfortable intermediate height and not too close to the floor.
PAR  The side 4 must be of sufficient height to prevent the device 2 from
      rotating so far around the horizontal member of the furniture piece or
      crosspiece 22 that side 6 is deflected at too great an angle to keep the
      crosspiece 22 from sliding out. The larger the allowance opening b, the
      higher the side 4 must be. On the other hand, the height and the vertical
      side 4 should not be too high or the device 2 will tend to become unstable
      in the operative positon. In the operative position, the device 2 is in a
      substantially locked position with the horizontal axis of the wheels and
      horizontal axis of the channel 20 on one side of the horizontal axis of
      the crosspiece 22 with the upper portion of side 6 on the other side of
      the horizontal axis of the crosspiece 22.
PAR  As shown in FIG. 3, after rotation of the device 2 around the crosspiece
      22, the inside surface 16 of side member 4 bears against the leg(s) 24 to
      prevent further rotation. As a result of the larger width of the channel
      20 compared to the crosspiece 22, the crosspiece 22 will rest in the
      corner of the channel 20 made by the surface 14 of the body member 8 and
      the surface 18 of the vertical side member 6. A small allowance opening b
      will exist between the crosspiece 22 and the inner surface 16 of the
      vertical side member 4.
PAR  Thus, the axis of the wheels 10 or wheel center 26 will be displaced from
      the horizontal axis of the cross member 22. The displacement is
      represented as c. This displacement effects a natural lock which prevents
      the device 2 from inadvertently rotating back around the crosspiece 22 as
      the table is rolled on the wheels 10.
PAR  In practice it has been found that a device 2 can move luncheon tables
      having 11/8 inches O.D. crosspieces 22 located 6 inches to 71/4 inches
      from the bottom of the floor if sized as follows: 81/4 inches from wheel
      bottom to surface 14; 21/2 inches from surface 14 to top edge of vertical
      side inside surface 16; 11/2 inch - channel width; 3 inch - wheel
      diameter. The wheel axis (wheel center 26) in this embodiment is
      coincident with the horizontal axis of the body member 8.
PAR  FIG. 4 depicts an adapter 30 to fit within the channel 20 to allow
      operation of the furniture moving device when furniture with relatively
      high crosspieces must be moved. The adapter 30 has a side piece 28 which
      rest against surface 16 of side 4 and a bottom piece 32 which rests on the
      surface of the channel. Bottom piece 32 functions solely to elevate the
      bottom surface of the channel. Side piece 28 functions to provide side 4
      and surface 16 with a higher edge to bear against the horizontal members
      of a table such as legs 24. It is vital to maintain the width of the
      channel 20 greater than the crosspiece 22 so that an allowance opening b
      is maintained.
PAR  The term "furniture" as used herein means any movable article such as
      tables, chairs, bedsteads, desks, cabinets, etc., required for use in a
      home, office or the like, and movable equipment such as factory equipment
      which, by its nature, has vertical legs and horizontal crosspieces.
PAR  The term "vehicular device" as used herein, means a conveyance moving on
      wheels, runners or the like, which transports articles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicular device for moving a furniture piece having a fixed
      horizontally extending member and vertically extending means in
      essentially a vertical plane above the vehicular device comprising:
PA1  a. a first vertical side sized to extend upwardly beyond the plane of the
      horizontal axis of the fixed horizontally extending member on the
      furniture piece;
PA1  b. a second vertical side opposite the first vertical side extending
      upwardly to an elevation above the horizontal furniture piece such that
      rotation of the vehicular device around the horizontal member will cause
      the upper edge of the second vertical side to bear against the vertically
      extending means on the furniture piece in a vertical plane above the
      vehicular device;
PA1  c. a flat bottom member;
PA1  d. a horizontally extending channel defined by the flat bottom member,
      first side member and second side member, which channel has a width
      dimension at least one-third greater than the width of the fixed
      horizontally extending member on the furniture being moved;
PA1  e. a wheel assembly with the wheels aligned to roll perpendicular to the
      horizontal axis of the channel;
PA1  f. means to facilitate placing the horizontal channel into position to
      receive the horizontally extending member on the furniture piece and
      facilitate rotating the device around the horizontally extending member of
      the furniture piece by rolling the wheels of the wheel assembly from one
      side of the horizontally extending member of the furniture piece to the
      opposite side;
PA1  g. whereby rotation of the device around the horizontally extending member
      of the furniture piece elevates one end of the furniture and the upper
      edge of the second side piece bears against the vertically extending means
      on the furniture piece to urge the horizontally extending member of the
      furniture piece against the inner surface of the first side and the
      vehicular device is at an angle such that the horizontal axis of the wheel
      assembly and channel are displaced to the side of the horizontal axis of
      the horizontally extending member of the furniture piece opposite of the
      first vertical side.
NUM  2.
PAR  2. A vehicular device as in claim 1 wherein the means to facilitate placing
      the horizontal channel into position to receive the horizontal furniture
      piece and facilitate rotating the device around the horizontal member of
      the piece by rolling the wheels of the wheel assembly from one side of the
      horizontal piece to the opposite side is a handle extending from the
      vehicular device to a location outside the outline of the furniture piece.
NUM  3.
PAR  3. A vehicular device as in claim 1 wherein the height of the second
      vertical side from the surface of the bottom member, width of the
      horizontal member of the furniture piece and channel width are in a ratio
      of approximately 21/2: 11/8: 11/2.
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ABST
PAL  A mobile storage and transport unit for use in a shelf storage system. Each
      unit comprises a first part consisting of a four sided frame in which
      rollers are housed with their axes of rotation above the frame and a
      second part which is adapted for receiving and carrying the goods to be
      stored and is detachably supported on the first part. The frame of the
      first part comprises two profile cross members, each of them being
      equipped with a first, protruding member extending towards the outside of
      the frame in a direction parallel to the frame, and with a second
      protruding member arranged on the opposite side of said first member on
      said profile member and extending upwardly inclined towards the inside of
      the frame.
BSUM
PAR  In my co-pending U.S. Pat. application, Ser. No. 502,841, filed on Sept. 3,
      1974, there is described a shelf storage system, in which the goods to be
      stored are housed on a mobile storage and transport unit in shelves,
      conveying mechanisms being provided for transport of the goods in the
      storage system and auxiliary mechanisms for loading and unloading of the
      shelves and also for the drive, braking, position maintaining, counting
      and position changing of the storage and transport units. Each transport
      and storage unit comprises a first part having a four sided frame in which
      rollers or wheels are housed with their axes of rotation above the frame
      and a second part which is adapted for receiving and carrying the goods to
      be stored and is detachably mounted on the first part.
PAR  It proved to be advantageous for the first part of this mobile transport
      and storage unit to be formed in the kind of a trolley and to be
      constructed in the following way: There is provided a rectangular frame
      consisting of two crossmembers and two longitudinal members in pairs on
      each side. Between the two members of a pair there are disposed two
      rollers or wheels, their axes of rotation being above the plane of the
      frame. As a material for constructing such a trolley, there is
      advantageously used iron or aluminium in the form of hollow profiles with
      rectangular cross section.
PAR  It is an object of the present invention to provide an advantageous
      improvement of such a trolley, especially in view of it's cooperation with
      stop members arranged at the ends of the rails and preventing the trolley
      from running over the ends of the rails and falling off the shelves.
PAR  According to one aspect of the present invention, there is provided a
      mobile storage and transport unit for use in a shelf storage system, in
      which the sides of the frame without rotatable members each comprise a
      profile cross member having a first, smaller protruding part extending
      towards the outsides of the frame in a plane substantially parallel to the
      plane defined by the frame, and having a second, longer protruding part
      arranged on the opposite sides of the members and extending upwardly
      inclined towards the inside of the frame, both of said protruding parts
      having a width corresponding to the width of the cross members.
PAR  According to another aspect of the invention, the first, smaller protruding
      part lies at least approximately in a plane defined by the lower surface
      of the frame, while the second, longer protruding part extends upwardly
      from a plane defined by the lower surface of the frame up to a plane
      defined by the upper surface of the frame.
DRWD
PAR  In the following, a preferred embodiment of the invention will be fully
      described, with reference to the accompanying drawings, in which:
PAR  FIG. 1 shows a perspective view of a trolley,
PAR  FIG. 2 shows a longitudinal section, and
PAR  FIG. 3 shows a cross section through one side of the frame.
DETD
PAR  As can be seen from FIG. 1, the trolley comprises a frame formed by two
      pairs of longitudinal members, the one pair being designated with 1, 1'
      and the pair with 2, 2', and by two cross members 3 and 4. The two
      longitudinal members 1 and 1' are connected to each other by means of a
      cover plate 5, while the two longitudinal members 2 and 2' are connected
      to each other by means of a cover plate 6. The upper surface of these two
      cover plates 5 and 6 serves as a load receiving area of the trolley for
      the goods to be transported or stored.
PAR  As can be seen from FIGS. 1 and 3, there are provided rollers or wheels 7,
      disposed between the two longitudinal members 1, 1' and 2, 2'
      respectively. The rollers or wheels 7 are freely rotatable beared on a
      shaft 8, the axis of rotation thereof lying above the plane defined by the
      upper surfaces of the frame. Further there are provided, for each wheel 7,
      a wheel casing 9 in which the free ends of the shafts 8 are supported. The
      diameter of the wheels 7 and the position of the shafts 8 is such that the
      distance between the lower surface of the longitudinal members 1, 1' and
      2, 2' and the ground is in the region of 1 to 3 centimeters (ground
      clearance a in FIG. 3).
PAR  The construction and the form of the cross members 3 and 4 can be seen best
      in FIG. 2. Each of the two cross members 3 and 4 comprises, in cross
      section, a basically rectangular part with a first, smaller protruding
      part 10 and a second, longer protruding part 11. The said first protruding
      part 10 is disposed lies on the side of the cross member 3 and 4 facing
      the edge of the frame and extends from the cross member 3 in a direction
      approximately parallel to a plane defined by the lower surface of the
      frame. It's width is the same as the width of the cross members 3 and 4
      and it serves to cooperate with a stop hook 12, shown in dotted lines in
      FIG. 2.
PAR  The said second protruding part 11 is arranged on the opposite side of the
      cross member 3 and 4, i.e. on the side facing the interior of the frame.
      It is upwardly inclined and extends from a plane defined by the lower
      surface of the frame to a plane defined by the upper surface of the frame.
      Thereby, a guiding surface 11a is formed which extends over the whole
      width of the cross members 3 and 4.
PAR  Whenever the trolley is pulled out of a shelf by lifting it's front side
      cross member 3, or 4, depending on the direction of movement, over the
      stop hook 12, the guiding area 11a, always pointing in the direction of
      movement of the trolley, enables the back side cross member 4, or 3,
      depending on the direction of movement, to jump over the hook 12 without
      any obstruction in the movement of the trolley. It is for this reason that
      the cross members 3 and 4 are arranged symmetrically to the cross axis of
      the frame, i.e. the two protruding parts 11 always point towards the inner
      side of the frame, while the two protruding parts 10 always point towards
      the outside of the frame. Therefore it is of no meaning in which direction
      the trolley is pulled out of a shelf, i.e. it doesn't matter which of it's
      sides faces the unloading end of the shelf.
PAR  The two cross members 3 and 4 are recessed with respect to the front sides
      of the trolley. This enables a clear identification or counting of the
      individual trolleys by mechanical or optical means, even several trolleys
      move or stand, one directly behind the other, in a column.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A mobile storage and transport unit for use in a shelf storage system
      comprising
PA1  a first part comprising a four sided frame supported with two pairs of
      rotatable supports disposed at opposite sides respectively of the frame
      and with their axes of rotation disposed above the frame,
PA1  a second part adapted to be interchangeably supported on the first part and
      formed to receive and carry the goods to be stored and transported,
PA1  the frame of said first part comprising two longitudinal members and two
      cross members rigidly connected to form a four sided, right-angled frame,
      in which the said longitudinal members of opposite sides of the frame each
      comprise a pair of spaced limbs between which a pair of rotational members
      are disposed, and in which the cross members of opposite sides of the
      frame each comprise a profiled member having a first, smaller protruding
      part extending towards the outsides of the frame in a plane substantially
      parallel to the plane defined by the frame, and having a second, longer
      protruding part arranged on the opposite side on said profiled member
      extending upwardly inclined towards the insides of the frame, both of said
      protruding parts having a width corresponding to the width of said
      profiled members.
NUM  2.
PAR  2. A mobile storage and transport unit as claimed in claim 1, in which said
      first, smaller protruding part is arranged in a plane defined by the lower
      surface of the said four sided frame.
NUM  3.
PAR  3. A mobile storage and transport unit as claimed in claim 1 in which said
      second, lomger protruding part extends upwardly inclined from a plane
      defined by the lower surface of said four sided frame up to a plane
      defined by the upper surface of said four sided frame.
NUM  4.
PAR  4. A mobile storage and transport unit as claimed in claim 1, in which the
      said two profiled cross members are arranged symmetrically with respect to
      the center cross axis of said four sided frame.
NUM  5.
PAR  5. A mobile storage and transport unit as claimed in claim 1, in which the
      said two profiled cross members are recessed with respect to the front and
      back sides of said four sided frame.
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ABST
PAL  A motor vehicle suspension system having a substantially vertical spring
      member articulated to a transverse control arm. The susceptibility of the
      steering system to wheelfight is reduced by constructing the suspension
      system in such a way that the following factor, called the "wheelfight
      factor", approaches zero:
      ##EQU1##
      WHERE .alpha..sub.F is the angle between the axis of the spring member and
      the vertical; .alpha..sub.L is the angle between the axis of the control
      arm and the horizontal; l is the length of the spring member measured
      vertically; h is the height of the point of articulation between the
      spring member and the control arm above the point of wheel contact with
      the ground; c.sub.Ry is the transverse rigidity of the rolling tire at the
      point of wheel contact with the ground; and c.sub.By is the transverse
      rigidity at the point of articulation between the spring member and the
      frame of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an automotive suspension system and, more
      particularly, to a suspension system for a steerable axle having a
      substantially vertical spring member articulated to a transverse
      substantially horizontal control arm.
PAR  A suspension system of the above-designated type, which is employed in many
      automotive front end designs, has an advantage over other suspension
      systems in that the hydraulic shock absorber which is incorporated into
      the spring member acts as a wheel guide element so that the cost of
      construction, as well as the structural space requirements, are
      substantially reduced. A disadvantage of this type of suspension system is
      that the wheel and axle arrangement sometimes experiences a relatively
      severe wheelfight, that means a rotary disturbance of the steering wheel,
      impairing riding comfort very seriously, when several adverse
      circumstances combine.
PAR  It is accordingly an object of the present invention to provide an
      automotive suspension system of the type above mentioned which is capable
      of equaling the performance of other conventional axle arrangements, as to
      wheelfight, without requiring the addition of costly parts or otherwise
      increasing the cost of manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  This object, as well as other objects which will become apparent in the
      discussion that follows, is achieved, according to the present invention,
      in that the design parameters of the suspension system - namely, the angle
      .alpha..sub.F between the axis of the spring member and the vertical; the
      angle .alpha..sub.L  between the axis of the control arm and the
      horizontal; the length l of the spring member measured vertically; the
      height h of the point of articulation between the spring member and the
      control arm from the point of wheel contact with the ground; the
      transverse rigidity c.sub.Ry of the rolling tire at the point of wheel
      contact with the ground; and the transverse rigidity c.sub.By, determined
      by the flexural rigidity of the piston rod of the spring member shock
      absorber, at the point of articulation between the spring member and the
      frame of the vehicle - are so proportioned that a quantity referred to as
      the "wheelfight factor"
      ##EQU2##
      approaches zero.
PAR  The invention is based on the discovery that a "wheelfight" in a vehicle
      steering system, manifesting itself through angular oscillations at the
      steering wheel with very strong accelerations, is caused principally by
      vertical radial force fluctuations at the vehicle wheels. The radial force
      fluctuations, which are in part attributable to unnevenness in the tires
      and to wheel imbalance, cause periodic retractions and extensions of the
      suspension system spring members, even on a smooth roadway. If these
      retractions and extensions in the suspension system are accompanied by
      changes in the camber angle of the wheels, the camber angle variations
      generate periodic gyroscopic moments at the rotating vehicle wheels, thus
      acting as a periodic excitation on the oscillatable steering system and
      giving rise to the above-mentioned angular oscillations at the steering
      wheel.
PAR  It has been found that at certain speeds of a motor vehicle, the vertical
      radial force fluctuations excite the suspension system of the vehicle,
      including the vehicle wheels associated therewith, in resonance, resulting
      in especially large amplitudes of retraction and extension of the
      suspension system spring members and correspondingly large variations in
      the camber angles of the wheels. If, in addition, as is the case with some
      vehicles, the natural frequency of the steering system is more or less of
      the same order of magnitude as that of the suspension system, a situation
      of "double resonance" arises, leading to especially severe wheelfight at
      the steering wheel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of a suspension system for a steerable wheel
      axle, indicating the parameters which are to be controlled in accordance
      with the present invention to reduce the susceptibility to wheelfight.
PAR  FIG. 2 is a graph showing the dependency of the wheelfight factor k  upon
      the controlled parameters.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The relationships applying to the retractions and extensions of the spring
      member of a suspension system, the resulting variations in camber angle of
      the associated wheel, and the accompanying amplitudes of gyroscopic moment
      will now be set forth with reference to the drawing, so as to explain the
      design rule according to the present invention.
PAR  In the suspension system illustrated in FIG. 1, a front wheel 1 of a motor
      vehicle is mounted on an axle 2 that is rigidly connected to a shock
      absorber cylinder 4 of a spring member 3. A piston 5 is slidably guided
      inside the shock absorber cylinder 4 and provided in a known manner with a
      hydraulic medium to damp the retractions and extensions of the spring
      member. A suspension spring, such as a coil spring 7, is connected in
      parallel with the shock absorber in a manner known in the art. A control
      arm 6 is connected to the spring member 3 at point A, and to the frame of
      the vehicle at point C, with suitable pivot joints or bearings. The spring
      member 3 is similarly articulated to the frame at point B.
PAR  The longitudinal axis of the spring member 3 forms an angle .alpha..sub.F
      with the vertical, measured positively in the clockwise direction, while
      the control arm 6 forms an angle .alpha..sub.L with the horizontal,
      measured positively in the counterclockwise direction. At the point S at
      which the vehicle wheel 1 contacts the ground the transverse rigidity of
      the wheel (while rolling) may be represented by a spring with a spring
      constant c.sub.Ry. Similarly, at the point of articulation B of the spring
      member 3 there is a transverse rigidity, dependent primarily upon the
      rigidity of the bearing at point B and the flexural rigidity of the piston
      rod 5 of the spring member 3, which may be viewed as a spring having a
      spring constant c.sub.By. There is also a transverse rigidity at the
      bearing point A of the spring member 3 and the control arm 6, but the
      spring constant which may be associated therewith is several times larger
      than the other two transverse rigidities c.sub.Ry and c.sub.By, and may
      therefore be disregarded in first approximation.
PAR  In FIG. 1 of the drawing, the solid lines represent the neutral condition
      and the dotted lines the retracted condition (much exaggerated) of the
      suspension system where the wheel 1, at a spring retraction amplitude
      .DELTA.f.sub.R, exhibits a camber angle increment .DELTA..xi..
PAR  The periodically fluctuating amplitude of retraction and extension of the
      wheel, due to radial force fluctuations of the wheel as a result of tire
      unevenness and imbalance, now excites the transverse oscillatory system
      consisting of the two transverse springs c.sub.Ry and c.sub.By and the
      moment of inertia of the spring member 3 about an axis perpendicular to
      the transverse plane through point A. On the assumption that the influence
      of inertia forces in this oscillatory system is fairly negligible compared
      to the spring forces, inasmuch as the excitation of the spring member
      transverse oscillatory system is highly subcritical due to its high
      natural frequencies which are an order of magnitude greater than the
      natural frequency of oscillation of the steering system, we may derive the
      following relationships:
PAR  By equilibrium of transverse (horizontal) forces F.sub.A, F.sub.B and
      F.sub.S at their respective points A, B and S, we have:
EQU  F.sub.A = F.sub.B + F.sub.S,
PAL  and by equilibrium of moments about the point B, we have:
EQU  F.sub.A = a/l F.sub.S,
PAL  where a is the vertical distance between points B and S and l is the
      vertical distance between points A and B. The vertical moment exerted by
      the ground against the wheel may be ignored if a smooth roadway is
      assumed. Hence the transverse force at the pivot point B is:
EQU  F.sub.B = c.sub.By .sup.. .DELTA. b =  c.sub.By .sup.. (.alpha..sub.F +
      .alpha..sub.L) .sup.. .DELTA.f.sub.R - c.sub.By .sup.. l .sup.. .DELTA..xi
     .
PAL  and the transverse force F.sub.S  at the point of wheel contact is:
EQU  F.sub.S = c.sub.Ry .sup.. .DELTA.s = c.sub.Ry .sup.. .alpha.L .sup..
      .DELTA. f.sub.R + c.sub.Ry .sup.. h .sup.. .DELTA. .xi.,
PAL  where .DELTA.b and .DELTA.s are the horizontal deviations of the points B
      and S at a given spring retraction amplitude .DELTA.f.sub.R and are
      determined from the geometry of the suspension system assuming small
      angles .alpha. so that sin .alpha. .apprxeq. .alpha. and cos .alpha.
      .apprxeq. 1. From these four equations it is possible to determine the
      unknowns F.sub.A, F.sub.B, F.sub.S and .DELTA..xi.. If it is noted that
      .DELTA..xi. is directly responsible for the gyroscopic moment M.sub.Kr on
      the wheel -- that is, M.sub.Kr = .theta..sub.R .sup.. .omega. R .sup..
      .DELTA..xi., where .theta..sub.R is the moment of inertia of the wheel
      about its axis of rotation and .omega..sub.R is its angular velocity -- we
      find the required relationship between the amplitude .DELTA.f.sub.R of
      retraction and extension and the camber angle amplitude .DELTA..xi. to be
      .DELTA..xi./.DELTA.f.sub.R =   k.xi. /l or .DELTA..xi. = k  or .sup..
      .DELTA.f.sub.R /l, where:
      ##EQU3##
PAR  For constant amplitude .DELTA.f.sub.R of retraction and extension, the
      gyroscopic moment and hence the wheelfight of the steering system depend
      essentially on this quantity: the so-called "wheelfight factor" k . Since
      the quantity k  depends upon design parameters only, it directly
      represents their influence on the amount of wheelfight. Thus, in order to
      minimize the wheelfight or, if possible, to eliminate it entirely, the
      design parameters which, according to the above formula, determine the
      wheelfight factor k  must be chosen so that this quantity (and, thus,
      .DELTA..xi. which is related to the gyroscopic moment) approaches zero.
PAR  In FIG. 2 of the drawing, the magnitude of the wheelfight factor k  is
      plotted against the control arm angle .alpha..sub.L for a fixed ratio l/h
      = 3 and for various values of the spring member angle .DELTA..sub.F and of
      the ratio c.sub.Ry /c.sub.By. The ratio c.sub.Ry /c.sub.By of the
      transverse spring rigidities is varied between zero and 5, and the spring
      member angle .alpha..sub.F is taken to be 12.degree. in one instance and
      6.degree. in another.
PAR  Upon consideration of the behavior of the wheelfight factor k  in FIG. 2,
      it may be seen that a reduction in the spring member angle .alpha..sub.F
      operates to reduce the wheelfight factor in every case. A change in the
      control arm angle .alpha..sub.L, on the other hand, results in either a
      decrease or an increase of the wheelfight factor, depending upon the
      particular transverse spring rigidity ratio c.sub.Ry /c.sub.By. Thus it
      turns out that with small spring rigidity ratios - in particular, ratios
      of c.sub.Ry /c.sub.By which are less than the ratio l/h - a reduction of
      the control arm angle .alpha..sub.L (measured from the horizontal in the
      counterclockwise direction, as indicated in FIG. 1) likewise reduces the
      wheelfight factor k  while for spring rigidity ratios c.sub.Ry /c.sub.By
      greater than l/h a reduction of the control arm angle .alpha..sub.L leads
      to an increase in the wheelfight factor.
PAR  From FIG. 2 it may also be seen that for a ratio l/h equal to 3, and a
      spring member angle .alpha..sub.F = 6.degree., the desired zero-value for
      the wheelfight factor k  is attained, for a transverse spring rigidity
      ratio c.sub.Ry /c.sub.By = 0, at a control arm angle .alpha..sub.L of -
      6.degree.; for a spring rigidity ratio of 1 at about .alpha..sub.L = -
      9.degree.; and for a spring rigidity ratio of 5 at .alpha..sub.L = +
      9.degree. .
PAR  The formula given for the wheelfight factor shows further that,
      independently of the other design parameters, a wheelfight factor k  of
      zero is obtained if the spring member angle .alpha..sub.F and the control
      arm angle .alpha..sub.L are both zero; that is, if the spring member is
      arranged vertically on a horizontally oriented control arm. The wheelfight
      factor k  will likewise vanish if the spring member angle .alpha..sub.F =
      0 and the spring rigidity ratio c.sub.Ry /c.sub.By is equal to the ratio
      l/h of the lengths.
PAR  However, the wheelfight factor k  need not necessarily be reduced to zero.
      It may be shown that wheelfight will be hardly perceptible if this factor
      is made sufficiently small; i.e., preferably under 0.075.
PAR  Finally, it remains to be explained how, for a given suspension system, it
      is possible to determine the transverse spring rigidities at the points B
      and S. The transverse rigidity c.sub.By at the point B, as determined
      essentially by the flexural rigidity of the piston rod of the shock
      absorber, may be calculated according to the formula:
      ##EQU4##
      which is derived from the statics of an elastically suspended flexurally
      rigid beam and in which F.sub.S is the lateral force at the point of wheel
      contact; .DELTA..xi. is the change in the camber angle; and .DELTA.
      y.sub.A is the transverse displacement at the pivot point A of the spring
      member. The quantities (.delta.F.sub.S /.delta..DELTA..xi. ).DELTA..xi.=
      and (.delta.F.sub.S /.delta..DELTA.y.sub.A).DELTA. y.sub.A =  which are
      used in this formula may be determined experimentally by taking
      measurements of the transverse displacement .DELTA.y.sub.A and of the
      camber angle change .DELTA..xi. as a function of the varying lateral force
      F.sub.S on an actual spring member. From the measurements there are
      obtainable graphs of the lateral force F.sub.S plotted against the
      transverse displacement .DELTA.y.sub.A and the camber angle .DELTA..xi.,
      respectively. The inclinations of the tangent lines to the graphs in the
      points .DELTA.y.sub.A =  0 and .DELTA..epsilon. = 0, respectively, then
      give the quantities
      ##EQU5##
      and
      ##EQU6##
      On the other hand, the dynamic transverse rigidity c.sub.Ry of the rolling
      tire at the point of contact with the ground may be given as the partial
      derivative of the lateral force F.sub.S with respect to the transverse
      displacement y of the rolling tire in the point of contact with the ground
      c.sub.Ry = .delta.F.sub.S /.delta.y which can be transformed to
      ##EQU7##
      Therein the partial derivative of the lateral force F.sub.S with respect
      to the float angle .alpha..sub.Fl of the tire is the lateral force
      gradient or the floating rigidity c   = .delta.F.sub.S
      /.delta..alpha..sub.Fl of the tire and the partial derivative of the
      transverse displacement y with respect to the float angle .alpha..sub.Fl
      of the tire is the transverse displacement gradient or the tire caster
      c.sub..tau. = .delta.y/.delta..alpha..sub.Fl. These quantities
      .delta..delta.F.sub.S /.delta..alpha..sub.Fl and
      .delta.y/.delta..alpha..sub.Fl are obtainable from the familiar GOUGH
      diagrams of the respective tire showing the curves of the lateral force
      F.sub.S over the restoring moment M of the tire with the float angle
      .alpha..sub.Fl, the wheel load L, the velocity v and the tire pressure p
      as variable parameters. For that purpose associated values of the lateral
      force F.sub.S, of the float angle .alpha..sub.Fl and of the tire caster
      c.sub..tau. = .delta. y/.delta..alpha..sub.Fl which is the quotient of the
      tire restoring moment M by the lateral force F.sub.S c.sub..tau. = .delta.
      y/.delta..alpha..sub.Fl = M/F.sub.S   are readable from the Gough diagrams
      for constant middle values of the wheel load L, of the velocity v and of
      the tire pressure p. Then graphs of the lateral force F.sub.S, of the
      lateral force gradient .delta.F.sub.S /.delta..alpha..sub.Fl and of the
      tire caster c.sub..tau. = .delta.y/.delta..alpha..sub.Fl are plotted
      against the float angle .alpha..sub.Fl and the quantities .delta.F.sub.S
      /.delta..alpha..sub.Fl calculate the dynamic transverse rigidity c.sub.Ry
      according the mentioned formula
      ##EQU8##
      The design rule specified by the present invention according to which the
      wheelfight factor k , insofar as possible, is maintained at a value of
      zero, or in any case below 0.075, thus provides an effective measure for a
      reduction or even a complete elimination of wheelfight in the steering
      system of a vehicle with a suspension system of the above-described type.
      As mentioned above, this type of suspension system is advantageous in
      terms of its structural space requirements and its cost of construction.
PAR  It will be understood that the automotive suspension system according to
      the present invention is susceptible to various modifications, changes and
      adaptations as will occur to those skilled in the art. It is therefore
      intended that the scope of the present invention be limited only by the
      following claims and their equivalents.
CLMS
STM  We claim:
NUM  1.
PAR  1. A suspension system for a steerable axle of a motor vehicle comprising,
      in combination:
PA1  a. an axle;
PA1  b. a vehicle wheel mounted on said axle;
PA1  c. a spring member extending approximately  vertically between said axle
      and the frame of the vehicle, said spring member having a longitudinal
      axis forming an angle .alpha..sub.F with respect to the vertical, and said
      spring member including a shock absorber having a piston arranged within a
      cylinder and a piston rod extending between said piston and one end of
      said shock absorber; and
PA1  d. a control arm extending approximately horizontally between said spring
      member and the frame of the vehicle, the point of articulation between the
      control arm and the spring member being a vertical distance h above the
      point of wheel contact with the ground and a vertical distance l below the
      point of articulation between the spring member and the vehicle frame,
      said control arm having a longitudinal axis forming an angle .alpha..sub.L
      with respect to the horizontal;
PA1  the transverse rigidity of the vehicle wheel at the point of contact with
      the ground being c.sub.Ry, and the transverse rigidity at the point of
      articulation between the spring member and the vehicle frame, as
      determined essentially by the flexural rigidity of the piston rod, being
      c.sub.By ;
PA1  wherein the parameters .alpha..sub.F, .alpha..sub.L, h, l, c.sub.Ry and
      c.sub.By are so chosen that the following factor, called the "wheelfight
      factor", is approximately zero:
      ##EQU9##
      whereby, in operation, the steering system will not be susceptible to
      wheelfight.
NUM  2.
PAR  2. The suspension system defined in claim 1, wherein the wheelfight factor
      k  is less than 0.075.
NUM  3.
PAR  3. The suspension system defined in claim 1, wherein the angle
      .alpha..sub.F between the axis of the spring member and the vertical and
      also the angle .alpha..sub.L between the axis of the control arm and the
      horizontal are zero.
NUM  4.
PAR  4. The suspension system defined in claim 1, wherein the angle
      .alpha..sub.F between the axis of the spring member and the vertical is
      zero, and wherein the ratio of the transverse rigidities at the point of
      wheel contact with the ground and the point of articulation between the
      spring member and the vehicle frame is equal to the ratio of the length l
      of the spring member to the vertical distance h between the point of wheel
      contact with the ground and the point of articulation between the control
      arm and the spring member (c.sub.Ry /c.sub.By = l/h).
NUM  5.
PAR  5. A process for dimensioning a vehicle suspension system of the type
      comprising:
PA1  a. an axle;
PA1  b. a vehicle wheel mounted on said axle;
PA1  c. a spring member extending approximately vertically between said axle and
      the frame of the vehicle, said spring member having a longitudinal axis
      forming an angle .alpha..sub.F with respect to the vertical, and said
      spring member including a shock absorber having a piston arranged within a
      cylinder and a piston rod extending between said piston and one end of
      said shock absorber; and
PA1  d. a control arm extending approximately horizontally between said spring
      member and the frame of the vehicle, the point of articulation between the
      control arm and the spring member being a vertical distance h above the
      point of wheel contact with the ground and a vertical distance l below the
      point of articulation between the spring member and the vehicle frame,
      said control arm having a longitudinal axis forming an angle .alpha..sub.L
      with respect to the horizontal;
PA1  said process comprising the steps of:
PAR  1.  determining the transverse rigidity C.sub.Ry of the vehicle wheel at
      the point of contact with the ground;
PA2  2. determining the transverse rigidity c.sub.By at the point of
      articulation between the spring member and the vehicle frame; and
PA2  3. selecting the parameters .alpha..sub.F, .alpha..sub.L, l, and h of the
      suspension system so that the following factor, called the "wheelfight
      factor", is approximately zero:
      ##EQU10##
      whereby, in operation, the steering system will not be susceptible to
      wheelfight.
NUM  6.
PAR  6. The process defined in claim 5, wherein the parameters .alpha..sub.F,
      .alpha..sub.L, l and h are selected such that k  is less than 0.075.
NUM  7.
PAR  7. The process defined in claim 5, wherein the angle .alpha..sub.F between
      the axis of the spring member and the vertical and also the angle
      .alpha..sub.L between the axis of the control arm and the horizontal are
      selected to equal zero.
NUM  8.
PAR  8. The process defined in claim 5, wherein the angle .alpha..sub.F between
      the axis of the spring member and the vertical is selected to equal zero,
      and wherein the length l of the spring member and the distance h between
      the point of wheel contact with the ground and the point of articulation
      between the control arm and the spring member are so selected that their
      ratio (l/h) is equal to the ratio of the transverse rigidities at the
      point of wheel contact with the ground and the point of articulation
      between the spring member and the vehicle frame (l/h = c.sub.Ry
      /c.sub.By).
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ABST
PAL  A front wheel suspension for motor vehicles with the use of a triangularly
      shaped guide member whose two guide arms are elastically supported at the
      vehicle superstructure in such a way that of the two guide arms, the
      forwardly disposed guide arm is directly elastically connected at the
      vehicle superstructure while the rear guide arm is connected with the
      vehicle superstructure by way of a cross yoke that is common to the wheel
      suspensions of both vehicle sides; the forward and rear guide arm of each
      triangular guide member are thereby pivotally connected with each other
      and a relatively radially soft bearing support is used for the forward
      guide arm at the vehicle superstructure; while the rear guide arm is
      pivotally connected at the cross yoke in such a manner that the connection
      of the rear guide arm with the cross yoke is constructed relatively hard
      at least in the direction of the line of force determined by its points of
      pivotal connection.
BSUM
PAR  The present invention relates to a front wheel suspension for motor
      vehicles with the use of a triangularly shaped guide member whose two
      mutually connected guide arms are elastically supported independently of
      one another at the vehicle superstructure in such a manner that of the two
      guide members of the wheels disposed mutually opposite one another on the
      two vehicle sides, the respective forward guide arm which extends in the
      vehicle transverse direction is supported directly at the vehicle
      superstructure and the respective rear guide arm which extends obliquely
      rearwardly is elastically supported on a cross yoke independent of the
      remaining wheel suspension and common to the wheel suspension of both
      vehicle sides which, in its turn, is elastically connected with lateral
      longitudinal bearers of the vehicle superstructure as disclosed in the
      German Auslegeschrift No. 2,142,523.
PAR  In a wheel suspension according to the aforementioned German
      Auslegeschrift, in which the respective rear guide arm of triangular guide
      members coordinated to two wheels disposed mutually opposite on the two
      vehicle sides, is elastically supported on a common cross yoke which, in
      its turn, is elastically connected with the lateral longitudinal bearers
      of the vehicle superstructure, the so-called "jolting", i.e., the tendency
      toward shock-like vibrations of the vehicle is far-reachingly prevented
      and also a transmission of noises from the wheel suspension by way of the
      rear guide arm into the vehicle superstructure is also far-reachingly
      avoided. However, the rigid construction of the triangularly shaped guide
      member, i.e., the rigid connection between the forward and the rear guide
      arm of each triangular guide member requires in the construction according
      to the aforementioned German Auslegeschrift, a relatively hard
      construction of the elastic bearing support in the radial direction, by
      way of which the forward guide arm is mounted at the vehicle
      superstructure in order to avoid steering difficulties and to attain a
      neutral behavior of the axle during braking. However, the radially hard
      construction of the elastic bearing support provided in the transition
      from the forward guide arm to the vehicle superstructure favors, on the
      other hand, the introduction of transverse vibrations which may be the
      cause for undesired noises and may impair the driving comfort.
PAR  The present invention is now concerned with the task to further develop a
      front wheel suspension according to the aforementioned German
      Auslegeschrift to the effect that the introduction of cross vibrations
      into the vehicle superstructure by way of the forward guide arm is at
      least far-reachingly avoided and the quality of the wheel suspension as
      regards a neutral behavior of the axle during braking is at least not
      impaired.
PAR  According to the present invention, this is achieved with a front wheel
      suspension of the aforementioned type in that with a radially soft
      construction of the pivotal connection of the forward guide arms at the
      vehicle superstructure, the forward and the rear guide arm of each
      triangular guide member are connected with each other by a jointed or
      articulated connection and in that with a jointed or articulated support
      of the rear guide arms at the cross yoke, the connection thereof with the
      cross yoke is constructed hard at least in the direction of the line of
      force determined by its point of pivotal connections. The radially soft
      construction of the pivotal connection of the forward guide arm at the
      vehicle superstructure, i.e., soft in particular in the vehicle transverse
      direction, and the improvement conditioned thereby as regards the
      absorption of transverse shocks and transverse vibrations is possible
      without impairment of the behavior of the front axle during braking since
      the forces acting during the braking in the longitudinal direction of the
      forward guide arm are considerably smaller in a construction according to
      the present invention than with a rigid construction of the triangular
      guide member. The tendency that during the braking the front wheel with an
      unchanged steering position passes over into toe-out as a result of the
      outward movement of the forward guide member and thereby impairs the
      neutral behavior of the axle with unequal braking on the two sides, is at
      least considerably reduced thereby so that the attained comfort
      improvement at least does not have as a consequence any impairment of the
      driving behavior. The hard support of the rear guide arm with respect to
      the cross yoke which is hard in the direction of the line of action of the
      forces transmitted by way of the rear guide arm, has proved as important
      in order to preclude in case of longitudinal forces, and thus also in case
      of braking forces, an undesirably large displacement which in turn might
      have again as a consequence undesirable steering effects.
PAR  In view of the fact that the longitudinal forces are absorbed in the
      solution according to the present invention practically exclusively by way
      of the rear guide arm, it is advantageous if the force line of action
      determined by the points of pivotal connection of the respective guide
      arm, extends approximately through the straight line connecting the points
      of pivotal connection of the cross yoke at the vehicle superstructure.
      Undesirably large stresses and constraints in the elastic bearing supports
      provided between the vehicle superstructure and the cross yoke can be
      avoided thereby without having to abandon the goal with the relatively
      large longitudinal forces in the rear guide arms which exist in the
      instant solution, of obtaining an improved brake nose-diving support by a
      corresponding location of the pivotal connections of the guide arms at the
      cross yoke with respect to the pivotal connections of the cross yoke at
      the vehicle superstructure. In view of the relatively large forces,
      however, only relatively small lever arms are necessary in the solution
      according to the present invention and also possible because large lever
      arms would render necessary an excessively hard construction of the
      elastic connections between the cross yoke and the vehicle superstructure.
PAR  The connection of the rear guide arms with the cross yoke may be
      constituted by a ball joint each in one embodiment of the present
      invention.
PAR  Accordingly, it is an object of the present invention to provide a front
      wheel suspension for motor vehicles which avoids by simple means the
      aforementioned shortcomings and drawbacks encountered in the prior art.
PAR  Another object of the present invention resides in a front wheel suspension
      for motor vehicles which prevents the introduction of transverse
      vibrations into the vehicle and reduces the existence of undesired noises.
PAR  A further object of the present invention resides in a front wheel
      suspension for motor vehicles in which the driving comfort is improved
      without impairing the neutral behavior of the axle during braking and
      without introducing additional steering difficulties.
PAR  Still a further object of the present invention resides in a wheel
      suspension for motor vehicles in which an improvement of the driving
      characteristics is attained at least without impairing the neutral
      behavior of the axle during braking.
PAR  Another object of the present invention resides in a front wheel suspension
      for motor vehicles which exhibits an improved absorption of cross shocks
      and cross vibrations without jeopardizing the neutral behavior of the axle
     .
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present invention
      and wherein:
PAR  FIG. 1 is a plan view of a front wheel suspension for motor vehicles in
      accordance with the present invention;
PAR  FIG. 2 is a side elevational view of the wheel suspension according to FIG.
      1 whereby a showing of the wheel has been dispensed with for the sake of
      clarity; and
PAR  FIG. 3 is a rear elevational view of the front wheel suspension illustrated
      in FIGS. 1 and 2.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, the front wheel
      suspension illustrated in FIGS. 1 to 3 is constructed as independent wheel
      suspension and includes a wheel carrier generally designated by reference
      numeral 1. The wheel 2 is carried by the wheel carrier 1 by way of the
      wheel pin or spindle 3. In its turn, the wheel carrier 1 is retained by
      way of an upper guide member generally designated by reference numeral 4
      and by way of a lower guide member generally designated by reference
      numeral 5 whose points of pivotal connection 7 and 8 at the wheel carrier
      1 define the steering axis 6 (FIGS. 2 and 3).
PAR  The upper guide member 4 is connected with the vehicle superstructure in a
      conventional manner not illustrated in detail in the points of pivotal
      connection 9 and 10; the vehicle superstructure which is of any
      conventional type, is therefore only indicated schematically in FIG. 3
      within its area delimiting the wheel casing by a contour line and is
      designated thereat by reference numeral 11. Furthermore, also the lower
      guide member 5 which, like the upper guide member 4 is constructed
      triangularly shaped, is also supported with respect to the vehicle
      superstructure. The support of the forward guide arm 12 at the vehicle
      superstructure 11 thereby takes place directly by way of an elastic
      bearing support generally designated by reference numeral 13 which is
      constructed relatively hard in the direction of its axis extending in the
      vehicle longitudinal direction 14' (FIG. 2) i.e., in the axial direction
      and is constructed relatively soft in the radial direction. The forward
      guide arm 12 is supported in the vehicle longitudinal direction by the
      rear guide arm 14 which serves as tension and compression strut and which
      is pivotally connected with the guide arm 12 in a point of pivotal
      connection 15 located near the wheel carrier 1. The rear guide arm 14 is
      not directly supported with respect to the vehicle superstructure 11 but
      instead is supported with respect thereto by the interposition of a cross
      yoke 16. The guide arm 14, as is illustrated for one of the guide arms 14,
      is pivotally supported at the cross yoke 16 in a point generally
      designated by reference numeral 18 whereby the cross yoke 16, in its turn,
      with a position symmetrical to the longitudinal center axis of the
      vehicle, is elastically supported or mounted at the vehicle superstructure
      in at least two points of pivotal connection generally designated by
      reference numeral 17 and serves as common support member for the rear
      guide arms 14 of the lower guide members 5 of the mutually oppositely
      disposed wheel suspensions belonging to the front wheel axle. The point of
      pivotal connection 18 is constituted in the illustrated embodiment by a
      ball joint whose ball 19 is supported relatively hard in the direction of
      the extension of the guide arm 14. The support in the lateral direction,
      in contrast thereto, is kept relatively softer. Corresponding support
      elements 20 (FIG. 1) serve as support elements coordinated to the ball 19
      which are arranged within a housing 21 which is inserted into a
      corresponding aperture or recess of the cross yoke 16 or, though not
      illustrated, may also be constituted by this aperture. The point of
      pivotal connection 18 of the rear guide arm 14 at the cross yoke 16 is so
      located in the illustrated embodiment that the force line of action
      determined by the point of pivotal connection 18 and the corresponding
      point of pivotal connection 15 provided with respect to the forward guide
      arm 12, intersects approximately the straight line 22 connecting the
      points of pivotal connection 17 of the cross yoke 16 at the vehicle
      superstructure. Undesirable distortion or twisting of the cross yoke 16
      about the straight connecting line 22 acting as an axis of rotation due to
      the support forces applied by way of the rear guide arm 14 is thereby
      avoided. A certain distortion or twisting may, however, be desirable in
      order to obtain thereby an improvement of the brake nose-diving support in
      that during braking, the point of pivotal connection 18 of the lower guide
      member at the cross yoke 16 moves slightly upwardly, and accordingly, an
      inclination of the pivot axis 23 obliquely rearward and upwardly will
      result.
PAR  With a view toward the overall behavior of the illustrated wheel
      suspension, it is appropriate if the pivot axis 24 of the upper guide
      member 4 extends obliquely rearwardly and outwardly with a slight
      inclination toward the rear.
PAR  Furthermore, a steering lever or steering arm 25 is connected with the
      wheel carrier 1, at which engages pivotally the tie rod or track rod 26.
      The track rod or tie rod 26 has in the neutral position of the steering
      system preferably such a position that the straight line connecting its
      points of pivotal connection 27 and 28 thereof (FIG. 1) and the straight
      line determined by the points of pivotal connection 13 and 8 of the
      forward guide arm 12 at the vehicle superstructure and at the wheel
      carrier 1, intersect within an area which as viewed in plan view, lies
      outside of the intersecting lines of the wheel plane with the ground plane
      at the point of contact of the wheel. This leads to a steering geometry
      which under the influence of longitudinal forces, thus also of brake
      forces has as a consequence a tendency for the wheel 2 to go over into
      toe-in, which has proved as advantageous for a neutral driving behavior of
      the vehicle with brakes acting unequally on opposite sides. Influences
      counteracting this tendency are relatively small in the illustrated wheel
      suspension according to the present invention notwithstanding the radially
      soft construction of the point of pivotal connection of the forward guide
      arm 12 formed by the elastic bearing support 13 and coordinated to the
      vehicle superstructure, because in case of a longitudinal force
      interaction on the wheel, only a relatively small, radially outwardly
      acting tensional force component becomes effective on the bearing support
      13 as compared to a construction in which the forward and the rear guide
      arm of the lower guide member are rigidly connected with each other. The
      illustrated solution therefore represents a wheel suspension which, by
      reason of the construction of the lower guide member and the support
      thereof by way of the yoke 16 which is transversely displaceable under the
      influence of unilateral forces, produces a completely satisfactory and at
      least far-reachingly neutral driving behavior which can be still further
      improved by the described steering geometry.
PAR  While we have shown and described only one embodiment in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A front wheel suspension for a motor vehicle having a superstructure
      with its front wheels disposed opposite one another on the two vehicle
      sides, said suspension comprising a substantially triangularly shaped
      guide means for each said wheels, each said guide means of each vehicle
      side having a forward and rear guide arm pivotally connected with each
      other, means pivotally and elastically connecting the corresponding
      forward guide arms directly to the vehicle superstructure to provide a
      relatively soft absorption of forces in the vehicle transverse direction,
      a cross yoke means common to the wheel guide means on both vehicle sides
      elastically connected with the vehicle superstructure, means operatively
      connecting the respective rear guide arms on said cross yoke, each said
      rear guide connecting means including elastic means elastically connecting
      said rear guide to the cross yoke means.
NUM  2.
PAR  2. A front wheel suspension according to claim 1, characterized in that
      said connecting means for connecting the rear guide arm to the cross yoke
      means includes both pivotal and elastic means such that said connection of
      the rear guide arm with the cross yoke means provides a relatively hard
      absorption of forces in the direction of the line of force determined by
      the pivotal connections of the rear guide arm.
NUM  3.
PAR  3. A wheel suspension according to claim 2, characterized in that the cross
      yoke means is elastically connected with longitudinal bearers of the
      vehicle superstructure.
NUM  4.
PAR  4. A front wheel suspension according to claim 2, characterized in that the
      forward guide arm extends generally in the transverse direction of the
      vehicle.
NUM  5.
PAR  5. A front wheel suspension according to claim 4, characterized in that the
      rear guide arm extends obliquely rearwardly.
NUM  6.
PAR  6. A front wheel suspension according to claim 5, characterized in that the
      rear guide arm is so pivotally connected at the cross yoke means that the
      line of force determined by the points of pivotal connection thereof at
      least passes in proximity of the straight line connecting the points of
      pivotal connection of the cross yoke means at the vehicle superstructure.
NUM  7.
PAR  7. A front wheel suspension according to claim 6, characterized in that the
      line of force determined by the points of pivotal connection of the rear
      guide arm substantially intersects the straight line connecting the points
      of pivotal connection of the cross yoke means at the vehicle
      superstructure.
NUM  8.
PAR  8. A front wheel suspension according to claim 6, characterized in that the
      connection of the rear guide arm with the cross yoke means is constituted
      by a ball joint means.
NUM  9.
PAR  9. A front wheel suspension according to claim 8, characterized in that the
      ball joint means includes socket means and elastic cushion means, the
      socket means providing a relatively hard pivotal connection in the
      direction of the line connecting the points of pivotal connection of the
      rear guide arm while the elastic cushion means provides a relatively
      softer support in a direction perpendicular thereto.
NUM  10.
PAR  10. A front wheel suspension according to claim 9, characterized in that
      the rear guide arm extends obliquely inwardly in the rearward direction so
      that its point of pivotal connection at the cross yoke means is disposed
      closer to the vehicle longitudinal center line than its point of pivotal
      connection with the forward guide arm.
NUM  11.
PAR  11. A front wheel suspension according to claim 10, characterized in that
      the pivotal bearing support of the forward guide arm at the vehicle
      superstructure includes a cushion means providing a relatively softer
      support in the radial direction as compared to the support in the axial
      direction.
NUM  12.
PAR  12. A wheel suspension according to claim 11, characterized in that the
      axial direction extends generally in the vehicle longitudinal direction.
NUM  13.
PAR  13. A front wheel suspension according to claim 12, characterized in that a
      wheel carrier means is supported at the superstructure by said guide means
      and in that a steering means including a track rod is operatively
      connected with the wheel carrier means, the track rod being pivotally
      connected at both ends thereof and the straight line defined by the points
      of pivotal connection of the track rod and the straight line defined by
      the points of pivotal connection of the forward guide arm at the vehicle
      superstructure and at the wheel carrier means intersecting within an area,
      as viewed in plan view, which is disposed outside of the intersection of
      the wheel plane and the ground plane where the wheel makes contact.
NUM  14.
PAR  14. A front wheel suspension according to claim 13, characterized in that
      the wheel suspension also includes an upper triangularly shaped guide
      means having two guide arms which are pivotally supported at the vehicle
      superstructure, the first-mentioned guide means forming the lower guide
      means of the suspension.
NUM  15.
PAR  15. A front wheel suspension according to claim 14, characterized in that
      the pivot axis of the upper guide means extends obliquely outwardly toward
      the rear.
NUM  16.
PAR  16. A front wheel suspension according to claim 15, characterized in that
      the line of force determined by the points of pivotal connection of the
      rear guide arm substantially intersects the straight line connecting the
      points of pivotal connection of the cross yoke means at the vehicle
      superstructure.
NUM  17.
PAR  17. A front wheel suspension according to claim 1, characterized in that
      the forward guide arm extends generally in the transverse direction of the
      vehicle.
NUM  18.
PAR  18. A front wheel suspension according to claim 17, characterized in that
      the rear guide arm extends obliquely rearwardly.
NUM  19.
PAR  19. A front wheel suspension according to claim 18, characterized in that
      the rear guide arm is so pivotally connected at the cross yoke means that
      the line of force determined by the points of pivotal connection thereof
      at least passes in proximity of the straight line connecting the points of
      pivotal connection of the cross yoke means at the vehicle superstructure.
NUM  20.
PAR  20. A front wheel suspension according to claim 19, characterized in that
      the line of force determined by the points of pivotal connection of the
      rear guide arm substantially intersects the straight line connecting the
      points of pivotal connection of the cross yoke means at the vehicle
      superstructure.
NUM  21.
PAR  21. A front wheel suspension according to claim 18, characterized in that
      the connection of the rear guide arm with the cross yoke means is
      constituted by a ball joint means.
NUM  22.
PAR  22. A front wheel suspension according to claim 21, characterized in that
      the ball joint means includes socket means and elastic cushion means, the
      socket means providing a relatively hard pivotal connection in the
      direction of the line connecting the points of pivotal connection of the
      rear guide arm while the elastic cushion means provides a relatively
      softer support in a direction perpendicular thereto.
NUM  23.
PAR  23. A front wheel suspension according to claim 18, characterized in that
      the pivotal bearing support of the forward guide arm at the vehicle
      superstructure includes a cushion means providing a relatively softer
      support in the radial direction as compared to the support in the axial
      direction.
NUM  24.
PAR  24. A wheel suspension according to claim 23, characterized in that the
      axial direction extends generally in the vehicle longitudinal direction.
NUM  25.
PAR  25. A front wheel suspension according to claim 18, characterized in that a
      wheel carrier means is supported at the superstructure by said guide means
      and in that a steering means including a track rod is operatively
      connected with the wheel carrier means, the track rod being pivotally
      connected at both ends thereof and the straight line defined by the points
      of pivotal connection of the track rod and the straight line defined by
      the points of pivotal connection of the forward guide arm at the vehicle
      superstructure and at the wheel carrier means intersecting within an area,
      as viewed in plan view, which is disposed outside of the intersection of
      the wheel plane and the ground plane where the wheel makes contact.
NUM  26.
PAR  26. A front wheel suspension according to claim 18, characterized in that
      the rear guide arm extends obliquely inwardly in the rearward direction so
      that its point of pivotal connection at the cross yoke means is disposed
      closer to the vehicle longitudinal center line than its point of pivotal
      connection with the forward guide arm.
NUM  27.
PAR  27. A front wheel suspension according to claim 1, characterized in that
      the rear guide arm is so pivotally connected at the cross yoke means that
      the line of force determined by the points of pivotal connection thereof
      at least passes in proximity of the straight line connecting the points of
      pivotal connection of the cross yoke means at the vehicle superstructure.
NUM  28.
PAR  28. A front wheel suspension according to claim 1, characterized in that
      the connection of the rear guide arm with the cross yoke means is
      constituted by a ball joint means.
NUM  29.
PAR  29. A front wheel suspension according to claim 28, characterized in that
      the ball joint means includes socket means and elastic cushion means, the
      socket means providing a relatively hard pivotal connection in the
      direction of the line connecting the points of pivotal connection of the
      rear guide arm while the elastic cushion means provides a relatively
      softer support in a direction perpendicular thereto.
NUM  30.
PAR  30. A front wheel suspension according to claim 1, characterized in that
      the pivotal bearing support of the forward guide arm at the vehicle
      superstructure includes a cushion means providing a relatively softer
      support in the radial direction as compared to the support in the axial
      direction.
NUM  31.
PAR  31. A wheel suspension according to claim 30, characterized in that the
      axial direction extends generally in the vehicle longitudinal direction.
NUM  32.
PAR  32. A front wheel suspension according to claim 1, characterized in that a
      wheel carrier means is supported at the superstructure by said guide means
      and in that a steering means including a track rod is operatively
      connected with the wheel carrier means, the track rod being pivotally
      connected at both ends thereof and the straight line defined by the points
      of pivotal connection of the track rod and the straight line defined by
      the points of pivotal connection of the forward guide arm at the vehicle
      superstructure and at the wheel carrier means intersecting within an area,
      as viewed in plan view, which is disposed outside of the intersection of
      the wheel plane and the ground plane where the wheel makes contact.
NUM  33.
PAR  33. A front wheel suspension according to claim 18, characterized in that
      the wheel suspension also includes an upper triangularly shaped guide
      means having two guide arms which are pivotally supported at the vehicle
      superstructure, the first-mentioned guide means forming the lower guide
      means of the suspension.
NUM  34.
PAR  34. A front wheel suspension according to claim 33, characterized in that
      the pivot axis of the upper guide means extends obliquely outwardly toward
      the rear.
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ABST
PAL  A unit for extending the length of the frame, ie. wheel base, of a VW to
      accommodate the frame for mounting long front hood car bodies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  During recent years, numerous companies have marketed "antique" and
      "futuristic" car kits, which include molded fiber glass bodies adapted to
      be mounted on the frame or chassis of a stripped down VW "bug".
PAR  While sales of these kits have been substantial, they have been limited to
      a great extent to auto enthusiasts who either have the ability and time or
      sufficient money to hire others to make the substantial structural
      revisions required to accommodate the VW frame to receive the kit body.
      These revisions include for instance the relocation of the driver seat,
      steering wheel, brake and foot pedals and gear shift, which are required
      to accommodate the short front hood-up front seating arrangement of the VW
      to long hood-rear seating arrangements of many sports car kit designs.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed towards a unit for extending the frame of
      a VW, ie. the wheel base, in order to permit a long front hood type car
      body to be accommodated on the VW frame without the necessity of
      relocating the driver's seat, etc. Specifically, the unit of the present
      invention is formed with an attaching or first assembly including rear
      attachment tubes adapted to be clampingly attached to the conventional
      front axle assembly mounting bracket of a VW frame and an attachment or
      second assembly including front attachment channels to which the front
      axle assembly of the VW may in turn be clamped. The rear attachment tubes
      and front attachment channels are cantilever connected by a pair of
      vertically disposed side plates, which preferably converge in a forward
      direction.
PAR  Alternatively, the present invention may be employed to accommodate a VW
      frame to receive relatively "long bodied" antique or "futuristic" car
      designs, ie. upwards of about two feet in excess of the standard length of
      a VW, whether or not such designs have long or short front hoods.
DRWD
PAC  DRAWINGS
PAR  The nature and mode of operation of the present invention will now be more
      fully described in the following detailed description taken with the
      accompanying drawings wherein:
PAR  FIG. 1 is an exploded perspective view showing the extension unit of the
      present invention in association with the front axle assembly and front
      axle assembly mounting bracket of a conventional VW.
PAR  FIG. 2 is a top plan view of the extension unit; and
PAR  FIG. 3 is a sectional view taken generally along the line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Reference is now made particularly to FIG. 1 in which the extension unit of
      the present invention is generally designated as 10 and shown in
      association with the frame 12 and the front axle assembly 14 of a VW
      "bug".
PAR  As is conventional, frame 12 includes a bracket or weldment 16 fixed to the
      front end of a backbone or tubular structure 18. Bracket 16 is formed with
      upper and lower pairs of aligned, elongated concave mounting surfaces 22
      and 24, which are sized and spaced to receive upper and lower axle tubes
      26 and 28, respectively, of front axle assembly 14. In a conventional VW
      construction, assembly 14 is clamped to bracket 16 by four bolts 30, which
      extend through bore openings 32 formed in a pair of vertical upstanding
      axle tube joining posts 34 and into threaded openings 36 formed in bracket
      16.
PAR  Extension unit 10 generally comprises upper and lower rear attaching
      devices, which are preferably in the form of tubes 42 and 44, serving to
      define rearwardly facing convex attaching surfaces sized and arranged to
      be received within bracket mounting surfaces 22 and 24; upper and lower
      front attachment devices, which are preferably in the form of pairs of
      aligned attachment channels or "split" tubes 46 and 48, serving to define
      forwardly facing, concave front attachment surfaces sized and arranged to
      receive upper and lower axle tubes 26 and 28, respectively; and a pair of
      vertically disposed and horizontally spaced cantilever or extension plates
      50, which serves to rigidly interconnect tubes 42 and 44 and channels 46
      and 48 in a horizontally spaced, essentially parallel relationship.
PAR  More specifically, attaching tubes 42 and 44 are best shown in FIGS. 2 and
      3 as being maintained in a vertically spaced, parallel relationship
      relative to one another by plates 50, which are welded to their opposite
      ends, and by a pair of parallel rear attaching posts 54, which are
      vertically disposed and have their rear surfaces welded to the forwardly
      facing surfaces of the attaching tubes. Attaching posts 54 are formed with
      through openings 56, which receive bolts 60 adapted to be fitted into
      bracket openings 36 for the purpose of clamping tubes 42 and 44 within and
      against casting mounting surfaces 22 and 24, respectively. Tubes 42 and
      44, and attaching posts 54 may be considered as cooperating to define an
      attaching or first assembly.
PAR  Channels 46 and 48 are maintained in a vertically spaced, parallel
      relationship relative to one another by having their outer ends weld
      affixed to a pair of vertically upstanding, generally U-shaped front
      attachment posts 62, which are in turn welded to facing surfaces of plates
      50. Further, channels 46 and 48 are preferably welded adjacent their inner
      ends to opposite ends of upper and lower angle iron braces 66 and 68,
      respectively. Alternately, braces 66 and 68 may be omitted and each pair
      of channels may be replaced by a single channel or "split" tube having its
      opposite ends welded to front attachment posts 62 or directly to facing
      surfaces of plates 50. Channels 46 and 48, attachment posts 62 and braces
      66 and 68 may be considered as cooperating to define an attachment or
      second assembly.
PAR  By again referring to FIGS. 2 and 3, it will be seen that in accordance
      with a preferred form of the present invention, threaded nuts 70 are
      welded to rear surfaces of front attachment posts 62 in alignment with
      post bore openings 72. Post bore openings 72 are in turn positioned for
      alignment with axle joining post bore openings 32, whereby to permit axle
      tubes 26 and 28 to be clamped within channels 46 and 48, respectively, by
      passing bolts 30 successively through bore openings 32 and 72 for
      threading into nuts 70. However, nuts 70 need not be permanently affixed
      to posts 62.
PAR  By again referring to FIG. 2, it will be noted that in the preferred form
      of the invention, side plates 50 are bent to define generally parallel
      front and rear attachment portions 50a and 50b, respectively, and
      forwardly convergent connecting or intermediate portions 50c. The parallel
      relationship of portions 50a and 50b facilitates attachment of these
      portions to tubes 42, 44 and posts 62, respectively, whereas the
      convergent connecting portion 50c permits a "narrowing" of the front end
      of the modified VW frame as required to accommodate for the forwardly
      converging front hood design of many "antique" cars. Plates 50 are also
      strengthened by this construction.
PAR  From the foregoing, it will be understood that extension unit 10 may be
      placed in use by a simple series of operations including the removal of
      bolts 30 in order to disconnect front axle assembly 14 from bracket 16;
      the attachment of unit 10 to bracket 16 by the use of bolts 60; and the
      attachment of the front axle assembly 14 to unit 10 by the use of bolts
      30. Alternatively, it is contemplated that bolts 30 and 60 may be replaced
      by a single set of bolts having a length sufficient to extend from axle
      posts 34 through unit 10 for threading into bracket openings 36. Also, if
      desired, device 10 may be permanently connected to both bracket 16 and
      axle tubes 26 and 28, as by a welding operation.
PAR  While the illustrated construction is preferred, since it has stood up well
      under actual road conditions and is relatively inexpensive to fabricate,
      it is anticipated that various modifications thereof may be made in
      addition to those mentioned above. In this respect, it is specifically
      anticipated that an integrally formed and suitably contoured metal forging
      or casting may be welded to plate rear portions 50a as a replacement for
      tubes 42, 44 and posts 54, whereas an integrally formed and suitably
      contoured metal forging or casting may be welded to plate front portions
      50b as a replacement for channels 46, 48 and posts 62 and braces 66, 68.
CLMS
STM  I claim:
NUM  1.
PAR  1. A unit for extending the frame of a car, which frame is characterized as
      having a bracket for mounting a front axle assembly of said car, said
      front axle assembly including horizontally extending upper and lower axle
      tubes and a pair of vertically disposed axle jointing posts bored to
      receive mounting bolts, said bracket being formed with upper and lower
      pairs of aligned concave mounting surfaces sized and spaced to receive
      said upper and lower axle tubes and threaded openings to receive said
      bolts whereby to permit said axle tubes to be removably clamped within
      said mounting surfaces, said unit comprising:
PA1  a first assembly contoured to define upper and lower rearwardly facing
      convex attaching surfaces sized and arranged for receipt within said
      mounting surfaces, said first assembly being formed with through openings
      for receiving bolts by which said first assembly may be removably clamped
      against said bracket;
PA1  a second assembly contoured to define upper and lower forwardly facing
      concave attachment surfaces sized and arranged for receiving said upper
      and lower axle tubes, said second assembly being formed with through
      openings for receiving bolts by which said front axle assembly may be
      removably clamped against said second assembly; and
PA1  cantilever means connecting said second assembly to said first assembly in
      a horizontally spaced and essentially parallel relationship.
NUM  2.
PAR  2. A unit according to claim 1, wherein said cantilever means comprises a
      pair of upstanding side plates having rear portions connected to opposite
      ends of said first assembly and front portions connected to opposite ends
      of said second assembly.
NUM  3.
PAR  3. A unit according to claim 2, wherein said rear portions of said side
      plates are essentially parallel and have facing surfaces welded to
      opposite ends of said first assembly, said front portions of said side
      plates are essentially parallel and have facing surfaces welded to
      opposite ends of said second assembly, and said side plates additionally
      include forwardly converging portions interconnecting said rear and front
      portions.
NUM  4.
PAR  4. A unit according to claim 2, wherein said first assembly includes a pair
      of parallel, vertically spaced rear attaching tubes opposite end affixed
      to said rear portions of said side plates and a pair of parallel rear
      attaching posts welded to forwardly facing surfaces of said attaching
      tubes, said convex attaching surfaces being defined by rearwardly facing
      surfaces of said attaching tubes, and said through openings of said first
      assembly being defined by said attaching posts.
NUM  5.
PAR  5. A unit according to claim 2, wherein said second assembly includes a
      pair of vertically disposed attachment posts fixed one to each of said
      front portions of said side plates, said attachment posts defining said
      through openings of said second assembly, upper and lower pairs of aligned
      attachment channels, said attachment channels serving to define said
      concave attachment surfaces and being affixed adjacent their respective
      outer ends to said attachment posts, and a pair of parallel vertically
      spaced braces fixed adjacent their opposite ends to relatively inner ends
      of said attachment channels.
NUM  6.
PAR  6. A unit according to claim 5, wherein said first assembly includes a pair
      of parallel, vertically spaced rear attaching tubes opposite end affixed
      to said rear portions of said side plates, and a pair of parallel rear
      attaching posts welded to forwardly facing surfaces of said attaching
      tubes, said convex attaching surfaces being defined by rearwardly facing
      surfaces of said attaching tubes, and said through openings of said first
      assembly being defined by said attaching posts.
NUM  7.
PAR  7. A unit according to claim 6, wherein said rear portions are essentially
      parallel and have facing surfaces welded to opposite ends of said rear
      attaching tubes, said front portions are essentially parallel and have
      facing surfaces welded one to each of said attachment posts and said side
      plates additionally include forwardly converging portions interconnecting
      said rear and front portions.
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ABST
PAL  A device for restraining movement of a driver's leg. A flexible elongated
      strap is extendable from a housing. The housing is mountable to the
      vehicle dashboard with the distal end of the strap being connectable to
      the seat belt provided for the driver. The strap extends from the
      dashboard toward the seat belt adjacent the driver's leg thereby
      restraining movement of the driver's leg in a direction toward the curb
      side of the vehicle. A spring is provided within the housing being
      connected between the housing and the strap. The spring is operable to
      retract the strap within the housing when the strap is not connected to
      the seat belt. A platform rotatably mounted within the housing supports
      the spring and strap allowing for relatively frictionless movement as the
      strap is extended or retracted. An adjusting means is mounted to the outer
      end portion of the strap allowing adjustment of the length of extension of
      the strap. The outer end portion of the strap is connectable to the seat
      belt by a hook mounted to the adjusting means engageable with a clip
      removably mountable to the driver's seat belt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention is in the field of devices for retraining movement of the
      driver of a vehicle.
PAR  2. Description of the Prior Art:
PAR  A number of devices have been provided for restraining movement of
      occupants within a vehicle such as an automobile. Many of these devices
      have been provided for safety purposes while other devices have been
      provided to increase the comfort of the occupants within the vehicle. The
      automobile seat belt and the inflatable air bag are examples of devices
      provided to increase the safety of occupants within the vehicle. Various
      types of seat and door upholstery as well as padded dashboards are
      examples of devices provided to increase the comfort of the occupants
      within the vehicle. Disclosed herein is a device to increase the comfort
      of the driver of the vehicle.
PAR  Automobile drivers having a height in excess of 6 feet may experience
      discomfort when driving an automobile or other vehicle for long periods of
      time. The distance between the driver's seat and the various pedals within
      the vehicle is adjustable with this distance being exceptionally great in
      the case of a long-legged driver. Many modern automobiles have the
      driver's seat located relatively low with respect to the floor of the
      automobile; however, the driver's leg generally extends outwardly and
      downwardly from the driver's seat toward the pedal. In certain cars, it is
      impossible for the driver to rest his right leg since the leg must be in
      constant use operating either the accelerator or brake pedal. I have
      therefore devised a restraining device to allow the driver to rest his
      right leg against the device while not impeding the driver's ability to
      operate the accelerator or brake pedal with his right leg.
PAC  SUMMARY OF THE INVENTION
PAR  One embodiment of the present invention is a device connected between the
      dashboard and seat of a vehicle for restraining leg movement of the driver
      comprising a housing, mounting means connected to the housing and being
      operable to mount the housing to a vehicle adjacent the driver, a flexible
      elongated member positioned within the housing and extendable therefrom a
      fixed distance, the member having a distal end portion, spring means
      mounted in the housing and connected to the member being operable to
      retract the member into the housing after the member is released from an
      extended position, adjusting means connected to the member being operable
      to change the fixed distance, and connecting means connected to the distal
      end portion of the member being operable to connect the distal end portion
      of the vehicle when the member extends from the dashboard to the seat
      adjacent to the driver's right leg limiting movement of the driver's right
      leg.
PAR  It is an object of the present invention to provide a device for
      restraining leg movement of a driver's leg.
PAR  A further object of the present invention is to provide a device for
      resting a driver's leg while not impeding use of the leg for operation of
      the accelerator or brake pedal of the vehicle.
PAR  An additional object of the present invention is to provide a device
      allowing extension and retraction of a flexible strap extending between a
      vehicle dashboard and the driver's seat belt.
PAR  Related objects and advantages of the present invention will be apparent
      from the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the driver's seat portion of a vehicle with
      the device incorporating the present invention mounted therein.
PAR  FIG. 2 is a fragmentary perspective view of the device incorporating the
      present invention.
PAR  FIG. 3 is a cross sectional view taken along the line 3--3 of FIG. 2 and
      viewed in the direction of the arrows.
PAR  FIG. 4 is a cross sectional view taken along the line 4--4 of FIG. 3 and
      viewed in the direction of the arrows.
PAR  FIG. 5 is an enlarged fragmentary side view looking in the direction of
      arrows 5--5 showing the attachment of the flexible strap to the spring.
PAR  FIG. 6 is an enlarged cross sectional view taken along the line 6--6 of
      FIG. 1 and viewed in the direction of the arrows showing the mounting of
      the housing to the dashboard.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For the purposes of promoting an understanding of the principles of the
      invention, reference will now be made to the embodiment illustrated in the
      drawings and specific language will be used to describe the same. It will
      nevertheless be understood that no limitation of the scope of the
      invention is thereby intended, such alterations and further modifications
      in the illustrated device, and such further applications of the principles
      of the invention as illustrated therein being contemplated as would
      normally occur to one skilled in the art to which the invention relates.
PAR  Referring now more particularly to FIG. 1, there is shown the driver's
      portion 10 of a vehicle. The vehicle includes a seat 11 and a dashboard 12
      with the conventional brake pedal 13 and accelerator 14 shown beneath the
      dashboard. Driver 15 controls the forward movement of the vehicle by
      applying pressure with his right leg 16 to either the accelerator 14 or
      brake pedal 13. Device 17 is mounted to the dashboard and connected to the
      seat belt 18 in order to restrain movement of leg 16 in the direction of
      arrow 19.
PAR  Device 17 includes a housing 20 (FIG. 2) in turn having a top half portion
      21 and a bottom half portion 22 secured together by threaded members 23
      (FIG. 3) being threadedly received into bosses 24 integrally formed in the
      bottom half portion 22 of the housing.
PAR  A flexible elongated member or strap 25 is positioned within the housing
      and is extendable therefrom a fixed distance. Boss 26 is integrally
      attached to bottom half portion 22 and extends upwardly within the
      housing. A disc-shaped platform 27 is rotatably mounted to boss 26 and is
      rotatable about the vertical axis of boss 26. A helically wound flat
      spring 28 rests upon platform 27 having an inner end 29 fixedly attached
      to boss 26. The outer end 30 of helical spring 28 is fixedly attached to
      the flexible strap 25. A slot is formed at one end of portions 21 and 22
      allowing strap 25 to be extended outwardly from the housing.
PAR  In the embodiment shown in FIG. 5, the flexible strap 25 includes a
      proximal end portion 31 having a reduced width 32 attached to the distal
      end 30 of spring 28 by a plurality of staples 33. Spring 28 includes a
      width greater than the flexible strap 25 and is sized so that the spring
      will not fit through slot 30 which has a height 34 slightly greater than
      the width 35 of strap 25 but slightly less than the width 36 of spring 28.
PAR  The outer end of strap 25 is sewn or attached by other means to the main
      body of the strap forming an outer loop 38 in the strap. A butterfly
      configured conventional adjusting clip 39 is mounted to the outer looped
      end 38 of the strap allowing the length of the strap to be increased or
      shortened therefore allowing control of the maximum extended length of the
      strap. A J-shaped hook 40 is fixedly attached to one end of clip 39 and is
      hookingly engageable with a looped wire 41 fixedly attached to an
      alligator type clip 42 removably attached to the seat belt 18. Clip 42 is
      also of conventional design having a pair of opposite jaws engageable with
      the opposite sides of the seat belt and being lockingly closable securing
      the seat belt between the opposite jaws of the clip.
PAR  A U-shaped clip or clasp 43 has a pair of spaced apart walls 44 and 45 with
      wall 45 fixedly attached to the top portion of the housing by fastening
      device 46. Clasp 43 is used to mount the housing to the dashboard of the
      vehicle. In one embodiment, the wall of the dashboard is slipped between
      walls 44 and 45. In many cases, the dashboard wall is sufficiently thick
      so as to not fit between walls 44 and 45. In the latter case, a bracket 46
      (FIG. 6) is fixedly attached to dashboard 12 by fastening devices 47.
      Bracket 46 includes a wall 48 spaced apart from the dashboard to
      mountingly receive wall 44 of clasp 43 between wall 48 and the dashboard
      thereby mounting the housing to the vehicle. An alternate method of
      mounting the housing to the dashboard includes attaching directly the
      housing to the dashboard by threaded members. Three holes 50 are provided
      in the upper portion 21 of the housing with threaded members being
      extendable through the apertures and being threadedly received by the
      dashboard. Access holes (not shown) are provided in the lower half portion
      22 of the housing to facilitate the insertion of a tool into the housing
      for attachment of the threaded member to the dashboard.
PAR  The spring is designed so as to be completely retracted when the belt is
      completely withdrawn from the housing except for the distal end portion of
      the belt. The clasp securing the housing to the dashboard includes a pair
      of walls 44 and 45 which are spring biased together thereby securing the
      housing more tightly to the dashboard. The device disclosed herein is
      particularly advantageous in that the device reduces the muscle strain
      from the driver's right leg since the driver rests his right leg against
      strap 25. Best results are obtained when the housing is mounted in line
      with the accelerator or between the accelerator and steering column. In
      actual measurements, a man 6 feet 4 inches tall, weighing 160 pounds
      exerted 21/2 to 31/2 pounds of pressure onto the strap with the driver's
      heel on the floor and the foot on the gas pedal. With the driver's heel on
      the floor and off of the gas pedal, the leg exerted 41/2 to 51/2 pounds of
      pressure on the strap.
PAR  While the invention has been illustrated and described in detail in the
      drawings and foregoing description, the same is to be considered as
      illustrative and not restrictive in character, it being understood that
      only the preferred embodiment has been shown and described and that all
      changes and modifications that come within the spirit of the invention are
      desired to be protected.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A device connected between the dahsboard and seat of a vehicle for
      restraining leg movement of the driver comprising:
PA1  a housing;
PA1  mounting means connected to said housing and being operable to mount said
      housing to a vehicle adjacent the driver;
PA1  a flexible elongated member positioned within said housing and extendable
      therefrom a fixed distance, said member having a distal end portion;
PA1  spring means mounted in said housing and connected to said member being
      operable to retract said member into said housing after said member is
      released from an extended position;
PA1  adjusting means connected to said member being operable to change said
      fixed distance; and,
PA1  connecting means connected to said distal end portion of said member being
      operable to connect said distal end portion to said vehicle when said
      member extends from the dashboard to the seat adjacent to the driver's
      right leg limiting movement of the driver's right leg.
NUM  2.
PAR  2. The device of claim 1 wherein:
PA1  said housing includes a top half portion and a bottom half portion secured
      together with said bottom half portion including a boss projecting
      upwardly therefrom;
PA1  said spring means includes a platform rotatably mounted on said boss and a
      helically wound flat spring resting upon said platform, said spring has an
      inner proximal end attached to said boss and an outer distal end attached
      to said member.
NUM  3.
PAR  3. The device of claim 1 wherein:
PA1  said member is a fabric strap and includes an inner distal end attached to
      said spring means and a looped outer proximal end portion with said
      adjusting means located thereon.
NUM  4.
PAR  4. The device of claim 3 and further comprising:
PA1  staples attaching said proximal end portion of said strap to said spring
      means.
NUM  5.
PAR  5. The device of claim 4 wherein:
PA1  said connecting means includes a hook fixedly mounted thereon, said
      connecting means further includes a clip removably attached to the
      driver's seat belt, said clip has a loop formed thereon hookingly engaged
      with said hook.
NUM  6.
PAR  6. The device of claim 5 wherein:
PA1  said mounting means includes a clasp mounted on said housing and engageable
      with the vehicle dashboard and further comprising:
PA1  a bracket fixedly mounted to said dashboard, said bracket having a wall
      spaced apart from said dashboard to mountingly receive said clasp between
      said wall and said dashboard.
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ABST
PAL  The invention concerns an apparatus for tensioning restraining devices,
      such as safety belts. The tensioning is effected by a piston arranged to
      move within a cylinder when actuated by a pressure medium. A return
      stopping device is provided to maintain tension after actuation.
PARN
PAR  This is a division of application Ser. No. 299,783, filed Oct. 24, 1972,
      now U.S. Pat. No. 3,871,470.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Safety belts are effective only if they succeed in protecting the occupants
      of a vehicle from being thrust against interior parts of the vehicle while
      keeping the forces exerted on the occupants' bodies within tolerable
      limits. Although an enlargement of the interior space of a vehicle may be
      a solution to the problem, a satisfactory increase in size is often
      economically impractical.
PAR  The forces exerted by safety belts may be limited by using expansion
      (elastic) elements of the type disclosed in the French Patent No.
      1,180,364, but such an arrangement leads to an increase in the forward
      displacement of the vehicle occupants during rapid deceleration. The use
      of elastic elements must therefore be accompanied by an enlargement of the
      vehicle interior.
PAR  Another possibility for improving safety belt effectiveness is to tighten
      the belts (within tolerable tension limits) at the moment that the
      restraining force of the belts is needed. Currently known automatic belt
      winders with centrifugal weights are unsatisfactory for this purpose,
      however, particularly when the vehicle is involved in a multiple impact
      accident or overturns. This type of belt tensioning device releases the
      safety belts after tightening thus defeating the desired restraining
      action.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide apparatus for
      tensioning a restraining device, such as a safety belt, when an increased
      restraining force is needed.
PAR  More particularly, it is an object of the present invention to provide
      apparatus for rapidly tightening a safety belt or belts around the bodies
      of the occupants of a vehicle with an appropriate but not excessive
      tension as soon as an increase in tension is needed, so that the vehicle
      occupants may participate in the deceleration of the vehicle with a
      minimum of forward displacement.
PAR  These objects, as well as other objects which will become apparent in the
      discussion that follows, are achieved, according to the present invention,
      by providing a piston which may be moved within a cylinder when tensioning
      is desired, and means for translating movement of the piston into a
      tensioning of the safety belt or belts. In addition, a stopping or locking
      device is provided for maintaining the increased safety belt tension, once
      applied, in order to prevent the vehicle occupants from falling free in
      the direction of travel in the event of continued deceleration. Such a
      stopping device is especially important in accidents in which the vehicle
      undergoes several successive impacts, as may occur, for example, if the
      vehicle skids against trees or turns over.
PAR  In a preferred embodiment of the present invention, the apparatus includes
      a selectively releasable pressure medium for driving the piston within,
      the cylinder, and one or more sensors for releasing the medium at the
      appropriate time. The sensors may be arranged on the bumper or body of the
      vehicle and may be connected either in series or parallel.
PAR  Any device which will generate a signal when the vehicle is out of control
      may be used as a sensor. The pressure produced by a hydraulic impact
      absorber that absorbs bumper energy may be used to trigger release of the
      pressure medium. Inertia sensors of the type employed to release the well
      known "air bag" or conventional sensors such as those found in automatic
      belt winding devices may also be used. It should be noted, however, that
      it is only useful to release the pressure medium for speed changes at
      which the protective effect of a non-tensioned belt is insufficient. This
      condition occurs with speed changes of about 25 miles per hour.
PAR  In a particular embodiment of the present invention the cylinder is
      provided with discharge slits for the purpose of piston speed control. By
      properly dimensioning and positioning the discharge slits and by properly
      dimensioning the piston mass, diameter and path of travel it is possible
      to achieve the appropriate tensioning force in the safety belt. The
      tensioning force is principally a function of the kinetic energy stored by
      the piston as it is accelerated along its path of travel. After the
      initial slack in the safety belt is taken up -- i.e., after the belt is
      tightened against the bodies of the vehicle occupants -- this kinetic
      energy is converted into potential energy of tension due to the inherent
      elasticity of the seat belt system.
PAR  As is noted above, the apparatus according to the present invention is
      provided with a stopping or locking device to prevent the undesired
      release of the safety belt or belts after tensioning. This stopping device
      operates directly on the piston connecting rod in one embodiment of the
      invention. The rod is surrounded by at least two gripping jaws which have
      an outer diameter tapering conically inward in the direction of locking.
      These gripping jaws are surrounded and guided by jaw closing elements
      arranged in the cylinder and having an inner diameter matching the contour
      of the gripping jaws. Anti-friction roller elements are arranged between
      the gripping jaws and the jaw closing elements. In order to insure an
      effective grip, at least one spring is arranged between the gripping jaws
      and an abutment surface in the cylinder to bias the gripping jaws in the
      direction of locking.
PAR  In another embodiment of the present invention a safety belt winding roller
      is utilized. The roller is provided with a thumb which projects into the
      path of piston travel and acts as a drive element. When the piston is
      moved it pushes the thumb thereby driving the roller in the winding
      direction tending to tension the safety belt. Preferably, the piston path
      has a conical end for slowing the piston at the end of its travel.
PAR  A rotatable shaft is provided and frictionally supported at an end thereof
      inside the safety belt winding roller. The other end of the shaft is
      provided with a rachet wheel which engages a pawl attached to the roller
      casing. This shaft, ratchet wheel and pawl operate as the stopping device
      to maintain tension on the safety belt after the tensioning apparatus has
      been actuated.
PAR  In order to reduce the noise of actuation a muffler may be arranged on the
      cylinder.
PAR  The principal advantage of the apparatus according to the present invention
      is its adaptability to any type of seat belt system. First, the apparatus
      may be retrolifted in existing safety belt systems without difficulty.
      Second, the apparatus is especially suitable for so-called "passive" belt
      systems wherein a large amount of slack must be overcome during
      tensioning. Finally, the apparatus easily lends itself to use in
      combination with belt force limiting devices. In this case, not only the
      belt force limiting device according to the invention, but also any prior
      art device may be used.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram of a standard three-point safety belt with an automatic
      belt winding device and a belt tensioning device in accordance with the
      present invention.
PAR  FIG. 2 is a diagram of a passive safety belt system consisting of inclined
      shoulder and knee belts and a modified arrangement of a belt tensioning
      device according to the present invention.
PAR  FIG. 3 is a cross-sectional view of the belt tensioning device illustrated
      in FIGS. 1 and 2.
PAR  FIG. 4 is a cross-sectional view of a belt tensioning device which utilizes
      a belt winder.
PAR  FIG. 5 is a cross-sectional view of the device of FIG. 4, taken along the
      line V--V.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiments of the present invention will now be described in
      connection with FIGS. 1-5. Identical elements in the various figures are
      indicated by the same reference numerals.
PAR  FIG. 1 shows a three-point safety belt 1 which extends from an automatic
      belt winding device 2, supported by an element 3 on the side of the
      vehicle body, through a fastening element 4 at shoulder height of the
      occupant 5 through a traverse fitting 6 with a fishplate 7 and from there
      to a fastening point element 8 for the pelvic belt part. The automatic
      belt winding device 2 essentially consists of a spring-loaded roller (not
      shown) which is locked by the acceleration of the vehicle, and/or the
      drawn-out belt. It is designed in such a manner that the lock is not
      released even when the vehicle overturns or is involved in successive
      collisions.
PAR  The belt system shown may also be suitably coupled with a belt force
      limiter.
PAR  The fishplate 7 engages a beltlock 9 which is fastened to the connecting
      rod 10 of a tensioning device 11. The tensioning device 11 is connected to
      the vehicle by means of an eye plate 13 attached to the cylinder 12.
PAR  FIG. 2 shows a passive safety belt system which is provided with a
      tensioning device according to the present invention. The tensioning
      device finds particular advantageous use with a system of this type since
      it is able to take up a large amount of safety belt slack. In this
      arrangement the occupant 5 is held back by a combined inclined shoulder
      and knee belt. The inclined shoulder belt 55 is guided by means of a belt
      guide 14 that is arranged in a side portion of the body of the vehicle.
      The knee belt 15 is hinged to the vehicle door 16 by means of a belt force
      limiter 17 and/or an automatic belt winding device either or both of which
      may be provided with a quick-disconnect device to enable speedy opening of
      the door. An additional belt force limiter 18 can be arranged at the
      connection between the inclined shoulder belt 55 and the belt guide 14.
PAR  The inclined shoulder belt is joined to the knee belt by suitable
      connecting means which is passed around a belt guide 19 attached to the
      connecting rod 10. This arrangement enables tensioning of both shoulder
      and knee belts by use of one tensioning device.
PAR  FIG. 3 illustrates one embodiment of the tensioning apparatus in
      cross-section. The belt guide 19 is fastened to one end of the connecting
      rod 10. The other end thereof is secured to a piston 20 which is arranged
      for movement within the cylinder 12.
PAR  The connecting rod 10 is surrounded by components of the return stopping
      device. This device includes gripping jaws 21 and surrounding jaw closing
      elements 25 which are held in an enlarged portion 26 of the cylinder 12 by
      suitable fastening means 27. The outer diameter of the gripping jaws 21
      and the inner diameter of the closing elements 25 taper conically inward
      in the direction of locking 22. Roller elements 23 are interposed between
      the gripping jaws 21 and the closing elements 25 to minimize friction. The
      gripping jaws 21 are biased in the direction of locking 22 by means of a
      spring 26 which is pressed against an abutment surface 54 of the cylinder
      12.
PAR  A propellant or explosive charge 31 is connected with the internal cylinder
      space 29 through a conduit 30 in the cylinder wall. A firing or releasing
      device 32 in the propellant charge 31 is controlled by a line 33 and a
      suitable sensor 56. The cylinder 12 is provided with discharge slits 34 to
      control the velocity of the piston 20 and a shock absorber 55 to buffer
      the piston 20 when the belt is not attached around the body of a vehicle
      occupant. A muffler 35 is attached to the cylinder 12 to absorb the sound
      during operation.
PAR  FIGS. 4 and 5 show another embodiment of a safety belt tensioning device
      according to the present invention. In this embodiment the safety belt 36
      is partially wound around a safety belt winding roller 37 which pivots in
      a support frame or casing 38. On the safety belt winding roller 37 is
      arranged a thumb 40 which projects into the path of piston travel 39 and
      acts as a crank element to transfer piston motion to the winding roller
      37. When the propellant charge 41 is activated, a pressure medium is
      released causing the piston 42 to accelerate in the cylinder 43 in the
      direction 44 and delivering, by way of the thumb 40, an angular impulse to
      the winding roller 37. The piston 42 moves in a straight line until
      stopped by a buffer cylinder 45, which may, if desired, have a conical
      shape. The buffer cylinder also is provided with discharge slits 46 for
      velocity control of the piston 42 and a muffler (not shown) to absorb the
      sound.
PAR  The angular momentum delivered by the thumb 40 to the safety belt winding
      roller 37 results in a circumferential roller speed of 50 to 100 m/sec.,
      causing the desired tightening of the safety belt 36.
PAR  The interior of the safety belt winding roller 37 is provided with a
      torsion bar 48 which is frictionally connected with the safety belt
      winding roller 37 at one of its ends 49 and connected at its other end 50
      to a ratchet wheel 51. A pawl 52, attached to the casing 38, engages the
      ratchet wheel 51 so as to maintain tension in the safety belt after
      tensioning. The torsion bar 48 limits the amount of tension maintained
      since it twists whenever the belt tension exceeds its strain limit.
PAR  The tensioning apparatus shown in FIGS. 4 and 5 and can be placed at either
      all the end points or at the belt lock point of a three-point belt, or can
      be added to any system which utilizes an automatic belt-winding device.
      The belt end at the lock point of a so-called Y-belt also can be tensioned
      by means of this apparatus.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations as will
      occur to those skilled in the art. It is therefore intended that the scope
      of the invention be limited only by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for tensioning a safety belt when actuated, comprising, in
      combination:
PA1  a. piston means;
PA1  b. cylinder means, surrounding said piston means, for applying a force to
      cause said piston means to move therein upon actuation;
PA1  c. intermediate means, connecting said piston means to the safety belt, for
      tensioning the safety belt upon movement of said piston, said intermediate
      means comprising roller means for winding said safety belt and drive means
      coupled to said roller means and, projecting into the path of travel of
      said piston means, for rotating said roller means upon actuation of said
      piston means; and
PA1  d. return stop means for maintaining tension in the safety belt after
      tensioning by said intermediate means.
NUM  2.
PAR  2. The apparatus defined in claim 1, further comprising conical cylinder
      means, arranged at the end of the path of travel of said piston means, for
      slowing said piston means at the end of its travel.
NUM  3.
PAR  3. The apparatus defined in claim 1, wherein said return stop means
      includes (1) a torsion bar arranged within said roller means, said bar
      being supported in said roller means at one of its ends, (2) a ratchet
      wheel attached to the other end of said torsion bar and (3) pawl means,
      attached to the casing of said roller means and arranged for engagement
      with said ratchet wheel, for preventing rotation of said ratchet wheel in
      the direction of locking.
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ABST
PAL  Safety Belts for vehicles capable of being positioned in front of a rider
      on one of the vehicle seats and having parts of the belts which can be
      temporarily stiffened near to at least one anchoring point thereof and
      means for guiding said stiffened belt portions at said anchoring points.
BSUM
PAR  The present invention relates to safety belts for vehicles, in the first
      place so called passive safety belts, but it may possibly have an
      application in some form in connection with other types of safety belts.
PAR  It is a principal object of the invention to provide a safety belt, which
      can be brought from an inactive to an active position and vice versa
      without any complicated means of transportation of different kinds.
PAR  This object is reached by means of a safety belt made in accordance with
      the invention and substantially characterized by exhibiting for one thing
      means for temporary stiffening of the portions of the safety belt located
      nearest to one or several anchoring points thereof and for another means
      for directional guiding of said stiffened belt portions at the anchoring
      points in question.
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PAR  In the following a few examples of embodiments of the objects of the
      invention will now be described with reference to the accompanying
      drawings, in which
PAR  FIG. 1 is a top view of a seat of a vehicle equipped with a mounted safety
      belt according to the invention, the door of the vehicle being open and
      the safety belt being in inactive position,
PAR  FIG. 2 is a corresponding view of a vehicle seat with a mounted safety belt
      according to a second embodiment,
PAR  FIG. 3 is a corresponding top view of a seat of a vehicle equipped with a
      safety belt according to a third embodiment of the invention,
PAR  FIG. 4 is a perspective view of a seat of a vehicle equipped with a safety
      belt according to a fourth embodiment, the safety belt being exhibited in
      active position,
PAR  FIG. 5 is a corresponding perspective view of the safety belt of FIG. 4 in
      inactive position, i.e. in taken off condition,
PAR  FIG. 6 illustrates the same safety belt in a taking off phase and a
      putting-on phase respectively,
PAR  FIG. 7 schematically shows a control means forming part of the safety belt
      system,
PAR  FIG. 8 on an enlarged scale shows a detail forming part of FIG. 7,
PAR  FIG. 9 is a cross sectional view through a part of the belt of the safety
      belt assembly in the stiffened condition of said part,
PAR  FIG. 10 is a corresponding cross sectional view of the same belt part in a
      flexible condition of said part,
PAR  FIG. 11 schematically illustrates another type of the control means of the
      safety belt, and
PAR  FIG. 12 shows an example of an arrangement, which makes possible a
      deflection up to 180.degree. of the portion of the safety belt, which can
      be stiffened.
DETD
PAR  In FIG. 1 a vehicle is illustrated, in which a safety belt according to the
      invention is mounted, the seat of the vehicle being indicated with 1, the
      doorstep with 2, the rear doorpost with 3, the door with 4, and the
      instrument panel with A.
PAR  The safety belt illustrated in FIG. 1 for one thing in its entirety
      exhibits a chest belt part 6 and for another a belt part 5, which two belt
      parts at the point 7 are connected with a third belt part 8 by way of
      example via a sliding knot in such a way that the belt parts 5 and 6 in
      sliding manner are threaded through said knot, which is firmly supported
      by the belt part 8. The waist belt part 5 can suitably be fastened to the
      seat 1 of the vehicle at a low point of the same or to the car body near
      its floor, and the waist belt part 6 in the example of embodiment
      illustrated is fastened to the backrest of the vehicle. The belt part 5 as
      well as the belt part 6 can be fed in and out respectively of a collecting
      means mounted on their fastening ends. In the same manner the belt part 8
      can be fed in and out respectively of a collecting device provided on the
      door. The devices for this control will be described more in detail in
      connection with the description of FIGS. 7-12. The portions 5a and 6a
      respectively of the belt parts 5 and 6, which occupy a position nearest to
      the fastening points, suitably consists of a belt material, which is woven
      or otherwise made in the shape of an airtight hose. In empty condition
      this hose is flat and then functions as a conventional band in a safety
      belt. By in suitable manner sealing one end of the hose belt portion and
      by blowing in compressed air through the other end, the hose will stiffen
      and will occupy the position illustrated in FIG. 1. The belt part 8 is
      made in the same way in the shape of a hose. In order to keep the belt
      part 8 in the forwards pointing position along the door, a supporting arm
      10 is provided at the rear edge of the door, which arm is pivotable round
      a hinge 9 and at its free end supports a supporting roller 11, which can
      bear against the hose 8. The pivoting arm 10 via a pulling wire 12 laid
      over two pulley wheels 13 and 14 mounted on the door is in connection with
      the doorpost at the point 15. In order to obtain a certain compensation of
      th stresses, a portion of the wire 12 comprises a tension spring 16. When
      the door 4 from a closed position is opened up towards the position
      illustrated in FIG. 1 and the hose belt portion 8 is in expanded, i.e.
      stiff condition, the pulling wire or the guiding wire 12 is stretched and
      brings the supporting roller 11 to bear against the hose belt portion 8
      tending to pivot the same in direction towards the door. In order to
      lessen the load on the door, when the safety belt is in use, with respect
      to the forces, which may arise in connection with a very sharp
      deceleration or a collision, an anchor pin 17 is mounted on the door near
      to the point of attachment to the same of the part 8, which pin 17 in
      closed position of the door is engaging a hole for a seat armature 18 on
      the doorstep corresponding said anchor pin. This armature can of course
      also be provided on the doorpost 3. At the end of the part 8 directed away
      from the point of attachment the interior of said part 8 is in
      communication with a tank containing a pressure medium via a flexible hose
      20. In the path of communication between the pressure medium tank 19 and
      the belt portion 8 a pressure control valve 21 has been introduced. The
      hose 20 can of course also serve the purpose of evacuating the belt
      portion 8. The belt part 8 can be evacuated through hose 20 in the same
      way as the belt part 47b in FIG. 7 is evavuated through the hose 54 when
      the control valve 21 is in the same position as the control valve 53. Via
      a duct 22 the pressure medium tank 19 is in communication with a
      compressor and possibly with some kind of a vacuum pump. The belt portions
      5a and 6a can be attached to the other parts of the belts 5 and 6
      respectively by sewing, the belts 5 and 6 being of conventional kind.
      However, it is also possible to make the entire belts 5 and 6 of hose
      shaped material, which is sealed at the points 5b and 6b by way of example
      by welding. The belt portions 5a and 6a can also be rigidly attached at
      their rear ends, which does not permit them to be fed in, as was mentioned
      earlier.
PAR  The safety belt illustrated in FIG. 2 as in a principle is the reverse of
      the safety belt shown in FIG. 1, i.e. the safety belt exhibits two belt
      parts 24 and 25, which can be fed in into the door 4 of the vehicle and in
      sliding arrangement be threaded through a sliding knot 26, which in its
      turn is attached to the front end of a belt part 27, which at the rear can
      be fed into the seat or for example onto a roller. For the directional
      guiding of the belt part 27 a support roller 28 is incorporated into the
      assembly, said roller 28 being journalled on a supporting arm 30 pivotable
      around a hinge 29, which supporting arm suitably is anchored to the seat
      or the floor of the vehicle. In the last mentioned embodiment the infeed
      openings 31 and 32 in the door are provided with means, which form fixed
      supports for the hose shaped belt parts 24a and 25a respectively in the
      expanded condition of the last mentioned ones, whereby they are given a
      desired directional guiding. In order to compensate the pulls in the upper
      belt part 24, i.e. the chest belt, an anchor pin 33 is provided at the
      upper edge of the door, which pin cooperates with a socket 34 provided in
      the upper portion of the door post and exhibiting a hole corresponding
      said pin 33. An anchor pin corresponding to the one illustrated in FIG. 1
      is suitably provided at the bottom edge of the door. The supporting arm 30
      is suitably spring loaded in direction away from the door of the vehicle,
      but it can also be rigidly anchored to the seat or to the floor without
      departing from the fundamental idea of the invention. The safety belt
      illustrated in FIG. 3 is turned in the same direction as the one
      illustrated in FIG. 1, i.e. with only one belt part attached to the door
      of the vehicle. This safety belt exhibits hose shaped chest-and waist belt
      parts, which extend all the way up to a loop or so called Y-point 37, to
      which one end of a belt portion 38 of the safety belt is connected, which
      belt portion 38 can be wound up on a roller 39 provided on the door, and
      said roller 39 can be of conventional kind. The roller 39 can suitably be
      driven by spring force, electrically, by vaccum, or by air pressure. It is
      also possible to substitute the roller 39 with a tension spring provided
      with a blocking mechanism and mounted on the door. The door 4 in its
      closed position is indicated with broken lines. In said position the belt
      part 38 is collected on the roller 39, and the safety belt is in active
      condition. The supports 40 and 41 serve the purpose of directional guiding
      of the belt parts 35 and 36. The belt parts 35 and 36 can suitably be
      designed to permit being fed in and out respectively of collection devices
      arranged at the rear.
PAR  The safety belt illustrated in the FIGS. 4-6 like the previously described
      safety belts exhibits three hose shaped belt parts, which can be stiffened
      by inflation, all of said belt parts however being fastened to the seat of
      the vehicle, two of which 42 and 43 at laterally located points below the
      very seating plane, the remaining one being fastened with one end to a
      point at the top of the backrest, and all of said belt parts, which can be
      stiffened, designed to permit being fed in at their points of attachment.
      The attachment end of the upper belt part 44 is located somewhat beside
      the centre of the backrest and its outer end is connected with the belt
      part 43 by means of a band 45, which in sliding mounting is threaded
      through a loop 46, which is supported by the front end of the belt part
      42. The belt part 42 in its lower portion is directionally guided by means
      of a guide 42a, which can be vertically pivoted round a shaft 23. The belt
      part 43 is attached to the other side of the seat in the same manner. The
      belt portions 42 and 43 are retractable into the seat via two rollers (not
      shown) which are behind the guide elements of which element 42a is shown,
      like the rollers 48 of FIG. 7. In the inactive position of the safety belt
      illustrated in FIG. 5 the belt parts 42 and 43 are fully fed out and
      extend vertically along the backrest, so that they are not in the way of a
      person, who wants to occupy the seat. When taking on the safety belt, the
      belt parts 42 and 43 are pivoted forwards, whereby the belt part 44 passes
      the head of the person in question at one side thereof and is laid over
      the user's chest, when the belt parts 42 and 43 are fed in to the active
      position of the safety belt illustrated in FIG. 4, in which position the
      belt part 45 is bearing against the hip of the person.
PAR  The in-feed mechanism illustrated in FIG. 7 can be used in anyone of the
      embodiments disclosed in the foregoing figures. In FIG. 7 a hose shaped
      belt part 47 is carried between clamping rollers 48, which thus form a
      strangulation between the spaced filled with pressure medium in the two
      parts 47a and 47b of the belt part 47. A sliding knot attached to the belt
      part 47 is indicated with 49, and the two other belt parts 50 and 51
      entering into the safety belt assembly are threaded through the same. Said
      belt parts may for example be the chest and waist parts. The hose portion
      47a via a flexible duct 52 is in communication with a valve housing 53 of
      circular shape, in which housing also another duct 54 has its orifice,
      which duct 54 estabishes communications between the valve housing and the
      end of the hose portion 47b, which is pointing away from clamping rollers
      48. A valve body 55 substantially exhibiting the shape of a H is pivotably
      mounted in the valve housing 53, said body 55 exhibiting a central bore 56
      extending in the vertical direction of the H. The orifices for the ducts
      52 and 54 in the valve housing 53 are displaced in between them at an
      angle of 90.degree., and with a displacement of 45.degree. counted from
      the orifice of the duct 54 a discharge opening 57 is provided in the valve
      housing, and in opposite direction with a displacement of 45.degree.
      counted from the orifice of the duct 52a a second discharge opening 58 is
      provided, and with still another displacement relative to the discharge
      openings 57 and 58 an infeed duct 59 intended for a pressure medium is
      provided, in which duct a control valve 60 is mounted. The duct 59
      communicates with a tank 61 with compressed air, which is fed with
      pressure medium, preferably air, by means of the preferably electrically
      driven air compressor 62. The compressor can of course also be driven by
      other means, if so deemed suitable. A battery 63 is switched in into the
      circuit of the aircompressor by a pushbutton switch 64 connected with the
      air tank 61. In the position of the valve body 55 illustrated in the
      drawing, pressure medium is fed in into the hose portion 47a, while the
      hose portion 47b is de-aired via the outlet 57. By this an inflation and
      stiffening of the belt parts 50 and 51 is obtained. In this condition the
      belt part 47b is slack and comparatively comfortable for the person using
      the safety belt. If the valve body 55 is turned about 45.degree. in
      counter-clockwise direction the hose portion 47b instead will get in
      communication with the pressure medium tank 61 via the ducts 59 and 54,
      while the hose portion 47a is de-aired via the outlet 58. By this a
      prolongation of the hose portion 47b is obtained at the same time as also
      this portion is inflated and stiffened in the manner described in
      connection with the foregoing figures. The directional guiding of the hose
      portion 47b is arranged by means of a supporting roller 76. When the valve
      body 55 is turned to a position, in which the bore 56 is substantially
      horizontal, the ducts 52 and 53 communicate with each other, but not so
      with the pressure medium tank 61. The valve body can also occupy a
      position, in which all the communications are interrupted. It is of course
      possible to combine the device with a blocking means in order to lock the
      hose shaped portion 47 of the belt in a desired stretching position. This
      blocking means may for example be connected with the clamp rollers 48. A
      switch 65 is provided to initiate the ignition of a pressure generating
      means 66, preferably operating in the form of a powder charge, when
      abnormally great changes in the speed of the vehicle is taking place,
      which for example occurs in connection with a collision, said means 66
      then rapidly increasing the pressure in the hose portion 47a. By a
      suitable choice of the distance between the clamping rollers 48 and
      consequently the strangulation of the belt part 47 between said rollers a
      suitable dampening of the inflation and stiffening of the safety belt is
      obtained. In normal use of the safety belt, the valve body 55 is in the
      position illustrated in the drawing, i.e. there is constantly a certain
      overpressure in the hose portion 47a keeping the safety belt under the
      right tension. The tension of the safety belt can be regulated by in a
      suitable manner adjusting the valve indicated with 67, which suitably is
      made with constant throughflow, but which can be completely opened at an
      overpressure. It is suitable to make the pressure generating means 66 as a
      pyrotechnic charge, but it is of course also within the scope of the
      invention to use other types of pressure generating means. With the
      arrangement illustrated in FIG. 12 with respect to the pulley wheels 68,
      one can obtain a bend of up to 180.degree. of the hose shaped belt portion
      47. This by way of example can be of importance, when one desires to
      introduce the hose portion 47a into the door of the vehicle. In the FIG. 8
      the portion of the belt part 47 located to the left of the clamping
      rollers 68 is illustrated on an enlarged scale. When one desires to wind
      up the portion of the belt corresponding the hose portion 47a on a
      conventional wind-up device, it is suitable to design the hose as is shown
      in FIG. 9. The hose illustrated in FIG. 9 exhibits two longitudinal
      channels 69 defined by stiff walls, which channels are not compressed
      neither during their passage between the clamping rollers 48 nor when
      wound up on the roller of the wind-up device. In wound-up condition or
      when passing between the pulley wheels, the belt part in question occupies
      the position illustrated in FIG. 10, from which figure it is evident that
      the passage through the hose is quite substantially strangled. In
      connection with a strong pull of the belt portion 47b to the left
      according to FIG. 7 a certain out-feed is taking place, the dampening of
      which being determined by the strangulation between the clamping rollers
      48. A wind-up device 70 is illustrated in FIG. 11, on which device the
      portion of the hose shaped belt part located inside the clamping rollers
      48 can be wound up in the direction of the arrow 71. In order to make
      possible a locking of the wind-up device a locking arm 72 is schematically
      hinted in the drawing, which arm can be operated by means of an activation
      device actuated by vacuum, compressed air or magnetic force. The
      supporting rollers 74 serve the purpose to keep the hose shaped belt
      portion 75 in the desired direction. It is of course also possible at the
      same time as one applies an overpressure at one side of the clamping
      rollers 48 in the belt part 47 to apply an underpressure in the hose
      portion located in opposite position of the clamping rollers in order to
      increase the force operating upon the safety belt or the motion speed. By
      letting the clamping rollers 48 be actuated by means, which sense the
      weight of the traveller the dampening of the pull of the belt can easily
      be automatically adjusted by variation of the gap between said clamping
      rollers. It is also possible to obtain an inflation and stiffening of the
      belt for example in connection with a deceleration by letting the brake
      pedal simultaneously actuate a pressure increasing or a pressure reducing
      valve depending upon on which side of the clamping rollers one desires the
      actuation to take place. This actuation can also be reinforced by applying
      a vacuum on one side and an overpressure on the other side of the clamping
      roller as mentioned above.
CLMS
STM  I claim:
NUM  1.
PAR  1. Safety belts for vehicles comprising a vehicle, a safety belt being
      connected to anchoring points on vehicle and having belt portions of a
      hose like configuration capable of being expanded by a pressure medium,
      valved means capable of supplying a pressure medium to said belt portions,
      means for the directional guiding of said belt portions, and clamping
      means capable of squeezing said belt portions at given points.
NUM  2.
PAR  2. Safety belt as claim in claim 1 wherein each hose-like belt portion has
      at least one flexible pressure medium channel extending longitudinally of
      said belt portions which channels tend to resist deformation with respect
      to their crosssectional configuration.
NUM  3.
PAR  3. Safety belt as claimed in claim 1 wherein at least one of said anchoring
      points in on a door of said vehicle.
NUM  4.
PAR  4. Safety belt as claimed in claim 3 wherein said clamping means is capable
      of guiding at least one of said belt portions, towards said door upon the
      opening of said door relative to said vehicle.
NUM  5.
PAR  5. Safety belt as claimed in claim 1 wherein said clamping means are
      arranged at least on one of said anchoring points and capable of pivoting
      around a substantially vertical shaft.
NUM  6.
PAR  6. Safety belt as claimed in claim 1 wherein said directional guiding means
      comprising at least two horizontal shafts connected to said vehicle
      anchoring points and means connected to said belt portions and pivotally
      mounted on said shaft.
NUM  7.
PAR  7. Safety belt as claimed in claim 1 wherein said valved means includes a
      regulation valve arranged to create a difference in pressure on said belt
      portions on two sides of said clamping device.
NUM  8.
PAR  8. Safety belt as claimed in claim 7 wherein said valve is capable of
      connecting one of said belt portions on one side of said clamping means
      with said pressure medium and the belt portion on the other side of said
      clamping means with the atmosphere.
NUM  9.
PAR  9. Safety belt as claimed in claim 7 wherein said valve is capable of
      bringing the belt portions on opposite sides of said clamping device, into
      communication with each other and discontinueing their communication with
      said pressure medium.
NUM  10.
PAR  10. Safety belt as claimed in claim 7 wherein said regulation valve
      comprises a valve housing having a circular cross-section with a plurality
      of peripherically located connection openings and a valve member located
      in said valve housing which valve member is capable of selectively
      maintaining and interrupting communication between said connection
      openings.
NUM  11.
PAR  11. Safety belt as claimed in claim 10 wherein said valve member has a
      substantially H-shape configuration.
NUM  12.
PAR  12. Safety belt as claimed in claim 7 including means capable of feeling
      abnormal changes in the motion of said vehicle and increasing the pressure
      of said pressure medium to counteract the pulling force on the safety belt
      due to such change of motion.
NUM  13.
PAR  13. Safety belt as claimed in claim 12 including a G-sensitive switch and a
      pyrotechnic pressure generating means in communication with a belt portion
      on one side of said clamping device and igniteable by said switch.
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ABST
PAL  At least with one wheel of a bicycle there is associated a suspension which
      includes a pivotally secured rocker member supporting the bicycle wheel
      and a sole suspension spring attached to the rocker member and disposed in
      substantial alignment with the plane of rotation of the bicycle wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a bicycle, particularly to the type in which at
      least one wheel is resiliently supported by means of a fork-shaped rocker
      articulated to the bicycle frame or to a component supported by the
      bicycle frame.
PAR  In motor driven two-wheel vehicles it is known to articulate both the front
      wheel and the rear wheel to the vehicle frame by means of separate,
      fork-shaped rockers which, in turn, are supported by the vehicle frame
      with the interposition of spring means. The latter, which may be combined
      with shock absorbers, are disposed in the terminal zone of the two fork
      arms of each rocker. The fork arms also serve for supporting the wheel
      bearings. Such a structure, however, is feasible only in motor-driven
      vehicles because these, on the one hand, have a relatively small wheel
      diameter and, on the other hand, the weight increase due the arrangement
      of two spring elements for each wheel is without practical significance,
      because of the relatively large power of even small motor bicycles. These
      considerations, however, cannot apply in muscle-propelled bicycles where
      the effect of the relatively large additional weight of such structures is
      substantial. Further, arrangements known in connection with motor driven
      two-wheel vehicles cannot be transferred to bicycles because, due to the
      substantially larger wheel diameters, the particular arrangement of
      brakes, etc., requires different geometrical and structural conditions.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an improved bicycle with
      resilient wheel suspension which, without additional increase of weight
      insures a superior riding comfort.
PAR  This object and others to become apparent as the specification progresses,
      are accomplished by the invention, according to which, briefly stated, the
      rocker associated with at least one wheel is provided with a sole spring
      element which connects the rocker in the rotational plane of the wheel at
      least indirectly with the bicycle frame.
PAR  The above-outlined arrangement according to the invention has the advantage
      that the rockers may be of light-weight construction since no torsion
      forces are transmitted to the rockers through the points of articulation
      of the spring elements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevational view of a men's bicycle
      incorporating a preferred embodiment of the invention.
PAR  FIG. 2 is a schematic partial side elevational view of a ladies' bicycle
      incorporating a further preferred embodiment of the invention.
PAR  FIG. 3 is a partial schematic side elevational view of a ladies' bicycle
      incorporating still another preferred embodiment of the invention.
PAR  FIG. 4 is a schematic top plan view of some components of the embodiment
      illustrated in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to FIG. 1, the men's bicycle illustrated therein comprises a
      conventional tubular bicycle frame 1 having a downwardly and forwardly
      inclined tubular component through which passes a steering column 3 to
      which, in turn, there is fixedly secured a guide fork 3. To the guide fork
      3 there is articulated a rocker fork 4, the two arms of which are rigidly
      interconnected by a yoke 5. To the other end 6 of the fork arms there is
      secured the front wheel of the bicycle. To the yoke 5 of the rocker fork 4
      there is secured a plate 7 expediently provided with a series of holes. To
      a selected hole in the plate 7 there is jointedly attached one end of a
      spring element, such as a telescoping spring element 8. At the lower ends
      of the guide fork 3 there are attached aligned plates 9 (only one is
      visible) which are provided with a series of aligned openings. The plates
      9 are oriented in such a manner that they extend approximately in the
      direction of the connecting line between the fork end and the yoke 5. The
      two plates 9 are interconnected by a transverse bolt (not shown) to which
      one end of the spring element 8 is secured. By virtue of the spatial
      arrangement of plates 7 and 9, the spring 8 is substantially in alignment
      with the plane of rotation of the front wheel. The hand brake, for example
      a rim brake 10, is secured to the yoke 5 of the rocker fork 4.
PAR  According to the invention, the guide fork 3 and the rocker fork 4 are
      articulated to one another in a scissors-like manner now to be described.
      In order to be able to adapt to individual requirements the length of the
      fork arms affecting the extent of the springing action, to the arms of the
      guide fork 3 there are affixed separate, aligned plates 11 (only one is
      visible), while to the arms of the rocker fork 4 there are attached
      separate, aligned plates 12 (only one is visible). The plates 11 are
      provided with a series of pairwise aligned holes 13, while the plates 12
      have a series of pairwise aligned holes 14. The plates 11 are secured to
      the forwardly oriented side of the preferably rearwardly and downwardly
      sloping portion of the guide fork 3 while the plates 12 are affixed to the
      rearwardly oriented side of the straight or slightly forwardly bent rocker
      fork 4. To the plates 11 of the guide fork 3 there are secured, preferably
      in a releasable manner, bearing brackets (not shown) which are provided
      with roller bearings (also not shown) and which, with appropriate
      centering, extend in a selected hole pair of the plates 11. The bearing
      brackets are secured in the corresponding securing holes 14 of the rocker
      fork 4 which straddles the guide fork 3. In this manner the rocker fork 4
      is able to execute scissor-like motions with respect to the guide fork 3.
      Thus, the rocker fork 4 has a pivotal point which is between its two ends,
      that is, between the support for the front wheel and the support for the
      spring element 8.
PAR  It is an advantage of the above-described scissors-like articulation of the
      rocker fork 4 that large springing motions are possible even in the loaded
      condition of the bicycle. It is expedient if the spring 8 has non-linear
      characteristics, so that for riders of different weight optimal riding
      conditions are obtained at all times. A further advantage of this
      arrangement resides in the fact that known bicycle brakes, such as
      light-weight rim brakes may be used, because such brakes (usually actuated
      through a Bowden wire) may be mounted on the yoke 5 and thus their
      operation is in no way affected by the springing motion of the rocker fork
      4.
PAR  By means of displacing the bearing brackets in the plates 11 and/or the
      plates 12, the leverage affecting the spring action may be altered. By
      virtue of a corresponding change of the point of articulation of the
      rocker fork 4 at the guide fork 3 on the one hand and/or changing the
      point of articulation of the spring element in the plates 9 of the guide
      fork 3, on the other hand, an optimal springing action may be set in a
      simple manner.
PAR  For the springing suspension of the rear wheel there is provided a rocker
      fork 15 which is articulated to the vehicle frame 1, preferably coaxially
      with the bearing of the pedal crank 27. To avoid the necessity of
      constructing the block which supports the bearing for the pedal crank
      excessively bulky, the rocker fork 15 may be attached to a point of
      articulation which is immediately adjacent the bearing for the pedal
      crank. The change of distance between the wheel center and the bearing
      center of the pedal crank which affects the drive chain, may be
      compensated in a simple manner by simple chain tensioning devices
      well-known in chain drive systems.
PAR  With the rocker fork 15 there is rigidly connected the rear wheel support
      fork 16 which extends upwardly and rearwardly from the point of
      articulation of the rocker fork 15 and is disposed at an angle with
      respect thereto. At its terminal 17, the support fork 16 is connected to a
      spring element 19 through a fork-shaped intermediate member 18. The other
      end of the spring element 19 is articulated to the horizontal tube of the
      vehicle frame 1. A connecting strut 20 rigidly couples the terminus 17 of
      the support fork 16 with that terminus of the rocker fork 15 which is
      remote from its point of articulation. In this manner, the components 15,
      16 and 20 constitute a very stable, rigid rocker assembly which may be of
      light construction. As it is apparent from the arrangement of both
      connections for the two ends of the spring 19, the latter is in
      substantial alignment with the plane of rotation of the rear wheel.
PAR  In order to provide for the individual adjustment of the rear wheel
      suspension as well, at the upper end of each arm of the support fork 16
      there is affixed a plate 21 (only one is visible) each having an aperture
      22 with which there are associated, at that side of the plates 21 which is
      oriented towards the vehicle frame 1, apertures 23 disposed in an arcuate
      array. The fork-shaped connecting member 18 which is provided with a
      series of openings 24, is attached to the plates 21 by means of securing
      bolts. The distance between selected pairs of holes 24 corresponds to the
      distance between the opening 22 and any opening 23. By an appropriate
      shift of the connecting member 18 (subsequent to the loosening of the
      securing bolts) in the direction of spring action, the "null position" may
      be set in a simple manner to correspond to the rider's weight. By pivoting
      the member 18 about the securing hole 22 and securing it in the desired
      angular position to the corresponding hole 23 in the plates 21, the
      leverage effective for the springing action may be set. Thus, by virtue of
      a longitudinal displacement and/or pivotal motion of the connecting member
      18, an optimal value of the rear wheel suspension may be set.
PAR  For taking up lateral forces with the simultaneous relief of the
      articulation of the rocker fork 15 at the lower part of the bicycle frame,
      between the connecting member 18 and the obliquely downward extending
      frame tube 25, which is straddled by the connecting member 18, there are
      provided guide elements which do not obstruct the pivotal motion of the
      rocker assembly 15, 16, 20, but which directly transmit lateral forces to
      the frame. These guide elements may be, for example, slide members rigidly
      affixed to the inner sides of the forks of the connecting member 18 and
      may be made of a highly wear-resistant synthetic material (such as
      polytetrafluoroethylene) which may slide on a complemental face provided
      on the frame tube 25. Instead of slide members, roller members may be used
      which also may be made of a synthetic material. This feature for taking up
      lateral forces is advantageous, because further weight reduction of the
      bicycle is possible. This is so, since the connection of the two arms of
      the rocker fork at the location of articulation may be of light
      construction, because torsional and lateral forces are transmitted to the
      bicycle frame at a substantial distance from the point of articulation,
      and thus the latter is relieved from these stresses.
PAR  In case a rim brake is used for the rear wheel, the latter can be
      expediently attached between the two connecting struts 20 on a transversal
      yoke (not shown), so that when the rear wheel is sprung, this occurrence
      in no way affects the operation of the brake. As it may be clearly
      observed in FIG. 1, when the bicycle is additionally charged by loading
      the package rack 26 shown only in phantom lines, the springing action at
      the rear wheel is practically not effected since this additional weight is
      connected, through the package rack 26, in a "rigid" manner with the
      rocker assembly 15, 16, 20.
PAR  It is feasible to replace the fork-shaped support arm 16 by a one-piece
      member. In this case it is advantageous if, for weight-saving
      considerations, the arm is made of a rigid hollow section member which,
      for example, has a bell-shaped cross section. If the section members are
      of light construction, a sufficient torsion resistance is ensured by the
      struts 20. In this case the support arm simultaneously forms a part of the
      guard plate.
PAR  Turning now to FIG. 2, there is illustrated an embodiment which is equally
      adapted for men's bicycles and ladies' bicycles. In this embodiment the
      suspension spring for the rear wheel is arranged as a mirror image of the
      spring 19 of the first embodiment illustrated in FIG. 1. Because of the
      missing horizontal upper tube of the bicycle frame in a ladies' bicycle,
      the spring element is articulated to the tube 28 of the bicycle frame
      which receives the saddle post and which corresponds to the tube 25 of
      FIG. 1. As seen, the spring is articulated to that portion of the tube 28
      which is oriented rearwardly. The support arm 16 which is preferably
      formed as a fork, is provided with a substantially horizontally rearwardly
      extending holder frame 29 to which there is articulated the terminus of
      the spring element. By appropriate shifting of the support frame 29 on the
      support arm and/or by the appropriate shifting of the point of
      articulation of the spring element in the direction of the spring action
      (for example, within the support frame 29), in this embodiment too, the
      riding conditions may be set to their optimal value by changing the
      effective length of the lever arm and/or changing the null position of the
      spring element. The support frame 29 in this embodiment may simultaneously
      serve as the package rack.
PAR  In FIGS. 3 and 4 there is illustrated a further embodiment of the invention
      which, similarly to the embodiment illustrated in FIG. 2, may find use in
      either a men's or a ladies' bicycle. As seen, the arrangement of the
      apertured plates 21' and the apertures 22',23' are substantially the same
      as the corresponding components in the FIG. 1 embodiment and similarly,
      the connecting member 18', by means of which the spring 19' is coupled to
      the rear rocker assembly 15',16',20', is generally of the same structure
      as that shown in FIG. 1. Thus, the mode of adjustment is the same as in
      the FIG. 1 embodiment. The connecting member 18', similarly to the FIG. 1
      embodiment, supports one end of the spring 19'. The other end of the
      spring, unlike in the FIG. 1 embodiment, but similarly to the FIG. 2
      arrangement, is attached to the saddlepost-supporting frame tube 28'.
      Again, the connecting member 18' straddles the frame component 28' and
      guide elements, such as rollers 30 are disposed within the straddling arms
      of the connecting member 18' for engaging the frame component 28'.
PAR  By means of a mirror image reversal of parts, the embodiment described in
      connection with the spring suspension of the front wheel can also be
      modified. Thus, if the guide fork 3 is so designed that its lower terminus
      is oriented forwardly, then with a corresponding articulation of the
      rocker fork 4 there is obtained a "trailing" rocker since the point of
      attachment for the wheel is disposed behind the point of articulation at
      the guide fork. In this manner the riding conditions can be further
      improved. This trailing arrangement may be also used for the rear wheel
      suspension if the frame is properly modified.
PAR  It is an advantage of the earlier-mentioned transverse bolt (not shown)
      which interconnects the two plates 9 that a rigid connection for the guide
      fork 3 is ensured. In this manner the guide fork 3 is reinforced so that
      any motion of the guide fork ends with respect to one another that would
      disturb the riding conditions, is securely prevented. It is noted that
      instead of the removable transverse bolt there may be provided a permanent
      interconnection of the two fork ends to give the guide fork 3 the required
      rigidity. On this permanent interconnection there may be provided, instead
      of plates 9, support elements for the spring 8.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a bicycle having a rigid frame; a steering column rotatably supported
      by said frame; separate wheel supporting means for securing the front
      wheel and the rear wheel to the steering column and the rigid frame,
      respectively, the improvement in the rear wheel supporting means
      comprising:
PA1  a. a rocker fork having one end supporting the rear wheel and another end
      at which it is articulated to said frame;
PA1  b. a support fork rigidly affixed to said rocker fork and extending at an
      angle to said rocker fork from the articulation thereof with said frame;
PA1  c. a sole spring element having first and second ends;
PA1  d. first spring support means for connecting said first end of said spring
      element to said rocker means;
PA1  e. second spring support means for articulately holding said second end of
      said spring element; said second spring support means being constituted by
      an integral part of said frame; said first and second spring support means
      positioning said spring element in substantial alignment with the plane of
      rotation of said one of said bicycle wheels;
PA1  f. a forked connecting member secured to said support fork and having a
      portion straddling a portion of said frame, said connecting member being
      connected to said first end of said spring element; and
PA1  g. guide elements constituted by rollers disposed between and engaging the
      straddling portion of said connecting member and the straddled portion of
      said frame for transmitting lateral forces from said support fork to said
      frame.
NUM  2.
PAR  2. In a bicycle having a rigid frame; a steering column rotatably supported
      by the frame; wheel supporting means for securing the front wheel of the
      bicycle to the steering column; the improvement in the wheel supporting
      means comprising:
PA1  a. a guide fork affixed to said steering column and having two fork arms
      extending on both sides of said front wheel; each fork arm having a free
      end remote from the attachment of said guide fork to said steering column,
      the free ends being situated externally of the outline of said front wheel
      and being joined together by connecting means;
PA1  b. a rocker fork having a first end supporting said front wheel and a
      second and being situated externally of the outline of said front wheel;
PA1  c. pivot means for articulating said rocker fork between its first and
      second ends to said guide fork at a location spaced from said free ends;
      and
PA1  d. a compression spring having first and second ends; said first end of
      said compression spring being attached to said connecting means and said
      second end of said compression spring being attached to said second end of
      said rocker fork; said compression spring being positioned in substantial
      alignment with the plane of rotation of said front wheel.
NUM  3.
PAR  3. A bicycle as defined in claim 2, wherein said pivot means includes means
      defining a plurality of juxtaposed holes for selectively varying the
      location of articulation between said rocker fork and said guide fork for
      altering the leverage affecting said compression spring.
NUM  4.
PAR  4. A bicycle as defined in claim 2, further comprising means for adjusting
      the location of attachment of at least one end of said compression spring
      in the direction of its spring action.
NUM  5.
PAR  5. A bicycle as defined in claim 2, wherein said connecting means is
      constituted by a yoke.
NUM  6.
PAR  6. In a bicycle having a rigid frame including a hollow frame bar receiving
      a saddle post; wheel supporting means for securing the rear wheel of the
      bicycle to the frame; the improvement in the wheel supporting means
      comprising:
PA1  a. a rocker fork having a first end supporting said rear wheel and a second
      end articulated to said frame;
PA1  b. a support fork rigidly affixed to said rocker fork and extending at an
      angle thereto from said first end;
PA1  c. a forked connecting member releasably attached to an end of said support
      fork that is remote from said first end of said rocker fork; said forked
      connecting member having a portion straddling a portion of said frame bar;
PA1  d. guide means disposed between the straddling portion of said forked
      connecting member and the straddled portion of said frame bar for
      transmitting lateral forces from said support fork to said frame for a
      lateral stabilization of said rear wheel; and
PA1  e. a compression spring having first and second ends; said first end of
      said compression spring being attached to said forked connecting member
      and said second end of said compression spring being attached to said
      frame; said compression spring being positioned in substantial alignment
      with the plane of rotation of said rear wheel.
NUM  7.
PAR  7. A bicycle as defined in claim 6, said guide elements being constituted
      by rollers engaging said connecting member and said frame bar.
NUM  8.
PAR  8. A bicycle as defined in claim 6, including means for selectively varying
      the location of attachment of said forked connecting member along said
      support fork for altering the leverage affecting said compression spring.
NUM  9.
PAR  9. A bicycle as defined in claim 6, including means for selectively varying
      at least one location of attachment of said compression spring with
      respect to said support fork in the direction of the spring action of said
      compression spring.
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PAL  This accessory comprises a mounting assembly and a handle assembly. The
      mounting assembly can be mounted and secure upon a bike's handlebar, and
      it can be rotated in a complete circle around the handlebar, if necessary.
      The handle assembly can be rotated in a complete circle and can be moved
      up or down, within the mounting-unit. Thereby, this handle assembly will
      have movements in all directions, upon a bike's handlebar. And it can be
      folded down close and parallel to the handlebar, when not in use.
BSUM
PAR  This upright bike bar comprises a mounting assembly and a handle assembly.
      It is designed to allow movements of the handle assembly in all
      directions, upon a handlebar of any type of bike. Therefore, it can be
      folded down when not needed. It is compact and light-weight. And it will
      not interfere with other devices or parts upon a bike, due to its great
      movability.
PAR  A rider will be able to ride in a complete upright position. There are
      several occasions when this would be very desirable and/or useful. First,
      when the wind is blowing to the back of a rider, his body can act as a
      sail. Second, whenever a rider is coasting down an incline or hill. Third,
      when on a long distance (or short one) tour. Occasionally, the changing of
      riding position from an efficient bent-over position, to an upright one
      will be relaxing. Fourth, it is also relaxing to ride in an upright
      position, with the bike in a low to medium gear, and while pedaling slow.
      And fifth, small-to-medium size packages can be carried better in an
      upright position, at a safe speed naturally. The above are the major
      advantages of this bike bar.
PAR  The great bike boom throughout the entire world, has brought back this
      efficient machine, in increasing numbers. Thereby making this easily
      attachable bike bar, a very useful accessory for most bikes.
DRWD
PAR  FIG. 1 is a side view of the bike bar mounted on a bike's handlebar;
PAR  FIG. 2 is a partial cross sectional top view of the mounting assembly,
      taken along line 2--2 of FIG. 1.
DETD
PAR  Refer to FIG. 1. The mounting assembly will comprise a mounting-unit 10
      with two holes that are perpendicular to one another. The hole for a
      handlebar 11 is at one end 10A. While the hole for the handle assembly is
      at the other end 10B, refer to FIG. 2 and then back to FIG. 1. The
      mounting-unit 10 is secured to a bike's handlebar 11 with a bolt 12 and a
      square or hexagon nut 13.
PAR  The handle assembly will comprise a tube with a 90.degree.  bend 14, a
      straight portion 14A with a safe and comfortable grip 15. The other
      straight portion 14B will be mounted in the mounting-unit 10, and can be
      moved up or down in it. And this portion 14B will have a permanent cap 16
      at its end, for security and good appearance reasons.
PAR  Refer to FIG. 2. The straight portion 14B can be rotated in a complete
      circle also, in the hole of the mounting-unit 10. And it can be secured in
      any desired position by a bolt 17 and a wing nut 18, at one end 10B of the
      mounting-unit 10.
PAR  The mounting assembly can be mounted and secured upon a bike's handlebar,
      and it can be rotated in a complete circle around the handlebar, if
      necessary. The handle assembly can be rotated in a complete circle and can
      be moved up or down, within the mounting-unit. Thereby, this bike bar
      would allow a rider to ride in a complete upright position when so
      desired. And since this handle assembly will have movements in all
      directions, it can be folded down close and parallel to any bike's
      handlebar, when not needed. And it can be mounted on either side of a
      bike.
PAR  The figures have been drawn to the exact size, of an actual bike bar
      mounted on a handlebar. And both assemblies can be made of a metal or a
      non-metal. The dropped handlebars of the 10-speed models would benefit the
      most from such a bike bar. And they are the most popular and numerous
      models throughout the entire world. The tooling, manufacturing, and
      packaging needed to place a bike bar on the market, is on a level that can
      be classified as very simple and very economically, relatively speaking.
CLMS
STM  The following is claimed:
NUM  1.
PAR  1. A bike bar attachment for a vehicle having a handlebar, said attachment
      comprising a tube having a right angle bend, a hand grip mounted on one
      end of said tube, a cap closing the other end of said tube, a mounting
      assembly having two through openings, the center lines of said openings
      being mutually perpendicular and non-intersecting, said handle bar being
      slidably and pivotally received through one of said openings, and said
      other end of said tube being slidably and pivotally received through the
      other of said openings, and a bolt-nut combination for each of said
      openings, adjustably tightening said openings about said handle bar and
      said tube to prevent said slidability and said pivotability.
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ABST
PAL  In combination with a tractor for towing a vehicle wherein the tractor
      includes a chassis upon which is secured a driving wheel assembly, the
      tractor including a motor for rotating the driving wheel assembly, an
      attachment for connecting the tractor to the vehicle, the attachment
      usable in two different modes to connect to the vehicle, the first mode
      using a horizontal connecting member pivotally mounted upon the chassis,
      so that the pivot axis intersects the tractor's drive wheel axis and is
      located midway between the driving wheels, the horizontal connecting
      member to cooperate in a telescoping manner within a tubular member
      secured to the vehicle, a pin insertable within aligned apertures between
      the connecting member and the tubular member to lock such together, the
      second mode employing a ball mounted upon the connecting member which is
      to cooperate with a conventional ball socket attached to the vehicle, a
      clamp bar employed to lock the connecting member to the tubular member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention relates to the construction of a tractor for
      the towing of wheeled land vehicles such as house trailers, boat trailers,
      or any kind of trailer. Also, the apparatus of this invention is useful
      for moving airplanes into and out of a hangar.
PAR  The apparatus of this invention is considered to be an improvement of the
      tractor apparatus which is shown and described in U.S. Pat. No. 3,166,141,
      patented Jan. 19, 1965.
PAR  The tractor construction of the above-mentioned patent includes a pair of
      stabilizing arms and trailing caster wheels which are considered to be
      required in order to prevent the motorized dolly from overturning
      backwards when pulling a trailer forwards. The stabilizing arms and their
      associated trailing caster wheels are mounted aft of the driving wheels of
      the tractor or between the driving wheels of the tractor and the vehicle
      being moved. The use of the stabilizing arm and trailing caster wheels are
      a costly addition to the tractor structure. Although costly, it was just
      accepted that such are necessary in order to resist the overturning
      moment. With the use of such stabilizing arms and trailing caster wheels,
      the connecting and disconnecting of the tractor to the vehicle to be moved
      is accomplished quite quickly and with relative simplicity. However, on
      some trailers with roll prevention devices, said trailing caster wheels
      get in the way.
PAC  SUMMARY OF THE INVENTION
PAR  The tractor apparatus of this invention relates to the elimination of the
      stabilizing trailing caster wheels which are normally employed within such
      tractor structure shown in previously mentioned U.S. Pat. No. 3,166,141.
      The apparatus of this invention is to provide for quick attachment to a
      non-motorized vehicle such as a trailer and effect movement of such from
      one locale to another locale within a confined area such as a trailer
      sales lot. The tractor is basically conventional and includes a motor
      which is to operate a pair of spaced apart driving wheels, the axle of
      each wheel being in alignment with each other. A connecting means is
      mounted upon the tractor and is designed to facilitate easy and quick
      attachment of the tractor to the attaching tongue of the vehicle.
PAR  The connecting means is to take either one or two embodiments. If the
      attaching tongue includes a tubular member, the connecting means is to
      comprise an elongated member which is to be telescopingly received within
      the tubular attaching tongue. A pin is to be interconnected between the
      tongue and the elongated member. The elongated member is fixedly attached
      to a vertical stanchion which is turn is pivotally mounted upon the aft
      end of the tractor. The pivot axis intersects the drive wheel axis whereby
      the drive wheels of the tractor and the wheels of the vehicle to be towed
      result together in the formation of a four wheel front wheel drive unit.
PAR  The second embodiment of connecting means of this invention employs a
      conventional ball secured to the elongated member. The ball is positioned
      at any convenient location along the elongated member. It is to be
      understood that the forward direction is toward the front end of the
      tractor with the aft direction being toward the vehicle being towed.
PAR  The elongated member in each embodiment is connected by spring means with
      respect to the chassis, the spring means functioning to align the
      elongated member to a particular horizontal position when the tractor is
      not in use, the particular horizontal position being so that the
      longitudinal axis of the elongated member is substantially in line with
      the longitudinal axis of the tractor. A clamp bar is employed to securely
      bind the elongated member to the attaching tongue in the second embodiment
      of this invention. If desirable, in order to prevent the elongated member
      from scratching the painted surface of the tongue of the vehicle, the
      elongated member may include a layer of material thereon which will not
      permit the forming of scratches on the tongue.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of the apparatus of this invention showing how such is
      connected with a land vehicle such as a trailer;
PAR  FIG. 2 is a plan view of a portion of the apparatus of this invention taken
      along line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the first embodiment of this invention
      taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a cross-sectional view through the first embodiment of this
      invention taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a cross-sectional view showing in more detail the first
      embodiment of this invention taken along line 5--5 of FIG. 3;
PAR  FIG. 6 is a view similar to FIG. 1 but showing the second embodiment of
      this invention;
PAR  FIG. 7 is a plan view of a portion of the second embodiment of this
      invention taken along line 7--7 of FIG. 6; and
PAR  FIG. 8 is a partial cross-sectional view of the second embodiment of this
      invention taken along line 8--8 of FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF THE SHOWN EMBODIMENTS
PAR  Referring particularly to the drawings, there is shown in FIG. 1 a wheeled
      land vehicle 10 such as a house trailer or the like. Connected to the land
      vehicle 10 is an attaching tongue 12 which has formed therein a ball
      socket (not shown).
PAR  A self-propelled tractor 14 is shown in FIG. 1 and is to be employed to
      connect with the land vehicle 10 to move such from one locale to another.
      It is to be understood that the movements by the tractor 14 are to be
      limited and not constitute a long distance. Normally, the movements will
      be in a given area such as a parking area. The tractor 14 basically takes
      the form of the tractor construction shown in U.S. Pat. No. 3,166,141,
      patented Jan. 19, 1965 entitled TRACTOR. This tractor 14 is shown in both
      FIGS. 1 and 6 with FIG. 1 being directed to the first embodiment of this
      invention, and FIG. 6 being directed to the second embodiment of this
      invention.
PAR  By comparing the drawing of the tractor within FIGS. 1 and 6 of this
      invention with the tractor of the aforementioned patent, it is to be noted
      that the tractor in this invention has no trailing wheels which are
      employed within the aforesaid patent. These trailing wheels are to prevent
      the tractor from overturning during use. The improved structre of this
      invention relates to devices which are to be substituted for the costly
      trailing caster wheel construction and still prevent the tractor from
      overturning during use. This structure is as follows.
PAR  The tractor 14 includes a chassis 16. Connected to the chassis 16 is
      mounted a pair of spaced apart driving wheels 18, only one being shown in
      FIGS. 1 and 6. The axles of the driving wheels are in alignment
      establishing a single driving wheel axis. The driving wheels 18 are
      rotatably driven by means of a motor or power means 20. The motor 20 is
      fixedly mounted upon the chassis 16. A guiding or steering handle 22 is
      connected to the chassis 16. A front supporting caster wheel 24 is
      connected to the chassis 16 at the front portion of the tractor 14. Wheel
      24 is of such a diameter that it will be several inches above the ground
      when the tractor 14 is connected with the vehicle 10, in other words, when
      the chassis 16 is in a horizontal position. The caster wheel 24 is
      employed to move the unattached tractor 14 and locate such to connect with
      the vehicle 10. Once the tractor 14 has connected with the tongue 12 of
      the vehicle, the caster wheel 24 is cranked by crank 26 to an upper
      position shown in FIGS. 1 and 6.
PAR  Referring to the first embodiment of this invention shown in FIGS. 1 to 5,
      an attaching bracket 28 is fixedly attached to the chassis 16 by bolts 30.
      The bracket 28 is located directly above the drive wheel axis. The bracket
      28 is basically U-shaped and includes an aperture in each of the legs of
      the U-shaped bracket and the apertures are aligned with respect to one
      another. An inner cylindrical sleeve 32 includes a pair of aligned
      apertures 34 and 36 which are to align with the apertures 38 and 40 of the
      attaching bracket 28. With the apertures 34 and 36 being aligned with
      apertures 38 and 40, a pin 41 is locatable therethrough and secured at
      either end by cotter keys 44 and 46.
PAR  Surrounding the inner sleeve 32 in a telescopingly close fitting manner is
      an outer sleeve 48. Outer sleeve 48 is integrally formed as a part of
      elongated member 50. An aperture is formed through the inner sleeve 32
      through the outer sleeve 48 and through the wall of the elongated member
      50. A bolt and nut assembly 52 is conducted therethrough to prevent
      disassociation of the outer sleeve 48 from the inner sleeve 32. However,
      the nut assembly 52 is not tightened to such a point as to prevent
      rotational movement between the outer sleeve 48 and the inner sleeve 32.
      It is to be understood that the elongated member 50 is formed of a
      basically polygonal cross-sectional configuration and is hollow forming an
      interior chamber 54. Although a polygonal configuration for the elongated
      member 50 is preferred, it is considered to be within the scope of this
      invention to employ a cylindrical member 50, or a polygonal configuration
      other than the square configuration shown in the drawings.
PAR  Formed within the upper surface of the elongated member 50 are a pair of
      spaced apart apertures 56 and 58. Aperture 58 is located adjacent the
      forward end of the elongated member 50 with aperture 56 located adjacent
      the aft end of the elongated member 50. The very aft end of the elongated
      member 50 is formed into a point 60. Formed within the bottom surface of
      the elongated member 50 are a series of apertures 62, therebeing five in
      number of such apertures 62 or any other number. Also formed through the
      lower surface of the elongated member 50 is an aperture 64 which is of the
      same size and in alignment with the aperture 56.
PAR  When the apparatus of this invention is at rest, it is desirable, in order
      to facilitate initial connecting of the apparatus of this invention with
      the tongue 12, that the elongated member 50 be level or horizontal and
      also that the longitudinal axis of the elongated member 50 be in
      substantial alignment with the longitudinal axis of the tractor 14. The
      elongated member 50 is capable of movement about a horizontal axis
      established by the pin 42 and also movement about a vertical axis
      established by nut assembly 52. In order to accomplish this desired
      initial alignment, springs 66 and 68 are employed. Spring 66 is connected
      between the chassis 16 and one side of the outer sleeve 48 with the other
      spring 68 being connected between the chassis 16 and the other side of the
      sleeve 48. The springs 66 and 68 are under initial tension and exert
      counter torque about the inner sleeve 32 which causes the longitudinal
      axis of the elongated member 50 to be in substantial alignment with the
      longitudinal axis of the tractor 14. Also, the springs 66 and 68 exert
      opposite opposing torques about the pin 41 which results in the horizontal
      member being located in the substantially horizontal or level position
      shown in the drawings.
PAR  All of the foregoing description of this invention is included in both the
      first embodiment and the second embodiment. The first embodiment of this
      invention is to employ the use of a conventional hitch ball 70. The ball
      is shown in FIGS. 2 and 3 of the drawings. The ball 70 is secured to the
      elongated member 50 by means of bolt 72 and nut 74. The bolt 72 passes
      through the aperture 58. Upon positioning the tongue 12 upon the ball 70,
      the weight of the vehicle which is imparted through the tongue 12, is
      essentially balanced upon the tractor 14.
PAR  The upper surface of the elongated member 50 is positioned against the
      under surface of the tongue 12 when the tongue 12 is in contact with the
      ball 70. It is desired that the elongated member 50 be secured to the
      tongue 12 during use of the tractor 14. For this purpose, a clamp bar
      assembly 76 is employed. The clamp bar assembly 76 comprises a lower clamp
      bar 78 and an upper clamp bar 80. Both the clamp bars 78 and 80 are of a
      channel shape configuration and are positioned so that the sides of each
      of the channels are located outwardly away from each other. A threaded rod
      82 has attached thereto a nut 84 at its lowermost end. In a similar
      manner, a threaded rod 86 has attached thereto a nut 88 at its lowermost
      end. The threaded rods 82 and 86 are to respectively cooperate with slots
      90 and 92 which are formed in opposite ends of the upper clamp bar 80.
      Enlarged manually turnable nuts 94 are connected to each of the threaded
      rods 82 and 86 with the threaded rods 82 and 86 cooperating within their
      respective slots 90 and 92. By the rotating of the nuts 94, the upper
      clamp bar 80 is forced against the upper surface of the tongue 12 with the
      lower clamp bar 78 being forced against the elongated member 50 which in
      turn is forced against the lower surface of the tongue 12. Therefore, any
      force moment which is created with respect to the tractor 14 tending to
      dislodge the ball 70 from the tongue 12, is counteracted by a secure
      connection being established between the tongue 12 and the elongated
      member 50.
PAR  Formed upon the upper surface of the lower clamp bar 78 and positioned at
      the midpoint of the longitudinal length of the bar 78 is a upstanding
      projection 96. The projection 96 is to cooperate with one of the apertures
      62. Therefore, the clamp bar assembly 76 is correctly positioned with
      respect to the elongated member 50.
PAR  Referring particularly to the second embodiment of this invention, as shown
      in FIGS. 6 to 8, it is contemplated that a trailer 98 may employ a tongue
      100 which does not include a ball socket, but only includes an interior
      hollow elongated opening 102. The opening 102 is basically of the same
      configuration as the elongated member 50 and is adapted to telescopingly
      extend within the chamber 102. The tongue 100 is to include a pair of
      aligned openings 104 and 106 which are adapted to receive a latching pin
      108. The latching pin 108 prevents disassociation of the elongated member
      50 with respect to the tongue 100. By the use of the telescoping
      arrangement between the tongue 100 and elongated member 50, and the
      latching pin 108, a secure interconnection between the tongue 100 and
      elongated member 50 is achieved by the latching pin 108 which is the full
      equivalent of the ball 70 and the clamp bar assembly 76 of the first
      embodiment.
PAR  The operation of the apparatus of this invention is as follows: The
      operation of both embodiments is essentially identical. It will be assumed
      that the land vehicle 10 or 98 is sitting stationary in a particular
      locale and the tractor 14 is not attached to the vehicle. The operator
      decides to move the land vehicle to another locale. The operator then
      proceeds to activate the tractor 14 by starting of the motor 20 and moving
      the tractor 14 by means of the drive wheels 18 and the caster wheel 24.
      The tractor is positioned so as to connect with the vehicle as shown in
      either FIG. 1 or FIG. 6. After the tractor is connected to the vehicle,
      the caster wheel 24 is raised by means of rotating of crank 26, leaving
      only the drive wheels 18 in contact with the ground. Within the first
      embodiment of FIG. 1, the clamp bar assembly 76 is then installed, with
      the upper clamp bar 80 being positioned upon the upper surface of the
      tongue 12 and with the lower clamp bar 78 being positioned on the lower
      surface of the elongated member 50. The enlarged nuts 94 are then
      tightened which results in the tight connection being established between
      the tongue 12 and the elongated member 50. Within the second embodiment of
      this invention, once the elongated member is positioned with the end of
      the tubular member 100, it is only necessary to effect alignment of the
      holes 56, 104 and 106 in order to receive the latching pin 108. Once the
      latching pin 108 is inserted, the vehicle 98 is ready to be moved.
PAR  When using the second embodiment of this invention shown in FIGS. 6 to 9,
      it would be desirable to have a jack ending with a caster on both the
      vehicle tongue and the tractor. Such a jack is shown by caster 24 and
      crank 26 mounted upon the tractor and a similar jack assembly 110 is shown
      connected to the tongue 100 of the vehicle 98. By appropriate cranking of
      these jack assemblies, appropriate vertical alignment of the vehicle
      tongue 100 and the elongated member 50 is accomplished so that the
      elongated member is aligned to be telescopingly received within the tongue
      100. Once the elongated member is inserted within the tongue 100, the pin
      108 is inserted, thus locking the two units together. Both jack assemblies
      would then be raised thus creating, in combination with the wheels of the
      vehicle, a four-wheel, front wheel, drive unit.
PAR  As the vehicle is guided to its desired position, the tractor will quite
      frequently be moved over uneven ground. Uneven ground produces moments
      turning the chassis 16 to the tractor 14 about a horizontal axis and/or
      vertical axis in respect to the tongue of the vehicle. The tongue will
      remain in the plane established by the wheels of the land vehicle. It is
      desired to keep the driving wheels 18 of the tractor 14 in continuous
      contact with the ground. The moments caused by the uneven ground tend to
      produce a turning of the chassis 16 with respect to the elongated member
      50. By the mounting of the chassis 16 about the horizontal axis by means
      of pin 42, the main portion of the tractor 14 can pivot to keep the
      driving wheels 18 in continuous contact with the ground.
PAR  The tractor 14 of this invention can make turns in either direction up to
      ninety degrees. This turning of the tractor 14 is permitted due to the
      loose interconnection established between the outer sleeve 48 and the
      inner sleeve 32.
PAR  After the vehicle has been moved to its desired position, within the first
      embodiment, the enlarged nuts 94 are loosened and the upper clamp bar 80
      is removed which thereupon permits disassociation of the ball 70 from the
      socket (not shown) located within the tongue 12 and complete
      disassociation of the tractor 14 from the vehicle 10. Within the second
      embodiment, after the vehicle has been moved to its desired position, the
      latching pin 108 is removed and the tractor moved out of disassociation of
      the vehicle 98. The tractor 14 is then ready for use to move another land
      vehicle if desired.
PAR  Where a single trailer is being used to haul feed in an animal feed lot,
      material in a factory, or similar application, the tractor apparatus of
      this invention could be permanently attached to a trailer tongue. If the
      feed lot or factory covered a large area, a seat could be mounted upon the
      apparatus of this invention and a means provided for steering the tractor.
PAR  It is to be understood that the tractor 14 of this invention will include a
      differential located between the driving wheels 18. This differential
      would supply the conventional function of a differential wherein each
      driving wheel 18 could be operated at different speeds.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a tractor for towing a vehicle, said tractor having
      a chassis, the longitudinal dimension of said chassis having a forward end
      and an aft end, a pair of spaced apart driving wheels mounted upon said
      aft end of said chassis, said driving wheels having a common axis of
      rotation, power means for rotating said driving wheels, a connecting means
      mounted on said tractor for connecting the tractor to the vehicle, said
      connecting means comprises:
PA1  an elongated member mounted by pivot means upon said chassis, said pivot
      means including structure movably supporting said elongated member
      relative to said chassis about a horizontal axis and a vertical axis, said
      vertical axis intersecting said common axis of rotation midway between
      said driving wheels, said horizontal axis intersecting said vertical axis,
      said horizontal axis being parallel to said longitudinal dimension.
NUM  2.
PAR  2. The combination as defined in claim 1 wherein:
PA1  said elongated member having a forward end and an aft end, said pivot means
      connected to said forward end of said elongated member, said aft end of
      said elongated member extending a substantial distance rearwardly of said
      aft end of said chassis.
NUM  3.
PAR  3. The combination as defined in claim 2 wherein:
PA1  a first aperture formed in said elongated member adjacent said forward end,
      said first aperture being adapted to connect with a hitch ball assembly,
      said hitch ball assembly receivable in a socket formed in an attaching
      tongue attached to said vehicle.
NUM  4.
PAR  4. The combination as defined in claim 3 wherein:
PA1  said elongated member fixedly connected by a clamp bar assembly to said
      tongue, said clamp bar assembly comprises a pair of spaced apart threaded
      rods, said tongue positionable between said threaded rods and between
      upper and lower clamp bars of said clamp bar assembly, both said clamp
      bars connected to both said threaded rods, nut means associated with each
      said threaded rod, upon said nut means being tightened upon said rods said
      tongue is clamped between said clamp bars.
NUM  5.
PAR  5. The combination as defined in claim 1 wherein:
PA1  a second aperture in said elongated member adjacent said aft end of said
      elongated member, said elongated member to be telescopingly received
      within an attaching tongue of said vehicle, a latching pin to be conducted
      through said attaching tongue and said second aperture to securely lock
      together said tongue and said elongated member.
NUM  6.
PAR  6. The combination as defined in claim 5 wherein:
PA1  said aft end of said elongated member being formed into a point, whereby
      said point functions as a guide during the insertion movement of said
      elongated member within said attaching tongue to align said elongated
      member correctly within said attaching tongue.
NUM  7.
PAR  7. The combination as defined in claim 6 wherein:
PA1  spring means interconnecting said elongated member and said chassis, said
      spring means functioning to tend to maintain said elongated member in
      horizontal position when said tractor is not in use.
NUM  8.
PAR  8. In combination with a tractor for towing a vehicle, said tractor having
      a chassis, said chassis having a forward end and an aft end, a pair of
      spaced apart driving wheels mounted upon said aft end of said chassis,
      said driving wheels having a common axis of rotation, power means for
      rotating said driving wheels, a connecting means for connecting the
      tractor to the vehicle, said connecting means comprises:
PA1  an elongated member mounted by pivot means upon said chassis, said pivot
      means including structure movably supporting said elongated member
      relative to said chassis about a horizontal axis and a vertical axis, said
      vertical axis intersecting said common axis of rotation midway between
      said driving wheels, said horizontal axis intersecting said vertical axis;
PA1  said elongated member having a forward end and an aft end, said pivot means
      connected to said forward end of said elongated member, said aft end of
      said elongated member extending a substantial distance rearwardly of said
      aft end of said chassis;
PA1  a first aperture formed in said elongated member adjacent said forward end,
      said first aperture being adapted to connect with a hitch ball assembly,
      said hitch ball assembly receivable in a socket formed in an attaching
      tongue attached to said vehicle;
PA1  said elongated member fixedly connected by a clamp bar assembly to said
      tongue, said clamp bar assembly comprises a pair of spaced apart threaded
      rods, said tongue positionable between said threaded rods and between
      upper and lower clamp bars of said clamp bar assembly, both said clamp
      bars connected to both said threaded rods, nut means associated with each
      said threaded rod, upon said nut means being tightened upon said rods said
      tongue is clamped between said clamp bars; and
PA1  said lower clamp bar including a projection, at least one aperture formed
      in the lower surface of said elongated member, said projection to
      cooperate within said aperture to establish the correct position of said
      clamp bar assembly upon said elongated member.
NUM  9.
PAR  9. The combination as defined in claim 8 wherein:
PA1  spring means interconnecting said elongated member and said chassis, said
      spring means functioning to tend to maintain said elongated member in a
      horizontal position when said tractor is not in use.
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ABST
PAL  A protector for well tools such as drill pipe tubing, and the like, which
      is positionable about a joint of a drill pipe or tubing and which is moved
      into pre-determined position on the box-half of a tool joint by the
      pin-half of the tool joint as it is moved into telescoped and threaded
      engagement with the box-half.
BSUM
PAR  This invention relates to well tool protectors and more particularly to a
      protector positionable on one of the enlarged box or pin halves of a tool
      joint.
PAR  In well operations involving the movement of an elongate member, such as a
      string of drill pipe or tubing, in another elongate member, such as well
      casing, it is necessary and desirable to protect each such member against
      damage due to wear between the two members. For example, during well
      drilling operations a string of drill pipe having a drill bit at its
      bottom end is lowered through the well casing and rotated. The string of
      drill pipe is formed of sections or pipes each having a box-half of a tool
      joint at its upper end and a pin-half of a tool joint at its lower end,
      with adjacent ends of adjacent drill pipe sections connected by the
      threading of the pin-half of the upper drill pipe in the box-half of the
      lower drill pipe. During the drilling operation the enlarged tool joint
      halves of the drill string tend to engage the casing in the portions of
      the well bore provided with the casing and the earth formation in the
      portions of the well bore not provided with casing. As a result, the tool
      joint halves wear away and when their external diameter decreases to a set
      lower limit, the drill pipes must be discarded. In addition, the contact
      of the drill pipe with the well casing, especially at locations where the
      well bore departs from the vertical, causes wear of the casing.
PAR  In order to minimize wear of the tool joints, in some cases the box halves
      of the tool joints have been provided with external bands of a metal much
      harder than the drill pipe itself. These "hard bands," while protecting
      the tool joints, increase the wear and damage to the casing. In other
      cases, centralizers are positioned on the drill pipe between the tool
      joint halves. These centralizers necessarily have a large mass and must
      have external diameters substantially greater than the external diameters
      of the tool joints to prevent contact of the tool joints with the casing.
      Some of such centralizers are hinged and employ hardened connector pins.
      In the event that any such centralizer or protector is damaged and torn
      off the drill pipe, it falls to the bottom of the well bore and must be
      removed preferably by grinding it into small pieces for removal by the
      usual circulation of the drilling fluids. Such removal is of course made
      difficult if the mass or bulk of the centralizer is relatively great or if
      it includes hard metal.
PAR  It is therefore desirable that a protector be provided which is of
      relatively small mass or bulk, which is very rigidly securable to the
      drill pipe, and which does not include any materials which are hard to
      grind or drill.
PAR  Accordingly, it is an object of this invention to provide a well tool
      protector mountable on the well tool, such as a string of drill pipe,
      which is of small mass or bulk, which prevents contact of the well tool
      with the well casing, and which does not have hardened parts which are
      difficult to grind or comminute.
PAR  Another object is to provide a protector having a cylindrical mandrel of
      greater diameter than the external diameter of the box-half of a tool
      joint and resilient compressible means secured to the mandrel and
      compressed about the box-half to secure the mandrel to the box-half, the
      mandrel having resilient outer covering or sleeve secured thereto.
PAR  A further object is to provide a protector, of the type described, wherein
      the internal diameter of the protector is smaller than the external
      diameter of the box-half of a tool joint whereby compression means of the
      protector are expanded and compressed as the protector is telescoped over
      the box-half to secure the protector to the box-half.
PAR  Another object is to provide a protector, of the type described, which is
      positionable on conventional tool joints of a drill pipe of tubing without
      requiring adaptation or modification of the tool joint.
PAR  A still further object is to provided a protector, of the type described,
      having an internal substantially cylindrical expander member engageable by
      the pin-half of the tool joint for forceably moving the protector
      downwardly onto the box-half during the connection of the pin-half to the
      box-half of the joint, resilient compression means being disposed between
      the expander and the mandrel.
PAR  An important object of the invention is to provide a tool joint protector
      having a cylindrical mandrel of greater internal diameter than the
      external diameter of the box-half of a tool joint which is provided
      externally with a resilient protective sleeve and internally with
      resilient means bonded to the internal surface of the mandrel and
      compressible between the box-half of the joint and the mandrel as the
      protector is telescoped over the box-half to secure the protector on the
      box-half.
PAR  Another object is to provide a protector, of the type described, wherein
      the internal resilient means are in the form of longitudinal
      circumferentially spaced compressing members which expand laterally
      between the box-half and the mandrel as the protector is telescoped over
      the box-half and the compression members are compressed between the
      box-half and the mandrel.
PAR  Still another object is to provide a protector, of the type described,
      wherein the mandrel is provided with longitudinally spaced apertures at
      the locations of the compression members and the external resilient sleeve
      and the compression members are connected by the resilient substance of
      which they are formed whereby any excess substance of the compression
      members may flow outwardly through the apertures as the protector
      telescopes over a box-half.
PAR  Another important object of the invention is to provide a drill pipe
      protector having an internal cylindrical member whose internal diameter is
      substantially equal to the external diameter of the tool joint and wherein
      the mandrel and the internal member have resilient compression means
      disposed therebetween which are compressed between the mandrel and the
      internal member and into engagement with the external surface of the
      box-half of the tool joints through apertures of the internal member.
PAR  Another important object is to provide a protector having a mandrel and
      internal compressible resilient means which are compressed between the
      mandrel and the box-half of a tool joint to resist rotational movement of
      the protector on the box-half.
DRWD
PAR  Additional objects and advantages of the invention will be readily apparent
      from the reading of the following description of a device constructed in
      accordance with the invention, and reference to the accompanying drawings
      thereof, wherein:
PAR  FIG. 1 is a vertical partly sectional view of a drill pipe protector shown
      in position on the box-half of a tool joint of the drill pipe;
PAR  FIG. 2 is a vertical, partly sectional view showing an initial stage in the
      positioning of the drill pipe protector on the box-half of the tool joint;
PAR  FIG. 3 is a view similar to FIG. 2 showing the manner in which the pin-half
      of the tool joint forcibly moves the protector downwardly over the
      box-half as the pin-half is moved downwardly into telescoped threaded
      engagement with the box-half;
PAR  FIG. 4 is a fragmentary sectional view taken on line 4--4 of FIG. 1;
PAR  FIG. 5 is a perspective view of an internal expander member of the
      protector;
PAR  FIG. 6 is a perspective view of the mandrel.
PAR  FIG. 7 is a vertical, partly sectional view of a preferred form of a tool
      joint protector embodying the invention shown in position on the box-half
      of a tool joint;
PAR  FIG. 8 is a partly sectional view showing an initial stage in the mounting
      of the protector of FIG. 7 on the box-half of a tool joint;
PAR  FIG. 9 is a view similar to FIG. 8 showing the manner in which the pin-half
      of the tool joint forcibly moves the protector onto the box-half;
PAR  FIG. 10 is a sectional view taken on line 10--10 of FIG. 8;
PAR  FIG. 11 is a sectional view taken on line 11--11 of FIG. 7;
PAR  FIG. 12 is an enlarged sectional view showing the box-half of a tool joint
      and the protector at the initiation of the installation of the protector
      on the box-half;
PAR  FIG. 13 is a vertical, partly sectional view of another form of the drill
      pipe protector embodying the invention shown in position on the box-half
      of a tool joint of the drill pipe;
PAR  FIG. 14 is a vertical sectional view showing an initial stage in the
      installation of the protector of FIG. 13 on the box-half of the tool
      joint;
PAR  FIG. 15 is a view similar to FIG. 14 showing a second stage of the
      installation.
PAR  FIG. 16 is a sectional view taken on line 16--16 of FIG. 14; and,
PAR  FIG. 17 is a sectional view taken on line 17--17 of FIG. 13.
DETD
PAR  Referring now particularly to FIGS. 1 through 4 of the drawings, a tool
      joint protector 20 embodying the invention is shown in position on the
      box-half 21 at the upper end of a lower section 22a of the drill pipe. The
      bottom end of each section of the drill pipe has a pin-half 23 of the tool
      joint 24 formed of the box and pin halves of adjacent pipe sections. The
      box-half of the joint includes the externally enlarged top end portion 26
      of a drill pipe section, the bore of which at its top portion is enlarged
      and internally threaded, as at 27, to receive the externally reduced
      threaded end portion 28 of the pin-half at the bottom of the adjacent
      upper pipe section 22b. The pin-half of the joint includes the externally
      enlarged portion 29 which provides an inwardly and downwardly inclined or
      bevelled annular surface 30 and a downwardly facing seal surface 31 which
      engages the annular top end seal surface 32 of the box-half 21. The top
      end of the box-half of the joint has an upwardly and inwardly inclined or
      bevelled shoulder 33.
PAR  The drill pipe protector includes a cylindrical mandrel 35, of a steel or
      the like, having an internal diameter which is considerably greater than
      the external diameter of the enlarged upper end portion 26 of the box-half
      21. The mandrel 35 has bonded or molded thereto an outer resilient sleeve
      37 which is substantially tubular in form and has upper and lower
      outwardly convergent end surfaces 38 and 39.
PAR  The mandrel, at its inner surface, has a plurality of longitudinally
      extending resilient spaced compression members 41 bonded thereto and to a
      cylindrical expander 42 to which the compression members are also bonded
      or molded. The expander 42 inherently has an internal diameter which is
      smaller than the external diameter of the enlarged portion 26 of the
      box-half 21 and is split as at 43 to permit its resilient radial
      expandsion.
PAR  The expander 42 at its upper end is provided with an inwardly and upwardly
      extending flange 44 whose inner cam surface or edge 45 is of smaller
      diameter than the diameter of the enlarged portion 29 of the pin head 23
      so that the camming engagement of the cam surface 45 with the surface 30,
      as the upper drill pipe section 22b moves downwardly relative to the
      protector 20, causing expansion of the expansion member 42 and its radial
      compression against the resistance of the compression members 41 which
      deform as required to permit telescoping movement of the protector over
      the box-half 21 of the joint 24.
PAR  In use, the drill pipe protectors 20 are installed at each joint 24 or
      connection of adjacent ends of the drill pipe sections 22 or at
      selectively spaced joints of the drill pipe string, for example, at every
      other joint.
PAR  The protectors 20 are secured to the joints at the time of the making up of
      the string of the drill pipe in the usual manner, wherein the uppermost
      section 22a of the string is supported and held against rotation by the
      usual means of the drill rig.
PAR  The protector 20 is then partially telescoped over the box-half 21 or at
      least the expander member 42 is centered on the shoulder 33 of the
      box-half. As the next section 22b is then lowered downwardly and before
      the reduced pin section 28 telescopes fully into the box-half 21, the
      shoulder 30 of the pin-half engages the shoulder 45 of the expander so
      that continued downward movement of the pipe section 22b now
      simultaneously causes downward movement of the protector 20. In addition,
      the camming engagement between the surfaces 45 and 30 tends to expand the
      expander against the resistance of the compression members which deform as
      they are compressed so that such expansion of the expander is resisted by
      the compression members. As the pin-half of the joint moves into the
      box-half of the joint 21, the upper pipe sections is rotated by the usual
      spinning chain in an appropriate direction to cause the reduced section 28
      of the pin-half to be threaded in the enlarged bore portion 27 of the
      box-half. As the upper section 22b, which is supported by 2 rotary block,
      is caused to spin, downward movement of the pin-half relative to the
      box-half of the joint, and, therefore downward movement of the protector
      on the box-half, continues until the protector is in the position
      illustrated in FIG. 1. Upward movement of the protector is now prevented
      due to the engagement of the shoulder 45 with the shoulder 30 since
      further expansion of the expansion member 42 is now resisted by the
      compression members 41 and downward movement of the assembly is prevented
      by the engagement of the flange 44 with the shoulder 33 of the box-half.
      The sleeve 37 will now prevent contact of the enlarged portions 29 and 26
      of the joint halves 21 and 23 with the bore wall.
PAR  It will be apparent that no special tools are needed to position or drive
      the protector over the box-half of the joint, this being accomplished by
      the weight of the upper drill pipe section 22b and the kelly which is
      connected to the top end of the drill pipe section 22b, as it is lowered
      while the lower section 22a is held against downward movement.
PAR  It will be apparent that not only does the protector prevent contact of the
      drill pipe with the well bore, but also serves as a shock absorber since
      both the outer sleeve 37 and the compression members are resilient.
PAR  The protector may of course be easily removed from the joint after the
      outer protector sleeve 37 has worn or abraded by positioning a suitable
      tool below the bottom edge of the expansion member and the mandrel, after
      the top section 22b has been disconnected from the section 22a, and then
      applying an upward force to such tool to move the protector upwardly off
      the box-half.
PAR  It will now be seen that a new and improved protector for a drill pipe has
      been illustrated and described which is easily positionable on the usual
      joint 24 of commercially available drill pipes at the time the two pipe
      sections are connected without the necessity of modifying the drill pipe
      sections and without the use of special tools and employing only the
      weight of the upper pipe section to fixedly secure the protector on the
      box-half of the joint.
PAR  It will further be seen that the protector once in place is held against
      vertical movement on the box-half of the joint and also against rotatable
      movement thereon.
PAR  The mandrel and the expander are made of mild steel while the compression
      members are of a suitable resilient substance having approximately 85
      durometer hardness. As a result, should the protector be forced off the
      string of drill pipe during operations and fall to the bottom of the well
      bore, it may easily be comminuted by the drill bit or special grinding
      tool and removed from the well by the usual circulating drilling fluids.
      This comminution and removal are facilitated since the mass or bulk of the
      protector is relatively small because it is positioned on the enlarged
      tool joint itself.
PAR  Referring now particularly to FIGS. 7 through 12 of the drawings, the drill
      pipe protector 120, of preferred form, is similar to the protector 20 and
      accordingly, its elements have been provided with the same reference
      numerals, to which the prefix 1 has been added, as the corresponding
      elements of the protector 20.
PAR  The protector 120 differs from the protector 20 in that it is not provided
      with an expander 42 and the vertical compression members 141 directly
      engage the outer surface of the enlarged portion 26 of the box-half 21. To
      facilitate the telescopical movement of the protector onto the box-half
      21, the compression members are provided with upwardly inclined downwardly
      facing cam shoulders 150 which are adapted to engage the bevelled cam
      shoulder 33 of the box-half 23. The inner surfaces of the compressor
      members 141 lie in a cylindrical plane of smaller diameter than the
      external diameter of the enlarged portion 26 of the box-half so that they
      are compressed between the outer surface of the large portion 26 of the
      box-half 21 due to the engagement of the shoulder 145 of the mandrel with
      the shoulder 30 of the pin-half of the joint 24.
PAR  While only four compression members 141 have been shown for ease and
      clarity of illustration, in actual practice the compression members are of
      very smaller width and as many as thirty or more in number.
PAR  The mandrel at the location of each compression member may be provided with
      a plurality of longitudinally aligned and spaced apertures 155 so the
      compression members and the resilient sleeve 137 are connected to one
      another through the apertures to provide fro greater mechanical connection
      of the compression members and the sleeve to the mandrel and to provide
      for some radial outward displacement of the substance of which the
      compression members are formed during the telescoping of the protector on
      the box-half.
PAR  The top ends 156 of the compression members are spaced below the bottom
      edge of the inwardly and upwardly inclined annular flange 157 of the
      mandrel 135 so that the substance of which the compression members are
      formed may flow or be displaced upwardly in the mandrel during the
      installation of the protector on a box-half, without engaging the flange
      157 or flowing inwardly between the flange 157 and the shoulder 33 of the
      box-half. Were some of the substance to flow between the shoulder 33 and
      the flange 157, the flange would tend to bend inwardly and could move
      between the seat surfaces 31 and 32 of the tool joint halves thus
      preventing effectuation of a proper seal therebetween.
PAR  It will be apparent that the protector 120 is installed on the box-half 23
      of a tool joint 24 in the same manner as the protector 20, the weight of
      the upper section 22b of the drill pipe forcing the protector downwardly,
      the compressor members being compressed radially against the mandrel and
      thereafter the mandrel is held against upward movement due to the
      engagement of its flange 157 with the shoulder 30 of the pin-half of the
      joint and against downward movement due to the engagement of the flange
      with the shoulder 33 of the box-half 23 of the joint.
PAR  It will be apparent that during the installation, the protector is placed
      on the box-half joint 23 with the shoulders 150 of the compressor members
      141 resting upon the shoulder 33 of the box-half joint so that as the
      shoulder 30 of the pin-half engages the flange 157 during the downward
      movement of the upper section 22b of the drill pipe into the lower section
      22a, the camming engagement of the shoulders 150 and 33 will tend to
      facilitate radial compression of the compressor members and help center
      the protector 120 on the box-half 21 at the time of initial downward
      telescopical movement thereof over the box-half.
PAR  To facilitate such telescopical movement of the protector over the
      box-half, a suitable lubricant, such as soapy water, may be employed.
PAR  As the protector telescopes downwardly on the box-half 21, the compression
      members are compressed between the box-half and the mandrel 35, the
      compression members expand laternally or circumferentially relative to the
      box-half and the mandrel. The resilient substance of which the compression
      members are formed, if the apertures 155 are provided in the mandrel,
      tends to flow under pressure and the provision of the apertures 155
      permits radial outward flow thereof through the apertures thus limiting
      compressional forces.
PAR  When the protector is in the operative position illustrated in FIG. 7, the
      flange 157 is adapted to engage any downwardly facing obstructions of the
      well, such as the bottom end of the well casing, to cam the drill pipe
      away from the location of engagement of the flange with such obstruction
      thus minimizing the possibility of breaking of the protector off the drill
      pipe. The thickness of the compressor members 141, for given
      characteristics of compressibility, resilience and friction of the
      substance of which the compressor members are formed may be so chosen that
      if the force tending to resist rotational movement of the centralizer
      relative to the box-half, as the drill pipe rotates, exceeds a
      predetermined value, as when the body 37 engages the earth surface
      defining the well bore the tool joint will rotate relative to the
      protector and the compression members will in effect act as a bushing
      relative to the box-half.
PAR  In certain operations where the body 139 if formed of a resilient substance
      tends to wear excessively due to the characteristics of the well bore, the
      body 139 may be formed of the same metal as the mandrel and be integral
      therewith.
PAR  Referring now to FIGS. 13 through 17 of the drawings, the protector 220
      embodying the invention includes a mandrel 221 which is adjacent its upper
      edge and is provided an internal arcuate compression flange 222 which is
      embedded in an inner compression member 223, an inner sleeve or member 224
      of steel or the like whose inner diameter is substantially equal or
      slightly greater than the external diameter of the enlarged portion 26 of
      the box-half 21, the inner sleeve being an external compression flange 225
      adjacent its lower end which is also embedded in the compression member
      223. The mandrel is, of course, provided with the outer sleeve 226 of a
      resilient substance and also with apertures 227. The mandrel and inner
      members are provided with annular inwardly and upwardly inclined flanges
      228 and 229, respectively. The inner edge 232 of the flange 228 is adapted
      to be engaged by the shoulder 30 of the pin-half of the tool joint 224 as
      the upper drill pipe section 22b is lowered into the lower section 22a of
      the pipe while the flange 229 is adapted to engage the shoulder 33 of the
      box-half.
PAR  The protective sleeve 226 and the inner member 224 are of course bonded to
      the mandrel and inner member as by molding.
PAR  In use, the protector 220 is installed on the pin-half 21 by telescoping
      the protector downwardly over the enlarged portion 26 of the box-half
      until its downward movement is arrested due to the engagement of the
      flange 229 of the inner member 224 with the shoulder 33 of the box-half.
      Ordinarily, the protector will easily slide down over the enlarged portion
      26 of the box-half since the internal diameter of the inner member 224 is
      equal to or very slightly greater than the external diameter of the
      enlarged portion 26. In the event, some force is required to move it
      downwardly due to the engagement of the edge surface 232 of the flange 228
      of the mandrel by the shoulder 30 of the pin-half 23, a downward force
      will be exerted on the protector which will cause it to slide downwardly
      until the flange 229 engages the shoulder 33. As the pin-half is connected
      in the box-half, the engagement of the shoulder 30 of the pin-half with
      the edge surface 232 of the flange 228 of the mandrel 221 will now cause
      downward movement of the mandrel relative to the member 224. As a result,
      the compression flange 222 moves downwardly relative to the central member
      and the compression flange 222 and the distance between the compression
      flange 222 and the compression flange 225 decreases. As a result, the
      resilient substance of the compression member 223 is forced resiliently
      inwardly through the apertures 227 into engagement with the enlarged
      portion 26. As a result, the protector 220 will now be held against both
      vertical and rotational movement on the joint 24.
PAR  It will now be seen that a new and improved drill protector has been
      illustrated and described which in all of its forms is easily and quickly
      installable on the joint of a drill pipe without requiring the use of
      special or modified drill pipe sections or the use of special tools.
PAR  It will also be apparent that each of the three forms of the drill pipe
      protector is provided with a cylindrical or molded member, compression
      members which are compressed against the mandrel to cause a frictional
      engagement between the protector and one of the halves of a joint 24 of a
      drill pipe.
PAR  It will further be seen that while the protector has been illustrated and
      described in each instance as being placed on the bos-half of a tool joint
      24, its longitudinal position could be reversed so that it would be
      positioned on the enlarged portion 29 of the pin-half of the joint.
PAR  While each form of the illustrated and described well tool protector has
      shown and described an external resilient sleeve which minimizes wear of
      the well casing at locations of engagement of the protector with the
      casing, it will be apparent that in applications where the protector, at
      locations of its use, is exposed to the open bore hold at earth formations
      which might quickly abrade the resilient sleeve, the sleeve could be
      omitted in which case the mandrel may be of thicker mild steel.
PAR  The mandrels and expanders are formed of mild steel so that the protector
      can be milled or cut off the tool joint by use of usual well known tools
      while the drill string is in the well or be easily comminuted by the drill
      bit if it should be forced off the drill pipe and fall to the bottom of
      the bore hold.
PAR  The foregoing description of the invention is explanatory only, and changes
      in the details of the construction illustrated may be made by those
      skilled in the art, within the scope of the appended claims, without
      departing from the spirit of the invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A protector for a well tool joint formed of a pin-half on one section of
      an elongate well tool having an annular external shoulder and a reduced
      threaded end portion and a box-half on another elongate section of the
      well tool having a threaded bore for receiving the reduced threaded end
      portion and an external annular shoulder facing the external shoulder of
      the pin-half when said halves are connected, said protector including: a
      rigid single piece cylindrical member having an internal annular flange at
      one end; and internal resilient compression means in said cylindrical
      member extending longitudinally relative to said cylindrical member at
      least half the length thereof and compressible against said cylindrical
      member when said protector is positioned on one of said joint halves, said
      flange being positioned between and engageable with said external
      shoulders of said joint halves and rotatable relative to said joint halves
      when said protector is positioned on said one of said joint halves for
      limiting longitudinal movement of said protector relative to said joint
      halves and permitting rotation of said protector relative thereto.
NUM  2.
PAR  2. The protector of claim 1, and resilient means on the exterior of said
      cylindrical member extending radially outwardly therefrom.
NUM  3.
PAR  3. The protector of claim 1, wherein said compression means comprise a
      plurality of longitudinal circumferentially spaced compression members
      whose diametrically opposed inner surfaces are spaced apart a distance
      smaller than the external diameter of said one of said joint halves.
NUM  4.
PAR  4. The protector of claim 3, wherein said spaced members have inwardly and
      longitudinally convergent surfaces at their ends remote from said flange.
NUM  5.
PAR  5. The protector of claim 4, wherein said compression members are
      compressed between said cylindrical member and said one joint half when
      said protector is telescoped longitudinally over said one joint half.
NUM  6.
PAR  6. The protector of claim 5, wherein said compression members have ends
      adjacent said flange spaced from said flange.
NUM  7.
PAR  7. The protector of claim 3, wherein said compression members are
      compressed between said cylindrical member and said one joint half when
      said protector is telescoped longitudinally over said one joint half.
NUM  8.
PAR  8. The protector of claim 1, wherein said compression means comprises a
      cylindrical expander of smaller internal diameter than the external
      diameter of said one of said joint halves; and resilient compression
      members between said cylindrical member and said expander, said expander
      being radially expanded when said protector is positioned on said one of
      said joint halves.
NUM  9.
PAR  9. The protector of claim 1, wherein said compression means include an
      inner cylindrical member, said first mentioned cylindrical member and said
      inner member having respectively internal and external annular compression
      flanges; and a resilient substance between said members and said
      compression flanges, said inner member having an internal flange
      engageable with the external shoulder of said one of said joint halves to
      limit telescopical movement of said inner member on said one of said joint
      halves; said substance being compressed to cause said protector member to
      forcibly engage said one of said joint halves when telescopical movement
      of said inner member on said one of said joint halves is arrested and the
      flange of said first mentioned cylindrical member is engaged by the
      external shoulder of said other of said joint halves and moves said first
      mentioned cylindrical member longitudinally relative to said inner member.
NUM  10.
PAR  10. The protector of claim 9, wherein said inner member is provided with a
      plurality of spaced apertures through which said resilient substance may
      be compressed against said one half joint.
NUM  11.
PAR  11. The protector of claim 1 wherein said compression means permit rotation
      of said tool joint relative to said protector when force tending to hold
      said protector against rotation exceeds a predetermined value.
NUM  12.
PAR  12. The protector of claim 1, and a tubular body extending outwardly of
      said cylindrical member.
NUM  13.
PAR  13. The protector of claim 12, wherein said body is integral with said
      cylindrical member.
NUM  14.
PAR  14. The protector of claim 7; wherein said compression members have ends
      adjacent said flange spaced from said flange.
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ABST
PAL  A pilot light harness for a gas stove including at least one pilot light
      gas supply tube one end of which is sealingly disposed in a pilot light
      supply tube manifold or fitting. A method is disclosed for slidingly
      inserting a pilot light gas supply tube into a recess in a manifold or
      fitting to a predetermined depth, and thereafter effecting relative
      movement, axially, between the tube and the manifold to work the metal in
      and around said recess so as to effect a gastight sealing bead between the
      supply tube and the manifold.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gas stoves and more particularly, to a new and
      improved pilot light harness comprising an assembly of a pilot light gas
      supply tube (hereinafter referred to as a pilot tube), one end of which is
      sealingly inserted in a pilot tube manifold, and which has disposed on the
      other end a fitting to ensure a steady pilot flame. Conventionally a
      single manifold supplies two pilot tubes, though a single pilot tube or
      several pilot tubes may be supplied from a pilot tube manifold.
PAR  Gas stoves of the type that are commonly used in kitchens for cooking
      purposes, are provided with burners which are conveniently lighted by
      flashing or projecting a normally restricted pilot flame, through a flash
      tube. One end of the flash tube is disposed next to the pilot flame, and
      the other end is disposed near the burner so as to place the burner in
      flame communication with the pilot flame, enabling gas issuing from the
      burner to be ignited. Typically, the pilot flame burns continuously, and
      will ignite any flammable gas reaching it. Thus, it is of utmost
      importance that there be no gas leaks from any portion of the gas supply
      system to the stove. In particular, because normally there is a continuous
      flow of gas through a pilot tube manifold and the one or more pilot tubes
      emanating from the manifold, it is necessary to effect a reliable and
      rugged gastight seal between each pilot tube and the manifold. Ruggedness
      of the seal is desirable for two reasons: the pilot harness may be handled
      roughly when it is fitted into a stove, or at some point during the
      manufacture of the stove, and the pilot harness is likely to be roughly
      contacted on occasions when the stove is thoroughly cleaned.
PAR  Prior art devices to seal the pilot tube in flow communication with a
      source of gas include a valve and coupling such as disclosed in U.S. Pat.
      No. 3,527,410. Such a valve may include a single fitting extending axially
      from the end of a pilot tube and obviating the need for a separate
      coupling and valve mechanism, without leakage or similar danger. However,
      where economics preclude the use of a valve such as is disclosed in the
      aforementioned patent, it is desirable to sealingly insert a pilot tube
      into a manifold directly, without benefit of a valve. Such a seal has been
      effected by slidingly inserting a pilot tube into a recess in a pilot tube
      manifold and exerting sufficient pressure on the manifold immediately
      surrounding the pilot tube so as to work the metal in the manifold against
      the cylindrical surface of the pilot tube, compressing the tube inwardly
      thus effecting a seal. A seal has also been effected by press-fitting a
      pilot tube into a recess having a diameter no larger than the tube, and
      usually, sufficiently smaller than the tube to work, or pare, or shave
      back enough metal around the tube to effect a seal.
PAR  Seals effected as described immediately hereinabove have resulted in a
      frangible seal, that is, a seal which will not withstand rough handling
      even if it is not easily disrupted. The risks of utilizing seals such as
      these have been deemed undue by certain governmental agencies. There is,
      therefore, a need for supplying an inexpensive pilot light harness in
      which the tubes are sealingly inserted in a pilot light manifold to form a
      rugged seal.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore a general object of this invention to provide a new and
      improved pilot light harness for gas stoves, and the like, including a
      novel and unique seal for a pilot tube in a pilot tube manifold or
      fitting.
PAR  It is another general object of this invention to provide a direct seal
      with metal-to-metal contact of a pilot tube within and around a recess in
      a pilot tube manifold so as to effect a gastight seal between the pilot
      tube and the manifold.
PAR  It is a particular object of this invention to provide a gastight seal
      around a pilot tube which is inserted in a pilot tube manifold, and which
      is thereafter axially forced against the manifold with sufficient force to
      form a sealing bead around the pilot tube.
PAR  It is another particular object of this invention to provide a
      metal-to-metal gastight seal around a pilot tube one end of which is
      slidably inserted in a recess of a pilot tube manifold and subjected to an
      axial force sufficient to effect relative movement between the pilot tube
      and the pilot tube manifold in such a manner as to circumferentially
      enlarge the portion of the tube within the recess against the wall of the
      recess, and to form a gastight, circumferential sealing bead around the
      pilot tube, to seal the periphery of the recess in the pilot tube
      manifold.
PAR  It is a still more specific object of this invention to provide
      tangentially contiguous gastight sealing beads on at least two pilot tubes
      proximately disposed in a pilot tube manifold or fitting, to prevent
      relative rotation of one pilot light tube with respect to the other at the
      surface of the manifold.
PAR  It is yet another specific object of this invention to provide a gastight
      sealing bead on a pilot tube slidingly inserted in a fitting.
PAR  It is a further specific object of this invention to provide a process for
      sealing an end of a pilot tube by forming a circumferential sealing bead
      near the end, around a recess in a manifold or fitting in which the pilot
      tube is inserted with a close sliding fit.
PAR  Other objects of this invention include the provision of a pilot light
      harness which provides a new and improved rugged, metal-to metal, gastight
      seal between a pilot tube and a pilot tube manifold which provides a new
      and improved process for directly sealing a pilot tube manifold without
      press fitting; which provides a new and nonobvious article of manufacture
      and a method of producing the article with efficacious simplicity and at
      reduced cost.
PAR  These and other objects and advantages of the invention will appear from
      the following description of preferred forms thereof, reference being had
      to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a pilot light harness showing two pilot tubes
      sealed near their ends in a pilot tube manifold, with portions of the
      pilot tubes broken away.
PAR  FIG. 2 is a side elevation view of the pilot light harness including a
      vertical section along the line 2--2 in FIG. 1.
PAR  FIG. 3 is a partial vertical section of the pilot harness along the line
      3--3 in FIG. 2.
PAR  FIG. 4 is a front elevation view, partly in section, along line 4--4 in
      FIG. 3, of a pilot harness showing the front pilot tube of FIG. 3 in a
      clamping die.
PAR  FIG. 5 is an elevation of a pilot tube, sealed near one end in a fitting.
PAR  FIG. 6 is a side elevation section view along the line 6--6 in FIG. 5,
      showing other preferred embodiments of the invention.
DETD
PAR  For clarity of presentation, flashing from the clamping die juncture is
      omitted from the drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This invention is useful in gas cooking stoves, and the like, and comprises
      a new and improved pilot light harness for one or more gas pilot lights,
      and the like, including a new and improved direct metal-to-metal gastight
      sealing bead which is resistant to seal rupture due to normally expected
      bending and torquing of the pilot tubes.
PAR  A pilot light harness embodying a preferred form of this invention is
      adapted for use on a conventional gas stove having a gas supply line
      terminating in a conventional main manifold from which a plurality of
      branched, feed or supply lines lead to burners which are situated in
      openings in the stove top. Gas flows through a supply line to a burner
      when a valve is opened and the gas is lighted by the flow of a pilot
      light. The pilot light is supplied with gas through a pilot tube which is
      normally maintained in open gas communication with a pilot tube manifold
      or distributor, usually in combination with a filter. The entire pilot
      light apparatus including the pilot tube manifold, the pilot light tubes
      and the housing for the pilot light flame is conventionally known as the
      harness.
PAR  All of the above is old and, per se, forms no part of the present
      invention.
PAR  Referring now to FIG. 1 which illustrates one particular embodiment of this
      invention, there is indicated a pilot tube manifold, designated generally
      at 1, and elongated pilot tubes indicated generally at 2, which are
      assembled as will be described hereinafter. The manifold includes a body 3
      having an upper surface 4 and is provided with recesses 5 which extend
      into the body from the upper surface, and are generally perpendicular
      thereto. One end 6 of each pilot tube is inserted into each recess 5. The
      other end 7 of each pilot tube 2 is adapted to secure a pilot light
      fitting as will be described hereinafter.
PAR  Since a pilot tube 2 is generally cylindrical, each recess is a
      corresponding cylindrical passage having a diameter slightly larger than
      the diameter of the end 6 of the pilot tube to permit the end 6 to be
      slidably inserted in the recess 5. The diameter of the recess is
      necessarily greater than the outside diameter of the pilot tube to permit
      easy insertion of the end 6 with a sliding fit. The pilot tube 2 is
      preferably any suitable workable metal tube of relatively small diameter,
      such as 1/8-inch aluminum tubing having a wall thickness of about
      0.035-inch, and the diameter of a recess is slightly greater, typically
      about 0.135-inch. Each recess 5 is provided with a stop means, such as a
      radially inwardly extending internal shoulder 8, at a predetermined depth
      from the surface 4, against which stop means the end 6 of an inserted
      pilot tube is abutted. The depth of the stop means is not critical and is
      typically about the same dimension as the nominal diameter of the pilot
      tube.
PAR  The body 3 of the manifold is provided with a stem portion or conduit 9,
      oppositely disposed from the upper surface 4. The stem portion 9 has an
      axial bore 12 which extends into the body 3 of the manifold and intersects
      the recesses 5 which are thus placed in open flow communication with the
      axial bore 12 through which gas is supplied to the pilot tubes. Since flow
      of gas through each pilot tube is mainly determined by the cross-sectional
      area of the intersection of each recess 5 with the axial bore 12, the area
      of the intersections are preferably maintained as nearly equal as
      possible.
PAR  In this preferred embodiment of the invention the recesses 5 are
      proximately disposed in parallel spaced apart relationship with each
      other. Thus, the longitudinal axes of the end portions of the pilot tubes
      2, inserted in the recess, are maintained in parallel spaced apart
      relationship as shown in FIG. 2. After the ends of the pilot tubes 2 are
      inserted in the recesses 5, a sealing bead 13 is formed circumferentially
      on each pilot tube, the sealing bead 13 being in direct metal-to-metal
      contact with the upper surfaces 4. The sealing bead is a circumferentially
      enlarged portion of the outer surface of the tube and overlies the
      periphery of the recess 5 at the upper surface 4 in gastight sealing
      relationship therewith as shown in FIG. 3. The sealing bead 13 has an
      unbroken outer surface with no jagged ends, or a break, such as is
      characteristic of a sealing bead formed by an interference fit between the
      outer surface of a pilot tube and the wall of a recess.
PAR  Referring now to FIG. 4, the sealing bead 13 is formed by supporting the
      body 3 of the manifold in a suitable support block or die 14. Pilot tubes
      2 protrude from recesses 5 in which ends 6 of the pilot tubes are
      slidingly disposed, resting against the internal shoulders 8. The pilot
      tubes 2 are clampingly supported, intermediate their ends, and near the
      surface 4, in a clamping die means 15 adapted to circumferentially,
      removably secure both pilot tubes simultaneously.
PAR  The clamping die is of conventional design and typically includes a split
      die with grooves having a diameter corresponding to the outside diameter
      of the pilot tubes. The precise distance from the surface at which the
      pilot tubes are clamped depends on several factors including the diameter
      of the tubes, the characteristics of the metal from which the tubes are
      fabricated, the dimensions of the sealing bead desired, and the like. For
      example utilizing 1/8-inch aluminum tubes with 0.035-inch wall, the edge
      of the clamping die nearest the upper surface 4 is preferably about
      1/8-inch from the upper surface.
PAR  The support block 14 for the body 3, and the clamping die 15 for the pilot
      tubes, are adapted for relative movement with respect to each other, along
      the longitudinal axis, for a predetermined distance so chosen as to form a
      sealing bead of desired size. In operation, the pilot tubes are placed in
      the lower portion of the open die and the body 3 inserted in the support
      block 14. The upper portion of the clamping die is then actuated to
      securely clamp both tubes circumferentially. Movement of support block 14
      toward the clamping die 15 is then effected causing axial compression of
      the pilot tubes between the internal shoulders 8 and the clamping die 15,
      and forcing the ends 6 of the pilot tubes against the internal shoulders
      8; and continued movement of the support block 14 forcibly causes the end
      portions of the walls of the pilot tubes within the recesses 5, to be
      distended against the walls of the recesses in gastight relationship
      therewith. Further continued movement of the support block 14 forces flow
      of each pilot tube wall around the periphery of each recess 5, and in
      direct metal-to-metal contact with the upper surface 4 immediately around
      each recess. The resulting circumferential enlargement of the tube is the
      sealing bead 13 which is overlaid upon the upper surface 4, and provides a
      gastight seal between the outer surface of the pilot tube and the wall of
      the recess 5.
PAR  The method described immediately hereinabove provides a simple and
      efficacious gastight seal which is doubly secure by virtue of the sealing
      relationship of, first, the end portion of a pilot tube within the recess
      of the pilot tube manifold, or fitting, and then again, by the sealing
      bead around the periphery of the recess.
PAR  Occasionally, because of rough handling, a sufficient rotational torque may
      be exerted on a pilot tube to disrupt the seal with the pilot tube
      manifold. To prevent breaking the seal, and to resist the effect of
      rotational torque, the pilot tubes 2 are disposed in the recesses 5,
      sufficiently close to each other, to effect a tangential contact 16 (See
      FIG. 2) between the sealing beads 13, thus forming an interlock.
      Typically, 1/8-inch aluminum tubes having a 0.35-inch wall are disposed in
      recesses spaced about 1/8-inch apart.
PAR  In another embodiment of this invention, there is illustrated in FIG. 5 a
      pilot tube 20, one end 21 of which is slidingly inserted in a fitting,
      indicated generally at 22, having a recess 23 slightly larger in diameter
      than the outside diameter of the end 21 of the pilot tube 20. The recess
      23 is provided with a stop means, such as a chamfer 24, to limit the
      travel of the end 21 when it is inserted in the recess 23. The fitting 22
      may be of any suitable structure, and may have an externally threaded stem
      portion 25 having an axial bore 26 in open communication with the recess
      23. It will be apparent that, depending upon the relative dimensions of
      the stem portion in comparison with the remainder of the fitting, the axes
      of the bore 26 and the pilot tube 20, may be nonaligned. It will be
      equally apparent that, a small fitting illustrated in FIG. 5, such as is
      used to secure a pilot light housing by threadedly disposing it snugly
      against the sheet metal in a stove top, will conveniently have the
      aforementioned axes aligned. The threads of the fitting, although shown in
      FIG. 5 disposed in longitudinal relationship with recess 23, may be formed
      on the surface of the fitting, radially outwardly of the recess 23,
      depending on the relative sizes of the tube and fitting and the purpose
      and use of the fitting, as at 30 in FIG. 6.
PAR  A gastight sealing bead 27 is formed on the pilot tube 20 in a manner
      analogous to that described hereinbefore, for a pilot tube manifold in
      which the ends of two pilot tubes are sealed. The fitting 22 with the
      pilot tube slidingly inserted therein, is held in a support block and
      moved longitudinally axially against the end 21 of the pilot tube 20 which
      is secured in a clamping means. Movement of the support block is continued
      until a sealing bead of desired size is formed, whereupon the movement is
      terminated, the support block retracted, and the pilot tube unclamped.
PAR  A further embodiment of this invention useful in fittings and manifolds
      adapted to receive single or multiple tubes is illustrated in FIG. 6 which
      is a vertical section taken as though along the line 6--6 in FIG. 5. The
      fitting 22, shown with threads 30 exteriorly disposed on the body of the
      fitting, is provided with an irregular recess 32, such as may be formed by
      drilling a cylindrical hole and broaching it to provide an irregular
      surface, or by inserting a wobbling tool to yield an out-of-round hole.
      The particular means for providing the irregular recess or hole is
      unimportant as long as the wall of the recess has an undulating bumpy or
      rough surface. As described for other embodiments hereinbefore, a
      cylindrical pilot tube is slidingly thrust into the recess 32, the fitting
      22 is secured in a support block and moved longitudinally axially against
      the end 21 of the pilot tube 20 which is secured in a clamping means. The
      end of the pilot tube is deformed and the surface of the tube within the
      recess 32 is forced to conform to the irregularities of the recess, as
      indicated at 33, thus locking the pilot tube within the recess against
      rotational movement relative to the wall of the recess. This locking of
      the pilot tube is important because the length of a pilot tube can serve
      to generate great leverage and torque which must be resisted to effect a
      reliable and rugged gastight seal.
PAR  It will be apparent that irregularity of only a portion of the recess 32
      will suffice to provide a locking effect. Thus, a bumpy or distorted
      portion of the recess extending to some distance intermediate the
      counterbore or stop means for the pilot tube and the periphery of the
      recess will effectively lock the tube in place. It will also be evident
      that the use of an irregular recess to provide this locking action is not
      limited to a single pilot tube in a fitting and may be used when plural
      pilot tubes are to be sealingly disposed in a manifold. The locking action
      provided in such an embodiment will serve to reinforce the interlocking
      action of contiguous sealing beads. Alternatively, where it is
      inconvenient or undesirable to provide interlocking sealing beads the
      locking action provided by irregular recesses may provide a sufficiently
      effective and rugged gastight seal.
PAR  Though it will be recognized, in each of the preferred embodiments
      hereinbefore described, that a pilot tube is slidingly inserted into a
      recess, and a circumferential bead formed to enhance the gastight seal
      effected by circumferential enlargement of the end of the pilot tube, it
      is also possible to press-fit the pilot tube into the recess and
      thereafter form the circumferential bead to enhance the effectiveness of
      the gastight seal to whatever extent it may do so.
PAR  Modifications, changes and improvements to the preferred forms of the
      invention herein disclosed, described and illustrated may occur to those
      skilled in the art who come to understand the principles and precepts
      thereof. Accordingly the scope of the patent to be issued herein should
      not be limited to the particular embodiments of the invention set forth
      herein, but rather should be limited by the advance by which the invention
      has promoted the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tube and fitting assembly for fluid lines and the like, comprising a
      fitting means having a recess, a peripheral surface on said fitting means
      about said recess, said recess having an internal side wall having an
      irregular surface and being adapted to be placed in open flow
      communication with a fluid, an elongated tube having a side wall and an
      end, said tube end being inserted within said recess to a predeterminable
      depth from said peripheral surface, stop means within said recess
      determining said depth, said tube end abutting said stop means, a portion
      of said wall of said tube being distorted into engagement with said
      irregular surface and into complementary sealing engagement with said wall
      of said recess, and a sealing bead formed in said tube and in direct
      contact with said peripheral surface and forming a fluid tight seal
      between said fitting means and said tube, said wall of said tube being
      unbroken at and by said bead.
NUM  2.
PAR  2. The assembly according to claim 1 wherein said irregular surface extends
      over at least a portion of said recess wall intermediate said stop means
      and said peripheral surface.
NUM  3.
PAR  3. A pilot light harness for gas stoves and the like, comprising a manifold
      or fitting means having a recess, a peripheral surface on said fitting
      means about said recess, said recess having an internal side wall having
      an irregular surface and being adapted to be placed in open flow
      communication with a source of gas, an elongated pilot tube having a side
      wall and an end, said tube end being inserted within said recess to a
      predeterminable depth from said peripheral surface, stop means within said
      recess determining said depth, said tube end abutting said stop means, a
      portion of said wall of said tube being distorted into engagement with
      said irregular surface and complementary sealing engagement with said wall
      of said recess, and a sealing bead formed in said tube and in direct
      contact with said peripheral surface and forming a gastight seal between
      said fitting means and said tube, said wall of said tube being unbroken at
      and by said bead.
NUM  4.
PAR  4. The pilot light harness according to claim 3 wherein said irregular
      surface extends for at least a portion of said wall of said recess
      intermediate said stop means and said periphery.
NUM  5.
PAR  5. A pilot light harness for gas stoves and the like, comprising a manifold
      or fitting means having a plurality of recesses, a peripheral surface on
      said fitting means about each said recess, each said recess having an
      internal side wall having an irregular surface and being adapted to be
      placed in open flow communication with a source of gas, an elongated pilot
      tube for each said recess, each said tube having a side wall and an end,
      said tube ends being inserted in said recesses, respectively, to a
      predeterminable depth from the adjacent said peripheral surface,
      respectively, stop means within each said recess determining said depth,
      each said tube end abutting a said stop means, respectively, a portion of
      said wall of each said tube being distorted into engagement with said
      irregular surface and complementary sealing engagement with said wall of
      said recess within which said tube end is inserted, a sealing bead formed
      in each said tube in direct contact with said peripheral surface adjacent
      said recess in which the end thereof is inserted, and forming a gastight
      seal between said fitting means and said tube, said wall of each said tube
      being unbroken at and by said bead, respectively.
NUM  6.
PAR  6. A process for forming a fluid seal between a tube, having an external
      wall and an end, and a fitting means, having a recess, having an internal
      wall and an internal stop means therein for receiving the end of said
      tube, and a peripheral surface on said fitting means surrounding said
      recess, said process comprising providing said wall of said recess with an
      irregular surface, inserting said end of said tube into said recess and
      against said stop means, fixedly, removably securing said fitting means in
      a support means, fixedly, removably securing said tube in a clamping means
      at a predetermined distance from said recess, and moving said support
      means and said clamping means relative to one another sufficiently to
      distend a portion of said wall of said tube to form a complementary
      engagement with said irregular surface and a sealing engagement with said
      wall of said recess and to distend another portion of said wall of said
      tube to form a circumferential sealing bead overlying and sealingly
      engaging said peripheral surface and the periphery of said recess.
NUM  7.
PAR  7. A tube and fitting assembly for fluid lines and the like, comprising a
      fitting means having a plurality of recesses, a peripheral surface on said
      fitting means about each said recess, each said recess having an internal
      side wall and being adapted to be placed in open flow communication with a
      fluid, an elongated tube for each said recess, each said tube having a
      side wall and an end, said tube ends being inserted within said recesses,
      respectively, to a predeterminable depth from the adjacent said peripheral
      surface, stop means within each said recess determining said depth, each
      said tube end abutting a said stop means, respectively, a portion of said
      wall of each said tube being distorted into complementary sealing
      engagement with said wall of said recess within which said tube end is
      inserted, a sealing bead formed in each said tube in direct contact with
      said peripheral surface adjacent said recess in which the end thereof is
      inserted and forming a gastight seal between said fitting means and said
      tube, said wall of each said tube being unbroken at and by said bead, each
      said sealing bead being in engagement with at least one other said sealing
      bead, and said sealing bead engagement defining a substantially straight
      line interface on the chord of a circle between said engaged sealing beads
      whereby to prevent relative rotation of each said tube about its axis.
NUM  8.
PAR  8. A pilot light harness for gas stoves and the like, comprising a manifold
      or fitting means having a plurality of recesses, a peripheral surface on
      said fitting means about each said recess, each said recess having an
      internal side wall having an irregular surface and being adapted to be
      placed in open flow communication with a source of gas, an elongated pilot
      tube for each said recess, each said tube having a side wall and an end,
      said tube ends being inserted within said recesses, respectively, to a
      predeterminable depth from the adjacent said peripheral surface, stop
      means within each said recess determining said depth, each said tube end
      abutting a said stop means, respectively, a portion of said wall of each
      said tube being distorted into engagement with said irregular surface and
      complementary sealing engagement with said wall of said recess within
      which said tube end is inserted, a sealing bead formed in each said tube
      in direct contact with said peripheral surface adjacent said recess within
      which the end thereof is inserted and forming a gastight seal between said
      fitting means and said tube, said wall of each said tube being unbroken at
      and by said bead, each said sealing bead being in engagement with at least
      one other said sealing bead, and said engagement therebetween defining a
      substantially straight line interface on the chord of a circle between
      said engaged sealing beads, whereby to prevent relative rotation of each
      said tube about its axis.
NUM  9.
PAR  9. A process for forming a fluid seal between a tube having an external
      wall and an end, and a fitting means having a recess, having an internal
      wall and an internal stop means therein, for receiving the end of said
      tube, and a peripheral surface on said fitting means surrounding said
      recess, said process comprising providing said wall of said recess with an
      irregular surface, inserting said end of said tube into said recess and
      against said stop means, fixedly, removably securing said fitting means in
      a support means, fixedly, removably securing said tube in a clamping means
      at a predetermined distance from said recess, and moving said support
      means and said clamping means relative to one another sufficiently to
      distend a portion of said wall of said tube to form a complementary
      engagement with said irregular surface and a sealing engagement with said
      wall of said recess and to distend another portion of said wall of said
      tube to form a circumferential sealing bead overlying and sealingly
      engaging said peripheral surface and the periphery of said recess, in
      which each said sealing bead flows into tangential engagement with at
      least one other said sealing bead, and each said bead engagement defines a
      substantially straight line interface on the chord of a circle between
      said engaged sealing beads whereby to prevent relative rotation of each
      said tube about its axis.
NUM  10.
PAR  10. A process for forming a gastight seal between at least one pilot tube,
      each having a wall and an end, and a pilot tube manifold or fitting means,
      having at least one recess, each having a periphery, a shoulder or stop
      means therein, and a wall extending between said shoulder means and
      periphery, for receiving a said end of a said pilot tube, said process
      comprising providing said wall of each said recess intermediate the
      periphery and shoulder of said recess with an irregular surface portion,
      slidingly inserting an end of a said pilot tube in each said recess
      against said shoulder means, fixedly, removably securing said manifold or
      fitting means in a support means, fixedly, removably securing each said
      pilot tube, at the same predetermined distance from said recesses,
      respectively, in a clamping means, and moving said support means and said
      clamping means relative to one another to distend the wall of each said
      tube against said irregular surface and into sealing engagement with said
      wall of each said recess, respectively, and to form a circumferential
      sealing bead on the wall of each tube and in sealing engagement with the
      periphery of each said recess, respectively.
NUM  11.
PAR  11. A tube and fitting assembly for fluid lines and the like, comprising a
      fitting means having a plurality of recesses, a peripheral surface on said
      fitting means about each said recess, each said recess having an internal
      side wall having an irregular surface and being adapted to be placed in
      open flow communication with a fluid, an elongated tube for each said
      recess, each said tube having a side wall and an end, said tube ends being
      inserted within said recesses, respectively, to a predetermined depth from
      the adjacent said peripheral surface, stop means within each said recess
      determining said depth, each said tube end abutting a said stop means,
      respectively, a portion of said wall of each said tube being distorted
      into engagement with said irregular surface and complementary sealing
      engagement with said wall of said recess within which said tube end is
      inserted, a sealing bead formed in each said tube in direct contact with
      said peripheral surface adjacent said recess in which the end thereof is
      inserted and forming a gastight seal between said fitting means and said
      tube, said wall of each said tube being unbroken at and by said bead.
NUM  12.
PAR  12. The tube and fitting assembly according to claim 11 in which each said
      sealing bead is in engagement with at least one other said sealing bead,
      and each said sealing bead engagement defines a substantially straight
      line interface on the chord of a circle between said engaged sealing beads
      whereby to prevent relative rotation of each said tube about its axis.
NUM  13.
PAR  13. A pilot light harness for gas stoves and the like, comprising a
      manifold or fitting means having a plurality of recesses, a peripheral
      surface on said fitting means about each said recess, each said recess
      having an internal side wall and being adapted to be placed in open flow
      communication with a source of gas, an elongated pilot tube for each said
      recess, each said tube having a side wall and an end, said tube ends being
      inserted within said recess, respectively, to a predeterminable depth from
      the adjacent said peripheral surface, stop means within each said recess
      determining said depth, each said tube end abutting a said stop means,
      respectively, a portion of said wall of each said tube being distorted
      into complementary sealing engagement with said wall of said recess within
      which said tube end is inserted, a sealing bead formed in each said tube
      in direct contact with said peripheral surface adjacent said recess within
      which the end thereof is inserted and forming a gastight seal between said
      fitting means and said tube, said wall of each said tube being unbroken at
      and by said bead, each said sealing bead being in engagement with at least
      one other said sealing bead, and said engagement therebetween defining a
      substantially straight line interface on the chord of a circle between
      said engaged sealing beads, whereby to prevent relative rotation of each
      said tube about its axis.
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ABST
PAL  A lock assembly for connecting two members such as two tubes, rods, lines,
      wiring, or cue stick sections, comprising a pair of complementary lock
      members, one male and one female, the male member having a cylindrical
      member coaxial or concentric with respect to the lock member adapted to
      rotate in a complementary chamber in the female member concentric or
      coaxial with respect to the female member, and a curvilinear such as
      cylindrical member eccentric with respect to the male member adapted to
      rotate in a chamber in said female member being eccentric with respect to
      the female member, the eccentric chamber of the female member being of
      larger diameter than that of the eccentric curvilinear member of the male
      lock member, and being adapted to engage the surface of the eccentric
      curvilinear portion of the male member upon relative rotation
      therebetween, whereby when the male and female members are rotated in
      either direction with respect to each other, the members are locked
      together.
PARN
PAR  This is a continuation of application Ser. No. 419,674, filed Nov. 28, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to fastening members and particularly relates
      to cylindrical lock members which may be utilized to fasten together
      tubing, wiring, cue joints, rods, plastic rods, etc., which requires
      merely a small twist in either direction to accomplish locking.
PAR  2. Prior Art
PAR  Various forms of fastening devices have been disclosed in the prior art.
      However, these fastening devices have exhibited a number of disadvantages.
      Some are provided with bulky protuberances for applying torque to the
      fastening means. Others are of intricate structure and difficult and
      expensive to manufacture.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide a locking
      device comprising a pair of mating lock members to which various articles
      to be connected such as tubes or rods may be affixed, and which mating
      lock members may be locked together by a small twisting motion. It is an
      additional object to provide a locking device of the type described which
      may be locked by twisting in either direction. It is a further object to
      provide a locking device which provides a secure locking condition when
      the device is twisted into locked position. It is still another object to
      provide a locking device which is relatively simple and inexpensive to
      fabricate. Still other objects will readily present themselves to one
      skilled in the art upon reference to the ensuing specification, the
      drawing, and the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing,
PAR  FIG. 1 is a sectional view of a locking device according to the invention.
PAR  FIG. 2 is a cross-sectional view taken at the line 2--2 of FIG. 1, looking
      in the direction of the arrows, showing the device in locked condition.
PAR  FIG. 3 is a cross-sectional view taken at the same line as that of FIG. 2,
      showing the device in unlocked condition.
PAR  FIG. 4 is a side elevational assembly view showing the locking device with
      members separated.
PAR  FIG. 5 is an end view of one locking member taken at the line 5--5, looking
      in the direction of the arrows, and
PAR  FIG. 6 is an end view of the other locking member taken at the line 6--6,
      looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, a coupling member 10 is shown, comprising a
      female member 11 and a male member 12. The female member 11 comprises a
      cylindrical base 13 recessed at one end to provide a ferrule 14 adapted to
      receive and have a tube 15 affixed thereto. The female member 11 is
      provided with an axial channel 16. At one end of the female member 11 is a
      recess defining a concentric or axial cylindrical channel 17 which is
      coaxial with the female member 11 and the main channel 16 thereof.
      Inwardly of the recess 17 is a recess defining a cylindrical channel 18
      eccentric with respect to the female member 11 and the channel 16.
PAR  The male member 12 comprises a cylindrical base 22 having a recess defining
      a ferrule 23 at one end on which a tube 24 is affixed by any suitable
      means such as welding or press fitting. An axial channel 25 is provided
      which communicates with the axial channel 16 of the female member 11. A
      portion of the outer wall of the male member is recessed to provide an
      axial cylinder segment 26 coaxial with respect to the male member 12 and
      the channel 25, and adapted to rotate slidably within the coaxial
      cylindrical channel 17 of the female member. The male member 12 is
      additionally recessed to provide a curvilinear such as cylindrical member
      27 eccentric with respect to the male member 12 and the channel 25, and
      which is adapted to be received in the eccentric cylindrical channel 18.
      The eccentric cylindrical channel 18 is designed to have a somewhat larger
      diameter than that of the eccentric cylindrical member 27. Consequently,
      when the two lock members are rotated with respect to each other, the
      eccentric cylindrical member is free to rotate over a limited angle. As
      the two lock members are rotated to the limited angle, the surface of the
      eccentric cylindrical member engages the surface of the eccentric
      cylindrical channel 18 and locks the two lock members together. Such
      locking may be accomplished by rotating the lock members in either
      direction with respect to each other.
PAR  In engaging and locking the eccentric lock members of the invention (FIG.
      4), the male member 12 is inserted into the female member 11 to the
      position shown in FIGS. 1 and 3. In this position the members are free to
      rotate with respect to each other at the bearing surface between the
      coaxial cylindrical member 26 and the coaxial bearing surface of the
      chamber 17 of the female member 11. Further, as seen in FIG. 3, the
      eccentric member 27 and the eccentric chamber 18 are substantially coaxial
      with each other, and since the diameter of the chamber wall 18 is somewhat
      greater than that of the cylindrical member 27, the member 27 is free to
      rotate within the chamber 18. However, since rotation is confined by the
      bearing surfaces of the coaxial member 26 and coaxial chamber surface 17,
      the male and female lock members must rotate about their major axes.
      Consequently, when the lock members are rotated with respect to each other
      in either direction, the walls of the eccentric cylinder member 27 and the
      eccentric chamber 18 engage and lock the two lock members into position.
      By making the axis of the eccentric cylindrical member 27 and eccentric
      chamber 18 only slightly displaced from the axes of the lock members, a
      very strong locking force may be obtained forming a very positive lock
      axially between the two members. The members may be unlocked by rotation
      in the opposite direction. The locked position of the eccentric
      cylindrical member 27 and the eccentric chamber 18 are shown in FIG. 2.
PAR  The present invention has several advantages over prior art means for
      locking cylindrical or tubular structures. First, there are no laterally
      projecting protuberances from either member. Second, the engagement is
      positive and extremely secure. Further, the connector may be utilized to
      secure various types of structures such as rods, tubes, cables, chains,
      and various other structure. Additionally, the structure is relatively
      simple and inexpensive to produce.
PAR  It is to be understood that the invention is not to be limited to the exact
      details of operation or structures shown and described, as obvious
      modifications and equivalents will be apparent to one skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An eccentric lock assembly comprising a pair of lock members having in
      the locked position a common axis, one of said lock members being a male
      lock member having a coaxial surface portion, a coaxial cylindrical
      portion set down from said surface portion thereby forming a shoulder, and
      an eccentric cylindrical portion set down from said coaxial cylindrical
      portion thereby forming a second shoulder, and the other lock member being
      a female lock member having complementary surface, coaxial, and eccentric
      portions, said coaxial portions having a close fit and said eccentric
      portions having a loose fit whereby the male lock member can be inserted
      into the female lock member and one said lock member rotated about said
      axis relative to the other said lock member over a substantial angle until
      the male eccentric portion binds against the female eccentric portion, and
      said surface portions in the locked position having common surface
      elements which terminate at the lip of said first named shoulder whereby
      irrespective of the relative rotation of the two lock members about the
      axis, the surface of one appears as an extension of the surface of the
      other.
NUM  2.
PAR  2. An eccentric lock assembly according to Claim 1 adapted for connecting
      together two cylindrical tubes in which the male and female lock members
      have complementary axial bores and in which means is provided whereby the
      tubes can be connected to said lock members in flow-through communication
      through said axial bores, the coaxial surface portion of the lock members
      having the same diameter as that of the tubes so that when the tubes are
      connected to the lock members, the coaxial surface portions of said lock
      members and the surface of said tubes have comon elements whereby the said
      surfaces of the lock members and the surfaces of said tubes appear as part
      of the same cylindrical surface.
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ABST
PAL  The invention relates to a mechanical control device for a disc brake. The
      mechanical control device comprises two members 28, 32, 128, 132
      extensible in an axial direction with respect to the brake disc upon
      relative rotation therebetween. These members are respectively connected
      to a control member 34, 134 and to a piston 20, 120 associated with a
      friction member 22, 122. Adjusting means 56, 156 comprise an annular
      element 58, 158 cooperating by way of one-way toothings 60, 62 with the
      member 28, 128 connected to the control member in order to turn relative
      to member 28, 128 upon brake actuation, when the wear of the friction
      member 22, 122 is greater than a predetermined value. Upon return of the
      control member 34, 134 to its idle position, a friction spring 48, 148
      inserted between the piston 20, 120 and the member 28, 128 permits this
      member 28, 128 to turn relative to member 32, 132, thus adjusting for the
      wear of friction member 22, 122.
BSUM
PAR  The invention relates to a mechanical control device for effecting
      operation of a friction member belonging to a brake mechanism.
PAR  More particularly, the invention concerns a mechanical control device
      comprising a housing in which a bore slidable receives a piston adapted to
      be associated with the friction member, two members extensible along the
      axis of the bore, and a control member which is connected to a first one
      of the extensible members and of which rotation in the direction
      corresponding to operation of the brake mechanism causes the second
      extensible member to extend from the first member, so urging the piston in
      the direction corresponding to operation of the friction member, adjusting
      means being provided to take up wear on the friction member.
PAR  Control devices of this type are generally used in emergencies and for
      parking, as an addition to a principal, hydraulic control device. In this
      case the adjusting means are associated with the principal hydraulic
      control device and do not enable wear on the friction member to be taken
      up when the brake is operated mechanically.
PAR  Other mechanical control devices, however, are designed to effect service
      braking with a brake mechanism, for example where the brake circuit is
      pneumatic. Here the adjusting means permitting the take-up of wear on the
      friction member must be operated by the mechanical control device. In such
      cases the adjusting means almost always introduce a large number of
      components into the housing of the device, greatly reducing the
      reliability of the assembly and increasing the overall dimensions of the
      control device.
PAR  An object of the invention is to provide a mechanical control device which
      can effect principal operation of a brake mechanism and in which the
      adjusting means are simpler and less bulky than the means known in the
      art.
PAR  To this end, a mechanical control device according to the invention is
      characterized in that the adjusting means comprise an element normally
      connected to the first extensible member by one-way transmission means
      enabling the element to turn relative to the first extensible member
      through an angle corresponding to the wear on the friction member beyond a
      predetermined value upon operation of the control member, resilient
      coupling means then coupling the second extensible member and the piston
      but enabling the element to cause the second extensible member to turn
      through said angle so that it extends from the first extensible member
      upon return of the control member to its idle position.
PAR  In a preferred embodiment of the invention, the said element or the second
      extensible member are aligned on the axis of the bore and comprise at
      least one arcuate aperture which receives an axial rod associated with the
      second extensible member or the said element respectively, the length of
      the arc determining the present value beyond which the second extensible
      member rotates the said element upon operation of the control member.
PAR  In this embodiment, preferably, the said element is slidable on the first
      extensible member and comprises, in a plane perpendicular to the axis of
      the bore, toothing urged into engagement with corresponding toothing
      provided on the first extensible member by resilient means anchored
      against the first extensible member, both sets of toothing being formed of
      teeth inclined relative to the axis of the bore to form the one-way
      transmission means.
DRWD
PAR  The invention will now be described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 shows a section through a first mechanical control device embodying
      the invention;
PAR  FIG. 2 is a section along a line 2--2 in FIG. 1.
PAR  FIG. 3 shows a detail of the device shown in FIG. 1.
PAR  FIG. 4 represents a second mechanical control device embodying the
      invention; and
PAR  FIG. 5 is a section on a line 5--5 in FIG. 4.
DETD
PAR  The control device illustrated in FIG. 1 has a housing 10 containing a bore
      12. The bore 12 has a portion 14 of smaller diameter and a portion 16 of
      larger diameter, separated by a shoulder 18. The large-diameter portion 16
      slidably receives a nonrotatable piston 20, to whose free end a friction
      member 22 is fixed. The piston 20 contains a blind bore 24 at the end
      facing the small-diameter portion 14 of the bore 12. This small-diameter
      portion 14 rotatably receives, by way of a bush 26, a first extensible
      member 28 to which threads 30, or the like, connect a second extensible
      member 32 rotatably mounted in the bore 24 in the piston 20. The meshing
      threads 30 are designed so that relative rotation of the members 28, 32
      causes the assembly formed by these two members to extend or retract in a
      direction parallel to the axis of the bore 12.
PAR  The extensible member 28 projects from the housing 10 to receive a control
      member or lever 34 on grooves or splining 36. Inside the housing 10 the
      extensible member 28 comprises a plate-forming portion 38 facing the
      shoulder 18 in the bore 12. The member 28 and lever 24 are prevented from
      carrying out translatory motion relative to the housing 10 by a nut 40
      screwed on to the free end of the member 28 and by the plate-forming
      portion 38, which co-operates with the shoulder 18 by way of a roller
      thrust bearing or the like shown diagrammatically at 42 and permitting the
      assembly to turn relative to the housing 10.
PAR  To prevent translatory motion of the extensible member 32 relative to the
      piston 20, the member 32 is locked in position between an abutment surface
      44 in the bore 24 in the piston and a ring 46 lodged in a groove in the
      piston. Resilient coupling means formed by a spring 48 made a rotational
      connection between the piston 20 and the extensible member 32. The spring
      48 is coiled round a portion 50 of reduced diameter of that end of the
      member 32 co-operating with the abutment 44. The internal diameter of the
      spring 48 when unstressed is normally less than the diameter of the
      portion 50, and one end 52 of the spring 48 axially enters a bore 54 in
      the end of the bore 24 in the piston 20. The piston 20 and extensible
      member 32 are therefore rotationally connected when they are urged in the
      direction which causes the spring 48 to tighten round the portion 50. When
      the piston 20 and member 32 are rotated relative to one another in the
      opposite direction, however, the spring 48 loosens and allows relative
      rotation of them.
PAR  Adjusting means generally designated 56 are provided to take up wear on the
      friction member 22 when it is operated by the control device. The
      adjusting means 56 comprise an element 58 slidably and rotatably mounted
      on the member 28, between the plate-forming portion 38 and the threads 30.
      The element 58 has on its periphery, on the side facing the plate-forming
      portion 38 of the member 28, toothing 60 co-operating with similar
      toothing 62 on the portion 38. As FIG. 3 shows, the two sets of toothing
      60, 62 are formed, in a plane substantially perpendicular to the axis of
      the bore 12, of teeth inclined relative to the axis of the bore to form
      one-way transmission means. The teeth 60, 62 are urged into engagement by
      a spring 64 pre-stressed between a retainer ring 66, locked in position
      axially relative to the member 28, and the element 58. The teeth 60, 62
      are so formed that the element 58 can turn relative to the member 28 when
      the lever 34 urges the latter in the direction corresponding to operation
      of the control device, whereas the teeth prevent the element 58 from
      turning in the opposite direction. As FIG. 2 shows, the element 58
      contains two diametrically opposite arcuate apertures 68 which
      respectively receive two rods 70 substantially parallel to the axis of the
      bore 12. The rods are locked in position in two diametrically opposite
      bores 72 in the extensible member 32.
PAR  Removal means 74 are provided to return the extensible members 28, 32 to
      their initial positions when the friction member 22 is worn. The removal
      means 74 comprise a sleeve 76 mounted in the large-diameter portion 16 of
      the bore 12, near the shoulder 18. The sleeve 76 is normally locked in
      this position by the end of a plunger 78 biased into engagement with an
      aperture in the sleeve 76 by a spring 80 bearing on a detachable portion
      82 of the housing 10. The sleeve 76 has a portion 84 capable of engaging a
      corresponding portion 86 of the element 58 under the influence of a
      pre-stressed spring 88 whose initial tension is substantially greater than
      that of the spring 64. When an operator pulls the plunger 78,
      counteracting the spring 80, therefore, the sleeve 76 is released in
      respect of translation and its portion 84 engages the portion 86 of the
      element 58 and moves it to the right, counteracting the spring 64 and
      disengaging the teeth 60,62.
PAR  The mechanical control device just described operates as follows:
PAR  At rest, and when the friction member 22 is new, the various components of
      the device occupy the positions shown in FIGS. 1 and 2. When the control
      lever 34 is turned in the direction corresponding to application of the
      brake, it entrains the extensible member 28 which in turn urges the member
      32 to rotate. As already stated, when the member 32 is urged to rotate in
      this direction, the spring 48 prevents it from rotating relative to the
      piston 20, so that the member 32 and piston 20 move to the right in FIG. 1
      along the co-operating threads 30. The friction member 22 is thereby moved
      to the right in FIG. 1 to operate the brake mechanism.
PAR  When the control member 34 returns to its idle position, the frictional
      engagement between the spring 48 and member 32 is sufficient to immobilize
      the latter relative to the piston 20 and so to ensure that the friction
      member 22 returns to its idle position.
PAR  The element 58 is normally urged towards the plate-forming portion 38 of
      the member 28 by the spring 64, so that the teeth 60,62 mesh. On account
      of the arcuate shape of the apertures 68 in the element 58, the latter
      therefore normally turns at the same time as the member 28 when the
      rotation required of this member to apply the friction member 22 to the
      associated friction surface (not shown) is less than a value preset by the
      arc of the apertures 68. When, upon operation of the control member 34,
      the member 28 turns through an angle greater than the preset angle defined
      by the apertures 68, the member 32 is then connected to the piston 20, so
      that the element 58 is locked in respect of rotation by the rods 70 and so
      jumps one or more teeth in the toothing 62 on the plate-forming portion 38
      of the extensible member 28. The element 58 therefore turns through an
      angle corresponding to the wear on the lining of the friction member 22
      beyond a value preset by the angle defined by the arcuate apertures 68.
      When the control lever 34 returns to its idle position, the extensible
      member 28 turns in a direction such that the element 58 cannot rotate
      relative to it. As a result, when the ends of the apertures 68 abut again
      on the axial rods 70, the element 58 tends to entrain the extensible
      member 32 and to rotate it relative to the piston 20. As already stated,
      the spring 48 is then urged in a direction such that it permits this
      relative rotation of the member 32 and piston 20. The member 32 therefore
      turns about the member 28 through an angle corresponding to the wear on
      the lining of the friction member 22 beyond the preset value, and so moves
      to the right in FIG. 1 relative to the member 28.
PAR  When the lining of the friction member 22 is worn, the assembly formed by
      the two extensible members 28, 32 must be returned to the initial
      position, shown in FIG. 1. To do this, an operator pulls the plunger 78,
      so releasing the energy stored in the spring 88 which acts by way of the
      portion 84 on the portion 86 of the element 58, counteracting the spring
      64. As already stated, the energy stored in the spring 88 is greater than
      that stored in the spring 64, so that the element 58 is urged to the right
      and disengages its teeth 60 from the teeth 62 on the plate-forming portion
      38 of the member 28. The operator can now turn the control lever 34 in the
      direction corresponding to the return of the device to its idle position,
      until the members 28, 32 occupy the mutually relative positions shown in
      FIG. 1. The plunger 78 is then simply pushed in again to relock the
      removal device 74, and the worn friction member is replaced with a new
      one.
PAR  FIG. 4 illustrates another mechanical control device embodying the
      invention. Like reference numerals plus 100 designate components
      fulfilling the same function as those in the first embodiment.
PAR  The device shown in FIG. 4 differs from that shown in FIG. 1 only in the
      arrangement of the adjusting means 156 and of the removal means 174. The
      adjusting means 156 comprise an element 158 slidable and rotatable on that
      end of the extensible member 128 remote from the lever 134. A pre-stressed
      spring 164 bearing on a retainer ring 166 associated with the member 128
      biases the element 158 to carry out translatory motion towards an annular
      element 169 fixed to the free end of the member 128. The elements 158, 169
      thus co-operate by respective sets of toothing 160, 162 of the same type
      as the toothing 60, 62 in the first embodiment. As FIG. 5 shows, the outer
      periphery of the element 158 bears two diametrically opposite lugs 170
      co-operating with arcuate grooves 168 in a sleeve 171 attached to the
      extensible member 132.
PAR  The removal means 174 comprise an aperture 175 coaxial with the bore 112
      and formed in that end of the nonrotatable piston 120 bearing the friction
      member 122. Opposite the aperture 175 the extensible member 128 contains a
      blind bore 177 receiving a cylindrical releasing member 179 which contains
      a groove 181. A circlip 183 or the like is mounted in the member 128
      opposite the groove 181, so that the releasing member 179 can move axially
      over a distance greater than the depth of the toothing 160,162. At the end
      facing the aperture 175 the releasing member 179 bears a head 185, on to
      which a resilient element 187 urges a dish 189. The dish 189 encloses the
      element 169, and its free end aligns with the element 158.
PAR  The mechanical control device just described with reference to FIGS. 4 and
      5 operates as follows.
PAR  When idle, the various components of the device occupy the positions shown
      in FIG. 4. When the control lever 134 is moved in the direction
      corresponding to operation of the device, as in the previous embodiment,
      it rotates the member 128 which, by way of the co-operating threads 130,
      urges the member 132 and piston 120 to the right in FIG. 4 and thereby
      applies the friction member 122 to the associated friction surface (not
      shown). Upon operation of the device, the element 158 is rotated by the
      member 128 by way of the toothing 160, 162, whereas the sleeve 171 is
      prevented from rotating by the member 132. As FIG. 5 shows, therefore,
      once the wear on the lining of the friction member 122 requires rotation
      of the member 128 relative to the member 132 greater than the rotation
      required of the lugs 170 of the element 158 to engage the other ends of
      the grooves 168, the spring 164 is compressed and enables the toothing 160
      to turn by one or more teeth relative to the toothing 162. When the
      control lever 134 is returned towards its idle position, the element 150
      can no longer turn relative to the member 128, whereas the member 132 and
      sleeve 171 can turn relative to the piston 120. As a result, when the
      element 158 has turned relative to the member 128 upon operation of the
      device, the element 158 causes the sleeve 171 and member 132 to rotate
      relative to the member 128 through an angle corresponding to the number of
      teeth jumped between the sets of toothing 160, 162 upon operation of the
      device. Wear on the friction member 122 beyond a distance predetermined by
      the grooves 168 and lugs 170 is therefore taken up automatically due to
      extension of the member 132 from the member 128.
PAR  Replacement of the friction member 122 and the return of the device to the
      initial position shown in FIG. 4 are carried out as follows.
PAR  The operator detaches the worn friction member 122 and thereby reveals the
      aperture 175 in the end of the piston 120. By passing an appropriate tool
      such as a screwdriver through this aperture, he pushes the head 185
      towards the member 128, so that the resilient element 187 is compressed
      and the edges of the dish 189 push the element 158 off the toothing 162.
      The members 128, 132 are now free to turn relative to one another, so that
      the operator can easily return them to their original position by rotating
      the control lever 134 in the direction corresponding to return of the
      device to its initial position. It is then easy to put on a new friction
      member 122.
PAR  It will be noted that the assembly formed by the axial rods 70 and by the
      apertures 72 in the first embodiment, or by the lugs 170 and the grooves
      168 in the second embodiment, operates irrespective of the number of rods
      or lugs, and that the latter may be on the element 58, 158 or on the
      second extensible member 32, 132, without exceeding the scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mechanical control device for effecting operation of a friction member
      belonging to a brake mechanism, comprising a housing in which a bore
      slidably receives a piston adapted to be associated with the friction
      member, two members extensible along the axis of the bore, and a control
      member which is connected to a first one of the extensible members and of
      which rotation in the direction corresponding to operation of the brake
      mechanism causes the second extensible member to extend from the first
      member, so urging the piston in the direction corresponding to operation
      of the friction member, adjusting means being provided to take up wear on
      the friction member, characterized in that the adjusting means comprise an
      element normally connected to the first extensible member by one-way
      transmission means enabling said element to turn relative to the first
      extensible member through an angle corresponding to the wear on the
      friction member beyond a predetermined value upon operation of the control
      member, resilient coupling means then coupling the second extensible
      member and the piston, but enabling said element to cause the second
      extensible member to turn through said angle so that it extends from the
      first extensible member upon return of the control member to its idle
      position.
NUM  2.
PAR  2. A control device as claimed in claim 1, characterized in that said
      element or the second extensible member is aligned on the axis of the bore
      and comprise at least one arcuate aperture which receives an axial rod
      associated with the second extensible member or said element respectively,
      the length of the arc determining the predetermined value beyond which the
      second extensible member rotates said element upon operation of the
      control member.
NUM  3.
PAR  3. A control device as claimed in claim 1 in that said element is slidable
      on the first extensible member and comprises, in a plane substantially
      perpendicular to the axis of the bore, toothing urged into engagement with
      corresponding toothing associated with the first extensible member by
      resilient means anchored against the latter, both sets of toothing being
      formed of teeth inclined relative to the axis of the bore to form the
      one-way transmission means.
NUM  4.
PAR  4. A control device as claimed in claim 3, characterized in that the
      resilient means comprise a spring pre-stressed between abutment means
      associated with the first extensible member and said element.
NUM  5.
PAR  5. A control device as claimed in claim 1, characterized in that the
      resilient coupling means comprise a spring which is coiled around a
      smaller-diameter portion of the second extensible member and of which the
      internal diameter when unstressed is less than the diameter of the
      smaller-diameter portion, one end of the spring being associated with the
      piston, the spring being coiled in a direction such that the second
      extensible member is attached to the piston when the control member is
      operated.
NUM  6.
PAR  6. A control device as claimed in claim 1, characterized in that the second
      extensible member or said element bears at least one axial groove which
      receives a lug associated with the element or with the second extensible
      member respectively and capable of turning in the groove through an angle
      defining the predetermined value beyond which the second extensible member
      rotates the element upon operation of the control member.
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ABST
PAL  This electromechanical device with a manual emergency control for opening
      the door of a safety outfit box on board an aircraft comprises in said box
      a spring-loaded piston responsive to an electromagnet and having a head
      shaped to control the movements of registering locking members into or out
      from their locking position in which they engage a retaining hook
      engageable in turn with a cross member of a strap carried by the door.
      Said locking members may consist of balls or small ball-bearings
      engageable in corresponding holes formed in a sleeve concentric to said
      piston. Manual control means are provided for actuating said piston from
      the outside and thus opening the door in case of emergency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  The present invention relates to electromechanical devices comprising an
      emergency manual control system for opening the doors of containers or
      boxes enclosing safety outfits, such as masks and possibly oxygen
      generators on board aircrafts.
PAR  2. Description of the Prior Art
PAR  Devices intended for the same purpose have already been disclosed in the
      U.S. Pat. No. 3753316 of the same applicants.
PAR  In this prior patent a box or case comprising a pivoting door incorporated
      in the box structure is disclosed, in contrast to the present invention
      directed primarily to means for locking a door adapted and pivoted to a
      separate box or chamber, wherein the degree of precision of the fitting of
      said door to the box is not so important as in the preceding structures,
      whereby the device allows a wider range of tolerances in the relative
      positions of the fixed components rigid with said box and the movable
      components rigid with the door.
PAR  In the above-mentioned patent the locking device interposed between the two
      portions, namely the fixed portion and the movable portion, comprises a
      movable spring-loaded piston carried by one of said two portions and
      co-acting with locking means engaging directly the other portion, so that
      the relative positions of said two portions must be determined with a high
      degree of precision.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, a spring-loaded piston is also carried by one
      of the two portions and controls likewise locking members, but these,
      instead of engaging directly the other portion, hold against motion an
      intermediate pivoting retaining hook co-acting with a strap carried by the
      other portion.
PAR  With this arrangement, the retaining hook may be designed to allow a
      greater tolerance in the relative positions of the two portions and also
      to constitute a power or step-up lever, the opening effort exerted on the
      door transmitting to the locking system only a scaled-down force more
      propitious to the safety of operation of the assembly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows in longitudinal section the door opening device in its door
      locking position;
PAR  FIG. 2 is a corresponding axial section of the ball locking device;
PAR  FIG. 3 is a view similar to one portion of FIG. 1 but showing the device in
      the door opening position;
PAR  FIG. 4 is a view similar to one portion of FIG. 2 but showing the retaining
      hook in its released position;
PAR  FIG. 5 is a detail section showing the retaining hook in the door closing
      position, the section being taken along the line V--V of FIG. 1 and
PAR  FIG. 6 shows a modified construction of the piston-type locking means,
      operated by means of an electromagnet, in which the piston, instead of
      engaging lock balls, engages different elements having a similar function.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, there is shown diagrammatically the box or
      chamber 1 containing the safety outfits (not shown) and the door 2 of said
      box which is pivoted about hinge means 3 provided with spring means 4
      constantly urging said door 2 to its open position. Secured to one wall of
      box 1 is the support 5 carrying on the one hand the locking device
      comprising a plunger 6 responsive to an electromagnet coil, and on the
      other hand the hook 7 pivoted about a pin 8 rigid with said support. This
      hook 7 is also urged to its door opening position by a spring 9 and
      comprises two parallel symmetric wings 10, 11 adapted, during the pivoting
      movement of said hook 7, to slide with the minimum clearance on one and
      the other side of a ball locking device 12 comprising for example a sleeve
      in which the piston head 13 rigid with said plunger 6 is movable, the
      balls 15, 16 are retained in holes formed through the wall of said sleeve
      so as to be engageable by said piston head 13. Said parallel symmetric
      wings 10, 11 comprise gaged holes 14 adapted, in the closed position of
      said hook 7, to register with the balls 15, 16 held in their outward
      position by the piston head 13 in order to hold the hook 7 in this
      position.
PAR  Secured to the door 2 is a strap 17 of which the cross member 18 is engaged
      into the notch 19 of hook 7 in the closed position thereof. In FIG. 1 it
      will be seen that in this position the door 2 is kept closed against a
      resilient gasket 20 lining the registering edge of box 1.
PAR  FIG. 2 is an axial section showing the ball locking device, the piston head
      13 being shown in its outer or locking position by a spring 21. The
      diameter of the cylindrical wide portion 22 of this piston causes the
      balls 15 and 16 to partially penetrate into the holes 14 formed in the
      wings 10 and 11 of hook 7. Other holes 23 may be formed in said wings 10
      and 11 for locking or positioning the hook in its opening position.
PAR  FIG. 3 shows the hook 7 in its open position, i.e. to open the door 2. This
      release position is also a waiting position so that the hook 7 can receive
      the cross member 18 of strap 17 and lock same during the closing movement
      of door 2.
PAR  FIG. 4 illustrates the piston head 13 in its retracted position in which a
      cylindrical portion 24 of reduced diameter registers with balls 15 and 16.
      In this Figure, the wings 10 and 11 of hook 7, are shown intermediate the
      opening and closing positions of said hook 7.
PAR  Now the mode of operation of the device of this invention, as illustrated
      in FIGS. 1 to 5 of the drawings, will be described. The door 2, when
      closed as illustrated in FIG. 1, cannot be opened since it is retained by
      hook 7, the latter being locked in turn in this position by the balls 15
      and 16 engaging the holes 14 of wings 10 and 11.
PAR  If the electromagnet controlling the plunger core 6 is energized through
      the supply wires 25, said plunger core 6 will be attracted and the portion
      24 of reduced diameter of piston head 13 will register with said balls 15
      and 16, thus enabling these balls to be retracted within the sleeve 12 and
      releasing the wings 10 and 11 of hook 7, as shown in FIG. 4. Due to the
      force exerted by its spring 9, the hook 7 is rotated in the clockwise
      direction, as seen in FIGS. 1 and 3, thus releasing the cross member 18 of
      strap 17 and permitting the opening of door 2 as a consequence of the
      permanent force of its spring 4.
PAR  The opening or release movement of hook 7 is limited by the engagement
      produced between its heel 26 and the portion 27 of support 5, so that the
      holes 23 in wings 10 and 11 eventually register with balls 15 and 16. When
      the energizing current is cut out, the spring 21 restores the piston head
      13 to its position corresponding to the outer position of said balls 15
      and 16. Thus, hook 7 is positively retained in its opening position and
      the door 2 cannot be re-closed by a person unaware of this fact, since a
      discrete action must be exerted on the piston beforehand. It is therefore
      clear that if the holes 23 were dispensed with it would only be sufficient
      to move the door towards its closed position for causing the cross member
      18 of strap 17 to engage the notch of hook 7 and pivot same automatically
      to its closed and locking position.
PAR  The above-mentioned discrete action may be exerted for instance by means of
      a thin rod 28 inserted through one of the two through holes 29 formed the
      one in the bottom of box 1 and the other in the door 2, so as to push the
      end 30 of piston head 13. If the reset action is to take place through the
      box or chamber 1, a control device 31 connected to a reversing lever 32
      fulcrumed to a pivot pin 33 rigid with support 5 and normally held in a
      neutral position by said control device 31 responsive to a coil spring 34
      is provided. Thus, when the head 35 of this control device 31 is pushed by
      means of a thin rod 28 inserted through the hole 29 formed in the wall of
      box 1, the spring 34 is compressed and the reversing lever 32 is caused to
      engage with its driving end 36 the outer end 30 of the piston so that the
      latter is moved backwards and the balls 15 and 16 can resume their
      retracted position illustrated in FIG. 4. On the other hand, when this
      control action is exerted by means of a similar or same thin rod 28
      inserted through the hole 29 formed in said door 2, as illustrated in FIG.
      1, the operative end 36 of lever 32 is engaged and pushes the piston head
      13 in order to retract likewise the balls 15 and 16. This action exerted
      through the door or through the box wall is also useful for opening the
      door manually in case of emergency.
PAR  It will be noted that the strap 17 is considerably wider than the thickness
      of hook 7 in the direction of its pivot axis, so that a substantial
      tolerance is afforded in the lateral alignment of these parts. On the
      other hand, the position of cross member 18 in the notch 19 of hook 7 does
      not require either a great precision in the longitudinal alignment
      thereof. The resiliency of gasket 20 is also useful in that the door can
      be depressed more or less for closing the hook 7 and locking the assembly.
PAR  If desired, other members may be substituted for the balls 15 and 16, for
      instance members of which the protrusion or retraction are caused by the
      piston head 13, a typical example of a modified device of this character
      being shown in FIG. 6. In this example, the portion 22 of the piston head
      13 is adapted to actuate levers 37 fulcrumed on pivot pins 38 and
      comprising small ball-bearings 39. These levers 37 are each provided with
      a small frustoconical head 40 adapted, in the locking position of piston
      head 13 as illustrated in FIG. 6, to engage one of the holes 14 formed in
      wings 10 and 11 of hook 7. The use of ball-bearings is advantageous in
      that it reduces frictional contacts, the force necessary for withdrawings
      the piston head 23 and therefore the power necessary for releasing the
      device.
PAR  It is clear for those conversant with the art that the specific forms of
      embodiment described hereinabove with reference to the accompanying
      drawings should not be construed as limiting the present invention since
      many modifications and changes may be brought thereto without departing
      from the basic principles of the invention as set forth in the appended
      claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Electromechanical device with manual emergency control for opening the
      door of a safety outfit box on board an aircraft, comprising a box having
      two portions to be interlocked, an electromagnet being mounted in said
      box, a spring loaded piston responsive to and slideably mounted on said
      electromagnet and having a head formed with successive axial portions
      having different diameters, locking members being associated with said
      piston head and adapted to take either an outward projecting locking
      position or a retracted release position, a retaining hook pivotally
      mounted on one of the two portions of said box to be interlocked, a strap
      carried by the other of said box portions and positioned for being engaged
      and retained by said hook, said retaining hook comprising in planes
      perpendicular to its axis of pivotal movement a pair of parallel
      symmetrical wings each provided with a hole for receiving said locking
      members in the locking position.
NUM  2.
PAR  2. Device as claimed in claim 1, wherein said box presents at least one
      opening, a rod insertable through said opening for engaging said piston
      head for pushing back said spring-loaded piston and consequently moving
      said locking members to their retracted release position.
NUM  3.
PAR  3. Device as claimed in claim 1, wherein each of said symmetrical wings of
      said retaining hook has a pair of holes with said holes being positioned
      for being engaged by said locking members in the locking position and the
      release position of said box door respectively.
NUM  4.
PAR  4. Device as claimed in claim 1, wherein said locking members comprise
      balls positioned for being pushed by said piston, a cylindrical sleeve
      surrounding said piston and having holes in the wall of said sleeve with
      said balls in said holes and moveable therein as a function of the
      diameter of the portion of said piston head registering with said balls.
NUM  5.
PAR  5. Device as claimed in claim 1, including a sleeve surrounding said piston
      and wherein said locking member comprise elements pivoted to said sleeve
      surrounding said piston, a small ball-bearing is carried at the free end
      of each of said element and is responsive to said piston and a locking
      head formed on each of said elements and said retaining hook has holes
      positioned for receiving said locking heads.
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ABST
PAL  A reusable security tag has an enclosure containing an element detectable
      by independent means and a cruciate sheet metal clutch lock. A pin for
      piercing a garment is secured at the end of a lever arm which is hinged to
      said enclosure for controlled movement into said clutch lock. Said pin is
      released from said clutch lock by application of a special tool to said
      enclosure for deforming said clutch lock to spread its jaws. Elliptical
      grooves around the shank of said pin increase the retentivity of said
      clutch lock without decreasing unnecessarily the tensile strength of said
      shank.
BSUM
PAR  The present invention relates to a reusable security tag adapted to be
      secured to an article to be maintained under surveillance, and more
      particularly to a tag concealing an element detectable by independent
      means.
PAR  In the copending patent application of John Welsh el al., Ser. No. 157,618
      filed June 28, 1971, for "Article Surveillance", there is disclosed inter
      alia a system for maintaining security through a surveillance zone by
      establishing throughout said zone an interrogating radio wave field and
      affixing tags to articles under surveillance which are adapted to
      reradiate a discernible and distinguishable radio wave signal when passing
      through said zone. As described in said application, the active portion of
      the tag may take the form of a simple nonlinear impedance, e.g., a
      semiconductor diode, directly coupled to antenna elements. Such
      surveillance system is particularly useful when employed for controlling
      theft from retail stores or the like.
PAR  The present invention provides a reusable tag for securing a reradiating
      element, such as that disclosed in said copending application, to an
      article to be maintained under surveillance. In particular, there is
      provided by the present invention a tag adapted to be secured to the
      fabric of a garment or to other material through which a pin can be
      passed.
PAR  It will be understood that for such system to operate satisfactorily, the
      tags containing the detectable elements must be easily attachable to the
      garment or article yet not readily removed by unauthorized hands. On the
      other hand, the retail clerk must have a simple convenient means for
      readily removing tags from garments which, due to purchase or other
      reasons, may be removed legitimately from the premises.
PAR  It is, therefore, an object of the present invention to provide a reusable
      security tag of the aforesaid type which is easily secured to a garment or
      the like and nonremovable except through the use of authorized
      nondestructive release means.
PAR  In accordance with an aspect of the present invention there is provided
      such a reusable tag which comprises a pin having a first end adapted to be
      urged through a portion of an article to be protected. The opposite end of
      the pin is provided with means for preventing said pin from passing
      through the article. Clutch lock means are provided for accepting facile
      insertion of said first end of the pin therein after the latter has passed
      through said article but resisting removal of an inserted pin. An
      enclosure for concealing said lock means is provided along with means for
      concealing a detectable element joined to at least one of said pin and
      said enclosure with said enclosure being constructed and arranged for
      permitting authorized nondestructive release of said pin from said lock
      means.
PAR  In accordance with a further aspect of the present invention there is
      provided an unlatching tool for a reusable security tag of the aforesaid
      type comprising a pair of confronting jaws arranged to straddle said tag
      with a close fit, each jaw having an inwardly directed lip for overlying
      and engaging a given surface of said tag to prevent movement of said tag
      from between said jaws in a direction past said lips, and a pair of spaced
      apart fingers mounted for movement relative to said jaws for engaging
      another surface of said tag situated opposite said given surface to apply
      pressure to said tag against the restraint of said jaw lips.
DRWD
PAR  The invention will be better understood after reading the following
      detailed description of a presently preferred embodiment thereof with
      reference to the appended drawings in which:
PAR  FIG. 1 is an exploded perspective view of a reusable tag embodying the
      subject invention and showing the component parts thereof;
PAR  FIG. 2 is a fragmentary view similar to FIG. 1 showing the tag partially
      assembled;
PAR  FIG. 3 is a perspective view of the tag showing the same after a further
      step in the assembly;
PAR  FIG. 4 shows a tag about to be secured to the edge of a garment;
PAR  FIG. 5 is a view showing the tag completely secured to the garment;
PAR  FIG. 6 is a top plan view of the tag;
PAR  FIG. 7 is a bottom plan view of the tag;
PAR  FIG. 8 is a top plan view of the tag partially assembled showing certain
      details of construction;
PAR  FIG. 9 is a longitudinal sectional view through the housing portion of the
      tag;
PAR  FIG. 10 is a longitudinal sectional view taken along line 10--10 of FIG. 5
      but showing the tag only partially applied to the garment;
PAR  FIG. 11 is a view similar to FIG. 10 but with the tag fully applied to the
      garment;
PAR  FIG. 12 is a transverse sectional view taken along line 12--12 of FIG. 3;
PAR  FIG. 13 is a view similar to FIG. 12 after the studs are hot-formed to
      produce heads thereon;
PAR  FIG. 14 is a transverse sectional view taken along line 14--14 of FIG. 11;
PAR  FIG. 15 is an enlarged view of the pin, clutch lock and retaining member;
PAR  FIG. 16 is a transverse view taken along line 16--16 of FIG. 15;
PAR  FIG. 17 is a side view of the clutch lock member;
PAR  FIG. 18 is an exploded view of the principal elements of a relesase tool
      about to be applied to a tag secured to a garment;
PAR  FIG. 19 is a view similar to FIG. 14 showing the tool of FIG. 18 in place;
PAR  FIG. 20 is a view similar to FIG. 11 showing the tool of FIG. 18 in place;
PAR  FIG. 21 is a view similar to FIG. 20 with release force applied;
PAR  FIG. 22 is a view similar to FIG. 21 with the pin released;
PAR  FIG. 23 is a fragmentary top plan view similar to FIG. 6 showing a
      transparent sleeve locked onto the tag securing thereto a replaceable
      intelligence bearing element;
PAR  FIG. 24 is an end elevational view of the left side of the tag shown in
      FIG. 23;
PAR  FIG. 25 is a view similar to FIG. 24 but with the lever of the tag in
      partially opened position; and
PAR  FIG. 26 is a view of the right side of the tag shown in FIG. 25 with a
      portion of the sleeve broken away.
DETD
PAR  The same reference numerals are used throughout the appended drawings to
      designate the same or similar parts.
PAR  Referring now to the drawings, the detectable element is designated
      generally by the reference character 10 and may take the form of a thin
      elongated laminated structure containing a suitable sensor emitter
      circuit, not shown. The details of such circuit do not form a part of the
      present invention and, therefore, are not described herein. Reference may
      be had to the aforesaid copending application for description of several
      examples thereof.
PAR  The enclosure for the lock means, to be described in detail hreinafter, as
      well as the means for concealing the detectable element, comprises a
      common housing 11 formed of plastic material. The housing 11 has first and
      second mating parts 12 and 13, respectively, which when united provide a
      cavity 14 within to receive both the lock means 15 and the detectable
      element 10. As best seen in FIG. 9 of the drawings, the mating parts 12
      and 13 of the housing are joined at 16 by a thin web or membrane forming a
      hinge. During assembly, after inserting the detectable element 10 and the
      lock means 15 in the corresponding sections of cavity 14, (see FIG. 2),
      the mating part 13 is folded over upon the part 12 such that the plurality
      of studs 17 in the part 12 pass through the slotted apertures 18 in the
      part 13, (see FIG. 3), whereupon the studs 17 are upended or hot-formed to
      produce a head thereon preventing withdrawal from said apertures 18, (see
      FIGS. 4 and 13).
PAR  The part 12 of the housing has a pintle 19 at one end positioned remotely
      from the end enclosing the lock means 15. This is best seen in FIGS. 4 and
      9. Said pintle 19 receives the end 20 of a plastic lever 21 whose opposite
      end has secured thereto a pin 22 by means of a retaining member 23.
PAR  Referring particularly to FIGS. 1, 7 and 10, it will be seen that the lever
      21 has at its free end a zone 24 separated from the remainder of said
      lever 21 by frangible means in the form of the very thin radial spokes 25.
      Said pin 22 is joined to said zone 24 by passing therethrough, and the
      head 26 of said pin is keyed to said zone 24 by having a noncircular
      configuration as shown, for example, in FIG. 7. Such keying of the pin to
      the zone 24 prevents rotation of the pin with respect thereto for a reason
      that will be apparent hereinafter.
PAR  Now referring to FIGS. 15 and 16, it will be observed that the pin 22 has a
      shank 27 joining its ends which is formed with a plurality of axially
      spaced annular grooves 28 having elliptical cross sections in planes
      normal to the pin axis and with the major axes of said grooves lying in a
      common plane. The grooves 28 provide a roughened surface to the pin for
      cooperation with the lock means as will be better understood hereinafter.
      This is accomplished due to the elliptical configuration at minimal
      sacrifice of tensile strength in the shank 27 so as to afford maximum
      resistance to unauthorized withdrawal of the pin from the lock means.
PAR  Referring now particularly to FIGS. 1, 8 and 17, it will be seen that the
      clutch lock means 15 comprise a cruciate member with one pair of arms 29a
      and 29b at right angle to another pair of arms 30a and 30b and formed from
      spring sheet metal with opposing jaws 31 and 32 raised on one side thereof
      from its central region. The longitudinal axes of said jaws 31 and 32 are
      parallel to the axis of said one pair of arms 29a and 29b and arranged
      such that manipulation of said pairs of arms respectively in opposite
      directions in one direction will cause separation of said jaws 31 and 32.
      From FIG. 17, it will be seen that the entire cruciate member 15 is
      cylindrically curved with the concave side being on the same side as the
      opposing jaws 31 and 32. The jaws 31 and 32 are sprung apart when the arms
      29a and 29b are urged in a direction toward the convex side of the member,
      while the arms 30a and 30b are urged in the opposite direction. Ribs 33
      and 34 are provided to prevent flexure of said arms other than immediately
      adjacent said jaws 31 and 32 such that any flexing force applied to said
      arms is communicated directly to said jaws. The edges of the jaws are
      circularly notched, as best seen in FIG. 16, to cooperate with the grooves
      28 in the shank of the pin 22.
PAR  It now should be readily apparent that the manner of hinging the lever 21
      to the housing 11 is such that the pin 22 is constrained for movement
      along a path intersecting the lock means 15. See FIGS. 4, 10 and 11. A
      slightly raised stop 35 on the lever 21 near the hinge 20 encounters the
      housing part 13 to resist inadvertent insertion of the pin 22 into the
      lock means. See FIG. 10. However, the flexibility of the lever 21 and
      housing section 13 is such as to permit easy insertion of the pin into the
      lock means when slight manual effort is applied thereto. It should also be
      readily apparent that the subject tag can easily be affixed to a garment
      with one hand.
PAR  Once the pin is inserted in the lock means, it preferably should require a
      pull in excess of 200 lbs. to separate the pin 22 from the lock means 15
      in the absence of the application of a special tool thereto for releasing
      the same. If an attempt is made to withdraw the pin by applying prying
      force to the lever 21 the frangible spokes 25 will give way freeing the
      zone 24 along with the head 26 of the pin 22 from the lever. It will be
      understood that such action will fail to release the tag from a garment to
      which it is secured.
PAR  Referring now to FIG. 18, there is shown the essential components of an
      unlatching tool 36 for the subject security tag. Only the operative
      elements of the tool are shown since the mechanism for manipulating the
      same may take many obvious forms. In particular, such mechanism may either
      be hand operable or machine operable. Specifically, said unlatching tool
      comprises a pair of confronting jaws 37a and 37b having inwardly directed
      lips for embracing the housing 11 of the tag adjacent the ends of one pair
      of arms 30a and 30b of the lock means 15. The tool further includes a pair
      of spaced apart fingers 38a and 38b mounted for oppositional movement
      relative to the confronting jaws 37a and 37b for engaging the housing 11
      at 39 and 40 to effect deformation thereof adjacent the other pair of arms
      29a and 29b of said lock means sufficient to cause manipulation of said
      arms to release said lock means. See particularly FIGS. 19, 20, 21 and 22.
PAR  From the foregoing, it should be understood that the housing 11 for the tag
      should have a size, shape and rigidity related to that of the lock means
      15 such as to bar unassisted manual release of said lock means while
      communicating to said lock means sufficient force to effect releasing
      manipulation thereof upon the application to the housing of said
      unlatching tool 36.
PAR  Referring to FIG. 7, it will be seen that the studs 17 towards one end of
      the housing are located adjacent one end of the slotted apertures 18,
      while at the other end of the housing the studs engage the opposite ends
      of said slotted apertures. This arrangement is such as to minimize stress
      on said studs if unauthorized bending assault is had upon said housing. It
      is contemplated that an attempt might be made to destroy said tag by
      repeated bending. The particular plastic from which the tag is formed,
      namely, high impact polypropylene or equivalent material is capable of
      resisting repeated bending without fracture. It will be recognized that
      upon bending a tendency will arise for the respective parts of the housing
      to move in shear relative to each other. The arrangement of slotted
      apertures relative to studs will accommodate such shearing motion without
      undue development of stress.
PAR  As an additional facility for use with such tags as described above, it may
      be desirable to provide means for attaching thereto a replaceable
      intelligence bearing element. Such element may take the form of an insert
      41 containing price information or the like. Such element is secured to
      the main housing 11 of the tag by an overlying sleeve 42 which embraces
      the sides of the housing 11 and is secured against removal by a protruding
      stop 43 formed on the hinge 20 associated with the lever 21. The
      protrusion 43 on the hinge 20 of the lever 21 is so positioned that when
      the lever is swung back relative to the housing the protrusion 43 is
      retracted from the end of the sleeve 42 permitting removal thereof and
      replacement of the intelligence bearing element 41. See FIGS. 25 and 26.
      Thus when the entire tag is secured to a garment or the like the sleeve 42
      and its underlying element 41 is similarly secured against removal.
      Movement of the sleeve 42 along the housing 11 away from the protrusion 43
      is prevented by a protrusion 44 formed directly on the portion 12 of the
      housing. Slight protrusions 45 and 46 on the part 12 of the housing
      function to locate the intelligence bearing element.
PAR  It should now be readily apparent that the aperture 47 in detectable
      element 10 accomodates passage of pin 22. A raised portion 48 with an
      aperture therethrough on the inner surface of housing part 13 acts as a
      locater for the element 10 by entering aperture 47 while simultaneously
      providing a bushing for guiding entry of pin 22.
PAR  A further aperture 49 is provided in housing part 13 for a purpose that may
      not be so evident. However, where different types of detectable elements
      10 having different response characteristics are used they may be color
      coded for identification. For example, see the shaded area 50 in FIG. 1.
      When the tag is assembled the color coding will always be visible through
      aperture 49 as best seen in FIG. 7.
PAR  For purpose of manufacture, the lever 21 is formed separately from the
      housing 11. After the hinge 20 is assembled to the pintle 19 the hinge may
      be heat deformed at 51 to prevent disassembly.
PAR  Referring now to FIGS. 1 and 8, it should be observed that the cavity
      formed in housing part 12 for receiving the lock means 15 is proportioned
      to afford clearance at the ends 29c and 29d of arms 29a and 29b,
      respectively, while surrounding the arms 30a and 30b with a reasonably
      close fit. Said clearance at ends 29c and 29d accommodates outward
      movement of arms 29a and 29b as the lock means 15 is flattened during an
      unlocking manipulation. However, the close fit between the housing part 12
      and arms 30a and 30b functions to center the lock means such that the
      opening in jaws 31 and 32 is maintained in proper registration for
      receiving pin 22.
PAR  From the foregoing it should be apparent that arms 30a and 30b may be
      shortened or truncated retaining only sufficient projection to afford said
      centering action for the lock means 15. In such case, however, the housing
      part 13 will require reinforcing sufficient to communicate releasing force
      to the lock means 15 from the jaws 37a and 37b of the unlatching tool 36.
PAR  Having described a presently preferred embodiment of the invention it will
      be understood that various changes may be made in the details of
      construction thereof without departing from the true spirit of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reusable security tag for securing an element, detectable by
      independent means, to an article to be maintained under surveillance,
      comprising: a pin having a first end adapted to be urged through a portion
      of said article, means for preventing the opposite end of said pin from
      passing through said article, clutch lock means for accepting facile
      insertion of said first end of the pin therein after the latter has passed
      through said article but resisting removal of an inserted pin, an
      enclosure for concealing said lock means, and means for concealing said
      detectable element joined to at least one of said pin and said enclosure,
      said enclosure being constructed and arranged to permit authorized
      nondestructive release of said pin from said lock means.
NUM  2.
PAR  2. A reusable security tag according to claim 1, wherein said clutch lock
      means comprise a cruciate member with one pair of arms at right angle to
      another pair of arms and formed from spring sheet metal with opposing jaws
      for gripping said pin raised on one side thereof from its central region,
      the longitudinal axis of said jaws being parallel to the axis of said one
      pair of arms and arranged such that manipulation of said pairs of arms
      respectively in opposite directions in one direction will cause separation
      of said jaws to release said pin.
NUM  3.
PAR  3. A reusable security tag according to claim 2, wherein said arms of said
      cruciate member are reinforced with ribs to prevent significant flexure of
      said arms other than adjacent said jaws such that any flexing force
      applied to said arms is communicated to said jaws.
NUM  4.
PAR  4. A reusable security tag according to claim 2, wherein said enclosure for
      said lock means is formed at least in part from flexible material through
      which force is communicable to said pairs of arms to effect said
      manipulation.
NUM  5.
PAR  5. A reusable security tag according to claim 1, wherein said enclosure for
      said lock means is formed at least in part from flexible material through
      which flexing force is communicable to said lock means for releasing said
      pin therefrom.
NUM  6.
PAR  6. A reusable security tag according to claim 1, wherein said pin has a
      shank joining its ends which is formed with a plurality of axially spaced
      annular grooves engageable by said lock means and having elliptical cross
      sections in planes normal to the pin axis with the major axes of said
      grooves lying in a common plane.
NUM  7.
PAR  7. A reusable security tag according to claim 6, wherein said pin is
      attached to said enclosure for said lock means by means preventing
      rotation of said shank about its axis, and said lock means has jaws
      disposed on opposite sides of said common plane.
NUM  8.
PAR  8. A reusable security tag according to claim 1, wherein said enclosure for
      said lock means has spaced apart portions with said lock means being
      located in one of said portions, a lever is hinged at one of its ends to
      said other portion of said enclosure, and said pin is joined to the free
      end of said lever with its first end projecting therefrom for constrained
      movement along a path intersecting said lock means.
NUM  9.
PAR  9. A reusable security tag according to claim 8, wherein said lever has at
      said free end a zone separated from the remainder of said lever by
      frangible means, and said pin is joined to said zone whereby after locking
      said pin in said lock means the application of force to said lever without
      releasing said lock means will cause rupture of said frangible means and
      separation of said zone from said lever before separation of said pin from
      said lock means.
NUM  10.
PAR  10. A reusable security tag according to claim 1, wherein said enclosure
      for said lock means and said means for concealing said detectable element
      comprise a common housing formed of plastic material, said housing having
      first and second mating parts which when united provide a cavity within to
      receive both said lock means and said detectable element, and means are
      provided for uniting said housing parts in such manner as to oppose direct
      separation while permitting slight shearing movement therebetween whereby
      to minimize stress in said uniting means in the face of bending assault
      upon said housing.
NUM  11.
PAR  11. A reusable security tag according to claim 10, wherein said uniting
      means comprise a plurality of studs projecting from one of said housing
      parts and passing through respective slotted apertures in said other
      housing part, and means are provided for preventing withdrawal of said
      studs from said apertures, said studs being free to move at least in one
      direction relative to the long axis of its corresponding aperture upon
      bending of said housing.
NUM  12.
PAR  12. A reusable security tag according to claim 1, wherein said enclosure
      for said lock means and said means for concealing said detectable element
      comprise a common housing, means are disposed on the exterior of said
      housing for receiving a replaceable intelligence bearing element, and
      means are associated with said housing and actuatable upon securing said
      tag to said article for preventing unauthorized removal of said
      intelligence bearing element.
NUM  13.
PAR  13. A reusable security tag according to claim 12, wherein said housing has
      spaced apart portions with said lock means being located in one of said
      portions, a lever is hinged at one of its ends to said other portion of
      said housing, said pin is joined to the free end of said lever with its
      first end projecting therefrom for constrained movement along a path
      intersecting said lock means, and wherein said means associated with said
      housing for preventing unauthorized removal of said intelligence bearing
      element comprise a retaining element both carried by and actuatable by the
      hinge for hinging said lever to said housing.
NUM  14.
PAR  14. A reusable security tag according to claim 1, wherein said clutch lock
      means comprise a cruciate member with intersecting pairs of extending arms
      arranged such that manipulation of said pairs of arms respectively in
      opposite directions in one direction will cause said release of said pin
      from said lock means, and wherein said enclosure for said lock means
      comprise a housing of plastic material having a size, shape and rigidity
      related to said lock means such as to bar unassisted manual release of
      said lock means while communicating to said lock means sufficient force to
      effect said manipulation upon the application to said housing of an
      unlatching tool.
NUM  15.
PAR  15. A reusable security tag according to claim 14, wherein said unlatching
      tool comprises a pair of confronting jaws for embracing said housing
      adjacent the ends of one pair of arms of said lock means, and a pair of
      spaced apart fingers mounted for oppositional movement relative to said
      confronting jaws for engaging said housing to effect deformation thereof
      adjacent the other pair of arms of said lock means sufficient to cause
      said manipulation of said arms.
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ABST
PAL  An accordion type of cover for the load-carrying body of a dump truck
      having a flexible cover fixed relative to a plurality of support frames,
      movable by an appropriate drive means from a stacked condition forwardly
      of the load-carrying body to a spread apart condition over said
      load-carrying body; the flexible cover, therefore, being selectively
      disposed in a folded condition forwardly of said body or in a covering
      relation thereto.
BSUM
PAC  STATE OF THE PRIOR ART
PAR  Various structures have been devised to cover the load-carrying body of a
      dump truck such as those disclosed in U.S. Pat. No. 3,549,197 to Louis F.
      Sibley, and 3,549,198 to Ignazio Capello. Both of said patents disclose
      forms of dump truck covers comprised generally of flexible covers such as
      a tarpaulin or canvas which is normally wound on a shaft, drum, reel or
      the like. A swingable bail or yoke is employed to extend the flexible
      cover to a covering relation with the open top of the load-carrying body
      to prevent fine, loose materials such as dirt, sand, gravel, etc., from
      blowing from the truck body, particularly when the truck attains
      relatively high speeds.
PAR  Means are provided to rewind the flexible cover on the shaft, drum or reel
      when the bail or yoke is actuated to uncover the open truck top.
PAC  BACKGROUND OF THE PRESENT INVENTION
PAR  The present invention is directed to an accordion type of flexible cover
      for the load-carrying body of a truck, which is normally carried in a
      retracted, folded disposition relative to the front portion of said
      load-carrying body. Actuation of a motor driven cable means, connecting
      with the rearmost cover support frame of a plurality thereof, extends the
      flexible cover to a covering relationship with the open top of the
      load-carrying body.
PAR  While the accordion cover device of the present invention is adaptable to a
      variety of different types of load-carrying truck bodies, one particular
      application of the devide is directed to dump trucks which are frequently
      employed to haul relatively fine, loose materials such as dirt, sand,
      gravel or the like which readily blow from the trucks during operation
      thereof. Cargoes of this nature are generally wet or damp to an extent
      that, in addition to pelting following automobiles and motorcycles, a
      gooey residue is deposited on the bodies thereof as well as the
      windshields, creating a driving hazard.
PAC  FIELD OF THE INVENTION
PAR  The present invention pertains to an accordion type of flexible cover for
      the load-carrying body of a dump truck. The cover is fixed to a plurality
      of frame members, movable along a pair of opposed side, slide bars from a
      first position wherein the flexible cover is disposed in a stacked
      condition forwardly of the load-carrying body to an extended position
      wherein the flexible cover is disposed in a covering relation to said
      load-carrying body to protect the contents of same from the forces created
      by the combination of the wind and the movement of the vehicle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a dump truck provided with an accordion
      type of flexible cover in accordance with the present invention;
PAR  FIG. 2 is a cross sectional view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary view of a portion of FIG. 2;
PAR  FIG. 4 is a side elevational view of the load-carrying body of the dump
      truck;
PAR  FIG. 5 is a schematic illustration of the accordion type of flexible cover
      relative to the motor actuated cable means utilized to selectively move
      said cover to retracted or extended positions;
PAR  FIG. 6 is an enlarged fragmentary side elevational view of the
      load-carrying body illustrating a modification thereof;
PAR  FIG. 7 is a cross sectional view taken along the line 7--7 of FIG. 6;
PAR  FIG. 8 is a longitudinal view taken along the line 8--8 of FIG. 7;
PAR  FIG. 9 is a side elevational view of a modified form of journal means for
      the accordion cover frame means; and
PAR  FIG. 10 is a cross sectional view taken along the line 10--10 of FIG. 9.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  With reference to the drawings in which like reference characters designate
      like or corresponding parts throughout the various views and with
      particular reference to FIG. 1, the accordion cover for the load-carrying
      body of a dump truck T is designated generally at 10. The truck T
      includes, generally, a frame or chassis 12, front and rear wheels 14 and
      16, a driver's cab 18 and a dump type load-carrying body 20.
PAR  Vehicles of this type generally provide a forwardly extending protective
      member 22 from the top front edge of the load-carrying body 20, which
      projects over the top of the driver's cab 18. This member 22 may be
      utilized to mount the drive means, indicated generally at 24 in FIGS. 4
      and 5.
PAR  As best illustrated in FIGS. 4 and 5, the accordion protective cover 10 is
      comprised generally of four folding sections 26, 28, 30 and 32 and a front
      portion 34. The folding sections 26 through 32 are retractable from the
      extended disposition illustrated in FIG. 4 in broken lines.
PAR  The folding sections are defined and supported by five frame members 34,
      36, 38, 40 and 42 which laterally bridge the open top of the load-carrying
      body 20. The arched configuration of said frame members is by way of
      illustration only. In practice, they may assume any form, appropriate to a
      particular installation. The flexible cover 10 is seamed in a conventional
      manner to provide tubular receptacles 44 for the frame members 34 through
      42.
PAR  Forwardly of the front member 34, the flexible cover 10 is formed into the
      downwardly and forwardly inclined windbreaker, front portion 34 by means
      of an appropriately formed generally horizontally disposed frame member in
      a seamed, tubular receptacle 46 which lies in close proximity to the top
      surface of the cab protector member 22.
PAR  Fixed relative to the outside of the opposed top edge portions of the side
      walls of the load-carrying body 20 are a pair of slide bars 48 and 50
      which are slidably engaged by a pair of journal blocks 52 and 54, fixed
      relative to the opposed screw-threaded ends 56 and 58 of each frame member
      34 through 42. Each journal block 52 and 54 is in the form of a collar or
      sleeve which includes a laterally, outwardly extending lug 60, fixed to
      one screw-threaded end portion 56 or 58 between a pair of locks nuts 62
      and 64.
PAR  As best illustrated in FIGS. 2 and 3, each slide bar 48 and 50 is rigidly
      fixed between end mounts 66 extending outwardly from each end of an
      elongated plate 68 bolted as at 70 to each outer top edge portion 72 of
      the body 20. An outwardly, downwardly inclined cover 74 from the top edge
      of each plate 68 protects the respective slide bars 48 and 50 during the
      loading and unloading operations of the load-carrying body.
PAR  With reference to FIGs. 4 and 5, the drive means 24 is comprised of a motor
      means 74, which may be fixed to the protective member 22, in driving
      connection with a double pulley means 76. Two cables 78 and 80, engaged
      about the pulley means 76, extend outwardly therefrom in generally opposed
      directions. Each cable includes a first run 82, directed rearwardly by a
      first pulley 84 to a point of attachment 86 to the forward side of a
      projection 86 from a slide journal 52 or 54 on the rear frame member 42,
      and a second run 88 similarly directed by a second pulley 90 to a third
      pulley 92 mounted at the rear end of the load-carrying body 20, said
      second run thereby being redirected forwardly to a point of attachment to
      the rear side of the projection 86.
PAR  The motor means is of the reversible type to permit selective operation
      thereof to move the four frame members 36, 38, 40 and 42 to either the
      stacked condition, illustrated in full lines or the extended condition
      illustrated in dot-dash lines, the front frame member 34 remains
      relatively stationary.
PAR  In operation, the motor means is activated in a first direction to drive
      the first run 82 of both cables 78 and 80 to move the four frame members
      36, 38, 40 and 42 into the stacked relation with the front frame member
      34, forwardly of the load-carrying body 20. When the motor means is
      activated in a second direction, the second run 88 of both cables 78 and
      80 is driven to move the four frame member 36, 38, 40 and 42 to the
      extended disposition, whereby the flexible cover is disposed in a covering
      relation to the open top of the load-carrying body 20.
PAR  With reference to FIGS. 6, 7 and 8, a modification of the present invention
      is illustrated which is applicable to any size of load-carrying truck body
      but which is particularly applicable to long load-carrying bodies.
PAR  The slide bars 48 and 50 as illustrated in FIGS. 2, 3 and 4 are fixed
      relative to front and back end mounts 66 extending outwardly from the side
      plates 68. In long installations, there is sometimes a tendency of the
      unsupported central portions of the slide bars 48 and 50 to sag slightly
      causing uneven amounts of friction between the respective slide bars 48
      and 50, and journal blocks 52 and 54 resulting in cocking of one or more
      of the frame members 34 through 42.
PAR  To obviate this possibility, particularly for long installations, as
      illustrated in FIG. 6, each slide bar such as 58' is rigidly fixed along
      its length to the side plate 68' by a plurality of spaced apart bracket
      plates 100, fixed as by welding between the slide bar 58' and the side
      plate 68'. As illustrated in FIGS. 7 and 8, each sliding journal block
      such as 52' is appropriately, longitudinally slotted at 102 to permit it
      to bypass the respective bracket plates 100 as it is moved between the
      front and rear portions of the slide bars such as 58', in either
      direction, during operation of the device as previously described. With
      further reference to FIG. 8, the respective ends of the slot 102 are
      preferably chamfered as at 104 and 106.
PAR  Each of the journal blocks such as 52' may be fixed relative to one end of
      a frame member 34 through 42 in the manner previously described relative
      to FIGS. 2 and 3 or in the modified version disclosed in FIGS. 7 and 8.
PAR  For example, the journal block 52' is welded to the end of the bottom leg
      108 of a generally L-shaped bracket 110. The upstanding leg 112 is
      preferably curved upwardly and inwardly, and is bolted at 114, adjacent it
      supper end, to a foot plate 116, welded to one end portion 118 of a frame
      member such as 42' which receives one of the tubular cover receptacles
      such as 44 in FIG. 2.
PAR  Referring to FIGS. 9 and 10, a modified form of journal means for the
      respective end portions such as 118 (FIG. 7) of the frame members 34
      through 42 is illustrated which comprises a trolley means generally
      indicated at 120. In this form of the invention, the bracket 110' is fixed
      as by welding to upper and lower inside plates 122 and 124. The inside
      plates 122 and 124 are fixed by front and back transverse connector
      members 126 and 128 to upper and lower outside plates 130 and 132,
      defining rectangular frames 134 and 136 for front and back upper rollers
      138 and 140 and front and back lower rollers 142 and 144. The respective
      pairs of rollers are journaled on stub shafts 146, extending between the
      upper and lower side plates 122, 130 and 124, 132 in engagement with one
      of the slide bars such as 58".
PAR  As best illustrated in FIG. 10, the contact surface of each roller is
      configurated to mate with substantially less than 180.degree. of the cross
      sectional surface of the slide bar 58" to provide clearance therebetween
      for the bracket plates 100'. This roller type of journal means greatly
      reduces friction and virtually eliminates any possibilities of binding
      between the journal means and slide bars.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An accordion cover for the open top, load-carrying body of a truck
      comprising,
PA1  A. a flexible cover, adapted to be moved from a normally open, stacked
      disposition relative to the open top to an extended, closed disposition
      relative thereto;
PA1  B. a plurality of frame members spanning the open top in a fixed, spaced
      apart relation along the length of said flexible cover, each of said frame
      members including a pair of end portions extending downwardly and
      outwardly of the respective top, side edges of the load-carrying body;
PA1  C. means to movably connect each of said pair of end portions relative to
      the length of said load-carrying body;
PA1  D. reversible motor drive means;
PA1  E. cable means connecting between said reversible motor drive means and the
      rearmost of said frame members whereby said flexible cover is selectively
      movable between said open and closed positions;
PA1  F. said means to connect comprising guide means fixed relative to the
      outside of opposed side walls of the load-carrying body and including
      brackets connecting said guide means and said side walls and a collar
      having a longitudinal slot along its length comprising means to bypass
      said brackets;
PA1  G. each of said collars having affixed thereto, as by welding, a radially
      outwardly extending leg of a generally L-shaped bracket, the upstanding
      leg of which is curved upwardly and inwardly for bolted attachment to a
      foot plate fixed to one end portion of one of said frame members.
NUM  2.
PAR  2. The accordion cover as defined in claim 1 wherein said flexible cover
      includes a generally transverse front closure portion to deflect the wind
      forces around and over said flexible cover.
NUM  3.
PAR  3. The accordion cover as defined in claim 2 wherein said front closure
      cover is downwardly and forwardly inclined and includes an appropriately
      formed, generally horizontally disposed frame fixed relative thereto about
      the lower periphery thereof.
NUM  4.
PAR  4. The accordion cover as defined in claim 1 wherein said frame members are
      generally arched in configuration.
NUM  5.
PAR  5. The accordion cover as defined in claim 1 wherein the respective ends of
      said slot are chamfered.
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ABST
PAL  An apparatus for receiving waste products and other debris from a floor,
      turf and the like, which apparatus is adapted to have a removable plastic
      bag attached thereto so as to permit selective disposal of said waste
      products and debris without the possibility of the operator thereof coming
      in direct contact with such products.
BSUM
PAR  This invention relates in general to a portable receptacle adapted to
      receive and subsequently dispose of various types of waste products and
      the like, and more particularly to a device which is adapted to gather
      said waste products in a removable and disposable polyethylene or plastic
      container or bag thus permitting the said device to remain substantially
      clean.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Various types of receptacles for gathering waste products are well known in
      the art, particularly those utilized in connection with receiving animal
      waste. However, they all appear to have an inflexible receiving pan, and
      none has a disposable and removable bag forming a part thereof of the type
      as disclosed herein.
PAC  OBJECTS OF THE INVENTION
PAR  The present invention provides a removable and disposable polyethylene or
      plastic bag or container connected to the base structure of the invention,
      and means for removing said bag or container with waste products therein
      and immediately sealing same.
PAR  With the foregoing in mind, it is the primary object of the present
      invention to provide disposable means which are attached to a receptacle
      base, which means are adapted to receive therein various types of waste
      products and to hold same until subsequent sealing and collection. Further
      and additional objects and advantages of the present invention include
      having a receptacle device for use in connection with cleaning the waste
      products of animals from yards, pathways, streets and the like, which
      device is capable of enclosing said products in a flexible disposable
      container so that such combination may be removed at any time by the user
      and sanitarily placed in a trash receptacle for subsequent disposal and;
      having a waste collecting device as described above which is extremely
      economical to manufacture and which is simple to operate. Such objects,
      advantages and capabilities will be readily apparent and better understood
      from the following description, taken in conjunction with the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the preferred embodiment of the present
      invention.
PAR  FIG. 2 is a partial cross-sectional front view of said embodiment of the
      invention.
PAR  FIG. 3 is a partial cross-sectional side view of said embodiment of the
      invention.
PAR  FIG. 4 is a partial cross-sectional side view of the said embodiment,
      except that it has been lifted upwardly by the handle means therefor.
PAR  FIG. 5 is a partial cross-sectional side view of said embodiment in
      position for removal of the disposable container.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The presently preferred embodiment of the invention comprises a
      substantially square shaped floor 32 with the side edges thereof being
      attached to side portions 33 a and 33 b and the rear edge of said floor 32
      being attached to back portion 34, all of which may be called pan
      structure 35. The pan structure 35 is preferably formed of a perforated
      material, as illustrated in the drawings. The front of said structure 35
      is open so as to provide an entry way for collection of various waste
      products. A circular bracket 36 is provided at each side 33 a and 33b  b
      of said pan structure 35 and said brackets 36 are adapted to revolvingly
      receive the rein a substantially U-shaped member 37 which is adapted to
      rotatably hold a handle 38 thereon. In this embodiment of the invention, a
      bag 25 is placed within the confines of said structure 35, with the
      opening thereof being coincident with the said substantially rectangularly
      shaped open front of said pan structure 35. The open edge portion of said
      bag 25 is folded over connecting bar 39, the leading edges of said side
      portions 33 a and 33b, and the leading edge of said floor 32, and it is
      removably affixed thereto by means of a rubber band 40 or the like. As may
      be appreciated, once waste products are scooped into the interior of said
      bag 25, the rubber band 40 surrounding said bag 25 and the front opening
      of said pan structure 35 would be removed. Thereafter, said bag 25 may be
      removed from said pan structure 35 and closed by use of said rubber band
      40. The entire container 25, including the undesirable material therein,
      may then be discarded into a trash container for subsequent disposal.
PAR  A support member 41 is placed on said handle 38 in the position shown in
      FIG. 3 of the drawing. When it is desired that said bag 25, including the
      waste products therein, be removed from said pan structure 35, the handle
      38 is rotated so that said pan structure 35 is substantially vertical with
      the open front above the back portion 34. The said back portion 34 may
      then be positioned so that it rests upon the support member 41 as shown in
      FIG. 5. Consequently, it becomes very easy to remove said bag 25 in the
      manner discussed above without fear of physical contact with said
      products. The present invention is not intended to be restricted to any
      particular arrangement of parts, or application of any such construction
      or arrangement of parts, or any specific method of operation or use, since
      the same may be modified in various particulars or relations without
      departing from the spirit and scope of the claimed invention hereinabove
      shown and described. For that reason, the embodiment disclosed herein is
      intended only for illustration and for disclosure of an operative
      embodiment and not to show all of the various forms or modifications in
      which the invention might otherwise be embodied.
CLMS
STM  I claim:
NUM  1.
PAR  1. A portable apparatus for collecting waste products and various debris
      therein, said apparatus comprising:
PA1  a. a generally rectangularly shaped open pan having a flat bottom portion,
      side portions, and a rear portion;
PA1  b. bar means for fixedly connecting the side portions of said pan at the
      front thereof so as to define a substantially planar open front end;
PA1  c. a substantially U-shaped member each leg of which is rotatably mounted
      on the outside of one of the side portions of said pan;
PA1  d. a handle rotatably mounted on the portion of said substantially U-shaped
      member joining the legs thereof;
PA1  e. a flexible and disposable container adapted to be inserted within the
      confines of said pan with the opening thereof folded back over the front
      edges of the bottom portion and side portions of said pan and the front
      edge of said bar means;
PA1  f. elastic band means for removably connecting the portion of said
      container folded over said pan and said bar means to said pan and said bar
      means, thereby providing a planar passageway into the interior of said
      container; and
PA1  g. a support member mounted on said handle in a position such that, when
      said handle is rotated so that said pan is substantially vertical with the
      open front above the rear portion of said pan, the rear portion of said
      pan rests upon said support member, thereby facilitating the removal of
      said disposable container without physical contact with waste products or
      debris contained therein.
NUM  2.
PAR  2. A portable apparatus for collecting waste products and various debris
      therein as recited in claim 1 wherein said pan is formed of a perforated
      material.
PATN
WKU  039428320
SRC  5
APN  4836235
APT  1
ART  242
APD  19740627
TTL  Leaf collector
ISD  19760309
NCL  2
ECL  1
EXP  Blum; Daniel
NDR  1
NFG  4
INVT
NAM  Haas, Jr.; Donald A.
STR  128 Industrial Drive
CTY  Summerville
STA  SC
ZIP  29483
CLAS
OCL  294 55
XCL  248101
EDF  2
ICL  A47F 1308
FSC   15
FSS  257.1;257.7
FSC  248
FSS  101
FSC  294
FSS  1 R;19 R;55
UREF
PNO  1868269
ISD  19320700
NAM  Beadle
XCL  248101
UREF
PNO  3606436
ISD  19710900
NAM  Lynch
OCL  294 19R
UREF
PNO  3688483
ISD  19720900
NAM  Hamilton
XCL  294 55
UREF
PNO  3733099
ISD  19730500
NAM  Szita
OCL  294 19R
UREF
PNO  3804448
ISD  19740400
NAM  Schmieler
XCL  294 55
UREF
PNO  3841592
ISD  19741000
NAM  Witten
OCL  248101
LREP
FRM  Bailey & Dority
ABST
PAL  A collector for leaves and the like is illustrated for positioning a bag
      for collecting leaves and other refuse therein having an open rim for
      receiving an open end of a bag which is retained thereabout by an
      elongated elastic restraining member which confines an open end of the bag
      over the rim in a groove carried by the outer periphery of the rim.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Means have been provided for positioning plastic bags and the like in a
      vertical position for receiving garbage and refuse of this type, but such
      has not been adaptable to the collection of leaves and plant trimmings as
      associated with gardening. Efforts have been made to providing a rim
      structure such as illustrated in U.S. Letters Pat. No. 3,697,030 to
      maintain the open end of the bag in fully open position for the reception
      of leaves and the like. Such a device, however, must be moved from one
      pile of leaves to the other and affixed to the ground in each case.
PAR  It is an important object of this invention therefor, to provide a
      collecting device which includes a rim for maintaining plastic bags and
      the like open, and which may be held in the hand of the user and
      conveniently placed with a flat edge thereof on the ground thereof
      adjacent the leaves and the trash to be raked therein.
PAR  Another important object of the invention is to provide a collector for
      positioning a plastic bag and the like in open position wherein a
      downturned end of the bag may be secured readily about the end of the rim
      through the use of a elastic band or cable.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It has been found that a holder for a plastic bag for collecting leaves and
      the like may be provided, including an open rim carried by a handle with a
      peripheral groove in the outer surface of the rim for receiving elastic
      retaining means confining a downturned edge of the plastic bag within the
      groove for convenient positioning thereof adjacent piles of refuse to be
      raked therein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The construction designed to carry out the invention will be hereinafter
      described, together with other features thereof.
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the accompanying drawing
      forming a part thereof, wherein an example of the invention is shown and
      wherein:
PAR  FIG. 1 is a perspective view of a collecting means in the form of a bag
      holder constructed in accordance with the present invention, illustrated
      in position for receiving a pile of leaves and the like,
PAR  FIG. 2 is a sectional elevation taken on the line 2--2 of FIG. 1,
PAR  FIG. 3 is a sectional plan view taken on the line 3--3 in FIG. 1, and
PAR  FIG. 4 is a plan view of the holder illustrating the elastic means prior to
      attachment at bag holding engagement about the rim.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The drawing illustrates a holder for a bag for collecting leaves and the
      like including an open rim A for receiving an open end of a bag with an
      open edge portion of the bag passing over and around the rim. A handle B
      is affixed to the rim as at the ends thereof for carrying the rim. An
      elongated elastic restraining member C extends about the rim attaching the
      open end of the bag around the rim. Retaining means D are provided for
      positioning the elastic restraining member about the rim maintaining the
      open end of the bag used around the rim.
PAR  A plastic leaf bag 10 is illustrated in FIG. 1 in position for collecting
      leaves or other refuse L from the ground. It will be observed that the rim
      A is preferably constructed in the form of a loop having straight aligned
      end portions 12 and 13 for receiving the handle B. The handle B has a
      recess 14 therein throughout its length receiving the rim end portions 12
      and 13 as well as end portions 15 and 16 of the elongated elastic
      restraining member C. The end portions 15 and 16 are illustrated as being
      knotted as at 17 and 18, respectively, for retention within the handle B.
PAR  The rim A has means D, in the form of an external groove having sides 19
      and a base 20, for retaining the elastic restraining member about the rim
      maintaining the open end of the bag attached around the rim. The bag 10
      has an open edge portion 10a passing over and around the rim. The bag is
      confined within the walls 19 by the elastic restraining member C.
PAR  The rim A preferably has a straight side 21 opposite the handle B. This
      side may be placed on the ground with the bag extending rearwardly
      therefrom for leaves to be raked or lifted therein.
PAR  It is thus observed that a versatile bag positioning device is provided for
      collecting leaves, plant cuttings and the like. An open end of a plastic
      bag may be readily positioned and turned over about the rim and securely
      positioned by simply placing the elastic cable C in position in the groove
      D about the rim. The device may be carried by hand to any of a number of
      location points, such as piles of leaves, and the like, and the pile
      readily placed in the bag.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A holder for a bag for collecting leaves and the like from the ground
      comprising:
PA1  an open rim for receiving an open end of a bag with an open edge portion of
      the bag passing over and around the rim;
PA1  said open rim having a pair of opposed elongated sides connected by a
      straight side and terminating in a pair of straight ends extending
      outwardly from said open rim;
PA1  an outwardly extending hollow handle receiving said ends at a juncture
      thereof extending normally towards said straight side providing exertion
      of uniform pressure on said straight side of the rim against the ground
      with the handle in elevated position to present the bag in an open
      position for the reception of leaves;
PA1  an elongated elastic restraining member having a pair of ends permanently
      secured within said handle forming an extensible loop which may be
      extended and passed about said rim attaching the open end of the bag
      around the rim; and
PA1  groove means on said rim retaining said elastic restraining member about
      said rim maintaining the open end of the bag attached around the rim;
PA1  whereby the open end of the bag may be readily secured about the rim by
      simply extending the loop thereabout, and the holder may be held in the
      hand of the user and conveniently placed with the straight side opposite
      the handle on the ground to facilitate the collection of leaves.
NUM  2.
PAR  2. The structure set forth in claim 1 wherein said hollow handle has an
      internal cavity open on one end for receiving said ends of said rim
      confining said ends of said elastic restraining member within said cavity.
PATN
WKU  039428338
SRC  5
APN  3049930
APT  1
ART  311
APD  19721109
TTL  Running tools
ISD  19760309
NCL  4
ECL  1
EXA  Marmor; Charles A.
EXP  Reeves; Robert B.
NDR  2
NFG  11
INVT
NAM  Plunk; Rowe A.
CTY  Midland
STA  TX
RLAP
COD  71
APN  859140
APD  19690918
PSC  03
CLAS
OCL  294 8618
XCL  294 863
XCL  294 8632
ICL  E21b 3102
FSC  294
FSS  86.26;83.6;86.19;86.2;86.29;86.32;86.18;86.21;86.27;86.28;86.23
UREF
PNO  1285523
ISD  19181100
NAM  Williams
OCL  294 86.18
UREF
PNO  1795322
ISD  19310300
NAM  Tripleit
OCL  294 86.15
UREF
PNO  2614881
ISD  19521000
NAM  Holland
OCL  294 86.29
UREF
PNO  2745693
ISD  19560500
NAM  McGill
OCL  294 86.18
UREF
PNO  2889170
ISD  19590600
NAM  Bode
OCL  294 86.32
UREF
PNO  3163228
ISD  19641200
NAM  Hayes
XCL  294 86.18
LREP
FR2  Nies; John D.
ABST
PAL  A running tool for setting and retrieving well devices in and from wells
      having a mandrel reciprocable in its axial bore and slips suspended from
      the mandrel for reciprocation therewith into and out of supporting
      engagement with a well device, the bore including a counterbore in its
      lower portion permitting expansion of the slips into releasing position
      and a reduced lower extremity for contracting said slips into supporting
      position. A spring, confined in the counterbore around the mandrel,
      constantly urges said mandrel and slips downwardly and permits relative
      downward movement of the tool and expansion of the slips upon setting of
      the well device. A latch assembly is adapted to maintain the mandrel and
      slips in their relative upper positions upon slow lifting of the tool and
      is releasable upon rapid raising of said tool due to the inertia of said
      mandrel and slips combining with the compression of the spring to overcome
      the force of the latch assembly and permit upward movement of said tool
      relative to said mandrel and slips and reengagement of the slips with the
      well device. A safety lock may be provided to hold the latch assembly
      inoperative and prevent the inertia of the mandrel and slips from becoming
      effective.
PARN
PAR  This is a continuation of application Ser. No. 859,140, filed Sept. 18,
      1969, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  A running tool for setting and retrieving well devices in and from wells
      including a housing having an axial bore in its upper portion, a
      counterbore in its lower portion and a bowl at its lower extremity. A
      mandrel is reciprocable in the bore and has slips suspended therefrom for
      reciprocation therewith into and out of engagement with a well device, the
      counterbore permitting expansion of the slips into releasing position and
      the bowl contracting said slips into supporting position. A helical spring
      is confined within the counterbore around the mandrel for constantly
      urging said mandrel and slips downwardly and permitting relative downward
      movement of the housing and expansion of the slips upon engagement of the
      well device with a stop. The upper end of the mandrel is reduced and
      tapered upwardly to provide a substantially conical head having a
      downwardly-facing shoulder and an underlying frusto-conical surface for
      coacting with a latch assembly carried by the housing, which includes a
      spring latch having an inwardly-offset portion for engaging beneath the
      shoulder upon relative downward movement of said housing to maintain said
      mandrel and slips in upper positions relative to said housing during slow
      lifting of the latter. Due to the inertia of the mandrel and slips as well
      as the compression of the spring, said mandrel and slips are prevented
      from moving from their lower to their upper positions upon rapid raising
      of the housing from its relative downward position when the tool is at
      rest. The latch assembly moves downwardly with the housing whereby the
      inwardly-offset portion of the spring latch slides out of engagement with
      the head of the mandrel onto its frusto-conical surface which flexes said
      spring latch outward sufficiently to permit its offset portion to ride
      upwardly over the shoulder onto said head upon subsequent sudden upward
      movement of said housing. Manifestly, slow lifting of the housing permits
      inward flexing of the spring latch and reengagement of its inwardly-offset
      portion with the shoulder of the mandrel before said offset portion can
      move said shoulder.
PAR  A safety lock may be provided for holding the latch assembly inoperative to
      prevent accidental release of the slips from the well device and includes
      pivoted means having a keeper for engagement beneath an extremity of the
      spring latch when the latter is flexed outward manually so as to withdraw
      its inwardly-offset portion from engagement with the mandrel. Due to the
      inoperativeness of the latch assembly, the mandrel and slips remain
      stationary upon relative reciproaction of the housing and the compression
      of the spring forces the slips into reengagement with the bowl and well
      device upon upward relative movement of said housing. The pivoted means
      includes an extension for upward engagement with an obstruction in the
      well upon upward movement of the tool whereby said means is rotated to
      disengage its keeper from beneath the extremity of the spring latch and
      permit the inwardly-offset portion of said latch to reengage the mandrel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a broken side elevational view of a running tool, constructed in
      accordance with the invention, suspended within a well tubing on a wire
      line and supporting a shock absorber and pressure bomb above the standing
      valve of the tubing, with its latch assembly locked in retracted position.
PAR  FIG. 2 is an enlarged, side elevational view, partly in section and taken
      at a right angle to FIG. 1, of the running tool, shock absorber and a
      portion of the bomb.
PAR  FIG. 3 is a full scale, transverse, vertical, sectional view, taken on the
      line 3--3 of FIG. 2, showing the locking of the latch assembly in
      retracted inoperative position more clearly,
PAR  FIG. 4 is a view, similar to FIG. 3, of the upper portion of the tool with
      its latch assembly in operative position and disconnected from its lowered
      mandrel,
PAR  FIG. 5 is a view, similar to FIG. 3, showing the mandrel latched in its
      upper position for holding the slips of the tool in retracted position to
      release the fishing neck of the shock absorber,
PAR  FIGS. 6, 7 and 10 are enlarged, horizontal cross-sectional views taken on
      the respective lines 6--6, 7--7 and 10--10 of FIG. 2, FIGS. 8 and 9 are
      horizontal, cross-sectional views taken on the respective lines 8--8 and
      9--9 of FIG. 3, and
PAR  FIG. 11 is a horizontal cross-sectional view taken on the line 11--11 of
      FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, the numeral 1 designates a running tool adapted to be
      suspended from a wire line 2 for movement through a well tubing 3 having a
      standing valve 4 at its lower portion. A weight bar, a portion of which is
      shown at 5, is interposed between the running tool 1 and wire line 2 and a
      well device 6 is adapted to be supported from said tool. Although subject
      to variation, the well device 6 is illustrated as including a shock
      absorber 7 and a pressure bomb 8 of conventional construction. A reduced
      fishing neck 9, having the usual annular grooves or threads 10, upstands
      from the shock absorber 7, or other well device, for releasable connection
      with the running tool (FIGS. 2, 3 and 5). It is noted that the well device
      may be of any suitable type capable of being lowered into and withdrawn
      from a well tubing on a wire line and having a fishing neck for detachable
      connection with the tool.
PAR  As best shown in FIGS. 3 and 5, the running tool 1 includes an elongate,
      cylindrical body or housing 11 having upper and lower sections 12 and 13
      joined by a pin and box connection 14. The lower housing section 13 is in
      the form of a sleeve and has its cylindrical bore 15 communicating with
      the reduced, axial bore 16 of the upper housing section 12. A
      complementary, cylindrical mandrel 17, having a substantially conical head
      18 at its upper end, is freely reciprocable in the bore 16 and depends
      into the bore 15 which functions as a counterbore for the housing 11.
      Below its head 18, the mandrel 17 is reduced in diameter and tapered
      upwardly to provide an annular, downwardly-facing shoulder 19 at the lower
      end of said head and an upwardly-facing frusto-conical surface 20
      therebelow. As shown at 21, the lower end portion of the mandrel is
      enlarged in diameter and carries an annular, radial flange 22 intermediate
      its ends. An annular recess or counterbore 23 is formed at the lower
      extremity of the bore 16 of the section 12 to provide a downwardly-facing
      shoulder for coacting with the flange 22 to confine a helical spring 24
      therebetween around the mandrel and within the bore 15 of the sleeve 13
      whereby said mandrel is constantly urged downwardly. It is pointed out
      that the spring 24 is relatively weak so as to require little force to
      compress the same.
PAR  A horizontal pin 25 projects diametrically through the enlarged lower end
      portion 21 of the mandrel 17 immediately below the flange 22 (FIG. 8) for
      supporting a pair of opposed slips 26 by means of openings 27 at the upper
      ends of the latter. Each slip 26 is arcuate in cross-section and has its
      major intermediate portion 28 internally recessed to provide an
      upwardly-facing shoulder 29 at its lower end. A diametric, horizontal
      opening 30 extends through the mandrel portion 22 below and in vertical
      alinement with the pin 25 for receiving a helical spring 31 (FIG. 9) which
      has its ends bearing against the slips 26 so as to urge the same
      outwardly. It is noted that the bore 15 of the lower housing section or
      sleeve 13 is of sufficient diamter to accommodate hanging of the slips in
      expanded vertical position without permitting separation thereof from the
      pin. An upwardly-facing bevelled seat or bowl 32 is provided at the lower
      extremity of the bore 15 for engagement by exterior bevelled surfaces 33
      on the lower ends of the slips 26 so as to contract said slips into
      supporting position. When the mandrel 17 is in its lower position relative
      to the housing 11 as shown in FIGS. 2 and 3, the spring 24 urges the slips
      downwardly to maintain the bevelled surfaces 33 engaged with the bowl 32
      and the shoulders 29 engaged with the fishing neck 9. In the relative
      upper position of the mandrel, the spring 24 is compressed and the slips
      26 are lifted out of engagement with the bowl so as to permit expansion of
      said slips and disengagement thereof from the fishing neck (FIG. 5) as
      will be apparent.
PAR  A latch assembly 34 is provided for holding the mandrel 17 and slips in
      their upper positions relative to the housing and includes an elongate
      channel or groove 35 extending longitudinally of the exterior of the upper
      housing section 12 throughout the major portion of its length and
      communicating with the intermediate portion of its bore 16 through an
      elongate, vertical opening or slot 36. A horizontal pivot pin 37 extends
      transversely across the upper portion of the groove 35 for supporting
      thereon the helical coil 38 of a spring latch 39 in the form of a wire
      (FIGS. 2-6) which has a short leg 40 extending upwardly from one end of
      said coil and bearing against the bottom of said groove. An elongate leg
      41 extends downwardly from the opposite end of the coil 38 and has an
      inwardly-offset portion 42 above its lower extremity 43 projecting through
      the slot 36 into the bore 16 for engagement with the shoulder 19 of the
      mandrel head 18 (FIGS. 5 and 11). It is noted that the spring latch 39 is
      of greater effective strength than the helical spring 24 so as to be
      capable of maintaining said spring compressed and holding the mandrel and
      slips in their raised or upper positions relative to the housing 11.
PAR  If desired, a safety lock 44 may be provided for maintaining the latch
      assembly 34 in its inoperative position with its spring latch 39 retracted
      outwardly and the offset portion 42 of the latch leg 41 withdrawn from the
      bore 16 of the upper housing section 12 (FIGS. 1-3). The safety lock 44 is
      in the form of a wire set as best shown in FIGS. 3, 5 and 7 and includes a
      helical coil 45 adjacent one end pivotally confined on a horizontal pin 46
      extending transversely of the groove 35 below the lower extremity 43 of
      the latch leg. An elongate arm or finger 47 extends upwardly from one of
      the coil 45 which has a short, angular arm or keeper 48 projecting from
      its opposite end across the inner portion of the elongate arm or finger.
      When the finger 47 is swung upwardly, the keeper 48 moves therewith toward
      the lower extremity 43 of the latch leg 41 for underlying engagement with
      said extremity upon outward manual flexing of said leg whereby the offset
      portion of said leg is held in its outward position and prevented from
      engaging the mandrel 17. As a result, the mandrel 17 and slips 26 are
      urged downwardly by the force of the spring 24.
PAR  Even though the housing 11 may undergo limited downward movement relative
      to the mandrel and slips, the compression of the spring maintains said
      mandrel and slips in their lower positions upon upward relative movement
      of said housing and prevents separation of the tool from the fishing neck
      9. During this relative movement, the slips expand when in the bore 15 but
      are contracted into supporting position upon engagement with the bowl 32.
      Manifestly, the safety lock 44 prevents accidental actuation of the
      running tool until said tool is moved upwardly so as to engage the lock
      finger 47 with one of the couplings of the tubing 3 and thereby force said
      finger outward and downward sufficiently to rotate said lock and disengage
      the keeper 48 from the extremity 43 of the latch arm 41 and permit reentry
      of the offset portion 42 of said arm into the bore 16 for engagement with
      the mandrel.
PAR  When a well device, such as the pressure bomb 8 and its shock absorber 7,
      are lowered into the well tubing, the mandrel 17 and slips 26 are in their
      relative lower positions with the bevelled exterior surfaces 33 of said
      slips engaged with the bowl 32 of the housing section 12 so as to clamp
      the internal shoulders 29 of said slips in engagement with the fishingneck
      9 (FIGS. 1-3). The elements remain in this relationship due to the spring
      24 until the safety lock 44 is actuated to release the spring latch 39 of
      the latch assembly 34 and the well device is engaged with the standing
      valve 4 or other stop in the tubing 3. Upon this engagement and due to the
      weight bar 5, the housing 11 of the running tool 1 continues to move
      downwardly relative to the stationary mandrel and slips so as to compress
      the spring and the inwardly-offset portion 42 of the latch arm 41 is
      positioned below the head 18 of said mandrel for engagement beneath the
      shoulder 19 upon subsequent lifting of said tool. It is pointed out that
      conventional jars (not shown) may be utilized instead of the weight bar to
      impart this relative downward movement to the housing. Under normal or
      slow upward movement of the housing 11 from its relative lower position,
      the force of the compressed spring 24 is insufficient to prevent inward
      flexing of the latch arm and engagement of its offset portion with the
      shoulder of the mandrel 17 (FIG. 5) and said mandrel and slips 26 are
      latched in their upper positions whereby the expanded slips release the
      fishing neck 9.
PAR  It is noted that the mandrel and slips remain in their relative lower
      positions upon sudden or rapid upward movement of the housing from its
      lower position. This is due to the fact that the inertia of the mandrel
      and slips, combined with the force of the compressed spring 24, is greater
      than the force of the spring latch 29. Upon relative downward movement of
      the housing 11, the offset portion 43 of the latch arm 41 slides
      downwardly over the head 18 of the mandrel 17, past the shoulder 19, onto
      the frusto-conical surface 20 which flexes said arm outwardly and the
      large bore 15 of the sleeve 13 permits the slips 26 to expand out of
      engagement with the fishing neck 9. If the subsequent upward movement of
      the housing relative to the mandrel and slips is rapid or sudden, the
      latch arm flexes inwardly but its strength is insufficient to maintain its
      offset portion positively engaged with the mandrel shoulder. Instead, the
      offset portion 42 is flexed downwardly and rides upwardly over the
      shoulder 19 into reengagement with the mandrel head (FIG. 4). At the same
      time, the compression of the spring holds the mandrel and slips downwardly
      so that the slips are engaged and contracted by the bowl into reengagement
      with the fishing neck before said mandrel and slips commence to move
      upwardly with the housing. Due to this arrangement, the running tool may
      be employed to retrieve well devices as well as set the same. Prior to
      retrieval, the mandrel and slips are in their upper positions (FIG. 5) to
      facilitate entry of the fishing neck of a well device between said slips.
      This relationship is not critical however, since the housing is adapted to
      undergo relative downward movement so as to permit spreading of the slips.
PAR  It is pointed out that abrupt or rapid relative reciprocation can be
      imparted to the housing by the actuation of conventional jars to create
      sufficient momentum which results in sudden upward movement of said
      housing relative to the mandrel and slips.
PAR  The foregoing description of the invention is explanatory thereof and
      various changes in the size, shape and materials, as well as in the
      details of the illustrated construction, may be made without departing
      from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A running tool for setting and retrieving a well device comprising a
      tubular housing having a tapered portion at the lower end of its bore
      adapted to receive the upper end of said device, a mandrel reciprocable in
      said housing from a lower position to and above an upper position, slip
      means carried by said mandrel, said slip means being disposed in
      engagement with said tapered portion in gripping position when said
      mandrel is in its lower position and out of engagement with said tapered
      portion in release position when said mandrel is at or above said upper
      position, said mandrel being disposed above said upper position when tool
      is lowered fully, first spring means urging said mandrel toward said lower
      position, and latch means carried by said housing for selectively holding
      said mandrel in said upper position, said latch means comprising a latch
      portion moveable into and out of engagement with a downwardly facing
      shoulder on said mandrel, said latch portion being spaced below said
      shoulder when said mandrel is above said upper position, second spring
      means biasing said latch portion toward engagement with said shoulder,
      said second spring means having a predetermined strength sufficient to
      retain said latch portion in latching engagement with said shoulder upon
      slow upward movement of said housing whereby said housing, said mandrel,
      and said slip means may be moved upwardly together with said slip means
      latched in its upper release position, but said predetermined strength
      being insufficient to retain said latch portion in latching engagement
      with said shoulder upon rapid upward movement of said housing, whereby
      during said rapid upward movement, said latch portion rides outwardly over
      said shoulder due to the inertia of said mandrel, and said slip means is
      moved by said first spring means to its lower gripping position with said
      device.
NUM  2.
PAR  2. The running tool according to claim 1 wherein the interior of said
      tubular housing is enlarged to provide a counterbore having a downwardly
      facing shoulder at its upper end, the lower portion of said mandrel
      extending into the counterbore and having a radial flange thereon and said
      first spring means being confined on said mandrel between the shoulder and
      the flange.
NUM  3.
PAR  3. The running tool according to claim 1 wherein said latch means comprises
      an arm extending axially of said housing and pivotally received in a
      channel in said housing, and said latch portion comprises an inwardly
      offset portion of said arm extending through an opening in said housing
      for selective engagement with said mandrel.
NUM  4.
PAR  4. The running tool according to claim 3 wherein said second spring means
      is formed integrally with said arm.
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ABST
PAL  A hooked clutch for use with a crane, a hoist or the like is disclosed
      which includes a pair of clutching arms pivoted to a pantagraph on top of
      which is attached a ring. A pair of slide plates are mounted on the body
      of the clutch to be slidable along the body for a limited distance. The
      clutching arms are coupled by chain with the slide plates, which are
      coupled to, and uncoupled from, the ring. Simply by lifting and lowering
      the ring, the clutching arms can be automatically closed and opened to
      cause the hooks at their ends to engage, and disengage from, a member to
      be transported.
BSUM
PAR  The present invention relates to a hooked clutch for use with a crane, a
      hoist or the like for lifting and transporting structural members having a
      projecting portion at each side thereof, such as I-steels.
PAR  On conventional clutches, clutching hooks had to be folded and spread out
      by hand to bring them into and out of engagement with the member to be
      transported. This means very low efficiency and incomplete clutching which
      may lead to serious accident.
PAR  It is an object of the present invention to provide a clutch whose
      clutching hooks can be automatically opened and closed simply by lifting
      and lowering a ring on its top by remote control to bring a portion of the
      clutch into contact with the member to be transported.
PAR  It is another object of the present invention to provide a clutch which
      includes a means for assuring secure opening and closing of the clutching
      hooks.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      from the following description of embodiments with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a front view of a hooked clutch in accordance with the present
      invention;
PAR  FIG. 2 is a side view thereof;
PAR  FIG. 3 is a perspective view thereof;
PAR  FIG. 4 is an enlarged perspective view of a portion thereof;
PAR  FIGS. 5, 6, 7 and 8 schematically show the operation of the clutch shown in
      FIG. 1;
PAR  FIG. 9 is an enlarged perspective view similar to FIG. 4 of a portion of
      another embodiment of the present invention;
PAR  FIG. 10 is a further enlarged partial front view of the portion shown in
      FIG. 9;
PAR  FIG. 11 is a longitudinal cross-sectional side view of the portion shown in
      FIG. 10; and
PAR  FIGS. 12, 13, 14 and 15 are diagrams similar to FIGS. 5, 6, 7 and 8
      schematically showing the operation of the second embodiment shown in FIG.
      9.
DETD
PAR  In the embodiment shown in FIG. 1 to FIG. 8, the numeral 11 designates a
      body of the device embodying the present invention. The body 11 consists
      of a pair of side plates 13 mounted vertically opposite to each other on a
      bottom plate 12 and secured thereto as by welding. An opposed pair of
      bearings 14 are also secured to the bottom plate 12 between the side
      plates 13. On a horizontal axis 15 journalled by the bearings 14 are
      pivoted the lower ends of a pair of supporting plates 16, to the upper
      ends of which are pivoted the lower ends of a pair of links 17 on shafts
      18. The links 17 have their upper ends mounted on a shaft 19. Thus, the
      supporting plates 16 cooperate with the links 17 to form a pantagraph 25.
PAR  A slide plate 20 is mounted on the outer side of each side plate 13 so as
      to be slidable therealong. An opposed pair of guides 21 of L-shape
      cross-section are secured to the rear of said each slide plate 20 at both
      ends thereof. The guides 21 are slidably fitted in their respective
      vertical guide channels 22 formed in both ends of the rear of each side
      plate 13 to permit vertical sliding movement of the slide plate 20.
PAR  Each side plate 13 is formed with a vertical elongated slot 23 at the
      center thereof, in which a projection 24 of a smaller diameter on each end
      of the shaft 19 is loosely fitted. The projections 24 on the ends of the
      shaft 19 are also loosely fitted in vertical elongated slots formed in the
      slide plates 20 at the center thereof from the top edge thereof, too. The
      numeral 26 designates a ring of inverted U-shape, two circled ends 27 of
      which are mounted on the shaft 19 between the links 17 and the side plates
      13.
PAR  An opposed pair of clutching arms 28 curving at the middle thereof have
      their upper ends pivoted to the supporting plates 16 on shafts 29. The
      clutching arms 28 each have their lower end formed to serve as a clutching
      hook 30. The clutching arms 28 each are provided with two projections 31
      on the top edge thereof adjacent to the shafts 29. The slide plates 20
      also are provided with two projections 32 on their top edge. The
      projections 31 on the clutching arms 28 are coupled to the respective
      projections 32 on the slide plates 20 by chains 33. Chains may be replaced
      by any other flexible members such as wire rope. The slide plates 20 are
      provided with rods 34 with their upper end secured to mounting portions 35
      projecting outwardly from the bottom edges of the slide plates 20. The
      slide plates 20 can be lowered until these rods 34 contact the bottom
      plate 12.
PAR  An actuator 36 is pivotally mounted on the tip of the projection 24 on each
      end of the shaft 19. These actuators 36 are formed with V-shaped notches
      37 and 38 at their ends.
PAR  A stopper 40 is fixed to the outer surface of each slide plate 20 with its
      left-hand side facing the elongated slot 39. The stopper 40 has its one
      top corner facing the elongated slot 39 rounded, while its opposite bottom
      corner is formed to be of such an angle as to fit in the notch in the
      actuator 36 when the latter is in a slightly inclined position.
PAR  The actuator 36 in a vertical position goes up and down the side of the
      stopper 40 facing the elongated slot 39. A pin-like changeover projection
      41 is fixed to the outer surface of each slide plate 20 at its lower
      portion, slightly eccentric from the axis of the elongated slot 39 in the
      opposite direction to the stopper 40.
PAR  The operation of a preferred embodiment will now be explained. Although the
      slide plate, actuator, stopper, changeover projection, etc. are all
      provided in pairs, they will be sometimes referred to in singular in the
      following description for the sake of simplicity.
PAR  When the ring 26 is lifted as by a crane with the actuators 36 slightly
      tilted to the right in engagement with the stopper 40 at their one notched
      end as shown in FIGS. 4 and 5, the pantagraph 25 extends under the weight
      of the body 11, pantagraph 25, arms 28 and other members and the slide
      plates 20 go up relative to the body 11. The chains 33 pull up the
      clutching arms 28 into a full-open position as shown in FIGS. 1, 3 and 5.
PAR  The ring 26 is then lowered. After the bottom plate 12 has contacted the
      top of an I-steel 42, the ring 26 further goes down. The slide plates 20
      will start to slide down with the ring 26 so that the pantagraph 25
      contracts. Even after the rods 34 have contacted the bottom plate 12 to
      stop the slide plates 20, the ring 26 further goes down. As the chains 33
      loosen, the clutching arms 28 pivot down around the shafts 29 under their
      own weight until the clutching hooks 30 come under the upper beam 43 of
      the I-steel 42 as in FIG. 6. When the ring 26 further comes down, the
      actuator 36 hits the changeover projection 41 on its rigt-hand side,
      pivoting to the right into a near-horizontal position as in FIG. 6.
PAR  When the ring 26 is then pulled, it will go up, leaving the slide plates 20
      and the body 11. On its way up, the actuator 36 hits the stopper 40 on its
      right-hand side to pivot into a vertical position, and goes up the slot 39
      along the stoppers 40 with its notch 37 turned down. Therefore, even
      though the ring 26 goes up to extend the pantagraph 25, the chains 33
      remain loosened. As the pantagraph 25 extends, the distance between the
      arms 28 and that between the shafts 29 decrease. Accordingly, the
      clutching hooks 30 engage the I-steel 42 on the underside of its upper
      beam 43 from both sides as shown in FIG. 7. As the ring 26 is further
      lifted, the slide plates 20 and the body 11 also start to go up so that
      the I-steel 42 is hoisted off the ground.
PAR  After the I-steel 42 has been transported to a desired position, the ring
      26 is lowered until the I-steel 42 contacts the ground. As the ring 26
      further goes down with the body 11 and the slide plates 20 on the upper
      beam 43 of the I-steel 42, the pantagraph 25 contracts to pivot down the
      supporting plates 16. The arms 28 spread out to release the I-steel 42
      from the clutching hooks 30.
PAR  With further lowering of the ring 26, the projections 24 on both ends of
      the shaft 19 fit in the elongated slots 39 in the slide plates 20. When it
      further goes down, the actuator 36 engages the projection 41 on its lower
      notch 37. Because of slightly eccentric position of the projection 41, the
      actuator 36 slightly pivots to the right into a position ready to engage
      the stopper 40 on its upper notched end.
PAR  When the ring 26 is then pulled up, the actuator 36 goes up with the ring
      36 into engagement with the stopper 40 on its upper notch 38 to couple the
      slide plate 20 with the ring 26. Thus, the slide plate 20 starts to go up
      with the ring 26. The chains 33 pull the arms 28, which pivot up around
      the shafts 29, clearing the I-steel 42. The body 11 also goes up until the
      device in accordance with the present invention completely comes off the
      I-steel 42.
PAR  Since another embodiment as shown in FIGS. 9 to 15 is substantially the
      same as the first embodiment described above except for some minor
      portions, only the modified portions will be explained below.
PAR  In the second embodiment shown in FIGS. 9 to 11, the lever 44 is pivoted to
      the outer side of each slide plate 20 on the shaft 45, opposite to the
      stopper 40. On the front end of the lever 44 is pivoted a roller 46,
      opposite to the stopper 40. To the rear end thereof is attached a spring
      47 to hold it horizontal. The other end of the spring 47 is connected to
      the slide plate 20. A stopper pin 48 is fixed to the slide plate 20 to
      support the lever 44 horizontally, leaving a gap equal to the width of the
      actuator 36 between the roller 46 and the stopper 40. Under the elongated
      slot 39 is provided a pointed-tipped changeover projection 49, which has
      the same function as the changeover projection 41 on the first embodiment.
      It also is in a similar eccentric position with respect to the axis of the
      slot 39. A correcting piece 50, which may be formed by bending a metal
      piece, is fixed to the top of the stopper 40 with its coiled base thereon
      and its tip slightly withdrawn from the extension line of the side of the
      stopper 40 facing the roller 46.
PAR  The operation of the second embodiment will be explained below. Operation
      is quite the same as with the first embodiment in FIGS. 12 and 13.
PAR  The device comes down on to the I-steel 42 with the actuator 36 in
      engagement with the stopper 40 and the clutching arms 28 in their open
      position. First the body 11 contacts the I-steel 42. When the slide plate
      20 goes down relative to the body 11, the actuator 36 hits the changeover
      projection 49 on its right-hand side, pivoting into a near-horizontal
      position.
PAR  When the ring 26 is then pulled up, the actuator 36 hits the stopper 40 on
      its right-hand end and pivots to the right into a vertical position while
      pushing up the roller 46. Although the left-hand end of the actuator 36
      hits the roller 46 at its bottom, the lever 44 pivots up against the force
      of the spring 47. The actuator 36 goes up in a substantially vertical
      position with the notch 38 up and the upper beam 43 of the I-steel 42
      clamped between the clutching hooks 30 and the bottom plate 12 as shown in
      FIG. 14. This condition is the same as in FIG. 7.
PAR  The I-steel 42 is transported thus suspended. When it arrives at a desired
      position, the ring 26 is lowered. First the I-steel 42 contacts the ground
      and then the slide plate 20 goes down until the rods 34 extending from the
      bottom thereof contact the bottom plate 12. The ring 26 further goes down.
      Held in a vertical position, the actuator 36 passes between the roller 46
      and the stopper 40 until it hits the changeover projection 49 on its
      notched end into a slightly inclined position as in FIG. 15. The
      pantagraph 25 has contacted and thus the arms 28 have spread out. When the
      ring 26 is then raised, first the actuator 36 goes up into engagement with
      the stopper 40. Thereafter the slide plate 20 goes up with the actuator 36
      to stretch the pantagraph 25 and tighten the chains 33. Thus the arms 28
      open and clear the upper beam 43 of the I-steel 42.
PAR  When the actuator 36 comes down toward the slide plate 20 (as in FIG. 14),
      it may not be vertical but inclined. If it is inclined with its bottom
      slightly deflecting to the right, the correcting piece 50 pushes its
      bottom leftward to return it to a vertical position. The stopper 40 and
      the roller 46 also serve to bring it back to its normal position. If the
      actuator 36 comes down inclined in the reverse direction, the correcting
      piece 50 pushes its stop leftward for the same purpose.
PAR  As described above, the present invention provides a hooked clutch whose
      clutching arms can be automatically spread out and folded to cause their
      hooks to disengage from the member to be transported and engage the same
      simply by lifting and lowering a ring on top of pantagraph formed by a
      pair of links and supporting plates to which the clutching arms are
      pivoted.
PAR  The hooked clutch according to the present invention is simple to operate
      and requires no skill. It greatly increases work efficiency compared with
      conventional clutches which require manual engagement and disengagement of
      the hooks. Structural members are transported securely clamped between the
      bottom plate 12, the inner sides of the clutching arms 28, and the
      clutching hooks 30 thereof. There is no possibility of members falling off
      the hooks during transportation, causing accident.
PAR  Although the preferred embodiments have been described in connection with
      I-steel, it is to be understood that the device according to the present
      invention can be employed to lift and transport any other members having
      projecting portions under which the hooks engage.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hooked clutch comprising a body including an opposed pair of side
      plates vertically mounted on a bottom plate, a pantagraph formed by an
      opposed pair of links and an opposed pair of supporting plates, a ring
      having its lower ends mounted on a shaft on which the top of said
      pantagraph also is mounted, said pantagraph having its lower end coupled
      to said bottom plate of the body, an opposed pair of clutching arms
      pivoted to said supporting plates at the upper end thereof and having
      their lower end formed to be a hook, said hooks being disposed opposite to
      each other, an opposed pair of slide plates mounted to said side plates to
      be slidable therealong for a limited distance, members for coupling said
      clutching arms with said slide plates, and automatic changeover means
      provided on said ring and said slide plates for alternately coupling said
      slide plates with said ring and uncoupling the former from the latter.
NUM  2.
PAR  2. A hooked clutch according to claim 1, wherein said automatic changeover
      means comprises an actuator mounted on each end of said shaft on which the
      lower ends of said ring are mounted, said actuators having a V-shaped
      notch formed in each end thereof, a stopper provided on said each slide
      plate at the upper portion thereof, said actuators coming into engagement
      with said stoppers  at their notched end to couple said slide plates with
      said ring when they go up slightly inclined, and hitting said stoppers on
      their right-hand end and pivoting into a substantially vertical position
      to leave said slide plates disengaged from said ring when they go up in a
      near-horizontal position, and an eccentric changeover projection provided
      on said each slide plate at the lower portion thereof, said each eccentric
      changeover projection engaging said actuator on its notched end to incline
      it slightly when said actuator goes down vertically, and pushing said
      actuator on its side to incline it into a near-horizontal position when it
      goes down slightly inclined.
NUM  3.
PAR  3. A hooked clutch according to claim 1, wherein said automatic changeover
      means comprises an actuator mounted on each end of said shaft on which the
      lower ends of said ring are mounted, said actuators having a V-shaped
      notch formed in each end thereof, a stopper provided on said each slide
      plate at the upper portion thereof, said actuators coming into engagement
      with said stoppers at their notched end to couple said slide plates with
      said ring when they go up slightly inclined, and hitting said stoppers on
      their right-hand end and pivoting into a substantially vertical position
      to leave said slide plates disengaged from said ring when they go up in a
      near-horizontal position, an eccentric changeover projection provided on
      said each slide plate at the lower portion thereof, said each eccentric
      changeover projection engaging said actuator on its notched end to incline
      it slightly when said actuator goes down vertically, and pushing said
      actuator on its side to incline it into a near-horizontal position when it
      goes down slightly inclined, a lever mounted on said each slide plate
      opposite to said stopper to be pivotable only upwardly and held in a
      horizontal position by a spring, a roller rotatably pivoted to said lever
      at one end thereof to provide a sufficient gap between said roller and
      said stopper to permit passage of said actuator therebetween, and a
      correcting piece secured to the top of said each slide plate for bringing
      said actuator, if it goes down inclined, back to a vertical position.
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ABST
PAL  This chair is a rester which can move from upright position to T.V.
      position and then to fully reclined position. It has a legrest which is
      projected when moving from upright position to T.V. position, and
      retracted when going from T.V. position back to upright position. It also
      has a headrest which normally lies inside the backrest of the chair, when
      the chair is in upright position, and which swings out and projects up
      above the backrest, when the chair moves from upright to T.V. position.
      The headrest is retracted downwardly and returns into the backrest when
      the chair is moved from T.V. position back to upright position.
BSUM
PAR  This invention relates to a recliner rester chain with a projectible
      legrest and projectible headrest, and to hardware therefor.
PAR  In my copening application Ser. No. 408,801, filed Oct. 23, 1973, there is
      shown a lounger with projectible legrest and headrest. One object of the
      present invention is to provide a rester with projectible legrest and
      headrest.
PAR  Another object of this invention is to provide a recliner rester chair of
      the character described which has a body supporting unit comprising a seat
      portion and a backrest portion fixed to the seat portion, and which is
      movable from upright position to T.V. position, and from T.V. position to
      fully reclined position, and a projectible headrest for said backrest
      portion which is projected from inside the backrest portion below the
      upper end of said backrest portion, to a position above said backrest
      portion, when moving said unit from upright position to T.V. position, and
      which is retracted back to inside the backrest portion below the upper end
      of the latter, when moving said unit from T.V. position back to upright
      position.
PAR  Yet another object of this invention is to provide an improved rester of
      the character described in which the body supporting unit cannot move from
      upright position to fully reclined position without first going to T.V.
      position, and in which the body supporting unit goes from fully reclined
      position to T.V. position before going back to upright position.
PAR  Still another object of this invention is to provide in a chair of the
      character described, highly improved hardware to permit the chair
      movements described above.
PAR  A further object of this invention is to provide in a chair of the
      character described, a legrest which is projected when the body supporting
      unit moves from upright to T.V. position, remains projected when said unit
      moves from T.V. position to fully reclined position and from fully
      reclined position back to T.V. position, and which is retracted when said
      unit is moved from T.V. position back to upright position.
PAR  A still further object of this invention is to provide, in a chair of the
      character described, highly improved hardware for quickly and fully
      projecting a headrest from retracted position, upon moving the body
      supporting unit of a rester from upright to T.V. position.
PAR  Yet a further object of this invention is to provide a strong, rugged and
      durable chair (and hardware therefor), of the character described, which
      shall be relatively inexpensive to manufacture, easy to assemble and
      operate, which shall be smooth and comfortable in use and easy for the
      occupant to manipulate, and which shall yet be practical and efficient to
      a high degree.
PAR  Other objects of this invention will in part be obvious and in part
      hereinafter pointed out.
PAR  The invention accordingly consists in the features of construction,
      combinations of elements, the arrangement of parts which will be
      exemplified in the construction hereinafter described and of which the
      scope of invention will be indicated in the following claims.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a left facing cross-sectional view of a chair and hardware
      therefor, embodying the invention and shown in upright position; and
PAR  FIG. 2 is a view similar to FIG. 1, but showing the chair in fully reclined
      position.
DETD
PAR  Referring now in detail to the drawing, 10 designates a recliner rester
      chair, embodying the invention and comprising a chair base 11, a body
      supporting unit 12 and hardware 13 therefor.
PAR  The base 11 comprises a bottom frame 11a supported on legs 11b, a rear
      vertical portion 11c, a front vertical portion 11d, parallel, vertical
      side arms 11e and armrests 11f fixed to said side arms. The side arms 11e
      are connected by cross-braces 11g and 11h.
PAR  The body supporting unit 12 comprises a set frame 14 having a front
      cross-bar 14a, parallel side bars 14b connected at their front ends to the
      front bar 14a and at their rear ends to a rear cross-brace 14c. Fixed to
      the seat frame 14 and movable therewith is a backrest frame 15 comprising
      side members 15a extending up from the rear ends of the side bars or
      portions 14b of the seat frame, and interconnected at their upper ends by
      a cross-bar 15b. The rear edges of the side portions 15a, in the upright
      position of the chair, are inclined somewhat upwardly and rearwardly. The
      seat frame 14, in the upright position of the chair, is somewhat inclined
      upwardly and forwardly from the lower end of the backrest frame. In the
      drawing, dot-dash line 17 indicates the upholstery on the seat frame,
      dot-dash line 18 indicates upholstery on the armrests, and dot-dash line
      19 indicates upholstery on the backrest frame 15.
PAR  It will be noted that the front edge 15c of the side walls 15a of the
      backrest frame incline upwardly and rearwardly relative to the rear edge
      15d of said walls. The top cross-bar 15b extends rearwardly of the upper
      ends of the front edges 15c but terminate short of the rear edges 15d,
      leaving a space or opening 22 at the upper end of the backrest frame.
PAR  Attached to the front edge of cross-brace 11g are brackets 11j to supply
      rigidity for the arm frame, in the well known matter.
PAR  Only the hardware 13 at one side of the chair is shown in the drawings,
      since the hardware on both sides are similar and symmetrical. In both
      FIGS. 1 and 2, the hardware shown is at the right side of the chair (to a
      person sitting in the chair) when a person on the left side of the chair
      is looking at the inside of the right side of the chair.
PAR  Fixed to the cross braces 11g and 11h near the right side of the chair base
      11, is an arm mounting plate 30. Said mounting plate has a bottom flange
      30a resting on cross-brace 11g and a bottom flange 30b resting on
      cross-brace 11h. Extending up from about the middle of the upper edge 30c
      of plate 30, is an arm or lug 32 which has an upper downwardly and
      rearwardly inclined flange 32a at right angles thereto. Said mounting
      plate 30 has a forwardly extending ear 33 at its front end. It is also
      provided an ear 34 extending downwardly between the cross-bars 11g, 11h.
PAR  Attached to the inside of the seat frame bar 14b at the right side of the
      chair is a seat link 35. Said seat link may be provided with slots 35a,
      35h to receive fastening members for attaching said seat link to said bar
      14b. The lower edge of the seat link may be located substantially at the
      lower edge of said bar 14b. When the chair is in upright position, as
      shown in FIG. 1, the front end of the seat link is spaced somewhat
      rearwardly of the front portion 14a of the seat frame 14 but considerably
      forward of plate 30. At its front end, the seat link 35 has an opening 35d
      for purpose hereinafter appearing. Rearwardly of opening 35d, the seat
      link is formed with an opening 35e for the purpose explained hereinafter.
      Rearwardly of opening 35e, said seat link 35 has a opening 35f for the
      purpose set forth hereinafter. In the upright position of FIG. 1, opening
      35f is deposed forwardly of the front end of mounting plate 30. Said seat
      link 35 also has an opening 35g disposed rearwardly of arm or lug 32, when
      the chair is in the upright position of FIG. 1. Said seat link also has a
      slot 35h substantially aligned with flange 32a, as seen in FIG. 1.
PAR  The rear end of each seat link terminates short of rear seat frame
      cross-bar 14c.
PAR  Fixed to the rear end of each seat link (right and left) is a backrest
      mounting member 40 having a lower forwardly extending arm 40a overlapping
      and contacting the rear end portion of the seat link and fixed thereto by
      rivets 41, 42. Extending upwardly from lower arm 40a is a curved portion
      40b from which a portion 40c inclines upwardly and forwardly, in the
      upright position of the chair as seen in FIG. 1. Extending from the upper
      end of said portion 40c, is an upwardly and rearwardly inclined portion
      40d terminating below the cross-bar 15b, and being parallel to the front
      edge 15c of side frame members 15, and somewhat rearwardly of said front
      edge.
PAR  Pivoted to a pivot pin 45 in opening 35g, is the upper end of a link 46.
      Said link 46 has an arm 46a which extends upwardly, in the upright
      position of the chair. The pivot pin 45 passes through a suitable opening
      in the upper end of said arm and through said opening 35g in seat link 35.
      Extending rearwardly from the lower end of arm 46a is an arm 46b pivoted
      to a pin 47 in an opening in the downwardly extending ear 34 of the arm
      mounting plate 30, as illustrated in FIG. 1.
PAR  Pivoted to the arm mounting plate 30, as an pivot 48, is a link 49.
PAR  Pivoted to the seat link 35, on pivot pin 50 passing through opening 35f of
      the seat link, is a bellcrank 51. Said bellcrank 51, in the upright
      position of the chair, has an upper arm 51a inclined downwardly and
      rearwardly from the pivot pin 50. Extending downwardly and forwardly from
      the lower end of arm 51a, is an arm 51b carrying a pin 52. At the junction
      of arms 51a, 51b, said bellcrank 51 carries a pivot pin 53. The forward
      end of link 49 is pivoted as at 54 to arm 51a of bellcrank 51, above pin
      53 but closer to said pin than to the pivot pin 50. In the upright
      position of the chair, pivots 54, 55 are coaxial.
PAR  Pivoted to the ear 33 of the mounting plate 30, as by rivet 55 is a
      sequence link 56 formed in its outer end with a longitudinal slot 57
      through which the pin 52 passes.
PAR  In the upright position of the chair (FIG. 1), the link 56 hangs down
      vertically from pivot 55 and the pivot pin 52 is in the upper end of slot
      57.
PAR  Pivoted to the seat link 35 on a pivot pin 60 in opening 35e; is a link 61.
      Pivoted to the seat link 35, as on pivot pin 62 in opening 35d, is a link
      63. In the upright position of the chair, links 61, 63 slant downwardly
      and rearwardly. Pivoted to the lower end of link 61 as a pivot 64, is a
      link 65 crossing link 63 and interpivoted thereto by pivot 66. Pivoted to
      the outer end of link 63, as on pivot 67, is a link 68. The outer ends of
      links 68, 65 are pivoted, as on pivots 68a, 65a, to a footrest bracket 70.
      A suitable footrest 71 is fixed to the footrest brackets 70 on the right
      and left sides of the chair.
PAR  Pivoted to pivot 53 at the junction of arms 51a, 51b of bellcrank 51, is
      one end of a drive link 73. The other end of which is pivoted, as at 74,
      to the link 63 between the pivot 66 and the pivot 62.
PAR  In the fully reclined position of FIG. 2, the pin 52 contacts the outer end
      of slot 57 to stop movement of bellcrank 51, to stop upward swinging
      movement of link 49 when the mechanism is in fully reclined position.
PAR  The function of the flange 32a on lug 32 is to prevent closing of the
      ottoman or legrest in the fully reclined position. If the occupant
      attempts to close the legrest in the fully reclined position, then the
      link 49 is caused to rotate further clockwise, and contacts flange 32a on
      lug 32, to prevent further closing of the legrest.
PAR  The link 49 cannot tilt up in the upright position of the chair because pin
      52 is at the upper end of slot 57 of link 56 and acts as a strut to
      prevent upward movement of bellcrank 51. However when the chair is moved
      to the T.V. position, link 56 will have swung sufficiently in a clockwise
      direction (looking at FIG. 1) to permit movement of the link 49 to allow
      movement of the seat link to fully reclined position. It will be
      understood that the footrest linkage will be projected as the chair is
      moved from upright to T.V. position. The seat link moves rearwardly and
      tilts upwardly when going from upright to T.V. position. When going from
      T.V. position to fully reclined position, link 49 tilts upwardly about
      pivot 48 to allow the seat link 35 to tilt upwardly and rearwardly further
      together with further raising of the footrest linkage, and further
      reclining of the backrest member 40 as a unit.
PAR  The chair is provided with a headrest bracket 80 connected to the backrest
      mounting member 40 by a headrest idler link 81 pivoted to the upper end of
      the headrest bracket as by pivot pin 82, and to the upper end of said
      backrest mounting member as on pivot 83. Said headrest bracket 80 is also
      connected to the backrest mounting member 40, below pivot 83 by a headrest
      drive link 84. Headrest drive link 84 is pivoted to the lower end of the
      headrest bracket by a pivot pin 85 and is pivoted to said backrest
      mounting member, by pivot pin 86. Link 84 is longer than link 81. The
      bracket 80, links 81 and 84 and the backrest mounting member 40 form a
      four bar linkage for the headrest bracket.
PAR  Means is provided to project the headrest bracket 80 upon moving from
      upright to T.V. position, and to retain the headrest bracket in projected
      position upon going from T.V. position to fully reclined position. To this
      end there is pivoted to the rear end of the arm mounting plate 30, as by
      means of pivot 90, a headrest actuator link 91. Pivoted to the backrest
      mounting member 40, as at 92, is a headrest bellcrank lever 93. The pivot
      92 is located between portions 40b and 40c of the backrest mounting member
      40. In the upright position of the chair, lever 93 is almost horizontal
      and has a rearwardly extending arm 93a, the rear end of which is pivoted
      as by pivot 94 to outer end of headrest actuator link 91. Said bellcrank
      lever 93, in the upright position of the chair, also has a forwardly
      extending arm 93b pivoted, as at pivot 95 to the lower end of a headrest
      connecting link 97. The upper end of connecting link 97 is pivoted to the
      headrest drive link 84 as by pivot 98 which is closer to pivot 86 than to
      pivot 85. In the upright position of the chair, link 97 is inclined
      upwardly to the rear. In the projected position of the headrest bracket,
      the pivots 98, 95 and 92 are vertually in a straight line to hold the
      headrest in projected position, while the chair is in T.V. or fully
      reclined positions.
PAR  The pivot 95, however, is somewhat rearwardly past a line connecting pivots
      98 and 92, in the T.V. and fully reclined positions of said chair, to lock
      the headrest in upwardly projected position against collapse by a downward
      thrust on the headrest, since the headrest must move up somewhat before it
      can move down, to be retracted.
PAR  In the upright position of the chair, links 81 and 84 are inclined upwardly
      and forwardly. In the projected position of the chair, said links 81, 84
      project upwardly and rearwardly.
PAR  It will now be understood that when the chair is moved from upright to T.V.
      position, link 91 causes lever 93 to rotate in a clockwise direction,
      looking at FIG. 1, to swing pivot point 95 upwardly and causing the
      connecting link 97 to swing the link 84 in a counterclockwise direction to
      project the headrest bracket upwardly and rearwardly and then upwardly and
      forwardly.
PAR  Fixed to the headrest brackets 80, on both sides of the chair is a flat
      board 100 carrying a headrest 101 at its upper end.
PAR  In the upright position of the chair, said headrest 101 is housed within
      the backrest of the chair, as shown in FIG. 1.
PAR  In this position the upper end of the headrest projects into space 22 at
      the rear of cross rail 15b.
PAR  As the chair moves from upright to T.V. position, said headrest 101 moves
      rearwardly and upwardly to a position above said cross-rail 15b. This
      relative position is retained when going from T.V. position to fully
      reclined position.
PAR  A lug 110 contacts an inner edge of headrest bracket 80 in the upright
      position of the chair. A pin 112 on the mounting plate 30 is contacted by
      the lower edge of link 49 in the upright position of the chair.
PAR  It will thus be seen that there is provided a device in which the several
      objects of this invention are achieved and which is well adapted to meet
      the conditions of practical use.
PAR  As various possible embodiments might be made of the above invention, and
      as various changes might be made in the embodiment above set forth, it is
      to be understood that all matter herein set forth or shown in the
      accompanying drawings is to be interpreted as illustrative.
CLMS
STM  I claim
NUM  1.
PAR  1. Hardware for a chair having an arm, comprising body supporting menas, a
      mounting plate adapted to be fixed relative to the arm of the chair,
      linkage connecting said mounting plate with said body supporting means to
      move said body supporting means rearwardly and to swing the front end of
      said body supporting means upwardly and its rear end downwardly, relative
      to the mounting plate from an upright position to a T.V. position; and to
      move said means from said T.V. position to a fully reclined position; from
      said fully reclined position back to said T.V. position and from said T.V.
      position back to said upright position, said body supporting means
      comprising a seat link and backrest mounting means, a lever pivoted
      immediately the ends thereof to said backrest mounting means, and having a
      forwardly extending arm and a rearwardly extending arm, in the upright
      position of said chair, a headrest actuator link pivoted at its lower end
      to said mounting plate at a point disposed below the body supporting means
      in the upright position of said means and pivoted at its upper end to said
      rearwardly extending arm, and extending upwardly and rearwardly from its
      pivotal connection to the mounting plate in said upright position, a
      connecting link pivoted at its lower end to the forwardly extending arm,
      in said upright position, a headrest bracket, an idler link pivotally
      connected to the upper end of said headrest bracket and to the upper end
      of said backrest mounting means, a headrest drive link pivotally connected
      to the lower end of said headrest bracket and to said backrest mounting
      means, below the upper end of the latter, and the upper end of said
      connecting link being pivotally connected to said headrest drive link
      between the pivoted ends of the latter.
NUM  2.
PAR  2. The combination of claim 1, the pivotal connection of said lever to said
      backrest mounting means being located above said seat link.
NUM  3.
PAR  3. The combination of clain 2, the pivotal connection of said drive link to
      said backrest mounting means being located above the pivotal connection of
      said lever to said backrest mounting means.
NUM  4.
PAR  4. The combination of claim 1, said backrest mounting means being in fixed
      relation to said seat link for movement therewith.
NUM  5.
PAR  5. The combination of claim 4, the pivotal connection of said lever to said
      backrest mounting means being located above said seat link.
NUM  6.
PAR  6. The combination of claim 5, the pivotal connection of said drive link to
      said backrest mounting means being located above the pivotal connection of
      said lever to said backrest mounting means.
NUM  7.
PAR  7. The combination of claim 1, the pivotal connections of the connecting
      link to said drive link and to said lever, and the pivotal connection of
      said lever to said backrest mounting means, being substantially in a
      straight line, in the fully reclined position of said chair.
NUM  8.
PAR  8. The combination of claim 1, and legrest linkage connected to said body
      supporting means and to said mounting plate, and projectible upon moving
      said body supporting means from the upright to the T.V. position of the
      chair.
NUM  9.
PAR  9. The combination of claim 1, the pivotal connection of said lever to said
      backrest mounting means being located above said seat link, the pivotal
      connection of said drive link to said backrest mounting means being
      located above the pivotal connection of said lever to said backrest
      mounting means, said backrest mounting means being in fixed relation to
      said seat link for movement therewith, the pivotal connections of the
      connecting link to said drive link and to said lever, and the pivotal
      connection of said lever to said backrest mounting means, being
      substantially in a straight line, in the fully reclined position of said
      chair.
NUM  10.
PAR  10. The combination of claim 9, the legrest connected to said body
      supporting means and to said mounting plate, and projectible upon moving
      said body supporting means from the upright to the T.V. position of the
      chair.
NUM  11.
PAR  11. A chair comprising a chair framee having a base, said base having an
      arm, a seat frame, a mounting plate fixed relative to said base arm, a
      seat link fixed to said seat frame, linkage connecting said mounting plate
      with said seat link to move said seat link rearwardly and to tilt the
      front end of said seat link upwardly and tilt the rear end of the seat
      link downwardly from an upright position of the chair to a T.V. position
      thereof, and to move said seat link from T.V. position to a fully reclined
      position, backrest mounting means, means to connect said seat link to said
      backrest mounting means, a lever pivoted mediately the ends thereof to
      said backrest mounting means, above said seat link, and having a forwardly
      extending arm and a rearwardly extending arm in the upright position of
      the chair, a connecting link pivoted to the forwardly extending arm, a
      headrest actuator link pivoted at its lower end of said mounting plate at
      a point below the seat link in the upright position of the seat link, and
      at its upper end to said rearwardly extending arm and extending upwardly
      and rearwardly from its pivotal point to said mounting plate, in said
      upright position, a headrest bracket, an idler link pivoted at one end to
      the upper end of said backrest bracket, and at its other end to the upper
      end of said backrest mounting means, a headrest drive link pivoted at one
      end to the lower end of said headrest bracket, and at its other end to
      said backrest mounting means, and means to pivotally connect the other end
      of said connecting link to said headrest drive link, mediately the ends of
      the latter.
NUM  12.
PAR  12. The combination of claim 11, said backrest mounting means being in
      fixed relation to said seat link for movement therewith.
NUM  13.
PAR  13. The combination of claim 12, said connecting link and said lever being
      substantially in alignment, in the fully reclined position of the chair.
NUM  14.
PAR  14. The combination of claim 13, the pivotal connection of said drive link
      to said backrest mounting means being located between the pivotal
      connection of said lever to said backrest mounting means and the pivotal
      connection of said idler link to said backrest mounting means.
NUM  15.
PAR  15. The combination of claim 1, the pivot between the lever and connecting
      link being rearward of a line connecting the pivotal connection of the
      connecting link to the drive link, with the pivotal connection of the
      lever to the backrest mounting means, in the T.V. and fully reclined
      positions of the chair.
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ABST
PAL  The specification discloses a chair having a seat seated on spaced side
      rails above an auxiliary seat supporting surface which is spaced slightly
      below the seat and which shares the load imposed on the seat by a person
      sitting in it with the side rails and their supporting stretcher, yet
      allows the seat to give slightly so that the seat feels comfortably
      yielding.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to office furniture chairs.
PAR  Prior art sling type office chairs employ a pair of spaced side rails to
      which is fastened some type of supporting fabric. The fabric is somehow
      securely clamped to the side rails so as to provide a sling between the
      side rails. The fabric of course gives slightly when seated upon to give
      the chair a comfortable feeling. However, sling chairs are relatively
      expensive in the office furniture industry, probably primarily because of
      the expensive fastening systems required to properly secure the slung
      upholstery to the side rails.
PAR  Stacking chairs employ a generally rigid seat member mounted on some type
      of frame. Generally, the seat spans some distance between spaced frame
      members at the side of the frame. Because the seat is somewhat rigid, the
      problem of fastening the sides of the seat to the side support members of
      the frame is less critical than the problem of fastening slung upholstery
      to the side rails of a sling chair. Still, there is a severe loading
      situation when the seat is sat upon and accordingly, substantial fastening
      is required to properly secure the seat member to the spaced side members
      of the frame. One prior art U.S. Pat. No. 3,431,022 to Poppe et al
      discloses the employment of support shoes positioned immediately adjacent
      the chair side rails to aid in supporting the rigid seat member when
      seated upon. The edges of the seat member are also securely clamped to the
      side members. Another prior art patent to Faiks and Buhk, U.S. Pat. No.
      3,724,897 discloses a stacking chair in which a tongue and slot
      arrangement are employed at the sides of a relatively rigid seat to aid in
      holding the seat member securely to the sides of the chair frame.
PAR  As is apparent, a good deal of expense is involved in securing either the
      sling type upholstery to its supporting side rails or the more rigid seat
      member to the side supporting members of its supporting frame. There has
      been a need for improving the strength of such chairs in an economical way
      as is evident by the above mentioned patent and development activity in
      the area of improving the securing systems at the sides of sling type and
      stacking type chairs.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention involves a radical departure from prior art lines of
      development relative to improving securement of the side edges of the seat
      member to the spaced side rails or frame members of the chair. The chair
      of the present invention employs a pair of spaced side rails joined to the
      arms of a stretcher and a rigid supporting seat seated on the side rails
      and spanning the space there between, the seat having only sufficient
      flexibility to flex slightly when a person using the chair sits on it.
      Rather than attempting to strengthen the juncture of the rigid seat member
      to the spaced side rails, I have taken advantage of the fact that the seat
      does flex to create a chair with a comfortable, yielding give when it is
      seated upon. To provide sufficient supporting strength for the chair, I
      employ a seat supporting surface positioned below the seat and generally
      above the support column of the seat base. A slight space is provided
      between the supporting seat and the seat support surface whereby the seat
      flexes downwardly slightly when a person sits on it and comes to rest on
      the seat support surface such that the seat support surface transmits a
      portion of the load imposed on the seat directly downwardly to the
      supporting column, thereby decreasing the load which has to be carried by
      the chair side rails and the struts of the supporting stretcher.
PAR  These and other objects, features and advantages of the present invention
      will be more fully understood and appreciated by reference to the written
      specification and appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the chair of the present invention;
PAR  FIG. 2 is a perspective view of the stretcher and side rails of the chair;
PAR  FIG. 3 is a bottom plan view of the stretcher and side rails with one arm
      attached;
PAR  FIG. 4 is a perspective view of the chair before the inner seat and back
      have been attached;
PAR  FIG. 5 is a cross-sectional view of the formed plastic seat taken generally
      along plane V--V of FIG. 4;
PAR  FIG. 6 is a fragmentary bottom view of the front left hand corner of the
      chair, that portion being indicated generally by the arrow VI on FIG. 4;
PAR  FIG. 7 is a cross-sectional view of the formed plastic back taken generally
      along plane VII--VII of FIG. 4;
PAR  FIG. 8 is a fragmentary rear view of the upper left hand corner of the
      chair, that fragmentary portion being indicated generally by the arrow
      VIII shown on FIG. 4;
PAR  FIG. 9 is a fragmentary cross-sectional view of the overlapping portions of
      the formed plastic seat and backs taken generally along plane IX--IX of
      FIG. 4;
PAR  FIG. 10 is a fragmentary, rear view of the portions of the seat and back
      which are shown in FIG. 9, said portions being shown separated in FIG. 10;
PAR  FIG. 11 is a cross-sectional view taken along plane XI--XI of FIG. 1;
PAR  FIG. 12 is the same view as FIG. 11, but with a person seated in the chair;
PAR  FIG. 13 is a bottom, fragmentary view showing the central portion of the
      stretcher with the upper portion of the base attached thereto.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The chair 1 of the present invention comprises a stretcher 20 operably
      mounted on a base 10 for supporting at its ends a pair of spaced side
      rails (FIGS. 1 and 2). Secured to side rails 30 are a formed plastic
      supporting seat 40 and a formed plastic supporting back 50 (FIGS. 1 and 4)
      each having at its side edges side channels 41 and 51 respectively which
      are seated over side rails 30 (FIGS. 3, 4, 5, 6, 7, and 8). Stretcher 20
      includes an upwardly protruding dome 27 whose top defines a seat
      supporting surface, spaced slightly below seat 40 to allow it to give
      slightly when sat upon and to provide a surface for seat 40 to come to
      rest upon so that a portion of the load imposed upon the chair is
      transmitted generally directly downwardly to the support column 11 of base
      10.
PAR  Base 10 is a pedestal type of base having a support column 11 with a
      plurality of legs 12 projecting outwardly from generally the bottom
      thereof and with a chair tilter control 13 or other mounting mechanism
      positioned generally at the top of post or support column 11 (FIGS. 1 and
      13). Stretcher 20 includes an enlarged, generally square shaped central
      mounting pan 21 to which control 13 is fastened by bolts or like
      fasteners.
PAR  Stretcher 20 is formed of stamped steel. Projecting outwardly from each
      side of central mounting pan 21 are a front strut 22 and a rear strut 23
      (FIGS. 2, 3 and 13). Bent over along the front of stretcher 20 is a front
      wall 24 which extends downwardly across the front edge of mounting pan 21
      and across the leading edge of both front struts 22. Projecting downwardly
      from the rear edge of stretcher 20 is a rear wall 25 which extends along
      the rear edge of mounting pan 21 and along the rear edges of rear struts
      23. In a similar fashion, a side wall 26 extends downwardly and runs along
      the side edges of mounting pan 21 and bends outwardly and extends
      outwardly along the inside edges of front and rear struts 22 and 23 which
      face each other. All of these downwardly depending walls 24, 25, 26 help
      to hide from view the control 13 of base 10 and its securement to
      stretcher 20. Also, the downwardly depending walls give added strength to
      stretcher 20. Finally, in extending along struts 22 and 23, these walls
      give the struts a generally downwardly opening channel shaped
      configuration which facilitates the mounting of arms 100 to the struts 22
      and 23 of stretcher 20. Preferably, the front channels 22 and front wall
      24 are formed as one piece, the rear channels 23 and rear wall 25 are
      formed as one piece and mounting pan 21 is formed as one piece. These
      three pieces are then welded together to form an integral stretcher 20.
PAR  The stretcher 20 also includes an upwardly protruding dome 27 generally in
      the center of mounting pan 21, above support column 11 of base 10, which
      leaves clearance space for the top of control 13 of base 10. More
      importantly, dome 27 provides a support surface for supporting seat 40.
      The distance between the bottom of supporting seat 40 and the top of dome
      27 is about 5/16 inch (FIG. 11), or more specifically, 1/4 inch to the
      steel itself and about 1/8 inch to the top of cushion tape 27a. It is a
      sufficiently small distance that when a person sits on the chair,
      supporting seat 40 comes to rest on the top of dome 27 before sufficient
      stress is put on channels 41 to cause them to unwrap from or, in other
      words, be pulled off of side rails 30 (FIG. 12). In essence, dome 27
      serves as a support so that at least some of the load imposed on the chair
      is transmitted directly axially downwardly onto dome 27 and from thence to
      the column 11 of base 10. This diminishes the amount of stress which has
      to be carried by side rails 30. As a result, the need for extensive,
      complicated fastening between channels 41 and side rails 30 is minimized.
      Also, side rails 30 and the struts of stretcher 20 can be more
      economically manufactured. Yet, because there is a slight space between
      supporting seat 40 and seat supporting dome 27, seat 40 is allowed to give
      a little when sat upon, thereby giving the seat a yeilding, comfortable
      feeling to the user.
PAR  Adhered to the top surface of dome 27 are a pair of spaced, foam cushion
      tapes 27a. These comprise basically a cushiony material with a tape
      backing so that they can be taped directly to the top of dome 27. Cushion
      tapes 27a serve to deaden any "clunking" sound which might otherwise be
      created when the bottom of supporting seat 40 comes to rest on the top of
      dome 27.
PAR  The side rails 30 which are welded to the ends of struts 22 and 23 are
      tubular steel members bent to define a seat supporting portion 31 and a
      back supporting portion 32 (FIG. 2). They can be bent into any of a number
      of different configurations to give the chair a particular aesthetic or
      ornamental appearance.
PAR  Supporting seat 40 is formed by injection molding of a polypropylene
      copolymer (approximately 13% polethylene). Other plastics and other
      forming methods can be used. Seat 40 should be quite rigid, having a
      thickness of approximately 5/32 inch. Yet, it should have sufficient
      flexibility to allow it to give slightly when sat upon so that it feels
      comfortably yielding to the user. When supported on side rails 30,
      supporting seat 40 serves to support a person seated in the chair.
PAR  The channels 41 which are formed at each side of seat 40 are raised
      generally with respect to the rest of seat 40 so as to define a well 42
      between the spaced channels 41 (FIG. 5) to receive an upholstered inner
      seat 60. Each channel 41 includes downwardly extending walls, the outer
      one of which wraps over the outside of its side rail 30. At the underside
      of seat 40, at each front corner of seat 40, each side channel 41
      terminates in a recessed pocket 49 into which the forward end of side rail
      30 extends (FIG. 6). This not only serves to hide the end of side rail 30,
      but also serves to secure supporting seat 40 in place at the front of the
      chair.
PAR  Back 50 is formed by injection molding of a polypropylene copolymer
      (approximately 13% polyethylene). Other plastics and other forming methods
      can be used. Back 50 should be quite rigid, having a thickness of
      approximately 5/32 inch. When supported on side rails 30, supporting back
      50 serves to support a person leaning back in the chair. The channels 51
      are formed at each side of back 50 so as to define a well 52 between the
      spaced channels 51 to receive an upholstered inner back 80 (FIG. 7). At
      the backside of back 50, at each top corner of back 50 into which the
      upper end of side rail 30 extends (FIG. 8). This not only serves to hide
      the end of side rail 30, but also serves to secure back 50 in place at the
      back of the chair.
PAR  The side channels 41 of seat 40 include projecting portions or seat channel
      projections 43 which project rearwardly and upwardly from the rear edge of
      seat 40 towards back 50 (FIGS. 4, 9, and 10). Similarly, the side channels
      51 of back 50 include projecting portions or back channel projections 53
      which project downwardly from the bottom of back 50 towards seat 40.
      Channel projection 43 terminates in a channel shaped flange 44 while
      channel projection 53 terminates in a channel shaped overlying flap 54.
      Flap 54 overlaps flange 44 so that the side channels 41 and 51 meet in
      such a way as to align channel projections 53 and 43 and to define a
      continuous, smooth flowing surface with only a slight line being visible
      at the junction. Once flap 54 is seated over flange 44, a screw is passed
      through a screw hole 54a in the inside of channel projection 53 (FIG. 9),
      above flap 54, and is threaded into underlying side rail 30. A similar
      screw is passed through screw hole 44a in the inside of channel projection
      43 and is threaded into underlying side rail 30. This positively locks
      supporting seat 40 and supporting back 50 in place at their rear and
      bottom respectively so that once the ends of side rails 30 are in place in
      the pockets 49 and 59 of seat 40 and back 50 respectively and once the
      projecting side channel portions 43 and 53 are in their proper overlapping
      condition and secured by a screw through hole 54a, the back 50 and seat 40
      are firmly secured to side rails 30.
PAR  Supporting seat 40 is covered by means of an inner seat 60 which itself is
      cushioned and upholstered with upholstery covering composite 70. The
      covered inner seat 60 is secured to supporting seat 40 by means of
      interengaging projections and apertures as is more fully described in
      copending patent application Ser. No. 463,191, invented by myself and
      Robert Clawson, filed on even date herewith, assigned to the assignee of
      the present application and incorporated herein by reference. The overall
      supporting seat and supporting back covering system is also more fully
      described in copending patent application Ser. No. 463,192, invented by
      Randall P. Buhk, filed on even date herewith, assigned to the assignee of
      the present application and incorporated herein by reference.
PAR  Similarly, supporting back 50 is covered by means of an inner back 80 which
      is itself covered by a suitable upholstery covering composite 90. This too
      is more fully described in the aforementioned two patent applications.
PAR  The arms 100 shown in the drawings are optional on the chair and also form
      no part of the present invention. Their manner of attachment to stretcher
      20 is more fully described in the aforementioned patent application to
      Randall P. Buhk.
PAR  In operation, the chair of the present invention is both comfortable and
      strong. When seated upon, supporting seat 40 gives slightly to give the
      chair a yielding, comfortable feeling. Yet, it comes to rest on the top
      surface of dome 27 of stretcher 20 so that a portion of the weight imposed
      upon seat 40 is transmitted directly downwardly to dome 27 and from thence
      axially downwardly to support column 11 of base 10. The sound deadening
      strips of cushion tape 27a eliminate any possibility of a "clunking" noise
      as seat 40 comes to rest atop dome 27. As a result of this direct axial
      downward transmission of load, the entire stretcher assembly 20 and side
      rail assembly 30 can be more economically manufactured than if the entire
      load imposed on seat 40 had to be carried in a sling manner between side
      rails 30.
PAR  Of course, it is understood that the above is merely a preferred embodiment
      of the invention and that various changes and alterations can be made
      without departing from the spirit and broader aspects of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A chair comprising: a base having a central, upwardly extending
      supporting column; a structural, load supporting stretcher operably
      mounted on said column, said stretcher including struts projecting
      outwardly towards each side of said chair; a pair of spaced side rails
      joined to said struts of said stretcher; a rigid supporting seat seated on
      said side rails and spanning the space therebetween, said seat having only
      sufficient flexibility to flex slightly when a person using the chair sits
      on it, thereby giving the chair a comfortably yielding feeling; means
      securing said supporting seat to both said side rails; a seat support
      surface on said stretcher positioned below said seat and generally above
      support column of said base, said seat support surface being operably
      connected to said seat support column and there being a slight space
      between said supporting seat and said seat support surface whereby said
      seat flexes downwardly slightly when a person sits on it and comes to rest
      on said seat support surface such that said seat support surface transmits
      a portion of the load imposed on said seat directly downwardly to said
      supporting column, thereby decreasing the load which has to be carried by
      said side rails and said struts of said stretcher; said seat support
      surface on said stretcher comprises the top surface of said stretcher;
      said stretcher includes an upwardly protruding dome, protruding upwardly
      towards the bottom of said supporting seat, the top of said dome defining
      said seat supporting surface; sound deadening material is placed on top of
      said seat support surface whereby when the bottom of said seat comes to
      rest on said seat support surface, said sound deadening material minimizes
      noise.
NUM  2.
PAR  2. The chair of claim 1 in which said sound deadening material comprises a
      foam cushion material.
NUM  3.
PAR  3. The chair of claim 2 in which said foam cushion material includes an
      adhering, tape surface whereby said sound deadening material is secured to
      said seat support surface by being taped thereto.
NUM  4.
PAR  4. The chair of claim 3 in which said means securing said supporting seat
      to both said side rails includes a downwardly extending wall at each side
      thereof which wraps over the outside of the adjacent one of said side
      rails to aid in supporting said seat between said side rails.
NUM  5.
PAR  5. The chair of claim 4 in which each of said downwardly extending walls at
      the side edges of said supporting seat comprise the exterior wall of
      channel located generally at each side of said supporting seat, said
      channel including an interior wall as well as said exterior wall, and said
      channel being seated over its respective one of said side rails with its
      exterior and interior wall embracing said side rail; each of said channels
      terminating in a pocket located generally at each front corner of said
      supporting seat, said pocket fitting over the end of its respective side
      rail.
NUM  6.
PAR  6. The chair of claim 5 in which said supporting seat is secured to said
      side rails only by said channels being seated over said side rails, said
      side rails terminating in said pockets, and a fastener extending through
      said channel into said side rail generally at the rear corner of said
      supporting seat.
NUM  7.
PAR  7. The chair of claim 6 in which said supporting seat includes a downwardly
      extending wall at each side thereof which wraps over the outside of the
      adjacent one of said side rails to aid in supporting said seat between
      said side rails.
NUM  8.
PAR  8. The chair of claim 7 in which each of said downwardly extending walls at
      the side edges of said supporting seat comprise the exterior wall of a
      channel located generally at each side of said supporting seat, said
      channel including an interior wall as well as said exterior wall, and said
      channel being seated over its respective one of said side rails with its
      exterior and interior wall embracing said side rail; each of said channels
      terminating in a pocket located generally at each front corner of said
      supporting seat, said pocket fitting over the end of its respective side
      rail.
NUM  9.
PAR  9. The chair of claim 8 in which said supporting seat is secured to said
      side rails only by said channels being seated over said side rails
      terminating in said pockets, and a fastener extending through said channel
      into said side rail generally at the rear corner of said supporting seat.
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ABST
PAL  A divider for use in a container, such as a corrugated cardboard box, has a
      network of intersecting partitions and reinforced folded structures at the
      ends of the partitions. The reinforcing structures are folded to the main
      body of the partitions, forming areas of increased thickness which
      increase the compressive strength of the divider and a container having
      the divider included therein. The partitions are slotted and interlocked
      together by use of the slots. The slots have relieved areas at the
      entrance to the slots and an interlocking protrusion. The opposite edges
      of the partitions from the slots have relieved areas. The relieved areas
      at the slot entrances facilitate entry of the strips into the slots and
      interlocking of the strips together. The protrusions mate with the
      relieved areas on the intersecting strips and stabilize the partition
      against substantial relative movement parallel to the slots and also
      stabilize the strips against any substantial relative movement in a
      direction perpendicular to the slots. The divider is made by cutting
      conventional cardboard stock using a conventional die cutting machine. The
      die cutting machine cuts partitions, the relieved areas, and the slots and
      scores the ends of the partitions. After the partitions have been cut and
      scored, they then are passed by a conventional glue mechanism, either a
      glue pot, brush, or an air gun glue applicator, which applies glue to the
      area of the partitions between the scores and the ends of the partitions.
      The partitions are then passed through a plow which folds the partitions
      along the scored lines. The folded partitions are passed through calender
      rolls which press the glued areas against the main body of the partitions,
      forming a firm bond in the folded over areas between the folded structures
      and the main body of the partitions.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Conventional containers, such as corrugated cardboard boxes, have the
      interior divided into a plurality of sections or spaces by cardboard
      dividers. These spaces are then used to hold bottles, cans, or a variety
      of other articles which need to be stored or shipped. The primary strength
      of conventional containers and dividers is furnished by the walls of the
      cardboard container itself, by the physical articles contained therein,
      and by the divider. Articles which have no substantial strength or which
      must be protected from crushing or penetrating forces must rely on the
      strength of the container and the divider for protection.
PAR  In the past, to provide adequate protection for fragile goods, it has been
      necessary to thicken the walls of the container. If the container walls
      were not thickened, they would buckle under the weight of other stacked
      containers and would allow penetration and crushing from externally
      applied forces. Increasing the wall thickness of the container has the
      disadvantage of requiring more material in the walls of the container for
      any given unit of strength, thereby increasing the cost of the packaging
      for the articles transported or stored.
PAR  Applicant has devised a new divider for use in containers, such as
      cardboard corrugated containers, which greatly increases the compressive
      strength of the containers from weight loads occasioned by stacking and
      strengthens the containers from forces tending to penetrate or crush the
      container walls. Applicant's new divider and a container using the divider
      incorporated therein need not have the wall thickness of the cardboard
      container increased. As a result, the container using applicant's divider
      is very economical in the use of materials for the incremental strength
      added.
PAR  Applicant achieves this increase in strength by folding over the ends of
      the divider partitions at locations adapted to lie adjacent to the walls
      of a container and then glueing the folded ends back into the main body of
      the partitions. The glued folded ends form areas of increased wall
      thickness. These thickened areas stiffen the ends of the partitions and
      prevent buckling of the divider or partitions under vertical loads,
      thereby increasing the total compressive strength of the divider as a
      whole and of a container having the divider incorporated therein. The
      partitions, on being placed in a container resist against compressive
      forces and resist penetration of objects into and through the container
      wall.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of a divider incorporating the concepts of the
      invention;
PAR  FIG. 2 is a plan view of a longitudinal partition strip utilized in the
      divider of FIG. 1;
PAR  FIG. 3 is a transverse partition utilized in the divider of FIG. 1; and
PAR  FIG. 4 is a top view partially in section of a container having the divider
      of FIG. 1 incorporated therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring in more detail to the drawings, FIG. 1 shows a divider 10 for use
      in dividing a container into twelve sections of equal volume. The divider
      10 is formed of two longitudinal partitions 12 and three transverse
      partitions 14. Partitions 12, shown in FIG. 2, have three slots 16
      extending transversely across the partitions approximately one half of the
      transverse dimension. Partitions 14 each have two slots extending
      transversely across the partitions 14 approximately half their transverse
      dimension. Slots 16 and 18 are cut on alternating sides, slots 16 being on
      top, slots 18 being on the bottom, so that the divider 10 may be formed by
      interlocking slots 16 and 18 of strips 12 and 14. At the entrance to slots
      16 and 18 are relieved portions 24 and outwardly extending projections 26
      overlying the relieved portions 24. At the opposite edge of partitions 12
      and 14 from slots 16 and 18 are relieved portions 28. Relieved portions 26
      are cut on an incline to facilitate ease of insertion of the partition
      strips 12 and 14 into slots 16 and 18 and facilitate interlocking of the
      strips to form divider 10. Outwardly extending projections 26 cooperate
      with relieved areas 28 of the adjacent interlocking partition strip to
      hold the partitions fixed and prevent any substantial relative movement
      between interlocking strips 12 and 14 in the directions parallel and
      perpendicular to slots 16 and 18.
PAR  Spaced inwardly from the ends of partitions 12 and 14 are score lines 20
      which are placed inwardly a short distance, typically one half inch to one
      inch from the ends of the partitions 12 and 14. These score lines separate
      off areas 22 at the ends of the partitions 12 and 14 which are to be
      folded back to form the vertical stiffening elements. Areas 22 are adhered
      to the main body of partitions 12 and 14 by glue bond 30.
PAR  When placed in a container such as a corrugated container shown at 32 in
      FIG. 4, the divider 10 divides the container into twelve equal volume
      spaces 34. The vertical reinforcing and stiffening members 22 at the
      extremities of partitions 12 and 14 are spaced closely adjacent to the
      walls of container 32, act to reinforce the container and prevent buckling
      thereof and to reinforce the divider 10 and the container 32 from vertical
      loads, and reinforce the container and prevent penetration thereof by
      forces normal to the container walls.
PAR  To manufacture divider 10, elements 12 and 14 are cut from conventional
      cardboard stock and scored on a conventional die cutting machine. Slots 16
      and 18; relieved portions 24, 26, and 28, and scored lines 20 are formed
      by the die cutting operation. The cut and scored partitions 12 and 14 are
      then glued in area 22 between scored line 20 and the ends of partitions 12
      and 14. Glue bond 30 can also be applied to the main body of the
      partitions adjacent to scores 20, if desired. The cut, scored and glued
      partitions are then transported past a plow which bends and folds
      partitions 12 and 14 along score lines 20 and folds area 22 over adjacent
      to the main body of partitions 12 and 14. The glued, folded partitions 14
      and 16 are then calendered to adhere glue bond 30 and area 22 to the main
      body of the partitions 12 and 14 to form reinforced portions at the ends
      of the partitions 12 and 14.
PAR  It will be appreciated by one skilled in the art that many modifications
      may be made in the invention as disclosed herein without departing from
      the basic concepts of the invention. It is intended that the invention is
      not to be limited by the description given herein, which is for purposes
      of illustration, but is to be limited only by the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A divider for use in a container to divide the internal space of the
      container having a first partition extending in a first direction and a
      second partition extending in a direction intersecting the first
      partition, at least one of the partitions having a score extending
      transversely of the partition and spaced adjacent to an extremity of the
      partition, the portion of the partition between the score and the
      extremity being folded back along the score and joined by a glue bond to
      the main body of the partition to form an area of increased thickness at
      an end of the partition to reinforce the partition and strengthen the
      partition against externally applied forces.
NUM  2.
PAR  2. A partition for use in a container to divide the internal space of the
      container having a score extending transversely of the partition and
      spaced adjacent to an extremity of the partition, the portion of the
      partition between the score and the extremity being folded back along the
      score and joined by a glue bond to the main body of the partition to form
      an area of increased thickness at an end of the partition to reinforce the
      partition and strengthen the partition against externally applied forces.
NUM  3.
PAR  3. The divider of claim 1 wherein the partitions are joined by interlocking
      slots.
NUM  4.
PAR  4. The divider of claim 3 wherein the interlocking slots have relieved
      portions adapted to facilitate assembly of the partitions.
NUM  5.
PAR  5. The divider of claim 3 wherein the partitions have means restricting
      relative movement of the partitions.
NUM  6.
PAR  6. A divider for use in a container to divide the internal space of the
      container and reinforce the container having a plurality of partitions
      extending in a first direction and at least one partition extending in a
      direction intersecting the first partitions, the partitions having means
      to interlock into a network to divide into spaces of substantially equal
      volume, the partitions having cooperating means to restrict relative
      movement of the partitions, the ends of the partitions having reinforced
      portions adapted to be positioned closely adjacent to the walls of a
      container to strengthen the container, the reinforced portions having a
      score extending transversely of the strips and spaced from the extremity
      thereof, the area between the score and the extremity of the strip having
      an adhesive material thereon and being joined to the main body of the
      strips by the adhesive.
NUM  7.
PAR  7. A method of forming a container divider comprising cutting a first
      partition element, slotting the element, scoring the element in a location
      adjacent to the extremity of the element, applying an adhesive to the
      element at a location between the score and the extremity of the
      partition, and joining the adhesive coated portion of the element to the
      main body of the element by forming an adhesive bond, thereby forming an
      area of increased strength and rigidity to reinforce force the divider and
      a container having the divider incorporated therein.
NUM  8.
PAR  8. The method of claim 7 wherein a plurality of elements are formed and the
      elements are assembled into a network, and wherein means are formed on the
      elements to restrict relative movement of the assembled elements.
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ABST
PAL  A rock hammer and more particularly a rock hammer having thereon improved
      means for securing a cutting or breaking bit assembly thereto.
BSUM
PAR  In the art of percussive tools there is known a variety of rock cutting and
      breaking apparatus such as rock hammers which are commonly employed in
      such operations as secondary breaking of boulders in a hard rock mine.
      Such tools have customarily included thereon a striking bar having a
      cutting or breaking bit assembly rigidly and releasably secured thereto by
      coupling means intended to provide efficient percussive load transmission
      from the rock hammer to the bit assembly and further to preclude
      spontaneous disengagement of the bit assembly coupling in response to the
      various modes of mechanical loading applied thereto during normal hammer
      operation.
PAR  Although heretofore known bit coupling means have generally served the
      intended purposes, they have nonetheless proven to be unsatisfactory in
      several respects. For example, in the prior art bit coupling means have
      often required relatively large notches or transverse bores to be formed
      in the striking bar shank adjacent the bit assembly secured thereto for
      the purpose of receiving therewithin a bit locking member such as a
      transverse pin or a wedge. During operation such notches or bores may
      produce sufficiently large stress concentrations in the striking bar to
      weaken the striking bar and precipitate mechanical failure thereof. One
      conventional means of securing a bit assembly to a striking bar without
      recourse to such notches or bores has been threaded engagement
      therebetween such as by means of well known rope threads or the like. This
      approach too has proven to be unsatisfactory due to the tendency of even
      very tightly threaded couplings to spontaneously loosen or disengage when
      subjected to the harsh mechanical shocks commonly generated by rock
      hammering operations.
PAR  The present invention provides improved coupling means for securing a bit
      assembly to such rock hammering apparatus as hereinabove cited without
      recourse to large notches or bores in the striking bar shank. The striking
      bar and bit assembly are thereby rendered stronger and more reliable than
      in prior structures. Additionally, the coupling means of the present
      invention positively locks the bit assembly in place thereby precluding
      spontaneous bit disengagement during hammer operation.
DRWD
PAR  These and other objects and advantages of the present invention are more
      fully specified in the following description and illustrations in which:
PAR  FIG. 1 illustrates partly in section a percussive rock hammer including a
      bit coupling assembly constructed in accordance with the principles of the
      present invention;
PAR  FIG. 2 illustrates partly in section a bit and bit coupling assembly
      constructed in accordance with the one embodiment of the present
      invention; and
PAR  FIG. 3 illustrates partly in section a bit and bit coupling assembly
      constructed in accordance with an alternative embodiment of the present
      invention.
DETD
PAR  For purposes of illustrating and describing the present invention reference
      is made hereby to a percussive tool generally indicated at 10 in FIG. 1
      and shown as a conventional rock hammer although it will be evident to
      those versed in the art that the present invention may be employed in
      conjunction with various other percussive tools as well such as rock
      drills and for such alternative uses as securing together axially adjacent
      drill steel segments. Hammer 10 includes: a bit assembly 14 which is
      releasably affixed to a well known striking bar 16 carried by the hammer
      10; and a bit coupling assembly 12 carried by striking bar 16 and
      cooperable therewith to preclude spontaneous or inadvertent disengagement
      of the bit assembly 14.
PAR  The hammer 10 is well known to those versed in the art and in any case a
      detailed description thereof is not necessary for an understanding of the
      present invention. Therefore, suffice it to note for purposes of
      illustration that the hammer 10 as shown includes: a generally annular
      elongated body member 11 which carries coaxially adjacent the forward end
      thereof the striking bar 16; a massive hammer piston 18 reciprocably
      carried coaxially within body 11; and an anvil 20 carried within the body
      11 coaxially intermediate bar 16 and piston 18 and adapted in a well known
      manner to provide impact transmitting communication therebetween. The
      hammer 10 is commonly employed to cut or break rock or rocklike material
      such as concrete by positioning the bit assembly 14 adjacent such material
      in suitable orientation for delivering percussive blows thereto by
      repetitive impacting of the piston 18 upon anvil 20 which, in turn,
      delivers the impact energy generated thereby via striking bar 16 and bit
      assembly 14 to the rock surface for the consequent cutting or breaking
      thereof.
PAR  By reference to FIG. 2 it will be seen that the bit assembly 14 includes a
      generally cylindrical body member 24 which has a well known bit 26 rigidly
      secured as by a press fit or other suitable means within a recess 25
      adjacent the forward end thereof. An axial bore 23 extends forwardly
      within body 24 from a rearward transverse end surface 48 thereof and is
      adapted by means shown as rope threads 19 extending upon a peripheral
      portion thereof to secure therewithin a forwardly extending generally
      cylindrical shank portion 17 of striking bar 16.
PAR  Shank 17 includes: a forwardmost transverse end surface 42; a generally
      cylindrical forward end portion 21 extending rearwardly from surface 42; a
      plurality of circumferentially spaced, longitudinally extending splines 28
      encompassing a peripheral portion of shank 17 rearwardly adjacent the
      portion 21; a slightly necked down or reduced diameter portion 52 located
      rearwardly adjacent the splines 28; and rope threads 22 which extend
      axially upon portion 21 intermediate the surface 42 and splines 28 and are
      adapted to cooperate with mating rope threads 19 to secure shank 17 within
      the bore 23 as hereinabove indicated.
PAR  The bit locking assembly 12 includes: an annular bit locking member or ring
      30 disposed coaxially with shank 17 in a manner so as to be axially
      movable with respect thereto; a plurality of circumferentially spaced
      longitudinally extending splines 32 which encompass an inner peripheral
      portion of the ring 30 and are cooperable with splines 28 to constrain the
      ring 30 against axial rotation with respect to bar 16; a plurality of
      circumferentially spaced forwardly extending shear pins 34 rigidly carried
      by ring 30 radially outwardly adjacent the splines 32 in any suitable
      manner as by being pressed fitted into a respective plurality of suitably
      oriented and sized bores 46; and a plurality of circumferentially spaced,
      axial through bores 38 extending within ring 30 intermediate adjacent pins
      34 and adapted to receive threaded fasteners such as bolts 40.
PAR  In practice the end portion 21 of shank 17 is threadedly secured in the
      operational position thereof within bore 23 by cooperable engagement of
      threads 22 and 19 such that surface 42 abuts a forwardmost transverse end
      44 of bore 23 in force transmitting engagement and surface 48 resides
      forwardly adjacent the splines 28. In this configuration substantially all
      impact forces may be transmitted from bar 16 to assembly 14 via the
      interface of surfaces 42-44 with supplementary impact transmitting
      capacity being provided by the cooperable engagement of threads 22-19. To
      secure the assembly 14 in the operating position described the ring 30 is
      positioned adjacent portion 52 to disengage splines 28 from splines 32 and
      is axially rotated with respect to the striking bar 16 to align the pins
      34 for engagement thereof within a respective plurality of
      circumferentially spaced bores 36 which extend forwardly within body 24
      from surface 48, and further to align bores 38 with a respective plurality
      of bores 50 extending forwardly within body 24 from the surface 48 and
      adapted by means of suitable threads therewithin (not shown) to receive
      the bolts 40. Additionally, the splines 32 must be aligned to engage
      splines 28. Once having attained the aligned configuration described, the
      ring 30 is moved axially forwardly to a position adjacent the surface 48
      as illustrated in FIG. 2 whereat pins 34 extend within respective bores 36
      and splines 32 engage splines 28. Finally, the bolts 40 are inserted
      through bores 38 and threadedly engaged within respective bores 50 to
      rigidly and releasably secure the ring 30 adjacent surface 48. Locking
      means to secure the bolts 40 may be employed, for example suitable spring
      biased lock washers 54 or a lock wire 72 inserted through suitable bores
      as shown in the heads of bolts 40 and secured in the customary manner. By
      virtue of the assembly described the ring 30 is constrained against axial
      rotation with respect to the bar 16 by engagement of splines 28-32, and
      the assembly 14, being rigidly keyed to ring 30 by means of pins 34 and
      bolts 40, is also constrained against axial rotation with respect to bar
      16 whereby substantially full threaded engagement of shank 17 within bore
      23 is positively secured.
PAR  It is of course evident that the mating splines 32-28 are engageable only
      at discrete angular intervals, for example regular intervals of 6.degree.
      for a 60 tooth spline. Thus, it is entirely possible that when the
      assembly 14 is fully threaded onto shank 17 as described hereinabove the
      bores 36 and 50 may be out of register with respective pins 34 and bores
      38 of ring 30 by an angular misalignment not exceeding the angle between
      adjacent mating positions of splines 28-32, and therefore in order to
      accommodate ring 30 as described the assembly 14 may have to be loosened
      by adjustment thereof through a slight axial rotation with respect to bar
      16 to correct such misalignment. Any loosening of assembly 14 from full
      engagement of the threads 22-19 is undesirable and therefore in order to
      minimize the magnitude of such adjustments special arrangements of bores
      38, pins 34 and splines 28-32 are provided as follows.
PAR  Ideally the respective bores 38 and pins 34 are arranged in alternating
      order and are evenly spaced circumferentially about ring 30 so as to
      register in a plurality of angular positions with a like arrangement of
      the respective bores 36 and 50. Additionally, the number of individual
      spline teeth 32 and 28 is ideally not an even multiple of the number of
      pins 34; that is, the ratio of the number of splines 32-28 to the number
      of pins 34 is not a whole integer number. Such an arrangement of splines
      32-28 and pins 34 provides a plurality of distinct and non-reduntant
      angular positions for engagement of splines 28-32, each of which positions
      provides at least near-register of pins 34 with respective bores 36 and
      each of which requires an angular adjustment of assembly 14 of less than
      the angular interval between adjacent splines 28-32. In assembly, the most
      closely aligned of such positions may be selected by a process of
      elimination and the assembly 14 may be adjusted slightly to perfect the
      register of pins 34 in such position with bores 36 prior to final assembly
      and insertion of bolts 40. This provision for a plurality of non-redundant
      mating configurations between ring 30 and assembly 14 substantially
      reduces the maximum required adjustment of assembly 14 thereby permitting
      the assembly 14 to be secured to striking bar 16 in substantially full
      threaded engagement therewith.
PAR  There is illustrated in FIG. 3 an alternative embodiment of the present
      invention wherein interlocking lugs replace the previously described pins
      34 and a spring biased fastener replaces the bolts 40 in the following
      manner.
PAR  In FIG. 3 the structure and assembly of assembly 14 and striking bar 16 are
      substantially as previously described with reference to the embodiment
      illustrated in FIG. 2. However, in the present embodiment the ring 30
      includes: a plurality of circumferentially spaced, forwardly extending lug
      portions 58 which are adapted to engage a mating plurality of rearwardly
      extending lug portions 60 formed adjacent end surface 48 of body 24; and a
      plurality of circumferentially extending aligned groove portions 62 which
      extend adjacent an outer peripheral portion of lugs 60 and are adapted to
      register with a corresponding plurality of circumferentially extending
      aligned groove portion 64 extending adjacent an outer peripheral portion
      of lugs 58. The number of splines 32-28 preferably is not an even multiple
      of the number of lugs 58-60, whereby a plurality of non-redundant mating
      configurations of ring 30 and assembly 14 is provided in substantially the
      manner described hereinabove.
PAR  In practice the body 24 is threadedly engaged upon shank end portion 21 and
      ring 30 is positioned adjacent shank portion 52 and axially rotated to
      align splines 28-32 and also to select the most nearly aligned
      configuration of lugs 58-60. Assembly 14 is adjusted as necessary to
      perfect the alignment of respective lugs 58 and 60, and the ring 30 is
      then moved forwardly to a position adjacent surface 48 to engage
      corresponding lug portions 58 and 60 and corresponding splines 28-32. In
      the assembled configuration the aligned groove portions 62 and 64 form a
      continuous circumferential groove 66 which is adapted to receive a
      generally hoop-like spring biased fastener member 68 such as a snap ring
      which acts to key respective adjacent lug portions 58 and 60 together to
      preclude axial separation thereof. Thus, by virtue of the structure
      illustrated in FIG. 3 the ring 30 is constrained against axial rotation
      with respect to bar 16 by engagement of splines 28-32 and assembly 14 is
      likewise constrained against axial rotation with respect to bar 16 by
      engagement of lug portions 58 and 60, which engagement is maintained by
      the snap ring 68 as described. The substantially full threaded engagement
      of shank 17 within bore 23 is thus secured against spontaneous
      disengagement.
PAR  According to the present invention as illustrated and described a structure
      is provided whereby a bit assembly may be rigidly and releasably affixed
      to a striking bar and positively secured against inadvertent or
      spontaneous disengagement therefrom by engaging an annular member keyed to
      the striking bar and being thereby constrained against axial rotation with
      respect thereto.
PAR  Notwithstanding the reference hereinabove to specific embodiments of the
      present invention, it is to be understood that this invention may be
      practiced in various alternative embodiments and may be modified in
      numerous ways without departing from the broad spirit and scope thereof.
      For example: rope threads 22 and 19 may be replaced by such securing means
      as a bayonet type fastener; the plurality of pins 34 and bores 38 may be
      replaced by a single such pin 34 and bore 38, each adapted to register
      with any of a plurality of respective bores 36 and 50; and the like.
PAR  Inasmuch as these and other embodiments of the present invention and
      modifications thereto have been envisioned and anticipated it is intended
      that the invention be interpreted broadly and limited only by the scope of
      the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a coupling assembly for coupling a working member in coaxial
      alignment with an elongated force transmitting member, the improvement
      comprising: rigid means adapted to receive portions of said members within
      respective axial end portions thereof and cooperable with respective
      adjacent peripheral surfaces of said members to maintain said coaxial
      alignment; locking means having an internal portion thereof cooperable
      with an adjacent external portion of said force transmitting member to
      provide a selectively adjustable circumferential alignment therebetween;
      and securing means cooperable with portions of said rigid means and said
      locking means to positively maintain said selectively adjustable
      circumferential alignment and to maintain a circumferential alignment
      between said rigid means and said locking means.
NUM  2.
PAR  2. A coupling assembly as specified in claim 1 wherein said rigid means
      threadably receives said portion of said force transmitting member within
      said respective axial end portion thereof.
NUM  3.
PAR  3. A coupling assembly as specified in claim 1 wherein said working member
      is a bit and said force transmitting member is a striking bar.
NUM  4.
PAR  4. A coupling assembly as specified in claim 1 wherein said internal
      portion of said locking means and said external portion of said force
      transmitting member are cooperably splined to maintain said selectively
      adjustable circumferential alignment.
NUM  5.
PAR  5. A coupling assembly as specified in claim 4 wherein said rigid means
      threadably receives said portion of said force transmitting member within
      said respective axial end portion thereof.
NUM  6.
PAR  6. A coupling assembly as specified in claim 5 wherein said external
      portion of said force transmitting member is located intermediate the
      longitudinal ends of said force transmitting member.
NUM  7.
PAR  7. A coupling assembly as specified in claim 4 wherein said locking means
      is an annular locking ring surrounding said force transmitting member.
NUM  8.
PAR  8. A coupling assembly as specified in claim 7 wherein said securing means
      includes a plurality of circumferentially spaced members extending between
      said rigid and locking means in a direction generally parallel to the
      longitudinal axis of said force transmitting member.
NUM  9.
PAR  9. A coupling assembly as specified in claim 8 wherein the number of said
      circumferentially spaced members is an odd multiple of the number of said
      splines.
NUM  10.
PAR  10. A coupling assembly as specified in claim 7 wherein said securing means
      includes an annular snap ring cooperable with interengaging tongue and
      groove portions of said rigid and locking means.
NUM  11.
PAR  11. A coupling assembly as specified in claim 10 wherein the number of said
      tongue and groove portions is an odd multiple of the number of said
      splines.
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ABST
PAL  A spoked wheel and method of making same including a peripheral rim, a
      central hub and a plurality of spokes interconnecting the hub and rim in
      which the hub is provided with spaced flanges interconnected by a tubular
      spindle and the spokes are in the form of wire members extending between
      the rim and the respective flanges. The wire spokes are of fixed,
      non-adjustable length and are tensioned simultaneously and equally by
      expanding the distance between the hub flanges with the spindle being
      inserted therebetween in order to maintain the flanges spaced apart.
      Airfoil blades may be mounted on the outer portion of certain of the
      spokes to enable utility of the wheel as a wind turbine, fan, propeller on
      a hovercraft or the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to a spoked wheel and the method of
      making the wheel in which the spokes are disposed in longitudinally spaced
      radial planes which converge toward the rim of the wheel and diverge
      toward the hub of the wheel with the spokes being constructed of wire
      members of fixed, non-adjustable length and tensioned simultaneously and
      equally by increasing the distance between the points of attachment to the
      hub when making the wheel.
PAR  2. Description of the Prior Art
PAR  Many types of spoked wheels have been constructed with the structural
      characteristics of the wheel being varied depending upon the intended
      utility. Usually, such wheels include relatively heavy and rigid spokes.
      In some instances, the spokes are capable of adjustable tensioning by the
      use of screw-threaded elements incorporated into the spokes with one
      example of this type of construction being a conventional bicycle wheel
      and other similar types of wire spoked wheels. One of the problems in the
      construction of this type of wheel is unequal tensioning of the spokes
      which frequently results in bending or deflection of the rim of the wheel
      and eccentric orientation of the hub. When such wheels are constructed of
      rigid materials, they become quite heavy and when such wheels are
      constructed with a relatively large diameter, they also are quite heavy.
      In view of these problems, spoked wheels with a hub and rim have not been
      used in certain instances. For example, the provision of airfoils on the
      spokes for use as a wind turbine, fan, propeller or the like has not found
      acceptance although efforts have been made to utilize such structures as
      exemplified by certain of the following U.S. Pat. Nos.
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PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a spoked wheel which is economical
      in manufacture, of lightweight construction and provided with high
      strength and durability with the wheel being constructed in a unique
      manner.
PAR  Another object of the invention is to provide a spoked wheel and a unique
      method of constructing such a wheel in which the wheel includes a
      peripheral rim and a central hub assembly interconnected by wire spokes of
      a fixed length with the unique method of assembly resulting in
      simultaneous and equal tensioning of the wire spokes by expanding the
      distance between the hub flanges to which the spokes are connected.
PAR  A further object of the invention is to provide a spoked wheel and method
      as set forth in the preceding objects capable of effective use as a wind
      turbine by mounting airfoil blades on the outer portions only of the
      spokes in a manner to utilize the wind force in generating electrical
      energy or otherwise harnessing the forces of the wind for practical
      purposes or utilizing the wheel as a fan or propeller in a hovercraft,
      helicopter, or the like.
PAR  Still another object of the invention is to provide a spoked wheel and
      method in which the rim may be constructed in a manner to facilitate
      peripheral drive connection to a power output to utilize the relatively
      high linear speed at the periphery of the wheel for driving a generator or
      the like.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of the wheel rim, hub flanges and spokes during
      an initial step in the method of making the spoked wheel.
PAR  FIG. 2 is a view similar to FIG. 1 but illustrating the hub flanges being
      moved apart for receiving a spindle thus expanding the distance between
      the points of attachment of the spokes with the hub assembly for
      simultaneously tensioning all of the spokes.
PAR  FIG. 3 is an elevational view of the spoked wheel constructed in accordance
      with the present invention utilized as a wind wheel or turbine.
PAR  FIG. 4 is a sectional view extending through the center of the wheel
      illustrating the structural features of the rim, spokes, hub and airfoil
      blades.
PAR  FIG. 5 is a detailed sectional view taken substantially upon a plane
      passing along section line 5--5 of FIG. 3 illustrating further structural
      details of one of the spokes and airfoil blade mounted thereon.
PAR  FIG. 6 is a sectional view taken substantially upon a plane passing along
      section line 6--6 of FIG. 3 illustrating further structural details of a
      spoke and the association of an inner ring therewith for varying the pitch
      of the blade at the inner end.
PAR  FIG. 7 is an exploded group perspective view illustrating a portion of the
      rim, spokes and hub assembly.
PAR  FIG. 8 is a fragmental perspective view illustrating the components of FIG.
      7 in assembled condition with the airfoil blade mounted on one of the
      spokes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the spoked wheel of the present invention is
      generally designated by numeral 10 and includes a central hub assembly 12,
      a peripheral rim 14 and a plurality of spokes 16 associated in a manner to
      provide a spoked wheel.
PAR  As illustrated in FIGS. 1 and 2, the rim 14 is of channel-shaped
      configuration although it may be of other shapes and configurations as
      desired with the rim including a web 20 and a pair of outwardly projecting
      flanges 22 oriented at the edges of the web. The rim 14 is of rigid
      continuous construction and may be formed in any suitable manner such as
      extruded in a curved manner so that the ends of the circular extrusion
      could be joined or it may be formed in a segmental manner with the
      arcuately curved segments being joined in any suitable manner. Also, as
      stated, the rim may be of channel-shaped configuration or of any other
      desired configuration with the web or plate 20 being necessary in order to
      provide a structure to which the spokes 16 are connected.
PAR  The hub assembly 12 includes a pair of circular flanges 24 and 26 each of
      which is provided with a plurality of spaced holes 28 for receiving the
      inner ends of the spokes 16. The flanges 24 and 26 are spaced apart by and
      rigidly connected to a central cylindrical spindle 30 in the form of a
      tubular member to provide a central hub assembly by which the wheel 10 may
      be rotatably supported on a suitable shaft, rod or other suitable support
      structure by suitable bearings and the like.
PAR  Each spoke 16 is constructed of wire and includes a pair of generally
      parallel radially extending wire members 32 interconnected at their outer
      ends by a short central portion 34 and provided with offset free ends 36
      as illustrated in FIG. 7. The spokes 16 are assembled with the rim 20 by
      inserting the two wire members 32 through a pair of adjacent holes 38 in
      the web or plate 20 of the rim 14 and the offset ends 36 are then threaded
      into holes 28 in the flange 24 or flange 26 as illustrated in FIG. 1.
PAR  The spokes 16 are of generally U-shaped configuration with the central
      bight portion 34 disposed against the outer surface of the rim 14 and the
      free ends 36 being initially disposed at 90.degree. to the members 32,
      inserted through the holes 28 and then bent at 90.degree. back into
      parallel relation to the members 32 but offset in relation thereto thereby
      securely joining or connecting the spokes 16 to the hub assembly 12. As
      illustrated, the spokes 16 are disposed in two generally conical planes
      with the planes converging toward the rim and diverging toward the hub
      assembly. It is pointed out that each spoke may be a single wire member
      anchored to the rim and flange in any suitable manner.
PAR  As illustrated in FIGS. 1 and 2, the manner of assembly of the spokes with
      the rim and hub flanges is set forth in a schematic manner with the manner
      of joining the spokes to the hub flanges being illustrated specifically in
      FIG. 1. FIG. 2 illustrates the manner in which the spokes are tensioned by
      forcing the flanges 24 and 26 apart so that the spindle 30 can be inserted
      therebetween and secured thereto in any suitable manner. For example,
      outer bearing races may be partially fitted into the ends of the spindle
      and partially received in the flanges to rigidly connect these components
      by press fitting or other well known techniques. When the flanges 24 and
      26 are expanded or spread apart as indicated in FIG. 8, the spokes 16
      which are non-adjustable and of fixed length will be tensioned due to
      their movement from a substantially parallel condition as illustrated in
      FIG. 1 to the inclined positions illustrated in FIG. 2. The tension in
      each of the spokes will be equal and this tensioning of the spokes is
      accomplished without the use of any screw-threaded adjustment devices or
      the like and enables the tensile strength of the wire from which the
      spokes are constructed to be effectively utilized thereby maintaining the
      lightweight characteristics of the wheel as compared with rigid,
      relatively heavy spokes welded to the rim and hub flange as in
      conventional construction.
PAR  Airfoils or blades 18 are mounted on one set of spokes 16 to enable the
      spoked wheel 10 to be utilized effectively as a wind turbine, fan,
      propeller for a hovercraft, helicopter or the like. As illustrated, the
      spoked wheel is adapted for use as a wind turbine with the blades 18 being
      mounted on the spokes 16 in a manner that air or wind blowing into the
      wind wheel in the manner indicated by the directional arrows in FIG. 4
      will cause rotation of the wheel 10. The blades 16 are in the form of
      hollow envelopes 40 having the configuration of an airfoil from the
      leading edge 42 thereof to the trailing edge 44 with the hollow envelope
      being wrapped around a pair of wire members 32 forming the spokes 16.
      Thus, there are two wire members 32 inside each of the hollow blades 18,
      one in the leading edge 42 and one in the trailing edge 44 in a manner
      that the wire members 32 are wedged snugly inside the blade. With this
      construction, the orientation of the holes 38 in the rim web 20 determine
      the pitch of the blades 18 at their outer tip. The blades 18 may be
      fabricated from lightweight material such as sheet aluminum, plastic or
      even a fabric material. Also, since the portion of the blade nearest the
      hub on a wind turbine does very little to increase the performance and
      power output of such a turbine, the blades 18 are disposed only toward the
      outer end portion of the spokes. The inner ends of the blades terminate in
      substantially spaced relation to the hub assembly with only the bare wires
      32 extending from the hub flanges to the inner ends of the blades.
PAR  When the spoked wheel rotates, the inner ends or tips of the blades travel
      at a lower velocity than the outer ends or outboard tips of the blades and
      for this reason, the inboard tips of the blades 18 are provided with a
      slightly greater pitch which is accomplished by arranging the wire members
      32 so that they are not exactly parallel, that is, they gradually diverge
      from the rim inwardly. To provide this divergence and to maintain this
      divergence, an inner rim or ring 46 is provided which is disposed between
      the adjacent wires 32 of the spokes 16 as illustrated in FIGS. 6 and 8.
      FIG. 6 illustrates specifically the manner in which the inner rim 46 is
      associated with the wire members 32 to maintain the inboard tip of the
      propeller blade with a greater pitch than the outboard tip. The inner rim
      46 may be secured to the blades or may be provided with holes receiving
      the wire members 32 or may be retained in position by the wire members 32
      which converge toward each other so that they attach to the circular
      flange 24 as illustrated in FIGS 4 and 8.
PAR  With this construction, the blades 18 have a gradual twist from the
      outboard tip to the inboard tip so that the optimum pitch can be
      established at each end of the blade. The inboard rim 46 also provides a
      much more rigid construction for the inboard tips of the blades and
      eliminates any tendency of the blades to flutter at relatively high
      velocity. In order to provide the best overall aerodynamic shape for
      utilizing energy from the wind, the blades are installed on only the rear
      set of spokes 16 as indicated in FIG. 4. If desired, a nose cone or other
      deflecting device may be provided for directing the wind into the blades
      18 and the web 20 of the rim 14 serves somewhat as an air duct to prevent
      air spilling from the peripheral tips or outboard tips of the blades 18.
      Also, the channel-shaped construction of the rim 14 enables an effective
      power take-off from the periphery of the wheel. For example, a belt drive
      may be engaged with the web 20 which may be specifically adapted for
      receiving a V-belt or the like. The use of this type of spoked wheel in a
      wind turbine provides for a lightweight structure which has extremely high
      efficiency in the use of the energy of the wind. For example, well known
      Dutch windmills having four radiating arms have an efficiency of about 15
      percent of the available energy of the wind while the familiar
      multi-bladed windmill used for pumping water on farms utilizes about 30
      percent of the energy whereas the present spoked wheel constructed in the
      manner illustrated utilizes in excess of 50 percent of the wind's energy
      and in addition has an extremely high starting torque and can be used when
      wind speeds are so low that conventional windmills would not even be
      turning. By driving a generating device from the periphery of the rim, one
      of the big problems in generating electricity with wind has been solved
      since conventional windmills deliver their power at the relatively slow
      turning center shaft which rotational speed must be increased through one
      or more stages of gearing or belting to be able to drive a typical
      generator or alternator. This device, on the other hand, driving from the
      periphery of the rim provides a relatively high linear output speed. In an
      actual test model in which the spoked wheel is 15 feet in diameter, the
      spoked wheel weighing approximately 70 pounds will produce approximately
      246 kilowatts per day when operating in a wind of 30 miles per hour which
      is several times more than the average household consumption of
      electricity. The particular size, output characteristics and the like, of
      course, may be varied depending upon installational requirements and
      various means may be provided for limiting the maximum rotational speed of
      the device and various support structures may be provided for maintaining
      proper orientation of the spoked wheel in relation to the direction of the
      wind when used as a wind turbine.
PAR  In addition, the device may have other utility including use as a fan, use
      as a propeller for a hovercraft, helicopter or the like in which event
      various adaptations may be made for rendering it operative for the
      particular purposes intended.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A spoked wheel comprising an annular rim of rigid construction, a
      central hub assembly, and a plurality of radially extending spokes
      interconnecting the rim and hub assembly, said spokes being of fixed,
      non-adjustable length, said hub assembly including spaced end flanges
      having a spindle extending therebetween, said spokes being wire members
      with a plurality of wire members extending from each of the flanges to the
      rim and being equally tensioned by expanding the distance between the
      flanges when positioning the spindle therebetween, each of said spokes
      being of generally U-shaped configuration with parallel wire members
      interconnected by an outer end wire portion of relatively short length
      with the two wire members being inserted radially inwardly through spaced
      holes in the rim, the two wire members having inner free ends connected to
      a flanges of the hub assembly, and a blade mounted on each pair of wire
      members extending from the rim to one of the flanges, each blade being in
      the form of an airfoil and disposed only toward the outer portion of the
      spokes, each blade being hollow and in the form of an envelope with the
      wire members being disposed in the leading and trailing edges thereof, and
      an inner rim at the inboard tips of the blades and disposed between the
      wire members defining each spoke to enable variation in pitch of the
      blades from their outboard tips to their inboard tips.
NUM  2.
PAR  2. The method of making a spoked wheel comprising the step of forming an
      annular rim of circular configuration, connecting a plurality of radially
      disposed spokes to the rim, connecting the end portions of alternate
      spokes to central flanges and spreading the flanges apart and placing a
      spacing device therebetween thereby equally tensioning all of said spokes,
      each spoke being constructed of wire and the step of connecting the spokes
      to the rim includes the step of passing the two ends of a wire through
      adjacent holes in the rim from the outer surface to the inner surface so
      that the central portion of the wire engages the outer periphery of the
      rim, the end portions of the wire extending radially inwardly with the
      free ends thereof connected to a flange, and mounting an airfoil blade on
      each spoke extending from the rim to one of the flanges by enclosing the
      portions of the wire inwardly of the rim to a point spaced from the
      flange, and varying the pitch of the blades from the outboard tip to the
      inboard tip by inserting an inner rim between the portions of the wire at
      the inboard tips of the blades.
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ABST
PAL  There is disclosed a device for loading down which includes a source of
      air-fluffed down and a blower for delivering down entrained in air through
      at least one down-loading station. The device includes connections to draw
      down from its source to a calibrated filter and to reverse the flow
      through the filter when a predetermined amount of down has been delivered,
      whereby the down is removed from the filter and delivered, entrained in
      air, to a loading station. There is also disclosed a two-vessel device for
      providing a small amount of air-fluffed down from a large, compact
      capacity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that down has exceptional insulating value per unit of
      weight. However, for the insulating value of the down to be obtained, it
      must be carefully loaded into sleeping bags, quilts, jackets or other
      articles employed to maintain a person warm. The high loft of down is
      largely responsible for its insulating value. However, if too much down is
      loaded into an article or if too little down is loaded into an article,
      the maximum benefit of the insulating value of the down is not obtained.
PAR  Down-filled articles are usually made as a series of tubes so that the
      migration of down is limited when the article is in use. The tubes are
      arranged in overlapped arrays or in other arrays so that the seams between
      adjacent tubes will be covered, on one side or the other, with a volume of
      down. The widely known fluffy and light character of down makes it very
      difficult to load properly. Ordinarily filling articles with down is
      accomplished in a "down room" because the light and fluffy character of
      the down makes its escape inevitable, messy and wasteful; and down rooms
      are employed because they tend to restrict the loss of down to a limited
      area. However, the fact that loading down is a messy job is the least of
      the problems because the escape of down is simply characteristic of the
      difficulties involved with measuring it, and after measurement loading it
      into an article. Down is usually measured by weight, and it is important
      not only that a down-filled article contain the proper weight of down but
      additionally that each of the tubes from which the article is made contain
      theh proper weight of down. It is evident that weighing a quantity of down
      is difficult because such small amounts occupy so much volume. It is also
      evident that once a weighed quantity of down is obtained, loading that
      weighed quantity into a fabric tube without loss is also difficult.
PAR  Down loading is conventionally accomplished by entraining a measured
      quantity of down in air, then passing the air with the down entrained
      through a nozzle that is inserted in a tube to be filled with down. The
      tubes are generally made of tightly woven fabric which makes them ideal
      for filtering the down from the air, resulting in a down-filled tube.
      Although down losses in the filling of the tube are greatly minimized by
      employing this technique, there is still a great deal of difficulty in
      measuring down and introducing it into an entraining air stream so that it
      may be delivered to a loading nozzle.
PAC  THE INVENTION
PAR  The present invention includes a device which provides a means for
      accurately measuring down and for delivering the down to the article that
      will contain it in accurately measured increments, entrained in air, and
      without loss. Down rooms employing the device of this invention are
      substantially free from down accumulations in the air, on the floor, or
      other horizontal surfaces.
PAR  The device includes a source of air-fluffed down, a blower, a filter
      calibrated to measure a predetermined amount of down, and a number of
      valves and conduits. The various elements are connected so that the
      suction side of the blower connects to the source of air-fluffed down in a
      manner to draw the air through the filter where down accumulates on the
      filter as the air passes through.
PAR  When the predetermined amount of down is collected on the filter, a number
      of valves move between open and closed positions whereby air is drawn
      through the filter in reverse direction so that the known quantity of down
      on the filter becomes entrained in that air and delivered to a
      down-loading station. As stated above, the down-loading station is usually
      equipped with a metal nozzle that can be inserted into the tubes of a
      down-filled article so that the fabric of the article acts as a filter to
      remove down while passing the air through the fabric.
PAR  The invention also includes means for providing a long-lasting or
      continuous, dependable source of air-fluffed down. Air-fluffed down is
      necessary for down loaders including down entrained in air. However, even
      compact down has so much loft that it occupies a great deal of volume per
      unit of weight. Air-fluffed down occupies substantially more volume. It
      has been found that down-loading equipment employing down entrained in air
      must be shut down frequently to reload the air-fluffing element of the
      device because the down supply is quickly exhausted in that even very
      large volume air fluffers can contain very small weights of down.
PAR  In accordance with one aspect of this invention, a large capacity of
      compact down is maintained in communication with a small capacity of
      air-fluffed down. The invention includes a first large vessel containing
      the compact down, a second small vessel with a source of air in the bottom
      wherein a passageway between the bottom of the first vessel and the bottom
      of the second vessel is provided with a means for forcing down from the
      first vessel to the second vessel. A passageway between the top of the
      first vessel and the top of the second vessel provides a means for passing
      air from the second vessel to the first vessel. The second vessel is also
      provided with an intermediate outlet for air-fluffed down to be delivered
      to the measuring , transporting, and loading device of the invention. The
      first vessel has a filter in the top thereof and an access prrt for
      loading down.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention can be best described with reference to the accompanying
      drawings.
PAR  FIG. 1 is a schematic flow diagram of a system embodying this invention.
PAR  FIG. 2 is an elevation, sectional view of a device for providing
      air-fluffed down.
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2 illustrating
      the device of FIG. 2. FIG. 3 is symmetrical about its centerline, and
      accordingly only half of the cross section is shown.
DETD
PAR  The large vessel 10 is a source of compact down for the present invention.
      A loading port 11 with a suitable cover 12 is provided to introduce down
      from any suitable container into the vessel 10. In the vessel 10 the down
      packs down to the natural compactness caused by gravity. The vessel 10 is
      provided, in the embodiment illustrated, with an impeller 13 driven by a
      shaft 15 which in turn is driven by an electric motor 16. The
      down-fluffing device is in the form of a large cylinder 10 intersected by
      a smaller cylinder 17.
PAR  The smaller cylinder 17 has a down inlet 18 at the bottom thereof and an
      air outlet 20 at the top thereof. The cylinder 17 also has an intermediate
      outlet 21. Hereinafter the cylinder 10 shall be referred to as the first
      vessel, and the cylinder 17 shall be referred to as the second vessel.
PAR  The line 22 provides a source of air into the lower portion of the second
      vessel 17. The air entering through line 22 passes upwardly through the
      second vessel 17 and discharges through the upper passageway 20 into the
      upper portion of first vessel 10. The air passes through a filter 23
      maintained in the top of vessel 10 which permits air to pass out of first
      vessel 10, but removes down from that air so that it falls into first
      vessel 10 and joins the capacity of down maintained therein.
PAR  The heart of the down-delivery system is the blower 25 which has a suction
      line 26 and a discharge line 27. The system also includes a valve 28,
      which is movable among three positions, and valves 30, 31 and 32, which
      are movable between two positions. The positions that valve 28 can move
      among are a position connecting line 21 with line 33 discharging from the
      valve 28, a position connecting line 35 with line 33, and a position
      sealing off the inlet to line 33 which is indicated by a plugged line 36.
PAR  Valve 30 alternatively connects line 37 either with line 38, which is open
      to the atmosphere, or with line 40, which connects to line 26, the suction
      of the blower 25. Valve 31 alternatively connects line 41 or line 42 with
      line 43 which also is connected with the suction line 26 of the blower 25.
      Valve 32 alternatively connects line 27 with line 22 entering the bottom
      of the second vessel 17 or with line 45 that connects to a discharge
      nozzle that is used to fill down into a down-filled article. Line 33 also
      is connected to line 46 which enters the filter 47. The filter 47 is
      connected to scale 48 which is illustrated schematically as including
      means illustrated by line 50, 51, 52 and 53 for automatically changing the
      positions of the valves 28, 30, 31 and 32.
PAR  The operation of the device is as follows. The loading cycle is begun by
      moving valve 28 to connect line 21 with line 33, moving valve 30 to
      connect line 37 with line 40, moving valve 32 to connect line 27 with line
      22, and moving valve 31 to connect line 43 with line 42. With the valves
      in this position, down entrained in air is drawn from second vessel 17
      through line 21 and line 33, after which it passes through line 46 and
      into the filter 47. In the filter 47 down is removed from the air stream,
      and the air passes through line 37 and line 40 into the suction side of
      the blower 25. The blower 25 moves the air through line 27 and line 22,
      returning it to the second vessel 17 to provide the air necessary for
      fluffing the down. As this flow continues, down accumulates in filter 47,
      and scale 48 senses the amount of down that is accumulating. When a
      predetermined amount of down accumulates, the control device associated
      with the filter 48 actuates the various valves as follows. Valve 28 is
      actuated to be connected to plug 36. In a preferred embodiment, valve 28
      momentarily is connected to line 35 so that any down accumulated in the
      lines 33 and 46 are carried into the filter 47 so that it, too, may be
      weighed. Preferably, the control device 49 actuates the movements of the
      valve 28 slightly before the desired amount of down is in the filter 47.
      After momentarily connecting line 33 to line 35, the down is weighed
      again; and if insufficient down is then in the filter, valve 28
      momentarily connects line 33 to line 31 again so that a small increment of
      down may be added to the filter 47. When sufficient down is in filter 47,
      control device 49 actuates valve 28 so that line 33 is plugged, actuates
      valve 30 so that line 37 is connected to line 38 which opens to the
      atmosphere, actuates valve 31 so that line 41 is connected to line 43, and
      actuates valve 32 so that line 27 is connected to line 45. In this
      position, air enters the system through line 38, passes through line 37,
      and enters filter 47 flowing in the reverse direction from the original
      flow through filter 47, whereby the down accumulated on the filter 47 is
      removed. The down, now entrained in air, is passed through line 46, line
      41 and line 43 into the suction side of blower 25 at line 26. The
      entrained air then passes through the blower 25 through line 27 and is
      delivered to a down-filling station via line 45.
PAR  The duration of this portion of the cycle may be timed or it may be
      controlled by a combination of weight and time: for example, when the
      control mechanism 49 senses that the weight of the filter 47 is the tare
      weight, several seconds elapse before the valves are returned to the
      positions described at the beginning of the cycle. It has been found that
      the cycle required to load one tube of a down-filled article, i.e. the
      duration of time required for both of the cycles described above, is less
      than 5 seconds.
PAR  It is preferred that the total cycle be triggered by an operator at the
      down-loading station at the end of line 45, whereby the cycle will begin
      when a nozzle is inserted into a fabric tube to receive down and it will
      be terminated by the operator actuating a mechanism that triggers the
      beginning of the next cycle.
PAR  Down is normally measured by weight. The scale 48 is preferably a load cell
      that employs strain gauges that can be preset for any desired weight. Such
      a load cell has been found to measure the weight of down within 1/200 of
      an ounce.
PAR  Many variations of the present invention may be effected within its broad
      scope. It is within the scope of this invention to provide a separate
      blower for line 22 so that the fluffed down in second vessel 17 is
      maintained fluffed at all times and at a uniform rate. The down may be
      measured within filter 47 volumetrically in that a given volume of down
      delivered to the filter 47 at a given flow rate is substantially
      equivalent to a weight measurement.
PAR  FIGS. 2 and 3 describe in more detail the device employed in this invention
      to maintain a supply of fluffed down. The first vessel 10 is shown as a
      cylindrical vessel having a large capacity compared to the capacity of the
      second vessel 17. The first vessel 10 is provided with a shaft 15 that
      drives an impeller 13. The first vessel 10 also is provided with a filter
      23 and a closable loading port 13 which is shown herein as being
      maintained closed with a damper-like element 12. This manner of
      maintaining port 11 closed is preferred so that down may be added to first
      vessel 10 without shutting down the process whereby substantially an
      infinite capacity of down is available to the system. The down in vessel
      10 is compact as contrasted to air-fluffed in that it simply lies in the
      first vessel 10. As the impeller 13 rotates, on each revolution it pushes
      two small increments of down into the second vessel 17 through the lower
      opening 18. The down in the second vessel 17 is fluffed by air entering
      line 22 and, in a preferred embodiment, passing through housing 55 and
      through sparger 56 so that it is distributed uniformly across the bottom
      of the second vessel 17. As a result, the down is maintained as a very
      light dispersion of down in air with each feather separated from each
      other feather and without clumps that would tend to jam into valves or
      blowers.
PAR  Excessive amounts of down in the second vessel 17 simply pass through the
      upper opening 20 wherein they are returned to the first vessel 10. The air
      passes through the upper passageway 20, exits through the filter 23
      maintained in the top of the first vessel 10; while the down entrained in
      that air either falls into the main capacity of down in the first vessel
      10 as it passes through the passageway 20 or is removed through the filter
      23.
PAR  Filter 23 will be of adequate size to remove down without causing large
      accumulations of it; and in a preferred embodiment, several filters 23 may
      be employed so that some may be cleaned by reverse blasts of air while
      others are employed in removing down from the air escaping through them.
PAR  The air-down mixture removed through line 21 is a very light dispersion
      that is ideally suited for delivery through the various valves and
      conduits of the system described with reference to FIG. 1.
PAR  The elements of the device illustrated in FIGS. 2 and 3 may be substituted
      with equivalent elements if desired. Thus, instead of an impeller 13,
      other suitable and equivalent means for forcing compact down from the
      first vessel 10 through the passageway 18 and into the second vessel 17
      may be employed. These means may include such devices as a plunger, a
      continuous conveyor belt, or even a blast of air directed through the
      passageway 18 by a nozzle.
PAR  The manner of introducing air into the lower portion of second vessel 17
      may be varied to obtain a dispersion of the characteristics desired.
      Although the vessels are illustrated as intersecting cylinders, they may
      be in any shape desired and may be separate from each other and provided
      with conduit-type passageways to provide the communication illustrated
      with openings 18 and 20. Also, the size and positional relationships with
      regard to elevation may be varied without departing from the concept of
      this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A down loader comprising
PA1  A. a source of air-fluffed down,
PA1  B. a blower having a suction side and a discharge side,
PA1  C. a filter to hold down on it and including a calibration means to measure
      a predetermined amount of down,
PA1  D. means connected to the suction side of said blower for drawing down from
      said source and into said filter in a forward direction,
PA1  E. means connected to the suction side of said blower to draw air through
      said filter in the reverse direction from said forward direction, thereby
      to entrain said predetermined amount of down in air,
PA1  F. means connected to the discharge side of said blower to direct air
      having a predetermined amount of entrained down to a down-loading station.
NUM  2.
PAR  2. The down loader of claim 1 wherein said calibration means is a weighing
      means.
NUM  3.
PAR  3. The down loader of claim 1 wherein means connected to said calibration
      means changes the direction of air flow through said filter when said
      predetermined amount of down is on said filter.
NUM  4.
PAR  4. The down loader of claim 1 wherein means connected to the discharge side
      of said blower provides air to said source of air-fluffed down.
NUM  5.
PAR  5. The down loader of claim 1 wherein said means connected to the suction
      side of said blower for drawing down from said source includes means
      alternatively connected to said source of air-fluffed down and to a source
      of air containing no entrained down.
NUM  6.
PAR  6. The down loader of claim 1 wherein said means connected to the suction
      side of said blower to draw air through said filter in the reverse
      direction includes means alternatively connected to draw down-laden air
      from said filter and to a source of air without entrained down.
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ABST
PAL  An underground, improved slurry transportation system consists of a first
      and second vertical cavity. Both cavities have a vent means to the surface
      of the earth. Slurry input means from a plurality of mine faces
      communicates with the upper portion of the first vertical cavity and
      slurry output means communicates with the lower portion of the first
      vertical cavity. A pump connected to the slurry outlet forces the slurry
      from underground through a slurry handling pipe system to a preparation
      plant located on the surface of the earth.
PAL  Water is added to the second vertical cavity by an inlet communicating with
      the upper portion of the cavity. Water is also provided to the first
      cavity, and valves are provided to add water to either the first or second
      cavity upon demand. A decant system is also provided between the first and
      second cavities to remove any excess water that may accumulate in the
      first cavity. A slurry level indicator is mounted vertically in the first
      cavity to measure the levels of slurry concentration in the cavity. A
      water level indicator is mounted vertically in the second cavity to
      measure the level of the water. An electronic apparatus from the surface
      of the earth determines the slurry concentration in the first cavity and
      the water level in the second cavity and provides apparatus for
      controlling these levels to a predetermined amount.
BSUM
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  The following patents are pertinent to the invention disclosed herein: U.S.
      Pat. Nos. 3,512,842 issued to Milewski; 3,606,476 issued to Krueger;
      3,612,615 issued to Allen; and 3,269,777 issued to MacLellan. The
      MacLellan patent discloses a conveyor dumping the product into a hopper
      which is in direct communication with the formed cavity underground. The
      cavity comprises a lift for removing the slurry formed in the cavity, a
      water outlet for disposing of the overflow when material is added, and
      means for adding water if needed. The patent does not disclose a slurry
      inlet to an underground cavity. It further does not disclose any means for
      concentrating the slurry from a plurality of lines and maintaining the
      concentration by removing the water. Even though water removal is
      illustrated, the water is also returned to the cavity when the material
      being dumped into the cavity has been removed.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  A borehole is drilled from the surface of the earth to a desired depth
      underground and backreamed to provide a cavity which is sealed and, when
      outfitted with appropriate input and output channels or pipelines and
      level control devices, can be used for storage and surge capacity for
      solids regulation in an underground hydraulic haulage system. The height
      of the cavity should be dependent upon the system's pump head capabilities
      and the number and diameter of the cavities upon the required storage
      capacity, the geometry of the working, and the geology of the area. A sump
      would be constructed nearby in the underground working to provide a
      location for excess water, including drainage or leakage and emergency
      conditions.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURE
PAR  The FIGURE accompanying this specification illustrates an improved slurry
      handling system for underground hydraulic haulage.
DETD
PAC  DETAILED DESCRIPTION OF THE FIGURE
PAR  A first vertical cavity means or sump 10 is formed by drilling a borehole
      11 and backreaming the borehole to form a sump as illustrated. A second
      vertical cavity means or sump 12 is likewise formed by drilling a second
      borehole 13 and backreaming sump 12 in the manner illustrated. A slurry
      transportation system or hydraulic haulage system from the mine face 15 is
      transported to a pipe 16 into an inlet 17 of vertical sump 10. A second
      mine face, for example 18, is communicated through a pipe 19 to a second
      inlet 20. While two mine faces are illustrated, it is of course obvious
      that as many mine faces as needed can be utilized depending upon the
      height and diameter of sump 10. Slurry outlet 21 communicates with a pump
      inlet 22 of pump 23. A pump outlet 24 is connected through a pipe 25 to
      the surface of the ground to a coal-water separation plant 26 where the
      output comprises coal 27 and surplus water through a pipe 28. The surplus
      water will pass through a controlled valve 29 and pipe 30 to the inlet 31
      of sump 12. Additional water can be added to or from a reservoir as
      illustrated by arrow 35 through a pipe 36 which is controlled by valve 37.
      A water control system referred to by block 38 has a wire 39 connecting
      with the valve 37 and a wire 40 connecting with valve 29 so that the valve
      can be individually operated, as will be explained subsequently. Water
      from water storage sump 12 can be removed through outlet 45 through pipe
      46 and added through pipe 47 through inlet 48 of pump 49 to the outlet 50
      of pump 49 and pipe 51 to a fluidizing inlet or jet 52 of vertical sump
      10. Water can also be supplied through pipe 55 to the inlet 56 of pump 57
      to the outlet 58 of pump 57 to pipe 59 to valves 60 and 61. Valve 61 will
      permit water to go through pipe 62 to the water inlet 63 of the first mine
      face. Valve 60 will permit water to go through pipe 65 to the water inlet
      66 of face No. 2 for example. Additional valves and inlets for various
      other mine faces can be provided as needed.
PAR  In order to control the concentration of the slurry in sump 10, a plurality
      of slurry height measuring gauges is mounted vertically in the sump as
      illustrated by Nos. 70, 71, 72, and 73. Wires 74 communicate the height of
      the slurry to slurry control apparatus illustrated by block 75. The water
      storage vertical sump 12 likewise has a plurality of water height
      indicators illustrated by Nos. 80, 81, 82, and 83, which are coupled to a
      wire 84 to the inlet 85 of water control system 38. A decant pipe 86
      communicates between slurry sump 10 and water sump 12 and permits water to
      flow or decant from slurry sump 10 to water sump 12.
PAC  OPERATION
PAR  The system disclosed in the drawing operates as follows. Water is added to
      sump 12 until it reaches an appropriate level, usually between indicators
      82 and 83. Any air in the sump escapes through the borehole 13 which now
      functions as a vent means. The water may be added from several sources,
      for example, the water control system 38 through wire 39 can open valves
      37 and 29, applying water through pipe 30 into inlet 31 to the sump 12.
      Water can also be applied from the preparation plant by closing valve 37
      and opening 29 so that water can flow from pipe 28 through pipe 30 to
      inlet 31. Once the water storage sump is full, water is removed to outlet
      45 through pipes 46 and 51 to the inlet 56 of pump 57 where it is
      pressured and supplied to the outlet 58 and pipe 59. If mine face 15 is
      operating, valve 61 is opened, and water is pumped through pipe 62 to the
      water inlet of the face 63. There it is added with coal and mixed to form
      a slurry, where it is pumped through pipe 16 to the inlet 20 of sump 10.
      Borehole 11 also functions as a vent means to release air to the surface
      as sump 10 is filled. If the second coal face is operating, water is
      supplied to valve 60, pipe 65, to water inlet 66 of the second face, where
      it in turn is likewise mixed with coal to form a slurry and is pumped
      through pipe 19 to inlet 20 of sump 10. The mixture of coal and water in
      varying concentrations passes through inlets 17 and 20 and gradually fills
      sump 10. Since the concentration is more than likely less than 50 percent,
      the product is permitted to settle and the water decanted through pipe 86
      back to water storage sump 12. As the concentration builds up and
      gradually reaches approximately 50 percent, inlet pump 23 is operated
      drawing slurry from outlet 21 into inlet 22 where it is pumped to the
      outlet 24 through pipe 25 to the coal-water separation plant 26. The coal
      is separated and either piled or moved from the separation plant, and the
      water is returned through pipe 28 to either the excess water reservoir
      through pipe 36 in the direction of arrow 35 or, by opening valve 29, is
      returned through pipe 30 to the inlet 31 of water storage sump 12.
PAR  In order to fluidize the sump in the vicinity of the outlet 21, a
      fluidizing inlet or jet 52 is provided. To operate the fluidizing inlet
      jet 52, water is drawn from water storage sump 12, outlet 45, through
      pipes 46 and 47 to the inlet 48 of pump 49 where it is pressurized and
      supplied to the outlet 50 of pipe 51, which is piped into fluidizing inlet
      52 of sump 10. Control of the water height is accomplished by water level
      sensors 80 through 83. These may be simple flow valves or any other
      ordinary type water sensing apparatus. The information from these sensors
      is fed through wire 84 to the water control system 38. If additional water
      is needed, then water can be supplied either by obtaining water from the
      coal-water separation plant through pipe 28 to valve 29, which is opened
      by sending a control signal through wires 39 and 40 from the water control
      unit 38. The water then passes through pipe 30 to the inlet 31. Water can
      also be, as previously mentioned, added to the system by opening valves 37
      and 29 by utilizing control through wires 39 and 40. Of course, if the
      water level indicator 82 signals that the water has reached or is above
      indicator 82, water will be shut off from valve 29. Water may then flow
      from the water preparation plant 26 down to pipe 28 to valve 37, which can
      be opened through wire 39 and permit the water to pass through pipe 36 to
      the excess water reservoir. Water level sensors 72 and 73 will indicate
      when excess fluids have been pumped into the slurry storage system. This
      water can be decanted either through pipe 86 to sump 12, or the pump 23
      can be operated, removing the slurry water concentration whether it
      reaches 50 percent or not. It is obvious, of course, that if for some
      reason the water builds up past water level sensor 73, the system must be
      deactivated. The above can be accomplished by signaling the various mine
      faces to shut down the pipes, providing movement of water and slurry from
      the mine faces down either pipe 16 or 19 to sump 10. The water inlet can
      be shut off by shutting down the valve 29, and the system can be emptied
      by operating pump 23. Both sumps 10 and 12 may have a flat or a conically
      spaced bottom.
PAC  CONCLUSIONS
PAR  An extremely versatile underground slurry handling system has been
      disclosed. The system, of course, can be modified by additional slurry
      sumps or additional water sumps as the need for capacity arises. The sumps
      can also be made larger in diameter or higher depending upon the
      additional need for capacity as previously mentioned. While only two
      slurry pipes have been shown entering slurry sump 10, it is of course
      obvious that several slurry pipes in addition to the two shown can be
      added as additional mine faces are being produced. A manway from the
      surface of the ground or from the mine to and into the various sumps has
      not been illustrated. Such a manway is obvious and can be formed in one of
      several ways, either by enlarging the borehole or by forming shafts or
      tunnels adjacent to the various sumps and providing access to closed doors
      into the sump. A manway, of course, would be necessary to repair or
      replace the various sensing elements, such as 72 through 73 or 80 through
      83 and for cleaning out the inlets and outlets if they should become
      plugged or, of course, for adding additional inlets or outlets. It is
      obvious, of course, that other changes and modifications can be made in
      the apparatus as described and still fall within the teachings of the
      specification and appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An improved slurry handling system under the surface of the earth
      comprising:
PA1  a. a first vertical cavity means formed under the surface of the earth and
      having a vent means communicating with said surface;
PA1  b. a second vertical cavity means formed under the surface of said earth
      and having a second vent means communicating with said surface;
PA1  c. slurry input means communicating with the upper portion of said first
      vertical cavity;
PA1  d. slurry outlet means communicating with the lower portion of said first
      vertical cavity;
PA1  e. means connected to said slurry outlet for moving slurry out of said
      first vertical cavity and to the surface of said earth;
PA1  f. selectively controlled inlet water means communicating with said second
      vertical cavity;
PA1  g. water outlet means communicating with the lower portion of said second
      vertical cavity;
PA1  h. decant means communicating between the upper portions of both said first
      and second vertical cavity means;
PA1  i. slurry level indication means positioned in said first vertical cavity
      means;
PA1  j. water level indicator means positioned in said first and second vertical
      cavity means;
PA1  k. means responsive to said water level and said slurry level for
      maintaining said respective water and slurries at a predetermined level;
      and
PA1  l. means connected to said water outlet means for reslurrying said slurry
      at said slurry outlet means.
NUM  2.
PAR  2. An improved slurry handling system as described in claim 1 wherein said
      means for reslurrying said slurry at said slurry outlet means comprises a
      jet mounted adjacent to said outlet means, a pump having its outlet
      communicating with said jet, and its inlet communicating with a source of
      water.
NUM  3.
PAR  3. An improved slurry handling system as described in claim 1 wherein said
      first vertical cavity comprises an elongated cylinder having a conically
      shaped bottom.
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ABST
PAL  A vacuum operated industrial loading apparatus employing an exhaust fan and
      an elongated flexible inlet hose for breaking up material to be loaded,
      and including a self-sealing separation chamber and apparatus for
      continuously removing material picked up by the suction of the blower. The
      material removed from the flow of air through the vacuum system may be
      deposited into an open bin, conveyed from the apparatus, or otherwise
      disposed of.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to industrial vacuum loading devices, and more
      particularly, to an improved power driven vacuum loading apparatus
      including a material filtration and a separation means for continuously
      removing solid material from the flow of air through the vacuum system
      while the apparatus is in operation.
PAR  2. Description of the Prior Art
PAR  Numerous devices have, in the past, been developed for handling substantial
      volumes of solids by use of vacuum. Typical of such prior art devices are
      industrial vacuum cleaners, debris collectors, and street sweeping
      machines as well as systems such as that disclosed in U.S. Pat. No.
      2,776,171 for handling finely divided solids. However, use of these
      devices has generally been limited to applications when the material
      handled was to be collected in a closed, sealed hopper, filter chamber,
      bag or the like, or wherein the nature of the material handled was such
      that it could readily be permitted to pass through the suction-creating
      section of the system and be discharged with the exhaust air. Thus, it has
      generally not been possible to use these devices in continuous loading or
      material handling operations wherein it is desired to extract the solids
      from the stream of air moving through the vacuum system, as for loading
      into an open bin or truck, or to be deposited on a conventional mechanical
      conveyor system. Efforts have been made to overcome this limitation on the
      use of such vacuum devices by the use of cyclone separators or the like in
      conjunction with the vacuum lifting apparatus, but such devices are not
      satisfactory for many materials and are prohibitively bulky and expensive
      for many operations.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a power-driven suction type industrial
      loading apparatus capable of lifting various solid materials by the use of
      vacuum and provides an improved, simplified means for removing the solids
      so lifted from the flow of air through the vaccum system during continuous
      operation of the apparatus and without loss of vacuum. For example, the
      device may readily be employed in the handling of solid material such as
      grain or the like by picking up the material through the open end of a
      flexible inlet hose of conduit, continuously separating the solid material
      so picked up, and depositing the material into an open bin, truck, or the
      like for subsequent handling. This is accomplished by providing a screen
      in the flow path for the material between the inlet nozzle and the exhaust
      fan, and by providing an air-lock conveying means for removing the
      material from the screen and conveying it out of the system while
      maintaining the system sealed against ambient air presure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other advantages of the invention will become apparent
      from the detailed description contained herein taken in conjunction with
      the drawings, in which:
PAR  FIG. 1 is an elevational view, partially in section, of an improved vacuum
      loading apparatus according to the present invention;
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1; and
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, an improved vacuum operated
      loading device according to the present invention is indicated generally
      by the reference numeral 10, and includes a main housing 12 supported on
      and projecting above a horizontal platform 14. Mounted on the side of
      housing 12 is an exhaust fan assembly indicated generally by the reference
      numeral 16 and including a fan 18 mounted on a shaft 20 which, in turn, is
      driven by suitable power source, or motor M. Fan 18 is journalled for
      rotation within a cylindrical chamber 22 defined by the housing 24 and
      having an inlet section 26 rigidly mounted on the side of housing 12.
      Chamber 22 has an outlet covered by a safety screen 28 to provide an
      exhaust for air drawn through the apparatus by the fan 18.
PAR  The forward end of shaft 20 is supported by and drives reduction gear
      assembly 30 supported centrally within the exhaust fan housing 24 by a
      spider support structure 32, and a filter screen 34 is rigidly mounted
      within the chamber 22 forward of the spider 32. A stub shaft 36 projects
      outwardly from reduction gear assembly 30 and supports a brush assembly 40
      for rotation thereon, with the brush in contact with screen 38 to dislodge
      any filtered material collected thereon. Material dislodged from screen 38
      is permitted to fall, by gravity, through an opening 42 in housing 24 into
      a first trap chamber 44 mounted upon the top wall 46 of a second closed
      trap chamber 48. The bottom wall 50 of trap chamber 44 is hingedly mounted
      by a spring hinge 52 and normally retained in the closed position
      illustrated in FIG. 1 by the spring hinge 52. However, upon collection of
      sufficient material within the chamber 44 the weight thereof will cause
      the wall 50 to pivot downwardly and allow the materials swept from the
      screen 38 to drop into the sealed second collection chamber 48, with the
      hinged wall 50 thereafter returning to its closed position as shown.
PAR  The main housing 12 of the apparatus is generally cyclindrical in cross
      section as shown in FIGS. 2 and 3, and has its top end closed by a rigid
      wall 53. A second wall 54 rigidly mounted within housing 12 in vertically
      spaced relation to end wall 53 defines a first chamber 56 within the
      housing. Chamber 56 has an opening 58 in the side wall thereof, and an
      elongated, flexible inlet hose 60 has one end secured within opening 58.
      Inlet hose 60 preferably has a normally opened, manually closable
      butterfly valve 62 mounted on its inlet end to permit evacuation of the
      apparatus during start-ups or for test purposes.
PAR  As best seen in FIG. 2, the bottom wall 54 of chamber 56 has an opening 64
      in the side thereof opposite the opening 58 so that material passing
      through the inlet conduit 60 into chamber 54 will be permitted to drop
      through the opening 64 into a second chamber 66 defined by a wall 68
      spaced vertically below the wall 54. Wall 68 has an opening 70, similar to
      opening 64 in wall 54 and located on the opposite side of housing 12.
      Chamber 66 has a second outlet 72 leading to the inlet portion 26 of the
      exhaust fan housing 24, with outlet 72 being covered by a rigid filter
      screen 74. An elongated, vertically extending shaft 76 is journalled for
      rotation centrally within the cylindrical housing 12 by bearings 78, 80
      and 82, respectively, mounted within openings in walls 53, 54, and 68, and
      by bearing 84 supported by a spider assembly 86 rigidly mounted within the
      bottom open end of housing 12. Shaft 76 is driven for rotation about its
      vertical axis by a pulley 88 and belt 90 which, in turn, is driven,
      through pulley 92, by a gear reduction 94 mounted on and driven by motor
      M.
PAR  A paddle wheel assembly is rigidly mounted on shaft 76 for rotation
      therewith within chamber 68. The paddle wheel assembly includes four
      radially extending arms 96 each having a relatively stiff brush assembly
      98 rigidly mounted on the outer end thereof with the brushes in contact
      with the inner surface of the cylindrical wall of housing 12 and in
      contact with the inner surface of filter screen 74. The paddle wheel
      assembly is dimensioned to substantially completely occupy the vertical
      dimension of the chamber 68 to provide an effective vacuum seal between
      the opening 70 in wall 68 and the opening 72.
PAR  A relatively low-pitch auger or screw conveyor 100 is mounted on shaft 76
      within the lower cylindrical portion 102 of housing 12 between the spider
      86 and the wall 68. Auger 100 is intended to impede the fall of material
      passing through the opening 70, permitting the material to build up and to
      substantially fill the chamber 102 to aid in the vacuum seal provided by
      the paddle wheel assembly.
PAR  A conveyor, including a belt 110, driven by a roller 112 mounted on a shaft
      114 is positioned directly beneath the open bottom end of the chamber 102
      in position to convey material loaded by the apparatus to any desired
      location as into a waiting truck or the like. Also, a chute, or guide, 116
      is provided leading from the bottom of trap chamber 48 to permit material
      from the trap chamber to flow, by gravity, onto the conveyor belt 110 upon
      opening of the bottom wall 118 of the trap chamber 48. Preferably wall 118
      is supported by a spring biased hinge 120 to retain the wall 118 in the
      closed position shown until a sufficient weight of material is collected
      in the trap chamber. Alternatively, a manually-controlled lever-actuated
      latch mechanism may be provided to open the wall 118 to permit material in
      the chamber 48 to flow onto the conveyor.
PAR  In operation of the vacuum loading device according to this invention, the
      motor M driving the high-speed fan 18 will create a vacuum within the
      apparatus causing a flow of air through the inlet conduit 60 into the
      upper chamber 56, drawing with it solid materials to be loaded by the
      apparatus. Upon reaching the enlarged chamber 56, the solid materials will
      be slowed somewhat due to the reduced velocity of air passing through the
      enlarged chamber, and will then drop or be drawn through the opening 64
      into the chamber 66. Since opening 64 is positioned directly above the
      outlet 72 and screen 74, the flow of air through outlet 72 will cause the
      major portion of the solid material to be trapped on the screen 74. This
      trapped solid material will then be swept from the face of the filter
      screen by the brushes 98 and carried around the chamber 66 to the opening
      70 where it will drop onto the auger 100. Due to the relatively low pitch
      of the auger 100, the solid materials will tend to pile up within the
      auger and thereby act as a partial vacuum seal and thereby reduce the
      tendency of air to flow upward through the open bottom end of housing 12
      through the opening 70. If desired, the pitch of auger 100 may be
      increased near its upper end to assure that the solid material will fall
      through opening 70. Thus, the auger 100 cooperates with the paddle wheel
      assembly to provide an efficient air lock conveying system for removing
      the solid materials from the vacuum system without permitting the back
      flow of air into the system to reduce the efficiency of the vacuum in
      picking up the solid material through the inlet conduit 60.
PAR  Any small quantity of solid materials which may pass through the primary
      filter screen 74 will tend to be trapped on the secondary filter screen 38
      before reaching the fan 18. If desired, this secondary filter screen 38
      may be of a smaller mesh to assure that solids passing the primary filter
      screen will be trapped on this secondary screen for subsequent removal by
      the brush assembly 40 into the trap chambers 44 and 48.
PAR  As is apparent from FIG. 1, solid materials separated from the air stream
      passing through the apparatus is permitted to drop by gravity from the
      outlet end of the chamber 102 and from the secondary trap chamber 48.
      Since this material is no longer subjected to the influence of the vacuum
      of the apparatus, it may be handled in any conventional manner. In the
      instant application, the belt conveyor 110 is illustrated as conveying the
      separated material from the apparatus for deposit at a position remote
      therefrom. To illustrate the versatility of the apparatus, the conveyor is
      illustrated as being generally mounted at the top of an open bin or hopper
      indicated generally by the reference 122. Thus it is apparent that the
      equipment is extremely versatile and may readily be employed in permanent
      installations or adapted for use as an integral part of a mobile material
      handling apparatus.
PAR  While I have disclosed and described a preferred embodiment of my
      invention, I wish it understood that I do not intend to be restricted
      solely thereto, but rather that I intend to include all embodiments
      thereof which would be apparent to one skilled in the art and which come
      within the spirit and scope of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vacuum operated industrial loading apparatus of the type including
      a vacuum conduit system having an open inlet and exhaust fan means for
      creating a flow of air through the system from the open inlet, an enlarged
      separation chamber having an inlet and an air outlet connected in the
      conduit system and a material discharge outlet in the bottom wall thereof
      and spaced from the air outlet, a first filter screen mounted over the air
      outlet for filtering a solid material from air flowing through the
      separation chamber and a paddle wheel assembly mounted for rotation about
      a fixed axis within the separation chamber and including a plurality of
      radially extending arms cooperating with the walls of the separation
      chamber to define a plurality of individual conveyor chambers each movable
      successively past the filter screen to remove solid materials collected
      thereon and the discharge outlet to discharge the removed materials while
      maintaining at least a partial air lock between the material discharge
      outlet and the air outlet, the improvement comprising secondary air lock
      means including an elongated conduit having one end positioned over and
      communicating with said discharge outlet, said conduit extending
      downwardly from said bottom wall and terminating in an open bottom end, an
      elongated screw conveyor mounted within said conduit, said screw conveyor
      having a low pitch and normally acting to retard the flow of solid
      materials deposited into the upper end of said conduit and onto said
      conveyor through said discharge outlet by said paddle wheel assembly, and
      drive means for rotating said screw conveyor to convey the solid materials
      downwardly through said conduit to be discharged through said open bottom
      end whereby solid materials deposited onto said screw conveyor collect
      thereon and cooperate therewith to form said secondary air lock between
      said air outlet and the open end of said conduit, and wherein said
      separation chamber comprises a substantially cylindrical upright housing
      having a substantially cylindrical side wall and top and bottom end walls
      and having an opening in said side walls defining said air outlet, said
      filter screen being mounted over said air outlet in said side wall, said
      inlet being formed in said top wall and said discharge outlet being formed
      in said bottom wall at a point circumferentially spaced from said inlet
      and from said air outlet.
NUM  2.
PAR  2. The vacuum operated industrial loading apparatus as defined in claim 1
      wherein said housing comprises a second substantially cylindrical chamber
      mounted on and projecting upwardly from said top end wall and having an
      inlet opening formed in the side wall thereof at a point spaced
      circumferentially from said opening in said top wall and connected to said
      conduit system whereby air flowing through said conduit system flows into
      and through said second chamber before passing downwardly through said
      inlet to said filter screen.
NUM  3.
PAR  3. The vacuum operated industrial loading apparatus as defined in claim 1
      wherein said paddle wheel assembly and said screw conveyor are mounted on
      a common drive shaft for rotation together at the same rate.
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ABST
PAL  A method of braking a vehicle having an antiskid brake circuit of the type
      having a modulator of which the modulator chamber is connected to a set of
      brake actuators, and a plunger projecting into the chamber, the plunger
      being moved by way of a driving assembly operated by a motor driven by an
      antiskid control device, responsive to rotary motion of the vehicle. The
      curve ploting the variation with time, in the volume of the modulation
      chamber from the position of maximum penetration by the plunger follows
      substantially the same course as the absorption curve for the set of brake
      actuators connected to the modulator. This absorption curve represents the
      increase in pressure in the brake actuator as a function of the increase
      in the volume of fluid contained in the brake actuator.
PAL  A hydraulic pressure modulator for an antiskid brake circuit for a braked
      vehicle which comprises a housing containing a modulation chamber capable
      of being connected to a set of brake actuators for a vehicle and a plunger
      slidable in the housing and projecting into the chamber. The plunger is
      moved by way of a driving assembly operated by an antiskid control device
      responsive to rotary motion of at least one wheel of the vehicle, so as to
      permit variation of the braking pressure in the brake actuators. The
      driving assembly comprises a mechanical transmission with a cam driven by
      a continuously rotating electric motor. The angular motion of the cam in a
      given direction is associated with motion of the plunger in a given
      direction; whereas angular motion of the cam in the opposite direction
      causes motion of the plunger in the opposite direction. Each angular
      movement of the cam is responsive to rotation of the motor, said rotation
      being controlled by a signal generated by the antiskid device.
BSUM
PAR  The present invention relates primarily to a method of braking a vehicle
      having an anti-skid brake circuit. Brake circuits of this type are
      equipped with means for modulating the braking pressure applied to the
      brake actuators for the vehicle wheels from skidding.
PAR  Known modulators of this type comprise a modulation chamber connected to a
      set of brake actuators in the vehicle and a plunger projecting into the
      chamber, the plunger being moved by an external force controlled by an
      anti-skid control device responsive to rotary motion of at least one wheel
      of the vehicle, so as to permit variation of the effective volume of the
      modulation chamber and consequent modulation of the braking pressure in
      the brake actuators. This external force is usually transmitted by a
      piston reciprocated by means of pressure fluid from an auxiliary source.
      The pressure fluid circulates in an auxiliary circuit containing one or
      more solenoid valves operated by the anti-skid control device. The two
      principal disadvantages are that the auxiliary pressure fluid circuit
      requires a large number of components; and that the inertia of the
      auxiliary hydraulic circuit and the transient phenomena which occur during
      modulation are such that it is practically impossible for the designer to
      predetermine the plunger motion.
PAR  The present invention seeks therefore, to predetermine the motion of the
      plunger.
PAR  The invention consists of a method of braking a vehicle having an anti-skid
      brake circuit of the type having a modulator of which the modulation
      chamber is connected to a set of brake actuators for the vehicle and a
      plunger projecting into the chamber, the plunger being moved by way of a
      driving assembly operated by an anti-skid control device responsive to
      rotary motion of at least one wheel of the vehicle, wherein the curve
      plotting the variation with time in the volume of the modulation chamber
      from the position of maximum penetration by the plunger follows
      substantially the same course as the absorption curve for the set of brake
      actuators connected to the modulator, the absorption curve representing
      the increase in pressure in the brake actuators as a function of the
      increase in the volume of fluid contained in the brake actuators.
PAR  By means of the invention the motion of the plunger can be predetermined.
PAR  The invention also consists of a hydraulic pressure modulator for an
      anti-skid brake circuit for a vehicle, the modulator comprising a housing
      containing a modulation chamber capable of being connected to a set of
      brake actuators for a vehicle and a plunger slidable in the housing and
      projecting into the chamber, the plunger being moved by way of a driving
      assembly operated by an anti-skid control device responsive to rotary
      motion of at least one wheel of the vehicle, so as to permit variation of
      the braking pressure in the brake actuators, the modulator being
      characterized in that the driving assembly comprises a mechanical
      transmission with a cam rotated by a continuously rotating electric motor,
      angular motion of the cam in a given direction being associated with
      motion of the plunger in a given direction, whereas motion of the cam in
      the opposite direction causes motion of the plunger in the opposite
      direction, each angular movement of the cam being responsive to rotation
      of the motor, said rotation being controlled by a signal generated by the
      anti-skid control device.
DRWD
PAR  The invention will now be described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 represents an anti-skid brake circuit, with a modulator embodying
      the invention and shown in partial longitudinal section along a line B--B;
PAR  FIG. 2 represents a partial cross-section along a line A--A through the
      modulator shown in FIG. 1;
PAR  FIG. 3 is an electric circuit diagram for the supply to the electric motor
      driving the modulator;
PAR  FIG. 4 is a graph showing an absorption curve for a set of brake actuators
      in the vehicle;
PAR  FIG. 5 is a graph showing the variation in the effective folume of the
      modulation chamber as a function of the angle of cam rotation; and
PAR  FIG. 6 represents a transverse view, partly in section of another modulator
      according to the invention.
DETD
PAR  Referring now to the drawings, FIGS. 1 and 2 show an anti-skid brake
      circuit comprising a master cylinder 10 and a set of brake actuators 12,
      connected respectively to the inlet orifice 14 and outlet orifice 16 of a
      modulator 18. The modulator 18 comprises a housing 19 and a cover 21. The
      housing 19 contains a bore 20 in which a plunger 22 moves in a fluid-tight
      manner, defining a modulation chamber 24 inside the bore. The inlet
      orifice 14 is in a plug 26 coaxial with the plunger 22. The plug 26 also
      contains a non-return valve, consisting chiefly of a ball 28 urged on to a
      seat 30 by a spring 32. The plunger 22 bears a stepped projection 34,
      which can cooperate with the plug 26 by abutting thereon, and which can
      also lift the ball 28 off its seat 30 when the plunger 22 occupies this
      abutting position, in which the plunger penetrates as far as it can into
      the modulation chamber 24. When the plunger is in the position of maximum
      penetration, therefore, the master cylinder 10 can communicate with the
      brakes 12, but this connection is broken as soon as the plunger leaves
      this position of maximum penetration and moves to the right in FIG. 1.
PAR  The free end of the plunger 22 cooperates with a cam 36 by way of a roller
      38. The cam 36 is rotated by an electric motor 40 by way of speed-reducing
      device, part of whose take-off shaft 42 is shown in FIG. 1. The electric
      motor is of the continuously rotating type with permanent magnets. When
      supplied with 12 volts direct current its rotational speed is of the order
      of 6,000 rpm, and the reduction ratio of the speed-reducer is
      approximately 50. The supply to the electric motor is controlled by an
      anti-skid control device 44 receiving information from speed sensors 46,
      which monitor the speeds of the vehicle wheels 48 at an instant. This
      anti-skid control device comprises a conventional logic system which does
      not form part of the invention. However, it may be recalled that the speed
      sensors 46 transmit signals proportional to the speed of each monitored
      wheel 48 at an instant, and these signals are then processed by the logic
      system in order to generate orders to vary the braking pressure in the
      brakes 12. In the present case, the monitored wheels are the wheels for
      the set of brake actuators associated with the modulator. The logic system
      determines which wheel is slowest at each instant, and generates its
      signals as a function of the speed of this wheel. For safety reasons two
      limit switches 50, 52 are mounted on the housing 19 and cover 21 of the
      modulator respectively.
PAR  The two switches 50, 52 are designed to cooperate respectively with two
      stops 54, 56 on the cam, the switch 50 cooperating with stop 54, when the
      plunger is in its position of minimum penetration into the chamber 24, and
      the other switch 52 cooperating with stop 56, when said plunger is in its
      position of maximum penetration into the chamber. The two switches 50, 52
      are connected to the antiskid control device in a manner described in
      detail below with reference to FIG. 3.
PAR  As FIG. 2 shows, the curve H defined by the section through the cam profile
      along a plane perpendicular to the rotational axis of the cam is
      substantially shaped like a portion of spiral with an angle of deflection
      of the order of 330.degree.. The cam's rotational axis RR' is
      perpendicular to the plane of FIG. 2, in which it projects at the point R.
      FIGS. 1 and 2 show the plunger 22 in its limit position of minimum
      penetration. In this position, the cam 36 is bearing on the switch 50, and
      the roller 38 is occupying a recess 58 in the cam. Another recess 60 in
      the cam is provided to receive the roller when the plunger is in its
      position of maximum penetration. These two recesses 58, 60, whose
      cross-section are portions of circles, serve a dual function: they act as
      mechanical abutments for the cam in respect of its angle of deflection and
      they have a stabilizing effect, explained below. The pressure which
      prevails in the modulation chamber 24 during operation of the vehicle
      brakes creates a reaction force F running parallel to the axis of the
      bore. The force F tends to urge the plunger 22 out of the modulation
      chamber. To provide the mechanical transmission between plunger and cam
      with stable equilibrium positions corresponding to the two limit positions
      of the plunger, the contours of the recesses 58, 60 are such that at the
      point of contact P or P' corresponding to each limit position, the
      perpendicular to the curve H coincides with the radius vector PR or P'R.
      As a result, the reaction torque due to the force F exerted on the cam
      when the plunger is in one of its limit positions remains very small,
      certainly much less than the torque required to overcome the inertia of
      the motor and of the speed-reducer. The cam 36 therefore occupies a stable
      equilibrium position whenever the plunger is in one of its limit
      positions.
PAR  The electrical supply circuit for the motor 40 is shown in FIG. 3. The
      anti-skid control device 44 consists principally of an electronic
      anti-skid logic system 100 connected to the wheel sensors 46. The logic
      system 100 comprises two units D and I, which for clarity's sake are shown
      outside the box 100 in FIG. 3. This logic system 100 is well lnown in the
      art and will not be described in detail here. It enables the braking
      pressure to be modulated in three stages: pressure relief, isolation, and
      pressure reapplication. Successive signals are transmitted, for example,
      by sensors detecting the deceleration threshold of the slowest wheel
      monitored. The signal to relieve and isolate are generated by the
      electronic switches D and I respectively, which may, for example, be
      threshold comparators. These comparators react to deceleration of the
      slowest of the wheels monitored.
PAR  The logic unit 100 is associated with a supply circuit for the motor 40.
      The electric motor 40, which is of the direct-current, permanent magnet
      type, is normally supplied with 12- volt high tension. The output S2 of
      the switch D is connected by the switch C1, which is associated with the
      limit switch 50, to the base of an npn transistor for T'3. The emitter of
      this transistor T'3 is connected to the base of another npn transistor T'4
      whose emitter is earthed and whose collector is connected to the point M1,
      which is one of the terminals of the motor 40(M). The output of the
      electronic switch I is connected to the base of an npn transistor T2,
      whose emitter is grounded, and whose collector is connected at S1 to the
      high tension HT by a resistance R3. The point S1 is also connected, by the
      switch C2 associated with the limit switch 52, to the base of an npn
      transistor T3 of which the emitter is connected to the base of another npn
      transistor T4. The emitter of T4 is grounded, and its collector is
      connected to the other motor terminal M2. The high tension HT is connected
      by a resistance R3 to the collector of transistor T2. This high tension HT
      is also connected to the electronic switch D and to the emitter of a pnp
      transistor T1. The base of T1 is connected by a resistance R5 to a
      predetermined bias voltage source U; its emitter is connected to the
      emitters of two pnp transistors T5 and T'5. The base of transistor T5 is
      connected to the collector of transistor T3, and the base of the
      transistor T'5 is connected to the collector of the transistor T'3. The
      collector of T5 is connected to the terminal M1, whereas that of T'5 is
      connected to the terminal M2.
PAR  The anti-skid brake circuit just described operates as follows:
PAR  Let us assume that the circuit is idle. When the driver operates the
      ignition switch of the vehicle, the logic system is energized. In the idle
      state, the logic system does not supply any relief or isolation signal.
      The point S2 is therefore grounded, whereas the transistor T2 is off. A
      positive voltage therefore appears at the point S1.
PAR  Assuming, for example, that the cam is in a central position, the two
      switches C1, C2 are now closed. In this case a positive voltage appears at
      the base of the transistor T3 and renders the latter conductive. When T3
      is conductive, the transistors T4 and T5 become also conductive. The
      supply to the motor itself is controlled by the transistor T1. For a given
      negative bias voltage U at the base of T1, therefore, a current of given
      intensity appears at the collector of T1. The motor is then supplied by
      the following route: high tension HT, transistor T5, point M1, point M2,
      transistor T4 and vehicle earth. Varying the bias voltage U and therefore
      the current at the collector of T1 varies the current passing to the
      armature of the motor M and therefore the speed of the motor. The
      direction of rotation of the motor M is such that the plunger is pushed
      back into its limit position farthest inside the chamber 24, so that the
      master cylinder 10 communicates with the set of brake actuators. The
      direction of rotation of the cam is indicated by an arrow G in FIG. 2.
      Once the plunger is in this position the stop 56 and the limit switch 52
      cooperate the switch C2 opens, and the supply to the motor is cut off. If
      for any reason the reaction force F acting on the plunger tended to urge
      the plunger out of the modulation chamber, the switch C2 would close
      again, and the motor would push the plunger back into the limit position
      of maximum penetration. It should be noted, however, that because the
      special profile of the cam gives it a stable equilibrium position, this
      eventuality is rare. This property can be used, of course, for other types
      of cam. In conclusion, note that the logic system 100 includes a safety
      device which instantaneously suppresses any relief or isolation signal in
      the event of failure, automatically stopping modulation and opening the
      valve 28.
PAR  The vehicle now being braked, a "relief" order appears at the electronic
      switch D if there is a risk that one of the vehicle wheels will skid. This
      "relief" signal is intended to apply a positive high tension to the point
      S2. As the switch C1 is closed, the positive high tension at S2 drives the
      transistor T'3, which in turn drives the transistors T'4 and T'5. The
      motor is supplied as follows: high tension HT, transistor T1, transistor
      T'5, point M2, point M1, transistor T'4 and vehicle ground. The motor
      therefore turns in the opposite direction from before, this direction
      corresponding to movement of the plunger out of the modulation chamber. As
      a result the valve 28 closes, and also the effective volume of the
      modulation chamber 24 increases. The braking pressure in the set of brake
      actuators 12 falls. At the same time as the "relief" signal is given, an
      "isolation" signal is sent to the electronic switch I and renders the
      transistor T2 conductive, so that the point S1 is grounded when a signal
      is maintained at the electronic switch I. The pressure reduction in the
      brake actuators continues while the "relief" signal is maintained. If this
      signal disappears, the voltage at the point S2 returns to zero, and the
      supply to the motor stops since the "isolation" signal is still
      maintained. The cam and plunger therefore remain stationary. At times, the
      pressure reduction phase may continue until the cam completes its stroke.
      In this case the switch is then open, and the motor also stops. Once the
      "relief" and "isolation" signals have ceased, the supply voltage at the
      point S1 becomes positive again and the supply to the motor is resumed, so
      that the plunger is urged into the modulation chamber and the pressure in
      the brake actuators is thereby reapplied.
PAR  In variants of the embodiment described above, the following modifications
      have been made. Firstly, current-sensitive circuit breakers substituted
      for the switches C1 and C2 perform the same function of cutting the supply
      to the motor when the plunger is in either of its two limit positions.
      Furthermore, when the characteristics of the plunger and brake circuit are
      liable to produce a reaction torque too great to be absorbed by the
      inertia of the speed-reducer and motor and by the friction in the various
      components of the mechanical transmission, an electromagnetic detent
      means, operated automatically when the supply to the motor is cut off, is
      mounted on the shaft rotating the cam. This detent means is controlled by
      means of an electromagnetic switch operated by windings connected between
      the vehicle ground and the emitters of the two transistors T4 and T'4. In
      addition the modulator described above is associated with an anti-skid
      logic system of the two-phase type. In this case the electronic switch I
      switches over at the same time as the switch D. As soon as the "relief"
      signal is suppressed, therefore, the point S2 is grounded due to the
      change-over of the switch I, and the motor is supplied in the opposite
      direction. This gives modulation in two phases, but it should be noted, as
      before, that every movement of the motor in a given direction is initiated
      by a signal from the anti-skid logic element.
PAR  By means of the device embodying the invention, each rotary movement of the
      motor corresponds very precisely to a movement of the plunger in the
      modulation chamber. The vehicle designer can therefore control the laws of
      pressure reduction and of pressure re-application as a function of time
      throughout modulation. The designer can also vary two parameters in order
      to render a braking modulator embodying the invention particularly
      suitable for the type of vehicle for which it is intended. The first
      parameter relates to the rotational speed of the motor, the second to the
      geometry of the cam which drives the plunger.
PAR  As regards the rotational speed of the motor, this can vary in two
      different ways. The first way is to insert a voltage divider in the motor
      supply circuit, in particular between the emitter of T' and the
      transistors T5 and T'5, and to alter the division ratio by electromagnetic
      control means of which the winding is situated between S2 and C1. This
      makes it possible to render the rotational speed of the motor in the
      direction corresponding to a fall in the brake pressure three to four
      times greater, for example, than the rotational speed of the motor in the
      opposite direction. This result is useful because it is often necessary to
      reduce the braking pressure rapidly, to prevent locking of the vehicle
      wheels.
PAR  In a variant of the embodiment described, the same result is obtained by
      altering the reduction ratio in the speed-reducer.
PAR  A further method of varying the rotational speed of the motor relates to
      the bias voltage U. In particular, in another embodiment (not shown), the
      bias voltage changes with the state (open or closed) of the electronic
      switch D. This voltage is at a level U1 when D is open, and at a lower
      level U2 when D is conducting.
PAR  The designer can also vary the law of the reduction in braking pressure by
      changing the profile of the cam and the geometry of the mechanical
      transmission which connects the cam to the plunger. Careful consideration
      of FIG. 2, and particularly of the curve H which represents the section of
      the cam profile in a plane perpendicular to the rotational axis of the
      cam, shows that the cam profile is substantially spiral. The value of the
      radius vector of the spiral (the distance separating the centre of
      rotation R from a point of contact on the curve H) has been specially
      chosen to suit the modulator to the set of brake actuators to which it is
      connected. One must remember that some absorption occurs in all brake
      circuits. FIG. 4 illustrates the general shape of an absorption curve for
      a hydraulic brake circuit. The increase Q in the volume in cubic
      centimeters of fluid contained in the chambers of the brake actuators
      associated with the modulator is plotted as abscissae, and the resulting
      increase in brake pressure in the actuators is plotted as ordinates. As
      FIG. 4 shows, when braking begins a large quantity of fluid is required to
      produce a substantial increase in the pressure in the brake actuators.
      From a point A this brake pressure increases very rapidly in substantially
      linear fashion. In particular, the point A corresponds to a volume change
      of about five cubic centimeters and a brake pressure of about 15 bars.
      With a device embodying the invention, therefore, a vehicle designer is in
      a position, once he has the absorption curve for the sets of brake
      actuators to which the modulator will be connected, to choose the geometry
      of the mechanical transmission for the modulator and the profile of the
      cam so as to obtain the desired variation in the effective volume of the
      chamber as function of time and consequently the desired variation in the
      brake pressure. The radius vector of the cam whose profile H is shown in
      FIG. 2 is calculated so that the law of pressure variation is
      substantially linear when the motor speed is constant. To this end, the
      variation in the radius vector of the cam H as a function of the angle of
      rotation W follows substantially the same course as the absorption curve
      shown in FIG. 4. The curve shown in FIG. 5 illustrates the variation in
      the effective volume V of the chamber 24 in cubic centimeters as a
      function of the angle of rotation W of the cam in degrees, the origin
      corresponding to cooperation between the point P' and the roller 38. As
      FIG. 2 shows, the cam 36 occupies a position in which its angle of
      rotation is about 330.degree.. With such a profile, seeing that at the
      beginning of modulation the pressure in the brake actuators was more than
      some 50 bars, the pressure reduction obtained is substantially linear, as
      is the restoration of pressure, provided of course that the motor speed
      remains constant throughout a modulation phase. Clearly, this speed can be
      varied so that the gradients for the pressure fall and pressure
      re-application have different absolute values. The invention therefore
      provides the designer with every opportunity to adapt the modulator to the
      associated set of brake actuators. In the case of two-phase modulation,
      for example, the curve plotting the brake pressure against time is
      serrated.
PAR  FIG. 6 is a transverse view of a modulator forming another embodiment of
      the invention, in particular with a different type of mechanical
      transmission between the electric motor and the plunger. In it, the
      modulation chamber 124 is situated in the bore 120 and is subject to a
      ball 128 in a plug 126, which contains the orifice 114 to be connected to
      the master cylinder of the vehicle. A plunger 122 is slidable in the
      chamber and is connected to a cam 202 by a lever 204. The cam 202 is
      rotatable about an axis perpendicular to the plane of FIG. 6 and is
      mounted on a plate 206 driven by an electric motor by way of a
      speed-reducer (not shown). The lever 204 is pivotable about a pin 208
      attached to the modulator housing 119. In FIG. 6 only the modulator bore
      is in section, the remainder of the device being as seen after removal of
      the cover. The free end of the lever 204 bears a projection 210 parallel
      to the rotational axis of the cam 202 and bearing a roller 212. The roller
      212 cooperates with the cam surface at a point N. This arrangement enables
      the lever to move without interfering with the cam. The free end of the
      plunger 122 contains a slot capable of receiving another cam surface 214,
      which abuts on the bottom 216 of the slot. A wire return spring 218 places
      round the pin 208 biases the lever 204 to maintain contact between the
      roller 212 and cam 202. The stroke of the plunger 122 is limited by the
      angle of deflection of the lever 204. This angle is represented by the
      angle XL, XL'. X represents the rotational axis of the lever 208, whereas
      L and L' are points representing the rotational axis of the roller 212 in
      the two limit positions of the lever 204. In these limit positions the
      lever cooperates with two stops 220, 222 provided on the modulator
      housing. The remainder of the anti-skid brake circuit is similar to that
      described above, and there is no need here for a detailed description of
      it or of its operation. In the present case the limit switches are
      replaced by current-sensitive circuit breakers, very similar to that
      encountered in the first embodiment of the invention. However, the limit
      position of minimum penetration of the plunger 122 corresponds to the
      maximum length of the radius vector of the spiral joining the centre of
      rotation R to the point of contact N. For comparison, the position of the
      cam 202 when the plunger occupies its limit position of maximum
      penetration is indicated by chain lines. In this case the section of the
      cam profile occupies a curve J', and the point of contact between the
      roller 212 and the cam 202 is N'. To move from position J to position J',
      the motor rotates in the direction of the arrow K, i.e., anti-clockwise.
      In the latter position the perpendicular to the curve J' at the point of
      contact N' substantially coincides with the radius vector RN'. As a
      result, and allowing for manufacturing tolerances, the moment of the
      torque exerted on the cam by the reaction force acting on the plunger is
      substantially zero, and the cam then remains stationary, without any
      detent means being required. As the cam turns out of this limit position
      in which the plunger penetrates as far inside the chamber 24 as possible,
      the angle which the perpendicular to the profile at the point of contact
      between the cam and roller forms with the radius vector at the same point,
      will increase progressively. This tends to increase the reaction torque
      acting on the cam. However, the cam will remain stable wherever it stops,
      because the pressure acting on the plunger will diminish appreciably, the
      further the plunger moves out of the bore 120. Consequently, the torque
      transmitted from the plunger to the cam, whatever the position of the cam,
      will always be low enough to be offset by the frictional and inertia
      forces in the motor and reducer. In a variant of the embodiment described
      with reference to FIG. 6, the cam surface is in the form of a groove cut
      in a rotary plate, and a projection attached to the lever and
      substantially parallel to the rotational axis of the plate moves along the
      groove.
PAR  Although in the embodiments described the plungers 22 and 122 are slidable
      in bores and carry out linear reciprocating motions, the invention is not
      restricted to this type of modulator. In particular, it covers modulators
      having a plunger formed by part of a torus and rotatable about the axis of
      the torus, and to modulators with plungers which carry out linear motions,
      but whose effective cross-sections vary in the course of these motions.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vehicle antiskid braking system, a modulator comprising a housing
      defining a modulating chamber therewithin, said housing having an inlet
      and an outlet communicating said modulating chamber to a pressure source
      and to the brakes of the vehicle respectively, valve means within said
      housing for controlling communication between the inlet and outlet, a
      plunger slidably mounted in said modulating chamber for controlling the
      fluid pressure level at said outlet, said plunger being shiftable between
      first and second positions to hold said valve means open when the plunger
      is disposed in the first position, said valve means closing when the
      plunger is moved away from the first position, driving means for actuating
      said plunger, said driving means including a rotatable cam operably
      connected with said plunger, an electric motor for driving said cam, said
      motor normally driving said cam in a normal direction moving said plunger
      to said first position, control means for detecting an incipient skidding
      condition of a vehicle wheel and operatively connected to said motor, said
      motor being responsive to said control means to drive said cam in a
      direction reverse to said normal direction when an incipient skidding
      condition is detected to thereby drive said plunger away from said first
      position, and switch means operatively connected to said cam for
      terminating rotation of the latter when said plunger reaches either said
      first or said second positions.
NUM  2.
PAR  2. A modulator as claimed in claim 1 wherein said control means generates
      decay and isolation signals, said control means causing said motor to
      rotate said cam in said direction reverse to said normal direction during
      generation of the decay signal.
NUM  3.
PAR  3. A modulator as claimed in claim 2, wherein said control means controls
      said motor to interrupt rotation of said cam means when the isolation
      signal is generated and said decay signal is terminated.
NUM  4.
PAR  4. A modulator as claimed in claim 3 wherein said switch means restricts
      rotation of the cam to an arc of less than 360.degree. .
NUM  5.
PAR  5. A modulator as claimed in claim 1, wherein said motor drives said cam in
      said reverse direction at approximately two to four times the speed that
      the cam is driven in said normal direction.
NUM  6.
PAR  6. A modulator as claimed in claim 1, wherein a roller is associated with
      said plunger, said roller cooperating with said cam to transfer movement
      of the latter to said plunger.
NUM  7.
PAR  7. A modulator as claimed in claim 1, including detent means carried by
      said housing, said detent means engaging said cam when said motor stops to
      prevent rotation of the cam.
NUM  8.
PAR  8. A modulator as claimed in claim 1, wherein the curve defined by a
      section through the profile of the cam is substantially spirally shaped.
NUM  9.
PAR  9. A modulator as claimed in claim 6, wherein recesses are provided in said
      cam to receive said roller, said roller when engaged with said recesses,
      restricting rotation of said cam.
NUM  10.
PAR  10. A modulator as claimed in claim 6, wherein a lever pivotally mounted on
      said housing interconnects the cam and the plunger, said plunger moving in
      response to pivoting of the lever.
NUM  11.
PAR  11. A modulator as claimed in claim 10, wherein said lever includes a
      projection extending from one end thereof, said projection extending
      generally parallel to the rotational axis of the cam.
NUM  12.
PAR  12. A modulator as claimed in claim 11, wherein a groove is defined in said
      cam, said projection moving along said groove.
NUM  13.
PAR  13. A modulator as claimed in claim 11, wherein said lever includes a
      roller mounted on said transverse projection, said roller engaging said
      cam.
NUM  14.
PAR  14. A modulator as claimed in claim 10, wherein a return spring yieldably
      urges said lever into contact with said cam.
NUM  15.
PAR  15. A pressure modulator as claimed in claim 1 wherein the cam is connected
      to the electric motor by way of a speed reducer.
NUM  16.
PAR  16. A pressure modulator as claimed in claim 15, wherein the reducer
      comprises means for varying the speed reduction ratio.
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ABST
PAL  An actuator arranged between a hydraulic brake master cylinder and vehicle
      wheels for permitting the delivery therethrough of the braking pressure
      from the former to the latter includes solenoids responsive to signals
      from a computer which is adapted to sense the skidding of the wheels. Upon
      actuation of the solenoids, fluid pressure is no longer introduced into
      the actuator from a pump, as through a brake booster operatively connected
      to the brake pedal of the motor vehicle on the one hand and to the brake
      master cylinder on the other hand, so that the actuator suspends the
      delivery of the braking pressure to the wheels pending the cessation of
      the skidding. An accumulator is provided for delivering fluid pressure to
      the actuator, for example, in the event of the malfunctioning of the pump.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to antiskid controls for motor vehicles, and in
      particular to an antiskid control system operatively associated with a
      brake booster in an open-type fluid control system.
PAR  As is well known, the braked wheels of a motor vehicle often skid or slide
      without rotating, as when the brake pedal is depressed too abruptly, when
      the road is slippery, and/or when the vehicle has been overspeeding. In
      order to recover the vehicle wheels from such skidding condition, it is
      necessary to immediately release the once-applied brakes and to allow the
      vehicle to run until its wheels stop skidding. This procedure may have to
      be repeated several times until the vehicle becomes properly braked. It is
      desirable that this antiskid function be performed automatically and
      efficiently by the braking system of the motor vehicle, since the skidding
      of the wheels can result in serious accidents.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a novel and
      improved antiskid control system incorporated in a braking system of a
      motor vehicle whereby the vehicle can be smoothly and positively recovered
      from skidding condition and can be properly braked.
PAR  Another object of the invention is to provide an antiskid control system
      wherein the fluid pressure supplied to a brake booster is further
      delivered to an actuator adapted to control the delivery of braking
      pressure from a brake master cylinder to the vehicle wheels, thereby
      realizing the economical use of the fluid pressure, and wherein the brake
      booster can be supplied with the fluid pressure even during operation of
      the actuator so that the reliability of the brake booster is materially
      enhanced.
PAR  A further object of the invention is to provide an antiskid control system
      including an accumulator that may be arranged between a source of fluid
      pressure and the brake booster, whereby the antiskid function can be
      achieved even in the event of the malfunctioning of the fluid pressure
      source of like trouble.
PAR  A further object of the invention is to provide an antiskid control system
      including a first accumulator for supplying fluid pressure to the brake
      booster in the event of the malfunctioning of the fluid pressure source,
      for example, and a second accumulator for supplying fluid pressure to the
      actuator in the event of the trouble, whereby the antiskid function can be
      achieved even while the fluid pressure source is not operating normally.
PAR  A still further object of the invention is to provide an antiskid control
      system including bypass means for directing the braking pressure from the
      brake master cylinder to the vehicle wheels in the event of the
      malfunctioning of the fluid pressure source, for example, whereby the
      braking function can be accomplished even while the fluid pressure source
      is not operating normally.
PAR  According to the antiskid control system of this invention, briefly
      described in one aspect thereof, a brake booster operatively coupled to
      the brake pedal of the motor vehicle is arranged between a source of fluid
      pressure and a brake master cylinder. An actuator is arranged between the
      brake master cylinder and the vehicle wheels for controlling the delivery
      of braking pressure from the former to the latter. Normally, upon
      depression of the brake pedal, the fluid pressure from the source is
      introduced into the brake booster to permit the same to effect fluid
      pressure actuation of the brake master cylinder, and this fluid pressure
      from the source is further supplied to the actuator, whereupon the latter
      permits the delivery therethrough of the braking pressure from the master
      cylinder to the wheels, thereby braking the same.
PAR  Upon skidding of the wheels, a computer senses the fact and immediately
      causes the actuator to suspend the delivery of the braking pressure to the
      wheels pending the termination of the skidding condition. Since it is
      possible that the fluid pressure source will fail to develop the required
      fluid pressure, an accumulator is provided to deliver fluid pressure to
      the brake booster and thence to the actuator in such cases. The antiskid
      control operation can therefore be accomplished even in the event the
      source fails to deliver the fluid pressure to the actuator.
PAR  The features which are believed to be novel and characteristic of this
      invention are set forth with particularity in the appended claims. The
      invention itself, however, both as to its organization and mode of
      operation, together with the further objects and advantages thereof, will
      be best understood from the following detailed description of preferred
      embodiments of the invention when taken in conjunction with the
      accompanying drawings wherein like reference characters denote like parts
      throughout the several views or diagrams.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic diagram of the antiskid control system in accordance
      with the novel concepts of this invention;
PAR  FIG. 2 is a side view, in longitudinal section, showing a brake booster
      used in the antiskid control system illustrated in FIG. 1;
PAR  FIG. 3 is a side view, in longitudinal section, showing an actuator used in
      the antiskid control system of FIG. 1;
PAR  FIG. 4 is a schematic diagram of another preferred embodiment of the
      invention;
PAR  FIG. 5 is a side view, in longitudinal section, showing selector  valve
      used in antiskid control system shown in FIG. 4;
PAR  FIG. 6 is a schematic diagram of a further preferred embodiment of the
      invention; and
PAR  FIG. 7 is a side view, in longitudinal section, showing a brake booster
      used in the antiskid control system illustrated in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION
PAR  With particular reference to FIG. 1, which diagrammatically illustrates a
      preferred form of the antiskid control system according to the invention,
      there is shown at 11 a pump of known construction adapted to be driven by
      the motor vehicle engine, not shown, for raising the hydraulic fluid from
      within a reservoir 12 via a conduit 13. The pump 11 is thus caused to
      develop the required hydraulic pressure in a conduit 14 communicating with
      an emergency accumulator 17 via a conduit 15 and a check valve 16. The
      emergency accumulator 17 communicates with a port 20 (FIG. 2) of a
      hydraulic brake booster generally designated by the numeral 19. The
      aforesaid conduit 14 also communicates with a groove 23 (FIG. 2) of the
      brake booster 19 via conduits 21 and 22.
PAR  Indicated at 24 in FIG. 1 is a power steering mechanism of known
      construction which communicates, on the one hand, with the brake booster
      19 via a conduit 25 and, on the other hand, with the reservoir 12 via a
      control valve of known construction, not shown, and a conduit 26. A
      conduit 27 branching off from the conduit 26 is connected, on the one
      hand, to a port 29, FIG. 2, of the brake booster 19 via a conduit 28 and,
      on the other hand, to a port 31, FIG. 2, of the brake booster via a
      conduit 30.
PAR  A tandem master cylinder generally labeled 32 is operatively connected to
      the brake booster 19 in a well known manner. A port 33 of this tandem
      master cylinder communicates with a port 36 of an actuator 35, shown in
      greater detail in FIG. 3, via a conduit 34. The port 36 communicates with
      brake controls 40 of respective front wheels 39 of the motor vehicle via
      port 37 and conduit 38. Another port 41 of the tandem master cylinder 32
      communicates, on the one hand, with a port 44 of the actuator 35 via
      conduits 42 and 43 and, on the other hand, with a port 49 of the actuator
      via conduits 42 and 48. The port 44 of the actuator 35 communicates with
      brake controls 47 of the respective front wheels 39 via a port 45 and a
      conduit 46. The port 49 of the actuator 35 communicates with brake
      controls 53 of respective rear wheels 52 via a port 50 and a conduit 51.
PAR  The front and rear wheels 39 and 52 of the motor vehicle are provided with
      sensors 54 and 55, respectively, which are adapted to produce electrical
      signals representative of the rotating speeds of the respective wheels.
      The signals from the respective sensors 54 and 55 are delivered to a
      computer 56 of known type and kind adapted to detect the skidding of the
      wheels. This computer 56 is further electrically connected to three units
      57, 58 and 59 constituting the actuator 35. The actuator unit 57 is
      adapted to control the delivery of the hydraulic pressure to the brake
      controls 40 of the front wheels 39 in response to the commands of the
      computer 56. The actuator unit 58 is adapted to control the delivery of
      the hydraulic pressure to the brake controls 47 of the front wheels 39 in
      response to the computer commands. The actuator unit 59 is adapted to
      control the delivery of the hydraulic pressure to the brake controls 53 of
      the rear wheels 52 in response to the computer commands.
PAR  A conduit 60 extending from the brake booster 19 is connected, on the one
      hand, to a port 62 of the actuator 35 via a conduit 61 and, on the other
      hand, to a port 66 of the actuator via a conduit 63 and a check valve 64
      or orifice 65. A port 67 of the actuator 35 communicates with the
      reservoir 12 via a conduit 68. A relief valve 69 bridging the conduits 21
      and 25 is adapted to open at an appropriately lower pressure than the
      relief valve built in the pump 11. Shown at 70 is the brake pedal of the
      motor vehicle that is operatively coupled to the brake booster 19 in the
      usual manner.
PAR  FIG. 2 illustrates the constructional details of the brake booster 19,
      which includes a sleeve-like housing 71 comprising a unitary large
      diameter cylinder 72 and small diameter cylinder 73 in axial alignment.
      Slidably mounted within the large diameter cylinder 72 is a valve seat
      piston 74, a power piston 75 and a divider 76. A reactive piston 77 is
      slidably mounted within the small diameter cylinder 73. The divider 76 is
      restrained from falling off the large diameter cylinder 72 by means of a
      stop ring 79 partly received in a groove 78. A piston rod 80 formed
      integral with the power piston 75 slidably extends through the divider 76,
      the piston rod 80 extending in the axial direction of the housing 71.
PAR  A restoring helical compression spring 81 is accommodated between the power
      piston 75 and the divider 76, whereby the divider is urged against the
      stop ring 79 while the power piston 75 is urged to the right as seen in
      FIG. 2. A hydraulic fluid chamber 82 defined between the power piston 75
      and divider 76 is in open communication with the port 31 formed through
      the housing 71 and thence with the reservoir 12 via the conduits 30 and
      27, as will be seen by referring back to FIG. 1. Similarly, a hydraulic
      fluid chamber 83 defined between the valve seat piston 74 and the large
      diameter cylinder 72 is in open communication with the port 20 formed
      through the housing 71 and thence with the emergency accumulator 17 via
      the conduit 18.
PAR  A valve 84 disposed coaxially relative to the valve seat piston 74 includes
      a shoulder portion 86 disposed opposite to a valve seat 85 formed
      internally of the valve seat piston. A helical compression spring 89
      extends between the valve 84 and a retainer 88 mounted within the valve
      seat piston 74 via a snap ring 87, so that the valve is biased in a
      direction such that its shoulder portion 86 will seat against the valve
      seat 85. The valve seat piston 74 has passageways 74a and 74b therethrough
      whereby, upon unseating of the valve shoulder portion 86 from the valve
      seat 85, the fluid chamber 83 communicates with a fluid chamber 181
      between the valve seat piston 74 and the power piston 75.
PAR  The left hand end portion, as seen in FIG. 2, of the reactive piston 77 is
      slidably received in a bore 90 formed coaxially relative to the valve seat
      piston 74, thereby defining a reactive fluid chamber 91 within the latter.
      This fluid chamber 91 is in open communication with the fluid chamber 181
      via a passageway 92 and the aforesaid passageway 74b. A restoring helical
      compression spring 93, capable of resisting significantly less compressive
      force than the first mentioned restoring spring 81, is arranged between
      the valve seat piston 74 and the reactive pistion 77 thereby biasing the
      former leftwardly and, by reaction, biasing the latter rightwardly.
PAR  Two annular grooves 94 and 95 are formed in the circumference of the
      reactive piston 77 intermediate between the two ends thereof.
      Correspondingly, the groove 23, another groove 97 and a port 98 are formed
      in the housing 71. The relative positions of these grooves and port are
      such that when the reactive piston 77 is held in abutting contact with a
      stop ring 100 partly fitted in an annular groove 99 at the right hand end
      of the housing 71, the groove 94 intercommunicates the groove 23 and the
      port 98. Also in this reactive piston position, the groove 95 is
      discommunicated from the groove 23 by a reactive piston shoulder 101 but
      is in complete communication with the groove 97. Upon leftward travel of
      the reactive piston from its illustrated position, a reactive piston
      shoulder 102 discommunicates the grooves 95 and 97 one with respect to the
      other. Instead, the groove 95 communicates with the groove 23, and a
      reactive piston shoulder 103 constricts the degree of communication
      between the groove 23 and the port 98.
PAR  Normally, the groove 95 is held in communication with the reactive fluid
      chamber 91 via diametric passageway 104 and axial passageway 105 formed
      through the reactive piston 77. However, upon seating of the beveled end
      portion 107 of the valve 84 against a valve seat 106 by the leftward
      travel of the reactive piston 77, the groove 95 becomes discommunicated
      from the fluid chamber 91. As previously mentioned in connection with FIG.
      1, the groove 23 has the conduit 22 connected thereto. The groove 97 is in
      open communication with the port 29 via a passageway 108 formed through
      the housing 71, and this port 29 directly communicates with the conduit 28
      and thence with the conduit 27. The port 98 communicates via the conduit
      25 with the inlet of the power steering mechanism 24, which is one of the
      operating mechanisms of the open-type hydraulic system, and the outlet of
      this power steering mechanism communicates with the reservoir 12 via the
      conduit 26.
PAR  A push rod 109, pivotally connected at one end to the brake pedal 70, has
      an enlarged head 111 at its other end which is received in an axial bore
      110 of the reactive piston 77. The enlarged head 111 of the push rod 109
      is supported by a resilient member 112 and a retainer 114, the latter
      being fixedly mounted at the right hand end of the reactive piston 77 via
      a snap ring 113. Dustproof bellows 115 is provided to cover the right hand
      end of the housing 71 and the stem portion of the push rod 109.
PAR  FIG. 3 illustrates the detailed configuration of the actuator unit 57, it
      being understood that the other actuator units 58 and 59 are of identical
      configuration. The illustrated actuator unit 57 comprises three individual
      housings 116, 117 and 118. The housings 116 and 117 are rigidly joined
      together by means of a plurality of bolts 119, and the housings 117 and
      118 by means of a plurality of bolts 120. Formed through the housings 116
      and 117 are bores 121 and 122 and bores 123 and 124 that are arranged in
      axial alignment respectively. The housing 118 has bores 125 and 126
      therethrough.
PAR  The bore 121 of the housing 116 has its left hand end, as seen in FIG. 3,
      closed by a plug 127 that is screw-threadedly fitted therein. A valve seat
      member 128 is mounted within the bore 121 for cooperation with a valve 129
      having a passageway 129a therethrough. A helical compression spring 130
      extends between the plug 127 and the valve 129 so that the latter tends to
      seat against the valve seat member 128. A fluid chamber 131 accommodating
      the spring 130 communicates with the aforementioned port 36 via a
      passageway 132.
PAR  A stationary member 133 is mounted in the bore 122, and a plunger 134
      slidably extends axially of the stationary member 133 to define a reduced
      pressure chamber 135 on its left hand side. When an extension 136 of the
      plunger 134 is in abutting contact with a step 116a of the bore 121, as
      illustrated in FIG. 3, the valve 129 is displaced out of contact with the
      seat member 128 against the bias of the spring 130. Upon rightward travel
      of the plunger 134 from its illustrated position, the spring 130 functions
      to urge the valve 129 into contact with the seat member 128. The right
      hand end of the plunger 134 is in abutting engagement with a piston 137
      slidably mounted in the bore 122. A fluid chamber 138 is defined in the
      bore 122 to exert a leftward hydraulic pressure on the piston 137 and
      hence the plunger 134.
PAR  A piston 139 having a passageway 139a therethrough is slidably mounted in
      the bore 123 that is axially aligned with the bore 124. The piston 139
      defines a fluid chamber 140 on its left hand side in communication with
      the port 37. The housing 116 has a passageway 141 communicating the port
      36 with the fluid chamber 140. A plunger 143 slidably extends coaxially
      through a stationary member 142 mounted in the bore 123, the plunger 143
      abutting at its left hand end against the piston 139 and at its right hand
      end against a piston 144 slidably mounted in the bore 124. A fluid chamber
      145 defined on the right hand side of the piston 144 communicates with the
      port 66.
PAR  An air bleeder is mounted at 146. A switch 147 is affixed to the housing
      117 by a nut 149 via a fixture 148. This switch 147 includes an actuator
      147a projecting into the bore 122 to rest against a sloping surface 137a
      on the left hand end of the piston 137 when the latter is in the position
      illustrated in FIG. 3. Upon rightward travel of the piston 137 and the
      plunger 134 from their illustrated position, and therefore upon seating of
      the valve 129 against the seat member 128, the switch 147 will be turned
      off.
PAR  A retainer 150 is partly fitted in the bore 125, and a plunger 151 slidably
      extends axially of the retainer 150. A housing 152 rigidly joined to the
      housing 118 accommodates a solenoid coil 153 therein. A nozzle 154 mounted
      within the housing 118 is adapted to have its opening controllably varied
      in step with the slide motion of the plunger 151 through the retainer 150.
      A spring 156 accommodated in a chamber 155 defined in the bore 125 is
      affixed to the retainer 150 by screws, not shown, and working force of
      this spring is adjustable by a screw 157. On the left hand side of the
      plunger 151, a bolt 158a for the solenoid coil 153 is affixed to the
      retainer 150 via nut 158. The reference numeral 159 indicates a mounting
      plate.
PAR  Mounted in the bore 126 is a sleeve 160 having a spool 161 slidably
      received therein. The spool 161 has an aperture 162 adapted to communicate
      a fluid chamber 167 within the spool with the mentioned port 62 via a port
      163, a passageway 164 in the housing 118, an aperture 165 in the sleeve
      160, and a chamber 166. This fluid chamber 167 further communicates with
      the chamber 155 in the bore 125 via a passageway 168 and the nozzle 154.
      Another fluid chamber 169 arranged in opposed relationship to the fluid
      chamber 167 communicates with the fluid chamber 138 in the bore 122 via
      passageways 170 formed at the midpoint of the spool 161, an aperture 171
      formed at the midpoint of the sleeve 160, a passageway 172 in the housing
      118, and a passageway 173 in the housing 117. The port 67, already
      mentioned in connection with FIG. 1, communicates with a chamber 176 via a
      passageway 174 in the housing 118 and an aperture 175 in the sleeve 160
      and also communicates with the chamber 155 via an unshown conduit. The
      lower end of the bore 126 is pressure-tightly closed by a cap 177 which is
      retained in position by a bolt 179 via a retainer plate 178. A passageway
      shown at 180 is adapted to intercommunicate the reduced pressure chamber
      135 and the fluid chamber 140 therethrough.
PAR  In the operation of the antiskid control system set forth in the foregoing
      with reference to FIGS. 1 to 3, it will be seen that the push rod 109 is
      thrust leftwardly, as seen in FIG. 2, upon depression of the brake pedal
      70. The reactive piston 77 is thus caused to slide leftwardly via the
      resilient member 112 against the effect of the restoring spring 93. As a
      consequence, the grooves 23 and 95 intercommunicate, whereas the reactive
      piston shoulder 102 discommunicates the grooves 95 and 97 one with respect
      to the other. The reactive piston shoulder 103 further constricts the
      degree of communication between the groove 23 and the port 98.
PAR  If then the pump 11 is operating normally, and if there is no leakage in
      the entire hydraulic circuit, then the hydraulic pressure developed by the
      pump will be delivered to the fluid chamber 181 of the brake booster 19
      via the groove 23, the groove 95, the passageway 104, the passageway 105,
      the reactive fluid chamber 91, the passageway 92 and the passageway 74b.
      Because of the resulting difference between hydraulic pressures developing
      on both sides thereof, the power piston 75 slides leftwardly against the
      bias of the restoring spring 81 thereby actuating the brake master
      cylinder 32 coupled to the piston rod 80. The pressure in the fluid
      chamber 181 is further delivered, on the one hand, to the fluid chamber
      138 via the port 96, the conduits 60 and 61, the ports 62 and 163, the
      passageway 164, the apertures 165 and 171, and the passageways 172 and
      173. On the other hand, the fluid pressure from the chamber 181 is
      delivered to the fluid chamber 145 via the conduits 60 and 63, the check
      valve 64 and the port 66.
PAR  The fluid pressure that has been introduced into the chamber 145 causes the
      piston 144, the plunger 143 and the piston 139 to travel leftwardly, to
      their respective positions illustrated in FIG. 3. The fluid pressure that
      has been admitted into the chamber 138 causes the piston 137, the plunger
      134 and the valve 129 to travel leftward thereby unseating the latter from
      the seat member 128. Thereupon the fluid pressure from the port 33 of the
      tandem master cylinder 33 is delivered to the brake controls 40 of the
      respective front wheels 39 of the motor vehicle via the port 36, the
      passageway 132, the fluid chamber 131, the passageway 129a of the valve
      129, the reduced pressure chamber 135, the passageway 180, the passageway
      139a of the piston 139, the fluid chamber 140, the port 37 and the conduit
      38. The fluid pressure from the other port 41 of the tandem master
      cylinder 33 is delivered, on the one hand, to the brake controls 47 of the
      respective front wheels 39 via the conduit 42 and 43, the ports 44 and 45
      of the actuator unit 58, and the conduit 46. On the other hand, the fluid
      pressure from the port 41 of the master cylinder is delivered to the brake
      controls 53 of the rear wheels 52 via the conduits 42 and 48, the ports 49
      and 50 of the actuator unit 59, and the conduit 51. The braking of the
      vehicle wheels is thus accomplished.
PAR  Upon release of the brake pedal 70, the push rod 109 and the reactive
      pistion 177 are caused to move back to their positions illustrated in FIG.
      2 by the effect of the restoring spring 93 and another restoring spring,
      not shown, acting on the brake pedal 70. The groove 94 again
      intercommunicates the groove 23 and the port 98, while the groove 95
      communicates with the groove 97. Consequently, the fluid chamber 181
      communicates with the reservoir 12 via the passageways 74b and 92, the
      reactive chamber 91, the passageways 105 and 104, the grooves 95 and 97,
      the passageway 108, the port 29, and the conduits 28 and 27. The power
      piston 75 is caused by the restoring spring 81 to slide rightward while
      returning the hydraulic fluid from the chamber 181 to the reservoir 12
      through the above stated path.
PAR  Proceeding to the description of antiskid control operation, it will be
      assumed that the computer 56 has just determined that the front wheels 39
      are skidding on the basis of the signals delivered from the respective
      wheel sensors 54 and 55. The computer causes the solenoid coil 153 of the
      actuator unit 57 to carry a current, with the result that the plunger 151
      moves to the left, as seen in FIG. 3, as dictated by the current value.
      Thus, the fluid pressures supplied to the port 62 and hence the port 163
      of the actuator unit is returned to the reservoir 12 via the passageway
      164, the aperture 165, the chamber 166, the aperture 162, the chamber 167,
      the passageway 168, the chamber 155, the port 67 and the conduit 68, so
      that the spool 161 moves upward, as seen in FIG. 3, under the influence of
      the fluid pressure in the chamber 169. Thereupon the fluid chamber 138 in
      the housing 117 also communicates with the reservoir 12 via the
      passageways 173 and 172, the aperture 171, the chamber 176, the aperture
      175, the passageways 174, the port 67 and the conduit 68.
PAR  Because of the resulting reduction in the fluid pressure of the chamber
      138, the piston 137, the plunger 134 and the valve 129 jointly move to the
      right as seen in FIG. 3, with the result that the valve 129 becomes seated
      against the seat member 128. The brake master cylinder 32 thus becomes
      discommunicated from the brake controls 40 of the vehicle front wheels 39,
      the master cylinder having been in communication with the brake controls
      via the reduced pressure chamber 135, the passageway 180, the passageway
      139a of the pistion 139, the fluid chamber 140, the port 37, and the
      conduit 38. The reduced pressure chamber 135 further increases in volume
      with the continued rightward travel of the plunger 134. The braking forces
      that have been applied to the front wheels 39 of the motor vehicle are
      thus suitably reduced.
PAR  As the skidding of the front wheels is successfully eliminated, the
      computer 56 ascertains this fact from the signals produced by the sensors
      54. The computer 56 further functions to terminate the flow of, or to
      reduce the magnitude of, the current that has been flowing through the
      solenoid coil 153 of the actuator unit 57. As a consequence, the solenoid
      plunger 151 moves to the right to close the nozzle 154 as seen in FIG. 3,
      whereupon the fluid pressure in chamber 138 of the actuator unit 57 again
      rises to cause a leftward slide motion of the piston 137, the plunger 134,
      and the valve 129. With the vlave 129 thus unseated again from the seat
      member 128, the chambers 131 and 135 intercommunicate to permit the
      delivery of the fluid pressure from the brake master cylinder 32 to the
      brake controls 40 of the front wheels 39. The foregoing procedure may be
      repeated until the skidding of the wheels is completely eliminated.
PAR  In the event the pump 11 is not in normal operation, or in the event of
      some trouble in the hydraulic circuit such as, for example, leakage from
      the conduit 14, the required fluid pressure will not be delivered from the
      pump to the fluid chamber 181, FIG. 2, of the brake booster 19 when the
      brake pedal 70 is depressed to communicate the groove 23 with the groove
      95 and to reduce the degree of communication between the groove 23 and the
      port 98 by the reactive piston shoulder 103. As the brake pedal is
      depressed further, however, the reactive piston 77 further travels
      leftward until the valve 84 becomes seated against the valve seat 106
      formed in the reactive piston. The chamber 91 thus becomes discommunicated
      from the passageway 105. Succeedingly, the shoulder portion 86 of the
      valve 84 becomes unseated from the valve seat 85 of the valve seat piston
      74, so that the fluid pressure from the emergency accumulator 17, FIG. 1,
      is delivered to the fluid chamber 181 via the conduit 18, the port 20, the
      chamber 83, and the passageways 74a and 74b.
PAR  The power piston 75 of the brake booster 19 is thus caused to slide to the
      left to actuate the brake master cylinder 32 with its piston rod 80. The
      fluid pressure from the chamber 181 of the brake booster 19 is further
      delivered to the chamber 138 of the unit 57 of the actuator 35 via the
      port 96, the conduits 60 and 61, the port 62, the port 163 of the actuator
      unit 57, the passageway 164, the aperture 165, the aperture 171 and the
      passageways 172 and 173. The fluid pressure from the brake booster chamber
      181 is also delivered to the chamber 145 via the conduits 60 and 63, the
      check valve 64 and the port 66. The fluid pressure admitted into the
      chamber 145 causes the piston 144, the plunger 143 and the piston 139 to
      jointly move to the left, to their respective positions illustrated in
      FIG. 3.
PAR  The fluid pressure admitted into the chamber 138, on the other hand, causes
      a joint leftward sliding motion of the piston 137, the plunger 134, and
      the valve 129, thereby unseating the latter from the seat member 128. The
      fluid pressure from the port 33 of the brake master cylinder 32 is now
      delivered to the brake controls 40 of the respective front wheels 39 via
      the port 36, the passageway 132, the chamber 131, the passageway 129a of
      the valve 129, the chamber 135, the passageway 180, the passageway 139a of
      the piston 139, the chamber 140, the port 37, and the conduit 38. The
      fluid pressure from the other port 41 of the master cylinder 32 is
      likewise delivered to the brake controls 47 of the respective front wheels
      39 via the conduits 42 and 43, the ports 44 and 45, and the conduit 46,
      and further to the brake controls 53 of the respective rear wheels 52 via
      the conduits 42 and 48, the ports 49 and 50 and the conduit 51. The
      braking of the front and rear wheels is thus accomplished.
PAR  It is possible that the fluid pressure that has been stored in the
      accumulator 17 is insufficient to cause the brake booster 19 to
      hydraulically actuate the tandem master cylinder 32. In this case the
      brake pedal 70 should be forced to its most depressed position so that the
      reactive piston 77, the valve seat piston 74, and the power piston 75 will
      jointly slide to the left. The master cylinder 32 can thus be mechanically
      actuated by the forcible depression of the brake pedal 70.
PAR  The power steering mechanism 24 operates by making use of hydraulic fluid
      which is also used in the brake booster 19. Hydraulic fluid from the pump
      11 is supplied via the conduits 21 and 22 (FIG. 1) into the groove 23
      (FIG. 2). In the condition shown in FIG. 2, the groove 23 is in
      communcation with the port 98, so that the hydraulic fluid from the pump
      11 is supplied via the port 98 and the conduit 25 (FIG. 1) into the power
      steering mechanism 24, and serves to operate the latter. When the brake
      pedal 70 is depressed, the reactive piston 77 moves to the left as viewed
      in FIG. 2, so that the degree of communication between the groove 23 and
      the port 98 is reduced and less quantity of the hydraulic fluid is
      supplied to the power steering mechanism 24. It will be seen that no
      special pump other than the pump 11 is necessary for power steering and
      the single pump 11 is used both for the operation of the brake booster 19
      and for the power steering mechanism 24.
PAR  The relief valve 69 is set to open at a pressure lower than the pressure at
      which a conventional relief valve built in the pump 11 opens. When the
      fluid pressure in the conduit 21 rises abnormally as by failure of the
      brake booster 19, the relief valve 69 opens to cause the fluid in the
      conduit 21 to flow into the power steering mechanism 24, so that the
      mechanism 24 is capable of being operated even in the event of booster
      failure. Of course, the steering mechanism 24 could be dispensed with. In
      this case, the relief valve 69 is unnecessary and only the relief valve
      built in the pump 11 operates when fluid pressure rises abnormally.
PAR  FIG. 4 illustrates an alternative form of the preceding embodiment of the
      invention. It will be noted from FIGS. 1 and 4 that corresponding parts of
      these two systems are designated by like reference numerals. In the
      following description of this alternative antiskid control system,
      therefore, only those parts differing from the preceding embodiment will
      be explained in detail, the other parts being considered self-evident from
      the foregoing description. The conduit 21 connected to the conduit 14
      extending from the pump 11 communicates with a selector valve 185 via a
      conduit 182, a check valve 183, and a conduit 184. As will be seen by
      referring to FIG. 5, the conduit 184 is connected to the port 186 of the
      selector valve 185. The conduit 184 also communicates with the conduit 63.
      The conduit 60 extending from the port 96 of the brake booster 19 is
      connected to the port 187, FIG. 5, of the selector valve 185. The conduit
      14 further communicates with the port 192, FIG. 5, of the selector valve
      185 via a conduit 188, a check valve 189, an accumulator 190, and a
      conduit 191.
PAR  As illustrated in detail in FIG. 5, the selector valve 185 includes a
      housing 193 with a plug 194 screw-threadedly fitted in its right hand end
      as seen in the drawing, the plug having the port 186 formed therethrough.
      A valve spool 195 is slidably mounted within the housing 193. A helical
      compression spring 196 arranged between the plug 194 and the valve spool
      195 is effective to urge the latter leftwardly thereby causing its
      shoulder portion 197 to tend to seat against a valve seat 198 formed
      internally of the valve housing 193. Thus, in the illustrated position of
      the valve spool 195 relative to the valve housing 193, the ports 186 and
      192 are discommunicated from each other. A fluid chamber 199 is defined on
      the left hand side of the valve spool 195, while another fluid chamber 200
      is defined on  the right hand side of the valve spool.
PAR  The operation of this second embodiment of the invention is set forth
      hereinbelow assuming that the pump 11 is not properly raising the
      hydraulic fluid from within the reservoir 12 or that there is some such
      trouble in the hydraulic circuit as leakage from the conduit 14. It may be
      worth mentioning at this juncture that the operations of this second
      embodiment for braking and antiskid control purposes are substantially the
      same as those previously set forth in connection with the preceding
      embodiment.
PAR  In the event of the above mentioned trouble, the fluid pressure in the
      conduit 182 drops. The fluid pressure in the conduit 184 also drops as for
      antiskid control operation. Consequently, the fluid pressure in the
      chamber 200 of the selector valve 185 becomes lower than that in the
      chamber 199 communicating with the conduit 60, so that the valve spool 195
      moves to the right, as seen in FIG. 5, against the bias of the compression
      spring 196 thereby intercommunicating the ports 186 and 192. The fluid
      pressure from the accumulator 190 can now be delivered through the conduit
      191, the port 192, the chamber 200, the port 186, and the conduits 184 and
      63. The resulting operation of the actuator 35 will be apparent from the
      foregoing description of the preceding embodiment.
PAR  It will have been understood that in this second embodiment of the
      invention, the fluid pressure from the brake booster 19 is utilized to
      actuate the selector valve 185. The same objective can be accomplished,
      however, by introducing the braking pressure into the port 187 of the
      selector valve 185 for comparison with the fluid pressure in the other
      port 186, thereby detecting the malfunctioning of the pump 11 or like
      trouble. According to this latter scheme, however, the configuration of
      the valve spool 195 must be appropriately modified with a view to the
      booster stroke. Furthermore, since the brake pedal 70 must be depressed
      through a greater angle in the event of pump trouble or the like, this
      increased brake pedal stroke may be utilized to actuate a suitable
      electrical switch mechanism and hence the valve spool 195.
PAR  In a further preferred embodiment of the invention illustrated in FIG. 6,
      the conduit 21 communicating with the pump 11 via the conduit 14
      communicates not only with the brake booster 19a but with the port 62 of
      each of the actuator units 57 to 59 via conduits 201 and 61 on the one
      hand and, on the other hand, with the port 66 of each actuator unit via
      the conduit 63 and the check valve 64 or orifice 65. Other details of
      configuration are exactly as previously set forth in connection with the
      example shown in FIG. 1.
PAR  As illustrated in FIG. 7, the brake booster 19a for use in the example
      shown in FIG. 6 can be of substantially the same construction as the brake
      booster 19 shown in FIG. 2, except that the port 96 communicating with the
      fluid chamber 181 is absent from the brake booster 19a. Each of the units
      57 to 59 of the actuator 35 for use in this example shown in FIG. 6 can be
      of exactly the same construction as that shown in FIG. 3.
PAR  The braking and antiskid control operations of this third embodiment of the
      invention, configured as briefly explained in the foregoing, are
      considered to be apparent from the above described operations of the
      example illustrated in FIG. 1 for the same purposes. Described
      hereinbelow, therefore, is the operation of the example illustrated in
      FIG. 6 in the event the pump 11 fails to properly raise the hydraulic
      fluid from within the reservoir 12 or in the event there is some trouble
      in the hydraulic circuit such as leakage from the conduit 14.
PAR  In such cases, as previously mentioned in connection with the example
      illustrate in FIG. 1, the required fluid pressure will not be delivered
      from the pump 11 to the fluid chamber 181 of the brake booster 19a if the
      brake pedal 70 is depressed to such an extent as to communicate the groove
      23 with the groove 95 and to reduce the degree of communication between
      the groove 23 and the port 98. As the brake pedal is depressed deeper,
      however, the valve 84 becomes seated against the valve seat 106 formed in
      the reactive piston 77, thereby discommunicating the fluid chamber 181
      from the passageway 105 and hence from the groove 23. On the other hand,
      the shoulder portion 86 of the valve 84 becomes unseated from the valve
      seat 85 of the valve seat piston 74, so that the fluid pressure from the
      emergency accumulator 17 is now introduced into the fluid chamber 181 via
      the conduit 18, the port 20, the chamber 83 and the passageways 74a and
      74b. The power piston 75 is thus caused to slide to the left, as seen in
      FIG. 7, to properly actuate the brake master cylinder 32 via the piston
      rod 80.
PAR  The operation of this example shown in FIG. 6 as set forth in the preceding
      paragraph is exactly the same as that of the example shown in FIG. 1.
      However, since the fluid chamber 181 of the modified brake booster 19a is
      not open through the port 96 like the corresponding fluid chamber of the
      brake booster 19, no fluid pressure is introduced at this time into the
      ports 62 and 66 of each of the units 57 to 59 of the actuator 35, it being
      understood that the conduit 201 carries no fluid pressure therein due to
      the assumed malfunctioning of the pump 11 or like trouble. As a
      consequence, the piston 137, the plunger 134 and the valve 129 of each
      actuator unit jointly slide to the right, as seen in FIG. 3, with the
      result that the valve 129 becomes seated against the seat member 128 to
      discommunicate the chambers 131 and 135 from each other. The piston 144,
      the plunger 143 and the piston 139 of each actuator unit also jointly
      slide to the right, and as the piston 139 thus moves into abutting contact
      with the stationary member 142, the chambers 135 and 140 become also
      discommunicated from each other.
PAR  The fluid pressure from the port 33 of the tandem master cylinder 32 can
      now be delivered to the brake controls 40 of the respective front wheels
      39 via the conduit 34, the port 36 of the actuator unit 57, the passageway
      132, the passageway 141, the chamber 140, the port 37 and the conduit 38.
      The fluid pressure from the other port 41 of the master cylinder is
      likewise delivered to the brake controls 47 of the respective front wheels
      via the conduits 42 and 43, the port 44 of the actuator unit 58, the port
      45 and the conduit 46. The fluid pressure from the port 41 of the master
      cylinder is also delivered to the brake controls 53 of the respective rear
      wheels 52 via the conduits 42 and 48, the port 49 of the actuator unit 59,
      the port 50 and the conduit 51. The braking of the vehicle wheels can thus
      be accomplished. Since no fluid pressure is supplied to the chambers 138
      and 145 of each actuator unit, the antiskid control of the vehicle wheels
      cannot be effected unless the trouble is remedied.
PAR  It will have been understood from the foregoing description that according
      to this final embodiment of the invention, the fluid pressure from the
      tandem brake master cylinder is successfully delivered to the vehicle
      wheels via bypasses formed in the actuator units even when the required
      fluid pressure is not supplied from the pump to the brake booster or to
      the actuator units. It is accordingly possible to brake the vehicle wheels
      by the depression of the brake pedal in the usual manner.
PAR  Having thus described the several useful and novel features of the antiskid
      control system according to the invention, it is believed that the many
      objects for which it has designed have been fully accomplished. However,
      while the invention has been shown and described herein in terms of
      several preferred embodiments thereof, many modifications of such
      specifically disclosed embodiments may well occur to those skilled in the
      art within the broad teaching hereof. The invention, therefore, should be
      interpreted broadly and in a manner comprehensive of all such
      modifications remaining within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antiskid control system for a motor vehicle comprising, in
      combination:
PA1  a source of fluid pressure;
PA1  a brake master cylinder;
PA1  brake booster means arranged between said source and said brake master
      cylinder, said brake booster means including valve means adapted to be
      operated by the motor vehicle driver for actuating said brake master
      cylinder;
PA1  computer means for sensing the skidding of the wheels of the motor vehicle;
PA1  actuator means normally receiving the fluid pressure from said booster for
      permitting the delivery therethrough of the braking pressure from said
      brake master cylinder to said wheels, said actuator means including means
      responsive to said computer means whereby said actuator means is caused to
      control the delivery of the braking pressure to said wheels when their
      skidding is sensed by said computer means;
PA1  first accumulator means for delivering fluid pressure to said brake booster
      means to permit the same to actuate said brake master cylinder in the
      event said source fails to deliver the fluid pressure to said brake
      booster means;
PA1  second accumulator means; and
PA1  pressure-sensitive valve means arranged between said second accumulator
      means and said actuator means for permitting the delivery therethrough of
      the fluid pressure from said second accumulator means to said actuator
      means in the event said source fails to deliver the fluid pressure
      thereto.
NUM  2.
PAR  2. The antiskid control system as set forth in claim 1 wherein said
      pressure-sensitive valve means is adapted to communicate said second
      accumulator means with said actuator means when the fluid pressure from
      said brake booster means exceeds the fluid pressure from said source.
NUM  3.
PAR  3. An antiskid control system for a motor vehicle driven by a driver
      comprising:
PA1  a source of fluid pressure;
PA1  a brake master cylinder;
PA1  brake booster means disposed between said source of fluid pressure and said
      brake master cylinder and having means for controlling hydraulic fluid
      flow from said source of fluid pressure according to control by the driver
      to actuate said brake master cylinder;
PA1  computer means for sensing a skid condition of wheels of the motor vehicle
      to issue a signal according to said skid condition;
PA1  actuator means disposed between said brake master cylinder and said wheels
      to supply fluid pressure therethrough to said wheels for braking operation
      and directly deriving from said brake booster means hydraulic fluid for
      actuation thereof, said actuator means having means for controlling fluid
      pressure from said brake master cylinder to said wheels according to the
      signal of said computer means; and
PA1  accumulator means for supplying fluid pressure to said actuator means for
      braking and skid control operations in the event said source of fluid
      pressure fails.
NUM  4.
PAR  4. The antiskid control system as set forth in claim 3 wherein said
      accumulator means is provided between said source of fluid pressure and
      said brake booster means.
NUM  5.
PAR  5. The antiskid control system as set forth in claim 4 wherein said brake
      booster means is capable of fluid pressure actuation of said brake master
      cylinder in at least first and second operative positions of said valve
      means, said brake booster means permitting the delivery therethrough of
      the fluid pressure from said source to said actuator means in said first
      operative position and permitting the delivery therethrough of the fluid
      pressure from said accumulator means to said actuator means in said second
      operative position.
NUM  6.
PAR  6. An antiskid control system as set forth in claim 3, wherein said
      actuator means includes first valve means for controlling hydraulic fluid
      from said brake master cylinder to said wheels, second valve means for
      deriving said hydraulic fluid from said brake booster means to regulate
      said first valve means, and electromagnetic means for controlling said
      second valve means according to said signal of said computer means.
NUM  7.
PAR  7. An antiskid control system as set forth in claim 6, wherein said
      actuator means further includes means for regulating said first valve
      means to change the flow of the hydraulic fluid therethrough so as to
      change the braking force in said wheels according to the actuation of said
      second valve means.
NUM  8.
PAR  8. An antiskid control system for a motor vehicle driven by a driver
      comprising:
PA1  a source of fluid pressure;
PA1  a brake master cylinder;
PA1  brake booster means disposed between said source of fluid pressure and said
      brake master cylinder and having means for controlling hydraulic fluid
      flow from said source of fluid pressure according to control by the driver
      to actuate said brake master cylinder;
PA1  computer means for sensing skid condition of wheels of the motor vehicle to
      issue a signal according to said skid condition;
PA1  actuator means disposed between said brake master cylinder and said wheels
      to supply fluid pressure therethrough to said wheels for braking operation
      and directly deriving from said brake booster means hydraulic fluid for
      actuation thereof, said actuator means having means for controlling fluid
      pressure from said brake master cylinder to said wheels according to the
      signal of said computer means, and
PA1  bypass means for supplying fluid pressure from said brake master cylinder
      to said wheels in the event said source of fluid pressure fails.
NUM  9.
PAR  9. An antiskid control system as set forth in claim 8, wherein said
      actuator means includes first valve means for controlling hydraulic fluid
      from said brake master cylinder to said wheels, second valve means for
      deriving said hydraulic fluid from said brake booster means to regulate
      said first valve means, and electromagnetic means for controlling said
      second valve means according to said signal of said computer means.
NUM  10.
PAR  10. An antiskid control system as set forth in claim 9, wherein said
      actuator means further includes means for regulating said first valve
      means to change the flow of the hydraulic fluid therethrough so as to
      change the braking force in said wheels according to the actuation of said
      second valve means.
NUM  11.
PAR  11. The antiskid control system as set forth in claim 10 further comprising
      accumulator means provided between said source of fluid pressure and said
      brake booster means to permit the latter to effect fluid pressure
      actuation of said brake master cylinder in the event said source fails to
      deliver the fluid pressure to said brake booster means.
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ABST
PAL  An anti-skid system for a tandem axle vehicle including an improved vehicle
      suspension for opposing a selected portion of the braking torque which
      tends to unload the front axle during breaking to eliminate brake hop. The
      suspension cooperates with an anti-skid circuit to increase braking
      efficiency. In one embodiment, the anti-skid circuit senses a skid
      condition at the rear wheels on a per side basis and controls the braking
      of the wheels on that side in response thereto. In an alternate
      embodiment, the anti-skid circuit senses a skid condition at either the
      front or rear wheels on a per side basis and controls the braking of the
      wheels on that side in response thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  This invention relates in general to anti-skid braking systems for tandem
      axle vehicles and in particular to an electronic anti-skid circuit which
      cooperates with an improved vehicle suspension to increase braking
      efficiency and eliminate brake hop.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  During braking, a truck or other heavy duty vehicle is subject to severe
      static and dynamic forces which decrease braking efficiency and make it
      more difficult to maintain the vehicle under control. One example of this
      detrimental behavoir occurs when such a vehicle with a conventional
      suspension system, running unloaded or lightly loaded, is braked under
      sudden or emergency conditions. The forces generated subject the vehicle
      to severe vibrations known as "brake hop" or "wheel hop". These vibrations
      are characterized by vertical oscillations of the rear axle or rear set of
      axles and their associated wheels towards and away from the road. The
      resultant impacts of the wheels on the road produce forces which impair
      the safety of the operator and the equipment by reducing the operating
      life of the vehicle, shifting the load thereby damaging the cargo and the
      equipment, and generally reducing the operator control of the vehicle.
PAR  Many trucks and heavy duty vehicles have tandem axles which employ two
      spaced independently sprung axles having equalizing connections to
      equalize the loads on the axles. Common tandem axle construction utilizes
      springs which are rigidly secured to the axle seats by a suitable clamp or
      fastener device. Although braking forces generate brake hop to some degree
      in both axles, the brake hop is experienced primarily in the front axle of
      the pair which renders the equalizer connections ineffective during
      braking so that the vehicle weight is supported chiefly by the rear axle.
PAR  For example, when the brakes are applied, forces are introduced into the
      suspension which tend to rotate the axles about respective control points.
      These forces are transferred through the springs which are fixedly
      attached to the axles as a force couple or moments creating a downward
      force at the forward ends of the springs and an upward force at the rear
      ends of the springs. Reacting forces on the springs come into play and the
      result is that the wheels on the axles, and especially those on the front
      axle, rise from the road and subsequently return thereto. The cycle of
      axle and wheel rise and fall repeats during brake application with
      increasing frequency, shaking the vehicle, leading to early breakdown of
      the same and even endangering the vehicle driver who is subjected to great
      strain by the impacts as well as the stress of maintaining the vehicle
      under control.
PAR  U.S. Pat. No. 3,074,738, issued on Jan. 22, 1963 to James C. Ward and
      assigned to the assignee of the present application, discloses an improved
      suspension unit which includes an equalizing linkage interposed between
      the axle and spring and the vehicle chassis. This linkage includes an
      equalizer beam, rockably connected with the chassis and employed against a
      spring end, and a torque arm, pivotally connected at one end with the axle
      seat and at its other end with the equalizer beam in such a manner as to
      cancel the torsional forces created during a brake application. With
      vehicles having tandem running gear, the rockable equalizer beam is
      positioned between the axles and the respective axle torque arms are
      engageable therewith so as to overcome the torsionable forces. Therefore,
      the rigidly mounted springs are relieved of the braking torque so that
      they may perform their intended function of supporting vehicle load
      properly. Furthermore, the torque arms extending from the axle seats are
      connected to a common reference, namely the equalizer beam, to maintain
      thereby a common relation between the axles which thus may be maintained
      substantially parallel at all times.
PAR  Another example of detrimental behavior during braking is skidding due to
      wheel lock-up under severe or emergency conditions. Anti-skid control
      systems have been developed which modulate the brakes at one or more
      wheels, alternately applying the brakes to slow the vehicle and releasing
      the brakes to prevent lock-up of the wheels.
PAR  Typical anti-skid systems include three basic components, which are a wheel
      mounted tone wheel (also known as a rotor or an excitor), a sensor which
      picks up a signal from the tone wheel rotating with the vehicle wheel, and
      a control circuit or skid computer which utilizes the information from one
      or more sensors to direct the application or release of the brakes. In
      lighter vehicles, such as automobiles and light trucks, a single skid
      computer connected to separate sensors and tone wheels for each of the
      wheels may be utilized with satisfactory results. Generally, the front
      wheels of an automobile are more heavily loaded than the rear wheels
      thereof and this difference in loading is accenuated during braking
      conditions. Since the less heavily loaded rear wheels have a greater
      tendency to lock-up, some anti-skid systems compare the speed of rotation
      of the rear wheels with the speed of rotation of the front wheels and
      release the rear brakes when the difference is greater than a
      predetermined amount. Other systems utilize a standard reference signal to
      compare with the speed of rotation of each wheel where all the wheels are
      controlled separately or to compare with the lower speed of rotation of
      the two wheels at either end of the vehicle.
PAR  One form of anti-skid system for larger trucks and heavy duty vehicles has
      utilized the standard reference signal with braking control on a per axle
      basis, the comparison being with the lower of the speeds of rotation of
      the wheels attached to the axle. A select low circuit selects the wheel
      having the lower rotational velocity and compares the rate of change of
      that velocity, which is proportional to deceleration, to a standard
      reference signal representative of a skid condition. When the value of the
      rate of change equals or exceeds the reference signal the brakes
      associated with the wheels on the axle are modulated to eliminate the skid
      condition. If the vehicle is equipped with one or more tandem axles, where
      two axles are subjected to similar loading, the anti-skid system may sense
      a skid condition and control the brakes on a per side basis as disclosed
      in U.S. Pat. No. 3,847,446 issued on Nov. 12, 1974 to Ronald S. Scharlack.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention involves an anti-skid braking system for tendem axle
      vehicles wherein the axles of the tandem axle unit are subjected to
      similar loads. The present invention includes an improved vehicle
      suspension having an equalizer linkage interposed between axle and spring
      assembly and the vehicle chassis. The linkage includes an equalizer beam,
      rockably connected with the chassis and employed against a spring end, and
      a torque arm, pivotally connected at one end with an axle seat and at its
      other end with the equalizer beam in such a manner as to oppose the
      torsional forces generated during a brake application. In a tandem axle
      unit, the rockable equalizer beam is positioned between the axles and the
      respective axle torque arms are engageable therewith.
PAR  The present invention also includes an anti-skid circuit which cooperates
      with the improved vehicle suspension to increase braking efficiency. In
      one embodiment, the improved vehicle suspension is set to oppose the
      torsional forces so that the front axle carries 5 - 10% more load than the
      rear axle of the tandem axle unit to make the wheels attached to the rear
      axle more skid prone. Therefore, only the rotationable velocity of each of
      the rear wheels is sensed on a per side basis and the braking of the
      wheels on that side is modulated in response to a sensed skid condition.
      In an alternate embodiment, the anti-skid circuit senses a skid condition
      at either the front or the rear wheels on a per side basis and modulates
      the braking of the wheels on that side in response thereto.
PAR  It is an object of the present invention to provide an antiskid system for
      a tandem axle vehicle which eliminates brake hop.
PAR  It is a further object of the present invention to provide an anti-skid
      system for a tandem axle vehicle which senses a skid condition only at the
      rear wheels of the tandem axle unit.
PAR  It is another object of the present invention to provide an anti-skid
      system which utilizes equalizing linkage to oppose a selected portion of
      the vehicle braking torque so as to load the front axle of a tandem axle
      unit during braking.
PAR  It is a further object of the present invention to decrease the complexity
      and cost of anti-skid systems by providing a vehicle suspension which
      mades the wheels attached to one axle more skid prone than the wheels
      attached to the other axle in a tandem axle unit and by modulating the
      brakes on per side basis in response to the sensing of a skid condition at
      the more skid prone wheel on that side.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a tandem axle unit embodying at improved
      vehicle suspension according to the present invention;
PAR  FIG. 2 is a side elevation of the tandem axle unit of FIG. 1;
PAR  FIG. 3 is a partial cross-sectional view taken through a front hanger
      bracket of the axle unit of FIG. 2;
PAR  FIG. 4 is a partial cross-sectional view taken through an equalizer beam
      and an equalizer bracket of the axle unit of FIG. 2;
PAR  FIG. 5 is a partial cross-sectional view of the connection between a torque
      arm and a yoke arm of the axle unit of FIG. 2;
PAR  FIG. 6 is a partial schematic and block diagram of the axle unit of FIG. 2
      including an anti-skid circuit according to the present invention; and
PAR  FIG. 7 is a partial schematic and block diagram of the axle unit of FIG. 2
      including an alternate embodiment of an anti-skid circuit according to the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, there is shown a tandem axle unit embodying an
      improved vehicle suspension according to the present invention. The
      improved vehicle suspension cooperates with an electronic anti-skid
      circuit to increase braking efficiency and eliminate brake hop. FIG. 1 is
      a perspective view of the tandem axle unit wherein the chassis of a truck
      or heavy duty vehicle may have a pair of longitudinally extending side
      frame members or sills 11 and 12 to which the vehicle suspension is
      attached. FIG. 2 is a side elevation of the tandem axle unit of FIG. 1
      showing the left side of the vehicle suspension and a portion of a left
      front tire 13 and a left rear tire 14. The left front tire 13 and left
      rear tire 14 are attached to the ends of a front axle 15 and a rear axle
      16 respectively. A tandem spring assembly 17 is mounted at each end of the
      axles 15 and 16. Each tandem spring assembly 17 includes a front spring 18
      which is attached to the front axle 15 and a rear spring 19 which is
      attached to the rear axle 16 by pairs of U-bolts 21. The ends of each of
      the U-bolts 21 pass through a pair of lugs 22 integral with either a front
      axle seat 23 or a rear axle seat 24 and a pair of lugs 25 integral with an
      upper U-bolt plate 26. A pair of nuts 27 are threaded onto the ends of the
      U-bolts 21 to secure the axles 15 and 16, the axle seats 23 and 24, and
      the upper U-bolt plates 26 to the springs 18 and 19.
PAR  On either side of the vehicle, each front spring 18 has its forward end
      supported in a front hangar bracket 28. The front hanger brackets 28 are
      attached to the forward ends of the side frame members 11 and 12. The end
      of each of the front springs 18 is received between a bracket shoulder 29
      and a stop in the form of a cap screw 31 extending through the lower end
      of the hanger bracket 28. A resilient rubber spring retainer 32 surrounds
      the caps screw 31 as shown in FIG. 3. Furthermore, on either side of the
      vehicle chassis, each rear spring 19 has its rearward end engaged in a
      rear hanger bracket 33 attached to the rearward ends of the side frame
      members 11 and 12. The rearward ends of the springs 19 engage a bracket
      shoulder 34 for supporting the vehicle load.
PAR  the rearward end of each of the front springs 18 and the forward end of
      each of the rear springs 19 are connected to the vehicle chassis by a pair
      of equalizer beams 35 interposed between the adjacent ends of the springs
      18 and 19 and rockably mounted on an equalizer bracket 36 attached to each
      of the side frame members 11 and 12. A cap screw 37 extends through the
      bracket 36 to provide a center of rotation for the beam 35. The cap screw
      37 is surrounded by a rubber bushing 38 as shown in FIG. 4 to thereby
      provide a resilient bearing for the beam 35.
PAR  The two front hanger brackets 28 may be connected by a front brace rod 39;
      the two rear hanger brackets 33 may be connected by a rear brace rod 41,
      and the two equalizer brackets 36 may be connected by a center brace rod
      42 which extends between the lower ends of a pair of cross braces 43. The
      brace rods 39, 41 and 42 tend to balance the forces generated by turning
      between the two sides of the suspension.
PAR  In summary, each tandem spring assembly 17 is connected to the respective
      ends of the axles 15 and 16 by the U-bolts 21, the axle seats 23 and 24,
      and the upper U-bolt plates 26. The forward end of each of the front
      springs 18 is received in the front hanger bracket 28 and the rearward end
      of each of the rear springs 19 is received in the rear hanger bracket 33.
      The rearward end of each of the front springs 18 and the forward end of
      each of the rear springs 19 are connected to the equalizer beam 35 which
      is rockably mounted on the equalizer bracket 36 to form a three point
      suspension for the vehicle chassis which uniformly distributes the load on
      the axles 15 and 16.
PAR  Upon application of the vehicle brakes, the substantially equal
      distribution of the load on the axles 15 and 16 is disturbed. Typically,
      there is a tendency of the rear axle 16 to rotate under the influence of
      braking torque in the direction of the arrow shown in FIG. 2, forcing the
      forward end of each of the rear springs 19 downwardly in the direction of
      such rotation, thereby lowering the rearward end of each of the equalizer
      beams 35, and correspondingly raising the forward end of each of the beams
      35. This movement of the equalizer beams frees the rearward end of each of
      the front springs 18, thereby releasing the front axle 15 from the load of
      the vehicle.
PAR  The rotation of the rear axle 16, coupled with the fact that the
      application of the brakes also tends to cause the front axle 15 to rotate
      in the same direction as the rear axle 16 thereby raising the rearward end
      of each of the front springs 18, lifts the left front wheel 13 and the
      right front wheel (not shown) from the road to reduce the traction thereof
      thereby generating the previously described brake hop. In order to
      eliminate the undesirable brake hop, the present invention includes torque
      arms connected between the axles 15 and 16 and the equalizer beams 35.
PAR  Referring to FIGS. 1 and 2, there is shown a pair of front torque arms 44
      connected between the equalizer beams 35 and the front axle seats 23 and a
      pair of rear torque arms connected between the equalizer beams 35 and the
      rear axle seats 24. Each front axle seat 23 is provided with a rearwardly
      extending yoke arm 46 to which the forward end of the front torque arm 44
      is pivotally connected by a cap screw 47. As shown in FIG. 5, a pair of
      resilient rubber bushings 48 are interposed between the front torque arm
      44 and the pivotal connection formed by the yoke arm 46 and the cap screw
      47. The other end of the front torque arm 44 is pivotally connected to the
      equalizer beam 35 with a cap screw 49 in a similar manner.
PAR  Each rear axle seat 24 is provided with a forwardly extending yoke arm 51
      to which the rearward end of the rear torque arm 45 is pivotally
      connected. The other end of each rear torque arm 45 is pivotally connected
      to the equalizer beam 35. Cap screws 52 and 53 and rubber bushings (not
      shown) similar to the cap screw 47 and the rubber bushing 48 are utilized
      at the pivotal connections for the rear torque arms 45.
PAR  The rear torque arms 45 may be of the adjustable type as shown in FIGS. 1
      and 2 or may be of the one-piece type similar to the front torque arms 44.
      The adjustable type of torque arm acts as a turnbuckle to move the
      opposite ends together or apart as desired to facilitate alignment of the
      axles 15 and 16. The connections of the torque arms 44 and 45 to their
      respective axle seats 23 and 24 provide convenient control points about
      which the axles 15 and 16 tend to rotate during application of the brakes.
      Furthermore, although the torque arms 44 and 45 are pivoted at their ends,
      they also provide connections capable of transmitting torque. Therefore,
      since the engagements of the springs 18 and 19 with the equalizer beams 35
      occur at points above the center of rotation of the equalizer beam 35 and
      the connections of the torque arms 44 and 45 occur at points below the
      center of rotation of the equalizer beam 35, there is provision for
      applying equalizing forces to cancel the rotational forces transmitted to
      the beams 35 by the springs 18 and 19 during braking of the vehicle.
PAR  When the vehicle brakes are applied, the braking torque tends to rotate the
      rear axle 16 about the pivotal connection between the rear torque arm 45
      and the yoke arm 51 as defined by the cap screw 52. This rotation causes
      an upward force to be transmitted by the axle 16 to the rearward end of
      the rear spring 19. This upward force is cancelled by the downward force
      proportionate to the weight of the supported vehicle since the rearward
      end of the rear spring 19 engages a non-depressable portion of the rear
      hanger bracket 33.
PAR  As the braking torque tends to rotate the rear axle, the forward end of the
      rear spring 19 tends to move downwardly applying a force to rotate the
      equalizer beam 35. This downwardly directed force, acting through a moment
      arm perpendicular to the direction of the force and passing through the
      center of rotation of the equalizer beam as defined by the cap screw 37,
      generates a moment which tends to rotate the equalizer beam 35 in a
      clockwise direction about the cap screw 37 as viewed in FIG. 2. The moment
      generated by the forward end of the rear spring 19 is opposed by a moment
      generated by the force applied by the torque arm 45.
PAR  The clockwise movement of the equalizer beam 35 tends to rotate the
      connection with the torque rod 45 at the cap screw 53 away from the rear
      axle 16. This rotation is resisted by the torque arm 45 which is connected
      to the rear axle 16 at the yoke arm 51. This resisting force acting along
      the longitudinal axis of the torque arm 45, through a moment arm
      perpendicular to the direction of the force and passing through the center
      of rotation of the equalizer beam 35 as defined by the cap screw 37, will
      generate a moment to oppose the moment generated by the downwardly
      directed force at the forward end of the rear spring 19 if an extension of
      the longitudinal axis of the torque arm 45 passes below the center of
      rotation defined by the cap screw 37.
PAR  The braking torque tends to rotate the front axle 15 in the same direction
      as the rear axle 16 about the pivotal connection between the front torque
      arm 44 and the yoke arm 46 as defined by the cap screw 47. This rotation
      causes a downward force to be transmitted by the axle 15 to the forward
      end of the front spring 18. This downward force at the forward end of the
      front spring 18 is resisted and absorbed by the resilient rubber spring
      retainer 32 on the cap screw 31. The braking torque also causes an upward
      movement of the rearward end of the front spring 18 to apply force to the
      equalizer beam 35. This upwardly directed force, acting through a moment
      arm perpendicular to the direction of the force and passing through the
      center of rotation of the equalizer beam as defined by the cap screw 37,
      generates a moment which tends to rotate the equalizer beam in a clockwise
      direction as viewed in FIG. 2. The moment generated by the rearward end of
      the front spring 19 is opposed by a moment generated by the force applied
      by the torque arm 44.
PAR  The clockwise movement of the equalizer beam 35 tends to rotate the
      connection with the torque rod 44 at the capscrew 49 toward the front axle
      15. This rotation is resisted by the torque rod 44 which is connected to
      the front axle 15 at the yoke arm 46. This resisting force acting along
      the longitudinal axis of the torque arm 44, through a moment arm
      perpendicular to the direction of the force and passing through the center
      of rotation of the equalizer beam 35 as defined by the cap screw 37, will
      generate a moment to oppose the moment generated by the upwardly directed
      force at the rearward end of the front spring 18 if an extension of the
      longitudinal axis of the torque arm 44 passes below the center of rotation
      defined by the cap screw 37.
PAR  In summary, the improved suspension according to the present invention
      eliminates brake hop during braking by equalizing the load on each axle of
      a pair of axles connected in tandem. As shown in FIG. 2, the rearward end
      of the front spring 18 and the forward end of the rear spring 19 tend to
      move upwardly and downwardly respectively as the axles 15 and 16 rotate
      under the influence of the braking torque. This movement of the spring
      ends applies forces to rotate the equalizer beam 35 in a clockwise
      direction about a pivot point defined by the cap screw 37. The rotation of
      the equalizer beam 35 is resisted by the torque rods 44 and 45 which apply
      opposing forces. Since the moments generated by the spring ends are
      opposed by the moments generated by the torque rods 44 and 45, the load on
      the forward axle will be determined by the sum of the moments about the
      pivot point defined by the cap screw 37.
PAR  If the sum of the moments is zero, then the load will be equally
      distributed between the two axles. In actual practice, when the improved
      suspension has been utilized without an anti-skid circuit, it has been
      found desirable to increase the load on the front axle beyond equality to
      a value 12 - 18% greater than the load on the rear axle during braking to
      more effectively reduce brake hop. This is accomplished by adjusting the
      length of the moment arm for the torque arms 44 and 45 through the
      positioning of the connections defined by the cap screws 49 and 53. For
      the geometry shown in FIG. 2, the connections would be lowered with
      respect to the capscrew 37 to increase the load on the front axle 15 and
      would be raised with respect to the cap screw 37 to decrease the load on
      the front axle 15.
PAR  The present invention also includes an anti-skid circuit which cooperates
      with the above disclosed improved vehicle suspension to increase braking
      efficiency. A first embodiment is shown in a partial schematic and block
      diagram, FIG. 6, of a tandem axle unit. A front axle 61 has attached
      thereto a pair of left front wheels 62 and a pair of right front wheels
      65. A rear axle 64 has attached thereto a pair of left rear wheels 65 and
      a pair of right rear wheels 66. Trucks and heavy duty vehicles
      conventionally utilize a compressed air braking system. Such a system is
      shown schematically in FIG. 6. A compressor 67 is driven from the vehicle
      engine (not shown) to supply air to a reservoir 68. The air is stored in
      the reservoir for use in the braking system so as to permit several
      successive brake applications without exhausting the air supply. Each pair
      of wheels is equipped with brakes (not shown) which are actuated by an
      associated brake actuating mechanism 69. In a conventional compressed air
      braking system, the compressed air from the reservoir 68 is applied to the
      actuating mechanisms 69 to actuate the brakes when a brake pedal (not
      shown) is depressed to open a brake valve 71 connected between the
      reservoir 68 and the actuating mechanisms 69. When the brake pedal is
      released, the value 71 closes its inlet from the reservoir 68 and vents
      the actuating mechanisms 69 to the atmosphere to relieve the brakes.
PAR  In the present invention, an anti-skid circuit is connected to the
      compressed air braking system to improve the braking performance. A
      modulating valve and skid computer 72 is connected between the air
      reservoir 71 and the actuating mechanisms 69. The valve and computer 72
      includes a pair of normally open modulating valves (not shown) which allow
      compressed air to flow in an unrestricted manner from the reservoir 71 to
      the actuating mechanisms 69 when the brake valve 71 is open and from the
      actuating mechanisms to the brake valve when the brake valve vents to the
      atmosphere.
PAR  If the improved vehicle suspension according to the present invention were
      set to equalize the load between the front and rear axles, then each pair
      of wheels would have to be monitored in order to detect a skid condition
      since no one pair of wheels would be more skid prone than any other pair
      of wheels. Accordingly, the improved vehicle suspension associated with
      the skid control circuit of FIG. 6 is set to transfer 5 - 10% more load to
      the front axle during braking so that the rear axle is always more lightly
      loaded and therefore more skid prone. Since the rear wheels are more skid
      prone, only the rate of change of velocity of the rear wheels need be
      monitored in order to detect a skid condition thereby reducing the
      complexity and cost of the anti-skid circuit. Furthermore, the tandem axle
      anti-skid system with a 5-10% load transfer and rear wheel skid monitoring
      produces the unobvious result of braking performance comparable to a
      system having skid sensing at both front and rear wheels and no load
      transfer and the unobvious result of only 10% less braking performance
      than a system having skid sensing at both front and rear wheels and a load
      transfer to equalize the loads on both axles.
PAR  The valve and computer 72 of FIG. 6 is electrically connected to a pair of
      sensors 73 and 74. The skid computer receives wheel rotational velocity
      information from the sensor 73 associated with the left rear wheels 65 and
      a tone wheel 75. The skid computer also receives wheel rotational velocity
      information from the sensor 74 associated with the right rear wheels 66
      and a tone wheel 76. The tone wheels, sensors and skid computer may be of
      a known construction wherein each sensor will provide a pulsating or
      alternating electrical signal representative of the rotational velocity of
      the associated wheels as the tone wheel rotates with them. Since the rate
      of change of rotational velocity is proportional to the deceleration of
      the vehicle wheels, the skid computer compares the rate of change of the
      sensor output signal with a predetermined reference signal representative
      of a skid condition. When the rate of change of the sensor output signal
      is equal to or greater than the reference signal, the skid computer sends
      a control signal to the modulating valve. The brakes may be modulated on a
      per side basis as described below or all the brakes may be modulated
      together in response to a skid condition at either or both sides of the
      vehicle.
PAR  When a skid condition is sensed at the left rear wheels 65, the skid sensor
      sends a control signal to the modulating valve connected to the left side
      actuating mechanisms. The modulating valve then closes its input from the
      brake valve 71 and vents the actuating mechanisms 69 to the atmosphere
      through the left brake line 77 to relieve the brakes at the left front
      wheels 62 and the left rear wheels 65. The vehicle wheels will then
      decelerate at a lesser rate until the rate of change of the sensor output
      signal is reduced to a value that is less than the value of the reference
      signal. Then the skid computer removes the control signal which causes the
      modulating valve to open to reapply the brakes. In a similar manner a skid
      condition sensed at the right rear wheels will generate a control signal
      to the modulating valve connected to the right side actuating mechanisms.
      The modulating valve then closes its input from the brake valve 71 and
      vents the actuating mechanisms 69 to the atmosphere through the right
      brake line 78 to relieve the brakes at the right front wheels 63 and the
      right rear wheels 66. The cyclic action of either or both modulating
      valves will continue until the associated wheels are no longer in a skid
      condition or the brake pedal is released.
PAR  FIG. 7 is a partial schematic and block diagram of an alternate embodiment
      of the anti-skid circuit according to the present invention wherein the
      pair of wheels having the lower rotational velocity actuate the brake
      modulating controls for the wheels on that side. A front axle 81 has
      attached thereto a pair of left front wheels 82 and a pair of right front
      wheels 83. A rear axle 84 has attached thereto a pair of left rear wheels
      85 and a pair of right rear wheels 86. A compressor 87 is driven from the
      vehicle engine (not shown) to supply compressed air to a reservoir 88. The
      reservoir 88 is connected through a brake valve 89 to a brake actuating
      mechanism 91 at each pair of wheels. A modulating valve and skid computer
      92 is connected between the brake valve 89 and the actuating mechanisms
      91. When a brake pedal (not shown) is depressed, compressed air flows from
      the reservoir through a pair of normally open modulating valves in the
      valve and computer 92 to the actuating mechanisms 91 for the left side
      wheels 82 and 85 via brake line 93 and to the actuating mechanisms 91 for
      the right side wheels 83 and 86 via a brake line 94.
PAR  The valve and computer 92 is electrically connected to a pair of left side
      sensors 95 and 96 and to a pair of right side sensors 97 and 98. The skid
      computer includes a left side select low logic circuit for selecting the
      lower rotational velocity of the left side wheel pairs 82 and 85 and a
      right side select low logic circuit for selecting the lower rotational
      velocity of the right side wheel pairs 83 and 86. Since the logic circuits
      are similar, only the operation of the left side circuit will be
      explained. The left side select low logic selects the lower rotational
      velocity output signal from the left side sensors 95 and 96 since that
      pair of wheels which is first in a skid condition will have the lower
      rotational velocity. The rate of change of the selected sensor output
      signal is compared with a reference signal representative of a skid
      condition. When the value of the rate of change exceeds the reference
      signal, the skid computer will generate a control signal to the modulating
      valve connected to the left side actuating mechanisms. The modulating
      valve then closes its input from the brake valve 89 and vents the
      actuating mechanisms 91 to the atmosphere through the left brake line 93
      to relieve the brakes at the left front wheels 82 and the left rear wheels
      85. The left side wheels will then decelerate at a lesser rate until the
      rate of change of the selected sensor output signal is reduced to a value
      that is less than the value of the reference signal. Then the skid
      computer removes the control signal which causes the modulating valve to
      open to reapply the brakes. The cyclic action of the modulating valve will
      continue until the associated wheels are no longer in a skin condition or
      the brake pedal is released.
PAR  In summary, the present invention includes an improved vehicle suspension
      having an equalizing linkage which opposes the braking torque applied to
      the vehicle suspension to transfer a selected portion of the vehicle load
      to the front axle of a tandem axle unit during braking. In one embodiment,
      the equalizing linkage is set to transfer 5-10% more load to the front
      axle thereby making the wheels attached to the rear axle more skid prone.
      A skid-control circuit utilizing conventional components senses a skid
      condition at either of the rear wheels on a per side basis and modulates
      the brakes of the wheels on that side in response thereto. The brakes are
      modulated by alternate application and relief until the skid condition is
      eliminated or the brake pedal is released.
PAR  In an alternate embodiment, the anti-skid circuit includes select low logic
      which selects the sensor output signal of the wheel having the lower
      rotational velocity at either the front or rear wheels on a per side
      basis. When a skid condition is sensed, the circuit modulates the braking
      of the wheels on that side of the vehicle.
PAR  In accordance with the provisions of the patent status, I have explained
      the principle and mode of operation of my invention and have illustrated
      and described what I now consider to represent its best embodiment.
      However, I desire to have it understood that the invention may be
      practiced otherwise than as specifically illustrated and described without
      departing from its spirit or scope.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An anti-skid system for a vehicle having a load supporting tandem axle
      unit, comprising:
PA1  means for transferring a selected portion of the vehicle load to one of the
      axles of said tandem axle unit during braking whereby the load imposed on
      said one axle exceeds the load imposed on the other axle of said tandem
      axle unit;
PA1  sensing means for sensing the rotational velocity of a wheel attached to
      said other axle and generating an output signal representative of the
      sensed velocity;
PA1  control means responsive to said output signal for detecting a skid
      condition at said wheel attached to said other axle and generating a
      control signal in reponse thereto; and
PA1  actuating means responsive to said control signal for modulating the brakes
      at said wheel attached to said other axle and a wheel attached to said one
      axle.
NUM  2.
PAR  2. A system according to claim 1 wherein the geometric relationship between
      said load transferring means and said tandem axle unit is such that the
      load imposed on said one axle is in the range of 5 to 10% greater than the
      load imposed on said other axle during braking.
NUM  3.
PAR  3. A system according to claim 1 wherein said one axle is the front axle
      and said other axle is the rear axle of said tandem axle unit.
NUM  4.
PAR  4. A system according to claim 1 wherein said vehicle includes a chassis
      and wherein said load transferring means includes on either side of said
      chassis: an equalizing beam pivotally attached to said chassis
      intermediate said axles; paired springs, said interposed between said
      chassis and a respective one of said axles, adjacent ends being engagable
      with said equalizer beam in spaced relation to the pivot thereof; a pair
      of torque arms pivotally connected at one end to a respective one of said
      axles, pivotally connected at the other end to said equalizer beam in
      spaced relation to the pivot thereof, and arranged to sustain a force
      opposed to the brake forces applied to said equalizer beam through said
      axles and said springs during braking, whereby brake hop is substantially
      eliminated.
NUM  5.
PAR  5. A system according to claim 1 wherein said sensing means includes a tone
      wheel attached for rotation with said wheel attached to said other axle
      and a sensor responsive to the rotation of said tone wheel for generating
      said output signal.
NUM  6.
PAR  6. A system according to claim 1 wherein said control means is a skid
      computer which includes means for generating a reference signal
      representing a skid condition; means responsive to said output signal for
      generating a signal representative of the rate of change of said output
      signal; and means for comparing the magnitudes of said reference signal
      and said rate of change signal and for generating said control signal when
      the magnitude of said rate of change signal exceeds the magnitude of said
      reference signal.
NUM  7.
PAR  7. A system according to claim 1 wherein said actuating means includes
      means responsive to said control signal for relieving the brakes at said
      wheels.
NUM  8.
PAR  8. A system according to claim 7 wherein said vehicle includes a compressed
      air braking system having a source of compressed air connected through a
      brake valve to an actuating mechanism at each of said wheels and wherein
      said brake relief means is a normally open modulating valve connected
      between said brake valve and said actuating mechanisms which vents said
      actuating mechanisms to the atmosphere in response to said control signal.
NUM  9.
PAR  9. A system according to claim 1 including a second sensing means for
      sensing the rotational velocity of said wheel attached to said one axle
      and generating a second output signal representative of the sensed
      velocity and wherein said control means includes means for selecting the
      one of said first and second output signals representing the slower
      rotational velocity and wherein said control means is responsive to said
      selected output signal for detecting a skid condition at the one of said
      wheels associated with said selected output signal for generating said
      control signal in response thereto.
NUM  10.
PAR  10. A system according to claim 9 wherein said selecting means is a select
      low logic circuit.
NUM  11.
PAR  11. An anti-skid system for a vehicle including a load supporting tandem
      axle unit having a front axle proximately spaced with respect to a rear
      axle, wherein each of the axles has a left side wheel and a right side
      wheel attached thereto, comprising:
PA1  means for transferring a selected portion of the vehicle load to said front
      axle during braking whereby the load imposed on said front axle exceeds
      the load imposed on said rear axle;
PA1  a first sensing means for sensing the rotational velocity of said left side
      rear wheel and generating a first output signal representative of the
      sensed velocity;
PA1  a second sensing means for sensing the rotational velocity of said right
      side rear wheel and generating a second output signal representative of
      the sensed velocity;
PA1  control means reponsive to said first output signal for detecting a skid
      condition at said left side rear wheel and for generating a first control
      signal in response thereto and responsive to said second output signal for
      detecting a skid condition at said right side rear wheel and for
      generating a second control signal in response thereto;
PA1  first actuating means responsive to said first control signal for
      modulating the brakes at said left side front wheel and said left side
      rear wheel; and
PA1  second actuating means responsive to said second control signal for
      modulating the brakes at said right side front wheel and said right side
      rear wheel.
NUM  12.
PAR  12. A system according to claim 11 wherein the geometric relationship
      between said load transferring means and said tandem axle unit is such
      that the load imposed on said front axle is in the range of 5 to 10%
      greater than the load imposed on said rear axle during braking.
NUM  13.
PAR  13. A system according to claim 11 including:
PA1  a third sensing means for sensing the rotational velocity of said left side
      front wheel and generating a third output signal representative of the
      sensed velocity;
PA1  a fourth sensing means for sensing the rotational velocity of said right
      side front wheel and generating a fourth output signal representative of
      the sensed velocity;
PAL  and wherein said control means includes a first means for selecting the one
      of said first and third output signals representing the slower rotational
      velocity, said control means being responsive to said selected output
      signal for detecting a skid condition at the one of said left side front
      wheel and said left side rear wheel associated with said selected output
      signal and for generating said first control signal in response thereto,
      and wherein said control means includes a second means for selecting the
      one of said second and fourth output signals representing the slower
      rotational velocity, said control means being responsive to said selected
      output signal for detecting a skid condition at the one of said right side
      front wheel and said right side rear wheel associated with said selected
      output signal and for generating said second control signal in response
      thereto.
NUM  14.
PAR  14. An anti-skid system for a vehicle including a load supporting tandem
      axle unit having a front axle proximately spaced with respect to a rear
      axle, wherein each of the axles has a left side wheel and a right side
      wheel attached thereto, comprising:
PA1  means for equalizing the vehicle load between said front and rear axles
      during braking;
PA1  a sensing means associated with each of said wheels for sensing the
      rotational velocity of said associated wheel and generating an output
      signal representative of the sensed velocity;
PA1  first actuating means responsive to a first control signal for modulating
      the brakes at said left side wheels;
PA1  second actuating means responsive to a second control signal for modulating
      the brakes at said right side wheels;
PA1  control means reponsive to said output signals representative of the sensed
      velocities at said left side wheels for selecting the one of said output
      signals representing the slower rotational velocity, said control means
      being responsive to said selected output signal for detecting a skid
      condition at the one of said left side wheels associated with said
      selected output signal and for generating said first control signal in
      response thereto; and
PA1  wherein said control means is responsive to the sensed velocities at said
      right side wheels for selecting the one of said output signals
      representing the slower rotational velocity, said control means being
      responsive to said selected output signal for detecting a skid condition
      at the one of said right side wheels associated with said selected output
      signal and for generating said second control signal in response thereto.
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ABST
PAL  Two relatively movable bodies, such as a screw and a nut, engage each other
      through the intermediary of an endless row of balls guided in a closed
      guide path including a groove formed in a surface of one body confronting
      the other body. The guide path further includes at least one substantially
      prismatic bridge piece inserted in the grooved body and formed with an
      open-ended recess generally perpendicular to the groove, this recess
      communicating with one end of that groove and either with the opposite end
      of the same groove or with a corresponding end of a companion groove. The
      parallel end faces of the bridge piece are flush with opposite surfaces of
      the grooved body and, in the specific instances here described, are
      inclined with reference to the direction of the recess.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to a ball race designed to facilitate
      relative motion between two bodies with closely spaced, parallel bearing
      surfaces, with maintenance of a predetermined distance between these
      surfaces, under conditions of minimum frictional resistance.
PAC  BACKGROUND OF THE INVENTION
PAR  A system of this general type has been disclosed in U.S. Pat. No. 3,771,382
      granted to one of us, Richard Wilke, on Nov. 13, 1973. In that system the
      two bodies to be relatively displaced are a nut and a screw or spindle,
      the latter being formed with a thread in the shape of multi-turn helical
      grooving whereas the nut is provided with a similar groove forming an
      incomplete helical turn of the same pitch. The groove of the nut is
      complemented by a cylindrical insert in the nut body, provided with a
      diametrical recess, to form a closed guide path for an endless series of
      balls which (except during their passage through the recess of the insert)
      are received partly in the groove of the nut and partly in a confronting
      turn of the spindle grooving to act as spacers, the balls being freely
      movable along their guide path in either direction.
PAR  While the system of the prior patent is eminently suitable for spindles and
      nuts with threads of relatively short pitch compared to their diameter,
      threads of larger pitch and therefore larger helix angle can be
      accommodated only with difficulty since this necessitates an increase in
      the diameter of the insert and with it an enlargement of both the axial
      length and the thickness of the nut in order to preserve structural
      continuity.
PAC  OBJECTS OF THE INVENTION
PAR  An important object of our present invention, therefore, is to provide an
      improved ball race for an assembly of this type in which that
      inconvenience is avoided even with threads of a large helix angle.
PAR  Another object is to provide a ball race adapted to be used for maintaining
      low-friction contact between two bodies moving linearly with reference to
      each other, with either curved or flat bearing surfaces held separated by
      the balls.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are realized, in conformity with our present invention, by
      providing one of the two coacting bodies (specifically the nut in the case
      of an assembly of the type disclosed in U.S. Pat. No. 3,771,382) with an
      elongate cutout opening onto the bearing surface of this body, an elongate
      bridge piece or key being matingly received in this cutout and having
      substantially parallel end faces located at and preferably flush with
      opposite body surfaces (one of which may be its bearing surface). The
      bridge piece, which may be held in the cutout by cementing to the body or
      by other fastening means, has an open-ended  recess which differs from
      that of the cylindrical insert of the prior patent in that its principal
      dimension is generally perpendicular to a groove formed on the bearing
      surface of this body as part of a looped trackway which terminates near
      opposite ends of the cutout so as to be complemented to a closed guide
      path by that recess. In a nut-and-spindle assembly of this description,
      the end faces are transverse to the spindle axis.
PAR  A ball race of this description can also be used on a first body linearly
      movable with reference to a second body whose bearing surface in this
      instance need not be grooved. In such a case, pursuant to another feature
      of our invention, the looped trackway includes two parallel grooves formed
      in the first body, one groove being again provided in its bearing surface
      while the other groove is disposed remote from that surface, generally on
      an opposite body surface. Ths closed guide path then comprises a pair of
      substantially symmetrical key-shaped bridge pieces of the aforedescribed
      structure received in respective cutouts of the first body and
      interconnecting opposite ends of the two grooves by their recesses; here,
      too, the balls can freely circulate in either direction along their guide
      path.
PAR  Advantageously, the bridge pieces and their recesses are so oriented that
      their principal dimensions are skew to the direction of relative
      displacement of the bodies as determined either by a grooving of the
      bearing surface of the second body or by other guide means. Such an
      orientation, which in the case of a substantially prismatic bridge piece
      results in an inclination of its end faces to the principal dimension of
      its recess (the same as in the aforedescribed spindle-and-nut assembly),
      increases the separation of the parallel grooves of the guide path and
      therefore facilitates a smoother transition of the balls therebetween via
      the curved recesses of the bridge pieces forming the vertices of that path
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is an axial sectional view, taken on the line I--I of FIG. 2, of a
      nut provided with a ball race embodying our invention;
PAR  FIG. 2 is a cross-sectional view of a combination of the nut of FIG. 1 with
      a spindle taken on the line II--II of FIG. 1;
PAR  FIG. 3 is a somewhat diagrammatic view of an enlarged portion of the inner
      nut surface visible in FIG. 1;
PAR  FIG. 4 is a fragmentary view, somewhat similar to that of FIG. 3, of an
      inner bearing surface of a guide tube for a cylindrical rod not shown in
      this Figure, the tube incorporating several ball races according to our
      invention; and
PAR  FIG. 5 is a cross-sectional view, taken on the line V--V of FIG. 4, of part
      of the guide tube in combination with the associated rod.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  Reference will first be made to FIGS. 1-3 showing a spindle-and-nut
      assembly embodying our invention. For convenience of comparison, the same
      references have been used in these Figures as in prior U.S. Pat. No.
      3,771,382 to designate corresponding elements.
PAR  The inner peripheral surface of a nut 1, constituting its bearing surface,
      is formed with a helical groove 3 extending over not quite a full turn.
      Groove 3, defining a looped trackway for a series of balls 14 whose
      diameter substantially exceeds the depth of the groove, terminates at
      opposite longitudinal edges of a prismatic cutout 1a of nut 1 extending
      over the full axial length thereof, this cutout 1a accommodating a
      key-type bridge piece 2 secured therein by suitable means. The end faces
      of bridge piece 2 are flush with those of nut 1; one of these end faces,
      however, could also be provided with a shoulder resting against the nut
      face to ensure precise positioning of the key 2 in its cutout 1a. An
      oblique recess 4 in the key 2 communicates with the groove 3 near opposite
      ends of that key, the edges 4a of that recess forming corners 12 with
      respective edges of groove 3 which they adjoin at an obtuse angle only
      slightly greater than 90.degree.. It will be noted that, contrary to the
      similarly designated insert piece of prior U.S. Pat. No. 3,771,382, key 2
      need not be cut away in the vicinity of its edges to broaden the recess 4
      at its junction with the respective extremities of groove 3.
PAR  Recess 4, whose curved bottom 4b is visible in FIG. 2, has a depth greater
      than that of groove 3 to enable the balls 14 to clear the raised land or
      ridge 15a separating adjacent depressed turns of a helical grooving of the
      associated screw or spindle 15, this grooving being also partly visible in
      FIG. 2 which shows the balls 14 projecting into it everywhere except on
      the short section of their closed guide path represented by recess 4. For
      smooth transition, nut 1 is beveled at 1b adjacent the entrance and exit
      points of recess 4, this beveled zone being also visible in FIG. 3 which
      shows the arcuate boundary thereof intersecting at 10 a longitudinal
      bearing line 7 of groove 3. This arcuate boundary thus constitutes the
      perimeter of the entrance or exit section of groove 3, a ball passing
      through that section coming to rest at a point 8 on the confronting edge
      4a of recess 4 while touching the bottom 4b of that recess at a point 11.
PAR  As clearly shown in the drawing, recess 4 is of constant width and depth
      substantially equal to the diameter of the balls 14. Thus, the shallower
      and narrower groove 3 deepens at 1b to the level of the bottom 4b of the
      recess seen in FIG. 2 to lie on a cylindrical surface centered on the
      spindle axis whereas its lateral boundaries 4a are seen in FIGS. 1 and 3
      to lie in parallel planes skew to that axis.
PAR  At 16 we have indicated in FIG. 3 the outline of a cylindrical insert that
      would have to be provided if the ball race were to be constructed in
      accordance with the teachings of prior U.S. Pat. No. 3,771,382. It will be
      immediately apparent that such a large insert would greatly weaken the
      structure of nut 1 unless the same were considerably enlarged. This is
      due, of course, to the fact that the helix angle of groove 3 in the
      illustrated embodiment of our invention is considerably larger than that
      in the prior patent in which the angle at corner 12 greatly exceeds that
      shown in present FIGS. 1 and 3, with the transverse separation of the
      extremities of groove 3 amounting to only a fraction of the groove width
      rather than several times that width as in the present instance.
PAR  The shape of zone 1b is not critical; instead of being ground to a flat
      bevel, it could also be milled with a concave curvature. Since the balls
      passing through recess 4 are propelled only by a relatively weak inertial
      force (it being understood that these balls are not tightly packed along
      their path), not much pressure is exerted by them upon the edges 4a of
      recess 4 so that key 2 can be held in position by simple means such as
      cementing.
PAR  In FIGS. 4 and 5 we have shown two coaxial bodies 101, 115 which are
      relatively slidable along their axis 0 as indicated by an arrow A in FIG.
      4, body 101 being a guide tube for a cylindrical rod 115 surrounded
      thereby. At angularly equispaced locations the tube 101 is provided with
      an inner groove 104 and a parallel outer groove 103', these grooves being
      interlinked by two substantially symmetrical keys 102, 102' with
      confronting recesses 104, 104' received in respective cutouts 101a, 101a'.
      Each pair of grooves 103, 103' and recesses 104, 104' forms a closed guide
      path for a set of balls 114 which, as in the preceding embodiment, are
      free to circulate in either direction along their guide path.
PAR  The balls occupying the inner groove 103 contact the bearing surface of rod
      115 which has been shown as smooth, except for a channel 117 engaged by a
      coacting rib 118 on tube 101 to maintain relative angular alignment
      between the rod and the tube. As best seen in FIG. 4, the grooves 103 (as
      well as 103') lie skew to the axis 0 and include a small angle with the
      direction of displacement A, thereby preventing a scoring of the rod
      surface as would occur in prolonged use if the grooves extended axially;
      the grooves therefore deviate somewhat from precise linearity. It will be
      understood, however, that the surface of rod 115 could also be grooved to
      receive part of the projecting portions of balls 114 in approximately the
      same manner in which this is done by the grooving of spindle 15 in FIG. 2.
      In that case the guide means 117, 118 will not be required. Naturally, the
      grooves on the rod should then extend axially unless it were desired to
      impart a certain rotary motion to that rod as it slides relatively to tube
      101 in the direction of arrow A.
PAR  Furthermore, the cutouts 101a and 101a' also have their principal
      dimensions oriented skew to the axis 0 so that their recesses 104 lie in
      nonradial planes, thereby affording greater separation of grooves 103 and
      103' so as to allow an increase in the radius of curvature of the recess
      bottom 104 required to let the balls clear the intervening web 119. For
      easier machining, the grooves 103 and 103' extend across the full axial
      length of tube 101, continuing beyond the cutouts 101a to the end faces of
      the tube.
PAR  Tube 101 is surrounded by an outer shell 120 closing the grooves 103' to
      the outside. The configuration of the ball race just described is
      independent of the radius of curvature of the closely spaced bearing
      surfaces of tube 101 and rod 115. Thus, in a limiting case, this radius
      may become infinite with the rod and the tube becoming prismatic instead
      of cylindrical, or with replacement thereof by a pair of parallel plates.
      In each instance, the high mobility of the balls 114 along their guide
      track and the absence of any close confinement of these balls, except on
      their run along inner grooves 103, affords reduced frictional resistance
      compared with a system in which each set of balls were lodged in a single
      straight groove closed at its ends.
PAR  Although the grooves 103, 103' have been shown rectangular in
      cross-section, it will be understood that they could be given a generally
      trapezoidal profile so as to contact the groove walls only along elevated
      bearing lines as shown at 7 in FIG. 3.
CLMS
STM  I claim:
NUM  1.
PAR  1. A ball-bearing assembly comprising:
PA1  a screw with a helical thread formed by depressed turns separated by
      ridges;
PA1  a nut coaxially surrounding said screw, said nut having an inner surface
      provided with an elongate cutout bounded by edges parallel to the screw
      axis and with a helical groove of the same pitch as said thread, said
      cutout spanning a pair of adjacent turns of said thread, said groove
      forming a looped trackway terminating at said parallel edges;
PA1  an elongate bridge piece matingly received in said cutout and provided with
      an open-ended recess of constant width and depth communicating with said
      groove and complementing said trackway to a closed guide path, said recess
      having lateral boundaries in parallel planes skew to the screw axis; and
PA1  an endless series of balls adjoining one another along said guide path with
      freedom of bidirectional movement through said groove, said balls being of
      like diameter substantially equaling the depth and width of said recess
      but larger than the depth and width of said groove whereby the balls
      passing through said groove project from said inner surface into turns of
      said thread aligned therewith;
PA1  said groove deepening at said parallel edges to the level of the bottom of
      said recess for facilitating the transition of said balls between said
      adjacent turns across the intervening ridge.
NUM  2.
PAR  2. An assembly as defined in claim 1 wherein said groove is generally
      perpendicular to the principal dimension of said recess, the ends of said
      groove at said parallel edges being offset from each other by an axial
      distance equal to at least twice the width of said groove.
NUM  3.
PAR  3. An assembly as defined in claim 1 wherein said bridge piece is
      substantially prismatic and extends across the full axial width of said
      nut.
NUM  4.
PAR  4. An assembly as defined in claim 1 wherein the ends of said groove slope
      gradually toward the bottom of said recess.
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ABST
PAL  The invention concerns a temperature compensating bearing for a shaft in
      which an expandable helical ceramic member is provided between the shaft
      and the bearing housing. The expandable helical ceramic member functions
      by expanding and contracting sympathetically with any changes in shaft
      diameter due to change of temperature of the bearing.
BSUM
PAR  This invention relates to temperature compensating bearing assemblies and
      in particular to temperature compensating ceramic/metal bearing
      assemblies.
PAR  An alleviation of strict design and operating criteria for bearing
      technology by the use of inorganic non-metallic to metallic mating
      surfaces in critical components of bearing systems has been described in
      British Pat. No. 1,310,274. The precise choice of metallic and inorganic
      non-metallic components depends upon operating loads, speeds and
      invironments, but where high temperatures are involved the preferred
      inorganic non-metallic material must have a combination of high
      temperature strength, low co-efficient of friction and high resistance to
      fracture by thermal stress or thermal shock. Such properties are
      obtainable in reaction-bonded or hotpressed silicon nitride and its
      derivatives.
PAR  One of the chief virtues of using such combinations of materials in gas
      bearing technology is to permit fortuitous touch-down without causing
      catastrophic failure by seizing or galling as is normal to total metallic
      systems. The use of inorganic non-metallic materials with metals will thus
      permit the possibility of a bearing operation passing from a plain journal
      unlubricated system to a self-pressurised gas bearing system as shaft
      speed is increased with or without the use of jacking gas.
PAR  The chief problems attendant with the use of mixed metallic/inorganic
      non-metallic materials in systems expected to operate over temperature
      ranges is the inherent difference in co-efficients of thermal expansion.
      In order, therefore, to avoid loss of close tolerance of clearances, or to
      avoid fracture loads imposed by thermal expansion mismatch, it is
      necessary to provide means for the sympathetic compensation of dimension
      changes consequent upon temperature gradients and levels.
PAR  The present invention relates to a temperature compensating bearing for a
      shaft or a like movable member in which an expandible helical ceramic
      member is employed intermediate between the shaft and a housing therefor.
PAR  When the invention is applied to gas bearing assemblies it is very
      desirable to provide end sealing covers on plates which are arranged to
      fit closely around the shaft to restrict the loss of gas pressure from
      within the bearing of gas pressure from within the bearing assembly.
      Presurisation of the bearing assembly may with advantage be aided by the
      provision on the bearing surface of the shaft of a helical groove arranged
      in counterdirection to the helix angle of the expandible helical ceramic
      member.
PAR  When the invention is applied to a dry bearing assembly required to operate
      over a wide temperature range it may include a graphitic material located
      within the space provided by the gap in the expandible helical ceramic
      member, which graphitic material will then be dispursed over the bearing
      surfaces during operation if the bearing as a lubricating film of
      graphite.
PAR  The expandible helical ceramic member is preferably of silicon nitride and
      may be fabricated by any of the known fabrication techniques.
DRWD
PAR  In order that the present invention may be more fully understood
      embodiments thereof will now be described, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the ceramic helical member;
PAR  FIG. 2 illustrates a bearing in accordance with the present invention; and
PAR  FIG. 3 is a perspective view of a modified shaft.
DETD
PAR  Referring to the drawings, an expandible helical ceramic member 1 is
      designed to operate by expanding and contracting sympathetically with
      change  in shaft diameter with change in temperature whilst maintaining
      gas clearances with the bearing surfaces on the metal housing 2. The
      helical gap 3 formed in the helical ceramic member 1 acts also to assist
      to even out the gas pressure in the bearing and also provide a degree of
      pumping action. This pumping action can be further enhanced by forming a
      counter helical groove 4 in the shaft 5, as shown in FIG. 3. It is
      necessary to provide end sealing arrangements to the bearing, in order to
      maintain gas pressures within the bearing demanded by the required bearing
      stiffness, and cover plates 6 fitting close to the surface of the shaft to
      restrict gas flow are provided for that purpose. Alternatively, separate
      split collars with close tolerances can be provided at each end of the
      bearing, as described in U.S. Pat. No. 1,310,274.
PAR  The helical ceramic member may be formed of silicon nitride by the
      flame-spray deposition of fine silicon powder onto a polished mandrel
      previously coated with a soluble release agent, as described in U.S. Pat.
      No. 1,138,284. The helix is then ground externally, whilst still on the
      mandrel, and is then released and reaction bonded to silicon nitride by
      heating in nitrogen and then lightly finished to final dimensions by
      polishing. The circumferential shots 7 in the helix may be made by
      stretching thin foil (eg 0.0001 inch) between sets of removable split pegs
      fitted into the mandrel before spray deposition. The bearing may be
      self-pressurised due to the counter helical groove in the shaft, assisted
      by the helical gap in the ceramic helix, or jacking gas may be supplied to
      the bearing through a conduit 8 passing through the housing.
PAR  The invention may be used in a modified form for use in rotational or
      reciprocating shaft dry journal bearings to operate over wide temperature
      ranges, particularly if a graphic spiral for dispensing graphite films
      over the surface of the shaft is enclosed in the space provided by the gap
      in the ceramic helix.
PAR  Further specific fabrication techniques for producing silicon nitride
      bodies that are applicable to the fabrication of the expandible helical
      ceramic member are described in British Pat. No. 1,021,053 and pending
      British Pat. No. 52445/72.
CLMS
STM  I claim:
NUM  1.
PAR  1. A temperature compensating bearing assembly for a shaft comprising a
      bearing housing, and an expandable helical ceramic member located within
      said bearing housing and providing a bearing surface.
NUM  2.
PAR  2. A temperature compensating bearing assembly as claimed in claim 1 in
      which the expandable helical ceramic member is fabricated from silicon
      nitride.
NUM  3.
PAR  3. A temperature compensating bearing assembly as claimed in claim 1 in
      which said bearing surface is comprised in part of the expandable helical
      ceramic member and in part of a helical spiral of graphitic material, said
      helical spiral of graphitic material being located in the helical spiral
      of the expandable helical ceramic member.
NUM  4.
PAR  4. A temperature compensating bearing assembly as claimed in claim 3 in
      which the expandable helical ceramic member is fabricated from silicon
      nitride.
NUM  5.
PAR  5. A temperature compensating bearing assembly comprising an expandable
      helical ceramic member located within said bearing housing and providing a
      first opposed bearing surface and a shaft located within said expandable
      helical ceramic member and including a second opposed bearing surface
      opposed to said first bearing surface.
NUM  6.
PAR  6. A temperature compensating bearing assembly as claimed in claim 5 in
      which said second opposed bearing surface includes a helical groove
      arranged in an angled direction in counter-direction to the helix angle of
      the expandable helical ceramic member.
NUM  7.
PAR  7. A temperature compensating bearing assembly as claimed in claim 5
      including end sealing cover plates located at the ends of the bearing
      housing and arranged to fit closely around the shaft.
NUM  8.
PAR  8. A temperature compensating bearing assembly as claimed in claim 6
      including end sealing cover plates located at the end of the bearing
      housing and arranged to fit closely around the shaft.
NUM  9.
PAR  9. A temperature compensating bearing assembly as claimed in claim 5 in
      which the expandable helical ceramic member is fabricated from silicon
      nitride.
NUM  10.
PAR  10. A temperature compensating bearing assembly as claimed in claim 6 in
      which the expandable helical ceramic member is fabricated from silicon
      nitride.
NUM  11.
PAR  11. A temperature compensating bearing assembly as claimed in claim 7 in
      which the expandable helical ceramic member is fabricated from silicon
      nitride.
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ABST
PAL  The pivot 28 is journalled in a bearing member 38 molded in one piece with
      a resilient web 39 fixed at its periphery to a body member 41 by a hard
      metal ring 42. Due to the resilience of web 39, member 38 may be shifted
      into member 41 and tilt about a diameter of its edge connected to web 39,
      thus protecting pivot 28 against impacts occuring in any direction. Ring
      42 constitutes abutting means which limit the amplitude of the
      displacements of shaft 1 under the action of impacts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the shock absorbing bearings for rotary watch
      parts, especially the balance-wheel, and more particularly to the bearings
      in which each one of the two pivots formed at the ends of a shaft is held
      by a bearing member being movable within a fixed body member under the
      control of resilient means provided between the movable bearing member and
      the fixed body member and arranged so as to hold normally the movable
      bearing member at rest in a centered position within the fixed body
      member.
PAR  2. The Prior Art
PAR  The known bearings of that type are not easy to manufacture. Their cost is
      accordingly relatively high. In order to hold the two pivots of the shaft
      of a rotary watch part the known bearings do not comprise less than eight
      pieces. Even with pieces having shapes enabling machining them
      automatically, mounting the bearing remains an operation which requires
      the permanent assistance of a worker. A fully automatic mounting operation
      would, indeed, require means to orient every piece of the bearing in the
      right manner. Moreover, the costs of the known bearings of the type
      considered are too high for cheap watches. Since a broken pivot, in
      particular that of the balance-wheel, disables the watch, the carrier of a
      cheap watch is thus paradoxically compelled to handle his watch with more
      care than an expensive watch in order to keep it running even if the rate
      of his watch is not very precise.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a shock absorbing
      bearing the costs of which are in harmony with those of the cheap watches.
      The shock absorbing bearing according to the invention also has to ensure
      a satisfactory pivot protection especially in view of the little care with
      which such watches are usually treated.
PAR  A more particular object of the invention is to provide a bearing with a
      movable member composed of a cap portion supporting the pivot and of a
      wall portion extending around the pivot from a first circular edge
      connected to the cap portion to a second circular edge located opposite a
      relatively strong shaft portion adjacent to the pivot, and with resilient
      means in the form of a web connecting the edge of said wall portion being
      far from said cap portion to the body member said web being yieldable out
      of its plane thus permitting the movable member to move in a direction
      perpendicular to the web and to tilt about a diameter of the wall portion
      edge connected to the web.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Six embodiments of the pivot bearing according to the invention are
      represented diagrammatically and by way of example in the accompanying
      drawings in which:
PAR  FIG. 1 is a sectional view of the first embodiment being in normal working
      position;
PAR  FIG. 2 is a plan view of one piece of the bearing of FIG. 1;
PAR  FIG. 3 is a sectional view similar to that of FIG. 1, the movable bearing
      member having been urged into an extreme remote position by an impact;
PAR  FIGS. 4 to 8 are sectional views similar to FIG. 1 showing every one of the
      five further embodiments, and
PAR  FIG. 9 is a plan view of the bearing of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS.
PAR  FIGS. 1 to 3 show a shock absorbing bearings for the upper pivot of a
      balance-wheel shaft 1, this bearing being carried in the usual manner by a
      cock (not shown). A pivot 2 is formed at each end of shaft 1. Each pivot 2
      is directly connected to shaft 1. It comprises a conical side surface 3
      and a spherical tip surface 4 tangent to surface 3.
PAR  With respect to the usual cylindrical pivots formed at the ends of the
      conventional balance-wheel shafts, the sizes of pivot 2 are chosen in such
      a manner that surface 4 has at least approximately the same diameter as
      said cylindrical pivots. As regards the conical surface 3 its apex angle
      is preferably between 10.degree. and 40.degree..
PAR  Each pivot 2 enters a space of a member 5 delimited by an inner surface 6
      of this member. Surface 6 has a shape similar to that of pivot 2; it
      comprises a conical section 6a formed on a wall portion of member 5 and a
      spherical section 6b tangent to section 6a and formed on a cap portion of
      member 5. The section 6b of the inner surface 6 has a diameter slightly
      larger than that of the pivot tip surface 4. Section 6b can, for instance,
      be given the same diameter as would have the hole of a pierced jewel which
      would be provided for journalling a conventional cylindrical pivot formed
      at the end of a conventional balance-wheel shaft. The conical section 6a
      has an apex angle preferably 5.degree. to 20.degree. larger than that of
      the pivot side surface 3.
PAR  Member 5 is made in one piece with a circular web 7 set in a body member 8.
      This body member 8 has the outer shape of a usual end-piece. It comprises
      a cylindrical surface 9 arranged for being set with force fit into a hole
      of a cock (not shown) and a truncated-conical portion 10 on which a
      regulator (not shown) may be mounted for rotary motion. Web 7 normally
      holds member 5 in the centered position represented in FIG. 1 within body
      member 8. Member 5 is, however, not rigidly held in that position because
      web 7 is resilient. As shown in FIG. 2 web 7 is provided for that purpose
      with a row of cut-outs 11 which are regularly staggered around the bearing
      axis. Cut-outs 11 only leave narrow radial arms 12 between them, which
      extend from a continuous annular portion 13 connected to member 5 to a
      continuous peripheral portion 14 secured to member 8. The resilient arms
      12 will thus permit the portion 13 to move with respect to the fixed
      portion 14 in a direction perpendicular to the plane thereof. This will
      occur, for instance, in the case of an axial impact. Portion 13 will then
      slightly be shifted inwards with respect to member 8. A transverse
      displacement of portion 13 with respect to portion 14 can hardly take
      place. This does, however, not prevent the bearing from protecting pivot 2
      also in the case of a radial impact.
PAR  To understand the operation of the bearing in such an event, it should be
      noted that due to the shape described both of pivot 2 and of the inner
      surface 6 of member 5, the pivot 2 does, normally, only come in contact
      with that surface at one point. If shaft 1 rests in a vertical position,
      the vertex of the tip surface 4 of its lower pivot will lay on the center
      point of the spherical surface 6b of the movable member of the lower
      bearing, any further contact between the outer surface of the lower pivot
      and the inner surface of the corresponding bearing member being excluded.
      The upper pivot of shaft 1 will itself have some free play within the
      corresponding bearing member. It will, however, come in contact with, at
      most, one point of surface 6 of this member at a time, said point being
      located in the vicinity of the transition circle between the surface
      portions 3 and 4. If, on the contrary, shaft 1 rests in a horizontal
      position, it will come in contact with two points of the surfaces 6 of the
      corresponding bearing members located in the vicinity of the transition
      circles between surfaces 3 and 4 of each one of its pivots. In whichever
      position shaft 1 may be, it will come in contact with the surfaces 6 of
      the corresponding bearing members only at two points each located on the
      spherical surfaces 4 of its pivots.
PAR  In the event of a radial impact, it is accordingly at these points of the
      two bearing members 5 that pivots 2 will act on the latter. The forces
      thus transmitted to the members 5 will cause the latter to tilt about a
      diameter of the edge of their wall portion which is connected to web 7.
      During that tilting motion the cap portion of each member 5 will move
      transversely within body member 8. The amplitude of that tilting motion is
      however limited. FIG. 3 shows indeed that the conical outer side surface
      of pivot 2 soon comes in contact along a generatrix with the surface 6 of
      member 5. FIG. 3 thus shows the outmost tilting position of member 5.
      Alhtough the latter cannot move beyond that position within member 8 under
      the effect of a radial impact, pivot 2 is sufficiently protected. The
      reaction of member 5 on pivot 2 occurs indeed at a point of the latter
      which is located in the vicinity of its base. At that place the pivot is,
      however, strong enough to support the impact without damage. It will be
      noted in the position of FIG. 3 that the delicate end of pivot 2, i.e.,
      its tip portion, is only subjected to the reaction of member 5 due to the
      resilient deformation of web 7. In the event of an impact in an oblique
      direction one of the two members 5 supporting shaft 1 will yield into the
      corresponding body member 8 while tilting in the manner described
      hereabove.
PAR  Since the members 5 receiving pivots 2 of shaft 1 limit by themselves the
      transverse displacement of this shaft, the abutting means provided in the
      usual known bearings are here superfluous thus permitting a substantial
      simplification because these means notoriously require to be machined with
      precision.
PAR  Due to their shape pivots 2 do not risk to collapse in the event of an
      axial impact. Web. 7 can accordingly be made strong enough in order to
      limit by itself the displacements of shaft 1 in that direction by the sole
      effect of its elasticity without requiring the presence of rigid abutting
      means. In the first embodiment member 5 and web 7 can be metallic and
      consist of brass, beryllium-bronze, steel possibly coated by a galvanic
      layer SnNi or of any other antifrictional metal. They could also be made
      of plastics.
PAR  Due to the pivoting conditions of shaft 1 and in particular to the fact
      that its pivots 2 come in contact each one only at one point with surfaces
      6, the friction will always be approximately the same whichever the
      position of shaft 1 may be relative to the gravitation field. With the
      bearing arrangement described the running variations of the watch between
      the horizontal and vertical positions will accordingly be smaller than
      with cylindrical pivots journalled in pierced jewels and cap jewels.
PAR  With the bearing according to the invention, only four pieces are required
      for pivoting shaft 1. These pieces have, however, simple shapes. Piece (5,
      7) can be obtained by cutting and stamping. It can be set in body member 8
      as part of a fully automatic operation by relatively simple means because
      piece (5, 7) need not be set in a particular angular position in member 8.
      With respect to the known bearings, the bearing according to the invention
      is substantially cheaper without having to make corresponding sacrifices
      with regard to the quality of its operation.
PAR  Instead of rendering the web resilient by means of the cut-out of the first
      embodiment, it can also be made as shown by the second embodiment (FIG.
      4). In this embodiment the bearing member 5 is made integral with a web 15
      which is thinner than the wall portion of member 5.
PAR  Without increasing the number of pieces of the bearing, it would be
      possible to provide rigid abutting means for limiting the displacements of
      shaft 1 as with the known shock absorbing bearings. The third embodiment
      (FIG. 5) constitutes such an example in which the body member 16 has a cup
      shape. For that purpose, member 16 comprises a bottom portion 17 provided
      with a central opening 18, the outer surface of bottom portion 17 limiting
      the displacements in an axial direction of shaft 1 and the edge of opening
      18 its transverse displacements.
PAR  In this embodiment the movable bearing member 19 receiving pivot 2 and web
      20 are molded in one piece of plactics set in member 16.
PAR  The fourth embodiment (FIG. 6) shows a bearing arranged for receiving the
      lower pivot 2 of shaft 1. This bearing comprises a body member 21 which is
      to be set with force fit into a hole of the base plate of the watch
      movement. As with the preceding embodiments, this one also comprises a
      movable member 22 made in one piece with a web 23 connecting the movable
      member 22 to the body member 21. Piece (22, 23) can be molded in a
      synthetic material being soft comparatively to the embodiments without
      rigid abutting means. It is secured to body member 21 by means of a
      metallic ring 24 set in a lodging 25 of member 21 and pressing the
      periphery of piece (22, 23) against the bottom of lodging 25. As with the
      third embodiment the ring 24 and its central opening 26 constitute rigid
      abutting means limiting the axial and transverse displacements of shaft 1.
PAR  With the bearing according to the invention the use of conical pivots is
      not indispensable. The fifth embodiment (FIG. 7) shows the case of a usual
      shaft 1 comprising at each end a strong section 27 and a cylindrical pivot
      28. Pivot 28 and section 27 extend within a bearing member 29 which is
      molded in one piece of plastics with a web 30. Member 29 has an inner
      surface 31 the shape of which corresponds to that of the end portion of
      shaft 1 entering member 29. Surface 31, however, comprises conical
      portions 32 and 33 the apex angles of which are chosen in such a manner
      that in the event of a radial impact pivot 28 will cause member 29 to tilt
      until section 27 butts against surface 33.
PAR  To ensure the desired operation the inner surface of bearing member 29 need
      simply have a form which differs from that of the outer surface of the
      shaft end entering this bearing member only the fact that it is a little
      more splayed. In the event of a radial impact the shaft end will lay along
      a line against the movable bearing member as soon as the gap between the
      inner surface of that bearing member and the outer surface of the shaft
      section entering that bearing member linearly increases from the pivot tip
      toward the opening of the bearing member.
PAR  In the embodiment represented in the FIG. 7 piece (29, 30) is secured to
      body member 34 by snap fitting. For that purpose, body member 34 comprises
      a rim 35 which permits web 30 to be introduced into an annular recess 36
      of member 34 by merely pressing this web 30 in an axial direction.
PAR  The axial and transverse displacements of a usual shaft 1 with a strong
      section 27 and a cylindrical pivot 28 can also be limited by rigid
      abutting means as with the embodiments represented in FIGS. 5 and 6 as it
      is shown by the sixth embodiment (FIGS. 8 and 9). It is then of course no
      longer necessary that the shape of the central opening 37 of the movable
      bearing member 38 exactly corresponds to that of the shaft section
      entering that space of the bearing member.
PAR  As with the embodiment of FIG. 6 the movable member 38 and its web 39,
      which are molded in one piece of plastics, are held in place in an annular
      recess 40 of member 41 by means of a ring 42 having an opening 43 and
      being set in member 41. In this sixth embodiment piece (38, 39) has a
      shape which is easier to mold than piece (22, 23) of FIG. 6. As a
      compensation, ring 42 is not flat but slightly bulged outwards of body
      member 41. This shape has the advantage to confer more rigidity to the
      ring which will thus be able to resist under better conditions to the very
      strong axial impacts. For the same reason, ring 42 will preferably be made
      out of a material having a hardness higher than 500 Vickers, for instance
      out of tempered steel, so as to avoid any damage due to an impact and to
      prevent pivot 28 from moving out of the substantial cylindrical portion of
      the corresponding bearing member and risk to detach a chip from the
      bell-mouthed portion of this bearing member when the pivot returns in
      place after the impact. Bulging of ring 42 constitutes an easy operation
      which can be carried out at the same time as ring 42 is cut out. To
      facilitate molding piece (38, 39) by web 39 thicker without reducing its
      elasticity and reducing the quality of the suspension of the movable
      member 38 within the body member 41, cut-outs 44 (FIG. 9) are provided at
      the periphery of web 39. An annular groove 45 is provided for the same
      purpose in web 39 around the bearing member 38.
PAR  Upon considering the working conditions of the pivot bearings described and
      in particular of the yielding web ensuring the pivot protection against
      the impacts, it will be noted that even if that part of the bearing is
      made out of a synthetic material, it does not risk becoming altered in use
      because it is not subjected to any permanent mechanical stress.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A shock-absorbing pivot bearing for a rotary watch part, especially the
      balance wheel, having a shaft ending in a pivot tip, comprising, in
      combination: a rigid and fixed hollow body member; a flat resilient member
      substantially perpendicular to the pivot axis of said pivot tip and having
      a peripheral portion secured to said body member and a circular inner
      portion normally resting in an unstressed central position within said
      body member, said inner portion being freely and resiliently yieldable
      away from said centered position in an axial direction and in a tilting
      direction about any one of its diameters; a bearing member carried by said
      resilient member and projecting substantially perpendicularly from the
      inner portion thereof away from the watch part pivoted in the bearing,
      said bearing member having an inner surface surrounding a space for
      receiving said pivot tip and adjacent shaft portion, said inner surface
      being more splayed than the shaft portion entering the space it surrounds,
      in order that the frictional engagement between the pivot and its bearing
      occurs substantially exclusively at a point of the pivot tip and a point
      of said inner surface of the bearing member remote from said resilient
      member; and radial abutting means comprising the wall of a circular
      opening which surrounds and is spaced from said shaft section, a radial
      impact thus causing the pivot tip and the part of the bearing member
      remote from the resilient member to move together in a direction
      substantially perpendicular to the bearing axis, the inner portion of said
      resilient member tilting about its diameter which is perpendicular to the
      direction of the impact, said resilient member being bent only until said
      shaft section engages said radial abutting means.
NUM  2.
PAR  2. The pivot bearing of claim 1, in which said bearing member and said
      resilient member are made integrally in one piece.
NUM  3.
PAR  3. A pivot bearing as claimed in claim 2, in which the piece constituting
      said bearing and resilient members is made of plastics, the pivot bearing
      further comprising a metallic ring secured to said body member and having
      a central opening having a diameter large enough to receive a shaft end
      portion with free play, said ring serving as said radial abutting means by
      cooperating with the shaft end for limiting the amplitude of the axial and
      the transverse displacements thereof under the action of an impact.
NUM  4.
PAR  4. In the pivot bearing as claimed in claim 2, said resilient member being
      thinner than the wall of said bearing member.
NUM  5.
PAR  5. In the pivot bearing as claimed in claim 2, said resilient member being
      provided with a row of cut-outs regularly staggered around the bearing
      axis and leaving narrow radial arms between them, an annular continuous
      central portion and an annular continuous peripheral portion, said radial
      arms extending from said central to said peripheral portion and connecting
      them together.
NUM  6.
PAR  6. In the pivot bearing as claimed in claim 2, the inner surface of said
      movable member having a conical portion accommodated for receiving a pivot
      having a conical outer surface.
NUM  7.
PAR  7. In the pivot bearing as claimed in claim 6, the conical portion of the
      inner surface of said bearing member being adapted for receiving a conical
      pivot having an apex angle comprised between 10.degree. and 40.degree.,
      the apex angle of said conical inner surface being 5.degree. to 20.degree.
      larger than the apex angle of the pivot side surface.
NUM  8.
PAR  8. In the pivot bearing as claimed in claim 6, the pivot having a spherical
      tip surface being tangent to the pivot conical outer side surface, the
      inner surface of said bearing member having a spherical portion with a
      diameter slightly larger than the diameter of the spherical tip surface of
      the pivot, said spherical portion being tangent to the conical portion of
      said bearing member.
NUM  9.
PAR  9. The pivot bearing of claim 2, in which said one piece is made of
      plastics, the pivot bearing further comprising a metallic ring secured to
      said body member and comprising said radial abutting means and axial
      abutting means for said shaft.
NUM  10.
PAR  10. A shock-absorbing pivot bearing for supporting a rotary shaft to which
      a pivot member is fixed, comprising: a rigid body member; movable pivot
      support means, including a substantially planar resilient web portion
      having inner and outer substantially annular rings connected by
      substantially radial arm portions, and a cap portion connected to said
      inner annular ring and extending substantially coaxially with the axis of
      said shaft and having a hollow interior of a shape complementary to that
      of said pivot member, the dimensions of said hollow interior being larger
      than the corresponding exterior dimensions of said pivot member, the end
      portion of said pivot member opposite said shaft normally contacting the
      innermost end of said hollow interior; said outer annular ring being fixed
      to an axially extending annular wall of said rigid body member; said inner
      annular ring and said cap portion being unsupported except by said outer
      annular ring and radial arm portions in a normally unstressed condition to
      permit substantially free movement of said cap portion both axially and
      tiltingly about the point of contact of said cap portion and said pivot
      member.
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ABST
PAL  An auxiliary sealing structure for a shaft bearing having a housing, in
      which a segmented collar is adapted to be clamped onto the end of the
      bearing housing using interlocking opposite facing shoulders on the
      housing and collar. The two segments of the collar are secured together to
      clamp the shoulders into interlocking relationship and thereby secure the
      auxiliary seal on the end of the housing. The collar contains an annular
      groove or recess in which a seal is seated, the seal being either of the
      labyrinth or gasket type. Various configurations for the two oppositely
      facing shoulders on the housing and collar may be used; however, tapered
      shoulders are preferred, which result in a firm securing action between
      the housing and collar when the bolts or other securing means connecting
      the collar segments are tightened.
BSUM
PAR  Bearing structures for rotating shafts are often provided with seals at the
      ends of the bearings to prevent the lubricant in the bearing from escaping
      along the shaft surface, and to prevent foreign material in the operating
      environment from entering and damaging the bearing. The problem of
      excluding foreign material may be critical and particularly difficult in
      some operating conditions where the bearing is operating at relatively
      high temperatures, and in an atmosphere containing acids and fine
      particles such as grit, or where it is in contact with corrosive liquids
      and abrasive substances. In the past, the conventional bearings were
      initially provided with a single seal at each end, usually consisting of
      an elastomeric annular seal or gasket seating in a groove in the bearing
      housing and contacting the surface of the rotating shaft. When these
      single seals have been ineffective in preventing the injurious foreign
      substances from entering the bearing, the practice sometimes used has been
      to install an auxiliary seal or gasket on the end of the housing, thus
      providing a double seal to obtain improved protection to the bearing. The
      auxiliary seals have normally been slipped on the shafts and secured to
      the bearing ends of the housing by screws or bolts extending through the
      seal structure and into threaded holes in the housing. Since these
      auxiliary seals are usually installed in the field, it has often been
      necessary to disassemble the equipment or machinery by removing the shaft
      from the bearings, and in some instances to drill and tap holes in the
      ends of the bearing housing for securing the auxiliary bearing in place.
      This has been an inconvenient and time consuming operation, and
      consequently has often been avoided to the detriment of the bearing and
      shaft. It is therefore one of the principal objects of the present
      invention to provide an auxiliary bearing structure which can easily and
      quickly be mounted on a shaft and secured to the bearing housing without
      disassembling the equipment of machinery, and which does not require
      drilling and tapping holes in the bearing housing or other modification of
      the bearing housing in the field.
PAR  Another object of the invention is to provide a bearing structure which can
      be used with or without an auxiliary seal and can be readily equipped with
      an auxiliary seal in the field if required, and which can easily be
      serviced and replaced without disassembling the equipment or machinery on
      which it is installed.
PAR  A further object is to provide an auxiliary bearing seal which is
      relatively simple in construction and operation and can be easily removed
      and inspected from time to time, and replaced if it becomes inefficient or
      defective, and which gives added protection to the permanent bearing seal
      so that the permanent seal will give substantially longer trouble-free
      service.
DRWD
PAR  Additional objects and advantages of the present invention will become
      apparent from the following description and accompanying drawings,
      wherein:
PAR  FIG. 1 is a slide elevation and partial vertical cross sectional view of a
      pillow block illustrating one form of the invention;
PAR  FIG. 2 is a side elevational view of the auxiliary seal shown in FIG. 1,
      with the shaft extending therethrough being shown in cross section taken
      on line 2 -- 2 of FIG. 1;
PAR  FIG. 3 is a fragmentary view of a shaft and a portion of the pillow block
      housing and seals shown in cross section;
PAR  FIGS. 4, 5, 6 and 7 are fragmentary views of the shaft and housing and seal
      or seals, illustrating various embodiments of the present invention;
PAR  FIG. 8 is a side elevational view of the auxiliary seal with the shaft
      being shown in cross section, illustrating a modified form;
PAR  FIG. 9 is a fragmentary cross sectional view of the pillow block shown in
      FIG. 1 and a modified form of the auxiliary seal, showing the shaft
      extending therethrough; and
PAR  FIGS. 10, 11 and 12 are fragmentary cross sectional views of modified forms
      of the present auxiliary seal and the adjacent end of the pillow block.
DETD
PAR  Referring more specifically to the drawings and to FIG. 1 in particular,
      numeral 10 indicates generally a pillow block having a housing 12, bearing
      insert 14, collar 16 and base 18, a shaft 20 being shown journalled in the
      bearing insert and extending outwardly from the two ends of the housing.
      The overall structure is not important to the present invention, the
      particular pillow block shown being merely for the purpose of illustrating
      the present invention.
PAR  Each end of the housing has end walls 22 and 24 with openings therein
      through which the shaft extends. The inner edge of each end wall contains
      an annular groove 26 in which an annular seal 28 is disposed, the seal
      shown consisting of a ring shaped body with an outer groove 30 in which a
      coil spring 32 is seated. The spring applies radial pressure to the seal,
      pressing it firmly against the surface of shaft 20. The seal may be a
      labyrinth seal fitting loosely in groove 26 and rotating with the shaft
      and normally preventing seepage of oil or lubricant from the housing and
      bearing insert, and likewise normally preventing foreign matter such as
      grit, water and the like from entering the housing. However, in adverse
      operating environments, the seal may be inadequate to prevent contaminants
      such as abrasive particles and acid containing liquid or moisture from
      passing the seal and entering the bearing insert where substantial damage
      ultimately would result, causing excessive wear and premature failure of
      the bearing.
PAR  The present auxiliary sealing structure 40 is shown on the left hand end of
      the housing, as seen in FIG. 1, the sealing structure consisting of a
      collar 42 having an opening 44 therein and an annular recess 46 disposed
      on the inner side of the collar. In combination with the adjacent end wall
      48 of the housing, the inner wall of the collar forms a groove for
      receiving an annular seal or gasket 50 similar to the seal 28, the seal
      consisting of the annular body of rubber or other elastomeric material
      held in contact with the surface of the shaft by a coil spring 52 which
      applies radial pressure to the seal. The groove or recess 46 defined by
      the external end wall of the housing and the internal wall of collar 42
      and seal 50, form a labyrinth sealing relationship so that water or other
      liquids and foreign matter cannot readily pass around the seal in recess
      46. The opening 44 in the collar is sufficiently large that it does not
      contact the surface of shaft 20 or interfere with the sealing action of
      seal 50.
PAR  The auxiliary sealing member 40 is secured to the end wall of the housing
      by the interlocking shoulder structure identified by numeral 60, the
      shoulder 62 on the housing being tapered inwardly. Thus when the two are
      placed in contact with one another, the opposed tapered shoulders retain
      the collar in a fixed and firm position on the end of the housing. The
      collar and seal are preferably of two parts, such as illustrated in FIGS.
      2 and 8, the collar consisting of sections 66 and 68 secured together by
      screws 70 and 72, the two screws extending through holes in section 66
      into threaded holes in section 68. When the auxiliary seal is to be
      mounted on the pillow block, the two sections are separated from one
      another sufficiently to permit the two tapered shoulders 62 and 64 to be
      placed in interlocking relationship. Tightening of the two screws 70 and
      72 thereafter draws the two sections together and firmly locks the two
      tapered shoulders together, thus retaining the auxiliary seal rigidly in
      place on the end of the housing wall. A compressible gasket 74 is
      preferably disposed between the two collar sections which closes the space
      between the sections without interfering with the seating of the
      interlocking shoulders.
PAR  In the embodiment illustrated in FIG. 8, the two sections 66 and 68 are
      secured together by a bolt 78 and a clamp 80, thus facilitating rapid
      installation of the auxiliary seal. The clamping operation is similar to
      that shown in FIG. 2, except that a pair of set screws 82 and 84 in
      sections 66 and 68 urge the collar outwardly from the end wall of the
      housing and, in so doing, force the two tapered surfaces firmly together,
      thus effectively tightening the collar on the end of the housing. The seal
      disposed in the groove in the collar is essentially the same as those
      previously described herein, including body 50 and coil spring 52, the
      body being spaced from the side wall of the groove so that a labyrinth
      type of seal is formed, with the seal rotating with the shaft.
PAR  FIGS. 3, 4, 5, 6 and 7 illustrate various other forms of seals which may be
      incorporated in the auxiliary sealing structure and, since the sealing
      structure is similar in many respects to that previously described herein,
      like numerals will be used to identify like parts. In the embodiment shown
      in FIG. 3, a plurality of set screws 86 extend inwardly from the periphery
      of the collar to engage the tapered surface on the end of the housing.
      Since the set screws engage the tapered surface, they tend to pull the
      collar firmly against the end of the housing. The set screws likewise
      prevent rotation of the collar in the event the collar should become loose
      during operation. A drain hole 87 is shown in this embodiment and may be
      used in any one of the other embodiments. The gasket 88 is the labyrinth
      type having a band and screw securing means 89 seated in the collar
      recess.
PAR  In the embodiment of FIG. 4, the two shoulders 62 and 64 are not tapered
      but rather are parallel to the axis of the shaft. The collar may be held
      in position on the shoulder of the housing end wall merely by the clamping
      action of the two screws 70 and 72 or the clamping action of bolt 78. A
      plurality of equally spaced set screws may likewise be used to retain the
      collar on shoulder 62 if desired. The seals shown in FIGS. 4, 5, 6 and 7
      are essentially the gasket type in which elastomeric material or other
      suitable sealing material is placed in groove 46 in sufficient engagement
      with the side walls of groove 46 that a seal is formed between the gasket
      and the side walls of the groove. The gasket is stationary and shaft 20
      rotates relative thereto. In FIG. 4, seal 90 is rectangular in cross
      section and fits snugly in groove 46 and seats on shaft 20 for relative
      rotation therebetween. Seal 92 shown in FIG. 5 seats firmly in groove 46
      and has a flange or inwardly extending annular edge 94 held into sealing
      relationship with the shaft by wire 96. In FIG. 6, the seal 98 seats
      firmly in groove 46 and consists of a plurality of separate layers of
      rubber or other elastomeric material. The seal seats on the shaft and the
      shaft rotates relative to the seal. Seal 100 in FIG. 7 is similar to that
      shown in FIG. 4 but contains two annular lips 102 and 104 which seat on
      the rotating shaft 20. The various forms shown may be used satisfactorily
      in a number of different installations, and may be interchangeable with
      one another and with those previously described herein. The manner in
      which the collar is secured to the end wall of the housing may be the same
      as those shown in FIGS. 2, 3 and 8.
PAR  FIG. 10 illustrates a modified form of interlocking shoulders in which the
      two shoulders 110 and 112 on the collar and housing end are curved but
      still provide interlocking tapered surfaces near the inner edge of the
      collar. The collar is held in place in the same manner as previously
      described herein. FIGS. 11 and 12 illustrate further modifications, the
      housing ends having rather distinct grooves 114 and 116, respectively, and
      the collars having annular ribs 118 and 120 for seating in said respective
      grooves. After the annular ribs 118 and 120 are placed in the grooves 114
      and 116, the screws 70 and 72 or 78 are tightened to clamp the two
      sections 66 and 68 of the collar around the shaft and lock the rib in the
      groove.
PAR  In using the auxiliary seal structure described herein, the pillow block or
      other bearing structure is installed in the usual manner, and, if the
      auxiliary seal is required, it may be mounted on the housing of the pillow
      block at any time without removing the shaft from the pillow block or
      otherwise disassembling the equipment or machine. This is accomplished by
      separating the two sections 66 and 68 by removing screws 70 and 72 of the
      embodiment of FIG. 2 or screw 78 of the embodiment of FIG. 8, and placing
      the collar around the shaft with the shoulders on the collar and on the
      end of the housing interlocking with one another. As the screws are
      tightened, the shoulders are held firmly together and the collar retained
      rigidly in place around the shaft on the end of the housing. In the
      embodiment of FIG. 8, the two sections are initially clamped together by
      clamp 80 and secured rigidly in place by inserting bolt 78 in the holes
      provided therefor and tightening the bolt firmly. The collar may be
      attached by using any one of the interlocking shoulder embodiments
      disclosed herein.
PAR  While several embodiments and modifications of the present auxiliary
      bearing seal structure have been described in detail herein, further
      modifications may be made to satisfy requirements.
CLMS
STM  We claim:
NUM  1.
PAR  1. An auxiliary sealing structure for a shaft bearing having a housing,
      comprising a collar having two sections for encircling a shaft and having
      an inwardly facing recess, a seal disposed in said recess for engaging the
      surface of the shaft, an outwardly radially facing shoulder on the end of
      the bearing housing, an inwardly radially facing shoulder on said collar
      for engaging the shoulder on the housing, and means interconnecting said
      collar section for securing said shoulders together and retaining said
      collar on the end of the bearing housing.
NUM  2.
PAR  2. An auxiliary sealing structure for a shaft bearing as defined in claim 1
      in which the shoulder on said housing is annular in shape and is tapered
      inwardly with a decreasing diameter toward the housing end and the
      shoulder on said collar has a corresponding taper.
NUM  3.
PAR  3. An auxiliary sealing structure for a shaft bearing as defined in claim 2
      in which the shoulder on said collar is annular in shape and is tapered
      with an increasing diameter inwardly from the corresponding edge of said
      shoulder.
NUM  4.
PAR  4. An auxiliary sealing structure for a shaft bearing as defined in claim 3
      in which set screws parallel with the axis of the shaft urge the collar
      away from the end of the housing, thereby urging said tapered surfaces
      into rigid contact with one another.
NUM  5.
PAR  5. An auxiliary sealing structure for a shaft as defined in claim 3 in
      which said sections of the collar are substantially equal and bolts on
      opposite sides of the collar hold said sections together and force said
      tapered surfaces into firm engagement with one another.
NUM  6.
PAR  6. An auxiliary sealing structure for a shaft bearing as defined in claim 5
      in which said seal is of the labyrinth type and the end of the bearing
      housing forms one wall of said recess.
NUM  7.
PAR  7. An auxiliary sealing structure for a shaft bearing as defined in claim 1
      in which the shoulder on said collar is annular in shape and is tapered
      with an increasing diameter inwardly from the corresponding edge of said
      shoulder.
NUM  8.
PAR  8. An auxiliary sealing structure for a shaft as defined in claim 1 in
      which said sections of the collar are substantially equal and bolts on
      opposite sides of the collar hold said sections together.
NUM  9.
PAR  9. An auxiliary sealing structure for a shaft bearing as defined in claim 1
      in which said seal is of the labyrinth type and the end of the bearing
      housing forms one wall of said recess.
NUM  10.
PAR  10. An auxiliary sealing structure for a shaft bearing as defined in claim
      1 in which said seal is of the gasket type and fits snugly in the recess
      in said collar.
NUM  11.
PAR  11. An auxiliary sealing structure for a shaft bearing as defined in claim
      1 in which the shoulder on said housing is disposed in a groove and the
      shoulder on said collar is disposed on a rib interlocking with said
      groove.
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ABST
PAL  A bearing strip is especially adapted for use in a marine bearing or the
      like is constructed of an elongated shape of elastomeric material with
      substantially parallel faces and edges, the edges each having a groove
      therein, so that when bearing strips are placed adjacent one another in a
      housing to form a bearing, a spline or key is received in the adjacent
      grooves to retain the strips in the housing. The grooves are preferably
      reinforced by a metal member having an insert portion in the strip.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Bearing strips of elastomeric material and the bearings, as for example,
      marine bearings and the like, in which strips are used, are known in the
      art. In the prior art, the strips are retained in position by being
      received in grooves in the housing. The lands between the grooves may or
      may not be covered by elastomeric material and when so covered, the
      covering is relatively thin. If the lands are not covered, the strips may
      be wedged into the grooves by keys or the like centrally received therein.
PAC  THE INVENTION
PAR  According to this invention, a bearing strip, i.e., an elongated shape of
      elastomeric material, such as rubber, synthetic rubber, or the like, and
      usable in a generally cylindrical housing as a bearing assembly, is
      provided with grooves at each edge. When assembled in the housing, the
      grooves of adjacent strips align with one another to form a keyway, and a
      key is inserted in each keyway to retain the strips in the housing. Each
      groove, according to the preferred embodiment, is reinforced by a metal
      channel and the grooves of each strip are joined by a metal insert. The
      channels and the insert are preferably made of a single length of sheet
      metal shaped to provide the channels along the opposite edges thereof and
      are molded into the elastomeric strip. The elastomeric strip need not be
      molded with the insert; they may be provided with spaced metal channel
      inserts, or without metal channels.
PAR  The bearing surface of the strips can be flat or can be formed with
      longituderally extending ridges or in any other desirable pattern.
PAR  The keys are constructed to provide a compressive force to the bearing
      strips. One form of a key is an elastomeric length of material having a
      rigid insert, such as metal, hard plastic, or the like. Preferably, the
      longitudinal edges of such a key are formed with an undulating contour,
      with the top and bottom substantially flat, insuring the application of
      the compressive forces to the adjacent bearing strips. Another form of key
      is constructed to be adjustable, as for example, being a composite
      construction comprising a pair of spaced metal members separated by an
      elastomeric member with means to adjust the spacing of the metal members,
      resulting in a compressive force being applied to the elastomeric
      separator.
PAR  The structure herein described is useful as marine bearings, circular
      vibration isolation rings or similar application. Elastomeric bearings
      provide the necessary corrosion resistance for use in water and further
      provide resistance to abrasion from particles of foreign material.
      Lubrication is provided entirely by the operating medium, namely water, so
      that no further lubricant is required. The self-lubricating feature of
      such bearings makes it highly desirable for marine use for stern propeller
      shaft journals.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective view of a marine bearing assembly made according to
      this insertion;
PAR  FIG. 2 is an enlarged end view of one form of bearing strip in a bearing
      housing;
PAR  FIG. 3 is an enlarged end view of another form of bearing strip in a
      bearing housing;
PAR  FIGS. 4 and 5 are perspective views of the bearing strips shown in FIGS. 2
      and 3 respectively;
PAR  FIG. 6 is a plan view of one form of key;
PAR  FIG. 7 is a sectional view taken on line 7--7 of FIG. 6;
PAR  FIG. 8 is a plan view of another form of key; and
PAR  FIG. 9 is a sectional view taken on line 9--9 of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 there is illustrated a bearing 10, comprising a rigid bearing
      housing 12, usually of metal or other suitable material of the type used
      for marine purposes. The housing 12 is generally cylindrical having a
      central, circular bore 14 in which bearing strips 16 of elastomeric
      material, generally rubber or similar material, are inserted. The bearing
      strips 16 each are provided with one or more bearing surfaces 18 which are
      generally parallel to the logitudinal surface of the bore 14. Each bearing
      strip may have a continuous bearing surface 18 or an undulating surface,
      as is illustrated. In addition, the logitudinal edges of each strip are
      provided with grooves 22, so as to form a keyway 24 when adjacent strips
      are in edge to edge relationship. In the form of the strip illustrated in
      FIGS. 3 and 5, each groove 22 is reinforced by a metal channel 26 having
      an integral insert portion 28 extending between the channels.
PAR  In either form of bearing strip, a compression key, generally identified as
      30, is received in each keyway 24. The key of FIGS. 6 and 7 comprises an
      elastomer member 32 having a central insert 34 which may be constructed of
      metal, hard plastic, or other suitable material. The elastomer member is
      constructed to have scallopped or undulating edges, so that when inserted,
      the material will be compressed. Generally the top and bottom surfaces 36
      and 38 of this key are plane and parallel to one another; however, this
      need not be the case, if so desired. The other form of compression key
      (see FIGS. 8 and 9) comprises a pair of longitudinal rigid edge members 40
      with a central, dividing elastomeric member 42 therebetween. By providing
      a series of boxes 44 from edge to edge of this structure, and having the
      bore in one of the members threaded as at 46, to receive a camscrew 48,
      the elastomeric member 42 may be compressed, so that its surface 50 extend
      outwardly of the surfaces 52 of the members 40 and thus when the key is
      inserted in the keyway 24, the adjacent strips are held in abutting
      relationship.
PAR  It has been found that a structure as described is economical to
      manufacture and has great integrity when assembled as described, insuring
      a long life without undue maintenance.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bearing strip for a bearing assembly comprising:
PA1  an elongated strip of elastomeric material generally rectangular in section
      and having generally parallel faces and generally parallel edges;
PA1  each edge having a longitudinal slot formed therein and extending
      substantially the length thereof;
PA1  a metal insert in said strip reinforcing each slot;
PA1  a metal member in said strip joining the metal inserts reinforcing said
      slots;
PA1  a plurality of said strips being adapted for placement in a side-by-side
      relationship in a housing with adjacent of said edges facing and abutting
      one another and with adjacent of said slots in alignment with one another
      to form a keyway; and
PA1  a key received in each slot to retain the strips in said housing.
NUM  2.
PAR  2. A bearing assembly comprising:
PA1  a generally cylindrical bearing housing;
PA1  a plurality of elongated bearing strips of elastomeric material in
      edge-to-edge abutting relationship in said housing;
PA1  each bearing strip having generally parallel surfaces and generally
      parallel edges;
PA1  means defining a slot in the edges of each said strips, and the slots of
      adjacent strips being aligned with one another to define a keyway;
PA1  a metal channel in each slot reinforcing said slot;
PA1  a metal member connecting said metal channels in each strip; and
PA1  a key member received in each keyway to retain said strips in said housing.
NUM  3.
PAR  3. A bearing assembly comprising:
PA1  a generally cylindrical bearing housing;
PA1  a plurality of elongated bearing strips of elastomeric material in
      edge-to-edge abutting relationship in said housing;
PA1  each bearing strip having generally parallel surfaces and generally
      parallel edges;
PA1  means defining a slot in the edges of each said strips, and the slots of
      adjacent strips being aligned with one another to define a keyway; and
PA1  a key member received in each keyway to retain said strips in said housing;
PA1  each key member comprising an elongated elastomeric member with a metal
      insert therein.
NUM  4.
PAR  4. A bearing assembly as recited in claim 3 in which said elastomeric key
      member has a varying cross-section.
NUM  5.
PAR  5. A bearing assembly as recited in claim 4 in which each key comprises
      elongated metal member joined by a centrally disposed elongated
      elastomeric member.
NUM  6.
PAR  6. A bearing assembly as recited in claim 5 in which said key is so
      constructed and arranged to be adjustable in width.
NUM  7.
PAR  7. A bearing assembly as recited in claim 3 in which said key is
      constructed of a pair of spaced metal members and an elastomer center
      member.
NUM  8.
PAR  8. A bearing assembly as recited in claim 7 in which the width of said key
      is adjustable.
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ABST
PAL  A storage bin is pivotly mounted relative to a housing so as to remain in a
      neutral position when empty and to be positioned at an angle with respect
      to a horizontal plane when either in a working position or in a storage
      position. When in the working position free access to the interior of the
      bin is possible since the forward end of the bin is tipped downwardly and
      the material in the bin is at the forward end. When in the storage
      position the front end of the bin is tipped upwardly with the material
      being at the rear of the bin. Indicating markers on the cabinet and the
      front end of each bin may be used when the bins are in the storage
      position for providing an approximation of the quantity of material in
      each bin. Since the bin will be horizontal and the front surface thereof
      will be readily visible, by providing a different color on the front
      surface of the bin and, optionally, on the bottom surface of each bin,
      means will be available for providing a rapid, visual indication of the
      approximate contents of each bin merely by glancing at the entire cabinet.
      In the alternative embodiment of this invention the bottom wall of the
      storage bin is stepped to provide a plurality of transversely and upwardly
      extending internal shoulders that permit an indication of a "low" quantity
      of articles therein when the articles are relatively lightweight and might
      not have sufficient mass to tip the bin. An external lip at the forward
      end of the bin may be used in cooperation with the indicator markers on
      the cabinet to provide a quick quantitative analysis of the inventory.
PAL  The aforementioned Abstract is neither intended to define the invention of
      the application which, of course, is measured by the claims. Nor is it
      intended to be limiting as to the scope of the invention in any way.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part-of my copending application Ser.
      No. 304,071, filed Nov. 6, 1972 for an Indicating Storage Bin, which
      earlier filed application is now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to storage bins for relatively small items
      such as screws, nails, nuts and bolts etc. and more particularly to an
      improved mounting means for the bins.
PAR  2. Description of the Prior Art
PAR  Storage bins for a wide variety of articles are notoriously old. When used
      for small parts such as screws, washers, nuts and bolts or the like the
      most common type of storage bin is merely a box that slides inwardly and
      outwardly of a cabinet in a horizontal plane. It is impossible to tell
      with the prior art whether or not the bin is full or empty or is in some
      state in between. That is the quantity of material in each bin cannot be
      determined unless the bin is pulled outwardly and this is quit troublesome
      particularly when a large number of different items must be stored and
      maintained in an inventory that must be ready for immediate use at all
      times. Still another type of storage bin does provide pivoting means
      therefore but either does not supply a cabinet for the storage bins or,
      where a cabinet is provided, the storage bins do not lend themselves
      vertical stacking. Storage bins of this last mentioned type are disclosed
      in U.S. Pat. Nos. 2,210,250; 738,572; 729,619; and 352,925.
PAC  SUMMARY OF THE INVENTION
PAR  In its broadest aspect the present invention provides means for freely
      pivoting a storage bin whereby the storage bin will normally and
      automatically assume a horizontal position when empty and in that position
      will expose the front surface thereof so that, either by a distinctive
      color or by reference marks on the storage bin and the cabinet therefor
      visual means will be provided for indicating the condition of the storage
      bin. When the storage bins are rady for use they are moved to a working
      position merely by pushing the front end thereof in a downward direction
      so that the contents thereof slide to the front. The bin is automatically
      held in the downwardly slopping position so that the contents thereof are
      readily accessable. When it is desired to place the bins in a storage
      position, that is when they are not to be used, the bins are tilted
      upwardly so that the contents thereof slide to the back and the bins are
      thereby held in their upward position. In this position at least a portion
      of the front surface and a portion of the bottom surface are visible from
      a location in front of the cabinet. Preferably the bottom surface of the
      storage bin is a different color than the front surface so that from the
      front position the two colors will be readily visible and will provide
      instantaneous indication that there is material in each of the bins that
      are tilted upwardly.
PAR  The storage bins comprising the present invention may have integral notched
      hanger means that are supported on pivot rods mounted in the cabinet.
      Alternatively, the notched hangers may be secured to the cabinet and the
      pivot rods secured to each bin. In either case the rods may have laterally
      spaced apart, annular grooves to receive the hangers and thereby prevent
      lateral displacement of the bins. The bottom surface of the storage bin
      may be flat since the material therein will slide either to the front or
      the back when the bin is tilted about the pivot rod. Alternatively, the
      bottom surface of the storage bins may be upwardly concave. In still
      another embodiment the bottom surface may have several transverse legs
      that extend upwardly. The storage bins comprising the present invention
      may be modified by providing either a hinged door or a sliding door on the
      open top surface thereof.
PAR  Accordingly it is a primary object of the present invention to provide an
      improved storage bin.
PAR  It is another object of the present invention to provide an improved
      storage bin, as described above, that automatically indicates an
      approximation of the quantity of the contents therein.
PAR  It is another object of the present invention to provide an improved
      storage bin, as described above, that is pivotly mounted on an adjustable
      support.
PAR  A particular object of the present invention is to provide an improved
      pivotly mounted storage bin that will remain in a substantially horizontal
      position or plane when empty and thereby provide a visual indication of
      that state and which may be pivoted upwardly when the bins are not to be
      used and downwardly when the bins are to be used, the last two positions
      being automatically retained by the contents of the bins themselves
      without additional locking means.
PAR  These and other objects, features and advantages of the invention will, in
      part, be pointed out with particularity, and will, in part, become obvious
      from the following more detailed description of the invention taken in
      conjunction with the accompanying drawing which forms an integral part
      thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the various figures of the drawing like reference characters designate
      like parts. In the drawing:
PAR  FIG. 1 is a schematic perspective view illustrating a plurality of storage
      bins and a cabinet therefor comprising the present invention;
PAR  FIG. 2 is a perspective, fragmentary view illustrating a typical storage
      bin comprising the present invention;
PAR  FIG. 3A is a front elevational view illustrating a plurality of vertically
      stacked storage bins comprising this invention;
PAR  FIG. 3B is a schematic side elevational view of the storage bins shown in
      FIG. 3A in the empty position;
PAR  FIG. 4A is a front elevational view of a plurality of stacked bins
      comprising the present invention in the working position;
PAR  FIG. 4B is a schematic side elevational view of the storage bins shown in
      FIG. 4A;
PAR  FIG. 5A is a front elevational view of a plurality of storage bins and a
      cabinet comprising the present invention;
PAR  FIG. 5B is a schematic side elevational view of the storage bins shown in
      FIG. 5A in the storage position;
PAR  FIG. 6 is a perspective view of an alternative embodiment of the present
      invention;
PAR  FIG. 7 is a perspective view showing one modification of the storage bin
      comprising this invention;
PAR  FIG. 8 is a perspective view illustrating another modification of the
      storage bin comprising the present invention; and
PAR  FIG. 9 is a perspective view illustrating several alternative,
      constructional features of this invention.
DETD
PAC  Brief Description of the Preferred Embodiment
PAR  Referring now to FIG. 1 there is first shown a cabinet 10 which, by means
      of vertical walls 12 and horizontal walls 14 is divided into a plurality
      of recesses 16. In each of the recesses 16 there is positioned a storage
      bin 18 comprising the present invention. As will be explained more fully
      hereinafter each storage bin 18 is supported on horizontal pivot members
      20 that extends between the side walls of the cabinet 10.
PAR  Turning now to FIG. 2 there is shown in somewhat greater detail a typical
      one of the storage bins 18 that comprise the present invention. It will be
      seen that the storage bin 18 includes a front wall 22, a pair of laterally
      opposed, substantially parallel side walls 24, a bottom wall 26, and a
      rear wall 28. In this first embodiment a pair of hangers 30 are formed
      integraly with the side walls 40. Each of the hangers 30 includes a
      plurality of notches 32 so that the storage bins 18 may be supported at
      different positions on the rods 20.
PAR  The manner of using the present invention may best be understood by
      reference to FIGS. 3, 4, and 5. As shown in FIGS. 3A and 3B the storage
      bin 18, when empty, will, due to its pivotal mounting and balancing,
      remain in a substantially horizontal position so that the front surface
      thereof is readily visible through the recess 16 defined by two pairs of
      vertical walls 12 and two pairs of horizontal walls 14. Preferably, the
      front wall 22 of each bin 18 is provided with a distinctive color. Thus
      when this color is visible there will be positive indication that the
      storage bins 18 are empty and it will not be necessary to examine each
      one. A further indication that the bin is empty and is in a substantially
      horizontal position may be provided by means of registry marks 34 formed
      on the front edge of the vertical walls 12. It will be apparent that when
      a reference edge of each bin 18, for example the top edge of the front
      surface 22, is in alignment with a particular one of the registry marks,
      the bin 18 is empty.
PAR  To gain access to the storage bins 18 all that is necessary is to tip them
      downwardly with respect to the front of the cabinet 10. This position, the
      working position, is shown in FIG. 4a and FIG. 4B. The articles contained
      within the storage bin 18 will normally slide to the front thereof due to
      gravitational forces and will thereby hold the bins 18 in the downwardly
      tipped or working position. The bins 18 will not return to any other
      position unless they are physically moved or unless the bins 18 are
      completely empty at which time they will assume the position shown in FIG.
      3A and in FIG. 3B. Of course, as the contents are depleted, the storage
      bins 18 will tend to pivot in upward direction towards the horizontal
      plane shown in FIG. 3A and in FIG. 3B. In doing so the top edge of the
      front panel 22, in combination with registry marks 34 on the walls 12 will
      provide a visual indication of the quantity of contents in each storage
      bin 18. When the storage bins 18 are in position such as shown in FIG. 4A
      and 4B the contents thereof will be readily accessable since the top of
      each storage bin 18 is open.
PAR  FIG. 5A and FIG. 5B illustrate the position of the storage bins 18 when
      they are not in use. The bins 18 are placed in the storage position merely
      by tilting them upwardly so that the contents thereof slide to the back.
      In this position at least a portion of the front surface 24 and a portion
      of the bottom portion 26 are visible at the recesses 16 formed by two
      parallel walls 12 and two parallel walls 14. Preferably, the bottom wall
      26 of each bin 18 is a distinctive color that is different than the color
      of the front wall 22 thereof. Thus, in the storage position each bin 18
      will display two colors that will readily indicate that there are articles
      therein. Once again a reference edge of each storage bin 18, for example
      the juncture between the front wall 22 and the bottom wall 26 may be used
      in combination with the registry marks 34 on the vertical walls 12 in
      order to provide a quantitative indication of the contents in each storage
      bin.
PAR  FIG. 6 illustrates two alternative features of the present invention. The
      storage bin 40 shown in FIG. 6 includes a front wall 42, a rear wall 44,
      two spacedly opposed and substantially parallel side walls 46 and an
      upwardly concave bottom wall generally designated by the reference
      character 48. It will be noted that the bottom wall 48 slopes upwardly
      from the front wall 42 such as shown by the reference character 50 and
      also slopes upwardly from the rear wall 44 such as shown by the reference
      character 52 in order to define the upwardly concave bottom surface 48.
      This construction aids in the movement of the contents towards the front
      when the bins 40 are placed in the working position such as shown in FIGS.
      4A and 4B and also aids in the movement of the contents to the rear when
      the bins 40 are placed in the storage position such as shown in FIG. 5A
      and in FIG. 5B.
PAR  Another modification of the present invention is also shown in FIG. 6.
      Whereas in the previous embodiment the hanger means that was supported on
      the pivot rod was integral with the storage bin, the FIG. 6 construction
      discloses that the pivot rod 54 may be mounted in the side walls 46 of the
      storage bin 40. In this event, hanger means 56 are inverted with respect
      to the orientation shown in the first embodiment and are made integral
      with a portion of the cabinet for example the vertical walls thereof. The
      mode of operation of the embodiment shown in FIG. 6 is the same as that
      previously described and shown in the first embodiment of FIGS. 1-5.
PAR  FIGS. 7 and 8 illustrate alternative features of the present invention. In
      FIG. 7 there is shown a storage bin generally designated by the reference
      character 60 whose construction is substantially the same as that shown in
      the embodiment of FIG. 1. However, in the FIG. 7 embodiment a cover 62 is
      secured over the open, front end of the storage bin 60 by hinge means
      shown schematically by the reference character 64. In the FIG. 8
      embodiment the storage bin 66 is provided with a sliding cover 68 that
      rides in suitable tracks (not shown) which are made integral with the side
      walls of the storage bins 66. Provision of a cover is advantageous when
      pills, capsules, medicines etc. are to be stored. The cover is a safety
      measure which still permits simplified dispensing of the contents of the
      storage bin.
PAR  Several additional constructional features of this invention are shown in
      FIG. 9. First the bin 70 is provided with a bottom wall 72 that is defined
      in part, by a plurality of transversely extending lips 74a, b etc., each
      of which is directed upwardly. When there are relatively few, relatively
      light weight articles, such as small brads, pins, pills or the liKe
      remaining they will accumulate near the front of the bin because of the
      interference of the first lip 74a. In this hypothetical situation, if
      there are more of the same articles but still not enough to sufficiently
      tip down a flat bottom bin such as described earlier, the second lip 74b
      will provide the necessary interference even if the first lip 74a is
      covered by the articles. In both instances one or the other lip 74 tend to
      keep light weight articles towards the front of the bin.
PAR  Other alternative structures are also shown in FIG. 9. For example the rod
      80 is provided with a pair of laterally spaced apart annular grooves 82
      for receiving and for preventing the lateral displacement of the hangers
      84 of the bin 70. In addition, a forwardly directed extension 86 is formed
      integrally with the bin 70 and serves as an indicator marker, in
      cooperation with appropriate indicia formed on the cabinet, as described
      hereinbefore in connection with other embodiments of this invention.
PAR  From the foregoing it will be evident that an improved storage bin has been
      provided for items such as screws, nails, nuts, bolts, medicines such as
      pills and capsules and the like. The improved storage bin permits an
      individual to tell at a glance, no matter how many bins are in use,
      approximately how much is left in the bins or if the bins are empty.
      Gauges on the front of the cabinet or a gauge on the front of each bin
      provides a quantitative measurement of the contents of the bin. To remove
      the bin for filling all that is necessary to lift the bin off of its pivot
      support. The storage bins comprising the present invention can be
      manufactured from many different materials such as plastic, metal, glass,
      and even wood. The bins can be made in many different sizes and shapes
      with no limitation as to the volume thereof.
PAR  The pivotally mounted storage bin comprising the present invention is
      constructed such that when they are empty they will hang in a generally
      horizontal plane. A distinctively colored front panel provides a visual
      indication when the empty bins are in a horizontal plane and are therefor
      visible. To remove articles from the bins they are merely tipped forward
      so that the contents thereof slide to the front and thus hold the bin in
      the downward position. As the bins are emptied they will, because of their
      weight distribution and pivot mounting, move back to the horizontal
      position that indicates that they are empty. If before the bins are
      emptied it is decided not to use the contents thereof anymore the front
      ends of the bins are tipped upwardly through and past the horizontal plane
      so that the contents thereof slide towards the rear. In this position the
      bins will remain inaccessable due to the positioning of the contents
      thereof at the back. Member 86 serves also to limit movement of the bin
      within a predetermined range by extending forward of the cabinet so that
      when the bin is tipped upwardly it will fit a horizontal member 14 above
      it and when tipped downwardly will fit the horizontal member 14 below it.
PAR  When in the storage position just described a portion of the bottom surface
      of the bins will be visible and since the bottom surfaces are preferably
      provided with a distinctive color different from the front panels of the
      bins there will be a further indication of the condition of the bins.
      Reference markers may be provided on the cabinet to be used in cooperation
      with reference points on each bin in order to quantitatively indicate the
      fullness of each bin. The bins may be removed for refilling very easily
      since they are pivotly supported on notches formed in hangers. In one
      embodiment of the invention the hangers are integral with each bin with
      the pivot member being fixed in the cabinet. In another embodiment of the
      invention the pivot rod is integral with each bin and the hangers are
      secured to the cabinet. As an added feature that facilitates the movement
      of the contents of the bin from the front to the back, sloping bottom
      walls may be provided. In addition, where security is a consideration,
      covers either hinged or sliding may be provided for each bin.
PAR  It is preferred that the wall of the bins be slightly tapered inwardly
      toward the bottom whereby the bins may be nested for shipment.
PAR  For example, the bins may be made of metal, plastic wood or cardboard and
      may be provided with means for mounting specimen pieces on the front of
      each bin.
PAR  There has been disclosed heretofore the best embodiment of the invention
      presently contemplated. However, it is to be understood that various
      changes and modifications may be made thereto without departing from the
      spirit of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A storage bin assembly for the type of material of which a portion may
      be removed at a time leaving a remainder of the material, said storage bin
      assembly comprising:
PA1  a. a first member in the form of an open fronted cabinet including divider
      means that define a plurality of recesses;
PA1  b. a plurality of second members each in the form of a bin positioned in
      each said recess, each said bin including a pair of spacedly opposed side
      walls, a bottom wall, a rear wall and a front wall having quantity
      indicating means thereon cooperating with said divider means for providing
      a visual approximation of the quantity of material remaining in each said
      bin; and
PA1  c. support means defined by hanger means integral with said bins and rod
      means supported by the said cabinet; said hanger means including a
      plurality of opposed pairs of notches, said rod meand fitting into
      selected pairs of the notches and pivotly mounting each said bin in said
      respective recess, said hanger means being supported on said rod means
      such that each said bin is adapted to assume and remain in, absent an
      external force being applied thereto, a first, frontally tipped down
      working position when the material remaining is at the front end thereof,
      a second, substantially horizontal position when empty of the material,
      said second position being visibly different than said first position
      whereby each said bin in said first position will be at an angle with
      respect to said second position, the size of said angle being proportional
      to the quantity of material remaining in each said bin to thereby provide
      said visual approximation of the quantity of material remaining, each said
      bin being freely movable from said first position towards said second
      position as the quantity of material remaining is reduced and a third
      frontally tipped up storage position when the material remaining is at the
      rear end thereof, said third position being visibly different than either
      said first or said second positions.
NUM  2.
PAR  2. The storage bin assembly in accordance with claim 1 wherein said
      indicator means comprises a distinctively colored area on said front
      panel.
NUM  3.
PAR  3. The storage bin assembly in accordance with claim 1 wherein said
      indicator means on said front panel comprises a distinctively colored area
      and wherein said bottom panel further includes a differently distinctly
      colored area.
NUM  4.
PAR  4. The storage bin assembly in accordance with claim 1 wherein there is
      further included a plurality of registry marks in vertical arrays on the
      front surface of said cabinet adjacent said bins whereby the extent of the
      contents of each said bin may be approximated depending upon the position
      of said bin relative to said mark.
NUM  5.
PAR  5. The storage bin assembly in accordance with claim 4 wherein each said
      bin includes a forwardly directed extension arranged to cooperate with
      said registry marks for indicating the approximate contents of said bin.
NUM  6.
PAR  6. The storage bin assembly in accordance with claim 1 wherein said bottom
      wall of said bin includes a plurality of transverse, upwardly extending
      lips.
NUM  7.
PAR  7. The storage bin assembly in accordance with claim 1 wherein said rod
      means includes annular groove means for receiving said hanger means to
      thereby prevent lateral displacement of said bin.
NUM  8.
PAR  8. The storage bin of claim 5 wherein upward and downward movement of said
      bin is limited by said forwardly directed extension engaging said divider
      means.
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ABST
PAL  A cabinet drawer for displaying and storing shoes in which a pair of shoes
      are displayed on the front of the drawer and similar shoes of various
      sizes are stored in compartments of the drawer with indicia showing the
      shoe sizes readily apparent.
BSUM
PAR  This invention relates to a cabinet drawer for displaying and storing shoes
      and to a cabinet having a plurality of such drawers therein.
PAR  Heretofore it has been common to display shoes on a rack and to store shoes
      in boxes on open racks.
PAR  It is an object of the present invention to provide a new and improved
      cabinet drawer for displaying and storing shoes.
PAR  It is another object of the invention to provide a new and improved cabinet
      drawer in which a pair of shoes may be displayed on the front thereof and
      similar shoes of various sizes may be stored in the cabinet drawer in
      separate compartments thereof.
PAR  It is another object of the invention to provide a new and improved cabinet
      drawer in which individual pairs of shoes are stored in compartments with
      the sizes of the shoes visible from the front of the drawer.
PAR  In accordance with the invention, a cabinet drawer comprises a front panel
      having attached in front thereof a transparent compartment for holding at
      least one shoe for display. The drawer also includes a plurality of
      interior compartments in the drawer, each compartment being capable of
      holding a pair of shoes. The interior compartments include vertical
      portions for bearing indicia relating to the shoes in the compartments.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is made to the following
      description, taken in connection with the accompanying drawings and its
      scope will be pointed out in the appended claims.
DRWD
PAR  Referring now to the drawings:
PAR  FIG. 1 is an exploded perspective view of a cabinet drawer constructed in
      accordance with the invention; and
PAR  FIG. 2 is a perspective view of a cabinet constructed in accordance with
      the invention containing a plurality of drawers such as the FIG. 1 drawer.
DETD
PAR  Referring now more particularly to FIG. 1 of the drawings, a cabinet drawer
      10 comprises a front panel 11 having attached in front thereof a
      transparent compartment 12 for holding at least one shoe for display. The
      cabinet drawer may, for example, be of suitable metal construction and the
      transparent compartment may, for example, be of a suitable transparent
      plastic material, such as Lucite, a trademark of E. I. du Pont de Nemours
      & Co.
PAR  The drawer has a plurality of interior compartments 13 with each
      compartment preferably being capable of holding a pair of shoes 14a, 14b,
      as represented in FIG. 2. As also represented in the FIG. 2 cabinet 17,
      the transparent compartment 12 may hold a pair of shoes 15a, 15b for
      display.
PAR  As represented in FIGS. 1 and 2, the interior compartments 13 include
      vertical portions 16 for bearing indicia relating to the shoes in the
      compartments. As represented in FIG. 2, these vertical indicia bearing
      portions of the interior compartments are visible from the front of the
      drawer and preferably their indicia indicate the sizes of the shoes in the
      corresponding compartments.
PAR  As also represented in FIG. 2, the cabinet 17 has a plurality of such
      cabinet drawers in a vertical column. Accordingly, shoes of different
      styles may be displayed on the front panel of such drawer and the drawers
      may contain shoes corresponding to that style in various sizes.
PAR  The partitions 13a of the interior compartments may be made out of any
      suitable material, for example, a plastic material such as Lucite or a
      pressed fiber board, which may be covered with a non-abrasive coating.
PAR  It is contemplated that the cabinets for men's shoes preferably are three
      drawers high, the cabinets for women's shoes preferably are four drawers
      high and the cabinets for children's shoes preferably are five drawers
      high with all cabinets having the same total overall height. The cabinets
      may be opened and closed in a conventional manner.
PAR  While there have been described what are at present considered to be the
      preferred embodiments of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention, and it is, therefore, aimed
      to cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cabinet drawer comprising:
PA1  an opaque front panel covering the contents of the drawer and having
      attached in front thereof a transparent compartment, having a transparent
      front wall, for holding at least one shoe for display; and
PA1  a plurality of interior compartments in said drawer, each interior
      compartment being capable of holding a pair of shoes;
PA1  said interior compartments including vertical portions for bearing indicia
      relating to the shoes in said interior compartments.
NUM  2.
PAR  2. A cabinet drawer in accordance with claim 1 which has a transparent
      compartment attached in front thereof for holding a pair of shoes for
      display.
NUM  3.
PAR  3. A cabinet drawer in accordance with claim 1 in which said vertical
      portions for bearing indicia relating to the shoes in said interior
      compartments are visible over said front panel from the front of the
      drawer.
NUM  4.
PAR  4. A cabinet having a plurality of cabinet drawers in a vertical column in
      which each of said cabinet drawers comprises:
PA1  an opaque front panel covering the contents of the drawer and having
      attached in front thereof a transparent compartment, having a transparent
      front wall, for holding at least one shoe for display; and
PA1  a plurality of interior compartments in each drawer, each interior
      compartment being capable of holding a pair of shoes;
PA1  said interior compartments including vertical portions for bearing indicia
      relating to the shoes in said interior compartments.
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ABST
PAL  A gasket assembly for side-by-side doors of a household
      refrigerator-freezer has first and second cooperating gasket elements.
      Each gasket element is connected to a respective door of the
      refrigerator-freezer. Each gasket element has a magnet in a magnet chamber
      for sealing the doors one to the other and a longitudinally extending
      insulating chamber for contacting the refrigerator mullion and forming a
      seal between the respective door and the mullion, as is known in the art.
PAL  The improved construction of this invention has a pair of elongated
      flanges, each connected to a respective insulating chamber. The flanges
      each extend from their respective gasket element toward the other gasket
      element in the closed position of the doors. Where a mullion is present,
      the flanges are each urged into contact with the mullion by their
      associated magnet for forming an improved seal. In the absence of a
      mullion, the flanges contact one another for sealing one gasket element to
      the other. The gasket elements each have a second longitudinally extending
      insulating chamber contacting the inner surface of the respective door for
      forming an improved, insulated seal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For a number of years, side-by-side refrigerator-freezers have had a
      vertically extending partition dividing the cabinet into a full-height
      freezer compartment and a full-height fresh food compartment. The limited
      widths or horizontal dimensions of the compartments are a disadvantage in
      side-by-side refrigerator-freezers that are small enough to fit in the
      usual refrigerator nooks or spaces available in most kitchens. Regardless
      of the horizontal positioning of the vertical partition, the widths of the
      two compartments may be insufficient to store large frozen items such as
      frozen turkeys or relatively wide items such as food platters or trays.
      This is particularly a source of irritation for users accustomed to the
      full-width storage areas of refrigerators in which the freezer and fresh
      food compartments are one above the other.
PAR  This problem was solved in U.S. Pat. No. 3,726,578-Armstrong by providing
      the partition with a movable partition portion and a unique magnetic
      gasket assembly for sealing the refrigerator-freezer.
PAR  Although the system of U.S. Pat. No. 3,726,578-Armstrong, which is hereby
      incorporated by reference, functioned satisfactorily, it was decided that
      the sealing and insulating properties of the gasket assembly could be
      improved.
PAR  The improvement is directed toward the insulating properties adjacent the
      inner surface of the door and the sealing and insulating properties in the
      area of the magnets.
PAR  It was discovered that if a second longitudinally extending chamber was
      added to each gasket element and maintained in contact with the inner
      surface of the associated door, the sealing and insulating properties of
      the gasket would be improved.
PAR  It was further discovered that if a flange was connected to each first
      longitudinally extending chamber and extended outwardly toward the other
      flange element and behind the respective magnet element, the sealing and
      insulating properties of the gasket assembly in the area of the magnets
      would be improved. In a gasket area where a mullion is present, the
      magnets are attracted to the mullion and urge the intervening associated
      flanges into sealing contact with the mullion. In a gasket area where
      there is no mullion present, as in the Armstrong patent, the flanges are
      not urged inwardly by the magnets. These flanges, when not urged inwardly
      by the magnets, sealably contact one another and form a sealed barrier and
      an insulating dead air space between the flanges and the magnets.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, an improved gasket assembly is provided
      for adjacent doors of a household refrigerator-freezer. The gasket
      assembly has first and second gasket elements each associated with a
      respective door. Each gasket element has a longitudinally extending
      insulating chamber, a magnet chamber, a magnet positioned in the magnet
      chamber, means for connecting the magnet chamber to the insulating
      chamber, and means for connecting the gasket element to its respective
      door. The magnets are opposed one to the other and the magnet chamber
      connecting means is of a length sufficient for contact of the magnet
      chambers one with the other in the installed position on closed doors. A
      pair of second longitudinally extending insulating chambers, each having
      first and second sides, are each connected along the first side to an
      insulating chamber of a respective gasket element. In the installed
      position on a respective door, the second side of each second insulating
      chamber is in contact with an inner surface of the door. A pair of
      elongated flanges are each connected to a respective insulating chamber.
      Each flange extends outwardly from its respective insulating chamber. The
      flanges are of a length sufficient for extending behind their respective
      magnet chamber and contacting one another in the installed position on
      closed doors.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic partial frontal view of a refrigerator on which
      the gasket of this invention can be used;
PAR  FIG. 2 is a diagrammatic view in partial section of a portion of the first
      and second adjacent doors of a mullion-free portion of a household
      refrigerator having the gasket assembly of this invention; and
PAR  FIG. 3 is a diagrammatic view in partial section of a portion of the gasket
      assembly of this invention sealing against a mullion.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the embodiment of FIG. 1, a household refrigerator-freezer 10 has a
      pivotally movable mullion section 11 and a stationary mullion section 13,
      as shown in U.S. Pat. No. 3,726,578-Armstrong. The pivotally movable
      mullion section 11 is movable between a horizontal position shown in solid
      lines and a vertical position shown in broken lines. When the refrigerator
      doors 12, 14 are closed, the opposed door edges lie along the vertical
      plane of the stationary mullion section 13, as is known in the art.
PAR  In the embodiment of FIG. 2, the first and second doors 12, 14 each have an
      inner surface 16, 16' and a longitudinally extending first edge portion
      20, 22. The adjacent first edge portions 20, 22 are generally vertically
      oriented.
PAR  First and second gasket elements 24, 26 each have means such as a hook 28,
      28' for connecting each gasket element 24, 26 along a respective door
      first edge portion 20, 22. The gasket elements 24, 26 each have a
      plurality of longitudinally extending insulating chambers 30, 30', 32,
      32', 34, 34', a flange element 64, 64' extending outwardly from a
      respective insulating chamber 34, 34', and a longitudinally extending
      holding chamber 36, 36' that is open along an outer side 38, 38'.
PAR  Each holding chamber 36, 36' has a transverse portion 40, 40' and is
      preferably of a general "T" configuration. Each longitudinally extending
      insulating chamber 32, 32' has a first side connected to an adjacent
      insulating chamber 30, 30' and a second side in contact with the
      associated inner surface 16, 16' of the respective door 12, 14 in the
      installed position thereon.
PAR  A pair of longitudinally extending magnet chambers 46, 46' are each
      connected to a respective insulating chamber 34, 34' by a longitudinally
      extending connecting element 52, 52'. A longitudinally extending holding
      element 50, 50' is formed along one end of each connecting element 52,
      52'. Each holding element 50, 50' is of a construction for mating with and
      insertion into a respective holding chamber 36, 36'. Each longitudinally
      extending connecting element 52, 52'  preferably has first and second
      longitudinally extending walls 54, 56 and 54', 56' for forming a
      longitudinally extending insulating chamber 58, 58'.
PAR  In the improved gasket of this invention, the chambers 30, 30', 32, 32',
      34, 34', 36, 36', 46 and 46', flange elements 64, 64', holding elements
      50, 50', and connecting elements 52, 52' each extend continuously along
      substantially the entire length of their respective gasket element 24, 26.
      However, these elements can be interrupted without departing from this
      invention so long as the interruption does not substantially reduce the
      sealing and insulating properties of the gasket assembly.
PAR  As shown in FIG. 2, the flange elements 64, 64' and the connecting elements
      52, 52' are of dimensions sufficient for contact of the adjacent magnet
      chamber walls and the associated flange elements 64, 64' in the installed
      position on closed doors 12, 14.
PAR  A magnet 62, 62' is positioned within each of the magnet chambers 46, 46'.
      The magnets 62, 62' are oriented relatively one to the other for
      attracting one another in the installed position on closed doors 12, 14.
      The magnets 62, 62' are preferably of a rectangular cross-sectional
      configuration and extend continuously through substantially the entire
      length of the respective magnet chamber 46, 46'.
PAR  In order to provide improved seating of the magnets during closing of the
      doors, a guiding chamber 66, 66' extends longitudinally along a respective
      magnet chamber first edge 68, 68'. Adjacent walls 70, 70' of the guiding
      chambers 66, 66' are angularly disposed relative one to the other.
PAR  In the operation of the assembly, the space between adjacent closed doors
      12, 14 is sealed by the attraction of the opposed magnets 62, 62' moving
      the magnet chamber walls 60, 60' into sealing contact one with the other.
PAR  Referring to FIG. 3, where the magnets are adjacent a portion of the
      mullion 13, the magnets 62, 62' are attracted toward the mullion face and
      urge the intervening flanges 64, 64' into sealing engagement with the
      mullion 13. Where the magnets 62, 62' are not adjacent a mullion, for
      example that gasket area above mullion 13 when mullion 11 is extended
      horizontally (FIG. 1), the flanges 64, 64' form a seal by contacting one
      with the other, as shown in FIG. 2.
PAR  By this construction, a double seal is formed by the cooperating flanges
      64, 64' and the cooperating magnet chambers 46, 46', and a dead air
      insulating space is defined thereby. Further insulation is provided by the
      insulating chambers 32, 32' each extending into contact with the
      respective door inner surface 16, 16' along substantially the entire
      length of the gasket element.
PAR  Other modifications and alterations of this invention will become apparent
      to those skilled in the art from the foregoing discussion, and it should
      be understood that this invention is not to be unduly limited thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an improved gasket assembly for adjacent doors of a household
      refrigerator-freezer, said gasket assembly having first and second gasket
      elements each associated with a respective door, each gasket element
      having a longitudinally extending insulating chamber, a magnet chamber, a
      magnet positioned in the magnet chamber, means connecting each magnet
      chamber to its respective insulating chamber, and means connecting each
      gasket element to its respective door, said magnets being opposed one to
      the other and each of said magnet chamber connecting means being of a
      length sufficient for contacting the magnet chambers one with the other in
      the installed position on closed doors, the improvement comprising:
PA1  a pair of second longitudinally extending insulating chambers each having
      first and second sides and being connected along the first side to the
      insulating chamber of a respective gasket element with the second side
      being in contact with an inner surface of the respective door in the
      installed position on the door, said insulating chambers extending across
      an inner side of their respective magnet chamber for separating the magnet
      chambers from the refrigerator food compartments; and
PA1  a pair of flanges each connected to a respective insulating chamber and
      extending outwardly therefrom, said flanges each being of a length
      sufficient for extending behind their respective magnet chamber and
      contacting one another in the installed position on closed doors.
NUM  2.
PAR  2. A gasket assembly, as set forth in claim 1, including a pair of holding
      chambers each connected to the insulating chamber of a respective gasket
      element, each of said holding chambers being of a general "T"
      configuration and open along an outer side, the magnet chamber connecting
      means each have a holding element of a configuration matable with the
      respective holding chamber for removably connecting the magnet chamber to
      the insulating chamber.
NUM  3.
PAR  3. Gasket assembly, as set forth in claim 1, wherein the magnets are each
      of a rectangular configuration and continuously extend through
      substantially the entire length of the respective magnet chamber.
NUM  4.
PAR  4. Gasket assembly, as set forth in claim 1, including a guiding chamber
      extending longitudinally along a first edge of each magnet chamber.
NUM  5.
PAR  5. Gasket assembly, as set forth in claim 4, wherein adjacent walls of the
      guiding chambers are angularly disposed relative one to the other.
NUM  6.
PAR  6. Gasket assembly, as set forth in claim 1, wherein each of the magnet
      chamber connecting means has first and second spaced connecting elements
      defining a chamber between the respective magnet chamber and insulating
      chamber.
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ABST
PAL  A hold down device is described for applying a high clamping force to a
      "leadless" integrated circuit package installed in a suitable connector.
      Use of the device results in reliable electrical connections between the
      package circuit leads and the connector contact elements; and reliable
      thermal connections between the package carrier and a cooling frame
      provided to dissipate the heat generated by the integrated circuits. The
      hold down device has added system utility in the clamping of an
      interconnect cable assembly adapted to plug into the aforementioned
      connector in lieu of the integrated circuit package.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  In copending patent application Ser. No. 513,283 for "Packaging System for
      Electronic Equipment" by Robert E. Braun et al. there is described and
      claimed a packaging system utilizing leadless integrated circuit packages
      and in which, the hold down device of the present invention finds
      particular utility. The integrated circuits themselves may be packaged in
      the manner described and claimed in application Ser. No. 465,678 for
      "Leadless Ceramic Package for Integrated Circuit Having Heat Sink Means"
      by Robert S. Morse. Both of the foregoing referenced applications are
      assigned to the same assignee as the present application.
PAC  BACKGROUND OF THE INVENTION
PAR  The high density packaging of electronic equipment, particularly data
      processing systems may involve the installation of pluggable integrated
      circuit packages in receptacles or connectors. In addition, cooling means
      are generally required in such a system to maximize the MSI and LSI. Such
      means may take the form of a cooling frame.
PAR  The need exists for an efficient, low cost, universal hold down device to
      be used in conjunction with the aforementioned elements to insure both
      electrical and thermal integrity. The clamping device of the present
      invention fulfills such a need.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention a hold down device is provided which is
      admirably suited for the high density packaging system described and
      claimed in the referenced Braun et al. application. This system involves
      an "island" which may be characterized as a plurality of pluggable
      integrated circuit packages, connectors or receptacles for receiving the
      packages, a cooling frame and an interconnection plate or medium which
      supports the other elements. It should be understood, however, that the
      reference system has been chosen solely for illustrative purposes and that
      the present device is not to be considered limited to use therein. In
      meeting the requirements of such a system, the hold down device of the
      present invention insures that electrical continuity is maintained between
      the circuit leads of the integrated circuit package (which may be of the
      "leadless" variety having no protruding leads) and the electrical contacts
      of the connector into which the package is plugged. Moreover, a thermal
      interface defined in terms of a specific pressure is provided by the
      device between the leadless integrated circuit package carrier (or heat
      sink member) and the cooling frame. The total force directed upon the
      package by the hold down device is therefore substantially the sum of the
      forces dictated by both the electrical and thermal considerations.
PAR  In addition to the foregoing, the hold down device is functional for the
      condition that only one integrated circuit section of the pair of sections
      comprising the so called "split-package" is installed in a standard
      connector capable of accommodating simultaneously both sections or a
      single full package. The device is mounted in such a manner that it is
      contained at all times, even in the presence of high insertion and release
      forces. At the same time it permits easy access to the connector for the
      removal or insertion of packages.
PAR  Other features of the device include its substantially unitary
      construction, which eliminates loose hardware; ease of assembly or
      replacement in the system; provision of permitting identification of the
      packages under restraint without removal of the device; and finally, its
      economy.
PAR  The physical characteristics of the present hold down device are best
      understood by reference to the detailed description of the invention which
      follows. However, in brief the device comprises a spring-like member,
      formed in a shallow, upright, truncated "V" configuration. In the center
      flat portion, the embodiment intended for use with integrated circuit
      packages has secured thereto a pressure plate. The latter has a number of
      formed protuberances which bear against the package heat sink member. The
      device is positioned between a pair of spaced apart parallel rods mounted
      on brackets in proximity to the cooling frame. One of the device
      extremities is permitted to pivot about one of the rods to permit access
      to the connector, but at the same time is restrained thereby. Its other
      extremity is capable of being latched about the other rod to apply a
      clamping force to the package. When arranged in rows and columns in an
      "island" configuration, the hold down devices assume a partial mating
      relationship wherein a given rod provides the latching means for a first
      row of devices and the pivot means for the next succeeding row. This
      arrangement affords considerable space economy.
DRWD
PAR  Other features of the invention will become more fully apparent in the
      detailed description which follows.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial plan view of an island illustrating a packaging system
      using the hold devices of the present invention.
PAR  FIG. 2 is an exploded view of the hold down device and an integrated
      circuit package.
PAR  FIG. 3 is an enlarged plan view of part of the island with portions
      cut-away to better illustrate the relationship of the integrated circuit
      package, the connector, the interconnection medium, and the hold down
      device.
PAR  FIG. 4 is a section view taken along lines 4--4 of FIG. 1 and illustrating
      an integrated circuit package, clamped by the hold down device.
PAR  FIG. 5 is a section view taken along lines 5--5 of FIG. 4 and further
      depicting the relationship of components associated with a single
      integrated circuit package and the hold down device.
PAR  FIG. 6 is a plan view of an integrated circuit package of the
      "split-package" variety, which comprises a pair of integrated circuits
      adapted to plug into a single connector.
PAR  FIG. 7 is a section view taken along lines 7--7 of FIG. 1 to illustrate the
      use of the hold down device modified to clamp interconnect cables and a
      termination board into a standard connector.
PAR  FIG. 8 is a pictorial view of the ribbon-type interconnect cables and the
      termination assemblies at each end thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The partial view of an overall packaging system appearing in FIG. 1 is
      described and claimed in the reference Braun et al. application. The hold
      down device of the present invention finds particular application in this
      system, and its features and advantages are best appreciated when
      considered in such an environment. The system details which follow are to
      be considered illustrative, rather than limitative of the invention.
PAR  General reference should be made to FIG. 1, and specific reference, to the
      other figures where indicated, to enhance an understanding of the
      invention. Like reference characters have been used throughout to
      designate similar components. For purposes of explanation, FIG. 1 depicts
      a small island 10 comprised of a cooling frame 12 and the interconnection
      plate or medium 14, for supporting the connectors 16 (FIG. 4) adapted to
      accommodate the integrated circuit packages 18 (FIGS. 5 and 6) which are
      preferably the leadless ceramic type described in the reference Morse
      copending application. In practice, the island may hold as many as 108
      connectors in a frame which is aproximately 14 inches by 23 inches.
      Depending upon the application, even larger islands may be employed.
      Support members 11 are fastened to opposite sides of the interconnection
      medium 14. The members are configured with a slotted region 15 to
      accommodate the "bend" portions of the tubing 50.
PAR  Considering each of the major components in turn and their relationship to
      one another, the integrated circuit package 18 will receive initial
      consideration. As seen in clear detail in FIGS. 5 and 6, the total
      integrated circuit package 18 may comprise a pair of "leadless" pluggable
      package components 18a and 18b of either SSI or MSI variety, each
      component having 24 leads 20 plus a ground connection 22. This is the so
      called "split-package" configuration. It should be understood that a
      single 50 lead LSI package 18 as indicated in FIG. 2 could also be
      employed without modification of the package connector 16. In either case,
      in an actual operative embodiment, the leads are arranged so that half the
      total number appear on opposiste sides of the package, with a typical lead
      center-to-center spacing of 0.050 inches. As noted hereinbefore, the
      integrated circuit packages may be of the type described in the referenced
      copending application. In accordance with the latter and continued
      reference to FIGS. 5 and 6, the leadless package 18 may utilize a ceramic
      body 24 having the silicon chip (not shown) hermetically sealed in a
      cavity formed therein. The internal leads of the package for providing
      access to the chip are adhered to a layer of glass fused to the ceramic
      body 24. A carrier or metallic heat sink member 26 is fused to the entire
      lower surface of the ceramic body. The ceramic between the integrated
      circuit chip and the heat sink 26 is made sufficiently thin to give good
      heat conduction while maintaining electrical insulation. The heat sink
      member 26 has integral extensions at its opposite extremes which are
      adapted to be clamped against the cooling frame 12 as will be described in
      more detail hereinafter. In order to provide a ground connection for the
      integrated circuit, the package ground leads 22 are connected to the
      package heat sink 26 which provides an electrical path to the cooling
      frame 12 in addition to the thermal path. A lid or cover 28 which may be
      of ceramic or a suitable metal alloy protects the integrated circuit chip.
PAR  In order to make electrical contact with the terminal portions of the
      integrated circuit package leads 20, a receptacle or connector 16 as seen
      in FIGS. 3, 4 and 5, is provided. The connector comprises a molded body 30
      of insulative material and a plurality of contacts 32, one for each of the
      package terminals. Each connector is fastened to the interconnection
      medium 14 (which may be of the printed circuit board variety) by any
      suitable means, such as screw 34, threaded into a metallic member 36, as
      seen in FIG. 5. A pair of locating pins 35 (FIG. 4) situated on the
      underside of the connector body 30 mate with the holes 37 in the
      interconnection medium 14. These pins serve to position the lower contact
      elements 32 over the conductive pads 38. The integrated circuit package 18
      which may be of the single large chip variety (FIG. 2), or a pair of
      split-packages (FIG. 6) are placed in the connector 16. Each contact 32
      which is in the form of a continuous loop presses against a terminal lead
      20 of the integrated circuit package 18 on its upper portion, and against
      a conductive pad 38 on the interconnection medium 14, on its lower
      portion. Additionally, as seen in FIGS. 3 and 5, each contact loop 32 is
      formed to present a flat portion thereof to circular openings 40 in the
      connector body located along the longitudinal sides thereof. These
      openings permit the electrical probing of the contacts while the
      integrated circuit packages are in place and the system is operative. As
      seen in FIG. 5, another feature of the connector 16 is the use of a pair
      of package alignment and retention pins 42. In order to insert the
      integrated circuit package 18, the split top on each of these pins is
      gently pressed together in order that the pin may be inserted through the
      holes 44 provided in the integrated circuit package carrier 26. This
      arrangement serves to prevent the inadvertent dislodging of the package
      from the connector particularly when the force exerted by the hold down
      spring 46 (FIG. 4) to be described in greater detail hereinafter, is
      suddenly released. As seen in FIG. 5, the connector contacts 32 press
      against the conductive pads 38 of the interconnection medium 14. These
      pads in turn may be connected to pins 48 which protrude through the medium
      and which may then be interconnected by various wiring means, such as wire
      wrap techniques. Alternately, while not shsown, the aforementioned mode of
      wiring may be eliminated if the interconnection medium 14 incorporates
      printed wiring throughout. It is apparent that no holes are required in
      the interconnection medium 14 to accommodate the connectors 16 themselves.
      Moreover, no solder art assembly is required. This arrangement provides
      much freedom in the design of the interconnect medium and a single
      connector design is compatible with a wide variety of interconnect means.
PAR  As seen particularly in FIGS. 1 and 4, a cooling frame 12 is provided to
      facilitate the transfer of heat from the integrated circuit device 18. The
      frame 12 is fastened to the interconnection medium 14, which in turn
      supports the package connectors 16. A cooling liquid is pumped through a
      continuous tubing 50 in a serpentine path to carry away the heat. Even at
      moderate coolant flow rates, a nearly uniform fluid temperature is
      maintained. The nominal temperature of the cooling fluid must be low
      enough to limit the maximum device junction temperature, and high enough
      to prevent condensation on the cooling frame 12. As seen particularly in
      FIG. 4, when the integrated circuit package is placed in the connector 16,
      the extensions of its heat sink member 26 will tend to come to rest on the
      cooling frame 12.
PAR  With reference to FIGS. 1 - 4 inclusive, and particularly FIGS. 3 and 4, in
      order to insure both electrical continuity between the connector contacts
      32 electrical continuity between the connector contacts 32 and the
      integrated circuit package leads 20, and the proper thermal interface
      between the extensions of the package heat sink member 26 and the cooling
      frame 12, the hold down device 52 of the present invention is provided.
      The device comprises a spring-like member 46 to which is secured by
      rivet-like attachments 53 a pressure plate 54, the latter having a number
      of formed protuberances 56 which bear against the package heat sink member
      26. The hold down device 52 is positioned between adjacent members of the
      cooling frame 12 by virtue of groups of elevated brackets 58 fastened to
      the frame 12 and each group supporting a common rod 60 which passes
      therethrough. One end of the hold down spring-like member 46 is notched in
      a U-shaped configuration such that the extremities of the legs 62 of the U
      are wrapped around the rod 60a to prevent the hold down device 52 from
      coming free. The opposite end of member 46 which is a single projection 64
      is configured to latch in opposition to the force of spring member 46 with
      the opposite rod 60b. It should be noted that the latch projection 64 is
      designed to contact the latter rod 60b and occupy the space formed by the
      U-notch between the pair of legs 62 of the spring member in the same
      column and next succeeding row of hold down devices.
PAR  In terms of an actual operative embodiment, the connector contacts 32 which
      are economically of base metals require a high pressure with a force of
      approximately 14 pounds per split package (18a or 18b of FIG. 6) or 28
      pounds per location for the package of FIG. 2 to insure electrical
      continuity. Moreover, in order to maintain a thermal interface of 1/100
      psi between the integrated circuit package 18 and the cooling frame 12, an
      additional 18 pounds load is required per split package. Considering
      tolerance take up, the hold down device 52 provides 35 pounds per split
      package or 70 pounds per location.
PAR  The hold down device 52 operates properly if only one of the split packages
      of FIG. 6 is inserted into the connector 16. This is accomplished by the
      "ears" 66 on the pressure plate 46 which restrains downward motion of the
      latter even if no package is in place in the connector. The hold down
      device 52 itself is contained at all times by virtue of the legs 62
      wrapped around rod 60 (FIG. 1) and this is important since high insertion
      and release forces are involved. However, the device is able to swing
      clear by rotation of the spring 46 about rod 60, thereby facilitating the
      removal and insertion of packages. Only a simple tool, such as a
      screwdriver, is needed to latch and release the hold down mechanism.
PAR  As seen in FIGS. 1 and 2 both the spring member 46 and the pressure plate
      54 have a common elongated slot 65. Through the latter, there is visible
      at all times, the type designation of the integrated circuit which has
      been placed on the upper surface of the heat sink member 26. In a system
      employing a large number of integrated circuits of different logic types,
      the ability to determine the location of each type while the packages are
      clamped in position and the system is operative, is of considerable
      importance in diagnostic and maintenance procedures.
PAR  In the consideration of the invention thus far, the island 10 of FIG. 1 has
      been described as having integrated circuit packages 18 mounted in the
      connectors 16. However, connector 16a (FIG. 7) has been arbitrarily chosen
      for purpose of example, to accept an interconnect cable assembly 68 (FIG.
      8) instead of such a package. This arrangement permits input and/or output
      signal information to be transferred from the island 10 to other islands
      or to electrical devices which may be included in, or are external to, the
      system. The cable assembly comprises a pair of ribbon-type cables 70 each
      having a plurality of conductors, a termination board 72 with a plurality
      of conductive pads 74 and the board housing 76. The termination board pads
      74 correspond in number and position to the contacts 32 of the connector
      16. The number of conductors in each of the cables 70 is chosen to be the
      same as the number of contacts on one side of the connector. For
      convenience, the conductors at one end of a cable may be terminated at
      points 78 along one side of the board, while the conductors at the
      corresponding end of the other cable may be terminated at point 80 along
      the opposite side of the board 72. The termination board housing 76, seen
      in FIGS. 1, 8 and 9, is considerably thicker than the integrated circuit
      package 18 seen in FIGS. 4 and 5. For this reason, the hold down device 52
      illustrated in the last mentioned figures is modified as seen in FIG. 7.
      No pressure plate 54 is required, and the spring member 82 has a more
      shallow contour. To accommodate the increased thickness of the termination
      board housing 76, the legs 84 of the device are wrapped about rod 60 in a
      direction opposite to that of the integrated circuit package hold down
      device 52. It should be understood that in accordance with the particular
      application and the package wiring scheme effected on pins 48 (FIG. 4),
      the interconnect cable assemblies 68 may be plugged into any connector
      position on an island. Moreover, more than one assembly may be utilized
      between the various islands.
PAR  In conclusion, there has been described a hold down device suitable for
      incorportion into the packaging technology needed for present high speed
      electronic systems, such as data processing, as well as the next
      generation systems. It is apparent that depending upon the particular
      application, changes and modifications of the device may be required. Such
      changes and modifications, insofar as they are not departures from the
      true scope of the invention, are intended to be covered by the claims
      appended hereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hold down device for use in a system which includes at least one
      electronic component installed in a connector and which incorporates a
      cooling frame comprising:
PA1  a plurality of bracket means mounted adjacent said cooling frame for
      supporting a plurality of spaced-apart parallel rods,
PA1  said connector being located in the space between an adjacent pair of rods,
PA1  a spring-like member formed in a shallow, upright, truncated V
      configuration, one end of said spring-like member being centrally notched
      in a U-shaped configuration such that the extremities of the legs of the U
      are pivotally wrapped around one of said pair of spaced-apart rods, the
      opposite end of said member being configured in a manner to latch on the
      other of said pair of rods in opposition to the force of said spring-like
      member exerted on said electronic component,
PA1  said spring-like member being disposed in substantial alignment with said
      electronic component whereby the latching of said member applies a force
      to said component of sufficient magnitude to insure electrical continuity
      between said component and connector.
NUM  2.
PAR  2. A hold down device as defined in claim 1 wherein at least one electronic
      component is an interconnect cable assembly having a termination board
      with a plurality of conductive pads and a board housing, said spring-like
      member making contact with, and exerting a force upon, said board housing
      when in a latched condition.
NUM  3.
PAR  3. A hold down device as defined in claim 1 characterized in that a
      plurality of electronic components installed in connectors are arranged in
      rows and columns, said cooling frame being configured such that parallel
      sections thereof separate adjacent ones of said rows, said bracket means
      being fastened to said cooling frame parallel sections to provide said
      spaced-apart parallel rods, the latch ends of the respective spring-like
      members associated with a row of electronic components engaging a common
      rod and lying respectively between the space provided by the U notches of
      the pairs of legs of the spring-like members in the adjacent row of
      components, which legs are wrapped around said last mentioned rod.
NUM  4.
PAR  4. A hold down device as defined in claim 1 wherein at least one electronic
      component is an integrated circuit package which includes a heat sink
      member, said heat sink member having integral extensions at its opposite
      extremes for contacting said cooling frame.
NUM  5.
PAR  5. A hold down device as defined in claim 4 further including a pressure
      plate fastened to the central portion of said spring-like member, and
      having a plurality of protuberances formed therein to apply substantially
      equal pressures to the heat sink member surface of said integrated circuit
      package, thereby insuring thermal continuity between said member
      extensions and said frame.
NUM  6.
PAR  6. A hold down device as claimed in claim 5 wherein said pressure plate has
      at each of its opposite extremities a centrally disposed U-shaped notch,
      the notch at one end of said plate being in substantial vertical alignment
      with the corresponding notch in said spring-like member.
NUM  7.
PAR  7. A hold down device as defined in claim 6 wherein at least one integrated
      circuit package is of the split-package type comprising two sections each
      bearing an independent integrated circuit and having a heat sink member
      extension at one extremity thereof, said pressure plate being generally of
      rectangular configuration but having ear-like projections at the
      respective corners thereof, said projections contacting the base of said
      bracket means when said hold down device is in a latched condition and
      permitting the clamping of a single one of said split package sections in
      said connector in the absence of the other section.
NUM  8.
PAR  8. A hold down device as defined in claim 7 wherein said spring-like member
      and said pressure plate have a common elongated slot to permit the
      discernment of any indicia on the upper surface of said package heat sink
      member while the package is in an operative clamped condition.
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PAL  This connector consists of metal wire sections having a round or oval
      cross-sectional contour, which are equal in number to the electric
      conductors to be interconnected, each section comprising a straight or
      curved central portion, according to the particular position and
      orientation of the end portions of the electric conductors to be
      interconnected, and curved end portions bent to an arcuate configuration
      having a center angle of less than 180.degree. to constitute a highly
      resilient loop, said wires consisting to this end of a high-grade steel
      core having a tensile strength of more than 80 kilograms per square
      millimeter and preferably of the order of 120 kg/sq.mm., coated with a
      copper layer having a thickness in excess of 0.3 mm and preferably of the
      order of 0.5 mm. This connector may be used notably for interconnecting
      electric conductors of the current lead-in type as depicted in the U.S.
      Pat. No. 3,777,300.
PARN
PAR  This is a continuation of application Ser. No. 420,943 filed Dec. 3, 1973,
      now abandoned.
BSUM
PAR  This invention relates in general to electric appliances and has specific
      reference to electric connectors for power transmission and conduit means.
PAR  More particularly, the present invention is directed to provide an improved
      detachable connector for such electric power conduits which is adapted to
      be removed without using any tool, for example for use in power conduits
      or circuit elements utilizing the safety outlets disclosed in U.S. Pat.
      No. 3,777,300.
PAR  However, this device may also be used for connecting other electric power
      conduit means; in fact, in the aforesaid prior U.S. Pat. No. 3,777,300,
      electric power conduits are contemplated, i.e. conduits permitting the
      passage of relatively strong electric currents, of several amperes, for
      lighting, heating or similar purposes, or supplying current to
      miscellaneous household equipments.
PAR  Under these conditions, it is clear that the problem to be solved differs
      considerably from that of connections requiring a reliable contact under
      low current values, for example less than 1 ampere. In this last case, a
      known proposition consisted in providing satisfactory electric contacts by
      means of metal members having jointly good resilient and conducting
      properties; the metal member may consist of bronze or steel, which while
      being conducting materials of moderate electrical conductibility, have a
      satisfactory resiliency so that an efficient contact can be relied upon
      between the terminal (spade, or lug) and the portion to be connected. On
      the other hand, this type of connection is attended by serious
      difficulties when stronger currents are to be conducted therethrough.
PAR  To obtain satisfactory results under relatively high ampere values, it is
      known to use a metal such as copper having a good conductibility but a
      relatively poor resiliency, and to exert very considerable pressures
      between the connecting member and the member or members to be connected,
      in order to minimize the value of the contact resistance and,
      consequently, the final heating of the connection, a requirement which so
      far was met only by using tight screws; on the other hand, it is known
      that, as a result of the plastic but not elastic copper deformation under
      the pressure values contemplated, these connections require a serious
      supervision and the regular re-tightening of the screw means utilized
      therein, otherwise the connections are likely to become loose, thus
      entailing another expansion and a consequent deterioration of the
      contacts.
PAR  It is the essential object of the present invention to provide a connector
      having the same advantageous properties as those utilized up to now for
      low ampere values, this connector operating only by inherent resiliency
      while permitting the passage of relatively strong currents of the order of
      several amperes.
PAR  To this end, the connector according to this invention is characterised in
      that it comprises metal wire sections of round or oval cross-sectional
      shape, equal in number to the electric power conductors to be connected,
      each wire section comprising on the one hand a straight or curved central
      portion, according to the positions and relative orientation of the
      terminal portions of the electric conductors to be interconnected, and on
      the other hand end portions curved to form an arc having a centre angle of
      less than 180.degree. and to constitute a strongly resilient loop, said
      wires consisting to this end of a steel core having a tensile strength
      greater than 80 kilograms per sq. mm. and preferably of the order of 120
      kg/sq.mm., this steel core being coated with a copper layer having a
      thickness somewhat in excess of 0.3 mm, and preferably of the order of 0.5
      mm, with a linear conductibility equivalent to that of the conductors to
      be interconnected, said wire sections being mounted and protected in a
      plastic case comprising at least one front face preventing any direct
      contact with the central portions of said metal wire sections and a back
      face insulating said sections, the end, loop-forming portions of said
      sections being allowed if desired to project somewhat from said case and
      adapted to provide automatically, due to the inherent resiliency of their
      arms and the ductibility of their copper coatings, a reliable and
      efficient electric contact with the electric conduits to be
      interconnected, along a length of at least 1.5 cm and preferably of the
      order of 2 to 3 cm.
DRWD
PAR  The attached drawing illustrates diagrammatically by way of illustration
      various possible embodiments of the connector of this invention. In the
      drawings:
PAR  FIG. 1 is a perspective view of this connector;
PAR  FIG. 2 is a side elevational view thereof;
PAR  FIG. 3 is a vertical section showing this connector of this invention wired
      on to one terminal or end of a current outlet according to aforesaid prior
      patent, the section being taken along the line III--III of FIGS. 1 and 4;
PAR  FIG. 4 is a similar cross-sectional view taken in the direction of the
      arrows IV--IV of FIGS. 1 and 3;
PAR  FIG. 5 is a view similar to FIG. 4 but showing a modified embodiment;
PAR  FIG. 6 is a similar view of an alternate form of embodiment;
PAR  FIGS. 7 and 8 illustrate modified embodiments of the lower and upper
      portions of FIG. 6, respectively, and
PAR  FIGS. 9 and 10 are a longitudinal section and a cross-section,
      respectively, illustrating diagrammatically an advantageous feature of
      this connector.
DETD
PAR  The connector illustrated in the drawings comprises as its main component
      elements the three metal wire sections 1, 2 and 3 having the above-defined
      composition and structure, the ends 1a, 2a, 3a and 1b, 2b and 3b of these
      wires being curved backwards and downwards to provide loops; the central
      rectilinear portion of these metal wires is embedded in a block 4 of
      insulating plastic material rigid or solid with the connector case, in
      which they form preferably an elbow 5 for preventing any sliding movement
      of said wires parallel to themselves; the front face 6 of this plastic
      block has a lateral downward extension constituting the front wall
      intended for concealing the case, and the back face 7 has a lateral
      extension constituting the rear concealing wall somewhat wider than the
      front wall to which it is connected along its top edge by means of a
      coverforming portion 6a, the lower edge of this front wall 6 having an
      in-turned ledge 6b formed integrally therewith.
PAR  The case of this connector is completed by preferably triangular-sectioned
      side rods 8a, 9a, 10a and 8b, 9b, 10b extending from the plastic block and
      molded integrally therewith, these rods being longer than the ends 1a, 2a,
      3a and 1b, 2b and 3b of said metal sections; their function will be
      explained presently.
PAR  When this connector is used with current outlets of the type described and
      illustrated in the aforesaid U.S. Pat. No. 3,777,300, the current outlets
      11 are adapted to be fitted into the side portions of the connector case
      until they abut its central portion 4. In this case, each loop of said
      metal sections 1, 2, 3 is slidably engaged into one of the channels 12,
      13, 14 of the current outlet 11, and resiliently clamped therein, its free
      arm bearing freely against the rear face of the current outlet 11 while
      its other arm is resiliently clamped between the two arms of the electric
      strips or conductors 15, 16 and 17 lining the bottom of each channel 12,
      13, 14.
PAR  Thus, as illustrated in FIGS. 9 and 10, a resilient system is provided
      wherein the single plug-in force F1 (mostly a manual force, that is,
      without the use of any tool) is transformed into a considerably greater
      pressure or clamping force due to two simultaneous decompositions, of the
      wedge-action type, the first decomposition (F1 converted into F2 and F3)
      being made possible with wide manufacturing tolerance by the fact that the
      female portion is capable of undergoing substantial elastic deformations,
      thus permitting the proper occurence of the second decomposition (F3
      converted into F4 - F5) resulting this time from the deformation of the
      female portion, the strip along or with its support, whether the latter
      has undergone a deformation within or beyond the elastic limit of the
      material constituting said strip and/or its support.
PAR  The wedge constituted by the loop-shaped end portions 1a, 2a and 3a of
      conductors 1 to 3 causes the force F1, generally of manual origin, exerted
      during the plug-in step, to be decomposed into two double clamping
      reaction forces F2 and F3 considerably greater than F1. The force F3 is
      decomposed again into two other clamping forces F4 and F5 considerably
      greater than F3 and still greater than F1.
PAR  Simultaneously, the rods 8, 9 and 10 cover the slots 18, 19 and 20
      previously connecting the inner space of said channels to the outside, and
      through which access could be had beforehand to the metal sections 1, 2
      and 3 connected to the electric conductors 15, 16 and 17, so that serious
      accidents might occur.
PAR  The curved ends of the loop portions of metal wire sections 1, 2 and 3 may
      project from the front face 6 of the insulating case of the connector to
      an extent corresponding to the minimum length of the desired line contact
      between the wires and the conductors, as required to ensure a good
      electric contact therebetween; in this case it is only necessary that the
      end of the current lead-in to be connected up be engaged under the
      corresponding extension of the front face or wall of the case, in order to
      have the certainty that a line of contact of sufficient length is obtained
      between the metal wire sections of the connector and the electric
      conductors of the current lead-in.
PAR  Of course, the embodiment described hereinabove with reference to the
      drawings should not be construed as limiting the scope of the invention
      since various modifications may be brought thereto without departing from
      the basic principles of the invention.
PAR  Thus, notably, the plastic block 4, instead of being moulded integrally
      with the case 6, 6a and 7, as shown in FIG. 4, may be formed separately,
      possibly from a different plastic stock, this block 4 being simply fitted
      or welded for example by supersonic frequency welding to the walls of said
      case, as shown in FIG. 5; though the central portion of the connector,
      with its plastic block 4 and its case, is shown as constituting a flat
      element to permit the connecting up of aligned conductors, it may also be
      curved in any desired manner, notably by bending same at 90.degree. either
      inwards or outwards for making angular connections; if the electric
      conduits to be connected up do not form a standard angle between them, a
      flexible connection may be used as shown in FIG. 6, this connection
      consisting of a pair of plastic blocks 4a and 4b having embedded therein
      the stripped ends 21a and 21b of flexible wires 21 electrically connected
      to the inner ends 22a, 22b of electric wires having their outer ends
      formed into loops 23a, 23b similar to the loops 1a, 1b of the preceding
      Figures; the electric connection may be obtained by welding, as shown at
      24 in FIG. 6, or squashing a sleeve 25 as shown in FIG. 7; the use of a
      mask 26 may of course be contemplated; to connect current inlets or
      leadins as shown and described in said prior patent, a connection of the
      type illustrated in FIGS. 6 and 7 may be used, but only one-half thereof
      is maintained, the flexible wires 21 being connected to the other network
      or mains; instead of being connected externally to the network or mains as
      shown in FIGS. 6 and 7, the flexible wires 21 may be connected internally;
      in this last instance it is easier to connect them electrically to the
      loops 23a or 23b by welding or otherwise, as shown in FIG. 8; a cap 27
      acting as a protection mask and holding the connection 4a may be provided
      in this case.
PAR  Although typical embodiments of this invention have been shown and
      described herein, it will readily occur to those conversant with the art
      that various modifications and variations may be brought thereto without
      departing from the basic principles of the invention as set forth in the
      appended claims.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. Tool-free detachable connector comprising
PA1  a housing having a front face, a rear face spaced from and extending
      parallel to said front face and block means connecting said front and rear
      faces;
PA1  a plurality of wires each having a section embedded in said block means and
      end sections extending longitudinally from said block means;
PA1  said wires each consisting of a steel core having a tensile strength
      greater than 80 kilograms per square millimeter and each said core having
      a copper layer thereon with a thickness greater than 0.3 millimeter; and
PA1  each said end section of each said wire comprising two straight connected
      arms, the first straight arm being a longitudinal extension of said
      section embedded in said block means, and the second straight arm forming
      an acute angle with said first straight arm and thereby defining a
      resilient loop, each said arm adapted to provide longitudinally extending
      electrical contact as a connector.
NUM  2.
PAR  2. Connector according to claim 1 wherein said block means is centrally
      located in said connector and includes a plurality of channels
      corresponding to said wires, each channel having a centrally located
      depressed portion through which a respective wire is correspondingly
      depressed to prevent relative longitudinal movement.
NUM  3.
PAR  3. Connector according to claim 1 wherein said block means comprises a pair
      of individual spaced blocks within each of which said wires is embedded.
NUM  4.
PAR  4. Connector according to claim 3 wherein the faces are formed with part
      thereof at an incline so that said individual blocks have an angle
      relationship to each other, and each said individual wire includes a
      central flexible part extending longitudinally between said inclined
      blocks.
NUM  5.
PAR  5. Connector according to claim 1 wherein a plurality of rods are provided
      corresponding in number to said wires, each individual rod extending
      through said block means and alongside a respective wire for a distance
      slightly more than the length of an individual resilient loop.
PATN
WKU  039428567
SRC  5
APN  5354862
APT  1
ART  325
APD  19741223
TTL  Safety socket assembly
ISD  19760309
NCL  9
ECL  1
EXA  Goldberg; Howard N.
EXP  Lake; Roy
NDR  2
NFG  7
INVT
NAM  Mindheim, deceased; Daniel J.
STR  20020 Rodrigues Ave., Apt. D.
CTY  late of San Jose
STA  CA
INVT
NAM  Mindheim, executrix; by Joyce E.
STR  20020 Rodrigues Ave., Apt. D.
CTY  Cupertino
STA  CA
ZIP  95014
CLAS
OCL  339 74R
XCL  339 36
EDF  2
ICL  H01R 1354
FSC  174
FSS  67
FSC  339
FSS  36;39;40;42;78;79;74 R
UREF
PNO  2610999
ISD  19520900
NAM  Silver
OCL  339 36
UREF
PNO  2770786
ISD  19561100
NAM  Chelton
XCL  174 67
UREF
PNO  3775726
ISD  19731100
NAM  Gress
XCL  339 40
LREP
FRM  Flehr, Hohbach, Test, Albritton & Herbert
ABST
PAL  Safety socket assembly for use with a conventional wall outlet for
      preventing injury to persons such as children who insert foreign objects
      into the socket. Energization of the socket is controlled by a set of
      contacts, and the socket can only be energized when a plug is inserted
      therein. Once the plug is inserted and the socket energized, the plug is
      locked in place and cannot be removed until the socket is deenergized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to electrical outlets and connectors and
      more particularily to a safety socket assembly for preventing injury to
      persons such as children who insert foreign objects into the socket.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The safety socket assembly of the invention can be used with a conventional
      wall outlet, and it includes a socket which can only be energized when a
      plug is inserted therein. Energization of the socket is controlled by a
      set of contacts which are opened by a cam carried by a plunger. The
      plunger is movable between axially extended and retracted positions and
      between first and second rotative positions. The contacts are closed only
      when the plunger is extended and in its first rotative position, and a
      stop prevents movement of the plunger to the extended position unless a
      plug is inserted in the socket. A pin carried by the plunger passes
      through an opening in the prong of the plug inserted in the socket and
      prevents insertion or removal of the plug when the plunger is in the
      extended position.
PAR  It is in general an object of the invention to provide a new and improved
      safety socket assembly.
PAR  Another object of the invention is to provide a safety socket assembly of
      the above character which is suitable for use with a conventional wall
      outlet.
PAR  Another object of the invention is to provide a safety socket assembly of
      the above character in which a socket is deenergized unless a plug is
      inserted therein.
PAR  Additional objects and features will be apparent from the following
      description in which the preferred emblodiment is set forth in detail in
      conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of a safety socket assembly
      according to the invention, illustrating the use of the assembly with a
      conventional wall outlet.
PAR  FIG. 2 is a frangmentary sectional view of the safety socket assembly of
      FIG. 1, illustrating the plunger in its extended position, with the socket
      energized.
PAR  FIG. 3 is a cross sectional view taken along line 3--3 in FIG. 2.
PAR  FIG. 4 is a fragmentary sectional view of the socket assembly of FIG. 1,
      illustrating the plunger in its extended position, with the socket
      deenergized.
PAR  FIG. 5 is a cross sectional view taken along line 5--5 in FIG. 4.
PAR  FIG. 6 is a fragmentary sectional view of the socket assembly of FIG. 1,
      illustrating the plunger in its retracted position, with the socket
      deenergized.
PAR  FIG. 7 is a cross sectional view taken along line 7--7 in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the socket assembly, designated generally by reference numeral
      10, is illustrated in connection with a conventional duplex wall outlet
      having a pair of sockets or receptacles 12, 13 for receiving the plug of
      an electrical appliance. Socket assembly 10 includes a generally
      rectangular housing 16 which is adapted to be mounted on the front of
      outlet 11 in place of conventional cover plate. In the preferred
      embodiment, housing 16 is fabricated of an insulative material such as
      plastic, and it includes a front wall 17, a rear wall 18, a top wall 19, a
      bottom wall 21, and end walls 22, 23. The socket assembly is secured to
      the outlet by means of a mounting screw 24 which extends through the
      assembly and engages a threaded opening 26 in the outlet. Such openings
      are commonly provided in wall outlets for receiving the mounting screws of
      cover plates.
PAR  The socket assembly also includes a pair of electrically conductive pins
      31, 32 which extend from the rear wall 18 of housing 16. These pins are
      positioned to extend into sockets 12 and 13 and make contact with the
      energized conductors therein when the socket assembly is mounted on the
      outlet.
PAR  A socket 36 is provided in housing 16 for receiving the plug 37 of an
      electrical appliance. In the embodiment illustrated, this socket includes
      contacts 38 and 39 for engaging the prongs 41 of plug 37. The socket also
      includes openings 42 formed in the top wall 19 of the housing in alignment
      with contacts 38, 39.
PAR  Two sets of contacts 46, 47 are mounted in housing 16 and control the
      energization of socket 36. The first set includes a movable contact 48,
      which is connected to pin 31 by a suitable conductor, not shown, and a
      fixed contact 49 which is connected to socket contact 39 by a conductor
      51. The second set includes a movable contact 52 connected to pin 32 by a
      suitable conductor, not shown, and a fixed contact 53 connected to socket
      contact 38 by a conductor 54. As illustrated, movable contacts 48 and 52
      are mounted on a mounting block 56 carried by the rear wall 18 of housing
      16, and the contacts are biased toward a normally open position, i.e. out
      of engagement with contacts 49 and 53.
PAR  A control arm comprising a generally cylindrical plunger 56 is rotatively
      mounted in housing 16 and movable between axially extended and retracted
      positions. For this purpose, the outer portion of the plunger is
      journalled in an opening 57 formed in end wall 22, and the inner portion
      is journalled in an opening 58 formed in a mounting block 59. A control
      lever 61 is fixed to the housing for moving the plunger between its
      extended and retracted positions and between first and second rotative
      positions.
PAR  A cam 62 carried by plunger 56 is aligned with contacts 46 and 47 when the
      plunger is in its extended position. In the preferred embodiment, cam 62
      is formed integrally with the plunger, and it consists of a half round
      section, as best seen in FIGS. 3 and 5. Adjacent to the half round cam
      section, plunger 56 is formed to include a quarter round section 63 which
      is aligned with the contacts when the plunger is in its retracted
      position.
PAR  A locking pin 66 extends axially from the inner end of plunger 56 in
      position to extend through the opening 67 in the prong of a plug inserted
      in socket 36 when the plunger is in its extended position. As discussed
      more fully hereinafter, the locking pin prevents removal or insertion of a
      plug when the plunger is in its extended position.
PAR  Means is provided for preventing movement of the plunger to its extended
      position when no plug is in socket 36. This means includes a resilient
      stop arm 71 mounted at one end to a mounting block 72. In its rest
      position, the free end of the arm is aligned axially with the plunger and
      serves as a stop or limiting abutment for the same. A knife edge 73
      carried by arm 71 is positioned to be engaged by the prong of a plug
      inserted in socket 36, whereby the arm is deflected out of alignment with
      the plunger when a plug is inserted in the socket.
PAR  Operation and use of the safety socket assembly can now be described. It is
      assumed that the assembly has been mounted on the face of a conventional
      wall outlet which is energized in the usual manner. Before a plug 37 is
      inserted into socket 36, plunger 56 is moved to its second rotative
      position and withdrawn or retracted, as illustrated in FIG. 6. The plug is
      then inserted into the socket, and one prong of the plug deflects stop arm
      71 out of alignment with plunger 56. The plunger is then moved to its
      extended position and rotated to its first rotative position whereupon cam
      62 engages contacts 48 and 52, closing the contacts and energizing socket
      36.
PAR  Removal of the plug while the socket is energized is prevented by the
      presence of locking pin 66 in the opening 67 in prong 41. In order to
      remove the plug, it is first necessary to deenergize the socket by moving
      the plunger to its retracted position. With the plunger in the retracted
      position, contacts 46 and 47 will be open and the socket will be
      deenergized regardless of the rotative position of the plunger.
PAR  Stop arm 71 prohibits movement of the plunger to the extended position
      unless a plug is present in the socket. In the event that someone deflects
      the stop arm by means of a solid object inserted into the socket, pin 66
      will strike the solid object and prevent further movement of the plunger
      toward the extended position.
PAR  The invention has a number of important features and advantages. It
      provides a safety socket assembly on which a socket can only be energized
      when a plug is inserted in it. Once the plug is inserted and the socket
      energized, the plug is locked in place and cannot be removed until the
      socket is deenergized. Consequently, foreign objects can only be inserted
      when the socket is deenergized and there is no danger of shock or other
      injury. If desired, more than one protected socket can be included in a
      single assembly. For example, a second socket can be provided along the
      bottom wall of the embodiment disclosed.
PAR  It is apparent from the foregoing that a new and improved safety socket has
      been provided. While only the preferred embodiment has been described, as
      will be apparent to those familiar with the art, certain changes and
      modifications can be made without departing from the scope of the
      invention as defined by the following claims.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. In a safety socket assembly: a socket for receiving the prongs of the
      connecting plug of an electrical appliance, a set of contacts for
      connecting the socket to a source of electrical energy when closed, a
      control arm movablee relative to the contacts and socket between extended
      and retracted positions and between first and second rotative positions, a
      cam carried by the control arm for holding the contacts in a closed
      position when the control arm is extended and in its first rotative
      position, the contacts being open when the control arm is retracted or in
      its second rotative position, a pin carried by the control arm positioned
      to extend through an opening in one of the prongs of a plug inserted in
      the socket to prevent removal of the plug when the control arm is in its
      extended position, and means for preventing movement of the control arm to
      the extended position when no plug is in the socket.
NUM  2.
PAR  2. The socket assembly of claim 1 wherein the control arm and cam are
      formed as a unitary structure comprising an elongated cylindrical plunger
      having a half round section positioned for engaging the contacts when the
      control arm is in its extended position.
NUM  3.
PAR  3. The socket assembly of claim 2 wherein the plunger also has a quarter
      round section positioned for alignment with the contacts when the control
      arm is retracted, said quarter round section being oriented so that it
      does not engage the contacts to close the same when the control arm is in
      either rotative positions.
NUM  4.
PAR  4. The socket assembly of claim 1 wherein the means for preventing movement
      of the control arm comprises a stop biased toward a rest position in
      alignment with the control arm and serving as a limiting abutment for the
      control arm when in the rest position, said stop including a portion
      adapted to be engaged by the prong of a plug inserted in the socket
      whereby the stop is moved out of alignment with the control arm when the
      plug is inserted.
NUM  5.
PAR  5. The socket assembly of claim 1 wherein the elements named therein are
      mounted in a housing adapted to be mounted on the front of a conventional
      wall outlet, said assembly further including a pair of conductive pins
      connected to the contacts and extending from the housing for contacting
      the conductors in the outlet.
NUM  6.
PAR  6. The assembly of claim 5 further including a mounting screw extending
      from the housing for securing the assembly to the outlet.
NUM  7.
PAR  7. In a safety socket assembly: a housing adapted to be mounted on the
      front of a conventional wall outlet, a pair of conductive pins extending
      from the housing for making electrical contact with the conductors in the
      outlet, a socket carried by the housing for receiving the prongs of the
      plug of an electrical appliance, a generally cylindrical plunger
      rotatively mounted in the housing and movable between first and second
      axial positions, a locking pin extending axially from one end of the
      plunger and positioned to extend through an opening in one of the prongs
      of a plug inserted in the socket to prevent removal of the plug when the
      plunger is in its first position, said pin being withdrawn from the socket
      to permit insertion and removal of the plug when the plunger is in its
      second position, a set of contacts connected to one of the conductive pins
      and to the socket for making a circuit between the pin and socket when
      closed, means connecting the second conductive pin to the socket, a cam
      carried by the plunger positioned for closing the contacts to energize the
      socket when the plunger is in its first axial position and in a
      predetermined rotative position, and means for preventing movement of the
      plunger to its first position when no plug is in the socket.
NUM  8.
PAR  8. The socket assembly of claim 7 wherein the means for preventing movement
      of the plunger comprises a movable stop biased toward a rest position in
      axial alignment with the plunger and serving as a limiting abutment for
      the plunger when in the rest position, said stop being adapted for being
      engaged by the prong of a plug inserted in the socket whereby the stop is
      moved out of alignment with the plunger when the plug is inserted.
NUM  9.
PAR  9. The socket assembly of claim 7 further including a mounting screw
      extending through the housing for engaging a threaded opening in the
      outlet to secure the assembly to the outlet.
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ABST
PAL  A device is disclosed for mounting an electrical apparatus on standard
      channel iron comprising a stand portion, a mechanical gripping portion and
      an electrical contact portion. One edge of the channel iron is engaged by
      a notch in said stand portion while the opposite edge is engaged between
      the stand portion and one end of the mechanical gripping portion.
PAL  The other end of the mechanical gripping portion engages the electrical
      apparatus and serves to correctly position such apparatus. The electrical
      contact portion is inserted into a corresponding connector in the
      electrical apparatus.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention concerns a device for fixing control panel equipment
      on standard section irons or ledges and comprising, inserted between them,
      an insulating support provided with a mechanical part and an electrical
      contact. It relates more particularly to the structure of that
      intermediate support and to the related parts constituting the device and
      aiming at enabling more particularly the installing of the latter on one
      or the other of the section irons of at least two standard types.
PAC  DESCRIPTION OF PRIOR ART
PAR  Devices known and used up till now make use either of the insertion of
      fast-installing parts, in the stand or housing of the equipment which must
      be designed for that purpose, or of special section irons more
      particularly provided with hooks for effecting the appropriate installing
      operations. To simplify the devices having integrated installing parts in
      the equipment, the use of a locking latch which pivots and is built onto
      the said equipment which may then be directly arranged on the section iron
      at the required place has been proposed; but the controlling of the
      pivoting complicates the original simplicity and, in any case, always
      entails the use of special equipment suited to the said latch.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to take advantage of the versatility
      of use afforded by an intermediate part independent from the two elements
      to be joined together and between which it is inserted. The use both of
      standard section irons of the most current types and of equipment having
      also standard dimensions and installing means, that is, mass-produced
      parts which may be manufactured in economical series and which are
      suitable for wide commercial distribution, instead and in place of special
      parts in strictly limited numbers and for strictly limited uses, which
      have a high cost, are more particularly referred to.
PAR  Moreover, one and the same type of device which is suitable for the
      assembling of parts of several types makes it possible to produce greater
      series of the said devices and to simplify the stocking thereof since this
      is a unique type instead of several types to be kept in stock.
PAR  The essential feature of the invention resides in the fact that the
      mechanical part connected with the inserted stand plays a part
      simultaneously in the fixing by clamping of the stand optionally on any
      one of the standard section irons provided and in the installing, by
      pivoting, of the equipment on the said stand.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention is also extended to the characteristics resulting from an
      embodiment described hereinafter, having no limiting character, in order
      better to explain the object and with reference to the drawing, in which:
PAR  FIG. 1 is an exploded perspective view of the installing device according
      to the invention;
PAR  FIG. 2 shows a transversal cross-section view of the device in FIG. 1,
      installed on a section iron of a standard type;
PAR  FIG. 3 shows a cross-section view similar to that in FIG. 2 of the same
      device installed on a section iron of another standard type.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, a mechanical part 2 and an electrical contact 3 are
      installed at and connected to the two ends of the stand 1. The mechanical
      part 2 is fixed to the stand 1 by means of a screw 4 passing through the
      hollow part 6 of said stand 1 and screwing into the tapped hole 5 of the
      mechanical part 2 whose plane portion containing the said hole 5 is
      applied under the stand 1. The contact 3 is fixed to the stand 1 by means
      of a screw 7, crossing through the said contact 3 by means of the hole 9,
      and the said stand 1 by means of the hole 10 and being screwed into the
      nut 8.
PAR  As seen in FIG. 2, the stand 1, made of insulating material, is fixed on
      the standard section iron 11 having symetrical flanges 12. To arrange the
      stand on the section iron, the screw 4 being partly screwed in, the
      mechanical part 2 is pushed back towards the right, as seen in FIG. 1
      until the screw 4 bears against the righthand side of the hollow part 6.
PAR  The hollow part 13 of the stand 1 is then engaged on the left flange 12 of
      the section iron 11 and the mechanical part 2 is brought back towards the
      left, encircling the right wing of the section iron 11 between the stand 1
      and the flat portion 14 of the said part 2. The stand 1 can then no longer
      release itself from the section iron 11 along which it may nevertheless
      slide freely as long as the screw 4 is not tightened.
PAR  When the stand 1 has been brought into the position provided on the section
      iron 11, the screw 4 then needs only to be tightened to obtain the holding
      in position of the device. The installing of the equipment 15, which has a
      manual control lever 16 then remains to be effected, positioning the
      hollow portion 17 of the housing of the equipment is in front of the flat
      portion 18 forming a curved back end of the part 2.
PAR  The flat portion 18 acts as an articulation hook for the equipment 15 in
      the hollow portion 17 of the housing of which it is inserted obliquely to
      avoid that blade 19 of the electrical contact 3; then, by a pivoting
      movement about the articulation 17, 18, the said blade 19 is plugged into
      the female contact 20 situated in the hollow portion 21 of the equipment
      15.
PAR  In FIG. 3, the stand 1 is fixed onto a standard section iron 22 having an
      unsymetrical cross-section. One of the ends 22a of the section iron 22 is
      clamped between the stand 1 and the flat portion 14 of the mechanical part
      2 in a like manner to that of the section iron 11 in FIG. 2. The other end
      of the section member 24, is recessed in the space 23 between a hollow
      portion of the stand 1 and a portion of the mechanical part 2. To arrange
      the stand on the section iron, the same method is used as that in the
      description relating to FIG. 2, considering that it is the space 23 which
      is engaged on the end 24 of the section iron 22 and that the mechanical
      part 2 is brought back towards the left, encircling the other end of the
      section iron between the stand 1 and the flat portion 14 of the said part
      2.
PAR  It is self-evident that this device is interesting only because of the
      substantial progress and rapid development of the practice of
      standardization both in the branch of section irons for the fixing of the
      stand and in that of the measurements and dimensions of the electric plugs
      and of the fixing means for the equipment for the installing of the latter
      on the stand. The search for dimensional interchangeability and for
      assemblies making rapid changing easy, shows that the present invention is
      developing in the current direction of progress and of industrial
      applications whose effectiveness is no longer questioned.
PAR  It must be understood that the example shown has no exhaustive character.
      Thus, the producing of parts, such as the electrical contact or else the
      mechanical parts having two functions may be effected by any technological
      means other than that of the folding at present recommended. Likewise, the
      fixing of these parts on the stand may be effected by any other means than
      by the screws and nuts which have been described.
PAR  This invention is not limited to the embodiment described but comprises all
      variants corresponding to the general definition which has been given
      thereof and which defines the technical branch which the present
      application is intended to protect.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for mounting electrical equipment on a channel iron having at
      least one lateral flange of varying shape and dimensions comprising:
PA1  a. a stand portion of insulating material;
PA1  b. a mechanical gripping part located adjacent a first end of said stand
      portion, said gripping part having a first portion to grip said electrical
      equipment and an integral, second portion to grip said channel iron;
PA1  c. adjustable means to fasten said mechanical gripping part to said stand
      portion such that said mechanical gripping part is adjustable with respect
      to said stand portion and such that a portion of the lateral flange is
      engaged between the mechanical gripping part and the stand portion; and
PA1  d. an electrical contact part affixed to said stand portion adjacent a
      second end of said stand portion such that said electrical contact part
      engages a corresponding electrical connector in said electrical equipment.
NUM  2.
PAR  2. The mounting device of claim 1 wherein said adjustable fastening means
      comprises:
PA1  a. a slot through said stand portion;
PA1  b. a threaded hole through said mechanical gripping part; and
PA1  c. a threaded fastener inserted through said slot and engaging said
      threaded hole.
NUM  3.
PAR  3. The mounting device of claim 1 wherein said stand portion has a
      centrally located recessed portion.
NUM  4.
PAR  4. The mounting device of claim 1 wherein said stand portion has a
      depending member, said depending member having a slot therein to engage
      one side of said channel iron.
NUM  5.
PAR  5. The mounting device of claim 1 wherein said stand portion has a
      plurality of projection portions, projecting from said first end to engage
      one side of said channel iron.
NUM  6.
PAR  6. The mounting device of claim 1 wherein said mechanical gripping part has
      the second end portion engaging one side of said channel iron and the
      first end portion engaging said electrical equipment.
NUM  7.
PAR  7. The mounting device of claim 6 wherein said first and second end
      portions are located in parallel planes.
NUM  8.
PAR  8. The mounting device of claim 7 wherein said first and second end
      portions are connected to a mid portion parallel to said first and second
      end portions, by two walls perpendicular to the planes of said first and
      second end portions.
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ABST
PAL  A lamp socket arranged to facilitate inserting of base pins of a lamp and
      to securely hold said pins after inserting by providing fixing members
      having holes for inserting said base pins and pushing members for fixing
      said base pins.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the invention:
PAR  The present invention relates to a lamp socket and, more particularly, to a
      lamp socket for a lamp with a bipin type base.
PAR  B. Description of the prior art:
PAR  Conventional lamp sockets widely used for lamps with the bipin type base
      are of such type that the lamp is mounted by pushing base pins of the lamp
      into spaces between plate springs. As, however, strength of the base pin
      mounting portion of base pins of the bipin type base is low, it is
      impossible to increase the elastic pressure of plate springs and,
      consequently, it is impossible to make the contact resistance small. As
      the contact resistance thus becomes necessarily large, heat generation is
      also large. Because of such heat generation, base pins and plate springs
      cause oxidization and they tend to cause poor contact. Furthermore,
      because of the fact that the lamp is mounted by inserting base pins into
      spaces between plate springs though the elastic pressure is low, the
      mounting operation is difficult and, therefore, the lamp cannot be mounted
      or dismounted easily. Thus, conventional lamp sockets for said lamps have
      various disadvanatages.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, the principal object of the present invention to provide
      a lamp socket for a lamp with a bipin type base arranged to push open
      holes for inserting base pins, which are formed in fixing members mounted
      to the lamp socket, resisting against spring force, said base pins being
      mounted to said fixing member by spring force after inserting said base
      pins.
PAR  Another object of the present invention is to provide a lamp socket for a
      lamp with a bipin type base comprising a fixing member having slots
      mounted to the lamp socket and levers rotatably mounted to said fixing
      members by their ends on one side which are inserted into said slots of
      said fixing members and urged in pre-determined direction by springs, said
      base pins being mounted to the lamp socket by means of said lever.
PAR  Still another object of the present invention is to provide a lamp socket
      for a lamp with a bipin type base comprising fixing members having holes
      and mounted to the lamp socket and slide members slidably fitted to said
      fixing member and urged in pre-determined direction by means of springs,
      base pins of the lamp being inserted into said holes and then fixed by
      force of said springs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a perspective view illustrating a first embodiment of the
      present invention;
PAR  FIG. 2 shows a sectional view of the fixing member of said first
      embodiment;
PAR  FIG. 3 shows a perspective view illustrating a second embodiment of the
      present invention;
PAR  FIG. 4 shows a plan view of the fixing member of said second embodiment;
      and
PAR  FIG. 5 shows a sectional view of the fixing member of said second
      embodiment taken along the line V-V in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to embodiments illustrated on accompanying drawings, concrete
      contents of the present invention are described below. In FIG. 1, which
      shows a first embodiment, numeral 1 designates a lamp with a bipin type
      base, numerals 2 and 3 respectively designate base pins of the lamp 1 and
      numeral 11 designates a lamp socket body which is used by mounting, for
      example, to a microscope. Numeral 12 designates an insulating plate
      mounted on the top surface of the lamp socket body 11. Numerals 13 and 14
      designate a pair of fixing members fixed on the surface of the insulating
      plate 12 and made of electrically conductive material, said fixing members
      13 and 14 being respectively connected to cords 5 and 6. Said fixing
      members 13 and 14 respectively have slots 15 and 16. Numeral 17 and 18
      designate levers respectively inserted into slots 15 and 16 formed in
      fixing members 13 and 14 and are pivotably mounted to a pin 19 which is
      mounted passing through said fixing members 13 and 14. Numerals 21 and 22
      designate springs respectively wound around both ends of said pin 19. Ends
      of said springs 21 and 22 on one side are respectively hooked to ends of
      levers 17 and 18 and the other ends of said springs 21 and 22 are
      respectively arranged to push the surface of the insulating plate by their
      spring forces. Consequently, ends of levers 17 and 18 are always kept
      pushed up by forces of respective springs 21 and 22. FIG. 2 shows a
      sectional view of the fixing member which is taken in the direction along
      its slot. (As fixing members 13 and 14 have the substantially same
      construction, FIG. 2 shows only one of them.) As it is evident from FIG.
      2, the pivoted end 17b of the lever 17 is bent upward. At the innermost
      portion of the slot 15 formed in the fixing member 13, a space is provided
      between the bent end portion 17b of the lever 17 and the fixing member 13,
      and it is so arranged that this space becomes wide when the free end 17a
      of the lever 17 is pushed down and becomes narrow when the free end 17a of
      the lever 17 is pushed up.
PAR  Function of the first embodiment of the present invention having the
      construction as described in the above is as described below. To mount the
      lamp 1 to the lamp socket, free ends 17a and 18a of levers 17 and 18 are
      first pushed down together by a finger. Thus, bent portions 17band 18b at
      pivoted ends of levers 17 and 18 move upward, spaces formed between said
      bent portions and innermost portions of slots 15 and 16 of fixing members
      13 and 14 become wide and base pins 2 and 3 of the lamp 1 can be easily
      inserted into those spaces. When base pins 2 and 3 are completely
      inserted, the finger which is pushing levers 17 and 18 is released from
      those levers. Thus, free ends 17a and 18a of levers 17 and 18 are pushed
      up by forces of springs 21 and 22 and, consequently, bent portions 17b and
      18b at pivoted ends of those levers are moved downward and said spaces
      become narrow. In other words, bent portions 17b and 18b  of levers 17 and
      18 push base pins 2 and 3, which are inserted to said spaces against
      innermost portions of slots 15 and 16 of fixing members 13 and 14 and fix
      those base pins 2 and 3.
PAR  As explained in the above, the lamp socket according to the above
      embodiment of the present invention allows to mount and dismount the lamp
      after making spaces between bent end portions of levers and innermost
      portions of slots wide enough for easily inserting base pins by pushing
      those levers down. Therefore, the lamp can be mounted and dismounted quite
      easily. Moreover, when levers which are pushed down are released after
      inserting base pins, levers are pushed up and base pins are powerfully
      pushed by bent portions of levers against innermost portions of slots. As
      a result, the lamp is held firmly and the contact resistance becomes
      small.
PAR  Now, a second embodiment of the lamp socket according to the present
      invention is described below. In FIG. 3, numeral 31 designates a lamp
      socket body and numeral 32 designates a insulating plate which are same as
      the lamp socket body 11 and insulating plate 12 of the first embodiment.
      Numerals 33 and 34 designate fixing members made of electrically
      conductive material and fixed on the surface of the insulating plate 32.
      These fixing members 33 and 34 respectively have guide holes 35 and 36. To
      said guide holes 35 and 36, slide members 37 and 38 are respectively
      fitted so that slide members 37 and 38 can be slided along guide holes 35
      and 36. Numerals 39 and 40 respectively designate support members fixed on
      the surface of the insulating plate 32. Numerals 41 and 42 respectively
      designate compression coil springs, ends thereof on one side are
      respectively fixed by set screws 43 and 44, which are mounted to end faces
      of slide members 37 and 38 on one side. The other ends of said compression
      coil springs 41 and 42 are respectively fixed to support members 39 and
      40. By these compression coil springs 41 and 42, slide members 37 and 38
      are respectively kept pushed in one direction. Besides, set screws 43 and
      44 respectively contact end faces 33a and 34a of fixing members 33 and 34,
      when slide members 37 and 38 are moved by forces of said compression coil
      springs 41 and 42, and serve to prevent further movement of slide members
      37 and 38.
PAR  In FIG. 4 and FIG. 5, the fixing member 33 and its related component parts
      are shown by enlarging. (As the fixing member 34 has the same construction
      as that of the fixing member 33, these figures show the fixing member 33
      only.) FIG. 4 shows a plan view of the fixing member 33 and FIG. 5 shows a
      sectional view taken along the line V--V in FIG. 4. In these figures,
      numeral 45 designates a hole which is provided in the upper part of the
      fixing member 33 and to which the base pin 2 of the lamp 1 is to be
      inserted. Numeral 47 designates a hole formed in the lower part of the
      fixing member 33 and having a diameter larger than that of the hole 45.
      Numeral 49 designates a hole formed in the slide member 37. Said hole 49
      has a sector-like shape, that is, it radius of arc at the portion near the
      projecting portion 37a of the slide member 37 is larger and its radius of
      arc at the portion on the other side is smaller.
PAR  In the following, the function of the lamp socket according to the second
      embodiment is described. To mount the lamp to the lamp socket, projecting
      portions 37a and 38a of slide members 37 and 38 are pushed together by a
      finger to move slide members 37 and 38 in the direction shown by the
      arrowhead by compressing compression coil springs 41 and 42. When
      projecting portions 37a and 38a finally contact upper portions of fixing
      members 33 and 34, slide members 37 and 38 stop. In that position, the
      hole 45 is aligned with portion of larger radius of arc of the hole 49 as
      it is evident from FIG. 4 and FIG. 5. Therefore, base pins 2 and 3 of the
      lamp 1 are inserted easily. (As already described, the fixing member 34
      and its related component parts have the same construction as the fixing
      member 33 and its related component parts. Therefore, both of base pins 2
      and 3 can be inserted smoothly into corresponding holes provided to
      respective fixing members.) When the finger which is pushing projecting
      portions 37a and 38a is then released, slide members 37 and 38 are
      respectively pushed back in the direction opposite to the arrowhead by
      forces of compression coil springs 41 and 42. Because of the fact that the
      hole 49 provided to this slide member 37 is of the sector-like shape (the
      hole provided to the slide member 38 is also of the same shape), the
      portion of the smaller radius of arc of the hole 49 comes to the position
      of the hole 45 formed in the upper part of the fixing member 33 by the
      above-mentioned movement of the slide member 37. Consequently, the pin 2
      is pushed by this portion of the hole 49 having the smaller radius of arc
      against walls on one side of holes 45 and 47 of the fixing member 33. (The
      above-mentioned actions are taken place in the same way also for the
      fixing member 34 and slide member 38.) Therefore, base pins 2 and 3 of the
      lamp 1 which are inserted are held by walls of holes provided to upper and
      lower portions of both fixing members and wedge-like portions of holes,
      which have smaller radius of arc, of both slide members. Furthermore, as
      base pins are clamped by wedge-like portions of holes, the clamping forces
      become larger than forces given by springs and the lamp is fixed firmly.
      That is, when the half angle of the hole 49 is represented by reference
      symbol .theta. (refer to FIG. 4) and force of the compression coil spring
      is represented by reference symbol F, the force N which is applied to each
      of base pins 2 and 3 becomes
      ##EQU1##
      according to the theory of wedge. If, for example, .theta. = 15.degree.,
      it becomes N = 2F, and base pins 2 and 3 are respectively pushed by forces
      which are twice the force F of each compression coil spring. Therefore,
      even when the spring force is made weak, base pins are clamped by large
      forces and operation of slide members 37 and 38 is very easy.
PAR  To dismount the lamp 1, projecting portions 37a and 38a of slide members 37
      and 38 are pushed by a finger in the direction shown by the arrowhead and
      slide members 37 and 38 are moved by compressing compression coil springs
      41 and 42 until projecting portions 37a and 38a contact fixing members 33
      and 34. By this operation, portions of larger radius of arc of holes 49
      formed in slide members 37 and 38 move to positions where they are aligned
      with holes 45 and 47, thus clamping of base pins 2 and 3 is released.
      Therefore, base pins 2 and 3 can be pulled out quite easily.
PAR  In the above-mentioned second embodiment, holes 49 provided to slide
      members are of the sector-like shape. However, the shape of holes is not
      limited to that shape but it is possible to adopt any shape which provides
      an action equivalent to the above. That is, any shape can be adopted
      provided that at least one side surface of the hole is arranged at an
      angle against the moving direction of the slide member.
PAR  As explained in the above, for to the second embodiment, base pins can be
      inserted quite easily because they are inserted to portions of larger
      radius of arc of holes in slide members by pushing those slide members
      against spring forces. Besides, when the force for pushing slide members
      is released after inserting, base pins are fixed by spring forces.
      Therefore, the lamp can be mounted very easily and held with high
      reliability. Further, when holes in slide members are formed in the
      sector-like shape or the like, forces to clamp base pins become large even
      when spring forces are weak, and the lamp can be held with still higher
      reliability.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lamp socket having a body comprising:
PA1  at least one fixing member mounted on said body having groove means for
      receiving the base pins of a lamp with said base pins each having a
      longitudinal axis;
PA1  at least one pushing member having at least one lever arm and an end
      portion inserted in said groove means, said pushing member being pivotally
      mounted, adjacent to said fixing member, about an axis which extends
      substantially prependicular to the longitudinal axis of the base pins,
      spring means mounted on said fixing member, said spring means normally
      biasing said pushing member against the base pins of a lamp inserted in
      said groove means to thereby bias the base pins against said fixing member
      with said spring means applying a force to said pushing member in a
      generally longitudinal direction relative to the axes of the base pins,
      said pushing member being releasable from biasing the base pins against
      said fixing member when said pushing member is displaced a predetermined
      distance against the applied force of said spring means to thereby permit
      a substantially resistance free insertion of the base pins within the said
      groove means in a substantially resistance free removal of the base pins
      from said groove means.
NUM  2.
PAR  2. A lamp socket having a body comprising:
PA1  at least one fixing member mounted on said body having aperture means for
      receiving base pins of a lamp, said fixing member also having at least one
      guide hole;
PA1  at least one pushing member slidably disposed within said guide hole of
      said fixing member, said pushing member having spring means and wedge hole
      means for holding the base pins, said wedge hole means having at least one
      side portion thereof formed as a surface inclined with respect to the
      moving direction of said pushing member, said spring means normally
      biasing said pushing member against base pins of a lamp inserted in said
      aperture means to thereby bias the base pins against said fixing member,
      said spring means applying a force to said pushing member in a
      predetermined direction, said pushing member being releasable from biasing
      the base pins against said fixing member when said pushing member is
      displaced a predetermined distance against the applied force of said
      spring means to thereby permit a substantially resistance free insertion
      of the base pins within said aperture means and a substantially resistance
      free removal of the base pins from said aperture means.
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PAL  A safety power conductor is disclosed in which the conductor includes
      light-emitting means in electrical communication with the conductor to
      signal the location of the conductor and the presence of an electrical
      potential in the conductor with respect to an electrical base or ground.
      The light emitting means is capable of transmitting the light signal both
      along the length of the conductor and laterally through the insulation or
      the covering of the conductor, at least at points spaced along the length
      of the conductor to provide a visible indication of both the actual
      location of the conductor and the fact that the conductor is in circuit
      with a source of electricity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electrical conductors and is concerned,
      more particularly, with electrical conductors for services in which the
      location and status of the conductor are of concern in the utilization and
      servicing of the conductor and the equipment which is to be served by the
      conductor.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  Power cables such as domestic extension cords and the heavier industrial
      cords which are used in construction, welding and the like, as well as
      those which are installed in relatively inaccessible areas, such as occurs
      in aircraft or boats, have presented certain problems.
PAR  Where movable cords or cables are used in the home or in industrial areas,
      they present a distinct safety hazard in poor lighting conditions and
      frequently are the cause of accidents, primarily because of tripping over
      such conductors or hitting such conductors with equipment which is
      detrimental to its structure or insulating integrity.
PAR  This problem has been endured without a positive and reliable means for
      signalling the location of the cords or cables. Usually, where the problem
      is recognized as being of significance, the attempts to improve the
      situation have included the expedient of maintaining at least a minimum of
      lighting and resultant visibility in the area in which the cables are to
      be moved or utilized. However, in the absence of rigid safety rules and a
      constant enforcement of these rules, there is a tendency for laxity in
      establishing and maintaining the necessary lighting level and a consequent
      continuance of accidents. This is especially true in the case of cords
      which are used for home movie projection or the presentation of similar
      visual displays in auditoriums, in which cases it is either unsuitable or
      quite difficult to provide adequate safety lighting without special
      lighting fixtures.
PAR  In cases in which conductors are permanently installed in inaccessible
      areas such as in the fuselage of aircraft or in the hulls of boats, it is
      often extremely difficult to "trouble-shoot" electrical problems because
      of the obscure location of the conductors and the consequent need to
      employ tracing means to detect "open" circuits or otherwise malfunctioning
      circuitry.
PAR  Therefore, the prior electrical conductors have not been found to be
      entirely satisfactory for all services.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the preferred form of conductor line of the present invention
      comprises a conductor having an insulating covering, and light emitting
      means for emitting light laterally and along at least a portion of the
      length of the conductor, the light emitting means being actuateable in
      response to the presence of an electrical potential in said conductor.
PAR  Preferably, the conductor line of the present invention includes an
      elongated tubular channel in the covering of the conductor and extended
      longitudinally thereof, and the light emitting means is positioned in the
      tubular channel and is in electrical communication with the conductor.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide an electrical conductor
      which is safe and which is self-indicating of the presence of an
      electrical potential therein.
PAR  It is another object of the present invention to provide a portable
      electrical conduit which is visible in the absence of ambient lighting.
PAR  It is another object of the present invention to provide a movable
      electrical conductor which is flexible, for convenience of positioning and
      repositioning, and which is visible in both its original position and a
      subsequent position regardless of the presence or absence of ambient
      light.
PAR  It is a still further object of the invention to provide a portable
      electrical conductor which is flexible for convenience of positioning and
      repositioning and which is responsive to the presence of an electrical
      potential therein to provide a visual indication of its position
      regardless of the presence or absence of ambient light.
PAR  Another object of the present invention is the provision of an electrical
      conductor which is visible along its length regardless of the presence or
      absence of ambient light.
PAR  A further object of the present invention is the provision of an electrical
      conductor which is responsive to the presence of an electrical potential
      therein to provide a visual indication of the presence of the electrical
      potential therein.
PAR  A still further object of the present invention is the provision of an
      electrical conductor which is responsive to the presence of an electrical
      potential therein to provide a visual indication along its length to
      exhibit the presence of the electrical potential.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the invention, as well as a better understanding
      thereof may be derived from the following description and the accompanying
      drawings, in which:
PAR  FIG. 1 is a side view of the preferred form of twinconductor of the present
      invention;
PAR  FIG. 1a is a view similar to FIG. 1, on an enlarged scale, showing a
      modified form of the invention;
PAR  FIG. 2 is a sectional view taken along the lines 2--2 of FIG. 1;
PAR  FIG. 3 is a side view, similar to that of FIG. 1 and showing a modified
      form of the invention; and
PAR  FIG. 4 is a sectional view taken along the lines 4--4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1 and 2, the preferred form of the present invention
      comprise an electrical line or cable 1 having a pair of parallel
      electrical conductors 2 and 3, respectively, which are separated and
      insulated by an insulating covering 4. At its opposite ends 5 and 6, the
      cable is provided with male and female terminal fittings 7 and 8,
      respectively, for receiving an electrical potential from a source-fitting
      (not shown) for transmission to a remote location at the opposite end of
      the cable.
PAR  The fittings 7 and 8 include connectors 12, 13 and 12a, 13a, respectively,
      which provide electrical contact of their associated conductor 2 and 3,
      respectively, with contact fittings exterior of the cable. In the terminal
      fitting 7, a small light bulb 9 is mounted substantially intermediate the
      connectors 2 and 3 and is in electrical communication therebetween by
      suitable means as represented schematically by the dotted lines 22 and 33,
      respectively.
PAR  The covering 4 has a tubular channel 19 therein which extends
      longitudinally with the conductors 2 and 3 and which is aligned with the
      bulb 9 at least at its end adjacent to the bulb. Within the channel 19, a
      plurality of optical fibers 10 also are aligned with the bulb 9, at their
      end adjacent the bulb, and extend along the length of the conductors.
PAR  The optical fibers 10 are to be sufficiently flexible to accommodate the
      flexibility requirements of the cable 1 and may take any suitable form
      which serves the purpose, I have found that a plurality of glass fiber
      strands, such as are currently used in the fiber-optic type of lamp, to be
      suitable for the purpose. It should be noted that, even if the strands
      should be transversly broken by abuse of the cable, the nature and
      light-conducting properties of such strands will permit the continued
      transmission of light from the bulb 9 along the length of the cable.
PAR  I have found that the bulb may be quite effectively formed in the manner of
      the small neon-type bulbs which are frequently used as "night lights" or
      indicator lamps on display panels. These bulbs provide sufficient lumens
      for moderate lengths of cable such as the domestic extension cords and may
      be appropriately increased in size and intensity for installation in
      heavier or industrial cables.
PAR  It is to be understood that the covering 4 is to be at least partially
      transparent to light and that the transparent zone is to extend between
      the optical fibers 10 in the channel 19 and the external surface of the
      cable covering, in order to permit the transmission of the light from the
      bulb 9, via the optical fibers, to the exterior of the cable along its
      length.
PAR  In use of the cable of FIG. 1, the connection of the terminal fitting 7 to
      any appropriate source of electrical potential will cause excitation of
      the bulb 9 and a resultant transmission of light along the optical fibers
      10 and, therefore, laterally through the transparent covering 4 to the
      surface thereof to be visible to an observer. The visibility thus imparted
      along the length of the cable both acts as a safety measure to prevent
      tripping over the cable in poor light and serves as a condition-indicator
      to signal the presence of the electrical potential in the cable.
PAR  A modified form of the invention of FIG. 1 is shown in FIG. 1a, in which
      the exterior surfaces of the optical fibers are provided with indentations
      or depression 11 which are spaced from each other along the length of the
      cable. The remaining structure shown in FIG. 1a is similar to that shown
      in FIG. 1.
PAR  In use of the cable of FIG. 1a, the spaced depressions 11 are effective in
      causing bright spots along the length of the cable, since they provide a
      discontinuous surface which interrupts the usual internal reflection of
      light within the optical fibers and permits the escape of greater amounts
      of light therefrom, at the locations of the depressions 11.
PAR  In the modified form of the invention shown in FIGS. 3 and 4, in which the
      same numerals, primed ('), are used to identify elements similar to those
      of FIG. 1, the light emitting means is modified by the elimination of the
      bulb and optical fibers. In this modification, the light emitting means
      includes a voltage-sensitive or excitable filling in the channel 19',
      which is sealed to prevent the escape of the filling, I prefer to use the
      readily available neon gas compositions as the excitable filling.
PAR  Excitation of the neon in the channel 19' is effected by electrodes, such
      as those shown schematically by the dotted lines 22' and 33', which are
      longitudinally separated along the length of the channel 19'.
PAR  The cable shown in FIGS. 3 and 4 is particularly advantageous in services
      which require a high degree of flexibility of the cable, since the "neon
      tube" formed in the channel 19' does not impose any additional rigidity to
      the cable and is capable of extreme degrees of flexing within the limits
      of integrity of the insulating covering 4'.
PAR  It is apparent, from the foregoing, that the present invention provides an
      electrical conductor line or cable which is especially advantageous in use
      and which provides unique advantages in the facility and safety of its
      use. The cables of the present invention not only provide a visible
      indication of their presence and location, to prevent tripping, but also
      indicate their condition of being "live," if they are connected to an
      electrical source, to prevent accidental shock incidents and to aid in the
      selection of a "live" or "dead" line or cable from a plurality of such
      cables.
PAR  Various changes may be made in the details of the invention, as disclosed,
      without sacrificing the advantages thereof or departing from the scope of
      the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electrical conductor including
PA1  a. at least one elongated conductor member;
PA1  b. an insulating covering on said conductor member;
PA1  c. light emitting means in electrical communication with said conductor
      member, said light emitting means including
PA1  d. light conducting means for conducting said light longitudinally of said
      conductor member, said light emitting means being positioned within said
      insulating covering, said insulating covering being at least partially
      transparent,
PA1  e. said light emitting means including
PA1  f. a bulb and
PA1  g. a longitudinal channel in said insulating covering and at least
      partially aligned with said bulb, and
PA1  h. at least one optical fiber in said longitudinal channel.
NUM  2.
PAR  2. The electrical conductor of claim 1 in which said optical fiber is
      glass.
NUM  3.
PAR  3. The electrical conductor of claim 1 in which said optical fiber includes
      longitudinally spaced indentations on its surface.
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ABST
PAL  A push-type terminal connector assembly including a terminal housing made
      of insulating material and with a terminal receiving receptacle adapted to
      receive a plurality of terminals and a plurality of like terminals each
      adapted to be plugged into the terminal receiving receptacle. The housing
      has a plurality of channels formed in the receptacle for transversely
      dividing the receptacle into a plurality of adjacent terminal receiving
      stations. A detent ridge is provided in the interior of the receptacle and
      is adapted to engage a portion of the terminal for positioning and holding
      the terminal at a receiving station at a given depth. Each terminal
      includes a lateral compressible contact spring adapted to electrically
      connect and press against the contact springs of another terminal plugged
      in an adjacent receiving station. Each terminal also includes stop tangs
      and a detent spring for cooperation with the detent ridge so that the
      detent ridge is captured therebetween for positioning and holding the
      terminal in the receptacle at a given depth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to electrical connectors and, more
      particularly, to connectors of the type that provide a common electrical
      connection between a plurality of terminals.
PAR  2. Brief Description of the Prior Art
PAR  Commoning block connectors are conventionally used to electrically connect
      the plurality of inputs or outputs. However, commoning blocks can be used
      to merely position one terminal with respect to another so as to insure
      proper electrical connection.
PAR  A problem encountered in commoning block connectors in the prior art is the
      necessity of providing a plurality of separate metal interior terminals
      mounted integrally in the block. The interior terminals are then
      electrically connected to one another. In order to electrically connect a
      wire to the commoning block, another terminal is required to be crimped on
      the end of the wire. The wire terminal then contacts the interior terminal
      when pushed in the commoning block. However, the provision of two sets of
      terminals has proven costly.
PAR  Some designs have avoided the use of two sets of terminals by eliminating
      the interior terminals, as exemplified by U.S. Pat. No. 3,193,795. The
      wire terminals in such designs have a single portion thereof cooperating
      with the interior of a connector housing which positions the terminal
      within the housing and biases the terminal against an adjacent terminal to
      insure electrical contact. The fact that the positioning action and
      biasing action do not occur independently of each other offers the
      disadvantage that tolerances become critical.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the principal object of the present invention to provide a
      push-type terminal connector assembly which positively positions one
      terminal with to another terminal for electrical connection and is
      relatively simple in construction and easy and less costly to manufacture.
PAR  These and other objects of the invention are accomplished by one form of
      the invention currently contemplated by providing a housing and a
      plurality of like terminals. The housing, which is made of insulating
      material, includes a terminal receiving receptacle adapted to receive a
      plurality of terminals, a plurality of transverse positioning means
      associated with such receptacles for dividing said receptacle between
      plurality of adjacent terminal receiving stations, and detent means
      adapted to engage a portion of a terminal positioning and holding the
      terminal in a receiving station at a given depth. Each terminal, which is
      adapted to be plugged into the terminal receiving stations, includes
      biasing means adapted to electrically connect and press against the
      biasing means on a terminal plugged in an adjacent receiving station, and
      interengaging means cooperating with the detent means for positioning and
      holding the terminal in the receptacle at a given depth.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the connector assembly of the present
      invention;
PAR  FIG. 2 is a top plan view of the housing comprising a part of the connector
      assembly of the present invention;
PAR  FIG. 3 is a sectional view taken generally along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a sectional view taken generally along the line 4--4 in FIG. 2;
PAR  FIG. 5 is a sectional view taken generally along the line 5--5 in FIG. 1;
      and
PAR  FIG. 6 is an enlarged perspective view of a terminal comprising a part of
      the connector assembly of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIG. 1 in greater detail, the connector assembly, generally
      designated 10, is seen to generally include a housing, generally
      designated 12, and a plurality of terminals, generally designated 14,
      which are electrically connected to a circuit by means of wire 16. The
      terminals 14 are receivable in a rectangular cross-sectioned slot,
      generally designated 18, formed in housing 12 defining a terminal
      receptacle.
PAR  The housing 12 includes a front wall 20, a rear wall 22, two side walls 24,
      and a bottom wall 26. A pair of mounting ears 28 are formed on either side
      of side walls 24 as an extension of bottom wall 26. Each mounting ear 28
      has an opening 30, formed therein to receive a fastener therethrough so
      that the housing 12 can be secured to a suitable surface. A lip 32 is
      provided at the top of rear wall 22 to provide rigidity in the housing 12.
      Coring 34 is provided in front wall 20, to reduce manufacturing costs.
PAR  The interior of receptacle 18 has a detent ridge 36 formed on the interior
      of rear wall 22. The interior of front wall 20 has a plurality of spaced
      apart, parallel channels 38, formed therein running in a direction
      perpendicular to the detent ridge 36, The channels 38 are separated by a
      plurality of bars 40, having a raised portion 42 near the interior of the
      bottom wall 26. Two successive channels 38, and the intermediate bar 40
      and raised portion 42 defines a terminal receiving station. Thus, the
      receptacle 18 is divided into a plurality of adjacent terminal receiving
      stations.
PAR  Turning now to FIG. 6 in greater detail, the terminal 14 used in
      conjunction with the housing 12 is seen to generally include a crimp
      section 44 at one end thereof which is crimped onto the end of a wire 16,
      a pair of laterally outwardly extending compressible contact springs 46,
      and a generally U-shaped cross-sectioned end 48. A pair of stop tangs 50
      and a detent spring 52, are formed between the contact springs 46.
PAR  In order to mount terminal 14 in the terminal receptacle 18, the leg
      portions of the U-shaped end 48 are received into adjacent channels 38.
      The terminal 14 is then pushed toward bottom wall 26. Channels 38 serve to
      guide the terminal 14 toward bottom wall 26. When the terminal 14 is fully
      inserted, detent ridge 36 is snap fit between stop tangs 50 and detent
      spring 52 as best shown in FIG. 5. This positions terminal 14 at a given
      depth in housing 12. If it is desired that a terminal be held at a less
      depth, all that is required is to form the detent ridge 36 closer to the
      top of the housing 12.
PAR  In order to connect another terminal 14 to a terminal which is already
      inserted within the housing 12 all that need be done is to insert that
      terminal in the manner described above. Electrical contact is insured
      because contact spring 14 extends more than half the width of any
      particular channel 38. Therefore, when another terminal is inserted in the
      adjacent receiving station, the contact springs 46 of the adjacent
      terminals 14 will interfere with one another causing compression of the
      contact springs toward their respective terminals 14.
PAR  Terminals 14 can be inserted in pairs or any number that is desired and
      will be in electrical contact with each other as long as they occupy
      adjacent terminal receiving stations. If desired, the connector assembly
      10 of the present invention can also be used to electrically connect a
      plurality of separate circuits. For example, three sets of terminals can
      be electrically connected to one another within each set but out between
      the sets by merely leaving a receiving station unoccupied between each set
      of terminals.
PAR  It should be understood that it is not necessary to have bottom wall 26 as
      part of housing 12. The housing can be open at both ends allowing for
      terminal communication from either end if desired.
PAR  Unlike most of the prior art methods of electrically connecting a plurality
      of terminals together, the configuration of the present invention provides
      separate means to position a terminal a given depth in the housing and a
      different means for insuring electrical contact between adjacent
      terminals.
CLMS
STM  I claim:
NUM  1.
PAR  1. A push-type terminal connector assembly comprising:
PA1  a terminal housing made of insulating material including a terminal
      receiving receptacle adapted to receive a plurality of terminals, a
      plurality of transverse positioning means associated with said receptacle
      for dividing said receptacle into a plurality of adjacent terminal
      receiving stations, and detent means adapted to engage a portion of a
      terminal for positioning and holding a terminal in a receiving station at
      a given depth; and
PA1  a plurality of like terminals, each adapted to be plugged into said
      terminal receiving stations and each including biasing means adapted to
      electrically connect and press against the biasing means on a terminal
      plugged in an adjacent receiving station, andd interengaging means
      cooperating with said detent means for positioning and holding said
      terminal in said receptacle at a given depth.
NUM  2.
PAR  2. The connector assembly of claim 1 wherein said transverse positioning
      means includes a plurality of channels formed in the terminal receiving
      receptacle, each terminal having a generally U-shaped cross-section, the
      legs of said cross-section being receivable in said channels.
NUM  3.
PAR  3. The connector assembly of claim 1 wherein the terminal biasing means
      includes a pair of compressible contact springs, one on each side of the
      terminal, each contact spring extending a sufficient distance from said
      terminal so that it will interfere with the contact spring of a terminal
      plugged in an adjacent receiving station.
NUM  4.
PAR  4. The connector assembly of claim 1 wherein said detent means includes a
      ridge formed in the interior of said terminal receiving receptacle
      extending generally transverse the direction of terminal insertion, said
      terminal interengaging means including notch means formed on said terminal
      for capturing said ridge when inserted into the housing.
NUM  5.
PAR  5. The connector assembly of claim 4 wherein said notch means includes a
      forward compressible detent spring and a pair of parallel rearward stop
      tangs, said detent ridge being positionable between said detent spring and
      said stop tangs.
NUM  6.
PAR  6. A push-type terminal connector assembly comprising:
PA1  a terminal housing made of insulating material including a terminal
      receiving receptacle adapted to receive a plurality of terminals, a
      plurality of channels formed in the terminal receiving receptacle for
      dividing said receptacle into a plurality of adjacent terminal receiving
      stations, and a detent ridge formed in the interior of said terminal
      receiving receptacle extending generally transverse the direction of
      terminal insertion and adapted to engage a portion of a terminal for
      positioning and holding a terminal in a receiving station at a given
      depth; and
PA1  a plurality of like U-shaped cross-sectioned terminals, each adapted to be
      plugged into said terminal receiving stations, the legs of said
      cross-section being receivable in said channels and each terminal
      including a pair of compressible contact springs, one on each side of the
      terminal, each contact spring extending a sufficient distance from said
      terminal and electrically engageable with the contact spring of a terminal
      plugged in at least one adjacent receiving station, and interengaging
      means cooperating with said detent ridge for positioning and holding said
      terminal in said receptacle at a given depth, said interengaging means
      including a forward compressible detent spring and a pair of parallel
      rearward stop tangs, said detent ridge being positionable between said
      detent spring and said stop tangs.
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ABST
PAL  A single flat sheet hologram is provided which when illuminated displays
      substantially a 360.degree. view of an object space. This is done by
      recording both left and right hand views of the object space on the single
      sheet of sensitive material.
PAL  A flat sheet hologram composed of two emulsions, one recording the left
      side view and the other the right side view is also claimed. The views on
      these two holograms are coordinated so as to fix the corresponding points
      in space.
GOVT
PAR  The invention described herein was made in the course of work under a
      contract with the Department of the U.S. Army.
PARN
PAR  This application is a continuation of application Ser. No. 36,779, filed
      May 13, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and means of making holograms and more
      particularly to an arrangement for mkaing a holograph recording which
      provides an almost 4.pi. stereoradian field of view of an object space.
PAR  In order to obtain 360.degree. displays of an object space, using
      holograms, the prior art has resorted to multiple film displays such as a
      circular cylindrical film plate surrounding the object, or several plates
      (at least two) to form portions of a cubical enclosure or a mosaic of
      separate views side-by-side on a planar emulsion. A simulation of realism
      would be better served if it were possible to take a single holographic
      recording, and then have an observer walk around the recording, which is
      illuminated, and see essentially both sides of an object space, just as if
      he were walking around the object space itself. Such realism of course is
      not obtained when the holograms are viewed from one side. When separate
      holograms are used to form an enclosure, the object size is limited to the
      enclosure size.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a method and means of holographic
      recording whereby a single hologram may be illuminated to display a
      substantially 360.degree. field of view of an object space.
PAR  Yet another object of this invention is the provision of a novel and useful
      method and means for holographically recording an almost 4.pi.
      stereoradian field of view of an arbitrary object on a single film. Two
      pieces of closely spaced film can also be used, e.g., two pieces which are
      in contact.
PAR  These and other objects of the invention may be achieved in an arrangement
      wherein a holographic recording is first made on film of one side of an
      object space. The film is then developed. Thereafter the film is
      illuminated for the purpose of transferring the recording onto a second
      film. A proper distance between the first film and the second film is used
      to allow for propagation effects, i.e., it is placed where the next
      exposure is to be made.
PAR  The film is then exposed to the other side of the object space and a second
      holographic recording is made thereon. The film is then developed.
PAR  Upon illumination, one can walk around the film and observe recreated
      substantially a 4.pi. stereoradian field of view of the object space.
PAR  Also, in making the hologram, means are described whereby the recreated
      object (the image position) appears completely on one side or the other of
      the hologram plate-plane or even the object is partially in front of and
      partly behind the hologram plane. The position of the image is arbitrary,
      either in front or behind or split on the hologram plane.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 through 4 illustrate successive steps in making and displaying a
      hologram in accordance with this invention.
PAR  FIGS. 5 and 6 are illustrative of successive steps in making and displaying
      a second embodiment of this invention.
PAR  FIGS. 7, 8, 9 and 10 are illustrative of successive steps in making and
      displaying a third embodiment of the invention.
PAR  FIGS. 11, 12 and 13 illustrate successive steps in making and displaying a
      hologram wherein the placement of an object in the recorded object space
      may be arbitrary.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 there may be seen an arrangement for making a
      hologram, which is known from the prior art, which however, constitutes a
      first step in making a hologram in accordance with this invention. A
      coherent light source, such as a laser 10, shines light upon a beam
      splitter 12. As is well known, this enables a portion of the light to pass
      therethrough and redirects another portion of the light. It should be
      noted that the light beam is illustrated as a dotted line.
PAR  The light passing through the beam splitter next passes through a lens
      arrangement known as a beam expander. This comprises two lenses
      respectively 14, 16, whose function it is to broaden the light beam so
      that it can cover the desired region, which this case constitutes a sheet
      of photographic film 18. The film used may be Eastman Kodak type 649-F. A
      mirror 20 reflects the broadened beam onto the area of the film on which
      the photographic exposure is to take place. The beam, which passes through
      the beam splitter 12, is used as the reference beam and it makes some
      angle .alpha. with a perpendicular to the plane of the film 18.
PAR  A mirror 22 reflects the portion of the beam, which is reflected by the
      beam splitter 12. It is reflected onto a mirror 24, which in turn
      redirects the light beam through a beam expander lens arrangement
      respectively 26, 28. A light from the beam expander then illuminates the
      object 30. Light from the object 30 is reflected onto the film 18.
PAR  The film 18 is then developed. It constitutes a transmission type hologram
      of the right hand side of the object space which is made in accordance
      with the teachings of the prior art. By a transmission recording is meant
      that in order to view the space image of the object the viewer is on one
      side of the film and the source of illumination is on the other side of
      the film.
PAR  FIG. 2 is a drawing illustrating the next step in making a hologram in
      accordance with this invention. A laser 32 shines its light through two
      lenses respectively 34, 36, constituting a beam expander, for illuminating
      the film 18 with light at the angle .alpha.. The wavefronts of the light,
      represented by the dotted semi-circle 38, is then recorded on a
      photographic film 40. The film 40 is illuminated from its other side by a
      beam split off from the same laser, the light from which is directed by
      means of the beam expander lenses 44, 46, at the recording area of the
      film surface 40, at an angle .theta., which is made with the perpendicular
      passing through the plane of the film. The film 40 is spaced from film 18
      a distance to allow for propagation effects; i.e., it is placed where the
      next exposure is to be made. At this time the film 40 contains a latent
      image of the right hand objective space. This kind of recording, that is
      with the reference beam incident on one side of the film and the object
      beam as shown by RH on the other is known as a reflection recording. This
      means that the finished film must be viewed with the source of
      illumination on the same side as the viewer.
PAR  FIG. 3 is the last step in making an embodiment of this invention. This
      time the object 30 is placed in the same position as it occupied relative
      to the film 18 in FIG. 1. It is then photographed on the film 40. The
      indicated photographing technique is known, and produces a transmission
      recording. Shown in FIG. 3 is a laser light source 50, the light from
      which is directed at a beam splitter 52. The light passing through the
      beam splitter is expanded (as before lenses 53, 55) and then illuminates
      the area of the film 40 and is directed at it with an angle .theta., made
      with the perpendicular passing through the plane of the film. This
      constitutes the reference light beam. The object illuminating light beam
      is reflected from the beam splitter 52 onto a first mirror 54, then to a
      second mirror 56. A third mirror 58, redirects the light beam through the
      beam expander lenses respectively 60, 62. The light beam then illuminates
      the left hand side of the object 30. Light reflected from the object 30 is
      recorded on the film 40. The film is then developed.
PAR  FIG. 4 illustrates the manner of illumination of the film 40 whereby images
      of the object 30, respectively designated by 30 LH (left hand) and 30 RH
      (right hand), are created by illuminating the planar film 40. The
      illumination is by means of a laser 62, the light from which passes
      through the beam expander lenses respectively 64, 66 and makes an angle
      .theta. with the perpendicular passing through the plane of the film 40.
      From any viewing position, an observer sees the image in 3-D at the
      original position of 30 relative to 40. For example, the apex point P a
      distance S from the film plate 40 in FIG. 3 appears at S in the
      reconstruction. Likewise, all other points in the image (reconstructed
      object) appear in a single undistorted image with their relative spatial
      positions faithfully reproduced. An observer, observer 1, sees a real
      image of 30 RH in the neighborhood of P at S to the right of 40; and an
      observer, observer 2, sees a virtual image of 30 LH in the same
      neighborhood of P at S to the right of 40.
PAR  Since the image of the left hand side of the object space was made by a
      transmission recording, the transmission recording image of the left hand
      of the object space will be seen by looking at the film 40 with the light
      source on the side opposite to that of the viewer. The right hand image of
      the object space was created by the reflection recording technique, and
      therefore the light source in the viewer will be on the same side of the
      film 40. The observer who walks around the film 40 will see almost a 4.pi.
      stereoradian (asymptotically) field of view of the object space. If
      different angles are used .theta. in FIG. 2 not equal to .theta. in FIG.
      3, the dual recording still works but it is necessary to use two sources
      of illumination in the viewing. As is well known, angle separations can be
      chosen to minimize spurious images and interaction between the two
      holograms.
PAR  A second embodiment of the invention may be created by first going through
      the step shown in FIG. 1 of the drawing namely making a transmission
      recording of the right hand of the object space. Thereafter an image of
      the developed hologram film 18 is made on a second photographic film 70
      which is spaced to the left side of the original object position. The
      illumination source comprising the laser and expander lenses is
      represented by the rectangle 72, which illuminates the side of the film 18
      which is opposite to the side which was adjacent to the object space. The
      illumination makes an angle .alpha. with the perpendicular through the
      plane of the film 18. Another beam is split off from the laser source 72,
      represented as reference Illumination source 72', is expanded thereafter
      to illuminate the recording area of the film 70, at an angle .beta. with a
      perpendicular to the plane of the film 70, and is positioned on the same
      side as that which is receiving illumination from film 18. Accordingly,
      the recording of the right hand side of the object space is a transmission
      recording.
PAR  The next step of the process is the same as that shown in FIG. 3 herein
      with the object point P at S to the right of 70. A second transmission
      recording is made on the film 70 of the left hand of the object space. The
      film 70 is then developed.
PAR  FIG. 6 shows the manner of illuminating the film 70 for recreating the left
      hand and right hand images respectively 76 LH and 76 RH. The image again
      appears in 3D with all points in a spatially correct 3D position in a
      neighborhood to the right of plate 70 as P shown a distance S away. The
      image 76 RH is observed as a real image by observer 1, in front of plate
      70, by virtue of the laser lumination source 78 being placed on the side
      of the film opposite to the position of the viewer. The recreated image 76
      LH is appears behind the plate to observer 2 as a virtual image and is
      seen by virtue of the laser lumination source 80 being placed on the side
      of the film opposite to that of the viewer. The film 70 accordingly is a
      transmission-transmission recording.
PAR  FIG. 7 shows an arrangement for making a reflection-reflection hologram in
      accordance with this invention. A laser illumination source 82 illuminates
      ann object space 84. A reference illumination source is derived therefrom
      and illuminates the same side of the film as the side of the object 84,
      and makes an angle .alpha. with the perpendicular to the plane of the film
      86. The film 86 is then developed.
PAR  The next step of the process is a recording of the image of the film 86 on
      another film positioned on the other side of the former object position.
      The next step is similar to that shown in FIG. 2 herein and is shown in
      FIG. 8. A reflection recording is made on film 90 of the RH recording on
      film 86, using a laser 83.
PAR  FIG. 9 shows the left hand of the object space being recorded on the film
      90. The object is illuminated from an illumination source 92. A reference
      illumination, split off from source 92 illuminates the side of the film 90
      opposite to the one on which the object is placed at an angle .beta.  as
      shown. The film 90 is then developed.
PAR  FIG. 10 shows an arrangement for viewing the film 90. Two illumination
      sources respectively 98, 100 are employed and are positioned on opposite
      sides of the film 90. The left hand image 96 LH is seen by reflection of
      light from the source 98 from the film 90 and is seen by an observer 2 as
      a virtual image behind the plate-point P appears at a distance S to the
      right of 90.
PAR  The right hand image 96 is seen by reflection of the illumination of the
      source 100 from the film 90 and is seen by observer 2 as a real image at
      the right of 90. Illumination sources 98 and 100 make angles of .beta. and
      .theta., respectively, with the perpendicular through the plane of the
      film 90. The source illuminations for the reflection-reflection type can
      be a single laser, two independent lasers or any white light source, such
      as sunlight or fluorescent or tungsten lamp sources.
PAR  While the description of the foregoing invention embodiments proceeds first
      from a making of the hologram of one-half the object space, then making a
      recording on a second film of the hologram and thereafter recording the
      other half of the object space on the second film, it should be
      appreciated that the order of making these recordings may be reversed and
      the resulting hologram will be the same. In other words, the order of the
      steps in making the final hologram is immaterial, as long as these steps
      are followed.
PAR  It should also be noted that two separate holograms, one of the left half
      object space and the other of the right hand object space may be made and
      superimposed or glued back to back to provide a 4.pi. stereoradian
      hologram in accordance with this invention without departing from the
      scope or spirit thereof.
PAR  It should also be noted that the image position in the reconstruction can
      be varied with respect to the final hologram. In the examples described
      previously, point P of the object was always a distance S to the right of
      the final hologram. An arbitrary spacing, including zero may be obtained
      for P as follows.
PAR  Referring to FIG. 11, transmission-type holograms 101 and 102 are made with
      reference beams at angles .alpha. and .beta., with respect to the normals,
      respectively, which are derived in well known manner from a laser 104.
      Point P of the object is distances S.sub.1 and S.sub.2 from plates 101 and
      102 respectively. The plates need not be parallel or be precisely spaced
      relative to one another. Adequate illumination from the same laser 104 is
      provided for object 106.
PAR  The films are exposed and then developed -- with film 101 recording object
      106 RH and film 102 recording object 106 LH.
PAR  FIG. 12 shows the making of a reflection-transmission type of full-view
      hologram from plates 101 and 102. The plates 101 and 102 have been
      returned to their original relative positions, the object is not present,
      and an unexposed film plate 110 is placed at S.sub.3 from plate 102. Again
      no precise parallelism is required.
PAR  A single exposure from laser 108, using three reflectors, 112, 114, 116,
      and two beam splitters 118, 120 is adequate to record both images on film
      plate 110.
PA1  .fwdarw. 106 LH from film 102 is tranfered to film 110
PA1  .fwdarw. (Transmission Recording)
PA1  .fwdarw. 106 RH from film 101 transfered to film 110
PA1  .fwdarw. (Reflection Recording)
PAR  A double exposure could also be used to do this.
PAR  FIG. 13 shows how the film 110 may be viewed. The reflection recording of
      106 RH and transmission recording of 106 LH recorded on film 110 may be
      illuminated by a single illumination beam from a laser 122 making an angle
      .theta. with the normal to the film plane, enables observer 1 to see the
      object with P at a distance S.sub.3 - S.sub.1 to the right of 110. The
      observer 2 sees the point P in the same position. It is possible to make
      all three types of full-view helogram with arbitrary placing of P with
      respect to the hologram.
PAR  It is also possible to make a 4.pi. stereoradian hologram in accordance
      with this invention by commencing with two holographic stereograms, each
      one of which is as described in an article entitled holography and
      stereoscraphy; the holographic stereogram, by Nicholas George and J. T.
      McCrickerd, published in "Photographic Science and Engineering," Volume
      13, No. 6, pages 342-350 November-December 1969. Each of the holographic
      stereograms is made from an array of photographs, obtained of an object,
      such as 106 in FIG. 11, taken with the purpose of making a holographic
      stereogram at position 101 and another holographic stereogram at 102.
      These holograms are then placed in correct relative spatial position as
      was described previously in FIG. 11. These holographic stereograms showing
      an RH and an LH view of an arbitrary object scene are then recorded as a
      single hologram such as 110. This then constitutes a hologram capable of a
      360.degree. reproduction of the object space which had been photographed
      thereon.
PAR  There has accordingly been described and shown herein a novel, useful
      arrangement for producing a hologram which, upon illumination, produces
      images of the left hand and right hand field space.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of making a hologram which asymptotically approaches a 4.pi.
      steradian hologram of an object space on a single flat sheet, wherein said
      object space is an imaginary sphere enclosing all objects being recorded,
PA1  recording on a first sheet of sensitive material the wavefront emanating
      from substantially one entire half of said object space,
PA1  placing said first sheet of sensitive material adjacent to and spaced from
      one side of a second flat sheet of sensitive material,
PA1  holographically recording on said second sheet of sensitive material the
      image on said first sheet of sensitive material,
PA1  holographically recording on a third sheet of sensitive material the
      wavefront emanating from substantially the other half of said object
      space,
PA1  placing said third sensitive sheet adjacent to and spaced from the other
      side of said second sheet of sensitive material, and
PA1  holographically recording on said second flat sheet of sensitive material
      the image on said third sheet of sensitive material, said steps of placing
      and holographically recording the images on said first and third sheets of
      sensitive material on said second flat sheet of sensitive material being
      performed to maintain the relative spatial orientation of said objects
      space whereby an object within the object space appears to be in the same
      location when the holograms recorded on said second sheet of sensitive
      material are viewed from opposite sides thereof.
NUM  2.
PAR  2. The method of making a hologram which asymptotically approaches a 4.pi.
      hologram of an object space on a single flat sheet, wherein said object
      space comprises an imaginary sphere enclosing all objects whose wavefronts
      are being recorded, comprising:
PA1  holographically recording on a first sheet of sensitive material the
      wavefront emanating directly from substantially one entire half of said
      object space,
PA1  developing the image recorded on said first sheet of sensitive material,
PA1  holographically recording on a second flat sheet of sensitive material the
      image recorded on said first sheet of sensitive material,
PA1  holographically recording on said second flat sheet of sensitive material
      the wavefront emanating from substantially the other entire half of said
      object space, and
PA1  developing said second sheet of sensitive material,
PA1  said steps of recording on said second sheet of sensitive material being
      performed such that the relative spatial orientation of the original
      object space is maintained in the same location when viewed from opposite
      sides of said second sheet of sensitive material.
NUM  3.
PAR  3. The method recited in claim 2 wherein said step of holographically
      recording on a first sheet of sensitive material substantially one entire
      half wavefront emanating from an object space is a holographic
      transmission recording,
PA1  said step of holographically recording on a second sheet of sensitive
      material the image recorded on said first sheet of sensitive material is a
      holographic reflection recording, and
PA1  said step of holographically recording on said second sheet of sensitive
      material the wavefront emanating from substantially the other entire half
      of said object space is a holographic transmission recording.
NUM  4.
PAR  4. The method recited in claim 2 wherein said step of holographically
      recording on a first sheet of sensitive material of the wavefront
      emanating from substantially one entire half of an object space is a
      holographic transmission recording,
PA1  said step of holographically recording on a second sheet of sensitive
      material the image recorded on said first sheet of sensitive material is a
      holographic transmission recording, and
PA1  said step of holographically recording on said second sheet of sensitive
      material the wavefront emanating from substantially the other entire half
      of said object space is a holographic transmission recording.
NUM  5.
PAR  5. The method recited in claim 2 wherein said step of holographically
      recording on a first sheet of sensitive material the wavefront emanating
      from substantially one entire half of an object space is a holographic
      reflection recording,
PA1  said step of holographically recording on a second sheet of sensitive
      material the image recorded on said first sheet of sensitive material is a
      holographic reflection recording, and
PA1  said step of holographically recording in said second sheet of sensitive
      material the wavefront emanating from substantially the other entire half
      of said object space is a holographic reflection recording.
NUM  6.
PAR  6. The method of making a hologram which asymptotically approaches a 4.pi.
      hologram of an object space on a single planar sheet, wherein said object
      space is an imaginary sphere enclosing all objects whose wavefronts are
      being recorded, comprising:
PA1  positioning two planar sheets of photographic film on the respective left
      and right boundaries of said object space,
PA1  holographically photographing said object space on said two planar sheets,
PA1  developing the images photographed on said two planar sheets of
      photographic film
PA1  repositioning said developed two planar sheets of photographic film at the
      same positions relative to one another as they were when the object space
      was photographed,
PA1  placing a third planar sheet of photographic film between said two
      developed planar sheets of photographic film,
PA1  holographically photographing the images on said two developed planar
      sheets of photographic film in the emulsion of said third planar sheet of
      photographic film, and
PA1  developing said third planar sheet of photographic film to provide a 4.pi.
      holograph on a single sheet.
NUM  7.
PAR  7. The product produced by the processes recited in claim 1.
NUM  8.
PAR  8. The product produced by the processes recited in claim 2.
NUM  9.
PAR  9. The product produced by the processes recited in claim 6.
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PAL  An image stabilized system comprising an afocal telescopic system section,
      deflecting means and a relay lens system section arranged in this order
      from the front, said deflecting means including a plano-convex and a
      plano-concave lens mounted in mating rotatable relation to each other, one
      of which is fixedly secured to the instrument housing containing the
      optical system in coaxial alignment with said telescopic system and relay
      lens system, and the other is held in fixed spatial alignment with the
      original line of a sight axis by means of a gyro stabilizer coupled
      thereto, thereby provide for stabilization of an image at the focal plane
      against accidental angular displacement or motions of the instrument
      relative to the original line of sight axis.
PARN
PAC  REFERENCE TO RELATED PATENT APPLICATIONS
PAR  This application is a continuation-in-part of our copending application,
      Ser. No. 405,631 filed Oct. 11, 1973 now abandoned, which, in turn, was a
      continuation of application Ser. No. 209,619, filed Dec. 20, 1971, now
      abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to image stabilizing systems which provide for
      stabilization of an image in optical instruments irrespective of angular
      deviations of the instruments from the intended line of sight.
PAR  There have been already developed certain stabilized optical systems which
      employ optical wedges to deflect the line of sight light rays through
      refracting angles so as to stabilize the images against deviation of the
      optical systems at an angle from an original direction of alignment with
      the line of sight. In most of such systems, the optical wedge is arranged
      so as to establish the relationship between the refracting angle, .alpha.,
      and the angle of deviation, .delta., that .delta. = (N - 1).alpha.,
      wherein N is the index of refraction of the optical wedge. In order to
      reduce the formula to .delta. = .alpha., transparent materials having an
      index of refraction of two, N = 2, should be selected for employment in
      the optical wedge. However, it is difficult to obtain such a high index of
      refraction in actual practice, and the drawback is that some optical
      properties of high index materials are unfavorable for the lens design.
      Accordingly, in actual practice the stabilizing optical wedge is formed as
      a plurality of optical wedges made from low index materials, or otherwise
      an additional compensation for the remaining image movement should be made
      by application of external force to the instrument containing the
      stabilized optical system.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an image stabilizing lens
      system of which the lens components are made from commercially available
      low index materials. The use of readily available materials is of great
      advantage in reducing the cost of manufacturing the optical instruments
      with the system of the invention therein. Transparent materials having
      indices of refraction higher than those of the readily available glasses
      have disadvantages such as being considerably stained. Thus it is desired
      to avoid the selection of such high index materials for employment in any
      of the lens components.
PAR  Another object of the present invention is to provide an image stabilizing
      lens system which is marked in the reduction of complexity of the
      mechanical structure of the instrument containing the lens system. This
      means that the complete stabilization of an image against accidental
      deviations of the instrument from the intended line of sight axis is
      effected by the use of only one optical wedge incorporated in the system
      without the necessity of applying to the instrument an external force for
      the compensation of remaining image movement.
PAR  Still another object of the present invention is to provide an image
      stabilizing system which is of compact and of practical use so as to be
      adapted for use as an attachment of a cine camera and the like. This
      advantage is derived from the minimization of the movable component
      constituting a part of the variable deflecting means.
PAR  A further object of the present invention is to provide an image
      stabilizing lens system adapted to compensate for jiggle or oscillations
      of image in a range of high frequencies.
PAR  An additional object of the present invention is to provide an image
      stabilizing lens system which is marked in the reduction of difficulty of
      the telescopic system section and the deflecting means are arranged in
      optionally spaced relationship relative to each other.
PAR  The basic construction of the invention is characterized by:
PAR  1. All of the lens components except the stabilized lens element of the
      deflecting means are fixedly secured as a unit to the housing.
PAR  2. The above-mentioned lens element is maintained in a fixed spatial
      direction by a stabilizer such a gyro.
PAR  3. The deflecting means consists of, for example, a plano-convex and a
      plano-concave lens disposed with their curved faces in mating rotatable
      relationship to each other, wherein the radius of curvature of the convex
      surface is almost equal to that of the concave surface.
PAR  4. The center about which the lens element is rotatable coincides with the
      center of curvature of the lens element.
PAR  5. A relationship between the index of refraction, N, of the transparent
      material employed in the deflecting means and the angular magnification
      power, M, of the overall afocal telescopic system is established that
EQU  M = .+-. (N - N')
PAL  wherein N' is the index of refraction of the medium.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration in sectional view of a stabilized
      optical system in accordance with the present invention.
PAR  FIG. 2 is a schematic illustration in sectional view of the stabilized
      optical system of the FIG. 1, and with the system deviated from an
      original line of sight.
PAR  FIG. 3 diagrammatically illustrates the accidental motion compensating
      action of the optical system of FIGS. 1 and 2 to explain the principle of
      the invention in terms of geometrical optics.
PAR  FIG. 4 is a schematic illustration in sectional view of another embodiment
      of the image stabilized lens system in accordance with the invention.
PAR  FIG. 5 is a schematic illustration in sectional view of still another
      embodiment of the stabilized lens system in accordance with the invention.
PAR  FIG. 6 is a schematic illustration in sectional view of the stabilized lens
      system of FIG. 5, and with the system deviated from an original line of
      sight.
PAR  FIG. 7 diagrammatically illustrates the motion compensating action of the
      stabilized lens system shown in FIGS. 5 and 6.
PAR  FIG. 8 is a schematic illustration of a further embodiment of the
      stabilized lens system in accordance with the invention.
PAR  FIG. 9 is one example of a practical embodiment of the stabilized lens
      system shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention in one of its aspects is illustrated in FIGS. 1, 2 and 3,
      wherein an image stabilized system is shown as comprising an afocal front
      inverted Galileian telescopic system section 1 including a front concave
      lens element 2 and a rearmost convex lens element 3, a deflecting means 4
      in the form of a compound lens consisting of a plano-concave 5 and a
      plano-convex lens 6 disposed in mating rotatable relation to each other,
      and a relay lens system section 7. Reference character L designates an
      axial ray coming from a stationary object. Reference characters r.sub.1
      and P.sub.1 designate respectively the radius and center of curvature of
      the mating lenses 5 and 6. Reference character R.sub.1 designates an
      optical axis of the system which is in alignment with an original line of
      sight. In the present embodiment, the plano-convex lens 6 is supported by
      means of gimbals not shown so that the center of curvature P.sub.1
      coincides with the center of the gimbals, and is maintained in fixed
      spatial orientation by means of a stabilizer G such as a gyroscope coupled
      thereto and freely suspended in space by the gimbals. The telescopic
      system 1, and the plano-concave lens 5 are fixedly secured as a unit to
      the instrument housing not shown in coaxial alignment with the relay lens
      system 7. Inasmuch as the telescopic system 1 having a deflecting action
      similar to that of the wide angle lens system is in alignment with the
      original line of sight, the rays of light emerging from the lens 3 are
      afocal, and are focused by the relay lens on the focal plane 8. In this
      original state, the deflecting means 4 functions merely as a glass block
      so that the rays incident upon it pass therethrough without deflection.
PAR  With the stabilized optical system as just described, activation of the
      gyro causes the plano-convex rear lens coupled thereto in the deflecting
      means to be held in fixed spatial alignment with the original line of
      sight. When the entire optical system is tilted about the point P.sub.1 to
      an angle of .delta. with respect to the original line of sight as shown in
      FIG. 2, the telescopic system 1, the plano-concave lens 5 and the relay
      lens 7 are deviated from the optical axis of the lens 6, thereupon the
      mating lenses 5 and 6 generate a socalled optical wedge having a
      refracting angle, .delta., by which the rays are deflected in passing
      therethrough. Therefore, the line of sight light rays L is deflected by
      the telescopic system 1 through a deflection angle dependent upon the
      angular magnification power, M, and then by the deflecting means through
      an additional deflection angle, thereby the two deflection angles add up
      to the deviation angle of the instrument from the original line of sight,
      so that the rays are focussed at the same point on the focal plane 8 as
      that for which the rays were focussed when the optical instrument was
      aligned with the original line of sight.
PAR  The foregoing will be better understood upon reference to FIG. 3 in terms
      of geometrical optics. Reference character R.sub.2 designates the optical
      axis of the stabilized system as deviated from the direction of sight
      R.sub.1 at an angle, .delta., equal to the refracting angle of the
      deflecting means. The angle of exit rays, .phi..sub.1, from the telescopic
      system 1 with respect to the axis R.sub.2 is given by equation (1)
EQU  .phi..sub.1 = M .delta.                                    (1)
PAL  (wherein M is the angular magnification power of the telescopic system).
PAR  On the other hand, the angle of deviation of the exit rays, .phi..sub.2,
      from the deflecting means with respect to the incident rays is given by
      equation (2)
EQU  .phi..sub.2 .apprxeq. .delta.(N - N')
EQU    = .delta.(n - 1) in air                                  (2)
PAL  (wherein N' is the index of refraction of the medium in which the
      deflecting means is placed).
PAR  If .phi..sub.1 = .phi..sub.2, then the direction of the exit rays from the
      deflecting means 4 is parallel to the axis R.sub.2, or the image movement
      of the focal plane is not effected. The condition for stabilization of an
      image against angular deviation of the instrument from the original line
      of sight is derived from equations (1) and (2).
EQU  M = (N - 1)                                                (3)
PAR  in asmuch as the condition is satisfied, accidental angular displacement of
      an optical instrument can be exactly compensated for to provide stationary
      images by incorporation of the image stabilizing lens system in accordance
      with the invention therein comprising the afocal inverted Galileian
      telescopic system section having an angular magnification power, M, and a
      deflecting means having an index of refraction, N.
PAR  According to another embodiment depicted in FIG. 4, whilst an afocal
      inverted Galileian telescopic system 1 and a relay lens system of the same
      construction as that shown in FIG. 1 are provided, a deflecting means 4'
      incorporated therein is illustrated as consisting of a planoconvex lens 6'
      and a plano-concave lens 5' arranged in this order from the front in
      mating rotatable relationship to each other, the plano-concave lens 5'
      being held in fixed spatial alignment with the original line of sight by
      means of a stabilizer G coupled thereto. The reference character P
      designates the support point of the lens 5', about which the entire
      stabilized lens system is rotatable. From the foregoing, it will be
      appreciated that when the instrument housing with the lens system therein
      is tilted with respect to the original line of sight, the deflecting means
      4' generates an optical wedge by which the incoming rays of light are
      deflected in passing therethrough to provide stationary optical images
      despite the angular displacement of the instrument therefrom.
PAR  Another aspect of the invention is illustrated in FIGS. 5, 6 and 7, wherein
      the stabilized optics of the present invention is applied to a field glass
      as comprising a Keplerian telescopic system 11 section 11, including a
      front double convex lens 12 and a rearmost double concave lens 13 a
      deflecting means 14 in the form of a compound lens consisting of a
      plano-concave lens 15 defined by a front plain surface 15' and a rearward
      concave surface with a radius of curvature r.sub.2, and a plano-convex
      lens 16 with a rear plain surface 16', a relay lens system section 17, a
      focal plane 18, and an eyepiece 19. The plano-concave lens 15 and
      plano-convex lens 16 are disposed with their curved faces in mating
      rotatable relationship to each other, and one of the lenses, in this
      instance the plano-concave lens 15 is held in fixed spatial alignment with
      an original line of sight axis Q.sub.2 by means of a stabilizer G such as
      gyroscope coupled thereto and freely suspended in space by gimbals not
      shown, the center of which is placed at the center of curvature P.sub.2 of
      the mating lenses 14. The other lens, i.e. plano-convex lens 16, the
      telescopic assembly 11, and the relay lens 17, and, if necessary, the
      eyepiece 19 are fixedly secured as a unit to the instrument housing in
      coaxial relation. In this arrangement illustrated in FIG. 5, the exit rays
      from the telescopic assembly 11 is afocal which are focused by the relay
      lens on the focal plane 18 to provide an erected image. It is to be noted
      that the stabilized optics is applicable to a cine camera with the film
      gate positioned at the focal plane 18, but it is necessary to reverse the
      processed film strip when printing. In this regard, the image stabilizing
      system in accordance with the present embodiment is suitable for use with
      field glasses and other optical instruments where an image field of view
      is involved.
PAR  With the stabilized optical system of the field glass, as just described,
      activation of the stabilizer G causes the front lens of the mating lenses
      defining the deflecting means to be held in fixed spatial alignment with
      the original line of sight axis. When the housing is tilted about the
      center P.sub.2 at an angle with respect to the original line of sight axis
      Q.sub.1, the optical axis of the telescopic assembly 11, lens 16, relay
      lens 17 and eyepiece 19 is oriented at the same angle with respect to the
      axis Q.sub.1, thereupon the mating lenses 14 generate an optical wedge
      defined by the plain surfaces 15' and 16' having an angle equal to the
      deviation of the housing with respect to the axis Q.sub.1. In order to
      stabilize the image produced in the observer's field of view despite of
      the angular deviation of the housing from the original line of sight, the
      deflection angle through which the exit rays from the telescopic assembly
      are deflected in passing the generated optical wedge is required to
      cancell the deflection angle of the telescopic system 11.
PAR  The foregoing will be better understood in terms of geometrical optics upon
      reference to FIG. 7, wherein the optical system with the optical axis
      Q.sub.2 is diagrammatically illustrated as being deviated at an angle,
      .delta., from the original line of sight axis Q.sub.1. In this case, the
      angle of exit rays, .phi..sub.1, from the telescopic assembly with respect
      to the optical axis Q.sub.2 is given by the equation (4)
EQU  - .phi..sub.1 = M .delta.                                  (4)
PAL  (wherein M is the angular magnification power of the telescopic system 11).
PAR  On the other hand, the deflection angle, .phi..sub.2, of the deflecting
      means is given by the equation (5)
EQU  .phi..sub.2 = .delta. (N - N')
EQU    = .delta. (n - 1) in air                                 (5)
PAR  If .phi..sub.1 = .phi..sub.2, then the image is stabilized, so that from
      equations (4) and (5), the general equation for the relationship between
      the angular magnification power, M, of the telescopic system and the index
      of refraction, N, of the deflecting means required to stabilize an image
      against the deviation of the optical system from the intended line of
      sight is given by equation (6)
EQU  M = - (N - 1)                                              (6)
PAR  according to another embodiment shown in FIG. 8, the reflecting means 14'
      consists of a front plano-convex lens 16 and a rear plano-concave lens 15
      disposed in this order from the front in mating rotatable relationship to
      each other, the front plano-convex lens 16 being stabilized by means of a
      stabilizer G coupled thereto, while a Keplerian telescopic system section
      11, a relay lens system section 17 and an eyepiece 19 are arranged to
      effect the same accidental motion compensation as that explained in
      connection with FIG. 7.
PAR  FIG. 9 illustrates one example of a practical embodiment of the stabilized
      lens system shown in FIG. 1. The inversion of only the deflecting means
      indicated at 4 makes the lens system equivalent to that shown in FIG. 4.
      The stabilized lens system shown in FIG. 9 may be constructed in
      accordance with the numerical data given in the following table wherein
      the symbols have the following meaning: R: Radii of curvature of the
      successive refracting surfaces. D: Axial thickness of the successive lens
      elements, or air spaces. N: Refractive indices for d line of spectrum of
      glasses of the successive lens elements. V: Abbe numbers of glasses of the
      successive lens elements.
TBL  R               D          N         V                                    
     ______________________________________                                    
     1         11.156      0.359    1.6779    55.3                             
     2         5.689       1.759                                               
     3         16.869      0.287    1.62299   58.2                             
     4         6.049       1.340    1.76182   26.6                             
     5         9.291       4.333                                               
     6         -9.680      0.316    1.76182   26.6                             
     7         -18.921     0.024                                               
     8         32.203      1.320    1.60311   60.7                             
     9         -8.811      0.080                                               
     10        .infin.     0.319    1.64      60.2                             
     11        7.145       0.025                                               
     12        7.161       1.514    1.64      60.2                             
     13        .infin.     2.550                                               
     14        14.810      0.191    1.71736   29.5                             
     15        5.050       1.004    1.6935    53.3                             
     16        -61.185     0.016                                               
     17        9.650       0.319    1.62374   46.9                             
     18        22.518      0.210-                                              
                            5.578                                              
     19        .infin.     0.115    1.63854   55.4                             
     20        5.334       0.167                                               
     21        .infin.     0.115    1.63854   55.4                             
     22        5.928       0.271                                               
     23        -5.928      0.076    1.67      51.6                             
     24        1.900       0.545    1.6727    32.1                             
     25        -25.296     5.689 -                                             
                            0.348                                              
     26        -8.830      0.127    1.56833   56.2                             
     27        27.619      0.782                                               
     28        8.599       0.096    1.76182   26.6                             
     29        4.575       0.590    1.64      60.2                             
     30        -7.247      0.159                                               
     31        .infin.     1.753    1.63854   55.4                             
     32        .infin.     0.877                                               
     33        2.994       0.319    1.7859    44.2                             
     34        36.797      1.222                                               
     35        -3.229      1.484    1.80518   25.4                             
     36        3.229       0.449                                               
     37        29.200      0.387    1.691     54.8                             
     38        -2.725      0.037                                               
     39        3.363       0.311    1.67      57.4                             
     40        -25.568     0.229                                               
     41        .infin.     1.084    1.63854   55.4                             
     42        .infin.                                                         
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An image stabilizing lens system for an optical instrument with an image
      forming lens system therein comprising an afocal telescopic system section
      and a deflecting means arranged in this order from the front in front of
      said image forming lens system, said deflecting means having an entrance
      flat surface and an exit flat surface, one of said flat surfaces being
      stabilized by coupling a portion of said deflecting means with a
      stabilizer for maintaining said flat surface in fixed spatial alignment
      with an original line-of-sight of said optical instrument despite
      accidental motion of said instrument, the other of said flat surfaces
      being fixed to said optical instrument along the optical axis of the
      instrument, said deflecting means having a refractive index of less than
      2, and, by defining the difference between the position of the optical
      axis of said instrument and the optical line-of-sight of said optical
      instrument created by an accidental motion as the value .delta., said
      entrance and exit flat surface of said deflecting means for being oriented
      as a result of instrument motion so that a cross angle is formed by said
      entrance flat surface and said exit flat surface so as to refract a ray of
      light to the extent of the refracting angle .delta. (N - N'), said afocal
      telescopic system having an angular magnification M and a plus symbol is
      indicated when an erecting afocal telescopic system is used while a minus
      symbol is indicated at the employment of an inverting system to said
      afocal telescopic system, said afocal telescopic system satisfies the
      equation: M = .+-. (N - N') wherein N is the index of refraction of said
      deflecting means, wherein N' is the index of refraction of a medium in
      which the entire lens system is placed, wherein an angle formed by a ray
      of light emitted from the afocal telescopic system and the optical axis
      thereof is equal to the refracting angle of said deflecting means when
      said entire system is in said medium, and wherein the ray of light emitted
      from the deflecting means is always parallel with the optical axis.
NUM  2.
PAR  2. An image stabilizing lens system as described in claim 1, wherein said
      deflecting means is constructed in the form of a compound lens including a
      plano-concave lens and a plano-convex lens, said two lenses having almost
      equal radii of curvature of the concave and convex surfaces to each other,
      and being disposed with their faces in mating rotatable relationship to
      each other and the center of rotation is substantially coincident with the
      center of curvature of the plano-convex lens.
NUM  3.
PAR  3. An image stabilizing lens system as described in claim 2, wherein said
      afocal telescopic system is an afocal inverted Galileian telescopic system
      having an angular magnification power of M - (N - 1), wherein N is the
      index of refraction of said compound lens composing said deflecting means
      positioned after said afocal telescopic system.
NUM  4.
PAR  4. An image stabilizing lens system as described in claim 3, wherein said
      compound lens includes a front plano-concave lens and a rear plano-convex
      lens, said plano-convex lens being held in fixed spatial alignment with
      the original line of sight by means of the stabilizer coupled thereto.
NUM  5.
PAR  5. An image stabilizing lens system as described in claim 3, wherein said
      compound lens includes a front plano-convex lens and rear plano-concave
      lens, said plano-concave lens being held in fixed spatial alignment with
      the original line of sight by means of the stabilizer coupled thereto.
NUM  6.
PAR  6. An image stabilizing lens system as described in claim 2, wherein said
      afocal telescopic system is an afocal Keplerian telescopic system having
      an angular magnification power of M = -(N - 1), wherein N is the index of
      refraction of said compound lens composing said deflecting means
      positioned after said afocal telescopic system.
NUM  7.
PAR  7. An image stabilizing lens system as described in claim 6, wherein said
      compound lens includes a front plano-concave lens and a rear plano-convex
      lens, said plano-concave lens being being held in fixed spatial alignment
      with the original line of sight by means of the stabilizer coupled
      thereto.
NUM  8.
PAR  8. An image stabilizing lens system as described in claim 6, wherein said
      compound lens includes a front plano-convex lens and a rear plano-concave
      lens, said plano-convex lens being held in fixed spatial alignment with
      the original line of sight by means of the stabilizer coupled thereto.
NUM  9.
PAR  9. An image stabilizing lens system as described in claim 6, wherein said
      image forming relay lens system includes an eyepiece.
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ABST
PAL  An arrangement for a rotating vehicular mirror of the self-wiping type
      which is comprised of a circular mirror supported by means of a central
      shaft and driven by the vehicular slipstream by means of impellers
      distributed in the mirror circumference. The mirror construction includes
      an enclosed chamber mounted for rotation and at least part of one wall of
      the chamber being formed by the mirror element, the chamber defining a
      series of radially disposed closed passageways open at one end to the
      central region adjacent the axis of rotation and at the other end to a
      peripheral region adjacent the surface of rotation so that rotation of the
      chamber leads to circulation and recirculation of the enclosed air due to
      centrifugal force from the central region to the peripheral region and
      across the rear face of the mirror element.
BSUM
PAR  The present invention concerns an arrangement for a rotating vehicular
      mirror of a self-wiping type for exterior mounting. The generally circular
      mirror is supported by means of a central shaft and driven by the
      vehicular slipstream by means of obliquely located impellers distributed
      in the mirror circumference.
PAR  A rotating automobile mirror which is intended for mounting on the exterior
      of an automobile is described in published German specification (DOS) No.
      2,040,993.
PAR  The present invention provides an arrangement for a rotating automobile
      mirror which is particularly simple and trouble-free in construction. The
      arrangement is characterised by an air guide passageway in the adjacent
      region between the inner wall of the rotor shaft hub and the outer wall of
      the rotor shaft which serves as a bearing for the rotor and which extends
      along the entire length of the rotor hub and terminates at one hub end in
      at least one radial air passageway, the radial outer end of which opens so
      as to communicate with a first closed rotor chamber which is defined by
      the rotor center wall and the mirror whereby the first rotor chamber is
      connected through apertures formed in the rotor center wall with a second
      rotor chamber, which chamber is formed by the rotor center wall and a back
      rotor cover, and encompasses the rear hub end.
PAR  According to a preferred embodiment of the invention, the air guide
      passageway is a spiral groove which is formed in the rotor hub.
PAR  According to another advantageous embodiment, the radial air passageway is
      formed as a recess in the rotor center wall which is covered over
      essentially its entire radial length.
PAR  A particular advantage is obtained through the bearing arrangement in that
      the inventive construction leads to the formation of an air flow between
      the two rotor chambers which results in warming of the back wall of the
      mirror in view of the rapid flow of air which is warmed by bearing heat
      thus preventing condensation upon or coating of the mirror in cold weather
     .
DRWD
PAR  Referring to the accompanying drawings,
PAR  FIG. 1 is a sectional view through an automobile mirror which is provided
      with a rotor bearing arrangement according to the invention; and
PAR  FIG. 2 is a section taken along line 2--2 in FIG 1.
DETD
PAR  The automobile mirror includes a housing 1 which serves as a support for
      the rotor shaft 3 which carries a rotor 13 at its end. The rotor 13
      consists of a rotor center wall 21, a rotor backwall 4 and a mirror 16,
      with the mirror 16 together with the rotor wall 21 forming a first rotor
      chamber 15 and the backwall 4 and the rotor center wall 21 defining a
      second rotor chamber 14. Along the outer circumference of the rotor are
      arranged laterally extending impeller vanes 6 to which is conveyed the
      vehicular slipstream by way of air guide ring 18 thereby forming an air
      flow which will effect rotation of the rotor. The air guide ring 18
      contains a plurality of stationary vanes 5.
PAR  In the rotor center wall 21 there are formed at least two recesses 10 which
      form a radial air passageway which is covered on its upper surface by a
      cover 8 which extends in a radial direction until just short of the radial
      outer end of the recesses. Further, there are provided in the rotor center
      wall axial openings 11 which facilitate passage of air from one rotor
      chamber to the other rotor chamber. In the bordering region between the
      inner wall of hub 20 and the outer wall of the rotor shaft 3 there is
      provided an air passageway 12 which in a suitable manner is located on the
      inner wall of the hub and which makes possible air movement from one axial
      end of the hub to the other axial end thereof.
PAR  Upon rotation of the rotor, the air which is located in the radial outer
      portions of the air passageway 10 has imparted thereto due to centrifugal
      force a radially outwardly directed acceleration so as to form an air flow
      which is directed from the radial outer ends of the air passageway 10 at
      the backwall of the mirror radially inwardly and which flows through the
      aperture 11 into the adjoining rotor chamber 14 and which subsequently
      enters into the air passageway 12 adjacent one hub end so as to then enter
      the radial air passageway 10a at the other hub end and from which the
      stream in the radial air passageway 10 again flows radially outwardly.
PAR  The rotor backwall 4 preferably consists of a metal, which cools by
      conduction the air heated by the bearing heat.
PAR  The bearing heated air on being passed along the rear surface of the mirror
      16 heats the mirror to prevent coating. The rotor backwall 4 is sealed
      with respect to the rotor shaft by means of a seal 17. The rotor hub 20
      further is secured by means of supports 19 on the shaft against movement
      in the direction toward the mirror.
PAR  In accordance with one embodiment of the mirror, the mirror is provided
      with a mirror pyramid 9, which suitably is three sided so that the total
      angle may be viewed as one likes.
PAR  It is quite apparent that the air stream L shown in the drawing which
      prevents coating of the mirror provides an extremely advantageous
      characteristic which also may be employed independently of the arrangement
      of an air heating bearing.
PAR  By means of the air circulation there is further obtained a braking effect,
      which prevents reversal of the mirror at high rotational speeds.
PAR  In connection with the radial air passageways, a construction in which the
      cross-sectional area of the passageways increases radially by means of
      which the suction or aspirating effect is increased, has proven to be
      particularly suitable.
PAR  Especially useful from the standpoint of the achieved air circulation is a
      curved configuration of the radial air passageways 10, which are shown in
      FIG. 2 in chain-dotted illustration. The arrow shown in FIG. 2 signifies
      the direction of rotation of the rotor.
PAR  It is apparent that the vehicular mirror of this invention may be utilized
      in connection with any vehicle under any climatic conditions, but it has
      special utility in colder or more humid conditions where condensation or
      ice buildup is a hazard to visibility with exteriorly mounted mirrors.
      Although the invention has been particularly described with reference to
      the embodiment of the drawing for ease of illustration it will be
      understood that the principles involved have applicability to a wide
      variety of constructions and that variations apparent to the artisan are
      intended to be encompassed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle rear view mirror construction comprising an outwardly
      reflecting mirror supported in an enclosed generally cylindrical rotor
      journalled for rotation through a hub upon a central shaft, said shaft
      being supported in a housing for said rotor, said housing forming at its
      periphery one or more scoops adapted to receive and direct air from the
      slipstream adjacent a vehicle in motion, said rotor having a side wall
      surmounted by a plurality of vane members located in proximity to said air
      scoops, said vane members providing rotational motion to said rotor under
      the influence of the vehicular slipstream, said rotor being generally
      subdivided along the axis of revolution into first and second chambers by
      a central radially disposed wall integral with said hub, said first
      chamber being bounded by said central wall, said mirror and said rotor
      side wall, and said second chamber being bounded by said central wall,
      said rotor side wall, and the rotor rear wall, said first and second
      chambers being in communication in the region adjacent the axis of
      rotation through perforations in the center wall, said hub and said
      central shaft having defined therebetween a groove forming a passageway
      between said first and second chambers, said passageway terminating in
      said first chamber in at least one radial air channel, the radial outer
      end thereof being open and communicating with said first rotor chamber at
      the periphery thereof, whereby upon rotation of the rotor the enclosed air
      entering said groove from said second rotor chamber is heated by passage
      along said hub and said central shaft, the heated air passes along said
      radial air channels, exits into said first rotor chamber adjacent the
      periphery of said rotor, passes across the rear face of said mirror, exits
      said first rotor chamber through said perforations and is recirculated by
      entry into said groove from said second rotor chamber.
NUM  2.
PAR  2. The mirror construction of claim 1, wherein said groove is formed as a
      recess in said hub.
NUM  3.
PAR  3. The mirror construction of claim 1, wherein said groove is formed in a
      spiral configuration.
NUM  4.
PAR  4. The mirror construction of claim 1, wherein the cross-sectional area of
      said channels increases radially of said axis of rotation.
NUM  5.
PAR  5. The mirror construction of claim 1, wherein said channels are recessed
      into the face of said center wall in said first rotor chamber, and are
      closed along the length thereof by a cooperating cover plate.
NUM  6.
PAR  6. A circular rotatable vehicle mirror construction comprising a hub
      mounted on a central shaft secured to the mirror housing, the mirror being
      rotated by means of inclined blades distributed about the mirror periphery
      as a result of the air flow passing between the blades, characterized in
      that means for heating the mirror to prevent condensation upon or coating
      of the mirror in cool weather is provided by at least one groove (12)
      located in the interface between the internal wall of the hub (20) of the
      rotor (13) supporting the mirror (16) and the external wall of the rotor
      shaft (3), said groove (12) extending over the length of the hub (20) and
      terminating at one end of the hub in at least one radial air channel (10,
      10'), the radially outer end thereof being open and communicating with a
      closed first rotor chamber (15) bounded by the central wall (21) of the
      rotor and the mirror (16), said first rotor chamber communicating through
      openings (11) in the central wall (21) of the rotor with a second rotor
      chamber (14) which is formed by the central wall of the rotor and a
      rearward rotor cover (4) and which contains the hub end remote from the
      radial air channel (10).
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ABST
PAL  A threadedly mounted cap for the lens opening of optical instruments such
      as cameras with a pivotally mounted lens cap mounted thereon spring biased
      to open and closed positions when pivotally moved beyond a given point.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved lens cap threadedly mountable in the
      lens opening of a camera for protecting the lens of the camera when the
      camera is not in use and employing a lens cap which is pivotally mounted
      for movement between lens covering and lens exposing positions by a lever
      extending outside of the outer periphery of the cap which is spring biased
      to hold the cap open when moved beyond a predetermined position in one
      direction and spring biased to hold the cap closed when moved beyond said
      predetermined position in another direction.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Lens caps have been used for years for protecting the lens of a camera from
      dust while the camera is not in use and some structures have combined the
      sunshade and lens cap features, such as those shown in U.S. Pat. Nos.
      1,775,180 and 3,715,149. Although these prior art structures eliminated
      the time spent in removing the lens cap from the lens opening, none of
      them have achieved their functions with a simple integrated structure
      formed of a few parts which may be inexpensively manufactured, easily
      assembled and quickly utilized. An inexpensive product easily threadedly
      mountable on most cameras is disclosed herein for use by the public rather
      than only by the professional who could afford the prior art hardware
      offering these features.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention claimed, an improved lens cap having a
      pivotally mounted cover is provided which is made from a few easily
      assembled parts and easily threadedly mounted on the lens mount of most
      cameras. The lens cap may be a cylindrically shaped flange for threaded
      attachment to the lens mount employing a spring biased lens cover
      pivotally mounted at a point on its outer periphery adjacent the lens. The
      lens cover pivotally moves from a spring biased lens protective position
      to a spring biased lens exposing position by a hand actuated lever mounted
      on the outside periphery of the lens cover.
PAR  It is, therefore, one object of this invention to provide a new and
      improved lens cap configuration for optical instruments.
PAR  Another object of this invention is to provide a lens cap for mounting on a
      lens mount of a camera having a pivotally mounted lens cover attached
      thereto for movement from a spring biased lens covering position to a
      spring biased lens exposure position.
PAR  A further object of this invention is to provide a lens cap for attachment
      to a lens mount having a dual acting pivotally mounted spring biased lens
      cover mounted therein.
PAR  A still further object of this invention is to provide an improved
      inexpensive lens cap configuration for cameras which is easy to fabricate,
      assemble and mount on or remove from a camera.
PAR  Further objects and advantages of the invention will become apparent as the
      following description proceeds and the features of novelty which
      characterize this invention will be pointed out with particularity in the
      claims annexed to and forming a part of this specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a lens cap applied to the lens mount of a
      camera with the components of the lens cap in closed position and
      embodying the invention.
PAR  FIG. 2 is a cross-sectional view of FIG. 1 taken along the line 2--2.
PAR  FIG. 3 is a cross-sectional view similar to FIG. 2 with the lens cover in
      open position.
PAR  FIG. 4 is a front elevational view of the device shown in FIG. 1 with the
      lens cover of the lens cap in closed position.
PAR  FIG. 5 is a partial exploded view of the lens cap and lens cover showing
      details of the pivotal connection of the lens cover to the lens cap.
PAR  FIG. 6 is a diagrammatic view of the lens cap shown in FIGS. 2 and 3 with
      reference to its pivot point and fixed spring mounting in both positions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawing by characters of reference,
      FIGS. 1-4 disclose a lens cap 10 employing a pivotally mounted spring
      biased lens cover 12 which is threadedly mounted to the lens mount 13 of a
      camera 14. The lens cap comprises a cylindrical flange like configuration
      16 the outer surface of one end being provided with threads 17 for
      interengaging the threads of the lens mount of camera 14. The other end of
      the cylindrical configuration is provided with a circular flange or
      shoulder 18 to provide a seat for lens cover 12.
PAR  Lens cover 12 comprises a disc 19 shaped to cover the opening in
      cylindrical portion 16 and to seat against the flat surface of shoulder 18
      as shown in FIG. 2.
PAR  As shown in FIG. 5, disc 19 is provided with a T-shaped protrusion 20
      extending from its periphery which serves as the pivotally mounting means
      of the lens cover with the lens cap. The cross arm of the T-shaped
      protrusion is arranged to fit within bearings 21 on shoulder 18 of the
      hood and the lens cover is maintained open or closed by a suitable spring
      22.
PAR  Spring 22, as shown in FIGS. 2 and 3, may have an arcuate shaped
      configuration having one end 23 fitted into a groove 24 in a lever arm 25
      pivotally mounted at 25A on the outer periphery of disc 19 and forming a
      part thereof. As noted, the extremity of end 23 is fitted around and
      anchored to a pin 26 positioned on the outside periphery of the lens cap.
      The sides of groove 24 form limits for the deflection of the spring in its
      lens cover open and closed positions. The other end 27 of spring 22 is
      fittedly biased into suitable opening in the periphery of a slot 28 formed
      in the outer surface of disc 19 of the lens cover and arranged to extend
      longitudinally of the disc.
PAR  As noted from FIG. 2 of the drawing, spring 22 may be an over center spring
      arranged to bias the lens cap in either open or closed direction. In FIG.
      2 spring 22 is shown biasing the lens cover to its closed position and in
      FIG. 3 to its open position. Lever arm 25 forming a part of the disc 19 is
      pivotally mounted on the outside periphery of the lens cap 10 to hold lens
      cover 12 in its closed position and by clockwise rotation of this latch,
      as shown, the lens cover will be released and the cover will move under
      the bias of spring 22 to its open position shown in FIG. 3. The cap may
      then be pushed back to its lens closed position shown in FIG. 2 by finger
      pressure applied to the knurled surface 30 at the end of lever arm 25.
PAR  It should be recognized that spring 22 may be arranged to bias when in an
      over center position lens cover 12 to its closed position shown in FIG. 2
      and in that instance the end of lever arm 25 will be rotated
      counterclockwise to close the lens cap.
PAR  FIG. 6 illustrates diagrammatically the relative positions of the lens
      cover in its open and closed position with reference to its pivot point.
PAR  As noted from the drawing and the description above, a quick acting lens
      cover is pivotally mounted in a tubular lens cap threadly attached to the
      lens mount of an optical instrument such as a camera. This device may be
      formed of plastic parts economically manufactured and assembled to provide
      a positive acting locked open or closed lens cap mounted in a suitable
      hood or sunshade.
PAR  Although but one embodiment of the present invention has been illustrated
      and described, it will be apparent to those skilled in the art that
      various changes and modifications may be made therein without departing
      from the spirit of the invention or from the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lens cap for mounting on the lens mount of a camera comprising:
PA1  a tubular cylindrical member for attaching at one end on the front end of
      the lens mount of the camera,
PA1  said one end being threaded for engaging mating threads on the lens mount,
PA1  said cylindrical member defining a ledge at its other end around its
      periphery forming a lens cover seating surface,
PA1  a lens cover pivotally mounted on the outside periphery of said cylindrical
      member and comprising a substantially flat disc for covering in one
      position the camera lens, the periphery of said disc engaging said seating
      surface in lens cap closed position,
PA1  said disc having a protrusion extending from its peripheral edge for
      interfitting with a receiving member on the periphery of said cylindrical
      member to provide the pivotal mounting of said lens cover, and
PA1  spring means extending between said lens cover and said cylindrical member
      for biasing said disc to one of its lens open and lens closed positions,
PA1  said spring means comprising an arcuate shaped spring, one end being
      attached to the periphery of said member and its other end being connected
      to said disc,
PA1  said lens cover being provided with a lever arm extending outwardly from
      its periphery,
PA1  whereby said lens cover may be pivotally moved by the user applying finger
      pressure on said lever arm against the biasing action of said spring to
      pivotally move said lens cap,
PA1  said lever arm defining a slot, and
PA1  one end of said spring means extending through said slot of said lever arm
      to said cylindrical member,
PA1  whereby said spring means is retained and the amount of its deflection is
      controlled by the sides of said slot when said lens cover is moved to open
      and closed positions.
NUM  2.
PAR  2. The lens cap set forth in claim 1 wherein:
PA1  said disc is provided with a slot for receiving and pivotally mounting one
      end of said arcuate shaped spring.
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ABST
PAL  A portable telescope assembly comprising a telescope mounted on portable
      support means. The portable support means includes a polar axis shaft,
      means for aligning the polar axis shaft parallel to the polar axis of the
      earth, means for revolving the telescope about the polar axis shaft, and
      means for rotating the telescope about an axis normal to the polar axis
      shaft. In addition, the polar axis shaft is balanced both torsionally and
      longitudinally with the telescope supported at one end and to one side of
      the polar axis shaft, with a fulcrum intermediate the ends of the polar
      axis shaft, and counterweights supported at the other end and on the other
      side of the polar axis shaft. The portable support means includes an air
      suspension system so that the assembly can be transported between erection
      sites without substantial hazard of damage due to vibrations or shocks.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of U.S. application Ser. No. 229,341,
      filed Feb. 25, 1972, now U.S. Pat. No. 3,840,284, issued Oct. 8, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For a large telescope to follow or track stars, etc. as the earth rotates,
      telescopes have been mounted on support structures that continuously move
      the telescope about a polar axis which is substantially parallel to the
      earth's polar axis so that the rotation of the earth will not require
      continual readjustments of the telescope. In the past, the larger
      telescopes have been designed for and erected at permanent latitudinal
      locations because of their large size and weight and because of the
      difficulty of aligning and maintaining the polar axis of the telescope
      support assembly. The large telescope installations usually include a
      massive amount of metal and concrete for the purpose of anchoring and
      supporting the telescope and its various associated components in a
      permanent location.
PAR  While virtually all large telescopes can be moved with their support
      systems so as to rotate with respect to the earth's surface and change
      their angle of elevation to sight on and track various stars, etc., the
      telescopes are limited in that they cannot track an object near or below
      their horizon of the earth. This preludes the telescope from sighting on
      objects visible only at remote latitudes. Thus, even the most powerful,
      most accurate and most expensive telescope may be useless because of its
      permanent location if the object to be sighted happens to be inaccessible
      to the line of sight from the particular latitude on the earth at which
      the telescope is located. Moreover, on many occasions permanently mounted
      telescopes are rendered useless because of cloud coverage, air pollution
      or other local atmospheric conditions. Also, the precession and nutation
      of the earth necessitates frequent realignment of the polar axis of the
      telescope with the earth's polar axis, and the realignment process is
      delicate and onerous.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the present invention obviates the foregoing problems by
      providing a portable telescope assembly which can be transported to
      different locations on the earth to change the latitude location of the
      assembly, and the support system of the assembly can be expediently
      oriented to define a polar axis parallel to the earth's polar axis and the
      telescope can revolve 360.degree. about its polar axis so as to
      continuously track stars or other celestial objects without having to be
      repositioned. The telescope of the assembly includes both a Casagrain
      focus and a Newtonian focus, and the telescope housing is rotatable about
      its longitudinal sight axis so that the Newtonian focus can be oriented at
      a convenient position for the astronomer or his photographic equipment,
      etc. The assembly is balanced so that the telescope is maintained in
      balance when in operation and when being transported between its sites of
      erection. In one embodiment of the invention the polar axis shaft of the
      support system includes a sighting system wherein Polaris, the North Star,
      and its companion star can be viewed through the polar axis shaft.
PAR  Thus, it is an object of the present invention to provide a portable
      telescope assembly which is versatile, expediently set up for operation,
      which can be transported between sites of erection, and which is as
      powerful as some of the larger telescope assemblies which are permanently
      mounted.
PAR  Other objects, features and advantages of the present invention will become
      apparent upon reading the following specification, when taken in
      conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevational view of the telescope assembly, with parts
      shown in section for clarity.
PAR  FIG. 2 is an end view of the telescope assembly, with parts broken away.
PAR  FIG. 3 is a top view of the telescope assembly.
PAR  FIG. 4 is a detail illustration of the latitude adjustment section of the
      support system.
PAR  FIG. 5 is a side elevational view of a modified form of the invention.
PAR  FIG. 6 is a partial illustration of the modified form of the invention,
      showing the Polaris sighting system of the polar axis shaft.
PAR  FIG. 7a is a schematic illustration of the face of the polar telescope when
      the polar axis shaft is aligned with the earth's polar axis.
PAR  FIG. 7b is a schematic illustration of the image received when looking
      through the microscope attached to the polar telescope.
PAR  FIG. 8 is a detail illustration of the double threaded travel screw
      arrangement for moving the telescope and its counterweights in opposite
      directions along the polar axis shaft.
PAR  FIG. 9 is a schematic illustration of the telescope housing and its closure
      cap assembly.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now in more detail to the drawing, in which like numerals
      indicate like parts throughout the several views, FIG. 1 shows portable
      telescope assembly 10 which generally includes telescope 11 and portable
      support system 12. Portable support system 12 includes support frame 13
      having a pair of spaced-apart parallel side support beams 15 and 16 (FIG.
      3), and a plurality of connecting cross beams, such as end crossing beam
      17 and middle crossing beam 18. Support frame 13 is portably supported by
      support wheels 19, and when the telescope assembly is to be erected for
      sighting purposes, support feet 21 are lowered to engage the ground and
      support the support frame 13. Support feet 21 comprise three support feet
      assemblies 21a, 21b and 21c (FIG. 3), and each of the support feet
      comprises a foot 22 for resting on the ground surface, and externally
      threaded leg 23 pivotally connected to its foot 22, sleeve 24, lower
      internally threaded elevating ring 25 and upper internally threaded lock
      ring 26. Sleeve 24 is rigidly connected to support frame 13 at an angle
      inclined from the vertical toward the vertical centerline of support frame
      13. When the support feet 21a, 21b and 21c are to be lowered so as to
      engage the ground and support the assembly, each lock ring 26 is rotated
      about its externally threaded leg 23 away from sleeve 24, and each
      elevating ring 25 is rotated in the same direction so as to move up the
      leg, thus causing its foot 22 to move in a downward direction away from
      the support frame 13. When the three support feet properly support the
      support frame, and when the support frame is level, the upper lock ring 26
      of each support foot is threaded back in the opposite direction so as to
      engage and wedge against the upper end of its sleeve 24, thus locking the
      support feet and the support frame will be held in a level attitude. The
      angle of each leg 23 is such that the axes of all the legs come to an apex
      position above the center of gravity of the telescope assembly.
PAR  The wheels 19 are each connected at the ends of axles 28 and 29 which
      extend across and are spaced below support frame 13. As is illustrated in
      FIG. 1, axles 28 and 29 are connected at their ends to the horizontally
      extending legs of L-shaped pivot plates, such as pivot plates 30 and 31 in
      FIG. 1. There is a pivot plate for each wheel 19, and each pivot plate is
      freely rotatable about its pivot pin, such as pivot pins 32 and 33 of FIG.
      1. Compression bags such as compression bag 34 of FIG. 1 are positioned
      between the upwardly extending legs of the L-shaped pivot plates on each
      side of support frame 13. The compression bags are fabricated from a
      resilient material and filled with a fluid, such as air or water. The
      compression bags on each side of support frame are urged toward each other
      by the weight of the assembly tending to pivot the wheels 19 on each side
      of the assembly in an upward direction about the respective pivot pins.
      Thus, compression bags 34 function as a compressible fluid supporting
      means to support support frame 13.
PAR  As is illustrated in FIGS. 2 and 3, middle longitudinal beams 35 extend
      between the middle crossing beams 18, and together with the middle
      crossing beams form a center framework 36. A lower annular support ring 38
      is supported by center framework 36 and is located about the vertical
      centerline of support frame 13. Upper support ring 39 is positioned above
      lower support ring 38, and a plurality of compression bags 40 are
      interposed between support rings 38 and 39. Compression bags 40 are
      fabricated from a resilient material and are filled with fluid, such as
      air or water, and the compression bags can be of doughnut or annular
      configuration, if desired. A plurality of coil compression springs 41 are
      also interposed between the support rings 38 and 39, and rigidifying lock
      bolts extend through both support rings. When the lock bolts are loosened
      the compression bags 40 and coil compression springs 41 will function as a
      suspension system to support the telescope 11 from support frame 13. When
      the lock bolts are tightened, the support rings are more securely fastened
      to one another and the movement of the telescope with respect to support
      frame 13 is eliminated.
PAR  Upper support ring 39 surrounds the vertical centerline of lower support
      frame 13, and a telescoping pier assembly 45 is connected to and extends
      upwardly from upper support ring 39. Telescoping pier assembly 45 includes
      lower tubular pier member 46 which is rigidly connected to upper support
      ring 39, and upper inner tubular pier member 47. Upper pier member 47 is
      supported by lower pier member 46. Detachable jack 51 is insertable inside
      lower pier member 46, and its rod 52 is engageable with the upper
      horizontal platform 54 of upper pier member 47 so as to raise and lower
      the upper pier member 47 with respect to its lower pier member 46. Once
      the upper pier member 47 has been raised by means of jack 51, supporting
      screws 55 can be inserted through lower pier member 46 and support upper
      pier member 47, and setscrews 56 can be tightened to form a friction fit
      between upper pier member 47 and its lower pier member 46.
PAR  Telescope 11 comprises a housing 58 connected to a delcination axis shaft
      59, the declinationaxis shaft is housed in declination axis shaft case 60,
      and declination axis shaft case 60 is rigidly connected to one end of
      polar axis shaft 61. Polar axis shaft 61 is supported in polar axis shaft
      case 62, and clevis assembly 64 is connected to polar axis shaft case 62.
      Clevis assembly 64 composes a part of latitude adjustment section 68 and
      comprises a pair of spaced-apart flat plates 66 and 67 which are rigidly
      connected at their upper ends to polar axis shaft case and which protrude
      downwardly from polar axis shaft case toward telescoping assembly 45.
PAR  Latitude adjustment section 68 comprises lower support platform 69 and
      upper support platform 70. Lower support platform 69 rests on upper
      platform 54 of telescoping pier assembly 45 and is rotatable thereon by
      means of bearing assembly 71. Lock nut assembly 72 includes an externally
      threaded screw 73 extending upwardly from upper platform 54 of pier
      assembly 45 and lock nut 74 positioned on the top surface of lower support
      platform 69 of latitude adjustment section 68, so that upon tightening
      lock nut 74 about its screw 73, a frictional lock is formed between lower
      platform 69 of latitude adjustment section 68 and upper platform 54 of
      pier assembly 45.
PAR  The peripheral surface of lower platform 69 is circular and gear teeth
      protrude therefrom so that the lower platform functions as a worm gear for
      driving motor 50 and worm 49. Motor 50 is supported by upper pier member
      47 and the rotation of its worm against worm gear or lower platform 69
      provides a power assist to the rotation of the telescope about the
      vertical axis.
PAR  Upper support platform 70 of latitude adjustment section 68 is hingedly
      connected to lower platform 69 by means of hinge assembly 75 which
      composes a part of fine adjustment assembly 78 and comprises a hinge pin
      76 inserted through the openings in the mating hinge elements connected to
      the respective platforms. Hinge assembly 75 is placed to the side of pier
      assembly 45. On the other side of the pier assembly from hinge assembly
      75, fine adjustment assembly 78 includes externally threaded screw 79
      connected at its upper end to upper support platform 70 and extending
      downwardly through lower platform 69. Internally threaded elevating ring
      80 surrounds externally threaded screw 79 and through its bearing 81 bears
      against lower support platform 69. Elevating ring 80 is also externally
      threaded, and motor driven gear 82 functions to rotate elevating ring 80
      with respect to its screw 79. When the elevating ring 80 is driven in one
      direction, upper support platform 70 tends to move in an upward direction
      away from lower support platform 69 in its area adjacent screw 70 so that
      it tends to pivot about hinge pin 76 of hinge assembly 75. Of course, when
      elevating ring 80 is driven in the opposite direction, upper support
      platform 70 will move downwardly about hinge pin 76. Thus, fine
      adjustments are made in the fine adjustment assembly 78 of latitude
      adjustment section 68.
PAR  A pair of upstanding platform plates 84 and 85 extend upwardly from upper
      support platform 70 and are spaced apart so as to be received between
      plates 66 and 67 of clevis assembly 64. Pivot pin 86 extends through
      aligned openings defined in plates 66, 67, 84 and 85, so that clevis
      assembly 64 is freely rotatable with respect to the upstanding plates 84
      and 85.
PAR  As is illustrated in FIG. 4, at least one of the plates 66 and 67 of clevis
      assembly 64 defines a plurality of spaced-apart apertures oriented about
      pivot pin 86. There are four groups of apertures 88, 89, 90 and 91. The
      apertures of each group are spaced apart at 10.degree. intervals from the
      center of pivot pin 86, and the apertures of each group are offset from
      the apertures of the next adjacent group by 21/2.degree.; that is,
      aperture 92 is located at the zero position of plate 66, aperture 88a is
      at the 20.degree. position, aperture 88b will be at the 30.degree.
      position, aperture 88c will be at the 40.degree. position, etc.; and
      aperture 89a will be at the 1121/2.degree. position, aperture 89b will be
      at the 1221/2.degree. position, and aperture 89c will be at the
      1321/2.degree. position, etc.; and aperture 90a will be at the 205.degree.
      position, aperture 90b  will be at the 215.degree. position, aperture 90c
      will be at the 225.degree. position, etc.; and aperture 91a will be at the
      2971/2.degree. position, aperture 91b will be at the 3071/2.degree.
      position, etc. Also, apertures 93, 94 and 95 are located at the
      90.degree., 180.degree. and 270.degree. positions. In at least one of the
      upstanding plates 84 and 85 of the upper support platform 70 apertures 96,
      97, 98, and 99 are formed. Apertures 96-99 are formed at the 0, 90, 180
      and 270 degrees positions about pivot pin 86.
PAR  The arrangement of the apertures of the plates of clevis assembly 64 and
      the plates of latitude adjustment section 68 are such that when a
      positioning pin is inserted through aperture 96 of the inner plate 84 of
      upper support platform 70 and one of the apertures of the group 88, clevis
      assembly 64 will be tilted at an angle of 10.degree. or a multiple of
      10.degree. from the vertical. If the pin is inserted through aperture 97
      and one of the apertures in the group 89, the clevis assembly 64 will be
      tilted 221/2.degree. or 221/2.degree. plus a multiple of 10.degree. from
      the vertical. If a positioning pin is inserted through the aperture 98 and
      one of the apertures from the group 90, the clevis assembly 64 will be
      tilted 25.degree. or 25.degree. plus a multiple of 10.degree. from the
      vertical. If a positioning pin is inserted through the aperture 99 and one
      of the apertures from the group 91, the clevis assembly 64 will be tilted
      271/2.degree.  or 271/2.degree. plus a multiple of 10.degree. from the
      vertical. Thus, the mating plates of the clevis assembly and the latitude
      adjustment section form a coarse adjustment assembly for tilting clevis
      assembly 64 at predetermined angles, at intervals of 21/2.degree. about
      the center of pivot pin 86.
PAR  Once the coarse adjustment has been made, a fine adjustment can be made
      with fine adjustment assembly 78 by rotating elevating ring 80 about its
      elevating screw 79 to tilt upper supporting platform 70 with respect to
      lower support platform 69 about hinge pin 76. It should be noted that the
      longitudinal axis of hinge pin 76 is parallel to the longitudinal axis of
      pivot pin 86 of clevis assembly 64. Thus, the pivoting of clevis assembly
      64 about its pivot pin 86 or about hinge pin 76 will be in the same plane,
      a plane normal to the longitudinal axis of hinge pin 76 and pivot pin 86.
PAR  Polar axis shaft case 62 is slidable longitudinally through clevis assembly
      64, while polar axis shaft 61 is rotatably received in polar axis shaft
      case 62. Polar axis shaft ram 100 has its housing connected to clevis
      assembly 64, and its ramrod 101 is connected to a bracket 102. Bracket 102
      is connected to polar axis shaft case 62 and polar axis shaft ram 100 thus
      functions as a moving means for moving polar axis shaft case 62
      longitudinally through clevis assembly 64. If desired, additional lengths
      of ramrod can be fastened to the ramrod 101 so that the polar axis shaft
      case 62 can be distended a further distance through the clevis assembly
      64.
PAR  Polar axis shaft 61 is rotatable about its own longitudinal axis within
      shaft case 62. Worm gear 104 is rigidly connected to the polar axis shaft
      61, and motor driven worm 105 engages the worm gear 104 so that the polar
      axis shaft is provided with a power assist for its rotation.
PAR  Declination axis shaft case 60 is rigidly connected to polar axis shaft 61
      and is therefore rotatable with the polar axis shaft with respect to the
      polar axis shaft case 62. Declination axis shaft 59 is rotatably received
      within declination axis shaft case 60, and worm gear 106 and motor driven
      worm assembly 107 function to provide a power assist to the rotational
      movement of the declination axis shaft 59.
PAR  The telescope mounted on the portable support means can be constructed in
      accordance with various design arrangements, including those with the
      image of the object being projected parallel to the longitudinal sight
      axis of the telescope or through a side opening in the telescope housing.
      In the embodiment illustrated in the drawing, telescope 11 comprises
      elongated tubular housing 58 which rests in annular telescope seat
      assembly 109 at one end of declination axis shaft 59. The bearing assembly
      within annular seat assembly 109 allows housing 58 to rotate about its
      longitudinal sight axis 110. Housing 58 is open at one end 111 and
      apertured primary mirror 112 is mounted in the other end 114. Secondary
      mirror assembly 115 is located near end 111 of housing 58. Secondary
      mirror assembly 115 includes two mirrors, the first mirror being a
      hyperbolic mirror for receiving the image from primary mirror 112 and
      directing it back through the center opening 116 of primary mirror 112 and
      the opening 117 in the end 114 of housing 58 and focusing the image beyond
      the housing, thus creating a Casagrain focus. Housing 58 also defines side
      opening 118, and mirror assembly 115 is adjustable to remove the
      hyperbolic mirror from its reflecting position and support a second mirror
      of flat elliptical configuration into its reflecting position so that the
      image from primary mirror 112 can be directed through side opening 118 to
      focus outside the side of the housing, thus providing a Newtonian focus.
      Of course, various optical attachments can be connected to housing 58 to
      receive the images from the telescope.
PAR  Since telescope 11 is positioned on one side of polar axis shaft 61, the
      telescope is off balance and tends to rotate about the polar axis shaft.
      In order to balance the telescope on the polar axis shaft, weights 119 are
      attached to the end of declination axis shaft 59 at a distance from the
      polar axis shaft so as to balance the telescope on the polar axis shaft.
      If the net weight of a telescope and its various optical attachments,
      etc., is increased or reduced, the weights 119 can be threaded along the
      external threads at the ends of declination axis shaft 59 so as to move
      closer or further away from polar axis shaft 61, or one or more of the
      weights can be taken away from or added to the weights 119.
PAR  Since both the weights 119 and the telescope are located to one side of
      clevis assembly 64, the telescope tends to tip or pivot downwardly about
      the clevis assembly. Weights 120 are therefore added to the end of polar
      axis shaft 61 on the opposite side of clevis assembly 64 so as to balance
      the telescope about the clevis assembly. The weights 120 can be moved
      along the length of polar axis shaft 61 so as to compensate for added or
      reduced net weight of the telescope or its counterweights 119, or
      additional weights can be added to or removed from the weights 120. Thus,
      weights 120 and 119 function as counterweights to balance the telescope
      with respect to the support assembly.
PAR  As is illustrated in FIGS. 5 and 6, wherein a modified form of the
      invention is disclosed, the polar axis shaft assembly can comprise a
      hollow tube 130 which defines a plurality of spaced-apart aligned grooves
      131 extending along its length on its external surface and a rectilinear
      opening 132 extending along its length from end to end. In order that the
      opening 132 be unencumbered by a declination axis shaft such as shaft 59
      of FIG. 1, the declination axis shaft 134 is mounted on the surface of
      polar axis tube 130 by means of socket 135 surrounding the axis shaft 134.
      Flange 136 at the end of axis shaft 134 adjacent polar axis tube 130 is
      located behind socket 135, and housing 138 and its hold-down rim 139
      function to hold socket 135 in the position illustrated. Declination axis
      shaft 134 is therefore free to rotate about an axis normal to the
      longitudinal axis of polar axis tube 130. Drive mechanism 137 which
      comprises a motor, worm and worm gear, is attached to and drives
      declination axis shaft 134.
PAR  The upper end of declination axis shaft 134 is connected to a carriage
      assembly which includes a cradle 169 and a crescent-shaped saddle 170. The
      telescope housing 174 is held by the saddle. A slot 171 is formed in the
      bottom surface of said cradle 169 and extends along the length of said
      cradle. A rectilinear key 172 protruding from the saddle 170 fits into an
      is movable along the length of the slot, and travel screw 173 is threaded
      through an internally threaded bore through the key. Thus, when the travel
      screw 173 rotates, the saddle 170 moves parallel to the optical axis of
      the telescope.
PAR  Since the telescope-saddle movement construction causes the telescope
      housing 174 to be nonrotatably supported in its saddle, the forward
      portion 175 of housing 174 is constructed so as to be rotatable with
      respect to the rest of the housing and the opening (not shown) for the
      Newtonian focus can be rotated to a convenient position.
PAR  Worm gear 140 is connected to polar axis tube 130 by one or more keys 141
      placed in aligned grooves of the polar axis tube and the inner rim of the
      worm gear 140 so that worm gear 140 is non-rotatably held to polar axis
      tube 130 but is slidable along the length of the polar axis tube. Worm 142
      which is driven by motor 143 functions to rotate worm gear 140 and polar
      axis tube 130 about the longitudinal axis of the polar axis tube and with
      respect to clevis assembly 145. Motor 143 is mounted upon the clevis
      assembly 145, and polar axis tube 130 is free to rotate within the clevis
      assembly 145. Counterweight assembly 147 is connected to polar axis tube
      130 and can be moved along the length of a polar axis tube by means of a
      travel screw arrangement 149. While the counterweight assembly 147 is
      movable along the length of polar axis tube 130, mating slots in the
      supporting sleeve 148 of the counterweight assembly and the external
      surface of the polar axis tube together with a key (not shown) inserted in
      the mating slots prevent the counterweight assembly 147 from rotating with
      respect to the polar axis tube. Thus, the weights of counterweight
      assembly 147 are always maintained on the opposite side of the polar axis
      shaft from the telescope housing 174. This provides torsional balance
      about the polar axis as well as longitudinal balance about the clevis
      axis.
PAR  The polar telescope assembly 151 is embodied as an integral part of the
      polar axis tube 130. Inner tube 150 which is conical shaped is located
      inside the polar axis tube 130 and functions as the telescope housing. A
      first large lens 152 is placed at the opening 154 of the inner tube which
      is adjacent the decliantion axis shaft 134, and the second small corrector
      lens 153 is placed at the remote opening. Inner tube 150 is supported at
      its end adjacent the clevis assembly 145 by polar axis tube 130, and its
      remote end, which is smaller, is supported by bushings 154; thus, when
      polar axis tube bends or twists, inner tube 150 will not be affected and
      will tend to remain rectilinear.
PAR  A flat lens 155 is positioned closely adjacent lens 153, and as illustrated
      in FIG. 7A, the flat lens 155 has a pair of circular scribe lines 156 and
      157 and a compass rose imposed thereon. Microscope assembly 158 is located
      behind flat lens 155 and has a measuring scale lens (not shown) which
      provides an image as illustrated in FIG. 7B. Lens 153 and flat lens 155
      are maintained in the end of the inner tube 150 and microscope support
      cylinder 160 mates with the end of inner tube 150 and holds the microscope
      assembly in its proper position. Microscope support cylinder is rotatable
      with respect to inner tube 150 so that the microscope 161 can be revolved
      about flat lens 155 so as to determine right ascention of Polaris and its
      companion star. Travel screw 162 provides for movement of the microscope
      161 normal to the polar telescope. Flat lens 155 is illuminated with an
      edge light 159 so that the scribe lines can be observed. Polar telescope
      151 is used to align the polar axis tube 130 with the polar axis of the
      earth and when the polar axis tube is aligned with the earth, the polar
      telescope functions as a sidereal clock and a means for determining the
      right ascension of Polaris and its companion star.
PAR  As is illustrated in FIG. 8, an alternate arrangement can be used to move
      the counterweight assembly 147 along the longitudinal axis of the polar
      axis shaft. One of the longitudinal grooves 131 of the polar axis tube 130
      has a travel screw 133 located therein so that the travel screw is
      recessed from the outside periphery of the polar axis tube 130. The
      inwardly projecting key 180 of the supporting sleeve 148 of the
      counterweight assembly 147 defines an internally threaded bore through
      which one end of the externally threaded travel screw 133 extends. The
      opposite end of the travel screw 133 which has external threads of reverse
      pitch extends through an internally threaded bore of the declination axis
      shaft housing 138. A central unthreaded portion 181 of the travel screw
      133 is received in a nonthreaded circular bore of sleeve or socket 182.
      Sleeve 182 is confined in annular groove 184 which is defined on the
      internal surface of clevis assembly 145 and extends around polar axis tube
      130. The arrangement of the annular groove 184 is such that sleeve 182 is
      free to revolve about the longitudinal axis of the polar axis tube upon
      the rotaion of polar axis tube 130 with respect to clevis assembly 145 in
      the confines of annular groove 184. Travel screw 133 can be rotated by any
      conventional means, as by crank 185, and upon its rotation, the supporting
      sleeve 148 of the counterweight assembly will be moved in one direction
      toward or away from the clevis assembly while the polar axis tube 130 will
      be moved in the opposite direction along its length through the clevis
      assembly. Thus, when the polar axis tube 130 is moved in one direction
      over the fulcrum of clevis assembly 145, the counterweight assembly will
      be moved in the opposite or offsetting direction. The threads at one end
      of the travel screw are right-handed threads and at the other end are
      left-handed threads to cause movements in opposite directions by the
      counterweight assembly and polar axis tube, and the threads are also of
      different axial pitch so that the counterweight assembly 147 will move
      through a shorter distance than the polar axis tube 130. This arrangement
      is desirable because of the difference in the weights and lever arm
      distances from the fulcrum of the clevis of the telescope housing and the
      counterweight assembly.
PAR  As is illustrated in FIG. 9, a cap 188 is provided to close the open end of
      the telescope housing. A source of inert gas 189, such as nitrogen, is
      connectable to cap 188 and arranged to inject gas through an opening in
      the cap into the confines of the housing. The air in the confines of the
      housing will tend to be displaced from the housing through the opening in
      the opposite end of the housing. After the confines of the housing have
      been substantially filled or charged with the inert gas, the opening at
      the opposite end of the housing can be closed to substantially seal the
      inert gas within the housing. The absence of oxygen in the gas within the
      confines of the housing substantially reduces deterioration of the mirror
      surfaces and therefore significantly reduces the frequency of restoring
      the mirror surfaces. The primary mirror of the disclosed embodiment of the
      telescope is 24 inches in diameter and the diameters of the primary mirror
      of other embodiments of the invention exceed 18 inches in diameter. The
      mirror is therefore heavy and cumbersome and subject to damage by
      vibration or radical temperature changes, etc. Thus, the reduction of the
      frequency of restoration of the mirror surfaces also reduces the exposure
      of the mirror to accidental damage due to the extraction of the mirror
      from the telescope housing and transportation to and from the location
      where the mirror surfaces are to be restored.
PAR  The housing of the telescope preferably will be fabricated from nonmetallic
      material, such as molded fiberglass and resin, and the internal metal
      components within the housing will be coated with a similar substance,
      such as chopped fiberglass mixed with resinous binder. The material is
      selected for its insulating qualities so as to reduce the heat transfer
      due to conduction and radiation within the telescope housing, thereby
      maintaining the image integrity.
PAC  OPERATION
PAR  When the telescope assembly is to be transported between erection sites,
      the support feet 21a will be retracted so that the wheels 19 are in
      engagement with the ground and fully support the telescope assembly.
      Telescoping pier assembly 45 is retracted so that the telescope is located
      close to support frame 13, clevis assembly 64 is pivoted to its upright
      attitude, and polar axis shaft 61 is rotated so that declination axis
      shaft 59 is oriented in a vertical plane with the telescope in the low
      position. Upper tubular pier member 47 is rotated to align the telescope
      11 with the longitudinal centerline of portable support means 12. The
      counterweights are adjusted so that they properly balance telescope 11
      with respect to clevis assembly 64, and all movable elements of the
      assembly are rendered immovable by the tightening of various setscrews,
      lock bolts, etc., and with the use of tie-downs, braces, etc. (not shown).
      Also, a water-resistant shroud may be employed to cover the entire
      telescope assembly and various lens covers, motor covers, etc. can be used
      as desired to protect the assembly. The inside of the main telescope will
      be kept dry by the insertion of a drying gas.
PAR  As the portable telescope assembly is being transported, the pneumatic
      tires 19, compression bags 34 between the L-shaped pivot plates 30, and
      the compression bags 40 between the lower and upper support rings 38 and
      39 function to isolate the shocks and vibrations received in the lower
      portion of the telescope assembly.
PAR  When the telescope assembly reaches its site of erection, support feet 21a,
      21b and 21c are lowered by loosening lock rings 26 and rotating elevating
      rings 25 to urge the support feet downwardly against the ground and lift
      the support frame in an upward direction. The supprt frame is leveled by
      finally adjusting the elevating rings 25 of the three support feet 21a,
      21b and 21c, and all the tie-downs, set screws and other lash-down
      elements are removed to free the moving parts of the assembly.
PAR  Hydraulic jack 51 is positioned internally of the telescoping pier assembly
      45, and when operated the jack shaft 52 extends upwardly through the
      telescoping pier assembly to lift the upper inner tubular pier member 47
      with respect to the lower tubular pier member 46. When properly elevated,
      the supporting screw 55 can be inserted through the lower tubular pier
      member 47 to support the upper tubular pier member 46. In most situations,
      the latitude at which the telescope assembly is erected is known and the
      operator can choose the setting of clevis assembly 64 which is closest to
      the latitude of the particular site. For instance, if the latitude is
      411/2.degree. North, the clevis assembly 64 is rotated until aperture 89c
      is aligned with aperture 97, which sets the polar axis shaft 61 at an
      angle with respect to the vertical which is 421/2.degree.. Motor driven
      worm gear 82 of fine adjustment assembly 78 is then operated to pivot
      upper support platform 70 downwardly with respect to lower support
      platform 69 about hinge pin 76 until the setting of the polar axis shaft
      has been altered from 421/2.degree. to 411/2.degree.. Lower support
      platform 69 is then rotated by means of its motor driven worm 49 engaging
      and rotating lower support platform 69 which functions as a worm gear,
      until the polar axis shaft is trained around and is approximately parallel
      to the earth's polar axis. The fine setting of the polar axis shaft can be
      accomplished by sighting through the polar telescope 151 or hollow polar
      axis shaft telescope of that embodiment illustrated in FIGS. 5 and 6 or
      with an attached telescope (not shown) in the embodiment illustrated in
      FIGS. 1-4, so that the North Star is located and the polar axis shaft is
      then oriented with respect to the North Star to finally adjust its polar
      axis. The rotational training movements of the polar axis shaft are
      allowed when lock nut 74 on the top surface of lower support platform 69
      is loose, and when the telescope is trained the lock nut will be tightened
      to lock the assembly in the proper position. Likewise, fine adjustment
      assembly 78 is utilized to modify the elevation of the polar axis shaft
      61.
PAR  When the polar telescope 1551 is utilized to align the polar axis tube 130
      parallel to the polar axis of the earth, Polaris or the North Star 190
      (FIG. 7a) will be first centered in the view of the polar telescope 151.
      When Polaris is first observed, its companion star will also be seen since
      there is an 18 second arc separation between the two stars. Since the
      earth's polar axis is not aimed directly at Polaris, the polar axis shaft
      130 must be offset from Polaris in a direction and through an arc of
      separation which is the same as the declination and a direction opposite
      to the declination of Polaris. The declination of Polaris is approximately
      58 minutes. The focal length of the polar telescope 151 together with the
      radius of inner circle 157 of flat lens 155 is such that the radius of the
      circle 157 appears to be equal to the declination of Polaris 190 from true
      North at the focal length of the telescope. Thus, as is illustrated in
      FIG. 7A, if the polar telescope 151 is aimed at true North, or parallel to
      the earth's polar axis, Polaris 190 will appear at and appear to move
      along the inner scribe line 157 and the compass rose will provide a
      sidereal clock indication.
PAR  The companion star 191 is at a position angle of 217.degree. from true
      North through Polaris. The declination of the companion star is matched
      with the radius of the outer scribe circle 156 and the focal length of the
      polar telescope so that when the polar telescope is aimed at true North,
      the companion star 191 will be merged with and appear to move along the
      outer scribe line 156.
PAR  When the polar axis tube 130 is being aligned with true North, an
      observation of Polaris 190 and its companion star 191 can be made to
      determine where true North is by the 217.degree. position angle between
      the line of intersection between the companion star and Polaris and
      Polaris and true North. Once the stars are imposed on the scribe lines in
      the manner illustrated in FIGS. 7A and 7B, the polar axis shaft 130 is
      aligned with true North.
PAR  Because of the precession and nutation of the earth on its polar axis, the
      declination and right ascension of Polaris varies. Because of the varying
      declination, there will be times when Polaris 190 will not appear directly
      on the inner scribe line 157 when the polar axis shaft is aligned with
      true North. In order to properly align the polar axis shaft, the lens of
      the microscope 161 has imposed thereon a scale, such as the scale of FIG.
      7b, in order to position Polaris 190 the proper distance away from the
      inner circular scribe line 157. By the use of proper tables, the current
      declination of Polaris can be determined, and since the apparent
      declination of inner scribe line 157 is known, the measuring scale of the
      microscope can be used to offset Polaris from the scribe line 157 the
      proper distance to align the polar axis shaft with true North. The outer
      circular scribe line 156 will be at an apparent declination slightly
      greater than the greatest declination of the companion star 191. Thus, the
      proper positioning of Polaris between the scribe lines 157 and 156 can
      also be determined by the distance of the companion star 191 from its
      scribe line 156. Of course, while a parallel line scale is illustrated in
      FIG. 7B as being the scale utilized for the foregoing purpose, it should
      be obvious that various other scale images can be imposed on the
      microscope.
PAR  When a polar axis shaft 61 or 130 has been oriented so that it forms a
      polar axis which is parallel to the earth's polar axis, the telescope 11
      can be rotated or revolved about the polar axis during its sighting and
      tracking moves. For instance, telescope 11 can rotate with declination
      axis shaft 59 about an axis which intersects and is perpendicular with
      respect to the polar axis of the telescope assembly by the operation of
      motor driven worm assembly 107 and its worm gear and the telescope can
      revolve about the polar axis by the operation of motor driven worm 105 and
      its engagement with its worm gear 104 on the polar axis shaft. The motors
      of the telescope assembly are variable speed motors.
PAR  When the telescope housing 58 revolves about the polar axis of the
      telescope assembly, it may be necessary to move the telescope upwardly by
      moving the polar axis shaft case 62 through the clevis assembly 64 so that
      the telescope is free to revolve completely around the polar axis and its
      full rotation will not be obstructed by engaging any portions of the
      telescoping pier assembly, support frame, etc. This is accomplished by the
      operation of polar axis shaft ram 100 at the top of clevis assembly 64
      which causes the polar axis shaft case 62 to move upwardly through the
      clevis assembly 64.
PAR  During the movement of the telescope about its polar axis, the telescope
      will be counterbalanced about clevis assembly 64 by weight assembly 120.
      Also, as various sighting equipment, photographic equipment, etc. is
      attached to the telescope 11, the weight assembly 120 can be moved along
      the polar axis shaft 61 as necessary to counterbalance the added or
      reduced weight from the telescope 11. In addition, additional weight can
      be added to the weight assembly 120, if desired.
PAR  As the telescope 11 revolves about the polar axis of the assembly, the
      position of the Newtonian focus may become inconvenient to the operator.
      Housing 58 can then be rotated about its slight axis 110 and the position
      of the Newtonian focus can be adjusted without interfering with the
      alignment of the Casagrain focus or otherwise disturbing the position of
      the assembly.
PAR  While this invention has been described in detail with particular reference
      to preferred embodiments thereof, it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinbefore and as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A portable telescope assembly comprising portable support means, a polar
      axis shaft mounted on said portable support means, means for rotating said
      polar axis shaft with respect to said portable support means about a
      vertical axis and for tilting said polar axis shaft intermediate its ends
      about a horizontal axis to orient the polar axis shaft parallel to the
      axis of rotation of the earth, a declination axis shaft mounted on one end
      of said polar axis shaft and extending perpendicular to said polar axis
      shaft, a telescope displaced from one side of said polar axis shaft and
      mounted on said declination axis shaft with its sight axis perpendicular
      to said declination axis shaft, means for revolving said telescope and
      said declination axis shaft about said polar axis shaft and for rotating
      said telescope on said declination axis shaft while maintaining the sight
      axis of said telescope in a plane parallel to said polar axis shaft, a
      counterweight assembly mounted on said polar axis shaft and including
      removable weights positioned on the side of said polar axis shaft opposite
      to said telescope and on an end portion of said polar axis shaft opposite
      to said telescope to balance said telescope about the longitudinal axis of
      said polar axis shaft and about said horizontal axis, the weight of said
      counterweight assembly being movable along the length of the polar axis
      shaft and toward and away from the polar axis shaft.
NUM  2.
PAR  2. The portable telescope assembly of claim 1 and wherein said means for
      tilting said polar axis shaft intermediate its ends comprises a
      horizontally extending support axle supported by said support means, said
      telescope being pivotally mounted on said support axle and arranged to
      pivot in a vertical plane, means for locking said telescope with respect
      to said support axle at predetermined angular elevations about said
      support axle, and means for revolving said support axle about an axis
      displaced from and parallel to said support axle to finely adjust the
      elevation of said telescope about said support axle.
NUM  3.
PAR  3. The portable telescope assembly of claim 1 and further including means
      for moving said telescope along its axis of revolution about said polar
      axis shaft.
NUM  4.
PAR  4. The portable telescope assembly of claim 1 and wherein the external
      surface of said polar axis shaft includes a plurality of aligned grooves
      extending along its length, and wherein said counterweight assembly
      includes a supporting sleeve mounted on said polar axis shaft and
      including a key extending into at least one of said grooves to hold said
      counterweight assembly in a non-rotational relationship with respect to
      said polar axis shaft while permitting said counterweight assembly to move
      along the length of said polar axis shaft.
NUM  5.
PAR  5. The portable telescope assembly of claim 1 and wherein the external
      surface of said polar axis shaft includes at least one groove extending
      along its length, and wherein said means for rotating said polar axis
      shaft with respect to said portable support means about a vertical axis
      and for tilting said polar axis shaft intermediate its ends about a
      horizontal axis includes a worm gear mounted about said polar axis shaft
      and keyed to said groove in a non-rotational relationship with said polar
      axis shaft, a clevis assembly extending about said polar axis shaft
      adjacent said worm gear, a worm mounted on said clevis assembly and
      engaging said worm gear whereby when said worm is rotated the worm gear
      and polar axis shaft rotate in said clevis assembly.
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ABST
PAL  A light-conducting fiber, or a bundle of such fibers, is provided with a
       ht-absorbing shield extending beyond an end face of the fiber or bundle
      proximal to a light-reflecting object. The shield forms a light-guiding
      channel, of a length substantially exceeding its width, which limits the
      effective aperture angle of the fiber or bundle to considerably less than
      its inherent value on the order of 60.degree..
BSUM
PAR  The present invention relates to a fiber-optical structure of high apparent
      resolving power comprising a single light-conductiong fiber or a cluster
      of such fibers.
PAR  It should be noted that the concept of apparent resolving power differs
      from that of the inherent resolving power of a fiber which is fixed and
      depends on the refractive indices of the glasses used in its manufacture.
      Generally, an optical fiber has a core formed from a light-conducting
      material having a high refractive index which is sheathed in a material
      having a refractive index lower than that of the core material. This
      sheathing is intended to prevent losses of the luminous energy being
      propagated in the fiber. These two indices enable an angle of aperture a
      (angle of view) to be defined for the fiber, this being the angle over
      which the luminous flux enters or leaves the fiber.
PAR  If N1 is the so-called index of core refraction and N2 is the index of
      sheath refraction, a simple formula gives the sine of this inherent
      aperture angle as sin a = .sqroot. N1.sup.2 - N2.sup.2.
PAR  The angle of aperture of fibers in present-day use is of the order of
      60.degree. and is symmetrical about the central axis of the fiber.
PAR  There are many uses for optical fibers. In particular they may be used in
      optical reading equipment to illuminate an object bearing characters or
      signs and to read these characters or signs. In such an application the
      angle of aperture or directional lobe of the fiber becomes a matter of
      some importance since it is on this angle that what is termed the
      resolving power of the fiber depends, i.e. its ability to separate two
      elementary signs placed side by side. Clearly, the wider the lobe, the
      lower is the resolving power of the fiber. The apparent resolving power
      will tend to fall off with increasing distance of the object to be read
      and/or illuminated from the entry face or working end of the fiber.
      Conversely, if the object were as close as possible to the working end of
      the fiber, this would tend to increase the apparent resolving power.
      However, choosing a position very close to the working end of the fiber
      does not represent a satisfactory solution to the problem of resolving
      power because such positioning is difficult to achieve in practice.
PAR  My invention aims at overcoming these drawbacks and providing means for
      increasing the apparent resolving power of optical fibers while allowing
      the object to to remain and/or read is still positioned a certain distance
      away from the the working end of the fiber or fibers.
PAR  It should be noted that everything said above about a single fiber also
      holds good for a cluster or bundle of indentical fibers, the use of such a
      bundle in lieu of a single fiber the being primarily of interest in
      practice.
PAR  I provide a light-conducting fiber or fiber bundle with a light-absorbing
      shield extending beyond the working end of the fiber or fibers, i.e. the
      face proximal to an object from or to which light is to be transmitted,
      toward that object and forming a light-guiding channel for limiting the
      effective aperture angle of the fiber-optical structure, thereby
      increasing its apparent power of resolution.
DRWD
PAR  The above and other features of the invention will be described hereinafter
      in greater detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a schematic view serving to explain the principles underlying my
      present invention;
PAR  FIG. 2 is a graph showing the change in the apparent resolving power of a
      fiber as a function of the distance between an object and the working end
      of the fiber;
PAR  FIG. 3 is a diagrammatic view of a fiber-optical structure in accordance
      with my invention; and
PAR  FIGS. 4 to 8 are diagrammatic views of particular embodiments of the
      invention.
DETD
PAR  In FIG. 1 I have shown at a the relatively large inherent angle of aperture
      or directional lobe of a light-conducting optical fiber 1 having a core 1'
      and a sheath 1", the limiting rays of the field, of view being designated
      2. This large angle results in a low apparent resolving power which is not
      always compatible with optimum performance.
PAR  Besides the fact that the apparent power of resolution is inversely
      proportional to the angle of the lobe, i.e. that a wide angle corresponds
      to a low power of resolution, it is also necessary in this context to take
      into account the amount of energy involved which varies with the distance
      between the end face of the fiber and the object and also with the part of
      the object being considered. If, for example, the object has narrow areas
      of high reflectivity or luminosity and intervening areas of much lower
      reflectivity or luminasity, the energy involved will vary depending on
      whether there is a large or small amount of contrast between two adjacent
      areas with different characteristics and also depending on the possible
      number of areas with the same or different characteristics which the
      directional lobe covers, this number being directly related to the
      resolving power of the directional lobe.
PAR  The result is that positioning the object to be dealt with as close as
      possible to the end of the fiber, which is what is done in current
      practice, prevents any exploitation of the relatively high level of
      luminous energy coming from the luminous areas situated within the
      directional lobe, on account of the fact that the fiber cannot distinguish
      properly between these luminous areas and the dark area separating them.
PAR  To overcome this drawback I propose, in accordance with the invention, to
      increase the apparent resolving power of the fiber while maintaining the
      object at a substantial distance from its working end.
PAR  FIG. 2 shows two curves C.sub.1 and C.sub.2 indicating the change in the
      apparent resolving power P of a fiber as a function of the distance d at
      which object is placed from the working end of the fiber in question.
PAR  Curve C.sub.1 shows this change for conventional fibers. Point A on the
      ordinate axis represents the inherent resolving power of the fiber (for d
      = o) which is a constant. It can be seen that apparent resolving power
      falls off rapidly with increasing distance d.
PAR  Curve C.sub.2 shows the change in apparent resolving power with distance in
      the case of a fiber according to the invention whose outer surface is
      extended by a shield having a length d.sub.1. Point C shows the resulting
      value of the resolving power for this distance; it is greater than that
      shown by point B at this same distance for a conventional type of fiber.
PAR  In FIG. 3 and subsequent Figures I have shown bundles of fibers 1 of the
      type described in connection with FIG. 1. Thus when reference is made
      hereinafter to a fiber, this also applies to such a fiber bundle.
PAR  The fiber bundle 1 of FIG. 3 has a working face 6, proximal to an object 4,
      beyond which there extends a shield 5 of light-absorbing material forming
      a light-guiding channel 3 of length d terminating at a transverse plane 7,
      the channel having a width e. Also indicated in this Figure are the
      limiting rays 2 of FIG. 1, defining with the central axis of the structure
      the inherent aperture angle a, as well as an apparent aperture angle b
      included with that axis by limiting rays 2' which extend diagonally
      through the longitudinal axial section of channel 3. It will be readily
      apparent that angle b is considerably smaller than angle a and that its
      tangent is the ratio of the width e to the length d. Any rays including an
      angle greater than b with the axis will be absorbed by the channel walls.
PAR  The resulting increase in apparent power of resolution is, however,
      accompanied by a loss of luminous energy transmitted between the fibers
      and the object 4. While the length d should always be substantially
      greater than the width e, as shown, the optimum ratio depends on various
      factors such as the size of the fiber bundle and, in the reading of a
      document, the amount of detail involved. In a practical embodiment carried
      out in accordance with the principles of the invention, the adopted ratio
      d:e was on the order of 6.1:1. Thus, if e is on the order on 0.4mm, the
      depth d is of the order of 2.5mm.
PAR  FIG. 4 is a schematic view of an embodiment in which the fiber 1 is set
      back between two other fibers 8 and 9 flanking the channel 3. The flanking
      fibers 8 and 9 are assumed to originate at a light source (not shown)
      supplying these fibers with illuminating flux f.sub.1, f.sub.2 for object
      4, whereas the recessed fiber 1 conducts light reflected by the object 4
      as a flux f.sub.3 to a reading device which is (also not shown) in the
      Figure.
PAR  FIG. 5 shows another embodiment of my invention in which the receiving
      fiber 1 is positioned between light absorbing channel walls 5 as in FIG.
      3, the object 4 being directly illuminated in this case by external
      sources 10, 100. The channel walls are, of course, again made of a
      light-absorbent material and the sources 10, 100 are shielded by
      reflectors 11, 110 to prevent their light from falling directly on the
      receiving fiber.
PAR  FIG. 6 is a view similar to that of FIG. 4, the fibers 1, 8, 9, being here
      of rectangular cross-section. The assembly is confined between two
      light-absorbent plates 12 and 12'. The light-transmitting fibers 8 and 9,
      terminating at the transverse plate edges proximal to the nonillustrated
      object, form the lateral boundaries of channel 3 and must therefore be
      light-absorbent along the channel walls.
PAR  FIG. 7 shows an embodiment similar to that in FIG. 3 but with all the
      fibers, set back from the transverse plane 7 at the end of the
      light-guiding channel formed by the shield 5. In this bundle, certain
      fibers 13 have the task of transmitting light while other fibers 14 have
      the task of receiving light.
PAR  FIG. 8 shows yet another embodiment in which the transmitting and receiving
      fibers are intermingled in the bundle. A semi-transparent mirror 15 is
      used to separate received light from transmitted light. A light-receiving
      device is shown at 16.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fiber-optical structure comprising:
PA1  a pair of light-transmitting fiber bundles originating at a source of
      illuminating flux;
PA1  a light-receiving fiber bundle bracketed by said light-transmitting fiber
      bundles for picking up reflected flux from an object illuminated by said
      light-transmitting fiber bundles, said light-receiving fiber bundle
      terminating at a receiver for the reflected flux, all said fiber bundles
      being of rectangular cross-section with coextensive contacting sides, said
      light-transmitting fiber bundles having ends remote from said source
      extending beyond an end of said light-receiving fiber bundle remote from
      said receiver for forming two opposite light-absorbing boundaries of a
      light-guiding channel traversed by the reflected flux, said remote end of
      said light-receiving fiber bundle being directly exposed to incident
      light; and
PA1  a pair of parallel shield plates with light-absorbing surfaces overlying
      opposite sides of said fiber bundles transverse to said contacting sides
      and extending to said remote ends of said light-transmitting fiber
      bundles, thereby forming two other boundaries of said light-guiding
      channel.
NUM  2.
PAR  2. A structure as defined in claim 1 wherein said light-guiding channel has
      a length substantially exceeding its width.
NUM  3.
PAR  3. A structure as defined in claim 2 wherein the ratio of said length to
      said width is on the order of 6:1.
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ABST
PAL  An optical memory includes a light beam source, converting means for
      causing the light beam to take on a predetermined spot size, and a
      light-focusing fiber guide having a refractive index distribution
      decreasing radially outwardly from its center axis. A memory medium is
      arranged to be irradiated by an output beam from the fiber guide. The
      fiber guide has input and output end faces perpendicular to the direction
      from which the light beam irradiates the surface of the memory medium. The
      length of the fiber guide is equal to an integral multiple and a
      half-integral multiple, respectively, of the characteristic propogation
      pitch of the fiber guide corresponding to conditions in which the
      directions of the input and output beams are anti-parallel and parallel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an optical memory apparatus capable of performing
      write-in and read-out operations with a light beam, and more particularly
      to an optical memory apparatus with a compensation function for the
      irradiation position of a light beam on a memory medium.
PAR  Recently, optical memory apparatus have come to be regarded as suitable for
      large-scale, high density information storage devices due particularly to
      the focusing capability of light beams. In such an optical memory
      apparatus, means for providing light beam access to a desired memory
      position in an information memory medium is important. A method resorting
      only to the operation of a light deflector can achieve the highest access
      speed. However, since a light deflector with a number of deflection points
      has not as yet been developed, an optical disc memory apparatus or an
      optical drum memory apparatus in which access to a desired memory position
      is carried out by the mechanical rotation of a memory medium in
      combination with the deflection by a light deflector is used in place of a
      memory apparatus with only a light deflector.
PAR  Generally, in an optical memory apparatus, to achieve an inherently high
      memory density, a light beam is focused on an information memory position
      with a diameter of the order of several microns, and, as a result, a
      position deviation of a disc rotary shaft of an optical disc memory
      apparatus in the direction parallel to the disc plane or a position
      deviation of a drum rotary shaft in an optical drum memory apparatus in
      the direction in which said rotary shaft extends will result in an
      off-track condition between the light beam and an information memory
      track. This off-track situation has been a serious problem. To solve this
      problem, a method of compensating for the deviation by detecting the
      position deviation and negatively feeding back the detected signal to the
      light deflector, and another method of employing an air bearing with a
      high precision in a rotating mechanism have been proposed.
PAR  An example of a specific prior art method is the optical memory system
      "UNICON" disclosed in an article titled "Laser Mass Memory System"
      published in "IEEE TRANSACTIONS ON MAGNETICS", September issue, 1972, Vol.
      8, No. 8, pp. 416-420. An example of the latter method is seen in an
      article titled "Advanced Optical Storage Techniques for Computers"
      published in "Applied Optics", (1972) Vol. 11, No. 10, pp. 2133-2139.
PAR  However, the first method has the disadvantage that very complicated
      optical and electro-mechanical means are required with the result that the
      apparatus becomes costly to manufacture and the response speed is
      comparatively low. The second method also has a disadvantage in that the
      accuracy is very low. Furthermore, even when a static memory medium is
      employed without introducing the mechanical rotation of the
      above-described memory medium, the arrangement of the optical system
      varies due to vibration resulting from variations of the irradiating
      position of the light beam. Consequently, it is necessary that the optical
      system be installed on a massive optical bench. It is, therefore, very
      difficult to increase the storage density of the optical memory apparatus
      to fully utilize the focusing capability of a light beam.
PAR  It is, therefore, an object of the present invention to provide an optical
      memory apparatus with a novel compensating mechanism for a light beam
      irradiating position capable of realizing a high density memory by the use
      of the focusing capability of a light beam free from the disadvantages of
      the prior art optical memory apparatus described above.
PAC  SUMMARY OF THE INVENTION
PAR  The optical memory apparatus of the present invention comprises: a light
      source for providing a light beam and means for causing said light beam to
      have a predetermined spot size. A light-focusing fiber guide is provided
      for propagating said converting light beam, the fiber guide having a
      refractive index distribution decreasing radially from its center axis
      toward its outer surface. A memory medium, which may be a drum or a disc,
      is secured to a part of the fiber guide and adapted to be irradiated by
      the beam propagated through the fiber guide. The input and output end
      faces of the fiber guide which intersect with its center axis at right
      angles are perpendicular to the direction of the irradiation of the memory
      medium by said propagated beam, and the length of the fiber guide is
      related to a characteristic propagation pitch of the fiber guide by a
      factor of an integral and a half integral, respectively, corresponding to
      conditions in which the directions of the input and output beams are
      anti-parallel and parallel. Deviation of an irradiating position of the
      light beam on the memory medium caused by a position deviation of the
      memory medium can be compensated due to the refractive index distribution.
PAR  A notable characteristic of the present invention is that the
      light-focusing fiber guide with a refractive index distribution decreasing
      radially outwardly from its center axis up to its outer circumference has
      a function of converting the incident position and incident direction of
      an input beam into any arbitrary emitting position and emitting direction.
      That is, a light beam deflecting function is performed. By securing the
      fiber guide to a part of a memory medium, the deviation in the relative
      positioning between the memory medium and the light beam can be sensed as
      a displacement of the incident position on the input end face of the fiber
      guide. More particularly, the present invention is based on the principle
      that by selecting an appropriate length for the light-focusing fiber guide
      relative to its characteristic propagation pitch, in response to deviation
      in the relative positioning between the memory medium and the light beam
      sensed as the displacement of the incident position on the input end face
      of the guide, the emitting position on the output end face of the guide is
      displaced by just such an amount that the deviation in the relative
      positioning between the memory medium and the light beam is compensated.
      Thus, the beam emitted from the guide will always irradiate the same
      position on the memory medium.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a more complete description of the present invention, reference may be
      had to the detailed description which follows taken in conjunction with
      the accompanying drawings wherein:
PAR  FIG. 1 shows a schematic side view, partly in cross-section, of a first
      embodiment of the invention;
PAR  FIG. 2 shows a schematic side view, partly in cross-section, of a second
      embodiment of the invention;
PAR  FIG. 3 shows another schematic side view, partly in cross-section,
      illustrating the light beam irradiating position compensating capability
      of the apparatus shown in FIG. 2;
PAR  FIG. 4 shows a side view, partly in cross-section, of one example of an
      application of the present invention to an optical disc memory apparatus;
PAR  FIG. 5 shows another side view, partly in cross-section, that illustrates
      the light beam irradiating position compensating capability of the
      embodiment shown in FIG. 4; and
PAR  FIG. 6 shows a side view, partly in cross-section, of another example of an
      application of the present invention to an optical drum memory apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows an optical memory apparatus composed of a light source 101,
      spot size converting optical means 102 formed by a single lens, a memory
      medium 104, and flexible light-focusing fiber guide 103 with its input end
      secured to the memory medium 104 in such a manner that its input end face
      can be maintained at a right angle to the direction of the light beam for
      irradiating the memory medium with its output end fixedly mounted on a
      support base 124 together with the light source 101 and the optical means
      102. It is to be noted here that conventional structural elements that
      also are part of the optical memory apparatus (for example, a light
      modulator, a light deflector, a light detector, etc.) are omitted from the
      description here because they are not necessary to an understanding of the
      present invention.
PAR  A light beam emitted from the light source 101 is converted by the optical
      means 102 so that the converted light beam will arrive at the fiber guide
      103 with the spot size of a fundamental propagation mode of the guide 103,
      and thus enter the fiber guide 103. If memory medium 104 is disposed in a
      position relative to the light beam such that the light beam may enter the
      guide 103 along its center axis 110, the light beam is propagated along
      the center axis 110 of the guide 103 and is emitted from an output end
      face 113 of the guide 103 as an output light beam 112 to irradiate
      position 118 on the memory medium 104.
PAR  If the memory medium 104 is displaced downwardly, the light beam arrives at
      the input end face 109 along a light beam locus 110" and is propagated
      through the guide 103 while oscillating with a period equal to its
      characteristic propagation pitch, which is equal to one full propagation
      wavelength of the sinusoidal path of the light beam inside the light guide
      (referred to herein as "propagation pitch") as shown in FIG. 1. It is
      emitted from the output end face 113 along a light beam locus 112",
      whereby the emitted light beam will irradiate a position displaced by the
      same amount in the same direction as the displacement of the memory medium
      104. That is, it can irradiate the same position on the memory medium 104
      as when the memory medium 104 is not displaced.
PAR  On the other hand, when the memory medium 104 is displaced upwardly, the
      light beam goes along a light beam locus 110' and is emitted along a light
      beam locus 112' as shown in FIG. 1, resulting in the irradiation of the
      same irradiating position as when the memory medium 104 is not displaced.
      This is equally true when the memory medium 104 is displaced in the
      direction perpendicular to the plane of FIG. 1. In this way, the entire
      displacement of the medium 104 along a plane perpendicular to the light
      beam 110 can be compensated for. It should be noted that in FIG. 1, the
      length of the fiber guide 103 is selected to be equal to an integral
      multiple of its inherent propagation pitch. While the direction of the
      input beam with respect to the guide 103 and the direction of the output
      beam proceeding therefrom are anti-parallel to each other as shown in FIG.
      1, if the directions of the input output beams are identical (or parallel)
      to each other (in other words, in a case in which, in the arrangement
      shown in FIG. 1, the memory medium is irradiated from its right side the
      length of the guide 103 must be selected to be equal to a half-integral
      multiple [that is (N + 1/2 ), where N is an integral] of the propagation
      pitch.
PAR  In this embodiment, the light source 101 may be, for example, an argon
      laser [an oscillation wave length of 4880A (Angstroms), an oscillation
      mode of TEM.sub.00 and a spot size on a mirror on the reflecting side of
      the resonator of 631 microns in radius]. Also, the spot size converting
      means 102 may be formed by a single lens with a focal length of 4.97
      centimeters at a distance 150 centimeters from the mirror on the
      reflecting side of the resonator, and as a result, at a distance of 5.01
      centimeters from this lens, the aforementioned laser beam is converted
      into a beam waist with a spot size of 10.5 microns. Subsequently, if the
      input end face 109 of the light-focusing optical guide consisting of
      optical fibers having a propagating spot size of 10.5 microns, a radius of
      200 microns and a propagation pitch of 7.12 millimeters is established at
      the above-mentioned position, and if the length of the guide is selected
      to be equal to 50 times its propagation pitch, that is, 35.6 centimeters,
      the optical memory apparatus with the compensating capability for a light
      beam irradiating position as illustrated in FIG. 1 can be constructed.
      With regard to the light deflecting function, the spot size in the
      fundamental propagation mode and the characteristic propagation pitch of
      the above-described guide 103, a detailed description is found in an
      article titled "Imaging of Optical Modes - Resonators with Internal
      Lenses" published in "Bell System Technical Journal", (1965) Vol. 44, No.
      3, pp. 455-494, and accordingly, a more detailed description will not be
      given here. An example of a practical employment of the guide 103 as a
      light deflecting device is disclosed in an article titled "Scanning a
      TEM.sub.00 Mode Laser Beam Through SELFOC Fibers" published in "Applied
      Optics", (1972) Vol. 11, No. 4, pp. 946-947.
PAR  In the first embodiment, it may be desired to replace the memory medium
      104, that is, the memory medium 104 may be replaced by another, if
      necessary, to read out and write in information. To replace the medium 104
      by another and to reset the new memory at the original position with high
      precision, it is desirable to maintain the input end of the light-focusing
      fiber guid 103 secured to the memory medium 104 while replacement is
      carried out. However, since the output end of the guide 103 is fixedly
      mounted on the support base 124 together with the light source 101 and the
      spot size converting optical means 102, the replacement of the medium 104
      is very difficult. In such cases, it is desirable to divide the
      light-focusing fiber guide into two parts, that is, a first light-focusing
      fiber guide with a minimum allowable length that can be replaced while
      being secured to the memory medium 104 by a similar member of another
      memory medium secured thereto, and a second light-focusing fiber guide
      fixedly mounted on the support base 124. Such a modified embodiment will
      be described hereinunder with reference to FIGS. 2 and 3.
PAR  In FIGS. 2 and 3, similar structural elements are denoted by like reference
      numerals with the highest order digits changed to 2 and 3 in FIGS. 2 and
      3, respectively.
PAR  In FIG. 2, which shows the propagation route of a light beam in the absence
      of a position deviation of a memory medium, the present optical memory
      apparatus is formed by a light source 201, spot size converting optical
      means 202 consisting of a single lens, a memory medium 204, a first
      light-focusing fiber guide 203 secured to a part of the memory medium 204,
      a second light-focusing fiber guide 205, and reducing optical means 206
      fixedly mounted on a support base 224 together with the light source 201,
      the spot size converting optical means 202 and the fiber guide 205. The
      optical means 206 is formed by a lens 207 with a focal length f and
      another lens 208 with a focal length f/2 disposed at a distance of f/2
      from an irradiating surface of the memory medium 204, and the respective
      lenses are separated from each other by 3/2 f. It is to be noted that
      other well-known structural elements that form part of a complete optical
      memory apparatus are omitted from the description, as in the case of the
      embodiment shown in FIG. 1.
PAR  A light beam radiated from the light source 201 is converted by the optical
      means 202 so that the converted light beam may arrive at the guide 203
      with a spot size of a fundamental propagation mode of the guide 203, and
      the incident light beam is propagated along its center axis 210 and
      subsequently, along a center axis 215 of the second light-focusing fiber
      guide 205. Thereafter, the light-beam is propagated along the center axis
      of the optical means 206, and is focused on an irradiating position 218 on
      the memory medium 204.
PAR  Since FIG. 2 is not well suited for explaining the lengths of the guides
      203 and 205, reference is now made to FIG. 3, which shows a state in which
      the memory medium 304 has moved downwardly by a distance d as compared to
      the state shown in FIG. 2. In FIG. 3, the light beam converted by spot
      size converting optical means 302 enters a first light-focusing fiber
      guide 303 at a position 310 on its input end face 309 displaced upward by
      the distance d from the position on its center axis, and the light beam is
      propagated therethrough. The length of the guide 303 is selected to be
      equal to a half-integral multiple [that is, a multiple of (N + 1/2), where
      N represents an integer] of its characteristic propagation pitch, so that
      the light beam entering the guide 303 at the incident position 310 is
      emitted from an emitting position 312 on its output end face 313 displaced
      downward by the distance d from the position on said center axis. As a
      result, the light beam emitted from the guide 303 is made incident upon a
      second light-focusing fiber guide 305 at a position 315 on its input end
      face 314 displaced downwardly by a distance 2d from the position on its
      center axis, and the light beam is propagated therethrough.
PAR  The length of the guide 305, which has a configuration in which light beams
      enter and leave the guide in parallel directions, is selected to be equal
      to an integral multiple of its propagation pitch, so that the light beam
      incident on the guide 305 at the incident position 315 is emitted from an
      output position 317 on its output end face 316 displaced upward by the
      distance 2d from the position on its center axis. Next, the distance
      between the light beam emitted from the output position 317 and the center
      axis of the guide 305 (as measured along a direction perpendicular to the
      center axis) is reduced by a factor of one-half and reversed by reducing
      optical means 306. Therefore, the position deviation of the memory medium
      304 is precisely compensated and the finally emitted light beam is focused
      on the same irradiating position 318 (the same position as the irradiating
      position 218 in FIG. 2) on the medium 304 as in the absence of the
      displacement of the guide 303 with respect to the initial incident light
      beam. Similarly, all the position deviations of the memory medium 304
      perpendicular to the direction of the irradiating beam can be compensated
      by the above-mentioned operation. Although the illustrated embodiment has
      been described with respect to an arrangement which the directions of the
      input and output beams are anti-parallel, it will be clear from these
      drawings that it is only necessary to select the length of the fiber guide
      205 (305) to be equal to a half-integral multiple of its propagation pitch
      if the directions of the input and output beams are parallel to each
      other, that is, if the light beam irradiates the memory medium 205 (305)
      from its right side as viewed in FIG. 2. Although this embodiment has been
      explained with respect to an arrangement in which the optical means 306 is
      an inverting optical system, the length of the guide 305 must be changed
      by an amount equal to one-half of the characteristic propagation pitch
      with respect to the above-described length, if there exists no such
      inversive relationship between the guide 305 and the memory medium 304.
      According to the abovedescribed second embodiment of the present
      invention, through the step of replacing the memory medium 304 as secured
      to the guide 303 by another memory medium that is secured to a similar
      light-focusing fiber guide, the same position in the surface of another
      memory as on the original memory medium can be irradiated without
      necessitating the accurate reproduction of an original position of the
      memory medium 304. Thus, in this second embodiment, the replacement of the
      memory medium is readily accomplished.
PAR  In the embodiment of FIG. 3, the light source 301 and the optical means 302
      may be made of elements corresponding to those used in the first
      embodiment. Likewise, the first light-focusing fiber guide 303 may
      correspond to that employed in the first embodiment in a length 1.5 times
      as large as its propagation pitch, i.e., 10.68 millimeters, and secured to
      the memory medium 304. The second light-focusing fiber guide 305 may be
      formed of the same material as the guide 303 in a length of 50 times as
      large as its propagation pitch, i.e., 35.6 centimeters, and the interval
      between the first and second light-focusing fiber guides is chosen to be
      about 10 microns so that the light beam may enter the second
      light-focusing fiber guide with a spot size almost equal to the spot size
      of the output beam emitted from the first light-focusing fiber guide.
      Also, a single lens with a focal length of 15 millimeters is disposed at a
      distance of 15 millimeters from the output end face 316 of the guide 305,
      and another single lens with a focal length of 7.5 millimeters is disposed
      at a distance of 22.5 millimeters from the first single lens, whereby the
      spot size on the memory medium disposed at a distance of 7.5 millimeters
      from the single lens with a focal length of 7.5 millimeters will be 5.25
      microns.
PAR  It will be understotod from the foregoing that the present invention is
      very effective if employed in an optical drum memory apparatus or an
      optical disc memory apparatus, and, if the memory medium 304 is of the
      drum type or disc type, the present invention can be effectively applied
      to the aforementioned optical memory apparatus.
PAR  Next, the present invention will be explained as applied to disc and drum
      memory apparatus. FIG. 4 shows an example of the application of the
      above-mentioned second embodiment of the present invention to an optical
      disc memory apparatus which includes a light source 401, spot size
      converting optical means 202 consisting of a single lens, a memory medium
      disc 404, a rotary shaft 419 for the disc, a bearing 420, a pulley 421 for
      driving the disc, and a first light-focusing fiber guide 403 secured to
      the disc rotary shaft 419. The center axis of the first light-focusing
      fiber guide 403 is aligned with the central axis of rotation of the disc
      rotary shaft 419. A second light-focusing fiber guide 405 is optically
      coupled to the guide 403, and reducibly converting optical means 406 is
      provided for converting an output beam emitted from the guide 405, which
      is formed by a lens 407 with a focal length f and another lens 408 with a
      focal length f/2 disposed at a distance of f/2 from an irradiating surface
      of the disc 404. The above-mentioned lenses are separated from each other
      by 3/2 f. It should be noted that other well-known component elements
      required for the present optical memory apparatus are omitted in the
      description, because they are not necessary to an understanding of the
      present invention.
PAR  FIG. 4 shows the propagation route of a light beam in the absence of the
      position deviation of the axis of the disc rotary shaft 419. A light beam
      emitted from the light source 401 is converted by the optical means 402 so
      that the converted light beam will arrive at the guide 403 with a spot
      size of a fundamental propagation mode of the guide 403, and the incident
      light beam is propagated along its center axis 410. The light beam enters
      the guide 405 to be propagated along its center axis, and is then
      propagated along a center axis of the optical means 406 and focused at an
      information memory position 418 on the disc 404.
PAR  FIG. 5 shows exactly the same optical disc memory apparatus as shown in
      FIG. 4. Similar structural elements are denoted by like reference numerals
      with the highest order digit changed to 5.
PAR  In FIG. 5, which shows a state in which the axis of a disc rotary shaft 519
      has deviated leftwardly as viewed in this figure by a distance d in
      contrast to the state shown in FIG. 4, the light beam converted by spot
      size converting optical means 502 enters a first light-focusing fiber
      guide 503 at a position 510 on its input end face 509 displaced
      rightwardly by a distance d from the position on its center axis, and the
      light beam is propagated therethrough. The length of the guide 503 is
      selected to be equal to a half-integral multiple [a multiple of (N + 1/2),
      where N represents an integral] of its characteristic propagation pitch,
      so that the light beam entering the guide 503 at the incident position 510
      is emitted from an emergance point 512 on its output end face 513
      displaced leftwardly as viewed in the figure by the distance d from the
      position on said center axis. As a result, the light beam emitted from
      guide 503 enters a second light-focusing fiber guide 505 at a position 515
      on its input end face 514 displaced leftwardly by a distance 2d from the
      position on its center axis, and the light beam is propagated
      therethrough.
PAR  The length of the guide 505 is selected to be equal to an integral multiple
      of its propagation pitch, so that the light beam entering the guide 505 at
      the incident point 515 is emitted from an output point 517 on its output
      end face 516 displaced rightwardly by the distance 2d from the position on
      its center axis. Then, the distance between the light beam emitted from
      the output position 517 and the center axis of the guide 505 as measured
      in a direction perpendicular to the center axis is reduced by a factor of
      one-half and inverted in direction by reducibly converting optical means
      506. Therefore, the position deviation of the axis of the disc rotary
      shaft 503 can be compensated for, and the finally emitted light beam is
      focused on the same information memory position 518 as in the case of zero
      deviation of the axis. Similarly, all the position deviations of the axis
      of rotation of the disc rotary shaft 519 caused by a translation in any
      direction perpendicular to the center axis can be compensated for by the
      above-described arrangement. Although this embodiment has been described
      with respect to an arrangement in which the directions of the input and
      output beams of the guide 505 are anti-parallel, it is only necessary to
      make the length of the guide 405 (505) equal to a half-integral multiple
      of its propagation pitch when the input and output beams are parallel to
      each other, that is when the light beam is focused to irradiate the upper
      surface of the disc 404 (504) (FIGS. 4 and 5 referred to). Moreover, while
      the illustrated embodiment has been described above with respect to the
      case in which the optical means 506 is an inverting optical system, the
      length of the guide 505 must be changed by an amount equal to one-half the
      propagation pitch with respect to the above-described length, if there
      exists no such inversive relationship between the guide 505 and the disc
      504. Still further, in this embodiment, the first light-focusing fiber
      guide 503 is secured to the disc rotary shaft 519, but the guide 503 can
      be secured to the disc 504 per se along its center axis so that the guide
      503 may be mounted to or detached from the disc rotary shaft 517 jointly
      with the disc 504. This facilitates recovery of the disc mounting position
      after replacement of the disc.
PAR  In this embodiment, the light source 501 and the optical means 502 may be
      constructed of elements corresponding to those used in the first
      embodiment. Likewise, the first light-focusing fiber guide 503 may
      correspond to that employed in the first embodiment with a length of 30.5
      times its propagation pitch, i.e., 21.716 cm., and secured within a
      central bore of the disc rotary shaft 519. Also, the distance between the
      output end face 513 of the guide 503 and the input end face 514 of the
      second light-focusing fiber guide 505 is chosen to be about 10 microns so
      that the light beam may enter the guide 505 with a spot size almost equal
      to the spot size of the output beam emitted from the first light-focusing
      fiber guide. The guide 505 may be formed of the same material as the guide
      503 with a length of 50 times its propagation pitch, i.e., 35.6
      centimeters, and a single lens with a focal length of 15 millimeters is
      disposed at a distance of 15 millimeters from the output end face 516 of
      the second light-focusing fiber guide. Moreover, by disposing another
      single lens with a focal length of 7.5 millimeters at a distance of 22.5
      millimeters from said first single lens, the spot size on the disc surface
      placed at a distance of 7.5 millimeters from the other single lens with a
      focal length of 7.5 millimeters can be made equal to 5.25 microns.
PAR  FIG. 6 shows one example of an application of the first embodiment of the
      present invention to an optical drum memory apparatus. The illustrated
      optical drum memory apparatus is formed by a light source 601, spot size
      converting optical means 602 consisting of a single lens, a light-focusing
      fiber guide 603, rotary shaft deviation transmission means including a
      support 622 for the guide 603, a drum rotary shaft 619 and spring 623, a
      memory medium drum 604 and a bearing 620. Other well-known structural
      elements required for the optical memory apparatus are omitted in the
      description to avoid unnecessary complexity in this explanation. A light
      beam emitted from the light source 601 is converted by the optical means
      602 so that the converted light beam may enter the guide 603 with a spot
      size of a fundamental propagation mode of the guide 603. When the light
      beam enters the guide 603 at a position 610 along its center axis, the
      light beam is propagated along the center axis of the guide 603 and is
      emitted from the output end face at a position 612 with access to an
      information memory position 618 on the drum surface. If the drum rotary
      shaft 619 has been displaced axially leftwardly by a distance d, the input
      end portion of the guide 603 is displaced leftwardly by the distance d via
      said deviation transmission means (drum rotary shaft 619, support 622 and
      spring 623) in response to the deviation of the drum rotary shaft 619.
      Therefore, the light beam goes to the guide 603 at a position 611" on the
      input end face displaced rightwardly by a distance d from its center axis,
      and it is propagated therethrough. Since the length of the guide 603 is
      selected to be equal to an integral multiple of its propagation pitch, the
      light beam is emitted from a position on the output end face displaced
      leftwardly by a distance d from the position on its center axis in the
      direction denoted by reference numeral 612". As a result, access is had to
      the same information memory position 618 as in the case of zero shaft
      deviation. Even though the drum rotary shaft deviates in the direction
      opposite to that in the above-described case, access is made to the same
      information memory position 618. While the direction of the input beam and
      the output beam of the guide 603 are anti-parallel in FIG. 6, it is only
      necessary to select the length of the guide 603 to be equal to a
      half-integral multiple [(N + 1/2), where N is an integer]  of its
      propagation pitch when the directions of the input beam and the output
      beam are the same, that is, when access to the drum from its under side,
      as viewed in FIG. 6, is had by a light beam. Thus, as in the preceding
      embodiments the length of the fiber guide is a function of its
      characteristic propagation pitch and its configuration.
PAR  In this embodiment, the light source 601 and the optical means 602 may be
      constructed of elements corresponding to those used in the first
      embodiment. Also, the guide 603 may correspond to one employed in the
      first embodiment with a length of 50 times its propagation pitch, that is,
      35.1 centimeters. The optical drum memory apparatus as shown in FIG. 6 can
      be constructed in this way.
PAR  Although no description of a specific memory medium has been given with
      respect to above embodiments, a large number of materials are known to be
      useful as memory media. For instance, materials such as silver halide,
      photo-resist, photo-chromic material, liquid crystal material, metallic
      thin film and magnetic thin film, can be used for that purpose.
PAR  With regard to light beam access, it can be achieved in the following ways.
      In a first method, making use of the flexibility of the light-focusing
      fiber guide, an output end of the light-focusing fiber guide in the case
      of the first embodiment and the application to the optical drum memory
      apparatus, and an output end of the second light-focusing fiber guide
      jointly associated with the reducing optical means in the case of the
      second embodiment and the application to the optical disc memory
      apparatus, respectively, are scanned to a desired position on the memory
      medium. However, according to this method, not only is scanning precision
      required, but access time is prolonged because of mechanical scanning. In
      a second method, the light-focusing fiber guide for compensating for the
      deviation of an irradiating position used in the present invention is
      provided for each access point (each track in the application of the
      invention to the optical disc and drum memory apparatus, and the input
      beam to the light-focusing fiber guides is switched by means of a light
      deflector. According to this second method, however, a large number of
      light-focusing fiber guides must be used. The most desirable access method
      is to use the light-focusing fiber guides as a multiplex optical guide.
      Assuming that a diameter of the light-focusing fiber guide is denoted by
      D, a fundamental propagation spot size (in radius) of the fiber guide by
      W, and the maximum deviation of the irradiating position to be compensated
      for by .+-. S, the fiber guide can guide D/(2W + 2S) light beams
      independently of one another, and the compensation for the irradiating
      position can be achieved as described above. Accordingly, a high access
      speed can be accomplished by varying the input position to the
      light-focusing fiber guide (the first light-focusing fiber guide in the
      second embodiment and in the application to the optical disc memory
      apparatus) with a light deflector. The possibility of employing the
      light-focusing fiber guide as the above-described multiplex optical guide,
      is found in the above referenced article, "Scanning a TEM.sub.00 Mode
      Laser Beam Through SELFOC Fibers".
PAR  It will be apparent to those skilled in the art that the embodiments
      described above are intended to be merely exemplary and that the specific
      structure is susceptible of numerous modifications and variations without
      departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optical memory apparatus comprising: a light source for providing a
      light beam; converting means for causing the light beam to take on a
      predetermined spot size; a light-focusing fiber guide arranged so that
      input and output light beams are parallel or anti-parallel and having a
      refractive index distribution decreasing radially outwardly from its
      center axis toward its surface arranged to propagate the light beam
      emitted from the converting means; and a memory medium positioned to be
      irradiated by a beam propagated through the fiber guide; wherein the
      length of the fiber guide is related to its characteristic propagation
      pitch and configuration such that possible deviation of the irradiating
      position of the light beam on the memory medium caused by a position
      deviation of the memory medium relative to the fiber guide is corrected by
      an equivalent displacement of the irradiating position relative to the
      fiber guide due to the light beam locus followed by the irradiating light.
NUM  2.
PAR  2. The optical memory apparatus of claim 1, wherein the configuration of
      the fiber guide is such that the light beams entering and leaving the
      fiber guide are parallel, the length of the fiber guide being a
      half-integral multiple of its propagation pitch.
NUM  3.
PAR  3. The optical memory apparatus of claim 1, wherein the configuration of
      the fiber guide is such that the light beams entering and leaving the
      fiber guide are anti-parallel, the length of the fiber guide being an
      integral multiple of its propagation pitch.
NUM  4.
PAR  4. The optical memory apparatus of claim 1, wherein the fiber guide has
      input and output ends perpendicular to its center axis.
NUM  5.
PAR  5. An optical memory apparatus comprising: a light source for providing a
      light beam; converting means for causing the light beam to take on a
      predetermined spot size; a first light-focusing fiber guide having a
      refractive index distribution decreasing radially outwardly from its
      center axis toward its outer surface arranged to propagate the light beam
      emitted from the converting means; a second light-focusing fiber guide
      arranged so that input and output light beams are parallel or
      anti-parallel and having a refractive index distribution decreasing
      radially outwardly from its center axis toward its outer surface arranged
      to propagate the light beam emitted from the first light-focusing fiber
      guide; optical means arranged to receive the beam emitted from the second
      light-focusing fiber guide for reducing by one-half the distance between
      the center axis of the second light-focusing fiber guide and said emitted
      beam as measured in a direction perpendicular to said center axis; and a
      memory medium arranged to be irradiated by a light beam emitted from said
      optical means; wherein the length of the first light-focusing fiber guide
      is related to its characteristic propagation pitch and configuration and
      the second light-focusing fiber guide also has a length related to its
      characteristic propagation pitch and configuration such that possible
      deviation of an irradiating position of the light beam incident on the
      memory medium caused by a position deviation of the memory medium relative
      to the second fiber guide is corrected by an equivalent displacement of
      the irradiating position relative to the second fiber guide due to the
      light beam locus followed by the irradiating light in the first and second
      fiber guides.
NUM  6.
PAR  6. The optical memory apparatus of claim 5, further comprising an inverting
      optical system disposal between the second light-focusing fiber and the
      memory medium, the inverting optical system affecting the length of a
      fiber guide by one-half the propagation pitch thereof.
NUM  7.
PAR  7. An optical disc memory apparatus comprising: a light source for
      providing a light beam; converting means for causing said light beam to
      take on a predetermined spot size; a first light-focusing fiber guide
      having a refractive index distribution decreasing radially outwardly from
      its center axis toward its outer surface arranged to propagate the light
      beam emitted from the converting means; a second light-focusing fiber
      guide arranged so that input and output light beams are parallel or
      anti-parallel and having a refractive index distribution decreasing
      radially outwardly from its center axis toward its outer surface arranged
      to propagate the light beam emitted from the first light-focusing fiber
      guide; optical means arranged to receive the light beam emitted from the
      second light-focusing fiber guide for reducing by one-half the distance
      between the center axis of the second light-focusing fiber guide and said
      emitted beam as measured in a direction perpendicular to said center axis;
      and a disc shaped memory medium arranged to be irradiated by the light
      beam emitted by the optical means including a rotary disc shaft for
      rotating the disc-shaped memory medium; wherein the center axis of the
      first light-focusing fiber guide and the center axis of the rotary disc
      shaft are aligned and the first light-focusing fiber guide is connected to
      the disc-shaped memory medium; the length of the first light-focusing
      fiber guide being related to its characteristic propagation pitch and
      configuration and the length of the second light-focusing fiber guide
      likewise being related to its characteristic propagation pitch and
      configuration such that possible deviation of an irradiating position of
      the light beam on the memory medium relative to the second fiber guide is
      corrected by an equivalent displacement of the irradiating position of the
      second fiber guide due to light beam locus followed by the irradiating
      light in the first and second fiber guides.
NUM  8.
PAR  8. An optical drum memory apparatus comprising: a light source for
      providing a light beam; converting means for causing said light beam to
      take on a predetermined spot size; a light-focusing fiber guide arranged
      so that input and output beams are parallel or anti-parallel and having a
      refractive index distribution decreasing radially outwardly from its
      center axis toward its outer surface arranged to propagate the light beam
      emitted by the converting means; a drum-shaped memory medium arranged to
      be irradiated by a beam emitted from the fiber guide; a rotary shaft on
      which the drum-shaped memory medium is mounted; and axial deviation
      transmission means for transmitting the axial deviation of the rotary
      shaft to the fiber guide; wherein the fiber guide has input and output end
      faces perpendicular to the direction from which the light beams irradiates
      the surface of the memory medium, and the length of the fiber guide is
      related to its characteristic propagation pitch and configuration such
      that possible deviation of the irradiating position of the light beam on
      the memory medium caused by a position deviation of the memory medium
      relative to the fiber guide is corrected by an equivalent displacement of
      the irradiating position of the fiber guide due to the light beam locus
      followed by the irradiating light in the fiber guide.
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PAL  The specification describes a roll up cine projection screen comprising
      struts for holding it taut in the extended condition for use. It is
      adapted to be held on a rolling up rod or a tubular casing on a carrier
      and in the case of which the struts are adapted to pivot with the cine
      projection screen held taut by them about a horizontal axis. The screen
      can be secured in several angular positions by means of two pivot bearings
      having vertical and horizontal axis respectively.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field to which invention relates
PAR  The present invention relates to cine projection screen.
PAR  2. The prior art
PAR  A roll up cine projection screen has already been proposed which is adapted
      to be held taut in the extended condition for use by means of struts and
      is adapted to be hung by means of either of its roll up rod or its tubular
      casing on a carrier. Furthermore, the struts with the cine projection
      screen held taut on them are pivoted on the carrier about a horizontal
      axis parallel to the plane of the screen and are adapted to be locked in
      several angular positions.
PAR  With this arrangement it is possible, more particularly for the purposes of
      overhead projection, though also for other types of projection, to arrange
      for any desired oblique positioning of the plane of the screen with
      respect to the vertical plane and thus to produce such a setting with
      respect to the optic axis of the projector that distortion owing to
      converging lines are prevented. A condition for distortion-free projection
      is, however, also an alignment between the projector and the cine screen
      in the horizontal plane in such a manner that the optic axis of the
      projector passes perpendicularly through the screen plane in its diagonal
      point of intersection. Accordingly in the case of prior art cine screens
      the position of the projector in the room was fixed. It is, however, often
      necessary or desired to arrange the projector at another place in the
      room, for example in order to avoid furniture, so that the optic axis runs
      obliquely through the room towards the projection screen.
PAC  SUMMARY OF THE INVENTION
PAR  One aim of the present invention is to make possible the production of
      distortion-free pictures in the case of such lateral oblique projection.
PAR  The present invention consists in a roll up cine projection screen
      comprising struts for holding it taut in the extended condition for use
      and which screen is adapted to be held on a roll up means, namely a rod or
      a tubular casing which is in turn supported on a carrier. The struts are
      adapted to pivot, with the cine projection screen held taut by them, about
      a horizontal axis running parallel to the plane of the screen and can be
      locked in several angular positions. Between one pivot bearing that has a
      horizontal axis and the carrier is located another a pivot bearing with a
      vertical axis. Owing to this additional possibility of pivoting movement
      it becomes possible to turn the cine screen even in the extended condition
      towards the auditorium or to the viewers who are locate to the right and
      to the left. It is thus possible for example even in the case of the use
      of an opaque cloth to arrange the screen on the window side of a room
      without the light shining on it giving rise to a disturbing effect.
PAR  The pivot joint in accordance with the invention with a vertical axis
      provides for central hanging up means which can be used for attachment to
      the ceiling or to the wall and only requires very little space. In the
      case of the construction in accordance with the prior art two massive
      lateral rods had to be arranged on the wall or on the ceiling
      respectively. The carrier in accordance with the invention with the double
      pivot bearings is of small dimensions comparatively speaking when the
      tubular casing is removed and the carrier does not appear bulky.
PAR  In accordance with a preferred embodiment of the invention for a carrier,
      use is made of a tube, preferably of rectangular cross-section, which is
      provided with a vertical through hole and it is stretched as a wall arm or
      is constructed as a covering arm with an L-shape. The hole in the carrier
      has a threaded pin inserted in it so that the pin can rotate. The carrier
      is secured by being screwed into place by the threaded pin. The threaded
      pin carries a pivoting sleeve with a vertical axis, and in this sleeve a
      pivot pin runs which has attachment means for the screen.
PAR  By the use of suitable friction brakes in the vertical and horizontal axis
      bearings, fixation of the screen in any desired position becomes possible
      without it being necessary to slacken off and tighten up clamping screws.
PAR  In accordance with a further embodiment of the invention the cine screen is
      provided with a drawing out handle, which is arranged at the lower
      weighting tube at the bottom end portion of the screen and the handle is
      screwed, on a thread and can be tightened subsequently in the best
      possible fashion in order to hold the cine screen securely in all
      conditions. For this purpose the spring controlled winding and unwinding
      roller of the screen roll up means can be fixed against rotation by a
      screen motion run up brake so that it can no longer yield on subsequent
      tightening.
DRWD
PAC  LIST OF SEVERAL VIEWS OF DRAWINGS
PAR  In what follows an embodiment of the invention will be described with
      reference to the accompanying drawings.
PAR  FIG. 1 shows a partly broken away view of the cine screen suspension means
      in accordance with the invention with the cine screen drawn out.
PAR  FIG. 2 shows on a larger scale a sectional view of the double joint
      arrangement of the suspending or carrying means.
PAR  FIG. 3 is a side view of a cine projection screen suspended on a wall arm
      in the drawn out condition.
PAR  FIG. 4 shows a cine projection screen suspended on a ceiling arm in the
      rolled up condition.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As a carrier for the cine screen use is made of a single carrying arm or
      carrier 10, which in accordance with FIG. 3 is constructed for wall
      mounting as an extended arm and in accordance with FIG. 4 is constructed
      for attachment to the ceiling as an L-shaped arm. This carrying arm can
      for example be constructed as a rectangular tube and be provided with an
      end cap. By means of a joint arrangement 12, which will be described
      further below in conjunction with FIG. 2, the screen sleeve or tube or
      roll up means 14 is carried on the carrier 10. This tube 14 encloses the
      screen 16 when latter is in the wound up. In accordance with FIG. 1 the
      screen is drawn out of the tube or roll up means 14. The lower end of the
      screen 16 is mounted in a slotted tube 18. The drawn out screen is held
      taut by a spreading strut arrangement in the form of two arms 20 and 22.
PAR  The upper spreading or extending arm 20 is attached via a pivot joint 24
      (see FIG. 3) in a pivoting manner on the double joint 12 and is connected
      with the lower spreading arm 22 via a knee joint 26. The spreading arms 20
      and 22 consist of tubes of square cross-section. In the free end of the
      lower spreading or extending arm 22 a guide piece 21 can be slid axially,
      though it is suitably keyed by below described pin 27 to prevent guide
      piece 21 from turning. This guide piece 21 extends by means of a threaded
      pin 23 attached to it through the cap 25 that closes the free end of the
      arm 22. On the threaded pin 23 a tightening handle 28 with a female screw
      thread is screwed and this handle 28 rests axially on the tube end or on
      the cap 25 and serves for holding the screen taut, as will be described
      further below in detail.
PAR  The guide piece 21 carries a rectangularly projecting pin 27, which
      projects through a slot, extending along the lower spreading arm 22. Being
      able to pivot about its axis, pin 27 carries the slotted tube 18, which
      forms the weighting tube for the cine screen. The ability of pin 27 to
      pivot with respect to tube 18 permits arms 20 and 22 to fold as arm 22
      pivots around pin 27.
PAR  Furthermore, on the guide piece 21 a projection 29 is attached, which also
      extends through the slot of the arm 22 and carries a spring plate 31 with
      a handle 33 that extends alongside handle 28. The spring plate 31 has a
      hole, through which the pin 27 projects. The spring plate 31 carries a
      detent pin 35, which fits into a detent hole of a detent plate 30, which
      plate is attached to the slotted tube 18. In the rolled up condition the
      slotted tube 18 closes the drawing out slot of the tube 14 and the joint
      26 of the folded spreading or extending arms 20 and 22 is carried by a
      sheet metal joint holder 32, which is attached to the drawing out tube.
PAR  In order to ensure that the cine screen 16 can be drawn taut in the
      extended condition by means of the tightening handle 28, the rolling
      mechanism of the tube or roll up means 14 is provided with a screen
      unwinding brake. This consists of a disc 58 arranged in a nonrotary manner
      in the closing cap 56 and the disc 58 is guided by the thread of the
      roller threaded spindle 60 and can be axially moved by the latter. There
      is also a disc 62, which rotates with the roller threaded spindle 60, and
      which carries a run up pin 63. On drawing out the cine screen the roller
      threaded spindle 60 is turned and moves the nut 58 on the spindle 60 to
      the left until the pins 63 and 59, respectively, of the discs 62 and 58,
      respectively, engage each other firmly.
PAR  By gripping and pushing down the tightening handle 28 via the pivot pin 27
      the slotted tube 22 is drawn out downwards and in the terminal position
      the pin 35 swings into the detent recess of the receiving plate 30. By
      turning the tightening handle the guide piece 21 within the tube 22 can be
      drawn downwards so that the slotted tube 18 connected with the guide piece
      21 via the pivot pin 27 is also drawn downwards and tightens the cine
      screen, which in the upper tube is fixed by the screen unwinding brake.
PAR  The rolling up again of the cine screen is carried out in a simple manner
      by drawing on the spring handle 33 toward the tightening handle 28 so that
      the pin 35 comes out of its locked position and the spreading or extending
      joints 20, 22 can be folded and the cine screen with the slotted tube 18
      is passed over the tightening handle 28.
PAR  The pivoting joint 12 has a vertical joint pin 34, which can be turned in a
      vertical hole of the carrying arm 10 and is supported by means of screwed
      on nuts 36 on the upper side of the carrying arm 10. The pivot pin 34
      carries a bearing sleeve 38 with a horizontal axis. Between the carrying
      arm and the bearing sleeve an unstepped surface gripping plate 39 and an
      unstepped surface braking pad 40 are fitted so that when the nuts 36 are
      suitably tightened, frictional engagement is provided for which makes
      possible a swinging of the screen about the vertical axis but the screen
      is fixed in every pivoting position. The bearing sleeve 38 carries a pin
      42, which in its center part carries a hub 44, on which a dovetail shaped
      carrying bearing 46 is attached while via an arm 48 a further dove
      tail-shaped carrying bearing 50 is attached for enabling pushing of
      elements 46, 48 along the tube 14. For passing through the arm 48 and the
      bearing 46 the sleeve 38 is slotted in the center part. The hub 44 is
      mounted in a non-rotary manner on the pin 42, which by means of the device
      described in what follows is guided with frictional engagement in the
      bearing sleeve 38. The pin 42 has a threaded bolt 47 passing through it,
      which is carried by closing caps 49, fixed in the bearing sleeve 38, at
      both ends and which is fixed in these caps by means of screws. Plate
      springs 51 placed on the threaded bolt 47 rest against the end caps and
      these springs act on the unstepped surface guiding discs 52 and press the
      discs against the unstepped surface braking discs 54, which come to engage
      the ends of the pin 42. In this manner the pin 42 is supported within the
      bearing sleeve 38 in a frictional manner and the friction is so adjusted
      by dimensioning of the springs 51 that the cine screen remains in the
      drawn out position at any desired angular setting.
CLMS
STM  We claim
NUM  1.
PAR  1. A roll up cine projection screen, comprising:
PA1  a screen; roll up means onto and off which said screen is wound; said
      screen having a first end portion away from said roll up means; said roll
      up means being axially rotatable for the winding and unwinding of said
      screen; first brake means associated with said roll up means for braking
      its unwinding rotation, thereby to enable tensioning of the unwound said
      screen;
PA1  strut means connected at one end thereof to said in a manner such that said
      one end of said strut means does not shift along said screen with respect
      to said said strut means having screen connecting means at the other end
      thereof by which said strut means is connectable to said first end portion
      of said screen; said strut means being provided for supporting and
      stretching said screen;
PA1  a carrier; a first vertical axis pivot bearing; a second horizontal axis
      pivot bearing; said first bearing joining said carrier and said second
      bearing for permitting relative horizontal pivoting between said carrier
      and said second bearing around a first vertical axis; said second bearing
      joining said first bearing and said roll up means for permitting relative
      vertical pivoting between said first bearing and said roll up means around
      a second horizontal axis;
PA1  said second bearing comprises a horizontal bearing sleeve, a horizontal pin
      journalled in and rotatable with respect to said bearing sleeve; and said
      roll up means being secured to said horizontal pin; said first bearing
      comprising a vertically oriented pivot pin extending into and between said
      carrier and said second bearing sleeve;
PA1  a hub attached to said horizontal pin, said hub projecting out of said
      second bearing sleeve and toward said roll up means; cooperating
      engagement means on said roll up means and on said hub for connecting them
      together; said cooperating engagement means of said hub and said roll up
      means comprise a dovetail connection for enabling said hub to be slid
      lengthwise along said roll up means to a position generally centrally
      located along said roll up means;
PA1  second and third friction brake means associated respectively with said
      first and said second bearings for enabling free adjustment of the
      aforesaid element joined by said bearings and for holding stationary any
      selected orientations of those aforesaid elements;
PA1  both said first and said second bearings and their respective said second
      and third brake means being uniformly unstepped to permit adoption of
      vertical and horizontal orientations of said screen without steps on the
      aforesaid bearings and brake means controlling these orientations.
NUM  2.
PAR  2. A cine projection screen in accordance with claim 1, wherein said
      carrier is a horizontal arm which is affixable to a wall by means of a
      suitable carrying bracket.
NUM  3.
PAR  3. A cine projection screen in accordance with claim 1, wherein said
      carrier is constructed in an L-shaped and is mountable on a ceiling.
NUM  4.
PAR  4. A roll up cine projection screen, comprising:
PA1  a screen; roll up means onto and off which said screen is wound; said
      screen having a first end portion away from said roll up means; said roll
      up means being axially rotatable for the winding and unwinding of said
      screen; first brake means associated with said roll up means for braking
      its unwinding rotation, thereby to enable tensioning of the unwound said
      screen;
PA1  strut means connected at one end thereof to said roll up means in a manner
      such that said one end of said strut means does not shift along said
      screen with respect to said roll up means; said strut means having screen
      connecting means at the other end thereof by which said strut means is
      connectable to said first end portion of said screen; said strut means
      being provided for supporting and stretching said screen;
PA1  said strut means comprise first and second strut arms and a folding joint
      connecting said arms; said first arm being pivotally connected at a first
      pivot connection at said roll up means; said second arm being pivotally
      connected at a second pivot connection at said screen first end portion;
      both said arm pivot connections and said folding joint enabling said arms
      to fold together and to shift apart;
PA1  a carrier; a first vertical axis pivot bearing; a second horizontal axis
      pivot bearing; said first bearing joining said carrier and said second
      bearing for permitting relative horizontal pivoting between said carrier
      and said second bearing around a first vertical axis; said second bearing
      joining said first bearing and said roll up means for permitting relative
      vertical pivoting between said first bearing and said roll up means around
      a second horizontal axis;
PA1  second and third friction brake means associated respectively with said
      first and second bearings for enabling free adjustment of the aforesaid
      element joined by said bearings and for holding stationary any selected
      orientations of those aforesaid elements;
PA1  both said first and said second bearings and their respective said second
      and third brake means being uniformly unstepped to permit adoption of
      vertical and horizontal orientations of said screen without steps on the
      aforesaid bearings and brake means controlling these orientations;
PA1  adjacent to the end portion of said second arm near said second pivot
      connection there is a guide piece axially movable with respect to said
      second arm; rotation inhibiting means connected with said guide piece to
      prevent its relative axial rotation with respect to said second arm; from
      said guide piece projects a screw threaded pin, said threaded pin being
      oriented generally parallel to said second arm;
PA1  a tightening handle with an internal screw thread that mates with the screw
      thread of said pin; said tightening handle being tightened over said pin
      and abuttingly against said second arm; said second pivot connection to
      said second arm being a pivot connection to said guide piece;
PA1  whereby tightening of said handle draws out said guide piece and said
      second pivot connection and tightens said screen.
NUM  5.
PAR  5. A cine projection screen in accordance with claim 4, wherein said guide
      piece is within said second arm and said second arm is hollow so as to
      receive said guide piece;
PA1  said second pivot connection of said guide piece comprising a pivot pin
      projecting outwardly from said guide piece; a slot through said second
      arm; said pivot pin projecting through said slot and engaging with said
      screen first end portion; said second arm slot being of an axial length to
      permit axial shifting of said guide piece and said pivot pin due to
      tightening of said handle; said guide piece rotation inhibiting means
      comprising the cooperation of said pivot pin and said second arm slot
      through which said pivot pin passes.
NUM  6.
PAR  6. A cine projection screen in accordance with claim 4, further comprising
      screen end portion engagement means attached to said guide piece; said
      screen end portion engagement means comprising a projection from said
      guide piece, a spring plate secured to said projection and normally biased
      toward said screen first end portion, a detent pin on said spring plate
      and a detent pin receiving recess on said screen first end portion for
      receiving said detent pin, whereby tightening of said handle draws out
      said guide piece, its said projection, said spring plate and said screen
      first end portion and thereby tightens said screen.
NUM  7.
PAR  7. A cine projection screen in accordance with claim 6, wherein said guide
      piece is within said second arm and said second arm is hollow so as to
      receive said guide piece;
PA1  said second pivot connection of said guide piece comprising a pivot pin
      projecting outwardly from said guide piece; a slot through said second
      arm; said pivot pin projecting through said slot and engaging with said
      screen first end portion; said guide piece projection also projecting
      through said second arm slot, said second arm slot being of an axial
      length to permit axial shifting of said guide piece and said pivot pin due
      to tightening of said handle; said guide piece rotation inhibiting means
      comprising the cooperation of said pivot pin and said second arm slot
      through which said pivot pin passes.
NUM  8.
PAR  8. A cine projection screen in accordance with claim 6, wherein said spring
      plate has a release handle extending alongside said tightening handle;
      said rlease handle being operable to move said detent pin out of said
      detent recess.
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ABST
PAL  A screen for a projection system supported by a pair of cross members
      extending to the four corners of the screen where they receive a
      tensioning member disposed around the perimeter of the screen and held in
      stress by a tensioning mechanism secured to a portion of one of the cross
      members. The cross members may be secured in their "up" position by means
      of a restraining member and the screen may be tilted forward as permitted
      by one of several modes of support. The screen may be shaped with
      curvilinear edges preferably of a catenary configuration to increase
      tautness which is imparted thereto by the tensioning member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The subject screen has utility as a projection receiving means for home
      and/or commercial use and is particularly adapted to be utilized as a
      "large screen" on the order of six by eight feet for panoramic viewing of
      slides or movies. Normally a height-width ratio of three to four is used
      consistent with film size.
PAR  2. Prior Art
PAR  Screens used in the past and which are commercially used at the present
      time have innate problems in their construction which makes it extremely
      difficult for such screens to be constructed of a size much greater than 3
      feet by 3 feet or 4 feet by 4 feet. Such screens invariably curl along
      their vertical edges and in the standard type design where the screens do
      not have four sided peripheral support, this cannot be readily prevented.
      The effect of such curling is to produce distortions, shadows, and the
      like during the actual showing of movies or slides in addition to having
      an unsightly screen. Furthermore, with the present day commercial design
      of screens, it is not possible to obtain the degree of tautness necessary
      to eliminate surface irregularities and produce optimum picture clarity.
PAR  The prior art screens are usually supported by a central vertical upright
      member with tripod legs to prevent the screen from tipping. Such a system
      prevents the inclining or tilting of the screen which may be desirable to
      prevent shadows and overcome keystoning where the projection beam is
      coming from a vertical level approximately that of the base of the screen
      as required by modern types of projection systems such as that described
      in our copending Patent Application Ser. No. 488,074 or where made
      desirable by spectator positioning
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the subject invention to provide a screen
      of suitable construction to be readily utilized in the home despite being
      of a size on the order of 6 by 8 feet.
PAR  It is a further object of the subject invention to provide a screen for the
      projection of movies or slides and the like which may be conveniently
      tilted to eliminate shadows and distortion when the projection source is
      positioned at a vertical level approximately that of the base of the
      screen.
PAR  It is a related object of the subject invention to provide a screen unit
      which may be tilted and which includes means to readily determine the
      degree of tilt as required.
PAR  It is another object of the subject invention to provide a screen which may
      be effectively tensioned throughout to reach a degree of drum tautness
      whereby all creases, folds, and surface irregularities are eliminated
      which interfere with producing high quality optically clear pictures.
PAR  It is yet another object of the subject invention to provide a screen for
      projection purposes which despite being of large size can be effectively
      dismantled for storage and quickly reassembled for utilization.
PAR  It is still another object of the subject invention to provide a screen for
      projection purposes in which tensioning to increase screen tautness can be
      accomplished by means conveniently located and readily accessible.
PAR  In accordance with the above objects, the subject invention includes a
      projection screen unit utilizing a screen material such as fiberglass
      fabric with beaded matte or lenticular surfaces, particular advantage for
      which is found in the size range of 6 by 8 feet. The screen material has a
      receiving means about its perimeter for a cable and is adapted to be
      stretched and supported by and between a pair of cross members which are
      diagonally disposed to extend to the corners of the screen member. The
      cross members may be telescopic and/or foldable and have means for
      securing the cable at the corners to impart a tensioning effect to the
      screen to create tautness. The screen material may have curvilinear edges,
      concave outwardly and in fact the edges may define catenary curves which
      may follow a hyperbolic or parabolic function as the screen is tensioned
      to drum-like tautness to eliminate all wrinkles, folds, creases and
      surface irregularities.
PAR  The cable or chain which itself is non-stretchable and inelastic may be
      effectively tensioned by a rachet mechanism secured to one of the cross
      members, the lower portion of which form legs for supporting the screen.
      The screen unit may further be supported by means of a unipod secured in
      part to the cross member structure which permits the screen to be vertical
      or tilted. Base members of the unipod assist in achieving front and back
      stability. In the alternative, suitable legs of the spider variety may
      replace the unipod which likewise permit the screen to be tiled to
      eliminate shadows and the like when the projection source is low with
      respect to the screen.
PAR  The subject invention has particular utility in the systems disclosed in
      copending applications Ser. Nos. 488,074, 488,011 and 487,962.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view showing the screen in an upright position;
PAR  FIG. 2 is a partial perspective view taken from a position to the rear of
      the screen;
PAR  FIG. 3 is a closeup partial section view showing a corner of the screen of
      a slightly modified embodiment;
PAR  FIG. 4 is a partial section view of the rachet member shown in FIG. 2; and
PAR  FIG. 5 is a partial side view showing the securement of the cable to one of
      the cross members at a top corner.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to FIG. 1, the projection screen unit 10 is shown having a
      screen member 12 of suitable material which is extended between cross
      members 14 and 16 as shown. Unipod 17 (See FIG. 2) or spider legs 18 (FIG.
      1) may be used in the alternative or in combination to support the screen
      unit 10.
PAR  With reference to the partial perspective view of the screen unit 10 shown
      in FIG. 2, the screen member 12 is a fabric which may be fiberglass, vinyl
      or any one of a number of alternatives and which may be provided with a
      beaded, matte or lenticular surface. Pockets 20 are sewn or otherwise
      provided around the perimeter of the screen member 12.
PAR  A relatively inelastic member 22 which may be a cable or a chain and will
      hereinafter be referred to as a cable extends through the pockets 20 and
      preferably extends around the entire perimeter of the screen member 12.
      The screen member 12 and cable 22 are supported by the cross members 14
      and 16 which are shown rotatably secured by pin member 24 to permit the
      cross members 14, 16 to be collapsable. At the lower end of each of the
      cross members 14, 16, an outrigger extension 26 forms part of the base
      support for the screen unit 10. Eyebolts 28 or other means such as hooks
      are used to secure the cables 22 to the cross members 14, 16 and it will
      be appreciated that the bolts 28 may be open eyed or otherwise to
      facilitate quick placement of the screen member 12 on the cross members
      14, 16. At these corner locations, hair pin rod stiffeners 30 may also be
      utilized and provide corner rigidity to the screen member 12.
PAR  As best seen in FIG. 5 the eyebolts 28 which are utilized on the top two
      corners are protected within a tongue sleeve 29 to prevent the bolt shank
      from bending. It is important that approximately a 90.degree. angle be
      maintained between the shank of eyebolt 28 and the respective cross member
      14 or 16 which will produce a spring or bow-like effect in the cross
      members 14, 16 to maintain tension in the screen material 12. Best results
      are obtained when the shanks of the eyebolts 28 are at least 41/2 inches.
PAR  With reference to FIG. 3, the stiffeners 30 are shown in a modified
      emodiment wherein they also serve as supports for the cross members 14, 16
      by creating corner pocket areas. Corner stud 31 may be secured to
      stiffener 30 and receive member 14 shown as being hollow. The eyebolts 28
      may thus be eliminated. Also shown in FIG. 3 is a separable cross member
      14 which may be dissassembled into sections 33 and 35 and additional
      sections by means of male-female connections. The cross members 14 and 16
      can also be telescopic, hinged or otherwise foldable or separable.
PAR  With reference to FIGS. 2 and 4, a tensioning rachet device 32 is shown
      secured to one of the leg extensions 26. Each of the lower leg extensions
      26 may be provided with a rachet device such as described herein. As
      shown, hooking arm 34 secures the cable 22. The arm 34 is secured to pawl
      member 36 having notches engageable by the rachet wheel 38 which is
      adjusted by crank arm 40. A locking member 41 engages the pawl notches and
      may be released by pulling the handle 42 to the left to overcome the bias
      of spring 43. Both the ratchet wheel 38 and locking member 41 are
      pivotally mounted within housing 44.
PAR  Once the screen 12 is positioned on the cross members 14, 16 with the cable
      12 extending through all pockets 20 and eyebolts 28 or other means as well
      as through hooking arm 34, tension may be imparted to the closed loop by
      the ratchet mechanism 32 or other means. A front leverage action is thus
      applied as a result of the rigid cantilever type extension provided by
      eyebolt 28 and sleeve 29 configuration.
PAR  A restraining member 45 may be firmly secured to one of the cross members
      and readily attachable to the second member to provide support to the
      cross members 14, 16 prior to when the screen 12 is hung and after it is
      removed.
PAR  In addition to performing the restraining function, member 45 may also be
      connected to the upper portion of unipod 17 by any suitable attachment
      means. It will be noted that connecting member 24 may be an eyebolt which
      not only connects the cross members 14 and 16 but also serves to support
      and hold unipod 17. Various types of friction grips may be used as well.
      At the base of unipod 17, which may be telescopic, a base member 50 is
      used to support the unipod 17. The base member 50 may also be a
      telescoping device which can extend a considerable distance to the front
      of the screen 12 as is necessary to adequately support the screen. The
      front and rear extremities of base member 50 prevent the screen unit 10
      from falling. The unipod 17 may be pivotally secured to the base member 50
      to permit the entire screen unit 10 to tilt forward if desired.
PAR  A chain 52 or other means as shown in FIG. 1 may be used as a plum line to
      determine whether the screen is vertical or tilting forward slightly.
PAR  While various embodiments of the invention have been shown and described,
      it will be understood that various modifications may be made. For example,
      in place of the rachet mechanism 32 which is used as the tensioning
      device, a camming arrangement may be used as the tensioning device, a
      camming arrangement may be used to create the desired tautness. Regardless
      of whether the rachet mechanism or camming means or another equivalent
      means are used, it will be appreciated that such individual tensioning
      mechanisms may be placed on one or more of the cross members to provide
      the desired tautness throughout. The appended claims, therefore, are
      intended to define the true scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A projection screen unit comprising:
PA1  a pair of diagonally disposed cross rods;
PA1  a screen member having sleeve-like receiving means extending around its
      perimeter;
PA1  an inelastic member slidably securable within said receiving means;
PA1  means for securing said inelastic member to said cross rods; and
PA1  means for imparting tension to said inelastic member.
NUM  2.
PAR  2. The projection screen unit of claim 1 wherein said screen member is four
      sided and has curvilinear cuts along its perimeter.
NUM  3.
PAR  3. The projection screen unit of claim 2 wherein said curvilinear cuts
      follow catenary curves.
NUM  4.
PAR  4. The projection screen unit of claim 1 wherein said cross rods have
      extensions to support said screen unit.
NUM  5.
PAR  5. The projection screen unit of claim 4 further including additional
      support legs which are used in conjunction with said extension to provide
      support for said projection screen unit.
NUM  6.
PAR  6. The projection screen unit of claim 1 wherein said tension imparting
      means comprises a rachet mechanism secured to at least one of the cross
      rods.
NUM  7.
PAR  7. The projection screen unit of claim 1 further including a restraining
      member securable to each of said cross rods to provide support.
NUM  8.
PAR  8. The projection screen unit of claim 7 further including a unipod support
      member secured to said cross rods and said restraining member.
NUM  9.
PAR  9. The projection screen unit of claim 1 wherein said receiving means
      comprises pockets formed from the screen member through which said
      inelastic member is insertable.
NUM  10.
PAR  10. The projection screen unit of claim 1 further including hair pin rod
      stiffeners which are secured to said screen member at the corners to
      provide further support for said screen member.
NUM  11.
PAR  11. The projection screen unit of claim 1 wherein the means for securing
      said inelastic member to said cross rods comprises cantilever extensions
      for the upper ends of said cross rods, and positioned at approximately
      90.degree. to said rods, said cantilever extensions having receiving
      structure at their ends remote from said cross rods for receiving said
      inelastic member, and wherein said cantilever extensions are rigid to
      maintain approximately a 90.degree. angle with said cross rods to cause
      said cross rods to bow when tension is imparted to said inelastic member
      thereby causing said screen member to become taut.
NUM  12.
PAR  12. A projection screen unit comprising:
PA1  a four sided flat screen-like component having doubled over portions around
      its perimeter to form sleeve-like pockets;
PA1  a cable extendable through said sleeve-like pockets and around the
      perimeter of said screen-like component;
PA1  diagonally disposed cross support rods positioned to support said
      screen-like component, said cable being slidably secured near each
      extremity of each said cross rod; and
PA1  means for imparting tension to said cable whereby tautness is created in
      said screen-like component.
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ABST
PAL  The optical transitions of extrinsically optically active insoluble
      materials become optically active and circularly dichroic when in contact
      with optically negative liquid crystalline materials thereby providing
      unusual and highly advantageous properties. The circularly dichroic
      optical properties induced in the extrinsically optically active insoluble
      materials can be utilized for optical filter applications.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This information relates to liquid crystalline materials and, more
      specifically, to uses of compositions comprising optically negative liquid
      crystalline materials and insoluble extrinsically optically active
      materials which become optically active when in contact with optically
      negative liquid crystalline materials.
PAR  Liquid crystalline substances exhibit physical characteristics, some of
      which are typically associated with liquids and others which are typically
      unique to solid crystals. The name "liquid crystals" has become generic to
      substances exhibiting these duals properties. Liquid crystals are known to
      appear in three different forms: the smectic, nematic, and cholesteric
      forms. These structural forms are sometimes referred to as mesophases
      thereby indicating that they are states of matter intermediate between the
      liquid and crystalline states. The three mesophase forms of liquid
      crystals mentioned above are characterized by different physical
      structures wherein the molecules of the compound are arranged in a manner
      which is unique to each of the three mesomorphic structures. Each of these
      three structures is well known in the liquid crystal art.
PAR  Some liquid crystalline substances possess optically negative
      characteristics. Birefringence, also referred to as double refraction, is
      an optical phenomenon characteristic of some solid crystals and most
      liquid crystal substances. When a beam of unpolarized light strikes a
      birefringent substance, it is split into two polarized components whose
      transverse vibrations are at right angles to each other. The two
      components are transmitted at different velocities through the substance
      and emerge as beams of polarized light. By the term "liquid crystalline
      substances which have optically negative characteristics", as used herein,
      is meant those for which the extraordinary index of refraction .eta..sub.E
      is smaller than the ordinary index of refraction .eta..sub.o. Cholesteric
      liquid crystal substances exhibit this property. For a detailed
      description of this phenomenon, see Optical Crystallography, Wahlstrom,
      Fourth Edition, Wiley and Sons, Inc., New York.
PAR  The molecules in cholesteric liquid crystals are arranged in very thin
      layers with the long axes of the molecules parallel to each other and to
      the plane of the layers within each layer. Because of the asymmetry and
      steric nature of the molecules, the direction of the long axes of the
      molecules in each layer is displaced slightly from the corresponding
      direction in adjacent layers. This displacement is cumulative over
      successive layers so that overall displacement traces out a helical path.
      A comprehensive description of the structure of cholesteric liquid
      crystals is given in Molecular Structure and the Properties of Liquid
      Crystals, G.W. Gray, Academic Press, 1962.
PAR  Cholesteric liquid crystals have the property that when the propagation
      direction of plane polarized or unpolarized light is along the helical
      axis thereof, i.e., when the light enters in a direction perpendicular to
      the long axes of the molecules, (neglecting absorption considerations),
      this light is essentially unaffected in transmission through thin films of
      such liquid crystals except for a wavelength band centered about some
      wavelength .lambda..sub.o where .lambda..sub.0 = 2np with n representing
      the index of refraction of the liquid crystal substance and p the pitch or
      repetition distance of the helical structure. The bandwidth
      .DELTA..lambda..sub.o of this wavelength band centered about
      .lambda..sub.o will typically be of the order of about .lambda..sub.o /14.
      For light of a wavelength .lambda..sub.o, the cholesteric liquid crystal,
      under these conditions, exhibits selective reflection of the light such
      that approximately 50% of the light is reflected and approximately 50% is
      transmitted, assuming negligible absorption which is usually the case,
      with both the reflected and transmitted beams being approximately
      circularly polarized in opposite directions.
PAR  For light having wavelengths around .lambda..sub.o but not at
      .lambda..sub.o, the same effect is present but not as pronounced. The
      transmitted light is not circularly polarized but is instead elliptically
      polarized. The cholesteric liquid crystals which exhibit this property of
      selective reflection of light in a region centered around some wavelength
      .lambda..sub.o are said to be in the Grandjean or "disturbed" texture. If
      .lambda..sub.o is in the visible region of the spectrum, the liquid
      crystalline film appears to have the color corresponding to .lambda..sub.o
      and if .lambda..sub.o is outside the visible spectral region, the film
      appears colorless.
PAR  Depending upon the intrinsic rotary sense of the helix, i.e., whether it is
      right-handed or left-handed, the light that is transmitted in the region
      about .lambda..sub.o is either right-hand circularly polarized light
      (RHCPL) or left-hand circularly polarized light (LHCPL). The transmitted
      light is circularly polarized with the same sense of polarization as that
      intrinsic to the helix. Thus, a cholesteric liquid crystal having an
      intrinsic helical structure which is left-handed in sense will transmit
      LHCPL and one having a helical structure which is right-handed in sense
      will transmit RHCPL.
PAR  Hereinafter, these cholesteric liquid crystal substances will be identified
      in order to conform with popular convention, by the kind of light which is
      reflected at .lambda..sub.o. When a film is said to be right-handed, it is
      meant that it reflects RHCPL, and when a film is said to be left-handed,
      it is meant that it reflects LHCPL.
PAR  A right-handed cholesteric liquid crystal substance transmits LHCPL
      essentially completely at .lambda..sub.o whereas the same substance
      reflects almost completely RHCPL. Conversely, a left-handed film is almost
      transparent to RHCPL at .lambda..sub.o and reflects LHCPL. Since plane
      polarized or unpolarized light contain equal amounts of RHCPL and LHCPL, a
      cholesteric liquid crystal film is approximately 50% transmitting at
      .lambda..sub.o for these sources when the liquid crystal is in its
      Grandjean texture.
PAR  A further unique optical property of optically negative liquid crystal film
      is that contrary to the normal situation when light is reflected, such as
      by mirror, where the sense of the circular polarization of the reflected
      light is reversed, this same phenomenon does not occur with light
      reflected by these liquid crystal films. The sense of the circular
      polarization of light reflected from these liquid crystal substances is
      not reversed but rather remains the same as it was before it came into
      contact with the liquid crystal substance. For example, if RHCPL having a
      wavelength .lambda..sub.o = 2np is directed at a right-hand film, it is
      substantially completely reflected and, after reflection, remains RHCPL.
      If the same light were to be directed on a metallized mirror, in reflected
      light would be LHCPL.
PAR  Because of these optical properties, optically negative liquid crystalline
      substances have been found to be highly advantageous for use in a number
      of applications. U.S. Pat. No. 3,669,525 and 3,679,290 disclose the use of
      such liquid crystalline materials in optical filter systems. U.S. Pat. No.
      3,744,920 discloses the use of these materials in a detection system which
      can identify physical surface and/or electrical conductivity
      irregularities in a surface of interest.
PAR  Extremely large extrinsic circular dichroism has been observed within the
      electronic transitions of achiral (optically inactive) solutes dissolved
      in cholesteric mesophases as reported in recently issued U.S. Pat. No.
      3,780,304 to F. D. Saeva et al. and in the following articles by F. D.
      Saeva et al. appearing in the Journal of the American Chemical Society
      (JACS): "Cholesteric Liquid-Crystal-Induced Circular Dichroism (LCICD) of
      Achiral Solutes. A Novel Spectroscopic Technique", Vol. 94, JACS, page
      5135 (1972); "Cholesteric Liquid-Crystal-Induced Circular Dichroism
      (LCICD). V. Some Mechanistic Aspects", Vol. 95, JACS, page 7656 (1973);
      "Cholesteric Liquid-crystal-Induced Circular Dichroism (LCICD). VI. LCICD
      Behavior of Benzene and Some of its Mono- and Disubstituted Derivatives",
      Vol. 95, JACS, page 7660 (1973); and "Cholesteric Liquid-Crystal-Induced
      Circular Dichroism (LCICD). VII. LCID of Achiral Solutes in Lyotropic
      Cholesteric Mesophases", Vol. 95, JACS, page 7882 (1973).
PAR  Circular dichroism has not been previously reported as induced in
      extrinsically optically active insoluble materials and it has heretobefore
      been thought by those working in the art as evidenced by the above
      articles that two mechanisms were important to the existence of Liquid
      Crystal Induced Circular Dichroism in dissolved materials: (1) helical
      organization of solute, and (2) the exposure of solute to a helical
      organization of liquid crystal molecules. Shortly after the invention of
      this Application, data was reported which indicated that mechanism (1) was
      not required for the observation of extrinsic LCICD within solutes in the
      cholesteric mesophase. That is, the solute molecules need not be ordered
      into helical organization by the mesophase in order to exhibit liquid
      crystal induced circular dichroism. The data is reported in "The Optical
      Activity of Achiral Molecules in a Cholesteric Solvent", J.C.S. Chem.
      Comm., page 712, 1973.
PAR  It is known that the pitch of cholesteric liquid crystalline substances is
      responsive to various foreign stimuli such as heat, pressure, electric
      fields, magnetic fields, etc. In some cases this characteristic is a
      highly desirable advantage, such as where the substance is used in a
      detection system to indicate the presence, or a change in the amount
      present, of any particular stimulus. However, according to some uses of
      these substances, the fact that their performance is affected by foreign
      stimuli is not an advantage and it would be desirable to have materials
      whose performance in a particular mode would be essentially independent of
      the presence of the above mentioned stimuli.
PAR  In rapidly growing areas of technology such as liquid crystals new methods,
      apparatus, compositions and articles of manufacture are often discovered
      for the application of the new technology in a new mode. The present
      invention relates to novel and advantageous uses of extrinsically
      optically active insoluble materials in contact with optically negative
      liquid crystalline materials.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide an optical system
      having the above mentioned desirable features.
PAR  It is another object of the invention to provide an optical system
      employing optically negative liquid crystalline compositions which system
      is operative essentially independently of the presence of foreign stimuli.
PAR  It is a further object of the invention to provide an optical system which
      can be adapted to function as an optical filter system.
PAR  It is a still further object of the invention to provide an optical filter
      system which will permit transmission of one or more selected wavelength
      bands of incident radiation between and including the ultraviolet and
      infrared regions of the electromagnetic spectrum while substantially
      completely rejecting all other wavelengths within the incident radiation.
PAR  The above mentioned objects and advantages and others are realized in
      accordance with the invention by employing optically negative liquid
      crystalline substances in contact with extrinsically optically active
      insoluble materials whose electronic transitions, i.e., effect obtained
      from the interaction of light energy with the electrons of the molecules,
      become circularly dichroic (i.e., show a large preferential absorption of
      either LHCPL or RHCPL) when in contact with an optically negative liquid
      crystalline material. It should be understood that by the term
      "extrinsically optically active insoluble materials" we mean both
      intrinsically optically active and intrinsically optically inactive
      insoluble materials which are optically active or inactive, respectively,
      out of contact (or when not in contact) with optically negative liquid
      crystalline substances. Both intrinsically optically active insoluble
      materials and optically inactive insoluble materials become extrinsically
      optically active when contacted with an optically negative liquid
      crystalline material. This extrinsic induced behavior may overwhelm and
      dominate over any intrinsic activity since the specific rotations and
      molecular ellipticities in the former case are normally substantially
      larger than that observed for intrinsically optically active insoluble
      materials.
PAR  "Insoluble" is used herein to mean that dissolution of the material added
      to or contacted by the optically negative liquid crystalline material can
      not be detected by conventional photometric techniques, such as circular
      dichroism and optical absorption.
PAR  It has been found that when such extrinsically optically active insoluble
      materials are placed in or otherwise contacted by cholesteric mesophases,
      optical activity is induced in the optically inactive materials and they
      exhibit circularly dichroic behavior within their absorption bands. The
      optical behavior induced in the normally optically inactive insoluble
      materials is due to absorption whereas the circularly dichroic behavior of
      optically negative liquid crystalline substances in the region of
      .lambda..sub.o is due to selective reflection of one type of circularly
      polarized light. The insoluble materials which acquire the induced optical
      activity, as opposed to the optically negative liquid crystalline
      substances, absorb both RHCPL and LHCPL; however, they show a large
      preference for one type more than for the other type.
PAR  Thus, such insoluble materials may be utilized in devices which can be
      tuned to the absorption band of the insoluble materials rather than the
      reflection band of the optically negative liquid crystalline substance; or
      use may be made of both absorption bands of such insoluble materials and
      reflection bands of optically negative liquid crystalline materials.
DRWD
PAR  The invention will be more fully understood from the following detailed
      description of various preferred embodiments thereof particularly when
      read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 shows the circular dichroism and absorption spectra of Calcium
      Bonadur Red particles suspended in the cholesteric mesophases of
      cholesteryl oleyl carbonate and cholesteryl chloride.
PAR  FIG. 2 shows the circular dichroism and absorption spectra of soluble and
      insolubilized anthracene-9-carboxylic acid in the cholesteric mesophase of
      cholesteryl chloride (60 wt. %) - cholesteryl nonanoate (40 wt. %).
PAR  FIG. 3 is a schematic side cross-sectional view of a typical optical filter
      constructed according to the invention.
PAR  FIG. 4 is a schematic side cross-sectional view of another embodiment
      according to the invention.
DETD
PAR  Referring now to FIG. 1, there is seen the circular dichroism and
      absorption spectrum of a thin film (about 5 microns thick) of insoluble
      Calcium Bonadur Red pigment particles suspended in the cholesteric
      mesophases of cholesteryl oleyl carbonate and cholesteryl chloride. The
      pigment particles are insoluble in the cholesteric mesophase and are much
      larger in size than the liquid crystal molecules. Surprisingly, it was
      found that the insoluble particles exhibited liquid crystal induced
      circular dichroism not withstanding the fact that their large size
      relative to the molecules of the cholesteric mesophase prevented their
      being ordered into helical organization by the helical array of molecules
      of the cholesteric mesophase.
PAR  In the right-handed cholesteric helix CD bands of negative sign (E.sub.R &gt;
      E.sub.L) appear at about 450,520, and 580 nm while positive CD bands
      appear at about 340 and 620 nm. In the left-handed cholesteric helix the
      above mentioned CD bands are of opposite sign to that found in the
      right-handed cholesteric helix. A major peak of absorption appears at
      about 580 nm of light and a shoulder at about 520 nm of light in the
      absorption spectrum. These wavelengths are within the visible region. The
      absorption and circular dichroism exhibited within the visible region is
      attributable solely to circular dichroism induced in the particles. It was
      further found, as seen from comparing particles sizes in Examples 1 and 2,
      below, that the phenomenon of circular dichroism induced in the particles
      may be a surface phenomenon. The ratio of circular dichroism to optical
      density increases in intensity with increase in surface area provided by
      the particles. That is, for the same weight amount of insoluble particles
      suspended in the cholesteric mesophase, a greater ratio is exhibited by
      smaller sized particles than by larger sized particles. The sign of
      extrinsic circular dichroism in the particles is independent of the
      position of the cholesteric pitch band .lambda..sub.o.
PAR  FIG. 2 presents for comparison the absorption and circular dichroism
      spectra of soluble and insolubilized anthracene-9-carboxylic acid. It is
      noted that while the soluble anthracene-9-carboxylic acid in the
      cholesteric mesophase (60 wt. %) cholesteryl chloride - 40 wt. %
      cholesteryl nonanoate) exhibits a change in sign in circular dichroism
      which is dependent upon the position of the cholesteric pitch band .sub.o,
      the insolubilized anthracene-9-carboxylic acid remains positive in sign in
      circular dichroism (E.sub.L &gt; E.sub.R) notwithstanding change in position
      of the cholesteric pitch band .lambda..sub.o. Previously, it was observed
      with solutes in cholesterics that the sign of circular dichroism induced
      in the solute was dependent upon the position of .lambda..sub.o relative
      to solute absorption as well as the handedness of the cholesteric
      mesophase.
PAR  Of course, it will be recognized that the particular insoluble materials of
      FIGS. 1 and 2 are typical of the insoluble optically inactive materials of
      the invention and are used to illustrate what effect is obtained; similar
      results can be obtained with any of the insoluble optically inactive
      materials encompassed by the invention.
PAR  Experimental results with insoluble materials indicate that the intensity
      of the induced circularly dichroic absorption band varies with variation
      in pitch of the cholesteric mesophase, as well as with the chirality of
      the cholesteric helix. The sign of the extrinsic circular dichroism
      changes with chirality of the cholesteric helix. However, the sign of the
      extrinsic dichroism is independent of the wavelength location of the
      optically negative liquid crystalline pitch band .lambda..sub.o relative
      to the wavelength location of the absorption band of the insoluble
      material.
PAR  An important advantage derived from exploiting the induced circular
      dichroic optical activity of the absorption band of the insoluble
      materials contacted with the optically negative liquid crystalline
      material is that the absorption band will always remain substantially in
      the same position and will not be shifted to any significant extent by the
      presence of foreign stimuli. The magnitude of the optically active effect
      will typically change when a foreign stimulus acts upon the composition
      but the position of the band will not. This behavoir is opposite to that
      of the pitch band of the optically negative liquid crystalline composition
      when acted upon by a foreign stimulus since, as is appreciated by those
      skilled in the art, the location of the pitch band changes but the
      amplitude thereof is always substantially the same. For example, when a
      stimulus acts upon the optically negative liquid crystalline environment,
      the pitch may become larger causing .lambda..sub.o to become larger (since
      .lambda..sub.0 = 2np).
PAR  Thus, it can be seen that the addition of extrinsically optically active
      insoluble materials whose absorption bands become highly optically active
      when in contact with an optically negative liquid crystalline environment
      permits a novel and highly advantageous means for tailoring the properties
      of optically negative liquid crystal systems to achieve novel and
      extremely useful results. The above mentioned additives can be used to
      provide a circularly dichroic absorption band for the composition.
PAR  The additives which can be placed in contact with optically negative liquid
      crystalline substances according to the invention should be insoluble (as
      previously defined) in such a liquid crystalline environment and should
      have optical transitions which become circularly dichroic in some region
      of the electromagnetic spectrum. Any suitable extrinsically optically
      active insoluble material can be used according to the invention. Typical
      suitable extrinsically optically active insoluble materials include, among
      others, organic and inorganic pigments, aromatic insoluble compounds such
      as insolubilized benzene, napthalene, anthracene and the like; insoluble
      azo compounds such as insolubilized arylazonaphthols, azobenzenes, etc.;
      insoluble nitro compounds such as insolubilized nitrobenzene,
      nitroarylazonaphthols and the like; insoluble nitroso compounds such as
      insolubilized nitrosonaphthalene and the like; insoluble compounds such as
      insolubilized benzylidene aniline, etc.; insoluble carbonyl compounds such
      as insolubilized acetone, acetophenone, benzophenone and the like;
      insoluble thiocarbonyls such as insolubilized thioacetophenones,
      thioacetone, thiobenzophenone, and the like; insoluble alkenes such as
      insolubilized butadiene, cyclohexane, etc.; insoluble heterocyclics such
      as insolubilized furans, aziridines, pyridines and the like, insoluble
      alkanes such as insolubilized hexane, dodecane and the like; metallic
      complexes; dyes such as polymethin, sulfur, indigo and anthraquinone dyes;
      and mixtures thereof.
PAR  Typical methods of insolubilizing include adsorbing on suitable surfaces
      and converting to ionic derivatives.
PAR  Generally speaking, it is preferred to use extrinsically optically active
      additive materials that absorb in the visible region of the spectrum such
      as, for example, inorganic and organic pigments in the novel compositions
      of the invention since the colored additives will provide preferred
      results when the compositions are utilized in various modes of application
      as will be discussed in detail hereinafter. For example, in a preferred
      embodiment of the invention where the compositions of the invention are
      employed in an imaging mode the use of colored additive materials will
      permit readout in the visible region of the spectrum of an image where the
      optical input is not in the visible spectral region of the electromagnetic
      spectrum.
PAR  Of course, it should be recognized that the above classes of materials are
      intended to be illustrative only of the insoluble additives which will
      provide the previously described induced behavior.
PAR  The amount of insoluble material which can be incorporated into an
      optically negative liquid crystalline can vary over an extremely wide
      range. The amount added in any particular instance is dependent primarily
      upon the intended use of the particular composition. For example, where it
      is intended to exploit the induced optical activity of the absorption band
      of the additive as little as up to about 10% by weight of optically
      inactive material can provide the induced optical activity. Of course, the
      upper limit of the amount of additive which can be incorporated into any
      particular optically negative liquid crystal composition, and which can go
      as high as about 90% by weight, is controlled by the requirement that the
      total environment must retain its optically negative liquid crystal line
      character after the addition of the optically inactive material.
PAR  Any suitable cholesteric liquid crystal substance, mixtures thereof or
      compositions having liquid crystalline characteristics may be employed in
      the invention. Typical suitable cholesteric liquid crystals include
      derivatives from reactions of cholesterol and inorganic acids, for
      example: cholesteryl chloride, cholesteryl bromide, cholesteryl iodide,
      cholesteryl fluoride, cholesteryl nitrate; esters derived from reactions
      of cholesterol and carboxylic acids, for example, cholesteryl crotonate;
      cholesteryl nonanoate, cholesteryl hexanoate; cholesteryl formate;
      cholesteryl docosonoate; cholesteryl proprionate; cholesteryl acetate;
      cholesteryl valerate; cholesteryl vacconate; cholesteryl linolate;
      cholesteryl linolenate; cholesteryl oleate; cholesteryl erucate;
      cholesteryl butyrate; cholesteryl caproate; cholesteryl laurate;
      cholesteryl myristate; cholesteryl clupanodonate; ethers of cholesterol
      such as cholesteryl decyl ether; cholesteryl lauryl ether; cholesteryl
      oleyl ether; cholesteryl dodecyl ether; carbamates and carbonates of
      cholesterol such as cholesteryl decyl carbonate; cholesteryl oleyl
      carbonate; cholesteryl methyl carbonate; cholesteryl ethyl carbonate;
      cholesteryl butyl carbonate; cholesteryl docosonyl carbonate; cholesteryl
      cetyl carbonate; cholesteryl-p-nonylphenyl carbonate;
      cholesteryl-2-(2-ethoxyethoxy) ethyl carbonate; cholesteryl-
      2-(2-butoxyethoxy) ethyl carbonate; cholesteryl-1-2-(2-methoxyethoxy)
      ethyl carbonate; cholesteryl geranyl carbonate; cholesteryl heptyl
      carbamates; and alkyl amides and aliphatic secondary amines derived from
      3.beta.-amino.DELTA.5-cholestene and mixtures thereof; peptides such as
      poly-.gamma.-benzyl-L-glutamate; derivatives of beta sitosterol such as
      sitosteryl chloride; and amyl ester of cyano benzilidene amino cinnamate.
      The alkyl groups in said compounds are typically saturated or unsaturated
      fatty acids, or alcohols, having less than about 25 carbon atoms, and
      unsaturated chains of less than about 5 double-bonded olefinic groups.
      Aryl groups in the above compounds typically comprise substituted benzene
      ring compounds. Any of the above compounds and mixtures thereof may be
      suitable for cholesteric liquid crystalline materials in the advantageous
      system of the present invention.
PAR  Mixtures of liquid crystals can be prepared in organic solvents such as
      chloroform, petroleum ether and others, which are typically evaporated
      from the mixture leaving the liquid crystal composition. Alternatively,
      the individual components of the liquid crystalline mixture can be
      combined directly by heating the mixed components above the isotropic
      transition temperature.
PAR  The above lists of typical suitable optically negative liquid crystalline
      substances are intended to encompass mixtures of the above. These lists
      are intended to be representative only and are not to be construed as
      being exhaustive or limiting the invention to the specific materials
      mentioned. Although any liquid crystalline composition having cholesteric
      liquid crystalline characteristics is suitable for use in the present
      invention, it should be recognized that various different cholesteric
      liquid crystal substances or mixtures thereof or combinations of
      cholesteric liquid crystal substances with other substances such as those
      mentioned above will only possess the necessary properties which make them
      suitable for use according to the invention at some specific temperature
      range which may be at room temperature or substantially below or above
      room temperature. However, all of the various substances, mixtures or
      combinations thereof will function according to the method at some
      temperature. Typically, the materials of the invention will be used at or
      near room temperature. Thus, it is preferred to employ liquid crystal
      substances which have a liquid crystal state at or near room temperature.
      Generally speaking, the liquid crystal substance will preferably be in the
      liquid crystal state at the desired operational temperature.
PAR  Typical suitable thicknesses of films or layers of optically negative
      liquid crystalline material are from about 0.5 to about 50 microns,
      although any thickness which will provide the desired effect can be used.
PAR  The invention will now be described further in detail by way of example, it
      being understood that these are intended to be illustrative only and the
      invention is not limited to the conditions, materials, procedures, etc.,
      recited therein. All parts and percentages listed are by weight unless
      otherwise specified.
PAC  EXAMPLE I
PAR  The calcium salt of
      3'-ethyl-4'-chloro-6'-sulfonylphenylazo-2-hydroxy-3-naphthoic acid
      (Calcium Bonadur Red) is finely ground between two pieces of ground glass
      to an average particle size of about 10 microns. About 0.1 gm. of the
      particles are uniformly dispersed in about 11 gm. of the cholesteric
      mesophase of cholesteryl oleyl carbonate and cholesteryl chloride (50/50
      wt. %). The dispersion is placed between circular quartz plates about 1
      .times. 1/8 inch in dimension. The absorption spectrum of the prepared
      sample is analyzed with a Carey 15 Spectrophotometer. The prepared sample
      is analyzed with a Carey 61 Spectropolarimeter for circular dichroism.
      FIG. 1 graphically illustrates the resulting circular dichroism spectrum.
PAR  The absorption spectrum shows a major peak at about 580 nm and a shoulder
      at about 520 nm. The circular dichroism spectrum shows bands of negative
      sign (E.sub.R &gt; E.sub.L) at about 520 nm.
PAR  The dispersion was then centrifuged and the dispersed particles thereby
      separated from the cholesteric mesophase. The cholesteric mesophase was
      then re-examined spectrophotometrically and shows no absorption or
      circular dichroism in the visible region of the spectrum. This eliminates
      the possibility of particles having dissolved in the mesophase and
      indicates that circular dichroism may rise from a surface effect.
PAR  Example I demonstrates that circular dichroism can be induced in insoluble
      materials by dispersing same in an optically negative liquid crystalline
      material.
PAC  EXAMPLE II
PAR  Example I is repeated except that the particles are ground to an average
      particle size of about 2 microns. The ratio of circular dichroism to
      optical density is determined to be larger with these about 2 micron
      particles than with the about 10 micron particles of EXAMPLE I. This
      buttresses the indication of Example I that the induced circular dichroism
      in insoluble materials may be a surface phenomenon because the smaller
      particles present a larger surface area in contact with the optically
      negative crystalline substance.
PAR  Except for the difference in the ratio, the same results are obtained in
      Example II as are obtained in Example I.
PAC  EXAMPLE III
PAR  Two samples are prepared as follows: each sample contains the cholesteric
      mesophase of 60% cholesteryl chloride-40% cholesteryl nonanoate. In sample
      I, anthracene-9-carboxylic acid dissolved in the mesophase. In sample II,
      particles of insoluble calcium anthracene-9-carboxylic acid are dispersed
      in the mesophase. The absorption and circular dichroism spectrums of
      samples I and II are determined in the manner of Example I. FIG. 2
      graphically illustrates the resulting spectra.
PAR  The circular dichroism induced in the dissolved acid in sample I changes
      sign at about 355 nm indicating a change in polarization of the electronic
      transitions. The dispersed insoluble particles of calcium
      anthracene-9-carboxylic acid in sample II exhibit induced circular
      dichroism which does not change sign with polarization of the electronic
      transition.
PAR  The circular dichroism of insoluble particles in sample II exhibits bands
      which are slightly blue shifted from the absorption bands for the
      particles. The relative intensities of the circular dichroism bands of the
      particles in sample II are more similar to the relative intensities of the
      absorption bands of the dissolved acid in sample I than to those of the
      absorption bands of the insoluble particles in sample II. The sign of the
      circular dichroism induced in the insoluble particles of sample II is
      positive (E.sub.L &gt; E.sub.R) and independent of whether .lambda..sub.o for
      the cholesteric mesophase is at larger or smaller wavelengths than the
      absorption band of the particles.
PAR  The difference in depending upon position of .lambda..sub.o between the
      dissolved acid in sample I and undissolved particles in sample II
      indicates a difference in mechanism between induced circular dichroism in
      solutes and induced circular dichroism in insoluble materials in intimate
      contact with optically negative liquid crystalline materials.
PAC  EXAMPLE IV
PAR  Vanadyl phthalocyanine (VOPC) is heated in a vacuum to sublime a film of
      VOPC upon a quartz disc about 1 inch .times. 1 .times. 1/8inch. The VOPC
      film is overcoated with a layer of the cholesteric mesophase of
      cholesteryl oleyl carbonate (COC) which, in turn, is contacted with a
      glass plate to produce a glass-VOPC-COC-quartz disc sandwich.
PAR  The absorption and circular dichroism spectrum of the COC-VOPC combination
      was examined and circular dichroism was observed in the region of the
      visible electronic transitions of VOPC. This observation demonstrates that
      circular dichroism induced in insoluble materials in intimate contact with
      optically negative liquid crystalline materials is due to specific
      interaction between the two materials.
PAC  EXAMPLE V
PAR  Example IV is repeated except that the VOPC is replaced with copper
      phthalocyanine (CuPC). Circular dichroism is observed in the visible
      electronic transition of CuPC.
PAC  EXAMPLE VI
PAR  Example I is followed except that Bonadur Red is replaced by copper
      phthalocyanine (CuPC).
PAR  The absorption spectrum shows major peaks at about 600 nm and about 690 nm.
      The circular dichroism spectrum shows bands of positive sign (E.sub.R &gt;
      E.sub.L) at about 595 nm and about 680 nm.
PAR  The CuPC particles are centrifuged out and the liquid crystalline material
      re-examined spectrophotometrically; no absorption of circular dichroism in
      the visible region is exhibited. This eliminates the possibility that
      circular dichroism was exhibited by dissolved molecules rather than by
      insoluble particles.
PAC  EXAMPLE VII
PAR  Particles of calcium anthracene-9-carboxylic acid are dispersed in a
      supercooled cholesteric mesophase of 60% cholesteryl chloride - 40%
      cholesteryl nonanoate. The dispersion is sandwiched at a thickness of
      about 7 microns between two tin-oxide coated quartz discs 1 .times. 1
      .times. 5/8inch. A D.C. voltage is applied to the oxide coatings to apply
      an electric field across the dispersion while the dispersion is being
      examined for circular dichroism induced in the particles. Upon application
      of the field, a change in both sign and magnitude of the induced circular
      dichroism is observed within the absorption bands of the dispersed
      particles.
PAR  The circular dichroism intensity is substantially completely eliminated
      when the applied voltage is about 400 volts D.C.
PAR  Example VII demonstrates that the application of electric fields across
      cholesteric mesophases in contact with an insoluble material, alters both
      the sign and magnitude of the induced (extrinsic) circular dichroism.
PAC  EXAMPLE VIII
PAR  An optical filter for producing circular polarized light from unpolarized
      or linear polarized light is made as follows: a cholesteric mesophase
      containing cholesteryl oleyl carbonate (COC) having a .lambda..sub.o at
      about 340 nm and having uniformly dispersed therein particles of Calcium
      Bonadur Red is prepared according to Example I.
PAR  The optical filter is then placed in the path of a light beam emitted from
      a broad band unpolarized or linear polarized source of visible radiation
      such that the incident radiation is normal to the filter. In the region of
      the absorption bands of the pigment particles a preferential absorption of
      either left or right-handed circular polarized light occurs depending on
      the chirality of the optically negative liquid crystal thus resulting in a
      transmission of one handedness of circularly polarized light. That is to
      say that a CD band of positive sign [630 nm For Calcium Bonadur Red in
      (COC)] by convention absorbs LHCPL &gt; RHCPL, i.e., E.sub.L &gt; E.sub.R. The
      light that is transmitted in the region of positive CD bands contains more
      RHCPL than LHCPL. Light of wavelength outside the region of absorption by
      the pigment is unaffected and not circularly polarized.
PAR  For a greater appreciation of the significance of comparative Example III,
      above, reference is made to the aforementioned article by F. Saeva
      appearing in 95 Journal of American Chemical Society, page 7656 (1973);
      especially, Table I and accompanying text on page 7675 wherein the
      dependency of liquid crystal induced circular dichroism in solutes upon
      helix sense of the cholesteric mesophase, upon direction of electronic
      transition moments of solute and upon cholesteric mesophase pitch band
      .lambda..sub.o position relative to wavelength of absorption of solute, is
      discussed in detail. That article is hereby incorporated by reference.
PAR  It will be appreciated, of course, that all embodiments of the invention
      herein described can be used with or without application of an electrical
      or magnetic field, and that such usage may include selective application
      of an electrical or magnetic field with regard to time of application,
      duration of application, and area of application. It is noted that the
      application of electrical field strength at or above that causing
      transition of the liquid crystalline material from optically negative
      characteristics to optically positive characteristics destroys the
      circular dichroism induced in extrinsically optically active materials in
      contact with the liquid crystalline materials.
PAR  FIG. 3 schematically depicts one embodiment of the invention used as an
      optical filter for producing circular polarized light, generally
      designated 10. Liquid crystalline films 11 having particles 30 of
      insoluble material dispersed therein is enclosed in optional protective
      outer causing 12. incident radiation 18 preferably reaches the optical
      filter 10 at normal incidence, with beam 20 emerging from the filter.
PAR  In order to take advantage of the circular dichroism induced in the
      particles 30, incident light radiation should, of course, include light
      radiation having wavelengths within the absorption band of the insoluble
      material of particles 30.
PAR  Protective outer casing 12 may comprise any suitable material, flexible or
      rigid, which is optically isotropic and transparent to the incident light
      radiation and which is non-reactive with the liquid crystalline film.
      Typical suitable materials include glass, fused silica and any other
      materials having the required characteristics.
PAR  The optical filter, generally speaking, is utilized for producing radiation
      which is circularly polarized. According to the present invention, any
      number of liquid crystal films comprising optically negative liquid
      crystalline substances to which an extrinsically optically active
      insoluble material has been added can be used to produce circularly
      polarized light resulting from the induced CD in the pigment particles,
      or, preferably, a single film of an optically negative liquid crystalline
      composition itself containing any number of extrinsically optically active
      insoluble materials may be utilized. Devices constructed in this manner
      will transmit a spectral band of circularly polarized light which
      coincides with the induced circularly dichroic absorption band of each
      different insoluble material as well as a spectral band centered about the
      .lambda..sub.o value of each different liquid crystal substance. Thus, in
      a particular preferred embodiment, a composition exhibiting a plurality of
      different induced circularly dichroic absorption bands, e.g., three, which
      could be selected to span the visible spectrum and having a pitch band
      outside the visible region is formed. When employed as described above
      with white light, such a composition can provide a three-color CP light
      source suitable for color imaging systems such as color xerography,
      photoelectrophoretic color imaging which is described in detail in U.S.
      Pat. Nos. 3,384,565; 3,384,566; 3,383,993 and 3,384,488 or for use in
      color display systems. Devices arranged to function as described above
      have the important advantage that the transmitted beam is essentially
      independent of the presence of various foreign stimuli to which the pitch
      band of the optically negative crystalline substance is sensitive. In
      other words, the position of the transmitted bands does not change to any
      substantial extent as the levels of foreign stimuli present vary although
      the amplitude of the transmitted band will vary as has been described in
      detail above. Of course, it may be desired in certain instances to utilize
      the transmitted pitch band as well as the transmitted induced circularly
      dichroic absorption bands of any particular composition or compositions.
PAR  FIG. 4 schematically illustrates another embodiment of the invention
      wherein the insoluble materials in which circular dichroism is induced is
      in contact with an optically negative liquid crystalline film but not in
      suspension in the liquid crystalline film. The insoluble material need
      only be in intimate contact with the liquid crystalline material because
      the phenomena of induced circular dichroism is indicated as occurring at
      the surface of the insoluble material, as illustrated in the Examples. In
      FIG. 4, the film of negative liquid crystalline material is in intimate
      contact with film 29A of insoluble material.
PAR  Any of the aforementioned insoluble materials may be used and may be coated
      upon a suitable substrate such as glass, thin quartz and protective outer
      casing 12. Any suitable method of forming a coating of insoluble material
      may be used. For example, sublimation by heating the insoluble material in
      a vacuum can be employed.
PAR  While the invention has been described in detail with respect to various
      preferred embodiments thereof, it is not intended to be limited thereto
      but rather it will be appreciated by those skilled in the art that
      modifications and variations are possible which are within the spirit of
      the invention and the scope of the claims.
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STM  What is claimed is:
NUM  1.
PAR  1. A method for producing circularly polarized light of desired wavelengths
      of incident radiation while not affecting all other wavelengths of the
      incident radiation comprising:
PA1  a. providing a light source;
PA1  b. providing an optical filter comprising at least one film of an optically
      negative liquid crystalline material having a reflection band with center
      wavelength .lambda..sub.o and exhibiting reflective circularly dichroic
      behavior; said optically negative liquid crystalline film having dispersed
      therein an insoluble material; said insoluble material when dispersed in
      said optically negative liquid crystalline material becoming extrinsically
      optically active and having a light absorption band outside said
      reflection band within which circular dichroism is induced; and
PA1  c. directing a beam of radiation from said light source upon said optical
      filter thereby providing an emergent light beam containing a wavelength
      band of circularly polarized light corresponding to the absorption band of
      said insoluble material; wherein said insoluble material is selected from
      the group consisting of non-polymeric aromatic compounds; azo compounds;
      nitro compounds; nitroso compounds; anyl compounds; carbonyl compounds;
      thiocarbonyl compounds; alkenes; heterocyclic compounds; and mixtures
      thereof.
NUM  2.
PAR  2. The method as defined in claim 1 wherein said liquid crystal film is
      from about 0.5 to about 50 microns in thickness.
NUM  3.
PAR  3. The method as defined in claim 1 wherein said light absorption band of
      at least one said extrinsically optically active material is in the
      visible region of the electromagnetic spectrum.
NUM  4.
PAR  4. The method as defined in claim 1 wherein the insoluble material content
      of said liquid crystalline film comprises up to about 90% by weight.
NUM  5.
PAR  5. The method as defined in claim 1 wherein said dispersed insoluble
      material is selected from the group consisting of the calcium salt of
      3'-ethyl-4'-chloro-6'-sulfonylphenylazo-2-hydroxy-3-naphthoic acid and
      calcium anthracene-9-carboxylic acid.
NUM  6.
PAR  6. The method as defined in claim 1 further including the step of applying
      an electrical field across said liquid crystalline material; said
      electrical field being insufficient to extinguish said circular dichroism
      in said light absorption band.
NUM  7.
PAR  7. A method of producing circularly polarized light of desired wavelengths
      of incident radiation while not affecting all other wavelengths of the
      incident radiation, comprising:
PA1  a. providing a light source;
PA1  b. providing an optical filter comprising at least one film of an optically
      negative liquid crystalline material having a reflection band with center
      wavelength .lambda..sub.o and exhibiting reflective circularly dichroic
      behavior; said optically negative liquid crystalline material being in
      contact with a layer of insoluble material; said insoluble material when
      in contact with said optically negative liquid crystalline material
      becoming extrinsically optically active and having a light absorption band
      outside said reflection band within which circular dichroism is induced;
      and
PA1  c. directing a beam of radiation from said light source upon said optical
      filter thereby providing an emergent light beam containing a wavelength
      band of circularly polarized light corresponding to the absorption band of
      said insoluble material.
NUM  8.
PAR  8. The method as defined in claim 7 wherein said liquid crystal film is
      from about 0.5 to about 50 microns in thickness.
NUM  9.
PAR  9. The method as defined in claim 7 wherein said light absorption band of
      said insoluble material is in the visible region of the electromagnetic
      spectrum.
NUM  10.
PAR  10. The method as defined in claim 7 further including the step of applying
      an electrical field across said layer of liquid crystalline material and
      said layer of insoluble material; said electrical field being applied at a
      level insufficient to extinguish the circular dichroism induced in said
      light absorption band.
NUM  11.
PAR  11. The method as defined in claim 7 wherein said insoluble material is
      selected from the group consisting of vanadyl phthalocyanine and copper
      phthalocyanine.
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PAL  The optical transitions of extrinsically optically active insoluble
      materials become optically active and circularly dichroic when in contact
      with optically negative liquid crystalline materials thereby providing
      unusual and highly advantageous properties. The circularly dichroic
      optical properties induced in the extrinsically optically active insoluble
      materials can be utilized for optical filter applications.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This information relates to liquid crystalline materials and, more
      specifically, to uses of compositions comprising optically negative liquid
      crystalline materials and insoluble extrinsically optically active
      materials which become optically active when in contact with optically
      negative liquid crystalline materials.
PAR  Liquid crystalline substances exhibit physical characteristics, some of
      which are typically associated with liquids and others which are typically
      unique to solid crystals. The name "liquid crystals" has become generic to
      substances exhibiting these dual properties. Liquid crystals are known to
      appear in three different forms: the smectic, nematic, and cholesteric
      forms. These structural forms are sometimes referred to as mesophases
      thereby indicating that they are states of matter intermediate between the
      liquid and crystalline states. The three mesophase forms of liquid
      crystals mentioned above are characterized by different physical
      structures wherein the molecules of the compound are arranged in a manner
      which is unique to each of the three mesomorphic structures. Each of these
      three structures is well known in the liquid crystal art.
PAR  Some liquid crystalline substances possess optically negative
      characteristics. Birefringence, also referred to as double refraction, is
      an optical phenomenon characteristic of some solid crystals and most
      liquid crystal substances. When a beam of unpolarized light strikes a
      birefringent substance, it is split into two polarized components whose
      transverse vibrations are at right angles to each other. The two
      components are transmitted at different velocities through the substance
      and emerge as beams of polarized light. By the term "liquid crystalline
      substances which have optically negative characteristics," as used herein,
      is meant those for which the extraordinary index of refraction .eta..sub.E
      is smaller than the ordinary index of refraction .eta..sub.o. Cholesteric
      liquid crystal substances exhibit this property. For a detailed
      description of this phenomenon, see Optical Crystallography, Wahlstrom,
      Fourth Edition, Wiley and Sons, Inc., New York.
PAR  The molecules in cholesteric liquid crystals are arranged in very thin
      layers with the long axes of the molecules parallel to each other and to
      the plane of the layers within each layer. Because of the asymmetry and
      steric nature of the molecules, the direction of the long axes of the
      molecules in each layer is displaced slightly from the corresponding
      direction in adjacent layers. This displacement is cumulative over
      successive layers so that overall displacement traces out a helical path.
      A comprehensive description of the structure of cholesteric liquid
      crystals is given in Molecular Structure and the Properties of Liquid
      Crystals, G. W. Gray, Academic Press, 1962.
PAR  Cholesteric liquid crystals have the property that when the propagation
      direction of plane polarized or unpolarized light is along the helical
      axis thereof, i.e., when the light enters in a direction perpendicular to
      the long axes of the molecules, (neglecting absorption considerations),
      this light is essentially unaffected in transmission through thin films of
      such liquid crystals except for a wavelength band centered about some
      wavelength .lambda..sub.o where .lambda..sub.o = 2np with n representing
      the index of refraction of the liquid crystal substance and p the pitch or
      repetition distance of the helical structure. The bandwidth
      .DELTA..lambda..sub.o of this wavelength band centered about
      .lambda..sub.o will typically be of the order of about .lambda..sub.o /14.
      For light of a wavelength .lambda..sub.o, the cholesteric liquid crystal,
      under these conditions, exhibits selective reflection of the light such
      that approximately 50% of the light is reflected and approximately 50% is
      transmitted, assuming negligible absorption which is usually the case,
      with both the reflected and transmitted beams being approximately
      circularly polarized in opposite directions.
PAR  For light having wavelengths around .lambda..sub.o but not at
      .lambda..sub.o, the same effect is present but not as pronounced. The
      transmitted light is not circularly polarized but is instead elliptically
      polarized. The cholesteric liquid crystals which exhibit this property of
      selective reflection of light in a region centered around some wavelength
      .lambda..sub.o are said to be in the Grandjean or "disturbed" texture. If
      .lambda..sub.o is in the visible region of the spectrum, the liquid
      crystalline film appears to have the color corresponding to .lambda..sub.o
      and if .lambda..sub.o is outside the visible spectral region, the film
      appears colorless.
PAR  Depending upon the intrinsic rotary sense of the helix, i.e., whether it is
      right-handed or left-handed, the light that is transmitted in the region
      about .lambda..sub.o is either right-hand circularly polarized light
      (RHCPL) or left-hand circularly polarized light (LHCPL). The transmitted
      light is circularly polarized with the same sense of polarization as that
      intrinsic to the helix. Thus, a cholesteric liquid crystal having an
      intrinsic helical structure which is left-handed in sense will transmit
      LHCPL and one having a helical structure which is right-handed in sense
      will transmit RHCPL.
PAR  Hereinafter, these cholesteric liquid crystal substances will be identified
      in order to conform with popular convention, by the kind of light which is
      reflected at .lambda..sub.o. When a film is said to be right-handed, it is
      meant that it reflects RHCPL, and when a film is said to be left-handed,
      it is meant that it reflects LHCPL.
PAR  A right-handed cholesteric liquid crystal substance transmits LHCPL
      essentially completely at .lambda..sub.o whereas the same substance
      reflects almost completely RHCPL. Conversely, a left-handed film is almost
      transparent to RHCPL at .lambda..sub.o and reflects LHCPL. Since plane
      polarized or unpolarized light contain equal amounts of RHCPL and LHCPL, a
      cholesteric liquid crystal film is approximately 50% transmitting at
      .lambda..sub.o for these sources when the liquid crystal is in its
      Grandjean texture.
PAR  A further unique optical property of optically negative liquid crystal film
      is that contrary to the normal situation when light is reflected, such as
      by mirror, where the sense of the circular polarization of the reflected
      light is reversed, this same phenomenon does not occur with light
      reflected by these liquid crystal films. The sense of the circular
      polarization of light reflected from these liquid crystal substances is
      not reversed but rather remains the same as it was before it came into
      contact with the liquid crystal substance. For example, if RHCPL having a
      wavelength .lambda..sub.o = 2np is directed at a right-hand film, it is
      substantially completely reflected and, after reflection, remains RHCPL.
      If the same light were to be directed on a metallized mirror, in reflected
      light would be LHCPL.
PAR  Because of these optical properties, optically negative liquid crystalline
      substances have been found to be highly advantageous for use in a numer of
      applications. U.S. Pat. Nos. 3,669,525 and 3,679,290 disclose the use of
      such liquid crystalline materials in optical filter systems. U.S. Pat. No.
      3,744,920 discloses the use of these materials in a detection system which
      can identify physical surface and/or electrical conductivity
      irregularities in a surface of interest.
PAR  Extremely large extrinsic circular dichroism has been observed within the
      electronic transitions of achiral (optically inactive) solutes dissolved
      in cholesteric mesophases as reported in recently issued U.S. Pat. No.
      3,780,304 to F. D. Saeva et al. and in the following articles by F. D.
      Saeva et al. appearing in the Journal of the American Chemical Society
      (JACS): "Cholesteric Liquid-Crystal-Induced Circular Dichroism (LCICD) of
      Achiral Solutes. A Novel Spectroscopic Technique," Vol. 94, JACS, page
      5135 (1972); "Cholesteric Liquid-Crystal-Induced Circular Dichroism
      (LCICD). V. Some Mechanistic Aspects," Vol. 95, JACS, page 7656 (1973);
      "Cholesteric Liquid-Crystal-Induced Circular Dichroism (LCICD). VI. LCICD
      Behavior of Benzene and Some of its Mono- and Disubstituted Derivatives,"
      Vol. 95, JACS, page 7660 (1973); and "Cholesteric Liquid-Crystal-Induced
      Circular Dichroism (LCICD). VII. LCID of Achiral Solutes in Lyotropic
      Cholesteric Mesophases," Vol. 95, JACS, page 7882 (1973).
PAR  Circular dichroism has not been previously reported as induced in
      extrinsically optically active insoluble materials and it has heretobefore
      been thought by those working in the art as evidenced by the above
      articles that two mechanisms were important to the existence of Liquid
      Crystal Induced Circular Dichroism in dissolved materials: (1) helical
      organization of solute, and (2) the exposure of solute to a helical
      organization of liquid crystal molecules. Shortly after the invention of
      this Application, data was reported which indicated that mechanism (1) was
      not required for the observation of extrinsic LCICD within solutes in the
      cholesteric mesophase. That is, the solute molecules need not be ordered
      into helical organization by the mesophase in order to exhibit liquid
      crystal induced circular dichroism. The data is reported in "The Optical
      Activity of Achiral Molecules in a Cholesteric Solvent," J.C.S. Chem.
      Comm., page 712, 1973.
PAR  It is known that the pitch of cholesteric liquid crystalline substances is
      responsive to various foreign stimuli such as heat, pressure, electric
      fields, magnetic fields, etc. In some cases this characteristic is a
      highly desirable advantage, such as where the substance is used in a
      detection system to indicate the presence, or a change in the amount
      present, of any particular stimulus. However, according to some uses of
      these substances, the fact that their performance is affected by foreign
      stimuli is not an advantage and it would be desirable to have materials
      whose performance in a particular mode would be essentially independent of
      the presence of the above mentioned stimuli.
PAR  In rapidly growing areas of technology such as liquid crystals new methods,
      apparatus, compositions and articles of manufacture are often discovered
      for the application of the new technology in a new mode. The present
      invention relates to novel and advantageous uses of extrinsically
      optically inactive insoluble materials in contact with optically negative
      liquid crystalline materials.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide an optical system
      having the above mentioned desirable features.
PAR  It is another object of the invention to provide an optical system
      employing optically negative liquid crystalline compositions which system
      is operative essentially independently of the presence of foreign stimuli.
PAR  It is a further object of the invention to provide an optical system which
      can be adapted to function as an optical filter system.
PAR  It is still a further object of the invention to provide an optical filter
      system which will permit transmission of substantially all wavelengths of
      incident radiation between and including the ultraviolet and infrared
      regions of the electromagnetic spectrum while simultaneously absorbing
      predetermined amounts of radiation at at least one wavelength within said
      incident radiation.
PAR  The above mentioned objects and advantages and others are realized in
      accordance with the invention by employing optically negative liquid
      crystalline substances in contact with extrinsically optically active
      insoluble materials whose electronic transitions, i.e., effect obtained
      from the interaction of light energy with the electrons of the molecules,
      become circularly dichroic (i.e., show a large preferential absorption of
      either LHCPL or RHCPL) when in contact with an optically negative liquid
      crystalline material. It should be understood that by the term
      "extrinsically optically active insoluble materials" we mean both
      intrinsically optically active and intrinsically optically inactive
      insoluble materials which are optically active or inactive, respectively,
      out of contact (or when not in contact) with optically negative liquid
      crystalline substances. Both intrinsically optically active insoluble
      materials and optically inactive insoluble materials become extrinsically
      optically active when contacted with an optically negative liquid
      crystalline material. This extrinsic induced behavior may overwhelm and
      dominate over any intrinsic activity since the specific rotations and
      molecular ellipticities in the former case are normally substantially
      larger than that observed for intrinsically optically active insoluble
      materials.
PAR  "Insoluble" is used herein to mean that dissolution of the material added
      to or contacted by the optically negative liquid crystalline material can
      not be detected by conventional photometric techniques, such as circular
      dichroism and optical absorption.
PAR  It has been found that when such extrinsically optically active insoluble
      materials are placed in or otherwise contacted by cholesteric mesophases,
      optical activity is induced in the optically inactive materials and they
      exhibit circularly dichroic behavior within their absorption bands. The
      optical behavior induced in the normally optically inactive insoluble
      materials is due to absorption whereas the circularly dichroic behavior of
      optically negative liquid crystalline substances in the region of
      .lambda..sub.o is due to selective reflection of one type of circularly
      polarized light. The insoluble materials which acquire the induced optical
      activity, as opposed to the optically negative liquid crystalline
      substances, absorb both RHCPL and LHCPL; however, they show a large
      preference for one type more than for the other type.
PAR  Thus, such insoluble materials may be utilized in devices which can be
      tuned to the absorption band of the insoluble materials rather than the
      reflection band of the optically negative liquid crystalline substance; or
      use may be made of both absorption bands of such insoluble materials and
      reflection bands of optically negative liquid crystalline materials.
DRWD
PAR  The invention will be more fully understood from the following detailed
      description of various preferred embodiments thereof particularly when
      read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 shows the circular dichroism and absorption spectra of Calcium
      Bonadur Red particles suspended in the cholesteric mesophases of
      cholesteryl oleyl carbonate and cholesteryl chloride.
PAR  FIG. 2 shows the circular dichroism and absorption spectra of soluble and
      insolubilized anthracene-9-carboxylic acid in the cholesteric mesophase of
      cholesteryl chloride (60 wt. %) - cholesteryl nonanoate (40 wt. %).
PAR  FIG. 3 is a schematic side cross-sectional view of a typical optical filter
      constructed according to the invention.
PAR  FIG. 4 is a diagrammatical illustration of the effect produced by the
      optical filter of the present invention.
DETD
PAR  Referring now to FIG. 1, there is seen the circular dichroism and
      absorption spectrum of a thin film (about 5 microns thick) of insoluble
      Calcium Bonadur Red pigment particles suspended in the cholesteric
      mesophases of cholesteryl oleyl carbonate and cholesteryl chloride. The
      pigment particles are insoluble in the cholesteric mesophase and are much
      larger in size than the liquid crystal molecules. Surprisingly, it was
      found that the insoluble particles exhibited liquid crystal induced
      circular dichroism not withstanding the fact that their large size
      relative to the molecules of the cholesteric mesophase prevented their
      being ordered into helical organization by the helical array of molecules
      of the cholesteric mesophase.
PAR  In the right-handed cholesteric helix CD bands of negative sign (E.sub.R &gt;
      E.sub.L) appear at about 450,520, and 580 nm while positive CD bands
      appear at about 340 and 620 nm. In the left-handed cholesteric helix the
      above mentioned CD bands are of opposite sign to that found in the
      right-handed cholesteric helix. A major peak of absorption appears at
      about 580 nm of light and a shoulder at about 520 nm of light in the
      absorption spectrum. These wavelengths are within the visible region. The
      absorption and circular dichroism exhibited within the visible region is
      attributable solely to circular dichroism induced in the particles. It was
      further found, as seen from comparing particles sizes in Examples 1 and 2,
      below, that the phenomenon of circular dichroism induced in the particles
      may be a surface phenomenon. The ratio of circular dichroism to optical
      density increases in intensity with increase in surface area provided by
      the particles. That is, for the same weight amount of insoluble particles
      suspended in the cholesteric mesophase, a greater ratio is exhibited by
      smaller sized particles than by larger sized particles. The sign of
      extrinsic circular dichroism in the particles is independent of the
      position of the cholesteric pitch band .lambda..sub.o.
PAR  FIG. 2 presents for comparison the absorption and circular dichroism
      spectra of soluble and insolubilized anthracene-9-carboxylic acid. It is
      noted that while the soluble anthracene-9-carboxylic acid in the
      cholesteric mesophase (60 wt. %) cholesteryl chloride - 40 wt. %
      cholesteryl nonanoate) exhibits a change in sign in circular dichroism
      which is dependent upon the position of the cholesteric pitch band .sub.o,
      the insolubilized anthracene-9-carboxylic acid remains positive in sign in
      circular dichroism (E.sub.L &gt; E.sub.R) notwithstanding change in position
      of the cholesteric pitch band .lambda..sub.o. Previously, it was observed
      with solutes in cholesterics that the sign of circular dichroism induced
      in the solute was dependent upon the position of .lambda..sub.o relative
      to solute absorption as well as the handedness of the cholesteric
      mesophase.
PAR  Of course, it will be recognized that the particular insoluble materials of
      FIGS. 1 and 2 are typical of the insoluble optically inactive materials of
      the invention and are used to illustrate what effect is obtained; similar
      results can be obtained with any of the insoluble optically inactive
      materials encompassed by the invention.
PAR  Experimental results with insoluble materials indicate that the intensity
      of the induced circularly dichroic absorption band varies with variation
      in pitch of the cholesteric mesophase, as well as with the chirality of
      the cholesteric helix. The sign of the extrinsic circular dichroism
      changes with chirality of the cholesteric helix. However, the sign of the
      extrinsic dichroism is independent of the wavelength location of the
      optically negative liquid crystalline pitch band .lambda..sub.o relative
      to the wavelength location of the absorption band of the insoluble
      material.
PAR  An important advantage derived from exploiting the induced circular
      dichroic optical activity of the absorption band of the insoluble
      materials contacted with the optically negative liquid crystalline
      material is that the absorption band will always remain substantially in
      the same position and will not be shifted to any significant extent by the
      presence of foreign stimuli. The magnitude of the optically active effect
      will typically change when a foreign stimulus acts upon the composition
      but the position of the band will not. This behavior is opposite to that
      of the pitch band of the optically negative liquid crystalline composition
      when acted upon by a foreign stimulus, since, as is appreciated by those
      skilled in the art, the location of the pitch band changes but the
      amplitude thereof is always substantially the same. For example, when a
      stimulus acts upon the optically negative liquid crystalline environment,
      the pitch may become larger causing .lambda..sub.o to become larger (since
      .lambda..sub.o = 2np).
PAR  Thus, it can be seen that the addition of extrinsically optically active
      insoluble materials whose absorption bands become highly optically active
      when in contact with an optically negative liquid crystalline environment
      permits a novel and highly advantageous means for tailoring the properties
      of optically negative liquid crystal systems to achieve novel and
      extremely useful results. The above mentioned additives can be used to
      provide a circularly dichroic absorption band for the composition.
PAR  The additives which can be placed in contact with optically negative liquid
      crystalline substances according to the invention should be insoluble (as
      previously defined) in such a liquid crystalline environment and should
      have optical transitions which become circularly dichroic in some region
      of the electromagnetic spectrum. Any suitable extrinsically optically
      active insoluble material can be used according to the invention. Typical
      suitable extrinsically optically active insoluble materials include, among
      others, organic and inorganic pigments, aromatic insoluble compounds such
      as insolubilized benzene, napthalene, anthracene and the like; insoluble
      azo compounds such as insolubilized arylazonaphthols, azobenzenes, etc.;
      insoluble nitro compounds such as insolubilized nitrobenzene,
      nitroarylazonaphthols and the like; insoluble nitroso compounds such as
      insolubilized nitrosonaphthalene and the like; insoluble compounds such as
      insolubilized benzylidene aniline, etc.; insoluble carbonyl compounds such
      as insolubilized acetone, acetophenone, benzophenone and the like;
      insoluble thiocarbonyls such as insolubilized thioacetophenones,
      thioacetone, thiobenzophenone, and the like; insoluble alkenes such as
      insolubilized butadiene, cyclohexane, etc.; insoluble heterocyclics such
      as insolubilized furans, aziridines, pyridines and the like, insoluble
      alkanes such as insolubilized hexane, dodecane and the like; metallic
      complexes; dyes such as polymethin, sulfur, indigo and anthraquinone dyes;
      and mixtures thereof.
PAR  Typical methods of insolubilizing include adsorbing on suitable surfaces
      and converting to ionic derivatives.
PAR  Generally speaking, it is preferred to use extrinsically optically active
      additive materials that absorb in the visible region of the spectrum such
      as, for example, inorganic and organic pigments in the novel compositions
      of the invention since the colored additives will provide preferred
      results when the compositions are utilized in various modes of application
      as will be discussed in detail hereinafter. For example, in a preferred
      embodiment of the invention where the compositions of the invention are
      employed in an imaging mode the use of colored additive materials will
      permit readout in the visible region of the spectrum of an image where the
      optical input is not in the visible spectral region of the electromagnetic
      spectrum.
PAR  Of course, it should be recognized that the above classes of materials are
      intended to be illustrative only of the insoluble additives which will
      provide the previously described induced behavior.
PAR  The amount of insoluble material which can be incorporated into an
      optically negative liquid crystalline can vary over an extremely wide
      range. The amount added in any particular instance in dependent primarily
      upon the intended use of the particular composition. For example, where it
      is intended to exploit the induced optical activity of the absorption band
      of the additive as little as up to about 10% by weight of optically
      inactive material can provide the induced optical activity. Of course, the
      upper limit of the amount of additive which can be incorporated into any
      particular optically negative liquid crystal composition, and which can go
      as high as about 90% by weight, is controlled by the requirement that the
      total environment must retain its optically negative liquid crystalline
      character after the addition of the optically inactive material.
PAR  Any suitable cholesteric liquid crystal substance, mixtures thereof or
      compositions having liquid crystalline characteristics may be employed in
      the invention. Typical suitable cholesteric liquid crystals include
      derivatives from reactions of cholesterol and inorganic acids, for
      example: cholesteryl chloride, cholesteryl bromide, cholesteryl iodide,
      cholesteryl fluoride, cholesteryl nitrate; esters derived from reactions
      of cholesterol and carboxylic acids, for example, cholesteryl crontonate;
      cholesteryl nonanoate, cholesteryl hexanoate; cholesteryl formate;
      cholesteryl docosonate; cholesteryl proprionate; cholesteryl acetate;
      cholesteryl valerate; cholesteryl vacconate; cholesteryl linolate;
      cholesteryl linolenate; cholesteryl oleate; cholesteryl erucate;
      cholesteryl butyrate; cholesteryl caproate; cholesteryl laurate;
      cholesteryl myristate; cholesteryl clupanodonate; ethers of cholesterol
      such as cholesteryl decyl ether; cholesteryl lauryl ether; cholesteryl
      oleyl ether; cholesteryl dodecyl ether; carbamates and carbonates of
      cholesterol such as cholesteryl decyl carbonate; cholesteryl oleyl
      carbonate; cholesteryl methyl carbonate; cholesteryl ethyl carbonate;
      cholesteryl butyl carbonate; cholesteryl docosonyl carbonate; cholesteryl
      cetyl carbonate; cholesteryl-p-nonylphenyl carbonate;
      cholesteryl-2-(2-ethoxyethoxy) ethyl carbonate;
      cholesteryl-2-(2-butoxyethoxy) ethyl carbonate; cholesteryl-1-2-(2-methoxy
      -ethoxy ethyl carbonate; cholesteryl geranyl carbonate; cholesteryl heptyl
      carbamates; and alkyl amides and aliphatic secondary amines derived from
      3.beta.-amino.DELTA.5-cholestene and mixtures thereof; peptides such as
      poly-.gamma.-benzyl-L-glutamate, derivatives of beta sitosterol such as
      sitosteryl chloride; and amyl ester of cyano benzilidene amino cinnamate.
      The alkyl groups in said compounds are typically saturated or unsaturated
      fatty acids, or alcohols, having less than about 25 carbon atoms, and
      unsaturated chains of less than about 5 double-bonded olefinic groups.
      Aryl groups in the above compounds typically comprise substituted benzene
      ring compounds. Any of the above compounds and mixtures thereof may be
      suitable for cholesteric liquid crystalline materials in the advantageous
      system of the present invention.
PAR  Mixtures of liquid crystals can be prepared in organic solvents such as
      chloroform, petroleum ether and others, which are typically evaporated
      from the mixture leaving the liquid crystal composition. Alternatively,
      the individual components of the liquid crystalline mixture can be
      combined directly by heating the mixed components above the isotropic
      transition temperature.
PAR  The above lists of typical suitable optically negative liquid crystalline
      substances are intended to encompass mixtures of the above. These lists
      are intended to be representative only and are not to be construed as
      being exhaustive or limiting the invention to the specific materials
      mentioned. Although any liquid crystalline composition having cholesteric
      liquid crystalline characteristics is suitable for use in the present
      invention, it should be recognized that various different cholesteric
      liquid crystal substances or mixtures thereof or combinations of
      cholesteric liquid crystal substances with other substances such as those
      mentioned above will only possess the necessary properties which make them
      suitable for use according to the invention at some specific temperature
      range which may be at room temperature or substantially below or above
      room temperature. However, all of the various substances, mixtures or
      combinations thereof will function according to the method at some
      temperature. Typically, the materials of the invention will be used at or
      near room temperature. Thus, it is preferred to employ liquid crystal
      substances which have a liquid crystal state at or near room temperature.
      Generally speaking, the liquid crystal substance will preferably be in the
      liquid crystal state at the desired operational temperature.
PAR  Typical suitable thicknesses of films or layers of optically negative
      liquid crystalline material are from about 0.5 to about 50 microns,
      although any thickness which will provide the desired effect can be used.
PAR  The invention will now be described further in detail by way of examples,
      it being understood that these are intended to be illustrative only and
      the invention is not limited to the conditions, materials, procedures,
      etc., recited therein. All parts and percentages listed are by weight
      unless otherwise specified.
PAC  EXAMPLE I
PAR  The calcium salt of
      3'-ethyl-4'-chloro-6'-sulfonylphenylazo-2-hydroxy-3-naphthoic acid
      (Calcium Bonadur Red) is finely ground between two pieces of ground glass
      to an average particle size of about 10 microns. About 0.1 gm. of the
      particles are uniformly dispersed in about 11 gm of the cholesteric
      mesophase of cholesteryl oleyl carbonate and cholesteryl chloride (50/50
      wt. %). The dispersion is placed between circular quartz plates about 1
      .times. 1/8 inch in dimension. The absorption spectrum of the prepared
      sample is analyzed with a Carey 15 Spectrophotometer. The prepared sample
      is analyzed with a Carey 61 Spectropolarimeter for circular dichroism.
      FIG. 1 graphically illustrates the resulting circular dichroism spectrum.
PAR  The absorption spectrum shows a major peak at about 580 nm and a shoulder
      at about 520 nm. The circular dichroism spectrum shows bands of negative
      sign (E.sub.R &gt; E.sub.L) at about 520 nm.
PAR  The dispersion was then centrifuged and the dispersed particles thereby
      separated from the cholesteric mesophase. The cholesteric mesophase was
      then re-examined spectrophotometrically and shows no absorption or
      circular dichroism in the visible region of the spectrum. This eliminates
      the possibility of particles having dissolved in the mesophase and
      indicates that circular dichroism may arise from a surface effect.
PAR  Example I demonstrates that circular dichroism can be induced in insoluble
      materials by dispersing same in an optically negative liquid crystalline
      material.
PAC  EXAMPLE II
PAR  Example I is repeated except that the particles are ground to an average
      particle size of about 2 microns. The ratio of circular dichroism to
      optical density is determined to be larger with these about 2 micron
      particles than with the about 10 micron particles of Example I. This
      buttresses the indication of Example I that the induced circular dichroism
      in insoluble materials may be a surface phenomenon because the smaller
      particles present a larger surface area in contact with the optically
      negative crystalline substance.
PAR  Except for the difference in the ratio, the same results are obtained in
      Example II as are obtained in Example I.
PAC  EXAMPLE III
PAR  Two samples are prepared as follows: each sample contains the cholesteric
      mesophase of 60% cholesteryl chloride - 40% cholesteryl nonanoate. In
      sample I, anthracene-9-carboxylic acid dissolved in the mesophase. In
      sample II, particles of insoluble calcium anthrancene-9-carboxylic acid
      are dispersed in the mesophase. The absorption and circular dichroism
      spectrums of samples I and II are determined in the manner of Example I.
      FIG. 2 graphically illustrates the resulting spectra.
PAR  The circular dichroism induced in the dissolved acid in sample I changes
      sign at about 355 nm indicating a change in polarization of the electronic
      transitions. The dispersed insoluble particles of calcium
      anthracene-9-carboxylic acid in sample II exhibit induced circular
      dichroism which does not change sign with polarization of the electronic
      transition.
PAR  The circular dichroism of insoluble particles in sample II exhibits bands
      which are slightly blue shifted from the absorption bands for the
      particles. The relative intensities of the circular dichroism bands of the
      particles in sample II are more similar to the relative intensities of the
      absorption bands of the dissolved acid in sample I than to those of the
      absorption bands of the insoluble particles in sample II. The sign of the
      circular dichroism induced in the insoluble particles of sample II is
      positive (E.sub.L &gt; E.sub.R) and independent of whether .lambda..sub.o for
      the cholesteric mesophase is at larger of smaller wavelengths than the
      absorption band of the particles.
PAR  The difference in depending upon position of .lambda..sub.o between the
      dissolved acid in sample I and undissolved particles in sample II
      indicates a difference in mechanism between induced circular dichroism in
      solutes and induced circular dichroism in insoluble materials in intimate
      contact with optically negative liquid crystalline materials.
PAC  EXAMPLE IV
PAR  Vanadyl phthalocyanine (VOPC) is heated in a vacuum to sublime a film of
      VOPC upon a quartz disc about 1 inch .times. 1 inch .times. 1/8inch. The
      VOPC film is overcoated with a layer of the cholesteric mesophase of
      cholesteryl oleyl carbonate (COC) which, in turn, is contacted with a
      glass plate to produce a glass-VOPC-COC-quartz disc sandwich.
PAR  The absorption and circular dichroism spectrum of the COC-VOPC combination
      was examined and circular dichroism was observed in the region of the
      visible electronic transitions of VOPC. This observation demonstrates that
      circular dichroism induced in insoluble materials in intimate contact with
      optically negative liquid crystalline materials is due to specific
      interaction between the two materials.
PAC  EXAMPLE V
PAR  Example IV is repeated except that the VOPC is replaced with copper
      phthalocyanine (CuPC). Circular dichroism is observed in the visible
      electronic transition of CuPC.
PAC  EXAMPLE VI
PAR  Example I is followed except that Bonadur Red is replaced by copper
      phthalocyanine (CuPC).
PAR  The absorption spectrum shows major peaks at about 600 nm and about 690 nm.
      The circular dichroism spectrum shows bands of positive sign (E.sub.R &gt;
      E.sub.L) at about 595 nm and about 680 nm.
PAR  The CuPC particles are centrifuged out and the liquid crystalline material
      re-examined spectrophotometrically; no absorption or circular dichroism in
      the visible region is exhibited. This eliminates the possibility that
      circular dichroism was exhibited by dissolved molecules rather than by
      insoluble particles.
PAC  EXAMPLE VII
PAR  Particles of calcium anthracene-9-carboxylic acid are dispersed in a
      supercooled cholesteric mesophase of 60% cholesteryl chloride - 40%
      cholesteryl nonanoate. The dispersion is sandwiched at a thickness of
      about 7 microns between two tin-oxide coated quartz discs 1 .times. 1
      .times. 1/8 inch. A D.C. voltage is applied to the oxide coatings to apply
      an electric field across the dispersion while the dispersion is being
      examined for circular dichroism induced in the particles. Upon application
      of the field, a change in both sign and magnitude of the induced circular
      dichroism is observed within the absorption bands of the dispersed
      particles.
PAR  The circular dichroism intensity is substantially completely eliminated
      when the applied voltage is about 400 volts D.C.
PAR  Example VII demonstrates that the application of electric fields across
      cholesteric mesophases in contact with an insoluble material, alters both
      the sign and magnitude of the induced (extrinsic) circular dichroism.
PAC  EXAMPLE VIII
PAR  An optical notch filter is prepared as follows: the calcium salt of
      3'-ethyl-4'-chloro-6'-sulfonylphenylazo-2-hydroxy-3-naphthoic acid
      (Calcium Bonadur Red) is ground to an average particle size of about 10
      microns between two pieces of ground glass. About 0.5 gm. of particles are
      uniformly dispersed in about 11 gm. of the cholesteric mesophase 60 wt. %
      cholesteryl chloride - 40 wt. % cholesteryl nonanoate (60/40 CC-CN). The
      60/40 CC-CN has a left handed intrinsic rotary sense and induces circular
      dichroism of the negative sign (i.e., E.sub.R &gt; E.sub.L) in bands at 450,
      520, and 580 nm and of positive sign in bands at 330 and 620 nm in the
      dispersed particles. About 0.5 gm of Calcium Bonadur Red are uniformly
      dispersed in about 11 gm of the cholesteric mesophase 86 wt. % cholesteryl
      chloride - 14 wt. % cholesteryl nonanoate (86/14 CC-CN). The 86/14 CC-CN
      has a right-handed intrinsic rotary sense and induces circular dichroism
      of the positive sign (i.e., E.sub.L &gt; E.sub.R) in bands at 450, 520, and
      580 nm and of negative sign in bands at 330 and 620 nm in the dispersed
      particles. A thin film of each dispersion is placed between 1/8 .times. 1
      inch quartz discs.
PAR  The particles absorb at wavelengths shorter than 650 nm. Incident circular
      polarized light which can be made either right or left handed by the use
      of a linear polarizerquarter wave plate combination directed upon the
      optical filter at normal incidence. A Carey 15 Spectrophotometer is used
      to measure the transmission spectrum of unpolarized light for each film. A
      Carey 61 Spectropolarimeter is used to measure the difference in
      absorption of LHCPL and RHCPL as a function of wavelength in each
      dispersion. Outside of the absorption region of the insoluble particles
      CPL is essentially completely transmitted while within the absorption
      region of the pigment particles LHCPL is absorbed to a greater extent than
      RHCPL around 450 and 580 nm when the particles are suspended in a
      left-handed cholesteric mesophase. The reverse is true when the particles
      are suspended in a right-handed cholesteric mesophase. Using a combination
      of left and right-handed cholesteric mesophases one can remove both LHCPL
      and RHCPL from incident plane polarized light in the region of absorption
      of the pigment.
PAR  For a greater appreciation of the significance of comparative Example III
      above, reference is made to the aforementioned article by F. D. Saeva
      appearing in 95 Journal of American Chemical Society, page 7656 (1973);
      especially, Table I and accompanying text on page 7657 wherein the
      dependency of liquid crystal induced circular dichroism in solutes upon
      helix sense of the cholesteric mesophase; upon direction of electronic
      transition moments of solute and upon cholesteric mesophase pitch band
      .lambda..sub.o position relative to wavelength of absorption of solute, is
      discussed in detail. That article is hereby incorporated by reference.
PAR  It will be appreciated, of course, that all embodiments of the invention
      herein described can be used with or without application of an electrical
      or magnetic field, and that such usage may include selective application
      of an electrical or magnetic field with regard to time of application,
      duration of application, and area of application. It is noted that the
      application of electrical and/or magnetic field strength at or above that
      causing transition of the liquid crystalline material from optically
      negative characteristics to optically positive characteristics destroys
      the circular dichroism induced in extrinsically optically active materials
      in contact with the liquid crystalline materials.
PAR  FIG. 3 schematically depicts one embodiment of the invention used as an
      optical notch filter, generally designated 10, having film 11 of optically
      negative liquid crystalline material with protective member 12. The
      optically negative liquid crystalline materials for film 11 are selected
      from any of the aforementioned liquid crystalline materials. Extrinsically
      optically active insoluble material 30 is dispersed in film 11. The
      insoluble material 30 is selected to have an absorption band in a region
      of interest. A source of circularly polarized light, 18, emits CPL in the
      region of interest of material 30 and material 30 absorbs more RHCPL or
      LHCPL depending upon the sign of CD induced therein by contact between the
      material 30 and the film 11.
PAR  In another embodiment of the invention, two or more films 11 with materials
      30 can be used. Insoluble extrinsically optically active material 30 is
      chosen to be positive in sign in circular dichroism (CD) induced by either
      a right or left-handed film 11 and to be negative in sign in circular
      dichroism induced by a second film 11'. When one film 11 is right-handed
      in intrinsic rotary sense then the second film 11' is selected to be
      left-handed in intrinsic rotary sense, and vice versa.
PAR  In the absorption region of the insoluble extrinsically optically active
      material 30 where positive CD is induced by one film 11, negative CD is
      induced by the second, oppositely intrinsically sensed, film 11'. When CPL
      light containing the wavelength of absorption of material 30 is directed
      into the filter 10, CPL of wavelength which corresponds to the absorption
      of the material 30 is removed in varying degrees. This is illustrated in
      FIG. 3 by the relative decrease in amount of light at the wavelength of
      absorption (.lambda..sub.abs) of the material 30 passed by the filter as
      compared to the amount of light directed into the filter. On the other
      hand, light at wavelength outside the absorption region of the particles
      goes through the filter without perturbation. The removal of CPL light
      varies with concentration of material 30 in film 11 and with thickness of
      film 11. Generally speaking, the intensity of the effect of removal is
      directly related to the intensity of CD induced in the insoluble
      extrinsically optically active material 30. The latter intensity, speaking
      generally, increases with increase in concentration of material 30 and
      film thickness of film 11; and alteration of the pitch of the optically
      negative liquid crystalline material in film 11 alters the amplitude or
      intensity of the induced CD. Thus, the magnitude of induced CD within the
      absorption bands of material 30 can be varied by adjusting these
      parameters.
PAR  As before stated, the sign of CD induced in the insoluble material 30 is
      independent of the position of .lambda..sub.o of the liquid crystalline
      material relative to the wavelength of absorption of material 30. However,
      the amplitude of the induced CD can be altered (i.e., increased or
      decreased) by varying the pitch of the helical array of molecules in the
      optically negative liquid crystalline materials such as, for example, by
      applying an electric field across one or more of the liquid crystalline
      materials.
PAR  Film 11 may contain only one extrinsically optically active insoluble
      material 30 or more than one such material. Where two or more films 11 are
      used, the material 30 in film 11 need not be the same composition as that
      in the other film 11'.
PAR  FIG. 4 diagrammatically illustrates the effect which occurs when CPL
      incident light is directed into a typical notch filter of the invention.
      Light within the absorption band of material 30 is represented by
      .lambda..sub.abs and light not within the absorption band of material 30
      is represented by .lambda..sub.1 and .lambda..sub.2. Light at wavelengths
      .lambda..sub.1 and .lambda..sub.2 goes through the filter without
      perturbation. Light at wavelength .lambda..sub.abs in passing through film
      11 loses more left-handed circular polarized light than right-handed
      polarized light in regions of positive circular dichroism, i.e., E.sub.L &gt;
      E.sub.R ; and vice versa for regions of negative circular dichroism.
PAR  According to another embodiment of the invention, material 30 is in
      intimate contact with, but not dispersed in, the optically negative liquid
      crystalline material of film 11 of FIG. 3. That is, material 30 can be
      coated by any suitable coating technique, such as, for example, by heating
      in a vacuum, upon interior surfaces of protective casing 12, typically
      surface X. Casing 12 may comprise any suitable material, flexible or
      rigid, which is optically isotropic and transparent to the incident light
      radiation and which is non-reactive with the liquid crystalline film.
      Typical suitable materials include glass, fused silica and any other
      materials having the required characteristics.
PAR  While the invention has been described in detail with respect to the
      various preferred embodiments thereof, it is not intended to be limited
      thereto but rather it will be appreciated by those skilled in the art that
      modifications and variations are possible which are within the spirit of
      the invention and the scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for removing predetermined amounts of circularly polarized
      light at at least one wavelength, .lambda., from incident radiation
      comprising:
PA1  a. providing a circularly polarized light source;
PA1  b. providing an optical filter comprising at least one optically negative
      liquid crystalline material in contact with at least one insoluble
      material, said insoluble material becoming extrinsically optically active
      upon contact with said optically negative liquid crystalline material, and
      having a light absorption band defining a region of interest which
      includes said at least one wavelength .lambda.; and
PA1  c. directing light from said light source upon said optical filter thereby
      removing from said incident radiation predetermined amounts of circularly
      polarized light of wavelength .lambda..
NUM  2.
PAR  2. The method as defined in claim 1 wherein each liquid crystal film is
      from about 0.5 to about 50 microns in thickness.
NUM  3.
PAR  3. The method of claim 1 wherein said insoluble material is dispersed in
      said liquid crystal films.
NUM  4.
PAR  4. The method as defined in claim 3 wherein the extrinsically optically
      active insoluble material content of at least one of said liquid crystal
      films comprises up to about 90% by weight.
NUM  5.
PAR  5. The method as defined in claim 3 wherein said dispersed extrinsically
      optically active material is the calcium salt of
      3'-ethyl-4'-chloro-6'-sulfonylphenyl-azo-2-hydroxy-3-naphthoic acid.
NUM  6.
PAR  6. The method as defined in claim 1 wherein said extrinsically optically
      active insoluble material is a layer of extrinsically optically active
      insoluble material.
NUM  7.
PAR  7. The method as defined in claim 1 wherein said extrinsically optically
      active additive material comprises a member selected from the
      insolubilized group consisting of aromatic compounds, azo compounds, nitro
      compounds, nitroso compounds, anil compounds, carbonyl compounds,
      thiocarbonyl compounds, alkenes, heterocyclic compounds, alkanes,
      inorganic compounds, and mixtures thereof.
NUM  8.
PAR  8. The method as defined in claim 1 wherein said at least one wavelength in
      common is in the visible region of the electromagnetic spectrum.
NUM  9.
PAR  9. The method as defined in claim 1 further including the step of applying
      an electrical field across said liquid crystalline material during the
      performance of step (c).
NUM  10.
PAR  10. A method for removing predetermined amounts of light at at least one
      wavelength, .lambda., from incident radiation comprising:
PA1  a. providing a circularly polarized light source;
PA1  b. providing an optical filter comprising at least one pair of liquid
      crystalline films having optically negative characteristics, each liquid
      crystalline film of said pair (1) comprising an optically negative liquid
      crystalline material having an intrinsic rotary sense opposite to the
      other, and (2) being in contact with at least one insoluble material, said
      insoluble material becoming extrinsically optically active upon contact
      with said optically negative liquid crystalline material and having a
      light absorption band defining a region of interest which includes said at
      least one wavelength .lambda.; each of said at least one insoluble
      material having induced circular dichroism of sign opposite to that of the
      other of said at least one insoluble material, when in contact with a
      respective liquid crystal film of said at least one pair of said liquid
      crystal films; each of said absorption bands having at least said one
      wavelength .lambda. in common; and
PA1  c. directing light from said light source upon said optical filter thereby
      removing from said incident radiation predetermined amounts of light at
      said at least one wavelength in common.
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ABST
PAL  The optical transitions of extrinsically optically active insoluble
      materials become optically active and circularly dichroic when in contact
      with optically negative liquid crystalline materials thereby providing
      unusual and highly advantageous properties. The circularly dichroic
      optical properties induced in the extrinsically optically active insoluble
      materials can be utilized for optical display applications.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This information relates to liquid crystalline materials and, more
      specifically, to uses of compositions comprising optically negative liquid
      crystalline materials and insoluble extrinsically optically inactive
      materials which become optically active when in contact with optically
      negative liquid crystalline materials.
PAR  Liquid crystalline substances exhibit physical characteristics some of
      which are typically associated with liquids and others which are typically
      unique to solid crystals. The name "liquid crystals" has become generic to
      substances exhibiting these dual properties. Liquid crystals are known to
      appear in three different forms: the smectic, nematic, and cholesteric
      forms. These structural forms are sometimes referred to as mesophases
      thereby indicating that they are states of matter intermediate between the
      liquid and crystalline states. The three mesophase forms of liquid
      crystals mentioned above are characterized by different physical
      structures wherein the molecules of the compound are arranged in a manner
      which is unique to each of the three mesomorphic structures. Each of these
      three structures is well known in the liquid crystal art.
PAR  Some liquid crystalline substances possess optically negative
      characteristics. Birefringence, also referred to as double refraction, is
      an optical phenomenon characteristic of some solid crystals and most
      liquid crystal substances. When a beam of unpolarized light strikes a
      birefringent substance it is split into two polarized components whose
      transverse vibrations are at right angles to each other. The two
      components are transmitted at different velocities through the substance
      and emerge as beams of polarized light. By the term "liquid crystalline
      substances which have optically negative characteristics", as used herein,
      is meant those for which the extraordinary index of refraction .eta..sub.E
      is smaller than the ordinary index of refraction .eta..sub.o. Cholesteric
      liquid crystal substances exhibit this property. For a detailed
      description of this phenomenon, see Optical Crystallography, Wahlstrom,
      Fourth Edition, Wiley and Sons, Inc., New York.
PAR  The molecules in cholesteric liquid crystals are arranged in very thin
      layers with the long axes of the molecules parallel to each other and to
      the plane of the layers within each layer. Because of the asymmetry and
      steric nature of the molecules, the direction of the long axes of the
      molecules in each layer is displaced slightly from the corresponding
      direction in adjacent layers. This displacement is cumulative over
      successive layers so that overall displacement traces out a helical path.
      A comprehensive description of the structure of cholesteric liquid
      crystals is given in Molecular Structure and the Properties of Liquid
      Crystals, G. W. Gray, Academic Press, 1962.
PAR  Cholesteric liquid crystals have the property that when the propagation
      direction of plane polarized or unpolarized light is along the helical
      axis thereof, i.e., when the light enters in a direction perpendicular to
      the long axes of the molecules, (neglecting absorption considerations),
      this light is essentially unaffected in transmission through thin films of
      such liquid crystals except for a wavelength band centered about some
      wavelength .lambda..sub.o where .lambda..sub.o = 2np with n representing
      the index of refraction of the liquid crystal substance and p the pitch or
      repetition distance of the helical structure. The bandwidth
      .DELTA..lambda..sub.o of this wavelength band centered about
      .lambda..sub.o will typically be of the order of about .lambda..sub.o /14.
      For light of a wavelength .lambda..sub.o, the cholesteric liquid crystal,
      under these conditions, exhibits selective reflection of the light such
      that approximately 50% of the light is reflected and approximately 50% is
      transmitted, assuming negligible absorption which is usually the case,
      with both the reflected and transmitted beams being approximately
      circularly polarized in opposite directions.
PAR  For light having wavelengths around .lambda..sub.o but not at
      .lambda..sub.o, the same effect is present but not as pronounced. The
      transmitted light is not circularly polarized but is instead elliptically
      polarized. The cholesteric liquid crystals which exhibit this property of
      selective reflection of light in a region centered around some wavelength
      .lambda..sub.o are said to be in the Grandjean or "disturbed" texture. If
      .lambda..sub.o is in the visible region of the spectrum, the liquid
      crystalline film appears to have the color corresponding to .lambda..sub.o
      and if .lambda..sub.o is outside the visible spectral region, the film
      appears colorless.
PAR  Depending upon the intrinsic rotary sense of the helix, i.e., whether it is
      right-handed or left-handed, the light that is transmitted in the region
      about .lambda..sub.o is either right-hand circularly polarized light
      (RHCPL) or left-hand circularly polarized light (LHCPL). The transmitted
      light is circularly polarized with the same sense of polarization as that
      intrinsic to the helix. Thus, a cholesteric liquid crystal having an
      intrinsic helical structure which is left-handed in sense will transmit
      LHCPL and one having a helical structure which is right-handed in sense
      will transmit RHCPL.
PAR  Hereinafter, these cholesteric liquid crystal substances will be identified
      in order to conform with popular convention, by the kind of light which is
      reflected at .lambda..sub.o. When a film is said to be right-handed, it is
      meant that it reflects RHCPL, and when a film is said to be left-handed,
      it is meant that it reflects LHCPL.
PAR  A right-handed cholesteric liquid crystal substance transmits LHCPL
      essentially completely at .lambda..sub.o whereas the same substance
      reflects almost completely RHCPL. Conversely, a left-handed film is almost
      transparent to RHCPL at .lambda..sub.o and reflects LHCPL. Since plane
      polarized or unpolarized light contain equal amounts of RHCPL and LHCPL, a
      cholesteric liquid crystal film is approximately 50% transmitting at
      .lambda..sub.o for these sources when the liquid crystal is in its
      Grandjean texture.
PAR  A further unique optical property of optically negative liquid crystal film
      is that contrary to the normal situation when light is reflected, such as
      by mirror, where the sense of the circular polarization of the reflected
      light is reversed, this same phenomenon does not occur with light
      reflected by these liquid crystal films. The sense of the circular
      polarization of light reflected from these liquid crystal substances is
      not reversed but rather remains the same as it was before it came into
      contact with the liquid crystal substance. For example, if RHCPL having a
      wavelength .lambda..sub.o = 2np is directed at a right-hand film, it is
      substantially completely reflected and, after reflection, remains RHCPL.
      If the same light were to be directed on a metallized mirror, in reflected
      light would be LHCPL.
PAR  Because of these optical properties, optically negative liquid crystalline
      substances have been found to be highly advantageous for use in a number
      of applications. U.S. Pat. Nos. 3,669,525 and 3,679,290 disclose the use
      of such liquid crystalline materials in optical filter systems. U.S. Pat.
      No. 3,744,920 discloses the use of these materials in a detection system
      which can identify physical surface and/or electrical conductivity
      irregularities in a surface of interest.
PAR  Extremely large extrinsic circular dichroism has been observed within the
      electronic transitions of achiral (optically inactive) solutes dissolved
      in cholesteric mesophases as reported in recently issued U.S. Pat. No.
      3,780,304 to F. D. Saeva et al. and in the following articles by F. D.
      Saeva et al. appearing in the Journal of the American Chemical Society
      (JACS): "Cholesteric Liquid-Crystal-Induced Circular Dichroism (LCICD) of
      Achiral Solutes. A Novel Spectroscopic Technique", Vol. 94, JACS, page
      5135 (1972); "Cholesteric Liquid-Crystal-Induced Circular Dichroism
      (LCICD). V. Some Mechanistic Aspects", Vol. 95, JACS, page 7656 (1973);
      "Cholesteric Liquid-Crystal-Induced Circular Dichroism (LCICD). VI. LCICD
      Behavior of Benzene and Some of its Mono- and Disubstituted Derivatives",
      Vol. 95, JACS, page 7660 (1973); and "Cholesteric Liquid-Crystal-Induced
      Circular Dichroism (LCICD). VII. LCID of Achiral Solutes in Lyotropic
      Cholesteric Mesophases", Vol. 95, JACS, page 7882 (1973).
PAR  Circular dichroism has not been previously reported as induced in
      extrinsically optically active insoluble materials and it has heretobefore
      been thought by those working in the art as evidenced by the above
      articles that two mechanisms were important to the existence of Liquid
      Crystal Induced Circular Dichroism in dissolved materials: (1) helical
      organization of solute, and (2) the exposure of solute to a helical
      organization of liquid crystal molecules. Shortly after the invention of
      this Application, data was reported which indicated that mechanism (1) was
      not required for the observation of extrinsic LCICD within solutes in the
      cholesteric mesophase. That is, the solute molecules need not be ordered
      into helical organization by the mesophase in order to exhibit liquid
      crystal induced circular dichroism. The data is reported in "The Optical
      Activity of Achiral Molecules in a Cholesteric Solvent", J.C.S. Chem.
      Comm., page 712, 1973.
PAR  It is known that the pitch of cholesteric liquid crystalline substances is
      responsive to various foreign stimuli such as heat, pressure, electric
      fields, magnetic fields, etc. In some cases this characteristic is a
      highly desirable advantage, such as where the substance is used in a
      detection system to indicate the presence, or a change in the amount
      present, of any particular stimulus. However, according to some uses of
      these substances, the fact that their performance is affected by foreign
      stimuli is not an advantage and it would be desirable to have materials
      whose performance in a particular mode would be essentially independent of
      the presence of the above mentioned stimuli.
PAR  In rapidly growing areas of technology such as liquid crystals new methods,
      apparatus, compositions and articles of manufacture are often discovered
      for the application of the new technology in a new mode. The present
      invention relates to novel and advantageous uses of normally extrinsically
      optically inactive insoluble materials in contact with optically negative
      liquid crystalline materials.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide an optical system
      having the above mentioned desirable features.
PAR  It is another object of the invention to provide an optical system
      employing optically negative liquid crystalline compositions which system
      is operative essentially independently of the presence of foreign stimuli.
PAR  It is still a further object of the invention to provide a novel optical
      display.
PAR  The above mentioned objects and advantages and others are realized in
      accordance with the invention by employing optically negative liquid
      crystalline substances in contact with extrinsically optically active
      insoluble materials whose electronic transitions, i.e., effect obtained
      from the interaction of light energy with the electrons of the molecules,
      become circularly dichroic (i.e., show a large preferential absorption of
      either LHCPL or RHCPL) when in contact with an optically negative liquid
      crystalline material. It should be understood that by the term
      "extrinsically optically active insoluble materials" we mean both
      intrinsically optically active and intrinsically optically inactive
      insoluble materials which are optically active or inactive, respectively,
      out of contact (or when not in contact) with optically negative liquid
      crystalline substances. Both intrinsically optically active insoluble
      materials and optically inactive insoluble materials become extrinsically
      optically active when contacted with optically negative liquid crystalline
      material. This extrinsic induced behavior overwhelms and dominates over
      any intrinsic activity since the specific rotations and molecular
      ellipticities in the former case are substantially larger than that
      observed for intrinsically optically active insoluble materials.
PAR  "Insoluble" is used herein to mean that dissolution of the material added
      to or contacted by the optically negative liquid crystalline material can
      not be detected by conventional photometric techniques, such as circular
      dichroism and optical absorption.
PAR  It has been found that when such extrinsically optically active insoluble
      materials are placed in or otherwise contacted by cholesteric mesophases,
      optical activity is induced in the optically inactive materials and they
      exhibit circularly dichroic behavior within their absorption bands. The
      optical behavior induced in the normally optically inactive insoluble
      materials is due to absorption whereas the circularly dichroic behavior of
      optically negative liquid crystalline substances is due to selective
      reflection of one type of circularly polarized light. The insoluble
      materials which acquire the induced optical activity, as opposed to the
      optically negative liquid crystalline substances, absorb both RHCPL and
      LHCPL; however, they show a large preference for one type more than for
      the other type.
PAR  Thus, such insoluble materials may be utilized in devices which can be
      tuned to the absorption band of the insoluble materials rather than the
      reflection band of the optically negative liquid crystalline substance; or
      use may be made of both absorption bands of such insoluble materials and
      reflection bands of optically negative liquid crystalline materials.
DRWD
PAR  The invention will be more fully understood from the following detailed
      description of various preferred embodiments thereof particularly when
      read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 shows the circular dichroism and absorption spectra of Calcium
      Bonadur Red particles suspended in the cholesteric mesophase of
      cholesteryl oleyl carbonate.
PAR  FIG. 2 shows the circular dichroism and absorption spectra of soluble and
      insolublilized anthracene-9-carboxylic acid in the cholesteric mesophase
      of cholesteryl chloride (60 wt. %) - cholesteryl nonanoate (40 wt. %).
PAR  FIG. 3 is a schematic isometric partially exploded view of one embodiment
      of the invention.
PAR  FIG. 4 is a schematic isometric view, partially exploded, of another
      embodiment of the invention.
DETD
PAR  Referring now to FIG. 1, there is seen the circular dichroism and
      absorption spectrum of a thin film (about 10 microns thick) of insoluble
      Calcium Bonadur Red pigment particles suspended in the cholesteric
      mesophase of cholesteryl oleyl carbonate. The pigment particles are
      insoluble in the cholesteryl oleyl carbonate and are much larger in size
      than the molecules of cholesteryl oleyl carbonate. Surprisingly, it was
      found that the insoluble particles exhibited liquid crystal induced
      circular dichroism not withstanding the fact that their large size
      relative to the molecules of the cholesteric mesophase prevented their
      being ordered into helical organization by the helical array of molecules
      of the cholesteric mesophase.
PAR  Bands of negative sign (E.sub.R &gt; E.sub.L) appear at about 520 and about
      570 nm wavelengths of light in the circular dichroism spectrum. A major
      peak of absorption appears at about 580 nm of light and a shoulder at
      about 520 nm of light in the absorption spectrum. These wavelengths are
      within the visible region. As seen from the procedure of Example I, below,
      the absorption and circular dichroism exhibited within the visible region
      is attributable solely to circular dichroism induced in the particles. It
      was further found, as seen from comparing particles sizes in Examples 1
      and 2, below, that the phenomenon of circular dichroism induced in the
      particles is a surface phenomenon. The ratio of circular dichroism to
      optical density increases in intensity with increase in surface area
      provided by the particles. That is, for the same weight amount of
      insoluble particles suspended in the cholesteric mesophase, a greater
      ratio is exhibited by smaller sized particles than by larger sized
      particles. The sign of extrinsic circular dichroism in the particles is
      independent of the position of the cholesteric pitch band .lambda..sub.o.
PAR  FIG. 2 presents for comparison the absorption and circular dichroism
      spectra of soluble and insolubilized anthracene-9-carboxylic acid. It is
      noted that while the soluble anthracene-9-carboxylic acid in the
      cholesteric mesophase (60 wt. % cholesteryl chloride - 40 wt. %
      cholesteryl nonanoate) exhibits a change in sign in circular dichroism
      which is dependent upon the position of the cholesteric pitch band
      .lambda..sub.o, the insolubilized anthracene-9-carboxylic acid remains
      positive in sign in circular dichroism (E.sub.L &gt; E.sub.R) notwithstanding
      change in position of the cholesteric pitch band .lambda..sub.o.
      Previously, it was observed with solutes in cholesteristics that the sign
      of circular dichroism induced in the solute was dependent upon the
      handedness of the cholesteric pitch band .lambda..sub.o.
PAR  Of course, it will be recognized that the particular insoluble materials of
      FIGS. 1 and 2 are typical of the insoluble optically inactive materials of
      the invention and are used to illustrate what effect is obtained; similar
      results can be obtained with any of the insoluble optically inactive
      materials encompassed by the invention.
PAR  Experimental results with insoluble materials indicate that the intensity
      of the induced circularly dichroic absorption band varies with variation
      in pitch of the cholesteric mesophase, as well as with the chirality of
      the cholesteric helix. The sign of the extrinsic circular dichroism
      changes with chirality of the cholesteric helix. However, the sign of the
      extrinsic dichroism is independent of the wavelength location of the
      optically negative liquid crystalline pitch band .lambda..sub.o relative
      to the wavelength location of the absorption band of the insoluble
      material.
PAR  An important advantage derived from exploiting the induced circular
      dichroic optical activity of the absorption band of the insoluble
      materials contacted with the optically negative liquid crystalline
      material is that the absorption band will always remain substantially in
      the same position and will not be shifted to any significant extent by the
      presence of foreign stimuli. The magnitude of the optically active effect
      will typically change when a foreign stimulus acts upon the composition
      but the position of the band will not. This behavior is opposite to that
      of the pitch band of the optically negative liquid crystalline composition
      when acted upon by a foreign stimulus since, as is appreciated by those
      skilled in the art, the location of the pitch band changes but the
      amplitude thereof is always substantially the same. For example, when a
      stimulus acts upon the optically negative liquid crystalline environment,
      the pitch may become larger causing .lambda..sub.o to become larger (since
      .lambda..sub.o = 2np).
PAR  Thus, it can be seen that the addition of extrinsically optically active
      insoluble materials whose absorption bands become highly optically active
      when in contact with an optically negative liquid crystalline environment
      permits a novel and highly advantageous means for tailoring the properties
      of optically negative liquid crystal systems to achieve novel and
      extremely useful results. The above mentioned additives can be used to
      provide a circularly dichroic absorption band for the composition.
PAR  The additives which can be placed in contact with optically negative liquid
      crystalline substances according to the invention should be insoluble (as
      previously defined) in such a liquid crystalline environment and should
      have optical transitions which become circularly dichroic in some region
      of the electromagnetic spectrum. Any suitable extrinsically optically
      active insoluble material can be used according to the invention. Typical
      suitable extrinsically optically active insoluble materials include, among
      others, organic and inorganic pigments, aromatic insoluble compounds such
      as insolubilized benzene, naphthalene, anthracene and the like; insoluble
      azo compounds such as insolubilized arylazonaphtols, azobenzenes, etc.;
      insoluble nitro compounds such as insolubilized nitrobenzene,
      nitroarylazonaphthols and the like; insoluble nitroso compounds such as
      insolubilized nitrosonaphthalene and the like; insoluble compounds such as
      insolubilized benzylidene aniline, etc.; insoluble carbonyl compounds such
      as insolubilized acetone, acetophenone, benzophenone and the like;
      insoluble thiocarbonyls such as insolubilized thioacetophenones,
      thioacetone, thiobenzophenone and the like; insoluble alkenes such as
      insolubilized butadiene, cyclohexane, etc.; insoluble heterocyclics such
      as insolubilized furans, aziridines, pyridines and the like, insoluble
      alkanes such as insolubilized hexane, dodecane and the like; metallic
      complexes; dyes such as polymethin, sulfur, indigo and anthraquinone dyes;
      and mixtures thereof.
PAR  Typical methods of insolubilizing include adsorbing on suitable surfaces
      and converting to ionic derivatives.
PAR  Generally speaking, it is preferred to use extrinsically optically active
      additive materials that absorb in the visible region of the spectrum such
      as, for example, inorganic and organic pigments in the novel compositions
      of the invention since the colored additives will provide preferred
      results when the compositions are utilized in various modes of application
      as will be discussed in detail hereinafter. For example, in a preferred
      embodiment of the invention where the compositions of the invention are
      employed in an imaging mode the use of colored additive materials will
      permit readout in the visible region of the spectrum of an image where the
      optical input is not in the visible spectral region of the electromagnetic
      spectrum.
PAR  Of course, it should be recognized that the above classes of materials are
      intended to be illustrative only of the insoluble additives which will
      provide the previously described induced behavior.
PAR  The amount of insoluble material which can be incorporated into an
      optically negative liquid crystalline can vary over an extremely wide
      range. The amount added in any particular instance is dependent primarily
      upon the intended use of the particular composition. For example, where it
      is intended to exploit the induced optical activity of the absorption band
      of the additive as little as up to about 10% by weight of optically
      inactive material can provide the induced optical activity. Of course, the
      upper limit of the amount of additive which can be incorporated into any
      particular optically negative liquid crystal composition, and which can go
      as high as about 90% by weight, is controlled by the requirement that the
      total environment must retain its optically negative liquid crystalline
      character after the addition of the optically inactive material.
PAR  Any suitable cholesteric liquid crystal substance, mixtures thereof or
      compositions having liquid crystalline characteristics may be employed in
      the invention. Typical suitable cholesteric liquid crystals include
      derivatives from reactions of cholesterol and inorganic acids, for
      example: cholesteryl chloride, cholesteryl bromide, cholesteryl iodide,
      cholesteryl fluoride, cholesteryl nitrate; esters derived from reactions
      of cholesteryl and carboxylic acids, for example, cholesteryl crotonate;
      cholesteryl nonanoate, cholesteryl hexanoate; cholesteryl formate;
      cholesteryl docosonoate; cholesteryl proprionate; cholesteryl acetate;
      cholesteryl valerate; cholesteryl vacconate; cholesteryl linolate;
      cholesteryl linolenate; cholesteryl oleate; cholesteryl erucate;
      cholesteryl butyrate; cholesteryl caproate; cholesteryl laurate;
      cholesteryl myristate; cholesteryl clupanodonate; ethers of cholesterol
      such as cholesteryl decyl ether; cholesteryl lauryl ether; cholesteryl
      oleyl ether; cholesteryl dodecyl ether; carbamates and carbonates of
      cholesterol such as cholesteryl decyl carbonate; cholesteryl oleyl
      carbonate; cholesteryl methyl carbonate; cholesteryl ethyl carbonate;
      cholesteryl butyl carbonate; cholesteryl docosonyl carbonate; cholesteryl
      cetyl carbonate; cholesteryl-p-nonylphenyl carbonate;
      cholesteryl-2-(2-ethoxyethoxy) ethyl carbonate;
      cholesteryl-2-(2-butoxyethoxy) ethyl carbonate;
      cholesteryl-1-2-(2-methoxyethoxy) ethyl carbonate; cholesteryl geranyl
      carbonate; cholesteryl heptyl carbamates; and alkyl amides and aliphatic
      secondary amines derived from 3.beta.-amino.DELTA.5-cholestene and
      mixtures thereof; peptides such as poly-.gamma.-benzyl-L-glutamate;
      derivatives of beta sitosterol such as sitosteryl chloride; and amyl ester
      of cyano benzilidene amino cinnamate. The alkyl groups in said compounds
      are typically saturated or unsaturated fatty acids, or alcohols, having
      less than about 25 carbon atoms, and unsaturated chains of less than about
      5 double-bonded olefinic groups. Aryl groups in the above compounds
      typically comprise substituted benzene ring compounds. Any of the above
      compounds and mixtures thereof may be suitable for cholesteric liquid
      crystalline materials in the advantageous system of the present invention.
PAR  Mixtures of liquid crystals can be prepared in organic solvents such as
      chloroform, petroleum ether and others, which are typically evaporated
      from the mixture leaving the liquid crystal composition. Alternatively,
      the individual components of the liquid crystalline mixture can be
      combined directly by heating the mixed components above the isotropic
      transition temperature.
PAR  The above lists of typical suitable optically negative liquid crystalline
      substances are intended to encompass mixtures of the above. These lists
      are intended to be representative only and are not to be construed as
      being exhaustive or limiting the invention to the specific materials
      mentioned. Although any liquid crystalline composition having cholesteric
      liquid crystalline characteristics is suitable for use in the present
      invention, it should be recognized that various different cholesteric
      liquid crystal substances or mixtures thereof or combinations of
      cholesteric liquid crystal substances with other substances such as those
      mentioned above will only possess the necessary properties which make them
      suitable for use according to the invention at some specific temperature
      range which may be at room temperature or substantially below or above
      room temperature. However, all of the various substances, mixtures or
      combinations thereof will function according to the method at some
      temperature. Typically, the materials of the invention will be used at or
      near room temperature. Thus, it is preferred to employ liquid crystal
      substances which have a liquid crystal state at or near room temperature.
      Generally speaking, the liquid crystal substance will preferably be in the
      liquid crystal state at the desired operational temperature.
PAR  Typical suitable thicknesses of films or layers of optically negative
      liquid crystalline material are from about 0.5 to about 50 microns,
      although any thickness which will provide the desired effect can be used.
PAR  The invention will now be described further in detail by way of examples,
      it being understood that these are intended to be illustrative only and
      the invention is not limited to the conditions, materials, procedures,
      etc., recited therein. All parts and percentages listed are by weight
      unless otherwise specified.
PAC  EXAMPLE I
PAR  The calcium salt of
      3'-ethyl-4'-chloro-6'-sulfonylphenylazo-2-hydroxy-3-naphthoic acid
      (Calcium Bonadur Red) is finely ground between two planes of ground glass
      to an average particle size of about 10 microns. About 0.1 gm of the
      particles are uniformly dispersed in about 11 gm of the cholesteric
      mesophase of cholesteryl oleyl carbonate. The dispersion is placed between
      quartz plates about 1 .times. 1 .times. 1/8 inch in dimension. The
      prepared sample is analyzed with a Carey 15 Spectrophotometer for
      absorption spectrum. The prepared sample is analyzed with a Carey 61
      Spectropolarimeter for circular dichroism. FIG. 1 graphically illustrates
      the resulting circular dichroism spectrum.
PAR  The absorption spectrum shows a major peak at about 580 nm and a shoulder
      at about 520 nm. The circular dichroism spectrum shows bands of negative
      sign (E.sub.R &gt; E.sub.L) at about 520 nm. The negative sign does not
      change with polarization of the optical transition.
PAR  The dispersion was then centrifuged and the dispersed particles thereby
      separated from the cholesteryl oleyl carbonate. The cholesteryl oleyl
      carbonate is then re-examined spectrophotometrically and shows no
      absorption or circular dichroism in the visible region of the spectrum.
      This eliminates the possibility of particles having dissolved in the
      carbonate and indicates that circular dichroism arises from a surface
      effect in the particles.
PAR  Example I demonstrates that circular dichroism can be induced in insoluble
      materials by dispersing same in an optically negative liquid crystalline
      material.
PAC  EXAMPLE II
PAR  Example I is repeated except that the particles are ground to an average
      particle size of about 2 microns. The ratio of circular dichroism to
      optical density is determined to be larger with these about 2 micron
      particles than with the about 10 micron particles of Example I. This
      buttresses the indication of Example I that the induced circular dichroism
      in insoluble materials is a surface phenomenon because the smaller
      particles present a larger surface area in contact with the optically
      negative liquid crystalline substance.
PAR  Except for the difference in the ratio, the same results are obtained in
      Example II as are obtained in Example I.
PAC  EXAMPLE III
PAR  Two samples are prepared as follows: each sample contains the cholesteric
      mesophase of 60% cholesteryl chloride - 40% cholesteryl nonanoate. In
      sample I, anthracene-9-carboxylic acid is dissolved in the mesophase. In
      sample II, particles of insoluble calcium anthracene-9-carboxylic acid are
      dispersed in the mesophase. The absorption and circular dichroism
      spectrums of samples I and II are determined in the manner of Example I.
      FIG. 2 graphically illustrates the resulting spectra.
PAR  The circular dichroism induced in the dissolved acid in sample I changes
      sign at about 355 nm indicating a change in polarization of the electronic
      transitions. The dispersed insoluble particles of calcium
      anthracene-9-carboxylic acid in sample II exhibit induced circular
      dichroism which does not change sign with polarization of the electronic
      transition.
PAR  The circular dichroism of insoluble particles in sample II exhibits bands
      which are slightly blue shifted from the absorption bands for the
      particles. The relative intensities of the circular dichroism bands of the
      particles in sample II are more similar to the relative intensities of the
      absorption bands of the dissolved acid in sample I than to those of the
      absorption bands of the insoluble particles in sample II. The sign of the
      circular dichroism induced in the insoluble particles of sample II is
      positive (E.sub.L &gt; E.sub.R) and independent of whether .lambda..sub.o for
      the cholesteric mesophase is at larger or smaller wavelengths than the
      absorption band of the particles.
PAR  The difference in depending upon position of .lambda..sub.o between the
      dissolved acid in sample I and undissolved particles in sample II
      indicates a difference in mechanism between induced circular dichroism in
      solutes and induced circular dichroism in insoluble materials in intimate
      contact with optically negative liquid crystalline materials.
PAC  EXAMPLE IV
PAR  Vanadyl phthalocyanine (VOPC) is heated in a vacuum to sublime a film of
      VOPC upon a quartz disc about 1 .times. 1 .times. 1/8 inch. The VOPC film
      is overcoated with a layer of the cholesteric mesophase of cholesteryl
      oleyl carbonate (COC) which, in turn, is contacted with a glass plate to
      produce a glass-VOPC-COC-quartz disc sandwich.
PAR  The absorption and circular dichroism spectrum of the COC-VOPC combination
      was examined and circular dichroism was observed in the region of the
      visible electronic transitions of VOPC. This observation demonstrates that
      circular dichroism induced in insoluble materials in intimate contact with
      optically negative liquid crystalline materials is due to specific
      interaction between the two materials.
PAC  EXAMPLE V
PAR  Example IV is repeated except that the VOPC is replaced with copper
      phthalocyanine (CuPC). Circular dichroism is observed in the visible
      electronic transitions of CuPC.
PAC  EXAMPLE VI
PAR  Example I is followed except that Bonadur Red is replaced by copper
      phthalocyanine (CuPC).
PAR  The absorption spectrum shows major peaks at about 600 nm and about 690 nm.
      The circular dichroism spectrum shows bands of positive sign (E.sub.R &gt;
      E.sub.L) at about 595 nm and about 680 nm.
PAR  The CuPC particles are centrifuged out and the liquid crystalline material
      re-examined spectrophotometrically; no absorption or circular dichroism in
      the visible region is exhibited. This eliminates the possibility that
      circular dichroism was exhibited by dissolved molecules rather than by
      insoluble particles.
PAC  EXAMPLE VII
PAR  Particles of calcium anthracene-9-carboxylic acid are dispersed in a
      supercooled cholesteric mesophase of 60% cholesteryl chloride - 40%
      cholesteryl nonanoate. The dispersion is sandwiched at a thickness of
      about 7 microns between two tin-oxide coated quartz discs 1 .times. 1
      .times. 1/8 inch. A D.C. voltage is applied to the oxide coatings to apply
      an electric field across the dispersion while the dispersion is being
      examined for circular dichroism induced in the particles. Upon application
      of the field, a change in both sign and magnitude of the induced circular
      dichroism is observed within the absorption bands of the dispersed
      particles.
PAR  When about 30 volts D.C. are applied to the oxide coatings, the sign of the
      induced circular dichroism goes from positive to negative and the
      intensity is reduced by about one-third of its original value (i.e., value
      prior to field application).
PAR  The circular dichroism intensity is substantially completely eliminated
      when the applied voltage is about 400 volts D.C..
PAR  Example VII demonstrates that the application of electric fields across
      cholesteric mesophases in contact with an insoluble material, alters both
      the sign and magnitude of the induced (extrinsic) circular dichroism.
PAC  EXAMPLE VIII
PAR  Example VII is followed except that one of the tin oxide coated quartz
      discs is coated with tin oxide in imagewise configuration. A D.C. voltage
      of about 400 volts is applied to the tin oxide coatings causing a
      transition of the 60/40 CC-CN from optically negative characteristics to
      optically positive characteristics in portions thereof sandwiched between
      the tin oxide coatings. The anthracene-9-carboxylic acid particles
      suspended in the portions of the 60/40 CC-CN wherein such transition
      occurs exhibit no induced circular dichroism; whereas, the particles in
      portions of the 60/40 CC-CN which do not undergo such transitions exhibit
      induced circular dichroism. Thus an image of induced circular dichroism
      complementary to the imagewise configured tin oxide coating is formed.
PAC  EXAMPLE IX
PAR  Example VIII is followed except that the imagewise configured tin oxide
      coating on the one quartz disc is replaced by a tin oxide coating on a
      quartz disc which corresponds to background areas only. That is, the
      deposition of tin oxide is in a pattern complementary to that in Example
      VIII. Transition of the 60/40 CC-CN from optically negative
      characteristics to optically positive characteristics occurs in the
      portions thereof sandwiched between tin oxide coatings. Induced circular
      dichroism is not exhibited by the particles suspended in such transitioned
      portions but is exhibited by particles suspended in non-transitioned
      portions of 60/40 CC-CN (i.e., those not sandwiched between tin oxide
      coatings). Thus, an image of induced circular dichroism is formed which
      corresponds to the non tin-oxide coated areas of the quartz disc bearing
      the patterned deposition of tin oxide.
PAR  For a greater appreciation of the significance of comparative Example III
      above, reference is made to the aforementioned article by F. Saeva
      appearing in 95 Journal of American Chemical Society, page 7656 (1973);
      especially Table I and accompanying text on page 7657 wherein the
      dependency of liquid crystal induced circular dichroism in solutes upon
      helix sense of the cholesteric mesophase upon direction of electronic
      transition moments of solute and upon cholesteric mesophase pitch band
      .lambda..sub.o position relative to wavelength of absorption of solute, is
      discussed in detail. That article is hereby incorporated by reference.
PAR  It will be appreciated, of course, that all embodiments of the invention
      herein described can be used with or without application of an electrical
      or magnetic field, and that such usage may include selective application
      of an electrical or magnetic field with regard to time of application,
      duration of application, and area of application. It is noted that the
      application of electrical or magnetic field strength at or above that
      causing transition of the liquid crystalline material from optically
      negative characteristics to optically positive characteristics destroys
      the circular dichroism induced in extrinsically optically active materials
      in contact with the liquid crystalline materials
PAR  FIG. 3 schematically depicts a partially exploded view of one embodiment of
      the invention. A film 11 of optically negative liquid crystalline material
      having insoluble extrinsically optically active particles 30 suspended
      therein is retained by protective casing 12. Plate 13 having an electrode
      14 on one side thereof is placed adjacent casing 12 so that electrode 14
      is in contact with film 11. Plate 15 having a matrix of discrete
      electrodes 16 on one side thereof is placed adjacent casing 11 so that the
      electrode 16 is in contact with film 11. A switch mechanism S selectively
      electrically connects one or more of discrete electrodes 16 to voltage
      source VS.
PAR  The optically negative liquid crystalline material of film 11 and the
      particles 30 can comprise any of the aforementioned liquid crystalline
      materials and extrinsically optically active materials, respectively.
PAR  Protective casing 12 and plates 13 and 15 may comprise any suitable
      material, flexible or rigid, which is optically isotropic and transparent
      to the incident light radiation and which is non-reactive with film 11.
      Typical suitable materials include glass, fused silica and any other
      materials having the required characteristics, such as quartz.
PAR  Electrodes 14 and 16 can comprise any suitable conductive material which is
      non-reactive with film 11. For example, typical suitable conductive
      materials include chrome and tin oxide.
PAR  FIG. 4 schematically depicts a partially exploded view of another
      embodiment of the invention wherein like numerals refer to like components
      found in FIG. 3. However, FIG. 4 depicts two variations from FIG. 3. The
      first is the film 31 of insoluble extrinsically optically active
      materials. The second variation is the configuration of electrode 16' on
      plate 15. Here, electrode 16' is in the range complementary to the X
      pattern depicted. That is, plate 15 is not covered by electrode 16' in
      surface areas bounded by the lines forming the individual legs of the X.
PAR  Film 31 may comprise any of the aforementioned insoluble extrinsically
      optically active materials and may be formed by any method suitable to the
      insoluble materials employed. For example, pigments such as copper
      phthalocyanine and vanadyl phthalocyanine are conveniently coated upon
      substrates by sublimation by being heated in an evacuated chamber. Other
      typical suitable coating methods include roll coating, reverse roll
      coating and coating with rods such as wire wound Mayer rods.
PAR  It is understood, of course, that FIGS. 3 and 4 are illustrative only and
      that particles 30 suspended in film 11 of FIG. 3 may be used with the
      complementary imagewise configured electrode 16' of FIG. 4; that the film
      31 of insoluble material of FIG. 4 may be used with the electrodes 16 of
      FIG. 3; that other suitable imaging cells found in the art of imaging
      liquid crystalline materials by application of an electrical field may be
      employed provided a field strength sufficient to cause transition of the
      liquid crystalline material from optically negative characteristics to
      optically positive characteristics are employed.
PAR  As indicated by Examples VIII and IX, the circular dichroism induced in the
      insoluble extrinsically optically active materials by the optically
      negative liquid crystalline material with which it is in contact is
      extinguished in portions of the liquid crystalline material transformed to
      optically positive characteristics. Thus, any suitable technique for so
      transforming may be employed. For example, U.S. Pat. No. 3,652,148 herein
      incorporated by reference, provides a system for transforming optically
      negative liquid crystalline materials to an optically positive liquid
      crystalline mesophase by an applied electric field. This system may
      advantageously be employed in the practice of the instant invention.
PAR  Further, the liquid crystalline material and/or extrinsically optically
      active insoluble material can be shaped in imagewise configuration in
      FIGS. 3 and 4 and placed between uniformly coated electrodes. With the
      field off, the induced circular dichroism is in imagewise configuration
      corresponding to the shaped liquid crystalline material in which
      extrinsically optically active insoluble material is dispersed; and when
      the insoluble material is a layer shaped in image configuration, the
      induced circular dichroism is in imagewise configuration corresponding to
      the shaped layer of insoluble material. In this latter case, the liquid
      crystalline material need not be in imagewise configuration.
PAR  While the invention has been described in detail with respect to various
      preferred embodiments thereof, it is not intended to be limited thereto
      but rather it will be appreciated by those skilled in the art that
      modifications and variations are possible which are within the spirit of
      the invention and the scope of the claims.
PAR  For example, those skilled in the art will appreciate that the display may
      be conveniently viewed by employing a quarter waveplate and linear
      polarizer in accordance with the publication "Polarized Light" published
      by Polaroid Corporation, and hereby expressly incorporated by reference,
      particularly FIG. 7 and the accompanying description, No. FT3374A dated
      2/67.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for providing a display, comprising:
PA1  a. providing an imaging member comprising a layer of an optically negative
      liquid crystalline material arranged between a pair of electrodes, at
      least one of which is substantially transparent, said liquid crystalline
      material being in contact with at least one insoluble material, said
      insoluble material when in contact with said optically negative liquid
      crystalline material becoming extrinsically optically active and having an
      absorption band within which circular dichroism is induced, said liquid
      crystalline material being at a temperature in its negative-positive
      optical transition range;
PA1  b. applying an imagewise configured electrical field across said layer
      within the optically negative-positive transition electrical field
      strength range of said liquid crystalline material thereby extinguishing
      said induced circular dichroism in imagewise configuration and leaving
      induced circular dichroism in a pattern complementary to said imagewise
      configuration; and
PA1  c. viewing said induced circular dichroism in said complementary pattern
      through a circular polarizer.
NUM  2.
PAR  2. The method as defined in claim 1 wherein said circular polarizer
      comprises a linear polarizer and quarter waveplate.
NUM  3.
PAR  3. The method as defined in claim 1 wherein said insoluble material
      comprises a member selected from the insolubilized group consisting of
      aromatic compounds, azo compounds, nitro compounds, nitroso compounds,
      anil compounds, carbonyl compounds, thiocarbonyl compounds, alkenes,
      heterocyclic compounds, alkanes and mixtures thereof.
NUM  4.
PAR  4. The method as defined in claim 1 wherein at least one of said electrodes
      is shaped in said imagewise configuration.
NUM  5.
PAR  5. The method as defined in claim 1 wherein said insoluble material is
      dispersed within said liquid crystalline material.
NUM  6.
PAR  6. The method as defined in claim 5 wherein the insoluble material content
      of said liquid crystal layer comprises up to about 90% by weight.
NUM  7.
PAR  7. The method as defined in claim 1 wherein said insoluble material is in a
      layer configuration.
NUM  8.
PAR  8. A method for providing a display, comprising:
PA1  a. providing an imaging member comprising a layer of an optically negative
      liquid crystalline material shaped in image configuration between a pair
      of electrodes at least one of which is substantially transparent, said
      liquid crystalline material having dispersed therein at least one
      insoluble material; said insoluble material becoming extrinsically,
      optically active and, having a light absorption band within which circular
      dichroism is induced, by being in contact with said optically negative
      liquid crystalline material; said liquid crystalline material being at a
      temperature in the negative-positive transition range of said liquid
      crystalline material; and
PA1  b. while viewing said imaging member through a circular polarizer, applying
      an electrical field across said layer within the optically
      negative-positive transition electrical field strength range of said
      liquid crystalline material.
NUM  9.
PAR  9. The method as defined in claim 8 wherein said circular polarizer
      comprises a linear polarizer and a quarter waveplate.
NUM  10.
PAR  10. A method for providing a display, comprising:
PA1  a. providing an imaging member comprising a layer of optically negative
      liquid crystalline material in contact with a layer of insoluble material
      shaped in image configuration, said layers between a pair of electrodes at
      least one of which is substantially transparent, said liquid crystalline
      material being at a temperature in the negative-positive optical
      transition range of said liquid crystalline material; said insoluble
      material becoming extrinsically optically active and having a light
      absorption band within which circular dichroism is induced by contact with
      said optically negative liquid crystalline material; and
PA1  b. while viewing said imaging member through a circular polarizer, applying
      an electrical field across said layers within the optically
      negative-positive transition range of said liquid crystalline material.
NUM  11.
PAR  11. The method as defined in claim 10 wherein said circular polarizer
      comprises a linear polarizer and a quarter waveplate.
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PAL  In a reflecting diffraction grating having a plurality of grooves for light
      diffraction, each groove being formed by a reflecting surface and a rear
      surface, the rear surface is so formed that light coming thereupon is
      subjected to an irregular reflection.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a reflecting diffraction grating and more
      particularly to such a grating for minimizing anomalies.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR   FIG. 1 is a longitudinal sectional view of a conventional echelette
      diffraction grating to illustrate schematically the anomaly phenomenon.
PAR  FIG. 2 is a sectional view of the echelette diffraction grating to
      illustrate the diffraction mechanism thereof.
PAR  FIG. 3 is a longitudinal sectional view of a diffraction grating according
      to the present invention.
PAR  FIG. 4 shows graphically the spectrometric light diffraction efficiency
      characteristic obtained by using a diffraction grating according to the
      invention in comparison with the corresponding characteristic of a
      conventional diffraction grating.
DETD
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In general, the performance of a diffraction grating can be represented as
      a function of the accuracy of the wave surface of diffracted light, light
      diffraction efficiency and stray light. As the demand for a
      spectrophotometer having a high performance is increased and unique
      applications thereof are developed, abnormalities in the intensity
      distribution of diffracted light or socalled "anomaly" of the diffraction
      grating provides a serious problem to be solved. When the incident angle
      of light is varied progressively, a certain order of diffracted light
      tends to become in parallel with the surface of the diffraction grating
      and will ultimately disappear due to absorption by an another order of
      diffracted light. This phenomenon which does not follows the Fraunhofer
      theory of diffraction is referred to as an "anomaly". Occurrence of the
      anomaly can be explained by a kind of resonant interference between the
      diffracted light from the reflecting surface of the diffraction grating
      and the undesirable light reflected by the rear surface of the grating.
      For a better understanding of the present invention, the anomaly and the
      diffraction phenomena in an echelette diffraction grating which is a
      conventional typical reflecting diffraction grating will be discussed with
      reference to FIGS. 1 and 2 of the accompanying drawings.
PAR  FIG. 1 shows a conventional echelette diffraction grating in a section
      taken in the direction perpendicularly to the running direction of grooves
      formed therein. FIG. 2 is a schematic model diagram to illustrate the
      diffraction phenomenon of the conventional echelette grating. In FIG. 1,
      reference numeral 1 indicates a glass substrate which is coated with an
      aluminum film 2 formed by vacuum evaporation or the like process. The
      aluminum film 2 has a surface formed with sawtooth-like grating grooves
      arrayed in parallel to one another with equidistance of about 1 .mu..
      Numeral 3 denotes one of the two surfaces constituting the groove ruled on
      the aluminum film 2, which surface (hereinafter referred to as a
      reflecting surface) is inclined relatively gently and usually serves to
      reflect the incident light. The other surface constituting the groove of
      the diffraction grating and designated by numeral 4 is inclined relatively
      steeply as compared with the reflecting surface 3. The surface 4 will
      hereinafter be referred to as a rear surface. Numeral 5 represents light
      incident on the reflecting surface 3, numeral 6 a +1st order of diffracted
      light dispersed by the reflecting surface 3 in correspondence with the
      incident light 5, numeral 7 a +2nd order of diffracted light produced by
      the reflecting surface 3 from the incident light 5, and numeral 8 a
      double-diffracted light derived from the diffraction light 7 and dispersed
      again by the rear surface 4. In FIG. 2, numeral 9 represents a zero order
      of diffracted light produced from the incident light 5 at the reflecting
      surface 3 and numeral 10 a -1st order of diffracted light produced from
      the incident light 5 at the reflecting surface 3.
PAR  Assuming that monochromatic light falls on the reflecting surface 3 of the
      diffraction grating as the incident light 5 in the state shown in FIG. 2,
      the incident light is diffracted in various directions in dependence of
      the order numbers of the diffraction. If the incident light 5 is rotated
      clockwise starting from the state shown in FIG. 2, the +2nd order of
      diffracted light 7 runs in a direction tangent to the surface of the
      diffraction grating and will ultimately disappear. In this case, a portion
      of the diffracted light 7 is absorbed by the +1st order of diffracted
      light, which results in an abnormality in the intensity distribution of
      the +1st order of diffracted light. This is the so-called anomaly
      phenomenon. After experimental research carried out by the present
      inventor, it has been microscopically observed that the anomaly phenomenon
      may be ascribed to the fact that the 1st order of diffracted light 6
      dispersed at the reflecting surface 3 of the diffraction grating and the
      double-diffracted light 8 produced by the dispersion of the +2nd order of
      diffracted light 7 at the rear surface 4 of the diffraction grating as
      shown in FIG. 1 are reflected in the same direction and interfere with
      each other. Due to such an anomaly phenomenon, the spectrophotometers
      available at present can not avoid the following disadvantages:
PA1  1. It is difficult to attain a good reproducibility of light diffraction
      efficiency.
PA1  2. In the case of measuring an absorption spectrum of a specimen with the
      air of monochromatic light flux, abrupt variation in light diffraction
      efficiency is likely to be taken erroneously for absorption by the
      specimen.
PA1  3. When abrupt variation occurs in the intensity distribution of diffracted
      light due to the anomaly, an electric system for a photodetector can not
      instantly follow such a variation in the responding operation.
PA1  4. Most of spectrophotometries are carried out by exchanging two-wavelength
      spectrometry and two-light flux measurement with two diffraction gratings.
      In such a case, if the abrupt variation in the intensity distribution of
      diffracted light should occur at least in one of the diffraction gratings
      due to the anomaly particularly in the case of the two-light flux
      measurement, the difference in the light intensity will involve errors in
      the results of measurement.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a reflecting diffraction
      grating which is extremely insusceptible to the anomaly.
PAR  This object of the invention is attained in such a manner that a rear
      surface constituting a groove of the reflecting diffraction grating in
      cooperation with a reflecting surface is so formed that light coming
      thereupon is subjected to an irregular reflection.
PAR  The above and other objects, features and advantages of the invention will
      become apparent when reading the following detailed description of
      preferred embodiment of the invention in conjunction with the accompanying
      drawings.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 3 showing a reflecting diffraction grating according to
      the present invention in a longitudinal section, the same reference
      numerals as those in FIGS. 1 and 2 represent the same functional matters.
      Accordingly, repeated explanation of these numerals will be unnecessary.
PAR  In FIG. 3, layers 12 having a convex-configuration, as shown, are deposited
      on the rear surfaces 4 of the grooves by vacuum evaporation along the
      direction indicated by arrows 11 according to the invention. The
      evaporated material for the layer 12 is aluminum (Al) in this embodiment.
      However, it should be appreciated that a metallic material such as
      chromium (Cr), a non-metallic material such as magnesium fluoride
      (MgF.sub.2) as well as a semiconductor material such as silicon (Si) or
      germanium (Ge) may be employed for the layer 12. Furthermore, any other
      material which can be evaporated on the rear surface may be optionally
      employed. The thickness of each evaporated material layer should
      preferably lie in the range from d/20 to d/5, wherein d represents the
      grating constant or a distance between the grooves. It has been found that
      the thickness in the order of d/10 will bring about most desirable
      results. If the thickness of the evaporated material layer 12 is selected
      greater than d/5, the decrease in the light diffraction efficiency has
      been observed due to the reduction in the effective area of the reflecting
      surface 3. On the other hand, when the layer 12 is deposited in thickness
      smaller than d/20, the amount of interference of the reflected light at
      the rear surface 4 with the light dispersed from the reflecting surface 3
      increases, so that the undesirable anomaly phenomenon will become more
      appreciable. In FIG. 3, reference numeral 13 indicates the
      double-diffracted light produced from the +2nd order of diffraction light
      7 dispersed at the reflecting surface 3 which has undergone the second
      diffraction at the evaporated material layer 12 deposited on the rear
      surface 4.
PAR  With the structure of the reflecting diffraction grating embodying the
      invention as is shown in FIG. 3, the double-diffracted light 13 at the
      rear surface 4 is dispersed in various directions and irregularly
      reflected, so that the light intensity thereof is remarkably lowered.
      Consequently, intereference with the +1st order of diffracted light 6
      becomes negligible, which in turn results in a remarkable reduction of the
      anomaly phenomenon.
PAR  The performance of the reflecting diffraction grating according to the
      invention is shown in FIG. 4 in comparison with that of a conventional
      reflecting diffraction grating. In FIG. 4, the light diffraction
      efficiency is taken along the ordinate in percentage with the intensity of
      incident monochromatic light taken at 100 %, while the wavelength is taken
      along the abscissa. Curve (b) represents the light diffraction efficiency
      of the reflecting diffraction grating according to the invention, while
      curve (a) indicates that of the conventional diffraction grating. As can
      be seen in FIG. 4, in the case of the conventional reflecting diffraction
      grating, abrupt variations are observed in the intensity distribution
      characteristic in the range of wavelength from 550 nm to 650 nm. More
      particularly, the intensity variation as great as about 20 % is brought
      about due to the anomaly phenomenon. To the contrary, the intensity
      variation is minimized at the range of about 5 % in the case of the
      reflecting diffraction grating according to the invention.
PAR  In summary, in a preferred embodiment according to the invention, the
      material for irregular reflection is deposited only on the rear surface of
      the groove of the diffraction grating in an inclined direction through a
      vacuum evaporation process in thickness of 1/20 to 1/5 of the grating
      constant d. The evaporated material serves to irregularly reflect light
      coming upon the rear surface, thereby restricting the anomaly to a
      minimum, which thus enhances the reproducibility of the light diffraction
      efficiency. When the reflecting diffraction grating according to the
      invention was employed as dispersing means in the two-wavelength
      spectrophotometry, the yield in the quality of measurement could
      surprisingly be enhanced from 20 % of the conventional grating to 60 %.
PAR  In the aforementioned preferred embodiment, the vacuum evaporation of the
      layer 12 onto the rear surface along the inclined direction is carried out
      by selecting the inclined evaporating angle so that the evaporated
      material can never be deposited on the reflecting surface. The thus
      deposited material layer by the evaporation in the inclined direction
      provides a rough surface which is well suited for irregular reflection.
PAR  In the above embodiment, the vacuum-evaporated material layer 12 formed
      only on the rear surface of the grating groove has been described as means
      for the irregular reflection. However, the invention is not restricted to
      such a provision of the irregular reflection surface. In reality, the rear
      surface having a structure suitable for the desired irregular reflection
      may be formed by means of ion bombardment, spattering or the like methods.
PAR  From the foregoing description, it will be appreciated that the present
      invention has provided a practically very useful reflecting diffraction
      grating which is little susceptible to anomaly and has good
      reproducibility.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a reflecting diffraction grating comprising a plurality of grooves
      for light diffraction, each of said grooves being formed by first and
      second reflecting surfaces, the improvement in that said second reflecting
      surface has a convex configuration for preventing light reflected from
      said first reflecting surface from interfering with light reflected from
      said second reflecting surface and for scattering thereat light reflected
      from said second reflecting surface, said convexly configured second
      reflecting surface having a surface roughness greater than said first
      reflecting surface thereby to reduce anomalies.
NUM  2.
PAR  2. The improved reflecting diffraction grating according to claim 1,
      wherein the convex configuration of said second reflecting surface is
      formed by an evaporable material which is evaporated onto said second
      reflecting surface.
NUM  3.
PAR  3. The improved reflecting diffraction grating according to claim 2,
      wherein said evaporable material has a thickness lying in the range from
      1/20 to 1/5 of the grating constant.
NUM  4.
PAR  4. The improved reflecting diffraction grating according to claim 2,
      wherein said evaporable material has a thickness of one-tenth of the
      grating constant.
NUM  5.
PAR  5. The improved reflecting diffraction grating according to claim 2,
      wherein said evaporable material comprises at least one material selected
      from the group consisting of aluminum, chromium, magnesium fluoride,
      silicon and germanium.
NUM  6.
PAR  6. The improved reflecting diffraction grating according to claim 3,
      wherein said evaporable material comprises at least one material selected
      from the group consisting of aluminum, chromium, magnesium fluoride,
      silicon and germanium.
NUM  7.
PAR  7. The improved reflecting diffraction grating according to claim 4,
      wherein said evaporable material comprises at least one material selected
      from the group consisting of aluminum, chromium, magnesium fluoride,
      silicon and germanium.
NUM  8.
PAR  8. In a reflecting diffraction grating comprising a plurality of grooves
      for light diffraction, each of said grooves being formed by first and
      second aluminum layers defining first and second reflecting surfaces,
      respectively, the improvement in that only a surface of said second
      aluminum layer has thereon a convex configuration formed by at least one
      evaporable material selected from the group consisting of aluminum,
      chromium, magnesium fluoride, silicon and germanium, said convex
      configuration preventing light reflected from the surface of said first
      aluminum layer from interfering with light reflected from the surface of
      said second aluminum layer and scattering thereat light reflected from the
      surface of said second aluminum layer, said convexly configured second
      reflecting surface having a surface roughness greater than said first
      reflecting surface thereby to reduce anomalies.
NUM  9.
PAR  9. The improved diffraction grating according to claim 8, wherein said
      evaporable material has a thickness lying in the range from 1/20 to 1/5 of
      the grating constant.
NUM  10.
PAR  10. In a reflecting diffraction grating comprising a light reflecting
      supporting medium having a plurality of light reflecting grooves ruled in
      a surface thereof, the improvement wherein each groove consists of
PA1  a first planar reflecting surface having first and second edges;
PA1  a second planar reflecting surface one edge of which intersects the first
      edge of said first planar reflecting surface and the other edge of which
      intersects the second edge of the first planar surface of an adjacent
      groove, and
PA1  a convex-shaped reflecting projection having a surface roughness greater
      than said first reflecting surface and extending from said second planar
      reflecting surface and having a first edge contiguous with said other edge
      of said second planar surface and a second edge intersecting said second
      planar surface at a location spaced apart from the intersection of said
      second reflecting surface with said first reflecting surface by the
      exposed planar portion of said second reflecting surface therebetween.
NUM  11.
PAR  11. The improved reflection diffraction grating according to claim 10,
      wherein the thickness of said convex-shaped projection lies in a range of
      1/20 to 1/5 of the grating constant.
NUM  12.
PAR  12. The improved reflection diffraction grating according to claim 11,
      wherein the thickness of said convex-shaped projection is 1/10 of the
      grating constant.
NUM  13.
PAR  13. The improved reflection diffraction grating according to claim 10,
      wherein the material of which said convex-shaped projection is made is a
      material selected from the group consisting of aluminum, chromium,
      magnesium fluorid, silicon and germanium.
NUM  14.
PAR  14. The improved reflection diffraction grating according to claim 10,
      wherein the distance between the first and second edges of said
      convex-shaped projection along the surface of said second planar
      reflecting surface is greater than distance along said second planar
      reflecting surface between the one edge of said second planar reflecting
      surface and the intersection of said second planar reflecting surface with
      the second edge of said convex-shaped projection.
NUM  15.
PAR  15. The improved reflection diffraction grating according to claim 14,
      wherein the distance between the edges of said first planar reflecting
      surface is greater than the distance between the edges of said second
      planar reflecting surface.
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PAL  A pancratic wide-angle objective comprises a stationary negative front
      component in the form of a single meniscus with a convex forward surface,
      an axially movable intermediate component consisting of a biconvex lens,
      and a stationary multilens positive rear component separated from the
      front component by an airspace greater than the focal length of the
      latter. The individual focal lengths of the front, intermediate and rear
      components have absolute values in a ratio of approximately 4:5:3.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a powerful pancratic wide angle projection
      objective of the type described in Swiss Pat. No. 522,230. This patent
      describes an objective with a negative front component and a positive rear
      component between which, for the variation of the focal length, a further
      positive lens member is axially movable. The shortest focal length of this
      objective is a multiple of the diagonal of the image to be projected.
PAC  OBJECTS OF THE INVENTION
PAR  It is a primary object of the invention to provide an optical system
      adapted to focus an objective of the width of the Super-8 format within
      short distances such as 250 - 500 mm onto an image screen.
PAR  It is a further object of the invention to provide an optical system for
      projecting a Super-8 image frame within a distance of about 500 mm, with a
      300-mm image width.
PAC  SUMMARY OF THE INVENTION
PAR  We have found, in accordance with the present invention, that the foregoing
      objects can be realized by designing the negative front component as a
      meniscus-shaped lens member with a concave surface turned toward the
      intermediate component and with an absolute focal length greater than that
      of the rear component but less than that of the intermediate component.
      The airspace separating the front and rear components advantageously
      exceeds the focal length of the front component and equals approximately
      twice the focal length of the rear component. A pronounced wide-angle
      effect results from this construction; the minimum overall focal length is
      shorter than or, at most, equal to the image diagonal 2y'.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will be described in greater
      detail with reference to the accompanying drawing the sole FIGURE of which
      schematically illustrates an objective according to our invention in a
      position of intermediate overall focal length f.sub.M.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The objective shown in the drawing consists of three distinct components,
      namely a negative front component GI, an axially movable positive
      intermediate component GII and a stationary positive rear component GIII.
      Component GI, positioned on the side of the longer conjugate intercept
      distance normally referred to as the object side, is a single lens L.sub.1
      of thickness d.sub.1 and radii r.sub.1, r.sub.2 in the form of a negative
      meniscus with a convex forward surface. A variable airspace l.sub.1
      separates this lens from a biconvex lens L.sub.2 constituting the positive
      intermediate component, lens L.sub.2 having a thickness d.sub.2 and radii
      r.sub.3, r.sub.4. Another variable airspace l.sub.2, considerably smaller
      than airspace l.sub.1 in all operating positions of the objective,
      intervenes between lens L.sub.2 and a positive first lens L.sub.3
      (thickness d.sub.3 and radii r.sub.5, r.sub.6) of rear component GIII; the
      other members of this component are a positive second lens L.sub.4
      (thickness d.sub.4 and radii r.sub.7, r.sub.8), a negative third lens
      L.sub.5 (thickness d.sub.5 and radii r.sub.9, r.sub.10) and a positive
      fourth lens L.sub.6 (thickness d.sub.6 and radii r.sub.11, r.sub.12). The
      lens L.sub.3 - L.sub.6 are separated by airspaces l.sub.3, l.sub.4 and
      l.sub.5. Lens L.sub.6 lies closest to a film whose frames are to be
      projected upon a nonillustrated screen on the object side.
PAR  Representative numerical values for the radii r.sub.1 - r.sub.12, the
      thicknesses d.sub.1 - d.sub.6 and the separations l.sub.1 - l.sub.5, based
      on a numerical value of unity for the minimum overall focal length
      f.sub.min, are given for three Examples in the following Tables, together
      with the refractive indices n.sub.d and Abbe numbers v.sub.d.
PAC  EXAMPLE I
TBL                             n.sub.d                                        
                                       v.sub.d                                 
       r.sub.1                                                                 
           + 7.072                                                             
     L.sub.1      d.sub.1                                                      
                      0.229     1.658                                          
                                     / 50.9                                    
       r.sub.2                                                                 
           + 1.972                                                             
                      5.530     f.sub.min                                      
                  L.sub.1                                                      
                      5.102     f.sub.M                                        
                      4.516     f.sub.max                                      
       r.sub.3                                                                 
           + 8.596                                                             
     L.sub.2      d.sub.2                                                      
                      0.457     1.589                                          
                                     / 61.3                                    
       r.sub.4                                                                 
           - 4.856                                                             
                      0.014     f.sub.min                                      
                  1.sub.2                                                      
                      0.443     f.sub.M                                        
                      1.029     f.sub.max                                      
       r.sub.5                                                                 
           + 2.137                                                             
     L.sub.3      d.sub.3                                                      
                      0.372     1.589                                          
                                     / 61.3                                    
       r.sub.6                                                                 
           + 14.894                                                            
                  1.sub.3                                                      
                      0.014                                                    
       r.sub.7                                                                 
           + 1.425                                                             
     L.sub.4      d.sub.4                                                      
                      0.500     1.589                                          
                                     / 61.3                                    
       r.sub.8                                                                 
             .infin.                                                           
                  1.sub.4                                                      
                      0.104                                                    
       r.sub.9                                                                 
           - 5.597                                                             
     L.sub.5      d.sub. 5                                                     
                      0.643     1.785                                          
                                     / 25.8                                    
       r.sub.10                                                                
           + 0.768                                                             
                  1.sub.5                                                      
                      0.121                                                    
       r.sub.11                                                                
           + 4.705                                                             
     L.sub.6      d.sub.6                                                      
                      0.286     1.691                                          
                                     / 54.7                                    
       r.sub.12                                                                
           - 1.364                                                             
                  f.sub.min                                                    
                           1.000                                               
                  f.sub.M  1.087                                               
                  f.sub.max                                                    
                           1.216                                               
                  2.sub.y '                                                    
                           1.000                                               
                  aperture ratio                                               
                           1:1.3                                               
PAC  EXAMPLE II
TBL    r.sub.1                                                                 
           + 14.316                n.sub.d                                     
                                          v.sub.d                              
     L.sub.1      d.sub.1                                                      
                      0.286        1.589                                       
                                        / 61.3                                 
       r.sub.2                                                                 
           + 1.960                                                             
                      5.497     f.sub.min                                      
                  l.sub.1                                                      
                      5.011     f.sub.M                                        
                      4.524     f.sub.max                                      
       r.sub.3                                                                 
           + 5.234                                                             
     L.sub.2      d.sub.2                                                      
                      0.458        1.589                                       
                                        / 61.3                                 
       r.sub.4                                                                 
           - 7.490                                                             
                      0.058     f.sub.min                                      
                  l.sub.2                                                      
                      0.545     f.sub.M                                        
                      1.032     f.sub.max                                      
       r.sub.5                                                                 
           + 2.434                                                             
     L.sub.3      d.sub.3                                                      
                      0.344        1.589                                       
                                        / 61.3                                 
       r.sub.6                                                                 
           + 33.380                                                            
                  l.sub.3                                                      
                      0.014                                                    
       r.sub.7                                                                 
           + 1.507                                                             
     L.sub.4      d.sub.4                                                      
                      0.558        1.589                                       
                                        / 61.3                                 
       r.sub.8                                                                 
             .infin.                                                           
                  l.sub.4                                                      
                      0.106                                                    
       r.sub.9                                                                 
           - 5.485                                                             
     L.sub.5      d.sub. 5                                                     
                      0.573        1.785                                       
                                        / 26.1                                 
       r.sub.10                                                                
           + 0.888                                                             
                  l.sub.5                                                      
                      0.129                                                    
       r.sub.11                                                                
           + 3.800                                                             
     L.sub.6      d.sub.6                                                      
                      0.315        1.691                                       
                                        / 54.7                                 
       r.sub.12                                                                
           - 1.722                                                             
                  f.sub.min                                                    
                           1.000                                               
                  f.sub.M  1.102                                               
                  f.sub.max                                                    
                           1.217                                               
                  2y'      1.000                                               
                  Aperture ratio                                               
                           1:1.3                                               
PAC  EXAMPLE III
TBL    r.sub.1                                                                 
           + 13.048             n.sub.d                                        
                                       v.sub.d                                 
     L.sub.1      d.sub.1                                                      
                      0.255     1.589                                          
                                     / 51.4                                    
       r.sub.2                                                                 
           + 2.107                                                             
                      5.452                                                    
                  l.sub.1                                                      
                      4.956                                                    
                      4.459                                                    
       r.sub.3                                                                 
           + 5.226                                                             
     L.sub.2      d.sub.2                                                      
                      0.454     1.589                                          
                                     / 61.3                                    
       r.sub.4                                                                 
           - 7.480                                                             
                      0.050                                                    
                  l.sub.2                                                      
                      0.547                                                    
                      1.043                                                    
       r.sub.5                                                                 
           + 2.282                                                             
     L.sub.3      d.sub.3                                                      
                      0.369     1.589                                          
                                     / 61.3                                    
       r.sub.6                                                                 
           + 31.295                                                            
                  l.sub.3                                                      
                      0.014                                                    
       r.sub.7                                                                 
           + 1.412                                                             
     L.sub.4      d.sub.4                                                      
                      0.496     1.589                                          
                                     / 61.3                                    
       r.sub.8                                                                 
             .infin.                                                           
                  l.sub.4                                                      
                      0.099                                                    
       r.sub.9                                                                 
           - 5.555                                                             
     L.sub.5      d.sub.5                                                      
                      0.638     1.785                                          
                                     / 26.1                                    
       r.sub.10                                                                
           + 0.755                                                             
                  l.sub.5                                                      
                      0.135                                                    
       r.sub.11                                                                
           + 3.444                                                             
     L.sub.6      d.sub.6                                                      
                      0.284     1.691                                          
                                     / 54.7                                    
       r.sub.12                                                                
           - 1.376                                                             
                  f.sub.min                                                    
                           1.000                                               
                  f.sub.M  1.102                                               
                  f.sub.max                                                    
                           1.216                                               
                  2y'      1.000                                               
                  Aperture ratio                                               
                           1:1.3                                               
PAR  From the foregoing values the individual focal lengths f.sub.I, f.sub.II
      and f.sub.III of components GI, GII and GIII can be calculated as follows:
TBL  EXAMPLE     f.sub.I    f.sub.II   f.sub.III                               
     ______________________________________                                    
     I           -4.12      +5.35      +2.934                                  
     II          -3.89      +5.28      +3.025                                  
     III         -4.21      +5.28      +2.789                                  
     ______________________________________                                    
PAR  It will thus be seen that the individual focal lengths f.sub.I, f.sub.II
      and f.sub.III of components GI, GII, GIII have absolute values
      approximately in the ratio of f.sub.I :f.sub.II :f.sub.III = 4:5:3 in all
      three instances. The minimum focal length f.sub.min is about one-third of
      the individual focal length f.sub.III.
PAR  It will also be noted from the Tables that the range of displacement of
      intermediate component GII between its positions of minimum overall focal
      length f.sub.min and maximum overall focal length f.sub.max is in each
      case approximately equal to unity, and thus to the minimum focal length
      f.sub.min, with the first variable airspace l.sub.1 substantially greater
      than the second variable airspace l.sub.2 at both ends of the range.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pancratic wide-angle objective comprising:
PA1  a stationary negative front component;
PA1  a stationary multilens positive rear component; and
PA1  an axially movable positive intermediate component between said front and
      rear components;
PA1  said front component being a meniscus-shaped lens member with a concave
      surface turned toward said intermediate component and with an absolute
      focal length greater than that of said rear component;
PA1  said intermediate component being a biconvex lens member with a focal
      length greater than the absolute focal length of said front component, the
      absolute focal lengths of said front component, said intermediate
      component and said rear component having a ratio of approximately 4:5:3.
NUM  2.
PAR  2. An objective as defined in claim 1 wherein said front and rear
      components are separated by an airspace greater than the focal length of
      said front component.
NUM  3.
PAR  3. An objective as defined in claim 2 wherein said airspace equals
      approximately twice the focal length of said rear component.
NUM  4.
PAR  4. An objective as defined in claim 1 wherein the separation of said
      intermediate component from said front component substantially exceeds its
      separation from said rear component at both ends of its range of
      displacement.
NUM  5.
PAR  5. An objective as defined in claim 1 wherein said front component is a
      single lens L.sub.1, said intermediate component is a signal lens L.sub.2
      and said rear component consists of a positive first lens L.sub.3, a
      positive second lens L.sub.4, a negative third lens L.sub.5 and a positive
      fourth lens L.sub.6.
NUM  6.
PAR  6. An objective as defined in claim 5 wherein said lenses L.sub.1 - L.sub.6
      have thicknesses d.sub.1 - d.sub.6, radii r.sub.1 - r.sub.12 and
      separations l.sub.1 - l.sub.5 whose numerical values, together with their
      refractive indices n.sub.d and Abbe numbers v.sub.d, are substantially as
      given in the following Table:
TBL                    Thicknesses                                             
                       and                                                     
     Lenses                                                                    
           Radii       Separations  n.sub.d                                    
                                          v.sub.d                              
     ______________________________________                                    
           r.sub.1                                                             
                 +     7.072                                                   
     L.sub.1                 d.sub.1                                           
                                 0.229      1.658 50.9                         
           r.sub.2                                                             
                 +     1.972                                                   
                                 5.530 f.sub.min                               
                             l.sub.1                                           
                                 5.102 f.sub.M                                 
                                 4.516 f.sub.max                               
           r.sub.3                                                             
                 +     8.596                                                   
     L.sub.2                 d.sub.2                                           
                                 0.457      1.589 61.3                         
           r.sub.4                                                             
                 -     4.856                                                   
                                 0.014 f.sub.min                               
                             l.sub.2                                           
                                 0.443 f.sub.M                                 
                                 1.029 f.sub.max                               
           r.sub.5                                                             
                 +     2.137                                                   
     L.sub.3                 d.sub.3                                           
                                 0.372      1.589 61.3                         
           r.sub.6                                                             
                 +     14.894                                                  
                             l.sub.3                                           
                                 0.014                                         
           r.sub.7                                                             
                 +     1.425                                                   
     L.sub.4                 d.sub.4                                           
                                 0.500      1.589 61.3                         
           r.sub.8     .infin.                                                 
                             l.sub.4                                           
                                 0.104                                         
           r.sub.9                                                             
                 -     5.597                                                   
     L.sub.5                 d.sub.5                                           
                                 0.643      1.785 25.8                         
           r.sub.10                                                            
                 +     0.768                                                   
                             l.sub.5                                           
                                 0.121                                         
           r.sub.11                                                            
                 +     4.705                                                   
     L.sub.6                 d.sub.6                                           
                                 0.286      1.691 54.7                         
           r.sub.12                                                            
                 -     1.364                                                   
     ______________________________________                                    
NUM  7.
PAR  7. An objective as defined in claim 5 wherein said lenses L.sub.1 - L.sub.6
      have thicknesses d.sub.1 -d.sub.6, radii r.sub.1 - r.sub.12 and
      separations l.sub.1 - l.sub.5 whose numerical values, together with their
      refractive indices n.sub.d and Abbe numbers v.sub.d, are substantially as
      given in the following Table:
TBL                    Thicknesses                                             
                       and                                                     
     Lenses                                                                    
           Radii       Separations  n.sub.d                                    
                                          v.sub.d                              
     ______________________________________                                    
           r.sub.1                                                             
                 + 14.316                                                      
     L.sub.1               d.sub.1                                             
                               0.286      1.589 61.3                           
           r.sub.2                                                             
                 + 1.960                                                       
                               5.497 f.sub.min                                 
                           l.sub.1                                             
                               5.011 f.sub.M                                   
                               4.524 f.sub.max                                 
           r.sub.3                                                             
                 + 5.234                                                       
     L.sub.2               d.sub.2                                             
                               0.458      1.589 61.3                           
           r.sub.4                                                             
                 - 7.490                                                       
                               0.058 f.sub.min                                 
                           l.sub.2                                             
                               0.545 f.sub.M                                   
                               1.032 f.sub.max                                 
           r.sub.5                                                             
                 + 2.434                                                       
     L.sub.3               d.sub.3                                             
                               0.344      1.589 61.3                           
           r.sub.6                                                             
                 + 33.380                                                      
                           l.sub.3                                             
                               0.014                                           
           r.sub.7                                                             
                 + 1.507                                                       
     L.sub.4               d.sub.4                                             
                               0.558      1.589 61.3                           
           r.sub.8                                                             
                 .infin.                                                       
                           l.sub.4                                             
                               0.106                                           
           r.sub.9                                                             
                 - 5.485                                                       
     L.sub.5               d.sub.5                                             
                               0.573      1.785 26.1                           
           r.sub.10                                                            
                 + 0.888                                                       
                           l.sub.5                                             
                               0.129                                           
           r.sub.11                                                            
                 + 3.800                                                       
     L.sub.6               d.sub.6                                             
                               0.315      1.691 54.7                           
           r.sub.12                                                            
                 - 1.722                                                       
     ______________________________________                                    
NUM  8.
PAR  8. An objective as defined in claim 5 wherein said lenses L.sub.1 - L.sub.6
      have thicknesses d.sub.1 - d.sub.6, radii r.sub.1 - r.sub.12 and
      separations l.sub.1 - l.sub.5 whose numerical values, together with their
      refractive indices n.sub.d and Abbe numbers v.sub.d, are substantially as
      given in the following Table:
TBL                     Thicknesses                                            
                        and                                                    
     Lenses                                                                    
           Radii        Separations                                            
                                   n.sub.d                                     
                                          v.sub.d                              
     ______________________________________                                    
           r.sub.1                                                             
                 + 13.048                                                      
     L.sub.1                d.sub.1                                            
                                0.255  1.589  51.4                             
           r.sub.2                                                             
                 + 2.107                                                       
                                5.452                                          
                            l.sub.1                                            
                                4.956                                          
                                4.459                                          
           r.sub.3                                                             
                 + 5.226                                                       
     L.sub.2                d.sub.2                                            
                                0.454  1.589  61.3                             
           r.sub.4                                                             
                 - 7.480                                                       
                                0.050                                          
                            l.sub.2                                            
                                0.547                                          
                                1.043                                          
           r.sub.5                                                             
                 + 2.282                                                       
     L.sub.3                d.sub.3                                            
                                0.369  1.589  61.3                             
           r.sub.6                                                             
                 + 31.295                                                      
                            l.sub.3                                            
                                0.014                                          
           r.sub.7                                                             
                 + 1.412                                                       
     L.sub.4                d.sub.4                                            
                                0.496  1.589  61.3                             
           r.sub.8                                                             
                 .infin.                                                       
                            l.sub.4                                            
                                0.099                                          
           r.sub.9                                                             
                 - 5.555                                                       
     L.sub.5                d.sub.5                                            
                                0.638  1.785  26.1                             
           r.sub.10                                                            
                 + 0.755                                                       
                            l.sub.5                                            
                                0.135                                          
           r.sub.11                                                            
                 + 3.444                                                       
     L.sub.6                d.sub.6                                            
                                0.284  1.691  54.7                             
           r.sub.12                                                            
                 - 1.376                                                       
     ______________________________________                                    
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ABST
PAL  A wide aperture long focus photographic lens having internal aberration
      compensation and comprising an objective which is movable for focusing and
      a rear lens which is stationary with respect to the film plane and has an
      equivalent focal length which is substantially longer than the equivalent
      focal length of the overall lens.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 286,920, filed Sept. 7, 1972, which was a continuation-in-part of and
      copending with Ser. No. 179,304, filed Sept. 10, 1971, both now abandoned.
BSUM
PAR  This invention relates to photographic lenses, and more particularly
      relates to lens of relatively long focal lengths and large relative
      aperture which may be focused to very close objects.
PAR  A difficulty presented in focusing camera lenses to close subjects on the
      order of ten to twelve equivalent focal length (EFL) distance is resulting
      poor image quality.
PAR  The change of aberration correction as a function of object distance or
      magnification change is a complicated function which increases rapidly
      with increased power (decreased focal length) of the components, and
      greater relative aperture of the lens.
PAR  The degradation in image quality as function of magnification or focusing
      distance varies from one lens type to another. If a long focal length lens
      design is optimized for a given distance the image quality at a
      substantially shorter distance will be greatly degraded, and if a closer
      object distance were required, image quality could degenerate to the point
      of being unacceptable even for novel use.
PAR  Ordinarily, various lens types are optimized for a predetermined object
      distance. When the objective is moved for focusing, the spherical
      aberration or axial imagery will not change significantly. However, as the
      lens is focused closer, the off-axis imagery will change significantly,
      and can degenerate to the point of being unacceptable even for novel use.
PAR  The present invention provides a lens structure which overcomes the
      aforementioned problem and permits relatively long focal length lens of
      large relative aperture to be focused more closely without significant
      degradation of the off-axis imagery. The term "long focal length" as used
      herein refers to lenses whose equivalent focal length is one and one-half
      or more times greater than the diagonal of the image frame of the camera
      with which it is used.
PAR  This is achieved by providing a lens type using a relatively long focal
      length lens at a fixed position with reference to the film plane. Then, as
      the lens is focused, only the foremost portion of the lens moves while the
      rear component remains fixed with respect to the film. The correction lens
      is selected to be of essentially zero power.
PAR  In such an arrangement, with the rear lens element fixed in location to the
      film plane, when the front elements are moved, the spherical aberration or
      axial imagery will not change significantly. The off-axis imagery,
      however, would ordinarily change significantly. With the proper design of
      the rear group, the change will have a compensating effect to that which
      would normally occur without the correcting element, without significant
      degradation of the on-axis imagery.
PAR  An object of this invention is to provide a new and improved photographic
      lens of relatively long EFL and wide relative aperture.
PAR  Another object of this invention is to provide a new and improve lens
      structure for correcting off-axis aberration while allowing closer
      focusing of the lens with respect to an object to be photographed.
DRWD
PAR  The features of the invention which are believed to be novel are
      particularly pointed out and distinctly claimed in the concluding portion
      of this specification. However, the invention both as to its operation and
      organization together with further objects and advantages thereof may best
      be appreciated by reference to the following detailed description taken in
      conjunction with the drawings, wherein:
PAR  FIG. 1 is a lens representation of a five element, 100mm f/1.9 lens
      representative of the prior art.
PAR  FIG. 2 is a lens representation of a five element objective 100mm f/1.9
      lens which also includes a doublet aberration corrector;
PAR  FIG. 3 is a graphical comparison of aberration in the lenses of FIGS. 1 and
      2 due to sagittal rays with the object at infinity, and for different
      object heights.
PAR  FIG. 4 is a graphical comparison of aberration in the lenses of FIGS. 1 and
      2 due to tangential rays with the object at infinity, and for different
      object heights;
PAR  FIG. 5 is a graphical respresentation in aberration in the lenses of FIGS.
      1 and 2 due to sagittal rays with the object at 10 focal lengths for
      different object heights;
PAR  FIG. 6 is a graphical representation in aberration in the lenses of FIGS. 1
      and 2 due to tangential rays with the object at 10 focal lengths for
      different object heights;
PAR  FIG. 7 is a lens representation of a 100mm f/1.8 lens with a cemented
      doublet aberration corrector element.
PAR  FIG. 8 is a representation of a 100mm f/1.9 lens with an air spaced doublet
      aberration correction lens;
PAR  FIG. 9 is a representation of a 135mm f/2.0 lens with an air spaced doublet
      correction lens;
PAR  FIG. 10 is a representation of a 90mm f/1.9 macro lens with an air spaced
      doublet correction lens;
PAR  The lenses hereinafter disclosed are of relatively wide aperture, at least
      f/2.0 and have equivalent focal lengths (EFL's) of from 1.5 to 3.0, the
      EFL's of the common 35mm single lens of reflex camera lenses (generally
      50-58mm). Stated in another manner, the EFL's of the lenses of this
      invention to the diagonal D of the image frame (24 .times. 36mm) are from
      1.50 to 3.00. All lenses for single lens reflex cameras have a back focal
      length (BFL) which is at least 0.90D. The corrector lens group which may
      be an air spaced or cemented doublet has an EFL which is eight times the
      EFL of the overall lens. Otherwise stated, the power of the corrector
      group is essentially zero with respect to the overall lens.
PAR  In all of the lenses disclosed, the front objective elements move for
      focusing while the real corrector group remains fixed with respect to the
      film plane (FP). Mechanism for achieving this focusing motion is disclosed
      in copending application Ser. No. 468,473, filed on the same day as this
      application.
PAR  To exhibit the improvement derived through use of the invention,
      comparative tests were made on a 100mm f/1.9,  five element objective lens
      for a 24 .times. 36mm image frame camera with and without the aberration
      correction lens element. The lens of FIG. 1 without the aberration
      correction was design optimized for best performance. The lens of FIG. 2
      embodies an air spaced doublet corrector in accordance with the invention.
PAR  The parameters of the lens with reference to FIGS. 1 and 2 with and without
      corrector are given in Tables I and II, respectively:
TBL                TABLE I                                                     
     ______________________________________                                    
     100mm f/1.9 Lens (FIG. 1)                                                 
     Lens  Radius        Axial Distance                                        
                                       N.sub.d                                 
                                             V.sub.d                           
                         Between Surfaces                                      
     ______________________________________                                    
           R.sub.1 =                                                           
                  51.593                                                       
     L1                      8.000       1.589 61.3                            
           R.sub.2  =                                                          
                  249.766                                                      
                             0.100                                             
           R.sub.3 =                                                           
                  41.335                                                       
     L2                      15.463      1.517 64.2                            
           R.sub.4 =                                                           
                  165.323                                                      
                             3.384                                             
           R.sub.5 =                                                           
                  -199.985                                                     
     L3                      3.000       1.728 28.4                            
           R.sub.6 =                                                           
                  30.244                                                       
                             23.427                                            
           R.sub.7 =                                                           
                  74.865                                                       
     L4                      5.777       1.834 37.2                            
           R.sub.8 =                                                           
                  60.832                                                       
                             11.625                                            
           R.sub.9 =                                                           
                  44.268                                                       
     L5                      3.129       1.805 25.4                            
           R.sub.10 =                                                          
                  -211.080                                                     
                             39.012                                            
     Film Plane                                                                
     Front Vertex Distance = 112.917mm                                         
     ______________________________________                                    
PAR  FIG. 2 shows a lens of 100mm f/1.9 scaled for 24 .times. 36mm image frame.
      The data of this lens is set forth in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     100mm f/1.9 Lens (FIG. 2)                                                 
     Lens Radius         Axial Distance                                        
                                       N.sub.d                                 
                                             V.sub.d                           
                         Between Surfaces                                      
     ______________________________________                                    
          R.sub.1 =                                                            
                  44.903                                                       
     L1                      9.000       1.589 61.0                            
          R.sub.2 =                                                            
                  1037.300                                                     
                             .250                                              
          R.sub.3 =                                                            
                  41.385                                                       
     L2                      14.284      1.516 64.0                            
          R.sub.4 =                                                            
                  63.742                                                       
                             3.500                                             
          R.sub.5 =                                                            
                  -149.9080                                                    
     L3                      3.000       1.755 27.5                            
          R.sub.6 =                                                            
                  31.213                                                       
                             19.599                                            
          R.sub.7 =                                                            
                  80.786                                                       
     L4                      5.777       1.750 35.0                            
          R.sub.8 =                                                            
                  -47.302                                                      
                             4.543                                             
          R.sub.9 =                                                            
                  -42.907                                                      
     L5                      2.700       1.755 27.5                            
          R.sub.10 =                                                           
                  -120.985                                                     
                             1.000                                             
          R.sub.11 =                                                           
                  119.884                                                      
     L6                      3.500       1.740 28.2                            
          R.sub.12 =                                                           
                  71.346                                                       
                             2.436                                             
          R.sub.13 =                                                           
                  -61.984                                                      
     L7                      1.600       1.785 25.6                            
          R.sub. 14 =                                                          
                  166.988                                                      
                             40.5                                              
     Film Plane                                                                
     Front Vertex Distance = 111.689                                           
     ______________________________________                                    
PAR  N.sub.d is the coefficient of refraction and V.sub.d is the Abbe number.
PAR  The back focal length of the overall lens of FIG. 2 is 40.5mm. The focal
      length of the doublet corrector comprising elements L6 and L7 is 65921mm
      or essentially infinite. The space between elements L3 and L4 varies from
      100 - 32.00mm for focusing at infinity to 605.7mm, about 6 EFL's or less
      than 2.4 feet. Where the image frame is 24 .times. 36mm, as in the common
      35mm camera, it may easily be seen that this satisfies the requirements
      previously set forth that BFL = 0.9D and the power of the corrector is
      essentially zero.
PAR  The elements L1 - L5 move in fixed relation with each other for focusing
      while corrector elements L6 and L7 are in fixed relation to the film plane
      FP.
PAR  FIGS. 3 and 4 show a comparison of the aberration in the lenses of FIGS. 1
      and 2 with the object at infinity for image heights (H) of 0; 0.14F; and
      0.2F where F = EFL. The abscissa divisions are 0.005F and the ordinates
      are the relative entrance pupil height of the lens.
PAR  FIG. 3 shows the lateral aberration due to sagittal rays and FIG. 4 shows
      the lateral aberration due to tangential rays. The broken line represents
      the aberration of the lens of FIG. 2 with the corrector elements, and the
      solid line represents the aberration of the lens of FIG. 1 without the
      corrector element.
PAR  With the object at infinity there is only slight improvement in lateral
      aberration correction through the use of the corrector elements. FIGS. 5
      and 6 show the same comparison with the object at ten focal lengths or
      1,000mm. FIG. 5 represents a comparison of the aberration due to sagittal
      rays and FIG. 6 represents a comparison of the aberration due to
      tangential rays.
PAR  FIGS. 5 and 6 show that the use of the corrector group, when the object is
      focused closely provides substantial off-axis aberration correction and
      clearly exemplifies the improvement due to use of the invention.
PAR  It will further be seen that the provision of the aberration correction
      element in the lenses of FIG. 2 does not increase the overall length of
      the lens with respect to that of FIG. 1. The telephoto ratios are
      essentially identical.
PAR  FIG. 7 shows a 100mm f/1.9, lens scaled for a 24 .times. 36mm image frame.
      The data of this lens is set forth in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Lens Radius         Axial Distance                                        
                                       N.sub.d                                 
                                             V.sub.d                           
                         Between Surfaces                                      
     ______________________________________                                    
          R.sub.1 =                                                            
                  59.584                                                       
     L1                      13.120      1.713 53.9                            
          R.sub.2 =                                                            
                  606.100                                                      
                             .100                                              
          R.sub.3 =                                                            
                  44.062                                                       
     L2                      5.901       1.805 25.4                            
          R.sub.4 =                                                            
                  29.686                                                       
                             0                                                 
          R.sub.5 =                                                            
                  29.686                                                       
     L3                      12.165      1.743 49.3                            
          R.sub.6 =                                                            
                  50.109                                                       
                             3.800                                             
          R.sub.7 =                                                            
                  -384.628                                                     
     L4                      2.478       1.720 29.3                            
          R.sub.8 =                                                            
                  27.190                                                       
                             15.955                                            
          R.sub.9 =                                                            
                  79.129                                                       
     L5                      10.759      1.743 49.3                            
          R.sub.10 =                                                           
                  -25.062                                                      
                             0                                                 
          R.sub.11 =                                                           
                  -25.062                                                      
     L6                      3.500       1.640 60.2                            
          R.sub.12 =                                                           
                  -209.527                                                     
                             .144                                              
          R.sub.13 =                                                           
                  156.254                                                      
     L7                      3.570       1.650 39.3                            
          R.sub.14 =                                                           
                  34.143                                                       
                             0                                                 
          R.sub.15 =                                                           
                  34.143                                                       
     L8                      7.989       1.532 49.0                            
          R.sub.16 =                                                           
                  -718.936                                                     
                             40.0                                              
     Film Plane                                                                
     ______________________________________                                    
PAR  In the lens of FIG. 7, the space between lens elements L6 and L7 varies
      between 0.144mm and 37.820mm for focusing from infinity to 393mm or four
      focal lengths. The BFL is 40.0mm and the focal length of the corrector
      element comprising lens L7 and L8 is 866mm.
PAR  FIG. 8 illustrates another 100mm f/1.9 lens scaled for a 24 .times. 36mm
      image frame camera using an air spaced doublet corrector L6-L7. The data
      on this lens is shown on Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
                        Axial Distance                                         
                                      N.sub.d                                  
                                             V.sub.d                           
     Lens Radius        Between Surfaces                                       
     ______________________________________                                    
          R.sub.1 =                                                            
                 46.7761                                                       
     L1                     9.000       1.58913                                
                                               61.3                            
          R.sub.2 =                                                            
                 -1158.7859                                                    
                            0.250                                              
          R.sub.3 =                                                            
                 44.3752                                                       
     L2                     15.792      1.5168 64.2                            
          R.sub.4 =                                                            
                 68.2001                                                       
                            3.500                                              
          R.sub.5 =                                                            
                 -133.8090                                                     
     L3                     3.000       1.76182                                
                                               26.2                            
          R.sub.6 =                                                            
                 34.2235                                                       
                            19.215                                             
          R.sub.7 =                                                            
                 79.8431                                                       
     L4                     5.777       1.72342                                
                                               38.0                            
          R.sub.8 =                                                            
                 -45.8030                                                      
                            3.341                                              
          R.sub.9 =                                                            
                 -40.1509                                                      
     L5                     2.700       1.64769                                
                                               33.8                            
          R.sub.10 =                                                           
                 -98.8379                                                      
                            1.000                                              
          R.sub.11 =                                                           
                 116.9509                                                      
     L6                     3.500       1.74077                                
                                               27.8                            
          R.sub.12 =                                                           
                 -67.5594                                                      
                            2.869                                              
          R.sub.13 =                                                           
                 -55.5673                                                      
     L7                     1.600       1.78472                                
                                               25.7                            
          R.sub.14 =                                                           
                 132.8154                                                      
                            40.497                                             
     Film Plane                                                                
     ______________________________________                                    
PAR  N.sub.d is the index of refraction and V.sub.d is the Abbe number.
PAR  The back focal length of the lens is 40.5mm. The space between lens
      elements L5 and L6 varies between 1.000mm and 11.002mm for focusing from
      infinity to 1202.2mm, about 12 focal lengths or about 47 inches.
PAR  The effective focal length of the air spaced doublet corrector L6,L7, is
      negative (-621.39) and approaches infinity, inasmuch as the power of the
      doublet corrector is essentially zero.
PAR  FIG. 9 illustrates a 135mm f/2.0 lens scaled for a 24 .times. 36mm image
      frame camera using an air spaced doublet corrector L6-L7. The data on this
      lens is shown in Table VI.
TBL                TABLE VI                                                    
     ______________________________________                                    
     Lens Radius        Axial Distance                                         
                                      N.sub.d                                  
                                             V.sub.d                           
                        Between Surfaces                                       
     ______________________________________                                    
          R.sub.1 =                                                            
                 51.645                                                        
     L1                     14.100      1.60729                                
                                               59.5                            
          R.sub.2 =                                                            
                 plano                                                         
                            .369                                               
          R.sub.3 =                                                            
                 50.030                                                        
     L2                     11.841      1.5168 64.2                            
          R.sub.4 =                                                            
                 100.33                                                        
                            5.017                                              
          R.sub.5 =                                                            
                 -233.12                                                       
     L3                     4.050       1.80518                                
                                               25.5                            
          R.sub.6 =                                                            
                 46.807                                                        
                            26.491                                             
          R.sub.7 =                                                            
                 126.394                                                       
     L4                     5.684       1.71736                                
                                               29.5                            
          R.sub.8 =                                                            
                 - 59.478                                                      
                            6.934                                              
          R.sub.9 =                                                            
                 037.419                                                       
     L5                     3.645       1.64769                                
                                               33.8                            
          R.sub.10 =                                                           
                 - 338.400                                                     
                            *                                                  
          R.sub.11 =                                                           
                 - 144.915                                                     
     L6                     4.725       1.80518                                
                                               25.5                            
          R.sub.12 =                                                           
                 - 70.159                                                      
                            3.921                                              
          R.sub.13 =                                                           
                 -70.863                                                       
     L7                     2.160       1.71736                                
                                               20.5                            
          R.sub.14 =                                                           
                 - 149.480                                                     
                            39.92                                              
     Film Plane                                                                
     ______________________________________                                    
PAR  N.sub.d is the index of refraction and V.sub.d is the Abbe number.
PAR  The back focal length of the lens is 39.92mm. The space between lens
      elements L5 and L6 varies between 1.16mm and 15.82mm for focusing from
      infinity to 1688mm, about 121/2 focal lengths or about 66.4 inches.
PAR  The effective focal length of the corrector doublet is +1195mm.
PAR  FIG. 10 exemplifies a 90mm EFL f/1.9 macro lens scaled for a 24 .times.
      36mm image frame. The data for this lens is set forth in Table VII.
     ______________________________________                                    
     Lens Radius        Axial Distance                                         
                                      N.sub.d                                  
                                             V.sub.d                           
                        Between Surfaces                                       
     ______________________________________                                    
          R.sub.1 =                                                            
                  85.85                                                        
     L1                     5.000       1.678  55.5                            
          R.sub.2 =                                                            
                  Plano                                                        
                            .234                                               
          R.sub.3 =                                                            
                  42.15                                                        
     L2                     14.847      1.678  55.5                            
          R.sub.4 =                                                            
                  95.62                                                        
                            1.400                                              
          R.sub.5 =                                                            
                  406.87                                                       
     L3                     4.200       1.673  32.2                            
          R.sub.6 =                                                            
                  28.95                                                        
                            12.635                                             
          R.sub.7 =                                                            
                  -28.07                                                       
     L4                     3.000       1.575  41.5                            
          R.sub.8 =                                                            
                  74.74                                                        
     L5                     7.000       1.691  54.7                            
          R.sub.9 =                                                            
                  -39.95                                                       
                            .234                                               
          R.sub.10 =                                                           
                  200.43                                                       
     L6                     3.605       1.678  55.5                            
          R.sub.11 =                                                           
                  -84.63                                                       
                            0.3                                                
          R.sub.12 =                                                           
                  -279.43                                                      
     L7                     15.192      1.517  64.2                            
          R.sub.13 =                                                           
                  -61.78                                                       
                            7.954                                              
          R.sub.14 =                                                           
                  -48.45                                                       
     L8                     3.600       1.517  64.2                            
          R.sub.15 =                                                           
                  - 176.73                                                     
                            40.50                                              
     Film Plane                                                                
     ______________________________________                                    
PAR  The space between the lens elements L6 and L7 varies from 0.3 - 44.76 for
      focusing from infinity to 404.6mm or 4.5 EFL. The BFL is 40.5mm, and the
      EFL of the doublet corrector is +1250mm.
PAR  This last described lens may further be described as a macro lens because
      of its extreme close focusing capability. A magnification of 0.5 is
      achieved with excellent image quality.
PAR  The foregoing lenses are primarily designed for single lens reflex cameras,
      but may be scaled for other types of cameras.
PAR  All of the lenses comprise a first grouping of positive power, a second
      grouping of negative power having its larger optical power contribution on
      the image side followed by the aperture stop, a third group of positive
      power, and the corrector group. The aperture stop in each lens is
      indicated at A. This is generally known as a SONNAR type lens. This form
      is commonly used for lens of large relative aperture. In all cases, the
      disclosed lenses have relative apertures of f/2.0 or greater.
PAR  The relation of the elements to the groups for the disclosed lens is set
      forth below:
TBL         FIG. 2                                                             
                  FIG. 7    FIG. 8   FIG. 9                                    
                                           FIG. 10                             
     ______________________________________                                    
     Group I  L1,L2   L1,L2,L3  L1,L2  L1,L2 L1,L2                             
     Group II L3      L4        L3     L3    L3                                
     Group III                                                                 
              L4,L5   L5,L6     L4,L5  L4,L5 L4,L5,L6                          
     Corrector                                                                 
              L6,L7   L7,L8     L6,L7  L6,L7 L7,L8                             
     ______________________________________                                    
PAR  The ratio of the EFL of the corrector to the EFL of the overall lens is set
      forth below:
TBL         FIG. 2  659.21                                                     
            FIG. 7  8.66                                                       
            FIG. 8  - 6.21                                                     
            FIG. 9  8.26                                                       
            FIG. 10 13.89                                                      
PAR  The EFL of the corrector is at least 6 times the EFL of the lens, and has
      essentially zero power with respect thereto.
PAR  In all cases the EFL of the lenses is at least twice the diagonal of the
      image frame and the BFL is at least 0.9 of the diagonal.
PAR  In all of the lenses a doublet corrector which comprises one positive
      element and one negative element is used to provide the desired aberration
      correction. The correction group is fixed in the lens housing in relation
      to the film plane while the objective elements move for focusing in fixed
      relation to each other.
PAR  The present invention provides lenses with movable objectives while
      maintaining a corrector lens group in fixed relation to the film plane.
      With this arrangement where the power of the compensating lens is
      essentially zero, the lens will deliver optimum performance from infinity
      to closer distances heretofore unobtainable.
PAR  The corrector lens may have positive power so long as its power is
      essentially zero. The power is for all practical purposes essentially zero
      when the absolute value of the EFL of the corrector is at least six times
      the overall EFL of the lenses including the corrector.
PAR  Generally, the EFL of the corrector will be positive when the lens has a
      large relative aperture and/or the magnitude of the focusing travel is not
      a primary concern.
PAR  It may thus be seen that the objects of the invention set forth as well as
      those made apparent from the foregoing description are efficiently
      attained. While preferred embodiments of the invention have been set forth
      for purposes of disclosure, modification to the disclosed embodiments of
      the invention as well as other embodiments thereof may occur to those
      skilled in the art. Accordingly, the appended claims are intended to cover
      all embodiments which do not depart from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lens defined substantially by the following data as scaled for a 24
      .times. 36mm image frame:
TBL  Lens Radius         Axial Distance                                        
                                       N.sub.d                                 
                                             V.sub.d                           
                         Between Surfaces                                      
     ______________________________________                                    
          R.sub.1 =                                                            
                  44.903                                                       
     L1                      9.000       1.589 61.0                            
          R.sub.2 =                                                            
                  1037.300                                                     
                             .250                                              
          R.sub.3 =                                                            
                  41.385                                                       
     L2                      14.284      1.516 64.0                            
          R.sub.4 =                                                            
                  63.742                                                       
                             3.500                                             
          R.sub.5 =                                                            
                  - 149.9080                                                   
     L3                      3.000       1.755 27.5                            
          R.sub.6 =                                                            
                  31.213                                                       
                             19.599                                            
          R.sub.7 =                                                            
                  80.786                                                       
     L4                      5.777       1.750 35.0                            
          R.sub.8 =                                                            
                  - 47.302                                                     
                             4.543                                             
          R.sub.9 =                                                            
                  -42.907                                                      
     L5                      2.700       1.755 27.5                            
          R.sub.10 =                                                           
                  -120.985                                                     
                             1.000                                             
          R.sub.11 =                                                           
                  119.884                                                      
     L6                      3.500       1.740 28.2                            
          R.sub.12 =                                                           
                  -71.346                                                      
                             2.436                                             
          R.sub.13 =                                                           
                  - 61.984                                                     
     L7                      1.600       1.785 25.6                            
          R.sub.14 =                                                           
                  166.988                                                      
                             40.5                                              
     ______________________________________                                    
PAL  where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L7
      are the lens elements from the object end to the image end, R1-R14 are the
      surface radii of the lens elements, the axial distances are measured
      axially between lens surfaces, and the last axial distance is the back
      focal length.
NUM  2.
PAR  2. A lens defined substantially by the following data as scaled for a 24
      .times. 36mm image frame:
     Lens Radius         Axial Distance                                        
                                       N.sub.d                                 
                                             V.sub.d                           
                         Between Surfaces                                      
     ______________________________________                                    
          R.sub.1 =                                                            
                  59.584                                                       
     L1                      13.120      1.713 53.9                            
          R.sub.2 =                                                            
                  606.100                                                      
                             .100                                              
          R.sub.3 =                                                            
                  44.062                                                       
     L2                      5.901       1.805 25.4                            
          R.sub.4 =                                                            
                  29.686                                                       
                             0                                                 
          R.sub.5 29.686                                                       
     L3                      12.165      1.743 49.3                            
          R.sub.6 =                                                            
                  50.109                                                       
                             3.800                                             
          R.sub.7 =                                                            
                  -384.628                                                     
     L4                      2.478       1.720 29.3                            
          R.sub.8 =                                                            
                  27.190                                                       
                             15.955                                            
          R.sub.9 =                                                            
                  79.129                                                       
     L5                      10.759      1.743 49.3                            
          R.sub.10 =                                                           
                  -25.062                                                      
                             0                                                 
          R.sub.11 =                                                           
                  -25.062                                                      
     L6                      3.500       1.640 60.2                            
          R.sub.12 =                                                           
                  - 209.527                                                    
                             .144                                              
          R.sub.13 =                                                           
                  156.254                                                      
     L7                      3.570       1.650 39.3                            
          R.sub.14 =                                                           
                  34.143                                                       
                             0                                                 
          R.sub.15  =                                                          
                  34.143                                                       
     L8                      7.989       1.532 49.0                            
          R.sub.16 =                                                           
                  -718.936                                                     
                             40.0                                              
     ______________________________________                                    
PAL  where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L8
      are the lens elements from the object end to the image end, R1-R16 are the
      surface radii of the lens elements, the axial distance are measured
      axially between lens surfaces, and the last axial distance is the back
      focal length.
NUM  3.
PAR  3. A lens defined substantially by the following data as scaled for a 24
      .times. 36mm image frame:
TBL                     Axial Distance                                         
                                      N.sub.d                                  
                                             V.sub.d                           
     Lens Radius        Between Surfaces                                       
     ______________________________________                                    
          R.sub.1 =                                                            
                 46.7761                                                       
     L1                     9.000       1.58913                                
                                               61.3                            
          R.sub.2 =                                                            
                 -1158.7859                                                    
                            0.250                                              
          R.sub.3 =                                                            
                 44.3752                                                       
     L2                     15.792      1.5168 64.2                            
          R.sub.4 =                                                            
                 68.2001                                                       
                            3.500                                              
          R.sub.5 =                                                            
                 -133.8090                                                     
     L3                     3.000       1.76182                                
                                               26.2                            
          R.sub.6 =                                                            
                 34.2235                                                       
                            19.215                                             
          R.sub.7 =                                                            
                 79.8431                                                       
     L4                     5.777       1.72342                                
                                               38.0                            
          R.sub.8 =                                                            
                 -45.8030                                                      
                            3.341                                              
          R.sub.9 =                                                            
                 -40.1509                                                      
     L5                     2.700       1.64769                                
                                               33.8                            
          R.sub.10 =                                                           
                 -98.8379                                                      
                            1.000                                              
          R.sub.11 =                                                           
                 -116.9509                                                     
     L6                     3.500       1.74077                                
                                               27.8                            
          R.sub.12 =                                                           
                 -67.5594                                                      
                            2.869                                              
          R.sub.13 =                                                           
                 -55.5673                                                      
     L7                     1.600       1.78472                                
                                               25.7                            
          R.sub.14 =                                                           
                 132.8154                                                      
                            40.497                                             
     ______________________________________                                    
PAL  where N.sub.d is the index if refraction, V.sub.d is the Abbe number, L1-L7
      are the lens elements from the object end to the image end, R1-R14 are the
      surface radii of the lens elements, the axial distances are measured
      axially between lens surfaces, and the last axial distance is the back
      focal length.
NUM  4.
PAR  4. A lens defined substantially by the following data as scaled for a 24
      .times. 36mm image frame:
     Lens Radius        Axial Distance                                         
                                      N.sub.d                                  
                                             V.sub.d                           
                        Between Surfaces                                       
     ______________________________________                                    
          R.sub.1 =                                                            
                 51.645                                                        
     L1                     14.100      1.60729                                
                                               59.5                            
          R.sub.2 =                                                            
                 plano                                                         
                            .369                                               
          R.sub.3 =                                                            
                 50.030                                                        
     L2                     11.841      1.5168 64.2                            
          R.sub.4 =                                                            
                 100.33                                                        
                            5.017                                              
          R.sub.5 =                                                            
                 - 233.12                                                      
     L3                     4.050       1.80518                                
                                               25.5                            
          R.sub.6 =                                                            
                 46.807                                                        
                            26.491                                             
          R.sub.7 =                                                            
                 126.394                                                       
     L4                     5.684       1.71736                                
                                               29.5                            
          R.sub.8 =                                                            
                 -59.478                                                       
                            6.934                                              
          R.sub.9 =                                                            
                 037.419                                                       
     L5                     3.645       1.64769                                
                                               33.8                            
          R.sub.10 =                                                           
                 -338.400                                                      
                            1.16                                               
          R.sub.11 =                                                           
                 -144.915                                                      
     L6                     4.725       1.80518                                
                                               25.5                            
          R.sub.12 =                                                           
                 -70.159                                                       
                            3.921                                              
          R.sub.13 =                                                           
                 -70.863                                                       
     L7                     2.160       1.71736                                
                                               20.5                            
          R.sub.14  =                                                          
                 -149.480                                                      
                            39.92                                              
     ______________________________________                                    
PAL  where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L7
      are the lens elements from the object end to the image end, R1-R14 are the
      surface radii of the lens elements, the axial distances are measured
      axially between lens surfaces, and the last axial distance is the back
      focal length.
NUM  5.
PAR  5. A lens defined substantially by the following data as scaled for a 24
      .times. 36mm image frame:
     Lens Radius        Axial Distance                                         
                                      N.sub.d                                  
                                             V.sub.d                           
                        Between Surfaces                                       
     ______________________________________                                    
          R.sub.1 =                                                            
                 85.85                                                         
     L1                     5.000       1.678  55.5                            
          R.sub.2 =                                                            
                 plano                                                         
                            .234                                               
          R.sub.3 =                                                            
                 42.15                                                         
     L2                     14.847      1.678  55.5                            
          R.sub.4 =                                                            
                 95.62                                                         
                            1.400                                              
          R.sub.5 =                                                            
                 406.87                                                        
     L3                     4.200       1.673  32.2                            
          R.sub.6 =                                                            
                 28.95                                                         
                            12.635                                             
          R.sub.7 =                                                            
                 - 28.07                                                       
     L4                     3.000       1.575  41.5                            
          R.sub.8 =                                                            
                 74.74                                                         
     L5                     7.000       1.691  54.7                            
          R.sub.9 =                                                            
                 - 39.95                                                       
                            .234                                               
          R.sub.10 =                                                           
                 200.43                                                        
     L6                     3.605       1.678  55.5                            
          R.sub.11 =                                                           
                 - 84.63                                                       
                            0.3                                                
          R.sub.12 =                                                           
                 -279.43                                                       
     L7                     15.192      1.517  64.2                            
          R.sub.13 =                                                           
                 - 61.78                                                       
                            7.954                                              
          R.sub.14 =                                                           
                 - 48.45                                                       
     L8                     3.600       1.517  64.2                            
          R.sub.15 =                                                           
                 -176.73                                                       
                            40.50                                              
     ______________________________________                                    
PAL  where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L8
      are the lens elememts from the object end to the image end, R1-R15 are the
      surface radii of the lens elements, the axial distances are measured
      axially between lens surfaces, and the last axial distance is the back
      focal length.
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ABST
PAL  A telephoto photographic lens having internal aberration compensation and
      comprising an objective which is movable for focusing and a rear lens
      which is stationary with respect to the film plane. The rear lens has an
      equivalent focal length greater than that of the overall lens and may have
      negative power which presents a slight change in the equivalent length of
      the overall lens when the lens is close focused.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 286,920, filed Sept. 7, 1972, which was a continuation-in-part of and
      copending with Ser. No. 179,304, filed Sept. 10, 1971, both now abandoned.
BSUM
PAR  This invention relates to photographic lenses, and more particularly
      relates to telephoto lenses.
PAR  As used herein the term telephoto as applied to lenses means a lens where
      the equivalent focal (EFL) length is greater than the front vertex
      distance (FVD), the FVD being the distance from the object side of the
      first lens element to the image plane.
PAR  Moderately long focal length telephoto objectives such as a 300 millimeter
      objective for 35 millimeter cameras have traditionally focused on objects
      no closer than approximately 10 times the focal length. One reason for
      this limitation is focusing for a particular object distance requires an
      objective lens travel which is proportional to the square of the focal
      length. For closeup focusing, this results in extensive lens travel,
      requiring either several turns of the focusing ring or potential imprecise
      focusing resulting from a large thread pitch angle of the focusing ring.
      Additionally, with large focusing travel it is difficult to achieve
      linkage with an automatic diaphragm as utilized on many 35 millimeter
      single lens reflex cameras.
PAR  Another difficulty in achieving close focus is poor image quality. In order
      to achieve compactness in a telephoto objective, the focal lengths of the
      individual lens components must be considerably shorter than a
      non-telephoto objective of the same focal length. The change of aberration
      correction as a function of magnification change is a complicated function
      which increases rapidly with decreased focal length of the components.
PAR  The degradation in image quality as a function of magnification or focusing
      distance varies from one lens type to another but, for example, if a 300
      millimeter objective is optimized for approximately 35 feet object
      distance, the image quality at 10 feet object distance will be greatly
      degraded. If a closer object distance were required, image quality could
      degenerate to the point of being unacceptable even for novel use.
PAR  Ordinarily, various lens types are optimized for a predetermined distance.
      When the objective is moved the spherical aberration or axial imagery will
      not change significantly. However, as the lens is focused closer, the
      off-axis imagery will change significantly.
PAR  It has previously been proposed to correct for the off-axis imagery by
      adding a single fixed positive power element behind triplet type movable
      focusing elements. However, this is not applicable to telephoto lenses and
      further required focusing travel from infinity to closest focusing which
      was greater than the EFL of the lens. This is unacceptable in telephoto
      lenses for single lens reflex cameras.
PAR  The present invention provides a lens structure which overcomes the
      aforementioned problem to permit relatively long focal length telephoto
      lenses to be focused more closely without degradation of the off-axis
      imagery and with a minimum focusing travel.
PAR  This is achieved by providing a telephoto lens using a relatively long
      focal length lens at a fixed position with reference to the film plane.
      Then, as the lens is focused, only the foremost portion of the lens moves
      while the rear component remains fixed with respect to the film.
PAR  In such an arrangement, with the rear lens element fixed in location to the
      film plane, when the front elements are moved, the spherical aberration or
      axial imagery will not change significantly. The off-axis imagery,
      however, would ordinarily change significantly. With the proper design of
      the rear group, the change will have a compensating effect to that which
      would normally occur without the correcting element, without degradation
      of the on-axis imagery.
PAR  Another feature of the invention is that the focal length of the lens as a
      total unit thus experiences a small change as the front or objective
      portion is moved for closer focusing. This small change in focal length
      results in a large decrease in focusing travel.
PAR  An object of this invention is to provide a new and improved telephoto
      photographic lens.
PAR  Another object of this invention is to provide a new and improved telephoto
      lens structure for correcting off-axis aberration while allowing closer
      focusing of the lens with respect to an object to be photographed.
PAR  Another object of this invention is to provide a new and improved
      simplified telephoto lens structure which permits closer focusing of a
      lens of relatively long predetermined focal length, without excessive
      travel of the objective elements.
DRWD
PAR  The features of the invention which are believed to be novel are
      particularly pointed out and distinctly claimed in the concluding portion
      of this specification. However, the invention both as to its operation and
      organization together with further objects and advantages thereof may best
      be appreciated by reference to the following detailed description taken in
      conjunction with the drawings, wherein:
PAR  FIG. 1 is a longitudinal view, partially in cross section of a lens
      embodying the invention;
PAR  FIG. 2 is a representation of the image frame of a camera;
PAR  FIGS. 3 and 4 are representations of six element lenses embodying the
      invention scaled to an equivalent focal length of 135mm for a 24 .times.
      36mm image size camera; and
PAR  FIGS. 5 and 6 are representations of six element lenses embodying the
      invention scaled to an equivalent focal length of 200mm for a 24 .times.
      36mm image frame camera.
DETD
PAR  A lens assembly 10 embodying the invention generally comprises a housing 11
      which includes a barrel 12, a focusing ring or sleeve 13 and a mounting
      member 14.
PAR  The mounting member 14 includes mounting means generally indicated by the
      reference numeral 15 adapted to mount the lens to a camera body indicated
      in broken line by the reference numeral 16. The camera body 16 will have
      means defining a film plane 17. Also defined in the camera body will be
      means defining an image frame which is mounted just before the film plane,
      generally indicated by the numeral 18 which is also shown diagrammatically
      in FIG. 2.
PAR  Mounted to the barrel for movement therewith are objective lens elements
      20, 21, 22, 23 and 24 and 25. When the focusing ring 13, which is
      threadably connected to the barrel, is rotated the barrel 12 will move
      longitudinally with respect to focusing ring 13. A pin or guide 28 or
      other suitable means extends between mounting member 14 and depending
      portion 29 of barrel 12 to prevent rotation of the barrel and insure only
      linear movement thereof. Mounting member 14 at the forward end thereof has
      a radially inwardly direct flange 30 and an axially directed lens mount
      31. Mount 31 carries therein an aberration correction or compensating lens
      32 which is at all times held in fixed relation to film plane 17.
PAR  Where the equivalent focal length of the lens is greater than the diagonal
      of the film plane by a factor of three of more a negative meniscus may be
      used as the corrector element. Generally, for a relative aperture of about
      f/3.0 a singlet corrector lens is adequate. For larger relative apertures,
      a doublet corrector may be utilized. However, this will depend on the
      overall lens design.
PAR  It has been determined that when the front elements 20 - 25 are moved in
      barrel 12, the off-axis imagery would ordinarily change significantly.
      However, with the provision of the correcting element 32, the off-axis or
      lateral aberration is compensated without degradation of the on-axis
      image.
PAR  The correcting element is chosen to have an effective focal length (EFL)
      equal to or greater than twice the back focal length (BFL) of the overall
      lens, where the BFL is equal to or greater than 0.9D, where D is a
      diagonal measure of the image frame, as exemplified in FIG. 2.
PAR  With this arrangement the spherical aberration or axial imagery will not
      change significantly as the objective portion alone is moved. However, the
      correcting element 32 will compensate for the change in off-axis imagery
      which would be significant in the absence of the correcting element.
PAR  The compensating lens 32 is a negative power meniscus having a concave
      image side surface. In this construction, the focal length of the overall
      lens decreases as the front portion is moved for focusing on a closeup
      object. Because of the relationship between focusing travel and focal
      length a small change in focal length results in a large difference in
      focusing travel. Thus a 300 millimeter lens for a 24 .times. 36mm image
      frame which would normally focus to 10 feet could focus to 5 feet with the
      same lens travel.
PAR  Table I sets forth data for the lens of FIG. 1, as scaled to an EFL of
      300mm for a 24 .times. 36mm image frame, with a relative aperture of
      f/4.5.
TBL                TABLE I                                                     
     ______________________________________                                    
                            Axial                                              
                            Distance                                           
                            Between                                            
     Lens       Radius      Surfaces   N.sub.d                                 
                                             V.sub.d                           
     ______________________________________                                    
                 R1 =   86.177mm                                               
     L1  (20)                     10.000mm 1.498 66.7                          
                 R2     -4025.350                                              
                                  0.300                                        
                 R3     68.910                                                 
     L2  (21)                     13.300   1.533 45.9                          
                 R4     -177.800                                               
                                  0                                            
                 R5     -177.800                                               
     L3  (22)                     6.000    1.613 43.8                          
                 R6     - plano                                                
                                  1.810                                        
                 R7     3140.932                                               
     L4  (23)                     6.000    1.847 23.8                          
                 R8     83.236                                                 
                                  58.272                                       
                 R9     -322.731                                               
     L5  (24)                     5.794    1.785 25.6                          
                 R10    - 52.222                                               
                                  3.796                                        
                 R11    - 40.0201                                              
     L6  (25)                     6.280    1.816 44.5                          
                 R12    -419.537                                               
                                  1.22 - 20.491                                
                 R13    132.6794                                               
     L7  (32)                     3.828    1.516 64.0                          
                 R14    76.992                                                 
                                  93.39                                        
     ______________________________________                                    
PAL  Where N.sub.d is the index of refraction and V.sub.d is the Abbe number.
PAR  The lens specified may be termed a compact telephoto inasmuch as the ratio
      of the front vertex distance (FVD) to the equivalent focal length is less
      than 0.7.
PAR  This lens utilizes a negative meniscus 32 as the aberration correction
      element. The meniscus 32 has an EFL = - 363mm, and the overall lens has a
      vertex-to-vertex distance of 126.23mm. The front vertex distance is 210mm.
PAR  The equivalent focal length of the corrector lens 32 is - 363mm, more than
      twice the BFL (93.39mm) of the overall lens, and the BFL is greater than
      0.7 of the diagonal D of the image frame. The space between elements 25
      and 32 varies from 1.22mm to 20.491mm for focusing from 7 feet to
      infinity. The corrector element 32 as well as the mechanical design of the
      lens housing in this lens permits focusing as close as five focal lengths
      without unacceptable lateral aberration for most purposes.
PAR  FIG. 3 exemplifies a telephoto lens of 135mm EFL, as scaled for a 24
      .times. 36mm image frame, and having a relative aperture of f/2.3. The
      data of this lens is set forth in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
                     Axial Distance                                            
     Lens   Radius   Between Surfaces                                          
                               N.sub.d                                         
                                     V.sub.d                                   
     __________________________________________________________________________
        R1 =                                                                   
            45.6583mm                                                          
     L1              12.15mm   1.6228                                          
                                     56.9                                      
        R2  -3538.80                                                           
                     0.34                                                      
        R3  45.5236                                                            
     L2              11.13     1.5168                                          
                                     64.2                                      
        R4  77.8311                                                            
                     4.64                                                      
        R5  -145.2645                                                          
     L3              3.51      1.80518                                         
                                     25.5                                      
        R6  35.1509                                                            
                     19.22                                                     
        R7  95.1885                                                            
     L4              6.93      1.64769                                         
                                     33.8                                      
        R8  -44.2681                                                           
                     4.58                                                      
        R9  -37.3576                                                           
     L5              2.00      1.6223                                          
                                     53.1                                      
        R10 -95.1509                                                           
                     0.87 - 10.4                                               
        R11 62.1185                                                            
     L6              2.00      1.54814                                         
                                     45.8                                      
        R12 44.4264                                                            
                     59.67                                                     
     __________________________________________________________________________
PAL  Where N.sub.d is the index of refraction and V.sub.d is the Abbe number.
      The front vertex distance when focused to infinity is 127.04mm. The
      corrector element L6 is again a negative meniscus. Its EFL is - 296.4mm.
      The space between elements L5 and L6 varies from 0.87 - 10.4mm for
      focusing from infinity to 1500mm or less than 59 inches.
PAR  FIG. 4 exemplifies another telephoto lens of 135mm EFL as scaled for a 24
      .times. 36mm image frame, and having a relative aperture of f/2.3. The
      data of the lens is set forth in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
                    Axial Distance                                             
     Lens   Radius  Between Surfaces                                           
                              N.sub.d                                          
                                   V.sub.d                                     
     __________________________________________________________________________
        R1  51.237mm                                                           
     L1             12.918mm  1.623                                            
                                   56.9                                        
        R2  759.41                                                             
                    3.977                                                      
        R3  40.464                                                             
     L2             8.653     1.498                                            
                                   65.1                                        
        R4  103.150                                                            
                    3.806                                                      
        R5  -317.56                                                            
     L3             4.000     1.805                                            
                                   25.5                                        
        R6  36.719                                                             
                    23.467                                                     
        R7  101.995                                                            
     L4             6.936     1.699                                            
                                   30.1                                        
        R8  -64.646                                                            
                    15.544                                                     
        R9  -41.418                                                            
     L5             2.800     1.806                                            
                                   40.7                                        
        R10 -645.29                                                            
                    1.0 - 18.321                                               
        R11 -187.767                                                           
     L6             3.400     1.596                                            
                                   39.2                                        
        R12 -96.478                                                            
                    40.485                                                     
     __________________________________________________________________________
PAL  Where N.sub.d is the index of refraction and V.sub.d is the Abbe number.
      The front vertex distance when focused to infinity is 126.99mm. Here the
      corrector element is a positive meniscus having an EFL of 327mm. The space
      between elements L5 and L6 varies from 1.0 - 18.321mm for focusing from
      infinity to 1606mm, or about 63 inches.
PAR  FIG. 5 exemplifies a telephoto lens of 200mm EFL, as scaled for a 24
      .times. 36mm image frame, and having a relative aperture of f/3.0. The
      data of this lens is set forth in Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
                    Axial Distance                                             
     Lens   Radius  Between Surfaces                                           
                              N.sub.d                                          
                                    V.sub.d                                    
     __________________________________________________________________________
        R1 =                                                                   
            56.828mm                                                           
     L1             12.0mm    1.56873                                          
                                    63.1                                       
        R2  3586.0                                                             
                    .5                                                         
        R3  62.384                                                             
     L2             11.3      1.51680                                          
                                    64.2                                       
        R4  428.03                                                             
                    5.46                                                       
        R5  -254.83                                                            
     L3             4.13      1.80518                                          
                                    25.5                                       
        R6  64.06                                                              
                    29.21                                                      
        R7  -1567.0                                                            
     L4             5.61      1.80518                                          
                                    25.5                                       
        R8  -54.70                                                             
                    5.24                                                       
        R9  -38.14                                                             
     L5             1.85      1.71270                                          
                                    43.3                                       
        R10 -157.93                                                            
                    3.2 - 15.0                                                 
        R11 71.98                                                              
     L6             2.0       1.57957                                          
                                    53.7                                       
        R12 47.56                                                              
                    77.5                                                       
     __________________________________________________________________________
PAR  Where N.sub.d is the index of refraction and V.sub.d is the Abbe number.
      The front vertex distance is 157.9mm. The corrector element L6 is a
      negative meniscus having an EFL of -240.4. The space between elements L5
      and L6 varies from 3.2 - 15.0mm for focusing between infinity and 2372mm
      or about 93 inches.
PAR  FIG. 6 exemplifies another telephoto lens of 200mm EFL, as scaled for a 24
      .times. 36mm image frame, and having a relative aperture of f/3.0. The
      data of this lens is set forth in Table V.
TBL                                    TABLE V                                 
     __________________________________________________________________________
                    Axial Distance                                             
     Lens   Radius  Between Surfaces                                           
                              N.sub.d                                          
                                   V.sub.d                                     
     __________________________________________________________________________
        R1  52.385mm                                                           
     L1             14.500mm  1.487                                            
                                   70.4                                        
        R2  -230.818                                                           
                    .200                                                       
        R3  56.439                                                             
     L2             5.000     1.487                                            
                                   70.4                                        
        R4  69.663                                                             
                    7.400                                                      
        R5  -124.986                                                           
     L3             5.000     1.805                                            
                                   25.5                                        
        R6  254.784                                                            
                    3.753                                                      
        R7  -473.491                                                           
     L4             21.149    1.648                                            
                                   33.8                                        
        R8  -82.955                                                            
                    2.50                                                       
        R9  -33.700                                                            
     L5             3.00      1.831                                            
                                   36.5                                        
        R10 150.746                                                            
     L6             0         1.805                                            
                                   25.5                                        
        R11 -61.451                                                            
                    .20 - 16.59                                                
        R12 52.686                                                             
     L7             3.0       1.517                                            
                                   64.2                                        
        R13 43.100                                                             
                    63.4                                                       
     __________________________________________________________________________
PAL  Where N.sub.d is the index of refraction and V.sub.d is the Abbe number.
      The front vertex distance is 156.88mm. The corrector element L6 is a
      negative meniscus. Its EFL is -512.3mm. The space between elements L5 and
      L6 varies from 0.20 - 16.59mm for focusing from infinity to 2285mm, or
      about 90 inches.
PAR  All of the lenses disclosed comprise a six-element design. In each case the
      first element is of positive power having a convex front (object side)
      surface and a very large radius rear surface; the second element is
      positive with a convex front surface (a doublet in the lens of FIG. 1);
      the third element is negative with a concave rear surface followed by the
      aperture stop; the fourth element is positive with a convex rear surface;
      and the fifth element is negative with a convex rear surface. The
      compensating element with the exception of FIG. 4 is a negative meniscus
      with the concave side toward the image plane.
PAR  The lens of FIGS. 1 and 3 - 5 are of the so-called SONNAR type which
      generally may be classified in three groups, a positive leading group, a
      negative group which has its largest optical power contribution on the
      surface farthest from the first group, and a positive group separated from
      the first two groups by the aperture stop. The corrector follows the
      second positive group. The individual groups may be divided into positive
      and negative elements either cemented or separated by an air space. This
      type of lens arrangement is useful when a large aperture or a small
      telephoto ratio FVD/EFL is required.
PAR  Besides correcting for off-axis imagery, the stationary corrector element
      introduces a small change in EFL with focusing travel. The effect, where
      the corrector is of negative power is to slightly decrease the EFL. Since
      the focusing travel is a function of the square of the EFL, the focusing
      travel is substantially reduced.
PAR  The following Table VI exemplifies the reduced focusing travel of the
      disclosed embodiments of the invention.
TBL                                    TABLE VI                                
     __________________________________________________________________________
                                        EFL    TELEPHOTO                       
     LENS EFL  FOCUSING TRAVEL (FT.)                                           
                            FOCUSES TO                                         
                                   FT/EFL                                      
                                        CORRECTOR                              
                                               RATIO FVD/EFL                   
     __________________________________________________________________________
     FIG. 1                                                                    
          300mm                                                                
               19.27mm      2134mm .064 -363mm .70                             
                             7.05EFL                                           
     FIG. 3                                                                    
          135mm                                                                
               9.53         1500   .070 -296mm .94                             
                             11.1EFL                                           
     FIG. 4                                                                    
          135mm                                                                
               17.32        1606mm .128  327mm .94                             
                             11.9EFL                                           
     FIG. 5                                                                    
          200mm                                                                
               11.8         2372mm .059 -240mm .79                             
                             11.81EFL                                          
     FIG. 6                                                                    
          200mm                                                                
               16.39        2285mm .082 -502mm .78                             
                             11.42EFL                                          
     __________________________________________________________________________
PAR  In all of the foregoing examples, the EFL of the corrector is less than
      three times the EFL of the overall lens.
PAR  All of the lenses will focus to 12 EFL's or less with focusing travel of
      less than 13 percent of the EFL. The focusing travel is further
      substantially reduced when a negative corrector is utilized. Then the
      focusing travel is no greater than about 8 percent of the EFL. In the case
      of the lens of FIG. 1, a similar lens optimized without the fixed
      corrector element would require a focusing travel of over 25.0mm to focus
      to an object distance of 10.5 EFL. Additionally, the corrector elements
      provide compensation for the usual changes in off-axis imagery when close
      focusing.
PAR  Where the relative aperture is numerically greater than f/2.0 a singlet
      corrector element will generally suffice. At the longer EFL's the
      corrector element is of negative power. Then when the lens is close
      focused the overall EFL will slightly decrease, resulting in decreased
      focusing travel. At the shorter EFL's, focusing travel is not so critical
      and the corrector may be of positive power as exemplified in FIG. 4 and
      Table III.
PAR  The present invention provides compact telephoto lenses with movable
      objectives while maintaining a correcting lens in fixed relation to the
      film plane. With this arrangement the lens will deliver optimum
      performance from infinity to closer distances heretofore obtainable.
PAR  It may thus be seen that the objects of the invention set forth as well as
      those made apparent from the foregoing description are efficiently
      attained. While preferred embodiments of the invention have been set forth
      for purposes of disclosure, modification to the disclosed embodiments of
      the invention as well as other embodiments thereof may occur to those
      skilled in the art. Accordingly, the appended claims are intended to cover
      all embodiments which do not depart from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photographic lens of substantially constant equivalent focal length
      adapted to be mounted to a camera which includes an image frame, said lens
      having an equivalent focal length when focused to infinity greater than
      its front vertex distance, a lens housing, a plurality of lens elements
      defining an objective coaxially mounted in said housing, means for moving
      said objective axially to focus said lens with said elements in fixed
      relation, a correcting lens for correcting off-axis imagery when said lens
      is close focused in said housing behind said objective in fixed relation
      to said housing, said correcting lens having negative power and having an
      equivalent focal length whose absolute value is no greater than three
      times the equivalent focal length of the overall lens.
NUM  2.
PAR  2. The lens of claim 1 wherein said correcting lens is a meniscus.
NUM  3.
PAR  3. The lens of claim 2 wherein the concave side of said meniscus faces the
      image.
NUM  4.
PAR  4. The lens of claim 1 defined substantially by the following data:
TBL  Lens    Radius     Axial Distance                                         
                                      N.sub.d                                  
                                            V.sub.d                            
                        Between Surfaces                                       
     ______________________________________                                    
         R1 =    86.177                                                        
     L1                     10.000      1.498 66.7                             
         R2      -4025.350                                                     
                            0.300                                              
         R3      68.910                                                        
     L2                     13.300      1.533 45.9                             
         R4      -177.800                                                      
                            0                                                  
         R5      -177.800                                                      
     L3                     6.000       1.613 43.8                             
         R6      - plano                                                       
                            1.810                                              
         R7      3140.932                                                      
     L4                     6.000       1.847 23.8                             
         R8      83.236                                                        
                            58.272                                             
         R9      -322.731                                                      
     L5                     5.794       1.785 25.6                             
         R10     -52.222                                                       
                            3.796                                              
         R11     -40.0201                                                      
     L6                     6.280       1.816 44.5                             
         R12     -419.537                                                      
                            1.22 - 20.491                                      
         R13     132.6794                                                      
     L7                     3.828       1.516 64.0                             
         R14     76.992                                                        
                            93.39                                              
     ______________________________________                                    
PAL  Where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L7
      represent lens elements progressively from the front element to the
      rearmost element, R1-R14 are the radii of the lens surfaces, the axial
      distance is measured axially between lens surfaces, and the last axial
      distance is the back focal length of the lens.
NUM  5.
PAR  5. The lens of claim 1 defined substantially by the following data:
TBL                      Axial Distance                                        
     Lens   Radius       Between Surfaces                                      
                                      N.sub.d                                  
                                             V.sub.d                           
     ______________________________________                                    
         R1 =   45.6583mm                                                      
     L1                      12.15mm    1.6228 56.9                            
         R2     -3538.80                                                       
                             0.34                                              
         R3     45.5236                                                        
     L2                      11.13      1.5168 64.2                            
         R4     77.8311                                                        
                             4.64                                              
         R5     -145.2645                                                      
     L3                      3.51       1.80518                                
                                               25.5                            
         R6     35.1509                                                        
                             19.22                                             
         R7     95.1885                                                        
     L4                      6.93       1.64769                                
                                               33.8                            
         R8     -44.2681                                                       
                             4.58                                              
         R9     -37.3576                                                       
     L5                      2.00       1.6223 53.1                            
         R10    -95.1509                                                       
                             0.87 - 10.4                                       
         R11    62.1185                                                        
     L6                      2.00       1.54814                                
                                               45.8                            
         R12    44.4264                                                        
                             59.67                                             
     ______________________________________                                    
PAL  Where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L6
      represent lens elements progressively from the front element to the
      rearmost element, R1-R12 are the radii of the lens surfaces, the axial
      distance is measured axially between lens surfaces, and the last axial
      distance is the back focal length of the lens.
NUM  6.
PAR  6. The lens of claim 1 defined substantially by the following data:
TBL                     Axial Distance                                         
     Lens   Radius      Between Surfaces                                       
                                     N.sub.d                                   
                                            V.sub.d                            
     ______________________________________                                    
         R1 =   56.828mm                                                       
     L1                     12.0mm     1.56873                                 
                                              63.1                             
         R2     3586.0                                                         
                            .5                                                 
         R3     62.384                                                         
     L2                     11.3       1.51680                                 
                                              64.2                             
         R4     428.03                                                         
                            5.46                                               
         R5     -254.83                                                        
     L3                     4.13       1.80518                                 
                                              25.5                             
         R6     64.06                                                          
                            29.21                                              
         R7     -1567.0                                                        
     L4                     5.61       1.80518                                 
                                              25.5                             
         R8     -54.70                                                         
                            5.24                                               
         R9     -38.14                                                         
     L5                     1.85       1.71270                                 
                                              43.3                             
         R10    -157.93                                                        
                            3.2 - 15.0                                         
         R11    71.98                                                          
     L6                     2.0        1.57957                                 
                                              53.7                             
         R12    47.56                                                          
                            77.5                                               
     ______________________________________                                    
PAL  Where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L6
      represent lens elements progressively from the front element to the
      rearmost element, R1-R12 are the radii of the lens surfaces, the axial
      distance is measured axially between lens surfaces, and the last axial
      distance is the back focal length of the lens.
NUM  7.
PAR  7. The lens of claim 1 defined substantially by the following data:
TBL                      Axial Distance                                        
     Lens    Radius      Between Surfaces                                      
                                       N.sub.d                                 
                                             V.sub.d                           
     ______________________________________                                    
         R1      52.385mm                                                      
     L1                      14.500mm    1.487 70.4                            
         R2      -230.818                                                      
                             .200                                              
         R3      56.439                                                        
     L2                      5.000       1.487 70.4                            
         R4      69.663                                                        
                             7.400                                             
         R5      -124.986                                                      
     L3                      5.000       1.805 25.5                            
         R6      254.784                                                       
                             3.753                                             
         R7      -473.491                                                      
     L4                      21.149      1.648 33.8                            
         R8      -82.955                                                       
                             2.50                                              
         R9      -33.700                                                       
     L5                      3.00        1.831 36.5                            
         R10     150.746                                                       
     L6                      0           1.805 25.5                            
         R11     -61.451                                                       
                             .20 - 16.59                                       
         R12     52.686                                                        
     L7                      3.0         1.517 64.2                            
         R13     43.100                                                        
     ______________________________________                                    
PAL  Where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L7
      represent lens elements progressively from the front element to the
      rearmost element, R1-R13 are the radii of the lens surfaces, the axial
      distance is measured axially between lens surfaces, and the last axial
      distance is the back focal length of the lens.
NUM  8.
PAR  8. A photographic lens of substantially constant equivalent focal length
      adapted to be mounted to a camera which includes an image frame, said lens
      having an equivalent focal length when focused to infinity greater than
      its front vertex distance, a lens housing, a plurality of lens elements
      defining a positive objective coaxially mounted in said housing, means for
      moving said objective axially to focus said lens, a compensating lens for
      correcting off-axis imagery when said lens is close focused in said
      housing behind said objective in fixed relation to said housing, said
      compensating lens being of negative power and acting to slightly decrease
      the equivalent focal length of the overall lens as said objective is moved
      forward thereof for close focusing, the equivalent focal length of said
      compensating lens being no greater than three times the equivalent focal
      length of the overall lens.
NUM  9.
PAR  9. The lens of claim 8 wherein said compensating lens is a meniscus and the
      concave side of said meniscus faces the image.
NUM  10.
PAR  10. A lens of predetermined essentially fixed equivalent focal length, said
      equivalent focal length being at least 2.5 times the diagonal of the image
      frame of a camera adapted to mount said lens, said lens having an
      equivalent focal length when focused at infinity greater than its front
      vertex distance, said lens comprising a housing adapted to be mounted to a
      camera body, a plurality of lens elements coaxially mounted in said
      housing, means for moving said plurality of element in fixed relation for
      focusing of said lens, a rear compensating lens fixed in said housing for
      enabling close focusing of the overall lens with minimal aberrations, said
      compensating lens being of negative power and comprising a meniscus with
      the concave surface thereof facing the image plane, the equivalent focal
      length of said compensating lens being no greater than three times the
      equivalent focal length of the overall lens.
NUM  11.
PAR  11. The lens of claim 10 defined substantially by the following data:
TBL                      Axial Distance                                        
     Lens    Radius      Between Surfaces                                      
                                       N.sub.d                                 
                                             V.sub.d                           
     ______________________________________                                    
         R1 =    86.177                                                        
     L1                      10.000      1.498 66.7                            
         R2      -4025.350                                                     
                             0.300                                             
         R3      68.910                                                        
     L2                      13.300      1.533 45.9                            
         R4      -177.800                                                      
                             0                                                 
         R5      -177.800                                                      
     L3                      6.000       1.613 43.8                            
         R6      - plano                                                       
                             1.810                                             
         R7      3140.932                                                      
     L4                      6.000       1.847 23.8                            
         R8      83.236                                                        
                             58.272                                            
         R9      -322.731                                                      
     L5                      5.794       1.785 25.6                            
         R10     -52.222                                                       
                             3.796                                             
         R11     -40.0201                                                      
     L6                      6.280       1.816 44.5                            
         R12     -419.537                                                      
                             1.22 - 20.491                                     
         R13     132.6794                                                      
     L7                      3.828       1.516 64.0                            
         R14     76.992                                                        
                             93.39                                             
     ______________________________________                                    
PAL  Where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L7
      represent lens elements progressively from the front element to the
      rearmost element, R1-R14 are the radii of the lens surfaces, the axial
      distance is measured axially between lens surfaces, and the last axial
      distance is the back focal length of the lens.
NUM  12.
PAR  12. The lens of claim 10 defined substantially by the following data:
TBL                       Axial                                                
                          Distance                                             
                          Between                                              
     Lens    Radius       Surfaces   N.sub.d                                   
                                            V.sub.d                            
     ______________________________________                                    
         R1 =    45.6583mm                                                     
     L1                       12.15mm  1.6228 56.9                             
         R2      -3538.80                                                      
                              0.34                                             
         R3      45.5236                                                       
     L2                       11.13    1.5168 64.2                             
         R4      77.8311                                                       
                              4.64                                             
         R5      -145.2645                                                     
     L3                       3.51     1.80518                                 
                                              25.5                             
         R6      35.1509                                                       
                              19.22                                            
         R7      95.1885                                                       
     L4                       6.93     1.64769                                 
                                              33.8                             
         R8      -44.2681                                                      
                              4.58                                             
         R9      -37.3576                                                      
     L5                       2.00     1.6223 53.1                             
         R10     -95.1509                                                      
                              0.87 - 10.4                                      
         R11     62.1185                                                       
     L6                       2.00     1.54814                                 
                                              45.8                             
         R12     44.4264                                                       
                              59.67                                            
     ______________________________________                                    
PAL  Where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L6
      represent lens elements progressively from the front element to the
      rearmost element, R1-R12 are the radii of the lens surfaces, the axial
      distance is measured axially between lens surfaces, and the last axial
      distance is the back focal length of the lens.
NUM  13.
PAR  13. The lens of claim 10 defined substantially by the following data:
TBL                      Axial Distance                                        
     Lens    Radius      Between Surfaces                                      
                                       N.sub.d                                 
                                             V.sub.d                           
     ______________________________________                                    
         R1 =    56.828mm                                                      
     L1                      12.0mm      1.56873                               
                                               63.1                            
         R2      3586.0                                                        
                             .5                                                
         R3      62.384                                                        
     L2                      11.3        1.51680                               
                                               64.2                            
         R4      428.03                                                        
                             5.46                                              
         R5      -254.83                                                       
     L3                      4.13        1.80518                               
                                               25.5                            
         R6      64.06                                                         
                             29.21                                             
         R7      -1567.0                                                       
     L4                      5.61        1.80518                               
                                               25.5                            
         R8      -54.70                                                        
                             5.24                                              
         R9      -38.14                                                        
     L5                      1.85        1.71270                               
                                               43.3                            
         R10     -157.93                                                       
                             3.2 - 15.0                                        
         R11     71.98                                                         
     L6                      2.0         1.57957                               
                                               53.7                            
         R12     47.56                                                         
                             77.5                                              
     ______________________________________                                    
PAL  Where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L6
      represent lens elements progressively from the front element to the
      rearmost element, R1-R12 are the radii of the lens surfaces, the axial
      distance is measured axially between lens surfaces, and the last axial
      distance is the back focal length of the lens.
NUM  14.
PAR  14. The lens of claim 10 defined substantially by the following data:
TBL                      Axial Distance                                        
     Lens    Radius      Between Surfaces                                      
                                       N.sub.d                                 
                                             V.sub.d                           
     ______________________________________                                    
         R1      52.385mm                                                      
     L1                      14.500mm    1.487 70.4                            
         R2      -230.818                                                      
                             .200                                              
         R3      56.439                                                        
     L2                      5.000       1.487 70.4                            
         R4      69.663                                                        
                             7.400                                             
         R5      -124.986                                                      
     L3                      5.000       1.805 25.5                            
         R6      254.784                                                       
                             3.753                                             
         R7      -473.491                                                      
     L4                      21.149      1.648 33.8                            
         R8      -82.955                                                       
                             2.50                                              
         R9      -33.700                                                       
     L5                      3.00        1.831 36.5                            
         R10     150.746                                                       
     L6                      0           1.805 25.5                            
         R11     -61.451                                                       
                             .20 - 16.59                                       
         R12     52.686                                                        
     L7                      3.0         1.517 64.2                            
         R13     43.100                                                        
     ______________________________________                                    
PAL  Where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L7
      represent lens elements progressively from the front element to the
      rearmost element, R1-R13 are the radii of the lens surfaces, the axial
      distance is measured axially between lens surfaces and the last axial
      distance is the back focal length of the lens.
NUM  15.
PAR  15. A lens having an equivalent focal length greater than its front vertex
      distance when focused to infinity comprising a housing adapted to be
      mounted to a camera, a plurality of lens elements coaxially mounted in
      said housing and movable axially in fixed relation for focusing of said
      lens, a corrector lens in said housing behind said plurality and in fixed
      relation to said housing, said plurality of lens elements defining a first
      group of positive power, a second group of negative power followed by an
      aperture stop, and a third positive group, said lens having an equivalent
      focal length at least two and one-half times the diagonal of the image
      frame of a camera to which it may be mounted, said fixed lens being of
      negative power having an equivalent focal length no greater than three
      times the equivalent focal length of the overall lens, said fixed lens
      serving to correct for aberrations due to off-axis imagery when said lens
      is close focused.
NUM  16.
PAR  16. The lens of claim 15 wherein said corrector lens is a meniscus.
NUM  17.
PAR  17. The lens of claim 15 wherein the concave side of said meniscus faces
      the image.
NUM  18.
PAR  18. A lens defined substantially by the following data as scaled for a
      24.times.36mm image frame and an equivalent focal length of 135mm:
TBL                      Axial Distance                                        
     Lens    Radius      Between Surfaces                                      
                                       N.sub.d                                 
                                             V.sub.d                           
     ______________________________________                                    
         R1      51.237mm                                                      
     L1                      12.918mm    1.623 56.9                            
         R2      759.41                                                        
                             3.977                                             
         R3      40.464                                                        
     L2                      8.653       1.498 65.1                            
         R4      103.150                                                       
                             3.806                                             
         R5      -317.56                                                       
     L3                      4.000       1.805 25.5                            
         R6      36.719                                                        
                             23.467                                            
         R7      101.995                                                       
     L4                      6.936       1.699 30.1                            
         R8      -64.646                                                       
                             15.544                                            
         R9      -41.418                                                       
     L5                      2.800       1.806 40.7                            
         R10     -645.29                                                       
                             1.0 - 18.321                                      
         R11     -187.767                                                      
     L6                      3.400       1.596 39.2                            
         R12     -96.478                                                       
                             40.485                                            
     ______________________________________                                    
PAL  Where N.sub.d is the index of refraction, V.sub.d is the Abbe number, L1-L6
      represent lens elements progressively from the front element to the
      rearmost element, R1-R12 are the radii of the lens surfaces, the axial
      distance is measured axially between lens surfaces; and the last axial
      distance is the back focal length of the lens.
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ABST
PAL  This invention relates to a short focal length, large aperture Petzval-type
      optical system primarily designed to efficiently transmit light rays to an
      image plane with an extraordinarily high degree of correction over a
      prescribed field.
BSUM
PAR  This invention relates to a short focal length, large aperture optical
      system primarily intended for use in optical instruments.
PAR  Optical systems have been designed to efficiently transmit light rays to an
      image plane with an extraordinarily high degree of correction over a
      prescribed field. The optical system is of short focal length and high
      aperture to efficiently transmit light rays of a predetermined wavelength
      from a source of small size and to image the rays without degradation on
      an image plane at a smaller size than that of the source, in this
      instance, a low powered helium neon laser the beam of which is focused.
      This all-glass optical system of the modified Petzval type is intended for
      use in a mass-produced instrument, such as video disc player. The optical
      system is to be simple in design and assembly, relatively light weight and
      relatively low in cost, yet essentially diffraction limited over the
      prescribed field. Further, the design is to have optimum performance
      characteristics and to provide an image of substantially better correction
      than might be anticipated notwithstanding anticipated tolerance variations
      during manufacture and assembly.
PAR  An object of the invention is to provide short focal length, high aperture
      Petzval type optical system for efficient transmission of light rays of a
      predetermined wavelength from a light source of limited diameter and to
      image the rays without degradation on an image plane at a smaller size
      than that of the source.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      detailed description which follows when taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic sectional view of a preferred optical system
      according to the present invention; and
PAR  FIGS. 2a to 2h are graphical representations of the various aberrations of
      the lens system shown in FIG. 1 and having the design data given in Table
      1.
DETD
PAR  Referring to the drawings; an optical system is shown for critically
      imaging light rays from a source having a limited diameter and essentially
      a single wavelength. In this preferred embodiment, the light source is a
      focused laser having an 0.8mm diameter beam and a wavelength of 6328
      Angstroms. The arrangement of elements, configured as hereinafter
      described, provides for critically imaging the focused beam to a point
      source of extremely small diameter, while providing a lightweight, highly
      corrected all glass optical system of the Petzval-type which can be
      economically manufactured.
PAR  The optical system of FIG. 1 includes a first element L.sub.1, starting at
      the ray entrance side of the system and positioned nearest the light
      source (not shown). The element is of positive power, and together with a
      negative element L.sub.2, forms a convergent component group which
      receives the rays of the light source.
PAR  The second element L.sub.2 is axially separated and slightly air spaced
      from the first element L.sub.1.
PAR  The third element L.sub.3 is relatively widely air spaced from element
      L.sub.2. Element L.sub.3 is of slightly positive power and function with
      positive element L.sub.4 as a positive power component group for relaying
      the light rays to the image plane, to form a reduced image of the object.
PAR  The optical design may be modified to be used with a protective cover of
      optical material to reduce potential damage to a surface carrying
      optically coded information at the image plane.
PAR  The optical system is a 7.38mm (0.2904 inch) focal length objective having
      an effective aperture of f/1.04 (NA = .45). The system has a half angle of
      field of 2.58 degrees and is diffraction limited over this prescribed
      field. As seen in FIGS. 2a - 2h which diagrammatically represent
      aberrations of the FIG. 1 optical system, a combined high degree of
      correction is obtained while maintaining an extremely short focal length
      and a larger effective aperture.
PAR  The optical values of the optical system of FIG. 1 are as follows:
TBL                TABLE 1                                                     
     ______________________________________                                    
     EFL = 7.38mm                                                              
     1/2 Angle of Field = 2.58.degree.                                         
     LENS  RADII (IN.)  THICKNESS (IN.)                                        
                                      SPACING (IN.)                            
     ______________________________________                                    
     L.sub.1                                                                   
           R.sub.1 =                                                           
                  .8013                                                        
                              D.sub.1 = .0890                                  
           R.sub.2 =                                                           
                  1.7049                                                       
                                          S.sub.1 = .0163                      
     L.sub.2                                                                   
           R.sub.3 =                                                           
                  - .4552                                                      
                              D.sub.2 = .0400                                  
           R.sub.4 =                                                           
                  .8970                                                        
                                          S.sub.2 = .3381                      
     L.sub.3                                                                   
           R.sub.5 =                                                           
                  .5318                                                        
                              D.sub.3 = .0852                                  
           R.sub.6 =                                                           
                  1.4273                                                       
                                          S.sub.3 = .0050                      
     L.sub.4                                                                   
           R.sub.7 =                                                           
                  .1864                                                        
                              D.sub.4 = .0861                                  
           R.sub.8 =                                                           
                  - .2589                                                      
                                          S.sub.4 = .1320 BFL                  
     ALL ELEMENTS: V=25.8, N.sub.D =1.785                                      
     ______________________________________                                    
PAR  In the above table, the first column lists the lens elements numerically
      starting at the ray entrance side of the system which elements each have
      the same dispersive index and refractive index. The second column lists
      the radii for the respective surfaces of the elements, the + value of the
      radii indicate surfaces which are convex and the - value of the radii
      indicate surfaces which are concave. The third column lists the thickness
      of the respective elements. The fourth column lists the axial spacings
      between the respective elements and the nominal image plane. "EFL" is the
      effective focal length of the lens system. "1/2 Angle of Field" is
      one-half the angle between the continuation of the lens axis and a line
      from the nodal point of the lens to the most oblique point recorded on the
      film.
PAR  FIGS. 2a to 2h graphically represent various aberrations of this form of
      the optical system, as shown in FIG. 1 and having the design data recited
      in Table 1. FIG. 2a represents monochromatic correction of the rays on
      axis. FIG. 2b represents off axis aberrations of a ray passing from the
      zone of the film format and through the lens transversely and
      tangentially. FIG. 2c represents the aberrations of the rays passing from
      the corner of the film format through the lens tangentially and
      transversely. FIG. 2d represents the radial or longitudinal aberrations
      from the zone of the film format of rays entering the lens at 3 o'clock,
      while FIG. 2e represents similar aberrations from full field or corner
      rays. FIG. 2f represents distortion as a percentage of a "perfect" image.
      FIG. 2g represents the spherical aberrations by a full line and the
      offense-against-sine-condition by the dotted line. FIG. 2h represents the
      curvature of field with tangential curvature being shown in full line and
      sagittal curvature being shown in dashed line.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical system of relatively short focal length and large aperture
      having substantially the following specification:
TBL  EFL = 7.38mm                                                              
     1/2 Angle of Field = 2.58.degree.                                         
     LENS  RADII (IN.)  THICKNESS (IN.)                                        
                                      SPACING (IN.)                            
     ______________________________________                                    
     L.sub.1                                                                   
           R.sub.1 =                                                           
                  .8013                                                        
                              D.sub.1 = .0890                                  
           R.sub.2 =                                                           
                  1.7049                                                       
                                          S.sub.1 = .0163                      
     L.sub.2                                                                   
           R.sub.3 =                                                           
                  - .4552                                                      
                              D.sub.2 = .0400                                  
           R.sub.4 =                                                           
                  .8970                                                        
                                          S.sub.2 = .3381                      
     L.sub.3                                                                   
           R.sub.5 =                                                           
                  .5318                                                        
                              D.sub.3 = .0852                                  
           R.sub.6 =                                                           
                  1.4273                                                       
                                          S.sub.3 = .0050                      
     L.sub.4                                                                   
           R.sub.7 =                                                           
                  .1864                                                        
                              D.sub.4 = .0861                                  
           R.sub.8 =                                                           
                  - .2589                                                      
                                          S.sub.4 = .1320 BFL                  
     ALL ELEMENTS: V = 25.8, N.sub.D = 1.785                                   
     ______________________________________                                    
PAL  wherein the first column lists the lens elements numerically starting at
      the ray entrance side of the system which elements each have the same
      dispersive index and refractive index; the second column lists the
      respective base radii R.sub.1 to R.sub.8 ; the third column lists the
      thickness D.sub.1 to D.sub.4 of the respective elements; and the fourth
      column lists the axial spacings S.sub.1 to S.sub.4 between the respective
      elements, and the image plane.
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ABST
PAL  An apparatus for modulating a high energy beam such as a laser beam
      comprising a rotor having a plurality of circumferentially spaced
      selectively shaped openings formed in a periphery thereof and adapted to
      rotate in the path of said high energy beam for permitting modulated
      portions of said beam to pass through to a work piece. Impeller blades are
      integrally formed on the rotor to provide a supply of cooling air that is
      pumped axially inward and directed radially outward through a space
      between the rotor and end shroud positioned thereover. The shroud contains
      a plurality of vanes formed to direct the cooling air against the
      peripheral portion of the rotor exposed to the laser beam to effect
      cooling thereof. The periphery is also provided with a reflective surface
      adapted to reflect the impinging portions of the beam to a beam trap to
      reduce the heating effect of the beam on the rotor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The development of high energy beams such as the continuous carbon dioxide
      laser beam has provided a valuable industrial tool with potential in many
      metal working applications. The ability of this beam to cut, drill and
      weld a wide variety of materials and metals is well known. However,
      different applications result in different types of beams being desirable.
PAR  For example, certain applications are best carried out with the continuous
      beam of electromagnetic energy from the laser, while in other applications
      a pulsed or non-continuous beam is preferred. For example, in gas assisted
      cutting operations, a continuous beam is generally desirable. However, in
      certain drilling and welding operations where vaporized metal and other
      gaseous products of the operation tend to prevent continuous transmission
      of the beam to the work surface, it is advantageous to perform the work in
      increments, while alternately removing or blowing away any deleterious
      gaseous materials which may interfere with the beam. It is the pulsed or
      non-continuous beam to which the present invention is directed.
PAR  It is well known to provide methods of pulsing continuous laser beams, and
      such methods include the use of rotating mirrors, electromagnetic
      Q-switching, pump energy modulation and mechanical modulation. Generally,
      pulse methods involving Q-switching or internal, electrical or
      electromechanical modifications to the laser or laser supply may
      compromise the efficiency and power output of the laser in the continuous
      operating mode, as well as increase the complexity of the circuitry and
      consequent cost thereof.
PAR  Mechanical methods such as slotted rotating disks have been used to
      physically interrupt a continuous beam from the laser and thereby provide
      a pulsed beam to a work surface. For example, mechanical beam interruption
      is shown in British Pat. No. 1,342,436 published Jan. 3, 1974. Since such
      mechanical elements are exposed to the laser beam, the amount of heat
      absorbed by the disk for a given power density is a function of the
      surface reflectivity and cooling. Consequently, such mechanical beam
      modulators have heretofore been restricted to generally low power lasers.
      In other words, cooling has been a rather serious problem, and has
      rendered such mechanical beam modulators unsatisfactory for use with high
      energy beams.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an apparatus for modulating a high energy
      beam, and more particularly to an apparatus for mechanically modulating
      such a beam which is provided with efficient cooling means.
PAR  It is therefore a primary object of the present invention to provide a
      self-cooled, mechanical modulator which is capable of modulating high
      energy beams without compromising the normal continuous operating
      characteristics of the beam.
PAR  Another object of the invention is to provide a self-cooled, mechanical
      modulator which is constructed of a minimum of parts, and which is
      absolutely reliable in operation.
PAR  These and other objects of the invention are achieved by an apparatus for
      modulating a high energy beam such as a laser beam comprising a rotor
      driven by a suitable motor and positioned to intercept the beam at the
      periphery thereof, said rotor having at least one shaped opening at its
      periphery positioned to allow passage of the beam therethrough as said
      opening moves into the path of the beam during rotation of the rotor, and
      means carried on the rotor to direct cooling air over the peripheral rotor
      surfaces.
PAR  The peripheral portion of the rotor is provided with a reflective surface
      positioned to reflect the beam impinging thereon to a suitable beam trap,
      and the opening is shaped to pass all or part of the beam therethrough in
      accordance with the predetermined program, so that the beam is both
      chopped and modulated. An important feature of the invention resides in
      the provision of cooling means within the rotor which are very efficient
      and self operating upon rotation of the rotor. Such efficient cooling
      means are adequate to provide sufficient cooling, such that high powered
      beams may be handled without the temperature of the rotor becoming high
      enough to damage the reflective surface.
PAR  In accordance with the preferred form of the invention, the rotor is
      provided with a shroud positioned thereover to enclose a chamber having
      inlet openings near the axle of the rotor and outlet openings at the
      periphery of the rotor. The rotor is then provided with impeller blades
      which act in a manner similar to a centrifugal pump to bring air in near
      the axle opening and throw the air outwardly through the peripheral
      openings. Improvements are also obtained by providing deflecting vanes on
      the shroud whereby high velocity air strikes the critical surfaces to be
      cooled.
PAR  Another feature of the invention resides in providing the shaped opening on
      replaceable inserts. This feature allows different inserts to be utilized
      on the apparatus in order to provide different modulating or shaping of
      the beam as desired for actual use of the apparatus. In addition, the
      replaceability allows for easy replacement in the event that the
      reflective surfaces near the insert should become damaged.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A preferred form of the invention is illustrated in the accompanying
      drawing forming a part of this description, in which:
PAR  FIG. 1 is a sectional elevational view of a preferred form of the apparatus
      together with a diagrammatic indication of the apparatus in use;
PAR  FIG. 2 is an end elevational view partly in section as illustrated by the
      line 2--2 of FIG. 1, with certain of the parts being broken away to
      indicate internal structure;
PAR  FIG. 3 is an enlarged, fragmentary, sectional view illustrating the
      peripheral portion of the rotor at one position;
PAR  FIG. 4 is a view similar to FIG. 3 but illustrating the rotor at another
      rotational position;
PAR  FIG. 5 is an enlarged fragmentary view of the rotor periphery as seen from
      an end view;
PAR  FIG. 6 is a diagram illustrating modulation of the high energy beam in
      graph form.
PAR  While only the preferred form of the invention is shown, it should be
      understood that various changes or modifications may be made within the
      scope of the claims attached hereto without departing from the spirit of
      the invention.
PAC  Detailed Description of the Preferred Embodiment
PAR  Referring more particularly to FIGS. 1 and 2, an apparatus in the form of a
      mechanical modulator 11 is shown for chopping and modulating a high
      energy, continuous, laser beam. The modulator comprises a rotor 12 being
      of somewhat disk-shaped configuration with the central portion thereof
      extended to form journalled portions 13 and 14 along a central axis. A
      plurality of generally radially disposed blades 16 are integrally formed
      on each side of the disk-like rotor at the central portion thereof.
PAR  The outer section of the disk portion is tapered toward the radially
      outward position to provide a substantially reduced section thickness at
      the circumference of the disk. In addition, a portion of the disk-like
      outer section 19 of the rotor at the periphery thereof adjacent the outer
      perimeter is plated or otherwise treated to provide a reflective surface
      17.
PAR  As shown in greater detail in FIG. 5, a plurality of interchangeable
      inserts 18 are equidistantly spaced about the perimeter of the disk-like
      outer section 19 of rotor 12. As here shown, four inserts are provided,
      but it will be appreciated that any number could be used, if desired. The
      inserts are formed with a shaped opening 21 for allowing the laser beam to
      pass therethrough, and has a reflective surface 22 provided on one side
      thereof to reflect that part of the beam that does not pass through the
      opening. As illustrated in FIG. 5, the inserts 18 are fastened to the
      outer section 19 of rotor 12 through cap screws 23, which screws are
      easily removed to facilitate interchangeability.
PAR  The rotor 12 is rotatably mounted at the journal ends 13 and 14 by bearings
      24 and 26, respectively, which are supported by a frame 27. A variable
      speed electric drive motor 28 having an output shaft 29 is also mounted to
      the frame 27. The motor rotationally drives the rotor 12 through a belt 31
      connecting a pulley 32 carried on the motor output shaft 29 with a pulley
      33 attached to the journal end 14 of the rotor.
PAR  A shroud 34 substantially encloses the rotor disk portion 19 by means of
      housings 36 and 37, which are carried in close proximity to the rotor disk
      to define annular fluid passages 38 and 39 therebetween. The housings 36
      and 37 have mounting pads 41 and 42, respectively, provided thereon for
      mounting the housings to the frame 27. Each of the housings are secured in
      place by bolts 43 to secure a central portion and to maintain the fluid
      passages in the desired configuration. A pair of rotatably adjustable
      rings 44 and 46 are circumferentially mounted about the housings 36 and
      37. Each of the rings has a plurality of generally radially extending tabs
      47 providing attachment points for securing the rings together by bolts
      48. The rings 44 and 46 are position fixed with respect to the housings 36
      and 37 by clamps 49 and cap screws 51. In this way, the housings are
      positively fixed with respect to the rotor so as to accurately define the
      internal passages.
PAR  In addition to providing a substantially obstruction free circumferential
      discharge opening 52 for passages 38 and 39, the rings 44 and 46 also have
      circular beam ports 53 and 54 formed therein. In order to provide an
      improved air flow through the passages 38 and 39, a plurality of generally
      radially extending vanes 56 are integrally formed on each of the housings
      to directionally control the flow of fluid through the passages and
      channel the fluid for the optimum cooling effect.
PAR  In operation, the apparatus 11 is used to interrupt and modulate a high
      energy beam. Thus, as shown in FIG. 1, a continuous collimated beam 57 is
      supplied by laser 58, and directed toward a work piece 59. The apparatus
      is positioned with respect to the laser beam 57, so that the beam will be
      aligned with the beam ports 53 and 54 thereof, and with shaped openings 21
      moving through the beam path as the rotor is turned. Accordingly, when the
      rotor 12 is rotated by the variable speed electric motor 28 at a
      preselected rate in the direction indicated by arrow 61 of FIG. 2, the
      shaped opening moves through the path of the beam 57 after it enters beam
      port 53 (note FIG. 2). As shown in FIG. 3, with the shaped opening in
      alignment with beam 57, part of the beam 57a is passed through the
      apparatus, and another part of the beam 57b is reflected to beam trap 62.
      When the shaped openings are not in alignment with beam 57, the entire
      beam is reflected as shown in FIG. 4, with the reflected beam 57b again
      going to beam trap 62.
PAR  Thus it is seen that the apparatus chops or provides beam pulses at regular
      intervals. In addition, it is noted that a controlled amount of beam
      passes through the device depending upon the shape of the opening 21 and
      the amount of beam which is passed therethrough. Accordingly, the
      apparatus also modulates the laser beam 57a. The modulated beam 57a is
      then passed to an optical conditioning system schematically represented by
      a lens element 63 from which it is directed or focussed to the work piece
      59.
PAR  The power intensity of the beam 57a is controlled by regulating the portion
      of the beam 57 permitted to pass through the disk section 19. This
      regulation is obtained by the shape of the openings 21 formed in the
      interchangeable inserts 18. In the apparatus here shown, when rotated in
      the direction of arrow 61, the beam goes through a period of zero passage,
      and suddenly to an initially great amount of passage, which gradually
      decreases as the disk continues its rotation, until there is a sudden
      dropping to the zero point again. This controlled or modulated pulse is
      graphically illustrated in the diagram of FIG. 6. If desired, the
      intensity characteristics of the pulse shown in FIG. 6 may be reversed, by
      simply reversing the interchangeable insert 18. Likewise, different pulse
      intensity characteristics may be formed by providing different inserts
      having a desired shaped opening. In this way, the proportional amount of
      the laser beam which is pulsed and the intensity of the pulse may be
      programmed as desired without the need for providing separate disks.
PAR  The form of apparatus shown in FIG. 2, provides an illustrative example of
      a typical modulated pulse. Thus, as illustrated in FIG. 2, the length of
      the shaped openings 21 is approximately 1/8 of the total circumferential
      difference. The rate at which portions of the beam are passed to the work
      piece is determined by the velocity of the rotor 12. Therefore, the
      velocity of the rotor and the pulse rate of the beam 57a is controlled by
      regulation of the variable speed motor 28. For example, if the rotor is
      driven at a rate of 3000 rpm, the modulated beam 57a would have a pulse
      rate of 200 pulses per second, with each pulse having a time duration of
      2.56 milliseconds.
PAR  The apparatus is sized so as to handle the beam size to be pulsed and
      modulated. In the example herein given, the slots 21 are positioned at a
      distance of 6 inches from the center of the rotor, making the
      circumference of the circle defined by the slot movement approximately
      37.68 inches, with each slot being approximately 4.71 inches in length.
      With such a rotor size, it will be appreciated that variation in laser
      beam sources can also be accommodated by utilizing different inserts as
      well as providing differences in pulse rate and modulation for a given
      diameter beam size.
PAR  The tapered configuration of the disk portion 19 provides a skewed surface
      for directing the reflected beam 57b to the beam trap 62. As best
      illustrated in FIGS. 3 and 4, the reflective surface 17 on the disk
      portion, and likewise the reflective surface 22 on the insert serve to
      substantially reflect those portions of the beam 57 not passed through the
      shaped opening 21.
PAR  With careful selection of plating or coating materials, and attention given
      to providing an adequate surface finish, the reflective surfaces 17 and 22
      will reflect substantially all of the beam directed thereagainst. For
      example, a properly prepared coating of copper will reflect approximately
      98% of the laser beam having a wave length of 10.6 microns, which is a
      typical beam now in use and supplied by a carbon dioxide laser.
PAR  At low power levels, the amount of energy absorbed as heat will not
      adversely affect the performance of the reflective surfaces. In such a
      case, even in static state operation, the temperature of the disk will
      stabilize at a temperature somewhat above that of the surrounding medium.
      However, at the higher power levels provided by lasers now available, the
      disk thermal equilibrium temperature tends to exceed the temperature
      sufficient to cause deterioration of the reflective surfaces. In other
      words, the higher powered lasers require cooling. In addition, the amount
      of cooling provided is important because the better the cooling, the
      higher the power level of operation permissible. With the apparatus of the
      present invention, the excellent cooling achieved permits operation at
      power levels of 10 kilowatts to 50 kilowatts or even higher.
PAR  The cooling effect is achieved by blowing air across the heated surfaces.
      Thus, the blades 16 provided on the disk portion 18 serve to draw cool
      ambient air into passages 38 and 39 and expell the air outwardly at a high
      velocity, much as in the operation of a centrifugal pump. Thus, the cool
      air is drawn in toward the central portion by virtue of the vacuum created
      from the centrifugally moving air. In addition, the blades are formed with
      curved ends 64, as best seen in FIG. 2, which provide a velocity component
      to assist the movement of incoming air.
PAR  The air discharged by the blades will have both radial and tangential
      velocity components, and the vanes 56 serve to turn the air radially, thus
      increasing the radial velocity component and thereby increasing the
      relative velocity of the air moving across the disk surface to be cooled.
      In other words, the vanes direct the cooling air flow radially across the
      reflective surfaces 17 and 22 and subsequently discharge the air radially
      through opening 52.
PAR  The blade and vane arrangement as described herein thus cooperate to
      provide a continuous flow of cooling air for increased transfer of heat
      away from the disk. In addition, the high velocity of the cooling air
      directed over the surface to be cooled improves the heat transfer
      characteristics between the cooling fluid and the solid medium being
      cooled.
PAR  From the foregoing description, it is seen that an apparatus is provided
      which is capable of chopping and modulating laser beams into any pulse
      configuration that may be desirable. It is also seen that the apparatus
      provides excellent cooling means for more efficient operation to the
      chopping and modulating portion thereof, and provides an apparatus which
      is suitable for high energy beam use, such as the high powered carbon
      dioxide lasers now being put into use for various industrial operations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for modulating a high energy electromagnetic beam such as a
      laser beam comprising:
PA1  a disk-shaped rotor positioned to intercept the beam at the periphery
      thereof,
PA1  means rotating said rotor about its central axis,
PA1  said rotor having at least one shaped opening at the periphery thereof
      positioned to allow passage of said beam therethrough as said opening
      moves into the path of said beam during rotation of said rotor,
PA1  a pair of annular shroud members each positioned adjacent a different one
      of the sides of said rotor to define annular spaces adjacent the opposite
      sides of said rotor, and
PA1  impeller blades carried on each side of said rotor and cooperating with
      said shroud members to pump cooling air radially from a central portion of
      said rotor over the peripheral surfaces of said rotor during rotation
      thereof, whereby air cooling of said peripheral surfaces of said rotor is
      provided in operation.
NUM  2.
PAR  2. An apparatus for modulating a high energy beam as defined in claim 1, in
      which the shaped opening at the periphery of the rotor is carried in a
      replaceable insert.
NUM  3.
PAR  3. An apparatus for modulating a high energy beam as defined in claim 2, in
      which a plurality of openings and a plurality of replaceable inserts are
      provided.
NUM  4.
PAR  4. An apparatus for modulating a high energy beam as defined in claim 1, in
      which the peripheral surface of the rotor is provided with a reflective
      surface to reduce the absorption of energy obtained from the beam
      impinging thereon.
NUM  5.
PAR  5. An apparatus for modulating a high energy beam as defined in claim 4 in
      which an absorbtion chamber is provided, and in which the reflective
      surface of the rotor is tapered to reflect the beam impinging thereon back
      to said absorbtion chamber.
NUM  6.
PAR  6. Apparatus for modulating a high energy beam such as a laser beam
      comprising
PA1  a disk-shaped rotor positioned to intercept the beam at the periphery
      thereof,
PA1  means for rotating said rotor,
PA1  mounting means for carrying said rotor and associated rotating means,
PA1  said rotor having at least one shaped opening at the periphery thereof
      positioned to allow passage of the beam therethrough as said opening moves
      into the path of the beam during rotation of the rotor,
PA1  a shroud mounted on said mounting means for providing an annular space
      between the rotor and shroud with the space being open near the axis of
      the rotor and near the periphery, and
PA1  blade means on said rotor for impelling air entering said annular space
      near the axis outwards through the opening near the periphery whereby the
      rotor is cooled to remove heat energy absorbed by the rotor from the high
      energy beam.
NUM  7.
PAR  7. An apparatus for modulating a high energy beam as defined in claim 6, in
      which vanes are provided on the shroud for directing cooling air more
      forcibly against the periphery of the rotor.
NUM  8.
PAR  8. An apparatus for modulating a high energy beam as defined in claim 7, in
      which the periphery of the rotor is provided with a reflective surface
      along the area of impingement of the high energy beam.
NUM  9.
PAR  9. An apparatus for modulating a high energy beam as defined in claim 8, in
      which a plurality of shaped openings are provided at the periphery at the
      rotor, and in which said openings are provided in a replaceable insert.
NUM  10.
PAR  10. An apparatus for modulating a high energy laser beam as defined in
      claim 9, in which an absorbtion chamber is provided to absorb the high
      energy radiation reflected from the rotor.
NUM  11.
PAR  11. An apparatus for modulating a high energy beam as defined in claim 6,
      in which the shaped opening is formed to partially reflect and to
      partially transmit the beam as the beam traverses the opening.
NUM  12.
PAR  12. An apparatus for modulating a high energy beam as defined in claim 11,
      in which the opening is shaped so that a progressively different amount of
      radiation is passed through the opening as the beam sweeps thereacross.
PATN
WKU  039428796
SRC  5
APN  559863&
APT  1
ART  257
APD  19750319
TTL  Mirror steering system
ISD  19760309
NCL  2
ECL  1
EXA  Henry; Jon W.
EXP  Smith; Alfred E.
NDR  2
NFG  4
INVT
NAM  Pledger; Richard Payne
CTY  Fort Worth
STA  TX
ASSG
NAM  The United States of America as represented by the Secretary of the Air
      Force
CTY  Washington
STA  DC
COD  06
CLAS
OCL  350285
XCL  350  6
XCL  250234
XCL  250203R
EDF  2
ICL  G05D 2500
ICL  G02B 2717
ICL  G01J  120
FSC  350
FSS  6;7;285;289;299;301;25;26;48;52;16
FSC  178
FSS  7.6
FSC  356
FSS  167;147;253;254;255;141;152
FSC  250
FSS  203;235;236;234
FSC  248
FSS  479-487
UREF
PNO  2653185
ISD  19530900
NAM  Lubcke et al.
OCL  250235
UREF
PNO  3290985
ISD  19661200
NAM  Bains et al.
OCL  350 52
UREF
PNO  3647276
ISD  19720300
NAM  Howell et al.
OCL  250203R
LREP
FR2  Rusz; Joseph E.
FR2  Miller, Jr.; Henry S.
ABST
PAL  A system for steering a mirror, comprising a mirror mounted on a gimbal
      provided with a steering rod and incorporated into an articulated spatial
      parallelogram linkage to allow for steering the mirror in a precise and
      controlled manner.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalty
      thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the steering of mirrors and, more
      particularly to a mechanical system especially adapted to reflect and
      direct an image, beam, or light ray in a precise manner.
PAR  Heretofore, the steering of a mirror to reflect and direct an image, beam,
      light ray, or other incident radiation hereinafter referred to as the
      "beam" has involved manually or mechanically positioning the mirror in a
      manner such that the mirror reflects the beam according too the law of
      mirror reflection, viz: the angle of incidence is equal to the angle of
      reflection. Accordingly, the angle between the incident reflected rays is
      twice the angle of incidence, and the normal line to the plane of the
      mirror bisects this angle. The task of precisely directing a reflected
      image or beam involves positioning the mirror such that the normal to the
      mirror bisects the subtended angle between the source of the beam and the
      desired position of the beam.
PAR  In the past, the task of positioning a mirror to direct a reflected beam in
      a manner such that the beam describes a circular arc on a flat plane, or
      to direct a beam to a point in space from a radial direction, has required
      using a cam and cam follower mechanism derived from calculations, or use
      of electrical signals to drive motors, also derived from calculations
      involving a suitable space coordinate system.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an improved device for directing mirrors in a
      precise manner when the beam is not present while further avoiding trial
      and error and calculating mirror positions. The invention is characterized
      by a gimbally mounted mirror controlled in part by a steering rod and an
      articulated spatial parallelgram linkage controlling the movement of the
      mirror. In an alternative embodiment an articulated arm controls a second
      mirror for directing a beam to a point in space by positioning the device
      such that the appropriate axis is coincident with the beam axis.
PAR  It is therefore an object of the invention to provide a new improved mirror
      steering system.
PAR  It is another object of the invention to provide a new and improved mirror
      steering system that will cause impinging radiation to describe a circular
      arc on a flat plane.
PAR  It is a further object of the invention to provide a new and improved
      mirror steering system that utilizes a plurality of mirrors to direct a
      beam of radiation to a point in space from a radial direction by means of
      a spatial rhombic parallelogram linkage.
PAR  It is still another ojbect of the of the invention to provide a new and
      improved mirror steering system that will cause the central ray of an
      impinging beam of radition to describe a circular arc on a plane.
PAR  It is still a further object of the invention to provide a new and improved
      system for steering mirrors that will direct, steer or aim a beam of
      incident radiation with two mirrors, toward a fixed point in space.
PAR  It is another object of the invention to provide a system for steering a
      plurality of mirrors toward a fixed point in space such that the central
      ray of an incident beam intercepts the point from a coplaner or
      non-coplaner radial direction.
PAR  Other and further features and objects of the invention will be more
      apparent to those skilled in the art upon a consideration of the appended
      drawings and the following description wherein alternative constructional
      forms of the apparatus invention are disclosed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the invention.
PAR  FIG. 2 is a side elevation view of the invention.
PAR  FIG. 3 is a diagrammatic top view of the invention illustrating the
      geometry of the parallelogram at a displaced position.
PAR  FIG. 4 is an isometric view of an alternative form of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 through 3, a mirror shown as 1 is located at the
      origin 7 of mutually orthogonal axis x--x, y--y, z--z. The mirror is
      mounted in a gimbal 10 and attached with pivots 9 whereby the mirror is
      movable about the z--z axis in the x plane. Gimbal 10 is pivoted about
      axis y--y on trunnions 15. Connected to the reverse side of the mirror 1
      at the origin 7 and forming a normal to the plane of the mirror is rod 2.
      A bifurcated link 4 is pivotally attached to the slider bearing 11 at one
      end. At the opposite end, the link is connected to arm 3 by a universal
      swivel type joint at 8. Another bifurcated link 5 has a universal swivel
      type joint connection at 6 and is co-mounted with link 4 to the slider
      bearing 11. Links 4 and 5, along with the fixed length from point 6 to
      point 7 and the fixed length from point 7 to point 8, form a rhombic
      parallelogram. Rod 2, connected to mirror 1 passes through and slidably
      engages bearing 11. Bearing 11 is located at the vertex of the
      parallelogram opposite the vertex 7. Arm 3 is pivoted and so mounted to
      rotate about axis z--z.
PAR  In operation, joint 8 remains at a constant distance from the origin 7 for
      all angular positions of arm 3. Rod 2 forms a diagonal in the
      parallelogram 6, 7, 8, 11, bisecting the angle formed by side 6-7 and 7-8
      as well as the angle formed by sides 6-11 and 11-8 all clearly shown in
      FIG. 2.
PAR  A beam of radiation having a central ray 13 travelling along an axis
      strikes the mirror 1 at the origin 7 and forms angle .theta. with the
      mirror normal 12 (an imaginary extension of rod 2) and is reflected by the
      mirror. The reflected ray 14 forms a similar angle .theta. with the normal
      12. Hence, the normal 12 is the angle bisector of the angle 2.theta.
      between 13 and 14.
PAR  If the axis of the central ray 13 is coincident with axis x--x, angle
      .theta. will be equal to angle .phi. between side 6-7 and rod 2. Likewise,
      angle .theta. between reflected ray 14 and normal 12 will be equal to
      angle .phi. between side 7-8 and rod 2. Reflected ray 14 is then
      coincident with side 7-8. The relationship of each corresponding angle
      remains true for all possible angles of reflection. Side or axis 6-7 is
      the analog of ray 13, side or axis 7-8 is the analog of ray 14, similarly,
      axis 7-11 along rod 2 is the analog of normal 12, all on the reverse side
      of the mirror.
PAR  Upon rotation of arm 3 about axis z--z parallelogram 6-7-8-11 is displaced
      out of the x-z plane, the parallelogram, however, remains planer and
      remains rhomboid in the skew plane. Rod 2 remains in the plane of the
      rhomboid. The skew plane determined by rod 2 and axis 6-7 is established
      by ray 13 and normal 12 on the front side of mirror 1. Axis 7-8 describes
      a cone, and point 8 describes a circle for displacement of arm 3. Ray 14
      describes a cone, and describes a circle on a flat plane 16 parallel to
      the plane of the circle described by point 8.
PAR  Concerning FIG. 4, a mirror steering system like that shown in FIG. 1 is
      complimented with an extension of the arm to a second pivot point 19 on
      the z--z axis and the addition of a second mirror 18. The mirror 18 is
      placed to intercept reflected ray 14 and in turn reflect the beam to point
      19 on the z--z axis. Angular displacement of mirror 18 with arm 3 along
      the z--z axis will direct the beam to point 19 from the radials of point
      19.
PAR  By way of comparison, in the constructional form illustrated in FIG. 1 a
      beam may be directed to describe a circular arc onto a flat plane by
      positioning the device such that the axis 6-7 is coincident with the beam
      axis. In the constructional form illustrated in FIG. 4, a beam may be
      directed to a point in space from a radial direction by merely positioning
      the device such that the axis 6-7 is coincident with the beam axis.
PAR  Although only the preferred embodiments of the invention have been
      described above, it is not to be construed that it is limited to such
      embodiments. Other modifications may be made by those skilled in the art
      without departing from the spirit and scope of the invention defined below
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mechanical mirror steering system comprising: a gimbal; a plane mirror
      pivotally mounted within the gimbal, a means for steering said plane
      mirror affixed to one side of the plane mirror and extending normal to the
      plane thereof, a first bifurcated link connected to a first universal
      swivel joint at one end; an arm means connected to a pivot for rotation
      about a first axis, said arm means having a second universal swivel joint
      atone end; a second bifurcated link connected to said second joint on said
      arm means to universally swivel thereby, and a slider bearing connecting
      said first and second links at their bifurcated ends and receiving, in a
      sliding relationship, said means for steering the plane mirror, whereby as
      the mirror rotates about said first axis radiation striking the mirror at
      a point along said first axis will describe a circular arc on a plane
      perpendicular to said first axis.
NUM  2.
PAR  2. A mechanical mirror steering system according to claim 1 wherein said
      arm means includes an extension further connected to a second pivot for
      rotation about said first axis and a second plane mirror affixed to said
      extension whereby radiation reflected from a first mirror will be
      reflected from the second mirror to a point in space.
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ABST
PAL  A laser mirror resistant to thermal distortions produced by radiative
      heating and/or heating by other processes associated with high power CW
      lasers. A plurality of rods connect a flexible face portion to a stiff
      base portion to define an "elastic" arrangement which permits free lateral
      expansion but resists if not prevents distortion in the form of bending of
      the face portion. The face portion may be formed
PA1  1. from a block of heat conductive material which has been deeply slotted
      from its rear end to define an effectively thin face portion attached to a
      middle portion of high heat capacity, or
PA1  2. from a thin plate of heat conductive material cooled from the rear face
      by either forced convection to, or by nucleate boiling of, a flowing heat
      transfer media in the middle portion.
BSUM
PAR  This invention relates to laser mirrors and more particularly to laser
      mirrors subject to thermal distortion and arranged and adapted to resist
      thermal distortion detrimental to laser action.
PAR  Optical masers or lasers, as the art has developed, generally involve the
      establishment of an artificial distribution of bound electrons at energy
      levels other than the natural distribution in a host environment through
      the application of a source of energy known as the "pumping energy." This
      results in a greater number of molecules or atoms in some high energy
      level than in a lower energy level to which it is optically connected.
      This is known as a population inversion. The electrons present in the host
      environment in the artificial distribution then give up their energy and
      undergo a transition to the lower energy level. The released energy may be
      in the form of electromagnetic radiation; which, in the majority of
      devices seen thus far in the art, has been light, either in the visible or
      infrared.
PAR  In laser devices currently available in the art, there may be employed a
      gas, such as a helium-neon mixture; or a crystal, such as chromium doped
      aluminum oxide; or a noncrystalline solid, such as neodymium glass; or a
      liquid, such as trivalent neodymium in selenium oxychloride, as the
      environment which responds to the pumping energy, permitting the
      population inversion of electrons between an excited state and a lower
      state. The electrons in returning to the lower state give off quanta of
      light energy or photons in what is known in the art as a radiative
      transition. When the density of these photons becomes large, the radiative
      transition probability increases; and, in the presence of a population
      inversion, electromagnetic modes into which the photons are emitted, in
      turn, become most readily able to induce further emission therein. This is
      known in the art as stimulated emission of radiation and results in a
      narrowing of the emission line. In the currently available laser devices,
      electrical power is converted to pumping light, or electrical discharge or
      electric current, which, in turn, is used to establish the population
      inversion. All known prior art lasers are of relatively low power. A high
      power laser has been a long sought need for a large number of potential
      applications, both military and commercial, and numerous attempts have
      been made to provide a truly high power laser. The gas laser is the
      general category into which most of these efforts have fitted.
PAR  In the Polanyi references identified hereinafter, it is suggested that
      total and partial inversions may be obtained as a direct result of
      chemical reaction. Without flow, such inversions are transient. Even if
      the gas is pulsed thermally and permitted to relax differentially, such
      disclosed devices are inherently low density devices since the
      translational and rotational energy is removed by diffusion to the walls.
      The Hurle et al paper also identified hereinafter suggests a gas dynamic
      laser utilizing supersonic expansion as a method of producing population
      inversion between electronic states by differential radiation relaxation.
      However, Hurle et al admit that they were unable to observe an inversion
      and in any event, the size of a gas dynamic laser based solely on this
      principle is limited because of radiative trapping and also the stagnation
      temperatures required to have a significant fraction of the energy in the
      desired electronic level at equilibrium are quite high. For the purpose of
      convenience, a laser, the principle of operation of which is based on
      supersonic expansion as a method of producing population inversion, is
      referred to as a gas dynamic laser.
PAR  The following references and materials cited therein describe some of the
      background and physical principles involved in the gas dynamic laser under
      discussion and an insight, to some degree, of application of those
      principles in the present state of the art:
PAR  1. "Infrared and Optical Masers," by A. L. Shawlow and C. H. Townes in
      Physical Review, Vol. 112, No. 6, Dec. 15, 1958, pp 1940-1949.
PAR  2. "Attainment of Negative Temperatures by Heating and Cooling of a System"
      by N. G. Basov and A. N. Oraevskii, Soviet Physics, JETP, Vol. 17, No. 5,
      Nov. 1963, pp 1171-1172.
PAR  3. "Population Inversion in Adiabatic Expansion of a Gas Mixture" by V. K.
      Konyukhov and A. M. Prokhorov, JETP Letters, Vol. 3 No. 11, June 1, 1966,
      pp 286-288.
PAR  4. "Electronic Population Inversions by Fluid-Mechanical Techniques" by I.
      R. Hurle and A. Hertzberg, The Physics of Fluids, Vol. 8, No. 9, Sept.
      1965, pp 1601-1607.
PAR  5. Polanyi, J. C., J. Chem. Phys. 34 347 (1961).
PAR  6. Polanyi, J. S., Applied Optics Supplement No. 2 on Chemical Lasers, 109
      (1965).
PAR  Broadly, operative gas dynamic lasers of the type here concerned comprise a
      gas containing chamber having an exhaust outlet; means for heating a
      polyatomic gas to provide equilibrium vibrational excitation in said gas,
      the polyatomic gas having an upper laser level, lower laser level and a
      ground state, the upper laser level having an effective relaxation time
      that is long compared to the effective relaxation time of the lower laser
      level; nozzle means for expanding the heated gas into the chamber into a
      stream to provide a flow time in the nozzle means that is short compared
      to the effective relaxation time of said upper laser level and long
      compared to the effective relaxation time of said lower laser level; and
      an optical resonator coupled to said stream of gas. For a more thorough
      and detailed discussion of operative gas dynamic lasers, reference is made
      to patent application Ser. No. 626,357, filed Feb. 16, 1967, entitled
      "High Powered Laser" and assigned to the same Assignee as this
      application.
PAR  In the field of lasers, it has long been known that the alignment and
      optical figure of the mirrors are of critical importance in order to
      maintain maximum output. Frequently, laser mirrors after being correctly
      aligned and particularly mirrors used in chemical reaction and gas dynamic
      lasers wherein they are exposed to hot gases as described above are
      subjected to radiative and aerodynamic heating which cause misalignment
      and distortion and to the present, no suitable system has been devised for
      maintaining mirror alignment and optical figure during operation of such
      lasers.
PAR  If one surface of a disc is exposed to a uniform heat flux q, conduction
      produces a temperature gradient in the material normal to the surface. In
      the absence of external restraint, the differential thermal expansion
      results in spherical bending to a radius of curvature
EQU  R = m k/a q
PAL  where
PA1  m = 1 for uniform gradient (q removed through rear face)
PA1   = 2 for heat sink (no heat removed through rear face)
PA1  k is thermal conductivity
PA1  a is thermal expansion coefficient.
PAL  The peak distortion is then
      ##EQU1##
      where
PAR  a is the radius of the disc
PAR  Q = .pi.a.sup.2 q is the total flux to the surface.
PAL  In a high quality optical system, the surface distortion of an optical
      element must be a small fraction of the wavelength of the radiation, about
      10% at most. In a CO.sub.2 laser system, for example, distortions cannot
      be permitted to exceed 1 micron. With an unrestrained heat-sink copper
      mirror having 99% reflectance, the maximum allowable beam power is then
      1.5 KW. Gas dynamic CO.sub.2 lasers are virtually unlimited in output
      power if the mirror distortion problem can be solved. Indeed, power levels
      close to 1 MW have already been demonstrated but with questionable beam
      quality.
PAR  Accordingly, it is an object of the present invention to provide an
      improved laser.
PAR  It is another object of the present invention to provide an improved laser
      mirror.
PAR  It is another object of the invention to provide a laser mirror that is
      resistant to misalignment resulting from thermal bending.
PAR  A further object of the invention is to provide a laser mirror subjected to
      thermal stress during use that at least substantially maintains proper
      alignment throughout operation of the laser.
PAR  A still further object of the invention is to provide a laser mirror
      unresistive to lateral expansion but resistive to distortion to the
      direction normal to the operative face of the mirror.
DRWD
PAR  The novel features that are considered characteristic of the invention are
      set forth in the appended claims; the invention itself, however, both as
      to its organization and method of operation, together with additional
      objects and advantages thereof, will best be understood from the following
      description of a specific embodiment when read in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view with a portion broken away of a laser mirror
      in accordance with the invention;
PAR  FIG. 2 is a sectional side view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional top view taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is a sectional side view of an alternate embodiment for extended
      duration applications; and
PAR  FIG. 5 is a graphic representation of radial variation of the deflection of
      a circular mirror in accordance with the invention, where the
      base-to-mirror stiffness parameter .beta. is considerably greater than
      one, and for which the base portion does not bend.
DETD
PAR  Referring now to FIGS. 1, 2, and 3 which illustrate a mirror 10 in
      accordance with the present invention, there is shown a relatively thick
      metal base portion 11 and a metal block member 12 deeply slotted from its
      rear (adjoining the base portion 11) to define a heat storage middle
      portion 13 and an effectively thin face portion 14 having an exposed
      surface 15 which when suitably processed forms the mirror surface. The
      base portion 11 is preferably composed of as stiff a material as possible,
      such as, for example, stainless steel, while the metal block member 13 may
      be composed of, for example, OHFC copper, a material less stiff than
      stainless steel, but a very good heat conductor and mirror material. The
      metal block member 12 is fixedly attached in spaced relationship to the
      base member 11 by a plurality of slender rods 16 formed preferably from
      Invar because of the high strength, low thermal expansion, and low thermal
      conductivity of that material. The rods 16 are disposed in the slots 17 in
      uniform spaced relationship and are fixedly attached as by brazing and the
      like to the base portion 11 and through the rear of the face portion 14 to
      a point as close as is practical to the exposed surface 15. The slots 17
      must be of sufficient width to permit lateral movement of the rods 16 as
      more fully explained hereinbelow.
PAR  When surface 15 is exposed to hot gases, laser radiation, and the like
      during use, the rods 16 can bend easily and thereby permit substantially
      free lateral thermal expansion of the face portion 14 without accompanying
      bending moments and shear. In combination with the base portion 11, the
      rods 16 substantially prevent bending of the face portion 14 in the
      direction normal to the surface 15. The slotted middle portion 13 acts as
      a heat sink without stressing the face portion 14. Provision for flow of a
      heat transfer fluid such as water through the middle portion 13 is
      advisable for operations closely spaced in time where natural convection
      or thermal radiation is inadequate for removal of the stored heat.
PAR  For extended duration applications where sufficient thermal capacity is not
      available from the middle portion 13, the middle portion need not be
      embodied in the design. Instead, as shown by way of example in FIG. 4, a
      cylindrical bellows 18 may be fixedly attached to the face portion 14 and
      the base portion 11 to prevent loss of a heat transfer fluid such as water
      injected into and withdrawn from the space between the face portion and
      rear portion through respectively ports 21 and 22 in the base portion 11.
      This will withdraw heat from the mirror by forced convection and/or
      nucleate boiling through intimate contact with the rear of the face
      portion 14.
PAR  In an actual embodiment of the invention, the base portion 11 was formed
      from stainless steel, about 1 inch thick, 51/2 inches in diameter and
      countersunk to provide a recess at its central portion about 1/2 inch deep
      and 31/2 inches in diameter. The face portion and middle portion was
      fabricated from OHFC copper to provide a face portion 14 about 1/8 inch
      thick and 31/2 inches in diameter and a slotted middle portion 16 about
      11/4 inches thick and 33/8 inches in diameter. Seventy-six Invar rods
      about 1/16 inch in diameter and 11/2 inches long were disposed in the
      slots which were equally spaced about 3/8 inch apart as best shown in
      FIGS. 2 and 3. The extreme ends of the Invar rods were countersunk into
      and brazed to the face portion 14 and base portion 11. Suitable mounting
      means (not shown) engage the base member 11 to permit the mirror to be
      adjustably mounted in the laser cavity.
PAR  It will now be seen that in accordance with the invention, thermal bending
      of the mirror is reduced if not prevented by effectively making the mirror
      as thin as possible and supporting it from the rear by rods and a base
      having a stiffness much greater than that of the mirror, the rods and base
      in combination being flexible only to lateral expansion of the mirror in
      the radial direction. This lack of resistance to expansion in the radial
      direction and resistance to expansion in the axial direction may be
      achieved by utilizing a very stiff base in combination with a large number
      of uniformly spaced wires or rods which fixedly connect the mirror of the
      base.
PAR  The significant design parameter governing the effectiveness of the
      aforementioned "elastic" support structure is the stiffness factor .beta.
      given by
      ##EQU2##
      where a = .sqroot.A.sub.M /.pi. is the radius of the face portion 14
PA1  L is the length of the rods 16
PA1  E is the modulus of elasticity
PA1  t is thickness
PA1  v is Poisson's ratio
PA1  A.sub.R is the total cross sectional area occupied by the rods and the
      subscripts R, M, B refer respectively to the rods 16, the mirror face
      portion 14, and the base portion 11.
PAR  A weak "elastic" support structure (.beta. &lt;&lt; 1) with uniform heating
      results in the spherical distortion .delta..sub.o given previously. For a
      stiff support structure with .beta.&gt;1, the total distortion of the mirror
      face is the sum of two terms:
PAR  1. a spherical distortion .omega..sub.1 arising from curvature of the base
      portion 11, given by the equation
      ##EQU3##
      where
PAR  d is the diameter of a rod 16
PAR  T is the temperature rise of the face portion 14
PAL  and
PAR  2. an oscillatory distortion of the face portion 14 relative to the base
      portion 11 arising from stress relief at the mirror edge, given by the
      equation
      ##EQU4##
      where
      ##EQU5##
PAR  The distortion .omega..sub.2 is shown in FIG. 5. For short duration
      operation with the heat sink design or for operation with the cooled
      design, the parameter .GAMMA. is very close to unity and the maximum value
      of the .omega..sub.2 distortion decreases as .beta..sup.-.sup.2, the
      distortion appearing only within a region of width about .pi./(.beta.a at
      the mirror edge. The .omega..sub.2 edge distortion is unimportant if only
      the region out to r .congruent. a (1 - .pi./.beta.) is used for the mirror
      surface 15. The primary distortion is then .omega..sub.1 which may be made
      as small as required by increasing D.sub.B /D.sub.M.
PAR  The various features and advantages of the invention are thought to be
      clear from the foregoing description. Various other features and
      advantages not specifically enumerated will undoubtedly occur to those
      versed in the art, as likewise will many variations and modifications of
      the preferred embodiment illustrated, all of which may be achieved without
      departing from the spirit and scope of the invention as defined by the
      following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. In a mirror for use in a laser, the combination comprising:
PA1  a. a face portion having an exposed optically reflective surface;
PA1  b. a rear portion spaced from said face portion, said rear portion being
      substantially inflexible as compared to said face portion;
PA1  c. rod means having a low coefficient of expansion fixedly connected to
      said face portion and rear portion for maintaining them in substantially
      fixed spaced relationship; and
PA1  d. means for removing heat from said face portion including means for
      passing a coolant through said space between said face portion and said
      rear portion.
NUM  2.
PAR  2. The combination as defined in claim 1 wherein said face portion is metal
      and has a thickness dimension small compared to any of its other
      dimensions.
NUM  3.
PAR  3. The combination as defined in claim 2 wherein said rear portion is metal
      and has a thickness dimension and stiffness substantially greater than
      that of said face portion.
NUM  4.
PAR  4. The combination as defined in claim 3 wherein said rod means comprise a
      plurality of metal rods having a radius small compared to their length and
      are substantially equally spaced one from another.
NUM  5.
PAR  5. The combination as defined in claim 4 wherein said heat conductive means
      comprises elongated metal members interposed between said rods.
NUM  6.
PAR  6. In a mirror for use in a laser, the combination comprising:
PA1  a. a thick metal block member having an exposed optically reflective
      surface and a rear surface, said block member having a plurality of slots
      extending from said rear surface toward said reflective surface to define
      an effectively thin face portion which includes said reflective surface;
PA1  b. a metal rear member coextensive and spaced from said rear surface, said
      rear member having a stiffness substantially greater than that of said
      thin face portion; and
PA1  c. a plurality of thin metal rods fixedly connected at their ends to said
      face portion and said rear member, said rods extending through said slots
      in spaced relationship to the sides thereof.
NUM  7.
PAR  7. The combination as defined in claim 6 wherein said metal block is
      copper, said rods have a low coefficient of expansion, a radius small
      compared to their length, and are substantially equally spaced one from
      another.
NUM  8.
PAR  8. The combination as defined in claim 7 wherein said rear member has a
      thickness greater than that of said face portion and a flexibility of the
      order of that of stainless steel.
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PAL  A sight glass assembly generally including a housing structure having an
      opening therethrough, the opening having an enlarged section providing a
      shoulder, a face plate having an opening registered with the opening in
      the housing structure, mounted on the housing structure in opposed
      relation to the shoulder provided by the enlarged section of the housing
      opening, a lens disposed in the enlarged section of the housing opening
      and interposed between the shoulder provided by the enlarged section of
      the housing opening and the face plate, a compressible packing member
      disposed in the enlarged section of the housing opening between the
      housing and a periphery of the lens, an outer end of the packing member
      having an annular recess extending toward the face plate, an annular
      wedging member disposed on the shoulder provided by the enlarged section
      of the housing opening and projecting into the recess of the packing
      member, the wedging member having a cross-sectional area greater than the
      cross section area of the recess of the packing member in the uncompressed
      state, and means for securing the face plate to the housing, applying a
      force on the packing member whereby the packing member is caused to engage
      the wedging member and expand it laterally to provide a compressive force
      about the periphery of the lens and effect a seal between the housing
      structure and the periphery of the lens.
BSUM
PAR  The present invention relates to a sight glass assembly, and more
      particularly to a sight glass assembly suitable for use with a large
      vessel containing fluid under pressure.
PAR  In the prior art, there has been developed a type of sight glass assembly
      which generally includes a housing structure having an opening
      therethrough, which is adapted to be mounted across an opening in a
      pressure vessel, and a lens mounted in the opening of the housing
      structure. In this particular type of sight glass assembly, it has been
      found that the principal source of failure has consisted of fractures of
      the lens resulting in leakage and possibly blowouts. Such cause of sight
      glass failures greatly has been obviated in prior art sight glass designs
      wherein a packing member is provided between the wall of the housing
      opening and the periphery of the lens which packing is placed under
      compression causing it to expand laterally and correspondingly place the
      lens in radial compression and form a tight seal between the lens and the
      housing structure. It has been found to be desirable, however, to provide
      such a type of assembly which can be more economical to manufacture and
      highly effective in performance and reliability.
PAR  Accordingly, it is the principal object of the present invention to provide
      an improved sight glass assembly.
PAR  Another object of the present invention is to provide an improved sight
      glass assembly for use on vessels containing fluids under pressure.
PAR  A further object of the present invention is to provide an improved sight
      glass assembly for use in vessels containing corrosive fluids under
      elevated pressures.
PAR  A still further object of the present invention is to provide an improved
      sight glass assembly of the type utilizing a packing member disposed
      between a lens and a housing in which such a lens in mounted, which
      cooperates with other components of the assembly to place the lens under
      radial compression thus preventing a blowout of the lens upon the lens
      becoming fractured, and to form a fluid tight seal between the lens and
      the housing structure thereof.
PAR  Another object of the present invention is to provide an improved sight
      glass assembly utilizing a compressible packing member interposed between
      the lens and housing thereof, in which packing member is shielded from the
      possible corrosive effects of the medium contained in the vessel on which
      the assembly is mounted.
PAR  A further object of the present invention is to provide an improved sight
      glass assembly of the type utilizing a resilient packing member interposed
      between a lens and a housing member in which the lens is mounted, which
      cooperates with other components of the assembly to place the lens in
      radial compression and to form a fluid type seal between the lens and the
      housing structure, which is simple in design, more economical to
      manufacture and highly effective in performance and reliability.
PAR  Other objects and advantages of the present invention will become more
      apparent to those persons having ordinary skill in the art to which the
      present invention pertains, from the following description taken
      conjunction with the accompanying drawing, wherein:
DRWD
PAR  FIG. 1 is a top plan view of an embodiment of the invention;
PAR  FIG. 2 is an enlarged cross-sectional view taken along line 2--2 in FIG. 1;
      and
PAR  FIG. 3 is an exploded view of the embodiment illustrated in FIGS. 1 and 2.
DETD
PAR  The embodiment illustrated in FIGS. 1 through 3 generally includes a
      housing 10, a lens 11, a face plate 12, a compressible packing member 13
      and a wedging member 14. The housing structure generally has an annular
      configuration, providing an opening 15 adapted to register with an opening
      16 in a wall 17 of a vessel containing a fluid possibly corrosive in
      nature and at an elevated differential in pressure and/or temperature. The
      housing structure is secured to the fluid vessel by means of a plurality
      of bolts 18 extending through suitable openings 19 circumferentially
      spaced in the housing member, which are adapted to register with threaded
      holes in the wall of the fluid vessel. The opening 15 in the housing
      structure is provided with an enlarged section 20 which provides an
      annular shoulder 21 at the outer end thereof and an annular wall 22. Inner
      end surface 23 of the housing structure is provided with an annular recess
      24 in which face plate 12 is seated, as best illustrated in FIG. 2. The
      face plate is secured to the housing structure by a plurality of screws 25
      which extend through circumferentially spaced openings in the face plate
      and are threaded into registerable threaded holes in the housing
      structure.
PAR  The outer end surface of face plate 12 and the opposed shoulder 21 are
      provided with annular recesses 26 and 27, respectively, in which there are
      seated gaskets 28 and 29, respectively. Lens 11 is mounted within the
      housing structure between gaskets 28 and 29 having the peripheral portion
      of inner surface 30 seated on gasket 28, the peripheral portion of outer
      surface 31 seated on gasket 29, and the peripheral side surface 32 thereof
      being spaced from annular wall 22 to provide an annular space between the
      lens and the housing structure.
PAR  Packing member 13 is disposed in the annular space provided between the
      periphery and the lens and the housing structure, and has a substantially
      U-shaped cross-sectional configuration. It is provided with an inner end
      surface 33 engaging the face plate, an outer end surface 34 engaging
      shoulder 21, radially inner and outer side surfaces 35 and 36 engaging
      peripheral surface 32 of the lens and annular wall 22 of the housing
      structure, and a recess 37 formed in outer end surface 34 and extending
      the major portion of the length of the packing member, toward face plate
      12. The base end of wedging member 14 is seated in an annular recess 38
      formed in shoulder 21. The wedging member has a tapered cross-sectional
      configuration and projects into recess 37 of the packing member the entire
      length thereof. Moreover, the portion of the wedging member received
      within recess 37 has a larger cross-sectional area than recess 37 when the
      packing member is in an uncompressed state so that when the components of
      the assembly are assemblied, the insertion of the wedging member into
      recess 37 will cause the packing member to expand, as later will be
      described.
PAR  In the assembly of the embodiment described, the housing structure is first
      positioned on its outer surface 39, gasket 29 is seated in recess 27 and
      the base end of wedge member 14 is seated in recess 37. Lens 11 is then
      inserted in opening 15 and seated on gasket 29, providing an annular
      recess about the periphery thereof with the wedging member projecting
      therethrough. Next, packing member 13 is inserted in the annular space
      about the periphery of the lens so that the wedging member is received
      within recess 37 of the packing member. After the packing member has been
      manually pressed into position, gasket 28 is positioned on the periphery
      of lens surface 30 and the face plate is positioned on end surface 33 of
      packing member 13 with the openings therein registered with the threaded
      holes in the housing member. At such stage of assembly, due to the
      uncompressed condition of packing member 13, the face plate either will be
      spaced from or not in firm engagement with the housing structure and
      gasket 28. However, when the face plate is forced against the packing
      member either by the insertion of screws 25 alone or the use of a press
      acting on the face plate and the subsequent insertion of screws 25, the
      face plate will be permanantly seated in recess 24 of the housing
      structure and a will firmly engage gasket 28. As the face plate is forced
      against the packing member, the sides of recess 37 will engage the
      converging sides of the wedging member and cause the packing member to
      expand laterally thus placing the lens in radial compression and forming a
      fluid tight seal between the housing structure and lens.
PAR  To provide the desired action of the packing member in placing the lens in
      radial compression and forming a fluid tight seal between the housing
      structure and the lens, it generally is required only that the
      cross-sectional configuration of the packing member in the uncompressed
      state be greater than the cross-sectional area of the annular space
      defined by lens surface 32, annular housing wall 22, shoulder 21, the
      packing member engaging surface of the face plate and the surfaces of the
      wedging member received within recess 37 of the packing member. This can
      be achieved by (a) providing for the cross-sectional area of the wedging
      member to be greater than the cross-sectional area of recess 37 when the
      packing member is in the uncompressed state, (b) providing the packing
      member with a length greater than the longitudinal dimension of enlarged
      opening section 20, (c) providing the packing member in the uncompressed
      state with a width greater than the width of the annular space provided
      between the periphery of the lens and the housing structure, or (d)
      combinations of such arrangements.
PAR  With the unit thus assemblied the assembly is mounted on the vessel wall so
      that the lens overlies opening 16, the face plate engages a gasket 40
      disposed in the vessel wall about the periphery of opening 16, and bolt
      holes 19 are aligned with the threaded holes in the vessel wall. Bolts 18
      are then inserted through bolt holes 19 and threaded into the threaded
      holes of the vessel wall and tightened to complete the mounting of the
      assembly.
PAR  The unit may be disassemblied essentially by reversing the procedure as
      described. Whenever the lens, packing member or gaskets 28 and 29 require
      replacement, bolts 18 are removed to dismount the unit, screws 25 are
      removed and the lens, packing member and gaskets are free to be removed.
      The replacement components can then be inserted in the housing structure
      and secured therein in the manner as previously described, and the unit
      can be remounted on the container wall with a minimum of delay.
PAR  Since the housing structure would be shielded from any possible corrosive
      affects of the fluid within the vessel, it may be fabricated from any
      suitable material having sufficient strength characteristics, such as
      carbon steel. Face plate 12 being constantly exposed to the interior of
      the fluid vessel should be fabricated of material impervious to the
      effects of the fluid contained in the vessel. Preferably, the face plate
      is fabricated of stainless steel or a similar suitable material.
      Alternatively, the face plate simply may be coated with a material which
      is impervious to the effects of the fluid contained in the vessel.
PAR  The packing member preferably should be fabricated of a packing material
      impervious to the effects of the fluid within the vessel. In this regard,
      however, it is to be noted that the lens seating portion of the face plate
      functions to inhibit the flow of fluid within the vessel into contact with
      the packing member. However, to more effectively shield the packing member
      from the fluid in the vessel, a protective liner formed of a suitable
      impervious material such as TEFLON, can be used. Such a liner would be
      provided with a cylindrical portion interposed between the packing member
      and the lens, and an annular flange portion interposed between the packing
      member and the face plate.
PAR  From the foregoing detailed description, it will be evident that there are
      a number of changes, adaptations and modifications of the present
      invention which come within the province of those persons having ordinary
      skill in the art to which the aforementioned invention pertains. However,
      it is intended that all such variations not departing from the spirit of
      the invention be considered as within the scope thereof as limited solely
      by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sight glass assembly comprising a housing structure mountable on a
      vessel containing a fluid, said housing structure having an opening
      therethrough, said opening having an enlarged section providing a
      shoulder, a face plate having an opening registered with the opening in
      said housing structure, mounted on said housing structure so that a
      portion thereof is disposed in opposed relation to said shoulder, a lens
      disposed in the enlarged section of the opening in said housing structure
      and interposed between said shoulder and said portion of said face plate,
      a packing member disposed in the enlarged section of said opening between
      said housing structure and a periphery of said lens, an outer end of said
      packing member having an annular recess extending toward said face plate,
      an annular wedging member disposed on said shoulder and projecting into
      the recess of said packing member, said wedging member having a
      cross-sectional area greater than the cross-sectional area of the recess
      of said packing member in an uncompressed condition, and means for
      securing said face plate to said housing structure, said securing means
      applying a force on said packing member causing said packing member to
      engage said wedging member and expand it laterally to provide a
      compressive force about the periphery of said lens and effect a seal
      between said housing structure and the periphery of said lens.
NUM  2.
PAR  2. A sight glass assembly according to claim 1 wherein said wedging member
      projects into the recess of said packing member the major portion of its
      length.
NUM  3.
PAR  3. A sight glass assembly according to claim 1 including a first gasket
      interposed between said lens and said housing structure and a second
      gasket interposed between said lens and said face plate.
NUM  4.
PAR  4. A sight glass assembly according to claim 1 including means for securing
      said housing structure to a wall of said vessel containing a fluid, with
      the lens overlying an opening therein.
NUM  5.
PAR  5. A sight glass assembly according to claim 1 wherein said wedging member
      is seated in an annular recess formed in said shoulder.
NUM  6.
PAR  6. A sight glass assembly according to claim 1 wherein said wedging member
      is formed integral with said housing structure.
NUM  7.
PAR  7. A sight glass assembly according to claim 1 wherein said packing member
      is formed of a compressible material and is provided with a substantially
      U-shaped cross-sectional configuration.
NUM  8.
PAR  8. A sight glass assembly according to claim 1 including a liner disposed
      between said packing member and said lens and also between said packing
      member and said face plate, formed of a material impervious to the effects
      of the fluid contained within said vessel.
NUM  9.
PAR  9. A sight glass assembly according to claim 1 wherein said face plate
      member is formed of a material which is impervious to the effects of the
      fluid contained within said vessel.
NUM  10.
PAR  10. A sight glass assembly according to claim 1 including a first gasket
      interposed between said lens and said housing structure and the second
      gasket interposed between said lens and said face plate, said packing
      member is formed of a compressible material and is provided with a
      substantially U-shaped cross-sectional configuration, including a liner
      formed of a material impervious to the effects of said fluid contained in
      said vessel, and wherein said face plate is formed of a material
      impervious to the effects of said fluid.
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PAL  Disclosed is a film speed control device for a single-system sound camera
      capable of simultaneous picture/sound recording in which an intermittent
      film transport mechanism at the exposure station and a constant speed film
      transport mechanism at a sound station having a magnetic recording head
      are driven synchronously by separate drive motors. In the control device,
      the impedance of a high frequency coil is changed in response to changes
      in the size of a film loop between the stations to control the rate of
      operation of the intermittent film transport so as to maintain constant
      the size of the film loop. The output of the high frequency oscillator is
      used for AC bias for the magnetic recording head, and is rectified for use
      as a power source for the recording amplifier.
BSUM
PAR  The invention relates to a motion picture camera and particularly to a
      control device for components of a motion picture camera having a sound
      system by which audio is recorded on a film simultaneously with exposure
      of a picture.
PAR  Motion picture cameras have been provided with systems for recording sound
      at the same time as a series of pictures are exposed. However, until
      recently, most of the sound systems for cameras available for the home
      user required independent tape recorders, which were coupled electrically
      or electro-mechanically to the camera. Recently, "single-system" sound
      cameras and film supplies have been made available by which a camera is
      provided with an internal audio recording capability. These units enable
      recording sound simultaneously with pictures on a single film.
PAR  In the type of single system sound motion picture cameras being considered,
      the film is transported through an exposure station by an intermittent
      mechanism. Further, the film is transported through a sound recording
      station by a constant speed mechanism. Since these mechanisms are driven
      respectively by independent motors, variations may occur between the
      quantities of film transported through the respective stations thereby
      causing loss of picture-sound synchronization. Variations in the rates of
      film movement can be detected through increase or decrease of a film loop
      between the stations. By modifying the rate of film movement by the
      intermittent mechanism relative to the rate of film movement through the
      sound station, picture-sound synchronization can be maintained. These
      single-system sound cameras have the advantages of being small in size and
      high in performance. An effective transport system is provided even though
      a large flywheel and sprocket device are not used. However, the potential
      of the existing systems is not realized because the film loop detector was
      less efficient than desired, and often electrical noise was introduced
      into the control and recording circuits causing irregularities of the
      speed of the intermittent mechanism and reduced fidelity of the amplifier.
PAR  The present invention describes improvements on the systems enabling more
      of the potential of fidelity and picturesound synchronization to be
      reached. A film speed control device and power supply for a single-system
      sound camera is described. The intermittent film transport mechanism at
      the exposure station and the constant speed film transport mechanism at
      the sound station are driven synchronously by separate motors. However, a
      control circuit modifies the rate of operation of the intermittent
      mechanism by responding to output of a high frequency coil which is
      electrically modified by a loop size sensor as the film loop size changes.
      Further, the output of the high frequency oscillator is used for
      alternating current bias for the magnetic recording head at the sound
      station. Further, the output of the high frequency oscillator is also used
      as a power source converter for the recording amplifier whereby a smaller
      than expected power supply can be used to energize the electrically
      powered camera mechanisms.
PAR  The above and other objects of the invention will become apparent from the
      detailed description which follows when taken in conjunction with the
      accompanying drawings in which like numbers refer to like parts.
DRWD
PAR  IN THE FIGURES:
PAR  FIG. 1 is a schematic representation of portions of a sound motion picture
      camera with parts omitted for clarity, and control circuitry for
      energizing and controlling portions of the camera; and
PAR  FIG. 2 is a detail schematic view of an embodiment of a film loop sensor
      usable in this preferred construction.
DETD
PAR  Referring to the drawings, a film 10 is transported in a single system
      sound camera by an intermittently operating film transport device shown as
      shuttle 12. The film path extends between an image exposure station 14 in
      which the shuttle is arranged and which includes a pressure plate 18 to
      restrain film in the exposure aperture 20 aligned in the optical axis 22
      of an objective lens 24. From the exposure station 14, the film is
      transported downstream to a sound station 30 including a transducer shown
      as a magnetic recording head 32, against which the film can be held by a
      pressure pad 34 and a constant speed drive mechanism comprising a powered
      capstan 36 and a pressure roller 38. Intermediate the exposure station and
      the sound station, the film path is formed as a loop 40 into which the
      film is fed intermittently by the shuttle and from which it is extracted
      continuously by the constant speed drive mechanism at the sound station.
      To maintain synchronization between the picture and sound, the film is
      ideally transported to move equal linear quantities through each station
      in a period of time. However, if the rates of the transporting mechanisms
      differ, the loop 40 varies in size depending on which mechanism is moving
      film at a greater rate. If the average speed of the shuttle 12 is slower
      than that of the capstan 36, the film loop 40 becomes smaller as shown by
      the dotted line path. Oppositely, if the shuttle is feeding film faster
      than the capstan, the loop becomes larger than the normalized solid line
      showing. Since variations in sound pitch are easier to detect than
      variations in the rate of movement in visual images, the capstan speed is
      maintained constant while the shuttle speed is varied as necessary to
      compensate for film movement variations.
PAR  A loop size detector 44 is arranged adjacent the film path at the loop 40
      to sense the size of the loop for control of the shutter. The detector is
      an elongated member pivoted about an axle 46 to cause a film engaging
      portion 48 at one end thereof to be in continuous contact with the film
      under the influence of a biasing member shown as a spring 50. The detector
      is provided with a mass portion, movable relative to a sensor 52 in the
      form of a high frequency coil 54, preferably of ferrite. In this preferred
      embodiment, the mass portion is a permalloy plate of soft iron. The coil
      is excited by a high frequency oscillator 58 to operate in tens of
      thousand Hertz range. The coil 54 is connected to a circuit 60 to control
      speed of a motor (not shown) by which the shuttle is driven in a known
      manner. The motor is selected to be responsive to small current
      fluctuations. As the detector 44 is moved in response to the changes in
      the size of the film loop, the impedence of a coil 62 to which the motor
      control circuit is connected is modified to alter the speed of the motor.
      As the loop decreases from the solid line to the dotted line
      configuration, the detector 44 is moved clockwise about the pivot 46 away
      from the sensor coil. Through the speed control circuit 60, the shuttle 12
      is moved slightly faster. On the other hand, if the average speed of the
      shuttle is faster than that of the capstan 36, the film loop 40 becomes
      larger causing the detector to rotate counterclockwise and to move the
      sensor toward the coil thereby reducing the speed of the motor until the
      loop becomes smaller.
PAR  The not shown motor, the amplifier 66 for energizing the transducer 32 and
      the high frequency oscillator 58 can be energized by the same power
      source, selected as a small low voltage battery, not shown. The high
      frequency oscillator 58 to which high frequency coil 54 is connected is
      supplied by an invertor functioning as a high frequency power source.
      Additionally, the output of the oscillator is used to provide a high
      frequency bias to the recording head 32. High voltages required for the
      amplifier to which the transducer is connected can be obtained by
      providing a voltage raising or step-up coil on the high frequency
      oscillator and rectifying the output of the step-up coil. By regulating
      the output voltage of the high frequency oscillator, high performance can
      be obtained from a single compact battery pack which can be replaced
      conveniently by the user.
PAR  To further improve the efficiency of the film loop size detector 44, the
      film engaging portion 48 is arranged at a preferred location between the
      exposure station 14 and the sound station 30. If the contacting portion is
      positioned too close to the transducer head 32 of the sound station, it
      cannot detect the change of the loop size. Similarly, if it is positioned
      too far from the sound station, the intermittent movement of the film is
      detected and the shuttle drive motor is controlled unstably. Therefore,
      for the arrangement as shown in which the film is transported from the
      shuttle to the recording head about a 90.degree. bend, it is desirable
      that the position of the contact portion be located between 1/5 and 1/2 of
      the distance "L" from the recording head to the film descending position
      for a film having a 0.1-0.15mm thickness. Within the 1/5L to 1/2L range,
      the detector responds to small variations in the size of the loop thereby
      enabling a relatively constant loop size to be maintained.
PAR  The loop size detector 44 is constructed so that the contact portion 48 is
      removed from the film loop to enable easy loading and unloading of film
      when the pinch roller 38 is released from the capstan 36. As shown in
      another embodiment in FIG. 2, an arm 68 which is pivotable about an axle
      70, supports the pinch roller 38 for limited movement from a sound gate
      open position to a sound gate closed position. The film loop size detector
      44 is supported on an axis 72 mediate the arm 68 for rotation thereabout,
      with the end of the detector opposite the film contacting portion 48
      continuously biased in the film engaging clockwise direction by a spring
      74 connected to the arm 68. A stop 76 is provided on a fixed part of the
      camera to limit rotation of the film contacting portion beyond the
      anticipated operational range of that portion. When the arm is pivoted to
      position the detector against the limit stop 76 and the arm is held under
      this condition, the pinch roller 38 is separated from the capstan and the
      contacting portion 48 of the detector is separated from the film loop
      enabling easy loading and unloading of the film. When the arm 68 is
      released, the contacting portion 48 of the detector is returned to film
      engaging condition under the urging of spring 74 for normal operation.
PAR  While this invention has been particularly shown and described with respect
      to the preferred embodiment, it will be understood that various changes
      and modifications may be made without departing from the spirit and scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a motion picture camera having an exposure station and a sound
      station through which a sound film is passed for simultaneous recording of
      picture and sound on the sound film, a film transport mechanism for
      intermittently moving the film through the exposure station and a
      mechanism for constantly moving the film through the sound station, said
      mechanisms being driven by respective motor means, a loop being formed by
      the film intermediate said exposure and sound stations, improvements in a
      film speed control device for maintaining picture-sound recording
      synchronization of the camera, comprising:
PA1  film engaging means mounted adjacent the film loop for pivotable movement
      responsive to displacement according to the size of the film loop;
PA1  a power source; oscillator circuit means connected to said power source for
      generating high frequency oscillations; and
PA1  high frequency coil means connected to said oscillator circuit means and
      responsive to relative movement of said film engaging means by said film
      loop to control said mechanism for intermittently moving film as impedence
      through said coil means is changed by changes in the size of said film
      loop causing displacement of said film engaging means relative to said
      coil means,
PA1  wherein the size of said film loop is maintained substantially constant
      whereby picture-sound synchronization is maintained.
NUM  2.
PAR  2. Improvements in a motion picture camera film speed control device as in
      claim 1 including:
PA1  spring means for biasing said film engaging means toward engagement with
      said film loop at a location intermediate said exposure station and said
      sound station.
NUM  3.
PAR  3. Improvements in a motion picture camera film speed control device as in
      claim 1 including a film driving capstan and a pressure roller arranged
      opposite said capstan at said sound station, said device including a
      pivotable arm supporting said pressure roller and said film engaging means
      for displacement into and from engagement with the film for loading and
      unloading of said camera.
NUM  4.
PAR  4. In a motion picture camera having an exposure station and a sound
      station through which a sound film is passed for simultaneous recording of
      picture and sound on the sound film, with a loop being formed by the film
      intermediate said exposure and sound stations, a film transport mechanism
      for intermittently moving the film through the exposure station and a
      mechanism for constantly moving the film through the sound station, said
      mechanisms being driven by respective motor means, improvements in a film
      speed control device for maintaining picture-sound recording
      synchronization of the camera, comprising:
PA1  film engaging means mounted adjacent the film loop for pivotable movement
      responsive to displacement according to the size of the film loop;
PA1  a power source, oscillator circuit means connected to said power source for
      generating high frequency oscillations; and
PA1  high frequency coil means connected to said oscillator circuit means and
      responsive to relative movement of said film engaging means by said film
      loop to control said mechanism for intermittently moving film as impedence
      through said coil means is changed by changes in the size of said film
      loop causing displacement of said film engaging means relative to said
      coil means, wherein the size of said film loop is maintained substantially
      constant whereby picture-sound synchronization is maintained; and a
      magnetic recording head at said sound station wherein output of said high
      frequency oscillator circuit means is applied as an AC bias for said
      magnetic recording head.
NUM  5.
PAR  5. Improvements in a motion picture camera film speed control device as in
      claim 4 further comprising a recording amplifier coupled to said recording
      head; and means for rectifying the output of said high frequency
      oscillator circuit means and applying said output as a power source for
      said recording amplifier coupled to said magnetic recording head.
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ABST
PAL  Film tensioning and controlling transport mechanism for a cinematograph
      film projector. The film take-up mechanism has a torque motor drive
      separate from the projector mechanism drive motor. The torque motor is
      energised first to tension film before the projector drive motor is
      energised. The torque motor is first energised with a series
      temperature-sensitive resistor so that torque, and film-tension, increases
      before the projector mechanism starts up. Film between the projector
      mechanism and the take-up spool is formed into a loop over a movable
      roller, which is spring-tensioned in the loop-lenghtening direction but is
      restrained by a dashpot in the loop-shortening direction. Film-tension
      reduces the loop length, but the projector drive motor is energised before
      the whole loop is taken up.
BSUM
PAR  This invention relates to cinematograph film transport mechanisms and
      particularly to pay-off spool and take-up spool drive and control means
      for such transport mechanisms. The term "spool" herein refers equally to a
      so-called reel having retaining checks on both sides of the film coil, a
      so-called plate having a single check and a so-called film wind centre
      having no checks.
PAR  In a cinematograph projector, film is drawn off a pay-off spool, driven
      through the projection gate of the projector and taken up on a take-up
      spool. The pay-off spool rotates more rapidly as the film is drawn off,
      due to the progressively reducing diameter of the coil of film on the
      spool. The take-up spool correspondingly rotates more slowly as the coil
      of projected film progressively increases in diameter. Further, there is
      the requirement to maintain in slight tension both the length of film
      extending between the pay-off spool and the film feed sprocket of the
      projector mechanism and the length of film extending between the film
      take-up sprocket of the projector mechanism and the take-up spool.
PAR  For the projection of film above a certain footage in length, over 1,000
      ft. and up to 6,000 ft., for example, it is not practicable to use a
      friction clutch drive to the take-up spool shaft. It has become general
      practice to use an electric torque motor for this take-up spool drive.
PAR  The projector drive mechanism has its own drive motor and when a separate
      motor is used for the take-up drive, as stated, the problem arises to
      avoid the formation of a film loop between the projector mechanism and the
      take-up spool.
PAR  This problem is particularly acute upon starting, or restarting, a
      projector. This is due to the relatively low inertia, and quick
      acceleration, of the projector drive elements, when driven by the usual
      induction or synchronous electric motor drive, and the relatively slow
      acceleration of the large-diameter and heavy take-up spool, further
      weighted by projected film wound thereon, when driven by its own torque
      motor drive.
PAR  The object of the present invention is to provide an improved cinematograph
      film transport mechanism having regard to these and other requirements.
PAR  Accordingly, the invention provides cinematogrph film transport mechanism
      for a cinematograph projector incluidng a projector mechanism for
      transporting film through the projection gate and a film take-up mechanism
      for spooling the projected film thereafter, the said projector mechanism
      and the said take-up mechanism being independently driven by projector and
      take-up electric motors, in which the two motors are sequentially
      energised by sequentially operating switch means, the take-up motor supply
      circuit including a power-limiting element and the sequentially operating
      switch means comprising a first switch for energising the take-up motor
      before the projector motor and by way of the power-limiting element and
      second switch means for subsequently energising the projector motor and
      for excluding from circuit the take-up motor power-limiting element.
PAR  The film transport mechanism preferably includes means for forming a
      shock-absorbing film loop between the projector mechanism and the film
      take-up mechanism.
PAR  In a preferred embodiment of the invention, the film take-up motor is a
      torque motor having a temperature-sensitive resistor series connected in
      its supply circuit. This torque motor is the first motor to be energised.
      The projected film is thereby tensioned and this tension increases with
      reduction of resistance of the temperature-sensitive resistor as its
      temperature rises.
PAR  Conveniently, the shock-absorbing loop is formed by leading the film over a
      movable roller carried by a pivoted arm. The arm is spring-tensioned to
      take up film by lengthening the loop and is restrained solely for movement
      in the loop-shortening sense by a differential dashpot.
PAR  Also, in the preferred embodiment of the invention, the
      sequentially-operating switch means comprises a manually operated START
      switch which actuates two relays in sequence, the first relay energising
      the torque take-up motor through the series resistor and the second relay
      energising the projector motor and short-circuiting the resistor in the
      take-up motor circuit.
DRWD
PAR  In order that the invention may be readily carried into practice, one
      embodiment thereof will now be described in detail, by way of example,
      with reference to the accompanying drawing, the sole FIGURE of which is a
      diagrammatic representation of a cinematograph film transport mechanism in
      accordance with the invention, comprising a film projector mechanism and a
      film take-up mechanism with separate drive motors, together with a
      schematic circuit diagram showing the supply circuits and switch means for
      energising the two motors.
DETD
PAR  In the FIGURE, a cinematograph film projector is indicated generally at 1
      and has a drive motor 2 which drives the shutter, intermittent motion and
      film feed sprockets of the projector mechanism.
PAR  A driven film sprocket 3 may be the projector take-up sprocket or may be a
      separate driven sprocket following the take-up sprocket.
PAR  Cinematograph film 4 is drawn off a pay-off spool 5 and passes to the
      projector mechanism, after which it is taken up on a take-up spool 6. The
      pay-off spool 5 is carried by and drives a shaft 7 which also carries a
      friction pulley 8. A friction belt 9 passes around the pulley 8 and is
      attached to a fixed point 10 at one end and to a tension spring 11 at the
      other end, to provide friction holdback of the pay-off spool 5.
PAR  The take-up spool 6 is carried by and driven from a shaft 12 which is
      driven by a torque motor 13. The shaft 12 also carries a rotating disc 14
      of a light friction clutch, to stop film spooling off the spool 6 when the
      film 4 is not tensioned.
PAR  Shown diagrammatically within the block representing the projector 1 is the
      film sprocket 3 followed by a fixed roller 15 and a shock loop absorption
      roller 16. The film 4 passes over the sprocket 3 and over the rollers 15
      and 16 in succession before passing to the take-up spool 6.
PAR  The roller 16 is carried at one end of an arm 17 which is pivoted at its
      other end 18. A bias spring 19 acts upwardly upon the arm 17, as shown in
      the drawing, to tension the film loop formed over the roller 16. Movement
      of the arm 17, depending upon the loop length, is controlled by a
      differential dashpot 20. The dashpot 20 permits of free upward movement of
      the arm 17, to increase the film loop length, but offers resistance to the
      downward movement of the arm 17, to shorten the film loop length.
PAR  As shown in the circuit diagram at the lower part of the figure, both
      motors 2 and 13 are supplied from an alternating current supply at
      terminals 21 and 22. The circuit supplying the torque motor is closed by
      START contactor 23 which energises relay 24 to close supply contact 24.1
      and to close "Hold" contact 24.2. With contact 24.1 closed, the motor 13
      is supplied by way of a series-connected Brimistor (Registered Trade Mark)
      temperature-sensitive resistor 28. Initially, the series resistor 28
      serves to reduce the torque of drive motor 13. As the motor runs, the
      resistor temperature increases due to the current flowing therein, the
      resistance falls and the motor torque increases.
PAR  The START contactor 23 also closes the circuit through delay relay 25 which
      operates after a short delay of a few seconds following relay 25 to close
      contacts 25.1 and 25.2. Closure of contact 25.1 short-circuits the
      resistor 28, thereby increasing the torque motor 13 drive to full power.
      Closure of contact 25.2 energises relay 26 to close contact 26.1 and
      supply the projector drive motor 2.
PAR  The projector drive motor starts up with full drive power and is shown
      driving a shaft 29 which carries a heavy flywheel 30. The projector film
      drive mechanism is driven from the shaft 29.
PAR  In operation, closure of START contactor 23 energises the torque take-up
      assembly drive motor 13 through series resistor 28. The motor 13 thus
      starts with reduced torque, the torque increasing as the resistor 28 heats
      up. At this time, the projector drive motor 2 is not yet energised. The
      take-up assembly thus takes up film 4 from the loop over loop roller 16 to
      tension the film.
PAR  After a few seconds running, before the loop of film 4 passing over roller
      16 is reduced to the minimum loop length, corresponding to the limit of
      travel of arm 17, and before the torque motor 13 is stopped by the
      resulting tension of film 4, the relay 25 is actuated. This short-circuits
      series resistor 28 to supply full power to the motor 13 and at the same
      time energises the projector drive motor 2.
PAR  In this manner tension is gradually applied to the film 4 between the
      projector 1 and the take-up spool 6 to ensure that no accidental film loop
      forms to cause film damage or breakage. The film is first tensioned by the
      torque motor 13 under reduced power and the torque is progressively
      increased, as the resistance of resistor 28 falls, before the drive motor
      2 is energised. The drive motor 2 can then be energised at full power. A
      high tension can be applied to the film in this way, whereas film breakage
      would occur if full voltage were applied initially to both motors 2 and
      13. During running, any free film length is immediately absorbed in the
      film loop due to the free movement of the arm 17 in the upward sense. Film
      spools for carrying some 6,000 ft. length of film can be safely driven and
      controlled in this manner.
PAR  The supply circuits to the motors 2 and 13 are opened by operation of a
      STOP contactor 27 and the mode of operation described is repeated upon
      restarting.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Cinematograph film mechanism for a cinematograph projector including a
      projector mechanism for transporting film through a projection gate and a
      film take-up mechanism for spooling the projected film thereafter, the
      said projector mechanism and said take-up mechanism being independently
      driven by projector and take-up electric motors, in which the two motors
      are sequentially energized by sequentially operating electrical switch
      means, the take-up motor being a torque motor, the take-up motor supply
      circuit including a gradually decreasing electrical power-limiting
      temperature-sensitive resistor having a falling resistance characteristic
      with temperature rise due to electrical energy current-flow therein and is
      electric current series-connected in the take-up motor supply circuit, the
      sequentially operating switch means comprising a first switch means for
      energizing the take-up motor before energization of the projector motor
      and by way of the power-limiting element, and second switch means for
      subsequently energizing the projector motor and for excluding from
      electrical circuit the take-up motor power-limiting resistor, and where
      the sequentially operating switch means further comprises a manually
      operated START switch connected to actuate a first relay for closing the
      said first switch, to energize the said take-up motor, and connected to
      energize an electrical delay relay for delayed closing of the said second
      switch, to energize the said projector motor, and for delayed closing of a
      third switch for short-circuiting of the said temperature-sensitive series
      resistor.
NUM  2.
PAR  2. Cinematograph film transport mechanism as claimed in claim 1, in which
      the film transport mechanism includes means for forming a shock-absorbing
      film loop between the projector mechanism and the take-up mechanism, the
      said take-up motor operating to tension the film in the said loop and to
      shorten the loop length and the delay of the said delay relay is
      predetermined to energise the said projector motor before the said loop is
      shortened to a predetermined length.
NUM  3.
PAR  3. Cinematograph film transport mechanism as claimed in claim 2, in which
      the said film loop forming means includes a movable loop-forming roller,
      over which the film passes between the projector mechanism and the take-up
      mechanism, the said roller being urged in the loop-lengthening direction
      by spring means and being restrained in the loop-shortening direction by a
      dashpot.
NUM  4.
PAR  4. Cinematograph film transport mechanism as claimed in claim 3, in which
      the said film loop forming means comprises, in sequence from the projector
      mechanism to the take-up mechanism, a film sprocket, a fixed film roller
      and the said movable roller, the said movable roller being carried at the
      free end of a pivoted arm, which is urged in the loop-lengthening sense of
      rotation by a tension spring and is restrained in the loop-shortening
      sense of rotation by a differential dashpot, whereby free movement of the
      arm in the loop-lengthening sense is allowed.
NUM  5.
PAR  5. Cinematograph film transport mechanism as claimed in claim 4, in which
      the projector drive mechanism includes a heavy flywheel whereby, upon the
      projector motor being energised, the rate of supply of film to the said
      shock-absorbing film loop is initially reduced.
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ABST
PAL  A device for the viewing of photo-images and the presentation of sound
      recordings corresponding to such photo-images, which device may be
      controlled by the user to provide substantially random access to any
      photo-image and the sound recording corresponding thereto, is disclosed. A
      modular construction of such device and its adaptability to either
      hand-held or projection embodiments is described. A novel tone arm system
      as well as a novel turntable driving mechanism, a novel disc type record
      unit and a novel record changing mechanism is disclosed. In addition, a
      novel stereoscopic system based on the use of two identical views of the
      field of vision is disclosed and a specific optical system is described.
      Finally, a method of and means for coordinating a group of photo-images
      and a group of sound recordings so that selection of a particular
      photo-image automatically selects the corresponding sound recording is
      disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to audio-visual apparatus for the simultaneous
      viewing of photo-images and audio production of a lecture or commentary
      relating thereto and more particularly to such an apparatus which may be
      controlled by the user to select any one of a group of photo-images for
      viewing or to sequentially view the photo-images of such group in any
      desired order with the audio production of the lecture or commentary
      relating to each photo-image being automatically selected from a
      corresponding group of sound recordings.
PAR  The prior art provides apparatus of various kinds for the simultaneous
      viewing of photo-transparencies and audio production of sound associated
      therewith. The most crucial feature of any such apparatus is, of course,
      to obtain proper synchronization between the presentation of the
      photo-transparency for viewing and the production of the sound.
PAR  The apparatus used for presenting motion pictures with accompanying sounds
      is a well known example of the broad concept. However, it will be
      understood that such apparatus must be designed to present a large number
      of photo-transparencies in fixed sequence and rapid succession, each in
      conjunction with the production of a relatively short segment of sound
      from a sequentially recorded series of sounds or "sound track." In every
      instance a number of slightly different photo-transparencies will be
      presented in connection with sounds comprising a single word of human
      speech.
PAR  It is an object of this invention to provide apparatus in which an extended
      dialogue or portion of a lecture or commentary is produced in conjunction
      with the presentation of a single photo-image for extended viewing. Thus,
      techniques and apparatus suitable for the presentation of motion pictures
      with sound are not applicable in accomplishing the objects of this
      invention.
PAR  Others have designed apparatus for use in advertising or in the
      presentation of travelogues or for instructional purposes in which a
      series of photo-transparencies are presented for viewing in conjunction
      with the audio production of an extended segment of a recorded sound track
      comprising a dialogue, lecture or commentary. However, in such apparatus
      the synchronization between the sound track and the presentation of the
      photo-transparencies has been accomplished by providing for the sound
      track to control the presentation of the photo-transparencies in fixed
      sequence. See, for example, U.S. Pat. No. 3,048,083 to Rosenbaum.
PAR  The magnetic tape, of course, need not be endless as disclosed by Rosenbaum
      and in some devices of the general type the mechanism is not automatic.
      Instead, the control signal is produced as an audible sound to remind the
      operator to advance the photo-transparencies from one to the next in the
      fixed sequence.
PAR  Similar results have been obtained in apparatus of the type in which the
      dialogue, lecture, or commentary is recorded on conventional disc type
      records as described in U.S. Pat. No. 3,138,061 to Greenway, for example.
      In such apparatus, a control signal may be recorded on the disc and used
      in the same way as described above. However, as disclosed by Greenway, it
      is also possible to utilize the changing angular position of the tone arm
      as it moves across the record to control the presentation of the
      photo-transparencies in fixed sequence.
PAR  It is another object of this invention to provide apparatus of the type
      broadly described above in which the presentation of a photo-image from a
      group thereof automatically selects for production a particular portion of
      a sound track corresponding to such group of photo-images. Thus, prior art
      apparatus as disclosed by Rosenbaum and Greenway in which the sound track
      controls the presentation of the photo-transparencies is not applicable in
      accomplishing the objects of this invention.
PAR  It will be understood that in all apparatus of the prior art as discussed
      above, the presentation of the photo-transparencies and the production of
      sound must occur in a fixed time sequence. Thus, a certain amount of time
      is allowed for viewing each photo-transparency which amount of time is
      controlled by the sound track. In order to view a particular
      photo-transparency for a longer or shorter period of time than that
      allowed by the established time sequence, it would be necessary to
      interrupt the normal operation of at least the sound system of the
      apparatus thus tending to interfere with the synchronization between the
      sound track and the sequence of photo-transparencies.
PAR  U.S. Pat. No. 3,484,160 to Glass et al discloses an audio visual toy in
      which visual presentations may be viewed for any desired length of time
      independently of the audio presentation associated therewith. However, in
      using audio-visual apparatus of the type described above for instructional
      purposes, it is highly desirable that the person who seeks instruction be
      able to interact with the apparatus. If the user of the toy taught by
      Glass et al attempts to interact with the device by viewing the visual
      presentations out of their normal order, the synchronization between the
      visual presentation and the audio presentations will be destroyed.
PAR  In order to provide optimum interaction between the apparatus and the
      person seeking instruction from it, it is necessary that such person be
      able to control the sequence in which the photo-transparencies and the
      sound corresponding thereto are presented. It will be seen that in the
      apparatus of the prior art it is highly inconvenient, if not impossible,
      for the user to vary the order of the sequence of the presentation without
      destroying the synchronization between the sequence of the
      photo-transparencies and that of the sound track.
PAR  It is a still further object of this invention to enable full interaction
      between audio-visual apparatus of the type described and a person seeking
      instruction by providing apparatus which may be operated in a
      substantially random access mode under the control of such person.
PAR  It is often desirable to present two or more different things for
      comparative viewing in order to instruct persons as to similarities or
      differences between such things. It is also desirable that such things be
      clearly presented to the viewer and often desirable that they be presented
      stereoscopically so that differences or similarities in form may be seen.
      Finally, it is often desirable in such situations to direct the attention
      of the viewer first to one and then to another of two or more things
      presented for viewing.
PAR  It is another object of this invention to provide a stereoscopic viewing
      system based on the use of two identical views of a particular field of
      vision in order to provide clarity of view, apparent depth perception, and
      optical separation between fields of vision to facilitate comparative
      viewing of different things.
PAR  In order for audio-visual apparatus to be useful for instructional
      purposes, it is necessary that such apparatus be simple and convenient to
      operate, small, rugged and lightweight for portability, and inexpensive to
      manufacture and maintain. It is yet another object of this invention to
      provide apparatus of the type described based on the use of disc type
      records for sound recording which are mounted in rugged units for storage
      and use, whereby the mechanism of such apparatus is inexpensive to
      manufacture and maintain, small, lightweight and rugged for portability
      and convenient to operate.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of this invention comprises means for sequentially presenting
      each of a plurality of photo-images for viewing and means for sequentially
      producing the audio rendition of each of a plurality of sound recordings
      all of which have a time duration greater than one second. According to
      this invention the apparatus also includes means for automatically
      correlating the beginning of the audio rendition of each one of the
      plurality of sound recordings with the beginning of the presentation of a
      different one of said plurality of photo-images for viewing and means for
      controlling the length of time during which each photo-image is presented
      for viewing, and the audio rendition of the sound recording correlated
      therewith is produced, independently of the time duration of said sound
      recording correlated therewith. The sound recordings are preferably made
      in disc type records although magnetic tape recordings could be used. The
      presentation of the photo-images is preferably stereoscopic and the
      photo-images are preferably directly viewed photo-transparencies although
      it would be possible to project photo-transparencies for indirect viewing
      and to use photographic prints rather than transparencies for direct
      stereoscopic viewing. The apparatus preferably includes a novel tone arm
      arrangement and a pair of disc type records for use with the apparatus are
      preferably mounted as a unit in a novel package. The apparatus also
      preferably includes a novel mechanism for receiving the record units and a
      novel drive mechanism for rotating the disc type records.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and features of the apparatus of this
      invention will be more fully appreciated when the following detailed
      description is read in conjunction with the drawing wherein:
PAR  FIG. 1 is a perspective view of an embodiment of the apparatus of this
      invention with a plurality of photo-images positioned therein for use but
      with the disc type record unit containing the sound recordings removed
      therefrom.
PAR  FIG. 2 is a perspective view of a disc type record unit suitable for use in
      the embodiment of the apparatus of this invention shown in FIG. 1,
      represented in position to be inserted into the embodiment of the
      apparatus of this invention as shown in FIG. 1.
PAR  FIG. 3 is a fragmentary view in elevation of the rear portion of the right
      end of the embodiment of the apparatus of this invention as shown in FIG.
      1.
PAR  FIG. 4 is a schematic representation of the optical system of the
      embodiment of the apparatus of this invention shown in FIG. 1.
PAR  FIG. 5 is an exploded view in perspective of the embodiment of the
      apparatus of this invention shown in FIG. 1 with the outer coverings
      thereof either removed or shown in opened position to expose internal
      parts and with certain portions omitted for clarity.
PAR  FIG. 6 is an enlarged fragmentary view of the tone arm assembly and the
      record driving assembly of the embodiment of the apparatus of this
      invention shown in FIG. 1 with a portion of the record driving assembly
      represented in exploded form and with a disc type record shown in
      operating position and the cover of the disc type record unit of FIG. 2
      shown in dotted lines.
PAR  FIG. 7 is a front perspective view of the embodiment of the apparatus of
      this invention shown in FIG. 1 with portions removed or broken away to
      expose the cooperating mechanism for the tone arm assembly and the slide
      viewer assembly thereof.
PAR  FIG. 8 is a fragmentary view, partially in cross-section and partially in
      elevation, of the record changing mechanism of the embodiment of the
      apparatus of this invention shown in FIG. 1 with the elements thereof in
      position immediately prior to the full insertion of the disc record unit
      of FIG. 2 therein, an end view of such disc record unit also appearing in
      FIG. 8.
PAR  FIG. 9 is a view similar to FIG. 8 but showing the disc record unit fully
      inserted and the elements of the record changing mechanism in the position
      corresponding thereto.
PAR  FIG. 10 is a fragmentary perspective view of the fully assembled record
      driving and tone arm module of the embodiment of the apparatus of this
      invention shown in FIG. 1 but with the cover removed to show the internal
      elements thereof.
PAR  FIG. 11 is an enlarged top view of the disc type record unit of FIG. 2 with
      the top cover thereof removed to expose the internal parts thereof.
PAR  FIG. 12 is a cross-sectional view taken along line 12--12 of FIG. 11 with
      the top cover thereof in place.
PAR  FIG. 13 is a cross-sectional view taken along lines 13--13 of FIG. 11 with
      the top cover thereof in place.
PAR  FIG. 14 is a representation of the electrical circuitry of the embodiment
      of this invention shown in FIG. 1, which representation is partly in
      schematic form and partly in block diagram form.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 a preferred embodiment of the apparatus of this
      invention in the form of a fully assembled hand-held device is shown.
      According to this embodiment of the invention the apparatus is constructed
      of a series of modules according to the various functions which the
      apparatus must perform which modules are assembled on a frame. Thus, as
      shown in FIG. 1 the device 10 according to this embodiment of the
      apparatus of this invention comprises an optical module 11, an audio
      amplifier and power supply module 12, a synchronization module 13 and a
      sound track drive module 14. All of the above modules are physically
      mounted on a frame unit 15 as will be more fully described hereinafter and
      which frame unit 15 includes the photo-image slide carriage unit 16 and
      the sound track unit receptacle 17.
PAR  As shown in FIG. 1 the various photo-images 18a-18n may be mounted in an
      appropriate frame 19, however, it is also contemplated that such
      photo-images could be formed on a single strip of film material suitable
      for insertion into the slide transport member 16. As shown in FIG. 1 the
      photo-images 18a- 18n may be arranged in two rows extending the length of
      the slide transport member 16. Although there are six photo-images in each
      row as shown in FIG. 1, it will be understood that more or less
      photo-images may be used as desired. It will also be understood that the
      row of photo-images 18a through 18f are not in operative position as shown
      in FIG. 1, whereas the second row comprising photo-images from 18g through
      18n are in operative position and thus hidden from view within the device
      10.
PAR  Referring to FIG. 2 a sound track unit 20 is shown in position for
      insertion into the receptacle 17 of the device 10. In the sound track unit
      20 according to this embodiment of the invention, as broadly shown in FIG.
      2, the sound track may be driven through a pair of apertures which are
      shown at 21 and 22. The sound track may be recorded on a pair of apertured
      discs mounted for rotary movement independently of each other within a
      housing 23, for example, in which case a pair of elongated apertures 25
      and 26 are provided through such housing and each associated with a
      different one of such discs to provide access for the pickup unit of a
      tone arm (not shown in FIG. 1) to the sound recordings on such discs. It
      will be understood that other means of recording the sound track as by
      means of magnetic tape, for example, could be used in other embodiments of
      this invention.
PAR  As shown in FIGS. 1 and 2 the sound recordings on the disc associated with
      apertures 21 and 25 are correlated with the photo-images from 18f-18n and
      the sound recordings on the discs associated with apertures 22 and 26 are
      correlated with the photo-images 18a- 18f. Thus, it will be understood
      that the orientation of both the slide 19 and the record unit 20 must be
      changed with respect to the device 10 in order to place the photo-images
      18a- 18f and the disc bearing the sound recordings correlated therewith,
      which disc is associated with apertures 22 and 26, into operative
      position. Such change in orientation is accomplished by removing the slide
      19 and inverting it in the slide carriage member 16 and by removing the
      sound track unit 20 from the receptacle 17 and turning the unit 20
      end-for-end for reinsertion to the receptacle 17. As shown in FIGS. 1 and
      2 the sound track unit 20 may be held in receptacle 17 in any one of four
      orientations by the engagement of posts 27 at the entrance to the
      receptacle 17 with appropriate recesses 28 formed at the edges of both the
      upper and lower surfaces of the unit 20 as shown in FIG. 2.
PAR  The device 10 according to this embodiment of the apparatus of this
      invention is designed to enable it to be hand-held in use although it
      could also be mounted on a support (not shown). Thus, the device 10 is
      dimensioned so that the thumb of the left hand of the user may support the
      frame 15 under the receptacle 17 with the fingers of the left hand in
      contact with the top of the sound track driver module 14. Similarly, the
      thumb of the right hand of the user may support the frame 15 at the
      opposite end of the device 10 with the fingers of the right hand in
      contact with the top of the audio amplifier and power supply module 12.
PAR  As shown in FIG. 1 the front side of the optical module 11 is provided with
      a pair of eye pieces 41 and 42 with an indent 40 to accommodate the nose
      of the user. It will be understood that the optical module 11 and
      synchronization module 13 are lighter in weight than the audio amplifier
      and power supply module 12 and sound track drive module 14. Thus, the
      device 10 is confortably balanced when the hands of the user engage the
      device 10 toward the rear of the slide carriage unit 16 as shown in FIG.
      1.
PAR  Referring to FIG. 3 a fragmentary view of the rear corner of the right side
      of the device 10 is shown in order to illustrate the type of controls
      which may be built into the audio amplifier and power supply module 12. It
      will be understood that such location of the controls will provide
      convenient access for manipulation by the right hand of the user when the
      unit is in operation.
PAR  The most important control from the standpoint of the user is a microswitch
      associated with the loudspeaker grille 30. As most clearly shown in FIG. 1
      the loudspeaker grille 30 provides the upper surface for the right end
      portion of the audio amplifier and power supply module 12. Thus, the
      fingers of the right hand of the user of the unit normally rest lightly on
      top of the loudspeaker grille 30 when the device 10 is hand-held for use.
      According to this embodiment of the invention a normally open microswitch
      is mechanically associated with the loudspeaker grille 30 such that a
      squeezing action of the right hand of the user will force the loudspeaker
      grille downwardly to close the microswitch. As will be described more
      fully hereinafter the closing of the microswitch will activate appropriate
      circuitry to move the photo-image slide in either direction depending upon
      the setting of a further control. The circuitry is such that a momentary
      squeezing action will be sufficient to move the photo-image slide through
      a complete cycle from one photo-image to the next photo-image without
      further action by the operator. The circuitry is also such that the
      exertion of continuous pressure on the loudspeaker grille 30 by the hand
      of the operator will result in continuous movement of the photo-image
      slide.
PAR  Referring to FIG. 3 the other manual controls provided in the device 10
      according to this embodiment of the apparatus of this invention may be a
      simple toggle or slide type switches. Thus, a single throw, single pole
      on-off switch 31 is provided to connect or disconnect the device 10 from
      the power supply thereof. Such power supply may comprise a set of 6 volt
      rechargeable nickle-cadmium batteries, for example. A double throw, double
      pole forward-reverse switch 32 is connected across the motor for driving
      the photo-image slide transport mechanism, thus enabling the operator to
      select the direction in which such mechanism will move. A single pole,
      single throw on-off switch 33 may be provided for connecting or
      disconnecting the power supply across an appropriate light source such as
      an incandescent lamp for illuminating the photo-image to be viewed. A
      single throw, double pole high-low switch 34 may also be provided to
      control the power output of the audio amplifier. Finally, a single pole,
      double throw audio on-off and reset switch 35 may be provided which, in
      its "off" position will automatically reset the audio portion of the
      device back to the beginning of a particular sound recording associated
      with a particular photo-image so that when the switch 35 returns to its
      "on" position, the audio presentation will be repeated.
PAR  As shown in FIG. 3 an earphone jack 36 may be provided for the insertion of
      the plug of an earphone type speaker (not shown). Such jack 36 may be of
      the type which automatically disconnects the audio amplifier from the
      loudspeaker located under the grille 30 at the same time that it makes
      connection to the earphone connected to the plug inserted in the jack 36.
PAR  The audio amplifier and power supply module 12 may be made in upper and
      lower sections joined by a hinge structure 37. As shown in FIG. 3, the
      audio amplifier is in the upper section and the power supply is in the
      lower section of module 12.
PAR  Referring to FIG. 4 the optically active elements of the optical module 11
      together with a representation of a photo-image are shown. As indicated in
      FIG. 4 the optical system of this embodiment of apparatus according to
      this invention is a stereoscopic system. Thus, the eye pieces 41 and 42
      include large aperture lenses which may be used by different persons
      without adjustment even though the spacing between the eyes of different
      persons may vary. The photo-image 18n comprises a left hand view and a
      right hand view. As shown in FIG. 4 the photo-image 18n comprises two
      different fields of vision. Thus, at the top of photo-image 18n a field of
      vision represented by left hand and right hand circular figures is shown
      and at the bottom of photo-image 18n a field of vision represented by left
      hand and right hand triangular figures is shown.
PAR  Considering first the top field of vision represented by the circles, it
      will be seen that the line of vision between the left eye of the observer
      and the left hand view of the field of vision passes through eye piece 41
      to an outer inclined mirror 43 and from there to an inner inclined mirror
      45. The inner inclined mirror 45 is spaced from the photo-image so as to
      exclude the right hand view of the field of vision from the left eye of
      the observer. Similarly, the line of vision for the right eye of the
      observer proceeds through the eye piece 42 to an outer inclined mirror 44
      and from there to an inner inclined mirror 46 which is spaced from the
      photo-image 18n so as to exclude the left hand view of the field of vision
      from the right eye of the observer. Thus, the two fields of vision may be
      slightly different from each other in order to provide a stereoscopic
      effect.
PAR  However, it has been found that such optical system provides useful effects
      even where the images presented are images of planar objects such as
      charts or printed materials. Thus, as shown in FIG. 4 the upper views of
      the field of vision represented by the circles are separated from each
      other by a greater distance than the lower views of the field of vision
      represented by the triangles. It has been found that even where the two
      views of each field of vision are identical to each other the circle will
      appear to the observer to be further from the observer than the triangle.
      Thus, it has been found to be easier for the observer to focus his
      attention on one field of vision to the exclusion of the other.
      Furthermore, it has been found that when the field of vision is a printed
      page of material, it is easier for the observer to read such material from
      the photo-image.
PAR  From the above broad description of the unit 10 according to one embodiment
      of the apparatus of this invention, it will be understood that the main
      objective of the apparatus according to the teaching of this invention is
      to provide for optimum interaction between such apparatus and the user of
      the apparatus. Thus, as will be described more fully hereinafter, the user
      of the device 10 according to this invention may place a slide 19 of
      photo-images in the slide transport member 16 and a sound track unit 20 in
      receptacle 17 properly oriented to enable the reproduction of the sound
      recordings corresponding to the photo-images to be viewed. By proper
      manipulation of the controls 30-35, the operator may select any one of the
      photo-images of a particular row on the slide 19 for viewing and he will
      automatically hear the sound recording correlated therewith. He may
      interrupt the viewing and reproduction of the sound recording at any time
      to move on to another photo-image. He may go either forward or backward
      from one photo-image to the next and he may continue to observe a
      particular photo-image after the sound recording correlated therewith has
      been completely reproduced. He may also repeat the sound recording, or a
      portion thereof, associated with a particular photo-image while continuing
      to view such photo-image. Finally, by simple reorientation of the
      photo-slide 19 and the sound track unit 20, the operator may select any
      particular photo-image and sound recording associated therewith from a
      large number thereof. Thus, the unit 10 as shown in FIG. 1 will provide
      substantially random access to any one of 12 photo-images together with
      the sound recording corresponding thereto requiring only that the slide 19
      be inverted and the sound record unit 20 be turned end for end and that
      the controls 30-35 be manipulated to bring a proper photo-image into view.
      Such operations may be quickly performed without the necessity for running
      any appreciable portion of the normal sequence which the unit is designed
      to provide in a semiautomatic program.
PAR  Referring to FIG. 5 an exploded view of the elements of the device 10
      according to the embodiment of FIG. 1 are shown. The covers of the various
      modules have been removed or the modules opened in order to reveal certain
      internal parts thereof with other parts omitted for clarity. Thus, it will
      be seen that the frame 15 comprises an open sided hollow box providing the
      receptacle 17 for the sound track unit 20. A rigid elongated support plate
      50 extends across the top of the hollow box member perpendicularly to the
      open side thereof and projects therefrom. Thus, the frame 15 comprising
      the hollow box and the plate 50 secured thereto form a rigid structure of
      substantially T-shape in top view. The plate 50 divides the upper surface
      of the hollow box into forward and rear portions with the projecting
      portion of the plate 50 providing forward and rear surfaces for the
      mounting of the optical module 11 and the audio amplifier and power supply
      module 12, respectively. As indicated in FIG. 5 the synchronization module
      13 is mounted on the forward portion of the upper surface of the hollow
      box and the sound track drive unit 14 (the internal parts of which are
      omitted in FIG. 5) is mounted on the rear portion of the upper surface of
      the hollow box.
PAR  As most clearly shown in FIG. 5 the photo-image slide transport mechanism
      16 is supported between the optical module 11 and the plate 50 by means of
      a plate 63 as described hereinafter. According to this embodiment of the
      invention the photo-images are transparencies and thus a light source
      comprising a pair of incandescent light bulbs 51 is provided in the audio
      amplifier and power supply module 12 together with a translucent plate 52
      which forms the forward wall of such module. The support plate 50 is, of
      course, provided with an aperture 53 in registry with the light source and
      the translucent plate 52 as well as the optical module 11.
PAR  The photo-image slide transport member 16 comprises an elongated frame
      having a row of apertures 54 therethrough corresponding to the
      photo-images to be presented for viewing. It will be understood that a
      slide including a plurality of photo-images arranged in a row will be
      inserted in a slot 55 provided in the frame of the transport member 16
      bringing the photo-images into registry with the apertures 54 through the
      frame of the transport member 16.
PAR  The transport member 16 is moved along between the forward face of the
      support plate 50 and the optical module 11 by means of a belt 56 and
      sprocket 57 arrangement. As shown in FIG. 5 the transport member 16 is
      fixed to a point on the belt 56 between the bight portions thereof as by
      means of a screw 58. Thus, rotation of the sprockets 57 will cause the
      belt to move in an endless fashion, moving the screw 58 and transport
      member 16 rectilinearly between the bight portions of the belt established
      by the sprockets 57. The sprockets 57 are mounted on axles 59 extending
      perpendicularly to the front surface of the plate member 50 and one of
      such sprockets may be driven by an appropriate motor 60 and gear train 62.
      As shown in FIG. 5 the motor 60 and gear train 62 are mounted on a plate
      63 which plate is adapted to be rigidly fixed to the frame member 15,
      sandwiching the transport member 16, belt 56 and sprockets 57 between such
      plate 63 and the forward surface of the plate 50. It will be understood
      that when the plate 63 is mounted to the frame 15 as by means of screws 64
      (only one of which is shown) the gear train 62 will engage a gear 65
      located in the synchronization module and which is coupled to one of the
      sprockets 57 by means of a worm gear 66 which engages a gear 67 mounted on
      a common axle 59a with such sprocket 57. As will be more fully discussed
      hereinafter the gear 65 and work gear 66 are mounted on a common axle 68
      which is elongated and provided with screw threads 69 at the end thereof
      opposite from the gear 65. Such screw threads 69 engage a threaded
      aperture in a tone arm slide member 70, thus enabling the position of the
      tone arm of the apparatus to be correlated with the positioning of a
      particular photo-image since both the photo-image slide transport member
      16 and the tone arm slide member 70 are driven by the same motor 60
      through the same gear train 62 and 65 as will be more fully described
      hereinafter.
PAR  As also shown in FIG. 5, the power supply for the device 10 according to
      this embodiment of the apparatus of this invention may comprise a
      plurality of batteries 39 mounted within the audio amplifier and power
      supply module which is shown in its open position to expose the batteries
      for replacement or recharging. The audio amplifier and power supply module
      may be affixed to the rear surface of the plate 50 by any suitable means
      such as by screws 29, for example. As also shown in FIG. 5, the optical
      module 11 may be attached to the plate 63 by means of two posts 38 having
      compressable ends thereon adapted to fit into cooperating apertures (not
      shown) formed in the module 11.
PAR  It will be understood that the sound track drive module 14 is mounted on
      the upper rear surface of the frame 15 in the space indicated by the
      reference numeral 14 in FIG. 5. Representation of the internal parts of
      sound track drive module 14 in FIG. 5 has been omitted for clarity and the
      operative elements thereof will now be described with reference to FIG. 6.
PAR  As shown in FIG. 6, the tone arm slide member 70 mentioned in connection
      with FIG. 5 is shown in the upper right hand portion. The tone arm 71
      comprises a rigid elongated member mounted at one end on the tone arm
      slide member 70. The free end of the tone arm 71 is provided with a rigid
      bracket member 72 providing a substantially U-shaped mounting structure
      for the pickup unit 73. A pivot member 74 extends between the legs of the
      U-shaped supporting structure formed by the tone arm 71 and bracket 72
      through apertures 75 formed in the pickup unit 73 and dimensioned to allow
      the pickup unit 73 to pivot freely about the pivot member 74.
PAR  As shown in FIG. 6, the pickup unit 73 comprises a first leg 76 projecting
      from the pivot member 74 in the direction in which the tone arm 71 extends
      and a second leg 77 projecting in the opposite direction from the first
      projection and offset therefrom to provide a counterweight about the axis
      of the pivot member 74. The second leg 77 thus projects along the tone arm
      71 toward the tone arm slide member 70 and has a sufficient extent to
      contact the tone arm or the bracket member 72 or both, thus limiting
      pivotal movement of the pickup unit about the pivot member 74 in a
      counterclockwise direction. However, the pickup unit 73 is free to pivot
      about the pivot member 74 is a clockwise direction.
PAR  A novel structure including a needle 78 mechanically coupled to a
      piezo-electric crystal 79 is mounted on the free end of the first leg 76
      of the pivot member 74 of the pickup unit 73, as shown. This structure,
      which will be more fully described hereinafter, provides the actual
      interface between the audio recording 80 and the audio amplifier of module
      12.
PAR  In order to provide a more complete understanding of the operation of the
      tone arm 71 and pickup unit 73 a sound track unit 20 is shown, partly, in
      phantom, in FIG. 6 in operative position with respect to such tone arm 71
      and pickup unit 73. One of the record discs 80 which is contained in the
      sound track unit 20 is shown in full in FIG. 6 with the needle 78 of the
      pickup unit 73 in operative engagement therewith. Similarly, a magnetic
      friction drive structure 81 driven by a flywheel 82 and magnetic pinion 83
      is shown in operative engagement with the disc 80.
PAR  It will be understood from FIGS. 5 and 6 that the movement of the tone arm
      slide member 70 will tend to move the free end of the tone arm 71 and thus
      the needle 78 of the pickup unit 73 across the surface of the disc 80.
      Thus, when the needle 78 is raised from the upper surface of the disc 80
      by means which will be more fully described hereinafter, movement of the
      tone arm slide member 70 will enable the needle 78 to be located at any
      particular point along a line extending radially from near the outer
      periphery of the disc 80 to a point adjacent the center of the disc 80.
PAR  According to this embodiment of the invention, a plurality of bands 84-89
      of recorded material are provided on the upper surface of the disc 80, as
      shown in FIG. 6, each of such bands corresponding to one of the
      photo-images to be viewed in this embodiment of the apparatus of this
      invention. Thus, the movement of the tone arm slide member 70 is
      synchronized with the movement of the photo-image slide carriage unit 16
      so that selection of a particular image for viewing will automatically
      select the one of the recorded bands 84-89 corresponding thereto.
PAR  Referring to FIG. 7, it will be seen that both the photoimage slide
      carriage unit 16 and the tone arm slide member 70 are driven by the motor
      60 through the gear chain 62 which meshes with the gear 65 mounted on the
      axle 68. Thus, rotation of the axle 68 by the motor 60 through gear chain
      62 and gear 65 will rotate the worm gear 66 which meshes with the gear 67
      mounted on the axle 59a thereby imparting rotation to the axle 59a.
PAR  Referring to FIG. 5, it will be seen that rotation of the axle 59a will
      rotate the sprocket wheel 57 mounted thereon which sprocket wheel 57
      engages the belt 56 to thereby drive the belt 56 and the photo-image slide
      carriage unit 16 attached thereto by means of screw 58. Similarly,
      rotation of the axle 68 will rotate the threads 69 thereof which engage
      the threaded aperture of the tone arm slide member 70, so that the
      photo-image slide carriage unit 16 and the slide member 70 move in
      synchronism.
PAR  Referring to FIG. 7, it will be seen that a microswitch 24 is mounted on
      the frame 15 in operative contact with the lower edge of the photo-image
      slide carriage unit 16. It will also be seen that the lower edge of the
      photo-image slide carriage unit is provided with a plurality of notches
      adapted to operatively engage the microswitch 24. It will be understood
      that each of the notches 61 is associated with a different one of the
      apertures 54 in the photo-image slide carriage unit 16. According to this
      embodiment of the invention, the microswitch 24 is a single pole, double
      throw switch for reasons which will be more fully described hereinafter.
PAR  FIGS. 8 and 9 show the mechanism for engaging and disengaging the sound
      track drive mechanism with the elements thereof in two different positions
      as will be explained more fully hereinafter. FIG. 10 is a perspective view
      of the sound track drive mechanism which will be more fully understood by
      considering FIGS. 6 and 10 together. The same reference numerals have been
      used in both FIGS. 6 and 10 to identify the same elements.
PAR  Thus, the flywheel 82 and pinion 83 are supported by means of an arm 92
      (shown in exploded position in FIG. 6) with the magnetic pinion 83 in
      contact with the magnetic friction drive structure 81. The arm 92 and the
      magnetic friction drive structure 81 are both mounted on the sound track
      drive support slide 94 by means of a shaft 96. Referring to FIG. 6, it
      will be understood that the magnetic friction drive structure 81 is
      journalled on the end of the shaft 96 for rotation about the axis thereof.
      Similarly, it will be understood that the shaft 96 is fixedly held in the
      support slide 94 by means of set screws 95 and that the arm 92 is fixedly
      mounted on the extending end of the shaft 96 by means of set screws 93.
      The flywheel 82 and pinion 83 are provided with a common axle 97 which is
      journalled in a sleeve 98. The sleeve 98 is in turn rigidly mounted in an
      aperture in the arm 92 by means of set screws 91. Thus, it will be seen
      that the magnetic friction drive structure 81, flywheel 82 and pinion 83
      may be raised and lowered as a unit by raising and lowering the support
      slide 94 as will be more fully described in connection with FIGS. 8 and 9.
PAR  As shown in FIG. 10, the flywheel 82 is driven by an electric motor 102
      which is coupled to the flywheel 82 by means of a drive belt 103.
PAR  As also shown in FIG. 10, a solenoid 104 is mechanically coupled to the
      pickup unit 73 by means of a bowden wire or cable 105. The sheath of the
      bowden cable is rigidly fixed between the housing of the solenoid 104 and
      a plate 107 carried by the bracket 72 of the pickup unit 73. The central
      wire 108 of the bowden cable 105 is attached at one end to the plunger of
      the solenoid 104 and the other end of the central wire 108 of the bowden
      cable 105 extends through an enlarged aperture 109 in the second leg 77 of
      the pickup unit 73. The axis of the aperture 109 is parallel to the axis
      of the aperture 75 through which the pivot member 74 is received. After
      passing through the aperture 109, the central wire 108 of the bowden cable
      105 terminates in a plug member 110 which tapers from a diameter smaller
      than aperture 109 adjacent the second leg 77 to a diameter larger than
      aperture 109. Thus, when the solenoid 104 is energized, it will pull on
      the central wire 108 of the bowden cable 105 drawing the plug 110 into the
      aperture 109 and thus simultaneously raising the pickup unit 73 and
      causing it to pivot in a counterclockwise direction about the pivot member
      74 until the set screw 111 in the second leg 77 of the pickup unit 73
      contacts the bracket member 72 to limit such counter-clockwise motion of
      the pickup unit 73.
PAR  Referring to FIG. 14, a representation of the electrical interconnection of
      the elements of the device 10 partially in schematic form and partially in
      block diagram form is shown. Thus, it will be seen that the microswitch 24
      associated with the slide carriage unit 16 and the microswitch 30a (not
      otherwise shown in the drawing) associated with the speaker grille 30 are
      connected in parallel with each other. The batteries 39 of the power
      supply of module 12 are connected across the drive motor 60 of the
      synchronization module through the on-off switch 31, the parallel
      connected microswtiches 24 and 30a and the forward-reverse switch 32.
      Similarly, the solenoid 104 is connected across the batteries 39 through
      the on-off switch 31, the parallel connected microswitches 24 and 30a and
      the diode D1 (not otherwise shown in the drawing). It will be understood
      that microswitches 24 and 30a are spring biased to be normally open with
      respect to the motor 60 and solenoid 104. Thus, if the on-off switch is
      closed, the closing of either microswitch 24 or 30a against its spring
      bias will energize the motor 60 and the solenoid 104. The direction of
      rotation of the motor 60 will be determined by the setting of the
      forward-reverse switch 32 and upon the closing of either microswitch 24 or
      30a, the solenoid 104 will raise the pickup unit 73 and the motor 60 will
      drive the slide carriage unit 16 and tone arm slide 70 in the direction
      selected by the forward-reverse switch 32 in synchronism with each other.
PAR  As mentioned hereinabove the microswitch 24 is a single throw, double pole
      switch. Thus, as shown in FIG. 14 the battery 39 is connected across the
      drive motor 102 of the sound track drive module through the on-off switch
      31, the normally closed pole of the microswitch 24 and a variable motor
      speed control resistor R1 (not otherwise shown in the drawing). The light
      bulbs 51 are connected across the motor 102 and resistor R1 through the
      lamp on-off switch 33 and the audio amplifier of the module 12 is
      connected across the motor 102 and resistor R1 through one pole of the
      audio on-reset switch 35. The other pole of the audio on-reset switch 35
      is connected to the junction between the diode D1 and the solenoid 104.
PAR  The piezoelectric crystal 79 of the pickup unit 73 is connected to the
      input of the audio amplifier of module 12 through the single throw, double
      pole high-low audio switch 34. A resistor R2 (not otherwise shown in the
      drawings) is connected between the poles of the high-low audio switch 34.
PAR  The output of the audio switch amplifier of module 12 is applied to the
      speaker SP1 (not otherwise shown in the drawings) in parallel with the
      earphone jack 36. As mentioned hereinabove, the earphone jack 36 is of the
      type adapted to disconnect the speaker SP1 from the output of the audio
      amplifier when the plug of the earphone is inserted therein.
PAR  From the above, it will be understood that the audio amplifier of module
      12, the light bulbs 51 and the sound track drive motor 102 are normally
      energized through the normally closed pole of microswitch 24 when the
      on-off switch 31 is turned on. The switches 33 and 35 may be operated to
      turn off the light bulbs 51 and audio amplifier of module 12,
      respectively. If the microswitch 30a is closed by exerting pressure on the
      grille 30 of the units as described hereinabove, the synchronization drive
      motor 60 and solenoid 104 will be energized lifting up the pickup unit 73
      and causing movement of the slide carriage unit 16 and tone arm slide 70.
      As soon as the slide carriage unit 16 has moved sufficiently so that the
      actuation means of the microswitch 24 is no longer received in a notch 61
      in the slide 16, the microswitch will be thrown to its normally open pole,
      thereby maintaining the energization of the synchronization drive motor 60
      and solenoid 104 even though the microswitch 30a is subsequently allowed
      to return to its normally open position. Simultaneously, the sound track
      drive motor 102, light bulbs 51 and audio amplifier will be disconnected
      from the power supply by the microswitch 24. The synchronization drive
      motor 60 will continue to run until an adjacent notch 61 on the slide
      carriage unit 16 is brought into alignment with the actuation means of the
      microswitch 24 at which time the microswitch 24 will return to its normal
      position disconnecting the solenoid 104 and motor 60 from the power supply
      and connecting the light bulbs 51, motor 102 and audio amplifier to the
      power supply. It will be understood that the positions of the notches 61
      in the slide carriage unit 16 are related to the apertures 54 in the slide
      carriage unit 16 in such a way that each of such apertures 54 will be
      aligned with the aperture 53 in the plate 50 when a different one of the
      notches 61 is in operative alignment with the actuation means of the
      microswitch 24. Thus, a photo-image 18 will be presented for viewing each
      time a notch 61 is in operative engagement with the actuation means of the
      microswitch 24 and will remain in such position unless and until the
      microswitch 30a is closed to restart the movement cycle of the carriage
      slide unit 16 and tone arm slide 70.
PAR  Referring to FIG. 14 and assuming that a photo-image is in position for
      viewing, the operation of the audio on-reset switch 35 from its "on"
      position to its "reset" position will be to turn off the audio amplifier
      of the module 12 by disconnecting it from the power supply and
      simultaneously connecting the solenoid 104 across the battery 39 in
      parallel with the sound track drive motor 102 and resistor R1. Under such
      circumstances the diode D1 prevents the synchronization drive motor 60
      from being energized. The energization of the solenoid 104 will raise the
      pickup unit 73 and return it to its initial position with respect to the
      photo-image in view causing the portion of the sound track associated with
      that photoimage to be repeated from its beginning when the switch 35 is
      returned to the audio on-position.
PAR  The operation of the high-low audio switch 34 simply places the additional
      resistance of resistor R2 in, or removes it from, the input circuit of the
      audio amplifier of module 12, thus reducing the audio output thereof. It
      would, of course, be possible to provide a continuously adjustable
      resistance in the input circuit of the audio amplifier, however, it is
      believed that a high and low setting for such audio amplifier will prove
      satisfactory in normal use of the device of this invention.
PAR  The insertion and removal of the slides 19 carrying the photo-images 18
      into the slot 55 of the slide carriage unit 16 is, of course, a simple and
      straightforward operation. However, the insertion and removal of the sound
      track unit 20 into the receptacle 17 and the engagement therewith of the
      sound track drive mechanism as well as the disengagement of the sound
      track drive mechanism from the sound track unit 20 and removal of the
      sound track unit 20 from the receptacle 17 is more complicated. FIGS. 8
      and 9 show the mechanism for engaging and disengaging the sound track
      drive mechanism in two different positions, and FIGS. 11 through 13 show
      the structural details of a preferred embodiment of the sound track unit
      20 according to this invention with the interface between the sound track
      drive mechanism and the sound track unit 20 being shown in FIG. 12.
PAR  Referring first to FIGS. 8 and 9, the sound track unit 20 is shown in the
      process of being inserted into the receptacle 17 in FIG. 8, and in FIG. 9
      the sound track unit 20 is shown fully inserted in the receptacle 17 with
      the sound track drive mechanism operatively engaged therewith. The
      operative elements to be described hereinafter with respect to FIGS. 8 and
      9 are mounted on the forward wall of the sound track drive module 14 as
      shown in FIG. 10. Thus, comparison of FIGS. 8 and 9 with FIG. 10 will be
      helpful although only a few of the reference numerals of FIGS. 8 and 9 are
      repeated in FIG. 10.
PAR  As shown in FIGS. 8 and 9 the drive mechanism support slide 94 comprises
      upper and lower legs mounted on a vertically extending shaft 114. The
      upper and lower ends of the shaft 114 are received in upper and lower
      flanges, respectively, of the housing for the sound track drive module 14,
      as shown. Thus, the support slide 94 is capable of movement up and down
      along the shaft 114 between the position shown in FIG. 8 when the upper
      leg of the support slide 94 is in contact with the upper flange of the
      module 14 and a position in which the upper leg of the support slide 94 is
      spaced from the upper flange of the module 14, as shown in FIG. 9. It will
      be understood, as explained hereinabove, that the magnetic friction drive
      structure 81 is carried up and down with the support slide 94, as is the
      flywheel 82 and pinion 83 carried by the arm 92 which is mounted on the
      support slide 94. Thus, when the support slide 94 is in the position shown
      in FIG. 8, the magnetic friction drive structure 81, flywheel 82 and
      pinion 83 are raised to disengage them from operative relationship with
      the sound track unit 20, and when the support slide 94 is in the position
      shown in FIG. 9 the magnetic friction drive structure 81, flywheel 82 and
      pinion 83 are in operative relationship with the sound track unit 20, as
      will be more fully described in connection with FIG. 12.
PAR  As can be seen in FIG. 10, the support slide 94 and magnetic friction drive
      structure 81, as well as the flywheel 82, pinion 83 and support arm 92 are
      all relatively massive. Thus, the weight of these elements is sufficient
      to urge the support slide 94 toward its lower position shown in FIG. 9 and
      insure effective engagement between the sound track drive mechanism and
      the sound track unit 20.
PAR  As shown in FIG. 8 the slide support member 94 is raised from its lower
      position by the engagement of the pawl 115 formed in the apex of the
      generally triangular pivot arm 116. As shown in FIG. 9 the base of the
      generally triangular pivot arm 116 extends generally vertically and the
      pivot arm 116 is mounted on a shaft 117 extending therethrough at the
      upper base angle thereof whereby the pivot arm 116 may be urged to pivot
      to the position shown in FIG. 8 by means of a coil spring 118 mounted on
      the shaft 117 with one end of the spring 118 bearing against a side flange
      of the module 14 and the other end of the coil spring 118 bearing on the
      pivot arm 116. It will be understood that the coil spring 118 must exert
      sufficient force on the pivot arm 116 to overcome the weight of the
      support slide 94 and the sound track drive mechanism mounted thereon, so
      that the support slide 94 will be maintained in the position shown in FIG.
      8 when there is no sound track unit 20 in the receptacle 17.
PAR  When a sound track unit 20 is being inserted in the receptacle 17, as shown
      in FIG. 8, it will first engage a key hook 121 carried on the lower free
      end of an elongated pivot arm 122 which pivot arm 122 is mounted for
      pivotal movement about a shaft 123 extending therethrough at the upper end
      thereof. The pivot arm 122 is urged toward the position thereof shown in
      FIG. 8 by cantilever spring 124 having one end mounted on a side flange of
      the module 14 and the other end extending into contact with the pivot arm
      122. When the sound track unit 20 is fully inserted in the receptacle 17
      the pivot arm 122 will be moved to the position shown in FIG. 9 against
      the force of the spring 124 and the posts 27 at the entrance of the
      receptacle 17 will engage the recesses 28 in the housing 23 of the sound
      track unit 20 to hold the sound track unit 20 in the receptacle 17 against
      the force of the spring 124.
PAR  As will be more fully described hereinafter, the key hook 121 enters into
      an aperture in the sound track unit to open shutters which normally seal
      the tone arm apertures 25, 26 in the housing 23 of the sound track unit
      20. Thus, the force exerted by the spring 124 not only tends to eject the
      sound track unit 20 from the receptacle 17 when the posts 27 are
      disengaged from the recesses 28, but also provides sufficient force for
      operation of the shutter mechanism of the sound track unit 20.
PAR  As shown in FIGS. 8 and 9 an elongated locking pin 125 projects from the
      pivot arm 122 toward the generally triangular pivot arm 116. The pivot arm
      116 is provided with a one-way pivot pawl 126 which is mounted on the
      pivot arm 116 by means of a shaft 119. The pivot pawl 126 is adapted to
      pivot about the shaft 119 in a clockwise direction, but is restrained from
      pivoting about the shaft 119 in a counterclockwise direction. Thus, as
      shown in FIGS. 8 and 9, the spring 118 actually bears against the pivot
      pawl 126 of the pivot arm 116, thus, urging the pivot pawl 126 to rotate
      in a counterclockwise direction against its stop, and at the same time
      urging the pivot arm 116 toward the position shown in FIG. 8.
PAR  The pivot pawl 126 is provided with a projection of sufficient length to
      engage the free end of the locking pin 125 during an intermediate portion
      of the travel of such locking pin 125 from the position thereof shown in
      FIG. 8 to the position shown in FIG. 9. Thus, as the sound track unit 20
      is inserted into the receptacle 17 pivoting the elongated pivot arm 122
      about the shaft 123 against the force of spring 124, it causes the free
      end of the locking pin 125 to move downwardly engaging the projection on
      the pivot pawl 126 of the pivot arm 116. The locking pin 125 exerts a
      force on the projection of the pivot pawl 126 tending to force it to pivot
      in a counterclockwise direction. However, since the pivot pawl 126 is
      restrained from pivoting in a counterclockwise direction, such force is
      transmitted to pivot arm 116 causing it to rotate in a counterclockwise
      direction against the force of the spring 118 to the position thereof
      shown in FIG. 9. Such rotation of the pivot arm 116 removes the pawl 115
      thereof from supporting relation with the lower side of the upper arm of
      the support slide 94, thus allowing the support slide 94 to move
      downwardly by the force of gravity to the position shown in FIG. 9.
PAR  A pivot arm 127 of inverted U-shape is mounted on a shaft 120 extending
      through the free end of one of its legs adjacent the lower base angle of
      the pivot arm 116, the pivot arm 116 being provided with a dog member 128
      at its lower base angle which extends within the inverted U-shape of the
      pivot arm 127. It will be seen that the free end of the other leg of pivot
      arm 127 extends into the receptacle 17 and that a notch 129 for receiving
      the dog member 128 of the pivot arm 116 is provided in the pivot arm 127
      adjacent such free end of the other leg member of the pivot arm 127.
PAR  Thus, when the locking pin 125 engages the pivot pawl 126 forcing the pivot
      arm 116 to rotate toward the position shown in FIG. 9, the dog member 128
      on the pivot arm 116 will tend to raise the pivot arm 127 until the dog
      member 128 enters the notch 129.
PAR  The various members are dimensioned such that the engagement between the
      locking pin 125 and pivot pawl 126 will cease when the dog member 128 has
      entered the notch 125. Thus, the pivot arm 116 will be held in the
      position shown in FIG. 9 by the engagement of the dog member 128 of the
      pivot arm 116 with the notch 129 of the pivot arm 127. In this position
      the free end 130 of the other leg of the pivot arm 127 will project only
      slightly into the receptacle 17. Continued insertion of the sound track
      unit 20 into the receptacle 17 will rotate the pivot arm 122 and locking
      pin 125 to the position shown in FIG. 9 at which point the posts 27 engage
      the recesses 28 in the housing 23 of the sound unit 20, as described
      hereinabove.
PAR  As shown in FIG. 10, the bottom wall of the receptacle 17 is provided with
      an aperture 131 large enough to receive the fingers of the operator of the
      device. To release the sound track unit 20 from the receptacle 17 the
      operator pushes upwardly thereon through the aperture 131, thus
      simultaneously disengaging the posts 27 from the notches 28 and pushing
      upwardly on the free end 130 of the leg of the pivot arm 127 which
      projects into receptacle 17.
PAR  It will be seen that the pivot arm 127 will be caused to rotate in a
      counterclockwise direction when the sound track unit 20 is pushed upwardly
      in receptacle 17. Such rotation of the pivot arm 127 will cause the
      disengagement of the dog member 128 of pivot arm 116 from the notch 129 of
      pivot arm 127. Disengagement of the dog member 128 from the notch 129 will
      allow the spring 118 to force the pivot arm 116 to rotate in a clockwise
      direction bringing the pawl 115 into engagement with the underside of the
      upper arm of the support slide member 94 thereby raising the support slide
      member to disengage the sound track drive mechanism from the sound track
      unit 20.
PAR  When the sound track drive mechanism has been disengaged from the sound
      track unit 20, the spring 124 will cause the pivot arm 122 to rotate in a
      counterclockwise direction and the key hook 121 carried at the free end of
      the pivot arm 122 will tend to eject the sound track unit 20 from the
      receptacle 17 causing the sound track unit 20 to project from the
      receptacle 17 a sufficient distance to be grasped by the hand as shown in
      FIG. 8. As the pivot arm 122 rotates in a counterclockwise direction, the
      free end of the locking pin 125 will be brought into contact with the
      lower inclined surface of the pivot pawl 126. Such engagement will rotate
      the pivot pawl 126 in a clockwise direction allowing the free end of the
      locking pin 125 to pass the pawl 126 and return to the position shown in
      FIG. 8.
PAR  In order to insure that the sound track mechanism carried by the slide
      member 94 is properly centered over the sound track unit 20 for engagement
      and disengagement thereof, the upper arm of the support slide 94 is
      provided with a pair of nylon screws 134. Such nylon screws 134 pass
      through the upper arm of the support slide 94 and into contact with the
      vertical end wall of the module 14 upon which the pivot arm 116, 122 and
      127 are mounted. Thus, by proper adjustment of the screws 134 the support
      slide 94 may be rotated about the axis of the shaft 114 and rigidly held
      in a particular radially extending position by the abutment between the
      screws 134 and the end wall of the module 14. Since the screws 134 are
      made of nylon they will offer minimum resistance to the sliding movement
      of the support slide up and down along the shaft 114 due to their contact
      with such end wall.
PAR  Referring to FIGS. 11 and 12, the engagement between the sound track drive
      mechanism and the sound track unit will be more fully understood. FIGS. 11
      and 12 and 13 show the structural details of the sound track unit 20 and
      FIG. 12 includes a cross-sectional view of the magnetic friction drive
      structure and magnetic pinion in operative engagement with the sound track
      unit 20.
PAR  Referring first to FIG. 12 which will be more fully understood if
      considered in conjunction with FIGS. 6 and 10, it will be seen that the
      magnetic friction drive unit comprises an annular magnet 135 sandwiched
      between upper 136 and lower 137 pole pieces which pole pieces are in the
      form of circular discs. The magnetic pinion 83 comprises a cylinder 138 of
      magnetic material mounted on the end of the shaft 97 in contact with the
      peripheral surfaces of the pole pieces 136 and 137 by means of a resilient
      grommet 139. Thus, the magnetic cylinder 138 will be held firmly in
      contact with the peripheral surfaces of the pole pieces 136 and 137 by the
      magnetic force of the magnet 135. Rotation of the shaft 97 will rotate the
      cylinder 138 tending to impart rotation to the pole pieces 136 and 137.
      The resilient grommet 139 will provide for some degree of misalignment
      between the axis of the cylinder 138 and the axis of the shaft 97 produced
      by inaccuracies in the size or alignment of the peripheral surfaces of the
      pole pieces 136 and 137.
PAR  On the lower pole piece 137 is provided a sound track driving member 140 in
      the form of a truncated right circular cone having its base rigidly
      connected to the lower surface of the pole piece 137 and extending
      coacially with the structure 81 to its truncated apex. The magnet 135,
      pole pieces 136 and 137 and drive member 140 are all rigidly
      interconnected to form the magnetic friction drive structure 81 which is
      journalled on the lower end of the shaft 96 for rotation about the axis of
      such shaft 96 by the pinion 83.
PAR  As shown in FIGS. 12 and 13, the apertures 21 and 22 of the sound track
      drive unit 20 are each provided with a drive cylinder 141 and 142,
      respectively. According to this embodiment of the invention, the inner
      surface of each of such drive cylinders 141 and 142 form a pair of
      truncated right circular cones having their truncated apexes joined and
      their bases at opposite ends of the cylinder. The dimensions of the
      internal surfaces of the drive cylinders 141 and 142 and the external
      dimensions of the drive cone 140 are selected to enable the drive cone 140
      to enter the drive cylinders 141 and 142 from either end thereof and
      engage such internal surface as shown in FIG. 12. Thus, it will be seen
      that rotation of the magnetic friction drive structure 81 about the axis
      of the shaft 96 will also tend to impart rotation to the drive cylinder
      141 due to the contact between the conical exterior surface of the driving
      cone 140, and the conical interior surface of the drive cylinder 141.
PAR  According to this embodiment of the invention, as best shown in FIG. 11,
      the sound track is recorded on a pair of record discs 80, each of which is
      mounted on a different one of the drive cylinders 141 and 142. The drive
      cylinders 141 and 142, each of which carries a disc 80, are mounted for
      rotation within the sound track unit 20, as will now be described.
PAR  As best shown in FIGS. 11 and 12, the sound track unit 20 comprises a rigid
      frame 150 in the form of a hollow open-ended rectangular box. Flanged
      cover members 151 and 152, each of which is provided with apertures 21 and
      22 for receiving the driving cone 140 as well as apertures 25 and 26 for
      receiving the needle 78 of the pickup unit 73, close the open ends of the
      box formed by the frame 150 with the record discs 80 and drive cylinders
      141 and 142 sandwiched therebetween.
PAR  As best shown in FIGS. 6 and 11, the four corners of the frame 150 are
      provided with a reinforcing structure 154, each of which includes an
      eyelet 155. The eyelet 155 provides a convenient method for attaching the
      covers 151 and 152 to the frame 150 after the unit 20 has been fully
      assembled. The eyelet 155 also cooperates with the grooves 28 formed in
      the edges of the covers 151 and 152 to provide a socket for the posts 27
      of the receptacle 17 in holding the unit 20 in the receptacle 17.
PAR  As best shown in FIGS. 12 and 13, each of the drive cylinders 141 and 142
      is provided with a flange 143 which serves both as the means of mounting a
      record 80 on such drive cylinder and as the means of mounting the drive
      cylinders 141 and 142 between the covers 151 and 152. It will be seen that
      such flange 143 is displaced slightly toward one end of the cylinders 141
      and 142. Thus, by inverting the cylinders with respect to each other, the
      records 80 mounted on the flanges 143 of the respective cylinders will be
      positioned at different levels within the unit 20 so that such records 80
      may overlap each other, as best shown in FIG. 11. The flanges 143 of the
      drive cylinders 141 and 142 may be sandwiched between ball bearings 144,
      which are in turn sandwiched between appropriate shims 145, which abut the
      adjacent inner surfaces of the cover members 151 and 152.
PAR  Also sandwiched between the covers 151 and 152 are mounted on the frame 150
      are four shutter members 161, 162, 163 and 164. A first pair of shutter
      members 161, 163 are located on opposite sides of the record disc 80
      associated with the driving cylinder 141 and a second pair of shutter
      members 162 and 164 are located on opposite sides of the record disc 80
      associated with driving cylinder 142.
PAR  It will be understood that the record discs 80 have recording grooves
      formed on both of their surfaces in bands 84-89, as described hereinabove.
      Thus, each of the shutters 161 and 163 are associated with an aperture 25
      through a different one of the cover plates 151 and 152 which provides
      access to one of the sides of the disc 80 associated with the drive
      cylinder 141. Similarly, each of the shutter members 162 and 164 are
      associated with one of the apertures 26, which provides access to one of
      the sides of the record disc 80 associated with the driving cylinder 142.
PAR  As best shown in FIG. 11, the shutters 161-164 extend across the width of
      the sound track unit 20 and are relieved at their center to accommodate
      the driving cylinders 141 and 142, ball bearings 144, and shims 145. One
      end of each shutter 161-164 is provided with a pair of down-turned flanges
      166 and 167. As best shown in FIG. 13, one of the flanges 166 is received
      over the sidewall of the frame 150 and the other end 168 of the shutter
      rests on top of the sidewall of the frame member 150. The downwardly
      extending flange 166 is compressively held against the frame member 150 by
      a spring member 169 mounted between flanges on the cover members 151 and
      152. The flanges 167 on shutter members 161 and 164 are located adjacent
      each other inside the frame member 150 and opposite an aperture 170 which
      extends through the sidewall of the frame member 150. Such aperture 170 is
      best shown in FIGS. 2, 6 and 9.
PAR  Referring specifically to FIG. 9, it will be seen that when the sound track
      unit 20 is inserted into the receptacle 17, the key hook 121 mounted on
      the end of the pivot member 122 will enter the aperture 170 through the
      sidewall of the frame 150 which is presented to it. Entry of the key hook
      121 into the aperture 170 will bring it into abutment with the flanges 167
      on either shutters 161 and 164 or 162 and 163 depending upon the
      orientation of the sound track unit 20. Due to such abutment, the two
      shutter members involved will be caused to pivot about the flange 166 in
      opposition to the spring 169, thus causing the opposite end 168 of the
      shutter members to slide along the top of the frame 150 toward opposite
      ends thereof. Such movement of the shutter members will clear the
      apertures 25 on opposite sides of the sound track unit 20 thereby
      providing access through upper one of such apertures for the needle 78 of
      the pickup unit 73 to contact the surface of one of the record discs 80.
      It will be understood that the other two apertures 26 will remain closed.
      The purpose of this arrangement is, of course, to exclude dust and dirt
      from the interior of the sound track unit 20 when it is not in use. Thus,
      the spring 169 biases the shutter member 161-164 toward their closed
      position, except when the key hook member 121 is in compressive contact
      with the flanges 167.
PAR  It should be pointed out that a teflon strip 171 is interposed between the
      overlapping portions of the record discs 80 in order to avoid abrasive
      contact therebetween when the unit is in operation. Similarly, teflon pads
      172 are provided on the surfaces of the shutter members 161-164 adjacent
      to record discs 80. Such teflon pads prevent abrasive damage to the
      recorded surfaces on the record discs 80 is they should be brought into
      contact with the shutter members 161-164 in operation. The teflon strip
      171 and the teflon pads 172 also reduce any frictional drag that might
      otherwise result from contact between the record discs 80 themselves or
      between the record discs 80 and the shutter members 161-164.
PAR  Referring again to FIG. 12, it should be pointed out that if the cone drive
      member 40 and the drive cylinders 141 and 142 are both made of magnetic
      material, it may be possible to dispense with the roller bearing mounting
      of the drive cylinders 141 and 142. In other words, the magnetic field of
      the magnet 135 could be used to support the drive cylinder 141 and 152 in
      proper position by properly locating the cone drive member 140 with
      respect to the sound track unit 20 and allowing such magnetic field to
      hold the selected one of the drive cylinders 141 and 142 against the
      driving surface of cone drive member 140. In any event, the magnetic field
      would tend to increase the frictional engagement between the cone drive
      member 140 and the drive cylinders 141 and 142.
PAR  Referring again to FIG. 6, the audio coupling between the needle 78 and the
      crystal 79 of the pickup unit 73 according to this embodiment of the
      invention is provided by members 174 and 176 of resilient material capable
      of conducting the mechanical oscillations, imparted to needle 78 by the
      grooves in the record disc 80, from the needle 78 to the crystal 79 which
      is embedded in members 174 and 176. The members 174 and 176 are mounted on
      the free end of the first leg 76 of the pickup unit 73 and member 174 is
      provided with a right angle projection carrying the needle 78 at its free
      end as shown. A transverse stiffening member 175 may be provided in
      parallel with the right angle projection of the member 174 in order to
      resist the relatively constant transverse tracking force exerted on the
      needle 78 by the grooves in the record disc 80 in rotating the pickup unit
      73 about pivot member 74 as the sound recording is reproduced.
PAR  A paiir of helical springs 177 of fine electrically conductive wire are
      electrically connected between the piezoelectric crystal 79 and a pair of
      electrical terminals 178 insulatingly mounted on the bracket member 72.
      Appropriate electrical wires (not shown) are connected between the
      terminals 178 and the audio amplifier of the module 12 to conduct the
      output of the crystal 79 to the amplifier.
PAR  The helical springs 177 are designed to offer minimum resistance to the
      vertical movement of the pickup unit 73 with respect to the bracket 72 as
      well as to the rotational movement of the pickup unit 73 about pivot
      member 74. A damping member 179 of resilient material may be mounted
      between the crystal 79 and the free end of the first leg 76 of pickup unit
      73 in order to further isolate the crystal 79 from extraneous vibrations
      inherent in the operation of the mechanism associated therewith.
PAR  It should be pointed out that according to the preferred embodiment of this
      invention, the dimensions of the device 10 are selected so that two slides
      19 each including two rows of six photoimages 18 are associated with a
      sound track unit 20 capable of providing a total of about two hours of
      audio output and having dimensions approximately equal to the dimensions
      of one of such slides 19 when folded in half transversely. Thus, 24
      photo-images are associated with a sound track unit 20, each row of six
      photo-images being associated with a different one of the four possible
      orientations of the sound track unit, and about 5 minutes of audio output
      being available for each photo-image. The slides 19 may be folded in half
      and placed with the sound track unit 20 for convenient storage in a common
      container. Appropriate indicia may be provided on the slides 19 and sound
      track unit 20 to facilitate proper correlation between each row of
      photo-images and the corresponding orientation of the sound track unit in
      inserting them into the device 10.
PAR  From the above, it will be seen that a novel audio-visual device providing
      for optimum interaction between the device and a user thereof has been
      provided. The specific embodiment of the device described hereinabove
      includes many novel features all of which cooperate with each other to
      provide the desired end results. However, it is contemplated that those
      skilled in the art may make various obvious modifications and changes in
      the specific elements of the embodiment of this invention as disclosed
      herein without departing from the teaching of this invention.
PAR  For example, a projection type optical system could be substituted for the
      direct viewing optical system disclosed hereinabove with all other modules
      of the device remaining the same. It would, of course, be necessary to use
      a different light source as well as a different lens system and the
      stereoscopic effect would be more difficult to provide in a projection
      system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Audio-visual apparatus comprising:
PA1  a. means for presenting each of a plurality of photo-images for viewing in
      either of two opposite sequences, including a light source and first
      mechanical means for bringing each of said photo-images into operative
      juxtaposition with said light source in sequential order;
PA1  b. means for producing the audio rendition of each of a plurality of sound
      recordings having a given time duration in excess of one second in either
      of two opposite sequences each correlated with a different one of said two
      opposite sequences for viewing said photo-images, comprising means for
      automatically correlating the beginning of the audio rendition of each one
      of said plurality of sound recordings with the beginning of the
      presentation of a different one of said plurality of photo-images for
      viewing including a transducer head for producing audio renditions of said
      plurality of sound recordings, said plurality of sound recordings being
      recorded in spaced relation on a single continuous substrate in sequential
      order corresponding to said sequential order of said photo-images to
      provide means for automatically terminating said audio rendition at the
      end of said given time duration of each of said plurality of sound
      recordings;
PA1  c. means for selecting one of said two opposite sequences for viewing said
      photo-images; and
PA1  d. means for controlling the length of time during which each photo-image
      is presented for viewing and the audio rendition of the sound recording
      correlated therewith is produced independently of said time duration of
      the one of said plurality of sound recordings correlated therewith;
PA1  said means for automatically correlating the beginning of the audio
      rendition of each one of said plurality of sound recordings with the
      beginning of the presentation of a different one of said plurality of
      photo-images for viewing including second mechanical means controlled by
      said first mechanical means for bringing said transducer head into
      operative juxtaposition with the beginning of each of said plurality of
      sound recordings in said sequential order; said means for controlling the
      length of time during which each photo-image is presented for viewing
      including an automatic control means for stopping said first mechanical
      means when a photo-image is in operative juxtaposition with said light
      source and a manually operable control means for starting said first
      mechanical means when a photo-image is in operative juxtaposition with
      said light source, said manually operable control means being capable of
      overriding said automatic control means; and said means for producing said
      audio rendition of each of said plurality of sound recordings including
      means for providing relative movement of said transducer head with respect
      to each one of said plurality of sound recordings independently of said
      first and second mechanical means but responsive to said manually operable
      control means to interrupt said audio rendition of said sound recording
      when said manually operable control means is actuated, whereby said
      automatic correlation and said automatic termination is the same for
      either of said two opposite sequences for viewing said photo-images.
NUM  2.
PAR  2. Audio-visual apparatus as claimed in claim 1 wherein said plurality of
      sound recordings are recorded in circular bands on one surface of a disc
      type substrate and said transducer head is a pickup unit pivotally mounted
      on the end of a rigid tone arm movable by said second mechanical means
      along a line extending between a point adjacent the outer periphery of
      said disc type substrate and a point adjacent the center of said disc type
      substrate.
NUM  3.
PAR  3. Audio-visual apparatus as claimed in claim 2 wherein a pair of disc type
      substrates each having said sound recordings on both surfaces thereof are
      independently mounted as a unit within a common housing and with the
      centers thereof spaced from each other in a common plane, whereby said
      unit may be oriented in four different positions to enable the independent
      rendition of the sound recordings on both sides of each of said pair of
      disc type substrates.
NUM  4.
PAR  4. Audio-visual apparatus comprising:
PA1   a. means for presenting each of a plurality of photo-images for viewing in
      either of two opposite sequences including a light source and first
      mechanical means for bringing each of said photo-images into operative
      juxtaposition with said light source in a given sequential order;
PA1  b. means for producing the audio rendition of each of a plurality of sound
      recordings having a given time duration in excess of one second in either
      of two opposite sequences each correlated with a different one of said two
      opposite sequences for viewing said photo-images including means for
      automatically correlating the beginning of the audio rendition of each one
      of said plurality of sound recordings with the beginning of the
      presentation of a different one of said plurality of photo-images for
      viewing and means for automatically terminating said audio rendition at
      the end of said given time duration of each of said plurality of sound
      recordings which automatic correlation and automatic termination is the
      same for either of said two opposite sequences for viewing said
      photo-images;
PA1  c. means for selecting one of said two opposite sequences for viewing said
      photo-images; and
PA1  d. means for controlling the length of time during which each photo-image
      is presented for viewing and the audio rendition of the sound recording
      correlated therewith is produced independently of said time duration of
      the one of said plurality of sound recordings correlated therewith
      including automatic control means comprising means for sensing indicia
      associated with a photo-image and generating an electrical signal in
      response thereto for stopping said first mechanical means when a
      photo-image is in operative juxtaposition with said light source and a
      manually operable control means for starting said first mechanical means
      when a photo-image is in operative justaposition with said light source,
      said manually operable control means being capable of overriding said
      automatic control means.
NUM  5.
PAR  5. Audio-visual apparatus as claimed in claim 4 wherein said automatic
      control means is a microswitch and said indicia is a physical element
      associated with said photo-image and adapted to actuate said microswitch.
NUM  6.
PAR  6. Audio-visual apparatus as claimed in claim 5 wherein said photo-images
      are mounted in a carrying frame for movement by said first mechanical
      means in said apparatus.
NUM  7.
PAR  7. Audio-visual apparatus as claimed in claim 4 wherein said means for
      sequentially presenting each of a plurality of photo-images for viewing
      includes a stereoscopic optical system and each of said photo-images
      include two spaced views of a field of vision.
NUM  8.
PAR  8. Audio-visual apparatus as claimed in claim 7 wherein said two views of a
      field of vision of one of said photo-images are identical.
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PAL  A reader in which mircofiche film is manually moved in a rectilinear
      fashion by moving the film with respect to a holder in the first direction
      and moving the holder in a perpendicular second direction. The holder
      includes a light passage slot. A light source is mounted beneath the
      holder and an image projecting and enlarging optic is mounted in alignment
      with the source above the holder. A low friction annular spacer such as a
      Teflon O-ring rests directly on the film, is concentric with the optic and
      accurately spaces the optic from the film while maintaining film beneath
      the optics taut to assure proper image focusing. Film indexing is
      performed by moving the film while the optic supporting Teflon O-ring
      remains in contact with the film.
PARN
PAR  This is a continuation-in-part of application Ser. No. 182,813, filed
      September 22, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various microfiche readers are known. They usually comprise a light source,
      image enlarging and projecting optics aligned with light source and a film
      holder therebetween. A mechanical or electro mechanical transport
      mechanism is also provided for moving the film holder rectilinearly and
      indexing the film.
PAR  A glass plate is placed between the film and the optics, protects the film
      from contact and/or damage by the optics and securely clamps the film to
      the holder. It also provides the means for controlling the spacing between
      optics and the film surface.
PAR  The holder moving mechanism is relatively complicated and expensive to
      construct since the film holding table must be linearly movable in two
      perpendicular directions. Additionally, the film clamping and protecting
      glass plate prevents an accurate gauging of film surface irregularities so
      that the film optics is positioned at an average distance between the lens
      and the film surface rather than at the actual distance between the film
      surface and the optics which may vary due to film surface irregularities
      and the like. Since the magnification factor of the optics is usually
      several hundred times, even slight film surface irregularities may prevent
      accurate focusing or, alternatively, require a re-setting of the optics
      each time the microfiche film is newly indexed. This is time consuming and
      inconvenient.
PAR  In spite of such shortcomings, microfiche readers continue to be
      constructed along these lines. It appears that in the past it was thought
      necessary or at least desirable to maintain the film taut and flat by
      compressing it with a glass plate. Furthermore, such glass plates provided
      convenient means for spacing the optics from the film and fairly
      accurately controlling such spacing although, as pointed out above,
      precise spacing is not possible.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention departs from past practices and eliminates heretofore
      encountered shortcomings while it substantially simplifies the
      construction and thus lowers the cost of microfiche readers. This is
      accomplished by eliminating the film clamping glass plate and mounting the
      film alone in a holder. The holder permits relative linear film movements
      in a first direction and is itself movable in a perpendicular, second
      direction to thus provide the necessary rectilinear film movement for
      indexing. Since the film is now freely movable with respect to the holder,
      intricate mechanical holder movement mechanisms which were commonly found
      on prior art readers can be eliminated.
PAR  Moreover, the image enlarging and projecting optics is now directly
      supported on and spaced from the film by providing it with a preferably
      ring-shaped spacer constructed of a non-smudging, non-staining and
      non-scratching material having a relatively low coefficient of friction
      such as Teflon.
PAR  The Teflon ring is mounted about the optics concentrically with the optical
      axis therethrough and is supported on the film which rests on a flat plate
      of the holder. The flat plate includes a longitudinal slot that extends in
      the second direction and is aligned with the optical axis through the
      optic and the light source.
PAR  The optic is biased against the ring and the ring in turn is directly
      biased against the film and the supporting plate. This biasing force
      maintains a portion of the film underlying the optic taut and, therefore,
      flat and even. Furthermore, surface irregularities of the film, local
      variations in the film thickness and the like which can change the
      effective spacing between the film surface and the optic are automatically
      taken into account and result in a corresponding adjustment of the
      relative position of the optic. Heretofore common refocusing after the
      film was indexed is no longer necessary.
PAR  In the preferred embodiment of the invention, the Teflon ring has a round,
      e.g. semi-circular surface facing towards the microfiche to prevent
      pressure concentrations and possible wear of the microfiche surface as
      could occur if the ring had sharp corners or edges rubbing against the
      moving film. The ring further has a diameter greater than the width of the
      light transmitting slot to provide adequate support for it.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic, exploded perspective side elevational view of a
      microfiche reader constructed in accordance with the invention;
PAR  FIG. 2 is an enlarged side elevational view, in section, along a plane
      intersecting the optical axis between the light source and the image
      enlarging and projecting optics;
PAR  FIG. 3 is a fragmentary, enlarged plan view of a portion of the microfiche
      film and the optic supporting low friction ring that is taken on line 3--3
      of FIG. 2; and
PAR  FIG. 4 is an enlarged, cross-sectional view of the optic supporting ring
      biased against the microfiche and the underlying support table of the film
      holder and is taken on line 4--4, FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, a microfiche reader 8 constructed in accordance
      with the invention broadly comprises a holding and moving device 10 for
      microfiche film 12, a light source 14, and an image enlarging and
      projecting optic 16 for projecting an enlarged image of a portion of the
      film on viewing screen 18. The light source and optic per se are
      conventional and only broadly described herein. The invention concerns
      itself principally with the manner in which the microfiche film is mounted
      and moved including the manner in which the optic is spaced from the film
      to obtain proper focusing.
PAR  Still referring to FIG. 1, film 12 is mounted to a holder 20 that comprises
      a flat support plate 22 and a pair of opposing guide rails 24 that extend
      in a first direction. Film 12 can be slidably inserted into the guide
      rails and linearly moved with respect to the support plate in the rails.
      The rails also retain the film to the support plate.
PAR  Holder 20 includes two sets (only one set is shown in the drawings) of
      spaced apart bearing blocks 26 that have aligned apertures 28 through
      which an elongate, straight slide bar 30 extends in a second direction
      perpendicular to the first direction. This permits free slidable movements
      of the holder in the second direction. Thus, the film can be rectilinearly
      moved.
PAR  Referring to FIGS. 1 and 2, support plate 22 includes a narrow, elongate
      slot 32 that extends over the full width of the slot between guide rails
      24 in the second direction. The slot is parallel to slide bar 30 and
      perpendicular to guide rails 24 and has two upwardly converging tapered
      surfaces 33 to prevent undesirable reflections or light diffraction on the
      overlying film. A high intensity lamp 34 of light source 14 is mounted in
      alignment with slot 32 beneath support plate 22. A plurality of infrared
      heat filters 36, 37 and 38 are preferably disposed between the light
      source and the support plate to remove heat rays from the light and limit
      light passing through slot 32 to light in the visible spectrum.
PAR  An optic 16 is suitably mounted to a support structure 41 above support
      plate 22 in optical alignment with lamp 34 and slot 32. Broadly the optic
      comprises a lens system 40 and a suitable lens support 42 that includes
      means such as threads 44 for focusing the lens by moving it in an axial
      direction. A ring-shaped spacer 46 that has a circular or semi-circular
      cross-section is suitably secured to the underside of the support as by
      bonding it thereto. The spacer is disposed about and concentric with an
      aperture 50 of the lens support that receives lens 40. The ring has a
      rounded surface 48 that faces towards the underlying microfiche film 12.
      The spacer has a diameter greater than the width of slot 32 in film
      support plate 22 to provide it with a bearing surface when it is aligned
      with the slot and the optical axis therethrough.
PAR  The support structure 41 permits vertical movement of the optic 16 so that
      spacer 46 can be biased against the film. Thus, the support structure may
      comprise a hollow tubular member 43 in which the optic is freely
      removable. The weight of the optics supplies biasing force "F" which
      biases the optics towards film 12 and the spacer into intimate contact
      with the film. If desired, springs (not shown) or the like can be provided
      to increase the biasing force.
PAR  If desired, air under a small pressure can be directed into the space
      within spacer 46 by way of a conduit 47 extending through lens support 42
      and support structure 41 as shown in FIG. 2. Conduit 47 can be coupled by
      a suitable control 49 to an air pressure source 51. A flow of air into the
      space within spacer 46 operates to reduce dust accumulation on film 12 and
      keep it free of dust. Since the film is unsupported from below due to slot
      32, there is no dust below the film. Thus, the film is properly positioned
      with respect to the focal plane of the optics.
PAR  Turning now to the use of the microfiche reader 8 of the present invention,
      a film 12 is first placed on holder 20 by guiding it into rails 24 until
      the film overlies slot 32 in support plate 22. The desired portion of the
      film to be viewed is then indexed with the optical axis through optic 16
      and light source 14 by manually touching the upwardly facing surface of
      the film. The film is then moved in either or both directions by applying
      the necessary force to it to move the film in the holder and/or the holder
      along slide bars 30. The indexing itself is conventionally performed by
      providing the film, the holder and/or the support structure (not shown)
      with proper indexing and referencing marks (not shown) so that any desired
      square or area on the film can be located by referring to its respective
      bar and column reference numerals.
PAR  Referring now to FIGS. 1 through 4, once the proper film portion, say
      square A shown in FIG. 3, is aligned with the optical axis, lamp 34 is
      turned on so that it directs light past the heat filters, slot 32, and
      onto the film for projection of the information contained in square A on
      screen 18 via mirror 52. If further information is desired from the same
      film, it is simply moved in the aforementioned manner until the desired
      information square is indexed with the optical axis.
PAR  It will be observed that since optic 16 is biased downwardly towards the
      film and spacer 46 is in direct contact with the film and presses it
      against the underlying support plate 22, the film portion (including
      square A in FIG. 3) is maintained taut, that is flat and even without
      waviness or curvature. This effectively maintains the optical spacing
      between lens system 42 and the film over the full exposed film area (e.g.,
      square A) constant to facilitate focusing and prevent portions of the
      exposed film surface from being out of focus due to film uneveness. In the
      past, the above described film clamping glass plate was necessary to keep
      the film flat.
PAR  Furthermore, the ring-shaped spacer 46 rests directly on the film and can
      take surface irregularities such as variations in the film thickness
      directly into account. That is, since the spacer is pressed against the
      film until the latter rests on support plate 22 and since the spacer is
      directly secured to optic 16, the latter follows ring movements in the
      direction of the optical axis due to such surface irregularities. The
      heretofore possible loss of focusing due to differences between the actual
      spacing between the exposed film surface and the lens and the "average"
      spacing between the two are greatly reduced or eliminated.
PAR  The construction of a spacer 46 per se is preferably as indicated above,
      i.e., by constructing it with a circular or semi-circular cross-section
      and forming the downwardly facing surface contacting the film round, i.e.,
      semi-circular. This is to prevent the formation of pressure concentrations
      due to edges, ridges, sharp corners and the like. However, good results
      can also be obtained by constructing the rounded surface elliptical or
      otherwise round to prevent surface damage from pressure concentrations.
PAR  As to the material employed for spacer 46, it is preferred to use
      semi-rigid plastic materials such as Teflon which have a low coefficient
      of friction and which are non-smudging, non-staining and non-scratching.
      Properly treated and formed other materials such as other plastics or well
      shaped, i.e., well rounded and polished metals can also be employed. In
      the latter instance, it is mandatory, however, to assure a clean surface
      and prevent film scratches from dust particles and the like wedging
      between the metal spacer and the underlying film.
PAR  Although the film indexing is described and shown as a rectilinear film
      indexing, it is also possible to combine linear film motion in one
      direction with a perpendicular, curved film motion in the other direction.
      If desired, both film movements can be curved, e.g., circular.
CLMS
STM  I claim:
NUM  1.
PAR  1. A microfiche film reader comprising: a film support having a flat
      surface at one side thereof, a pair of opposed end margins, a slot through
      the support and extending between the end margins, and means at said end
      margins for retaining a microfiche film directly adjacent to and in
      engagement with said flat surface in a position with a portion of the film
      spanning the width of the slot; a light source on the opposite side of the
      support in alignment with the slot and positioned to direct light
      therethrough and through the portion of the film spanning the slot when
      the film is retained directly on and in engagement with said flat surface;
      a lens; means mounting the lens adjacent to said one side of the support
      in optical alignment with the slot and the light source; a continuous
      spacer secured to the lens mounting means and engageable with the adjacent
      surface of the film when the latter is in said position, the spacer being
      concentric with respect to the optical axis of the lens and being movable
      into engagement with the film at locations adjacent to the sides of the
      slot for maintaining the film portion spanning the slot substantially taut
      for the focused projection and enlargement of the image of the film
      portion by the lens, said lens mounting means having structure for biasing
      the spacer toward the flat surface.
NUM  2.
PAR  2. A reader according to claim 1, wherein the spacer is constructed of
      Teflon and has a convex, outer, film-engaging surface.
NUM  3.
PAR  3. A reader according to claim 1, wherein the spacer means is constructed
      of a non-smudging, non-staining material having a relatively low
      coefficient of friction, wherein the spacer includes a rounded surface
      facing and engageable with the film, and including means for moving the
      film while contacted by the spacer means relative to the lens means in a
      plurality of directions for centering different film portions with the
      lens means.
NUM  4.
PAR  4. A reader as set forth in claim 1, wherein said lens mounting means has
      means for directing a flow of air into the space within the ring.
NUM  5.
PAR  5. A reader as set forth in claim 1, wherein is included infrared filter
      means between the light source and said support.
NUM  6.
PAR  6. A reader as set forth in claim 1, wherein said support has a pair of
      beveled faces on said opposite side of the support and on opposite sides
      of the slot.
NUM  7.
PAR  7. A microfiche reader comprising: a microfiche film holder having a flat
      surface on one side thereof, a pair of opposed end margins, a slot
      extending substantially between said end margins, and means at said end
      margins for retaining the film on the holder in a position with a portion
      of the film spanning the slot, said retaining means permitting film
      movement relative to the holder in a direction perpendicular to the slot;
      means coupled with the holder for moving the same parallel to the slot,
      whereby any one of a number of film portions can be moved into spanning
      relationship to the slot; a light source on the opposite side of the
      holder and aligned with the slot for directing light perpendicular to the
      film through the slot and a film portion spanning the slot; projection
      optics; means mounting said optics on said one side of the holder with the
      optics being optically aligned with the light source and a film portion
      spanning the slot when the film is retained on the holder; a continuous
      spacer having a convex, outer, film-engaging surface and carried by the
      optics mounting means concentrically with the optical axis of said optics,
      said spacer being engageable with the film along a continuous line thereon
      and at locations directly adjacent to the sides of the slot when the film
      is retained on the holder, the spacer being constructed of a material
      having a relatively low coefficient of friction; means biasing the spacer
      into engagement with the film at said locations to thereby cause a film
      portion spanning the slot to become and to be maintained substantially
      taut, whereby the film portion is automaically flattened and in focus
      while relative motions between the film and the spacer are permitted to
      position different film portions in optical alignment with the optics; and
      means carried by said optics mounting means for directing a flow of air
      into the space within the ring.
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ABST
PAL  A display unit equipped with a copying device. The display unit has a
      double-sided display panel secured at the front of unit housing, a light
      shield film movably provided behind the display panel in parallel and
      spaced relation to the latter, a guide plate for a photosensitive copy
      paper sheet fixedly provided behind the shield film, and associated
      devices for developing the copy paper sheet. The shield film has a compact
      exposure member of image transmitters formed of a plurality of graded
      index fibers in bundled configuration which can advantageously direct,
      when desired, the image rays at the back surface of the display panel onto
      the copy paper sheet while the same images are being observed with the
      naked eye at the front of the panel.
BSUM
PAR  The present invention relates to a display unit and, more particularly, to
      a display unit of the double-sided indication panel type equipped with a
      copying device.
PAR  In recent years, in the display units of the cathode ray tube type (CRT),
      etc., there have been proposed display units capable of copying the images
      being observed in cases where thhe duplicates of such images are required.
PAR  Conventionally, in one of such systems of the above described type, a half
      mirror is provided in front of the display panel, through which half
      mirror the images on the display panel are observed with the naked eye,
      while the images being observed are copied simultaneously, when desired,
      by the reflected light therefrom through the half mirror. In the other
      systems, the images on the display panel being observed are reflected
      through a plurality of reflecting mirrors provided instead of the above
      half mirror, so that the image rays reflected by the reflecting mirrors
      pass through a lens provided with the optical axis thereof deviated for
      simultaneous copying of the images being observed.
PAR  However, such conventional units have many disadvantages. For example, in
      the former, the employment of the half mirror leads to an insufficient
      amount of light, resulting in poor definition both in the images being
      observed and in the copied images, while in the latter, it is inevitable
      that the copied images are not sufficiently clear since the lens employed
      is in the deviated optical axis.
PAR  Furthermore, in both of the above conventional systems, the unit itself
      tends to be large and heavy in weight, since spherical lenses are employed
      in syuch systems.
PAR  Accordingly, an essential object of the present invention is to provide a
      display unit of the double-sided display panel type equipped with a
      copying device which will produce a clear and definite copy of the images
      being observed with substantial elimination of the disadvantages inherent
      in the conventional display units having copying devices.
PAR  Another important object of the present invention is to provide a display
      unit equipped with a copying device of the above described type which is
      accurate in function, simple in construction and easy to maintain.
PAR  A still further object of the present invention is to provide a display
      unit equipped with a copying device of the above described type which is
      compact in size and light in weight.
PAR  According to a preferred embodiment of the present invention, the display
      unit equipped with the copying device comprises a recently developed
      double-sided display panel such as a plasma display panel or a liquid
      crystal display panel such as disclosed in Electronics, Apr. 12, 1973, p.
      95 fixedly mounted at the front of the display unit housing, a light
      shield film movably supported, behind the display panel, at a position in
      parallel to and at a fixed distance from the panel, by upper and lower
      rollers for selectively winding the light shield film upward or downward,
      an exposure member together with a corona charger and a stop releasing
      lever which is interposed in a cut portion formed in the shield film and
      integrally connected with the shield film for simultaneous movment with
      the latter, a guide plate for a copy paper sheet fixedly mounted on the
      unit housing at a position behind the shield film in spaced and parallel
      relation to the shield film, and associated developing and drying devices
      for the copy paper sheet, so that the light rays from the images at the
      back surface of the double-sided panel can be advantageously directed onto
      the photosensitive copy paper sheet placed on the guide panel through the
      exposure member while the same images are being observed at the front of
      the panel.
PAR  The known plasma display panel (PDP) employed in the above display unit of
      the invention is composed of two glass bases on each of which a plurality
      of metal electrodes in the form of thin wires are fixedly mounted in
      parallel and spaced relation to each other. The two glass bases thus
      formed are combined with a thin glass insulating layer sandwiched between
      the surfaces of the glass bases having the metal electrodes, leaving a
      narrow space for electrical discharge between one surface of the glass
      insulating layer and the electrode disposed surface of one of the glass
      bases, so that in the combined state, the wire shaped metal electrodes
      disposed on the two glass bases cross at right angles to each other to
      form a wire mesh-like configuration with the insulating layer and the
      discharging space therebetween. In order to facilitate the electrical
      discharge between the electrodes, a gas mainly comprising neon gas is
      filled in the discharging space with the edges of the two glass bases
      suitably sealed to make the panel airtight. In such a plasma display
      panel, individual crossing electrodes function as luminant points which
      can be independently turned on or off so as to form images on the panel by
      the application of a predetermined voltage and turning-on pulses whenever
      necessary. Such an image display panel is disclosed, for example by Krupka
      et al., Proceedings of the IEEE Vol. 61, No. 7, July 1973, pp. 1025-1029.
PAR  On the other hand, the exposure member as employed in the above embodiment
      is composed of a plurality of image transmitters formed a bundle of
      optical fibers of graded refractive index such as a "SELFOC" lens (a
      trademark registered in Japan and owned by Nippon Sheet Glass Co., Ltd.)
      which have excellent image transmitting functions despite their extremely
      shorrt focal distance as compared with that of conventional optical
      systems.
PAR  The term SELFOC lens refers to an image transmitting optical fiber having a
      refractive index distribution in a cross section thereof that varies
      consecutively and parabolically outwards from a center portion, said
      refractive index distribution satisfying the following equation: n =
      N(1-ar.sup.2), wherein N is the refractive index at the center, n is the
      refractive index at a distance r from the center and a is a positive
      constant. The SELFOC lens and the image transmitter formed by a bundle of
      such optical fibers are described in U.S. Pat. No. 3,658,407, patented on
      Apr. 25, 1972, and therefore reference may be made thereto for the details
      thereof.
PAR  As is seen from the above description, since the images on the back surface
      of the two-sided display panel which have not hitherto been used are
      positively utilized together with the image transmitter such as the SELFOC
      lens having short conjugate distance which is bright with a small F value,
      clear and definite images can be obtained simultaneously on the panel
      being observed and the copy paper sheets and the size and weight of the
      display can be reduced to a large extent.
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PAR  These and other objects and features of the present invention will become
      apparent from the following description taken in conjunction with the
      preferred embodiments thereof with reference to the accompanying drawings,
      in which;
PAR  FIG. 1 is a schematic sectional side view of a display unit equipped with a
      copying device embodying the present invention,
PAR  FIG. 2 is a perspective view, on an enlarged scale, of a section of an
      exposure member employed in the display unit in FIG. 1, and
PAR  FIG. 3 is a perspective view, partly in section, showing the relation of
      the display panel, an exposure member and a guide plate for a copy paper
      sheet.
DETD
PAR  Before the description of the present invention proceeds, it is to be noted
      that like parts are designated by like numerals throughout the several
      views of the accompanying drawings.
PAR  Referring to FIGS. 1 to 3, there is shown a display unit T of the present
      invention which comprises a known plasma double-sided display panel 1 as
      described above fixedly mounted at the front of the unit housing Ta, a
      light shield film 3 which is movably supported, at opposite upper and
      lower edges thereof, in a position behind the panel 1 parallel to and at a
      fixed distance from the latter, by an upper roller 8 and a lower roller 7
      and guide pins 8a and 7a, and a guide plate 2 is fixedly mounted on the
      housing Ta behind the film 3 and in parallel spaced relation thereto and;
      passage P for a photosensitive copy paper sheet 9 between the light shield
      film 3 and guide plate 2.
PAR  The light shield film 3 which is for preventing the copy paper sheet 9 from
      being exposed to light rays from the panel 1 except during copying is
      further provided, at an intermediate position thereof, with a cut portion
      in which a corona charger 4, an exposure member 5 a, as described and a
      stop releasing lever 6 are interposed in parallel to each other and
      integrally connected to the film 3, so that when the shield film 3 is
      selectively wound onto the upper roller 8 or the lower roller 7, the
      exposure member 5 moves upward or downward together with the corona
      charger 4 and the stop releasing lever 6.
PAR  It should be noted here that, when the images being displayed on the panel
      1 are not to be copied, the exposure member 5 together with the corona
      charger 4 and the lever 6 is kept stationary at the upper starting
      position adjacent to the upper roller 8 as shown in FIG. 1.
PAR  Referring particularly to FIG. 2, the exposure member 5 is composed of many
      image transmitters 5a formed of a plurality of graded index fibers is
      bundled configuration which are disposed in parallel to one another, and
      combined into one exposure unit 5 by an adhesive 5b.
PAR  The pitch of the optical light path of the above image transmitter 5a is in
      the third and fourth quadrants, and the image formed thereby is adapted to
      be an erect real image as described, for example, in the U.S. Pat. No.
      3,658,407.
PAR  The photosensitive copy paper sheet 9 prepared from, for example, zinc
      oxide paper is inserted into the unit housing Ta through an inlet 10
      provided at the upper portion of the housing Ta through the passage P with
      the leading edge of the sheet 9 supported by a projecting end of a stop 11
      which is pivotally mounted at the lower portion of the passage P, thus the
      sheet 9 being kept in a stationary position behind the light shield film
      3. A detection switch 12 for detecting the presence of the copy paper
      sheet 9 is provided at the middle portion of the passage P with the
      movable contact arm of the switch 12 projecting above the surface of the
      guide plate 2 to a certain extent. While the copy paper sheet 9 is present
      on the guide plate 2, the arm of the switch 12 is depressed by the sheet 9
      to actuate the switch 12, which in turn actuates an indicator 13 provided
      in front of the unit T above the display panel 1 to show the presence of
      the copy paper sheet 9. The stop 11 is in integral engagement with a
      contact member 11a to contact with the stop releasing lever 6 provided on
      the film 3, which stop 11 and the member 11a are normally urged clockwise
      by a biasing means (not shown) with the end of the stop 11 projecting into
      the passage P to such an extent as to be sufficient to support the leading
      end of the copy paper sheet 9.
PAR  Guide plates g1 and a pair of rollers 14 are provided below the stopper 11
      for transporting the sheet 9 into a developing device 15 after exposure.
      An opening 16 for pouring developing solution over the sheet 9 is formed
      above the developing device 15 for developing the copy paper sheet 9 after
      completion of the exposure. For this purpose, the developing solution
      collected in the reservoir 20 is adapted to be pumped up by a supply pump
      (not shown) and supplied to the developing device 15 through the opening
      16. Excessive developing solution is removed from the copy paper sheet 9
      after development by a pair of squeezing rollers 17, after which the sheet
      9 is dried by a drier 18 and then discharged from the housing Ta by a
      roller 22 and a guide plate g2. For continuously replenishing the
      reservoir 20 with the developing solution, a tank 19 for developing
      solution is releasably provided at the lower right portion of the housing
      Ta in FIG. 1. Further, a driving motor 21 is provided above the tank 19
      for selectively rotating the upper roller 8 or lower roller 7 through
      clutches and a delay circuit (not shown) so as to selectively wind the
      light shielding film 3 onto the roller 8 or roller 7, and consequently to
      move the image transmitter 5 together with the corona charger 4 and lever
      6.
PAR  By this arrangement, the presence of the photosensitive copy paper sheet 9
      is first confirmed by the indicator 13 prior to the operation of the
      plasma display unit T of the invention equipped with the copying device.
      If the unit T is not loaded with a copy paper sheet, the sheet 9 is
      inserted into the unit housing Ta through the inlet 10, which sheet 9 is
      kept in position on the guide plate 2 in the housing Ta by the stop 11.
PAR  When it becomes necessary to make a copy of the images being displayed on
      the display panel 1 during observation of the latter, a print button (not
      shown) is depressed for driving the motor 21. Upon rotation of the motor
      21, the roller 7 is rotated to wind the light shield film 3 downward, and
      consequently the exposure member 5 together with the corona charger 4 and
      the stop releasing lever 6 which is integral with the film 3 move downward
      from the upper starting position as in FIG. 3, during which descent the
      photosensitive copy paper sheet 9 is first charged by the corona charger 4
      and then exposed sequentially to the image rays corresponding to the
      images being displayed on the panel 1 by the exposure member 5 with
      electrostatic latent images thus being formed on the copy paper sheet 9.
      In the above process, no reflection by mirrors is necessary, since the
      mirror images at the reverse side of the display panel 1 can be utilized
      for the purpose.
PAR  Upon completion of the charging and exposure of the copy paper sheet 9 as
      described above, the stop releasing lever 6 which is provided subsequent
      to the exposure member 5 engages the contact member 11a which is
      integrally connected to the stop 11, turning the latter counterclockwise
      against the urging force thereof, the stop and contact member being
      retained at the turned positions by a retainer (not shown). Accordingly,
      the sheet 9 falls downward to be transported into the developing device 15
      through the guide plates g1 and rollers 14, and is discharged from the
      housing Ta through the squeezing rollers 17, the drier 18, and the roller
      22 and guide plate g2 after having been developed at the developing device
      15 by the developing solution poured onto the sheet 9 through the opening
      16, and the copying is thus completed.
PAR  On the other hand, when the stop 11 is turned counterclockwise, i.e., when
      the exposure is completed, the rotation of the lower roller 7 is stopped
      by disengaging a clutch (not shown), and after the trailing edge of the
      sheet 9 has entered the developing device 15, the upper roller 8 is
      rotated, through a delay circuit (not shown), to wind the film 3 upward to
      bring the exposure member 5 together with the corona charger 4 and the
      lever 6 back into the original starting position in FIG. 1. The returning
      of the lever 6 is adapted to release the retainer (not shown) for the stop
      11 with the stop 11 returned to the original position in FIG. 1 by the
      action of the biasing means (not shown).
PAR  As is clear from the above description, the display unit equipped with a
      copying device of the present invention employs the double-sided display
      panel such as the plasma display panel to positively utilize the images at
      the back surface of the double-sided panel with an image transmitter
      having a small F-value such as SELFOC lens provided to face the back
      surface of the display panel for directly projecting the images thereon
      onto a photosensitive copy paper sheet.
PAR  Since no half mirror or lens with a deviated optical axis as used in the
      conventional unit is employed in the display unit of the invention,
      extremely clear and definite images can be copied on the copy paper sheets
      and besides, definition of the images on the display panel is not affected
      at all by the optical system for the copying.
PAR  Furthermore, in the display unit of the present invention, the images at
      the back surface of the double-sided display panel, i.e., the mirror
      images are advantageously utilized for copying, so that it is unnecessary
      to convert the images into mirror images by separate reflecting mirrors or
      the like, resulting in a reduced number of parts, which fact, together
      with the adoption of an image transmitter formed of a plurality of graded
      index fibers is bundled configuration such as SELFOC lens for the image
      forming optical system, reduces the size of the unit to a large extent,
      making it possible to produce a unit of very compact size and light
      weight.
PAR  Although the present invention has been fully described by way of example
      with reference to the attached drawings, it is to be noted that various
      changes and modifications are apparent to those skilled in the art.
      Therefore, unless otherwise such changes and modifications depart from the
      scope of the present invention, they should be construed as included
      therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A display unit equipped with a copying device comprising: a double-sided
      display panel fixedly mounted at the front of the display unit; a light
      shield film movably supported behind said display panel in a position
      parallel with and at a fixed distance from said panel; winding members at
      the opposite ends of said display panel between which said light shield
      film extends and around which the ends of said light shield film are wound
      for selectively winding said light shield film along said display panel; a
      corona charger, an exposure member including a plurality of image
      transmitters constituted by a bundle of optical fiber lenses of graded
      refractive index, and a stop releasing member connected to each other for
      movement together and integrally connected in said light shield film for
      simultaneous movement with said light shield film with said corona charger
      being positioned ahead of said exposure member relative to the direction
      of movement thereof during the exposure of the copy paper to the image and
      said stop releasing member being located in a position for actuating the
      stop member at the termination of said exposure of the copy paper to said
      image; means for selectively driving said winding members; a guide member
      fixedly mounted on said unit at a position behind said light shield film
      in spaced and parallel relationship to said light shield film for guiding
      a photosensitive copy paper into said unit and supporting it therein; a
      stop member along said guide member for holding the copy paper in exposure
      position along said guide member, said stop member being movable for
      releasing said copy paper, and associated developing means for said copy
      paper adjacent said guide member for receiving the copy paper from said
      guide member after it has been released, whereby when a copy is to be
      made, copy paper is positioned on said guide member and said winding
      members are driven to move said corona charger, exposure member and stop
      releasing member parallel to said guide member between the guide member
      and the display panel for charging the copy paper, exposing it to the
      image from the rear of the display panel, and engaging the stop member for
      releasing the copy paper when it has been completely exposed.
NUM  2.
PAR  2. A display unit as claimed in claim 1 in which said means for selectively
      driving said winding members comprises means for driving said winding
      members, after completion of exposure, in a direction for moving said
      light shield film in the opposite direction from its movement during
      exposure for returning said corona charger, exposure member and stop
      releasing member to their initial position, said stop member being
      actuated by said stop releasing member during the return movement thereof
      for return to its initial position for holding the copy paper.
NUM  3.
PAR  3. A display unit as claimed in claim 1 further comprising means for
      detecting the presence of a sheet of copy paper in said unit, and an
      indicator lamp on the front of the unit coupled to said detecting means
      for providing an indication of when a sheet of copy paper is present in
      the unit.
NUM  4.
PAR  4. A display unit as claimed in claim 1 in which said guide member is a
      guide plate inclined downwardly and forwardly in said unit, and said unit
      having an aperture therein above said guide plate for insertion of copy
      paper, the copy paper moving downwardly along said guide plate to said
      stop member due to its own weight.
NUM  5.
PAR  5. A display unit as claimed in claim 4 in which said developing means is
      beneath the lower end of said guide plate and having means for guiding the
      copy paper therethrough for discharging the copy paper with the surface
      having the image thereon uppermost.
NUM  6.
PAR  6. A display unit as claimed in claim 1 in which said display panel is a
      plasma display panel.
NUM  7.
PAR  7. A display unit as claimed in claim 1 in which said display panel is a
      liquid crystal display panel.
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PAL  Drive mechanism for a roll fuser employed in a copier apparatus
      characterized by the provision of input drive means for rotating a fuser
      roll and also for rotating a backup roll while the two rolls are
      disengaged, and further characterized by the provision of a flexible drive
      shaft or coupling for the backup roll which allows for displacement of the
      backup roll for engagement with the fuser roll. A sump containing offset
      preventing liquid and means for applying the liquid to the fuser roll
      structure are disposed beneath the fuser roll structure which, in turn, is
      positioned below the backup roll. The drive means is so positioned
      relative to the sump as to preclude contamination therefrom entering the
      sump.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to copier apparatus, and, more
      particularly, to a roll fusing system for fixing electroscopic toner
      material to a support member.
PAR  In the process of xerography, a light image of an original to be copied is
      typically recorded in the form of a latent electrostatic image upon a
      photosensitive member with subsequent rendering of the latent image
      visible by the application of electroscopic marking particles, commonly
      referred to as toner. The visual image can be either fixed directly upon
      the photosensitive member or transferred from the member to a sheet of
      plain paper with subsequent affixing of the image thereto.
PAR  There are various ways of fusing or affixing the toner particles to the
      support member, one of which is by the employment of heat. In order to
      permanently affix or fuse electroscopic toner material onto a support
      member by heat, it is necessary to elevate the temperature of the toner
      material to a point at which the constituents of the toner material
      coalesce and become tacky. This action causes the toner to be absorbed to
      some extent into the fibers of the support member which, in many
      instances, constitute plain paper. Thereafter, as the toner material
      cools, solidification of the toner material occurs causing the toner
      material to be firmly bonded to the support member. In both the
      xerographic as well as the electrographic recording arts, the use of
      thermo energy for fixing toner images onto a support member is old and
      well known.
PAR  One approach to thermofusing of electroscopic toner images onto a support
      has been to pass the support with the toner images thereon between a pair
      of opposed roller members, at least one of which is either externally or
      internally heated. During operation of a fusing system of this type, the
      support member to which the toner images are electrostatically adhered is
      moved through the nip formed between the rolls with the toner images
      contacting the fuser roll to thereby effect heating of the toner images
      within the nip. The backup roll of the fuser roll pair is usually
      constructed so that the fuser roll creates a depression in the backup roll
      resulting from the bias force which forces the rolls into engagement. Such
      depression forms an elongated nip which extends the contact time of the
      toner images with the heated fuser roll structure.
PAR  During periods when the copier is not being utilized it is necessary to
      provide means for preventing the rolls from remaining in engagement. If
      the foregoing is not provided, the softer backup roll would become
      flattened in the area of engagement with the fuser roll thereby resulting
      in problems of proper fusing and paper handling.
PAR  One approach to preventing the flattening of the backup roll has been to
      provide mechanism which effects disengagement of the rolls during
      inoperative periods of the machine. It will be appreciated that the drive
      mechanism for imparting rotation to the rolls must accommodate such
      disengagement with subsequent engagement.
PAR  Heretofore, such mechanisms have been very complex and thus quite a bit
      more expensive both from the standpoint of manufacture and from the
      standpoint of maintenance during the life of the copying apparatus.
PAR  Accordingly, the principal object of this invention is to provide a new and
      improved copying apparatus.
PAR  It is a more particular object of this invention to provide a new and
      improved roll fusing apparatus for utilization in an electrostatic copier
      apparatus. Another object of this invention is to provide a roll fusing
      apparatus which utilizes substantially fewer components than known roll
      fuser apparatus and which is therefore less costly to manufacture as well
      as maintain.
PAR  Yet another object of this invention is to provide new and improved drive
      means for a roll fusing apparatus.
PAC  A BRIEF SUMMARY OF THE INVENTION
PAR  The above-cited objects are accomplished by the provision of a roll fusing
      apparatus wherein the fuser roll is driven from an input drive means and
      the backup roll is driven by a flexible shaft prior to engagement with the
      fuser roll with subsequent driving thereof by virtue of its engagement
      with the fuser roll. Driving motion is imparted to the backup roll prior
      to engagement of the two rolls by means of a gear carried by the fuser
      roll shaft which engages a gear which supports the flexible shaft. The
      flexible shaft couples the driven gear to the backup roll.
PAR  Mechanism not forming a part of this invention is provided for effecting
      engagement of the backup roll with the fuser roll. The flexible shaft
      allows the aforementioned mechanism to shift the position of the backup
      roll from a disengaged position to a fuser roll engaging position. A one
      way clutch is provided in conjunction with the flexible shaft to prevent
      overdriving of the backup roll by the fuser roll after engagement of the
      two.
PAR  A sump of release agent is provided for purposes which will be disclosed in
      conjunction with the detailed description of this invention. In order to
      prevent contamination from the aforementioned gears falling into the sump
      of oil which is disposed subadjacent the rolls, the gears are disposed at
      a location remote from the sump.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      when read in conjunction with the accompanying drawings:
PAR  FIG. 1 is a schematic representation of a xerographic reproducing apparatus
      incorporating the contact fusing system of this invention;
PAR  FIG. 2 is a cross-sectional view of the fusing system forming this
      invention;
PAR  FIG. 3 is a cross-sectional view taken along the line III--III of FIG. 2;
PAR  FIG. 4 is a side elevational view of the fuser forming the present
      invention with the backup roll and fuser rolls disengaged;
PAR  FIG. 5 is an elevational view of the fuser system similar to FIG. 4 but
      with the fuser roll and backup roll engaged;
PAR  FIG. 6 is a fragmentary view of a flexible drive coupling; and
PAR  FIG. 7 is a top plan view of the fuser assembly illustrated in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, especially FIG. 1, there is disclosed an
      automatic xerographic reproducing machine 9 incorporating the roll fuser
      system of the present invention. The automatic xerographic reproducing
      machine includes a xerographic plate, or surface 10, formed in the shape
      of a drum. The plate has a photoconductive layer or light sensitive
      surface on a conductive backing journaled in a frame to rotate in a
      direction indicated by the arrow. The rotation will cause the plate
      surface to sequentially pass a series of xerographic processing stations.
PAR  For purposes of the present disclosure the several xerographic processing
      stations in the path of movement of the plate surface may be described
      functionally as follows:
PAR  a charging station A where a uniform electrostatic charge is deposited onto
      the photoconductive plate;
PAR  an exposure station B, at which light or radiation patterns of copies to be
      reproduced is projected onto the plate surface to dissipate the charge in
      the exposed areas thereof, to thereby form latent electrostatic images of
      the copies to be reproduced;
PAR  a developing station C, at which xerographic developing material including
      toner particles having an electrostatic charge opposite to that of the
      latent electrostatic images is cascaded over the latent electrostatic
      images to form powder images in configuration of the copy being
      reproduced;
PAR  a transfer station D, where the powder images are electrostatically
      transferred from the plate surface to a transfer material such as paper,
      which then is passed through a heated pressure fusing system according to
      the present invention as will be described hereinafter; and
PAR  a drum cleaning and discharge station E, at which the plate surface is
      brushed to remove residual toner particles remaining thereon after image
      transfer and at which the plate is exposed to a relatively bright light
      source to effect substantially complete discharge of any residual
      electrostatic charge remaining thereon.
PAR  For further details of the xerographic processing stations discussed above,
      reference may be had to U.S. Pat. No. 3,578,859.
PAR  A combination pressure and heat fusing system 12 as specifically disclosed
      in FIGS. 2 and 3, comprises a heated fuser roll 16 and a backup roll 18.
PAR  The fuser roll structure 16 comprises a rigid cylindrical member 20,
      preferably fabricated from steel, to which end caps or closures 22 and 22'
      have been affixed in any suitable manner, for example, by brazing. The
      member 20 in one operative embodiment has an outside diameter of 2 3/8
      inches. The end cap or closure 22' (FIG. 2) is supported by a bearing 24
      carried by a side frame member 26 of the roll fusing assembly 12. The end
      cap or closure 22 is retained by the hub 28 of a fuser roll drive gear 30
      which hub is, in turn, retained or supported by a support bearing 32
      disposed in a side frame member 26'.
PAR  During operation of the fuser assembly 12 a support copy or sheet 34 (FIG.
      3) is moved through the nip 36 formed by engagement of the fuser roll
      structure 16 and the backup roll structure 18 such that the toner images
      are contacted by the fuser roll structure 16. In order to provide thermal
      energy for raising the temperature of the toner particles to a suitable
      fusing temperature, a heater element 38 is supported internally of the
      cylindrical member 20 by heater sockets 23 and 23'. The heater element may
      comprise a quartz heater structure including a quartz envelope having a
      tungsten resistance heating element disposed internally thereof. In
      practice power on the order of 1475 watts is supplied to the resistance
      heating element via electrical connections 39, 39' to thereby raise the
      surface temperature of the fuser roll to approximately 380.degree. F.
PAR  In order to provide the fuser roll structure 16 with an outer surface which
      has a relatively low affinity for tackified toner particles, a
      fluorocarbon polymer layer 40 of, for example, tetrafluoroethylene
      (abbreviated TFE) is provided on the rigid cylindrical member 20. The TFE
      layer may be on the order of 1.2 - .5 mils thick and the member 20 is
      preferably fabricated from a thermally conductive material such as copper
      or aluminum. When copper is employed it should be coated with aluminum or
      nickel prior to the application of the TFE. The particular manner in which
      the fuser roll structure 16 is fabricated forms no part of the present
      invention. Accordingly, such fabrication thereof may be in accordance with
      well-known processes, for example, those set forth in U.S. Pat. Nos.
      3,437,032 and 3,776,760. While the fuser structure is disclosed as having
      a TFE layer it may be fabricated without the layer and may simply comprise
      a bare metal surface.
PAR  By controlling the heat transfer to the toner, virtually no offset of the
      toner particles from the copy sheet to the fuser roll is experienced under
      normal conditions. This is because the heat applied to the surface of the
      roller is insufficient to raise the temperature of the surface of the
      roller above the "hot offset" temperature of the toner, whereat the toner
      particles in the image areas of the toner would liquify and cause a
      shearing action in the molten toner to thereby result in "hot offset."
      Shearing occurs when the interparticle or cohesive forces holding the
      viscous toner mass together are less than the adhesive forces tending to
      offset it to a contacting surface such as a fuser roll.
PAR  Occasionally, however, toner particles will be offset to the fuser roll by
      an insufficient application of heat to the surface thereof (i.e., "cold"
      offsetting); by imperfections in the properties of the surface of the
      rolls; or by the toner particles insufficiently adhering to the copy sheet
      by the electrostatic forces which normally hold them there. In such a
      case, toner particles may be transferred to the surface of the fuser roll
      with subsequent transfer to the backup roll during periods of time when no
      copy paper is in the nip.
PAR  Moreover, toner particles can be picked up by the fuser and/or backup roll
      during fusing of duplex copies or simply from the surroundings of the
      reproducing apparatus.
PAR  To minimize the chance of offsetting toner to the fuser roll a thin layer
      of organosiloxane polymer or other suitable material is applied to the
      surface of the fuser roll structure 16 to thereby form an interface
      between the roll surface and the toner images carried on the support
      material. Thus a low surface energy layer is presented to the toner as it
      passes through the fuser nip and thereby minimizes the degree of
      offsetting of toner to the fuser roll surface.
PAR  For the purpose of applying the organosiloxane polymer material, commonly
      known as silicone oil, to the fuser roll structure 16, a quantity of
      silicone oil 42 is contained in a sump housing or oil pan 44 forming a
      part of the fusing assembly 12. Approximately 0.65 liters of silicone oil
      in the sump provides a level therein which extends to the tops of a
      plurality of rib members 45. An applicator member 46 is supported within
      the housing 44 by means of a support member 48 such that the applicator
      contacts both the silicone oil and the surface of the fuser roll 16. As
      illustrated in FIG. 3, one end of the applicator member is physically
      attached to the support member 48 as indicated at 49 while the other end
      thereof extends into the silicone oil and actually touches the bottom of
      the sump 44.
PAR  The applicator preferably comprises a material which is heat resistant and
      which is capable of wicking silicone oil from the sump to the fuser roll
      structure. To this end, the applicator material is preferably a copolymer
      of meta-phenylenediamine and isophthaloyl chloride which corresponds to a
      heat-resistant nylon material known under the trademark, Nomex (E.I. du
      Pont de Nemours & Co.). In addition to applying silicone oil to the fuser
      roll, the applicator cleans toner therefrom. It has been observed that
      after extended operation, for example, fusing of 25,000 copies, the
      portion of the applicator contacting the fuser structure becomes coated
      with toner but continues to apply silicone oil to the fuser roll.
PAR  The support member 48 comprises an elongated construction which is
      coextensive with the longitudinal axis of the fuser roll structure 16 and
      has a pair of sidewardly projecting pins 50 and 50' which are received in
      a pair of upstanding ribs or channels 52 integrally formed or otherwise
      provided in the sump 44, thereby locating the support member 48 relative
      to the fuser roll structure. The ribs prevent excessive surging of the oil
      in the oil pan when the pan is moved and they also act as stiffeners for
      the oil pan. A pair of bias springs 54 (only one being shown) are also
      received in the channels 52 for biasing the support member upwardly with a
      total force of approximately 6 pounds for effecting proper engagement of
      the applicator with the fuser roll structure.
PAR  The periphery of the support member 48 is provided with a plurality of
      concave areas or surfaces 56 each of which cooperates with only a portion
      of the applicator 46. When the portion of the applicator contacting the
      fuser roll becomes so toner laden as to lose its effectivness as either an
      applicator or a cleaner the support member 48 can be reoriented such that
      a clean portion of the applicator is moved into alignment with the fuser
      roll structure. To accomplish such reorientation the oil pan 44 is removed
      from the fuser frame 57 by moving the pan from the right to left as viewed
      in FIG. 3.
PAR  A doctor blade 58 and support 60 therefore are disposed within the sump 44
      such that the blade 58 contacts the fuser roll structure 16 after the oil
      has been applied by the applicator 46. The support 60 is provided with a
      pair of pin members 62 received in apertures in the sump 44. Spring
      members 64 received in standoffs 65 serve to bias the support 60 and
      therefore the blade 58 into contact with the fuser roll with sufficient
      force (i.e., 8 lbs. total) that the oil applied to the roll is metered to
      a thickness such that 6 .mu.liters per copy of 8 1/2 .times.  11 inch
      paper is utilized. The doctor blade which may be fabricated from any
      suitable material for such purposes, for example, a fluorosilicone
      elastomer having a durometer on the order of 80 Shore A, is received in an
      elongated channel 66 of the support member.
PAR  The backup roll 18 (FIGS. 2 and 3) which has approximately the same overall
      dimensions as the fuser roll structure 16 comprises a rigid, generally
      cylindrical member 68 having an outside diameter of 1 3/4inches and a
      three-sixteenths of an inch wall thickness and a pair of end caps 70 and
      70' received in the terminal portions of the member 68. A 0.315 inch layer
      72 of elastomeric material, preferably a heat-resistant, organosiloxane
      polymer commonly known as silicone rubber, is adhered to the member 68. A
      0.019 inch outer layer or sleeve 74 of high heat-resistant material having
      a relatively low affinity for tackified toner is provided over the
      silicone rubber layer. The combined thickness and durometer of the layers
      72 and 74 is such as to allow for deformation thereof by the fuser roll
      structure in order to yield a suitable length for the nip 36 (i.e., an
      area coextensive with the concave portion of the backup roll). A felt pad
      75 and support 77 therefor are supported by the fuser assembly frame so
      that the pad contacts the surface of the backup roll. Thus, any
      contamination such as toner is removed from the backup roll during its
      rotation. The layer or sleeve 74 may comprise any suitable material
      exhibiting the desired properties, for example, it may comprise
      fluoronated ethylene proplyene, abbreviated FEP.
PAR  The end caps 70 and 70' of the backup roll 18 are supported in a pair of
      side frame or bracket members 76, 76' by bearings 78, 78'. The backup roll
      together with the bearings and frame members can be readily removed from
      the fuser assembly 12. To this end, the side frames 76, 76' are provided
      in the uppermost portions thereof with hook-like members 80, 80' which are
      received in recesses 82, 82' provided in a pair of pivot arms 84, 84'. The
      pivot arms support the backup roll for movement into and out of engagement
      with the fuser roll structure 16 in a manner to be discussed hereinafter.
      A pair of bolts 86, 86' fasten the lowermost portions of the side frames
      to the pivot arms 84, 84'. The pivot arms are supported by the machine
      frame through stub shafts 85.
PAR  To install the backup roll 18, the hook-like members 80, 80' are inserted
      into the recesses 82, 82' with subsequent installation of the bolts 86,
      86'. To remove the backup roll the foregoing procedure is simply reversed.
      Both installation and removal of the backup roll can be accomplished
      quickly with a minimum of handling. The hook-like members 80, 80' replace
      bolts similar to the bolts 86, 86'. It should be appreciated that during
      removal of the backup roll when the bolts 86, 86' have been removed, the
      hook-like members support the backup roll on the pivot arms 84, 84' so
      that the backup roll need not be handled until after bolt removal. When
      the backup roll is hot the foregoing aspect of the backup assembly is
      significant. With prior art devices where four bolts are employed, it is
      necessary to handle the backup roll while removing the bolts.
PAR  As viewed in FIG. 4, the fuser roll structure 16 and the backup roll 18 are
      supported out of engagement which corresponds to either an inoperative
      condition of the copier apparatus 9 or a warmup period which follows an
      initiation of the operation of the copier. The warmup period is required
      among other things in order to allow the fuser roll temperature to rise to
      a predetermined level suitable for fusing toner particles on the support
      member 34. When the rolls 16 and 18 are disengaged rotational movement of
      the backup roll 18 is accomplished by means of a flexible shaft 90 which
      couples a drive gear 88 to the backup roll 18. Rotational movement is
      imparted to the fuser roll structure 16 by virtue of the driven gear 30
      meshing with the drive gear 88. A shear pin 91 or other safety drive
      device secured in the hub of the gear 88 is provided for drivingly
      coupling the gear to the main drive motor (not shown) of the machine via a
      chain (also not shown).
PAR  The ends of the flexible drive shaft 90 which are rectangular in
      cross-section are received in the end cap 70 and a clutch bearing 92, the
      latter of which is contained in the driven gear 88 for a purpose to be
      discussed hereinafter.
PAR  The flexible drive shaft 90 allows for vertical displacement, as viewed in
      FIG. 2, of the backup roll 18 which displacement is effected by a latching
      or force generating mechanism generally indicated 94 (see FIGS. 4 and 5).
      During engagement of the backup roll and the fuser roll, the backup roll
      is driven by the fuser roll and the one-way clutch bearing 92 insures that
      the backup roll can be overdriven by the fuser roll.
PAR  While other flexible shafts may be employed, the specific shaft 90
      contemplated can be obtained from Stow Manufacturing Co. under the
      designation Core No. Type 8990-1000. This particular shaft is fabricated
      by spirally winding wire rope to form a multi-layered structure having a
      generally cylindrical cross section. The ends of the shaft are crimped in
      order to form them into a generally square configuration. In operation the
      rotation of the shaft is in a direction which tends to tighten the
      windings thereof and therefore render the shaft more rigid yet
      sufficiently flexible to allow for the aforementioned displacement.
PAR  A modified form of the flexible coupling 90, as illustrated in FIG. 6,
      comprises a double slider coupling commonly referred to as an Oldham
      coupling. In order to provide such an arrangement for coupling the backup
      roll to a drive gear, the end cap 70 is replaced by an end cap 96 having a
      slot 98 in the face thereof. A shaft support disposed internally of the
      clutch bearing 92 is replaced by coupling member 100 which has a slot 102
      in the circular face thereof similar to the slot 98 but oriented at a
      90.degree. angle thereto. An interposer member 104 replaces the shaft 90
      and drivingly couples the end cap 96 to the coupling member 100. To this
      end the interposer member comprises a generally cylindrical body portion
      having a tongue portion 106, 106' formed integrally with each of the faces
      thereof. This type of coupling can, as in the case of the flexible shaft
      90, permit displacement of the backup roll 18, but it also permits quick
      removal of the backup roll 18 from the fuser assembly.
PAR  The latching mechanism 94, as best viewed in FIGS. 4 and 5, comprises a
      four pivot linkage arrangement which is actuated by force generating means
      in the form of solenoid means 108 mounted on support bracket means 110
      which is a part of the side frame members 26, 26'. Each of the pivot arms
      84 supports a differential screw 112 which in turn supports a moving pivot
      member 114. The pivot member 114 operatively connects a link 116 to a link
      member 118 via a moving pivot 120 and a stationary pivot 122. The stub
      shafts 85 supporting the pivot arms 84, 84' act as a stationary pivot and
      form one of the four pivots of the linkage arrangement.
PAR  The link 118 has affixed thereto a cam follower in the form of a roller
      124. The core 126 of the solenoid 108 acts as a cam, bearing against the
      roller 124 to thereby effect clockwise rotation of the link 118 about the
      pivot 122. Simultaneously the moving pivot 120 moves to the right as
      viewed in FIG. 4 to a point that is substantially in a straight line with
      a line drawn through the center of the pivots 114 and 122. An adjustable
      bumper 128 acts as stop member by virtue of its contacting the pivot arm
      84 as viewed in FIG. 5. In this manner the bumper 128 limits the degree of
      travel of the pivot 120 to a position just to the left of the
      aforementioned line drawn through the center of the pivots 114 and 122.
PAR  A pair of bias springs 130 (only one shown), one for each of the pivot
      arms, assist the forces exerted by the fuser roll structure 16 to effect
      disengagement of the backup from the fuser roll when the latching
      mechanism 94 is inoperative, in other words when the solenoid means 108 is
      de-energized. The springs apply a total of approximately 8 lbs. of force.
      It will be appreciated that the amount of force required of the solenoid
      to maintain the backup and fuser rolls in nip is quite small. The holding
      power requirement as opposed to the latching power requirement for the
      solenoid is on the order of 20 watts compared to 320 watts required for
      effecting engagement between the rolls so as to create a total force of
      800 lbs. during hot nip (i.e., when the fuser roll is at or near its
      operating temperature). A second adjustable bumper or stop 132 integral
      with the link 118 limits the counterclockwise travel of the link 118
      through its engagement with the solenoid means 108.
PAR  Adjustment of the latching mechanism 94 is effected through adjustment of
      the bumpers 128 and 132. With the solenoid energized the bumper 128 should
      contact the pivot arms 84, 84' such that the center of the pivot 120 is
      just to the left of the center line through the pivots 114 and 122. If,
      when the solenoid is energized, the foregoing is not the case then the
      bumper 128 can be moved toward or away from the pivot arm, whichever is
      required.
PAR  Nip pressure can be varied through adjustment of the differential screw 112
      once the latching mechanism has been adjusted. Suitable nip pressure is
      attained when the measured contact angle is equal to 0.45 in. This can be
      done with standard carbon paper utilized in accordance with established
      procedures for measuring the contact arc between the backup roll and fuser
      roll structure.
PAR  It will be appreciated that the force exerted by the fuser roll would
      normally tend to create a substantial shear force on the bolts 86, 86'.
      Consequently, the side frame members 76, 76' are constructed so as to
      direct the aforementioned shear forces through the side frames in a
      direction so that these forces are directed against inclined surfaces 134
      of the pivot arms 84, 84'.
PAR  The solenoid means 108 may consist of a single D.C. solenoid, size 8EC
      available from Ledex Corporation or may consist of a pair of D.C.
      solenoids, size 7EC also available from the Ledex Corporation.
PAR  As illustrated in FIG. 7, a torque transmission shaft 136 couples pivot
      arms 84, 84', to insure proper latching by the latch mechanism 94. To this
      end, the lower portions of the pivot arms are provided with castellated
      protrusions 138, 138' formed integrally therewith. The shaft 136 supports
      a pair of castellated collars 140, 140' which cooperatively engage the
      protrusions 138, 138' whereby motion imparted to either of the pivot arms
      is transmitted to the other of the arms. The collar 140 is secured to the
      shaft by a set screw 142 while the collar 140' carries a set screw 142'
      which rides in a slot 144 provided in the shaft 136. A coil spring 146
      engages a retaining ring 148 and the collar 140' in order to bias the
      collars into engagement with the protrusions 138, 138'. Removal of the
      shaft can be effected by simply moving it to the right, as viewed in FIG.
      7, against the force of the spring 146.
PAR  Also illustrated in FIG. 7 are a pair of fingers 150, 150' which as viewed
      in FIG. 3 are positioned adjacent the exit of the nip 36. The fingers
      effect removal of copy sheets 34 from the fuser roll structure 16. As the
      copy sheet leaves the nip it follows the rotation of the fuser roll
      structure, where it comes into contact with the upper surface of the
      stripper fingers. The fingers thus become interposed between the sheet and
      the fuser roll to thereby redirect the sheet along a predetermined path of
      travel away from the fuser roll so that it can be picked up by a transport
      (not shown). The finger may be fabricated from a TFE material or the upper
      surface thereof may be coated with TFE in order to minimize tendency for
      the copy to stick thereon or for toner to be offset thereto.
PAR  As illustrated in FIG. 3, a thermistor 152 and support 154 therefor are
      pivotally supported in contact with the fuser roll structure 16. The
      thermistor may comprise any suitable construction, for example, such as
      disclosed in U.S. patent application Ser. No. 364,178 filed May 25, 1973
      in the name of David K. Pearce and assigned to the assignee of this
      invention. The temperature of the fuser roll structure can be controlled
      in conjunction with the output from the thermistor by a control circuit
      such as disclosed in U.S. Pat. No. 3,327,096.
PAR  The entire fuser assembly 12 is supported within the apparatus 9 by upper
      and lower slide structures and associated mounting brackets and hardware.
      Only the upper slide 160 is illustrated. Suitable slides are sold by the
      Accuride Co. and are identified by part number C-301-17- LC. The slide
      structures and associated brackets support the fuser assembly in a manner
      which enables sliding the assembly into and out of the machine in a
      direction coincident with the longitudinal extent of the rolls
PAR  While the invention has been described with respect to the best made
      contemplated, it will be appreciated that various modifications may be
      made without departing from the spirit of the invention. Accordingly, it
      is not intended that the scope of the coverage sought be limited thereby.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Roll fuser apparatus for fixing toner images to copy sheets comprising;
PA1  a heated fuser roll structure;
PA1  a backup roll adapted to form a nip with said fuser roll structure through
      which said copy sheets move with said toner images in contact with said
      heated fuser roll structure;
PA1  means including a flexible coupling for imparting rotational movement to
      said backup roll, said flexible coupling operatively connecting one end of
      said backup roll with said means and extending in the direction of the
      longitudinal axis of said backup roll;
PA1  means operatively coupling said means, including a flexible coupling to
      said fuser roll structure for effecting rotational movement thereof; and
PA1  means for effecting movement of said backup roll into engagement with said
      fuser roll structure, said flexible coupling being adapted to accommodate
      such movement of said backup roll.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said flexible coupling comprises
      a flexible drive shaft.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said flexible coupling comprises
      a double slider arrangement which accommodates said movement of said
      backup roll into engagement with said fuser roll structure and also
      accommodates removal of said backup roll from said apparatus.
NUM  4.
PAR  4. Apparatus according to claim 3, including a release agent sump for
      applying release agent to said fuser roll structure, said fuser roll
      structure being disposed above said sump such that the ends thereof extend
      beyond said sump with said backup roll thereover; and
PA1  wherein said drive means comprises a pair of meshing gears which are
      operatively coupled to said fuser roll structure and said backup roll, and
      are disposed beyond the ends of said sump to prevent contamination
      therefrom entering said sump.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said means for effecting
      rotation of said backup roll and said fuser roll structure comprises a
      pair of meshing gears which cause rotation of said backup roll and said
      fuser roll structure prior to engagement thereof, and said flexible
      coupling is coupled to said backup roll and one of said meshing gears via
      aan overrunning clutch which prevents overdriving of the backup roll by
      the fuser roll after engagement thereof.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein said flexible coupling comprises
      a double slider arrangement comprising said one of said gears, an end cap
      forming a part of said backup roll and an interposer engaging said one of
      said gears and said end cap.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein said one of said gears and said
      end cap are provided each with a slot and said interposer has a pair of
      tongue portions insertable into said slots and disposed at approximately
      90.degree. relative to each other.
NUM  8.
PAR  8. Apparatus according to claim 5, wherein said flexible coupling comprises
      a flexible shaft.
NUM  9.
PAR  9. Copier apparatus including structure for forming total images on copy
      sheets and permanently affixing such images thereto wherein the means for
      permanently affixing the images to the copy sheet comprises, in
      combination:
PA1  a heated fuser roll structure;
PA1  a backup roll adapted to form a nip with said fuser roll structure through
      which said copy sheets move with said toner images in contact with said
      heated fuser roll structure;
PA1  means including a flexible coupling for imparting rotational movement to
      said backup roll, said flexible coupling means operatively connecting one
      end of said backup roll with said means and extending in the direction of
      the longitudinal axis of said backup roll;
PA1  means operatively coupling said means including a flexible coupling to said
      fuser roll structure for effecting rotational movement thereof; and
PA1  means for effecting movement of said backup roll into engagement with said
      fuser roll structure, said flexible coupling being adapted to accommodate
      such movement of said backup roll.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein said drive means effects
      rotation of said backup roll and said fuser roll structure prior to
      engagement thereof and said flexible coupling is coupled to said backup
      roll and one of said meshing gears via an overrunning clutch which
      prevents overdriving of the backup roll by the fuser roll after engagement
      thereof.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein said flexible coupling
      comprises a double slider arrangement coupling said one of said gears, an
      end cap forming a part of said backup roll and an interposer engaging said
      one of said gears and said end cap.
NUM  12.
PAR  12. Apparatus according to claim 11, wherein said one of said gears and
      said end cap are provided each with a slot and said interposer has a pair
      of tongue portions slidable in said slots and disposed at approximately
      90.degree. relative to each other.
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ABST
PAL  A biased roller electrostatographic image transfer system in which the
      diameter of a resilient bias transfer roll is slightly larger at its outer
      end areas in comparison to its central copy sheet engaging area, so that
      the majority of the roll loading pressure is absorbed by these larger
      diameter end steps, which roll directly against the imaging surface
      outside of the copy area, and so that a relatively lower roll pressure is
      provided against the copy sheet in the operating nip. This reduction in
      the mechanical pressure in the transfer nip can provide lower "hollow
      character" transfer defects, yet allows a sufficiently high roller loading
      force to prevent roll bounce and vibration.
BSUM
PAR  The present invention relates to a biased roller image transfer system in
      electrostatography in which the transfer roller has slight differences in
      its diameter to control transfer nip pressure.
PAR  In a conventional transfer station in electrostatography, toner (image
      developer material) is transferred from the photoreceptor (the original
      support and imaging surface) to the copy sheet (the final support surface
      or transfer member). The toner is then fixed to the copy sheet, typically
      in a subsequent thermal fusing station.
PAR  In xerography, this transfer is most commonly achieved by electrostatic
      force fields created by D.C. charges applied to or adjacent the back of
      the copy sheet while the front side of the copy sheet contacts the
      toner-bearing photoreceptor surface. The transfer field must be sufficient
      to overcome the forces holding the toner onto the photoreceptor and to
      attract the toner over onto the copy sheet. These transfer fields are
      generally provided in one of two ways: by ion emission from a transfer
      corotron onto the copy paper, or by a D.C. biased transfer roller or belt
      rolling along the back of the paper, and holding it against the
      photoreceptor.
PAR  The present invention relates to bias roller transfer systems. Some
      examples are described in U.S. Pat. Nos. 2,807,233; 3,043,684; 3,267,840;
      3,328,193; 3,598,580; 3,625,146; 3,630,591; 3,684,364; 3,691,993;
      3,702,482; 3,781,105; 3,832,055; and 3,847,478. The present invention is
      particularly suitable as an improvement in any system in which the nip
      pressure is critical or sensitive, such as systems in which the roller is
      constructed of a resilient semi-conductive or electrically relaxable
      material, as described in the above-cited U.S. Pat. Nos. 3,781,105 and
      3,702,482.
PAR  The difficulties of successful electrostatographic image transfer are well
      know. In the pre-transfer (pre-nip) region or area, before the copy paper
      contacts the image, if the transfer fields are high the toner image is
      susceptible to premature transfer across too great an air gap, leading to
      decreased image resolution and, in general, to fuzzy images. Further, if
      there is pre-nip ionization, it may lead to strobing defects, loss of
      transfer efficiency, or "splotchy" transfer and a lower latitude of
      acceptable system operation. In the post-nip region, at the
      photoconductor-paper separation area, if the transfer fields are too low
      (e.g., less than approximately 12 volts per micron for lines and 6 volts
      per micron for solid areas) hollow characters may be generated, especially
      with smooth papers, high toner pile heights and high nip pressures
      (greater than approximately 0.07 kg per square cm). If the fields in
      certain portions of the post-nip region are otherwise improper, the
      resulting ionization may cause image instability and paper detaching. On
      the other hand, in the nip region itself, to achieve high transfer
      efficiency and avoid retransfer, the transfer field should be as great as
      possible (greater than approximately 20 volts per micron). To achieve
      these desired different and non-symmetrical fields in these adjacent
      regions consistently and with appropriate transitions is difficult,
      especially where the air gaps are defined by the symmetrical geometry of a
      cylindrical roller.
PAR  The transfer or nip pressure (mechanical force per unit area of engagement)
      can be a critical factor in many bias roller transfer systems. One of the
      problems is the mechanical pressure generated at the roll nip contributing
      to a copy defect called hollow characters. It has been observed that a
      lower roll pressure results in lower hollow characters. However, the
      amount that the roll loading force (and resulting pressure) of a
      conventional roller can be decreased is limited by mechanical design
      considerations of roll bounce and vibration, i.e., too low a roll
      mechanical biasing force can cause other serious copy defects.
PAR  The transfer system of the invention is intended to overcome many of the
      above-discussed problems with a very simple and inexpensive transfer
      roller structure. It may be utilized for transfer with an imaging surface
      of any desired configuration, such as a cylinder or a belt. It may also be
      used for transfer to an intermediate surface rather than a final copy
      surface, and for duplex as well as simplex transfer systems. Copy and copy
      sheets as referred to herein will be understood to include uncut webs,
      etc.
PAR  The present disclosed system provides stepping of the outside diameter of
      the transfer roll such that a majority of the roll loading force (and
      pressure) can be absorbed by slightly larger diameter steps located
      outside of the copy sheet area, so that much lower pressures are obtained
      in the transfer nip. This can provide reduced hollow character defects yet
      also provide a high roll loading force.
PAR  The above-cited and other references teach details of various suitable
      exemplary xerographic or other electrostatographic structures, materials,
      systems and functions known to those skilled in the art, and thus are
      incorporated by reference in this specification, where appropriate.
PAR  Further objects, features and advantages of the present invention pertain
      to the particular apparatus and details whereby the above-mentioned
      aspects of the invention are attained. Accordingly, the invention will be
      better understood by reference to the following description of one example
      thereof, and to the drawings forming a part of this description, which are
      substantially to scale except that the differences in diameter of the
      roller steps and the copy sheet thickness are exaggerated for clarity,
      wherein:
DRWD
PAR  FIG. 1 is a central cross-sectional view of an exemplary biased roller
      transfer system in accordance with the present invention;
PAR  FIG. 2 is a cross-sectional view taken along the line 2--2 of FIG. 1; and
PAR  FIG. 3 is a cross-sectional view taken along the line 3--3 of FIG. 1.
DETD
PAR  Referring to FIGS. 1-2, there is shown therein the transfer station of an
      exemplary and otherwise conventional electrostatographic copying system 10
      having a cylindrical transfer roller member 12 which is an example of the
      present invention. The cylindrical outer surface 14 of the transfer member
      12 is urged towards the imaging surface 16 of a conventional photoreceptor
      18 to define a transfer nip 20. Toner particles are transferred from the
      imaging surface 16 to the facing surface of a copy sheet 24 as it is
      passed through the transfer nip 20. The copy sheet 24 is held against the
      imaging surface 16 by the transfer member 12 and the transfer is effected
      by electrical transfer fields generated between the transfer member 12 and
      the imaging surface 16. These transfer fields are generated by applying an
      electrical bias from a bias voltage source 26 to a conductive core 28 of
      the transfer member 12, and by providing a grounded substrate for the
      photoreceptor 18. It will be appreciated that an image-wise pattern of the
      toner is formed on the imaging surface 16 by suitable conventional
      electrostatographic processes prior to its entry into the transfer
      station.
PAR  The exemplary bias transfer roller 12 here comprises a cylindrical metal
      tube or the like providing a conductive core 28, which is covered here
      with a homogeneous and substantially uniform layer 30 of resilient
      material providing the exterior surface 14 of the roller. This material
      layer 30 is preferably electrically semi-conductive or relaxable as
      described in the above-cited U.S. Pat. Nos. 3,781,105 and 3,702,482 or
      disclosed in the transfer roller of the Xerox "9200" high speed commercial
      xerographic duplicator.
PAR  This substantially cylindrical and resiliently deformable integral exterior
      surface 14 of the roller 12 here has a central portion 32 and two integral
      end portions 34 and 36 at each end of the central portion 32. The central
      portion 32 has a constant first diameter and extends in length along the
      roller 12 axis by a distance which is greater than the predetermined
      maximum lateral dimension of any copy sheet 24 to be utilized for copying
      herein. It will be appreciated that this maximum lateral dimension of the
      copy sheet will depend on whether the copy sheets are being fed long edge
      first or short edge first (sideways or endwise) through the transfer nip
      20.
PAR  The end portions 34 and 36 have an equal second diameter which is slightly
      greater than the first diameter of the central portion 32. That is, the
      end portions 34 and 36 are cylindrical steps slightly extended uniformly
      radially outwardly from the central portion 32. The end portions 34 and 36
      are entirely outside of, and spaced from, the nip area 20 in which the
      transfer is being effected to the copy sheet 24 from the imaging surface
      16. Thus, the end steps 34 and 36 are directly in contact with, and
      rollably ride against, the imaging surface 16. At no time is any portion
      of the copy sheet 24 interposed between either of the end portions 34 or
      36 and the imaging surface 16, in contrast to the central portion 32. A
      pre-nip sheet lead-in baffle 25 provides engagement of the sheet 25 with
      the imaging surface 16 prior to its passage into the nip 20 under the
      central portion 32.
PAR  Considering now the mechanical loading of the transfer roller 12 against
      the imaging surface 16, this may be accomplished in various conventional
      mechanical embodiments. For clarity, this is illustrated here two
      conventional conical end bearings 38 and 39 providing a rotatable bearing
      connection with the interior of the metal core 28 of the roller 12. Arrows
      40 and 41, respectively, are shown to indicate force vectors providing a
      thrust through these end bearings 38 and 39 to the roller 12 in the
      direction of the imaging surface 16. This force may be provided by
      springs, weights, solenoids or any other suitable or conventional force
      generating system. It provides a pre-set total force 40-41 pressing the
      transfer roller 12 against the surface 16 of the imaging support member,
      the photoreceptor 18. This roller loading force must, of course, be
      sustained or resisted by the pressures of the roller 14 against the
      photoreceptor times the areas of contact.
PAR  Referring now particularly to the differences which may be seen between the
      two different cross-sections of FIG. 2 and FIG. 3 transverse the axis of
      roller 12, it may be seen that the pressure and deformation of the end
      portions 34 and 36 is much greater than that of the central portion 32 of
      the roller. The radii of the end portions 34 and 36 are much more highly
      deformed, i.e., their radii in the area of engagement with the surface 16
      are much more greatly reduced with respect with their normal uncompressed
      radii than is the central portion 32. Due to the relatively greater
      deformation of the end areas 34 and 36, their area of contact with the
      imaging surface 16 is greater per unit length of the roller 12. The step
      height or uncompressed radial extention above the central portion 32 of
      the end portions 34 and 36 and their axial length and the resistance to
      deformation of their selected material is such that the pressure of the
      end areas 34 and 36 against the imaging surface 16 is much greater than
      the pressure of the central portion 32 against the copy sheet 24.
PAR  This higher pressure in the area of engagement of the end portions 34 and
      36 provides a total engagement force or supporting force for the roller 12
      which is more than one-half of the total loading force 40-41 applied to
      the roller 12. Thus, more than one-half of the force which otherwise would
      be applied almost entirely to the copy sheet 24 by the central portion 32
      is carried by the end portions 34 and 36 instead. To achieve this, the end
      portions 34 and 36 have an uncompressed step height or radius extension
      above the central portion 32 which is greater than the maximum thickness
      of the copy sheet 24 in the nip 20. However, this step height cannot be
      significantly more than the maximum paper thickness, e.g., approximately
      0.06 cm., in order to prevent the central portion 32 from ever coming out
      of contact with or providing less than a minimum desired pressure with,
      the copy sheet 24. The copy sheet 24 must be pressed uniformly against the
      imaging surface 16 at all times in the nip by the central portion 32 to
      achieve reliable transfer. The axial length or width of the end portions
      34 and 36 is preferably only a minor portion of the axial length of the
      central portion 32 to facilitate greater deformation for a suitable total
      loading force. For example, an axial length of between 1 and 3 centimeters
      could be selected for each end portion, depending on the material of the
      roller layer 30. It will also be appreciated that the roller layer 30
      could be an integral composite of different materials providing the
      desired properties, although that is not desired here.
PAR  The above-described structure provides the desired result of a transfer nip
      force which is substantially less than the total force by which the roller
      is biased against the imaging surface. The transfer roller loading force
      can be amply high and effectively independent of the nip force, in
      contrast to a conventional cylindrical roller in which an increase in
      roller loading force is directly applied to the transfer nip.
PAR  Although not essential, the roller 12 and its applied loading force can be
      preset so that with no copy sheet in the nip 20 the central portion 32 of
      the roller surface is spaced slightly out of contact with the imaging
      surface 16 by a uniform distance which is slightly less than the minimum
      thickness of the copy sheet 24. With this arrangement, the roller loading
      force can be easily adjusted by inserting conventional feeler gauge or
      shim stock of the desired thickness in the nip 20. Uniformity of loading
      from end to end of the roller can be readily tested and adjusted in this
      manner.
PAR  As noted, for effective transfer the central portion 32 must provide a
      minimum pressure transfer nip with the copy sheet 24, pressing it against
      the imaging surface 16. The exterior surface 14 of the roller cannot be
      out of contact with the sheet 24 in the nip 20 and provide reliable
      transfer. Thus, in operation, the minimum compressed radius of the end
      portions 34 and 36 at the center of their contact area with the imaging
      surface 16 here is always greater than the minimum compressed radius of
      the central portion 32 in the nip 20 only by the thickness of the copy
      sheet 24 in the nip 20. The resilience of the roller layer 30 allows this
      relationship to be maintained for different copy sheet thicknesses within
      the predetermined thickness range of copy sheets for which the system is
      adapted.
PAR  In conclusion, there has been described herein a novel transfer system for
      electrostatographic copying providing improved bias roller transfer
      characteristics with a simple structural arrangement. Numerous
      modifications and variations thereof will be obvious to those skilled in
      the art. The following claims are intended to cover all such variations
      and modifications as fall within the true spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrostatographic copying system wherein an image is
      transferable from image support surface means to copy sheets of a
      predetermined range of thickness and a predetermined maximum lateral
      dimension, wherein a transfer roller forms a transfer nip with said image
      support means for passage of said copy sheets through said nip against
      said image support means for said image transfer, and wherein pressure
      means are provided for pressing said transfer roller against said image
      support means with a preset total force, the improvement wherein:
PA1  said transfer roller has a substantially cylindrical and resiliently
      deformable integral exterior surface with a central portion and two
      integral end portions at each end of said central portion,
PA1  said central portion has a first diameter and extends in length along said
      roller further than said predetermined maximum lateral dimension of said
      copy sheets,
PA1  said end portions have a second diameter slightly greater than said first
      diameter of said central portion,
PA1  said end portions directly deformably rollably engage said image support
      means with a force from said pressure means which is a substantial portion
      of said total force, and said force on said end portions producing a first
      pressure, and
PA1  said central portion rollably engages said copy sheets in said nip with a
      second pressure which is substantially lower than said first pressure.
NUM  2.
PAR  2. The copy system of claim 1, wherein said force of both said end portions
      against said image support means is more than one-half of said total force
      applied by said pressure means to said transfer roller.
NUM  3.
PAR  3. The copying system of claim 1, wherein said central portion is
      substantially less deformed in said nip than said end portions are
      deformed against said image support means.
NUM  4.
PAR  4. The copying system of claim 1, wherein said roller has a homogenious
      layer of resilient material providing said integral exterior surface.
NUM  5.
PAR  5. The copying system of claim 4, wherein said layer of resilient material
      is electrically relaxable and electrically biased for said image transfer.
NUM  6.
PAR  6. The copying system of claim 2, wherein said central portion is
      substantially less deformed in said nip than said end portions are
      deformed against said image support means.
NUM  7.
PAR  7. The copying system of claim 4, wherein said central portion is
      substantially less deformed in said nip than said end portions are
      deformed against said image support means.
NUM  8.
PAR  8. The copying system of claim 1, wherein said central portion presses
      against said copy sheets in said nip with a nip force which is
      substantially less than said total force applied by said pressure means.
NUM  9.
PAR  9. The copying system of claim 8, wherein said nip force is less than
      one-half, and wherein said force of both said end portions against said
      image support means is more than one-half, of said total force applied by
      said pressure means to said transfer roller.
NUM  10.
PAR  10. The copying system of claim 1, wherein said end portions are
      cylindrical steps from said central portion.
NUM  11.
PAR  11. The copying system of claim 1, wherein said end portions are adapted to
      hold said central portion spaced from said image support means by a
      distance less than said predetermined range of thicknesses of said copy
      sheets.
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ABST
PAL  A residual toner removing apparatus which comprises a rotatable cleaning
      brush enclosed, except for two gaps, by a casing plate and a restriction
      board housed in a housing with an opening adjacent to a known
      photoreceptor surface. During rotation, brush hairs contact the casing
      plate to charge it with opposite polarity to toner particles, while the
      bursh hairs are compressed by the restriction board, thus the cleaning
      brush acting like a fan for circulation of air and entrained toner
      particles, which toner particles are mostly attracted by the casing plate
      and the housing wall forming an air flow chamber. A scraper actuated
      manually or motor-driven automatically at arbitrary times is
      advantageously provided in the air flow chamber for scraping off the
      adhering toner particles.
BSUM
PAR  The present invention relates to dry-copy, transfer process photo-copying
      apparatus, and more particularly to a unitary residual toner removing
      apparatus for use therein.
PAR  A conventional means for removal of residual toner comprises a rotatable
      brush, which in a copying apparatus, is located adjacent to a
      photoreceptor surface or to the path along which photoreceptor surface is
      fed, may contact the photoreceptor surface and is associated with a
      vacuum-producing means and a filter bag or similar means for reception of
      removed toner particles. The brush is rotated at high speed, thereby
      removing toner particles from the surface of the photosensitive
      photoreceptor, and these loosened particles are withdrawn by the vacuum
      means into the reception bag. Such conventional means are efficient in the
      removal of toner particles, but have the disadvantage of bulkiness,
      because of the necessity for the provision of ducts, separate
      vacuum-producing means, and bag, which makes it difficult to provide a
      compact copying apparatus. Other disadvantages associated with
      conventional toner removal means are that provision of a vacuum-producing
      means raises initial expense of a copying apparatus, and makes the
      maintenance thereof more difficult, and that production of a vacuum raises
      power requirements, and hence the price per copy obtained.
PAR  It is accordingly an object of the present invention to provide an improved
      residual toner removing apparatus.
PAR  It is another object of the present invention to provide a residual toner
      removing apparatus which is compact and operates efficiently without
      complex associated equipment.
PAR  It is a further object of the present invention to provide a toner removing
      apparatus having low power requirements.
PAR  It is a still further object of the invention to provide a residual toner
      removing apparatus that is simple in construction and easy of maintenance.
PAR  In accomplishing these and other objects there is provided according to the
      present invention, a residual toner removing apparatus contained in a
      single housing, wherein there is provided a rotatable brush which may
      contact a photosensitive photoreceptor surface through an open portion of
      the housing wall, a certain portion of the periphery of which is enclosed
      by a casing which contacts but does not compress the hairs of the brush,
      and another, smaller, portion of the periphery of which is compressed by a
      restriction board. The portions of the brush not covered by the casing or
      restriction board constitute gaps which communicate with the interior of
      the housing. During rotation of the brush, frictional contact of the brush
      hairs with the casing establishes an electrical charge with opposite
      polarity to toner particles on the casing, air and toner particles removed
      from the photoreceptor surface are carried by the brush and expelled
      through one of the abovementioned gaps, and air circulates through the
      interior of the housing and is drawn through the other gap, into contact
      with the brush. Heavier expelled toner particles fall directly into a
      receptacle provided at a lower portion of the housing. Lighter expelled
      toner particles are carried a certain distance by the circulating air, and
      are then attracted and adhere to the outer side of the charged casing, or
      depending on polarity are attracted and adhere to the inner side of the
      housing. At suitable intervals, adhering toner particles are removed from
      the casing and housing and directed into the abovementioned receptacle by
      a scraper which is provided between the housing and the casing, and which
      may be actuated manually, driven by a motor, or actuated automatically at
      required times by a motor and associated electronic means.
PAR  According to a 1st embodiment of the present invention, the scraper is
      moved merely manually, while in a 2nd embodiment, the manual operation of
      the scraper is associated with upwards or downwards movement of a press
      roll for the supply of copy paper for easy replenishment of copy paper
      sheets and efficient cleaning of adhering toner particles. In a third
      embodiment, the scraper is motor-driven and adapted to automatically
      function when the photoreceptor drum completes preset revolutions or when
      the supply of copy paper in a paper feeding device falls below a preset
      level.
DRWD
PAR  A better understanding of the present invention may be had from the
      following full description of several embodements thereof, when read with
      reference to the attached drawings. In the drawings, in which like numbers
      refer to like parts,
PAR  FIG. 1 is a schematic cross-sectional view of a residual toner removing
      apparatus according to a 1st embodiment of the invention;
PAR  FIG. 2 is a cross-sectional view taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a schematic cross-sectional view showing the connection between a
      scraper actuation means and a copy-paper feed means according to a second
      embodiment of the present invention;
PAR  FIG. 4 is a schematic view showing construction details of the means of
      FIG. 3;
PAR  FIG. 5 is a schematic cross-sectional view of a third embodiment of the
      invention employing a motor-driven scraper actuation means;
PAR  FIG. 6 is a perspective view showing main parts of the means of FIG. 5;
PAR  FIG. 7 is a diagrammatic representation of a control circuit for the means
      of FIG. 5;
PAR  FIG. 8 is a diagrammatic representation of another control circuit for the
      means of FIG. 5.
DETD
PAR  Referring initially to FIG. 1, there is shown a brush 2 partially enclosed
      by a casing plate 7 within a housing 8, and contacting the surface 1 of a
      photoreceptor provided around the outer periphery of a rotatory drum 1'.
      The brush 2 is constituted by a rotatory drum 2' around the entire outer
      periphery of which there are attached brush hairs 3, which may be rabbit
      or other animal fur, or synthetic fiber products such as acrylnitrile. The
      casing plate 7 is made of an electrically conductive material and encloses
      the top and rear portions (top and right portions in the drawing) of the
      brush 2, and is disposed on a curve generally parallel to the outer
      periphery of the brush drum 2'. The distance of the casing plate 7 from
      the brush 2 is slightly less than the length of the brush hairs 3,
      whereby, when the brush 2 is rotated, the brush hairs 3, which extend
      outwards due to centrifugal force, come into frictional contact with the
      casing plate 7 and produce an electrical charge thereon with opposite
      polarity to toner particles.
PAR  The housing 8 comprises a barrel-like main portion 8d, which encloses the
      area around the top and rear portions of the casing plate 7 and is
      generally parallel thereto, whereby, between the housing main portion 8d
      and the casing plate 7, there is formed a chamber C through which air and
      toner particles may pass, as described below. The top, front end of the
      housing main portion 8d extends forwards further than the top, front
      portion of the casing plate 7, whereby there is formed a gap 6a over which
      the brush 2 is not covered by the casing plate 7, and which communicates
      with the chamber C. The front side of the housing 8 forms upper and lower
      front wall portions 8b and 8c, which are curved to lie on the arc of an
      imaginary circle concentric with the photoreceptor drum 1', and between
      which there is a gap 8a. The housing front wall portions 8b and 8c are in
      close proximity to the outer periphery of the photoreceptor drum 1', which
      extends into the gap 8a and is contacted by the hairs 3 of the brush 2.
      When the photoreceptor drum 1' is rotated, successive portions of the
      photoreceptor surface 1 thereof come into contact with the brush 2 after
      passing various stages as employed in a conventional photocopying
      apparatus, such stages comprising, for example, a corona charging unit I,
      for sensitization of the photosensitive surface 1 of the drum 1', an
      exposure section II where an electrostatic latent image is produced on the
      sensitized photoreceptor surface 1 by exposure thereof, a development
      section III, where the exposed surface is dusted with a toner powder
      carrying a charge opposite to that of the electrostatic image, and a
      transfer section IV, where the photoreceptor surface 1 comes into contact
      with copy paper to transfer the image to the paper, the paper being
      supplied to contact the photoreceptor surface 1 and subsequently
      transferred to the next stage, for example, a heater stage, by suitable
      means not shown. Each portion of the photoreceptor surface 1 of the drum
      1' is cleaned by the brush 2, in readiness for sensitization at the
      charging unit I and production of another copy.
PAR  The lower front wall portion 8c is in integral connection with a
      restriction board 5, which extends rearwardly therefrom. The greater
      portion of the restriction board 5 is removed from the outer periphery of
      the brush drum 2' by a distance that is considerably less than the
      extended length of the brush hairs 3, whereby, upon rotation of the brush
      2, brush hairs 3 passing the location of the restriction board 5 are
      compressed somewhat and air is expelled from therebetween. The rear end of
      the restriction board 5 does not extend as far as the lower rear end of
      the housing main portion 8d, whereby the lower rear portion of the housing
      8 forms a fairly broad open portion 10. Below this opening 10 there is
      mounted a removable reception bin 9, which is for the reception of toner
      particles, as described in further detail below, and is mounted on
      suitable attachment portions formed at the rear end of the restriction
      board 5 and the lower rear end of the main housing portion 8d. Attachment
      of the bin 9 to the restriction board 5 and housing 8 is made hermetic.
      The bin 9 (and hence housing 8) is grounded electrically. Between the rear
      end of the restriction board 5 and the lower rear end of the casing plate
      7 there is formed a gap 6b over which the brush 2 is not contacted by the
      restriction board 5 or casing plate 7 and which is above the opening 10
      leading to the bin 9. A bar 11, which extends transversely in the housing
      8 and opposite ends of which are fixedly mounted in the housing end walls
      (not shown), lies in a generally central position of the gap 6b at a
      distance less than the length of the brush hairs 3 from the outer
      periphery of the brush drum 2'. Upon rotation of the brush 2, the brush
      hairs 3 coming to the gap 6b strike against the bar 11.
PAR  A slidable scraper 12 is provided in the chamber C between the casing plate
      7 and housing 8. The scraper 12 is made of stiff, non-conductive material,
      and comprises side walls 12a, and top and bottom scraper boards 13a and
      13b, which respectively contact the inner side of the housing main portion
      8d and the outer side of the casing plate 7. The scraper 12 is normally
      positioned at the front end of the chamber C, in the vicinity of the gap
      6a, but may be moved along to the rear end of the chamber C, that is, to
      above the opening 10, as indicated by the dotted line portion of FIG. 1.
      During this motion, the scraper boards 13a and 13b clean toner particles
      from the inner side of the housing main portion 8d and the outer side of
      the casing 7 and direct the particles to the opening 10 and into the
      reception bin 9. A hole 13a' is provided in the bottom scraper board 13b
      of the scraper 12 at a position corresponding to the inlet gap 6a, so that
      the scraper 12 may not hinder the passage of air throuth the chamber C.
      The scraper 12 is moved upon manual rotation of a knob 15, which is
      provided externally to the housing 8, and is connected to the scraper 12
      through an arm portion 16 and a connector 17 described below.
PAR  Referring now to FIG. 2, the brush drum 2' is supported and driven by two
      support elements 20a and 20b. The support elements 20a and 20b are each in
      the form of a truncated cone, and are mounted with the bases thereof
      generally parallel to the inner sides of the housing side walls 18a and
      18b, respectively, and with the tapering portions thereof extending into
      the interior of the brush drum 2', whereby the drum 2' is supported on the
      taper portions of the support elements 20a and 20b. The support element
      20b is fixedly mounted on one end of a drive shaft 25, which passes
      through the housing side wall 18b, wherein it is rotatably mounted in a
      bearing 24, and on whose other end there is fixedly mounted a drive pulley
      26. A drive belt 27 passed arund the pulley 26 is connected to a suitable
      drive means (not shown) upon actuation of which the pulley 26 and support
      element 20b may be rotated at high speed.
PAR  The other support element 20a comprises a cut-out portion 20a', which is
      formed in the central portion of the base side of the support element 20a,
      that is, the side thereof nearer to the housing side wall 18a. In the
      inner side of the housing side wall 18a, there is formed a cut-out portion
      18a', which is formed in line with the cut-out portion 20a' of the support
      element 20a. Over the outer side of the housing side wall 18a there is
      provided a cover 28, which is connected to the side wall 18a through a
      spacer 29, there thus being formed an enclosed space 28a between the cover
      28 and the housing side wall 18a. A shaft 14 extends completely through
      and may rotate freely in the support element 20a, side wall 18a, enclosure
      28a, and cover 28, one end of the shaft 14 being in the interior of the
      brush drum 2' and having mounted thereon a screw or other suitable
      retention means, and the other end of the shaft 14 lying on the outer side
      of the cover 28, and having fixedly mounted thereon the abovementioned
      knob 15. The shaft 14 is supported in a bearing provided in the cover 28,
      and in a bearing 23 provided in the support element cut-out portion 20a'.
      The support element 20a may rotate freely about the shaft 14. Around that
      portion of the shaft 14 lying in the cut-out portions 18a' and 20a', of
      the side wall 18a and support element 20a, there is mounted an expansion
      spring 21, at opposite ends of which there are provided stop rings 22
      around the shaft 14. The housing side wall 18a being fixed, the spring 21
      urges the support element 20a into firm contact with the brush drum 2',
      whereby the drum 2' is moved into firm contact with support element 20b.
      Thus, drum 2' is held firmly between the taper portions of the support
      elements 20a and 20b, and may be rotated upon rotation of the support
      element 20b by the pulley 26 and belt 27.
PAR  One end 16a of the abovementioned arm portion 16 is fixedly attached by
      means of a pin 16a' to that portion of the shaft 14 lying in the enclosure
      28a. The arm portion 16 is adjacent and generally parallel to the side
      wall 18a, and the other end 16b thereof is near the outer edge of the side
      wall 18a and is in fixed or integral attachment with one end of the
      abovementioned connector 17, which extends at approximately right-angles
      from the arm portion 16, and passes through a slit 19 formed near the
      outer edge of the housing wall 18a, and whose other end is in fixed
      attachment to the scraper 12 (FIG. 1). The slit 19 extends in a curve from
      the front end to the rear end of the chamber C formed between the casing 7
      and housing 8, whereby upon rotation of the knob 15 the scraper 12 may be
      moved along the entire length of the chamber C.
PAR  Referring mainly to FIG. 1, the operation of the abovedescribed residual
      toner removing apparatus is as follows. The photoreceptor drum 1' is
      rotated at a moderate speed and the brush 2 is rotated at a high speed,
      the drum 1' and the brush 2 being rotated in opposite directions. After
      passing the transfer stage IV and transferring an image to copy paper, a
      particular portion of the photoreceptor surface 1 of the drum 1' to which
      excess toner particles still remain attached, is brought to the gap 8a in
      the front of the housing 8 and into contact with the brush 2, which
      removes the remnant toner particles from the photoreceptor surface 1. This
      portion of the photoreceptor surface 1 is then carried to the charging
      unit I, and other stages to repeat the copying process in a conventional
      manner, as described earlier. As the brush 2 rotates, the brush hairs 3
      carry toner particles removed from the surface of the photoreceptor
      surface 1 upwards into that portion of the brush 2 periphery enclosed by
      the casing 7, at the same time drawing in air through the hole 13a' of the
      scraper 12 and through the gap 6a constituted between the forward edge of
      the casing 7 and the photoreceptor surface 1 in the gap 8a of the housing
      8. While moving within the area enclosed by the casing 7, the brush hairs
      3 tend to straighten out, due to the centrifugal force produced by the
      high speed rotation of the brush 2, and the brush hairs 3 contact the
      inner side of the casing 7. This frictional contact of the brush 3 with
      the casing 7 results in the imposition of an electrical charge with
      polarity opposite to toner particles on the casing 7, which, as noted
      earlier is made of electrically conductive material. Also, since the
      distance of the casing 7 from the outer periphery of the brush drum 2'
      permits extension of the brush hairs 3, over this portion of the brush 2
      periphery, the brush 2 effects a function similar to that of a fan, the
      brush hairs 3 being extended like the vanes of a fan, whereby air and
      toner particles are drawn in the direction of rotation of the brush 2. In
      order words, air is drawn in through the gap 6a, and air and entrained
      toner particles are carried towards the gap 6b formed at the lower rear
      end of the brush 2, and communicating with the open portion 10 above the
      reception bin 9. Upon being brought to the gap 6b, both the air and
      entrained toner particles tend to move outwards with respect to the brush
      2, and into the open portion 10, due to centrifugal force. When the brush
      hairs reach the central portion of the gap 6b, the brush hairs 3 strike
      against the transverse bar 11 which dislodges any remaining toner
      particles, both directly and by creating a turbulent air flow, whereby
      these remaining toner particles also move, due to centrifugal force, into
      the open portion 10. After passing the gap 6b, the brush hairs 3 come into
      contact with the restriction board 5, which compresses the brush hairs 3,
      whereby air is driven rearwards from therebetween, into the gap 6b and
      open portion 10. Thus, during rotation of the brush 2, there are constant
      forces urging air and toner particles away from the brush 2 through the
      gap 6b. After passing the location of the restriction board 5, the brush
      hairs 3 again come into contact with the photoreceptor surface 1, remove
      toner particles therefrom and repeat the abovedescribed circuit.
PAR  Since the bin 9 and rear portion of the housing 8 are enclosed areas, air
      expelled through the gap 6b travels through the chamber C to the gap 6a,
      through which it is drawn due to the fan-like action of the brush 2.
      During rotation of the brush 2, air circulates continually over a path
      from the gap 6a, under the casing 7 to the gap 6b, and from the gap 6b
      through the chamber C, back to the gap 6a. Toner particles expelled
      through the gap 6b fall directly into the bin 9, if comparatively heavy,
      or, if lighter and finer, are carried upwards through the chamber C by the
      circulating air. While thus carried through the chamber C, the toner
      particles are attracted to the outer side of casing 7 charged with
      opposite polarity due to the frictional contact of the brush hairs 3.
      Toner or other admixed particles may also adhere to the housing 8
      depending on the polarity of the particles relative to the housing 8.
      Thus, air coming to and drawn through the gap 6a is clean. At suitable
      intervals the knob 15 is rotated to bring the scraper 12 from the front
      end of the chamber C to the position indicated by the dotted line portion
      of FIG. 1, that is, to the rear end of the chamber C, above the open
      portion 10 and bin 9. As the scraper 12 is moved through the chamber C,
      the scraper boards 13a and 13b thereof remove any particles adhering to
      the casing 7 and housing 8 and push the particles towards the open portion
      10, the particles gradually piling together on the scraper boards 13a and
      13b, and falling under gravity into the bin 9 when the scraper 12 reaches
      the rear of the chamber C. Afterwards, the knob 15 is rotated in the
      reverse direction, to bring the scraper 12 back to the front end of the
      chamber C. At longer intervals, the bin 9 is removed and emptied.
PAR  In the abovedescribed embodiment of the invention, and in other embodiments
      thereof, the effectiveness of the casing 7 in attracting toner particles
      may be greatly increased by the provision of an external voltage supply V
      which is connected to and imposes a charge with opposite polarity to toner
      particles on the casing 7. Alternatively, the voltage supply V may, of
      course, be connected to and impose a charge on the housing 8. However, it
      is generally easier to connect the voltage supply V to the casing 7 and to
      ground the housing 8.
PAR  Reference is now made to FIGS. 3 and 4, which show a second embodiment of
      the invention, wherein the knob 15 for actuation of the scraper 12 is
      associated with a copy paper press roll.
PAR  In FIG. 4, a pulley 15a is fixedly and coaxially mounted on the outer end
      of the shaft 14, between the knob 15 and the outer side of the cover 28. A
      belt 51 is passed around the pulley 15a, leads downwards therefrom, and,
      in a lower portion of the equipment, is passed around a pulley 55. The
      pulley 55 is fixedly mounted on the end of a shaft 54, which is rotatably
      mounted and supported in a bearing 53 provided in a wall of a frame 52.
      Inside of the wall of the frame 52, a lever 56, which comprises a
      generally semi-circular cam base portion 56a and a rod-like extension
      portion 56b, is fixedly mounted on the shaft 54 by means of a screw 57.
      Rotation of the knob 15 therefore causes simultaneous rotation of the
      pulley 55, shaft 54 and lever 56. When the lever 56 is thus rotated
      (clockwise in FIG. 3), the cam portion 56a and then the rod extension 56b
      thereof are brought into contact with and push upwards a pin 62 fixedly
      attached to an arm 61. In FIGS. 3 and 4, one end of the arm 61 is fixedly
      attached by a screw 60 to a shaft 59, which is rotatably mounted and
      supported in a bearing 58 in the wall of the frame 52. The pin 62 is
      provided at a generally central portion of the arm 61. At the other end of
      the arm 61 there is mounted a shaft 63, which extends at right-angles to
      the arm 61, and which is connected to a paper press roll 64. The press
      roll 64 presses down on a reserve supply of copy paper P, which may be
      supplied, for example, to the transfer section IV by rollers R. An
      identical arm 61 and lever 56 are similarly provided on the other side of
      the frame 52 whereby the press roll 64 is supported at both ends by arms
      61, which may be moved by the levers 56, as described below. Also, in the
      second embodiment, the spring 21 (FIG. 2) mounted in attachment to the
      shaft 14 of the knob 15 exerts a constant force tending to keep the shaft
      14 in the above position in which the cam portion 56a and the rod
      extension 56b of the lever 56 engage the pin 62, consequently holding the
      paper press roll 64 in a raised position through the arm 61.
PAR  In reference mainly to FIG. 3, operation of the abovedescribed means is as
      follows. When the knob 15 is rotated manually clockwise, to bring the
      scraper 12 from the front to the rear end of the chamber C, the belt 51
      simultaneously drives the pulley 55 clockwise, whereby the lever shaft 54
      and levers 56 also are rotated clockwise. As the levers 56 are rotated the
      cam portions 56a thereof are brought into contact with the pins 62 on the
      respective arms 61, whereby the arms 61 are pivoted about the shaft 59,
      the opposite ends thereof are raised, and the press roll 64 is moved
      upwards out of contact with the reserve of copy paper P, in which state
      fresh copy paper sheets may easily be replenished. When the knob 15 has
      been rotated about 180.degree., the rod-like extensions 56b of the levers
      56 are brought to the respective pins 62. If now the knob 15 is released,
      the spring 21 urges the knob 15 to stay in its position with the lever
      extensions 56b engaging the pins 62, whereby the scraper 12 remains held
      at the rear of the chamber C, indicated by the dotted line portion of FIG.
      3, and the press roll 64 remains out of contact with the reserve of copy
      paper P for easy replenishment at fresh copy paper sheets. When the
      replenishment of copy paper P has been completed, the knob 15 is turned
      manually counterclockwise to bring the scraper 12 back to the front end of
      the chamber C, consequently turning the levers 56 back to the position in
      which neither the rod extensions 56b nor the cam portions 56a thereof
      contact the respective pins 62, whereby the arms 61 pivot downwards and
      the press roll 64 is again brought into contact with the reserve of copy
      paper P. Supply of the copy paper P by the rollers R therefore starts and
      continues until the next time the knob 15 is rotated clockwise.
PAR  FIGS. 5 and 6 show a third embodiment of the invention, wherein the scraper
      actuation knob 15 is omitted and the scraper 12 is motor-driven. A roller
      31, made of rubber or other insulating material, is mounted on the outer
      side of each side wall 12a of the scraper 12, to permit the scraper 12 to
      be driven smoothly along the chamber C. Near the front and rear ends of
      each side wall 12a there are affixed attachment pins 32a and 32b,
      respectively, the pins 32a and 32b being made of electrically
      non-conductive material. To each front pin 32a there is fixedly attached
      one end of a cable 33 made of a non-conductive material. Each cable 33 is
      led forwards from its respective pin 32a, passed around a rotatable pulley
      34 mounted in a forward end portion of the chamber C, led downwards and
      rearwards in a generally straight line to a pulley 35, provided in the
      vicinity of the bin 9, wound two or three times around the pulley 35 and
      led upwards therefrom, around the outside of the casing 7, back to the
      scraper 12. The other end of each cable 33 is in fixed or integral
      attachment to one end of a spring 33a, the other end of which is fixedly
      attached to the rear pin 32b on the respective side wall 12a. The springs
      33a serve to maintain suitable tension in the cables 33. The pulleys 35
      are both fixedly mounted on a shaft 36, which is rotatably mounted in a
      frame F, not shown, below the toner removing apparatus.
PAR  In more particular reference to FIG. 6, a gear wheel 37 is fixedly mounted
      on the shaft 36, near one end thereof. The gear wheel 37 is engaged and
      driven by a gear wheel 41. The gear wheel 41 is fixedly mounted on a shaft
      41a, which is rotatably mounted in the frame F, and on which there is
      fixedly mounted another gear wheel 40. Affixed to, and projecting from the
      side of the gear wheel 40 there is a pin 42, and near the outer periphery
      of the gear wheel 40 there are provided microswitches MS-1 and MS-2, one
      or the other of which is actuated by the pin 42, each time the gear wheel
      40 rotates once completely through 360.degree. in the forward or reverse
      direction (clockwise or counterclockwise in the drawing). The
      micro-switches MS-1 and MS-2 constitute switching elements in the control
      circuit of a motor M. The gear wheel 40, and hence the gear wheels 41, 37
      and pulleys 35, are driven, upon actuation of the motor M, by a drive
      chain 39 which passes around the gear wheel 40 and also around a gear
      wheel 38 which is fixedly mounted on the drive shaft of the motor M. The
      dimensions of the gear wheels 41, 37 and pulleys 35 are such that when the
      gear wheel 41 is rotated completely through 360.degree., the scraper 12 is
      drawn, by the cables 33, over the complete length of the chamber C.
PAR  Supposing the scraper 12 to be at the normal position at the front end of
      the chamber C, as indicated by the solid line portion of FIG. 5, the pin
      42 on the gear wheel 40 contacts the micro-switch MS-1. When the motor M
      is started, by actuation of a push-button or other suitable means not
      shown, the motor M supplies forward drive to the gear wheel 38, whereupon
      the gear wheels 40, 41, 37 and pulleys 35 are rotated in the directions
      indicated by the arrows in FIG. 6, and the scraper 12 is drawn from the
      front end of the chamber C towards the rear end thereof, at the same time
      cleaning the casing 7 and housing 8 of adhering toner particles, as
      described earlier. As noted, the scraper 12 is drawn over the complete
      length of the chamber C when the gear wheel 41, and hence gear wheel 40,
      completes one turn, and so at the same time as the scraper 12 reaches the
      rear end of the chamber C, the pin 42 on the gear wheel 40 contacts and
      actuates the micro-switch MS-2, which stops the motor M. Thereafter, when
      another push-button, or other suitable means, not shown, is actuated the
      motor M supplies reverse drive to rotate the gear wheel 38, chain 39, gear
      wheels 40, 41, 37 and pulleys 35 in directions which are the reverse of
      those indicated by the arrows in FIG. 6, whereupon the scraper 12 is drawn
      forwards to the front end of the chamber C. When the scraper 12 reaches
      the front end of the chamber C, the pin 42 on the gear wheel 40 is brought
      into contact with, and actuates the micro-switch MS-1, which stops the
      motor M, thus completing one cleaning action. Alternatively, it is, of
      course, possible to provide only one push-button for actuation of the
      motor M, and for actuation of the micro-switches MS-1 and MS-2 to effect
      stopping and reverse drive, respectively, of the motor M.
PAR  FIGS. 7 and 8 show control circuits which may be employed in association
      with the second embodiment of the invention to effect automatic actuation
      of the motor-drive means shown in FIGS. 5 and 6.
PAR  FIG. 7 shows a circuit to which power, for example AC 100V, is supplied
      across two lines L1 and L2. On the line L2 there is a self-maintaining
      relay RY-1 which may be connected to the line L1 through a normally open
      switch S. The switch S is actuated and closed momentarily upon receipt of
      a signal from a counter element (not indicated) which counts the number of
      revolutions of the photoreceptor drum 1', and supplies a signal to close
      the switch S every time the photoreceptor drum 1' completes 1,000
      revolutions, for example. The relay RY-1 controls a normally open switch
      1-3, and two switches 1-1 and 1-2, each of which has two making contacts a
      and b and normally connected to contact a. When the relay RY-1 is
      energized, the switches 1-1 and 1-2 move from their a contacts connected
      to their respective b contacts, and the switch 1-3 closes. The relay RY-1
      may also be connected to the line L1 through the switch 1-3, and through
      the micro-switch MS-2, which is normally closed and is actuable by the pin
      42 on the gear wheel 40. The micro-switch MS-1 is normally open, provided
      in parallel with the micro-switch MS-2, and, when closed, connects the
      line L1 to a rectifier circuit element 43, which is connected to the line
      L2. The line between the micro-switch MS-1 and the rectifier element 43 is
      connected to the relay RY-1 side of the switch S. The micro-switch MS-1 is
      automatically opened when the micro-switch MS-2 is closed, and vice-versa.
      The micro-switches MS-1 and MS-2 need not, of course, be separate, but may
      be constituted by a simple continuity-transfer contact. The rectifier
      element 43 is further connected to the switches 1-1 and 1-2, and is so
      disposed that current always flows from swtich 1-2 to switch 1-1. The
      switch 1-1 a contact and the switch 1-2 b contact both are connected to
      one power supply line to the motor M. The switch 1-1 b contact and the
      switch 1-2 a contact both are connected to another supply line to the
      motor M.
PAR  The action of the circuit of FIG. 7 is as follows. Each time the brush 2
      completes 1,000 revolutions, the abovementioned counter supplies a signal
      to close the switch S, thus connecting the relay RY-1 to both power lines
      L1 and L2. The relay RY-1 is therefore energized, the switches 1-1 and 1-2
      move to their respective b contacts, and the switch 1-3 closes. The switch
      1-3 and micro-switch MS-2 now close the circuit between the lines L1 and
      L2, and also connect the relay RY-1 to the line L1, relay RY-1 therefore
      remaining energized. Current flows in the motor M, and is directed by the
      rectifier element 43 to flow from the switch 1-1 b contact to the motor M,
      and from the motor M to the switch 1-2 b contact, whereby the motor M is
      driven forwards, and the pulleys 35 (FIGS. 5 and 6) are rotated to draw
      the scraper 12 from the front to the rear end of the chamber C, as
      described earlier. When the scraper 12 reaches the rear end of the chamber
      C, the pin 42 on the gear wheel 40 (FIG. 6) contacts and closes the
      micro-switch MS-1, whereupon the micro-switch MS-2 simultaneously opens.
      The line L1 to line L2 circuit is now closed by the micro-switch MS-1, but
      the circuit between the line L1 and relay RY-1 is opened. The relay RY-1
      is therefore de-energized, the switches 1-1 and 1-2 move to their
      respective a contacts and the switch 1-3 opens. Current continues to flow
      in the motor M, but from the switch 1-1 a contact to the motor M, and from
      the motor M to the switch 1-2 a contact, that is, opposite to the previous
      direction, whereby the motor M is driven in reverse, and the pulleys 35
      are rotated to draw the scraper 12 from the rear to the front end of the
      chamber C. At the same time as the scraper 12 reaches the front end of the
      chamber C, the pin 42 on the gear wheel 40 contacts and closes the
      micro-switch MS-2, whereupon the mocro-switch MS-1 simultaneously opens.
      This brings the circuit to the original configuration, that is, the power
      supply circuit between the lines L1 and L2 is open both for the rectifier
      circuit element 43 and for the relay RY-1. The motor M therefore stops,
      and remains unactuated until the next time the brush 2 has completed 1,000
      revolutions.
PAR  Referring now to FIG. 8, there is shown a circuit for actuation of the
      motor M when the supply of immediately available copy paper for use in the
      transfer section IV falls below a certain level. In the circuit, a
      rectifier element 43' is connected to two lines L1' and L2', across which
      a power supply of, for example, AC 100V is applied. The rectifier element
      43' is also connected to two lines 43a and 43b, the rectifier element 43'
      being so disposed that current may only flow from line 43b, through the
      rectifier element 43', to line 43a. The line 43a may be connected through
      a normally open switch 2-1 to one power line M1 of the motor M, and
      through a normally open switch 3-2 to the other power line M2 of the motor
      M. The line 43b may be connected to the line M1 through a normally open
      switch 3-1, and to the line M2 through a normally open switch 2-2. The
      switches 2-1 and 2-2 are closed upon energization of a relay RY-2 in
      series with a normally closed micro-switch MS-1' on a line L3, which is
      connected to the line L2'. The switches 3-1 and 3-2 are closed upon
      energization of a relay RY-3 in series with a normally open micro-switch
      MS-2' on a line L4, which also is connected to the line L2', and is
      parallel to the line L3. The micro-switches MS-1' and MS-2' are located in
      a position to be actuable by the pin 42 on the gear wheel 40 (FIG. 6), and
      when one is closed the other is automatically opened. The lines L3 and L4
      may be connected to the line L1' by a micro-switch MS-3 having two
      contacts a and b. The micro-switch MS-3 is provided, for example, at the
      lower portion of a container holding copy paper immediately ready for use
      in the transfer section IV. When there is sufficient paper in the
      container, the micro-switch MS-3 is at the a contact, and connects line L4
      and relay RY-3 to line L1'. When the level of paper in the container falls
      below a certain set level, the micro-switch MS-3 is moved from the a
      contact to the b contact, in which position it connects line L3 and relay
      RY-2 to line L1'.
PAR  Operation of this circuit is as follows. In the original configuration, all
      switches 2-1, 2-2, 3-1 and 3-2 are open, micro-switch MS-1' is closed,
      micro-switch MS-2' is open, and micro-switch MS-3 is at its a contact. As
      copying proceeds and the amount of immediately available copy paper in the
      transfer section IV falls below a certain level, micro-switch MS-3 closes
      its b contact, thus energizing relay RY-2, which thereupon closes switches
      2-1 and 2-2. The AC 100V may now be supplied to the motor M, and is
      directed by the rectifier element 43' along line 43a, through switch 2-1,
      to line M1, to the motor M, to line M2, through switch 2-2, to line 43b.
      The motor M is driven forwards and the pulleys 35 draw the scraper 12 to
      the rear end of the chamber C. When the scraper 12 reaches the rear end of
      the chamber C, the pin 42 on the gear wheel 40 closes the micro-switch
      MS-2', whereupon the micro-switch MS-1' simultaneously opens. The relay
      RY-2 is now de-energized, the switches 2-1 and 2-2 therefore open, power
      to the motor M is cut, and the motor M stops. Copy paper is supplied, by a
      suitable means, from a reserve to the transfer section IV, and when a
      certain amount of copy paper has been supplied, the micro-switch MS-3 is
      again moved back to its a contact, whereupon relay RY-3 is energized, and
      switches 3-1 and 3-2 are closed. Power is now supplied to the motor M, and
      current is directed by the rectifier element 43' from line 43a, through
      switch 3-2, to line M2, through the motor M to line M1, through the switch
      3-1 to line 43b, i.e., the motor M is driven in reverse, to move the
      scraper 12 to the front end of the chamber C. When the scraper 12 reaches
      the front end of the chamber C, the pin 42 on the gear wheel 40 contacts
      and closes the micro-switch MS-1', whereupon the micro-switch MS-2' is
      simultaneously opened. The relay RY-3 is therefore de-energized, the
      switches 3-1 and 3-2 open, and the circuit is in the original
      configuration.
PAR  From the foregoing description, it has now become clear that, according to
      the first embodiment of the present invention, the rotating cleaning brush
      2 acts as a kind of fan causing an air flow which removes toner particles
      adhering to the brush hairs 3 and the removed toner particles are adapted
      to be attracted by the casing plate 7 charged with opposite polarity to
      the toner particles by friction between the brush hairs 2 and the casing 7
      for efficient collection of removed toner particles, thus requiring no
      separate filter bag for dust collection or vacuum device. The provisions
      of the external voltage supply V and the bar 11 are effective for better
      collection of the removed toner particles. The scraper 12 which is
      advantageously provided in the chamber C scrapes the adhering toner
      particles off the casing 7 and the housing 8 into the bin 9 as the scraper
      12 is moved through chamber C by a simple manual operation.
PAR  In the second embodiment of the present invention, as the above manual
      operation of the scraper 12 is associated with an upward movement of the
      press roll 64, replenishment of fresh copy paper sheets is efficiently
      made at the same time as the cleaning operation by the scraper 12.
PAR  In the third embodiment of the present invention, the motor-driven scraper
      12 is adapted to automatically function when the rotatary cleaning brush 2
      completes preset revolutions or when the supply of copy paper in a paper
      feeding device falls below a preset level, which is very effective in
      continuous copying of many copy paper sheets at high speed.
PAR  As is clear from the above description, the present invention provides a
      residual toner removing apparatus, which is compact, is easy to construct
      and to maintain, has low power requirements, and may easily be associated
      with automatic control means. The invention thus offers the advantages
      that a copying apparatus may be smaller, and that cost per copy be
      reduced.
PAR  Although the present invention has been fully described by way of example
      with reference to the attached drawings, it is to be noted that various
      changes and modifications are apparent to those skilled in the art.
      Therefore, unless otherwise such changes and modifications depart from the
      scope of the present invention, they should be construed as included
      therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A residual toner removing apparatus for use in an electrostatic copying
      machine, comprising:
PA1  a housing mounted adjacent a photoreceptor surface and having an opening
      adjacent thereto;
PA1  a rotatable cleaning brush having brush hairs;
PA1  a casing plate;
PA1  a restriction board, said casing plate and said restriction board enclosing
      said rotatable cleaning brush and being enclosed by said housing, said
      casing plate and said photoreceptor surface forming an inlet gap, said
      casing plate contacting said brush hairs, said restriction board and said
      casing plate forming an outlet gap and compressing said brush hairs, said
      housing and said casing plate forming a chamber communicating with said
      inlet and outlet gaps;
PA1  charging means coupled to said casing plate for charging said casing plate
      with a polarity opposite to that of toner particles; and
PA1  scraper means slidably interposed between and contacting said housing and
      said casing plate for scraping off toner particles adhering to said
      casing,
PA1  whereby said cleaning brush, during rotation, causes an air flow through
      said inlet and outlet gaps and said chamber, said casing plate
      electrostatically collects toner particles, and said scraper means scrapes
      off toner particles adhering to said casing plate.
NUM  2.
PAR  2. A residual toner removing apparatus as claimed in claim 1 wherein said
      charging means comprises an external voltage supply.
NUM  3.
PAR  3. A residual toner removing apparatus as claimed in claim 1, wherein said
      charging means comprises friction between said casing plate and said brush
      hairs during rotation of said cleaning brush.
NUM  4.
PAR  4. A residual toner removing apparatus as claimed in claim 1 further
      comprising a bar mounted across said outlet gap, said brush hairs
      colliding with said bar for shaking loose toner particles during rotation
      of said rotatable cleaning brush.
NUM  5.
PAR  5. A residual toner removing apparatus as claimed in claim 1 wherein said
      housing is electrically grounded.
NUM  6.
PAR  6. A residual toner removing apparatus as claimed in claim 1, further
      comprising a removable reception bin provided below an opening between a
      rear end of said restriction board and lower rear portion of said housing,
      toner particles scraped off by said scraper means being received by said
      bin.
NUM  7.
PAR  7. A residual toner removing apparatus for use in an electrostatic copying
      machine, comprising:
PA1  a housing mounted adjacent a photoreceptor surface and having an opening
      adjacent thereto;
PA1  a rotatable cleaning brush having brush hairs;
PA1  a casing plate;
PA1  a restriction board, said casing plate and said restriction board enclosing
      said rotatable cleaning brush and being enclosed by said housing, said
      casing plate and said photoreceptor surface forming an inlet gap, said
      casing plate contacting said brush hairs, said restriction board and said
      casing plate forming an outlet gap and compressing said brush hairs, said
      housing and said casing plate forming a chamber communicating with said
      inlet and outlet gaps;
PA1  charging means coupled to said casing plate for charging said casing plate
      with a polarity opposite to that of toner particles; and
PA1  scraper means slidably interposed between and contacting said housing and
      said casing plate for scraping off toner particles adhering to said casing
      by sliding between a front end and a rear end of said chamber, said
      scraper means being comprised of scraper boards operatively associated
      with a knob means provided externally of said housing so that when said
      knob means is rotated, said scraper means slides through said chamber
      between said front and rear ends of said chamber,
PA1  whereby said cleaning brush, during rotation, causes an air flow through
      said inlet and outlet gaps and said chamber, said casing plate
      electrostatically collects toner particles, and said scraper means scrapes
      off toner particles adhering to said casing plate.
NUM  8.
PAR  8. A residual toner removing apparatus as recited in claim 7 wherein said
      scraper board has the same axis of rotation as said brush, said casing
      plate and said housing forming arcs concentric with said rotatable
      cleaning brush.
NUM  9.
PAR  9. A residual toner removing apparatus as claimed in claim 7, wherein said
      scraper means is provided with a hole said scraper board at a position
      corresponding to said inlet gap for circulating said air flow.
NUM  10.
PAR  10. A residual toner removing apparatus for use in an electrostatic copying
      machine, comprising:
PA1  a housing mounted adjacent a photoreceptor surface and having an opening
      adjacent thereto;
PA1  a rotatable cleaning brush having brush hairs;
PA1  a casing plate;
PA1  a restriction board, said casing plate and said restriction board enclosing
      said rotatable cleaning brush and being enclosed by said housing, said
      casing plate and said photoreceptor surface forming an inlet gap, said
      casing plate contacting said brush hairs, said restriction board and said
      casing plate forming an outlet gap and compressing said brush hairs, said
      housing and said casing plate forming a chamber communicating with said
      inlet and outlet gaps;
PA1  charging means coupled to said casing plate for charging said casing plate
      with a polarity opposite to that of toner particles;
PA1  scraper means slidably interposed between and contacting said housing and
      said casing plate for scraping off toner particles adhering to said casing
      by sliding between a front end and a rear end of said chamber; and
PA1  paper roll press means operatively coupled to said scraper means for
      contacting a paper supply and supplying paper when said scraper means is
      at the front end of the chamber and being separated from the paper supply
      when said scraper means slides to the rear end of the chamber,
      replenishment of paper being performed when said paper roll press means
      assumes the latter position,
PA1  whereby said cleaning brush, during rotation, causes an air flow through
      said inlet and outlet gaps and said chamber, said casing plate
      electrostatically collects toner particles, and said scraper means scrapes
      off toner particles adhering to said casing plate.
NUM  11.
PAR  11. The residual toner removing apparatus as recited in claim 10, wherein
      said scraper means is comprised of an actuating knob member for manually
      moving said scraper means between said front and rear ends, thereby
      manually adjusting said paper roll press means.
NUM  12.
PAR  12. A residual toner removing apparatus for use in an electrostatic copying
      machine, comprising:
PA1  a housing mounted adjacent a photoreceptor surface and having an opening
      adjacent thereto;
PA1  a rotatable cleaning brush having brush hairs;
PA1  a casing plate;
PA1  a restriction board, said casing plate and said restriction board enclosing
      said rotatable cleaning brush and being enclosed by said housing, said
      casing plate and said photoreceptor surface forming an inlet gap, said
      casing plate contacting said brush hairs, said restriction board and said
      casing plate forming an outlet gap and compressing said brush hairs, said
      housing and said casing plate forming a chamber communicating with said
      inlet and outlet gaps;
PA1  charging means coupled to said casing plate for charging said casing plate
      with a polarity opposite to that of toner particles;
PA1  scraper means slidably interposed between and contacting said housing and
      said casing plate for scraping off toner particles adhering to said casing
      by sliding between a front end and a rear end of said chamber; and
PA1  motor means operatively coupled to said scraper means for driving said
      scraper means,
PA1  whereby said cleaning brush, during rotation, causes an air flow through
      said inlet and outlet gaps and said chamber, said casing plate
      electrostatically collects toner particles, and said scraper means scrapes
      off toner particles adhering to said casing plate.
NUM  13.
PAR  13. The residual toner removing apparatus of claim 12 further comprising
      counter means operatively associated with a rotatable photoreceptor drum
      for counting the number of revolutions of said drum and control means
      operatively coupled to said photoreceptor drum and said motor means for
      automatically sliding said scraper means to the rear end of said chamber
      after said photoreceptor drum has completed a predetermined number of
      revolutions.
NUM  14.
PAR  14. The residual toner removing apparatus of claim 12 further comprising
      paper feeding means operatively coupled for supplying paper from a paper
      supply for production of a copy thereon, detection means operatively
      positioned for detecting when said paper supply has been depleted to below
      a predetermined level, and control means coupled to said detection means
      and said motor means for automatically sliding said scraper means to the
      rear end of said chamber when said paper supply falls below said
      predetermined level.
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ABST
PAL  An improved apparatus and technique for providing frequency selective
       seng and tracking. An optical radar transmitter is constructed using a
      dye laser controlled by a Faraday cell having two end polarizers. The
      Faraday cell extends to intercept the return beam from the transmitting
      laser. Using a magnetic field to control the Faraday cell, the frequency
      of transmission can be selectively varied while the receiver-detector is
      automatically ganged to the transmitted frequency. The particular
      frequency selectivity provides significant isolation of the sensing beam
      from unwanted and interfering radiation allowing highly selective optical
      beam tracking.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in optical sensing techniques
      and systems, and more particularly to improvements in techniques for
      providing frequency selectivity and tracking in optical radar systems.
PAR  Conventional optical radar systems generally utilize a source of optical
      energy radiating at a known frequency and directed towards a given target.
      The reflected radiation is then sensed by a receiver-detector system which
      uses the information in the reflected beam to perform such functions as
      ranging and tracking of a target. The success of the optical sensing
      system depends on the ability of the receiver to be tuned to receive the
      reflected beam usually generated at a fixed frequency.
PAR  Known methods and apparatus have been deficient due to the problems
      encountered in precisely controlling the generated frequency and in
      providing frequency isolation by filtering in the receiving system. Even
      where frequency generation and reception have been precisely controlled,
      the ability to provide systems adjustable over a range of frequencies such
      that tracking of the transmitted beam occurs, has been very limited or
      unknown.
PAR  The particular significance of such deficiencies might best be appreciated
      where the optical systems are utilized in the presence of noise or
      interfering radiation. Since the ability of the system to be used as an
      optical radar depends on the isolation of a given signal frequency by the
      receiver circuits, the presence of noise would interfere significantly
      where precise filtering is not available. In addition, where only a single
      frequency is used, the system becomes highly vulnerable to interfering or
      jamming radiation.
PAR  Accordingly, the present invention has been developed to overcome the
      specific shortcomings of the above known and similar techniques and to
      provide a more secure optical sensing system having highly selective
      frequency generation and signal tracking.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide an optical radar
      system that has all the advantages of similarly employed techniques and
      none of the disadvantages.
PAR  Another object of the invention is to provide an optical transmitting
      system for generating frequencies with high selectivity.
PAR  A further object of the invention is to provide an optical transmitting and
      receiving system having the transmitter and receiver ganged together to
      track a given frequency.
PAR  Still another object of the invention is to provide improved optical
      control for isolating the received signal from interfering radiation.
PAR  A still further object of the invention is to provide a technique for
      generating and receiving random frequencies in an optical transmitting
      system.
PAR  The above objects are accomplished by constructing an optical transmitter
      from a dye laser controlled by a Faraday cell positioned in the laser
      cavity. The Faraday cell is comprised of a Faraday medium positioned
      between two polarizers which together act to limit the frequency of
      excitation of the laser while providing a randomly selectable frequency
      output from the laser transmitter. The reflected energy is collected by an
      optical receiving system and directed to pass through a portion of the
      same Faraday cell used to control the laser output. The received energy is
      then passed through an optical switch and spectral filters prior to
      impinging upon the radiation detector in the receiver. By controlling a
      magnetic field associated with the Faraday cell, the frequency transmitted
      and received can be controlled together through the ganged system reducing
      the susceptibility of the system to unwanted and interfering radiation.
PAR  Other objects, advantages, and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawing is a schematic representation illustrating the particular
      elements and relationship of the preferred embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, there is shown by illustration a frequency
      selective transceiver or optical radar constructed in accordance with the
      teaching of this invention. As shown the device generally includes a
      transmitting portion 1 and a receiving portion 2 with both portions
      coupled through an optical system which allows both transmission of the
      beam along a boresight axis to a target and reception of the reflected
      beam for transmission to the receiving portion. While the transmitting and
      receiving portions have been shown separately by dotted boxes 1 and 2, the
      same is for purpose of illustration only and is not meant to limit the
      configuration of the device which could be constructed as an integral unit
      or in any manner consistent with the operation of the invention.
PAR  Turning first to the transmitting portion 1, the same is generally
      constructed as a well known laser system having lasing medium 13
      positioned between two end reflectors 11 and 12 defining the laser cavity,
      and having an optical pump source (14 and 15) to stimulate or pulse the
      lasing medium to emission. The end reflector 11 is generally totally
      reflective to the laser radiation while the end reflector 12 is partially
      transmissive and partially reflective so as to enable laser emission while
      coupling the laser beam out of the laser cavity. The lasing medium 13 of
      the present example is formed as a dye cell to form what is commonly known
      as a dye laser. In the present invention the dye cell is used because of
      its characteristic of having a broad spectral emission band as opposed to
      a limited or single frequency and is important to the operation of the
      invention as will be later explained. The optical pump source is shown in
      the drawing as flash lamps and reflectors 14 and 15 but could be another
      laser or any other pump source capable of causing laser emission.
PAR  Added to the laser cavity is a Faraday cell, a well known device for
      anlyzing optical radiation. The Faraday cell is basically comprised of a
      Faraday medium 18 positioned between two end polarizers 16 and 17. The two
      polarizers in the cell are arranged such that the polarizations are at
      90.degree. with respect to one another. The medium mounted between the
      polarizers is a partially absorbing medium typically an atomic gas with
      selective absorption. Controlling the cell is any well known device 3 for
      generating a selectively variable magnetic field surrounding the cell. The
      Fararday cell under the control of the magnetic field acts to form a tuned
      laser in a known manner and limits the frequency output of the
      transmitting portion to provide the improved frequency selectivity.
PAR  The laser is operated as by conventional techniques to produce an optical
      radar beam which is directed along the boresight of an optical system 4
      towards a specified target. The radiation reflected by the target is
      collected by the optical system which can be a conventional Cassegrainian
      system or any other well known system capable of receiving the reflected
      radiation according to the invention. The reflected radiation is then
      received by the receiving portion 2 of the optical radar or transceiver.
PAR  The receiving portion 2 generally contains a first relay and collimating
      lens L.sub.1 followed by a second relay lens L.sub.2 and another relay and
      collimating lens L.sub.3. Positioned between the lenses L.sub.1 and
      L.sub.2 is a portion of the same Faraday cell extending into the path of
      the returning reflected beam. Since the Faraday cell is acting as a
      frequency selective filter under the control of the magnetic field, it
      will pass the same frequency on return as was generated by the laser. The
      generator and receiver are therefore automatically ganged so that the
      receiver follows the frequency of the generator. Positioned behind the
      lens L.sub.3 along the path of the return beam is an optical switch 19
      followed by spectral filters 20 and 21 and detector 22. The optical switch
      19 can be another Faraday cell or any other optical retardation device
      such as a Pockels or Kerr cell capable of blanking the detector from
      radiation during a time when viewing of the reflected beam is not desired.
      The spectral filters are designed as broad band frequency selectors to
      prohibit radiation from reaching the detector except over a given range.
      This is in contrast with the narrow band frequency selectivity of the
      Faraday cell. The detector 22, comprised of any conventional optical radar
      detector, is therefore isolated by the frequency selectivity of the
      Faraday cell common to the laser and operated in conjunction with the
      optical switch 19 and spectral filters 20 and 21.
PAR  In operation of the system shown in the drawing, the optical switch 19 is
      usually controlled in conjunction with the optical pump source by
      conventional controls 24 in order to blank the detector from radiation
      during lasing. This is particularly important where the transmitting and
      receiving portions are mounted adjacent each other or as an integral unit
      in order to protect the detector from leakage radiation from the lasing
      system. In addition, as was mentioned above, the optical switch prevents
      any other radiation from reaching the detector, except during the viewing
      time, to prevent unwanted or interfering radiation from causing false
      indications.
PAR  Operation of the pump source to pulse the lasing medium initiates the
      operation of the transmitting portion 1. In the operation of portion 1 a
      plane polarized wave will enter the Faraday cell through one of the
      polarizers and the plane of polarization of the electric vector will be
      rotated through an angle which is a function of the magnetic field
      strength B, the Faraday medium and the length of the Faraday cell.
      Generally speaking, the angle of rotation .theta. for a fixed cell length
      is proportional to the magnetic field B according to the formula .theta. =
      K.sub..lambda.B where the K.sub..lambda. is a constant which varies as a
      function of wavelength and the material forming the Faraday medium. In
      particular, K.sub..lambda. will increase sharply in the vicinity of an
      absorption peak in the Faraday medium.
PAR  As can be understood from the above discussion, since the two polarizers
      are rotated by 90.degree., maximum transmission of radiation will occur
      for those wavelengths that cause .theta. to be an odd multiple of
      90.degree.. That is, only those wavelengths that are rotated by an odd
      multiple of 90.degree. by the medium will be transmitted. In addition, by
      varying the magnetic field or using a different Faraday medium, the
      spectral region of peak transmission can be easily altered. As a practical
      matter, certain wavelengths that are not transmitted on the first pass
      will be reflected one or more times before being transmitted on a later
      pass. However, since the Faraday medium is absorptive, the multiple pass
      transmission will be substantially attenuated relative to those
      wavelengths passed on the first pass (e.g. those wavelengths where
      K.sub..lambda. is large and .theta. is an odd multiple of 90.degree.).
PAR  As can now be seen, the addition of the above described Faraday cell to the
      basic dye laser provides a frequency selective lasing system that can be
      varied as to frequency of transmission by varying the magnetic field. When
      the cell is inserted into the laser cavity and the magnetic field is
      adjusted so that little rotation occurs for those wavelengths not near an
      absorption peak, high internal loss (low gain) occurs because the
      polarizers are crossed, and lasing will not occur. However, for those
      components of frequency near an absorbtion peak, the K.sub..lambda. will
      rise dramatically and an adjustment of the magnetic field will cause
      .theta. to go to some odd multiple of 90.degree. where high transmission
      will initiate lasing for particular wavelengths. The system thus acts as a
      tuned optical filter whose gross properties are determined by cell length
      and the particular Faraday medium and whose fine tuning properties are
      determined by the magnetic field strength. The result is that a lasing
      system having a random output frequency can be created by varying the
      magnetic field in a random manner from pulse to pulse. In addition, since
      the Faraday cell that is controlling laser frequency output is also
      extended to intercept the path of the received reflected beam, the cell
      will also act to isolate the received frequency so that the detector will
      only receive that frequency which is transmitted. The receiving portion
      will therefore act to automatically follow the frequency transmission of
      the transmitting portion. Pulse to pulse frequency stability is therefore
      not required since the receiver only has to be frequency stable during the
      relatively short time (microseconds) that the emitted radiation takes to
      travel to the target and back. This is particularly beneficial in an
      electronic countermeasure or high noise environment where random frequency
      changes would reduce the susceptibility of the optical radar to optical
      interference or jamming.
PAR  Of particular importance to the inventive system is the choice of the
      Faraday medium. The medium chosen should be one that has several close but
      not particularly strong absorption lines (e.g. the structure of a molecule
      such as iodine) in order to allow a greater degree of spectral tuning. The
      use of a multiline gas having a discontinuous frequency jump from one
      spectral region to another would also increase significantly the frequency
      selectivity over that obtained where only a single or few strong
      absorption lines are present.
PAR  The importance of the use of a dye laser having a broad spectral band now
      also becomes evident. By using a dye medium allowing emission over a broad
      spectral band, the laser can be controlled to emit at the randomly
      selected wavelengths under the control of the Faraday cell rather than at
      isolated wavelengths controlled by the lasing medium.
PAR  As can be seen from the above discussion and in following with the stated
      objects, the present invention provides a transceiver or optical radar
      system that generates frequencies with high selectivity by controlling
      laser emission with a Faraday cell over a spectral range. The Faraday cell
      is additionally extended into the path of the return beam to allow
      automatic tracking of the transmitted signal. By utilizing an optical
      switch and spectral filters in conjunction with the Faraday cell, unwanted
      and interfering radiation is prevented from reaching the system detector.
      Additionally, by operation of the magnetic field control in a random
      manner, the frequency of transmission on a pulse to pulse basis can be
      selected to reduce the vulnerability of an optical radar to interfering
      radiation.
PAR  While the invention has been described with reference to particular
      elements, it is noted that many modifications are readily apparent. For
      example, in the laser cavity it is often desirable to use a dispersive
      element to provide a course grained frequency selectivity. Typically this
      can be accomplished by utilizing a grating as one of the end mirrors to
      provide a slow coarse grained tuning in conjunction with the fast fine
      tuning of the magnetically controlled Faraday cell.
PAR  Obviously many further modifications and variations are possible in light
      of the above teachings. It is therefore to be understood that within the
      scope of the appended claims the invention may be practiced otherwise than
      as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In an optical radar system having a transmitting portion for generating
      an optical radar beam, an optical system directing said beam to a target
      and collecting the reflected radiation, and a receiving portion having a
      detector for sensing the reflected radiation, the improvement in said
      system comprising:
PA1  a laser transmitter forming said transmitting portion and comprising, a
      first partially transmissive end reflector and a second substantially
      totally reflective end reflector positioned to form a laser cavity, a dye
      cell positioned in said cavity and aligned between said end reflectors,
      and means for stimulating said dye cell to laser emission to generate said
      optical radar beam;
PA1  a single Faraday cell comprising, two polarizers crossed by 90.degree. and
      separated by a Faraday medium, said Faraday cell having a first portion
      extending into the laser cavity such that the laser beam must pass through
      the Faraday cell, and a second portion extending into an optical path
      between said optical system and said detector such that the reflected beam
      must pass through the Faraday cell before sensing by the detector;
PA1  means for establishing a magnetic field surrounding said Faraday cell and
      randomly varying the magnetic field strength so as to vary the optical
      frequency passed by said cell;
PA1  an optical switch and a plurality of spectral filters positioned in the
      optical path between said second portion of said Faraday cell and said
      detector; and
PA1  means coupled to said stimulating means and said optical switch for
      controlling said switch in conjunction with said laser transmitter to
      block optical radiation to said detector during lasing and pass optical
      radiation only during viewing of the reflected beam.
NUM  2.
PAR  2. The system of claim 1 wherein said substantially totally reflective end
      reflector is a grating.
NUM  3.
PAR  3. A method of protecting an optical radar system from unwanted or
      interfering radiation at a radar detector comprising:
PA1  forming a dye laser having a first partially transmissive end reflector, a
      second grating end reflector, and a dye cell aligned therebetween to form
      a cavity;
PA1  generating a pulsed laser radar beam by stimulating said dye cell to laser
      emission;
PA1  inserting a Faraday cell having a first portion extending into the laser
      cavity to control the frequency of the laser beam;
PA1  randomly varying the frequency passed by the Faraday cell;
PA1  transmitting the beam to a target;
PA1  receiving the reflected beam from the target through a second portion of
      the same Faraday cell;
PA1  positioning a radar detector to detect the beam passed by the Faraday cell;
PA1  inserting an optical switch into the beam path between the second portion
      of the Faraday cell and the detector; and
PA1  controlling said switch to block optical radiation to the detector during
      generation of the beam and to pass optical radiation only during viewing
      of the reflected beam.
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ABST
PAL  A hand-held radiometer for non-contact temperature measurement of objects
      is provided with a probe which is adapted to be mounted on the optical
      barrel of the radiometer to permit the radiometer to which it is attached
      to provide contact temperature measurements. The probe comprises a thin
      plastic film of low thermal mass which is shaped on one end thereof to be
      easily deformed when brought into contact with a specimen whose
      temperature is desired to be measured. The inner surface of the plastic
      film has a high emissivity, and a retainer means is provided on the other
      end of the thin plastic film for mounting the probe on the optical barrel
      of the radiometer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a radiometer probe which is adapted to be
      attached to a non-contact temperature-measuring radiometer for providing
      such a radiometer with a contact temperature-measuring capability.
PAR  Portable, or hand-held, radiometers have been used extensively to
      conveniently measure temperatures of various objects without physical
      contact. Temperature measures of the contact type suffer the disadvantage
      of disturbing the temperature of the object into which it comes in
      contact. However, non-contact temperature-measuring radiometers have a
      difficult time of measuring temperatures of objects or specimens in which
      the emissivity is unknown, and especially where the specimen does not have
      a high emissivity. Emissivity may be defined as the ratio of the radiation
      emitted by an object to the radiation which would be emitted by a "black
      body" at the same temperature. When the emissivity is unknown, and
      particularly when it is small, the infrared radiation emitted by the
      object or specimen being measured bears little relation to the actual
      temperature of the specimen or object. Accordingly, the radiometric sensed
      temperature may be in large error. If the emissivity is known, the
      instrument may be calibrated with respect to such emissivity to provide
      accurate measurements.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a
      radiometer probe adapted to be mounted on a radiometer wherein the
      temperature measurements can be made without regard to the emissivity of
      the object whose temperature is being measured.
PAR  Another object of this invention is to provide a radiometer probe which
      enables the use of the same radiometer for both contacting and
      non-contacting temperature measurements.
PAR  A further object of this invention is to provide a radiometer probe which
      does not thermally load the object whose temperature is desired to be
      measured when placed in contact therewith.
PAR  A still further object of this invention is to provide a radiometer probe
      which allows contact measurement of an object which approaches non-contact
      radiometric speeds.
PAR  Another object of this invention is to provide a radiometric probe which
      can be used to calibrate a radiometer for the emissivity of a source to be
      monitored.
PAR  In carrying out this invention in one illustrative embodiment thereof, a
      radiometer probe is provided having a thin plastic film of low thermal
      mass which is shaped on one end thereof to easily deform when brought into
      contact with an object whose temperature is desired to be measured. The
      inner surface of the plastic film has a high emissivity which, when
      attached to the optical barrel of a radiometer by a retaining means,
      allows the radiometer field of view to view the inner surface of the
      plastic film for providing the contact temperature measurements therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a side elevational view of a hand-held radiometer having
      mounted thereon a radiometer probe in accordance with the present
      invention.
PAR  FIG. 2 shows one form of radiometer probe in accordance with the present
      invention.
PAR  FIG. 3 shows the radiometer probe on the radiometer of FIG. 1 in position
      for a contact measurement of a surface in accordance with the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a hand-held radiometer 10 having an
      optical barrel 11 with a radiometer probe 12 mounted thereon. The
      radiometer 10 functions in a well known manner to provide non-contact
      temperature measurements of an object in the field of view of the optical
      barrel 11. Radiation from the object whose temperature is being measured
      is collected and applied to an infrared detector in the radiometer 10
      which is suitably processed and converted to a visual temperature
      indication by any suitable means, such as a meter 25. A portable or
      hand-held radiometer 10 is not described in detail, since the specific
      details thereof do not constitute a part of this invention other than the
      fact that the radiometric probe 12 is attached thereto and performs
      functions which will be described hereinafter in combination with the
      radiometer. The radiometer 10 may be of any conventional form which is
      commercially available.
PAR  Referring now to FIG. 2, the probe 12 comprises a thin plastic film 14
      having a low thermal mass which is shaped on one end thereof in a loop 16
      to contact a specimen whose temperature is desired to be measured by the
      radiometer. The thin plastic film may consist of polyethylene
      terephthalate, which is sold under the trade name of Mylar, acetate, or
      the equivalent may be used. The plastic film 14 is on the order of .001
      in. thick. The inner surface 18 of the thin plastic film 14 has a high
      emissivity, which may be due to the inherent characteristics of the thin
      plastic film 14 which is used, or which may be provided by a coating on
      the inner surface 18 of any of the commercially available optical black
      paints, for example Eastman Kodak Black, 3M Black, etc., which have been
      found suitable for this purpose. A holder or retainer 20 on which the film
      14 is mounted on one end thereof is designed to conveniently slip over and
      frictionally engage the optical barrel 11 of the radiometer 10, or to
      conveniently clamp the probe 12 on the radiometer barrel 11 in cooperation
      with a projection 21 on the barrel 11 or in other suitable manner which
      detachably mounts the probe 12 on the optical barrel 11. A loop 16, which
      is formed on the other end of the probe 12, is easily deformed so as to
      make good thermal contact with a specimen without applying a great deal of
      pressure on the probe 12 via the radiometer 10. The low thermal mass of
      the loop 16 of the thin plastic film 14 does not upset the temperature
      measurement when it comes into contact with an object.
PAR  As is shown in FIG. 3, in use, the probe 12 is brought into contact with
      the surface of a specimen 22 whose temperature is to be measured. The
      deformability of the plastic strip 14 along loop 16 provides good thermal
      contact between the probe 12 and the surface 22 with little difficulty.
      The low thermal mass of the probe 12 provides very little lateral thermal
      conductivity in the film, which in effect does not disturb the surface
      temperature of the specimen 22 whose temperature is being measured.
      Regardless of the emissivity of specimen 22, thin film 14 of the probe 12
      will rise in temperature in a second or two through its conductive
      coupling to the specimen 22 to approximately the same temperature as the
      specimen. The high emissivity inner surface 18 of the thin plastic film 14
      is viewed by the radiometer 10 through its optical barrel and presents to
      the radiometer 10 a heated source from which an accurate temperature can
      be measured.
PAR  It will be apparent that other shapes and configurations of the probe 12
      may be employed. The probe in its illustrated form has the thin plastic
      film 14 in strip form. However, other forms may be utilized, for example a
      spherical shape. Also, a variety of retaining means may be used, depending
      on the type of optical barrel shape provided by the radiometer on which
      the probe is used.
PAR  The probe which is illustrated enables the same radiometer to be utilized
      for both contact and non-contact temperature measurements. This extends
      the usefulness as well as the capability of a non-contact radiometer.
      Temperature measurements may be accomplished without regard to the
      emissivity of the object being measured. For example, nondestructive
      testing of circuit boards and miniature electronic devices can be
      temperature tested without knowing the emissivity of the particular solder
      joint or circuit element. Because of the low thermal mass of the thin film
      of the probe, the film heats up almost instantaneously, providing quick
      measurements approaching non-contact radiometric speeds. Since the thin
      film of the probe has little lateral thermal conductivity, the placing of
      the film in contact with the specimen does not thermally load the specimen
      and thereby change its temperature. The radiometric probe in accordance
      with the invention can also be used to calibrate the radiometer for use
      with a source which has low emissivity, thereby extending the usefulness
      of the radiometer. The probe can be used initially to determine the
      emissivity of the source to be monitored which, when known, allows
      non-contact measurements to be accurately made.
PAR  Since other modifications and changes, varied to fit particular operating
      requirements and environments, will be apparent to those skilled in the
      art, the invention is not considered limited to the examples chosen for
      purposes of disclosure, and covers all changes and modifications which do
      not constitute departures from the true spirit and scope of this
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A radiometer probe adapted to be removedly attached to the optical
      barrel of a radiometer, comprising
PA1  a. a probe having a thin plastic film of low thermal mass shaped to be
      easily deformed when brought into contact on one end thereof with a
      specimen whose temperature is desired to be measured whereby the thin film
      rapidly assumes the temperature of the specimen with which contact is
      made,
PA1  b. the inner surface of said thin plastic film having a high emissivity,
      and
PA1  c. retaining means on the other end of said thin plastic film for mounting
      said probe on the optical barrel of a radiometer whereby the radiometer
      views the inner surface of said thin plastic film from which an accurate
      temperature measurement of a specimen in contact with said probe can be
      made by the radiometer.
NUM  2.
PAR  2. The radiometer probe set forth in claim 1 wherein said high emissivity
      of said inner surface of said radiometer probe comprises a high emissivity
      coating on said inner surface.
NUM  3.
PAR  3. The radiometer probe set forth in claim 1 wherein said high emissivity
      of said inner surface of said radiometer probe comprises the material of
      said thin plastic film which has an inherent high emissivity.
NUM  4.
PAR  4. The radiometer probe set forth in claim 1 wherein said retaining means
      comprises an annular clamping means adapted to frictionally engage the
      outer surface of an optical barrel of a radiometer.
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ABST
PAL  An arrangement for analysing the metal content of a metal article which
      includes a portable probe assembly adapted for application to the article
      to be analysed, a discharge electrode carried by the probe assembly, means
      for initiating and maintaining an electrical discharge between the
      electrode and the article, a radiation spectrometer, and a radiation guide
      connecting the probe assembly to the radiation spectrometer and providing
      a radiation path from the discharge to the spectrometer to enable
      spectroscopic analysis by the spectrometer of radiation emitted from the
      discharge. The probe assembly includes a casing having a mount for facing
      to the article to be tested, and a spacing member disposed at the mouth of
      the casing for contacting the article and locating the assembly in
      relation thereto, the assembly being so disposed and arranged that in
      operation with the spacing member contacting the article, the electrode is
      at an optimum discharge spacing from the article.
BSUM
PAR  This invention relates to the analysis of metals and more particularly to
      the analysis of metals by optical emission spectroscopy.
PAR  In plants involved in the production of a range of metal articles, such as
      steel tubes, possibly having a range of constituent element proportions,
      it is advantageous to be able to analyse the metal content of the articles
      so as to check for the correct proportions of constituent elements in the
      metal.
PAR  It has been proposed to do this using optical spectroscopy. In such an
      arrangement an electrical discharge is struck to a sample surface of metal
      and light from the discharge is passed into the spectrometer where it is
      dispersed into its spectrum. The spectrum contains a series of bright
      lines at various positions along its length generated by the elements
      present in the sample. The position (wavelength) of a given line
      identifies the responsible element and the intensity of the line is a
      measure of the concentration of that element.
PAR  A problem with such an analysis system has been that of cutting and
      preparing suitable samples of metal for mounting in the spectrometer prior
      to analysis. Clearly this is time consuming and often highly inconvenient
      under plant conditions.
PAR  It is an object of the present invention to overcome this problem.
PAR  According to one aspect of the present invention there is provided
      apparatus for analysing the metal content of a metal article comprising a
      portable probe assembly adapted for application to the article to be
      analysed, a discharge electrode carried by the probe assembly, means for
      initiating and maintaining an electrical discharge between the electrode
      and the article, a radiation spectrometer, and a radiation guide
      connecting the probe assembly to the radiation spectrometer and providing
      a radiation path from the discharge to the spectrometer to enable
      spectroscopic analysis by the spectrometer of radiation emitted from the
      discharge, the portable probe assembly including a casing having a mouth
      for facing to the article to be tested, and a spacing member disposed at
      the mouth of the casing for contacting the article and locating the
      assembly in relation thereto, the assembly being so disposed and arranged
      that in operation thereof with the spacing member contacting the article,
      the electrode is at an optimum discharge spacing from the article.
PAR  According to another aspect of the present invention there is provided a
      method of analysing the metal content of a metal article comprising the
      steps of placing a portable probe assembly carrying a discharge electrode
      against the article such that the discharge electrode is located at an
      optimum discharge distance from the article, striking an electrical
      discharge between the electrode and the article, transmitting radiation
      emitted by the discharge via a radiation guide to a radiation
      spectrometer, and analysing the output radiation from the radiation guide
      by the spectrometer.
PAR  The electrode may be spring loaded to said optimum discharging spacing from
      the article. In this case the discharge can be initiated by pressing the
      electrode into contact with the article and then releasing it so that it
      is spring urged to its optimum discharge position.
PAR  The radiation spectrometer may be an optical spectrometer and the radiation
      guide an optical light guide.
PAR  The light guide may conveniently comprise a flexible guide of optical glass
      firbes or quartz fibres.
PAR  The form of discharge used can be of any kind compatible with safety and
      the efficient production of light emission containing the spectral rays of
      the elements to be analysed. Conveniently it can be a high energy low
      voltage D.C. arc discharge.
DRWD
PAR  In order that the invention may be more readily understood one embodiment
      thereof will now be described by way of example with reference to the
      accompanying drawing in which:
PAR  FIG. 1 is a schematic representation of apparatus according to the
      invention; and
PAR  FIG. 2 is a sectional elevation of the portable probe assembly of the
      apparatus of FIG. 1
DETD
PAR  In FIG. 1 there is illustrated schematically an optical spectrometer 1,
      connected by means of a flexible optical guide 2 consisting of a plurality
      of parallel glass fibres to a portable probe assembly 3.
PAR  As shown in FIG. 2, the probe assembly 3 includes an insulating casing 4.
      Mounted within the casing is a discharge electrode 5 of for example
      thoriated tungsten or copper carried by a mounting block 6 and secured
      thereto by means of a screw 7. The electrode 5 passes through a tube 8
      axially movably mounted on a boss 9 of the block 6. The electrode 5
      extends into a spacing member in the form of an inverted cup 10 of
      insulating material attached to the tube 8.
PAR  As can be seen, the open end of the cup 10 contacts in use a metal article
      to be tested 11 and defines therewith a discharge chamber 12.
PAR  The tube 8 is provided with an annular channel surrounding the electrode 5
      immediately below the boss 9 within which is disposed a spring 13 which
      urges the boss 9 block 6 and electrode 5 upwardly. Upward movement thereof
      is limited by a screw 14 in the tube 8 engaging a slot 15 in the boss 9.
PAR  The light guide 2 extends into the discharge chamber 12 and is aligned so
      as to be directed at the arc gap between the electrode 5 and the article
      to be tested 11. A removable transparent shield 16, typically of glass or
      quartz held in place by a spring 17, is located in front of the light
      guide to prevent any matter sputtered from the arc contaminating the end
      of the light guide 2. The discharge chamber 12 is provided with a vent 18
      for exhaust gases from the arc discharge so arranged as to minimise
      deposition on the transparent shields.
PAR  An electrical terminal screw 19 is provided on a flange 20 of the tube 8,
      electrical contact between the tube 8 and the electrode 5 being assured by
      means of a connector assembly 21 in the flange 20.
PAR  For operation of the apparatus illustrated, terminal 19 is connected to a
      positive potential and the article 11 to a negative potential such as to
      provide a D.C. voltage of approximately 25 to 50 volts on closed circuit
      between the electrode 5 and the article 11. The electrical power supply
      may be from a mains source or from a bank of batteries.
PAR  The probe assembly is placed on the article in the position shown in FIG.
      2.
PAR  The casing 4 is then pressed down by hand so that the boss 9 and electrode
      5 move axially down the tube 8 until the tip of the electrode 5 contacts
      the article 11. The casing 4 is then released such as to allow the spring
      13 to move the boss 9 and electrode 5 upwardly to the optimum arcing
      position shown, whereupon a D.C. arc discharge is initiated between the
      article 11 and electrode 5. Conveniently this arc will be with a current
      of up to approximately 10 amps, and may for example be at 2 amps.
PAR  Light from the arc is passed, via the light guide 2, to the spectrometer 1
      for optical analysis.
PAR  We have found that the apparatus and method herein described can be applied
      to metal articles, such as metal tubes, without any particular surface
      preparation of the article. In this case a delay is desirably provided
      between the initiation of the arc and commencement of analysis by the
      spectrometer to permit the arc to burn away surface impurities before
      testing. We have found that in some cases this delay need only be a few
      seconds, for example about 5 seconds.
PAR  We have found it convenient to use a flexible light guide approximately 10
      feet long. However longer guides, for example of more than 16 feet in
      length, can be used.
PAR  Although the light guide specifically referred to is a glass guide, it is
      possible to use other materials, such as quartz. The advantage of using
      quartz is the ability of this material to transmit shorter wavelengths,
      leading to greater analysis possibilities, for example with respect to the
      carbon content of metals and other elements having preferred spectral
      emissions in the ultra violet range. 40
PAR  Although a light guide with a single end directed into the discharge
      chamber 12 is illustrated, it is possible to provide a light guide having
      at least a partial ring of light receiving ends spaced around the
      discharge chamber in order to increase light transmitted by the guide and
      to minimise the effect of arc wander. Again the end of the light guide 2
      extending into the spectrometer 1 may be shaped for maximum compatibility
      with the spectrometer inlet.
PAR  The spectrometer may be arranged to determine the spectral line intensity
      (i.e., the concentration of a specific element in the article) by means of
      photo-multiplier tube, the output of which charges an analytical
      capacitor. At the end of a specified arcing time, controlled by a clock or
      by the reading of a reference channel, the voltage on the analytical
      capacitor may be displayed on a digital voltmeter to give a direct reading
      of the content concentration of that element.
PAR  The spectrometer may be a single analytical channel instrument for
      analysing each element separately. Alternatively the spectrometer may have
      facility to analyse for a specified plurality of elements simultaneously.
PAR  We have found under experimental conditions that it is possible with the
      apparatus illustrated to analyse steel tubes for the presence of e.g.
      molybedenum, chromium, manganese and vanadium to within 10% of their
      content concentration.  Nickel and Niobium have also been determined.
PAR  By the apparatus and method of the present invention there is provided a
      convenient method of analysing metal articles under plant conditions. We
      have found it possible to carry out analysis tests in very short
      measurement times. Typically these times are about 10 seconds in total for
      each test and can in some cases be well below 10 seconds. We have found it
      possible to carry out the analysis on unprepared metal surface in testing
      time of this order. In these circumstances the only effect on the article
      tested is to leave a slight burn mark from the arc discharge.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for analysing the metal content of a solid metal article
      comprising a portable probe assembly adapted for application to the
      article to be analysed, a discharge electrode carried by the probe
      assembly, means for initiating and maintaining an electrical discharge
      between the electrode and the article, a remote radiation spectrometer,
      and a flexible radiation guide connecting the probe assembly to the
      radiation spectrometer and providing a flexible radiation path from the
      discharge to the spectrometer to enable spectroscopic analysis by the
      spectrometer of radiation emitted from the discharge, the portable probe
      assembly including a casing having a mouth for facing to the article to be
      tested, and a spacing member disposed at the mouth of the casing for
      contacting the article and locating the assembly in relation thereto, the
      assembly being so disposed and arranged that in operation thereof with the
      spacing member contacting the article, the electrode is at an optimum
      discharge spacing from the article.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein the electrode is spring loaded
      to said optimum discharge spacing away from the article, and is capable of
      movement against the spring loading to contact the article for initiation
      of the discharge.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein the means for initiating and
      maintaining an electrical discharge is adapted to provide a high energy
      low voltage D.C. arc discharge.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 wherein the means for initiating and
      maintaining the arc discharge is adapted to provide at the electrode
      during arcing a current of up to 10 amps at 25 to 50 volts on closed
      circuit.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 wherein the radiation spectrometer is an
      optical spectrometer and the radiation guide is an optical light guide.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein the light guide comprises a
      flexible guide of optical glass fibres.
NUM  7.
PAR  7. Apparatus as claimed in claim 1 wherein the spacing member defines with
      the article in use an electrical discharge chamber.
NUM  8.
PAR  8. A method of analysing the metal content of a solid metal article
      comprising the steps of placing a portable probe assembly carrying a
      discharge electrode against the article such that the discharge electrode
      is located at an optimum discharge distance from the article, striking an
      electrical discharge between the electrode and the article, transmitting
      radiation emitted by the discharge via a flexible radiation guide to a
      remote radiation spectrometer, and analysing the output radiation from the
      radiation guide by the spectrometer.
NUM  9.
PAR  9. A method as claimed in claim 8 wherein the electrical discharge is a
      high energy low voltage D.C. arc discharge.
NUM  10.
PAR  10. A method as claimed in claim 9 wherein the arc discharge carries a
      current of up to 10 amps at 25 to 50 volts on closed circuit.
NUM  11.
PAR  11. A method as claimed in claim 8 wherein the analysis of radiation
      includes the steps of measuring the spectral line intensity of a
      constituent element of the article.
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ABST
PAL  A spectrophotometer system having a first stepper motor driving a
      wavelength scanning mechanism and a second stepper motor driving a chart
      recorder, both motors being operative in response to pulses from a system
      clock. The clock frequency is successively divided by first and second
      cascaded, switch-selectable sets of frequency dividers. The output of the
      first divider is applied to the wavelength motor and determines wavelength
      scan speed. The output of the second divider is applied to the chart motor
      and determines chart scale expansion. A decoder monitors the frequency
      selections of the first and second sets of frequency dividers, and upon
      detection of a frequency selection outside the capability of the chart
      motor, the decoder provides an output which inhibits both motors. The
      decoder output additionally actuates a visual indicator to inform an
      operator of the invalid selection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to radiant energy analyzers having chart recording
      means, and more particularly to an analyzer, such as a spectrophotometer,
      having a first plurality of preselectable wavelength scan speeds and a
      second plurality of preselectable chart expansion values.
PAR  In spectrophotometer systems a wavelength scanning device is utilized to
      transmit radiant energy of differing wavelengths through a sample to
      measure an optical characteristic of the sample (e.g. absorbance or
      transmittance), this characteristic then being recorded in graphical form
      on a chart recorder as a plot of optical characteristic (ordinate) vs.
      wavenumber or wavelength (abscissa). In such systems the wavelength
      scanning device is driven by a motor at one of a plurality of
      predetermined speeds. The abscissa of the chart paper is likewise
      controlled by a drive motor which may drive either the chart paper with
      respect to a marker or pen or vice versa, at one of a plurality of
      predetermined speeds to effect abscissa scale chart expansion. In this
      manner an operator may selectively expand the abscissa scale to provide
      greater clarity in regions of interest where the spectrum may be crowded
      or, alternatively, may reduce the abscissa scale for uncrowded regions of
      the spectrum. In operation of the spectrophotometer, precise registration
      and synchronization of the wavelength scanning device and the chart
      recorder is necessary so that the spectrum scanned is exactly reproduced
      by the recorder to provide a clear and accurate spectrum of the sample
      being analyzed.
PAR  To provide the greatest flexibility in an instrument of this type the
      operator should be given a wide selection of wavelength scanning speeds
      and a wide selection of abscissa scale chart expansions. Unfortunately,
      some of the selected combinations of scan speed and chart expansion may be
      limited by the capability of the drive motors or may be otherwise unusable
      by the system. A selected combination which exceeds the torque vs. speed
      capability of the chart motor, for example, could not be accurately
      executed by the motor, and the resulting graphical plot for such a
      selection would be erroneous. Moreover, the necessary synchronization and
      registration between the wavelength scanning device and the chart recorder
      would be destroyed by attempted execution of an invalid selection,
      requiring the operator to interrupt system operation to re-register the
      wavelength scanning device and the recorder.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved radiant energy analyzer having a wide range of preselectable
      wavelength scanning speeds and chart scale expansion values.
PAR  It is another object of the invention to provide a radiant energy analyzer
      having means for detecting invalid combinations of wavelength scanning
      speed and chart scale expansion.
PAR  It is a further object of the invention to provide means for inhibiting
      system operation for invalid combinations of scanning speed and scale
      expansion.
PAR  It is a further object to provide means for simplifying operator control of
      the system by indicating invalid selected combinations.
PAR  It is a still further object of the invention to provide means for
      maintaining precise registration between the wavelength scanning means and
      the chart recording means.
PAR  The foregoing and other objects of the invention are accomplished by
      providing a radiant energy analyzer having a first frequency responsive
      motor driving a wavelength scanning device and a second frequency
      responsive motor driving one recorder chart paper and marker along the
      abscissa of the chart paper, with both said motors being operated from a
      system clock. First and second sets of cascaded switch-selectable
      frequency dividers successively divide the system clock frequency and
      supply their respective outputs to the wavelength motor and the chart
      motor. Wavelength scan speed and chart expansion, respectively, are set by
      switch selection of the first and second sets of frequency dividers. A
      decoder monitors the combinations of selections from the first and second
      sets of dividers and, for invalid combinations, inhibits both the first
      and second drive motors to maintain registration of the wavelength
      scanning device and chart recorder, and additionally provides a visual
      indication to an operator of the invalid selection.
PAR  Other objects and advantages of the invention will be apparent from the
      following description taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a spectrophotometer system according to the
      invention;
PAR  FIG. 2 is a block diagram of a portion of the system of FIG. 1 showing the
      wavelength scan speed dividers and chart scale expansion dividers;
PAR  FIG. 3 shows in tabular form combinations of scale expansion and wavelength
      scan speed identified as valid or invalid combinations; and
PAR  FIG. 4 is a logic diagram of a portion of the decoder used in the system of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing and particularly to FIG. 1, a
      spectrophotometer system is illustrated which includes a source 10, a beam
      switching system 11, a monochromator 12 and a thermocouple 13. The source
      10 may be any suitable device which produces radiation over the spectrum
      being analyzed. The beam switching system 11 includes half mirrors 14, 15
      which are rotated in synchronism, and reflecting mirrors 16, 17, providing
      a sample beam path 18 and a reference beam path 19. A sample cell 22 is
      positioned in the sample beam path 18 for containing the sample to be
      analyzed. Means for varying the intensity of the beam along the reference
      beam path 19 is positioned therein. A typical example is comb 23 which is
      driven into and out of the reference beam path by a motor 24.
PAR  Monochromator 12 includes means for dispersing the beam passing
      therethrough, shown here as prism 27, and slit 28 which permits only a
      small fraction of the dispersed beam to impinge on thermocouple 13. Prism
      27 is rotated by a scan motor 29 during the analysis to scan the entire
      spectrum of interest past the slit 28. Scan motor 29, as employed in this
      embodiment, is a frequency responsive motor such as a stepper motor which
      is rotated by means of discrete digital pulses, and has a speed dependent
      upon the frequency of the pulses. Motor 29 is energized from a wavelength
      motor driver 30 which is ordinarily set to operate the motor at a constant
      rate. A programmed change in scan speed over the spectrum is usually
      desired and is conventionally accomplished by coupling the motor to the
      prism or other dispersing element by means of a cam of appropriate
      contour.
PAR  Thermocouple 13 produces an electrical error signal proportional to the
      difference in intensity of the beams traversing the sample path and
      reference path with the error signal cyclically varying at the beam
      switching rate, which ordinarily is in the range of 5 to 20 cycles per
      second. The error signal from thermocouple 13 is connected to an amplifier
      36. The output of the amplifier 36 drives the comb motor 24, with the
      amplifier and motor functioning as the comb servo.
PAR  Demodulator 34 is operated in synchronism with the beam switching system
      and converts the a.c. error signal to d.c. Various types of demodulators
      may be used with a mechanical chopper preferred at the relatively low
      frequencies ordinarily encountered in such instruments. Period circuit 35
      is a low pass filter that limits the response rate of the comb servo and
      reduces the sensitivity of the instrument to sharp transients in the error
      signal such as are ordinarily produced by noise. The time constant of the
      period circuit is selected as a compromise between the maximum response
      rate of the comb servo and the acceptable noise level and typically is in
      the range of 1/4 to 16 seconds. The simplest form of period circuit which
      is used in many instruments is a resistance capacitance filter section
      comprising a series resistor and a shunt capacitor.
PAR  Scan speed suppression is provided by utilizing an absolute value circuit
      38 which produces a voltage whose magnitude is determined by the absolute
      value of the error signal. This output is then transmitted to a hold-over
      circuit 40, the output of which controls the voltage controlled oscillator
      or system clock 42. The output of the system clock 42 is a pulse train,
      the frequency of which is proportional to the absolute value of the error
      signal. This output frequency is then divided by switch-selectable
      wavelength dividers 44 to produce a pulse train at a suitable frequency
      for the selected scan speed for application to the wavelength motor driver
      30 which drives wavelength stepper motor 29. The pulse train output of
      dividers 44 is also applied to switch-selectable chart dividers 46 which
      are connected in cascade with dividers 44. The output pulse train from
      chart dividers 46, at a suitable frequency for the selected chart
      expansion, is applied to the chart motor driver 48 which, in turn, drives
      a chart stepper motor 50. The chart stepper motor 50 in turn drives a
      take-up reel 52 of chart paper 54 having the sample spectrum graphically
      reproduced thereon by a suitable marker or pen 56, the pen position on the
      graph ordinate being indicative of the optical characteristic of the
      sample 22 and the chart movement along the graph abscissa being indicative
      of wavelength or wavenumber.
PAR  In accordance with the present invention, the wavelength dividers 44 and
      the chart dividers 46 are monitored by means of a decoder 62 connected to
      the dividers by respective cables 58 and 60. Decoder 62, as will
      hereinafter be discussed, monitors for invalid combinations of selections
      of wavelength dividing frequency and chart dividing frequency. Upon
      occurrence of an invalid combination, decoder 62 provides an inhibit
      signal on cable 64 to both the chart motor driver 48 and the wavelength
      motor driver 30 to inhibit operation of chart motor 50 and wavelength
      motor 29, and thus inhibit the chart drive and the wavelength scan.
      Simultaneously with the inhibit signal, an indicator light 66 is
      illuminated on the instrument control panel for operator viewing to inform
      the operator of the invalid combination.
PAR  Referring now to FIG. 2, the system clock 42 provides a train of pulses
      output to wavelength dividers 44 comprising a first plurality or set of
      switch-selectable frequency dividers 68, 70, 72, 74, 76, 78 and 80, any
      one of which can be placed in series with the output of the system clock
      42 by means of rotary switch 82. Additionally, the system clock 42 output
      can be transferred directly over lead 84 to one terminal of rotary switch
      82, this terminal being designated "1,200" (1,200 wave-numbers per
      minute). The remaining terminals are designated "600" for frequency
      divider 68, "300" for frequency divider 70, "150" for frequency divider
      72, etc. The frequency dividing values "A," "B," etc., are predetermined
      frequency dividing values to provide the selected scan speed designated by
      the appropriate contact of rotary switch 82. The output transferred
      through rotary switch 82 then passes to the chart dividers 46 comprising a
      second set of frequency dividers (the division factors being designated V,
      W, X, Y and Z) 86, 88, 90, 92 and 94, any one of which is switch
      selectable by means of rotary switch 96 to place one of the frequency
      dividers in series between rotary switch 82 and chart motor driver 48.
      Additionally, a bypass lead 98 is provided to transfer the output of
      wavelength dividers 44 directly to the chart motor driver 48 with switch
      96 at the "20X" position. The switch contacts are designated .4X, 1X, 2X,
      4X, 10X and 20X to indicate the abscissa scale chart expansion selections.
PAR  With the switches 82 and 96 in the positions illustrated, the output of
      system clock 42 is transferred over lead 84 through switch 82 to
      wavelength motor driver 30 to drive wavelength motor 29 and through
      frequency divider 92 to the chart motor driver 48 to drive the chart motor
      50. It is to be understood that although rotary switches 82 and 96 are
      shown, mutually exclusive push-button switches can also be utilized, with
      one switch for each of the designated variables or parameters.
PAR  Referring now to the table of FIG. 3, the vertical axis represents
      wavelength scan speed in wavenumbers per minute selected by switch 82,
      while the horizontal axis represents scale expansion values selected by
      switch 96. Each possible combination of selected scan speed and scale
      expansion is designated "----" if it is a permissible or valid combination
      or is designated "NO" if it is an impermissible or invalid combination,
      the invalid combinations being determined by design constraints of the
      motors being utilized (e.g. torque vs. speed characteristics) or other
      factors rendering a given combination unusable. In the instant embodiment
      scan speeds of 1,200, 600 or 300 with a 20X chart scale expansion are
      invalid selections. Similarly, scan speeds of 1,200 or 600 with a scale
      expansion of 10X are invalid as is a scan speed of 1,200 with a scale
      expansion of 4X.
PAR  Referring now to FIG. 4, a logic diagram of decoder 62 is shown and
      includes AND gates 100, 102, 104, 106 and 108 as well as OR gates 110 and
      112. The logic diagram accomplishes the result shown in tabular form in
      FIG. 3 to provide an "inhibit" as well as an "indicator" signal at the
      output of OR gate 112 in the event the conditions labeled "NO" exist.
PAR  The inputs to the logic diagram of FIG. 4 are only those inputs of interest
      and relate to the chart scale expansion multipliers 20X on lead 114, 10X
      on lead 116 and 4X on lead 118 as well as the scan speed settings of 1,200
      on lead 120, 600 on lead 122 and 300 on lead 124. In the event the
      operator selects the 20X scale expansion with the 1,200 scan speed, leads
      114 and 120 go "high," these two inputs being provided to AND gate 104 to
      pass through OR gate 112 to provide an output thus inhibiting both
      wavelength drive motor 29 and chart drive motor 50 as well as illuminating
      the indicator 66 to thereby inform the operator of the invalid selection.
      Similarly, if the operator selects 10X scale expansion with either the
      1,200 or 600 scan speeds, AND gate 102 is enabled from lead 116 as well as
      from the OR gate 110 which is coupled to lead 120 and 122. Similarly, with
      a scale expansion selection of 4X lead 118 is "high" and with a scan speed
      of 1,200 lead 120 is "high," thereby enabling AND gate 100 which provides
      a signal through OR gate 112 to provide the output. AND gate 106 is
      enabled with a scan speed of 600 and a scale expansion of 20X while AND
      gate 108 is enabled with the same scale expansion at a scan speed of 300.
      In any event, the logic diagram of FIG. 4 effectively provides an output
      through OR gate 112 for the invalid combinations of FIG. 3.
PAR  Applying the inhibit signal over line 64 to inhibit the drive motors 29 and
      50 for invalid frequency selection combinations prevents erroneous
      graphical information from being plotted on chart 54. Significantly, both
      motors 29 and 50 are controlled to maintain accurate registration between
      the wavelength scanning mechanism 27 and the chart 54. While setting up
      the spectrophotometer or even during an actual plotting operation, an
      operator can select or change any combination of scan speed and chart
      expansion without affecting the scan and chart registration. For example,
      the operator simply may temporarily increase the scan speed to rapidly
      reach a narrow absorption band of interest and having reached the band
      reduce the scan speed and increase the chart speed to provide greater
      abscissa expansion across the band width. If an invalid combination of
      frequencies is selected in the process, both chart motor 50 and wavelength
      motor 29 stop immediately and indicator 66 tells the operator that the
      selected frequency combination is invalid. Thereafter the operator selects
      other frequency combinations until a valid combination is selected at
      which time the chart motor and wavelength motor are enabled to resume the
      plotting operation at the same graphical point where the plotting had been
      previously inhibited. As a result, the continuity of the graphical
      recording is maintained, no erroneous information is plotted, and scan and
      chart registration is maintained thereby eliminating the need to
      repeatedly re-register the wavelength scanning device and the chart
      recorder following each invalid selection. Moreover, operator control of
      the system is greatly simplified by indicator 66 which immediately informs
      the operator of any invalid combination.
PAR  While in the preferred embodiment of the invention the inhibit line 64 is
      connected to the motor drivers 30 and 48 to inhibit respective motors 29
      and 50, the inhibit line could be connected instead to other circuit
      components to inhibit the same motors. Thus, for example, inhibit line 64
      is alternatively connected to the inhibit inputs sof the dividers 44 and
      46 (as illustrated by the dashed connections in FIG. 1) to inhibit the
      output of each divider and thereby prevent operation of motors 29 and 50.
      In another alternative, inhibit line 64 is connected to the inhibit input
      of the system clock 42 (as illustrated by a dashed connection in FIG. 1)
      to inhibit the clock pulse output to the dividers and thereby prevent
      operation of motors 29 and 50. In addition, while AND-OR logic has been
      illustrated in the preferred embodiment, it should be understood that
      NAND-NOR or other logic arrangements could be employed in the invention.
      Moreover, it will be apparent that while particular forms of the invention
      have been illustrated and described, various modifications can be made
      therein without departing from the spirit and scope of the invention.
      Accordingly it is not intended that the invention be limited except as by
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a radiant energy analyzer having a radiation source, a monochromator
      and a wavelength scanning mechanism therefor, and chart recording means
      for moving a marker in relation to chart paper along an abscissa scale and
      ordinate scale for recording a waveform spectrum of a sample, the
      combination comprising:
PA1  a system clock having an output of a predetermined frequency;
PA1  a first frequency responsive drive motor for driving said wavelength
      scanning mechanism for continuously varying the wavelength output of said
      monochromator at various wavelength scan speeds;
PA1  a second frequency responsive drive motor in said chart recording means for
      driving one of said marker and chart paper along the abscissa with respect
      to the other of said marker and said chart paper;
PA1  a first set of frequency dividers switch selectable to place a frequency
      divider thereof in series between said system clock output and said first
      drive motor, said first set of frequency dividers having predetermined
      frequency dividing values for wavelength scan speed selection;
PA1  a second set of frequency dividers switch selectable to place a frequency
      divider thereof in series between said first set of frequency dividers and
      said second drive motor, said second set of frequency dividers having
      predetermined frequency dividing values for abscissa scale expansion
      selection; and
PA1  decoding means coupled to said first and second sets of frequency dividers
      for providing an output in response to invalid combinations of selected
      dividers of said sets, said output inhibiting said first and second drive
      motors.
NUM  2.
PAR  2. The combination according to claim 1 wherein the output of said decoding
      means energizes indicating means for indicating to an operator that an
      invalid combination has been selected.
NUM  3.
PAR  3. The combination according to claim 1 wherein said first and second drive
      motors are stepper motors and said system clock has a train of pulses
      output.
NUM  4.
PAR  4. The combination according to claim 1 including means for applying the
      output of the decoding means to the system clock to inhibit the output of
      the clock.
NUM  5.
PAR  5. The combination according to claim 1 including inhibit inputs for said
      first and second sets of dividers and means for applying the output of the
      decoding means to said inhibit inputs to inhibit the output of said sets
      of dividers.
NUM  6.
PAR  6. The combination according to claim 1 including first and second motor
      drive circuits for driving said first and second drive motors and means
      for applying the output of said decoding means to said motor drive
      circuits to inhibit said first and second drive motors.
NUM  7.
PAR  7. In a radiant energy analyzer having a radiation source, a monochromator
      and a wavelength scanning mechanism therefor, and chart recording means
      for moving a marker in relation to chart paper along an abscissa scale and
      ordinate scale for recording a waveform spectrum of a sample, the
      combination comprising:
PA1  a system clock having an output of a predetermined frequency;
PA1  a first frequency responsive drive motor for driving said wavelength
      scanning mechanism for continuously varying the wavelength output of said
      monochromator at various wavelength scan speeds;
PA1  a second frequency responsive drive motor in said chart recording means for
      driving one of said marker and chart paper along the abscissa with respect
      to the other of said marker and said chart paper;
PA1  first frequency division means connected between said system clock output
      and said first drive motor and selectable to provide a plurality of
      frequency division values for wavelength scan speed selection;
PA1  second frequency division means connected between said first frequency
      division means and said second drive motor and selectable to provide a
      plurality of frequency division values for abscissa scale expansion
      selection; and
PA1  decoding means for monitoring the frequency selections of said first and
      said second frequency division means and for providing an output in
      response to invalid combinations of frequency selections, said output
      inhibiting said first and second drive motors.
NUM  8.
PAR  8. The combination according to claim 7 wherein the output of said decoding
      means energizes indicating means for indicating to an operator that an
      invalid combination has been selected.
NUM  9.
PAR  9. The combination according to claim 7 including means for applying the
      output of the decoding means to the system clock to inhibit the output of
      the clock.
NUM  10.
PAR  10. The combination according to claim 7 including means for inhibiting the
      frequency selection by said first and second frequency division means, and
      means for applying the output of the decoding means to said inhibiting
      means.
NUM  11.
PAR  11. The combination according to claim 7 including first and second motor
      drive circuits for driving said first and second drive motors and means
      for applying the output of said decoding means to said motor drive
      circuits to inhibit said first and second drive motors.
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PAL  The alignment of a collimated light beam is monitored by diverting a sample
      portion of the beam through an auxiliary optical light beam transmission
      system which converts the sample portion into an annular collimated light
      beam and transmits it coaxially with the main beam. The annular beam is
      reflected back through its transmission system by a fixed reference
      annular mirror that permits the passage of the main beam through its
      aperture. The retransmitted annular beam is divided to sensors that detect
      its angular misalignment and lateral displacement as a true measure of
      main beam alignment relative to the fixed reference annular mirror. End to
      end main beam alignment is accomplished by servo controlled optical
      elements that respond to the outputs of these sensors and to the outputs
      of sensors that measure alignment of the main beam input.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to light beam transmission systems, and in
      particular to apparatus for monitoring and maintaining the alignment of a
      collimated light beam relative to a fixed reference member.
PAR  Optical systems frequently require precise alignment of the light beams
      being transmitted relative to optical elements and fixed reference
      members. This is especially true of laser systems. It is also often
      necessary to continuously monitor and dynamically align such beams. For
      example, it is required in certain applications to dynamically maintain
      the alignment of a collimated laser beam relative to a telescope through
      which the beam is being projected. Alignment procedures currently in use
      are usually time consuming and lacking in precision. State-of-the-art beam
      alignment sensor systems generally employ a separate autocollimator light
      source. Significant errors are introduced into such a system when the main
      beam projected by the system passes through a dispersing media. Errors
      occur due to the difference in wavelength content of the two beams. There
      presently exists therefore, the need for light beam alignment monitoring
      and manipulating procedures and apparatus that are less time consuming and
      more precise than currently available means. The present invention is
      directed toward satisfying this and other needs.
PAC  SUMMARY OF THE INVENTION
PAR  The beam alignment sensor of the present invention comprises apparatus for
      measuring and/or maintaining the alignment of a collimated beam of light
      relative to a fixed reference surface. The system obtains a sample (from a
      beam splitter, grating or other such element) of the collimated beam. The
      angular and linear displacements of this beam relative to the alignment
      system are measured with the appropriate sensors. A portion of the sample
      beam is retransmitted along the same path (for instance, in a larger
      diameter annular segment) as the main beam. This retransmitting section of
      the system acts as an autocollimator by receiving as well as transmitting
      a portion of the sampled beam. The return is provided by a flat reference
      surface which is mirrored. This mirrored surface may be an annular mirror
      through which the main beam passes but from which the retransmitted
      autocollimated beam is reflected. The angular and linear alignments of the
      retransmitted beam are sensed from the auto-reflected return from the
      mirrored surface relative to which the beam alignment is to be sensed. By
      using the output signals of the input beam sensor to reorient mirrors or
      optical elements prior to the alignment system and by using the output
      signals of the autocollimating section to reorient mirrors or optical
      elements after the alignment sensor, absolute alignment of the light beam
      relative to the reference surface can be maintained.
PAR  It is a principal object of the invention to provide a new and improved
      collimated light beam alignment sensor.
PAR  It is another object of the invention to provide a self-referencing
      retransmitting light beam alignment sensor that is more precise than
      currently available alignment systems.
PAR  It is another object of the invention to provide an alignment system
      capable of maintaining and dynamically aligning a collimated light beam
      with a high degree of precision.
PAR  It is another object of the invention to provide a self-referencing light
      beam alignment sensor that is not adversely affected when the light beam
      is passed through a dispersive media.
PAR  These, together with other objects, advantages and features of the
      invention will become more readily apparent from the following detailed
      description when taken in conjunction with the illustrative embodiments in
      the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation of the basic alignment sensor of
      the invention; and
PAR  FIG. 2 is a block diagram of the alignment sensor of FIG. 1 incorporated in
      a dynamic alignment system.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The beam alignment sensor comprehended by the invention is used to measure
      the angular alignment and linear displacement of a collimated beam of
      light relative to a fixed reference surface. The new and unique feature of
      this system is that a portion of the beam itself is utilized as the source
      for an autocollimating alignment sensor. By using a sampled portion of the
      beam as a source, as opposed to a separate autocollimator light source,
      the output signal from the autocollimator is a measure of not just the
      misalignment of any of the optical elements between the autocollimator and
      the retroreflecting reference surface, but is a measure of the true
      alignment of the main collimated beam relative to this reference surface.
      By using a portion of the main beam as a source for the autocollimator,
      the alignment system is simplified and wavelength dependence of the
      alignment (for example, if the beam is passed through a dispersive media)
      is best compensated.
PAR  The following description of the basic alignment sensor is presented having
      particular reference to the diagrammatic representation shown in FIG. 1 of
      the drawings. Although FIG. 1 illustrates a complete embodiment of the
      alignment sensor, various alternative system configurations and uses can
      be employed without departing from the basic concepts of the invention.
PAR  Referring now to FIG. 1, beamsplitter 3 in intercepting relationship with
      main beam 4 diverts a sample portion 5 thereof into an auxiliary beam
      transmission system. This system comprises focusing optics 6, 7,
      beamsplitter 8, reflecting corner mirror 9, beamsplitter 10, beam folding
      optics 11, 12, and annular mirrors 13 and 14. Annular mirror 14 is also
      the fixed reference member with which main beam 4 is aligned. The sample
      portion 5 of the main beam is focused on angular misalignment sensing unit
      15 by focusing optics 6, 7, and also onto lateral displacement sensor 16
      through beamsplitter 17. Angular misalignment sensing unit 15 consists of
      mirrored prism 18, field lens 19, detector 20 (including two additional
      detectors normal to the plane of the drawing) and a conventional balancing
      circuit. The beam transmitted through the auxiliary beam transmission
      system via beamsplitter 8 is modulated by modulator 21. The beam
      transmitted back through the auxiliary beam transmission system is
      diverted by means of beamsplitter 10 to the retransmitting autocollimator
      angular misalignment sensing unit 22 and to lateral displacement sensor 23
      through beamsplitter 24. Angular misalignment sensing unit 22 consists of
      mirrored prism 25, field lens 26, detector elements 27 and a conventional
      balancing circuit.
PAR  Operation of the alignment sensor of FIG. 1 is now considered. The angular
      alignment and linear displacement of main collimated light beam 5 relative
      to fixed reference surface mirror 14 is to be measured. The alignment
      sensor is properly oriented initially in relation to mirror 14. The
      collimated beam is then projected through the sensor unit. A portion 5 of
      the beam is redirected into the sensor unit by beamsplitter 3. This beam
      sample is focused by an optical system, represented by optic elements 6,
      7. A portion of this sample is redirected by beamsplitter 8 into the
      retransmitting autocollimating portion of the system. The autocollimating
      unit is described in detail below. The part of the sampled beam which
      passes through beamsplitter 8 is again divided by beamsplitter 17 into
      displacement sensor 16 and angular alignment sensor 15. Displacement
      sensor 16 is placed such that it is in an optically conjugate (image)
      plane of some plane in the input beam. By masking the center of a quadrant
      detector to the exact diameter of the image, the amount and direction of
      beam displacement can be sensed. The angular alignment sensor illustrated
      utilizes a mirrored pyramidal prism and four detectors (detectors which
      would be into and out of the paper are not shown). This unit gives error
      signals which are proportional to the beam angular tilt relative to the
      axis of the sensor. Rotation of the beam about two orthogonal axes which
      are orthogonal to the axis of the alignment system is measured. FIG. 1
      illustrates the rays of light incident on the nose of the pyramidal prism
      or the null condition for the sensor. If the beam enters the alignment
      system with its axis inclined to the nominal axis, more light will fall on
      one sensor, for instance, S.sub.1, than on the other, S.sub.2. An
      imbalance of the sensor outputs is a measure of the amount of angular beam
      misalignment. These methods of sensing angular misalignment and linear
      displacement are commonly used and are certainly not the only techniques
      for such sensing. The degree of accuracy achievable in either in angular
      or linear sensor is a function of the specific optical system and
      detecting components used.
PAR  The retransmitting autocollimating portion of the alignment sensor is now
      considered. As indicated above, a portion of the sampled beam is directed
      by beamsplitter 8 into the autocollimating unit. This part of the beam
      sample is amplitude modulated in a periodic manner by means of a rotating
      chopper wheel, electrooptical modulator, or other such method. The beam is
      then folded by mirror 12 onto the axis of the collimating optics, mirrors
      11 and 12. If the incoming beam is tilted or displaced relative to the
      axis of the beam sensing unit, the retransmitted portion of the beam will
      be tilted or displaced relative to the collimator optical axis 7. The beam
      passes through beamsplitter 10 and is collimated and retransmitted. The
      collimating optics produce an annular ring of collimated light 28 with the
      inside diameter of the annulus slightly larger than the outside diameter
      of the main beams. This annular light is directed along the same axis as
      main beam 4 by means of an annular mirror 13 which has a hole in the
      center to allow the main beam to pass through. The annular beam 28 travels
      through the optical system along the same path as the main beam, using the
      periphery of any optical elements. When it reaches the mirrored reference
      surface 14, the annulus of light is reflected back along the same path (if
      the beam is aligned to be perpendicular to mirror 14) back into the
      collimating optics. If the collimated beam strikes the reference mirror at
      other than normal incidence, the beam will be misaligned as it returns to
      the alignment sensor. This return beam is focused by the collimating
      optics. A portion of the returning light is diverted by beamsplitter 10
      into the autocollimator sensing units 22, 23. The angular alignment and
      linear displacement sensors of the autocollimating unit function in the
      same manner as those sensors in the beam sensing unit with the exception
      that demodulating circuitry is included. This demodulating circuitry is
      synchronized with the retransmitted beam modulator. In this way, the
      detector noise which would result from any main beam energy reaching the
      autocollimating sensing units is effectively reduced.
PAR  The unique self-referencing feature of the alignment system is illustrated
      by the following examples. It is pointed out that the objective of the
      system is to measure and/or maintain the two axis angular alignment and
      the linear displacement of a beam relative to a fixed reference surface.
PAR  In the first instance, the alignment sensor is fixed in angular and linear
      relationship to the source of collimated light. In this case the beam
      sensor will always produce the same error signal, which can be adjusted to
      be zero. Any angular or linear misorientation of the reference surface
      (relative to the alignment sensor) will be sensed by the autocollimating
      sensing unit. Since the actual axis of the autocollimating unit is
      identical to that of the beam (this alignment is accomplished during
      assembly), the autocollimating unit is measuring the misalignment of the
      beam relative to the reference surface.
PAR  The same type of consideration is true if the alignment sensing system is
      fixed relative to the reference mirror. The sensing system can be
      initially aligned with the reference mirror such that the beam sensor unit
      and the autocollimating unit will produce error signals which are a direct
      measure of beam misalignment relative to the reference surface.
PAR  A fixed relationship of the alignment sensor to either the beam or the
      reference surface is not necessary for this system to measure the relative
      angular alignment. The beam axis and the axis of the retransmitted annular
      beam will be angularly aligned regardless of the alignment of the main
      beam relative to the system axis (within field of view limits). If a
      biasing circuit is connected between the beam sensing unit and
      autocollimating unit, the autocollimating unit will measure the relative
      angular alignment of the beam to the reference surface even though the
      beam and reference surfaces are not aligned relative to the alignment
      system axis or to each other.
PAR  The beam alignment sensor is most advantageously employed as an integral
      part of a dynamic alignment system. An example of such an application is
      illustrated in FIG. 2. In this example the alignment sensing system output
      is used to physically reorient optical elements (using drivers or
      actuators on the elements themselves) to dynamically maintain the
      alignment of the beam to the reference surface. In this configuration,
      both sensing units will be brought to null by the feedback loop to the
      driven elements. The initial alignment of the alignment sensor to the beam
      reference surface axis is, with limits, not critical. The beam sensing
      unit will cause the main beam to be aligned relative to the axis of the
      alignment sensor. The autocollimating unit will cause the reference
      surface, as viewed by the beam, to be aligned relative to the axis of the
      alignment sensor. Since the beam and reference surfaces are both aligned
      to the alignment system axis, they will be aligned relative to each other.
      Alignment is thus made relative to the alignment sensing system. If any
      elements in the entire optical path of the main beam bend light in a
      wavelength dependent manner, this will have a minimal effect on the system
      since the main beam and the autocollimating beam are of the same
      wavelength content.
PAR  While the invention has been described in its preferred embodiment, it is
      understood that the words which have been used are words of description
      rather than words of limitation and that changes within the purview of the
      appended claims may be made without departing from the scope and spirit of
      the invention in its broader aspects.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for monitoring the alignment of a collimated light beam
      comprising
PA1  an auxiliary light beam transmission system,
PA1  means for diverting a sample portion of said collimated light beam through
      said auxiliary light beam transmission system,
PA1  said auxiliary light beam transmission system having optical elements
      arranged to convert said sample portion of collimated light beam into an
      annular collimated beam and to transmit said annular collimated beam in
      proximate coaxial peripheral relationship with said collimated light beam,
PA1  an apertured reference mirror positioned to permit the passage of said
      collimated light beam through its aperture and to reflect said annular
      collimated light beam back through said auxiliary light beam transmission
      system,
PA1  a first light beam angular alignment sensing means,
PA1  a first light beam lateral displacement sensing means, and
PA1  means for diverting the reflected annular collimated light beam onto said
      first light beam angular alignment sensing means and onto said first light
      beam lateral displacement sensing means.
NUM  2.
PAR  2. Apparatus for monitoring the alignment of a collimated light beam as
      defined in claim 1 including means for modulating said diverted sample
      portion of collimated light beam and means for demodulating the outputs of
      said first light beam angular alignment sensor and said first light beam
      lateral displacement sensor.
NUM  3.
PAR  3. Apparatus for monitoring the alignment of a collimated light beam as
      defined in claim 2 including a second light beam angular alignment sensor,
      a second light beam lateral displacement sensor, and means for focusing
      said diverted sample portion of collimated light beam thereon.
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PAL  A linear digital readout assembly for milling machines and the like and
      structure for mounting the same to the machine, comprising a preassembled,
      prealigned scale and reading head assembly, with the scale and reading
      head, respectively, carried by adjacent, relatively movable parts of the
      machine and operatively connected to a digital display unit to give a
      visual digital indication of relative movement between said movable parts
      of the machine, and unique mounting structure securing the scale to one of
      said movable parts and securing the reading head to the other of said
      movable parts, said mounting structure enabling said scale and reading
      head to be secured to the respective parts of the machine with a minimum
      amount of effort and in a minimum amount of time and resulting in a
      durable, accurate and economical digital indicator for relative movements
      between the parts of the machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a linear digital readout for giving a visual
      digital indication of relative movements between parts of a machine and
      the like, and to a unique means for mounting the linear digital readout to
      the machine and the like.
PAR  In particular, the present invention relates to a unique linear digital
      readout and unique means for mounting the same to a machine, such as a
      Bridgeport milling machine, and the like. The linear digital readout of
      the present invention comprises a scale carried by one movable part of the
      machine and a reading head carried by another, adjacent movable part of
      the machine and in operative association with the scale. The reading head
      is connected with a digital display unit to give a visual digital
      indication of relative movements between said two parts of the machine.
      Unique mounting means is connected with the scale to secure the scale to
      said one part of the machine and unique mounting means is connected with
      the reading head to secure the reading head to said other movable part of
      the machine, said mounting means enabling said scale and reading head to
      be connected to the machine in a minimum amount of time and with a minimum
      amount of effort to give a durable and economical linear digital readout
      for the machine.
PAR  The scale and reading head are preassembled and prealigned at the factory
      and, accordingly, all that is necessary for the operator to do is to
      secure the scale and reading head to their respective parts of the machine
      and to make minor adjustments to accurately align the readout with the
      machine.
PAR  More specifically, the scale is supported in a housing which is secured by
      the mounting means to said one part of the machine, and the housing has
      reading head guide ways therein, which are aligned with the ways of the
      machine and, accordingly, with the reading head secured by the mounting
      means to the other movable part of the machine, relative movement between
      the scale and reading head is parallel to and guided by the ways of the
      machine.
PAR  A linear digital readout, as described above, is exceptionally time saving
      and economical to use and eliminates the necessity of an operator of the
      machine to read various micrometer scales and the like which is tedious
      and requires a great amount of time and is highly susceptible to error on
      the part of the operator. With the present invention, the scale and
      reading head are quickly and easily attached to the respective parts of
      the machine and when operatively positioned, they give a digital visual
      readout on a display unit, thus significantly increasing the speed with
      which an operator is enabled to operate the machine and resulting in a
      substantial savings in the use of the machine.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide a linear digital readout for
      machines such as a Bridgeport milling machine and the like, wherein a
      unique mounting means secures a scale and a reading head, respectively, to
      adjacent, relatively movable parts of the machine for cooperation between
      the scale and reading head to give a digital indication of the amount and
      direction of movement between the parts of the machine.
PAR  Another object of the invention is to provide a unique means for quickly
      and easily mounting a preassembled, prealigned scale and reading head to
      adjacent, relatively movable parts of a machine, such as a Bridgeport
      milling machine, and the like, utilizing preexisting mounting structure
      and openings on the machine to which the mounting means for the scale and
      reading head are attached.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of a machine with the linear digital
      readout of the present invention secured thereto.
PAR  FIG. 2 is a fragmentary exploded perspective view of a portion of the front
      of the machine of FIG. 1 and showing the scale, reading head and mounting
      means for the longitudinal or X-axis of the machine.
PAR  FIG. 3 is a fragmentary exploded perspective view of a portion of the side
      of the machine of FIG. 1 and showing the scale, reading head and mounting
      means for the cross feed or Y-axis of the machine.
PAR  FIG. 4 is a fragmentary, exploded, perspective, greatly enlarged view of a
      portion of the mounting means for the reading head at the front of the
      machine.
PAR  FIG. 5 is an enlarged fragmentary view in elevation, with portions broken
      away, of the scale and reading head secured to the front of the machine.
PAR  FIG. 6 is an enlarged fragmentary view in section taken along line 6--6 in
      FIG. 5.
PAR  FIG. 7 is a fragmentary view in section taken along line 7--7 in FIG. 5.
PAR  FIG. 8 is a fragmentary view in section taken along line 8--8 in FIG. 5.
PAR  FIG. 9 is a slightly enlarged fragmentary view in section taken along line
      9--9 in FIG. 6.
PAR  FIG. 10 is an enlarged fragmentary view in section taken along line 10--10
      in FIG. 5.
PAR  FIG. 11 is a fragmentary view in elevation from the left-hand end or front
      of the machine looking at the end of the linear digital readout on the
      side of the machine.
PAR  FIG. 12 is a fragmentary view in elevation from the right-hand end of the
      unit on the side of the machine.
PAR  FIG. 13 is a fragmentary view from the bottom of the left-hand end of the
      scale, reading head and mounting means at the side of the machine.
PAR  FIG. 14 is a bottom perspective view of a modification of the invention.
PAR  FIG. 15 is a view in section taken along line 15--15 in FIG. 14.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawings, wherein like reference numerals indicate like parts
      throughout the several views, a machine, such as a Bridgeport milling
      machine, or the like is indicated generally at M and comprises a knee K
      which normally does not move in a horizontal direction, a saddle S mounted
      on the knee for back and forth movement relative thereto along the Y-axis
      and a table T mounted to the saddle S for back and forth movement relative
      thereto along the X-axis.
PAR  A linear digital readout scale and reading head assembly 10 are mounted to
      the front of the machine for measuring relative movements between the
      table T and saddle S in the X direction and a linear digital readout scale
      and reading head assembly 11 are mounted to the side of the machine to
      measure relative movement between the saddle and knee of the machine in
      the Y direction. The scale and reading head assemblies 10 and 11 are
      operatively connected by means of suitable cables or the like C to a
      suitable digital display unit 12 supported on a stand 13 adjacent the
      machine in an unobtrusive, yet readily visible, position.
PAR  Details of construction of the scale and reading head assembly and the
      mounting means therefor for the front of the machine are seen best in
      FIGS. 2 and 4-10. The scale comprises an elongate housing 14 of
      substantially inverted U-shaped cross-sectional configuration and having a
      top wall 15, front wall 16 and back wall 17. The opposite ends of the
      housing 14 are preferably closed by suitable removable end closure plates
      18 and 19. A longitudinally extending scale mounting channel 20 is in the
      underside of top wall 15 of housing 14 and a suitable, elongate scale 21
      is suitably secured at one edge thereof in the channel 20 and projects
      downwardly therefrom into the housing in the space between front and back
      walls 16 and 17. The scale 21 is preferably of glass with vacuum deposited
      chrome indicia thereon. A pair of opposed facing slots 22 and 23 are in
      the inner facing lower edge portions of front and back walls 16 and 17,
      respectively, and slots or channels 22 and 23 define guide channels for a
      seal spring or band 24, received at its opposite edges in the channels 22
      and 23. Tubular sleeves or bushings 25 and 26 are received at their
      opposite ends through aligned openings 27 and 28 and 29 and 30 in the
      front and back walls 16 and 17, respectively, of the housing 14 at
      opposite ends thereof and suitable tubular hubs or spools 31 and 32 are
      rotatably supported on the sleeves or bushings 25 and 26 and the seal
      spring 24 is wound around the hubs or spools 31 and 32 at opposite ends of
      the housing. Access notches or cutouts 22' and 23' are provided in the
      inner surfaces of the walls 16 and 17 for providing access of the opposite
      edges of the spring 24 to the slots 22 and 23.
PAR  The bushings 25 and 26 define mounting openings 33 and 34 therethrough at
      opposite ends of the housing and adjustable mounting means for the housing
      and scale includes elongate cap screws 35 and 36 extended through the
      openings 33 and 34, respectively, and threadably engaged with
      rectangularly shaped T-nuts 37 and 38 positioned in a T-shaped slot 39
      extending along the front of the table T. The housing 14 and scale 21 are
      thus securely held to the front of the table T by tightening the cap
      screws 35 and 36 in the respective T-nuts 37 and 38 held in the slot 39
      parallel with the ways of the machine and the direction of movement of the
      table T.
PAR  A reading head 40 is longitudinally movable within the housing 14 between
      the front and back walls 16 and 17 and comprises a substantially U-shaped
      support bracket 41 carrying a collimated light source 42 on one side
      thereof and a pickup unit 43 on the other side thereof connected with a
      suitable integrated circuitry 44 supported in a slide housing 45 extending
      at its opposite side edges beneath the lower edge surfaces 16a, 17a of
      front and back walls 16 and 17, said surfaces comprising prealignment
      means or guide ways for the reading head 40 and having a removable
      prealignment spacer means, such as low friction tape t, applied thereto at
      the time of manufacture, but removed therefrom during mounting of the
      assembly to a machine, as described hereinafter. A slide plate 46 is
      secured to the bottom of slide bracket or housing 45 confining and
      protecting the integrated circuitry 44 therein. A suitable plug means 47
      and conduit or cable C connect the integrated circuit 44 with the display
      unit 12. The slide housing or bracket 45 is secured at its opposite ends
      to adjacent end portions of the spring 24 wound on the respective spools
      31 and 32 at opposite ends of the housing and the spring 24 is held in
      tension and thus seals the space above the spring 24 and between walls 16
      and 17 from contaminants, such as dirt, chips, oil and the like. Suitable
      L-shaped dust plates 48 and 49 are secured in the opposite ends of the
      housing to the lower edge portions of end walls 18 and 19 to seal the
      space between the springs and the end walls or plates 18 and 19. The
      reading head 40 is secured to the saddle S by means of adjustable reading
      head mounting means comprising an elongate mounting block 50 having a
      substantial trapezoidally-shaped cross-sectional configuration and a pair
      of spaced apart mounting openings 51 and 52 extending from the top surface
      53 thereof through the rear surface 54 thereof. The angle of inclination
      of rear surface 54 is selected such as to make the front surface 55 of
      mounting block 50 parallel to the front surface of table T or, on other
      words, substantially vertical. A pair of cap screws 56 and 57 are extended
      through the mounting openings 51 and 52 in mounting block 50 and into
      preexisting openings 58 and 59 in the saddle S. The openings 58 and 59
      normally are used to mount a stop bracket, not shown, to the saddle and
      which extends upwardly in front of the slot 39 in table T. This stop
      bracket is removed prior to installation of the linear digital readout of
      the present invention. A pair of openings 60 and 61 are formed in the
      front surface 55 of mounting block 50 and a slide block 62 of
      substantially rectangular configuration is secured to the front surface 55
      by means of a pair of cap screws 63 and 64 extended through aligned
      openings 65 and 66 in the slide block 62 and into the openings 60 and 61
      in mounting block 50. A pair of vertically extending openings 67 and 68
      extend through the slide block 62 adjacent the opposite ends thereof and a
      pair of cap screws 69 and 70 extend upwardly through these openings and
      into the bottom of slide plate 46 on the reading head unit 40.
PAR  The cross-feed or Y-axis linear digital readout 11 also comprises an
      elongate housing 14' having a top wall 15' and front and back walls 16'
      and 17' and is closed at its opposite ends by end closure plates 18' and
      19'. A reading head assembly 40' is movable along the housing 14' and as
      in the longitudinal or X-axis linear digital readout, includes a slide
      plate 46' positioned below the lower edge surfaces of the front and back
      walls 16' and 17' and engagable therewith. The lower edge surfaces 16'a,
      17'a of the front and back walls comprise ways for the linear digital
      readout head 40'.
PAR  The internal construction of the cross-feed or Y-axis linear digital
      readout 11 is substantially identical to that previously described, and
      includes an elongate scale 21', sealing spring 24', integrated circuitry
      44' and bushings and sleeves 25', 26' and 31', 32' at opposite ends
      thereof.
PAR  The mounting means for the cross-feed or Y-axis linear digital readout is
      substantially different from that previously described, however. At the
      left-hand end of the housing 14', as viewed in FIG. 3, a spacer 71 is
      positioned in a preexisting opening 72 in the knee K and has a flat edge
      73 thereof facing to the right. A substantially rectangularly shaped
      mounting block 74 is secured to the knee by means of a cap screw 75
      extended through an opening 76 in the mounting block and through the
      spacer 71 and into a threaded opening 77 in the knee K. A mounting bracket
      78 of substantially L-shaped configuration, and including a pair of legs
      79 and 80 extending at right angles to one another, is secured at leg 79
      to the side of mounting block 74 by means of a pair of cap screws 81 and
      82 extended through spaced openings in the mounting block and into aligned
      spaced openings in the leg 79 of mounting bracket 78. A cap screw 83 is
      extended through the opening 34 in the left end of housing 14' and into an
      aligned opening in the leg 80 of mounting bracket 78 to secure the left
      end of the housing 14' to the knee K. At the right-hand end of the machine
      a substantially cylindrically shaped spacer 84 is positioned at a
      preexisting opening 85 in the knee K and a cap screw 86 is extended
      through opening 33 in the right end of housing 14' and through the spacer
      84 and into a threaded opening 87 in the knee K to secure the right end of
      housing 14' to the knee. A substantially L-shaped mounting plate 88,
      having a pair of legs 89 and 90 disposed at substantially a right angle to
      one another, is secured to the end of saddle S and to the plate 46' of
      reading head unit 40' to secure the reading head to the saddle S for
      movement therewith and relative to the housing 14' and scale 21 confined
      therewithin. The upper end edge of leg 89 of mounting plate 88 has an
      arcuately shaped cutout portion 91 therein to provide clearance for the
      lower edge of the table T as the table is moved transversely of the saddle
      S and a pair of cap screws 92 and 93 are extended through openings
      adjacent the opposite upper corners of leg 89 and into a pair of
      preexisting openings 94 and 95 in the side of the saddle S beneath the
      table T. A pair of cap screws 96 and 97 extend through spaced openings in
      the opposite side edge portions of leg 90 of mounting plate 88 and into
      the slide plate 46' of reading head unit 40' to thus secure the reading
      head unit to the saddle S. A slot 98 is formed in the edge of leg 90 of
      mounting plate 88 for the power cord plug to the reading head unit 40'.
PAR  A modification of the linear digital readout assembly of the invention for
      the longitudinal or X-axis is indicated generally at 10' in FIGS. 14 and
      15 and is substantially identical in every respect with the form of the
      invention illustrated and described in FIGS. 2 and 4-10, except that
      rather than the sealing spring channels 22 and 23 in the inner lower edge
      surfaces of front and back walls 16 and 17 of the housing 14, a pair of
      separate elongate ways or track members 99 and 100 are suitably secured to
      the lower edge surfaces of front and back walls 16' and 17' of the housing
      14'. Each track member 99 and 100 includes a vertically extending web
      portion 101 and a pair of upper and lower, oppositely laterally extending
      portions 102 and 103. The inner confronting edge surfaces of upper
      laterally extending portion 102 have elongate, longitudinally extending
      channels 22' and 23' therein for receiving the opposite edges of the
      sealing spring 24 and the lower oppositely laterally directed portions 103
      are suitably secured against the lower edge surfaces of front and back
      walls 16' and 17' by means of a plurality of cap screws 105 or the like
      extended therethrough and into the walls 16' and 17'. Also, the slide
      plate 46' is slightly modified, in that it does not extend outwardly
      beneath the lower edge surfaces of walls 16' and 17', but rather fits
      within the ways or guide channels 99' and 100' defined by the opposed
      confronting portions 102 and the vertical portions 101 of the track
      members 99 and 100, respectively.
PAR  To assemble the longitudinal or X-axis linear digital readout assembly 10
      to the machine, the stop bracket, not shown, is first removed from the
      saddle S and from adjacent the front edge of table T. The surface of the
      saddle S adjacent the front thereof and the front surface of table T are
      thoroughly cleaned, as are the T-shaped slot 39 and the threads of
      openings 58 and 59, to remove all chips, oil, dirt and the like therefrom.
      The mounting block 50 is attached to the saddle by means of cap screws 56
      and 57 extended into openings 58 and 59. The cap screws 35 and 36 are then
      extended through the openings 33 and 34 in opposite ends of housing 14 and
      the T-nuts 37 and 38 threaded onto the end of the cap screws 35 and 36.
      The housing 14 is then positioned at the right-hand end of the table T and
      the nuts 38 and 37 are slid into the T-slot 39 from the right-hand end
      thereof. The table T is cranked or moved to the extreme left-hand position
      and the housing 14 is positioned along the slot 39 such that the slide
      plate 46 of reading head unit 40 is positioned over the mounting block. In
      this initial position, the reading head unit 40 is at the extreme
      right-hand end of the housing 14. The right-hand end of housing 14 is then
      pushed firmly downwardly to ensure that the T-slot nut 37 and cap screw 35
      are as close to the bottom of the T-slot 39 as they will go and the cap
      screw 35 is then tightened. The slide block 62 is then attached to the
      mounting block 50 and to the slide plate 46 and during this attachment the
      slide block 62 is pushed firmly inwardly and upwardly to position the
      slide block solidly against the mounting block and the slide plate 46 of
      the reading head 40. The cap screws 69, 70 and 63 and 64 are then
      tightened in this position. The table T is then moved slowly to the full
      right-hand position and care is taken to ensure that the reading head
      moves along the ways or bottom edge surfaces 16a and 17a of the housing 14
      without digging into or tearing the strips of protective, Teflon coated
      tape t, placed on these surfaces at the time of manufacture of the
      assembly. With the table in the full right position, the left end of the
      housing 14 is pushed firmly downwardly to make sure that the tape on the
      ways 16a and 17a is in contact with the corresponding reading head
      surfaces and the cap screw 36 is then tightened. The table is then moved
      slowly to the full left position and the reading head is observed to
      ensure that no excessive binding between the reading head and the tape
      occurs. If there is no excessive binding, the tape is then removed and the
      reading head, accordingly, has a floating movement relative to the housing
      14 and ways 16a and 17a and movement between the head and scale is guided
      by the ways of the machine. Also, the space between the reading head 40
      and ways 16a and 17a and between the reading head and scale 21 is selected
      such that the space between adjacent confronting surfaces of the reading
      head or slide plate 46 and the ways 16a and 17a of the housing 14 is less
      than the space or distance between the components 41, 42 and 43 of the
      reading head 40 and the scale 21. Thus, the reading head 40 will not
      contact the scale in the event of misalignment, but will rather engage the
      ways of the housing and thus prevent damage to the scale.
PAR  Installation of the cross-feed or Y-axis linear digital readout assembly is
      accomplished as follows. All mounting holes and mounting surfaces on the
      saddle and knee for the linear digital readout assembly 11 are thoroughly
      cleaned of all chips, oil, dirt and the like. The saddle S is cranked to
      the extreme "in" position (away from the operator) or to the right, as
      viewed in FIG. 3. The housing 14' is positioned to the side of the knee
      and the spacer 71, mounting block 74 and mounting bracket 78 are
      positioned and mounted to the knee by means of cap screws 75, 81 and 82,
      and the left end of housing 14' is mounted to the knee by the cap screw 83
      extended through the opening 34 in the housing 14' into the opening in the
      leg 80 of bracket 78. The cap screw 86 is then extended through opening 33
      at the other end of housing 14' and through spacer 84 into opening 87. The
      mounting plate 88 is then positioned so that it is aligned over the holes
      94 and 95 in the saddle, and the reading head or plate 46'  and the saddle
      are repositioned to align the bracket 88 with the mounting holes in plate
      46', but the saddle is kept as far in the "in" position as practical. Firm
      hand pressure is applied against the plate 88 so that it is forced
      upwardly and inwardly against the end of the saddle and against the
      underside of the reading head or plate 46' to thereby push the reading
      head firmly against the tape t on the housing ways 16'a and 17'a. The
      saddle is moved slowly to the full out or left position, as viewed in FIG.
      3, and the reading head is observed as it moves along the taped ways of
      the housing 14' to ensure that the reading head does not dig into or tear
      the tape linings. When the saddle is in the full out position, the housing
      14' is pushed so that its ways are in contact with the corresponding
      surfaces of the reading head and the cap screws are firmly tightened. The
      saddle is then moved slowly to the full in position to verify that no
      excessive binding between the reading head and the tape occurs and if
      there is no excessive binding, the tape is removed. Thus, the reading head
      40' has a floating movement relative to the ways of the housing 14' in its
      movement, and as before, the spacing is such that the reading head will
      contact the ways of the housing before it will contact the scale confined
      within the housing.
PAR  The cables C for the X- and Y-axis readouts are then plugged into the
      display unit 12 and the device is ready for operation.
PAR  The complete installation procedure, as outlined above, requires as little
      as fifteen minutes and requires the use of only a very few simple tools,
      such as Allen wrenches. Moreover, when the structure as described herein
      is used with a Bridgeport milling machine, there is absolutely no
      modification required of the machine and existing structures thereon are
      utilized to mount the linear digital readout assembly to the machine.
PAR  The mounting means for the X- and Y-axis digital readout assemblies are
      exceptionally simple and comprise a minimum amount of parts, and once
      installed, guiding movement of the reading heads relative to the scales is
      accomplished by the ways of the machine. Further, the digital readout
      assemblies of the present invention provide a visual, digital indication
      of both the amount and direction of relative movement between the parts of
      the machine.
PAR  As this invention may be embodied in several forms without departing from
      the spirit or essential characteristics thereof, the present embodiment is
      therefore illustrative and not restrictive, since the scope of the
      invention is defined by the appended claims rather than by the description
      preceding them, and all changes that fall within the metes and bounds of
      the claims or that form their functional as well as conjointly cooperative
      equivalents, are therefore intended to be embraced by those claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A digital readout assembly for milling machines and the like to provide
      a digital display indicating relative movement between relatively movable
      parts of the machine, comprising: a housing means, an elongate scale means
      fixedly carried by the housing means; adjustable mounting means connected
      with said housing means and secured to one of said machine parts rigidly
      securing the housing means and scale means to said one machine part in
      predetermined, adjusted, aligned relationship relative thereto; reading
      head means disposed in preassembled, prealigned, operative relationship to
      said housing means and scale means and free of engagement with said scale
      means; adjustable reading head mounting means secured to the reading head
      means and to another of said machine parts rigidly securing said reading
      head means to the other of said machine parts in predetermined, adjusted,
      aligned relationship relative thereto; removable pre-alignment spacer
      means on the housing means engageable by said reading head means to
      prealign the reading head means relative to the housing means and scale
      means; and digital display means connected to the reading head means to
      give a visual indication of relative movements between the scale means and
      reading head means and thus between the relatively movable machine parts,
      whereby during installation of the assembly on a machine, the reading head
      means can be accurately aligned relative to said scale means while being
      maintained in spaced relation thereto, and after alignment of said reading
      head means relative to said scale means, said removable spacer means is
      removed so that said reading head means is free of engagement with the
      housing means and scale means during use of the assembly, and relative
      movement between the reading head means and scale means is guided solely
      by the machine ways and is thus dependent only upon the relative movement
      between said relatively movable machine parts and relative movement
      between the machine parts is thus accurately measured and indicated.
NUM  2.
PAR  2. A digital readout assembly as in claim 1, wherein said housing means has
      reading head prealignment guide surfaces thereon, said mounting means for
      the housing means operatively supports said reading head guide surfaces
      parallel to the direction of relative movement between said machine parts,
      prealignment guide surfaces on said reading head means for cooperation
      with the guide surfaces on the housing means, said removable prealignment
      spacer means secured on the guide surfaces on the housing means, whereby
      the guide surfaces on the reading head means may be engaged with the
      spacer means to accurately align the reading head means relative to the
      scale means upon installation of the assembly to the machine, and said
      reading head mounting means operatively supports said reading head guide
      surfaces in aligned, spaced relationship with the guide surfaces on the
      housing means when the assembly is in use, so that relative movement
      between the reading head means and scale means is responsive to and guided
      only by the movement of the machine parts.
NUM  3.
PAR  3. A digital readout assembly as in claim 2, wherein said housing means is
      elongate and has substantially an inverted U-shaped cross-sectional
      configuration and includes a top wall, a front wall and a back wall, said
      reading head guide surfaces being on lower edge portions of said front and
      back walls, said reading head means preassembled and prealigned to the
      housing means between the front and back walls thereof, with the guide
      surfaces thereon cooperatively associated with the guide surfaces on the
      front and back walls.
NUM  4.
PAR  4. A digital readout assembly as in claim 3, wherein said adjustable
      mounting means for the housing means comprises threaded fastening means
      extended through openings at opposite ends of the housing means and
      secured at one end thereof to said one part of said machine, and said
      reading head mounting means comprises threaded fastening means connected
      to said reading head means and to said other part of said machine.
NUM  5.
PAR  5. A digital readout assembly as in claim 2, wherein said machine includes
      a part normally stationary in a horizontal direction, a first movable part
      supported on said stationary part and movable in a first horizontal
      direction relative to said stationary part, and a second movable part
      supported on said first movable part for movement in a second horizontal
      direction perpendicular to said first direction of movement, and a digital
      readout assembly means operatively connected to each of said movable
      machine parts for measuring and indicating said movement in said first and
      second directions, respectively, one of said assemblies operatively
      mounted to measure movement of the first machine part and the other of
      said assemblies operatively mounted to measure movement of said second
      machine part.
NUM  6.
PAR  6. A digital readout assembly as in claim 5, wherein said second machine
      part has an elongate channel therein with a substantially T-shaped
      cross-sectional configuration, threaded nuts in said channel, threaded
      fastening means extended through openings in opposite ends of the housing
      means of one of said readout assemblies and threadably engaged with said
      nuts in said channel to secure said housing means to said second machine
      part, and said reading head mounting means including a mounting block,
      threaded fastening means extended through said mounting block and into
      threaded openings in said first machine part, and a slide block secured to
      both the mounting block and the reading head means to secure said reading
      head means to said first machine part and thus measure relative movements
      between said first and second machine parts along an X-axis.
NUM  7.
PAR  7. A digital readout assembly as in claim 5, wherein said stationary
      machine part has a pair of spaced apart threaded openings therein,
      mounting block spacer means disposed in surrounding relationship to each
      opening, a mounting block secured to said stationary machine part at one
      of said openings and spaced from said stationary machine part by said
      mounting block spacer means, a mounting bracket secured to said mounting
      block, threaded fastening means extended through one end of the housing
      means of the other of said readout assemblies and into said mounting
      bracket to secure said one end of said housing means to said stationary
      part in spaced relationship thereto, and threaded fastening means extended
      through the other end of the housing means and through said mounting block
      spacer means and threadably engaged in said threaded opening in said
      stationary machine part to secure said other end of said housing means to
      said stationary part in spaced relationship thereto, to thus measure
      relative movements between said first and second machine parts along a
      Y-axis.
NUM  8.
PAR  8. A digital readout assembly as in claim 7, wherein the reading head
      mounting means for the digital readout assembly on the Y-axis of the
      machine includes an L-shaped mounting plate secured at one end thereof to
      said first machine part and secured at the other end thereof to said
      reading head means, said L-shaped mounting plate including one leg
      extending downwardly alongside said housing means outwardly from the
      machine part, and another leg extending rearwardly toward the machine
      beneath the housing means and reading head means.
NUM  9.
PAR  9. A digital readout assembly as in claim 8, wherein said second machine
      part has an elongate channel therein with a substantially T-shaped
      cross-sectional configuration, threaded nuts in said channel, threaded
      fastening means extended through openings in opposite ends of the housing
      means of one of said readout assemblies and threadably engaged with said
      nuts in said channel to secure said housing means to said second machine
      part, and said reading head mounting means including a mounting block,
      threaded fastening means extended through said mounting block and into
      threaded openings in said first machine part, and a slide block secured to
      both the mounting block and the reading head means to secure said reading
      head means to said first machine part and thus measure relative movements
      between said first and second machine parts along an X-axis.
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ABST
PAL  A measuring device to determine whether the width of a printed bar falls
      within prescribed tolerances has a sleeve with a magnifying lens at one
      end and a reticle at the other end. The reticle is inscribed with indicia
      for providing an immediate visual indication of the magnitude of width of
      the bar.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Recently, a system known as the Universal Product Code (UPC) has been
      developed as an aid to supermarkets, their suppliers and other retailers.
      The system includes the provision of a symbol on each packaged item or on
      the item itself. The symbol is optically machine readable and consists of
      plurality of spaced bars of various thicknesses and spacings. The bars are
      "read" by an appropriate optical scanner, for example, at a checkout
      counter of a retail store. Each product is assigned a symbol which has a
      different configuration of lines and spaces than all other products. Each
      symbol corresponds to a special number or alphanumeric code associated
      with each particular product. The scanner output is coupled to an
      electronic logic system which can perform a variety of functions. For
      example, the logic system can operate a cash register-receipt printout
      device to compute the price of an item and add it to the bill. It may also
      be used to maintain inventory control as well as to reprice items without
      requiring each item itself to be remarked with the new price.
PAR  It is intended that the standard overall size of the complete symbol will
      correspond approximately to that of a postage stamp. However, the actual
      overall size of the symbol will vary depending on the size of the
      particular product or its package. For example, the size of the symbol may
      vary from between 85 percent to 200 percent of the standard or nominal
      size. The bars of the symbol are relatively thin and, when the symbol is
      of nominal size, will vary from approximately 0.013 to 0.052 inch in
      width, each line being an integer multiple of 0.013 inch in width. It is
      critical that the width of each of the bars falls within the acceptable
      tolerances in order that the scanning system may function effectively. For
      example, with a symbol of standard size a tolerance of .+-.0.004 inch in
      the width of a bar presently is believed to be acceptable. The acceptable
      tolerance in the width of a bar may vary as the size of the symbol varies
      from the standard. For example, in a symbol which is twice the size of the
      standard size and in which the bar widths will be an integer multiple of
      0.026 inch, the acceptable tolerance will be greater.
PAR  It is an object of the invention to provide a device to enable the widths
      of the bars and spaces in the printed symbol to be checked easily and
      quickly.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is incorporated in a measuring magnifier having a barrel, a
      lens at one end of the barrel and a reticle at the other end of the
      barrel. The reticle has markings thereon which include at least two
      geometric figures such as a pair of circles, a pair of triangles, a pair
      of lines, or other figures as will be described. In a preferred embodiment
      of the invention one of the figures in the pair may be smaller than the
      other, with the smaller figure being located within the larger figure. The
      two figures coincide at a reference location which may be a point of
      common tangency where the geometric figures are circles. Each of the
      figures in the pair is symmetrical about a line extending through the
      reference point and perpendicular to a reference line which may be drawn
      through the reference point. The distance from the reference point to the
      most distal part of the smaller of the figures corresponds to the minimum
      acceptable width of the bar being measured and the distance from the
      reference point to the most distal part of the larger of the figures
      corresponds to the maximum acceptable width of the bar. A reference line
      may be formed through the reference point and perpendicular to the line of
      symmetry to facilitate placement of the reference point directly on one
      edge of the bar whose width is being measured. With the reference point in
      precise alignment with one edge of the measured bar, it may be seen
      visually whether the other edge of the measured bar lies within the
      minimum/maximum dimensions of the pair of geometric figures. Numerical
      indicia may be associated with each pair of figures if desired to indicate
      their actual minimum/maximum dimensions. In addition, a third geometric
      figure may be associated with each pair of minimum/maximum geometric
      figures, the third figure being of a dimension corresponding to the ideal
      width of the bar being measured. When a third such geometric figure is
      employed it preferably is located so that it coincides with and extends
      from the reference line in the same direction as the maximum/minimum pair
      of geometric figures associated therewith.
PAR  In another embodiment of the invention the pair of geometric figures may
      consist of a pair of lines spaced from each other and both lines being
      spaced from the reference line, the more proximate of the pair of lines
      defining the minimum acceptable dimension and the more distal of the lines
      in the pair defining the maximum acceptable dimension.
PAR  In a further variant of the invention a plurality of pairs of
      minimum/maximum geometric figures are associated with a common reference
      line in which the pairs of geometrical figures are spaced along a
      direction which parallels the reference line.
PAR  It is among the primary objects of the invention to provide a quick, simple
      means to determine visually whether the widths and spaces of the bars in a
      UPC symbol fall within intended prescribed tolerances.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The various object and advantages of the invention will be understood more
      fully from the following further description thereof, with reference to
      the accompanying drawings wherein:
PAR  FIG. 1 illustrates a typical symbol used in the UPC system;
PAR  FIG. 2 is an illustration, partly broken away, of a measuring magnifier
      having a reticle which incorporates the invention;
PAR  FIG. 3 is an enlarged plan illustration of the reticle and the indicia
      thereon;
PAR  FIG. 4 is an illustration of the manner in which the thickness of a bar may
      be determined in accordance with the invention;
PAR  FIG. 5 is an illustration of a variation of the invention;
PAR  FIG. 6 is an illustration of another embodiment of the invention;
PAR  FIG. 7 is an illustration of still another embodiment of the invention;
PAR  FIG. 8 is an illustration of still another variation of the invention; and
PAR  FIG. 9 is an illustration of a variation of the arrangement shown in FIG. 3
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a typical UPC machine-readable symbol as it may be imprinted
      directly on a portion of a box, label, container or other package. The
      symbol includes a plurality of alternating bars 10 and spaces 12, the bars
      and spaces 12 being of varying widths. The various widths of the bars 10
      are selected so that they may be read optically by an appropriate optical
      scanner. The various bar and space widths correspond to digital
      information which identifies by code the particular product, the source of
      the product or the like. The symbol may also include alphanumeric indicia
      14 corresponding to the information embodied in the configuration of bars
      10.
PAR  In the present form of the UPC system, the symbol is divided into a
      plurality of adjacent regions 15, each of identical width, each region
      containing a selected bar-space configuration corresponding to one
      particular alphanumeric character. Each of these regions is composed of
      seven modular widths, each module ideally being 0.013 inch in a symbol of
      standard size. Thus, the total width of one of the regions 15 allocated to
      include various bars and spaces corresponding to a particular alphanumeric
      character is, ideally, 0.091 inch. The 0.091 inch region may be occupied
      by any of a variety of alternating bars and spaces. Each bar and/or space
      is an integer multiple of the 0.013 modular width. The system utilizes
      four different bar and/or space widths. Each of these widths is intended
      to be an integer multiple of the basic (or modular) width, with the finest
      bar or space having a width equal to the modular width. For example, with
      a symbol of standard size the bar and space widths are selected from a
      group including the most narrow width, equal to one module in width (0.013
      inch), a second width of 0.026 inch, a third width of 0.039 inch and a
      fourth width of 0.052 inch.
PAR  In order for the system to function effectively, the width of the bars and
      spaces must remain within certain prescribed limits to enable the optical
      scanner to distinguish between each of the four different bar or space
      widths. At present, a tolerance of .+-.0.004 inch is considered to be
      acceptable for a standard size symbol having a modular width of 0.013
      inch. Thus, the most narrow bar or space, which ideally is 0.013 inch in
      width, will be properly read by the optical scanner if the actual width of
      the bar or space is between 0.009 inch and 0.017 inch. Similarly, the
      widest of the bars, which ideally is 0.052 inch, will be properly read by
      the transducer if its actual width is no less than 0.048 inch nor more
      than 0.056 inch.
PAR  In accordance with the invention the width of a particular bar or space may
      be easily and accurately checked to determine whether it falls within the
      required tolerance range. To this end, a comparative magnifier, shown in
      FIG. 2, is provided. The magnifier includes a barrel 16 which preferably
      is made from transparent plastic and is threaded at both ends. The barrel
      may be flared outwardly in a downward direction as shown. A magnifying eye
      piece 18 is threaded onto the upper end of the barrel 16 and may be
      rotated to vary its focus to suit the individual user. A reticle 20 is
      threaded onto the lower end of the barrel, the reticle 20 including a
      transparent plate 22 of glass or the like. The glass plate of the reticle
      is provided with markings, as by imprinting or etching, in accordance with
      the invention as described below. In use, the measuring magnifier is
      placed, reticle down, on the symbol.
PAR  FIG. 3 shows, greatly enlarged, a preferred configuration for the indicia
      on the reticle. The indicia includes four comparison groups 24a, 24b, 24c,
      24d and may also include additional comparison groups 24e, 24f and 24g. In
      this embodiment, each of the first four comparison groups 24a-24d is
      dimensioned to provide a comparative measurement of one of the four
      predetermined bar or space widths employed in the UPC system. Thus,
      comparison group 24a is intended to provide measurement of the smallest
      bar or space width, ideally 0.013 inch for a standard size UPC symbol, and
      comparison group 24d is intended to provide measurement of the largest bar
      or space width. Comparison group 24g is intended to provide a comparative
      measurement of the width of the entire region 15 of seven modules.
      Comparison groups 24e and 24f, which relate to the fifth and sixth integer
      multiples of the basic module width have utility in that they can be
      employed to check the widths of groups of five or six intermediate modules
      within a region 15.
PAR  In the illustrative embodiment each of the comparison groups includes a
      vertical reference line 26a-26g. A geometric figure, such as a circle 28
      is formed on the reticle and coincides with and is tangent to the
      reference line 26. The circle is dimensioned to define a diameter equal to
      the ideal line width to which that comparison group relates. For example,
      circle 28a in comparison group 24a would have a diameter of 0.013 inch.
      Preferably this diameter is measured across the inside of the circle.
PAR  Each comparison group also includes a pair of tolerance or limit characters
      located along the reference line 26 and spaced from the target circle 28.
      The tolerance characters may be the same geometrical configuration as the
      target character 28, e.g., circular, as shown in this embodiment. The pair
      of tolerance characters includes a maximum diameter circle 30 and a
      minimum diameter circle 32 within the maximum diameter circle 30. Each of
      the minimum and maximum diameter circles 30, 32 coincide with each other
      at a common point of tangency and with a reference point 34 on the
      reference line. The minimum diameter circle 32 has a diameter which is
      less than that of the target circle 28 by an amount equal to the minimum
      tolerance limit (here 0.009 inch) and the maximum diameter circle 32 has a
      diameter equal to the maximum tolerance beyond that of the target circle
      28 (here 0.017 inch). It may be noted further that the maximum and minimum
      circles 30 and 32 are symmetrical about a horizontal centerline which,
      while not necessarily included in the reticle markings, is perpendicular
      to the reference line 26 and intersects the reference point 34. The
      location of such a centerline is suggested in phantom at 35 in FIG. 3.
      Each of the other comparison groups formed on the glass 22 of the reticle
      20 includes an identical configuration of target circles 28b-28g and an
      identical configuration of maximum diameter circles 30b-30g and minimum
      diameter circles 32b-32g. In each pair of minimum/maximum diameter limit
      circles, their diameters differ by 0.008 inch. The circles 28a-28g all lie
      along a common horizontal centerline (not shown) and the circles 30a-30g
      and 32a-32g all also lie along a common horizontal centerline 35 and are
      symmetrical thereabout.
PAR  FIG. 4 is an enlarged illustration, magnified approximately forty times,
      and illustrating the manner in which the width of a bar in a standard size
      symbol may be checked. Here, the bar being measured is intended to be of
      the first order of width, 0.013 inch. The reference line 26a is aligned
      with one edge of the bar 36 to be measured thus locating the reference
      point 34 along one edge 37 of the bar. It may then be seen visually
      whether the other edge 38 of the bar falls between the most distal
      portions of the maximum/minimum circles 30, 32 thus indicating that the
      width of the line is within the acceptable tolerances. If the other edge
      38 lies outside of the maximum diameter circle 30, as indicated at 39, or
      lies within the minimum diameter circle 32, as indicated by the line 40,
      the bar width is outside of the acceptable tolerances.
PAR  While the foregoing configuration of indicia is preferred, it may be noted
      that it is possible to utilize the principles of the invention by
      reference only to the pair of minimum/maximum circles 30, 32, with the
      reference line 26 and target circle 28 being omitted. This is illustrated
      in FIG. 5 from which it may be seen that the reference point 34, where the
      circles 30, 32 intersect each other and are in tangency, is placed to
      overlie one edge 37 of the bar 36 being measured. The user may then
      determine whether the other edge 38 lies within the acceptable tolerances,
      as shown in the drawing. While this configuration may be employed, it is
      noted that the use of the reference line 26 is preferred in that it
      facilitates precision alignment of the edge of the bar with the reference
      point 34 of the circles 30, 32.
PAR  While the invention has been described primarily as employing circles in
      the comparison groups 24, other geometric configurations may be employed.
      For example, as shown in FIG. 6, the geometric figures in the pair thereof
      are each triangular with one side of each of the triangles coinciding with
      each other and defining a reference region in the form of a line 42 rather
      than a point as described in the previous embodiment. The apexes 44, 46 of
      the outer and inner triangles 48, 50 extend to the corresponding minumum
      and maximum distances from the reference region 42 in the same manner as
      described with regard to the circular configurations. The triangular
      configuration may be employed with or without an extended reference line
      52.
PAR  FIG. 7 shows a further variation in the configuration of the geometric
      comparison figures in which the figures are of generally elliptical shape,
      with each figure extending from a vertical line 54 which defines, in part
      as at 56, a reference line. The most distal portion of each of the outer
      and inner elliptical figures 58, 60 are spaced from the reference region
      56 by an amount equal to the minimum and maximum widths of the bar
      intended to be measured.
PAR  It may be noted that in some instances it may be desired to employ a pair
      of geometric figures of configurations which are not identical. For
      example, in some instances it may be desirable to employ a combination of
      a circle and triangle or the like. In each instance, however, the two
      geometric figures preferably coincide at at least one point which may
      serve as a reference point and the most distal portions of the two figures
      in the pair must correspond to the maximum/minimum acceptable widths of
      the bar to be measured. It is preferred, although not strictly essential,
      in all the various embodiments that each of the geometric figures in each
      pair be of a configuration which converges as it approaches the most
      distal point of the figure from the reference point or reference line.
PAR  FIG. 8 shows still another variation in which the geometric comparison
      figures are in the form of a pair of spaced lines 62, 64 which are spaced
      from a reference line 66. Line 64 which is disposed nearer the reference
      line 66 corresponds to the minimum acceptable width being measured and
      line 62 which is more distal from reference line 66 corresponds to the
      maximum acceptable width being measured. The lines 62, 64 preferably are
      disposed symmetrically about a line which may be imaginary but is shown at
      68 in phantom and which extends perpendicular to the reference line 66.
      The lines 62, 64 may converge toward their most distal points, where they
      also intersect with their common line of symmetry 68. As mentioned,
      however, it is not strictly essential that the pair of limit characters
      62, 64 converge and a pair of limit characters in the form of a pair of
      lines may be employed even in a non-converging configuration.
PAR  FIG. 9 shows a further variation of the arrangement shown in FIG. 3. In
      this variation, the comparison groups 24a-24g are arranged in vertically
      spaced relation with their reference points all being tangent to a common
      vertical line 70. If desired, each of the comparison groups may be spaced
      from a corresponding target circle, with each of the target circles
      28a-28g being located along the axis of symmetry 72 of their corresponding
      comparison groups and also being tangent to a common vertical line 74, if
      desired. With this configuration the common reference line 70 may be
      aligned with one edge (e.g. 37 in FIG. 5) of the bar to be measured. It
      may then be seen visually whether the other edge 38 of the bar falls
      within the minimum/maximum limit characters of any of the comparison
      groups.
PAR  It should be understood that the foregoing description of the invention is
      intended merely to be illustrative thereof and that other modifications
      and embodiments may be apparent to those skilled in the art without
      departing from its spirit.
CLMS
STM  Having thus described the invention what we desire to claim and secure by
      Letters Patent is:
NUM  1.
PAR  1. A measuring magnifier for determining whether the width of a bar of
      space falls within predetermined tolerances limits comprising:
PA1  a barrel;
PA1  a magnifying lens mounted to one end of the barrel;
PA1  a reticle mounted to the other end of said barrel; and
PA1  indicia formed on said reticle, said indicia including means defining a
      reference location and a pair of geometrical figures, each of said figures
      extending away from said reference location in the same general direction,
      each of said figures having at least a portion located distally from said
      reference location, the distance between said reference location and the
      nearer of said distal portions corresponding to the minimum acceptable
      width of said bar of space to be measured and the distance between said
      reference region and the the more distal of said distal regions
      corresponding to the maximum acceptable width of said bar to be measured.
NUM  2.
PAR  2. A device as defined in claim 1 further comprising:
PA1  each of said geometrical figures being of a shape in which it converges as
      it approaches its distal region.
NUM  3.
PAR  3. A device as defined in claim 1 wherein said geometrical figures are
      located symmetrically about a common line of symmetry.
NUM  4.
PAR  4. A device as defined in claim 2 wherein said geometrical figures are of
      the same configuration and in which one of the figures is disposed within
      the other of said figures.
NUM  5.
PAR  5. A device as defined in claim 1 wherein said geometrical figures coincide
      with each other at the reference location.
NUM  6.
PAR  6. A device as defined in claim 5 further comprising:
PA1  said indicia including at least one reference line;
PA1  a circle tangent to the reference line and having a diameter equal to a
      target dimension which lies within said predetermined tolerance limits;
PA1  said geometrical figures comprising circles on the same side of the
      reference line as the first circle, each of the pair of circles being
      tangent to each other and a point on the reference line, said point
      comprising said reference location.
NUM  7.
PAR  7. A device as defined in claim 6 further comprising:
PA1  at least one additional reference line on the reticle parallel to the first
      mentioned reference line; and
PA1  a group of circles tangent to each of said additional lines and arranged
      identically therewith to the circles tangent to the first reference line,
      each of said group of circles having diameters related to another target
      dimension.
NUM  8.
PAR  8. A reticle for use in a measuring device for determining whether the
      width of bars or spaces are within prescribed limits comprising:
PA1  a transparent glass-like panel;
PA1  a plurality of spaced parallel reference lines on the panel; and
PA1  at least two circles tangent to and on the same side of each line with the
      circles tangent to the same reference line having diameters related to the
      prescribed limits of different bars or spaces to be measured.
NUM  9.
PAR  9. A reticle as defined in claim 8 further comprising:
PA1  the diameters of the circles tangent to the same reference line having
      diameters equal to the maximum and minimum acceptable prescribed width of
      the same bar or space to be measured.
NUM  10.
PAR  10. A reticle as defined in claim 9 further characterized by a third circle
      tangent to each reference line and having a diameter equal to the intended
      width of the bar or space being measured.
NUM  11.
PAR  11. A reticle as defined in claim 8 further characterized by a third circle
      tangent to each reference line and having a diameter equal to the intended
      width of the bar or space being measured.
NUM  12.
PAR  12. A measuring device for evaluating visually whether the widths of
      imprinted parallel bar or space in a Universal Product Code symbol or the
      like fall within prescribed standards comprising:
PA1  a barrel and a lens mounted on one end thereof, and a reticle mounted on
      the other end thereof, said reticle including at least one reference line;
PA1  a pair of circles tangent to the reference line on the same side thereof,
      each of said circles being of different diameter;
PA1  one of said circles having a diameter greater by a predetermined distance
      than the intended width of a selected bar or space in said symbol and the
      other circle having a diameter less, by said predetermined distance, than
      the intended width of the same bar or space in said symbol.
NUM  13.
PAR  13. A measuring device as defined in claim 12 further comprising:
PA1  a reference line imprinted on said reticle; and
PA1  said circles being tangent to said reference line and tangent to each other
      at a reference point.
NUM  14.
PAR  14. A measuring device as defined in claim 9 further comprising:
PA1  a third circle tangent to the reference line and on the same side thereof
      as the other circles tangent to said reference line; and
PA1  said third circle having a diameter equal to the intended width of the same
      bar or space in said symbol being measured.
NUM  15.
PAR  15. A measuring device as defined in claim 14 further comprising:
PA1  a plurality of additional reference lines on the reticle, each parallel to
      the first reference line, each additional reference line being tangent to
      a pair of additional circles, said additional circles being tangent to
      each other and to their associated reference lines and having diameters
      which are respectively more or less wide, by a predetermined distance,
      than the intended width of another bar or space in said symbol, each of
      said additional reference lines having a third circle tangent to it and
      having a diameter equal to the intended width of said other bar or space
      in said symbol.
NUM  16.
PAR  16. A method for visually determining whether the width of a bar or space
      falls within prescribed tolerances comprising:
PA1  providing an outline of a first geometric figure;
PA1  providing an outline of a second geometric figure;
PA1  placing said first and second geometric figures in overlying relation to
      said bar or space to be measured with at least a portion of an edge of
      each of said figures coinciding with said edge of said bar or space, said
      geometric figures being of predetermined dimensions in which one of said
      figures corresponds to the minimum acceptable width and the other of said
      figures corresponds to the maximum acceptable width, said figures further
      being placed so that said figures have a common overlapping reference
      point at said region in which they overlap said edge of said bar or space;
      and
PA1  visually determining whether the opposite edge of said bar or space extends
      through one, both or neither of said geometric figures.
NUM  17.
PAR  17. A measuring device for determining whether the width of a bar or space
      lies within prescribed limits comprising:
PA1  a transparent panel;
PA1  a reference line formed on the panel;
PA1  a plurality of comparison groups formed on the panel, each of the
      comparison groups including a pair of geometric figures spaced from each
      other and from the reference line, the geometric figure disposed nearer
      the reference line corresponding to the minimum acceptable width of said
      bar or space to be measured and the more distal of the geometric figures
      corresponding to the maximum acceptable width of said bar or space to be
      measured;
PA1  each pair of geometrical figures being spaced by different increments from
      the reference line; and
PA1  each pair of geometrical figures being spaced from the other pairs of
      geometrical figures along a direction which parallels the reference line.
NUM  18.
PAR  18. A device as defined in claim 17 wherein said transparent panel
      comprises a reticle constructed and arranged to be mounted in a measuring
      magnifier.
NUM  19.
PAR  19. A measuring device as defined in claim 17 wherein the geometric figures
      each are of a configuration in which they converge as they approach their
      respective distal regions.
NUM  20.
PAR  20. A method for visually determining whether the width of a bar or space
      falls within prescribed tolerances comprising:
PA1  providing a transparent panel having a reference region formed thereon and
      a pair of geometric figures formed thereon in spaced relation to each
      other and to said reference region, the geometric figure nearer to the
      reference line corresponding to the minimum acceptable width of the bar or
      space to be measured and the geometric figure more distal from the
      reference line corresponding to the maximum acceptable width of said bar
      or space;
PA1  placing said transparent panel over said bar or space to be measured so
      that the reference region overlies one edge of the bar or space to be
      measured; and
PA1  visually determining whether the opposite edge of the bar or space extends
      within the space defined by the first and second geometric figures.
NUM  21.
PAR  21. A method for visually determining whether the width of a bar or space
      falls within prescribed tolerances comprising:
PA1  providing a transparent panel having a reference line formed thereon and a
      plurality of comparison groups formed thereon, each of the comparison
      groups including a pair of geometric figures spaced from each other and
      from the reference line, the geometric figures in each comparison group
      which is disposed nearer the reference line corresponding to a minimum
      acceptable width of said bar or space to be measured and the more distal
      of the geometric figures in that comparison group corresponding to the
      maximum acceptable width of said bar or space to be measured, each of the
      comparison groups being spaced by different increments from the reference
      line, and each comparison group also being spaced from each of the other
      comparison groups along a direction which parallels the reference line;
PA1  placing said panel in overlying relation to the bar or space to be measured
      with the reference line in alignment with one edge of the bar or space to
      be measured; and
PA1  visually determining whether the opposite edge of the bar or space being
      measured extends between any pair of geometrical figures in any of the
      comparison groups.
NUM  22.
PAR  22. A measuring magnifier for determining whether the width of a bar of
      space falls within predetermined tolerances limits comprising:
PA1  a barrel;
PA1  a magnifying lens mounted to one end of the barrel;
PA1  a recticle mounted to the other end of said barrel; and
PA1  indicia formed on said recticle, said indicia including means defining a
      reference location and a pair of geometrical figures, each of said figures
      being spaced from said reference location in the same general direction,
      each of said figures having at least a portion located distally from said
      reference location, at least the distal portions of each of said figures
      being spaced from each other, the distance between said reference location
      and the distal portion of the nearer of said figures corresponding to the
      minimum acceptable width of said bar or space to be measured and the
      distance between said reference locacation and the distal portion of the
      more distal of said figures corresponding to the maximum acceptable width
      of said bar or space to be measured.
PATN
WKU  039428974
SRC  5
APN  5189403
APT  1
ART  257
APD  19741029
TTL  Method and apparatus for detecting solid substances contained in liquid
ISD  19760309
NCL  3
ECL  1
EXA  Punter; Wm. H.
EXP  Smith; Alfred E.
NDR  3
NFG  5
INVT
NAM  Takahashi; Toshio
CTY  Honjo
CNT  JA
INVT
NAM  Tagaya; Ryosaku
CTY  Isezaka
CNT  JA
INVT
NAM  Ehara; Toshiyasu
CTY  Misato
CNT  JA
ASSG
NAM  Eisai Co., Ltd.
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19721031
APN  47-108524
PRIR
CNT  JA
APD  19730524
APN  48-59379
RLAP
COD  74
APN  409368
APD  19731025
PSC  04
CLAS
OCL  356197
XCL  356104
EDF  2
ICL  G01N 1502
FSC  356
FSS  104;197
FSC  350
FSS  96 B
FSC  209
FSS  73;111.7
UREF
PNO  2635194
ISD  19530400
NAM  Kellogg et al.
XCL  356197
UREF
PNO  3415997
ISD  19681200
NAM  Vinzelberg et al.
XCL  356197
UREF
PNO  3591290
ISD  19710700
NAM  Zinner et al.
OCL  356102
UREF
PNO  3602640
ISD  19710800
NAM  Maillet et al.
XCL  350 96B
UREF
PNO  3811567
ISD  19740500
NAM  Tomita et al.
XCL  356197
LREP
FRM  Wenderoth, Lind & Ponack
ABST
PAL  Method and apparatus for detecting and measuring solid alien substance(s),
      which may adversely exist in a liquid contained in a transparent
      container, are provided. Light is applied to the container as it is
      rapidly rotated and then suddenly stopped to cause floating or suspending
      the solid substance(s) in the liquid. The light passed through the liquid
      or passed through light and also the light reflected from the solid
      substance(s) are separately captured and their individual intensities are
      measured by means of photometry. The method and apparatus may be utilized
      for sorting out the transparent liquid from that contaminated with solid
      impurity, depending upon the intensity(s) of the captured light or lights.
PARN
PAR  This application is a division of application Ser. No. 409,368 filed Oct.
      25, 1973.
BSUM
PAR  This invention relates to a novel method and apparatus for detecting and
      measuring solid alien substance(s) that may exist in admixture in a liquid
      contained in a transparent container.
PAR  For checking and selecting out the solid substances that may exist in
      admixture, for example, in medical liquids, liquid foods, liquid
      chemicals, chemical reagents, etc. contained in ampoules, bottles or other
      kinds of containers, there are known and used, besides the macroscopic
      inspection method, various types of effective and automatic liquid
      inspecting methods and apparatus utilizing a photoelectric element.
PAR  According to these known automatic inspection methods, light is projected
      onto a liquid container such as, for example, an ampoule and the scattered
      light rays that are reflected from the alien substances in the liquid are
      received by the photoelectric element. In this case, if no alien substance
      exists, the photoelectric element receives only the scattered light
      reflected from the liquid alone in the container such as an ampoule,
      whereas if any alien substance is present, said element receives the
      scattered light rays reflected from both the liquid and alien substance so
      that the amount of light received by the photoelectric element is
      increased. Therefore, it is possible to photoelectrically determine the
      quantity of the alien substance present in the liquid through comparative
      measurement of the amounts of light received.
PAR  However, the intensity or quantity of scattered light reflected from the
      alien substance mingled in the liquid is not only proportional to the
      reflection area of the alien substance, but is also greatly affected by
      the shape of the substance or its light reflectibility. For example, a
      black colored material generally has a smaller reflectibility than a white
      material. Accordingly, if the quantity of light reflected from a
      small-sized white material and that from a large sized black material are
      measured separately, there would be a case where it is erroneously judged
      that these two materials are the same size or are present in the same
      quantity. The essential function of the inspecting apparatus is to detect
      the alien substances having the sizes in excess of a certain preset
      standard value and to remove such oversized substances. Therefore, if an
      inspection standard is set on the basis of reflectability which is not
      always proportional to the size of the substance, the result of the
      measurements may prove incorrect and lead to erroneous results.
PAR  Now we have found, as one of the aspects of this invention, that accuracy
      of measurement can be remarkably improved by using a method in which,
      instead of measuring the intensity of light reflected from the alien
      matters, as in the conventional methods, light rays that have passed
      through the liquid are received on a plurality of small light-receiving
      faces and the corresponding electric outputs from these respective
      light-receiving regions are scanned and made into a single output. This
      method is based on the fact that as each of the plurality of
      light-receiving faces is equal in area to the projected image of the
      smallest one of the alien substances that are to be checked, the
      light-receiving faces are perfectly shaded by the alien substances. There
      is thus produced an extremely large difference in the amount of light
      received on said light-receiving faces between the cases where alien
      substances exist in the liquid and where alien substances do not exist.
PAR  Thus, according to the above-mentioned aspect of this invention, there is
      proposed a method in which, instead of measuring the scattered light rays
      reflected from the alien matters, shading of the direct light rays by the
      alien matters is taken into account in making the inspection. The
      mechanism of the present invention is such that an output is given by the
      photoelectric element only when the size of the alien matter exceeds a
      certain preset level. According to this method, it has been found that
      inspection for alien matters in a liquid to be examined can be
      accomplished with far higher accuracy than that obtained with any of the
      conventional methods. If anything, however, it may be said that the result
      obtained by carrying out this method is more or less affected by light
      permeability of the alien matters. For instance, a white slender and
      elongated solid matter, such as a filament-like substance, has a pale
      projected image and hence has lower sensitivity than a black matter of the
      same shape and size.
PAR  Such shortcomings as aforementioned can, however, be overcome by the second
      aspect of this invention, wherein the above-mentioned method according to
      the first aspect of this invention is combined with a known method by
      which the existence of solid alien matters is determined by measuring the
      reflected light from said solid matters.
DRWD
PAR  With reference to the accompanying drawings:
PAR  FIG. 1 is a diagrammatic view of an apparatus embodying the first aspect of
      the present invention;
PAR  FIG. 2 is an enlarged view showing the construction of a known optical
      fiber system scanning device which can be used as the scanning unit
      constituting a part of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a plan view of the essential component parts in a preferred
      embodiment of the second aspect of this invention;
PAR  FIG. 4 shows a mechanism for supporting an ampoule filled with liquid, for
      example, for examination; and
PAR  FIG. 5 is a diagram illustrating the known reflecting mechanism of the
      projected light, which may be used as the part of the arrangement for the
      embodiment of FIG. 3 according to the second aspect of this invention.
DETD
PAR  The method of this invention will be hereinafter described by way of an
      embodiment as applied to an ampoule filled with a liquid such as liquid
      medicine.
PAR  In the first aspect of this invention, parallel light rays, as is later
      explained in more detail, with reference to accompanying FIGS. 1 and 2,
      are applied to an ampoule by directing light from a light source through a
      lens, the ampoule being secured to a revolvable support block where said
      ampoule will be rotated at a high speed and then stopped suddenly. Behind
      said ampoule is provided a focussing lens whereby the projected image of
      the ampoule is formed on a plane behind said lens. The light-receiving
      faces of a photoelectric converter provided with a scanning unit are
      provided on said plane. In case some solid alien substance exists in the
      liquid held in the ampoule, the direct light projected to the
      light-receiving faces from the light source is shaded by the solid alien
      substance so that the amount of light received by the shaded
      light-receiving faces is greatly decreased. This condition is converted
      into an electric signal by means of a scanning type photoelectric
      converting element. Thus, whether the ampoule contains any alien substance
      therein or not can be determined by the presence or absence of said
      signal.
PAR  In a preferable scanning unit, there is arranged on a straight vertical
      line a plurality of small light receiving faces, each of which has an area
      equivalent to at least the smallest regulated size of alien substances to
      be detected. Such light receiving faces may, for instance, be provided by
      a bundle of optical fibers used in an optical fiber type scanner, as shown
      in FIG. 2, or by a scanning type photo-diode array, and the mechanism is
      arranged such that these small light-receiving faces will be scanned one
      after the other successively.
PAR  As an example thereof, a rotary scanner using optical fibers is discussed
      with reference to FIG. 2 where such scanner is shown in an enlarged
      perspective view. This optical fiber type scanning unit consists of a
      plurality of optical fibers 6 each of which is as fine as 100.mu. in size,
      a rotary scanning element 8, a photoelectric element 9 and an amplifier
      10. Said plurality of optical fibers are arranged at one end in a straight
      vertical line to form a rectilinear end 5', while the other ends are
      arranged circularly to form a circular end 7 (straight line-circle
      converter system). The rotary scanning element 8 made of optical fiber is
      adapted such that its one end will rotatively scan along said circular end
      7 of the optical fiber bundle 5, the other end of said scanning element 8
      being optically connected to the light receiving faces of the
      photoelectric element 9. The light rays from a light source 1 are
      projected through an ampoule 3 (which has just been brought into a
      suddenly stopped condition from a high speed rotating condition) onto the
      light-receiving faces, each having a small section along the rectilinearly
      arranged end 5' of the optical fibers 6 and hence said light receiving
      faces are illuminated with a certain brightness. However, if any alien
      substance exists in the liquid in the ampoule, the projected image of such
      alien substance (which continues moving rotatively in suspension in the
      liquid, even after the rotation of the ampoule has been stopped suddenly)
      momentarily crosses said rectilinear end 5' so that the direct light rays
      from the light source to said light-receiving faces are shaded during such
      period of crossing to darken said faces. As such bright and shaded
      conditions at the linear end 5' are transmitted continuously to the
      circular end 7 through the optical fibers 6, the revolving scanning
      element 8 picks up such bright and shade conditions for every optical
      fiber at the circular end 7, and the picked up conditions are immediately
      converted into a strong or weak current by the photoelectric element 9 and
      the amplifier 10, and the measurement and selection of the inspected
      pieces are carried out by a suitable known method according to the
      electric signal produced by said conversion.
PAR  In the above-described embodiment of the present invention, the shading of
      light effected by the alien substance on the light receiving faces of the
      optical fibers is utilized in making the measurement, so that even in case
      the alien substance has a low reflectibility, there can be obtained a
      signal with high S-N ratio, ensuring a high degree of accuracy of
      measurement. Also, since the projected image with the same size as the
      diameter of one piece of optical fiber is equal to the minimum size of the
      alien substance detected, it is possible to optionally change the smallest
      size of the detectible alien substance by adjusting the magnification of
      the focussing lens.
PAR  As described above, if an ampoule is rotated at a high speed and then
      stopped suddenly, the liquid therein continues to move in a whirling
      motion by inertia, even after stoppage of the ampoule rotation, and hence
      the alien substance, if any, present in the liqud also continues to rotate
      in a floating condition together with the liquid. According to the present
      invention, light rays are projected on the solid alien substance in that
      condition.
PAR  A typical embodiment of the above will be illustrated in a more concrete
      manner with reference to FIG. 1.
PAR  The illumination lamp 1 is lighted to form parallel light rays through a
      condensing lens 2 disposed in front of said lamp, and the light rays are
      passed through an ampoule 3 to be inspected which is fixed on a revolvable
      block or rest 17 as shown in FIG. 4. Said block is first rotated at a high
      speed and then stopped suddenly, whereby the alien solid substance present
      in the liquid of the ampoule is caused to move in a whirling motion in the
      ampoule together with the liquid. The projected image of this alien
      substance is formed on the rectilinear end 5' of the optical fibers 6 of
      the scanning unit by a focussing lens 4, whereby the direct light from the
      lamp 1 is shaded, that is, prevented from being projected onto the
      light-receiving faces of the optical fibers. The darkened state created by
      this shading of the projected light is communicated to the circular end 7
      through the optical fibers 6, and the condition of the circular end 7 is
      picked up successively by the revolving scanning element 8 and transmitted
      to the light receiving faces to the photoelectric element 9 to be
      converted into an electric pulse signal, which is then further amplified
      with an amplifier 10 to produce an amplified signal. In this way,
      existance of alien substance, if any, is detected and converted into an
      electric pulse signal so that it is possible to know that solid impurities
      are present in the ampoule and to perform sorting out of the ampoule
      according to such electric signal.
PAR  The above-described optical fiber system scanning unit can be replaced by a
      known scanning type photodiode array.
PAR  Turning to the second aspect of this invention, it should be emphasized
      that the result of the observation is not affected much at all by the
      shape or kind of the alien substances such as aforementioned, and that it
      is possible to detect with high accuracy the alien matters having areas or
      sizes greater than a certain preset standard. An embodiment thereof will
      be explained with reference to FIGS. 3, 4 and 5. Although there is shown
      in FIG. 3 an embodiment of the apparatus in which the reflected light is
      detected in the first step, and in the next step the transmitted light is
      separately captured, it is also possible to reverse the order of these two
      steps, and/or to provide an arrangement which will independently detect
      both the transmitted and reflected light with a single mechanism, or to
      provide plural reflected light capturing means and/or plural transmitted
      light capturing means for groups of a series of test pieces which are fed
      successively, so as to accomplish the same optical inspection over a
      plural number of test pieces at one and the same time. All of these
      modifications are within the scope of the present invention.
PAR  Referring to FIG. 3, the apparatus shown in plan view consists essentially
      of the following four sections:
PAR  a. a section where the ampoules (the objects to be examined) are
      successively supplied; (b) a section where the mechanism for examining the
      ampoule content with reflected light is located; (c) a section where the
      mechanism for examining the ampoule content with transmitted light is
      positioned; and (d) a section where the examined ampoules are sorted out
      and retrieved.
PAR  The ampoule supply section (a) consists of an ampoule feeding hopper 11, a
      new conveyor 12, a hopper guide 13, a feeding star wheel 14, and a star
      wheel guide 15. The bottom of the feeding hopper 11 is slanted toward the
      center, having a conical shape so that the ampoules supplied into said
      feeding hopper 11 are guided down in a row through the hopper guide 13 due
      to their own weight and with the aid of the net conveyor 12 spread at the
      end of the cone-shaped bottom portion of the hopper.
PAR  The ampoules thus fed in a row are then carried by the star wheel 14 one by
      one intermittently onto one of the revolveing ampoule rests 17 on a first
      turret 16 at an intermittent pitch of one-quarter turn of said turret 16.
      (In case four revolving ampoule rests 17 are provided on said turret, each
      piece, as shown in FIG. 4, is adapted to uprightly sustain an ampoule
      while rotating it therewith.)
PAR  Each of the four ampoules positioned vertically at the peripheral edge of
      the first turret 16 is retained at the center of each revolving ampoule
      rests by said star wheel and guide 15. As the turret turns, each said
      ampoule is held by a guide 18 and moved to the ampoule rotating means A.
PAR  During this movement, an upper cap 19 (see FIG. 4) descends to hold the
      ampoule with spring force so that the ampoule won't slip on its rest 17.
      The up and down movement of said upper cap 19 is effected through a
      cylindrical cam 20 which is secured by a fixed shaft 21 disposed at the
      center of the turret. The ampoule thus delivered to the ampoule rotating
      section A is rotated at high speed by the rest 17 and then suddenly
      stopped by the operation of a motor 22, brake 23 and clutch 24.
      Thereafter, by a turn of the turret, the ampoule is moved to the examining
      section B where the ampoule content is examined with reflected light.
PAR  In this examining section B, as shown in FIG. 5, a slit-shaped light beam
      formed by a light source 25 and a lens 26 is projected to a side of the
      ampoule 3, and the scattered light reflected from the alien matters
      whirled up in the central portion of the ampoule liquid by the aforesaid
      high speed rotation and ensuing sudden stoppage is captured by means of a
      focussing lens 27 and a photoelectric element 28 (which may be a
      photomultiplier tube) which are disposed at a certain angle relative to
      the slit shaped beam, and the captured reflected light is immediately
      converted into an electric signal. This electric signal discriminates the
      good ampoules from the bad ones according to a preset pulse level, and the
      reject signals, if any, are memorized by a memory element.
PAR  The ampoule which has thus been examined in the examining section B is now
      moved to the discharge section C of the first turret 16. During this
      movement, the upper cap 19 ascends. Upon arriving at the discharge section
      C, the ampoule is pushed upwardly by a push-up rod which projects up
      through a hole provided in the center of the base of the support block 17.
      Then, the ampoule is caught and held by a guide 30 and discharged from the
      first turret 16 by the intermittent turning of a transfer star wheel 31
      (turning at an intermittent one-third turn pitch), to deliver the ampoule
      to a second turret 32 where the content is further examined with the
      transmitted light. Thus, the ampoule is transferred by said star wheel 31
      onto the second turret 32 in the same way as it was delivered to the first
      turret 16 and here again the ampoule is given a high speed rotating motion
      and guided to the examining section E of the second turret 32 where the
      ampoule is examined by transmitted light.
PAR  In this examining section E, the parallel light rays created by a light
      source 1 and a lens 2, as shown in FIG. 1, are projected through each
      ampoule so that its projected image will be formed on a plane behind a
      focussing lens 4 disposed behind the ampoule, said plane being of a known
      optical fiber assembly 5 having a scanning portion at the other end. The
      projected image screened by the alien matters whirled up in the central
      portion of the ampoule liquid is scanned by an optical fiber type scanner
      8 and converted into an electric signal by a photoelectric element 9 and
      an amplifier 10 and further processed by an electronic mechanism, whereby
      the "good" and "bad" ampoules are discriminated according to a preset
      pulse level, with the reject signals being memorized by a memory element.
      After having been thus examined in the examing section E, the ampoule is
      then moved to the discharge section F of the second turret 32. In the
      discharge section F, the ampoule is discharged by means of a discharging
      star wheel 33 and a discharging star guide 34 in the same way as in the
      discharge section C of the first turret 16. The discharging star wheel 33
      is provided with means 35 for sorting out the good ampoules and bad
      (non-conforming) ampoules. That is, the reject signals memorized in the
      examining section B and/or the reject signals memorized in the examining
      section E all indicate non-conforming ampoulses, and the conforming
      ampoules are sorted out by means of a shutter operated by a rotary
      solenoid.
PAR  The thus sorted good ampoules are guided in order into a hopper 36
      therefor, and the bad ampoules into a hopper 37 therefor for further
      processing.
PAR  As is well-known, all of the known automatic liquid inspecting methods
      necessitate to repeat the examination several times in order to increase
      accuracy and reliability of the inspection. However, no matter how many
      times the liquid inspecting method with a definite defect is repeated, it
      is impossible to overcome the inherent defective operating characteristics
      related to the kind and shape of the alien matter.
PAR  In contradistinction of the above, with the method of examining liquid
      according to the second aspect of this invention, wherein the reflected
      light and also the transmitted light are successively utilized in any
      order, it is possible to remove the defects inherent in these methods
      while making use of their advantageous effects. It thereby makes it
      possible to realize a method and an apparatus which are capable of
      detecting the solid alien matters in a liquid and sorting out from the
      conforming articles the non-conforming ones with an extremely high
      probability that has never been possible with any of the conventional
      methods.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for photometric determination of size and/or amount of solid
      matter that might be present as an impurity in a transparent liquid held
      in a sealed transparent vessel, comprising the steps of rapidly rotating
      the vessel around a vertical axis and then suddenly stopping the rotation
      to cause the solid matter to be suspended in the liquid; projecting light
      onto the vessel; and leading the scattered light reflected from the solid
      matter to a photometric device and measuring reflected light thereby; and
      leading the transmitted light through said vessel to a photometric
      scanning device provided with multiple optical elements, each having a
      minute light-receiving area, and successively measuring the light received
      by said multiple optical elements thereby.
NUM  2.
PAR  2. An apparatus for the photometric determination of size and/or amount of
      solid matter that might be present as an impurity in a transparent liquid
      held in a sealed transparent vessel, comprising means for detachably
      securing the vessel; means for rapidly rotating the thus secured vessel
      around a vertical axis and then suddenly stopping said rotation; light
      source means for projecting light onto said vessel; a photometric means
      positioned adjacent said vessel for receiving and measuring the intensity
      of the scattered light reflected from any solid matter in the vessel; and
      a photometric scanning means provided having multiple optical elements
      positioned adjacent said vessel and in an array for receiving light from
      different parts of said vessel for measuring intensity of the light
      transmitted through said vessel.
NUM  3.
PAR  3. An apparatus as claimed in claim 2 wherein said photometric scanning
      means has said multiple optical fibres arranged in a linear array along
      said vessel.
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ABST
PAL  A densitometer for providing an output which is a function of the density
      of a film badge in a photodosimeter system. The light passing through the
      film badge is received by a photodiode which generates a current signal
      which is directly proportional to the intensity of the received light. The
      current signal is converted to a voltage signal, the converting means
      being biased so that the voltage signal is zero when no light is received
      by the photodiode. The voltage signal is applied, together with a
      reference voltage, to a log-ratio circuit which generates an output signal
      proportional to the log of the ratio of the reference voltage to the
      voltage signal, the output of the log-ratio circuit being displayed. A
      circuit is operative, when the film badge is removed from the light path,
      to adjust the reference voltage until the output of the log-ratio circuit
      is zero.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention relates to a densitometer and, more particularly, to
      a densitometer for use in a photodosimeter system having a high degree of
      accuracy over a wide range of measurements.
PAR  2. Description of the Prior Art.
PAR  In my copending application Ser. No. 491,875, filed concurrently herewith,
      for Photodosimeter Film Badge, there is disclosed a photodosimeter film
      badge sensitive to non-ionizing radiation which is useful during
      phototherapy for the treatment of hyperbilirubinemia in the newborn. Such
      film badge is capable of permitting the measurement of the total
      irradiance effective in decomposing bilirubin. The film badge undergoes an
      optical density change as a result or irradiation by the phototherapy
      lamps and such density change is directly proportional to the time
      interval of the irradiance. The optical density change occurs very slowly
      so that the film badge is responsive to phototherapy irradiance over
      periods extending from a few hours to as many as 96 hours.
PAR  Since the optical density of the film changes irreversibly as a function of
      irradiance, such optical density may be measured directly without any
      chemical processing of the film. This permits exposure to be monitored
      continuously. However, in order to derive the full benefits of the film
      badge of my copending application, it is necessary to be able to measure
      density extremely accurately, over a wide range of densities.
PAR  More specifically, phototherapy for the treatment of hyperbilirubinemia in
      a newborn typically continues for a minimum of a few hours and a maximum
      of four days (96 hours). With an irradiance level of approximately 1
      mW/cm.sup.2, there is a total exposure, over a period of 100 hours, of
      approximately 360 joules. Any system used for measuring exposure must
      measure to an accuracy of about 15 minutes in an exposure interval of 100
      hours, requiring an accuracy of about 0.25 percent, or about 1 part in
      400. Since the film badge of my copending application exhibits a total
      density change of about 3.000 in a 100 hour interval, such an accuracy
      implies that a density change of 0.008 must be accurately measured. Thus,
      any densitometer must be extremely accurate, the output reproducible, and
      it must operate over a wide range of densities. However, while many
      commercial densitometers are available at prices ranging from several
      hundred to several thousand dollars, no reasonably priced densitometer
      meets these requirements.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a densitometer for
      use in a photodosimeter system meeting all of the requirements specified
      above. The present densitometer is capable of providing an accuracy of 1
      part in 4,000 or 0.001 density units over a density range of 4.000. The
      output of the present densitometer is reproducible and it operates over a
      wide range of densities. The present densitometer incorporates an
      automatic mechanism which insures that at a density of zero, the displayed
      output is also zero.
PAR  Briefly, the present densitometer for providing an output which is a
      function of the density of a film badge or other optical element
      comprises: a source of light; means for holding the film badge in the path
      of the light, the film badge transmitting an amount of light which is
      inversely proportional to the density thereof; a photodiode positioned to
      receive the light transmitted through the film badge for generating a
      current signal which is directly proportional to the intensity of the
      received light, the current signal having a non-zero value when no light
      is received by the photodiode; means responsive to the photodiode for
      converting the current signal to a voltage signal which is directly
      proportional to the intensity of the received light; means for biasing the
      current-to-voltage converting means so that the voltage signal is zero
      when no light is received by the photodiode; means for generating a
      reference voltage; circuit means responsive to the voltage signal and the
      reference voltage for generating an output signal proportional to the log
      of the ratio of the reference voltage to the voltage signal, the output
      signal being proportional to the density of the film badge; means for
      displaying the output signal; means for adjusting the reference voltage
      until the output signal is zero; and means for sensing the presence of the
      film badge in the holding means for disabling the adjusting means when the
      film badge is present.
PAC  OBJECTS
PAR  It is therefore an object of the present invention to provide a
      densitometer.
PAR  It is a further object of the present invention to provide a densitometer
      for use in a photodosimeter system having an accuracy of at least 1 part
      in 400.
PAR  It is a still further object of the present invention to provide a
      densitometer having a reproducible output capable of accurately measuring
      density over a wide range of densities.
DRWD
PAR  Still other objects, features, and attendant advantages of the present
      invention will become apparent to those skilled in the art from a reading
      of the following detailed description of the preferred embodiment
      constructed in accordance therewith, taken in conjunction with the
      accompanying drawings wherein like numerals designate like parts in the
      several figures and wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic view of the optical geometry of the present
      densitometer;
PAR  FIG. 2 is a block diagram of a densitometer constructed in accordance with
      the teachings of the present invention; and
PAR  FIG. 3 is a block diagram of a possible modification to the densitometer of
      FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The film badge disclosed in my beforementioned copending patent application
      is responsive to the irradiance effective in decomposing serum bilirubin.
      The film badge disclosed therein initially has a density of between 3 and
      4, thereby initially transmitting only a small amount of the light
      incident thereon. As the film badge continues to be exposed by the
      illumination used during phototherapy for the treatment of
      hyperbilirubinemia, the density decreases at a wavelength of approximately
      455 nanometers. This decrease in density is directly proportional to
      exposure and must be measured to provide a useful output.
PAR  The present densitometer, generally designated 10, is designed to provide
      an output which is a function of the density of a film badge, generally
      designated 11, or any other optical element, in a very narrow wavelength
      interval in the vicinity of 455 nm. Thus, and with reference to FIG. 1,
      densitometer 10 includes a lamp 12 which is typically a high efficiency
      tungsten lamp with a built-in parabolic reflector, since such a lamp
      provides a light output in the frequency spectrum of interest. The output
      of lamp 12 passes through a first filter 13 which passes blue light and
      blocks visible and infared light. Filter 13 is typically a blue glass
      filter. The light passing through filter 13 is collimated by a lens 14 and
      conducted to a film holder 15 capable of holding film badge 11
      perpendicular to the collimated rays. This technique is used so as to
      illuminate the entire area of film badge 11, which increases the accuracy
      of densitometer 10 when the density of film badge 11 is high and only a
      small amount of light passes therethrough.
PAR  The light transmitted through film badge 11, which is inversely
      proportional to the density thereof, is focused by a second lens 16 onto a
      detector 17. Interposed between lens 16 and detector 17 is a second blue
      glass filter 18 designed to block stray light. Interposed between filter
      18 and detector 17 is a bandpass filter 19 having a very narrow passband,
      on the order of 5 - 10 nm, in the vicinity of 455 nm. Detector 17
      generates a signal on a line 20 which is directly proportional to the
      intensity of the received light. Thus, this signal is inversely
      proportional to the density of film badge 11 in the vicinity of 455 nm.
PAR  Referring now to FIG. 2, detector 17 may be any wellknown light responsive
      device for generating a signal proportional to the light incident thereon.
      On the other hand, it should be recognized that since the initial density
      of film badge 11 is quite high, the amount of light transmitted to
      detector 17 will be quite low and the output of detector 17 will also be
      quite small. Therefore, it is important that the output signal from
      detector 17, when no light is received thereby, be quite small since
      fluctuations therein as a result of noise will effect the accuracy of
      densitometer 10. With this in mind, detector 17 is preferably a vacuum
      photodiode, such as RCA Model 1P42. Such a photodiode acts as a current
      source which generates a current signal which is directly proportional to
      the intensity of the received light.
PAR  Densitometer 10 also includes a bias voltage source 21 which applies a
      suitable bias voltage to the photodiode in detector 17. By properly
      selecting the value of the bias voltage, the current from detector 17 when
      no light is received thereby may be minimized. When an RCA 1P42 vacuum
      photodiode is used, the value of bias voltage source 21 is preferably 15
      volts.
PAR  The output of detector 17, on line 20, is applied to a current-to-voltage
      converter 23 which converts the current signal from detector 17, on line
      20, to a voltage signal, on line 24. Furthermore, current-to-voltage
      converter 23 operates such that the voltage signal on line 24 is zero when
      no light is received by detector 17. More specifically, current-to-voltage
      converter 23 preferably includes a conventional operational amplifier 25
      having a conventional feedback resistor 26 and also a feedback capacitor
      27 for integration to eliminate noise. The output of detector 17, on line
      20, is applied to one input of operational amplifier 25 whereas the other
      input, which is normally grounded, receives, over a line 28, the output of
      a bias voltage source 29. The bias voltage provided by source 29 is
      adjusted so that the output of operational amplifier 25, on line 24, is
      zero when no light is received by detector 17. This may be achieved, very
      simply, by covering detector 17 so that no light is received thereby and
      by adjusting bias voltage source 29 until the output of operational
      amplifier 25 reaches zero.
PAR  The output of converter 23 is now a voltage signal which is zero when no
      light is received by detector 17 and which increases as the intensity of
      the light incident on detector 17 increases. Thus, the voltage signal on
      line 24 is directly proportional to the transmittance of film badge 11.
      However, since exposure, the desired quantity, is a function of density,
      rather than transmittance, the output of converter 23 is applied to the
      signal input (S) of a log-ratio circuit 30. That is, density (D) = -log T,
      where T = transmittance, and circuit 30 performs this mathematical
      operation. More specifically, since T = (S/R), D = -log (S/R) or log
      (R/S). Log-ratio circuit 30 receives, at its reference input (R), a signal
      over a line 31 from a reference voltage generator 32. Log-ratio circuit 30
      is a conventional circuit for generating an output signal, on a line 33,
      which is proportional to the log of the ratio of the reference input to
      the signal input.
PAR  As will be explained more fully hereinafter, the value of the reference
      voltage from generator 32 may be adjusted to provide a zero output signal
      when the density of film badge 11 is zero. Thereafter, as the density of
      film badge 11 increases, the output of log-ratio circuit 30, on line 33,
      will increase proportionately.
PAR  Initial zero adjustment of the output of log-ratio circuit 30 may be
      achieved simply by removing film badge 11 from holder 15 so that the light
      incident on detector 17 is indicative of a density of zero. At this time,
      the output of reference voltage generator 32 may be adjusted to yield a
      zero output from circuit 30. Full-scale calibration of circuit 30 is
      achieved by blocking all light to detector 17 so that the output of
      converter 23, on line 24, is zero. The internal elements of log-ratio
      circuit 30 may then be adjusted to provide the desired output. Thereafter,
      as the density of film badge 11 varies between its minimum and maximum
      values, the output of log-ratio circuit 30, on line 33, will vary
      proportionately.
PAR  In order to display density to the desired degree of accuracy, the output
      of log-ratio circuit 30, on line 33, is applied to a twelve-bit
      analog-to-digital converter 35 which generates a digital output, on a line
      36, having an accuracy of 1 part in 4,000, representing 0.001 density
      units over a density range of 4.000. This output is applied to a digital
      display device 37 capable of displaying four digits.
PAR  It is obvious that densitometer 10 will continue to provide an accuracy of
      1 part in 4,000 only as long as the circuit elements do not vary in value
      by a greater amount. However, in practice, this will not occur and display
      37 cannot continue to generate an output of 0.000 for any length of time
      with film badge 11 removed from holder 15. Therefore, according to the
      preferred embodiment of the present invention, the output of
      analog-to-digital converter 35 is applied to a feedback circuit, generally
      designated 40, the output of which is applied over a line 41 to reference
      voltage generator 32 to adjust the value of the voltage output thereof
      until the signal output from converter 35 is zero. More specifically,
      feedback circuit 40 would be a conventional logic circuit for sensing when
      the output of converter 35 is different from zero and whether such
      difference is positive or negative. Circuit 40 would then apply a suitable
      signal over line 41 to signal generator 32 to cause generator 32 to make
      an appropriate adjustment in its output voltage to reduce such difference
      to zero. This check of the output of converter 35 would be repeated
      regularly and if the zero level changes, an increased or decreased
      potential is applied to the reference input of circuit 30 to drive the
      output of converter 35 back to zero. Thus, any variations in circuit
      values with time will be automatically cancelled.
PAR  Obviously, circuit 40 operates only when film badge 11 is removed from
      holder 15 since only at that time is the output of converter 35 zero.
      Therefore, to disable circuit 40 when a film badge 11 is inserted into
      holder 15, dosimeter 10 includes a circuit 42, which is mechanically
      connected to holder 15, as shown at 43, for sensing when film badge 11 is
      inserted into holder 15. When film badge 11 is inserted, sensor 42
      generates a signal on a line 44 which is applied to zero sensor 40 to
      disable same.
PAR  It will be apparent to those skilled in the art that the output of
      log-ratio circuit 30 will be zero only when the output of reference
      voltage generator 32 is equal to the output of converter 23, thereby
      equalizing the values of the inputs to circuit 30. Therefore, the output
      of converter 23 itself may be used to provide a reference voltage when
      film badge 11 is removed from holder 15. More specifically, and with
      reference now to FIG. 3, the output of current-to-voltage converter 23, on
      line 24, may be applied not only to the signal input of log-ratio circuit
      30 but also to the input of a sample and hold circuit 50, the output of
      which is applied, over a line 51, to the reference input of circuit 30.
      This permits the complete elimination of reference voltage generator 32
      and feedback circuit 40. However, under these circumstances, the output of
      film presence sensor 42, on line 44, is applied to sample and hold circuit
      50.
PAR  In operation, when film badge 11 is removed from holder 15, as sensed by
      circuit 42, circuit 50 operates to sample and hold the output of converter
      23 and to apply such output to the reference input of circuit 30. Thus,
      circuit 50 generates a reference signal on line 51 which is automatically
      equal to the signal input to circuit 30 by virtue of the fact that it is,
      in fact, the same signal. Therefore, with film badge 11 removed from
      holder 15, the output of circuit 30 remains zero in spite of fluctuations
      in the voltage on line 24.
PAR  On the other hand, the hold capability of circuit 50 is required when an
      actual density measurement is being made. That is, when film badge 11 is
      inserted into holder 15, the signal on line 44 from film presence sensor
      42 causes circuit 50 to open the connection between lines 24 and 51 and,
      thereafter, to apply the held voltage value to line 51. This held voltage
      thereby acts as the reference voltage. In addition, as soon as film badge
      11 is removed from holder 15, such held voltage value is adjusted, as
      necessary, with fluctuations over line 24.
PAR  While the invention has been described with respect to a preferred physical
      embodiment constructed in accordance therewith, it will be apparent to
      those skilled in the art that various modifications and improvements may
      be made without departing from the scope and spirit of the invention.
      Accordingly, it is to be understood that the invention is not to be
      limited by the specific illustrative embodiment, but only by the scope of
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A densitometer for providing an output which is a function of the
      density of an optical element such as a film badge comprising:
PA1  a source of light;
PA1  means for holding said optical element in the path of said light, said
      optical element transmitting an amount of light which is inversely
      proportional to the density thereof;
PA1  detector means positioned to receive the light transmitted through said
      optical element for generating a first signal which is directly
      proportional to the intensity of the received light;
PA1  means for generating a reference signal;
PA1  circuit means responsive to said first signal and said reference signal for
      generating a second signal proportional to the log of the ratio of said
      reference signal to said first signal, said second signal being
      proportional to the density of said optical element;
PA1  means for displaying said second signal; and
PA1  means operative when said optical element is removed from said light path
      for adjusting said reference signal until said second signal is zero.
NUM  2.
PAR  2. A densitometer according to claim 1 wherein said detector means is a
      vacuum photodiode.
NUM  3.
PAR  3. A densitometer according to claim 2 wherein said first signal is a
      current signal having a non-zero value when no light is received by said
      photodiode and further comprising:
PA1  means responsive to said photodiode for converting said current signal to a
      voltage signal which is directly proportional to the intensity of the
      received light; and
PA1  means for biasing said current-to-voltage converting means so that said
      voltage signal is zero when no light is received by said detector means.
NUM  4.
PAR  4. A densitometer according to claim 3 wherein said current-to-voltage
      converting means comprises:
PA1  an operational amplifier receiving said current signal at one input
      thereof; and wherein said biasing means comprises:
PA1  means for generating a bias voltage, said bias voltage being applied to
      another input of said operational amplifier to bias same.
NUM  5.
PAR  5. A densitometer according to claim 3 wherein said reference signal
      generating means generates a reference voltage and wherein said second
      signal is proportional to the log of the ratio of said reference voltage
      to said voltage signal.
NUM  6.
PAR  6. A densitometer according to claim 1 further comprising:
PA1  means for sensing the presence of said optical element in said holding
      means and for disabling said adjusting means when said optical element is
      present.
NUM  7.
PAR  7. A densitometer according to claim 1 wherein said display means is a
      digital display and further comprising:
PA1  means interposed between said circuit means and said display means for
      converting said second signal into a digital signal.
NUM  8.
PAR  8. A densitometer according to claim 1 further comprising:
PA1  a 12-bit analog-to-digital converter interposed between said circuit means
      and said display means for converting said second signal into a digital
      signal having an accuracy of 1 part in 4,000; and wherein said display
      means comprises:
PA1  a four digit digital display.
NUM  9.
PAR  9. A densitometer according to claim 1 wherein said reference signal
      generating means comprises:
PA1  circuit means responsive to said first signal for sampling and holding the
      value thereof and for applying said held value to said log-ratio circuit
      means; and wherein said adjusting means comprises:
PA1  means for sensing the presence of said optical element in said holding
      means and for generating a signal indicative thereof, said signal being
      applied to said sample and hold circuit means, said sample and hold
      circuit means being operative, when said optical element is removed from
      said holding means, to update the sampled and held value of said first
      signal.
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PAL  A flat sandwich composite plate of nested wedge-shaped sheets of highly
      transparent and gray neutral density filter glasses is enclosed in a
      frame. A bracket on the frame mounts it on the carriage of an optical
      instrument which measures the light scattering characteristics of a series
      of samples traversed on a carriage past a photometering station. A surface
      of the composite plate has a mat finish which scatters the light passing
      through it. The density and thickness of the filter glass are arranged to
      cover a predetermined range of light scatter corresponding to that caused
      by the range of samples which the optical instrument can accurately
      measure. An appended flat section of filter glass provides light scatter
      characteristics corresponding to an auxiliary sample characteristic. The
      transmittance of the appended section is adjusted by a movable leaf and
      notched adjusting segments. The mat surface is obtained by frosting a
      surface of the filter glass by blasting or grinding with 9 micron grit.
      The neutral density filter glass has a flat spectrum characteristic
      obtained by doping with carbon.
PARN
PAC  Cross-Reference to Related Application
PAR  This is a continuation of U.S. Pat. application Ser. No. 371,389, filed
      June 19, 1973, now U.S. Pat. No. 3,901,588.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A method and apparatus for testing antibiotic susceptibility by measuring
      the forward light scattering of a series of samples containing standard
      and test samples of bacteria colonies affected by various antibiotic
      elutions is described in commonly assigned patent application Ser. No.
      281,946, filed Aug. 18, 1972 now U.S. Pat. No. 3,832,532 A photometering
      analyzer measures the light scattering characteristics of each of a series
      of samples traversed on a carriage past a photodetecting station. The
      analyzer prints out a range of readings indicative of the characteristic
      being measured. The analyzer also provides a reading of a preliminary
      sample concentration, which is also obtained by light scattering. This
      analyzer includes various optical and electronic components which would
      cause erroneous readings if any or some of them should malfunction. An
      object of this invention is to provide a means for readily determining if
      such a light scattering photometering analyzer is accurately functioning.
PAC  SUMMARY
PAR  In accordance with this invention, a calibrating standard for an optical
      instrument, which measures the light scattering characteristics of a
      series of samples traversed on a carriage past a photometering station,
      includes an elongated framed flat sandwich plate of nested wedge-shaped
      sheets of highly transparent and gray neutral density filter glasses. A
      surface of the composite plate has a mat finish which scatters the light
      passing through it. The density and thickness of the filter glass are
      arranged to cover a predetermined range of light scatter corresponding to
      that caused by a predetermined range of samples which the optical
      instrument is capable of measuring. Traversal of the plate in a series of
      steps over its length past the photometering station provides a series of
      readings which can be compared with a standard set of readings obtained by
      an accurately functioning standard instrument to determine whether the
      instrument being calibrated is functioning accurately over its entire
      range. An appended flat section of neutral filter glass in line with the
      filter wedge is used to verify whether a preliminary light scattering
      reading is being accurately determined. The neutral density filter glass
      having a flat spectrum characteristic obtained by doping an otherwise
      highly transparent glass with carbon. The reading obtained from the
      appended section may be varied by adjusting the position of a superimposed
      leaf.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Novel features and advantages of the present invention will become apparent
      to one skilled in the art from a reading of the following description in
      conjunction with the accompanying drawings wherein similar reference
      characters refer to similar parts and in which:
PAR  FIG. 1 is a front view in elevation partially broken away and partially in
      cross-section of an analyzer with a sample container for which an
      embodiment of this invention is substututed to calibrate the analyzer:
PAR  FIG. 2 is a cross-sectional side elevational view taken through FIG. 1
      along the line 2--2 with the calibrating device of this invention
      substituted for the sample container shown in FIG. 1;
PAR  FIG. 3 is an enlarged front view in elevation partially in cross-section of
      the sample container mounted in a portion of the analyzer shown in FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken through FIG. 3 along the line 4--4;
PAR  FIG. 5 is a rear view in elevation of the embodiment of this invention
      shown in FIG. 2 installed in the analyzer;
PAR  FIG. 6 is a top plan view of the embodiment shown in FIG. 5;
PAR  FIG. 7 is a right-hand end view of the embodiment shown in FIG. 5;
PAR  FIG. 8 is a bottom plan view of the embodiment shown in FIG. 5;
PAR  FIG. 9 is a cross-sectional view taken through FIG. 5 along the line 9--9;
      and
PAR  FIG. 10 is a front elevational view of the reverse of the right-hand side
      of the embodiment shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 show portions of photometer analyzer 62, which is fully
      described in the aforementioned copending patent application, and whose
      operation is verified by calibrating device 200 which is shown in analyzer
      62 in FIG. 2 and individually in FIGS. 5-10. Photometer and analyzer 62
      has three principal functions:
PAR  1. inoculum standarization to provide the means for determining when the
      microbial concentration of the starting saline stock inoculum is within
      relatively narrow and well defined limits (e.g., 1 to 2.times.10.sup.7
      cells/milliliter); (2) to provide the means for determining the level of
      growth in all scattering chambers of the incubated cuvette; and (3) to
      calculate and print out for each scattering chamber containing an
      antimicrobial, a reading which is readily interpretable in terms of the
      susceptibility or resistance of the microorganism to the antimicrobial
      agent. Calibrating device 200 verifies the accurate performance of all of
      these functions.
PAR  FIG. 1 shows a front view of the instrument 62 with doors 74 and 75 closed.
      The control panel 66 wih the inoculum meter 68 and printer slot 70 is
      contained in instrument housing 72. The doors 74 and 75 give access to
      cuvette carriage 46. A port (not shown) in the right door 74 is provided
      for inserting inoculum tube 78 (shown in phantom outline in FIG. 2) with
      its lower and resting within indentation 76 in casting 94. Normally only
      the right door 74 is open. The left door 75 is provided for maintenance
      purposes. On the left side below the door 75 is the instrument power
      switch 77. Instrument cover 66 and instrument front 62a are fabricated
      from 5/32 inch ABS plastic while the doors 74, 75 and front panel 72 and
      frame 62b are steel or aluminum.
PAR  FIGS. 1, 3 and 4 show instrument 62 with cuvette 12 in place. Cuvette drive
      mechanism 80 (shown in FIG. 2) traverses cuvette 12 from right to left
      past photometer light source 82 and the optical system 102. This mechanism
      employs a motor 84 linked via a cable 86 to carriage 46 sliding on
      parallel bars 88. Limit switches (not shown) actuate forward or reversing
      movement of motor 84. An optical sensor 90 on the instrument senses the
      cuvette position by reading index slots 91 in a slide 92 mounted on
      carriage 46.
PAR  FIG. 1 shows instrument 62 from the front with covers broken away.
      Transformer 67 is on the lower left and drive motor 84 is on the right. In
      the center is the main casting 94 which holds the drive mechanism 80. The
      photometer transducer 96(shown in FIG. 2) is in its base.
PAR  FIG. 2 shows light source 82 and optical system 102. Optical system 102
      employs a Quartz Halogen lamp 82 and a simple two lens condensing system
      104. Receiver 106 uses a collimator tube 108 placed at a 35.degree. angle.
      A photometer transducer 96 includes a photo cell circuit of any functional
      type. Printed circuit cards (not shown) comprise the control and regulator
      electronic section of this device. Printed circuit cards (also not shown)
      comprise the calculating and computing section of this device.
PAR  The standard inoculum is a suspension of a pure bacteria in 0.90 gm %
      sodium chloride which is between the limits of 1 to 2.times.10.sup.7
      viable cells per milliliter. This standard saline stock inoculum in an
      optically acceptable (i.e., clean, scratch-free) 16.times.125 mm
      round-bottom flint glass tube 78 will give a 35.degree. angle scattering
      signal of -log S between 2.2. (1.times.10.sup.7 cells per ml.) and 1.9
      (2.times.10.sup.7 cells/ml) when placed in the photometer. The
      photometerstandardization meter 68 has a central region (occupying 40
      percent of the total meter range) stating "Correst Inoculum Range." Its
      two boundaries correspond to the two acceptable scattering limits. The
      left region of the meter (occupying 30 percent of the total meter range)
      states "Under" and/or "Add More Organisms", while the right region
      (occupying the remaining 30 percent of the total meter range) states
      "Over" and/or "Dilute With Saline." The accurate functioning of the meter
      is verified by flat filter element 212 as later described.
PAR  Cuvette 12 is shown in FIG. 1 being traversed on carriage 46 past
      photometering station or optical system 102. Cuvette 12 is a container for
      inoculated broth in which the effect of antimicrobial agents on the growth
      of microorganisms in the broth is measured. The detection of growth in
      broth by forward light scattering requires such a chamber to be both
      optically transparent to the irradiating light used and geometrically
      consistent with the light scattering photometer. Convenient and rapid
      examination of the effect of many antimicrobial agents on the growth of a
      given microorganism is accomplished by a linear array of such optical
      chambers as a single unit. Cuvette 12 also permits the convenient
      introduction of an equal volume of broth inoculum into each chamber S.
      Cuvette 12 also has the capability of conveniently accepting an
      antimicrobial impregnated paper disc into all test chambers and is not
      capable of accepting such an antimicrobial disc in its single control
      chamber. Furthermore, cuvette 12 is water-tight, optically polished,
      optically reproducible, inexpensive, relatively small, stackable, and may
      be disposable.
PAR  Cuvette 12 is shown in FIGS. 1, 3 and 4. It is composed of optically clear
      and inert plastic, such as polystyrene, and is produced by the injection
      molding process in two sections using optically polished steel molds.
      After injection molding, the two sections are sealed together by either
      solvent or ultrasonic energy to produce the cuvette. Ultrasonic sealing is
      preferable because it avoids marring of the optical surface by excess
      solvent. Cuvette 12 is a linear array of one control chamber, S.sub.C, and
      twelve antimicrobial test chambers, S.sub.1-12. The only other material
      besides polystyrene used in the illustrated cuvette 12 is a flexible
      polymer, such as Krayton. Krayton is the trademark for a styrene-butadiene
      polymer made and sold by The Shell Chemical Co. Krayton gasket 32 and a
      closure 34 are inserted into cuvette 12 prior to final packaging.
PAR  Cuvette 12 includes six main parts:
PA0  1. Inoculum tube port (P) which accepts inoculum tube 78;
PA0  2. Reservoir (R);
PA0  3. interconnected Distributing Lobes 15, connected to the reservoir by a
      major distribution port 31, distributing ports 33, and vents 35;
PA0  4. Light Scattering Lobes 17: Thirteen disconnected light scattering lobes
      17 of chambers S.sub.c, (S.sub.1, S.sub.2. . . S.sub.12) accept an equal
      volume of broth inoculum from interconnected distributing lobes 15;
PA0  5. Tubular Antimicrobial Disc Holders (29): Each hollow finger, also
      referred to as a disc holder, accepts an antimicrobial paper disc 16 (6.5
      mm diameter) via twelve disc ports 26 on the top surface of cuvette 12.
      Two elution ports, E, in the walls of the disc holder adjacent to the disc
      permit elution of antimicrobial agent into the surrounding broth inoculum
      of the scattering chamber. Sealing strip 34 with nipples 40 inserted in
      ports 26 is received between parallel rails 34a straddling ports 26 on the
      upper surface of cuvette 12.
PA0  6. Bracket B: An L-shaped bracket B located on the back of cuvette 12 and
      extending the length of the cuvette long axis enables the attachment of
      the cuvette to the holding bracket 44 of the photometer carriage 46.
PAR  In FIG. 2 calibrating standard 200 is shown installed in analyzer 62 for
      traversal past the photometering station provided by optical system 102.
      Details of calibrating device 200 are shown in FIGS. 5-10. Calibrating
      device 200 includes an elongated composite glass plate 202 comprising a
      flat sandwich of nested wedge-shaped sheets of highly transparent glass
      204 and gray neutral density filter glass 206 which are firmly adhered to
      each other to provide substantially parallel clear glass and filter glass
      outer surfaces 208 and 210. A flat section 212 of gray neutral density
      filter glass is appended to the thin edge 214 of filter wedge 206 opposite
      a correspondingly flat step 216 in the clear glass adjacent the thicker
      edge of clear glass wedge 204.
PAR  The overall thickness of composite plate 202 is about 0.217 inch. This edge
      214 of filter glass wedge 206 is approximately 0.010 inch thick and the
      opposite thin edge 218 of clear glass wedge 204 is about 0.060 inch thick.
      Flat section 212 of filter glass is about 1/2 inch wide and about 0.100
      inch thick. Neutral density filter glass in wedge 206 and section 212 is
      for example obtained by doping a highly transparent optical glass with
      carbon to reduce its light transmitting capability. This provides a filter
      having a substantially flat spectrum of light transmission over its range
      of light absorption. Surface 210 of the filter glass has a mat finish to
      diffuse or scatter the light passing through plate 202. This mat finish is
      for example obtained by frosting the surface of the filter glass by
      polishing or blasting with 9 micron grit of HF acid etching.
PAR  Plate 202 is mounted in an elongated frame 220 made for example of aluminum
      anodized black to prevent light reflection. Frame 220 includes top
      horizontal channel section 222 and bottom horizontal channel section 224
      respectively containing upper groove 226 and lower groove 228 which
      receive the top and bottom edges of plate 202. Channel sections 222 and
      224 are secured together by end rods 230 and 232 secured to channels 222
      and 224 by countersunk flat-headed screws 234.
PAR  Top channel section 222 is rearwardly extended to provide a hanger portion
      236 including groove 238 which is hooked over bracket 44 on carriage 46 to
      mount calibrating device 200 in analyzer 62 as shown in FIG. 2. Pins 240
      through hanger portion 236 and grooves 238 laterally locate calibrating
      device 220 on bracket 44 for accurate and consistent traversal past
      optical system 102.
PAR  Variable leaf 242 is rotatably mounted in front of flat filter section 212
      for adjusting the amount of light passing through it to the photometering
      device. Leaf 242 has an arcuate upper section 244 mounted over a
      hemispherical adjusting plate 246 attached to the front of upper channel
      section 222. Arcuate section 244 has a series of equally spaced teeth 248
      and notches 250 disposed in front of corresponding teeth 252 and slightly
      larger notches 254 in a hemispherical plate 246. The position of leaf 242
      in front of flat filter section 212 may be adjusted by inserting and
      twisting a flat blade within a pair of adjacent notches 250 and 254. The
      amount of scattering light passing through flat filter section 212 may
      accordingly be adjusted to a standard reading by adjusting the position of
      leaf 242. This permits the preliminary auxiliary sample reading of the
      instrument to be verified to make sure that a standard reading is obtained
      corresponding to the standard scattering obtained by the proper
      concentration of the predetermined concentration of colonies of a given
      bacteria in a standard inoculum. This concentration reading is the
      inoculum standardization function of analyzer 62 shown in FIG. 2 with
      inoculum tube 78 (phantom outline) exposed to optical system 102 and read
      on standardization meter 68.
PAR  The major or wedge-shaped portions of calibrating device 200 are utilized
      for verifying the remaining primary functions of analyzer 62 of
      determining the level of microbial growth in the scattering chambers of
      cuvette 12 and printing out readings indicative of the susceptibility of
      resistance of the microorganism to particular antimocrobial agents. This
      is accomplished by installing device 200 in instrument 62 as shown in FIG.
      2. Analyzer 62 is then actuated to step device 200 past optical system 102
      in a series of stations corresponding to the positions of sample specimen
      containers or chambers S.sub.1-12 of cuvette 12. This provides a series of
      readings, for example on a print-out sheet, which should cover the
      predetermined range of light scatter corresponding to those provided by
      the range of bacteria growth occurring in chambers S.sub.1-12 of cuvette
      12. The set of readings is then compared with a standard set of readings,
      formerly obtained in a standard calibrated instrument 62 by calibrating
      device 200. These readings should also have a linear relationship as a
      result of the wedge shape of filter section 206. As long as the readings
      obtained by the transversal of calibrating device 200 past optical system
      102 are within a predetermined range of tolerance, such as 2 percent,
      analyzer 62 is in proper operating condition.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optical instrument comprised of a carriage with means for carrying a
      plurality of samples and means for moving said carriage past a
      photometering station for measuring the light scattering characteristics
      of said series of samples traversed on said carriage in steps past said
      photometering station in combination with a device for calibrating said
      optical instrument, an elongated frame, a bracket attached to the frame
      readily detachably mounting said frame upon said carriage in a
      predetermined position, an elongated composite plate of transparent glass
      in said frame, said composite plate comprising a flat sandwich of nested
      wedge-shaped sheets of highly transparent and neutral density filter
      glasses, a surface of said composite plate having a uniform mat finish
      which scatters the light passing through it, and the density of the filter
      glass being sufficient to cover a predetermined range of light scatter
      corresponding to that caused by a predetermined range of said samples
      throughout the varying thickness of said filter glass over the length of
      said composite plate as said device is traversed in steps past the
      photometering station.
NUM  2.
PAR  2. A device as set forth in claim 1, wherein said mat finish comprises a
      frosted surface.
NUM  3.
PAR  3. A device as set forth in claim 2 wherein said frosted surface has
      irregularities and said irregularities are about a 9 micron size.
NUM  4.
PAR  4. A device as set forth in claim 1 wherein said wedge-shaped sheets have
      substantially blunt edges from about 0.060 inch to about 0.010 inch thick.
NUM  5.
PAR  5. A device as set forth in claim 1 wherein said neutral density filter
      glass is a gray flat spectrum neutral density filter glass incorporating
      carbon.
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ABST
PAL  Medicinal capsules which are secured by machine to a backing strip are
      photoelectrically inspected by multiple pairs of light sources and
      detectors specially arranged so as to permit the simultaneous inspection
      of a number of closely spaced capsules arranged in a row. The extent to
      which a capsule is filled is determined by the time interval during which
      a light beam is blocked by the capsule contents. This interval is
      electrically compared with a standard time interval. After the backing
      strip is cut into separate cards, each carrying several capsules, the
      electrical comparison means effects rejection of any card containing an
      unsatisfactory capsule. Further means are provided for similarly rejecting
      cards having badly misaligned capsules. Should the apparatus sense an
      excessive number of unsatisfactory cards, the packaging machinery is
      automatically shut down. Electrical means are provided for adjusting the
      delay between the sensing of an unsatisfactory capsule or row of capsules
      and the mechanical rejection of a card in order to effect optimum
      operation.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a division of my application, Ser. No. 363,346, filed May 24, 1973
      and now U.S. Pat. No. 3,882,316.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to quality control monitoring, and particularly to a
      quality control monitor especially adapted for use in conjunction with an
      apparatus for packaging medicinal capsules and the like.
PAR  Medicinal capsules, for example the well known CONTAC decongestant
      capsules, are frequently packaged in a manner such that the capsules are
      secured to a backing strip by means of a sheet of transparent
      thermoplastic material which is heat-sealed to the card so as to form
      individual pockets for the capsules. In a typical packaging machine,
      capsules are delivered through a group of parallel tubes to the point at
      which the thermoplastic sheet is secured to a backing strip to provide the
      aforementioned pockets. The capsules are fastened to the moving backing
      strip in rows which are transverse to the direction of movement of the
      backing strip. After the backing strip moves past the point at which the
      rows of capsules are secured to it, it is automatically cut into cards,
      each card carrying one or more rows of capsules.
PAR  Heretofore, the cards, after cutting, were carried by a conveyor to a
      delivery location at which they were collected. A visual inspection was
      made by one or more operators located along the path of the conveyor. A
      card which an operator deemed unsatisfactory, because of a partially
      filled capsule, a missing capsule, or a badly misaligned row of capsules
      would be manually removed from the conveyor. Visual inspection is
      obviously costly and tedious. It is also unreliable because it is
      difficult to judge whether or not a capsule is adequately filled by a
      quick visual inspection. Visual inspection is made still less reliable by
      tinted capsule material, which often renders the capsule contents almost
      invisible.
PAR  Automatic inspection means are provided in accordance with this invention,
      having among its objects the following.
PAR  A first object of the invention is to provide automatic optical inspection
      means which is capable of inspecting capsules which are closely spaced in
      rows arranged on and transverse to the direction of movement of an opaque,
      reflective backing strip. This object is accomplished by arranging light
      beam producing means and photosensitive detectors in pairs for the
      simultaneuos inspection of the capsules in a row, so that each beam
      approaches the backing strip at an oblique angle and is reflected to a
      different one of the detectors and so that each plane defined by the
      approaching and reflecting part of a beam intersects the plane defined by
      the movement of a row of capsules to define a line which is oblique with
      respect to the direction of motion of the row of capsules. With the light
      beam producing means and the photosensitive detectors so arranged, the
      beam is able to pass through the capsule in a direction transverse to the
      capsule's long dimension, and is therefore capable of making a more
      accurate determination of the amount of medication in a capsule than would
      be possible if the beam passed through the capsule in the longitudinal
      direction. However, with the arrangement described, the light beam
      producing means and photosensitive detectors do not physically interfere
      with each other even though they are capable of simultaneously inspecting
      capsules which are closely spaced with respect to each other in rows.
PAR  A second important object of the invention is the accurate and consistent
      determination of whether or not a capsule meets the criteria for
      acceptability. In accordance with the invention, this is accomplished by
      automatically comparing an electronically established time interval with
      the interval during which an inspection beam is blocked by the capsule
      contents. If any capsule on a card fails to meet the criteria for
      acceptance, a reject mechanism is activated to effect delivery of the card
      to a reject location.
PAR  Another object of the invention is to insure that the capsules in a row are
      satisfactorily aligned with each other. As the contents of each capsule
      clears the inspection beam, assuming the capsule is filled satisfactorily,
      a pulse is produced. The corresponding pulses for all of the capsules in
      the row must overlap in order for the apparatus to determine that
      satisfactory alignment exists. This is accomplished by the use of a
      coincidence gate. The criteria for proper alignment may be adjusted by
      adjusting the pulse lengths. In addition, the apparatus insures that each
      row of capsules is positioned within certain limits measured in the
      direction of backing strip movement by means of a clock pulse,
      synchronized with the packaging mechanism, and with which the
      aforementioned predetermined pulses must all coincide.
PAR  The packaging machinery, equipped with the quality control monitor may be
      operated unattended for extended periods of time. Nevertheless, it is
      possible for the packaging machinery to break down so that it produces
      unacceptable cards with great frequency. Another object of the invention
      is to effect shutdown of the packaging apparatus when the occurrence of
      unacceptable cards become so frequent as to indicate that continued
      operation of the machine would result in a large amount of waste. This
      determination is preferably accomplished by the use of a shift register in
      conjunction with gating circuitry to determine if a predetermined number
      of successively produced cards are unacceptable. The predetermined number
      may be adjusted by the operator.
PAR  A still further object of the invention is to optimize the operation of the
      rejection means. This is accomplished by the production of a rejection
      pulse at an appropriate time determined by the shift register. This also
      may be adjusted by the operator to insure rejection of all unacceptable
      cards.
PAR  Various other objects will be apparent from the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of a capsule packaging machine equipped with
      a quality control monitor in accordance with the invention;
PAR  FIG. 2 is a plan view of the conveyor and card rejection mechanism in
      accordance with the invention;
PAR  FIG. 3 is a side elevation of a capsule inspection head;
PAR  FIG. 4 is a top plan view of the capsule inspection head;
PAR  FIG. 5 is an elevation of the inspection head viewed from the capsule side;
PAR  FIG. 6 is an elevation of the capsule inspection head viewed from the side
      opposite the capsule side;
PAR  FIG. 7 is a section of the inspection head taken on the plane indicated at
      7--7 in FIG. 6;
PAR  FIG. 8 is a sectional view similar to FIG. 7, showing a light beam
      producing means and a photosensitive detector mounted in the inspection
      head;
PAR  FIG. 9 is a schematic diagram of the electrical circuitry associated with
      the quality control monitor; and
PAR  FIG. 10 is a schematic diagram of a delayed single shot multivibrator,
      several of which are used in the circuit of FIG. 9.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows the basic elements of a capsule packaging machine and the
      relationship to it of the quality control monitor in accordance with the
      invention.
PAR  A continuous backing strip 12, preferably of cardboard having a reflective
      white surface, is fed around a series of guide rollers including rollers
      14 and 16 preferably at a substantially constant speed. A heat-sealable
      thermoplastic material such as polyvinyl chloride is fed from a supply
      roll 18 over rollers 20 and 22. The backing strip and the thermoplastic
      sheet are brought together between a pair of heated die rollers 24 and 26,
      which, by heating, seal the thermoplastic sheet of the backing strip. The
      die rolls are provided with pockets, typical pockets being indicated at 28
      and 30. These pockets provide clearance which allows capsules to be
      inserted between the backing strip and the thermoplastic sheet through a
      bank of tubes, the tube on the near end of the bank being indicated at 32.
      The die rolls effect heat sealing so as to form pockets which secure the
      capsules in place in rows on the backing strip, the rows being transverse
      to the direction of movement of the backing strip. Each pocket is
      heat-sealed around its entire periphery.
PAR  A bladed roller 34 and a backing roller 36 effect cutting of cards from the
      backing strip which slide down incline 38 onto conveyor 40 which normally
      delivers the cards to a delivery location.
PAR  The quality control monitor comprises an optical inspection head 42 which
      is connected through cable 44 to monitoring circuitry 46. The monitoring
      circuitry effects control of a solenoid valve 48 which controls the flow
      of air from compressor 50 and reservoir 52 to a reject mechanism 54.
      Reject mechanism 54 is positioned alongside the conveyor and is provided
      with a nozzle 56 (FIG. 2) which is located just above the conveyor surface
      whereby a blast of air delivered through the nozzle is able to effect
      movement of an unacceptable card such as 58 to a reject location. The
      principal function of the monitoring circuitry 46, as will be explained
      more fully, is to establish and apply predetermined criteria for
      acceptance or rejection of a card and to effect rejection of unacceptable
      cards at the proper time as they pass nozzle 56 of reject mechanism 54.
PAR  FIGS. 3-8 show the optical inspection head 42 in detail. As shown in FIGS.
      3 and 4, the inspection head comprises a mounting plate 60 on which is
      secured a block 42 in which there is provided an array of cylindrical
      passages for mounting light beam producing means and photosensitive
      detectors.
PAR  The cylindrical passages are specially arranged so as to permit the
      simultaneous inspection of a number of closely spaced capsules arranged in
      a row. In particular, the cylindrical passages are arranged in pairs so
      that, as shown in FIG. 5, passages 64 and 66 constitute a first pair, 68
      and 70 constitute a second pair, 72 and 74 constitute a third pair, 76 and
      78 constitute a fourth pair, and 80 and 82 constitute a fifth pair.
PAR  One passage in each pair is used to mount a light beam producing means such
      an incandescent lamp 76 shown mounted in cylindrical passage 74 in FIG. 8.
      The other passage in a pair is used to mount a photosensitive detecting
      means such as phototransistor 78 shown mounted in cylindrical passage 72
      in FIG. 8. The axis of each cylindrical passage in a pair intersects the
      axis of the other cylindrical passage in the pair so that the planes
      defined by the intersecting axes intersect a plane defined by the movement
      of a row of capsules past the inspection head to define lines which are
      oblique with respect to the direction of motion of the row of capsules.
      The beam produced by the light beam producing means is aligned with the
      axis of the cylindrical passage in which the beam producing means is
      mounted. Therefore, it is apparent that each beam approached the backing
      strip at an oblique angle and is reflected to a different one of the
      detectors in the array so that each plane defined by the part of the beam
      approaching the backing strip and the part of the beam reflected by the
      backing strip intersects the plane defined by the movement of a row of
      capsules to define a line which is oblique with respect to the direction
      of motion of the row of capsules.
PAR  The aforementioned oblique relationship allows the light beam producing
      means and photosensitive detectors to be accommodated in a relatively
      small row-wise space without interfering with each other, and thus allows
      the simultaneous inspection of a large number of capsules which are
      closely spaced in a row.
PAR  Returning to FIGS. 3 and 4, screws 84 and 86 permit adjustment of the
      distance between block 62 and the backing strip to obtain optimum
      reflection of the inspection beams back to their corresponding
      photosensitive detectors.
PAR  FIG. 9 shows the monitor circuitry which receives outputs from the array of
      light beam producing means and photosensitive means indicated generally at
      88, and automatically effects operations of solenoid 90 of solenoid valve
      48 (FIG. 1) to effect card rejection, and which also automatically
      operated a solenoid 92 to cause the capsule packaging machinery to halt
      when the occurrence of unacceptable cards becomes too frequent.
PAR  Each phototransistor in array 88 acts as a gate allowing delivery, when the
      light beam approaching it is blocked, of a positive signal from positive
      supply terminal 94 to the input of a delayed single shot multivibrator in
      group 96, which consists of five such multivibrators, there being one for
      each phototransistor in the array.
PAR  The function of the delayed single shot multivibrator is to establish a
      standard time interval, to compare the standard time interval with the
      duration of the positive signal provided when the contents of a capsule
      block the light beam which normally impinges on the associated
      phototransistor, and to provide an output pulse when the duration of the
      applied pulse exceeds the standard time interval, the output pulse
      commencing at the end of the standard time interval. In other words, the
      delayed single shot multivibrator provides its output pulse when the
      duration of the input pulse exceeds a predetermined limit.
PAR  The internal details of a single delayed single shot multivibrator are
      illustrated in FIG. 10. The positive pulse produced by the blocking of the
      light beam to a phototransistor is applied at line 98 to the input of
      amplifier 100, the output of which is delivered to a Schmitt trigger 102.
      The output of the Schmitt trigger is delivered to the input of an ordinary
      single shot (or monostable) multivibrator 104, to one of the inputs of AND
      gate 106, and to an input of OR gate 108. The "0"output of single shot
      multivibrator 104 (which output is normally high) is connected to the
      other input of AND gate 106 and to the other input of OR gate 108. The
      output of AND gate 106 is connected to the input of a second single shot
      multivibrator 110, and its "1"output (which is normally low) is delivered
      to one of the inputs of AND gate 112. The output of OR gate 108 is negated
      and delivered to the other input of a third single shot multivibrator 111.
      The "0"output of multivibrator 111 is delivered to the other input of AND
      gate 112. The output of AND gate 112 is negated and delivered at output
      line 114.
PAR  In operation, multivibrator 104 determines the predetermined time interval
      with which the duration of the applied pulse is compared. Multivibrator
      110 determines the duration of the output pulse if an output pulse is
      produced for a given input pulse. Multivibrator 111 primes gate 112 for
      coincidence with the output of multivibrator 110, and inhibits the output
      at line 114, if the input pulse is interrupted. The time constants of
      multivibrators 104, 110 and 111 are preferably adjustable so that their
      output pulse lengths may be varied.
PAR  Suppose, for example, that a pulse is applied at line 98 which has a
      duration shorter than the delay of multivibrator 104. At the beginning of
      the applied pulse, assuming a rectangular waveform, multivibrator 104 is
      immediately triggered so that its 0 output goes low. Line 114 is high at
      this time by reason of the high condition of the output of multivibrator
      111. Assuming that the applied pulse terminates before the end of the time
      interval established by multivibrator 104, the output of OR gate 108 goes
      high, and triggers multivibrator 111 so that its output goes low. The
      output of multivibrator 110 remains low. Therefore, the condition of line
      114 remains high, which is its normal condition.
PAR  A second possibility may occur as a result of a capsule which is partially
      filled at both ends but which has a gap at some point intermediate its
      ends. Two short pulses are produced at line 98 having a gap between them.
      At the end of the first short pulse, the output of gate 108 goes high and
      triggers multivibrator 111. The low condition of the output of
      multivibrator 111 holds gate 112 in a disabled condition so that line 114
      remains high even though multivibrator 110 is triggered as a result of the
      return of multivibrator 104 to its stable condition during the second of
      the short pulses.
PAR  Under normal circumstances, the duration of the applied pulse exceeds the
      time interval established by multivibrator 104. The output of
      multivibrator 104 will be high at the same time that the output of Schmitt
      trigger 102 is high. This will produce a high at the output of AND gate
      106 which will trigger multivibrator 110 so that its output goes high.
      This high and the high from multivibrator 111 will satisfy AND gate 112,
      and, two highs being present at the inputs of AND gate 112, a low is
      produced at output line 114, indicating a satisfactory capsule.
PAR  Returning now to FIG. 9, the outputs of the five delayed single shot
      multivibrators in group 96 are fed through negated inputs to a five input
      AND gate 116. The input lines are normally held positive by the connection
      of positive supply terminal 118 through resistors 120 to the lines.
      However, the output AND gate of each delayed single shot multivibrator
      includes a transistor which grounds the output line, thereby producing a
      low potential at the output line. When all of the five input lines to AND
      gate 116 are low, a high appears at its output which is connected to the
      data input "D" of a 12 bit shift register 122. An additional delayed
      single shot multivibrator 124 receives positive pulses which are produced
      as a result of the reflection of light from source 126 off a rotating
      marked disk 128 to phototransistor 130, the phototransistor being
      connected as a gate in a manner similar to the manner of connection of the
      phototransistors in array 88. The multivibrators in delayed single shot
      124 are adjusted so as to produce a relatively short negative-going output
      pulse which normally occurs about half way between the beginning and end
      of the coincidence pulse produced at the output of AND gate 116. The
      output of multivibrator 124 is inverted, then delivered through line 132
      to set input "S" of the shift register.
PAR  The shift takes place in shift register 122 whenever a positive-going pulse
      appears in line 132. Normally, the shift occurs when a high is present at
      the date input D. Consequently, the 1 outputs of the shift register
      normally remain in the high condition at all times. The 1 outputs are set
      to the high condition when positive supply voltages applied to the various
      supply terminals of the circuit by the application of a positive signal
      produced at that time by the circuit indicated at 134 to the present
      control terminal "PC" of the shift register.
PAR  The first two 1 outputs of the shift register are connected to the negated
      inputs of a two input OR gate 136. The second two 1 outputs of the shift
      register are connected to two of three negated inputs of a three input OR
      gate 138. The remaining 1 outputs of the shift register are similarly
      connected in pairs to three input OR gates 140, 142, 144 and 146. The
      third input of each of the three input OR gates is negated and connectable
      to ground through a rotary switch 148 which is so designed as to short
      successively closed contacts together. The outputs of all five OR gates
      are connected together through line 150 which is connected to an input of
      two input AND gate 152. The output of delayed single shot 124 is connected
      through line 154 to the other input of AND gate 152. The output of AND
      gate 152 is negated and connected to the input of a single shot
      multivibrator 156, the output of which is amplified by amplifier 158 to
      control indicator lamp 160.
PAR  Line 154 is also connected to an input of two input AND gate 162. The other
      input to AND gate 162 is derived from any one of four 0 output of shift
      register 122, the selection being made by switch 164, the wiper of which
      is connected through line 166 to AND gate 162. The negated output of AND
      gate 162 is delivered to single shot multivibrator 166, the output of
      which is amplified by amplifier 168 and used to operate valve solenoid 90.
PAR  The output of single shot multivibrator 156 not only controls indicator
      lamp 160, but is also connected through line 170 to an input of AND gate
      172. The other input is connected through resistor 174 to the positive
      supply, a reset switch 176 being provided to produce a low momentarily to
      this input. The negated output of AND gate 172 is connected to an input of
      two input AND gate 178, the other input of which is derived from the
      negated output of three input AND gate 180, AND gates 178 and 180 are
      interconnected in a latch configuration. One of the other inputs of AND
      gate 180 is derived from the negated output of AND gate 178. The third
      input of AND gate 180 is derived through line 182 from circuitry 134 so
      that a positive pulse is delivered to a third input when power is applied
      to the monitoring circuitry. The output of the latch at the output of AND
      gate 178 is amplified by amplifier 184 and used to operate halt solenoid
      92.
PAR  The operation of the solenoid valve 90 of the reject mechanism is effected
      after a delay whenever a condition occurs such that the clock pulse
      appears at shift register set terminal S when the data terminal is in a
      low condition. A high travels along the 0 output of the shift register
      until it reaches the 0 output to which line 166 is connected through
      switch 164. With line 166 temporarily in a high condition, the
      reappearance of a high in line 154 following the clock pulse results in
      the production of a low at the output of AND gate 162. This low triggers
      multivibrator 166, and effects opening of the solenoid valve which
      delivers a blast of air to reject nozzle 56 (FIG. 2), thereby removing a
      defective card from the conveyor. The shift register produces the
      necessary delay to allow the card to travel from the point of which it is
      inspected by inspection head 42 to the point where it is rejected by
      reject mechanism 56. Switch 164 (FIG. 9) allows the operator to make an
      electrical adjustment of the delay to insure that the blast of air occurs
      when the unacceptable card is in the optimum position with respect to the
      nozzle for reliable rejection.
PAR  OR gates 136-146 are arranged so that a high is produced in line 150
      whenever at least one input of each of the gates is low. By the adjustment
      of switch 148, an artificially produced low can be effected at inputs of
      up to five of the six OR gates. For example, with switch 148 in the
      position shown, a high in line 150 will be produced only when six
      consecutive unacceptable cards (having two rows each) are sensed by the
      inspection head. In the event of six unacceptable cards, there will be at
      least one low at the inputs of each of the six OR gates.
PAR  If switch 148 is moved one position clockwise, at least five consecutive
      unacceptable cards are necessary to produce a high in line 150. Switch 148
      can be adjusted so as to produce a high in line 150 for any number of
      consecutive unacceptable cards between one and six.
PAR  When line 154 goes high at the end of a clock pulse, if line 150 is high, a
      low at the output of AND gate 152 triggers single shot multivibrator 156.
      The output of multivibrator 156 causes illumination of indicator lamp 160
      and also produces a high in line 170 which results in a low at the output
      of AND gate 172. This low latches the interconnected AND gates 178 and 180
      to a condition such that the output of AND gate 178 goes high and effects
      operation of halt solenoid 92. Halt solenoid 92 halts operation of the
      capsule packaging machinery by effecting disconnection of electric motive
      power. Resetting of the latch is effected by momentary closure of switch
      176 which delivers a low through line 186 to an input of AND gate 180. The
      output of AND gate 180 goes high, and since both inputs of AND gate 180
      are high at this time, its outputs go low and halt solenoid 92 is
      deenergized. Thus, the operator can cause operation of the packaging
      machine to resume by momentary operation of switch 176.
PAR  The operation of the electrical circuitry in FIG. 9 may be briefly
      summarized as follows.
PAR  The occurrence of an inadequately filled capsule is sensed by the
      comparison of the time through which its contents block the inspection
      beam with a time interval which is electrically predetermined by the
      parameters of the components of a multivibrator corresponding to
      monostable multivibrator 104 (FIG. 10). These parameters may be adjusted
      to set the criteria for acceptability, and also to accommodate the
      operating speed of the packaging machinery, which, of course, determines
      the interval through which the inspection beam is blocked for a given
      quantity of capsule contents.
PAR  All of the capsules in a row are inspected simultaneously, and the
      circuitry effects a rejection of the card if any capsule in any row on the
      card is unacceptable because of inadequate contents.
PAR  When all of the capsules in a row are aligned, the pulses produced by the
      delayed single shot multivibrators in group 96 coincide. However, if a
      capsule is badly misaligned with the remaining capsules in its row, the
      pulse corresponding to it will not coincide with the other pulses, and no
      coincidence pulse will be produced at the output of AND gate 116. The card
      carrying the misaligned capsule will be rejected. The extent of
      misalignment which will be tolerated is determined by the lengths of the
      pulses produced at the outputs of the delayed single shot multivibrator,
      and these lengths may be adjusted.
PAR  The row itself must be located within certain limits measured in the
      direction of travel of the backing strip since otherwise rows of capsules
      might be positioned too close together or too far apart on a card. The
      pulse produced by delayed single shot 124 is synchronized with the
      packaging machinery, and insures the rejection of any card in which a row
      is so far out of proper position that the coincidence pulse at the output
      of AND gate 116 does not overlap the pulse at the output of delayed single
      shot 124. The length of the pulse produced by delayed single shot 124 may
      be adjusted electrically, and its position may be adjusted either
      electrically or mechanically.
PAR  Switch 164 provides for especially simple and convenient adjustment of the
      delay between inspection and rejection.
PAR  Switch 148 establishes the criteria for causing the packaging machinery to
      stop automatically. Generally speaking, the apparatus senses the frequency
      of unacceptable cards and causes the packaging machinery to halt when the
      frequency of unacceptable cards and causes the packaging machinery to halt
      when the frequency of unacceptable cards becomes too high. More
      specifically, the apparatus makes use of the shift register to effect a
      halt when a predetermined number of unacceptable cards in a row in
      produced. Various other means for effecting a halt of the packaging
      machinery when the frequency of unacceptable cards becomes too high will
      occur to those skilled in the art.
PAR  Similarly, other modifications may be made to what is specifically
      disclosed without departing from the scope of the invention as defined in
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A quality control monitor for medicinal capsule packaging apparatus in
      which transparent capsules are filled with medication and fastened to a
      moving reflective backing strip in rows which are transverse to the
      direction of movement of the backing strip, comprising:
PA1  a plurality of light beam producing means, one for each capsule in a row,
PA1  a plurality of photosensitive detectors, one for each capsule in a row, and
PA1  means for mounting the light beam producing means and the photosensitive
      detectors for substantially simultaneous inspection of the capsules in a
      row, so that each beam approaches the backing strip at an oblique angle
      and is reflected to a different one of the detectors and so that each
      plane defined by the approaching and reflected part of a beam intersects
      the plane defined by the movement of a row of capsules to define a line
      which is oblique with respect to the direction of motion of the rows of
      capsules,
PA1  whereby a relatively large number of pairs of light beam producing means
      and photosensitive detecting means are accommodated in a small row-wise
      space.
NUM  2.
PAR  2. A quality control monitor according to claim 1 in which the means for
      mounting the light beam producing means and the photosensitive detectors
      comprises means for securing said light beam producing means and
      photosensitive detectors in fixed relationship to each other, and means
      for adjusting the distance between said securing means and the reflective
      backing strip.
NUM  3.
PAR  3. A quality control monitor according to claim 1 in which the means for
      mounting the light beam producing means and the photosensitive detectors
      is a block having a plurality of substantially cylindrical passages for
      mounting said light beam producing means and detectors, the axis of each
      passage for mounting a light beam producing means intersecting the axis of
      a different passage for the mounting of a detector, the intersections
      being located substantially in a line external to the block and the planes
      defined by the intersecting axes intersecting the plane defined by the
      movement of a row of capsules to define lines which are oblique with
      respect to the direction of motion of the rows of capsules.
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ABST
PAL  An optical instrument comprising a lens means having a concave light
      reflecting surface serving as a semi-transparent mirror, and a light
      source for directing light beams to the semi-transparent mirror which is
      arranged to produce an image of the light source, such that said image to
      an observer who has his eye directed to the concave mirror surface appears
      to lie far in front of the mirror to serve as a sighting mark on a
      sighting line between the observer's eye and a target; the lens means with
      the semi-transparent concave mirror surface and the light source being
      arranged such in relation to each other and in relation to the sighting
      line that the optical main axis from the light source to the lens means
      intersects the sighting line substantially on the semi-transparent mirror
      surface and intersects the theoretical optical main axis of the lens means
      in a point situated close to the focus of the concave mirror surface, and
      such that the focus and said point are transversely spaced from the
      sighting line whereby sighting errors as a result of misalignment of the
      observer's eye in relation to said sighting line will be reduced to a
      minimum.
BSUM
PAR  This invention relates to an optical sighting instrument which comprises a
      lens means adapted to serve as a semi-transparent concave mirror, and a
      light source so arranged that the mirror gives to the observer's eye an
      image of the light source which serves as a sighting mark.
PAR  In an instrument of this kind which is known from French Pat. No. 1,126,409
      use is made, as a light source, of a fluorescent rod of glass or plastic
      which is adapted to have its circumference illuminated by ambient light or
      by light from an auxiliary light source and is arranged to emit light
      through its one end which is directed to the mirror. Both ends of the rod
      are silvered or otherwise closed to light emission except for an aperture
      in the form of a reticle in the silver layer at the end of the rod
      directed to the mirror, and the rod can be adjusted relative to the mirror
      to allow placing the reticle in the focus of the concave mirror surface.
PAR  With this instrument the mirror image of the light source will be perceived
      by the observer as a sighting mark situated at a great distance in front
      of the mirror and the observer will be able to move his eye in a zone
      corresponding to the field of the mirror without any parallax error
      occurring between the image of the reticle and the target area, which
      makes it possible to place a small filter between the observer's eye and
      the target and to observe or aim at the target optionally through the
      filter or directly above or below the filter.
PAR  In order that no parallax error or double image shall arise the light
      source being reflected shall be a point or surface (one- or
      two-dimensional), i.e. all light shall appear as if it arrived from the
      reticle proper. This is not, however, the case in the previously known
      instrument described, for the light emitted from the reticle does not
      appear to come from one and the same plane, i.e. the plane of the reticle,
      but also from the rear end of the rod and from several points within the
      rod proper. The rod is not either totally reflecting, for all light rays
      within the rod that are incident to the peripheral surface of the rod at
      angles outside a total inner reflection, are emitted from the rod with
      consequent weakening of the light.
PAR  The previously known instrument described suffers from two essential
      drawbacks, the first being that the light from the reticle does not seem
      to come, in its entirely, from the plane of the reticle, and the second
      being that the light loss and thus the light weakening in the rod is
      relatively large. If the marksman is, for instance, in the shade and aims
      at a target lighted by the sun, no sighting mark is obtained.
PAR  A further disadvantage is that the length of the optical system will be
      relatively large since this length also includes the whole length of the
      glass rod and that the glass rod cannot be exploited in any manner other
      than as part of the light source proper.
PAR  Moreover, it is previously known from Swedish Pat. application No. 12
      736/71 to provide a lens serving as a semi-transparent concave mirror, and
      a light source placed in the focus of the mirror, said parts being so
      arranged that the main axis of the lens/mirror constitutes an axis of
      symmetry for the marksman's line of sight and a line between the light
      source and the centre of the lens. This device involves int.al. the
      improvement that the light viewed in the mirror seems to come from a
      single plane, whereby the picture of the light source, which is seemingly
      at a great distance in front of the mirror, can be concentrated in a
      better way than in the device described above. However, in this case as in
      the device described above a certain perturbation of the image is caused
      by refractions in the two sides of the lens (double image) at a small
      focal distance.
PAR  The present invention has for its object to overcome these problems and to
      this end the optical sighting instrument according to the invention
      includes a monolithic or composite body shielded at the circumference and
      made of glass or optically equivalent material, which body has at its
      front end a concave surface of refraction facing the rear end of the body
      and forming a semi-transparent concave mirror surface, and the light
      source is arranged in conjunction with said body at a light admission
      surface situated at the rear end of the body or between said end and the
      mirror surface, being located laterally of and at a distance from a line
      of sight which extends through the body from the rear to the front end
      thereof through the mirror surface.
PAR  According to the invention, the inner total reflection of light from a
      light source is exploited in an effective way with the smallest possible
      light loss, and image perturbation is diminished in that the light rays
      need not travel in the air between the lens/mirror and the light source.
      The light source can be built into the lens proper.
PAR  In the simplest case the trajectory of rays in the optical system takes
      place in one and the same medium, i.e., through a body of uniform
      material, such as glass or equivalent plastic, but the body may also be
      constructed from two or more pieces of material which are interconnected
      by any one of the methods well-known in optics. In the latter case, the
      body may be a glass rod and a ground lens fixed to one or both ends of the
      rod.
PAR  Normally, the optical system may be so arranged as to be neither magnifying
      nor diminishing, but the invention also permits arranging the optical
      system in such a way that it gives a magnification and thus can replace a
      telescope sight.
PAR  Owing to the insignificant loss of light in the optical system according to
      the invention (inner total reflection) it is possible to use relatively
      weak light sources. This means that the energy sources (generally
      batteries) will have a long life, and the use of so-called beta light, of
      the kind employed in night sights, as a light source in the sighting
      instrument according to the invention, is highly advantageous. A beta
      light of this type is made up of a glass capsule which is coated
      internally with, for instance, phosphorus and is filled with an activating
      gas such as tritium gas. Tritium which is an isotope of hydrogen, emits
      beta particles (electrones) which, when they strike phosphorus, cause this
      material to emit light of the colour characteristic of phosphorus. These
      light sources do not emit any harmful radiation, they can be made shock-
      and vibration-proof and completely protected against damage from external
      sources. Moreover, they can be very small in size, having for example
      diameters of from abt. 1/2 mm and more and lengths from abt. 5 mm and
      more, depending upon the light intensity desired.
PAR  In target shooting, with for instance air pistols, when shooting is carried
      out at a fixed distance (10 meters), it is possible to eliminate, when the
      light source is located in focus, such errors as arise by parallel
      displacements of the sighting mark when the observer moves his eye. This
      elimination is realized by moving the light source closer to the mirror,
      i.e., inside the focus, in proportion to the decreasing range to the
      target. The sighting mark will lie absolutely immovable on the target even
      if the observer moves high eye considerably.
PAR  By arranging the light source in such a way that the light directed towards
      the mirror seems to come from a single point or surface, the correct
      location of the light source in or relative to the focus of the mirror is
      easily determined, since the theoretical centre of the light source
      coincides with that of the light-emitting surface.
PAR  When a light source in the form of a glass rod with silvered ends and with
      an aperture (reticle) in one silvered end is used, a correct image of the
      reticle is only obtained if the sighting mark is observed in the middle of
      the mirror. A not insignificant portion of the total light comes from the
      silvered rear end of the rod, but if the observer moves his eye so that
      the sighting mark is observed at the edge of the mirror no light is
      obtained from the silvered rear surface, but only from that light which is
      reflected from the circumferential surface of the rod. When the observer
      moves his eye the light will thus vary in intensity and the sighting mark
      will be blurred (magnified).
DRWD
PAR  The invention will be more fully described hereinbelow with reference to
      the accompanying drawing, in which:
PAR  FIG. 1 is a longitudinal sectional view of a sighting instrument according
      to the invention which is built into a tube;
PAR  FIG. 2, on a larger scale, is a longitudinal section of the light source at
      the sighting instrument in FIG. 1;
PAR  FIG. 3 is a diagrammatic side elevational view of the light transmitting
      body forming both the light transmission medium and the mirror/lens in the
      sighting instrument according to the invention;
PAR  FIG. 4 is a view similar to FIG. 3 of a body of composite design;
PAR  FIG. 5 is a view of a possible cross-sectional shape of the body at a level
      with the light source;
PAR  FIG. 6 is a modification of the lens systems in FIGS. 1, 3 and 4.
PAR  FIG. 7 is a simplification of the lens system in FIG. 6.
DETD
PAR  The main constituent parts of the sighting instrument illustrated in FIG. 1
      comprise a lens 1 and a light source 2 disposed in a tube 3. The lens 1 is
      a cylindrical or rod-shaped body of ordinary lens glass, plexi glass or
      equivalent material. The front end surface 4 thereof is convex and the
      rear end surface 5 thereof is concave. The line R from the concave end
      surface 4 drawn through the crossing with a line of sight S through the
      lens from the rear end of the tube 3 at 6, said line of sight being
      parallel with the longitudinal axis of the lens, extends through the light
      source 2 which is mounted in a recess in the rear end portion of the lens
      near the circumferential surface thereof. The lens 1 is adjustably and
      elastically suspended together with the light source 2 in the tube 3 by
      means of rubber elements 7, 8, one of which is in the shape of a conical
      rubber sleeve 7 which at its inner narrow end is fastened about the lens 1
      by means of a ring 9 and which at its outer end is fixed to the inner side
      of the tube 3 near the outer end thereof. The other rubber element 8 is in
      the form of a disk which at its inner periphery is clamped about the lens
      1 by means of a ring 19 near the rear end of the lens, the outer edge of
      said ring being fixed to the inner side of the lens. A set screw 12 is
      screwed into a holder 11 on the tube wall and bears with its inner end
      against a shoulder on the circumferential surface of the lens at a point
      in front of the centre of the lens. The rod 1 can by swung by means of the
      set screw 12 in the plane of FIG. 1. A similar set screw 12' may be
      arranged in a position turned through 90.degree. in relation to the set
      screw 12, for adjusting the front end of the lens 1 in a longitudinal
      axial plane at right angles to the plane of FIG. 1. The sighting aperture
      6 at the rear end of the tube 3 may be designed in any suitable manner,
      for instance as a hopper-shaped mouth, as in a telescope sight. The tube
      is preferably closed at the outer end by means of a glass disk 13. The
      glass disk 13 may be replaced by an ocular, in which case the tube end 6
      can be adjustable.
PAR  The outer end 4 of the rod 1, as already mentioned, is externally convex;
      the surface 4' serving as a mirror will then be concave. As shown, the
      axis R from the mirror surface makes an angle with the line of sight S
      through the tube 3, the focus of the mirror surface lying at the lower
      edge of the rear end of the lens 1, for instance slightly outside the
      point where the light source 2 is placed. Magnification is obtained if the
      rear concave end surface 5 of the lens 1 has a radius of curvature greater
      than the surface 4. The optical axis of the surface 5 is parallel with the
      axis R and the circumference of the lens is either matted or coated with a
      light-impermeable coating 14 of some suitable kind.
PAR  As shown in FIGS. 1 and 2 the light is supplied to the light source at the
      sighting instrument in FIG. 1 by a small lamp 15, the filament 16 of which
      is connected to a battery 17 (see FIG. 1) and which is enclosed in a glass
      bed, for example, a bed of acrylic glass 18 which is cast into a brass
      sleeve 19. The front end of the brass sleeve has an aperture which is
      filled with glass forming a plug 20 the outer side of which is matted. The
      outer end of the glass plug 20 thus forms a matt, luminous surface which
      is directed to that point of the mirror surface 4' of the lens 1 which is
      passed by the line of sight S. As a result, a light spot coming from a
      single surface will be obtained. The front end portion of the brass sleeve
      19 is preferably placed in a recess in the rear end of the rod (as appears
      from FIG. 1 and as diagrammatically shown in FIG. 3), but it can also be
      placed at the outer edge of the rear end of the lens 1.
PAR  It is also possible to provide a recess, in or near the rear end of the
      lens 1, which is shielded at the sides 21 (FIG. 3), which is matted at its
      bottom surface facing the middle of the mirror surface 4' (the point is
      cut by the line R in FIG. 1), and which constitutes the light source 2 in
      conjunction with the lamp 15 placed in the recess or sending its light
      into it.
PAR  The lens 1 can be ground so that it has neither magnifying nor diminishing
      properties, but should a magnification be desired (or diminution, which is
      less probable), this can easily be realized by suitable grinding of the
      surfaces 4, 5. The desired optical properties can be realized by grinding
      of the ends of a glass or plastic rod of suitable cross-section and
      length, or by the use of a combination of composite lenses, for instance
      two lenses 22, 23 at the ends of a plastic or glass rod 1' (FIG. 4).
PAR  In the embodiment according to FIG. 4 the rod 1' may consist of for example
      lens glass or plexi glass and can have straight or obliquely plane-ground
      ends 24, 25. In the case illustrated, the front lens 22 is a plane-convex
      lens and the rear lens 23 is a plane-concave lens. The mirror surface in
      this case is the rear 4' of the convex surface 4 of the plane-convex lens
      22. The lamp 15 may be placed in the rear lens 23 or adjacent to it near
      the circumference thereof, or may extend with its front end through said
      lens up to the rear end 25 of the rod 1', i.e. the surface which, in its
      capacity as light-emitting surface has been called the light source 2.
PAR  If it is desired to change the location of the light source 2 relative to
      the focus of the mirror surface 4', the light source (for instance that
      shown in FIG. 2) may be displaceable and adjustable into desired positions
      along the axis R of the mirror.
PAR  It should be observed that the lens 1 need not be circular-cylindrical. It
      may have, for instance, conical shape with circular cross-sectional form
      or may have any other suitable shape which will provide more space for the
      light source, for example the pear-shaped cross-sectional form illustrated
      in FIG. 5. Moreover, the rod 1' can be combined with lenses of any
      suitable configuration for obtaining the desired optical properties. The
      combination of a body of glass or equivalent material, such as the rod 1'
      in FIG. 4, and lenses, such as 22, 23, can be realized according to
      methods well-known in optics for avoiding perturbation phenomena and
      errors of refraction. Preferably, use can be made of Canada balsam (a
      resinous binder), to fix a lens at the end of a rod 1'. This balsam has
      the well-known property of permitting the bonding of well-ground lens
      surfaces without giving rise to undesired reflection.
PAR  In the sighting instrument according to the invention use is made of a rod
      (single or composite) of glass or equivalent light-permeable material both
      as a mirror and as a light ray trajectory and in certain cases also as a
      magnifying lens. The circumference of the rod is matted or otherwise
      shielded and the light penetrating through the rear end of the rod in the
      assembly according to FIG. 1 is insignificant relative to the light from
      the light source 2, and is not capable of blurring the sighting mark, i.e.
      the image of the light source situated in front of the sighting
      instrument.
PAR  As shown in FIG. 6, it is conceivable to combine or to replace the rod 1 or
      1' with a composite lens system comprising two assembled (e.g. glued
      together) lenses 4a, 4b, in which the boundary layer 4' between the lenses
      serves as a semi-transparent mirror for light from the light source. This
      can be realized by using lenses 4a, 4b of different indexes of refraction
      or by using a reflection layer between the lenses. A lens system combined
      according to this principle is neither magnifying nor diminishing. One
      lens 4a  is formed so as to eliminate spherical abberation from the
      reflecting surface 4' between the two lenses 4a, 4b, while the other lens
      4b is formed in such a way that the lens system 4a, 4b will be
      zero-refracting (neither magnifying nor diminishing) and will thereby
      compensate for the requisite deviation of the lens 4a from zero-refraction
      necessary for abberation correction. The trajectory, in the rod 1", of the
      rays from the light source is advantageous also in this case, though not
      absolutely necessary to attain an absolutely parallax-free lens system
      which allows the observer to move his eye without resulting sighting
      errors.
PAR  In this case the rod 1" may be omitted, whereby the lens 4a takes over the
      function of this rod 1".
PAR  In a further modification, however, the lens 4a may be omitted, in which
      case the rod 1" will be formed to eliminate spherical abberation from the
      reflecting surface 4' between the lens 4b and the lens formed by the rod
      1" in FIG. 6. Also in this case the lens 4b is formed such that the lens
      system 4b, 1" will be zero-refracting, e.g. such that the lens 4b will
      compensate for the requisite deviation of the lens 1" from
      zero-refraction.
PAR  In FIG. 6 (as in FIG. 1) the light source 15 is positioned such that the
      light emitting surface 2 is situated in the focus of the semi-transparent
      mirror surface 4', and such that the optical axis R of the light emitting
      surface 2 is situated between the line of sight S and a line between the
      light surface 2 and the centre point C of the lens system 4a, 4b; this
      point C is situated at or close to the lower edge of the lens system 4a,
      4b (the lens system 4a, 4b is formed such that it may be considered cut
      from a sector of a symmetrical lens with the centre C in its middle
      point).
PAR  The light source, i.e. the luminous surface 2, may be in the form of a
      circular surface, a cross, a T or in any other suitable form normally used
      for sighting marks. The essential thing is that the light source is
      arranged in such a way that the light seemingly comes from one and the
      same surface which is planar or which may be curved, with all points of
      the luminous surface being equidistant from the mirror surface. The
      requirement that the image be sharp and the light loss as small as
      possible is satisfied with the embodiment according to the invention.
PAR  As mentioned in the introduction, use can be made, as a light-generating
      element, of so-called beta light comprising a glass capsule which is
      internally coated with, for instance, phosphorus and is filled with an
      activating gas such as tritium gas. A light-generating element of this
      type may be of very small dimensions and may therefore be easily mounted
      (exchangeably) in the glass body proper of the sighting instrument
      according to the invention. A light-generating element of this kind can be
      mounted for instance in the location of the lamp 15 in FIG. 4 and does not
      require any connections to a battery. A beta light is extremely well
      suited for shooting in the dark and is, besides, used for this purpose in
      conventional night sights.
PAR  Thus beta light has great advantages which can be exploited, in a novel
      manner, in the sighting instrument according to the invention but beta
      light also has the disadvantage that the light intensity cannot be varied
      as simply as in a battery-driven lamp, the light intensity of which can be
      varied by adjustment of a resistor. However, use can be made of relatively
      intensive beta light in combination with insertible or exchangeable
      filters for great or small subduing of the light intensity emitted.
PAR  In a preferred modification, use is made of a light source in the form of a
      light emitting diode 15, where the light source proper or, as shown, the
      outer end 2 of a rod 15' of a light leading material, such as acrylic
      plastic, is connected with the diode to serve as a light emitter. This
      light emitting diode or rod 15' may be arranged such that it will have a
      laser effect, e.g. such that the light beam from the light source to the
      surface 4' is sharply confined. Diodes of small dimensions and having the
      desirable characteristics mentioned above as well as the desirable
      characteristic of consuming very low electric power are -- or are supposed
      in a near future to be -- available on the market and are considered to be
      well suited for use as light sources in sighting instruments according to
      the invention.
PAR  It will appear from the above that the primary parts of the sighting
      instrument according to the invention, i.e. the lens or lens assembly 1
      having a semi-transparent mirror and the light source 2 can be modified in
      many ways, and that it is very simple to amount these parts of the compact
      sighting instrument adjustably in a housing of some kind, for instance the
      tube 3 shown in FIG. 1, especially when said parts 1, 2 are combined as
      shown in FIGS. 1, 3, 5 and 6 but also when these parts 1, 2 are spaced
      from each other as in the modification explained in conjunction with the
      description of FIG. 6. It is also pointed out, and shown in FIG. 7, that
      the centre C of the lens system may be situated at a point outwardly of
      the periphery of the lenses proper, e.g. spaced downwardly from the lower
      edge of the lenses as in FIG. 7, where reference numerals identical with
      those in FIGS. 1, 4 and 6 stand for identical or substantially equivalent
      parts. The lenses in FIG. 7 as in FIGS. 1, 3, 4 and 6 are supposed to be
      cut from symmetrical lenses, having a centre C in the middle point, in an
      area between the periphery thereof and a line which is a tangent to said
      periphery and is spaced from the centre of said supposed symmetrical lens.
      Also in this case any beam R from the light emitting surface 2 to the
      reflecting surface 4' will be reflected back as a light beam along or
      parallel with the sight line S and with the beam or line R situated
      between the line S (or any beam parallel therewith) and a line extending
      from the light emitting surface 2 to the lens centre C (which may be
      situated at or near or even outwardly of the lower edge of the lens or
      lens system). Under these circumstances a very quick aiming of a weapon
      equipped with the instrument according to this invention will be possible.
      As soon as the user's eye sees the sighting mark on the target the
      sighting mark will be coincident with the point of impact of the weapon
      without any parallax.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A sighting instrument having front and rear ends and comprising a lens
      means mounted at said front end of the instrument and including a
      semi-transparent concave mirror surface facing said rear end of the
      instrument to be viewed therefrom and having its axis directed such that
      the focus of said concave mirror surface is offset from the sighting line
      of said instrument, and a light source having a light emitting surface
      positioned substantially at the focus of said concave mirror surface for
      directing light onto said concave mirror surface to produce a confined
      image of said light emitting surface, which is useful as a sighting mark
      and which to an observer who has his eye directed to said mirror surface
      in a distance rearwardly thereof, appears to lie in front of the mirror on
      the sighting line between the observer's eye and a target, said lens means
      with said concave mirror surface and said light source being arranged such
      in relation to each other and to said sighting line that the main axis of
      light emitted from said light emitting surface intersects said sighting
      line substantially on said semi-transparent mirror surface and intersects
      the theoretical optical main axis of said lens means in a point close to
      the focus of the concave side of the mirror surface, wherein said lens
      means comprises a front lens and a rear lens with said semi-transparent
      mirror surface arranged between said lenses, said rear lens being formed
      to eliminate spherical aberration from the reflecting semi-transparent
      mirror surface between said lenses and said front lens being formed such
      that the lens system will be zero-refracting, and wherein said light
      source placed substantially at the focus of said mirror comprises a light
      emitting diode adjustably movable in relation to said focus and a body of
      optical material extending from the front end of said diode and providing
      with its front end said light emitting surface of a configuration to
      produce said confined image useful as a sighting mark.
NUM  2.
PAR  2. An instrument as claimed in claim 1, wherein said lens means is so
      designed that its theoretical optical axis is spaced from and parallel
      with said sighting line.
NUM  3.
PAR  3. An instrument as claimed in claim 1, wherein said lens means comprises a
      body of optic material extending from said light emitting surface and
      wherein said light emitting surface is provided in a recess in said body.
NUM  4.
PAR  4. An instrument as claimed in claim 1 wherein the light emitting surface
      is a matted surface.
NUM  5.
PAR  5. An instrument as claimed in claim 1, wherein said light emitting surface
      is an end surface on an elongated body having a light leading capacity of
      the linear characteristic of acrylic plastic.
NUM  6.
PAR  6. An instrument as claimed in claim 1, wherein a body of acrylic plastic
      extends from said light emitting surface to said lens means.
NUM  7.
PAR  7. An instrument as claimed in claim 1, wherein the rear end of the lens
      means is of a shape substantially corresponding to that of the mirror
      surface, and has an axis parallel to that of the mirror surface.
NUM  8.
PAR  8. An instrument as claimed in claim 7, wherein a body of optic material is
      fixed at the rear end of said front lens to serve as said rear lens.
NUM  9.
PAR  9. An instrument as claimed in claim 1, wherein said lens means comprises a
      rod-shaped body of optic material which together with the lens means
      constitutes a unit extending rearwardly to and contacting said light
      emitting surface.
NUM  10.
PAR  10. An instrument as claimed in claim 9, wherein said light source is at
      least partially mounted in a rear end portion of said body.
NUM  11.
PAR  11. An instrument as claimed in claim 9, wherein said body in its rear end
      portion has a cylindrical recess having a bottom surface and an axis
      directed to the mirror and extending at right angles through said bottom
      surface and wherein said light emitting surface is positioned close to
      said bottom surface.
NUM  12.
PAR  12. An instrument as claimed in claim 1, wherein said light source is a
      light source having a laser effect.
NUM  13.
PAR  13. An instrument as claimed in claim 1, wherein said lens means and said
      light source are adjustably mounted and elastically suspended in a tube of
      substantially the same shape and configuration as that of a telescope
      sight.
NUM  14.
PAR  14. A sighting instrument having front and rear ends and including a lens
      means mounted at said front end of the instrument and including a
      semi-transparent concave mirror surface facing said rear end of the
      instrument to be viewed therefrom and having its axis directed such that
      the focus of said concave mirror surface is offset from the sighting line
      of said instrument, and a light source having a light emitting surface
      positioned substantially at the focus of said concave mirror surface for
      directing light onto said concave mirror surface to produce a confined
      image of said light emitting surface, which is useful as a sighting mark
      and which to an observer who has his eye directed to said mirror surface
      in a distance rearwardly thereof, appears to lie in front of the mirror on
      the sighting line between the observer's eye and a target, said lens means
      with said concave mirror surface and said light source being arranged such
      in relation to each other and to said sighting line that the main axis of
      light emitted from said light emitting surface intersects said sighting
      line substantially on said semi-transparent mirror surface and intersects
      the theoretical optical main axis of said means in a point close to the
      focus of the concave side of the mirror surface, wherein said lens means
      includes a front lens and a rear lens with said semi-transparent mirror
      surface arranged between said lenses, said rear lens being formed to
      eliminate spherical aberration from the relecting semi-transparent mirror
      surface between said lenses and said front lens being formed such that the
      lens system will be zero-refracting, and wherein said light source
      comprises a capsule containing a medium emitting beta particles and a
      substance arranged to receive and adapted to be activated by said
      particles to emit a light characteristic of the substance in question,
      said capsule having a front end closed by optic material the front end of
      which provides said light emitting surface of a configuration to produce
      said confined image useful as a sighting mark.
NUM  15.
PAR  15. An instrument as claimed in claim 14, wherein said medium being tritium
      gas and said substance being phosphorus.
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ABST
PAL  This invention relates to a method for spreading mixtures of primary colors
      in fluid form by means of a spreading device, such as a drawing or
      painting device, having containers for colors and thinner connected to a
      spreading or painting element.
BSUM
PAR  The method according to the invention is mainly characterized in that two
      or more colours and possibly thinner are simultaneously fed from the
      respective containers under a suitable pressure in desired amounts to the
      spreading element and the ratio of the colours in the mixture, and thus
      the tone of the mixture, is changed by degrees or continuously during the
      spreading.
PAR  The main advantage of the method of the invention is the fact that a change
      from one color mixture and tone into another is achieved by degrees or
      continuously very fast while it is not necessary to lift the painting
      element off the spreading base at all.
PAR  The invention also relates to a spreading device for carrying out the above
      method, the characteristics of the device are set forth in the claims.
PAR  According to one main characterizing feature of the invention, a guide
      sleeve of a setting sleeve with pressing balls is movable by means of a
      pressing lever provided with a pressing arm, the pressing lever being
      pivotally connected to the guide sleeve, and the said push arm being
      pivotally mounted to the pressing lever, and the pressing lever is
      provided with teeth acting together with a setting ratchet and a setting
      arm so that the support point of the pressing lever can be changed by
      means of the setting ratchet so that when the pressing arm is pressed
      either the setting sleeve or the push arm or both are moving.
PAR  Color in fluid form in this specification means liquid which itself is
      coloring agent as or into which coloring agent, in pigments or otherwise
      mixed, is dissolved or suspended.
DRWD
PAR  The method of the invention, and the device will be further described with
      reference to the accompanying drawings, in which
PAR  FIG. 1 shows a longitudinal view of one embodiment of the device according
      to the invention, in the form of a pen, where the upper part is not shown,
      partially in section,
PAR  FIG. 2 shows similarly a longitudinal view, the section being taken
      perpendicularly to the view of FIG. 1,
PAR  FIGS. 3 and 4 show cross sections taken on lines III--III and IV--IV of
      FIG. 1,
PAR  FIG. 5 shows a longitudinal view of another embodiment of the device
      according to the invention, where the upper part is not shown, partially
      in section,
PAR  FIGS. 6 and 7 show cross sections taken on lines VI--VI and VII--VII of
      FIG. 5,
PAR  FIG. 8 shows a sectional side view of one single container of the device of
      FIG. 5,
PAR  FIG. 9 shows a cross section taken on line IX--IX of FIG. 8, and
PAR  FIG. 10 shows a longitudinal sectional view of still another embodiment of
      the invention.
DETD
PAR  In the following specification, the lower or front end of the device means
      the end provided with a spreading element, and the upper or rear end means
      the opposite end of the device.
PAR  The embodiment shown in FIGS. 1 to 4 has a frame 1, arranged coaxially
      inside a sleevelike outer casing comprising a protecting sleeve 2, a
      protecting point 3 at the lower end of the protecting sleeve, and an upper
      protecting sleeve 4 connected to the upper end of the protecting sleeve 2.
      The upper end of the upper protecting sleeve 4 can be provided with a
      button for a cleaning device for the color discharge openings. Tubular,
      longitudinal containers for color and thinner, made of plastic material,
      for instance, are fitted in the upper end of the frame 1. Each two
      containers are arranged adjacent to each other and on top of each other.
      Seen from the upper end, a container 5a for blue color is on top on the
      left, a container 6a for yellow color is next to it on the right, a
      container 7a for red color is below the container 5a, and container 8a for
      thinner is next to the container 7a. The lower end of each container is
      connected with an adjustment cavity formed by a tube of elastic material.
      The container 5a for blue color continues as an adjustment cavity 5, the
      container 6a for yellow color continues as an adjustment cavity 6, the
      container 7a for red color continues as an adjustment cavity 7, and the
      container 8a for thinner continues as an adjustment cavity 8. These
      adjustment cavities continue as tubes 9 attached to the lower end of the
      frame 1, and then as ducts 10 through a duct support sleeve 11 attached to
      the tubes 9, and open into discharge openings 12 in the upper surface of
      the sleeve 11. In the embodiment shown, the discharge openings 12 are
      arranged so that an opening for blue color is furthest in the point,
      openings for red and yellow colors are next to each other behind it, and
      an opening for thinner is at the rear.
PAR  Back pressure valves, each comprising a common transverse valve piece 13
      for each pair of adjacent adjustment cavities 5, 6 and 7, 8, are arranged
      at the upper ends of the adjustment cavities 5 to 8. These valve pieces
      are in contact with the outer surfaces of the adjustment cavities through
      openings 14 in the frame. The ends of two bow springs 15 are connected to
      the adjacent ends of the valve pieces 13 on the opposite sides. The lower
      end of each container is closed and extends into the upper end of an
      adjustment cavity and has a flat section 16. At this point, there is a
      hole 17 in the wall of the container. When the back pressure valves are
      closed, the bow springs 15 press the valve pieces 13 against the said flat
      sections 16 of the adjustment cavities, and the holes 17 are closed. In
      order to open the back pressure valves, each valve piece 13 is provided
      with an opening projection 18, the functioning of which will be described
      later.
PAR  A ball 19 forming a ball valve is arranged at the lower end of each elastic
      adjustment cavity 5 to 8, at an opening or dent in the frame 1. The
      diameter of the ball 19 is such that when the ball valve is closed, the
      ball shuts the lower end of the adjustment cavity, but when the pressure
      in the adjustment cavity increases, fluid in the cavity runs between the
      ball and the inner surface of the adjustment cavity through the
      corresponding tube 9 and duct 11 into the respective discharge opening 12,
      as will be described later. At each adjustment cavity 5 to 8 there is a
      longitudinal opening 20 in the frame 1 so that each adjustment cavity can
      be seen. Two of these openings, the opening at the adjustment cavity 6 for
      yellow color and the opening at the adjustment cavity 7 are positioned at
      the upper end of the adjustment cavities, at the same level. The opening
      at the adjustment cavity 5 for blue color is positioned at the lower end
      of the cavity, and the opening at the adjustment cavity 8 for thinner is
      positioned approximately in the middle of the adjustment cavity. A pumping
      or pressing wedge is mounted to the frame 1 at one longitudinal edge of
      the opening of each adjustment cavity 5 to 8 so that it pivots around the
      longitudinal axle of the adjustment cavity. Reference number 21 denotes
      the wedge for blue color, 22 for yellow, 23 for red, and 24 for thinner.
      The wedges 21 to 23 for color adjustment cavities are similar to each
      other and each comprises a plate with a hollow bottom surface, i.e. the
      surface in contact with the adjustment cavity. The upper end of the plate
      is narrower than the rest of the plate and it becomes thicker in a
      wedgelike manner towards the front. A sloping surface 25 is formed at the
      joining section of the narrower and broader sections. A pressing ball 26
      acts together with each pressing wedge, the purpose and arrangement of
      these balls will be described later. These pressing balls are referred to
      in the following way:
PAR  the pressing ball at the adjustment cavity 5 or at the pressing wedge 21
      for blue color is called the pressing ball 26 of blue color, the pressing
      ball at the adjustment cavity or at the pressing wedge for red color is
      called the pressing ball 26 of red color, and so on. The pressing wedge 24
      for thinner is substantially similar to the others, but its narrower end
      and thus its sloping surface 25 is directed towards the front, i.e.
      towards the point of the device, and this pressing wedge is operated by a
      push arm 27 which will be described later. Following is a description of
      the elements which operate the pressing wedges by means of the pressing
      balls 26 and the push arm 27 in order to pump colors or thinner through
      the discharge openings 12.
PAR  One of these elements is a guide a sleeve 28 for moving the pressing balls
      26 and the pressing wedges. In FIGS. 1 and 2 this sleeve is shown close to
      its front position. A spiral spring 30 is arranged between a counter plate
      29 at the front end of the guide sleeve 28 and a shoulder in the inner
      surface of a point cover 3. This spring tends to keep the guide sleeve at
      its rear position. The guide sleeve 28 comprises a wider front section 31,
      a thinner cylindrical section 32 behind the front section, and a rear
      section 33 fitted inside the section 32. A curved pressing lever 36 is
      mounted to brackets 34 fitted on one side of the front section 31 of the
      guide sleeve so that it pivots around a transverse pin 35 and this end can
      move in a longitudinal slot 37 in the point cover 3. The pressing lever 36
      extends between the tubes 9 and through a longitudinal slot 38 at the
      front end of the guide sleeve 28 and through a similar slot 39 in the
      point cover 3 and then extends towards the rear forming an arm 40. The
      inner side of the curved section of the pressing lever 36 is provided with
      teeth 41, as can be seen in FIG. 1. One end of a setting ratchet 42 is in
      contact with these teeth. The setting ratchet 42 is rigidly mounted to a
      transverse shaft 43 which is rotatably mounted to a longitudinal slot 44
      in the front section 31 of the guide sleeve 28. A setting arm 45 for
      setting the torque ratio of the pressing lever 36 is mounted to the other
      end of the shaft 43 extending through the point cover 3. The setting arm
      45 is parallel to the setting ratchet 42 and so the position of the
      setting arm 45 shows also the position of the setting ratchet 42 and the
      position were the setting ratchet 42 contacts the teeth 41, that is the
      support point of the pressing arm. One end of the said push arm 27 is
      mounted opposite to the pivot point 35 of the pressing lever 36,
      approximately at the slot 39 of the point cover 3, so that the push arm
      pivots around a transverse shaft 46. The other end of the push arm
      operates together with the pressing wedge 24 of the adjustment cavity for
      thinner. Depending on the point where the setting ratchet 42 is in contact
      with the teeth 41, the pressing lever 36 acts either as an one-armed or
      two-armed lever. In the first case, when the setting ratchet 42 contacts
      the teeth at the uppermost notch in FIG. 1, that is the notch next to the
      pivot point 46 of the push arm 27, the lever arm is at its longest. When
      the pressing arm 40 is now pressed towards the outer casing to the extreme
      position, the pressing lever moves the guide sleeve 28 the longest
      distance towards the front or the point against the spiral spring 30,
      while the pivot point 46 and the push arm 27 remain substantially
      stationary. On the other hand, when the setting ratchet 42 has been
      brought to contact with the teeth at the lowest notch in FIG. 1, that is
      the notch next to the pivot point 35 of the pressing lever, by turning the
      setting arm 45, and when the pressing arm 40 is pressed towards the outer
      casing, the push arm 27 moves towards the rear and the guide sleeve
      remains stationary. The results of these operations will be further
      described later in connection with the functioning of the device.
PAR  The rear section 33 of the guide sleeve 28 is provided with two opposite
      near the rear end of the rear section. One hole is at the adjustment
      cavity 7 for red colors, and the other hole 48 is at the adjustment cavity
      6 for yellow colors. The guide sleeve is further provided with a third
      hole 49 which is positioned at the adjustment cavity 5 for blue colors and
      at a distance equal to half the length of the guide sleeve 28 from the
      corresponding holes of red and yellow colors, between these two holes when
      seen in the longitudinal direction. One pressing ball 26 is fitted in each
      hole. The setting sleeve 50 which will be described below, prevents the
      balls from escaping the respective holes.
PAR  A guide ring 51 is mounted around the front end of the setting sleeve 50.
      When the setting sleeve is in its front position, the guide ring rests
      against the shoulder between the front section 31 of the guide sleeve 28
      and the guide surface 32. The rear end of the guide ring extends behind
      the rear end of the guide sleeve. The guide ring 51 of the guide sleeve 50
      is fitted in a known way onto the guide surface 32 of the guide sleeve so
      that the setting sleeve 50 can be moved in the longitudinal direction and
      turned around the guide surface 32 by hand or by fingers. However, the
      fitting must be such that the setting sleeve cannot move by itself in
      relation to the guide sleeve 28 and that it moves together with the guide
      sleeve 28 in the longitudinal direction.
PAR  The color setting element which in this embodiment is the setting sleeve 50
      comprises a cylindrical sleeve having inside its front section a conical
      surface. This conical surface comprises a cut, right cone with a circular
      bottom and will be called the right cone surface 52. The rear section of
      the setting sleeve 50 is also provided with a conical surface which will
      be called the oblique cone surface 53. This surface comprises a cut,
      oblique cone converging towards the front. The line 54 of this cone in
      FIG. 1, called the neutral line, is parallel to the axle of the setting
      sleeve 50, and the oblique cone surface 53 extends to both sides of the
      line 54. Between the right cone surface 52 and the oblique cone surface 53
      there is a short cylindrical surface 55 which acts as a guide surface for
      the setting sleeve on the rear section 33 of the guide sleeve 28.
PAR  The spreading device described above is provided with a spreading element,
      such as a pen point 56 (FIGS. 1 and 2), ball point, brush or the like,
      which is connected to the discharge openings 12 of the ducts 10 and can be
      fitted between the support sleeve 11 and the point cover 3.
PAR  As the three primary color, red, yellow and blue, the method and device
      according to the invention uses color agents where surface active agents
      have been added so that the color are easily completely mixed. Alifatic
      alcohols, aldehydes, ketones, carbonic and sulfonic acids and the like can
      be used as surface active agents. The method of the invention and the
      functioning of the device will be further described below in connection
      with some embodiments. First will be described the initial positions of
      the elements where the elements are when the spreading device is not used.
      This state, however, is not shown in the drawings. In the initial
      position, the spring 30 has pressed the guide sleeve 28 into its rear
      position where the guide sleeve has opened the back pressure valves
      because the rear end of the guide sleeve 28 has raised the valve pieces 13
      by means of the opening projection 18 so that the valve pieces do not shut
      the holes 17 by means of the adjustment cavities. Color agents and thinner
      run now from the containers 5a - 8a to the respective adjustment cavities
      5 to 8. The front ends of the adjustment cavities, however, are closed by
      the balls 19. It is assumed that the setting sleeve 50 is at its front
      position and turned into a position where the said neutral line 54 of the
      oblique cone surface 53 is at its lowest position. In this position, all
      the pressing balls 26 are in the notches formed by the slanted surfaces 25
      of the pressing wedges and the openings 20 so that they rest freely
      against the corresponding elastic adjustment cavities. The adjustment ball
      26 for blue color is now at the narrow section of the right cone surface
      52, in contact with this cone surface, and the pressing balls 26 for red
      and yellow color are nearly at the widest section of the oblique cone
      surface 53, and the rear end of the push arm 27 is at the front end of the
      slanted surface of the pressing wedge 24. The setting ratchet 42 can have
      any position. If it is desired to obtain blue color only, thinned with a
      small amount of thinner, while the setting sleeve 50 is in the position
      described above, the setting ratchet 42 is brought into contact with the
      teeth of the pressing lever 36 at a notch above the center in FIG. 1, by
      means of the setting arm 45. When the pressing arm 40 is pressed towards
      the outer casing, the setting sleeve 50 and all the pressing balls 26
      start moving with the guide sleeve 28 forwards and the push arm 27 starts
      moving backwards. The rear edge of the guide sleeve 28 escapes from below
      the opening projections 18 of the back pressure valves so that the bow
      springs 15 press the valve pieces 13 against the adjustment cavities, and
      the back pressure valves are closed. When the pressing arm 40 is pressed
      further, the guide sleeve 28 moves the pressing ball 26 along the sloping
      surface 25 of the pressing wedge 21 onto the pressing wedge and forward
      along its wedge surface. As the setting sleeve 50 also moves forward, its
      right cone surface 52 gradually forces the pressing wedge 21 to press a
      dent into the adjustment cavity 5 by means of the setting ball for blue
      color, so that pressure increases in this adjustment cavity. As the back
      pressure valves are closed, fluid flows between the ball 19 of the ball
      valve and the elastic wall of the adjustment cavity into the tube 9 and
      then through the duct 10 out from the discharge opening 12.
      Simultaneously, the rear end of the push arm 27 has risen along the
      sloping surface of the pressing wedge 24 onto the wedge surface so that
      the pressing wedge 24 presses a dent into the elastic adjustment cavity 8
      for thinner, and thinner flows from its discharge opening 12 in the same
      way as blue color. Blue color and thinner flow until the guide sleeve 28
      and the setting sleeve 50 have reached their front positions and the
      pressing ball 26 for blue color has nearly reached the thickest section of
      its pressing wedge 21 and the rear end of the push arm 27 for thinner has
      risen a short distance along the sloping surface of the pressing wedge 24
      onto the wedge surface. This state is shown in the drawings. When the
      pressing arm 40 is now released, the spring 30 causes the parts to return
      to their initial positions, and after this the above operations are
      repeated when the pressing arm is pressed. If a lighter tone of blue is
      desired, that is more thinner is required, the support point of the
      pressing lever 36 is changed closer to the pivot point 35 of the pressing
      lever by means of the setting arm 45 and the setting ratchet 42, and the
      push arm 27 for thinner is pushed further onto its pressing wedge 24 and
      the pressing ball for blue color will not reach the thickest point of its
      pressing wedge 21. When the support point of the pressing lever is at its
      furthest point from the pivot point 34 of the pressing lever 36, blue
      color only is obtained. If the support point of the pressing lever 36 is
      moved closer to the pivot point 35 of the pressing lever, only thinner
      flows from its discharge opening, and the spreading element can be washed
      with thinner.
PAR  Next will be described a case where a mixture of red and yellow colors is
      desired from the spreading element. For this purpose, the setting sleeve
      50 is moved rearwards to its extreme position so that the setting ball 26
      for red color and the setting ball 26 for yellow color, positioned
      diamethically to the former, will be positioned at the narrowest point of
      the oblique cone surface 53, and the setting ball 26 for blue color will
      be positioned at the wider end of the right cone surface 52 of the setting
      sleeve 50. The ratio between red and yellow colors, that is the tone, is
      adjusted by turning the setting sleeve 50 around its guide surface. In
      order to move the setting sleeve in the longitudinal direction and to turn
      the setting sleeve, the outer casing is provided with two diametral
      openings 57 at the location of the setting sleeve, and the setting sleeve
      can be moved through these openings by means of two fingers. The mixture
      will have more of that color which has a smaller distance between the
      pressing ball 26 and the oblique cone surface 53. However, the volume
      flowing out from the spreading device will always be the same, even if the
      ratio between yellow and red colors will change. The mixture will be
      caused to flow by pressing the pressing arm 40 in the manner described
      above so that the support point of the pressing lever 36 is adjusted on
      the teeth 41 to the notch furthest from the pivot point 35 of the pressing
      lever.
PAR  By turning the setting sleeve 50, the ratio between yellow and red colors,
      that is the tone, can be changed while the device is used for spreading.
      If the setting sleeve 50 is turned so that its neutral line will be either
      at the pressing ball of the red color or at the pressing ball of the
      yellow color, correspondingly either only red or only yellow color will
      flow from the spreading element. In case a thinner mixture with a set tone
      is desired, this can be achieved by changing the support point of the
      pressing lever 36 further from the pivot point 46 of the push arm 27. If
      this support point is in the middle of the teeth 41 of the pressing lever
      36, the amount of thinner will be equal to the total amount of red and
      yellow colors, whatever the ratio between these two colors may be.
PAR  Next will be described a case where a mixture of blue and yellow or blue
      and red is desired. To achieve this, the setting sleeve 50 is moved
      longitudinally to a position where the pressing ball 26 for blue color is
      between the narrowest and widest sections of the right cone surface 52,
      and correspondingly the pressing balls 26 for yellow and red colors are
      between the narrowest and widest sections of the oblique cone surface 53.
      If a mixture of blue and red is desired, the setting sleeve 50 is turned
      so that the neutral line 54 of the oblique cone surface is at the setting
      ball 26 for yellow color, and if a mixture of blue and yellow is desired,
      the line 54 of the oblique cone surface 53 is turned to the pressing ball
      for red color. The tone of the color can be changed by adjusting the
      setting sleeve 50 longitudinally between its extreme positions in the
      front and the rear. The adjustment of thinner is achieved by changing the
      support point of the pressing lever 36 in the manner described above.
PAR  Next will be described a case where a mixture of all the three primary
      colors, that is red, yellow and blue, and possibly thinner, flows from the
      spreading element. The setting sleeve 50 is adjusted longitudinally as
      described above so that the ratio between blue color and the total amount
      of red and yellow colors is defined. The ratio between red and yellow
      colors is defined by turning the setting sleeve 50. The volume flow of red
      or yellow colors will depend on the positions of the respective pressing
      balls on the oblique cone surface 53. The adjustment of the flow of
      thinner will be done as described above, by changing the support point of
      the pressing lever in the teeth 41.
PAR  As can be seen from the above, a mixture of blue and either red or yellow
      will be obtained by moving the setting sleeve 50 between its extreme front
      and rear positions so that by turning the setting sleeve, its neutral line
      54 is brought correspondingly to the pressing ball 26 of either yellow or
      red color. In order to achieve a mixture of all the three colors, the
      setting sleeve 50 is turned besides the longitudinal movement so that the
      pressing balls for red or yellow colors is not at the neutral line of the
      oblique cone surface 53. In this way, the consistency and the tone of the
      color mixture can be continuously changed when spreading the mixture. The
      flow and volume of thinner is adjusted by means of the pressing lever 36
      and the setting ratchet 27.
PAR  The slopes of the right cone surface 52 and the oblique cone surface 53 of
      the setting sleeve 50 are such that whatever number of colors and thinner
      is led to the spreading element, the total volume flow outwards is always
      the same. If a mixture of all the three primary colors is spread, an
      increase in yellow or red color will decrease the amount of blue color,
      whatever the ratio between yellow and red color is. If thinner is
      included, this will decrease the amount of all the other colors while the
      total volume flow from the discharge openings is always the same.
PAR  In order to find the position of the neutral line 54 on the setting sleeve
      50, the position has been marked on the setting sleeve 50. In case the
      setting sleeve is made of transparent material, this mark is unnecessary.
      Further, the setting sleeve 50 can be provided with a color chart, and the
      cover sleeve 2 of the middle section can be provided with an opening where
      the desired color or colors can be seen when moving the setting sleeve.
PAR  FIGS. 5 to 9 show another embodiment of the spreading device for carrying
      out the method of the invention. This device has a frame plate 58 and a
      center tube 59 connected to each other. A spiral spring 60 is fitted
      around the tube 59. A setting ball 61 is fitted around the tube 59 and can
      be moved in direction of the tube 59, against the spring force of the
      spring 60. A sleevelike part 62 is rigidly mounted around the center tube
      59, below the setting ball 61. A setting lever 63 is pivotally mounted to
      brackets 70 of the sleevelike part 62, by means of a pin 65. The setting
      lever 63 comprises a ring section 64 around the center tube 59, and a
      turning arm 67, provided with a return spring 68. A setting rod 71
      extending in a groove 72 through sleeve 62 is fitted next to the center
      tube 59, between the setting ball 61 and the upper surface 66 of the ring
      section 64.
PAR  A counter sleeve 69 is turnably mounted around the sleeve 62. The counter
      sleeve comprises a turn shoulder 73 in the lower part, and a counter
      section 74 extending upwards. In the position shown in FIG. 5, the maximum
      section of a cone section of the sleeve 69 can be seen as a step surface
      75 of the counter section 74. In this maximum section the surface 75 forms
      an angle .beta. of 90.degree. with the sleeve surface. The angle .alpha.
      of the counter section 74 decreases continuously in both directions around
      the sleeve 69, and on the opposite side of the sleeve the angle is
      0.degree., as can be seen from FIG. 5; that is, the counter section merges
      with the outer surface of the sleeve in this minimum section. When turning
      the sleeve 69 from the minimum section 0.degree. to the maximum section
      180.degree. and further again to the minimum section 0.degree. (=
      360.degree.), the counter angle .alpha. changes preferably continuously
      and linearly and it can have the following sizes in different sections,
      for instance:
TBL  Turning angle   Counter angle (.alpha.)                                   
     ______________________________________                                    
      0.degree.      0.degree.                                                 
      45.degree.     22.5.degree.                                              
      90.degree.     45.degree.                                                
     135.degree.     67.5.degree.                                              
     180.degree.     90.degree.                                                
     225.degree.     67.5.degree.                                              
     270.degree.     45.degree.                                                
     315.degree.     22.5.degree.                                              
     360.degree.     0.degree.                                                 
     ______________________________________                                    
PAL  A cover section 76 comprising two halves, 77 and 78, is fitted on the
      setting ball 61. An extension 79 extends downwards from the lower half 78,
      and a ball 80 is fitted to its lower part. The ball 80 moves against the
      surface 75 of the counter section 74 of the counter sleeve 69, when
      adjustments are done along the surface 75.
PAR  Three setting valves 81 are mounted symmetrically in the circular frame
      plate 58, at a distance of 120.degree. from each other. The opening of the
      setting valves 81 is adjusted by means of the movements of the setting
      ball 61 and the cover section 76. The valves 81 are formed for instance by
      tube guides 82 each having a ball 84 fitted to the lower end, on the upper
      surface 83 of the cover section 76. When the ball 84 is moved upwards, it
      meets a sealing part 85, made of some resilient material. A color
      container 86 is mounted at the upper end of each valve 81. A spiral spring
      88 is fitted between a neck 87 in the lower part of the color container
      and the ball 84. This spring presses the ball 84 against the surface 83
      and tends to open the valve 81. A thin capillary tube 89 is fitted inside
      each longitudinal color container 86. The capillary tube 89 is fitted
      inside the neck section 87 of the color container 86 in such a way that
      the air flow into the capillary tube 89, and the air pressure can be
      adjusted by means of the valve 81. The capillary tube 89 starts directly
      from the valve 81, extends to the upper part of the color container where
      it forms an U-bend and then returns to the lower part of the container 86
      near the bottom 90 of the container 86, where the end 91 of the tube 89
      opens into direct connection with the inside of the container 86. A
      discharge tube or pipe 92 runs from the edge of the bottom 91 of the
      container 86 through the inner part of the center tube 59 down into a
      casing point 93, connected to the lower part of the center tube, and
      further into spreading element in the point. The spreading element can be
      similar to the one descirbed in connection with the first embodiment. A
      sleevelike outer casing 94 which can be attached for instance to the frame
      plate 58 is fitted around the containers 86 and forms the handle of the
      spreading device.
PAR  Following is a description of the functioning of the device as regards the
      color containers. The device has three color containers 86, each filled
      with a primary color. Red, blue and yellow colors are also in this case
      preferably liquids where surface active agent has been added. The color
      containers 86 are directly connected with the point of the spreading
      device by means of the tube or pipe 92. When the valve 81 is closed, color
      from the corresponding container cannot flow. When the valve 81 is opened,
      air flows past the ball 84 and air pressure enters the capillary tube 89
      and further the container 86. Color from the container 86 flows now
      through the tube 92 into the point of the spreading device.
PAR  If only one primary color is desired from the device, following procedure
      is followed. The minimum section of the counter sleeve 69 is turned to the
      setting valve 81 of the corresponding color container 86, and then the
      cover section 76 is turned until the ball 80 is at the maximum section of
      the counter sleeve 69. When the turning arm 67 is now pressed against the
      spring 68, the ring section 64 of the setting arm 63 moves downwards,
      towards the point of the spreading device. The setting ball 61 resting
      through the setting arm 71 against the upper surface 66 of the ring
      section 64 will move correspondingly downwards pushed by the spring 60.
      The setting ball 61 will also move the cover section 76. As the cover
      section 76 is in contact with the counter surface 75 of the counter sleeve
      69 by means of the arm 79 and the ball 80, the downwards movement of the
      setting ball forces by means of the arm 79 the cover section 76 to turn.
      The ball 80 rolls a short distance along the surface 75 outwards in the
      direction of the radius of the sleeve 69. The tilting of the cover section
      76 will cause the valve 81 of the color container 86 at the minimum
      section of the counter sleeve 69 to open, and color in question will flow
      to the point of the spreading device. The valves 81 of the other two color
      containers 86 will remain closed.
PAR  When a mixture of two primary colors is desired, the maximum section of the
      counter sleeve 69 is set to the setting valve 81 of that color which is
      not desired in the mixture, and the cover section 76 is turned so that the
      ball 80 is at the maximum section of the counter sleeve. When the arm 67
      is now pressed, two valves 81 are simultaneously opened in the same degree
      so that a mixture with equal amounts of both colors flows from the
      spreading device. The ratio between the two colors can be adjusted by
      turning the counter sleeve 69 and the cover section 76 in the same degree
      to the same direction. When a third primary color is desired in the
      mixture, the counter sleeve 69 is turned in relation to the cover section
      76. Thus by turning the counter sleeve 69 and the cover section 76 and by
      pressing the operating arm 63, any color can be obtained from the
      spreading device as a mixture of the three primary colors. The force of
      the spring 68 is sufficient to return the turning arm 67 to the initial
      position, and so the spring must be able to press the setting ball 61 to
      the upper position by means of the ring 64 and the rod 71 against the
      spring 60, when the turning arm 67 is released. It is possible, of course,
      to include a thinner container and feeding of the thinner in this device.
      The ring 73 of the counter sleeve is preferably provided with a scale
      running in even steps from 0 to 90 so that 0 corresponds to the minimum
      section and 90 to the maximum section. This kind of scale will also show
      the size of the slope .alpha. of the counter surface 75 of the counter
      section 74.
PAR  FIG. 10 shows a further embodiment of a device for carrying out the method
      of this invention. Four containers 96, three for the primary colors and
      one for thinner, are fitted inside the frame 95 of the device. Each
      container 96 can be moved by means of an operating element 97 in the
      longitudinal direction of the frame. This operating element can be for
      instance a pressing lever, a springlike element of the like. The point of
      the frame part 95 is provided with a ball 98 which acts as a spreading
      element and to which colors and thinner can be led through flexible or, as
      is shown in FIG. 10, curved capillary tubes 99. Each capillary tube 99 is
      connected to a container by means of a tube or pipe 100, which is elastic
      in the longitudinal direction, such as rubber tubing. Inside each
      capillary tube 99 there is a flexible pin 101 extending to the ball 98 or
      close to the ball 98. A valve pin 103 is fitted around the pin 101
      substantially at the point where the pin 101 enters the tube 100 from the
      capillary tube 99. The upper end of each capillary tube 99 is provided
      with a counter element for the valve pin 103, such as a valve plate 102,
      preferably made of resilient material, such as rubber. The valve pin 103
      together with the corresponding valve plate 102 forms a control valve in
      each container, and this control valve controls the flow of colors or
      thinner into the spreading element 98. The pins 101 extend through the
      flexible tubes 100 up to the lower parts of the containers 96. At this
      point the upper end of the pin 101 is provided with an element, such as a
      transverse pinlike part 104 which is attached to a hole or the like in the
      lower part of the container 96. When the operating element 97 is pressed
      against the frame 95, the corresponding color or thinner container 96
      moves upwards, away from the ball 98. When the container 96 moves, it
      pulls the pin 101 with it and opens the control valve 102, 103 by means of
      the movement of the pin 101. The more the operating element 97 is pressed,
      the more the control valve opens and the more color or thinner flows
      through the capillary tube to the spreading element 98.
PAR  Desired color is obtained simply by pressing the operating elements or
      levers 97 in suitable relations to each other as desired and adding
      thinner when necessary. The pin 101 extending in the capillary tubes close
      to the ball 98 keep the color ducts open, and they will not be damaged as
      the valves are opened by pulling the needles.
PAR  The device described above has a control element for each color and
      thinner, but it possible, of course, to use a control mechanism described
      in connection with FIGS. 5 to 9.
PAR  Colors and possibly thinner which have been led to the spreading element as
      described in connection with the above embodiments, are mixed on one hand
      in the spreading element itself, that is in the nib or its parts, or by
      means of a brush or a ball, and on the other hand on the spreading base,
      in the spreading point as a result of friction against the base. The
      advantage of this kind of mixing is the fast change by degrees or
      continuously from one color mixture and tone to another while it is not
      necessary to lift the spreading element off from the spreading base.
PAR  The method and device of this invention enables the artist to obtain
      desired color and tones from the spreading device by setting the setting
      sleeve by small finger movements while painting, drawing or tinting.
PAR  The device according to the invention can be provided with color markings
      so that all colors are obtained in the right tone even if the lighting
      conditions are not the same as in daylight, especially as some colors
      change the tone after drying and some colors have an initial gloss
      changing the tone, especially when tinting.
PAR  The invention is not restricted to the above embodiment but can
      considerably vary in details within the scope of the claims. The
      positioning of the pressing wedges affecting the adjustment cavities, or
      the corresponding pressing balls can vary if the cone surfaces of the
      setting sleeve are set in the corresponding way. The setting sleeve can be
      replaced by a piece provided with cone-like outer surfaces and movable in
      the longitudinal direction. The setting element 50 affecting the pressing
      elements can be replaced by levers, springs or the like for pressing the
      pressing elements in desired ratio by means of known mechanical operation
      principles.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for spreading colored fluids, comprising:
PA1  a. a frame;
PA1  b. a spreading element mounted with said frame for receiving and spreading
      fluids;
PA1  c. a plurality of fluid containers mounted with said frame for controllably
      supplying each of a plurality of fluids to said spreading element; and
PA1  d. a plurality of adjustment ducts, each being made of an elastic material
      and being operably connected between each of said fluid containers and
      said spreading element, for controlling the number of said plurality of
      fluids supplied from said plurality of fluid containers to said spreading
      element, whereby a single fluid or a desired number of fluids are supplied
      to said spreading element for spreading the fluid or plurality of fluids;
PA1  e. pressing means for selectively pressing against any of said adjustment
      ducts to force fluid from said adjustment ducts to said spreading element,
      said pressing means including:
PA2  a plurality of pressing wedges pivotally mounted with said frame, each of
      said wedges having a wedge-shaped surface in contact with one of said
      plurality of adjustment ducts;
PA2  guide sleeve means extending around said pressing wedges and being mounted
      for longitudinal movement with respect to said frame, said guide sleeve
      means having a plurality of holes formed therein adjacent said pressing
      wedges; and
PA2  pressing ball means mounted in said guide sleeve holes adjacent said wedges
      in contact with said fluid adjustment ducts for exerting a force on said
      fluid adjustment ducts through said pressing wedges contacting said
      pressing ball means in response to movement of said guide sleeve means;
      and
PA1  f. setting sleeve means mounted for rotational and longitudinal movement
      with respect to said pressing means and having conical surfaces for
      operably engaging said pressing means to control which of said adjustment
      ducts said pressing means presses against an irrelative proportion of the
      fluids forced from said adjustment ducts to said spreading element,
      whereby two or more of said fluids are controllably fed into a desired
      ratio to said spreading element.
NUM  2.
PAR  2. The structure set forth in claim 1, wherein said conical surfaces of
      said setting sleeve means include:
PA1  a cut, right conical surface at one interior end portion of said setting
      sleeve means;
PA1  a cut, oblique, conical surface at an interior end portion of said setting
      sleeve means opposite said interior end portion having said right conical
      surface; and
PA1  said right conical surface and said oblique conical surface both having
      smaller radii towards the center of said setting sleeve means.
NUM  3.
PAR  3. The structure set forth in claim 2, wherein:
PA1  said plurality of fluid containers include:
PA2  a plurality of color containers; and
PA2  at least one thinner container;
PA1  said plurality of adjustment ducts include:
PA2  a plurality of color adjustment ducts, each being in fluid communication
      with one of said color containers; and
PA2  at least one thinner adjustment duct in fluid communication with said
      thinner container; and
PA1  said pressing means comprises:
PA2  pressing ball means mounted in said guide sleeve holes adjacent said wedges
      in contact with only said color adjustment ducts for exerting a force on
      said color adjustment ducts through said pressing wedges contacting said
      pressing ball means in response to movement of said guide sleeve means;
      and further including
PA2  push arm means mounted with said pressing wedge in contact with said
      thinner adjustment duct for exerting a pressing force on said thinner
      adjustment duct through said push arm means.
NUM  4.
PAR  4. The structure set forth in claim 3, where said pressing means includes:
PA1  a pressing lever having a pressing arm;
PA1  mounting means for pivotally mounting said guide sleeve means with a first
      portion of said pressing lever and for pivotally mounting said push arm
      means with a second portion of said pressing lever spaced from said first
      portion of said lever;
PA1  a plurality of teeth formed on said pressing lever and extending between
      said first and second portions of said pressing lever;
PA1  ratchet means for selectively and operably engaging any of said pressing
      lever teeth for forming a lever pivot support about which said pressing
      lever pivots in response to a force applied to said pressing arm, whereby
      selection of an appropriate lever pivot support permits movement of said
      guide sleeve means, said push arm means or both in response to a force
      applied to said pressing arm.
NUM  5.
PAR  5. The structure set forth in claim 4, wherein:
PA1  said guide sleeve means includes first guide surfaces;
PA1  said setting sleeve means includes second guide surfaces contacting said
      first guide surfaces; and
PA1  said first and second guide surfaces engage one another with tightness
      sufficient for causing said setting sleeve means to move with said guide
      sleeve means but permitting rotational and longitudinal movement of said
      setting sleeve means with respect to said guide sleeve means in response
      to a force applied to said setting sleeve means.
NUM  6.
PAR  6. The structure set forth in claim 3, wherein:
PA1  said guide sleeve means includes first guide surfaces;
PA1  said setting sleeve means includes second guide surfaces contacting said
      first guide surfaces; and
PA1  said first and second guide surfaces engage one another with tightness
      sufficient for causing said setting sleeve means to move with said guide
      sleeve means but permitting rotational and longitudinal movement of said
      setting sleeve means with respect to said guide sleeve means in response
      to a force applied to said setting sleeve means.
NUM  7.
PAR  7. The structure set forth in claim 7 wherein:
PA1  said plurality of fluid containers include:
PA2  a plurality of color containers; and
PA2  at least one thinner container;
PA1  said plurality of adjustment ducts include:
PA2  a plurality of color adjustment ducts, each being in fluid communication
      with one of said color containers; and
PA2  at least one thinner adjustment duct in fluid communication with said
      thinner container; and
PA1  said pressing means comprises:
PA2  pressing ball means mounted in said guide sleeve holes adjacent said wedges
      in contact with only said color adjustment ducts for exerting a force on
      said color adjustment ducts through said pressing wedges contacting said
      pressing ball means in response to movement of said guide sleeve means;
      and further including
PA2  push arm means mounted with said pressing wedge in contact with said
      thinner adjustment duct for exerting a pressing force on said thinner
      adjustment duct through said push arm means.
NUM  8.
PAR  8. The structure set forth in claim 7, wherein said pressing means
      includes:
PA1  a pressing lever having a pressing arm;
PA1  mounting means for pivotally mounting said guide sleeve means with a first
      portion of said pressing lever and for pivotally mounting said push arm
      means with a second portion of said pressing lever spaced from said first
      portion of said lever;
PA1  a plurality of teeth formed on said pressing lever and extending between
      said first and second portions of said pressing lever;
PA1  ratchet means for selectively and operably engaging any of said pressing
      lever teeth for forming a lever pivot support about which said pressing
      lever pivots in response to a force applied to said pressing arm, whereby
      selection of an appropriate lever pivot support permits movement of said
      guide sleeve means, said push arm means or both in response to a force
      applied to said pressing arm.
NUM  9.
PAR  9. The structure set forth in claim 8, wherein:
PA1  said guide sleeve means includes first guide surfaces;
PA1  said setting sleeve means includes second guide surfaces contacting said
      first guide surfaces; and
PA1  said first and second guide surfaces engage one another with tightness
      sufficient for causing said setting sleeve means to move with said guide
      sleeve means but permitting rotational and longitudinal movement of said
      setting sleeve means with respect to said guide sleeve means in response
      to a force applied to said setting sleeve means.
NUM  10.
PAR  10. The structure set forth in claim 7, wherein:
PA1  said guide sleeve means includes first guide surfaces;
PA1  said setting sleeve means includes second guide surfaces contacting said
      first guide surfaces; and
PA1  said first and second guide surfaces engage one another with tightness
      sufficient for causing said setting sleeve means to move with said guide
      sleeve means but permitting rotational and longitudinal movement of said
      setting sleeve means with respect to said guide sleeve means in response
      to a force applied to said setting sleeve means.
NUM  11.
PAR  11. An apparatus for spreading colored fluids comprising:
PA1  a frame;
PA1  a spreading element mounted with said frame for receiving and spreading
      fluids;
PA1  a plurality of fluid containers mounted with said frame for controllably
      supplying each of a plurality of fluids to said spreading element; and
PA1  control means operably connected between each of said fluid containers and
      said spreading element for controlling the number of said plurality of
      fluids supplied from said plurality of fluid containers to said spreading
      element, whereby a single fluid or a desired number of fluids are supplied
      to said spreading element for spreading the fluid or plurality of fluids,
      said control means includes:
PA2  duct means connecting each of said plurality of fluid containers to said
      spreading element;
PA2  a plurality of valves, each of said valves being mounted with the lower end
      of one of said fluid containers;
PA2  a plurality of capillary tubes, each of said capillary tubes extending
      upward from one of said valves to an upper part of its fluid container and
      returning to a lower part of said container; and
PA2  valve control means for controlling each of said plurality of valves to
      regulate the flow of fluid from said fluid container to said spreading
      element.
NUM  12.
PAR  12. The structure set forth in claim 11, wherein said valve control means
      includes:
PA1  a center tube mounted with said frame;
PA1  a setting ball mounted with said center tube for longitudinal movement with
      respect thereto;
PA1  a spring fitted around said center tube;
PA1  a setting lever for moving said setting ball longitudinally with respect to
      said center tube;
PA1  a counter sleeve rotatably mounted with said center tube beneath said
      setting ball and having a counter surface formed thereon;
PA1  a cover section mounted with said setting ball and having an arm formed
      therewith;
PA1  a cover section ball mounted with said cover section arm and in rolling
      engagement with said counter surface of said counter sleeve; and
PA1  a plurality of valve closure balls in contact with an upper surface of said
      cover section, each of said valve closure balls being mounted with one of
      said valves for closing said valves in an upper position and opening said
      valves in an upper position and opening said valves in a lower position,
      whereby pressing said setting lever longitudinally displaces said setting
      ball and said cover section, and said cover section and said counter
      sleeve cooperatively regulate the horizontal orientation of said upper
      surface of said cover section for controllably opening selected valves
      with said valve closure balls.
NUM  13.
PAR  13. The structure set forth in claim 12, wherein said counter surface of
      said counter sleeve includes:
PA1  a cone-like step surface surrounding said counter sleeve;
PA1  said step surface forming an angle of approximately 90.degree. with
      longitudinal surface of said counter sleeve at a maximum section of said
      step surface;
PA1  said angle of said step surface decreasing linearly from said maximum
      section and forming a minimum section at which said step surface forms an
      angle of approximately 0.degree. with said longitudinal counter sleeve
      surface so that said step surface substantially merges with said
      longitudinal counter sleeve surface at said minimum section.
NUM  14.
PAR  14. The structure set forth in claim 13, wherein said control means
      includes:
PA1  a circular mounting member; and
PA1  three valves mounted with said circular mounting member at a spacing of
      120.degree. from each other.
NUM  15.
PAR  15. The structure set forth in claim 13, wherein each of said valves
      includes:
PA1  a tube guide;
PA1  a closure ball retractably engaging a lower end of said tube guide;
PA1  an elastic seal section mounted inside said tube guide above said closure
      ball; and
PA1  spring means engaging said closure ball for pressing said closure ball
      downwards.
NUM  16.
PAR  16. The structure set forth in claim 13, further including:
PA1  a scale mounted on the circumference of said counter sleeve, said scale
      having even spacings from 0 to 90 corresponding to the angle said step
      surface forms with said longitudinal counter sleeve surface.
NUM  17.
PAR  17. The structure set forth in claim 16, wherein said control means
      includes:
PA1  a circular mounting member; and
PA1  three valves mounted with said circular mounting member at a spacing of
      120.degree. from each other.
NUM  18.
PAR  18. The structure set forth in claim 16, wherein each of said valves
      includes:
PA1  a tube guide;
PA1  a closure ball retractably engaging a lower end of said tube guide;
PA1  an elastic seal section mounted inside said tube guide above said closure
      ball; and
PA1  spring means engaging said closure ball for pressing said closure ball
      downwards.
NUM  19.
PAR  19. The structure set forth in claim 12, wherein said control means
      includes:
PA1  a circular mounting member; and
PA1  three valves mounted with said circular mounting member at a spacing of
      120.degree. from each other.
NUM  20.
PAR  20. The structure set forth in claim 12, wherein each of said valves
      includes:
PA1  a tube guide;
PA1  a closure ball retractably engaging a lower end of said tube guide;
PA1  an elastic seal section mounted inside said tube guide above said closure
      ball; and
PA1  spring means engaging said closure ball for pressing said closure ball
      downwards.
NUM  21.
PAR  21. The structure set forth in claim 12, wherein said setting lever
      includes:
PA1  a turning arm;
PA1  a mounting sleeve rigidly affixed to said center tube;
PA1  a ring section mounted with said turning arm and extending around said
      center tube; and
PA1  a return spring mounted with said turning arm.
NUM  22.
PAR  22. The structure set forth in claim 21, wherein said counter surface of
      said counter sleeve includes:
PA1  a cone-like step surface surrounding said counter sleeve;
PA1  said step surface forming an angle of approximately 90.degree. with
      longitudinal surface of said counter sleeve at a maximum section of said
      step surface;
PA1  said angle of said step surface decreasing linearly from said maximum
      section and forming a minimum section at which said step surface forms an
      angle of approximately 0.degree. with said longitudinal counter sleeve
      surface so that said step surface substantially merges with said
      longitudinal counter sleeve surface at said minimum section.
NUM  23.
PAR  23. The structure set forth in claim 22, further including:
PA1  a scale mounted on the circumference of said counter sleeve, said scale
      having even spacings from 0 to 90 corresponding to the angle said step
      surface forms with said longitudinal counter sleeve surface.
NUM  24.
PAR  24. The structure set forth in claim 21, wherein said control means
      includes:
PA1  a circular mounting member; and
PA1  three valves mounted with said circular mounting member at a spacing of
      120.degree. from each other.
NUM  25.
PAR  25. The structure set forth in claim 21, wherein each of said valves
      includes:
PA1  a tube guide;
PA1  a closure ball retractably engaging a lower end of said tube guide;
PA1  an elastic seal section mounted inside said tube guide above said closure
      ball; and
PA1  spring means engaging said closure ball for pressing said closure ball
      downwards.
NUM  26.
PAR  26. The structure set forth in claim 21, further including:
PA1  setting rod means adjacent said center tube and extending between said
      setting ball and an upper surface of said ring section for adjusting the
      movement of said setting ball.
NUM  27.
PAR  27. The structure set forth in claim 26, wherein said control means
      includes:
PA1  a circular mounting member; and
PA1  three valves mounted with said circular mounting member at a spacing of
      120.degree. from each other.
NUM  28.
PAR  28. The structure set forth in claim 26, wherein each of said valves
      includes:
PA1  a tube guide;
PA1  a closure ball retractably engaging a lower end of said tube guide;
PA1  an elastic seal section mounted inside said tube guide above said closure
      ball; and
PA1  spring means engaging said closure ball for pressing said closure ball
      downwards.
NUM  29.
PAR  29. The structure set forth in claim 26, wherein said counter surface of
      said counter sleeve includes:
PA1  a cone-like step surface surrounding said counter sleeve;
PA1  said step surface forming an angle of approximately 90.degree. with
      longitudinal surface of said counter sleeve at a maximum section of said
      step surface;
PA1  said angle of said step surface decreasing linearly from said maximum
      section and forming a minimum section at which said step surface forms an
      angle of approximately 0.degree. with said longitudinal counter sleeve
      surface so that said step surface substantially merges with said
      longitudinal counter sleeve surface at said minimum section.
NUM  30.
PAR  30. The structure set forth in claim 29, further including:
PA1  a scale mounted on the circumference of said counter sleeve, said scale
      having even spacings from 0 to 90 corresponding to the angle said step
      surface forms with said longitudinal counter sleeve surface.
NUM  31.
PAR  31. The structure set forth in claim 11, wherein said control means
      includes:
PA1  a circular mounting member; and
PA1  three valves mounted with said circular mounting member at a spacing of
      120.degree. from each other.
NUM  32.
PAR  32. The structure set forth in claim 31, wherein each of said valves
      includes:
PA1  a tube guide;
PA1  a closure ball retractably engaging a lower end of said tube guide;
PA1  an elastic seal section mounted inside said tube guide above said closure
      ball; and
PA1  spring means engaging said closure ball for pressing said closure ball
      downwards.
NUM  33.
PAR  33. The structure set forth in claim 11, wherein each of said valves
      includes:
PA1  a tube guide;
PA1  a closure ball retractably engaging a lower end of said tube guide;
PA1  an elastic seal section mounted inside said tube guide above said closure
      ball; and
PA1  spring means engaging said closure ball for pressing said closure ball
      downwards.
NUM  34.
PAR  34. An apparatus for spreading colored fluids comprising:
PA1  a. a frame;
PA1  b. a spreading element mounted with said frame for receiving and spreading
      fluids;
PA1  c. a plurality of fluid containers mounted with said frame for controllably
      supplying each of a plurality of fluids to said spreading element;
PA1  d. control means operably connected between each of said fluid containers
      and said spreading element for controlling the number of said plurality of
      fluids supplied from said plurality of fluid containers to said spreading
      element, whereby a single fluid or a desired number of fluids are supplied
      to said spreading element for spreading the fluid or plurality of fluids,
      said control means including:
PA2  1. a plurality of elastic tubes, each of said plurality of tubes being
      connected to a lower part of one of said fluid containers;
PA2  2. a plurality of control valves, each being mounted in a lower section of
      one of said tubes;
PA2  3. a plurality of capillary tubes, each of said capillary tubes extending
      from one of said control valves to said spreading element; and
PA2  4. a plurality of pins, each of said pins being inside one of said
      capillary tubes to one of said fluid containers to control one of said
      control valves in response to longitudinal movement of said fluid
      container.
NUM  35.
PAR  35. The structure set forth in claim 34, wherein said control means further
      includes:
PA1  a plurality of levers, each of said levers being mounted with one of said
      fluid containers for moving said fluid container away from said spreading
      element so that said control valve associated with said fluid container is
      opened and fluid from said fluid container flows to said spreading
      element.
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ABST
PAL  A process is provided to form spherical thermoplastic particles that
      involves dispersing a thermoplastic powder in a liquid that is a partial
      solvent for the thermoplastic, breaking the dispersion into droplets,
      forming thermoplastic spheres by heating the droplets to a temperature
      sufficient to at least partially solubilize the thermoplastic and to
      evaporate the solvent. Unique products, including porous structures, may
      be produced from material formed by this process.
PARN
PAR  This is a division of application Ser. No. 336,179, filed Feb. 27, 1973,
      now U.S. Pat. No. 3,896,196.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved method of producing
      thermoplastic particles, particularly suitable for use as a writing nib,
      and to a process for the production of a material from such particles.
PAR  Porous plastic structures, including writing nibs, are commonly
      manufactured by sintering together granular particles of a thermoplastic
      material. "Kynar", a trade name of Pennwalt Corporation, is commonly used
      as a thermoplastic material of such structures. One prior art process
      involves chopping and grinding the "Kynar" material by means of a
      pulverizer to produce granular particles. It is believed that the maximum
      density can be approached only where such granular particles are spherical
      in shape. However, the granular material of the prior art process is
      composed of particles that are irregularly shaped or porous and therefore
      maximum density within a mold is not possible.
PAR  In the sintering step, the particles tend to change toward a shape having a
      minimum surface area (spherical) which inherent tendency causes the entire
      mass to shrink. This phenomenon results in irregularly shaped products.
      Another problem associated with this prior art process stems from the fact
      that the individual particles themselves are porous. The sintering step
      also tends to reduce the porosity of the particles, further contributing
      to the shrinkage problem.
PAR  Yet another problem associated with such prior art processes is the
      inability to control the pore sizes of the finished product due to its
      construction from irregularly shaped particles. It is desirable to control
      pore size in order to provide a controlled flow when the product is used
      for gas or liquid flow control or fluid transfer. If the pourous material
      is to be used as a filter, it is also desirable to control the pore size.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that the above indicated problems can be
      overcome successfully by forming writing nibs and other porous
      thermoplastic products from fine, dense, spherical, thermoplastic
      particles provided by the process of the present invention. These
      particles, which are generally spherical in shape, are nearly uniform in
      size. They are obtained by dispersing a thermoplastic powder in a liquid
      that acts as a partial solvent for the thermoplastic and breaking the
      dispersion into droplets by atomization or by a similar technique. The
      atomized droplets are heated to a temperature sufficient to at least
      partially solubilize the thermoplastic and to evaporate the solvent, which
      heating and atomizing allows the thermoplastic to assume a generally
      spherical shape. These small thermoplastic spheres are then sintered,
      possibly within a mold, to form porous writing nibs or other porous
      products. The writing nibs so produced have dramatically improved strength
      attributable to their unique structure, composed of nearly perfect
      spheres.
PAR  Accordingly, it is an object of the present invention to provide dense
      thermoplastic spheres of uniform size suitable for molding into a porous
      product.
PAR  It is a further object of the present invention to provide a porous
      thermoplastic product of uniform pore size.
PAR  Another object of the present invention to provide an improved writing nib.
PAR  Yet another object and advantage is the use of the material of the present
      invention as a molding powder raw material for fluid bed coating and other
      coating operations, rotational molding, injection molding or extrusion.
PAR  Other objects and advantages of the present invention will become apparent
      from the detailed description to follow taken in conjunction with the
      drawings and appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a photograph (52X) of the microstructure of a prior art porous
      thermoplastic writing nib;
PAR  FIG. 2 is a photograph (120X) showing a section of the prior art writing
      nib of FIG. 1 under a higher degree of magnification;
PAR  FIG. 3 is a photograph (44X) of the microstructure of a writing nib
      manufactured according to the present invention; and
PAR  FIG. 4 is a photograph (87X) of an enlarged section of the writing nib of
      FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As previously noted, the present invention is directed to an improved
      process for producing spherical thermoplastic particles and to products
      made therefrom. It has been discovered that porous thermoplastic products
      having superior properties can be manufactured from dense spherically
      shaped particles formed by a process involving the dispersion of a
      thermoplastic powder in a liquid that acts as a partial solvent for the
      thermoplastic.
PAR  The thermoplastic used in the present invention may be polyvinylidene
      fluoride, polyethylene or any equivalent thermoplastic. The presently
      preferred material is "Kynar", the trade name of Pennwalt Corporation for
      an ultra-fine polyvinylidene fluoride powder (less than 10 microns).
      However, almost any thermoplastic powder of the proper particle size can
      be processed in the manner of the present invention, the only requirement
      being to select a liquid which operates as a partial solvent therefor at
      the atomization temperature.
PAR  The presently preferred partial solvent for the polyvinylidene fluoride is
      methyl isobutyl ketone (hereinafter referred to as MIBK). Polyvinylidene
      fluoride is only slightly soluble in MIBK at room temperature, but goes
      into solution at temperatures of about 140.degree. F and above. Other
      potential partial solvents include methyl ethyl ketone, dimethyl sulfoxide
      and dimethyl formamide.
PAR  The thermoplastic powder is dispersed in the liquid partial solvent by any
      conventional means, to form a stable suspension at room temperature. The
      partial solvent acts to partially dissolve or soften the particle surfaces
      rendering them able to adhere to each other on contact.
PAR  In forming the suspension or dispersion, the ratio of powder to liquid can
      be varied over almost an infinite range. However, this ratio will affect
      the final particle size. The smaller the ratio of powder to liquid, the
      smaller the solid spherical particles that are produced (all other
      conditions remaining constant). Higher ratios of powder to liquid will, in
      turn, produce larger spherical particles. The ratio of thermoplastic
      powder to partial solvent chosen will also depend, in part, on the
      particular thermoplastic and solvent used. In the case of polyvinylidene
      fluoride and methyl isobutyl ketone, the operable range is from about 5%
      by weight powder to about 65% by weight powder. The presently preferred
      ratio for the PVF MIBK system is 20% to 30% by weight powder. Even very
      thick slurries can be handled and spray-dried according to the present
      invention using a "paste system."
PAR  In the spray-drying or atomizing step, the powder-liquid dispersion is
      broken into numerous droplets using a conventional spray-drying apparatus.
      Atomization by means of a spray nozzle is the presently preferred method
      of reducing the dispersion to droplets because it affords some degree of
      control over the droplet size. In such an apparatus, the droplet size may
      be varied by changing the line pressure at the nozzle or by changing the
      nozzle itself, i.e., the size of the openings through which the liquid is
      ejected. Alternately, ultrasonics or any other known method may be used to
      reduce the dispersion to droplet form.
PAR  The atmosphere into which the droplets are ejected is maintained at a
      temperature sufficient to at least partially solubilize the thermoplastic
      and to evaporate the partial solvent. The presently preferred temperature
      approximates the melting point of the particular thermoplastic used, e.g.,
      340.degree.F for PVF.sub.2. In the case of PVF.sub.2, the spray-drying
      step may be conducted at temperatures ranging from about 200.degree. to
      600.degree.F (or the boiling point of the particular solvent used), and is
      preferably conducted within the range of 340.degree.F to 390.degree.F. The
      preferred 390.degree.F maximum temperature is based on the dryer size,
      residence time, etc, associated with the particular apparatus used in a
      series of actual tests. Above that temperature, the particles tended to
      stick together prematurely. The operating temperature for the spray-drying
      step should be selected in accordance with the equipment size, the
      residence time, the through-put, production rate, etc.
PAR  The droplets assume a spherical shape due to the surface tension of the
      liquid. The surfaces of the particles within the liquid are tacky due to
      the solvent action of the liquid and, therefore, as the solvent is
      evaporated, the particles tend to stick together in a spherical
      configuration. As the temperature of the particles increases to the
      melting point of the thermoplastic, the agglomorated particles within the
      sphere melt and flow together to form a smooth surfaced densified sphere.
PAR  Thermoplastic spheres have been produced experimentally by the method
      described above having sizes varying from less than 37 microns to around
      200 microns. Each sphere is formed from a given amount of ultra-fine
      powder, which amount will vary according to the size of the droplets
      formed in the atomization step. The spheres produced according to the
      method described above may be dense throughout or may contain a small
      hollow space in the center. A minority of the spheres obtained
      experimentally have been found to have a concave portion indicating either
      that a hollow sphere imploded or that the particle exploded and the edge
      surfaces where subsequently smoothed by the heat in the dryer.
PAR  The spheres obtained in the manner described above are then sintered and
      molded to the shape of the desired article using conventional molding
      apparatus. The molding and sintering step requires a temperature which is
      at least approaching the melting point of the thermoplastic. PVF.sub.2
      spheres may be molded at any temperature within the range of from
      300.degree.F to 600.degree.F by varying the residence time. When cool
      enough for handling, the article may be removed from the mold. Of course a
      mold is not the only means for shaping an article. The spheres may be
      formed into a sheet, for example, and the sheet material may be cut,
      ground, or otherwise shaped.
PAR  Because of their spherical shape and dense nature, the thermoplastic
      spheres produced in accordance with the present invention lend themselves
      to a relatively simplified packing, filling or spreading operation. The
      mere vibrating or slight shaking of the receiver is sufficient to achieve
      the required degree of packing. This feature makes automation of such
      operations feasible.
PAR  Writing nibs composed of the porous thermoplastic product of the present
      invention are superior to the prior art nibs with respect to strength,
      writing ability, useful life, dimension tolerances, and uniformity of pore
      size and ink flow characteristics. A strong writing nib is particularly
      desirable when used to make carbon copies.
PAR  The present invention is illustrated in more detail by the following
      description of actual working examples:
PAC  EXAMPLE 1
PAR  This test was performed using a 10 foot diameter, 30 foot high spray dryer.
      The inlet temperature to the dryer was maintained within the range of
      350.degree.F to 355.degree.F with the outlet temperature remaining
      constant of approximately 240.degree.F. The feed was a slurry containing
      approximately 30% by weight PVF.sub.2 and approximately 70% by weight
      MIBK. The feed rate was 37 gallons per hour and the atomizing pressure was
      approximately 500 psig. The test produced spherical particles suitable for
      molding into porous structures. It was estimated that less than 2% of the
      particles so produced were not fully densified. The particle size
      distribution for the product was as follows:
PAR  Approximately 13% greater than 105 microns.
PAR  Approximately 46% less than 105 microns.
PAR  Approximately 41% less than 74 microns
PAC  EXAMPLE 2
PAR  This experiment was also performed in a 10 foot diameter, 30 foot high,
      spray dryer. The inlet temperature was controlled at 345.degree.F with the
      outlet temperature remaining constant at approximately 240.degree.F. The
      feed was the same as that used in Example 1, a slurry containing
      approximately a 30% by weight PVF.sub.2 and approximately 70% by weight
      MIBK. The feed rate in this experiment was 25 gallons per hour at an
      atomizing pressure of 150 psig. This experiment also succeeded in
      producing dense spherical particles suitable for molding into porous
      structures. It was estimated that less than 5% of these particles were not
      fully densified. The particle size distribution for the product was as
      follows:
PAR  Approximately 66.5% greater than 105 microns.
PAR  Approximately 25% less than 105 microns, greater than 74 microns.
PAR  Approximately 8.5% less than 74 microns.
PAC  EXAMPLE 3
PAR  This experiment was conducted using a 4 foot 6 inch diameter, 12 foot high
      spray dryer. The inlet temperature was maintained at approximately
      310.degree.F with an outlet temperature remaining at approximately
      250.degree.F. The feed was a slurry containing approximately 35% by weight
      FVF.sub.2 and approximately 65% by weight MIBK. The feed rate was 19
      gallons per hour at an atomizing pressure of 150 psig. The particles so
      produced were spherical but were not as dense as in the two previous
      examples. They were milky white in appearance and were hollow. Further
      densification was necessary before a high quality molded porous structure
      could be produced from these particles. The particular size distribution
      for the particles obtained in this test was as follows:
PAR  Approximately 77.5% greater than 105 microns.
PAR  Approximately 12.8% less than 105 microns, greater than 74 microns
PAR  Approximately 9.8% less than 74 microns.
PAC  EXAMPLE 4
PAR  This test was to examine the stiffness of nibs produced from material which
      was prepared in accordance with the present invention because it has been
      found that stiffness is a good indicator of the strength of nibs and the
      ability of nibs to hold a point during use. The PVF.sub.2 material was
      prepared as in the prior art and then in accordance with the present
      invention. Nibs were produced from both materials. A Tinius Olsen
      Stiffness Tester (one inch-pounds capacity) was used to obtain the
      following information (the smaller the number, the stronger the nib);
TBL  Material  Stiffness Reading Range   Average                               
     ______________________________________                                    
     Prior Art                                                                 
              25, 24, 27, 20, 26, 24,                                          
                                 9       24                                    
              25, 25, 27, 21, 23, 26,                                          
              19, 28, 21, 23, 26, 23,                                          
              25, 22                                                           
     Present  10, 10, 12, 11, 9, 9, 10,                                        
                                 4       10                                    
     Invention                                                                 
              10, 10, 9, 8, 10, 10, 10,                                        
              12, 10, 10, 9, 11, 10                                            
     ______________________________________                                    
PAL  As can readily be seen from the above data, an increase in strength of
      about 57% is obtained using material prepared in accordance with the
      present invention.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The above examples
      therefore are to be considered in all respects as illustrative and not
      restrictive, the scope of the invention being indicated by the appended
      claims, and all changes which come within the meaning and range of
      equivalency of the claims are intended to be embraced therein.
CLMS
STM  We claim:
NUM  1.
PAR  1. A unitary porous thermoplastic polymer product formed by:
PA1  dispersing thermoplastic polymer particles in a partial solvent for said
      thermoplastic polymer;
PA1  atomizing the dispersion at an elevated temperature sufficient to at least
      partially solubilize said thermoplastic polymer, to vaporize said partial
      solvent and to cause said particles to adhere and melt together thus
      forming fully-densified microspheres of the thermoplastic polymer; and
PA1  sintering said thermoplastic polymer microspheres to form the porous
      product.
NUM  2.
PAR  2. A unitary porous product of claim 1 formed of a plurality of
      fully-densified polyvinylidene fluoride microspheres sintered together.
NUM  3.
PAR  3. A writing nib formed from the product of claim 2.
NUM  4.
PAR  4. A writing nib formed from the product of claim 1.
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ABST
PAL  A universal brace for use in bracing a wide variety of members, such as
      corner joints of furniture and the like, and being characterized by a
      versatile and adjustable construction, as follows. A body member of two
      telescoping sections is provided. Rows of transversely extending apertures
      are formed through each of the sections for providing access passageways
      through each of the sections disposed at approximately 90.degree. with
      respect to each other and are positioned for respective alignment of said
      apertures and said passageways of the sections by adjusting the relative
      telescopic positions of the sections. A body locking pin is removably
      inserted through any desired set of aligned apertures and passageways for
      locking the sections of the body member in desired adjusted length.
      Devices are provided on the ends of each of the sections of the body
      member for contacting the members to be braced. Whereby, the brace may be
      linearly adjusted lengthwise and the sections of the body member may be
      disengaged and one of the sections rotated and again engaged
      telescopically with the other of the sections for providing versatility in
      desired placement of the contacting members on the outer ends of the
      sections of the body member and versatility in use of the brace.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Furniture frames for tables, chairs, and the like have corner joints
      commonly strengthened by wooden corner blocks that are glued and also may
      be screwed into the adjoining corner ends. In mass production furniture
      fabrication, wooden corner blocks must be mass produced and stocked in
      several sizes. In addition, mass production furniture fabrication requires
      the use of assembly jigs, and it often has been difficult to obtain a
      proper fit between pre-assembled frame corners and corner blocks. The use
      of wooden corner blocks, therefore, causes inventory and assembly
      problems, and can result in the production of furniture having
      sub-standard corner joints.
PAR  A primary object of this invention is to provide a universal corner block
      for furniture frames that itself can be mass produced with high quality. A
      further object is to provide such a corner block that is adaptable for use
      in a variety of corner joint applications. Another object is to provide
      such a corner block that is adaptable for use in bracing corner joints
      that are "out-of-square," intentionally or as a result of mass production
      fabrication procedures.
PAR  The corner block of this invention comprises an extensible body member and
      end pads pivotally secured to each end of the body member. The body, once
      extended to the desired length, is locked to that length by means of a
      body shear pin inserted through the body member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a piece of furniture utilzing the
      corner block.
PAR  FIG. 2 is an isometric view of the corner block having two telescopic body
      member sections shown in position between two adjacent members of a piece
      of furniture.
PAR  FIG. 3 is a representation of a modified corner block having an
      intermediate body ember section to extend the total length of the block.
PAR  FIG. 4 is a partial view showing yet another form of an intermediate body
      member section.
PAR  FIG. 5 is a sectional view along lines 5--5 of FIG. 3, specifically
      illustrating the pin structure for locking the block in a predetermined
      length.
PAR  FIGS. 6 and 7 depict preferred embodiments of opposite ends of the corner
      block.
PAR  FIGS. 8 and 9 depict a preferred pin structure.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  As shown in FIG. 1, a piece of furniture which typically uses a corner
      block is a table or desk frame comprising a plurality of legs 2 and a
      generally horizontal frame member 4 which interconnects the legs to form
      the rectangular base for the tope of the desk or table. Corner blocks 6
      are utilized at each of the corners of the rectangular base for the top of
      the desk or table. Corner blocks 6 are utilized at each of the corners of
      the rectangular framework, thereby increasing the strength and rigidifying
      the total structure.
PAR  As shown in FIG. 2, one embodiment of the corner block comprises an
      extensible body member consisting of two sections, 12 and 14, section 12
      inserted within and extending from section 14, an end pad 16 pivotally
      secured to the outer end of each body member section, and a body shear pin
      36 inserted through both body member sections to lock the sections
      together.
PAR  Each end pad 16 preferably comprises a base 18 that provides an outer
      contact surface 24, roughened as by serration, to afford good adherence to
      a corner structure, and a pair of stiffening flanges 20 to which is
      secured a pivot pin 26 in a manner such that the ends of pin 26 protrude
      beyond the flanges 20. A raised boss on the inside of base 18 is provided
      with an opening for insertion of a screw 22.
PAR  Each body member section 12 and 14 comprises an elongated structure of
      hollow rectangular configuration with opposing side walls 30 being
      provided with centered and spaced circular openings 32 and with the other
      opposing side walls 34 being provided with spaced slots 38, and opposing
      protruding lugs 28 integral with the structure. The lugs are provided with
      openings which contain the ends of pins 26 and enable the pads 16 to
      pivot.
PAR  The slots 38 commence straight sided at the outer plane of one of the walls
      30 and extend inwardly to a semicircular end centered in the wall 34. The
      slots 38 alternate with every other slot commencing at one wall 30 and
      with intervening slots commencing at the opposite wall 30. The slots 38
      and openings 32 are arranged in alternate pairs, such that two pairs of
      top-to-bottom openings 32 are separated by a pair of side-to-side slots
      38.
PAR  This arrangement of openings 32 and slots 38 provides a wide choice of
      locking positions. For example, in the position shown in FIG. 2, shear pin
      36 is extended through a set of slots 38 of sections 12 and 14, the slot
      sets being aligned such that the slots of section 14 extend from the
      bottom wall 30 and the slots of section 12 extend from the top wall 30 to
      overlap in a manner providing circular apertures through which the shear
      pin 36 extends. Alternately, the shear pin 36 could have been inserted
      through the aligned circular openings 30 of both sections, perpendicularly
      to the pin orientation shown in FIG. 2. In the event that slots 38
      extending from the same direction are aligned, shear pin 36 must be
      inserted through the aligned circular openings 32 because of the aligned
      slots 38 would not provide circular apertures for lateral support of the
      shear pin.
PAR  If the cross-section of each body member section 12 and 14 is square, the
      section 12 may be telescopically inserted into section 14 at a 90.degree.
      orientation to that shown in FIG. 2. Thus openings 32 would align with
      slots 38. This configuration would be desirable in the case where pads 16
      should be oriented perpendicularly to one another.
PAR  FIG. 3 depicts an intermediate body member section 42 telescopically
      joining two sections 40 and 44 and locked in position by two shear pins
      36, 36. The body member sections 40 and 44 could be fabricated similarly
      to sections 14 of FIG. 2. FIG. 4 depicts another intermediate section
      configuration wherein the intermediate section 46 is integral with one
      outer end section 48.
PAR  As depicted in FIG. 5, the body shear pin 36 comprises a small diameter
      tubular shaft 50 having a head 52 at one end and a tapered tip 56 at the
      other end provided with an inner shoulder 58 adapted to seat against a
      wall outer surface such as the outer surface of section 44. The tip 56 and
      adjacent portion of shaft 50 are slotted as at 54 to permit the tip to be
      constricted as it is forced through the openings and to snap back into the
      locking configuration shown in FIG. 5.
PAR  FIGS. 6 and 7 illustrate a preferred end pad structure 21 wherein the
      stiffening flanges are provided with outwardly protruding integral bosses
      23 rather than the pivot pins 26 of FIG. 2. Also shown in FIG. 7, the end
      pad flanges may be reinforced by a transverse web 37.
PAR  FIGS. 6 and 7 also illustrate preferred outer end configurations of the
      body member sections 25, 27. Body member section 27, being insertable
      within body member section 25 and therefore of smaller cross section, is
      provided with stepped lugs such that both body members can be secured to
      end pads of identified dimensions. Both body member lugs have aligned
      aperture 31 which are intersected by snap-in ramps 29 to facilitate
      attachment insertion of body member section bosses 23 into apertures 31.
PAR  FIGS. 6 and 7 also depict an alternative alignment of slots 38 and openings
      32. As shown, adjacent slots and openings are centered or aligned rather
      than staggered as shown in FIG. 2.
PAR  FIGS. 7 and 8 depict an alternate shear pin configuration wherein the pin
      shaft 39 is provided with three elongated raised bosses 37 equi-spaced
      around the shaft. The shaft 39 and bosses 37 provide an interference fit
      when inserted through the body member sections.
PAR  All elements of the corner base are preferably molded, particularly of
      plastic.
CLMS
STM  The embodiments of the invention in which a particular property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A universal brace for use in bracing a wide variety of members, such as
      corner joints of furniture and the like, comprising:
PA1  an elongate, longitudinally extending, body member comprising two sections
      in which at least a portion of one of said sections is slidably
      telescopically contained within the other of said sections for adjustable
      extension and contraction of the overall length of said body member;
PA1  rows of transversely extending apertures formed through each of said
      sections for providing access passageways through each of said sections
      disposed at approximately 90.degree. with respect to each other and being
      positioned for respective alignment of said apertures and passageways of
      any of said rows said one section with said apertures and passageways of
      said other section by adjusting the relative telescopic positions of said
      sections;
PA1  a body locking pin for removable insertion through any desired set of said
      aligned apertures and passageways for locking said sections of said body
      member in the desired adjusted length; and
PA1  means on the outer ends of each of said sections of said body member for
      contacting the members to be braced;
PAL  whereby, said brace may be linearly adjusted lengthwise and said sections
      of said body member may be disengaged and one of said sections rotated and
      again engaged telescopically with the other of said sections for
      versatility in desired placement of said contacting means on the outer
      ends of said sections of said body member and versatility in use of said
      brace.
NUM  2.
PAR  2. A universal brace, as set forth in claim 1, in which
PA1  each of said sections of said body member comprises an elongate structure
      of hollow rectangular configuration in cross-section having pairs of
      opposing side walls, and
PA1  said apertures in each of said sections incude spaced slots formed in one
      pair of opposing side walls of each of said sections, each of said slots
      extending from one edge of said wall inwardly to a centered semi-circular
      inner end and every other of said slots being oriented in the opposite
      direction such that slots of opposite orientation in adjacent body member
      section walls may be aligned to provide a centered circular aperture
      through adjacent walls for receiving said body locking pin.
NUM  3.
PAR  3. A universal brace, as set forth in claim 1 in which
PA1  each of said sections of said body member comprise an elongate strucutre of
      hollow rectangular configuration in cross-section having pairs of opposing
      side walls, and
PA1  said apertures in each of said sections include spaced, generally circular
      openings formed in one pair of opposing side walls of each of said
      sections such that said openings in adjacent body member section walls may
      be aligned to provide a centered circular aperture through the adjacent
      walls for receiving said body locking pin.
NUM  4.
PAR  4. A universal brace, as set forth in claim 1, in which said means on the
      outer ends of each of said sections of said body member for contacting the
      members to be braced comprises
PA1  pad members having a base surface for contacting the members to be braced,
      and
PA1  means pivotally mounting each of said pad members on the outer end of the
      said respective section of said body member so that each of said pad
      members may be pivoted to place said base surface into contact with the
      respective members to be braced.
NUM  5.
PAR  5. A universal brace, as set forth in claim 4, in which said base surface
      of each of said pad members comprises a roughened surface for providing
      good adherence to the respective members to be braced.
NUM  6.
PAR  6. A universal brace, as set forth in claim 1, in which each of said
      sections of said body member comprises a high impact plastic, elongate
      structure of hollow rectangular configuration in cross-section.
NUM  7.
PAR  7. A universal brace, as set forth in claim 1, further including
PA1  a third section forming a portion of said body member and being slidably
      telescopically associated with one of said other two sections for
      providing additional overall length to said body member;
PA1  rows of transverse apertures extending through said third section for
      providing access passageways therethrough and being positioned for
      respective alignment with said one of the other two sections, and
PA1  a second body locking pin for removable insertion through a desired set of
      said aligned apertures of said third section and said one of the other two
      sections for locking of said body member in the desired adjusted length.
NUM  8.
PAR  8. A universal brace for use in bracing a wide variety of members, such as
      corner joints of furniture and the like, comprising:
PA1  an elongate, longitudinally extending, body member comprising two sections
      of high impact plastic defining a hollow square configuration in
      cross-section and having pairs of opposing walls and in which at least a
      portion of one of said sections is slidably telescopically contained
      within the other of said sections for adjustable extension and contraction
      of the overall length of said body member;
PA1  a row of transversely extending apertures formed through each of said walls
      of each of said sections for providing access passageways therethrough
      disposed at approximately 90.degree. with respect to each other and being
      positioned for respective alignment of said apertures of one section with
      said apertures of said other section to provide transverse passageways
      through opposing and adjacent side walls of each of said sections by
      adjusting the relative telescopic positions of said sections,
PA1  a body locking pin for removable insertion through a desired set of said
      aligned apertures and passageways for locking said sections of said body
      member in desired adjusted lengths; and
PA1  means on the outer ends of each of said sections of said body member for
      contacting the members to be braced;
PAL  whereby, said brace may be linearly adjusted lengthwise and said sections
      of said body member may be disengaged and one of said sections rotated in
      90.degree. increments and again engaged telescopically with the other of
      said section for versatility in desired placement of said contacting means
      on the outer ends of said sections of said body member and versatility in
      use of said brace.
NUM  9.
PAR  9. A universal brace for use in bracing a wide variety of members, such as
      corner joints of furniture and the like, comprising:
PA1  an elongate, longitudinally extending, body member comprising two sections
      of high impact plastic defining a hollow rectangular configuration in
      cross-section having pairs of opposing walls and in which at least a
      portion of one of said sections is slidably telescopically contained
      within the other of said sections for adjustable extension and contraction
      of the overall length of said body member;
PA1  a row of transversely extending apertures formed through each of said walls
      of each of said sections for providing access passageways therethrough
      disposed at approximately 90.degree. with respect to each other and being
      positioned for respective alignment of said apertures of one section with
      said apertures of said other section to provide transverse passageways
      through opposing and adjacent side walls of each of said sections by
      adjusting the relative telescopic positions of said sections, said
      apertures comprising spaced slots formed in one pair of opposing side
      walls of each of said sections and extending from one side edge of said
      wall inwardly to a centered, semi-circular inner end with every other of
      said slots being oriented in the opposite direction, and circular openings
      formed in the other pair of opposing side walls of each of said sections,
      so that aligned apertures in opposing and adjacent side walls of each of
      said sections will form a centered circular aperture through said body
      member;
PA1  a body locking pin for removable insertion through a desired set of said
      aligned apertures and passageways for locking said sections of said body
      member in desired adjusted length; and
PA1  a pad member associated with the outer end of each of said sections of said
      body member and having a base surface for contacting the members to be
      braced and including means pivotally mounting each of said pad members on
      the outer end of said respective section of said body member so that each
      of said pad members may be pivoted to place said base surface into contact
      with the respective members to be braced;
PAL  whereby, said brace may be linearly adjusted lengthwise and said sections
      of said body member may be disengaged and one of said sections rotated and
      again engaged telescopically with the other of said section for
      versatility in desired placement of said pad members and versatility in
      use of said brace.
NUM  10.
PAR  10. A universal brace for use in bracing a wide variety of members such as
      corner joints of furniture and the like, said brace comprising:
PA1  an elongate, longitudinally extending, body member comprising two sections
      in which at least a portion of one of said sections is slidably
      telescopically contained within the other of said sections for adjustable
      extension and contraction of the overall length of said body member and
      defining opposite outer ends on said body member;
PA1  a plurality of transversely extending apertures formed through said
      sections for providing access passageways therethrough and being
      positioned for respective alignment of said apertures of said sections by
      adjusting the relative telescopic positions of said sections;
PA1  a body locking pin for removable insertion through a desired set of said
      aligned apertures for locking said sections of said body member in the
      desired adjusted length;
PA1  spaced apart, outwardly and longitudinally extending lug means formed on
      each of said opposite outer ends of said body member and having a
      transversely extending aperture through each of said lug means;
PA1  a pad member associated with each of said opposite outer ends of said body
      member and having a base surface for contacting the members to be braced,
      spaced, inwardly extending flange members, and upstanding boss members on
      each of said flange members for being pivotally received within said
      apertures in said lug members on each of said opposite outer ends of said
      body member for pivotally mounting said pad members on said opposite outer
      ends of said body member, so that said pad members may be easily snapped
      into and out of engagement with said lug members on said opposite outer
      ends of said body member.
NUM  11.
PAR  11. A universal brace for use in bracing a wide variety of members, such as
      corner joints of furniture and the like, comprising:
PA1  an elongate, longitudinally extending, body member comprising two sections
      in which at least a portion of one of said sections is slidably
      telescopically contained in the other of said sections for adjustable
      extension and contraction of the overall length of said body member;
PA1  a plurality of transversely extending apertures formed through each of said
      sections for providing access passageways therethrough and being
      positioned for respective alignment of said apertures of said one section
      with said apertures of said other section by adjusting the respective
      telescopic postions of said sections;
PA1  a body locking pin for removable insertion through a desired set of said
      aligned apertures for locking said sections of said body member in desired
      adjusted length;
PA1  one of said sections of said body member comprising an elongate structure
      of generally rectangular configuration in cross-section having pairs of
      opposing side walls, and said apertures in said one of said sections
      comprising spaced slots formed in one pair of said opposing side walls,
      each of said slots extending from one edge of said wall inwardly to a
      centered semi-circular end and every other of said slots being oriented in
      the opposite direction for providing a centered circular aperture through
      said section for receiving said body locking pin; and
PA1  means on the other ends of each of said sections of said body member for
      contacting the members to be braced.
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ABST
PAL  A trepanning tool is adapted to receive attachments for performing boring
      operations on trepanned holes. The attachments interengage with the
      trepanning unit to establish a boring diameter concentric with, and
      adjustable with respect to, the trepanned diameter without removing the
      trepanning cutter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Trepanning is a procedure for providing a hole by cutting along a circular
      path, and removing the core surrounded by the path after the cutting
      operation has been completed. The practice is very old, and is used
      frequently in machining large-diameter holes, where it is more economical
      to machine away only the material along the circular path, rather than all
      the material within the hole. The procedure is also useful where it is
      desired to preserve the interior material.
PAR  After a hole has been trepanned, it is usually necessary to bore the hole
      to closer tolerance and finish than trepanning tools provided. The
      standard procedure in such cases would be to remove the trepanning tool
      and replace it with a boring bar of completely different design. In boring
      deep holes, the machinist must either use a starting bar to pre-bore the
      workpiece to a specific diameter and depth to engage the pilot of the
      final boring bar, or set up a support bushing to guide the bar as it
      enters the trepanned hole. The replacement of the trepanning unit with a
      boring bar obviously requires additional alignment and securing operations
      as the tools are successively placed in operating condition on the
      machine.
PAC  SUMMARY OF THE INVENTION
PAR  A trepanning tool is adapted to receive an attachment to perform boring
      operations by establishing diametrically-opposite driving surfaces on the
      outer end of the tubular body of the tool. These driving surfaces are
      preferably formed by machined recesses angularly spaced from the
      trepanning cutter. An adjustable boring attachment is fitted to these
      driving surfaces, and is secured in position. The boring attachment has
      adjustable locating blocks registering with the inside diameter of the
      trepanning unit, and these blocks can be shifted to maintain the
      transverse position of the boring attachment with respect to the axis of
      the trepanning unit. The attachment is preferably formed by overlapped
      bars and blocks that are adjustable with respect to each other to increase
      or decrease the cutting diameter of the boring bits carried by the blocks.
      The cutting diameter is established slightly in excess of that created by
      the trepanning cutter. A finish boring attachment may be installed for a
      subsequent boring operation in the same manner, with this latter
      attachment being provided with an adjustable degree of float to
      accommodate a self-centering action tending to produce an accurate and
      high-quality finish.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a trepanning unit with a boring attachment
      installed in operating position.
PAR  FIG. 2 is a left-end view with respect to FIG. 1.
PAR  FIG. 3 is a fragmentary view with respect to FIG. 2, showing the
      installation of a filler block in place of the boring attachment at the
      illustrated side of the unit.
PAR  FIG. 4 is a fragmentary unit of a filler block installed in place of the
      boring bar on the adjacent side of the unit illustrated in FIG. 2.
PAR  FIG. 5 is a perspective view of the boring attachment appearing in FIG. 2.
PAR  FIG. 6 is a section on the plane 6--6 of FIG. 1.
PAR  FIG. 7 is a plan view of the boring attachment shown in FIG. 5.
PAR  FIG. 8 is a front elevation of the boring attachment.
PAR  FIG. 9 is a view of the boring attachment opposite from that appearing in
      FIG. 7.
PAR  FIG. 10 is a left-end view of the boring attachment, with respect to FIG.
      9.
PAR  FIG. 11 is a right-end view of the attachment with respect to FIG. 9.
PAR  FIG. 12 is a section on the plane 12--12 of FIG. 8.
PAR  FIG. 13 is a rear view of a finish boring attachment.
PAR  FIG. 14 is a plan view of the attachment illustrated in FIG. 13.
PAR  FIG. 15 is a front view of the attachment appearing in FIGS. 13 and 14.
PAR  FIG. 16 is a section on an enlarged scale on the plane 16--16 of FIG. 14.
PAR  FIG. 17 is an end view with respect to FIG. 14.
PAR  FIG. 18 is a perspective view of the finish boring attachment illustrated
      in FIGS. 13-17.
PAR  FIG. 19 is a top view of an indicating instrument used in setting the
      boring attachments.
PAR  FIG. 20 is a plan view of the instrument shown in FIG. 19.
PAR  FIG. 21 is a rear view with respect to FIG. 20.
PAR  FIG. 22 is an end view with respect to FIG. 20.
PAR  FIG. 23 is a plan view of a reference plate used in setting the instrument
      shown in FIGS. 19-22.
PAR  FIG. 24 is an end view of the reference unit shown on FIG. 23.
PAR  FIG. 25 is a fragmentary rear view of the device shown in FIG. 23.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The trepanning and boring tool shown in FIG. 1 has a tubular body 20 formed
      by the coaxial sections 20a and 20b. These sections have a telescoping
      interengagement at 20c, and are held together by a group of screws 21
      spaced around the periphery and indicated at 21a- b in FIG. 1. Access
      openings as shown at 22a and 22b in the body section 20a are provided for
      the installation of these screws. At the right end of the assembly, as
      shown in FIG. 1, the base 23 has a section 23a in close telescopic
      interengagement with the body section 20a to assure concentricity. The
      base and body section are welded together around the periphery at 24. The
      radial extension of the base 23 beyond the periphery of the body section
      20 provides a convenient flange for mounting the tool on the driving face
      plate of a conventional machine. A locating extension 25 may be
      incorporated for registry with the corresponding recess in the driving
      machine. The central opening 26 through the base may be used for a variety
      of purposes, such as the injection of coolant, and the passage of a
      push-out bar for removing a trepanned core. A group of bearing inserts as
      shown at 27a- f in FIG. 1 are mounted on the periphery of the body section
      20a for engagement with the workpiece during the boring operation. Similar
      inserts 28a- d on the body section 20b are provided for the same purpose.
      Bearing inserts 29a- h are secured to the inside of the body sections to
      support the core during the trepanning operation. These latter inserts are
      secured by flathead screws traversing the wall of the body sections, with
      the heads outside as shown. The trepanning cutter 30 is installed at one
      point at the left end of the assembly shown in FIG. 1, and a chip passage
      31 extends from this cutter to a position adjacent the base of the unit.
      To this point, the structure thus described is conventional.
PAR  Referring to FIGS. 3 and 4, a pair of diametrically opposite recesses 32
      and 33 are machined in the wall of the body section 20b, primarily to
      provide the driving surfaces 32a and 33a for interengagement with the
      boring attachment generally indicated at 34. When this attachment is not
      installed, it is preferable to install the filler blocks 35 and 36 to
      protect the driving surfaces. The filler blocks are preferably of the same
      contour as the recesses. Conceivably, the boring attachment 34 could
      simply be mounted directly on the end of the body section 20b, with
      appropriate screws and dowels. The provision of the integral driving
      surfaces formed by the recesses is much preferred. The boring attachment
      itself is illustrated in FIGS. 5 and 7 through 12. An adjustable diametral
      beam is formed by the overlapped bars 37 and 38. These bars are serrated
      along their mating surfaces in a direction parallel to the length to
      assure continuing alignment over the full range of adjustability. Once the
      adjustment has been obtained, it may be secured by the installation of
      dowels as shown at 39 and 40 traversing both bars, and held in engagement
      by screws as shown at 41 and 42. The bars do not overlap over their full
      length, leaving room for the cutter blocks 43 and 44. These are held in
      position by screws 45-46 and 47-48 traversing the elongated slots 49 and
      50 in the blocks 43 and 44, respectively. Set screws as shown at 51 and 52
      are received within threaded holes in the cutter blocks that are
      intersected by the plane of the mating surfaces of the blocks and the bars
      against which they rest. The sides of the set screws project into recesses
      machined in the respective bars. The recesses closely fit the set screws
      in a direction parallel to their axes. This is a standard adjustment
      arrangement, and rotation of the set screws will result in movement of the
      cutter blocks with respect to the bars, after which the screws 45-48 may
      be tightened to maintain the adjusted position. Cutting inserts of carbide
      are commonly provided on the cutter blocks to form the actual cutting
      surfaces. These are shown at 53 and 54.
PAR  The concentricity of the boring attachment shown in FIG. 5 with respect to
      the body of the trepanning tool is maintained by the locating blocks 55
      and 56. These blocks, as well as the cutter blocks, have a serrated
      interengagement along the mating surfaces of the bars against which they
      rest. The blocks 55 and 56 provide locating surfaces 57 and 58 which are
      engageable with the inside surface of the tubular body section 20b to
      maintain the relative transverse position of the boring attachment.
      Adjusting screws 59 and 60 of the type previously described permit these
      blocks to be adjusted with respect to the bars 37 and 38. The screws 61-62
      and 63-64 received in elongated holes in these locating blocks can then be
      tightened to secure the adjusted position. The entire attachment assembly
      shown in FIG. 5 is secured in the recesses 32 and 33 with screws as shown
      at 65 and 66 in FIG. 2. These screws are received in the holes 67 and 68
      provided in the ends of the bars 37 and 38, respectively. The assembly
      shown in FIG. 5 is adjusted to provide a cutting diameter slightly in
      excess of that of the trepanned hole established by the cutter 30.
PAR  If it becomes desirable to provide particularly close tolerances, or an
      improved finish, the finish boring attachment illustrated in FIGS. 13-18
      may be installed in place of the assembly shown in FIG. 5. This assembly
      is preferably of the floating type, in which the cutting elements position
      themselves through a self-centering action. A frame structure for this
      attachment is provided by the T-shaped bar 69. This bar has a groove 70
      receiving the overlapped cutter bars 71 and 72. These are held within the
      groove by the cover plate 73 secured by screws as shown at 74 and 75 in
      FIG. 16. The bars 71 and 72 are serrated on their mating surfaces, and are
      provided with cutting inserts at their opposite ends. An adjusting set
      screw 76 of the type previously described controls the cutting diameter
      established by the assembly. The self-centering action is provided by the
      freedom of the interlocked bars 71 and 72 to slide within the slot 70
      within the limits established by the centering pin 76. The beveled tip of
      this pin engages a notch 77 provided across both the bars 71 and 72, and
      the degree of entry of the pin into this notch controls the degree of
      float permitted to the cutting assembly. The pin 76 is driven into further
      engagement with the notch by tightening the set screw 78, the beveled end
      of which engages a correspondingly beveled surface at the upper end of the
      pin 76, as shown in FIG. 16. This arrangement for controlled float of a
      cutting tool is conventional. The adjusted position of the pin 76 is
      maintained by tightening the locking set screw 79 preferably engaging a
      machined flat on the side of the pin 76.
PAR  The assembly shown in FIG. 18 is secured to the body section 20b in the
      same manner as is the assembly shown in FIG. 5. Screw holes are provided
      at 80 and 81 for engaging the same threaded holes in the wall of the body
      section 20b. Access to these holes is provided through the openings 82 and
      83, which are used prior to insertion of the cutter bars 71 and 72. The
      frame structure of the unit shown in FIG. 18 is centered in the body
      section 20b by the presence of the adjustable locating blocks 84 and 85,
      of the type previously described.
PAR  The FIG. 5 assembly is provided with a reference hole 86, and the FIG. 18
      assembly has the block 87 secured to the frame member to provide a
      corresponding reference hole 88. This block is secured by screws and
      dowels in a conventional manner, as shown in FIG. 13. The holes 86 and 88
      are provided for registry with the member 89 of the measuring device shown
      in FIGS. 19-22. The locating blocks of both boring attachments may be
      positioned by using this device, which is essentially a modified height
      gage. The beam 90 is provided with a special attachment 91 carrying the
      member 89, and which is also engageable with the opening 92 in the gage
      plate 93. A boss 94 receives the flange 95 of the attachment 91, and the
      serrations around the periphery of the plate 93 represent gage distances
      from the opening 92 against which the indicator 96 can be positioned. This
      indicator is mounted on the carrier 97 of the height gage assembly. The
      boss 94 is accurately mounted on the plate 93 with the dowels 98-99 and
      the screws 100-103. The holes 104-106 may be provided in the plate to
      lighten the unit for easier handling. Once the indicating unit shown in
      FIGS. 19-22 is set to produce a particular reading, this reading may be
      transferred to the boring attachments to properly locate the centering
      blocks. This same procedure may also be used to check the cutting
      diameter, if desired, and with appropriate modification.
PAR  The features of the structure described above provide a number of
      advantages. Among these are the following:
PAR  1. The time spent for moving the trepanning tool, and replacing it with a
      conventional boring bar is saved.
PAR  2. After the boring operation, the time spent in removing the boring bar
      and re-setting the trepanning tool for the next trepanning operation is
      saved.
PAR  3. The workpiece remains in exactly the same position it occupied when it
      was trepanned. No time is wasted in removing it, and then replacing it and
      realigning it for boring.
PAR  4. The assembly provides a balanced device resulting from the presence of
      diametrically opposite cutting edges working simultaneously, thus
      eliminating deflection forces on the boring unit, and providing twice the
      feed rate that can be used with single-point tools.
CLMS
STM  We claim:
NUM  1.
PAR  1. A trepanning and boring tool including a tubular body portion having
      trepanning cutting means mounted at an end of said body portion and
      adapted to cut along a circular path incompassing the axially-projected
      cross-sectional area of the wall of said body portion, wherein the
      improvement comprises:
PA1  a boring attachment removeably secured to said body portion, and disposed
      to cut on a diameter in excess of the diameter established by said
      trepanning cutting means.
NUM  2.
PAR  2. A tool as defined in claim 1, wherein said attachment includes bar means
      removeably secured to opposite sides of said body portion and extending
      between said sides.
NUM  3.
PAR  3. A tool as defined in claim 2, wherein said attachment includes boring
      cutter means adjustable along said bar means with respect to the distance
      thereof from the axis of said body portion.
NUM  4.
PAR  4. A tool as defined in claim 3, wherein said attachment includes locating
      means engageable with an inside surface of said body portion.
NUM  5.
PAR  5. A tool as defined in claim 4, wherein said locating means is radially
      adjustable with respect to said bar means.
NUM  6.
PAR  6. A tool as defined in claim 1 wherein said body portion is provided with
      at least one recess adapted to receive a portion of said attachment, and
      said tool further includes a filler block removeably secured to said body
      portion to substantially fully occupy said recess during trepanning
      operations.
NUM  7.
PAR  7. A tool as defined in claim 1, wherein said boring attachment includes a
      frame normally secured at substantially diametrically opposite positions
      adjacent the end of said body portion, and further includes cutting means
      mounted in said frame for limited sliding movement, said cutting means
      including adjustably interlocked oppositely extending members having
      cutting edges at the outer extremities thereof.
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PAL  A side-channel ring compressor including compressor medium inlet and outlet
      openings communicative with the side-channel thereof, and a channel break
      disposed between the inlet and outlet openings. The channel break has at
      least one first outlet opening communicative therewith, and the side
      channel has a second inlet opening, disposed between the compressor medium
      inlet and outlet openings, which is communicative with the side channel at
      a point at which the pressure of the compressor medium is greater than the
      medium pressure at the side-channel inlet opening and less than the medium
      pressure at the side-channel outlet opening. A fluid transmission line is
      coupled to the first outlet and second inlet openings, and directs
      compressed gas from the channel break into the side channel between the
      compressor medium inlet and outlet openings. At least part of the
      compressed gas trapped between the blades of the impeller of the
      compressor is thereby removed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to side-channel ring compressors, and in
      particular to an improved side channel construction for such ring
      compressors by means of which compressed gas is exhausted from between the
      impeller blades of the compressor as it passes through the side-channel
      break thereof, and is subsequently directed into the side-channel at a
      point between the compressor medium inlet and outlet openings of the
      channel.
PAR  2. Description of the Prior Art
PAR  Generally speaking, in side-channel ring compressors in which compression
      ratios greater than 1.2 are produced, the compressed fluid medium disposed
      between the blades of the compressor impeller is moved past the outlet
      opening of the side-channel and through the compressor break disposed
      between the channel inlet and outlet openings. This compressed gas expands
      into the side channel as it reaches the suction side thereof at the
      compressor medium inlet opening, and thereby restricts the flow of
      compressor medium into the side channel. As a result, both the efficiency
      of the compressor and the pressure ratio attainable therein are
      significantly reduced.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      side-channel ring compressor construction and to overcome the
      aforementioned disadvantages of heretofore known side-channel ring
      compressors.
PAR  These and other objects of the invention are achieved in a side-channel
      ring compressor which includes compressor medium inlet and outlet openings
      communicative with the side channel of the compressor, and a channel break
      disposed between the inlet and outlet openings. The improvement of the
      invention comprises the provision of at least one first outlet opening in
      the side-channel break which is communicative therewith and a second inlet
      opening in the side channel disposed between the compressor medium inlet
      and outlet openings which is communicative therewith at a point in the
      side-channel wherein the pressure of the compressor medium is greater than
      the medium pressure at the side channel inlet opening and less than the
      medium pressure at the side channel outlet opening. A fluid transmission
      line is coupled to the first and second inlet and outlet openings and
      directs compressed gas exhausted from the channel break through the first
      outlet opening into the side channel between the compressor medium inlet
      and outlet openings in order to prevent the restriction of the intake of
      compressor medium at the side channel inlet opening.
PAR  These and other novel features of the invention will be described in
      greater detail in the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic illustration of an improved side-channel ring
      compressor constructed according to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, there is shown a side-channel ring compressor
      including a side channel 1 and a compressor impeller 2 having radially
      outwardly extending blades 3 disposed thereon. The compressor also
      includes a compressor medium inlet opening 4 and a compressor medium
      outlet opening 5 both of which are communicative with side channel 1. A
      channel break 6 is disposed between openings 4 and 5 and is also
      communicative with side channel 1.
PAR  At least one first outlet opening 7 is provided in channel break 6 and is
      communicative therewith for exhusting compressed gases from channel break
      6. A second inlet opening 9 is provided in the compressor in side channel
      1 between inlet and outlet openings 4 and 5. Opening 9 is communicative
      with the side channel at a point therein at which the pressure of the
      compressor medium is greater than the medium pressure at inlet opening 4
      and less than the medium pressure at outlet opening 5. A fluid
      transmission line 8 is coupled to openings 7 and 9 and directs the
      compressor medium exhausted from channel break 6 through opening 7 into
      side channel 1 through inlet opening 9. The position of opening 9 is
      chosen so that the pressure of the compressor medium at that opening
      corresponds to the pressure to which the gas exhausted from channel break
      6 at opening 7 expands. The radial width of side channel 1 is preferably
      greater between opening 9 and compressor medium outlet opening 5 than
      between inlet opening 4 and opening 9 by a distance which is proportional
      to the increase in flow volume caused by the gas exhausted from channel
      break 6 and injected into side channel 1 at an opening 9.
PAR  It should be noted that although only one outlet opening 7, and one fluid
      transmission line 8, have been illustrated and described herein, a
      plurality of outlet openings 7 and fluid transmission lines 8 may be
      utilized in order to exhaust compressed gases from the channel break of
      the compressor.
PAR  In operation, the compressor medium is drawn into side channel 1 through
      inlet opening 4 and is compressed by impeller 2 as it is rotated therein.
      Most of the compressed gas is then exhausted through outlet opening 5.
      Some of the compressed gas, however, is trapped between blades 3 of
      impeller 2 and is therefore moved into and through channel break 6. This
      compressed gas is exhausted from channel break 6 through outlet opening 7
      and fluid transmission line 8, and is directed back into side channel 1
      through inlet opening 9. In this manner, the gas trapped between the
      impeller blades is divided into a plurality of components before it
      reaches the inlet opening 4 of side channel 1. The component which is
      exhausted through opening 7 expands to an intermediate pressure and is, as
      has already been described, directed back into the side channel 1 at a
      point having a corresponding pressure. That gas which is exhausted from
      channel break 6 therefore no longer restricts the compressor medium intake
      at inlet opening 4. Less power is thus required to operate the compressor,
      at the same or an increased flow volume.
PAR  In the foregoing specification, the invention has been described with
      reference to specific exemplary embodiments thereof. It will, however, be
      evident, that various modifications and changes may be made thereunto
      without departing from the broader spirit and scope of the invention as
      set forth in the appended claims. The specification and drawings are,
      accordingly, to be regarded in an illustrative rather than in a
      restrictive sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a side-channel ring compressor including compressor medium inlet and
      outlet openings communicative with the side channel of said compressor,
      and a channel break disposed between said inlet and outlet openings, the
      improvement comprising, said side channel break having at least one first
      outlet opening communicative therewith, and said side channel having a
      second inlet opening, disposed between said compressor medium inlet and
      outlet openings, which is communicative therewith at a point in said side
      channel wherein the pressure of said compressor medium is greater than the
      medium pressure at said side channel inlet opening and less than the
      medium pressure at said side channel outlet opening, and a fluid
      transmission line, coupled to said first and second openings, for
      exhausting compressor medium from said channel break through said first
      outlet opening and directing said exhausted medium into said side channel
      between said compressor medium inlet and outlet openings through said
      second inlet opening.
NUM  2.
PAR  2. In the side-channel ring compressor recited in claim 1, said side
      channel having a radial width between said second inlet opening and said
      compressor medium outlet opening which is greater than the radial width
      thereof between said second inlet opening and said compressor medium inlet
      opening.
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PAL  A fluid-flow machine such as a steam turbine including an inner shell
      surrounding the rotor component of the machine and which is secured to the
      foundation, and an outer shell surrounding the inner shell and which is
      composed of three principal components, these being a support frame
      secured to the foundation, an exhaust duct for the steam or other motive
      fluid depending from the frame and leading to the condenser, and an
      exhaust cover above the frame. The inner shell is divided along a
      horizontal plane passing through the rotor axis into upper and lower
      hemi-cylinder halves. Each end of the frame includes a lower fixed part
      incorporating the lower half of the pass-through structure for the rotor
      shaft and a removable upper part in the form of a yoke beam incorporating
      the upper half of the shaft pass-through structure. The exhaust cover is
      divided into two longitudinally extending separable halves joined to each
      other and to the adjacent surfaces of the support frame by means of
      fluid-tight connection flanges, so that by disconnecting the flanges and
      removing the two halves of the exhaust cover, and disconnecting and
      removing the upper hemi-cylindrical half of the inner shell, and
      disconnecting and removing the yoke beams at each end of the support
      frame, the rotor is completely exposed and can be lifted upwardly and
      removed after the shaft bearings are opened.
BSUM
PAR  The present invention concerns an improved construction for a casing for a
      fluid-flow machine of two-shell construction, its inner shell being split
      in the axial horizontal plane and its outer shell comprising essentially
      the exhaust cover, exhaust duct and a closed supporting frame, these being
      joined in horizontal and approximately vertical dividing planes, the
      supporting frame being rigidly fixed to the foundation of the machine in
      the region of the bearing points of the inner shell.
PAR  Owing to the rapid rise in the unit capacities of turbosets, space
      requirements have become an increasingly serious problem for power plant
      operators. On the one hand, during the erection of turbosets, the overall
      length of which often exceeds 70 m, large parking areas are needed for the
      separate components of the installation, and on the other, these extensive
      parking areas by the machines must be kept clear even after installation
      of the power station plant is complete. This is so that the large casing
      sections can be set aside within the power station building when the
      machines are being overhauled.
PAR  With the methods customary today, whereby the individual parts are
      assembled on the power station site, this need is all the greater because
      the parts delivered during erection and which then have to be assembled
      are for the most part welded together, and repeated separation of these
      joints is not possible. It is therefore necessary to provide sufficient
      space within the power station to allow the casing sections to be placed
      on the side during overhauls. The quantity of parking space needed in the
      building is particularly extensive in the case of the large low-pressure
      casings of steam turbines.
PAR  The object of the invention is to create a casing for a fluid flow machine
      whereby the parking area to be provided in the power station building can
      be reduced to a minimum.
PAR  This object is achieved in that the dividing planes between exhaust cover,
      exhaust duct and supporting frame are parallel and respectively above and
      below the axial horizontal dividing plane of the inner shell, a yoke beam
      for the upper half of the shaft pass-through part being attached by means
      of removable fixings to the supporting frame in the region of the shaft
      pass-through, and the exhaust cover is divided into separable halves which
      are joined by way of a gastight flange both to each other and also to the
      supporting frame and the yoke beam.
PAR  More particularly, in accordance with the invention the inner shell
      surrounding the rotor component of the turbomachine is divided along a
      horizontal plane passing through the rotor axis into upper and lower
      separable hemi-cylindrical halves and secured to the foundation. The outer
      shell which surrounds that inner shell is comprised of a support frame
      secured to the foundation, an exhaust duct for the steam or other motive
      fluid depending from the frame and an exhaust cover above the support
      frame. Each end of the frame includes a lower fixed part incorporating the
      lower half of a pass-through structure for the rotor shaft and a removable
      upper part in the form of a yoke beam incorporating the upper half of the
      shaft pass-through structures. The exhaust cover is divided into two
      longitudinally extending separable halves joined to each other and to the
      adjacent surfaces of the support frame by means of fluid-tight connection
      means, so that by disconnecting and removing the two halves of the exhaust
      cover, and disconnecting and removing the upper hemi-cylindrical half of
      the inner shell, and disconnecting and removing the yoke beams at each end
      of the support frame, the rotor is completely exposed and can be lifted
      upwardly and removed.
PAR  Thus, when the turbine is being overhauled, this not only allows the halves
      of the exhaust cover to be separated and parked simply on the supporting
      frame, for example, but also has the advantage that the upper part of the
      inner shell can be lifted without additional assistance. At the same time,
      the glands, and hence also the yoke beam and the rotor bearings, can
      remain unopened so that the set clearances are not disturbed.
PAR  Furthermore, fabrication of the casing is simplified. On the one hand, the
      precision machining of the flange surfaces on the supporting frame can be
      largely eliminated, since only the yoke beam has to be fitted in the
      frame, and on the other, the flange for joining the exhaust cover halves
      to the supporting frame can be machined before the plates are welded,
      without any need for subsequent machining. This is made possible by using
      flexible sealing material, e.g. soft rubber section, between the sealing
      surfaces of the flange between exhaust cover and supporting frame.
PAR  A particular advantage is the free choice of configuration for the
      supporting frame, as no account need be taken of the otherwise customary
      dividing plane in the axial horizontal plane. The incoming ducts carrying
      the working medium can thus be passed through the supporting frame to the
      inner shell, without having to be removed when the turbine is overhauled
      or the casing dismantled.
PAR  As regards the construction of the power station building, especially the
      foundation, in addition to the arrangement of the supply ducts above the
      axial horizontal plane of the inner shell there is the advantage of a
      simpler layout in that previously the ducts were partly let into the
      foundation. The ducts and channels interfere with the structure of the
      foundation, reducing the rigidity of the foundation platform.
DRWD
PAR  The invention will now be explained in more detail with reference to a
      drawing of an example, in which:
PAR  FIG. 1 shows a perspective view of the casing,
PAR  FIG. 2 is an outside view in direction A as indicated in FIG. 1,
PAR  FIG. 3 is a view in the assembly condition corresponding to FIG. 2,
PAR  FIG. 4 shows a cross-section along the plane B-B according to FIG. 1,
PAR  FIG. 5 is a cross-section of detail C according to FIG. 4.
DETD
PAR  Corresponding parts in the various figures are denoted by the same
      reference numbers.
PAR  The example in FIG. 1 shows a casing of the low-pressure section of a steam
      turbine. The casing is of multiple-shell construction and made entirely of
      welded plates, the outer shell 1 comprising the supporting frame 2, the
      two halves of the exhaust cover 3,3', a yoke beam 5 at each end of the
      frame and the exhaust duct 6. The outer shell 1 incorporates in the
      supporting frame 2 the inner-shell carrier 8, by way of which the two part
      inner shell 24 and the outer shell 1 are rigidly joined to the foundation
      7. The other peripheral parts 2' and 2" of the supporting frame 2 rest on
      plates 11 which slide on each other in the horizontal plane, so that free
      expansion is possible. The upper half 10' of the shaft pass-through part
      is located in the removable yoke beam 5, and the lower half 10 in the
      fixed end part 2' of the supporting frame 2. The supporting frame 2
      incorporates a system of stiffening ribs 12.
PAR  The exhaust duct 6 to the condenser below (not shown) is preferably welded
      to the supporting frame 2. The individual plates of the exhaust duct 6 are
      stiffened by means of profiled sections 13 and to accommodate the overhang
      9 of the foundation 7 a recess 14 is provided which at the same time has
      the effect of stiffening the plates.
PAR  On the long sides of the supporting frame 2 there are penetrations 15 for
      the incoming ducts 4 carrying the working medium.
PAR  The two halves 3,3' of the exhaust cover are joined in the central vertical
      plane 17 by means of flange connection 16, and are fixed to the supporting
      frame 2 and yoke beam 5 at the horizontal flange 18.
PAR  FIG. 2 shows more clearly the arrangement of the dividing planes 17, 19,
      22, 23 and 29, or their flanges 16, 18, 21 and 26, between the main
      components 2, 3, 5 and 6 of the outer shell 1. The dividing plane 22 of
      the outer shell 1 for the exhaust duct 6 is required on initial assembly,
      and is then permanently welded to the supporting frame 2. The dividing
      plane 29 at the ends 20 of each yoke beam 5 i.e. at its dividing flange 21
      is inclined slightly to the vertical, so that the beam can be centered
      exactly in the supporting frame 2 on assembly. At the same time,
      therefore, the halves of the shaft penetration 10,10', split by the
      dividing plane 23, the flange 26 and its associated gland (not shown) are
      also positioned centrally.
PAR  In FIG. 3 the main parts 3,3' and 5 described above are shown separated
      from each other to illustrate better the ease of manipulating the casing.
      The two halves 3,3' of the exhaust cover are here slid apart laterally in
      the manner of a sliding roof, and by means of a simple support are carried
      by the long sides 2" of the supporting frame 2. The inner shell 24
      enclosing the rotor is then simply opened and its upper part 25 is lifted
      through the opening. Having removed the yoke beams 5 at each end from the
      supporting frame 2 and opened the bearings (not shown), the rotor 27 can
      also be taken out through the opening formed by the halves 3,3' of the
      exhaust cover. A cross-section through the casing is shown in FIG. 4. The
      inner shell 24 rests on the inner-shell carrier 8, which is firmly fixed
      to the foundation 7 and the overhang 9. The inner shell 24 is split in the
      axial horizontal plane 28 into its upper and lower hemi-cylindrical parts,
      which coincides with the axial (i.e. the rotor axis) dividing plane 23
      between the yoke beam 5 and the supporting frame 2 in the region of the
      shaft penetration 10. The other horizontal dividing planes 19 and 22
      between supporting frame 2 and exhaust cover 3,3' and exhaust duct 6,
      respectively, are clearly above or below this axial horizontal plane 28 of
      the inner shell 24.
PAR  The supply ducts 4 pass through thermally variable penetration structure 15
      in the supporting frame 2 to the inner shell 24, to which they are joined.
      When the machine is dismantled or overhauled, it is then necessary only to
      disconnect this joint with the inner shell 24 and open the flange in the
      axial horizontal plane 28 of the inner shell 24 in order to lift off the
      upper part 25 of the shell. The supply ducts 4 for the working medium can
      remain, without impeding maintenance work.
PAR  FIG. 5 shows the detail C of FIG. 4 on a larger scale. A part of the
      surrounding flange 18 is provided on both the supporting frame 2 and the
      exhaust cover 3,3'. Prior to welding, the sealing surfaces 30 of this
      flange are machined. The flange is held together with the clamping strip
      32 and bolts 33, which fit in tappings 34 in the surrounding flange 18 of
      the supporting frame 2. Irregularities, due, for example, in deformation
      caused during welding, can easily be compensated by using a soft rubber
      sectional seal 31, without impairing the tightness of the flanged joint,
      with respect to steam for example.
PAR  The casing of the invention can also be used for fluid-flow machines other
      than the steam turbine shown in the example, in which case it is necessary
      only to adapt the seals and flange joints to suit the prevailing pressure
      and temperature. The parts 3 of the exhaust cover, instead of being lifted
      with a crane, can also be moved on rollers or the like in a guide slot in
      the supporting frame, in which case the sealing arrangement at dividing
      planes 17 and 19 of the surrounding flange 18 and vertical flange 16 are
      somewhat modified.
PAR  For the purpose of easier fabrication, the supporting frame 2 can be
      further divided, but there is then no need for removable means of
      connection between the individual parts because for overhauls it is not
      necessary for the outer shell 1 to open beyond the travel of the exhaust
      cover 3.
PAR  The new form of the outer shell 1 also allows savings in the height of the
      power station building, because the required height of the crane hook can
      be greatly reduced. This is achieved on the one hand by the fact that the
      supply ducts 15 are let into the supporting frame 2, and on the other,
      because of the low height of lift when the rotor 27 is taken out of the
      supporting frame 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fluid flow machine of the turbine type such as a steam turbine, the
      combination comprising an inner shell surrounding the rotor component of
      the machine, said inner shell being divided along a horizontal plane
      passing through the rotor axis into upper and lower separable
      hemi-cylindrical parts and secured to a foundation, an outer shell
      surrounding said inner shell, said outer shell being comprised of a closed
      support frame secured to said foundation, an exhaust duct depending from
      said frame, each end of said support frame including a lower fixed part
      incorporating the lower half of the pass-through structure for the rotor
      shaft, and a removable upper part in the form of a yoke beam incorporating
      the upper half of the shaft pass-through structure, and an exhaust cover
      above said support frame, said exhaust cover being divided into two
      longitudinally extending separable halves joined to each other and to the
      adjacent surfaces of said support frame by means of fluid-tight connecting
      means.
NUM  2.
PAR  2. A fluid flow machine of the turbine type as defined in claim 1 wherein
      said support frame includes a pass-through for admission of the fluid
      working medium located above the horizontal dividing plane of said inner
      shell.
NUM  3.
PAR  3. A fluid flow machine of the turbine type as defined in claim 1 wherein
      the said separable halves of said exhaust cover are slidable laterally
      apart on the upper surface of said support frame to a position permitting
      removal of the rotor in the upward direction following removal of said
      yoke beams.
NUM  4.
PAR  4. A fluid flow machine of the turbine type as defined in claim 1 wherein
      the halves of said exhaust cover are provided with guide slots and rollers
      engaged with the upper surface of said support frame to a position
      permitting a sliding movement of said exhaust cover halves and removal of
      the rotor in the upward direction through the exposed area following
      removal of said yoke beams.
NUM  5.
PAR  5. A fluid flow machine of the turbine type as defined in claim 1 wherein
      said yoke beams are rendered self-centering in the lower fixed end parts
      of said support frame by inclusion of interfitting surfaces inclined to
      the vertical.
NUM  6.
PAR  6. A fluid flow machine of the turbine type as defined in claim 1 wherein
      said fluid-tight connection means joining the separable halves of said
      exhaust cover to each other and to the adjacent surfaces of said support
      frame are constituted by connection flanges including sealing strips
      therebetween.
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ABST
PAL  A high speed centrifugal compressor is closely directly coupled to the
      power turbine of a two-shaft gas turbine having a gas generator section
      separate from its power turbine. The compressor stage assembly elements
      are conveniently interfitted together in the vertically split compressor
      casing by means of compression bolts minimizing fastening means. The gas
      turbine-compressor finds particularly useful application in areas where
      high power, compact, relatively maintenance-free units are required, as,
      for example, on offshore platforms in the natural gas industry.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a division of an application Ser. No. 466,877, filed
      May 3, 1974 and pursuant to a requirement of restriction.
BSUM
PAR  This invention relates to high speed centrifugal compressors and more
      particularly to a high speed centrifugal compressor driven by a gas
      turbine. Centrifugal compressors find applications in various fields and
      increasing utility in the expanding natural gas industry for such services
      as gas gathering, boosting, transmission, repressuring and distribution,
      and the like. In the gas boosting area particularly, there is a need for
      high speed centrifugal compressors which will operate relatively
      maintenance free, are compact for ease of transportation and installation
      on site and which are driven by prime movers which use readily available
      energy sources. Thus, it would be desirable in the natural gas industry,
      as well as in the process industry, to have available a high-speed
      compressor which together with its prime mover provides compact,
      efficient, comparatively maintenance free operation.
PAR  Previously, centrifugal compressors have only been able to operate at high
      shaft speeds through the use of gear trains interposed between the
      compressor and the prime mover. However, the use of gear trains not only
      requires operation supervision, because of lubrication requirements and
      the like, but may also give rise to maintenance problems typically
      associated with the presence of moving parts which are subject to wear and
      breakdown. In addition, the presence of a gear train increases the size
      and weight of the overall compressor-prime mover unit. While gas turbine
      engines are capable of delivering high horse power in a compact unit and
      can provide high shaft speed, their use to drive centrifugal compressors
      has heretofore not been entirely satisfactory. In particular, the use of
      turbine engines to drive compressors has led to disadvantages arising from
      problems of mechanical alignment due to the mechanical coupling between
      the compressor shaft and the turbine engine power output shaft. These
      mechanical alignment problems are compounded where the turbine engine has
      mechanically connected gas compressor and power turbine stages.
PAR  Due to the aforementioned drawbacks, there has not previously been
      available a combined high speed centrifugal compressor-prime mover unit
      which is both compact and efficient in operation as well as free from
      alignment and maintenance problems so as to be suitable for process and
      natural gas industry uses including uses as diverse as offshore platform
      gas operations.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the disadvantages associated with prior art
      compressors by providing a high-speed centrifugal compressor closely and
      directly connected to the power turbine of a two-shaft gas turbine having
      a gas generator section separate from its power turbine. Through direct
      coupling of the compressor shaft to the turbine engine power turbine
      output shaft, the compressor shaft rotates at the same high speed as the
      speed of rotation of the power turbine. Thus, according to this invention,
      a centrifugal compressor having a plurality of stages may be driven by a
      gas turbine engine having a power shaft rotation of 33,000 rpm in a 650
      nominal horse power engine with the result that natural gas compression at
      pressure ratios up to 6 to 1 may be obtained in a compact and efficient
      compressor-driver unit. The compactness and light weight of such a unit is
      exemplified by the fact that it takes up only 16 square feet of floor area
      and weighs approximately 3,400 pounds, making it readily trailer mounted
      for ease of transportation by light truck or by air lift to on site
      locations such as offshore platforms. Arranged in series, such units can
      compress gas from as low as atmospheric pressure to as high as 1500 psig.
      Used in parallel, large gas flows can be handled.
PAR  The oil seals and bearings may be advantageously contained together in a
      cartridge assembly providing for ease of oil feed and maintenance. If
      desired, high pressure oil may be fed to the oil seal within the cartridge
      assembly and therein fed to the bearings after having its pressure reduced
      by orifice passageways contained therein. Therefore, another object of
      this invention is the provision of an oil seal and bearing cartridge
      assembly which facilitates gas sealing and lubrication of the compressor
      rotating shaft.
PAR  The compressor may include one to four stages to obtain pressure ratios as
      high as 6 to 1 in the natural gas applications. The compressor casing is
      the vertically split type having in-line inlet and discharge openings. The
      stage elements include an impeller, an inlet guide vane assembly and a
      diaphragm containing return vanes. Through casting of the elements largely
      as an integral piece the number of parts required is minimized. The stage
      elements are assembled within the bore of the casing in stacked concentric
      relationship in barrel fashion without the need for fastening bolts or the
      like since the parts interfit with one another and with the casing and are
      maintained together through compression fit. Hence, another object of this
      invention is the provision of a compressor structure which utilizes a
      minimum amount of parts and fastening means for assembly through
      interengagement compression fit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above objects, aspects and advantages of the invention as well as
      others will become more apparent from the following detailed description
      of a preferred embodiment of the invention as shown in the drawings
      herewith in which:
PAR  FIG. 1 is a perspective view of a complete compressor-gas turbine unit
      package incorporating the features of the present invention;
PAR  FIG. 2 is a cross-sectional view taken along a vertical plane through the
      axis of rotation of the compressor and power turbine showing the
      compressor and the power turbine section of the gas turbine engine;
PAR  FIG. 3 is a vertical cross-sectional view showing, in enlarged detail, the
      turbine power section including the power transfer shaft and hot gas seal;
PAR  FIG. 4 is a vertical cross-sectional view showing, in enlarged detail, the
      direct close coupling between the compressor shaft and power transfer
      shaft including the journal bearing and oil seal cartridge assembly
      therein;
PAR  FIG. 5 is a vertical cross-sectional view showing, in enlarged detail, the
      compressor inlet area including the thrust bearing and oil seal cartridge
      assembly and means for feeding oil thereto;
PAR  FIG. 6 is a partial cross-sectional view taken along line 10--10 in FIG. 2
      normal to the axis of rotation of the compressor and showing the
      compressor stage elements.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIG. 1 there is shown a complete compressor-gas turbine unit
      package indicated generally at 10. The complete compressor-gas turbine
      unit package includes a rigid base plate 12 on which is mounted a
      centrifugal compressor 14, a gas turbine engine 16 and a control system 18
      for continuous duty and fully automatic unattended operation. As shown
      generally on the control system panel 20, the control system may include
      means for indicating speed, pressure and temperature, as well as automatic
      starting, running and protective shut down controls. Also shown generally,
      as part of the compressor-gas turbine unit package 10 of FIG. 1 are the
      compressor lubrication oil and sealing oil system, shown generally at 22,
      with the oil distribution manifold and filter means 24.
PAR  The gas turbine engine 16 includes a gas generator section 26 having an
      annular screened air inlet 28. The gas generator section of the turbine
      engine also includes an accessory gear box 30. The combustion and power
      output section of the gas turbine engine is shown generally at 32 while
      the hot gas discharge exhaust is shown at 34.
PAR  The gas generator section 26 of the gas turbine is of conventional design
      and may be of the type available from United Aircraft of Canada Ltd.,
      under the designation Pratt & Whitney ST6. The gas generator section has
      no mechanical connection between its compressor turbine and the power
      turbine of the engine so that the engine has two shafts, a compressor
      section shaft and a power output transfer shaft connected to the power
      turbine. The commercially available gas generator section 26 may have its
      own lubrication system integral with the gas turbine. Also included with
      the conventional gas generator section is an accessory gear box 30 which
      may be utilized in this package to drive the pump of the force feed oil
      system 22. Since the gas generator section 26 is essentially a
      self-contained unit, it may be readily mounted directly on the power
      turbine exhaust discharge case and is easily disconnected therefrom
      without the need for any time consuming major disassembly of piping or
      other equipment. The gas generator section 26 is mounted on the rigid base
      plate 12 by means of a flex plate 36 located at its forward end away from
      the power turbine section. The flex plate 36 is sufficiently rigid to
      support the gas generator section 26 while sufficient flexible to permit
      expansion, due to forces generated by heat stresses, in the direction of
      the axis or rotation of the compressor of the gas generator. The ST6 gas
      generator commercially available is a short compact unit which when
      coupled with a power output section can provide approximately 655 horse
      power with a power output shaft rotation as high as 33,000 rpm.
PAR  Referring to FIG. 2, there is shown a cross-sectional view taken vertically
      through the axis of rotation of the compressor and including the
      compressor 14 and the combustion and power output section 32 of the
      turbine engine 16. The gas generator section, being conventional, is not
      shown in detail. The combustion and power section 32 includes the turbine
      outer wall barrel 40 ssurrounding an annular combustion chamber 42.
      Compressed air from the gas generator section enters the combustion
      chamber 42 from the area between the outer turbine casing 40 through the
      perforated combustion chamber lining 44. Fuel nozzles 46 project into the
      combustion chamber 42 while an ignitor assembly is shown at 48. Partially
      shown is a portion of the hub of the engine compressor turbine wheel 50 to
      the right of the separator 52.
PAR  As shown by the arrows in FIG. 2, after passing through the compressor
      turbine wheel, the combustion gases pass through the diffuser vanes 54 and
      impinge upon the power turbine wheel 56 to drive it. Stainless steel
      liners 58 direct the exhaust gases to the turbine exhaust discharge casing
      60. The discharge casing has an annular partial toroidal shape as shown at
      62 which exhausts the gases to the atmosphere through the bell mouth
      discharge exhaust 34. The discharge casing 60 is a unitary cast iron
      structure which is mounted on the base plate 12 by means of flex plates.
      The exhaust discharge casing 60 is covered with insulation as shown at 64.
PAR  The power turbine wheel 56 is mounted on power transfer shaft 70 which
      rotates in tilting shoe bearings 72 mounted in bearing bracket 74. In the
      embodiment shown in FIG. 2, the power transfer shaft 70 is joined to the
      compressor power input shaft 76 by means of a splined tooth coupling 78. A
      hot gas seal 80 prevents the hot turbine gases from leaking into the
      bearing bracket area. Means for feeding lubricating oil to the tilting
      shoe bearings 72 are shown at 82 while a drain for spent oil is shown at
      84. The drain 84 also acts as a shield of the lube oil feed means 82 so
      that in the event that the lube oil feed means 82 should rupture, oil will
      not be sprayed on the hot gas discharge casing 60. The bearing bracket
      interior is vented to the atmosphere at 86.
PAR  The centrifugal compressor shown in FIG. 2 is of barrel-type construction
      having a vertically split steel casing 90 incorporating in-line inlet and
      discharge flanges. The discharge flange 15 is shown in FIG. 1. The
      compressor casng 90 is rigidly secured to the base plate 12 by means of
      the compressor base 92. The compressor casing 90 is of one-piece cast
      construction which is further machined to have a bore or chamber 94 which
      accepts the stage elements of the centrifugal compressor. A compressor end
      cover 96 further defines the chamber while the bore vent 98 provides a
      pressure balancing line. The end cover 96 is removably secured to the
      casing 90 by means of studs 100 and stud nuts 102. Machined into the end
      cover 96 are an oil feed line 104 and oil drains 106.
PAR  The compressor embodiment illustrated in FIG. 2 contains four stages, each
      stage being substantially comprised of the following similar elements
      shown in FIG. 2 and partly in cross-section in FIG. 6. Referring to FIGS.
      2 and 6, there are seen the impellers 110 mounted together with labyrinth
      seals 112 in a rotor assembly which is joined together under tension by
      means of a tension bolt 114. Each stage is made up of an impeller 110, a
      guide vane assembly 118 and a diaphragm 120. An interstage seal 112 is
      also provided. The impeller 110 has blades 111 which are covered by the
      impeller shroud 109 indicated generally. The impeller may be of the
      open-face or shrouded type shown as illustrative, it being understood by
      those skilled in the art that the blade characteristics can be selected by
      the designer according to known procedures to suit the service conditions
      required. Positioned over the impeller 110 is the inlet guide vane
      assembly 118 which has integrally cast therein guide vanes 128. The inlet
      guide vane assembly 118 is horizontally split for positioning over the
      impeller 110 prior to assembly in the compressor casing 90. Each half of
      the inlet guide vane assembly is of one-piece cast construction.
      Concentrically surrounding the inlet guide vane assembly 118 is a
      diaphragm 120 shown in total cross-section in FIG. 6 exposing the return
      vanes 126. The diaphragm is of one-piece cast construction with the return
      vanes 126 integrally cast therein. As seen in FIG. 2, the stacked stage
      elements interfit with one another to form a tight barrel assembly which
      tightly fits within the compressor casing 90 and is held therein by means
      of compressor bolts as shown at 130. Conventional O-ring sealing means may
      be provided to assure a tight fit, however, no special fastening means are
      required because of the excellent interengagement of parts. Gas flow is
      shown by the arrows.
PAR  FIG. 6 is illustrative of the juxtaposition of stage elements, however, it
      is to be understood that impeller selection and guide and return vane size
      and shape as well as relative alignment may be varied by the designer
      according to known principles in order to achieve optimum aerodynamic
      performance for each secific stage for the service conditions encountered.
      Similarly, materials of construction for such parts are known and may be
      selected accordingly.
PAR  Referring to FIG. 2, the first diaphragm and guide vane assembly,
      proceeding from left to right, form with the inlet shroud 122 a vanelesss
      diffuser passageway 124 to conduct compressed gas from the discharge of
      the impeller 110 to the next stage. From the vaneless diffuser 124, the
      gas passes through the return vanes 126 of the diaphragm and thence
      through the guide vanes 128 to the inlet of the impeller of the next
      stage. A shroud 132 covers a cartridge assembly 134 containing the thrust
      bearing and oil seal for the compressor rotor shaft at the intake end.
      This entire cartridge assembly is covered with an end cover 136. The
      compressor shaft also rotates within a cartridge assembly 138 at the
      outlet end of the compressor which also contains a journal bearing and oil
      seal.
PAR  Although the compressor embodiment shown in FIG. 2 has four stages, a
      compressor according to this invention may have from one to four stages of
      compression, even in the identical casing 90, if desired, by utilizing
      appropriately sized elements. For example, in a single stage embodiment
      the cartridge assembly 138 with its thrust bearing and oil seal can be
      eliminated by providing the impeller and other stage elements at the
      extreme right side of the compressor in the area occupied by stages three
      and four of the compressor shown in FIG. 2. Furthermore, the impeller of a
      single stage unit may be mounted on a shaft which is integral with the
      power transfer shaft 70 thus eliminating the coupling 78 and the bearing
      72 nearest thereto. Thus, the impeller of a single stage compressor
      embodiment may be mounted on the cantilevered portion of an overhung shaft
      while still providing the close direct coupling to the power turbine wheel
      56.
PAR  FIG. 3 shows in enlarged detail the power wheel 56 assembled to the power
      transfer shaft 70. The power wheel 56 has a hollow shaft 160 which is
      joined to the power transfer shaft 70 by means of a spline and a
      tightening bolt 162 secured in place by lock ring 164. The power transfer
      shaft rotates within tilting-shoe journal bearing 72 and hot gas seal 80,
      as shown also in FIG. 2. The journal bearing 72 and hot gas seal 80 are
      held in the bearing bracket 74 comprised of an upper half bearing bracket
      73 and a lower half bearing bracket 75 shown covered with insulation 77.
      The hot gas seal 80 has labyrinth sealing edges 79 which seal surface of
      the rotating power transfer shaft 70. The sealing edge of vane shown at 81
      constitutes a metering vane which operates in the following manner.
PAR  Cooling air utilized in the turbine passes through the hollow shaft 160 of
      the power turbine 56 and into the cavity 161 therein. From the cavity 161,
      this cooling air passes through the opening 163 in the shaft 160 and
      through opening 165 in the cylindrical collar 167 of the power transfer
      shaft 70 to pass over the edge of the metering vane 81 from whence it is
      drawn along the edge of the power turbine 56 and, by venturi effect, along
      the inside of the combustion chamber liner 58 for cooling thereof.
PAR  Also shown in detail in FIG. 3, is the journal bearing 72 comprised of a
      housing 67 within which are circumferentially positioned tilting shoes 69
      held in place by positioning means shown generally at 71. The bearing
      housing may be split and the halves joined together by means indicated
      generally at 73. Lubricating oil is fed into this journal bearing 72
      through the lubricating oil line 82, an extension of the line shown in
      FIG. 2, through the lower bearing bracket 75 into an annular recess 83 of
      the bearing housing 67. The oil flows over the shoe 69 within the bearing
      and leaks out over the top of the shoe 69 into the bearing bracket area
      from which it is eventually drained through the drain 84 shown in FIG. 2.
      The bearing 72 carrying the end of the power transfer shaft 70 may operate
      not only as a journal bearing but also functions as a thrust bearing with
      annular thrust faces shown at 65.
PAR  Referring now to FIG. 4, there is shown, in enlarged detail the area of the
      direct coupling between the power transfer shaft 70 and the compressor
      power input shaft 76. As shown in FIG. 2 also, the power transfer shaft 70
      rotates within a tilting shoe bearing 72 positioned in the inner cap 85
      and lower half 75 of bearing bracket 74. The bearing 72 is similar to the
      other tilting shoe journal bearing and like parts are therefore identified
      by like numbers. The compressor shaft 76 is joined to the power transfer
      shaft 70 by a splined-tooth coupling 78. The compressor shaft 76 contains
      passageways 170 by which oil is fed to the coupling 78 which is of the
      self-aligning type. The oil from this coupling enters the bearing bracket
      area and is drained to the drain 84, shown in FIG. 2, via the drain 168.
      The oil in passageways 170 originates from the high pressure sealing oil
      system via sealing feed line 182 and its high pressure reduced by the
      passageway 172 which functions as a pressure-reducing orifice.
PAR  The compressor shaft 76 rotates within a journal bearing and seal cartridge
      assembly 138. The journal bearing and the seal cartridge assembly 138 is
      comprised of a housing 174 which contains a tilting shoe journal bearing
      72 of the type surrounding the power transfer shaft previously described
      in reference to FIG. 3. Like numbers here indicate similar elements. The
      housing 174 also contains a floating carbon ring seal identified generally
      at 176. The carbon ring seal 176 contains, within a housing 178, carbon
      rings 180 over the surface of which passes high pressure sealing oil to
      form an effective gas seal. The sealing oil is introduced via the sealing
      oil feed line 182 within the compressor casing 90 and enters the cartridge
      housing 174 and sealing ring through the oil passageway 184. The sealing
      oil passes over the top of the carbon rings and a quantity is passed
      through the reducing orifice 172 for lubrication of the coupling 78.
PAR  Oil continuously flows over the surface of the carbon seal rings and out
      the drain 186 in the casing 90, as well as through the drain 188 located
      in the housing 174 which collects the oil from both the journal bearing
      and the sealing ring. While the lubrication oil is generally at a pressure
      ranging from 15 to 35 psig the sealing oil must be at pressure 10 to 25
      psi higher than the pressure of the gas in the compressor in order to
      insure against gas leakage. The oil seal and bearings are partially sealed
      from the high pressure region of the compressor by means of a labyrinth
      gas seal 190. The entire journal bearing and oil seal cartridge assembly
      138 is maintained in place in the compressor casing 90 through a tight
      sealing fit with O-rings shown generally at 192.
PAR  The compressor power input shaft 76 is joined to the rotor assembly, shown
      generally at 194 by means of the tie bolt 114. The rotor assembly
      comprises the impellers 110 and labyrinth seals 112 maintained together
      under tension by means of tie bolt 114 which is placed through the rotor
      assembly elements threaded into the compressor shaft 76 and tensioned
      prior to securing. The shaft 76 and rotor assembly 194 juxtapose the
      balancing drum 196 which rotates in the balancing ring 198 fitted into the
      compressor casing 90. The balancing drum 196 has vanes 200 to provide a
      gas seal. Referring to FIG. 2, there can be seen the balancing line vent
      98, also shown in greater detail in FIG. 4; which equalizes pressure on
      the ends of the rotor assembly within the compressor by permitting the gas
      to exert a force on both ends thereof. Here, the force will be exerted on
      the face of the balancing drum exposed in the cavity area 202. Also seen
      in FIG. 4 are portions of the stage elements, namely, the impeller 110,
      interstage seal 116 and the inlet guide vane assembly 118. A discharge
      passageway for the high pressure gas is shown at 204 formed by the guide
      vane assembly 118 and end plate 206.
PAR  FIG. 5 shows, in enlarged detail, the rotor assembly 194 in the area of the
      first stage of the compressor and the manner in which it rotates in the
      bearings and seals in the cartridge assembly 134 in the compressor end
      cover 96. The rotor assembly includes a stub shaft 111 which is joined to
      the impellers 110 and labyrinth seals 112 by means of the tie bolt 114.
      For assembly, the rotor elements are stacked together and the tie bolt 114
      passed therethrough and tensioned. While the bolt 114 is tensioned,
      tightening nut 115 is tightened so that secure compression fit is achieved
      upon release of tensioning of the bolt 114.
PAR  Positioned in the casing end cover 96 is the thrust bearing and seal
      cartridge assembly 134. This cartridge assembly includes the end cover 136
      and a housing 210 which contain the rotating thrust runner 212 and the
      stationary thrust shoe 214. The thrust shoe 214 is an annular element
      having thrust faces 216 on its contacting side and means permitting it to
      pivot on its rear side. These pivoting means are indicated at 218 as
      bearing against the plugs 220 held in place with rods 222. Individual
      thrust shoes assembled peripherally are also shown at 224 with thrust
      faces 226 which contact the thrust runner 212. Shims are shown at 223.
PAR  Also contained within the cartridge assembly housing 210, as shown in FIG.
      5, are tilting shoe journal bearing 72 floating carbon ring oil seal 176,
      similar to those previously described also. Lubrication and sealing oil is
      obtained from high pressure sealing oil line 230 in casing and cover 96.
      The sealing oil passes to the sealing ring 176 through an oil passageway
      232 and passes over the surfaces of the floating carbon rings 180 into the
      area between the shroud 132 and the end cover 96. There the oil drips into
      the drain shown by dotted lines at 234. Entrained in this oil may be gas
      which had leaked from the compressor gas area through the labyrinth seal
      112. The seal 112 in this region has special edges 236 in the area between
      the shroud 132 and the end cover 96 to fling the oil outwardly and thence
      down through the drain.
PAR  In the cartridge assembly 134 of FIG. 5, sealing oil is also used for
      lubrication purposes and thus its high pressure has to be reduced. This is
      accomplished by passage to the bearing areas through pressure reducing
      orifice passageways 238. Oil in the thrust runner bearing area is
      permitted to rise to a level so that the entire thrust runner 212 is
      bathed in oil. Any excess oil flows through a hole, not shown, in the
      cartridge housing and runs to the drain. The cartridge end cover 136 is
      secured to the casing end cover 96 by means of a bolt 242.
PAR  The gas turbine-compressor unit package shown and described generally and
      in detail herein in relation to an embodiment thereof is particularly
      suitable for natural gas application. Since the gas turbine and
      centrifugal compressor are relatively lighweight and there are not
      reciprocating forces, operation is smooth and vibration free and
      installation requires no foundation and comparatively little space. Thus,
      the unit is particularly versatile and adaptable to many uses. The gas
      generator is commercially available and readily disconnected from the unit
      without major disassembly of piping or other equipment.
CLMS
STM  I claim:
NUM  1.
PAR  1. A high speed centrifugal compressor comprising a vertically split casing
      having in-line inlet and discharge openings, a barrel assembly
      constituting at least one compressor stage removably positioned within the
      casing, the barrel assembly including, in at least one stage assembly, an
      impeller, a split annular guide vane assembly means positioned
      concentrically over the impeller to partially surround it, an annular
      diaphragm means positioned concentrically over the annular guide vane
      assembly means, the guide vane assembly means and diaphragm together
      defining, at least in part, one wall of a vaneless diffuser passageway
      communicating with the impeller output, the guide vane assembly means
      having integrally cast guide vanes therein, the diaphragm means having
      integrally cast return vanes therein, the return vanes and guide vanes
      forming passageways to conduct gas from a lower stage of compression to
      the next stage of compression, the guide vane assembly means and diaphragm
      means interfitting with one another and with the compressor casing in
      compression force fit relationship therewith without the need for
      fastening means.
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ABST
PAL  A vertical axis wind-driven rotor which combines effective utilization of
      the energy in a strong wind with maintenance of effective torque at low
      wind speeds. In one embodiment, the rotor has a reservoir of liquid
      located near its base. A plurality of tubes radiate outwardly from the
      reservoir along the base, then rise upwardly along the outer edges of the
      rotor vanes. In another embodiment, a Savonius type rotor is modified so
      that the vanes are hinged, and the trailing edge of each vane weighted,
      whereby in a wind the rotor starts in a fully open condition and
      automatically feathers itself at high wind speeds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a vertical axis variable configuration rotor.
      Rotors of this general type which will be hereinafter referred to as
      "S-Rotors", are typified by those described for example, in U.S. Pat. No.
      1,697,574, to Savonius, issued Jan. 1, 1929. Such rotors in one form,
      consist of a vertical cylinder sliced in half from top to bottom, the two
      halves pulled apart, and overlapped by about 20% in their diameters. In
      principal, such a rotor, mounted on a vertical shaft, provides some
      recirculation of flow which in effect converts the cup, which is coming
      backwards into the wind, into the second stage of a two stage turbine.
PAR  While the S-Rotor has major advantages, such as those of operating equally
      well with wind coming from any direction and ability to start in very
      light winds compared to horizontal axis wind mills, these advantages have
      been offset by such problems as difficulty and expensiveness of regulation
      of angular velocity at the high wind speeds. It has become apparent that a
      new and unique concept had to be developed and the present invention is
      one resultant of our efforts toward that end. Our invention as further
      described in full detail hereinafter, includes as important characterizing
      features, combination of a vertical axis rotor and means for controlling
      rotor speed when flow of fluid operating the rotor varies in intensity.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a vertical axis wind driven rotor which combines
      effective utilization of the energy in a strong wind with maintenance of
      effective torque at low wind speeds. In one illustrative embodiment a
      vertical axis wind driven rotor has a reservoir of liquid located near its
      base. A plurality of tubes radiate outwardly from the reservoir along the
      base, then rise outwardly along the outer edges of the rotor vanes. In
      another embodiment, a rotor, also of the Savonius type, is modified so
      that the vanes are pivoted, hinged, and the trailing edge of each vane
      weighted, whereby the rotor starts in any wind in a fully open condition,
      and automatically feathers itself (i.e., the vanes close upon each other
      to from a right cylinder) as the wind speed increases.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective, partly cut away, of one embodiment of a
      rotor construction according to our invention;
PAR  FIG. 2 is a graph depicting the liquid height in the tubes of the rotor of
      FIG. 1 plotted against the rotor speed;
PAR  FIG. 3 shows a vane of rotor which contains performations to facilitate
      feathering;
PAR  FIGS. 4, 5 and 6 show feathering of a two vane rotor utilizing pivoted
      vanes in low, moderate and high speed winds;
PAR  FIGS. 7, 8 and 9 show vane feathering of three vane rotor utilizing pivoted
      vanes in low, moderate and high speed winds;
PAR  FIG. 10 shows the relationship of overlap and separation for a two vane
      automatic vane feathering rotor;
PAR  FIG. 11 illustrates possible pivot point locations for a two vane rotor in
      terms of the resulting vane overlap and separation;
PAR  FIG. 12 illustrates the geometry for a three vane feathered rotor; and
PAR  FIG. 13 shows a plot of relative distances between points on adjacent vanes
      of a three vane feathered rotor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the rotor 11, of FIG. 1, comprises four
      semi-circular cross-section vanes 12 of metal, plastic or any suitable
      material, secured to a shaft 13. The bottom of the shaft 13 rests on a
      suitable bearing 14. End plates 15 & 16, through which the shaft 13
      extends and is secured thereto, are also secured to the top and bottom
      edges of the vanes 12. A reservoir 17 has a lid (not shown), and is
      attached to and rotates with shaft 13. Leading outwardly from the
      reservoir 17 are tubes 18 which are positioned as shown and suitably
      secured to the rotor vanes 12 along the outer edges thereof, the tubes 18
      terminating at the top of the vanes 12. The rotor construction is
      positioned on a base 19 the top of the shaft 13 being positioned as shown,
      protruding through an upper support member 21 to permit rotation of the
      shaft 13. In use, the reservoir is filled as required with a suitable
      liquid, such as water. When the rotor 11 is at rest, gravity maintains all
      of the liquid in the lower part of the tubes 18 and the reservoir 17 close
      to the shaft 13, thereby minimizing the rotor inertia. When wind or other
      driving sources of energy cause the rotor to turn, centrifugal force
      causes the liquid to run out of the reservoir 17 and up the tubes 18. As
      rotor speed increases, the liquid climbs upwardly in the vertical tubes 18
      with the resulting weight of liquid equal to the centrifugal force at the
      base of each tube 18. When the tubes 18 are full, centrifugal force holds
      the liquid therein, but the inertia of the rotor 11 has been increased by
      the weight of liquid moved to the edges of the vanes 12. If the wind
      should drop and the rotor begins to slow down, gravity automatically
      returns the liquid back to the central reservoir 17. This reduction in
      inertia tends to maintain the rotor speed similar to the action of an ice
      skater increasing spinning speed by pulling in his arms.
PAR  In tests we have conducted, we have measured the height of the liquid in
      tubes 18 as a function of rotor speed. The theoretical height of the
      liquid of the vertical tubes is given by the following equation:
      ##EQU1##
      where: h.sub.o = initial height of water in the reservoir and tubes
PA1  w = rotor speed in radians per second
PA1  g = gravitational constant
PA1  r = rotor radius
PA1  r.sub.R = reservoir radius
PAR  FIG. 2 shows the results of the water height tests compared with the above
      equation and are seen to provide adequate confirmation of the equation.
      Small differences are due to imperfections in contruction, such as curved
      rather than right angle joints in the tubes.
PAR  It has further been determined that the initial inertia of our rotor 11 is
      higher than that of a conventional vertical axis rotor that does not
      include a reservoir, associated plumbing and accordingly, our rotor will
      not start or accelerate as easily as a conventional S-Rotor.
PAR  At very low rotor speeds, the energy of the aforesaid rotor is given by the
      following equation:
EQU  E.sub.i = 1/2 I.sub.i w.sub.i.sup.2 = n.sub.i E.sub.wi     2
PAL  where:
PA1  E.sub.i = rotor initial energy
PA1  I.sub.i = initial inertia
PA1  w.sub.i = initial rotational speed
PA1  n.sub.i = initial efficiency
PA1  E.sub.wi = energy available in the wind (or other source)
PAR  At high wind speed, the rotor reaches a final rotational velocity and
      Equation 2 can be rewritten as Equation 3.
EQU  E.sub.f = 1/2 I.sub.f w.sub.f.sup.2 = 1/2 (I.sub.i + .DELTA. I)
      w.sub.f.sup.2 = n.sub.f E.sub.wf                          (3)
PAL  Dividing Equation 3 by 2 yields:
      ##EQU2##
PAR  It is understood, of course, that this equation is only valid over a
      limited range of its perameters, and that neither of the efficiencies can
      exceed unity, nor can the maximum rotor speed be unlimited.
PAR  If there were no liquid in the reservoir, .DELTA. I would be zero. Under
      such conditions the increase in wind energy must be accounted for in the
      increase in the rotor speed ratio or a decrease in efficiency.
PAR  Values of
      ##EQU3##
      near unity are achieveable and with
      ##EQU4##
      at unity, the dynamic range of energy the rotor can absorb before it
      reaches saturation speed will be increased by approximately 40%.
PAR  Not only does this illustrative embodiment of our improved rotor
      construction increase the energy storage capability at a given rotor speed
      over conventional rotors, but the liquid acts as a moving mass which
      automatically compensates for imbalances in design, and also smooths the
      response to gusts.
PAR  Variations in the constructions in our rotor are of course, within the
      scope of our invention, as those skilled in the art will recognize. Thus,
      in addition to optimizing
      ##EQU5##
      check valves may be installed in the vertical tubes so that the rotor will
      respond more quickly to increases than to decreases in wind velocity, the
      rotor thus acting as a mechanical rectifier to extract a higher percentage
      of gusty wind energy.
PAR  A wide range of liquids having different densities can be used to further
      modify the inertia as for example, alcohol, glycerin, mercury and the
      like.
PAR  The reservoir can be formed in various shapes, the height and diameter
      being selected so as to optimize
      ##EQU6##
      and the tubes may have various configurations, such as straight,
      semi-circular, intertwined spirals and invariable sections.
PAR  And of course, while we have illustrated our invention with the aforesaid
      embodiment by showing a rotor construction having four vanes, it will be
      understood that fewer or greater numbers of vanes may be used.
PAR  The embodiment of our invention illustrated in FIG. 4-13 is further
      described hereinafter as a rotor that automatically feathers itself at
      high wind speed, but has maximum vane cross-section and torque at low wind
      speeds. It too, is particularly useful in situations when an extremely
      high wind occurs. In prior art devices any wind that would impose loads
      that would exceed the design strength of a rotor was cause for locking or
      turning the unit so that the wind would not be effective. Increasing the
      strength of such rotors so as to take advantage of the high energy
      available in a strong wind increases the rotor's mass and inertia and
      results in lowering the efficiency in a light wind. The rotor construction
      described hereinafter is a new and unique improvement over the prior art
      in that regard.
PAR  Considering FIG. 4-9, the rotor is shown in an unfeathered, partly
      feathered and fully feathered condition as it would be in a low, moderate
      and extremely high wind.
PAR  The vanes are each pivoted, as shown, at a point or near their
      circumference so that while in a high wind the rotor is fully feathered,
      at lower wind speeds (shown as moderate wind speed), the vanes move open
      as illustrated. At very low wind speeds the vanes are forced fully open as
      shown. In FIG. 10, there is illustrated some of the possible pivot point
      locations for a two vane rotor in terms of the resulting vane overlap and
      separation.
PAR  If the inertia of the rotor is maximum when the vanes are fully extended
      and minimum when feathered, It is possible to place weights along the
      edges of the vanes inboard of the pivot points such that as the rotor
      speeds up, centrifugal force will cause these eadges to move outward until
      the vanes are closed.
PAR  The problem of opening the vanes when the wind drops is solved by using a
      series of springs in tension (or compression) between appropriate points
      on the various vanes. The spring constants are chosen so as to balance the
      inertia of the weights along the vane edges to provide the desired degree
      of vane opening versus rotor and wind speed.
PAR  Considering FIG. 12, the three vane rotor is divided into three 120.degree.
      vanes denoted by a-b, c-d and e-f. The cords of each vane form a triangle
      between points a-f, b-c and d-e. The centerpoint of each vane is denoted
      by x, y and z, respectively.
PAR  If the radius of the circle is r, it is possible to draw arcs centered at
      a, b and c with radius r, which being near x, y and z and cut the
      respective cords at u, v and w. By selecting points along these arcs (x-u,
      y-v and v-w), one can locate pivot positions for the three vanes such that
      various degrees of overlap exist when the vanes rotate. Thus, for example,
      if the pivots are placed at x, y and z, no overlap occurs when points a, c
      and e rotate to the centerpoint, 0. At points, u, v and w, the overlap at
      0 is about 40% of the radius.
PAR  Where pivot points for the vanes are halfway along the arcs (x-u, y-v and
      z-w), at the positions labeled h.sub.1, h.sub.2 and h.sub.3, this provides
      about a 20% overlap at the center as illustrated by the dashed positions
      of the vane tips a.sub.1, c.sub.1 and e.sub.1, the outer vane tips moving
      to points b.sub.1, d.sub.1 and f.sub.1 when fully opened.
PAR  As the vanes rotate about their pivot points, h.sub.1, h.sub.2 and h.sub.3)
      to open the rotor, the vane tips at a, c and e move closer together while
      tips b, d and f move further apart. One can place springs between
      respective points on the three vanes or between the vanes and their
      rotating reference plates to close the rotor as wind speed increases.
      Thus, consider the rotor shown in the three difference positions as in
      FIGS. 7-9. On the left, the rotor is fully opened, on the right, it is
      fully closed and in between, it is partially opened. Using these various
      positions, one can plot the relative distance between points between
      respective vanes as shown in FIG. 13. Consideration of FIG. 13 reveals
      that some of the relative distances increase, some remain nearly constant,
      (e.g., x, y and z are constant) and others decrease with position.
      Accordingly, it is possible to select a combination that pulls closed with
      higher speed and wind, using springs in tension. In a similar manner,
      springs in compression between points (a to f, etc.) or (x to f, etc.)
      will also force the rotor open at low rotor and wind speeds.
PAR  In sum, the foregoing shows that wide variety of pivot positions can be
      selected to control the overlap and spacing of rotor vanes in the fully
      open condition. This is true for rotors with any number of vanes.
      Secondly, the vanes can be feathered to a fully closed (cylindrical)
      condition by placing weights along their inner edges and allowing
      centrifugal force of rotation to move these edges out to their
      circumference. Finally, the vanes can be returned automatically to their
      fully open condition by using a series of springs in tension (or
      compression) between appropriate points on the vanes. The spring constants
      can be selected as desired to balance the vane inertia at any selected
      rotational speed in order to regulate the degree of vane opening inversely
      proportional to rotor and wind speed.
PAR  It is understood, of course, that in use, our rotor would generally be
      connected to a generator pump or other device through suitable coupling
      means. Thus the rotor shaft may be coupled to a generator shaft through
      any suitable friction clutch. (E.q., the rotor shaft may be coupled to a
      generator shaft through fluid transmission means, gearing or other
      suitable connection of the rotor shaft.)
PAR  And it will also be understood by those skilled in the art, that many
      modifications may be made in our invention without departure from the
      scope thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vertical axis rotor comprising curved vanes overlapping in their
      diameters and attached to a shaft, a pair of spaced-apart end plates
      adapted to hold and permit rotation of the shaft to which said vanes are
      attached, and means for weighting an edge of said vanes comprising a
      plurality of tubes, each tube being positioned along the outer edge of
      each vane and connected to a source of liquid so that as the shaft and
      vanes rotate, fluid rises in said tubes.
NUM  2.
PAR  2. The rotor of claim 1 wherein the said source of fluid is a reservoir
      near the base of the rotor.
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ABST
PAL  A grip-yoke assembly for attaching a helicopter blade to the mast of the
      helicopter rotor having a conventional primary coupling to carry the
      centrifugal loads and a redundant path operative should the primary
      coupling fail to insure continued operability of the blade. In one
      embodiment, the redundant load path has a bearing surface formed on the
      inboard end of the grip and a corresponding thrust bearing mounted on an
      inboard yoke fitting for engagement with the bearing surface upon failure
      of the coupling. In an alternative embodiment, a bearing surface is formed
      on an outboard grip fitting and a corresponding thrust bearing is
      supported on the yoke outboard of the grip fitting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to mounting structures for the rotor blades
      of a rotary wing aircraft and more particularly to a coupling system
      providing pitch adjustments of the blade and providing a redundant load
      path effective upon failure of the primary centrifugal load path.
PAR  It is conventional to attach the main rotor blades of a rotary wing
      aircraft to the mast by means of grip-yoke assemblies. These grip-yoke
      assemblies have elastomeric bearings for allowing relative rotational
      movement between the grip and yoke members while maintaining axial
      alignment between these members. Such assemblies utilize conventional
      tension strap and fittings or elastomeric thrust pads to transfer the
      centrifugal loads between the members. Since centrifugal blade loads are
      quite high, and since the main rotor blades provide essential lift forces
      for rotary wing aircraft, failure in the centrifugal load carrying system
      can create disastrous results.
PAR  The present invention is directed to an improved centrifugal load carrying
      system which provides a redundant centrifugal load path to allow continued
      operation of the aircraft if the primary centrifugal load carrying system
      fails.
PAR  More particularly, in the invention, a redundant centrifugal load structure
      is provided with a yoke structure connected to the hub of the rotor and a
      grip attached to the blade. The grip encloses the yoke and is held in
      radial alignment therewith by elastomeric radial bearings. A conventional
      tension strap or elastomeric thrust pad is attached between an inboard
      strap fitting on the inboard end of the yoke and an outboard strap fitting
      on the grip. A thrust bearing is mounted on the inboard end of the yoke
      and a transverse member with a corresponding bearing surface is provided
      on the grip inboard of the thrust bearing for engagement therewith upon
      failure of the primary thrust support system. In another embodiment, a
      bearing surface is formed on the outboard side of the outboard strap
      fitting and a thrust bearing is attached to the yoke outboard of the
      outboard strap fitting for contact upon failure of the primary centrifugal
      load carrying system.
PAR  The objectives and advantages of the present invention will be set forth in
      detail in the following description of the preferred embodiments of the
      invention with reference to the accompanying Drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top perspective view illustrating the rotor, grip-yoke assembly
      and blade of a helicopter;
PAR  FIG. 2 is an enlarged perspective view partially in vertical section;
PAR  FIG. 3 is a vertical section of the device taken along lines 3--3 of FIG.
      1, looking in the direction of the arrows;
PAR  FIG. 4 is a section similar to FIG. 3 illustrating the redundant support
      structure in operation; and
PAR  FIGS. 5 and 6 are sections similar to FIG. 3 illustrating alternative
      embodiments.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the Drawings wherein like reference characters designate
      like or corresponding parts throughout the several views, there is
      illustrated in FIG. 1 a grip-yoke assembly for mounting a main rotor blade
      10 to the main rotor mast 12 of the helicopter aircraft. A hub 14 mounted
      on the upper end of mast 12 is connected to a yoke 16 by means of bearing
      mountings 18. Yoke 16 extends to either side of main rotor mast 12. Each
      side of yoke 16 is rotatably attached to a grip member 20.
PAR  Grip member 20 is provided with four tangs 22. Bolts 24 are used to attach
      the inboard end of blade 10 to tangs 22. A pitch horn 26 extends from the
      trailing side of grip 20 and is attached to a control tube 28 for
      controlling the pitch of blade 10.
PAR  FIG. 2 illustrates in detail the primary centrifugal load supporting system
      interconnecting yoke 16 and grip 20 to allow pitch rotation of blade 10.
      Grip 20 is provided with a longitudinally extending chamber 30 in which is
      mounted yoke 16. Yoke 16 has inboard and outboard clearance openings 32
      and 34, respectively, extending completely therethrough. An axially
      extending chamber 36 is formed in the yoke 16 between openings 32 and 34.
      Chamber 36 forms a covering for the strap assembly of the primary
      centrifugal load supporting system.
PAR  An inboard bearing fitting 38 is fixed to grip 20 at the inboard end
      thereof. Fitting 38 extends through opening 32 and across the inboard ends
      of chambers 30 and 36. Fitting 38 is fixed in place by bolts 40 on grip
      20. Fitting 38 is bonded to the exterior cylindrical surface of an
      elastomeric bearing 42. Bearing 42 is a conventional elastomeric bearing
      formed from alternating concentric cylindrical members of elastomer and
      metallic materials bonded together. Fitting 38 has dust seal cap 44 to
      protect bearing 42.
PAR  Inboard strap fitting 50 has a cylindrical portion 52 bonded to the
      interior cylindrical surface of elastomeric bearing 42. Strap fitting 50
      has a conical portion 54 extending between portion 52 and a large
      cylindrical portion 56. Portion 56 of fitting 50 is of a size to fit into
      an annular groove 58 formed at the inboard end of chamber 36.
PAR  A chamber 60 is formed in the interior of cylindrical portion 56. Radially
      extending aligned bores 62 extend through portion 56. A cylindrical
      inboard strap spool 64 is of a size to fit into chamber 60. A central bore
      66 extends through the spool 64 for alignment with bores 62. An inboard
      strap pin 68 is inserted through bores 62 and 66 to fix spool 64 in place
      within chamber 60.
PAR  Groove 58 has a shoulder 70 against which fitting 50 rests when the primary
      load carrying system is loaded. In this manner, fitting 50 is attached at
      one end to yoke 16 and has its other end supported by bearing 42. Bearing
      42 is in turn attached to grip 20 to maintain axial alignment between the
      grip and yoke. Limited rotation between grip 20 and yoke 16 for blade
      pitch adjustments is provided by distortion of bearing 42.
PAR  A similar bearing structure is positioned at the outboard end of chamber
      30. An outboard bearing support fitting 80 is attached to grip 20 to
      extend across the outboard ends of chambers 30 and 36. Fasteners 82 extend
      through grip 20 and fix fitting 80 in place. An elastomeric bearing 84
      similar in construction to bearing 42 has its exterior cylindrical surface
      bonded to fitting 80.
PAR  According to one aspect of the present invention, an improved radial
      bearing support and combined redundant load path member 86 is supported
      from and attached to the outboard end of yoke 16. Member 86 has flanges
      (not shown) bolted to yoke 16 at points outboard of opening 34. Member 86
      has a cylindrical portion 88 which extends in an outboard direction and is
      bonded to the interior of bearing 84. A conical portion 90 connects
      portion 88 to an enlarged cylindrical portion 92. Enlarged cylindrical
      portion 92 extends in an inboard direction and uniquely has a thrust
      bearing 94 mounted on the inboard side thereof.
PAR  An outboard strap spool 100 is positioned to extend transversely across the
      interior of chamber 30 to extend through opening 34. Spool 100 is fixed in
      position in the chamber by means of an outboard strap pin 102. Pin 102
      extends through a bore 104 in spool 100 and through aligned bores 106 in
      the walls of grip 20. Pin 102 is fixed in position by fastener 107 in the
      ends thereof. Spool 100 has a planar outboard facing surface 108 which is
      spaced a short distance "A" from the inboard side of bearing 94.
PAR  A tension strap 110 extends through chamber 36. Strap 110 is connected
      between inboard strap spool 64 and outboard strap fitting 100 to provide a
      primary centrifugal load path between the grip and yoke. Strap 110 is of a
      conventional construction and can be twisted along its length to allow
      pitch adjustment of helicopter blade 10. In addition, elastomeric bearings
      84 and 42 maintain radial alignment between the grip and yoke.
PAR  Conventionally upon failure of tension strap 110 or its mounting, grip 20
      will translate with respect to yoke 16 to a point where either blade 10
      falls completely off the mast or pitch control is lost. Either one of
      these results can cause the aircraft to crash.
PAR  In the present invention a unique secondary or redundant load path is
      provided which is effective in the event of a failure of the primary load
      carrying system. This redundant load path is effective in the event, for
      example, strap 110 breaks at 120, as illustrated in FIG. 4. Break 120
      frees grip 20 to move in the direction of arrow 122 with respect to yoke
      16. This in turn causes bearings 84 and 42 to deform, as illustrated, and
      moves bearing 94 a distance A into contact with surface 108 of outboard
      strap spool 100. Since bearing 94 is supported by member 86 which is in
      turn connected to yoke 16, relative movement of grip 20 with respect to
      yoke 16 will be limited to the dimension A. In addition, the engagement of
      bearing 94 on surface 108 will allow pitch adjustments of blade 10. This
      allows blade 10 to continue to operate for a short period of time to allow
      safe landing of the aircraft.
PAR  In addition, this redundant system operates upon failure of members such as
      the pin 68 or fitting 50.
PAR  In this manner, a redundant centrifugal load supporting system is provided
      which allows pitch adjustments of the blade and which presents aircraft
      crash upon failure of the primary system.
PAR  In FIG. 5, a second embodiment of a redundant centrifugal load path is
      illustrated. In this embodiment thrust bearing 94 is not present on
      outboard member 86'. However, a bearing 130 is mounted on the inboard end
      of portion 52 of fitting 50. An inboard radial support fitting 132 is
      provided with an end cap 134 which extends transversely across grip 20.
      Cap 134 encloses bearing 130 and has a planar surface 136 which is
      normally spaced away from bearing 130 a short distance. Cap 134 is
      designed to carry axial loads upon failure of the primary system. Upon
      failure of either strap 110, fitting 100, or pin 102, bearing 130 will
      move into contact with surface 136 and will provide for pitch adjustment
      of the blade.
PAR  A third embodiment of a redundant centrifugal load path is illustrated in
      FIG. 6, where instead of a tension strap the primary load supporting
      system includes an elastomeric thrust pad 137 of construction similar to
      bearings 42 and 84. Pad 137 is laterally supported on the inboard side by
      fitting 138 fixed to pin 139 on grip 20'. The outboard side of pad 137 is
      laterally supported by a fitting 140 with flanges 141 fixed in place by
      bolts 142 extending through yoke 16'. In addition, the redundant load path
      includes inboard fitting 50' with outboard flanges 51' fixed to yoke 16'
      by means of bolts 143. Upon failure of either thrust pad 137 or pin 139,
      bearing 130 will move into contact with surface 136 is described in the
      embodiment illustrated in FIG. 5.
PAR  Although three embodiments of the secondary load path have been
      illustrated, it is to be understood, of course, that other configurations
      could be utilized to provide a secondary load path which is effective upon
      failure of the primary load path without departing from the spirit and
      scope of the invention. These other configurations could involve other
      types of friction reducing elements other than thrust bearings positioned
      to selectively engage a transverse member upon failure of the primary
      system.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A redundant coupling for attaching a helicopter rotor blade to a mast
      mounted yoke where a grip encompasses said yoke and is rotatably attached
      thereto by a primary coupling to allow blade pitch change while opposing
      centrifugal forces from said blade, comprising:
PA1  a transverse member mounted on said grip;
PA1  a restraint member on said yoke; and
PA1  a thrust bearing normally free from stress supported between said restraint
      member and said transverse member and adapted to carry said centrifugal
      forces upon failure of said primary coupling to permit outward
      displacement of said grip to stress said thrust bearing thereby
      restraining said blade while maintaining pitch change capability of said
      blade.
NUM  2.
PAR  2. The coupling of claim 1 additionally comprising elastomeric bearings
      attached between said grip and yoke for maintaining radial alignment
      therebetween.
NUM  3.
PAR  3. The coupling of claim 1 wherein said transverse member is mounted on
      said grip at an inboard location.
NUM  4.
PAR  4. The coupling of claim 3 wherein said transverse member comprises a load
      carrying dust cap on said grip.
NUM  5.
PAR  5. The coupling of claim 3 wherein said restraint member comprises an
      inboard fitting on said yoke. and yoke,
NUM  6.
PAR  6. The coupling of claim 1 wherein said transverse member is mounted on
      said grip at an outboard location.
NUM  7.
PAR  7. The coupling of claim 6 wherein said transverse member comprises an
      outboard fitting on said grip.
NUM  8.
PAR  8. The coupling of claim 6 wherein said restraint member is a radial
      bearing support member on said yoke.
NUM  9.
PAR  9. The coupling of claim 1 wherein said primary coupling is a tension
      strap.
NUM  10.
PAR  10. The coupling of claim 1 wherein said primary coupling is an elastomeric
      thrust pad.
NUM  11.
PAR  11. In combination, means for connecting a main helicopter blade to the
      rotor having a yoke connected to the rotor, a grip enclosing the yoke and
      connected to the blade, a strap assembly connecting the grip and yoke.
PA1  the improvement which comprises a transverse member on said grip, a portion
      of said yoke outboard of said transverse member normally free of
      centrifugal forces on said grip for contacting said transverse member and
      retaining said yoke in said grip upon failure of said strap.
NUM  12.
PAR  12. The combination of claim 11 additionally comprising a thrust bearing
      mounted on said portion of said yoke.
NUM  13.
PAR  13. A coupling for attaching a helicopter rotor blade to a mast comprising:
PA1  a yoke attached to and extending from said mast;
PA1  a grip enclosing said yoke and attached to said blade;
PA1  bearing means interconnecting said grip and yoke to maintain relative axial
      alignment and permit limited radial rotation therebetween;
PA1  a primary load supporting means connecting said yoke and grip for
      transferring centrifugal loads from said grip to said yoke and for
      allowing limited radial rotation therebetween; and
PA1  redundant load supporting means on said grip and yoke normally free from
      said loads for transferring said loads from said grip to said yoke upon
      outward displacement of said grip due to failure of said primary load
      supporting means.
NUM  14.
PAR  14. The coupling of claim 13 wherein said primary load supporting means is
      a tension strap.
NUM  15.
PAR  15. The coupling of claim 13 wherein said primary load supporting means is
      an elastomeric thrust pad.
NUM  16.
PAR  16. The coupling of claim 13 wherein said secondary load supporting means
      comprises a thrust bearing mounted on said yoke, and a transverse member
      on said grip positioned inboard of said bearing for contact with said
      bearing upon failure of said primary load supporting means.
NUM  17.
PAR  17. The coupling of claim 13 wherein said bearing means comprises
      elastomeric bearings attached between said yoke and grip.
NUM  18.
PAR  18. In a coupling for attaching a helicopter rotor blade to a mast
      comprising in combination:
PA1  a yoke attached to and extending from said mast;
PA1  a grip enclosing said yoke and attached to said blade;
PA1  bearing means interconnnecting said grip and yoke to maintain relative
      axial alignment and permit limited radial rotation;
PA1  a primary load supporting means connecting said yoke and grip for
      transferring centrifugal loads from said grip to said yoke and for
      allowing limited radial rotation therebetween; and
PA1  the improvement which comprises a redundant load supporting means on said
      grip and yoke normally free of said loads and positioned to transfer
      centrifugal loads from said grip to said yoke upon failure of said primary
      load supporting means and radial displacement of said blade relative to
      said yoke.
NUM  19.
PAR  19. The coupling of claim 18 wherein said primary load supporting means is
      a tension strap.
NUM  20.
PAR  20. The coupling of claim 18 wherein said primary load supporting means is
      an elastomeric thrust pad.
NUM  21.
PAR  21. The coupling of claim 18 wherein said secondary load supporting means
      comprises a thrust bearing mounted on said yoke, and a transverse member
      on said grip positioned inboard of said bearing for contact with said
      bearing upon failure of said primary load supporting means.
NUM  22.
PAR  22. The coupling of claim 18 wherein said bearing means comprises
      elastomeric bearings attached between said yoke and grip.
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ABST
PAL  A bladed rotor including a hub which carries, so as to be rotatable
      therewith, a liquid reservoir, at least one pump operable upon rotation of
      the rotor, a single liquid-pressure-operable vane-type actuator for
      adjusting the blades of the rotor to vary flow of fluid over the blades,
      and control valve means for controlling operation of the actuator. The
      said pump, when operating, draws liquid from the reservoir and delivers it
      under pressure, by way of said control valve means, to said actuator.
BSUM
PAR  This invention relates to bladed rotors.
PAR  According to the invention a bladed rotor includes a hub which carries, so
      as to be rotatable therewith, a liquid reservoir, one or more pumps
      operable upon rotation of the rotor, a single liquid-pressure-operable
      vane-type actuator for adjusting the blades of the rotor to vary flow of
      fluid over the blades, and control valve means for controlling operation
      of the actuator, said one or more pumps, when operating, drawing liquid
      from said reservoir and delivering it under pressure, by way of said
      control valve means, to said actuator.
PAR  Mechanical means may connect said one or more pumps with non-rotative
      structure external of the rotor to afford their operation upon rotation of
      the rotor. The said mechanical means may include gearing, also carried by
      the hub, and shafting coaxial with the hub and extending from the gearing
      to said non-rotative structure.
PAR  The reservoir may be of annular form, being defined at least in part by an
      outer wall of the hub, liquid being retained in the reservoir by
      centrifugal force during rotation of the rotor.
PAR  The actuator may be of the balanced kind and have its axis of rotation
      coincident with the axis of rotation of the rotor.
PAR  The hub may carry a further pump which, when said one or more pumps are
      inoperative or substantially so, is operable, by motor means carried by
      non-rotative structure external of the rotor, to supply pressure liquid to
      the actuator for feathering of the blades.
PAR  The reservoir may comprise two parts, one associated with said one or more
      pumps and the other associated with said further pump.
PAR  The said further pump may be operable upon rotation of the rotor by means
      of further shafting, an end portion of which has means associated
      therewith for holding it fast with respect to non-rotative structure
      external of the rotor, and said associated means being released when the
      motor means is required to operate said further pump.
PAR  By so providing a bladed rotor including, in self-contained manner, the
      reservoir, the pump or pumps, the control valve means and the actuator,
      all rotatable therewith, the rotor is independent of any external source
      of liquid supply for its operation, it only being necessary for control
      signals to be introduced from non-rotative structure external of the rotor
      into the rotative hub.
DRWD
PAR  One embodiment of the invention will now be particularly described by way
      of example with reference to the accompanying drawings, of which,
PAR  FIG. 1 is a partial cross-sectional diagrammatic side elevation of a gas
      turbine engine of the by-pass type having a ducted-fan,
PAR  FIG. 2, comprising upper part A and lower part B, is an enlarged
      cross-section of the hub of the fan shown in FIG. 1,
PAR  FIG. 3 is a diagrammatic cross-section taken along the line III -- III on
      FIG. 2, and,
PAR  FIG. 4 is an enlarged view of a portion of FIG. 2A.
DETD
PAR  Referring to the drawings, an aircraft gas turbine engine 1 comprises a
      compressor 2, a combustion section 3 and a turbine section 4. A splined
      output shaft 5 of the engine carries a fan 6, the subject of this
      invention, which is rotatable within a by-pass duct 7, itself mounted upon
      the casing of the compressor 2 by means of stator blades 8. The fan thus
      charges both the by-pass duct 7 and the inlet 9 of the compressor 2.
PAR  The fan 6 comprises a bladed rotor having fourteen blades 12, each mounted
      as shown in FIG. 2 in bearings 13 and 14 in respective sockets 15 carried
      by a hub 16. The blades are variable in pitch about their longitudinal
      pitch-change axes 17 and each is connected by means of a splined member 18
      to a respective bevel gear 19 within the hub 16.
PAR  The hub 16 is generally of annular form having a splined central opening 20
      which incorporates a pair of cone mountings 21, 22 by which the rotor is
      adapted for ready fitment to the output shaft 5. A screw-threaded ring
      member 24 retains the rotor in the axial sense on the shaft 5.
PAR  Pitch-variation of the blades is effected by the operation of a servo
      mechanism which includes a pitch-change actuator 25, for example of the
      hydraulically-operable balanced-vane-type, which is rotatable with the
      rotor 6 and which has its axis of rotation coincident with the axis 26 of
      rotation of the rotor.
PAR  The actuator 25 which is of annular form and enclosed within the hub 16 has
      a multiplicity of chambers, in this embodiment twelve, formed by a first
      multi-vaned assembly or actuator part 27 and a second multi-vaned assembly
      or actuator part 28.
PAR  The parts 27 and 28 are both capable of angular movement with respect to
      the hub 16 about the axis 26, and are movable in opposite directions, the
      one with respect to the other. The outer wall of the actuator is formed
      with a radially-outwardly-directed flange 29. The part 27 has a
      rearwardly-extending member 30 bolted thereto which is formed with a ring
      of bevel gear teeth 31 which is in engagement with all of the blade bevel
      gears 19.
PAR  The part 28 has a rearwardly-extending portion 32 of externally-splined
      tubular form upon which is mounted an internally-splined stepped tubular
      member 33 which, at its rearward end portion, is provided with a ring 34
      of bevel gear teeth. The ring 34 engages all of the blade bevel gears 19,
      the points of meshing of the bevel gear rings 31 and 34 with each bevel
      gear 19 being substantially diametrically-opposed upon the latter. A
      bladed rotor having such an actuator is disclosed in U.S. Pat. No.
      3,664,763.
PAR  The annular hub basically comprises a rearward portion 35 from which the
      blade sockets 15 project and a forward portion 36 which provides the hub
      with its annular configuration. The forward portion and the rearward
      portion are both provided with radially-outwardly-directed flanges 37 and
      38 which are suitably bolted together with a pair of distance pieces 39
      located between them. In this way an annular recess 40 is provided on the
      inside of the outer wall of the hub 16. This recess receives the flange 29
      of the part 27 of the actator 25. The flange 29 therefore provides a means
      of mounting the actuator in the hub with the ability for the part 27 to
      move angularly with respect to the wall of the hub about the axis 26.
PAR  The part 27 is provided with a forwardly-extending tubular portion 41 which
      is itself formed with a land 42 which incorporates a sealing ring 43. The
      land 42 forms a forward bearing for the part 27, and the portion 41
      surrounds an annular plate 44 which forms the forward end wall of the
      actuator part 27.
PAR  A further annular plate 45 is disposed in front of and is fixed to the
      annular plate 44, and cavities as at 46 are defined between the two
      annular plates which house gear trains as hereinafter described.
PAR  Mounted in convenient manner upon the forward face of the annular plate 45
      and thus carried by the actuator part 27 are three gear pumps, 47, 47a and
      47b.
PAR  Each of the gear pumps comprises a pair of externally-meshing gears, one
      gear being shown at 48. Such pumps are similar to that disclosed in U.S.
      Pat. No. 3,490,382. Each pump is driven by means of a splined quill 49
      whose axis is parallel with the axis 26. Each quill 49 is connected to a
      spur gear 50 housed in a cavity 46 and supported for rotation in bearings
      51 provided in bores in the annular plates 44 and 45.
PAR  The spur gear 50 associated with the pump 47 is in mesh with a sppur gear
      52 of smaller diameter than the spur gear 50 and mounted fast upon a shaft
      53 which carries a larger spur gear 54. The shaft is mounted in bearings
      55 provided in bores in the annular plates 44 and 45. The spur gear 54 is
      in mesh with a ring of gear teeth 56 formed integrally with a hollow shaft
      57 coaxial with the shaft 5. The shaft 57 extends rearwardly through and
      beyond the hub and at its end portion remote from the part having the ring
      56 is anchored as at 58 to non-rotative structure 59 which is carried by
      the forward end portion 60 of a reduction gear casing 61 of the engine.
PAR  The second pump 47c is similar to the pump 47 and is suitably mounted upon
      the plate 45 in a position spaced circumferentially from the pump 47. This
      second pump is likewise driven through a gear train similar to that
      associated with the pump 47 and associated with the ring of teeth 56.
PAR  Thus with rotation of the bladed rotor 6 since the shaft 57 is held fast at
      58 at its rearward end, the respective gears 54 rotate around the ring of
      teeth 56 and in consequence drive the first and second gear pumps 47, 47a
      through the respective gears 52 and 50.
PAR  The first pump 47 has a lower flow capacity than the second pump 47a so
      that it is concerned with pitch-change operation of the actuator at
      relatively slow rates, while the second pump is concerned with providing
      additional pressure liquid for operation of the pitch-change actuator at
      fast rates.
PAR  The forward end portion of the shaft 57 has a radially-outwardly-directed
      flange 64 from which extends an axially-directed portion 65. A ball
      bearing 66 is provided between the portion 65 and an axially-directed
      flange 67 formed on the inner wall of the forward portion 36 of the hub
      16. Between the flange 67 and the forward extremity 68 of the shaft 57
      there is provided a sealing ring 69 of V-shaped cross-section having a
      metallic spring ring 70. This combination forms a lifting seal arrangement
      whereby when the rotor is rotating at slow speeds or is stationary, the
      ring 69 is in fluid-sealing engagement with the extremity 68 of the shaft,
      but when the speed of the rotor exceeds a predetermined value, the
      centrifugal force on the sealing ring 69 is sufficient to overcome the
      effort of the spring ring 70 so that the sealing ring breaks contact with
      the extremity 68 to avoid the generation of undue friction therebetween.
PAR  A similar lifting seal arrangement is provided at 71 between the rearward
      end portion of the member 33 and a stepped tubular member 72 which is held
      fast in suitable manner with respect to the member 59 and thus the forward
      end portion 60 of the casing 61.
PAR  The third gear pump 47b forms a feathering pump, and is mounted parallel
      with the other two gear pumps, being driven by a similar gear train.
      However, this gear train is not in mesh with the ring of teeth 56 but is
      instead in mesh with a ring of teeth 73 formed at the forward end portion
      of a tubular shaft 74 which surrounds the major portion of the length of
      the shaft 57 and which extends rearwardly towards the structure 59. At its
      rearward end portion 75 the shaft 74 is mounted in a ball bearing 76, and
      just forward of this bearing the shaft is provided with a ring of teeth
      77. These teeth mesh with an idler spur gear 78 mounted for rotation in
      non-rotative structure at 79. The idler gear is, in turn, in mesh with a
      spur gear 80 also mounted for rotation in non-rotative structure and
      arranged to be driven through shafting 81 by a feathering motor M mounted
      upon the non-rotative structure. This motor is of electrical type and
      brake means B are provided for locking the shafting 81 fast with respect
      to non-rotative structure during normal pitch-changing operation of the
      bladed rotor 6.
PAR  The annular plate 45 supports a positional control valve assembly 82 which
      is radially disposed and which comprises a landed spool 83 which is
      linearly movable within a flanged ported sleeve 84. The sleeve is mounted
      in roller bearings 85 in an outer sleeve 86 and a ring of gear teeth 87 is
      provided upon the flanged portion of the sleeve 84 by which the sleeve is
      in operation continuously rotatable with the two pitch-change pumps by
      means of gearing in mesh with the gearing associated with those pumps.
PAR  An input member 88 mounted in bearings 89 and 90 in non-rotative structure
      is suitably connected by links as at 91 to a control tube 92 which
      connects through a translation bearing 93 with a pivoted lever 94 mounted
      upon the actuator 25. A cam slot and roller arrangement 95 is associated
      with the lever 94 and with the spool 83. Rotary movement of the input
      shaft 88 effects linear movement of the tube 92 which in turn through the
      translation bearing 93 effects rotary movement of the lever 94. The cam
      slot and roller arrangement 95 translates the rotary movement of the lever
      94 into linear movement of the spool 83.
PAR  Each of the gear pumps housed within the forward portion 36 of the hub 16
      has a respective relief valve, the one associated with the pump 47 being
      generally indicated at 100. These relief valves all discharge into the hub
      space forward of the pumps. The discharging liquid is guided under
      centrifugal force into an annular reservoir 101 by way of an annular space
      or passage 102 which is defined by the outer wall 103 of the forward part
      of the portion 36 and a substantially frusto-conical annular baffle or
      deflector 104 which is positioned inwardly of the wall 103. The baffle 104
      has, upon its exterior forwardly-facing surface, an upstanding spiral
      formation 105 whereby a spiral channel 106 is formed in the annular space
      or passage 102. An annular feathering reservoir 101a is formed by the
      baffle 104 and the feathering pump 47b draws its liquid therefrom. The
      pumps 47, 47a draw their liquid directly from the reservoir 101.
PAR  A spinner 107 for the bladed rotor 11, and rotatable therewith has a
      central opening 108 at the nose portion thereof which merges into an
      annular divergent duct 109 formed by an inner wall 110 of the spinner and
      an inner cone member 111 which fairs into the forward portion 36 of the
      hub 16 as shown. The wall 110 is provided with a ring of impeller blades
      112 disposed substantially in alignment with the sprial formation 105.
      During flight of the aircraft in which the engine is installed ram air
      passes through the opening 108 and into the duct 109, thereafter passing
      to atmosphere towards the rear of the spinner by way of an
      outwardly-directed duct 113, into which the duct 109 opens, and an annular
      opening 114.
PAR  Enclosed within the forward portion 36 of the hub 16, is a condition
      control valve assembly, shown diagrammatically at 82a in FIG. 3, the
      setting of which determines the particular mode of operation of the bladed
      rotor. This assembly also comprises a spool and a continuously-rotatable
      sleeve. The modes of operation in this embodiment are normal running,
      feathering operation, unfeathering operation and pitch-change beyond the
      positive range into the negative range. Operation of the spool of this
      condition control valve assembly is effected in a manner similar to the
      operation of the spool 83 by an input member (not shown) which is
      circumferentially spaced from the member 88 and also mounted in bearings
      in non-rotative structure, and which is co-operable with a tube 115 which
      connects with the spool of the condition control valve assembly by way of
      a translation bearing 116 and suitable cam mechanism (not shown).
PAR  The above construction thus provides a self-contained bladed rotor, forming
      the fan of a gas turbine engine of the ducted-fan by-pass type, which
      includes a reservoir, three gear pumps, two for normal pitch-changing
      operations and the third for feathering and unfeathering operation,
      positional and condition control valve means, a balanced vane-type
      actuator, upon one part of which the control valve means are mounted, and
      gearing whereby the actuator is connected to the blades for effecting
      pitch-change thereof.
PAR  In operation the gas turbine engine drives the bladed rotor 6, the brake
      means B associated with the feathering motor drive shafting 81 being
      applied so that the ring of gear teeth 73 is stationary. Also the ring of
      gear teeth 56 is stationary by virtue of its anchorage 58 to non-rotative
      structure.
PAR  Hence, with rotation of the rotor all three gear pumps within the forward
      portion 36 of the hub 16 are driven through their respective gear trains,
      and provided the spool 83 is in its neutral position, as shown in the
      drawing, the discharge from the low flow pump 47 passes through its relief
      valve to reservoir by way of the spiral channel 106 provided in the
      annular space or passage 102, while the discharge from the high flow pump
      47a is caused to pass directly to reservoir through suitable means. The
      spool of the condition control valve assembly 82a is, while the feathering
      motor brake means is applied, positioned so that the feathering pump 47b
      discharges its delivery through suitable by-pass means (not shown) to the
      reservoir. Ram air which, during flight of the aircraft, passes through
      the central opening of the spinner 107 is impelled by the blades 112 along
      the duct 109 and the duct 113 and out to atmosphere through the annular
      opening 114. Thus cooling air is brought into heat-exchange relation by
      way of the wall 103 of the forward portion 36 of the hub 16 with the
      liquid discharging from the relief valve means through the spiral channel
      106 to the reservoir 101.
PAR  During normal running operation of the rotor the condition control valve
      assembly is maintained in its "normal running" condition.
PAR  When during such normal running it is required normally to adjust the pitch
      of the blades 12, for example in the pitch-coarsening direction, the input
      shaft 88 is rotated in the appropriate direction under the control of a
      pilot's control lever, with the result that the tube 92 is displaced
      axially and through the translation bearing 93 adjusts the lever 94 which,
      in turn, through the cam slot and roller arrangement 95 adjusts the
      setting of the spool 83. The delivery from the low flow pump 47 which is
      available at the spool is now thereby directed to the coarse pitch
      chambers of the balanced vane-type actuator 25, while the fine pitch
      chambers thereof are placed in communication through suitable ducting with
      reservoir. Consequently the parts 27 and 28 of the actuator are angularly
      adjusted about the axis 26 in opposite directions. Since the angular
      movements of these parts are equal in magnitude, but opposite in sense,
      the turning moments applied to the blades 12 through the gear rings 31 and
      34 and the bevel gears 19 are equal and additive about the blade
      pitch-change axis 17. However, since these moments are applied at
      positions diametrically-opposite to each other upon each gear 19, a
      balance is achieved in the journal loading of the blade root bearings 13
      and 14.
PAR  By such displacement of the parts of the actuator 25 the blades 12 are
      adjusted in the coarse pitch direction to an extent dependent upon the
      setting of the spool 83. As the required blade pitch angle is reached the
      spool 83 is automatically returned to its neutral position. Such return
      movement is effected by virture of the fact that the positional control
      valve assembly is carried by one of the movable parts of the actuator and
      a differential effect between that part of the cam slot and roller
      arrangement 95 effects the necessary displacement of the spool with
      respect to its sleeve.
PAR  If, during normal running operation, the pilot moves the member 88 rapidly,
      consequent over-travel of the spool 83 automatically operates means (not
      shown) which blocks the flow to reservoir from the high flow pump 47a and
      causes delivery flow therefrom instead to combine with that of the low
      flow pump 47 whereby the liquid under pressure from both pumps now passes
      by way of the control valve means to the actuator thereby achieving a
      faster rate of pitch change of the blades.
PAR  For normal pitch-fining of the blades, during normal running operation, at
      either slow or fast rates the member 88 is moved in the opposite direction
      to displace the spool 83 in the direction necessary for such
      pitch-finding.
PAR  When, due to an emergency in flight, or for any other reason it is required
      to feather the blades 12 of the bladed rotor, the fuel supply to the
      engine is cut off and the brake means B associated with the feathering
      pump motor shafting 81 is released. Simultaneously the spool of the
      condition control valve assembly 82a is moved by its input member (not
      shown) and tube 115 away from its "normal running" position to its
      "feather-selecting" position whereupon the direct flow to reservoir from
      the feathering pump 47b is blocked and delivery flow therefrom instead
      passes through the condition control valve assembly. As the bladed rotor
      loses speed, the feathering pump motor M is energised whereupon the gears
      80 and 78 drive the shaft 74. Hence the ring of teeth 73 in engagement
      with the gear train associated with the feathering pump 74b rotates,
      thereby effecting operation of the feathering pump. This pump draws liquid
      from the feathering reservoir 101a and this liquid, which by-passes the
      positional control valve assembly, is directed by the condition control
      valve assembly to the coarse pitch chambers of the vane-type actuator 25.
      At the same time the fine pitch chambers of the actuator are placed in
      communication with the reservoir. Hence the blades are rapidly feathered
      and upon completion of the feathering operation the feathering motor is
      automatically de-energised.
PAR  For subsequent unfeathering of the blades the feathering motor is again
      energised, the spool of the condition control valve assembly being
      suitably set for this operation. The feathering pump delivery flow thus
      passes through the condition control valve assembly and is thereafter
      directed through the positional control valve assembly to the fine pitch
      chambers of the actuator while the coarse pitch chambers are placed in
      communication with drain. Consequent movement of the actuator components
      in opposite directions effects unfeathering of the blades.
PAR  Suitable pitch stop means (not shown) is included within the hub 16 which
      must be rendered inoperative when it is required to move the blading
      beyond the positive pitch range into the negative pitch range for braking
      of a vehicle, for example an aircraft, in which the engine is fitted. The
      spool of the condition control valve assembly is movable to a further
      setting whereby this stop means is so rendered inoperative.
PAR  Although not shown in the drawings, suitable baffle means may be provided
      between the rings of gear teeth 56 and 73 so that if, for example due to
      some malfunctioning, the teeth 56 are damaged, particles thereof are less
      likely to reach the teeth 73 to cause futher damage.
PAR  By so providing a single liquid-pressure-operable blade-adjusting actuator
      disposed with its rotational axis coincident with the rotational axis of
      the rotor, and by so mounting the normal pitch-change pumps and the
      feathering pump, as well as the control valve means, on the forward side
      of one of the actuator parts with the annular reservoir disposed around
      them with each of the pump inlet ports disposed immediately adjacent to
      the reservoir as shown in FIG. 4 for good pump priming, a very compact
      form of self-contained bladed rotor is provided. The close proximity of
      the pitch-change components affords very immediate response
      characteristics during the pitch-changing operation. Further, the annular
      form of the hub 16 facilitates very ready attachment of the rotor upon the
      output shaft of the associated engine.
PAR  Also by providing two pumps for normal pitch-change and a further pump for
      feathering and unfeathering of the blades, the further pump being drivable
      by the feathering motor, two independent pumping systems are present. Thus
      if a failure in the operation of said two pumps for normal pitch-change
      occurs, due for example to some mechanical defect in the drive thereto,
      the feathering pump drive, being mechanically independent from that of
      those two pumps, can operate in an unimpeded manner for the feathering
      operation.
PAR  Again by providing the spiral formation which forms a spiral channel in the
      space formed between the relief valve means and the reservoir and by
      causing the liquid discharged by the relief valve means to flow through
      the spiral channel in heat-exchange relation with the air conducted by the
      ring of impeller blades 112 across the exterior surface of the forward
      portion of the hub, heat generated in the liquid upon pressure relief is
      dissipated into the air so conducted along the duct 109 and through the
      opening 114 that overheating of the liquid passing to the reservoir is
      avoided.
PAR  The invention is not limited to the provision of a baffle or deflector
      having a spiral formation, as in other embodiments deflectors of other
      form may be used, or alternatively in some bladed rotors it may only be
      necessary to provide the said space with cross-sectional dimensions of a
      particular order to achieve the desired cooling effect in the liquid
      discharging from the relief valve means to the reservoir.
PAR  In some alternative embodiments of the invention it may not be necessary to
      include impeller blades within the spinner structure to produce a flow of
      cooling air upon the exterior surface of the hub, as a simple cooling duct
      may instead be provided in the spinner structure. Further, in
      less-sophisticated installations the hub itself may project forwardly with
      no spinner structure surrounding it.
PAR  Although in the embodiment described with reference to the drawings, the
      two pumps for normal blade adjustment draw their liquid from the annular
      reservoir 101 while the pump for feathering and unfeathering draws its
      liquid from the feathering reservoir 101a, in other embodiments all the
      pumps may draw their liquid from a single reservoir.
PAR  The invention is not limited to the provision of pumps of gear type within
      the hub, as in other embodiments other suitable forms of pump may with
      advantage be used.
PAR  Further, the invention is not limited in its application to fans of gas
      turbine engines of the ducted-fan by-pass type, as in other embodiments of
      the invention such bladed rotors may be intended for installation in other
      machines where it is also desirable for those rotors to each be of
      self-contained form carrying, so as to be rotatable therewith, a liquid
      reservoir, one or more pumps and an actuator. We claim:
CLMS
NUM  1.
PAR  1.  A bladed rotor including a hub and adjustable blades carried by the
      hub, said hub including, housed wholly therein in close proximity to each
      other and rotatable all as one therewith, (a) structure defining a liquid
      reservoir of annular form which, during rotation of the rotor, is
      independent of any liquid supply source external of said rotor, (b) a
      single liquid-pressure-operable vane-type actuator which is disposed with
      its axis of rotation coincident with the axis of rotation of the rotor,
      which is connected to said blades for effecting adjustment thereof to vary
      flow of fluid over the blades and which comprises two cooperable
      multi-vaned actuator components, (c) at least one pump which is so mounted
      upon one of said two components that its inlet port is disposed
      immediately adjacent to said reservoir and its axis of rotation is
      substantially offset from and parallel to the axis of rotation of the
      rotor, said pump being operable consequent upon rotation of the rotor to
      draw liquid directly and only from said reservoir, and, (d) control valve
      means by way of which liquid discharged under pressure by said pump is
      directed to operate said actuator.
NUM  2.
PAR  2. A bladed rotor as claimed in claim 1, and a central drive shaft on which
      said rotor is mounted, said actuator being annular and surrounding said
      drive shaft.
NUM  3.
PAR  3. A bladed rotor as claimed in claim 1, said pump being disposed at least
      in part in said annular reservoir.
NUM  4.
PAR  4. A bladed rotor as claimed in claim 1, and input means adapted to extend
      from non-rotative structure external of the rotor to the interior of said
      hub for transmitting input signals to said control valve means for
      initiating adjustment of the actuator and thus of the blades.
NUM  5.
PAR  5. A bladed rotor as claimed in claim 1, said components being movable in
      opposite directions the one with respect to the other about said axis,
      both said components being connected to said blades for effecting
      adjustment thereof to vary flow of fluid over the blades.
NUM  6.
PAR  6. A bladed rotor as claimed in claim, said pump being mounted upon an
      external end face of one of said components.
NUM  7.
PAR  7. A bladed rotor as claimed in claim 6, said control valve means being
      also mounted upon said external end face.
NUM  8.
PAR  8. A bladed rotor as claimed in claim 6, and shafting which is connected
      fast at one end with non-rotative structure external of the rotor and
      which passes coaxially into the hub and through the actuator, gearing
      associated with the other end of said shafting for affording continuous
      drive from said shafting outwardly thereof to said pump for operation
      thereof consequent upon rotation of the rotor, said pump being mounted
      upon said external end face through the intermediary of an annular plate
      which is so spaced from said end face that a cavity is formed between said
      plate and said end face, said gearing affording drive from said shafting
      to said pump being disposed at least in part in said cavity.
NUM  9.
PAR  9. A rotor as claimed in claim 1, wherein said hub carries a further pump
      which, when said one pump is inoperative or substantially so, is operable,
      by motor means carried by non-rotative structure external of the rotor, to
      supply pressure liquid to the actuator for feathering of the blades.
NUM  10.
PAR  10. A rotor as claimed in claim 9, wherein said reservoir comprises two
      parts, one associated with said one pump and the other associated with
      said further pump.
NUM  11.
PAR  11. A rotor as claimed in claim 9, wherein shafting is provided whereby
      said further pump is operable upon rotation of the rotor, an end portion
      of said shafting having means associated therewith for holding it fast
      with respect to non-rotative structure external of the rotor, and said
      associated means being released when the motor means is required to
      operate said further pump.
NUM  12.
PAR  12. A rotor as claimed in claim 9, wherein said further pump is mounted
      upon said component of the actuator and has its axis of rotation parallel
      to said axis of rotation of the rotor.
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ABST
PAL  A method is disclosed for controlling the operation of a two speed
      electrical motor used to drive a hermetic refrigerant compressor so as to
      attain an overall motor compressor efficiency at low speed operation which
      is equal to or greater than the overall motor compressor efficiency at
      high speed operation.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a method of controlling the operation of a
      two-speed motor compressor that may selectively be operated at a
      predetermined high speed or at a predetermined low speed and that is used
      to drive a hermetic refrigerant compressor, and more particularly, to a
      novel method of controlling the operation of such two-speed electrical
      motor, so as to attain an overall motor compressor efficiency at low speed
      operation which is equal to or greater than the overall motor compressor
      efficiency at high speed operation.
PAR  Even before energy conservation became a matter of general, popular
      interest, the art had been concerned about minimizing the amount of energy
      consumed by heating, ventilating, and air conditioning equipment. Such
      concern has motivated scrutiny of equipment designs and application
      practices and procedures.
PAR  It has long been standard practice to "size" air conditioning equipment
      utilized in light commercial applications so that it can have ample
      cooling capacity for peak load conditions. To provide comfort under part
      load conditions, which are present during a large portion of the time,
      provisions are then made so that a given system can operate at a cooling
      capacity level somewhat lower than that used during peak load conditions.
      With the refrigerant compressor used in the air conditioning system, such
      provisions have included, inter alia, cylinder unloading mechanisms,
      suction valve lifting mechanism, and hot gas by-pass valves. While most
      provisions utilized for unloading refrigerant compressors have satisfied
      the comfort aspects of light commercial applications and some have reduced
      gross energy consumption, their characteristics have been to provide lower
      efficiency when unloaded than when loaded.
PAR  Recently, it has been proposed to affect capacity control of a hermetic
      refrigerant compressor by driving the compressor by a two-speed electric
      motor. U.S. Pat. No. 3,584,980, issued June 15, 1971 to Richard E. Cawley
      and Charles B. Ellis discloses such a hermetic two-speed motor compressor
      system wherein the motor drives the compressor at a high speed during peak
      load conditions and drives the compressor at a lower speed during part
      load conditions.
PAR  The novel method of my present invention is directed to a two-speed, motor
      compressor system of the type disclosed in U.S. Pat. No. 3,584,980. By the
      use of my method, the operation of the two-speed motor compressor system
      can be controlled such that the overall coefficient of performance
      (efficiency) of the system at the lower speed, i.e., during part load
      conditions, is equal to or greater than the coefficient of performance
      (efficiency) of the system at the higher speed, during peak load
      conditions. Basically my novel method comprises the steps of imposing a
      first torque load on the two-speed electric motor during peak load
      operation and under a given set of evaporating and condensing conditions
      and then imposing a second torque load on the electric motor during part
      load operation and under the same set of evaporating and condensing
      conditions such that the ratio of the second torque load to the first
      torque load is equal to or less than the ratio of the motor efficiency at
      part load operation to the motor efficiency at peak load operation.
PAR  Accordingly, an object of the present invention is to provide a novel
      method of controlling the operation of a hermetic two-speed, electric
      motor driven, refrigerant compressor so as to attain an overall compressor
      efficiency at low speed operation which is equal to or greater than the
      overall motor compressor efficiency at high speed operation.
PAR  This and other objects and advantages of the present invention will become
      apparent from the following description of the preferred embodiment of the
      invention described in connection with the accompanying drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevational view, partially in section and with some parts
      broken away, of a hermetic refrigerant compressor that is driven by a
      two-speed electric motor.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a two-speed motor compressor 10 of the type whose
      operation may be controlled by the novel method of the present invention.
      Motor compressor 10, similar in basic design to the motor compressor
      described in U.S. Pat. No. 3,584,980, includes a gastight, hermetically
      enclosed outer casing or housing including an upper shell 12 and a lower
      shell 14 integrally joined to one another, as for example, by welding. To
      the bottom of the exterior surface of the lower shell 14 are welded a
      plurality of legs 16 by means of which legs the compressor may be
      supported in an upright position within a condensing unit or an air
      conditioning unit.
PAR  Supported within the outer casing of the compressor 10 is a compression
      mechanism 18 which includes a compressor block having a crankcase portion
      20 and a motor flange portion 22. An annular sleeve 24 made from sheet
      metal surrounds the crankcase portion 20 of the compressor block and
      cooperates therewith to define an annular discharge gas cavity 23 in the
      compression mechanism. A heat shield 26 is disposed about the annular
      sleeve in space relationship thereto.
PAR  The annular sleeve 24 includes an out-turned upper flange 28. Secured to
      the lower shell 14 of the outer casing is an annular flange member 29.
      Spring means 32 cooperate between the flange 28 and flange member 29 for
      resiliently supporting the compression mechanism 18 within the outer
      casing of compressor 10.
PAR  Provided within the compressor block are a plurality of radially oriented
      cylinders 30. Though a four-cylinder compressor is illustrated, it will be
      understood that the present invention may be used in a hermetic
      refrigerant compressor having other cylinder configurations. Cylinder
      sleeve or liners 33 are provided in each of the cylinders 30 and a piston
      34 is slidably mounted for reciprocation within each of the cylinder lines
      33. Each piston 34 has mounted therein a wrist pin 36 upon which is
      journaled one end of a connection rod 38. The other end of each connecting
      rod 38 is affixed to the eccentric portion 40 of drive shaft or crankshaft
      42.
PAR  Provided at the end of each cylinder 30 for closing the end of each
      cylinder cavity is a valve assembly 60. The valve assemblies 60 each
      comprise a discharge valve unit and a section valve unit operable in a
      known manner. Each valve assembly 60 is held in place in the end of a
      cylinder 30 by a cylinder head or cap 62. A Belleville spring 64 and a
      retaining ring 66 cooperate with the cylinder head 62 to maintain the head
      in position closing the end of the cylinder. The annular space 23 provided
      within the compression mechanism between the compressor block and the
      sleeve 24 communicates each of the cylinders and receives the discharge
      gases from the cylinders and conveys them to the discharge line 72.
PAR  The drive shaft 42 is disposed in an upright position within the
      compression mechanism 18 and is connected at its upper end to the rotor 44
      of the electric drive motor 46. The motor includes a stator 48 which is
      supported within the motor flange portion 22 of the compressor block and
      the rotor 44 which is inductively connected to the stator 48.
PAR  The design of the motor 46 may be consequent pole, one winding
      configuration with the two pole (high speed) connected parallel-Y and the
      four pole (low speed) connected in Y series. Motor 46 can be utilized to
      operate at a relatively high speed, i.e., on the order of 3,600 r.p.m.,
      during two pole operation and at a lower speed, i.e., on the order of
      1,800 r.p.m., during four pole operation. The characteristics of one form
      of motor which could be utilized are as follows:
     HIGH SPEED                                                                
               Torque    Minimum  Minimum motor                                
     Remarks   lb/ft.                                                          
                    Voltage                                                    
                         Speed r.p.m.                                          
                                  efficiency, percent                          
     __________________________________________________________________________
     Maximum load                                                              
               31.25                                                           
                    187  3,235    79.5                                         
               31.25                                                           
                    240  3,420    88                                           
               31.25                                                           
                    264  3,450    88                                           
     Rated Load                                                                
               25   187  3,340    84                                           
               25   240  3,460    90                                           
               25   264  3,480    90                                           
     Minimum flow rate                                                         
               19.5 187  3,420    87.5                                         
               19.5 240  3,490    91                                           
               19.5 264  3,510    90.5                                         
     LOW SPEED (4 pole) -                                                      
                 Load Points Are At Same Evaporating and                       
                 Condensing Conditions As For High Speed.                      
               Torque    Minimum  Minimum Motor                                
     Remarks   lb/ft.                                                          
                    Voltage                                                    
                         Speed, r.p.m.                                         
                                  Efficiency, %                                
     __________________________________________________________________________
     Maximum load                                                              
               26.5 187  1,620    79.5                                         
               26.5 240  1,710    74.5                                         
               26.5 264  1,725    74.5                                         
     Rated load                                                                
               21.2 187  1,670    71                                           
               21.2 240  1,730    76.5                                         
               21.2 264  1,740    76.5                                         
     Minimum flow rate                                                         
               16.5 187  1,710    74                                           
               16.5 240  1,745    77                                           
               16.5 264  1,750    76.5                                         
     __________________________________________________________________________
PAR  Enclosing the top of the motor 46 is an end cap 50 which is suitably
      connected to top of the motor flange portion 22 of the compressor block.
      Drive shaft 42 is journaled at its lower end within a lower bearing 52
      mounted in lower bearing head 54. The lower bearing head 54 is maintained
      in position by a suitable wedge-lock spring or retaining ring 56 seated
      within an annular groove in the lower crankcase portion 20 of the
      compressor block. Intermediate its ends the drive shaft 42 is journaled
      within the spaced bearings 57 and 58 in the hub portion or partition
      portion 21 of the compressor block.
PAR  Suction gas enters the outer casing or housing of the compressor via the
      suction line inlet 74 and flows into a first compartment defined between
      the outer casing and the compression mechanism below the flange 29. The
      gas passes from the first compartment into a second compartment or annular
      space defined between the flanges 29 and 28 and then into a third
      compartment defined between the outer casing and the top of the
      compression mechanism 18. From the third compartment, the suction gas
      passes through the opening 51 in the top of the end cap 50 over the
      electric motor 46 for cooling same and then through the openings 76 in the
      compressor block into the cylinders 30. The gases are compressed within
      the cylinders and forced through the valve assemblies 60 into the annular
      discharge gas cavity 23. From the annular discharge gas cavity 23, the
      compressed gas passes through the discharge line 72 to the condenser of
      the refrigeration system in which the compressor is utilized.
PAR  A plurality of terminals 78 are provided in the top of the upper shell 12
      in order to conduct electric current from a suitable source to the
      electric motor 46 and to provide for connection of suitable motor
      protection while preserving the hermetic nature of the compressor.
PAR  In developing the novel method of the present invention, it was determined
      that in a two-speed compressor, such as described above, the capacity (Q)
      is roughly proportional to speed, thus:
EQU  Q = K.sub.c N                                              (1)
PAL  where:
PA1  K.sub.c is a constant which takes into account bore, stroke, etc., and
PA1  N is the speed of the motor
PAR  Input is:
      ##EQU1##
      where: K.sub.w is a constant which takes into account the conversion
      factors,
PA1  N.sub.m is the motor efficiency, and
PA1  T is the torque imposed on the motor by mechanical load
PAL  The coefficient of performance (COP) or the efficiency of the overall motor
      compressor would then be:
      ##EQU2##
      Then if the high speed operation be case 1 and the low speed operation be
      case 2 then;
      ##EQU3##
      Therefore, to attain equal overall efficiencies for such a motor
      compressor, torque loads must be imporsed on the electric motor at both
      the high speed and low speed such that:
      ##EQU4##
      where N.sub.ml and N.sub.m2 are known from design considerations and,
      where T.sub.1 and T.sub.2 are imposed under the same, given set of
      evaporating and condensing conditions, i.e., with the same pressures and
      temperatures applied to the compressor.
PAL  In addition, of course, it should be recognized that the T.sub.1 and
      T.sub.2 may be set and in this instance, the motor efficiency requirement
      for low speed operation could be found for a given high speed motor
      efficiency. Furthermore, it should be noted that the low speed torque will
      always be less than the high speed torque because in a shift from high to
      low speed: (a) the torque required for overcoming mechanical friction
      (bearings, rods, pistons, etc.) will be reduced approximately directly
      with the reduction in speed; and (b) the torque required for overcoming
      refrigerant pressure drops internally will be reduced approximately in
      proportion to the square of the reduction in speed.
PAR  In summary, the novel method of the present invention can be utilized to
      control the operation of a two-speed, hermetic motor compressor so as to
      attain an overall efficiency for the motor compressor at low speed
      operation which is equal to or greater than the overall efficiency for the
      motor compressor at high speed operation. In accordance with this novel
      method, a first torque load is imposed on the motor during high speed
      operation and under a given set of evaporating and condensing conditions
      and then a second torque load is imposed on the motor during low speed
      operation and under the same set of evaporating and condensing conditions
      such that the ratio of the second torque load to the first torque is equal
      to the ratio of the efficiency of the motor at low speed to the efficiency
      of the motor at high speed.
PAR  While there has been described a presently preferred embodiment of the
      invention, it will be obvious that other embodiments will be apparent to
      those skilled in the art. It is, therefore, intended that the invention be
      limited only within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of controlling the operation of a two-speed electric motor that
      may be selectively operated at a predetermined high speed or at a
      predetermined low speed and that is used to drive a hermetic refrigerant
      compressor so as to attain an overall motor compressor efficiency at low
      speed operation which is equal to or greater than the overall motor
      compressor efficiency at high speed operation, the method comprising the
      steps of:
PA1  imposing a first torque load on the electrical motor at high speed
      operation and under a given set of evaporating and condensing conditions
      and imposing a second torque load on the electrical motor at low speed
      operation and under the same set of evaporating and condensing conditions
      so that the ratio of the second torque to the first torque is at least
      equal to the ratio of the efficiency of the electrical motor at low speed
      operation to the efficiency of electrical motor at high speed operation.
NUM  2.
PAR  2. The method described in claim 1 wherein the ratio of the second torque
      load to the first torque load is less than the ratio of the efficiency of
      the electrical motor at low speed operation to the efficiency of the
      electrical motor at high speed operation.
NUM  3.
PAR  3. A method of controlling the operation of a two-speed electric motor that
      may be selectively operated at a predetermined high speed or at a
      predetermined low speed and that is used to drive a refrigerant compressor
      so as to attain an overall motor compressor efficiency at low speed
      operation which is equal to or greater than the overall motor compressor
      efficiency at high speed operation, the method comprising the steps of:
PA1  imposing a first torque load on the electrical motor at high speed
      operation and under a given set of evaporating and condensing conditions;
PA1  imposing a second torque load on the electrical motor at low speed
      operation and under the same set of evaporating and condensing conditions,
      in accordance with the formula:
      ##EQU5##
      wherein: COP.sub.2 is the overall Coefficient of Performance (efficiency)
      for the motor compressor at the low speed;
PA1  Cop.sub.1 is the overall Coefficient of Performance (efficiency) for the
      motor compressor at the high speed;
PA1  N.sub.m2 is the electrical motor efficiency at the low speed;
PA1  N.sub.m1 is the electrical motor efficiency at the high speed;
PA1  T.sub.2 is the torque imposed on the electrical motor at the low speed and
      at a given set of evaporating and condensing conditions; and
PA1  T.sub.1 is the torque imposed on the electrical motor at the high speed and
      at the same set of evaporating and condensing conditions.
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ABST
PAL  There is disclosed a cylinder wheel connected in rotary engagement with a
      ball-piston wheel, the cylinder wheel having a multiplicity of cylindrical
      cavities, each cavity having at least one coil with a plurality of
      electrically conductive turns circularly disposed therearound. The
      ball-piston wheel has a multiplicity of balls of magnetic material or
      permanent magnets which engage the cylindrical cavities. The coils may be
      periodically activated by selectively applying electric current thereto to
      sequentially propel each ball into and out of the respective cylindrical
      cavity thereby turning the cylinder wheel and ball-piston wheel in
      rotating motion. When the balls are magnets, and the cylinder and
      ball-piston wheel assembly is rotated by an external driving means, a
      voltage is induced in each coil as a permanent magnet ball passes
      therethrough thereby forming an electric generator. When the coils are
      sequentially activated by an electric current to operate the cylinder
      wheel and ball-piston assembly as an electric motor, the entire assembly
      may be immersed in a fluid and a hollow shaft inserted into a central
      opening in the cylinder wheel which successively communicates with each of
      the cylindrical cavities to provide a positive displacement pump whereby
      each ball entering a cylindrical cavity forces the fluid contents of the
      cavity into and through the interior of the hollow shaft.
BSUM
PAR  The present invention relates to rotary motors, generators, and pumps and
      more particularly to a rotating cylinder wheel and ball-piston wheel
      motor, generator, and pump assembly.
PAR  In the field of cylinder wheel and ball-piston wheel assemblies where the
      ball-pistons of the ball-piston wheel are successively engaged in rotation
      in the cylinder of the cylinder wheel (U.S. Pat. No. 3,237,613, issued to
      C. N. Mosovsky and French Pat. No. 1,314,670 issued to M. Gassot), it has
      been the general practice to employ combustible fuels inserted into the
      cylinders of the cylinder wheel which is ignited to propel the balls of
      the ball-piston wheel out of the cylinders to rotate the assembly.
      Although use of such a method of propulsion has served the purpose, it
      produces undesirable products of combustion along with objectionable heat
      and annoying noise. Those concerned with the development of rotating
      cylinder and ball-piston wheel assemblies have long recognized the need
      for eliminating combustible or pressurized fuel to propel the assembly.
      The present invention fulfills this need.
PAR  In the prior art rotating cylinder wheel and rotating ball-piston wheel
      assemblies, pressurized fuel such as ignited combustible fuel or fluid
      under pressure have been used to propel the rotating assembly. Therefore,
      it was impossible to utilize the rotating assembly as a submersible pump
      without providing some external power to rotate the assembly. The present
      invention is self-propelled and at the same time can be utilized as a
      submersible pump without an external driving source.
PAR  The general purpose of this invention is to provide a cylinder wheel and
      ball-piston wheel assembly which embraces all the advantages of similarly
      employed rotating assemblies and possesses none of the aforedescribed
      disadvantages. To attain this, the present invention contemplates a unique
      coil arrangement around each cylindrical cavity of the cylinder wheel
      whereby the balls of the ball-piston wheel engaged by each cavity are
      magnetically propelled to rotate the assembly.
PAR  An object of the present invention is the provision of an electrically
      propelled ball-piston and cylinder wheel assembly.
PAR  Another object is to provide electromagnetic propulsion of the balls of the
      ball-piston wheel in rotary engagement with the cylinder wheel.
PAR  A further object of the invention is the provision of a ball-piston wheel
      and cylinder wheel assembly which is electromagnetically driven as a
      submersible pump.
PAR  Yet another object of the present invention is the provision of a rotary
      ball-piston wheel and cylinder wheel assembly which operates as an
      electric motor.
PAR  A still further object is a ball-piston wheel and cylinder wheel assembly
      which operates as an electrical generator.
PAR  Yet still another object is the provision of a ball-piston wheel and
      cylinder wheel assembly which is a self-driven positive displacement pump.
PAR  Another further object of the invention is the provision of a ball-piston
      wheel and cylinder wheel assembly which is rotated by pressurized fluid.
DRWD
PAR  Other objects andmany of the attendant advantages of this invention will be
      readily appreciated as the same becomes better understood by reference to
      the following detailed description when considered in connection with the
      accompanying drawings in which like reference numerals designated like
      parts throughout the figures thereof and wherein:
PAR  FIG. 1a shows a plan view of a preferred embodiment of the invention;
PAR  FIG. 1b illustrates a pictorial view in section and partly in schematic of
      the central portion of the cylinder wheel containing the electrical
      contacts and electrodes;
PAR  FIGS 2a and 2b illustrates a cross-sectional view of the cylindrical cavity
      of the cylinder wheel of FIG. 1 showing the numerical sequence of the
      positions of the ball-piston as it moves therein;
PAR  FIG. 3 shows a cross-sectional view, partly in section, of the preferred
      embodiment illustrated in FIG. 1 adapted to be operated as a submersible
      pump;
PAR  FIG. 4 illustrates a cross-section view of one of the cylinders of the
      cylinder wheel of FIG. 3 showing pressure relief valves;
PAR  FIG. 5 shows a pictorial view of the ball-piston and cylinder wheel
      assembly of FIG. 1 connected as a generator;
PAR  FIG. 6 illustrates a cross-section view of a spring loaded ball-piston;
PAR  FIGS. 7a and 7b illustrate multiple cylinder wheels and multiple
      ball-piston wheel assemblies.
DETD
PAR  Referring now to the drawings wherein like reference characters designate
      like or corresponding parts throughout the several views, there is shown
      in FIG. 1 a a cylinder wheel 11 and ball-piston wheel 13 in rotary
      engagement, cylinder wheel 11 having a multiplicity of cylinders 15 with
      cylindrical cavities therein and a central opening or shaft opening 17.
      Each cylinder 15 and cylindrical cavity has coils 19 and 21 having a
      multiplicity of conductive turns circularly disposed or wound therearound.
      Coil 19 has connecting wire 23 and connecting wire 25 attached thereto
      while coil 21 is also connected to connecting wire 25 and as well as
      connecting wire 27. Connecting wire 25 is further connected to slip-ring
      29 symmetrically located about shaft opening 17. Connecting wire 23 is
      connected to contact segment 31 and connecting wire 27 is connected to
      contact segment 33, segments 31 and 33 being circularly located about the
      slip-ring 29. Although the slip-ring and contact segment configuration are
      adequate to make electrical contact to each of the coils, other well known
      contacting means can be used to activate the coils. It is also
      contemplated to employ cam operated microswitches to activate each coil.
      Power can be continuously applied through slip-rings to the microswitches
      and each microswitch successively operated by a cam to apply power to a
      coil associated therewith as the cylinder wheel rotates.
PAR  Ball-piston wheel 13 has a central hub 35 to which are attached a
      multiplicity of spokes or shafts 37 at the extreme ends of which are
      mounted ball-pistons 39 made of magnetic material or its equivalent. Each
      of the ball-pistons 39 successively engage the multiplicity of cylinders
      15 of cylinder wheel 11, as the ball-piston wheel and cylinder wheel
      assembly rotates.
PAR  FIG. 1b shows electrodes 41 and 43 in schematic form connected from
      terminals X and Y and contacting annular slip-ring 29 and contacting
      segment 31 of a segmented annular slip-ring, respectively.
PAR  Turning now to FIGS. 2a and 2b, cylinder 15, along with coils 19 and 21 are
      shown in cross-section. Ball-piston 39 is shown in positions 1-7
      illustrating a sequence of numbered positions of the ball-piston within
      the cylinder to assist in explaining the operation of the invention
      relative to the activation of coils 19 and 21.
PAR  In FIG. 3, a pump or hydraulic motor configuration is illustrated where
      cylinder wheel 11 and ball-piston 13 of FIG. 1 are shown in cross-section,
      cylinder wheel 11 rotating on shaft 45 which is located in central opening
      17. Shaft 45 has a central opening or hollow or interior 49 through which
      fluids may be conducted. An opening 47 is located in the shaft which
      communicates between the shaft interior and a conduit 51 which in turn is
      connected with the cylindrical cavity of cylinder 15. Each cylindrical
      cavity has a pressure relief opening 53 and 57 (FIG. 4) therein. As an
      alternate pressure relief configuration, ball-piston 39 may have an
      opening or conduit 55 therethrough which provides a pressure relief
      opening similar to opening 53.
PAR  FIG. 4 shows a cross-section of cylinder 15 taken on line 4--4 of FIG. 3 in
      the direction of the arrows. Fitting 59 is threadably engaged in opening
      53 in the wall of cylinder 15 and has contained in the interior cavity
      thereof ball valve 63 biased by spring 65 to close opening 61 therein
      which also closes opening 53 in cylinder 15. Similarly, fitting 67 is
      threadably engaged in opening 57 in the wall of cylinder 15, fitting 67
      having opening 69 therethrough which is closed by ball valve 71 biased
      against opening 69 by spring 73 thereby also closing opening 57.
PAR  FIG. 5 illustrates cylinder wheel 11 and ball-piston wheel 13 utilized as a
      generator. Cylinder wheel 11 is fixedly connected to hollow shaft 81 which
      has a plurality of connecting wires 75 on the surface thereof which are
      electrically connected to the multiplicity of coils wound around cylinder
      15 and further connected to segmented slip-rings 77 and 79 which in turn
      contact in sliding engagement electrodes 83 and 85, shown schematically.
      Hollow shaft 45 is slidably located within hollow shaft 81 and supports
      the entire cylinder wheel assembly. Ball-piston wheel 13 has central hub
      35 connected to shaft 87 which in turn is connected to motor 89.
      Ball-pistons 39 are permanent magnets or electromagnets such that when
      ball-piston wheel 13 is rotated, magnet balls 39 enter cylinder 15 nd
      induce a voltage and current in coils 19 and 21 wound therearound. The
      electrical voltage output of the coils appears at terminals X and Y
      connected to electrodes 83 and 85.
PAR  FIG. 6 shows in cross-section ball-piston 39 threadably engaged to slidable
      shaft 97 mounted in opening 91 at the end of shaft or spoke 37. Fitting or
      bushing 93 is threadably engaged in opening 91, and has central opening 95
      therethrough into which shaft 97 is slidably inserted and retained therein
      by shoulder 101. One end of slidable shaft 97 has threads 99 thereon which
      threadably engage ball-piston 39. Spring 103 biases shoulder 101 of shaft
      97 against the threaded end of bushing 93 to keep ball-piston 39 slidably
      extended from the end of shaft 37.
PAR  FIG. 7a illustrates three cylinder wheels 11 in simultaneous engagement
      with a single ball-piston wheel 13. Similarly, FIG. 7b illustrates two
      ball-piston wheels 13 in rotary engagement with a single cylinder wheel
      11. Although FIGS. 7a and 7b illustrate a particular configuration of
      ball-piston and cylinder wheel combinations, it should be realized that
      other combinations of cylinder wheel and ball-piston wheel assemblies are
      possible. The number of balls on a given ball-piston wheel and the number
      of cylinders in a cylinder wheel in rotary engagement therewith are
      variable design parameters which give the designer wide latitude of
      choice. It should also be noted that a multiplicity of cylinder wheels can
      be attached to one shaft and each be engaged by one or more ball-piston
      wheels to form a multiplicity of rotating assemblies in parallel.
PAR  Operation of the invention can best be described by referring to FIGS. 1a,
      1b, 2a, and 2b. When ball-piston 39 is adjacent the opening of cylinder
      15, shown as position 1 of FIG. 2a, coil 19 is energized by providing
      source of voltage and current to terminals X and Y which activates coil 19
      through electrodes 41 and 43, slip-ring 29 and segment 31 and conducting
      leads 23 and 25. Ball-piston 39, made from magnetic material, is then
      drawn to the center of coil 19 by the magnetic field produced therein. At
      the point where ball-piston 39 reaches the center of coil 19, the
      electrical excitation is removed from the coil by electrode 43 ceasing to
      make contact with segment 31. However, the momentum imparted to
      ball-piston 39 continues to carry it past the center of coil 19 and on
      toward coil 21 as illustrated by position 2 of FIG. 2a. At this point, the
      cylinder wheel rotates to position 3 of FIG. 2a where electrode 43 makes
      contact with segment 33 and activates coil 21 producing a magnetic field
      therein which forces ball-piston 39 toward the center of coil 21. As
      ball-piston 39 reaches the center of coil 21 the electrical excitation is
      removed and the momentum imparted to ball-piston 39 causes it to continue
      past the center of coil 21 to its point of deepest penetration in cylinder
      15 designated by position 4 in FIGS. 2a and 2b. Another set of electrodes
      (not illustrated) similar to 41 and 43 of FIG. 1b can be located in
      respect to segments 31 and 33 such that as the ball-piston 39 reverses its
      motion and beings to exit from cylinder 15, coil 21 is again activatd to
      move ball-piston 39 from position 4 of FIG. 2b toward the center of coil
      21. Again, as the ball-piston 39 reaches the center of coil 21, the
      excitation is removed therefrom and the ball-piston 39 continues to move
      past the ceter into position 5 of FIG. 2b. At this point, coil 19 is again
      activated by still another set of electrodes, not illustrated, similar to
      electrodes 41 and 43, to force ball-piston 39 from position 5 to position
      6 of FIG. 2b toward the center of coil 19. As ball-piston 39 reaches the
      center of coil 19, the excitation is removed therefrom and the momentum of
      ball-piston 39 continues to move ball-piston 39 past the center of coil 19
      into position 7 of FIG. 2b and thereafter to exit from cylinder 15,
      completing the cyclic engagement with cylinder 15. Each ball-piston
      successively engages a cylinder of the cylinder wheel as described above
      to provide the rotating motion to the assembly. Thus, the reciprocating
      motion of the ball-piston is converted into rotary motion. As one
      ball-piston leaves a cylinder, another ball engages another cylinder to
      keep the ball-piston wheel and cylinder wheel in mechanical
      synchronization.
PAR  It should be clear that in the description above that ball-piston 39 can
      also be a permanent magnet or electromagnet and the magnetic field set up
      in coils 19 and 21 can be polarized in such a direction to attract or
      repel ball-piston 39 so that the ball-piston can be attracted toward the
      center of the coil and then after passing through the center can be
      repelled from the coil by reversing the magetic field, thereby creating
      additional propelling forces to act upon the ball-piston. It must be
      remembered that as the speed of rotation increases, the rate of excitation
      of the coils producing the magnetic field increases makig the inductance
      of the coils more of a problem. Although the complete excitation system
      for the coils is not shown, it should be clear from the example
      illustrated in FIG. 1b that any system of electrodes, slip-rings, cam
      operated microswitches, conducting segments, inductive and capacitive
      coupling and the like can be utilized to excite the coils in their proper
      sequence, these methods being well known in the field of rotating
      electrical apparatus such as motors and generators and are easily adapted
      to exciting the coils of this invention.
PAR  Operation of the present invention as a positive displacement pump can best
      be understood by referring to FIG. 3 which shows a cross-section of the
      cylinder wheel and ball-piston wheel where the cylinder wheel rotates on
      hollow shaft 45. Assuming that the rotation of the cylinder wheel is
      clock-wise and the ball-piston wheel is counterclockwise, ball-piston 39
      enters cylinder 15 while cylinder 15 and its conduit 51 are aligned with
      opening 47 in shaft 45. Therefore, as ball-piston 39 is drawn into
      cylinder 15 by the magnetic field of coils 19 and 21, the contents of
      cylinder 15 are forced through conduit 51 and opening 47 into interior 49
      of shaft 45. Since the displacement of ball-piston 39 in cylinder 15 may
      be accurately known, a precision metering pump is formed by the cylinder
      wheel and ball-piston wheel rotating assembly. It should be clear that by
      immersing the entire assembly of the cylinder wheel and ball-piston wheel
      into a fluid, the assembly can be utilized to accurately pump precise
      quantities of fluid surrounding the assembly through the cylinders and the
      hollow shaft to some collection point.
PAR  As the cylinder wheel rotates on shaft 45 conduit 51 is closed by the wall
      of the shaft after conduit 51 progresses past the extremities of opening
      47. Conduit 51 is shut off by this rotating action at the point where
      ball-piston 39 is at its deepest penetration in cylinder 15. Therfore, it
      is necessary to remove the pressure or vacuum seal created by the
      withdrawal of ball-piston 39 from the interior of cylinder 15. Opening 57
      is provided with the ball valve assembly illustrated in FIG. 4 to allow
      conduction of fluid therethrough as the ball-piston is removed from
      cylinder 15 thereby breaking the vacuum seal and allowing the ball to
      egress therefrom without extreme fluid pressure forces. The ball valve
      assembly connected with opening 53 prevents excessive pressure from being
      built up in cylinder 15 as ball-piston 39 is drawn into the interior
      thereof, and is a pressure safety relief valve. The spring associated with
      the pressure safety relief valve is adjusted to relieve excessive pressure
      as the ball enters the cylinder and has a spring force which is adjusted
      to a level greater than the normal fluid pressures that would be
      encountered in the free flowing fluid conditions created in a pump
      application but not great enough to cause internal pressures to build up
      in cylinder 15 which might cause it to explode.
PAR  An alternate to the pressure relief ball valve assembly illustrated in FIG.
      4 is conduit 55 through ball-piston 39. As illustrated in FIG. 3, the
      conduit is drilled at an angle through ball-piston 39 such that as the
      ball-piston enters cylinder 15, conduit 55 does not communicate with the
      interior of the cylinder. Upon reaching the point of deepest penetration,
      the rotation of the cylinder wheel and the ball-piston wheel results in
      conduit 55 becoming aligned in the cylinder to establish a conduction path
      through conduit 55 from the interior of the cylinder to the exterior
      thereof. Consequently, as the ball exits from the cylinder, the pressure
      forces produced by the ball-piston's removal from the cylinder are
      relieved through conduit 55 and the ball is easily removed therefrom.
PAR  The structure of FIG. 3 can also be operated as a hydraulic motor by
      reversing the fluid flow through the system and realigning opening 47 in
      shaft 45 so that the interior of shaft 45 communicates through opening 47
      and conduit 51 with the interior of cylinder 15 only after ball-piston 39
      engaged therein has reached its deepest point of penetration and begins to
      reverse its motion in the cylinder. Fluid under pressure applied to shaft
      45 flows through opening 47 and conduit 51 into cylinder 15 to force
      ball-piston 39 therefrom. As the ball-piston leaves the cylinder, the
      rotation of the assembly moves another ball-piston opening 47 past conduit
      51 and the fluid path from the interior of shaft 45 to the cylinder is
      closed. The momentum of the rotary motion carries the next adjacent
      ball-piston into another cylinder to the point of deepest penetration
      where opening 47 is aligned with conduit 51 of that cylinder to conduct
      the fluid into trhe cylinder to force the ball-piston therefrom.
      Additional momentum can be obtained from flywheels or other rotating
      masses. As the ball-piston enters a cylinder, a pressure forces build up
      since the cylinder is not aligned with opening 47 until the ball-piston
      reaches the point of deepest penetration. Therefore, as in the pump
      configuraton, pressure relief valves, such as illustrated in FIG. 4, are
      required.
PAR  Another application of the present invention is an electrical generator as
      illustrated in FIG. 5. Here, ball-pistons 39 are made of permanent magnets
      or electromagnets and ball-piston wheel 13 is turned by an external
      driving means such as motor 89 attached to hub 35 of ball-piston wheel 13
      by shaft 87. It should be noted that ball-piston wheel 13 could be free
      wheeling or free running and the motor drive attached to cylinder wheel 11
      to turn shaft 81 connected thereto. It should also be noted that the
      driving force for the assembly can be provided by pressurized fuel such as
      compressed air, steam, hydraulic fluid, or combustible fuel and the like
      to rotate the cylinder and ball-piston wheel assemblies. As ball-piston
      magnet 39 enters cylinder 15, the magnetic field therefrom induces a
      voltage in coils 19 and 21 as the lines of magnetic flux intercept the
      conductive turns of the coils. The multiplicity of conducting wires 75
      connected to the coils terminate in slip-rings 77 and 79 which have
      segments thereof associated with each wire coming from each coil.
      Therefore, as a ball-piston enters the cylinder and exits therefrom,
      electrodes 83 and 85 are appropriately connected to the coil at the point
      where the ball-piston induces a voltage therein. It should be clear that a
      multiplicity of electrodes may be utilized to connect the coils at various
      points of rotation to take advantage of the voltages induced by both the
      ball-piston magnet entering the cylinder and leaving the cylinder. It
      should be clear that other configurations and methods of electrical
      connection can be utilized to make contact with the coils such as cam
      operated microswitches and capacitive and inductive coupling and the like
      and the arrangement illustrated in FIG. 5 merely illustrates one of many
      methods and configuration which may be employed.
PAR  It is clear to one skilled in mechanical rotation and devices of a piston
      and cylinder nature, that not more than one ball can be engaged in a
      cylinder at one time and as one ball enters one cylinder, another ball
      which was previously engaged by another cylinder must leave that cylinder.
PAR  The reason for such a restriction is that if two balls are firmly engaged
      at the same time, the rotation of the wheels creates binding forces on the
      ball-pistons since the paths followed by the ball-pistons and the
      cylinders are not identical. However, to keep mechanical synchronism
      between the cylinder wheel and the ball-piston wheel, it is desirable that
      as one ball leaves a cylinder, another ball enters and therefore there is
      a short interval when both ball-pistons are engaged by the cylinders of
      the cylinder wheel. It is possible under these circumstances extreme wear
      can be encountered upon the ball-pistons or on the cylinder walls at the
      openings thereto. To overcome this difficulty, the spring loaded or biased
      ball-piston assembly of FIG. 6 is employed. Therefore, as forces are
      exerted upon the ball-piston 39, these forces are absorbed by spring 103
      as the shaft 97 slides downwardly through bushing 93. By utilizing this
      spring loaded mounting scheme for the ball-pistons, two balls may be
      engaged simultaneously for short intervals by the cylinders to maintain
      synchronization of the cylinder wheel and the ball-piston wheel in
      rotating engagement.
PAR  Although only one cylinder wheel and one ball-piston wheel have been
      illustrated in the figures, FIGS. 7a and 7b illustrate combinations of
      multiple cylinder wheels and multiple ball-piston wheels which may be
      utilized. In FIG. 7a three cylinder wheels are illustrated working and
      rotating with one ball-piston wheel while in FIG. 7b two ball-piston
      wheels are shown in rotary engagement with one cylinder wheel. It should
      be realized that other combinations of cylinder wheels and ball-piston
      wheels can be realized for both increasing the power and the smoothness of
      rotation. Separation ball-piston and cylinder wheel assemblies of the
      nature illustrated in FIGS. 7a and 7b may be coupled together in parallel
      operation connecting the ball-piston wheels on a common shaft thereby
      obtaining more power if the system is used as a motor or more pumping
      capacity if the system is used as a pump. Cylinder wheels can also be
      coupled together for the same purpose. The possibility of arrangement of
      this nature is limited by the imagination of the designer.
PAR  Another application of the embodiment illustrated in FIG. 3 is a hydraulic
      brake. When used as a pump, the viscous nature of the fluid along with the
      confined flow of the fluid through the various ports and conduits opposes
      the motion of each ball-piston within the cylinders. By attaching a valve
      to the shaft to control the flow of fluid, more or less pressure can be
      applied to the ball-piston to create a variable braking force which
      opposes the rotary motion of the assembly. By attaching apparatus which is
      to be slowed or stopped to the rotating assembly of the ball-piston and
      cylinder wheels, the apparatus can be controlled by the braking action
      produced by the hydraulic forces produced on the ball-pistons moving in
      the cylinders.
PAR  It now should be apparent that the present invention provides a mechanical
      rotary wheel arrangement which may be employed in conjunction with an
      electric motor, generator, and pump assembly for obtaining unique combined
      operations of electromagnetic rotating devices and cylinder piston devices
      in a combination providing new and useful results.
PAR  Although particular components, etc., have been discussed in connection
      with a specific embodiment of a rotating assembly constructed in
      accordance with the teachings of the present invention, others may be
      utilized. Furthermore, it will be understood that although an exemplary
      embodiment of the present invention has been disclosed and discussed,
      other applications and mechanical arrangements are possible and that the
      embodiments disclosed may be subjected to various changes, modifications,
      and substitutions without necessarily departing from the spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a ball and rotary assembly having a cylinder wheel and a ball-piston
      wheel in rotary engagement and wherein each ball-piston is connected to
      the end of a spoke extending radially from a central hub, the improvement
      comprising:
PA1  a plurality of ball-pistons, each being slidably attached to the end of a
      spoke;
PA1  stop means to prevent each ball-piston from slidably disengaging the spoke
      to which it is slidably attached; and
PA1  bias means to keep each ball-piston extended against said stop means and to
      absorb portions tending to move each ball radially toward the central hub.
NUM  2.
PAR  2. Apparatus comprising:
PA1  a cylinder wheel having a multiplicity of cylindrical cavities radially
      disposed around the circumference thereof and having a central opening
      therein to receive a shaft upon which said cylinder wheel rotates, said
      cylinder wheel having conduit means from each of said cylindrical cavities
      to the central opening for independently connecting each of said
      cylindrical cavities to said central opening;
PA1  a ball-piston wheel having a multiplicity of balls circularly disposed
      therearound, said ball-piston wheel being located in rotary engagement
      with said cylinder wheel, such that each ball of said ball-piston wheel
      sequentially engages and enters a cylindrical cavity of said cylinder
      wheel, each ball of said ball-piston wheel having a conduit passing
      therethrough and positioned therein so as not to connect the interior of
      the cavity with the exterior thereof as the ball penetrates into the
      cavity and to connect the interior of the cavity with the exterior thereof
      as the ball rotates and exits from the cavity; and
PA1  driving means coupled to the assembly of said cylinder wheel and said
      ball-piston wheel to turn the wheels in rotary engagement.
NUM  3.
PAR  3. The apparatus described in claim 2 wherein said balls of said
      ball-piston wheel are of magnetic material and said driving means
      comprises:
PA1  a multiplicity of coils having a plurality of electrically conducting
      turns, at least two of said coils being spaced apart and circularly
      disposed around one of each of said cylindrical cavities; and
PA1  means for sequentially connecting an electric circuit to each of said at
      least two of said coils disposed around each of said cylindrical cavities,
      said electric circuit being connected to a coil when a ball of said
      ball-piston wheel is adjacent said coil, such that when an electric
      current is directed through said electric circuit and said coil, a magnet
      field is generated which tends to force said ball toward the center of
      said coil thereby propelling said ball from coil to coil through the
      cylindrical cavity and driving said cylinder wheel and said ball-piston
      wheel in rotary motion.
NUM  4.
PAR  4. Apparatus comprising:
PA1  a cylinder wheel having a multiplicity of cylindrical cavities radially
      disposed around the circumference thereof;
PA1  a multiplicity of coils having a plurality of electrically conducting
      turns, at least two of said coils being spaced apart and circularly
      disposed around one of each of said cylindrical cavities;
PA1  a ball-piston wheel having a central hub with a plurality of identical
      spokes extending radially therefrom, each spoke having a central opening
      in the end thereof with spring bias means mounted in said opening, said
      ball-piston wheel having a multiplicity of balls of magnetic material,
      each ball having a shaft affixed thereto, said shaft being slidably
      engaged in a central opening of one of said plurality of identical spokes
      and against said spring bias means whereby when said ball-piston wheel is
      located in rotary engagement with said cylinder wheel, two of said
      plurality of balls simultaneously may engage cylindrical cavities of said
      cylinder wheel and the stresses therefrom are absorbed by the biased
      engagement of each ball with its respective spoke; and
PA1  means for sequentially connecting an electric circuit to each of said at
      least two of said coils disposed around each of said cylindrical cavities,
      said electric circuit being connected to a coil when a ball of said
      ball-piston wheel is adjacent said coil, such that when an electric
      current is directed through said electric circuit and said coil, a
      magnetic field is generated which tends to force said ball toward the
      center of said coil thereby propelling said ball from coil to coil through
      the cylindrical cavity and driving said cylinder wheel and said
      ball-piston wheel in rotary motion.
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ABST
PAL  A fuel injection pump for internal combustion engines includes a pump
      piston whose simultaneous reciprocation and rotation distributes
      pressurized fuel to the several injection nozzles of the engine. In order
      to shift the onset of fuel injection towards a later time during the
      delivery stroke of the piston, relief channels are disposed in the piston
      and in the surrounding cylindrical bushing. An annular slide, moving
      coaxially with respect to the piston, cooperates with the terminal
      apertures of one or more of these relief channels to relieve the fluid
      pressure in the working chamber of the pump, thereby interrupting fuel
      injection to the nozzles of the engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a fuel injection pump for internal combustion
      engines having a simultaneously reciprocating and rotatihg pump piston
      serving as a fuel distributor. The fuel quantity is delivered by the pump
      in dependence on engine rpm. For this purpose, the fuel delivery may be
      interrupted by opening a first relief channel, connected to the pump
      working chamber, by means of a fuel quantity regulating member. The pump
      also includes a second relief channel connected to the pump working
      chamber which is first opened by the pump piston and then closed again
      after a predetermined delivery stroke has been executed.
PAR  In a known fuel injection pump of this kind, the delivered fuel quantity is
      regulated by opening a first relief channel connected to the pump working
      chamber by means of a hydraulically driven reciprocating regulating member
      operating on the principle of a so-called "fluid stop." In order to
      achieve a load-dependent shift of the onset of injection to a later time
      when the load decreases, this system is provided with a second relief
      channel which is so controlled by cooperation of an annular groove on the
      pump piston and an annular groove on the regulating member that the second
      relief channel is first opened and then closed again by the annular groove
      on the pump piston; the opening occurring earlier when the "fluid stop" is
      rising corresponding to a decreasing injected fuel quantity or decreasing
      load. An injection pump of this type is very expensive and requires
      substantial changes in the body of the pump so as to realize the described
      regulation process.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is the primary object of the invention to provide a fuel
      injection pump which performs an increasing shift of the onset of fuel
      delivery towards a later time when the load decreases and which regulates
      the delivered fuel quantity by opening a relief channel by means of an
      annular slide which cooperates with the pump piston. The entire process is
      to be achieved with simple means and without making substantial changes in
      the basic construction of the pump.
PAR  This object is achieved, according to the invention by providing a pump
      piston which includes a first relief channel and the second part of a
      second relief channel. Both of the channels have an exit aperture leading
      to the pump suction chamber. The exit aperture of the first relief channel
      is opened or closed by an annular slide moving on the pump piston and
      serving as a fuel quantity regulating member. The opening occurs at a time
      which is later than the opening of the exit aperture of the second part of
      the second relief channel by the annular slide. The second part of the
      second relief channel within the piston also has a second exit aperture
      which communicates with a first part of the second relief channel leading
      to the pump working chamber when the pump piston is in its lowest positon.
      This communication is interrupted again after the pump piston has executed
      a predetermined part of its delivery stroke.
PAR  An advantageous embodiment of the invention further provides that the
      second exit aperture of the second part of the second relief channel
      terminates in an exterior annular groove on the pump piston and that the
      first part of the second relief channel is disposed within a cylindrical
      bushing which is inserted into the housing of the pump and in which the
      piston moves. Thus, in an advantageous manner, the shift of the onset of
      the fuel delivery towards a later time with decreasing load requires only
      small changes in the form of the cylindrical bushing and of the pump
      piston, the change in the piston being, in fact, to provide therein an
      additional bore with two connecting, transverse bores so as to serve as
      the second part of the second relief channel. These changes can be made
      simply and without substantially changing the basic construction of the
      pump.
PAR  Another very advantageous embodiment of the invention provides that the
      first part of the second relief channel consists, firstly, of an interior
      annular groove within a bushing inserted in the pump housing to serve as a
      cylinder for the pump piston; and, secondly, of a transverse bore
      branching off from the first relief channel and terminating in this
      interior annular groove. The transverse bore cannot be closed by the pump
      piston during its fuel delivery stroke any sooner than the time of closure
      of the second exit aperture of the second part of the second relief
      channel. In this embodiment, only a very small change of the cylindrical
      bushing is required so that the object of the invention is attained in a
      favorable manner.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing depicts two exemplary embodiments of the invention which will
      be described in detail below:
PAR  FIG. 1 is a partly sectional diagram of a first exemplary embodiment of the
      invention in which a first part of the second relief channel lies within a
      cylindrical bushing; and
PAR  FIG. 2 depicts a second exemplary embodiment of the invention in which a
      part of the first relief channel also serves as the second relief channel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The housing 1 of a fuel injection pump includes a cylindrical bushing 3
      with a bore 2 within which a pump piston 4 is arranged to simultaneously
      reciprocate and rotate under the influence of means (not shown) and
      against the force of a restoring spring (also not shown). A drive
      mechanism of this type is described, for example, in U.S. Pat. No.
      3,758,241. The working chamber 6 of this pump is supplied with fuel which
      is taken from a suction chamber 9 and flows through a bore 8 lying within
      the housing 1 and penetrating the cylindrical bushing 3. The fuel then
      flows along a longitudinal groove 7 disposed in the periphery of the pump
      piston. Fuel supply takes place during the suction stroke of the piston
      and/or at its bottom dead center position. A fuel pump 11 supplies fuel
      from a fuel tank 12 to the suction chamber 9. In a known manner, a
      pressure control valve 13 controls the pressure within the suction chamber
      9 in dependence on rpm so that, as the rpm increases, so does the fuel
      pressure in the suction chamber in a predetermined manner. A mechanism of
      this type is described, for example, in U.S. Pat. No. 3,638,631.
PAR  The pump piston 4 includes a generally longitudinally extending channel 15
      that communicates with an exit aperture 16 thereby permitting association
      of the working chamber 6 with the suction chamber 9 of the pump. The
      opening and closing of the exit aperture 16 is controlled by an annular
      slide 17 which cooperates with the pump piston. The part of the pump
      piston 4 that extends into the cylindrical bushing 3 also contains a
      transverse bore 18 which branches off from the longitudinal channel 15 and
      terminates in a longitudinal distribution groove 19 disposed in the outer
      surface of the pump piston.
PAR  During the delivery stroke of the pump piston 4, and after its rotation has
      obturated the bore 8, one of the pressure lines 20 is connected to the
      pump working chamber 6 via the longitudinal channel 15, the transverse
      bore 18 and the longitudinally extending distribution groove 19 connected
      therewith. Each of the pressure lines 20 leads to a check valve 21 and to
      an individual injection nozzle belonging to one of the cylinders of an
      internal combustion engine (not shown). The number of pressure lines 20 is
      the same as the number of cylinders in the engine. These lines are
      suitably distributed on the circumference of bore 2. During the delivery
      stroke of the pump piston 4, fuel is thus transported through the
      longitudinal channel 15 to the injection nozzles as long as the exit
      aperture 16 of the longitudinal channel 15 remains obturated due to the
      presence of the annular slide 17.
PAR  The annular slide is displaced on the pump piston by an rpm governor (not
      shown) in dependence on load and rpm. A mechanism of this type is
      described, for example, in U.S. Pat. No. 3,638,631. The governor acts via
      an intermediate lever 23 pivoting about an axis 26. Its head 24 is
      received in a recess 25 provided within the annular slide 17. A downward
      motion of the annular slide 17 due to pivoting of the intermediate lever
      has the effect that the exit aperture 16 of the longitudinal channel 15 is
      opened earlier during the delivery stroke of the pump piston 4. Thus, the
      pump working chamber 6 is pressure relieved and no more fuel is delivered
      into the pressure lines 20. Thus, the longitudinal channel 15 serves as a
      first relief channel for the pump working chamber. The farther the annular
      slide 17 is displaced downwardly, the smaller is the fuel quantity
      delivered to the internal combustion engine. When the annular slide 17 is
      in its uppermost position, the exit aperture 16 is no longer opened at all
      during the delivery stroke of the pump piston 4 so that the maximum fuel
      quantity deliverable by the pump piston 4 is actually injected. This
      position of the annular slide corresponds to the full-load position.
PAR  Further branchng off from the pump working chamber 6 is a second relief
      channel whose first part 28 lies within the cylindrical bushing 3 and
      which terminates in the bore 2 of cylinder 3 near its lower end. Also
      disposed within the pump piston 4 is a second part 29 of the second relief
      channel whose exit aperture 30 leads to the pump suction chamber 9 in the
      operational region of the annular slide 17. It also has a second exit
      aperture 31 which terminates in an annular groove 32 disposed on the
      periphery of the pump piston 4. The annular groove 32 cooperates with the
      terminus of the first part 28 of the second relief channel and
      communicates with it when the pump piston is in the dead center position
      shown in FIG. 1. The annular slide 17 always opens the exit aperture 30 of
      the second relief channel sooner than the exit aperture 16 of the first
      relief channel 15, as is clearly illustrated in the drawing.
PAR  The control process for the second relief channel is as follows:
PAR  If the rpm governor (not shown) has caused the annular slide 17 to be moved
      into a central position such as shown in FIG. 1, the communication of the
      first part 28 of the second relief channel with the annular groove 32 and,
      hence, also with the second part 29 of the second relief channel is
      interrupted after the pump has executed a delivery stroke of length a.
PAR  Now, after the pump piston has executed a delivery stroke of length b, the
      exit aperture 30 is opened by the annular slide 17. For a central position
      of the annular slide, such as is shown in the drawing, the length b is
      smaller than the length a, so that, during the delivery stroke, and at a
      time when the first relief channel 15 is still obturated by the annular
      slide 17, the working chamber 6 is briefly pressure-relieved via the first
      part 28 and the second part 29 of the second relief channel. As a
      consequence, no fuel is injected during this part of the stroke. The fuel
      quantity flowing out through the second relief channel is equal to the
      quantity which the pump piston 4 delivers during a stroke equal to the
      difference of the stroke length a minus the stroke length b. After the
      pump piston 3 has executed a stroke length c, the first relief channel 15
      is opened via the exit aperture 16 and hence the injection process is
      terminated. In all cases, the stroke length c is greater than the stroke
      length b after traversal of which the annular slide 17 opens the exit
      aperture 30 of the second part 29 of the second relief channel.
PAR  The farther the annular slide 17 is moved downwardly in the sense of
      reducing the injection fuel quantity, the shorter is the length of the
      stroke b, i.e., the sooner the aperture 30 of the second part 29 of the
      second relief channel 29 is opened and the greater is the fuel quantity
      which can flow off through the mutually communicating parts 28, 29 of the
      second relief channel. The main portion of the fuel injection process,
      which occurs after the piston has completed a stroke of length a and prior
      to opening the first relief channel, is thus shifted towards a later time
      for a decreasing load or for increasing rpm. However, when the annular
      slide 17 is displaced upwardly for the purpose of delivering a full-load
      fuel quantity, the stroke length b increases and becomes equal to or
      greater than the stroke length a, so that, even before the exit aperture
      30 of the second part 29 of the second relief channel is opened, the
      communication between the anular groove 32 and the first part 28 of the
      second relief channel has already been interrupted. In this case, no fuel
      can flow out through the second relief channel.
PAR  Once the pump has been assembled, the stroke length a is fixed but it can
      be varied during the assembly of the pump, for example, by inserting
      intermediate discs adjacent to the driven face of the pump piston 4, as
      well as adjacent to the face of the cylinder bushing 3 inserted in the
      housing 1, or between the two parts of a two-part housing.
PAR  The exemplary embodiment according to FIG. 2 is substantially identical to
      that of FIG. 1 and also functions in substantialy the same way. The only
      difference lies in the disposition of the second relief channel. In this
      case, the second part 29 of the second relief channel has the same initial
      extent but the second exit aperture 31 terminates in an interior annular
      groove 34 within the cylindrical bushing 3'. Furthermore, in the bottom
      position of the pump piston, as shown in FIG. 2, a transverse bore 35 in
      pump piston 4' branches off from the first relief channel 15 and
      terminates in the interior annular groove 34. Thus, in this embodiment,
      the first part of the second relief channel is formed by the annular
      groove 34, the transverse bore 35 and a portion of the first relief
      channel 15.
PAR  The control process for the second relief channel is the same as was
      described for the previous example. In the initial position of the pump
      piston 4', corresponding to its bottom dead center position, the exit
      aperture 30 of the second part 29 of the second relief channnel is closed
      by the annular slide 17 which may, for example, be in its central
      position. At the same time, the second exit aperture 31 communicates with
      the interior annular groove 34 which, in turn, communicates through the
      transverse bore 35 and through the first relief channel 15 with the pump
      working chamber 6. After the pump piston 4' executes a delivery stroke of
      length b, the exit aperture 30 of the second relief channel is opened by
      the annular slide 17, whereas, after a stroke length a, the communication
      between the second exit aperture 31 of part 29 of the second relief
      channel and the interior annular groove 34 is interrpted. During the
      stroke difference a - b, the fuel delivered by the pump piston 4 may flow
      out of the pump working chamber 6 through the first relief channel 15, the
      transverse bore 35, the interior annular groove 34 and the second part 29
      of the second relief channel.
PAR  Both of the described mechanisms achieve the object of shifting the onset
      of injection towards a later time for a decreasing load and only small
      changes are necessary to the basic construction of the injection pump to
      accomplish this objective. In particular, replacement of the cylindrical
      bushing 3 or 3' permits conventional operation of the injection pump. The
      same purpose may be achieved by exchanging pump pistons.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fuel injection pump associated with an internal combustion engine
      including a housing within which a suction chamber is defined, a
      cylindrical bushing mounted within said housing, a bore defined within
      said bushing, a pump piston mounted within the bore for axial and rotary
      motion therein, a pump work chamber defined by the housing, the bushing
      and the piston, outlet pressure lines connecting said chamber with
      associated injection nozzles, a first relief channel connected to the pump
      work chamber, a second relief channel connected to the pump work chamber,
      and an annular slide serving as a fuel quantity regulating member adapted
      for changing the fuel quantity delivered by the fuel injection pump as a
      function of engine rpm by opening the first relief channel so as to permit
      the first relief channel to connect the work chamber to the suction
      chamber the improvement wherein:
PA1  a. said second relief channel includes a first and second part;
PA1  b. said first part of said second relief channel leads to said work
      chamber;
PA1  c. said first relief channel and the second part of said second relief
      channel are formed within said pump piston;
PA1  d. said first relief channel and said second part of said second relief
      channel include apertures which open into said suction chamber, with the
      relative position of said aperture being such that said annular slide
      opens the aperture of said second part of said second relief channel
      before it opens the aperture of said first relief channel; and
PA1  e. said second part of said second relief channel includes a further
      aperture which communicates with the first part of said second relief
      channel when the pump piston is at its bottom dead center and which is
      displaced from said communiction when the pump piston has executed a
      predetermined part of its fuel delivery stroke.
NUM  2.
PAR  2. An improved fuel injection pump as defined in claim 1, wherein said pump
      piston is further provided with an annular groove communicating with said
      second part of said second relief channel, and wherein the first part of
      said second relief channel is formed within said cylindrical bushing.
NUM  3.
PAR  3. A fuel injection pump as defined in claim 2, wherein said relief
      channels and said annular groove are so disposed that the stroke executed
      by said pump piston after which the communication between said second part
      of said second relief channel with said first part of said second relief
      channel is interrupted is adjustable to be of different length from the
      stroke executed by said pump piston from its bottom dead center position
      up to the position where communication is established between said second
      part of said second relief channel and said suction chamber.
NUM  4.
PAR  4. An improved fuel injection pump as defined in claim 1, wherein said
      first part of said second relief channel comprises an annular groove
      formed in said cylindrical bushing and further comprises a transverse
      channel formed in said pump piston and communicating with said first
      relief channel therein, and wherein said annular groove and said
      transverse channel are so disposed that during the fuel delivery stroke of
      said pump piston the transverse channel is closed off not sooner than the
      closure of said further aperture of said second part of said second relief
      channel.
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ABST
PAL  A flexible tube pump comprises motor means having mounting elements on the
      casing thereof and a rotatable shaft. A rotor is carried by the shaft and
      impeller elements are distributed circumferentially on the rotor to orbit
      as the rotor rotates. A substantially U-shaped shield has leg means
      securable to the motor casing mounting elements and a semicircular bight
      portion cantilevered from the leg means substantially concentrically of
      the orbit of the impeller elements. A compressible tube is engagable
      between the shield and orbiting impeller elements. A housing may enclose
      the motor, rotor and shield, the motor being fixed to a cover on the
      housing and end portions of the tube extending out through a wall of the
      housing.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a flexible tube pump and more particularly
      relates to a flexible tube pump in which a compressible, fluid carrying
      tube is disposed between close spaced fixed and moving compressing
      elements for causing sequential movement of quantities of fluid along the
      tube.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention was developed in recognition of a long felt need for
      a peristaltic, or flexible tube, pump combining low cost with accurately
      metered fluid transfer even at relatively low flow rates and pressures.
PAR  Although the preferred embodiment disclosed in detail hereafter was
      developed in connection with apparatus for metering an antiprecipitate
      concentrate liquid to the water reservoir of a humidifier, to control
      accumulation of mineral deposits therein, the present invention is usable
      with, or adaptable to, other devices for other purposes, including, for
      example, metering of liquid biocides or bacteriacides to cooling towers,
      metering of liquid treatment products to swimming pool installations,
      metering of water or liquid plant food solutions to containerized plants,
      and so forth.
PAR  Although peristaltic type pumps have long been known, none, insofar as I am
      aware, provide the advantageous combination of features present in the
      present invention. Particularly, prior peristaltic pumps of which I am
      aware have been relatively high cost items and of relatively complex
      construction, often requiring relatively sophisticated manufacturing
      steps, including substantial machining. Prior peristaltic pumps frequently
      have been relatively imprecise as fluid metering devices, particularly
      with relatively small flow rates. Further, such prior pumps have
      frequently been relatively bulky and space consuming and ill adapted for
      use in available small spaces, for example, within the housing or cabinet
      of an existing device, such as a humidifier, and further have often been
      relatively inflexible as to mounting.
PAR  Accordingly, the objects of this invention include provision of:
PAR  1. A flexible tube pump of simplified construction having relatively few
      and simple parts, in which parts associated with the pump mechanism are
      produceable by molding of known plastic materials without machining, and
      which is readily manufacturable in high volume at low cost.
PAR  2. A pump, as aforesaid, capable of incorporating standard, widely
      available motive power sources.
PAR  3. A pump, as aforesaid, which is compact and usable in small spaces such
      as in equipment cabinets existing devices to which such pump is to supply
      fluid and which eliminates the need for separate and additional components
      to mount the motor and pumping mechanism.
PAR  4. A pump, as aforesaid, which is adaptable in installation and can be
      readily installed by persons without prior training and which makes use of
      adhesive bonding techniques in mounting.
PAR  5. A pump, as aforesaid, which is capable of precise metering at relatively
      small flow rates and pressures.
PAR  Other objects and purposes of this invention will be apparent to persons
      acquainted with apparatus of this general type upon reading the following
      specification and inspecting the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a pump embodying the invention and
      disclosing, in central section, a housing for containing such pump.
PAR  FIG. 2 is a partially broken, sectional view substantially taken on the
      line II--II of FIG. 1.
PAR  FIG. 3 is an enlarged, fragmentary sectional view substantially taken on
      the line III--III of FIG. 2.
PAR  FIG. 4 is an enlarged, fragmentary sectional view substantially taken on
      the line IV--IV of FIG. 1.
PAR  FIG. 5 is an enlarged fragment of the tube retainer portion of FIG. 2,
      showing the tube in central section.
PAR  FIG. 6 is an enlarged, fragmentary and partially broken sectional view
      taken on the line VI--VI of FIG. 2.
PAR  FIG. 7 is an enlarged, fragmentary sectional view substantially taken on
      the line VII--VII of FIG. 2.
PAR  Certain terminology will be used in the following description for
      convenience in reference only and will not be limiting. The words "up,"
      "down," "right" and "left" will designate directions in the drawings to
      which reference is made. The words "front" and "rear" will refer to the
      right and left sides of the apparatus as shown in FIG. 1. The words "in"
      and "out" will refer to directions toward and away from, respectively, the
      geometric center of the apparatus and designated parts thereof. Such
      terminology will include derivatives and words of similar import.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and purposes of the invention are met by providing a flexible
      tube pump comprises motor means having mounting elements on the casing
      thereof and a rotatable shaft. A rotor is carried by the shaft and
      impeller elements are distributed circumferentially on the rotor to orbit
      as the rotor rotates. A substantially U-shaped shield has leg means
      securable to the motor casing mounting elements and a semi-circular bight
      portion cantilevered from the leg means substantially concentrically of
      the orbit of the impeller elements. A compressible tube is engageable
      between the shield and orbiting impeller elements. A housing may enclose
      the motor, rotor and shield, the motor being fixed to a cover on the
      housing and end portions of the tube extending out through a wall of the
      housing.
PAC  DETAILED DESCRIPTION
PAR  The pump assembly 10 (FIGS. 1 and 2), embodying the invention, comprises a
      motor unit 11 and a pump unit 12. In the preferred embodiment shown, the
      motor unit comprises a conventional gear motor having a casing 14. The
      casing 14 includes a generally cylindrical motor casing portion 15, for
      enclosing conventional electric motor components, and a gear casing
      portion 16 which as shown in FIG. 1 extends upwardly beyond the portion
      15. The gear portion 16 encloses a conventional reduction gear train
      positively driven by the motor components in casing portion 15 and further
      supports by suitable bearings, one of which is indicated at 17 (FIG. 3), a
      drive shaft 18. The drive shaft 18 extends forwardly, or rightwardly, from
      the rightward face of the motor unit 11.
PAR  An insulated power cable 19 extends from the motor casing portion 15 and
      contains conductors, not shown, connectable to a suitable voltage supply
      S. The supply S may be of any conventional nature. For example, the supply
      S may be a switchable AC supply wherein the motor unit 11 may be a fixed
      rpm AC synchronous motor. Alternatively, the supply S may be a variable
      voltage DC supply wherein the motor unit 11 may be a variable speed DC
      motor. It is contemplated that other variations in motor type and supply
      type may be utilized.
PAR  In the preferred embodiment shown, the front wall 21 of the gear casing
      portion 16 is a substantially plate-like member having a pair of mounting
      elements, or ear-like projections, 23 (FIGS. 1 and 2) extending laterally
      outboard of the gear casing portion 16 and having holes 24 therethrough.
      Such ears 23 are normally utilized to mount the motor unit 11 in a
      position of use, but in the present invention provide a different
      function, as discussed below. The ears 23 are, in the embodiment shown,
      evenly spaced somewhat below the shaft 18.
PAR  Motor unit 11 may, for example, be the type PX 300 manufactured by Autotrol
      Corporation of Crystal Lake, Illinois.
PAR  The pump unit 12 comprises a generally disk like rotor 26 (FIGS. 2 and 3)
      including a disk 25 and an integral substantially cylindrical boss 27,
      integral with and extending forwardly from the disk 25. A central opening
      28 extends through the rotor 26 for snugly receiving the shaft 18 of the
      motor unit 11 therein. In the embodiment shown, the shaft 18 is provided
      with a flat 29 and the central opening 28 is of corresponding
      cross-section to establish a positive drive connection between the shaft
      and rotor. The flat 29 defines a step 30 on the shaft 18 which abuts the
      rear face of the rotor disk 25 to positively axially locate the rotor with
      respect to the shaft, and here in spaced relation from the casing portion
      16. The shaft 18 and rotor 26 are preferably snugly interfitted to prevent
      axial slippage therebetween. The forward end of the central opening 28, at
      the forward end of the boss 27, is radially enlarged at 31 to admit a
      suitable tool, should it be desired to remove the rotor 26 from the shaft
      18 without risk of damage to either.
PAR  The rotor 26 further includes a plurality, here three, of identical,
      forwardly extending and integral spindles 33. The spindles 33 are evenly
      circumferentially spaced on the forward face of the disk 25 and are
      radially spaced somewhat inboard of the periphery thereof. The spindles 33
      preferably are each cylindrical, except for an enlarged head 34 (FIG. 7)
      at the forward end thereof.
PAR  Impeller means here comprise substantially cylindrical, hollow rollers 36
      (FIG. 7). Each roller 36 includes a cylindrical central opening 37, here
      recessed at the ends thereof, as indicated at 38. The rollers
      substantially correspond in length to the spindles 33 and are of
      sufficiently resilient material as to permit each roller to be snap fitted
      over the head 34 of its corresponding spindle 33 to assume the assembled
      position shown in FIGS. 3 and 7, wherein each roller 36 rotatably bears on
      the central portion of the spindle 33 thereof in a radially snug but
      freely rotatable manner. Engagement between the head 34 and the adjacent
      recess 38 maintains the roller on the spindle in normal use and, with
      suitable end clearance, maintains the rear face of the roller 36 close
      adjacent the disk 25. The diameter of the rollers 36 is such as to enable
      same to slightly overhang the edge of the disk 25.
PAR  Due to the relatively light axial loading on the rollers 36 and due to the
      low friction qualities of the material utilized for the rollers 36 and
      disk 25, the rollers 36 have been found to rotate freely despite the
      absence of an intervening thrust bearing between same and the disk 25 and
      despite the relatively large area of potential rotational contact
      therebetween.
PAR  The pump unit 12 further includes a generally U-shaped shield 41 (FIGS. 2
      and 3), having a semicircular bight portion 42 which integrally joins a
      substantially parallel pair of end portions 43 and 44. The end portions 43
      and 44 each include an extension 46 of the bight portion 42 and a
      terminating portion defining a transversely extending boss 47 for mounting
      the shield on the motor unit 11 as hereinafter described.
PAR  The shield 41 includes a peripheral wall, or band 49, substantially of
      rectangular cross-section, which extends in a curved, semicircular manner
      through the bight portion 42 to the extensions 46 and thence to integral
      connection with the bosses 47. The shield 41 further includes a
      substantially planar, radially short flange 51, which extends radially
      inward from the forward edge of the peripheral wall 49.
PAR  The rotor 26, rollers 36, and shield 42 are preferably molded from suitable
      synthetic resin materials, such as nylon and/or delrin, and preferably
      require no machining. For example, a delrin shield and nylon rotor may be
      used with rollers of nylon or delrin, delrin-nylon interfaces providing
      low friction and long wear.
PAR  The bosses 47 are substantially cylindrical in shape, and in the preferred
      embodiment shown, extend rearwardly and outwardly from the peripheral wall
      49. Each boss 47 has a rear mounting end 52 (FIG. 1) adapted to seat on
      the forward face of a corresponding one of the motor unit ears 23. Each of
      the bosses 47 is provided with an axial opening 53 (FIG. 4) therethrough
      which is coaxially alignable with the hole 24 in the corresponding ear 23.
      Suitable fastening means, here screws 55, are insertable through the axial
      openings 53 and aligned ones of the mounting ear holes 24 and are provided
      with nuts 56 for fixedly securing the bosses 47 to the mounting ears 23 on
      the motor unit.
PAR  When so mounted, the bight portion 42 extends forwardly from the rotor disk
      25 and is spaced radially outboard therefrom by a clearance 57 (FIG. 3).
      Correspondingly, the flange 51 radially overlaps the orbit of the rollers
      36 (FIG. 2), being spaced forwardly therefrom by a clearance 58 (FIG. 3).
      Thus, when mounted as shown in the drawings, the bosses 47 position the
      remainder of the shield substantially in a cantilevered relation,
      forwardly of the forward wall 21 of the motor unit 11 and so that the
      peripheral wall 49 partially surrounds and is close spaced from the orbit
      of the rollers 36.
PAR  A flexible, elongate tube 60 extends along the interior face of the shield
      peripheral wall 49 and has ends 61 and 62 extending along and past the
      bosses 47. The end 61 is connectible to a source F of fluid to be pumped
      and the end 62 is connectible to a desired fluid consuming device
      generally indicated in U in FIG. 2. The tube 60 has a flexible wall and is
      compressible to close the central passage therethrough where, as at 63
      (FIGS. 2 and 4), the tube is contacted by and sandwiched between a roller
      36 and the shield peripheral wall 49. The fluid may be a gas or liquid.
PAR  In the preferred embodiment shown, a plate-like retainer element 64 (FIGS.
      1, 2 and 4) is fixed at the lower face 66 (FIG. 4) of the one of the
      bosses 47 past which the supply end 61 of the tube 60 extends from the
      source F. The rotor 26, as seen from the front, in FIG. 2, is here
      arranged for clockwise rotation as indicated by the arrow R. The orbiting
      rollers 36, due to their compressive contact with the tube 60, tend to
      pull such tube in a clockwise direction therewith. Thus, in operation, the
      tube tends to creep along the surface of the shield and away from the
      fluid source F. To counteract this, the tube inlet end 61 (FIG. 5) is led
      through an undersized hole 67 in the retainer element 64. The hole 67 is
      sized to allow the tube 60 to be inserted thereinto and forceably pulled
      axially therethrough, but to sufficient frictionally engage the outside of
      the tube 60 as to prevent unintended axial movement of the tube by the
      orbiting rollers 36. It is contemplated that the retainer element 64 may
      be secured to the adjacent boss 47 by a suitable adhesive, thus enabling
      by a 180.degree. rotation during assembly, use of the same retainer
      element 64 on either of the bosses, enabling a given shield to be arranged
      for either clockwise or counterclockwise rotation of the rotor.
      Alternatively, the retainer element 64 can be integral with the shield.
      Preferably, a perforate flange 64a at the forward end of the retainer
      element is securable by screw 55 to the forward face of the corresponding
      boss 47. Normally, the undersize nature of the hole 67 does not materially
      constrict passage 68 within the tube, the amount of constriction shown in
      FIG. 5 being somewhat exaggerated for clarity of illustration.
PAR  The shield preferably includes a laterally extending and plate-like bearing
      member 45 extending between and preferably integrally molded with opposed
      portions of the inwardly extending shield flange 51. Here, the upper edge
      of the bearing plate 45 is preferably being about level with the center of
      the motor shaft and includes a centered semi-circular notch 45A receiving
      the rotor boss 27 in rotative bearing relation. The plate-like bearing
      member 45 enables use of a motor unit 11 with relatively low capacity
      bearings, substantially prolonging the life thereof, by supporting the
      outboard end of the motor shaft and rotor boss assembly. In addition, the
      bearing plate 45 acts as a safety guard tending to prevent inadvertent
      insertion during operation of a person's fingers into the bight between
      the rollers and shield sidewall, while yet leaving open the bight 42 of
      the shield 41 for observation and to facilitate initial installation of
      tube 60.
PAR  It is contemplated, as shown in FIG. 7, that more than one tube can be
      utilized. In FIG. 7, for example, three such tubes 60A, 60B and 60C are
      provided in side-by-side relation between roller 36 and peripheral wall
      49. In such instance, the retainer element 64 would be suitable provided
      with a corresponding number of undersize holes 67, one for each such tube.
      The arrangement of FIG. 7 may be particularly advantageous where it is
      desired to increase flow capacity without altering the components of the
      pump assembly 10, or for enabling one pump assembly to provide different
      flow levels at different times without altering tubing size or rotor
      speed. Further, the multitube arrangement of FIG. 7 advantageously allows
      the same pump to meter, simultaneously, several different fluids without
      intermixing same and/or to provide fluids from one or several sources to
      one or more points of use.
PAR  In the particular embodiment shown, a substantially rectangular housing 71
      (FIGS. 1 and 2), here of sheet metal, such as sheet aluminum, is provided.
      The housing includes a front wall 72 and plural side walls 73. The side
      walls preferably have flanges 74 defining a rear opening 75. A cover 76 is
      releasably secured to the flanges 74, here by screws 77, to close the rear
      opening 75.
PAR  In the preferred embodiment of the invention shown, the motor casing
      portion 15 is provided with a relatively flat rear wall 79. The rear wall
      79 is secured to the inside face of the cover 76 by adhesive bonding, for
      example by an epoxy resin bond, indicated at 81. Thus, the entirety of the
      motor unit 11 and pump unit 12 is conveniently supported upon the cover 76
      by the adhesive bond 81.
PAR  In the embodiment shown, the end portions of the tube 60 and the end
      portion of the electrical cable 19 are led through openings in the lower
      side wall 73 of housing 71 through suitable openings which, if desired,
      may be provided with grommets or the like, not shown. While it is
      contemplated that tube creep can also be prevented by passing the tube out
      through an undersized hole in the housing wall, the retainer 64 is
      preferred.
PAR  It is contemplated that, in some uses, the housing 71 may be eliminated and
      the cover 76 or a similar member, may be used for mounting of the pump
      assembly 10. It is further contemplated that in still other uses it may be
      desired to mount the motor unit 15 directly on an existing wall surface,
      for example an interior wall of a humidifier housing or the like
      constituting the utilization device U. In either instance, adhesive
      bonding of the relatively flat back wall 79 of the motor unit 15 to a
      mounting surface provides a quick and convenient way to carry out mounting
      of the combined motor unit and pump unit.
PAR  The motor-pump assembly 11, 12 can be mounted in a variety of ways, in
      addition to that disclosed. For example, it is contemplated that the motor
      unit 11 can be mounted inside the housing 71 by suitable means such as
      screws (either the existing screws 55 securing the U-shaped shield 41 to
      the motor or additional screws as desired) and with the motor shaft 18
      extending outwardly through a wall of the housing for exterior support of
      the rotor 26, the U-shaped shield 41 being secured to the outer face of
      the housing by the screws 55. Alternatively, it is contemplated that
      suitable bracketing can be employed to secure the motor 11 to the housing
      71, and therewith the pump assembly 12 locating both within the housing
      71.
PAC  OPERATION
PAR  Although the operation of the apparatus described above will be understood
      from the foregoing description by skilled persons, a summary is given
      below for convenience.
PAR  The apparatus 10 is preferably assembled by snapping the rollers 36 onto
      the spindles 33, whereafter the completed rotor 26 is pressed onto the
      motor unit shaft 18, until it contacts the step 30, thus positively
      axially locating same with respect to the shaft. The flat 29 on the shaft,
      cooperating with the corresponding flat in the central opening 28 of the
      rotor, prevents relative rotation between the rotor and shaft. The rotor
      is held on the shaft 18 by the friction of its press fit thereon.
PAR  The shield 41 is positioned on the gear casing portion of the motor unit as
      shown in FIGS. 1 and 2, with the rear ends of the bosses 47 on the ears
      23. The bosses 47 are secured on the ears 23 by insertion of the screws 55
      through the holes 53 and 24 and installation of the nuts 56. Such fixedly
      secures the shield to the motor unit 11.
PAR  The tube 60 may then be led into its operative position shown between the
      orbit of the rollers 36 and the peripheral wall 49. Such may be assisted
      by rotation of the rotor, the leading end of the tube closely following
      one of the rollers through its orbit and being sequentially engaged by the
      others of said rollers until the leading end 62 emerges from the
      downstream side of the shield. Thereafter, the remaining end 61 of the
      tube may be inserted through the inner end of the hole 67 in the retainer
      64 and forceably pulled downwardly therethrough. With the above assembly
      completed, the apparatus is ready for installation. Installation is
      preferably accomplished by securing the rearward face 79 of the motor unit
      to a suitable supporting surface, for example the plate-like cover 76 of
      FIG. 1, by the adhesive bond 81.
PAR  Where the motor unit 11 and pump unit 12 are to be enclosed in the housing
      73, the ends 61 and 62 of the tube 60 are led through suitable openings
      provided in a wall of the housing 73 and the electric power cable 19 is
      similarly led through a suitable opening in the housing wall. Thereafter,
      the pump unit and motor unit are inserted into the housing 73 through the
      opening 75 and the cover 76 is secured to the housing flanges 74 by the
      screws 77. Installation is completed by connection of the power cable 19
      to the power source S in any convenient and conventional way and by
      connection of the tube ends 61 and 62 to the source F, of liquid for
      example, and to the device U to be supplied.
PAR  When liquid from the source F is to be pumped, the motor unit 11 is
      energized through the power cable 19, rotating the shaft 18, and therewith
      the rotor 26. The rollers orbit with the rotating rotor 26, for example in
      the clockwise direction shown by the arrow R, so that the rollers 36
      sequentially contact the intermediate portion of the tube 60 backed by the
      peripheral wall 49 in the bight portion 42. The spacing between the
      opposed shield peripheral wall and rollers pinch closed the tube portion
      therebetween, as indicated for example in FIG. 7. This pinched or
      flattened part of the tube travels longitudinally of the tube as the
      corresponding roller orbits along the curved bight portion peripheral wall
      49, driving a slug of liquid in the tube ahead thereof and drawing liquid
      into the portion of the tube therebehind. Where, as in the embodiment
      shown, three rollers are provided on the rotor 26, at least one of these
      rollers, and much of the time two thereof, will contact the tube at any
      given time. Thus continuous sequence of liquid slugs will be positively
      displaced along the tube from source F to device U as rotor rotation
      continues. Gripping of the supply end 61 of the tube by the retainer 64
      prevents the tube from creeping along the peripheral wall 49 of the shield
      due to such rotation of the rotor 26.
PAR  The amount of liquid pumped per unit time will depend on several factors.
      These include the internal diameter of the tube 60 and the average speed
      of rotation of the rotor 26. The rotor 26 may be either continuously or
      periodically rotated. Further, operation of the rotor, and more
      particularly energization of the motor unit 15, may be accomplished
      manually as by suitable manual electrical switching, not shown, at the
      power source S. Alternatively, the motor unit 15 may be automatically
      operated by suitable automatic switching, not shown, responsive for
      example to flow of another liquid, to be treated with the liquid supplied
      by the assembly 10, through the utilization device U. In either mode, the
      assembly 10 is capable of metering precise amounts of liquid from the
      source F to the utilization device U, even when the average flow rate
      through the assembly 10 is relatively small.
PAR  In the particular embodiment shown, shaft 18 rotational speeds in the range
      of one revolution per day to 30 rpm are contemplated.
PAR  Further, tubing sizes in the range 0.005 inch I.D. to 0.25 inch O.D. are
      contemplated. As stated, the tube 60 is of relatively flexible material,
      preferably of viton. However, alternative materials such as polyvinyl
      chloride, urethane, silicone and rubber are contemplated. With larger
      diameter tubes, a relatively thinner tube wall section and/or a more
      flexible tubing material is desirable to reduce motor power requirements.
PAR  Considering typical rotation speed and tubing size values, a tube 60 with a
      0.137 inch O.D. and 0.105 inch I.D. (a 0.016 inch wall thickness), a shaft
      18 rotation rate of one rpm and a peripheral wall 49 internal radius of
      0.832 inch provides a flow rate through the tube 60 of about 45 m.l./hour.
      Flow rates up to about 4000 m.l./hour are contemplated, being obtainable
      within the above tubing size and rpm ranges.
PAR  While of simplified one piece construction and while supported on the motor
      unit at only two points, it has been found that the shield 42 is, when
      installed on the motor unit as shown, very stable and rigid, providing an
      unmoving backing for the tube 60 when the latter is engaged and compressed
      by an orbiting roller 36. Although the flange 51 positively prevents
      displacement of the tube forwardly out of the shield area, it is believed
      that such flange also promotes rigidity of the shield.
PAR  Although the close spacing of the shield peripheral wall 49 from the rotor
      disk 25 and of the flange 51 from the orbit of the rollers 36 positively
      prevents the tube 60 from displacing forwardly or rearwardly out of its
      location within the confines of the shield, it has been found that the
      tube 60 tends to remain in a substantially fixed forward, rearward
      location on the peripheral wall 49 during operation and that this location
      is substantially in alignment with the opening 67 in the retainer 64,
      which is located relatively close to the point of initial engagement of
      the two by the orbiting rollers 36.
PAR  In testing of the apparatus disclosed herein, liquid output pressures in
      the range of about 10 p.s.i. have been obtained.
PAR  Should it be desired to vary the flow rate through the pump assembly, such
      may readily be accomplished by increasing or decreasing the number of
      tubes utilized as aforementioned. Alternatively, the rotation rate of the
      motor unit can be increased or decreased by control of the power input
      thereto from source S or by selection of a different motor-gear train
      combination. As a further alternative, a tube 60 of larger or smaller size
      can be substituted. Should the newly substituted tube differ materially in
      wall thickness from the previously used tube, this difference in wall
      thickness may be compensated by snapping off the existing rollers 36 from
      the spindles 33 and substituting rollers of smaller or larger outside
      diameter so as to maintain a roller to shield the peripheral wall
      dimension, taken for example with a given roller opposite the top of the
      shield in FIG. 2, of about twice the tubing wall thickness.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A flexible tube pump, comprising in combination:
PA1  motor means having mounting means and a rotatable shaft;
PA1  a rotor carried by said shaft for rotation therewith and located adjacent
      said motor means;
PA1  impeller means distributed circumferentially on said rotor and responsive
      to rotation of said rotor for orbiting therewith;
PA1  a substantially U-shaped shield having leg means securable on said motor
      means through said mounting means and a semi-circular bight portion
      cantilevered from said leg means in substantially concentric relation with
      the orbit of said impeller means;
PA1  a compressible tube for carrying a fluid, said tube being engageable
      between said shield and said impeller means and having end portions
      extending along said leg means, said shield having a U-shaped peripheral
      wall substantially parallel to said shaft and opposed to said impeller
      means, the edge of said peripheral wall remote from said motor means being
      flanged inwardly to overlie said tube, and including a plate-like bearing
      member extending between said leg means substantially as a continuation of
      said flange and having a bearing surface engageable with a central portion
      of said rotor and backing same against the restoring force of the
      compressed tube;
PA1  whereby rotation of said rotor by said shaft causes said impeller means to
      move said fluid through said tube.
NUM  2.
PAR  2. The apparatus of claim 1 in which said motor means includes a casing
      having a front face spaced rearwardly from said shield and mounting ears
      at opposite sides of the casing front face and laterally offset from said
      shaft, said leg means of said shield comprising a pair of laterally
      opposed legs extending from opposite ends of said semicircular bight
      portion, said shield including a pair of parallel columnar bosses
      extending rearwardly from free ends of the corresponding pair of legs
      toward respective ones of said pair of motor casing ears, means fixing the
      rear end of said columnar bosses with respect to said ears, said shield
      being solely supported by said pair of columnar bosses and being
      cantilevered laterally therefrom toward and beyond said motor shaft.
NUM  3.
PAR  3. The apparatus of claim 1 in which the U-shaped shield is entirely open
      to the rear laterally of said peripheral wall, unintended egress of the
      tube from the semicircular bight portion of the shield being blocked by
      spacing of the rotor peripheral portion and shield rear peripheral wall
      edge at less than the tube diameter.
NUM  4.
PAR  4. A flexible tube pump, comprising in combination:
PA1  an electric motor unit including an elongate casing housing an electric
      motor at one end, a laterally offset drive shaft and bearings therefor at
      the other casing end and an intervening reduction drive train for
      rotatably driving said shaft from said motor, said shaft extending
      forwardly through a front wall of the casing, the casing further having a
      pair of laterally opposed mounting portions laterally spaced across an
      intermediate portion of said casing front wall, said mounting portions and
      shaft being located at the apices of a triangular zone of said front wall;
PA1  a rotor on said shaft;
PA1  impeller means distributed circumferentially on the front of said rotor and
      responsive to rotation of the rotor for orbiting therewith;
PA1  a shield having a two-point support formed by a pair of column-like bosses
      releasably fixed to said casing mounting portions and extending forwardly
      therefrom, said shield further having a U-shaped band solely supported by
      lateral cantilevering from said pair of bosses in forwardly spaced
      relation to said casing front wall, said U-shaped band having a
      semicircular bight portion and a pair of side-by-side leg portions each of
      said leg portions having a first end and a second end, said first ends of
      said leg portions being joined to each other by said bight portion,
      forward ends of said column-like bosses being connected to said second
      ends of said leg portions, said impeller means facing the inner surface of
      said band, said semicircular band portion being concentric with said shaft
      and the orbit of said impeller means;
PA1  a compressible tube for carrying a fluid and laterally squeezable between
      said shield band and said impeller means and having end portions extending
      along said leg portions;
PA1  whereby rotation of said rotor by said shaft causes said impeller means to
      move said fluid through said tube.
NUM  5.
PAR  5. The apparatus of claim 4 in which said casing mounting portions are ears
      extending laterally from the casing and the pair of mounting bosses each
      have an axial passage therethrough and including a screw extending through
      each said passage and the corresponding ear and securing the rear end of
      each boss directly to its corresponding casing ear, the U-shaped band
      opening laterally away from said impeller means between the forward ends
      of said bosses.
NUM  6.
PAR  6. The apparatus of claim 4 including a laterally extending support surface
      spaced rearwardly from the shield by the motor casing and to which the
      rear face of the motor casing is directly secured, the motor casing
      extending forward from said support surface and the U-shaped shield being
      laterally offset from said secured rear face of the motor casing.
NUM  7.
PAR  7. The apparatus of claim 4 including a box-like housing commonly enclosing
      therein the motor, rotor and shield, the box-like housing having an open
      rear face closed by a removable cover plate, the rear face of the motor
      casing being secured to the front face of said cover by an intervening
      adhesive bond, whereby removal of said cover from said box-like housing
      also removes and exposes said motor, rotor and shield..
NUM  8.
PAR  8. The apparatus of claim 7 in which said box-like housing includes a wall
      toward which said U-shaped shield opens, said last mentioned wall having
      openings through which said end portions of said tube extend out of the
      box-like housing.
NUM  9.
PAR  9. The apparatus of claim 4 in which the rear face of said shield is free
      of radially inwardly extending flanges, the rear edge of said band being
      radially adjacent the front edge of said rotor at a distance less than the
      outside diameter of said tube, the shield including a flange extending
      radially inwardly from the front edge of said band in close overlying
      relation with the orbit of said impeller means, whereby both rearward and
      forward shifting of the tube out of sandwiched relation between the
      impeller means and band is prevented, the width of the band between its
      rear edge and said flange being substantially the axial dimension of said
      impeller means.
NUM  10.
PAR  10. A flexible tube pump, comprising in combination:
PA1  a motor unit having a casing and a rotatable shaft extending forwardly
      therefrom;
PA1  a unitary molded plastic rotor comprising a disk fixed on and rotatably
      carried by said shaft forward of said casing, and a plurality of integral
      circumferentially distributed spindles extending forward from said disk
      and terminating in radially enlarged integral heads;
PA1  a molded plastic roller rotatably carried by each spindle and snap fitted
      over the head thereof, said rollers extending radially beyond said disk
      and orbiting therewith;
PA1  a unitary molded plastic shield substantially of horseshoe shape comprising
      a U-shaped semicircular band with laterally spaced ends and integral
      column-like mounting members extending rearwardly from the band ends
      toward and releasably securable at spaced points of the motor casing, the
      shield having an open back for receiving said rollers forwardly thereinto
      in centered, axially coextensive relation with a semicircular intermediate
      portion of said U-shaped band, the front face of said rotor disk
      substantially closing said open back of said shield, the front of said
      shield being open except for a substantially D-shaped flanged structure
      integral with the front edge of said band and including a radially
      inwardly extending flange partially overlapping the rollers and a cross
      member connecting end portions of the U-shaped band adjacent the shaft and
      mounting members;
PA1  a compressible tube for carrying a fluid and engageable between the shield
      band and rollers and having ends extending laterally beyond said
      column-like mounting members;
PA1  means fixed on and extending laterally inboard from the upstream one of
      said column-like mounting members for releasably fixing said tube thereto.
NUM  11.
PAR  11. The apparatus of claim 10 in which the rotor is of radius less than and
      closely approaching the interior radius of the semicircular band portion
      and the rotor front face is substantially coplanar with the rear edge of
      said shield band, the radial rotor-to-band spacing being less than the
      tube diameter thereby blocking unintended displacement of the tube
      rearwardly out of said shield.
NUM  12.
PAR  12. The apparatus of claim 10 in which the rotor includes a central boss
      extending forwardly from the front face of the rotor disk at least to the
      front of said shield, said shield cross member having a notch opening
      toward the semicircular portion of said band and rotatably engaged by said
      rotor central boss to resist bending of said motor shaft laterally toward
      the open end of said U-shaped shield during pumping operation.
NUM  13.
PAR  13. The apparatus of claim 10 in which said means releasably fixing the
      tube to the upstream mounting member is a plate fixed at the upstream face
      of said one column-like mounting member and extended laterally toward the
      other column-like mounting member, said plate having an opening
      therethrough in alignment with said tube and of diameter less than the
      outside diameter of the tube for receiving said tube axially therethrough
      during assembly and snugly frictionally holding said tube therein against
      axial tube displacement during pumping operation.
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ABST
PAL  A dosing device for dispensing very small quantities of liquid includes a
      variable displacement piston for varying the pressure within a chamber and
      valves located in inlet and outlet ducts communicating with the chamber.
      The valves preferably comprise a disc having a circular periphery and
      including passages therein which are radially spaced from the central
      portion of the disc. This central portion engages a valve seat to close
      off the corresponding duct and is preferably rigid to prevent permanent
      deformation of the disc. The peripheral edges of the disc are received in
      an annular groove and are free to move radially therein.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a dosing or dispensing device particularly
      adapted to dispense small quantities of liquid.
PAC  BACKGROUND OF THE INVENTION
PAR  Recent developments in the analysis of liquids emphasize automation and the
      use of so-called "micro-methods". However, the automation of liquid
      analysis techniques using very small quantities of liquid, i.e.,
      quantities of the order magnitude of a few microliters, has been limited
      because of difficulities in measuring out these small quantities with high
      reproducibility.
PAR  The limitations on these dosing techniques can be traced largely to the
      valves used in the dosing devices. Most of the valves in dosing devices of
      this type utilize a valve body in the form of a cone or ball which seals
      against a corresponding valve seat under forces generated by gravity,
      hydraulic pressure or mechanical biassing devices such as springs. The
      reproducibility afforded by the devices is poor for small quantities of
      liquid because of factors such as friction, leakage, wear and the strong
      resistance to opening provided by some of the valves of this type.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a dosing device is provided which
      overcomes the disadvantages of the prior art dosing devices discussed
      above.
PAR  In accordance with a preferred embodiment thereof, the dosing device of the
      invention comprises a housing including a variable displacement device
      such as a piston-type displacement pump for varying the pressure within a
      chamber which communicates with inlet and outlet ports through valved
      ducts, at least one of the valves comprising a disc having a circular
      outer periphery, intermediate passages therethrough and a central portion
      which rests against a corresponding valve seat in the closed position of
      the valve. The perpherical edges of the disc are received in an outer
      annular groove and are of thickness which is less then the axal width of
      the groove so that the disc can move radially. The central portion of the
      disc is preferably rigid so as to prevent deformation of the disc while
      the outer edges are flexible.
PAR  Other features and advantages of the invention will be set forth in, or
      apparent from, the detailed description of preferred embodiment found
      therein below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The single FIGURE shown in the drawings is a transverse sectional view of a
      dosing device in accordance with a preferred embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the single FIGURE in the drawings, a dosing device is shown
      which includes a variable displacement pump, shown schematically at 10,
      which drives a displacement piston 12 within a pump chamber 14. The pump
      chamber 14 is formed within a valve housing 16 which includes an inlet
      port 18 and an outlet port 20. Valve housing 16 includes first and second
      annular members or rings 22 and 24 on the inlet side thereof and third and
      fourth rings 26 and 28 on the outlet side thereof. Central apertures of
      passageways in rings 22 and 24 form portions of an inlet duct to chamber
      14 while corresponding apertures in rings 26 and 28 form portions of an
      outlet duct. Rings 22 and 24 are shaped so as to form a space or cavity 30
      therebetween, ring 24 forming a similarly shaped cavity 32 with a
      corresponding portion of the remainder of the valve housing 16, as
      illustrated. Rings 26 and 28 serve in forming similar cavities 34 and 36
      at the outlet side.
PAR  A series of four discs 38, 40, 42 and 44 are respectively located in
      corresponding cavities 30, 32, 34 and 36. Considering disc 38 as
      exemplary, disc 38 acts as a valve body within cavity 30 in cooperation
      with a seat 22a formed on ring 22. Disc 38 includes throughholes or
      apertures 38a which permit the passage of liquid through a portion thereof
      which is radially spaced from the valve seat 22a. Rings 22 and 24 are
      shaped so that cavity 30 includes an outer annular groove 30a in which the
      peripheral edge of the disc 38 is received. The width of groove 30a in a
      direction parallel to the longitudinal axis of the housing 16 is greater
      than the width of the peripheral edge of the disc 38 received therein.
      Hence, disc 38 is positioned loosely within cavity 30 and can move
      radially. However, disc 38 is dished or flexed in the rest or closed
      portion thereof, as illustrated, the valve seat 22a extending inwardly
      further than the portion of the groove 30a against which the peripheral
      edge of the disc 38 bears to provide flexing of disc 38 in this position.
      The outer portions of the discs 38, 40, 42 and 44 are flexible and to
      provide rigidity in the central portions of the discs, a non-flexible
      insert or reinforcement member 46 is included in each of the discs 38, 40,
      42 and 44. Again, referring to disc 38 as exemplary, insert 46 is retained
      by a spherically shaped portion 38b which provides a bulge or area of
      increased thickness in the central region of the disc 38. Inserts 46 serve
      to prevent warping or deformation of the discs when the discs are forced
      against their respective valve seats.
PAR  Considering the operation of the dosing device described above, the drawing
      illustrates the conditions which prevail when displacement piston 12 moves
      in to chamber 14, i.e., during the exhaust cycle. Under these
      circumstances, discs 38 and 40 are forced against their respective valves
      seats and hence inlet port 18 is closed off. At the same time discs 42 and
      44 are lifted from their respective valve seats so that liquid can flow
      past the valve seats, through the apertures in disc 42 and 44, and out of
      exit port 20. During the intake portion of the cycle, discs 38 and 40 are
      lifted from their respective seats and discs 42 and 44 are forced against
      their respective seats to provide filling of the chamber 14. It is noted
      that because of the flow resistance provided by the throughholes or
      apertures in the discs, a servo or feedback effect is provided in the
      opening action of the valves formed by the discs. When the valves are
      opened in this manner, there are no radial tensile stresses on the discs
      38, 40, 42 and 44 since these discs are not clamped at the peripheries
      thereof but rather can move freely in the radial direction. As a result
      the resistance to opening is a minimum.
PAR  In order to prevent the discs from forming a seat against the periphery of
      the corresponding inlet or outlet duct, the bulging or thickened portions,
      corresponding to portion 38b of disc 38, are provided with radial grooves
      (not shown) which allow the passage of liquid. This same result can be
      obtained by providing suitable projections in the area of portion 38a of
      disc 38 or by providing similar projections in the area surrounding the
      outlet ducts against which this portion of the disc moves.
PAR  Although the invention has been described relative to an exemplary
      embodiment thereof, it will be understood that other variations and
      modifications can be effected in the embodiment described without
      departing from the scope and spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dosing device particularly adapted for dispensing small quantities of
      liquid, said device comprising a housing including a chamber, a variable
      displacement device for varying the pressure within said chamber, an inlet
      duct communicating with said chamber and an outlet duct communicating with
      said chamber, an inlet valve located within said inlet duct for
      controlling opening and closing of said inlet duct and an outlet valve
      located within said outlet duct for controlling opening and closing of
      said outlet duct, at least one of said valves comprising a disc having a
      generally circular outer periphery, and a central portion which cooperates
      with a corresponding valve seat formed in said housing to close off the
      duct associated therewith, said disc being radially moveable in an annular
      groove formed in said housing and in which the peripheral portion of the
      disc is received, said disc including at least passage therethrough spaced
      radially outwardly from said central portion and the thickness of the
      peripheral portion of said disc being less than the width of said annular
      groove in a direction transverse in the plane of the disc, said central
      portion of said disc being substantially rigid and the portion of said
      disc located outside of said central portion being flexible, said housing
      defining a cavity in which said at least one disc is located, said annular
      groove lying at the outer periphery of the cavity, and said valve seat
      extending into said cavity by an amount relative to the position of said
      groove to provide flexing of said disc when said disc is in the closed
      position thereof.
NUM  2.
PAR  2. A dosing device as claimed in claim 1 wherein said central portion
      includes a rigid insert.
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ABST
PAL  A housing for circular piston combustion engines of trochoid type is
      produced with at least one annular shell having an inner peripheral wall
      in the shape of a multi-arcuate trochoid, an outer peripheral wall, and
      end walls parallel to each other and adjoined to the ends of the shell,
      end pieces parallel to each other having end walls parallel to each other
      and an inner and an outer peripheral wall. In the case of a multiple
      engine at least one end piece constitutes a middle piece between
      neighboring shells.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The shells and the end and/or middle pieces of such circular piston
      combustion engines have heretofore been fabricated as castings. The shell
      has consisted of a light metal casting, because its fabrication in cast
      iron, owing to comparatively low heat conductivity, resulted in excessive
      wall temperatures. An aluminum casting, however, is comparatively
      expensive, even if it can be produced by pressure casting. Furthermore,
      this comparatively soft material requires coating of the bearing surface
      with a hard material, the application and subsequent finishing of which is
      costly and time consuming.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to lower the cost of building a housing for
      circular piston combustion engines.
PAR  For this purpose, it is proposed, according to the invention, that at least
      the shell walls consist of sheet steel parts, formed without machining,
      provided with apertures for through bolts and coolant passages where
      required. The parts are soldered or welded together at their points of
      contact. Interposed between the inner and outer peripheral walls, there
      are arranged stamped sheet spacer parts, nipples serving as inlet and/or
      outlet passages, and at least one insert to accommodate the sparkplug
      socket. Lengths of pipe between the end walls accommodate the through
      bolts, which parts are likewise soldered or welded to the respective
      walls.
PAR  All parts of the shell according to the invention, being sheet steel may be
      produced by simple pressing and stamping means. The remaining parts may be
      cut from pipe of appropriate sizes. The interior surface of the fabricated
      sheet steel inner peripheral walls serves as a bearing surface for the
      sealing elements of the piston part, the wall thickness may be
      considerably less than as a casting. In this connection there is no
      difficulty in achieving adequate stability of shape by appropriate
      arrangement of the spacers. This small and above all everywhere uniform
      wall thickness makes it possible to adequately carry off the heat evolved
      during the process of combustion.
PAR  Preferably, the inner peripheral wall surrounds the end walls, so that the
      faces of the peripheral wall are flush with the outer faces of the end
      walls. This avoids exposing the soldered or welded seams between these
      parts to the combustion gases and to shearing stresses due to the
      combustion pressures.
PAR  The inner peripheral wall may be made of a strip of steel suitably bent and
      welded together at the ends, or of two strip steel half-shells welded
      together at the ends. This strip may consist of hardenable steel, in which
      case the properly shaped and butt-welded inner peripheral wall will be
      carbonized in a hardening furnace before assembly of the shell and
      induction-hardened in the finished part. If required, a wear-resistant
      cladding or spraying with hard alloys may be provided. Alternatively
      again, the inner peripheral wall may consist of directly hardenable steel.
PAR  On the interior surface of the outer peripheral wall, between neighboring
      spacers, sheet coolant baffles may be soldered or welded in place oblique
      to the inner peripheral wall, to ensure supply of coolant to the inner
      peripheral wall.
PAR  As a further refinement of the invention, an embodiment is proposed in
      which, midway between the interior surfaces of the outer and inner
      peripheral walls and the neighboring spacers, a multi-part reinforcing
      plate is supported parallel to the end walls and soldered or welded to the
      adjoining parts. A baffle is arranged between the inner and outer
      peripheral walls and soldered or welded thereto. By this arrangement,
      especially in the "hot" region of the shell, greater stability of shape
      and additional conduction of heat from the inner peripheral wall to the
      coolant can be achieved. Hence it is expedient for the baffles to be
      arranged in the hot region and the reinforcing plate in the remaining
      region, to ensure supply of coolant to the inner peripheral wall
      proportionate to the temperatures acting on the inner peripheral wall.
PAR  The inner peripheral wall is provided with a wear resistant coating capable
      of being produced at low cost, towards this end, the inner shell wall has
      a spray-applied coating, fused in place of a well known wear resistant
      self-fluxing alloy. Such a coating may be applied by comparatively simple
      means, and has the advantage that it can be fused upon the base material
      during the ensuing soldering operation and enter into intimate connection
      with the latter. For this purpose, the melting temperature of the
      self-fluxing alloy and the working temperature of the soldering material
      should be about the same. This means that the soldering of the parts and
      the fusing of the coating can be carried out in a single operation,
      preferably using a temperature from 1000.degree. to 1250.degree. C.
PAR  To provide the interior surface of the inner peripheral wall of the shell
      with good sliding properties and favorable corrosion behavior, it is
      proposed further that the self-fluxing alloy contain nickel, chromium,
      boron and silicon as essential constituents. Since with this composition,
      a nickel-chrome alloy will be present when the coating has been fused, a
      very good corrosion resistance can be achieved in this case compared to a
      coating consisting essentially of nickel. Alternatively, however, the
      self-fluxing alloy may contain cobalt, chromium, boron and silicon as
      essential constituents.
PAR  To achieve a very high resistance to abrasion, the self-fluxing alloy may
      contain wear-resistant additives such as tungsten carbide for example. By
      addition of such hard materials, the self-fluxing alloy, especially suited
      to this purpose, may be rendered virtually as abrasion resistant as
      desired.
PAR  In the case of multiple circular piston combustion engines apart from the
      shells, the middle piece especially is exposed to considerable thermal
      stresses, being acted upon by hot combustion gases from both sides. In the
      past cast-iron construction, a uniform wall thickness is not provided so
      that there will be distortion of the exterior faces of the middle piece,
      impairing the function of the sealing parts sliding upon it, in particular
      the oil seals on the piston.
PAR  According to the invention, the walls of the middle piece too consist of
      formed unmachined sheet steel parts with apertures for through bolts and
      passage of coolant. These parts are soldered or welded together at their
      surfaces of contact, while between the end walls, lengths of pipe are
      arranged to accommodate the through bolts and to carry coolant, and
      optionally spacers for additional support of the end walls against each
      other, likewise soldered or welded to the end walls.
PAR  As a result of this proposal, the wall thickness of the end walls is
      uniform and considerably less than in a casting, facilitating heat removal
      and lessening heat distortion. The end walls may without difficulty be
      rendered stable in shape by appropriate arrangement of sheet spacers.
      These spacers may be arranged like a fence, so that they touch the end
      walls only over isolated, comparatively small areas while coolant is able
      to circulate between these areas of contact.
PAR  In the case of circular piston combustion engines, to which the invention
      relates the housing is cooled with water, while the piston is cooled with
      oil serving simultaneously to lubricate the bearing and sealing members.
      The cooling and lubricating oil is generally carried off through the
      middle piece, which for this purpose must have a partition to separate the
      two different coolants. For this purpose the interior of the middle piece
      may be divided into two compartments by a sheet strip placed between the
      end walls and soldered or welded to them. The first compartment extends
      over the "hot" region of the middle part, that is, the region in which
      ignition and the expansion and exhaust strokes occur in the neighboring
      working chambers, and is intended to carry coolant for the housing; and
      the second compartment is intended to carry coolant for the piston, the
      latter compartment communicating through a slit in the inner peripheral
      wall with the space enclosed by the latter. This inner peripheral wall may
      be formed in part by the said sheet strip and in part by a band adjoined
      and unilaterally connected thereto. The slit is disposed between the other
      end of the band and the strip forming the partition. This construction is
      made possible by the fact that in double engines, no bearing for the
      eccentric shaft is required in the middle piece.
PAR  In a circular piston combustion engine where fresh gas is supplied to the
      working chamber by way of an end inlet, provision is made for the end
      walls of the middle piece each to have at least one inlet opening. A sheet
      part is also provided to be inserted between the end walls, bounding two
      inlet passages with the end walls to connect the inlet openings with
      openings in the outer peripheral wall of the middle piece.
PAR  The invention relates also to a method of producing a shell or middle piece
      according to the invention, wherein the sheet steel parts of the housing
      subassembly in question are stamped accurately. The nipples are cut to
      lengths and dimensions and then all housing parts are tack welded to one
      end wall for positioning, leaving a soldering gap. Whereupon a solder in
      paste form is applied to the points of contact and the second end wall is
      inserted, then the parts are soldered together in a soldering furnace.
      Finally the outer faces of the end walls are ground plane.
PAR  Instead of applying a soldering paste, all parts may be copper plated
      before or after tack welding. Then upon heating in the soldering furnace,
      the copper, now fluid, will be drawn into the crevices between parts by
      capillary action. This proposal presents the further advantage that the
      entire interior surface of the part in question will be covered when
      finished by a thin layer of copper, preventing coolant corrosion.
PAR  The interior surface of the inner peripheral wall may be inductively
      hardened or provided with a wear-resistant layer after the soldered
      assembly of the shell. The wear-resistant layer may be formed by a
      self-fluxing alloy. In this instance the self-fluxing alloy is first
      sprayed on the interior shell surface and all parts with solder applied at
      points of contact are soldered together in a soldering furnace, while at
      the same time the layer is fused. The self-fluxing alloy may be applied in
      known manner with a flame spray gun or by some other spray process. In the
      operation of soldering the shell and simultaneous fusion, the alloy
      applied may enter into a diffusion combination with the base material of
      the inner peripheral wall, in which case moreover a pore-free coating can
      advantageously form, having a multiple of the retention of ordinary spray
      coatings.
PAR  The exterior surfaces of the end walls of the middle piece may be hardened
      or provided with a wear resistant layer in the areas exposed to the
      piston.
PAR  Instead of connecting the parts by soldering, this may alternatively be
      done by welding, in particular the connection of the inner and outer
      peripheral walls of the shell to the end walls; laser or electron beam
      welding particularly reccomend themselves for this connection.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  In the drawings:
PAR  FIG. 1 shows an exploded perspective view of a housing shell according to
      the invention with associated componentry;
PAR  FIG. 2 shows an exploded perspective view of a housing middle piece with
      accompanying componentry;
PAR  FIG. 3 shows an exploded perspective view of a second embodiment of a
      housing shell with accompanying details similar to FIG. 1;
PAR  FIG. 4 shows an axial end view of a housing shell as in FIG. 3 with one end
      wall omitted;
PAR  FIG. 5 shows a longitudinal section along line C--C in FIG. 4 of a portion
      of the housing shell;
PAR  FIG. 6 shows an exploded perspective view of a second embodiment of a
      housing middle piece with accompanying details similar to FIG. 2;
PAR  FIG. 7 shows an axial end view of a housing middle piece as in FIG. 6 with
      one end wall omitted;
PAR  FIG. 8 shows a longitudinal section at line A--A in FIG. 7 of a housing
      middle piece; and
PAR  FIG. 9 shows a longitudinal section at line B--B in FIG. 7 of a portion of
      the housing middle piece.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring initially to FIG. 1, the shell consists essentially of an inner
      peripheral wall 1, an outer peripheral wall 2, and end walls 3 and 4. The
      inner peripheral wall 1 has the shape of a bi-arcuate epitrochoid and is
      composed of two halves 1a and 1b, welded together where they abutt at 5.
      Between the two peripheral walls 1 and 2 stamped sheet spacer parts 6 are
      inserted as well as nipples 7 and 8 serving as inlet and outlet passages
      and an insert 9 to accommodate the sparkplug wall. The outer peripheral
      wall 2 consists of a suitably bent strip of steel with openings 10, 11 and
      12 punched out to accommodate nipples 7 and 8 and sparkplug insert 9. The
      end walls 3 and 4 consist of stamped sheet with openings 13 to accommodate
      lengths of pipe 14 arranged between the end walls 3 and 4 to accommodate
      through bolts. Other openings 15 serve for passage of coolant. End walls 3
      and 4 are of similar construction and have accompanying parts.
PAR  On the interior surface of the outer peripheral wall 2, particularly in the
      "hot" region of the shell, baffles 16 are arranged, running obliquely
      towards the inner peripheral wall 1 and deflecting coolant upon it to
      ensure effective cooling of said hot region.
PAR  All the parts of the shell are preferably soldered together. In that case,
      all parts except one end wall are mounted on the other end wall and fixed
      with spot welds, maintaining a soldering gap of for example 0.2mm. Then
      the inner peripheral wall 1 lies in the inner aperture 17 of this end
      wall, its face is flush with the outer face of said end wall. Then at the
      points of abuttment or contact of the parts, a copper paste solder is
      applied, the other end wall is so placed that the inner peripheral wall 1
      again lies in the central aperture 17, and its face is lined up flush with
      the outer face of the said end wall. The shell, thus assembled and
      prepared is placed in a soldering furnace in which all parts are soldered
      tight together. Finally the outer faces of the end walls are ground plane
      and the exterior face of the inner peripheral wall 1 is ground to its
      finished dimension and then hardened or if desired coated with hardening
      compounds and then finish gound.
PAR  The middle piece shown in FIG. 2 has end walls 20 and 21 and an outer
      peripheral wall 22. The inner peripheral wall is formed in this embodiment
      by part of a partition 23, and an approximately semicircular band 24, both
      placed between the end walls 20 and 21. Between end walls 20 and 21
      lengths of pipe 25 accommodating through bolts are provided, engaging
      matching holes 26 in the end walls 20 and 21 and nipples 27 to carry
      coolant aligned with matching holes 28 in end walls 20 and 21. In
      addition, spacer sheets 29 are arranged between end walls 20 and 21, like
      a fence so that they are in contact with the interior surfaces of end
      walls 20 and 21 in isolated areas only between which areas of contact gaps
      30 are left for passage of coolant.
PAR  The partition 23 divides the interior of the middle piece into two
      compartments 31 and 32, of which compartment 32 extends over the "hot"
      region of the piece and is traversed by the same coolant the traverses the
      other housing parts, while compartment 31 is intended to carry off the oil
      serving to cool the piston and lubricate the bearings and sealing parts.
      This cooling and lubricating oil can enter through gap 33 between band 24
      and partition 23 into compartment 31.
PAR  As in the fabrication of the shell, the housing middle piece is also
      fabricated preferably by soldering all parts together. In that case all
      parts are mounted on one end wall, excepting the other end wall and fixed
      by spot welding. Then copper paste solder is applied to the points of
      abuttment in contact of the parts, the other end wall is placed upon them
      and likewise fixed by spot welding, and the piece so assembled and
      prepared is soldered tight in a soldering furnace. Then the exterior faces
      of end walls 20 and 21 are ground plane and if necessary hardened or
      provided with a wear-resistant layer before grinding.
PAR  In the housing shell shown in FIG. 3 the same references have been used for
      like or similar parts as in FIG. 1. In departure from the embodiment of
      FIG. 1 two sparkplug inserts 9 and only one pipe 8' serving as an outlet
      passage are provided; and the inner peripheral wall 1 has punched openings
      12' and 11' to accommodate the sparkplug inserts 9 and the pipe 8'. In
      addition, the strengthen the inner peripheral wall 1 a multipartite
      reinforcing plate 34 is supported between it and the outer peripheral wall
      2' about the axial center.
PAR  FIGS. 4 and 5 show how the baffle 16' arranged in the "hot" region of the
      shell between the inner peripheral wall 1 and the outer peripheral wall 2'
      is supported for example by a bent tab 35 on the interior surface of the
      inner peripheral wall 1. In this region there is greater stability of
      shape and additional heat removal from the inner peripheral wall 1 by way
      of tab 35 into the baffle 16' which is surrounded by coolant. Baffle 16'
      has additional spacers 16" guiding the flow of coolant in the "hot" region
      and at the same time provides support between the inner peripheral wall 1
      and the outer peripheral wall 2'.
PAR  In modified method of fabricating the housing shell according to FIG. 1,
      the parts except the two end walls 3' and 4' and the inner peripheral wall
      1 and lengths of pipe 14, are assembled and fixed by spot welds,
      maintaining a soldering gap of for example 0.2 mm. Then this assembly is
      ground plane and provided with copper paste solder at the points of
      abuttment or contact of the parts. Thereupon the inner peripheral wall 1
      on which the interior surface 3 forming the shell bearing surface has been
      sprayed with a self-fluxing alloy, and the two end walls 3' and 4' with
      pipe lengths 14 are inserted and placed in a soldering furnace. At the
      same time the self-fluxing alloy sprayed on the interior surface B of
      peripheral wall 1 is fused and provides a smooth poreless coating.
PAR  The further treatment of the housing shell except for the hardening
      operation - proceeds as described with reference to FIG. 1. The advantage
      of the present mode of fabrication is that the ground joint of end walls
      3' and 4' with the outer peripheral wall 2' gives rise to an extremely
      narrow soldering crevice, making possible an economical use of solder, but
      more important, a better flow and setting of the solder, whereby a
      perfectly tight and strong soldered connection can be achieved.
PAR  In FIG. 6 like or similar parts of the middle piece shown have been labeled
      with the same references as in FIG. 2. In departure from the embodiment of
      FIG. 2 end walls 20' and 21' each exhibit an inlet opening 36 forming the
      end inlet of the working chamber. These openings communicate by way of two
      suitably shaped mirror-image sheet parts 37 forming the inlet passage,
      with one opening 38 each in the outer peripheral wall 22'. In addition,
      the fence-like spacers 29' and the semicircular band 24' have been
      extended or joined by auxiliary webs 39 to the neighboring surfaces so
      that the parts cannot change position during the manufacturing process.
PAR  FIGS. 7 and 8 show the arrangement of inlet passages formed by two sheet
      parts 37. In addition, as may be seen also in FIG. 9 half-punched
      incisions 40 have been impressed in end walls 20' and 21', serving for
      mutual fixation of end walls 20' and 21' with peripheral wall 22'.
PAR  In modification of the method of fabrication of the middle piece of FIG. 2,
      the parts except the two end walls 20' and 21' and the pipe lengths 25 and
      nipples 27, are assembled and fixed by spot welding. The resulting
      assembly, to obtain a narrow soldering crevice is ground plane on both
      ends, provided with copper paste solder at the points of abuttment and
      contact of the parts. Then with end walls fixed in place by semipunched
      incisions 40 and nipples and lengths of pipe the parts are soldered
      together tight in a soldering furnace. The further processing of this
      middle piece continues as described with reference to FIG. 2.
PAR  If the inner peripheral wall 1 of the housing shell and/or the end walls
      20, 20', 21, 21' of the middle piece are made of directly hardenable steel
      the soldering, hardening and stress relieving may be done together in a
      vacuum furnace.
PAR  The housing parts according to the invention, in addition to the advantages
      previously mentioned have the advantages of lower cost of production and
      lighter weight compared to castings. Thus the several aforenoted
      advantages and objects are most effectively attained. Although several
      somewhat preferred embodiments have been disclosed in detail herein it
      should be understood that this invention is in no way limited thereby and
      its cope is to be determined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A housing for circular piston combustion engines of trochoid type,
      comprising at least one annular shell having an inner peripheral wall in
      the shape of a multi-arcuate trochoid, an outer peripheral wall and end
      walls parallel to each other, and end pieces parallel to each other
      adjoined to the shell at the ends, such pieces each have end walls
      parallel to each other and an inner and an outer peripheral wall, at least
      the walls of the shell are comprised of formed sheet steel parts free of
      machining, said parts provided with openings for through bolts and for
      passage of coolant, said parts being connected together at their point of
      contact, stamped sheet spacers being arranged between the inner and outer
      peripheral walls as well as nipples serving as inlet and outlet passages
      and at least one insert to accommodate a sparkplug well, and between the
      end walls, lengths of pipe are connected to accommodate through bolts,
      baffles oblique to the inner peripheral wall being connected in place on
      the interior surface of the outer peripheral wall between spacers for
      coolant.
NUM  2.
PAR  2. A housing for circular piston combustion engines of trochoid type,
      comprising at least one annular shell having an inner peripheral wall in
      the shape of a multi-arcuate trochoid, an outer peripheral wall and end
      walls parallel to each other, and end pieces parallel to each other
      adjoined to the shell at the ends, such pieces each have end walls
      parallel to each other and an inner and an outer peripheral wall, at least
      the walls of the shell are comprised of formed sheet steel parts free of
      machining, said parts provided with openings for through bolts and for
      passage of coolant, said parts being connected together at their point of
      contact, stamped sheet spacers being arranged between the inner and outer
      peripheral walls as well as nipples serving as inlet and outlet passages
      and at least one insert to accommodate a sparkplug well, and between the
      end walls, lengths of pipe are connected to accommodate through bolts,
      midway between the interior surfaces of the outer peripheral wall and the
      inner peripheral wall and the spacers is a multi-partite reinforcing plate
      supported parallel to the end walls, and at least one baffle is arranged
      between the inner and outer peripheral walls and connected thereto.
NUM  3.
PAR  3. A housing for a rotary piston internal combustion engine of trochoid
      type, comprising at least one annular shell having an inner peripheral
      wall in the shape of a multi-lobed trochoid, an outer peripheral wall and
      end walls parallel to each other, and end pieces parallel to each other
      adjoined to the shell at the end walls thereof, in which at least the
      walls of the shell are comprised of stamped sheet steel parts free of
      machining, the parts forming the inner and outer peripheral walls being
      bent strips of ring-shaped configuration and having lateral edges, the
      parts forming the end walls being ring-shaped plates having inner and
      outer peripheral edges, the part forming the inner peripheral wall being
      connected along its lateral edges to the inner peripheral edges of said
      plates, and the part forming the outer peripheral wall being connected
      along its lateral edges to the outer peripheral edges of said plates, said
      plates having openings for through bolts and for passage of coolant,
      lengths of pipes extending between said plates in alignment with said
      openings for the through bolts and connected to said plates, stamped sheet
      spacers being arranged between the inner and outer peripheral walls and
      connected thereto, the inner and outer peripheral walls having aligned
      openings interconnected by a nipple serving as outlet passage, and at
      least one insert between the inner and outer peripheral walls for
      accommodating a sparkplug, and the inner peripheral walls overlapping the
      inner peripheral edges of said plate so that the lateral edges of the
      inner peripheral wall are flush with the exterior faces of such end walls.
NUM  4.
PAR  4. A housing for a rotary piston internal combustion engine of trochoid
      type, comprising at least one annular shell having an inner peripheral
      wall in the shape of a multi-lobed trochoid, an outer peripheral wall and
      end walls parallel to each other, and end pieces parallel to each other
      adjoined to the shell at the end walls thereof, in which at least the
      walls of the shell are comprised of stamped sheet steel parts free of
      machining, the parts forming the inner and outer peripheral walls being
      bent strips of ring-shaped configuration and having lateral edges, the
      parts forming the end walls being ring-shaped plates having inner and
      outer peripheral edges, the part forming the inner peripheral wall being
      connected along its lateral edges to the inner peripheral edges of said
      plates, and the part forming the outer peripheral wall being connected
      along its lateral edges to the outer peripheral edges of said plates, said
      plates having openings for through bolts and for passage of coolant,
      lengths of pipes extending between said plates in alignment with said
      openings for the through bolts and connected to said plates, stamped sheet
      spacers being arranged between the inner and outer peripheral walls and
      connected thereto, the inner and outer peripheral walls having aligned
      openings interconnected by a nipple serving as outlet passage, and at
      least one insert between the inner and outer peripheral walls for
      accommodating a sparkplug, and baffles for coolant oblique to the inner
      peripheral wall being connected in place on the interior surface of the
      outer peripheral wall between adjacent spacers.
NUM  5.
PAR  5. A housing for a rotary piston internal combustion engine of trochoid
      type, comprising at least one annular shell having an inner peripheral
      wall in the shape of a multi-lobed trochoid, an outer peripheral wall and
      end walls parallel to each other, and end pieces parallel to each other
      adjoined to the shell at the end walls thereof, in which at least the
      walls of the shell are comprised of stamped sheet steel parts free of
      machining, the parts forming the inner and outer peripheral walls being
      bent strips of ring-shaped configuration and having lateral edges, the
      parts forming the end walls being ring-shaped plates having inner and
      outer peripheral edges, the part forming the inner peripheral wall being
      connected along its lateral edges to the inner peripheral edges of said
      plates, and the part forming the outer peripheral wall being connected
      along its lateral edges to the outer peripheral edges of said plates, said
      plates having openings for through bolts and for passage of coolant,
      lengths of pipes extending between said plates in alignment with said
      openings for the through bolts and connected to said plates, stamped sheet
      spacers being arranged between the inner and outer peripheral walls and
      connected thereto, the inner and outer peripheral walls having aligned
      openings interconnected by a nipple serving as outlet passage, and at
      least one insert between the inner and outer peripheral walls for
      accommodating a sparkplug, and the inner peripheral walls overlapping the
      inner peripheral edges of said plates so that the lateral edges of the
      inner peripheral wall are flush with the exterior faces of such end walls,
      the engine having at least two annular shells and a middle piece between
      said shells, said middle piece having an inner peripheral wall, an outer
      peripheral wall and end walls parallel to each other, said walls being
      comprised of stamped sheet steel parts free of machining, the parts
      forming the inner and outer peripheral walls being bent strips of
      generally ring-shaped configuration and having lateral edges, the parts
      forming the end walls being ring-shaped plates having inner and outer
      peripheral edges, the part forming the inner peripheral wall being
      connected along its lateral edges to the inner peripheral edges of said
      plates and the part forming the outer peripheral wall being connected
      along its lateral edges to the outer peripheral edges of said plates, said
      plates having openings for through bolts and for passage of coolant which
      are in alignment with the corresponding openings in the end walls for the
      shells, and lengths of pipes extending between said plates in alignment
      with said openings and connected to said plates, and spacers of fence-like
      shape being arranged between said plates and connected thereto.
NUM  6.
PAR  6. A housing for a rotary piston internal combustion engine of trochoid
      type, comprising at least one annular shell having an inner peripheral
      wall in the shape of a multi-lobed trochoid, an outer peripheral wall and
      end walls parallel to each other, and end pieces parallel to each other
      adjoined to the shell at the end walls thereof, in which at least the
      walls of the shell are comprised of stamped sheet steel parts free of
      machining, the parts forming the inner and outer peripheral walls being
      bent strips of ring-shaped configuration and having lateral edges, the
      parts forming the end walls being ring-shaped plates having inner and
      outer peripheral edges, the part forming the inner peripheral wall being
      connected along its lateral edges to the inner peripheral edges of said
      plates, and the part forming the outer peripheral wall being connected
      along its lateral edges to the outer peripheral edges of said plates, said
      plates having openings for through bolts and for passage of coolant,
      lengths of pipes extending between said plates in alignment with said
      openings for the through bolts and connected to said plates, stamped sheet
      spacers being arranged between the inner and outer peripheral walls and
      connected thereto, the inner and outer peripheral walls having aligned
      openings interconnected by a nipple serving as outlet passage, and at
      least one insert between the inner and outer peripheral walls for
      accommodating a sparkplug, and the inner peripheral walls overlapping the
      inner peripheral edges of said plates so that the lateral edges of the
      inner peripheral wall are flush with the exterior faces of such end walls,
      the engine having at least two annular shells and a middle piece between
      said shells, said middle piece having an inner peripheral wall, an outer
      peripheral wall and end walls parallel to each other, said walls being
      comprised of stamped sheet steel parts free of machining, the parts
      forming the inner and outer peripheral walls being bent strips of
      generally ring-shaped configuration and having lateral edges, the parts
      forming the end walls being ring-shaped plates having inner and outer
      peripheral edges, the part forming the inner peripheral wall being
      connected along its lateral edges to the inner peripheral edges of said
      plates and the part forming the outer peripheral wall being connected
      along its lateral edges to the outer peripheral edges of said plates, said
      plates having openings for through bolts and for passage of coolant which
      are in alignment with the corresponding openings in the end walls for the
      shell, and lengths of pipes extending between said plates in alignment
      with said openings and connected to said plates, the interior of the
      middle piece being divided by a sheet strip placed between said plates and
      connected thereto into two compartments of which the first extends over a
      region of high heat input to the middle piece and serves to carry coolant
      for the housing, and the second is intended to carry coolant for the
      piston, the latter compartment communicating through a gap in the inner
      peripheral wall with the space enclosed by the latter.
NUM  7.
PAR  7. A housing for a rotary piston internal combustion engine of trochoid
      type, comprising at least one annular shell having an inner peripheral
      wall in the shape of a multi-lobed trochoid, an outer peripheral wall and
      end walls parallel to each other, and end pieces parallel to each other
      adjoined to the shell at the end walls thereof, in which at least the
      walls of the shell are comprised of stamped sheet steel parts free of
      machining, the parts forming the inner and outer peripheral walls being
      bent strips of ring-shaped configuration and having lateral edges, the
      parts forming the end walls being ring-shaped plates having inner and
      outer peripheral edges, the part forming the inner peripheral wall being
      connected along its lateral edges to the inner peripheral edges of said
      plates, and the part forming the outer peripheral wall being connected
      along its lateral edges to the outer peripheral edges of said plates, said
      plates having openings for through bolts and for passage of coolant,
      lengths of pipes extending between said plates in alignment with said
      openings for the through bolts and connected to said plates, stamped sheet
      spacers being arranged between the inner and outer peripheral walls and
      connected thereto, the inner and outer peripheral walls having aligned
      openings interconnected by a nipple serving as outlet passage, and at
      least one insert between the inner and outer peripheral walls for
      accommodating a sparkplug, and the inner peripheral walls overlapping the
      inner peripheral edges of said plates so that the lateral edges of the
      inner peripheral wall are flush with the exterior faces of such end walls,
      the engine having at least two annular shells and a middle piece between
      said shells, said middle piece having an inner peripheral wall, an outer
      peripheral wall and end walls parallel to each other, said walls being
      comprised of stamped sheet steel parts free of machining, the parts
      forming the inner and outer peripheral walls being bent strips of
      generally ring-shaped configuration and having lateral edges, the parts
      forming the end walls being ring-shaped plates having inner and outer
      peripheral edges, the part forming the inner peripheral wall being
      connected along its lateral edges to the inner peripheral edges of said
      plates and the part forming the outer peripheral wall being connected
      along its lateral edges to the outer peripheral edges of said plates, said
      plates having openings for through bolts and for passage of coolant which
      are in alignment with the corresponding openings in the end walls for the
      shells, and lengths of pipes extending between said plates in alignment
      with said openings and connected to said plates, the end walls of the
      middle piece each having at least one inlet port and a sheet part is
      inserted between the end walls to form therewith two inlet passages
      connecting the inlet ports with openings in the outer peripheral wall of
      the middle piece.
NUM  8.
PAR  8. A housing for circular piston combustion engines of trochoid type,
      comprising at least one annular shell having an inner peripheral wall in
      the shape of a multi-arcuate trochoid, an outer peripheral wall and end
      walls parallel to each other, and end pieces parallel to each other
      adjoined to the shell at the ends, such pieces each have end walls
      parallel to each other and an inner and an outer peripheral wall, at least
      the walls of the shell are comprised of formed sheet steel parts free of
      machining, said parts provided with openings for through bolts and for
      passage of coolant, said parts being connected together at their point of
      contact, stamped sheet spacers being arranged between the inner and outer
      peripheral walls as well as nipples serving as inlet and outlet passages
      and at least one insert to accommodate a sparkplug well, and between the
      end walls, lengths of pipe are connected to accommodate through bolts, the
      inner peripheral wall surrounding the end walls so that the edges of the
      peripheral wall are flush with the exterior faces of such end walls, and
      baffles for coolant oblique to the inner peripheral wall being connected
      in place to the interior surface of the outer peripheral wall between
      adjacent spacers.
NUM  9.
PAR  9. A housing for circular piston combustion engines of trochoid type,
      comprising at least one annular shell having an inner peripheral wall in
      the shape of a multi-arcuate trochoid, an outer peripheral wall and end
      walls parallel to each other, and end pieces parallel to each other
      adjoined to the shell at the ends, such pieces each have end walls
      parallel to each other and an inner and an outer peripheral wall, at least
      the walls of the shell are comprised of formed sheet steel parts free of
      machining, said parts provided with openings for through bolts and for
      passage of coolant, said parts being connected together at their point of
      contact, stamped sheet spacers being arranged between the inner and outer
      peripheral walls as well as nipples serving as inlet and outlet passages
      and at least one insert to acccommodate a sparkplug well, and between the
      end walls, lengths of pipe are connected to accommodate through bolts, the
      engine being a multiple circular piston combustion engine wherein the
      walls of the middle piece are likewise made of formed sheet steel parts
      free of machining and providing with openings for through bolts and
      passage of coolant, the parts being connected together at their surfaces
      of contact, and between the end walls, lengths of pipe are connected for
      accommodating the through bolts and coolant, the interior of the middle
      piece being divided by a sheet strip placed between the end walls and
      connected thereto into two compartments of which the first extends over
      the hot region of the middle piece and serves to carry coolant for the
      housing, and the second is intended to carry coolant for the piston, the
      latter compartment communicating through a gap in the inner peripheral
      wall with the chamber enclosed by the latter, and baffles for coolant
      oblique to the inner peripheral wall being connected in place on the
      interior surface of the outer peripheral wall between adjacent spacers.
NUM  10.
PAR  10. A housing for circular piston combustione engines of trochoid type,
      comprising at least one annular shell having an inner peripheral wall in
      the shape of a multi-arcuate trochoid, an outer peripheral wall and end
      walls parallel to each other, and end pieces parallel to each other
      adjoined to the shell at the ends, such pieces each have end walls
      parallel to each other and an inner and an outer peripheral wall, at least
      the walls of the shell are comprised of formed sheet steel parts free of
      machining, said parts provided with openings for through bolts and for
      passage of coolant, said parts being connected together at their point of
      contact, stamped sheet spacers being arranged between the inner and outer
      peripheral walls as well as nipples serving as inlet and outlet passages
      and at least one insert to accommodate a sparkplug well, and between the
      end walls, lengths of pipe are connected to accommodate through bolts, the
      engine being a multiple circular piston combustion engine wherein the
      walls of the middle piece are likewise made of formed sheet steel parts
      free of machining and provided with openings for through bolts and passage
      of coolant, the parts being connected together at their surface of
      contact, and between the end walls, lengths of pipe are connected for
      accommodating the through bolts and coolant, the end walls of the middle
      piece each having at least one inlet opening and a sheet part is inserted
      between the end walls, the end walls bounding two inlet passages
      connecting the inlet openings with an opening in the outer peripheral wall
      of the middle piece, and baffles for coolant oblique to the inner
      peripheral wall being connected in place on the interior surface of the
      outer peripheral wall between adjacent spacers.
NUM  11.
PAR  11. A housing for a rotary piston internal combustion engine of trochoid
      type, comprising at least one annular shell having an inner peripheral
      wall in the shape of a multi-lobed trochoid, an outer peripheral wall and
      end walls parallel to each other, and end pieces paraellel to each other
      adjoined to the shell at the end walls thereof, in which at least the
      walls of the shell are comprised of stamped sheet steel parts free of
      machining, the parts forming the inner and outer peripheral walls being
      bent strips of ring-shaped configuration and having lateral edges, the
      parts forming the end walls being ring-shaped plates having inner and
      outer peripheral edges, the part forming the inner peripheral wall being
      connected along its lateral edges to the inner peripheral edges of said
      plates, and the part forming the outer peripheral wall being connected
      along its lateral edges to the outer peripheral edges of said plates, said
      plates having openings for through bolts and for passage of coolant,
      lengths of pipes extending between said plates in alignment with said
      openings for the through bolts and connected to said plates, stamped sheet
      spacers being arranged between the inner and outer peripheral walls and
      connected thereto, the inner and outer peripheral walls having aligned
      openings interconnected by a nipple serving as outlet passage, and at
      least one insert between the inner and outer peripheral walls for
      accommodating a sparkplug, a multipartite reinforcing plate parallel to
      and midway between the end walls being provided between the interior
      surfaces of the outer peripheral wall and the inner peripheral wall and
      the spacers, and at least one baffle being arranged between the inner and
      outer peripheral walls and connected thereto.
NUM  12.
PAR  12. A housing according to claim 11 wherein the baffles are arranged in the
      region extending between the sparkplug insert and the nipple forming the
      outlet port, and the reinforcing plate is arranged in the remaining
      region.
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PAL  An improved rotor and gear assembly for rotary mechanisms of the trochoidal
      type, in which a rotor having a central bore is mounted for rotation on a
      shaft, and an internally toothed ring gear is secured to a side face of
      the rotor for engagement with a stationary gear to maintain phasing
      between the rotor and its trochoidal housing during the planetary and
      rotary motion of the gear within the housing. The ring gear is mounted on
      the rotor by resilient tubular pins circumferentially disposed, the pins
      being angularly slanted with respect to the rotor axis in such a manner as
      to maintain concentricity of the rotor and gear while permitting
      differences in thermal expansion therebetween, restraining the gear from
      axial displacement, and providing resilience for intermittent
      circumferential shock loading of the gear without imposing undue stresses
      or causing distortion of the gear or the rotor.
BSUM
PAC  BACKGROUND
PAR  This invention relates to rotary mechanisms of the trochoidal type for
      pumps, compressors, fluid motors, and internal combustion engines, and
      more particularly to a rotor and gear assembly for such mechanisms.
PAR  In mechanisms of this type the rotor is mounted for rotation on an
      eccentric portion of a shaft within a housing, the rotor also performing a
      planetary motion within the trochoidal housing. An internal ring gear is
      fixed on one side face of the rotor and engages a stationary spur gear
      surrounding the shaft to assist in maintaining phasing between the rotor
      and its trochoidal housing. In early examples of the prior art the ring
      gear was simply bolted, pinned, or welded to the rotor. However, the
      materials of the gear and the rotor are different and have different
      coefficients of thermal expansion, as well as an interface between the two
      parts across which heat is not readily transferred. Such tight unions
      between gear and rotor do not allow for differential thermal expansion of
      the parts, either radially or axially, nor do they allow for cyclically
      varying stress loads on the gear. Therefore, breakages and distortions
      occurred, occasional variations in phasing, and faults in concentricity
      between the rotor and gear.
PAR  Various expedients have been tried to correct these conditions, such as
      flexible bolting and splining, but these arrangements are very expensive
      to fabricate and assemble. Resilient pins have been tried, as in U.S. Pat.
      No. 3,297,240, issued Jan. 10, 1967 to Tatsutomi. In that patent a
      plurality of split tubular pins were circumferentially spaced around the
      gear, parallel to the rotor axis and fitting tightly in bores in both the
      gear and the rotor. Under varying loading of the gear or differential
      expansion between the gear and the rotor, the pins will compress slightly
      owing to squeezing of the split tubes. However, no provision is made for
      axial retention of the gear, beyond the frictional fit of the pins, and it
      is possible for the gear to displace axially so that its entire side face
      can be in contact with the side wall of the mechanism, causing undue
      friction and excessive wear of the side wall, since the gear is formed of
      hardened material. Further, concentricity may not be maintained, since
      radial expansion of the rotor may be greater in one portion than another,
      displacing the gear axis transversely from the rotor axis.
PAR  The lack of axial retention is corrected by U.S. Pat. No. 3,619,092, issued
      Nov. 17, 1971 to Kurio. This patent employs the same axially parallel,
      split tubular pins, but the gear is retained axially by a snap ring
      fitting into an annular groove in the rotor, with a wedging action
      pressing the gear tightly against the rotor face. This again increases
      machining and assembly expense, and since the rotor has a higher
      coefficient of thermal expansion than the gear and receives more heat,
      axial expansion can cause the retaining groove for the snap ring to become
      axially wider, whereupon the ring expands radially outwardly by spring
      action to fill the groove. Upon cooling, the wedge surface is too flat to
      allow recompressing the ring radially inwardly when the groove dimension
      shrinks, so that distortion of the retaining lip of the groove may result.
      Also, there is still no provision for maintaining concentricity.
PAR  In U.S. Pat. No. 3,830,599, issued Aug. 20, 1974 to Poehlman, concentricity
      in the presence of differential radial expansion is achieved by the use of
      axially oriented solid pins fitting in radially slotted holes in the gear,
      which allows radial expansion of a portion of the rotor with respect to
      the gear, any single pin sliding in its slot without movement of the
      others and without displacing the gear axis transversely. However, there
      is again a delicate machining and assembly job to provide axial retention
      of the gear by means of special standoff bolts, and there is no provision
      for absorbing momentary circumferential shock loads on the gear caused by
      cyclic variations in loading.
PAC  SUMMARY
PAR  The present invention provides a rotor and gear assembly for rotary
      mechanisms of the trochoidal type, wherein the gear is secured against
      rotation relative to the rotor and against transverse or axial motion
      relative thereto, provision is made for differential thermal expansion
      both radially and axially, concentricity is maintained, circumferential
      shock loads are cushioned, distortion of parts is obviated, and thermal
      strain on the attaching means is prevented. These advantages are
      accomplished by mounting the gear on resilient tubular pins or dowels
      circumferentially spaced and having a tight fit in both the gear and the
      rotor, but which are sufficiently resilient to allow for thermal movement
      and to cushion mechanical shock loading of the gear. The circumferentially
      spaced pins are disposed at a marked angle to the axis, which provides
      axial retention and still allows any portion of the rotor to expand
      radially along the length of the nearest tubular dowel and with slight
      compression thereof, but without displacing concentricity owing to the
      restraining effect of the other dowels which have different radial angles.
PAR  It is therefore an object of the invention to provide a rotor and internal
      gear assembly for trochoidal rotary mechanisms allowing differential
      thermal growth of the parts without strain or distortion.
PAR  It is another object to provide such an assembly wherein the gear maintains
      concentricity with the rotor.
PAR  A further object of the invention is to provide such an assembly wherein
      the gear is retained axially, radially, and circumferentially by the same
      means.
PAR  Other objects and advantages will become apparent on reading the following
      specification in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of the gear and rotor assembly of the
      invention mounted on the shaft of a rotary mechanism, looking in the axial
      direction;
PAR  FIG. 2 is an elevational cross-section taken generally on line 2--2 of FIG.
      1;
PAR  FIG. 3 is an enlarged fragmentary view of a portion of FIG. 2, showing the
      gear detached from the rotor;
PAR  FIG. 4 is an enlarged perspective view of one form of resilient tubular
      pin;
PAR  FIG. 5 is a similar view of another form of resilient tubular pin;
PAR  FIG. 6 is a modified embodiment of the gear and rotor assembly; and
PAR  FIG. 7 is a further embodiment of the gear and rotor assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 show a rotor 11 of generally triangular profile having three
      convexly arcuate working faces 12, which is suitable for use in a
      trochoidal mechanism having a two-lobed trochoidal housing. The invention
      will be described in terms of such a triangular rotor, but it is to be
      understood that the rotor and gear assembly of this invention is also
      applicable to mechanisms of other trochoidal design such as one-lobed,
      three-lobed, etc., wherein the rotor has a generally polygonal profile
      differing from that shown. In FIGS. 1 and 2 the rotor 11 is shown
      rotatably mounted on a bearing 13 surrounding an eccentric portion 14 of a
      shaft 16.
PAR  The main body of the rotor is hollow and comprises a peripheral wall
      portion 17, a pair of side walls 18 and 19, and a hub portion 21 which is
      joined to the outer portion 17 by appropriate ribs or webs 22. Each
      working face 12 may have a recess (not shown) therein, for transfer of
      working fluid across the cusp of the trochoid when the mechanism is an
      internal combustion engine. Such recesses may be omitted when the
      mechanism is a pump or compressor.
PAR  Side wall 18 has a central circular aperture 23 therein allowing flow
      therethrough of lubricating and cooling fluids supplied to the interior of
      the rotor during operation of the mechanism. The portion 24 of side wall
      18 surrounding and defining the aperture 23 projects axially slightly
      beyond the plane face of wall 18, the projecting portion 24 positioning
      the rotor axially within its housing and preventing the main body of the
      rotor from making contact with the housing side wall. Thus, projecting
      portion 24 serves in effect as a thrust bearing lubricated by the oil flow
      through the rotor, and as an inner retaining flange for an oil seal.
PAR  A groove in the rotor side face 18 surrounds projecting portion 24, with an
      oil seal 26 (schematically shown) positioned in the groove. Oil seal 26 is
      resiliently loaded in the axial direction and wipes the housing side wall
      to prevent leakage of oil along the side face of the rotor.
PAR  The other side wall 19 of the rotor also has a central circular aperture
      27, of a diameter suitable to accommodate the outer diameter of the oil
      seal 26. The oil seal of side wall 19 is retained at its inner diameter by
      the outer diameter 28 of the internal gear 29, which is mounted on the
      rotor in the manner to be described.
PAR  The general structure of rotor 11 is supported on the central hub portion
      21 in part by a web 22 in the axial midregion of the rotor and extending
      from the hub to the peripheral wall 17, generally parallel to the side
      walls. Web 22 has a plurality of apertures 31 therethrough for transfer of
      coolant in the axial direction across the interior of the rotor.
      Additionally, a plurality of webs or ribs 32 radiate from the hub portion
      toward the peripheral wall and extend to the side walls, ribs 32 being
      integral portions of the rotor casting and being connected to the hub 21,
      the central web 22, and the side walls 18 and 19. Ribs 32 therefore divide
      the interior of the rotor into a plurality of generally radial
      compartments which intercommunicate from one side of the rotor to the
      other by the apertures 31 in the central web 22. The ribs 32 not only
      provide strength and rigidity to the rotor body, but also pump and
      scavenge coolant from the interior of the rotor and sling it out through
      the central apertures.
PAR  The radiating ribs 32 on the gear side of the rotor and extending from the
      hub portion to the side wall 19 have their radially inner edges 33
      frustoconically machined with respect to the rotor axis, and extending
      from the hub to wall 19 at the periphery of aperture 27. The angle of the
      cone on which edges 33 are machined may vary within considerable limits,
      from an included angle of about 30.degree. to an included angle of about
      60.degree.. As shown in FIGS. 2 and 3 the conical angle is 30.degree., so
      that the machined faces 33 of ribs 32 present an angle of 15.degree. to
      the rotor axis. The machined faces 33 comprise surfaces on which mating
      portions of the internal gear 29 are seated.
PAR  The internal gear 29 is provided with a plurality of circumferentially
      spaced, axially inwardly extending portions or fingers 34 having their
      radially outer edges machined on a conical angle matching that of the rib
      faces 33 and dimensioned to seat thereagainst. Generally, there will be
      the same number of fingers 34 as there are ribs 32, the fingers having the
      same circumferential thickness as the ribs, so that when the gear is
      firmly seated the fingers 34 in effect comprise radially inward extensions
      of the ribs to a diameter slightly larger in the region of side wall 19
      than the root diameter of the internal gear teeth. This arrangement not
      only extends the heat exchange surface of ribs 32, but aids in scavenging
      and discharging the coolant by bringing it radially inwardly to about the
      diameter of the gear through which it is discharged. However, in some
      cases the number of fingers 34 may be fewer than the number of ribs 32,
      but still of sufficient number and suitable disposition to provide firm
      seating for the gear.
PAR  At least three of the rib members 32 are provided with thickened boss
      portions 36 midway between the hub and the side wall 19. When only three
      such ribs are modified in this manner they will usually be those ribs
      extending from the hub in the apex regions of the rotor. The fingers 34a
      which seat against the ribs bearing bosses 36 are of greater
      circumferential width than the other gear fingers 34, matching the
      dimensions of the bosses. Each finger 34a has a bore 37 therethrough at an
      angle which is preferably normal to the slope of the circumferential
      surface of the finger; boss 36 has a blind bore 38 therein which is in
      register with bore 37 when the gear is seated.
PAR  When the gear is pressed firmly into its seat a resilient tubular pin or
      dowel 39 is passed through bore 37 in the gear finger 34a into bore 38 in
      boss 36 until it seats against the blind closure of bore 38, leaving
      approximately half the length of the pin enclosed by each bore. The outer
      face of gear 29 projects axially beyond the plane face of rotor wall 19 to
      a distance corresponding to the projection of element 24 on the opposite
      side, serving the same purpose of acting as a thrust bearing and
      positioning the rotor axially within its housing. The outer circumference
      28 of the body portion of the internal gear 29 has the same diameter as
      the outer circumference of projecting flange 24 on the opposite side of
      the rotor, so that an oil seal 26 is positioned surrounding the internal
      gear and within the circular opening 27 of the rotor side wall 19.
PAR  The dimensioning of the axially inward extent of fingers 34 and 34a, and
      the axial positioning of the adjacent rotor hub face, are such that there
      is sufficient clearance behind the gear teeth to insert pins 39 into their
      bores at the selected angle. Although it is preferable that the axes of
      the pins be normal to the slope of the edges of the ribs which positions
      them at a corresponding angle to the longitude of the rotor axis, in
      mechanisms where space is limited the pin bores and the pins may be
      disposed normal to the rotor axis, whereupon they will be at an angle to
      the rib edges.
PAR  The resilient tubular pins have their diameters compressed for insertion,
      and expand into tight contact with the walls of their bores so that they
      will not fall out in the radial direction toward the rotor axis. The blind
      closures of bores 38 in the ribs prevent the pins from working radially
      outwardly under the action of centrifugal force.
PAR  Since the three pins 39 of FIG. 1 which retain the gear are spaced
      60.degree. apart radially there can be no circumferential movement of the
      gear relative to the rotor, except the minute resilience of the tubular
      pins which will absorb intermittent circumferential shock loading. The
      gear cannot move axially from its seat, since the axes of the pins are
      generally transverse to the rotor axis. As shown in FIGS. 2 and 3 where
      the cone angle of the gear seat is 30.degree. and the pins are normal
      thereto, the axes of the pins are disposed at an angle of 75.degree. from
      the rotor axis with the outer ends of the pins tilted axially inwardly
      from their inner ends. Even when the gear seat is machined at a conical
      angle of 60.degree. and the pins are normal to the slope, they will be
      tilted 60.degree. from the rotor axis, which will not permit axial
      movement of the gear. When the pins are positioned at a greater angle to
      the rotor axis, up to 90.degree., there can of course be no axial movement
      of the gear.
PAR  Likewise, there can be no movement of the gear transversely to the rotor
      axis, since the retaining pins are disposed radially at angle of
      60.degree. to each other, and movement of the gear along the direction of
      the axis of any pin will be opposed by the others, maintaining
      concentricity of the gear. However, differential expansion of portions of
      the parts in the radial direction is possible without imposing strains or
      distortions, since a slight relative movement of some portion of one or
      the other parts can occur along the general direction of the axis of any
      one of the pins, with perhaps some compression of that pin and some slight
      slippage along it. If the expansion of the rotor is approximately equal in
      all radial directions, the relation of the parts is the same as if no
      expansion occurred, the gear is not displaced from concentricity, and no
      shear load is placed on the pins, as would have been the case with the
      axially disposed bolts or dowels of the prior art. In the case of axial
      expansion of a rotor formed of a lightweight alloy having a high
      coefficient of thermal expansion, the pins in this invention are carried
      in the axial direction of the rotor with such expansion without imposing
      strain, as distinguished from the axially disposed bolts of the prior art,
      which were formed of steel with a lower coefficient of expansion and which
      would have been placed in tension.
PAR  FIG. 4 shows one form of suitable resilient tubular pin 39, comprising a
      hollow cylinder having its wall split longitudinally with a gap between
      the edges. Such a split tubular pin is compressible across its diameter.
      FIG. 5 shows another suitable form of resilient pin 39a, comprising a
      spirally rolled cylinder of relatively thin metal, would to a plurality of
      thicknesses and having its outer free edge accommodated in a longitudinal
      depression in the wall to preserve the generally cylindrical outer
      surface. Such a pin may also be compressed across its diameter.
PAR  FIG. 6 shows a rotor and gear combination 11a on the same principle as in
      the previous embodiment, but where a sturdier assembly is desired. The
      difference is that the bosses 36a in the region of the rotor apexes have a
      greater circumferential dimension than previously, enabling each boss to
      hold two resilient pins 39 or 39a. The mating fingers 34a of the gear are
      correspondingly enlarged. The total number of pins for the assembly of
      FIG. 6 is six, disposed in pairs 120.degree. apart, the rotor ribs 32 and
      bosses 36a being machined as before on a conical angle of 30.degree. to
      60.degree. and seating correspondingly machined gear fingers, with the
      pins disposed axially behind the gear teeth on axes approximately normal
      to the seating surfaces.
PAR  A third embodiment 11b even more securely assembled is shown in FIG. 7.
      Three resilient pins 39 or 39a hold the gear in bores in the bosses 36
      oriented toward the rotor apexes, as in the embodiment first described. A
      further plurality of pins is installed in bosses 41 borne by the rotor,
      bosses 41 being either distributed between rotor ribs 32 as shown, or
      being enlargements of the ribs themselves, similar to bosses 36. When the
      additional rotor bosses 41 are positioned between the rotor ribs,
      additional mating fingers are provided on the gear. FIG. 7 shows a total
      of nine pins 39 or 39a, distributed in groups of three generally in the
      apex regions of the rotor. However, other numbers of pins and other
      distributions are feasible; it is preferred that the number of pins
      selected be a multiple of the number of rotor apexes, and either
      equiangularly disposed, or distributed in equiangularly disposed groups.
PAR  It is not necessary that bores 37 and 38 in which the pins 39 are installed
      should be formed with extreme precision, the degree of precision of drill
      holes being satisfactory. The resilient tubular pins are compressed before
      being inserted, and expand into contact with the wall of the bore. The
      shear strength of such pins is very nearly equal to that of solid pins.
PAR  An additional advantage of the gear and rotor assembly of this invention is
      that at the face of the rotor the gear has no greater diameter than is
      necessary to provide the base for the internal gear teeth, omitting the
      external flange or lugs needed by gears of the prior art for mounting.
      This allows more room for the oil seal 26 which surrounds the gear.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary mechanism, a rotor and gear assembly comprising in
      combination a hollow rotor having a rotational axis and parallel side
      walls transverse to the axis, each of the side walls having a circular
      opening therein coaxial with the axis, an internal hub portion disposed
      between the side walls and connected thereto by generally radial rib
      members and having a bore therethrough coaxial with the rotor axis, an
      internal gear having radially inwardly extending teeth and secured at one
      side of the rotor coaxial with the hub bore, a plurality of at least three
      securing means disposed at selected radial locations securing the gear
      against axial movement and movement transverse to the rotor axis and
      against rotation relative to the rotor, each of the securing means
      comprising a portion of the internal gear extending in the axially inward
      direction into the rotor interior and in contact with a mating rib member,
      the inwardly extending gear portion having a bore therein on an axis
      generally radial to the rotor axis and at an angle of about 60.degree. to
      about 90.degree. to the longitude of the rotor axis, the mating rib member
      having a mating bore therein coaxial with the bore in the inwardly
      extending gear portion, a resilient tubular pin disposed partially in the
      rib bore and partially in the bore in the inwardly extending gear portion,
      said rib members extending from the hub portion to the region of the
      opening in the side wall on the gear side and having their inner radial
      surfaces lying in a conical plane extending axially inwardly from the side
      wall opening, and the inwardly extending gear portions having their outer
      radial surfaces lying in a like conical plane to thereby seat against the
      rib members.
NUM  2.
PAR  2. The combination recited in claim 1, wherein the included angle of the
      conical taper is from about 30.degree. to about 60.degree..
NUM  3.
PAR  3. The combination recited in claim 2, wherein the pin bores in the rib
      members and in the inwardly extending gear portions are disposed axially
      inwardly from the gear teeth.
NUM  4.
PAR  4. The combination recited in claim 3, wherein the rotor has a generally
      polygonal profile with a plurality of apex portions, and there is at least
      one securing means disposed in the region of each apex portion.
NUM  5.
PAR  5. The combination recited in claim 4, wherein the number of securing means
      is a multiple of the number of apex portions.
NUM  6.
PAR  6. The combination recited in claim 5, wherein two securing means are
      disposed in the region of each apex portion.
NUM  7.
PAR  7. The combination recited in claim 5, wherein more than two securing means
      are disposed in the region of each apex portion.
NUM  8.
PAR  8. The combination recited in claim 2, wherein the axes of the mating bores
      in the rib members and the inwardly extending gear portions are
      substantially normal to the machined edges of the rib members.
NUM  9.
PAR  9. The combination recited in claim 8, wherein the bores for the resilient
      pins of the securing means are equiangularly disposed with respect to the
      rotor axis.
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PAL  A rotary piston type engine comprising a casing and a rotor in said casing,
      said casing including a center housing and a pair of side housings secured
      to the center housing at the opposite sides thereof, a plurality of
      cooling fluid passages extending axially through said center housing and
      communicating with corresponding passages in said side housings, each of
      said passages in said center housing being inclined from the opposite ends
      thereof to the intermediate portion thereof toward radially inwardly of
      the casing, and also decreased in the cross-sectional area at the
      intermediate portion.
BSUM
PAR  The present invention relates to a rotary piston type internal combustion
      engine and more particularly to cooling fluid passage means therefor.
PAR  In a rotary piston type engine comprising a rotor casing having a center
      housing provided with a trochoidal inner peripheral wall and a pair of
      side housings sealing secured to the opposite sides of the center housing,
      and a substantially triangular rotary piston disposed in said casing to
      define working chambers of variable volume with said casing, it is a well
      known fact that the inner peripheral wall is subjected to a serious
      thermal condition. Conventionally, the center housing is provided with a
      plurality of axially extending passages for allowing cooling fluid to pass
      therethrough. The passages open at the opposite sides of the center
      housing and in communication with cooling fluid passages formed in the
      side housings. Thus, the cooling fluid such as water is passed from one of
      the side housings through the passages in the center housing to the other
      of the side housings. Since the inner wall of the center housing is
      subjected to serious thermal condition as described above, the wall
      thickness at the area of the cooling fluid passages should preferably be
      as thin as possible. On the other hand, in order to provide sealing means
      between the center housing and the side housings, the center housing must
      have a certain amount of wall thickness even at the area of the cooling
      fluid passage at the opposite sides thereof. Thus, according to a known
      arrangement, each of the cooling fluid passages in the center housing has
      relatively narrow inlet and outlet openings, with the intermediate portion
      expanded radially inwardly of the center housing so as to provide a
      sufficiently reduced thickness of the inner wall.
PAR  The known configuration of the cooling fluid passages in the center housing
      is, however, disadvantageous in that, since the cross-sectional area of
      the passage is substantially increased at the intermediate portion
      thereof, stagnation of coolant flow is produced therein remarkably
      reducing the cooling effect of the coolant flowing therethrough.
PAR  The present invention has an object to eliminate the aformentioned problems
      in the conventional arrangement.
PAR  A further object of the present invention is to provide effective cooling
      fluid passage means for a rotary piston type engine.
PAR  Still further object of the present invention is to eliminate stagnation of
      coolant flow in the center housing of the rotary piston type engine.
PAR  According to the present invention, there is provided a rotary piston type
      internal combustion engine comprising a casing which includes a center
      housing having a trochoidal inner peripheral wall surface and a pair of
      side housings sealingly secured to the center housing at the opposite
      sides thereof, a substantially triangular rotary piston disposed in the
      center housing to define working chambers with said housings, cooling
      fluid passage means axially extending through said center housing and
      communicating with corresponding passage means in said side housings so as
      to allow flow of cooling fluid to pass from one of the side housings
      through said passage means in the center housing to the other side
      housing, characterized by the fact that said cooling fluid passage means
      in the center housing includes a plurality of passages each of which is
      inclined radially inwardly of the center housing from the ends to the
      intermediate portion of the passage. Preferably, the passage is reduced in
      cross-sectional area at the intermediate portion so that the flow speed of
      the cooling fluid is increased at the intermediate portion of the passage
      to provide an increased cooling effect.
DRWD
PAR  The above and other objects and features of the present invention will
      become apparent from the following description of the preferred
      embodiments taking reference to the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of a center housing of a rotary piston type
      engine embodying the present invention;
PAR  FIG. 2 is a sectional view taken substantially along the line II--II in
      FIG. 1; and
PAR  FIG. 3 is a sectional view similar to FIG. 2 but showing another embodiment
      of the present invention.
DETD
PAR  Referring now to the drawings, particularly to FIGS. 1 and 2, the
      illustrated rotary piston type engine includes a casing which comprises a
      center or rotor housing 1 having a trochoidal inner peripheral wall
      surface 1a and a pair of side housings 2 secured to the opposite sides of
      the center housing 1. In the center housing 1, there is disposed a
      triangular rotary piston R which may be of a conventional configuration.
      As shown in FIG. 2, the center housing 1 is provided with a plurality of
      axially extending cooling liquid passages 3 leaving an outer wall portion
      4 and an inner wall portion 5 in the center housing 1. Each of the
      passages 3 has an inlet 6 and an outlet 7 at the opposite ends thereof for
      communication with corresponding cooling liquid passages 8 and 9 provided
      in the side housings 2. Thus, cooling liquid flows as shown by arrows in
      FIG. 2 from the passages 8 in one of the side housings 2 through the
      passages 3 in the center housing 1 to the passage 9 in the other side
      housing 2. Between the center housing 1 and each of the side housings 2,
      there are disposed sealing members such as O-rings 10. As shown in FIG. 2,
      each of the passages 3 in the center housing 1 is inclined from the
      opposite ends 6 and 7 to the intermediate portion thereof in the radially
      inward direction of the casing so as to reduce the wall thickness of the
      inner wall portion 5 of the center housing 1. Further, the cross-sectional
      area of the passage 3 is decreased at the intermediate portion thereof
      than at the opposite end portions. This configuration provides increased
      coolant flow speed at the intermediate portion of the passage 3 and
      prevents formation of flow stagnation in the passage. In the embodiment
      shown in FIG. 2, the center housing 1 is recessed at the outer peripheral
      surface thereof in order to reduce the weight of the casing.
PAR  FIG. 3 shows another embodiment of the present invention in which
      corresponding parts are designated by the same references as in FIGS. 1
      and 2. This embodiment differs from the embodiment shown in FIGS. 1 and 2
      only in that the center housing 1 is not recessed at the outer peripheral
      surface.
PAR  The invention has thus been shown and described with reference to specific
      embodiments which are illustrated in the drawings, however, it should be
      noted that the invention is in no way limited to the details of the
      illustrated arrangements and changes and modifications can be made without
      departing from the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Means for cooling a rotary piston type internal combustion engine having
      a casing with a pair of side housings comprising:
PA1  a central housing having inner and outer walls defining a plurality of
      cooling fluid passages, each cooling fluid passage extending axially
      through said central housing and having inlet and outlet portions in fluid
      communication with fluid passages in the side housings and an intermediate
      portion between said inlet and outlet portions of each of said cooling
      fluid passages,
PA1  said inner wall having a thickness at said intermediate portion which is
      less than the thickness of said inner wall at said inlet and outlet
      portions,
PA1  said outer wall being inclined inwardly of said central housing from said
      passage inlet and outlet portions to reduce the cross-sectional area of
      said fluid passage adjacent said intermediate portion from the
      cross-sectional areas adjacent said inlet and outlet portions.
NUM  2.
PAR  2. A rotary piston type engine in accordance with claim 1 in which said
      center housing is recessed at the outer peripheral surface thereof.
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ABST
PAL  A rotary fluid pump rotor is not eccentrically rotated relative to a casing
      and as a consequence an eccentric load is not loaded on the shaft and
      bearing. The fluid pump of the invention may use a seal ring in order to
      maintain fluids air-tight for effective operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to the field of rotary fluid pumps.
PAR  2. Description of the Prior Art
PAR  Prior art rotary fluid pumps such as vacuum pumps and hydraulic pumps
      widely used generally comprise a cylindrical center housing 2 within which
      an eccentrically rotating rotor 4 provided with a plurality of vanes 3
      movable up and down is encased, as shown in FIG. 1.
PAR  In these fluid pumps of this type, however, the rotor 4 is placed in a
      state of suction, at the time of pump suction of fluids, by the presence
      of negative pressure in an inlet chamber in cooperation with pressure on
      exhaust side.
PAR  Accordingly, the rotor 4 is one-sided and as a result, the shaft and
      bearing tend to receive an eccentric load.
PAR  For this reason, the shaft and bearing have their service life greatly
      shortened and many attempts have been made to improve the rotary fluid
      pump of this type.
PAC  SUMMARY OF THE INVENTION
PAR  This invention overcomes the limitations noted above with respect to prior
      art pumps and has as its object to provide an entirely novel rotary fluid
      pump which avoids occurrence of eccentric loads on the shaft and bearing.
PAR  A preferred embodiment of a rotary fluid pump in accordance with the
      present invention will now be described with reference to the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view showing an embodiment of a well-known fluid
      pump;
PAR  FIG. 2 is a sectional view of a fluid pump in accordance with the present
      invention;
PAR  FIG. 3 is a left side view of the fluid pump in accordance with the present
      invention;
PAR  FIG. 4 is a right side view of the fluid pump in accordance with the
      present invention;
PAR  FIG. 5 is a development of a sine curve formed on the rear side housing
      side of the fluid pump in accordance with the present invention; and
PAR  FIG. 6 is a perspective view of a rear side side-housing in the fluid pump
      in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 2, there is arranged a rear side side-housing or
      first annular plate 6 formed with an inner wall surface 61 in the form of
      a sine curve S or curves S.sub.1 and S.sub.2 analogous to the sine curve
      as shown in FIG. 5, an axial projecting reduced diameter portion 62 fitted
      in a circular recessed portion 72 formed in a rear side side-surface 71 of
      an annular rotor 7 which is bored and counterbored and a through hole or
      bore 63 which receives therein, a shaft 8 with the rotor 7 mounted
      thereon. A bearing support recess 63' is provided in the central portion
      of the arrangement, said bearing support recess 63' supporting a rear side
      side-housing 6 with a bearing 9 mounted thereon. An intermediate axial
      projecting portion 64 has a diameter approximately the same as the inner
      peripheral diameter of the center housing 5, said intermediate projecting
      portion 64 being fitted to the center housing at the rear side,
      side-surface 51. A through hole or bore 101 receives therein shaft 8 and a
      bearing support recess 101' is formed in the central portion of a front
      side, side-surface 52 of the front side housing 10. The front side
      side-housing or second annular plate 10 has a bearing 91 mounted within
      the bearing support recess 101'. Rotor 7 is fitted with a concave portion
      102 having a diameter approximately the same as an outer peripheral
      diameter of the center housing 5.
PAR  The shaft 8 is inserted into the through holes or bores 63 and 101 in the
      rear and front side side-housings 6 and 10 so that the rotor 7 provided
      with annular recess 72 in the rear side side-surface 71 is mounted by
      means of a pin 81 on the shaft 8 within a cylindrical space formed by the
      aforesaid center housing 5, the rear side and front side side-housings 6
      and 10 and the central axial projecting portion 62.
PAR  The rear side surface 71 of the rotor 7 is radially provided with a
      plurality of grooves 111 for holding seal members, and seal members 11 are
      retained in the grooves 111 through springs 12.
PAR  Bolt holes 13 are formed within the outer peripheral portions of the rear
      and front side, side-housings 6 and 10, and the rear side, side-housing 6
      and the front side side-housing 10 are fastened and locked together by the
      use of bolt 14 within the holes 13.
PAR  In this case, a bearing support plate 15 may be used to fasten the housings
      and bolts 14 extend therethrough.
PAR  In FIG. 4, operating chambers 16, 16 . . . are formed by the rotor 7, the
      rear side side-housing 6, the center housing 5, and the plate-like seal
      members 11. Upon rotation of the rotor 7 driven by the saft 8, the seal
      members 11 advance and retreat along the sine curve undulating inner wall
      surface 61 to thereby gradually increase or gradually descrease the volume
      of the operating chambers 16.
PAR  An inlet port 17 (see FIG. 3) is formed in the rear side side-housing 6 in
      which the operating chmbers are incresed in volume, that is, the seal
      members 11 begin to advance, and an exhaust port 18 is formed at a
      location in which the operating chambers decrease in volume, that is,
      where the seal members 11 terminate their retreat.
PAR  Further, in order to maintain the operating chambers air-tight, an annular
      seal ring groove 74 is provided on the front side outer peripheral surface
      73 of the rotor 7, and a seal ring 19 is mounted on the groove 74 so as to
      maintain air-tightness between the inner wall surface 53 of the center
      housing 5 and the outer peripheral surface 73 of the rotor 7, and a seal
      ring 191 is mounted within the outer peripheral surface 621 of the rear
      side side-housing 6 projection 62 to maintain air-tightness between the
      inner peripheral surface 75 of the rotor 7 and the rear side side-housing
      6; thereby maintaining the operating chambers air-tight.
PAR  If the inner wall surface 61 of the rear side, side-housing follows sine
      curve S as shown in FIG. 5 a triangular space 20 is formed at the time of
      discharging fluids and accordingly, the fluids in the triangular space
      remain undischarged tp consequently not only reduce the exhaust
      effectiveness but also to compress the fluids in the aforesaid triangular
      space due to the movement of the seal member, thus exerting a force which
      impedes the turning effort of the rotor. For this reason, preferably the
      top of the sine curve may be flattened to remove the triangular space
      thereby curves S.sub.1 and S.sub.2 analogous to the sine curves may be
      employed in its stead.
PAR  While a preferred embodiment has been described, and wherein suction and
      exhaust is twice performed for every revolution of the rotor, it will be
      of course understood that the pump may be designed so that suction and
      exhaust may be performed once for every revolution of the rotor.
PAR  From the construction as previously described, the rotary fluid pump
      according to the present invention eliminates the need of eccentric
      rotation of the rotor with respect to the casing, and accordingly, the
      present invention provides a rotary fluid pump which can operate in a good
      condition for a long period of time without applying an eccentric load to
      the shaft and bearing.
PAR  In accordance with the present invention, a seal ring may be employed to
      hold the pump air-tight thus obtaining a better air-tightness. For this
      reason, the effective rotary fluid pump may be obtained.
PAR  From the construction as described above, the shaft will not be attracted
      toward the suction chamber so that the eccentric load is not loaded on the
      shaft and bearing to thereby provide a better operation for a long period
      of time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary fluid pump comprising:
PA1  a first annular plate forming a rear side, side-housing,
PA1  a second annular plate forming a front side, side-housing,
PA1  said rear side, side-housing having an inner wall surface facing said
      second annular plate provided with an axial projecting portion at the
      center thereof,
PA1  a radially intermediate inner wall surface portion which undulates
      circumferentially in the form of a general sine curve, and
PA1  an annular recess radially outwards thereof forming a first shoulder,
PA1  said second annular plate being provided with an axial recess on the face
      thereof facing said first annular plate and forming a second shoulder,
PA1  a cylindrical center housing extending between said annular plates and
      having portions received within said first and second shoulders,
PA1  a plurality of bolts extending between said plates, radially outwards of
      said cylindrical center housing and fixing said first and second plates to
      said cylindrical center housing,
PA1  axial bores formed within said first and second annular plates,
PA1  portions of said first and second annular plates being counterbored,
PA1  anti-friction bearings mounted within said counterbores, and
PA1  a shaft extending through said bores and mounted by way of said bearings,
PA1  said central axial projecting portion of said first annular plate extending
      axially beyond the circumferentially undulating inner wall surface portion
      of said first annular plate and terminating short of the inner wall
      surface of said second annular plate,
PA1  an annular rotor having a bore receiving the portion of said shaft
      intermediate of the end of said first annular plate axial projecting
      portion and the inner wall of said second annular plate and being of an
      axial length in excess thereto and being counterbored,
PA1  said counterbore receiving the central axial projecting portion of said
      second annular plate and being rotatable thereon,
PA1  said rotor further being provided with a plurality of circumferentially
      spaced radial grooves opening axially towards said sine curve, inner wall
      surface,
PA1  plate-like seal members slidably positioned within said grooves with their
      edges spring biased into contact with said sine curve inner wall surface,
      and
PA1  at least one inlet and exhaust port formed within said rear side,
      side-housing at circumferentially positions;
PA1  whereby, operating chambers formed by the rotor, said first and second
      annular plates and said center housing and said plate-like seal members
      sequentially increase and decrease in volume during rotation of the rotor
      and pumping forces exerted through said rotor on said shaft and said
      bearing within said annular plate are equally distributed on said shaft
      and said bearings within said first and second annular plates.
NUM  2.
PAR  2. The rotary fluid pump as claimed in claim 1, wherein said axially
      projecting portion of said first annular plate includes an annular groove
      within the periphery of the same facing the counterbore portion of said
      rotor, and the outer periphery of said annular rotor includes an annular
      groove intermediate of its end faces facing the inner wall of said
      cylindrical center housing, and sealing rings are mounted within
      respective grooves to prevent fluid leaking along the surfaces of said
      rotor during rotation thereof with respect to said first annular plate and
      said cylindrical center housing.
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ABST
PAL  An apparatus for use as an extruder die is disclosed. The die comprises a
      cylindrical housing surrounded by heating means. Within the die is
      provided gas injection means which can be used to expand the hot
      extrudate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of extruder dies located at the exit of an extruder barrel for
      shaping a hot dough-like mixture is well known. For example, dry foods are
      often formed by extrusion through a die. Quite often a hot mixture must be
      cooled immediately upon its entering the open atmosphere from the extruder
      die. It is often desirable as well that a hot mixture undergo expansion so
      that voids can be created in the final product, i.e., an expanded pet
      food. Most dies currently used, however, provide no means to cool the hot
      mixture before it enters the open atmosphere. These dies furthermore
      provide no means to expand the hot mixture so as to produce these voids.
      The little expansion that occurs does so because of the change in pressure
      at discharge. The present invention, however, provides a means capable of
      both cooling a hot extrudate as well as enhancing expansion of that
      extrudate.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a novel apparatus
      for use as an extruder die.
PAR  Another object of the present invention is to provide means within an
      extruder die for expanding a hot extrudate.
PAR  Yet another object of the present invention is to provide an apparatus
      capable of cooling a hot extrudate as it leaves the die.
PAR  Still another object of the invention is to provide a die for connection
      with a means for blending a dry pet food.
PAR  These and other objects of the invention are accomplished by providing an
      extruder die comprising an inner housing having air injection nozzles
      located within the housing. By injecting air through said air injection
      nozzles into the hot mixture, the mixture can either be cooled or it may
      be expanded so as to form voids in the final product.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  This invention may be more fully described but is not limited by the
      enclosed drawing wherein the FIGURE is an illustration of an extruder die
      having air injection means located therein.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the novel aspects of the present invention an extruder
      die is provided that is capable of both cooling a hot extrudate as well as
      expanding the extrudate to form a spongy type product.
PAR  More specifically, this expanded, spongy product is produced by injecting a
      gas directly into the mass of the hot extrudate substantially parallel to
      the flow of the hot mixture through the extruder die. Expansion produced
      in this manner would be highly beneficial in the formation of expanded
      plastic products and food products such as puffed cereals. If desired, the
      pressure of the gas injected into the mixture may be low enough so that it
      will merely have a cooling effect and yet not expand the hot extrudate.
PAR  The FIGURE illustrates a cross-sectional view of a novel extruder die 11.
      This die is made up of three basic structures; the inner housing, the
      heating means, and the gas-injection means. At each end of the inner
      housing 12 is an opening. These openings are interconnected by a
      longitudinal bore. The opening at the upper portion of the housing acts as
      an inlet 13 while the opening at the lower portion of the housing acts as
      an outlet 14. Typically the inner housing would be composed of a
      one-section hollow pipe capable of engagement with means used to blend a
      mass of material, i.e. an extruder. Engaged about the inner housing 12 is
      heating means 15 capable of maintaining the temperature within the die
      equal to that within the extruder. As shown in the FIGURE the heating
      means may be an outer jacket sealingly engaged about the inner housing.
      The outer jacket is provided with an inlet for the introduction of steam
      into said jacket, and an outlet for the discharge of condensation.
      Protruding through both the heating means and the inner housing are gas
      injection means 16. The gas injection means 16 is connected to a
      pressurized gas source, such as a pressurized air tank, not shown. Either
      one or a plurality of gas injection means spaced equidistant, or
      longitudinally spaced and coaxial, to one another may be employed.
      Preferable gas injection means comprise an air injection nozzle composed
      of stainless steel.
PAR  The extruder die operates in the following manner. When the inlet 13 is
      connected with a screw conveyor a hot mixture is forced through the inner
      housing 12. The inner housing may be heated to an elevated temperature by
      the introduction of steam into these outer jackets. As the hot mixture
      flows through the housing 12, air is injected through the gas injection
      source 16 so that the hot mixture undergoes expansion before exiting
      through outlet 14. If it is desired to cool the hot extrudate before its
      leaving the die, cooling water may be introduced into the outer jacket in
      lieu of steam. Furthermore, cool air or air at ambient temperature may be
      injected through the gas injection means 16 to further cool the mixture.
      The pressure of such injection should be low enough to prevent expansion
      of the extrudate if expansion is not desired.
PAR  Obviously modifications of this invention are possible. It is understood,
      therefore, that this application is intended to cover any variations,
      uses, or adaptations of the invention as may be considered to be known or
      customary practice in the art to which the invention pertains.
CLMS
STM  Having fully described and disclosed the invention, it is claimed:
NUM  1.
PAR  1. An extruder die having an upper portion and a lower portion and useful
      for shaping and expanding a hot food mixture comprising an outer heating
      means engaged about an inner housing having an inlet in the upper portion
      of said housing and an outlet in the lower portion of said housing; said
      inlet and outlet being interconnected by a continuous longitudinal bore
      within said housing; and gas injection means protruding through said
      housing into said bore near the center thereof said injection means
      comprising longitudinally-spaced, coaxial nozzles whereupon more than one
      gas stream may be injected into said bore in a downwardly direction
      progressively one stream after the other.
NUM  2.
PAR  2. A die according to claim 1 wherein said outer heating means comprises a
      heating jacket sealingly engaged about said inner housing.
NUM  3.
PAR  3. A die according to claim 1 wherein said air nozzles are composed of
      stainless steel.
NUM  4.
PAR  4. An extruder die having an upper portion and a lower portion and useful
      for expanding a hot food mixture comprising a one-section cylindrical pipe
      having an inlet in its upper portion capable of connection with means to
      blend pet food and an outlet in its lower portion; said inlet and outlet
      being interconnected by a single straight line continuous longitudinal
      bore within said pipe; an outer heating jacket sealingly engaged about
      said pipe; and a plurality of stainless steel L shaped air injection
      nozzles axially spaced in the die equidistant from one another protruding
      through said heating jacket and a side portion of said pipe into said bore
      near the center thereof whereupon air streams may be injected into said
      bore in a downwardly direction progressively one after the other.
NUM  5.
PAR  5. A die according to claim 4 wherein said means to blend pet food is a
      screw conveyor and wherein said means is sealingly engaged with said
      extruder die.
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ABST
PAL  Apparatus for curing a tire having an internal cavity using as heat and
      fluid pressure media first steam and then cooler inert gas. The time rate
      of pressure loss in the cavity is determined in each tire curing cycle by
      closing the cavity so as to form a completely closed chamber for a test
      time less than the normal cure time for the tire. Pressure loss during the
      test time is monitored and if determined to be at a greater than tolerable
      rate a warning device is actuated and means for loading a next tire into
      the mold is rendered inactive.
BSUM
PAR  The foregoing abstract is not to be taken as limiting the invention of this
      application, and in order to understand the full nature and extent of the
      technical disclosure of this application, reference must be made to the
      accompanying drawing and the following detailed description.
PAR  The present invention relates to molding and curing tires and particularly
      to controlling leakage by detecting loss of pressure in the cavity of the
      tire which loss can harmfully affect the quality of a tire being cured.
PAR  The object of the invention is an improved apparatus for carrying out the
      method, for detecting leakage of fluid pressure from the interior cavity
      of the tire while the tire is being molded and cured in a tire mold. Other
      objects and advantages will be made apparent in the description and in the
      appended drawings of a preferred embodiment of the invention.
DRWD
PAR  In the appended drawings:
PAR  FIG. 1 is a schematic representation of curing fluid media service system
      according to the invention; and
PAR  FIGS. 2 and 3 are schematic diagrams of control circuit arrangements
      cooperable with the system of FIG. 1 in accordance with the invention.
DETD
PAR  In the conventional practice of curing tires using steam and/or hot water
      within the tire cavity both to supply heat necessary for curing and
      pressure necessary for molding of the tire in the mold, a reasonable
      amount of leakage of the fluid medium can be and is tolerated because such
      leakage of the fluid medium does not harmfully affect the quality of the
      tire. With steam and/or hot water, such losses of fluid media are
      continually replaced from the supply thereof without affecting the
      pressure or the temperature within the cavity.
PAR  In past years many proposals and attempts to use fluid media other than
      steam and/or hot water have been made. Insofar as we are aware, none of
      the proposals or attempts have been of sufficient merit to be suitable for
      continued commercial use. More recently, renewed attempts at using inert
      gas in combination with steam and/or hot water for molding and curing
      tires have been developed and found suitable for commercial use. While the
      present invention is not limited to use in a particular combination of
      steam and/or hot water, and/or inert gas, as fluid media, it finds
      particular utility in such combination of fluid media which includes an
      inert gas.
PAR  According to the invention, the pressure of the fluid medium in the tire
      cavity is continuously monitored. In the event that the pressure within
      the cavity falls below a predetermined pressure level or fails to attain
      such a pressure level because of massive leakage, termed herein "system
      failure," admission of heating and/or pressure media is thereupon cut off
      and mechanism is actuated to prevent the insertion into the tire mold of a
      next tire to be cured.
PAR  Although it has been common practice in the art heretofore to record
      continuously the pressures existing in the cavity on strip or
      circular-chart recorders, we have found that in use of now conventional
      automatic press system control, certain leaks at rates less than the
      massive leaks herein called system failure in the tire molding and curing
      press system may result in undercured tires being delivered out of the
      curing press. In normal operation, such lesser leaks are not always
      promptly noted by even careful press operating personnel.
PAR  By application of the present invention, failures in the press system of
      the system failure type due, for example, to the accidental blockage in an
      open position of drain or discharge valves, or to a ruptured curing
      bladder, as well as lesser leakage even at heretofore undetected rates,
      are promptly detected and can be corrected before loading the next tire
      into the press.
PAR  In another aspect, the invention provides for the positive detection of
      pressure loss in excess of a tolerable rate from within the cavity of a
      tire being cured. According to this aspect of the invention the pressure
      in the tire cavity is continuously monitored as before; however, during a
      latter part or fraction of the predetermined curing cycle the admission of
      the pressure medium is cut off for a preset time. By way of example in the
      curing cycle for a common size passenger vehicle tire, the total curing
      cycle during a first part of which steam at 155-200 psig. is admitted, is
      for example, for about 11/2 to 2 minutes. Then, in a second, later, part
      of the cycle, an inert gas at about 300-400 psig. is admitted for from 7
      to 11 minutes. According to the method, a leakage test is performed once
      during the cure cycle of each tire cured in the press. Preferably, the
      test is effected during the latter part of the inert gas phase of the
      cycle. Admission of the inert gas pressure medium to the tire cavity is
      cut off, for example, for 3 minutes from the 8th minute to the 11th
      minute, during which time the tire cavity and the passages connected
      thereto are completely closed off from communication either to the supply
      of the inert gas or to the drain and form, with the cavity, a completely
      closed chamber. If the pressure within such chamber decreases from the
      initial molding-curing pressure to a predetermined lower pressure, the
      decrease will be in part attributable to leakage somewhere from the
      chamber or from the connections to the chamber.
PAR  The change in pressure of the medium contained within the cavity and
      chamber from the prescribed initial pressure level to the preselected
      lower pressure level divided by the preset time interval, of which the
      previously mentioned 3 minutes is representative, provide a measure of the
      rate (that is, the pounds per square inch per minute rate of pressure
      decrease) of leakage of the fluid medium from the cavity. It is to be
      noted, however, that a portion of such decrease in pressure will result
      not from leakage but from condensation of the steam already in the cavity.
      By performing the test late in the inert gas phase of the curing cycle,
      the effect of such condensation on the rate of pressure decrease measured
      is diminished. Heretofore, loss of pressure attributable to fluid media
      leakage from the tire cavity and press chamber has not been detectable by
      conventionally available means, unless and until the rate of such leakage
      exceeded the maximum rate of flow available from the supply into the
      cavity, since the cavity pressure remained essentially unaffected.
PAR  In the practice of the invention, a tolerable rate or rates of loss of
      pressure are established empirically, with consideration of tire curing
      time and initial internal pressure required. A representative tolerable
      rate of leakage of about 15 to 20 psi. per minute can be adjusted upward
      or downward experimentally.
PAR  As has been mentioned, the present invention is particularly adapted to use
      in tire molding and curing cycles wherein a predetermined amount of heat
      is supplied into the tire cavity by steam at a predetermined pressure for
      a predetermined time after which the steam is cut off and an inert gas is
      admitted to the steam filled cavity to increase the pressure therewithin
      to a pressure level greater than that of the steam alone. The total
      pressure is then maintained within the cavity for the remainder of the
      cycle. The inert gas used is admitted to the cavity at a temperature
      cooler than the steam and can approximate the temperature of the
      surrounding environment and thus be much cooler than the steam. If the
      chamber leaks, the tire cavity is supplied continuously with inert gas
      cooler than the steam at a rate sufficient to maintain the pressure which
      approximates the rate of the leakage. This quantity of additional gas
      tends to cool the steam thereby reducing the quantity of heat available
      for the desired cure. Again, as a result of the leakage, certain tires may
      be insufficiently cured when removed from the mold.
PAR  Further, in accordance with the invention, it has been discovered that some
      leakage of steam and/or inert gas at rates less than leakage rates
      described above can be tolerated since they have no harmful effect on the
      tires being cured. On the other hand, where leakage rates are found to
      exceed the rates prescribed, a signal can be provided in response to a
      decrease in pressure from the normal and prescribed pressure level to the
      preselected lower pressure level and be employed to prevent the loading of
      a next tire into the mold.
PAR  In accordance with a further aspect of the invention, a signal generated in
      response to the decrease of pressure to a preset pressure level is used to
      activate a timer by which the normal control of the press system is
      interrupted and the predetermined cure time cycle is extended by an
      experimentally determined time of from two to about ten minutes in
      accordance with the size and weight of tires being cured. The loss of the
      steam or of the heat therein prescribed for the particular cure is thus
      compensated for by increasing the duration of the cure. The additional
      cure time with the lesser supply of heat available to the tire at that
      time in the mold can then complete the required amount of cure. The
      delivery from the mold of insufficiently cured tires can be avoided.
PAR  In the apparatus which will be described presently, there are included key
      locked switches which prevent the restoration of the normal control cycle
      after leakage has been discovered until the apparatus has been inspected
      and corrected by authorized personnel, as well as to prevent non-use of
      the apparatus without authority.
PAR  Three modes of operation of the press control are contemplated herein. In
      the first mode, in which a massive leakage referred to as system failure
      has occurred, the admission of inert gas is cut off, and not restored
      until suitable repair is made. Uncured tires awaiting cure are prevented
      from entering the mold.
PAR  In the second mode, in which leakage in excess of an empirically determined
      tolerable rate, for example, a rate of about 20 psi. per minute as
      indicated above, and large enough to actuate the preset low pressure
      detector, but less than considered in the first mode, admission of inert
      gas is cut off only during the preset time of the test and is then
      restored and the normal curing cycle time is extended to avoid undercure
      of the tire then undergoing cure. Uncured tires awaiting cure are, as in
      the first mode, prevented from entering the mold.
PAR  In the third mode, leakage of gas from the cavity is tolerable, that is,
      less than sufficient to decrease the pressure in the cavity to the
      predetermined lower pressure during the test time period (at which event a
      low pressure signal would be generated in the second mode). In this third
      mode, the preset time of the test runs out, which event provides a
      positive signal operable to permit continuing the press curing cycle
      normally, the inert gas can be again admitted to the cavity and the normal
      cycle is completed without extension of time therefor as in the second
      mode, and tires awaiting cure are allowed to enter the mold in
      uninterrupted series.
PAR  Turning now to the drawings, FIGS. 1, 2 and 3 are schematic representations
      of apparatus for carrying out the foregoing methods.
PAR  FIG. 1 is a schematic representation of an apparatus and particularly
      indicates the service system 10 for delivering fluid media to the tire
      cavity 12 confined in a conventional tire press (not shown). The line 14
      represents the passages comprising the drain system by way of which curing
      media are ultimately discharged from the tire cavity 12. The valve 16 and
      its operator 18 represent a plurality of such valves and operators for
      control of the discharge of pressure and curing media from the cavity;
      such drain line and valves are not within the scope of the present
      invention and are thus not further described. During operation of the
      method and of the apparatus being described, such drain and valves are and
      remain closed.
PAR  In the service system 10, inert gas is delivered from a source (not shown)
      to the tire cavity by way of a fluid medium service line 20 and a
      conventional inlet control valve 22 which has a valve positioner 23
      operated in response to the controlled pressure air supply in the air line
      24 governed by the cure cycle control timer of a conventional press master
      control 25.
PAR  The apparatus thus far described is conventional and will be well
      understood by persons skilled in the art. A tire mold press including the
      master control, as referred to herein, is available commercially from
      McNeil Corporation, NRM Corporation, both of Akron, Ohio, and others.
PAR  In accordance with the present invention, a further valve operating air
      supply line 26 is connected to the respective solenoid operated pilot
      valves SVG-1 and SVG-2 which control the valve SVG and the communication
      between the operating air pressure line 28 and the positioner 29 of the
      test valve 30. The test valve 30 is preferably located upstream of the
      valve 22, that is, between the supply of inert gas and the valve 22, so
      that the gas pressure leakage test described will test for a loss of
      pressure by way of the valve 22 as well as otherwise from the tire cavity.
      The operating air supply line 28 is directly connected to the controlled
      air supply line 24.
PAR  A pressure responsive switch PS-50 is pressure connected to the air
      pressure supply line 24 for a purpose presently to be described. Pressure
      responsive switches PS-51 and PS-52 are pressure connected directly to the
      inert gas inlet line 20 between the tire cavity and the valve 22 to
      monitor the pressure of the inert gas within the cavity.
PAR  A preferred form of gas leak monitoring circuit 40 in accordance with the
      invention is illustrated in FIGS. 2 and 3. The circuit 40 is preferably
      housed in a panel 41 apart from the press master control panel 25 to
      facilitate its addition to existing tire presses. As will be readily
      apparent, however, the circuit can be readily incorporated in the circuit
      of the master control panel. In such press master control panel there is
      commonly provided a master curing cycle timer 27 by which the times of
      admission and of cutoff of inert gas supply for the press, as well as
      other events of the cycle are controlled. The circuit 40 is energized by
      an electrical connection made by the key locked switch KS-1 in the
      conductor L-2 extending into the main press master control panel 25 and
      which energizes the main curing cycle timer 27 therein. The line L-2,
      referring now to FIG. 3, is a circuit so controlled as to be energized
      only when the press is in automatic mode. (As is known, such main press
      control circuits are adapted to provide differing functions in each of
      several modes, for example, a manually controlled mode, a mold change mode
      or an automatic mode). The gas leak monitoring circuit 40 is thereby
      energized simultaneously with the timer 27. The neutral line L-0 is
      connected to the neutral line of the main press control panel.
PAR  In response to the timer 27, the solenoid valve SV-1 (line O, FIG. 3)
      operates to admit pressurized air to the air line 24 to which the normally
      open pressure switch PS-50 is connected. The pressure switch PS-50 closes
      in response to the rise in pressure in air line 24, making electrical
      contact, in line A, FIG. 2 to activate the gas leak test timer GLT-1.
PAR  The timer GLT-1 is preset to initiate the gas leak test according to the
      invention at or after the first half of the inert gas portion of the
      curing cycle. As was discussed in the example hereinabove, the timer GLT-1
      can be preset to time out at the 8minute of an 11 minute inert gas
      pressure portion of the curing cycle.
PAR  In accordance with one aspect of the invention, relating to the prompt
      warning of a "system failure" type of pressure loss, in line B, FIG. 2,
      the normally open pressure switch PS-52, closes to actuate, and to latch
      the system failure relay SF, only upon occurrence of a massive leak, and
      loss of pressure, from the tire cavity. On being latched, relay contacts
      SF-a shown in line D are closed thereby actuating the solenoid valve SGV-1
      to close the gas test valve 30. The relay contacts SF-b, in line K, are
      also closed when the relay SF is latched, thereby activating a warning
      device such as the system failure alarm light WSF. Additional contacts
      SF-c and SF-d are connected, as shown in FIG. 3. The relay contact SF-c
      (line M), on being closed by the latching relay SF actuates a relay R-1
      operable to shut off all gas flow to the press. The relay contact SF-d,
      line N, actuates a relay R-2 which is operable to inactivate means for
      loading a next uncured tire into the mold.
PAR  In a further aspect of the invention, at the expiration of the time preset
      in timer GLT-1, the normally open switch GLT1-a is closed, line C of FIG.
      2, to energize the gas leak test timer GLT-2, which can be preset to fix
      the time duration of the leak test. Referring again to the example given
      above, the timer GLT 2 can be preset for a test lasting three minutes, for
      the tire of the example.
PAR  On being energized, the gas leak test timer switch GLT-2a in line E,
      completes contact with the gas cutoff solenoid SVG-1 which operates to
      shift the spool of the valve SVG admitting operating air pressure to close
      the test valve 30 thereby isolating the cavity and chamber during the
      preset test time. In line F, the contacts of the pressure switch PS-51
      will be closed only if the total pressure within the chamber and the
      cavity to which PS-51 is connected decreases from the initial pressure
      within the cavity to the lower pressure preset in the pressure switch
      PS-51. If the maximum tolerable leakage rate of pressure from the cavity
      has been determined to be, for example, a rate of 10 psi/minute, the timer
      GLT-2 is set for 3 minutes, the pressure switch PS-51 will have been set
      to close its electrical contacts at 30 psi. less than the initial pressure
      of, for example, 300 psi. or 270 psi. which is then the predetermined
      lower pressure at which a leakage signal will be given. Thus, if the
      leakage rate is less than the predetermined tolerable maximum, which in
      the present example is less than 10 psi/minute, pressure switch PS-51
      remains open and no action occurs. This corresponds to the previously
      described third mode in accordance with the invention. On the other hand,
      in the event the leakage is found to exceed that tolerable maximum rate of
      pressure decrease, electrical contact is made by the pressure switch PS-51
      and the gas leak relay GL, line F, is latched, and one of its contacts,
      GL-a (line N), closes to prevent entry of a next tire into the mold.
PAR  If the preset test time, for example, 3 minutes as set in the gas leak
      timer GLT 2, expires before the pressure switch PS-51 is closed, the
      switch GLT 2a, line E, disconnects the solenoid valve SVG-1 and makes
      connection with line G to energize the solenoid SVG-2 which admits pilot
      air from the supply line 28 to shift the spool of the solenoid valve SVG
      and reopen the test valve 30 restoring the press to normal operation.
      Restoration of the press to its normal operation at the expiration of the
      preset test time is a signal of the absence of harmful rates of leakage.
PAR  As will be seen in FIG. 2, should the relay SF have been latched at some
      time during the curing cycle, the relay contacts SF-c, FIG. 3, as
      discussed above, close to actuate relay R-1, line M, contacts R1-a of
      which, line O, are opened to deenergize the solenoid valve SV-1 so as to
      shut off air supply to air line 24 thereby closing the valve 22, as well
      as other valves controlling supply of fluid media to the press.
PAR  In a still further aspect of the invention, the relays SF and GL, when
      latched are prevented from being unlatched without attention by authorized
      persons. FIGS. 2 and 3 illustrate a power line L-1 which is energized
      while the main press control is energized to operate in any mode. To
      ensure the attention of such authorized persons, the key operated reset
      switch KS-2, operable only by a removable key, is connected, lines G, H,
      and I, to unlatch the relays SF and/or GL only in response to the switch
      KS-2, which operates simultaneously also to energize the solenoid valve
      SVG-2 to reopen the test valve 30.
PAR  As previously indicated herein, the latching of the relay GL operates to
      extend the cure time of a tire in process of being cured in the mold by
      making the contact GL-b in line J so as to energize the gas leak cure
      extend timer GLCE. The contacts GL-b also energize a gas leak warning
      light WGL in line L.
PAR  To extend the normal cure time of the tire being cured when a gas leak of
      the second mode as above described has been detected, the relay contacts
      GL-b close to actuate the gas leak cure extend timer GLCE, line J, which
      timer can be set to extend the normal cure time by an additional,
      empirically determined amount. Simultaneously with latching of the relay
      GL, relay contacts GL-e in line P, FIG. 3, are opened and the normally
      open, time closed switch GLCE-a holds open for the time preset in the
      timer GLCE. This deenergizes the main timer 27 for the preset cure extend
      time. When the timer GLCE times out, the switch GLCE-a is closed,
      reenergizing the timer 27 to complete the remainder of the cure cycle.
PAR  As will be observed by inspection of FIGS. 2 and 3, either the latching of
      the system failure relay SF or the latching of the gas leak relay GL
      operates to prevent the press loader from loading a next tire awaiting
      cure. The circuit 40 in such event can be reset for further operation only
      by operation of the key operated reset switch KS-2.
PAR  The invention contemplates application of the apparatus to presses having
      two or more tire molds in which case the apparatus heretofore described
      can be duplicated in its entirely or, as will now be evident to persons
      skilled in the art, assembled in accordance with the description of FIG. 1
      but duplicating certain elements such as the solenoid valve and the
      pressure switches.
PAR  In the present specification, including the claims, inert gas will be
      understood to mean any gas compatible with and harmless to the tires
      and/or the press bladders which may be deployed into the tire cavity. In
      the practice of the invention, inert gas comprising deoxygenated
      compressed air from which other chemically active elements also have been
      removed has been found eminently satisfactory. Production and use of such
      inert gas is well known and is not within the scope of the present
      invention.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In apparatus for curing a tire having a cavity in a curing mold for a
      predetermined time and including first valve means for controlling
      admission of fluid medium at a first pressure to said cavity, the
      improvement comprising in combination second valve means for controlling
      said fluid medium between said first valve means and a supply of said gas,
      presettable timing means operable to effect closure of said second valve
      means for a preset time during and less than said predetermined time,
      fluid pressure responsive means operable to sense a second pressure less
      than said first pressure in said cavity, circuit relay means connected to
      said timing means and to said pressure responsive means and operable to
      generate a first signal responsive to an occurrence of said second
      pressure during said preset time, and a second timing means connected to
      said circuit relay means and energized in response to said first signal to
      extend said predetermined time.
NUM  2.
PAR  2. The apparatus of claim 1, including contact means connected with said
      relay means to operate in response to said first signal to prevent loading
      a tire into said mold.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said apparatus includes air pressure
      actuated valve operating means for positioning said first valve means, and
      including second pressure responsive means in pressure communication with
      said air pressure actuated valve operating means and operable in response
      to air pressure increase therein to energize said presettable timing
      means.
NUM  4.
PAR  4. The apparatus of claim 1, including third pressure responsive means in
      pressure communicating relation with said cavity and operable to sense a
      third pressure less than said second pressure in said cavity and to
      energize said relay means independently of said preset time period.
NUM  5.
PAR  5. The apparatus of claim 1, said circuit relay means being operable in
      response to non-occurrence of said second pressure in said cavity during
      said preset time period to generate a second signal operable to open said
      second valve means.
NUM  6.
PAR  6. The apparatus of claim 1, said circuit relay means including at least
      one latching relay, and further including key-operated reset means
      operable only by a removable key to unlatch said latching relay.
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ABST
PAL  Smooth and uniform concrete floor or roof sections of channel formation
      with metal reinforcement are produced by linear movement of a slip form
      guided by relatively stationary rails which mold the side faces of the
      channel sections. Skid members which follow the rails also serve to mold
      the top linear edges of the concrete channel sections. The proper
      placement of a welded reinforcing grid is achieved by a forward adjustable
      template and the wall thickness and internal radii of the molded channel
      are established by a rearward adjustable template. The cooperating
      templates provide a concrete hopper structure on the slip form.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Movable molds or forms for producing concrete or asphalt pavement and the
      like are known. Selected examples of the patented prior art are contained
      in U.S. Pat. No. 3,423,492, Jonell, and U.S. Pat. No. 3,600,773, Davis.
PAR  The primary objective of this invention is to improve upon the known prior
      art by the provision of a slip form which has the ability to produce
      reinforced concrete or concrete-polymer channel sections of the types
      required for the floors and roofs of certain types of buildings. Such
      channel sections must be molded with a high degree of uniformity and
      smoothness with the absence of external or internal imperfections to the
      greatest possible extent. They must be adequately radiused internally for
      strength and they must possess a very high strength-to-weight ratio in
      order to be practical. It is very difficult and costly to produce this
      type of concrete channel section in a static mold.
PAR  The present invention completely satisfies the need for an efficient form
      or mold for the mentioned channel sections by the provision of a slip form
      which may be moved in a linear path by a suitable winch mechanism on guide
      rails which constitute the sides of the form or mold. The rails are
      suitably fixed to a flat base which establishes the bottom face of the
      channel section being produced. Skid members which move on the tops of the
      guide rails also serve to mold the top linear edges of the channel section
      and a pair of fore and aft adjustable templates guide a preformed
      channel-like metal reinforcement into place while establishing the wall
      thicknesses of the channel section and the internal radii thereof with a
      high degree of accuracy and uniformity. The slip form also incorporates an
      adjustable outlet hopper for a mass of wet concrete or a concrete-polymer
      mix which is gravity-dispensed onto the flat base and between the form
      guide rails during linear movement of the form.
PAR  The slip form is characterized by simplicity, ease of adjustment,
      ruggedness and minimum maintenance. It possesses the ability to produce
      high quality structural molded channel sections in a minimum of time
      substantially without manual labor. Other features and advantages of the
      invention will become apparent during the course of the following detailed
      description.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 is a longitudinal vertical section through a slip form for producing
      structural channel sections according to the invention.
PAR  FIG. 2 is a plan view of the invention.
PAR  FIG. 3 is a perspective view thereof.
PAR  FIG. 4 is a transverse vertical section taken on line 4--4 of FIG. 1.
PAR  FIG. 5 is a similar view taken on line 5--5 of FIG. 1.
PAR  FIG. 6 is an exploded perspective view of principal components of the
      invention.
PAR  FIG. 7 is an enlarged fragmentary vertical section taken on line 7--7 of
      FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail, wherein like numerals designate like
      parts, a pair of guide rails 20 formed of rectangular tubing or the like
      are fixed upon a flat horizontal base member 21 in perpendicular relation
      thereto. The rails 20 are spaced and parallel and their level top faces 22
      are at an even elevation above the base member 21. As shown in FIG. 5, the
      rails 20 and base member 21 form a trough for the reception of concrete
      mix utilized to form molded structural channels for floors or roofs in
      accordance with the invention. The bottom and side walls 23 and 24 form
      stationary mold faces which are utilized with cooperating movable
      components of a slip form assembly 25 to produce channel sections 26 of a
      predetermined width and length.
PAR  The slip form assembly 25 essentially comprises a central adjustable outlet
      hopper 27 for a wet mix of concrete or concrete and polymer utilized to
      produce the channel section 26. This hopper has vertical side walls and
      fore and aft inclined walls 28 and 29 formed by the upper parts of fore
      and aft templates 30 and 31 and which templates constitute key elements of
      the invention.
PAR  The entire template unit 30 may be moved longitudinally toward and away
      from the rear template unit 31 to adjust the bottom outlet 32 of the
      hopper and to completely close such outlet at certain times, such as
      during transporting of the apparatus or lifting thereof from one set of
      guide rails 20 to another set. To facilitate such movement of template
      unit 30 fore and aft, a hydraulic ram 33 or equivalent means on the
      apparatus has its piston rod 34 coupled at 35 to the movable template
      unit, the latter being guided near its top by guide slots 36 in the side
      walls of the hopper 27. Other forms of guidance means including roller
      guides for template unit 30 may be utilized, if preferred, and
      conventional means may be employed to lock the template unit 30 in a given
      adjusted position. The cylinder end of hydraulic ram 33 is conventionally
      secured to any suitable fixed reaction member on the hopper 27, not shown
      in the drawings. In some cases, the ram 33 can be omitted, in which cases
      the template unit 30 can be adjusted and locked by hand. FIG. 1 shows
      template unit 30 in full lines in the normal forward position away from
      template unit 31 with the hopper discharge slot 32 wide open for
      dispensing concrete. In broken lines in FIG. 1, the template unit 30 is
      shown in the rearward position for closing the hopper discharge slot or
      opening. In a somewhat similar manner, the rear template unit 31 may be
      adjusted fore and aft and vertically on the apparatus by inclined guide
      slots 37 in the hopper side walls and cooperating guidance and locking
      means 38 on the template unit 31. These adjustment details may be
      conventional and may be varied in the design of the apparatus. The
      adjustability of template unit 31 allows ready variation of the thickness
      of molded channel member 26 and increases the versatility of the
      invention.
PAR  The entire slip form assembly 25 is supported slidably on the top faces 22
      of guide rails 20 by a pair of side skids 43 of rigid construction. These
      skids include interior extensions 44 which serve to mold or trowel the top
      linear edges 45, FIG. 7, of each channel section 26 during movement of the
      slip form along the rails 20. The linear movement of the slip form
      assembly is produced by an electric winch or the like, not shown, whose
      cable 46 may be coupled with the forward end of the assembly.
PAR  The forward template unit 30 embodies a sub unit 47 which travels between
      the guide rails 20 and ahead of a somewhat similar sub unit 48 of the rear
      template unit 31. The sub unit 47 has for its main purpose to support and
      stabilize a preformed welded metal reinforcing mesh 49 of channel-like
      formation which is laid in the trough formed by the rails 20 and base
      member 21, FIG. 4, prior to the introduction of the concrete mix from the
      hopper 27. The reinforcing mesh 49 includes side reinforcing rods 50 at
      its top. At the sub unit 47 passes between the rails 20 and below the two
      skids 43 in the trough formed by rails 20 and base member 21, it will
      expand, shape and hold steady the preformed mesh 49 so that the latter is
      positioned accurately when the concrete mix is discharged immediately
      behind the sub unit 47 by the hopper outlet 32. The sub unit 47
      constitutes a large depending rectangular forming shoe for the mesh 49 on
      the apparatus and it also serves to control the flow of concrete from the
      hopper at its trailing end.
PAR  The sub unit 48 has for its purpose during longitudinal movement between
      the rails 20 to form the interior faces of the structural channel 26 and
      to produce accurately internal corner radii 52 thereon, FIG. 5. Toward
      this end, the sub unit 48 is rounded at 53 on its opposite sides and has a
      flat bottom face 54 which is spaced somewhat above the flat base member 21
      to establish  the thickness of the main web 55 of channel section 26. As
      depicted in FIG. 1, the bottom face 54 of sub unit 48 is somewhat above
      the corresponding bottom face of forward sub unit 47 and the sub unit 48
      is correspondingly narrower than sub unit 47. This relationship causes the
      reinforcing mesh 49 to be located symmetrically close to the outer
      surfaces of channel member 26 in spaced relation to the interior surfaces
      formed or molded by the rear sub unit 48.
PAR  It should be clearly understood that the necessary adjustments and
      interchangeability of parts on the apparatus are provided to make it
      feasible to vary the wall thickness and the radii of the molded channel
      section 26 to meet the needs of particular specifications. The drying or
      curing of the sections 26 may be accelerated by placing heating coils, not
      shown, in the base member 21.
PAR  It should now be apparent that as the slip form assembly 25 progresses
      along the rails 20 on the skids 43 the molded channel section 26 will be
      continuously produced. The leading sub unit 47 will properly orient the
      reinforcing mesh 49 within the trough formed by stationary elements 20 and
      21. The wet mix will be continuously discharged into the trough
      immediately behind the sub unit 47 and will envelop the mesh and enclose
      it before it can be displaced. Immediately following the discharge of the
      wet mix, the rearward sub unit 48 will begin to act on the mix and will
      mold, compact and trowel the interior surfaces of the channel sections 26
      including radii 52. Simultaneously, the elements 44 will trowel and shape
      the tops of the vertical channel webs 56. The outer vertical faces 57 and
      the botton flat face 58 of channel section 26 will be formed by the
      opposing flat faces of the rails 20 and the right angular face member 21.
      The process of formation of the channel section is continuous and the
      channel section is molded with precision and uniformity and free of
      defects. Its thickness and radii can be closely controlled so that the
      finished product will possess an excellent strength-to-weight ratio.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for forming structural channel members from moldable
      material comprising a substantially flat base member, a pair of spaced
      parallel side rails fixed to the base member and projecting thereabove and
      forming therewith a trough-like static mold, skids movably engaging the
      tops of the side rails and adapted to move longitudinally thereon, a
      hopper secured to the skids and having a lower outlet for moldable
      material extending between said side rails and adapted to deposit moldable
      material in said trough-like static mold as said skids and hopper move
      lengthwise thereof, a forward template on the apparatus including a plate
      member forming a forward wall of the hopper and an integral sub unit
      depending from the plate member and projecting between said side rails in
      closely spaced relation thereto and to said base member and being of
      approximately rectangular cross sectional shape, said sub unit adapted to
      maintain the shape of a channel-like reinforcing mesh disposed in the
      trough-like static mold, means forming a fore and aft guide for the foward
      template on said hopper, means connected with the forward template to
      adjust it in the fore and aft directions on the hopper for varying the
      size of the hopper outlet, and a rear template on the apparatus including
      a plate member forming the rear wall of the hopper and an integral sub
      unit depending from the last-named plate member and projecting between
      said side rails to continuously shape moldable material deposited in said
      mold from the lower outlet of the hopper as the apparatus travels along
      said side rails.
NUM  2.
PAR  2. The apparatus as defined by claim 1, and said skids having interior
      plate extensions projecting inwardly of the hopper side walls and inwardly
      of said parallel side rails and forming trowel elements which pass along
      the top edges of a structural channel member being formed by the apparatus
      to provide smooth top faces thereon.
NUM  3.
PAR  3. The apparatus as defined by claim 2, and interengaging means on the rear
      template and said hopper allowing the elevation of the rear template to be
      adjusted relative to the hopper and forward template.
NUM  4.
PAR  4. A slip form apparatus for use in the formation of molded structural
      channels comprising a hopper body having a bottom outlet for moldable
      material, side supporting skids on the hopper body movably engageable with
      fixed support rails on which the apparatus is adapted to travel,
      horizontal plate extensions on the hopper body at the elevations of the
      skids and projecting inwardly thereof to form trowel elements adapted to
      form smooth faces on the top edges of channels formed by the apparatus, a
      first forming device on the apparatus near its forward end and projecting
      below the elevation of the skids and disposed therebetween and extending
      below the trowel elements and serving to position and stabilize metal
      reinforcing mesh during movement of the apparatus in one direction, and a
      second forming device on the apparatus near its other end and disposed
      between the skids and extending therebelow the trowel elements and adapted
      during movement of the apparatus to produce smooth interior surfaces on a
      channel being formed by the apparatus.
NUM  5.
PAR  5. The apparatus as defined by claim 4, and means mounting at least one of
      said forming devices for fore and aft adjustment on said hopper body.
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PAL  A forming device and method is disclosed herein that is particularly useful
      for forming large parts of polyurethane material. The forming device
      includes a proportioner that meters relative amounts of materials through
      separate supply sources to a mixer where the materials are combined and
      then supplied to a mold, the mold being then rotated to displace the
      materials throughout the mold to form therefrom a part having a
      preselected shape. Where the materials to be combined are polyurethane
      components, the components are combined and quickly supplied to the mold
      to displace and cure the part while in said mold. The proportioner has a
      fixed bar and a movable bar centrally pivoted on the fixed bar with
      metering pistons mounted between the bars at opposite sides of the pivot
      junction, the movable bar being pivoted by a power actuator that includes
      power pistons mounted adjacent to the metering pistons and between the
      movable and fixed bars to pivot the movable bar, pivotal movement in one
      direction causing materials to be drawn into the cylinders of the metering
      pistons and pivotal movement in the opposite direction causing material to
      be ejected from the cylinders of the metering pistons to the mixer in a
      predetermined precise ratio of materials.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a forming device, and, more particularly, relates
      to a device for combining materials and forming therefrom a part of
      desired shape.
PAC  BACKGROUND OF THE INVENTION
PAR  It is oftentimes desired that a particular part, or piece, be formed from
      materials that must be mixed prior to piece formation. This can occur, for
      example, where two liquid state components are mixed and, after mixing,
      cured to assume a solid state with the part being formed usually in a mold
      having the desired contour, the mixture commonly then being retained in
      the mold until curing has progressed sufficiently such that the formed
      part has sufficient rigidity to retain the desired shape without mold
      assistance. Where the components are those necessary to form a
      polyurethane part, mixing of the components and forming of the part must
      occur rapidly since curing progresses quite swiftly after the components
      are mixed.
PAR  Since the achieved mixture determines the product and quality thereof, it
      is, of course, necessary that not only must a system be provided for rapid
      handling of the mixed materials, the materials must be metered, or
      proportioned, as accurately as possible each time a piece is formed.
PAR  While heretofore known and/or utilized devices have provided systems for
      mixing materials and forming a piece of desired contour from mixed
      materials, such devices have not proved to be completely successful in
      providing a system for rapid handling of materials and/or achieving
      dependable metering of the desired amounts of materials relative to each
      other as is necessary to achieve quality of product.
PAR  In addition, where mixtures that are difficult to handle are concerned,
      such as polyurethane, the devices now known and/or utilized have not
      proved to be capable of handling such materials in an entirely
      satisfactory manner, particularly where the piece to be formed had unusual
      characteristics, such as, for example, being relatively large in size
      and/or having windows to be formed therein. Heretofore known and/or
      utilized devices have, for example, not been capable of mixing adequate
      amounts of materials in sufficient time and/or require the use of small
      orifices and high pressures for metering and delivery of materials.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a device for forming parts, the device being
      particularly useful for forming panels of polyurethane and is well suited
      for forming panels of relatively large size that may be joined to form a
      building structure. The device includes an improved proportioning device
      for receiving materials to be mixed and metering the same in preselected
      relative amounts to a mixer where the materials are combined and then
      directed to a mold where the piece is formed into a retainable desired
      shape. The proportioning device includes a pair of metering pistons that
      are simultaneously actuated to assure precise metering of materials, and
      does not require small orifices or high pressures for metering and
      delivery of materials. The mold is mounted in a casting device so that the
      mold is rotated about mutually perpendicular axes to facilitate piece
      formation. An improved apparatus is also provided for inserting windows in
      panels during formation of the panels.
PAR  It is therefore an object of this invention to provide an improved forming
      device.
PAR  It is another object of this invention to provide an improved forming
      device for forming pieces of polyurethane material.
PAR  It is yet another object of this invention to provide an improved forming
      device for forming large panels of polyurethane material, said panels
      being joinable to form a building structure.
PAR  It is still another object of this invention to provide an improved forming
      device having a proportioner for receiving materials and metering the same
      to a mixer, the mixed material being directed to a mold to form a piece
      having a retainable desired shape.
PAR  It is still another object of this invention to provide an improved forming
      device having a proportioner for precise metering of materials to assure
      quality of product.
PAR  It is another object of this invention to provide an improved method for
      forming a desired piece.
PAR  It is still another object of this invention to provide an improved method
      for forming pieces that include metering precise amounts of materials,
      mixing the metered materials, and inserting the mixed material into a mold
      where the pieces are caused to assume a desired shape.
PAR  It is another object of this invention to provide a proportioner for
      metering materials in predetermined relative amounts.
PAR  It is yet another object of this invention to provide a proportioner having
      metering pistons.
PAR  It is still another object of this invention to provide a proportioner
      having an actuator for simultaneously actuating metering pistons to meter
      precise relative amounts of material through the proportioner.
PAR  It is another object of this invention to provide an apparatus and method
      for inserting windows in pieces during formation of the pieces.
PAR  With these and other objects in view, which will become apparent to one
      skilled in the art as the description proceeds, this invention resides in
      the novel construction, combination, and arrangement of parts
      substantially as hereinafter described, and more particularly defined by
      the appended claims, it being understood that such changes in the precise
      embodiments of the herein disclosed invention are meant to be included as
      come within the scope of the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate a complete embodiment, along with
      alternative components thereof, of the invention according to the best
      modes so far devised for the practical application of the principles
      thereof, and in which:
PAR  FIG. 1 is a perspective view of the forming device of this invention;
PAR  FIG. 2 is a flow schematic of the forming device as shown in FIG. 1;
PAR  FIG. 3 is a perspective view of the proportioner shown in FIG. 1;
PAR  FIG. 4 is a perspective partially cut away view of the mixer shown in FIG.
      1;
PAR  FIG. 5 is a perspective view showing the caster as shown in FIG. 1 with a
      mold positioned thereon, the mold being partially cut away;
PAR  FIG. 6 is a perspective view similar to that of FIG. 5 except showing the
      rear portion of the mold;
PAR  FIG. 7 is a cross-sectional view of the mold shown in FIG. 5;
PAR  FIG. 8 is a perspective view of a panel formed in accordance with this
      invention, utilizing the mold shown in FIGS. 5, 6 and 7, the illustrated
      panel being of hexagonal shape;
PAR  FIG. 9 is a cross-sectional view of an alternate embodiment of a portion of
      a mold showing an adaption for forming windows in the formed piece;
PAR  FIG. 10 is a perspective view of a formed piece with windows therein
      utilizing the mold shown in FIG. 9, the piece being of pentagonal shape;
PAR  FIG. 11 is a perspective view of a building that can be constructed by
      joining together pieces as illustrated in FIGS. 8 and 10; and
PAR  FIG. 12 is a front view illustrating an alternate embodiment of a caster
      that can be utilized as an element of this invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, the numeral 15 refers generally to the
      forming device of this invention. As shown in FIGS. 1 and 2, the forming
      device of this invention includes a proportioner 16, a mixer 17 and a
      caster 18 supporting mold 19. As can be seen from FIGS. 1 and 2, materials
      to be mixed are metered through the proportioner 16 to the mixer 17 where
      the materials are mixed and then directed to mold 19, the mold 19 being
      rotated by caster 18 to displace the materials throughout the mold in
      forming the piece.
PAR  As shown by the flow diagram of FIG. 2, the materials to be mixed are
      stored in separate containers. When polyurethane components are utilized,
      and this invention is particularly well suited for handling polyurethane
      components and mixing the same to form relatively large panels of
      polyurethane material, the components are stored in storage barrels, or
      receptacles, 21 and 22. As is commerically well known, polyurethane
      components are normally designated by groups of components, that may be
      stored in liquid from with relatively long storage life. Such components
      are commonly known as component A and component B and both are stored in
      liquid form. When mixed these components start to cure very rapidly, for
      example, on the order of 60 seconds after mixing, and hence must be
      maintained separated for as long a time as possible. Components A and B
      may be commercially procured, for example, from Reichold Chemicals, Inc.,
      525 North Broadway, White Plains, New York and United Foam Corporation,
      19201 South Reyes Avenue, Compton, California 90221, Component A from
      United Foam Corporation being identified as Isocyanate and Component B
      being identified as Resin/Polyo while Component A from Reichold Chemicals,
      Inc. is identified as a Urethane containing Polymeric Isocyanates and
      Component B is identified to be a Urethane Resin containing Tertiary
      Amines.
PAR  The materials stored in receptacles 21 and 22, which may be of varying
      viscosity, are withdrawn therefrom through conduits 24 and 25 (which may
      be flexible as may all conduits utilized herein) and supplied to
      proportioner 16. As indicated in FIG. 2, an in line heater 26 is
      preferably provided to heat the liquid materials from the storage
      receptacles and preferably maintain the materials at about 100.degree. F.
      The liquid material withdrawn from storage receptacle 21 is supplied to
      the proportioner through conduit 24 and is drawn into cylinder 28 of
      metering piston 29. As piston shaft 30 is withdrawn from cylinder 28,
      material is withdrawn from the storage receptable 21 and conduit 24 and
      enters cylinder 28. To allow the fluid to come into the cylinder, a valve
      31 may be provided at conduit 24 and a second value 32 may be provided at
      the outlet from the cylinder so that the material is introduced into the
      cylinder but is not expelled therefrom during the piston upstroke. When
      the piston shaft is displaced downwardly into the cylinder, the material
      is forced from the cylinder through conduit 33 with the valves 31 and 32
      operated to close off conduit 24 and forcing the liquid material from
      cylinder 28 into the outlet conduit 33. While manual valves 31 and 32 are
      illustrated herein, other arrangements including check valves or solenoid
      valves could be utilized as desired.
PAR  In like manner, liquid material withdrawn from storage receptacle 22 is
      conducted through conduit 25 to cylinder 35 of metering piston 36. Piston
      shaft 37 of metering piston 36 when withdrawn from the cylinder withdraws
      liquid material from the storage receptacle 22 through conduit 25 into
      cylinder 35 through valve 38 in conduit 25. When the piston shaft is
      displaced downwardly, the liquid material is forced from the cylinder
      through the use of valve 39 into outlet conduit 40. Again, check valves or
      solenoid valves could be utilized as desired.
PAR  The metering pistons 29 and 36 are simultaneously controlled by means of
      actuation controller 42. This controller includes a fixed support 43 which
      may be a bar, or preferably an I beam, and a movable support 44 which may
      be a second bar, and preferably a second I beam. The movable support 44 is
      pivotally mounted on fixed support 43 at a centrally located pivot
      junction 45. Thus, the movable support is pivoted in a scissor-like
      fashion so that opposite free ends of the movable support, or beam, are
      displaced in opposite rotational directions toward and away from the ends
      of the fixed support. Metering pistons 29 and 36 are fastened between the
      free ends of the fixed and movable supports with metering piston 29 being
      connected between end 47 of fixed support 43 and end 48 of movable support
      44. As shown, piston shaft 30 is connected to end 47 of fixed shaft by
      conventional fastening means 49, while the end of cylinder 28 is connected
      to the end 48 of movable support 44 by conventional fastening means 50.
      These connections of the shaft and cylinder to the fixed and movable
      supports are preferably releasable so that the metering piston may be
      moved inwardly and outwardly from the pivot junction as desired.
PAR  In like manner, metering piston 36 is mounted at the opposite side of the
      proportioner. As shown, end 51 of movable support 44 is connected to
      piston shaft 37 by conventional fastening means 52, while cylinder 35 is
      connected to end 53 of the fixed support by conventional fastening means
      54. The connections of metering piston 36 to the fixed and movable shafts
      are also made releasable fastening means so that the metering piston can
      be moved inwardly and outwardly with respect to the pivot junction as
      desired. Fixed support 43 is maintained in a fixed position in
      conventional manner such as, for example, by frame 55 connecting the ends
      47 and 53 of the fixed support to a base, or floor.
PAR  Actuation of the movable support relative to the fixed support is achieved
      by power pistons 57 and 58 also connected between the movable and fixed
      supports. As shown, the piston shaft 60 of power piston 57 is connected to
      the fixed support 43 by conventional fastener 61 while cylinder 62 is
      connected to movable support 44 by conventional fastener 63. In like
      manner, piston shaft 65 of power piston 58 is connected to movable support
      44 by conventional fastener 66 while cylinder 67 is connected to fixed
      support 43 by conventional fastener 68. The power pistons are actuated by
      manual actuator 70 having conduits 71 and 72 leading to power piston 57
      and 73 and 74 leading to power piston 58. Input conduits 75 and 76 are
      connected through divider 77 connected to pump 78 for pumping oil, as
      needed, from a reservoir 79 through conduits 80 and 81. In conventional
      fashion, as manual actuator 70 opens the line to let oil, under pressure,
      into the cylinders, the power pistons are actuated depending upon the
      particular conduit having oil directed therethrough. Opening of the line
      at one side, of course, drives the piston in one direction while opening
      of the line in the other direction drives the piston in the opposite
      direction.
PAR  The outlet conduits 33 and 40 from the proportioner are connected to mixer
      17. Manual valves 83 and 84 may be connected in the conduits adjacent to
      the mixer for isolating the mixer from the remainder of the system. The
      materials are combined, or mixed, in the mixer and mixing is facilitated
      by an impeller 86 mounted on shaft t87, the shaft being rotated by air
      driven motor 88 in conventional fashion. Flush line 89 connected with a
      solvent supply (not shown) is provided for cleaning the mixer and includes
      a valve 89'. The mixed material is expelled from the mixer through conduit
      90 and injected into mold 19. Connection 91, connecting conduit 90 to mold
      19 is releasable so that the conduit can be disconnected from the mold
      after the mixed liquid materials are injected into the mold so that the
      mold can thereafter be agitated, as by rotation thereof, to spread the
      mixed material throughout the mold.
PAR  Mold 19, of course, has an internal configuration between the mold halves
      so that the desired shape is assumed by the piece or part as it is formed
      into a solid state during curing. As shown in FIG. 8, this molded part 92
      can be of hexagonal shape and of thin cross-section when the part is to be
      a part of a building structure. As shown in FIG. 10, the molded part can
      also be of pentagonal shape and of thin cross-section when the part is to
      be used as a part of a building structure. As indicated in FIG. 10, the
      molded parts can, if desired, also have windows inserted therein.
PAR  The mold is fastened to frame 93 and the frame includes an outer frame
      portion 94 and an inner frame portion 95 with the mold being connected to
      the inner frame portion. Inner frame portion 95 is rotated about shafts 97
      and 98 which extend vertically from outer frame portion 94 and thus mount
      the inner frame portion for rotation about a vertical axis. An oil driven
      motor 99 rotates the inner frame under oil pressure being conducted to and
      removed from tthe motor through conduits 101 and 102, which conduits are
      preferably along or within the legs of the outer frame portion 94.
PAR  The outer frame portion 94 is rotated about shafts 104 and 105 which extend
      horizontally to thus allow rotation of the outer frame portion about a
      horizontal axis. As shown, shaft 104 is mounted for rotation on frame
      support 107 which support may be fastened in conventional manner to a base
      such as the floor of a building. Shaft 105 is mounted for rotation on
      frame support of a building. Shaft 105 is mounted for rotation on frame
      support 108 which support likewise may be mounted to a base such as the
      floor of a building. Shaft 104 is rotated by oil driven motor 110, and
      motor 110 has conduits 112 and 113 for supplying and removing oil
      therefrom, with conduits 101 and 102 being connected to swivel joint 114.
      Conduits 117 and 118 lead from divider 114 to divider 120 which divider
      divides pressure and oil flow as needed and as predetermined in
      conventional fashion. Input conduits 122 and 123 extend from divider 120
      to divider 77 connected with pump 78.
PAR  As can be seen, when oil is pumped to the motors 99 and 110, the mold is
      caused to rotate about perpendicular axes and thus spread mixed materials
      therein throughout the entire mold. Where polyurethane is concerned, the
      mixed components must be spread quickly throughout the mold since the
      mixed polyurethane components begin to rise and solidify in about 60
      seconds from the time of mixing of the components. As the material rises
      and solidifies, it grows and expands generally from the surface toward the
      interior of the mold, with rotation about the mutually perpendicular axes
      causing the finished piece to be a homogeneous product having great
      surface density.
PAR  The proportioner of this invention is shown by perspective view in FIG. 3
      where the proportioner 16 is shown on a base 124 having wheels 125 thereon
      so that the proportioner is made readily portable. As shown in FIG. 3 and
      in the flow schematic of FIG. 2, the relative positioning of the metering
      pistons 29 and 36 with respect to pivot junction 45 determines the
      relative amounts of material supplied to the mixer at each stroke of the
      metering pistons, movement of the ends of the movable and fixed supports
      toward one another causing material to be expelled from the cylinder of
      the metering pistons and supplied to the mixer. As the spacing of the
      metering pistons from the pivot junction is varied, the stroke of the
      piston shaft likewise varies so that material injected into the cylinder
      during the upstroke of the pistons and the material expelled from the
      cylinder during the down-stroke of the piston is precisely controlled. By
      careful selection of the distance each metering piston is located from the
      pivot junction, precise control of relative amounts of liquid components
      directed to the mixer is achieved, and this precise ratio of liquid
      components thus established will be repeated each time the proportioner is
      actuated. This is particularly important for pieces to be formed from
      polyurethane, for example. Where the proportioner is to be utilized to
      form large parts of polyurethane, the proportioner elements must be large
      enough to handle the quantities of material. For example, for large parts
      on the order of 100 square feet and weighing 100 pounds ,cylinders of
      eight inches in diameter and twenty-four inches in length have been
      utilized for use in metering pistons 29 and 36, while power pistons having
      cylinders three inches in diameter and 15 inches in length for receiving
      high pressure of about 3000 P.S.I. have been utilized. To activate the
      metering pistons, six inch I beams have been used with the proportioner
      base being 32 inches .times. 144 inches formed of four inch channel bars
      mounted on six inch casters. It has also been found that liquid materials
      may be supplied to the cylinder under a pressure of about 500 P.S.I. While
      two metering pistons and two power pistons have been shown herein,
      additional pistons could be utilized as needed or desired.
PAR  A perspective view of mixer 17 is shown in FIG. 4, the perspective view
      being cut-away to better show the impeller 86 therein. It has been fund
      that this impeller promotes material mixing as the liquid materials are
      forced from the cylinders of the metering pistons through the mixer. As
      shown in FIGS. 1, 2 and 4, a motor 88 has a pair of conduits 127 and 128
      with valves 129 and 130 therein, conduits 127 and 128 leading to
      compressor 131 driven by motor 132. If desired, motor 88 could be an
      electric motor driving impeller 86.
PAR  A perspective view of the preferred caster with a mold mounted thereon is
      shown in FIG. 5. As shown, the supports 107 and 108 receive horizontal
      shafts 104 and 105 upon which vertical side legs 134 and 135 of the outer
      frame are pivoted and the inner frame is entirely contained within the
      outer frame and rotated about the vertical shafts 97 and 98 which extend
      from the center portion of the upper and lower horizontal legs 137 and 138
      of the outer frame. Where large parts of polyurethane are to be formed
      within mold 19, an inner frame 95 (a ring as shown) has been utilized
      having a diameter of about 120 inches formed of four inch channel, while
      an outer frame 94 has been utilized with legs of three inch pipe about 136
      inches long. A drive is provided to rotate the inner frame at a speed of
      from about 0 to 12 revolutions per minute while the outer frame is rotated
      at a speed of from about 0 to 24 revolutions per minute with a speed of
      about 5 rpm for the inner frame and 10 rpm for the outer frame being found
      to be preferable.
PAR  FIG. 6 is similar to FIG. 5 except showing the rear portion of the mold 19"
      to illustrate mounting of the mold to the inner frame. As shown, a
      plurality of arms 140 are fastened to and extend from protrusion 141 the
      rear half of the mold 19" to the inner frame 95 where they are fastened
      thereto in conventional fashion. As also shown in FIG. 6, a bolt 142
      extends through the middle of the mold to better hold the mold halves in
      place, and a plurality of additional bolts 143 can be likewise utilized if
      desired or needed.
PAR  A cross-sectional view of the mold shown in place and and receiving mixed
      material from mixer 17 is shown in FIG. 7. As shown, this mold 19 has a
      hexagonal inner contour to form a molded piece 92 of hexagonal shape as
      shown in the perspective view in FIG. 8.
PAR  FIG. 9 shows a cross-sectional view of an illustration of an alternate mold
      146 that may be utilized where parts for building structures are formed
      using the system and method of this invention. The mold shown in FIG. 9
      has a pentagonal inner contour and, in addition, has an adaption therein
      for forming windows in the molded piece as the piece is formed. As shown,
      the mold adaption includes a plurality of plugs, or protrusions, 148, to
      prevent liquid material 149 in cavity 150 from reaching the portion of the
      mold where a window is desired. The window 151 is placed against the
      protrusion 148 and extends slightly outwardly therefrom so that as the
      liquid material comes into the mold the liquid material will contact the
      outer edges of the window and be retained therein as the liquid material
      solidifies and cures to thus form a part having a window therein. If
      desired, the plug may have edge sections 153 that are angled outwardly
      toward the window to form a slightly extending sill in the formed piece
      with respect to the inserted window.
PAR  The molded pieces or parts shown in FIG. 8 and 10 are illustrative only, of
      course, and other pieces may be formed as desired utilizing system and
      method of this invention. When utilized to form pieces of polyurethane
      material, as indicated in FIGS. 8 and 10, the finished polyurethane pieces
      may then be connected in conventional fashion, as by use of a commercial
      adhesive or bolted together if desired, to form a building structure 155
      such as shown for illustrative purposes in FIG. 11. Such a building
      structure when formed of polyurethane, has been found to have good
      insulating properties and be quite well suited for use as commercial
      and/or domestic buildings.
PAR  FIG. 12 shows an alternate embodiment of a caster 160 which may be
      utilized, FIG. 12 being a front view similar to that shown in the flow
      schematic diagram of FIG. 2. As shown, this embodiment of the caster has
      an outer frame portion 162 and an inner frame portion 163, the inner frame
      portion 163 being rotated about vertical shafts 165 and 166 while outer
      frame portion 162 is rotated about horizontal shafts 168 and 169 in the
      same manner as described hereinabove with respect to motor 18. Mold 19 is
      likewise connected to the caster in the same manner as connected to caster
      18 and shafts 168 and 169 are similarly mounted to supports 171 and 172.
      Caster 160 utilizes an electric motor 174 rather than oil driven motors
      and has a chain and sprocket drive 175 to rotate shaft 168 and a second
      chain and sprocket drive 176 to drive vertical shaft 166, the latter drive
      being through bevel gear arrangement 178 and rotating shaft 179 extending
      between shaft 168 and chain and sprocket drive 176. This system causes
      rotation of the mold 19 about mutually perpendicular axes as described
      hereinabove with respect to the caster shown in FIGS. 2 and 5.
PAR  In operation, the device of this invention automatically provides a precise
      ratio of materials to be mixed, rapid mixing of the same, and quick
      insertion of the mixed materials into a mold for forming a desired piece,
      or part. As the proportioner is actuated, materials are first drawn in
      predetermined quantities from each storage receptacle and then forced from
      the proportioner in exact predetermined relative amounts through the mixer
      and directed into the mold. The conduit to the mold from the mixer is
      removed from the mold after insertion of the mixed materials, after which
      the mold is plugged and then rotated about mutually perpendicular axes to
      spread the components throughout the mold as the liquid components cure
      and solidify to form the desired part. Where polyurethane is utilized,
      curing commences about one minute after mixing, and then as the mold
      rotates, the polyurethane quickly rises, forms, and solidifies to form the
      desired product.
PAR  As the polyurethane cures, a force of about 1000 P.S.I. is thought to be
      exerted within the mold by the expanding foam at about 300.degree. F, and
      100 pound parts are handled by the device of this invention even though
      the polyurethane cures very quickly.
PAR  As can be seen from the foregoing, this invention provides an improved
      forming device that is particularly useful for forming pieces of
      polyurethane material, and further provides a proportioner that is well
      suited for delivering predetermined precise ratios of materials to be
      mixed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A forming device for forming parts of relatively large dimensions, said
      device comprising:
PA1  first and second material supplying means for supplying material to be
      combined;
PA1  mixing means for combining material from said first and second material
      supplying means;
PA1  proportioning means including first and second metering means each of which
      includes a metering piston and each of which receives material from a
      different one of said first and second material supplying means;
PA1  actuating means including a fixed bar and a movable bar mounted for
      pivoting relative to said fixed bar, said metering pistons being connected
      between said bars so as to be actuated by pivotal movement therebetween,
      and said actuating means also including power piston means independent of
      said metering pistons and being connected between said bars for causing
      said pivotal movement therebetween; and
PA1  casting means for receiving material from said mixing means and causing
      said received material to assume a retainable predetermined shape.
NUM  2.
PAR  2. The forming device of claim 1 wherein said casting means includes a mold
      and an agitator for displacing material throughout said mold.
NUM  3.
PAR  3. The forming device of claim 2 wherein said agitator includes means to
      rotate said mold about mutually perpendicular axes.
NUM  4.
PAR  4. A device for forming relatively large pieces of polyurethane, said
      device comprising:
PA1  first and second supply means for supplying polyurethane components in
      liquid form;
PA1  a mixer for combining said polyurethane components at said mixer;
PA1  first and second metering pistons for receiving said polyurethane
      components from said first and second supply means, respectively, and
      supplying the same to said mixer;
PA1  actuating means including a fixed bar and a moveable bar mounted for
      pivoting relative to said fixed bar, said bars being connected with said
      metering pistons so as to be actuated by pivotal movement therebetween for
      causing metering of said polyurethane components from said first and
      second supply means to said mixer through said metering pistons in
      predetermined relative amounts, said actuating means also including power
      piston means independent of said metering piston connected between said
      bars for causing said pivotal movement therebetween;
PA1  a mold for receiving mixed polyurethane components from said mixer;
PA1  and mold agitating means for displacing mixed polyurethane components in
      said mold whereby said mixed polyurethane components are quickly spread
      throughout said mold to at least partially cure therein to thus form said
      polyurethane piece.
NUM  5.
PAR  5. The forming device of claim 4 wherein said actuator includes linking
      means for preselecting relative amounts of each component to be metered
      through said first and second metering pistons whereby each actuation of
      said pistons meters through the precise ratio of said components as
      preselected, said metering pistons being adjustably connected with said
      linking means to that said ratio of preselected components to be metered
      to said mixer can be adjusted as desired.
NUM  6.
PAR  6. The forming device of claim 4 wherein said mold includes plug means
      within said mold whereby windows are cast in said piece when said piece is
      formed.
NUM  7.
PAR  7. A device for forming relatively large pieces of polyurethane, said
      device comprising:
PA1  first and second storage sources for storing first and second components of
      a polyurethane mixture in liquid form;
PA1  first and second supply conduits connected with said first and second
      storage means, respectively, to separately withdraw said liquid components
      from said storage sources;
PA1  first and second metering pistons having actuating shafts and cylinder
      portions for receiving liquid components from said first and second supply
      conduits, respectively;
PA1  a fixed piston support;
PA1  a movable piston support mounted for pivotal movement with respect to said
      fixed support;
PA1  means for connecting said metering pistons to said support so that liquid
      components flow into said cylinders when said actuating shaft is moved in
      one direction and ejected from said cylinder when said actuating shaft is
      moved in the opposite direction;
PA1  actuating means including power pistons connected with said movable piston
      support to cause actuation of said piston shaft in said opposite
      directions;
PA1  a mixer;
PA1  third and fourth conduits connecting said metering pistons with said mixer;
PA1  a mold;
PA1  a fifth conduit connected with said mixer to conduct mixed components
      therefrom, said fifth conduit being connectable with said mold to supply
      mixed liquid components thereto; and
PA1  a mold caster for rotating said mold about mutually perpendicular axes to
      displace mixed liquid components received within said mold throughout the
      mold for curing within the mold to a desired piece having a preselected
      shape.
NUM  8.
PAR  8. The forming device of claim 7 wherein said device includes heating means
      connected with said first and second supply conduits to heat the
      components delivered to said metering pistons.
NUM  9.
PAR  9. The forming device of claim 7 wherein said movable piston support is
      centrally mounted at a pivot junction for pivotal movement with respect to
      said fixed piston support, and wherein said metering pistons are connected
      to said movable support at opposite sides of said pivot junction.
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ABST
PAL  Continuous foam blocks with rectangular cross-section are produced on a
      side-limited conveyor band by feeding a foamable mixture to a cover foil
      travelling with said conveyor band and covering the free surface of the
      mixture with a bearing layer not earlier than immediately after the supply
      of the mixture and not later than before the zone in which a skin would be
      formed on the free surface of the block.
BSUM
PAR  Process and apparatus for producing continuous rectangular cross-section
      foam plastics blocks by free-foaming.
PAR  The present invention relates to a process and an apparatus for producing
      continuous foam plastics blocks of rectangular cross-section by
      free-foaming in which a foamable liquid mixture is supplied to a
      travelling support having lateral boundaries, the mixture foaming on the
      support.
PAR  Such foam plastics blocks, which are for example commonly produced from
      polyurethane based materials, are cut into webs or block sections after
      they have been manufactured and are converted into for example upholstery
      material and insulating material.
PAR  The continuous blocks are produced on a conveyor belt, which is covered
      with a foil, and which has lateral boundaries. A liquid, foamable mixture
      is delivered on to the surface foil of the conveyor belt, and the mixture
      then foams up in the box formed by the conveyor belt and lateral
      boundaries. The box is open in the upward direction. It is because of this
      feature that the process is referred to as free-foaming since the foam is
      able to foam up freely inside the box.
PAR  It is a disadvantage of the free-foaming process that the surface of the
      block does not have a rectangular cross-section, but curves downwardly
      from the centre to the lateral edges. This results in a wastage of 8 to
      10% of the foam plastics material. Consequently, many different methods
      have been tried for obtaining a foam plastics block of rectangular
      cross-section.
PAR  All previous proposals were based on the fact that as the plastics material
      foams it is subject to such a high degree of friction on the lateral
      boundaries as it rises that the mixture collapses and the formation of the
      foam is retarded. To avoid this attempts were made to draw the surface
      foils of the lateral boundaries in an upward direction or to stretch them
      at the same speed as that at which the foamable mixture foamed up. Success
      has been obtained by this procedure, but the cost is extremely high. In
      addition to the speed of foaming, it is also necessary when pulling up or
      stretching the surface foils of the lateral boundaries to take into
      account the transporting speed in the conveying direction. For this
      purpose, expensive gripper devices and guiding elements were necessary, in
      order to expand the lateral surfacing foils in the conveyor direction in
      accordance with the existing height of the block.
PAR  It is consequently an object of the present invention to provide a process
      and an apparatus with which blocks of rectangular cross-section can be
      produced with inexpensive equipment using the free-foaming process.
PAR  The present invention is based on the fact that it is not only the friction
      of the foam on the side walls that causes the curvature of the surface of
      the foam plastics block, but also the surface tensions in the skin which
      is being formed.
PAR  According to the present invention there is provided a process for the
      production of continuous foam plastics blocks of rectangular cross-section
      by free-foaming, in which a liquid, foamable mixture is supplied to a
      laterally bounded, travelling support on which the mixture foams up,
      wherein not earlier than immediately after the supply of the mixture and
      not later than before the zone in which a skin would be formed on the free
      surface of the block, this surface is covered by a bearing layer which
      floats on the mixture or the forming foam plastic. By this simple measure
      the deformation of a skin is avoided and a foam plastics block of
      substantially rectangular cross-section is produced.
PAR  It is already known in the foam plastics art to use bearing members.
      However, this is done with the so-called double conveyor belts, on which
      plates are produced. These plates are often covered on both sides with a
      covering foil, which consists of sheet metal, roofing felt or the like, so
      that a sandwich element is formed. In foaming, the foam plastic being
      formed in the gap between the upper belt and lower belt experiences a
      pressure, for which reason this process is also called the
      pressure-foaming process. In this case, in constrast to the free-foaming
      process as previously described, a good adhesion with the surface layers
      is desired. Corresponding to the pressure exerted by the double conveyor
      belt on the foam plastic as it is forming, there is obtained a multiple
      compression of the foam material as compared with the free-foaming
      process. This procedure is entirely different from the present invention.
PAR  It is advantageous to use a gas-permeable bearing member, so that the gas
      being generated in the foaming reaction can escape through it.
PAR  Due to the fact that the foamable, liquid mixture cannot be delivered with
      a broad-slit nozzle extending over the entire working range, but rather
      that a reciprocating mixing head or several stationary mixing heads must
      be used, there is often a variation in thickness in the application of the
      mixture, as seen over the working width. In a preferred embodiment of the
      process according to the invention, the bearing member is accordingly
      flattened out to the same level transversely of the conveying direction.
PAR  Several methods are possible for covering the unbounded surface of the foam
      plastic block: a foil may be laid thereon or a liquid film may be sprayed
      on or a tough, gel-like coating may be applied.
PAR  It has been found that the flattening or levelling device can very easily
      become soiled by the foaming mixture, and in fact when a gas-pervious
      bearing member is used. Ideally one would use a bearing member which is
      gas-permeable but is impermeable for the mixture. However, it has hitherto
      been shown in practice that, when a sufficiently liquid-impermeable web is
      used, the gas permeability is too low and gas bubbles are formed between
      the bearer member and foam plastic surface during the foaming reaction,
      which bubbles cause wastage of material. By "liquid-impermeable" it is to
      be understood that the degree of impermeability is sufficient to prevent
      the foamable mixture penetrating through the web. On the other hand, if a
      web having sufficient gas permeability is chosen, then also forming
      mixture penetrates therethrough.
PAR  These disadvantages are avoided in accordance with one embodiment of the
      invention by placing a liquid-impermeable web on the bearer member before
      the levelling operation.
PAR  The bearer member in such a case may consist for example of porous paper
      web or foil, or the paper web or foil may have a perforation which permits
      passage of the gas. The liquid-impermeable web, on the contrary, can be
      gas-impermeable. The gas being generated during the foaming reaction then
      discharges mainly towards the sides between the bearer member and
      liquid-tight web. The mixture penetrating through the bearer member
      remains between the latter and web, so that the levelling device is not
      soiled.
PAR  In one particular embodiment for carrying out the process according to the
      invention, the liquid-impermeable web or sheet is removed at the place
      where the foaming reaction ends. In this way, a better dissipation of gas
      is produced for the subsequent reaction.
PAR  When producing foam plastics blocks from a mixture giving off a relatively
      small amount of gas during the reaction, it is advantageous to lay on the
      mixture a combination of a gas-permeable bearer member with a
      liquid-impermeable web. This simplifies the construction in that only one
      bearing device and one removal device are necessary.
PAR  Alternatively, however, even when the gas-permeable bearer and
      liquid-impermeable web are laid on separately, the bearer and web can be
      removed simultaneously.
PAR  An apparatus according to the invention for carrying out the process
      comprises an endless revolving conveyor belt with lateral boundaries and a
      delivery device for the mixture at the entry end of the belt, the entry
      end being provided with stations from which covering foils are unwound, a
      laying-on device being provided above the upper run of the conveyor belt
      for a bearer member which floats on the mixture or foam plastic. The
      bearer member can now be applied to the mixture by means of this laying-on
      device.
PAR  One particular embodiment of the apparatus for carrying out the invention
      additionally comprises a levelling device for the said bearer member. The
      purpose of the levelling device is to hold the bearer transversely of the
      conveying direction at the same level, without exerting any substantial
      pressure on the foam plastic which is being formed.
PAR  The levelling device advantageously extends over the full foaming range. In
      this way, any lifting of the bearer and penetration of air is prevented.
PAR  The laying-on device according to the invention can be made in various
      ways:
PAR  In a first embodiment, it consists of an unreeling station for a surface or
      covering foil which serves as the bearer member. The surface foil may
      consist, for example, of a paper web or a synthetic plastics foil. In a
      second embodiment the laying-on device consists of spraying nozzles. By
      means of the spraying nozzles, a liquid or a viscous mass can be sprayed
      on to the surface of the mixture. The levelling device is advantageously
      fixed on the frame of the conveyor belt, at least at its end closest to
      the delivery device. In its simplest form it may consist of a roller or
      doctor, with which the liquid mixture is levelled. The bearing member is
      supplied before this roller or doctor. In the case where a surface foil is
      used as bearer member, this foil runs beneath the levelling device. In the
      case where a liquid or a viscous layer is used, the roller or doctor
      provides for the uniform distribution of the liquid or layer over the
      surface of the foamable mixture.
PAR  In one particular embodiment of the levelling device, the latter extends
      over the full length of the foaming region. In contrast to the levelling
      action produced by a roller or a doctor, which is along one line
      transversely of the operating direction, this produced a surface-like
      levelling.
PAR  In the conveying direction after the laying-on device, there is preferably
      arranged a second such device for a liquid-tight web, this web being
      guided beneath the levelling device. In this way, the application of the
      liquid-tight web is substantially facilitated and any soiling of the
      levelling device is avoided.
PAR  An alternative method for solving this problem is to associate a cleaning
      arrangement with the levelling device. If for example there is an
      irregular soiling over the width of the levelling device, the heavily
      soiled areas can give rise to undesirable longitudinal channels on the
      surface of the foam plastic.
PAR  If the arrangement is equipped with a levelling device fixed only at the
      forward end, the cleaning arrangement is preferably constructed as an
      arrangement for spraying on solvents.
PAR  The solvent, e.g. ethyl acetate or dimethyl formamide, is applied directly
      to the levelling device or to that side of the bearer member which is
      facing the levelling device, in order to dissolve any mixture which passes
      and foams through the bearer. The dissolved mixture is then carried away
      with the bearer, which is later removed.
PAR  In one particular embodiment, the levelling device for levelling the
      surface over the foaming region consists of a slatted grating in addition
      to a roller or doctor. Such a slatted grating is naturally only capable of
      being used when a surface foil travelling with the foam is employed as the
      bearer member.
PAR  In an alternative embodiment, the levelling device consists of a web of
      synthetic plastics material, rubber, wire gauze or the like.
PAR  In another embodiment, the levelling device consists of a revolving belt,
      of which the lower run hangs down loosely. This has the advantage that the
      levelling device revolves at the speed of travel of the foam plastic and
      the bearer and does not experience any friction.
PAR  In this case, the cleaning arrangement advantageously consists of a
      stripper. For example, it may have the form of a doctor or a rotating
      brush. However, a solvent-spraying device can also be used alone in this
      case or in combination with the stripper.
PAR  The levelling device is advantageously adjustable in width. When using a
      slatted grating, this advantageously consists of at least two parts which
      are displaceable laterally one into the other, so that the total width is
      adjustable. For adjusting the working width of the levelling device, it is
      also very satisfactory to use lattice gratings, which are constructed in
      the manner of a lazy tongs device.
PAR  The levelling device is advantageously fixed on a holding means which is
      adjustable in height. This has the advantage that the levelling device can
      be adjusted to the expected level of the foam plastic, so that when it is
      arranged in the region of the mixture, it can serve at the same time as a
      calibrating device.
PAR  In another, particularly advantageous embodiment of the apparatus according
      to the invention, the levelling device is adjustable in the working
      direction. This has the result that when foam plastic mixtures reacting at
      different speeds are used, such as those mixtures which are necessary for
      producing different qualities of foam plastic, the position of the
      levelling device can be adapted to the foaming region.
DRWD
PAR  Several embodiments of the apparatus according to the invention are shown
      in purely diagrammatic form in the drawings, and are described more fully
      below. In the drawings:
PAR  FIG. 1 shows an apparatus in side elevation with a slatted grating as a
      levelling device,
PAR  FIG. 2 is a front view of the slatted grating
PAR  FIG. 3 shows the slatted grating in plan view,
PAR  FIG. 4 shows a section A-B in FIG. 3
PAR  FIG. 5 shows an apparatus with an endless revolving levelling device,
PAR  FIG. 6 shows an apparatus with spraying nozzles,
PAR  FIG. 7 shows an apparatus similar to FIG. 1, but with an additional
      unreeling station,
PAR  FIG. 8 shows an apparatus similar to FIG. 1 with a solventspraying
      arrangement, and
PAR  FIG. 9 shows an apparatus similar to FIG. 5 with a solventspraying
      arrangement and a stripper.
DETD
PAR  FIG. 1 shows a cover foil 3 which is laid on an upper run 1 of a conveyor
      belt 2, the foil unwinding from a supply station 4. Lateral boundaries 5
      are likewise covered by surface foils 6, which unwind from supply stations
      7, only one of which is shown. A supply device 8 delivers a foamable
      mixture on the surface foil 3 at the rear end portion of the upper run 1,
      and is distributed thereon as a thin layer. As it travels in the conveying
      direction, the mixture 9 then foams up in a foaming region 10 to form a
      foam plastics block 11. In the foaming region 10, a layer 12 is applied
      onto the mixture forward and adjacent the supply device 8 for bearing and
      floating on and traveling with the mixture during the foaming thereof. The
      layer 12 is applied so as to bear on the layer of mixture 9 and the foam
      plastic block 11 being formed therefrom. The layer 12 consists of a cover
      foil which unwinds from a supply station 13. From the unwinding station
      13, it is also possible for a combination of a gas-permeable bearing layer
      and a liquid-impermeable web to be laid on. The bearing layer 12 is guided
      beneath a levelling device 14, which comprises a roller 15 and a slatted
      grating 16. The roller 15 is mounted to be adjustable in height in a
      supporting frame 17, which in turn is guided in a slide 18 which is
      displaceable in the conveying direction and on which is mounted the supply
      station 13.
PAR  The construction of the slatted grating 16 can be seen from FIGS. 2 to 4.
      The slatted grating 16 consists of two parts 19 and 20, belts 21 and 22,
      respectively, being provided at the lateral boundaries 5. Slats 23 and 24
      are fixed on the belts. The slats interengage by means of a groove 25 and
      tongue 26 (FIG. 4), so that the parts 19 and 20 of the slatted grating 16
      are displaceable relatively to make it possible to adjust the working
      width. The tolerances between the groove 25 and tongue 26 are kept
      relatively large, so that the slatted grating 16 is able to adapt itself
      in the longitudinal direction to the rising profile of the synthetic
      plastics block which is forming.
PAR  FIG. 5 shows a surface foil 30 which is laid on an upper run 28 of a
      conveyor belt 29, the foil running off a supply station 31. Lateral
      boundaries 32 are separated by cover foils 33 from the forming foam
      plastic. These cover foils 33 unwind from supply stations 34. A foamable
      mixture is applied in a thin layer 36 to the cover foil 30 from a supply
      arrangement 35. A cover film 37 from a supply station 38 is arranged on
      the layer 36 and serves as a bearing layer, the station 38 serving as the
      laying-on device. A levelling device is formed by an endless belt 39,
      which runs over rollers 40 and of which a lower run 41 depends loosely
      from the rollers 40 on the forming foam plastic and rests thereon.
PAR  In the embodiment shows in FIG. 6, a cover foil 44 is laid on an upper run
      42 of a conveyor belt 43, the foil unwinding from a supply station 45. The
      lateral boundaries 46 are covered with cover foils 47, which are unwound
      from supply stations 48. A supply arrangement 49 applies a foamable
      mixture to the cover foil 44 as a thin layer 50. The laying-on device here
      consists of a spraying nozzle 51, which covers the surface of the mixture
      52 with a thin film 53.
PAR  FIG. 7 uses the same reference numerals as in FIG. 1 (where applicable).
      The cover foil 3 is applied to the upper run 1 of the conveyor belt 2 the
      foil being unwound from a supply station 4. The lateral boundaries 5 are
      covered with the cover foils 6, whih unwind from the supply stations 7.
      The supply arrangement 8 applies foamable mixture to the cover foil 3, and
      the mixture is distributed thereon as a thin layer 9. In the conveying
      direction, the mixture 9 then foams up in the foaming region 10 into the
      foam plastic block 11. In the foaming region 10, a gas-permeable bearing
      member 12 is laid on the mixture 9 and the foam plastic block 11 which is
      forming. The bearing layer 12 consists of a cover foil unwinding from a
      supply station 13. From a supply station 13a, a liquid-impermeable web or
      sheet 12a is unwound and is laid on the bearing layer 12. The bearing
      layer 12 and the web 12a are guided beneath a levelling device 14 which
      consists of a roller 15 and a slatted grating 16. The roller 15 is mounted
      for vertical adjustment in the supporting frame 17, which in its turn is
      guided in a carriage 18 displaceable in the conveying direction. The web
      12a is removed at the end of the foaming region 10 by means of a reeling
      station 13b. The layer 12 is only subsequently wound by another reeling
      station 13c.
PAR  Devices comprising a cleaning arrangement are shown in FIGS. 8 and 9.
PAR  A solvent is applied to the bearing layer 12 by means of a cleaning
      arrangement 54 which is in the form of a solventapplying device, so that a
      thin film of solvent is formed, which is stripped off on the slatted
      grating 16, so that no mixture can be deposited thereon. The
      solvent-applying arrangement consists of a supply pipe system 55, which
      opens into spraying nozzles 56. The bearing layer 12 is guided beneath the
      levelling device 14 which consists of a roller 15 and the slatted grating
      16. The roller 15 is mounted for vertical adjustment in the supporting
      frame 17, which in its turn is guided in the carriage 18 displaceable in
      the conveying direction. Referring to FIG. 9 a cleaning arrangement 57'
      consists of a solvent-applying arrangement 58' and 59', which co-operates
      with a cleaning brush 60. The solvent-applying device 58, 59, is arranged
      between the supply station 38 and the next adjacent roller 40. The
      cleaning brush 60 is associated with the other roller 40'.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for the production of continuous foam plastic blocks by free
      foaming, comprising:
PA1  a. a conveyor belt assembly comprising an endless revolving conveyor belt
      and lateral boundary members over the upper run of the belt for limiting
      lateral movement of the foaming plastic,
PA1  b. means for continuously supplying cover foil to the upper run of the belt
      and the lateral boundary members for separating the foaming plastic from
      the conveyor belt and lateral boundary members,
PA1  c. means for supplying a mixture foamable to form the foam plastic, to the
      rear end portion of the upper run after the cover foil of (b) is applied,
PA1  d. means for laying a web or foil onto the mixture forward and adjacent
      said mixture supply means (c) for bearing and floating on, and traveling
      with the mixture during the foaming thereof,
PA1  e. a leveling device comprising a slatted grating disposed adjacent the
      supply means for overlying the web or foil and resting on the foaming
      plastic, for surface levelling of the rising profile of the foam
      transversely of the conveying direction, the leveling device being adapted
      to be supported by the raising foam.
NUM  2.
PAR  2. Apparatus according to claim 1, the laying-on means (d) comprising means
      for mounting a spool of the web or foil on the apparatus.
NUM  3.
PAR  3. Apparatus according to claim 1 and means for positioning a liquid
      impermeable sheet between said web or foil and the leveling device.
NUM  4.
PAR  4. Apparatus according to claim 1, and means for cleaning the levelling
      device.
NUM  5.
PAR  5. Apparatus according to claim 4, said cleaning means comprising means for
      applying a solvent to the levelling device.
NUM  6.
PAR  6. Apparatus according to claim 1, the conveyor belt assembly comprising a
      frame member, and means mounting the levelling device on the frame member.
NUM  7.
PAR  7. Apparatus according to claim 1, the slats of the leveling device
      extending transversely of the conveying direction.
NUM  8.
PAR  8. Apparatus according to claim 1, the levelling device being adjustable in
      width.
NUM  9.
PAR  9. Apparatus according to claim 6, the levelling device mounting means
      being adjustable permitting selective variations in the height of the
      levelling device.
NUM  10.
PAR  10. Apparatus according to claim 6, the levelling device mounting means
      being adjustable permitting selective variation in the longitudinal
      position of the levelling device with respect to the conveyor belt.
NUM  11.
PAR  11. Apparatus according to claim 1, the laying on means (d) comprising
      means for mounting a spool of cover foil to serve as the web or foil, and
      means for positioning a liquid impermeable sheet between the web or foil
      and the leveling device.
NUM  12.
PAR  12. Apparatus according to claim 6, the leveling device being mounted on
      the frame member at the end of the leveling device closest to the means
      for supplying the mixture foamable to form the foam plastic.
NUM  13.
PAR  13. Apparatus according to claim 7, wherein the slatted grating is
      adjustable in width.
NUM  14.
PAR  14. Apparatus for the production of continuous foam plastic blocks by free
      foaming, comprising:
PA1  a. a conveyor belt assembly comprising an endless revolving conveyor belt
      and lateral boundary members over the upper run of the belt for limiting
      lateral movement of the foaming plastic,
PA1  b. means for continuously supplying cover foil to the upper run of the belt
      and the lateral boundary members for separating the foaming plastic from
      the conveyor belt and lateral boundary members,
PA1  c. means for supplying a mixture foamable to form the foam plastic, to the
      rear end portion of the upper run after the cover foil of (b) is applied,
PA1  d. means for laying a web or foil onto the mixture forward and adjacent
      said mixture supply means (c) for bearing and floating on, and traveling
      with the mixture during the foaming thereof,
PA1  e. a leveling device disposed adjacent the supply means for overlying the
      web or foil and resting on the foaming plastic, for surface leveling of
      the rising profile of the foam transversely of the conveying direction,
      the leveling device being adapted to be supported by the rising foam,
PA1  f. means for positioning a liquid impermeable sheet between said web or
      foil and the leveling device.
NUM  15.
PAR  15. Apparatus as claimed in claim 14, the laying on means (d) comprising
      means for mounting a spool of cover foil to serve as the web or foil.
NUM  16.
PAR  16. Apparatus for the production of continuous foam plastic blocks by free
      foaming, comprising:
PA1  a. a conveyor belt assembly comprising an endless revolving conveyor belt
      and lateral boundary members over the upper run of the belt for limiting
      lateral movement of the foaming plastic,
PA1  b. means for continuously supplying cover foil to the upper run of the belt
      and the lateral boundary members for separating the foaming plastic from
      the conveyor belt and lateral boundary members,
PA1  c. means for supplying a mixture foamable to form the foam plastic, to the
      rear end portion of the upper run after the cover foil of (b) is applied,
PA1  d. means for laying a web or foil onto the mixture forward and adjacent
      said mixture supply means (c) for bearing and floating on, and traveling
      with the mixture during the foaming thereof,
PA1  e. a leveling device which is adjustable in width, disposed adjacent the
      supply means for overlying the web or foil and resting on the foaming
      plastic, for surface leveling of the rising profile of the foam
      transversely of the conveying direction, the leveling device being adapted
      to be supported by the rising foam.
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ABST
PAL  An apparatus for fabricating foam pads having a generally flat inner
      surface with a depending peripheral edge, the flat inner surface including
      a dense outer crust. A spring assembly is adapted to be disposed so that
      the terminal face portions thereof contact the outer crust and with the
      depending edge of the pad confiningly receiving the spring assembly to
      prevent lateral displacement therebetween. The apparatus includes an open
      top mold, and a mold insert which is adapted to be floatingly positioned
      on the upper surface of the foaming material to level the same while
      permitting the formation of a dense outer crust thereon. The depending
      foam edge may then be formed by adding additional foamable material along
      the periphery of the pad between the border of the mold and mold insert,
      or by suitably attaching a preformed foam strip therealong.
PARN
PAR  The present application is a continuation-in-part of pending application
      Ser. No. 298,953, filed Oct. 19, 1972, now U.S. Pat. No. 3,818,560, and
      which in turn is a division of application Ser. No. 130,328, filed Apr. 1,
      1971 and now U.S. Pat. No. 3,719,963.
BSUM
PAR  The present invention relates to an apparatus for fabricating foam pads for
      use in a spring cushion construction which comprises an outer foam pad and
      an underlying spring assembly.
PAR  Conventionally, seat cushions of the desired type are fabricated by
      mechanically attaching a preformed pad to an underlying spring assembly.
      In an attempt to prevent the springs from gradually cutting their way
      through the foam during use and thereby destroying the cushion, it is
      common to also place a fabric insulator between the springs and foam. The
      use of such an insulator is not altogether satisfactory, however, since it
      adds to the cost of the resulting product, and the relative movement
      between the foam and terminal portions of the spring assembly during use
      tends to break down the insulator, thereby permitting the spring assembly
      to enter and cut through the foam.
PAR  It has also been proposed to fabricate foam cushions by employing a
      foamable elastomeric material which is adapted to form a dense outer crust
      along the upper surface when foamed in an open top mold, and wherein the
      foam rises within the mold during the foaming process to embed the
      terminal portions of a spring assembly being held above the mold such that
      the crust serves to "lock" the springs in the foam, note for example the
      U.S. patents to Koenigsberg, No. Re. 24,914 and Brown et al, No.
      3,005,213. However, such method results in the foam pad and spring
      assembly being initially interconnected, and it is often desirable to
      separately fabricate the foam cushion and subsequently interconnect the
      spring assembly to reduce shipping and handling costs. Also, this latter
      practice has not heretofore been feasible when the pad is formed in an
      open top mold since the upper surface which includes the dense upper crust
      tends to become somewhat rounded or crowned. This characteristic is
      particularly pronounced when a relatively large pad such as would be used
      in a mattress is fabricated, and the existence of the crowned surface
      effectively precludes the subsequent positioning of a spring assembly
      against the upper surface since the pad would not lie flat on the spring
      assembly and the central portion of the pad would be of greater thickness
      than the peripheral portions.
PAR  It is accordingly an object of the present invention to provide an
      apparatus for fabricating foam pads which do not require a conventional
      insulator.
PAR  It is another object of the present invention to provide an apparatus for
      fabricating foam pads for use in spring cushion constructions and wherein
      the pads have a generally flat outer surface including a dense outer crust
      capable of preventing penetration by an adjacent spring assembly during
      prolonged use.
PAR  It is another object of the present invention to provide an apparatus for
      fabricating foam pads which have a peripheral depending edge portion which
      is adapted to confiningly receive a spring assembly within the bounds
      thereof to facilitate interconnection of the foam pad and spring assembly,
      and prevent lateral shifting therebetween.
PAR  It is still another object of the present invention to provide an apparatus
      for forming a foam pad which includes an open top mold for foaming a
      foamable material, and means for leveling a major portion of the upper
      surface during the foaming operation to thereby provide a relatively flat
      area for contacting an adjacent spring assembly.
PAR  It is a further object of the present invention to provide an apparatus for
      forming a foam pad in an open top mold and wherein the upper surface may
      be leveled during the foaming operation without significantly interfering
      with the formation of a dense upper crust.
PAR  It is also an object of the present invention to provide an apparatus for
      forming a foam pad having a raised edge along the periphery of the upper
      surface which is adapted to confiningly receive an adjacent spring
      assembly.
PAR  These and other objects and advantages of the present invention are
      achieved in the embodiments of the present invention illustrated herein by
      the provision of an apparatus for forming foamed pads which have a
      generally flat inner surface and a depending peripheral edge. (The edge is
      generally referred to herein as "raised" when described in association
      with the method of fabricating the pad, and as "depending" when described
      in association with the product since the pad is typically viewed as being
      inverted when assembled to the spring assembly). Such pads are fabricated
      by an apparatus which includes an open top mold adapted to receive a
      foamable elastomeric material therein to form a resilient pad having a
      dense upper crust on the upper surface thereof. A mold insert is provided
      which is adapted to be positioned on the upper surface of the foaming
      material. The mold insert is of an openwork construction and includes an
      upstanding peripheral flange, and is adapted to level the upper surface of
      the foaming material while serving to maintain a substantial portion
      thereof in contact with the air to thereby result in the formation of the
      dense upper crust. A raised foam edge may then be formed by depositing
      additional foamable material in a channel formed between the edge wall of
      the mold and the peripheral flange of the mold insert. The apparatus may
      further include infrared lamps for heating the surface of the foaming
      material prior to the placement of the mold insert thereon to increase the
      normal thickness of the crust.
DRWD
PAR  Some of the objects of the invention having been stated, other objects will
      appear as the description proceeds, when taken in connection with the
      accompanying drawings, in which
PAR  FIG. 1 is a flow chart illustrating the steps in making a foam pad in
      accordance with the present invention;
PAR  FIG. 2 is a schematic illustration of an apparatus embodying the present
      invention;
PAR  FIG. 3 is a schematic illustration of the mold filling station of the
      apparatus illustrated in FIG. 2;
PAR  FIG. 4 is a schematic illustration of the heating station shown in FIG. 2;
PAR  FIG. 5 is a schematic illustration of the insert assembly station shown in
      FIG. 2;
PAR  FIG. 6 is a schematic illustration of the edge forming station shown in
      FIG. 2 and wherein additional foamable material is deposited in the
      channel formed between the mold insert and mold;
PAR  FIG. 7 is a view similar to FIG. 5, but illustrating an alternate
      embodiment wherein the mold insert and an open mesh scrim fabric are
      positioned on the foaming material;
PAR  FIG. 8 is a view similar to FIG. 7, but illustrating another embodiment
      wherein an open mesh scrim fabric is presecured to the mold insert prior
      to being positioned on the foaming material;
PAR  FIG. 9 is a sectioned perspective view of a mold insert in accordance with
      the present invention;
PAR  FIG. 10 is a sectioned front view of the mold insert positioned within the
      mold and illustrating the means for centering the insert within the mold;
PAR  FIG. 11 is a sectioned perspective view illustrating the mold, mold insert,
      and resulting pad as seen in FIG. 6;
PAR  FIG. 12 is a sectioned perspective view illustrating another embodiment
      wherein the upstanding flange of the mold insert comprises a relatively
      fine, openwork screen;
PAR  FIG. 13 is a sectioned perspective view illustrating the embodiment shown
      in FIG. 8 and wherein the open mesh scrim fabric is presecured to the mold
      insert;
PAR  FIG. 14 is a sectioned perspective view illustrating another embodiment
      wherein the upstanding flange of the mold insert includes a laterally
      directed peripheral rib for forming a channel along the inwardly facing
      surface of the raised edge;
PAR  FIG. 15 is a schematic illustration of an alternate method for forming a
      raised edge along the periphery of the foam pad by positioning a strip of
      foamed material in the channel formed between the mold and mold insert;
PAR  FIG. 16 is a sectioned perspective view of a foam pad resulting from the
      practice of the present invention;
PAR  FIG. 17 is a sectioned perspective view similar to FIG. 16, but
      illustrating a foam pad resulting from the use of a mold insert as shown
      in FIG. 12 and wherein a crust is formed on the inwardly facing surface of
      the raised foam edge;
PAR  FIG. 18 is a sectioned perspective view similar to FIG. 16, but
      illustrating a foam pad resulting from the use of a mold insert as shown
      in FIG. 8 and wherein a reinforcing open mesh scrim fabric is embedded in
      the crust of the flat central portion of the pad and the inwardly facing
      surface of the raised foam edge;
PAR  FIG. 19 is also a view similar to FIG. 16 but illustrating a foam pad
      resulting from the use of a mold insert as shown in FIG. 14.
PAR  FIG. 20 is a sectioned perspective view of a foam pad resulting from the
      method illustrated in FIG. 15;
PAR  FIG. 21 is an exploded perspective view of an inner spring foam mattress
      which embodies a pair of foam pads fabricated in accordance with the
      present invention; and
PAR  FIG. 22 is a fragmentary sectional view of a seat cushion having a foam pad
      fabricated in accordance with the present invention.
DETD
PAR  Referring more specifically to the drawings, FIGS. 1 and 2 schematically
      illustrate a process and apparatus for fabricating a foam pad adapted for
      use in an inner spring mattress 30 such as shown in FIG. 21, or in a seat
      cushion 32 such as shown in FIG. 22. According to the illustrated
      embodiment, the apparatus comprises an endless horizontal trackway 34 of
      conventional construction and which is adapted to convey a number of open
      top molds 36 in a serial arrangement thereabout. More particularly, the
      trackway 34 sequentially conveys each open top mold 36 past a mold filling
      station 38, a heating station 39, an insert assembly station 40, an edge
      forming station 41, an insert removal station 42, and a pad removal
      station 43.
PAR  Viewing first the mold filling station 38 as seen in FIGS. 2 and 3, a
      predetermined quantity of a foamable material 46 is fed from a suitable
      source of supply 47 and sprayed or otherwise deposited in the open top
      mold 36 through a number of nozzles 48 or the like. The mold 36 is
      typically constructed from a lightweight material such as aluminum, and
      comprises a generally flat bottom wall 50 and a raised peripheral edge
      wall 51 which defines a generally rectangular peripheral outline.
PAR  After the foamable material 46 is received in the mold, the evolution of
      carbon dioxide or other blowing agent causes the material to expand and
      rise within the mold to form a foamed cellular elastomeric pad 54 as
      hereinafter further described. In addition, it is a characteristic of the
      ingredients of the foamable material employed with the present invention
      that tough dense outer crust 55 (best seen in FIG. 16) is formed along the
      upper surface of the pad during the foaming process. The exact reasons for
      the formation of this crust are not fully understood, but it is believed
      that the formation is dependent upon contact with the atmosphere since a
      crust of this type is not formed along the bottom and side walls of the
      pad which are in contact with the mold surfaces. Typically, the crust has
      a thickness of about 1/16 inch, although in accordance with the present
      invention, the thickness may be substantially increased. More
      particularly, the thickness of the crust may be increased to a thickness
      substantially greater than 1/16 inch, such as about 1/8 inch, by heating
      the upper surface of the foaming material with infrared lamps 57 at the
      heating station 39.
PAR  As noted above, it is a characteristic of the described foamable material
      to form a rounded or crowned upper surface during the foaming operation.
      In accordance with the present invention, at least a major portion of the
      upper surface is leveled during the foaming operation to define a
      substantially level central portion 58 in the resulting pad 54, and this
      leveling operation is performed while maintaining a substantial portion of
      the central portion 58 in contact with the surrounding air to thereby
      result in the dense upper crust 55 being formed thereon. The above
      functions are achieved in the illustrated embodiment by the use of an
      openwork mold insert 60 which is positioned on the upper surface of the
      foaming material 46 so as to be floatingly carried thereon.
PAR  The insert 60 is typically fabricated from a suitable metallic material
      such as aluminum and comprises a generally flat openwork member 62 and an
      upstanding imperforate flange 63 surrounding the member. The flange 63
      thereby defines a peripheral border extending above the plane of the
      member 62, and the border generally conforms to the rectangular peripheral
      outline of the mold 36 such that the mold insert is adapted to be
      positioned within the mold and spaced a substantially uniform distance
      from the peripheral edge wall 51 of the mold to thereby define a
      relatively narrow, open channel 64 therebetween.
PAR  The member 62 may be composed of a screen of uniform construction and
      formed in any suitable manner, such as by interlacing strands of material
      such as metal wire. Alternately, the screen could take the form of a
      conventionally formed expanded metal member. By design, the member 62 is
      composed primarily of open area, e.g., at least about 75%, to permit air
      to reach a substantial portion of the underlying upper surface and thereby
      permit the formation of a crust 55 thereon. As shown, the member 62
      comprises a screen formed of woven wire fabric (note particularly FIG. 9),
      and typically the wires of the fabric have a diameter of about 1/16 inch
      and the openings are between about 3/8 and 1/2 inch square. Thus the wires
      of the screen overlie a relatively small part of the area of the central
      portion, and the development of the crust 55 is not significantly retarded
      by the presence of the mold insert.
PAR  As seen for example in FIGS. 9 and 10, the mold insert includes a number of
      arcuately curved handles 65 carried along the flange 63. More
      particularly, the handles 65 are of a generally inverted U-shaped
      configuration, with the inner leg 65a being attached to the inwardly
      facing edge of the flange 63, and the outer leg 65b serving as a cam for
      engaging the outer surface of the wall 51 of the mold. By this
      arrangement, the insert may be conveniently lifted by the workmen, and
      guidingly centered within the peripheral outline of the mold such that the
      mold insert is free to ride upwardly with the foaming material while being
      maintained in its centralized location with respect to the mold. Further,
      a number of weights 66 in the form of cylindrical washers are adapted to
      be selectively positioned on the insert 60 by threading the same onto the
      handles in a manner apparent from FIGS. 9 and 10. Thus the weight of the
      insert may be varied to control the height and density of the resulting
      pad, and under certain conditions it is possible that the insert will
      remain substantially at its initial elevation and will prevent the rising
      of the foam.
PAR  It is a further aspect of the present invention to form a raised foam edge
      67 along the periphery of the upper surface of the pad, the raised edge
      being designed to confiningly receive a spring assembly within the bounds
      thereof in a manner further described below. As illustrated in FIG. 6,
      additional foamable material 68 may be deposited in the open channel 64
      between the edge wall 51 of the mold and the flange 63 of the mold insert
      to form the raised edge 67. By this arrangement, the additional foamable
      material 68 rises within the channel 64 and self-adheres to the upper
      surface of the underlying material 46 to form the raised edge 67.
PAR  The additional foamable material 68 may be deposited by an arrangement
      which includes a supply source 70, and a movable nozzle 71 operatively
      connected to the supply source. The nozzle 71 may be movable by hand, or a
      mechanism of suitable design (not shown) may be provided for automatically
      translating the nozzle 71 along the channel 64. Also, while it is
      generally preferred to add the additional foamable material immediately
      after positioning the mold insert on the underlying material 46, it should
      be understood that this step may be conducted after the foaming operation
      of the underlying material 46 is substantially completed since the
      additional material 68 readily self-adheres to the crust which would be
      formed on the underlying material. Also, as seen for example in FIGS. 10
      and 16, a crust 72 is formed along the upper surface of the edge 67. While
      the additional foamable material 68 is typically of a composition similar
      to that of the initial material 46, the additional material may, if
      desired, be selected to produce a somewhat higher density foam and thus
      provide increased rigidity and resistance to penetration by the spring
      assembly.
PAR  When the foaming process for both the underlying material 46 and additional
      material 68 is substantially completed, the mold insert 60 is removed from
      the resulting pad 54 at station 42. The pad 54 is then stripped from the
      mold at station 43. In this regard, it will be understood that the mold
      insert 60 may be coated with a conventional release agent, such as wax,
      Teflon or silicone to prevent adherence to the crust 55.
PAR  As best seen in FIGS. 16 and 21, the resulting pad 54 comprises a generally
      flat bottom or outer surface 74, and an inner surface comprising the
      generally flat central portion 58 and the raised edge 67. The central
      portion 58 will be seen to have a gridwork of indentations therein
      resulting from the wires of the screen 62 of the mold insert. The pad 54
      is thus in a form which may be conveniently shipped or stored prior to
      being interconnected with a spring assembly, or alternatively, the pad may
      be immediately joined to the spring assembly.
PAR  Where the pad 54 is to be employed in the fabrication of an inner spring
      mattress 30 as seen in FIG. 21, a spring assembly 76 is disposed
      intermediate two substantially identical pads 54a, 54b, the pad 54a being
      inverted so that they are disposed in an adjacent, parallel relationship
      with the inner surfaces facing each other. The spring assembly 76 itself
      is generally conventional, and includes generally flat upper and lower
      terminal face portions 77, 78, respectively, with each face portion
      contacting the central portion of the associated pad such that the outer
      crust serves as an insulator to prevent the terminal face portions from
      penetrating into the interior of the pads during use. Also, each face of
      the spring assembly includes a relatively heavy peripheral border wire 79
      having a smaller helical wire 80 disposed thereabout. The spring assembly
      has an overall configuration generally conforming to that of the central
      portion of each pad such that it is confiningly received within the bounds
      of the depending edges 67a, 67b of the pads whereby the depending edges
      serve to prevent lateral shifting between the spring assembly and pads. To
      maintain the spring assembly in assembled relation with the pads, there
      may be further provided a fabric covering (not shown) in the form of a
      mattress ticking which completely surrounds the assembled spring assembly
      and pads.
PAR  The pad 54 of the present invention is also adapted for use in the
      fabrication of a seat cushion 32 as shown in FIG. 22. In this case, a
      single pad 54c is joined to one side of a spring assembly 76 such that the
      terminal face portions 77 of the spring assembly contact the outer crust
      of the pad 54c in the manner described above. Here again, the spring
      assembly 76 has an overall configuration so as to be confiningly received
      within the bounds of the depending foam edge 67c so as to prevent lateral
      shifting between the spring assembly and pad.
PAR  In the embodiment of the invention illustrated in FIG. 7, an open mesh
      fabric 90 or scrim is initially positioned on the foaming material 46 so
      as to be floatingly carried thereon and underlie the mold insert 60. By
      this arrangement, the mesh fabric 90 becomes essentially embedded in the
      upper crust to thereby reinforce the same. The fabric 90 is generally
      conventional, and may for example comprise four by four cotton mesh fabric
      (defined as having four openings per inch in each of the two transverse
      directions), or five by five cotton mesh fabric.
PAR  In order to facilitate the placement of the mesh fabric 90 on the foaming
      material 46, the fabric may be presecured to the lower surface of the mold
      insert 60 such that the fabric and insert are positioned on the foaming
      material substantially concurrently, note FIGS. 8 and 13. In this
      embodiment, a plurality of spaced pins 92 are positioned along the
      inwardly facing surface of the flange 63 of the insert so that the fabric
      90 may be drawn over the top of the flange and secured to the pins in the
      manner best seen in FIG. 13. When the foaming of the material is
      completed, the fabric is released from the pins 92, and the insert
      removed. This results in the pad as shown in FIG. 18 wherein the mesh
      fabric is embedded in the crust 55 along the central portion, and along
      the inwardly facing surface of the raised edge 67. In this arrangement,
      the fabric 90 not only reinforces the crust, but also serves to prevent
      the spring assembly from cutting laterally into the raised edge of the
      pad.
PAR  Another embodiment of the present invention is illustrated in FIGS. 12 and
      17 wherein the flange of the mold insert comprises a relatively fine,
      openwork screen 94 supported by a framework of interconnected rods 95. The
      screen 94 is adapted to permit air to pass therethrough and contact the
      inside surface of the foamable material deposited in the open channel, to
      thereby permit the formation of a dense crust 96 on the inwardly facing
      surface of the resulting raised edge. In this regard, the fineness of the
      screen 94 should be correlated to the viscosity of the foamable material
      deposited in the open channel such that the foamable material will not
      penetrate the screen. For typical foamable materials, the screen should be
      of a fineness comparable to ordinary household window screening. FIGS. 12
      and 17 further illustrate the above described condition wherein the
      foamable material 68 added to form the raised edge produces a higher
      density foam than the initial foamable material 46.
PAR  As seen in the embodiment illustrated in FIG. 14, the mold insert includes
      a laterally directed peripheral rib 98 which extends along the lower edge
      of the flange 63 and into the channel 64. The rib thus lies substantially
      coplanar with the screen 62, and is adapted to form a peripheral channel
      99 along the inwardly facing surface of the raised foam edge as seen in
      FIG. 19. The channel 99 is adapted to receive the wires 79 and 80 of the
      spring assembly 76, and thereby acts to retain the wires therein and
      thereby interconnect the pad and spring assembly. This arrangement is also
      shown in the seat cushion illustrated in FIG. 22.
PAR  An alternate arrangement for forming the raised edge 67 along the periphery
      of the upper surface of the pad is illustrated in FIG. 15. In this
      embodiment, a cut strip 102 of foamed material is applied along the
      periphery of the material 46, with the channel 64 serving to guide the
      positioning of the strip thereon. The strip may be so positioned while the
      foaming operation is proceeding, in which case the tacky nature of the
      foaming material will self-adhere the strip thereto. Alternately, the
      strip may be joined thereto by means of a suitable adhesive after the
      foaming operation is completed. As seen in FIG. 20, the strip 102 may
      include a dense outer crust 103 along the inside surface thereof to serve
      as an insulator against the lateral movement of the spring assembly.
PAR  Foam pads produced in accordance with the present invention typically
      measure about 11/2 to 2 inches in thickness at the center portion 58, and
      the edges 67 are about 2 to 3 inches in height and about 11/2 to 2 inches
      in width. Also, the flanges 63 of the insert may be slightly tapered as
      shown in the drawings to facilitate removal thereof from the pad, thus
      resulting in a slightly tapered inwardly facing surface on the edge.
PAR  As noted above, the weight of the insert 60 may be varied by means of the
      removable weights 66 to control the height and density of the underlying
      foam. In this regard, it will be understood that the weight of the insert
      serves to retard expansion and densify the foam therebeneath, while
      permitting the free expansion of the foam along the border within the
      channel 64. This free expansion may under certain conditions result in the
      formation of a raised edge of significant height, thereby eliminating or
      at least reducing the required amount of the additional foamable material
      68.
PAR  The specific ingredients of the foaming material employed with the present
      invention are generally conventional, and may comprise a variety of
      well-known resin foaming compositions which are adapted to expand and cure
      in situ as it is poured into the mold and which is self-curing at room
      temperature and thus does not require any after treatment such as heating.
      A foam which meets the above requirements and which also produces a dense
      outer crust as described above is chemically blown urethane foam.
PAR  A specific non-limiting example of a suitable urethane foaming material is
      set forth below:
     Formulation               Parts By Weight                                 
     __________________________________________________________________________
     NIAX Polyol 11-34 (Union Carbide Corp.)                                   
                               60                                              
     NIAX Polyol 34-28 (Union Carbide Corp.)                                   
                               40                                              
     Water                     2.8                                             
     NIAX Catalyst A-1 (Union Carbide Corp.)                                   
                               0.08                                            
     NIAX Catalyst NEM (Union Carbide Corp.)                                   
                               0.8                                             
     Solid DABCO (Houndry Process and Chemical Co.)                            
                               0.08                                            
     Silicone L-5305 (Union Carbide Corp.)                                     
                               1.5                                             
     Dibutyltindilaurate       0.03                                            
     NIAX Isocyanates TDI/AFPI (Union Carbide Corp.)                           
                               34.2                                            
       Ratio                   80/20                                           
       Index                   100                                             
     __________________________________________________________________________
PAR  Niax Polyol 11-34 is a 5000 molecular weight polyether triol capped with
      ethylene oxide to give a very high primary hydroxyl content. Niax Polyol
      34-28 is a polymer polyol, made by insitu polymerization of a vinyl
      containing monomer in a conventional polyol. Niax Catalyst A-1 is a 70%
      solution of bis (2 - dimethylaminoethyl) ether in dipropylene glycol. Niax
      Catalyst NEM is N-ethyl morpholine. Solid DABCO is a powdered cyclic
      triethylene diamine. Niax Isocyanate TDI is toluene di-isocyanate. Niax
      Isocyanate AFPI is methylene bis-phenyl isocyanate. The resulting foam is
      relatively hard, and has a core density of about 2.48 pounds per cubic
      foot.
PAR  Foam pads produces in accordance with the above formulation can normally be
      demolded approximately 5 to 8 minutes after the mold filling operation.
      The following is a specific non-limiting example of a typical timing
      sequence for the various operations of the present invention:
PAR  a. The initial foamable material 46 is deposited in the mold 36.
PAR  b. Heat from the infrared lamps 57 is applied to the surface of the foaming
      material approximately 11/2 minutes after the material has been deposited
      in the mold, and the heat is applied for approximately 1 minute to develop
      a thick crust.
PAR  c. After the heating operation is terminated, the insert 60 is applied and
      maintained on the rising foam material for approximately 21/2 minutes.
PAR  d. The additional foamable material 68 is deposited in the channel 64
      during the foaming of the initial material such that the foaming of the
      initial material and the additional material 68 occurs substantially
      concurrently.
PAR  e. Upon completion of foaming, the insert 60 is removed, and after a short
      additional cooling period, the pad 54 may be stripped from the mold.
PAR  Further details relating to the method and resulting product of the present
      invention may be obtained from applicant's copending application entitled
      "Spring Cushion Construction and Method of Forming Same", Ser. No.
      478,618, filed concurrently herewith.
PAR  In the drawings and specification, there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. An apparatus for fabricating a foam pad suitable for use in a seat,
      mattress, or the like and comprising
PA1  an open top mold comprising a generally flat bottom wall and a raised
      peripheral edge wall surrounding said bottom wall and defining a
      predetermined peripheral outline, said mold being adapted to receive a
      foamable elastomeric material therein to form a resilient cellular pad
      having a dense crust on the upper surface thereof which is in contact with
      the surrounding air, and
PA1  a mold insert adapted to be positioned on the upper surface of the foaming
      material in said open top mold for leveling the underlying foaming
      material and while permitting air to contact a substantial portion of the
      surface of the foaming material to permit the formation of a dense crust,
      said insert comprising a generally flat openwork member defining a
      peripheral border having somewhat smaller dimensions than said peripheral
      outline of said open top mold such that the mold insert may be floatingly
      positioned on the foaming material within said mold without supportingly
      resting upon said peripheral edge wall of said mold.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said openwork member of said
      mold insert comprises a screen.
NUM  3.
PAR  3. The apparatus as defined in claim 2 wherein said screen comprises
      interlaced strands having a diameter of about 1/16 inch and defining
      openings which are between about 3/8 to 1/2 inch square.
NUM  4.
PAR  4. The apparatus as defined in claim 1 wherein said openwork member of said
      mold insert comprises at least about 75% open area.
NUM  5.
PAR  5. The apparatus as defined in claim 1 wherein said mold insert further
      comprises an upstanding flange surrounding said openwork member along said
      peripheral border, and wherein said flange is adapted to be spaced a
      substantially uniform distance from said peripheral edge wall of said mold
      when said mold insert is positioned within said mold to thereby define a
      relatively narrow, open channel therebetween.
NUM  6.
PAR  6. The apparatus as defined in claim 5 further comprising means for
      depositing foamable material in said open channel such that the thus
      deposited foamable material is adapted to self-adhere to the upper surface
      of the underlying elastomeric material and form a raised foam edge along
      the periphery of the upper surface.
NUM  7.
PAR  7. The apparatus as defined in claim 6 wherein said upstanding flange of
      said mold insert comprises an imperforate wall.
NUM  8.
PAR  8. The apparatus as defined in claim 6 wherein said upstanding flange of
      said mold insert includes a plurality of spaced pins adapted to releasably
      carry an open mesh fabric along the lower surface of the mold insert such
      that the open mesh fabric and mold insert may be positioned on the foaming
      material substantially concurrently and with the open mesh fabric becoming
      essentially embedded in the upper crust of the elastomeric material.
NUM  9.
PAR  9. The apparatus as defined in claim 6 wherein said upstanding flange
      comprises a fine, openwork screen adapted to permit air to pass
      therethrough and contact the inside surface of the foamable material
      deposited in the open channel to form a dense crust on the inwardly facing
      surface of the resulting raised foam edge.
NUM  10.
PAR  10. The apparatus as defined in claim 6 wherein said upstanding flange of
      said mold insert includes a laterally directed peripheral rib extending
      into said channel and lying substantially coplanar with said openwork
      member, said rib being adapted to form a peripheral channel along the
      inwardly facing surface of said raised foam edge.
NUM  11.
PAR  11. The apparatus as defined in claim 5 further comprising means for
      guidingly maintaining said mold insert substantially centered within the
      peripheral outline of said mold such that said mold insert is free to rise
      upwardly with the foaming material while being maintained in its
      centralized location with respect to the mold.
NUM  12.
PAR  12. The apparatus as defined in claim 11 further including weight means
      adapted to be selectively carried by said mold insert for controlling the
      height and density of the underlying foaming material.
NUM  13.
PAR  13. An apparatus for fabricating a foam pad suitable for use in a seat,
      mattress, or the like and comprising
PA1  an open top mold comprising a generally flat bottom wall and a raised
      peripheral edge wall surrounding said bottom wall and defining a
      predetermined peripheral outline, said mold being adapted to receive a
      foamable elastomeric material therein to form a resilient cellular pad
      having a dense crust on the upper surface thereof which is in contact with
      the surrounding air,
PA1  means for depositing foamable elastomeric material in said open top mold,
      means for applying heat to the upper surface of the foamable material
      while in said open top mold to result in the formation of a crust of
      substantial thickness thereon,
PA1  a mold insert adapted to be positioned on the upper surface of the foaming
      material in said open top mold for leveling the underlying foaming
      material and while permitting air to contact a substantial portion of the
      surface of the foaming material to permit the formation of a dense crust,
      said mold insert comprising a generally flat openwork member and an
      upstanding flange surrounding said member, said flange defining a
      peripheral border having somewhat smaller dimensions than said peripheral
      outline of said top mold such that said mold insert is adapted to be
      positioned within said mold without supportingly resting upon said
      peripheral edge wall of said mold and spaced a substantially uniform
      distance from said peripheral edge wall to thereby define a relatively
      narrow open channel therebetween, and
PA1  means for depositing foamable material in said open channel such that the
      thus deposited foamable material is adapted to self-adhere to the upper
      surface of the underlying elastomeric material and form a raised foam edge
      along the periphery of the upper surface.
NUM  14.
PAR  14. The apparatus as defined in claim 13 wherein said means for depositing
      foamable material in the open channel comprises a supply source, and a
      movable nozzle operatively connected to said supply source.
NUM  15.
PAR  15. The apparatus as defined in claim 14 wherein said means for depositing
      foamable material in the open channel further comprises means for
      translating said nozzle along the open channel such that a predetermined
      amount of the foamable material is deposited in the channel.
NUM  16.
PAR  16. An apparatus for fabricating a foam pad suitable for use in a seat,
      mattress, or the like and comprising
PA1  an open top mold comprising a generally flat bottom wall and a raised
      peripheral edge wall surrounding said bottom wall and defining a
      predetermined peripheral outline, said mold being adapted to receive a
      foamable elastomeric material therein to form a resilient cellular pad
      having a dense crust on the upper surface thereof which is in contact with
      the surrounding air,
PA1  means for depositing foamable elastomeric material in said open top mold,
PA1  means for applying heat to the upper surface of the foamable material while
      in said open top mold to result in the formation of a crust of substantial
      thickness thereon, and
PA1  a mold insert adapted to be positioned on the upper surface of the foaming
      material in said open top mold for leveling the underlying foaming
      material, said insert including a generally planar lower surface and
      defining a peripheral border having somewhat smaller dimensions than said
      peripheral outline of said open top mold such that said mold insert is
      adapted to be floatingly positioned on the foaming material within said
      mold without supportingly resting along said peripheral edge wall of said
      mold.
NUM  17.
PAR  17. The apparatus as defined in claim 16 wherein said means for applying
      heat to the upper surface of the foamable material comprises infrared
      lamps.
NUM  18.
PAR  18. An apparatus for fabricating a foam pad suitable for use in a seat,
      mattress, or the like and comprising
PA1  a plurality of open top molds each comprising a generally flat bottom wall
      and a raised peripheral edge wall surrounding said bottom wall and
      defining a predetermined peripheral outline, each of said molds being
      adapted to receive a foamable elastomeric material therein to form a
      resilient cellular pad having a dense crust on the upper surface thereof
      which is in contact with the surrounding air,
PA1  means for conveying said open top mold in a serial arrangement about an
      endless path of travel,
PA1  means positioned along said path of travel for depositing foamable
      elastomeric material in each of said open top molds,
PA1  means positioned along said path of travel and downstream of said
      depositing means for applying heat to the upper  surface of the foamable
      material while in the associated open top mold to result in the formation
      of a crust of substantial thickness thereon,
PA1  a plurality of mold inserts each adapted to be positioned on the upper
      surface of the foaming material in an associated open top mold for
      leveling the underlying foaming material and while permitting air to
      contact a substantial portion of the surface of the foaming material to
      permit the formation of a dense crust, each of said mold inserts
      comprising a generally flat openwork member and an upstanding flange
      surrounding said member, said flange defining a peripheral border having
      somewhat smaller dimensions than said peripheral outline of its associated
      open top mold such that said mold insert is adapted to be positioned
      within said mold without supportingly resting upon said peripheral edge
      wall of said mold and spaced a substantially uniform distance from said
      peripheral edge wall to thereby define a relatively narrow open channel
      therebetween, and
PA1  means positioned along said path of travel and downstream of said heat
      applying means for depositing foamable material in said open channel of
      each assembled mold and mold insert such that the thus deposited foamable
      material is adapted to self-adhere to the upper surface of the underlying
      elastomeric material and form a raised foam edge along the periphery of
      the upper surface.
NUM  19.
PAR  19. The apparatus as defined in claim 18 wherein said flat openwork member
      of each of said mold inserts comprises a substantially uniform screen
      comprising at least about 75% open area.
NUM  20.
PAR  20. The apparatus as defined in claim 18 wherein each of said mold inserts
      further comprises cam means adapted to operatively engage said raised edge
      wall of its associated mold for guidingly maintaining said mold insert
      substantially centered within the peripheral outline of said mold such
      that the mold insert is free to rise upwardly with the foaming material
      while being maintained in its centralized location with respect to the
      mold.
NUM  21.
PAR  21. The apparatus as defined in claim 18 wherein said means for conveying
      said open top molds comprises an endless horizontal trackway.
NUM  22.
PAR  22. The apparatus as defined in claim 21 wherein said means for applying
      heat to the upper surface of the foamable material comprises a plurality
      of infrared lamps mounted above said trackway.
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PAL  A continuously operating press for the production of panels, such as
      chipboards, fiberboards, and the like, and including two cooperating
      endless plate belts arranged so that the material forming the panels can
      be conveyed by and be compressed between the belts is also provided with
      drivable pressure rollers for driving the endless plate belts which are
      adapted to be moved to an oblique angle with respect to the path of travel
      of the belts. By moving the drive rollers to an oblique position, lateral
      displacement of the flexible endless belts surrounding the endless plate
      belts can be prevented.
BSUM
PAR  This invention concerns improvements in or relating to continuously
      operable presses for the production of boards such as chipboard,
      fibreboard and the like of the type comprising two superimposed endless
      conveyors comprising hingedly interconnected plates and arranged to rotate
      about horizontal and parallel shafts, the facing sides of which conveyors
      are movable in the same direction by drivable feed rollers, each endless
      plate conveyor being surrounded by a further endless conveyor belt or
      band. Continuously operating presses of this type are known both as
      preliminary presses and as final presses.
PAR  The lower endless conveyor belt or band of rubber, plastics or steel which
      surrounds the lower endless plate conveyor has in such continuously
      operable presses a much greater length than the corresponding upper
      endless conveyor belt or band because it serves as a support for the layer
      of material to be compressed which is scattered upon it. The greater the
      length of such a continuously operable press the more difficult it is to
      guide the endless plate conveyors which are moved by drivable feed rollers
      in their direction of movement so as to prevent them from being laterally
      deflected. Finally it should be noted that the length of the endless
      conveyor belts must also be relatively great because continuously operable
      final presses are to replace both known preliminary presses and also known
      finishing presses quite apart from the fact that when increasing the
      output of such final presses the effective length must be increased in
      order to bring about the same compression of the material to be
      compressed.
PAR  It is an object of the invention to ensure that during operation the
      endless plate conveyors are guided in such a way that lateral deflections
      are avoided, and the layer of material to be compressed and the finished
      board are moved along a straight path.
PAR  According to the invention I provide a continuously operable press for
      producing boards such as chipboard, fibreboard or the like of the type
      described including means serving to adjust at least at one end a
      plurality of superimposed pairs of feed rollers transversely of their axes
      in the horizontal plane.
PAR  Tests performed have shown that particularly effective adjusting means are
      slide members which are movable relative to one another, have inclined
      surfaces and which are adjustable substantially in the vertical direction.
      These adjusting means associated with the upper and lower feed rollers can
      be adjustable either jointly or independently of one another. The
      adjustment can be controlled by suitable sensing means such as feelers
      associated with the edges of the endless plate conveyors. So as to be able
      to perform the adjustment also during the operation of the press the
      bearings of the superimposed feed rollers may be supported by needle
      bearings or the like guided in guide rails.
DRWD
PAR  The invention will be further described with reference to two embodiments
      shown in the accompanying drawings in which:
PAR  FIG. 1 is a side view of a continuously operable press with drivable feed
      rollers and endless conveyor belts or bands shown in partial section
      surrounding the endless plate conveyors whereof the lower one serves to
      supply a layer of material to the press,
PAR  FIG. 2 shows a side view corresponding to FIG. 1 of a second embodiment,
PAR  FIG. 3 a partial plan view of the lower part of the press with only two
      inclined feed rollers,
PAR  FIG. 4 shows a variant of the embodiment shown in FIG. 2.
DETD
PAR  In each frame (not shown) are mounted polygonal guide rollers 1 and 2 and 3
      and 4 for an upper endless plate conveyor 5 or a lower endless plate
      conveyor 6 surrounded by endless belts or bands 56 and 57, respectively
      (FIG. 1). In each case one of the guide rollers is guided and prestressed
      in such a way that the corresponding endless plate conveyor is also under
      a slight pretension. A plurality of drivable upper feed rollers 8 and a
      plurality of lower feed rollers 9 driven by drive means 52 (FIG. 3) serve
      to start the two endless plate conveyors moving in the direction of arrow
      7.
PAR  Additional feed rollers which are not drivable are not shown because they
      are not important to the scope of the invention. To one of the frames is
      fixed a support 10 which carries two spaced brackets 11 and 12 each of
      which is provided with two projections 13 and 14 respectively which have
      oppositely inclined sloping surfaces. With each bracket are associated at
      least two projections 13/14 which extend on the respective sides of the
      endless plate conveyors 5 and 6. Between the projections 13 or 14 and the
      upper bearings 15 and lower bearings 16 of feed rollers 8 and 9 closest
      thereto slide members 17, 18 or 19, 20 adjustable substantially in the
      vertical direction, having inclined surfaces, and movable relative to one
      another are provided as the adjusting means.
PAR  In the embodiment according to FIG. 1 it is assumed that these slide
      members are adjustable by hand i.e., on the slide members spindles 21, 22
      or 23, 24 are provided which are adjustable in height and securable by
      means of nuts. The surfaces of the slide member 17 facing bearings 15 or
      16 extend in horizontal planes in the same way as the adjoining sides of
      bearings 15 or 16 so that by moving the associated slide members in the
      same sense in the vertical direction a horizontal displacement of the feed
      rollers is possible. The upper rollers are downwardly movable in the
      direction of arrow 25 whereas the lower rollers are assumed to be not
      adjustable in height. Despite a slight pretensioning in the horizontal
      direction the upper feed rollers 8 can be vertically displaced in order to
      initiate the necessary compressive forces for compressing a material layer
      26 and for driving the endless plate conveyors 5 and 6. The pressure means
      8' of the upper bearings 15 of drive rollers 8 and the bearing 16 of the
      lower drive rollers are horizontally displaceable.
PAR  The embodiment according to FIG. 2 differs from that according to FIG. 1
      substantially only in that in place of the adjusting means 13, 17, 19 or
      14, 18, 20 other means are provided. On each side of the endless plate
      conveyors 5 and 6 brackets 11' and 12' are provided to which are fixed
      hydraulic cylinders 27 and 28 which serve to move the slide members 29 and
      30 to and fro. So that the upper feed rollers 8 can also be displaced
      relative to the lower feed rollers 9 manually or automatically controlled
      spindles 21', 22', 23', 24' are provided which serve to guide bearings 15
      or 16 in an equivalent manner.
PAR  To illustrate the one sided horizontal displacement FIG. 3 shows that the
      lower feed rollers 9 are adjusted on one side in the direction of movement
      7 of the material 26 (i.e., one axial end of each roller 9 pivots about
      the other end in a plance substantially parallel to the travel path of the
      material 26) which necessarily leads to a lateral displacement of the
      driven endless plate conveyors.
PAR  The embodiment of FIG. 4 differs from the embodiment of FIG. 2 only
      slightly but nevertheless significantly. Here, between the pressure means
      8' and the bearings 15 of upper drive rollers 8, needle bearings 31 are
      guided in guide rails (not shown) and between the bearings 16 of the lower
      feed rollers 9 and their fixed seatings needle bearing 32 are mounted in
      guide rails (not shown). These serve to reduce friction to such an extend
      that adjustments can also take place when the press is operating.
PAR  Obviously other equivalently functioning adjusting means can be provided.
      The control of the adjusting means is accomplished by a control means 54
      connected to sensing means or feelers 55 associated with the edges of the
      endless plate conveyors.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A continuously operating press for the production of panels, such as
      chipboards, fiberboards, and the like, including cooperating endless plate
      belts comprising mutually linked-together plates, said cooperating endless
      plate belts rotating about axes arranged substantially horizontally and
      substantially in parallel with each other so that said endless plate belts
      are in facing relationship and movable in the same direction over a
      material pressing portion of the travel paths of said plate belts,
      drivable presure rollers for driving said endless plate belts, said
      drivable pressure rollers arranged in at least one superposed pair,
      endless bands surrounding and movable with each endless plate belt, and
      adjusting means for moving one axial end of each pressure roll of at least
      one superposed pair of pressure rollers in a substantially horizontal
      plane so that the projection of the axis of the pressure roller being
      moved on the material pressing portion of the path of travel of at least
      one of said belts defines an oblique angle with respect to said direction.
NUM  2.
PAR  2. A press according to claim 1, wherein the adjusting means are slide
      members adjustable substantially in the vertical direction, having
      inclined surfaces, and movable relative to one another, and projections
      fixed to the press and having inclined surfaces which are associated with
      said slide members.
NUM  3.
PAR  3. A press according to claim 1, wherein the adjusting means are slide
      members movable to and fro in a horizontal direction each having spindles
      some of which act on the bearings of the upper feed rollers and others of
      which act on the bearings of the lower feed rollers.
NUM  4.
PAR  4. A press according to claim 3, wherein the slide members are controlled
      by hydraulic cylinders.
NUM  5.
PAR  5. A press according to claim 1, wherein the adjusting means associated
      with the upper and lower feed rollers are jointly adjustable.
NUM  6.
PAR  6. A press according to claim 1, wherein the adjusting means are adjustable
      by feelers arranged on the edges of the endless plate belts.
NUM  7.
PAR  7. A press according to claim 1, wherein the bearings of the superposed
      pairs of feed rollers are supported by needle bearings guided in guide
      rails.
NUM  8.
PAR  8. A press according to claim 1, wherein the adjusting means associated
      with the upper and lower feed rollers are independently adjustable.
NUM  9.
PAR  9. A press for continuously producing boards, such as chipboards,
      fiberboards, and the like, said press comprising:
PA1  a first movable belt;
PA1  a second movable belt;
PA1  guiding and moving means for guiding and moving said first and second
      movable belts with respective outer surfaces of said belts in facing
      relationship and moving in the same direction over a material pressing
      portion of the respective travel paths of said belts such that material
      forming said boards can be conveyed by and compressed between said belts
      along said material pressing portion of said respective travel paths;
PA1  pressure applying and driving means for driving said movable belts and for
      pressing said belts toward one another along said material pressing
      portion of the respective travel paths of said belts such that material
      for forming said boards may be forcibly compressed between said belts,
      said pressure applying and driving means including at least one pair of
      pressure rollers, one pressure roller in each pair being arranged inside
      the travel path of said first movable belt and the other pressure roller
      in said pair being arranged inside the travel path of said second movable
      belt; and
PA1  adjusting means for orienting at least one pressure roller such that the
      projection of the axis of the moved pressure roller on the material
      pressing portion of at least one of said travel paths defines an oblique
      angle with respect to said direction, whereby lateral displacement of said
      movable belts is controlled.
NUM  10.
PAR  10. A press according to claim 9 further including driving means for
      rotating at least one of said pressure rollers for driving said movable
      belts.
NUM  11.
PAR  11. A press according to claim 10 including a plurality of pressure
      rollers, said adjusting means being adapted to obliquely orient each of
      the pressure rollers rotated by said driving means.
NUM  12.
PAR  12. A press according to claim 11 wherein said first movable belt and said
      second movable belt are composed of hingedly interconnected plates
      arranged to rotate about horizontal and parallel shafts.
NUM  13.
PAR  13. A press according to claim 12 further comprising endless bands
      surrounding and movable with each movable belt.
NUM  14.
PAR  14. A press according to claim 10 wherein said first movable belt and said
      second movable belt are composed of hingedly interconnected plates
      arranged to rotate about horizontal and parallel shafts.
NUM  15.
PAR  15. A press according to claim 14 further comprising endless bands
      surrounding and movable with each movable belt.
NUM  16.
PAR  16. A press according to claim 10 further comprising sensing means for
      sensing the lateral displacement of at least one of said movable belts and
      for controlling said adjusting means in response to said lateral
      displacement.
NUM  17.
PAR  17. A press according to claim 10 wherein said adjusting means comprise
      slide members adjustable substantially in the vertical direction, said
      slide members having inclined surfaces and movable relative to one
      another, said adjusting means further comprising projections fixed to the
      press and having inclined surfaces associated with said slide members.
NUM  18.
PAR  18. A press according to claim 10 wherein the adjusting means comprises
      horizontally movable slide members, said slide members including spindles
      which act on the respective bearings of the upper feed rollers and lower
      feed rollers.
NUM  19.
PAR  19. A press according to claim 18 further including hydraulic means for
      controlling said slide members.
NUM  20.
PAR  20. A press according to claim 10 wherein said pressure applying and
      driving means includes a plurality of pressure rollers inside each of said
      movable belts, said press further comprising forcing means for forcibly
      moving the pressure rollers inside of said first movable belt in a
      direction transverse to the direction of travel of said movable belts.
NUM  21.
PAR  21. A press for continuously producing boards, such as chipboards,
      fiberboards, and the like, said press comprising:
PA1  a first endless plate belt formed of a plurality of hingedly interconnected
      plates;
PA1  a second endless plate belt formed of a plurality of hingedly
      interconnected plates;
PA1  guiding and moving means for guiding and moving said first and second plate
      belts with respective outer surfaces of said plate belts in facing
      relationship and moving in the same direction over a material pressing
      portion of the respective travel paths of said plate belts such that the
      material for forming said boards can be conveyed by and compressed between
      said plate belts along said material pressing portion of said respective
      travel paths;
PA1  pressure applying means for pressing said endless plate belts toward one
      another along said material pressing portion of the respective travel
      paths of said endless plate belts such that board material may be forcibly
      pressed between said endless belts, said pressure applying means including
      a plurality of pressure rollers arranged inside of the travel path of at
      least one of said plate belts and forcing means for forcing said pressure
      rollers against the plates of said at least one endless plate belt;
PA1  drive means for rotably driving at least one of said pressure rollers such
      that said at least one of said pressure rollers applies moving forces to
      said plates to move said at least one of said endless plate belts along
      its respective travel path; and
PA1  adjusting means for moving one axial end of each pressure roller in the
      plane substantially parallel to the material pressing portion of at least
      one of said travel paths so that the pressure roller moved is oriented at
      an oblique angle with respect to said direction.
NUM  22.
PAR  22. A press according to claim 21 wherein said pressure rollers are
      arranged in superposed pairs, one pressure roller in each pair arranged
      inside the travel path of said first endless plate belt and the other
      pressure roller in said pair being arranged inside the travel path of said
      second endless plate belt, each pair of pressure rollers cooperating to
      compress the board material between said first plate belt and said second
      plate belt.
NUM  23.
PAR  23. A press according to claim 20 further including sensing means for
      sensing the lateral displacement of at least one of said plate belts and
      for controlling said adjusting means in response to the lateral
      displacement sensed by the sensing means.
NUM  24.
PAR  24. A press for continuously producing boards, such as chipboards,
      fiberboards, and the like, said press comprising:
PA1  a first movable belt;
PA1  a second movable belt;
PA1  guiding and moving means for guiding and moving said first and second
      movable belts with respective outer surfaces of said belts in facing
      relationship and moving in the same direction over a material pressing
      portion of the respective travel paths of said belts such that material
      forming said boards can be conveyed by and compressed between said belts
      along said material pressing portion of said respective travel paths;
PA1  pressure applying and driving means for driving said movable belts and for
      pressing said belts toward one another along said material pressing
      portion of the respective travel paths of said belts such that material
      for forming said boards may be forcibly compressed between said belts,
      said pressure applying and driving means including at least one pair of
      pressure rollers, one pressure roller in each pair being arranged inside
      the travel path of said first movable belt and the other pressure roll in
      said pair being arranged inside the travel path of said second movable
      belt; and
PA1  adjusting means for pivoting at least one pressure roller about one of its
      axial ends in a plane substantially parallel to the material pressing
      portion of at least one of said travel paths, whereby lateral displacement
      of said movable belts is controlled.
PATN
WKU  039429288
SRC  5
APN  3902706
APT  1
ART  322
APD  19730821
TTL  Pressure moulding machines and mould parts therefor
ISD  19760309
NCL  10
ECL  6
EXA  Safran; David S.
EXP  Husar; Francis S.
NDR  6
NFG  8
INVT
NAM  Kelz; Norbert R.
STR  45-Knoll St.
CTY  Port Colborne, Ontario
CNT  CA
CLAS
OCL  425138
XCL  425137
XCL  425154
EDF  2
ICL  B29F  100
FSC  425
FSS  136;137;154;169;138;152
FSC  137
FSS  842;804;805
UREF
PNO  3242533
ISD  19660300
NAM  Wintriss
OCL  425136
UREF
PNO  3507212
ISD  19700400
NAM  Matteson
XCL  137804
UREF
PNO  3677680
ISD  19720700
NAM  Etherington
XCL  425169
LREP
FRM  Hirons & Rogers
ABST
PAL  In a pressure moulding machine, particularly a die casting machine,
      detection of locking together of the die parts by the applied pressure is
      effected by detecting the resulting mechanical stretch in the machine
      frame; the die parts are opened and closed together by an air motor
      associated with a hydraulic motor that damps the opening and closing
      movement of the dies, the die parts being locked together by the hydraulic
      motor; full closing of the die parts is determined by applying pressurized
      air to bores therein and to a controlling pressure switch, the pressure
      switch not being operable if air is leaking from the bores.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention is concerned with improvements in or relating to
      pressure moulding machines, especially to die casting machines, and in or
      relating to mould parts for such machines.
PAC  REVIEW OF THE PRIOR ART
PAR  Die casting is a widely employed technique using various metals (usually of
      relatively low melting point) and plastic materials, because of the
      possibility for inexpensive production of relatively complicated shapes
      once a suitable die mould has been provided. A common way of increasing
      production in this field is use of a machine of increased size as to the
      weight of cast material employed in a single shot, and then to provide a
      multiple-cavity mould with the maximum number of cavities that can be
      used.
PAR  Such large machines however introduce their own problems in that they are
      high pressure machines inherently that are expensive to manufacture and
      operate. Moreover, because of the large size of the moving parts,
      involving considerable inertias they are somewhat slow in operation,
      resulting in fewer "shots" per unit time. The large multi-casting dies are
      expensive and any damage thereto is consequently more costly. It is also
      found that difficulty is experienced in obtaining castings of the required
      quality from all of the cavities, usually due to inadequate flow of
      material through the passages provided in the die for that purpose, and
      the inadequately-fed cavities must be closed off, resulting in decrease in
      production.
PAC  DEFINITION OF THE INVENTION
PAR  The approach to achieve high ecomonic production employed with machines in
      accordance with the invention is to provide a simple, fast-acting machine
      capable of safe, automatic, relatively unattended operation. Such a
      machine can therefore be employed with dies having only a small number of
      cavities, usually only one cavity, and yet can achieve an economic high
      production rate because of the speed at which it can be got into
      satisfactory operation, the relatively high number of shots can be
      obtained per unit time, and the possibility that several of such machines
      on automatic operation can be tended by a single operator. It will be seen
      that such a machine provides for high flexibility of operation,
      particularly for a manufacturer involved with relatively short production
      runs.
PAR  Nevertheless, the principles embodied in machines in accordance with the
      invention are applicable to die casting machines in general, and not only
      to the small machine particularly described herein by way of example.
PAR  It is the principal object of the present invention to provide a new
      die-casting machine and new mould parts therefor.
PAR  It is a more specific object to provide a new machine especially suitable
      for safe relatively unattended operation.
PAR  It is another more specific object to provide a new machine adapted for
      fast automatic operation.
PAR  In accordance with the present invention there is provided in combination
      with a pressure moulding machine comprising a machine frame, means for
      mounting the two mould parts by the frame for movement relative to one
      another for opening and closing the mould cavity formed by the two mould
      parts, motor means operatively connected to one mould part to move it
      relative to the other part and to hold the parts with their respective
      mating faces in mating engagement with one another under pressure during a
      mould filling operation, means for supplying air under a pressure
      different from ambient to one of the mould parts and for detecting
      movement of air from between the mold part mating faces caused by lack of
      mating engagement of the said faces; the combination comprising one of the
      mould parts having a bore therein for receiving the said air, the bore
      extending to a part of the said mating face of the mould part such that
      its opening to the respective mating face is spaced from the mould cavity.
PAR  Preferably the combination comprises another mould part having a bore
      therein extending to the face thereof which mates with the said mating
      face of the first-mentioned mould part, the last mentioned bore
      registering with the bore in the first-mentioned mould part.
PAR  The said bore may extend completely through the mould part from the said
      mating face to another face thereof, and the combination comprises a soft
      metal washer for interposition between the last-mentioned mould part face
      and the machine frame to receive solid particles trapped between the
      last-mentioned mould part face and the machine frame and prevent leakage
      of air between the bore and the ambient atmosphere due to the presence of
      such particles.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  A die casting machine which is a particular preferred embodiment of the
      invention will now be described, by way of example, with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 is a general perspective view to show the main structure of the
      machine,
PAR  FIG. 2 is a plan view from above with parts broken away as necessary to
      show the construction,
PAR  FIG. 3 is a schematic of the machine to permit description of the manner in
      which the die parts are moved toward each other and locked together during
      the die casting operation,
PAR  FIG. 4 is an exploded view of the "fixed position" die part to show its
      construction,
PAR  FIG. 5 is a view taken on the line 5--5 of FIG. 2, to show the arrangement
      for mounting the machine pump,
PAR  FIG. 6 is a schematic diagram of the electrical circuit of the machine,
PAR  FIG. 7 is a schematic diagram of a die temperature control circuit, and
PAR  FIG. 8 is a schematic diagram showing two alternative systems for detecting
      the closing of the dies for injection of the metal shot.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As indicated above, the moulding machine to be particularly described is a
      die-casting machine intended for the casting of objects from readily
      melted metals, such as zinc, lead, aluminum and their alloys. The
      application of the invention to machines for moulding and casting from
      other materials will be apparent to those skilled in the art.
PAR  The machine is mounted on the flat-top 10 of a table 11 to be at a
      convenient height for the operator, while the necessary electrical
      operating equipment such as relays, switches, indicator lights and meters
      etc. are mounted on a suitable console (not shown) alongside the table. A
      bath 12 of the liquid metal to be cast is provided at one end of the
      table, the bath being provided with conventional pre-heating facilities
      for metal ingots which are fed thereto, and with a conventional
      thermostatic control (not illustrated) to maintain the metal in the bath
      at the desired liquidus temperature.
PAR  The basic machine structure involves four spaced, parallel flat rigid
      plates 13 through 16 which are rigidly connected to one another. The plate
      16 is fastened to the table top 10 while the other plates are permitted to
      slide freely thereover, as will be further described below. The plates 13
      and 14 have interposed between them a cylindrical member 17 constituting
      an air or pneumatic cylinder containing a doubleacting piston 18 mounted
      on a piston rod 19 carried in suitable bearings in the plates 13 through
      15. The plates 14 and 15 have interposed between them a cylindrical member
      20 constituting a liquid or hydraulic cylinder containing a double-acting
      piston 21 also mounted on the shaft 19. The plates 15 and 16 are connected
      together by four relatively massive rods 22, which also constitute slide
      guides mounting a movable die platen 23 which is fixed to the end of the
      piston rod 19 and is moved thereby toward and away from the plate 16,
      which constitutes the cooperating fixed die platen.
PAR  Air under pressure is supplied from a suitable source to one or other side
      of the piston 18 under the control of respective solenoid valves 24. This
      air is also supplied under the control of a valve 25 to an air-operated
      hydraulic booster motor 26 mounted to one side of the plate 14 and having
      a double-acting piston 27 mounted on a piston rod 28 that can protrude
      into a special passageway section 29 provided in the plate 14. With the
      piston 27 in the retracted position shown in FIG. 3 the liquid in the
      hydraulic circuit can pass relatively freely from one side of the piston
      21 to the other via a connecting pipe 30, a pressurised reservoir 31 being
      provided to maintain the circuit full of liquid.
PAR  The movable platen 23 is water-cooled and a water-cooled movable or ejector
      die mould part 32 is mounted on two transversely-spaced spacer plates 33
      which are in turn mounted on the platen 23. The ejector mechanism
      illustrated herein comprises a plate 34 mounted on two pins 35 which slide
      freely in the platen 23 and force the plate 34 against the back of the
      ejector die 32 as the dies open by the engagement of the pins with plate
      15; the ejector pins in the die (not shown) are forced forward by the
      plate 34 to eject the cast workpiece. Any other ejector means common in
      the art can of course be used in place of those particularly described,
      such as a separate piston rod coaxial with the rod 19 and operated at a
      specific time in the machine operation.
PAR  Referring now especially to FIG. 4, the fixed or cover die mould die 36 of
      the invention differs from that known hitherto in that it is mounted to
      the fixed platen 16 by means which locate it accurately transversely of
      the platen, but which permit it to move longitudinally as the dies are
      opened and closed. In the embodiment particularly illustrated the die 36
      is mounted for such movement on two parallel rods 37 extending from the
      platen 16 and is retained thereon by a pin 38 which enters a
      longitudinally elongated slot 39 in one of the rods 37. The die carries
      two compression springs 40 which engage a soft metal washer 41 (whose
      function will be described below) and urge the die away from the platen.
PAR  A concave recess 42 in the rear face of the die receives the nozzle 43 of
      the metal pump 44 to be described below. The pump also is mounted to be
      movable longitudinally of the machine and for this purpose a frame 45
      mounting the pump is slidably mounted on extensions of the rods 22 by
      means of bearings such as 45a. The ends of the two lower rods 22 are
      screw-threaded and are provided with adjusting nuts 46 engaging respective
      spring belleville washers 47. The pump housing 48 slides on guides 49 and
      is held against longitudinal movement by a bar 50 engaged by the washers
      47 and engaging the housing via a central vertical pivot bar 51. The pump
      housing extends downwards into the metal bath and is held against vertical
      movement by clamp bars 52 reacting against the upper bearings 45a and held
      by adjusting screws 53.
PAR  The pump is actuated when required by an air-operated motor 54 controlled
      by a solenoid valve 55, the plunger 56 of the motor being separably
      connected to the piston 57 of the pump. The part of the pump nozzle
      between the housing and the back of the platen 16 is surrounded by a
      shroud 58 into which a gas torch discharges to pre-heat the nozzle and to
      prevent the metal freezing therein.
PAR  Referring especially to FIG. 2 a lever 59 has one end pivoted at 60 to the
      table top 10, while the other end engages the control member of a
      sensitive micro-switch 61. a longitudinally-adjustable contact screw 62
      mounted on the lever close to the pivot 60 engages the end plate 13. It
      will be seen that the lever detects and amplifies any longitudinal
      movement of the end plate 13, which slides freely on the table, and
      actuates the switch 61 when this movement is a predetermined amount.
      Another air-operated motor 63 controls the movement of a head 64 to spray
      the dies with a small quantity of a lubricant after each moulding
      operation.
PAR  Some of the pressurised air that is fed to the air motor 17 is bled
      therefrom via a regulator 65 and fed via a variable orifice 66 to a
      passage 67 in the movable die, this passage discharging from the die face
      that mates with the corresponding face of the fixed die via an orifice 68
      that is spaced from the respective part of the mould cavity. A passageway
      69 in the fixed die has an orifice 70 also spaced from the respective part
      of the mould cavity and registering with the orifice 68, this passage
      passing completely through the die. A variable timing orifice 71 is
      connected between the orifice 66 and passage 67 and is connected via a
      timing reservoir 72, which in this embodiment consists merely of the
      length of pipe 72, to a pressure sensitive switch 73. A vent groove 74 is
      provided around the orifice 70 to ensure that any air escaping therefrom
      cannot reach the die cavity while the dies are closed and it is full of
      molten metal. A check valve 93 allows the reservoir to empty quickly when
      pressurised air is no longer fed thereto. The dies are supplied with water
      for cooling purposes via a solenoid-controlled valve 75 while the
      temperature of the water discharged therefrom is detected by a sensor 76.
PAR  In operation of the device the pump is placed in position, the pump body
      sliding easily into place since its operative dimensions are calculated to
      be exact when it is at the operating temperature. The pump is now heated
      by its contact with the hot metal in the bath and by the torch until it is
      at the desired operating temperature. The dies are mounted in position and
      the air and water hoses connected thereto.
PAR  Pressurised air (e.g. at about 80-100 p.s.i.) is now supplied to the air
      motor 17 which moves the piston 18 forward (to the right as seen in the
      figures) to close the dies together. This forward movement is dampened in
      a desired manner by the movement of the piston 21 in its cylinder since
      this must be accompanied by flow of liquid from one side to the other.
      With the piston 18 in its fully forward position the booster motor 26 is
      now operated by admitting air thereto. The first movement of the piston
      closes the by-pass passage against movement of liquid therein, and
      subsequent movement increases the pressure in the hydraulic cylinder to
      the value required for complete closing of the die while the moulding
      operation takes place (e.g. about 2000 p.s.i.)
PAR  One effect of the application of these high pressures is to stretch the
      whole machine, especially between the plates 14 and 16 which are subjected
      to the hydraulic pressure, and the end plate 13 slides a corresponding
      small amount (e.g. about 0.005 inch) on the table top 10. The movement
      detector constituted by the lever is now adjusted until the switch is just
      positively operated by a movement of this extent. It will be seen that
      detection by this means is extremely positive, in that it is only
      effective if the required pressure is applied, and then only if this
      pressure is applied via the closed dies, since otherwise the body of the
      machine cannot stretch. This may be contrasted with an arrangement for
      example in which the hydraulic pressure is measured; the maximum pressure
      will be obtained and indicated even in cases where the dies may be jammed
      open.
PAR  Although in this specific embodiment a mechanical movement detector has
      been described, comprising a lever system providing amplification of the
      dimensional change of the machine frame, other detectors can be employed,
      such as optical or electrical devices used for measuring and indicating
      small mechanical displacements.
PAR  The pump is now moved longitudinally by operation of the adjusting nuts 46
      until the pump nozzle 43 is pressed sufficiently firmly into the rear
      recess 42 in the die for the liquid metal to be fed to the die without
      substantial leakage. The machine is now essentially ready for operation,
      subject to various minor adjustments that will be described below.
PAR  As described above, the machine is now operated by supplying air to the
      motor 17, whereupon the dies close together. If the dies do not close
      fully, or if the movable die 36 is not pressed firmly home against the
      washer 41 and the fixed platen 16, then air escapes and the pressure
      applied to the switch 73 is insufficient to operate it and the machine
      cannot continue its operation until the attendant has checked the reason
      for the failure. The function of the soft washer 41 is to prevent
      malfunction in the event that a minor foreign body, such as a small piece
      of dirt, becomes interposed between the die part 36 and the fixed platen
      16; such a body instead becomes embedded in the washer under the pressure
      applied thereto.
PAR  With the dies fully closed the switch 73 is operated after a period of time
      determined by the parameters of the variable orifices 66 and 71 and of the
      reservoir 72. The booster motor 26 can now be operated and increases the
      clamping pressure between the die parts to the elevated value necessary
      for the casting operation. The switch 61 detects whether or not the
      required pressure has been applied by the booster motor and, if so,
      permits operation of the pump motor to force a "shot" of liquid metal into
      the die. After a predetermined period required for solidification of the
      cast workpiece the operation of the booster motor 26 is reversed releasing
      the pressure, and thereafter the operation of the motor 17 is reversed to
      open the die parts, the workpiece being ejected as the ejection pins 35
      become operative. While the die parts are opened the motor 62 is operative
      and moves the spray head 64 to spray the cavity faces with a release
      agent. The cycle then repeats.
PAR  Referring now to the schematic circuit diagram of FIG. 6 power is supplied
      from a conventional source via main switch 74 to two busbars between which
      the various switches and relays etc., are connected, the conventional
      indicator light 77 being provided.
PAR  To open and close the dies under control of the operator, as described
      above for adjustment of the switches, etc., push button 1PB is closed and
      energises relay 1CR. If the dies are open and retracted then a switch 78
      (ILS) adjustably mounted on the plate 33 and operated by the retracted
      movable die is open and relay 5CR is not operated; the switch 73 (IPS)
      will also be open and relay 8CR not operative; the switch 61 (2LS) also is
      open and the relay 6Cr inoperative; with closure of 1PB the dies are moved
      together by air motor 17 under control of the respective relay valve 24 (1
      SOL). The normally open contacts 1CR in series with normally closed
      contacts 2PB keep relay 1CR and solenoid 1SOL energised. Pressing 2PB
      opens its contacts and energises 1CR and 1SOL to open the dies.
PAR  To run with operator controlled single cycles the dies are closed by 1PB
      and 4PB is then pressed momentarily to energise 10CR which is then held
      energised by associated 5CR and 10CR contacts. If 1CR and 8CR are
      energised then 2CR will energise to energise 2SOL for operation of valve
      25 and consequent operation of the booster motor, locking the dies closed.
      2LS is now actuated by the stretch of the machine and 3Cr is energised,
      energising 3SOL to operate valve 55 and drive down the plunger of the
      metal pump. As the pump plunger begins to descend 3LS is actuated to
      energise relay 7CR, which is then locked energised and in turn applies
      power to a shot timer relay 11CR and a die timer relay 12CR. When the shot
      timer relay 11CR times out and energises it de-energises 2CR, 2SOL, 3CR
      and 3SOL to unlock the dies and returns the pump piston to its upper
      position, stopping the feeding of metal to the dies. When the die closed
      timer relay 12CR times out it deenergises 1CR and 1SOL to open the dies.
      When the dies are open 1LS energises 5CR which terminates the single cycle
      by deenergising 10CR; power is then removed from 11CR and 12CR by
      de-energisation of 7CR.
PAR  For automatic operation the dies are closed and 4PB is pressed as before.
      When 6CR is energised and the machine locked then 3PB is pressed
      momentarily to energise 9CR which is then locked in, the relay 9CR
      replacing the single cycle relay 10CR. The cycle proceeds as before until
      the dies are open and the moulded part has been ejected. Power is now
      applied to the part sensing amplifier 80 which senses the part by its
      operation of switch 81 and energises 4CR, which in turn energises 1CR and
      1SOL to close the dies and start the next cycle. The timing of the
      auto-timer relay 13CR is stopped when 3CR is energised and re-started when
      it de-energises; the machine continues to cycle until power is removed or
      if re-cycling does not occur within an alloted time and 13CR times out.
PAR  The die closed detector constituted by the die orifices, associated air
      supply and switch 73 also functions as a temperature detector for the die
      to ensure that it does not become overheated or overcooled. Thus if the
      die becomes locally overheated its mating faces in contact with the hot
      metal expand and bend to a convex shape, permitting air to escape and
      increasing the period required to operate the switch 73(1PB). If this
      effect becomes too great then the timing relay 13CR will time out before
      1PB is operated stopping the machine completely. A similar effect is
      obtained if the die runs too cool because of excessive water to the rear
      of the die, so that the die will be maintained at the high temperature
      preferred for free flow of the metal to give good casting quality and long
      die life.
PAR  It is also found that apparatus in accordance with the invention provides
      during operation an inherent self-regulation of the temperature of the
      pump nozzle 43. For example, if the nozzle becomes too hot it will expand
      in length beyond the optimum setting and increase its contact pressure
      with the die recess 42, thereby increasing the heat transfer between them.
      In addition there is an increase in the time interval between the instant
      when the dies are closed by the motor 17, and those when the dies are
      locked by motor 26 and a shot of metal is pumped to the die, since the
      pump must be moved backwards a greater distance against the spring 47 and
      more pressure must therefore be applied; this increasing time interval
      again increases the temperature loss to the die. The effects are reversed
      if the nozzle is too cool, giving the nozzle greater opportunity to heat
      to the optimum temperature.
PAR  FIG. 7 shows an addition to the electrical circuit to give automatic
      control of the die temperature, as described above, by modulation of the
      period for which water flows in the dies. Thus, the detector 76
      illustrated in FIG. 1 is a diode, thermistor or other temperature
      sensitive impedance connected in shunt with a capacitor 82. The capacitor
      is supplied with charging current via switch contacts CR14, a voltage
      controlling zener diode 83, an ambient temperature compensating diode 84
      and a time-setting variable resistor 85. As the temperature of detector 76
      increases its impedance decreases, increasing its shunting of the
      capacitor 82 and increasing the time required before a unijunction
      transistor 86 is energised, in turn energising an SCR device 87 and the
      relay CR14 which controls water valve 75. As the temperature increases
      therefore the period for which the valve 75 is open increases to increase
      the quantity of water supplied thereby to the dies.
PAR  FIG. 8 illustrates an alternative system for sensing the closing of the
      dies in addition to the back pressure system already described above. In
      this alternative system a regulator 90 feeds through a variable orifice 91
      to the fixed die 23 and thence through orifices 68 and 70 to a bore 69 in
      the movable die 36. The bore 69 feeds the air thus received to a timing
      orifice 92 and a check valve 93 to the reservoir 94 and valve 73. The
      check valve 93 allows the reservoir to drain quickly when the dies open so
      that it is again ready to perform its timing function.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a pressure moulding machine comprising a machine
      frame, means for mounting two mould parts by the frame for movement
      relative to one another for opening and closing the mould cavity formed by
      the two mould parts, motor means operatively connected to one mould part
      to move it relative to the other part and to hold the parts with their
      respective mating faces in mating engagement with one another under
      pressure during a mould filling operation, means for supplying air under a
      pressure different from ambient to one of the mould parts and for
      detecting movement of air from between the mould part mating faces caused
      by lack of mating engagement of the said faces; the combination comprising
      one of the mould parts having a bore therein for receiving the said air,
      the bore extending to a part of the said mating face of the mould part
      such that is opening to the respective mating face is spaced from the
      mould cavity.
NUM  2.
PAR  2. A combination as claimed in claim 1, and comprising another mould part
      having a bore therein extending to the face thereof which mates with the
      said mating face of the first-mentioned mould part, the last mentioned
      bore registering with the bore in the first-mentioned mould part.
NUM  3.
PAR  3. A combination as claimed in claim 1, wherein the bore extends completely
      through the mould part from the said mating face to another face thereof
      and comprising a soft metal washer for interposition between the
      last-mentioned mould part face and the machine frame to receive solid
      particles trapped between the last-mentioned mould part face and the
      machine frame and prevent leakage of air between the bore and the ambient
      atmosphere due to the presence of such particles.
NUM  4.
PAR  4. A combination as claimed in claim 1, wherein the said mating face of the
      said mould part having a bore therein is provided with a groove
      surrounding the opening of the bore to the mating face and open to
      atmosphere to receive and discharge to atmosphere air escaping from the
      said bore opening.
NUM  5.
PAR  5. A combination as claimed in claim 1, wherein one mould part is mounted
      in the machine frame for movement in the direction of movement of the
      mould parts to open and close the mould and the last-mentioned part
      comprises bore holes therein with longitudinal axes parallel to the said
      direction of movement of the mould parts for receiving mounting pins of
      the machine frame on which the mould part is mounted for said movement
      thereof.
NUM  6.
PAR  6. In combination with a pressure moulding machine comprising a machine
      frame, means for mounting two mould parts by the frame for movement
      relative to one another for opening and closing the mould cavity formed by
      the two mould parts, motor means operatively connected to one mould part
      to move it relative to the other part and to hold the parts with their
      respective mating faces in mating engagement with one another under
      pressure during a mould filling operation, means for supplying air
      pressure higher than ambient to one of the mould parts and for detecting
      escape of air from between the mould part mating faces caused by lack of
      mating engagement of the said faces; the combination comprising one of the
      mould parts having a bore therein for receiving the said air, the bore
      extending to a part of the said mating face of the mould part such that
      its opening to the respective mating face is spaced from the mould cavity.
NUM  7.
PAR  7. A combination as claimed in claim 2, wherein the said another mould part
      is mounted in the machine frame for movement in the direction of movement
      of the mould parts to open and close the mould and the last-mentioned
      mould part comprises bore holes therein with longitudinal axes parallel to
      the said direction of movement of the mould parts for receiving mounting
      pins of the machine frame on which the mould part is mounted for said
      movement thereof.
NUM  8.
PAR  8. A combination as claimed in claim 3, wherein the said last-mentioned
      mould part is mounted in the machine frame for movement in the direction
      of movement of the mould parts to open and close the mould and the
      last-mentioned mould part comprises bore holes therein with longitudinal
      axes parallel to the said direction of movement of the mould parts for
      receiving mounting pins of the macine frame on which the mould part is
      mounted for said movement thereof.
NUM  9.
PAR  9. A combination as claimed in claim 6, wherein one mould part is mounted
      in the machine frame for movement in the direction of movement of the
      mould parts to open and close the mould and the last-mentioned mould part
      comprises bore holes therein with longitudinal axes parallel to the said
      direction of movement of the mould parts for receiving mounting pins of
      the machine frame on which the mould part is mounted for said movement
      thereof.
NUM  10.
PAR  10. A combination as claimed in claim 9, wherein the said one mould part
      has the bore therein extending from its mating face to the opposite face
      thereof and comprising a soft metal washer for interposition between the
      said opposite mould face and the machine frame to receive solid particles
      trapped between the last-mentioned mould part face and the machine frame
      and prevent leakage of air between the bore and the ambient atmosphere due
      to the presence of such particles.
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ABST
PAL  A continuously operating press utilizing facing endless belts for
      compressing chip material into chipboards, fibreboards and the like. Each
      of the belts is constructed as an endless belt formed of a plurality of
      heatable planar chain links. For conveying and directly engaging the chip
      material, corresponding endless steel bands envelope the chain belts. Gas
      flame burners are arranged in casings for directly heating a portion of
      the chain run at a position spaced from the engagement with the chip
      material. Each of the casings also include burner exhaust gas conducting
      channels for conducting the hot exhaust gases adjacent portions of the
      chain which are not impinged upon by the flame at a particular given time.
      Also, conduit means for the flame burner exhaust gases are provided for
      conducting the exhaust gases to heat the endless steel bands by way of
      Z-shaped channeled housings arranged at a position spaced from the casings
      for the flame burners and immediately adjacent the steel bands.
PARN
     This is a division of application Ser. No. 339,039, filed Mar. 8, 1973, now
      U.S. Pat. No. 3,887,318.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The invention relates to a continuously operating press for producing
      boards such as chipboards, fibreboards or the like with two superimposed
      endless belts comprising heatable plates articulated to one another and
      rotating about horizontal and parallel shafts whose facing sides are
      movable in the same direction particularly by drivable feed rollers and
      each endless belt is enveloped by a further heatable endless steel band.
      Presses of this general type are known (U.S. Pat. Nos. 2,926,719,
      2,981,307 ).
PAR  In order to adequately heat the heatable plates and the associated endless
      steel bands covering these plates, hitherto electrically or steam-heated
      plates were used which were in contact with the plates of the endless
      belts to be heated or with the steel bands to be heated. This heating to
      an adequate temperature of the steel bands and plates with electric power
      or steam is relatively expensive, even though heating with steam is
      cheaper than heating with electric power.
PAR  The present invention contemplates a more economic manner of heating of the
      endless belts and steel bands than was hitherto possible. The present
      invention also contemplates to permit heating in a relatively rapid manner
      to advantageously above 200.degree. C, as well as to increase the
      throughput of the continuously operating presses.
PAR  To solve the above-discussed problems of the prior art, it is proposed
      according to a preferred embodiment of the invention to provide both the
      upper run of the upper endless belt and the lower run of the lower endless
      belt each with at least one casing provided with at least one suction
      pipe, wherein are arranged a plurality of flame burners. These flame
      burners are gas burners, each of which directly heats a portion of the run
      of the belt, the waste or exhaust gases from the burners being led away in
      such a way that these gases impinge upon the endless belt also outside the
      area directly heated by the gas burners. Heating the areas to be heated by
      gas in this way is not only much cheaper than electrical or steam heating
      but is also more effective because the waste or exhaust gas obtained is
      also used for heating the areas to be heated and namely in areas which are
      located in front of or behind the flame burners. In addition by the
      conduction of the exhaust gas in the casing a good insulation of the
      endless belts against cooling is obtained.
PAR  In a preferred form of the invention, each gas burner comprises a chamber
      provided at the top with slots and surrounded by a cooling jacket wherein
      is arranged a supply pipe with a plurality of openings for a gas -- air
      mixture. Such cooling air chamber construction associated with the
      individual gas burners limits or prevents the danger that the burners
      would be extinguished at the relatively high temperatures of about
      600.degree. C. The gas burners preferably are located parallel to one
      another and extend transverse to the direction of movement of the endless
      belts. If, for reasons of space, the casing cannot be designed so that it
      envelops part of the endless belt so that in practice the casing is
      covered by the endless belt from above, than an adequate utilization of
      the exhaust gas heat is still achieved although part of the waste gases
      are led away below the parallel gas burners.
PAR  Preferably, however the casing should be designed in such a way that it
      envelops at least a part of an endless belt and the part of the latter is
      constructed as a partition optionally with associated sealing means. In
      this case the corresponding endless belt is acted upon and thereby heated
      from one side by both the flames of the gas burners and the waste gases
      removed and on the other side is heated by the waste gases removed. In
      this last-mentioned arrangement it is preferred that the walls of the
      casing be arranged spacedly from the portion of the endless belt and to
      provide sealing means between the side walls of the casing and the portion
      of the belt which extend to just before the terminal surfaces of the
      casing, the suction pipe being arranged in immediate proximity of the
      upper side of the casing. As a result of this construction of the casing,
      the length of the casing can be made much larger than the width of the
      endless belt area upon which the gas burners act when viewed in the
      direction of movement of the belt. After igniting the gas burner the
      burner exhaust gases heat the belt at points upon which the gas flames
      have not yet impinged and the portion already heated by the burner flame
      is further heated by contacting the belt behind the gas burners so that
      the heat output of the burners is fully used.
PAR  To obtain a uniform selectable temperature in the members of the endless
      belt, the present invention further contemplates that the temperature of
      the heated plates be measured and the result of the measurements be used
      via a limit value circuit for switching on and off the burner or burners.
      In a preferred construction, behind the outlet point of the casing nearest
      to a deflecting or reversing pulley for a respective endless belt, a
      contact plate is provided which is pivotally mounted about a horizontal
      axis and is displaceable perpendicular to the plane of the plate. This
      contact plate has at least one heat sensor which is connected to a
      thermometer. Upon reaching a selectable or predetermined temperature in
      the contact plate, some of the burners, and on reaching a still higher
      predetermined temperature, further or all of the burners, are disconnected
      or shut down. Also, on reduction of the detected temperature in the
      contact plate, part or all of the burners are connected up again. It is
      preferred to provide at least two burners in each casing to facilitate the
      above-discussed temperature control and optimize heating.
PAR  Since the endless steel bands surrounding the endless belts are also heated
      by the waste gases from the gas burner, uniform temperatures over the
      bands are readily obtainable.
PAR  It is further proposed by the present invention that, below the upper run
      of the lower endless steel band, a housing is provided which forms a
      plurality of zig-zag channels and has partitions to which can be supplied
      the exhaust gases of the flame burner or burners heating one of the
      endless belts. This particular arrangement results in a very economical
      heating of the lower endless steel band, even though the length of this
      lower band is considerably greater than the upper endless belt to
      accommodate a material conveying function.
PAR  A more uniform temperature of the upper run of the lower endless steel band
      can be obtained according to the present invention by providing that the
      waste gas supply connections discharge into the partial chambers of the
      housing associated with the endless steel band which is located nearest to
      the enveloped endless belt. Although each partition arranged in the
      housing can be provided at one of its ends with openings such as holes or
      slots, it is preferred that the length of each partition be made smaller
      than the width of the casing because thereby a saving in material and
      construction time is obtained. In both cases it preferably should be
      ensured that the waste gases are led through the partial chambers in a
      zig-zag manner.
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, several embodiments in accordance with the present
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side view of a continuously operating press for
      producing fibreboards and/or chipboards whose endless belts are each
      provided with two casings having flame burners or the like in accordance
      with the present invention;
PAR  FIG. 2 is a cross-section along the line II--II of FIG. 1;
PAR  FIG. 3 is a cross-section along the line III--III of FIG. 1;
PAR  FIG. 4 is a plan view along the line IV--IV of the casing according to FIG.
      3;
PAR  FIG. 5 is a cross-section along the line V--V of FIG. 4;
PAR  FIG. 6 is an enlarged partial sectional view of a burner utilized in the
      present invention;
PAR  FIG. 7 is a side view schematically illustrating the temperature measuring
      and gas burner switching device in accordance with the present invention;
PAR  FIG. 8 is a partial enlarged side view illustrating details of the entry
      zone of the continuously operating press of FIG. 1;
PAR  FIG. 9 is a transverse sectional view of a portion of FIG. 8, and
PAR  FIG. 10 is a plan view of a portion of the upper run of the lower endless
      steel band with a housing arranged thereunder cut at the level of the
      plane fixed by the axes of the waste gas feed and discharge connections.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The continuously operating press shown comprises two frames 1 and 2, from
      each of which an endless plate chain 3 and 4 is arranged in such a way
      that the facing chain runs 5 and 6 of said plate chains form a gap
      therebetween which serves to shape a stream of chips 21. These plate
      chains 3 and 4 are each enveloped by a further respective endless band 7
      or 8. These bands 7 and 8 are interposed between the plate chains and the
      supply of chips 21 so as to directly compress the chips. Endless band 8
      also serves as a supply conveyor belt to supply the stream of chip
      material to be compressed. The second left-hand guide roller or drum or
      the like provided for deflecting the endless band 8 is not shown in the
      drawing. To deflect or reverse plate chains 3 and 4, use is made of
      respective deflection pulleys 13 and 14 or 15 and 16 having a polyangular
      outer contour and which are freely rotatable about shafts 9 and 10 or 11
      and 12 which are horizontal and parallel to one another. Driving means,
      not shown but of known construction, are used to appropriately drive said
      chains and bands.
PAR  The facing chain runs 5 and 6 are influenced by feed rollers 17 insofar as
      they are associated with the upper plate chain 3. Corresponding feed
      rollers 18 are associated with the lower plate chain 4 which rollers 18
      face the upper feed rollers 17. Feed rollers 17a to 17d are influenced by
      hydraulic means in such a way that they bring about a compression of the
      chip material sheet supplied. The pressure on these rollers 17a to 17d
      exerted is resilient and adjustable for appropriately sequentially
      compressing the chips. Feed rollers 18 arranged below feed rollers 17, 17a
      to 17d are fixedly mounted. The diameters of the feed rollers shown are
      such that at all times at least two adjacent feed rollers are in working
      connection with one chain plate 19 or 20; i.e. the length of each chain
      plate 19 or 20 is at least equal to double the axial spacing of respective
      adjacent feed rollers 17 or 18.
PAR  The runs or travel path of plate chains 3 and 4 remote from the chip
      material sheet 21 to be compressed are heated by gas burners, to be
      described hereinafter, arranged in respective casings 22 and 22'  and/or
      23 and 23'. In addition, the endless steel bands 7 and 8 enveloping plate
      chains 3 and 4 are also heated by the waste gases of the gas burners as
      explained below. These bands may also be heated by electrically heated
      heating plates 24 and 25 which give off their heat by contact.
PAR  Casing 23' shown schematically in FIG. 2 and associated with the lower run
      of the lower plate chain 4 is divided by partition 26 into two
      superimposed separate chambers 27 and 28. In the upper chamber 27 are
      arranged four gas burners 29 extending parallel to one another and
      transverse to the direction of movement of plate chain 4 so that their
      flames pass over the complete width of the chain plate.
PAR  As can be seen from FIG. 1 the endless steel band 8 can also be passed
      through this chamber. If the band 8 passes through chamber 23, the
      partition 26 would be formed or replaced by the steel band 8 and steel
      band 8 would be arranged and sealed in a manner similar to the manner as
      shown in FIG. 3 for the casing and burners associated with the upper run
      of the upper plate chain 3.
PAR  Casing 23' is substantially longer than the combined width of the four gas
      burners 29, as is shown by separating lines in FIG. 2. Partition 26
      therefore extends to positions close to the ends 30 and 31 of casing 23 so
      that the superimposed chambers 27 and 28 are only interconnected or
      intercommunicated with one another in the area of the ends 30 and 31 of
      the casing. The width of the partition corresponds to the space between
      the two side walls of the casing so that the side edges of the partition
      are tightly connected with the side walls of the casing.
PAR  The waste or exhaust gases produced by the flames of the burners 29 are
      sucked off via a pipe 32 and part of the waste gases are removed in the
      direction of arrows 33 and another portion in the direction of arrows 34.
      As a result the underside of plate chain 4 is heated by the exhaust gases
      also outside the areas where the flames of gas burners 29 act directly on
      the plate chain.
PAR  Casing 22' (FIG. 3) also has gas burners 29 which are also arranged in such
      a way that their flames act on the underside of the upper run of the upper
      plate chain 3. In this case casing 22' in the same way as casing 22
      envelops a portion of the plate chain 3. Since in this case, plate chain 3
      is provided in the form of a partition which via sealing means 35 is
      sealed relative to the side walls of casing 22' the exhaust gases produced
      by the burners 29 are partially removed by suction in proximity to one end
      wall 30' and partially in proximity to the other end wall 31' from the
      lower chamber 28' into the upper chamber 27' and from there via a suction
      pipe 32' which is located in immediate proximity of the upper side of
      casing 22'. This can be seen in FIG. 4. What has been stated above
      relative to the length of casing 23 also applies for casing 22' and the
      other casings. Therefore in each case the heat of the waste gases is used
      for heating the plate chain and optionally also for heating a steel band.
      The design of the gas burners will be explained hereinafter relative to
      FIGS. 5 and 6. In casing 22' plate chain 3 is arranged spaced from all the
      walls of the casing. Plate chain 3 subdivides with sealing or covering
      means 35 the inner area of the casing into upper chamber 27' and lower
      chamber 28'. In the lower chamber are arranged the gas burners 29.
PAR  Each of the gas burners 29 comprise chambers 37 provided with slots 36
      wherein is arranged a feed pipe 39 for the gas -- air mixture having a
      plurality of openings 38. The slots 36 are designed in such a way that in
      each of the hollow members 40 of chamber casing 41 is provided a
      rectangular bar 42 which is fixed in the hollow members via a wire 43
      which envelops the bar in a spiral manner so that between bar and spiral
      coils of wire 43 slots 36 are formed. It is preferred that the chamber
      casing 41 and therefore each gas burner is surrounded as completely as
      possible by a cooling jacket 44 which is in the present case formed by a
      type of box 45. Cooling air is passed through the box for example by
      suction at 46. Gas is supplied via a pipe 47 and air via a pipe 48 to feed
      pipe 39.
PAR  Reference is made to FIG. 7 to show how the gas burners 29 are switched on
      and off. On the top of plate chain 3 is placed a contact plate 49 provided
      with a temperature sensor which is therefore located behind the outlet
      point of the casing containing the respective burners 29 (said casing not
      being shown in FIG. 7). The plate 49 is guided in the vertical direction
      under the action of a spring 50 and is pivotally mounted about a
      horizontal shaft 51. The contact plate 49 therefore always rests on a
      plate of chain 3 even if one plate of the plate chain 3 is inclined. It is
      preferred to arrange two guide means 52 parallel to one another which
      guide contact plate 49 and are jointly pivotable about shaft 51. The
      temperature determined by the temperature sensor is operatively
      transferred to a measuring and indicating device 53 which is provided with
      at least two contacts 54 and 55 which are open or closed if temperature
      rises or falls relative to a predetermined set temperature range. In the
      preferred arrangement illustrated in FIG. 7, as long as the temperature
      determined by the thermostat is under the set selectable temperature of
      for example 200.degree. C all the gas burners 29 provided are switched on
      and their flames heat the plate chain 3. If, as assumed here, the
      temperature of 200.degree. C is exceeded then two of the burners 29 are
      automatically disconnected. If also the temperature of 210.degree. C is
      exceeded then the other two burners which are still burning are also
      disconnected. The switching on of the two last disconnected burners is
      brought about automatically when the temperature drops below 210.degree. C
      and the two other burners when the temperature drops below 200.degree. C.
      Thus the temperature of the plate chains can be controlled with relatively
      simple means.
PAR  Heating of one of the endless steel bands is explained relative to FIGS. 8
      to 10.
PAR  The two endless chain belts 3 and 4 are each enveloped by an endless steel
      band 7 or 8 whereof the lower endless steel band 8 has a greater length
      than the upper endless steel band 7 because it serves to supply the chip
      material sheet 21 to the press. Quite apart from the fact that a longer
      endless steel band cools more rapidly than a shorter endless steel band it
      must in certain circumstances be cooled by supplying a cooling agent to
      prevent a too early setting of the binder supplied to the chip material.
      However this endless steel band in the working zone of the continuously
      operating press must be adequately hot to ensure setting in this working
      zone.
PAR  Below the upper run of the endless steel band 8 adjacent to the front
      deflection point of the endless plate chain 4 a casing or housing 56 is
      provided wherein by means of partitions 57, channels 58 are provided which
      form a zig-zag channel path through housing 56. Exhaust gases conducted
      from casing 22 to the housing 56 heat the steel band 8 by way of covering
      wall 59 of housing 56 to the necessary temperature.
PAR  The exhaust gases emerging from casing 22 are supplied via a waste gas pipe
      60 and a supply connection 61 to the part chamber of the casing 56 which
      is closest to the endless chain belt 4. These exhaust gases pass initially
      into a part chamber transverse to the direction of movement of the endless
      steel band 8 (see FIG. 10) and are then passed through the other part
      chambers in parallel directions and led away via waste gas connections 62.
      Although in the embodiment shown only three channels 58 are provided it is
      also possible to have more than three channels.
PAR  It is preferred to connect the waste gas pipe 60 to the casing 22 which is
      closest to the front deflection point of the upper endless chain belt 3
      because the gases leaving this casing are hottest. In similar manner the
      upper endless steel band 7 can be heated. Depending on the point at which
      the upper endless steel band 7 is heated exhaust gases for many flame
      burner casings are supplied to the zig-zag channel housing for steel band
      7 whose temperatures ensure the necessary heating. Both endless steel
      bands 7 and 8 should preferably be heated substantially to the same
      temperature.
PAR  It will be understood that the invention could be practiced with more than
      two burner containing casings for each chain 3 and 4. Also, it will be
      understood that differing numbers of and differing positioning of the
      exhaust gas heater housing 56 for the steel bands could be utilized with
      corresponding different conduit connections to various of the burner
      casings.
PAR  While I have shown and described only several preferred embodiments in
      accordance with the present invention, it is to be understood that the
      same is not limited thereto but is susceptible of numerous changes and
      modifications as would be known to those skilled in the art given the
      present disclosure, and I therefore do not wish to be limited to the
      details shown and described herein only schematically but intend to cover
      all such changes and modifications.
CLMS
STM  I claim:
NUM  1.
PAR  1. A press for producing boards such as chipboards, fibreboards, and the
      like; said press comprising:
PA1  a first movable endless belt formed of heatable belt parts,
PA1  a second movable endless belt formed of heatable belt parts,
PA1  guiding and moving means for guiding and moving said first and second belts
      with respective outer surfaces of said belts in facing relationship and
      moving in the same direction over a material pressing portion of the
      respective travel paths of said belts such that material forming said
      boards can be conveyed by and compressed between said belts along said
      material pressing portion of said respective travel paths,
PA1  heating means for heating at least one of said first and second belts, said
      heating means including at least one flame burner directing a heating
      flame against a portion of at least one of said belts and burner exhaust
      gas conducting means for directing exhaust gases from said at least one
      flame burner against portions of at least one of said belts which are
      spaced from said portion being directly heated by said heating flame, and
PA1  temperature control means for controlling said burners as a function of the
      temperature of the associated belt.
NUM  2.
PAR  2. A press according to claim 1, further comprising a first movable
      flexible band enclosing a portion of and movable with said first belt and
      a second movable flexible band enclosing a portion of and movable with
      said second belt, wherein said first and second bands are interposed
      between said belts over said material pressing portion of the respective
      travel paths thereof to directly engage said material during pressing
      operations.
NUM  3.
PAR  3. A press according to claim 2, wherein said first belt is an upper belt,
      the respective material pressing portion of the travel path of said first
      belt corresponding to a lower run of said first belt, the travel path of
      said first belt including an upper run extending above and in the opposite
      direction of said lower run, wherein said second belt is a lower belt, the
      respective material pressing portion of the travel path of said second
      belt corresponding to an upper run of said second belt, the travel path of
      said second belt including a lower run extending below and in the opposite
      direction of said upper run of said second belt, and wherein said heating
      means includes respective flame burners directing heating flames against a
      part of the upper run of said upper belt and against a part of the lower
      run of said lower belt.
NUM  4.
PAR  4. A press according to claim 3, wherein the respective heatable belt parts
      of each of said belts are relatively rigid heatable plate members that are
      articulated to one another to form said belts, and wherein said guiding
      and moving means include a pair of horizontal and parallel shafts spaced
      from one another for each belt, said belts being movably guided around
      respective reversing pulleys rotatable about respective axes of said
      shafts.
NUM  5.
PAR  5. A press according to claim 4, wherein said heating means includes at
      least one relatively fixed burner casing positioned adjacent each of said
      upper run of said upper belt and said lower run of said lower belt, each
      of said casings containing a plurality of said flame burners and a suction
      pipe forming part of said burner exhaust gas conducting means.
NUM  6.
PAR  6. A press according to claim 5, wherein said temperature control means
      includes a limit value circuit associated with a measuring device for
      controlling switching on and off respective ones of the burners.
NUM  7.
PAR  7. A press according to claim 5, wherein said temperature control means for
      the burners is at least one of said casing includes: a contact plate
      engageable with a belt at a position downstream of said casing with
      respect to movement of said belt with respect to said casing, at least one
      temperature sensor in said contact plate, and a burner control device
      responsive to said at least one temperature sensor for shutting off a
      portion of said burners in said casing in response to temperatures in said
      contact plate in excess of a first predetermined temperature and for
      shutting off all of said burners in said casing in response to
      temperatures in said contact plate in excess of a second predetermined
      temperature which is higher than said first predetermined temperature.
NUM  8.
PAR  8. A press according to claim 7, wherein said burner control device
      includes means for starting up said burners in response to temperatures in
      said contact plate below said respective first and second predetermined
      temperatures.
NUM  9.
PAR  9. A press according to claim 8, wherein said contact plate is pivotably
      mounted about a horizontal shaft and displaceably guided perpendicular to
      the plane of the contact plate.
NUM  10.
PAR  10. A press according to claim 1, wherein said temperature control means
      includes a limit value circuit associated with a measuring device for
      controlling switching on and off respective ones of the burners.
NUM  11.
PAR  11. A press according to claim 1, wherein said temperature control means
      for the burners in at least one of said casing includes: a contact plate
      engageable with a belt at a position downstream of said casing with
      respect to movement of said belt with respect to said casing, at least one
      temperature sensor in said contact plate, and a burner control device
      responsive to said at least one temperature sensor for shutting off a
      portion of said burners in said casing in response to temperatures in said
      contact plate in excess of a first predetermined temperature and for
      shutting off all of said burners in said casing in response to said
      contact plate in excess of a second predetermined temperature which is
      higher than said first predetermined temperature.
NUM  12.
PAR  12. A press according to claim 11, wherein said burner control device
      includes means for starting up said burners in response to temperatures in
      said contact plate below said respective first and second predetermined
      temperatures.
NUM  13.
PAR  13. A press according to claim 12, wherein said contact plate is pivotably
      mounted about a horizontal shaft and displaceably guided perpendicular to
      the plane of the contact plate.
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ABST
PAL  Inner and outer cylinders are mounted for rotation about a common
      horizontal axis. Powder is fed into one end of the inner cylinder to
      produce granules by coagulation as the cylinder rotates. The inner
      cylinder is open at the other end to provide an outlet for the granules,
      and has a perforated (mesh) wall portion towards its outlet end through
      which uncoagulated powder falls into the outer cylinder. The diameter of
      the latter increases towards the inlet end of the inner cylinder so that
      the uncoagulated powder travels back down the surface of the outer
      cylinder as it rotates. On reaching the end thereof adjacent the inlet end
      of the inner cylinder, the powder is lifted by scoops on the inner surface
      of the outer cylinder to fall into an open-topped duct by which powder is
      fed into the inner cylinder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for producing granules from powder.
PAR  It is known to produce granules from powder by introducing the powder,
      mixed where appropriate with a suitable binder, into a drum having a
      smooth inner surface and which is rotated about a horizontal axis. The
      tumbling action of the drum on the powder causes the powder to coagulate
      into granules which, under suitable conditions, can be approximately
      spherical.
PAR  Normally such apparatus is used to process the powder batchwise. It is an
      object of the present invention to provide a form of apparatus which is
      more suitable for continuous operation.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention apparatus for producing granules from
      powder comprises:
PAR  INNER AND OUTER CYLINDERS MOUNTED FOR ROTATION ABOUT AN AT LEAST
      APPROXIMATELY HORIZONTAL AXIS AND MEANS FOR INTRODUCING POWDER INTO ONE
      END OF SAID INNER CYLINDER TO PRODUCE GRANULES BY COAGULATION OF SAID
      POWDER AS SAID INNER CYLINDER ROTATES;
PAR  SAID INNER CYLINDER HAVING AN OUTLET AT ITS OTHER END FOR GRANULES TO PASS
      OUT THEREOF AND INCLUDING TOWARDS SAID OTHER END A PERFORATED WALL PORTION
      FOR ALLOWING UNCOAGULATED POWDER, BUT NOT GRANULES, TO FALL THERETHROUGH;
PAR  SAID OUTER CYLINDER HAVING A DIAMETER WHICH DECREASES FROM SAID ONE END TO
      SAID OTHER END OF SAID INNER CYLINDER WHEREBY POWDER MAY FALL THROUGH SAID
      PERFORATED WALL PORTION INTO SAID OUTER CYLINDER AND TRAVEL BACK OVER THE
      INNER SURFACE THEREOF TO ITS LARGE-DIAMETER END AS IT ROTATES;
PAR  AND MEANS OPERABLE BY THE ROTATION OF SAID OUTER CYLINDER FOR FEEDING
      POWDER WHICH REACHES SAID LARGE-DIAMETER END BACK INTO SAID ONE END OF THE
      INNER CYLINDER.
PAR  The feeding means operable by the rotation of the outer cylinder may
      comprise vanes or scoops secured to the inner surface thereof and adapted,
      as the outer cylinder rotates, to raise the powder whereby it may flow
      from said vanes or scoops under gravity into said one end of the inner
      cylinder.
PAR  The means for introducing powder into said one end of said inner cylinder
      may comprise an inclined stationary duct which projects into said one end.
      The duct may comprise an open-topped portion located to receive powder
      which flows from said vanes or scoops under gravity.
PAR  The stationary duct may be sealed to the large-diameter end of the outer
      cylinder by a rubbing seal.
PAR  The inner cylinder may include one or more inwardly projecting weirs to
      increase the powder hold-up within the inner cylinder.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  To enable the nature of the present invention to be more readily
      understood, attention is directed, by way of example, to the accompanying
      drawings wherein:
PAR  FIG. 1 is a sectional elevation of apparatus embodying the present
      invention.
PAR  FIG. 2 is a simplified section on the line II--II in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows an inner cylinder 1 and an outer cylinder 2 mounted to rotate
      together about their common horizontal axis. Cylinder 1 is mounted within
      cylinder 2 by means of a four-arm spider 3 (see also FIG. 2) and four
      locating pillars 4. One end of cylinder 1 is terminated by an inwardly
      projecting lip 5. The other end is open at 6, but preceding end 6 a wall
      portion 7 of cylinder 1 is formed of wire mesh supported by four rods 8.
      Spaced apart along the remaining inner wall surface of cylinder 1 are four
      weirs 9.
PAR  Cylinder 2 surrounds cylinder 1 and decreases in diameter towards end 6 of
      the latter. The large-diameter end of cylinder 2 terminates in a portion
      10 which extends beyond lip 5. To the inner surface of portion 10 are
      secured twelve curved vanes or scoops 11 (see also FIG. 2). Portion 10 is
      closed by a glass plate 12 having a central hole through which passes an
      inclined duct 13 which extends into cylinder 1 and is supported by a
      bracket 14. Duct 13 is sealed through a circular plate 15 which bears on
      plate 12 via a rubbing seal 16. The portion of duct 13 which extends
      through plate 15 and into cylinder 1 is open-topped as shown at 17.
PAR  Cylinders 1 and 2 are mounted for rotation about their common axis in a
      frame which comprises end-plates 18 and 19 spaced apart by four rods 20.
      On the lower pair of rods 20 is mounted an electric motor 21. Bracket 14
      is mounted on end-plate 19. Each end-plate includes a large clearance hole
      in which cylinder 2 is free to rotate. Each end-plate carries three
      bearings 22 spaced 120.degree. apart round the clearance hole which
      support and locate the cylinders. At the large-diameter end of cylinder 2,
      the three bearings 22 on plate 14 contact the outer surface of portion 10.
      Towards the small-diameter end of cylinder 2 is secured a collar 23 which
      is contacted by the three bearings 22 on plate 18. Collar 23 includes a
      pulley-portion 24 which carries driving belts 25 for rotating the
      cylinders by means of motor 21 and pulley 26.
PAR  In use the powder to be granulated, mixed if necessary with a suitable
      binder in a known manner, is introduced into cylinder 1 via duct 13. As
      the cylinders rotate, the powder gradually travels towards end 6 of
      cylinder 1, the action of the smooth inner surface of its wall and the
      tumbling of the powder causing the latter to coagulate into granules in a
      familiar manner. The weirs 9 increase the hold-up and hence the
      residence-time of the powder in the cylinder. In some applications the
      weirs may be omitted however. The granules travel over the perforated wall
      of wire-mesh portion 7 and pass out through end 6 to be collected beyond
      it. Any uncoagulated powder falls through portion 7 into cylinder 2 and
      thereafter travels down its inclined rotating surface to portion 10. In
      portion 10 this returning powder is lifted by the vanes or scoops 11 and
      falls therefrom into the open-topped portion 17 of duct 13 to be
      re-introduced into cylinder 1.
PAR  Although the dimensions are not critical, the drawings are approximated to
      scale and in one example, for use with uranium oxide powder, cylinder 1
      (excluding portion 7) is approximately 30 inches long. Portion 7 is made
      of woven wire gauze, double crimped, 100 mesh.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for producing granules from powder, the apparatus comprising
      inner and outer cylinders mounted for rotation about an at least
      approximately horizontal axis and means for introducing powder into one
      end of said inner cylinder to produce granules by coagulation of said
      powder as said inner cylinder rotates, said inner cylinder having an
      outlet at its other end for granules to pass out thereof and including
      towards said other end a perforated wall portion for allowing uncoagulated
      powder but not granules to fall therethrough, and said outer cylinder
      having a diameter which decreases from said one end to said other end of
      said inner cylinder whereby powder may fall through said perforated wall
      portion into said outer cylinder and travel back over the inner surface
      thereof to its large-diameter end as it rotates, and means operable by the
      rotation of said outer cylinder for feeding powder which reaches said
      large-diameter end back into said one end of the inner cylinder.
NUM  2.
PAR  2. Apparatus for producing granules from powder as claimed in claim 1
      wherein the feeding means operable by the rotation of the outer cylinder
      comprises vanes or scoops secured to the inner surface thereof and
      adapted, as the outer cylinder rotates, to raise the powder whereby it may
      flow from said vanes or scoops under gravity into said one end of the
      inner cylinder.
NUM  3.
PAR  3. Apparatus for producing granules from powder as claimed in claim 2
      wherein the means for introducing powder into said one end of said inner
      cylinder comprises an inclined stationary duct which projects into said
      one end and the duct has an open-topped portion located to receive powder
      which flows from said vanes or scoops under gravity.
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PAL  A machine for producing tubular fastener sealing members having rolled ends
      includes an apertured guide member cutting block backed by a pair of clamp
      members and which feeds tubular stock of resilient material between the
      clamp members through the guide block. A rotating knife is associated with
      the guide block and an axially reciprocating rotating shaft supports an
      edge rolling tool confronting and coaxial with the guide aperture. The
      components are motivated and sequenced to open the clamp until the tube is
      advanced to the tool, close the clamp, advance the tool to roll the tube
      leading edge, open the clamp and retract the tool which is followed by the
      tube, close the clamp, further retract the tool, and slice the finished
      product from the tube stock.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an improved method and apparatus
      for producing sealing members for screws, nails and similar fastener
      devices and it relates more particularly to an improved method and machine
      for producing tubular sealing members having rolled ends.
PAR  In U.S. Pat. No. 3,299,766 granted Jan. 24, 1967 to W. Gould, et al., there
      are disclosed various forms of sealing elements for fastener devices such
      as screws, bolts, nails and the like. These sealing elements are formed of
      a thermoplastic synthetic organic polymeric resin which is relatively
      stiff and deformable and possesses cold-flow properties and sealing
      elements of the subject type which are employed to great advantage as
      those illustrated in FIGS. 7, 8, and 12 of the above identified patent.
      The preferred form of sealing element includes a sleeve of a resin of the
      above nature having a rolled over rearwardly turned upper flange or washer
      portion. However, the preferred form of the sealing element possesses an
      important drawback in that it has heretofore been difficult to mass
      produce with great accuracy and is accordingly expensive and of
      non-uniform quality.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an improved
      method and apparatus for producing fastener sealing elements.
PAR  Another object of the present invention is to provide an improved method
      and apparatus for producing fastener sealing elements formed of a
      deformable thermoplastic resin in the shape of a sleeve having a
      rearwardly rolled end edge.
PAR  Still another object of the present invention is to provide an improved
      apparatus of the above nature characterized by its reliability,
      ruggedness, simplicity, low cost, low power consumption, high rate of
      uniform and precise production and great versatility and adaptability.
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawing which illustrates a preferred embodiment thereof.
PAR  In a sense the present invention contemplates the provision of a machine
      for producing tubular sealing and locking elements for screws, nails or
      other fasteners or rivets including a guide member having a longitudinally
      extending guide opening, means for withdrawing plastic tubular stock from
      a source thereof and advancing it through the guide opening, a cutter
      located proximate the guide member and movable across the path of the
      tubular stock, an axially reciprocatable rotating spindle supporting a
      coaxial rolling tool at an end thereof confronting and coaxial with the
      guide opening and movable between advanced and retracted positions
      proximate to and remote from the guide member and sequencing means
      successively advancing the tubular stock through the guide opening into
      engagement with the rolling tool in at least a partially retracted
      position, stopping the tubular stock advance, advancing the rotating
      rolling tool to roll the leading end of the tubular stock, at least
      partially retracting the tool and advancing the tubular stock therewith,
      stopping the advance of the tubular stock and advancing the cutting means
      to sever a sealing element therefrom rearwardly of the rolled edge.
PAR  In the preferred form of the improved machine the tubular stock
      intermittent feed includes a pair of constantly running slip type feed
      rolls directing the tubular stock along a passageway delineated by a pair
      of channels formed in confronting faces of a pair of clamp members, one of
      which is stationary and the other being reciprocatable between clamp open
      and closed positions and the guide member is a plate generally
      transversely mounted on the front of the stationary clamp member, the
      guide opening being a circular opening in alignment with the clamp
      channels. The guide plate functions as a cutting block, the cutting means
      including a rotating knife traversing a path along the front face of the
      guide plate. The rolling tool has a coaxial shaped working face provided
      with an axial nipple. The sequencing means operates to open and close the
      clamp for effecting the advance and stopping of the tubular stock and
      following the rolling of the end edge of the tube. The tool is fully
      retracted to disengage the tube and thereafter the element is severed from
      the stock to fall into an underlying hopper.
PAR  The improved machine is reliable simple, rugged and highly versatile and
      the method results in precise and uniform production of a superior product
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan fragmentary view of a machine embodying the present
      invention;
PAR  FIGS. 2-9 are top plan fragmentary views, partially in sections, of a
      portion of the machine in successive stages of an operation cycle;
PAR  FIG. 10 is a front perspective view of a rolling tool forming part of the
      machine; and
PAR  FIG. 11 is a longitudinal sectional view of sealing elements of different
      dimensions produced by the improved machine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings which illustrate a preferred embodiment of
      the present invention, the reference numerals 10 and 11, shown in FIG. 11,
      generally designate fastener sealing elements of different dimensions of
      the type produced by the present improved machine and method and which are
      described in detail in the above identified U.S. Pat. No. 3,299,766.
      Specifically, each of the sealing elements 10 and 11 is formed of
      deformable thermoplastic polymeric resin, such as nylon or the like, and
      includes a sleeve 12 which has at one end an outwardly rolled over
      rearwardly turned flange or lips 13 which extends to a point short of the
      opposite end of the sleeve 12 and juxtaposed to the sleeve.
PAR  The improved machine for producing the sealing elements is designated by
      the reference numeral 14 and includes an axle 16 or other means for freely
      rotatably supporting a reel 17 of tubular stock 18 formed of a deformable
      synthetic organic polymeric resin preferrably of the type possessing cold
      flow properties, for example, nylon or the like.
PAR  Disposed forwardly of the reel 17 are a pair of similar peripherally
      engaging feed wheels 19 and 20 having formed in their peripheral faces
      arcuate peripheral extending grooves which engage and withdraw and advance
      tubular stock 18 from reel 17 and under excess force impeding the advance
      of tubular stock 18 slip. Advantageously wheel 20 is freely rotatable and
      the wheel 19 is positively driven having coaxially affixed thereto a
      sprocket wheel 21 which is coupled by a sprocked chain 22 to a sprocket
      wheel 23 keyed to the drive shaft of an electric drive motor 24.
PAR  The feed wheels 19 and 20 advance the tubular stock 18 along a linear path
      between a pair of corresponding clamp members 26 and 27, when in their
      relatively open position and thence through a circular forwardly tapering
      guide opening 28 in a cutting block functioning transversely extending
      vertical guide plate 29. The clamp member 26 is stationary and the clamp
      member 27 is transversely movable into and out of stock clamping
      engagement with stationary clamp member 26 and is actuated by an axially
      reciprocatable actuating rod 30 extending transversely from and inserted
      to clamp member 27. Formed in the flat vertical longitudinally extending
      confronting faces of clamp members 26 and 27 are longitudinal arcuate
      grooves which extend for the full lengths of the clamp members 26 and 27,
      the grooves defining when the clamp members 26 and 27 abut, a circular
      bore of slightly less diameter than stock 18 and in longitudinal alignment
      with guide opening 28. The guide plate 29 is mounted on the front face of
      clamp member 26 and slidably engages the front face of movable clamp
      member 27.
PAR  Located rearwardly of the guide plate 29 and mounted on a shaft 32 is a
      cutter supporting disc 33. A cutter blade 34 having sharp longitudinal
      edges is replaceably clamped to the front face of 33 and projects radially
      therefrom and is of such length that with rotation of the disc 33, the
      blade 34 traverses a path along the front face of guide plate 29 across
      guide opening 28. Also keyed to the shaft 32 is a sprocket wheel 36 which
      is coupled by a sprocket chain 37 to a sprocket wheel 38 keyed to a main
      rearwardly located drive and sequencing shaft 39.
PAR  The shaft 39 extends along the length of the machine 14 and is supported at
      opposite ends by suitable bearing blocks 40. The shaft 39 is coupled by
      way of a motion translating mechanism 41 including a cam and follower of
      known construction to the slide rod 30 which is reciprocated to open and
      close the clamp members 26 and 27 in a sequence as will be hereinafter
      described. The shaft 39 is driven by a drive motor 42 which is connected
      by a speed reducer unit 43 to a sprocket wheel 44 which is coupled by a
      sprocket chain 46 to a sprocket wheel 47 keyed to shaft 39.
PAR  A bearing block 49 is spaced from and suitably mounted longitudinally
      forward of the guide plate 29 in a direction away from clamping members 26
      and 27 and has a longitudinal bore telescoped by an elongated bearing
      bushing 50 longitudinally coaxially aligned with the guide opening 28. A
      spindle shaft 51 slidably and rotatably engages the bushing 50 and
      projects rearwardly to a point spaced forwardly of guide plate 29 and has
      mounted at its rear end a tool engaging chuck 52. Replaceably engaged by
      the chuck 52 is a rearwardly projecting coaxial edge rolling tool 53, one
      type being illustrated in FIG. 10.
PAR  The rolling tool 53 includes a cylindrical axial chuck engaging shank 54
      and an enlarged circular front head 56. The working end faces 57 is of
      convex conical configuration terminating in a flat annular surface 58 from
      which projects a coaxial cylindrical nipple 59 having a beveled peripheral
      end edge 60. The diameter of nipple 59 is slightly less than the inside
      diameter of tubular stock 18. A pulley 63 is keyed to shaft 51 forwardly
      of block 49 and is connected by a flexible drive belt 64 to a pulley 65
      mounted on the drive shaft of a motor 66.
PAR  A bell crank 67 is suitably mounted at its knee by a pivot bracket 68 for
      swinging about a vertical axis and has an end of one arm connected by a
      link 69 to the cup housing 70 of a thrust bearing 71 rotatably engaging
      the forward end of shaft 51 and axially movable therewith. The other arm
      of bell crank 67 is connected by a slide rod 72 to the output of a motion
      translation mechanism 73 of known construction including a cam and
      follower, the mechanism 73 being driven by shaft 39 to axially motivate
      and sequence the shaft as will be hereinafter explained.
PAR  The translation mechanisms 41 and 73, drive shaft 39, clamp member 27 and
      longitudinally move spindle shaft 51 and so constructed and related as to
      effect the sequence of steps of the operating cycle as illustrated in
      FIGS. 2-9 of the drawings. In the initial position, as shown in FIG. 2,
      the clamp member 27 has been advanced to its closed position clamping the
      stock 18 with its leading end coplanar with the front face of guide plate
      29 and the shaft 51 and tool 53 advanced to an intermediate position. The
      clamp member 27 is then retracted permitting the advance of the tubular
      stock 18 through the guide opening 28 into axial engagement with the tool
      53 by the feed wheels 19 and 20 (FIG. 3). The clamp member 27 is then
      advanced to close the clamp and lock the tubular stock 18 against axial
      movement (FIG. 4). Thereafter, the shaft 51 and tool 53 are advanced to
      the left, the rotating tool 53 outwardly rearwardly rolling the exposed
      end of stock 18 to form the rearwardly extending outer flange 13
      overlapping the exposed tubular stock until the end edge of the stock 18
      reaches the front face of guide plate 29 (FIG. 5).
PAR  Thereafter the movable clamp member is retracted and the tool 53 and shaft
      51 are retracted to an intermediate position depending on the desired
      length of the sleeve body of the sealing element 10 or 11, the stock 18
      being advanced by feed wheels 19 and 20 to follow the retracting tool 53
      (FIG. 6). The clamp member 27 is then advanced to a position locking the
      stock 18 (FIG. 7) and the tool 53 and shaft 51 are then fully retracted to
      disengage the stock 18 leaving the rolled leading end 13 (FIG. 8). The
      rotation of disc 33 is so timed that immediately following the full
      retraction of the tool 53 the cutting blade 34 moves across the stock 18
      along the front face of guide plate 29 to sever the finished sealing
      element 11 from stock 18 (FIG. 9) and the severed sealing element 11 falls
      into an underlying hopper 76. The shaft 51 and tool 53 are then advanced
      to their intermediate position as shown in FIG. 2 to complete the cycle
      which is regularly repeated.
PAR  By rotating shaft 51, easier rolling over the edges is provided. By
      changing the shape of the tool 53 the outer edge can be flared, or
      partially rolled over, or fully rolled over as desired. While additional
      motors 24 and 66 are used besides motor 42 to allow easier substitution
      and replacement when necessary, a single driving means could be used. By
      providing a variable cam follower in mechanism 73 variable reciprocating
      movements of tool 53 can easily produce different lengths of sleeve for
      sealing members 10 and 11. Also, while one of the clamp members 26 and 27
      were illustrated as being movable, the other member could be movable.
PAR  While there has been described and illustrated a preferred embodiment of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof. While
      the article produced by this invention has been discussed as a "sealing
      member", the article can be used for any purpose for which it is suited,
      such as a rivet, sleeve, or the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for producing tubular sealing elements comprising a guide
      member having a longitudinally extending guide opening motor driven
      intermittent feeding means for withdrawing plastic tubular stock from a
      source thereof and advancing it along a predetermined path coaxially
      extending through said guide opening, cutting means located proximate said
      guide member and movable across said predetermined path of said tubular
      stock, an axially reciprocatable spindle forward of and coaxial with said
      guide opening a motor driven rolling tool mounted on an end of said
      spindle and coaxially confronting said guide opening and movable with said
      spindle between advanced and retracted positions proximate and remote from
      said guide member respectively, means for rotating said spindle, and
      sequencing means successively advancing said tubular stock along said
      predetermined path through said guide opening into engagement with said
      rolling tool in at least a partially retracted position, interrupting the
      advance of said tubular stock, advancing said rotating spindle and tool to
      roll the leading end of said stock, at least partially retracting said
      tool and advancing said tubular stock, interrupting the advance of said
      tubular stock and advancing said cutting means across said tubular stock
      to sever a sealing element therefrom rearwardly of the rolled edge.
NUM  2.
PAR  2. The machine of claim 1 wherein said intermittent feeding means includes
      a pair of clamp members disposed rearwardly of said guide member and
      movable between relatively closed and open positions, continuously driven
      means for advancing said tubular stock along a path between said clamp
      members through said guide opening and means for opening and closing said
      openings, for respectively effecting the advance and the stopping of said
      tubular stock.
NUM  3.
PAR  3. The machine of claim 2 wherein said clamping members have a pair of
      longitudinally extending guide channels formed in the confronting faces
      thereof in axial alignment with said guide opening.
NUM  4.
PAR  4. The machine of claim 3 wherein one of said clamp members is stationary
      and said guide member comprises a plate secured to the front face of said
      stationary clamp member and said guide opening is a circular bore formed
      in said plate coaxial with said channels when said clamp members are
      closed.
NUM  5.
PAR  5. The machine of claim 2 wherein said rolling tool has a conical end face
      coaxial with and confronting said guide opening.
NUM  6.
PAR  6. The machine of claim 5 including nipple axially projecting from said
      tool conical end face.
NUM  7.
PAR  7. The machine of claim 2 including a chuck mounted in the end of said
      spindle and releasably engaging said rolling tool.
NUM  8.
PAR  8. The machine of claim 1 wherein said sequencing means initially advances
      said tubular stock into engagement with said tool when said tool is
      between its fully advanced and fully retracted position and the advance of
      said tubular stock is interrupted following the rolling of the edge
      thereof before said tool is fully retracted and said element is severed
      upon the full retraction of said tool out of engagement with said tubular
      stock.
PATN
WKU  039429326
SRC  5
APN  2574438
APT  1
ART  322
APD  19720526
TTL  Sealing parisons using preblow and contoured sealing surface
ISD  19760309
NCL  5
ECL  1
EXP  Lazarus; Richard Bernard
NDR  1
NFG  5
INVT
NAM  Gilbert; Dixie E.
CTY  Pomona
STA  NY
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
RLAP
COD  74
APN  850804
APD  19690818
PSC  01
PNO  3686379
CLAS
OCL  425324B
XCL  425DIG212
XCL  425DIG213
XCL  425DIG215
XCL  425DIG216
EDF  2
ICL  B23D 2303
FSC  264
FSS  94;98;99;89;161
FSC  425
FSS  326 B;387 B;DIG. 206;DIG. 233;DIG. 212;DIG. 213;DIG. 215;DIG. 216;324 B
     ;302 B;305 B
UREF
PNO  2790994
ISD  19570500
NAM  Cardot et al.
XCL  425326
UREF
PNO  2936481
ISD  19600500
NAM  Wilkalis et al.
XCL  425326
UREF
PNO  3163690
ISD  19641200
NAM  Scott
XCL  425326
UREF
PNO  3311684
ISD  19670300
NAM  Heider
OCL  264 99
UREF
PNO  3390426
ISD  19680700
NAM  Turner et al.
XCL  264 98
UREF
PNO  3509596
ISD  19700500
NAM  Shaw et al.
XCL  425326
UREF
PNO  3592885
ISD  19710700
NAM  Goins et al.
XCL  264 94
FREF
PNO  764,321
ISD  19670800
CNT  CA
OCL  264 94
ABST
PAL  An open end parison preform is stretched longitudinally, expanded slightly
      with preblow fluid, and pinched shut with a contoured sealing member to
      form a bead along the sealing seam.
PARN
PAR  This is a divisional of application Ser. No. 850,804 filed Aug. 18, 1969
      now U.S. Pat. No. 3,686,379.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to sealing an open end parison at orientation
      temperature.
PAR  The blow molding art goes back over 100 years. Traditionally, blow molded
      articles have been formed by the downward extrusion of a molten parison
      from an annular die into position between opposing mold halves. The mold
      halves are then closed and fluid pressure introduced into the parison to
      expand same into conformity with the mold. Recently, techniques have been
      developed whereby high strength articles having exceptional sparkle and
      clarity can be produced by blow molding a parison preform which has been
      cooled to room temperature and thereafter reheated to orientation
      temperature so as to achieve molecular orientation in the resulting
      article during the fabrication steps. It is apparent that the most
      economical manner to produce individual parison preforms is to extrude a
      continuous length of tubular material and thereafter sever it into
      individual work pieces, as opposed to injection molding a closed end
      parison preform, for instance. However, this preferred method of forming
      individual parison preforms carries with it the inherent disadvantage of
      providing a preform which is open at each end and which, therefore, must
      be closed at one end preparatory to blow molding. Thus, in order to
      operate economically with individual parison preforms, the artisan is
      faced with the problem of achieving a seal in a parison which is at
      orientation temperature and thus far below the temperature at which the
      parison would be tacky and easily sealable. Such preforms can be sealed
      with fair reliability by the application of extremely high pressure from a
      plurality of directions radially inward toward a point while
      simultaneously pressing downward on the thus closed end, but this involves
      the use of complex equipment and increases the cycle time.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to seal an open end parison preform at
      orientation temperature;
PAR  It is a further object of this invention to provide an improved seal on
      parison preforms; and
PAR  It is yet a further object of this invention to make possible the economic
      production of high strength, clear bottles.
PAR  In accordance with this invention, a parison preform is stretched
      longitudinally and preblown slightly, after which the walls are sealed
      together and severed with a contoured sealing and severing means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, forming a part hereof, wherein like reference characters
      denote like parts in the various views,
PAR  FIG. 1 is a schematic representation of apparatus for forming and sealing
      parison preforms in accordance with the instant invention;
PAR  FIG. 2 is an enlarged fragmentary cross section of the contoured sealing
      and severing means of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary cross-sectional view of an alternate
      embodiment of the contoured sealing and severing means;
PAR  FIG. 4 is a cross-sectional view of the lower section of a bottle made from
      a parison preform sealed and severed in accordance with this invention;
PAR  and FIG. 5 is a bottom view of the bottle of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The instant invention is applicable for the sealing of any hollow,
      elongated article having triangular, square, or round shape or the like,
      although its primary utility will be found in the sealing of cylindrical
      parison preforms.
PAR  The parison preforms which are sealed in accordance with the instant
      invention can be made of any orientable crystalline material such as
      polymers of at least one mono-1-olefin having 2-8 carbon atoms per
      molecule, preferably polymers and copolymers of ethylene, propylene, and
      butene, more preferably polypropylene.
PAR  The open end parison preforms to be sealed in accordance with this
      invention can be formed by any means known in the art, although the
      preferred means is to simply extrude a tube or pipe in a manner
      conventional in the art and thereafter sever this continuous extrudate
      into work pieces of the desired length.
PAR  The open end parison preforms are heated to orientation temperature
      preparatory to sealing and blow molding. By orientation temperature, it is
      meant that temperature at which crystalline polymers on stretching exhibit
      an increase in strength. For polymers of mono-1-olefins having 2-8 carbon
      atoms per molecule, this temperature is generally in the range of
      1.degree.-50.degree.F, preferably 10.degree.-30.degree.F, below the
      crystalline melting point. The crystalline melt point can be determined by
      placing a small sample of the material to be tested on a heating stage of
      a polarizing microscope and recording the crystalline melting point as
      that temperature at which the last birefringence disappears on slow
      heating. The individual open end parison preforms can be reheated to this
      orientation temperature in an air oven, in a liquid bath, in a heating
      block, or by subjecting them to radiant heat, or any other suitable means.
PAR  The term "crystalline" is utilized throughout this specification in the
      sense conventional in the industry to describe a material which is
      substantially crystalline, that is, a material having about 50 percent or
      more crystallinity under normal conditions.
PAR  It is essential to this invention that the parison preform, while at
      orientation temperature, be stretched longitudinally and preblow fluid
      introduced into the interior of the parison preform to expand it slightly,
      after which the mold halves close on the stretched portion of the parison
      with a contoured sealing and severing means pinching the walls together to
      seal and sever. The longitudinal stretch ratio should be in the range of
      1.1:1 to 8:1, preferably 1.5:1 to 2.5:1. By longitudinal stretch ratio is
      meant the ratio of the length of the portion being stretched (i.e., the
      portion of the parison between the gripping means) after stretching to its
      length before stretching. A ratio of 1:1 would indicate no affirmative
      stretching prior to introduction of the blow fluid.
PAR  It is essential to the operation of this invention that the stretched
      parison be preblown slightly prior to closing of the mold on it to effect
      sealing. This obviously necessitates some means for temporarily closing
      off one end of the parison prior to the time the mold closes and forms the
      final seal. It is preferred that this be done simply by grasping one end
      of the parison with a thread-forming means and the other end between two
      pinching means which serve to close the parison off. The thread-forming
      means and this pinching means can then be moved axially apart to effect
      the longitudinal stretching and fluid pressure can be introduced through a
      hollow mandrel in the thread-forming means with escape of the preblow
      fluid precluded by the fact that the walls are closed together at the
      lower end thereof by the pinching fingers. Alternatively, a plug can be
      temporarily placed in the open lower end of the parison or the lower end
      could be connected to the same source of preblow fluid as the upper end so
      as to have fluid back pressure on the interior of the parison.
PAR  Surprisingly, it has been found that when operating in accordance with this
      invention, that is, wherein the parison is stretched and preblown before
      being closed off with a contoured sealing and severing means, a superior
      seal results as compared with a seal formed in an identical manner except
      without the preblow. This result was totally unexpected and even in light
      of the observed data, is not explainable. Indeed, it is surprising that a
      parison at orientation temperature could be preblown at all, much less
      that preblowing would effect an improvement in the seal. While applicant
      does not wish to be bound by any theory, it appears that when the parison
      is not preblown, the closing of the mold walls causes the parison to come
      together and be partially sealed along a surface extending upwardly 1/16
      of an inch or so above the point at which pressure is being applied. Then,
      on introduction of the main blow fluid, this partially sealed area is torn
      apart as the parison is blown out into conformity with the mold walls.
      When utilizing the preblow in accordance with the invention prior to
      closing the mold halves, the parison is prevented by the internal fluid
      pressure from coming together except over the area where pressure is
      actually being applied, and this, somehow, results in a greatly improved
      seal. Also, unsightly tear marks are prevented from forming.
PAR  The preblow fluid must be introduced under a greater pressure than the 3- 6
      psi normally used for preblow in conventional blow molding operations in
      which hot extruded parisons are used. Preblow pressure of at least 25 psig
      is preferred with a range of 25- 50 psig being entirely satisfactory.
      However, it has been found that by controlling the rate of introduction or
      the timing of the preblow introduction, the same source of fluid can be
      used in the preblow which is utilized in the main blow. For example, fluid
      under the full pressure (80- 150 psig, for instance) can be admitted to
      preblow the parison just as the mold halves begin to close; without ever
      interrupting the flow, the parison will be preblown just as the molds
      close and thereafter the fluid pressure expands the parison into
      conformity with the mold. The main blow fluid is preferably air at a
      pressure of 60- 200, preferably 90- 150, psig.
PAR  It has been stated hereinabove that it is essential tha the parison be
      stretched in the area which is to be sealed prior to sealing and that it
      is essential that the parison be preblown prior to the sealing. The third
      essential feature of this invention is the shape of the sealing and
      severing means, or alternatively, the manner and direction of the forces
      employed in effecting the sealing and severing. The contoured sealing and
      severing area has a severing edge which is the furthermost extension
      thereof; this severing edge cooperates with a matching edge on the
      opposing mold half to sever the parison. Preferably, these edges are
      disposed so as to project past a theoretical center line between the two
      mold parts for a distance of 0.5 to 5, preferably 1 to 4, mils. Adjacent a
      bottom wall-forming portion of the sealing and severing section of the
      mold halves is a second projection which cooperates with a matching
      projection on the opposing mold half to hold said thus severed parison
      within a bead-forming cavity, to be described hereinbelow. For use with
      parisons having a wall thickness of 0.075  to 0.225 inches, a leading edge
      of these holding projections preferably has a land height of 5 to 16,
      preferably 8 to 12, mils. Between the holding projection and the severing
      edge of each sealing and severing means is a small cavity which, in
      cooperation with a matching cavity on the other mold half, forms a
      bead-forming mold. Preferably, this cavity has a circular configuration
      although other configurations can also be used. This cavity preferably has
      a maximum lateral dimension of 15- 25 percent of the combined thickness of
      the two walls of the parison prior to stretching. For parisons having a
      wall thickness before stretching of 150 mils, a maximum lateral dimension
      of this cavity of 45- 75 mils is satisfactory.
PAR  While it is not essential to the invention, it is highly preferred that the
      sealing and severing means have surfaces sloping back from the severing
      edge on the side opposite said bead-forming cavity at an angle such that
      the included angle of the opposed surfaces when the mold parts are in a
      closed position is within the range of 15- 100, preferably 25- 90, more
      preferably 30.degree.- 47.degree.. In this way, the lateral pressure on
      the tail portion of the parison which is being severed has a vertical
      component of force which is sufficient to cause the severed tail portion
      to fall free from the portion of the parison held within the bead-forming
      cavity.
PAR  That portion of the mold which constitutes the sealing and severing means
      can be made of any suitable metal. A preferred material is Vega steel,
      hardened to a 59- 61 Rockwell C hardness. It has been found that blades
      made of this material having the projection past the center line as set
      out in the preferred embodiments of this invention are not dulled, even
      after a million cycles or more.
PAR  The effect of the combination of the stretching, the preblow, and the
      sealing with the contoured sealing and severing means as disclosed
      hereinabove results in sufficient working of the polymer in the seal area
      that a true fusion seal results. The purpose of the bead, therefore, is
      not to provide mechanical reinforcement but is part of the precedure which
      has been found to best provide a true fusion seal of polymer which is at a
      temperature at which it normally would not seal. It is well known in the
      art to provide mechanical reinforcing ribs at the seal area of blow molded
      articles made from thoroughly molten thermoplastic material.
PAR  Referring now to the FIGURES, particularly FIG. 1, there is shown a
      conventional screw extruder 10 for forming a tubular extrudate 12. Molten
      tubular extrudate 12 passes immediately into vacuum cooling and sizing
      chamber 14. The solidified tubular extrudate then passes from sizing
      chamber 14 to cutting means 16 where it is severed into individual open
      end parison preforms 18. Parison preforms 18 pass through air oven 20
      where they are heated to orientation temperature. They are then
      transferred by means not shown to thread-forming head 22. Thread-forming
      head 22 can, for instance, be identical to that shown in Turner et al,
      U.S. Pat. 3,390,426, the disclosure of which is hereby incorporated by
      reference. Parison 18 is grasped at the other end thereof by gripping
      fingers 24, which are brought together by means of air cylinders or cams
      not shown, and relative movement effected between thread-forming head 22
      and gripping fingers 24 by means of raising head 22 through the action of
      cylinder 25 to stretch the parison to the elongated condition depicted by
      reference character 18a. Preblow air is introduced through line 27. Mold
      halves 26 and 28 then close on the thus stretched parison. Sealing and
      severing inserts 30 in mold halves 26 and 28 perform the mechanical
      operation of bringing the parison walls into intimate contact and severing
      the parison. Gripping fingers 24 then retract to allow the severed tail
      portion to fall free from the remainder of the parison. The main blow air
      is then introduced through line 29.
PAR  FIG. 2 shows sealing and severing inserts 30 in greater detail. Each insert
      has severing edge 32 which severs the parisons along a line 34 (See FIGS.
      4 and 5). Each of said severing edges 32 projects past the theoretical
      center line separating the two mold inserts 30 when the mold is closed, a
      distance of 0.5 to 5 mils. Surfaces 36,36 slope downwardly from severing
      edges 32 to form an included angle as shown in the drawing of about
      47.degree., although this can vary as noted hereinabove, and it is not
      essential to the invention. However, in combination with the projection of
      severing edges 32 past the theoretical center line, this results in a
      complete severing of the parison 100 percent of the time, thus eliminating
      the need for trimming operations to remove the tail portion. Adjacent
      surface 38 which forms the bottom wall of the article being molded, there
      is parison holding projection 40. Preferably, parison holding projection
      40 has a flat land area as depicted be reference character 42 in this
      FIGURE. Each insert 30 has a small bead-forming cavity 44 which cooperates
      with a similar cavity in the opposing insert to form bead or depending tab
      46 (See FIG. 4). Cooperation of the two bead-forming cavities preferably
      form a circular shape as shown in FIG. 2, although other shapes such as
      the triangular shape formed by cavity 44a of FIG. 3 can be utilized. Bead
      46 generally depends downwardly from lower surface 48 of the bottom wall
      section of the molded article a distance of 1/100 to 1/2, preferably 1/32
      to 1/8-inch.
PAR  In the above drawings, many conventional parts such as heaters, temperature
      controllers, frames, cooling channels, and the like have been omitted for
      the purpose of simplicity, but their inclusion is understood by those
      skilled in the art and is within the scope of the invention.
PAC  EXAMPLE I
PAR  Polypropylene homopolymer having a density of 0.905 (ASTM D 1505-63T), a
      melt flow of 2 (ASTM D 1238-62T, Condition L), and a crystalline melting
      point of about 340.degree.F was extruded into tubing having an outside
      diameter of 0.8-inch and a wall thickness of 0.150-inch. The tubing was
      cooled to room temperature in a vacuum sizing and quenching chamber and
      cut into 7-inch lengths. These 7-inch lengths were heated to a temperature
      320.degree.F. The thus heated blanks were then placed in thread-forming
      jaws such as are shown in FIG. 1 while being held at the other end thereof
      by gripping fingers similar to those shown in FIG. 1. Relative axial
      movement was effected between said threadforming means and said gripping
      fingers to achieve a longitudinal stretch ratio of 1:2. Thereafter,
      preblow air at a pressure of 50 psig was introduced into the interior of
      the parison to give slight radial expansion to the parison. Thereafter,
      the mold parts similar to those shown in FIG. 1 having a configuration in
      the sealing and severing area identical to that shown in FIG. 2 were
      closed upon the parisons. These operations were carried out in immediate
      succession so that the parisons remained at orientation temperature. Main
      blow fluid at a pressure of 150 psig was then introduced into the interior
      of the parison to cause it to conform to the shape of the mold to give a
      biaxially oriented bottle having clear, highly-strengthened walls. Similar
      bottles were made without utilizing the preblow but with all other
      conditions including the type of polymer and the type of mold
      configuration being identical. The resulting bottles were then filled with
      water and dropped from a height of 12 feet. The results were as follows:
     PERCENT FAILURES                                                          
     ______________________________________                                    
     Invention        Control                                                  
     With Preblow     Without Preblow                                          
     0                90*                                                      
     ______________________________________                                    
      *Approximately 40 percent of those made without preblow leaked prior to  
      the drop, whereas none of the samples made in accordance with the        
      invention leaked.                                                        
PAR  It was further observed that the pinching fingers which grip the bottom
      portion of the parison exert a force against the walls of the parison,
      thus flattening the walls out and pressing them together under great
      pressure. No fusion seal resulted in this area, thus indicating that
      simple pressure forcing the walls of the parison together is not
      sufficient to effect a seal. Thus, the techniques of the instant invention
      are shown to be superior to reliance on mere mechanical force to press the
      parison walls together to effect a seal. The bottles formed in accordance
      with this invention in both Examples I and II exhibited a true fusion seal
      when the parison was closed off.
PAC  EXAMPLE II
PAR  Identical parisons were blown into bottles in an identical manner as set
      out in Example I except that the preblow fluid was under a pressure of 150
      psig and the introduction was timed so that the parison was just preblown
      as the mold halves closed. This fluid introduction was continued without
      interruption to serve as the main blow fluid. Perfect bottles were
      consistently formed.
PAR  While this invention has been described in detail for the purpose of
      illustration, it is not to be construed as limited thereby, but is
      intended to cover all changes and modifications within the spirit and
      scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for sealing and severing an individual open end tube
      comprising in combination: means for gripping a first end of said tube;
      means for gripping a second end of said tube; means for effecting a
      relative movement between said means for gripping said first end and said
      means for gripping said second end; means to introduce preblow fluid into
      the interior of said tube; a pair of opposed mold halves movable
      transversely to the axis of said tube into and out of engagement, each of
      said mold halves having matching severing edges, each of said mold halves
      having a bead-forming and holding cavity between said severing edges and a
      bottom wall-forming surface of each of said mold halves.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said severing edges are
      disposed so as to project 0.5 to 5 mils past a center line separating said
      mold halves when said mold halves are in advanced position.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said bead-forming and holding
      cavity is circular in shape.
NUM  4.
PAR  4. An apparatus according to claim 1 wherein each of said mold halves has a
      surface below said severing edge which slopes at an angle such that when
      said mold halves are in closed position, the included angle between these
      surfaces is within the range of 25- 90.degree. .
NUM  5.
PAR  5. An apparatus according to claim 1 wherein a leading edge of said
      bead-forming and holding cavity adjacent said bottom wall-forming surface
      has a land height of between 5 and 16 mils.
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ABST
PAL  Apparatus for so-called "in-line" production of hollow articles of
      thermoplastic material, by blowing or vacuum moulding a sheet strip
      produced continuously from an extruder and subsequent stamping of the
      separate articles. The mould tool consists of at least two mould half
      portions, which is moved along a rectilinear guide and substantially
      synchronously with the plastic strip. The guide for the mould tool and the
      direction of the sheet strip extend obliquely downwardly from the extruder
      nozzle, preferably at an angle to the horizontal plane of
      30.degree.-60.degree. . In the zone of the guide path where the mould half
      portions open, stationary gripping fingers are arranged on both sides of
      the sheet strip. The fingers are adapted to engage the longitudinal edges
      of the sheet strip immediately prior to the mould half portions, being
      separated and to absorb the sheet strip while the mould tool returns for
      enclosure of a new portion of sheet strip.
BSUM
PAR  The present invention relates to an apparatus for so-called in line
      production of hollow articles, such as bowls, trays, cups and similar
      articles of thermoplastic material, for example, polypropylene,
      polyethylene and the like, which are used substantially as disposable
      packaging, particularly in the foodstuff industry.
PAR  Articles of the above said type are generally moulded by means of a mould
      tool consisting of at least two half portions, possibly with a drawing
      piston, where the sheet, by means of heat, is made plastic and by a fluid
      pressure differential is either blown by means of compressed air or is
      drawn by means of a vacuum into the cavity in one of the mould half
      portions. Generally, a sheet strip is produced by means of a wide nozzle
      extruder, said strip being wound onto rollers and thereafter, in a
      separate machine, is formed to articles in the above described manner.
      This method requires transport from the extruder to the moulding machine
      and two separate machines require more space and manual operation than if
      it were possible to produce the articles in line, i.e. continuously after
      the extruder.
PAR  An apparatus is known which produces articles in line. This is a question
      of a typical mass-produced product where, at all times, the same moulds
      may be used. A plurality of mould half portions are arranged in two
      opposingly operated endless belts which travel at the same speed as the
      extruder and engage about the sheet strip or tube discharged from the
      extruder. Each mould half portion in one belt must be supplied with
      compressed air or vacuum during the moulding step if a sheet strip is used
      which is to be moulded to articles such as trays, cups, and the like. If a
      tube is used which is to be formed with ribs or the like, the compressed
      air may be supplied within the tube in that a trailing mandrel is arranged
      within the tube and compressed air introduced through the extruder nozzle.
      In both cases, but particularly in the first case, the necessary equipment
      is expensive and, as previously stated, can only be used in regard to
      typical mass production. As a rule, the amount of hollow articles produced
      for packaging is not such that it would be worth while to mould in line,
      in accordance with this method. The two-step process has therefore been
      used hitherto for this type of production.
PAR  The object of the present invention is to provide an apparatus for
      so-called in line production of hollow articles, such as bowls, trays,
      cups and the like of thermoplastic material, particularly for use as
      packaging, the said apparatus being inexpensive to produce, requires less
      space, eliminates previously necessary transport and requires less manual
      operation.
PAR  The most obvious procedure of a machine designer faced with the task of
      constructing an inexpensive apparatus capable of producing hollow articles
      of plastic in line after an extruder, would be to modify the moulding
      apparatus used when working from rollers. This is a stationary moulding
      tool consisting of two mould half portions which engage and form a sheet
      strip fed in stages from a roller and which, between the roller and the
      mould tool, is heated to plastic state. In order to utilize this mould
      tool in connection with a continuously fed sheet strip from a wide nozzle
      extruder, the mould tool must be arranged reciprocably along a preferably
      rectilinear path, such that the mould half portions engage about the
      plastic sheet strip adjacent the extruder nozzle, and travel along the
      path at approximately the same speed as the extruder discharge, open at
      the end of the path, when the articles are moulded and cooled, in order
      thereafter to return to the starting point. It proves that this method is
      not utilizable for all types of material if the extruder operates with
      horizontal direction of the sheet strip, which is natural. The sheet
      strip, after being pressed out of the extruder nozzle, would rapidly sink
      downwards to a curved path due to the force of gravity, particularly when
      materials of low melting strength are used, for example, polyethylene,
      polypropylene and the like. The collapsing tendency would be so great that
      the moulds must be moved away from one another sufficient to be clear of
      the downward curve. This causes a great distance of closure which would
      take a long time and the downward curve could cause fold formation. In
      line production of plastic articles is also known where a plastic sheet is
      extruded continuously downwardly in vertical direction. A reciprocating
      tool then moulds the articles from the thermoplastic, continuously
      produced sheet. It has proved in practice, however, that it is impossible
      with such a method of production to achieve an entirely uniform sheet,
      since serious problems of collapse arise in the vertically extruded sheet.
PAR  The above described problems are solved by means of the apparatus for
      so-called in line production of hollow articles, such as bowls, trays,
      cups and like articles of thermoplastic material when using blowing or
      vacuum moulding of a strip produced from an extruder and where,
      thereafter, the separate articles are locked, in the actual mould or in a
      secondary operation, and where the moulding tool, consisting of at least
      two mould half portions and possibly a drawing piston, during the moulding
      step, is moved along a preferably rectilinear guide path and substantially
      synchronously with the plastic strip, in order thereafter to open and
      return for enclosure about a new portion, the characterizing feature being
      that the guide for the mould tool, and the sheet direction of the sheet
      strip, extend obliquely downwardly from the extruder nozzle, preferably at
      an angle to the horizontal plane of 30.degree.-60.degree., and that, at
      the zone of the guide path where the mould half portions open, stationary
      gripping fingers are arranged at both sides of the sheet strip, the said
      fingers being adapted to grip about the longitudinal edges of the sheet
      strip immediately before the mould half portions are separated and to
      maintain the sheet strip while the moulding tool returns.
PAR  By means of the apparatus, cups, bowls, trays and the like of very high
      quality may be produced, even from plastic material which is difficult to
      mould, such as polypropylene, polyethylene and the like. The apparatus is
      extremely simple and is inexpensive to produce, since it is only the
      moulding tool which move, viz. reciprocally on the oblique path, apart
      from the opening movement of the mould half portions. It has proved that
      even though the gripping fingers engaging at both sides of the sheet when
      the mould returns to the starting point are stationary, the collapse of
      the sheet strip is very limited by reason of the oblique direction of the
      extruder. The slight collapse is without practical significance, since it
      does not particularly affect the uniformity of the thickness of the sheet
      and allows also a relatively short path of movement for the mould half
      portion which is moved.
PAR  A further feature of the invention which allows the collapse of the sheet
      strip to be of minor significance during the moulding is that the
      extruding direction of the sheet strip is at a parallel spacing below a
      plane through the dividing line of the mould. The collapse then forms
      substantially at the end of the gripping fingers and the mould half
      portion may then operate with a relatively rectilinear sheet path during
      its return stroke.
PAR  When the mould half portions are enclosed about a new portion of the
      plastic sheet strip, the said strip has a tendency to form wrinkles at the
      side of the mould facing toward the extruder. The reason for this is that
      the sheet strip is not completely plane and tight, but has a slight
      collapse. In order to eliminate this, the gripping fingers are arranged
      such that when they engage the edge of the sheet they extend somewhat
      inwardly onto the non-moulded sheet strip between the moulding tool and
      the extruder nozzle and such that the fingers engage the edge of the sheet
      strip somewhat during division of the mould. The said spacings are
      adjustable in accordance with the different materials used. In this
      manner, a transverse stretching of the sheet strip is achieved in the zone
      directly to the rear of the moulding tool, in other words at the location
      where there would otherwise be a tendency to wrinkling.
PAR  A further feature of the invention is that the moulding tool is adapted to
      move somewhat more rapidly than the sheet production from the extruder,
      such that the sheet is stretched in longitudinal direction. The reason for
      this is that thermoplastic material, even in its plastic state, has some
      elasticity. This applies particularly to substances such as polypropylene,
      polyethylene and the like. This elasticity will cause a certain compaction
      of the sheet strip when the moulding tool returns to enclosure of a new
      area of the sheet strip. In this manner, it is possible to absorb some of
      the sheet strip produced while the stationary gripping fingers are engaged
      in the edge of the sheet strip and the mould tool returns to the starting
      point.
DRWD
PAR  The invention is further explained in the following with reference to the
      drawing which in:
PAR  FIG. 1 illustrates in diagram an embodiment example of the apparatus
      according to the invention.
PAR  FIG. 2 shows details of the apparatus according to FIG. 1 in somewhat
      enlarged dimension and in more detail.
DETD
PAR  The main components of the apparatus comprise an extruder 1 with an
      extruder head 2 provided with a wide nozzle 3. The extruder has a hopper 4
      for granulate or, when polyethylene, polypropylene and the like are
      concerned, can consist of material residue. The extruder 1 produces
      through a nozzle 3 a feed strip 5. Between the extruder 1 and a stamping
      apparatus 6, a mould tool 7 is arranged consisting of an upper half
      portion 8 and a lower half portion 9. The lower half portion 9 may be
      moved to and from engagement with the upper half portion 8. The moulding
      tool 7 is arranged on a slide 10, which by means of one or more power
      cylinders 11 can be moved reciprocally on an oblique guide 12. At the
      lower end of the guide 12, gripping fingers 14 are arranged on a frame 13,
      said gripping fingers being adapted to clamp onto the sheet strip 5. At
      the outlet of the stamping apparatus 6, the finished cups 15 fall into a
      box 16 and the stamped out sheet strip 17 can be cut up into smaller
      pieces and returned to the hopper 4.
PAR  The mould half portion 8 is, in manner known per se, supplied with
      compressed air for blow-moulding of the sheet 5 when the lower mould is
      brought into engagement with the upper mould. The upper mould portion 8
      may also be provided with a drawing piston (known per se). The lower mould
      half portion is provided with one or more cavities for forming bowls,
      trays or cups. The guide 12 may, as illustrated in FIG. 2, consist of two
      steel rods (only one is shown). The frame 13 for the fingers 14 may be
      adjustable as to height by means of a slot 18 and nuts 19. The fingers 14
      can be moved to and from by means of a cylinder 20, illustrated in
      diagram.
PAR  The apparatus operates in the following manner:
PAR  From the extruder nozzle 3 a plastic sheet strip 5 is produced
      continuously, said strip after discharge from the nozzle, being plastic.
      By means of the cylinder 11, the mould 7 with mould portions 8 and 9
      spaced away from one another is brought into the zone immediately after
      the extruder nozzle. The lower mould half portion 9 is brought into
      engagement against the upper mould half portion 8. The sheet is then
      clamped between the mould half portions. At the same time as the sheet is
      gripped by the mould half portions, the piston 11 begins to guide the
      mould 7 downwardly along the path 12 at least the same speed as the sheet
      5 is produced by the extruder. During this movement, the sheet is formed
      to articles in that air is blown into the mould half portions 8, said air
      pressing the sheet 5 into cavities in the lower mould 9. When the moulding
      is finished the sheet is cooled, the mould being water-cooled. When the
      mould 7, by means of the piston 11, is passed along the path 12 a distance
      such that the gripping fingers 14 with the upper ends thereof project
      somewhat above the mould 7, the movement of the mould stops and the
      gripping fingers 14 are brought together by means of the cylinder 20 and
      engage about the edge of the sheet 5 outside of and at the side of the
      mould. When the fingers 14 have gripped the sheet edge, the mould 7 is
      opened and rapidly returned to its starting point. This is the situation
      illustrated on the drawing. During return movement of the mould, which is
      very rapid, the extruder continues to discharge sheet, and since the
      fingers 14 are stationary and grip the sheet in this step of the
      production, a certain curve will necessarily be produced in the sheet 5.
      As will be clear from the drawing, however, the part located closest to
      the extruder is approximately rectilinear, since the curve is formed
      adjacent the end of the fingers 14. The reason for this is both the
      oblique direction of the sheet production and the parallel staggered plane
      of the fingers with respect to the extruder direction. The mould in open
      condition has then, during the return movement, an approximately straight
      sheet with which to operate.
PAR  When the fingers 14 open and the mould encloses the sheet for forming new
      articles, the articles moulded in a previous step are conveyed into the
      stamping apparatus 6.
CLMS
STM  I claim:
NUM  1.
PAR  1. An in-line apparatus for the production of hollow articles, such as
      bowls, trays, cups and similar articles of thermoplastic material by fluid
      pressure differential molding a continuous sheet of the thermoplastic
      material comprising:
PA1  an extruder having an extruder nozzle for producing the continuous strip of
      thermoplastic material;
PA1  a mold tool including a top and bottom mold half portion;
PA1  piston means for opening and closing said mold tool;
PA1  a rectilinear guide upon which said mold tool is attached, said guide
      extending obliquely downward from below said extruder nozzle at an angle
      to the horizontal plane of between 30.degree. and 60.degree.;
PA1  reciprocating means connected to said mold tool for reciprocating said mold
      tool along said rectalinear guide;
PA1  gripping means attached to said rectilinear guide for engaging longitudinal
      edges of the thermoplastic material immediately prior to the opening of
      said mold tool and for holding the thermoplastic material while said mold
      tool returns for enclosure of a new portion of the thermoplastic material.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein the longitudinal axis of said
      extruder nozzle extends in a plane parallel to and below a plane through
      the center of the mold in a closed position.
NUM  3.
PAR  3. An apparatus according to claim 1 further including a stamping means
      adjacent to the lower end of said guide for the stamping of the hollow
      articles.
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ABST
PAL  A mold assembly for use in a packaging machine for making a blistered
      package, which forms a plurality of blisters in a web of thermoplastic
      resin film forming a part of the blistered package. The mold assembly
      comprises a preforming structural body formed with a plurality of
      preforming molds and a finishing structural body formed with the
      corresponding number of finishing molds arranged in the same pattern as
      the preforming molds. The thermoplastic resin web is first subjected to a
      preforming process with the preforming structural body and then to a final
      forming process with the finishing structural body thereby to avoid
      excessive and quick reduction of the wall thickness which may otherwise be
      observable in any of the finally formed blisters. A method for this
      purpose is also disclosed.
BSUM
PAR  The present invention relates in general to a packaging machine for making
      a blistered package and, more particularly, to a mold assembly used in the
      packaging machine for forming a plurality of shaped shells or blisters in
      a web of thermoplastic resin film.
PAR  The blistered package hereinabove and hereinafter referred to is known as a
      press-through package which comprises a web of thermoplastic resin film
      formed with a plurality of recesses, which may be referred to as shells or
      blisters, for accommodating therein the corresponding number of articles
      or products to be packed, and a covering lid, for example, an aluminum
      foil, bonded or heat-sealed to the thermoplastic resin web with the
      articles or products housed in said recesses. Release of one of the
      articles or products packed in the above manner can be achieved merely by
      pushing the blister in the thermoplastic resin web by the application of
      finger pressure to cause a relevant portion of the covering lid to break.
      This packaging technique is largely employed in the pharmaceutical
      industry for packaging pills, tablets, medicament-containing capsules or
      any other solid drugs and articles or products protected in blistered
      packages are available everywhere.
PAR  Conventional packaging machines for making the blistered packages are
      broadly classified into two types depending upon the blister forming
      technique; one being a continuous type and the other being an intermittent
      type.
PAR  In the conventional packaging machine of the continuous type, a mold
      assembly for forming the blisters in the thermoplastic resin web comprises
      a pair of female and male drums supported for synchronous rotation at the
      same peripheral speed; the female drum having the peripheral surface
      formed with a plurality of radially inwardly recessed female molds and the
      male drum having the peripheral surface formed with the corresponding
      number of radially outwardly protruding male drums, and a heating unit for
      heating either the female drum or the male drum. A web of thermoplastic
      resin film is adapted to travel through between the female and male drums
      and, as the thermoplastic resin web passes therethrough, it is softened in
      contact with the heated one of the female and male drums and subsequently
      molded to form the finally shaped blisters in the thermoplastic resin web.
PAR  In the conventional packaging machine of the intermittent type, the mold
      assembly comprises a pair of female and male plates supported for relative
      movement in a direction close to and away from each other; the female
      plate having one surface formed with a plurality of inwardly recessed
      female molds and the male plate having one surface formed with the
      corresponding number of outwardly protruding male molds engageable in said
      respective female molds, and a heating unit for heating either the female
      plate or the male plate. A web of thermoplastic resin film is adapted to
      intermittently travel through between said female and male plates and,
      each time the thermoplastic resin web is held standstill, the female and
      male plates are relatively moved close to each other with the female molds
      receiving the associated male molds through the thermoplastic resin web,
      thereby forming the finally shaped blisters in the thermoplastic resin
      web.
PAR  The conventional packaging machines of both types have such a common
      feature that blister forming is performed in a single stage. In other
      words, in order to form the blisters in the thermoplastic resin web, the
      only pair of female and male molds are employed.
PAR  One of the most advanced packaging machines irrespective of the type
      described above, is capable of forming a blister having the minimum
      thickness within the range of 50 to 40 .mu. when the thermoplastic resin
      web having a thickness within the range of 250 to 200 .mu. has been used.
      In other words, in order to form the blisters each having a predetermined
      or desired wall thickness, a web of thermoplastic resin film having a
      relatively great thickness has to be used. The thinner the thermoplastic
      resin web is, the smaller the wall thickness of any of the resultant
      blisters and it often provides an undesirable result. If the wall
      thickness of any of the blisters is excessively small, not only the
      blisters can easily be broken, for example, during transportation of the
      blistered package, but also some of the products protected within the
      corresponding blisters are adversely affected by moisture entering the
      blisters.
PAR  Accordingly, an essential object of the present is to provide an improved
      mold assembly useable in the packaging machine of the type referred to
      above, which can form in a web of thermoplastic resin film of 150 to 200
      .mu. blisters each having a wall thickness within the range available by
      the conventional packaging machine.
PAR  Another object of the present invention is to provide an improved mold
      assembly useale in the packaging machine of the type referred to above,
      which does not, but not exclusively, require the use of a web of
      thermoplastic resin film having a relatively great thickness with no
      substantial reduction of the wall thickness of each resultant blister
      below the optimum value.
PAR  A further object of the present invention is to provide an improved mold
      assembly useable in the packaging machine of the type referred to above,
      which comprises a preforming mold and a finishing mold to effect the
      blister forming operation in two stages thereby obtaining blisters of
      substantially uniform wall thickness.
PAR  It is a related object of the present invention to provide a molding method
      for forming the blisters in the thermoplastic resin web by the use of the
      mold assembly herein disclosed.
PAR  An essential feature of the present invention resides in the employment of
      a double stage, blister forming method which comprises a step of
      preforming blisters in a web of thermoplastic resin film by the effect of
      air-pressure differential while said thermoplastic resin web is heated and
      is in a soft, pliable condition and a step of finally forming the
      preformed blisters into a desired or predetermined shape by the effect of
      air-pressure differential while said thermoplastic resin web is again
      heated and, therefore, in a soft, pliable condition.
PAR  To this end, according to one preferred embodiment of the present
      invention, there is provided a mold assembly which comprises a preforming
      drum having the outer peripheral surface formed with a plurality of
      radially inwardly recessed molds arranged in a predetermined pattern and a
      finishing drum having the outer peripheral surface formed with radially
      inwardly recessed molds corresponding in number to the molds in the
      preforming drum and arranged in the same pattern as the molds in the
      preforming drum. These preforming and finishing drums are supported in
      spaced relation to each other for synchronous rotation such that each of
      the preformed blisters in the thermoplastic resin web can, after the
      thermoplastic resin web has continuously been moved past the preforming
      drum and subsequently contacts the finishing drum, automatically engage in
      the respective molds in the finishing drum.
PAR  Separate heating units are also employed in association with the respective
      preforming and finishing drums for heating the thermoplastic resin web to
      a soft, pliable condition.
PAR  On the other hand, according to another preferred embodiment of the present
      invention, the mold assembly comprises a preforming, plate-shaped block
      having one surface formed with a plurality of inwardly recessed molds
      arranged in a predetermined pattern and a finishing, plate-shaped block
      having one surface formed with inwardly recessed molds corresponding in
      number to the molds in the preforming block and arranged in the same
      pattern as the molds in the preforming block. These preforming and
      finishing blocks are arranged side by side adjacent to each other and are
      respectively operatively associated with pressure plates each adapted to
      clamp the thermoplastic resin web on both sides thereof in cooperation
      with the preforming or finishing blocks. The thermoplastic resin web is
      adapted to intermittently travel through gaps between the preforming block
      and the pressure plate positioned thereabove and between the finishing
      block and the pressure plate positioned thereabove and, each time the
      thermoplastic resin web is held standstill, the preforming and finishing
      blocks and the pressure plates respectively associated therewith undergo
      relative movement in a direction close to each other to clamp the
      thermoplastic resin web on both sides thereof to effect the blister
      preforming and finishing operations, respectively.
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PAR  These and other objects and features of the present invention will readily
      become clear from the following description taken in conjunction with
      preferred embodiments thereof with reference to the accompanying drawings,
      in which;
PAR  FIG. 1 is a schematic perspective view of a packaging machine of a
      continuous type for making blistered packages, to which a preferred
      embodiment of the present invention can be practised,
PAR  FIG. 2 is a schematic perspective view of a packaging machine of an
      intermittent type for making blistered packages, to which another
      preferred embodiment of the present invention can be practised,
PAR  FIG. 3 is a schematic side sectional view of a mold assembly according to
      the present invention, which is utilized in the machine of FIG. 1,
PAR  FIG. 4 is a fragmental side sectional view, on an enlarged scale, of a
      portion of a preforming drum of the mold assembly, showing a modification
      of one of the molds formed in the preforming drum,
PAR  FIG. 5 is a schematic side sectional view of a mold assembly according to
      the present invention, which is utilized in the machine of FIG. 2, and
PAR  FIG. 6 is a schematic side sectional view of a preforming block of the mold
      assembly of FIG. 5, showing a modification thereof.
DETD
PAR  Before the description of the present invention proceeds, it should be
      noted that like parts are designated by like reference numerals throughout
      the accompanying drawings.
PAR  Referring first to FIG. 1, the packaging machine to which the present
      invention can be practised in one preferred form comprises a mold
      assembly, generally indicated by X and including a preforming drum PD and
      a finishing drum FD, both supported by any suitable framework (not shown)
      in spaced relation to each other for synchronous rotation at the same
      peripheral velocity. A web of thermoplastic resin film 10 from a supply
      roll 11, which is replaceably mounted to the framework and around which
      the thermoplastic resin film is coiled, is adapted to travel therefrom
      towards a product filling unit, as will be described later, first turning
      round the preforming drum PD and then around the finishing drum PD.
PAR  The continuously moving web of thermoplastic resin film 10 after having
      emerged from the mold assembly X and, more particularly, after having
      turned round and moved past the finishing drum FD, is formed with a
      plurality of blisters in a predetermined pattern corresponding to the
      arrangement of molds in the preforming and finishing drums PD and FD, each
      of which blisters is defined by a portion of the thermoplastic resin web
      10 concaved, or otherwise recessed, from the remaining portion of said
      thermoplastic resin web 10.
PAR  Positioned preceding the product filling unit A is a rouletting unit B
      which includes a rouletting roll 12 and a rubber-lined, back-up roll 13
      positioned therebelow, both of these rolls 12 and 13 being supported by
      the framework and arranged in position to sandwich the thermoplastic resin
      web 10 therebetween for making rows of slits or perforations in the
      thermoplastic resin web, each row of which represents a line of breakage
      along which the finished blistered package can be broken by hand.
PAR  The product filling unit A includes a hopper 14 for accommodating therein a
      mass of products to be packed, which hopper 14 includes a vibrator 15 for
      vibrating the hopper 14 to facilitate a supply of products therefrom
      towards a plurality of flexible feed tubes 16 each having one end coupled
      to a corresponding outlet at the bottom of the hopper 14. The product
      filling unit A further includes a transfer roll 17 supported by the
      framework for rotation about its own axis extending across the width of
      said thermoplastic resin web 10, which transfer roll 17 is formed on its
      outer peripheral surface with a plurality of recesses 17a arranged in the
      same pattern as that of arrangement of the molds in any of the preforming
      and finishing drums PD and FD. The other ends of the respective feed tubes
      16 are bundled in a row and positioned immediately above the transfer roll
      17 whereby as the transfer roll 17 is rotated in a direction conforming to
      the direction of movement of the thermoplastic resin web 10, a plurality
      of products from the respective feed tubes 16, which have been fed by
      gravity from the hopper 14, are successively received by said transfer
      roll 17 one for each recess 17a and then transferred onto the blisters in
      the thermoplastic resin web 10 passing beneath said transfer roll 17. It
      should be noted that, in order to avoid separation of some of the products
      from the associated recesses 17a in the transfer roll 17 during rotation
      of said roll 17 through approximately 180.degree., a curved guard (not
      shown) is provided on the leading side of the transfer roll 17 and in the
      vicinity of, or otherwise in sliding contact with, said roll 17.
PAR  The thermoplastic resin web 10, that has been transferred to the product
      filling unit A and after the products have individually been supplied into
      the respective blisters in the thermoplastic resin web 10, is then
      transferred through a sealing unit C onto a cutting unit D.
PAR  The sealing unit C includes a heating roll 18 having the outer peripheral
      surface finely serrated, and a back-up roll 19 positioned below said
      heating roll 18, these rolls 18 and 19 being rotatably supported by the
      framework. Wound around the heating roll 18 and joining the thermoplastic
      resin web 10 past the back-up roll 19 is a web of covering sheet 20, for
      example, an aluminum foil, fed from a supply roll 21, which covering sheet
      web 20 is heat-bonded to the back of the thermoplastic resin web 10 as it
      passes through and between the rolls 18 and 19 together with the
      thermoplastic resin web 10. At this time, the products within the
      respective blisters in the thermoplastic resin web 10 are completely
      concealed within said blisters.
PAR  The thermoplastic resin web 10 bonded with the covering sheet 20 with the
      product in said blister is then transferred to the cutting unit D which
      includes a cutter drum 22 and a rubber lined roll 23 in the vicinity of
      said drum 22, the drum 22 and roll 23 being rotatably supported by the
      framework following the sealing unit C. It will readily be seen that the
      cutter unit D operates in such a manner as to provide blistered packages,
      such as indicated by P, each containing a predetermined number of
      products, which are subsequently dropped by gravity onto a bent conveyor E
      in readiness for transference thereof to a subsequent processing station.
PAR  In the arrangement so far described, it should be noted that at least the
      drums and rolls, such as indicated by PD, FD, 12, 17, 18, 19 and 22, are
      all driven by an electrically operated motor M through a reduction gear
      box R and then through a suitable belt or chain arrangement (not shown,
      but a portion thereof connecting between the reduction gear box R and the
      roll 19 is only shown,) so as to rotate at the same peripheral velocity.
      In addition, the finishing drum FD and the back-up roll 19 should be
      arranged such as to permit a portion of the thermoplastic resin web
      therebetween to horizontally extend.
PAR  Referring now to FIG. 2, the mold assembly X employed in the machine of the
      intermittent type includes a preforming mold unit composed of a preforming
      block PB and a pressure plate 30, and a finishing mold unit composed of a
      finishing block FB and a pressure plate 31, the details of which will be
      described later.
PAR  A web of thermoplastic resin film 10 is adapted to be intermittently
      transferred from the roll 11 in a direction indicated by the arrow through
      respective gaps between the preforming block PB and its associated
      pressure plate 30 and between the finishing block FB and its associated
      presser plate 31. For effecting the intermittent transference of the
      thermoplastic resin web 10, the packaging machine is provided with a web
      drawing mechanism, generally indicated by F, which will now be described.
PAR  The web drawing mechanism F comprises an electrically operated motor M
      coupled through the reduction gear box R to a motion translator for
      translating rotary motion into linear motion. The motion translator so far
      illustrated comprises a disc 32 mounted for rotation together with a power
      output shaft of the reduction gear box R, and a connecting rod 33 having
      one end pivotally connected to a portion of the disc 32 adjacent the
      periphery thereof.
PAR  The web drawing mechanism F further comprises a horizontally movable
      transverse bar 34 operatively coupled to the connecting rod 33 through a
      link 35 and supported on a pair of oppposed guides for sliding movement in
      a direction parallel to the direction of movement of the thermoplastic
      resin web 10, said guides 36 being supported in position by the framework
      through support blocks 37 which may form parts of the framework. Since the
      blisters in the thermoplastic resin web 10 being transferred are all
      downwardly projected, the transverse bar 34 is of a shape having both end
      portions supporting said thermoplastic resin web 10 and a substantially
      intermediate portion thereof spaced from said thermoplastic resin web 10 a
      distance greater than the height of each of the blisters. Extending above
      and across the thermoplastic resin web 10 is a support bar 38 having both
      ends connected to, or otherwise integrally formed with, the transverse bar
      34 and supported by the framework in a similar fashion as the transverse
      bar 34. Within a space defined between the thermoplastic resin web 10 and
      the support bar 38, there is provided a presser bar 39 having both ends
      adapted to contact respective side portions of the thermoplastic resin web
      when said presser bar 39 is lowered close to the resin web 10 in such a
      manner as will now be described. It should be noted that a unit of the
      bars 34 and 38 is movable between first and second positions in a
      direction parallel to the direction of movement of the resin web 10, said
      unit assuming the first position in the condition as shown.
PAR  It will readily be seen that as the disc 32 is rotated in one direction,
      the connecting rod 33 moves in a substantially linear direction and the
      linear movement of said connecting rod 33 is subsequently transmitted to
      the unit of the bars 34 and 38, thereby causing the latter to move from
      the first position to the second position. Further rotation of the disc 32
      to complete its 360.degree. rotation causes the unit of the bars 34 and 38
      to return from the second position to the first position.
PAR  A hydraulically operated cylinder 40 mounted on the support bar 38 and
      having a plunger 40a extending through said bar 38 and rigidly connected
      to the presser bar 39 is operated in such a manner that, when said unit of
      the bars 34 and 38 is moved from the first position to the second
      position, said presser bar 39 is lowered to clamp the resin web 10 in
      cooperation with that end portions of the transverse bar 34 and, when said
      unit of the bars 34 and 38 is moved from the second position to the first
      position, said presser bar 39 is upwardly shifted with its two ends clear
      of the thermoplastic resin web 10. Thus, it has now become clear that the
      thermpolastic resin web 10 can intermittently be transferred each time the
      disc 32 complete its 360.degree. rotation.
PAR  The product filling unit A does not include the transfer roll such as
      employed in the machine of FIG. 1, and instead thereof, employs an
      elongated block 17' formed with a plurality of through holes (not shown)
      communicating to the flexible feed tubes 16. This elongated block 17' is
      supported by the framework in such a manner as to permit one side face to
      slidingly contact the back of the thermoplastic resin web 10.
PAR  The sealing unit C is arranged at a position following the product filling
      unit A and preceding the rouletting unit B which precedes the web drawing
      mechanism F. This sealing unit C includes a heating plate 41 having one
      finely serrated surface facing the thermoplastic resin web 10 and a
      movable back-up plate 42. The rouletting unit B includes a back-up plate
      43 and a rouletting plate 44 and, similarly, the cutter unit D includes a
      back-up plate 45 and a movable cutting plate 46.
PAR  It should be noted that all of the plates 30, 31, 41, 43 and 45 are
      stationarily supported by the machine framework in such a manner that one
      surface of any of the plates, which faces the thermoplastic resin web 10
      being transferred, lies in the same plate as that of the adjacent plates,
      while the plates PB, FB, 42, 44 and 46 are all supported by the machine
      framework for movement close to and away from the thermoplastic resin web
      10. For this purpose, fluid operated cylinders, only one of which is shown
      by 47, corresponding in number to the number of the plates PB, FB, 42, 44
      and 46, are provided. The employment of cylinders, one for the plates PB
      and FB, another one of the plates 42 and 44 and still another one for the
      plate 46, is also possible. In any event, all of these cylinders 47 are to
      be synchronously operated in such a manner that the plates PB, FB, 42, 44
      and 46 are moved close to the thermoplastic resin web 10 only when the
      unit of the bars 36 and 34 is being moved from the second position to the
      first position and are moved away from the thermoplastic resin web 10
      shortly before commencement of movement of the unit of the bars 34 and 38
      from the first position towards the second position or in response to the
      lowering of the presser bar 39.
PAR  Reference numeral 48 indicates a take-up roll for winding up a scrap of the
      thermoplastic resin web which is left after the blistered packages P have
      been separated from the thermoplastic resin web by the cutter unit D.
PAR  Each of the mold assemblies according to the present invention, which are
      applicable to the machines of FIGS. 1 and 2, respectively, will now be
      described.
PAR  Referring to FIG. 3, the preforming drum PD is shown as having an elongated
      cartridge-type heater 50 housed in an axial bore 51 formed in said drum
      PD. The heater 50 acts to heating the drum PD for the purpose as will be
      described later. As shown, the drum PD is formed on its outer peripheral
      surface with a plurality of rows of radially inwardly recessed molds,
      generally indicated by 52, which molds of the rows are circumferentially
      equally spaced from each other and which molds in each row are also
      equally spaced from each other in a lengthwise direction of the drum PD or
      in a widthwise direction of the thermoplastic resin web 10.
PAR  The preforming drum PD is also formed with a plurality of blind holes 53
      extending in parallel relation to the axis of rotation of said drum PD and
      having open ends opening at one end face of said drum PD, which open ends
      are arranged in a substantially circular configuration radially equally
      spaced from the axis of rotation of the drum PD. Radially extending
      passages 54 formed in the preforming drum PD communicate the rows of the
      molds 52 to the respective blind holes 53.
PAR  The open ends of the holes 53 are adapted to be successively communicated
      to a source of vacuum (not shown) which may be a suction pump. For this
      purpose, as shown in FIG. 1, a curved block 55 is provided adjacent the
      end face of the drum PD where the open ends of the holes 53 are open. This
      curved block 55 has one surface formed with a curved groove (not shown) of
      a curvature sufficient to align with the common path of travel of the open
      ends of the holes 53 during rotation of the preforming drum PD, said
      groove being in turn communicated to the vacuum source through a suitable
      tubing 56. It is to be noted that the curved block 55 is supported in such
      a way as to be biased towards the preforming drum PD with the grooved
      surface in sliding contact with the adjacent end face of the drum PD. The
      actual length of the groove in the curved block 55 corresponds to that of
      a portion of the periphery of the drum PD which contacts the thermoplastic
      resin web 10 and, preferably, is such as to occupy not less than
      90.degree. of the circle along which the open ends of the holes 53 are
      located.
PAR  The position of the curved block 55 relative to the preforming drum PD is
      such that some of the molds 52 in the preforming drum PD, which are then
      covered with the thermoplastic resin web 10 being transferred, are
      communicated to the vacuum source through the groove in the curved block
      55 via the tubing 56 (FIG. 1).
PAR  The finishing drum FD is constructed in a similar fashion to the preforming
      drum PD and, therefore, for the sake of brevity, similar structural
      elements of the finishing drum FD with respect to that of the preforming
      drum PD are designated by giving a prime (') to the respective reference
      numerals employed in association with the preforming drum PD. However, it
      should be noted that the finishing drum FD is not provided such a heater
      as indicated by 50 and employed in the preforming drum PD, but with an
      external heater 57 (FIG. 1) and that the depth of each of the molds 52' in
      the finishing drum FD is approximately twice the depth of any of the molds
      52 in the preforming drum PD while the shape and area of the opening of
      each of said molds 52 and 52' remain the same.
PAR  In the mold assembly of the construction as hereinbefore described, upon
      immediate contact of the thermoplastic resin web 10 with the peripheral
      surface of the preforming drum PD which is then heated by the built-in
      heater 51 to, for example, 140.degree.C., the thermoplastic resin web is
      softened to a pliable condition except for portions thereof which
      substantially overhang the respective molds 52 in the preforming drum PD,
      because that portion of the thermoplastic resin web 10 are, prior to
      contacting the individual bottoms of the molds 52, left unaffected by the
      temperature of the preforming drum PD as compared with the remaining
      portion of the thermoplastic resin web 10 which is substantially
      completely softened in direct contact with the peripheral surface of the
      preforming drum PD.
PAR  Each portion of the resin web 10 overhanging a corresponding one of the
      molds 52 is attracted towards the corresponding mold 52 by the effect of
      pressure differential created by the substantial vacuum present in the
      mold 52, thereby inwardly deforming towards the bottom of the
      corresponding mold 52 while a portion, as at 10a, of the thermoplastic
      resin web 10 which is in contact with the peripheral surface of the drum
      PD around said each of said portions of said web 10 is radially inwardly
      elongated in a greater amount than the amount of elongation of said each
      of said portions of the resin web 10. In FIG. 3, each of the portions of
      the resin web 10 thus inwardly deformed and subsequently shaped to fit to
      the shape of the corresponding mold 52 is designated by 10b.
PAR  From the foregoing, it will be readily seen that at the time of completion
      of the preforming process with the preforming drum PD, the thickness of
      each of the portions 10b of the resin web 10 remains greater than that of
      the remaining portion of the resin web 10. In this respect, if without
      employing the preforming drum the thermoplastic resin web is subjected to
      the final forming process, the thickness of the portions 10b would become
      equal to or less than that of the remaining portion of the resin web,
      which is not desirable.
PAR  The thermoplastic resin web 10 past the preforming drum PD is observable as
      formed with preformed blisters, generally indicated by 10c. The preformed
      blisters 10c are subsequently shaped by the finishing drum FD to represent
      the predetermined or desired shape which is similar to the shape of the
      preformed blister.
PAR  Structurally, the finishing drum FD is substantially identical with the
      preforming drum PD except that the depth of each of the molds 52' in the
      finishing drum FD is about twice the depth of the mold 52 in the
      preforming drum PD and that the heater 57 is positioned externally of the
      finishing drum FD. It is to be noted that the heater 57 is preferably of a
      type capable of radiating far-infrared rays and is arranged relative to
      the finishing drum FD such as to direct the far-infrared rays towards a
      portion of the finishing drum FD where the thermoplastic resin web 10
      having preformed blisters 10c engages thereto.
PAR  The thermoplastic resin web 10 having the preformed blisters 10c engaged in
      the respective molds 52' is, during the final forming process, heated
      uniformly by the far-infrared rays emitted from the heater 57. Therefore,
      before being set to the final shape, the bottom portion of each of the
      preformed blisters 10c, which has not been elongated during the
      thermoplastic resin web, is in effect elongated radially outwardly as the
      preformed blisters 10c are drawn towards the respective molds 52' in the
      finishing drum FD by the effect of pressure differential created by the
      substantial vacuum present in these molds 52' then communicated though the
      groove (not shown) in the block 55' via a tubing 56' to a source of vacuum
      which may be the one leading to the molds 52 in the preforming drum PD
      through the tubing 56.
PAR  At the time and after the resin web 10 with the individual blisters
      completely shaped by the finishing drum FD has emerged past the finishing
      drum FD, the formed blisters, as at 10d, are permanently set to the final
      shape in contact with the ambient air.
PAR  According to a series of experiments conducted by the inventors with the
      use of a web of polyvinyl chloride of a thickness of 130 .mu., the
      dimensions of any of the formed blisters 10d were found such as tabulated
      below when the dimensions of the corresponding preformed blister 10b were
      as tabulated below.
TBL  __________________________________________________________________________
     Dimensions of Preformed Blister                                           
                        Dimensions of Formed Blister                           
     __________________________________________________________________________
     Wall Thickness:                                                           
                70 to 80 .mu.                                                  
                        Wall Thickness:                                        
                                   60 to 70 .mu.                               
     Bottom Thickness:                                                         
                130 .mu.                                                       
                        Bottom Thickness:                                      
                                   50 to 60 .mu.                               
     Thickness at 10a:                                                         
                100 to 120 .mu.                                                
                        Thickness at 10a:                                      
                                    90 to 100 .mu.                             
     __________________________________________________________________________
PAR  From the above table, it is clear that each of the formed or finished
      blisters 10d has a substantially uniform thickness at all points.
PAR  More specifically, during the final forming process with the finishing drum
      FD, the thermoplastic resin web 10 having the preformed blisters 10c is
      engaged with the finishing drum FD in such a manner that, while the resin
      web 10 with the blisters 10c is heated by the heater 57, the wall portions
      of each of the preformed blisters 10c first contacts a corresponding wall
      portion of the associated mold 52'. upon contact of the wall portion of
      the preformed blisters 10c to the corresponding wall portion of the molds
      52', heat exchange takes place therebetween so that the temperature of the
      wall portion of the preformed blisters 10c ready to engage in the
      respective molds 52' decreases and, at this time, the temperature of the
      bottom portion of the preformed blisters 10c remains heated by the heater
      57. A similar heat exchange occurs in the remaining portion of the resin
      web 10b other than the blisters 10c. Consequently, it may be said that,
      during the final forming process, only the bottom portions of the
      individual preformed blisters are substantially elongated radially
      outwardly, reducing the thickness thereof to a value substantially equal
      to or slightly smaller than the wall thickness of the subsequently
      finished blisters 10d.
PAR  So far as the preforming drum PD is concerned, each of the molds 52 may be
      shaped such as shown in FIG. 4. The mold 52a of FIG. 4 has its bottom
      portion radially outwardly convexed to provide a projected portion 52b
      having a relatively great radius of rounding. In the case where the
      preforming drum PD having the molds 52a of the shape as shown in FIG. 4 is
      employed, the preforming drum PD should not incorporate the heater 51, but
      should employ an external heater which is structurally similar to the
      heater 57 and which is also to be arranged in a similar fashion to the
      heater 57 relative to the preforming drum PD. This is because each of the
      projected portions 52b in the respective molds 52a acts to cool the
      substantial center of the corresponding portion of the thermoplastic resin
      web 10 which may subsequently be formed into a preformed blister 10b, upon
      contact thereof with said projected portion 52b. More specifically, since
      the heater for the preforming drum PD having the molds 52a shown in FIG. 4
      is positioned externally of the preforming drum PD, the thermoplastic
      resin web including that portions thereof to be formed into the preformed
      blisters is softened and, therefore, if the projected portions 52b are not
      provided, the thickness of the resultant blisters at the bottom would
      become excessively small. This is avoided by causing the center of the
      corresponding portion of the thermoplastic resin web 10, which is
      subsequently formed into a preformed blister, to contact said projected
      portion 52b  thereby to render it cooled to a temperature lower than the
      other portion around 52b which is not in contact with the mold wall and
      peripheral surface of the drum PD.
PAR  To achieve the above effect, at least two suction passages 54a and 54b are
      necessary, each having one end in communication with the corresponding
      blind hole 53 and the other end opening at the annular bottom, as at 52c,
      of the corresponding mold 52a. Preferably, that ends of the respective
      passages 54a and 54b open at the annular bottom 52c are spaced 180.degree.
      apart from each other.
PAR  In addition, it is preferred that the level of the top of the projected
      portion 52b in each of the molds 52a is below the level of the peripheral
      surface of the drum PD, more preferably, approximately half the depth of
      the mold 52a, which depth is defined as a distance between any point on
      the annular bottom 52c and the plane of the peripheral surface of the drum
      PD.
PAR  The radius of rounding of each of the projected portions 52b is preferably
      selected such that the surface area of the corresponding mold 52a is
      substantially equal to the surface area of any of the molds 52' in the
      finishing drum FD as shown in FIG. 3.
PAR  The heater 50 may be omitted, in which case a plurality of heaters of a
      cartridge type may be inserted or embedded in the preforming drum PD in
      such a manner as indicated by broken circles in FIG. 3. If this
      arrangement is employed, an annular electroconductive brush element would
      be necessitated to supply electric power to the heaters while the drum PD
      is rotated.
PAR  With reference to FIG. 5, the mold assembly which can be advantageously
      applicable in the machine of FIG. 2 is illustrated in detail. The
      preforming block PB is employed in the form of a rigid plate having one
      surface formed with a plurality of rows of inwardly recessed molds,
      generally indicated by 60 and only one row of three molds of which is
      shown by way of example. These molds 60 are communicated to the atmosphere
      through vent passages 61, each having one end open at the bottom of the
      corresponding mold 60 and the other end in communication with a
      corresponding blind hole 62, said passages 60 and said blind hole 62 being
      both formed in said preforming block PB. The opening of each of the blind
      holes 62 is in communication with the atmosphere through a suitable tubing
      (not shown) which may not be employed. A plurality of heaters 63, each
      being of a cartridge type, are embedded, or otherwise inserted, in the
      preforming block PB. As described hereinbefore with reference to FIG. 2,
      this preforming block PB is supported in position for movement close to
      and away from the associated presser plate 30.
PAR  The presser plate 30 has one surface recessed to provide a square-walled
      cavity 30a facing towards the molds 60 in the preforming block PB. The
      pressure plate 30 is formed with at least one through hole 30b having one
      end communicated to a source of compressed air through a suitable tubing
      63 and the other end opening into said cavity 30a.
PAR  The finishing block FB including the pressure plate 31 is substantially
      identical with the preforming block PB including the pressure plate 30
      and, therefore, like elements are designated by the like reference
      numerals given with a prime ('). However, in the finishing block PB,
      though the heaters 63 have been described as provided in the preforming
      block PB, heaters 63' are to be embedded, or otherwise inserted, in the
      presser plate 31.
PAR  In the mold assembly of FIG. 5, it will readily be seen that, upon
      simultaneous movement of the preforming and finishing blocks PB and FB
      close to the respective plates 30 and 31 with the cavities 30a and +a'
      substantially hermetically sealed and subsequent application of compressed
      air into the associated cavities 30a and 30a', preformed blisters 10b and
      formed or finished blisters 10d are respectively successively formed in
      the thermoplastic resin web 10. It is to be noted that, although the blind
      holes 62 and 62' have been described as leading to the atmosphere, they
      may be communicated with a common source of vacuum, which may be a vacuum
      pump, in which case no through hole 30b and 30b' and their associated
      tubings 63 and 63' are necessary and the blocks PB and FB may not be
      movable. Moreover, a plurality of cooling water jackets may be provided in
      the finishing block FB as shown by broken circles for forcibly cooling the
      finishing block FB to facilitate reduction of the thickness at the bottom
      of each of the preformed blisters during the final forming process.
PAR  Considering the individual molds 60 and 60', a substantially similar
      reasoning as to the formation of the blisters and the design requirements
      of said molds 60 and 60', which has hereinbefore been set forth in
      connection with the mold assembly with reference to FIG. 3, can equally be
      applicable to the mold assembly of FIG. 5.
PAR  FIG. 6 illustrates a modification of the preforming block PB of the mold
      assembly of FIG. 5. The preforming block PB of FIG. 6 differs from that of
      FIG. 5 in that each of the molds 60 is provided with a projected portion
      60a and it is in communication with the blind hole 62 through at least two
      vent passages 61a and 61b. In other words, FIG. 6 illustrates an example
      where the design of the mold shown in FIG. 4 is applied to the preforming
      block PB. It is to be noted that, in the case where the preforming block
      PB of the construction of FIG. 6 is employed, the pressure plate 30'
      should have heaters 63a embedded, or otherwise inserted, in said pressure
      plate 30', for the same reason as hereinbefore described in conjunction
      with the preforming drum PD of the construction of FIG. 4.
PAR  According to a series of experiments conducted by the inventors with the
      mold assembly wherein the preforming block PB is of the construction as
      shown in FIG. 6 and the finishing block FB of the construction as shown in
      FIG. 5, it has been found that any of the preformed blisters 10c had the
      smallest thickness of 130 .mu. while the corresponding finished blister
      10d had the smallest thickness of 50 to 60 .mu., with respect to the
      original thermoplastic resin web of 130 .mu. made of polyvinyl chloride.
      This result is comparable with that available from a thermoplastic resin
      web of 200 .mu. in thickness by the use of the conventional device.
PAR  Although the present invention has been fully described in connection with
      the preferred embodiments thereof, it should be noted that various changes
      and modifications are apparent to those skilled in the art. For example,
      the number of the molds in any of the preforming and finishing drums or
      blocks should not be limited to as shown. Therefore, such changes and
      modifications should be construed as included within the scope of the
      present invention unless they depart therefrom.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mold assembly for use in a blistered package making machine for
      forming a plurality of blisters in a web of thermoplastic resin film, said
      mold assembly comprising a first rigid structure; a plurality of
      preforming molds formed in said first rigid structure; heating means for
      heating the thermoplastic resin web, passing over said preforming molds,
      to a soft, pliable condition; means for causing portions of said
      thermoplastic resin web, which overhang said preforming molds, to deform
      to provide preformed blisters seating within said respective preforming
      molds while the remaining portion of said thermoplastic resin web is
      substantially elongated; a second rigid structure; a plurality of
      finishing molds formed in said second rigid structure, said finishing
      molds being arranged in the same pattern as said preforming molds; heating
      means for heating the thermoplastic resin web which has been formed with
      said preformed blisters; and means for causing said preformed blisters
      under heated condition to deform to provide the corresponding finally
      formed blisters seating within said respective finishing molds in such a
      way as to elongate the bottom of each of said preformed blisters radially
      outwardly.
NUM  2.
PAR  2. A mold assembly as recited in claim 1, wherein said first and second
      rigid structures are preforming and finishing drums supported in spaced
      relation to each other for rotation in the same direction and wherein said
      preforming and finishing molds are respectively formed in the individual
      peripheral surfaces of said preforming and finishing drums.
NUM  3.
PAR  3. A mold assembly as recited in claim 2, wherein each of said preforming
      molds has a depth substantially half the depth of any of said finishing
      molds.
NUM  4.
PAR  4. A mold assembly as recited in claim 2, wherein said first mentioned
      heating means is carried by said preforming drum and wherein said second
      mentioned heating means is a heater capable of radiating far infrared rays
      and positioned externally of said finishing drum and in the vicinity
      thereof.
NUM  5.
PAR  5. A mold assembly as recited in claim 2, wherein said first and second
      mentioned heating means are heaters each capable of radiating far infrared
      rays and positioned externally of and in the vicinity of said preforming
      and finishing drums, respectively.
NUM  6.
PAR  6. A mold assembly as recited in claim 5, wherein each of said preforming
      molds has a projected portion radially outwardly formed at the bottom
      thereof for facilitating cooling of the substantial center of each of the
      portions of the thermoplastic resin web which are subsequently formed into
      the preformed blisters.
NUM  7.
PAR  7. A mold assembly as recited in claim 6, wherein said projected portion
      has a relatively great radius of rounding and the level of the top thereof
      is substantially below the plane of the peripheral surface of said
      preforming drum.
NUM  8.
PAR  8. A mold assembly as recited in claim 1, wherein said first and second
      rigid structures are preforming and finishing blocks each being of a
      plate-like shape and further comprising pressure plates, one for each of
      said preforming and finishing blocks, said pressure plates being
      positioned above said respective preforming and finishing blocks, said
      preforming and finishing molds being formed in one surface of said
      respective preforming and finishing blocks which faces towards the
      respective presser plates.
NUM  9.
PAR  9. A mold assembly as recited in claim 8, wherein each of said preforming
      molds has a depth substantially half the depth of any of said finishing
      molds.
NUM  10.
PAR  10. A mold assembly as recited in claim 8, wherein said preforming and
      finishing blocks are supported for simultaneous movement close to and away
      from said respective pressure plates while the thermoplastic resin web is
      adapted to be transferred through individual gaps between said blocks and
      said pressure plates.
NUM  11.
PAR  11. A mold assembly as recited in claim 10, wherein each of said preforming
      molds has a depth substantially half the depth of any of said finishing
      molds.
NUM  12.
PAR  12. A mold assembly as recited in claim 10, wherein said first mentioned
      heating means is carried by said preforming block and wherein said second
      mentioned heating means is carried by said pressure plate associated with
      said finishing block.
NUM  13.
PAR  13. A mold assembly as recited in claim 11, wherein said first and second
      mentioned heating means are carried by said pressure plates, respectively.
NUM  14.
PAR  14. A mold assembly as recited in claim 8, wherein each of said preforming
      molds has a projected portion radially outwardly formed at the bottom
      thereof for facilitating cooling of the substantial center of each of that
      portions of the thermoplastic resin web which are subsequently formed into
      the preformed blisters.
NUM  15.
PAR  15. A mold assembly as recited in claim 14, wherein said projected portion
      has a relatively great radius of rounding and the level of the top thereof
      is substantially below the plane of the peripheral surface of said
      preforming drum.
NUM  16.
PAR  16. A mold assembly as recited in claim 15, wherein said level of said top
      of said projected postion is located at a position corresponding to half
      the depth of the respective preforming mold.
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ABST
PAL  A method of forming the bell end of a bell and spigot joint connecting two
      pipes together is disclosed herein and utilizes a mandrel assembly
      including an elongated core and a retractable ramp arrangement. A sealing
      gasket is positioned around the core and to one side of the ramp
      arrangement. Thereafter, an end section of a heat deformable pipe, heated
      to its deformable state, is moved concentrically over the core,
      retractable ramp arrangement and sealing gasket to form an enlarged sleeve
      or bell having an inner circumferential groove within which the sealing
      gasket is located. During this movement, as the heated end section
      approaches the sealing gasket, the ramp arrangement causes the end section
      to deform outwardly and over the gasket, whereupon the ramp arrangement
      retracts inwardly for allowing the outwardly deformed end section to
      shrink back to the core and around the gasket.
PARN
PAR  This is a division of application Ser. No. 240,401, filed Apr. 3, 1972, and
      now U.S. Pat. No. 3,793,427.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed generally to the formation of pipe joints
      and more particularly to the formation of the bell end of a bell and
      spigot joint.
PAR  2. Discussion of the Prior Art
PAR  As is well known in the art, the female counterpart member or bell end of a
      bell and spigot joint, connecting two pipes together includes an elongated
      bell-shaped sleeve having an inner circumferential groove and a sealing
      gasket disposed within the groove. One common method of forming the bell
      end is to insert a core, with a gasket positioned thereon, concentrically
      into a heated end section of a heat deformable pipe. In this manner, the
      heated end section deforms around the gasket and ultimately conforms to
      the contour of the core and gasket to form a bell-shaped sleeve displaying
      the aforedescribed groove around the sealing gasket.
PAR  In many cases, the aforedescribed method requires the utilization of some
      sort of separate means for carrying the end section of the heat deformable
      pipe over the gasket during the formation process. Heretofore, one typical
      way of achieving this has been to position a retainer ring having a
      tapered side surface on the core and adjacent to the sealing gasket. As
      the heated end section approaches the gasket, the tapered surface of the
      retainer ring causes the end section to deform outwardly and over the
      gasket. The retainer ring, of course, remains within the ultimately formed
      circumferential groove along with the sealing gasket.
PAR  While the utilization of the aforedescribed retainer ring is in certain
      cases satisfactory for directing the heated end section over the sealing
      gasket, it does create drawbacks. For example, the retainer ring adds to
      the cost in producing the bell end of a bell and spigot joint as well as
      requiring additional tolerance limitations. Further, in many cases, the
      retainer ring and sealing gasket must be of compatible design for
      maintaining the latter in place within the inner circumferential groove.
      Hence, changing from one type of gasket to another would require changing
      to a different type of retainer ring which can be inconvenient and/or
      expensive.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the foregoing deficiencies of the prior art as well as
      other deficiencies thereof, an object of the present invention is to
      provide a new and improved method of forming the bell end of a bell and
      spigot joint in one end of a heat deformable pipe.
PAR  Another object of the present invention is to provide a new and improved
      method of forming the aforestated bell end without utilizing retainer
      rings or other such deforming means in the formation thereof.
PAR  A further object of the present invention is to provide a new and improved
      mandrel assembly utilized in forming the bell end of a bell and spigot
      joint.
PAR  These and other objects and features of the present invention will become
      apparent from the following descriptions.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a frontal cross-sectional view of bell end of a bell and spigot
      joint formed in accordance with the present invention;
PAR  FIG. 2 is a frontal view of a mandrel assembly designed in accordance with
      the present invention and preferably utilized in forming the bell end of
      FIG. 1;
PAR  FIG. 3 in a sectional view taken along line 3--3 in FIG. 2;
PAR  FIG. 4 is a sectional view similar to FIG. 3, however, with the mandrel
      assembly in a different operating position;
PAR  FIG. 5 is a sectional view taken along line 5--5 in FIG. 2; and
PAR  FIGS. 6 to 9 are frontal sectional views of a portion of the mandrel
      assembly illustrating how the bell end is formed over the assembly.
DETD
PAC  DETAILED DESCRIPTION
PAR  The present invention is directed to a new and improved method of forming
      the bell end of a bell and spigot joint in an uncomplicated, reliable and
      economical fashion, without requiring the use of the afore-described
      retainer ring or other similar means in the forming process. In accordance
      with a preferred method, a heated end section of a heat deformable pipe is
      moved concentrically over a gasket supporting elongated core, the latter
      comprising part of a mandrel assembly designed in accordance with the
      present invention. By ultimately countouring the heated end section around
      the core and gasket, the bell end is formed and takes the shape of an
      enlarged bell-shaped sleeve having an inner circumferential groove with
      the gasket disposed therein.
PAR  In order to form the aforestated circumferential groove around the core
      supported gasket, the heated end section, in most cases, must be gradually
      deformed outwardly as it approaches the gasket along the core. This is to
      allow the end section to pass over the gasket without hanging up on one
      side thereof. One way in which the required gradual outward deformation
      may be accomplished is by utilizing an appropriately designed retainer
      ring in the manner set forth hereinabove. However, in accordance with a
      preferred embodiment of the present invention, a retractable ramp
      arrangement, also part of the aforestated mandrel assembly, is utilized in
      outwardly deforming the heated end section. Specifically, as the end
      section approaches the sealing gasket along the core, it moves up the ramp
      arrangement, thereby deforming outwardly and over the gasket. After the
      end section, has passed over the gasket by a sufficient amount, the ramp
      arrangement is retracted inwardly for allowing the end section to shrink
      around the gasket. In this manner, a gasket of any suitable design may be
      provided in forming the bell end without requiring, for example, a
      complementary retainer ring or other such means.
PAR  Turning now to the drawings, wherein like components are designated by like
      reference numerals throughout the various figures, the bell end 10 of a
      bell and spigot joint, formed in accordance with the present invention, is
      shown in FIG. 1. Bell end 10 is formed from one end section of a pipe
      constructed of a heat deformable material such as, for example,
      polyvinylchloride and includes an enlarged bell-shaped sleeve 12 which
      tapers inwardly at 1, and merges with the undeformed section 16 of the
      pipe. While the heat deformable pipe and therefore the enlarged sleeve
      will be described and illustrated as having a circular cross-section, it
      is to be understood that other cross-sectional configurations are
      contemplated.
PAR  As illustrated in FIG. 1, the inner diameter of sleeve 12 is slightly
      larger than the outer diameter of underformed section 16. Hence, the
      sleeve is adapted to receive the male counter-part member or spigot (not
      shown) of the bell and spigot joint in a co-axial fashion, the spigot
      having an outside diameter equal to that of undeformed pipe section 16. In
      this regard, the free end of sleeve 12 is preferably flared outwardly at
      18 in order to facilitate insertion of the spigot. In addition, sleeve 12
      includes an enlarged annular furrow 20 which defines an inner
      circumferential channel or groove 22. An annular sealing gasket 24
      constructed of, for example, hard rubber is disposed within the groove and
      extends inwardly a substantial distance beyond the inner surface of the
      sleeve. In this manner, the gasket provides a reliable seal between the
      spigot and bell end of the bell and spigot joint.
PAR  While gasket 24 is shown as an O-ring having a circular profile, it should
      become apparent hereinafter that the present invention is not limited to
      such a profile. In fact, one advantage in using the forming method of the
      present invention is that gaskets of various profiles are quite compatible
      therewith.
PAR  Turning to FIGS. 2 to 4, attention is directed to a mandrel assembly 26
      which is constructed in accordance with the present invention and which is
      preferably utilized in the formation of bell end 10. The mandrel assembly,
      preferably constructed of a rigid surface material such as steel, includes
      a first cylindrical core section 28 and an axially spaced, enlarged and
      hollow core section 30 both of which display outer cross-sectional
      diameters equal to the inner diameters of underformed pipe section 16 and
      enlarged sleeve 12, respectively.
PAR  As illustrated best in FIG. 2, enlarged core section 30 tapers outwardly,
      rather abruptly, at its free end to form a flared surface 32 and a mandrel
      support surface 34. The mandrel assembly is preferably supported in a
      horizontal direction by, for example, one or more support bars 36
      connected at opposite ends to support surface 34 and stationary supports
      (not shown). As will be seen hereinafter, the flared surface 32 is
      utilized in forming the flared end 18 of bell end 10.
PAR  Enlarged core section 30 also includes an annular recess 40 adapted to
      receive the radially inward surface of sealing gasket 24 and an annular
      ramped surface 42 tapering outwardly and away from recess 40 in the
      direction of core section 28. As will be seen hereinafter, ramped surface
      42 aids in removing the gasket from the recess after formation of bell end
      10 about the core sections.
PAR  In accordance with the instant invention, mandrel assembly 26 also provides
      a retractable ramp arangement 44 which includes an intermediate hollow
      cylindrical core section 46 co-axial with, positioned between and
      connecting together the core sections 28 and 30. Intermediate core section
      46 preferably has the same outer diameter as enlarged core section 30 and
      joins core section 28 by an inwardly tapering section 47. In addition,
      core section 46 includes a plurality of axially extending and equally
      circumferentially spaced open slots 48 (FIG. 2) extending not quite the
      entire length of the core section. Each of these slots receives a close
      fitting ramp bar 50 which is pivotally connected by, for example, pivot
      pin 52 at one end near the end of core section 46 adjacent core section
      28. The ramp bars are movable between a first retracted position, as
      illustrated in FIGS. 2 and 3, and a second ramped position, as illustrated
      in FIG. 4.
PAR  As shown in FIGS. 2 to 4, the bars 50, when in a first retracted position,
      extend parallel with the axis of core section 46 and flush with the outer
      surface thereof. However, when the ramp bars are in their respective
      second or ramped positions, they extend outward at equal angles with
      respect to the axis of core section 46 so as to create an effective
      annular ramped surface leading upward from core section 28 towards
      enlarged core section 30. The ramp bars may be biased in their first
      position by, for example, biasing springs (not shown), which may also
      include means for preventing the bars from pivoting into core section 46.
      As illustrated best in FIGS. 3 and 4, the pivot connected ends of the bars
      are preferably rounded at 54. As will be seen hereinafter, this is to
      facilitate movement of the heated end section of a heat deformable pipe up
      the ramped surface.
PAR  Ramp bars 50 are simultaneously moved from their first retracted positions
      to their second ramped positions by, for example, a drive arrangement 56
      including a piston and cylinder assembly 58 which, for example, may be
      actuated electrically, hydraulically or pneumatically by means not shown.
      The cylinder 60 of assembly 58 is suitably mounted (not shown) near the
      free end of enlarged core section 30 so that the piston 62 of the assembly
      extends along the axis of and into core section 30. As illustrated in FIG.
      3, a substantially cone-shaped ramp bar engaging member 64 is positioned
      axially within core sections 30 and 46 and supported at its base to the
      free end of piston 62. The ramp bar engaging member is appropriately
      dimensioned to move the ramp bars from their axially parallel position to
      their ramped position, as will be seen below.
PAR  When ramp bars 50 are in their first or retracted positions and when piston
      62 is in a retracted position, as viewed in FIG. 3, the free inner corners
      of the ramp bars rest on or in close proximity to the external surface of
      cone-shaped member 64 between the vertex and base thereof. Upon actuation
      of piston and cylinder assembly 58, the piston moves from its retracted
      position, as illustrated in FIG. 3, to an extended position, as viewed in
      FIG. 4. This causes member 64 to move axially forward towards core section
      28 which, in turn, causes the ramp bars 50 to ride up the cone-shaped
      member and move outwardly to their respective ramped positions. Other
      suitable means may be utilized for providing this type of movement of the
      ramp bars.
PAR  A conventional suction device (not shown) may be applied to the free open
      end of core section 30 for producing a low pressure atmosphere within the
      core sections 30 and 46 which may include a plurality of circumferentially
      and longitudinally spaced air passages 66. In this manner, as will be seen
      hereinafter, inwardly direction suction forces are produced around the
      core sections for aiding in the formation of bell end 10 around the core
      sections. In addition, the suction may be of such magnitude so as to move
      ramp bars 50 to their retracted positions without utilizing the
      aforedescribed biasing means. In this regard, conventional sealing means
      such as O-rings (not shown) may be provided around the core sections and
      suitably positioned so as to enable production of the suction forces.
PAR  With mandrel assembly 26 constructed in the aforedescribed manner,
      attention is now directed to a method of forming bell end 10 in accordance
      with a preferred embodiment of the present invention. As illustrated in
      FIG. 6, a sealing gasket such as O-ring 24 is positioned around core
      section 30 and within annular recess 40. If desired or necessary, the core
      sections may be suitably lubricated and/or heated to reduce friction. The
      ramp bars 50 are held in their respective second or ramped positions.
PAR  After the end section of an appropriately dimensioned heat deformable pipe
      has been heated to the range of thermoelastic deformability, which can be
      provided in any suitable way, the free end of the heated pipe section is
      positioned concentrically around the free end of core section 28. The end
      section is then moved forward up tapered section 47, over the rounded
      edges 54 of the ramp bars 50 and up the latter, as illustrated in FIG. 7.
      This, of course, causes the end section to deform outwardly and over
      O-ring 24. As forward movement is continued, the free end of the heated
      end section moves past the O-ring and deforms inwardly against the flared
      surface 32 of core section 30. Movement is continued until the free end
      moves slightly up surface 32, as viewed in FIG. 8. At this time, internal
      suction and/or externally applied and radially inwardly directed pressure
      (not illustrated) may be applied to the core sections 30 and 46.
      Simultaneously, the cylinder 62 and cone-shaped member 64 are moved to
      their retracted positions for allowing the ramp bars to move back to their
      retracted axially parallel positions. Actuation of cylinder 60 for
      retraction of piston 62 and member 64 can be accomplished in any suitable
      manner. For example, the apparatus (not shown) for positioning the heated
      end section over the core sections may be operably connected in a
      conventional way (not shown) for actuating the cylinder when the free end
      of the heated pipe section reaches a predetermined point on the flare 32
      of core section 30.
PAR  It should be readily apparent from the foregoing that the heated end
      section is closely contoured around the three core sections 28, 30, and
      46, the ramp bars 50 and O-ring 24, as illustrated in FIG. 9, to form bell
      end 10. The rounded corners 54 of the ramp bars and tapered surface 47
      produce the tapered section 14 of member 10 and the flared surface 32 of
      core section 30 produces the flared end 18. Thereafter, the newly formed
      bell end is allowed to cool to a temperature below the range of
      thermoelastic deformability by, for example, a prolonged exposure to
      ambient temperature or by application of a cooling fluid thereto. Once
      bell end 10 has sufficiently cooled, it is separated from the mandrel
      assembly with O-ring 24 remaining disposed within inner circumferential
      groove 22. During initial separation, the O-ring moves up ramped surface
      42 deforming radially outwardly and thereby easily moves out of recess 40.
PAR  The heated end section may be positioned around mandrel assembly 26 and
      separated therefrom after formation of bell end 10 by conventional means
      such as an apparatus illustrated and described in U.S. Patent No.
      3,520.047 issued to Muhlner et al. on July 14, 1970. In this regard, while
      the heated end section was described as moving onto and over the core
      sections 28, 30 and 46, it should be readily apparent that the core
      sections could be moved into the heated end section or both the mandrel
      assembly and end section could be moved simultaneously.
PAR  It should be readily apparent from the foregoing that bell end 10 is formed
      in an uncomplicated and reliable fashion without the necessity of
      utilizing retainer rings or other such means. In addition, while the bell
      end has been described with an O-ring as gasket 24, the present method is
      capable of and contemplates using gaskets of various other cross-sectional
      profiles such as, for example, V-rings, E-rings, C-rings and so on.
      Further, while the bell end as described, was formed from a cylindrical
      pipe and displays a circular cross-section, it is to be understood that
      bell ends having other cross-sectional configurations may be formed in
      accordance with the present invention. In this regard, the mandrel
      assembly could bee modified in accordance with the cross section
      configuration of the pipe to be used without departing from the teachings
      of the present invention.
PAR  It is to be understood that variations and modifications of the present
      invention may be made without departing from the spirit of the invention
      and that the scope of the invention is not to be interpreted as limited to
      the specific embodiment disclosed herein, but rather in accordance with
      the appended claims when read in light of the foregoing disclosure.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an assembly for forming an inner circumferential groove in a heated
      end section of a plastic pipe with a circumferential sealing gasket within
      said groove, said assembly including an elongated core and a
      circumferential sealing gasket positioned around and against a
      circumferential surface portion of said core, whereby the heated end
      section of said plastic pipe is moved over the core and over the gasket by
      relative movement between said core and heated end sections so as to form
      said groove with said gasket therein and whereby said end section with
      said formed groove and gasket therein is subsequently separated from said
      core, the improvement comprising:
PA1  means connected with said core and located to one side of said gasket, said
      means being movable between a first position to form a ramped surface
      extending upwardly towards said gasket at an angle with the outer
      periphery of said core whereby said heated end section moves up said
      ramped surface prior to moving over said gasket and a second position for
      providing a surface substantially parallel with the axis of said core over
      which said gasket within said formed groove moves during separation of
      said end section from said core.
NUM  2.
PAR  2. The improvement according to claim 1 wherein said movable means includes
      a plurality of elongated members circumferentially spaced apart about the
      axis of said core and having common ends pivotally connected with said
      core for pivotable movement between said first position and said second
      position.
NUM  3.
PAR  3. The improvement according to claim 2 including means for moving said
      elongated members from said first position to said second position.
NUM  4.
PAR  4. The improvement according to claim 1 wherein said core includes a recess
      entending about its outer cross-sectional periphery, said recess being
      positioned to one side of said movable means and receiving said gasket.
NUM  5.
PAR  5. The improvement according to claim 4 wherein said core includes a
      circumferential ramp surface tapering outwardly and away from said recess
      in the direction of said movable means.
NUM  6.
PAR  6. A mandrel assembly for use in forming an inner circumferential groove in
      a heat deformable pipe, said assembly comprising: an elongated core, a
      forming member positioned about the outer cross-sectional periphery of
      said core; and means connected with said core and movable between a first
      position for providing a ramp extending outwardly from said core and a
      second position for providing a surface substantially parallel with the
      axis of said core, said core including a recess extending about its outer
      cross-sectional periphery, said recess being positioned to one side of
      said movable means and receiving said forming member, said core further
      including a circumferential ramp surface tapering outwardly and away from
      said recess in the direction of said movable means.
NUM  7.
PAR  7. An assembly according to claim 6 wherein said core includes a first
      section positioned adjacent one end of said movable means and a second
      section positioned adjacent the other end of said movable means, said
      second section being larger in cross section than said first section.
NUM  8.
PAR  8. An assembly according to claim 7 wherein said movable means includes a
      plurality of elongated members circumferentially spaced apart about the
      axis of said core and having common ends pivotally connected adjacent the
      first section of said core for pivotable movement between said first
      position and said second position.
NUM  9.
PAR  9. An assembly according to claim 8 including means for moving said
      elongated members from said first position to said second position.
NUM  10.
PAR  10. An assembly according to claim 6 wherein said forming member is a
      rubber sealing gasket.
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PAL  A pipe mold for vertically cast concrete pipe includes a cylindrical outer
      mold case, a cylindrical core spaced inside the mold case, and a
      pipe-reinforcing cylinder between the core and the case. A system for
      casting concrete in the pipe mold includes a flat facing ring above the
      annular space between the mold case and the cylinder. A chute assembly
      mounted concentrically above the pipe mold includes several radially
      extending and spaced apart pouring chutes extending downwardly from the
      center of the chute assembly to corresponding circumferentially spaced
      apart openings in the facing ring. The pouring chutes channel the flow of
      concrete into the openings in the facing ring to fill the pipe mold to the
      bottom surface of the facing ring, which forms a flat annular end section
      at the desired elevation on the pipe. The facing ring eliminates the need
      for hand finishing and measuring which is common in the prior art
      manufacture of vertically cast concrete pipe. A concrete pipe with a
      beveled end section is formed by mounting the facing ring in an angular
      plane above the pipe mold. As the concrete is channeled into the openings
      of the beveled facing ring, gates in the pouring chutes are sequentially
      closed to progressively block the rise of concrete from the low side to
      the high side of the facing ring until the pipe mold is filled to the
      bottom of the ring which automatically forms a flat, beveled annular end
      section at the desired elevation on the pipe.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuing application of application Ser. No. 385,189, filed
      Aug. 2, 1973, now U.S. Pat. No. 3,856,453.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of casting concrete pipe, and more
      particularly to a novel apparatus for pouring concrete into a vertically
      oriented pipe mold.
PAR  In the manufacture of certain types of large-diameter concrete pipe, for
      instance pipe having a diameter as wide as 20 feet, concrete is poured
      into a vertically disposed pipe mold comprising a cylindrical outer mold
      case and a cylindrical inner core. In most instances, the pipe is
      reinforced with a relatively thin-walled cylindrical steel shell, or
      cylinder, which is disposed in the pipe mold between the outer mold case
      and the inner core and becomes embedded in the pipe wall when concrete is
      cast in the pipe mold. The top of the cylinder generally is provided with
      a spigot-type end ring. When the concrete is poured into the annular space
      between the mold case and the cylinder, the top level of the concrete is
      "foreshortened" to form a flat annular end section which is spaced below
      the spigot ring so that during use, the spigot ring of the pipe can be
      joined with a cooperating bell-type end ring of an adjoining concrete pipe
      section.
PAR  In some instances, concrete pipe is cast as a straight pipe section in
      which the spigot ring and the foreshortened annular end section of the
      pipe lie in separate horizontal planes. In other instances, concrete pipe
      is cast as a beveled pipe section in which the spigot ring and the
      foreshortened annular end section lie in planes which are inclined
      relative to the axis of the pipe.
PAR  In the conventional method of casting concrete pipe, a "tamping top" is
      mounted on top of the pipe mold. The tamping top includes a "spigot
      round-up ring" engaged with the spigot ring to hold the top of the
      reinforcing cylinder in a fixed position, and a ring-shaped "halo bar"
      engaged with the top of the outer mold case to hold the case in a fixed
      position and maintain equal spacing between the reinforcing cylinder and
      the mold case. The tamping top forms a continuous annular opening between
      the cylinder and the mold case through which concrete is to be poured.
      Once the tamping top is in place, an inverted conical-shaped "pouring
      cone" is placed above the center portion of the tamping top. Concrete is
      then emptied from a bucket onto the top of the pouring cone which
      distributes the concrete evenly through the annular opening in the tamping
      top. The pouring cone also evenly distributes concrete to the annular
      space between the cylinder and the inner core. The space between the outer
      mold case and the cylinder generally is overfilled above its desired
      elevation, and after the pouring cone is removed, excess concrete at the
      top of the mold is then dug out by hand, measured with a depth gauge, and
      hand-troweled to provide a flat, properly leveled annular end section for
      the pipe.
PAR  The job of hand-finishing the foreshortened annular end section of the pipe
      is a time-consuming and costly process, particularly because of the large
      size of the pipe, and because the finished end section of the pipe must
      meet relatively narrow tolerances. Beveled pipe in particular is laborious
      and costly to finish. The pipe form for beveled pipe generally is
      overfilled to form a horizontal annular end section, and the excess
      concrete on the low side of the bevel is then dug out and finished to the
      desired bevel by offset measurements which require substantial time and
      effort by the workmen.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a system for vertically casting concrete pipe in
      such a way that the time-consuming and laborious prior art job of
      hand-finishing the annular end section of the pipe is substantially
      eliminated.
PAR  Briefly, the system includes a pipe mold having an outer mold case and an
      inner cylinder spaced concentrically inside the outer mold case. A flat
      facing ring is mounted above the annular space of the pipe mold, and a
      downwardly extending pouring chute is mounted concentrically above the
      pipe mold. The pouring chute is in communication with an opening in the
      facing ring. The pouring chute channels the flow of concrete into the
      opening in the facing ring, and the concrete is distributed in the annular
      space of the pipe mold until the mold is filled. When the concrete is
      filled to the bottom of the facing ring, the facing ring forms a flat,
      automatically leveled annular end section for the pipe which eliminates
      the need for the hand-finishing and measuring which are common in the
      prior art.
PAR  The facing ring may be mounted in a substantially horizontal plane to form
      the end section of a straight pipe, or it may be mounted in a plane which
      is inclined relative to the horizontal to form a beveled end section for
      the pipe.
PAR  In a preferred form of the invention, several radially extending and
      circumferentially spaced apart pouring chutes are aligned with
      corresponding circumferentially spaced apart openings in the facing ring.
      In instances where a beveled pipe section is produced, concrete is
      channeled into the openings of the facing ring by the pouring chutes until
      the concrete level reaches the low side of the facing ring. Thereafter, as
      pouring continues, gates in the pouring chutes are sequentially closed to
      progressively block the rise of concrete from the low side to the high
      side of the facing ring until the concrete is filled to the bottom of the
      facing ring, which will automatically provide a planar, beveled annular
      end section for the pipe.
DRWD
PAR  These and other aspects of the invention will be more fully understood by
      referring to the following detailed description and the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary elevation view showing a facing ring and pouring
      chute assembly in accordance with this invention mounted on a vertically
      disposed pipe mold for use in casting concrete in the pipe mold;
PAR  FIG. 2 is a plan view showing the detailed construction of the facing ring;
PAR  FIG. 3 is a fragmentary cross-sectional elevation view showing the facing
      ring mounted on top of the pipe mold;
PAR  FIG. 4 is an enlarged fragmentary plan view showing a facing ring door
      assembly taken within the circle 4 of FIG. 2;
PAR  FIG. 5 is a fragmentary elevation view taken on line 5--5 of FIG. 4;
PAR  FIG. 6 is a fragmentary elevation view, partly in cross-section and partly
      broken away, showing the detailed construction of the pouring chute
      assembly shown in FIG. 1;
PAR  FIG. 7 is a plan view taken on line 7--7 of FIG. 6; and
PAR  FIG. 8 is a fragmentary cross-sectional elevation view showing the facing
      ring assembly of this invention mounted on a pipe mold for forming a
      beveled pipe section.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a system for casting a concrete pipe section includes
      a vertically disposed pipe mold assembly 10 mounted over a base ring 12 on
      the ground to provide means for holding the bottom of the pipe mold
      components in a fixed position relative to each other. The pipe mold
      comprises a cylindrical steel outer mold case 14 and a cylindrical steel
      core 16 placed concentrically inside the outer mold case. A relatively
      thin-walled steel shell or cylinder 18 is disposed in the pipe mold
      between the outer mold case and the core. During use of the pipe mold,
      concrete is poured into the outer annular space between the mold case and
      the cylinder and into the inner annular space between the cylinder and the
      core to form a concrete pipe section. Thus, cylinder 18 becomes embedded
      in the concrete to provide reinforcing for the pipe section.
PAR  The concrete pipe section has a bell-type end at its bottom and a
      spigot-type end at its top. As shown best in FIG. 3, the spigot end of the
      pipe includes a rigid metal spigot ring 20 at the top of cylinder 18. A
      concrete inner lining 22 of the pipe is poured to the top of the spigot
      ring, and a concrete outer layer 24 of the pipe is poured to a
      foreshortened position relative to the top of inner lining 22. In a belled
      end of the pipe the bottom of the concrete inner lining 22 is
      foreshortened relative to the bottom of concrete outer layer 24.
PAR  The concrete is poured into pipe mold 10 with the aid of a top ring 25
      mounted on the top edge of inner core 16, and a pouring chute assembly 26
      mounted over the center portion of the top ring. The detailed construction
      of the top ring will be understood best by referring to FIGS. 2 through 5.
      Top ring 25 includes a pair of flat semi-circular plate halves 28 mounted
      in a diametrically opposed relation on a rigid supporting framework so the
      plate halves form the equivalent of a circular plate which covers the
      circular opening above the center of mold case 10. The supporting
      framework for the top ring includes a plurality of radially outwardly
      extending support members 30, each of which includes a pair of opposed
      C-shaped channel bars 32 rigidly secured together to form the equivalent
      of an I-beam. Plate halves 28 are welded to the top of the I-beams.
      Circumferentially spaced apart openings 34 in the plate halves are covered
      with wire mesh to provide vent holes for the central portion of the top
      ring.
PAR  An inner round-up ring 36 is rigidly secured to the outer edges of I-beams
      30 and plate halves 28. The outer edge of the inner round-up ring is
      notched to form an annular shoulder 38 adapted to rest on the annular top
      edge of core 16 to hold the top ring in place on top of the pipe mold. A
      guide ring 40 below the inner roung-up ring extends diagonally downwardly
      and inwardly toward the center of the top ring. The bottom of the guide
      ring is rigidly secured to the bottom outer edge of the I-beams to hold
      the guide in a fixed position for use in guiding the top ring into
      position above the pipe mold.
PAR  An outer round-up ring 42 is held in a fixed position spaced outwardly from
      and concentric relative to inner round-up ring 36. The inner and outer
      round-up rings form an annular opening 43 in the top ring above the
      annular mold cavity between core 16 and cylinder 18. During use of the top
      ring, concrete is poured through annular opening 43. A plurality of
      circumferentially spaced apart bridge bars 44 are rigidly secured to the
      tops of I-beams 30 and to the tops of the inner and outer round-up rings
      to hold the two rings in a fixed, equidistantly spaced apart relation.
      When the top ring is mounted on the pipe mold, the inner face of outer
      round-up ring 42 abuts against the outer face of spigot ring 20. Thus, the
      inner and outer round-up rings maintain the top portions of core 16 and
      cylinder 18 in a fixed equidistantly spaced apart relation which maintains
      a true annular open space between the cylinder and the core.
PAR  An outwardly extending flat facing ring 46 is rigidly secured to the
      bottoms of outer round-up ring 42 and bridge bars 44 to hold the facing
      ring at a fixed elevation below the top edges of core 16 and spigot ring
      20. The outer edge of facing ring 46 engages the inner edge of mold case
      14 to hold the top of the mold case in a fixed spaced-apart position
      relative to the top ring, thereby maintaining a fixed continuous width for
      the annular mold cavity between mold case 14 and cylinder 18. The bottom
      of the facing ring forms the top of the foreshortened annular end section
      47 of the outer layer 24 of the cast concrete pipe section.
PAR  As shown best in FIGS. 2, 4 and 5, several circumferentially spaced apart
      openings 48 are formed in facing ring 46, preferably at equidistantly
      spaced apart locations around the ring. As shown best in FIG. 2, the
      openings occupy a small portion of the facing ring area. Each opening 48
      is covered by a respective door 50 having a hinge 52 at one end thereof to
      allow the door to be either opened, by pivoting it upwardly from the top
      of the facing ring, or closed by lying flush against the top of the facing
      ring over opening 48. The opposite end of each door includes a separate
      locking pin 54 which engages a corresponding opening in a handle 56 to
      form a releasable lock for the door. The underside of each door is shaped
      to lie in the same plane as the bottom of facing ring 46 so the bottom of
      the facing ring will provide a continuous flat engaging surface for use in
      forming a flat top surface for end section 47 of the pipe.
PAR  Pouring chute assembly 26 is understood best by referring to FIGS. 1, 6 and
      7. The central area of the pouring chute assembly includes an inverted
      conical shaped metal pouring cone 58 supported on an upright annular frame
      60, the top edge of which is rigidly secured to the bottom annular edge of
      the pouring cone. A plurality of radially outwardly and downwardly
      extending I-beams 62 are welded to the underside of pouring cone 58 to
      provide rigid support for the pouring cone base. The outer ends of I-beams
      62 are rigidly secured to the top inner upright edge of annular frame 60.
PAR  Pouring cone 58 is centered around an upright rigid arm 64 extending along
      the vertical axis of the pouring chute assembly. The inner edges of
      I-beams 62 are rigidly secured to the outer edge of arm 64.
PAR  An outer base ring 66 forms the bottom of the pouring chute assembly. The
      base ring is rigidly braced by radially spaced apart, horizontally
      extending I-beams 68. The bottom of annular frame 60 is rigidly secured to
      the tops of I-beams 68 to center pouring cone 58 above base ring 66. The
      pouring cone is further interconnected with the base ring by radially
      outwardly and downwardly extending I-beams 70, the top edges of which are
      rigidly secured to the underside of the pouring cone. The inner edges of
      I-beams 70 are secured to the outer edge of arm 64, and the outer edges of
      I-beams 70 are rigidly secured to the inner vertical edge of base ring 66
      to provide a rigid supporting framework for the pouring chute assembly.
PAR  As shown best in FIG. 7, I-beams 70 are spaced 90.degree. apart, and each
      I-beam provides support for the bottom of a corresponding one of four
      radially outwardly and downwardly extending, upwardly opening, U-shaped
      pouring chutes 72. Each pouring chute 72 extends radially outwardly beyond
      the outer extent of base ring 66. The side walls of each pouring chute
      terminate at their top ends adjacent a plurality of radially spaced apart
      and vertically extending support bars 74. A horizontally disposed,
      relatively thin-walled ring 76 made of flat sheet metal is secured to the
      tops of support bars 74 to be held above the tops of the pouring chutes in
      a position centered with respect to arm 64. A separate arcuate slotted
      opening is formed between the base of each pouring chute and the bottom of
      ring 76. Three of these openings are closed off by separate arcuately
      curved, vertically slidable, elongated gate members 78 (shown in FIGS. 7
      and 8, but not in FIG. 1 for clarity). The top portion of each gate member
      abuts against the inner edge of ring 76. Each gate member has a
      corresponding upwardly and inwardly extending handle 80 which can be used
      to pull the gate member upwardly to open the space between the base of the
      pouring chute and the bottom of ring 76.
PAR  The pouring chute assembly also includes four radially extending and
      equidistantly spaced apart, horizontally disposed composite I-beams 82
      extending outwardly from the bottom of arm 64 to the outer base ring 66.
      I-beams 77 provide support for separate screen sections 83 which cover the
      spaces between the pouring chutes. Four equidistantly spaced apart,
      vertically disposed support members 84 are secured at their inner edges to
      the outer edge of arm 64. Support members 84 extend radially outwardly
      therefrom in an equidistantly spaced apart relation. The pouring chute
      assembly also includes an upright hand rail 86 which spans the outer edge
      of the pouring chute assembly to provide means for allowing workmen to
      steer the pouring chute assembly into place when it is mounted above top
      ring 25.
PAR  During use of the top ring and pouring chute assembly, a crane (not shown)
      hoists the top ring above the pipe mold and places the top ring on top of
      core 16 in the position shown best in FIGS. 1 and 3. Outer mold case 14 is
      hoisted up and then lowered into position around the top ring so the top
      inner edge of the outer mold case engages the outer edge of facing ring
      46. The crane then hoists pouring chute assembly 26 above the top ring,
      and workmen position the assembly so that the four pouring chutes 72 are
      aligned with the four door openings 48 of facing ring 46, as illustrated
      best in phantom line in FIG. 2. (Depending upon the size of the pipe to be
      cast, three, two, and even one pouring chute and facing ring door opening
      may be used.) When the pouring chute assembly is in place above the top
      ring, base ring 66 of the pouring chute assembly rests on top of the
      central circular plate of the top ring. As shown best in FIG. 2, when the
      pouring chute assembly is in its proper position, the extreme outer edges
      of pouring chutes 72 rest on top of inner round-up ring 36 and extend to
      the outer vertical edge of the inner round-up ring. Concrete is then ready
      to be poured into the pipe mold from a bucket 78 (illustrated in phantom
      line in FIG. 1) which is hoisted above the pouring chute assembly by the
      crane. The bucket is lowered over arm 64 which engages a releasable gate
      assembly in the bottom of the bucket in a manner well known in the art to
      pour the concrete on pouring cone 58. This allows the concrete to be
      channeled through the open gates of the pouring chutes and into the pipe
      mold. A major portion of the concrete poured on the chute assembly will be
      channeled to the inner mold cavity between core 16 and cylinder 18.
      Preferably, the pipe mold is filled by alternately pouring concrete into
      the inner mold cavity and then the outer mold cavity (between case 14 and
      cylinder 18), but always keeping the inner mold cavity filled to a higher
      level than the outer mold cavity to prevent collapsing cylinder 18. When
      the outer mold cavity is to be filled, suitable hinged extension means 87
      (only one of which is shown in FIG. 6 for clarity) at the end of each
      pouring channel are rotated into place to extend the length of the pouring
      chutes so that the concrete can be poured directly into the outer mold
      cavity only through the door openings in facing ring 46. This method of
      pouring the concrete into the pipe mold is continued until the inner and
      outer mold cavities are filled. The outer mold cavity is poured to the
      bottom of facing ring 46, and doors 50 are then closed. The facing ring
      forms a continuous, flat, foreshortened, annular end section at the proper
      elevation on the pipe. This eliminates the prior art steps of removing
      substantial excess material from the end section of the pipe, and also
      reduces the substantial amount of hand-finishing common in the prior art.
      The facing ring also has the advantage of establishing the exact elevation
      of the pipe end section without the requirement of constantly gauging the
      level of the end section as it is being hand troweled
PAR  FIG. 8 illustrates a system for casting a pipe having a beveled annular end
      section (represented in phantom line at 89). In FIG. 8 the bevel angle of
      the pipe end section is exaggerated for clarity. When casting beveled pipe
      end sections, the same pouring chute assembly as that described in FIGS. 1
      through 7 can be used. although the top ring is modified slightly. In this
      instance the pipe mold includes outer mold case 14 and inner core 16. A
      reinforcing ring 88 with a beveled spigot ring 90 (the ring 90 is
      "beveled", meaning it is in an inclined plane having the same angle as the
      beveled annular end section to be formed at the end of the pipe) is
      disposed in the pipe mold between the core and the case. A beveled top
      ring assembly 92 includes an inner round-up ring 94 identical to ring 36.
      The inner round-up ring 94 is mounted on the top edge of core 16 and
      therefore is in a horizontal plane. An outer round-up ring 96 which
      engages the outer circumference of beveled spigot ring 90 supports a
      beveled facing ring 98 which defines the top surface of the beveled end
      section of the pipe. The bottoms of outer round-up ring 96 and bridge bars
      99 hold facing ring 98 in an inclined plane defining the desired bevel
      angle for the pipe.
PAR  In use, pouring chute assembly 26 is placed on top of beveled top ring 92,
      and the concrete is poured into the pipe mold in a manner identical to
      that described above. When the top level of the concrete reaches the low
      side of facing ring 98, the gate for the distribution channel going to the
      low side of the facing ring is closed to block the further rise of
      concrete through its corresponding door opening. As the concrete continues
      to rise and start to come through the adjacent door openings, the other
      two remaining gates are closed, as are their corresponding doors, and the
      concrete is poured again until it starts to come through the remaining
      door opening on the high side of facing ring 98. The last door is closed,
      and top ring 92 is eventually removed to provide a beveled end section
      which is planar continuously around the pipe and in which the bevel is
      formed at the desired elevation without requiring the hand finishing,
      troweling, and measuring procedures common in the prior art.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a vertically disposed pipe mold having a cylindrical outer mold case,
      and an inner cylinder disposed concentrically inside the outer mold case
      to form an annular mold cavity between the outer mold case and the inner
      cylinder into which concrete is to be poured, apparatus for casting a
      concrete pipe in the pipe mold comprising a facing ring for encircling the
      cylinder and for being mounted above the annular mold cavity, the facing
      ring including a plurality of spaced apart gate means, and means for
      individually opening and closing the gate means to control the passage of
      concrete through the facing ring into the mold cavity below it; and a
      pouring chute assembly for being mounted in a fixed position above the
      facing ring, the pouring chute assembly including a base for being
      positioned above the facing ring and for providing a region onto which
      concrete is to be poured, and a plurality of radially extending and
      elongated pouring chutes for extending downwardly from the base to
      corresponding gate means in the facing ring so that concrete poured onto
      the base of the pouring chute assembly will be distributed by the
      individual pouring chutes through the gate means in the facing ring to the
      annular mold cavity, the facing ring providing an undersurface which will
      form a shaped annular end section of the cast pipe when concrete is filled
      to the bottom of the facing ring.
NUM  2.
PAR  2. Apparatus according to claim 1 including closure means for selectively
      blocking the passage of concrete through certain of the pouring chutes to
      control the passage of concrete through corresponding gate means of the
      facing ring.
NUM  3.
PAR  3. Apparatus according to claim 1 including means for holding the facing
      ring above the mold cavity at an angle inclined relative to true
      horizontal so that the facing ring will form an annular beveled end
      section for the cast concrete pipe, and including closure means for
      selectively blocking the passage of concrete through certain of the
      pouring chutes so that sequential closing of the closure means, once the
      level of the concrete poured through the respective gate means reaches the
      low side of the inclined facing ring, will progressively block the rise of
      concrete in the mold cavity from the low side to the high side of the
      facing ring so the facing ring will form a beveled end section on the
      pipe.
NUM  4.
PAR  4. Apparatus according to claim 1 in which the pipe mold includes a
      cylindrical inner core disposed concentrically inside the cylinder to form
      an annular inner mold cavity into which concrete is to be poured; in which
      the facing ring is mounted only above the outer annular mold cavity
      between the outer mold case and the cylinder; in which the pouring chute
      assembly is mounted above both mold cavities; and including means for
      adjusting the position of each pouring chute relative to its respective
      gate means so that each pouring chute can be in communication with either
      the inner mold cavity or with its corresponding gate means of the facing
      ring.
NUM  5.
PAR  5. Apparatus according to claim 4 in which the pouring chutes extend
      normally to a position above the inner mold cavity; and in which the
      pouring chute adjusting means comprises means for extending the length of
      the pouring chutes to circumvent the inner mold cavity and allow concrete
      to be poured directly through the gate means of the facing ring.
NUM  6.
PAR  6. Apparatus according to claim 4 in which the facing ring includes a
      support for being disposed concentrically inside the inner core and on
      which the pouring chute assembly is mounted to hold it in its fixed
      position above the facing ring; and a plurality of circumferentially
      spaced apart bridge members extending from the support to the facing ring,
      the bridge members supporting the facing ring above the outer annular mold
      cavity.
NUM  7.
PAR  7. Apparatus according to claim 5 including means for holding the facing
      ring above the mold cavity at an angle inclined relative to true
      horizontal so that the facing ring will form an annular beveled end
      section for the cast concrete pipe, and including closure means for
      selectively blocking the passage of concrete through certain of the
      pouring chutes so that sequential closing of the closure means, once the
      level of concrete poured through the gate means reaches the low side of
      the inclined facing ring, will progressively block the rise of concrete in
      the mold cavity from the low side to the high side of the facing ring so
      the facing ring will form a beveled end section on the pipe.
NUM  8.
PAR  8. Apparatus according to claim 6 including means for holding the facing
      ring above the mold cavity at an angle inclined relative to true
      horizontal so that the facing ring will form an annular beveled end
      section for the cast concrete pipe, and including closure means for
      selectively blocking the passage of concrete through certain of the
      pouring chutes so that sequential closing of the closure means, once the
      level of concrete poured through the gate means reaches the low side of
      the inclined facing ring, will progressively block the rise of concrete in
      the mold cavity from the low side to the high side of the facing ring so
      the facing ring will form a beveled end section on the pipe.
NUM  9.
PAR  9. Apparatus for casting concrete pipe comprising:
PA1  a. a cylindrical outer mold case;
PA1  b. a cylinder disposed concentrically inside the outer mold case to form
      between the outer mold case and the cylinder an annular mold cavity into
      which concrete is to be poured;
PA1  c. means for smoothing the annular top end of the cast pipe including a
      facing ring encircling the outer circumference of the cylinder and mounted
      above the annular mold cavity, the facing ring including a plurality of
      spaced apart openings for the passage of concrete through the facing ring
      into the mold cavity below it, the openings in the facing ring together
      occupying a minor portion of the facing ring area;
PA1  d. a pouring chute assembly mounted in a fixed position above the facing
      ring, the pouring chute assembly including pouring base disposed above the
      facing ring for providing a region onto which concrete can be poured, and
      a plurality of elongated pouring chutes extending downwardly from the
      pouring base to corresponding openings in the facing ring so that concrete
      poured onto the base of the pouring chute assembly will be distributed by
      the individual pouring chutes through the openings in the facing ring to
      the annular mold cavity; and
PA1  e. means for controlling the passage of concrete from the pouring chutes
      through the openings in the facing ring, the facing ring having an
      undersurface which forms a shaped annular end section of the cast pipe
      when concrete in the mold cavity is filled to the bottom of the facing
      ring.
NUM  10.
PAR  10. Apparatus according to claim 9 in which the means for smoothing the end
      of the pipe includes a support inside the cylinder for holding the pouring
      chute assembly in its fixed position above the facing ring, and a
      plurality of circumferentially spaced apart bridge bars extending from the
      support to the facing ring, the bridge bars supporting the facing ring
      above the mold cavity.
NUM  11.
PAR  11. Apparatus according to claim 9 in which the pipe mold includes a
      cylindrical inner core disposed concentrically inside the cylinder to form
      between the core and the cylinder an annular inner mold cavity into which
      concrete is to be poured; in which an outer mold cavity is formed between
      the cylinder and the outer mold case, and the facing ring is mounted only
      above the outer annular mold cavity; and in which the pouring chute
      assembly is mounted above both mold cavities; and including means for
      adjusting the position of each pouring chute relative to its respective
      opening in the facing ring so that each pouring chute can be in
      communication with the inner mold cavity or with its respective opening in
      the facing ring.
NUM  12.
PAR  12. Apparatus according to claim 11 in which the pouring chutes extend
      normally to a position above the inner mold cavity; and in which the
      pouring chute adjusting means comprise means for extending the length of
      the pouring chutes to circumvent the inner mold cavity and allow concrete
      to be poured directly through the openings in the facing ring.
NUM  13.
PAR  13. Apparatus according to claim 11 in which the means for smoothing the
      end of the cast pipe includes:
PA1  a. a support disposed concentrically inside the inner core for holding the
      pouring chute assembly in its fixed position above the facing ring;
PA1  b. a round-up ring mounted on the inner core for maintaining the support in
      a fixed position inside the inner core; and
PA1  c. a plurality of circumferentially spaced apart bridge members extending
      from the support to the facing ring, the bridge members supporting the
      facing ring above the outer annular mold cavity.
NUM  14.
PAR  14. Apparatus according to claim 13 including means for holding the facing
      ring above the mold cavity at an angle inclined relative to true
      horizontal so that the facing ring will form an annular beveled end
      section for the cast concrete pipe; and in which the means for controlling
      passage of the concrete includes closure means for selectively blocking
      the passage of concrete through certain of the pouring chutes so that
      sequential closing of the closure means, once the level of concrete poured
      through the openings in the facing ring reaches the low side of the facing
      ring, will progressively block the rise of concrete in the mold cavity
      from the low side to the high side of the facing ring so the facing ring
      will form a beveled annular end section of the pipe.
NUM  15.
PAR  15. Apparatus according to claim 14 in which the facing ring includes means
      for individually opening and closing the openings therein.
NUM  16.
PAR  16. Apparatus according to claim 9 including means for holding the facing
      ring above the mold cavity at an angle inclined relative to true
      horizontal so that the facing ring will form an annular beveled end
      section for the cast concrete pipe; and in which the means for controlling
      passage of the concrete includes closure means for selectively blocking
      the passage of concrete through certain of the pouring chutes so that
      sequential closing of the closure means, once the level of concrete poured
      through the openings in the facing ring reaches the low side of the facing
      ring, will progressively block the rise of concrete in the mold cavity
      from the low side to the high side of the facing ring so the facing ring
      will form a beveled end section of the pipe.
NUM  17.
PAR  17. Apparatus according to claim 16 in which the facing ring includes means
      for individually opening and closing the openings therein.
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ABST
PAL  The provision of a durable, slick sliding surface on metal faces of plastic
      forming extrusion apparatus such as extruder nozzles and dies. The
      durable, slick sliding metal surface is provided by burnishing and heat
      treating a polysiloxane fluid on the face of the metal. The burnishing
      comprises vigorous rubbing of the polysiloxane fluid treated metal face
      with a material relatively softer than the metal face being treated,
      effectively over the entire surface treated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of products comprising the continuous extrusion of
      thermoplastic materials, and particularly when sequentially extruding
      multilayered articles such as many common types of insulated electrical
      wires and cable, the heat-softened and often as yet semitacky
      thermoplastic materials passing under forming pressures in contact with
      the metal faces of guides, dies or other components of the extrusion
      apparatus, are frequently "pulled" or extended by their transient
      adherence to the metal surface. The "pulling" or extending of the plastic
      material due to its transient or intermittant adherence causes protrusions
      or marring of the surfaces of the plastic undergoing shaping,
      notwithstanding polishing and/or plating of the metal faces with
      relatively smooth impervious finishes such as chrome. This commonly
      encountered shortcoming in processes of continuously molding thermoplastic
      materials is especially troublesome in sequential or tandem and multiple
      head extrusion operations, such as shown in U.S. Pat. Nos. 3,569,610 and
      3,646,248, and British Pat. No. 967,567 of Aug. 26, 1964, wherein two or
      more layers or plies of plastic materials are sequentially formed about a
      metallic conductor core in the manufacture of electrical wire or cable.
      These manufacturing operations typically comprise, for example, applying
      or forming under pressure a subsequent overlying layer of thermoplastic
      material directly upon a previously formed layer of yet thermoplastic
      material wherein the previously formed thermoplastic material is pulled
      through a close-fitting guide orifice of an extruder apparatus into an
      area under the extruding pressures of the subsequent thermoplastic
      material whereupon the superimposed composite of the previous layer and
      forming layer of both thermoplastic materials is then forced through a
      die.
PAR  Moreover, the deleterious effects of this occurrence is far more serious
      than simply producing irregular or rough surface conditions marring the
      exterior face of extruded products. For instance, the occurrence of
      transient adherence and pulling of an inner or underlying layer due to
      contact with an extruder guide orifice or with a previous extruder die in
      a sequential extrusion operation forming a multilayered product causes
      protrusions on the surface of the inner or underlying layer and in turn an
      irregular interface between the superimposed layers. This occurrence is
      especially detrimental in the manufacture of electrical wire and cable
      because the protuberances thus formed on the outer surface of an inner
      layer, and in turn at the interface between component layers of a
      composite insulation covering, are subject to dielectric strength
      failures.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a method of treating metal faces of continuous
      forming extruder apparatus, such as shaping die lands and guide orifices,
      over which thermoplastic materials move in sliding contact under pressure
      to provide thereon a durable, slick sliding surface which resists
      adherence by heat-softened and tacky thermoplastic materials, and the
      durable, slick-sliding and adhesion resisting metal surface product of the
      method.
PAR  The treatment of this invention comprises applying to the metal face a
      polysiloxane fluid, burnishing and then heating the metal face with the
      polysiloxane fluid thereon.
PAC  OBJECTS OF THE INVENTION
PAR  It is a primary object of this invention to provide a method of overcoming
      the occurrence of transient adherence of thermoplastic materials to metal
      faces of continuous extrusion forming apparatus while such materials are
      moving in sliding contact through the apparatus and thereby eliminate the
      formation of detrimental protrusions on the surface of the extruded
      material due to the pulling or extending effect of the intermittent
      temporary or transient adherence of the thermoplastic material to the
      metal faces.
PAR  A more specific object of this invention is to provide a simple and
      economical treatment for the metal faces of continuous extrusion forming
      apparatus to produce thereon a durable and longlasting slick sliding
      surface which effectively resists adherence by heat-softened and tacky
      thermoplastic materials, and the treated products thereof consisting of
      improved continuous extrusion forming apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing comprises a cross-sectional view of a typical extrusion forming
      head device embodying the present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  This invention is hereinafter described in relation to its principal field
      of application and utility, the sequential or tandem continuous extrusion
      manufacture of multiple layered curable thermoplastic coverings on
      electrical wire and cable. However, the invention applies in general to
      all continuous forming procedures and apparatus including the utilization
      of metal shaping means to continuously mold plastic materials while in a
      heat-softenable or thermoplastic state, and including curable or
      thermosetting plastic materials or compounds.
PAR  Many conventional insulated electrical wire or cable constructions comprise
      a composite of two or more layers composed of distinct thermoplastic
      compositions such as dielectric insulating bodies and semiconductive
      shielding bodies, and their manufacture includes the sequential or tandem
      extrusion of one body of thermoplastic material directly over a previously
      extruded body of thermoplastic body carried on the core of a metallic
      conductor. The drawing illustrates an extruder head generally of the type
      typically utilized in such a sequential or tandem continuous extrusion
      manufacturing operation of electrical cable, and wherein the problem
      resolved by this invention was the most serious because it caused or
      contributed to the failure of cable products in their designed
      performance.
PAR  Referring to the drawing, the partially illustrated extruder head 10, shown
      in cross section, comprises a housing 12, containing a guide tube 14 with
      a guide orifice 16 having a tubular land or face 18. A die member 20 is
      also positioned within the housing 10 downstream of the guide tube, having
      a conical tapered surface 22 leading to a die orifice 24, provided with a
      tubular land or face 26. The guide tube orifice 16 is concentrically
      aligned with die orifice 24. An inlet 28 is provided in the housing for
      entry of thermoplastic material moving through the extrusion forming
      apparatus.  pg,5
PAR  In a typical operation for the manufacture of electrical cable with an
      insulating covering comprising multiple layers of distinct thermoset
      materials, a layer of curable thermoplastic material is continuously
      formed about a metal conductor core in a preceding extrusion operation
      whereupon it is continuously drawn through an extruder head such as
      illustrated in the drawing for the purpose of extrusion molding of another
      layer of curable thermoplastic material overlying that previously formed.
      For instance, the metal conductor carrying the layer of thermoplastic
      material from the preceding extrusion is continuously drawn through guide
      tube 14 and orifice 16 for alignment with the die orifice 24, and the
      diameters of the thermoplastic-covered conductor and the orifice 16 of
      guide tube 14 are guaged for close-fitting contact to provide accuracy in
      the alignment and to provide a seal to resist the extrusion pressure of
      the second thermoplastic material being forced in through inlet 28, and
      out through die 26 as it forms about the moving conductor and layer of the
      first thermoplastic material.
PAR  In such sequential or tandem extrusion operations, hot and thus soft and
      somewhat tacky thermoplastic materials moving under pressure in sliding
      contact over the metal faces such as the guide orifice 16 and die orifice
      26 found in prior art apparatus are prone to intermittent temporary
      adhesion to such surfaces whereupon this transient adherence to the metal
      pulls upon the mass of the moving soft plastic material and thereby
      distorts its shaped configuration, extending it and forming protrusions.
      The presence of protrusions or undulations at the interface between layers
      or units of different electrical properties in high-voltage cable
      constructions which occur due to transient adherence of the previously
      extruded thermoplastic material to the guide tube, degrades the
      performance of the cables and hasten their failure. Thus the consequences
      of this phenomenon are far more serious in the electrical field than
      merely the appearances of an irregular surface.
PAR  The foregoing difficulties have been overcome by the method of this
      invention comprising applying polysiloxane fluid to the metal face of any
      critical areas of the extrusion forming apparatus, such as faces 18 and
      26, burnishing the metal face having thereon the dimethyl polysiloxane and
      heating the burnished metal face. Metals thus treated exhibit a durable
      and long lasting, slick sliding surface which resists adhesion thereto of
      moving hot thermoplastic materials.
PAR  The polysiloxane fluids for the practice of this invention include dimethyl
      polysiloxane and dimethyl diphenyl polysiloxane, and comprise such
      silicones of the lower viscosity grades such as 0.65 to 5000, and
      typically within the range of about 50 to 1000 centistokes. Suitable low
      viscosity polysiloxanes are commercially available in water emulsions or
      solvent solutions as well as siloxane fluids per se. The polysiloxane
      fluids can be applied to or coated on the surface of the metal face
      undergoing treatment by any convenient means, and preferably should be
      liberally applied so as to saturate the surface.
PAR  Burnishing of the metal face having thereon the polysiloxane fluid, or a
      water emulsion or solution thereof, can be achieved by a vigorous rubbing
      of the fluid-containing surface with a material relatively softer than the
      metal being treated, hard woods such as hickory or oak being suitable
      materials. The burnishing should effectively cover the entire surface to
      be treated.
PAR  Heating of the burnished polysiloxane coated metal face should be to a
      temperature of at least approximately 150.degree.C, and preferably to
      within the range of about 200.degree.C to about 300.degree.C. The period
      of heating may be relatively brief, for example about 10 minutes or more,
      depending, of course, upon the mass of the metal component being treated.
PAR  The following examples illustrate the conditions and merits of this
      invention.
PAR  One half of the surface of one side of several highly polished, hardened
      steel blocks, after being cleaned with mineral spirits and wiped dry, was
      coated with a thin layer of a water emulsion of 35% dimethyl polysiloxane
      fluid of 350 centistoke viscosity. The other half of the side of the
      blocks having had the coating applied to a half section thereof was left
      untreated to provide a control. The coated face of one of the blocks was
      briefly burnished with a hardwood block and the steel block was then heat
      treated in an oven for 10 minutes at 245.degree.C and cooled. All test
      blocks were then placed in an oven for 10 minutes at 135.degree.C to
      simulate actual extrusion temperature conditions and while at this
      temperature a strip of ethylene-vinyl acetate copolymer compound (Union
      Carbide's HFDA 0580) containing about 61% by weight of copolymer, about
      37% carbon black, about 0.5% antioxidant (Flectol H, Monsanto), and about
      1.5% dicumyl peroxide curing agent, was placed over the half coated test
      surface of each block and a two pound weight applied on top of the strip
      of copolymer to simulate extrusion pressures. After a ten minute period at
      135.degree.C, the thermoplastic copolymer strips were removed from the
      face of the metal blocks and their respective separation characteristic
      noted. The results were as follows:
TBL                    Heat                                                    
     Silicone Agent                                                            
                 Burnishing                                                    
                       Treatment                                               
                             Results                                           
     __________________________________________________________________________
     None        None  None  Copolymer adheres to metal                        
     Dimethyl polysiloxane                                                     
                 None  None  Copolymer adheres to metal                        
     Dimethyl polysiloxane                                                     
                 Yes   10 min.                                                 
                             Copolymer releases cleanly                        
                       at 245.degree.F                                         
                             from metal.                                       
     __________________________________________________________________________
PAR  In addition to the foregoing static testing, the treatment of this
      invention was evaluated under actual extrusion conditions. A steel
      extruder nipple, such as illustrated as 14 in the drawing, was cleaned
      with mineral spirits and the inner face or land of the guide orifice was
      saturated with a water emulsion of 35% dimethyl silicone fluid having a
      viscosity of 350 centistokes. Next the saturated face or land of the
      nipple orifice was burnished with a hardwood dowel and placed in an oven
      at 245.degree.C for 25 minutes. After cooling, the silicone-treated guide
      nipple was assembled in an extrusion die head and the head installed on an
      extruder apparatus of a multilayer covered electrical cable production
      line and utilized in a tandem production operation as follows. A conductor
      having a covering thereon of a curable thermoplastic ethylene-vinyl
      acetate copolymer compound (Union Carbide's HFDA 0580) formed in a
      previous extruding operation, was continuously passed at a rate of
      approximately 4 feet per minute through the aforementioned treated guide
      tube assembled within the head of a second extruder wherein an insulating
      covering of curable thermoplastic polyethylene was extruded over the
      ethylene-vinyl acetate copolymer compound. A single treatment such as
      described above was found to enable continuous production runs of several
      thousand feet of cable without any evidence of the previously encountered
      interfacial irregularities or protrusions, and in turn without any
      failures of the cable in passing dielectric tests.
PAR  Although the invention has been described with reference to certain
      specific embodiments thereof, numerous modifications are possible and it
      is desired to cover all modifications falling within the spirit and scope
      of the invention. However, the invention is particularly directed to
      extrusion forming apparatus comprising any devices for continuously
      molding or shaping moving plastic materials, including die surfaces,
      guides, conduits leading to and from the shaping means, and extensions of
      the die or shaping means communicating with or passing through subsequent
      curing means such as heating devices.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A method of treating a metal face of an extrusion forming apparatus to
      provide thereon a durable, slick sliding surface, comprising applying
      polysiloxane fluid to the metal face, burnishing the metal face having the
      siloxane fluid thereon by vigorous rubbing of the polysiloxane fluid
      treated metal face with a material relatively softer than the metal face
      being treated, effectively over the entire surface treated, and heating
      the burnished metal face with the siloxane thereon to a temperature of at
      least about 150.degree.C.
NUM  2.
PAR  2. The method of claim 1, wherein the polysiloxane fluid is a dimethyl
      polysiloxane of a viscosity within the approximate range of 50 to 1000
      centistokes.
NUM  3.
PAR  3. The method of claim 2, wherein the burnished metal face with the
      polysiloxane thereon is heated to a temperature of about 200.degree.C to
      300.degree.C.
NUM  4.
PAR  4. The method of claim 1, wherein the polysiloxane is a dimethyl diphenyl
      polysiloxane.
NUM  5.
PAR  5. A method of treating a metal face of an extrusion forming apparatus to
      provide thereon a durable, slick sliding surface, comprising applying
      polysiloxane fluid having a viscosity of from about 50 to about 1000
      centistokes to a metal face of an extrusion forming apparatus, burnishing
      the metal face having the polysiloxane fluid thereon by vigorous rubbing
      of the polysiloxane fluid treated metal face with a material relatively
      softer than the metal face being treated effectively over the entire
      surface treated, and heating the burnished metal face with the
      polysiloxane thereon to a temperature of about 200.degree.C to
      300.degree.C.
NUM  6.
PAR  6. The method of claim 5, wherein the polysiloxane fluid is a dimethyl
      diphenyl siloxane.
NUM  7.
PAR  7. The method of claim 5, wherein the polysiloxane fluid is dimethyl
      polysiloxane having a viscosity of about 100 to about 350 centistokes.
NUM  8.
PAR  8. The method of claim 5, wherein the burnished metal face with the
      polysiloxane fluid thereon is heated to a temperature of approximately
      250.degree.C.
NUM  9.
PAR  9. An extrusion forming apparatus having a metal face thereof provided with
      a durable, slick sliding surface comprising the product of applying a
      polysiloxane fluid to the metal face of the extrusion forming apparatus,
      burnishing the metal face having the polysiloxane fluid thereon by
      vigorous rubbing of the polysiloxane fluid treated metal face with a
      material relatively softer than the metal face being treated effectively
      over the entire surface treated, and heating the burnished metal face with
      the polysiloxane thereon to a temperature of at least about 150.degree.C.
NUM  10.
PAR  10. The extrusion forming apparatus of claim 9, wherein the polysiloxane
      fluid is of a viscosity within the approximate range of 50 to 1000
      centistokes, and the burnished metal face with dimethyl polysiloxane
      thereon is heated to a temperature of about 200.degree.C to about
      300.degree.C.
NUM  11.
PAR  11. The extrusion forming apparatus of claim 9, wherein the polysiloxane is
      a dimethyl diphenyl polysiloxane.
NUM  12.
PAR  12. An extrusion forming apparatus having a metal face thereof provided
      with a durable, slick sliding surface comprising the product of applying a
      dimethyl polysiloxane fluid having a viscosity of from about 100 to about
      350 centistokes to the metal face of the extrusion forming apparatus,
      burnishing the metal face having the dimethyl polysiloxane fluid thereon
      by vigorous rubbing of the polysiloxane fluid treated metal face with a
      material relatively softer than the metal face being treated effectively
      over the entire surface treated, and heating the burnished metal face with
      the dimethyl polysiloxane thereon to a temperature of about 200.degree.C
      to about 300.degree.C.
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ABST
PAL  A combustion system for combusting materials containing radioactive
      nuclides to permit recovery of the radioactive nuclides. The system
      comprises a primary combustion zone in which the sample material is
      initially combusted and from which the combustion products are
      continuously exhausted. The exhaust products from this primary combustion
      zone are passed through a secondary combustion zone in which uncombusted
      materials in the exhaust products are combusted. In the secondary
      combustion zone, the exhaust products from the primary zone are directed
      in a helical path so that centrifugal forces drive the gases and any
      particulate matter entrained therein toward the walls of the secondary
      zone while intimately mixing the materials with each other to achieve
      rapid and complete combustion. The secondary combustion zone preferably
      comprises a helical tube which is heated by passing an electric current
      through the walls thereof. The helical path preferably has a radius of
      curvature of less than about 1.5 inches and is preferably heated to a
      temperature of at least 900.degree.C. to achieve the desired condition.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to combustion systems for combusting
      materials containing radioactive nuclides to permit recovery of the
      radioactive nuclides and, more particularly, to combustion systems of the
      type used in laboratory equipment for separating radioactive nuclides from
      samples of tissue and the like.
PAR  In recent years, flame combustion systems have become increasingly popular
      for the preparation of samples for radioactive nuclide studies. Combustion
      systems of this general type have been disclosed in my U.S. Pat. Nos.
      3,485,565; 3,542,121; 3,682,598; 3,761,228; and 3,830,628 and in my
      pending applications Ser. Nos. 728,939, filed May 14, 1968, now abandoned,
      and 264,379, filed June 19, 1972, now U.S. Pat. No. 3,849,069. Although
      these systems have been sold commercially for several years now, they
      still require time-consuming treatment or preparation of the sample
      materials before they are combusted and/or the use of extremely small
      samples of certain sample materials in order to achieve adequate
      combustion. For example, fatty tissue samples from pig carcasses and the
      like must be limited in size and mixed with a carrier material such as
      cellulose powder to achieve complete combustion. Without complete
      combustion, recovery of the radioactive nuclides is incomplete, resulting
      in undesirable "memory" (retention of radioactive material) in the
      apparatus and consequent spillover errors which adversely affect the
      analytical results.
PAR  It is, therefore, a primary object of the present invention to provide an
      improved combustion system which achieves complete combustion of even
      those sample materials that are difficult to combust completely, and in a
      very short time interval. In this connection, a related object of the
      invention is to provide such a combustion system which achieves such rapid
      and complete combustion without utilizing a catalytic packing or filling,
      thereby avoiding the high back pressure and slow heat transfer problems
      that often result from the use of such catalytic materials, as well as the
      problem of poisoning the catalysts.
PAR  One of the important specific objects of this invention is to provide such
      an improved combustion system which is capable of completely combusting
      difficult samples (e.g., fatty samples, diluted samples, samples with
      large surface areas, volatile samples, diluted gas, pyrolysis products)
      efficiently without any prior treatment or preparation of the sample
      material.
PAR  It is another object of the invention to provide such an improved
      combustion system which, in combination with commercially available
      recovery systems, is capable of achieving radioactive nuclide recoveries
      in excess of 99% with memories attributable to pyrolysis products reduced
      several orders of magnitude, and with overall memories reduced an order of
      magnitude, below the lowest memories attainable in prior combustion
      systems.
PAR  Another object of the invention is to provide such an improved combustion
      system which achieves high heat transfer rates and such complete
      combustion that the exhaust products are essentially free of smoke, soot
      or other particulate combustible matter.
PAR  Still another object of the invention is to provide such an improved
      combustion system which utilizes compact and simple equipment so that it
      can be efficiently manufactured at a reasonable cost, and so that it can
      be contained in a relatively compact housing.
PAR  A further object of the invention is to provide an improved combustion
      system of the type described above which has a long operating life.
PAR  Yet another important object of the invention is to provide such an
      improved combustion system which can be fabricated without any joints in
      the combustion zones.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following detailed description together with the accompanying drawings, in
      which:
PAR  FIG. 1 is a top plan view of a combustion system embodying the invention,
      with fragments broken away or shown in section for clarity;
PAR  FIG. 2 is a side elevation, partially in section, of the system shown in
      FIG. 1; and
PAR  FIG. 3 is an end elevation partially in section, of the system shown in
      FIG. 1.
DETD
PAR  While the invention will be described in connection with a certain
      preferred embodiment, it will be understood that it is not intended to
      limit the invention to that embodiment. On the contrary, it is intended to
      cover all alternatives, modifications, and equivalents as may be included
      within the spirit and scope of the invention as defined by the appended
      claims.
PAR  Turning now to the drawings, there is illustrated a combustion system for
      use in the preparation of samples for radioactive nuclide tracer studies,
      such as studies involving tissue distribution and residue levels of drugs
      in plants and animals. In the preparation of such samples, the sample
      material containing the radioactive nuclide tracer, such as plant or
      animal tissue, is combusted to convert the carbon in the sample material
      to carbon dioxide and the hydrogen to water, and the radioactive nuclide
      tracer is then recovered from the resulting combustion products. The
      details of the radioactive nuclide recovery are described in my
      aforementioned patents and applications and will not be repeated here.
      Suffice it to say that the combustion unit is followed by various units,
      interconnecting conduits, and associated apparatus for treating the
      gaseous combustion products to separate and effect recovery of selected
      radioactive nuclides. The apparatus in this instance is particularly
      adapted for recovery of .sup.3 H and .sup.14 C tracers.
PAR  At the beginning of a combustion cycle, material containing the radioactive
      nuclide tracers, in either solid or liquid form, is placed in a sample
      basket 10, and the operator pushes a start button for a preprogrammed
      pneumatic control unit (not shown) which positions the basket 10 within a
      primary combustion zone 11a formed by a glass flask 11 which is open at
      both ends. Combustion oxygen, preferably pure oxygen, is admitted to the
      flask 11 through an oxygen inlet 12. The radioactive nuclide containing
      material is quickly combusted, and the resulting combustion products pass
      upwardly through the primary combustion zone 11a and exit through an
      exhaust port 13 formed by a fitting 14 sealed to the top of the flask 11.
      As used herein, the term "combustion" as applied to the primary combustion
      zone refers not only to flame combustion but also to oxidation, pyrolysis,
      vaporization or any other process that converts the sample material into
      gaseous or vaporous products that can be burned in the secondary
      combustion zone.
PAR  While various combustion zone designs may be used in practicing the
      invention, it is preferred to use a generally flame shaped combustion
      chamber or flask of the type disclosed in my U.S. Pat. No. 3,485,565, or
      in my pending U.S. application Ser. Nos. 820,269, filed Apr. 29, 1969 now
      U.S. Pat. No. 3,682,598, and 242,481, filed Apr. 10, 1972 now U.S. Pat.
      No. 3,830,628. The primary combustion zone 11a formed by the illustrative
      flask 11 is of this general type. The sample basket 10 containing the
      radioactive nuclide-containing sample material to be burned forms a part
      of an electrical heating system. To this end, the basket 10 is made of an
      electrically resistive material such as platinum, so that it functions as
      an electrical resistive type heating element. A pair of electrical
      conductors 15 and 16 extend upwardly from a mounting plate 17 to support
      the basket 10 at its upper and lower ends, while also making electrical
      contact with the basket to connect it into the electrical heating system.
      The conductors 15 and 16 extend vertically down through the plate 17 and
      terminate in depending connector pins which are received by a
      complementary electrical receptable 18. The receptacle 18, in turn, is
      connected to an electrical heater circuit including a power source such as
      battery 20 and a switch 21 for applying an electrical voltage across the
      basket 10. Thus, the radioactive sample material is heated by simply
      closing the switch 21, which is opened again as soon as the desired
      temperature is attained.
PAR  In order to facilitate the loading of successive specimens for combustion,
      the platform 19 is threaded or otherwise secured onto the end of a
      pneumatic piston rod 22. This rod 22 forms a part of a retracting and
      elevating mechanism (not shown) which automatically moves the sample
      basket 10 and mounting plate 17 from a retracted position easily
      accessible to the operator (not shown in the drawings) to an advanced
      position within the combustion zone 11a (as shown in FIG. 1). In this
      advanced position, the plate 17 and platform 19 also seal the bottom of
      the combustion zone 11a.
PAR  To promote combustion of the specimen contained in the basket 10, pure
      oxygen is supplied to the primary combustion zone 11a through the conduit
      12 and a cooperating passageway 12a formed in the platform 19 and the
      plate 17. The exit end of the passageway 12a in the plate 17 is positioned
      directly beneath the center of the basket 10, so that the oxygen is fed
      into the combustion zone 11a directly beneath the basket 10. The oxygen
      flow rate is initially adjusted, by suitable valving and flow metering
      means (not shown), to a level slightly above that required to support
      stoichiometric combustion of the sample, so that there is a slight excess
      of oxygen within the combustion zone 11a. This excess oxygen together with
      any of the oxygen required for ideal stoichiometric combustion but not
      actually used, rises through the combustion zone 11a and is exhausted from
      the combustion zone through the exhaust port 13 at the top of the chamber
      along with all the gases, vapors and particulate matter formed from the
      sample material in the primary zone. A pressurized oxygen supply container
      (not shown), which functions much like a capacitor, is preferably
      employed, so that as the demand for oxygen in the primary combustion zone
      11a diminishes during combustion of the specimen, the oxygen fed to the
      combustion zone diminishes accordingly.
PAR  As mentioned previously, the combustion flask 11 is preferably open at its
      upper end with its sidewalls extending upwardly and inwardly above the
      specimen basket 10 so as to approximate the shape of the flame of a
      burning sample. This configuration advantageously minimizes the volume of
      oxygen-rich atmosphere, thereby permitting efficient use of the oxygen
      that is fed into the combustion zone, minimizing the flow of excess oxygen
      which can cause spillover of H.sub.2 O into the .sup.14 C recovery section
      and vaporization of the .sup.14 C trapping agent. With this design, the
      combustion products tend to be swept directly into the exhaust port 13,
      with the rising layer of oxygen-rich atmosphere along the flask sidewalls
      tending to isolate the combustion products from the sidewalls.
PAR  Surrounding the combustion flask 11 is a rectangular enclosure 23 which
      defines an air filled cavity around the outer surface of the flask 11. For
      proper location of the flask 11 within the enclosure 23, the upper end of
      the flask meshes with a complementary groove in the fitting 14 containing
      an O ring seal 14a. When it is desired to remove the flask 11 from the
      enclosure 23, such as for cleaning purposes, a screw clamp 24 is threaded
      upwardly through a stationary bushing 24a to lift the fitting 14 away from
      the top of the flask.
PAR  Prior to combustion of the specimen contained in the basket 10, the air in
      the cavity between the flask 11 and the enclosure 23 may be heated by
      means of a heating coil (not shown). The air distributes this heat along
      the walls of the flask 11 so that the walls are uniformly heated to a
      temperature above the condensation temperature of the vapors contained in
      the combustion products to be produced. As described in my prior
      applications, the pre-heating of the combustion flask walls to maintain
      the combustion products in gaseous form, combined with the flame-shaped
      configuration of the flask, permits the combustion products to be
      exhausted from the combustion zone, on a continuous basis, so efficiently
      that there is virtually no residue of combustion products deposited on the
      flask walls. The illustrative system also prevents condensation within the
      exhaust port 13, since the fitting 14 is also surrounded by the pre-heated
      air in the cavity between the flask 11 and the surrounding enclosure 23.
PAR  If desired, the sample material may be combusted in an open cup-like holder
      which is placed inside the sample basket 10, with the holder being formed
      of a material which permits it to slowly and evenly burn during combustion
      of the starting material. This type of holder is described in more detail
      in my co-pending application Ser. No. 264,379, filed June 19, 1972 now
      U.S. Pat. No. 3,849,069.
PAR  As disclosed in my U.S. Pat. No. 3,682,598, provision is also preferably
      made for introducing into the system one or more gasiform oxides of a
      non-radioactive nuclide which is an isotope of a radioactive nuclide
      present in the specimen. Thus, where the specimen contains carbon-14 and
      tritium, either carbon dioxide or water, or both, may be introduced into
      the system. As the term is used herein, "water" refers to either liquid or
      gasiform water, although it will be appreciated that at the temperature
      prevailing within the enclosure 23, typically 150.degree.C., the water
      exists as water vapor, or steam.
PAR  Referring to FIG. 2, water is introduced via the steam generator 25 located
      near the bottom of the combustion flask 11. Details of construction of an
      illustrative form of the steam generator 25 have been disclosed in detail
      in my aforesaid patent application and for this reason need not be
      repeated here. Suffice it to say that liquid water is drawn from a
      pressurized water storage container or flask (not shown) and discharged
      into a heater (also not shown) in which the water is vaporized and from
      which the vapor is directed into the flask 11. For certain purposes,
      particularly when the specimen to be combusted is small in size and it is
      desired to assay for carbon-14, non-radioactive carbon dioxide may be
      introduced into the combustion zone 11a through a counterpart of the water
      introduction system described above. As described in my aforementioned
      patent application, carbon dioxide gas under a pressure higher than that
      within the flask 11 is discharged into the combustion zone. In the
      remaining discussion herein it will be appreciated that the injected water
      and/or carbon dioxide mixes with the combustion products and is carried
      through the remaining portion of the system. Accordingly, no distinction
      is hereafter made between the oxides of radioactive and of non-radioactive
      nuclides.
PAR  In accordance with one important aspect of the present invention, the
      exhaust products from the primary combustion zone are combusted in a
      secondary zone in which the exhaust products are directed in a helical
      path so that centrifugal forces drive the exhaust products toward the
      walls of the secondary zone while intimately mixing the exhaust products
      with each other to achieve rapid and complete combustion of any
      uncombusted materials in the secondary zone. Thus, in the illustrative
      system, the exhaust products flowing through the exhaust port 13 pass
      through a short lateral passageway 30 formed by the fitting 14 and leading
      into a heated metallic tube 31 which forms the secondary combustion zone.
      More specifically, the tube 31 forms a pair of concentric helixes 34 and
      35 in series with each other with tangential arms 32 and 33 forming the
      inlet and outlet ports, respectively, of the secondary combustion zone. As
      the exhaust gases enter the inlet port formed by the tangential arm 32,
      the exhaust products flow into the top of the outer helix 34. The exhaust
      products flow downwardly through this outer helix 34, then radially
      inwardly to the bottom of the inner helix 35, and then upwardly through
      the inner helix 35 to the tangential arm 33 that forms the outlet port of
      the secondary combustion zone at the top of the inner helix 35.
PAR  The tube 31 preferably has a cross section that is much smaller than that
      of the primary combustion zone; for example, suitable tubing has a 5/16
      inch outside diameter with a wall thickness of 0.040 inch. Consequently,
      the helixes 34 and 35 can be formed in a compact space, typically not more
      than 2 to 3 inches long in any direction. Each helix is also formed with a
      small radius of curvature, preferably less than about 1.5 inches.
PAR  As another feature of the invention, the exhaust products from the primary
      combustion zone are combusted as they flow through the secondary
      combustion zone which is heated by passing electrical current directly
      through the single metallic tube that forms both the helixes 34 and 35 and
      the two tangential arms 32 and 33. More specifically, a suitable
      electrical power source is connected to opposite ends of the tube 31 by
      means of two flexible braided conductors 36 and 37. The first conductor 36
      is connected to the inlet end of the metal tube by soldering the conductor
      36 directly to the fitting 14 which receives and holds the tangential arm
      32 of the metal tube. The second conductor 37 is soldered to a fitting 38
      which receives and holds the other arm 33, thereby providing a connection
      to the outlet end of the tube 31. As electric current is passed through
      the tube 31 via the conductors 36 and 37, it heats the inside walls of the
      tube to a temperature sufficiently high to combust the exhaust products
      flowing therethrough, which typically requires a temperature at least as
      high as 900.degree.C. The tube 31 must be made of a material that is
      sufficiently resistant to oxidation at these high temperatures, such as
      Inconel 600,  for example. In order to minimize heat losses from the
      secondary combustion zone, the helixes 34 and 35 are completely surrounded
      by thermal insulation 39 contained within a metal housing 39a.
PAR  To achieve complete combustion, the secondary combustion zone should be
      heated to the ignition temperature even before combustion of the sample
      material is initiated in the primary combustion zone. During heating of
      the sample material to initiate combustion in the primary combustion zone,
      portions thereof are immediately converted into gases and vapors which may
      enter the secondary combustion zone immediately. Heat generated by the
      combustion process causes the gas pressure within the pirmary zone 11a to
      quickly increase, thereby causing the gases to be rapidly exhausted from
      the combustion chamber into the helical tube 31. Since the cross-sectional
      area of the opening in the tube 31 is considerably smaller than the cross
      section of the primary combustion zone, and the volume of the exhaust
      gases increases to about four times its original volume due to the rise in
      temperature, the gas velocity increases significantly as the exhaust gases
      pass from the primary combustion zone 11a into the secondary zone formed
      by the tube 31. Consequently, the gases flow through the small diameter
      tube 31 at a relatively high velocity.
PAR  In addition to gases, the exhaust products from the primary combustion zone
      occasionally contain particulate matter such as soot, as a result of
      incomplete combustion in the primary zone. To maximize recovery of the
      radioactive nuclides in the starting material, it is necessary to complete
      the combustion of this particulate matter as well as any uncombusted gases
      emanating from the primary combustion zone.
PAR  As the exhaust products from the primary combustion zone flow through the
      tube 31 forming the secondary combustion zone, the helical shape of the
      tube produces centrifugal forces within the gas stream which drive the
      exhaust products against the walls of the tube while constantly and
      thoroughly mixing the gases and any particulate matter entrained therein.
      This centrifugal action produces rapid and complete reaction of the gases
      and particulate matter so that the combustion process is completed within
      a relatively short length of tubing, as will be seen from the specific
      working examples to be described below. The results achieved with this
      helical configuration for the secondary combustion zone are particularly
      striking when compared with other configurations, such as a straight
      linear tube; whereas the helical tube achieves complete combustion and
      produces clean combustion products with essentially no remaining soot or
      unreacted gases, the use of exactly the same tube in a straight linear
      configuration transmits soot, sparks and flames from the primary
      combustion zone to the exit end of the tube, indicating incomplete mixing
      and combustion. Thus, the helical flow path in the secondary combustion
      zone is considered an important feature of this invention.
PAR  Although it is not intended to limit the invention to any particular
      theory, it is believed that gases and entrained particulate matter flowing
      through the helical tube are continually centrifuged toward the tube wall
      at the outer diameter of the helix. Thus, the gases and particulate
      material are brought into direct contact with the heated walls of the tube
      to achieve effective heat exchange between the tube walls and the
      materials flowing therethrough. The flow rate near the walls of the tube
      is slower than the flow rate in the center of the tube, thereby further
      enhancing heat exchange between the tube walls and the materials flowing
      therethrough. It is believed that the gases and particulate material near
      the tube walls flow circumferentially around the tube while flowing
      axially therethrough so that these materials are continually re-entrained
      in the high velocity flow stream in the center of the tube and
      re-centrifuged toward the outer tube walls at the outer edge of the helix.
      Thus, there is continuous and intimate intermixing combined with highly
      efficient heat transfer, resulting in rapid and complete combustion.
PAR  In order to maintain the secondary combustion zone at the selected
      temperature, which in the illustrative embodiment is typically
      900.degree.-1000.degree.C., a thermocouple 40 is located at the center of
      the inner helix 35. This thermocouple is connected to a conventional
      temperature controller in circuit with the power supply connected to the
      conductors 36 and 37, so that the current fed to the helical tube 31 is
      automatically adjusted to maintain the walls of the tube at the selected
      temperature.
PAR  It has been found that the combustion system provided by this invention is
      capable of achieving complete combustion of even the most difficult sample
      materials without any preliminary preparation of the sample materials. As
      a result of the complete combustion, the radioactive nuclide-containing
      materials recovered from the combustion products are completely
      transparent, so that there is no color quenching in the resultant liquid
      scintillation samples during subsequent measurement of the radioactivity
      level of such samples.
PAR  The sample material is 100 percent combusted and, with most sample
      materials, over 99 percent of the radioactive nuclide can be recovered
      with a memory reduced an order of magnitude below the memory level of
      presently available flame combustion systems; for example, the memory from
      a typical sample combustion is reduced from about 0.05 percent to about
      0.005 percent. Moreover, this complete combustion can be achieved at high
      fluid flow rates, e.g., on the order of 5 liters per minute, so that each
      combustion cycle is carried out in a short time interval, e.g., 0.05
      milliliter of organic solvents such as toluene can be combusted in less
      than 30 seconds.
PAR  For the purpose of cooling the combustion products before they enter the
      recovery system, the exhaust products from the secondary combustion zone
      flow through a port 41 in the fitting 38 and on into a cooling coil 42. In
      the illustrative system, this coil 42 is formed by two helical windings in
      a single metal tube located in the upper region of the housing 23. As the
      combustion products pass through the coil 42, their temperature is quickly
      reduced, but not enough to condense any of the components of the exhaust
      stream. That is, the combustion products are all still in the gaseous
      state when they enter the trapping system via a reducing coupling 43
      connected to the outlet end of the coil 42.
PAR  To demonstrate the excellent mixing and combustion characteristics of this
      invention, it was used in the combustion of .sup.14 C-labelled methane,
      which is the most stable natural combustible gas. In dilute concentration,
      it is resistive to decomposition, is most difficult to combust thoroughly,
      and has one of the highest ignition temperatures. Methane has a
      spontaneous ignition temperature of 632.degree.C., and the lowest
      concentration (volume per unit volume) at which it can normally be burned
      in oxygen is 5.4 .times. 10.sup.-.sup.2. The complete combustion of
      methane involves over twenty different chemical reactions, some of which
      require atomic oxygen or other intermediate reaction products which are
      rare in the gas stream when it contains only a low concentration of
      methane. When the illustrative system of the present invention was used to
      combust .sup.14 C-labelled methane at 925.degree.C. in a concentration of
      5 .times. 10.sup.-.sup.3, 100% of the .sup.14 C was converted to .sup.14
      CO.sub.2 and more than 99 percent of the .sup.14 C was recovered in the
      collection vial (the major portion of the final 1 percent was discharged
      in the cleaning cycle, and the balance was exhausted as unrecovered vapor,
      retained as "memory", or recovered as "spillover" in the tritium
      collection vial). The same degree of recovery (more than 99 percent) was
      also achieved at 1050.degree.C. in a concentration of 1 .times.
      10.sup.-.sup.7. These results are especially striking in view of the fact
      that the methane was combusted on a batch basis, i.e., a given quantity of
      methane was introduced prior to combustion, so that as the combustion
      progressed the methane concentration diminished. It is estimated that the
      actual average methane concentration was only 1 .times. 10.sup.-.sup.8.
      Thus, if the recovery was in excess of 99 percent, the maximum fraction of
      unrecovered methane was less than 1 percent of 10.sup.-.sup.8, or 1
      .times. 10.sup.-.sup.10.
PAR  The combustion of methane described above represents a worst case example.
      That is, the combustion system of this invention can be used to combust
      virtually all other organic compounds at lower temperatures and/or shorter
      times than methane. Also, hydrogen or tritium can be combusted at
      temperatures 100.degree.C. to 200.degree.C. lower than the temperatures
      required for carbon.
PAR  The following examples will further illustrate the results achieved by the
      use of this invention with a variety of different sample materials.
PAC  EXAMPLE 1
PAR  Using a system of the type illustrated in the drawings, 200 milligrams of
      carbon-14 palmitic acid were combusted in a flask about 51/2 inches high
      with a bottom inside diameter of 2 inches and a top inside diameter of 1/2
      inch. The flask was preheated to 150.degree.C., and pure oxygen was fed to
      the flask at an initial rate of 4 l./min. and decreased exponentially with
      time to a minimum of about 1 l./min. The secondary combustion zone was
      formed by a 5-foot tube of Inconel 600 having an outside diameter of 5/16
      inch and a wall thickness of 0.040 inch, and forming an outer helix about
      2 inches long with an outer diameter of 21/2 inches and an inner helix
      about 2 inches long with an outer diameter of 13/4 inches. The tube was
      heated to a temperature of 950.degree.C. by passing 70 amperes of current
      through the entire length of the tube at a voltage of  5 volts. Using the
      trapping system of a commercial Model 306 Sample Oxidizer made by Packard
      Instrument Company, Inc., the recovery of carbon-14 was 99.3 percent with
      a memory of less than 0.004 percent and spillover of 0.002 percent.
PAC  EXAMPLE 2
PAR  The same equipment and conditions described in Example 1 were used to
      combust 200 milligrams of tritiated palmitic acid. The recovery of tritium
      was 99.3 percent with a memory of less than 0.004 percent and spillover so
      small that it could not be measured.
PAC  EXAMPLE 3
PAR  Using the same equipment and conditions as in Example 1, 2 grams of fresh
      tritiated rat liver were combusted. The recovery of tritium was 99 percent
      with a memory of 0.02 percent and negligible spillover. The collected
      samples were completely transparent, which means that they would produce
      no color quenching when counted.
PAC  EXAMPLE 4
PAR  The same equipment and conditions used in Example 1 were used to combust
      0.5 grams of pig carcass containing carbon-14 toluene. The recovery of
      carbon-14 was 99 percent with 0.03 percent memory and negligible
      spillover. The exhaust products from the primary combustion zone were very
      smoky, which would normally produce darkly colored samples. However, the
      samples actually collected from the exhaust products from the secondary
      combustion zone were completely transparent.
PAC  EXAMPLE 5
PAR  Using the same equipment and conditions as in Example 1, 50 microliters of
      tritiated toluene in gelatin capsules were combusted. The recovery of
      tritium was 99 percent with 0.02 percent memory and negligible spillover.
PAC  EXAMPLE 6
PAR  Using the same equipment and conditions as in Example 1, 50 microliters of
      carbon-14 toluene in gelatin capsules were combusted. The recovery of
      carbon-14 was 99 percent with 0.02 percent memory and negligible
      spillover.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for combusting materials containing radioactive nuclides to
      permit recovery of the radioactive nuclides, said process comprising the
      steps of combusting a sample material containing at least one radioactive
      nuclide in a primary combustion zone, and continuously exhausting said
      primary combustion zone and passing the exhaust products through a
      secondary combustion zone while combusting uncombusted materials remaining
      in said exhaust products within said secondary zone, said exhaust products
      being directed in a helical path in the secondary combustion zone so that
      centrifugal forces drive the exhaust products toward the walls of the
      secondary combustion zone while intimately mixing the exhaust products
      with each other to achieve rapid and complete combustion of said
      uncombusted materials in said secondary zone.
NUM  2.
PAR  2. A combustion process as set forth in claim 1 wherein said secondary
      combustion zone is formed by a helical tube which is heated to combust the
      exhaust products passing therethrough.
NUM  3.
PAR  3. A combustion process as set forth in claim 2 wherein said helical tube
      is a metal tube which is heated by passing an electric current through the
      walls thereof.
NUM  4.
PAR  4. A combustion process as set forth in claim 1 wherein said helical path
      has a radius of curvature of less than about 1.5 inches.
NUM  5.
PAR  5. A combustion process as set forth in claim 1 wherein said secondary
      combustion zone is heated to a temperature at least as high as
      900.degree.C.
NUM  6.
PAR  6. A combustion process as set forth in claim 1 wherein the combustion
      products formed in said secondary combustion zone are continuously removed
      from said secondary zone.
NUM  7.
PAR  7. A combustion process as set forth in claim 1 wherein said sample
      material contains at least one radioactive nuclide selected from the group
      consisting of tritium and carbon-14.
NUM  8.
PAR  8. A combustion process as set forth in claim 1 wherein substantially pure
      oxygen is supplied to said primary combustion zone during the combustion
      of said sample material therein.
NUM  9.
PAR  9. A process for combusting materials containing radioactive nuclides to
      permit recovery of the radioactive nuclides, said process comprising the
      steps of combusting a sample material containing at least one radioactive
      nuclide selected from the group consisting of tritium and carbon-14 in a
      primary combustion zone while supplying substantially pure oxygen to said
      primary combustion zone, at an initial oxygen flow rate of at least 5
      liters per minute, continuously exhausting said primary combustion zone
      and passing the exhaust products through a helical tube while heating said
      tube to a temperature of at least 900.degree.C. to combust uncombusted
      materials remaining in said exhaust products within said secondary zone,
      the helical path of said exhaust products through said tube producing
      centrifugal forces to drive the exhaust products toward the walls of said
      tube while intimately mixing the exhaust products with each other to
      achieve rapid and complete combustion of said uncombusted materials in
      said secondary zone, said helical tube having a radius of curvature of
      less than about 1.5 inches, and continuously removing the combustion
      products from said helical tube and cooling said combustion products.
NUM  10.
PAR  10. Combustion apparatus comprising the combination of a primary combustion
      zone having means for combusting a sample material placed therein and
      means for continuously exhausting said primary zone, and a secondary
      combustion zone for receiving the exhaust products from said primary
      chamber, said secondary zone including means for combusting uncombusted
      materials remaining in said exhaust products in said secondary zone, and
      means for directing said exhaust products in a helical path in the
      secondary combustion zone so that centrifugal forces drive the exhaust
      products toward the walls of the secondary combustion zone while
      intimately mixing the exhaust products with each other to achieve rapid
      and complete combustion of said uncombusted materials in the secondary
      zone.
NUM  11.
PAR  11. Combustion apparatus as set forth in claim 10 wherein said secondary
      combustion zone comprises a helical tube and means for heating said tube
      to combust uncombusted materials in the exhaust products passing
      therethrough.
NUM  12.
PAR  12. Combustion apparatus as set forth in claim 11 wherein said helical tube
      is metal, and said means for heating said tube comprises an electric power
      source connected to said tube for passing electric current therethrough.
NUM  13.
PAR  13. Combustion apparatus as set forth in claim 11 wherein said helical path
      has a radius of curvature of less than about 1.5 inches.
NUM  14.
PAR  14. Combustion apparatus as set forth in claim 11 wherein said helical tube
      comprises a single tube forming a relatively large diameter helix at the
      inlet end thereof and a relatively small diameter helix at the outlet end
      thereof, said small diameter helix being disposed inside said large
      diameter helix.
NUM  15.
PAR  15. Combustion apparatus as set forth in claim 10 which includes a heat
      exchanger connected to said secondary combustion chamber for cooling the
      combustion products discharged therefrom.
NUM  16.
PAR  16. Combustion apparatus as set forth in claim 10 which includes means for
      supplying substantially pure oxygen to said primary combustion chamber
      during the ignition and combustion of said sample material therein.
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ABST
PAL  A flat flame burner comprises an air swirling chamber, an air supply tube
      provided for the air chamber for introducing combustion air thereinto in
      the peripheral direction of the air chamber so as to produce a swirling
      air stream in the chamber, a fuel gas supply tube disposed in the air
      chamber and having inlets centrally of the space for the swirling air
      stream and a flame opening positioned at one side in the direction of axis
      of the swirling air stream coaxially with the swirling air stream, the
      flame opening being defined by a wall having a thin portion around said
      opening and a flat outer face.
PARN
PAR  This application is a Continuation-in-Part application of Ser. No. 139,709,
      filed May 3, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Burners heretofore used for producing a flat flame over a wide area include
      a relatively elongated flaring section extending from the mixing chamber
      to the combustion chamber so as to permit thoroughly mixed fuel and air to
      flow into the combustion chamber and spread out in radial directions. With
      such structure, the flame may spread out radially to some extent, but
      because of provision of the elongated flaring opening, the axial component
      of jet velocity exerts influence on the flame to result in increase in the
      overall thickness of the flame in the axial direction of the egressed
      flame. Thus, the burner of the above-mentioned type fails to provide a
      flat flame.
PAR  Furthermore, the burner which includes a flaring section such as above,
      requires an elongated construction and the necessity to employ a
      refractory structure made of bricks or the like adds to the thickness of
      the constituent wall portions at the sacrifice of effective work space and
      renders the overall structure heavier.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to flat flame burners capable of producing a
      flame spread out radially over a wide area relative to its small
      thickness.
PAR  The flat flame burner in accordance with the present invention comprises a
      housing having an interior serving as an air swirling chamber. The wall of
      the housing at one side thereof in the direction of axis of the swirling
      air stream is formed with a flame opening which is disposed at the
      position corresponding to the axis of the swirling air stream. The wall
      defining the flame opening has a small thickness around said opening and a
      flat outer face. Accordingly, the characteristic of this construction that
      the combustion gas is forced out from the flame opening in a spiral
      direction by the swirling air current within the air chamber and the
      orifice effect of permitting the flame to emanate from a small opening to
      an unconfined outer space assure formation of a flat flame spreading out
      over a very wide area, thereby ensuring very rapid, uniform and highly
      efficient heat treatment of an article to be heated. With the present
      invention, moreover, it is possible to materially reduce the thickness of
      the overall device. The supply of combustion air in the form of a swirling
      stream makes it possible to provide a high velocity combustion burner
      without using a high pressure fuel gas, with the consequent advantage of
      satisfactory mixture of the fuel gas and combustion air and therefore
      markedly reduced combustion noise.
PAR  An object of the present invention is to provide a flat flame burner which
      is inexpensive and very compact in overall construction and yet which is
      capable of producing a flat flame spreading out over a wide area with high
      reliability and great ease.
PAR  Another object of this invention is to provide a flat flame burner
      including an exhaust cylinder opened respectively at one end proximate to
      a flame opening of a housing and at the other end positioned externally of
      the housing at one side thereof opposite the flame opening in the
      direction of axis of a swirling stream, the arrangement being such that
      the exhaust gas of the flat flame is moved toward the flame opening in
      circulation and flowed out through the exhaust cylinder so as to always
      enable a high temperature combustion gas to easily come into contact with
      the surface to be treated.
PAR  Another object of the present invention is to provide a flat flame burner
      which comprises two flat flame burners in combination, with the flame
      openings thereof disposed in face-to-face relation to define a narrow
      space therebetween, or which comprises a flat flame burner and a
      refractory plate disposed in facing relation to the burner with a narrow
      space formed therebetween, so as to enable a very thin flat flame to
      egress, outwardly and radially of the housing, from the passage provided
      by the narrow space and to perform heat treatment with its sharp flame
      edge.
PAR  Still another object of the present invention is to provide a flat flame
      burner which is capable of producing a very thin disc-like flat flame
      which spreads out radially of the housing as above-mentioned and which can
      be used for continuously heat-treating articles which are moved along the
      outer periphery of the disc-like flat flame.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in vertical section showing a flat flame burner in
      accordance with this invention;
PAR  FIG. 1a is a view in vertical section showing a further embodiment of the
      structure shown in FIG. 1;
PAR  FIGS. 2 to 4 are views in vertical section showing other embodiments;
PAR  FIG. 5 is a side elevation showing the burner of this invention as it is
      used for continuous heat treatment;
PAR  FIG. 6 is a plan view of FIG. 5;
PAR  FIG. 7a is a schematic sectional view of a burner disclosing another
      embodiment of a top plate for control of the flame emitted;
PAR  FIG. 7b is a schematic sectional view of a burner disclosing still another
      embodiment of a top plate for control of the flame emitted;
PAR  FIG. 8 is a generally cross-sectional view in vertical elevation showing a
      further embodiment of a burner provided with a flue;
PAR  FIG. 9 is a sectioinal view on line 9--9 of FIG. 8;
PAR  FIG. 10 is an elevational view of another embodiment of a burner showing
      the air entrance cavity within the general interior configuration of the
      burner shown in dotted outline; and
PAR  FIG. 11 is a sectional view on line 11--11 of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawings, the modes of embodying the present invention
      will be described in detail.
PAR  In FIG. 1 there is shown a cylindrical housing 11 made of metal, ceramic or
      other refractory material and provided, proximate to its bottom 11a, with
      an air supply tube 13 having an opening 13a for supplying combustion air
      into the housing 11 tangentially of the periphery thereof. The interior of
      the housing 11 serves as an air swirling chamber 15. Fixed to the housing
      11 at the position corresponding to the center of the space for swirling
      air in the chamber 15 is a gaseous fuel supply tube 12 extending through
      the bottom 11a. The peripheral wall of the gaseous supply tube 12 adjacent
      to its closed end is formed with gas inlets 12a for injecting the gaseous
      fuel into the air swirling chamber 15 in a radial direction or in a
      swirling manner. At an upper position in the direction of axis of the
      swirling movement of the air in the chamber 15, there is disposed the top
      wall 11b of the housing 11. The top wall 11b is formed, at the position
      corresponding to the axis of the swirling movement, with means defining a
      flame opening 16 which is small relative to the area of the top wall 11b.
      The top wall 11b is made of relatively thin material and includes a flat
      outer surface. The air chamber 15 includes a cylinder 14 surrounding the
      gas inlets 12a and fixed to the bottom 11a of the housing 11, the cylinder
      14 being outwardly spaced from the gas inlets 12a a suitable distance 19.
      Indicated at 18 is a flame detecting rod.
PAR  The air is supplied into the chamber 15 through the air supply tube 13 and
      a gaseous fuel is introduced into the chamber 15 from the gaseous supply
      tube 12 through the inlets 12a in a radial direction or in a swirling
      manner. Due to the provision of the surrounding concentric collar or
      cylinder 14, the air forced in from the opening 13a of the air supply tube
      13 is formed into a vigorous spiral swirling air stream, while the
      cylinder 14 defines the space 19 for stagnating the fuel gas at the center
      of the swirling stream around its axis after the fuel gas has been
      injected into the chamber 15. At this time, adverse effects to be
      otherwise exerted by the force of supplied air and that of the injected
      fuel gas upon each other are controlled and occurrence of turbulence in
      the swirling air stream as well as in the fuel gas is prevented. In fact,
      the fuel gas is forced into the swirling air stream to achieve a very
      satisfactory mixture of both the gaseous fuel and the air.
PAR  Thus, both gaseous fuel and air flow upward in swirling movement while
      partially being initiated into combustion to form a cylinder of swirling
      flames. Since the depth of the flame opening 16 in the axial direction of
      the swirling stream is small, with the interior of the chamber
      communicating with an unconfined outer space through the flame opening 16,
      the combustion gas, upon egression from the opening 16, spreads laterally
      outwardly of the top wall 11b in the form of a spiral swirling stream. The
      fact that combustion gas having a high temperature spreads out radially
      while expanding rapidly in its volume results in the formation of a thin
      flame a.sub.1 over a wide area on the outside of the top wall 11b near the
      flame opening 16. Between the flame a.sub.1 and the top wall 11b, at this
      time, a layer of air which did not take part in combustion is formed to
      prevent the top wall 11b from overheating by the flame a.sub.1.
PAR  The flame opening 16 which flares outward as indicated at 17 in FIG. 1
      serves to increase the component of velocity in a direction perpendicular
      to the axial direction. This is most desirable in producing a flat flame.
PAR  The surrounding cylinder 14 can be dispensed with in forming a flat flame
      without resulting in particular objections.
PAR  When an article to be heat-treated b is placed on a plane A.sub.1 as shown
      in FIG. 1, the article b is subjected to rapid heat treatment by the flame
      edge a' at a local portion in its one surface. In the case where an
      article to be heat-treated is placed on a plane B.sub.1, the article will
      be heated rapidly with the exhaust gas of the flame a.sub.1 circulating
      between the opening 16 and the plane B.sub.1 as indicated by an arrow as
      well as with radiant heat, uniform heating thus being achieved without
      direct contact of the flame a.sub.1 with the plane B.sub.1 which would
      cause spot heating.
PAR  Since the chamber 15 is so designed as to form a cylinder of swirling
      flames at its center, the housing per se need not be of a refractory
      construction made of bricks or the like but it may be built of a metal
      material in compact form having a small diameter. The swirling stream
      ensures a satisfactory mixture and serves to materially reduce combustion
      noise.
PAR  In FIG. 1a is shown an embodiment of the flat flame burner illustrated in
      FIG. 1 which further also includes in addition to the features described
      earlier a flame rod 11b which functions as an electrode and an ignition
      plug 11c.
PAR  As well shown in this view a flame column is formed around the burner axis
      and between this flame column and the inside wall of the burner is
      provided a swirling air layer. This mixture of air and gas which swirls
      along the length of the body 11 of the burner, is suddenly throttled at
      the burner top by the plate 15. As a result, the velocity in the axial
      direction is suppressed and the swirling effect of the gas and air is
      further intensified. Upon leaving the burner body through the axially
      disposed opening 17, the mixture is thus spread radially over the top of
      the plate 15 and the flame is then flat and planar.
PAR  The air required to support combustion as previously described in
      connection with the earlier views in this application is introduced
      tangentially through 13a so that the flame as a whole is constantly
      rotating at a very high speed, thus creating a negative pressure between
      the burner and the exit port 17 in the plate 15 thereby inducing air
      currents in the manner shown by the dotted arrows.
PAR  It is believed that it will be understood by those skilled in this art that
      a furnace of this design has particular utility in providing for uniform
      distribution of temperature.
PAR  Due to the negative pressure which exists within the flame column in the
      burner body, the injection of fuel gas is evenly promoted and thereby
      helps maintain the flame. This formation of a columnar flame is one of the
      salient features of this burner construction. Thus, due to the stable
      flame that is formed, any resultant noise is considerably less than
      ordinarily produced by a burner and also since the flame itself is not in
      contact with the burner walls, but only with the swirling air, the walls
      are then kept cool. Accordingly, it is conceivable that burners of this
      type, not being subjected to excessive temperatures, can be made from
      ordinary inexpensive castings and still have sufficient durability and
      long life.
PAR  In FIG. 2 an exhaust cylinder 31 is aligned with the axis of swirling
      movement of the air in an air swirling chamber 25 and has one end opened
      at a position close to a flame opening 26 formed in the top wall 21b of a
      housing 21. The exhaust cylinder 31 has the other open end opposite to the
      flame opening 26 and extending outwardly of the bottom 21a of the housing
      21. The cylinder 31 further extends through a gas supply tube 22 coaxially
      therewith and is fixed in position. Communicating with the lower end of
      the exhaust cylinder 31 is a heat exchanger 32. Gas inlets 22a are formed
      at the peripheral wall proximate to the closed distal end of the gas
      supply tube 22. Indicated at 23 are air supply tubes for supplying air to
      be swirled for combustion; at 24, a surrounding cylinder; and at 28, a
      flame detecting rod.
PAR  As already described with reference to FIG. 1, the combustion gas flowing
      in the direction of the arrows in FIG. 2 is discharged from the exhaust
      cylinder 31. The discharge from the cylinder 31 of the combustion gas
      which has been deprived of heat by effecting heating operation ensures
      positive outflow of the gas which has been cooled and tends to stay under
      a plane B.sub.2 in contact therewith, allowing the following hot
      combustion gas to come into contact with the plane B.sub.2 with greater
      ease and to impart its heat directly to the plane B.sub.2 or to an article
      thereon more effectively. Through repetition of this phenomenon the plane
      B.sub.2 or the article thereon can be heated for treatment efficiently and
      uniformly.
PAR  In the case where the surface to be treated is spaced from the flame
      opening 26 of the housing 21 by a smaller distance to provide more
      effective work space, the present device can be used with greater
      advantage.
PAR  It will be seen that with the burner of this invention, the exhaust gas of
      a relatively high temperature discharged from the exhaust cylinder 31
      serves to preheat the combustion air and fuel gas flowing through the
      chamber 25, and the exhaust gas may be fed into the heat exchanger 32 to
      preheat the air and gaseous fuel for heat recovery. The burner thus has a
      great advantage of improved combustion efficiency to achieve highly
      efficient heat treatment in its entirety.
PAR  The closer the upper opening of the exhaust cylinder 31 to the flame
      opening 26, the better will be the result attained. The best result will
      be obtained with a cylinder, the upper opening of which projects slightly
      above the flame opening 26.
PAR  FIG. 3 shows a cylindrical housing 41 made of metal, ceramic or like
      material and is provided, proximate to its bottom 41a, with an air supply
      tube 43 having an opening 43a for supplying combustion air into the
      housing 41 tangentially of the periphery thereof. The interior of the
      housing 41 serves as an air swirling chamber 45. Fixed to the housing 41
      centrally of the space for swirling air in the chamber 45 is a gaseous
      fuel supply tube 42 extending through the bottom 41a. The peripheral wall
      of the gas supply tube 42 proximate to its closed end is formed with gas
      inlets 42a for injecting a gaseous fuel into the air swirling chamber 45
      in a radial direction or in a swirling manner. At one side in the
      direction of axis of the swirling movement of air in the chamber 45, there
      is disposed a thin plate 44 formed, at the position corresponding to the
      axis of the swirling movement, with a flame opening 46 which is small
      relative to the area of the thin plate 44. The thin plate 44 has a small
      thickness and a flat outer face. The flame opening 46 flares outwardly as
      indicated at 47.
PAR  Disposed in facing relation to the thin plate 44 of a flat flame burner F
      thus constructed is a refractory plate 50, the plates 44 and 50 being
      spaced apart by a small distance. The refractory plate 50 is formed, in a
      portion thereof opposite the flame opening 46, with an air inlet 49.
      Annular plates 44a and 50a defining a flame jet 48a are provided around
      the outer peripheries of the thin plate 44 and refractory plate 50,
      respectively.
PAR  The refractory plate 50 confines a flat flame emanating from the flame
      opening 46 of the flat flame burner F and promotes radially spreading out
      of the flame a.sub.3, with the result that a sharp-edged flame a.sub.3 is
      obtained. In addition, the jet of the flat flame a.sub.3 causes fresh air
      to flow from the outside into the air chamber 45 by way of the air inlet
      49 and thereby assures swirling movement of the air within the chamber 45
      to maintain stable combustion all the time. Consequently, the desired
      heating efficiency will be ensured for a continuous operation over a
      prolonged period to achieve improved working efficiency.
PAR  In FIG. 4 the air supply tubes 63, 63' supply combustion air into air
      swirling chambers 65, 65' in a spiral swirling manner. The gaseous fuel
      supply tubes 62, 62' extend from the bottom of the air chambers 65, 65'
      coaxially therewith. The peripheral walls of the gas supply tubes 62, 62'
      are formed, proximate to their closed distal ends, with gaseous fuel
      inlets 62a, 62a'. Thin plates 64, 64' are fixed to the ends of housings
      61, 61', each at one side in the axial direction of swirling movement of
      air in each of the air chambers 65, 65'. These may be made of a metal or
      ceramic material. Flame openings 66, 66' are formed in the thin plates 64,
      64' coaxially with the swirling air stream. The flame openings flare
      outwardly.
PAR  Two flat flame burners F.sub.2, F.sub.2 ' thus constructed are disposed in
      opposite relation, with their flame openings 66, 66' facing each other. A
      small space is formed between the thin plates 64, 64' to define a passage
      68 for a flat flame.
PAR  With the flat flame burner shown in FIG. 4, cylinders of flames in stable
      swirling movement are produced in the air chambers 65, 65' in the same
      manner as already described. The energy of the swirling movement further
      acts to form flat flames which spread out radially respectively at
      positions close to the flame openings 66, 66' externally thereof. The flat
      flames emanating from the respective burners F.sub.2, F.sub.2 ' in
      face-to-face relation are joined with each other in the passage 68 so as
      to form a thin flame a.sub.5 which continuously extends along the
      peripheries of the burners.
PAR  Since two flat flames strike each other and are joined into the flame
      a.sub.5 is forced out from the narrow passage 68 radially thereof, it is
      possible to jet a flat flame with improved sharpness and at a high
      velocity. Furthermore, the use of two burners F.sub.2, F.sub.2 '
      remarkably facilitates temperature control to eliminate waste of gaseous
      fuel. Layers of air produced on the surfaces of the thin plates 64, 64' of
      the burners F.sub.2, F.sub.2 ' protect the thin plates 64, 64' from
      overheating. As a result, heat treatment can be conducted with high
      efficiency with a flame of high temperature and high velocity.
PAR  The flat flames to be produced by the embodiments of FIGS. 3 and 4 may of
      course be formed continuously or discontinuously over the entire periphery
      of the thin plate of the housing.
PAR  An embodiment of an apparatus for heat treatment incorporating the burner
      of this invention will now be described with reference to FIGS. 5 and 6.
PAR  This apparatus employs, for instance, a burner C comprising flat flame
      burners F.sub.2, F.sub.2 ' as shown in FIG. 4 which are disposed in
      face-to-face relation. The burner C in the form of a disc is positioned
      substantially horizontally and a turntable 82 is disposed under the burner
      C coaxially therewith. Rotatably supported on the turntable 82 along its
      periphery are article carriers 83 which are positioned outwardly of the
      flame jet 81 of the burner C, the article carriers being rotatably on
      their own axes and spaced apart from each other by a given distance along
      the periphery. Pinion gears 85 fixedly mounted on the lower ends of the
      drive shafts 84 of the carriers 83 are in meshing engagement with a
      disc-like rack 86 fixed in position, the rack being such that some of the
      teeth are removed as indicated at 86a. The turntable 82 is coupled to a
      motor 87. Mounted at suitable positions around the outer periphery of the
      turntable 82 corresponding to the toothless portion 86a of the rack 86 are
      supply means 88 and unloading means 89 for loading an article to be
      heat-treated onto, and unloading the same from the carrier 83 while it is
      not in rotation on its own axis.
PAR  The turntable 82 is driven by the motor 87, whereby the carriers 83 are
      rotated on their own axes by means of the pinion gears 85 and rack 86, the
      articles 90 on the carriers 83 thus being moved around the flame jet 81
      while being moved on their own axes. On the other hand, a sharp flat flame
      a.sub.6, the same as described with reference to FIG. 4, is emanated from
      the periphery of the jet 81 of the burner C in the form of a disc.
      Accordingly, the articles to be heated are continuously and uniformly
      heat-treated at their peripheral portions.
PAR  For heat-treating articles such as mouths of bottles in continuous
      operation, a number of burners of the cylindrical type, so-called Pian
      burners, have heretofore been used in alignment or in radial arrangement.
      However, the arrangement of such burners for heat treatment operation is
      extremely complex and requires great expense and much space and the
      control, such as temperature control, of a number of individual burners is
      difficult to achieve without ingenuity and skill. Conventional devices are
      therefore inefficient.
PAR  With the present apparatus comprising two flat flame burners in
      face-to-face relation, it is possible to provide a continuous or
      discontinuous flat flame along the periphery thereof, with the resulting
      advantage that it is suitable for continuous heat treatment for mouths of
      bottles or the like, free of the drawbacks conventionally experienced and
      capable of conducting continuous heat treatment with extreme ease.
PAR  The burner as shown in FIG. 3 can of course be used for continuous heating
      operation with ease.
PAR  The burner of this invention can obtain not only a flat flame but also a
      cylindrical flame may be made to project perpendicularly relative to the
      outside of the housing by quantities of the gas and the air supply for
      combustion and their pressures being adjusted relative to each other.
      Accordingly, in case of a heat treatment for a metal article, it may be
      possible for the burner to be utilized in the following manner. At first,
      the material to be treated is exposed to said cylindrical flame to be
      heated by a burner. After it reaches a desired temperature, it can
      thereafter be uniformly heated by a flat flame burner. And furthermore, a
      reverse operation is also possible to be practiced.
PAR  The drawings of FIGS. 7a and 7b are only schematically shown since the
      inventive concept is well disclosed in the earlier views in this
      application and these later views are only necessary to show the type of
      cover plates that are required for the burner 11 to provide generally
      cylindrical or toroidal flames.
PAR  In FIG. 7a the cover plate 15, it will be observed, is of somewhat greater
      thickness than that shown in the earlier views in this application and
      includes a flame opening 26a, the throat of which is constricted at the
      exterior surface of the plate as shown at 26b. The line 11 in this view as
      in FIG. 8 represents the wall of the burner and 11a the bottom thereof.
PAR  In the FIG. 7b view there is disclosed the type of opening in the top wall
      of the burner that will provide a toroidal flame. It will be noted from
      this view that the throat 27b is more constricted toward the inner surface
      of the plate than it is on the exterior surface, thereby providing between
      the interior and exterior walls of the cover plate a conical surface which
      widens toward the outer wall thereof and as indicated at 27c.
PAR  Thus, it is believed to be clear from the foregoing that by carefully
      controlling the thickness of the material from which the top plate is
      manufactured and the shape of the aperture therein, that is, whether on
      the one hand the throat area be lesser on the outside of the top plate and
      the angular divergence of the conical wall is less severe, a cylindrical
      flame will be formed, or on the other hand, if the throat area is lesser
      on the interior surface of the top wall and the angle of divergence of the
      conical wall is greater, then a flat flame that extends radially outward
      over the top of the burner will be created.
PAR  Further, as shown in FIG. 7b, by controlling the angle of divergence or
      conicity through the wall of the top plate, one can thereby completely
      control the type of flame emitted from the burner.
PAR  Referring now to FIGS. 8 and 9, there is disclosed in these views a further
      embodiment of the improved burner disclosed herein which includes a
      preheater for combustion air.
PAR  The burner 11 is provided with the usual top plate 15 as explained earlier
      herein, but as distinguished from the earlier burners disclosed, this type
      of burner includes a flue which is disposed along the negative pressure
      region. It is believed that it will be apparent to those skilled in the
      art that, as explained in connection with the structure of FIG. 1a, air
      will travel downwardly into the flue as shown by the dotted arrows in the
      view of FIG. 8 and be emitted at the bottom thereof as an exhaust. Thus,
      preheating of the combustion air is provided for by means of this flue.
PAR  Accordingly, negative air enters the mouth of the flue 100 and flows
      downwardly where it is diverted radially by the top surface of baffle 101
      toward the perpendicularly extending straight fins 102 thereby heating the
      tubular wall 103. Ultimately the air that enters the mouth 100 is
      exhausted at 104.
PAR  Further, in this structure the air enters at 13b where it is swirled by the
      spiral fins 105 into contact with the heat exchanger wall 103.
      Simultaneously therewith the gas is introduced into pipe 12b and passes
      upwardly therethrough until it enters the chamber 106 which is provided
      with the beveled perforate wall 107. At this point the rising, swirling
      air intermixes with the gas and upon ignition is discharged as a flat
      flame as explained earlier herein.
PAR  This concept has therefore the advantages of making it unnecessary to
      provide heat insulation for combustion air piping as well as making it
      unnecessary to provide piping for a separate heat exchanger and this
      structure as well eliminates the usual flue. This type of burner is
      principally intended for furnace use and is designed to give its specified
      capacity at the equivalent of air inlet pressure approximating about 300
      mm H.sub.2 O.
PAR  In FIG. 10 there is shown a type of burner which utilizes low pressure air
      which enters the mouth 108 and is soon thereafter divided into two flow
      streams by a baffle 109 with the outer burner wall 110 as well as the
      baffle being shaped to generally resemble the curvature of a snail shell.
      It will be noted from an examination of FIG. 11 that the terminus 111 of
      the baffle 109 is substantially diametric to the terminus 112 of the wall
      113, this being so to avoid eccentricity of the swirling air stream so
      that the air flow is then divided into two routes. The sum of the areas of
      these two sub-inlets 114 and 115 is equal to that of the initial inlet
      108.
PAR  Referring back again to the view in FIG. 10, it will then be well
      understood that with the air flowing in the manner indicated earlier and
      the gas being brought in through the bottom wall of the burner that the
      gas and air will mix as it is swirling along the length of the burner body
      11 and will be suddenly throttled at the burner top by the plate 113 and
      thence discharged as a flat flame as explained fully hereinbefore in
      connection with the embodiments of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A burner comprising a housing provided with a planar exterior wall
      having a first perforation, means defining a second opening in the housing
      in axial alignment with said first perforation, gas conduit means having
      an inner terminal portion coaxial with the said second opening in the
      housing, said conduit further including plural outlets spaced from the
      terminus, and inlet means to introduce continuously swirling combustion
      air into said housing exteriorly of said gas inlet conduit wherein an
      inner peripheral wall defining said first perforation has an axial
      dimension smaller than a radial dimension in order to form a flat flame
      spreading outwardly over said planar exterior wall.
NUM  2.
PAR  2. A burner as claimed in claim 1, wherein an exhaust cylinder is
      concentric with said terminal portion of said gas inlet.
NUM  3.
PAR  3. A burner comprising a housing provided with a first perforated planar
      exterior wall, means defining a second opening in the housing in axial
      alignment with the perforation in said wall, gas conduit means having an
      inner terminal portion coaxial with the said second opening in the
      housing, said conduit further including plural outlets spaced from the
      terminus, inlet means to introduce continuously swirling combustion air
      into said housing exteriorly of said gas inlet conduit, flame control
      means embodied with the first perforate wall to form a flame having a
      predetermined characteristic, and an exhaust cylinder concentric with said
      terminal portion of said gas inlet.
NUM  4.
PAR  4. A burner comprising a housing provided with a first perforated planar
      exterior wall, means defining a second opening in the housing in axial
      alignment with the performation in said wall, gas conduit means having an
      inner terminal portion coaxial with the said second opening in the
      housing, said conduit further including plural outlets spaced from the
      terminus, inlet means to introduce continuously swirling combustion air
      into said housing exteriorly of said gas inlet conduit, flame control
      means embodied with the first perforate wall to form a flame having a
      predetermined characteristic and collar means disposed concentric with the
      terminal portion of said gas inlet conduit.
NUM  5.
PAR  5. A burner comprising a housing provided with a first perforated planar
      exterior wall, means defining a second opening in the housing in axial
      alignment with the performation in said wall, gas conduit means having an
      inner terminal portion coaxial with the said second opening in the
      housing, said conduit further including plural outlets spaced from the
      terminus, inlet means to introduce continuously swirling combustion air
      into said housing exteriorly of said gas inlet conduit, flame control
      means embodied with the first perforate wall to form a flame having a
      predetermined characteristic, and an axially apertured plate means
      disposed in spaced relation to said first perforated flat exterior wall of
      said housing.
NUM  6.
PAR  6. A burner comprising a housing provided with a first perforated planar
      exterior wall including a throat area which diverges outwardly, means
      defining a second opening in the housing in axial alignment with the
      perforation in said wall, gas conduit means having an inner terminal
      portion coaxial with the said second opening in the housing, said conduit
      further including plural outlets spaced from the terminus, inlet means to
      introduce continuously swirling combustion air into said housing
      exteriorly of said gas inlet conduit and flame control means embodied with
      the first perforate wall to form a flame having a predetermined
      characteristic.
NUM  7.
PAR  7. A burner comprising a housing provided with a first perforated planar
      exterior wall including a throat area which converges inwardly, means
      defining a second opening in the housing in axial alignment with the
      perforation in said wall, gas conduit means having an inner terminal
      portion coaxial with the said second opening in the housing, said conduit
      further including plural outlets spaced from the terminus, inlet means to
      introduce continuously swirling combustion air into said housing
      exteriorly of said gas inlet conduit and flame control means embodied with
      the first perforate wall to form a flame having a predetermined
      characteristic.
NUM  8.
PAR  8. A burner comprising a housing provided with a first perforated planar
      exterior wall, means defining a second opening in the housing in axial
      alignment with the perforation in said wall, gas conduit means having an
      inner terminal portion coaxial with the said second opening in the
      housing, said conduit further including plural outlets spaced from the
      terminus, inlet means to introduce continuously swirling combustion air
      into said housing exteriorly of said gas inlet conduit and flame control
      means embodied with the first perforate wall to form a flame having a
      predetermined characteristic, wherein the combustion air inlet means
      includes curved baffle means serving to divide the incoming air into two
      separate streams.
NUM  9.
PAR  9. A burner as claimed in claim 3, wherein the exhaust cylinder
      communicates with a heat exchanger.
NUM  10.
PAR  10. A burner as claimed in claim 9, wherein the heat exchanger is
      concentrically disposed within the burner housing.
NUM  11.
PAR  11. A burner as claimed in claim 1, wherein a collar means is disposed
      concentric with the terminal portion of said gas inlet conduit.
NUM  12.
PAR  12. A burner as claimed in claim 3, wherein a collar means is concentric
      with said exhaust cylinder.
NUM  13.
PAR  13. A burner as claimed in claim 1, wherein an axially apertured plate
      means is disposed in spaced relation to said first perforated flat
      exterior wall of said housing.
NUM  14.
PAR  14. A burner as claimed in claim 5, wherein a supplemental air inlet means
      is associated with the axially apertured plate means.
NUM  15.
PAR  15. A burner as claimed in claim 5, wherein the axially apertured plate
      means consists of a refractory material.
NUM  16.
PAR  16. A burner as claimed in claim 5, wherein the axially apertured plate
      means forms one wall of a supplemental housing which further includes
      combustion air and gaseous fuel supply means.
NUM  17.
PAR  17. A burner as claimed in claim 10, wherein the heat exchanger shrouds a
      baffle-type deflector means.
NUM  18.
PAR  18. A burner as claimed in claim 1, wherein the first perforated planar
      exterior wall includes a throat area which diverges outwardly.
NUM  19.
PAR  19. A burner as claimed in claim 1, wherein the first perforated planar
      exterior wall includes a throat area which converges inwardly.
NUM  20.
PAR  20. A burner as claimed in claim 1, wherein the combustion air inlet means
      includes curved baffle means serving to divide the incoming air into two
      separate streams.
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ABST
PAL  A votive light including an opaque, metal container as the sole enclosure
      for a candle. Cut-outs are provided in the container well through which
      light from the candle is projected. The lowest edge of the cut-outs is
      higher than the initial height of the candles when resting on the bottom
      well of the container. The metal containers are arranged on shelves in
      horizontal rows of ascending height. The cut-outs are at a vertical height
      above the bottom of the container substantially equal to the difference in
      height of each row of candles. The size and spacing of the cut-outs
      relative to that of the containers is such that light from the candles
      passes through the openings and is reflected from adjacent containers.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 387,127 of the same inventor
      filed Aug. 9, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Candles have been used as religious symbols in churches for many hundreds
      of years. An array of such candles is commonly provided in many churches
      which may include several hundred candles in closely spaced relation.
PAR  For esthetic purposes, the visual effect of the illumination provided by
      the candles should be enhanced as much as possible. At the same time, some
      provision must be made for protecting against the fire hazard inherent in
      the open flames. For this reason, each candle is commonly held in an
      individual container which prevents run-off of hot wax and protects the
      underlying support and any nearby articles from the flame.
PAR  Containers providing the best compromise between the esthetic desirability
      of a visible flame and the safety requirement of an enclosed flame have
      been glass containers. These may be provided in various colors and varying
      degrees of transparency to offer the desired appearance. However, such
      containers are subject to breakage from impact or the heat generated by
      the candle flame. Thus, although glass containers do provide the necessary
      flame and heat containment as long as they remain intact, a definite
      safety hazard is presented by their susceptibility to breakage. The glass
      containers become extremely brittle after several hours of exposure to
      heat and carbon deposits from burning candles. In addition to the safety
      hazard, breakage of the containers presents maintenance problems (i.e.,
      cleaning up the broken glass, wax, etc.) and adds significantly to upkeep
      costs both in providing the necessary maintenance services and in buying
      replacement containers. While containers made of materials other than
      glass have been provided, the esthetic requirement of a visible flame or
      illumination has made opaque containers entirely unsuited to such
      applications.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to, and has as a principal object the
      provision of a votive light comprising a candle in an unbreakable
      container which still achieves the desired esthetic effect.
PAR  A further object is to provide an array of candles, each in an individual
      container, which represents a better combination of safety and esthetic
      effect than prior art arrays of such candles.
PAR  The individual containers are constructed entirely of metal, such as
      aluminum, and are therefore not subject to breakage from heat or impact as
      a glass container would be. A plurality of openings or cut-outs in the
      container side wall are provided for passage of light from the candle. The
      lowest edge of the cut-outs is higher than the initial height of the
      candles, whereby the containers may form the sole enclosure. The position
      of the cut-outs in the respective containers, and the relative positions
      of the containers within the array, is such at a most satisfactory
      esthetic effect is achieved by reflection of illumination from one candle
      from the surfaces of adjacent containers in the array.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a perspective view of a preferred embodiment of container for use
      in the invention;
PAR  FIG. 2 is an elevational view of a candle within the container of FIG. 1,
      the container being shown in vertical cross-section;
PAR  FIG. 3 is a front view of an array of containers and candles of the type
      shown in FIG. 2 on a supporting stand; and
PAR  FIG. 4 is an end elevation of the array shown in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, in FIG. 1 is shown a preferred embodiment of
      container formed entirely of metal, e.g., aluminum, and designated
      generally by reference numeral 10. The metal may be cast, spun, or formed
      by any convenient technique, to provide containers 10 with generally
      cylindrical side wall 12, diverging from flat, bottom wall 14 (FIG. 2) to
      an open upper end defined by edge 16. Both the inside and outside surface
      of at least the side wall is light reflecting.
PAR  A plurality of openings or cut-outs 18 are provided in side wall 12.
      Preferably, four such cutouts are provided at 90.degree. intervals around
      the side wall, and may be in the form of a cross, as shown, or other
      religious symbol since the intended use is in connection with religious
      observance. The lower edge of each of cut-outs 18 is a distance d above
      the bottom of container 10, and the cut-outs have a height h.
PAR  Votive candle 20 is shown in FIG. 2 placed within container 10. Candle 20
      is of a type in wide commercial use, comprising the usual wax body 22 and
      centrally disposed wick 24. The initial height of candle 20 is normally
      not greater than distance d, candle 20 having a constant diameter
      approximately equal to, or slightly smaller than, that of bottom wall 14
      of the container. Thus, melted wax may run down the sides of the candle
      within the container, and will not under normal conditions flow out of
      cut-outs 18.
PAR  In FIGS. 3 and 4 a plurality of containers 10, each holding a candle 20,
      are arranged in horizontal rows of ascending height. Supporting stand 26
      is constructed in conventional manner to include horizontally disposed
      shelves 28 attached at each end to supports 30. Each of shelves 28 is
      preferably at least as wide as the diameter of bottom wall 14 and each
      successive shelf is spaced laterally by a distance somewhat greater than
      the diameter of upper edge 16 and vertically by a distance substantially
      equal to distance d.
PAR  It may be seen from FIGS. 3 and 4 that illumination from the candles within
      containers 10 will pass through cut-outs 18 and either be directly visible
      or be reflected from one or more adjacent containers. Each of the
      containers is arranged on support stand 26 with one of openings 18 facing
      the front (the lowest shelf), whereby two of the openings will face the
      adjacent containers on each side, and the other opening will face the
      rearwardly adjacent container on the next higher shelf. Since each
      successive shelf is vertically spaced by substantially the same vertical
      spacing as that from the bottom of containers 10 to cut-outs 18, a major
      portion of each row of containers will be visible from the front, and a
      maximum amount of the light passing through the rearwardly fading cut-out
      will be reflected from the rearwardly adjacent container throughout the
      burning of the candles. The light from the candle flame will be reflected
      from the inside of side wall 12 to pass through cut-outs 18 at a maximum
      angle regardless of the height of the candle, and will be reflected from
      the outer surface of each laterally and rearwardly adjacent container so
      that each container appears brightly illuminated with a pleasing esthetic
      effect notwithstanding the opacity of the containers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A votive candle array comprising:
PA1  a. a plurality of candles initially of a predetermined first height;
PA1  b. a plurality of opaque, metal containers, each containing one of said
      candles and having a flat bottom wall upon which said candle rests, a
      generally cylindrical side wall, both the inner and outer surfaces of
      which are light reflective, and an open top, said containers providing the
      sole enclosures for said candles;
PA1  c. four cut-outs are provided in each container side wall at 90.degree.
      intervals, said cut-outs each extending upwardly from a lower edge a
      predetermined second height, greater than said first height, above said
      bottom wall, said side wall being solid and continuous from said lower
      edge to said bottom wall.
PA1  d. a support stand having a plurality of horizontally disposed shelves,
      each successive shelf being spaced laterally from the forwardly adjacent
      shelf, and vertically therefrom by a distance substantially equal to said
      second height; and
PA1  e. said containers, with said candles therein, being arranged in
      side-by-side relation on each of said shelves, and substantially in
      alignment with the containers on the next succeeding shelf with two of
      said cut-outs facing the two laterally adjacent containers and one cut-out
      facing a rearwardly adjacent container, whereby light passing through said
      cut-outs is reflected from the outer surface of the laterally and
      rearwardly adjacent containers.
NUM  2.
PAR  2. The invention according to claim 1 wherein said second height is greater
      than one-half the total height of said containers.
NUM  3.
PAR  3. The invention according to claim 2 wherein each of said shelves are
      laterally spaced, center-to-center, from adjacent shelves by at least the
      diameter of said open upper end of said containers.
PATN
WKU  039429415
SRC  5
APN  5199972
APT  1
ART  344
APD  19741101
TTL  Arrangement for sterilizing a stream of gas
ISD  19760309
NCL  2
ECL  1
EXA  Yuen; Henry C.
EXP  Camby; John J.
NDR  1
NFG  1
INVT
NAM  Perry; John H.
CTY  Doraville
STA  GA
ASSG
NAM  The Mead Corporation
CTY  Dayton
STA  OH
COD  02
RLAP
COD  71
APN  409986
APD  19731026
PSC  03
CLAS
OCL  432 29
XCL   21 91
XCL   21 92
XCL  432  2
EDF  2
ICL  A61L  300
FSC   21
FSS  2;71;91;92;110
FSC  432
FSS  219-221;54;29;2
UREF
PNO  958259
ISD  19100500
NAM  LeFaguays
OCL   21 92
UREF
PNO  1311235
ISD  19190700
NAM  Kemp et al.
OCL  432 29
UREF
PNO  3291563
ISD  19661200
NAM  Martin
OCL   21 91
UREF
PNO  3513627
ISD  19700500
NAM  Doucette et al.
OCL   21 91
UREF
PNO  3549312
ISD  19701200
NAM  Ernst
OCL   21 91
UREF
PNO  3549528
ISD  19701200
NAM  Armstrong
OCL   21 91
UREF
PNO  3598517
ISD  19710800
NAM  Beecher
OCL   21 91
UREF
PNO  3606282
ISD  19710900
NAM  Stookey
OCL  432 29
UREF
PNO  3689039
ISD  19720900
NAM  Kilgren
OCL  432 29
LREP
FR2  Rodgers; Walter M.
ABST
PAL  A source of gas under pressure is interconnected by conduit means with at
      least one point of use through gas conditioning means which may include
      filter means and heater means and retention means specially arranged to
      maintain the temperature of a stream of gas for a desired period of time
      and a source of sterilizing fluid is interconnected with the conduit means
      and is arranged to scavenge the conduit means, the point of use and the
      gas conditioning means in coordination with the opening of vent means
      associated with the point of use, the gas conditioning means and the
      conduit means.
PARN
PAR  This is a continuation of application Ser. No. 409,986 filed Oct. 26, 1973,
      now abandoned.
BSUM
PAR  Certain processes and machines which are used in conjunction with
      substances which are subject to virus and bacteriological contamination
      must utilize sterilized components and must operate in regions of sterile
      atmosphere or of pressurized gas. One example of such a process and
      machine is the so-called form-fill-seal machine one form of which is
      disclosed and claimed in U.S. patent application Ser. No. 238,872 filed
      Mar. 28, 1972 now U.S. Pat. No. 3,750,367 issued Aug. 7, 1973. While this
      invention is not limited to use with a machine of the form-fill-seal type,
      it is well suited for application to such a machine and is concerned
      primarily with sterilizing a stream of gas by heating the gas to a desired
      temperature and by maintaining the flowing gas at a temperature which is
      sufficiently high and for an adequate period of time to sterilize the gas
      while it is flowing to a point of use.
PAR  According to the invention in one form, a stream of gas is directed through
      heater means and its temperature elevated to a desired level and thence
      through suitable retention means which is specially constructed to
      maintain the stream of gas at a desired temperature level for a sufficient
      period of time to effect sterilization of the stream of gas.
DRWD
PAR  For a better understanding of the invention reference may be had to the
      following detailed description taken in conjunction with the accompanying
      single drawing FIGURE which takes the form of a schematic representation
      of a system constructed according to one form of the invention.
DETD
PAR  In the drawing gas under pressure is supplied from source 1 through gas
      conditioning means generally designated by the numeral 2 to points of use
      designated by the nummerals 3 and 4. Source 1 may constitute a compressor
      which is supplied from atmosphere with atmospheric air and which supplies
      compressed gas to the system through conduit 5 which in turn is connected
      through branch conduits 6 and 7 with a pair of parallel connected filters
      8 and 9 constructed to remove a substantial portion of foreign substances
      from the gas supplied to the filters through conduit 5. Preferably filters
      8 and 9 are of the micropore type having an efficiency of 99.99  percent
      for particles larger than 0.6 micron. Gas from filters 8 and 9 is supplied
      through conduit 10 to heater element 11 the output of which is supplied by
      conduit 12 to retention chamber 13 connected in series with cooling
      devices 14 and 15 via a conduit 16. Cooling elements 14 and 15 are
      connected in series by conduit 17. Gas is supplied from cooling device 15
      through conduit 18 and conduit 19 to the point of use 3. In practice point
      of use 3 in one application of the invention constitutes a hood shown in
      section and indicated by the numeral 20 and provided with slits 21 and 22
      which receive opposite edges of a strip of film F. Thus the interior of
      hood 20 is filled with sterile gas and the upper surface such as F1 is
      bathed in a sterile atmosphere. In one application of the invention the
      pressure within hood 20 is approximately 2/10 of an inch of water and is
      simply sufficient to cause slight leakage to atmosphere from the interior
      of the tunnel and by this means to preclude the possibility that
      contaminated atmospheric air may enter the interior of tunnel 20. The low
      pressure within the tunnel 20 is regulated by manually operable throttle
      valve 23.
PAR  Simultaneously with the application of low pressure gas to the interior of
      tunnel 20, substantially high pressure is supplied from conduit 18 to the
      forming press schematically represented by the numeral 4. Such gas passes
      through conduit 24 manually operable throttle valve 25, conduit 26, surge
      tank 27, conduit 28, electrically controlled valve 29, short conduit 30 to
      the forming press 4. Of course the adjustment of throttle valve 25
      accommodates the application of pressure to the forming press which may be
      of the order of magnitude of six or seven bars.
PAR  Where the sterile system of this invention is used in conjunction with a
      form-fill-seal machine, the relatively high pressure supplied to forming
      press 4 serves to aid in forming units such as containers which are formed
      from film such as F which is supplied in such a machine through tunnel 3
      from the forming press 4.
PAR  Heating chamber 11 is operated at elevated temperatures with the purpose of
      destroying bacteriological or virus elements which may succeed in passing
      through the filters 8 and 9. To this end, the discharge of gas from heater
      11 at approximately 800.degree.F. is supplied through conduit 12 to
      retention chamber 13 and simply is retained in chamber 13 for an
      appreciable period of time due to the substantial volume of retention
      chamber 13 compared to the size of conduit 12 and the rate of flow of gas
      therethrough. Thus adequate kill time is afforded by the retention chamber
      13 which prolongs the elevated temperature supplied by heater device 11
      for a substantial period of time such that all bacteriological and virus
      contamination is completely destroyed.
PAR  Heater chamber 10 elevates the temperature of a flowing stream of gas which
      flows around a serpentine heater element mounted on a threaded ceramic
      core and housed in a suitable quartz or aluminum oxide housing.
PAR  In order to destroy all viral and bacterial infestation in a gas, the gas
      must be maintained at a sufficiently high level of temperature for a
      sufficiently long time. Of course the higher the temperature of gas, the
      shorter the time required to effect complete extermination of all
      infestation. The following is a tabulation of gas temperatures correlated
      with extermination time:
TBL  Gas Temperature    Extermination Time                                     
     ______________________________________                                    
     300.degree.C       6 seconds                                              
     364.degree.C       .6 seconds                                             
     426.degree.C       .06 seconds                                            
     ______________________________________                                    
PAR  From the above tabulation, it is apparent that for each incremental
      increase of approximately 62.degree. to 64.degree. centigrade in
      temperature of the gas in the range of temperature stated, the
      extermintion time is decreased 90 percent to 10 percent.
PAR  The volume of gas required at the point of use or at the points of use per
      unit of time is known based on the requirements of the system. With the
      required rate of flow of gas as a starting point, the heater means is
      simply chosen so as to accommodate the required rate of flow and so as to
      elevate the temperature to a desired level determined by the above
      compilation such for example as 426.degree. centigrade. The retention time
      then must be a minimum of 0.06 seconds according to the above tabulation.
PAR  Thus in accordance with a principal facet of this invention, the
      temperature of gas is maintained at a level in excess of the required
      minimum by the use of a retention chamber constructed so that its cross
      sectional area in a plane normal to the direction of flow therethrough
      from the heater means is greater than the corresponding dimension of the
      heater means and of the conduit interconnecting the heater means and the
      retention means such that the volume flowing through the insulated
      retention chamber per unit of time is increased and the linear rate of
      flow per unit volume is decreased directly according to the increase in
      cross sectional area of the retention chamber in a plane normal to the
      direction of flow of gas therethrough. By this means the time of retention
      within the retention chamber of a unit volume of gas is correspondingly
      and directly increased for a predetermined minimum length of the retention
      chamber in the direction of flow of gas therethrough. As a matter of
      practice it ordinarily is desirable to allow a margin of safety and to
      construct the retention chamber of a length which greatly increases the
      extermination time so as to make certain that adequate sterilization is
      effected.
PAR  While this invention is not limited to a particular retention chamber or
      rate of flow of gas therethrough, one practical arrangement utilizes a
      cylindrical retention chamber having an inside diameter of two and one
      quarter inches and a length of nine feet and the rate of flow through the
      retention chamber is approximately 60 standard cubic feet per minute.
PAR  The gas supplied by retention chamber 13 through conduit 16 through cooling
      jackets 14 and 15 is reduced substantially in temperature to usable
      levels. For example the temperature of gas in conduit 18 before being
      supplied to the tunnel 20 or to the forming press 4 could be approximately
      100.degree.F. Of course the temperature is not critical at this stage and
      may be regulated as desired for particular applications of the invention
      as is obvious.
PAR  Surge tank 27 is simply an enclosure under pressure and serves as a buffer
      to insure that adequate volume and pressure of gas is always available for
      application in the relatively high pressure point of use identified in the
      drawings by the numeral 4 and which may take the form of a forming press
      if the invention is used in conjunction with a form-fill-seal machine.
PAR  From the above description it is apparent that sterile atmosphere is
      provided through which the film F is applied to the forming press and that
      relatively high pressure gas used in the forming operation is sterile and
      hence non-contaminating so that the containers formed by the forming press
      may be immediately filled with substances which are subject to
      contamination and when so filled and promptly sealed under sterile
      conditions such substances may be retained for long periods of time
      without refrigeration and such a result constitutes one of the advantages
      achieved and made possible pursuant to this invention.
PAR  Of course it would be futile to insure that sterilized gas is prepared by
      the filter elements 8 and 9 and by heater chamber 11 in conjunction with
      the retention chamber 13 if the interior surfaces of those elements as
      well as of the various conduits and the points of use were contaminated.
      Thus it is necessary to sterilize all interior surfaces prior to operating
      the system as a whole.
PAR  For the purpose of sterilizing the system before use, a sterilizing tank
      generally designated by the numeral 31 is employed and is interconnected
      by conduit 32, control valve 33, conduit 34, T connection 35 and conduit
      36 with the forming press 4.
PAR  It is within the purview of this invention to utilize any suitable
      sterilizing fluid. One suitable sterilizing fluid is hydrogen peroxide of
      proper concentration and temperature and means for forcing hydrogen
      peroxide in liquid form through the system may constitute a source of
      compressed air schematically designated in the drawing by the numeral 37.
      Such air under pressure may be supplied through electromagnetically
      controlled valve 38 to the tank 31. Thus with pressure applied to tank 31
      and with the valving of the system properly adjusted, sterilizing fluid
      may be supplied to the various components and retained therein for a time
      sufficient completely to sterilize all interior surfaces which come in
      contact with the gas supplied to the system from source 1.
PAR  Of course the system is substantially fluid tight with the exception of the
      leakage above described in conjunction with tunnel 20 so that in order to
      scavenge the system thoroughly and completely with sterilizing fluid such
      as liquid from tank 31, suitable vent means must be provided and must be
      controlled in an appropriate manner. For example the filters 8 and 9 are
      interconnected through vent lines schematically shown at 39, 40, 41, 42
      and 43. These vent lines are controlled by vent valve 44 which is normally
      closed and which is opened prior to the application of pressure to tank 31
      by opening valve 38. Interconnected between conduits 42 and 43 is a
      sensing device 44S which in practice may constitute a float switch by
      which the presence of sterilizing liquid is sensed and by which a
      determination may be made to the effect that filters 8 and 9 are
      completely filled with sterilizing liquid. Heating chamber 11 is
      interconnected by vent conduit 45, vent control valve 46 and conduit 47
      with conduit 42 so that when vent valve 46 is opened sterilizing liquid
      may completely fill the interior of heating chamber 11, retention chamber
      13, water jackets 14 and 15 and their associated conduits which are all
      connected in series. Valves 57 and 58 are normally closed drain valves.
PAR  For the purpose of venting the points of use 3 and 4 and the conduits
      associated therewith, schematically designated vent conduit 48 is
      connected with forming press 4 and with conduit 49, vent valves 50 and 51
      and conduit 53 to atmosphere. Tunnel 20 and its associated conduit 19 and
      valve 23 are vented through vent line 54, vent valve 55, conduit 56 and
      conduit 53.
PAR  From the above description it is apparent that a venting operation is
      initiated by simultaneously opening vent valves 44, 46, 50, 51, 55 and
      control valves 33 and 38. Under these conditions, pressure from source 37
      is applied to the interior of tank 31 and such pressure forces sterilizing
      liquid through conduit 32, control valve 33, conduit 34, T connection 35,
      conduit 36, point of use 4, conduits 30, valve 29, surge tank 27, conduit
      26, valve 25, conduit 24, conduit 19 to point of use 3. Simultaneously
      sterilizing liquid is supplied through conduits 18, through water jackets
      14 and 15 and their associated conduits 17 and 16, retention chamber 13,
      conduit 12, heater 11, conduit 10 and through the filters 8 and 9.
      Ultimately the sterilizing liquid passes through the vent valves 44 and 46
      and their associated conduits and through conduit 42, sensing device 44S
      and outwardly through conduit 43 to a suitable receptacle designated by
      the letter R. The presence of liquid in sensing device 44S constitutes a
      clear indication that the components of the system including all conduits
      are thoroughly scavenged of gas and the interior surfaces are thus in
      contact with sterilizing liquid. Following the scavenging operation vent
      valves 44, 46, 50, 51, 55 are closed. The system is maintained under this
      condition for a suitable length of time such as 30 to 40 minutes.
      Following which time the system is thoroughly sterilized and it is then
      simply necessary to drain the liquid from the system and toward this end
      drain valves 57 and 58 which are closed during a sterilizing procedure are
      opened so that the liquid may drain away to a suitable receptacle R2.
      Obviously from the drawing, drain valve 57 serves to drain conduits 34 and
      36 as well as T-connection 35, control valve 33 and conduit 32. Drain
      valve 58 serves to drain the surge tank, conduits 28, 30, valve 29,
      conduit 26, points of use 3 and 4 and cooling devices 14, 15, retention
      chamber 13, heater element 12, filters 8 and 9 and the conduits associated
      therewith. Following the drainage of the system, control valve 33 is
      closed so as to prevent the application of pressure gas to the tank 31. Of
      course the application of heated sterilized gas supplied from filters 8
      and 9 and heaters 11 serves further to scavenge those elements of any
      residual sterilizing liquid.
PAR  From the above description it is apparent that a completely sterile system
      is provided which supplies a low pressure sterile gas to a point of use
      such as tunnel 20 and a high pressure gas to a point of use such as
      forming press 4 and that means are also provided for pre-sterilizing all
      components prior to operating the system.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of sterilizing a stream of gas flowing under pressure through
      heater means, retention means, and cooling means interconnected via
      conduit means with each other and with a point of use, the method
      comprising heating said stream of gas to a temperature of approximately
      300.degree.C. in said heater means, maintaining said gas at approximately
      300.degree.C. for approximately 6 seconds in said retention means, cooling
      said gas substantially via said cooling means and supplying the sterilized
      and cooled gas to a point of use under pressure.
NUM  2.
PAR  2. A method according to claim 1 wherein said stream of gas is heated to a
      temperature in excess of 300.degree.C and wherein the temperature of said
      gas is maintained at a level in excess of 300.degree.C. for a time less
      than six seconds, the reduction in time being of the order of 90 percent
      for each increment of a temperature of approximately 63.degree.C. above
      300.degree.C.
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ABST
PAL  A rotary tubular furnace is provided at its outlet end with a satellite
      cooler comprising a plurality of cooling tubes uniformly spaced around the
      end portion of said tubular furnace and/or a tubular extension thereof,
      and each of said cooling tubes is provided with an influent member which
      during the rotation of the furnace intermittently dips into a cooling
      liquid bath to thereby supply cooling liquid to the respective cooling
      tube in regulatable quantities, said cooling liquid bath being connected
      with a supply of cooling liquid by a stationary supply conduit.
BSUM
PAR  This invention relates to a rotary tubular furnace which is provided with a
      satellite cooler, i.e., a plurality of cooling tubes uniformly spaced
      around the circumference of the furnace at the discharge end thereof.
PAR  The temperature of the clinker leaving the cooling tubes of a satellite
      cooler can be lowered by spraying water by means of nozzles into said
      cooling tubes. The supplying of water is, however, in the case of a
      satellite cooler with a plurality of cooling tubes uniformly spaced around
      the periphery of the discharge end of a rotary tubular furnace not readily
      feasible since a supply conduit which is coaxial with the rotary furnace,
      cannot be provided for practical reasons.
PAR  The object of the invention is to provide a device which in a simple and
      particularly economic manner enables continuous feeding of sufficient
      quantities of cooling liquid into the cooling tubes of a satellite cooler.
      This problem is solved by providing at least one liquid bath which is in
      communication with a source of liquid, and by connecting to each cooling
      tube at least one liquid supply tube which in operation dips
      intermittently into the liquid bath. The special advantage of this
      inventive arrangement is that the cooling liquid in a very simple manner
      is passed practically continuously from a stationary liquid supply conduit
      via the water bath into the cooling tubes of the rotating satellite
      cooler.
PAR  Accordingly, the cooling liquid is hereby in a practical manner through the
      rotation of the furnace drawn into the cooling tubes from the liquid bath
      which is preferably contained in a channel member. The inventive device
      therefore functions in an entirely spray water free manner as compared to
      known devices. Furthermore, in the device according to the invention the
      amount of liquid to be supplied to the cooling tubes can in a very simple
      manner by regulated by means of an adjustment valve in the cooling liquid
      conduit. This provides for an accurate dosage rate of the cooling liquid
      quantity required at any particular time.
PAR  In an advantageous embodiment of the invention the liquid supply tubes are
      provided with a pocket shaped scoop member which is open in the direction
      of rotation and dips into the liquid bath. By means of this scoop member
      greater quantities of liquid can advantageously be drawn from the channel
      member at any specific time and introduced into the respective cooling
      tube.
PAR  In order to facilitate the transfer of liquid from the channel member into
      the liquid supply conduits and from there into the cooling tubes said
      liquid supply conduits extend in an advantageous embodiment of the
      invention at an inclination to the direction of rotation of the furnace
      and open into the pocket shaped scoop members.
DRWD
PAR  Further details, features and advantages of the invention will be apparent
      from the following description of preferred embodiments with reference to
      the accompanying diagrammatic drawings, in which
PAR  FIG. 1 shows a partial longitudinal section of a satellite cooler connected
      with a rotary tubular furnace and provided with annular channel members
      mounted on the satellite cooler and on the cooling tubes,
PAR  FIG. 2 shows a cross-section on line II--II in FIG. 1,
PAR  FIG. 3 shows a cross-section another preferred arrangement and construction
      of pocket shaped scoop members according to the invention disposed
      outwardly of the cooling tubes; and
PAR  FIG. 4 is an enlarged fragmentary view of a portion of the mechanism.
DETD
PAR  In FIG. 1 the outlet end of a rotary tubular furnace 1 is shown with a
      plurality of cooling tubes 2 uniformly spaced around the furnace at said
      outlet end. The cooling tubes 2 are, on one hand, through tubular slip
      connections 3 and, on the other hand, by means of holder members 4 fixedly
      connected with the furnace tube and with a tubular extension 5 of said
      furnace tube, respectively. Each slip connection 3 leading to a cooling
      tube 2 is through a material discharge opening 6 in communication with the
      furnace chamber. The end of each cooling tube opposite to the slip
      connection opens into a discharge housing 7 which catches the amounts of
      material emerging from the cooling tubes 2 and diverts said material to a
      conveyor means (not shown) which is disposed beneath the discharge
      housing. In the tubular extension 5 of the furnace 1 there is further
      provided a stationary platform 8 on which a burner device 9 is movable.
      The combustion chamber of the furnace is sealingly separated from the
      tubular extension 5 by means of a door 10.
PAR  The tubes 2 extend horizontally and are fixedly supported in a cluster
      spaced uniformly circumferentially for rotation about a horizontal axis,
      and means shown schematically as provided for bearing support of the tubes
      in the rotary movement and for driving the cluster of tubes in rotation.
      On the shell of the tubular extension 5 is an annular chamber 11 provided
      coaxially with the satellite cooler, and to said chamber member 11 liquid
      supply tubes 12 are connected, each opening into one of the cooling tubes
      2. The liquid bath in the annular channel member 11 is maintained through
      a stationarily mounted liquid supply conduit 13 which in this embodiment
      extends freely along the wall of the extension 5 into the channel member
      11.
PAR  In operation, the cooling liquid, such as water, is through the stationary
      conduit 13 continuously supplied to the channel member 11 in which a
      liquid bath is created from which the liquid is passed through the supply
      tubes 12 into the cooling tubes 2 in correspondence with the rotation of
      the furnace. The passing of the cooling liquid from the channel member 11
      into the cooling tubes 12 hereby proceeds, counted in the direction of
      rotation of the cooling tubes, from the nadir to about the zenith of the
      rotary path described by the cooling tubes 2. The amount of water to be
      supplied to the cooling tubes is advantageously adjustable by means of a
      control valve 14 provided in the conduit 13. This provides for a very
      accurate dosage rate of the cooling water amount required in the cooling
      tubes at any specific time.
PAR  It may also be expedient to place a channel member 15 exteriorly around the
      satellite cooler or to provide an additional channel member, such as 11 or
      15, respectively, interiorly or exteriorly of the cooling tubes 2, the
      cooling liquid being supplied to the cooling tubes through suitable supply
      means in the same manner as described above. In such a case the second
      channel member, e.g., channel member 15, may suitably be spaced from the
      channel member 11 a greater or smaller distance longitudinally of the
      cooling tubes. Through this arrangement of the annular channel members 11
      and 15 the cooling tubes may advantageously be continuously supplied with
      cooling liquid in regions separate from each other. The dosage rate of the
      cooling liquid may also be adjusted by means of suitable control valves
      (not shown) in the supply conduits.
PAR  As shown in FIG. 2, the liquid supply tubes 12 are, counted from the
      channel member 11, each provided with a pocket shaped scoop member 16
      which is open in the direction of rotation. Preferably, said liquid supply
      tubes open into the pocket shaped scoop members at an inclination in
      relation to the rotary direction of the furnace. The walls of the scoop
      members extend in said direction of rotation, the bottom and side walls in
      this embodiment being formed by the lateral channel member walls, the
      channel member bottom and by fixed plate elements 17 arranged in the
      channel member approximately at half the height of the channel member.
      Through this construction and arrangement of the pocket shaped scoop
      members in the channel members 11 or 15 greater amounts of cooling liquid
      can at any time be scooped up from the channel members and passed into the
      cooling tubes. The supplying of liquid to the cooling tubes 2 is further
      efficiently supported through the arrangement of the liquid supply
      conduits 12 at an inclination to the direction of rotation of the furnace.
PAR  The introduction of cooling liquid into the cooling tubes of the satellite
      cooler can in a different embodiment, shown in FIG. 3, also very
      advantageously be achieved by means of separate funnel or pocket shaped
      scoop members 18 which are secured exteriorly to the cooling tubes and in
      operation -- during rotation of the cooling tubes -- scoop up cooling
      liquid from a trough or vat 19 and pass said liquid to the cooling tubes 2
      through connection conduits 20. The amount of liquid to be scooped up by
      the scoop members 18 from the trough 19 can also in this case be
      controlled through suitable variation of the liquid level in the trough 19
      or through throttling or increasing the supply to said trough. In order to
      achieve the highest possible filling degree of the scoop members 18 it is
      advisable to pass the cooling liquid into the trough 19 through an
      influent tube 21 directed oppositely to the direction of rotation of the
      scoop members 18. Through the construction and arrangement of the scoop
      members in relation to the cooling tubes 2 as shown in FIG. 3 there is
      also in a simple way achieved an almost continuous supply of cooling
      liquid to the cooling tubes 2 of the satellite cooler.
PAR  FIG. 4 illustrates in greater detail one proposed structural arrangement
      for picking up cooling water with rotation of the tubes. The annular
      channel member 11 contains the pocket-shaped scoop member 16 which is
      formed by plates 17 and 17', welded or otherwise attached at their edges
      to the sides and bottom of the channel member 11. The back plate portion
      17' extends to the outer rim of the channel member so that the front of
      the scoop 16 is open to receive the water. Rotation is in the direction
      shown by the arrowed line. Water caught by the scoop 16 flows through the
      liquid tube 12 into the cooling pipe 2 of the satellite cooler, as
      generally illustrated in FIG. 2.
PAR  Obviously, the details of the embodiments shown and described may be varied
      or modified in several ways within the scope of the appended claims.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A rotary tubular furnace with a satellite cooler, comprising:
PA1  a plurality of cooling tubes spaced about the circumference of the furnace
      at the outlet end thereof;
PA1  a liquid coolant bath contained in a channel member;
PA1  means for supplying liquid to said liquid bath;
PA1  at least one tubular influent means connected to each of said cooling
      tubes, with each of said tubular influent means being provided with a
      pocket shaped scoop member open in a rotary direction and adapted to
      intermittently dip into the liquid bath during operation of the furnace;
      and
PA1  means for rotating said tubes about a common horizontal axis so that said
      scoop members are moved past said bath.
NUM  2.
PAR  2. A rotary tubular furnace according to claim 1, in which said channel
      member is annular and fixedly connected to the satellite cooler.
NUM  3.
PAR  3. A rotary tubular furnace according to claim 1, in which said tubular
      influent means extend at an angle to the rotary direction of the furnace
      and open into said pocket shaped scoop members.
NUM  4.
PAR  4. A rotary tubular furnace according to claim 1, in which each of said
      scoop members is stationarily disposed in said annular channel member.
NUM  5.
PAR  5. A rotary tubular furnace according to claim 1, in which the scoop
      members are funnel or pocket shaped.
NUM  6.
PAR  6. A rotary tubular furnace with a satellite cooler constructed in
      accordance with claim 1 wherein said means for supplying liquid discharges
      liquid into said bath in a direction opposing the direction of movement of
      said scoop members.
NUM  7.
PAR  7. A rotary tubular furnace with a satellite cooler constructed in
      accordance with claim 1:
PA1  wherein said liquid bath is in the form of an annular chamber and said
      influent means is in the form of plates secured to the channel forming a
      pocket opening at the leading end to receive coolant.
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ABST
PAL  Small articles such as springs are heat treated as they flow downward by
      gravity through a straight cylindrical tube. The tube need not be
      cylindrical or straight and means to assist gravity may be provided. The
      articles are heated by hot air or other gas introduced to said tube
      through apertures in its walls and which flows through portions of the
      tube at high velocity. Hot air thus introduced is withdrawn through other
      apertures in the walls of the tube in a manner to prevent heat loss by
      exhaust of the hot air at either end of the tube or by introduction into
      the tube of ambient cool air at either end of the tube.
PARN
PAC  CROSS-REFERENCES
PAR  This application is a continuation-in-part application of application Ser.
      No. 449,364 filed Mar. 8, 1974, now U.S. Pat. No. 3,850,572, having the
      same title.
BSUM
PAC  FIELD
PAR  This invention relates to a furnace or oven or heating apparatus and more
      particularly to such apparatus for heat treating small articles by passing
      heated air thereover.
PAC  PRIOR ART
PAR  The invention is an improvement over the disclosures of the following
      patents:
TBL  1,643,775   9/27/27    J. Kelleher                                        
     3,115,818  12/31/63    R. A. Smith                                        
     3,293,879  12/27/66    H. Van Eikeren                                     
     3,346,247  10/10/67    L. Talalay et al                                   
     3,351,329   11/7/67    D. W. Thomas                                       
     3,437,321   4/8/69     D. M. Wilkinson                                    
     3,448,969  6/10/69     C. A. Windsor                                      
     3,456,930  7/22/69     Kunio Saeki et al                                  
     3,467,366  9/16/69     H. W. Westeren et al                               
     3,650,042  3/21/72     Boerger et al                                      
     3,659,551   5/2/72     McKinstry                                          
PAR  U.S. Pat. Nos. 3,351,329 and 3,467,366 describe use of venturi apparatus to
      provide isolation of the atmosphere within the furnaces described therein
      from the ambient atmosphere, unlike the device of the present invention.
PAR  The other above listed patents likewise describe various means for
      providing isolation of the atmosphere within a furnace from the ambient
      atmosphere; each is distinguished from the apparatus of the instant
      invention as will be apparent from the following detailed description.
PAC  SUMMARY AND BACKGROUND
PAR  Small articles such as springs, fasteners, twist drills and the like have
      traditionally and conventionally been heat treated by placing the articles
      in a perforated metal box and placing the box in a furnace into which
      heated air or other gas is introduced or by placing the articles in a
      rotating drum provided with heated air or other gas in the interior
      thereof.
PAR  Such articles or devices (especially springs and many fasteners) are often
      characterized by a tendency to become entangled when placed helter skelter
      into a container. Normally hand labor is required to separate such devices
      which have been heat treated in bulk in the manner of the prior art and
      generally an excessive and even stupendous cost factor is thereby added to
      the overall cost of producing the part. For example, it has been not
      uncommon for the cost of carrying out this single step in the manufacture
      of a spring to outweigh or be larger than the total of all other costs in
      the manufacture of the spring, including cost of materials, cost of
      original manufacture of the spring, all costs of transportation and even
      the cost of installing the spring in the final device for which it is
      destined which can often be done automatically by robot-type machinery.
      That which is true for such springs is also true for many other metal wire
      parts and spring steel fasteners and fastener parts.
PAR  Generally throughout the remainer of this specification reference will be
      had to springs. But it is to be understood that such reference to springs
      is intended to include other small articles or parts to which the
      invention may apply, including for example but not limited to spring steel
      fasteners, spring steel fastener parts, twist drills, bifurcated rivets
      and hollow rivets, the heat treating of which is required as a step in the
      manufacture thereof.
PAR  The device of the present invention is normally adapted to be located
      immediately adjacent a spring coiler, that is, a spring manufacturing
      machine, so that as each spring manufactured by the spring coiler is
      ejected from the coiler or falls from the coiler it is introduced by
      gravity or by the force of the ejection from the machine into the device
      of the invention.
PAR  In the device of the invention at least one tube (usually two tubes) is
      provided in which the springs travel vertically downward or at an angle
      downwardly. The tube is preferably straight and cylindrical but for parts
      other than coil springs may have any other suitable configuration. Springs
      form a column or stack of springs within the tube of the device, the
      lowermost spring being supported by a release mechanism provided at the
      lower extremity of the device and the remainder of the springs in the
      column or stack being supported by one another. The release mechanism
      releases a spring from the bottom of the heat treating device of the
      invention for each spring introduced at the top of the device so that the
      rate of release of the springs from the heat treating device exactly
      corresponds to the rate of introduction of the springs to the heat
      treating device.
PAR  Generally the springs travel downwardly through a tube of the device due to
      the force of gravity acting thereon but in certain instances, generally in
      those instances wherein the tube is relatively long and inclined at a
      relatively small angle to the horizontal, means to vibrate the tube or to
      vibrate the entire device and thereby vibrate the tube may be provided to
      assist gravitational force to cause the springs to travel downwardly
      therethrough.
PAC  OBJECTS
PAR  It is therefore an object of the invention to provide an improved heat
      treating device.
PAR  Another object is such an improved device for heat treating small
      entangleable parts without entanglement thereof.
PAR  Another object is such a device wherein the parts travel in a column
      through a tubular portion of the device.
PAR  Another object is such a device wherein heating of the articles to be heat
      treated is provided by high velocity hot gas traveling in said tubular
      portion.
PAR  Another object of the invention is such a device wherein heating of each
      article to the temperature of heat treatment occurs very rapidly and very
      near the point of entry of the article into the device.
PAR  Another object of the invention is such a device wherein the ends of said
      tubular portion are open to the ambient atmosphere and yet no heat loss or
      gain and no exchange of said heated gas with the gas of the ambient
      atmosphere takes place.
PAR  Another object is such a device which may be made relatively short.
PAR  Other objects will become apparent from the drawings and from the following
      detailed description.
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PAC  DRAWINGS
PAR  In the figures like reference numerals refer to like parts and:
PAR  FIG. 1 is a schematic cross-sectional view of a preferred embodiment of the
      invention taken from the aspect of lines 1--1 in FIG. 2;
PAR  FIG. 2 is a schematic cross-sectional view of the embodiment of FIG. 1
      corresponding to a view which would be taken of the entire embodiment of
      FIG. 1 on lines 2--2 in FIG. 1;
PAR  FIG. 3 is a cross-sectional view of a modification of the embodiment of
      FIGS. 1 and 2 taken of the entire embodiment from the viewpoint indicated
      by lines 3--3 in FIG. 1;
PAR  FIG. 4 is a schematic cross-sectional fragmentary perspective view of
      another modification of the embodiment of FIGS. 1 and 2, comprising a
      single heat-treating tube;
PAR  FIG. 5 is a schematic cross-sectional perspective fragmentary view of still
      another modification of the embodiment of FIGS. 1 and 2 which comprises
      four heat treating tubes and six heating elements;
PAR  FIG. 6 is a schematic cross-sectional perspective fragmentary view of
      another embodiment; and
PAR  FIG. 7 is a schematic cross-sectional partially cutaway perspective view of
      yet another embodiment.
DETD
PAC  DESCRIPTION
PAR  Referring now to FIGS. 1 and 2, a device in accordance with the invention
      may comprise two heat treating tubes or tubular members 10 and 11, each of
      which may have an inlet end as indicated at 12 and an outlet end as
      indicated at 13. A plurality of small articles such as any one of the
      springs (or other parts) mentioned in U.S. Pat. No. 3,850,572 may be
      introduced into tubes 10 and 11 at their inlet ends 12 as indicated at
      arrow 14, may travel through tubes 10 and 11 and may exit from tubes 10
      and 11 at ends 13 as indicated by arrow 15. First plenum chamber 16 and
      second plenum chamber 17 share common or co-extensive end walls 18 at the
      inlet end and 19 at the outlet end. Plenum 16 may be defined by walls 18
      and 19 and by top wall 20, bottom wall 21 and side walls 22. Plenum 17 may
      be defined by walls 18 and 19, tubes 10 and 11, wall 23 extending between
      tubes 10 and 11, bottom wall 24 and side walls 25.
PAR  Blowers 30 may be provided to withdraw gas from plenum 17 through ducts 31
      as indicated by arrows 32 and 33 and to introduce the withdrawn gas into
      plenum 16 through ducts or openings 34 as indicated by arrows 35 and 36.
      Heating elements indicated generally as 37 may be disposed longitudinally
      in plenum 16 and may be of the fin-tube type and thus may comprise fins 38
      and central core or tube 39.
PAR  A group of apertures 40 may be provided in a wall of tube 10 and may
      communicate between the interior of tube 10 and plenum 16 to provide for
      introduction of heated gas from plenum 16 into the interior of tube 10 as
      indicated by arrows 41.
PAR  A group of apertures 42 may be provided in a wall of tube 10, spaced
      longitudinally in said tube with respect to the group of apertures 40 and
      may communicate between the interior of tube 10 and plenum 17 to provide
      for withdrawal of heated gas from the interior of tube 10 into plenum 17
      and thence to blowers 30 as indicated by arrows 43.
PAR  A group of apertures 44 may be provided in a wall of tube 10 and may be
      longitudinally spaced with respect to apertures 42 as shown. Apertures 44
      may provide communication between plenum 16 and the interior of tube 10 to
      provide for introduction of gas from plenum 16 into tube 10 as indicated
      by arrows 47. Said gas may travel from blowers 30 as indicated by arrows
      61 and travel between fins 39 of heaters 37 as indicated by arrows 60.
PAR  A group of apertures 46 may be provided, spaced longitudinally from group
      44 in a wall of tube 10 and communicating the interior of tube 10 to
      plenum 17, to provide for withdrawal of heated gas from the interior of
      tube 10 to plenum 17 as indicated by arrows 47.
PAR  A group of apertures 48 may be provided in a wall of tube 10, spaced
      longitudinally from group 46 and communicating between plenum 16 and the
      interior of tube 10, to provide for introduction of heated gas, heated by
      heaters 37, from blowers 30 to the interior of tube 10.
PAR  Whereas apertures 40, 42, 44 and 46 have been shown as round holes,
      apertures 48 are shown as elongated rectangular holes or slots. The
      particular shape of the apertures is not limiting and may not only be
      round but may be oval or elongated or triangular, hexagonal or the like.
      The flow of gas through apertures 48 is indicated by arrows 49.
PAR  Apertures 50 may be provided in a wall of tube 10, longitudinally spaced
      from group 48, to provide communication between the interior of tube 10
      and plenum 17 to provide for withdrawal of heated gas from the interior of
      tube 10 to plenum 17 and thence to blowers 30 as indicated by arrows 31
      and 32.
PAR  A group of apertures 52, spaced longitudinally from group 50 may be
      provided in a wall of tube 10 to provide for introduction of gas heated by
      heaters 37 from plenum 17 to the interior of tube 10 as indicated by
      arrows 53 and group 54 of apertures in the wall of tube 10 may provide for
      flow of gas from the interior of tube 10 to plenum 17 and thence to
      blowers 30 as indicated by arrows 55.
PAR  Apertures 56 in tube 11 are part of a group of apertures providing
      communicating between plenum 16 and the interior of tube 11 and providing
      for introduction of heated gas from the interior of plenum 16 into the
      interior of tube 11 and apertures 58 which are longitudinally displaced in
      tube 11 from apertures 56 may be part of a group of apertures
      communicating between the interior of tube 11 and plenum 17 to provide for
      withdrawal of gas from the interior of tube 11 into plenum 17. Apertures
      which serve the same functions in tubes 10 and 11 need not correspond in
      longitudinal position in these tubes. Thus apertures 56 and apertures 50
      in tubes 11 and 10 respectively, which correspond in function, are not in
      the same respective longitudinal positions in tubes 11 and 10 as is shown
      in FIG. 2 wherein orifices 56 are shown in cross-section but orifices 50
      are displaced longitudinally from the plane in which the cross-section is
      taken. Likewise, orifices 58 and 52 in tubes 11 and 10 respectively serve
      the same function but apertures 52 are properly shown in full
      cross-section in FIG. 2 whereas apertures 58 are displaced longitudinally
      from the plane in which the cross-section is taken.
PAR  It may be observed that the direction of flow of gas within tube 10 over
      and around parts which may be disposed within tube 10 to be heat treated
      has both significant laterial components and significant longitudinal
      components by reason of the longitudinal spacing in tube 10 of each group
      of apertures which provide for withdrawal of gas therefrom from each group
      of apertures which provide for introduction of gas thereto and by reason
      of providing the apertures which provide for withdrawal of gas from the
      interior of tube radially with respect to the apertures which provide for
      introduction of gas to tube 10.
PAR  Apparatus heretofore described including, if desired, blowers 30 may
      desirably be mounted within a housing 62 indicated fragmentarily in FIG. 2
      and may be provided with insulating material 63 between housing 62 and
      walls 18, 19, 20, 21 and 22 as indicated fragmentarily at 63 in FIG. 2.
PAR  Housing 62 may be provided with means such as described in U.S. Pat. No.
      3,850,572 to provide for attaching the device to an upright or vertically
      extending post or any other suitable mounting or to provide for disposing
      the device at any suitable angle. It is generally preferred to mount and
      operate the device at a slant as indicated in FIG. 1 and shown in FIGS. 1
      and 2 of U.S. Pat. No. 3,850,572 but the device may be operated and
      mounted vertically and also may be operated and mounted horizontally. In
      the case of horizontal mounting or mounting at an angle near horizontal,
      gravity cannot be depended upon or cannot wholly be depended upon to
      provide for flow of articles to be heat treated through the tubes of the
      device such as tubes 10 and 11 and accordingly a vibrating device 64 may
      be provided attached to wall 20 as shown or attached to housing 62 or to
      any portion of the device to provide for vibratory feeding of articles to
      be heat treated through the heat treating tubes of the device.
PAR  As a critical feature of the method and device of the invention, size of
      the apertures and the number of apertures in each of groups 40, 42, 44,
      46, 48, 50 and 52 and 54 of apertures are so chosen and adjusted as to
      provide for zero or nil outflow of gas from the interior of tube 10 at
      inlet end 12 as indicated by arrow 70 and to provide for zero or nil
      inflow of ambient atmospheric air into the interior of tube 10 at end 12
      as indicated by arrow 71 and likewise to provide for zero or nil outflow
      of air from the interior of tube 10 at end 13 as indicated by arrow 72 and
      to provide for zero or nil inflow of ambient atmospheric air into the
      interior of tube 10 at end 13 as indicated by arrow 73.
PAR  Walls 23, 24 and 25 and tubes 10 and 11 may be supported within plenum 16
      by end plates 18 and 19 and by the walls of ducts 31. End plates 18 and 19
      need not be co-extensive as shown and may thus provide a lesser degree of
      support. Since it is necessary that tubes 10 and 11 extend through walls
      18 and 19, walls 18 and 19 therefore provide support to the degree that
      they are in contact with the walls of tubes 10 and 11 but additional
      supporting members extending between walls 23, 24 and 25 on the one hand
      and walls 20, 21 and 22 on the other hand may be provided in the manner
      and to the degree desired, provided such support members do not interfere
      overmuch with the flow of gas within plenum 16 indicated by the arrows
      hereinbefore described.
PAR  Device 75 which may have the form of a hollow cylinder or other annular
      form as shown may be disposed adjacent end 12 of tube 10 (and a
      corresponding device may be disposed adjacent the entrance end of tube 11)
      so that each article or spring as it enters the interior of each of tubes
      10 and 11 must pass through the center of one of devices 75. Each of
      devices 75 may be suitably constructed to indicate the presence of each
      spring or article as it passes therethrough. For example, device 75 may
      provide an electrical or magnetic field, one of the properties of which,
      such as capacitance or inductance, may be changed by a spring or other
      article passing through the device 75 and device 75 may generate and emit
      a signal in response to such change to indicate the presence of an article
      therein. This signal may be transmitted by conductors not shown to
      conventional apparatus not shown which may send another signal in response
      to such signal to the release mechanism indicated schematically at 76
      which may be attached to housing 62 or to wall 20 as shown, by bracket 77,
      to provide one of devices 76 adjacent each of ends 13 of tubes 10 and 11.
      Each of devices 76 may provide for release of a spring or other part from
      end 13 of each of tubes 10 and 11 in response to a signal emitted from a
      corresponding device 75 as more fully described for such mechanisms in
      connection with FIGS. 13, 14 and 15 in U.S. Pat. No. 3,850,572.
PAR  The temperature regimens of the heat treating of springs and other articles
      in the device are preferably similar to those described in connection with
      the curves shown in FIGS. 16, 19 and 20 of U.S. Pat. No. 3,850,572, that
      is, generally the springs are heated relatively rapidly to the desired
      temperature and then maintained at the desired temperature for a suitable
      length of time to accomplish the desired heat treating, as they pass
      through each of tubes 10 and 11.
PAR  Although each of tubes 10 and 11 is shown as being round in cross-section,
      that is, cylindrical, any one or more of these tubes may have any other
      suitable cross-sectional shape such as that of a square, triangle,
      hexagon, octagon or any regular or irregular polygon.
PAR  Thus, as shown in FIG. 3, heat treating tubes 80 and 81 are square in
      cross-section and are particularly well adapted for heat treating
      so-called square springs or other metal articles having a profile, when
      viewed from the end, suitable for being received in a square tube.
PAR  Plenum 86 may correspond to plenum 16 but instead of being defined by top
      and bottom walls and side walls which provide a rectangular cross-section,
      plenum 86 may be defined by a curvilinear wall 82 to provide a curvilinear
      cross-sectional shape shown in FIG. 3. Plenum 86 may be provided with one
      or more openings 88 which may correspond to openings 34 in plenum 16,
      which may communicate with one or more blowers such as blowers 30 which
      are not shown for simplicity.
PAR  Heaters 37 having fins 38 may be provided in plenum 86.
PAR  Plenum 87 may correspond to plenum 17 and be defined by wall 84 extending
      between tubes 80 and 81, by said tubes themselves and by curvilinear wall
      83 which may provide the cross-section shown instead of the rectilinear
      cross-section shown in FIGS. 1 and 2 for plenum 17. Plenum 87 may be
      provided with ducts 89 communicating the interior thereof to blowers such
      as blowers 30, not shown for simplicity, which may be disposed to withdraw
      gas from plenum 87 and introduce said gas through openings 88 to plenum
      87. As shown by arrows 90, said gas may then be heated by passing over
      fins 38 as indicated by arrows 91 and may then be introduced into the
      interiors of tubes 80 and 81 through apertures such as apertures 92 as
      indicated by arrows 93 and may then pass over parts to be heat treated in
      the interior of tubes 80 and 81 and be withdrawn from the interiors of
      tubes 80 and 81 into plenum 87 through communicating apertures such as
      apertures 94 as indicated by arrows 95.
PAR  Tube 81 may be provided with apertures which correspond to and serve the
      same function as apertures 92 in tube 80 but such apertures may be
      displaced longitudinally in tube 81 with respect to those in tube 80 as
      described for orifices 50 and 56 in the embodiment of FIGS. 1 and 2.
      Likewise tube 80 may be provided with apertures which serve the function
      of and correspond to apertures 94 in tube 81 but which are displaced
      longitudinally with respect to apertures 94 and therefore are not shown in
      the cross-sectional view of FIG. 3. Apertures such as apertures 92 and 94
      provided in tubes 80 and 81 are provided in longitudinally displaced
      groups as hereinbefore described for groups of apertures 40, 42, 44, 46,
      48, 50, 52 and 54 in tube 10 in the embodiment of FIGS. 1 and 2.
PAR  Tubes 80 and 81 and walls 84 and 83 defining plenum 87 may be supported
      within plenum 86 by the walls of ducts 89 and by end plates corresponding
      to end plates 18 and 19 in the embodiment of FIGS. 1 and 2 but the end
      plates need not be co-extensive and support for these members may be
      provided by additional members which are not shown for simplicity.
PAR  Referring now to FIG. 4 there is shown an embodiment which comprises only a
      single heat treating tube 100. Tube 100 is provided with apertures 102
      which constitute a portion of a group of orifices and which communicate
      between the interior of tube 100 and the interior of plenum 110 having
      duct 111 extending therefrom. Plenum 110 may be defined in part by wall
      112 which may support tube 100 and may be supported by walls of one or
      more of ducts 111 or by other means, not shown for simplicity, or both
      within plenum 114 which may have one or more ducts or openings 115 in
      walls 116 which may be of curvilinear form as shown. Tube 100 may be
      provided with a group of apertures 104 communicating between plenum 114
      and the interior of tube 100 and displaced longitudinally from the group
      of apertures represented by apertures 102.
PAR  Electrical heating elements 109 may be provided in plenum 114 and may be
      heated electrically from a source and through conductors not shown for
      simplicity. Air or other gas may be withdrawn from the interior of tube
      100 through apertures 102 into the interior of plenum 110 and thence
      through duct 111 to blower 30 as indicated by arrows 106 and may then be
      driven by blower 30 through duct 115 and plenum 114 and thence through
      apertures 104 into the interior of tube 100 as indicated by arrows 105.
      Tube 100 may be provided with additional groups of apertures corresponding
      to apertures 102 and 104 which may be longitudinally displaced from one
      another as described for the apertures provided in tube 10 in the
      embodiment of FIGS. 1 and 2 to provide significant longitudinal and
      lateral components of heated gas flow over the parts contained within tube
      100 during heat treating.
PAR  The number and size and shape of apertures in tube 100 such as apertures
      102 and 104 and the number of apertures in each group and the positioning
      of the apertures in each group and the positioning of the groups in tube
      100 are suitably selected to provide nil outflow of gas from the interior
      of tube 100 at its ends to the exterior and nil outflow of ambient air
      into tube 100 at its ends in the manner described in connection with
      arrows 70, 71, 72 and 73 in the embodiment of FIGS. 1 and 2.
PAR  Referring now to FIG. 5, an embodiment is shown which illustrates that the
      invention is not limited as to the number of heat treating tubes that may
      be provided in a single embodiment in accordance with the invention and is
      not limited as to the number of heaters which may be utilized in a single
      embodiment in accordance with the invention. FIG. 5 also illustrates that
      the portions of blowers which move the gas in the device in accordance
      with the invention may be disposed entirely within the outer plenum. Thus
      heat treating tubes 120, 121, 122 and 123, together with wall portions
      124, 125, 126, 127 and 128, define a plenum 130 may form portions of a
      circle when viewed in cross-section. Openings 129 may be provided in walls
      127 and 128 communicating the interior of plenum 130 with the interior of
      plenum 131 which may be defined by cylindrical wall 132. The axes of
      cylinder 132 and the circle defined by walls 127, 128, 124, 125 and 126
      when viewed in cross-section may if desired be co-axial but may, as shown,
      be displaced from each other. The axes are preferably parallel to each
      other as shown. Longitudinally extending heating devices 133, 134, 135,
      136, 137 and 138 may be provided in plenum 131 and may be heated
      electrically through conductors from a source not shown for simplicity.
PAR  An axial flow blower may be provided comprising veins 139 disposed in
      opening 129 and attached to shaft 140 which may be rotatably received in a
      suitable opening 141 in wall 132 and may be rotationally driven in the
      manner indicated by arrow 142 by a motor not shown for simplicity.
PAR  A plurality of groups of apertures is provided in each of tubes 120, 121,
      122 and 123 communicating between the interior of said tubes and plenum
      131. Of these apertures, only apertures 144 in tube 120 and apertures 146
      in tube 126 may be seen in the view of FIG. 5.
PAR  Groups of apertures are provided in each of tubes 120, 121, 122 and 123
      communicating the interiors of said tubes with plenum 130 of which a group
      of apertures 148 in tube 121 and a group of apertures 150 in tube 120 may
      be seen in the view of FIG. 5. The positioning, shape, number,
      longitudinal displacement and other properties of the apertures in tubes
      120, 121, 122 and 123 are as described for tubes 10 and 11, 80, 81 and 100
      in FIGS. 1-4. Gas is driven by vanes 139 over heating elements 133, 134,
      135, 136, 137, 138 in plenum 131 and thence through apertures such as 144
      and 146 into each of tubes 120, 121, 122 and 123 as indicated by arrows
      151 and is withdrawn from the interior of tubes 120, 121, 122 and 123 to
      plenum 131 through apertures such as apertures 148 and 150 and thence to
      vanes 139 as indicated by arrows 152. All apertures are so sized as to
      shape and position to provide nil outflow of gas and nil inflow of ambient
      air at both the inlet and outlet ends (the ends not being shown for
      simplicity in the view of FIG. 5) of tubes 120, 121, 122 and 123.
PAR  Referring now to FIG. 6 there is shown a heat treating tube 160 in an
      embodiment of the device in accordance with the invention. This embodiment
      illustrates that when serving the function hereinbefore described in
      conjunction with other embodiments, the plenums need not be provided one
      within the other. Said other embodiments may provide for minimization of
      heat loss but embodiments such as that of FIG. 6 may be more economically
      constructed to provide minimized initial cost. Thus upper plenum 161 may
      be defined by top wall 162, upper portions of side walls 163 and 164,
      walls 165 and 166 and tube 160. Lower plenum 167 may be defined by bottom
      wall 168, lower portions of side walls 163 and 164, walls 165 and 166 and
      tube 160. Wall 162 may be provided with suitable openings 169 to connect
      to ducts not shown for simplicity to provide for flow of gas from plenum
      161 through openings 169 to blowers 30 and thence to heaters 170 and
      thence to openings 171 in wall 174 communicating with plenum 167 to
      provide for flow of gas from the interior of tube 160 through apertures
      172 in a wall of tube 160 to blowers 30, as indicated by arrows 173,
      thence to heaters 170 and thence through plenum 167 and thence into the
      interior of tube 160 through apertures 174 as indicated by arrows 175.
      Tube 160 is preferably provided with groups of apertures in addition to
      groups 174 and 172 which are shown. Each of said groups may be displaced
      longitudinally in tube 160 with respect to one another and each of said
      groups in this instance may consist of a plurality of parallel slits or
      slots. There need be no more than a pair of apertures in each group of
      course.
PAR  Note that the apertures in the groups in the embodiment of FIG. 5 are
      disposed spirally with respect to one another.
PAR  Plenums of the embodiments of FIGS. 1-6 may be considered parts of duct
      means to introduce and withdraw gas to and from the interiors of the
      heating treating tubes from the blowers and heaters.
PAR  Plenums per se are not necessary. Thus, in the embodiment of FIG. 7,
      apertures 182 and 184 in opposite walls of heat treating tube 180
      communicate from the interior of tube 180 to ducts 190 which communicate
      with ducts 191 which in turn communicate with ducts 193. Groups of
      apertures disposed in the same walls of tube 180 as are apertures 182 and
      184 may be provided communicating the interior of tube 180 with ducts 192
      which may communicate with ducts 191. Longitudinally disposed from
      aperture groups 182 and 184 are provided apertures 188 in an upper wall of
      tube 180 and corresponding apertures (not shown for simplicity) opposite
      thereto in a lower wall of tube 180 communicating the interior of tube 180
      with ducts 194. Ducts 194 may communicate with ducts 195 which may in turn
      communicate with ducts 197. Additional apertures in the same walls of tube
      180 as are apertures 188 and the apertures opposite thereto may be
      provided communicating the interior of tube 180 with ducts 196 which may
      communicate with ducts 195.
PAR  It may be seen that the apertures in the walls of tube 180 which
      communicate with ducts 190, 194, 192 and 196 are respectively
      longitudinally displaced in the walls of tube 180 with respect to one
      another.
PAR  Blowers 30 and heaters 170 may be provided together with ducting, not shown
      for simplicity, to introduce air or other gas from blowers 30 to heaters
      170 as indicated by arrows 199, and then to introduce said gas, heated by
      heaters 170, into ducts 193 as indicated by arrows 185, thence through
      ducts 191, 190 and 192 into the interior of tube 180 through apertures 182
      and 184 and like apertures as indicated by arrows 185, thence through
      portions of the interior of tube 180 with lateral and longitudinal
      components over parts to be treated (not shown for simplicity), thence
      outwardly through apertures 188 and like apertures into ducts 194 and 196
      as indicated by arrows 189 and thence through ducts 195 and 197 to blowers
      30 as indicated by arrows 185.
PAR  Since in all embodiments, as has been mentioned, flow outward of gas from
      the ends of the heat treating tubes is nil and flow of ambient air into
      the ends of the heat treating tubes is nil, the device may be operated
      with a gas therein which is other than air, for example, nitrogen or
      hydrogen.
PAR  It will be apparent to those skilled in the art that equivalents may be
      utilized.
PAR  Accordingly, the present invention may be embodied in other specific forms
      without departing from the spirit or essential attributes thereof, and
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification, as indicating the scope of the invention.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. In a device for heat treating discrete metal articles the combination
      of:
PA1  a tubular member having an inlet end and an outlet end,
PA2  said tubular member devoid of closure means at said ends,
PA1  blower means and heater means to provide heated gas having an elevated
      temperature and a substantial pressure and velocity,
PA1  a first group of apertures in the wall of said tubular member provided with
      duct means to introduce said heated gas into the interior of said tubular
      member,
PA1  said duct means to introduce said heated gas to the interior of said
      tubular member comprising a first plenum chamber,
PA2  all apertures through which said heated gas is introduced into said tubular
      member communicating with the interior of said first plenum chamber,
PA1  a second group of apertures in the wall of said tubular member provided
      with duct means to withdraw heated gas from the interior of said tubular
      member to said blower means,
PA2  said second group of apertures spaced longitudinally in said tubular member
      with respect to said first group of apertures,
PA1  said duct means to withdraw heated gas from the interior of said tubular
      member comprising a second plenum chamber,
PA2  all apertures through which heated gas is withdrawn from said tubular
      member communicating with the interior of said second plenum chamber,
PA1  a third group of apertures in the wall of said tubular member provided with
      duct means to introduce said heated gas into the interior of said tubular
      member from said first plenum chamber,
PA2  said third group of apertures spaced longitudinally in said tubular member
      with respect to said second group of apertures,
PA1  a fourth group of apertures in the wall of said tubular member provided
      with duct means to withdraw heated gas from the interior of said tubular
      member to said blower means through said second plenum chamber,
PA2  said fourth group of apertures spaced longitudinally in said tubular member
      with respect to said third group of apertures.
NUM  2.
PAR  2. The device of claim 1 characterized by the spacing and location and size
      of said apertures in said tubular member being pre-selected to provide nil
      outflow of gas from said tubular member at its ends and nil inflow of
      ambient air into said tubular member at its ends.
NUM  3.
PAR  3. The device of claim 2 further characterized by means to sense the
      presence of a part to be heat treated adjacent to said inlet end of said
      tubular member and to generate and emit a signal in response to said
      presence of such part.
NUM  4.
PAR  4. The apparatus of claim 3 further characterized by means adjacent to the
      outlet end of said tubular member to sequentially release a part from said
      device in response to a signal generated by said signal emitted by the
      means of claim 3.
NUM  5.
PAR  5. The device of claim 1 wherein said second plenum chamber is
      substantially contained within said first plenum chamber.
NUM  6.
PAR  6. The device of claim 5 provided with a plurality of said tubular members.
NUM  7.
PAR  7. The device of claim 5 wherein said plenum chambers are provided with
      coextensive end plates.
NUM  8.
PAR  8. The device of claim 5 wherein said heating means is substantially
      contained within said second plenum chamber.
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ABST
PAL  A method and an apparatus for heating a granular aggregate for mixture with
      asphalt by means of a flue gas being chemically inert to the aggregate.
      The aggregate is moved intermittently within the gas under control of the
      stationary periods of driven screw conveyors. The apparatus has several
      heating sections, each section having a conveyor, a thermostat with a
      sensing device at the end of the section, and possibly also an oil burner,
      the thermostat being connected to the driving means of the conveyor.
BSUM
PAR  The invention relates to a method for heating a granular aggregate, such as
      limestone powder, possibly mixed with bonding agents and/or natural
      asphalt by means of flue gas being chemically inert to the aggregate.
PAR  Such aggregate in form of anhydrous limestone powder has previously been
      added to the hot asphalt in cold condition. It is also known to add heated
      limestone powder to the asphalt. It has appeared to be of importance that
      the aggregate and the asphalt during mixing have substantially the same
      temperature whereby the mixing is quicker and a more homogeneous product
      is obtained.
PAR  The object of the invention is to provide a method permitting of a very
      precise control of the temperature of the aggregate, this object being
      achieved thereby that the granular aggregate, while the flue gas is
      continuously passing it, is moved intermittently according to a desired
      heating sequence of the aggregate (a desired shape of the heating curve of
      the aggregate).
PAR  The method according to the invention may have the essential feature that
      each section of the apparatus used for this method is controlled in such a
      manner that in its material discharge channel a desired temperature is
      constantly maintained by controlling the duration of the stationary
      periods of an intermittently driven conveyor. As a result the desired
      temperatures at certain points of the heating curve are obtained in a very
      simple manner.
PAR  A method according to the invention may furthermore have the peculiar
      feature that after having obtained a uniform material temperature all
      through the apparatus an infinitely variable control between 10 and 100%
      of the capacity may be provided while maintaining a correct thermal
      balance of each section. As a result the apparatus may easily be adjusted
      exactly to the capacity required in each case.
PAR  According to the invention the control is made proportionally and
      simultaneously in three sections of the apparatus. As a result it is
      ensured that the desired heating sequence of the aggregate is in fact
      being obtained.
PAR  The invention also relates to an apparatus for carrying out the method,
      said apparatus having one or more flue gas producing units. A peculiar
      feature of this apparatus is that it has a plurality of heating sections,
      each of which having a conveyor and possibly also a flue gas unit, each
      section having a thermostat with a sensing device for sensing the
      temperature of the aggregate and for controlling the duration of the
      stationary periods of the conveyor while intermittently moving the
      conveyor of each section. As a result the method according to the
      invention may be carried out in a very simple manner.
PAR  According to the invention each conveyor may consist of a screw thus
      ensuring a reliable conveying of the aggregate in each section.
PAR  Further according to the invention each conveyor may advantageously consist
      of a scraping conveyor.
PAR  Besides the invention makes it possible that each flue gas unit may consist
      of one or more oil burners, thus providing for a very easy adjustment of
      the flue gas temperature and the flue gas flow to each section.
PAR  Moreover the invention permits that all sections are arranged on top of
      each other and that all flue gas units are arranged below the lowermost
      section permitting the flue gases to flow upwardly from one section to the
      other. As a result a good economy is achieved, since some of the flue
      gases will give off heat for a relatively long period of time.
PAR  Finally according to the invention the partitions between the sections
      arranged on top of each other may be formed in such a way that the flue
      gases in one section are conducted around the conveyor for heating the
      transport means and the material thereof before the flue gases are
      permitted to flow upwardly into the above section. The result obtained is
      a further improvement of the giving off of heat from the flue gases.
DRWD
PAR  The invention will be described below with reference to the accompanying
      drawings, in which
PAR  FIG. 1 is a longitudinal cross section through an apparatus having three
      sections arranged on top of each other, each section having a flue gas
      unit,
PAR  FIG. 2 a cross section taken along the line II--II of FIG. 1,
PAR  FIG. 3 a longitudinal cross section through an apparatus, the flue gas
      units of which are arranged below the lowermost section,
PAR  FIG. 4 is a cross section taken along the line IV-IV of FIG. 3.
DETD
PAR  The sections 1, 2 and 3 of the apparatus shown in FIG. 1 and 2 consist each
      of a trough 4, in which a conveyor is arranged in form of a conveyor screw
      5, conducting the material, which has been dropped through a valve 6 from
      a silo 7, to the left end of the conveyor. From this left end the material
      is conducted downwardly through a discharge channel 8 into the conveyor 2,
      which is conveying the material in opposite direction. Then the material
      runs through a channel 9 down into the conveyor 3 and the material leaves
      this conveyor through a channel 10. From this point the material is
      conducted direct to an asphalt mixer or to a conveyor conveying the
      material to a mixer.
PAR  In each section two oil burners 11 are arranged providing for necessary
      heating of the material. In the channel 8 a sensing device to a
      thermostat, which is not shown, is inserted, the thermostat automatically
      controlling the duration of the stationary periods of an intermittently
      driven electric motor 13 driving the screw 5.
PAR  When the aggregate has to be heated to the temperature of the asphalt being
      e.g. 200.degree.C, the sensing device 14 of the thermostat will give rise
      to an increase in the duration of the stationary periods of the respective
      conveyor, if the temperature of the material in the channels goes
      substantially below the said 200.degree.C, and conversely the sensing
      device will reduce the duration of the stationary periods, if the
      temperature increases essentially above 200.degree.C.
PAR  The sensing device 12 provides for a corresponding control of the
      stationary periods of the conveyor screw 5, while a thermostat sensing
      device 15 controls the duration of the stationary periods of the
      intermediate conveyor screw.
PAR  As it appears, the partitions between the sections are bent inwardly and
      downwardly so that the flue gases from one section can only flow upwardly
      to the section above when said gases have passed through the threads of
      the conveyor screw.
PAR  16 is a burner plate protecting the trough 4 against the direct flame of
      the oil burner 11.
PAR  In the apparatus of FIG. 3 and 4 all oil burners 17 are arranged below the
      lowermost section so that the flue gases will flow upwardly through all
      sections and away through a chimney 18.
PAR  If it is desired to change the capactity of the apparatus, while the
      apparatus is in function, a capacity button has to be adjusted thus
      ensuring that the capacity of each conveyor is controlled proportionally,
      and simultaneously the valve 6 will be adjusted to the new desired
      capacity. At increased capacity the conveyors will move more slowly so
      that the material will be held longer in each section in order to reach
      the desired temperature, said temperature being measured in the material
      discharge channel as mentioned above.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an asphalt mixing apparatus, a means for heating granular aggregate
      material comprising,
PA1  a chamber,
PA1  conveyor means in the chamber for supporting granular aggregate material
      and moving it intermittently through the chamber, said conveyor means
      including a plurality of serially arranged conveyor sections,
PA1  each of said conveyor sections having temperature sensing means for sensing
      the temperature of aggregate material therein,
PA1  means for producing flue gases and directing them through the chamber for
      heating the granular aggregate material in the chamber, said flue gases
      being chemically inert to the aggregate, and control means connected to
      and responsive to the temperature sensing means for controlling the
      temperature of the aggregate by changing the duration of stationary
      periods between the periods of conveyor movement.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the conveyor means is a screw conveyor.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the conveyor means is a scraping
      conveyor.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the means for producing flue gases
      includes an oil burner.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said conveyor sections are vertically
      spaced,
PA1  said means for producing flue gases being located beneath the lowermost
      said conveyor section whereby flue gases flow upwardly from one section to
      the other.
NUM  6.
PAR  6. The apparatus of claim 5 having partition means in the chamber for
      directing flue gases around the conveyor means to heat aggregate material
      therewithin before the flue gases flow upwardly into the next higher
      conveyor section.
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ABST
PAL  A burner for the direct heating of a fluid by the combustion of an assisted
      spray liquid and a gaseous substance. Above a grating are arranged spray
      nozzles for the spraying liquid and injectors for the gas. The said spray
      nozzles and injectors have independent and respective feed systems. They
      are arranged in space so as to enable the flowing of the fluid to be
      heated up, in such a way that the combustion produces a distributed giving
      off of heat insuring the homogenous heating up thereof in combination with
      convection means contributing to the stirring thereof. The burner is
      applicable, to steam generators, to the heating of premises and to the
      depollution of polluted smoke.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a burner for the direct heating up of a
      fluid by the combustion of combustible fluids feeding it, and more
      particularly to a burner fed by an assisted spray liquid and a gaseous
      substance. The invention relates especially to a burner comprising,
      arranged above a grating, spray nozzles for the spraying fluid and
      injectors for the gas and relates as well to the arranging and spacing of
      the combustion means with a view to spreading out of heat according to a
      sheet of flames and to insuring the homogenous heating up of the fluid to
      be heated up.
PAC  BACKGROUND OF THE INVENTION
PAR  The direct heating up of a fluid which is already hot comes up against the
      difficulty of using, as a fuel, a liquid (e.g., of the fuel-oil type for
      feeding a burner whose ducts may be subjected to the temperature of the
      said fluid, which temperature may be in the order of a few hundreds of
      degrees and entail a danger of excessive vaporization or even of coking of
      the said liquid fuel. A known solution for overcoming the above noted
      difficulty consists of placing the combustible liquid feed pipe inside the
      said combustible gas duct and of feeding a mixed injector, that is, one
      which may operate either with gas or with a combustible liquid. This known
      solution has two great disadvantages: (1) on the one hand, the gas pipe on
      which the injectors are fixed is brought to a temperature which is clearly
      higher than the liquid pipe placed inside it, so that the coupling of the
      said liquid pipe to the corresponding injector can be formed only through
      a line having multiple spirals necessary for absorbing the differences in
      expansion at its ends and is thus liable to become blocked up; (2) on the
      other hand, the use of a mixed injector which is designed for alternating
      use of the two fuels cancels all versatility in the use of the fuels,
      since the fuel of one of them is exclusive of that of the other.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to overcome each of these
      disadvantages.
PAR  For that purpose, one burner nozzle is used per fuel and the feed pipe of
      one type is installed next to that of the other. This arrangement has the
      following consequences: on the one hand, temperatures are involved which
      are not very different from one pipe to another and slight differential
      expansions result making connections a simple matter; on the other hand,
      the possibility is created of being able to burn simultaneously the one
      fuel and the other between the two extreme limits, namely, gas alone and
      liquid alone.
PAR  The invention resides more particularly in the fact that the spray nozzles
      and the injectors have separate feed systems, in any proportion and
      simultaneously operable with their respective combustible fluids, and in
      that they are arranged in space so as to enable the flow of the
      combustible fluid to be heated up such that the combustion produces a
      spaced out giving off of heat thereby insuring the homogenous heating up
      of the combustible fluid in combination with convection means contributing
      to the stirring thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects and advantages of the present invention will become apparent
      from the description of a few applications and of an embodiment given by
      way of an example, with reference to the accompanying drawings in which:
PAR  FIG. 1 diagrammatically illustrates a steam generator using a burner
      according to the invention for heating up the exhaust gases of a gas
      turbine;
PAR  FIG. 2 shows a use of burners arranged in series in a gas exhaust circuit
      and alternating with heat recuperators;
PAR  FIGS. 3a and 3b show the application of a gas reheating burner respectively
      driven by discharge and by suction;
PAR  FIG. 4 shows the use of a burner in a combustion chamber for constituting
      and antipollution device;
PAR  FIGS. 5 and 6 show a burner according to the invention respectively seen
      from above and and in a part cutaway view through VI--VI in FIG. 5;
PAR  FIG. 7 shows a side view of a burner ramp, the front part of the ramp body
      having been removed; and
PAR  FIG. 8 is a cutaway view through VIII--VIII of the ramp in FIG. 7 and
      provided with secondary deflectors.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, a burner 1 is installed in a fire tube 2 connecting the exhaust
      3 of a gas turbine 4 to a heat recuperator 5 through the fire tube 6. The
      after-burner gases of the turbine 4 escape in the direction of the arrow
      7, crossing through the burner 1 and taking part in the combustion by a
      part of the excess of oxygen which they contain and forming a sheet of
      flames in which they are heated up and, in the direction of the arrows 8,
      and move to the recuperator 5 which they cross through, transferring a
      great part of their heat to the recuperation fluid symbolized by the
      in-going arrow 9 and out-going arrow 10. The gases then emerge at a lower
      temperature in the direction of the arrows 11 and escape in the direction
      of the arrow 12, into the atmosphere, through the chimney 13. A derivation
      pipe 14 makes it possible to avoid the passing of the exhaust gases
      through the burner 1 or the recuperator 5 when this is necessary.
PAR  In FIG. 2, in a fire tube 15 placed at the output of a generator 16
      allowing the gases to escape in the direction of the arrow 17, burners 18
      of the type which are the object of the invention and recuperators 19
      insuring the heating up of the fluid entering in the direction of the
      arrow 20 and leaving in the direction of the arrow 21 are installed
      alternately. The cooled exhaust gases emerge from the fire tube 15 in the
      direction of the arrow 22.
PAR  In FIGS. 3a and 3b, fans 23 are installed respectively at the discharge end
      and at the suction end to make gases to be heated up pass through a burner
      18 to a recuperator 19 along the arrowed path 24.
PAR  The recuperator 19 has air intended for the heating up of a premises or
      even for the heating up of various products passing through it, for
      example in the direction of the arrows 20 and 21. It is assumed, moreover,
      that the gas to be heated up in FIG. 3b, is inert and the supplying of air
      necessary for combustion is brought in by the blowing of a fan 25 directly
      in the burner 18 in the direction 26 parallel to the ramps of the said
      burner and in the gaps between them.
PAR  In FIG. 4, in a combustion chamber 27 with a double or triple path of
      travel, a burner 18 is installed, Gaseous effluences charged with
      combustible products with toxic elements, having a bad smell or
      inflammable dusts, are brought in by the fire tube 28 along the arrowed
      path 29 and 30 up to the burner 18, through which they cross. Because of
      the homogenization and the rising in temperature to which these effluences
      are subjected when crossing through the burner, their polluting elements
      result in completely oxidized. They are clean effluences which follow the
      arrowed output path 31, 32 and 33 and escape from the chimney 35 rid of
      pollution in the direction of the arrow 34 into the atmosphere.
PAR  In FIGS. 5 and 6, a series of identical ramps 36 are arranged in the
      housing 37 of the burner 1 which is installed between the two connecting
      sections of the fire tube 2 leading the gases from a turbine 4 (FIG. 1),
      for example, to a heat recuperator 5 which may be of the steam generator
      type.
PAR  The ramps 36 comprise primary deflectors 38 installed on the ramp bodies 39
      (FIG. 8) inside each of which are installed the three feed pipes for the
      fluid combustion nozzles. These pipes include: a pipe 40 for liquid fuel,
      inside which there is the return line 41, a pipe 42 for liquid fuel spray
      fluid and a pipe 43 for gaseous fuel. The spray nozzles 44 (FIG. 7) for
      liquid fuel and the injectors 45 for gaseous fuel are fixed at 46 (FIGS. 5
      and 6) on the liquid fuel feed tube 41.
PAR  At the lower part of the housing 37 of the burner 1, a grating 47 for the
      distribution of the gases to be heated up is fixed.
PAR  In FIGS. 7 and 8, each burner ramp 36 comprises a ramp body 39 and the
      three respective distribution pipes 40, 42 and 43 for liquid fuel, for
      spray fluid and for gaseous fuel respectively.
PAR  The deflectors 38 form together an angle in the order of ninety degrees and
      produce a depression enabling the fixing of the flame, whereas the
      secondary deflectors 48 take part in the forming of an aerodynamic
      circuit, directing the combustion gas to be heated up along the upper part
      of the ramp body 39 and of the primary deflectors 38 in a required
      quantity for insuring the stability of the flame. This also insures
      protection of the upper part of the said ramp body 39 and of the said
      primary deflectors 38 against differences in expansion which the radiation
      of the sheet of flame could cause. In the primary deflectors 38, slots 49
      having a crosssection which is progressive towards the outside insure the
      letting in of a small part of the combustive gas in the zone under
      depression whereas the other part is subjected to stirring, in the gap
      comprised between two neighbouring ramps.
PAR  Thus, the fluid to be heated up entering between the ramp body 39 and
      secondary deflectors 48 in the direction of the arrows 61 is divided into
      two parts, one in the direction of the arrows 62 licking the outside of
      the top of the ramp body 39 and of the said deflectors 38, the other in
      the direction of the arrows 63 crossing through the said deflectors by the
      slots 49 with which they are provided.
PAR  The ramp body 39 forms a partial heat insulation box for the ducts 40, 42
      and 43 housed within it, which are brought to temperatures which are not
      very different from one another but very much different from that of the
      said ramp body 39 which is directly swept by the exhaust gases to be
      heated up and often brought to a temperature which is already very high.
PAR  It is to avoid deformations due to the differences in expansion that the
      fluid pipes 40, 42 and 43 are installed in a floating configuration, that
      is, independent from the ramp body 39.
PAR  The pipe 40 for liquid fuel is fixed rigidly to the flange 50 clamped
      against the wall 51 of the housing 37 by bolts 52.
PAR  The pipes 42 and 43 are connected rigidly together and to the pipe 40 by
      angle irons 53 placed at a distance D from the fixing point of the said
      pipe 40 to the wall 51 and determined so as to optimize the differential
      expansions between the said pipes. In this way, the connection lines 54 of
      the pipe 42 for the spray fluid which is, for example, water vapour,
      leading to the spray nozzles 44 lines and 55 from the gaseous fuel pipe 43
      to the injector 45, comprise only fractions 56, 57 of turns surrounding
      their corresponding pipes for absorbing the differential expansions.
PAR  The danger of stopping up such short lines is thus reduced. Moreover, in
      order to avoid any stress, on the one hand, the pipes 42 and 43 are
      connected to the flange 50 by resilient connections 58 while, on the other
      hand, supports 59, while allowing the pipes 40, 42 and 43 to expand
      freely, form, moreover, connections enabling the maintaining of their
      position.
PAR  Lastly, the pipes, spray nozzles and injectors assembly fixed to the front
      face flange 50 may be removed after the nuts have been unscrewed from the
      bolts 52. The guiding of the position for height is provided by cleats 60
      placed at the bottom of the ramp bodies 39.
PAR  It must be understood that the description thus given is non-limitative and
      that many other variations of are possible within the scope of the
      protection applied for.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A grid burner for the direct heating of a combustive fluid by the
      combustion of combustible substances contacting said fluid, said burner
      comprising a plurality of parallel fluid feed ramps spaced from one
      another to define gaps for passage of the combustive fluid, each of said
      ramps comprising spray nozzles for a liquid fuel and a spraying fluid,
      injectors for a gaseous fuel, respective superimposed independent feed
      pipes respectively for said liquid fuel, said gaseous fuel and said
      spraying fluid, a ramp body constituting an insulating housing for said
      feed pipes, said spray nozzles and injectors for a gaseous fuel being
      arranged in alignment in alternating equidistant arrangement in said
      ramps, said nozzles and injectors being coupled to respective of said
      pipes.
NUM  2.
PAR  2. A burner for the direct heating of a combustive fluid by the combustion
      of a combustible substance contacting said fluid, said burner comprising a
      grating through which passes a fluid to be heated, spray nozzles for a
      liquid fuel disposed above said grating, injectors for a gas also disposed
      above said grating, respective independent feed means coupled to said
      nozzles and said injectors for the effecting of combustion to enable the
      fluid to be heated up such that the combustion produces a spaced release
      of heat insuring homogenous heating of the fluid, convection means for
      promoting the stirring of the combustive fluid, and a plurality of
      parallel ramps arranged above said grating, said spray nozzles and
      injectors being arranged in alignment in alternating equidistant
      arrangement in said ramps, said ramps being spaced from one another to
      define gaps for passage of the combustive fluid, each ramp including a
      ramp body, said feed means comprising three feed pipes respectively for
      gas, liquid and spraying fluid, said ramp body constituting an insulating
      housing for said three pipes, said pipes being in a superimposed
      configuration within said ramp body, said liquid fuel pipe comprising a
      permanent return line for the said liquid for an extra reduction of the
      heating.
NUM  3.
PAR  3. A burner for the direct heating of a combustive fluid by the combustion
      of a combustible substance contacting said fluid, said burner comprising a
      grating through which passes a fluid to be heated, spray nozzles for a
      liquid fuel disposed above said grating, injectors for a gas also disposed
      above said grating, respective independent feed means coupled to said
      nozzles and said injectors for the effecting of combustion to enable the
      fluid to be heated up such that the combustion produces a spaced release
      of heat insuring homogenous heating of the fluid, convection means for
      promoting the stirring of the combustive fluid, and a plurality of
      parallel ramps arranged above said grating, said spray nozzles and
      injectors being arranged in alignment in alternating equidistant
      arrangement in said ramps, said ramps being spaced from one another to
      define gaps for passage of the combustive fluid, each ramp including a
      ramp body, said feed means comprising three feed pipes respectively for
      gas, liquid and spraying fluid, said ramp body constituting an inusulating
      housing for said three pipes, said pipes being in a superimposed
      configuration within said ramp body, said liquid fuel pipe comprising a
      permanent return line for the said liquid for an extra reduction of the
      heating, and means supporting the three pipes in each ramp body in
      floating relation in said body, one of said pipes being secured at one end
      thereof in said burner, the other two pipes being secured to the first
      pipe at a distance from the secured end thereof for compensation of their
      differential expansion.
NUM  4.
PAR  4. A burner as claimed in claim 3 wherein the spray nozzles and the
      injectors in each ramp are fixed to the liquid fuel pipe, the latter being
      uppermost in said ramp body adjacent an open upper end thereof and means
      for feeding said spray nozzles and injectors respectively with spray fluid
      and gas including conduits connecting said nozzles and injectors with the
      respective spray fluid and gas pipes and including around each pipe a
      winding smaller than one turn.
NUM  5.
PAR  5. A burner as claimed in claim 4 wherein said spray nozzles and injectors
      are open into said liquid fuel pipe to introduce liquid fuel by injection
      into the spray fluid and gas being discharged respectively from the spray
      nozzles and injectors.
NUM  6.
PAR  6. A burner for the direct heating of a combustive fluid by the combustion
      of a combustible substance contacting said fluid, said burner comprising a
      grating through which passes a fluid to be heated, spray nozzles for a
      liquid fuel disposed above said grating, injectors for a gas also disposed
      above said grating, respective independent feed means coupled to said
      nozzles and said injectors for the effecting of combustion to enable the
      fluid to be heated up such that the combustion produces a spaced release
      of heat insuring homogenous heating of the fluid, convection means for
      promoting the stirring of the combustive fluid, and a plurality of
      parallel ramps arranged above said grating, said spray nozzles and
      injectors being arranged in alignment in alternating equidistant
      arrangement in said ramps, said ramps being spaced from one another to
      define gaps for passage of the combustive fluid, each ramp including a
      ramp body, said feed means comprising three feed pipes respectively for
      gas, liquid and spraying fluid, said ramp body constituting an insulating
      housing for said three pipes, said pipes being in a superimposed
      configuration within said ramp body, said liquid fuel pipe comprising a
      permanent return line for the said liquid for an extra reduction of the
      heating, each ramp body having an upper open end and including angular
      upwardly extending deflectors being provided with spaced slots having a
      cross-section increasing upwardly.
NUM  7.
PAR  7. A burner as claimed in claim 6 comprising secondary deflectors adjacent
      the first said deflector to define a gap between two adjacent ramp bodies
      forming an aerodynamic circuit for the combustive fluid.
NUM  8.
PAR  8. A burner as claimed in claim 7 further comprising fan means for
      introducing air into the gaps between adjacent ramp bodies in a direction
      parallel to the pipes.
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ABST
PAL  A process for dyeing "acid-modified" polyester fibers, such as "Dacron
      T-64" fibers, a black color comprising contacting the polyester fibers
      with a dye bath containing a combination of four kinds of dyes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  The present invention relates to a process for dyeing polyester fibers
      which have been modified so that they can be dyed with cationic dyes, and
      more particularly to a process for dyeing acid-modified polyester fibers a
      black color.
PAR  2. Description Of The Prior Art
PAR  Polyester fibers have been widely used as synthetic fibers for fiber goods
      because of their excellent properties, but it has been difficult to dye
      polyester fibers a clear and deep color.
PAR  Of various dyes, those dyes which give the most brilliant and deep color
      are cationic dyes for polyacrylonitrile fibers. For the purpose of dyeing
      polyester fibers also a brilliant and deep color, investigations have been
      made to render the fibers dyeable with cationic dyes. For example,
      Japanese Patent Publication No. 10497/1959 discloses a modification such
      as copolymerization using sulfoisophthalic acid as an acidic material as
      one approach toward rendering polyester fibers dyeable with cationic dyes.
PAR  However, when modified polyester fibers are dyed with dyes which have been
      widely used as cationic dyes for polyacrylonitrile, the exhaustion,
      particularly in black-dyeing, is so unsatisfactory that the fibers can not
      be dyed a deep black color. Furthermore, when blends or unions between the
      acid-modified polyester fibers and other fibers are dyed with conventional
      cationic dyes, staining of fibers other than the modified polyester fibers
      is observed remarkably.
PAR  Examples of commercially available black cationic dyes for
      polyacrylonitrile fibers are exemplified by the following dye
      combinations:
      ##SPC1##
PAR  In the above formulae, X.sup.- represents an anion such as Cl.sup.-
PAR  These mixed black dyes are very poor in exhaustion to polyester fibers, as
      described above, and thus do not result in a deep black color, and
      moreover a large degree of staining of other fibers which are present
      together with the polyester fibers results when these dyes are used.
PAR  Investigations have been made on a method for dyeing acid-modified
      polyester fibers a deep black color, and it has been found that deep black
      dyeings of extremely high color value can be obtained using a dye bath
      containing a specific combination of cationic dyes.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, the present invention provides a process for dyeing acid-modified
      polyester fibers black comprising contacting the polyester fibers with a
      dye bath containing a combination of four kinds of dyes, the combination
      comprising
PAR  1. AT LEAST ONE YELLOW OR ORANGE DYE OF THE FORMULA (A),
      ##SPC2##
      wherein R,R', R" and R'", which may be the same or different, each is a
      methyl group or an ethyl group; R.sub.1 is a hydrogen atom or a halogen
      atom; R.sub.2 is a hydrogen atom, a (C.sub.1 -C.sub.3) alkyl group or a
      (C.sub.1 -C.sub.3) alkoxy group; and X.sup.- is an anion; of the formula
      (B)
      ##SPC3##
PAL  wherein R.sub.3, R.sub.4 and R.sub.5, which may be the same or different,
      each is a (C.sub.1 -C.sub.3)alkyl group or an aralkyl group, in which each
      of the groups may be substituted with a halogen atom, a hydroxyl group or
      a lower alkoxy group; R.sub.6 is a hydrogen atom or a carboxyl group; and
      X.sup.-is an anion; and of the formula (C)
      ##SPC4##
PAL  wherein Z is a nitrogen atom-containing monoheterocyclic ring which may be
      substituted with a lower alkyl group or a lower alkoxy group, R.sub.7
      R.sub.7 ' and R.sub.7 ", which may be the same or different, each is a
      methyl group or an ethyl group; R.sub.8 is a hydrogen atom or a halogen
      atom; and X.sup.- is an anion;
PAR  2. at least one red dye of the formula (D)
      ##SPC5##
PAL  wherein R.sub.9, R.sub.10, R.sub.11 and R.sub.12, which may be the same or
      different, each is a (C.sub.1 -C.sub.3) alkyl group or an aralkyl group,
      in which each of the groups may be substituted with a halogen atom, a
      hydroxyl group or a lower alkoxy group; and X.sup.-is an anion; and of the
      formula (E)
      ##SPC6##
PAL  wherein R.sub.13 and R.sub.14, which may be the same or different, each is
      a (C.sub.1 -C.sub.3)alkyl group, which may be substituted with a halogen
      atom, a hydroxyl group or a lower alkoxy group; and X.sup.- is an anion;
      (3) at least one violet to blue dye of the formula (F)
      ##SPC7##
PAL  wherein R.sub.15 is a (C.sub.1 -C.sub.3)alkyl group which may be
      substituted with a halogen atom, a hydroxyl group, a carbamoyl group or a
      lower alkoxy group; R.sub.16 and R.sub.17, which may be the same or
      different, each is a (C.sub.1 -C.sub.3)alkyl group or an aralkyl group, in
      which each of the groups may be substituted with a halogen atom, a
      hydroxyl group or a lower alkoxy group; and X.sup.- is an anion; and
PAR  (4) at least one dye of the formula (G),
      ##SPC8##
PAL  wherein R.sub.18 and R.sub.19, which may be the same or different, each is
      a (C.sub.1 -C.sub.3)alkyl group or an aralkyl group, in which each of the
      groups may be substituted with a halogen atom, a hydroxyl group or a cyano
      group; R.sub.20 is a hydrogen atom or an amino group which may be
      substituted with an alkyl group or a phenyl group; and X.sup.-is an anion.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As used herein, the term "lower" is used to describe groups having 1 to 4
      carbon atoms.
PAR  As described above, the black dyeing bath used in the process of this
      invention contains four kinds of specific dyes, and if the dyeing bath
      lacks even one of the four kinds of dyes specified in this invention,
      modified polyester fibers are not dyed a deep black color.
PAR  The dyes represented by the formula (A) are well known as dyes for
      polyacrylonitrile fibers, and can be prepared according to the method
      disclosed in, for example, West German Patent No. 1,083,000.
PAR  Specific examples of dyes represented by the formula (A) are as follows:
      ##SPC9##
PAL  wherein X.sup.- is an anion, such as CH.sub.3 SO.sub.4 .sup.-.
PAR  The dyes represented by the formula (B) are well known as dyes for
      polyacrylonitrile fibers, and can be prepared according to the method
      disclosed in, for example, West German Patent Nos. 1,044,023 and
      1,077,808.
PAR  Specific examples of dyes represented by the formula (B) are as follows:
      ##SPC10##
PAL  wherein X.sup.- is an anion such as CH.sub.3 SO.sub.4 .sup.- or ZnCl.sub.3
      .sup.-.
PAR  Dyes represented by the formula (C) are also well known as dyes for
      polyacrylonitrile fibers, and can be prepared according to the methods
      disclosed in British Patent No. 808,308, and German Patent Application OLS
      No. 2,002,609. The dyes of the formula (C) include an indole ring or an
      indoline ring as 7.
PAR  Specific examples of dyes represented by the formula (C) are as follows:
      ##SPC11##
PAL  wherein X.sup.- is an anion such as Cl.sup.-
PAR  Dyes represented by the formula (D) are also well known as dyes for
      polyacrylonitriles fibers, and can be prepared according to the method
      disclosed in Japanese Patent Publication No. 2387/1957.
PAR  Specific examples of dyes represented by the formula (D) are as follows:
      ##SPC12##
PAL  wherein X.sup.- is an anion such as CH.sub.3 SO.sub.4 .sup.- or Cl.sup.-.
PAR  Dyes represented by the formula (E) are also well known as dyes for
      polyacrylonitrile fibers, and can be prepared according to the method
      disclosed in Japanese Patent Publication No. 6933/1959.
PAR  Specific examples of dyes represented by the formula (E) are as follows:
      ##SPC13##
PAL  wherein X.sup.- is an anion such as CH.sub.3 SO.sub.4 .sup.- or Cl.sup.-.
PAR  Dyes represented by the formula (F) are also well known as dyes for
      polyacrylonitrile fibers, and can be prepared according to the methods
      disclosed in Japanese Patent Publication Nos. 2388/1957 and 15,791/1971.
PAR  Specific examples of dyes represented by the formula (F) are as follows:
      ##SPC14##
PAL  wherein X is an anion such as CH.sub.3 SO.sub.4 .sup.- or Cl.sup.-.
PAR  Dyes represented by the formula (G) are well known as basic dyes and
      specifically include the following dyes:
      ##SPC15##
PAL  wherein X.sup.- is an anion such as Cl.
PAR  In practice of the black-dyeing process according to the present invention,
      at least the four dye components as described above are essential but, if
      desired, other cationic dyes of different chemical structures can be
      incorporated in the dyeing bath for toning. Suitable examples of such
      cationic dyes include specifically the following dyes:
      ##SPC16##
PAR  Moreover, in the present invention, the four kind of dyes can, of course,
      be blended initially and the blend can be used as a blended black dye.
      Although the amount of each dye blended varies depending upon the color,
      shade, tinting strength and the like of the dyes, at least about 2.0% by
      weight of each of the kinds of dyes based on the total weight of the dyes
      blended is usually suitable.
PAR  The term "acid-modified polyester fiber" as used herein means a polyester
      fiber which has been modified by introducing an acid group such as a
      sulfonic acid group into the polyester so that the fibers become dyeable
      with cationic dyes. Specific examples of acid-modified polyester fibers
      are "Dacron T-64", "Dacron T-65", "Dacron T-62", "Dacron T-89", "Dacron
      T-92", and "Dacron T-161" (made by E. I. du Pont Nemours and Co.,),
      "Trevira 440" (made by Hystron), and "Kodel 511" (made by Tennessee
      Eastman, Inc.).
PAR  In the dyeing, the amount of each dye in the combination is at least one
      part by weight based on 1000 parts by weight of the acid-modified
      polyester fiber to be dyed.
PAR  The dyeing can be conducted using a so-called high temperature dyeing
      method or carrier dyeing method. That is, high temperature dyeing can be
      effected at a temperature of about 115.degree. to 130.degree.C for about
      40 to 100 minutes, with the pH of the bath being adjusted to about 3.5 to
      5.0 using a buffer such as sodium acetate and acetic acid. In order to
      prevent decomposition of the acid-modified polyester fibers during the
      dyeing, for example, anhydrous sodium sulfate can be added to the dye bath
      in an amount of about 2.0 to 6.0 g per liter of the dye bath. Carrier
      dyeing can be effected at a temperature of about 100.degree. to
      105.degree.C for about 60 to 120 minutes using a carrier, such as
      biphenyl, butyl benzoate or o-phenylphenol, which is dispersed using a
      nonionic surface active agent, with the pH of the bath being adjusted to
      about 3.5 to 5.0 using a buffer such as sodium acetate and acetic acid.
      The bath weight ratio in both dyeing methods is usually about 1:10 to
      1:150.  The fibers dyed can be after-treated in a conventional manner to
      obtain a black dyed product. Thus, the present combination of dyes dye
      acid-modified polyester fibers a very deep black color.
PAR  Furthermore, as in the case of 100% acid-modified polyester fiber goods,
      the combination of dyes according to the present invention also produce a
      very deep black color only for the acid-modified polyester fibers in
      blends or unions with wool, cotton or unmodified polyester fibers such as
      Tetron (a registered trade mark of Toray Industries) without staining of
      fibers other than the acid-modified polyester fibers, such as wool, cotton
      or unmodified polyester fibers.
DETD
PAR  The present invention will be explained in greater detail below with
      reference to the following examples, which are given only for the purposes
      of illustration and are not to be interpreted as limiting. In the
      examples, all parts, percents, ratios and the like are by weight unless
      otherwise indicated.
PAC  EXAMPLE 1
PAR  The following dyes were dissolved in 1000 parts by weight of hot water:
TBL  Dye (A) - (1)         3.8 parts                                           
     Dye (D) - (2)         3.5 parts                                           
     Dye (F) - (1)         3.0 parts                                           
     Dye (G) - (1)         3.0 parts                                           
PAL  The dye solution thus obtained was diluted with 50,000 parts of water, and
      then 10 parts of acetic acid and 5 parts of anhydrous sodium acetate were
      added thereto to prepare a dye bath.
PAR  Then, 1,000 parts of silvers of Dacron T-64 were immersed in the bath, and
      dyeing was carried out by increasing the bath temperature to 120.degree.C
      over a 40 minute period while stirring and the bath was kept at the same
      temperature for 60 additional minutes. After dyeing, the silvers were
      washed with water and dried.
PAR  Thus, Dacron T-64 was dyed a deep and fast black.
PAC  EXAMPLE 2
PAR  The dyeing procedure was carried out in the same manner as described in
      Example 1, except that Dacron T-92 was used in place of Dacron T-64 and
      that the following dye combination was used,
TBL  Dye (B) - (2)         4.5 parts                                           
     Dye (D) - (1)         3.5 parts                                           
     Dye (F) - (3)         3.0 parts                                           
     Dye (G) - (1)         2.5 parts                                           
     Dye (G) - (2)         0.5 parts                                           
PAR  Thus, Dacron T-92 was dyed a deep black.
PAC  EXAMPLE 3
PAR  The dyeing procedure was carried out in the same manner as described in
      Example 1, except that the following dye combination was used.
TBL  ______________________________________                                    
     Dye (C) - (2)         3.5 parts                                           
     Dye (D) - (2)         2.5 parts                                           
     Dye (F) - (1)         3.0 parts                                           
     Dye (G) - (1)         3.0 parts                                           
     ______________________________________                                    
PAL  and that 0.3 part of a dye having the following structure was additionally
      added as a toning dye,
      ##SPC17##
PAR  Thus, Dacron T-64 was dyed a brilliant and deep black.
PAC  EXAMPLE 4
PAR  The dyeing procedure was carried out in the same manner as described in
      Example 1, except that the following dye combination was used,
TBL  Dye (A) - (1)         3.8 parts                                           
     Dye (D) - (2)         2.5 parts                                           
     Dye (E) - (3)         1.8 parts                                           
     Dye (F) - (1)         3.0 parts                                           
     Dye (G) - (1)         3.0 parts                                           
PAL  and that Dacron T-64 was replaced by 2,000 parts of a union fabric of 50%
      Dacron T-92 and 50% Dacron T-56 (unmodified type). Thus, the Dacron T-92
      portion was dyed a very deep black while the Dacron T-56 portion was not
      stained at all, and dyeings which had quite a high contrast between white
      and black were obtained.
PAC  EXAMPLE 5
PAR  The dyeing procedure was carried out in the same manner as described in
      Example 1, except that the following dye combination was used,
TBL  Dye (C) - (1)         5.8 parts                                           
     Dye (D) - (1)         5.0 parts                                           
     Dye (F) - (1)         2.0 parts                                           
     Dye (G) - (1)         1.5 parts                                           
PAL  and that 0.7 part of a dye having the following structure was additionally
      added as a toning dye,
      ##SPC18##
PAR  Thus, Dacron T-64 was dyed a brilliant and deep black.
PAC  EXAMPLE 6
PAR  The dyeing procedure was carried out in the same manner as described in
      Example 1, except that the following dye combination was used,
TBL  Dye (A) - (1)         4.6 parts                                           
     Dye (D) - (2)         2.5 parts                                           
     Dye (F) - (1)         2.6 parts                                           
     Dye (G) - (1)         1.3 parts                                           
PAL  and 2.0 parts of a dye having the following structure was additionally
      added as a toning dye,
      ##SPC19##
PAL  and that Dacron T-64 was replaced by 3,000 parts of a 33/33/33 union fabric
      of Dacron T-62 /Dacron T-56 (unmodified type) / Antron T-868 (a polyamide
      fiber, made by E. I. du Pont de Nemours and Co.).
PAR  Thus, the Dacron T-62 portion was dyed a very deep black while the Dacron
      T-56 and Antron T-868 portions were not stained at all, and dyeings which
      had quite a high contrast between black and white were obtained.
PAC  EXAMPLE 7
PAR  The dyeing procedure was carried out in the same manner as described in
      Example 1, except that the following dye combination was used,
TBL  Dye (A) - (1)         7.5 parts                                           
     Dye (D) - (2)         4.1 parts                                           
     Dye (F) - (1)         3.1 parts                                           
     Dye (G) - (1)         1.7 parts                                           
PAL  and the following dyes, Toning Dye C and Toning Dye B were additionally
      added as toning dyes in amounts of 3.0 and 0.8 parts, respectively,
      ##SPC20##
PAL  and that Dacron T-64 was replaced by 1,000 parts of Dacron T-92. Thus,
      Dacron T-92 was dyed a deep and fast black.
PAR  The same procedure was carried out using 3,000 parts of a 33/33/33 union
      fabric of Dacron T-62 / Dacron T-56 (unmodified type) / Antron T-868 (a
      polyamide fiber, made by E. I. du Pont de Nemours and Co.) in place of the
      Dacron T-92. Thus, the Dacron T-62 portion was dyed a very deep black,
      while both of the Dacron T-56 and Antron T-868 portions were not stained
      at all, and dyeings which had quite a high contrast between black and
      white were obtained.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for dyeing acid-modified polyester fibers black comprising
      contacting said polyester fibers with a dye bath containing a combination
      of four kinds of dyes, the combination comprising,
PA1  1. at least one yellow or orange dye of the formula (A),
      ##SPC21##
PA1  wherein R, R', R" and R'", which may be the same or different, each is a
      methyl group or an ethyl group; R.sub.1 is a hydrogen atom or a halogen
      atom; R.sub.2 is a hydrogen atom or a (C.sub.1 -C.sub.3)alkyl group or a
      (C.sub.1 -C.sub.3)alkoxy group; and X.sup.- is an anion; of the formula
      (E)
      ##SPC22##
PA1  wherein R.sub.3, R.sub.4 and R.sub.5, which may be the same or different,
      each is a (C.sub.1 -C.sub.3)alkyl group or an aralkyl group, in which each
      of the groups may be substituted with a halogen atom, a hydroxyl group or
      a lower alkoxy group; R.sub.6 is a hydrogen atom or a carboxyl group; and
      X.sup.- is an anion; and of the formmula (C)
      ##SPC23##
PA1  wherein Z is a nitrogen atom-containing monoheterocyclic ring which may be
      substituted with a lower alkyl group or a lower alkoxy group; R.sub.7,
      R.sub.7 ' and R.sub.7 " which may be the same or different, each is a
      methyl group or an ethyl group; R.sub.8 is a hydrogen atom or a halogen
      atom; and X.sup.- is an anion;
PA1  2. at least one red dye of the formula (D)
      ##SPC24##
PA1  wherein R.sub.9, R.sub.10, R.sub.11 and R.sub.12, which may be the same or
      different, each is a (C.sub.1 -C.sub.3)alkyl group or an aralkyl group, in
      which each of the groups may be substituted with a halogen atom, a
      hydroxyl group or a lower alkoxy group; and X.sup.- is an anion; and of
      the formula (E)
      ##SPC25##
PA1  wherein R.sub.13 and R.sub.14, which may be the same or different, each is
      a (C.sub.1 -C.sub.3)alkyl group which may be substituted with a halogen
      atom, a hydroxyl group or a lower alkoxy group; and X.sup.- is an anion;
PAR  3.  at least one violet to blue dye of the formula (F),
      ##SPC26##
PA1  wherein R.sub.15 is a (C.sub.1 -C.sub.3)alkyl group which may be
      substituted with a halogen atom, a hydroxyl group, a carbamoyl group or a
      lower alkoxy group; R.sub.16 and R.sub.17, which may be the same or
      different, each is a (C.sub.1 -C.sub.3)alkyl group or an aralkyl group, in
      which each of the groups may be substituted with a halogen atom, a
      hydroxyl group or a lower alkoxy group; and X.sup.- is an anion; and
PA1  4. at least one dye of the formula (G),
      ##SPC27##
PA1  wherein R.sub.18 and R.sub.19, which may be the same or different, each is
      a (C.sub.1 -C.sub.3)alkyl or an aralkyl group, in which each of the groups
      may be substituted with a halogen atom, a hydroxyl group or a cyano group;
      R.sub.20 is a hydrogen atom or an amino group which may be substituted
      with an alkyl group or a phenyl group; and X.sup.- is an anion.
NUM  2.
PAR  2. The process according to claim 1, wherein the dye of the formula (A) is
      ##SPC28##
PAL  wherein X.sup.- is an anion.
NUM  3.
PAR  3. The process according to claim 1, wherein the dye of the formula (B) is
      ##SPC29##
PAL  wherein X.sup.- is an anion.
NUM  4.
PAR  4. The process according to claim 1, wherein the dye of the formula (C) is
      ##SPC30##
PAL  wherein X.sup.- is an anion.
NUM  5.
PAR  5. The process according to claim 1, wherein the dye of the formula (D) is
      ##SPC31##
PAL  wherein X.sup.- is an anion.
NUM  6.
PAR  6. The process according to claim 1, wherein the dye of the formula (E) is
      ##SPC32##
PAL  wherein X.sup.- is an anion.
NUM  7.
PAR  7. The process according to claim 1, wherein the dye of the formula (F) is
      ##SPC33##
PAL  wherein X.sup.- is an anion.
NUM  8.
PAR  8. The process according to claim 1, wherein the dye of the formula (G) is
      ##SPC34##
PAL  wherein X.sup.- is an anion.
NUM  9.
PAR  9. The process according to claim 1, wherein the amount of each dye in the
      combination is at least about 1 part by weight based on 1000 parts by
      weight of said polyester fiber.
NUM  10.
PAR  10. A black dye composition comprising a combination of four kinds of dyes,
      the combination comprising
PA1  1. at least one yellow or orange dye of the formula (A),
      ##SPC35##
PA1  wherein R, R', R" and R'", which may be the same or different, each is a
      methyl group or an ethyl group; R.sub.1 is a hydrogen atom or a halogen
      atom; R.sub.2 is a hydrogen atom or a (C.sub.1 -C.sub.3)alkyl group or a
      (C.sub.1 -C.sub.3) alkoxy group; and X.sup.- is an anion; of the formula
      (B)
      ##SPC36##
PA1  wherein R.sub.3, R.sub.4 and R.sub.5, which may be the same or different,
      each is a (C.sub.1 -C.sub.3)alkyl group or an aralkyl group, in which each
      of the groups may be substituted with a halogen atom, a hydroxyl group or
      a lower alkoxy group; R.sub.6 is a hydrogen atom or a carboxyl group; and
      X.sup.- is an anion; and of the formula (C)
      ##SPC37##
PA1  wherein z is a nitrogen atom-containing monoheterocyclic ring which may be
      substituted with a lower alkyl group or a lower alkoxy group; R.sub.7,
      R.sub.7 ' and R.sub.7 " which may be the same or different, each is a
      methyl group or an ethyl group; R.sub.8 is a hydrogen atom or a halogen
      atom; and X.sup.- is an anion;
PA1  2. at least one red dye of the formula (D)
      ##SPC38##
PA1  wherein R.sub.9, R.sub.10, R.sub.11 and R.sub.12, which may be the same or
      different, each is a (C.sub.1 -C.sub.3)alkyl group or an aralkyl group, in
      which each of the groups may be substituted with a halogen atom, a
      hydroxyl group or a lower alkoxy group; and X.sup.- is an anion; and of
      the formula (E)
      ##SPC39##
PA1  wherein R.sub.13 and R.sub.14, which may be the same or different, each is
      a (C.sub.1 -C.sub.3)alkyl group which may be substituted with a halogen
      atom, a hydroxyl group or a lower alkoxy group; and X.sup.- is an anion;
PAR  3.  at least one violet to blue dye of the (F), (F).
      ##SPC40##
PA1  wherein R.sub.15 is a (C.sub.1 -C.sub.3)alkyl group which may be
      substituted with a halogen atom, a hydroxyl group, a carbamoyl group or a
      lower alkoxy group; R.sub.16 and R.sub.17, which may be the same or
      different, each is a (C.sub.1 -C.sub.3)alkyl group or an aralkyl group, in
      which each of the groups may be substituted with a halogen atom, a
      hydroxyl group or a lower alkoxy group; and X.sup.- is an anion; and
PA1  4. at least one dye of the formula (G),
      ##SPC41##
PA1  wherein R.sub.18 and R.sub.19, which may be the same or different, each is
      a (C.sub.1 -C.sub.3)alkyl or an aralkyl group, in which each of the groups
      may be substituted with a halogen atom, a hydroxyl group or a cyano group;
      R.sub.20 is a hydrogen atom or an amino group which may be substituted
      with an alkyl group or a phenyl group; and X.sup.- is an anion.
NUM  11.
PAR  11. The black dye composition according to claim 10, wherein the amount of
      each dye in the combination is at least 2% by weight based on the total
      weight of the dyes in the combination.
NUM  12.
PAR  12. An acid-modified polyester fiber dyed according to the process of claim
      1.
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ABST
PAL  Compositions are disclosed for dyeing cross-linked novolac fibers, and
      blends thereof, using disperse dyes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to dyeing of cross-linked phenolic resin
      fibers and blends thereof, using disperse dyes.
PAR  Novoloids, infusible cured phenolic resins containing at least 85 percent
      cross-linked novolac, may be produced by fiberization of a novolac melt
      and subsequent cross-linking or curing to an infusible stage. Curing may
      be effected in the presence of a source of methylene groups, such as
      paraformaldehyde, formaldehyde, or hexamethylenetetramine, and preferably
      also in the presence of an acidic or basic catalyst. Such novoloid fibers
      are disclosed in the following U.S. patents, which are incorporated herein
      by reference: U.S. Pat. No. 3,650,102, issued Mar. 21, 1972, to Economy et
      al.: U.S. Pat. No. 3,716,521, issued Feb. 13, 1973, to Economy et al.; and
      U.S. Pat. No. 3,723,588, issued Mar. 27, 1973, to Economy et al. Novoloid
      fibers may be formed into felts, mats, cloths, rovings, or other useful
      embodiments in accordance with conventional fiber handling techniques. A
      fabric of such fibers is disclosed by U.S. Pat. No. 3,628,995, issued Dec.
      21, 1971, to Economy et al.
PAR  Novoloid fibers have a number of highly desirable attributes which render
      them of value in numerous applications. Their most outstanding virtue is
      excellent flame resistance. When subjected to flame, the infusible fibers
      do not melt, but rather char to produce carbon fibers, which continue to
      retain the shape and approximate dimensions of the original fibers, and
      which continue to afford extremely effective protection from flames.
      Accordingly, the fibers are of great utility in the fabrication of
      flame-protective clothing, as well as drapes, carpeting, upholstery, and
      the like which are especially suited for use in areas where fire
      constitutes a particular hazard. Such fibers also provide very effective
      thermal and accoustical insulation, and again are particularly useful for
      these applications where fire is a hazard. The fibers have suitable
      mechanical properties, such as tenacity and break elongation, to permit
      their being processed into yarns, woven and knitted fabrics and the like,
      as well as various non-woven forms such as felt, batting, and paper.
PAR  Notwithstanding such desirable attributes, infusible cured phenolic resin
      fibers have several disadvantages. Just after curing they are generally
      quite intensely colored, the hue ranging from very pale yellow to gold.
      Moreover, upon standing, the coloration may increase considerably in
      intensity, becoming deep brown or reddish brown. Thus, the fibers are
      known to possess rather poor color fastness.
PAR  Such novoloid fibers are particularly resistant to normal commercial dyeing
      processes. Accordingly, it has been difficult to obtain fibers and/or
      fabrics of the desired range of colors and color fastness. This detriment
      has a marked effect upon their acceptance by the textile industry and by
      the consumer with respect to applications for such fibers and fabrics in
      which color is an important factor.
PAR  In an attempt to overcome the deep coloration of such fibers,
      esterification or etherification of the phenolic hydroxyl groups may be
      utilized. In accordance with U.S. Pat. No.  3,716,521, of Economy et al.,
      infusible cured phenolic resin fibers may be reacted with any of a wide
      variety of suitable esterification or etherification reagents, at a
      suitable temperature, for sufficient time to block at least about 50
      percent, and preferably about 90 percent, of the phenolic hydroxyl groups
      of the cured resin. The blocking of phenolic hydroxyl groups may be
      accomplished after the resin has been cured to the point of infusibility,
      notwithstanding the cross-linked nature of the resin. Such fibers, while
      generally white in color and quite colorfast, have also, in the past, been
      difficult to dye to desired shades using commercially acceptable dyeing
      processes.
PAR  Disperse dyes, which are sparingly water-soluble, dye certain fibers such
      as cellulose acetate, nylon, or polyesters by diffusion into the fiber and
      are not attached to specific dye sites. This mechanism is sometimes
      referred to as "solid-solution dyeing".
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, infusible cured phenolic resin
      fibers, and blends thereof, may be subjected to commercial scale dyeing
      processes utilizing disperse dyes. The invention preferably comprises a
      dyeing formulation comprising from about 5 to about 7.5 percent dye (based
      on fiber weight), at least about six percent benzyl alcohol, and one
      percent acetic acid. The use of the proper proportions of acetic acid and
      benzyl alcohol are considered critical for promoting dye exhaustion.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Exemplary of infusible phenolic resins considered suitable for dyeing in
      accordance with the present invention are those set forth by U.S. Pat. No.
      3,650,102, of Economy et al. Cross-linked novolac fibers of this nature
      have been granted the designation "Novoloid" by the U.S. Federal Trade
      Commission, and are available from The Carborundum Company of Niagara
      Falls, New York, under the Trademark KYNOL.sup.tm. Such fibers are
      produced by the formation of a melt of a fusible novolac which is capable
      of cross-linking in the presence of a suitable aldehyde, fiberization of
      said melt to form thermoplastic fusible fibers, and cross-linking thereof
      by heating in the presence of methylene groups to render them infusible.
PAR  Other suitable fibers include the aforementioned esterified or etherified
      resin fibers as prepared in accordance with U.S. Pat. No. 3,716,521, of
      Economy et al.
PAR  In addition, blends of these two infusible phenolic resin fibers may be
      dyed in accordance with the present invention, as well as blends of an
      infusible phenolic resin fiber with a minor proportion of aromatic
      polyamide fibers. Suitable aromatic polyamides include various nylon
      fibers, a preferred example being Nomex, an aromatic polyamide available
      from E. I. duPont de Nemours & Company. Blends of novoloid with up to 20
      weight percent polyamide may be successfully subjected to dyeing in
      accordance with the present invention. While the polyamide fibers
      themselves are not strongly dyed by the dye baths of the present
      invention, the intense coloration of the novoloid fibers masks the weak
      coloration of a minor proportion of polyamide fiber.
PAR  The dyeing process of the present invention utilizes a dye carrier and
      acetic acid. As the dye carrier, benzyl alcohol is utilized. When dyeing
      100 percent novoloid, or blends of novoloid/polyamide, at least 3 percent
      carrier by volume is desirable, with a range of from about 3 percent to
      about 10 percent carrier being suitable. The use of at least about one
      percent to two percent by volume, based on the dyeing bath, of acetic acid
      is employed in the dye bath to control pH and to promote dye exhaustion.
      This is conveniently added as a 56 percent solution in formulating the
      dyeing bath.
PAR  In addition, the use of a small amount, i.e., less than 1.0 weight percent,
      of a surface active agent is advantageous as a wetting agent. Various
      organic derivatives such as sodium salts of high molecular weight alkyl
      sulfates or sulfonates may be used, with about 0.08 percent by weight of
      Merpol SE surface active agent, available from E. I. duPont de Nemours &
      Company, being a preferred example.
PAR  From about 2 to about 10 percent or higher, and preferably from 5 to 9
      percent of the selected dye, based on weight of the fiber, is utilized.
      Various disperse dyes may be used in the composition of this invention.
      Exemplary suitable dyes include Estracyl yellow ZRN, golden orange G,
      scarlet 2GH, blue G SH; Latyl cerise B, available from E. I. duPont de
      Nemours & Company, and others. The selected dye is dispersed in distilled,
      soft, or deionized water to avoid formation of precipitates with
      magnesium, calcium, or other elements normally found in water.
PAR  Light stabilizers may also be utilized to enhance light-fastness. Exemplary
      of such compositions are substituted hydroxyphenyl benzotriazole
      ultraviolet absorbers, such as Tinuvin P, available from Ciba-Geigy, or
      Rylex H, a hydroquinone ultraviolet absorber available from E. I. duPont
      de Nemours & Company. These may optionally be used in concentrations of
      from about 0.1 to about 10 percent by weight of the fiber.
PAR  While for purposes of experimental laboratory dyeing, the fiber or fabric
      may be added to the completely mixed dye bath, it will be understood that
      in commerical dyeing equipment, different procedural steps may be
      followed. Thus, the dye bath ingredients may be added directly to the
      fibers in the dyeing equipment, for example.
PAR  The invention is further illustrated by the following Examples, although it
      is to be understood that the Examples are intended for purposes of
      illustration only and are not intended to limit the scope of the invention
     .
DETD
PAC  EXAMPLE 1
PAR  A fiber sample comprising KYNOL.sup.tm fibers, a novoloid fiber available
      from The Carborundum Company is subjected to scouring to remove all traces
      of sizing, lubricants, or soil accumulation. Scouring is carried out with
      a surface active agent such as a soap or synthetic detergent. The undyed
      fiber is gold in color.
PAR  Merpol HCS surface active agent and tetrasodium pyrophosphate are added to
      distilled water at 27.degree.C to form a 1 percent solution of each, by
      weight of the bath. The fiber is added to the scouring bath, and the
      temperature raised to 88.degree.C at a rate of 1.5.degree.C per minute,
      and run at that temperature for 20 minutes. The bath is then cooled to
      38.degree.C, and the fiber is removed and thoroughly rinsed with warm
      water.
PAR  The dye bath is made up using 8.5 percent Estracyl scarlet 2GH dye, based
      on fiber weight, with the bath ratio set at 30 cc./gram of fiber. The dye
      is added, with 0.8 grams/liter Merpol SE surface active agent, at
      50.degree.C while stirring. then 60 grams/liter of benzyl alcohol is
      added, and the bath is run for 3 minutes to achieve a uniform dispersion.
      Ten ml/liter acetic acid (56 percent) is added, the fibers are placed in
      the bath, and the bath temperature is raised to 127.degree.C at a rate of
      1.6.degree.C/minute. The bath is run for 1.5 hours at 127.degree.C, cooled
      to 50.degree.C, and dropped. The fiber is then rinsed with warm water
      (50.degree. to 60.degree.C).
PAR  The dyed fibers are after-scoured to remove the carrier and other organic
      ingredients from the finished product by washing in a bath comprising one
      percent Merpol HCS and 0.5 percent acetic acid. The bath is set at
      50.degree.C, raised to 82.degree.C at a rate of 1.5.degree.C per minute,
      and run for 15 minutes. The fibers are then rinsed in 50.degree. to
      60.degree. water, and dried. The resulting fibers are bright red,
      uniformly colored, and exhibit only slight fade after 20 hours under a
      xenon arc light.
PAC  EXAMPLE 2
PAR  A sample of an esterified novoloid fiber prepared in accordance with U.S.
      Pat. No. 3,716,521 is subjected to dyeing in accordance with the procedure
      and composition set forth in Example 1. The resultant dyed fiber is
      equally intensely colored, and exhibits similar brightness and
      lightfastness.
PAC  EXAMPLE 3
PAR  Fabric samples comprising KYNOL.sup.tm fiber and Nomex fiber in a ratio of
      80/20 are subjected to dyeing in accordance with the process of Example 1.
      Uniform colors are obtained using from 6 to 8.5 percent of the dyes
      Estracyl yellow ZRN (200%), Estracyl scarlet 2 GH, and Latyl cerise B.
PAC  EXAMPLE 4
PAR  Samples of KYNOL.sup.tm novoloid fiber, and 80/20 blends of KYNOL.sup.tm
      novoloid fiber and Nomex polyamide fiber are dyed in accordance with
      Example 1, and subjected to xenon arc light to test lightfastness. The
      results are set forth in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Hues and Lightfastness of KYNOL.sup.tm and                                
     KYNOL.sup.tm /Nomex Fibers Dyed with Disperse Dyes                        
                                     Lightfastness                             
                                     (Xenon-arc)                               
     Desired Hue                                                               
               Dye         % Dye                                               
                               20 Hours                                        
                                     30 Hours                                  
                                             Fade                              
     __________________________________________________________________________
     YELLOW  Estracyl yellow ZRN 200%                                          
                           8.5 4     3-4     DR                                
     ORANGE  Estracyl golden orange G                                          
                           8.5 5     4-5     W                                 
     RED     Estracyl scarlet 2 GH                                             
                           8.5 4-5   4       D                                 
     BLUE    Estracyl blue G SH                                                
                           8.5 4     3       DW                                
     RED     Latyl cerise B                                                    
                           6.0 4     3-4     W                                 
     Key to Shade Change                                                       
             5 - None         B - Browner                                      
             4 - Slight       D - Duller                                       
             3 - Noticeable   R - Redder                                       
             2 - Considerably W - Weaker                                       
             1 - Much Changed Y - Yellower                                     
     __________________________________________________________________________
PAR  Percentages as set forth herein are based upon the following: fiber blends
      upon total weight of fibers; dye and stabilizer concentrations upon weight
      of fiber to be dyed; benzyl alcohol and acetic acid upon volume of dye
      bath; and surface active agent upon weight of dye bath.
PAR  While the invention has been described herein with reference to certain
      preferred embodiments, it is to be understood that various changes and
      modifications may be made by those skilled in the art without departing
      from the concept of the invention, the scope of which is to be determined
      by reference to the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for dyeing novoloid fibers, said composition comprising,
      per liter,
PA1  1. from about 1/3 to about 31/3 grams disperse dye;
PA1  2. from about 30 to about 100 ml benzyl alcohol;
PA1  3. from about 10 to about 20 ml acetic acid; and
PA1  4. water.
NUM  2.
PAR  2. A composition as set forth in claim 1 wherein said dye is present in a
      concentration of from five to about nine percent.
NUM  3.
PAR  3. A composition as set forth in claim 1 wherein said composition further
      comprises less than 1.0 weight percent surface active agent.
NUM  4.
PAR  4. A dye bath comprising, per liter,
PA1  1. from 12/3 to 3 grams disperse dye;
PA1  2. about 60 ml of benzyl alcohol;
PAR  3.  from about 10 to about 20 ml acetic acid; and
PA1  4. water.
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ABST
PAL  An improved process for treating fabrics and similar cellulosic materials
      with liquid ammonia by conventional methods to achieve improved
      properties, which improvement consists of subjecting the fabric to
      pneumatic squeezing by means of a compressed gaseous ammonia stream.
BSUM
PAR  The present invention concerns a process for the treatment with liquid
      ammonia of "fabrics", defined herein as including fibers, yarn, sheets,
      knitwear, woven material and non-woven fabrics, composed totally or in
      part of natural or regenerated cellulosic material.
PAR  Such treatment of cellulosic material has been known for a long time, and
      one knows that it improves in a considerable manner certain properties of
      the fabrics so treated, as for instance extensibility, resistance to
      shrinkage, non-iron quality, dye-affinity. It seems, however, that this
      treatment has not yet been applied industrially, and this for various
      reasons:
PA1  Difficulties in handling liquid ammonia,
PA1  Difficulties in eliminating ammonia owing to the fact that a squeezing
      process operated in the conventional way is inefficient as a practical
      matter at the low temperatures used. It seems, moreover, that in many
      cases one does not even consider as necessary to squeeze the fabric which
      has undergone liquid ammonia treatment.
PA1  The necessity of treating and recycling ammonia to prevent the loss of
      important quantities of ammonia carried forward by the fabric, which
      requires costly installations and creates high pollution,
PA1  The impossibility of obtaining a correct regulation of the process
      concerning the removal of ammonia molecules, not only of those which are
      mechanically included in the fabric but equally of those retained
      chemically, that is to say, those which plastify the cellulose-ammonia,
      and those tied to the cellulose in a covalent manner. This inconvenience
      is of particular importance in as much as the major part of the qualities
      conferred to the fabric by this treatment depend on the conditions of the
      elimination process.
PAR  Numerous processes for the utilization of the liquid ammonia treatment have
      been proposed, none of which, so far, has enabled one to resolve in a
      satisfactory way the above mentioned difficulties.
PAR  It is for this reason that the applicant has tried to perfect a simple and
      efficient process for the elimination of liquid ammonia carried by the
      fabric, whatever method of impregnation may have been utilized. It has
      become apparent that it is necessary to run this elimination process in 2
      steps, the first being principally meant to remove the part of ammonia
      which is retained mechanically, the second to remove the ammonia which is
      tied chemically to the cellulose.
PAR  In accordance with the present invention, a cellulosic textile material
      after having undergone ammonia treatment is subsequently subjected to
      pneumatic squeezing, before drying, by means of a compressed gaseous
      ammonia flow, preferably at a pressure ranging from about 100 g to about 5
      Kg per cm.sup.2.
PAR  The gaseous flow has generally the boiling temperature of ammonia under the
      envisaged pressure conditions.
PAR  The fabric, whether presenting itself as yarn, sheet, woven material, or
      the like, may have been subjected to liquid ammonia by different methods:
      immersion in a bath, spraying, with or without application of tension. It
      is then impregnated with liquid ammonia in a proportion which may vary --
      depending on the nature of the materials and their physical and chemical
      properties -- between 100 and 300 % in weight.
PAR  According to the proposed invention, the fabric is then subjected to
      pneumatic squeezing by means of a compressed gaseous ammonia flow.
      Depending on the nature of the fabric to be treated and the conditions to
      be obtained, pressure of this gas should be within 100 g and 5
      Kg/cm.sup.2, but should preferably be within 100 g and 3 Kg as concerns
      yarn, and within 100 g and 1 Kg in the case of sheet materials.
PAR  This pneumatic squeezing process may be operated by all known means, but it
      is particularly desirable to utilize the processes and squeezing devices
      as described in French patent application no. 70 02 183 and its first
      additional certificate no. 71 01 856 as well as French patent application
      no. 72 02 613 and its first additional certificate no. 72 34 900, the
      disclosures of which are hereby incorporated by reference.  See equivalent
      U.S. Pat. No. 3,812,598, issued May 28, 1974, and U.S. Pat. No. 3,724,088,
      issued Apr. 3, 1973.
PAR  The "Apparatus for the continuous treatment of threads", as described in
      French patent application no. 70 02 183 and the additional certificate no.
      71 01 856 are particularly well adapted for the sqeezing of fabrics in the
      form of threads. The damp thread is passed through a low pressure zone
      which is established in the supersonic flow of gaseous ammonia at the
      outlet of a convergent-divergent nozzle. This low pressure zone is bounded
      by a net-work of shock waves created at the outlet of the nozzle in the
      gaseous flow at supersonic speed.
PAR  The "Apparatus for the squeezing of a sheet of humid material", covered by
      French patent application no. 72 02 613 and its first additional
      certificate no. 72 34 900 is particularly well adapted for the squeezing
      of sheet material, of woven material and non-woven fabric. It consists
      essentially of a squeezing-gas-distribution-chamber bounded by a fixed
      element and by a mobile and deformable element in equilibrium under the
      pressure in this distribution chamber and an auxiliary balancing force.
PAR  The two above mentioned devices allow the squeezing of a fabric at high
      running speed and the regulation of this squeezing through the variation
      of the gaseous flow rate.
PAR  The squeezing process operated by means of the gaseous ammonia stream
      enables the removal of the part of liquid ammonia which is mechanically
      retained in the treated fabric. It allows the reduction of the amount of
      ammonia to between about 50 and 20% by weight, based on the weight of the
      yarn, and to an amount varying between about 40 and 30% in the case of
      sheet material.
PAR  The residual ammonia which has not been removed during the above mentioned
      squeezing treatment is to be eliminated according to the conventional
      methods; that is to say by means of vaporization, for instance with
      overheated vapors. It is known that vaporization is an expensive process
      and requires a lot of energy (heat of vaporization of liquid ammonia: 5,58
      Kcal per mole), and it is therefore interesting to reduce as much as
      possible the amount of ammonia to be vaporized. The recovery of this small
      quantity of ammonia does not require much washing water, and in
      consequence does not produce pollution of an important degree. This
      quantity is so minimal and incidental that it may not even have to be
      taken into account.
PAR  Compared to other methods, the treatment according to the present invention
      brings evident advantages, either with regard to the simplification of the
      technology, to the savings effected in investment and running costs or
      with regard to the high performance of the installations and the final
      qualities of the fabrics so treated.
PAR  It enables the recovery of the major part of ammonia carried by the fabric
      and the recycling, without purification, of the fraction recovered in
      liquid form or, the recycling after condensation of the fraction recovered
      in gaseous form.
PAR  The non-pollution of the gaseous fraction by another gas, for instance by
      water vapor, means important savings in energy and ammonia, In fact, the
      presence of another gas, while reducing partial pressure in ammonia and
      consequently the apparent temperature of the dew-point, diminishes the
      efficiency of the condensation apparatus. With an amount of about 30% of
      other gas in the ammonia stream, the liquefaction temperature of ammonia,
      at air-pressure, diminishes from about - 34.degree.C to about -
      40.degree.C, thus increasing electric consumption by about 10% and
      reducing the compressor capacity by about 30%. Further, the absence of
      another gas withdraws the danger of explosion.
PAR  The present elimination process is perfectly regular and reproducible. It
      is easily adaptable to all kinds of fabrics and to all techniques normally
      utilized, as for instance application of tension to a fabric. It allows a
      high speed treatment and may, in consequence, be incorporated in a
      production line.
PAR  The fabric so treated shows substantially improved qualities, in particular
      due to the fact that it has not been subjected to excessive heating. For
      instance, the dye-affinity exceeds by about 10% the one obtained on a
      fabric having undergone conventional liquid ammonia treatments.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for treating a fabric composed in part or totally of
      natural or regenerated cellulosic material by impregnation with liquid
      ammonia followed by removal of said ammonia from said fabric, the
      improvement comprising initially eliminating at least a substantial
      portion of said ammonia from said fabric by subjecting the fabric to
      pneumatic drying independent of heating by means of a compressed gaseous
      ammonia stream.
NUM  2.
PAR  2. A process according to claim 1, wherein the pressure of the ammonia
      stream is comprised between 100 g and 5 Kg per cm.sup.2.
NUM  3.
PAR  3. A process according to claim 1, wherein the temperature of the ammonia
      stream is about the boiling temperature of ammonia for the given pressure
      conditions.
NUM  4.
PAR  4. A process according to claim 2, wherein the temperature of the ammonia
      stream is about at the boiling temperature of ammonia for the given
      pressure conditions.
NUM  5.
PAR  5. A process according to claim 1, wherein said fabric is passed through a
      drying low pressure zone bounded by a net-work of shock waves created at
      the outlet of a convergent-divergent nozzle established by supersonic flow
      of said compressed gaseous ammonia stream through said nozzle.
NUM  6.
PAR  6. A process according to claim 1, wherein said compressed gaseous ammonia
      stream impinging on said fabric mechanically dislodges the impregnated
      liquid ammonia therefrom.
NUM  7.
PAR  7. A process according to claim 1, wherein the residual liquid ammonia
      remaining after the pneumatic drying by the gaseous ammonia stream is
      eliminated by additional heating sufficient to cause vaporization of the
      residual liquid ammonia.
NUM  8.
PAR  8. A process according to claim 7, wherein the pneumatic drying is
      accomplished with no additional gases contaminating the said gaseous
      ammonia.
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ABST
PAL  A process for the treatment with a fluid of textile materials in the form
      of threads, sheets of threads, sheets of webbing or in any other
      continuous form, the process being applicable in those cases where the
      final result does not depend on the duration of contact between the
      material and the fluid, provided this duration is above a minimum time.
      The process consists of bringing the material deposited on a carrier into
      contact with the fluid and of extracting the material continuously from
      this carrier while the action of the fluid on the material remaining on
      the carrier is made to continue.
PAL  The process is especially suitable to treating thread bobbins.
BSUM
PAR  The present invention relates to a process for the treatment with a fluid
      of textile materials having a continuous form such as threads, sheets of
      threads or sheets of webbing, the process being applicable in those cases
      where the final result does not depend on the duration of contact between
      the material and the fluid provided this duration is above the minimum
      time defined for each type of treatment.
PAR  The operations carried out on textile materials often consist of treating
      these materials with fluids, as a rule liquids such as dye-baths,
      bleaching agents, mercerizing agents or the like. Such treatments have
      been effected for a long time using discontinuous processes, that is to
      say by plunging the material into a bath during such a time and in such a
      form that the whole of the material is subject to the action of the fluid
      in the most uniform manner. The material is then removed from the
      treatment bath and squeezed and dried by any suitable means.
PAR  In order to increase productivity, numerous processes have been proposed
      for treating the material during the continuous advance movement thereof.
      The material, which is in different continuous forms, for example in the
      form of threads or woven material, is first made to travel through a
      treatment chamber and then a drying chamber. Such a process has been
      described, for example, in French Pat. No. 2,098,482 and its 1st
      Certificate of Addition No. 1,122,708.
PAR  The duration of the treatment, i.e. the time of contact between the fluid
      and the material necessary to obtain the desired result, is defined for
      each case and determines the choice of the running speed and the length of
      the treatment chamber. It is advantageous to use a high running speed, but
      this speed is limited by the actual constitution of the treatment chamber.
      So, in the case of a treatment time of 0.01 second and a running speed of
      600 meters per minute, the chamber must have a length of 10 centimeters.
      If the duration of the treatment is extended, it becomes difficult, if not
      impossible, to use a continuous process.
PAR  While in numerous cases the result depends directly on the duration of the
      treatment, there exist treatments where the result is achieved with a
      rather long minimum treating time, comprised for example between 0.01
      second and 10 seconds, without however being affected by a prolonged
      duration. If the efficiency of such a treatment, according to the time of
      contact, is illustrated graphically, one obtains a curve which attains an
      asymptote of 100% efficiency very rapidly. The desired result is the
      optimum result, that is to say one operates in the asymptotical part of
      the curve. The treatment of cellulosic materials with liquid ammonia is a
      good example of this type.
PAR  As the known processes are little applicable in this case, since they
      require very long treatment chambers or else low running speeds, the
      present invention has as its object a new continuous process applicable in
      this case.
PAR  To this end, the process consists in treating the material wound on to a
      bobbin or a roll by subjecting the outside of the bobbin or roll to the
      action of the fluid. While the material is removed from the carrier, i.e.
      while the material is unwound, the action of the fluid continues on the
      material remaining on the carrier. The treatment can be effected by
      plunging the material into a tank containing the fluid or by spraying the
      fluid onto the material. The action of the fluid can be promoted by
      maintaining the tank under pressure. The fluid, which can be a gas or a
      liquid, is preferably removed from the material during the continuous
      advance movement thereof after removal from the carrier. If the fluid
      causes a shrinkage effect on the material and this is to be avoided, it is
      preferable to use a carrier which is least compressible on which the
      material is wound in a very close manner. Such a process is more
      especially suited to the treatment of cellulosic materials with liquid
      ammonia. It is this application, in the case where the material is in
      thread form, which will be described hereafter in order to make the
      invention better understood.
PAR  The attached graph shows schematically the action of liquid ammonia on a
      cellulosic material according to the time of contact of the material with
      the ammonia.
PAR  A thread bobbin is subjected to the action of liquid ammonia, for example
      by immersing it in a bath of liquid ammonia kept at a temperature lower
      than the boiling point of liquid ammonia. The ammonia may also be sprayed
      onto the bobbin by means of several spray nozzles regularly placed. The
      thread is then unwound while the bobbin is kept in the ammonia, and the
      ammonia removed during the unwinding process by any suitable means. The
      unwinding can be commensed as soon as the outside of the bobbin has been
      in contact with the ammonia for a time at least equal to the minimum time
      requested for a satisfactory result, that is 10 seconds.
PAR  When the bobbin is plunged into the bath, the ammonia penetrates into the
      bobbin to an extent which depends on the time of contact and the winding
      conditions. This penetration goes on during the whole upwinding process of
      the bobbin. Not all parts of thread are subjected to the action of the
      ammonia for the same duration. The outer layer of thread between the two
      ends of the bobbin is treated for a relatively short time. The parts of
      thread constituting these ends are treated for a much longer time. This
      period of time corresponds to that of the complete unwinding process as
      regards the part of thread located on the ends of the bobbin and which is
      in direct contact with the carrier. It has been found, nevertheless, that
      the thread so treated presents homogeneous properties along its whole
      length. This can be explained with reference to the attached graph.
PAR  In this graph, the time of action of the liquid ammonia on a cellulosic
      material has been reported on the x-axis using a logarithmic scale and the
      efficiency rate of the treatment on the y-axis. The efficiency rate can be
      determined, for example, by using the control method described in the
      American norm AATC No. 89 1958T. This method is based on the fact that the
      treated material absorbs more barium hydroxide than the untreated one.
      From this graph can be seen that beyond a treating time of about 10
      seconds we are in the asymptotical part of the curve, and one then obtains
      the same efficiency rate of about 100% whatever the duration of this
      treatment. Tests have shown, moreover, that a relatively long duration of
      treatment does not at all damage the textile material. A thread bobbin of
      a metric count of 60/1 and which weighs about 1 kg is plunged into ammonia
      and then about 10 seconds after its immersion is unwound at a speed of
      1000 meters per minute. It takes about 1 hour to unwind the whole bobbin.
      The contacting time of the thread with the ammonia varies between 10
      seconds and 1 hour according to the location of the part of thread in the
      bobbin. It was found that the penetration of the ammonia into the bobbin
      is such as to impregnate about 100 grams of thread simultaneously. This
      penetration is sufficiently quick to allow each part of thread to be
      subjected to the action of the ammonia for more than 10 seconds. However,
      in the case of using considerably higher running speeds, the speed with
      which the ammonia penetrates into the bobbin could be increased, for
      example, by increasing the ammonia pressure.
PAR  Elimination of the ammonia can be brought about by any means, e.g.
      treatment with a hot fluid, passing through an oven, infra-red heating and
      such like. It is preferable to select a process for the elimination which
      may be applied to a thread running at high speed so as not to limit the
      overall speed of the particular treatment. The thread is then rewound
      unless further continuous treatments are to be applied.
PAR  It is known that the action of liquid ammonia can bring about significant
      shrinkage of the material. It is therefore necessary either to prevent
      this shrinkage, which is effected in the continuous processes already
      known by imposition of a great tension during the treatment, or to
      restretch the material subsequently, which entails, however, risks of yarn
      breakages.
PAR  It has appeared advantageous to prevent the shrinkage of the material,
      which is achieved very easily in a treatment according to the invention by
      using carriers which are least compressible to wind the thread on. It is
      preferable to effect the winding as close as possible. The mere tension of
      the thread on delivery during the unwinding and the drying is sufficient
      to allow any additional stretching to be avoided.
PAR  The process such as described here may be applied to any treatment whose
      efficiency can be illustrated by a curve as in the attached graph. The
      duration of the treatment can be varied, as the maximum efficiency,
      illustrated by the asymptotical part of the curve, is sought. It is
      sufficient that this duration is above a minimum time, which must be
      comprised between about 0.01 second and 10 seconds if such a process shall
      show up advantageously. This process may be used for the following
      applications, quoted as well by way of example:
PA1  pigment dyeing where the result does not depend on the duration of
      treatment but on the concentration of the bath,
PA1  exhaust dyeing when a saturated shade is desired,
PA1  anti-flame treatment,
PA1  water repellent treatment.
PAR  It can be used for treating bobbins of thread, but also sheets of threads
      or woven fabrics wound on a carrier. The same as it would be possible to
      treat in this way loose fabrics, but one might meet with difficulties when
      extracting the material at high speed.
PAR  It is not necessary to render the material in a special form, the bobbin or
      roll being the most conventional presentation.
PAR  Such a process allows operating at very high running speeds while needing
      only simple impregnation installations. Moreover, the delivery of the
      thread can be interrupted momentaneously without difficulties. Also a
      variable delivery speed can be used, which is particularly advantageous
      when after treatment loose-wound bobbins are desired which have to be
      realized with a progressively increasing winding speed.
PAR  Further, the treating fluid can be a gas stored for example in an air-tight
      tank. In this case, as eventually in the case of a treatment with a
      liquid, removal of the treating fluid may prove unnecessary and the
      material can be made up directly after its continuous extraction from the
      treatment chamber.
PAR  The present invention is not limited to the above treating description, but
      covers all the variants thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the treatment of textile materials in elongated continuous
      form by a treating fluid whose treating action is essentially independent
      as a practical matter of the time of contact beyond a minimum duration
      between about 0.01 seconds and 10 seconds, comprising:
PA1  continuously applying said treating fluid to the outside textile material
      would on a bobbin or roll, and
PA1  continuously unwinding the bobbin or roll at a rate such that the unwound
      material is subjected to said treating fluid for at least said minimum
      duration while the action of the fluid continues on the material still
      wound, some of which has yet to be treated for said minimum duration.
NUM  2.
PAR  2. A process in accordance with claim 1, wherein said material is treated
      by immersing the bobbin or roll into a tank containing the treating fluid.
NUM  3.
PAR  3. A process in accordance with claim 2, wherein said tank is maintained
      under pressure.
NUM  4.
PAR  4. A process in accordance with claim 1, wherein said treating fluid is
      sprayed on the outside of the bobbin or roll.
NUM  5.
PAR  5. A process in accordance with claim 1, wherein said treatment fluid is a
      gas.
NUM  6.
PAR  6. A process in accordance with claim 1, wherein said treatment fluid is a
      liquid.
NUM  7.
PAR  7. A process in accordance with claim 1, wherein said treating fluid is
      removed during the continuous unwinding of the material.
NUM  8.
PAR  8. A process according to claim 1, wherein said material is wound onto an
      essentially incompressible carrier.
NUM  9.
PAR  9. A process according to claim 6, wherein said material to be treated is a
      cellulosic material and the treating fluid is liquid ammonia.
NUM  10.
PAR  10. A process as claimed in claim 6, wherein said textile material has been
      subjected to the treating liquid for the minimum duration before being
      unwound.
NUM  11.
PAR  11. A process as claimed in claim 7, wherein the treating fluid is a liquid
      and wherein the textile material may be unwound before having been
      contacted with the treating liquid for the minimum duration, but wherein
      the treating liquid is removed from the unwound textile material only
      after the minimum duration of contact.
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ABST
PAL  Heretofore polybenzimidazole fibrous materials have proven to be extremely
      difficult to dye successfully. The present invention provides an effective
      route for the achievement of a satisfactorily dyed polybenzimidazole
      fibrous material. The fibrous material initially is contacted at an
      elevated temperature with a liquid (e.g., an aqueous emulsion) comprising
      an organic swelling agent and salicylic acid to form polybenzimidazonium
      salicylate, and subsequently is dyed with an anionic dyestuff. Complete
      and uniform dye penetration is made possible through the use of the
      present process, and the resulting dyed article is capable of resisting
      dye sublimation when utilized in an environment where elevated
      temperatures are encountered.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Polybenzimidazole fibrous materials are a recognized class of fibers
      exhibiting non-burning characteristics and a great resistance to
      degradation by heat, hydrolytic, and oxidizing media. Polybenzimidazole
      fibers are good insulating materials and do not give off toxic fumes when
      heated. Such fibers particularly are suited for use in applications where
      high temperature resistance and the safety afforded by a non-combustible
      fiber is of importance. For instance, such fibers heretofore have been
      utilized in the production of space suits, parachutes, and ropes intended
      for use in outer space. Other potential uses for polybenzimidazole fibers
      include: protective clothing for firemen, operators in steel and glass
      mills, and pilots of military aircraft; furnishings in critical areas such
      as carpets, drapes and upholstery, in spacecraft, submarines, commercial
      aircraft, hospitals, nursing homes, etc.
PAR  The polybenzimidazole fibrous materials inherently are of a light gold
      color to dark brown color. As discussed in commonly assigned U.S. Pat. No.
      3,836,500, such fibers commonly darken upon aging.
PAR  Polybenzimidazole fibers tend to be relatively amorphous, and are found to
      possess a greater number of potential acid dye sites than wool. However,
      prior attempts at the application of any dye class by standard dyeing
      techniques heretofore has been unsuccessful. When the dyeing of
      polybenzimidazole fibers has been attempted in the prior art, the dye
      penetration generally has tended to be poor, and often the dye has been
      readily removable from the fiber surface. The difficulties encountered
      when attempting to dye polybenzimidazole fibers may be attributed at least
      in part to the relatively high glass transition temperature of the same,
      e.g. 350.degree. to 375.degree.C. There accordingly has remained a need
      for a reliable technique to satisfactorily dye polybenzimidazole fibers so
      that aesthetically pleasing shades other than that inherently produced may
      be combined with its other highly desirable utilitarian characteristics.
      Also, the ability to provide satisfactorily dyed polybenzimidazole fibrous
      materials is of importance when the end use is in a fabric intended for
      forming flight suits where a bright highly visible color is helpful in the
      spotting of downed aviators in emergency situations.
PAR  It is an object of the invention to provide an improved process for the
      dyeing of polybenzimidazole fibers.
PAR  It is an object of the invention to provide an improved process for the
      dyeing of polybenzimidazole fibers with an anionic dyestuff.
PAR  It is an object of the invention to provide an improved process for the
      dyeing of polybenzimidazole fibers which may be carried out at moderate
      temperatures substantially below the glass transition temperature of the
      polybenzimidazole.
PAR  It is another object of the invention to provide an improved process for
      the dyeing of polybenzimidazole fibers wherein complete and uniform dye
      penetration is accomplished.
PAR  It is another object of the invention to provide an improved process for
      the dyeing of polybenzimidazole fibers wherein the dyed product exhibits
      satisfactory washfastness, crockfastness, dryclean fastness.
PAR  It is a further object of the invention to provide an improved process for
      the dyeing of polybenzimidazole fibers wherein the dye present in the dyed
      fibrous product is resistant to sublimation at elevated temperatures.
PAR  These and other objects, as well as the scope, nature, and utilization of
      the process will be apparent from the following description and appended
      claims.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that an improved process for the dyeing of a
      polybenzimidazole fibrous material with an anionic dye comprises
      contacting the polybenzimidazole fibers with a liquid provided at an
      elevated temperature comprising:
PA1  a. an organic swelling agent for the polybenzimidazole having a solubility
      parameter when in contact with the fiber of about 11 to 13, and
PA1  b. about 0.05 to 5 percent by weight based upon the weight of the liquid of
      salicylic acid,
PAL  whereby the polybenzimidazole undergoes chemical reaction to form
      polybenzimidazonium salicylate, and dyeing the resulting fibers by contact
      with a dyebath comprising an anionic dyestuff.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAC  The Starting Material
PAR  The polybenzimidazole fibrous material which serves as the starting
      material in the present process may be formed by any one of a variety of
      techniques.
PAR  Polybenzimidazoles are a known class of heterocyclic polymers. Typical
      polymers of this class are described in U.S. Pat. No. 2,895,948, U.S. Pat.
      No. Re. 26,065, and in the Journal of Polymer Science, Vol. 50, pages
      511-539 (1961) which are herein incorporated by reference. The
      polybenzimidazoles consist essentially of recurring units of the following
      Formulas I and II. Formula I is:
      ##EQU1##
      wherein R is a tetravalent aromatic nucleus, preferably symmetrically
      substituted, with the nitrogen atoms forming the benzimidazole rings being
      paired upon adjacent carbon atoms, i.e. ortho carbon atoms, of the
      aromatic nucleus, and R' is a member of the class consisting of (1) an
      aromatic ring, (2) an alkylene group (preferably those having 4 to 8
      carbon atoms), and (3) a heterocyclic ring from the class consisting of
      (a) pyridine, (b) pyrazine, (c) furan, (d) quinoline, (e) thiophene, and
      (f) pyran.
PAR  Formula II is:
      ##EQU2##
      wherein Z is an aromatic nucleus having the nitrogen atoms forming the
      benzimidazole ring paired upon adjacent carbon atoms of the aromatic
      nucleus.
PAR  Preferably, aromatic polybenzimidazoles are selected, e.g., polymers
      consisting essentially of the recurring units of Formulas I and II wherein
      R' is at least one aromatic ring or a heterocyclic ring.
PAR  As set forth in U.S. Pat. No. RE 26,065, the aromatic polybenzimidazoles
      having the recurring units of Formula II may be prepared by
      self-condensing a trifunctional aromatic compound containing only a single
      set of ortho disposed diamino substituents and an aromatic, preferably
      phenyl, carboxylate ester substituent. Exemplary of polymers of this type
      is poly-2,5(6)-benzimidazole prepared by the autocondensation of
      phenyl-3,4-diaminobenzoate.
PAR  As also set forth in the above-mentioned patent, the aromatic
      polybenzimidazoles having the recurring units of Formula I may be prepared
      by condensing an aromatic tetraamine compound containing a pair of
      orthodiamino substituents on the aromatic nucleus with a dicarboxyl
      compound selected from the class consisting of (a) the diphenyl ester of
      an aromatic dicarboxylic acid, (b) the diphenyl ester of a heterocyclic
      dicarboxylic acid wherein the carboxyl groups are substituents upon a
      carbon in a ring compound selected from the class consisting of pyridine,
      pyrazine, furan, quinoline, thiophene, and pyran and (c) an anhydride of
      an aromatic dicarboxylic acid.
PAR  Examples of polybenzimidazoles which have the recurring structure of
      Formula I are as follows:
PA1  poly-2,2'-(m-phenylene)-5,5'-bibenzimidazole;
PA1  poly-2,2'-(pyridylene-3",5")-5,5'-bibenzimidazole;
PA1  poly-2,2'-(furylene-2",5")-5,5'-bibenzimidazole;
PA1  poly-2,2'-(naphthalene-1",6")-5,5'-bibenzimidazole;
PA1  poly-2,2'-(biphenylene-4",4")-5,5'-bibenzimidazole;
PA1  poly-2,2'-amylene-5,5'-bibenzimidazole;
PA1  poly-2,2'-octamethylene-5,5'-bibenzimidazole;
PA1  poly-2,6-(m-phenylene)-diimidazobenzene;
PA1  poly-2,2'-cyclohexeneyl-5,5'-bibenzimidazole;
PA1  poly-2,2'-(m-phenylene)-5,5'-di(benzimidazole)ether;
PA1  poly-2,2'-(m-phenylene)-5,5'-di(benzimidazole) sulfide;
PA1  poly-2,2'-(m-phenylene)-5,5'-di(benzimidazole) sulfone;
PA1  poly-2,2'-(m-phenylene)-5,5'-di(benzimidazole) methane;
PA1  poly-2',2"-(m-phenylene)-5',5"-di(benzimidazole) propane-2,2; and
PA1  poly-2',2"-(m-phenylene)-5',5"-di(benzimidazole) ethylene-1,2
PAL  where the double bonds of the ethylene groups are intact in the final
      polymer.
PAR  The preferred polybenzimidazole for use in the present process is one
      prepared from poly-2,2'-(m-phenylene)-5,5'-bibenzimidazole, the recurring
      unit of which is:
      ##SPC1##
PAR  Any polymerization process known to those skilled in the art may be
      employed to prepare the polybenzimidazole which may then be formed into a
      fibrous material. Representative techniques for preparing the
      polybenzimidazole are disclosed in U.S. Pat. Nos. 3,509,108; 3,549,603;
      and 3,551,389, which are assigned to the assignee of the present invention
      and are herein incoporated by reference.
PAR  With respect to aromatic polybenzimidazoles, preferably equimolar
      quantities of the monomeric tetraamine and dicarboxyl compound are
      introduced into a first stage melt polymerization reaction zone and heated
      therein at a temperature above about 200.degree.C., preferably at least
      250.degree.C., and more preferably from about 270.degree. to 300.degree.C.
      The reaction is conducted in a substantially oxygen-free atmosphere, i.e.,
      below about 20 ppm oxygen and preferably below about 8 ppm oxygen, until a
      foamed prepolymer is formed having an inherent viscosity, expressed as
      deciliters per gram, of at least 0.1 and preferably from about 0.13 to
      0.3, the inherent viscosity (I.V.) as used herein being determined from a
      solution of 0.4 grams of the polymer in 100 ml. of 97 percent H.sub.2
      SO.sub.4 at 25.degree.C.
PAR  After the conclusion of the first stage reaction, which normally takes at
      least 0.5 hour and preferably 1 to 3 hours, the foamed prepolymer is
      cooled and then powdered or pulverized in any convenient manner. The
      resulting prepolymer powder is then introduced into a second stage
      polymerization reaction zone wherein it is heated under substantially
      oxygen-free conditions, as described above, to yield a polybenzimidazole
      polymer product, desirably having an I.V., as measured above, of at least
      0.6, e.g., 0.80 to 1.1 or more.
PAR  The temperature employed in the second stage is at least 250.degree.C.,
      preferably at least 325.degree.C., and more preferably from about
      350.degree. to 425.degree.C. The second stage reaction generally takes at
      least 0.5 hour, and preferably from about 1 to 4 hours or more.
PAR  A particularly preferred method for preparing the polybenzimidazole is
      disclosed in the aforesaid U.S. Pat. No. 3,509,108. As disclosed therein
      aromatic polybenzimidazoles may be prepared by initially reacting the
      monomer in a melt phase polymerization at a temperature above about
      200.degree.C. and a pressure above 50 psi(e.g., 300 to 600 psi) and then
      heating the resulting reaction product in a solid state polymerization at
      a temperature above about 300.degree.C. (e.g., 350.degree. to
      500.degree.C.) to yield the final product.
PAR  The term polybenzimidazole "fibrous material" as used herein includes
      staple fiber, monofilaments, as well as multifilament fibrous materials,
      such as yarn, strand, cable, tow or other continuous or discontinuous
      fibrous assemblages. In a preferred embodiment of the process the
      polybenzimidazole fibrous material is staple fiber, staple yarn,
      multifilament yarn, multifilament tow, or fabric formed therefrom. In a
      particularly preferred embodiment of the process the dyeing is conducted
      on staple fiber prior to the formation of a fiber assemblage in which the
      fiber ultimately is used.
PAR  As is known in the art, polybenzimidazoles are generally formed into
      continuous lengths of fibrous materials by solution spinning, that is, by
      dry or wet spinning a solution of the polymer in an appropriate solvent
      such as N,N-dimethylacetamide, N,N-dimethylformamide, dimethylsulfoxide or
      sulfuric acid (used only in wet spinning) through an opening of
      predetermined shape into an evaporative atmosphere for the solvent in
      which most of the solvent is evaporated (dry) or into a coagulation bath
      (wet), resulting in the polymer having the desired filamentary shape.
PAR  The polymer solutions may be prepared in accordance with known procedures.
      For example, sufficient polybenzimidazole may be dissolved in the solvent
      to yield a final solution suitable for extrusion containing from about 10
      to 45 percent by weight of the polymer, based on the total weight of the
      solution, preferably from about 20 to 30 percent by weight.
PAR  One suitable means for dissolving the polymer in the solvent is by mixing
      the materials at a temperature above the atmospheric boiling point of the
      solvent, for example 25.degree. to 120.degree.C. above such boiling point,
      and at a pressure of 2 to 15 atmospheres for a period of 1 to 5 hours.
PAR  Preferably, the polymer solutions, after suitable filtration to remove any
      undissolved portions, are dry spun. For example, the solutions may be
      extruded through a spinneret into a conventional type downdraft spinning
      colummn containing a circulating inert gas such as nitrogen, noble gasses,
      combustion gasses, or superheated steam. Conveniently, the spinneret face
      is at a temperature of from about 100.degree. to 170.degree.C., the top of
      the column from about 120.degree. to 220.degree.C., the middle of the
      column from about 140.degree. to 250.degree.C., and the bottom of the
      column from about 160.degree. to 320.degree.C. After leaving the spinning
      column, the continuous filamentary materials are taken up, for example, at
      a speed within the range of about 50 to 350 meters or more per minute. If
      the continuous filamentary materials are to be washed while wound on
      bobbins, the resulting "as-spun" materials may be subjected to a slight
      steam drawing treatment at a draw ratio from about 1.05:1 to 1.5:1 in
      order to prevent the fibers from relaxing and falling off the bobbin
      during the subsequent washing step. Further details with respect to a
      method for dry-spinning a continuous length of a polybenzimidazole fibrous
      material are shown in U.S. Pat. No. 3,502,756 to Bohrer et al. which is
      assigned to the same assignee as the present invention and is herein
      incorporated by reference.
PAR  The continuous length of polybenzimidazole fibrous material is next washed
      so as to remove at least the major portion of residual spinning solvent,
      e.g., so that the washed materials contain less than about 1 percent by
      weight solvent based on the weight of the continuous filamentary material,
      and preferably so as to obtain an essentially spinning solvent-free
      fibrous material (i.e., a fibrous material containing less than about 0.1
      percent solvent by weight). Typically, a simple water wash is employed;
      however, if desired, other wash materials such as acetone, methanol,
      methylethyl ketone and similar solvent-miscible and volatile organic
      solvents may be used in place of or in combination with the water. The
      washing operation may be conducted by collecting the polybenzimidazole
      fibrous material on perforated rolls or bobbins, immersing the rolls in
      the liquid wash bath and pressure washing the fibrous material, for
      example, for about 2 to 48 hours or more. Alternatively, the continuous
      length of polybenzimidazole fibrous material may be washed on a continuous
      basis by passing the fibrous material in the direction of its length
      through one or more liquid wash baths (e.g., for 1 to 10 minutes). Any
      wash technique known to those skilled in the art may be selected.
PAR  The continuous length of polybenzimidazole fibrous material may next be
      dried to remove the liquid wash bath by any convenient technique. For
      instance, the drying operation for bobbins of yarn may be conducted at a
      temperature of about 150.degree. to 300.degree.C. for about 2 to 100 hours
      or more. Alternatively, the continuous length of polybenzimidazole fibrous
      material may be dried on a continuous basis by passing the fibrous
      material in the direction of its length through an appropriate drying zone
      (e.g., an oven provided at 300.degree. to 400.degree.C. for 1 to 2
      minutes). If drying is employed, preferably the drying temperature does
      not exceed about 250.degree.C. for several hours or 400.degree.C. for more
      than 1 minute, as above these limits degradation of the fiber may occur.
PAR  The polybenzimidazole fibrous material preferably next is hot drawn at a
      draw ratio of about 2:1 to 5:1 in order to enhance its orientation.
      Representative drawn procedures are disclosed in commonly assigned U.S.
      Pat. Nos. 3,622,660, and 3,849,529.
PAR  The polybenzimidazole fibrous material when intended for textile
      applications is usually crimped and cut into staple form. For example, a
      crimp of about 10 to 15 crimps per inch may be imparted to the same prior
      to cutting into lengths of about 2 inches. This crimped staple fiber may
      then be spun into yarns of from about 14's to 60's cotton count. Fabric
      next may be formed by weaving or knitting.
PAC  THE FORMATION OF POLYBENZIMIDAZONIUM SALICYLATE
PAR  The polybenzimidazole fibrous material is contacted with a liquid provided
      at an elevated temperature comprising an organic swelling agent (as
      defined), and salicylic acid to form polybenzimidazonium salicylate. As
      previously indicated, the polybenzimidazole fibers may be a variety of
      configurations.
PAR  The organic swelling agent has a solubility parameter .delta. when in
      contact with the fiber of about 11 to 13 and is incapable of dissolving
      the fiber. As will be apparent to those skilled in the art, the solubility
      parameter of a given compound may be determined via conventional
      techniques, such as from the heats of vaporization.
      .delta.=(.DELTA.E/V).sup.1/2 where .DELTA.E is the energy of vaporization
      to a gas at zero pressure and V is the molal volume of the liquid.
      Solubility parameters also may be calculated from thermal coefficients,
      critical pressure or surface tension, or estimated from the structural
      formula of the agent using Small's molar attraction constants. See, for
      instance, Interchemical Review, Spring, 1955 by H. Burrell. Also, the
      solubility parameters of many common agents may be found in published
      tables, e.g. J. Paint Technol., 42, 76 (1970) by K. L. Hoy. Upon contact
      with the polybenzimidazole fibrous material the swelling agent has the
      ability to plasticize the internal structure of the fibrous material and
      to render it more pervious to the ingress of other molecules.
      Representative swelling agents which may be utilized in the present
      process include: benzyl alcohol, 2-phenoxyethanol, methanol, ethanol,
      n-propanol, n-butanol, diethylene glycol monomethyl ether, 50 percent by
      volume mixtures of methanol and methylene chloride, 50 percent by volume
      mixtures of methanol and perchloroethylene, 50 percent by volume mixtures
      of ethanol and perchloroethylene, and mixtures of the foregoing. The
      liquid comprising the swelling agent and salicylic acid optionally may
      include other components which do not adversely influence the fibers,
      interfere with the swelling properties of the agent or alter the
      solubility parameter to a value outside the range of about 11 to 13.
PAR  Salicylic acid preferably is provided with the organic swelling agent in
      the liquid in a concentration of about 0.05 to 5 percent by weight based
      upon the total weight of the liquid. In a particularly preferred
      embodiment of the process the salicylic acid is provided in the liquid in
      a concentration of about 0.2 to 1 percent by weight based upon the total
      weight of the liquid, e.g. 0.5 percent by weight.
PAR  The particularly preferred swelling agent for use in the process is benzyl
      alcohol which is provided in water with salicylic acid, and a surfactant.
      For instance, the benzyl alcohol may be provided in the aqueous liquid in
      a concentration of about 3 to 20 percent by weight based upon the total
      weight of the liquid. In a further preferred embodiment of the process the
      benzyl alcohol is provided in the aqueous liquid in a concentration of
      about 3 to 10 percent by weight based upon the total weight of the liquid
      (e.g. 3 to 6 percent by weight). Particularly satisfactory results have
      been achieved when the benzyl alcohol is provided in the aqueous liquid in
      a concentration of about 6 percent by weight based upon the total weight
      of the liquid.
PAR  Swelling agents such as 2-phenoxyethanol or n-butanol similarly may be
      utilized while present with water. The other swelling agents identified
      can best be utilized in the substantial absence of water.
PAR  When the organic swelling agent is applied from an aqueous liquid a minor
      quantity of a surfactant also is provided with the water, organic swelling
      agent, and salicyclic acid components which enables the formation of a
      stable emulsion (e.g., at room temperature). The surfactant preferably is
      provided in a concentration of about 0.03 to 0.3 percent by weight based
      upon the total weight of the liquid. The preferred surfactants are those
      which do not unduly interfere with the formation of polybenzimidazonium
      salicylate as described hereafter, which may be substantially removed from
      the fiber following dyeing, and which do not adversely influence the
      properties of the resulting fiber. Particularly preferred surfactants for
      use in the process are the sodium salts of alkyl phosphate ester (e.g.,
      GAFAC-MC-470 surfactant available from the GAF Corporation).
PAR  During the formation of the polybenzimidazonium salicylate the
      polybenzimidazole fibrous material preferably is immersed in the liquid
      containing the organic swelling agent and salicylic acid for about 5 to 30
      minutes, and the liquid conveniently provided at an elevated temperature
      within the range of about 40.degree. to 97.degree.C. during at least a
      portion of the contact with the polybenzimidazole fibers. The maximum
      temperature utilized will, of course, be influenced by the boiling point
      of the organic swelling agent.
PAR  The formation of the polybenzimidazonium salicylate may be carried out in
      conventional dyeing equipment as a pretreatment step prior to actually
      dyeing the fiber. Those considerations familiar to those skilled in the
      art of dyeing should guide the selection of equipment to afford optimum
      levelness both in the absorption of salicylic acid by the
      polybenzimidazole and subsequently of the dyes by the polybenzimidazonium
      salicylate. Such equipment usually has provision for the dilution of
      additives in the dyebath before the additives contact the fiber and
      employs a dynamic interaction between the dye-liquor and the fiber. Using
      the appropriate equipment, the process of the present invention may be
      applied to dye staple in loose or cake form, filament or spun yarn in skin
      or package form, or fabric.
PAR  The liquid preferably is provided in a quantity such that its weight
      exceeds that of the polybenzimidazole fibrous material undergoing
      treatment by about 10 to 50 times, and most preferably by about 30 to 40
      times. During the polybenzimidazonium salicylate forming reaction basic
      nitrogen atoms of the polymer undergo reaction, hydrogen ions are added,
      and the polymer is rendered cationic and capable of exchanging anionic
      dyes during dyeing. The formation of polybenzimidazonium salicylate may be
      confirmed by UV analysis. Preferably at least 10 percent of the reactive
      sites of the polybenzimidazole fibrous material undergo reaction to form
      polybenzimidazonium salicylate. In a preferred embodiment of the process
      swelling and salicylate formation are carried out at least partially in a
      consecutive manner rather than entirely in a simultaneous manner. For
      instance, the introduction of the salicylic acid into the liquid may be
      delayed at least until after the swelling has been initiated. Once the
      salicylic acid component is introduced, the temperature of the liquid may
      be more highly elevated. It is to be understood that at elevated
      temperatures when utilizing an aqueous liquid substantial portions of the
      benzyl alcohol and salicylic acid will pass into solution rather than
      being emulsified or suspended within the water continuous phase.
PAR  The formation of polybenzimidazonium salicylate surprisingly has been found
      to render the fibrous material capable of undergoing highly satisfactory
      dyeing with an anionic dyestuff thereby overcoming dyeing difficulties
      heretofore encountered with polybenzimidazole fibers.
PAR  The formation of a polybenzimidazonium salicylate upon reaction of
      poly-2,2'-(m-phenylene)-5,5'-bibenzimidazole with salicylic acid is
      illustrative of the salt formation reaction and can be represented by the
      following equation:
      ##SPC2##
PAC  THE DYEING WITH AN ANIONIC DYESTUFF
PAR  The resulting polybenzimidazole fibrous material following the formation of
      polybenzimidazonium salicylate and while in swollen form may be dyed by
      contact with a dyebath comprising an anionic dye (i.e. a dissolved anionic
      dye). For instance, the anionic dyestuff may be an acid dye, direct dye,
      fiber reactive dye, or solubilized vat dye, etc. In the process of the
      present invention the salicylate anions are displaced by the anions
      provided by the dyestuff. The dyeing conveniently may be carried out at a
      relatively low temperature of about 40.degree. to 97.degree.C. which is
      substantially below the glass transition temperature of the
      polybenzimidazole.
PAR  Representative acid dyes include the azo, triarylmethane, xanthene, azine,
      ketonimine, nitro, nitroso, antraquinone, and azocomplex dyes with acid
      substituents such as carboxy-, or sulfonic acid. Specific acid dyes which
      particularly are useful in the present process include CI Acid:Blue 102,
      Blue 108, Yellow 7, Yellow 29:1, Red 1, Red, 4, Red 15, Red 143, Orange
      10, Blue 59, Blue 78, Blue 126, Blue 168, Orange 86, Orange 87, Orange 88,
      Red 211, Red 259, Yellow 116, Yellow 129, Green 57, Violet 75, and Blue
      166.
PAR  Representative direct dyes which may be utilized in the present process
      include CI Direct: Yellow 8, Yellow 12, Yellow 27, Yellow 99, Red 37, Red
      39, Red 77, Red 111, Blue 11, Blue 55, and Blue 106.
PAR  Specific fiber reactive dyes which may be utilized in the present process
      include CI Reactive: Yellow 27, Orange 50, Red 21, Blue 19, and Blue 27.
PAR  Specific solubilized vat dyes which may be utilized in the present process
      include CI Solubilized Vat: Blue 1, Blue 5, Blue 6, Red 1, Red 10, Green
      1, Green 2, Yellow 7, and Violet 7.
PAR  If desired the liquid comprising the organic swelling agent, and salicylic
      acid, may be combined with the dissolved anionic dye so that
      polybenzimidazonium salicylate formation and salicylate displacement by
      the anionic dye take place in immediate succession. However, it is
      preferred for optimum results that the salicylate formation be carried out
      in a separate step prior to contact with the anionic dyestuff.
PAR  Furthermore, modification of these procedures by those skilled in the art
      will permit the continuous dyeing of a polybenzimidazole fabric by
      Thermosol dyeing. For instance, a formulation of swelling agent, salicylic
      acid, dyes, thickeners can be applied to the fiber as a paste, and the
      polybenzimidazonium salicylate formation and dye exchange affected by the
      application of heat.
PAR  Once dyeing is complete the swelling agent and remaining salicylate are
      removed. Representative wash techniques include exposing the fibrous
      material to a volume of fresh water and heating to an elevated temperature
      of 75.degree. to 95.degree.C. for 10 to 30 minutes. Alternatively, fresh
      water (preferably at about 75.degree. to 95.degree.C.) can be passed
      through a collection of the fibrous material until the swelling agent is
      removed. The remaining concentration of swelling agent (e.g. benzyl
      alcohol) in the fibrous material can be determined by chromatographic
      analysis of a dry injected sample of fiber which has been powdered in a
      liquid nitrogen ball mill. During such washing the internal structure of
      the fibers tends to collapse forming a dense non-swollen dyed fiber.
PAR  Once the swelling agent is removed the remaining polybenzimidazonium
      salicylate is reconverted to polybenzimidazole and the salicylate is
      removed from the fiber by washing in water containing a strong base (e.g.
      ammonium hydroxide or sodium hydroxide) using a procedure similar to that
      used to remove the swelling agent. The concentration of base in the wash
      solution should equal or preferably exceed that necessary to neutralize
      the polybenzimidazonium ions. In a preferred embodiment ammonium hydroxide
      is used in excess since any residual ammonia on the fibers will be removed
      during subsequent rinsing and drying steps which are commonly employed
      during wet textile processing.
PAR  The process of the present invention is capable of providing uniformly dyed
      polybenzimidazole fibers of satisfactory light, wash and crock fastness.
      Upon subjection to elevated temperatures the dye present within the fibers
      resists sublimation.
PAR  The following examples are given as specific illustrations of the
      invention. It should be understood, however, that the invention is not
      limited to the specific details set forth in the examples.
PAR  In each example a polybenzimidazole fibrous material, namely
      poly-2,2'-(m-phenylene)-5,5'-bibenzimidazole, is selected as the exemplary
      polybenzimidazole for use in carrying out the process of the invention.
      The fibrous material has a staple configuration and is composed of crimped
      filaments having a denier per filament of about 1.5 and containing about
      10 to 15 crimps per inch. The fibrous material possessed the following
      physical properties: modulus 48 grams per denier, breaking tenacity 3.5
      grams per denier, and breaking elongation 28 percent.
PAC  EXAMPLE I
PAR  Ten pounds of the polybenzimidazole staple were loosely packed into 10
      cheesecloth bags and added to 150 liters of water at room temperature
      (i.e. 25.degree.C.) containing 20 grams of surfactant (i.e. sodium salt of
      an alkyl phosphate ester marketed by the GAF Corporation under the
      designation GAFAC-MC-470 surfactant) in a KWG Model 10-15 paddle dyeing
      machine. After running for 10 minutes, an aqueous emulsion concentrate
      containing 12 liters of benzyl alcohol, 13 liters of water and 120 grams
      of the surfactant was added. The emulsion had been prepared in a separate
      vessel by slowly adding water to the solution of benzyl alcohol and
      surfactant with rapid stirring. After heating the bath to 50.degree.C., 2
      pounds of salicylic acid dissolved in 2 liters of warm methanol were added
      and the bath was run for 10 minutes. A water solution of 182 grams of CI
      Acid Blue 102 dye was added and the bath temperature was raised to
      75.degree.C. over a  90 minuter period, and then rapidly to 97.degree.C.
      where the bath was held for 30 minutes. Dyebath exhaustion occured before
      the bath reached 97.degree.C. The dyebath was dropped, hot water was
      added, run for 2 minutes and dropped. The bath was raised with hot water,
      heated to 97.degree.C., run for 20 minutes and dropped. The bath was
      raised again with hot water, 2 liters of ammonium hydroxide (29% NH.sub.3)
      were added, the bath was heated to 97.degree.C. and run for 20 minutes,
      and dropped. The staple was thoroughly rinsed, extracted, and tumble dried
      in the cheesecloth bags.
PAR  Fabric prepared from this staple exhibited good wash, dryclean and crock
      fastness.
PAR  For comparative purposes Example I is repeated with the exception that the
      fibrous material is not contacted with the aqueous liquid comprising
      benzyl alcohol and salicylic acid prior to dyeing. It is observed that the
      fibrous material does not dye.
PAR  For comparative purposes Example I is repeated with the exception that the
      salicylic acid component is omitted from the aqueous liquid. It is
      observed that the fibrous material does not dye.
PAR  For comparative purposes Example I is repeated with the exception that
      benzoic acid is substituted for salicyclic acid in the aqueous liquid. It
      is observed that only a very light staining of the fibrous material
      occurs.
PAC  EXAMPLE II
PAR  One pound of polybenzimidazole yarn (40/1cc) which was spun from similar
      staple was wound under minimum tension onto two steel spring forms. The
      forms were placed in a Gaston County laboratory package dyeing machine and
      about 28 liters of water were charged. Two grams of the GAFAC-MC-470
      surfactant were added and the yarn was wet-out over a 10 minute period. An
      emulsion concentrate containing 1.2 liters of benzyl alcohol, 1.3 liters
      of water, and 15 grams of GAFAC-MC-470 surfactant was added, and the bath
      was heated to 50.degree.C. Throughout the dyeing, the machine was set to
      run 3 minutes outside-in and 2 minutes inside-out, and additions were made
      during the outside-in cycle. Ninety grams of salicylic acid dissolved in
      250 ml. of methanol were added and the machine was run for 10 minutes. A
      water solution of CI Acid Green 57 dye was then added and the bath was
      heated to 75.degree.C. over a 2 hour period. The bath was then rapidly
      heated to  95.degree.C. and run for 30 minutes. The dyebath was exhausted.
      The bath was drained and the yarn rinsed. Fresh water was added, the bath
      was heated to 95.degree.C. and run for 20 minutes. The bath was drained
      and recharged with approximately 30 liters of water, and 300 ml. of
      ammonium hydroxide (29%NH.sub.3) was added. The bath was heated to
      95.degree.C. and run for 20 minutes. The bath was drained and the yarn was
      rinsed. The yarn packages were removed, extracted, dried at 200.degree.C.
      for 30 minutes, and then at 150.degree.C. over night.
PAR  Fabric prepared from this yarn exhibited good wash, dryclean and
      crockfastness. However, the levelness of the color of this fabric was
      slightly inferior to that of the fabric resulting from the dyed staple of
      Example I.
PAC  EXAMPLE III
PAR  In an Ahiba laboratory dyeing apparatus 100 ml. of aqueous emulsion was
      prepared at room temperature containing 6 grams of benzyl alcohol, 0.5
      grams salicylic acid, 0.06 grams of GAFAC-MC-470 surfactant, and CI Direct
      Blue 106 dye. A 2.5 gram sample of polybenzimidazole knitted hoseleg
      fabric prepared from yarn similar to that used in Example II was
      thoroughly wet out in distilled water and added to the dyebath. The bath
      was aggitated and heated to 97.degree.C. over a 90 minute period and run
      for 30 minutes longer at 97.degree.C. The fabric was then removed,
      thoroughly rinsed in tap water and returned to a fresh water bath (100
      ml.) which was heated to 97.degree.C. and run for 20 minutes. The fabric
      was removed again, rinsed and placed in 100 ml. of water containing 3 ml.
      of ammonium hydroxide (29% NH.sub.3) and which was heated to 97.degree.C.
      and run for 20 minutes. The fabric was removed, rinsed thoroughly and
      dried at 200.degree.C.
PAC  EXAMPLE IV
PAR  A procedure was followed similar to that of Example III except that CI
      Reactive Orange 50 dye was substituted for CI Direct Blue 106 dye.
PAC  EXAMPLE V
PAR  In an Ahiba laboratory dyeing apparatus, 100 ml. of aqueous emulsion was
      prepared containing 10 grams of benzyl alcohol and 0.1 g. of GAFAC-MC-470
      surfactant. A 2.5 gram sample of polybenzimidazole knitted hoseleg fabric
      similar to that used in Example III was wet-out in distilled water and
      added to the bath. The bath was rapidly heated to 97.degree.C. while being
      aggitated, and after 40 minutes 1 gram of salicylic acid dissolved in a
      minimal amount of methanol was added. The bath was run for 10 minutes and
      cooled to room temperature. An aqueous solution of 0.1 gram of ammonium
      hydroxide (29% NH.sub.3), 0.2 g. of sodium sulfate and 1 gram of CI
      Solubilized Vat Red 1 dye were then added. The bath was heated to
      50.degree.C., run for 30 minutes, heated to 75.degree.C., run for 45
      minutes and heated to 95.degree.C., and run for 30 minutes. The fabric was
      removed and thoroughly rinsed in tap water. The fabric was then returned
      to a bath containing 2 grams of sodium dichromate, 1 gram of sulfuric acid
      and 1.5 grams of ammonium thiocyanate in 100 ml. of water for color
      development. The bath was heated to 75.degree.C. and run for 1 hour. The
      fabric was thoroughly rinsed in water and returned to 250 ml. of water
      containing 3.5 ml. of ammonium hydroxide (29% NH.sub.3). After 30 minutes
      exposure at 75.degree.C., the fabric was thoroughly rinsed and dried at
      200.degree.C. for 10 minutes.
PAR  Although the invention has been described with preferred embodiments, it is
      to be understood that variations and modifications may be resorted to as
      will be apparent to those skilled in the art (e.g. the process could be
      carried out on a continuous basis, etc.). Such variations and
      modifications are to be considered within the purview and scope of the
      claims appended hereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved process for the dyeing of a polybenzimidazole fibrous
      material with an anionic dye comprising:
PA1  a. reacting said polybenzimidazole fibrous material while in a swollen
      configuration with salicylic acid to form polybenzimidazonium salicylate,
      and
PA1  b. dyeing said resulting fibrous material with an anionic dyestuff.
NUM  2.
PAR  2. An improved process according to claim 1 wherein said polybenzimidazole
      fibrous material is poly-2,2'-(m-phenylene)-5,5'-bibenzimidazole.
NUM  3.
PAR  3. An improved process according to claim 1 wherein said fibrous material
      is swollen by benzyl alcohol during step (a) wherein polybenzimidazonium
      salicylate is formed.
NUM  4.
PAR  4. An improved process according to claim 1 wherein said anionic dyestuff
      utilized in step (b) is selected from the group consisting essentially of
      an acid dye, direct dye, fiber reactive dye, and solubilized vat dye.
NUM  5.
PAR  5. An improved process for the dyeing of a polybenzimidazole fibrous
      material with an anionic dye comprising contacting said polybenzimidazole
      fibers with a liquid provided at an elevated temperature comprising:
PA1  a. an organic swelling agent for said polybenzimidazole having a solubility
      parameter when in contact with the fiber of about 11 to 13, and
PA1  b. about 0.05 to 5 percent by weight based upon the total weight of the
      liquid of salicylic acid,
PAL  whereby said polybenzimidazole undergoes chemical reaction to form
      polybenzimidazonium salicylate, and dyeing said resulting fibers by
      contact with a dyebath comprising an anionic dyestuff.
NUM  6.
PAR  6. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 5 wherein said polybenzimidazole fibers
      consist essentially of recurring units of the formula:
      ##EQU3##
      wherein R is a tetravalent aromatic nucleus, with the nitrogen atoms
      forming the benzimidazole rings paired upon adjacent carbon atoms of said
      aromatic nucleus, and R' is selected from the group consisting of (1) an
      aromatic ring, (2) an alkylene group having from 4 to 8 carbon atoms, and
      (3) a heterocyclic ring selected from the group consisting of (a)
      pyridine, (b) pyrazine, (c) furan, (d) quinoline, (e) thiophene, and (f)
      pyran.
NUM  7.
PAR  7. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 5 wherein said polybenzimidazole fibrous
      material is poly-2,2'-(m-phenylene)-5,5'-bibenzimidazole.
NUM  8.
PAR  8. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 5 wherein said liquid is provided at an
      elevated temperature of about 50.degree. to 97.degree.C. during said
      formation of polybenzimidazonium salicylate.
NUM  9.
PAR  9. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 8 wherein said contact with said liquid
      is conducted for about 5 to 30 minutes.
NUM  10.
PAR  10. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 5 wherein said liquid is an aqueous
      emulsion wherein said organic swelling agent is emulsified in water.
NUM  11.
PAR  11. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 5 wherein said organic swelling agent is
      benzyl alcohol.
NUM  12.
PAR  12. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 5 wherein said salicylic acid is
      provided in said aqueous liquid in a concentration of about 0.2 to 1
      percent by weight based upon the total weight of the liquid.
NUM  13.
PAR  13. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 5 which includes the additional steps
      following said dyeing of removing the swelling agent from said fibrous
      material, and converting remaining polybenzimidazonium salicylate to
      polybenzimidazole.
NUM  14.
PAR  14. An improved process for the dyeing of a polybenzimidazole fibrous
      material with an anionic dye comprising contacting a
      poly2,2'-(m-phenylene)-5,5'-bibenzimidazole fibrous material with an
      aqueous liquid provided a temperature of about 40.degree. to 97.degree.C.
      comprising:
PA1  a. about 3 to 20 percent by weight based upon the total weight of the
      liquid of benzyl alcohol,
PA1  b. about 0.05 to 5 percent by weight based upon the total weight of the
      liquid of salicylic acid, and
PA1  c. about 0.03 to 0.3 percent by weight based upon the total weight of the
      liquid of a surfactant,
PAL  whereby said polybenzimidazole undergoes chemical reaction to form
      polybenzimidazonium salicylate, and dyeing said resulting fibers by
      contact with a dyebath comprising an anionic dyestuff.
NUM  15.
PAR  15. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 14 wherein said contact with said
      aqueous liquid is conducted for about 5 to 30 minutes.
NUM  16.
PAR  16. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 14 wherein said benzyl alcohol is
      provided in said aqueous liquid in a concentration of about 3 to 10
      percent by weight based upon the total weight of the liquid, and salicylic
      acid is provided in said aqueous liquid in a concentration of about 0.2 to
      1 percent by weight based upon the total weight of the liquid.
NUM  17.
PAR  17. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 14 wherein said surfactant is a sodium
      salt of an alkyl phosphate ester.
NUM  18.
PAR  18. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 14 wherein said anionic dyestuff is
      selected from the group consisting essentially of an acid dye, direct dye,
      fiber reactive dye, and solubilized vat dye.
NUM  19.
PAR  19. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 18 wherein said anionic dyestuff is an
      acid dye.
NUM  20.
PAR  20. An improved process for the dyeing of a polybenzimidazole fibrous
      material in accordance with claim 14 which includes the additional steps
      following said dyeing of removing said benzyl alcohol from said fibrous
      material, and converting remaining polybenzimidazonium salicylate to
      polybenzimidazole.
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ABST
PAL  The contact plate for mass-exchange apparatus consists of two disks facing
      each other with their end surfaces and capable of mutual rotation round
      the axis thereof. Each disk has one slit-like hole shaped as an
      Archimedean spiral so that when one disk rotates with reference to the
      other said holes overlap each other.
BSUM
PAR  The present invention relates generally to chemical industry equipment
      employed in mass-exchange processes and has particular reference to
      contact plates for mass-exchange apparatus.
PAR  The herein-proposed contact plate can be made use of largely in adsorbers,
      desorbers, absorbers, foam generators, driers and some other mass-exchange
      apparatus, wherein operating conditions make possible loads variable
      according to the interacting phases and, on account of possible
      operational disturbances an automatic process regulation or its control by
      a computer proves to be necessary.
PAR  Many types of contact plates are known to use heretofore, composed of two
      disks facing each other with their end surfaces, capable of mutual
      rotating abount the axis thereof and having holes adapted to overlap each
      other in the course of said mutual rotation of the disks. The holes in the
      disks can be shaped diversely. For example, the contact plate is known to
      disclose in Japan Pat. No. 1221 of 1955, consisting of two similar disks,
      each having a plurality of perforations made circumferentially oblong.
PAR  When the disks of said plate rotate with respect to each other, the holes
      in the disks overlap one another, thus varying the flow-passage area of
      the plate, whereby the flow rate of the interacting phases passing through
      the plate mounted in a mass-exchange apparatus can be controlled.
PAR  However, said known plate involves gross technological difficulties to be
      manufactured and is costly. Besides, the free flow-passage area thereof is
      distributed very inadequately over its plane surface owing to which
      hydrodynamic conditions within different zones of the plate is dissimilar.
PAR  This results in that the contacting phases pass largely through one of the
      zones of the plate and therefore interact unevenly in the different zones
      thereof.
PAR  This holds true especially of the case where one of the interacting phases
      is loose solid or viscid pastelike material.
PAR  When the plate free passage area is reduced in the course of its control,
      the size of the holes decreases and their spacing increases which still
      more increases inadequate distribution of the free flow-passage area over
      the plate, i.e., the shorter the plate holes the more uniformly is
      distributed its free-flow passage area over the surface thereof. However,
      shorter holes result in adversely affected accuracy of control of the free
      passage area and, thus, the herein-discussed plate, on account of small
      size of its holes, is largely intended for treating liquid phase, while
      its operation with loose solids and especially with viscid and pastelike
      materials is highly unsatisfactory.
PAR  Low regulating accuracy is one more disadvantage of the herein-considered
      contact plate.
PAR  Making the holes circumferentially longer is aimed at greater accuracy of
      the free passage area regulation, but this yet proves to be the cause of
      an inadequate distribution of contact plate free passage area over the
      surface thereof in the course of regulation. Thus, the correlation between
      the regulating accuracy of the free passage area and its distribution over
      the plate surface is quite evident. That is why the plates of such a
      construction suffer from a restricted regulating accuracy of the free
      passage area thereof. In really available constructions of mass-exchange
      apparatus making use of said contact plates, the regulating accuracy is
      very low, and the hydrodynamic conditions at the plate centre much diverge
      from those at the periphery thereof.
PAR  It is an essential object of the present invention to provide such a
      contact plate for mass-exchange apparatus that would ensure an accurate
      regulation of the free passage area thereof, render the regulating
      accuracy of the free passage area independent of the hole size and plate
      diameter, as well as a uniform distribution of the plate free passage area
      over the surface thereof for any mutual position of the disks and any size
      of the holes therein so as to provide similar flow rate conditions for the
      contacting phases within all the zones of the plate.
PAR  Said objects are accomplished due to the fact that in a contact plate for
      mass-exchange apparatus, composed of two disks facing each other with
      their end surfaces enabled to mutually rotate round their axis and
      provided with holes adapted to overlap one another in the course of said
      disk rotation, according to the invention each disk has one slit-like hole
      shaped as an Archimedean spiral whose centre coincides with the centre of
      the disk.
PAR  In the proposed contact plate a uniform distribution of its free passage
      area over the surface thereof regardless of the position assumed by the
      disks. Besides, the width of the slot is practically constant throughout
      its length and the spacing of the adjacent turns of the spiral is the same
      in any zone of the plate.
PAR  The angle of mutual rotation of the disks in the proposed plate is to be
      not less than 180.degree., while the regulating accuracy of the free
      passage area of the plate is maximum attainable for the plates with rotary
      disks. Moreover, the regulating accuracy increases with an increase in the
      plate diameter.
DRWD
PAR  In what follows the invention is illustrated by an exemplary embodiment
      thereof with due reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal-section view of a contact plate for mass-exchange
      apparatus, according to the invention;
PAR  FIG. 2 is a disk of the contact plate, according to the invention;
PAR  FIG. 3 is a contact plate according to the invention showing its disks in
      the position corresponding to the plate being fully open; and
PAR  FIG. 4 is a contact plate according to the invention, showing the disks in
      the position corresponding to the plate partially open.
DETD
PAR  The contact plate for mass-exchange apparatus consists of two disks 1 (FIG.
      1) facing each other with their end surfaces. The disks 1 are set on pivot
      pin 2 so as to rotate with respect to each other. Each disk 1 has a hole
      made as a slit 3 (FIGS. 1, 2) shaped as archimedean spiral whose centre
      coincides with the centre of the disk 1. The width of the slit 3 and the
      spacing of its turns may be various so as to suit the technological
      requirements imposed upon the plate.
PAR  To impart more rigidity to the disk 1 the latter can be provided with
      stiffeners 4 and enclosed in a rim 5. A setting ring 6 (FIG. 1) is fitted
      in between the disks 1 adapted to preclude the interacting phases from
      passing radially along the plate.
PAR  The contact plate is mounted in a mass-exchange apparatus, wherein
      provision shall be made for a device effecting mutual rotation of the
      disks 1. To this end, one of the disks can be held in position on the
      mass-exchange apparatus, while the other disk can be provided with a gear
      wheel 7 (FIGS. 1, 3) adapted to interact with a gear wheel 8 provided in
      the mass-exchange apparatus.
PAR  The proposed contact plate when mounted in a mass-exchange apparatus,
      operates as follows.
PAR  To change the flow rate of the contacting phases through the plate, caused
      by the variation in the free passage area thereof, one of the disks 1 of
      the contact plate is rotated with respect to the other disk which results
      in mutual overlapping of the slits 3 in both disks 1 and, eventually, in
      changing the free passage area of the plate. In this case the slits 3 can
      be overlapped partially as it is shown in FIG. 4, or completely (not
      shown).
PAR  The unobstructed non-overlapped portion of the slit 3 has constant width
      throughout the length of the slit 3 irrespective of the mutual position of
      the disks 1 which ensures a uniform flow rate of the contacting phases
      over the entire surface of the plate and similar hydrodynamic conditions
      within all the zones thereof, the maximum attainable regulating accuracy
      of the plate free passage area being provided.
PAR  The proposed plate is equally efficacious when operating with a liquid
      phase or with loose solids and a viscid or pastelike mass.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A contact plate for a mass-exchange column, comprising: two coaxial
      planer disks with their end faces facing each other and in close
      proximity, each of said disks being capable of rotation about their common
      axis, a hole being formed in each of said disks as a slit in the shape of
      an Archimedean spiral whose centre coincides with the centre of said disk,
      said slit extending continuously through the whole of the disk, said hole
      in one of said disks being in alignment with the corresponding hole in the
      other of said disks, thereby when one of said disks rotates with respect
      to the other disk said holes at least partially overlap each other and
      control the flow rate of reactant materials through the plate.
NUM  2.
PAR  2. A contact plate according to claim 1, wherein said slit extends
      continuously through at least three revolutions.
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ABST
PAL  A moisturizing system for preventing evaporation of samples in a sample
      platter used in an automatic analysis apparatus in which the sample
      platter is provided with a channel which can be filled with water and a
      cover placed over the sample platter with an opening only at the point
      where samples are drawn from the platter, the platter being rotated
      relative to this opening to thereby insure that a high level of humidity
      is maintained over the samples preventing evaporation thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to automatic analysis apparatus in general and more
      particularly to an improved sample platter construction for such
      apparatus.
PAR  In an application of John G. Atwood et al, Ser. No. 499,602 filed Aug. 22,
      1974 and assigned to the same assignee as the present invention a
      completely automatic kinetic analyzer is disclosed. In that analyzer, as
      with other automatic analyzers, samples to be analyzed are stored in a
      carousel like sample platter from which they are sequentially drawn out by
      a diluter probe. The apparatus is capable of running a plurality of
      different tests on the same sample and thus the samples may reside in the
      sample platter for a relatively long period of time. If nothing further
      were done this could result in evaporation of water from these samples and
      lead to inaccuracies in the testing. Alternatively, it would be required
      to replace samples after a certain period of time.
PAR  Thus, the need for means of maintaining samples in the sample platter in a
      manner such that the water within the sample is not subject to evaporation
      becomes evident.
PAC  SUMMARY OF THE INVENTION
PAR  The sample platter is circular having located around its periphery a
      plurality of locations for cups containing samples. Adjacent to the cups
      an angular recess which is filled with water is provided. A cover is
      placed over the platter covering at least the cups and the annular recess
      containing the water. The cover rests freely on top of the sample platter
      and includes means to restrain it from rotation. It contains a single
      opening for access of a probe into a cup from which a sample is to be
      drawn. The platter rotates beneath the cover to sequentially position the
      sample cups in registration with the access opening so that sample can be
      withdrawn. Through these measures, a high level of humidity is maintained
      over the samples in the platter thus preventing evaporation of the water
      contained in the samples. Thus, samples can be maintained in a usable form
      for a much longer period of time permitting a plurality of tests to be
      conducted without the need for changing samples.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary plan view of the sample platter of the present
      invention.
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, a sample platter assembly 13 according to a
      preferred embodiment of the invention is shown to include a circular
      member or platter 15 having a annular rim 1127 at its outer periphery in
      which are formed a plurality of apertures, at equiangularly spaced
      locations, capable of receiving sample cups 17. In operation, sample cups
      17 would contain specimens of human serum or other substance to be
      subjected to analysis. Annular rim 1127 has in its upper surface a
      concentric annular channel 1129 which may be filled with water. An annular
      cover 1131 is placed over rim portion 1127 of platter 15. Cover 1131 has
      downwardly extending annular projections 1133 and 1135 adjoining its outer
      and inner perimeters, respectively, and resting on suitable
      correspondingly located portions of the upper surface of platter 15.
PAR  A single opening 1137 is provided to cover 1131; the cover is oriented so
      that opening 1137 is located in alignment with a wiper unit 851 holding a
      sponge 39 through which a sample pickup probe, represented symbolically at
      21, must pass to enter sample cups 17 sequentially positioned below the
      wiper unit as the platter is rotationally indexed. To establish this
      orientation of and maintain cover 15 against rotation with the platter 15
      on which it rests, a stop member 1139 is provided on the cover at an
      appropriate location. Stop member 1139 carries a projection 1141 which
      engages a slot or recess 1143 formed on a stationary part of the apparatus
      on which the platter assembly is mounted, e.g., on the front of the
      apparatus housing.
PAR  Wiper unit 851 is mounted on a support arm 1145 and includes a base member
      1149 and cover member 1151 containing respective aligned central apertures
      1157 and 1155 accommodating passage of probe 21 through the wiper unit and
      sponge 39. The sponge is arranged to contact probe 21 on all sides as it
      passes through the wiper unit to enter and leave cups 17 as more fully
      explained in the above-identified copending application.
PAR  In operation, sample cups 17 containing the samples to be analyzed are
      placed in the sample cup locations of the platter, channel 1129 is filled
      with water and cover 1131 placed in position over the rim 1127 of the
      platter. The angular orientation of the cover is established by engagement
      of stop member projection 1141 in recess 1143 and is such that the cover
      opening 1137 is aligned with wiper unit 851 and the path of probe 21
      through the wiper unit to the first sample cup. Platter 15 is then
      progressively indexed to position each of the sample cups seriatim beneath
      the wiper unit; meanwhile, the platter cover 1131 remains stationary, its
      downward projections 1133 and 1135 riding on the mating upper surfaces of
      the platter. The presence of water in channel 1129, with single opening
      1137 the only avenue of egress for water vapor, creates a condition of
      high humidity within the annular chamber defined between the cover and
      upper surface of platter rim portion 1127 and overlying and enclosing all
      of the sample cup locations.
PAR  Thus an improved sample platter for serum samples and the like has been
      shown. Although specific embodiments have been illustrated and described,
      it will be obvious to those skilled in the art that various modifications
      may be made without departing from the spirit of the invention which is
      intended to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with sampling apparatus including a sample take-up probe,
      a sample platter having a plurality of sample-cup-holding locations spaced
      about its periphery and means for rotatably indexing said platter to place
      said locations sequentially in position for entry of said probe into
      sample cups in such locations:
PA1  a. an annular cover member removably positioned on said platter and
      defining with a peripheral portion thereof a continuous annular chamber
      overlying and enclosing said sample cup locations, said cover member
      containing a single opening into said chamber located to provide access
      for entry of the sample probe into a cup at a location registering with
      said opening;
PA1  b. means to maintain said cover against rotation with said sample platter,
      and with said opening in alignment with said probe, whereby sample cups
      are moved sequentially into registration with said opening as the platter
      is indexed; and
PA1  c. a recess in said platter and open to said chamber for the containment of
      water to maintain a condition of high humidity within said chamber and
      thus retard evaporation from the contents of sample cups in said platter
      locations.
NUM  2.
PAR  2. In the combination defined in claim 1, said recess being an annular
      upwardly open channel concentric with said platter and adjacent said
      sample cup locations.
NUM  3.
PAR  3. In the combination defined in claim 2, said cover member including
      annular downward projections at its inner and outer peripheries slidably
      engaging mating surfaces on the top of said platter.
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ABST
PAL  A fume incinerator having a rotary heat exchanger with a novel seal
      structure therefor. A rotating rotary heat exchanger wheel is positioned
      in the mouth of a tubular incinerator having a closed end wall opposite to
      the rotary heat exchanger. A baffle extends from the heat exchanger wheel
      to a point spaced from the closed end of the incinerator so that the fume
      and air mixture, after passing through one side of the heat exchanger
      wheel, is passed through one side of the incinerator wherein it is heated
      to a temperature sufficient to oxidize the fumes in the mixture, passes
      around the end of the baffle to the other side of the incinerator and
      through the other side of the heat exchanger wheel. The fume and air
      mixture is preheated from the heat of combustion as it passes through the
      heat exchanger wheel. The heat exchanger wheel is axially tapered and a
      seal member surrounding the heat exchanger is likewise tapered in a
      complementary manner. The rotary heat exchanger wheel is adjustably
      mounted on its axis of rotation so that the gap between the
      circumferential surface of the wheel and the seal member is adjustable.
      The heat exchanger wheel is made from a thermally stable ceramic material
      and the seal member surrounding the heat exchanger wheel is made from a
      thermally stable ceramic material having temperature expansion
      characteristics similar to that of the heat exchanger wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to incinerators and rotary heat exchangers therefor.
      In one of its aspects, the invention relates to an incinerator for fumes
      and the like wherein the incinerator is in the form of a tubular chamber
      with a rotary heat exchanger at one end thereof to heat the incoming fume
      and air mixture with the heat from the products of combustion. In another
      of its aspects, the invention relates to a seal structure for a rotary
      heat exchanger for use, for example, in incinerators.
PAR  2. State of the Prior Art
PAR  Incineration of combustible fumes is a problem currently facing many
      industries such as lithography, smoke houses, paint shops, etc. It has
      been found that combustion of these fumes at the present time is the most
      effective way to eliminate the fumes from these industrial processes
      although the cost of fuel for such incineration has been considerable.
      Efforts have been made to more completely recoup the heat energy required
      to raise the fume and air mixture to incineration temperatures. For
      example, see U.S. Pat. No. 3,706,445 to Charles B. Gentry for FUME
      INCINERATOR, and U.S. Pat. No. 3,670,667 to William A. Phillips for
      INCINERATOR WITH EXTENDED HEAT EXCHANGE SURFACE.
PAR  It has been proposed to use a rotary heat exchanger to recover the heat
      from hot exhaust gases for preheating the fume containing gases which are
      to be incinerated. In such incinerators, the rotating heat exchanger wheel
      must be sealed in order to prevent appreciable fume containing gases from
      entering the exhaust without passing through the incinerator.
PAR  Rotary regenerators have been used for many years for recouperating heat
      from hot gases. In recent years, special ceramic materials have been
      developed for use in these rotary regenerators. The ceramic materials have
      a very low coefficient of expansion and find particular utility in the
      automotive field in connection with turbine engines. An example of such
      ceramic material is Cer-Vit material which is manufactured and sold by
      Owens-Illinois of Toledo, Ohio.
PAR  One of the problems with these rotary heat exchangers has been the
      inability to effectively seal the edges of the wheel without appreciable
      frictional resistance. One seal system is disclosed in U.S. Pat. No.
      3,372,735 to Meijer. This patent discloses a rotary ceramic heat exchanger
      for hot gas engines wherein the ceramic heat exchanger wheel has a
      surrounding ceramic housing which is made from the same type of ceramic
      material. A gap seal is formed between the movable wheel and the housing.
      This type of heat exchanger requires precise machining of parts so that
      the gap forming the seal is very small.
PAR  Other rotary regenerators of the metallic type use rubbing seals as
      disclosed in the U.S. Pat. to Wahlbeck No. 3,389,745. Such seals are
      subject to wear and develop frictional resistance to rotation of the heat
      exchanger.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a fume incinerator has a rotary regenerator
      which can recover up to 85% of the heat required for incineration. The
      rotary regenerator is sealed very tightly by an annular a gap seal so that
      frictional drag on the regenerator is minimized. Yet, substantially none
      of the fume and air mixture leaks to the exhaust. The gap seal is
      adjustable so that the seal structure is very precise yet relatively
      inexpensive.
PAR  The incinerator according to the invention is generally tubular shaped,
      closed at one end and open at the opposite end. An axial flow rotary heat
      exchanger of a ceramic material is mounted rotatably in the open end of
      the tubular incinerator with the axis of rotation aligned with the axis of
      the tubular incinerator. A baffle axially divides the tubular incinerator
      into two sides and extends from the rotary heat exchanger to a point
      spaced from the closed end of the incinerator, leaving a passageway
      between one side of the incinerator and the other. The baffle thus divides
      the incinerator into a combustion chamber and a residence chamber with a
      passageway therebetween at the closed end of the incinerator. The baffle
      terminates at a floating refractory seal at the rotary heat exchanger so
      that incoming fumes passing through the heat exchanger can be restricted
      to the combustion chamber of the incinerator.
PAR  A burner is provided within the combustion chamber of the incinerator for
      raising the temperature of the fume and air mixture to an oxidation
      temperature for the fumes. The fume and air mixture is directed through
      one side of the heat exchanger and into the combustion chamber for
      incineration. The combustion gases pass around the end of the baffle and
      into the residence chamber and thereafter through the other side of the
      rotary heat exchanger. Thus, the heat of combustion is transferred by the
      rotary heat exchanger to the incoming fume and air mixture for preheating
      the same.
PAR  The shape of the incinerator provides a smooth and even flow of the gases
      through the rotary heat exchanger and provides a very efficient structure.
      The reversal of the gases within the incinerator has a turbulating effect
      on the gases which is desirable for thorough mixing of the gases to assist
      in substantially complete incineration of the fumes therein.
PAR  Further according to the invention, the rotary heat exchanger is comprised
      of a ceramic wheel having a circumferential surface thereof axially
      tapered. A surrounding seal structure is made from a thermally stable
      material such as bubble alumina, and has a seal surface which is tapered
      in a complementary fashion to the outer tapered surface of the ceramic
      heat exchanger wheel.
PAR  The wheel is mounted for rotation about an axis which is the center of
      rotation of the tapered circumferential surface of the wheel. Further, the
      wheel is mounted for axial movement so that the gap seal formed between
      the heat exchanger wheel and the surrounding seal member is adjustable for
      precise definition of the gap seal.
PAR  Desirably, the seal surface of the surrounding seal member is provided with
      at least one blocked annular groove extending at least partially around
      the seal surface. These annular grooves provide pockets of reduced
      pressure for inhibiting the flow of gases along the gap seal area.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a plan view partially broken away of an incinerator according to
      the invention;
PAR  FIG. 2 is an enlarged plan view in section of the heat exchanger and
      housing structure shown in FIG. 1;
PAR  FIG. 3 is a partial sectional view taken along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a partial sectional view taken along lines 4--4 of FIG. 3; and
PAR  FIG. 5 is a view taken along lines 5--5 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and to FIGS. 1 and 5 in particular, there is
      shown an incinerator 12 which is supplied with a fume and air mixture
      through a fume duct 14. The fume and air mixture may come from a drying
      oven for lithographed sheets, for example, may come from a smoke house, or
      any other type of industrial process in which combustible fumes are
      generated.
PAR  A fan 16 draws the fume and air mixture from the fume duct 14 and forces
      the mixture through an intake duct 24. The fan 16 is of conventional
      structure and is driven by a motor 18 through a pulley assembly 20 and a
      drive shaft 22. The fume and air mixture is forced from the intake duct 24
      through a rotary regenerative heat exchanger designated generally by the
      numeral 26 and into one side of the tubular incinerator 12. As seen in
      FIG. 5, the tubular incinerator is formed by an outer annular metal wall
      40 and an inner refractory wall 38. An end wall 41 seals the end of the
      tubular incinerator 12. A vertical baffle which can be provided with an
      air-cooled central portion, divides the interior of the tubular
      incinerator 12 into a combustion chamber 30 and a residence chamber 34. A
      burner 28 which, desirably, is a gas-fired grid type burner, is provided
      in the combustion side of the tubular incinerator 12 to heat the fume and
      air mixture entering the combustion chamber 30 to a temperature sufficient
      for oxidation of the fumes in the fume and air mixture. An example of a
      suitable burner is disclosed in the U.S. Pat. No. 3,524,632 to Davies. The
      combusted gases, after passing around the end of the baffle 32 and through
      the residence chamber 34, pass through the other side of the rotary heat
      exchanger 26 and through an exhaust duct 36 through which they are
      exhausted to the atmosphere.
PAR  Reference is now made to FIG. 2 which shows an enlarged sectional plan view
      of the rotary heat exchanger structure 26. The heat exchanger comprises a
      ceramic heat exchanger wheel 42 having a plurality of axially arranged
      ducts for passage of gases therethrough. Rotary regenerator wheels of the
      ceramic type are well known and desirably are made from a thermally stable
      ceramic material such as the Cer-Vit material manufactured by
      Owens-Illinois of Toledo, Ohio. The heat exchanger wheel has a large
      annular portion 44 containing the axial ducts through which the fume and
      air mixture passes on one side of the structure and through which the
      incinerated gases pass on the other side of the structure. The heat
      exchanger wheel 42 further has a solid ceramic core 46 at a central
      portion, through which core 46 of the wheel 42 is firmly mounted to a
      support shaft 62. The preferred mounting structure for the wheel 42 is to
      clamp the core between a pair of flared flanges under spring compression.
      More complete disclosure of such mounting is found in commonly assigned
      copending patent application of William A. Phillips entitled INCINERATOR
      AND HEAT EXCHANGER MOUNTING STRUCTURE THEREFOR.
PAR  The support shaft 62 for the heat exchanger wheel 42 is mounted on and
      journaled in bearing supports 64. The support shaft 62 is rotatably
      powered through sprocket 66 which in turn is rotated through a chain (not
      shown) by a motor 70 having a gear box 68 (see FIG. 1).
PAR  An annular seal member 54 is mounted around the periphery of the heat
      exchanger wheel 42 and has a complementary tapered inner surface 56 which
      tapers inwardly and toward the tubular incinerator 12. The seal member 54
      is desirably made from a thermally stable refractory material such as
      glass rock bubble alumina which has thermal expansion characteristics
      similar to that of the heat exchanger wheel 42 and is softer than the
      wheel 42. The tapered surface 56 follows the taper of the incinerator
      wheel outer surface 50 so that a close gap seal is provided between the
      tapered surface 50 of the heat exchanger wheel and the complementary
      tapered surface 56 of the annular seal member 54. Desirably a plurality of
      annular cavities 58 are provided in the seal member 54 along the tapered
      surface 56. These annular cavities provide expansion chambers for trapping
      the gases in the gap seal area between the seal member 54 and the rotary
      heat exchanger wheel 42. These annular cavities 58 are desirably blocked
      by means (not shown) so that the gases cannot pass around the seal member
      54 between the intake and exhaust portions thereof. The annular cavities
      58 improve the seal capabilities between the rotary heat exchanger and the
      annular seal member 54 by providing areas of low pressure along the gap
      seal. Thus, gases passing between the heat exchanger wheel 42 and the seal
      member 54 will be subject to a plurality of low pressure changes, whereby
      the pressure differential between one side of the wheel and the other side
      of the wheel along the gap seal area will be effectively diminished and
      the resistance to flow will be increased.
PAR  A ceramic channel 74 forms a purge chamber 72 on the "hot" side (the right
      side as viewed in FIG. 2) of the heat exchanger wheel 42 for receiving
      purged gases which are forced through the wheel as the wheel turns from
      the fume and air side of the exchanger to the hot exhaust side of the
      chamber. The purge chamber 72 is mounted vertically in a central portion
      of the heat exchanger wheel 42 and secured to a hollow conduit 73 of
      ceramic material at the end of the vertical baffle 32. The channel 74
      desirably is also made from a thermally stable refractory material, such
      as bubble alumina, and forms a seal between the combustion chamber 30 and
      the residence chamber 34. Openings 77 are provided between the purge
      channel 72 and the combustion chamber 30 so that the purged gases are
      passed to the combustion chamber 30. Cooling air is supplied to the hollow
      conduit 73 to maintain the position of the refractory channel 70 fixed
      with respect to the heat exchanger wheel 42. The baffle 32 is fixed at the
      hollow conduit 73 and thus any thermal expansion of the baffle 32 takes
      place away from the hollow conduit 73.
PAR  At the cool side (left side as viewed in FIG. 2) of the rotary heat
      exchanger wheel, another refractory channel 75 is provided for supply of
      cooling air for the wheel mounting structure and for supply of purge air.
      An opening 78 extends through the refractory channel 75 for penetration of
      the mounting shaft 62.
PAR  Reference is now made specifically to FIG. 3 and to FIG. 4 for a more
      detailed discussion of the mounting assembly for the shaft 62 and the heat
      exchanger wheel 52. The bearing support 64 is formed from an outer
      cylindrical housing 76 which encases bearings 84 and 86. Notches 88 and 90
      position the bearings 84 and 86 respectively within the cylindrical
      housing 76. Rings 80 and 82 are secured to the support shaft 62 as by set
      screws, for example, so as to retain the bearings 86 in a given position
      on the shaft 62. A mounting plate 92 is secured to the bottom of the
      cylindrical housing 76 and is slidably received within an upper glide
      channel 98 of a slideblock 94. A pair of nuts 102 are secured to the
      bottom of the mounting plate 92 and slide freely within a bottom channel
      96 of the slideblock 94. The slideblock 94 has a pair of inwardly directed
      retaining flanges 100 at an upper portion of the upper glide channel 98
      for retaining the top of the mounting plate 92 wherein. A threaded rod 104
      having a nut 105 at one end threadably engages the nuts 102 and is
      journaled in a rear plate 106 and a front plate 108. A washer 112 is
      provided behind the front plate 108 on the threaded rod 104 to axially
      retain the threaded rod 104 in the front plate 108. A bolt 110 secures the
      front plate 108 to a bottom portion of the slideblock 94. A pair of angle
      supports 114 are secured to the heat exchanger casing structure or other
      suitable fixed members and are rigidly attached to the bottom of the
      slideblock 94 for rigidly securing the same.
PAR  As seen in FIG. 3, the support shaft 62 is made from two annular shafts
      through which cooling air can be circulated. Holes 116 can be provided in
      the outer of the two shafts for circulation of cooling air through the
      cylindrical housing 76 and openings 118 can be provided in the cylindrical
      housing 76 for escape of cooling air therefrom.
PAC  OPERATION
PAR  The fume and air mixture is drawn by fan 16 through the fume duct 14 and
      passes through the intake duct 24, through one side of the heat exchanger
      wheel 42 and into the combustion chamber 30, passing through burner 28.
      The fume and air mixture is heated first by heat exchange with the rotary
      heat exchanger wheel 42 and thereafter by the burner 28 to the oxidation
      temperature of the fumes. The incoming fume and air mixture to the heat
      exchanger wheel 42 may be in the temperature range of
      350.degree.-400.degree.F. The heat exchanger wheel 42 raises the
      temperature of the fume and air mixture to about
      1000.degree.-1100.degree.F and the burner 28 further heats the mixture to
      about 1400.degree.F at which the fumes will be oxidized with the air in
      the mixture. The oxidation can continue to take place as the fume and air
      mixture passes around the end of the baffle 32 and passes through the
      residence chamber 34. As the fume and air mixture passes around the end of
      the baffle 32, it is turbulated, thereby increasing the mixing of the
      fumes with the air so that more oxidation will be likely to take place. As
      the oxidized gaseous mixture passes through the other side of the rotary
      heat exchanger wheel 42, it heats the wheel and thereafter is exhausted
      through exhaust duct 36. In the event that the fume mixture contains
      resins and other materials which may deposit on the heat exchanger wheel
      42, these resins will be burned off the wheel by the hot gases at the
      exhaust side of the heat exchanger wheel. Thus, when the heat exchanger
      wheel is used in an incinerator for recuperating heat of incineration, the
      wheel becoems self-cleaning in that any oxidizable material deposited on
      the wheel by the fume containing gases is oxidized by the hot combustion
      gases.
PAR  During the rotation of the rotary heat exchanger wheel, a gap seal is
      formed between the annular outer portion 48 thereof and the annular seal
      member 54. By proper machining of the surface 50 of the wheel 42 and
      proper machining of the seal surface 56, the gap seal can be reduced to
      less than 1/100 of an inch. The gap disitance of the seal can be adjusted
      by moving the wheel axially with respect to the annular seal member 54.
      This axial movement of the wheel 42 is accomplished by turning the nut 105
      on the end of the threaded rod 104. In the event that the surfaces 50 and
      56 of the heat exchanger wheel 42 and the seal member 54, respectively,
      are not exactly complementary, the ceramic wheel can be used to grind away
      high spots on the surface 56 of the seal member 54 so that the surfaces
      are exactly complementary. Thus, the axial adjustability of the heat
      exchanger wheel 42 coupled with the tapered surfaces of the heat exchanger
      wheel 42 and the annular seal member 54 provide for an extremely small gap
      between the rotating wheel and the seal member 54. Such a gap is desirably
      less than 1/100 inch.
PAR  The incinerator described above has exceptionally good qualities of
      recuperation of the heat of incineration, for example, up to 85%. The
      rotary heat exchanger used with the tubular incinerator structure provides
      even flow of gases between the incinerator and the heat exchange structure
      thereby minimizing the pressure drop through the heat exchanger.
      Substantial turbulence results from reversal of the gases within the
      combustion chamber of the incinerator so that mixing of the gases is
      promoted for substantially complete oxidation of the fumes. The adjustable
      axially tapered wheel provides an exceptionally effective gap seal between
      the rotating wheel and the annular seal member 54. Further, the close seal
      is a relatively frictionless seal so that the heat exchanger wheel rotates
      without frictional drag from seals. Still further, the close gap seal
      avoids the establishment of thermal stresses on the heat exchanger wheel
      due to rubbing seals which are cooler than the heat exchanger wheel. The
      cooler rubbing or contact seals tend to cool the wheel at contact areas to
      set up undesirable thermal stresses in the ceramic wheel.
PAR  Reasonable variation and modification are possible within the scope of the
      foregoing disclosure, the drawings, and the appended claims, without
      departing from the spirit of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a fume incinerator including a rotary heat exchanger for recuperating
      heat from hot gases wherein a ceramic heat exchanger wheel having a
      plurality of passages extending axially therethrough is mounted for
      rotation about a central axis and a seal member surrounds said heat
      exchanger wheel in sealed relationship thereto, the improvement which
      comprises:
PA1  said heat exchanger wheel having an axially tapered circumferential surface
      which has said central axis of said heat exchange wheel as its center of
      rotation, and said seal member including a tapered surface of a size and
      shape complementary to said tapered circumferential surface of said heat
      exchanger wheel, whereby a gap seal is formed between said complementary
      surfaces on said heat exchange wheel and said seal member.
NUM  2.
PAR  2. A fume incincerator according to claim 1 wherein said seal member is
      made of a refractory material having a temperature expansion
      characteristic similar to that of said heat exchanger wheel.
NUM  3.
PAR  3. A fume incinerator according to claim 2 wherein said refractory material
      is bubble alumina.
NUM  4.
PAR  4. A fume incinerator according to claim 2 wherein said complementary
      surfaces include at least one annular groove extending at least partially
      around said surface of said seal member to provide a pocket of reduced
      pressure for inhibiting the flow of gases axially along said gap seal.
NUM  5.
PAR  5. A fume incinerator according to claim 4 and further comprising means for
      axially adjusting the position of said heat exchanger wheel to adjust the
      gap of said seal.
NUM  6.
PAR  6. A fume incinerator according to claim 2 and further comprising means for
      axially adjusting the position of said heat exchanger wheel to adjust the
      gap of said seal.
NUM  7.
PAR  7. A fume incinerator according to claim 1 wherein said incinerator
      comprises a tubular conduit closed at one end and open at the opposite end
      thereof, said ceramic heat exchanger wheel being positioned in the open
      end of said tubular conduit and substantially completely filling said
      opening; a baffle extending axially in the tubular conduit from the rotary
      heat exchanger to a point spaced from the closed end of said tubular
      conduit and positioned diametrically therein, said baffle dividing said
      tubular conduit into a combustion chamber and a residence chamber with a
      passageway therebetween at the closed end of the conduit; burner means in
      said combustion chamber for raising the temperature of the gas to an
      oxidation temperature of fumes therein; whereby a fume and air mixture can
      be directed through one side of the rotary heat exchanger and into the
      combustion chamber wherein the temperature thereof is raised to an
      oxidation temperature of the fumes, the combustion products can pass
      around the end of the baffle into the residence chamber and through
      another side of the heat exchanger to supply heat thereto.
NUM  8.
PAR  8. An incinerator according to claim 7 wherein said annular seal member is
      made from a refractory material.
NUM  9.
PAR  9. An incinerator according to claim 7 and further comprising means
      mounting said rotary heat exchanger for axial movement to adjust the gap
      seal between said rotary heat exchanger and said seal member.
NUM  10.
PAR  10. A fume incinerator according to claim 1 wherein said heat exchanger
      wheel is mounted on a shaft which extends through the central axis of said
      wheel.
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ABST
PAL  A sintered alloy comprising a carbide of preferably titanium and a steel
      matrix of an alloy steel containing chromium, molybdenum, copper and
      vanadium as alloying elements provide high temperature hardness and wear
      resistance. Preferred alloys contain 0.8 to 1.9% by weight of manganese
      and up to 80% by weight of carbide.
BSUM
PAR  This invention relates to carbide hard alloys, and to sintered parts made
      of such alloys.
PAR  A considerable number of compositions for sintered steel-bonded carbide
      hard alloys have previously been proposed. Such alloys substantially
      consist of approximately 10 to 70% by weight of a metal carbide or of a
      mixed carbide and from 30 to 90% by weight of a steel alloy. The steel
      matrix may in conventional manner consist of a ferritic, austenitic or
      martensitic unalloyed or alloyed steel. The steel matrix confers upon such
      carbide hard alloys the advantage compared with other hard metal alloys,
      of being hardenable after they have been sintered and machined. By
      contrast, conventional hard metals possess their final hardness when they
      have been sintered, and this hardness must be relatively low if subsequent
      machining is to be possible. Carbide hard alloys based on a steel matrix
      are not subject to this limitation because they need not be hardened to
      their final hardness until after they have been machined.
PAR  Depending on the intended use, carbide hard alloys contain various
      proportions of carbide and a steel matrix adapted to the desired end use.
PAR  It is the object of the present invention to provide a material of high
      wear resistance and hardness at high temperatures suitable for instance
      for making liners for tools used for flow forming, particularly hot
      forming. Such a material is moreover useful for high-speed parts for use
      in the construction of engines. Tool steels, i.e. hot and cold working
      steels, frequently lack the necessary hardness and abrasion resistance
      when hot, and this has an adverse effect on the life of parts made of such
      steels.
PAR  For satisfying the said requirements the invention provides a sintered
      steel-bonded carbide hard alloy containing 15 % to 80 % by weight of a
      carbide of the metals chromium, molybdenum, tungsten, tantalum, niobium,
      zirconium, preferably titanium, or a mixture of two or more thereof; and
      from 20 % to 85 % by weight of a steel consisting essentially of
PA1  0.25 to 0.9 % carbon,
PA1  5 to 18.0 % chromium,
PA1  2 to 5.0 % molybdenum,
PA1  0.3 to 3.0 % copper,
PA1  0.1 to 1.0 % vanadium,
PA1  0 to 3.0 % manganese,
PA1  0 to 1.0 % silicon,
PA1  0 to 6.0 % cobalt,
PA1  0 to 0.5 % niobium,
PA1  0 to 0.01 % boron,
PA1  0 to 1.8 % nickel,
PA1  Balance iron.
PAR  By the term "consisting essentially of" is meant that impurities and
      incidental ingredients may be present in small proportions which do not
      significantly affect the stated characteristics.
PAR  A preferred carbide hard alloy according to the invention contains 32 % to
      35 % by weight of titanium carbide and 65 % to 68 % by weight of a steel
      consisting essentially of
PA1  0.4 to 0.6 % carbon,
PA1  8.0 to 12.0 % chromium,
PA1  2.5 to 4.0 % molybdenum,
PA1  0.3 to 0.8 % copper,
PA1  0.001 to 0.01 % boron,
PA1  0.1 to 0.3 % vanadium,
PA1  0.1 to 0.3 % niobium,
PA1  balance iron
PAR  A carbide hard alloy according to the invention satisfies requirements
      relating to high wear resistance and hardness, and is therefore a
      particularly suitable material for the production of liners for hot
      forming tools. Such liners are shrunk into a steel jacket at the highest
      temperature admissible for hot working steels, namely about 650.degree.C.
      This operation must be carried out without substantial loss of hardness.
      At the same time the liner must be located in the working tool with a
      given degree of initial strain. This means that the material must be
      capable of sustaining the relatively high strain needed for insertion in
      the tool, and in service it must also be capable of withstanding the
      changing compressive and tensile loads without fracturing. These demands
      are also met by the carbide hard alloy according to the invention.
PAR  The said carbide hard alloy is also suitable for minor parts subject to
      wear that are produced in large numbers, that can be machined in the
      heat-treated condition, hardened to high wear-resisting hardness without
      distortion and scaling by a simple thermal treatment.
PAR  A preferred feature of the alloys according to the invention is that such
      parts can be produced to provide great dimensional stability, if 0.8 to
      1.9 % of manganese are added to the steel matrix. Shapes can then be
      produced to very tight tolerations requiring only a slight finishing
      treatment by grinding away the very fine filmlike sinter skin.
PAR  A preferred carbide hard alloy according to the invention contains 32 % to
      35 % by weight of titanium carbide and 65 % to 68 % by weight of a steel
      consisting essentially of
PA1  0.4 to 0.6 % carbon,
PA1  0.9 to 1.2 % manganese,
PA1  0.9 to 1.2 % copper,
PA1  0.1 to 0.5 % vanadium,
PA1  8.0 to 12.0 % chromium,
PA1  2.5 to 4.0 % molybdenum,
PA1  0.1 to 0.25 % niobium,
PA1  0.008 to 0.01 % boron,
PA1  balance iron
PAR  Alloys according to the invention are prepared by mixing the powdered
      components in grain sizes up to 10 .mu.m. Instead of the individual
      components, key alloys may, or in some instances should, be used, for
      example ferro-manganese, iron-aluminium and iron-boron. The mixture may be
      dry mixed for 30 minutes in a paddle blade mixer and then wet-mixed for
      180 minutes to reduce the grain size to 3.5 .mu.m and less. The mixture is
      then dried under reduced pressure and remixed in a pug mill because of the
      differences in specific gravity between the alloying components. At this
      point other additives used in compacting processes may be introduced.
PAR  The alloy powder that has been thus prepared can then be compacted in a
      mechanical, hydraulic or isostatic press. For pressing small shapes an
      easily-flowable powder is required. For this purpose the powder mixture
      which is as such ready for compacting is first granulated in special
      machines and simultaneously segregated for the required particle sizes on
      a screen. The size of the granules will depend upon the size of the
      compact that is to be pressed, and may be in the range from 0.08 to 0.5
      mm.
PAR  The completed pressings are then sintered under a reduced pressure of less
      than 10.sup.-.sup.3 torrs at a temperature between 1350.degree.and
      1400.degree.C exactly adjusted to .+-. 5.degree.C of the required
      temperature according to the composition of the alloy.
PAR  After having been sintered the part may be machined in the heat-treated
      state to near the required final dimensions, as subsequent hardening,
      particularly in a hot hardening bath, produces practically no distortion,
      although a slight increase in volume may take place due to metallurgical
      structural changes that may occur, which slight increase in volume is
      sufficient for finish machining. Hardening is effected between
      1000.degree.and 1100.degree.C, preferably between 1060.degree.and
      1070.degree.C, from a protective gas-filled or vacuum furnace or a neutral
      salt bath, by quenching in oil at about 40.degree.C. For hot bath
      hardening the parts are undercooled to 510.degree.C from the same furnaces
      and the same temperatures, preferably in a neutral salt bath, final
      cooling being in still air. By such hardening processes, parts made of the
      alloy according to the invention have a hardness betwen 67 and 68 Rc.
      Tempering for from 1 to 4 hours at 500.degree.to 520.degree.C raises the
      hardness to between 70 and 72 Rc. It is a particular characteristic of the
      alloy according to the invention that the tempering temperature for
      achieving maximum hardness is 20.degree.to 40.degree.C below that of
      alloys lacking manganese, vanadium and niobium.
PAR  The following Examples of the invention are provided:
PAC  EXAMPLE 1
PAR  A tool liner was formed consisting of a sintered carbide hard alloy
      containing 34.5 % titanium carbide, the remainder being a steel matrix
      composed of
PA1  0.55 % carbon,
PA1  0.5 % copper,
PA1  0.1 % vanadium,
PA1  0.1 % niobium,
PA1  10.0 % chromium,
PA1  3.0 % molybdenum,
PA1  0.01 % boron,
PA1  balance iron
PAR  The specific gravity of this alloy was between 6.45 and 6.5 g/cc, its
      compressive strength 350 to 400 kp/sq.mm, its elastic modulus 30,500
      kp/sq.mm. and its coefficient of thermal expansion at 20.degree.to
      650.degree.C 8.0 to 10.0 .10.sup.-.sup.6 m/m. .degree.C, its electric
      resistivity at 20.degree.C being 0.69 ohm.mm.sup.2 /m.
PAR  This alloy was hardened by quenching in oil from between 1050.degree.and
      1100.degree.C to a hardness of 68 to 70 Rockwell. After tempering for 1
      hour at 540.degree.C the maximum hardness was increased to 70 to 72
      Rockwell.
PAC  EXAMPLE 2
PAR  A tool liner was formed consisting of a sintered carbide hard alloy
      composed of 33 % by weight of titanium carbide in a steel matrix of the
      following composition:-
PA1  0.6 % carbon,
PA1  0.5 % copper,
PA1  16.5 % chromium,
PA1  1.2 % molybdenum,
PA1  0.5 % nickel,
PA1  0.01 % boron,
PA1  balance iron
PAR  The specific gravity of this alloy was 6.4 g/cc., its compressive strength
      380 kg/sq.mm., its elastic modulus 30,000 kg/sq.mm. and its coefficient of
      thermal expansion at 20.degree.to 400.degree.C 9.4 to 9.7 . 10.sup.-.sup.6
      m/m. .degree.C, its electrical resistivity at 20.degree.C being 0.77
      ohm.mm.sup.2 /m.
PAR  After having been hardened by quenching from 1090.degree.C in a hot bath of
      510.degree.C the alloy had a hardness of 68/69 Rockwell and after
      tempering for 2 hours at 540.degree.C this remained at 66 to 68 Rc. After
      50 hours service at 500.degree.C the alloy still had a hardness of 66 Rc.
PAR  If the carbide hard alloys according to the invention are used for tool
      liners they can be highly prestressed when shrunk into steel rings at
      650.degree.C without loss of hardness. Since the compressive strength of
      the said carbide hard alloy is about 350 to 400 kp/sq.mm., the material
      can be strained to 0.8 % of its initial dimensions.
PAR  The carbide hard alloys according to the invention are extremely
      wear-resistant, even at higher temperatures, and can be machined in the
      heat-treated state. These properties make the said carbide hard alloys
      suitable as a material for the manufacture of any parts of machinery and
      engines in which high wear-resistance and hardness up to higher
      temperature levels are required. Particular uses are for liners for
      pressing dies, for example for dies for pressing bolts and nuts; warm (up
      to 580.degree.C) and hot pressing dies (up to 1100.degree.C) for pressing
      steel, aluminium, copper, other non-ferrous metals; engine and machinery
      parts, particularly sealing strips for rotary piston engines, piston
      rings, gaskets and seals for pumps of all kinds, plungers and pistons for
      pumps, mixer blades, sliding rails, templates and cams.
PAR  Sintered bodies produced from alloys according to the invention are
      dimensionally very stable and they have only a very thin sinter skin that
      can be easily removed to within very fine tolerations without expensive
      machining operations, simply by grinding. This is apparently due to the
      simultaneous presence of manganese, and on the presence of vanadium and
      niobium in the steel matrix of the said carbide hard alloys.
PAR  The alloys according to the invention may contain a high proportion of
      carbide particularly to between 50 and 80 % by weight, based on the alloy.
      Alloys having a carbide content as high as this cannot be machined by
      operations such as turning, milling, shaving and sawing, but they can be
      reduced to their final dimensions by grinding or by spark erosion and
      electrochemical machining techniques. The hardness of such alloys are
      related to the hardness of the metals from which they are formed, but if
      the steel matrix is heat-treated, they are still easier to machine than
      conventional hard metals. Another advantage of the alloys according to the
      invention over conventional naturally hard hard metals which are not
      hardenable, is their low specific gravity, which is about 5.4 to 5.6 g/cc.
PAR  Such alloys having a carbide content exceeding that of the steel matrix
      preferably contain
PAR  50% to 80% by weight of titanium carbide, and
PAR  20% to 50% by weight of a steel matrix consisting essentially of
PA1  0.4 to 0.8 % carbon,
PA1  8.0 to 15.0 % chromium,
PA1  2.0 to 3.5 % molybdenum,
PA1  0.6 to 1.6 % copper,
PA1  0.3 to 1.0 % vanadium and/or
PA1  0.05 to 0.2 % niobium,
PA1  0.001 to 0.01 % boron,
PA1  balance iron.
PAR  An example of such a preferred alloy is as follows:-
PAC  EXAMPLE 3
PAR  70% by weight of titanium carbide, and
PAR  30% by weight of a steel alloy containing
PA1  0.55 % carbon,
PA1  0.80 % copper,
PA1  10.0 % chromium,
PA1  3.0 % molybdenum,
PA1  1.0 % manganese,
PA1  0.5 % vanadium,
PA1  0.01 % boron,
PA1  balance iron.
PAR  After mixing, grinding, pressing and sintering for instance in a vacuum
      that is greater than 10.sup.-.sup.2 torrs at a temperature of
      1390.degree.C, the said alloy has a specific gravity of 5.45 to 5.55 g/cc.
PAR  Although the alloy is naturally hard, i.e. like a hard metal it cannot be
      machined except by grinding or as hereinbefore described, its hardness and
      wear resistance can be further raised by a heat treatment, the steel
      matrix changing its structure according to the nature of the said heat
      treatment. By heating for 2 hours at 1000.degree.C and 4 hours at
      720.degree.C a hardness of 71 to 72 Rc is achieved, the titanium carbides
      being embedded in a ferriticpearlitic matrix.
PAR  Hardening this alloy in air, i.e cooling in air after 1 hour's
      austenisation at 1070.degree.C, results in a martensitic structure and an
      improvement of its hardness to values between 76 and 78 Rc, as well as of
      its antifriction properties.
PAR  By tempering for 2 hours at 520.degree.C the high temperature strength of
      the alloy can be improved without loss of hardness.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sintered steel-bonded carbide hard alloy, comprising from 15% to 80%
      by weight of a carbide of at least one metal selected from the class
      consisting of chromium, molybdenum, tungsten, tantalum, niobium, zirconium
      and titanium and from 20% to 85% by weight of a steel matrix consisting
      essentially of
PA1  0.25 to 0.9 % carbon,
PA1  5 to 18.0 % chromium,
PA1  2 to 5.0 % molybdenum,
PA1  0.3 to 3.0 % copper,
PA1  0.1 to 1.0 % vanadium,
PA1  0 to 3.0 % manganese,
PA1  0 to 1.0 % silicon,
PA1  0 to 6.0 % cobalt,
PA1  0 to 0.5 % niobium,
PA1  0 to 0.01 % boron,
PA1  0 to 1.8 % nickel,
PA1  balance iron.
NUM  2.
PAR  2. A sintered alloy according to claim 1, wherein the manganese content of
      the steel matrix is from 0.8 % to 1.9%.
NUM  3.
PAR  3. A sintered steel-bonded carbide hard alloy, comprising from 32% to 35%
      by weight of titanium carbide and from 65% to 68% by weight of a steel
      matrix consisting essentially of
PA1  0.4 to 0.6 % carbon,
PA1  8.0 to 12.0 % chromium,
PA1  2.5 to 4.0 % molybdenum,
PA1  0.3 to 0.8 % copper,
PAR  0. 001 to 0.01 % boron,
PA1  0.1 to 0.3 % vanadium,
PA1  0.1 to 0.3 % niobium,
PA1  balance iron.
NUM  4.
PAR  4. A sintered steel-bonded carbide hard alloy comprising about 33% by
      weight of titanium carbide and about 67% by weight of a steel matrix
      consisting essentially of
PA1  0.6 % carbon,
PA1  0.5 % copper,
PA1  16.5 % chromium,
PA1  1.2 % molybdenum,
PA1  0.5 % nickel,
PA1  0.01 % boron,
PA1  balance iron.
NUM  5.
PAR  5. A sintered steel-bonded carbide hard alloy comprising 32% to 35% by
      weight of titanium carbide and 65% to 68% of a steel matrix consisting
      essentially of
PA1  0.4 to 0.6 % carbon,
PA1  0.9 to 1.2 % manganese,
PA1  0.9 to 1.2 % copper,
PA1  0.1 to 0.5 vanadium,
PA1  8.0 to 12.0 % chromium,
PA1  2.5 to 4.0 % molybdenum,
PA1  0.1 to 0.25 % niobium,
PA1  0.008 to 0.01 % boron,
PA1  balance iron.
NUM  6.
PAR  6. A sintered steel-bonded carbide hard alloy comprising 50% to 80% by
      weight of titanium carbide and 20% to 50% by weight of a steel matrix
      consisting essentially of
PA1  0.4 to 0.8 % carbon,
PA1  8.0 to 15.0 % chromium,
PA1  2.0 to 3.5 % molybdenum,
PA1  0.6 to 1.6 % copper,
PA1  0.3 to 1.0 % vanadium and/or
PA1  0.05 to 0.2 % niobium,
PA1  0.001 to 0.01 % boron,
PA1  balance iron.
NUM  7.
PAR  7. a sintered steel-bonded carbide hard alloy comprising about 70% by
      weight of titanium carbide and about 30% by weight of a steel alloy
      consisting essentially of
PA1  0.55 % carbon,
PA1  0.80 % copper,
PA1  10.0 % chromium,
PA1  3.0 % molybdenum,
PA1  1.0 % manganese,
PA1  0.5 % vanadium,
PA1  0.01 % boron,
PA1  balance iron.
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ABST
PAL  A wire element for being mixed in a substantially hardening soft material.
      It consists of a substantially straight wire end, having at both
      extremities a bending in a form for which the hooking-in of two
      neighbouring elements is not possible.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of my copending application Ser. No.
      287,236, filed Sept. 8, 1972, now U.S. Pat. No. 3,900,667,  which in turn
      is a continuation in part of my copending application Ser. No. 69,623
      filed Sept. 4, 1970 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a wire element for mixing in a subsequently
      hardening soft material. Such wire elements with a high modulus of
      elasticity and high tensile strength are used in great quantities for the
      reinforcement of synthetic resins, plastics, rubber and other materials,
      especially mortar and concrete, which only offer a small resistance to a
      tensile force. Those elements are short pieces of wire, made of steel,
      glass fiber or another similar material of high tensile strength which,
      when mixed up in a material with lower modulus of elasticity, results in a
      two phase material of remarkable strength.
PAR  In order to improve the strength characteristics for a given weight of wire
      material, it has been proposed to increase the concentration of wires in
      the mass by a greater subdivision of finer wires. A sufficient length to
      diameter ratio is necessary in order to assure a sufficient grip of the
      wire on the material. Several other wire forms have also been proposed in
      order to improve this grip, such as corrugations in the wire, helicoidal
      or ring shaped wires.
PAR  It has been observed, however, that the presence of wire elements in the
      material has a detrimental influence on the mixability. The elements have
      a tendency to knit together into balls, and the distribution of the wires
      is then insufficient. For straight wires it is known that this tendency
      increases with the concentration of wires in the mass and with the length
      to diameter ration. And these are exactly the conditions for good strength
      characteristics. From this, it may reasonably be deducted that, for a
      given shape of wire, there is an incompatibility between the conditions of
      good strength and good mixability.
PAR  The invention is based on the understanding that there must exist wire
      forms for which this incompatibility is less severe than for straight
      wires.
PAR  It is therefor an object of the present invention to provide a type of wire
      elements for which this incompatibility is greatly attenuated, and for
      which it is possible to obtain for a given strength, a better mixability,
      with the same percentage of steel.
PAR  According to the invention, the wire element is characterized by the fact
      that it consists of a substantially straight wire end, having at both
      extremities a bending in a form for which the hooking-in of two
      neighbouring elements is not possible.
PAR  A better understanding of the reasons which are assumed to be the cause of
      these advantages will be given here with the help of an explanation of
      what is assumed to happen, on one hand, when the reinforced material
      resists to crack propagation under a loading stress, and, on the other
      hand, when the elements are mixed in the soft material which will harden
      afterwards.
PAR  Under a loading stress, the propagation of any incipient crack is arrested
      by the wire element which the crack edge finds on its way. There, the wire
      takes over the concentrated local tensile force provoking the propagation
      of the crack, and this force is transmitted through the wire and
      redistributed over the surrounding matrix material via the contact surface
      where reaction forces are built up which resist any relative motion of the
      wire within the material. This is called further the grip of the wire in
      the material. For example, a straight wire element in the way of a
      perpendicularly incident crack takes over a pure tensile force, and the
      reaction forces are the also parallel with the wire axis and delivered by
      the adherence of the wire to the material. In the regions of curvature of
      a non-straight wire under tension, there are in addition, reaction forces
      which are perpendicular to the contact surface, and these add to the grip.
      So the grip depends on the length and the form of the wire.
PAR  To obtain a good mixability, it is desired to use wire elements which have
      a small length to diameter ratio. But when a wire element of a certain
      diameter is too short, then it cannot provide a comparable grip with
      respect to the tensile force which the wire is able to support, and it is
      then unnecessary and uneconomical to use them such a great diameter. The
      steel is used uneconomically and for a given percentage of reinforcement
      the strength leaves much to be desired. Consequently, for straight wires,
      when using shorter and shorter wire elements, the mixability improves, but
      it is impossible to go under a certain limit of length to diameter ratio
      without losing too much strength.
PAR  It is now possible, by using incurved elements such like helicoids or
      corrugated wires, to improve the grip of the element in the material, so
      that a lower length to diameter ratio limit is obtained and, for a same
      strength, shorter wire elements can be used, which have a better
      mixability. But here the incurvations may in turn have a detrimental
      effect on the mixability, in such a way that the total result would be
      negative. And here arises a first problem: to find a type of incurvations
      which permit to give a maximum increase of the grip, and so permitting to
      use shorter wires with better mixability, but which give a minimum of
      deterioration of the mixability directly due to the incurvations
      themselves.
PAR  There is a second problem in connection with incurvated wires: their
      effective length is smaller than that of a straight wire of the same
      length. By this is meant that a straight wire covers a greater area where
      the propagation of the crack edge can be stopped. A propagating edge has
      more chances to find on its way a straight wire, then a corrugated wire of
      the same wire length, and this is detrimental to the final strength of the
      material. Consequently the problem is to find a type of incurvations
      which, while giving a maximum increase of the grip, give a minimum loss of
      the effective length.
PAR  It can indeed be observed that for the wire elements according to the
      invention, a good effective length is obtained: the wire element is a
      substantially straight element. This means that the substantially straight
      central portion of the wire is at least as long as the part which forms
      the bendings at both extremities. A mathematical straightness is not
      necessary for the substantially straight central portion, and even not
      possible in practice. For calling this portion a substantially straight
      portion, it is sufficient that the integral over this straight portion, of
      the absolute value of the incurvation per unit of length or curvature is
      lesser than 45.degree..
PAR  While maintaining a maximum effective length, a good grappling of the
      elements in the material is obtained by the bendings on both extremities.
      By such an extremity having a bending is meant that the part of the wire
      on each side of the substantially straight portion has a length of at
      least 5 diameters and that the integral over this length of the absolute
      value of the incurvation per unit of length is at least 60.degree.. A wire
      extremity which does not satisfy those conditions can hardly be considered
      as a grappling extremity.
PAR  Finally it has been observed that the mechanism of balling up during the
      mixing operation depends on the type of wire element. Long straight wires
      are flexible and able to interwine. Short wire ends have more the tendency
      to enter with one extremity and to remain pinned in the forming ball and
      subsequently to pleat during further mixing and become a part of the ball.
      For substantially straight short wire elements with bendings on both ends
      this mechanism of pinning in does not seem to be possible, and
      nevertheless also a balling up phenomenon exists. It has been observed by
      the inventor that this happened especially with bendings in the form of a
      hook, and further observation showed that the balling up is due to the
      wire extremities which hook together. From this it may be concluded that
      the bending at the extremities of a straight wire, in a form where the
      hooking-in of two neighbouring elements is not possible, not only prevent
      the hooking-in mechanism, but also the pinning-in mechanism. Consequently
      a type of incurvation of a wire element has been found, which not only
      permits to give an increase in the grip, permitting to use shorter wires
      with better mixability, but which also procures a further improvement of
      this mixability. But it has also been explained that this type of
      incurvation was a type which, while giving a good grappling in the
      material, gives a minimum loss of effective length. And so the two
      problems relating to a good type of incurvation of a wire element have
      been solved. And it is believed that this is the explanation of the
      compatibility between strength of the material and mixability for the wire
      elements according to the invention. So it results that the length to
      diameter ratio, for which the best results are obtained is between 50 to 1
      and 200 to 1.
PAC  SUMMARY
PAR  Wire element for being mixed or commingled in a subsequently hardening soft
      material consisting of a substantially straight wire end, having at both
      extremities a bending in a form for which the hooking-in of two
      neighbouring elements is not possible.
PAR  Both wire extremities are formed by a straight wire part, which are bent
      over in such a way that for at least one of the extremities the normal in
      each point of the surface does not pass through the other extremity.
PAR  In a further embodiment both wire extremities are formed by at least two
      straight parts which are separated from the adjacent straight part by a
      bending of at least 45.degree. over a radius of curvature lesser than the
      wire diameter, and in such a way that for at least one of the extremities
      the normal in each point of the surface does not pass through the other
      extremity.
PAR  The invention further comprises two-phase material consisting of a hardened
      substance having wire elements which are uniformly distributed and
      randomly oriented therein, the wire elements being substantially straight
      wire ends formed in manners herein above described.
PAR  In an embodiment the average distance between the centroids of each element
      is substantially less than a fourth part of the wire length of each
      element.
PAR  Various objects, features and advantages will clearly appear from the
      detailed description given below taken in connection with the accompanying
      drawings which form part of this specification and illustrate merely by
      way of examples embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the following description and in the claims, parts will be identified by
      specific names for convenience, but such names are intended to be as
      generic in their application to similar parts as the art will permit. Like
      reference characters denote like parts in the several figures of the
      drawings in which:
PAR  FIG. 1 is a first example of a wire element according to the invention with
      completely incurved wire extremities;
PAR  FIG. 2 is a second example of a wire element according to the invention
      with straight wire extremities;
PAR  FIG. 3 shows a method by which the wire element according to FIG. 2 can be
      obtained;
PAR  FIG. 4 is an example of a wire element which does not answer to the
      criterion of the invention;
PAR  FIG. 5 is a modification of the example according to FIG. 4, but which
      conforms to the criterion of the invention;
PAR  FIG. 6 is a preferred example of a wire element according to the invention;
      and
PAR  FIG. 7 is a schematic illustration on an enlarged scale of a wire element
      similar to that of FIG. 6.
DETD
PAR  In the example according to FIG. 1, each extremity 1 of the wire element 2
      is bent over to form a closed circle. This form does not permit that
      neighbouring wire elements hook in each other. An element according to
      FIG. 1 is however difficult to manufacture. It is more easy to make a wire
      element 3 with straight wire extremities 4, as shown in FIG. 2. A straight
      wire 5 can be deformed between a pair of special shaped gears 6 to a
      triangular wave form 7 (FIG. 3) and subsequently cut into short wire ends
      8. For elements 8 the extremities cannot hook in each other when the
      angles of bending are not acute. In the example of FIG. 4 however, where
      both wire extremities are also formed by a straight wire part, the angles
      of bending must be obtuse (FIG. 5). Here, the substantially straight
      central part 9 connects the extremities 10. Likewise in FIG. 6, the
      substantially straight central part 11 connects the extremities 12 formed
      of two substantially straight portions 13 and 14. It can be taken as a
      criterion for these elements with straight wire extremities, that in at
      least one of those extremities the normal in each point of the surface
      does not pass to the other extremity. In that case the elements cannot be
      suspended to each other by the extremities, because there is no position
      of equilibrium.
PAR  Preferably the wire element is made of steel wire which is bent over
      according to FIG. 2. In that case a bending of 90.degree. is possible and
      a better grappling of the wire extremity is obtained. For said elements
      with straight wire extremities some tests have been made to examine the
      influence of the grappling effect of the length of the extremities, the
      angle of bending and the radius of curvature. For each test, five elements
      have been embedded with one half in an unsaturated polyester resin which
      subsequently hardened at room temperature. The wires were 0.35 mm surface
      cleaned steel and the straight central part was embedded at right angles
      in the polyester surface over a length of 15 mm. The force to pull out the
      elements was measured, and an average value for the five elements was
      calculated. The results are tabulated hereinafter, wherein .beta. is the
      angle over which the straight wire extremity has been bent over with
      respect to the straight central part, L/d is the ratio of the length of
      the straight wire extremity to the diameter, and R/d is the ratio of the
      radius of curvature of the bending to the diameter of the wire. The values
      for the pulling force are given in kg.
TBL                TABLE I                                                     
     ______________________________________                                    
     Influence of .beta. and L/d with constant                                 
     radius of curvature = 0.5 d                                               
       .beta.                                                                  
     L/d     0.degree. 45.degree.                                              
                                 60.degree.                                    
                                         80.degree.                            
     ______________________________________                                    
      4.3    4.1       7.9       10.4    11.4                                  
     10      4         7.5       10.2    11.9                                  
     14.3    4.1       7.8       10.7    12.9                                  
     ______________________________________                                    
TBL                TABLE II                                                    
     ______________________________________                                    
     Influence of L/d and R/d with constant                                    
     angle of bending .beta. = 60.degree.                                      
       R/d                                                                     
     L/d       0.5         1           2                                       
     ______________________________________                                    
      4.3      10.4        8.2         7.3                                     
     10        10.2        8           7.3                                     
     14.3      10.7        8.6         7.7                                     
     ______________________________________                                    
PAR  From these results it can be concluded that the sharpness of the angle is
      of great importance, and that the length L of the straight wire extremity
      has only a small influence on the breaking strength of the material. But
      it has been observed that the total energy to pull out the element is
      approximately proportional with this length. This is confirmed by Table
      III in which the energy is given in Kgmm.
TBL                TABLE III                                                   
     ______________________________________                                    
     Energy in function of .beta. and L/d with                                 
     constant radius of curvature = 0.5 d                                      
       .beta.                                                                  
     L/d       45.degree.  60.degree.  80.degree.                              
     ______________________________________                                    
      4.3      9.5         12.5        13.7                                    
     10        24.4        29.6        36.8                                    
     14.3      32.6        44.9        53.0                                    
     ______________________________________                                    
PAR  This can be explained by the fact that the wire element is pulled out
      through the "tunnel" in which it was embedded. Each part of the straight
      extremity must pass through the curvature in this tunnel and is there
      subsequently bent and straightened again when it passes in the straight
      part of the tunnel. The whole length L of the straight extremity part
      undergoes this, and this needs a constant pulling force during all the
      time that the extremity has not passed completely the curvature of the
      tunnel. By this can be explained that the total energy to pull out is
      proportional to L.
PAR  So it can be understood that two phase materials with elements which need a
      great pulling out energy need a great breaking energy. The first crack may
      occur at the same charge, but then still a force is needed to continue the
      deformation up to a complete breaking. This is important for materials
      which need a great impact resistance, such like concrete for bunkers, or
      for materials for which a kind of plastic flow is desired before breaking.
      In any case, the rate of plastic flow can be controlled by the length L,
      and the pulling force by the angle and the radius of curvature R. So the
      curve of the force in function of elongation can be controlled.
PAR  It is also possible to use wire extremities with more that one sharp
      bending. Those extremities may consist of at least two straight parts
      which are separated from the adjacent straight part by a bending of at
      least 45.degree.. This combination of two bendings over an angle .beta.
      and two lengths L gives an additional possibility to control the shape of
      the force to elongation characteristic. But the condition still exists
      that the elements must not hook together, this means that for at least one
      of the extremities the normal in each point of the surface does not pass
      through the other extremity.
PAR  Referring now to FIG. 7, a mathematical expression of the bending within
      the wire segments can be set forth. The wire lengths s.sub.0 - s.sub.1 and
      s.sub.2 - s.sub.3 are the extremities having a substantial bending. These
      extremities should have a length at least five times the diameter, and the
      total absolute bending must be at least 60.degree.. The "total absolute
      bending" of a given length is the intregral over this length of the
      absolute value of the incurvation per unit length. Where d.alpha. is the
      incremental angle of bending of an incremental length ds of the wire, then
      the rate of incurvation at a point P of the wire is equal to d.alpha./ds.
      The total absolute bending of the extremities is then expressed as
      ##EQU1##
PAR  With respect to the substantially straight central portion as defined by
      points s.sub.1 - s.sub.2 in FIG. 7, the total absolute bending must be
      less than 45.degree. and may be expressed mathematically as
      ##EQU2##
PAR  These expressions described the wire reinforcing elements according to this
      invention so that the elements when used for reinforcing subsequently
      hardening soft material will be "unhookable" and have good mixability with
      the soft material and yet provide an extremely good grip in the material
      as well as very good reinforcement of the material.
PAR  It has been shown that with the wire elements according to the invention a
      good mixability is obtained. For a length to diameter ratio in the range
      between 50 and 200, the elements can be mixed to a concentration where the
      average distance between the centroids of the neighboring elements is less
      than a fourth part of the length l of each element. By average distance is
      meant
      ##EQU3##
      V representing the total volume of the material and N the number of wire
      elements. And for a length to diameter ratio of 100, the statement the
      D&lt;1/4 corresponds with a volume percentage of minimum 0.5% wire.
PAR  The invention is not limited to the materials which have been mentioned,
      nor to the forms of wire which have been shown, so it is possible to
      obtain wire elements of the same form with pieces of cable made with glass
      fibers and covered with a layer of a hard synthetic resin. With the
      explanation of the principle of the invention, it is possible for those
      skilled in the art to find a suitable matrix and wire material, and also a
      suitable form and concentration of the wire elements for each type of
      application.
PAR  While the invention has been described and illustrated with respect to
      certain preferred examples which give satisfactory results, it will be
      understood by those skilled in the art after understanding the principle
      of the invention, that various changes and modifications may be made
      without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reinforcing element for mixing with a subsequently hardening soft
      material for increasing the tensile strength of the material and having
      improved mixability with the material comprising:
PA1  a. a wire segment having a length-to-diameter ratio within the range of
      about 50 to 1 to about 200 to 1,
PA1  b. said wire segment having a substantially straight central portion having
      a curvature of less than 45.degree. and a length of at least one-half of
      the total length of said wire segment,
PA1  c. said wire segment further including a pair of terminal portions each
      comprising a substantially straight terminal part having a length of at
      least five times the diameter of said wire segment and further comprising
      a bending connecting said substantially straight terminal part to said
      substantially straight central portion,
PA1  d. said bending having a radius of curvature less than the diameter of said
      wire segment and forming an angle of between 90.degree. and 135.degree.
      between said terminal part and said central portion,
PA1  e. each of said terminal portions being so constructed and arranged that a
      normal to one of said terminal portions at every point therealong passes
      outside the other of said terminal portions,
PA1  f. said element being thusly so constructed and arranged as to inhibit
      hooking-in of said element with another of said elements during mixing
      with the soft material.
NUM  2.
PAR  2. A reinforcing for mixing with a subsequently hardening soft material for
      increasing the tensile strength of the material and having improved
      mixability with the material comprising:
PA1  a. a wire segment having a length to diameter ratio within the range of
      about 50 to 1 to about 200 to 1,
PA1  b. said wire segment having a substantially straight central portion having
      a curvature of less than 45.degree. and having a length of at least
      one-half of the total length of said wire segment,
PA1  c. said wire segment further including a pair of terminal portions each
      having a substantial curvature and a length of at least five times the
      diameter of said wire segment and said terminal portions being connected
      by said central portion,
PA1  d. said substantial curvature comprising a total absolute bending of at
      least 60.degree.,
PA1  e. said element being so constructed and arranged as to inhibit hooking-in
      of said element with another said element during mixing with the soft
      material.
NUM  3.
PAR  3. An element as in claim 2 and wherein each of said terminal portions
      includes two substantially straight portions separated by a bending of at
      least 45.degree..
NUM  4.
PAR  4. An element as in claim 2 and wherein each of said terminal portions
      includes at least two substantially straight portions, each of said
      substantially straight portions being separated from any adjacent
      substantially straight portion by a bending of at least 45.degree..
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ABST
PAL  A nitrogenous ingredient is eliminated from solid fuel, for example, coal,
      by treating in a treating chamber, the coal with a treating gas having a
      predetermined temperature and composition at a temperature of 650.degree.
      to 1200.degree.C, the treating gas being prepared by uniformly mixing, in
      a conditioning chamber located upstream from the treating chamber, a
      predetermined amount of steam or water and hydrogen gas or a mixture gas
      containing at least 30% by volume of hydrogen gas together with an inert
      burnt gas containing at most 2% by volume of oxygen gas.
BSUM
PAR  The present invention relates to a process for eliminating a nitrogenous
      ingredient from solid fuel.
PAR  It is well-known that combustion in the atmosphere of solid fuel containing
      a nitrogenous ingredient therein results in generation of nitrogen oxides
      (NOx) which cause pollution of the atmospheric air. Ordinary coal and
      petroleum coke, for example, have about 0.2 to 2.0% and about 0.1 to 1.0%
      by weight of nitrogen content, respectively. Accordingly, in order to
      prevent the generation of nitrogen oxides by the combustion of the solid
      fuel, it is desirable that the solid fuel be treated prior to the
      combustion so as to completely eliminate or reduce the content of nitrogen
      in the solid fuel to at most 0.1% by weight.
PAR  It is still not clear in what manner the nitrogenous ingredient is
      contained in the solid fuel, although, it is known that, for example,
      nitrogen atoms in coke directly bond to carbon atoms in the coke so as to
      form the compounds of the formula CxNy. These compounds are relatively
      stable under normal conditions. However, it is also known that the
      compounds of the formula CxNy tend to be converted into ammonia upon
      exposure to heat at a high temperature for a long period of time.
      Accordingly, there have been several attempts to eliminate the nitrogenous
      ingredient from the solid fuel by utilizing the above-mentioned conversion
      of the nitrogen compound. However, these attempts have not yet met with
      success with regard to practical use.
PAR  In one previous method, the solid fuel is charged in a treating furnace and
      is externally heated in said furnace while the air flow into the furnace
      is shut off. According to this method, the solid fuel is indirectly heated
      to a temperature of 800.degree. to 2000.degree. C. However, this method
      has the disadvantages of too high a temperature and too long a treatment
      time as well as difficulty in controlling the temperature of the solid
      fuel in the furnace. Further, this method has failed in completely
      eliminating the nitrogenous ingredients from the solid fuel. For example,
      coal having 1.67% by weight of nitrogen content was charged into a
      fixed-bed-type treating furnace, and externally heated at a temperature of
      1800.degree. to 1900.degree.C for 2.5 hours. The resultant solid fuel
      still had about 0.21% by weight of nitrogen content. The amount of the
      nitrogen eliminated from the solid fuel was only about 87% based on the
      initial nitrogen content. When the above-stated operations are carried out
      at a temperature of 1380.degree. C for a period of 34 hours, the amount of
      eliminated nitrogen was about 80% based on the initial nitrogen content.
      In addition to this low elimination of the nitrogen content, this method
      requires a very expensive external heating furnace which has a very high
      resistance to heat. In spite of this, however, the furnace is constantly
      subjected to erosion during high temperature operation. The
      above-mentioned problems make this method disadvantageous, economically.
      Accordingly, even though the principle for eliminating the nitrogen
      content from the solid fuel has been already known, the method for
      realizing said principle has not yet been successful in practical use.
PAR  The object of the present invention is provide a process for eliminating
      nitrogen content from solid fuels at a relatively low temperature within a
      relatively short time, and which is economically highly efficient.
PAR  The above object is accomplished by the process of the present invention,
      which comprises the steps of:
PA1  1. preparing a substantially inert burnt gas containing at most 2% of
      volume of free oxygen by completely burning a mixture of a fuel and air or
      oxygen gas in a combustion chamber;
PA1  2. feeding said burnt gas into a conditioning chamber directly connected to
      said combustion chamber at a predetermined feed rate;
PA1  3. simultaneously feeding steam or water and hydrogen gas or other gas
      containing therein at least 30% by volume of free hydrogen gas into said
      conditioning chamber at predetermined feed rates;
PA1  4. uniformly mixing said burnt gas said steam or water and said hydrogen
      gas or hydrogen gas-containing gas within said conditioning chamber to
      provide a treating gas for eliminating said nitrogen content, said
      treating gas having a predetermined temperature and composition;
PA1  5. feeding a solid fuel into a treating chamber;
PA1  6. feeding said treating gas into said treating chamber, and,
PA1  7. treating said solid fuel with said treating gas at a temperature of
      650.degree. to 1200.degree. C.
DRWD
PAR  The feature and constitution of the process of the present invention will
      be more clearly understood by reading the following description with
      reference to the accompanying drawings, in which;
PAR  FIG. 1 is a diagram showing the relationships between the heating
      temperature for coal in .degree.C and nitrogen content in % in the coal
      according to the process of the present invention (Curve C) and according
      to other processes (Curves A and B);
PAR  FIG. 2 is an explanatory cross-sectional view of an embodiment of the
      apparatus for effecting the process of the present invention, and;
PAR  FIG. 3 is an explanatory cross-sectional view of the other embodiment of
      the apparatus for performing the process of the present invention.
DETD
PAR  The fuel for the burnt gas may be optionally elected from ordinary gas
      fuels, for example, oil gas, natural gas, propane gas, town gas, water gas
      or coke over gas; ordinary liquid fuels, for example, light oil, heavy oil
      or liquefied cool oil; or finely divided solid fuels, for example, coal,
      coke and charcoal, wood or waste agricultural products, unless the
      resultant burnt gas would affect the elimination of nitrogen content from
      the solid fuel.
PAR  The fuel is uniformly mixed with air or oxygen gas in a mixing chamber in
      such a proportion that the resultant burnt gas contains at most 2% by
      volume of free oxygen gas and is, therefore, substantially inert to the
      solid fuel to be treated. The fuel mixture is fed into a combustion
      chamber and is completely burnt therein. The combustion chamber must have
      a large inside volume, big enough to completely burn the fuel mixture
      therewithin. The resultant burnt gas is a substantially inert high
      temperature gas containing therein at most 2% by volume of free oxygen.
PAR  The burnt gas thus prepared is fed into a conditioning chamber directly
      connected to the combustion chamber. It is preferable that the
      conditioning chamber have an inside volume of 11/2  times or more, more
      preferably, 11/2  to 4 times the inside volume of the combustion chamber.
      At the same time the burnt gas is being fed into the combustion chamber,
      steam or water and hydrogen gas or the hydrogen-containing gas is being
      introduced into the conditioning chamber and is uniformly admixed with the
      burnt gas in order to prepare a treating gas having a predetermined
      temperature and composition. In the preparation of the treating gas, the
      proportion of the component gases is determined in response to the
      temperature and pressure of the burnt gas, steam or water and hydrogen gas
      or the hydrogen-containing gas, and to the composition of the burnt gas
      and the hydrogen-containing gas. Generally, treating gas pertinent for the
      process of the present invention has a preferable temperature of
      650.degree. to 1200.degree. C, more preferably 650.degree. to 900.degree.
      C, and preferably contains 0.02 to 0.2 kg, more preferably, 0.05 to 0.10
      kg of steam per 1 kg of the solid fuel and 0.05 to 0.5 Nm.sup.3, more
      preferably, 0.06 to 0.25 Nm.sup.3 of hydrogen per 1 kg of the solid fuel
      to be treated.
PAR  The steam to be introduced into the conditioning chamber may be ordinary
      steam having a temperature of approximately 107.degree. C or superheated
      high presssure steam having a temperature of 120.degree. C or higher. The
      steam may be replaced by water or hot water which is vaporized immediately
      when introduced into the conditioning chamber.
PAR  The hydrogen gas to be introduced into the conditioning chamber may be
      industrially pure hydrogen gas or may be replaced by the mixture gas
      containing at least 30% by volume of hydrogen, for example, a mixture gas
      generated by catalytically cracking petroleum hydrocarbons or coke oven
      gas. These hydrogen-containing gases have, for example, compositions as
      indicated in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
        Gas       Catalytically                                                
                  crached                                                      
                  petroleum   Coke oven gas                                    
     Component    hydrocarbon                                                  
     (% by volume)                                                             
                  gas                                                          
     ______________________________________                                    
     CO.sub.2     5.7         2.0                                              
     hydrocarbons(CmHn)                                                        
                  10.3        2.6                                              
      O.sub.2     0.1         0.4                                              
     CO           15.0        7.4                                              
      H.sub.2     53.1        54.0                                             
     CH.sub.4     7.4         28.0                                             
     N            8.4         5.6                                              
     ______________________________________                                    
PAR  The solid fuel usable for the process of the present invention may be
      selected from various types of coals having a nitrogen content, that is,
      peat, brown coal, ordinary coal, smokeless coal, or bituminous coal, coke,
      petroleum coke, charcoal or carbon produced from the above-mentioned solid
      fuels. The solid fuel may be in the form of powder, lump or grain.
      However, in order to promote the elimination of the nitrogen content from
      the solid fuel by enlarging the content area of the solid fuel with the
      treating gas, it is preferable that the solid fuel be in the form of fine
      particles having a 5 to 100 mesh size.
PAR  In the treating chamber, the solid fuel may form any type of bed such as a
      fixed bed a fluidized bed or a moving bed. However, in order to accelerate
      the elimination rate of the nitrogen content from the solid fuel, it is
      preferable that the finely divided solid fuel forms a fluidized bed in the
      treating chamber. That is, it is preferable that the solid fuel be treated
      in a fluidized bed-type furnace with the treating gas of the present
      invention.
PAR  The solid fuel is treated with treating gas, which is usually under normal
      pressure, in the treating chamber. The nitrogen content in the solid fuel
      is converted into ammonia by the treatment and the ammonia thus generated
      is vaporized and separated from the solid fuel.
PAR  The effect of the process of the present invention will be clarified in
      detail by referring to FIG. 1 of the accompanying drawings.
PAR  In FIG. 1, Curve A shows a relationship between the heating temperature for
      coal having a nitrogen content of 1.67% and the remaining nitrogen content
      in the coal when the coal has been treated, in a fluidized bed furnace,
      with an inert burnt gas having a temperature of 550.degree.to 1000.degree.
      C for 20 to 30 minutes, Curve B shows a relationship between the heating
      temperature for the same coal as in Curve A and the remaining nitrogen
      content in the coal treated with a treating gas, consisting of the same
      inert burnt gas as in Curve A, and steam in an amount of 0.3 kg per 1 kg
      of the coal to be treated. Curve C shows a relationship of the heating
      temperature of the same coal as in Curve A and the remaining nitrogen
      content in the coal which has been treated with a treating gas, consisting
      of the same inert burnt gas in Curve A, and 0.05 kg of steam and 0.08
      Nm.sup.3 of hydrogen gas per 1 kg of the coal to be treated. According to
      Curve A, the coal treated with treating gas consisting of only the inert
      burnt gas has a relatively high nitrogen content larger than 0.35% even
      when heated at a temperature of 1000.degree. C. Also, Curve B indicates
      that the coal treated with treating gas consisting of the inert burnt gas
      and steam still has a relatively high nitrogen content of 0.15% or higher
      even when heated at 1000.degree. C. However, as indicated in Curve C, when
      the coal is treated in accordance with the process of the present
      invention with treating gas consisting of the inert burnt gas, steam and
      hydrogen gas, the remaining nitrogen content of the treated coal is
      relatively low, that is, 0.1% or less, even if the treating is carried out
      at a relatively low temperature of 800.degree. C. FIG. 1 definitely proves
      that the treating gas consisting of a mixture of the inert burnt gas with
      both steam and hydrogen gas is very effective for eliminating the nitrogen
      content from solid fuel.
PAR  The process of the present invention can be carried out by using the
      apparatus as shown, for example, in FIGS. 2 and 3. In FIG. 2, an apparatus
      1 for eliminating nitrogenous ingredients from solid fuel is provided with
      a mixing chamber 2, a combustion chamber 3, a conditioning chamber 4 and a
      fluidized bed-type treating chamber 5. The mixing chamber 1 is provided
      with a conduit 6 for feeding a fuel and a conduit 7 for supplying air or
      oxygen gas thereinto. The fuel supplied through the conduit 6 is uniformly
      mixed with air or oxygen gas supplied through the conduit 7 into the
      mixing chamber 2. The mixing chamber 2 has therein a cylindrical internal
      space having an inside periphery which extends in the same direction as
      that of the flow of the gas mixture. An exit end of the mixing chamber 2
      forms on opening 8 through which the gas mixture is ejected from the
      mixing chamber 2 into the combustion chamber 3. The ejecting opening 8 may
      be provided with a device for controlling the flow of the gas mixture
      therethrough. The flow control device can regulate the flow rate, flow
      velocity and flow direction of the gas mixture so as to attain the desired
      levels. An example of the flow control device is shown in FIG. 2. That is,
      the exit end of the mixing chamber 2 has a circular cone shape converging
      toward the combustion chamber 3. In the circular cone-shaped space, a flow
      regulator 9 is located. The flow regulator 9 also has a circular cone
      shape converging toward the combustion chamber 3 and is movable so as to
      adjust the effective cross sectional area of the ejecting opening 8. By
      adjusting the position of the flow regulator 9, the gas mixture's flow
      velocity, flow rate and flow direction can be regulated and can be
      diffused uniformly into the combustion chamber 3. When this happens, the
      gas mixture is ignited and is uniformly and completely burnt therewithin.
      The combustion chamber 3 is provided with a cylindrical internal space
      having an inside periphery which extends along the direction of the flow
      of the burnt gas in the internal space. In order to completely burn the
      gas mixture in the combustion chamber 3, it is preferable that the inside
      diameter of the combustion chamber 3 satisfies the following relationship:
      ##EQU1##
      wherein dc represents the inside diameter of the internal space of the
      combustion chamber 3 and dM represents the inside diameter of the ejecting
      opening 8. A dc smaller than 11/4 dM may result in the imperfect
      combustion of the gas mixture. The burnt gas thus prepared has a high
      temperature and contains therein at most 2% by volume of free oxygen. The
      burnt gas is introduced from combustion chamber 3 into conditioning
      chamber 4. If it is desired, a portion of the burnt gas may be withdrawn
      through a discharge conduit 10. The conditioning chamber 4 is provided
      with branch conduits 11a and 11b connected to a main conduit 11 for
      feeding steam or water. The conditioning chamber further has a conduit 12
      for feeding hydrogen gas or hydrogen-containing gas into it. The flow
      rates of the steam or water and the hydrogen gas or hydrogen-containing
      gas to be mixed with the burnt gas, are determined in response to the
      temperature, pressure and composition of the treating gas prepared within
      the conditioning chamber 4.
PAR  In order to uniformly mix the burnt gas and steam or water and, hydrogen
      gas or hydrogen-containing gas, and to prepare a uniform treating gas, it
      is preferable that the conditioning chamber have an internal space
      satisfying the following relationship:
      ##EQU2##
      wherein Vc represents the volume of the internal space of the conditioning
      chamber. A V.sub.A smaller than 11/2  Vc cause non-uniform mixing of the
      burnt gas and steam and hydrogen gas.
PAR  The treating gas thus uniformly prepared is supplied from the conditioning
      chamber 4 into the treating chamber 5 through a supply path 13. The
      treating chamber 5 may have a slit or grid 14 which is optional, and which
      can be located at the inlet end of chamber 5. The finely divided solid
      fuel 15 is fed from a hopper 16 into the entrance of the treating chamber
      5 by means of a screw conveyer 17. The solid fuel 15 thus fed is fluidized
      by a stream of the treating gas and the nitrogenous ingredient in the
      solid fuel is converted into ammonia by the action of the treating gas.
PAR  The generated ammonia gas is discharged together with the solid fuel
      fluidized in the treating gas from the treating chamber through a
      discharge conduit 19. The solid fuel thus treated is separated from the
      mixture of ammonia gas and the treating gas by a conventional separating
      apparatus, for example, a cyclone dust collector (shown in neither FIG. 2
      nor FIG. 3). The gas mixture is fed into an apparatus (shown in neither
      FIG. 2 nor FIG. 3) for removing ammonia, for example, an ammonia absorbing
      column or thermally decomposing column for ammonia. The harmless waste gas
      is discharged into the atmosphere.
PAR  The process of the present invention can be effected by using the apparatus
      shown in FIG. 3. Referring to FIG. 3, the apparatus 20 is provided with a
      mixing chamber 22, a combustion chamber 23, a conditioning chamber 24 and
      a treating chamber 25. The mixing chamber 22 and the combustion chamber 23
      in FIG. 3 have the same structure as those in FIG. 2, except that the
      cylindrical internal spaces of the mixing chamber 22 and the combustion
      chamber 23 in FIG. 3 extend horizontally whereas those in FIG. 2 extend
      vertically. The conditioning chamber 24 has a conduit 11 for feeding steam
      or water and a conduit 12 for feeding hydrogen gas or the
      hydrogen-containing gas into said conditioning chamber.
PAR  The solid fuel treated in accordance with the process of the present
      invention contains no substantial amount of the nitrogenous ingredient,
      that is, more than 0.1% by weight.
PAR  The features and advantages of the process of the present invention are
      further illustrated by the following example, which is not intended to
      limit the scope of the present invention.
PAC  EXAMPLE
PAR  A type of the apparatus shown in FIG. 2 was used for eliminating the
      nitrogenous ingredient from coal. The coal was a non-caking kind having a
      nitrogen content of 1.67% by weight and was reduced into a 15 to 80 mesh
      size powder.
PAR  A fuel consisting of a saturated hydrocarbon gas (CH.sub.4 + C.sub.2
      H.sub.6 : about 91%, H.sub.2 : about 6.5% and CO: about 2.5% by volume)
      was preheated to a temperature of 150.degree. C and was then fed into a
      mixing chamber at a feed rate of 40 Nm.sup.3 /hour. Air was separately
      preheated to a temperature of 180.degree. C and was then fed into the
      mixing chamber at a feed rate of 400 Nm.sup.3 /hour. The air and fuel gas
      were uniformly mixed in the mixing chamber. The fuel mixture gas was
      ejected into a combustion chamber having an inside diameter (dc) of 40 cm
      and an inside volume (Vc) of 0.07m.sup.3 through an ejecting opening
      having an inside diameter (dM) of 1.0 cm, and was ignited so as to
      completely burn the fuel mixture gas. The resultant burnt gas contained
      therein a very small amount, 0.2% volume, of free oxygen gas and,
      therefore, was substantially inert. The burnt gas was then introduced into
      the conditioning chamber having an inside volume of 0.15 m.sup.3. Steam at
      a temperature of 107.degree. C was separately introduced into the
      conditioning chamber at a flow rate of 4 kg/hour and, simultaneously,
      hydrogen gas at room temperature was fed thereinto at a flow rate of 7
      Nm.sup.3 /hour. The burnt gas was uniformly mixed with the steam and
      hydrogen gas within the conditioning chamber. The resultant treating gas
      had a temperature of 1000.degree. C, and was introduced into the treating
      chamber.
PAR  The non-caking coal was supplied into the treating chamber at a supply rate
      of 100 kg/hour, and fluidized and treated by the treating gas under normal
      pressure. The nitrogen-eliminated coal and the generated ammonia were
      dicharged together with the treating gas from the treating chamber and
      forwarded to a cyclone dust collector in order to separate the
      nitrogen-eliminated coal from the gas mixture. The gas mixture was fed
      into an ammonia absorbing column wherein ammonia was absorbed by activated
      carbon.
PAR  The nitrogen-eliminated coal had a very small nitrogen content of 0.02%.
      That is, about 98.2% of nitrogen based on the initial content of nitrogen
      in the coal was eliminated from the coal by the process of the example.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for continuously eliminating a nitrogenous ingredient from
      solid fuels, comprising the steps of:
PA1  1. preparing a substantially inert burnt gas containing at most 2% by
      volume of free oxygen by completely a mixture of a fuel and air or oxygen
      gas in a combustion chamber;
PA1  2. feeding said burnt gas into a conditioning chamber directly connected to
      said combustion chamber at a predetermined feed rate,
PA1  3. simultaneously feeding steam or water and hydrogen gas or other gas
      containing therein at least 30% volume of free hydrogen gas into said
      conditioning chamber at predetermined feed rates;
PA1  4. uniformly mixing said burnt gas and said steam or water and said
      hydrogen gas or hydrogen gas-containing gas within said conditioning
      chamber to provide a treating gas for eliminating said nitrogenous
      ingredient, said treating gas having a predetermined temperature and
      composition;
PA1  5. feeding a solid fuel into a treating chamber;
PA1  6. feeding said treating gas into said treating chamber, and;
PA1  7. treating said solid fuel with said treating gas at a temperature of
      650.degree. to 1200.degree. C.
NUM  2.
PAR  2. A process as set forth in claim 1, wherein said treating gas has a
      temperature of 650.degree. to 1200.degree. C.
NUM  3.
PAR  3. A process as set forth in claim 2, wherein said treating gas temperature
      is between 650.degree. to 900.degree. C.
NUM  4.
PAR  4. A process as set forth in claim 3, wherein said treating gas contains
      0.02 to 0.2 kg of steam and 0.05 to 0.5 Nm.sup.3 of free hydrogen gas per
      1 kg of said solid fuel to be treated with said treating gas.
NUM  5.
PAR  5. A process as set forth in claim 4, wherein the contents of steam and
      free hydrogen gas in said treating gas are 0.03 to 0.10 kg and 0.06 to
      0.25 Nm.sup.3 per 1 kg of said solid fuel, respectively.
NUM  6.
PAR  6. A process as set forth in claim 1, wherein said hydrogen-gas-containing
      gas is either a gas generated by catalytically cracking petroleum
      hydrocarbons or coke oven gas.
NUM  7.
PAR  7. A process as set forth in claim 1, wherein said solid fuel is selected
      from the group consisting of coal, coke, petroleum coke, or carbon
      materials produced from the above-mentioned materials.
NUM  8.
PAR  8. A process as set forth in claim 1, wherein said solid fuel has a 5 to
      100 mesh size.
NUM  9.
PAR  9. A process as set forth in claim 1, wherein said treating chamber is a
      fluidizing bed-type furnace.
NUM  10.
PAR  10. A process as set forth in claim 1, wherein said treating of said solid
      fuel is carried out under normal pressure.
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ABST
PAL  Combustible gases containing both methane and hydrogen, for example gases
      obtained by the non- catalytic hydrogenation of oil or coal are treated to
      increase their calorific value by removal of elementary hydrogen in the
      catalytic hydrogenation of an unsaturated compound such as benzene. The
      benzene is regenerated by dehydrogenation, usually catalytic
      dehydrogenation, and recycled for further use. The hydrogen produced on
      dehydrogenation may be employed for hydrodesulphurisation or as
      hydrogenating gas in a non- catalytic hydrogenation stage.
BSUM
PAR  The invention relates to the production of combustible gases, and in
      particular to the production of substitute natural gas (SNG).
PAR  In order to broaden the range of petroleum-based feedstocks available for
      the production of substitute natural gas, it is desirable to be able to
      use hydrogenation as an alternative to catalytic steam-reforming as the
      primary gasification stage. Hydrogenation processes are known which are
      not limited to those types of distillate oils best suited to catalytic
      gasification, and they may even be applied to crude petroleum or a heavy
      cut thereof; since they are non-catalytic, the feedstock need not be
      purified from sulphur.
PAR  In addition processes are known for the gasification of coal. Our British
      Patent Specifications Nos. 830,960, 899,574, 1,031,717 and 1,154,321
      describe examples of such oil gasification processes together with the
      appropriate plant; the latter two respectively describe what are generally
      known as the "Gas Recycle Hydrogenator" (GRH) and the "Fluidised-Bed
      Hydrogenator" (FBH).
PAR  A feature of these processes is that a stoichiometric excess of hydrogen is
      needed in the reactor space not only to avoid carbon deposition but to
      maximise the production of gaseous paraffinic hydrocarbons (which,
      advantageously, when it is a question of SNG production, comprise a
      substantial proportion of ethane) by discouraging the formation of complex
      mixtures of higher aromatic hydrocarbons, which are of a tarry character.
      Accordingly, the product gas, whether from a GRH or an FBH, will contain a
      substantial concentration of free hydrogen.
PAR  A typical composition of such a gas, percent by volume, is:
TBL  H.sub.2 CH.sub.4   C.sub.2 H.sub.6                                        
                                   CO.sub.2 CO                                 
     30      52         15         2        1.                                 
PAR  Carbon oxides are present in small quantities whenever, as is usual,
      hydrogenating gas is made by a gasification process which involves their
      formation. It is usual to convert carbon monoxide to carbon dioxide and to
      remove the dioxide, to low concentrations, by one of the well-known
      methods, and when it is a question of SNG production such removal is
      plainly essential. Since it is advantageous to maximise the partial
      pressure of hydrogen in the primary hydrogenator, it is preferable to
      conduct the carbon oxide removal operations with the object of reducing
      the total concentration to not more than, say 5 percent, before such gas
      is used as a source of hydrogen in a primary hydrogenation stage.
PAR  In the United Kingdom the calorific value of natural gas as supplied to
      consumers exceeds 1000 Btu/scf (60.degree. F and 30 in. Hg. saturated); a
      typical value is 1017 Btu/scf. The Weaver flame speed factor is about 14.
      A gas of the composition given above has a calorific value of 875 Btu/scf
      and a Weaver flame speed factor of 24. It is principally the residual
      excess hydrogen that is responsible for this difference and it is
      therefore necessary, if a hydrogenation route is used for SNG production,
      to provide means for reducing the concentration of elementary hydrogen. In
      doing this, it is an important objective to preserve at least a major
      proportion, if not all, of the ethane, because of its contribution to the
      final calorific value.
PAR  Processes are known for conducting this operation; for instance, our
      British Patent Specification No. 1,171,103 describes and claims a process
      for solvent-extracting the gaseous hydrocarbons from the gas and
      recovering these. Other proposals have been made to reduce the hydrogen
      content of methane-containing gases. These include the catalytic
      hydrogenation of hydrocarbons (including aromatic hydrocarbons) and of
      carbon oxides to methane, and a process for catalytically reacting carbon
      oxides with hydrogen, with the formation of methane, in such manner as to
      avoid or minimise reactions between hydrogen and ethane.
PAR  Such prior proposals are not without drawbacks. When hydrogenation of, for
      example, oxides of carbon is effected there are problems connected with
      temperature control, as is required to avoid hydrogenation of the ethane
      to methane, and stiochiometry limits the applicability of methanation of
      the carbon oxides alone. For instance, quantitative methanation of carbon
      oxides in the gas specified hereinbefore would account for little more
      than one-third of the hydrogen.
PAR  According to the present invention there is provided a method of removing
      elemental hydrogen from a gas containing hydrogen, for example, the
      product gas from a hydrogenation reaction of a hydrocarbon oil or coal
      which method comprises adding to the gas a quantity of an unsaturated
      compound, catalytically reacting some of all the unsaturated compound with
      hydrogen to produce a hydrogenated product, separating the hydrogenated
      product and any remaining unsaturated compound from the remaining
      constituents of the gas, dehydrogenating the separated hydrogenated
      product to regenerate unsaturated compound, separating such unsaturated
      compound from the hydrogen produced in the dehydrogenation reaction,
      adding the resulting unsaturated compound to a further quantity of gas
      from which hydrogen is to be removed, and reacting some or all of the
      unsaturated hydrocarbon with hydrogen of the said gas.
PAR  The gas containing hydrogen, which is the feed material according to this
      invention, may be produced by the hydrogenation of a hydrocarbon
      feedstock, for example, crude petroleum or a heavy cut thereof or coal.
      Such a gas on leaving the hydrogenation stage may contain aromatic and
      other unsaturated compounds, including benzene and other monocyclic
      hydrocarbons as well as a substantial proportion of compounds of a
      polynuclear and tarry aromatic character. When operating a continuous
      process, it may be necessary to remove a major part of such compounds
      including monocyclic hydrocarbons, for example by cooling sufficiently to
      effect condensation of them, since they are unsuitable for use in the
      present process, and because it is necessary to retain full control over
      the quantity of unsaturated compound that is used to react with the
      hydrogen in the process of this invention. Such treatment of the
      hydrogen-containing gas may also be required should it be necessary or
      desirable to effect desulphurisation of the hydrogenator product gases
      before carrying out the method of this invention.
PAR  The reaction of unsaturated compound with hydrogen is effected
      catalytically to provide a more saturated compound whereafter the gas is
      separated from the more saturated compound and any unhydrogenated
      unsaturated compound preferably by cooling and condensing the latter
      substances. Thereafter it is necessary in the method of this invention to
      cause at least a part of the more saturated compound to be dehydrogenated,
      which will usually be a catalytic operation effected under different
      operating conditions from those obtaining when it was formed, so as to
      regenerate unsaturated compound. The regenerated unsaturated compound must
      be separated from liberated hydrogen, and this is preferably effected by
      cooling and condensation of the unsaturated compound prior to it being
      reused in the method, for example by being fed to the inlet of a catalytic
      hydrogenator so that it is used to react with a further quantity of
      hydrogen.
PAR  According to another embodiment, under some operating conditions it may be
      alternatively possible to effect dehydrogenation of the saturated compound
      by a non-catalytic route such as thermal decomposition, for example by
      returning the steam containing the more saturated compound to the primary
      hydrogenator where the hydrogen is available for primary hydrogenation of
      the feedstock and the reformed saturated compound is present in the
      primary hydrogenation product gas and available for reaction with hydrogen
      in the secondary catalytic hydrogenator.
PAR  The unsaturated compound, which may conveniently be used is admixture with
      the less unsaturated compound, may be introduced to a catalytic
      hydrogenation reactor as liquid or vapour, as determined by the need to
      control temperature. Adjustment of the proportion of the unsaturated
      compound that is converted to the more saturated compound in the
      hydrogenator may also be used as a means of controlling reaction
      conditions. Similar considerations may affect the operation of the
      catalytic dehydrogenator.
PAR  The unsaturated compound employed in the process of the invention should
      possess several requirements. Primarily, it should be capable of being
      readily separable from the gas stream issuing from the secondary catalytic
      hydrogenator. Ideally, therefore, it should have a sufficiently high
      boiling point to enable it to be readily condensed out, for example by
      cooling the whole gas stream down to about 50.degree. C. Secondly, the
      unsaturated compound should preferably be more easily hydrogenated than
      ethane, if ethane is present in the gas undergoing treatment, having
      regard to the conditions obtaining in the reactor, e.g. temperature,
      pressure specificity of the catalyst, and concentration of unsaturated
      compound.
PAR  In general we have found that low molecular weight aromatic compounds,
      preferably containing only the elements carbon, hydrogen, and, optionally
      oxygen, are especially suitable for the purposes of this invention.
      Examples of such aromatic compounds include monocyclic aromatics such as
      benzene, toluene, the xylenes, phenol, and the cresols.
PAR  The proportion of unsaturated compound in the gas to be subjected to
      secondary hydrogenation will very depending upon the concentration of
      elemental hydrogen in the gas. However, the proportion of unsaturated
      compound may range from 20-400 lbs/1000 scf of gas, preferably 50-200
      lbs/1000 scf and most preferably 75-180 lbs/1000 scf.
PAR  Preferably the unsaturated compound is benzene and the more saturated
      compound is cyclohexane The benzene used is conveniently a portion of that
      produced in the hydrogenation of the hydrocarbon feedstock, and recovered
      from admixture with the polynuclear tarry aromatic hydrocarbons condensed
      from the products of that reaction, and it may without inconvenience be
      used mixed with other moncyclic aromatic hydrocarbons.
PAR  The use of substituted benzenes may, under some circumstances be preferred
      since the electron-donating properties of the side chains exert a
      moderating effect on the kinetics of the hydrogenation reaction and thus
      the hydrogenation may be spread over a large proportion of the catalyst
      mass rather than concentrating the reaction at one point.
PAR  Conveniently, the hydrogenation reaction is conducted at temperatures
      within the range 100.degree. to 350.degree. C at any convenient pressure,
      but generally within the range 10-100 atm. Examples of suitable catalysts
      include nickel, or small proportions of platinum or palladium, supported
      on such materials as alumina, silica, carbon or magnesium silicate. The
      use of certain forms of Raney nickel is possible.
PAR  Catalysts compositions suitable for carrying out the hydrogenation
      reactions of this invention are described and claimed in our United
      Kingdom Patent Specification Nos. 969,637, 1150066 and 1155843. It is
      preferred to choose operating conditions, and a sufficiently selective
      catalyst, for the reactions in question to proceed while the hydrogenation
      of ethane is avoided or at least minimised. The hydrogenation of benzene
      to cyclohexane is well known per se. A modern description of such
      catalytic step is given by Miller, "Chemical and Process Engineering",
      1969, 50 June pp. 63-72.
PAR  The catalytic decomposition of cyclohexane to benzene is similarly well
      known. For the purpose of this invention we prefer to operate within the
      range 350.degree. C to 700.degree. C and, advantageously, at a pressure
      near that of the hydrogenation stage, if the dehydrogenation stage is a
      catalytic one. Catalysts employed for dehydrogenation may be those
      conventionally employed for the reforming of hydrocarbons e.g. a precious
      metal in association with a support or promoter such as alumina. A typical
      example of such a catalyst would be a platinum-alumina composition.
PAR  The method of the invention will be described more particularly hereafter
      with reference to benzene and cyclohexane, but it is to be understood that
      the method invention includes the use of other pairs of compounds.
DRWD
PAR  The invention in a simple form will now be more particularly described with
      reference to the accompanying drawings, in which both FIGS. 1 and 2 are
      flow diagrams illustrating the process of the invention.
DETD
PAR  Referring to FIG. 1 gas from a primary hydrogenator (not shown) that has
      been cooled to enable condensible materials to be removed and has been
      desulphurised, enters at 1 and is mixed with recycled benzene/cyclohexane
      mixture at 2. If desired, at least a part of this mixture may be supplied
      as liquid, in order that latent heat of evaporation may be used to
      moderate the temperature rise in reactor 3. The mixture enters the
      catalytic hydrogenator 3 and the products are separated at 4 into a
      hydrogen-impoverished gas stream 5 and a cyclohexane-enriched liquid
      mixture 6. The latter is evaporated and passed into the dehydrogenator 7.
      It may be advantageous, for the sake of the preservation of the life of
      the catalyst and the avoidance of carbon deposition, to mix hydrogen at 8
      with the input to 7; some hydrogen will already be present, dissolved in
      the liquid. The product is separated at 9 into a liquid benzene-enriched
      mixture which flows via 10 to meet fresh primary product gas at 2, and a
      stream of hydrogen 11 which may conveniently be returned to the input of
      the primary hydrogenator.
PAR  The quantities of benzene used are generally not such as to provide for
      quantitative conversion to cyclohexane, even insofar as this would be
      permitted by thermodynamics. Subject to the attainment of satisfactory
      thermal efficiency, the important consideration is that the hydrogen
      should be removed at as low a temperature as possible, to minimise ethane
      hydrogenation if ethane is present and the circulation of unreacted
      benzene may be advantageous as a means of ensuring temperature control.
PAR  It will be understood that fresh benzene can be supplied through a pipe
      (not shown) to make good any losses such as must arise, for instance, by
      the necessary presence of benzene vapour in the outlet gas at 5.
PAR  A further aspect of the invention arises from the consideration that it may
      be necessary to remove the benzene vapour that remains in the effluent gas
      after cooling and condensation of the benzene-cyclohexane mixture before,
      for example, the gas can be admitted to a distribution system. It is known
      that a convenient means of effecting this is to scrub the gas, preferably
      at near ambient temperature and at elevated pressure, with cyclohexane.
      The further aspect of the invention therefore provides, in addition means
      for furnishing a supply of cyclohexane comprising a catalytic reaction
      stage through which the primary hydrogenator product gas, if necessary
      with the addition of benzene over and above that which it already contains
      as vapour, is caused to pass before it reaches the outside catalytic
      hydrogenation reactor hereinbefore described, hereinafter termed the
      principal catalytic hydrogenator, in which the benzene is substantially
      quantitatively converted to cyclohexane, means for separating the
      cyclohexane from the thus-treated gas, a scrubber or packed tower in which
      the hydrogen-impoverished gas is scrubbed with the cyclohexane which is
      delivered to it. The mixture of benzene and cyclohexane leaving the
      scrubber may be used in any suitable way, but means may be provided for
      adding any convenient proportion of it to the mixture of benzene and
      cyclohexane being supplied to the principal catalytic hydrogenator
      hereinbefore described.
PAR  These further aspects of the invention will now be described more
      particularly with reference to FIG. 2 of the accompanying drawings.
      Reference numbers in FIG. 2 that have already been used in FIG. 1 denote
      the same items in both Figures.
PAR  The primary hydrogenator product gas, which already contains some benzene
      vapour, although the bulk of the benzene has been removed, enters at 1, if
      necessary after the addition of more benzene and passes through the
      preliminary hydrogenation reactor 21 wherein the benzene is substantially
      quantitatively converted to cyclohexane, and thence to a separator 22
      wherein the cyclohexane is removed from the partially
      hydrogen-impoverished gas before the latter enters the principal catalytic
      hydrogenator 3, after the admixture of the circulating benzene-cyclohexane
      mixture at 2. The gas, after leaving the separator 4, passes to the
      scrubber or packed tower 23, where it is contacted with cyclohexane
      produced in 21, isolated in 22, and delivered to the scrubber via pipe 24.
      The final debenzolised and hydrogen-impoverished gas leaves via 5.
PAR  As with the simplier form of the invention, but more conveniently when
      there has been thorough benzene removal, the gas may if desired be
      subjected to further enrichment processes, such as methanation of the
      carbon oxides, with or without hydrogenation of the ethane, before it is
      admitted to the distribution system. It is an advantage of the present
      invention that it provides such a degree of enrichment of the final gas
      that in such a final stage of treatment some hydrogenation of the ethane
      to methane can be tolerated.
PAR  The effluent from the scrubber leaves via pipe 25 and may leave the system
      along pipe 26, or it may pass along pipe 27 to supplement the mixture
      flowing along pipe 10 to be used for the treatment of the primary
      hydrogenator gas. A portion of the flow along pipe 27 may if desired be
      led by a pipe, (not shown) to the inlet of 21 to provide, in virtue of its
      benzene content, for the supply of the additional benzene to this
      preliminary catalytic hydrogenator. It will be appreciated that the flow
      along 25 can be divided in any convenient proportion between 26 and 27.
PAR  Both forms of the invention have been specifically described in terms of
      the single-stage hydrogenation and dehydrogenation in reactors. It is to
      be understood that if desired either reaction can be carried out in a
      plurality of stages in series, with inter-stage temperature adjustment.
PAR  Certain benzene hydrogenation catalysts, especially at the lowest operating
      temperatures, may be adversely affected by the presence of carbon
      monoxide. Where it is nevertheless desired to use such catalysts and
      operating conditions, it may be desirable to pretreat the hydrogenating
      gas for the more thorough reduction of the carbon monixde concentration
      than is implied by the example of a primary hydrogenator exit gas
      composition stated hereinbefore. Means, such as low-temperature
      methanation after carbon dioxide removal are available for this purpose.
PAR  In the examples which follow the treatment of gases containing no carbon
      monoxide, as well as of gas containing a small proportion thereof, is
      illustrated. The catalysts employed for the hydrogenation stage was
      co-precipitated nickel-aluminium catalysts and the catalyst employed for
      the dehydrogenation stage was a conventional hydrocarbon reforming
      catalyst.
PAR  Following is a description by way of example only of methods of performing
      the invention:
PAC  EXAMPLE I
PAR  This example illustrates the invention in its simple form as described
      above with reference to FIG. 1 of the drawings. There is no final benzene
      scrubber and no preliminary cyclohexane-producing reactor, and the
      hydrogen-absorbing material is fully vaporised before it is mixed with the
      primary hydrogenator product gas. This gas contains no carbon oxides,
      hydrogenating gas for the primary hydrogenator having been prepared by a
      dehydrogenation process which produces a gas free from carbon oxides.
TBL  ______________________________________                                    
     Volume of substantially debenzolised,                                     
     desulphurized primary hydrogenator product                                
     gas, benzole-free basis.   1000 scf                                       
     Benzene content            2 lb                                           
     Composition, per cent by volume,                                          
     benzene-free basis:                                                       
     H.sub.2   CH.sub.4 C.sub.2 H.sub.6                                        
     30        55       15                                                     
     Pressure of operation      420 psig                                       
     Quantity of benzne-cyclohexane mixture                                    
     added in vapour form at inlet catalytic                                   
     hydrogenator               150 lb                                         
     Benzene content of this mixture, per cent                                 
     by wt.                     80                                             
     Temperatures of the catalytic hydrogenator                                
     gas and vapour streams:                                                   
     Inlet                      200.degree.C                                   
     Outlet                     317.degree.C                                   
     Quantity of Benzene-cyclohexane mixture                                   
     leaving the separator at outlet catalytic                                 
     hydrogenator               153 lb                                         
     Benzene content of this mixture, per cent                                 
     by wt.                     69.3                                           
     Volume of hydrogen-improverished gas leaving                              
     the system, benzene-free basis.                                           
                                778 s.c.f.                                     
     Composition, per cent by volume, benzene-free                             
     basis:                                                                    
     H.sub.2   CH.sub.4 C.sub.2 H.sub.6                                        
     10.0      70.7     19.3                                                   
     ______________________________________                                    
PAR  Volume of hydrogen added to the vapour of the cyclohexane-enriched mixture
      before entry to the catalytic dehydrogenator.
TBL  ______________________________________                                    
                                72 s.c.f.                                      
     Temperatures of the catalytic dehydrogenator                              
     gas and vapour streams:                                                   
     Inlet                      540.degree.C                                   
     Outlet                     420.degree.C                                   
     Volume of hydrogen separated from the mixture                             
     leaving the catalytic dehydrogenator.                                     
                                294 s.c.f.                                     
     ______________________________________                                    
PAC  EXAMPLE II
PAR  This example illustrates of simple form of the invention in which there is
      no final benzene scrubber. The pressure, and the catalytic hydrogenator
      operation temperatures are such that liquid is present both at the inlet
      and the outlet. The gas being treated contains small concentrations of
      carbon oxides.
TBL  ______________________________________                                    
     Volume of substantially debenzolized,                                     
     desulphurised primary hydrogenator product                                
     gas benzene-free basis.   1000 s.c.f.                                     
     Benzene content.          2 lb.                                           
     Composition, per cent by volume, benezene-free                            
     basis:                                                                    
     CO.sub.2 CO      H.sub.2 CH.sub.4                                         
                                    C.sub.2 H.sub.6                            
     2        1       30      52    15                                         
     Pressure of operation.    1000 p.s.i.g.                                   
     Quantity of benzene-cyclohexane mixture added                             
     an inlet catalytic hydrogenator.                                          
                               208 lb.                                         
     Benzene content of this mixture, per cent                                 
     by wt.                    75                                              
     Temperatures of the catalytic hydrogenator                                
     material streams:                                                         
        Inlet                  142.degree.C                                    
        Outlet                 200.degree.C                                    
     Quantity of benzene-cyclohexane mixture                                   
     leaving the separator at outlet catalytic                                 
     hydrogenator.             211 lb.                                         
     Benzene content of this mixture, per cent                                 
     by wt.                    67.3                                            
     Volume of hydrogen-improverished gas leaving                              
     the system, benzene-free basis.                                           
                               778 s.c.f.                                      
     Composition, per cent by volume, benezene-                                
     free basis:                                                               
     CO.sub.2 CO      H.sub.2 CH.sub.4                                         
                                    C.sub.2 H.sub.6                            
     2.6      1.3     10.0    66.9  19.3                                       
     Volume of hydrogen added to the cyclohexane-                              
     enriched mixture before entry to the catalytic                            
     dehydrogenator.           105 s.c.f.                                      
     Temperatures of the catalytic dehydrogenator                              
     material streams:                                                         
     Inlet                     520.degree.C                                    
     Outlet                    449.degree.C                                    
     Volume of hydrogen separated from the mixture                             
     leaving the catalytic dehydrogenator.                                     
                               327 s.c.f.                                      
     ______________________________________                                    
PAC  EXAMPLE III
PAR  This example illustrates the form of the invention in which there is no
      final benzene scrubber, with operation at a lower pressure than in Example
      II so that in the catalytic hydrogenator a greater proportion of the
      reaction heat can be absorbed by vaporisation. Accordingly a smaller
      quantity of hydrogen-absorbing material is used and a choice is presented
      between using a single catalytic dehydrogenator operating at a
      comparatively high inlet temperature, or two such reactors in series with
      intermediate reheating:
TBL  Volume of substantially debenzolized,                                     
     desulphurised primary hydrogenator product                                
     gas, benzene-free basis.  1000 s.c.f.                                     
     Benzene content           2 lb.                                           
     Composition, per cent by volume, benzene-                                 
     free basis:                                                               
     CO.sub.2  CO       H.sub.2   CH.sub.4                                     
                                          C.sub.2 H.sub.6                      
     2         1        30        52      15                                   
     Pressure of operation.    420 p.s.i.g.                                    
     Quantity of benzene-cyclohexane mixture                                   
     added at inlet catalytic hydrogenator                                     
                               120 lb.                                         
     Benzene content of this mixture, per cent                                 
     by wt.                    75                                              
     Temperatures of the catalytic hydrogenator                                
     material streams:                                                         
     Inlet                     150.degree.C                                    
     Outlet                    223.degree.C                                    
     Quantity of benzene-cyclohexane mixture                                   
     leaving the separator at outlet catalytic                                 
     hydrogenator.             123 lb.                                         
     Benzene content of this mixture, per cent                                 
     by weight.                61.8                                            
     Volume of hydrogen-impoverished gas leaving                               
     the system, benzene-free basis.                                           
                               778 s.c.f.                                      
     Composition, per cent by volume, benzene-                                 
     free basis:                                                               
     CO.sub.2  CO       H.sub.2   CH.sub.4                                     
                                          C.sub.2 H.sub.6                      
     2.6       1.3      10.0      66.9    19.3                                 
     Volume of hydrogen added to the cyclohexane-                              
     enriched mixture before entry to the catalytic                            
     dehydrogenator            62 s.c.f.                                       
     Temperatures of the catalytic dehydrogenator                              
     material streams (a) when a single reactor is                             
     used:                                                                     
     Inlet                     553.degree.C                                    
     Outlet                    410.degree. C                                   
     (b) when two reactors are used in series with                             
     inter-stage reheating:                                                    
                         Stage 1   Stage 2.                                    
     Inlet               481.degree.C                                          
                                   482.degree.C                                
     Outlet              410.degree.C                                          
                                   410.degree.C                                
     Volume of hydrogen separated from the mixture                             
     leaving the catalytic dehydrogenator.                                     
                               284 s.c.f.                                      
PAC  EXAMPLE IV
PAR  This example illustrates the more complex form of the invention, in which
      the hydrogen-impoverished gas is scrubbed with cyclohexane for removal of
      benzene vapour before it is admitted to the transmission system, the
      cyclohexane being produced in a preliminary catalytic hydrogenator. The
      feed to the preliminary hydrogenator is a portion of the benzene scrubber
      effluent liquid.
TBL  ______________________________________                                    
     Volume of substantially debenzolized,                                     
     desulphurised primary hydrogenator product                                
     gas, benzene-free basis.   1000 s.c.f.                                    
     Composition, per cent by volume, benzene-free                             
     basis:                                                                    
     CO.sub.2  CO       H.sub.2   CH.sub.4                                     
                                          C.sub.2 H.sub.6                      
     2         1        30        52      15                                   
     Pressure of operation.     420 p.s.i.g.                                   
     Quantities of benzene and cyclohexane present                             
     in gas at entry to preliminary (cyclohexane-                              
     producing) reactor:                                                       
     Benzene: 2.3 lb. in gas and 0.7 ob. in                                    
     scrubber effluent liquid supplied total                                   
                                3.0 lb.                                        
     Cyclohexane in scrubber effluent liquid                                   
     supplied                   1.0 lb.                                        
     Temperatures of the preliminary catalytic                                 
     hydrogenator material streams:                                            
     Inlet                      200.degree.C                                   
     Outlet                     268.degree.C                                   
     Quantity of liquid separated at outlet                                    
     preliminary catalytic hydrogenator for                                    
     supply to final benzene scrubber                                          
                                2.3 lb.                                        
     Cyclohexane content of this liquid, per                                   
     cent by wt.                99.1                                           
     Volume of gas passing to the principal                                    
     catalytic hydrogenator, benzene-free basis.                               
                                959 s.c.f.                                     
     Composition of this gas, per cent by volume:                              
     CO.sub.2  CO       H.sub.2   CH.sub.4                                     
                                          C.sub.2 H.sub.6                      
     2.1       1.1      27.0      54.2    15.6                                 
     Quantity of benzene-cyclohexane mixture added                             
     at inlet principal catalytic hydrogenator.                                
                                120 lb.                                        
     Benzene content of this mixture, per cent                                 
     by wt.                     75                                             
     Temperature of the principal catalytic                                    
     hydrogenator material streams:                                            
     Inlet                      200.degree.C                                   
     Outlet                     310.degree.C                                   
     Quantity of benzene and cyclohexane entering                              
     the final benzene scrubber:                                               
     Benzene                    1.25 lb.                                       
     Cyclohexane                0.75 lb.                                       
     Volume of hydrogen-impoverished debenzolized                              
     gas leaving the system.    778 s.c.f.                                     
     Composition of this gas, per cent by volume:                              
     CO.sub.2  CO       H.sub.2   CH.sub.4                                     
                                          C.sub.2 H.sub.6                      
     2.6       1.3      10.0      66.9    19.3                                 
     Quantity of liquid leaving benzene removal                                
     scrubber.                  2.8 lb.                                        
     Composition of liquid leaving benzene removal                             
     scrubber, per cent by wt:                                                 
     Benzene                    40                                             
     Cyclohexane                60                                             
     Quantity of benzene-cyclohexane mixture leaving                           
     the separator at outlet principal catalytic                               
     hydrogenator.              120.9 lb.                                      
     Benzene content of this mixture, per cent                                 
     by wt.                     62.6 lb.                                       
     Volume of hydrogen added to the cyclohexane-                              
     enriched mixture before entry to the catalytic                            
     dehydrogenator.            60 s.c.f.                                      
     Temperatures of the catalytic dehydrogenator                              
     material streams, using two reactors in series                            
     with inter-stage reheating:                                               
                         Stage 1    Stage 2.                                   
     Inlet               526.degree.C                                          
                                    527.degree.C                               
     Outlet              450.degree.C                                          
                                    450.degree.C                               
     Volume of hydrogen separated from the mixture                             
     leaving the catalytic hydrogenator                                        
                                282 s.c.f.                                     
     ______________________________________                                    
PAR  A comment that should follow the last Example is that the use of
      cyclohexane as a scrubbing liquid for benzene removal involves the
      presence of some cyclohexane vapour in the gas leaving the system. This is
      not disadvantageous since the presence of cyclohexane vapour will present
      no problems either in any subsequent catalytic enrichment stage, or in the
      transmission and distribution system, or in eventual combustion.
PAC  EXAMPLE V
PAR  This example illustrates an alternative to the simple form of the invention
      in which the hydrogen component of the treated gas is further reduced by
      partial hydrogenation of ethane, hydrogenation of ethylene, methanation
      and the water gas shift reaction. The reactions occur simultaneously with
      benzene hydrogenation in the catalytic hydrogenator. The gas being treated
      therefore contains some carbon oxides and ethylene. The catalytic
      hydrogenator is operated so that a proportion of the reaction heat can be
      absorbed by vaporisation of the liquid benzene-cyclohexane component.
TBL  __________________________________________________________________________
     Volume of substantially debenzolised, desulphurised                       
     primary hydrogenator product gas, benzene-free basis                      
                                1000 s.c.f.                                    
     Benzene content            2 lb.                                          
     Composition, % volume benzene-free basis:                                 
     CO.sub.2                                                                  
          CO   H.sub.2                                                         
                    CH.sub.4                                                   
                         C.sub.2 H.sub.4                                       
                              C.sub.2 H.sub.6                                  
     1.0  1.0  30.3 44.6 0.4  22.7                                             
     Pressure of operation      (500 psig)                                     
     Quantity of benzene-cyclohexane mixture added at                          
     inlet catalytic hydrogenator                                              
                                156 lb.                                        
     Benzene content of this mixture % wt.                                     
                                79.2                                           
     Temperatures of the catalytic hydrogenator                                
     material streams:                                                         
            Inlet               180.degree.C                                   
            Outlet              307.degree.C                                   
     Quantity of benzene-cyclohexane mixture leaving                           
     the separator at outlet catalytic hydrogenator                            
                                159 lb.                                        
     Benzene content of this mixture, % wt.                                    
                                68.6                                           
     Volume of hydrogen-improverished gas leaving the                          
     system, benzene-free basis.                                               
                                744 s.c.f.                                     
     Composition % volume benzene-free basis                                   
     CO.sub.2                                                                  
          CO   H.sub.2                                                         
                    CH.sub.4                                                   
                         C.sub.2 H.sub.4                                       
                              C.sub.2 H.sub.6                                  
     0.9  0    0.5  70.5 0    28.1                                             
     Volume of hydrogen added to the cyclohexane enriched                      
     mixture before entry to the catalytic dehydrogenator                      
                                82 s.c.f.                                      
     Temperatures of the catalytic dehydrogenator material                     
     streams:                                                                  
            Inlet               500.degree.C                                   
            Outlet              393.degree.C                                   
     Pressure of operation      (478 psig)                                     
     Volume of hydrogen separated from the mixture leaving                     
     the catalytic dehydrogenator.                                             
                                300 s.c.f.                                     
     __________________________________________________________________________
PAC  EXAMPLE VI
PAR  This example illustrates the simple form of the invention. The gas being
      treated contains a small proportion of carbon oxides but no ethane.
      Methanation and water gas shift reactions occur simultaneously with
      benzene hydrogenation in the catalytic hydrogenator. The pressure, and the
      catalytic hydrogenator operation temperatures are such that liquid is
      present only at the inlet.
TBL  __________________________________________________________________________
     Volume of substantially debenzolised, desulphurized                       
     primary hydrogenator product gas, benzene-free basis.                     
                                 1000 s.c.f.                                   
     Benzene content             2 lb.                                         
     Composition % volume benzene-free basis:                                  
     CO.sub.2  CO     H.sub.2                                                  
                             CH.sub.4                                          
     0.2       0.5    49.9   49.4                                              
     Pressure of operation       (500 p.s.i.g.)                                
     Quantity of benzene-cyclohexane mixture added at                          
     let catalytic hydrogenator. 158 lb.                                       
     Benzene content of this mixture % wt                                      
                                 60.6                                          
     Temperatures of the catalytic hydrogenator                                
     material streams:                                                         
               Inlet             180.degree.C                                  
               Outlet            315.degree.C                                  
     Quantity of benzene-cyclohexane mixture leaving                           
     the separator at outlet catalytic hydrogenator.                           
                                 161.5 lb.                                     
     Benzene content of this mixture % wt.                                     
                                 48.5                                          
     Volume of hydrogen-impoverished gas leaving                               
     the system, benzene-free basis                                            
                                 715 s.c.f.                                    
     Composition, % volume benzene-free basis                                  
     CO.sub.2  CO     H.sub.2                                                  
                             CH.sub.4                                          
     0         0      29.1   70.9                                              
     Volume of hydrogen added to the cyclohexane-enriched                      
     mixture before entry to the catalytic dehydrogenator                      
                                 82 s.c.f.                                     
     Temperatures of catalytic dehydrogenator material                         
     streams:                                                                  
               Inlet             500.degree.C                                  
               Outlet            382.degree.C                                  
     Pressure of operation       578 p.s.i.g.                                  
     Volume of hydrogen separated from the mixture                             
     leaving the catalytic hydrogenator.                                       
                                 341 s.c.f.                                    
     __________________________________________________________________________
PAR  The invention is not limited by the examples set forth above; for example
      the method of this invention may be carried out using internally-cooled
      (non adiabatic) catalytic hydrogenators. The upgrading of the primary
      hydrogenator gas by the employment of this invention is clearly
      illustrated by the physical data presented in the following table for the
      fuel gases produced:
TBL  Example No.      1   2   3   4   5   6                                    
     __________________________________________________________________________
     Primary Hydrogenator Outlet                                               
     CV (Btu/scf)      902                                                     
                           875                                                 
                               875                                             
                                   875                                         
                                       943                                     
                                           650                                 
     Wobbe No.        1300                                                     
                          1231                                                 
                              1231                                             
                                  1231                                         
                                      1292                                     
                                          1157                                 
     WFSF*             24  24  24  24  24  35                                  
     Secondary Hydrogenator Outlet                                             
     CV (btu/scf)     1068                                                     
                          1042                                                 
                              1042                                             
                                  1042                                         
                                      1189                                     
                                           796                                 
     Wobbe No.        1381                                                     
                          1309                                                 
                              1309                                             
                                  1309                                         
                                      1425                                     
                                          1239                                 
     WFSF*             18  17  17  17  15  24                                  
     __________________________________________________________________________
      *WFSF - Weaver Flame Speed Factor.                                       
FNT  *WFSF - Weaver Flame Speed Factor.
PAR  By employment of the invention described and illustrated above various
      proporations of hydrogen can be removed from hydrogen containing gases,
      and residual concentrations below 5 percent may be achieved.
PAR  In addition to the advantages obtained by the practice of this invention in
      the upgrading of fuel gas and the use of regenerative materials for
      obtaining the advantages, the hydrogen produced on dehydrogenation may be
      recycled back to the upstream portions of the gas making plant as source
      of both heat and feedstock (i.e. hydrogenating gas) and/or as pretreatment
      reagent. Thus for example the hydrogen and its heat content may be
      employed for use in the primary hydrogenator, for use in catalytic
      hydrogasification in associated gas making plants employed for the
      gasification of lighter feedstocks, or as a hydrogenating gas in the
      hydrodesulphurisation of feedstocks undergoing catalysed reactions. The
      heat recovered and put back into the plant may make the thermally
      efficincy of the whole gas making plant in excess of 80.0%.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for the production of combustible gases containing both
      hydrogen and methane, said combustible gases being formed by the
      non-catalytic hydrogenation of oil or coal, the improvement comprising
PA1  i. subjecting said gas in admixture with an aromatic compound selected from
      the group consisting of benzene, toluene, xylene, phenol and cresol to a
      secondary hydrogenation reaction in the presence of a hydrogenation
      catalyst and wherein:
PA2  a. the ratio of aromatic compound to gas ranges from 20 to 400 lbs/1000
      scf, and
PA2  b. the hydrogenation is effected at a temperature of 100-350.degree.  C and
      at a pressure of 10 to 100 atmospheres,
PAL  to effect hydrogenation of said aromatic compound to a saturated compound,
PA1  ii. thereafter separating said saturated compound and any unreacted
      aromatic compound from said gas by cooling said gas to effect condensation
      of said saturated and aromatic compounds,
PA1  iii. dehydrogenating said separated saturated compound by contacting said
      saturated compound with a hydrocarbon reforming catalyst at a temperature
      of 350.degree.  to 700.degree.  C and at substantially the same pressure
      as that employed for secondary hydrogenation reaction to effect
      dehydrogenation of said saturated compound to hydrogen and said aromatic
      compound,
PA1  iv. adding said regenerated aromatic compound to a further quantity of gas
      and catalytically reacting said aromatic compound with hydrogen present in
      said gas and
PA1  v. adding hydrogen produced in step (iii) to the reactor in which the
      non-catalytic hydrogenation of said oil or coal is taking place, whereby
      the calorific value of said gas is increased by removal of hydrogen from
      said gas.
NUM  2.
PAR  2. A method of removing elemental hydrogen from a methane containing gas
      also containing hydrogen, which method comprises adding to the gas a
      quantity of a monocyclic aromatic compound, reacting some or all of said
      monocyclic aromatic compound with hydrogen in the presence of a
      hydrogenation catalyst to produce a hydrogenated product, separating the
      hydrogenated product and any remaining monocyclic aromatic compound from
      the remaining constituents of the gas, dehydrogenating the separated
      hydrogenated product to regenerate monocyclic aromatic compound, adding
      the resulting monocyclic aromatic compound to a further quantity of gas
      from which hydrogen is to be removed, and reacting some or all of the
      monocyclic aromatic compound with hydrogen of the said gas.
NUM  3.
PAR  3. A method as claimed in claim 2 in which the compound is benzene,
      toluene, phenol, a xylene, or a cresol.
NUM  4.
PAR  4. A method according to claim 2 wherein said hydrogenation reaction is
      carried out at a temperature of 100.degree.  to 350.degree.  C and at a
      pressure of from 10 to 100 atmospheres.
NUM  5.
PAR  5. A method according to claim 2 wherein said hydrogenation catalyst is a
      co-precipitated nickel-alumina catalyst.
NUM  6.
PAR  6. A method according to claim 2 wherein said dehydrogenation is a
      catalytic dehydrogenation reaction.
NUM  7.
PAR  7. A method as claimed in claim 6 wherein a hydrocarbon reforming catalyst
      is employed as a dehydrogenation catalyst.
NUM  8.
PAR  8. A method as claimed in claim 6 wherein said dehydrogenation is carried
      out at a temperature of 350.degree.  C to 700.degree. C.
NUM  9.
PAR  9. A method as claimed in claim 8 wherein said dehydrogenation is carried
      out at substantially the same pressure as the hydrogenation reaction.
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ABST
PAL  Gases which are produced by the hydrogenolysis of hydrocarbons and which
      contain hydrogen, paraffins and aromatic compounds are contacted with a
      quenching medium such as a cooled fluidised bed or a cooled inert gas or
      liquid to cool the gas to a temperature lower than that which will support
      any substantial reaction between the hydrogen, paraffinic and aromatic
      constituents to produce carbonaceous compounds which will be deposited on
      the surfaces of reaction vessel or gas off-takes. Methane containing gases
      produced by the non-catalytic hydrogenolysis of oils with a hydrogenating
      gas at temperatures between 500.degree.-1000.degree.C may be quenched to a
      temperature not greater than 700.degree.C to prevent after reaction.
BSUM
PAR  This invention relates to the control of the composition of gases produced
      by the hydrogenolysis of carbonaceous fuels.
PAR  Fuel gases, having a high methane content, may be produced by the reaction
      at elevated temperature and pressure of hydrogen with hydrocarbons present
      in liquid or solid fuels. Depending upon the techniques employed, the
      hydrogenation may be carried out in the presence or absence of a suitable
      catalyst. Where no catalyst is employed it is desirable that the
      hydrocarbon and hydrogen containing gases contact each other for a period
      of time sufficient for the desired degree of hydrogenation to take place
      under controlled temperature conditions. One such method for example, as
      described in our UK Patent Specification No. 830,960 and 1,154,321 employs
      a fluidised bed of suitable particulate solids to control this
      temperature. The product gases drawn off comprise hydrogen, methane,
      higher paraffins and aromatic compounds of which a proportion may be
      polycyclic compounds. The product gases may also comprise steam. The
      temperature of the reactor bed is regulated in order to control the
      composition of the off-gas.
PAR  In another method for producing methane containing gases by the vapour
      phase hydrogenation of a hydrocarbon distillate oil comprising aliphatic
      constituents, wherein the oil vapour and a gas comprising hydrogen are
      continuously introduced into a thermally insulated reaction chamber so
      constructed as to define an endless path along which gas can circulate
      within the chamber, the oil vapour is reacted exothermically with hydrogen
      in the chamber at a temperature within the range of from 600.degree. to
      800.degree.C, under a pressure of at least 5 atmospheres, gauge, gaseous
      products of reaction are continuously withdrawn from the reaction chamber,
      the reactants are introduced in the form of at least one jet through
      orifice means into the reaction chamber to cause a substantial body of gas
      comprising both reactants and reaction products to circulate continuously
      around the said endless path, and the reactants are preheated to an extent
      such as to maintain a reaction temperature within the aforesaid range that
      is substantially uniform throughout the interior of the reaction chamber
      except in the vicinity of the orifice means.
PAR  The methods disclosed in our aforementioned Patent Specifications may be
      adapted for the production of ethylene as disclosed in our UK Patent
      Specification Nos. 1,265,415 and 1,333,776.
PAR  However, in the off-takes from the reactor, for example in the space above
      a fluidised bed provided to allow for particles entrained in the gases
      leaving the bed to lose momentum and fall back onto it, usually called the
      disengagement space, temperature control is more difficult to achieve than
      in the bed itself. There is a tendency in the off-take or disengagement
      space for the polycyclic aromatic compounds already present to undergo
      further polymerisation to form compounds which approach carbon more
      closely in composition and appearance, and for fresh polycyclic compounds
      to form from simpler aromatics. After reaction may also occur in the
      off-take between hydrogen and paraffins or alkylated aromatic hydrocarbons
      which, being exothermic leads to a rise in temperature. This accelerates
      reactions, including polymerisation and aggravates the formation of the
      more carbonaceous materials.
PAR  These high molecular weight carbonaceous compounds tend to deposit on the
      surface of the exit ports and subsequent heat exchange equipment and this,
      in time causes blockages leading to severe disturbance and restriction of
      gas flow from the hydrogenation reactor as well as reducing the
      effectiveness of any heat exchange equipment. Several attempts have been
      made to solve this problem of deposition, including streamlining the
      reactor off-takes. These attempts, in general have not been successful.
PAR  The present invention provides a process for controlling the composition of
      gases produced by the hydrogenation of carbonaceous fuels which process
      comprises contacting said gas with a quenching medium to cool the gas to a
      temperature lower than that which will support substantial reactions
      involving any of the components comprising hydrogen, paraffinic
      hydrocarbons and aromatic hydrocarbons, present in the gas.
PAR  The purpose of the quenching action is to control the temperature of the
      effluent gas to such an extent that reactions which lead to the formation
      of deposits on the surfaces of the exit ports of the reactor are minimised
      or eliminated. In the extreme the quenching may be such that high
      molecular weight aromatic fractions of the gas are condensed to liquids
      and thus removed from the effluent gas streams.
PAR  The temperature of for example, a fluidised bed reactor in which gas
      production takes place lies between 500.degree. and 1000.degree.C when it
      is typically within the range 725.degree. to 775.degree. e.g.
      750.degree.C., in order to minimise any temperature rise due to after
      reaction in the disengagement section, the temperature in that section
      should be no higher than the temperature within the reactor, and
      preferably lower than the reactor temperature. We have found that after
      reaction in the disengagement space can be substantially reduced if the
      temperature in as much of the space as possible is controlled below
      700.degree.C.
PAR  According to one aspect of the invention quenching may be effected by
      directly spraying the quenching medium into the hydrogenator product gas.
      This may be effected by rapidly and thoroughly admixing a cooling gas with
      the product gas for example by causing the gas mixture to circulate along
      an endless path, to achieve the uniform desired degree of cooling. This
      ensures good even mixing and close temperature control. Solids or liquids
      may also be employed as coolant. Preferably the solids are entrained in a
      cooling gas and the suspension of solids in the gas is mixed with the
      reactor gases.
PAR  In accordance with a further aspect of the invention, the temperature of
      the product gases may be reduced and controlled by contacting them with a
      cooled fluidised bed located above the main hydrogenation reaction zone,
      e.g. the fluidised bed, in which the hydrogenation reactions occur and
      separated from said zone for example by means of one or more perforated
      plates. The bed may be cooled either indirectly by cooling coils, or
      directly, by contacting it with a quenching stream of a suitable gas or
      liquid; these methods may, if desired, be used together.
PAR  In yet another aspect of the invention quenching is effected by isolating
      the product gases from the surfaces of the plant by interposing a stream
      of inert gas between said surfaces and the product gas and quenching the
      product gas stream with a liquid containing a large proportion of
      monocyclic aromatic compounds, down to a temperature sufficiently low to
      condense the higher molecular weight components of the product gas stream.
      Thus condensed components dissolve in the aromatic condensate derived from
      the quenching gas and are carried out as mist or droplets.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of one preferred embodiment of the present
      invention for the quenching of off-gases from a fluidized bed
      hydrogenator.
PAR  FIG. 2 is a sectional view of another embodiment of the invention.
PAR  Embodiments of the invention are described in greater detail with reference
      to the accompanying drawings which are diagrammatic vertical sections of
      off-take portions of a fluidised bed hydrogenator.
DETD
PAR  In one embodiment of the invention, the main reaction zone which may be for
      example, a fluidised bed a second zone is provided in which the effluent
      gas is caused to circulate. Circulation is brought about by injection of a
      cool quenching gas into the second zone, so as to entrain the effluent
      gas. Circulation of the gas, prior to transmission to later stages of the
      gas production plant, prevents hot-spots occuring due to after reaction
      and generally allows uniform cooling of the gas to any desired
      temperature. As shown in FIG. 1 a zone is provided above a conventional
      fluidised bed hydrogenator 2. Off-gases from the fluidised bed are
      entrained through tube 3 by, and mix with, a quenching gas which is being
      injected into the tube through feed pipe 4. More than one zone 1 can be
      used if desired by providing a plurality of tubes 3 each associated with
      at least one injector feed pipe 4. The momentum of the quench gas injected
      into the system is used to induce the recirculation. The quenching gas may
      be steam, carbon dioxide, a benzene-rich liquid (hereinafter referred to
      as "benzole") obtained from the hydrogenator products or re-cycled rich
      gas, which is preferably free of polycyclic aromatic compounds. Since the
      velocity of the gases in the recycle tube 3 is likely to be high a baffle
      5 may be provided to reduce the entrainment of solids which would pass out
      with the quenched effluent gas. In order to keep the velocity of the
      circulating gas in this zone relatively low the diameter of the zone may
      be greater than that of the main reaction zone. This reduces the tendency
      for particles from the fluidised bed to be entrained. A cyclone (not
      shown) may be provided in the quenched effluent gas outlet to remove
      entrained solids. In alternative arrangements the quenching gas inlet may
      be positioned in the side wall of the zone or even in the fluidised
      section. More than one such inlet may be provided to maintain adequate
      recirculation. A baffle 6 may be placed between zone 1 and 2 to prevent
      undue quantities of solid material, e.g. particles of the fluidised bed,
      from entering the quenching zone.
PAR  In a second embodiment the off-gases from the hydrogenation zone may pass
      through a fluidised bed located by and supported upon one more perforated
      plates, the holes in which need not be of the same size or in register.
      The bed may be cooled by immersing cooling coils in it. Alternatively the
      bed may be cooled by directly injecting therein a quenching gas e.g.
      recycled rich gas stream or carbon dioxide or a quench liquid such as
      water or benzole. If desired, further plates, termed baffle plates may be
      immersed in the bed. The baffle plates may be employed to improve
      fluidisation quality in and minimise entrainment from said fluidised bed.
      Additionally or alternatively the baffles may be employed to promote
      solids circulation in the bed. In those cases where cooling coils are
      immersed in the bed, they may be positioned to act as baffles for any of
      the foregoing purposes. Solids circulation may also be encouraged by the
      design of the perforated plate or plates.
PAR  In a third embodiment of the invention cool solid particulate material is
      sprayed into the effluent gases leaving the hydrogenation zone. The solids
      spray may be injected into the effluent contained in a suitably sized
      quenching chamber in a direction either concurrent or countercurrent to
      the effluent flow, or tangentially into the gas. In those cases where the
      hydrogenation zone is a fluidised bed reactor, the solids materials may be
      picked up from the fluidised bed reactor by a cool gas stream or
      alternatively the solids employed for the quenching may be conveniently
      employed as fresh make-up material for the fluidised bed once they have
      served their purpose as a quenching agent.
PAR  FIG. 2 schematically illustrates a fourth embodiment of the invention.
      Effluent gas leaves the hydrogenation reactor chamber 11 and passes into
      the quenching chamber 12. The quenching chamber 12 may have a larger cross
      section than that of the hydrogenator 11. An annular space is defined by
      the wall of chamber 12 and a vertical baffle 13 which may be an extension
      of the wall of chamber 11. Within the annular space a ring main 15 is
      positioned provided with ports opening into chamber 12 for passing a gas
      stream free from polycylic aromatics, e.g. recycled rich gas or steam into
      the quenching chamber. The gas stream acts as a barrier between the wall
      or chamber 12 and the gas flow from the hydrogenator. A cooling fluid,
      e.g. benzole with or without water is sprayed into the hydrogenator
      effluent gas from a head 16 positioned in the centre of the gas off-take
      17. The fluid spray cools the product gas from the fluidised bed to a
      temperature which may be below that of the dew point of benzole so that
      any condensation formed on the gas off-take surfaces is in the form of a
      liquid rich in benzole. The portion of gas leaving the main reaction zone
      which contains higher polycyclic compounds is cooled away from the
      surfaces of the vessel and therefore deposition of solids on vessel
      surfaces is prevented due to the barrier formed by the gas which is free
      from polycylic aromatics.
PAR  Although the invention is applicable with respect to the temperature
      control of off gases from a fluidised bed hydrogenator or gas recycle
      hydrogenator it may also be applied in other circumstances where
      temperature control is necessary. The process of the invention may also
      for example, be employed for further cooling of the hydrogenator products
      in separate vessels. Thus a plurality of quenching stages may be provided
      to control the temperature of reactor off gases.
PAR  The process may be advantageously employed in the production of fuel gases
      containing major proportions of methane or methane and ethane. Product
      gases containing ethane in substantial proportions may be employed for the
      production of ethylene.
PAR  The present invention therefore provides a process for the production of
      methane containing gases wherein the vapour hydrocarbon fuel is subjected
      to hydrogenolysis in the presence of a hydrogen containing gas at a
      temperature of from 500.degree. to 1000.degree.C and said hydrogenolysis
      product gas is cooled to a temperature which is not greater than
      700.degree. by a process as hereinbefore described in accordance with the
      invention.
PAR  The present invention also provides a process for the production of ethane
      and methane containing gas wherein the vapour of a hydrocarbon fuel is
      subjected to hydrogenolysis in the presence of a hydrogen-containing gas
      at a temperature of from 650.degree. to 750.degree.C and said
      hydrogenolysis product gas is cooled to a temperature not greater than
      700.degree.C by a process as hereinbefore described in accordance with the
      invention.
PAR  The hydrogenolysis may be effected either by causing the reactants to
      circulate around an endless path or within a circulating fluidised bed of
      inert solid particles.
PAR  The invention also provides apparatus in the manner described for carrying
      out the process of the invention and a hydrogenator including said
      apparatus.
PAR  The invention will now be illustrated by reference to the following
      Examples:
PAC  EXAMPLE 1
PAR  A crude oil of SG 0.82 was introduced at a rate of 5850 lb/hr into a bed of
      finely crushed coke particles which was fluidised by 145,820 lbs standard
      cubic feet/hr a gas of the composition A.
TBL  ______________________________________                                    
                 A             B                                               
     ______________________________________                                    
     H.sub.2       81.0%           30.6%                                       
     CO            2.3%            2.0%                                        
     CH.sub.4      15.2%           49.7%                                       
     C.sub.2 H.sub.6                                                           
                   1.0%            17.0%                                       
     CO.sub.2      0.5%            0.7%                                        
     ______________________________________                                    
PAR  After removal of ungasified material a product gas of the composition B was
      obtained. The fluidised bed temperature was maintained at 750.degree.C
      whilst in the disengagement space there was a temperature rise to
      770.degree.C due to `after reaction`. The operating pressure was 780 psig.
PAR  This experiment was repeated using the same crude oil and hydrogenating gas
      rates. In this second experiment approximately 53,000 scf/hr of gas A at
      130.degree.C was introduced just above the fluidised bed surface. The
      quench gas rate was sufficient to maintain the disengagement space
      temperature at 700.degree.C. The introduction of quench gas reduced the
      concentration of polynuclear aromatic compounds in the disengagement space
      from 1.12% (vol) to 0.76%. By weighing the carbon deposited in the reactor
      gas offtake piping it was determined that by quenching the disengagement
      space to 700.degree.C the rate of carbon deposition was reduced by a
      factor of 22.
PAC  EXAMPLE 2
PAR  A crude oil of SG 0.85 was introduced into a bed of finely crushed coke
      particles which was fluidised by 5400 scf/hr of a gas of the composition
      C.
TBL  ______________________________________                                    
                 C             D                                               
     ______________________________________                                    
     H.sub.2       93.8%           56.5%                                       
     CO            1.2%            0.7%                                        
     CH.sub.4      4.4%            30.4%                                       
     C.sub.2 H.sub.6                                                           
                   --              12.0%                                       
     CO.sub.2      0.6%            0.4%                                        
     ______________________________________                                    
PAR  After removal of ungasified material a product gas of the composition D was
      obtained. The fluidised bed temperature was maintained at 750.degree.C and
      the operating pressure 750 psig. The operation was carried out in two
      parts. In the first part of the operation the disengagement space
      temperature was controlled 675.degree.C by spraying 15 lb/hr of water of
      165.degree.C through a nozzle just above the fluidised bed surface. Under
      this condition the concentration of polynuclear aromatic material in the
      disengagement space was 0.77%. In the second part of the operation the
      disengagement space temperature was controlled at 600.degree.C by
      increasing the quench water rate to 45 lbs/hr. In this case the
      concentration of polynuclear aromatics in the disengagement space was
      reduced to 0.67% by the increased partial pressure of water vapour. The
      rate of deposition of carbon material was inferred from continuous
      measurement of the pressure loss across the gas offtake pipe section, from
      which it was determined that at the disengagement space temperature of
      600.degree.C the rate of carbon deposition was 16 times less than at the
      disengagement space temperature of 675.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for controlling the composition of gases produced by the
      hydrogenolysis of carbonaceous fuels which process comprises contacting
      said gas in a vessel with a quenching medium to cool the gas to a
      temperature lower than that which will support substantial reactions
      involving any of the components hydrogen, paraffinic hydrocarbons or
      aromatic hydrocarbons, present in the gas, wherein said quenching is
      achieved by interposing a stream of insert gas between said gas and the
      walls of the vessel containing said gas, and admixing a cooling fluid
      containing a major proportion of monocyclic aromatic compounds with said
      gas to cool it to temperature at which any higher molecular weight
      constituents which would be deposited on surfaces are dissolved in said
      cooling fluid.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein said gas in said vessel is a
      methane containing gas.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein said gas in said vessel is rich
      in ethane.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein said inert gas is cooled
      product, said gas in said vessel is selected from the group consisting of
      a hydrogenating gas for use in the hydrogenolysis of carbonaceous fuels,
      carbon dioxide and steam.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein said cooling fluid comprises a
      benzene-rich liquid.
NUM  6.
PAR  6. A process as claimed in claim 5 wherein said cooling fluid comprises
      benzole.
NUM  7.
PAR  7. A process as claimed in claim 5 wherein said cooling fluid comprises a
      benzole-water mixture.
NUM  8.
PAR  8. In a process for the production of methane by the vapor phase
      non-catalytic hydrogenolysis of a hydrocarbon feedstock wherein (i) the
      vapor of a normally liquid hydrocarbon feedstock is reacted with a
      hydrogen containing gas at a temperature of from 500.degree. to
      1000.degree.C to produce a gas comprising a major proportion of methane
      and minor proportions of other paraffins, hydrogen carbon oxides and
      aromatic compounds, the improvement comprising (ii) interposing a stream
      of an inert gas between said methane containing gas and the walls of a
      vessel containing said methane containing gas, and (iii) contacting the
      methane containing gas with a benzene cooling fluid to cool the methane
      containing gas after substantial completion of the hydrogenolysis reaction
      to a temperature of not greater than 700.degree.C and which is lower than
      that which will support substantial reaction involving any of the
      components selected from the group consisting of hydrogen, paraffinic
      hydrocarbons and aromatic hydrocarbons which are present in said methane
      containing gas.
NUM  9.
PAR  9. A process as claimed in claim 8 wherein said hydrogenolysis step (i) is
      effected by causing said feedstock and said hydrogen-containing gas to
      circulate in admixture along an endless path.
NUM  10.
PAR  10. A process as claimed in claim 8 wherein said hydrogenolysis step (i) is
      effected within a circulating bed of fluidised solid particles which are
      inert with respect to the hydrogenolysis reactions.
NUM  11.
PAR  11. In a process for the production of ethane rich gases by the
      non-catalytic hydrogenolysis of a hydrocarbon feedstock in the vapor phase
      wherein the vapor of a normally liquid hydrocarbon feedstock is reacted
      with a hydrogen containing gas at a temperature of from 650.degree. to
      750.degree.C to produce a gas comprising a major proportion of methane and
      minor proportions of other paraffins, hydrogen, carbon oxides and aromatic
      compounds, the improvement comprising contacting the ethane containing gas
      with a quenching medium selected from the group consisting of a fluidised
      bed of solid particulate material, steam, water, carbon dioxide, a
      benzene-rich liquid, previously produced methane or ethane containing gas
      and a hydrogen containing gas to cool the methane containing gas after
      substantial completion of the hydrogenolysis reaction to a temperature of
      not greater than 700.degree.C and which is lower than that which will
      support substantial reactions involving any of the components selected
      from the group consisting of hydrogen, paraffinic hydrocarbons and
      aromatic hydrocarbons which are present in said ethane containing gas.
NUM  12.
PAR  12. A process as claimed in claim 11 wherein said hydrogenolysis step is
      effected by causing said feedstock and said hydrogen-containing gas, in
      admixture, to circulate along an endless path.
NUM  13.
PAR  13. A process as claimed in claim 11 wherein said hydrogenolysis reaction
      is effected within a circulating bed of fluidised solid particles which
      are inert with respect to the hydrogenolysis reactions.
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ABST
PAL  The accumulation of electrostatic charges in an abrasive article having a
      flexible backing sheet, a layer of adhesive and abrasive grains embedded
      in the adhesive is prevented by incorporating an electroconductive metal
      pigment or ionizable salt in an inner layer of the article and sandwiching
      this layer between two layers of substantially lower electroconductance so
      as to insulate the inner layer.
PARN
PAC  CROSS REFERENCE
PAR  This is a continuation-in-part of Ser. No. 162,938, filed July 15, 1971,
      now abandoned, which in turn is a continuation-in-part of Ser. No.
      774,340, filed Nov. 8, 1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When abrading or polishing wood, synthetic resins and some metals and
      alloys, notably light metals and light metal alloys, using conventional
      abrasive articles, such as abrasive belts, electrostatic charges are
      accumulated on the belt surface, and on the working piece itself.
      Typically, the belt may accumulate a positive charge of up to 7500 v/cm.
      while the wood being worked may accumulate a charge of up to -7500 v/cm.
      These charges have a detrimental, sometimes harmful, effect. Thus they
      tend to repel the particles of abraded material from some regions of the
      abrading machine, and from the abrasive belt itself, and these particles
      become suspended in the air. A large amount of the abraded particles will
      not be removed by the normal vacuum device downstream from the working
      piece. Apart from the nuisance of having the articles forming a layer of
      dust over the entire workshop, they also present a health and fire hazard.
      The dust can also adhere to the piece being worked, thereby necessitating
      an extensive cleaning prior to finishing.
PAR  Electrostatic charges also seem to be responsible for increased clogging of
      the abrasive surface. It has been shown that if the electrostatic charges
      can be eliminated, a grinding belt will have its lifetime, i.e., its
      useful time before clogging, increased at least by 50 or 100 percent, all
      other circumstances being equal. Electrostatic charges have been directly
      responsible on some occasions for accidents at a belt grinding machine
      where the work piece is handled manually. Less experienced workers in some
      cases have had serious accidents when suddenly exposed to a discharge,
      even if aware that such a discharge might occur.
PAR  Attempts have, of course, been made to eliminate or reduce the surface
      charges. As far as applicant is aware none of these attempts have been
      very successful.
PAR  It has been suggested to provide one or both sides of an abrasive, flexible
      article with a layer of conductive particles to increase heat conductivity
      or to reduce friction. These abrasive articles are quite effective in this
      respect for abrading and polishing steel and metals, but less so for
      treating synthetic resins, and non-effective or even harmful for the wood.
PAR  It is a common practice to use grounded metal whiskers to dissipate
      electrostatic charges from various moving machine parts. This has also
      been tried for abrasive belt grinders but with little or no success. The
      reason for the failure is not fully understood, but it may be assumed that
      the explanation lies in the structure of the abrasive surface itself. Thus
      the whiskers will only be able to contact the peaks of the abrasive
      grains, and therefore each successive row of whiskers will only be
      effective to discharge a small fraction of the total surface charge. Since
      the whiskers will of course be worn out by the abrasive surface, the use
      of many successive rows of whiskers is technically, as well as
      economically, unattractive. Another factor which prohibits the use of
      metal whiskers contacting the abrasive surface in belt grinders for
      woodwork is that abraded metal from the whiskers can contaminate the wood.
      The metal particles themselves would, of course, be small enough so as to
      be not noticeable, but many of the dyes used for coloring wood will react
      with metal particles to produce discoloration and spots on the treated
      surface.
PAR  As mentioned above, it has been proposed to provide an abrasive belt on
      either or both sides with a layer of metal particles in order to improve
      heat transfer, reduce clogging, and to reduce friction sbetween the back
      and the support. Such a layer or layers, applied directly on the abrasive
      grits or on the back, may be effective for abrading steel and some metals,
      but have proved able to only temporarily reduce the electrostatic surface
      charges on a grinding belt used for treating wood or synthetic resins and
      only to a small extent. Moreover, it is not permissible, as a rule, to
      apply metal particles to the abrasive side of grinding belts used for
      wood, since the particles may deposit on and contaminate the surface of
      the wood, as discussed above in connection with metal whiskers. Applying
      metal to the back of the grinding belt reduces the electrastatic charge
      build-up for a short time but only for a small fraction of the lifetime of
      the grinding belt. At least in some cases, a metalized back considerably
      increases the working temperature of the grinding belt, probably due to
      contamination with wood dust, to the extent that the backing member, which
      usually is made of a strong paper material, is charred and destroyed.
PAR  Despite serious attempts on behalf of many workers, the problem of
      eliminating an electrostatic charge built-up on the surface of
      conventional grinding belts used in workwodking has remained unsolved
      until now.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that in a conventional multilayered abrasive article of
      the kind normally used for grinding or polishing wood, in particular of
      the endless, flexible belt type, the electrostatic surface charge may be
      reduced from a typical voltage of 10 kV or higher to a residue voltage of
      about 50 v or lower.
PAR  This can be accomplished by including in the abrasive article, at any level
      thereof except an outer layer, a layer of a material or compound having
      good electrical conduction properties. The layer of conducting material or
      compound does not have to be "conductive" in the usual sense of the word;
      i.e., it does not have to be a metallic conductor but may be, for example,
      metallic pigment or an electrolytically ionizable salt. On both sides of
      this layer will be an insulating layer of significantly lower
      electroconductivity. It should be pointed out that it is very difficult to
      determine with any degree of accuracy what the actual conductivity of any
      given material will be, especially for electrically polarizable materials.
      The materials exemplified in the specifications have given excellent
      results. These materials, however, are important only insofar as they
      impart the necessary electroconductivities to the respective layers and
      numerous other materials can obviously be substituted to achieve the same
      result. Generally the conductive layer will have a resistance of less than
      one megohm, typically about 1 .times. 10.sup.-.sup.2 to 1 .times.
      10.sup.-.sup.3 megohms while the insulating layers will have resistances
      in excess of one megohm, typically 1 .times. 10.sup.3 megohms, as measured
      in situ with two-point contact electrodes opened approximately 10 mm
      apart. It is also difficult to measure the surface conductivity of the
      layer of abrasive particles or the material of the smooth back surface in
      actual use, since they differ from sample to sample in terms of curing and
      storage times, air moisture content, and the like. Tests have been carried
      out to determine the relative conductivity of the abrasive layer and the
      backing member, as compared with the conductivity of the conducting layer
      as defined in the specification, using an apparatus normally employed to
      determine the moisture content of paper or fabric and these tests seem to
      indicate a difference in conductivity of at least two orders of magnitude.
      These tests, of necessity, consider only rough estimates and the findings
      so far are not conclusive.
PAR  As mentioned, it seems to be immaterial to the results obtained whether the
      conductive layer consists of a metal pigment layer or an ionizable
      substance, such as a salt. This is rather surprising since it would be
      expected that they would behave differently to some degree.
PAR  Another curious fact is that measurements of the magnitude of the
      electrostatic field surrounding an ordinary grinding belt of conventional
      design points to a charge differential between opposite surfaces of the
      belt, which is of the order of two or more times the break-down voltage
      for the material. The probable explanation for this is that the break-down
      voltage is normally determined using a high voltage source capable of
      delivering a rather substantial current, at least of the order of several
      microamperes, and that the measuring electrodes also have a condiserable
      capacitance, at least of the order of 1 to 5 pF. At a voltage of the order
      of 10 kV, the energy is thus sufficient to initiate an avalance ionization
      of the material of the sample, ultimately leading to a thermal
      punch-through. When the electrostatic charges are generated by friction,
      on the other hand, the energies available appear to be insufficient to
      bring about any avalanche effect since the high surface resistance of the
      material prohibits any considerable current flow between adjacent surface
      points of the material. Thus strong polarization is obtained and the
      charge is free to exceed the normal punchthrough voltage.
PAR  Introducing an easily ionizable material such as, for example, a metal salt
      or similar compound in the region between the two surfaces or two
      insulating layers drastically changes the picture. Although not wishing to
      be bound by any theory, it is assumed with some confidence that the
      potential energy of the electrostatic field is rapidly converted into
      kinetic energy on the part of the ions, and that this forms short circuit
      paths between the opposite surfaces of the material. It is not completely
      understood why a metal pigment layer produces the same result, and it
      should be pointed out that the above considerations are more speculative
      than explanatory of the mechanism involved. In every case tried, however,
      a layer of any electrically conducting material, be it metal pigments,
      salts, or the like, located anywhere in the structure of a grinding belt,
      except directly over the abrasive grits or directly on the back, all but
      completely eliminates any build-up of electrostatic charges on the
      grinding belt surfaces.
PAR  Accordingly it is a primary object of the present invention to improve
      abrasive articles having a flexible backing member and abrasive grits
      embedded and held in at least one layer of adhesive on one side of the
      flexible backing member, the improvement, which comprises providing at
      least one layer of electroconductive material integral with said abrasive
      article, and opposite insulating or semi-insulating layers on either side
      of said layer of electroconductive material.
PAR  It is another object of the present invention to provide an abrasive
      article of the kind mentioned which the layer of electroconductive
      material is included in the material of said backing member.
PAR  It is still another object of the present invention to provide an abrasive
      article of the kind mentioned in which the layer of electroconductive
      material is included in at least one layer of the adhesive.
PAR  It is a further object of the present invention to provide an abrasive
      article of the kind methioned in which the layer of electroconductive
      material is applied on either side of said backing member.
PAR  It is still a further object of the present invention to provide an
      abrasive article of the kind mentioned in which the electrocondictive
      material is a metal pigment or an ionizable compound.
DETD
PAR  These and further objects and advantages of the present invention will
      become more apparent upon reference to the following specification and
      claims and the appended drawings,
PAR  Referring to FIG. 1 of the drawings, there is shown, in cross section, and
      in enlarged scale, a conventional, flexible multilayered abrasive article,
      e.g. an endless abrasive belt. The belt comprises a flexible backing
      member 1 of strong paper material or made from a suitable fabric, such as
      cotton. On one side of the backing member 1 there is a layer 2 of a
      suitable adhesive, which is conventional and well known as, for example,
      synthetic or animal glue, and in which the abrasive grains 4 are anchored.
      A second layer of adhesive 3 generally fills the space between the grains
      4, except for their sharp abrasive points, which are exposed. Such
      abrasive articles and the method of their manufacture, as well as the
      materials employed are well known in the art. Individual belts may depart
      in one or more respects from what is shown in FIG. 1 but it should be
      understood that such minor changes per se do not prevent the teachings of
      the present invention from being applied to such articles to effectively
      eliminate surface charge build-up, as will be evident from the following
      detailed description.
PAR  The abrasive article shown in cross section in FIG. 1 and described above
      may have its tendency to generate and accumulate electrostatic charges
      considerably improved simply by including in the layer 2 of glue a
      suitable material or compound which increases the electric conductivity of
      this layer. Almost any metal pigment will be useful in this respect as,
      for example, an aluminum pigment. Similarly a number of different metal
      salts, such as aluminum chloride, included in the material will serve the
      same purpose. Other materials which are suitable include the metals or
      metal alloys of iron, nickel, copper, zinc, silver, tin, lead, and the
      like, as well as readily ionizable salts and complexes of those metals and
      salts and/or complexes of sodium, potassium, cadmium and the like.
PAR  Tests have shown that such a conductive layer in an abrasive belt will
      reduce the electrostatic field around the belt due to electrostatic
      surface charges to one per cent, or less, of the value obtained with an
      ordinary abrasive belt under identical circumstances. It would therefore
      seem that such a conducting layer placed between two layers of essentially
      non-conducting insulating material, in this case the backing member 1 and
      the layer comprising the glue 3 and grains 4, essentially provents a
      build-up of electrostatic charges. The exact mechanism by which the charge
      build-up is prevented and/or by which the charge is dissipated or possibly
      converted into heat has, as far as the inventors are aware, never been
      described with connection to abrasive articles, such as grinding belts,
      nor been suggested as a remedy for the well known disadvantages in
      grinding or polishing wood with conventional abrasive sheet material. It
      is possible that the explanation for the mechanism can be found in
      publications relating to electrostatics, but a search of standard
      textbooks on the subject has not produced any evidence for this
      assumption.
PAR  Referring to FIG. 2 in the drawings there is shown, in cross section, a
      flexible abrasive article, e.g. an abrasive belt, according to the
      invention. As in FIG. 1, a backing member 1 is covered on one side with a
      layer of adhesive 2 in which abrasive grains 4 are embedded or anchored
      with a second layer 3 of glue partly filling the space between the grains,
      leaving the abrading points free. So far the abrasive is of conventional
      design.
PAR  Over the layer 3 of glue, however, there is shown a further layer 6 of a
      material having comparatively high electroconductivity. This layer can
      comprise metallic particles, metal pigments or metal salts or a
      combination of these, as further described, in the Examples of this
      specification. Due to the nature of the invention it is impossible to
      present an exhaustive list of materials and/or compounds that can be
      employed in the layer of high electroconductivity. One skilled in the art
      need only select a material or compound for this layer meeting the
      following criteria:
PA1  1. The material or compound should have essentially similar mechanical
      properties as the glue or adhesive normally used for anchoring the
      abrasive grains; i.e. when dried or cured it can be somewhat elastic but
      should preferably crack freely and have no tendency of peeling from its
      bond to layer 3.
PA1  2. The material or compound should have a comparatively high electric
      conductance but need not be anything like a metallic conductor. As a
      matter of fact, metallic and ionic conductors seem to work equally well in
      meeting the object of the invention.
PA1  3. The material or compound should have no adverse chemical effects on the
      glue and other materials of the abrasive article with which it may come in
      contact.
PA1  4. The material or compound should preferrably be cheap and easy to apply
      in the same manner with which glue is applied to the abrasive article in
      its manufacture.
PA1  5. The material or compound should preferrably require a short curing time.
PAR  Other requirements would be determined on the specific abrasive to which
      the teachings of the invention are to be applied and such considerations
      should be obvious to anyone skilled in the art.
PAR  The conductive layer 6 is covered with a protective layer 5 of a material
      of compound having comparatively less electric conductivity. It is usually
      sufficient to use for layer 5 the same glue as used for anchoring the
      abrasive grains 4, in the layers 2 and 3, without, of course, any
      additives increasing conductivity. The designer has a wide latitude in
      choosing materials or compounds which otherwise satisfy the obvious and
      unrelated mechanical requirements.
PAR  Referring finally to FIG. 3, there is shown, in the same manner as in FIGS.
      1 and 2, a backing member 1 on one side provided with glue layers 2 and 3
      for anchoring abrasive grains 4 to said side.
PAR  The backing member 1, however, which may be manufactured from strong paper
      or fabric, or from any other strong, flexible and porous material, is
      covered on the back with an additional layer 5. In this case the backing
      member is impregnated with the metal salt or ionizable compound, thereby
      rendering the backing member itself the high conductivity layer. The
      impregnation can be performed either when the backing member is
      manufactured or thereafter. It can also be carried out when the layers of
      glue and abrasive grit have been applied.
PAR  In order for the conductive layer to have the desired effect, however, it
      is essential that it does not directly contact the support member
      employed. This arrangement seems to cause excessive heating and a rapid
      decrease in the anti-electrostatic effect. Why this is so is not
      completely understood, in particular since some workers have claimed an
      improved heat transfer if the backing member is provided with a metallized
      back. We have carried out some tests, however, to this effect, which are
      described hereafter.
PAR  In the embodiment shown in FIG. 3, according to the invention, an
      additional layer 5 on the back of the backing member 1 is provided. This
      layer can be of any suitable material having significantly lower electric
      conductivity. Advantageously, the layer also has a lower coefficient of
      friction, with respect to the material of the machine support which is
      located opposite the zone in which the actual grinding is carried out.
      Such materials are for example artificial or natural resins, mineral oils
      or waxes, stearates or similar fatty substances, silicones and other ones,
      well known to anyone skilled in the art. The only requirement that the
      invention imposes on the material or substance is that it should have a
      significantly lower electroconductivity.
PAR  The following specific examples will serve to further typify the nature of
      the invention, but should not be considered limiting the scope of the
      invention, the invention being defined only by the appended claims.
PAC  EXAMPLE 1 -- Comparative
PAR  A mixture (A) was prepared adding:
PA1  70 parts by weight of aluminum particles to;
PA1  30 parts by weight of an aqueous solution of animal glue.
PAR  The aluminum particles had an average cross section smaller than 0.04
      millimeters and an actual size analysis showed only traces of particles
      larger than 0.16 mm, 0.5 percent of the particles ranging from 0.16 to
      0.125 mm, 10 to 20 percent in the range from 0.125 to 0.04 mm, and the
      rest, 80-90 percent, being smaller than 0.04 mm in cross section.
PAR  The aqueous solution of glue consisted of a solution of 3 percent by weight
      of solid animal glue dissolved in water.
PAR  The aqueous mixture was distributed uniformly over the abrasive surface of
      a flexible belt, of the kind generally shown and described with reference
      to FIG. 1. The amount used was from 75 to 100 g. per square meter, and the
      abrasive belt thus treated was dried and cured at elevated temperature. It
      has been suggested in the prior art that such a treatment would be
      beneficial with respect to the abrasive properties of the belt. In order
      to test the validity of this assemption with respect to woodwork, the
      following test was carried out.
PAR  When completely cured, the belt was placed in a test grinding machine which
      was operated at normal belt speed, i.e. about 25 meters per second, and at
      normal grinding pressure, i.e. about 1000 mm. water column. The material
      in the working piece was beech, and the support located on the opposite
      side of the grinding belt had a surface of tiny glass beads.
PAR  The measuring probe of an electrostatic voltmeter was placed about 10 mm.
      from the surface of the grinding belt. When the belt was running at the
      indicated speed, no electrostatic build-up could initially be detected.
      Also when the grinding started there was at first no indication of any
      electrostatic charge, and the ground ground-off material initially
      followed the slip-stream along the surface of the abrasive belt without
      any appreciable dispersion.
PAR  A number of successive tests were made and in every instance, it took only
      a 5 to 15 minutes for the electrostatic charge to climb to several
      kilovolts. The increase in charge was accompanied by an increasing
      dispersion of the ground off particles in the air.
PAR  Thus the metallized layer on the abrasive surface had no lasting effect and
      after 15 to 30 minutes of work, this grinding belt behaved no better than
      a completely untreated belt, as far as the practical results were
      concerned. The actual electrostatic field, however, was somwhat lower in
      the case where the grinding belt was provided with the metallized layer
      than for a non-treated grinding belt, but as far as woodwork is concerned
      this had no practical advantages whatsoever.
PAC  EXAMPLE 2 -- Present Invention
PAR  The abrasive belt was treated as in Example 1, but over the layer of
      aluminum particles and glue, a second layer was uniformly distributed.
      This second layer was obtained by preparing a mixture (b) by dissolving:
PA1  15 parts by weight of zinc stearate in;
PA1  85 parts by weight of an aqueous solution of animal glue, similar to the
      one used in Example 1, mixture (A).
PAR  The mixture B was used in an amount of from 100 to 200 g per square meter,
      and was completely dryed and cured at elevated temperature.
PAR  Tests analogous to the ones described in Example 1 were carried out on the
      abrasive belt thus obtained, and in this case the maximum electrostatic
      charge build-up was of the order of 50 volts, with no tendency to increase
      during the normal life of the abrasive belt, i.e., during the time of
      several working days.
PAR  An abrasive belt treated with only solution B is no better in actual use,
      as far as the anti-electrostatic properties are concerned, than an
      untreated belt or belt treated only with solution A.
PAR  Electrostatic charges of the order of 50 volts have no detrimental effects
      whatsoever on the disperson of dust. Moreover, even this rather low
      electrostatic charge appeared to occur only in very dry environments. In
      many tests, no charge whatsoever could be measured with the abrasive
      article of the present invention.
PAC  EXAMPLE 3 -- Comparative
PAR  The abrasive belt was treated as in Example 1 except that the treatment was
      made on the backside. Results were essentially similar in all respects to
      the ones related in Example 1; i.e., no lasting anti-electrostatic effect
      was observed.
PAC  EXAMPLE 4 -- Present Invention
PAR  The abrasive belt was treated as in Example 2 (application of mixture A as
      in Example 1, followed by application of mixture B), but the treatment was
      made on the back of the belt. Very good results, in all respects similar
      to the ones related in Example 2, were obtained.
PAC  EXAMPLE 5 -- Present Invention
PAR  The flexible abrasive belt was manufactured in the usual manner but 35
      parts by weight of aluminum chloride were added to 100 parts by weight of
      the aqueous solution of animal glue normally used for anchoring the
      abrasive grains to one side of the flexible backing member. The mixture
      was applied over one surface in the wet glue. After drying and curing a
      second layer of glue was distributed over the first-mentioned layer and
      over the grains, which second layer consisted of an ordinary solution of
      animal glue in water; i.e., without any conductivity increasing additives.
      After drying and curing, the abrasive belt was tested as described in
      Example 1. Essentially the same advantageous results were obtained, with
      respect to elimination of electrostatic surface charge build-up, as
      related in Example 2.
PAC  EXAMPLE 6 -- Present Invention
PAR  A flexible abrasive belt having a backing member of strong paper material
      was treated on the back with a mixture (D) of
PA1  30 parts by weight of aluminum chloride
PA1  100 parts by weight of water, and
PA1  30 parts by weight of a paraffin oil dispursed in the water.
PAR  After drying and curing, tests as described in Example 1 were carried out.
      The same reduction or elimination of the electrostatic charge build-up
      observed in Example 2 was obtained. The aluminum chloride solution
      penetrates into the backing member where it forms a region having
      comparatively high conductance, whereas the paraffin oil remains on and in
      the surface layer of the backing member where it forms a substantially
      nonconductive cover.
PAR  The experiments related above are by no means all that have been tried in
      order to improve the anti-electrostatic properties of abrasive articles
      within the scope of the present invention, with essentially the same,
      excellent results, but the examples given should enable anyone skilled in
      the art to work the invention, chosing such methods, materials and
      compounds as the specific application requires. The present invention can
      be embodied in other specific forms without departing from the spirit or
      essential characteristics thereof. The present embodiments are therefore
      to be considered in all respects as illustrative and not restrictive, the
      scope of the invention being indicated by the appended claims and all
      changes which come within the range of equivalency of the claims are
      therefore to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multilayered abrasive article comprising a flexible backing member
      layer, at least one adhesive layer of synthetic or animal glue on one face
      of the backing member layer, and abrasive grains embedded in the adhesive
      layer, the improvement resulting in the reduction of the accumulation
      during use of electrostatic surface charges comprising (1) the presence of
      an inner layer in said abrasive article of sufficient electroconductive
      material selected from the group consisting of metals, metal alloys, metal
      pigments, metal salts and metal complexes to render said inner layer
      significantly more conductive to electrostatic charges than said inner
      layer would be without said electroconductive material, and (2) on each of
      the two faces of said inner layer an insulating layer of material having
      significantly lower electroconductivity than said electroconductive
      material, said two insulating layers being of the same or different
      material.
NUM  2.
PAR  2. The improved abrasive article as defined in claim 1 wherein said
      ashesive layer on one face of said flexible backing member layer also
      serves as one of said insulating layers, said electroconductive material
      is impregnated in said flexible backing member layer, and said abrasive
      article includes a further layer of low electroconductive material on the
      other face of said backing member layer, said further layer constituting
      the second of said insulating layers.
NUM  3.
PAR  3. The improved abrasive article as defined in claim 1 wherein the inner
      layer containing the electroconductive material is adjacent to said
      backing member layer, and said backing member layer constitutes one of
      said insulating layers.
NUM  4.
PAR  4. The improved abrasive article as defined in claim 3 wherein said
      electroconductive material is in said adhesive layer, said flexible
      backing member layer serving as one of said insulating layers, and a
      second outer layer of adhesive serving as said second insulating layer is
      present on said first adhesive layer.
NUM  5.
PAR  5. The improved abrasive article as defined in claim 3 wherein said inner
      layer containing said electroconductive material is adjacent to the face
      of said backing member layer opposite said adhesive layer, and said second
      insulating layer is present as a separate layer on the other side of said
      inner layer.
NUM  6.
PAR  6. The improved abrasive article as defined in claim 1 wherein said inner
      layer and said two insulating layers are present as separate layers over
      the adhesive layer on the abrasive side of said article.
NUM  7.
PAR  7. The improved abrasive article as defined in claim 1 wherein said
      electroconductive material is a metal, or metal pigment.
NUM  8.
PAR  8. The improved abrasive article as defined in claim 7 wherein said
      electroconductive material is a metal pigment.
NUM  9.
PAR  9. The improved abrasive article as defined in claim 1 wherein said
      electroconductive material is a metal salt.
NUM  10.
PAR  10. The improved abrasive article as defined in claim 9 wherein said metal
      salt is a salt of aluminum, iron, nickel, copper, zinc, silver, tin, lead,
      sodium, potassium or calcium.
NUM  11.
PAR  11. The improved abrasive article as defined in claim 7 wherein said
      electroconductive material is a metal.
NUM  12.
PAR  12. The improved abrasive article as defined in claim 11 wherein said metal
      is aluminum, iron, nickel, copper, zinc, silver, tin or lead.
NUM  13.
PAR  13. The improved abrasive article as defined in claim 1 wherein the
      resistance of said inner layer is less than 1 megohm and the resistances
      of said insulating layers are each greater than 1 megohm.
NUM  14.
PAR  14. The improved abrasive article as defined in claim 13 wherein the
      resistance of said inner layer is less than about 1 .times. 10.sup.-.sup.2
      megohms and the resistance of said insulating layer is greater than 1
      .times. 10.sup.3 megohms.
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ABST
PAL  An improved vessel design is provided for contact of gas or vapour with
      particulate solid material, for example for adsorption systems such as air
      drying and solvent recovery systems, in which a plurality of trays for
      containing the particulate material are supported by a pillar structure
      within the shell of the vessel, the shell serving merely as an envelope
      which does not provide support for the trays thereby enabling a
      considerable reduction in material costs for the shell and greater design
      flexibility for the site where the vessel is to be installed. The pillar
      preferably forms a manifold for conveying gas or vapour streams to or from
      each of the trays and deflecting baffles for the gas or vapour streams are
      also provided. A sparge pipe may also extend along the duct to introduce
      steam or other purge gas for regeneration of an adsorbent in situ.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to apparatus and methods for contacting gases and
      vapours with particulate solid material such as in absorption or
      adsorption and desorption of gases and vapours, e.g., dessication, solvent
      recovery, catalysis, odour removal and general pollution control.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Industry has for many years required the use of dehumidified or dry air and
      a variety of adsorption plants have hitherto been designed for this
      purpose for use with dessicants such as silica gel. Also, many industries
      use organic volatile solvents in various processes and in the past it has
      been customary practice to discharge unused solvent vapours to atmosphere
      as waste in an air stream. The rising cost of such solvents, however, has
      made it economically worthwhile for some time for industries to install
      adsorption plants recover unused solvent vapours. There is also the
      increasing environmental consideration of preventing odours in the
      atmosphere and generally controlling air pollution.
PAR  Such adsorption plants include adsorber vessels which are designed to hold
      particulate solid adsorbents in vertical or horizontal beds or in some
      cases fluidised beds through which air or gas streams are passed for
      extraction of specific substances therefrom, e.g. moisture or solvent
      vapours, with subsequent passage of such air or gas streams to process or
      to atmosphere freed or largely freed from the adsorbed substances. The
      beds of adsorbent may in general be regenerated in situ using heated air
      or gas in the case of dessicants such as silica gel or molecular sieves,
      or steam in the case of adsorbed organic solvent vapours on activated
      carbon which steam can then be condensed for recovery of liquid solvent.
PAR  Conventional adsorber vessels hitherto used have usually been of the
      horizontal bed type in which either a single bed or two beds of adsorbent
      are supported by the outer shell of the vessel to divide the interior of
      the vessel into different zones for entry and exit of the air or gas
      streams. The size of such adsorber vessels is of course dictated by the
      area of the adsorbent bed or beds required as determined by the amount of
      air or gas to be processed and the quantity of adsorbent required to
      maintain a given contact time. Such adsorber vessels are usually built
      away from the site where they are eventually to be located and so the
      design of the vessels is such that they can be transported, for example by
      rail. Hence, in situations where large adsorber installations are
      required, the vessels have to be made longer and longer because the width
      of the vessels is limited by the fact that the vessels are to be
      transported to the site. However, the longer the vessel the greater is the
      problem of uneven distribution of the passage of the air or gas streams
      through the bed or beds of adsorbent and there is also the possibility
      that such vessel design may be unsuitable to the particular sites where
      the vessels are to be installed. Therefore, for large installations it is
      usually necessary to build such vessels on site which is more complicated
      and hence more costly.
PAR  Another disadvantage associated with the use of the conventional horizontal
      bed adsorber vessel is that since the adsorbent bed or beds are supported
      by the outer shell of the vessel, the cost of the materials needed to
      construct the shell of the vessel increases considerably with size so that
      the shell has the necessary strength. This disadvantage is accentuated in
      solvent recovery systems where it is desirable to construct the shell of
      an adsorber vessel from expensive corrosion resistant materials such as
      stainless steel and other nickel alloys. For example, most of the ketones
      give rise to traces of acetic acid when they are desorbed by passing steam
      through the adsorbent and initially when the steam comes into contact with
      the interior surface of the shell of the adsorber vessel it condenses
      thereon to some extent until the whole structure heats up. Thus, unless
      the shell is constructed of a corrosion resistant material, the shell will
      suffer corrosion from the agressive liquid condensate during the initial
      stage of the steaming process. The tray supporting structure, however, is
      less likely to be corroded to the same extent because this heats up very
      quickly when steaming is commenced and is therefore maintained relatively
      dry. It follows that any improvement in the design of such plant which
      affords greater contact between the gas or vapour stream and the adsorbent
      for less hardware is a major improvement.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the invention to provide an improved design of
      vessel for use in absorption or adsorption systems which obviates the
      above-mentioned disadvantages of material costs associated with the shell
      of the vessel.
PAR  Another object of the invention is to provide a vessel design which
      overcomes uneven distribution problems of gas or vapour within the vessel
      while affording greater flexibility of design for the site where the
      vessel is to be located.
PAR  A further object of the invention is to provide methods of absorption and
      adsorption which utilize such improved vessel designs.
PAR  Yet another object of the invention is to provide an air drying system
      incorporating a plurality of adsorber vessels of improved design which
      enables large installations to be constructed more simply on site at
      reduced cost and which affords greater design flexibility with less
      distribution problems according to the site where the vessels are to be
      erected.
PAR  A still further object is the provision of a solvent recovery system which
      includes a plurality of adsorber vessels of improved design which enables
      the vessel shells to be fabricated at reduced cost from expensive
      non-corrosive alloys if necessary and with greater flexibility of design
      according to the site.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects are achieved in accordance with the invention by
      providing a vessel in which a plurality of trays adapted to hold
      particulate solid material for passage of gas or vapour therethrough are
      supported by means of a pillar. The pillar comprises an interior duct
      which communicates with at least one port in the shell of the vessel and
      is arranged to convey the gas or vapour streams to or from the trays. The
      shell has one or more other ports which communicate with the shell
      interior surrounding the trays. Each of the trays has openings for
      allowing passage of gas or vapour through the beds of particulate solid
      material to be supported by the trays and these openings are in
      communication with respective groups of apertures in the supporting
      pillar. The arrangement is such that passage of gas or vapour through the
      apparatus is permitted only via the openings in the trays and the
      apertures in the supporting pillar. According to a preferred embodiment of
      the invention the pillar also provides support for the shell by extending
      for the whole height of the vessel.
PAR  The vessel according to the invention is preferably adapted for use with
      solid adsorbents such as silica gel or pelleted activated carbon for air
      drying and solvent recovery respectively. Examples of materials which are
      suitable for forming the bottom surfaces of the trays to support the
      adsorbent and allow passage of gas or vapour therethrough are woven wire
      mesh, perforated metal sheet and expanded metal sheet, preferably with
      openings of about 10 U S mesh. In the preferred arrangement there are at
      least three trays, preferably four to six trays, and the tray-support
      pillar actually forms a manifold for conveying the gas or vapour streams
      to or from the trays. The trays are supported from the pillar by means,
      such as, for example coneshaped baffles, which act to direct the flow of
      gas or vapour between the trays and the interior of the pillar. Normally,
      such tray support by the pillar will be sufficient but for large trays it
      may be desirable or necessary to provide additional support for the trays
      by including a number of support members, e.g. rods, extending upwards
      from the base of the vessel around the periphery of the trays and attached
      thereto.
PAR  It is a feature of the invention that the shell serves merely as an
      envelope which provides substantially no support for the tray structure.
      This means that the shell may be fabricated from relatively light gauge
      material. It may be desirable or necessary, however, for example in large
      installations to strengthen the shell by the addition of stiffening
      members.
PAR  In another preferred form of the invention means may extend within the
      interior duct of the pillar to enable the introduction of purge gas for
      regeneration of an adsorbent in situ in the trays. This feature is
      particularly useful in solvent recovery systems incorporating adsorber
      vessels constructed according to the invention. It is customary to use
      beds of pelleted activated carbon for adsorption of solvent vapours and
      for regeneration of the adsorbent bed steam is conventionally used. For
      this purpose, a steam sparge pipe preferably extends along the interior
      duct of the tray-support pillar to provide a convenient means for the
      introduction of steam under pressure.
PAR  It will be apparent therefore that since the shell of a vessel designed
      according to the invention may be formed of relatively light gauge
      material this affords a considerable saving in material costs especially
      when it is necessary to construct the shell from expensive alloys to
      withstand corrosive conditions. Also such vessel design enables relatively
      simple assembly and erection on site from segments which are easily
      prefabricated and transported. A further advantage is that the vessel
      design according the the invention enables wide dimensional variations to
      be made to suit various site conditions. That is to say, the number of
      beds can be varied and they may be made narrower or wider and of various
      perimetric shapes as dictated by the site.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further features and advantages of the invention will be understood from
      the following detailed description taken in conjunction with the
      accompanying drawings which illustrate preferred embodiments and in which:
PAR  FIG. 1 is a schematic flow diagram of an air drying system incorporating
      adsorber vessels constructed in accordance with the present invention;
PAR  FIG. 2 is a plan view showing the layout of plant constructed according to
      the flow diagram shown in FIG. 1;
PAR  FIG. 3 is a side elevation of the air drying plant taken in the direction
      of the arrow A in FIG. 2;
PAR  FIG. 4 is a front elevation of the air drying plant taken in the direction
      of the arrow B in FIG. 2;
PAR  FIG. 5 is a diagrammatic vertical section of a preferred form of adsorber
      vessel designed specifically for use in a solvent recovery system;
PAR  FIG. 6 is a diagrammatic partial plan view showing some detail of tray
      support structure in the adsorber vessel illustrated in FIG. 6; and
PAR  FIG. 7 is a schematic flow diagram of a solvent recovery system
      incorporating three adsorber vessels constructed according to FIGS. 5 and
      6.
DETD
PAR  As illustrated in FIGS. 1 to 4, the air drying system comprises two
      adsorber vessels 10 and 10' designed and constructed according to the
      invention. Each adsorber contains a plurality of superposed horizontal
      trays 12, 12' preferably of circular shape arranged to support multiple
      beds of dessicant, for example silica gel.
PAR  The trays 12, 12' are supported within an outer shell 14, 14' of each
      vessel by means of a central pillar 16, 16' which also provides an
      interior duct 18, 18' for the air with apertures e.g. 16a, 16a' arranged
      to allow passage of air of the required volume of air between the interior
      duct and each interspace 20, 20' associated with the adsorbent beds. The
      interspaces 20, 20' are formed by respective cone-shaped baffles 22, 22'
      which extend between adjacent trays as shown in FIG. 1. Each of the
      baffles 22, 22' have a lower side which is effective to direct air
      entering the interior of the shell onto the bed immediately underneath it
      and an upper side which is effective to direct air into the interior duct
      18, 18' of the central pillar after the air has passed through the
      adsorbent bed immediately above the baffle. In accordance with the
      invention the outer shell 14, 14' acts merely as an envelope and does not
      serve to support the trays 12, 12'. Such support is provided solely by
      means of the central pillar 16, 16'.
PAR  During an air drying operation, air is drawn from the atmosphere via ports
      24, 24' on the top of the adsorbers into the interior of the shell 14, 14'
      and is then deflected through the dessicant beds by the baffles 22, 22' as
      indicated generally by the arrows in the adsorber 10. After passing
      through openings (not shown) in the trays 12, 12' and into the interspaces
      20, 20', the baffles 22, 22' direct the air through the apertures in the
      central pillar 16, 16' and into the interior duct 18, 18'. The interior
      duct 18, 18' conveys the dry air to another port 26, 26' at the base of
      the adsorber vessel. After leaving the adsorbers the dry air is then drawn
      into a filter house 28 via valves 30, 30'. In the filter house 28 the dry
      air is filtered to prevent small foreign bodies from entering subsequent
      compressor equipment (not shown) which provides the power source necessary
      to draw the air through the adsorbers 10, 10' and the filter house 28.
      Such compressor equipment draws the air from the filter house via an
      outlet port 32 and supplies the dry air for any desired use or
      application.
PAR  The filter house 28 contains batteries of replaceable filter elements
      formed, for example, of paper and arranged vertically in racks which are
      designed for easy withdrawal. In FIG. 1 the filter elements are identified
      by the reference numeral 34 and the direction of air flow through the
      filters is indicated generally by the arrows.
PAR  The dessicant beds steadily increase in concentration as moisture is
      adsorbed from the incoming air until it becomes necessary to stop the
      adsorption process by closing the valves 30, 30'. However, to maintain a
      continuous supply of dry air, the adsorber vessels are staggered
      cyclically so that when one is fully saturated the other is only half
      saturated. In FIG. 1, the arrows showing the direction of air flow through
      the adsorbers 10, 10' indicate that the vessel 10 is in an adsorption
      phase and that the vessel 10' is in an desorption phase. During
      desorption, the dessicant beds are regenerated by passing heated air
      through the beds in opposite direction and, as shown in FIGS. 1 to 4, the
      heated air is supplied via valves 36, 36' from a heat exchanger 38 which
      is fed by a centrifugal pump 40 drawing air from the atmosphere via an
      activation air inlet 42. With the adsorber 10' in a desorption phase, the
      valve 30' is closed and the valve 36' is open. The heated activation air
      passes through the saturated beds for regeneration of the dessicant and
      the moisture laden air is allowed to escape to atmosphere through the
      ports 16'. Some of the heated activation air may be recirculated via a
      valve controlled conduit 44, the balance between recirculated air and
      fresh activation air being maintained by valves 46 and 48 and the
      quantitity of moisture laden air escaping through the ports 16'. When
      desorption of the adsorber 10' is complete, the various valves are
      switched and the vessel 10' goes back onto an adsorption phase while the
      vessel 10 changes to a desorption phase. It will be appreciated that while
      an air drying system having only two adsorber vessels has been shown and
      described, the number of vessels may be increased depending upon the
      quantity of dry or dehumidified air required and the desired degree of
      continuous supply.
PAR  Referring now to FIGS. 5 and 6, an adsorber vessel 50 is shown which has
      been specifically designed for use in solvent recovery systems. The
      adsorber has an outer shell 52 constructed of relatively light gauge
      material as it is supported by a central pillar 54. The pillar 54 forms an
      internal duct 56 which is in communication with an exhaust conduit 58. The
      vessel contains four trays 60 for containing particulate adsorbent
      material, e.g. pelleted activated carbon, and these trays are supported
      solely by the central pillar 54.
PAR  The trays 60 are supported by support member 80 (see FIG. 6) spaced
      circumferentially around the central pillar 54 which forms the inner
      periphery of the circular trays and a support strip 82 is placed around
      the extremities of the support members 80 to support the outer periphery
      of the trays Struts 84 are placed between the support members 80 to
      provide additional strength. Each tray has openings (not shown) in its
      base 62 to allow passage of gas or vapour therethrough and the pillar 54
      has a plurality of apertures 64 located adjacent each tray 60 to enable
      passage of such gas or vapour to or from the internal duct 56. Cone-shaped
      baffles 66 serve the dual purpose of directing gas or vapour to or from
      the lower side of an adjacent tray 62 via the internal duct 56 and of
      directing gas or vapour to or from the upper side of the other adjacent
      tray via the interior of the shell 52. Entry or exit of gas or vapour to
      or from the shell interior is via a port 68 which is formed by the
      structure of the central pillar 54. The interior duct 56 of the pillar is
      blanked off at 70 and a plurality of slotted holes 72 are provided in the
      top section of the pillar support structure to enable passage of gas or
      vapour into or from the interior of the shell. A curved section 74 is
      provided at the base of the vessel between the outer shell and the
      lowermost tray and this acts both as a gutter for collecting initial
      liquid condensate on the inside surface of the shell 52 and as a bellows
      for taking up differential expansion and contraction of the shell 50 and
      the lowermost tray to which it is connected to close off the shell
      interior. A suitable drain (not shown) communicates with the gutter 74 so
      that such liquid condensate may be run off to a decanter.
PAR  In operation, solvent laden air passes into the interior of the shell 52
      via the port 68 and the slotted openings 72 and is distributed around each
      of the trays 60 which in use are substantially filled with adsorbent such
      as activated carbon. Solvent vapour is adsorbed as the air passes through
      the adsorbent beds and the air then passes into the interior duct 56 via
      the openings in the trays and the respective apertures 64 in the central
      pillar to be conveyed to exhaust via the conduit 58. When the adsorbent
      beds become saturated the adsorption phase is stopped and the desorption
      phase is commenced to strip the adsorbed solvent from the adsorbent beds
      by means of a purge gas, e.g. steam, for subsequent recovery.
PAR  FIG. 7 shows a flow diagram of a solvent recovery system incorporating
      three adsorbers of the kind described above. The operation of each of the
      adsorbers is cyclically staggered to enable substantially continuous
      recovery of solvent vapours. As shown, two of the adsorbers are in an
      adsorption phase and one adsorber is in a desorption phase. Operation is
      controlled by the various valves shown. When an adsorber is on stream,
      solvent laden air passes into the adsorber for extraction of the solvent
      vapours and the clean air then passes to exhaust. For stripping of solvent
      from a saturated adsorber, steam is conveyed into the interior duct of the
      central pillar from which it passes through the adsorbent beds to strip
      solvent therefrom and the steam is then conveyed to a condenser set. In
      hydrocarbon recovery the solvent separates out in the condenser and the
      condensate is conveyed to a decanter as shown for recovery of the solvent.
      As the supply pressure of the steam is quite high, it is preferred to
      introduce the steam into the interior ducts of the adsorbers by means of a
      sparge pipe which extends up the central pillar of each adsorber as shown
      in FIG. 7 and also in broken line in FIG. 6.
PAR  For recovery of solvents which are miscible with water the steam and vapour
      mixture would be conveyed to distillation or fractionation plant.
PAR  Although separate adsorbers are shown in FIG. 7, it is conceived that an
      adsorber according to the invention may comprise separate isolated
      compartments one on top of the other to form an adsorption tower with
      groups of trays for adsorbent supported by a central column extending up
      the tower. In use the different compartments could be staggered cyclically
      so that while one compartment is on stream another is being steam
      regenerated for recovery of solvent. The outer shell of the tower would be
      virtually hung in the manner of a curtain wall and can be made from light
      gauge material as the shell would not be supporting any weight and the
      pressure inside would not be great.
PAR  For recovery of agressive solvents the outer shell of adsorbers according
      to the invention may be fabricated of expensive alloys such as silicon
      bronze, stainless steel and other nickel alloys at much reduced cost due
      to the fact that the shell may be made from light gauge material while
      maintaining the central supporting pillar and trays in less expensive
      heavier materials such as ordinary good carbon steels which may
      advantageously be coated with a corrosion-resistant material. It is noted
      that corrosion of the trays and tray support structure is less likely to
      occur than corrosion of the shell. This is because during the initial
      stage of steam stripping of solvent from the adsorbent the trays and
      support structure heat up quickly and are kept dry by the steam while on
      the other hand the shell takes longer to heat up with the result that it
      may collect acidic condensate on its inside surface. Thus, the fact that
      the outer shell can be of relatively thin material means that the shell is
      able to heat up more quickly than in the prior art adsorbers described
      above and so by the present invention this initial condensate is kept to a
      minimum.
PAR  It will be appreciated that the invention is not intended to be limited in
      scope to the preferred embodiments described above but rather by the
      appended claims. In particular apparatus according to the present
      invention may be employed for any process requiring the contact of a gas
      or vapour with a solid. Such processes may involve physical or chemical
      absorbtion or adsorption or indeed a gas-solid chemical reaction, the
      nature of the solid material to be employed in the trays being determined
      by the nature of the process for which the apparatus is desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for use in contacting a gas or vapour with particulate solid
      material, comprising a shell, a pillar within the shell, said pillar
      comprising a hollow interior, forming an interior duct having a plurality
      of groups of apertures at intervals therealong, a plurality of trays for
      the solid particulate material supported by said pillar adjacent said
      groups of apertures respectively, and openings in each of said trays
      communicating with said respective apertures in said pillar for allowing
      passage of gas or vapour through the trays between the interior of the
      shell and the interior duct of said pillar, said shell having first and
      second ports communicating respectively with the interior of the shell and
      said interior duct such that passage of gas or vapour through the
      apparatus is permitted only via said openings and apertures.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said trays are supported solely
      by the pillar.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein additional support for said
      trays is provided by a plurality of upwardly extending support members
      spaced around the periphery of said trays and attached thereto.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the trays are supported from
      said pillar by means providing baffles arranged to direct the flow of gas
      or vapour to and from said trays.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein each of said baffles has one
      side which is effective to direct gas or vapour to or from one side of an
      adjacent tray and another side which is effective to direct gas or vapour
      to or from the other side of the other adjacent tray.
NUM  6.
PAR  6. Apparatus according to claim 1, including means extending within the
      interior duct of said pillar to enable the introduction of purge gas for
      regeneration of the particulate material in situ in said trays.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein said means for the introduction
      of purge gas comprises a sparge pipe.
NUM  8.
PAR  8. Apparatus according to claim 1, wherein said pillar also provides
      support for the shell.
NUM  9.
PAR  9. Apparatus according to claim 1 wherein stiffening members are provided
      for said shell.
NUM  10.
PAR  10. Apparatus according to claim 1, wherein a curved section connects the
      base of said shell with the lowermost tray structure to provide a gutter
      for the collection of liquid condensate from the interior surface of said
      shell and for allowing differential expansion and contraction between said
      shell and said tray structure.
NUM  11.
PAR  11. In the method of contacting a gas or vapour with a particulate solid
      material wherein the gas or vapour is passed through a vessel containing
      said particulate solid material, the improvement wherein said particulate
      material is contained in a plurality of trays which are supported within
      said vessel by means of a pillar comprising an interior duct, said pillar
      and trays having apertures and openings therein respectively which allow
      passage of the gas or vapour through said particulate solid material
      between the interior of the vessel and the interior duct of said pillar,
      and said vessel having ports communicating respectively with the interior
      of the vessel and said interior duct, passing said gas or vapour through
      the vessel only via said apertures and openings.
NUM  12.
PAR  12. In the method of drying or dehumidifying air, wherein the air is passed
      through an adsorber vessel containing a dessicant, the improvement wherein
      said dessicant is contained in a plurality of trays which are supported
      within said vessel by means of a pillar comprising an interior duct, said
      pillar and trays having apertures and openings therein respectively which
      allow passage of air through said dessicant between the interior of the
      vessel and the interior duct of said pillar, and said vessel having ports
      communicating respectively with the interior of the vessel and said
      interior duct, passing said air through the vessel only via said apertures
      and openings.
NUM  13.
PAR  13. In the method of recovering solvent from a vapour or gas stream,
      wherein said stream is passed through an adsorber vessel containing a
      particulate adsorbent material, the improvement wherein said adsorbent
      material is contained in a plurality of trays which are supported within
      said vessel by means of a pillar comprising an interior duct, said pillar
      and trays having apertures and openings therein respectively which allow
      passage of said stream through said adsorbent material between the
      interior of the vessel and the interior duct of said pillar, and said
      vessel having ports communicating respectively with the interior of the
      vessel and said interior duct, passing said stream through the vessel only
      via said apertures and openings.
NUM  14.
PAR  14. The method according to claim 13, wherein the trays are supported from
      said pillar by means providing baffles arranged directing the flow of gas
      or vapour to and from said trays.
NUM  15.
PAR  15. The method according to claim 12, wherein each of said baffles has one
      side which directs gas or vapour to or from one side of an adjacent tray
      and another side which deflects gas or vapour to or from the other side of
      the other adjacent tray.
NUM  16.
PAR  16. The method according to claim 13, wherein said adsorber vessel includes
      a sparge pipe extending along said interior duct through which a purge gas
      is introduced under pressure which regenerates adsorbent material in situ.
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ABST
PAL  A vapour-separating fuel pump has a rotor which includes a pair of
      axially-aligned chambers having a first impeller arrangement between them.
      At least one of the chambers is frusto-conical and has its larger diameter
      adjacent the first impeller arrangement, the smaller end of this chamber
      forming the pump inlet. A tubular member extends axially within the other
      chamber and has an open end adjacent the impeller arrangement. The other
      end of the tubular member carries a further impeller arrangement. Liquid
      is discharged through a first outlet by the first impeller arrangement,
      and a vapour core within the tubular member is discharged through a second
      outlet by the further impeller arrangement.
BSUM
PAR  This invention relates to pumps and has as an object to provide a pump in a
      convenient form.
PAR  According to the invention a pump includes a stator, a rotor mounted within
      the stator and comprising a frusto-conical first chamber, an axially
      aligned second chamber, a first centrifugal impeller arrangement secured
      between the said chambers, the larger diameter end of the frusto-conical
      chamber being adjacent said impeller arrangement and the smaller diameter
      of the frusto-conical chamber defining an inlet for the pump, a hollow
      substantially cylindrical member having an axial through passage and
      mounted co-axially within the second chamber, an opening at one end of the
      said member being directed towards said impeller arrangement and the other
      end of the member being joined to the wall of the second chamber, a second
      impeller arrangement at the said other end of the member and adapted to
      discharge fluid from the said other end, and a passage within the stator
      communicating with the first impeller arrangement and with an outlet for
      the pump.
PAR  Pumps according to the invention will now be described by way of example
      and with reference to FIGS. 1 and 2 of the accompanying drawings.
DETD
PAR  In the pump shown in FIG. 1, a rotor 10 forming part of an electric
      induction motor is mounted in bearings 11 in a stator 12 also forming part
      of the induction motor. The rotor 10 includes a pair of axially aligned
      frusto-conical chamber 13, 14 having a centrifugal impeller arrangement 15
      mounted therebetween, the larger diameters of the chambers 13, 14 lying
      adjacent the impeller arrangement 15. The smaller diameter of the chamber
      13 defines an inlet 16 for the pump. A volute passage 17 within the stator
      12 is aligned with the impeller arrangement 15 and communicates with an
      outlet (not shown) for the pump.
PAR  A hollow cylindrical member 18 is mounted coaxially within the chamber 14
      so as to define an annular space 19 therein the inside diameter of the
      member 18 being, as shown, less than the smaller diameter of the chamber
      1. The member 18 has a through passage with one end adjacent the impeller
      arrangement 15 and its other end 20 secured to an inwardly-directed flange
      21 of the rotor 10, the flange 21 being integral with the wall of the
      chamber 14 and at the end thereof remote from impeller arrangement 15. The
      end of the member 18 adjacent the impeller arrangement 15 is formed with a
      narrow edge 18a. Within the end 20 is mounted a centrifugal impeller
      arrangement 22 which comprises a plurality of vanes 23 mounted on a plate
      24. The member 18 is formed with holes 25 and is additionally secured
      within the chamber 14 by webs 26 formed with holes 27.
PAR  The pump is particularly adapted for use with a liquid fuel and in use is
      mounted with the inlet 16 spaced from the bottom of a fuel tank. The
      stator 12 may be formed adjacent the inlet 16 with vanes which are adapted
      to direct fuel tangentially into the inlet 16. Rotation of rotor 10 causes
      fuel within the inlet 16 to be urged by centrifugal action along the walls
      of the chamber 13 to enter the impeller arrangement 15, whence it is
      discharged via the volute passage 17 to the pump outlet. Centrifugal
      action causes the fuel within the inlet 16 to separate into an outer
      liquid zone which passes to the impeller arrangement 15, a central vapour
      zone and an intermediate zone, defined between lines 28, as shown, in
      which liquid and vapour are both present. The vapour in the central zone
      passes through the member 18 and is ejected by the impeller arrangement 22
      to re-enter the tank.
PAR  The liquid-vapour mixture in the intermediate zone passes into the pump
      adjacent the wall of the member 18. Continuing centrifugal action urges
      liquid particles towards the wall of chamber 14, the slope of this wall
      subsequently urging the liquid particles towards the impeller arrangement
      15. The major proportion of the liquid particles within the member 18 pass
      through the impeller arrangement 22 to promote the necessary pumping
      action to induce the vapour particles within the member 18 back into the
      tank. A small proportion of the liquid particles within the member 18 pass
      through lower ones of the holes 25 into the chamber 19 and thence back to
      the impeller 15, whilst vapour particles in that part of the intermediate
      zone 28 external to the member 18 are induced through upper holes 25 into
      the member 18 and thence through the impeller 22 back into the tank. The
      amount of liquid fuel discharged by the impeller arrangement 22 is thus
      kept to a minimum necessary to generate the required pumping action in
      impeller 22. The efficiency of the pump is thereby increased, since
      substantially all the work of the pump is directed to discharging liquid
      via the passage 17 to the pump outlet.
PAR  In a modification of the pump shown in FIG. 1, holes 25, 27 are omitted, in
      which case there is, of course, no transference of liquid and vapour
      across the wall of member 18, and fluid within the pump is separated into
      two zones, one of which passes to the impeller arrangement 15 and the
      other of which is returned by the impeller arrangement 22 to the tank.
PAR  The pump shown in FIG. 2 includes a stator 30 and bearings 31 which are
      substantially identical with the corresponding parts of the pump of FIG. 1
      and which similarly support a rotor 32. Rotor 32 has a chamber 33 and an
      impeller arrangement 34 which are also similar to the corresponding parts
      in FIG. 1. A second chamber 35 is, however, generally cylindrical and is
      divided, adjacent the impeller arrangement 34, by a web 36 formed
      integrally with an axial spigot 37, the free end of the spigot 37 being
      formed with a narrow edge 37a which lies close to the plane of the
      impeller arrangement 34. The inside diameter of spigot 37 is less than the
      smallest diameter of the generally cylindrical walls of chamber 35. The
      end of the spigot 37 remote from the edge 37a supports a plurality of
      blades 38 and a plate 39 which provide a further impeller arrangement 40.
      Within the spigot 37 is a conical flow deflector 41 whose apex is directed
      towards arrangement 34 adapted to direct fluid towards the impeller
      arrangement 40.
PAR  In use, the pump operates substantially as described with reference to the
      alternative form of the pump of FIG. 1. The edge 37a separates fluid in
      the pump into two zones, one of which is discharged via the impeller
      arrangement 34 and the other of which is returned to the tank via the
      impeller arrangement 40. It has been found that siting the impeller 40
      closer to the edge 37a than in the pump of FIG. 1 allows the impeller 40
      and chamber 35 to become primed at lower levels of fuel within the
      associated tank than is possible with the pumps described with reference
      to FIG. 1.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pump including a stator, a rotor mounted within the stator and
      comprising a frusto-conical first chamber, a second chamber axially
      aligned with said first chamber and lying adjacent the end thereof having
      the larger diameter, a first centrifugal impeller arrangement secured
      between said chambers, the larger end of the frusto-conical first chamber
      being adjacent said impeller arrangement and the smaller end of the
      frusto-conical first chamber defining an inlet for the pump, a hollow
      member having a substantially cylindrical axial through passage mounted
      co-axially within the second chamber, the diameter of said through passage
      being less than the smallest diameter of said second chamber, an opening
      at one end of said member being at the level of said impeller arrangement,
      the other end of said member being joined to a wall of the second chamber,
      a second impeller arrangement mounted at the end of said through passage
      remote from said first impeller for discharging fluid from said through
      passage, said stator having a passage therein communicating with the first
      impeller arrangement and with an outlet for the pump and a radial web
      securing said hollow member to said second chamber, said hollow member and
      said web being provided with a plurality of holes.
NUM  2.
PAR  2. A pump as claimed in claim 1 in which said other end of the member is
      secured to the wall of the second chamber at an end of said second chamber
      remote from the first impeller arrangement.
NUM  3.
PAR  3. A pump as claimed in claim 1 in which the second chamber is
      frusto-conical.
NUM  4.
PAR  4. A pump as claimed in claim 3 in which the larger diameter end of the
      second chamber is adjacent said first impeller arrangement.
NUM  5.
PAR  5. A pump including a stator, a rotor mounted within the stator and
      comprising a frusto-conical first chamber, a second chamber axially
      aligned with said first chamber and lying adjacent the end thereof having
      the larger diameter, a first centrifugal impeller arrangement secured
      between said chambers, the larger end of the frusto-conical first chamber
      being adjacent said impeller arrangement and the smaller end of the
      frusto-conical first chamber defining an inlet for the pump, a hollow
      member having a substantially cylindrical axial through passage mounted
      co-axially within the second chamber, the diameter of said through passage
      being less than the smallest diameter of said second chamber, an opening
      at one end of said member being at the level of said impeller arrangement,
      a radial web securing the other end of said member to a wall of the second
      chamber, a second impeller arrangement mounted at the other end of said
      through passage remote from said first impeller for discharging fluid from
      said through passage, said stator having a passage therein communicating
      with the first impeller arrangement and with an outlet for the pump, said
      radial web and said other end of the through passage lying within the
      second chamber, and a conical element mounted within said hollow member
      for directing fluid to said second impeller arrangement, said second
      impeller arrangement being disposed between said web and said conical
      element.
NUM  6.
PAR  6. A pump as claimed in claim 1 in which the second chamber is
      substantially cylindrical.
NUM  7.
PAR  7. A pump as claimed in claim 6 in which said hollow member is integral
      with said radial web and said wall of the second chamber.
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ABST
PAL  A removably insertable liner of elastically deformable material sized to be
      disposed within and in interfacially engaged relation with the inner
      surface of a rigid venturi element.
BSUM
PAR  This invention relates to pulse jet type dust collectors employing venturi
      elements at the open end of elongate filter tubes and particularly to
      venturi element modification means to selectively modify the performance
      characteristics of standardized pulse jet type dust collectors in accord
      with the exigencies of particular installations thereof.
PAR  Pulse jet type collectors are conventionally manufactured and sold in the
      form of generally standardized modules or sections of essentially uniform
      construction in a limited number of sizes and are then assembled into
      units of progressively increasing size in accordance with the requirements
      of a given installation. In the operation of such pulse jet type dust
      collectors, the pressure drop across the filter medium characteristically
      drops significantly immediately subsequent to the cleaning operation. In
      certain installations of such standardized units the concomitant increase
      in permeability of the filter media that occurs concurrently therewith
      results in detrimental seepage of the material to be filtered through the
      media, particularly where such material comprises smaller sized
      particulates. The above problem is accentuated by the normally rapid
      displacement and movement of the filter media at the end of the cleaning
      cycle and as the normal filter flow is resumed.
PAR  This invention may be briefly described as a selectively contourable
      insertable venturi liner construction for selectively modifying the
      performance characteristics of standardized pulse jet venturi type dust
      collectors.
PAR  Among the advantages of the subject invention is the readily permitted
      modification of the operational characteristics of pulse jet venturi dust
      collectors at the locus of use thereof to improve their performance as,
      for example, by a reduction in the amount of detrimental seepage of
      smaller sized particulates through the filter media of such type
      collectors. Another advantage is a permitted extension of the field of
      usage of pulse jet venturi type dust collectors of standardized character
      in a simple and inexpensive manner. A still further advantage is the
      permitted and simple modification of previously installed pulse jet
      venturi type dust collectors to permit high efficiency operation under
      changes in operating conditions.
PAR  The primary object of this invention is the provision of selectively
      contourable venturi liners for modifying the operational characteristics
      of venturi type pulse jet dust collectors.
PAR  Another object of this invention is the provision of means for improving
      the performance and operating characteristics of venturi type pulse jet
      dust collectors in the filtration of smaller sized particulates.
PAR  A further object of this invention is the provision of selectively
      contourable and removably insertable venturi liners for venturi elements
      in pulse jet type dust collectors.
PAR  Other objects and advantages of the subject invention will become apparent
      from the following portions of this specification and from the appended
      drawings which illustrate, in accordance with the mandate of the patent
      statutes, a presently preferred construction for insertable venturi liners
      incorporating the principles of this invention.
PAR  The drawing appended hereto schematically illustrates the mounting of a
      removably insertable venturi liner incorporating the principles of this
      invention is a typical pulse jet venturi type dust collector having a
      venturi element mounted at the end of an elongate dust collector filter
      sock subject to pulse jet cleaning techniques.
PAR  As schematically set forth in the drawing, which is intended to illustrate
      the clean gas delivery end portion of a single filter chamber in a
      conventional pulse jet type dust collector, there is illustrated a gas
      impervious tube sheet member 10 normally horizontally disposed within a
      perimetric housing of a dust collector and subdividing the interior
      thereof into a dirty air plenum chamber section 12 and a clean air plenum
      chamber portion 14. Such tube sheet 10 is conventionally provided with a
      plurality of dependent cylindrical flanges, such as 16, having the upper
      and otherwise open terminal end of an elongate cylindrical filter sock 18
      circumferentially mounted thereon as by a spring or clamping ring 19. Such
      filter sock 18 is normally of considerable length and is closed at its
      dependent end to define a discrete filtering chamber disposed within the
      dirty air plenum 12 and having its interior disposed in gaseous
      communication with the clean air plenum chamber 14 through a venturi
      element 20 conventionally in the form of a metal casting or the like.
PAR  The venturi elements 20 as conventionally employed in pulse jet type dust
      collectors are mounted on and supported by the tube sheet 10 and define a
      passage for both the normal filter flow of the gaseous fluid being cleaned
      and for the gaseous fluid employed in pulse jet cleaning operations as
      would emanate from a nozzle element 22 disposed in axial co-alignment with
      and in spaced relation from each venturi element. In the operations of a
      pulse jet dust collector unit of the type described, normal filter flow
      will move from the dirty air plenum chamber 12, through such filter media
      18 into the interior of the filter tube and then upwardly through the
      venturi element 10 as indicated by the arrow 24 into the clean air plenum
      chamber 14. As disclosed in Church U.S. Pat. No. RE 24,954, cleaning of
      the filter tube 18 is effected by the emission of an extremely short pulse
      or burst of compressed cleaning gas as a jet from the nozzle 22. The
      emitted jet of cleaning fluid is directed into the upper end of venturi 20
      where it functions to abruptly and momentarily halt the normal filter flow
      24 upwardly through such venturi element 20 and to effect an abrupt
      momentary pressure rise within the filter tube 18.
PAR  Commercial cost considerations dictate that the venturi elements 20 be of
      standardized design and construction and with the particular contouring
      thereof representing a compromise from optimum design as would be
      otherwise desired by the varying operational requirements attendant normal
      filter flow and cleaning operations. Considered in the direction of normal
      filter flow as indicated by arrows 24, such venturi elements 20
      conventionally include a dependent bell-mouth portion 26 adapted to
      function as a converging nozzle section for normal filter flow, an
      intermediate throat section 28 of reduced cross-sectional dimension and an
      upper diffuser section generally designated 30. As mentioned earlier,
      venturi type dust collectors of the type described are operationally
      subject to a significant reduction in the pressure drop across the filter
      media 18 immediately subsequent to a cleaning operation. Such reduced
      pressure drop, as accentuated by the filter medium movement normally
      attendant the cleaning cycle and the resumption of normal filter flow,
      results in an undue amount of undesired seepage of the particulates to be
      filtered through the filter media, especially where small sized
      particulates are involved.
PAR  In accordance with the principles of this invention, a removably insertable
      venturi liner 40 made of elastically deformable material is provided to
      modify the operating characteristics of the filter. The elastically
      deformable character of the venturi liner 40 permits easy insertion
      thereof into the venturi element 20. The outer surface of such liner 40 is
      sized and contoured to be disposed in intimate, essentially continuous and
      slightly compressive interfacial engagement with the inner surface of the
      permanently installed venturi element so as to be effectively permanently
      positionable therein once its insertion has been effected. Such venturi
      liner 40, which is conveniently molded of readily deformable material such
      as neoprene rubber or other suitable synthetic resinous material, will
      desirably have its inner surface selectively contoured to provide for
      improved operational characteristics in accord with the exigencies of a
      given installation. By way of example, where an increase in pressure drop
      across the media is desired such may be obtained by a reduction in venturi
      throat diameter. Such venturi liner 40 may also be selectively contoured
      to provide for non-uniform wall thickness to effectively modify any
      portion of the venturi passage or conduit and to thus provide a bell-mouth
      portion 26a, a throat portion 28a and a diffuser section 30a of a
      configuration dictated by the locus of operation to change or otherwise
      modify the operational parameter relating to both normal filter flow
      operations and the cleaning operations.
PAR  Information ascertained to date has indicated that the utilization of
      venturi liners of the type described to effect a selective reduction in
      throat diameter are particularly efficacious in reducing seepage in
      installations where small sized particulates are being filtered. Improved
      operating results are also readily obtainable, for example, in instances
      where the initially installed pulse jet collector was of essentially
      standardized construction and the particular size selected represented the
      best available design or capacity compromise for the particular problems
      posed by the intended installation thereof.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In a pulse jet type dust collector for separating particulate material
      from a gaseous carrier thereof:
PA1  a tube sheet dividing the interior of said dust collector into a clean gas
      and dirty gas plenum chambers,
PA1  an elongated open ended tube of permeable filter media mounted on and
      suspended from said tube sheet for separating said particulate material
      from said gaseous carrier by permitted passage of the latter therethrough
      from the outside to the inside of the filter media,
PA1  a rigid venturi element of non-deformable material and of a first
      predetermined configuration mounted on said tube sheet and disposed in the
      open end of said tube of permeable filter media, said rigid venturi
      element defining a bore for countercurrent passage of gaseous carrier and
      cleaning gas therethrough having an intermediate portion of lesser
      transverse dimension than that of the terminal portions thereof, and
      whereby said configuration of said venturi element is at least in part
      determinative of the air flow characteristics through said permeable
      filter media the improvement comprising,
PA1  an elastically deformable lining member of an external configuration
      complemental to that of the interior of said rigid venturi element and
      sized to be deformably insertable into and being retainably mounted within
      said rigid venturi element in intimate interfacial engagement therewith to
      modify the internal configuration thereof, said lining member defining a
      bore of second predetermined configuration for passage of cleaned gaseous
      carrier therethrough that is selectively contoured to modify the air flow
      characteristics attendant said rigid venturi element into which it is
      inserted.
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ABST
PAL  A vacuum cleaning system includes a stationary built-in power unit, a
      portable vacuum unit, and a flexible hose connecting the power unit and
      vacuum unit. Dirt and other particulate matter sucked into the system is
      trapped within a collection chamber of the vacuum unit and air within the
      collection chamber is evacuated therefrom to pass through the hose and the
      motor of the power unit.
BSUM
PAR  This invention relates to a vacuum cleaning system and more particularly
      relates to a vacuum cleaning system of the type having a built-in power
      unit.
PAR  Such systems enjoy a distinct advantage over conventional self-contained
      vacuum cleaners in that the carrying of the relatively heavy vacuum
      cleaner to the area to be vacuumed as well as the pushing or pulling of
      the vacuum cleaner during the vacuuming process is avoided thereby
      substantially lessening the effort required for such cleaning. Moreover,
      the subsequent storage of the relatively large and unwieldy vacuum cleaner
      is eliminated, a feature particularly important with respect to dwellings
      of limited space such as apartments and mobile homes.
PAR  However, although numerous such built-in vacuum cleaning systems have
      previously been proposed, the limitations and disadvantages generally
      associated therewith have resulted in less than widespread public
      acceptance of such systems. The problems or disadvantages most commonly
      associated with such built-in vacuum systems heretofore used involve
      relatively poor operating efficiencies and relatively frequent breakdowns
      in the systems which are difficult to repair. The low operating
      efficiencies are oftentimes the result of an insufficient sealing of the
      system against air leakage or a so-called snowdrifting of the dirt or
      other particulate matter within a collection chamber of the system, both
      of which substantially reduce the suction force of the system.
      Malfunctioning of such systems usually is a result of dirt or other
      particulate matter becoming clogged within the sinuous flexible hose of
      the system or passing into the motor of the power unit.
PAR  Other disadvantages associated with heretofore used built-in vacuum systems
      include limited cleaning area coverage and restricting installation
      requirements.
PAR  Therefore, it is a primary object of the present invention to provide a
      vacuum cleaning system with a built-in power unit having new and improved
      dirt collecting characteristics which avoids snowdrifting of dirt or other
      particulate matter within the collection chamber and thus the decrease in
      operating efficiency associated with such snowdrifting. Another important
      object of the present invention is to provide improved sealing of the
      system against leakage of dirt or other particulate matter collected and
      loss of air passing through the system.
PAR  Still another object of the present invention is to provide an improved
      filtering and/or screening of the particulate matter sucked into the
      system and thereby prevent particulate matter from clogging the flexible
      hose of the system or impair the operation of the power unit. Another
      object of the invention is to provide a vacuum cleaning system having a
      built-in power unit with versatile mounting capabilities thereby
      permitting relatively easy installation of the power unit for both new and
      old building constructions and various different types of dwellings. In
      addition, it is another object of the present invention to provide a power
      unit with improved accessibility to thereby increase the cleaning area
      coverage of the system without increasing the overall length of the
      flexible hose of the system.
PAR  In accordance with these and other objects, the present invention briefly
      comprises a power unit adapted to be installed within a wall or floor
      structure of a dwelling, a portable lightweight vacuum unit adapted to
      trap and collect the particulate matter sucked into the system, and a
      flexible hose or conduit connecting the power unit and vacuum unit. The
      power unit is provided with a dual inlet so that the power unit when
      installed within a wall structure is accessible from either side of the
      wall. The vacuum unit is provided with improved air and dirt seals to
      prevent a leakage of air passing through the system and a leakage of dirt
      or particulate matter into the flexible hose or power unit. The vacuum
      unit also includes a collection chamber which permits evacuation of air
      therefrom substantially uniformly across the entire filter media surface
      area thereof.
PAR  Other objects of the present invention include the provision of a portable
      vacuum unit which is relatively lightweight, readily maneuverable and easy
      to clean and the provision of a system which is relatively inexpensive.
DRWD
PAR  Other objects and advantages of the present invention will be made readily
      apparent from the following detailed description and the accompanying
      drawings, wherein:
PAR  FIG. 1 is an overall prespective view illustrating the vacuum cleaning
      system in use;
PAR  FIG. 2 is a front view partly broken away illustrating the power unit
      installed within a wall structure;
PAR  FIG. 3 is a side sectional view of the power unit taken substantially along
      the lines 3--3 of FIG. 2;
PAR  FIG. 4 is a top sectional view of the power unit taken substantially along
      the lines 4--4 of FIG. 3;
PAR  FIG. 5 is a fragmentary side sectional view illustrating an inlet of the
      power unit;
PAR  FIG. 6 is a side sectional view of the portable vacuum unit;
PAR  FIG. 7 is a back sectional view of the portable vacuum unit taken
      substantially along the lines 7--7 of FIG. 6;
PAR  FIG. 8 is an enlarged fragmentary side sectional view illustrating the air
      and dirt sealing of the vacuum unit;
PAR  FIG. 9 is a bottom view of the vacuum unit;
PAR  FIG. 10 is a fragmentary view illustrating the lid and container connection
      of the vacuum unit taken substantially along the lines 10--10 of FIG. 9;
PAR  FIG. 11 is another fragmentary view illustrating the lid and container
      connection of the vacuum unit;
PAR  FIGS. 12 through 15 are fragmentary views illustrating various components
      of the air and dirt seal assemblies of the vacuum unit; and
PAR  FIG. 16 is a back sectional view illustrating an alternative embodiment of
      the collection chamber of the vacuum unit.
DETD
PAR  Referring now in detail to the drawings, a preferred embodiment of the
      vacuum cleaning system of the present invention, generally designated 10,
      broadly includes a stationary power unit, generally designated 12, a
      portable vacuum unit, generally designated 14, which is adapted to receive
      conventional vacuum cleaning implements, and a flexible suction hose,
      generally designated 16, which is connected at one end to the power unit
      12 and connected at the other end to the vacuum unit 14.
PAR  As shown in FIGS. 1 through 4, the power unit 12 is installed largely
      within a building wall structure 18. However, it should be noted that the
      power unit 12 is also adaptable for installation within a floor structure
      which may be preferable for space saving reasons when employing the vacuum
      cleaning system 10 in mobile homes or the like. The power unit 12 is a
      self-contained unit and includes a generally rectangular and open-sided
      metal casing 20, with a sidewall thereof adapted to be mounted adjacent a
      stud 22 or similar support member within the wall or floor structure.
PAR  A mounting bracket 24 secured to the stud 22 by nails 26 or the like
      includes a pair of turned-in integral ears 28 which are received by slot
      openings (not shown) in a rear corner of one side of the casing 20. The
      forward end of the mounting bracket 24 is provided with an opening at 30
      which receives a screw 32 or the like extending through an aligned opening
      at the front of the sidewall 34 of the casing 20 to further secure the
      casing 20 to the mounting bracket 24. It should be noted that rear corners
      of both of the opposite sidewalls 34 and 36 of the casing 20 are provided
      with the ear receiving slot openings and each sidewall also includes a
      screw opening to thereby permit the mounting of the casing 20 to a stud or
      supporting structure on either side of the casing. Moreover, the sidewalls
      34 and 36 together with the top and bottom of the casing 20 all taper
      slightly outwardly from the rear wall thereof to provide for an improved
      mounting of the casing.
PAR  Contained generally within the casing 20 is an assembly, generally
      designated 38, including an insulating divider member 40 preferably formed
      of plastic material which generally defines a power compartment 42 and an
      air inlet plenum 44. Air suction means in the form of an electrically
      operable blower motor 46 having a rotary fan (not shown) is located in the
      power compartment 42 and includes a motor housing 48 having a central air
      inlet 50 which is in communication with the plenum 44 by way of a suitable
      opening 52 in the divider 40. A resilient gasket 53 extending co-axially
      about the inlet 50 and compressed between the housing 48 and divider 40
      prevents a leakage of air therebetween. A filter element or screen 54
      extending across the opening 52 is also provided to prevent particulate
      matter from entering the motor 46. The other end of the motor housing 48
      is enclosed by a generally elliptical metal shroud or motor base cap 56
      having a plurality of air outlet openings 58. These openings 58 which
      extend circumferentially about the shroud 56 substantially eliminate any
      restriction of the air as it is discharged from the motor or suction
      device 46. The open end of the shroud 56 includes an outwardly turned
      periphery 59 which is secured to the open end of the divider 40 by means
      such as bolts 60 and is also secured to the motor housing 48 by means such
      as bolts 61. This entire assembly 38 is in turn slidably mounted within
      the casing 20 with outwardly extending side flanges 62 of the shroud 56
      being supported on interior ribs 63 of the casing sidewalls and exterior
      ribs 64 on the upper closed end of the divider 40 engaging the inner
      surface of upper end wall of the casing. The assembly is secured in
      position by means such as screw 65 which connects a flange 66 at the
      forward end of the mounting bracket 24 to the shroud 56.
PAR  The air inlet plenum 44 includes two oppositely extending air inlet passage
      67 and 68. In the embodiment illustrated in FIGS. 3 and 4, air inlet
      passage 68 extends rearwardly toward the back sidewall 70 of the casing
      and is sealably closed by a cap member 72 thereby rendering the air inlet
      passage 68 inoperable. However, the purpose of the duel air inlet passages
      is to provide access to the air suction means from either side of the wall
      structure 18 thereby permitting service of two areas by the vacuum
      cleaning system, one on each side of the wall in which it is installed.
      The back sidewall 70 of the casing is therefore provided with a knock out
      plug at 74 which when removed provides communication through the back
      sidewall of the casing into the air inlet passage 68. Thus, when desired
      an opening may then be provided in the wall panel 76 to provide access to
      the air suction means from that side of the wall. A flap cover of the type
      to be heretofore described in conjunction with the other air inlet passage
      67 is provided for selectively opening and sealably closing the open end
      of the passage 68.
PAR  Motor 46 is electrically operated by a switch assembly, generally
      designated 78, mounted within the plenum 44. The switch assembly 78, as
      best seen in FIGS. 3 and 4, comprises a plastic mounting plate 79 secured
      to the divider 40 by screws 80, plastic moveable actuator member 81
      pivotally mounted to the plate 79 intermediate its ends with arms 82 and
      83 depending therefrom and a microswitch 84 secured to the plate 79. The
      arms 82 and 83 are normally maintained at the ends of the air inlet
      passages 67 and 68, respectively, for reasons hereinafter to be described
      with one end 86 of the actuator member 81 positioned adjacent a spring
      loaded plunger 88 of the microswitch 84. When plunger 88 is depressed to
      close the switch 84, conductors 90, 91 and 92 electrically connect the
      electric motor 46 to a suitable source of current. An integral channel 93
      of the mounting plate 79 properly maintains the conductors 90 and 91 with
      respect to the other components of the switch assembly 78.
PAR  A metal shield or cover 94 is provided to cover the conductors 90, 91 and
      92 which are splice connected during the installation of the power unit.
      The shield 94 extends across the open side of the casing 20 generally
      above the power compartment 42 and includes a central opening 96
      positioned co-axially about the opening 98 of the air inlet passage 67.
      The shield 94 is secured to the insulating divider 40 by screws 100 and
      also includes downwardly extending tabs 102 on each side thereof, one of
      which is secured by a screw 104 or the like to a flange 106 at the forward
      end of the mounting bracket 24.
PAR  A cover or face plate, generally designated 108, of a decorative nature and
      preferably formed of a plastic material includes a marginal, outwardly
      extending integral flange 110 which fits against the outer surface of the
      wall panel 112. The face plate 108 encloses the open side of the casing 20
      and the assembly 38 slidably mounted therein. The face plate 108 is
      fixably mounted by screws 114 which secure the face plate 108 to the
      shroud 56 at 116. The face plate 108 includes an opening 118 which
      provides access to the air inlet passage 67. A plastic cover assembly
      generally designated 120, includes a tubular sleeve 121 which slidably
      fits onto the divider member 40 in a sealed relationship concentrically
      about the exterior surface of the passage 67 and within the central
      opening 96 of the shield 94. A flap cover 122 having an annular rib 126 is
      pivotally mounted at 128 for selective movement between an open position
      shown in FIG. 3 and a closed position shown in FIG. 5, with the annular
      rib 126 effecting a seal about the inlet end 127 of the tubular sleeve 121
      when the flap cover 122 is closed. Cam means (not shown) and the resilient
      nature of the plastic material forming the cover assembly 120 bias and
      maintain the cap in the respective opened and closed positions. The cover
      plate 108 is also provided with an opening 129 through which air is
      discharged from the motor.
PAR  As seen in FIGS. 6 through 16, the portable vacuum unit 14 broadly
      comprises a substantially spherical, hollow container, generally
      designated 130, which is sealably closed by a removable lid, generally
      designated 131. The closed container generally defines a vacuum chamber
      132. The container 130 and lid 131 are preferably plastic and form a
      significantly light weight and readily manueverable vacuum unit 14 for a
      housewife handling same. The container 130 includes a handle 133, inlet
      means, generally designated 134, and outlet means, generally designated
      136.
PAR  The inlet means 134 includes a tubular elbow member 138 with a tapered
      passageway 140 extending inwardly from an inlet open end 142 thereof which
      is coaxially positioned within an opening 143 of the container 130 and
      secured thereto. The end 144 of the passageway 140 adjacent the inlet end
      142 is enlarged for reasons hereinafter described. An interior integral
      support 146 of the container 130 serves to position and maintain the
      tubular elbow member 138 within the container as does an integral plate
      148 of the container which extends into an annular outer recess 150 about
      the outlet open end 152 of the tubular elbow member 140. Affixed to the
      outlet end 152 of the tubular elbow member is a ring member 154 having a
      pair of tapered exterior annular ribs 156 and 158 and an annular shoulder
      160 which abuts one side of the plate 146.
PAR  Within the portable vacuum unit 14 and generally symetrically positioned
      within the vacuum chamber 132 is a closed collection chamber 162, which is
      spaced radially inwardly from the interior walls 163 and 164 of the
      container and lid, respectively, thereby providing sufficient clearance
      therebetween. This surrounding space or clearance permits evacuation of
      air from the collecting chamber 162 across substantially the entire
      exterior surface thereof. This feature adds substantially to the operating
      efficiency of the system for reasons which will be apparent from the
      following discussion. The collection chamber 162 is defined generally by a
      dome shaped first filter element 166 and a dome shaped second filter
      element 168 connected annularly together by a dirt seal assembly,
      generally designated 170. The first filter element 166 includes a
      continuous circular sheet of filter media 171 such as cloth or the like
      with a central opening 172 therein. A resilient plastic cylindrical collar
      member 174 extends through the opening 172 with the inner periphery of the
      media 171 secured by means such as stitching 175 to a radially extending
      shoulder 176 thereof. An inwardly extending annular rib 178 at one end of
      the collar member 174 fits within the annular groove or recess 182 formed
      between the rib 156 and the annular shoulder 160 of the ring member 154
      thereby securing the first filter element 166 and providing communication
      with the inlet means 134 of the container 130.
PAR  The dirt seal assembly 170, as best seen in FIG. 8, includes first and
      second pliable plastic seal elements 184 and 186, with the first seal
      element having a cylindrical section 188 sealably secured to the outer
      periphery of the filter media 171 by means such as stitching 189 and an
      inwardly extending frusto-conical annular flange section 190. The second
      seal element includes a first frusto-conical section 191 secured to the
      outer periphery of a continuous circular sheet of filter media 192 of the
      second filter element 168 by such means as stitching 193 and a second
      frusto-conical section 194 provided with a plurality of annular ribs 196
      on one side thereof. The ribs 196 are adapted to be biased against the
      flat outside surface 198 of the frusto-conical annular flange section 190
      of the first seal element 184 when the lid 131 is secured to the container
      and thereby effect a seal therebetween.
PAR  A cylindrical section 200 of the second seal element 186 extending from the
      second frusto-conical section fits co-axially about an interior annular
      flange 201 of the lid 131 to secure and position the second filter element
      thereto. This cylindrical section 200 is also provided with a plurality of
      spaced openings 202 to permit a flow of air in the vacuum chamber 132
      about the collection chamber 162. Laterally extending interior ribs 204 on
      the lid 131 also maintain the desired clearance for air flow between the
      exterior of the collection chamber 162 and the interior surface of the lid
      131. Preferably, a disc of air porous material 208 concentrically
      positioned within the annular flange 201 and mounted between the ribs 206
      and the filter media 192 of the second filter element 168 is also
      provided. Moreover, this disc 208 acts as a secondary filter in the area
      adjacent the filter media 192 where a major portion of the dirt impinges
      from the outlet 152 of the elbow member 140.
PAR  The lid 131 is sealably to the container 130 by an air seal assembly,
      generally designated 210. Integrally attached to the cylindrical section
      188 of the first seal element and extending radially outwardly therefrom
      is a first seal element 211 of the dirt seal assembly 210 comprising an
      outer cylindrical ring 212 having an outwardly extending frusto-conical
      projection 214 with an annular lip 216 at the end thereof.
      Circumferentially spaced tabs 217 on the exterior surface of the ring 212
      and the lip 216 form an annular recess 218. On the other side of the
      projection 214 substantially opposite the annular recess 218 is an annular
      rib 220. A plurality of spaced passages 222 between the cylindrical ring
      212 and the cylindrical section 188 of the first seal element 184 provide
      for a flow of air in the vacuum chamber 132 about the collection chamber
      162 in a manner similar to the plurality of openings 202.
PAR  An integral annular flange 223 extending inwardly from the interior surface
      163 of the container extends into the recess 218 with a flexible plastic
      seal ring 224 mounted between the flange 223 and the projection 214. This
      secures the other end of the first filter element 168 together with the
      seal components thereof in place. The seal ring 224 acts both as a seal
      and a means for self-centering this end of the first filter element 168.
PAR  About the opening 225 of the container 130 adapted to receive the lid 131
      is an inwardly extending shoulder 226 having a beveled surface 228 and a
      plurality of three spaced slot openings 228 therein. The periphery of the
      lid 131 is provided with a beveled surface 238 which corresponds to the
      beveled surface 228 of the container. Inwardly adjacent the beveled
      surface 238 of the lid is an axially extending cylindrical sidewall 240
      having a beveled end 242 which engages the projection 214 of the seal
      member 210 and acts on the annular rib 220 to provide a seal therebetween
      and hold the seal ring 234 in a sealed relationship with respect to the
      flange 232 and the projection 214.
PAR  Adjacent the slot openings 229 are inclined ramps 244 which act as a cam
      and spaced projections 246 extending radially outward from the cylindrical
      sidewall 240 of the cover section are provided with inclined surfaces 248
      which act as cam followers. Thus, to accomplish the sealed relationship
      and to secure the lid 131 to the container 130, the spaced projections 246
      are aligned with the spaced slot openings 229 and the lid is moved axially
      inwardly to cause the beveled surface 238 thereof to engage the beveled
      surface 228 of the container. The lid 131 is then twisted by means of a
      grip 250 in a clockwise direction to cause the camming action between the
      ramps 234 and inclined surfaces 248 thereby bringing the various
      components of the dirt and air seals together in a sealed relationship. A
      reversal of the above described steps accomplishes a release of the lid
      from the container.
PAR  The inlet 134 of the container is adapted to receive either the end of a
      metal tubular wand 252 or the ends of other conventional cleaning
      implements. The end of the wand 252 extends axially into the passageway
      140 and the taper of the passageway 140 acts to secure the wand therein.
      This enlarged cylindrical section 144 of the passageway 140 is generally
      adapted to receive the ends of other cleaning implements or tools, as
      indicated by the phantom lines 254, when the wand 252 is not employed.
PAR  The outlet 136 of the container generally comprises an integral cylindrical
      extension 258 defining a passageway 260 therein which extends from an open
      outlet end 262 to the vacuum chamber 132. The outlet 136 is adapted to
      receive one end of the flexible suction hose 16 while the other end of the
      suction hose 16 is adapted to be received by the air inlet passage 67
      inlet of the air suction means thereby providing communication for air
      flow from the portable vacuum unit 14 to the stationary power unit 12. The
      flexible suction hose 16 generally comprises a hollow tubular plastic
      conduit 264 with the sidewall thereof including spiral corrugations 266.
      The connection means, generally designated 268, at each end of the plastic
      conduit are identical and therefore only one such connection means will be
      described in detail. The connection means 268 includes a relatively rigid
      cylindrical plastic cap 270 having internal spiral threads 272 threadably
      connected to the spiral corrugations 266 to thereby secure the cap 270 to
      the end of the conduit. The cap 270 also includes a reduced exterior
      surface 274 which terminates at an annular shoulder 276. The shoulder 276
      determines the axial extension of the cap 270 within the outlet of the
      vacuum unit or within the inlet of the power unit. Positioned co-axially
      within the cap 270 and extending beyond the open end 278 thereof is a
      conical member 280 having a plurality of aperatures 282 therethrough. The
      open cylindrical end 284 of the conical member 280 is provided with
      exterior spiral threads 286 which are received by the internal spiral
      corrugations of the conduit to secure the conical member thereto. The
      conical member 280 prevents particulate matter from passing through the
      hose and on into the power unit when the hose is detached from vacuum
      unit. In addition, there are a plurality of three circumferentially spaced
      openings (not shown) about the cylindrical cap 270 which also reduce the
      suction at the open end 278 to further avoid the passing of particulate
      matter through the hose when it is detached from the vacuum unit. These
      openings are, however, covered by the cylindrical extension 258 of the
      vacuum unit outlet when the hose is connected thereto to thereby provide
      full suction through the open end 284 of the hose.
PAR  In an alternative embodiment of the invention seen in FIG. 16, a bag 290 is
      employed within the collection chamber 162 to collect the dirt and dust
      particles sucked into the vacuum unit 14. The bag 290 generally comprises
      a bag or paper filter media 292 having a central opening 294 into the
      interior thereof which is re-inforced by a collar member 296. The collar
      member 296 is adapted to fit into the annular groove 298 formed between
      the annular ribs 156 and 158 of the ring member 154 and thereby provide
      between the bag 290 and the inlet of the container. Although use of the
      bag 290 is oftentimes preferable, it should be kept in mind that the
      vacuum cleaning system 10 will function without the bag 290 since the
      connected filter elements 166 and 168 serve in the same capacity as the
      bag 290.
PAR  When operating the vacuum cleaning system 10, the container 130 is closed
      by the lid 131 with or without a bag 290 contained within the collection
      chamber 162. The tightening of the lid 131 automatically connects the
      first and second filter elements 166 and 168 defining the collection
      chamber 162, automatically brings the components of the air seal assembly
      together in a sealed relationship and automatically brings the components
      of the dust or dirt seal assembly together in a sealed relationship. The
      wand 252 or other cleaning implements are secured to the inlet 134 of the
      closed container 130 and one end of the hose 16 is attached to the outlet
      136 of the closed container 130. The other end of the hose is then
      inserted into either the inlet passage 67 or the inlet passage 68, if
      operable, of the power unit 12 after the appropriate flap cover thereof
      has been opened. In this regard it should be noted that the end cap 268 of
      the hose 16 is adapted to engage the arm of the actuator 81 at the end of
      the inlet passage and thereby cause the plunger 88 of the micro-switch to
      be depressed. This automatically activates the motor of the power unit to
      cause air to flow through the system 10 from a cleaning tool at the end of
      the wand 252 or from a cleaning implement secured to the inlet of the
      vacuum unit 14.
PAR  It is important to note that during operation substantially all of dirt or
      dust or other particulate matter sucked into the system 10 is trapped
      within the collection chamber 162 and therefore does not pass into the
      flexible hose 16 where it might become trapped and thereby clog the hose.
      Moreover, the collection of the dirt or other particulate matter at a
      location remote from the power unit 12 and improved sealing of the
      collection chamber to prevent leakage of the particulate matter therefrom
      avoids impairment of the power unit. In this regard, it should be noted
      that the perforated conical member 280 at each end of the hose 16 and the
      screen 54 provide a further check against particulate matter entering into
      the motor of the power unit.
PAR  Another important feature of the invention involves the evacuation of the
      air from the collection chamber 162 which occurs substantially across the
      entire surface of the filter media and symmetrically thereabouts. This
      avoids a build-up or snowdrifting of the collected matter within one
      portion of the collection chamber 162 which occures when evacuation is
      restricted to a localized area of the filter media thereby restricting air
      flow through the system since the air must be drawn built-up, collected
      matter and substantially reducing the overall efficiency of the system.
      Moreover, the substantially spherical shape of the collection chamber
      maximizes the filter media surface area per volume of dirt collection
      capacity.
PAR  It should also be noted that the vacuum chamber 132 acts as a plenum
      chamber which adjusts the suction force according to the load at the
      working end of the cleaning tool. That is, full suction is not achieved
      until the air within the vacuum chamber 132 is evacuated and the inlet
      providing air thereto is completely shut off. Thus, for items such as
      drapes or the like which are substantially more porous than carpets or
      rugs and which create a substantially lesser load on the system, a reduced
      suction force is applied to avoid the problem of drawing the drapes up
      into the cleaning implement.
PAR  When the vacuum cleaning operation is completed or when it is desired to
      empty the collected dirt, dust or other particulate matter from the
      container, if a bag 290 is used, the lid 131 is removed from the container
      130 and the bag 290 pulled from the ring 154 and disposed of or, if a bag
      290 is not used, the container is inverted before the lid 131 is removed
      therefrom and the contents within the collection chamber 162 are dumped
      therefrom. Moreover, because the non-plastic components of the container
      are readily removeable the container may be washed out with water if
      desired.
PAR  Thus, it is readily apparent from the foregoing description that the
      present invention provides a highly efficient and substantially trouble
      free built-in vacuum cleaning system. Dirt or other particulate matter is
      trapped and collected before it enters components of the system, such as
      the flexible hose, where it might clog the system and before it enters
      components of the system, such as the motor, which it might damage. The
      new and improved sealing means of the system and in particular the tight
      dust and air seals of the portable vacuum unit together with the unique
      manner of evacuating air uniformly across substantially the entire filter
      media surface provide for an increased operating efficiency. In addition,
      the dual inlet of the power unit provides greater accessibility to areas
      to be serviced by the system.
PAR  Having fully described my invention, it is to be understood that I do not
      wish to be limited to the detail set forth, but my invention is of the
      full scope of the apended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vacuum cleaning system, a portable vacuum unit, comprising:
PA1  a housing having an inlet, an outlet, and a vacuum chamber therebetween
      through which air flows;
PA1  said housing having a removable lid attached thereto defining said vacuum
      chamber;
PA1  a flanged member secured to said housing;
PA1  a closed collection filter chamber connected with said inlet, said
      collection filter chamber including a filter means comprising a pair of
      separable and substantially hemispherical filter elements including
      flanged means joining said filter elements and said flanged member, said
      filter elements being joined so as to form a filter means enclosure
      adapted to trap particulate matter drawn into said inlet along with air
      and surrounded by said vacuum chamber thereby permitting evacuation of air
      from said collection chamber substantially uniformly across the surface of
      said filter means; and
PA1  air seal means sealably attaching said lid and said container to prevent a
      leakage of air therebetween.
NUM  2.
PAR  2. The system of claim 1, wherein said power unit is fixably mounted, said
      vacuum unit is portable, and said conduit means comprises a flexible hose
      to permit suction of particulate matter into said vacuum unit remote from
      said power unit.
NUM  3.
PAR  3. The system of claim 1, wherein a disposable bag of filter media is
      included within said collection chamber and within said filter means to
      hold the trapped particulate matter.
NUM  4.
PAR  4. A vacuum cleaning system as claimed in claim 1 including a power unit
      having air suction generating means, and
PA1  conduit means connecting said vacuum housing unit to said power unit for
      communication of air flow therebetween.
NUM  5.
PAR  5. A vacuum cleaning system as claimed in claim 1 including a power unit
      having an air inlet, an air outlet, and air suction generating means
      therebetween,
PA1  annular seal means sealably connecting said filter media elements to
      prevent a leakage of particulate matter and
PA1  means providing for communication for air flow between said air inlet of
      said power unit and said outlet means of said vacuum unit.
NUM  6.
PAR  6. The system of claim 1, wherein said annular seal means includes annular
      flange members sealably secured to the peripheries of said filter media
      elements, with at least one of said flange members being resilient and
      means biasing said flange members together in a sealed relationship.
NUM  7.
PAR  7. The system of claim 1, wherein one of said flange members includes
      annular ribs adapted to contact said other flange member.
NUM  8.
PAR  8. The portable vacuum unit of claim 1, wherein inclined surfaces included
      on said lid engage complimentary inclined surfaces on said container when
      said lid is twistably attached to said container to bias elements of said
      air seal means together.
NUM  9.
PAR  9. The portable vacuum unit of claim 8, wherein said filter means includes
      a pair of joined separable filter elements, one of which is operably
      connected to said lid and the other of which is operably connected to said
      container whereby detachment of said lid from said container permits the
      emptying of particulate matter trapped within said filter means.
NUM  10.
PAR  10. The portable vacuum unit of claim 9, wherein each said filter element
      is substantially hemispherical with annular dirt seal means sealably
      connecting the outer peripheries thereof thereby preventing a leakage of
      particulate matter therebetween.
NUM  11.
PAR  11. The portable vacuum unit of claim 10, wherein said dirt seal means
      includes a first seal element secured to said filter element connected to
      said container and secured to said container and a second seal element
      secured to filter element connected to said lid and secured to said lid
      whereby the attachment of said lid to said container forces said first and
      second seal elements together in a sealed relationship.
NUM  12.
PAR  12. The portable vacuum unit of claim 11, wherein air flow passageways are
      provided in said first seal element between filter element and said
      container and air flow passageways are provided in said second seal
      element and said lid to permit the flow of air in said vacuum chamber in a
      continuous path about said collection chamber.
NUM  13.
PAR  13. The portable vacuum unit of claim 9, wherein means are provided to
      support said filter elements in a spaced relationship with respect to said
      interior surfaces of said lid and said container.
NUM  14.
PAR  14. The portable vacuum unit of claim 8, wherein said air seal means
      comprises includes a first sealing surface on said container, a second
      sealing surface on said lid, and first and second seal elements
      therebetween adapted to effect a seal between said surfaces, said first
      seal element including a recess adapted to receive said first sealing
      surface and said second seal element comprising a seal ring having an
      annular flange positioned within said recess between said first sealing
      surface and said first seal element which concentrically positions said
      first seal element with respect to said first and second sealing surfaces.
NUM  15.
PAR  15. The portable vacuum unit of claim 14. wherein said first seal element
      includes a radially outwardly extending resilient projection adjacent said
      recess with an annular lip on one side thereof adapted to engage said seal
      ring and the other side thereof adapted to engage said second sealing
      surface, and means biasing said sealing elements against said sealing
      surfaces when said lid is attached to said container.
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ABST
PAL  A perforated floor panel for use in the construction of a floor for a
      "clean room" having a return air system, and the like, which provides a
      controlled constant balanced pressure drop across the floor and a roughing
      filtration of air passing through it, the floor panel comprising a
      perforated floor pan, a balancing pad, and a balancing pad retainer which
      holds the balancing pad in position against the bottom surface of the
      floor pan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to removable floor panels used for the
      construction of "clean room" and computer room floors, and more
      particularly, to a perforated floor panel.
PAR  Perforated floor panels are known and have utility in the construction of
      raised floors in applications requiring that an under floor space be
      provided. One application is, for example, computer room floors wherein an
      under floor space is required both for the many electrical cables
      supplying power to the computers, and a supply air plenum connecting the
      discharge of an air conditioner and the air intakes at the base of
      computers housed in the room.
PAR  Another application wherein perforated floor panels are particularly suited
      is for floors in "clean rooms" having a vertical laminar flow ventilating
      air system wherein the under floor space is utilized as an air return
      plenum.
PAR  It is extremely important in vertical laminar flow clean rooms that a
      controlled balanced laminar flow of ventilating air be maintained to
      continuously wash the entire "clean room" with a uniform amount of clean
      air. If a balanced laminar air flow is not maintained, turbulence and
      eddys will result which will catch containants and recirculate them
      throughout the room instead of carrying them out of the room through the
      return air plenum beneath the floor.
PAR  Balancing the air flow in a vertical laminar air flow clean room is
      generally done by, basically, two different methods:
PAR  1. Arranging solid and perforated floor panels making up the floor by trail
      and error to achieve a pattern of perforated floor panels which provides a
      balanced laminar flow.
PAR  2. Placing dampers to the underside of the perforated panels and adjusting
      them to allow different volume rates of flow-through individual panels
      until a balanced air flow is achieved.
PAR  Interchanging or shifting perforated and solid floor panels is a primitive
      way to balance the air flow in a clean room and only approaches laminar
      flow, but does not attain it because a portion of the floor is formed of
      solid panels. Usually, it is required that the floor panels are arranged
      so that the air return side of the room closest to the fans of an air
      circulating system servicing the room has only solid floor panels while
      the opposite side has all perforated floor panels. As soon as equipment is
      installed in the room, it becomes out of balance causing the air at the
      fan side of the room to cascade across the floor as it flows to the
      perforated panels, thus, eliminating any semblance of laminar flow.
PAR  Dampers, theoretically, provide unlimited adjustment of the amount of air
      flow passing through the floor so that the floor can be arranged in a
      checkerboard pattern of solid and perforated floor panels. However, in
      application, they do not properly perform the function of producing a
      laminar flow. While the air flow pattern can be balanced by adjusting the
      dampers, if any equipment housed in the room blocks one perforated panel
      or one damper is subsequently moved, the flow through the entire floor can
      be unbalanced. Further, the damper setting can be easily inadvertently
      altered by cleaning crews when they lift the panel to clean it. Indeed,
      even a force applied to the floor surface of the panel can distort it
      sufficiently to cause a change of the damper setting. In addition, dampers
      are relatively expensive and can be noisy, the noise being a disturbing
      influence to the concentration of persons performing delicate tasks within
      the room.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention recognizes and solves the shortcomings of the prior
      art perforated floor panels by providing a perforated floor panel which
      produces a constant controlled pressure drop and which concurrently
      functions as a roughing filter to capture particles that would otherside
      drop into the floor plenum. More particularly, the present invention
      provides a perforated floor panel for producing a controlled constant
      pressure drop across the floor of a clean room, and the like, the floor
      panel comprising: a floor pan comprising a planar perforated floor portion
      having an exposed top surface and an opposite bottom surface; a fiberous
      balancing pad disposed against the bottom surface of the pan; and
      balancing pad retainer means removably attached to the floor pan for
      retaining the balancing pad in position against the bottom surface of the
      pan.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention will be had upon reference
      to the accompanying drawings wherein like numerals refer to like parts
      throughout the several views and in which:
PAR  FIG. 1 is a perspective exploded view of a perforated floor panel of the
      present invention;
PAR  FIG. 2 is a perspective view of a balancing pad retainer of the present
      invention;
PAR  FIG. 3 is a fragmented perspective view of a floor constructed of a
      plurality of floor panels of the present invention;
PAR  FIG. 4 is a sectional view of a floor pan comprising the floor panel taken
      in the direction of arrows 4--4 in FIG. 1; and,
PAR  FIG. 5 is a sectional view of a floor pan similar to FIG. 4 and
      additionally showing a retaining clip of a peripheral frame member engaged
      therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  First, with reference to FIG. 1 there is illustrated a perforated floor
      panel, generally denoted by the numeral 10, comprising a generally
      rectangular perforated floor portion 12, a fluid pervious balancing pad 14
      and balancing pad retaining means 16.
PAR  With continued reference to FIG. 1, the perforated floor portion 12
      consists of a plurality of spaced, generally uniform perforations 18, a
      planar top surface 20, a bottom surface (not shown) generally parallel to
      the top surface 20, and a depending peripheral flange 22 extending
      downwardly from the periphery of the bottom surface. With continued
      reference to FIG. 1 and additional reference to FIG. 4, depending
      peripheral flange 22 is formed with a peripheral ledge or shoulder 24
      spaced from and generally parallel to the bottom surface of the perforated
      planar floor portion and extending inwardly of the space defined by the
      portion of the peripheral flange which is adjacent to the periphery of the
      bottom surface of the perforated floor portion.
PAR  The balancing pad 14 consists of a generally rectangular mat of fiberous
      material suitable for rough filtering, such as fiberglas, and having a
      generally uniform composition thickness.
PAR  With reference to FIG. 2, the balancing pad retainer means 16 comprises a
      generally rectangular planar grid-like structure, generally denoted as the
      numeral 26 comprising a peripheral frame member 28, a plurality of spaced
      crossed rod members 30 connected to each other at their intersections 32
      and connected to the frame member 28 at their ends, and a plurality of,
      such as four, retaining clips 34. The spacing between the rod members 30
      should be great enough to effect vertically no resistance to the flow of
      air through the grid-like structure.
PAR  For exemplary purposes, four retaining clips 34 are illustrated, one being
      located at each corner of the rectangular grid-like structure 26. However,
      any convenient number of clips 34 greater than four would work. Each clip
      34 comprises a resilient elongated rod 36 attached at one of its ends 38
      to the peripheral frame member 28 and projecting generally perpendicularly
      from the plane of the grid-like structure, and having its other end 40 a
      free end. A tongue 42 comprising a generally U-shaped bend in the rod 36
      is formed between its ends 38, 40. The tongue 42 projects generally
      outwardly of the rectangular grid-like structure 26 to engage the ledge 24
      (see FIG. 5).
PAR  The fluid pervious balancing pad 14, which can be of a fiberous material,
      is preferably rectangular and is installed in the space defined by the
      peripheral flange 22 and the bottom surface of the floor pan 12. The
      balancing pad retaining means 16 is installed so that grid-like structure
      26 overlays the exposed surface of the balancing pad in spaced
      relationship to the bottom surface of the floor pan 12 and so that each of
      the clips 34 extends generally upwardly between the margin of the
      balancing pad 14 and the inner face of peripheral flange 22. The tongue 42
      of each clip 34 nestingly engages the ledge 24, thus, retaining the
      balancing pad 14 in place (see FIG. 5). It should be noted that the
      resilient nature of the clips 34 permits the elongated rod 36 to be
      displaced generally inwardly of the grid-like structure allowing the
      tongue 42 to ride along the inner surface 21 of the flange 22 as the clip
      34 is being inserted between the margin of the balancing pad 14 and
      peripheral flange 22, and to resiliently move generally outwardly of the
      grid-like structure 26 when the tongue 42 is in position to engage the
      ledge 24.
PAR  Now turning to FIG. 3, there is shown a fragmented portion of an elevated
      perforated floor 44 constructed entirely of a plurality of perforated
      floor panels 10 adjacently disposed in side-by-side relationship. The
      details of the structure of the floor framing supporting the perforated
      floor panels 10 is well known in the art. One conventional floor framing
      support structure comprises a plurality of pedestals disposed in a
      checkerboard array such that the top end of each pedestal engages and
      supports the corner of each of four adjacently disposed floor panels.
      Another common floor framing support structure also employs pedestals
      spaced along a line corresponding to the juncture of adjacent rows of
      floor panels. A stringer in the form of, for example, an inverted T-beam
      is laid horizontally across the top end of each row of pedestals. Each
      stringer engages the floor panels of adjacently disposed rows of floor
      panels. These, and other floor framing support structures, are
      conventional and well known in the art and because they do not comprise
      any part of the present invention are not illustrated or further
      described.
PAR  The perforated floor 44 formed entirely of perforated floor panels 10
      provides a floor which has a controlled uniform pressure drop across it
      over the entire floor surface of a room in which it is installed. Thus,
      the entire floor surface is initially adjusted upon installation to
      provide the same pressure drop resulting in vertical laminar air flow of
      ventilating air as it flows into the room from a ceiling air supply (not
      shown) and out of the room through the floor 44. It has been determined in
      practice that once the pressure drop across the entire floor surface has
      been balanced, no further balancing or adjustment to the balance is
      required regardless of equipment locations or personnel movement within
      the room.
PAR  It is believed that the pressure drop across the floor panels caused by the
      floor impeding balancing pad resists changes in the pressure differential
      across the floor panel, and that temporary unbalances created by movement
      of persons or objects within the room obstructing particular floor panels
      which might otherwise cause the air flow to be redirected to other
      unobstructed floor panels, thus, destroying vertical laminar air flow, are
      thereby resisted.
PAR  An additional benefit derived from the fiberous balancing pad 14 is that it
      functions as a rough filter media as well as a pressure drop inducing
      means to filter larger particles of contaminents from the air passing
      through it. This filtering function has the advantage of preventing large
      particulate matter from falling into an under floor air return plenum
      usually formed beneath the floor 44 and being circulated to ceiling
      filters and return air fans which usually form the ceiling air supply
      system of the clean room, thus, extending the periods of time between
      which the ceiling filters must be cleaned.
PAR  It should further be recognized that the balancing pads can be easily
      removed for cleaning or replacement and reinstalled without upsetting or
      changing the initial balanced pressure drop across the floor 44.
PAR  The foregoing detailed description is given primarily for clearness of
      understanding and no unnecessary limitations should be understood
      therefrom, for modifications will be obvious to those skilled in the art
      upon reading this disclosure and may be made without departing from the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A perforated floor panel comprising:
PA1  a. a floor pan comprising:
PA2  a perforated planar floor portion having a top surface and an opposite
      bottom surface;
PA2  a flange extending downwardly from the periphery of said bottom surface;
      and,
PA2  a ledge formed in said peripheral flange spaced from and generally parallel
      to the bottom surface of said perforated planar floor portion, said ledge
      extends inwardly from the portion of said peripheral flange which is
      adjacent to the periphery of said bottom surface of said planar floor
      portion and into the space defined by that portion of said peripheral
      flange adjacent to the periphery of said floor pan bottom surface;
PA1  b. a fluid pervious balancing pad removably disposed within the space
      defined by said peripheral flange and said floor pan bottom surface, and
      in abutting juxtaposition with said floor pan bottom surface; and,
PA1  c. balancing pad retaining means comprising:
PA2  a peripheral frame member;
PA2  a generally planar grid-like structure of spaced crossed rod members
      connected to each other at the point of intersection and attached at their
      ends to said peripheral frame member; and
PA2  a plurality of retaining clips spaced equally around and attached to said
      peripheral frame member, each of said retaining clips comprising:
PA2  a resilient elongated rod attached at one end to said peripheral frame
      member and having its other end free; and,
PA2  a tongue formed between the ends of said elongated rod, said tongue
      projecting outwardly of said grid-like structure and resiliently nestingly
      engaging said ledge formed in said peripheral flange to captively hold
      said grid-like structure in spaced relationship to said bottom surface of
      said floor pan and captively containing said balancing pad between said
      floor pan bottom surface and said planar grid-like structure and holding
      said balancing pad against said bottom surface of said planar floor
      portion.
NUM  2.
PAR  2. The floor panel as defined in claim 1, wherein said tongue comprises a
      generally U-shaped bend formed in said elongated rod.
NUM  3.
PAR  3. The floor panel as defined in claim 2, wherein said elongated rod
      projects generally perpendicularly from the plane of said planar grid-like
      structure.
NUM  4.
PAR  4. The floor panel as defined in claim 1, wherein:
PA1  said planar perforated floor portion is substantially rectangular; and,
PA1  said planar grid-like structure is substantially rectangular.
NUM  5.
PAR  5. The floor panel as defined in claim 4, wherein said retaining clips are
      four in number and are generally equally spaced around the periphery of
      said planar grid-like structure.
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ABST
PAL  A process for producing a gas tight light transmitting optical fiber plate
      comprising arranging the optical fibers or bundles of the optical fibers
      in a die, heating and compressing the optical fibers at a temperature of
      between the transition point of the glass of the optical fibers and the
      softening point of the glass of the optical fibers thereby to weld the
      optical fibers together, and maintaining the welded optical fibers within
      that temperature range at a pressure higher than the pressure during the
      heating period which is sufficient to cause the shrinkage of voids by the
      surface tension of the optical fibers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a gas tight light transmitting optical fiber
      plate and, more particularly, to a process for producing a gas tight light
      transmitting optical fiber plate.
PAR  2. Description of the Prior Art
PAR  A highly gas tight light transmitting optical plate, which is used for the
      face plate of a cathode ray tube, is usually produced by arranging glass
      fibers or bundles of glass fibers, which are coated with a layer of a
      glass having a low refractive index, in a die, and compressing the
      arranged glass fibers at a high temperature to fill the voids between
      neighboring glass fibers. For producing a light transmitting optical plate
      having a high vacuum tightness, a high compression must be applied to the
      glass fibers at a high temperature. This often causes fins or projections
      from the side faces of the die, thus resulting in an increase in the cost
      of the light transmitting plate.
PAR  In addition, if the voids in the glass fiber bundles are closed, the closed
      voids are merely stretched in the axial direction of the fibers even with
      a high compression. Accordingly, if the formed or welded glass fiber
      product is cut along a plane perpendicular to the axial direction of the
      glass fiber, cylindrical voids having open ends often result in the
      product, thus decreasing its vacuum tightness. Furthermore, the
      conventional process, which includes the step of mechanically compressing
      the glass fiber bundles at a high temperature, bends and distorts the
      glass fiber bundles and results in a reduction in the resolving power of
      the cathode ray tube product obtained.
PAR  Another conventional process for producing light transmitting optical fiber
      plate comprises heating the bundles of the glass fibers surrounded by a
      material which has a low degree of expansion to a temperature at which the
      glass fibers are fluidized, causing a high static pressure in the fiber
      bundles due to the thermal expansion thereof, and thereby forcedly sealing
      the voids to form vacuum tight glass bundles. This process, however, is
      not economical and requires intricate apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, an object of this invention is to provide a light transmitting
      optical fiber plate having a high vacuum tightness and few cloudy spots
      (low light transmitting spots) with high yield.
PAR  This invention provides a process for producing a light transmitting plate
      comprising arranging optical fibers or bundles of optical fibers in a die,
      heating and compressing the optical fibers at a temperature ranging
      between the transition point of the optical fiber glass and the softening
      point of the optical fiber glass to weld the optical fibers together and
      maintaining the welded optical fibers at that temperature range.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The generation of cloudy spots results from a spheroidizing of the void
      between the fiber bundles. A large void greatly distorts the glass fibers
      and prevents transmission of light. This causes dark spots on the
      transmitted image. To eliminate the formation of cloudy spots, the optical
      fibers or the bundles of the optical fibers are heated and compressed, and
      then maintained at the desired temperature range for some period of time.
PAR  One feature of this invention is that the compression of the fibers or
      fiber bundles can be reduced according to the process of this invention as
      compared with the conventional process in which the vacuum tightness is
      formed only by compression on the fibers or the fiber bundles, thus
      reducing fin formation, resulting in a high yield and making the
      production of a large sized light transmitting optical fiber plate
      possible.
PAR  The voids caused in the optical fiber bundles or between the optical fiber
      bundles when arranged in a die are compressed for shrinking at a
      temperature range in which the optical fibers are fluidized, the
      compression is released when the diameter of the void is reduced below a
      predetermined value, e.g., below about 1 .mu., and the optical fibers are
      maintained at the desired temperature for some period of time. This
      invention has been accomplished on a discovery that after the voids are
      shrunk by compression to a predetermined value, the rate of the shrinking
      of the void diameter is dependent on the surface tension of the glass
      itself rather than the external pressure.
PAR  Another feature of this invention is that vacuum tightness can be obtained
      where the optical fibers are cut in a plane perpendicular to the axial
      direction of the fiber.
PAR  The void elongated between the optical fibers or the optical fiber bundles
      is spheroidized by maintaining the optical fibers at a temperature higher
      than the welding temperature for a predetermined period of time and
      increasing the pressure to a level higher than that during the heating
      period.
PAR  Where the spheroidized void is large, however, the optical fibers near the
      void are deformed and the light permeability is reduced. This causes a
      cloudy spot. Accordingly, the optical fibers are preferably heated and
      welded under reduced compression e.g., less than about 10 Torr, for
      removing the gasses in the voids caused when the optical fibers or the
      bundles are arranged in the die, gasses generated from the glass itself,
      and gasses released from the optical fiber surfaces. Where the reduced
      pressure is greater than 10 Torr, cloudy spots are frequently formed. On
      the other hand, the formation of cloudy spots is reduced in accordance
      with a pressure reduction below 10 Torr. Therefore, the pressure is
      preferably not higher than 1 Torr. Since the gasses are generated from the
      glass at an elevated temperature, the glass fibers are preferably heated
      and degassed at a temperature slightly lower than the temperature at which
      the optical fibers are softened and deformed to seal the voids, and the
      welded optical fibers are fully evacuated at that temperature for a period
      of time and also during the cooling period down to the welding
      temperature.
PAR  The temperature at which the optical fibers are compressed preferably
      ranges from the transition point of the optical fiber glass to the
      softening point thereof. If the heating temperature is not higher than the
      transition point, the optical fibers are hardly fluidized and often are
      broken, and an extremely long period of time is required for shrinking the
      voids between the optical fiber bundles.
PAR  On the other hand, the softening and deformation of the optical fiber
      bundles are caused by heating the bundles at a temperature higher than the
      softening point, and accordingly, the optical fiber bundles are welded
      locally surrounding the voids and gasses from the glass itself are
      generated. Such optical fibers tend to have large sized spheroidal voids
      therein.
PAR  The preferable temperature used changes with the changes in the viscosity
      and forming pressure of the core glass and the viscosity and forming
      pressure of the coated glass, but the temperature preferably is a
      temperature at which the viscosity exhibited ranges from about 10.sup.8 to
      10.sup.12 poise. Where the forming pressure is about 10 to 500 kg/cm.sup.2
      and the viscosity of the core glass is equal to the viscosity of the
      coated glass, the time required for welding at that temperature is several
      minutes to several hours. Where the viscosity of the core glass is
      different from the viscosity of the coated glass, the lower limit of the
      heating temperature is defined by the transition point of the higher
      viscosity glass, while the upper limit of the heating temperature is
      defined by the softening point of the lower viscosity glass.
PAR  The temperature and time period at which the glass is maintained to
      spheroidize the voids trapped in the optical fiber glass are selected
      suitably based on the change in the viscosity of the glass or the
      thickness of the light transmitting plate, but this temperature preferably
      ranges from the softening point of the optical fiber glass to the
      transition point of the optical fiber glass. Where the viscosity of the
      core glass is different from the viscosity of the coated glass, the upper
      limit of the temperature at which the glass fiber is maintained is defined
      by the softening point of the lower viscosity glass while the lower limit
      of the temperature at which the glass fiber is maintained is defined by
      the transition point of the higher viscosity glass. At the transition
      point, the rate of the reduction in the length of the void is extremely
      small and thus a very long period of time is required to shorten a void
      having a diameter of 1 .mu. and the length of 10 mm into a void having a
      length of 5 mm. If the temperature at which the glass fiber is maintained
      exceeds the softening point, the softening and deformation of the welded
      fiber bundles are undesirably caused. The temperature at which the glass
      fiber is maintained is preferably equal to the welding temperature or
      about 10.degree. to 100.degree.C higher than the welding temperature,
      since the viscosity at the temperature at which the glass fiber is
      maintained is about 10.sup.10 to 10.sup.7 poises and preferably slightly
      lower than that at the welding temperature for shortening the period of
      time for which the glass is maintained at this temperature. The period
      becomes shorter as the welding temperature is increased. For producing a
      vacuum tight light transmitting optical fiber plate having a thickness of
      5 mm, the maintenance period is about 2 hours with a viscosity of about
      10.sup.8 poises, where the size of the void is about 1 .mu..
PAR  The invention is applicable to a broad range of types of glasses and
      optical fibers produced therefrom. The only requirements with respect to
      the glass types and optical fiber types for the invention is that the
      processing types and conditions set forth herein be met for the type of
      glass and optical fiber used. An appropriate and preferred glass
      composition for the optical fiber is the use of a soda-lime glass as a
      clad glass and barium flint glass as a core glass.
PAR  The invention is further illustrated in greater detail by reference to the
      following examples. Unless otherwise indicated, all parts, percents,
      ratios and the like are by weight.
PAC  EXAMPLE 1
PAR  Optical fibers, each having a diameter of 1 mm, were produced by the "pipe
      rod process" using a soda-lime glass (transition point 525.degree.C,
      softening point 680.degree.C, refractive index 1.52) as the coating glass
      and a barium flint glass (transition point 575.degree.C, softening point
      690.degree.C, refractive index 1.66) as the core glass. A rod of the
      optical fibers was formed to have a hexagonal cross section with 2 cm
      sides using these optical fibers. The light transmitting plate was formed
      by bundling the hexagonal rod according to the following process.
PAR  1. The optical fiber bundles were arranged in a metallic die having a cross
      section of 30 mm .times. 40 mm and a length of 40 mm, heated therein at
      605.degree.C while applying a pressure of 50 kg/cm.sup.2 for the period of
      time necessary to reduce the starting cross section of the arranged
      optical fiber bundles to 70% of the starting cross section. Then, the
      compression was released, and the formed body was cooled slowly and cut
      into a thickness of 5 mm parallel to the end face. The plates obtained
      were ground and polished.
PAR  2. The optical fiber bundles were arranged in the same metallic die as
      described for process (1), and compressed using the same conditions as in
      process (1). After releasing the compression, the formed body was heated
      to 640.degree.C for 4 hours, cooled slowly to room temperature (about
      20.degree.- 30.degree.C), and cut into a thickness of 5 mm. The plates
      obtained were ground and polished.
PAR  The light transmitting optical fiber plates thus produced were subjected to
      testing for vacuum tightness using a herium leak detector. The light
      transmitting plate produced by process (1) exhibited a leak value of 1
      .times. 10.sup.-.sup.6 Torr cc He/sec, whereas the light transmitting
      plate produced by process (2) exhibited a leak value of less than 1
      .times. 10.sup.-.sup.10 Torr cc He/sec, and accordingly was completely
      vacuum tight. In addition, the number of cloudy spots of a size of more
      than 100 .mu. which prevented light transmission was 70 per 10 cm.sup.2
      area, according to a visual inspection of the light transmitting plate
      magnified 100 times using a magnifying glass.
PAC  EXAMPLE 2
PAR  A light transmitting plate was produced according to the following process
      using the same type of optical fiber bundles as described in Example 1.
PAR  1. Optical fiber bundles were arranged in a metallic die having a cross
      section of 30 mm .times. 40 mm and a length of 40 mm and heated in a
      reduced pressure furnace at 580.degree.C while reducing the pressure to
      10.sup.-.sup.4 Torr. Meanwhile, 100 kg/cm.sup.2 of compression was applied
      to the optical fibers to reduce the starting cross section into about 80%
      thereof. Then, the compression was released, and the formed body was
      cooled slowly to room temperature and cut into a thickness of 5 mm. The
      plate obtained was ground and polished.
PAR  2. Optical fiber bundles were arranged in the same metallic die as
      described in process (1), and compressed using the same conditions as
      described in process (1). After releasing the compression, the formed body
      was heated to 660.degree.C for 2 hours, cooled slowly to room temperature,
      and cut into a thickness of 5 mm. The plate obtained was ground and
      polished.
PAR  3. Optical fiber bundles were arranged in the same metallic die as
      described in process (1) and compressed using the same conditions as
      described in process (1). After releasing the compression, the pressure in
      the reducing furnace was reduced to 10 Torr, and the formed body was
      heated at 660.degree.C for 2 hours. Then, the formed body was cooled
      slowly to room temperature and cut into a thickness of 5 mm. The plate
      obtained was ground and polished.
PAR  The number of cloudy spots of a size greater than 100 .mu. which prevented
      light transmission was inspected on the samples which were magnified 100
      times using a magnifying glass. The light transmitting plate produced by
      process (2) exhibited 65 cloudy spots per 10 cm.sup.2 of area, while the
      plate produced by process (3) exhibited 25 cloudy spots per 10 cm.sup.2 of
      area.
PAC  EXAMPLE 3
PAR  The same type of optical fiber bundles as described in Example 1 were
      arranged in the same metallic die, and heated in the reduced pressure
      furnace at 620.degree.C, while reducing the pressure in the furnace from 1
      Torr to 10.sup.-.sup.5 Torr. Meanwhile, 50 kg/cm.sup.2 of compression was
      applied to the optical fibers to reduce the starting cross section into
      about 70% thereof. After releasing the compression, the pressure in the
      furnace was increased to 760 Torr and the formed body was heated at
      640.degree.C for 4 hours. Then, the formed body was cooled slowly to room
      temperature and cut into a thickness of 5 mm. The plate obtained was
      ground and polished.
PAR  The vacuum tightness and the number of the cloudy spots of a size of
      greater than 100 .mu. which prevented the transmission of the light were
      tested on these light transmitting plates in the same manner as described
      in Example 1. The test results obtained are shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Pressure in the Re-                                                       
                    Vacuum Tightness                                           
                                Number of                                      
     duced Pressure Furnace     Cloudy Spots                                   
     (Torr)         (Torr cc He/sec)                                           
                                (per 10 cm.sup.2 area)                         
     __________________________________________________________________________
     1  1           less than 1 .times. 10.sup.-.sup.10                        
                                15                                             
     2 10.sup.-.sup.2                                                          
                    less than 1 .times. 10.sup.-.sup.10                        
                                8                                              
     3 10.sup.-.sup.4                                                          
                    less than 1 .times. 10.sup.-.sup.10                        
                                5                                              
     4 10.sup.-.sup.5                                                          
                    less than 1 .times. 10.sup.-.sup.10                        
                                3                                              
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  The same type of optical fiber bundles as described in Example 1 were
      arranged in a metallic die having a cross section of 50 mm .times. 50 mm
      and a length of 70 mm, and heated in the reduced pressure furnace at a
      temperature ranging between 560.degree.- 580.degree.C. The pressure in the
      furnace was kept at 10.sup.-.sup.3 Torr and 10 to 500 kg/cm.sup.2 of
      compression was applied to the heated optical fiber bundles to reduce the
      cross section to about 50% of the starting cross section. After releasing
      the compression, the pressure in the furnace was kept at 760 Torr, and the
      formed body was kept at a temperature ranging between 620.degree.C and
      680.degree.C for some period of time. The formed body was then cooled
      slowly and cut into a thickness of 5 mm. The light transmitting fiber
      plate obtained was ground and polished.
PAR  The vacuum tightness and the number of the cloudy spots of a size greater
      than 100 .mu. which prevented the transmission of the light were tested on
      these light transmitting plates in the same manner as described in Example
      1. The test results obtained are shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Sample                                                                    
         Welding  Heating Vacuum Tight-                                        
                                   Number of                                   
     Temp.   Pressure                                                          
                  Temp.                                                        
                      Time                                                     
                          ness     Cloudy Spots                                
     (.degree.C)                                                               
             (kg/cm.sup.2)                                                     
                  (.degree.C)                                                  
                      (hour)                                                   
                          (Torr cc He/                                         
                                   (per 10 cm.sup.2                            
                          sec)     area)                                       
     __________________________________________________________________________
     1   560 500  600 24  &lt;1 .times. 10.sup.-.sup.10                           
                                   7                                           
     2   590 200  620 8   &lt;1 .times. 10.sup.-.sup.10                           
                                   6                                           
     3   640  50  650 3   &lt;1 .times. 10.sup.-.sup.10                           
                                   8                                           
     4   680  10  680 0.5 &lt;1 .times. 10.sup.-.sup.10                           
                                   10                                          
     __________________________________________________________________________
PAR  As particularly described in the above Examples, the process according to
      this invention has the advantages that the amount of fins projecting from
      the forming metallic die is very small and light transmitting plates which
      are defective due to a poor vacuum tightness are rarely produced as
      compared with conventional processes. Especially, by reducing the
      surrounding pressure during the welding of the optical fiber bundles, and
      then increasing the pressure and maintaining the formed optical fibers at
      an elevated temperature ranging between the transition point and the
      softening point of the optical fiber glass, light transmitting plates
      having less cloudy spots and a high vacuum tightness can be produced with
      high yield. Thus, the process of this invention is suitable for producing
      light transmitting plates used for the face plate of a cathode ray tube.
PAR  While this invention has been described with reference to particular
      embodiments thereof, it will be understood that numerous modifications may
      be made by those skilled in the art without actually departing from the
      scope of the invention.
PAR  Therefore, the appended claims are intended to cover all such equivalent
      variations as coming within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a light transmitting plate comprising arranging
      optical fibers or bundles of optical fibers in a die, heating the optical
      fibers to a temperature ranging between the transition point of the
      optical fiber glass and the softening point of the optical fiber glass,
      welding the heated optical fibers together by applying compression under a
      reduced pressure, releasing the applied compression after the welding of
      the optical fibers, and maintaining the welded optical fibers at that
      temperature range at a pressure higher than the pressure during the
      heating period which is sufficient to cause the shrinkage of voids by the
      surface tension of the optical fibers.
NUM  2.
PAR  2. The process of claim 1, including heating the optical fibers or bundles
      of optical fibers to a temperature slightly lower than the softening and
      deformation temperature of the optical fibers and degassing prior to said
      heating and compressing of the optical fibers at a temperature ranging
      from said transition point to said softening point.
PATN
WKU  039429660
SRC  5
APN  3526860
APT  1
ART  173
APD  19730419
TTL  Methods of preparing ceramic material
ISD  19760309
NCL  7
ECL  1
EXP  Kellogg; Arthur D.
INVT
NAM  Kroyer; Karl Kristian Kobs
CTY  Aarhus-Viby
CNT  DK
INVT
NAM  Fredsted; Tage
CTY  Aarhus-Viby
CNT  DK
INVT
NAM  Brocks; Gunnar
CTY  Holmstrup
CNT  DK
ASSG
NAM  Karl Kristian Kobs Kroyer
CTY  Aarhus-Viby J.
CNT  DK
COD  05
PRIR
CNT  UK
APD  19720421
APN  18645/72
PRIR
CNT  UK
APD  19730112
APN  1781/73
CLAS
OCL   65 33
XCL   65 18
XCL   65 19
XCL  106 48
XCL  106 52
EDF  2
ICL  C03C  322
FSC   65
FSS  19;33;18;21
FSC  106
FSS  48;52
UREF
PNO  3377660
ISD  19680400
NAM  Marshall et al.
OCL  106 48
UREF
PNO  3527649
ISD  19700900
NAM  Sullivan
OCL  106 48
FREF
PNO  7,142,115
ISD  19711200
CNT  JA
OCL  106 52
LREP
FRM  Watson Cole Grindle & Watson
ABST
PAL  A method of preparing a ceramic material comprising the steps of forming a
      mixture of crystallizable glass frit particles and a silicate binder
      having a melting point of between 950 and 1,100.degree.C, heating the
      mixture to melt the binder and to initiate crystallization of the
      crystallizable glass frit and cooling the heated mixture to room
      temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel method for making ceramic material. More
      particularly, the invention relates to building elements, such as bricks,
      and an aggregate material for road construction consisting of the ceramic
      material.
PAR  Lime sand bricks which are well known building elements have found
      widespread use within the building industry. Such bricks are prepared by
      subjecting a preformed mixture of sand and burned lime to a heat treatment
      at a temperature of about 200.degree.C under a pressure of 14-16
      atmospheres and in the presence of steam.
PAR  Improved lime sand bricks have been prepared by wholly or partially
      replacing the sand of the mixture by granulated devitrified glass. Such
      bricks present the advantage of being white whereas the normal lime sand
      bricks are greyish and of maintaining their whiteness even under wet
      conditions. However, the use of devitrified glass particles necessitates a
      relatively complicated procedure because the devitrified glass particles
      have to be prepared separately by a process comprising an initial
      preparation of glass frit and a subsequent heating and cooling of the frit
      to crystallize the frit.
PAR  It is also well known to use devitrified glass particles as an aggregate
      material in bituminous road surfacing materials.
PAR  The object of the invention is to provide a method for making ceramic
      material suitable for the production of building elements having improved
      properties compared to the prior art products by a simple process.
PAR  Another object of the invention is to provide a novel aggregate material
      for road construction imparting to road surfaces containing such aggregate
      material an increased skidresistance.
PAC  SUMMARY OF THE INVENTION
PAR  The ceramic material of the invention comprises particles of devitrified
      glass firmly bonded together by a binder consisting of solidified silicate
      melt, the binder having a melting point of between 950.degree. and
      1,100.degree.C.
PAR  By using such a binder the separate production of devitrified glass
      particles can be avoided. Thus, if a mixture of particles of a glass frit
      and the binder is heated to a temperature of between 950.degree. and
      1,100.degree.C, the binder melts and adheres to the surfaces of the glass
      frit particles. At the high temperatures in question the molten binder
      also reacts with the siliceous compounds of the glass frit particles.
PAR  At the same time, however, a crystallization within the glass frit
      particles is initiated and the glass frit particles are converted into
      devitrified glass particles.
PAR  After cooling to room temperature the product obtained consists of
      devitrified glass particles firmly bonded together by the solidified
      silicate melt.
PAR  The mixture of glass frit particles and binder is preferably molded before
      firing so as to obtain fired products having predetermined dimensions.
      Such products are particularly suitable as building elements, such as
      bricks, because they combine the porosity and strength of the prior art
      lime sand bricks with high resistance to chemical attack and surface
      properties which make such elements repellent to dirt.
PAR  Thus, contrary to the prior art lime sand bricks which normally contain
      unreacted lime, the building elements of the invention are resistant to
      acids and are consequently more suitable for use in areas in which the air
      is contaminated with acid-reacting compounds, such as sulphur compounds.
PAR  Furthermore, since the building elements consisting of the ceramic material
      of the invention are composed of vitreous particles, dirt particles have a
      lower tendency to adhere to the surface of such building elements than to
      the surface of the prior art building elements.
PAR  The prior art production of colored sand lime bricks and devitrified glass
      lime bricks has been performed by mixing pigments into the mortar. This
      process is rather expensive, but what is even more important, the number
      of obtainable colors is rather restricted, and the appearance is dull and
      susceptible to alterations due to the weathering.
PAR  Also ordinary clay bricks can be obtained only with a limited number of
      colors.
PAR  By glazing clay bricks, various colors can be obtained, but this process is
      extremely expensive, and the glazed surface is airtight and therefore
      unable to breathe.
PAR  However, elements consisting of the ceramic material of the invention can
      be produced in almost any desired color. Thus, such elements can be
      produced in i.a. the light pastel shades which have been in great demand
      by modern architects during the recent years.
PAR  As indicated above the ceramic material of the invention is produced by the
      steps of forming a mixture of particles of crystallizable glass frit and a
      silicate binder having a melting point of between 950.degree. and
      1,100.degree.C, heating the mixture to a temperature of between
      950.degree. and 1,100.degree.C so as to melt the binder and initiate a
      crystallization of the glass frit particles and cooling the fired mixture
      to room temperature. The frit particles and the binder are preferably
      formed to obtain a desired shape before the shaped article is fired.
PAR  The shaped articles maintain their dimensions during heating to firing
      temperature and also during the subsequent cooling step. Therefore, the
      cooling can be performed at a higher rate than that of the normal building
      bricks.
PAR  A particularly suitable binder is water glass which is used in the form of
      an aqueous solution, such as a 36.degree. Be solution. When mixed with the
      glass frit particles, the water glass solution wets the particles and
      forms a thin coating on the surfaces of the particles. The provision of
      this coating ensures a firm bond between adjacent particles during the
      subsequent firing step.
PAR  Another preferred type of binder is finely divided glass, such as crushed
      waste glass. The small particles of such glass can be uniformly
      distributed in the mass of glass frit particles and ensure after heating
      and cooling of the mass strong bonds between the devitrified glass
      particles. In this manner waste glass which causes serious pollution
      problems can be economically utilized.
PAR  A special advantage of the method of the invention is that the ceramic
      articles can be prepared and given a desired color in one single
      operation.
PAR  Thus, if an enamel frit is applied to the shaped article before it is
      fired, the firing of the article will not only result in the obtaining of
      a strongly coherent mass but also in the formation of a glaze within the
      zones coated with the enamel frit. Thus, although the base material
      consisting of devitrified glass particles and binder is white, the surface
      of the articles can be given many different weather resistant colors.
PAR  By selecting a suitable enamel frit with a low viscosity, the color
      penetration will be good and will not interfere with the desired porosity
      of the articles.
PAR  A desired color can also be obtained by applying a suspension of one or
      more pigments in a water glass solution on to the surface of the shaped
      article before it is fired.
PAR  Instead of applying an enamel frit or a pigment suspension onto the surface
      of the shaped article, coloring substances can also be incorporated in the
      binder used, for example in a water glass solution.
PAR  The crystallizable glass frit preferably has the following composition:
     SiO.sub.2  above 60   % by weight                                         
     CaO + MgO  above 20   % by weight and preferably                          
                above 25   % by weight                                         
     Al.sub.2 O.sub.3                                                          
                below  5   % by weight                                         
     K.sub.2 O + Na.sub.2 O                                                    
                below  5   % by weight                                         
     Fe.sub.2 O.sub.3                                                          
                below  1   % by weight                                         
     S          below  1   % by weight                                         
PAR  The crystallizable glass frit is prepared by heating a mixture of the
      starting materials to a temperature of about 1,500.degree.C and by
      quenching the product thus formed in water. The granular glass frit thus
      formed is preferably crushed to obtain particle sizes of between 0 and 2
      mm before it is used for the production of the ceramic material of the
      invention.
PAR  The crushed glass frit particles may be partially replaced, i.e., in an
      amount up to 50% by weight, by particles of waste glass, such as crushed
      beer bottles and crushed window glass.
PAR  The amount of binder used depends on the particle size of the
      non-crystallizable glass material becuase the finely divided glass product
      acts as a binder.
PAR  Articles having a particularly high strength are obtained when two or more
      fractions of waste glass having different particle sizes are mixed with
      the glass frit material. In that case the small particles cement the
      larger particles together. Articles made from two or more fractions of
      colored glass particles also present the advantage of having an
      aesthetically pleasant appearance.
PAR  The strength of the articles can be improved by incorporating in the
      crystallizable glass frit substances which retard the crystallization
      thereof. By incorporating such substances an increased amount of binder
      melts before the crystallization takes place. As an example of such
      compounds Al.sub.2 O.sub.3 can be mentioned. Thus, it may be desirable to
      add Al.sub.2 O.sub.3 to the material used for the production of the glass
      frit in an amount of up to 2.5% by weight in excess of the amount which
      normally is required to obtain a crystallizable glass frit, viz. up to 5%
      by weight.
PAR  A similar effect can be obtained by adding to the glass frit particles a
      flux, such as lime, which catalyzes a melting at the surfaces of the glass
      frit.
PAR  The ceramic material of the invention is particularly suitable for use as
      an aggregate for road construction because particles of the ceramic
      material significantly increases the skid-resistance of road surfaces
      containing such aggregate material.
PAR  The aggregate material is preferably prepared from a mixture of
      crystallizable glass frit and binder which mixture is shaped so as to form
      a plate or a rod having a thickness similar to the diameter of the desired
      aggregate particles, e.g. about 12 mm.
PAR  The mixture may also be formed into briquettes or shaped in a press and the
      surface of the article thus formed is preferably embossed in a
      predetermined matter so as to facilitate the final crushing of the fired
      product. The shaped articles are then dried and fired at a temperature of
      1,000.degree.-1,200.degree.C. After the firing the articles are crushed
      and sieved. The fine particles may be recycled to the mixing step.
PAR  In an alternative method the mixture of crystallizable glass frit and
      binder is granulated to form particles of shape and size similar to that
      of the desired final particles. After drying the particles thus formed are
      fired at a temperature of about 1,000.degree.C preferably in a rotary
      kiln.
PAR  In a modified method the mixture of crystallizable glass frit and binder is
      molded or extruded so as to form plates, rods and the like and these
      articles are then dried. Subsequently, the dried articles are crushed to
      form particles having a shape and size corresponding to that of the
      desired final particles. These particles are finally fired preferably in a
      rotary kiln.
PAR  The aggregate particles thus prepared comprise conglomerates of
      crystallized glass particles which are firmly bonded together by the
      binder.
PAR  When the ceramic material is to be used as an aggregate material, part of
      the crystallizable glass frit particles used in admixture with the binder
      may be replaced by finely divided mineral particles, such as crushed waste
      glass or sand.
PAR  A satisfactory product for use as an aggregate material has been obtained
      from a mixture consisting of 70-75 parts by weight of crystallizable glass
      particles having a particle size of between 0 and 2 mm in admixture with
      fine particles having a particle size of between 0 and 140 .mu..
PAR  When incorporated into a road surfacing material the aggregate particles
      impart to the road surface a high skid-resistance. The skid-resistance is
      measured according to British Standard Method 812:67 and the
      skid-resistance is expressed in the term of its "Polished Stone Value"
      (P.S.V.). The aggregate material of the invention has P.S.V.-values of the
      order of 70-75 and an Aggregate Abrasion Value (A.A.V.) of below 15
      according to British Standard Method 812:1972.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention will now be described in further detail with reference to the
      following non-limiting examples.
PAC  EXAMPLE 1
PAR  The following materials were mixed:
TBL  Waste glass (beer bottles) having                                         
     a particle size of up to 2 mm                                             
                            40% by weight                                      
     Crystallizable glass frit having                                          
     a particle size of up to 2 mm                                             
                            40% by weight                                      
     Crystallizable glass frit having                                          
     a particle size of up to 160 .mu.                                         
                            20% by weight                                      
PAR  10 ml water glass solution having a concentration of 36.degree. Be were
      added per 100 g of the mixture. The mixture thus obtained was shaped to
      form a plate and the plate thus formed was coated with a chromium oxide
      enamel. The coated plate was then fired at a temperature of
      1,050.degree.C. A plate comprising a white base material and a green
      surface was formed.
PAR  The crystallizable glass frit had been prepared from a glass frit having
      the following composition:
TBL  SiO.sub.2        70       % by weight                                     
     CaO              23       % by weight                                     
     MgO              2        % by weight                                     
     Al.sub.2 O.sub.3 3        % by weight                                     
     Fe.sub.2 O.sub.3 0.3      % by weight                                     
     Na.sub.2 O + K.sub.2 O                                                    
                      1.7      % by weight                                     
PAC  EXAMPLE 2
PAR  The following materials were mixed:
TBL  Crystallizable glass frit having                                          
     a particle size of up to 2 mm                                             
                            90% by weight                                      
     Waste glass powder (beer bottles)                                         
     having a particle size of up to                                           
     160 .mu.               10% by weight                                      
PAR  5 ml water glass solution having a concentration of 36.degree. Be and 5 ml
      water were added per 100 g of the mixture. The mixture thus obtained was
      shaped to form a plate and the plate was coated and burned in the manner
      set forth in Example 1. A plate having similar colors was obtained.
PAC  EXAMPLE 3
PAR  The following materials were mixed:
TBL  Crystallizable glass frit having                                          
     a particle size of up to 2 mm                                             
                            70% by weight                                      
     Waste glass (window glass) having                                         
     a particle size of up to 160 .mu.                                         
                            30% by weight                                      
PAR  5 ml glass solution having a concentration of 36.degree. Be and 5 ml water
      were added per 100 g of the mixture. The mixture was shaped to form a
      plate and the plate thus formed was coated with a basic zirconium oxide
      containing enamel containing 0.5% chromium oxide. The coated plate was
      fired at a temperature of 1,050.degree.C, and the plate formed had a light
      green color.
PAC  EXAMPLE 4
PAR  The following materials were mixed:
TBL  Crystallizable glass frit having                                          
     a particle size of up to 2 mm                                             
                            80% by weight                                      
     Crystallizable glass frit having                                          
     a particle size of up to 160 .mu.                                         
                            20% by weight                                      
PAR  10 ml water glass solution having a concentration of 36.degree. Be were
      added per 100 g of the mixture. The mixture was shaped to form a plate and
      fired at a temperature of about 1,050.degree.C to form a white plate. The
      plate thus produced was treated with 1 N HCl at 20.degree.C for 1 hour. A
      prior art lime sand brick containing devitrified glass particles as the
      sand component was subjected to a similar treatment. No weight loss could
      be observed in case of the product of the invention whereas the prior art
      product showed a weight loss of 2.2%.
PAC  EXAMPLE 5
PAR  A shaped plate was prepared as described in example 4 and was then coated
      with a mixture of a basic enamel containing zirconium oxide and a copper
      oxide containing enamel. The coated plate was then fired at a temperature
      of 1,050.degree.C to form a white product having a turquise surface color.
PAC  EXAMPLE 6
PAR  A mixture consisting of 90% by weight of crystallizable glass frit
      particles having a particle size of up to 2 mm and 10% by weight of glass
      powder (beer bottles) having a particle size of up to 160 .mu. was
      prepared. 5 ml water glass solution of a concentration of 36.degree. Be
      and 5 ml water were added per 100 g of the mixture. The mixture thus
      prepared was shaped so as to form briquettes and the briquettes were fired
      at a temperature of 1050.degree.C. After cooling, the briquettes were
      crushed and the material thus produced was sieved.
PAR  The material thus obtained has a P.S.V.-value of 73 and an A.A.V.-value of
      6.5. The fraction having a particle size of 5-8 mm was used as an
      aggregate material (25% of the total amount of the aggregate) in an
      asphaltic concrete wearing course mix. 6 months after the construction of
      a road surface on the basis of the mix the coefficient of friction
      (sideway force coefficient) 0.8 at 80 km/h was measured and the light
      reflection properties of the road surface were found to be excellent.
PAC  EXAMPLE 7
PAR  A ceramic plate material prepared by the method described in example 4 was
      crushed and sieved. The P.S.V.-value was 71 and the A.A.V.-value was 7.4.
      The fraction having a particle size of between 12 and 16 mm was rolled
      into the surface of a hot-rolled asphalt road surface in an amount of 10
      kg/m.sup.2.
PAR  6 months later the coefficient of friction of said road surface was 0.75 at
      80 km/h and the light reflection properties were excellent. No glaring was
      observed even during heavy rainfall.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing a ceramic material comprising particles of a
      devitrified glass and silicate binder selected from the group consisting
      of water-glass and finely divided glass, comprising the steps of: forming
      a mixture of particles of crystallizable glass frit and said silicate
      binder having a melting point of between 950.degree. and 1,100.degree.C,
      heating said mixture to a temperature of between 950.degree. and
      1,100.degree. C so as to melt said silicate and initiate a crystallization
      of said glass frit, and cooling the fired mixture to room temperature; and
      wherein said silicate binder includes waste glass having a maximum
      particle size of substantially 2 mm and being substantially 40% by weight
      of said mixture, said crystallizable glass frit comprising a first
      crystallizable glass frit having a maximum particle size of substantially
      2 mm and being 40% by weight of said mixture and a second crystallizable
      glass frit having a maximum particle size of 160 microns and being 20% by
      weight of said mixture, and further comprising the step of adding to said
      mixture a 10 ml water-glass solution having a concentration of
      substantially 36.degree. Be per 100 g of said mixture, shaping the mixture
      to form a plate, coating said plate with a chromium oxide enamel, and
      melting said coated plate at a temperature of substantially 1,050.degree.
      C.
NUM  2.
PAR  2. A method as in claim 1 wherein said first and second crystallizable
      glass frits have a composition of 70% by weight of SiO.sub.2, 23% by
      weight of CaO, 2% by weight of MgO, 3% by weight of Al.sub.2 O.sub.3, 0.3%
      by weight of Fe.sub.2 O.sub.3, and 1.7% by weight of Na.sub.2 O + K.sub.2
      O.
NUM  3.
PAR  3. A method of preparing a ceramic material comprising particles of a
      devitrified glass and silicate binder selected from the group consisting
      of water-glass and finely divided glass, comprising the steps of: forming
      a mixture of particles of crystallizable glass frit and said silicate
      binder having a melting point of between 950.degree. and 1,100.degree. C,
      heating said mixture to a temperature of between 950.degree. and
      1,100.degree. C so as to melt said silicate and initiate a crystallization
      of said glass frit, and cooling the fired mixture to room temperature; and
      wherein said crystallizable glass frit has a maximum particle size of
      substantially 2 mm and being substantially 90% by weight of said mixture
      and said silicate binder including waste glass powder having a maximum
      particle size of substantially 160 microns and being 10% by weight of said
      mixture, and further comprising the steps of adding to said mixture 5 ml
      of water-glass solution having a concentration of substantially 36.degree.
      Be and 5 ml water per 100 g of said mixture, shaping said mixture to form
      a plate, coating said plate, and melting said coated plate at a
      temperature of substantially 1,050.degree. C.
NUM  4.
PAR  4. A method of preparing a ceramic material comprising particles of a
      devitrified glass and silicate binder selected from the group consisting
      of water-glass and finely divided glass, comprising the steps of: forming
      a mixture of particles of crystallizable glass frit and said silicate
      binder having a melting point of between 950.degree. and 1,100.degree. C,
      heating said mixture to a temperature of between 950.degree. and
      1,100.degree. C so as to melt said silicate and initiate a crystallization
      of said glass frit, and cooling the fired mixture to room temperature; and
      wherein said crystallizable glass frit has a maximum particle size of
      substantially 2 mm and being 70% by weight of said mixture, said binder
      including waste glass having a maximum particle size of substantially 160
      microns and being 30% by weight of said mixture, and further comprising
      the steps of adding to said mixture a 5 ml water-glass solution having a
      concentration of substantially 36.degree. Be and 5 ml water per 100 g of
      said mixture, and further comprising the steps of shaping said mixture to
      form a plate, coating said plate with a zirconium oxide containing enamel
      having substantially 0.5% chromium oxide, and melting said plate at a
      temperature of substantially 1,050.degree. C.
NUM  5.
PAR  5. A method of preparing a ceramic material comprising particles of a
      devitrified glass and silicate binder selected from the group consisting
      of water-glass and finely divided glass, comprising the steps of:
PA1  forming a mixture of particles of crystallizable glass frit and said
      silicate binder having a melting point of between 950.degree. and
      1,100.degree. C;
PA1  shaping said mixture of said glass frit particles and binder so as to
      obtain units of predetermined sizes;
PA1  applying an enamel frit to said shaped units;
PA1  heating said mixture to a temperature of between 950.degree. and
      1100.degree. C so as to melt said silicate and initiate a crystallization
      of said glass frit; and
PA1  cooling the fired mixture to ambient temperature.
NUM  6.
PAR  6. A method of preparing a ceramic material comprising particles of
      devitrified glass and silicate binder selected from the group consisting
      of water-glass and finely divided glass, comprising the steps of:
PA1  forming a mixture of particles of crystallizable glass frit and said
      silicate binder having a melting point of between 950.degree. and
      1,100.degree. C;
PA1  shaping said mixture of glass frit particles and binder to obtain units of
      predetermined sizes;
PA1  applying a pigment suspension to said shaped units;
PA1  heating said mixture to a temperature of between 950.degree. and
      1,100.degree. C so as to melt said silicate and initiate a crystallization
      of said glass frit; and
PA1  cooling the fired mixture to ambient temperature.
NUM  7.
PAR  7. A method of preparing a ceramic material comprising particles of
      devitrified glass and silicate binder selected from the group consisting
      of water-glass and finely divided glass, comprising the steps of:
PA1  forming a mixture of particles of crystallizable glass frit and said
      silicate binder having a melting point of between 950.degree. and
      1,100.degree. C;
PA1  adding a coloring substance to said silicate binder;
PA1  heating said mixture to a temperature of between 950.degree. and
      1,100.degree. C so as to melt said silicate and initiate a crystallization
      of said glass frit; and
PA1  cooling the fired mixture to ambient temperature.
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ABST
PAL  A glass sheet to be heated, for example to a bending or a quenching
      temperature, is supported on its lower edge in an upright disposition and
      is advanced along a horizontally disposed path through a furnace.
      Transient support is provided for the upper edge of the sheet which
      support is positioned to cause the sheet to lean at a near-vertical angle
      as it is advanced, and thermal conditions in the furnace as well as the
      time the sheet is within the furnace are set in dependence on the glass
      thickness so as to heat the glass to the required temperature while
      permitting the glass to relax as it is heated only by an amount less than
      a maximum acceptable deformation of the sheet which depends on the use to
      which the sheet is to be put.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the heat treatment of glass sheets while they are
      supported in an upright disposition. For example the invention relates to
      the heating of glass sheets for subsequent toughening, bending, or bending
      and toughening, or prior to annealing or coating of the glass sheets.
PAR  2. Background of the Invention
PAR  It is usual to suspend glass sheets vertically from tongs and convey the
      suspended glass through a heating furnace prior to toughening or bending.
      In another method of heat treating glass sheets which are in an upright
      disposition cushions of hot gas have been formed on the surfaces of the
      sheet to support the upright sheet while it is advanced on a conveyor by
      engagement with the lower edge of the sheet.
PAR  Glass sheets have been heated and quenched while conveyed horizontally on a
      horizontal roller hearth through a furnace in which the glass is heated to
      a pre-quenching temperature, and then between blowing boxes which direct
      cold gas, usually air, at the upper and lower surfaces of the glass to
      toughen the glass.
PAR  The pre-quenching temperature to which the glass is heated may be as high
      as 680.degree.C to 700.degree.C, that is to a temperature just below the
      softening point of the glass. When at a high temperature just as the glass
      leaves the furnace it is susceptible to damage by marring of the glass
      surface by its contact with the rollers, and by sagging of the glass
      between the rollers due to gravitational forces.
PAR  In order to avoid the disadvantages of supporting the glass on horizontal
      rollers as it is heated and quenched, a gas support system has been
      developed in which the glass is supported on gas flows while its
      temperature is such that deformation of the glass is possible. In this
      system glass sheets are heated and quenched while horizontally disposed on
      a substantially uniform gaseous support provided by continuously
      maintaining upward gas flows beneath the sheet at a rate to provide a
      gaseous cushion beneath the sheet. The glass is moved along a horizontal
      treatment path while so supported firstly on hot gas which heats the glass
      to a pre-quenching temperature and then on cold gas which quenches the
      lower surface of glass at the same time as the upper surface of the glass
      is quenched by complementary downward flows of cold gas.
PAR  In such a system the only mechanical contact with the glass is an edge
      contact which drives the glass forwardly along a horizontal treatment
      path. Contact with the surfaces of the sheet is minimal and the support is
      more uniform than a roller support so that there is less possibility of
      introducing distortion into the sheet.
PAR  Such gaseous support systems are however costly and difficult to regulate
      since minimal controlling contact with the hot sheets is desirable.
PAR  It has now been found that glass sheets can be heated while supported
      mechanically in an upright position by leaning against a transient
      mechanical support, for example spaced rollers which are inclined at a
      small angle to the vertical as long as the support against which the glass
      leans is advancing at the same forward speed as the glass sheet itself so
      that no relative slipping takes place between the mechanical support and
      the glass. Contact of the glass surfaces with the roller surfaces may only
      be over small areas of the sheet and as the sheet is upright,
      gravitational loading between the glass surface and the surfaces of the
      rollers is minimal so that there is a greatly reduced risk of marking of
      the sheet as compared with that customary with a horizontal roller
      support. Further since the gravitational load on any part of the sheet,
      particularly when it is approaching its softening point, is kept to a
      minimum, there is less risk of sagging of the sheet and any sagging of the
      sheet between adjacent rollers is picked up by the next roller.
PAR  It is a main object of the present invention to provide a method and
      apparatus for heat treating glass while it is supported in an upright
      disposition by leaning at a small angle to the vertical against mechanical
      supporting means.
PAC  SUMMARY
PAR  The invention provides a method of and apparatus for heating a glass sheet
      in which a glass sheet is supported in an upright disposition on its lower
      edge, and is advanced while so supported along a horizontally disposed
      path through a heating furnace. Transient support is provided for the
      upper edge of the advancing sheet, which transient support is positioned
      to cause the sheet to lean at a near-vertical angle, and thermal
      conditions in the heating furnace and the time the sheet is within the
      heating furnace are set in dependence on the glass thickness so as to
      achieve a predetermined temperature condition of the glass sheet, the
      thermal and time settings being such as to permit the supported glass to
      relax as it is heated only by an amount less than the maximum acceptable
      deformation of the sheet.
PAR  Glass which has been heat treated in this way can pass immediately between
      blowing frames to quench the glass and produce toughening stresses in the
      glass. Alternatively and advantageously the glass can be heated to a
      predetermined temperature condition for bending while it is traversing the
      heating zone and then advanced between bending dies which are inclined to
      the vertical at the same angle as the angle at which the glass is conveyed
      through the furnace. The bending dies are closed on to the glass and are
      caused to tilt to a vertical disposition and when opened the released
      glass is lowered into a bath of chilling liquid to quench and thereby
      toughen the glass. This bending and liquid quenching method is the subject
      of co-pending application Ser. No. 450,459 for "Bending Glass Sheets"
      filed Mar. 12, 1974, the disclosure of which is hereby incorporated by
      reference; and the present invention provides a method and apparatus for
      heating the glass for presentation to the bending dies of that co-pending
      application.
PAR  The present invention thus provides an advantageous heating method for
      presenting a hot glass sheet in a near-vertical disposition for bending
      and subsequently lowering vertically into a bath of chilling liquid where
      the glass is toughened.
PAR  Preferably the transient support is provided by leaning the upper edge of
      the glass sheet against spaced apart, near-vertical support rollers, with
      the lower edge of the sheet offset from the effective support plane of the
      roller surfaces and the sheet at a small angle to that plane, and driving
      those rollers at a rate such that their linear surface speed is the same
      as the speed of advance of the glass sheet transiently supported by the
      rollers.
PAR  It has been found preferable to advance the supported sheet rapidly into
      the heating zone and to advance the sheet through that zone at a slower
      speed when the trailing edge of the sheet has entered the zone, and at the
      end of a time period set for heating the sheet to a predetermined
      temperature accelerating the supported sheet out of the heating zone.
PAR  In this way the sheet is removed from the heating ambience soon after it
      has reached the required temperature and it is not held in the heating
      ambience for a time which would produce undesirable relaxation of the
      sheet against its support such as might produce deformation of the sheet
      beyond the maximum acceptable deformation.
PAR  The invention may be employed for heating a glass sheet to toughening
      temperature and from this aspect the invention comprises heating a glass
      sheet of soda-lime-silica composition in the heating zone to a temperature
      in the range 580.degree.C to 680.degree.C, and transporting the hot sheet
      from the heating zone to a quenching zone where the hot sheet is quenched
      to toughen the glass.
PAR  The glass may be toughened by directing flows of cooling gas against the
      glass surface.
PAR  If the sheet is to be bent without being toughened it may be heated to a
      lower temperature and from this aspect the invention provides heating the
      glass sheet in the heating zone to a temperature in the range 580.degree.C
      to 610.degree.C, and conveying the hot sheet from the heating zone to a
      bending zone where the sheet is bent to a predetermined curvature.
PAR  The apparatus of the invention for heating glass sheets, for example for
      bending and/or toughening, comprises a heating furnace through which glass
      sheets are to be conveyed in upright disposition; a conveyor for the
      sheets extending through the furnace and including a movable support for
      the lower edge of a sheet, a plurality of spaced-apart near-vertical
      rollers defining an inclined support extending through the furnace against
      which a sheet can relax as it is heated; and driving means for advancing
      the movable support through the furnace and for driving said near-vertical
      rollers at a linear surface speed the same as that of the movable support.
PAR  Provision is made for aligning all the near-vertical rollers at a
      predetermined angle to the vertical, for example an angle of 5.degree..
PAR  In one embodiment of the invention the conveyor includes bottom stub
      rollers defining a track for the movable support, which bottom rollers
      project through spaces between the near-vertical rollers and are mounted
      at an acute angle thereto. The movable support is preferably a carriage
      having faces at an angle matching the acute angle between the rollers to
      engage frictionally both the bottom rollers and the near-vertical rollers,
      and the driving means is connected to the bottom rollers to rotate each of
      the bottom rollers at the same speed as an adjacent near-vertical roller.
PAR  The furnace is preferably an electrically heated furnace which includes
      banks of electrical heaters facing opposite sides of the path of travel of
      glass sheets through the furnace, which heaters are connected together in
      groups, and a temperature sensor associated with each group which
      temperature sensor is connected to a regulating circuit for regulating the
      supply of electric current to that group of heaters.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Some embodiments of the invention will now be described, by way of example,
      with reference to the drawings in which:
PAR  FIG. 1 is a general perspective view, partly in section of a furnace
      according to the invention for heating glass sheets, and showing a loading
      station for the glass sheets;
PAR  FIGS. 2a and 2b together represent a side elevation of the furnace and
      loading station of FIG. 1, and an unloading station partly broken away to
      illustrate upright, near-vertical support rollers and associated bottom
      rollers at the loading station and in the furnace;
PAR  FIG. 3 is a detailed elevation showing the mounting of the upright support
      rollers;
PAR  FIG. 4 is an end elevation of the furnace of FIG. 1 as viewed in the
      direction of arrow IV of FIG. 2b;
PAR  FIG. 5 is a section on line V--V of FIG. 2a;
PAR  FIG. 5a shows diagramatically stages in the relaxation of a flat glass
      sheet against the near-vertical support rollers as the sheet is heated;
PAR  FIG. 6 is a graph illustrating selection of a scale factor for calculations
      concerning permissible deformation of a glass sheet as it is heated in the
      furnace;
PAR  FIG. 7 is a detailed illustration, partly in section, of an adjustable
      mounting for the bottom bearings of the upright rollers in the furnace;
PAR  FIG. 8 is a schematic plan view of the drive for the upright rollers and
      the bottom rollers;
PAR  FIG. 9 is a detailed illustration of an adjustable mounting for bottom
      rollers in the furnace;
PAR  FIG. 10 is a front elevation of a movable carriage on which a glass sheet
      is supported for transporting through the furnace;
PAR  FIG. 11 is a section on line XI--XI of FIG. 10 also indicating the
      disposition of the carriage and the glass sheet relative to the rollers;
PAR  FIG. 12 illustrates an arrangement of electrical heaters on one side wall
      of the furnace;
PAR  FIG. 13 shows diagrammatically a thyristor control circuit for controlling
      current supply to a group of the heaters of FIG. 12;
PAR  FIG. 14 illustrates in a similar manner to FIG. 11 an arrangement of
      electrical heaters on the opposite side wall of the furnace;
PAR  FIG. 15 is a diagram of an hydraulic circuit illustrating the control of
      the supply of hydraulic fluid to a speed-controlled hydraulic motor which
      provides the main drive for the rollers;
PAR  FIG. 16 is an electrical switching circuit which controls the hydraulic
      circuit of FIG. 15;
PAR  FIGS. 17a and 17b are views similar to FIGS. 2a and 2b of another
      embodiment of apparatus according to the invention in which glass sheets
      are supported on endless chains during their travel through the furnace;
PAR  FIG. 18 is a diagrammatic plan view of two parallel support chains with
      chain drives;
PAR  FIG. 19 is a section on line XIX--XIX of FIG. 17a showing the disposition
      of the chain drives in the furnace;
PAR  FIG. 20 is an enlarged view of part of FIG. 19 showing in detail the fixing
      and guiding of supports for a glass sheet which supports are attached to a
      chain drive; and
PAR  FIGS. 21a and 21b illustrate schematically a modified form of the apparatus
      of FIGS. 1 to 16 in which several sheets can be present in different parts
      of the apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 to 5 of the drawings, FIG. 1 is a general view
      illustrating apparatus according to the invention for heating glass sheets
      which are conveyed through the apparatus in an upright disposition. The
      furnace chamber is indicated at 1 and is of generally rectangular form in
      cross-section with a specially shaped floor as will be described and is
      supported at an angle to the vertical of about 5.degree. in a basic girder
      framework which includes base girders 2 which are joined at their ends by
      cross-girders 3. From the ends of the base girders 2 there extend upright
      girders 4 which are at an angle of 5.degree. to the vertical as more
      clearly shown in FIGS. 4 and 5. The upper ends of the girders 4 are
      connected together by cross-girders 5 which are inclined at an angle of
      about 5.degree. below the horizontal.
PAR  The floor of the furnace is supported by cross-girders 6 which extend
      between the lower ends of the upright girders 4 and are shaped with a
      downwardly sloping step 7 near one end supporting a downwardly sloping
      part 8 of the floor 9 of the furnace.
PAR  Each of the upright girders 4 has a foot-plate 10 which is bolted by bolts
      11 to the upper horizontal web of the appropriate one of the base girders
      2. The girders 5 and 6 are also connected to the upright girders 4 in
      similar manner.
PAR  The furnace 1 is a refractory lined metal structure having two side walls
      12 and 13 which extend upwardly from the floor 9, and an integral roof
      construction 14 which is fixed to longitudinal girders 15 which are fixed
      below the cross-girders 5 and provide means for suspending the roof 14 of
      the furnace as well as providing support for the upper ends of a plurality
      of spaced-apart upright, near-vertical rollers 16 which define an inclined
      support for sheets of glass 17 to be conveyed through the furnace. The
      rollers 16 are each mounted at an angle of from 2.degree. to 10.degree. to
      the vertical, e.g. 5.degree., and form part of a conveyor for the sheets
      17 which extends right through the furnace from the loading station and is
      continued at the outlet end of the furnace as illustrated in FIGS. 2a and
      2b. The rollers 16 are of heat-resistant stainless steel, or may be
      asbestos covered, and are 6.5 cm in diameter and are spaced 19 cm apart in
      the furnace. The spacing between rollers may be up to 30 cm in the region
      of the outlet end of the furnace where the glass reaches into final
      temperature. At the inlet end of the furnace where the glass is at a low
      temperature, the spacing may be greater, for example 38 cm or more
      providing there are sufficient rollers to support the whole length of the
      glass sheet in a stable condition.
PAR  The conveyor includes a movable support in the form of a carriage 18 on
      which the lower edge of the glass sheet is seated and driving means for
      advancing the carriage through the furnace while the glass supported on
      the carriage leans against the upright rollers 16. As will be described
      driving means for the rollers 16 is arranged to rotate each of those
      rollers at the same linear surface speed as the movable carriage.
PAR  The conveyor also includes bottom stub rollers 19, also of heat-resistant
      stainless steel or asbestos covered, which project through the spaces
      between the upright rollers 16 and are mounted at an acute angle to the
      upright rollers for example an angle of about 50.degree. as illustrated in
      FIGS. 4 and 5. The carriage 18 is of V-section which, as illustrated in
      FIGS. 10 and 11 has faces 20 and 21 which are at an angle to each other
      matching the acute angle between the upright rollers and the stub rollers.
      The faces 20 and 21 of the carriage engage frictionally both bottom stub
      rollers and the upright rollers. Driving means to be described is
      connected to the bottom rollers to rotate each of those bottom rollers 19
      at the same linear surface speed as an adjacent upright roller so that the
      carriage is advanced through the agency of its frictional engagement with
      both the bottom rollers 19 and with the upright rollers 16. The carriage
      carrying the sheet of glass 17 is thereby advanced through the heating
      zone within the furnace with the lower edge of the sheet seated on
      specially shaped supports on the upper edge of the face 20 of the carriage
      and with the upper edge of the sheet 17 initially engaging the upright
      rollers 16.
PAR  Five stages of relaxation of the glass sheet 17 against the upright rollers
      16 are illustrated in FIG. 5a. In each of the diagrams of FIG. 5a the line
      16 represents the effective support plane defined by the surfaces of the
      upright rollers 16 and the line 17 represents the glass sheet. The offset
      a of the lower edge of the glass sheet from the rollers surfaces is
      indicated in diagram (i).
PAR  Initially only the top edge of the flat glass sheet contacts the rollers
      16. As the glass softens the sheet begins to sag under its own weight and
      begins to touch the rollers below the top edge of the sheet as indicated
      in diagram (i).
PAR  The sagging of the glass continues causing the point of contact with the
      rollers to move downwards as indicated in diagram (ii) and the top of the
      sheet lifts away from the roller surfaces.
PAR  Diagram (iii) illustrates how as heating of the glass continues during the
      continued travel of the sheet through the furnace, the point of contact of
      one face of the sheet with the rollers continues to move downwardly and
      the top of the sheet falls back on to the rollers to form a shallow arch
      which is exaggerated in the diagram.
PAR  Then the portion of the glass sheet below the lower point of contact of the
      glass with the rollers continues to sag under its own weight and due to
      the compressive effect of the glass above it, and the arch which developed
      at the heating stage illustrated in diagram (iii) lengthens until it
      eventually collapses under its own weight against the rollers to give a
      second region of contact with the rollers as indicated in diagram (iv).
PAR  Study of the continued behaviour of the sheet which is now approaching the
      required temerature for bending and/or toughening shows that several such
      shallow arches may form and collapse in the upper portion of the supported
      sheet, but the lowest arch is the most persistant as it is under the
      greatest compression. All the very shallow upper arches tend to collapse
      against the rollers so that the upper portion of the sheet becomes
      virtually flat against the rollers as shown in diagram (v), and a
      persistant bulge develops in the lower portion of the sheet.
PAR  The extent of this bulge, represented by a dimension b measured from the
      effective support plane of the rollers 16, gives a measure of the
      deformation of the sheet in the course of its heating, and the thermal and
      time settings of the heating schedule are controlled, as will be
      described, to permit the supported glass sheet to relax as it is heated
      only by an amount less than the maximum acceptable deformation b of the
      sheet.
PAR  For most purposes, and particularly in the manufacture of automobile
      windscreens the maximum acceptable value of deformation b is 0.5 mm.
PAR  In the preferred way of operating the heating zone is set at a particular
      temperature, and the time taken for the glass sheet to traverse the
      heating zone is set in dependence on the glass thickness so as to achieve
      a predetermined temperature condition.
PAR  The temperature of the heating zone must be such that in the time taken for
      the glass sheet to reach the predetermined temperature condition, and
      depending on the thickness and height of the glass sheet, the angle of the
      supported sheet as governed by the angle of the rollers 16, and the amount
      of offset on the lower edge of the glass sheet from the rollers 16, the
      glass sheet is only permitted to relax by an amount less than the
      predetermined maximum acceptable deformation of the glass sheet which is
      the amount of deformation which is acceptable in meeting particular
      product quality requirements. When quality requirements are very
      stringent, the maximum acceptable deformation may occur for example during
      the initial relaxation of the glass sheet against the rollers as in
      diagram (iii) before appearance of the lower bulge.
PAR  By determination of the variation of temperature with time of the glass
      sheet 17 as it is carried through the furnace, and knowing the variation
      of viscosity with temperature of the glass from which the sheet is made, a
      quantity to be called the "deformation index" can be calculated for the
      glass sheet at any time during the heating of the sheet and when the sheet
      reaches a predetermined temperature condition.
PAR  The deformation index is represented by the expression:
      ##EQU1##
      where: t = heating time in seconds
PA1  (t) = viscosity of the glass in poises at time t after commencement of
      heating.
PAR  The deformation index is therefore represented by the integrated area under
      the curve of the reciprocal of the viscosity plotted against time. The
      value of the deformation index of the glass sheet is zero as the sheet
      enters the furnace and heating begins and this value increases with time
      at a rate which depends on the rate of change of viscosity of the glass
      and hence on its rate of heating. The deformation index rises until a
      critical value is reached at which time deformation of the sheet has
      reached a maximum acceptable value. The value of the critical deformation
      index will depend therefore on the use to which the glass sheet is to be
      put.
PAR  In practice the heating schedule is such as to ensure that the actual
      deformation index of the sheet when it attains a desired temperature
      condition is less than the critical deformation index.
PAR  In the idealised case in which the glass sheet has continuous support along
      its bottom edge the critical value of deformation index can be represented
      by the expression.
      ##EQU2##
      where S = a scale factor
PA1  T = thickness of glass (cm)
PA1  A = angle of support to vertical
PA1  p = density of glass sheet (2.5 g/cm.sup.3)
PA1  g = gravitational acceleration (981 cm/sec.sup.2)
PA1  L = height of glass sheet (cm)
PA1  Y = offset of bottom edge of glass sheet from the support (cm).
PAR  For a glass sheet of a particular thickness and height and with set furnace
      parameters, particularly the angle of the rollers and the offset of the
      lower edge of the glass sheet from the rollers and hence the angle of the
      glass sheet to the vertical, the scale factor can be calculated for an
      idealised case with continuous bottom edge support for the glass sheet and
      for the relaxation condition in which a bulge is appearing in the glass
      sheet.
PAR  The curve of FIG. 6 is a graph of the scale factor S against the ratio of
      acceptable amount of bulge of the glass sheet to the offset of the lower
      edge of the sheet from the rollers, which ratio is designated R. The
      amount of bulge is measured as the displacement at the maximum point of
      bulging from the effective support plane of the rollers 16.
PAR  In the actual case in which the lower edge of the glass sheet is seated on
      spaced supports on the carriage so that the bottom edge support of the
      glass sheet is discontinuous, the scale factor S is less than the above
      mentioned idealised value so that the critical value of deformation index,
      which is empirically determined, will be less than given by the above
      idealised formula.
PAR  To obtain the critical deformation index which will apply for any set of
      operating conditions a glass sheet of particular thickness and height is
      heated under experimentally verified process conditions of roller angle,
      offset of the lower edge of the glass sheet from the rollers, and furnace
      temperature setting. The glass sheet is heated under these conditions
      until a maximum acceptable amount of distortion of the glass is present
      which may be reached during the initial relaxation of the upper part of
      the glass sheet against the rollers, but which is more usually a limiting
      amount of bulging which is acceptable during continued relaxation of the
      glass sheet.
PAR  The temperature/time heating schedule of the glass sheet is also determined
      experimentally, which permits calculation of the actual deformation index
      of the glass when the glass sheet has the maximum acceptable deformation,
      which actual deformation index is the critical deformation index.
PAR  The critical deformation index is a function of the parameters T, A, L and
      Y in the above formula, and the determination of the critical deformation
      index for a particular glass sheet under particular furnace conditions
      permits calculation of the critical deformation index for other
      thicknesses and heights of glass sheets and for other values of roller
      angle, and offset of the lower edge of the glass sheet from the rollers.
PAR  Usually the offset distance is about 2 mm to 4 mm and the maximum
      acceptable amount of deformation depends on the quality, particularly the
      optical quality required in the final product. In the case of glass sheets
      which are to be incorporated in vehicle windscreens, for which the optical
      requirements are stringent, it may only be acceptable to permit
      deformation of the glass sheets up to a point in the initial relaxation
      before the appearance of the bulge. A bulge of up to 0.5 mm may be
      acceptable.
PAR  Where the quality requirements are less critical a bulge greater than 0.5
      mm may be permissible, for example up to 4.0 mm.
PAR  Having determined the critical deformation index for a glass sheet of
      particular height and thickness, the time required to heat the glass sheet
      to a desired final temperature using a particular furnace temperature
      setting can be determined and set, so that the glass sheet will not relax
      beyond the maximum acceptable amount of distortion since the actual
      deformation index of the glass sheet when it reaches its desired final
      temperature will be less than the critical deformation index.
PAR  It has been found that the near-vertical angle at which the sheet is
      initially supported when leaning against the rollers 16 may be in the
      range 2.degree. to 10.degree. for the heating of sheets of
      soda-lime-silica glass of thickness in the range 1.5 mm to 15 mm to a
      temperature in the range 580.degree.C to 680.degree.C or even 700.degree.C
      which temperature range encompasses the usual temperature to which
      soda-lime-silica glass is heated prior to bending or toughening.
PAR  The upright, near-vertical rollers 16 are supported at their lower ends by
      self-aligning bearing blocks, described hereafter, which are carried by
      parallel girders 22 which run beneath the furnace floor and are supported
      on the specially shaped cross-girders 6 which support the furnace floor 9.
      The downwardly sloping step 8 in the furnace floor which slopes towards
      the bottom of the side wall 13 permits any cullet which falls to the
      floor, if a glass sheet breaks during heating or falls from the support
      rollers, to be collected at outlets 23 near the bottom of the side walls
      13 which outlets are closed by hinged doors 24. This arrangement permits
      the floor of the furnace to be kept clear without losing too much heat
      from the furnace.
PAR  The first ten rollers 16 of the plurality of upright rollers constitute a
      loading station as illustrated at the right-hand side of FIG. 2a. These
      rollers are mounted between upper horizontal girders 25 which form an
      extension of the girders 15 and lower horizontal girders 26 which form an
      extension of the roller supporting girders 22. The girders 25 and 26 at
      the loading station are connected to an end frame comprising a base girder
      2 and an upright 27 which is inclined to the vertical at the same angle of
      abouot 5.degree. as the rollers 16 and which is supported by struts 28 as
      illustrated in FIG. 4.
PAR  The end wall of the furnace at the loading station is indicated at 29 in
      FIG. 4 and an entrance mouth 30 to the furnace is formed through the end
      wall 29 in alignment with the upright rollers 16 and includes an
      enlargement 31 at the bottom of the mouth 30 and aligned with the stub
      rollers 19 to permit the passage of the carriage 18 on the conveyor into
      the furnace. Flexible asbestos cloth sealing strips, not shown, are
      mounted in the mouth 30.
PAR  The side walls 12 and 13 of the furnace carry banks of electrical heaters
      indicated generally at 32 and 33 in FIG. 1. These heaters face opposite
      sides of the path of travel of the glass sheet through the furnace and are
      connected together in groups which are individually controlled as will be
      described with reference to FIGS. 13 and 14. The speed at which the glass
      sheet traverses the furnace is adjustable and is set so that as soon as
      the glass has been heated to a substantially uniform temperature for
      further processing, its carriage and the rollers against which it bears
      are accelerated to accelerate the glass sheet out of the furnace on to a
      continuation of the conveyor comprising further upright rollers 16 at the
      same angle to the vertical and bottom stub rollers 19 which are mounted
      between upper and lower support beams 35 and 36 at a glass treatment
      station for example adjacent the outlet end of the furnace at which
      blowing frames are disposed as indicated at 37 to direct chilling air
      through the interspaces between the rollers 16 on to one side of the sheet
      and directly at the exposed opposite side of the sheet to toughen the
      glass as it passes on the conveyor to an unloading station forming a still
      further extension of the conveyor at the same angle to the vertical and
      driven through a clutch 39.
PAR  Alternatively the upper edge of the hot glass sheet may be engaged by tongs
      and the sheet lifted from the conveyor and carried to an air quenching
      station, or lowered into a tank of chilling liquid where the sheet is
      quenched. The conveyor continuation at the outlet end of the furnace might
      then be enclosed in a heated closure from which the hot glass sheet is
      raised or lowered as appropriate.
PAR  At the loading station illustrated at the righthand of FIGS. 1 and 2a the
      glass 17 loaded on to the carriage 18 and leaning against the upright
      rollers 16 is cold and is not therefore subject to deformation and the
      necessity for exact alignment of the rollers 16 is not as critical as in
      the furnace where the glass is being heated. Therefore the rollers 16
      which are mounted between the beams 25 and 26 at the loading station are
      not angularly adjustable but are mounted in fixed bearing blocks so as to
      be at the angle of the conveyor, for example the angle of 5.degree..
PAR  As shown in FIG. 3 the lower ends of the rollers 16 at the load station are
      formed with stub shafts 38 which extend downwardly between the girders 26
      and through apertures in a plate 40 which is bolted to the bottom of the
      girders 26. Beneath the plate 40 there are carried self-aligning bearing
      blocks 41, one for each of the rollers 16. The bearing blocks 41 have lugs
      42 which are bolted to the plate 40 and the stub shafts 38 extend
      downwardly into and through the bearing blocks 41.
PAR  At their upper ends, the upright rollers 16 at the loading station are
      formed as integral elongated stub shafts 43 which extend upwardly between
      the beams 25 and are each housed in a self-aligning bearing block 44. The
      bearing blocks 44 are bolted by lugs to a support plate 45 which are fixed
      on top of the girders 25.
PAR  Each shaft 43, except that of the roller 16 nearest to the furnace
      entrance, extends upwardly through the bearing block 44 and carries a
      sprocket wheel block comprising two sprocket wheels 46 and 47. The
      sprocket wheels for adjacent rollers are connected together by means of
      drive chains 49. The elongated stub shaft 43 of the roller 16 of the
      loading station nearest to the inlet end wall 29 of the furnace is longer
      than the stub shafts 43 of the other rollers of the loading station and,
      carries a single sprocket wheel 46 and on its upper end a main drive
      sprocket 50 which is connected by a driving chain 51 to a sprocket 52 on
      the upper end of the first of the upright rollers 16 within the furnace.
      The rollers 16 at the loading station are thus driven from the same drive
      as the rollers 16 constituting the rest of the conveyor in the manner
      which will now be described.
PAR  Within the furnace it is important to ensure accurate alignment of the
      roller surfaces relative to each other so that the surfaces of the rollers
      which are engaged by the glass sheet all lie in the same plane which is
      inclined to the vertical at the present angle, for example 5.degree.. In
      order to effect this the rollers 16 within the furnace are mounted in
      alternating groups of four and three rollers each, and the lower bearings
      of each group of adjacent rollers are adjustable at right angles to the
      direction of advance of the conveyor. The upper ends of the rollers of
      each group are mounted in a gear box whose position is also adjustable at
      right angles to the direction of advance of sheets along the conveyor.
      This permits adjustment of the disposition of the bearing blocks and the
      gear boxes relative to each other to align all the upright rollers 16 in
      the furnace at a predetermined angle to the vertical.
PAR  The lower end of each roller is formed as a stub shaft 53 which is
      supported in a self-aligning bearing block 54 which is fixed in a plate 55
      which is carried by dove-tail slides 56 which slide in slide beds 57 which
      are fixed beneath the girders 22. This arrangement is shown in greater
      detail in FIG. 7. Each of the dove-tail slide blocks 56 has an end lug 58
      which is drilled and threaded to receive the threaded end 59 of an
      adjusting shaft 60 whose other end extends through an apertured locating
      block 61 which is bolted to a cross-girder 62 extending between the lower
      ends of the upright girders 4 along one side of the furnace. The outer end
      of the shaft is threaded and is fitted with lock nuts 63 on either side of
      the block 61. Each of the plates 55 carrying the bearing blocks 54 for a
      group of the rollers has two V-slides and adjustment of the two shafts 60
      permits adjustment of the disposition of the lower ends of that group of
      rollers.
PAR  The upper ends of the rollers 16 of the group are of reduced diameter and
      their elongated stub shafts 64, FIGS. 3 and 5 extend into a gear box 65
      mounted by anti-vibration mountings 66 on dove-tail slides 67 which are
      located in slide beds 68 which are mounted on top of the longitudinally
      extending girders 15. In the same way as the slides for the lower bearings
      of the rollers each of the dove-tail slides 67 has an end lug 69 which is
      drilled and threaded to receive the threaded end 70 of an adjustment shaft
      71. The other end of the shaft 71 extends through an apertured locating
      plate 72 which is mounted on a girder 73 which also runs longitudinally of
      the furnace beneath the cross-girders 5. The outer end of the shaft 71 is
      threaded and is fitted with lock nuts 75 on either side of the locating
      plate 72. Each of the gear boxes is seated on two such slides and rotation
      of the shafts 71 for that gear box moves the V-slide plates 67 in their
      side beds 68 so that the position of the gear boxes can be adjusted as
      required relative to the adjustment of the bearing blocks for the lower
      ends of the rollers to ensure that the upright rollers 16 driven by that
      gear box are at the required predetermined angle to the vertical.
PAR  The upper ends of the elongated stub shafts 64 of the rollers 16 are
      mounted in the gear box 65 by bearing blocks and are driven by worm gears
      in conventional manner. The input drive to each of the gear boxes 65 is
      through a right-angle drive unit 76, FIG. 8, which has a main input drive
      shaft 77. The drive shaft 77 for the first of the gear boxes 65 is
      connected through an intermediate shaft 78 and flexible couplings 79 to
      the main output shaft 80 of a main right-angle drive unit 81 whose input
      drive is by a shaft 84 which is mounted in bearing blocks 85 which are
      fixed to an inclined support girder 86, FIG. 3, which extends downwardly
      from the upper longitudinal girders 25 at the loading station to the base
      support structure of the apparatus. At its lower end below the lower
      bearing block 85 the shaft 84 is coupled to the output shaft 88 of a
      right-angle drive unit 89 whose input shaft 90 is coupled by a flexible
      coupling 91 to the output shaft of an hydraulic motor 92 which constitutes
      the main drive unit for the whole apparatus.
PAR  The first gear box 65 for the rollers 16 in the furnace has an output shaft
      93, FIG. 3, which carries the drive sprocket 52 which transmits drive from
      that gear box to the drive sprocket 50 of the roller at the loading
      station adjacent the end wall 29 of the furnace and thereby it drives all
      the rollers 16 at the loading station at the same speed as the rollers 16
      in the furnace. The right angle drive unit 76 which transmits drive from
      the hydraulic motor to the first gear box 65 has a transmission shaft 94
      aligned with the input shaft 77, which transmission shaft 94 is coupled by
      a flexible coupling 95 to an intermediate shaft 96 which transmits drive
      through a further flexible coupling 95 to the next right angle drive unit
      97 which is connected to the next gear box 65 which drives the next three
      rollers.
PAR  All the gear boxes 65 are coupled together in this way and are all driven
      at the same speed by the hydraulic motor 92. The position of the gear box
      65 for each group of rollers is adjustable in the manner described, in
      conjunction with adjustment of the plate 55 carrying the bearing blocks
      for the lower ends of the rollers so that in setting up the furnace all
      the rollers 16 of the conveyor extending through the furnace can be
      accurately aligned so that the glass-supporting surface of each of the
      rollers is at the same angle to the vertical, e.g. 5.degree..
PAR  The bottom stub rollers 19 define a track for the movable carriage 18 which
      carries the glass sheet through the furnace and these bottom rollers
      project through spaces between the upright rollers 16 along the whole
      length of the conveyor and are mounted at an acute angle, in this
      embodiment 50.degree., to the upright rollers 16.
PAR  The five bottom rollers 19 which support the carriage 18 at the loading
      station are shorter than those which project inwardly into the furnace,
      and are located in alternate spaces between the upright rollers 16. At the
      loading station as shown in FIGS. 4 and 8 each of the rollers 19 is fixed
      to one end of a shaft 100 which is supported in a cylindrical bearing
      assembly 101 which is mounted on an inclined base 102 which is carried on
      a plate 103 bolted to the girders 26. The shafts 100 all extend downwardly
      towards the base of the furnace and the shaft 100 of the stub roller 19
      nearest to the inlet end wall 29 of the furnace which extends through its
      cylindrical bearing assembly 101 carries a sprocket wheel 104 and is
      connected by a flexible coupling 105 to an intermediate shaft 106 which is
      connected by a further flexible coupling 107 to a transmission shaft 108
      which extends from a gear box 109 which is mounted at the base of the
      apparatus and which has an input shaft 110 connected through a flexible
      coupling 111 to an output from the right angle drive unit 89 which is
      driven directly by the main hydraulic motor 92.
PAR  The rest of the stub rollers 19 at the loading station are driven from the
      roller 19 just described nearest to the inlet to the furnace. Each of the
      stub rollers 19 has a shaft 100 which extends through an inclined
      cylindrical bearing assembly 101 mounted in the manner just described, and
      carries at its outer end a sprocket block comprising two sprocket wheels
      112 and 113. The sprocket wheel 112 of the short stub roller 19 adjacent
      the first stub roller nearest to the inlet end wall of the furnace is
      connected by a drive chain 114 to the sprocket wheel 104, which is driven
      directly from the hydraulic motor 92. A similar drive chain 114 connects
      the sprocket wheel 113 to the similar sprocket wheel 113 on the next
      roller and so on so that simultaneous drive is transmitted to all the
      bottom rollers 19 at the loading station from the hydraulic motor 92.
PAR  In FIGS. 5 and 8 the bottom stub rollers 19 are mounted inside the furnace
      to provide the continuation of the track for the carriage 18. A bottom
      stub roller 19 is located in each of the two spaces between the first
      three upright rollers 16 of the furnace. Thereafter there is a bottom
      roller 19 in alternate spaces between the upright rollers 16, except at
      the exit end of the furnace where there is a bottom roller in each of the
      spaces between the last three upright rollers. The bottom stub rollers 19
      in the furnace have longer ferrules and, as shown in FIG. 9, their shafts
      103 are similarly mounted in cylindrical bearing assemblies 101 which are
      mounted beneath the furnace.
PAR  Means are provided for adjusting the extent of projection of each of the
      longer stub rollers 19 into the furnace, through the upright rollers 16 in
      the furnace, so as to align the stub rollers to form the track for
      engagement by the face 20 of the carriage 18. In order to effect this
      adjustment the cylindrical bearing assembly 101 of each of the rollers 19
      in the furnace is mounted on an adjustable base unit. The base units are
      mounted on two parallel girders 114 which run along the length of the
      apparatus beneath the furnace and are fixed beneath the cross girders 2.
      The bearing assembly 101 is fixed to a plate 115 by bolts which pass
      through sleeves 116 integral with the body of the bearing assembly 101,
      the plate being pivoted at its upper end between lugs 117 provided on one
      end of an inclined top plate 118 which is joined to a flat base plate 119
      by webs 120. A set screw 121 is threaded through a hole formed in the
      lower end of the inclined top plate 118 to bear against the underface of
      the plate 115 on which the bearing assembly 101 is fixed. Adjustment of
      the screw 121 adjusts the angle of inclination of the plate 115 and hence
      adjusts the angle of inclination of the bottom rollers 19 in the furnace.
      Locking bolts 122 are fitted through the plate 115 and are screwed into
      the inclined top plate 118 to clamp the plate 115 at the set inclination
      when the rollers 19 are correctly angled.
PAR  The base plate 119 is seated on a bed plate 123 which is bolted to the top
      of the girders 114. A longitudinal groove 124 in the underface of the base
      plate 119 mates with a spline 125 on the upper face of the bed plate 123.
PAR  An adjuster screw 126 is threaded through a mounting block 127 which is
      bolted to the rear end of the bed plate 123. The inner end of the adjuster
      screw 126 couples with a plate 128 which is bolted to the back face of the
      unit. Locking bolts 129 pass downwardly through slots 130 cut in the base
      plate 119 and are threaded into apertures in the bed plate 123. In order
      to adjust the extent of projection of the roller 19 between the rollers
      16, the bolts 129 are loosened and the position of the base unit
      supporting the bearing assembly 101, relative to the bed plate 123, is
      adjusted by rotation of the screws 126. When the roller is correctly
      positioned the base unit is clamped to the bed plate by tightening the
      locking bolts 129.
PAR  The stub rollers 19 in the furnace can thus be correctly aligned to form
      the straight track for the carriage 18 by adjustment of both the angle of
      inclination of the rollers and the extent of projection of the rollers and
      when the required position is reached the rollers are clamped.
PAR  Each of the shafts 103 of the rollers 19, as illustrated in FIG. 9, extends
      rearwardly beyond the bearing assembly 101 and is connected by a flexible
      coupling 131 to an intermediate drive shaft 132, the other end of which is
      connected by a further flexible coupling 133 to an output drive shaft 134
      from the lower gear box 109. As shown, the gear box 109 has three further
      output shafts 134 for individually driving the next three stub rollers 19
      in the furnace.
PAR  At the far end of the gear box 109 there is an output shaft connected by a
      flexible coupling to the input shaft of a further gear box 109 which
      provides the drive for the next group of three stub rollers 19 in the
      furnace. The flexible couplings to all the rollers permit the ready
      adjustment, in the manner just described, of the angle of inclination and
      the extent of projection of each of the rollers.
PAR  The carriage 18 which constitutes the movable support for a sheet of glass
      is illustrated in more detail in FIGS. 10 and 11. The carriage is made of
      steel sheet bent to an angle so as to provide two faces which match the
      acute angle between the upright rollers 16 and the stub rollers 19. The
      upright face 20 of the carriage 18 is the longer face and carries two
      support plates 140 the upper edge of each of which is widened to form a
      support shoulder 141 whose upper surface 142 is provided with a non-slip
      refractory coating. The rear edge of the upper surface 142 of the shoulder
      141 is formed with an upstanding land 143 of width which determines the
      minimum ofset distance of the lower edge 144 of the glass sheet 17 from
      the supporting surface of the upright rollers 16 when the carriage is in
      position for conveying through the furnace with the face 20 of the
      carriage bearing against the supporting surfaces of the rollers 16 and
      with the lower shorter face 21 of the carriage supported on the bottom
      stub rollers 19. FIG. 11 illustrates how the upper edge of the glass sheet
      rests against the rollers when the glass is loaded at the loading station
      and FIG. 10 shows how the support shoulders are adapted to the particular
      shape of the sheet of glass to be bent. The shape of the glass sheet
      matches the styling of the vehicle in which the sheet is to be embodied.
PAR  By reason of the common drive to the rollers 16 and 19 from the single
      hydraulic motor 92 and by choice of suitable gearing with similar
      frictional engagement of the faces 20 and 21 of the carriage with the
      upright rollers 16 and the stub rollers 19 respectively, the movable
      carriage 18 is always advancing with the same linear speed as the surface
      linear speed of the upright rollers 16 against which the sheet of glass 17
      carried by the carriage 18 rests and which provide transient support for
      the upper edge of the glass sheet. FIG. 10 illustrates how the support
      shoulders 141 on the carriage 18 are adapted to a particular shape of a
      sheet of glass being heated in the furnace, in this case a sheet cut to
      shape for eventual bending to form a windscreen of a motor vehicle.
PAR  The carriage 18 also carries a stop member 145 at its front end for
      eventual abutment against a carriage stop 146, FIG. 2b, to arrest the
      travel of the carriage at the end of the processing stage performed while
      the glass is supported on the carriage. Also mounted on the carriage is a
      striker 147 near the front end of the carriage for engagement with a limit
      switch S1, FIG. 2a, as the front end of the carriage carrying the glass
      sheet is just entering the furnace through the entrance mouth 30, 31,
      through the furnace as will be described. A further striker 148 is mounted
      on the carriage at about a mid-way location also to engage a limit switch
      actuating member 149, FIG. 2a, which operates a switch S2 and is located
      in the furnace to control the regulation of the speed of travel of the
      carriage through the furnace when the whole of the glass sheet is within
      the furnace.
PAR  FIGS. 5 and 12 illustrate the way in which the electric heaters 32 are
      mounted on the furnace side wall 12 facing the back of the assembly
      rollers 16. Each of the heaters is an electric resistance wire heater 151,
      the wire being wound on a ceramic rod which is carried by two connection
      rods 152 which extend through the side wall 12 of the furnace. Current is
      supplied through these connection rods 152. The heaters 151 are arranged
      in a chevron pattern and the heaters are connected together in series in
      groups, which groups are delimited by the solid lines in FIG. 12. For
      example, the upper group of heaters first encountered by the glass which
      is advanced into the furnace in the direction of arrow 153, is indicated
      at 154 and comprises ten heaters 151 which are connected together in
      series as illustrated in FIG. 13. One end 155 of the series connection of
      the heaters is connected to one line 156 of a power supply. The other line
      157 of the power supply is connected to a thyristor control circuit 158 of
      conventional design which controls the flow of current through the
      series-connected group of heaters 154 in response to firing pulses
      supplied to the trigger electrodes of the thyristors on lines indicated by
      the firing pulse line 159 which is connected to a firing pulse generating
      circuit 160 which is also supplied with power from the lines 156 and 157.
PAR  A control thermocouple 161 is mounted in the furnace within the limits of
      the group of heaters 154. This thermocouple is connected into a
      temperature control circuit 162 of conventional design, and controls a
      simple on/off switching indicated by the two-way switch 163 to switch into
      the blocking oscillator of the firing pulse generating circuit 160,
      control by one or other of two potentiometers 164 and 165.
PAR  The settings of the potentiometers 164 and 165 are such as to give, in
      known manner, respectively high and low levels of power dissipation in the
      group of heaters 154 so that in response to the temperature in that part
      of the furance within the limits of the group of heaters 154 as sensed by
      the thermocouple 161, the level of power dissipation can be switched
      between the high and low levels in order to maintain the sensed
      temperature at a desired value set by a set point adjustment provided in
      known manner by adjustment of a potentiometer in the control circuit 162.
PAR  Eight series connected heaters are arranged in chevron fashion in a second
      group 166 at the inlet end of the furnace, lying below the group 154.
      Thereafter the heaters are arranged in two sets of three groups, each
      group consisting of nine heaters connected together in series and each
      having an associated control thermocouple 161 and being supplied through a
      thyristor control circuit under control of the appropriate thermocouple
      and temperature control circuit as illustrated in FIG. 13.
PAR  Operation of each group of heaters can be set individually by the set point
      adjustment in the associated temperature control circuit. For example for
      heating a sheet of glass 2 mm thick to a bending temperature of
      590.degree. which is obtained substantially uniformly throughout the whole
      of the glass sheet, the set points of the temperature control circuits may
      be such that the temperature at the thermocouple 161 within the group of
      heaters 154 is 700.degree.C, and the temperature at the thermocouple 161
      within the group 166 is 750.degree.C. Of the subsequent groups of heaters
      the temperatures at the thermocouples 161 are 700.degree.C for the upper
      groups, 725.degree.C for the middle groups and 750.degree.C for the lower
      groups.
PAR  FIG. 14 illustrates the electrical heaters 33 which are mounted on the side
      wall 13 of the furnace. In this drawing the direction of glass movement is
      shown from the left-hand end of the FIGURE. The heaters 151 which are wire
      wound heaters on ceramic tubes mounted on connection rods 152 extending
      through the side wall 13 of the furnace, are divided up into groups. These
      groups are indicated by chain lines and are similar to the groups of
      heaters in FIG. 11 with the addition of a further group of heaters 170
      with a control thermocouple 171. This additional group of heaters
      comprises a row of six heaters extending along the bottom of the longer
      side wall of the furnace 13 just above the cullet clearance exit passages
      23. The heaters of FIG. 14 directly face the surface of the glass which is
      opposite the face engaging the rollers 16, and each group of heaters is
      controlled by a thyristor control circuit of the kind illustrated in FIG.
      13 with a simple on/off switching arrangement. The temperature at the
      thermocouple 171 in the upper group of the two groups at the entrance end
      of the furnace is maintained at 700.degree.C and the lower group at
      750.degree.C for the heating of a 2 mm thick glass sheet to 590.degree.C
      for bending as described above. The temperature at the control
      thermocouple 171 in the bottom row of heaters 170 is at 750.degree.C, and
      in the upper, middle and lower groups of heaters of the further
      arrangements of three groups of heaters as illustrated the temperatures at
      the control thermocouples 171 are respectively at 700.degree.C,
      725.degree.C and 750.degree.C.
PAR  FIG. 15 illustrates the connection and control of supplies of hydraulic
      fluid to the hydraulic motor 92. A sump 175 containing hydraulic fluid 176
      has a supply pipe 177 connected to the inlet to a pump 178 which is driven
      by an electric motor, not shown. The outlet from the pump 178 is connected
      to a main supply line 179.
PAR  A branch line 180 from the main supply line 179 is connected to one inlet
      of a solenoid-operated fourway directional control spool valve 181
      comprising a main valve body 182 and having two operating solenoids 183
      and 184. The valve 181 is of the "locked centre" type, that is, when both
      operating solenoids 183 and 184 are de-energised the valve spool is locked
      in a central position preventing liquid flow. One outlet line 185 from the
      valve 181 is connected to the hydraulic motor 92 and an exhaust line 186
      from the motor is connected back to an exhaust inlet of the valve 181.
      This exhaust inlet is selectively connected through the valve 181 to a
      line 187 which is connected through a tappet-operated flow control valve
      188 to a return line 189 which feeds into the sump 175. Solenoid 184 of a
      valve 181 is normally permanently energised so that liquid under pressure
      is normally continuously supplied to the motor 92 on line 185. The degree
      of opening of the flow-control valve 188 regulates the rate at which
      liquid is permitted to exhaust from the motor 92 and thereby regulates the
      motor speed.
PAR  The control valve 188 is operated by a cam follower roller 190 which bears
      on a sliding cam 191 having three effective surface portions 192, 193 and
      194. The central surface portion 193 stands proud of the other surface
      portions 192 and 194 which fall away to either side of the control portion
      193. The cam 191 is mounted on one end of a piston rod 200 which is
      connected to a piston 201 which is slidable in a cylinder 202.
PAR  Ports at the ends of the cylinder 202 are connected by lines 203 and 204
      respectively through one-way restrictor valves 205 and 206 to outlet ports
      of a further four-way directional control valve 207 which is also of the
      "locked centre" type and is supplied with hydraulic fluid under pressure
      on a line 208 which is connected to the main supply line 179 through a
      pressure reducing valve 209. Another port of the valve 207 is connected by
      an exhaust line 210 to the fluid return line 189.
PAR  A knuckle 220 on the free end of the piston rod 200 is connected by a pivot
      pin 221 into a fork 222 which is coupled to one end of a rod 223 which
      carries the cam 191. The rod 223 is slidably mounted in bearings 231
      carried in housings 232 which are fixed to a base plate with also carries
      the cylinder 202. Adjustable stop members 233 and 234 on the cam-carrying
      rod 223 abut against the bearing housings to define the limits of movement
      of the cam by the piston 201.
PAR  A switch S3 which is also mounted on the base plate has a switch-operating
      roller 236 which is engaged by the cam surface 193 and is opposite the cam
      follower roller 190.
PAR  With the cam 191 in its initial fully-extended position shown in FIG. 15,
      determined by the stop 233 abutting against the right-hand bearing 231,
      the cam follower roller 190 bears on the portion 192 of the cam surface,
      the flow of hydraulic fluid to the motor regulates the speed of the motor
      92 to a value which drives the upright rollers 16 and the stub rollers 19
      at a speed to advance the carriage and the glass at a low forward creep
      speed of 0.025 m/sec. When the piston 201 is partially retracted into the
      cylinder 202 and the roller 190 bears on the highest portion 193 of the
      cam surface the control valve 188 regulates the flow of hydraulic fluid
      from the motor 92 to produce a high effective speed of the rollers 16 and
      19 to advance the carriage and the glass at a speed of 0.4 m/sec.
PAR  At the other extreme of the traverse of the rod 223 by full retraction of
      the piston 201 until the stop 234 abuts against the left-hand bearing 231,
      the roller 190 bears on the portion 194 of the cam surface. This gives a
      speed of the rollers 16 and 19 which advances the carriage and the glass
      at a speed of 0.06 m/sec. which is the speed at which the glass is
      advanced through the furnace as it is heated.
PAR  Operation of the apparatus begins with valve 207 locked in its central
      position, with hydraulic fluid under pressure on line 204 to the cylinder
      202, so that the piston rod 200 is fully extended and the cam 191 is
      positioned with the cam roller 190 on cam surface 192. In this position of
      the cam 191 the valve 188 is only slightly open so that the motor runs at
      its slowest set speed and the rollers 16 and 19 are driven at a speed to
      advance the carriage and the glass at a forward creep speed of 0.025
      m/sec. for example.
PAR  A carriage 18 carrying a sheet 17 is held at the loading station in
      slipping engagement with the rollers 16 and 19 by a retractable stop 241,
      FIG. 2a. Retraction of the stop permits the carriage 18 and a supported
      glass sheet 17 to move forward on the rollers at the forward creep speed
      of 0.025 m/sec. until the striker 147 on the carriage engages the limit
      switch S1 which is located just outside the entrance 30, 31 to the
      furnace, the leading edge of the sheet 17 then being just within the
      furnace entrance.
PAR  The limit switches S1 and S2 are connected in an electrical switching
      circuit which is illustrated diagramatically in FIG. 16.
PAR  The limit switch S1, which is normally open is connected in series with
      normally closed contacts R23 of a relay R2 to the solenoid of a relay R1.
      Holding contacts R11 on the relay R1 are connected in parallel with the
      switch S1. When striker 147 on the carriage engages the switch S1, relay
      R1 is energised to close normally open contacts R12 which are connected in
      series with the normally closed cam limit switch S3 and with the solenoid
      213 of valve 207.
PAR  The energisation of the solenoid 213 causes pressure fluid to be fed on
      line 203 to the cylinder 202 to retract the piston 201 into the cylinder
      so that the cam moves from its initial position in which the roller 190 is
      on the cam surface portion 192 to the position in which the roller 190 is
      on the highest part 193 of the cam. This operates valve 188 to increase
      the supply of fluid to the motor 92 so that the roller speed is
      accelerated to impart the entry speed of 0.4 m/sec. to the carriage and
      the glass.
PAR  In its central position the high part 193 of the cam opens switch S3 which
      de-energises solenoid 213 so that piston 201 is held in its central
      position in the cylinder 202.
PAR  The actuating member 149 for the limit switch S2 is mounted just inside the
      furnace. The switch S2 is normally open and when the actuating member 149
      is engaged by the striker 148 half way along the carriage, the trailing
      edge of the glass sheet 17 is just entering the furnace. This limit switch
      S2 is connected in series with a timer T1 which is set to a delay of up to
      5 seconds to ensure that the trailing edge of the sheet is inside the
      furnace before the rollers are decelerated to the speed at which the
      carriage and glass are advanced through the furnace.
PAR  At a set period after the switch S2 is closed, contacts T11 of the timer T1
      close. These contacts are in series with normally closed contacts R31 of a
      relay R3 and with the solenoid of the relay R2 which has holding contacts
      R21 in parallel with the timer contacts T11, and contacts R22 which are
      normally open, and are in parallel with the series-connected cam limit
      switch S3 and relay contacts R12.
PAR  When the timer T1 operates to close the switch T11 the relay R2 is
      energised and the contacts R22 close to re-energise the solenoid 213 of
      the valve 207. Pressure fluid is again supplied to the cylinder 202 on
      line 203 and retraction of the piston 201 continues to bring the roller
      190 onto the cam part 194. The opening of the valve 188 then determines
      rotation of the rollers at a speed giving a forward speed of the carriage
      and the glass in the furnace of 0.06 m/sec. As the roller 190 moves down
      the surface 194 the rollers 16 and 19 decelerate, and decelerate the
      carriage and the glass from the fast entry speed of 0.4 m/sec. to the
      furnace speed of 0.06 m/sec. which is reached by the time the trailing
      edge of the sheet is inside the furnace.
PAR  When the relay R2 is energised its normally closed contacts R23 which are
      in series with relay solenoid R1 open to cut out relay R1. As the cam
      moves to the right the switch S3 recloses but the solenoid 213 remains
      energised through the closed contacts R22.
PAR  A second timer T2, which can be set to a time delay of up to 5 minutes, is
      connected in parallel with the relay R2, and operation of this timer T2 is
      initiated when timer contacts T11 close and relay R2 is energised. The
      timer T2 is held operating by the closing of the holding relay contacts
      R21 and this timer is set to a time delay and closes contacts T21 when the
      glass has been traversing through the furnace at the furnace speed for the
      selected time for heating the glass to a required temperature in
      dependence on the thickness of the glass, the height of the glass sheet
      and the angle of the supported sheet.
PAR  After the set time delay the timer T2 operates to close contacts T21 which
      are in series with normally closed contacts R41 of a relay R4 and with the
      solenoid of relay R3.
PAR  Holding contacts R32 on relay R3 are in parallel with the timer contacts
      T21 and when relay R3 operates the normally closed contacts R31 in series
      with relay R2 open to cancel relay R2 which opens contacts R22, thereby
      de-energising solenoid 213 at the same time as contacts R33 of relay R3
      close and energise through closed contacts S31 of the limit switch S3, the
      other solenoid 214 of the valve 207.
PAR  The valve 207 switches pressure fluid onto line 204 to the bottom end of
      the cylinder 202 and the extension of the piston rod 200 out of the
      cylinder begins. The cam roller 190 runs up the cam surface 194 onto the
      high part 193 and the motor accelerates to give the maximum carriage exit
      speed of 0.4 m/sec. to convey the glass as the required pre-quenching
      temperature from the furnace and between the blowing frames 37.
PAR  The striker 147 on the carriage which is accelerating out of the furnace
      engages a limit switch S4 mounted between the blowing frames 37, and
      closes that switch to energise the solenoid of a relay R4. When relay R4
      is energised holding contacts R42 in parallel with switch S4 close;
      contacts R41 open to de-energise relay R3; and contacts R43, which are in
      parallel with the contacts S31 and R33, close to energise solenoid 214 of
      valve 207, by-passing the open contacts R33 and S31.
PAR  The extension of the piston 201 out of the cylinder 202 continues and the
      roller 190 runs down the surface 192 so that the motor 92 is decelerated
      to impart to the carriage and the glass the creep speed of 0.025 m/sec.
      and is held at this speed with the stop member 233 abutting against the
      right-hand bearing 231, as the hot glass sheet is carried at that speed
      between the blowing frames 37.
PAR  A reset press button switch S5 is connected in series with a normally
      closed limit switch S6 which is located right at the far end of the
      conveyor for engagement by the striker 145 on the carriage 18 when the
      carriage is nearing the end of the conveyor. With the switch S5 closed,
      when the switch S6 closes the solenoid of a relay R6 is energised closing
      holding contacts R61 in parallel with the reset switch S5, and contacts
      R62 in series with the coil 240 of the exit roller clutch 39. This clutch
      coil 240 is energised throughout operation once the reset switch S5 has
      been closed so that the conveyor rollers at the exit end of the furnace
      are running at the same speed as the furnace rollers until the carriage
      engages the switch S6 whereupon the exit rollers are declutched and come
      to rest. Normally closed contacts S61 of switch S6 are in series with
      relay R2 and are opened when the carriage operates the switch S6 to
      de-energise the solenoid of relay R4.
PAR  The motor 92 is now running at a speed to impart to the carriage the
      forward creep speed of 0.025 m/sec. and a further glass sheet for
      processing is loaded as the toughened sheet and its carriage are being
      removed from the exit rollers. The button of the reset switch S5 is
      pressed to re-engage the clutch 37, the carriage stop at the loading
      station is retracted and processing of the next sheet begins.
PAR  FIG. 11 illustrates how the upper edge of the glass sheet rests against the
      near-vertical support rollers 16 when the cold glass sheet 17 is loaded on
      to the support carriage 18 at the loading station and during the initial
      part of the heating of the glass. As the glass is heated during its travel
      through the furnace and the glass approaches the temperature in the range
      580.degree.C to 660.degree.C to which it is to be heated, the glass
      becomes sufficiently softened to relax against the support rollers 16, and
      could become unacceptably deformed if it were maintained at that
      temperature for too long.
PAR  Initially the upper part of the sheet relaxes against the rollers 16 and
      the depth of effective supporting surface of the rollers 16 must always be
      sufficient to accommodate permissible relaxation.
PAR  The timer T2 is set so that the glass has reached its desired temperature
      which is substantially uniform over the whole sheet and through its
      thickness by the time the hot sheet is accelerated out of the furnace to a
      further processing operation for example toughening as just described, or
      bending and subsequent toughening, before the amount of deformation of the
      sheet by initial relaxation of the upper part of the sheet against the
      rollers 16, followed, if acceptable, by outward bulging of the lower part
      of the sheet as described above, exceeds the limits of acceptable
      deformation of the sheet.
PAR  The furnace heater temperature settings of 700.degree.C, 725.degree.C and
      750.degree.C achieve a mean furnace temperature of about 730.degree.C. The
      time of transit of the glass sheet through the furnace at that temperature
      is regulated in order to ensure that the glass sheet is heated to a
      required final temperature in the set time of transit. During the transit
      time the glass sheet may deform and at the end of the heating period will
      have reached an actual deformation index value as described above. The
      glass sheet is acceptable if the actual deformation index is less than the
      critical deformation index based on acceptable deformation of the glass
      sheet by the time the sheet is being discharged from the furnace at the
      higher discharge speed of 0.4 m/sec.
PAR  The heating time is set either by setting the transit speed of the glass
      through the furnace or by setting the time of transit of the glass through
      the furnace at a fixed speed prior to acceleration of the glass when it
      has reached a predetermined temperature and discharge through the furnace
      exit.
PAR  The transit speed can be set by adjusting the position of the stop member
      234 on the cam rod 223 in order to vary the limit of retraction of the
      piston 201 into the cylinder 202 and thereby determine the position of the
      roller 190 on the cam surface 192 and the extent of opening of the valve
      188 which controls the speed of the hydraulic motor 92. A range of transit
      speeds of the glass sheet through the furnace of from 0.025 m/sec. to 0.06
      m/sec. is readily achieved in this way.
PAR  Other settings of furnace temperature may be employed as set out in Table
      I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Heating Sections Temperature                                              
                        Mean Furnace Temperature                               
     (.degree.C)        (.degree.C)                                            
     ______________________________________                                    
     680     705      730       710                                            
     700     725      750       730                                            
     720     745      770       750                                            
     780     805      830       810                                            
     ______________________________________                                    
PAR  At any particular mean furnace temperature the time taken for a sheet to
      reach a required final temperature is dependent on its thickness. The
      following Tables II to VII give examples of operation for a range of glass
      thicknesses from 2.2 mm to 15 mm of heating times required to achieve a
      final glass temperature in the range 580.degree.C to 700.degree.C.
PAR  Parameters common to each of the examples in Tables II to VI are as
      follows:
TBL  Angle of rollers 16    = 5.degree. to vertical                            
     Offset of bottom edge of                                                  
      sheet from rollers 16 = 2 mm                                             
     Height of glass sheet  = 0.76 m                                           
     Density of glass (soda-lime-silica)                                       
                            = 2.5 g/cm.sup.3                                   
     Maximum permissible bulge in sheet                                        
                            = 0.5 mm                                           
TBL                                    TABLE II                                
     __________________________________________________________________________
     Final Glass Temperature = 580.degree.C.                                   
     Glass Thickness                                                           
               Critical Deformation                                            
                           Mean Furnace                                        
                                   Heating Time                                
                                           Deformation Index                   
               Index       Temperature                                         
                           (.degree.C)                                         
                                   (Sec.)                                      
     __________________________________________________________________________
                           710     67      3.6 .times. 10.sup.-.sup.12         
     2.2 mm     3.8 .times. 10.sup.-.sup.9                                     
                           750     56      2.7 .times. 10.sup.-.sup.12         
                           810     45      1.9 .times. 10.sup.-.sup.12         
                           710     88      4.7 .times. 10.sup.-.sup.12         
     3 mm       7.2 .times. 10.sup.-.sup.9                                     
                           750     73      3.5 .times. 10.sup.-.sup.12         
                           810     57      2.5 .times. 10.sup.-.sup.12         
                           710     115     6.2 .times. 10.sup.-.sup.12         
     4 mm      12.7 .times. 10.sup.-.sup.9                                     
                           750     95      4.6 .times. 10.sup.-.sup.12         
                           810     75      3.2 .times. 10.sup.-.sup.12         
                           710     141     7.6 .times. 10.sup.-.sup.12         
     5 mm      19.8 .times. 10.sup.-.sup.9                                     
                           750     117     5.7 .times. 10.sup.-.sup.12         
                           810     93      4.0 .times. 10.sup.-.sup.12         
     __________________________________________________________________________
TBL                                    TABLE III                               
     __________________________________________________________________________
     Final Glass Temperature = 610.degree.C.                                   
     Glass Thickness                                                           
               Critical Deformation                                            
                           Mean Furnace                                        
                                   Heating Time                                
                                           Deformation Index                   
               Index       Temperature                                         
                           (.degree.C)                                         
                                   (Sec.)                                      
     __________________________________________________________________________
                           710     79      9.6 .times. 10.sup.-.sup.11         
     2.2 mm     3.8 .times. 10.sup.-.sup.9                                     
                           750     65      6.8 .times. 10.sup.-.sup.11         
                           810     51      4.5 .times. 10.sup.-.sup.11         
                           710     104     1.3 .times. 10.sup.-.sup.10         
     3 mm       7.2 .times. 10.sup.-.sup.9                                     
                           750     85      8.8 .times. 10.sup.-.sup.11         
                           810     65      5.9 .times. 10.sup.-.sup.11         
                           710     136     1.6 .times. 10.sup.-.sup.10         
     4 mm      12.7 .times. 10.sup.-.sup.9                                     
                           750     110     1.1 .times. 10.sup.-.sup.10         
                           810     85      7.6 .times. 10.sup.-.sup.11         
                           710     167     2.0 .times. 10.sup.-.sup.10         
     5 mm      19.8 .times. 10.sup.-.sup.9                                     
                           750     135     1.4 .times. 10.sup.-.sup.10         
                           810     105     9.4 .times. 10.sup.-.sup.11         
     __________________________________________________________________________
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Final Glass Temperature = 650 .degree.C.                                  
     Glass Thickness                                                           
               Critical Deformation                                            
                           Mean Furnace                                        
                                   Heating Time                                
                                           Deformation Index                   
               Index       Temperature                                         
                           (.degree.C)                                         
                                   (Sec.)                                      
     __________________________________________________________________________
                           710     102     3.2 .times. 10.sup.-.sup.9          
     2.2 mm     3.8 .times. 10.sup.-.sup.9                                     
                           750      80     1.9 .times. 10.sup.-.sup.9          
                           810      60     1.2 .times. 10.sup.-.sup.9          
                           710     134     4.1 .times. 10.sup.-.sup.9          
     3 mm       7.2 .times. 10.sup.-.sup.9                                     
                           750     104     2.5 .times. 10.sup.-.sup.9          
                           810      77     1.5 .times. 10.sup.-.sup.9          
                           710     175     5.3 .times. 10.sup.-.sup.9          
     4 mm      12.7 .times. 10.sup.-.sup.9                                     
                           750     135     3.3 .times. 10.sup.-.sup.9          
                           810     100      2 .times. 10.sup.-.sup.9           
                           710     216     6.5 .times. 10.sup.-.sup.9          
     5 mm      19.8 .times. 10.sup.-.sup.9                                     
                           750     166      4 .times. 10.sup.-.sup.9           
                           810     124     2.4 .times. 10.sup.-.sup.9          
                           710     258     7.9 .times. 10.sup.-.sup.9          
     6 mm      28.8 .times. 10.sup.-.sup.9                                     
                           750     198     4.8 .times. 10.sup.-.sup.9          
                           810     147     2.9 .times. 10.sup.-.sup.9          
                           710     344     10.6 .times. 10.sup.-.sup.9         
     8 mm      50.8 .times. 10.sup.-.sup.9                                     
                           750     262     6.4 .times. 10.sup.-.sup.9          
                           810     194     3.9 .times. 10.sup.-.sup.9          
     __________________________________________________________________________
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Final Glass Temperature = 665.degree. C.                                  
     Glass Thickness                                                           
               Critical Deformation                                            
                           Mean Furnace                                        
                                   Heating Time                                
                                           Deformation Index                   
               Index       Temperature                                         
                           (.degree.C)                                         
                                   (Sec.)                                      
     __________________________________________________________________________
                           710     163     14.4 .times. 10.sup.-.sup.9         
     3.0 mm     7.2 .times. 10.sup.-.sup.9                                     
                           750     121      8.7 .times. 10.sup.-.sup.9         
                           810      89      4.5 .times. 10.sup.-.sup.9         
                           710     199     18.3 .times. 10.sup.-.sup.9         
     4.0 mm    12.7 .times. 10.sup.-.sup.9                                     
                           750     147     10.1 .times. 10.sup.-.sup.9         
                           810     107      5.79.times.  10.sup.-.sup.9        
                           710     290     27.0 .times. 10.sup.-.sup.9         
     6.0 mm    28.8 .times. 10.sup.-.sup.9                                     
                           750     216     14.9 .times. 10.sup.-.sup.9         
                           810     158      8.48.times. 10.sup.-.sup.9         
                           710     388     36.2 .times. 10.sup.-.sup.9         
     8.0 mm    50.8 .times. 10.sup.-.sup.9                                     
                           750     296     19.9 .times. 10.sup.-.sup.9         
                           810     207     11.4 .times. 10.sup.-.sup.9         
                           710     487     45.9 .times. 10.sup.-.sup.9         
     10.0 mm   79.2 .times. 10.sup.-.sup.9                                     
                           750     360     25.3 .times. 10.sup.-.sup.9         
                           810     260     14.4 .times. 10.sup.-.sup.9         
                           710     590     56.1 .times. 10.sup.-.sup.9         
     12  mm    115.2 .times. 10.sup.-.sup.9                                    
                           750     436     30.9 .times. 10.sup.-.sup.9         
                           810     314     17.7 .times. 10.sup.-.sup.9         
     __________________________________________________________________________
TBL                                    TABLE VI                                
     __________________________________________________________________________
     Final Glass Temperature = 680.degree.C.                                   
     Glass Thickness                                                           
               Critical Deformation                                            
                           Mean Furnace                                        
                                   Heating Time                                
                                           Deformation Index                   
               Index       Temperature                                         
                           (.degree.C)                                         
                                   (Sec.)                                      
     __________________________________________________________________________
                           710     337     94.5 .times. 10.sup.-.sup.9         
      6.0 mm   28.8 .times. 10.sup.-.sup.9                                     
                           750     236     44.4 .times. 10.sup.-.sup.9         
                           810     168     23.6 .times. 10.sup.-.sup.9         
                           710     450     127  .times. 10.sup.-.sup.9         
      8.0 mm   50.8 .times. 10.sup.-.sup.9                                     
                           750     314     59.4 .times. 10.sup.-.sup.9         
                           810     221     31.7 .times. 10.sup.-.sup.9         
                           710     565     160  .times. 10.sup.-.sup.9         
     10.0 mm   79.2 .times. 10.sup.-.sup.9                                     
                           750     396     75.3 .times. 10.sup.-.sup.9         
                           810     278     40.1 .times. 10.sup.-.sup.9         
                           710     686     197   .times. 10.sup.-.sup.9        
     12.0 mm   115.2 .times. 10.sup.-.sup.9                                    
                           750     479     91.0 .times. 10.sup.-.sup.9         
                           810     337     49.0 .times. 10.sup.-.sup.9         
                           710     880     264   .times. 10.sup.-.sup.9        
     15.0 mm   180   .times.  10.sup.-.sup.9                                   
                           750     635     122   .times. 10.sup.-.sup.9        
                           810     435     78  .times. 10.sup.-.sup.9          
     __________________________________________________________________________
TBL                                    TABLE VII                               
     __________________________________________________________________________
     Final Glass Temperature = 700.degree.C.                                   
     Glass Thickness                                                           
               Critical Deformation                                            
                           Mean Furnace                                        
                                   Heating Time                                
                                           Deformation Index                   
               Index       Temperature                                         
                           (.degree.C)                                         
                                   (Sec.)                                      
     __________________________________________________________________________
      6.0 mm    89.3 .times. 10.sup.-.sup.9                                    
                           810     184      85.0 .times. 10.sup.-.sup.9        
      8.0 mm   157.5 .times. 10.sup.-.sup.9                                    
                           810     243     114  .times. 10.sup.-.sup.9         
     10  mm    245.5 .times. 10.sup.-.sup.9                                    
                           810     306     145   .times. 10.sup.-.sup.9        
     12  mm    357.0 .times. 10.sup.-.sup.9                                    
                           810     371     177   .times. 10.sup.-.sup.9        
     15  mm    544.0 .times. 10.sup.-.sup.9                                    
                           750     710     490  .times. 10.sup.-.sup.9         
                           810     497     232  .times. 10.sup.-.sup.9         
     __________________________________________________________________________
PAR  In Table VII only operating conditions for heating glass sheets to
      700.degree.C with acceptable relaxation are given. The parameters for each
      of these examples are:
TBL  Angle of rollers 16 = 10.degree. to vertical                              
     Offset of bottom edge of sheet                                            
      from rollers 16    = 2 mm                                                
     Height of glass sheet                                                     
                         = 0.61 m                                              
     Density of glass (soda-lime-                                              
      silica)            = 2.5 g/cm.sup.3                                      
     Maximum permissible bulge in                                              
      sheet              = 0.5 mm.                                             
PAR  In Tables II and III the actual values of deformation index are so much
      smaller than the critical deformation index, whose value is for a maximum
      acceptable bulge of 0.5 mm, that the glass sheets will be at the desired
      final temperature of 580.degree.C or 610.degree.C while still in the
      initial stages of relaxation of their upper edges against the
      near-vertical rollers. In setting up the apparatus therefore a more
      stringent criterion of acceptable deformation with a correspondingly lower
      value of critical deformation index may be employed.
PAR  Some of the results in Table V show that the actual deformation index
      exceeds the critical deformation index when heating 3 mm thick glass to
      665.degree.C with furnace temperatures of 710.degree.C and 750.degree.C
      and long heating times respectively 163 and 121 seconds, and when heating
      4 mm thick glass to 665.degree.C with the furnace temperature at
      710.degree.C and a 199 second heating time.
PAR  Table VI also demonstrates that slow heating of glass sheets of thickness 6
      mm to 15 mm with a low furnace temperature of 710.degree.C leads to
      unacceptable deformation as the actual deformation index exceeds the
      critical deformation index. This is also the case when heating 6 mm and 8
      mm glass with a furnace temperature of 750.degree.C.
PAR  The results set out in Tables II to VI show that for heating a sheet of
      soda-lime-silica glass whose thickness is in the range 2.2 mm to 15 mm and
      whose height is at most 0.76 m, and with the support rollers at an angle
      of 5.degree. to the vertical and the lower edge of the sheet offset about
      2 mm from the support, thermal conditions in the furnace and the time of
      residence of the sheet within the furnace are set to achieve a
      predetermined temperature of the glass sheet in the range 580.degree.C to
      680.degree.C while relaxing the glass sheet by an amount such that the
      value of deformation index of the hot glass sheet is less than a critical
      value within the range 3.8 .times. 10.sup..sup.-9 to 180 .times.
      10.sup..sup.-9, which critical value of deformation index is determined by
      a bulge in the hot glass sheet less than about 0.5 mm.
PAR  Further Tables II to V show that for heating a sheet of soda-lime-silica
      glass whose thickness is in the range 2.2 mm to 4 mm and whose height is
      at most 0.76 m, and with the support rollers at an angle of 5.degree. to
      the vertical and the lower edge of the sheet offset about 2 mm from the
      support, thermal conditions in the furnace and the time of residence of
      the sheet within the furnace are set to achieve a predetermined
      temperature of the glass sheet in the range 580.degree.C to 665.degree.C
      while relaxing the glass sheet by an amount such that the value of
      deformation index of the hot glass sheet is less than a critical value
      within the range 3.8 .times. 10.sup.9 to 12.7 .times. 10.sup.9, which
      critical value of deformation index is determined by a bulge in the hot
      glass sheet less than about 0.5 mm.
PAR  Additionally Table VII shows that for heating a sheet of soda-lime-silica
      glass whose thickness is in the range 6 mm to 15 mm and whose height is at
      most 0.61 m, and with the support rollers inclined at an angle of
      10.degree. to the vertical and the lower edge of the sheet offset about 2
      mm from the support, thermal conditions in the furnace and the time of
      residence of the sheet within the furnace are set to achieve a
      predetermined temperature of about 700.degree.C of the glass sheet while
      relaxing the glass sheet by an amount such that the value of deformation
      index of the hot glass sheet is less than a critical value within the
      range 89.3 .times. 10.sup..sup.-9 to 544 .times. 10.sup..sup.-9, which
      critical value of deformation index is determined by a bulge in the hot
      glass sheet less than about 0.5 mm.
PAR  The distance by which the bottom edge of the glass sheet is offset from the
      support plane of the upright roller surfaces in the furnace is relevant in
      determining the critical deformation index for a glass sheet. This offset
      may be up to 4 mm but is usually kept as small as possible bearing in mind
      the significant effect the amount of offset has on the value of the
      critical deformation index.
PAR  The height of the glass sheet is relevant in relation to this offset being
      a primary factor in determining the gravitational load on the glass while
      it is being heated; both the height and glass thickness determine the
      weight of the glass causing the possible bulge.
PAR  These factors are therefore relevant in setting the processing conditions
      so that the glass sheet is heated to the desired temperature without
      deformation by an amount exceeding the acceptable maximum deformation.
PAR  Based on operating experience and on calculations on the basis of the
      formula set out above to determine the deformation index of the glass
      sheet, it has been shown that glass sheets of thickness from 2 mm up to 15
      mm and of height from 0.6 m to 1.0 m can be heated to a desired
      temperature in the range 580.degree.C to 640.degree.C with the inclined
      support rollers at an angle of from 2.degree. to 10.degree. from the
      vertical and with the offset distance of the bottom edge of the sheet from
      the rollers up to 4 mm. Within these ranges all glass sheets were
      satisfactorily processed with relaxation against the upright rollers less
      than the maximum acceptable deformation of the sheet and with the actual
      deformation index of the sheet well below the critical deformation index.
PAR  For the heating of glass sheets to final glass temperatures of from
      640.degree.C up to 700.degree.C with the mean furnace temperature in the
      range 710.degree.C to 810.degree.C it has been found that, with other
      conditions unchanged, there is a lower limit to the glass thickness which
      can be processed. This is illustrated in Table VIII which summarises
      results for the processing of glass which is offset at a distance of about
      2 mm from the surfaces of the near-vertical support rollers. In this table
      the height of the glass sheet is indicated by H and the angle of the near
      vertical rollers to the vertical by the angle .alpha..
TBL                TABLE VIII                                                  
     ______________________________________                                    
     Glass   Furnace                                                           
     Temp.   Temp.     Processable Glass Thickness (mm)                        
     .degree.C                                                                 
             .degree.C H = 0.6 m  H = 0.76 m                                   
                                           H = 1 m                             
                       .alpha. = 10.degree.                                    
                                  .alpha. = 5.degree.                          
                                           .alpha. = 2.degree.                 
     ______________________________________                                    
             810       2 - 15     2 - 15   3 - 15                              
     650     750       2 - 15     2 - 15   6 - 15                              
             710       2 - 15     2 - 15   8 - 15                              
             810       2 - 15     2 - 15   8 - 15                              
     665     750       2 - 15     4 - 15   15                                  
             710       2 - 15     6 - 15   --                                  
             810       3 - 15     6 - 15   --                                  
     680     750       4 - 15     10 - 15  --                                  
             710       8 - 15     --       --                                  
             810       12 - 15    --       --                                  
     700     750       15         --       --                                  
             710       --         --       --                                  
     ______________________________________                                    
PAR  For the glass sheets of least height, that is 0.6 m, a final glass
      temperature of up to 665.degree.C can be achieved for all thickness from 2
      mm to 15 mm.
PAR  When the final glass temperature desired is 680.degree.C it is possible to
      achieve this in glass thicknesses from 3 mm upwards with the higher
      furnace temperature of 810.degree.C because at this higher furnace
      temperature the transit time of the glass through the furnace is less and
      there is less time for distortion to develop in the glass. This is
      illustrated further by the fact that when the furnace temperature is only
      710.degree.C the distortion which developed in glass thinner than 8 mm was
      beyond the acceptable limits, with the actual deformation index of the
      glass approaching and exceeding the critical deformation index.
PAR  With the same glass height of 0.6 m a final glass temperature of
      700.degree.C could not be achieved at all in glass thinner than 15 mm when
      the furnace temperature was 710.degree.C because the transit time would be
      so long to heat the thick glass uniformly through its thickness that there
      would be time for unacceptable distortion to develop. At the higher
      furnace temperature of 810.degree.C however glass of thickness 12 mm and
      above could be successfully heated uniformly to 700.degree.C.
PAR  The conditions are more stringent when the glass height is 0.76 m and the
      angle of the rollers to the vertical is 5.degree.. Table VIII shows how
      for the lower furnace temperatures and the desired glass temperature of
      665.degree.C lower limit of thickness which can be successfully processed
      rises to 6 mm. When a final glass temperature of 680.degree.C is desired
      this can be achieved in glass 6 mm thick and above when the furnace
      temperature is 810.degree.C, and in glass 10 mm thick and above when the
      furnace temperature is 750.degree.C. When the furnace temperature is
      710.degree.C the glass could not be successfully processed. Glass thinner
      than 15 mm could not be heated to 700.degree.C without unacceptable
      deformation developing.
PAR  As would be expected the trend of these results is continued when a higher
      glass one meter high is processed with the angle of the rollers nearer to
      the vertical at 2.degree.. The right hand column of Table VIII shows how
      it is not possible to heat glass of that height and of thickness lower
      than 15 mm to a temperature of 680.degree.C or 700.degree.C but that other
      ranges of thickness can be successfully heated to a temperature in the
      range 650.degree.C to 665.degree.C depending on the furnace temperature;
      the higher the furnace temperature the wider being the range of glass
      thicknesses which can be processed.
PAR  All these results are concerned with the heating of glass of thickness up
      to 15 mm thick. Thicker glasses could be processed but the usual
      commercial thicknesses of glass sheet are comprehended within the range 2
      mm to 15 mm.
PAR  In place of the support carriage 18 which runs on the lower support rollers
      19, the conveyor may include an endless chain extending beneath the
      upright rollers 16 and engaging chain drive means connected to the driving
      means for the conveyor.
PAR  Supports for the lower edge of the glass sheet are fixed to the chain at
      spaced positions and the supports are guided along a path offset from the
      upright rollers by a distance which determines the angle at which a
      supported glass sheet leans against the rollers.
PAR  Such a chain support is illustrated in FIGS. 17 to 20 and in these Figures
      two endless chains 250 and 251 carrying supports for glass sheets extend
      through the furnace parallel to each other and beneath and closely
      adjacent to the support rollers 16. The provision of two chain drives
      enable two sheets to be present at a time in the apparatus thereby
      improving output. For example one sheet may be loaded at the loading
      station while a second sheet is approaching the end of its traverse at a
      slow speed through the furnace prior to its acceleration out of the
      furnace when it has reached the desired temperature.
PAR  In order to accommodate more than one sheet at a time it is necessary to
      divide the drive to the upright support rollers 16 into groups so that for
      example the support rollers against which a sheet is leaning as it is
      being heated in the furnace are being driven at a slower speed than the
      rollers against which a sheet leans as it is being accelerated from the
      loading station into the furnace.
PAR  FIG. 17 shows the two chains 250 and 251. The chain 250 extends between a
      sprocket 252 at the loading station and a drive sprocket 253 beyond the
      outlet end of the conveyor where toughened glass sheets are unloaded. The
      sprocket wheel 253 is mounted on a drive shaft 254 on which there is also
      mounted a drive gear 255 which meshes with an idler gear 256. The idler
      gear 256 also meshes with a gear 257 which is connected through a clutch
      258 to a shaft 259 which is driven through a gear box 260 by a drive motor
      261.
PAR  The second chain 251 extends between a drive sprocket 262 at the outlet end
      of the apparatus and a sprocket wheel 263 at the load station. The
      sprocket wheel 262 is mounted on a shaft 264 on which there is also
      mounted a gear 265 which meshes with an idler gear 266 which idler gear
      further meshes with a gear 267 which is connectable through a clutch 268
      to the shaft 259.
PAR  The gear 267 also meshes with a gear 269 which is connectable by a clutch
      270 to a further drive shaft 271. The drive shaft extends from a gear box
      272 which is driven by a second motor 273. The drive shaft 271 is
      connected to a clutch 274 which can be engaged to drive a further gear 275
      which meshes with the gear 257. A further output shaft from the gear box
      260 is indicated at 276 and this shaft drives through a right angled drive
      unit 277 the gear boxes which drive a central constant speed section of
      the upright rollers 16 in the furnace.
PAR  An output shaft 279 from the gear box 272 connected to the motor 273 is
      connected to right angled drives 280 which provide the drive to groups of
      gear boxes which drive variable speed sections of the support rollers 16.
      A first variable speed, section 281 extends from the inlet to the furnace
      up to a constant speed section 278 and a second, variable speed, section
      282 extends from the constant speed section 278 to the outlet from the
      furnace. By selective engagement of the clutches 258, 268, 270 and 274 the
      different sections of the support rollers can all be driven at the same
      speed or at different speeds.
PAR  Supports 283 for the glass sheets are indicated diagrammatically in FIGS.
      17 and 18 and are shown in more detail in FIG. 19, and are fixed to the
      chains 250 and 251 at spaced positions. In the embodiment illustrated the
      supports are in pairs, each pair of supports 283 being engaged by the
      lower edge of a single glass sheet 17.
PAR  The chains 250 and 251 are also shown in FIG. 20. The upper traverse of the
      chains is beneath the bearings for the support rollers 16 and the supports
      for the lower edge of the sheet are in the form of bent members the upper
      parts of which are illustrated in more detail in FIG. 20. Each support is
      bent inwardly and is formed in the same manner as the supports illustrated
      in FIG. 10 to receive the lower edge of a glass sheet 17 on the upper edge
      284 of the support. Near this upper edge a guide block 285 is fixed to the
      inner face of the support which guide block runs in guide grooves 286
      formed near the lower end of each of the rollers 16. Each of the support
      members 283 is strengthened by a web 287 at its lower end and is formed
      with an annular collar 288 to fit onto a shaft 289 which is fixed into a
      bracket 290 of a carriage member 291 which is attached by a dog 292 to the
      chain 250. The chains run in specially shaped guides 293 which are fixed
      to the lower part of the furnace structure on a base plate 294 and there
      is also mounted on the base plate 294 a guide rail 295 of circular
      cross-section on which runs a diabolo roller 296. The diabolo roller 296
      running on the guide rail 295 and the guide block 285 running in the
      grooves 286 in the roller 16 serve to guide the supports 283 for the glass
      sheet.
PAR  The supports 283 attached to the second chain 251 are of similar
      construction although having longer carriage members 291 to extend from
      the chain 251 with diabolo guide rollers 296 running on the same guide
      rail 295.
PAR  FIG. 19 shows the lower return traverse of the chains 250 and 251 with the
      supports 283 inverted and with a further guide rail 297 mounted on
      supports 298 beneath the floor of the furnace to guide the running of the
      supports back to the inlet end of the furnace. The provision of the guide
      rails 295 and 297 for engagement by the rollers 296 on the supports,
      obviates the need for additional support for the chains between their end
      sprockets.
PAR  Another form of apparatus according to the invention is illustrated
      schematically in FIGS. 21a and 21b. This embodiment enables up to three
      sheets at a time to be processed in the apparatus thereby speeding up
      production.
PAR  The apparatus comprises upright support rollers 16 at a small angle for
      example about 5.degree. to the vertical and bottom stub rollers 19 which
      are inclined to the horizontal in the same way as in the embodiment
      previously described. The sheets of glass to be toughened are each carried
      through the apparatus on carriages of the kind illustrated in FIGS. 10 and
      11.
PAR  The apparatus is divided into sections and the first section which is the
      loading section outside the furnace comprises 10 upright rollers 16 and
      five bottom stub rollers 19. The upright roller 16 nearest to the furnace
      entrance is chain driven from the first upright roller 16 of a first
      section C1 of the conveyor rollers within an inlet section of the furnace.
PAR  This first conveyor section C1 comprises ten upright rollers 16 which are
      driven by three top gear boxes 300, the first of which drives the first
      four rollers 16, and the second and third of which each drives three
      rollers 16. The dirve to the gear boxes is from the hydraulic motor 92 the
      output shaft of which is connected to the right angle drive unit 89 from
      which a drive shaft transmits drive through the right angle drive unit 81
      to input drive units 301 connected to the gear boxes 300.
PAR  A straight-through drive is transmitted from the motor 92 through the right
      angle drive unit 89 to a lower drive gear box 302 from which a drive shaft
      303 extends to each of the four bottom stub rollers 19 in this first
      conveyor section C1.
PAR  The second conveyor section C2 is within a central section of the furnace
      and comprises fifteen upright rollers 16 which are driven in three groups
      of four rollers and one group of three rollers through four top gear boxes
      304. The drive to the gear boxes is from a second hydraulic motor 305
      which is connected to a right angle drive unit 306 from which a drive
      shaft transmits drive to the input drive units 309 of the gear boxes
      through a right angle drive unit 308. The motor 305 drives two bottom gear
      boxes 311 directly through the right angle drive unit 306, the gear boxes
      311 having output shafts 312 which drive eight bottom rollers 19 which are
      located in the conveyor section C2.
PAR  The drive from the second motor 305 is extended by a coupling shaft 313
      which is connected to one side of a first clutch 314 located between the
      second conveyor unit C2 and a third short conveyor unit C3 which comprises
      three upright rollers 16 and a single bottom stub roller 19. The three
      upright rollers are driven through a single top gear box 315 the drive to
      which is by a shaft 316 extending from a right angle drive unit 317 which
      is coupled by a shaft 318 to the other side of the first clutch 314.
PAR  The extension of the shaft 318 through the right angle drive unit 317 is
      coupled through a further right angled drive unit 319, which drives the
      shaft of the single bottom stub roller 19 of this section, to a shaft 320
      coupled to one side of a second clutch 321 the other side of which is
      connected by a shaft 322 to the output of a lower gear box 323 which
      drives the shafts 324 of two bottom stub rollers 19 in a fourth conveyor
      section C4 within the furnace. This fourth section has four upright
      rollers 16 which are driven by a top gear box 325 which is coupled by a
      shaft 326 to an output drive from the lower gear box 323.
PAR  The conveyor within the furnace is completed by a fifth conveyor section C5
      which is a short section comprising three upright rollers 16 and a single
      bottom stub roller 19. The three upright rollers are driven from a top
      gear box 327 which is itself driven by a coupling shaft 328 connected to a
      lower gear box 329 which is driven by a third hydraulic motor 330 and also
      provides the drive on a shaft 331 for the bottom stub roller 19.
PAR  An output shaft 332a from the bottom gear box 329 is coupled to the other
      side of the third clutch 332.
PAR  The first motor 92 operates in the same manner as already described, and
      can be driven for example at a slow speed to provide a carriage and glass
      speed of 0.025 m/sec., 0.4 m/sec. and 0.06 m/sec. Both the load section
      and the first section C1 of the furnace conveyor can be driven at any of
      these speeds under control of the switching sequence.
PAR  The second motor 305 is a fixed speed motor which drives the conveyor
      section C2 at a speed to provide a carriage and glass speed of 0.06 m/sec.
      This section C2 of the conveyor is therefore always being driven at the
      set furnace speed.
PAR  The third motor 330 can be driven at a speed to give a carriage and glass
      creep speed of 0.025 m/sec., and exit speed which is the same as the entry
      speed of 0.4 m/sec. and also the furnace speed of 0.06 m/sec.
PAR  The speed of operation of the conveyor sections C3, C4 and C5 in the outlet
      section of the furnace is governed by the state of actuation of the three
      clutches 314, 321 and 332. These may for example be electromagnetic
      clutches.
PAR  Operation begins with the motor 92 being driven to give a roller linear
      surface speed of 0.025 m/sec. and when a loaded carriage is released at
      the loading station it advances at the load creep speed towards the
      entrance to the furnace. On engagement of the first limit switch S1
      located outside the furnace entrance by the carriage the motor 92 is
      accelerated to give a roller linear surface speed of 0.4 m/sec. thereby
      accelerating the glass into the furnace, the section C1 of the furnace
      then being driven to give a carriage and glass speed of 0.4 m/sec. to
      advance the cold sheet rapidly into the furnace. The second section C2 of
      the conveyor is running at a roller linear surface speed of 0.06 m/sec. at
      which speed the glass is heated as it is advanced through the furnace for
      a predetermined time at that speed set in the timer T2, and after
      actuation of the switch S2 the speed of motor 92 is dropped to reduce the
      section C1 of the furnace conveyor to the roller linear surface speed of
      0.06 m/sec. at which speed advance of the glass continues on the second
      conveyor section C2 which always operates at that speed.
PAR  When the glass sheet has advanced on to conveyor section C2, section C1 is
      ready to receive the next sheet and its speed is reduced to the load creep
      speed of 0.025 m/sec. and the next glass is loaded at the load station.
PAR  At this stage the first clutch 314 is engaged and the second clutch 321 is
      disengaged so that the conveyor section C3 is also running at the roller
      linear surface speed of 0.06 m/sec.
PAR  Meanwhile the third motor 330 is running to drive the conveyor sections C4
      and C5 at the higher exit speed so that the preceding glass is that time
      being accelerated and advanced rapidly through the exit from the furnace
      to the blowing frames 37.
PAR  The third clutch 332 is engaged so that the sections C4 and C5 are both
      running at the higher exit speed.
PAR  When the sheet is within the blowing frames the motor 330 is decelerated to
      drive the sheet between the blowing frames at a speed of 0.06 m/sec., the
      third clutch 332 being disengaged and the second clutch 321 is engaged so
      that the conveyor section C4 is now also running at a carriage speed of
      0.06 m/sec. ready to receive the hot glass sheet whose leading edge is
      advancing from the conveyor section C3 on the conveyor section C4.
PAR  The advance of the glass continues until the leading edge reaches the end
      of conveyor section C5. The trailing edge of the sheet has now passed the
      end of the conveyor section C2, and at the end of the preset time for
      heating the sheet without deformation a timer causes the first clutch 314
      to be disengaged while the second clutch 322 remains engaged, the third
      clutch 332 is re-engaged, and the third motor 330 is accelerated to drive
      the conveyor sections C3, C4 and C5 at exit speed thus accelerating the
      hot glass out of the furnace to a position between the blowing frames,
      where the speed of the final section C5 of the conveyor is reduced and the
      glass is quenched as it passes beneath the blowing frames.
PAR  Meanwhile as a hot glass sheet is being accelerated out of the furnace the
      next sheet is advancing through the furnace on conveyor section C2 at
      furnace speed of 0.06 m/sec. and conveyor section C1 and the load section
      have been returned to the load creep speed in preparation for the loading
      of the next glass sheet. Thus there are three glasses at a time in the
      apparatus and process time is considerably reduced.
PAR  The second and third motors may be hydraulic motors of the same kind as the
      motor 92 and driven in the same manner under control of switching circuits
      activated by the limit switches positioned in the conveyor sections and
      associated preset timers.
PAR  Alternatively, the motors may be electric motors which are controlled by
      pulse counting circuits in which counters are set to control the time
      intervals for operation on the motors at their different speeds.
PAR  In a further embodiment the motors may be electric motors whose speed is
      controlled by thyristor circuits with facilities for matching the speed of
      the three motors. Again speed changes are initiated by the carriage 18 as
      it passes through the furnace and operates limit switches.
PAR  The invention thus provides a furnace for heating glass prior to a
      toughening process or a bending and toughening process which has low
      capital cost and heats the glass while in a near upright position for
      subsequent processing between upright blowing frames or bending dies. When
      the glass is bent between upright bending dies the bent glass can be
      lowered subsequently into a body of quenching liquid.
PAR  It has been found that distortion and marking of the glass is minimal being
      very much less than in a conventional horizontal roller hearth system
      because surface contact of the glass with the rollers is limited to the
      restricted top area of the glass where it relaxes against the upright
      rollers.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for heating glass sheets, for example for bending and/or
      toughening, comprising:
PA1  a heating furnace through which glass sheets are to be conveyed in upright
      disposition;
PA1  a conveyor for the sheets extending through the furnace and including a
      movable support for the lower edge of a sheet and a plurality of
      spaced-apart near-vertical rollers defining an inclined support extending
      through the furnace against which a sheet can relax as it is heated; and
PA1  driving means for advancing the movable support through the furnace and for
      driving said near-vertical rollers at a linear surface speed the same as
      that of the movable support.
NUM  2.
PAR  2. Apparatus according to claim 1, including:
PA1  a plurality of bearing blocks for the lower ends of the near-vertical
      rollers each housing the lower bearings of a group of adjacent rollers;
PA1  a corresponding number of gear boxes each connected to the upper ends of
      one of said groups of rollers; and
PA1  means for adjusting the disposition of said bearing blocks and gear boxes
      relative to each other to align all the near-vertical rollers at a
      predetermined angle to the vertical.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein the bearing blocks and the gear
      boxes are mounted on slides and adjuster rods are connected to the bearing
      blocks and the gear boxes to facilitate remote adjustment of their
      positions in those slides.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the driving means includes an
      hydraulic motor whose output is connected to the gear boxes.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein the conveyor includes an endless
      chain drive means connected to said driving means, supports for the lower
      edge of a glass sheet are fixed to said chain at spaced positions, and
      guide means is arranged to guide the supports along a path offset from the
      near-vertical rollers by a distance which determines the angle at which a
      glass sheet supported thereon leans against the rollers.
NUM  6.
PAR  6. Apparatus according to claim 5, including means for varying the speed of
      the chain through the furnace.
NUM  7.
PAR  7. Apparatus according to claim 5, including a second endless chain
      carrying spaced supports for a glass sheet and extending through the
      furnace parallel to and closely adjacent the first chain, means for
      driving the near-vertical rollers at different speeds in different parts
      of the furnace, and separate drive means for the second chain whereby
      successive glass sheets can be advanced simultaneously through different
      parts of the furnace at different speeds.
NUM  8.
PAR  8. Apparatus according to claim 1, wherein the furnace includes banks of
      electrical heaters facing opposite sides of the path of travel of glass
      sheets through the furnace, which heaters are connected together in
      groups, and a temperature sensor associated with each group which
      temperature sensor is connected to a regulating circuit for regulating the
      supply of electric current to that group of heaters.
NUM  9.
PAR  9. Apparatus for heating glass sheets, for example for bending and/or
      toughening, comprising:
PA1  a heating furnace through which glass sheets are to be conveyed in upright
      disposition;
PA1  a plurality of spaced-apart near-vertical rollers defining an inclined
      support extending through the furnace against which rollers a glass sheet
      can relax as it is heated;
PA1  a plurality of bottom rollers defining a track for a carriage supporting
      the glass sheet which bottom rollers project through spaces between the
      near-vertical rollers and are mounted at an acute angle thereto;
PA1  a mobile carriage providing support for the lower edge of the glass sheet
      and having faces at an angle matching the acute angle between said bottom
      rollers and said near-vertical rollers, which faces engage frictionally
      both the bottom rollers and the near-vertical rollers; and
PA1  driving means connected to the near-vertical rollers and to the bottom
      rollers to rotate each of said rollers so that they all have the same
      effective linear surface speed.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein the bottom rollers are stub
      rollers which are connected in groups to gear boxes constituting part of
      said driving means.
NUM  11.
PAR  11. Apparatus according to claim 10, including means for adjusting the
      extent of projection of each of the stub rollers through the near-vertical
      rollers to align the stub rollers to form said track for engagement by a
      face of the carriage.
NUM  12.
PAR  12. Apparatus according to claim 9, wherein the face of the carriage which
      engages the near-vertical rollers has support shoulders on its upper edge
      adapted for engagement by the lower edge of a glass sheet.
NUM  13.
PAR  13. Apparatus for heating glass sheets for example for bending and/or
      toughening, comprising:
PA1  an elongate heating furnace including banks of electrical heaters facing
      opposite sides of a horizontal path of travel of glass sheets through the
      furnace;
PA1  a plurality of spaced-apart near-vertical rollers defining an inclined
      support extending through the furnace between the banks of heaters;
PA1  a mobile support for the lower edge of a sheet;
PA1  means for advancing said mobile support through the furnace with a glass
      sheet carried thereby leaning against said rollers as it traverses its
      path of travel; and
PA1  driving means for advancing the mobile support through the furnace and for
      driving said near-vertical rollers at a linear surface speed the same as
      that of the mobile support.
NUM  14.
PAR  14. Apparatus for heating a succession of glass sheets, for example for
      bending and/or toughening, comprising:
PA1  a heating furnace through which a succession of glass sheets is to be
      conveyed in upright disposition;
PA1  a conveyor for the sheets extending through the furnace and including
      movable supports for the lower edges of the sheets and a plurality of
      spaced-apart near-vertical rollers defining an inclined support extending
      through the furnace against which the sheets can relax as they are heated;
      and
PA1  driving means for advancing the movable supports through the furnace and
      for driving groups of said near-vertical rollers at different speeds in
      different parts of the furnace whereby successive glass sheets can be
      advanced simultaneously through different parts of the furnace at
      different speeds.
NUM  15.
PAR  15. A method of heating a glass sheet to a thermal condition for further
      processing, the method utilizing means operable to provide support for the
      lower edge of the sheet during movement through a heating zone, and
      upwardly projecting, movable, transient mechanical supporting means
      extending along the heating zone and inclined at a small angle to the
      vertical, the method comprising:
PA1  seating the lower edge of the glass sheet on the lower edge support means;
PA1  leaning the upper edge of the sheet against said transient mechanical
      supporting means with the sheet at a small angle to the vertical;
PA1  driving the lower edge support means and the upwardly projecting transient
      mechanical supporting means to advance the supported glass sheet through
      the heating zone;
PA1  applying heat to the advancing glass sheet in the heating zone;
PA1  controlling the heat transfer to the glass sheet during its advance through
      the heating zone to induce sufficient heat transfer to the advancing glass
      sheet for achieving said thermal condition for further processing while
      the advancing sheet relaxes against the transient mechanical supporting
      means; and
PA1  as the sheet is heated to said thermal condition and relaxes against said
      transient mechanical supporting means, timing the advance of the supported
      glass sheet through the heating zone to limit deformation of the sheet to
      an amount less than the maximum deformation which is acceptable in the
      processed glass sheet.
NUM  16.
PAR  16. A method of heating a glass sheet to a thermal condition for further
      processing, the method utilizing means operable to provide support for the
      lower edge of the sheet during movement through a heating zone, and
      upwardly projecting, movable, transient mechanical supporting means
      extending along the heating zone and providing an effective support plane
      inclined at a small angle to the vertical, the method comprising:
PA1  seating the lower edge of the glass sheet on the lower edge support means;
PA1  leaning the upper edge of the sheet against said transient mechanical
      supporting means with the sheet at a small angle to the vertical;
PA1  positioning the lower edge of the sheet on said lower edge support means to
      offset the lower edge of the sheet from said effective support plane so
      that the sheet is at a small angle to said plane;
PA1  driving the lower edge support means and the upwardly projecting transient
      mechanical supporting means to advance the supported glass sheet through
      the heating zone; applying heat to the advancing glass sheet in the
      heating zone;
PA1  controlling the heat transfer to the glass sheet during its advance through
      the heating zone to induce sufficient heat transfer to the advancing glass
      sheet for achieving said thermal condition for further processing while
      the advancing sheet relaxes into further contact with the transient
      mechanical supporting means; and
PA1  as the sheet is heated to said thermal condition and relaxes into further
      contact with said transient mechanical supporting means, timing the
      advance of the supported glass sheet through the heating zone to limit
      deformation of the sheet to an amount less than the maximum deformation
      which is acceptable in the processed glass sheet.
NUM  17.
PAR  17. A method according to claim 16 wherein the upper edge of the sheet is
      leaned against transient mechanical supporting means comprising spaced
      apart, near-vertical support rollers, and the lower edge support means is
      advanced when driven, and wherein the near-vertical support rollers are
      driven at a rate such that their linear surface speed is the same as the
      speed of advance of the lower edge support means.
NUM  18.
PAR  18. A method according to claim 17 wherein the advance of the supported
      glass sheet through the heating zone is timed in dependence on the glass
      thickness, the height of the glass sheet, the angle of the spaced apart
      support rollers to the vertical, and the amount of offset of the lower
      edge of the glass sheet from said support rollers, to prevent bulging of
      the sheet in excess of about 0.5mm as the sheet relaxes into contact with
      said support rollers.
NUM  19.
PAR  19. A method according to claim 18 wherein the glass sheet is of
      soda-lime-silica composition and is heated to a temperature in the range
      580.degree.C to 700.degree.C, and wherein the lower edge of the sheet is
      positioned on the lower edge support means so that the sheet is at an
      angle of from 2.degree. to 10.degree. to the vertical.
NUM  20.
PAR  20. A method according to claim 19 wherein the glass sheet is of
      soda-lime-silica composition and is heated to a temperature in the range
      580.degree.C to 680.degree.C, and wherein the hot sheet is transported
      from the heating zone to a quenching zone where the hot sheet is quenched
      to toughen the glass.
NUM  21.
PAR  21. A method according to claim 20, comprising quenching the glass by
      directing flows of cooling gas against the glass surfaces.
NUM  22.
PAR  22. A method according to claim 19 wherein the glass sheet is of
      soda-lime-silica composition and is heated to a temperature in the range
      580.degree.C to 680.degree.C, and wherein the hot sheet is conveyed from
      the heating zone to a bending zone where the sheet is bent to a
      predetermined curvature.
NUM  23.
PAR  23. A method according to claim 22, comprising quenching the bent glass
      sheet to produce a bent and toughened glass sheet.
NUM  24.
PAR  24. A method according to claim 23, comprising quenching the bent glass
      sheet in a chilling liquid.
NUM  25.
PAR  25. A method according to claim 18 of heating to a thermal condition for
      subsequent bending and/or toughening, each sheet of a succession of glass
      sheets advancing through said heating zone, wherein:
PA1  the advance of each supported glass sheet through the heating zone is timed
      to prevent bulging of each sheet in excess of about 0.5mm as each sheet
      relaxes during heating into contact with said support rollers;
PA1  groups of said near-vertical support rollers are driven at different speeds
      in different parts of the heating zone; and
PA1  the lower edge support means of successive glass sheets are advanced
      simultaneously through different parts of the heating zone at different
      speeds matching the different speeds of the groups of near-vertical
      support rollers.
NUM  26.
PAR  26. A method according to claim 25 wherein:
PA1  a group of said near-vertical support rollers in a central section of the
      heating zone is driven at a set speed;
PA1  an inlet group of said near-vertical support rollers in an inlet section of
      the heating zone is driven at a speed faster than said set speed to
      accelerate a first supported glass sheet into the heating zone;
PA1  said inlet group of rollers is slowed to said set speed to transfer the
      sheet to the central section;
PA1  the speed of said inlet group of rollers is reduced to receive a second
      supported glass sheet for acceleration into the inlet section of the
      heating zone when said first supported glass sheet is in the control
      section of the heating zone;
PA1  an outlet group of said near-vertical support rollers in an outlet section
      of the heating zone is driven at said set speed to receive said first
      sheet from the support rollers in the central section of the heating zone;
      and
PA1  when the first sheet is advancing through said outlet section of the
      heating zone, the speed of said outlet group of rollers is increased to
      accelerate the first sheet out of the heating zone while the second sheet
      is being transferred to the central section of the heating zone and a
      third sheet is supported in the inlet section of the heating zone.
NUM  27.
PAR  27. A method of heating a glass sheet to a thermal condition for further
      processing, the method utilizing means operable to provide support for the
      lower edge of the sheet during movement through a heating zone, and
      upwardly projecting, movable, transient mechanical supporting means
      extending along the heating zone and providing an effective support plane
      inclined at a small angle to the vertical, the method comprising:
PA1  seating the lower edge of the glass sheet on the lower edge support means;
PA1  leaning the upper edge of the sheet against said transient mechanical
      supporting means with the sheet at a small angle to the vertical;
PA1  positioning the lower edge of the sheet on said lower edge support means to
      offset the lower edge of the sheet from said effective support plane so
      that the sheet is at a small angle to said plane;
PA1  driving the lower edge support means and the upwardly projecting mechanical
      supporting means to advance the supported sheet through the heating zone;
PA1  applying heat to the advancing glass sheet in the heating zone;
PA1  controlling the heat transfer to the glass sheet during its advance through
      the heating zone to induce sufficient heat transfer to the advancing glass
      sheet for achieving said thermal condition for further processing while
      the advancing sheet relaxes into further contact with the transient
      mechanical supporting means; and
PA1  as the sheet is heated to said thermal condition and relaxes into further
      contact with said transient mechanical supporting means, timing the
      advance of the supported glass sheet through the heating zone to limit
      relaxation of the sheet against said transient mechanical supporting means
      to an amount such that the value of a deformation index of the hot glass
      sheet represented by
      ##EQU3##
      where: t is the heating time in seconds, and .nu. (t) is the viscosity of
      the glass in poises at time t after commencement of heating;
PA1  is less than a critical value of said deformation index determined by
      deformation of the sheet by an amount less than the maximum deformation
      which is acceptable in the processed glass sheet.
NUM  28.
PAR  28. A method according to claim 27, of heating a glass sheet of
      soda-lime-silica composition of thickness in the range 2.2mm to 4mm and
      height at most 0.76m, wherein:
PA1  the upper edge of the sheet is leaned against said transient mechanical
      supporting means which has an effective support plane inclined at an angle
      of 5.degree. to the vertical;
PA1  the lower edge of the sheet is positioned on said lower edge support means
      so that the lower edge of the sheet is offset 2mm from said effective
      support plane; and
PA1  the advance of the glass sheet through the heating zone is timed so that
      the value of the deformation index of the sheet when it achieves said
      thermal condition for further processing is in the range 3.8 .times.
      10.sup.-.sup.9 to 12.7 .times. 10.sup.-.sup.9.
NUM  29.
PAR  29. A method according to claim 27, of heating a sheet of soda-lime-silica
      glass whose thickness is in the range 2.2mm to 15mm and whose height is at
      most 0.76m to a temperature in the range 580.degree.C to 680.degree.C,
      wherein:
PA1  the upper edge of the sheet is leaned against said transient mechanical
      supporting means having an effective support plane inclined at an angle of
      5.degree. to the vertical;
PA1  the lower edge of the sheet is positioned on said lower edge support means
      so that the lower edge of the sheet is offset 2mm from said effective
      support plane; and
PA1  the advance of the glass sheet through the heating zone is timed so that
      the value of the deformation index of the sheet when it achieves said
      thermal condition for further processing is in the range 3.8 .times.
      10.sup.-.sup.9 to 180 .times. 10.sup.-.sup.9.
NUM  30.
PAR  30. A method according to claim 27, of heating a sheet of soda-lime-silica
      glass whose thickness is in the range 6mm to 15mm and whose height is at
      most 0.61m to a temperature of about 700.degree.C, wherein:
PA1  the upper edge of the sheet is leaned against said transient mechanical
      supporting means having an effective support plane inclined at an angle of
      10.degree. to the vertical;
PA1  the lower edge of the sheet is positioned on said lower edge support means
      so that the lower edge of the sheet is offset about 2mm from said
      effective support plane; and
PA1  the advance of the glass sheet through the heating zone is timed so that
      the value of the deformation index of the sheet when it achieves said
      thermal condition for further processing is in the range 89.3 .times.
      10.sup.-.sup.9 to 544 .times. 10.sup.-.sup.9.
NUM  31.
PAR  31. A method according to claim 27 wherein the advance of the supported
      glass sheet through the heating zone is timed to limit said relaxation of
      the sheet to an amount such that the value of the deformation index of the
      hot glass sheet is less than a critical value of deformation index
      determined by a bulge in said sheet less than about 0.5mm.
NUM  32.
PAR  32. A method of heating a glass sheet to a thermal condition for further
      processing, the method utilizing means operable to provide support for the
      lower edge of the glass sheet during movement through a heating zone, and
      upwardly projecting transient mechanical supporting means extending along
      the heating zone and comprised of spaced apart, rotatable, support rollers
      which are inclined at a small angle to the vertical, the method
      comprising:
PA1  seating the lower edge of the glass sheet on the lower edge support means;
PA1  leaning the upper edge of the sheet against the spaced apart support
      rollers with the sheet at a small angle to the vertical;
PA1  rotating the support rollers and driving the lower edge support means to
      advance the supported glass sheet through the heating zone;
PA1  applying heat to the advancing glass sheet in the heating zone;
PA1  controlling the heat transfer to the glass sheet during its advance through
      the heating zone to induce sufficient heat transfer to the advancing glass
      sheet for achieving said thermal condition for further processing while
      the advancing sheet relaxes against said support rollers; and
PA1  as the sheet is heated to said thermal condition and relaxes against said
      spaced apart support rollers, timing the advance of the supported glass
      sheet through the heating zone to limit deformation of the sheet to an
      amount less than the maximum deformation which is acceptable in the
      processed glass sheet.
NUM  33.
PAR  33. A method according to claim 32 wherein the lower edge support means and
      the supported sheet are rapidly advanced into the heating zone, the lower
      edge support means and the supported sheet are advanced through the
      heating zone at a slower speed when the trailing edge of the sheet has
      entered the heating zone, and the lower edge support means and the
      supported sheet are accelerated out of the heating zone when the sheet has
      been heated to said thermal condition for further processing.
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ABST
PAL  The present invention provides a method of melting glass, whereby in a
      glass melting furnace having electrodes positioned in a plurality of
      levels or planes the glass is melted in a vertical passage and thereafter
      discharged via an outlet passage at the bottom of the furnace, while the
      glass stream, after its upward flow, flows vertically downwards under
      mechanical agitation, thereafter to flow upwards for further processing or
      treatment. The glass stream may be additionally heated by electrical
      energy during its upward flow prior to the agitation.
BSUM
PAR  The present invention relates to a glass melting furnace in which a mixture
      of the materials to be melted is fed into the upper portion of a glass
      melting tank or trough made of refractory bricks, wherein electrical
      current is applied to the molten glass through a plurality of electrodes
      distributed around the circumference of the furnace in one or more planes
      or levels thereof, and wherein the molten mixture or frit is subsequently
      refined and homogenized.
PAR  Electric furnaces of the abovementioned type are used particularly for the
      production of high-Quality glass species because the melting process and
      especially the refining process can be controlled more exactly than in
      furnaces of the conventional construction. More particularly, it is
      thereby possible to produce colored or stained glasses of substantially
      any color up to black, and to vary the coloring readily and rapidly.
      Furthermore, electric furnaces are of great advantage for the melting of
      lead crystal glass in great quantities, whereby it is of special
      importance to obtain a sufficient refining and homogeneity of the
      discharged glass in order to provide for high brilliancy and strength of
      the glass.
PAR  From the German patent application No. 1,916,804 laid open to public
      inspection, there is already known a furnace wherein the supply of the
      electrical current is effected in several planes or levels and wherein a
      refining zone is provided below the melting planes in which zone the
      refining of the molten glass should be achieved by supplying radiated heat
      thereto. However, as disadvantage it has been found in these conventional
      furnace that a complete homogenization of the discharged glass is not
      possible, and that, further, the refining zone or refining compartment
      necessitates an increased height of the furnace, this resulting in
      unnecessary expenditure because of the unnecessary increase of volume.
PAR  In view of these facts, it is the object of the present invention to
      provide a method and an apparatus for the melting of glass which do no
      longer show the previous disadvantages and which, in particular, allow to
      produce a particularly well refined and homogenized glass with minimum
      expenditure and minimum volume of the furnace.
PAR  This object of the invention is solved by the measures as specified in the
      claims. Primarily, it has been found to be essential that in the furnace
      proper a complete melting of the mixture or frit supplied onto the molten
      bath is effected while supplying high amounts of energy as compared with
      the conventional method, that the molten glass is heated to a sufficiently
      high temperature so as to obtain a sufficient degassing effect, and that
      the glass is then withdrawn or discharged immediately and without any
      further processing, and homogenized and refined in a subsequent treatment
      cell. The transfer to the refining cell or to the method step of the
      refining, respectively, is performed by an upward flow of the glass with
      the application of additional energy in order to avoid a lowering of the
      temperature, whereupon the glass is refined while being conducted below a
      free surface and with subsequent agitation. Agitation is effected in such
      a manner that the flow direction of the agitator which acts upon the full
      volume of the glass, is in opposition to the flow direction of the glass.
      This refining action is achieved by an agitator positioned within a
      circular passage, whereby the ends of the blades or vanes extend to a
      point closely adjacent the periphery of the passage and the blades are
      mounted obliquely such that the lower edges of the blades are leading in
      the direction of rotation and define a flow direction extending upwards.
PAR  The refining and degassing actions can be further intensified by subjecting
      the free surface to a vacuum in the region preceding the downward flow and
      agitation.
DRWD
PAR  In the following, exemplary embodiments of the invention are described in
      greater detail by referring to the enclosed drawings, wherein:
PAR  FIG. 1 shows a schematic sectional view of a glass melting furnace
      according to the present invention and including one plane or level of
      electrodes;
PAR  FIG. 2 shows a similar view of the furnace according to FIG. 1 and
      including a plurality of planes or levels of electrodes; and
PAR  FIG. 3 is a view of the furnace including a refining agitator disposed
      within the riser.
DETD
PAR  As shown in the Figures, the vertical electric glass melting furnace
      according to the invention comprises a furnace chamber 1 formed of a
      refractory material and having a bottom 3, as well as a peripheral jacket
      2 supported by a not illustrated supporting frame. The refractory material
      may have an insulation at its exterior surface, whereby this insulation
      may be omitted in the region of the electrodes 10, 13 and 14 for
      facilitated control of the electrode holders.
PAR  The furnace chamber 1 has a preferably central sunk drain 15 by means of
      which the furnace chamber may be drained and which is normally closed by
      means of a not illustrated stopper.
PAR  The glass is withdrawn or discharged from the furnace chamber 1 through an
      outlet 4 which merges into a rising glass passage (riser) 5 which passes
      into a horizontal glass passage 6, with the latter in turn joining with a
      vertically downwardly extending glass passage 8 having a circular
      cross-section. Then, the glass flows through another horizontal glass
      passage 9 and a further riser 11 into a feeder 12 wherein the glass is
      further processed or from which it can be withdrawn.
PAR  A plurality of electrodes 10 positioned in one or more planes extend into
      the furnace chamber 1, whereby the electrodes of the upper plane are
      indicated at 10a and the electrodes which optionally may be positioned
      therebelow, are indicated at 10b.
PAR  Apparently, there may be provided not only one or two electrode planes;
      rather, the electrodes may be arranged also in three or more planes.
PAR  The furnace chamber 1 per se has the configuration of a regular polygonal,
      and it has normally six or four corners. Advantageously, the number of the
      corners may increase with increasing size of the furnace, and the
      electrodes provided in each plane or level may be present in numbers of
      three, six or more electrodes. Preferably, for a furnace having a great
      number of corners, a great number of electrodes in each plane is chosen,
      too.
PAR  Now, if a plurality of planes of electrodes are provided, the electrodes in
      the individual planes are staggered relative to each other in such a way
      that the innermost ends of the electrodes of one plane are aligned within
      the furnace with the gaps or spaces between the ends of the electrodes in
      the planes thereabove and therebelow so as to produce circulating glass
      flows in said planes in such a manner that a rising glass flow of the
      respective lower plane intercepts a descending glass flow of the
      respective plane thereabove at the interface between these planes, such
      that the glass flows deflect each other and penetration of the glass flows
      into the respectively other plane is avoided.
PAR  More particularly, this should serve to prevent descending of cold flows
      along the furnace wall because such descent would permit not yet melted
      mixture particles to flow into the outlet 4 of the furnace.
PAR  The upper side of the furnace chamber 1 is closed by an arched roof which
      has opening thereinto a smokestack for operating an oil burner for the
      auxiliary or initial heating of the mixture or of the furnace.
PAR  The riser 5 joining the outlet 4 includes a pair of superposed electrodess
      13 and 14 whereby a supply means 16 for glass (color) frits, glass
      particles or liquid colored glass is provided in an extension of a
      vertical line passing upwards through the electrodes. The riser 5 is
      followed by a vertical glass passage 6 which has a free surface for the
      degassing of the molten glass bath and whereby the space above the glass
      surface may be subjected to an adjustable vacuum in order to intensify the
      degassing action.
PAR  The passage 6 is joined by a vertically descending passage 8 having a
      circular cross-section and in which an agitator mechanism 7 is adapted to
      be rotated. The blades or vanes of this agitator 7 extend to a point
      closely adjacent the periphery of the passage 8, and the blades are
      inclined in such a manner that their leading edges are in the lowermost
      position so that, with the agitator rotating in the direction as indicated
      by the arrows in the Figures, a pumping action in upward direction, i.e.
      in opposition to the flow of glass, is produced.
PAR  In another embodiment of the invention, the agitator may be positioned also
      within the riser 5. Hereby, attention has to be paid merely to the fact
      that in this case, too, the leading edges of the vanes are at the rear in
      the direction of flow, such that the agitating action is in opposition to
      the flow of glass.
PAR  The descending passage 8 merges into a horizontal passage 9 which is
      connected to another rising passage 11 through which the glass may flow
      into a conventional feeder for the further processing thereof.
PAR  Thus, the supplied quantity of mixture is melted within the furnace chamber
      1 and then, without any further refining action taking place within the
      furnace, refined, homogenized and degassed within the refining portion 5
      to 8 such that it is possible, in a manner being surprising to the expert,
      to obtain a quality of the glass which could not be achieved heretofore,
      with minimum heights of construction and with smallest useful volume of
      the furnace. Optionally the blades or vanes may be located only just below
      the free surface of the glass (FIG. 1) thus obtaining a better refining
      and degassing effect.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Method for melting and refining glass which comprises electrically
      melting glass in a melting furnace having one or more levels of electrodes
      extending into the melting furnace and refining the molten glass in a
      vertical circular passage by subjecting same to mechanical agitation using
      an agitator positioned within the vertical circular passage with the ends
      of the agitator blades extending to a point closely adjacent the periphery
      of the passage whereby the agitator acts on the full volume of the molten
      glass.
NUM  2.
PAR  2. Method of claim 1 wherein the molten glass being refined flows downward
      in the circular passage and the agitator acts on the molten glass with a
      flow direction opposite to the flow of the molten glass.
NUM  3.
PAR  3. Method of claim 1 wherein the molten glass being refined flows upward in
      the circular passage and the agitator acts on the molten glass with a flow
      direction opposite to the flow of the molten glass.
NUM  4.
PAR  4. Method of claim 1 wherein circulating glass flows are produced within
      planes of the melting furnace having a plurality of levels of electrodes,
      such that a rising glass flow of a respective lower plane intercepts a
      descending glass flow at the interface between said planes, and such that
      said glass flows deflect each other thereby avoiding penetration of said
      glass flows into the other respective plane.
NUM  5.
PAR  5. Method for melting and refining glass which comprises:
PA1  i. supplying a mixture or frit of the required raw materials to an electric
      glass melting furnace having one or more levels of electrodes extending
      into the furnace thereby forming an interface between the mixture and a
      molten glass mass;
PA1  ii. withdrawing molten glass adjacent or through the bottom of the melting
      furnace;
PA1  iii. causing the molten glass to flow upward while applying additional
      electrical energy to prevent lowering of the temperature of the molten
      glass;
PA1  iv. then causing the molten glass to flow horizontally under a free surface
      while applying a vacuum thereabove to intensify the refining action;
PA1  v. thereafter causing the molten glass to flow downward while being
      subjected to mechanical agitation using an agitator positioned within a
      circular passage with the ends of the agitator blades extending to a point
      closely adjacent the periphery of the passage, the agitator acting on the
      full volume of the glass with a flow direction opposite to the flow of the
      glass; and
PA1  vi. thereafter causing the glass to again flow upward for further
      processing or treatment.
NUM  6.
PAR  6. Method of claim 5 wherein circulating glass flows are produced within
      planes of the melting furnace having a plurality of levels of electrodes,
      such that a rising glass flow of a respective lower plane intercepts a
      descending glass flow at the interface between said planes, and such that
      said glass flows deflect each other thereby avoiding penetration of said
      glass flows into the other respective plane.
NUM  7.
PAR  7. Glass melting and refining apparatus comprising melting furnace means
      having electrodes positioned in one or more levels spaced around the
      circumference of said furnace means and serving to supply electrical
      energy thereto, and refining means comprising vertical circular passage
      means connected to the furnace means having positioned therein agitator
      means having horizontally rotating blades which extend to a point closely
      adjacent the wall of said passage.
NUM  8.
PAR  8. Apparatus of claim 7 wherein a plurality of levels of electrodes are
      provided, the innermost ends of the electrodes in one level being aligned
      with the gaps between the ends of the electrodes in the levels thereabove
      and therebelow.
NUM  9.
PAR  9. Apparatus of claim 7 wherein upwardly extending riser passage means
      connects the furnace and refining means, said riser passage means having
      positioned therein superposed electrodes for supplying additional energy,
      said vertical circular passage means being a downwardly extending glass
      passage from said riser passage means.
NUM  10.
PAR  10. Apparatus of claim 9 wherein the agitator means is positioned in the
      vertical passage means at a lower point in the flow direction of the
      downwardly flowing glass and rotates so as to produce a flow in opposition
      to the direction of flow of the glass.
NUM  11.
PAR  11. Apparatus of claim 9 wherein a connecting passage is provided between
      the upwardly extending riser passage means and the downwardly extending
      vertical passage means, said connecting passage having means to create a
      vacuum therein.
NUM  12.
PAR  12. Apparatus of claim 9 wherein supply means are provided for adding color
      frits or colored glass in solid or liquid form to the riser passage means.
NUM  13.
PAR  13. Apparatus of claim 6 wherein the vertical passage means is an upwardly
      extending riser passage and the agitator means rotate so as to produce a
      flow in opposition to the direction of flow of the glass.
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ABST
PAL  Denatured protein is used as a nutrient supplement for the stimulation of
      the growth of mushroom mycelium. The denatured protein is admixed into the
      compost growing medium before or shortly after spawning. A synergistic
      effect is attained by admixing a vegetable oil, or fish oil with the
      denatured protein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to commercial mushroom production, and
      more particularly to the stimulation of mushroom growth by the
      supplementation of nutrients which are directly utilized by the mushroom.
PAR  2. Description of Prior Art
PAR  Commercial mushroom growing depends on composted materials as a medium for
      growth. A compost is first formed and is treated so that the
      microorganisms present are stimulated to make the compost suitable for
      colonization by the mushroom.
PAR  It has heretofore been known to supplement the compost with various
      additives including dried blood, cottonseed meal, and many other
      supplements. These supplements, however, have been added for the purpose
      of feeding the microorganism population of the compost in order to more
      actively transform the compost material into a food source for the
      mushroom mycelium. Little, if any, of the supplements used in the prior
      art remain available to stimulate mushroom growth directly. The tremendous
      increase in heat evolution when readily available foods are added to a
      compost is evidence for this conversion and relatively complete
      utilization.
PAR  It was reported by Schisler et al, Mushroom Science V, pages 150-164
      (1962), and Sinden et al, Mushroom Science V, pages 267-280 (1962) that
      attempts at directly feeding the mycelium rather than indirectly as in the
      past, were successful and produced marked stimulation of mushroom crop
      yields, when certain uncomposted nutrients were added to the compost at
      the time the mushroom mycelium is spawned into the compost, or at the time
      of casing, i.e., the covering of the compost with a layer of topsoil or
      peat, through which the developing mycelium grows and on which the
      mushrooms form.
PAR  However, while a significant 10% crop increase was found when small amounts
      of these supplements were added at spawning, higher rates of
      supplementation did not further increase the yield. This limited effect
      seems to be attributed to the fact that the addition of the uncomposted
      supplements not only stimulated the mycelial growth of the mushroom, but
      also promoted the growth of the competing microorganisms present in the
      compost, which tended to reduce the availability of the added nutrients
      for the mushroom mycelium, and tended to hinder the development of the
      slower growing mushroom mycelium.
PAR  The addition of nutrients which could be utilized directly by the mushroom
      mycelium, seemed to also present other problems. For one, since the use of
      direct utilizable nutrients also resulted in an intense stimulation of
      microbial activity, a very significant temperature increase in the spawned
      compost occurred, which endangered or destroyed the mushroom mycelium.
PAR  Another difficulty with the use of direct utilizable nutrients was that the
      stimulated crop yields occurred only in the first few flushes. Mushrooms
      are grown in a series of flushes, or harvests. A single spawning into a
      compost may produce 5 to 8 flushes, and in some instances as many as 12,
      or as few as 4 flushes. The remaining compost is then discarded. When the
      direct utilizable nutrients were added, a significant yield increase was
      observed in the early flushes, but the nutrients seemed to be rapidly
      depleted so that little or no yield stimulation was observed in later
      flushes.
PAR  In general, it was found that supplementation of the compost with the
      direct utilizable nutrients after the mushroom mycelium had become
      established, such as just before casing, was much more successful, and
      increased yields were observed which were roughly proportioned to the
      quantity of nutrients added. This improvement seems to occur because once
      the mushroom mycelium has begun to develop, its inherent antibiotic
      activity tends to reduce the competing microorganism population so that
      only the mycelium obtain the nutrient stimulation.
PAR  Therefore, while it would appear most desirable to introduce the nutrients
      into the compost after the mushroom mycelium has already become well
      established, such as at the time of casing, certain other practical
      factors mitigate against supplementation of that stage. One problem is
      that the increased metabolic rates of the mushroom mycelium can be so
      severe in the latter stages as to destroy the crop, which again acts as a
      limiting factor on the quantity of nutrients which could be added.
PAR  Unless the mushroom mycelium has become uniformly established throughout
      the compost, the addition of the supplement could result in spawning the
      growth of harmful competing molds in those areas of low mycelium
      colonization.
PAR  Another difficulty with supplementation at the time of casing, is that it
      would require major changes in commercial production techniques. Once the
      mushroom mycelium has become established, the compost becomes intricately
      matted together. In order to obtain a uniform distribution of the nutrient
      throughout the compost, it is necessary to separate the compost using
      rather sophisticated mechanization.
PAR  A still further difficulty of supplementation at the time of casing is that
      pathogens which are not destroyed by the mushroom mycelium, are more
      likely to be present at the time of casing than at the time of spawning
      Usually the compost is pasteurized just before spawning, but pathogen
      growth may occur unhindered thereafter. Mixing the nutrients into the
      separated compost at the time of casing could thus result in spreading the
      pathogens throughout the compost.
PAR  The current state of the technology is, therefore, that it is known that
      nutrients which are directly utilizable by the mushroom mycelium will
      stimulate growth and increase yield. However, if the nutrients are admixed
      into the compost before spawning of the mycelium, the practical aspects of
      mixing are commercially feasible, but the extent of crop stimulation is
      necessarily limited by the amount of heat evolution, degree of stimulation
      of competing microorganisms and by the fact that the stimulation of
      mushroom growth seems to be restricted primarily to the first several
      flushes. On the other hand, supplementation of the compost at the time of
      casing seems to result in excellent increases in crop yield, however, the
      degree of heat evolution caused by the increased metabolic rates of the
      mushroom mycelium, the practical difficulties in mixing, the danger of the
      spread of pathogens or the stimulation of competing molds in areas of poor
      mycelium colonization renders supplementation at this stage generally
      impractical for commercial utilization.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, one object of this invention is to provide a means of
      providing nutrients to enhance the growth of mushroom mycelium which will
      provide a greater crop yield than heretofore obtainable.
PAR  Another object of this invention is to provide a means of providing
      nutrients to enhance the growth of mushroom mycelium whereby the nutrients
      are admixed into the compost at the period of spawning, without
      stimulating a large increase in competing microorganism population.
PAR  A further object of this invention is to provide a means of supplementing
      the nutrient supply available for mushroom mycelium growth whereby the
      effect of the supplementation extends beyond the first few flushes of the
      mushroom production period.
PAR  These and other objects of this invention have now been attained by using
      denatured protein as a nutrient supplement, which is admixed into the
      compost before or after spawning, but prior to the establishment of the
      mushroom mycelium in the compost. A synergistic effect is attained by
      admixing a vegetable or fish oil with the denatured protein.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the present invention, a denatured protein is used as the
      nutrient supplement to enhance the crop yield of mushrooms. It has been
      found that the denatured protein will be gradually available to the
      mushroom mycelium, but is essentially not available to the competing
      microorganisms present in the compost. The mushroom mycelium seems to be
      able to resolubilize the insoluble, denatured protein, so as to make the
      protein available as a nutrient source. This effect seems to be a result
      of the fact that a by-product of the mushroom mycelium metabolic activity
      is an acidic material which tends to change the pH of the surrounding
      compost to an acid condition. It is not completely clear whether the pH
      change resolubilizes the protein or whether enzymes, of the type which can
      attack denatured protein, and which are produced concurrently with the pH
      change, renders the denatured protein available to the mycelium. The
      degree of pH change, however, seems to be a function of the extent of
      growth of the mycelium. At the initial growth stages, very little pH
      changes would occur so that very little protein solubilization would
      occur. As the growth progresses, increasing amounts of protein would be
      solubilized, but at the same time the mycelium would have an increasing
      capacity to utilize the protein.
PAR  It might have been expected that once the denatured protein has been
      resolubilized, it would be available for stimulation of competing
      microorganisms. However, it seems that by that period of mycelium growth
      in which large amounts of the denatured protein are solubilzed, the
      antibiotic properties of the mycelium in the compost become so dominant,
      that it either destroys the competing microorganism population, or enables
      the mycelium to outcompete most deleterious microorganisms for the
      nutrient supplement.
PAR  By "denaturing" of the protein is meant a change in the molecular structure
      of the globular proteins that may be induced by heating the protein, or by
      exposing it to formaldehyde, acids or alkalies. Denaturation reduces the
      solubility of proteins and prevents crystallization. It involves the
      rupture of hydrogen bonds so that the highly oriented structure of the
      native protein is replaced by a loose, more random structure, and involves
      an alteration in the degree of hydration. A wide variety of different
      proteins can be denatured and used as a supplement in accordance with this
      invention. For instance, suitable proteins include the simple proteins,
      such as the albumins, for instance serum albumin, ovalbumins or
      lactalbumin; the globulins, such as found in seeds and nuts; the
      prolamines, such as found in cereal seeds, e.g., zein; the glutelins, also
      found in cereal seeds; or the protamines, such as are found in fish sperm.
      Also usable are the conjugated proteins, for instance the glycoproteins,
      such as the mucins, the phosphoproteins, such as casein or vitellin or egg
      yolk; or the chromoproteins, such as the hemocyamins. Most preferred are
      those proteins derived from vegetable sources, which are in general more
      effective than those derived from animal sources. For instance, proteins
      derived from cottonseed, soybean and peanuts, or mixtures thereof provide
      quite a good result.
PAR  Further exemplary of mutable protein sources usable in this invention are
      fish protein sources, such as fish meals, fish solubles or the like; malt
      sprouts; meals from linseed, sesame, peanut, corn germ, castor, safflower,
      corn gluten, wheat germ, palm kernel, sunflower seed, walnut oil, alfalfa
      leaf, coconut oil, rape seed oil; Brewer's yeast products; casein;
      peptones, and Brewer's grains. The quantities of carbohydrates often
      present in such protein sources is objectionable since the carbohydrates
      are utilizable by the competing microorganisms. Although objectionable,
      however, they can be tolerated in some amounts since once the mushroom
      mycelium becomes established it will outcompete those microorganisms.
      Likewise, soluble sugars or starches which will mold easily are
      objectionable, however, can be tolerated in small amounts.
PAR  For best effects, the nitrogen content of the protein source should be a
      minimum of about 4% up to 15%, which corresponds to 100% protein.
PAR  Denaturing of the protein can be conducted by any of the methods known in
      the art. For instance, it is known that proteins will be denatured by
      exposing to heat or by a wide variety of miscible solvents, such as carbon
      tetrachloride, hexane, toluene, methylene chloride, or ethylene
      dichloride. A wide variety of organic and inorganic acids and salts are
      known to denature proteins, such as hydrochloric acid, nitric acid,
      sulfuric acid, phosphoric acid, acetic acid, propionic acid, or the
      ammonium or alkali salts thereof. Also usable are the organic anhydrides,
      such as succinic, maleic, phthalic, glutaric and the lower alkyl (C.sub.1
      -C.sub.3) derivatives thereof. Also useable are the aldehydes such as
      formaldehyde, glyoxal, acrolein and crotonaldehyde. Vegetable tannins can
      also be used to provide insoluble complexes with protein substances.
PAR  Particularly good results have been attained by denaturing the protein with
      liquid or vapor formaldehyde treatment or by heating the protein to a
      denaturing temperature for 1-10 hours. Reaction with formaldehyde acts to
      harden the protein, and decrease its water solubiltiy. It also increases
      the resistance of the protein to the action of enzymes and chemical
      reagents. These effects are due primarily to the cross-linkage of protein
      chains and micellar units by methylene bonds connecting reactive groups.
      Protein groupings taking part in formaldehyde reactions include primary
      amino and amide groups, guanidyl groups, secondary amide groups in peptide
      chains, indole groups, etc. (Walker, J. F. (1964) Formaldehyde, 3rd
      edition, pp. 399-404, N.Y. Reinhold Publ. Corp.)
PAR  Denaturing is also described as a reaction involving the formation of
      methylene bridges and other cross-linkages between the protein chains.
PAR  When heat treatment is used as the denaturing means, temperatures of from
      250.degree.F to 450.degree.F and preferably 300.degree.F to 400.degree.F
      are used. The particular temperature, of course, will depend upon the
      particular protein being denatured. This technique of denaturing is quite
      conventional.
PAR  Another acceptable supplement was obtained by combining physical treatment
      with chemical denaturing of the protein to decrease the availability of
      the supplement to the competing microorganisms. The physical form of the
      supplement can naturally effect its availability. For instance, if the
      protein is in a compacted form, such as exists in pellets, the exposed
      surface area of the protein per weight of supplement is greatly reduced.
      This would render a large quantity of protein unavailable for immediate
      use by the microorganisms or by the mushroom mycelium, thereby aiding in
      extending the period of supplementation to later flushes.
PAR  When the denatured protein is pelleted, binders such as the lignins, and in
      particular the lignosulfates, have been found to be useful, although are
      not essential. Other materials, such as bentonite and other clays, starch
      and/or water may be added to assist in the pellet formation.
PAR  Of course, if desired, the protein can first be pelleted and then
      denatured, however, in this instance the denaturing effect may not
      extending beyond the surface layer of the pellets. It is usually best, to
      at least partially denature the protein before forming the pellets and
      then if desired, further expose the pellet to a denaturing solvent such as
      formaldehyde.
PAR  Another technique for combining physical modification with denaturing, is
      by spray drying of the protein. One such method is described in Scott et
      al, Agricultural Science Review, Fourth Quarter, Pages 25-28, (1970).
      According to that technique spray dried droplets of a soluble
      protein-lipid mixture were prepared. Electron photomicrographs of
      cross-sections of the spray dried material showed that the micro-drops of
      lipids were encapsulated within a protein coat. The protein coat was then
      denatured by formaldehyde treatment.
PAR  Although formaldehyde treatment and heat treatment seem to be among the
      more important denaturing methods, any denaturing solvent might accomplish
      a similar result.
PAR  Especially good synergistic effects can be attained if a vegetable oil or
      fish oil is admixed with the denatured protein. The presence of the
      vegetable oil stimulates the mushroom to fruit thereby providing further
      increases in crop yield. Suitable such vegetable oils include safflower,
      cottonseed, soybean, corn, olive, linseed, rape seed, sesame, wheat germ,
      sunflower seed, palm or the like.
PAR  One difficulty with the use of vegetable oils, however, is that it is
      immediately available to the competing microorganisms so that its presence
      can be self-defeating. This difficulty can be avoided however, by spray
      drying a mixture of the protein and oil. Spray drying results in the oil
      being encapsulated by the protein after which the protein can be
      denatured. This technique removes the oil until the mushroom mycelium has
      matured sufficiently to obtain effective utilization of the oil without
      causing an undesirable stimulation of competing microorganisms.
PAR  When a vegetable oil is used, it can be used in quantities of from 1% to
      65% oil/protein, although for an amount of between 50% - 65%, it is
      preferable to use the oil in a spray dried form as decribed above.
PAR  In carrying out this invention, a conventional compost is first prepared.
      Suitable compost materials include horse manure or fermented hay and corn
      cob. The compost is usually pasteurized to kill harmful pathogens, and
      then the supplement of this invention is admixed therewith. It is
      desirable to utilize about 1/2 - 2 pounds supplement/4 square feet,
      surface area of compost (based on a 5 inch compost depth), depending upon
      the particular protein, the purity of the protein and the species of
      mushroom being produced. It is possible to go beyond 2 pounds, however,
      the introduction of too much supplement can result in toxic effects which
      could destroy the crop. In practice, various depths of compost per surface
      area may be used (i.e., not restricted to 5 inch depth, but a rate of
      supplementation is based on that depth.
PAR  The mushroom mycelium is then spawned into a bed of the compost. About 1
      quart of the mycelium is added to about 6 to 40 or 50 square feet of bed
      surface. The mycelium and supplement should be admixed to the same depth
      into the bed at a rate calculated on that depth.
PAR  The supplement should be admixed into the bed either before or after the
      spawning, but should preferably take place before the mycelium has become
      established, as explained above.
PAR  About 2 - 3 weeks after spawning, the beds are ready for casing. In casing
      a layer of topsoil or peat is placed on top of the compost bed, through
      which the mushroom mycelium will grow.
PAR  In the usual instance, 4 to 9 or up to 12 breaks or flushes will be
      obtained from a single composting, after which the compost is destroyed.
      However, one of the very interesting aspects of the present invention,
      from a commercial point of view, is that now the frequency of the
      destruction of the compost can be reduced. This can mean that
      re-composting might be required only once a year, instead of every couple
      of months, as is now the practice in the industry.
PAR  A wide variety of mushrooms can be supplemented by the techniques of the
      invention including Agaricus bisporus (cultivated mushroom), Agaricus
      compestris, A. edulis, A. augustus, Boletus edulis, B. mirabilis,  B.
      zelleri, B. chrysenteron, B. luteus, Cantharellus cibarius, C. clavatus,
      Armillaria ponderosa, Armillaria mellea, Pleurotus ostreatus, Volvariella
      volvacea, Coprinus comatus, Calvatia gigantea, Polyporous sulphureus,
      Morchella esculenta, Morchella angusticeps, Morchella conica, Morchella
      crassipes, Lentinus edodes, Psilocybe cubensis, P. Mexicana, and Panaeolus
      venenosus.
DETD
PAR  Having generally described the invention, a more complete understanding can
      be obtained by reference to certain specific examples, which are included
      for purposes of illustration only and are not intended to be limiting
      unless otherwise specified.
PAC  EXAMPLES
PAR  In the following Examples, the nutrient supplements were prepared as
      follows:
PAC  Preparation 1
PAC  Pellets
PAR  Water and peanut oil were thoroughly mixed into the supplement just prior
      to pelleting in a pellet mill at The Pennsylvania State University Mink
      Research Center. The supplement was passed through the mill and oven dried
      at 212.degree.F for 24 hours, after which the fines were removed by
      sieving. Pellet hardness and reduction of fines was enhanced by admixing
      3% lignosulphate pellet binders prior to pelleting. The supplement used
      was a commercially available supplement known as Pharmamedia, which is a
      form of cottonseed protein. In one instance, the supplement was denatured
      with formaldehyde, as described below, prior to pelleting. In another
      instance, the formaldehyde treatment occurred after pelleting. In a still
      further preparation, the supplement was pre-denatured before pelleting
      which was followed by a post-denaturing treatment.
PAR  In addition to Pharmamedia cottonseed protein, other supplements were
      tested including soybean protein grits, which is a form of soybean
      protein, ground soybean prepared by grinding whole soybeans through a
      0.078 inch mesh screen, and soybean meal, which is a processed meal having
      the oil removed. These materials were used as representative sources of
      proteins in the following preparations as well.
PAC  Preparation 2
PAC  Formaldehyde Denaturing
PAR  Vapor Treatment
PAR  Approximately 2 pounds of each of the supplements above described was
      placed into a hooded oven in a layer of less than 3/4 inch in thickness. A
      37% aqueous solution of formaldehyde was placed into a large area flat
      span (11/2 foot area) on the bottom of the oven and the temperature was
      raised to 212.degree.F. The oven was equipped with a circulation fan which
      aided the evaporation of the formaldehyde and the distribution of the
      vapors through the supplement. Under the conditions, 3.17 quarts of
      formaldehyde solution was vaporized over a period of 32 hours. The
      supplement was then allowed to dry for an additional 16 hours.
PAR  Liquid Formaldehyde Denaturing
PAR  One volume of supplement was mixed with six volumes of 4% aqueous
      formaldehyde solution. The mixture was allowed to stand for 1 hour with
      occassional stirring. The excess solution was poured off and the
      supplement was strained between each washing. It was then placed into
      trays in a 11/2 inch layer and dried in a vented over at 212.degree.F for
      48 hours. Further details of this procedure are described in Ferguson et
      al Australian Journal of Science 30: 215-218.
PAR  Low Volume Liquid Formaldehyde Denaturing
PAR  A 10% aqueous formaldehyde solution was admixed with the supplement at the
      rate of 2.3 fluid ounces solution to 1 pound supplement and thoroughly
      mixed and was then placed into an air-tight container and incubated at
      room temperature for not less than 20 hours. The supplement was then dried
      in a vented over at 212.degree.F for 12 - 14 hours.
PAC  Preparation 3
PAC  Heat Denaturing
PAR  Cottonseed protein (Pharmamedia) was heated to 375.degree.F for 21/2 hours
      to effect denaturing. (This product is produced commercially as Cinocoa
      150.)
PAC  Preparation 4
PAC  Formaldehyde denatured spray dried protein
PAR  Using the technique of Scott et al, Agricultural Science Review, Fourth
      Quarter: 25-28 (1970), spray dried cottonseed protein was prepared. 1.86
      pounds of the protein was admixed with 3.17 quarts of hot water and 0.75
      quarts of peanut oil. The mixture was blended in a Waring blender for 4-5
      minutes. The resulting blend was heated to 150.degree.-155.degree.F in a
      hot water bath and then was sprayed into a pre-heated chamber
      (185.degree.-190.degree.F) under a spray pressure of 1000-1500 psi. The
      chamber was then allowed to cool to room temperature. The spray dried
      particles were then denatured with formaldehyde as above described to form
      a denatured crust of protein surrounding encapsulated peanut oil.
PAR  These preparations were then tested according to the following procedures.
PAC  Crop Tests
PAR  The compost was prepared according to the short method of composting
      described by Sinden et al. Mushroom Science I; 52-59 (1950) using wheat
      straw-bedded horse manure. Outdoor composting required 7 days with
      turnings on days 0, 2, 5, and 7. The compost moisture was raised to 75% on
      a wet basis by day 7 with as much water as possible, without leaching,
      being added on days 0 and 2, little or no water on day 5, and generous
      water on day 7. Brewer's grains was added to the compost during the first
      2 turns at the rate of 50 pounds per dry ton of horse manure, and gypsum,
      at the rate of 75 pounds per dry ton. The nitrogen content at filling
      average 1.78%. On day 7 the compost was filled into trays 6 inches deep
      and placed into the indoor rooms. The "low temperature" method of Sinden,
      calls for maintenance of compost temperatures between 115.degree. and
      130.degree.F, and accordingly as large a compost-air temperature
      differential as possible, was used. The compost was pasteurized on the
      third day of the indoor preparation, by increasing the air temperature to
      140.degree.F for 2 hours. The nitrogen content at the end of the indoor
      treatment was approximately 2.15%. After the indoor treatment, all the
      compost was emptied into one pile. As the tared trays were refilled, the
      compost was spawned (mixed with sterilized rye grain thoroughly grown
      through with mushroom mycelium) at the rate of 0.24 pounds of spawn per
      tray. Each tray was filled in four layers, equal portions of the 0.24
      pounds being mixed into each layer. The trays were again weighed to assure
      that each tray contained the same amount of compost. After spawning, all
      trays were placed into controlled environment growing rooms. The relative
      humidity was kept at 95 to 98%, and the compost temperatures between
      70.degree. and 75.degree.F. After 16 days of spawn growth, a 1.2 to 1.4
      inch layer of pasteurized topsoil was placed over the compost. The soil
      was then watered, its moisture content being raised to field capacity. The
      air temperature was gradually lowered to 59.degree.F over a 2 week period.
      Mushrooms matured in 16 to 18 days and were harvested for a 56 day picking
      period (7 flushes of 8 days each). The cut weight and number of mushrooms
      harvested from each tray were recorded daily. A white "strain" of
      mushrooms (culture 310 from The Pennsylvania State University culture
      collection) was used throughout this investigation.
PAC  Supplementation at Spawning
PAR  When the crop was used to test supplements at spawning the unpelleted
      supplements were added to each layer of the compost just before spawning
      the layer. The pelleted supplements were added immediately after the
      spawning of each layer. When peanut oil was added in combination with a
      dry supplement the sequence of incorporation into each layer was
      oil-supplement-spawn. The trays were filled at 45 pounds of wet compost or
      14 pounds of dry compost per tray.
PAC  Supplementation Rates
PAR  Dry supplements were added on a protein equivalent basis. The ratios of
      these supplements to compost used was equivalent to the ratios shown to be
      optimum by Sinden et al. Mushroom Science V 267-289 (1962), for
      supplementation at casing. In some treatments 11/2 times this amount was
      used to investigate the effects of increased supplementation.
PAC  Experimental Design
PAR  Each treatment was replicated in 6 trays, each having a surface area of 4
      ft.sup.2 and a depth of 6 inches. Normally 16 treatments were used per
      test, giving a total of 96 trays. An analysis of variance was performed on
      mushroom yields and the least significant difference among the means
      calculated.
PAC  Spawn Growth Temperature Trends
PAR  After spawning the temperatures of the variously supplemented and
      unsupplemented trays were recorded daily. Two readings were taken from
      random locations within each tray in the growing room.
PAC  Spawn vs Mold Growth Test
PAR  This test was designed to evaluate supplements as to their ability to
      resist molding by the microflora of the compost and their ability to
      stimulate mycelial growth. The procedures were as follows:
PAR  A random sample of compost was prepared in the conventional manner, and was
      thoroughly mixed to assure uniformity. Preweighed supplements were then
      mixed through 150 grams of compost and the compost spawned with 0.81 grams
      of strain 310 grain spawn. The compost was then placed into 12 ounce jars
      and incubated at 70.degree.F and 90% relative humidity.
PAR  When a combination of supplements was used, the peanut oil was mixed into
      the compost first. When the supplement was a pelleted material the compost
      was spawned first and then the pellets added.
PAR  The visible mold development on the supplement was recorded on a Mold
      Growth Index of 0 to 10, 10 being 100% coverage. The results were recorded
      as the mean of the Index. A Spawn Growth Index, ranging from 1 to 30, was
      used to record the extent and density of the spawn growth. In early stages
      of spawn growth the diameters of the mycelial growth radiating from grains
      of spawn were used to rank the various treatments. After most of the
      growth had coalesced the density of the growth was relied upon.
PAR  This procedure was designed to test on a small scale the effects of
      supplements on spawn and mold growth in conditions corollary to the crop
      test. The ratios of spawn and supplement to compost were identical to the
      ratios used during crop tests. It is not possible to predict the degree of
      crop stimulation from mycelial stimulation but the correlation between
      crop reduction, or lack of yield stimulation, and greatly inhibited spawn
      growth is strong. Thus although this test is not useful in predicting the
      degree of crop stimulation of various supplements, it is useful in
      identifying those supplements which greatly inhibit spawn growth and
      adversely affect crop yield.
PAC  The Mold Resistance Test
PAR  This test was designed to identify large qualitative differences in the
      mold resistance of supplements treated in different ways. Although these
      supplements were inoculated with a known concentration of Penicillium sp
      spores, no attempt was made to control the initial microflora of the
      supplement. Thus the inoculated mold was not the only organism developing
      on the supplement.
PAR  The Penicillium sp was used to infest supplements to assure the presence of
      microorganisms known to naturally contaminate supplements and grow on them
      in the compost.
PAR  Some supplements (Pharmamedia plus peanut oil, spray dried Pharmamedia)
      which molded readily in this test stimulated spawn growth in compost. The
      usefulness of this test is limited to the identification of large
      differences in mold resistance, such as that imparted by formaldehyde
      treatment, and some general molding trends.
PAC  Temperature Recordings
PAR  The air temperature during spawn run was adjusted to keep the check trays
      at 70-72.degree.F, thus no attempt was made to control the temperatures of
      the supplemented trays.
PAR  The degree to which supplements stimulate microbial activity in the
      compost, and the timing of this occurrence, can be monitored by comparing
      the compost temperatures of supplemented treatments to the temperatures of
      the checks (unsupplemented treatments). When visual observations confirm
      that spawn growth, and not foreign mold growth, occurred during periods of
      heat production, then direct stimulation of the mycelium by the supplement
      can be monitored by temperature recordings.
PAR  Since one of the problems is excessive heat production following
      supplementation, such data are essential in evaluating the delay and
      gradual release of supplements treated in various ways. A delay in heat
      production represents a delay in supplemental availability, while a
      reduced heat intensity suggests that availability of the supplement is
      gradual rather than instantaneous.
PAR  The results of these tests are shown first in the accompanying figures.
      FIG. 1A shows that for formaldehyde denatured cottonseed protein
      (Pharmamedia) and for heat denatured cottonseed protein (Cinocoa 150) the
      degree of spawn growth is significantly higher than for non-denatured
      cottonseed protein.
PAR  (FIG. 1B). The mold growth index, shows that the degree of mold growth is 3
      to 6 times higher for non-denatured cottonseed protein, as compared with
      the denatured protein. Although some mold growth was present when
      denatured protein was used as the supplement, no mold growth was visible
      after 16 days, by which time the mushroom mycelium had fully grown over
      the supplement and compost.
PAR  The addition of peanut oil also stimulates spawn growth, as can be seen
      from FIG. 2A. Also as can be seen from FIGS. 2A and 2B, the use of spray
      dried cottonseed protein provides very high spawn growth, however, it also
      provides very high mold growth as well.
PAR  The denatured spray dried cottonseed protein, however, shows very high
      spawn growth with very little mold growth.
PAR  Similar results were found with soybean protein, as can be seen from FIGS.
      3A and 3B.
PAR  FIGS. 4 and 5 show that the heat production for denatured protein was
      lower, as compared with non-treated protein, at the early stages following
      introduction into the compost, which is evidence of very low microorganism
      metabolism. As the mushroom mycelium colonized the compost, however, it
      utilized an increasing quantity of the protein and accordingly, the heat
      generated increased, evidencing increased mushroom mycelium metabolic
      activity.
PAC  Crop Yields
PAR  As shown in Table 1, formaldehyde treated cottonseed protein and heat
      denatured cottonseed oil stimulated yield significantly as compared to the
      control and non-denatured protein. Cottonseed protein pellets did not
      stimulate yield significantly as compared to the controls, and
      formaldehyde denatured cottonseed protein pellets did. The addition of
      peanut oil to cottonseed protein and the spray dried cottonseed protein
      increased yield significantly, as compared to cottonseed protein and the
      controls, while spray dried cottonseed protein yield was also
      significantly higher than those for the peanut oil controls. All denatured
      cottonseed protein supplements, with peanut oil added (formaldehyde
      denatured cottonseed protein plus peanut oil, heat denatured cottonseed
      protein plus peanut oil and formaldehyde denatured spray dried cottonseed
      protein) stimulated yields significantly as compared to the control and
      cottonseed protein supplemented trays. In addition, formaldehyde denatured
      spray dried cottonseed protein and heat denatured cottonseed protein plus
      peanut oil supplemented trays yielded significantly higher than the peanut
      oil control or the heat denatured cottonseed protein treatments.
PAR  Ground soybean significantly increased yields above the controls. Ground
      soybean plus peanut oil significantly increased yields above those of the
      control, peanut oil supplemented or ground soybean supplemented trays.
      Formaldehyde denatured ground soybean supplemented trays yielded
      significantly higher than the control, formaldehyde denatured cottonseed
      protein supplemented or untreated ground soybean supplemented trays.
      Formaldehyde denatured ground soybeans plus peanut oil significantly
      increased yields above the control, formaldehyde denatured cottonseed
      protein plus peanut oil supplemented, peanut oil supplemented and
      formaldehyde treated ground soybean supplemented trays.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Effects of Supplementation at Spawning on Mushroom Yield                  
     From Flushes 1-7                                                          
     Supplement         Amount Added                                           
                                  Yield                                        
                        Per Tray  (lbs/ft.sup.2).sup.b                         
     __________________________________________________________________________
     Control                      2.17                                         
     Peanut Oil Control 9.8 fl oz(290 ml)                                      
                                  2.79                                         
     Cottonseed protein  .56 lbs. 2.15                                         
     Cottonseed protein + Peanut Oil                                           
                         .56 lbs +9.8 fl oz                                    
                                  3.17                                         
     Formaldehyde Denatured cottonseed                                         
                         .56 lbs  2.82                                         
     protein                                                                   
     Formaldehyde Denatured cottonseed                                         
                         .56 lbs+9.8 fl oz                                     
                                  3.13                                         
     protein +Peanut Oil                                                       
     Spray Dried cottonseed protein                                            
                        1.04 lbs  3.36                                         
     Formaldehyde Denatured Spray Dried                                        
                        1.04 lbs  3.52                                         
     cottonseed protein                                                        
     Heat denatured cottonseed protein                                         
                         .56 lbs  2.88                                         
     Heat denatured cottonseed protein                                         
                         .56 lbs  3.42                                         
     +Peanut Oil                                                               
     Cottonseed protein Pellets                                                
                         .56 lbs  2.09                                         
     Formaldehyde Denatured cottonseed                                         
                         .56 lbs  2.56                                         
     protein Pellets                                                           
     Ground Soybean      .89 lbs  2.83                                         
     Ground Soybean +Peanut Oil                                                
                         .89 lbs+9.8 fl oz                                     
                                  3.50                                         
     Formaldehyde denatured                                                    
                         .89 lbs  3.26                                         
     Ground Soybean                                                            
     Formaldehyde denatured Ground                                             
                         .89 lbs+9.8 fl oz                                     
                                  3.77                                         
     Soybean +Peanut Oil                                                       
     __________________________________________________________________________
      .sup.a Supplements added on a protein equivalent basis.                  
      .sup.b LSD.sub.0.01 =  0.41 lbs/ft.sup.2 ; LSD.sub.0.05 = 0.31           
      lbs/ft.sup.2.                                                            
PAR  The above described tests tend to confirm the following:
PAR  Formaldehyde denatured pellets (Liquid and Low Volume Liquid Methods)
      demonstrated high mold resistance as measured by the mold resistance
      tests. While results were mixed, spawn growth in jars supplemented with
      formaldehyde denatured pellets (especially formaldehyde denatured soybean
      protein grits) was much better than that for the untreated pellets.
PAR  In crop tests formaldehyde denatured pellets yielded significantly better
      than non-denatured pellets. Formaldehyde denaturing improved the overall
      suitability of pelleted supplements for use at spawning since it increased
      resistance to molding.
PAR  Formaldehyde readily combines with the amino group of amino acids to give
      less soluble methylol derivatives as discussed in Lenniger, Biochemistry,
      Worth Publisher Inc., New York, New York, (1970) (Chapter 4). Formaldehyde
      also alters the hydrogen bonding thereby changing the secondary and
      tertiary structure of the protein.
PAR  The Vapor, Liquid and Low Volume Liquid Formaldehyde denaturing imparted
      mold resistance to all the supplements treated during the investigation.
      The Low Volume method is preferred as compared to the other methods since
      it imparted greater mold resistance to the supplements.
PAR  Low Volume Formaldehyde denaturing of all supplements delayed their
      availability in the compost as reflected by temperature trends following
      supplementation at spawning. No excessive heating occurred with any
      formaldehyde denatured supplements when added with or without peanut oil,
      at normal or 11/2  times normal rates. Some gradual and moderate heating
      sometimes occurred with those supplements 8-14 days after spawning. This
      period was coincident with rapid mycelial growth and thus probably
      represents direct stimulation of the mycelium by the supplement.
PAR  Formaldehyde denatured ground soybeans did not cause significant heat
      production early in spawn growth. Yields were significantly stimulated
      during both early and later flushes. yield increases of 50 and 75% were
      obtained when this supplement was added alone, and with peanut oil,
      respectively. Both a reduction of heating and increased and prolonged
      stimulation of crop yields reflect the delayed and gradual release of this
      supplement.
PAR  Formaldehyde denatured spray dried cottonseed protein greatly reduced heat
      production in compost as compared to nondenatured spray dried cottonseed
      protein. Yield increases of 55% occurred. Both early and later flushes
      were significantly stimulated. These results indicate that a delayed and
      gradual release of this supplement occurred.
PAR  Formaldehyde denatured cottonseed protein did not cause significant heat
      production during spawn run. Significant yield increases of 25% over the
      controls and non-denatured cottonseed protein were obtained. Crop
      increases were significantly greater than the controls over the first 3
      flushes, but not over the last 4. On dumping, a moderate growth of
      Trichoderma sp, and other molds was observed in the compost. This mold
      growth, especially that of Trichoderma sp, could have limited the
      stimulations of mushroom yields considerably. The reduction of heat
      production of formaldehyde denatured cottonseed protein over non-denatured
      cottonseed protein indicates that this supplement is delayed and/or
      gradual in its availability to the microflora of the compost.
PAR  Formaldehyde denatured cottonseed protein plus peanut oil did not cause
      significant heat production early in spawn run, but did cause a gradual
      heating after days 7-8. Yield increases of 44% over the controls occurred
      with crop yields significantly greater over the first 3 flushes, but not
      over the last 4 flushes. On dumping a moderate growth of Trichoderma sp
      was observed in trays supplemented with formaldehyde denatured cottonseed
      protein plus peanut oil. In some instances yields were inhibited, although
      not significantly. This inhibition may have been the result of a heavy
      growth of Trichoderma sp in the compost. This mold growth stimulation was
      considered to be more a result of the peanut oil than the formaldehyde
      denatured supplements, since it occurred in all trays containing peanut
      oil, and only in those trays.
PAR  Formaldehyde denatured soybean protein grits with or without peanut oil, at
      normal and higher rates, did not cause significant heat production early
      in spawn run. A gradual temperature increase did occur during the second
      week of spawn run and coincided with rapid mycelial growth.
      Supplementation at spawning with formaldehyde denatured soybean protein
      grits significantly stimulated crop yields, resulting in increases of 35%
      above the controls. Yield increases were significant for the first 3, but
      not the last 4 flushes. The lack of mold growth and reduced heat
      production indicate that formaldehyde denatured soybean protein grits is
      more gradually available to the microflora of the compost than the
      non-denatured supplements.
PAR  Another method of denaturing protein is heating the supplement to high
      temperatures. Heating breaks hydrogen bonding and fragments protein into
      shorter peptide chains as discussed in Lenniger, supra, resulting in
      reduced solubility.
PAR  When heat denatured cottonseed protein was added to the compost (spawn vs.
      mold growth test) mold growth was greatly inhibited, as compared to
      non-denatured cottonseed protein, and spawn growth slightly stimulated, as
      compared to the controls. Availability of this supplement, as monitored by
      temperature data, was delayed at least 8 days. No severe heating occurred
      when the supplements were added with and without peanut oil, at the normal
      and 1 1/2 times the normal rates. A gradual temperature increase occurred
      (after day 8) when heat denatured cottonseed protein plus peanut oil was
      added to the compost. This corresponded to observed mycelial stimulation
      and may reflect direct use of the supplement by the mushroom mycelium.
      This conclusion is further supported by yield stimulation. Compost
      supplemented with heat denatured cottonseed protein along did not heat up
      significantly after 8 days of spawn growth. The utilization of this
      supplement by the mushroom mycelium, as evidenced by significant crop
      stimulation, may be delayed longer than the temperature recordings or be
      too gradual to be reflected by compost temperature increases.
PAR  In one test, trays supplemented with heat denatured cottonseed protein and
      heat denatured cottonseed protein plus peanut oil yielded significantly
      higher than the control trays for the first 3 and last 4  flushes. This
      represents an overall increase of 33% for the heat denatured cottonseed
      alone and 57% for the heat denatured cottonseed protein-oil combination.
PAR  The effect of the vegetable oils, such as peanut oils, is synergistic for
      stimulating crop yields. The use of peanut oil alone tends to increase the
      growth of molds and can have the effect of inhibiting crop yields. In
      combination with the denatured protein, however, the vegetable oil tends
      to significantly stimulate spawn growth and ultimate crop yields.
PAR  The use of proteins denatured by methods other than formaldehyde denaturing
      or heat denaturing would probably provide comparable results to those
      described above using these methods.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by letters patent is:
NUM  1.
PAR  1. In a process of growing mushroom mycelium in a compost bed, the
      improvement comprising supplementing the nutrients available in said
      compost with a denatured protein, wherein said denatured protein may be
      admixed into said compost during a time period commencing at the time of
      spawning of the mycelium into said compost and ending before said mycelium
      is established in said compost, whereby said denatured protein is
      essentially unavailable to other competing microorganisms present in said
      compost, but is gradually available to said mycelium as the mycelium
      develops.
NUM  2.
PAR  2. The process of claim 1, wherein said denatured protein has a nitrogen
      content of from 4 to 15%.
NUM  3.
PAR  3. The process of claim 1, wherein said denatured protein is admixed into
      said compost in an amount based on 1/2 to 4 pounds denatured protein per 4
      square feet of surface area of compost bed when the bed has a depth of 5
      inches.
NUM  4.
PAR  4. The process of claim 1, wherein said protein is a heat denatured
      protein.
NUM  5.
PAR  5. The process of claim 1, wherein said protein is a formaldehyde denatured
      protein.
NUM  6.
PAR  6. The process of claim 5, wherein said formaldehyde denatured protein is
      spray dried.
NUM  7.
PAR  7. The process of claim 5, wherein said formaldehyde denatured protein is
      in pellet form.
NUM  8.
PAR  8. The process of claim 1, wherein the protein which is denatured is in the
      form of cottonseed, or soybean meal.
NUM  9.
PAR  9. In a process of growing mushroom mycelium in a compost bed, the
      improvement comprising supplementing the nutrients available in said
      compost with a denatured protein, wherein said denatured protein may be
      admixed into said compost during a time period comencing before the
      spawning of the mycelium into said compost and ending before said mycelium
      is established in said compost, whereby said denatured protein is
      essentially unavailable to other competing microorganisms present in said
      compost, but is gradually available to said mycelium as the mycelium
      develops and wherein said denatured protein is admixed with a vegetable or
      fish oil.
NUM  10.
PAR  10. The process of claim 9, wherein said oil is peanut oil.
NUM  11.
PAR  11. The process of claim 9, wherein said admixture of denatured protein and
      oil is formed by spray drying a mixture of protein and oil to form an
      encapsulate of protein surrounding said oil, and thereafter denaturing
      said protein.
NUM  12.
PAR  12. A growth medium for mushroom mycelium which comprises the admixture of
      a mushroom compost and a nutrient improving amount of a denatured protein.
NUM  13.
PAR  13. The medium of claim 12, wherein said denatured protein has a nitrogen
      content of from 4 to 15%.
NUM  14.
PAR  14. The medium of claim 12 wherein said denatured protein is admixed into
      said compost in an amount based on 1/2 to 4 pounds denatured protein per 4
      square feet of surface area of compost bed when the bed has a depth of 5
      inches.
NUM  15.
PAR  15. A growth medium for mushroom mycelium which comprises the admixture of
      a mushroom compost, a denatured protein and a vegetable or fish oil.
NUM  16.
PAR  16. The medium of claim 15, wherein said oil is a vegetable oil.
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ABST
PAL  An apparatus for and a process of treating sludge filter cake and the
      granular product thereof which comprises reducing the particle size and
      moisture content of the sludge cake, sterilizing the sludge cake by
      contacting the sludge cake with an N-methylol-urea solution, reacting the
      N-methylol-urea solution with the sludge cake at a pH of 3 to 5 while
      agitating the sludge particles to provide a granular-reaction product, and
      drying the product to provide a granular, high-nitrogen, odorless
      fertilizer or animal feed supplement product.
PARN
PAC  REFERENCE TO PRIOR APPLICATION
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 196,765, filed Nov. 8, 1971 (now abandoned).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years, there has been increasing insistance on the part of
      federal and local governments for municipalities and industries to
      pretreat their used water and remove all pollutant and contaminants before
      recycling the water to the hydrogeological environment. As more used
      water-treatment plants come into existence and as their efficiency for
      removing dilatorious matter improves, a secondary problem of major
      proportions develops, which relates to the ultimate disposal of the solid
      material precipitated from the used water-treatment plant.
PAR  The solid materials collected from such treatment facilities have potential
      as a valuable recyclable natural resource; however, its collected form is
      not marketable. Until the turn of the mid century, natural organic
      materials (now called waste products) accounted for a substantial portion
      of the fertilizer nitrogen supply, while today, such materials supply less
      than 1% of the total market. The reason is that modern-day fertilizers are
      high in fertilizer nitrogen, granular and are odor-free, while natural
      organic materials are often low in nitrogen, are dusty and often given to
      odor problems.
PAR  Solid material collected from waste water-treatment plants is normally
      referred to as sewage sludge, and in its final form, is a filter cake
      containing between about 12 to 50% solids, with the balance water.
PAR  In a standard waste water treatment, sewage influent enters a primary
      sedimentation or precipitation tank where the bulk of the solids is
      collected and transferred to a digestor for action upon by an anaerobic
      bacteria for a period of from one to three months, depending on the
      environmental conditions set up in the digestor. A by-product of the
      digestor is methane gas which can be recovered and may be used as a source
      of energy.
PAR  The resulting digested sludge (containing about 92 to 95% water) is
      normally sent to a dewatering process where the moisture is reduced to
      between about 70 and 50%. In some cases, biological sludges will contain
      as much as 88% moisture and only 12% solids after dewatering. Various
      methods have been used for this dewatering process, such as: centrifuging,
      vacuum filter wheels and sand filter beds. All these methods have certain
      advantages which may designate their use in a particular area. However,
      they all have one common problem: a wet filter-cake material which has no
      utilitarian value in its present physical form, and an infectious disease
      problem.
PAR  In order to enhance and to fortify the fertilizer value of fertilizer
      sludge and various other carriers, urea and formaldehyde have been
      incorporated therein by various techniques and under different conditions
      (see, for example, U.S. Pat. Nos. 3,073,693; 3,226,318; 3,231,363; and
      3,655,395). However, these processes do not relate to techniques for
      directly converting sludge filter cake into a sterilized, granular,
      high-nitrogen, dust-free product suitable for use as a fertilizer or an
      animal feed supplement product.
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a system for and a process of treating sludge
      materials and to the product produced thereby. In particular, my invention
      concerns a system for and process of producing from waste filter-cake
      sludge material a granular, high-nitrogen, odorless fertilizer as an
      animal feed supplement product.
PAR  My invention is an improvement and extension of the invention disclosed in
      my copending application Ser. No. 196,765, the disclosure of which is
      incorporated herein in this application. In my prior application, I have
      described a process which included the sterilization of pathogenic sewage
      material with N-methylol urea to provide a deodorizing effect on the
      product. My present invention is an improvement and includes as an
      optional, but preferred, part thereof the use of a sterilizing step in the
      process.
PAR  In the present invention, I provide an apparatus and process for producing,
      on a continuous and economical basis, a granular, high-nitrogen, odorless
      fertilizer, animal feed supplement or similar product by the reaction of
      methylol urea with sterilized, partially dried, shredded, sludge cake
      material.
PAR  I have discovered that acid-condensable, prepolymer solutions which contain
      a methylol monomer which sterilizes the sludge material may be reacted
      with the sludge material while being condensed, or polymerized under such
      conditions to produce a solid compound of such moisture content as to
      produce granulation of the solid particles. The resulting granular product
      under such process conditions is particularly useful as a fertilizer or
      animal feed supplement.
PAR  The sludge material useful in the practice of my invention comprises the
      pathogenic sludge filter-cake material from treatment plants, such as
      industrial or domestic sewage sludge.
PAR  The preferred components of my process are domestic sewage sludge,
      commercially available urea (45 to 46% N) and formaldehyde (37%); however,
      substitutions can be made without altering the essence of the invention.
      For example, an industrial waste sludge may replace domestic sewage
      sludge. Typical types of sludge cakes that I have used are activated
      sludge from cellulose and paper plants, tobacco waste sludges, animal
      waste sludge from cattle, sheep, hogs and chickens, while satisfactory
      results have also been obtained using raw or undigested minicipal sewage
      filter cakes.
PAR  In the practice of my invention, the condensable methylol-urea solutions
      are preferred as prepared by the reaction of urea and formaldehyde to form
      a prepolymer N-methylol-urea solution, and the reaction of such solution
      with the sludge within a particular time period after the reaction, so as
      to provide a product with controlled decomposition or dissolution
      characteristics. Typically, the prepolymer solution contains a mixture of
      mono and di N-methylol urea.
PAR  While commercially available urea containing 45 to 46% nitrogen is the
      preferred reactant, it may be replaced by casein, melamine, phenol, or the
      water-soluble polymeric constituents thereof. Concentrated solutions of
      urea can be used with a corresponding increase in the concentration of
      formaldehyde. In place of formaldehyde (37%), so called "urea-formaldehyde
      concentrates" can be used. These commercially available products usually
      contain about 60% formaldehyde, 25% urea and 15% moisture. In addition,
      other aldehydes, such as para-formaldehyde, crotenaldehyde, acetaldehyde,
      propionaldehyde and/or formaldehyde-generating agents, can be used.
PAR  It has been found that a hydrogen ion is required to convert the HCOH to
      methylene (CH.sub.2) groups in the resulting polymer linkage in the
      polymerization step. It is usually necessary to add this ion in the form
      of a strong mineral acid, such as sulfuric, hydrochloric or phosphoric
      acid, but organic acids, such as acetic, formic, or lactic acid or
      mixtures thereof, may be used.
PAR  Another and preferred way of controlling hydrogen-ion-concentration is to
      add an ammonium-acid salt to the solid materials prior to the addition of
      the prepolymer methylol-urea solution. Again a choice of such salts are
      available, such as ammonium nitrate, sulfate, borate, chloride or others.
      However, the preferred salts would be ammonium sulfate, phosphate (mono or
      its dibasic), since any of these will enhance the fertilizer value of the
      end product.
PAR  The use of ammonium salts to control pH has the dual effect of supplying
      sufficient hydrogen ion for the reactions and forming hexamethylene
      tetramine which greatly enhances the stability of the resulting polymer
      once formed. Using ammonium sulfate as a typical example, the reaction
      would be:
EQU  6 C H.sub.2 O (aq) + 2 (NH.sub.4) .sub.2 SO.sub.4 .fwdarw.C.sub.6 H.sub.2
      N.sub.4 + H.sub.2 SO.sub.4 (H+ donor)
PAR  In previously described procedures for adding ureaformaldehyde to sewage
      sludge or other carriers, pH control during polymerization has typically
      been maintained between one and three for the best results. The resulting
      mixtures were then neutralized in order to prevent cross-polymerization of
      the polymer.
PAR  I have found that, for the purpose of my process, the pH of the reactants
      in the polymerization step should be maintained at between 3.0 and 5.0,
      and preferably between 4.0 and 4.5. The maintaining of such pH limits
      makes it unnecessary to neutralize the end product; thus, avoiding an
      additional step and the use of a neutralizer.
PAR  The physical and chemical natures of the prepolymers to be added to the
      sludge cake material are important, and are as follows:
PA0  1. They must be in a soluble or dispersed form so that they can be easily
      sprayed or sparged into the sludge.
PA0  2. They must be easily polymerizable at relatively low temperatures; e.g.,
      40.degree. to 70.degree.C, and high pH's (4.0 to 4.5).
PA0  3. After polymerization, they must have the appearance of solids and have a
      solids-to-moisture ratio considerably higher than the sludge being
      treated. For example, if the solids-to-water ratio in the sludge cake is
      between 1 to 3 and 1 to 1, the solids ratio of the polymerizable material
      must be at least 3 to 2.
PA0  4. The resulting polymers must be of relatively low molecular weight; for
      example, not greater than 300, and preferably essentially a straight-chain
      polymer not withstanding the possibility of co, branch or graft-type
      polymerization with the constituents of the sludge. In any case, the
      number of CH.sub.2 groups should not exceed 5, and preferably is 3 to 4,
      and a CH.sub.2 radical should not be present as a terminal group.
PAR  In general, I have found that the best method of preparing a prepolymer
      with the above properties is described in my copending patent application
      Ser. No. 196,765, for example, wherein 1 part of commercially available
      37% formaldehyde is neutralized with triethanolamine to a pH of 8.0, and
      to this mixture is added 1 part of commercially available prilled urea
      containing 46% nitrogen. A negative heat of solution ensues which will
      lower the temperature to 5.degree.C. The solution is then gently heated to
      30.degree.C, at which point the urea is in solution with the formaldehyde.
      After 10 minutes, the temperature of the solution will rise to
      60.degree.C, at which point it is considered suitable for reaction with
      the sludge.
PAR  For the purposes of illustration only, my process will be described
      employing an N-methylol-urea solution as described with a domestic sludge
      material.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of my process for the continuous
      production of a granular, high-nitrogen, odorless product.
PAR  FIGS. 2A and 2B are partially cut-away and schematic side and end views
      respectively of a sludge feeder used in my process.
PAR  FIG. 3 is a representative perspective, partially cutaway view of a mixing
      and reaction vessel used in my process.
DETD
PAC  DESCRIPTION OF THE EMBODIMENTS
PAR  In my process as shown in FIG. 1, commercially available prilled urea 10 is
      fed from a source, such as a surge bin, to an adjustable control gate
      gravimetric feeder onto a continuous conveying belt 15, and is
      continuously transported to a reaction vessel 24. Simultaneously,
      commercially available 37% formaldehyde is pumped 16 from a storage vessel
      12 through line containing a pH control meter 20 and a flow meter 22 to
      the reaction vessel 24.
PAR  Concurrently, an alkaline buffer solution is proportioned through line 18
      into the formaldehyde line 14 in order to maintain an alkaline pH of
      between 7.0 and 8.5. This pH is continuously monitored by the pH meter 20.
      The reaction time of the urea formaldehyde, while variable, is important
      to the ability of the N-methylol solution to react with organic sludge
      filter cake. I have found that the reactivity of the N-methylol solution
      with the sludge material cake decreases with an increase in the reaction
      time under alkaline conditions; i.e., in the prepolymer methylol-urea
      stage. This discovery is used to control the reaction conditions to
      provide a product of the desired properties.
PAR  In my process, as will be described, all the components are being removed
      from the reaction vessel 24 at the same rate at which they are being
      added. Therefore, the residence time in the reactor 24 will determine the
      degree of methylolization that occurs. The degree of methylolization is
      regulated by maintaining a fixed level in the reaction vessel 24 between
      points a and b as illustrated.
PAR  There is a direct relationship between the temperature and the reaction
      time in the reactor 24. Reaction time can vary between 10 and 30 minutes,
      and the temperature between 30.degree. and 80.degree.C. My preferred
      operating range is for a time of 15 to 20 minutes, at between 40.degree.
      and 60.degree.C, which provides a mixture of reactive methylol urea, such
      as mono and di methylol urea.
PAR  Heat is added to the reaction by a steam jacket surrounding the reactor.
      Heat is generally required to initiate methylolization; however, because
      of the exothermic nature of the reaction, the reaction is usually
      self-sustaining thereafter. In order to have complete control of all
      conditions, the jacket of the reactor is designed so that steam can be
      replaced with cooling water. The jacket may be replaced by coils or a
      series of multiple reactors could replace the single reactor, or coils may
      be used as the reactor, such as in the case with a "plug flow" reactor.
PAR  The volume of the reaction vessel 24 should be designed to the overall
      volume of the prepolymer required in the process. For example, if 10
      gallons per minute is the anticipated volume of N-methylol compounds to be
      used in the process, then the reaction vessel should be designed to
      operate efficiently at 300 and 100 gallons, respectively. Referring to my
      FIG. 1, point a would represent 300 gallons, while point b would represent
      100 gallons, which would represent a residence time of 30 and 10 minutes
      at the higher and lower levels, respectively.
PAR  Sludge material 60 composed of domestic sewage sludge filter cake is
      typically delivered by a dump truck 32 to a sludge feeder and shredder 34,
      described more fully in FIG. 2, wherein the sludge filter cake is broken
      up and reduced in particle size, and the reduced particle size sludge
      material delivered through 40, such as a screw conveyor, to a mixer 36.
      The mixer 36 provides for thorough homogeneous mixing and agitation of the
      sludge material during the sterilization and subsequent polymerization or
      reaction stages.
PAR  As set forth more fully in my copending application, sterilization of the
      pathogenically contaminated shredded sludge may be carried out by
      contacting the sludge with a condensable mono or di methylol-aqueous
      solution under alkaline conditions. Sterilization reduces odor of the
      sludge and permits its use as fertilizer, and particularly as an animal
      feed product. Sterilization typically is carried out in the initial or
      first stage of the mixing operation, while reaction of the sludge with a
      urea-methylol solution occurs with the addition of an acid to a pH of 3.0
      to 5.0 of the sludge material. In addition as illustrated and optionally,
      fines from the process and recycled dry granular product may be introduced
      into the mixer 36 preferably during the sterilization step. A preferred
      mixer is a steam-jacketed pug mill described more fully in FIG. 3.
PAR  A strong acid 28, such as a sulfuric acid, is introduced through line 30
      into the mixer 36 to initiate reaction of the methylol solution. Fines;
      i.e., particles of lower than desired size, produced by the process are
      introduced into the mixer 36 through line 44. Other supplements, such as
      antioxidants, vitamins, urea, phosphates, fillers, etc., to be
      incorporated into the product may be introduced into the mixer 36 for
      homogeneous blending with the sludge particles.
PAR  It is desirable to control the reaction temperature and to reduce the
      moisture content of the sludge in the mixer 36, and, thus, the mixer is
      steam-cold-water-jacketed for this purpose. In addition, dry particles,
      such as dry granular products produced by the process, may be introduced
      into the mixer through line 46 to aid in controlling and reducing the
      moisture content. The methylol-urea solution is introduced from the
      reaction vessel 24 through line 26 for sterilization and polymerization
      within 10 to 30 minutes after preparation.
PAR  The reaction product from the mixer 36 is a partially dry granular reaction
      product composed of particles of sludge which have interreacted with the
      methylol urea and polymerized methylol urea. Typically, the reaction
      product is discharged from the mixer at a temperature of 50.degree. to
      60.degree.C, with an excess temperature of over 80.degree.C avoided.
PAR  The reaction product is then conveyed 42 to a dryer 38 for the reduction of
      moisture to a desired level, typically less than 10%, and, thereafter, the
      dry product is introduced into a screener 48 for the classification of the
      dry particles of the product. Fines from the screener 48 are recycled 44
      to the mixer or otherwise used. Oversize particles of the product are sent
      via 52 to a crusher 54 for size reduction, and are returned via 56 to the
      screener or classifier. Dry granular, odorless, high-nitrogen product 50
      of the desired size is removed, packaged and is ready for use.
PAR  Special consideration must be given to the preparation of the sludge filter
      cake prior to its introduction into the process.
PAR  Sludge filter cakes, regardless of their method of preparation, are
      composed of a heterogenous mass of materials ranging in particle size from
      a fraction of a cubic inch to often more than a cubic foot. In addition,
      these particles are apt to be bound together by interlacing cellulosic
      fibers. Before this material can be reacted with the n-methylol compounds,
      it should be reduced to a more or less homogenous particle size typically
      of 1/10th of an inch or less. Both the feeder-shredder and the mixer 36
      may be used for this purpose, or the size reduction carried out by only
      the shredder or by other means.
PAR  The feeder 34, illustrated more particularly in FIG. 2, works on the
      principal of a constantly moving bed of filter cake, moving under rotating
      and raking cylinders, which, in the case of the highest or last raking
      cylinders, acts as a bed-leveling wheel or means. As the sludge moves
      under the rotating raking cylinders, the cake is shredded into small
      particle sizes. The degree of shredding and particle-size reduction is
      directly related to the moisture content of the sludge cake and the
      water-absorbing characteristics of a particular sludge being used. For
      example, my preferred moisture content for the average digested municipal
      sludge cake would be between about 40 and 50%, while with a biological
      sludge or activated sludge, the preferred moisture range would be from
      about 60 to 80%.
PAR  FIGS. 2A and 2B illustrate one embodiment of a feeder-shredder wherein the
      sludge cake 60 is deposited on an upwardly moving conveyor belt 62,
      wherein it passes under a rotating shredding cylinder or reel 64 having a
      plurality of tines 66 thereon to shred the cake 60, and, subsequently, the
      shredded bed is passed under a rotating leveling reel 68 also having a
      plurality of tines 70 which level the particles to the desired depth. The
      shredded level bed of particles is then directed into a discharge chute 72
      wherein the material falls into a screw conveyor 74 for passage into the
      mixer 36. Excess moisture drains from the sludge during the feeding and
      shredding operations.
PAR  As the sludge material leaves the sludge feeder 34, it has been reduced
      considerably in particle size. However, in order for these particles to
      remain in tact and be suitable for granulation, it is necessary to reduce
      further the moisture content to between about 30 to 50%. This may be
      accomplished by heat or heat and the adding of dry recycled product; that
      is, material which has already been through the process, and which now
      contains about 3 to 7% moisture, to the shredded sludge in the presence of
      violent mixing. Violent mixing and agitation are provided by a pug mill
      illustrated in FIG. 3. Fines or undersized material from the process can
      be used as part of the recycled material. When the sludge has been
      properly mixed, it will have an average particle size of between about 14
      and 20 mesh. The pug mill also serves as the reaction vessel for the
      N-methylol compounds with the sludge. Since the pH of the sludge is
      critical to the proper reaction, it may be necessary to acidify the sludge
      material. If this is the case, acid may be added to the sludge during its
      mastication process with the recycle. In any event, the pH of the reacted
      sludge exiting the pug mill should be between 4.0 and 5.0.
PAR  In FIG. 3, the pug mill 36 is steam-jacketed and contains two parallel
      rotating shafts 76 and 78 extending longitudinally the length of the mill,
      each shaft having a plurality of paddles 80 and 82 thereon to provide for
      violent mixing, particle reduction and agitation of the particles during
      the stages of admixing in solid materials and during sterilization and
      reaction stages. The paddles 80 and 82 typically alternate along the
      shafts and provide a squeezing and kneading action to the solid material.
      The sludge material is moved by the opposingly rotating paddles toward the
      outlet.
PAR  As illustrated, the mill 36 has a length of about 15 feet with the first 5
      feet designated by a-b used for the introduction of fines, recycled dry
      product, acid and shredded sludge in that order. The alkaline
      methylol-urea solution is introduced onto the particles through line 26 to
      longitudinal pipe 84 containing a plurality of spray nozzles 86, wherein
      the solution is sprayed onto the agitated sludge particles. In the length
      b-c of the mill 36, polymerization and reaction occur as the acidic sludge
      material reduces the pH of the methylol-urea solution to effect
      polymerization.
PAR  As the reacted sludge material leaves the pug mill 36, it is granular and
      has a temperature of about55.degree. to 60.degree.C. The rise in
      temperature from ambiant to 60.degree.C is usually accomplished by the
      exothermic conditions which accompany the condensation of N-methylol
      compounds to N-methylene compounds. However, if this reaction is not
      sufficient to maintain a temperature in the pug mill of 60.degree.C, then
      additional heat can be added through a steam jacket surrounding the pug
      mill. At this point in the process, the product is essentially complete
      and remains only to be dried and properly sized.
PAR  Numerous drying options are available for the product at this point;
      however, my preferred method is to introduce the product from the pug mill
      36 to a rotary cocurrent hot-air dryer 38. Care must be taken not to
      overheat the material during the drying operation. At temperatures above
      95.degree.C, further polymerization of the N-methylene compounds is
      forced, thereby creating highly cross-linked polymers which are not
      agronomically suitable. For this reason, the temperature of the material
      is constantly monitored throughout the drying step to insure that it does
      not exceed 80.degree.C, and is preferably held in the range of 70.degree.
      to 75.degree.C. The moisture content of the product following the drying
      step is between about 3 and 10%, and preferably 5 to 8%.
PAR  The dry product is then screened 48 into separate sizes as desired, such as
      oversize material (+6 mesh), which is sent 52 to a crushing mechanism 54
      where the particle size is reduced to such an extent that it passes
      through a 6-mesh sieve. The material from the second screen (-6 mesh + 20
      mesh) may be considered finished product 50, and is transferred to storage
      or bagging area. The material which passes through the second screen (-20
      mesh) is considered as fines, and it is returned 44 to the pug mill as
      previously described as part of the recycled material.
PAR  Having thus described my invention in general, I now offer for the purposes
      of illustration only the following examples.
PAC  EXAMPLE 1
PAR  7,500 lbs. per hour of a municipal digested sewage filter cake containing
      60% moisture and 2% nitrogen, largely in a water-insoluble form (dry
      basis), were continuously metered from a sludge feeder to a pug mill
      between points a and b (refer to pug mill detail of FIG. 3), along with
      sufficient sulfuric acid (66.degree.Bc -) No. 2, to reduce the pH of the
      cake to 4.0. Concurrently, 4,980 lbs. per hour of a methylol-urea reactant
      was continuously metered from a chemical reaction tank 24 to the pug mill
      36.
PAR  The methylol-urea reactant was prepared in the following manner: 2,490 lbs.
      of urea were continuourly metered from a surge bin to the chemical
      reaction tank 24. Concurrently, 2,490 lbs. per hour of 37% formaldehyde
      were metered from a storage tank 12 to the chemical reaction tank 24,
      while simultaneously being neutralized to a pH of 7.5 with potassium
      hydroxide No. 5. The level in the chemical reactor was maintained at a
      point sufficient to allow a residence time of 20 minutes, or about 1,660
      lbs. The temperature of the methylol-urea solution in the reaction vessel
      was held at 60.degree.C by means of a steam jacket surrounding the tank.
      This resulting reactant was continuously applied to the moving bed of
      solids material in the pug mill 36 between points b and c.
PAR  Along with the sludge cake and acid being added between points a and b of
      the pug mill 36, a sufficient amount of recycle material (moisture content
      5%) was added from the recycle line 46, and fines via line 44 from the
      screener 48, to result in an overall moisture content in the material
      leaving the pug mill of about 30%. This required about 3,650 lbs. of fines
      and 3,650 lbs. of material from the recycle bin.
PAR  The overall length of the pug mill employed was 15 feet, the length from a
      to b 5 feet and from b to c 10 feet. The paddles in the pug mill can be
      adjusted in order to increase or decrease the residence time of the
      material in any given section of the pug mill. Thus, for example, the
      paddles in section a to b are adjusted to a residence time of 10 minutes,
      and in the b to c section, for an additional 10 minutes. The time in the
      pug mill is adjusted so that when the material flows from the pug mill,
      the reaction is essentially complete and all methylol ureas have been
      converted to methylene ureas, which become part of the co- or graft-type
      polymer with the protein constituent of the sewage.
PAR  As the material left the pug mill, it was discharged onto a continuous
      conveying belt which deposited it into a cocurrent rotary hot-air dryer 38
      for a time and at a temperature sufficient to reduce the moisture of the
      treated sludge to 5%.
PAR  As the material left the dryer 38, it was elevated to a screener 48 where
      it was separated into three particle-size ranges:
PA0  12(a) + 6 mesh material (oversize)
PA0  12(b) - 6 mesh + 20 mesh material (finished product)
PA0  12(c) - 20 mesh material (fines)
PAR  The oversize material was fed to a chain mill crusher 54 and then back to
      an elevator 56 and to the screener 48. The on-size product is conveyed to
      a bulk storage area or bagging operation. The fines were recycled 44 back
      to the pug mill 36.
PAR  The finished product from this experiment had the following specifications:
     Chemical Analysis                                                         
     ______________________________________                                    
     Moisture                 7%                                               
     Nitrogen                20%                                               
     Water-Insoluble                                                           
      Nitrogen               14%                                               
     Activity Index          50%                                               
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  10,000 lbs. per hour of a biological (activated) sludge filter cake
      containing 88% moisutre and 6.5% nitrogen (dry basis) largely in a
      water-insoluble form were treated with 1,328 lbs. of methylol-urea
      solution comprised of 664 lbs. of urea (45% nitrogen) and 664 lbs. of
      formaldehyde (37% solution) per hour.
PAR  The sludge was a waste by-product of an activated biological treatment
      process used to treat the used water from a cellulose pulp plant. The
      methylol-urea solution was prepared in the same manner as outlined in
      Example 1, with the exception of the quantities of urea and formaldehyde.
      The sludge was treated in the same manner as outlined in Example 1, with
      the exception that the amount of recycle (fines plus finished product) was
      a total of 7,335 lbs. per hour, resulting in a moisture content leaving
      the pug mill of 50%.
PAR  The chemical analysis if the product was as follows:
TBL  Moisture                  5%                                              
     Nitrogen                 19%                                              
     Water-Insoluble Nitrogen 14.25%                                           
     Activity Index           48%                                              
PAR  The reaction involved in the practice of my invention results in relatively
      short straight-chain methylene-urea polymers. In my process, it is
      necessary to control the molecular ratio of urea to formaldehyde.
PAR  The relationship between total nitrogen, water-insoluble nitrogen, activity
      index and nitrification index as used herein is as follows:
TBL  Nitrification  The conversion of nitrogen com-                            
                    pounds in the soil to nitrate                              
                    nitrogen by nitra-bacter.                                  
     Nitrification Index                                                       
                    The percentage of nitrogen con-                            
                    verted to nitrate in a 15-week                             
                    period minus the percentage con-                           
                    verted in a 3-week period.                                 
     Total Nitrification Index                                                 
                    The percentage of nitrogen to-                             
                    tally nitrified or converted to                            
                    nitrate in a 15-week period.                               
     Total Nitrogen The percentage of nitrogen con-                            
                    tained in the product.                                     
     Insoluble Nitrogen                                                        
                    That percentage of the total                               
                    nitrogen which does not dissolve                           
                    in cold water.                                             
     Activity Index That percentage of insoluble                               
                    nitrogen which is soluble in a                             
                    boiling phosphate buffered solu-                           
                    tion.                                                      
PAR  In order to demonstrate the effect of the urea-to-formaldehyde mole ratio
      on the above quality indicators, the following experiment was conducted.
PAR  7,500 lbs. per hour of the municipal sludge, outlined in Example 1, were
      treated with a methylol-urea reactant prepared with the following
      variations from Example 1 on an hour-to-hour basis (Table I).
PAR  From an agronomic standpoint, a Nitrification Index of 30-35 and total
      15-week nitrogen availability of 50 to 55 are most desirable. This results
      in a product which will gradually release about 75% of its nitrogen over a
      six-month growing period. As can be seen from Table I, a
      urea-to-formaldehyde mole ratio of between 1.35 to 1.38 to 1 would yield
      such a product. However, there may be special cases where it is desirable
      to have nitrification proceed for a matter of years rather than months. In
      these cases, a molecular ratio of 1.1 to 1 or 1.2 to 1 may be more
      desirable. On the other hand, if the product is to be used as an animal
      feed supplement, the nitrogen should be released at a more rapid rate and
      a mole ratio of 2 to 1 would be more desirable. In any case, if the highly
      cross-linked polymers normally associated with urea-formaldehyde plastics
      are to be avoided, then the mole ratio must exceed 1.2 to 1. Conversely,
      if an undue amount of free urea in the end product is to be avoided, then
      the mole ratio cannot exceed 2 to  1.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                                             Total 15-week     
     Hour to                                                                   
          Lbs. of                                                              
                Lbs. of For-                                                   
                        U/F Mole                                               
                              Total                                            
                                   Insoluble                                   
                                         Activity                              
                                              Nitrifica-                       
                                                    3-week Nitri-              
                                                             Nitrogen          
     Hour Urea  maldehyde                                                      
                        Ratio Nitrogen                                         
                                   Nitrogen                                    
                                         Index                                 
                                              tion Index                       
                                                    fication Availability      
     __________________________________________________________________________
     1    2,028.4                                                              
                2,490   1.1/1 17%  15.3  15   3     1        4                 
     2    2,212.8                                                              
                2,490   1.2/1 18%  15.4  20   10    3        13                
     3    2,397.2                                                              
                2,490   1.3/1 19.5%                                            
                                   15.6  32   25    5        30                
     4    2,489.0                                                              
                2,490   1.35/1                                                 
                              20%  15.0  42   30    15       45                
     5    2,544.72                                                             
                2,490   1.38/1                                                 
                              20.5%                                            
                                   15.3  48   35    20       55                
     6    2,581.60                                                             
                2,490   1.4/1 21%  14.7  50   35    25       60                
     7    2,766.0                                                              
                2,490   1.5/1 20.9%                                            
                                   13.6  55   39    30       69                
     8    3,688.0                                                              
                2,490   2/1   24%  12    65   65    30       95                
     __________________________________________________________________________
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A process for treating sludge filter cake material, which process
      comprises:
PA1  a. reducing sludge filter cake material to a particle size of about 1/8th
      of an inch or less;
PA1  b. reducing the moisture content of the reduced sludge particles to between
      about 30 and 50% to provide a partially dried sludge;
PA1  c. introducing the sludge into a reactor and adding an acid to the
      partially dried sludge in the first section of the reactor to provide an
      acidic sludge having a pH of from about 3.0 to 5.0;
PA1  d. providing an alkaline N-methylol-urea aqueous prepolymer solution
      wherein the methylol-urea is subject to condensation and comprises a
      mixture of mono and dimethylol urea, and wherein the prepolymer is
      prepared by the reaction of from about 1.1 to up to about 2.0 moles of
      urea per mole of formaldehyde in a reaction time of from about 10 to 30
      minutes and at a temperature of from about 30.degree. to 80.degree.C;
PA1  e. immediately reacting the prepolymer solution with the partially dried
      sludge in a second section of the reactor, the reaction carried out while
      continuously moving the sludge from the inlet to the outlet of the
      reactor, and at a temperature of from about 30.degree. to 80.degree.C and
      at a pH of from about 3 to 5, and while vigorously mixing the sludge
      particles in the first and second sections of the reactor for a time
      sufficient to complete the reaction and conversion of the prepolymer, and
      to provide a granular reaction product comprising the condensed polymer
      and dried sludge material, the condensed polymer having a molecular weight
      of less than about 300; and
PA1  f. drying the reaction product at a temperature of less than 95.degree.C to
      a moisture content of about 3 to 10%, thereby providing a granular,
      high-nitrogen, odorless fertilizer or animal feed supplement product.
NUM  2.
PAR  2. The process of claim 1 which includes spraying the prepolymer solution
      into a vigorously agitated continuous moving-bed mixture of the partially
      dried acidic sludge particles in the second section of the reactor.
NUM  3.
PAR  3. The process of claim 1 wherein the reaction of the prepolymer with the
      sludge particles is carried out at a pH of from about 4.0 to 4.5.
NUM  4.
PAR  4. The process of claim 1 wherein the reaction of the urea and the
      formaldehyde is carried out at a temperature of from about 40.degree. to
      60.degree.C.
NUM  5.
PAR  5. The process of claim 1 wherein the sludge filter cake is derived from a
      sewage sludge, which contains from about 12 to 50% solids.
NUM  6.
PAR  6. The process of claim 1 wherein the moisture content of the reduced
      sludge material is reduced by the addition of recycled, dried, granular
      reaction product.
NUM  7.
PAR  7. The process of claim 1 wherein acid is added to the partially dried
      sludge particles in the first section of the reactor to provide a pH of
      from 4.0 to 4.5, the reaction carried out at a temperature of from
      40.degree. to 70.degree.C.
NUM  8.
PAR  8. The process of claim 1 which includes adding to the first section of the
      reactor an ammonium acid salt as a pH control agent.
NUM  9.
PAR  9. The process of claim 1 wherein the prepolymer solution, prior to
      reaction with the partially dried sludge, has a pH of from about 7.0 to
      8.5.
NUM  10.
PAR  10. The process of claim 1 wherein the partially dried sludge contains an
      ammonium sulfate or ammonium phosphate as a pH control agent.
NUM  11.
PAR  11. The process of claim 1 wherein the N-methylol-urea solution consists
      essentially of a mixture of mono and di methylol-urea.
NUM  12.
PAR  12. The process of claim 1 wherein reducing the sludge filter cake material
      includes shredding the sludge filter cake material.
NUM  13.
PAR  13. The process of claim 1 which includes reducing the moisture of the
      partially dried sludge and reacting the partially dried sludge with the
      prepolymer solution in an elongated pug mill, wherein the sludge material
      is introduced at the inlet of the mill, acid is added to a first section
      of the mill, and then the prepolymer solution is sprayed onto the acidic
      sludge in a second section of the mill as the sludge moves to the outlet
      of the mill, and a granular reaction product discharged from the outlet of
      the admixture, the product having a pH of from about 4.0 to 5.0 and a
      temperature of 50.degree. to 60.degree.C.
NUM  14.
PAR  14. The process of claim 13 which includes adding recycled dried granular
      reaction product having a moisture content of 3 to 7% to the first inlet
      section of the pug mill to reduce the moisture content of the reduced
      partially dried sludge.
NUM  15.
PAR  15. The process of claim 13 wherein recycled granular dried product reacts
      to reduce the moisture, and an acid to maintain the pH at 3.0 to 5.0 is
      added to the partially dried sludge in the first section of the pug mill,
      and while vigorously agitating a moving bed of the mixture, the prepolymer
      solution is sprayed onto the agitated particles of the admixture, the
      temperature of the admixture maintained in the mill at a temperature of
      from about 50.degree. to 80.degree.C.
NUM  16.
PAR  16. The process of claim 1 which includes drying the reaction product at a
      temperature of from about 70.degree. to 80.degree.C.
NUM  17.
PAR  17. The process of claim 16 which includes screening the granular reaction
      product and recycling fine material of less than 20 mesh for addition to
      the reduced sludge material in the first section of the reactor.
NUM  18.
PAR  18. The granular product produced by the process of claim 1 wherein the
      condensed urea-formaldehyde polymer contains not more than 5 methylene
      groups, and a methylene radical is not present as a terminal group, with
      the polymer consisting essentially of a low-molecular weight,
      straight-chain polymer, the granular polymer product having a pH from
      about 4 to 5.
NUM  19.
PAR  19. The granular dry reaction product of claim 1.
NUM  20.
PAR  20. A process for treating sludge filter cake material, which process
      comprises in combination:
PA1  a. shredding sludge filter cake material by conveying a moving bed of the
      material through a shredding means to provide a shredded sludge material
      of a particle size less than about 1/10th of an inch;
PA1  b. preparing an N-methylol-urea aqueous prepolymer solution having a pH of
      from 7.0 to 8.5 and subject to condensation by the change in pH to 3.0 to
      5.0, the prepolymer solution prepared by the reaction of from about 1.2 to
      2.0 moles of urea per mole of formaldehyde in a reaction time of 10 to 30
      minutes and at a temperature of about 30.degree. to 80.degree.C;
PA1  c. introducing the shredded sludge material into the inlet of an elongated
      moving bed pug mill having a first and second section and containing a
      plurality of rotating paddles along its length for the vigorous agitation
      of the shredded material as it is moved from the inlet to the outlet of
      the pug mill;
PA1  d. introducing an acid into the first section of the pug mill to maintain
      the pH of the shredded material at a pH of 3.0 to 5.0;
PA1  e. introducing granular dry reaction product from the process into the
      first section of the pug mill in an amount sufficient, with the heat
      supplied to the pug mill and the heat of reaction, to reduce the moisture
      content of the shredded sludge material to less than 50%;
PA1  f. spraying the prepolymer solution in the second section of the mill into
      the agitated acidic sludge material at a temperature of less than
      80.degree.C and a pH of 3.0 to 5.0, and for a time sufficient to complete
      substantially the condensation and reaction of the prepolymer and to form
      a condensed polymeric reaction product;
PA1  g. discharging a granular nitrogen-rich reaction product at a temperature
      of from about 50.degree. to 60.degree.C from the outlet of the pug mill;
      and
PA1  h. drying the reaction product to a moisture content of between about 2 to
      10% at a temperature of not more than 80.degree.C.
NUM  21.
PAR  21. The granular dry odorless high-nitrogen product produced by the process
      of claim 20, which product is a fertilizer or animal feed supplement, and
      comprises an admixture of sludge-urea-methylol reaction product and an
      essentially straight-chain N-methylol-urea condensation polymer having
      from 3 to 4 methylene groups.
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ABST
PAL  New dithiophosphates of the formula I
      ##EQU1##
      AND THEIR USE AS HERBICIDES ARE DISCLOSED. In formula I R.sub.1 and
      R.sub.2 are identical or different and each represents an alkyl or alkenyl
      or alkoxyalkyl radical with 1 to 5 carbon atoms, --CO--Am is an amide and
      Am is a piperidyl radical substituted by methyl or ethyl.
PARN
PAC  Cross Reference
PAR  This is a division of applicaton Ser. No. 320,338, filed on Jan. 2, 1973,
      now U.S. Pat. No. 3,833,600, which in turn is a continuation-in-part of
      application Ser. No. 160,897 and 160,898, both filed on July 8, 1971, both
      now abandoned, both of which are continuations-in-part of application Ser.
      No. 782,736, filed Dec. 10, 1968, now abandoned.
BSUM
PAR  The present invention relates to new dithiophosphates of the formula
      ##EQU2##
      IN WHICH
PAR  R.sub.1 and R.sub.2 are identical or different and each is an alkyl or
      alkenyl or alkoxyalkyl radical with up to 5 carbon atoms, --CO--Am is an
      amide and Am is a heterocyclic radical selected from the group consisting
      of 2-methyl-piperidine, 3-methylpiperidine, 4-methylpiperidine
      2-ethylpiperidine and 2,6-dimethylpiperidine. The compounds of the formula
      I are prepared in a simple manner by reacting a halogenocarboxylic acid
      amide of the formula
EQU  Hal -- CH.sub.2 -- CO Am                                   (II)
PAL  with a salt of a dithiophosphate of the formula
      ##EQU3##
      IN A SOLVENT. In these formulae, R.sub.1, R.sub.2 and Am have the meanings
      indicated, whereas Hal stands for halogen, especially chlorine, and Me for
      alkali, especially sodium or potassium, or NH.sub.4. Accordingly, the acid
      forming the basis for the halogencarboxylic acid amides of the formula
      (II) are preferably chloroacetic acid. The solvents to be used are water
      or preferably an organic solvent, such as a lower aliphatic alcohol or a
      ketone having 1 to 4 carbon atoms in the aliphatic chain. The reaction
      temperature may vary between room temperature and the boiling temperature
      of the solvent. Depending on the nature of the reaction participants the
      addition of an alkali halide, for example sodium or potassium iodide, as
      catalyst may be of advantage.
PAR  Alternatively, for example an ester of an O,O-di-alkyldithiophosphoryl
      acetic acid, for example the phenyl, benzyl or ethyleneglycol ester of
      such an acid may be reacted with the desired heterocycle. It is also
      possible to react (a) a mixed anhydride of such a phosphorylacetic acid,
      for example the anhydride with benzoic acid, with carbonic acid semiester,
      etc. with (b) the desired piperidine derivative. Alternatively, a salt,
      preferably an alkali metal salt, of such a phosphorylacetic acid may be
      reacted with a carboxylic acid chloride of the heterocycle and CO.sub.2
      eliminated at an elevated temperature.
PAR  The compounds of the formula I as such or in combination with a suitable
      additive can be used as selective herbicides or herbicidal compositions.
      Suitable additives are, for example solvents, diluents, dispersants,
      emulsifiers, thickening agents, adhesives and/or fertilizers, also other
      pest control agents, such as insecticides, acaricides, herbicides or
      fungicides.
PAR  As especially good acting agents in herbicidal controlling application have
      proved to be the dithiophosphates of the formula I wherein Am consists of
      a piperidyl group substituted by one methyl, the substituents R.sub.1 and
      R.sub.2 being identical. Among them compounds of the formula
      ##EQU4##
      in which
PAR  R.sub.1 and R.sub.2 are identical and each represents an alkyl or alkenyl
      radical with up to 4 carbon atoms; the preferred compounds being
PAR  O,O-diethyl-dithiophosphoryl-aceto-2-methyl-piperidide and
PAR  O,O-di-(n-propyl)-dithiophosphoryl-aceto-2-methylpiperidine.
PAR  Selectivity is observed especially in the preemergence method against
      broadleaved weeds in cotton, soya, maize, wheat, rice and other crop
      cultures. This finding is surprising because many known, similarly
      constituted compounds (cf. for example German Pat. No. 819,998 where the
      unsubstituted amide, the anilide, the hydroxymethylamide, the butylamide
      of O,O-dialkyldithiophosphoryl-acetic or -propionic acids are described)
      have practically no herbicidal effect but are active against insects and
      mites.
PAR  The compositions which contain an active substance of the formula (I) can
      be applied in a great variety of forms, for example in the form of
      emulsions, dusting powders, dispersions, granules, etc. The mode of
      application depends exclusively on the intended use.
PAR  For the manufacture of sprayable solutions of the compounds of the general
      formula I there can be used for example mineral oil fractions of high to
      medium boiling range, such as Diesel oil or kerosene, coal tar oil and
      oils of vegetable or animal origin, as well as hydrocarbons, such as
      alkylated naphthalenes, tetrahydronaphthalene, if desired with the use of
      xylene mixtures, cyclohexanols, ketones, also chlorinated hydrocarbons,
      such as trichlorethane and tetrachlorethylene or tri- or
      tetrachlorobenzenes. Advantageously, organic solvents whose boiling point
      is above 100.degree.C are used.
PAR  It is especially advantageous to prepare aqueous forms of application from
      emulsion concentrates, pastes, or wettable spraying powders by adding
      water. Suitable emulsifiers and dispersants are non-ionic, anion-active
      and cation-active products. Non-ionic products are as a rule condensation
      of aliphatic alcohols, amines or carboxylic acids which contain a
      longchain hydrocarbon radical with about 10 to 20 carbon atoms, with
      ethylene oxide, as for example the condensation product of octadecyl
      alcohol and 25 to 30 mols of ethylene oxide or that of commercial
      oleylamine and 15 mols of ethylene oxide, or that of dodecylmercaptan and
      12 mols of ethylene oxide. Among the anion-active emulsifiers mention may
      be made of: the sodium salt of dodecyl alcohol sulfuric acid ester, the
      sodium salt of dodecylbenzenesulfonic acid, the potassium or
      triethanolamine salt of oleic acid or of abietic acid or of mixtures of
      these acids, or the sodium salt of a petroleum sulfonic acid. Suitable
      cation dispersants are quaternary ammonium compounds, such as cetyl
      pyridinium bromide or dioxyethylbenzyl-dodecylammonium chloride.
PAR  Solid carriers suitable for the manufacture of dusting and scattering
      preparations are talcum, kaolin, bentonite, calcium carbonate, calcium
      phosphate, attapulgit, bentonite, kaolin, SiO.sub.2, polyacrylonitrile,
      and also carbon, corkmeal, woodmeal and other materials of vegetable
      origin. The manufacture of preparations in granular form is also very
      appropriate. As is usual in formulation practice, the various forms of
      application may contain substances which improve distribution, adhesion,
      rain resistance or penetration. Such substances are, for example, fatty
      acids, resins, glue, casein or alginates.
PAR  The dithiophosphates of this invention may also be used jointly with
      fertilizers. Quantities between 1 and 5 kg/ha may be used.
DETD
PAC  EXAMPLE 1
PAR  A suspension of 530 g (2 moles) of the K-salt of
      O,O-di-n-propyl-dithiophosphoric acid in 1000 ml of methanol is prepared,
      to which 316 g (1.8 moles) of N-chloroacetyl-2-methyl-piperidine is added
      dropwise while stirring. The reaction vessel is cooled so that the
      temperature of the reaction mixture remains between 25.degree. and
      30.degree.C. Stirring is then continued for 2 hours at room temperature
      and for another hour at 40.degree.C. Water is then added to the reaction
      mixture until all the KCl has dissolved. An oil separates which is taken
      up with 1000 ml of methylene chloride. The organic layer is separated,
      washed with water and dried over sodium sulfate. The methylene chloride is
      distilled and O,O-di-(n-propyl)-dithiophosphoryl-aceto-2-methyl piperidine
      remains as a yellowish oil (compound No. 3)
PAR  Analysis P calc: 8.76% P found: 9.0%  n.sub.D.sup.20 1.5258.
PAR  In a similar manner the following dithiophosphates were prepared:
      ##SPC1##
TBL  No.    R         analysis          n.sub.D.sup.20                         
                calc.     found                                                
     ______________________________________                                    
     1     methyl     P:    10.43%  10.2%   1.5446                             
     2     ethyl      P:    9.52%   9.3%    1.5332                             
     3     propyl     P:    8.76%   9.0%    1.5258                             
     4     allyl      P:    8.86%   8.5%    1.5430                             
     5     butyl      N:    3.67%   4.0%    1.5200                             
     6     2-methoxy- P:    8.04%   7.5%    1.5262                             
           ethyl                                                               
     7     2-ethoxy-  P:    7.48%   7.6%    1.5204                             
           ethyl                                                               
     ______________________________________                                    
      ##SPC2##
TBL  No.       R        analysis P      n.sub.D.sup.20                         
                  calc.   found                                                
     ______________________________________                                    
     3        ethyl     9.12%     9.1%    1.5306                               
     9        propyl    8.43%     8.3%    1.5230                               
     ______________________________________                                    
      ##SPC3##
TBL  No.    R           calculated found  n.sub.20.sup.D                       
                        P          P                                           
     ______________________________________                                    
     10    ethyl        9.52%      9.5%   1.5315                               
     11    propyl       8.76%      8.7%   1.5235                               
     12    butyl        8.12%      8.1%   1.5178                               
     13    2-ethoxy-ethyl                                                      
                        7.49%      7.5%   1.5184                               
     ______________________________________                                    
      ##SPC4##
TBL  No.    R           calculated  found   n.sub.20.sup.D                     
                  P     N       P      N                                       
     ______________________________________                                    
     14    ethyl        9.52%         9.5%      1.5310                         
     15    propyl       8.76%         8.7%      1.5237                         
     16    allyl                4.01%      4.0% 1.5387                         
     17    2-methoxy-ethyl      3.63%      3.7% 1.5248                         
     ______________________________________                                    
      ##SPC5##
TBL  No.     R            calculated                                           
                                    found  n.sub.20.sup.D                      
                          P         P                                          
     ______________________________________                                    
     18     ethyl         9.12      8.8                                        
     19     propyl        8.43      8.4    1.5253                              
     20     allyl         8.52      8.58   1.5429                              
     21     butyl         7.83      8.0    1.5192                              
     22     2-ethoxy-ethyl                                                     
                          7.24      7.13   1.5206                              
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  Emulsion concentrate
PAR  A. The active substances which are readily soluble in organic solvents can
      be formulated as emulsion concentrates as follows:
PAR  20 parts of active substance
PAR  70 parts of xylene
PAR  10 parts of a mixture of a reaction product of an alkyl phenol with
      ethylene oxide and calcium dodecyl benzene sulfonate are mixed together.
      On dilution with water to the desired concentration a sprayable emulsion
      is obtained.
PAR  B. The active substance No. 1 is so dissolved in acetone that a 50%
      solution is obtained. A 25% solution in xylene of a 1:1 emulsifier mixture
      of Toximul MP and Toximul Q is added, and the whole is made up with xylene
      so that a 20% emulsion concentrate is formed. On dilution with water, a
      sprayable emulsion is obtained. (Toximul MP consists predominatly of
      calcium dodecyl benzene sulfonate, and Toximul Q predominantly of the
      condensation product of glycerine-diricinoleate and ethylene oxide).
PAC  EXAMPLE 3
PAC  Pre-emergence application on culture plants and weeds (I)
PAR  For the comparative test in a green house a spray broth was prepared by
      diluting a 25% emulsion concentrate of the active ingredient.
PAR  Pots of 10 cm diameter were filled with agricultural earth up to a height
      of 12 to 15 cm. The plants were seeded at a depth of 1 cm and then
      watered.
PAR  After one day the application of the active substance was carried out.
PAR  The temperature in the green house was then kept at 20.degree.-25.degree. C
      and the relative humidity at 70-80%.
PAR  The evaluation took place 4 weeks after treatment.
PAR  As comparative compounds were used:
PAR  compound A = O,O-dimethyl-S-(morpholino-carbonyl-methyl)-dithiophosphate of
      the formula
      ##EQU5##
      (known from Brit.Pat. Specification No. 814,587)
PAR  compound B = O,O-diethyl-S-(piperidino-carbonyl-methyl)-dithiophosphate of
      the formula
      ##EQU6##
      (according to U.S. Pat. No. 3,134,801).
TBL  __________________________________________________________________________
              Comp. No. 2                                                      
                       Comp. No. 3                                             
                                B        A                                     
     Plants   kg a.s.                                                          
                    /ha                                                        
                       kg a.s.                                                 
                             /ha                                               
                                kg a.s.                                        
                                      /ha                                      
                                         kg a.s.                               
                                               /ha                             
              2  1  0.5                                                        
                       2  1  0.5                                               
                                2  1  0.5                                      
                                         2  1  0.5                             
     __________________________________________________________________________
     Hordeum  2  2  1  3  1  1  1  1  1  1  1  1                               
     Oryza    -- 2  2  -- 2  2  -- 1  1  -- 1  1                               
     Gossypium                                                                 
              1  1  1  2  2  1  1  1  1  1  1  1                               
     Glycine  3  2  2  4  3  2  1  1  1  1  1  1                               
     Lolium perenne                                                            
              9  7  7  9  8  7  1  1  1  1  1  1                               
     Alopercurus myos.                                                         
              9  9  7  9  9  9  1  1  1  1  1  1                               
     Cyperus es-                                                               
              9  9  -- 9  9  -- 1  1  -- 1  1  --                              
     culentus                                                                  
     Rottboellia                                                               
              9  9  9  9  9  8  1  1  1  1  1  1                               
     exelt.                                                                    
     Digitaria sang.                                                           
              9  9  9  9  9  9  1  1  1  1  1  1                               
     Echinochloa c.g.                                                          
              9  9  9  9  9  9  2  2  1  1  1  1                               
     Sesbania exalt.                                                           
              8  4  1  7  6  6  1  1  1  1  1  1                               
     Galium   3  2  2  5  4  4  1  1  1  1  1  1                               
     Amaranthus ret.                                                           
              9  8  6  9  9  9  1  1  1  1  1  1                               
     __________________________________________________________________________
      Legend:                                                                  
      1 = no damage to plant, same as control                                  
      2-3 = slight reversible damage                                           
      4-5 = medium damage                                                      
      6-8 = heavy non-reversible damage                                        
      9 = plant completely destroyed                                           
PAC  EXAMPLE 4
PAC  Pre-emergence application on culture plants and weeds (II)
PAR  The following plants were sown in earthenware pots (in a hothouse):
     culture plants:                                                           
     ______________________________________                                    
     Sorghum           = Sorghum-millet                                        
     Triticum          = wheat                                                 
     Hordeum           = barley                                                
     Avena             = oats                                                  
     Zea               = maize                                                 
     Oryza             = rice                                                  
     Beta              = sugar beets                                           
     Glycine           = soya                                                  
     Gossypium         = cotton                                                
     ______________________________________                                    
PAC  weeds
PAR  Digitaria
PAR  Panicum
PAR  Poa
PAR  Alopecurus
PAR  Cyperus
PAR  Galium
PAR  Amaranthus
PAR  A spray-broth containing the active substance was used in the pre-emergence
      process, 1 day after seeding, using 2 and 4 4 kg a.s. ha, respectively,
      and inspected 3 weeks later.
TBL  __________________________________________________________________________
           Quantity used 4 kg/ha                                               
                          Quantity used 2 kg/ha                                
     Plant Active Substance No.                                                
                          Active Substance No.                                 
     1       3 18 2 4 5 A 1 3 18 2 4 5 A                                       
     __________________________________________________________________________
     Triticum                                                                  
           5 6 3  7 1 1 1 2 4 1  6 1 1 1                                       
     Hordeum                                                                   
           2 3 3  7 1 1 1 1 2 1  5 1 1 1                                       
     Avena 1 4 1  3 1 1 1 1 1 1  1 1 1 1                                       
     Zea   5 4 4  7 1 1 1 4 2 3  6 1 1 1                                       
     Oryza 9 4 3  7 1 1 1 4 2 1  5 1 1 1                                       
     Digitaria                                                                 
           9 9 9  9 9 9 1 9 9 9  9 9 9 1                                       
     Sorghum                                                                   
           8 7 7  8 7 1 1 3 6 3  6 6 1 1                                       
     Panicum                                                                   
           9 9 9  9 8 8 1 8 8 5  9 8 6 1                                       
     Poa   8 9 9  9 9 6 1 7 9 7  9 6 5 1                                       
     Alopecurus                                                                
           6 9 5  7 9 8 1 3 8 1  6 8 5 1                                       
     Cyperus                                                                   
           8 9 6  9 9 1 1 7 9 4  8 7 1 1                                       
     Beta  2 3 3  1 1 1 1 1 2 1  1 1 1 1                                       
     Galium                                                                    
           --                                                                  
             --                                                                
               3  1 1 1 1 --                                                   
                            --                                                 
                              1  1 1 1 1                                       
     Gossypium                                                                 
           1 1 1  1 1 1 1 1 1 1  1 1 1 1                                       
     Amaranthus                                                                
           1 9 1  5 3 1 1 1 9 1  8 3 1 1                                       
     Glycine                                                                   
           3 2 1  5 1 1 1 1 1 1  3 1 1 1                                       
     __________________________________________________________________________
      A = O,O-dimethyl-S-(morpholino-carbonyl-methyl)-dithiophosphate known fro
      the British Patent No. 814,587                                           
      Legend                                                                   
      1 = no damage to plant, same as control                                  
      2-3 = slight reversible damage                                           
      4-5 = medium damage                                                      
      6-8 = heavy non-reversible damage                                        
      9 = plant completely destroyed                                           
PAC  EXAMPLE 5
PAC  Post-emergence application on Echinochloa is seeded paddy-rice.
PAR  In a green house, asbestos trays of size 60 .times. 60 cm were seeded with
      rice and Echinochloa. The earth in the trays was kept very humid and 8
      days after seeding, when the Echinochloa plants were in the 2-leaf stage,
      the culture was submerged under a 2 cm deep layer of water. Active
      substance in the form of a 7,5 % granulate was then added to the trays in
      an amount corresponding to 0.5, 1,2 and 4 kg of active substance per
      hectare. 25 days after this treatment the test was evaluated according to
      the following key
PAR  1 plants unharmed, as in control
PAR  2-3 slight reversible damage to plants
PAR  4-5 medium damage
PAR  6-8 heavy non reversible damage
PAR  9 plant completely destroyed.
PAR  The results are summarized in the table below
     compound       amount   effect on  Echinochloa                            
                    applied  seeded rice                                       
                    in kg/ha                                                   
     ______________________________________                                    
     3              1        1          9                                      
                    2        1          9                                      
                    4        1          9                                      
     8              0.5      1          9                                      
                    1        3          9                                      
                    2        7          9                                      
     9              0.5      1          9                                      
                    1        1          9                                      
                    2        1          9                                      
     S-ethyl-hexahydro-1H-                                                     
                    0.5      1          3                                      
     1-carbothioate 1        1          5                                      
     = "molinate"   2        1          7                                      
     ______________________________________                                    
PAC  Post-emergence application on Echinochloa in transplanted paddy-rice
PAR  In a similar test, 25 days old rice plants were transplanted in a green
      house into earth filled asbestos trays of a size 60 .times. 60 cm.
      Echinochloa was then seeded into this culture. The earth was kept very
      humid and after 12 days, when the Echinochloa-plants had reached the 2-3
      leaf stage, the culture in the trays was submerged under a 2,5 cm deep
      layer of water. The active substance was then added to the trays in the
      form of a 7.5% granulate, in an amount correspondng to 0.5, 1 and 2 kg of
      active substance per hectare. The test was evaluated a 25 days after this
      treatment according to the key given above. The results are summarized in
      the table below.
TBL  ______________________________________                                    
     compound      amount   effect on  Echinochloa                             
                   applied  transplanted                                       
                   in kg/ha rice                                               
     ______________________________________                                    
     3             0.5      1          9                                       
                   1        1          9                                       
                   2        1          9                                       
     S-ethyl-hexahydro-                                                        
                   1        1          6                                       
     1H-azepine-carbothioate                                                   
                   2        1          9                                       
     ="molinate"                                                               
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A herbicidal composition for combatting weeds in crop cultures which
      comprises a herbicidally effective amount of a compound of the formula
      ##EQU7##
      wherein R.sub.1 and R.sub. 2 are identical or different and each is an
      alkyl, alkenyl or alkoxyalkyl radical with up to 5 carbon atoms; and Am is
      a heterocyclic radical selected from the group consisting of
      2-metylpiperidine, 3-methylpiperidine, 4-methylpiperidine and
      2,6-dimethylpiperidine; together with a suitable carrier therefor.
NUM  2.
PAR  2. The composition of claim 1, wherein in said compound Am is a piperidyl
      group substituted by one methyl.
NUM  3.
PAR  3. The composition of claim 2, wherein said compound is
      ##EQU8##
      wherein R.sub.1 and R.sub.2 are identical and each represents an alkyl or
      alkenyl radical with up to 4 carbon atoms.
NUM  4.
PAR  4. The composition of claim 3, wherein said compound is
      ##EQU9##
NUM  5.
PAR  5. The composition of claim 3, wherein said compound is
      ##EQU10##
NUM  6.
PAR  6. A method for combatting weeds in crop cultures which comprises applying
      to the crop area a herbicidally effective amount of a compound of the
      formula according to claim 1.
NUM  7.
PAR  7. The method of claim 6, wherein in said compound Am is a piperidyl group
      substituted by one methyl.
NUM  8.
PAR  8. The method of claim 7, wherein said compound is
      ##EQU11##
      wherein R.sub.1 and R.sub.2 are identical and each represents an alkyl or
      alkenyl radical with up to 4 carbon atoms.
NUM  9.
PAR  9. The method of claim 8, wherein said compound is
      ##EQU12##
NUM  10.
PAR  10. The method of claim 8, wherein said compound is
      ##EQU13##
NUM  11.
PAR  11. The method of claim 6, wherein said compound is applied to rice
      cultures.
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ABST
PAL  This invention discloses new compounds of the formula
      ##EQU1##
      wherein Y is selected from the group consisting of hydrogen, lower alkyl
      and halogen; R.sup.1 is selected from the group consisting of hydrogen,
      lower alkyl and lower alkoxy; R.sup.2 is lower alkyl; R.sup.3, R.sup.4,
      R.sup.5, R.sup.6 and R.sup.7 are independently selected from the group
      consisting of hydrogen and lower alkyl; X is halogen; m is an integer from
      0 to 2; Z.sup.1 and Z.sup.2 are independently selected from the group
      consisting of oxygen and sulfur; and n is an integer from 1 to 2. The
      compounds of the above description are useful as herbicides.
PARN
PAR  This is a division of copending application Ser. No. 357,746, filed June 3,
      1974, now issued into U.S. Pat. No. 3,859,308.
BSUM
PAR  This invention relates to new compositions of matter and more specifically
      relates to new compounds of the formula
      ##EQU2##
      wherein Y is selected from the group consisting of hydrogen, lower alkyl
      and halogen; R.sup.1 is selected from the group consisting of hydrogen,
      lower alkyl and lower alkoxy; R.sup.2 is lower alkyl; R.sup.3, R.sup.4,
      R.sup.5, R.sup.6 and R.sup.7 are independently selected from the group
      consisting of hydrogen and lower alkyl; X is halogen, m is an integer from
      0 to 2; Z.sup.1 and Z.sup.2 are independently selected from the group
      consisting of oxygen and sulfur; and n is an integer from 1 to 2.
PAR  The term lower as used herein designates a straight or branched carbon
      chain of up to 4 carbon atoms.
PAR  The compounds of the present invention are unexpectedly useful as
      herbicides and are particularly useful in controlling grassy weeds.
PAR  In a preferred embodiment of the present invention Y is hydrogen, X is
      chlorine or bromine, and at least two of R.sup.4, R.sup.5, R.sup.6 and
      R.sup.7 are hydrogen.
PAR  The compounds of the present invention can be prepared by reacting a
      compound of the formula
      ##EQU3##
      wherein Y, R.sup.1, R.sup.2, R.sup.4, R.sup.5, R.sup.6, R.sup.7, Z.sup.1,
      Z.sup.2, n and m are as heretofore described, with an .alpha.-haloalkanoyl
      chloride of the formula
      ##EQU4##
      wherein X and R.sup.3 are as heretofore described. This reaction can be
      effected by combining a compound of formula II with a compound of formula
      III in an inert organic reaction medium, such as dioxane, in the presence
      of an acid acceptor, such as an alkali metal carbonate or bicarbonate at a
      temperature of from about -10.degree.C to about 25.degree.C and stirring
      the resulting mixture for a period of about 15 to about 120 minutes. After
      this time the reaction mixture can be washed with water to remove
      inorganic salts and stripped of solvent to yield the desired product. This
      product can be used as such or can be further purified by
      recrystallization or other conventional means.
PAR  The compounds of formula II can be prepared by reacting a substituted
      aniline of the formula
      ##SPC1##
PAL  wherein Y, R.sup.1 and R.sup.2 are as heretofore described, with a compound
      of the formula
      ##EQU5##
      wherein Hal designates halogen such as chlorine or bromine and wherein
      Z.sup.1, Z.sup.2, R.sup.4, R.sup.5, R.sup.6, R.sup.7, n and m are as
      heretofore described. This reaction can be effected by combining a
      compound of formula IV with a compound of formula V in an inert organic
      reaction mixture such as dimethylformamide in the presence of an acid
      acceptor such as an alkali metal carbonate or bicarbonate and heating the
      resulting mixture at reflux for a period of from about 4 to about 48
      hours. After this time the reaction mixture can be filtered and distilled
      to yield the desired product.
PAR  The compounds of formula V can be prepared by reacting an acetal of the
      formula
      ##EQU6##
      wherein n is as heretofore described, with a diol or dithiol of the
      formula
      ##EQU7##
      wherein R.sup.4, R.sup.5, R.sup.6, R.sup.7, Z.sup.1, Z.sup.2 and m are as
      heretofore described. This reaction can be effected by combining the
      compound of formula VI with the compound of formula VII in about equimolar
      amounts and in the presence of an acid catalyst, such as sulfuric acid or
      toluene sulfonic acid, under anhydrous conditions. The mixture can be
      heated at reflux for a period of from about 1 to about 4 hours. After this
      time the reaction mixture can be distilled under reduced pressure to yield
      the desired product.
PAR  Exemplary diols and dithiols of formula VII useful for preparing the
      compounds of formula V are ethandiol-1,2, propandiol-1,2, propandiol-1,3,
      butandiol-1,2, butandiol-1,3, butandiol-1,4, butandiol-2,3,
      pentandiol-1,2, pentandiol-1,3, pentandiol-1,4, pentandiol-2,3,
      pentandiol-2,4, 2-methylpentandiol-2,4, 2-methylpropandiol-1,2,
      2-methylbutandiol-2,3, 3-methylbutandiol-1,3, hexandiol-1,2,
      hexandiol-1,3, hexandiol-1,4, hexandiol-2,3, hexandiol-2,4, hexandiol-2,5,
      hexandiol-3,4, 3-methylhexandiol-3,4, 3-ethylhexandiol-3,4,
      ethandithiol-1,2, propandithiol-1,2, propandithiol-1,3, butandithiol-1,2,
      butandithiol-1,3, butandithiol-1,4, butandithiol-2,3, pentandithiol-1,2
      and the like.
PAR  Exemplary substituted anilines of formula IV useful for preparing the
      compounds of formula II are 2-methylaniline, 2-ethylaniline,
      2-propylaniline, 2-isopropylaniline, 2-butylaniline, 2,6-dimethylaniline,
      2,6-diethylaniline, 2,6-dipropylaniline, 2,6-dibutylaniline,
      2-methoxy-6-methylaniline, 2-methoxy-6-ethylaniline,
      2-ethoxy-6-methylaniline, 2-ethoxy-6-ethylaniline,
      2-propoxy-6-methylaniline, 2-butoxy-6-ethylaniline,
      2,4,6-trimethylaniline, 2,4,5-triethylaniline, 2,4,6-tripropylaniline,
      2,6-dimethyl-4-butylaniline, 2,4-dimethylaniline, 2,4-diethylaniline,
      2-methyl-4-chloroaniline, 2-ethyl-3-bromoaniline,
      2,6-dimethyl-4-iodoaniline, 2,6-diethyl-4-chloroaniline and the like.
PAR  Exemplary .alpha.-haloalkanoyl chlorides of formula III are chloroacetyl
      chloride, bromoacetyl chloride, iodoacetyl chloride,
      .alpha.-chloropropanoyl chloride, .alpha.-bromopropanoyl chloride,
      .alpha.-chlorobutanoyl chloride, .alpha.-chloropentanoyl chloride,
      .alpha.-chlorohexanoyl chloride and the like.
DETD
PAR  The preparation of the compounds of the present invention is more
      specifically illustrated in the following examples.
PAC  EXAMPLE 1
PAC  Preparation of 2-Chloromethyl-1,3-dioxolane
PAR  The dimethyl acetal of 2-chloroacetaldehyde (125 grams; 1.0 mole) and
      ethandiol-1,2 (62 grams; 1.0 mole) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      Toluene sulfonic acid (0.3 grams) is added to the flask and the reaction
      mixture is refluxed for a period of about 2 hours. After this time the
      reaction mixture is distilled under aspirator partial pressure to remove
      methanol yielding the desired product 2-chloromethyl-1,3-dioxolane.
PAC  EXAMPLE 2
PAC  Preparation of N-(1,3-Dioxolan-2-ylmethyl)-2,6-dimethylaniline
PAR  2,6-Dimethylaniline (75 grams), 2-chloromethyl-1,3-dioxolane (25 grams),
      potassium carbonate (34 grams) and dimethylformamide (50 ml) were charged
      into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture was heated at
      reflux for a period of about 18 hours. After this time the mixture was
      filtered and distilled to yield the desired product
      N-(1,3-dioxolan-2-ylmethyl)-2,6-dimethylaniline.
PAC  EXAMPLE 3
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2,6-dimethylaniline
PAR  N-(1,3-Dioxolan-2-ylmethyl)-2,6-dimethylaniline (7.8 grams), sodium
      bicarbonate (7.0 grams), dioxane (20 ml) and water (4 ml) were charged
      into a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The mixture was cooled to a temperature of about 0.degree.C
      and chloroacetyl chloride (5.0 grams) was added, with stirring, over a
      period of about 15 minutes. After the addition was completed stirring was
      continued for a period of about one hour. After this time ether (100 ml)
      was added to the mixture and the resulting solution was washed with water.
      The washed solution was then dried over anhydrous magnesium sulfate and
      stripped of solvents leaving a solid residue. The residue was
      recrystallized from an ether-pentane mixture to yield the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2,6-dimethylaniline
      having a melting point of 58.degree. to 60.degree.C.
PAC  EXAMPLE 4
PAC  Preparation of N-(1,3-Dioxolan-2-ylmethyl)-2,6-diethylaniline
PAR  2,6-Diethylaniline (75 grams; 0.5 mole), 2-chloromethyl-1,3-dioxolane (25
      grams; 0.2 mole), potassium carbonate (22 grams; 0.2 mole) and
      dimethylformamide (50 ml) were charged into a glass reaction vessel
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture was heated, with stirring, for a period of about 18
      hours. After this time the reaction mixture was filtered and then
      distilled to yield the desired product
      N-(1,3-dioxolan-2-ylmethyl)-2,6-diethylaniline.
PAC  EXAMPLE 5
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2,6-diethylaniline
PAR  N-(1,3-dioxolan-2-ylmethyl)-2,6-diethylaniline (7.7 grams), sodium
      bicarbonate (6.0 grams), dioxane (20 ml) and water (4 ml) were charged
      into a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. This mixture was cooled to a temperature of about 0.degree.C
      and chloroacetyl chloride (4.0 grams) was added, with stirring, over a
      period of about 15 minutes. After the addition was completed stirring was
      continued for a period of about one hour. After this time ether (100 ml)
      was added to the mixture and the resulting solution was washed with water.
      The washed solution was then dried over anhydrous magnesium sulfate and
      stripped of solvents leaving a solid residue. The residue was
      recrystallized from an ether-pentane mixture to yield the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2,6-diethylaniline
      having a melting point of 86.degree. to 87.degree.C.
PAC  EXAMPLE 6
PAC  Preparation of N-(1,3-Dioxolan-2-ylmethyl)-2-methyl-5-chloroaniline
PAR  2-Methyl-5-chloroaniline (75 grams), 2-chloromethyl-1,3-dioxolane (25
      grams), potassium carbonate (22 grams) and dimethylformamide (50 ml) were
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer, and reflux condenser. The reaction mixture was heated, with
      stirring, for a period of about 26 hours. After this time the reaction
      mixture was filtered and then distilled to yield the desired product
      N-(1,3-dioxolan-2-ylmethyl)-2-methyl-5-chloroaniline having a boiling
      point of 116.degree. to 118.degree.C at 0.1 mm of Hg pressure.
PAC  EXAMPLE 7
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-methyl-5-chloroanilin
     e
PAR  N-(1,3-Dioxolan-2-ylmethyl)-2-methyl-5-chloroaniline (8 grams), sodium
      bicarbonate (7 grams), dioxane (50 ml) and water (4 ml) were charged into
      a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. This mixture was cooled to a temperature of about 0.degree.C
      and chloroacetyl chloride (4.3 grams) was added, with stirring, over a
      period of about 15 minutes. After the addition was completed stirring was
      continued for a period of about 1 hour. After this time ether (100 ml) was
      added to the mixture and the resulting solution was washed with water. The
      washed solution was then dried over anhydrous magnesium sulfate and
      stripped of solvents leaving a solid residue. The residue was
      recrystallized from hexane to yield the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-methyl-5-chloroanilin
     e having a melting point of 88.degree. to 89.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of 2-Chloromethyl-1,3-dithiepane
PAR  The dimethyl acetal of 2-chloroacetaldehyde (125 grams; 1.0 mole) and
      butandithiol-1,4 (122 grams; 1.0 mole) are charged into a glass reaction
      vessel equipped with a mechanical stirrer, thermometer and reflux
      condenser. Toluene sulfonic acid (0.3 grams) is added to the reaction
      mixture and the mixture is refluxed for a period of about 2 hours. After
      this time the reaction mixture is distilled under aspirator pressure to
      yield the desired product 2-chloromethyl-1,3-dithiepane.
PAC  EXAMPLE 9
PAC  Preparation of N-(1,3-Dithiepan-2-ylmethyl)-2,6-diethylaniline
PAR  2,6-Diethylaniline (75 grams), 2-chloromethyl-1,3-dithiepane (36.5 grams),
      potassium carbonate (34 grams) and dimethylformamide (75 ml) are charged
      into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture is heated at reflux
      for a period of about 18 hours. After this time the mixture is filtered
      and distilled to yield the desired product
      N-(1,3-dithiepan-2-ylmethyl)-2,6-diethylaniline.
PAC  EXAMPLE 10
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dithiepan-2-ylmethyl)-2,6-diethylaniline
PAR  N-(1,3-Dithiepan-2-ylmethyl)-2,6-diethylaniline (15 grams), sodium
      bicarbonate (10 grams), dioxane (30 ml) and water (5 ml) are charged into
      a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The mixture is cooled to a temperature of about 0.degree.C
      and chloroacetyl chloride (7 grams) is added, with stirring, over a period
      of about 15 minutes. After the addition is completed stirring is continued
      for a period of about 1 hour. After this time ether (100 ml) is added to
      the mixture and the resulting solution is washed with water. The washed
      solution is then dried over anhydrous magnesium sulfate and stripped of
      solvents leaving a solid residue. The residue is recrystallized to yield
      the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dithiepan-2-ylmethyl)-2,6-diethylaniline.
PAC  EXAMPLE 11
PAC  Preparation of 2-Chloromethyl-1,3-dioxane
PAR  The dimethyl acetal of 2-chloroacetaldehyde (125 grams; 1.0 mole) and
      propandiol-1,3 (76 grams; 1.0 mole) are charged into a glass reaction
      vessel equipped with a mechanical stirrer, thermometer and reflux
      condenser. Toluene sulfonic acid (0.3 grams) is added to the reaction
      mixture and the mixture is refluxed for a period of about 3 hours. After
      this time the reaction mixture is distilled under aspirator pressure to
      yield the desired product 2-chloromethyl-1,3-dioxane.
PAC  EXAMPLE 12
PAC  Preparation of N-(1,3-dioxan-2-ylmethyl)-2,6-diethylaniline
PAR  2,6-Diethylaniline (75 grams), 2-chloromethyl-1,3-dioxane (14 grams),
      potassium carbonate (34 grams) and dimethylformamide (60 ml) are charged
      into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture is heated at reflux
      for a period of about 18 hours. After this time the mixture is filtered
      and distilled to yield the desired product
      N-(1,3-dioxan-2-ylmethyl)-2,6-diethylaniline.
PAC  EXAMPLE 13
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dioxan-2-ylmethyl)-2,6-diethylaniline
PAR  N-(1,3-Dioxan-2-ylmethyl)-2,6-diethylaniline (25 grams), sodium bicarbonate
      (10 grams), dioxane (30 ml) and water (4 ml) are charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      mixture is cooled to a temperature of about 0.degree.C and chloroacetyl
      chloride (15 grams) is added, with stirring, over a period of about 15
      minutes. After the addition is completed stirring is continued for a
      period of about 1 hour. After this time ether (100 ml) is added to the
      mixture and the resulting solution is washed with water. The washed
      solution is then dried over anhydrous magnesium sulfate and stripped of
      solvents leaving a solid residue. The residue is recrystallized to yield
      the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dioxan-2-ylmethyl)-2,6-diethylaniline.
PAC  EXAMPLE 14
PAC  Preparation of 2-Chloromethyl-1,3-dioxepane
PAR  The dimethyl acetal of 2-chloroacetaldehyde (125 grams; 1.0 mole) and
      butandiol-1,4 (90 grams; 1.0 mole) are charged into a glass reaction
      vessel equipped with a mechanical stirrer, thermometer and reflux
      condenser. Toluene sulfonic acid (0.3 grams) is added to the reaction
      mixture and the mixture is refluxed for a period of about 3 hours. After
      this time the reaction mixture is distilled under aspirator pressure to
      yield the desired product 2-chloromethyl-1,3-dioxepane.
PAC  EXAMPLE 15
PAC  Preparation of N-(1,3-Dioxepan-2-ylmethyl)-2,6-diethylaniline
PAR  2,6-Diethylaniline (75 grams), 2-chloromethyl-1,3-dioxepane (15 grams),
      potassium carbonate (34 grams) and dimethylformamide (60 ml) are charged
      into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture is heated at reflux
      for a period of about 18 hours. After this time the mixture is filtered
      and distilled to yield the desired product
      N-(1,3-dioxepan-2-ylmethyl)-2,6-diethylaniline.
PAC  EXAMPLE 16
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dioxepan-2-ylmethyl)-2,6-diethylaniline
PAR  N-(1,3-dioxepan-2-ylmethyl)-2,6-diethylaniline (26.3 grams), sodium
      bicarbonate (15 grams), dioxane (30 ml) and water (4 ml) are charged into
      a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The mixture is cooled to a temperature of about 0.degree.C
      and chloroacetyl chloride (15 grams) is added, with stirring, over a
      period of about 15 minutes. After the addition is completed stirring is
      continued for a period of about 1 hour. After this time ether (100 ml) is
      added to the mixture and the resulting solution is washed with water. The
      washed solution is then dried over anhydrous magnesium sulfate and
      stripped of solvents leaving a solid residue. The residue is
      recrystallized to yield the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dioxepan-2-ylmethyl)-2,6-diethylaniline.
PAR  Additional compounds within the scope of the present invention can be
      prepared by the procedures detailed in the foregoing examples. In the
      following examples are given the essential starting materials required to
      prepare the indicated named compounds by the methods heretofore described.
PAC  EXAMPLE 17
PAR  The dimethyl acetal of 2-chloroacetaldehyde + ethandiol-1,2 + methylaniline
      + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-methylaniline.
PAC  EXAMPLE 18
PAR  The dimethyl acetal of 2-chloroacetaldehyde + ethandiol-1,2 +
      2-ethylaniline + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-ethylaniline.
PAC  EXAMPLE 19
PAR  The dimethyl acetal of 3-chloropropionaldehyde + ethandiol-1,2 +
      2,6-diethylaniline + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylethyl)-2,6-diethylaniline.
PAC  EXAMPLE 20
PAR  The dimethyl acetal of 2-chloroacetaldehyde + propandiol-1,2 +
      2,4-dimethylaniline + bromoacetyl chloride =
      N-.alpha.-bromoacetyl-N-(4-methyl-1,3-dioxolan-2-ylmethyl)-2,4-dimethylani
     line.
PAC  EXAMPLE 21
PAR  The dimethyl acetal of 2-chloroacetaldehyde + butandiol-1,2 +
      2-propyl-4-bromoaniline + .alpha.-chloropropanoyl chloride =
      N-.alpha.-chloropropionyl-N-(4-ethyl-1,3-dioxolan-2-ylmethyl)-2-propyl-4-b
     romoaniline.
PAC  EXAMPLE 22
PAR  The dimethyl acetal of 2-chloroacetaldehyde + pentandiol-1,2 +
      2,4,6-tributylaniline + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(4-propyl-1,3-dioxolan-2-ylmethyl)-2,4,6-tributyl
     aniline.
PAC  EXAMPLE 23
PAR  The dimethyl acetal of 2-chloroacetaldehyde + hexandiol-1,2 +
      2-methyl-6-methoxyaniline + .alpha.-chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(4-butyl-1,3-dioxolan-2-ylmethyl)-2-methyl-6-meth
     oxyaniline.
PAC  EXAMPLE 24
PAR  The dimethyl acetal of 2-chloroacetaldehyde + hexandiol-3,4 +
      2,3-diethyl-6-ethoxyaniline + .alpha.-chlorobutanoyl chloride =
      N-.alpha.-chlorobutanoyl-N-(4,5-diethyl-1,3-dioxolan-2-ylmethyl)-2,3-dieth
     yl-6-ethoxyaniline.
PAC  EXAMPLE 25
PAR  The dimethyl acetal of 2-chloroacetaldehyde + propandiol-1,3 +
      2-methyl-4-iodoaniline + iodoacetyl chloride =
      N-.alpha.-iodoacetyl-N-(1,3-dioxan-2-ylmethyl)-2-methyl-4-iodoaniline.
PAC  EXAMPLE 26
PAR  The dimethyl acetal of 2-chloroacetaldehyde + butandiol-1,3 +
      2-methyl-6-butoxyaniline + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(4-methyl-1,3-dioxan-2-ylmethyl)-2-methyl-6-butox
     yaniline.
PAC  EXAMPLE 27
PAR  The dimethyl acetal of 2-chloroacetaldehyde +  butandiol-1,4 +
      2-propyl-4-ethylaniline + .alpha.-chlorohexanoyl chloride =
      N-.alpha.-chlorohexanoyl-N-(1,3-dioxepan-2-ylmethyl)-2-propyl-4-ethylanili
     ne.
PAC  EXAMPLE 28
PAR  The dimethyl acetal of 2-chloroacetaldehyde + ethandithiol-1,2 +
      2,6-dimethylaniline + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(1,3-dithiolan-2-ylmethyl)2,6-dimethylaniline.
PAC  EXAMPLE 29
PAR  The dimethyl acetal of 2-chloroacetaldehyde + propandithiol-1,3 +
      2,6-diethylaniline + chloroacetyl chloride =
      N-.alpha.-chloroacetyl-N-(1,3-dithian-2-ylmethyl)-2,6-diethylaniline.
PAR  For practical use as herbicides the compounds of this invention are
      generally incorporated into herbicidal compositions which comprise an
      inert carrier and a herbicidally toxic amount of such a compound. Such
      herbicidal compositions, which can also be called formulations, enable the
      active compound to be applied conveniently to the site of the weed
      infestation in any desired quantity. These compositions can be solids such
      as dusts, granules, or wettable powders; or they can be liquids such as
      solutions, aerosols, or emulsifiable concentrates.
PAR  For example, dusts can be prepared by grinding and blending the active
      compound with a solid inert carrier such as the talcs, clays, silicas,
      pyrophyllite, and the like. Granular formulations can be prepared by
      impregnating the compound, usually dissolved in a suitable solvent, onto
      and into granulated carriers such as the attapulgites or the vermiculites,
      usually of a particle size range of from about 0.3 to 1.5 mm. Wettable
      powders, which can be dispersed in water or oil to any desired
      concentration of the active compound, can be prepared by incorporating
      wetting agents into concentrated dust compositions.
PAR  In some cases the active compounds are sufficiently soluble in common
      organic solvents such as kerosene or xylene so that they can be used
      directly as solutions in these solvents. Frequently, solutions of
      herbicides can be dispersed under super-atmospheric pressure as aerosols.
      However, preferred liquid herbicidal compositions are emulsifiable
      concentrates, which comprise an active compound according to this
      invention and as the inert carrier, a solvent and an emulsifier. Such
      emulsifiable concentrates can be extended with water and/or oil to any
      desired concentration of active compound for application as sprays to the
      site of the weed infestation. The emulsifiers most commonly used in these
      concentrates are nonionic or mixtures of nonionic with anionic
      surface-active agents. With the use of some emulsifier systems an inverted
      emulsion (water in oil) can be prepared for direct application to weed
      infestations.
PAR  A typical herbicidal composition according to this invention is illustrated
      by the following example, in which the quantities are in parts by weight.
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PAR  The above ingredients are mixed in a mechanical grinder-blender and are
      ground until a homogeneous, free-flowing dust of the desired particlel
      size is obtained. This dust is suitable for direct application to the site
      of the weed infestation.
PAR  The compounds of this invention can be applied as herbicides in any manner
      recognized by the art. One method for the control of weeds comprises
      contacting the locus of said weeds with a herbicidal composition
      comprising an inert carrier and as an essential active ingredient, in a
      quantity which is herbicidally toxic to said weeds, a compound of the
      present invention. The concentration of the new compounds of this
      invention in the herbicidal compositions will vary greatly with the type
      of formulation and the purpose for which it is designed, but generally the
      herbicidal compositions will comprise from about 0.05 to about 95 percent
      by weight of the active compounds of this invention. In a preferred
      embodiment of this invention, the herbicidal compositions will comprise
      from about 5 to about 75 percent by weight of the active compound. The
      compositions can also comprise such additional substances as other
      pesticides, such as insecticides, nematocides, fungicides, and the like;
      stabilizers, spreaders, deactivators, adhesives, stickers, fertilizers,
      activators, synergists, and the like.
PAR  The compounds of the present invention are also useful when combined with
      other herbicides and/or defoliants, dessicants, growth inhibitors, and the
      like in the herbicidal compositions heretofore described. These other
      materials can comprise from about 5% to about 95% of the active
      ingredients in the herbicidal compositions. Use of combinations of these
      other herbicides and/or defoliants, dessicants, etc., with the compounds
      of the present invention provide herbicidal compositions which are more
      effective in controlling weeds and often provide results unattainable with
      separate compositions of the individual herbicides. The other herbicides,
      defoliants, dessicants and plant growth inhibitors, with which the
      compoundss of this invention can be used in the herbicidal compositions to
      control weeds, can include chlorophenoxy herbicides such as 2,4-D,
      2,4,5-T, MCPA, MCPB, 4(2,4-DB), 2,4-DEB, 4-CPB, 4-CPA, 4-CPP, 2,4,5-TB,
      2,4,5-TES, 3,4-DA, silvex and the like; carbamate herbicides such as IPC,
      CIPC, swep, barban, BCPC, CEPC, CPPC, and the like; thiocarbamate and
      dithiocarbamate herbicides such as CDEC, metham sodium, EPTC, diallate,
      PEBC, perbulate, vernolate and the like; substituted urea herbicides such
      as norea, siduron, dichloral urea, chloroxuron, cycluron, fenuron,
      monuron, monuron TCA, diuron, linuron, monolinuron, neburon, buturon,
      trimeturon and the like; symmetrical triazine herbicides such as simazine,
      chlorazine, atraone, desmetryne, norazine, ipazine, prometryn, atazine,
      trietazine, simetone, prometone, propazine, ametryne and the like;
      chloroacetamide herbicides such as alpha-chloro-N, N-dimethylacetamide,
      CDEA, CDAA, alpha-chloro-N-isopropylacetamide,
      2-chloro-N-isopropylacetanilide, 4-(chloroacetyl)morpholine,
      1-(chloroacetyl)piperidine, and the like; chlorinated aliphatic acid
      herbicides such as TCA, dalapon, 2,3-dichloropropionic acid, 2,2,3-TPA and
      the like; chlorinated benzoic acid and phenylacetic acid herbicides such
      as 2,3,6-TBA, 2,3,5,6-TBA, tricamba, amiben, fenac, PBA,
      2-methoxy-3,6-dichlorophenylacetic acid,
      3-methoxy-2,6-dichlorophenylacetic acid,
      2-methoxy-3,5,6-trichlorophenylacetic acid, 2,4-dichloro-3-nitrobenzoic
      acid and the like; and such compounds as aminotriazole, maleic hydrazide,
      phenyl mercuric acetate, endothal, biuret, technical chlordane, dimethyl
      2,3,5,6-tetrachloroterephthalate, diquat, erbon, DNC, DNBP, dichlobenil,
      DPA, diphenamid, dipropalin, trifluralin, solan, dicryl, merphos, DMPA,
      DSMA, MSMA, potassium azide, acrolein, benefin, bensulide, AMS, bromacil,
      2-(3,4-dichlorophenyl)-4-methyl-1,2,4-oxadiazolidine-3,5-dione,
      bromoxynil, cacodylic acid, CMA, CPMF, cypromid, DCB, DCPA, dichlone,
      diphenatril, DMTT, DNAP, EBEP, EXD, HCA, ioxynil, IPX, isocil, potassium
      cyanate, MAA, MAMA, MCPES, MCPP, MH, molinate, NPA, OCH, paraquat, PCP,
      picloram, DPA, PCA, pyrichlor, sesone, terbacil, terbutol, TCBA, brominil,
      CP-50144, H-176-1, H-732, M-2901, planavin, sodium tetraborate, calcium
      cyanamid, DEF, ethyl xanthogen disulfide, sindone, sindone B, propanil and
      the like.
PAR  Such herbicides can also be used in the methods and compositions of this
      invention in the form of their salts, esters, amides, and other
      derivatives whenever applicable to the particular parent compounds.
PAR  Weeds are undesirable plants growing where they are not wanted, having no
      economic value, and interfering with the production of cultivated crops,
      with the growing of ornamental plants, or with the welfare of livestock.
      Many types of weeds are known, including annuals such as pigweed,
      lambsquarters, foxtail, crabgrass, wild mustard, field pennycress,
      ryegrass, goose-grass, chickweed, wild oats, velvetleaf, purslane,
      barnyard grass, smartweed, knotweed, cocklebur, wild buckwheat, kochia,
      medic, corn cockle, ragweed, sowthistle, coffeeweed, croton, cuphea,
      dodder, fumitory, groundsel, hemp nettle, knawel, spurge, spurry, emex,
      jungle rice, pondweed, dog fennel, carpetweed, morning glory, bedstraw,
      ducksalad and naiad; biennials such as wild carrot, matricaria, wild
      barley, campion, chamomile, burdock, mullein, roundleaved mallow, bull
      thistle, hounds-tongue, moth mullein and purple star thistle; or
      perennials such as white cockle, perennial ryegrass, quackgrass, Johnson
      grass, Canada thistle, hedge bindweed, Bermuda grass, sheep sorrel, curley
      dock, nutgrass, field chickweed, dandelion, campanula, field bindweed,
      Russian knapweed, mesquite, toadflax, yarrow, aster, gromwell, horsetail,
      ironweed, sesbania, bulrush, cattail and wintercress.
PAR  Similarly, such weeds can be classified as broadleaf or grassy weeds. It is
      economically desirable to control the growth of such weeds without
      damaging beneficial plants or livestock.
PAR  The new compounds of this invention are particularly valuable for weed
      control because they are toxic to many species and groups of weeds while
      they are relatively non-toxic to many beneficial plants. The exact amount
      of compound required will depend on a variety of factors, including the
      hardiness of the particular weed species, weather, type of soil, method of
      application, the kind of beneficial plants in the same area, and the like.
      Thus, while the application of up to only about 1 or 2 ounces of active
      compound per acre may be sufficient for good control of a light
      infestation of weeds growing under adverse conditions, the application of
      10 pounds or more of an active compound per acre may be required for good
      control of a dense infestation of hardy perennial weeds growing under
      favorable conditions.
PAR  The herbicidal activity of the compounds of this invention was demonstrated
      by experiments carried out for the pre-emergence control of a variety of
      weeds. In these experiments small plastic greenhouse pots filled with dry
      soil were seeded with the weed seeds. Twenty-four hours or less after
      seeding the pots were sprayed with water until the soil was wet and the
      test compounds formulated as aqueous emulsions of acetone solutions
      containing emulsifiers were sprayed at the indicated concentrations on the
      surface of the soil.
PAR  After spraying, the soil containers were placed in the greenhouse and
      provided with supplementary heat as required and daily or more frequent
      watering. The plants were maintained under these conditions for a period
      of from 25 to 35 days, at which time the condition of the plants and the
      degree of injury to the plants was rated on a scale of from 0 to 10, as
      follows: 0 = no injury, 1,2 = slight injury, 3,4 = moderate injury, 5,6 =
      moderately severe injury, 7,8,9 = severe injury and 10 = death. The
      effectiveness of these compounds is demonstrated by the following data:
TBL                                    TABLE I                                 
     __________________________________________________________________________
              Concentration of Test                                            
                           Yellow                                              
                                Johnson   Yellow                               
                                               Barnyard-                       
     Test Compound                                                             
              Compound in lbs./acre                                            
                           Nutsedge                                            
                                Grass                                          
                                     Pigweed                                   
                                          Foxtail                              
                                               grass Crabgrass                 
     __________________________________________________________________________
     Product of                                                                
              10           10   9    10   10   10    10                        
     Example 3                                                                 
              4            10   9    10   9    10    10                        
              2            10   10   10   9    9     10                        
              1            10   8    10   8    9     9                         
     Product of                                                                
              10           10   9    10   10   10    10                        
     Example 5                                                                 
              4            10   9    9    9    10    9                         
              2            10   8    9    9    9     9                         
              1            10   8    3    9    8     9                         
     Product of                                                                
              10            9   2    10   10   10    5                         
     Example 18                                                                
              4            10   1    10   9    9     7                         
              2            10   0    9    9    8     5                         
              1            10   0    3    8    4     4                         
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A herbicidal composition comprising an inert carrier and, as the
      essential active ingredient, in a quantity toxic to weeds, a compound of
      the formula
      ##EQU8##
      wherein Y is selected from the group consisting of hydrogen, lower alkyl
      and halogen; R.sup.1 is selected from the group consisting of hydrogen,
      lower alkyl and lower alkoxy; R.sup.2 is lower alkyl; R.sup.3, R.sup.4,
      R.sup.5, R.sup.6 and R.sup.7 are independently selected from the group
      consisting of hydrogen and lower alkyl; X is halogen; m is the integer 0;
      Z.sup.1 and Z.sup.2 are oxygen; and n is an integer from 1 to 2.
NUM  2.
PAR  2. The composition of claim 1 wherein the compound is
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2,6-dimethylaniline.
NUM  3.
PAR  3. The composition of claim 1 wherein the compound is
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2,6-diethylaniline.
NUM  4.
PAR  4. The composition of claim 1 wherein the compound is
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-methyl-5-chloroanilin
     e.
NUM  5.
PAR  5. A method of controlling weeds which comprises contacting said weeds with
      an effective amount of a herbicidal composition of claim 1.
NUM  6.
PAR  6. A method of controlling weeds which comprises contacting said weeds with
      an effective amount of a herbicidal composition of claim 2.
NUM  7.
PAR  7. A method of controlling weeds which comprises contacting said weeds with
      an effective amount of a herbicidal composition of claim 3.
NUM  8.
PAR  8. A method of controlling weeds which comprises contacting said weeds with
      an effective amount of a herbicidal composition of claim 4.
PATN
WKU  039429733
SRC  5
APN  4695259
APT  1
ART  124
APD  19740513
TTL  Herbicidal compositions containing para-substituted benzenesulfonylureas
      and salts thereof and methods of employing such compositions
ISD  19760309
NCL  10
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EXP  Hollrah; Glennon H.
INVT
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ABST
PAL  Benzenesulfonylureas of the formula:
      ##SPC1##
PAL  Where R is methyl or ethyl, R.sub.1 is methyl or ethyl, and R.sub.2 is
      hydrogen, methyl, or ethyl and salts of those benzenesulfonylureas of
      formula I having the formula:
      ##SPC2##
PAL  Where R, R.sub.1, and R.sub.2 are as aforesaid, and Z is an alkali metal,
      an alkaline earth metal, or
      ##EQU1##
      where R.sub.3, R.sub.4, and R.sub.5 are each hydrogen or a C.sub.1
      -C.sub.4 alkyl; the use of compounds of formulas I and II; and
      compositions containing such compounds.
PARN
PAR  This is a division of application Ser. No. 323,372, filed Jan. 15, 1973 now
      abandoned  which application is a continuation-in-part of application Ser.
      No. 157,712 filed June 28, 1971, for PARA-SUBSTITUTED
      BENZENESULFONYLUREAS, now abandoned.
BSUM
PAR  The present invention relates to one aspect to chemical compounds and, more
      particularly, to certain novel parasubstituted benzenesulfonylureas and
      their salts. In another aspect, the invention relates to the use of such
      compounds, especially as post-emergent, selective herbicides.
PAR  The novel benzenesulfonylureas we have invented are represented by the
      general structural formula:
      ##SPC3##
PAL  Where R is methyl or ethyl, R.sub.1 is methyl or ethyl, and R.sub.2 is
      hydrogen, methyl, or ethyl.
PAR  Those salts which we have invented are represented by the formula:
      ##SPC4##
PAL  Where R, R.sub.1, and R.sub.2 are as aforesaid, and Z is an alkali metal,
      an alkaline earth metal, or
      ##EQU2##
      where R.sub.3, R.sub.4, and R.sub.5 are each hydrogen or a C.sub.1
      -C.sub.4 alkyl.
PAR  The compounds of formulas I and II are particularly useful as selective,
      post-emergence controls for crabgrass (Digitaria spp.) in Southern grasses
      such as Zoysia, centipedegrass, bermudagrass, St. Augustinegrass, and
      bahiagrass.
PAR  Because of the similarities in genetic make-up, it is extremely difficult
      to control weedy grasses in a lawn or other turf area without damaging
      desirable grasses existent in the area to an unacceptable extent. This is
      particularly true when the weed is a crabgrass and the desirable grass is
      one of the Southern grasses. Accordingly, the invention of the novel
      benzenesulfonylureas and salts identified above and the discovery that
      they exhibit good selectivity between crabgrasses and Southern grasses as
      well as a high degree of activity against crabgrasses is an important
      advance in the field of turf management.
PAR  In addition to selective post-emergence activity, compounds of the present
      invention possess pre-emergence herbicidal activity; and at least one of
      them has additional types of biocidal activity. And other uses of these
      compounds may still remain to be discovered. Accordingly, while our
      invention resides in one aspect in the use of the compounds, it is to be
      understood that the invention in toto is of broader scope and includes the
      compounds as such irrespective of the uses to which they may be put as
      well as certain novel formulations in which they may be incorporated.
PAR  The objects of the invention include the proovision of:
PA1  1. novel sulfonylureas of formula I and those salts thereof of formula II.
PA1  2. novel, improved methods of selectively controlling the growth of
      monocotyledon pests in turfgrasses.
PA1  3. novel, improved herbicidal formulations which include compounds of
      formulas I and II.
PAR  A further important but more specific object of the invention resides in
      the provision of novel, improved methods for selectively controlling the
      growth of crabgrass in Southern grasses.
PAR  Other important objects and features as well as additional advantages of
      the invention will become apparent from the appended claims and from the
      ensuing detailed description and discussion of the invention.
PAR  The sulfonylureas of the present invention (i.e., the compounds of formula
      I) are prepared by procedures paralleling that described for the
      preparation of 1-(4'-dimethylaminobenzenesulfonyl)-3-n-butylurea in Blank
      et al., The Synthesis of Some Potential Hypoglycemic Agents, J. Org.
      Chem., 26, 1551 (1961). The general procedure we follow is:
      ##SPC5##
PAR  The following examples are illustrative of the application of the general
      procedure described above to the production of different ones of the
      compounds of formula I we have invented.
DETD
PAC  EXAMPLE I
PAR  The preparation of 1-(4'-dimethylaminobenzenesulfonyl)-3-ethylurea,
      ##SPC6##
PAL  is illustrative of the procedure for preparing the 3-substituted
      sulfonylureas of our invention. This compound was made by combining
      p-dimethylaminobenzenesulfonamide.sup.1 (45.0 g, 0.23 mole), sodium
      hydroxide (9.2 g, 0.23 mole), 240 ml water, and 300 ml acetone in a
      reaction vessel. The solution was cooled to 10.degree.C.; and ethyl
      isocyanate (17.8 g, 0.25 mole) was added dropwise over a period of one
      hour. The reaction mixture was then refluxed for 2 hours. Reduction of the
      volume of solvent to 200 ml in vacuo and dilution with 700 ml water
      precipitated a solid which was removed by filtration. The pH of the
      filtrate was reduced to 3
FNT  .sup.1. A procedure for making p-dimethylaminobenzenesulfonamide,
      ##SPC7##
FNT  is described in Kumler, The Absorption Spectra of Some Para Substituted
      Aniline Derivatives. The Presence of x' Bands, J. Am. Chem. Soc., 68, 1184
      (1946).
PAL  with concentrated hydrochloric acid. This also gave a precipitate. When
      dried the precipitate weighed 15.7 g. It was identified as
      1-(4'-dimethylaminobenzenesulfonyl)-3-ethylurea, melting point
      190.degree.-210.degree.C.
PAC  EXAMPLE II
PAR  The procedure by which we prepare p-diethylaminobenzenesulfonylurea.
      ##SPC8##
PAL  typifies that which we follow in preparing the unsubstituted formula I
      compounds of the present invention. This compound was made by combining
      p-diethylaminobenzenesulfonamide.sup.2 (22.9 g, 0.09 mole) and potassium
      cyanate (11.7 g, 0.15 mole) with 125 ml ethanol and 20 ml water in a
      reaction vessel. The mixture was refluxed for 3 hours. Evaporation in
      vacuo of the reaction mixture produced a residue which was stirred with
      600 ml water. Removal of this insoluble solid by filtration and
      acidification of the resulting filtrate to a pH of 3  with concentrated
      hydrochloric acid gave a precipitate. When dried, this yielded 10.9 g of
      p-diethylaminobenzenesulfonylurea, melting point 190.degree.-210.degree.C.
PAR  The formula I compounds of our invention with unsymmetrical para-amino
      substituents can be prepared from the corresponding sulfonamides in the
      same manner as those with symmetrical substituents. The starting compounds
      can be prepared by following
FNT  .sup.2. A method of preparing p-diethylaminobenzenesulfonamide is described
      in Kumler, supra. the method of Kumler with the substituents being added
      stepwise to the amino nitrogen. That is,
      ##SPC9##
PAR  The following table gives the chemical analyses for various sulfonylureas
      of formula I prepared in accord with the procedure first described above
      in Example II:
TBL                TABLE I                                                     
     ______________________________________                                    
                                    Melting Points                             
     Compound    Calculated                                                    
                           Found    .degree.C. (uncorrected)                   
     ______________________________________                                    
     p-dimethylamino-                                                          
                 C, 44.43  C, 44.05 225-228                                    
     benzenesulfonyl-                                                          
                 H,  5.39  H,  4.95                                            
     urea        N, 17.27  N, 16.76                                            
     1-(4'-dimethylamino-                                                      
                 C, 46.68  C, 44.60 207-209                                    
     benzenesulfonyl)-                                                         
                 H,  5.88  H,  --                                              
     3-methylurea                                                              
                 N, 16.33  N, 16.32                                            
                 S, 12.46  S, 11.39                                            
     1-(4'-dimethylamino-                                                      
                 C, 49.24  C, 48.42 181-183                                    
     benzenesulfonyl)-                                                         
                 H,  5.25  H,  6.40                                            
     3-ethylurea S, 11.95  S, 11.63                                            
     p-diethylaminoben-                                                        
                 C, 48.69  C, 48.42 190-210                                    
     zenesulfonylurea                                                          
                 H,  6.31  H,  6.64                                            
                 N, 15.49  N, 14.70                                            
     1-(4'-diethylamino-                                                       
                 C, 52.15  C, 52.35 192-194                                    
     benzenesulfonyl)-                                                         
                 H,  7.07  H,  --                                              
     3-ethylurea N, 14.04  N, 13.88                                            
                 S, 10.71  S, 10.82                                            
     ______________________________________                                    
PAR  The compounds of the present invention of formula II are prepared by
      reacting the parent formula I compound with an appropriate base. The
      preparation of representative formula II compounds is described in the
      following examples:
PAC  EXAMPLE III
PAR  Preparation of n-Butylamine Salt of N.sup.4 ,N.sup.4
      -Dimethylsulfanilylurea,
      ##SPC10##
PAR  To a stirred, refluxing slurry of N.sup.4,N.sup.4 -dimethylsulfanilylurea
      (14.6 g, 60 m moles) in acetone was added dropwise n-butylamine (5.1 g, 70
      m moles) dissolved in acetone. The reaction mixture was refluxed for a
      total of 1.5 hours and then stirred overnight at ambient temperature.
PAR  An insoluble white solid formed. This was removed by filtration and dried,
      giving 3.5 g. (30 m moles) of the salt identified above. Recrystallization
      of this material from ethanolwater gave the pure salt in the form of white
      needles with a melting point of 156.degree.-158.degree.C.
PAC  EXAMPLE IV
PAR  Preparation of Calcium Salt of N.sup.4 ,N.sup.4 -Dimethylsulfanilylurea,
      ##SPC11##
PAR  First, the sodium salt of the above-identified urea was prepared in
      solution by adding N.sup.4 ,N.sup.4 -dimethylsulfanilylurea (14.6 g, 60 m
      moles) to a solution of sodium hydroxide (2.4 g, 60 m moles) dissolved in
      200 ml water. The solution was warmed slightly to effect dissolution and
      reaction of the urea with base.
PAR  To this solution was added calcium chloride dihydrate (5.1 g, 35 m moles)
      in 50 ml water. A white precipitate formed during the addition of the
      calcium chloride solution.
PAR  The reaction mixture was diluted with 400 ml water and stirred overnight at
      ambient temperature. After filtration and drying of the white precipitate,
      there remained 13.1 g (50 m moles) of the calcium salt, which had a
      melting point &gt;300.degree.C.
PAC  EXAMPLE V
PAR  Preparation of Ammonium Salt of N.sup.4,N.sup.4 -Dimethylsulfanilylurea,
      ##SPC12##
PAR  N.sup.4,N.sup.4 -dimethylsulfanilylurea (4.9 g, 20 m moles) was added to an
      ethanol-water solution consisting of 150 ml ethanol and 75 ml water. A
      fourfold molar excess of an aqueous ammonium hydroxide solution (30%
      ammonia) was added to the above, and the resulting reaction mixture was
      stirred for two hours at 35.degree.C.
PAR  Removal of the white, insoluble portion which formed by filtration left an
      ethanol-water filtrate which was treated with anhydrous ether. The ether
      soluble portion was separated from the water layer by decanting, and the
      water layer was diluted with 400 ml of acetone, precipitating a white
      solid.
PAR  The white solid was removed by filtration, washed with several portions of
      ether and dried, giving 2.0 g (8 m moles) of the ammonium salt, which had
      a melting point of 196.degree.-210.degree.C.
PAR  Other of the compounds of formula II can be made by procedures comparable
      to those described in Examples III-V.
PAR  In most cases the compounds of formula II we have prepared can be
      identified as the desired compounds by conventional analytical techniques.
      In some instances, however, the compounds hydrate readily, making
      analytical results inaccurate. Spectral identification in these cases
      established the compounds which were obtained as the desired ones.
PAR  As indicated previously, the compounds of the present invention are most
      unusual in that they can be employed to control the growth of crabgrasses
      in Southern turfgrasses without appreciably damaging the turfgrasses.
      Representative tests dealing with this aspect of our invention are
      described in the following examples.
PAC  EXAMPLE VI
PAR  In one series of tests demonstrating the efficacy of the compounds of the
      present invention as crabgrass controls, Digitaria sanguinalis seeds were
      planted in a 3:1 loam-peat mixture and germinated. The plants were grown
      to the mature stage with periodic application of water and Turf Builder
      fertilizer.
PAR  The chemicals were dissolved in water with Synasol.sup.3 being added as
      needed to make the compounds go into solution. Tween 20.sup.4 (0.5% by
      volume) was added to the solution.
FNT  .sup.3. Synasol is a proprietary, denatured ethyl alcohol solvent.
FNT  .sup.4. Tween 20 is one of a series of surface active agents which
      chemically are polyoxyethylene derivatives of fatty acid partial esters of
      hexitol anhydrides.
PAR  The solutions were applied as sprays at rates providing 5 and 10 pounds of
      sulfonylurea per acre to 1 .times. 1 replications. Percent kill was
      observed and recorded 5 weeks after application. The following results
      were obtained.
TBL                TABLE 2                                                     
     ______________________________________                                    
                            Rate                                               
                            (lbs/   Percent                                    
            Compound        acre)   Kill                                       
     ______________________________________                                    
     1-(4'-dimethylaminobenzenesulfonyl)-3-                                    
                            5       95                                         
     ethylurea              10      95                                         
     1-(4'-dimethylaminobenzenesulfonyl)-3-                                    
                            5       95                                         
     methylurea             10      99                                         
     p-dimethylaminobenzenesulfonyl-                                           
                            5       100                                        
     urea                   10      100                                        
     1-(4'-diethylaminobenzenesulfonyl)-3-                                     
                            5       100                                        
     ethylurea              10      100                                        
     ______________________________________                                    
PAC  EXAMPLE VII
PAR  In another series of tests, which demonstrate the tolerance of Southern
      turfgrasses to our novel sulfonylureas,
      1-(4'-dimethylaminobenzenesulfonyl)-3-ethylurea,
      1-(4'-dimethylaminobenzenesulfonyl)-3-methylurea,
      p-diethylaminobenzenesulfonylurea,
      1-(4'-diethylaminobenzenesulfonyl)-3-ethylurea, and
      p-dimethylaminobenzenesulfonylurea were formulated in substantially the
      same manner as described in Example VI and applied to plots containing
      stands of mature Floratine St. Augustinegrass, Argentine Bahiagrass, and
      Tifton 328 Bermudagrass as sprays (3, 6, and 9 pounds per acre) and as a
      drench (6 pounds per acre). The St. Augustinegrass was free of injury in
      all plots thirty-two days after application as was the Bermudagrass
      thirty-four days after application.
PAR  Thirty-three days after application the Bahiagrass to which the
      1-(4'-diethylaminobenzenesulfonyl)-3-ethylurea was applied was in all
      cases free of injury as was the Bahiagrass to which
      1-(4'-dimethylaminobenzenesulfonyl)-3-ethylurea and
      p-dimethylaminobenzenesulfonylurea were applied except at the highest
      rate. At this rate (9 pounds per acre) only minor injury (10%) was noted.
      The remaining two compounds produced moderate injury at the highest
      application rate, much less injury at the intermediate rate, and no injury
      at the low application rate.
PAC  EXAMPLE VIII
PAR  Our novel compounds can be applied in granular formulations as well as in
      spray and drench forms as shown by a test in which
      p-dimethylaminobenzenesulfonylurea was formulated on exfoliated
      vermiculite in the manner described in U.S. Pat. No. 3,083,089 issued Mar.
      26, 1963, to Victor A. Renner for GRANULAR HERBICIDAL COMPOSITION AND
      METHOD and applied to Tifton 328 Bermudagrass, Bitterblue St.
      Augustinegrass, and crabgrasses (primarily Digitaria serotinia) while the
      foliage was wet. Thirty-five days after application, final ratings were
      made.
PAR  One hundred percent control of the crabgrasses was obtained at sulfonylurea
      application rates of 6 and 9 pounds per acre and 88% control (average of
      two replications) at a 3 pound per acre application rate. There was no
      visible injury to the St. Augustinegrass. Injury to the Bermudagrass
      ranged from zero at the 3 pound per acre rate to minor (20%) at the 9
      pound per acre rate. The injured Bermudagrass was recovering on this
      reading date, and there was no evidence of any Bermudagrass kill.
PAR  As a check, the same compound was applied in spary form at a rate of 6
      pounds per acre. The spray also gave 100% crabgrass control. No
      observations of turfgrass injury were made.
PAC  EXAMPLE IX
PAR  In a test conducted in the manner described in Example VI above, seven
      representative salts of p-dimethylaminobenzenesulfonylurea were applied at
      rates ranging from 3 to 9 pounds per acre to crabgrass (Digitaria
      serotinia) and to a St. Augustinegrass. Even at the lowest application
      rate all seven benzenesulfonylurea salts killed 100% of the crabgrass
      present. At this rate there was no appreciable damage to the St.
      Augustinegrass as shown by the following tabulated data:
TBL                TABLE 3                                                     
     ______________________________________                                    
     Rate of Application: 3 Pounds per Acre                                    
                          Percent Kill                                         
     Compound             St. Augustinegrass                                   
     ______________________________________                                    
     p-dimethylaminobenzenesulfonylurea,                                       
     potassium salt       3                                                    
     p-dimethylaminobenzenesulfonylurea,                                       
     sodium salt          3                                                    
     p-dimethylaminobenzenesulfonylurea,                                       
     butylammonium salt   2                                                    
     p-dimethylaminobenzenesulfonylurea,                                       
     calcium salt         5                                                    
     p-dimethylaminobenzenesulfonylurea,                                       
     triethylammonium salt                                                     
                          3                                                    
     p-dimethylaminobenzenesulfonylurea,                                       
     diethylammonium salt 5                                                    
     p-dimethylaminobenzenesulfonylurea,                                       
     ammonium salt        2                                                    
     ______________________________________                                    
PAR  This data shows that compounds of formula II are highly selective as
      between crabgrasses and Southern grasses. The data also shows that only
      low rates of application are necessary; i.e., that these compounds have a
      high degree of activity on crabgrasses.
PAC  EXAMPLE X
PAR  In field tests designed to confirm the activity of the sodium salt of
      p-dimethylaminobenzenesulfonylurea against crabgrasses and the tolerance
      of St. Augustinegrass to it, the compound was applied in a spray and in a
      granular formulation prepared as described in Example VIII to replicated
      plots of Scotts 1081 St. Augustinegrass and to replicated plots of
      Digitaria serotinia in the branching stage. Application rates ranged from
      3 to 6 pounds per acre.
PAR  Approximately 4 weeks after application, the following averaged
      observations were made:
TBL                TABLE 4                                                     
     ______________________________________                                    
     Type of Application                                                       
     Form-   Rate        % Control,                                            
                                   % Injury                                    
     ulation (pounds/acre)                                                     
                         Crabgrass St. Augustinegrass                          
     ______________________________________                                    
     Granular                                                                  
             3           95        7                                           
     Granular                                                                  
             4           98        12                                          
     Granular                                                                  
             6           100       20                                          
     Liquid  3           87        5                                           
     Liquid  4           95        10                                          
     Liquid  6           100       25                                          
     ______________________________________                                    
PAR  This data shows the selectivity and high degree of control in the field
      possessed by a representative formula II compound. It again demonstrates
      that only low application rates are necessary against even mature
      crabgrass and, in fact, suggests that low rates may be preferable because
      greater selectivity can be obtained with only a slight sacrifice in the
      degree of crabgrass control which is obtained.
PAR  Compounds closely related to those of the present invention are not
      suitable for the same purposes. For example,
      1-(4'-dimethylaminobenzenesulfonyl)-3-n-butylurea exhibited essentially no
      post-emergence control of crabgrass in tests of the type described in
      Example VI (11% kill at an application rate of 5 pounds per acre).
      1-(4'-diethylaminobenzenesulfonyl)-3-n-butylurea was tested against six
      monocots as a preliminary step. It gave no control, even at 5 pounds per
      acre; and the tests were discontinued.
      1-(4'-dimethylaminobenzenesulfonyl)-3-n-hexylurea gave no post-emergence
      control at a 5 pound per acre application rate.
PAR  Compounds such as p-aminobenzenesulfonylurea have preemergence activity on
      crabgrass (see U.S. Pat. No. 3,637,336 issued Jan. 25, 1972) but are not
      known to have post-emergence activity against crabgrasses or to be
      selective between crabgrasses and Southern turfgrasses.
PAR  Emphasis has been placed above on the use of the novel compounds disclosed
      herein as selective, post-emergence crabgrass controls. However, this is
      by no means the only type of activity displayed by these compounds. For
      example, at rates of 5 to 25 pounds per acre, representative ones of these
      controls have been found to give good to complete control of one or more
      of the following plant varieties: Bluegrass (Poa pratensis), poa annua
      (annual bluegrass), pigweed, chicory, clover, barnyardgrass, bermudagrass,
      wheatgrass, and quackgrass. In some cases they also exhibit growth
      regulating activity; and p-dimethylaminobenzenesulfonylurea has been shown
      to have fungicidal activity and to possess activity as a fumigant.
PAR  Depending on the particular compound, the type of formulation in which it
      is incorporated, the characteristics of the particular area to which the
      formulation is applied, etc., the compounds of the present invention may
      be applied at single application rates ranging from 1 to 20 or more pounds
      per acre for the purposes discussed above. For post-emergence crabgrass
      control, however, it is preferred that they be applied at rates in the
      range of 5 to 10 pounds per acre. Applications in this range will in most,
      if not all, cases provide excellent crabgrass control with minimal or no
      turfgrass injury.
PAR  Also, it is within the province of our invention to use repeat applications
      of the compounds, normally at rates below the single application
      rates..sup.5 Repeat applications at low rates will typically provide
      control of the crabgrass with a minimum of turf injury in even the most
      difficult circumstances.
PAR  As indicated above, the compounds of the present invention can be employed
      in sprays and drenches and in granular formulations. They may also be
      combined with a diluent and/or other adjuvants to make a dust and applied
      with conventional dusting equipment. Depending upon factors such as those
      discussed above in conjunction with application rates, the proportions of
      the ingredients in the formulation may vary over a generally wide range.
      Generally speaking, however, the proportions will fall within the
      following limits:
TBL                TABLE V                                                     
     ______________________________________                                    
     Ingredient        Parts by Weight                                         
     ______________________________________                                    
     Carrier           11-15                                                   
     Solvent-sticking agent                                                    
                       2-8                                                     
     Sulfonylurea or salt                                                      
                       1                                                       
     Surfactant         0-0.5                                                  
     ______________________________________                                    
FNT  .sup.5. For example, two applications of 3 pounds per acre of active
      compound has given excellent results.
PAR  Appropriate carriers include organic solvents, water, vermiculite, perlite,
      diatomaceous earth, clay, ground corn cobs, and other materials such as
      those described in the Handbook of Dust Diluents and Carriers (2d. Ed.),
      1955, which is hereby incorporated by reference. For granular
      formulations, exfoliated vermiculite is preferred.
PAR  Diluents, stabilizers, plant nutrients, other pesticides, flow enhancing
      agents, adhesives, dyes, and other adjuvants may also be used to produce
      formulations which have other types of activity, which may be safely
      handled, and which are convenient to apply uniformly and in accurate
      quantities to the area to be treated. The foregoing and other adjuvants
      which may be employed are described in Chemistry of the Pesticides (3d
      Ed.), Frear, D. Van Nostrand Company, Inc., New York, N.Y., 1955, and in
      Weed Control (2d Ed.), Robbins et al., McGraw-Hill Book Company, Inc., New
      York, N.Y., 1952, which are also incorporated by reference herein.
PAR  One suitable surfactant (Tween 20) has been identified above. Other
      suitable surfactants are those listed in Detergents and Emulsifiers
      Up-to-Date, 1968, John W. McCutcheon, Inc., which is also hereby
      incorporated by reference.
PAR  The "solvent" may include or be a sticking agent. Suitable solvents include
      the one listed above (Synasol) and ethylene and hexylene glycols. Other
      suitable solvents are described in U.S. Pat. No. 3,076,699 issued Feb. 5,
      1963, to Victor A. Renner for GRANULAR HERBICIDAL COMPOSITION AND METHOD
      and in U.S. Pat. No. 3,083,089.
PAR  The Renner patents also disclose methods which may be employed to make
      granular formulations including the compounds of the present invention.
      That is, those compounds which are solids at room temperature may be
      dissolved in an appropriate solvent and adhered to a carrier in the manner
      disclosed in U.S. Pat. No. 3,083,089. Or particles of the compound may be
      adhered to a carrier with a suitable sticking agent as described in U.S.
      Pat. No. 3,076,699.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description; and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. The method of selectively controlling the growth of undesirable grass in
      an area in which desirable grass is present, comprisng the step of
      applying to said area after the emergence of the undesirable grass a
      herbicidally effective amount of a benzenesulfonylurea of the formula:
      ##SPC13##
PAL  where R is methyl or ethyl, R.sub.1 is methyl or ethyl, and R.sub.2 is
      hydrogen, methyl, or ethyl or a salt thereof selected from the group of
      alkali metal, alkaline earth metal, ammonium, and ammonium substituted
      with one to three C.sub.1 -C.sub.4 alkyl radicals.
NUM  2.
PAR  2. A method according to claim 1, wherein the undesirable grass is a
      Digitaria spp.
NUM  3.
PAR  3. A method according to claim 2, wherein said benzenehydrogorma is applied
      at a rate of from about 5 to about 10 pounds per acre.
NUM  4.
PAR  4. A method according to claim 2, wherein the benzenesulfonylurea compound
      is the sodium salt of a p-dimethylaminobenzenesulfonylurea.
NUM  5.
PAR  5. The method of selectively controlling the growth of a crabgrass in an
      area in which desirable grass is present, comprising the step of applying
      to said area after the emergence of the crabgrass a herbicidally effective
      amount of a benzenesulfonylurea of the formula:
      ##SPC14##
PAL  where R is methyl or ethyl, R.sub.1 is methyl or ethyl, and R.sub.2 is
      hydrogen, methyl, or ethyl or a salt thereof selected from the group of
      alkali metal, alkaline earth metal, ammonium, and ammonium substituted
      with one to three C.sub.1 -C.sub.4 alkyl radicals.
NUM  6.
PAR  6. A method according to claim 5 in which the desirable grass is a St.
      Augustine grass.
NUM  7.
PAR  7. A method according to claim 5 in which the desirable grass is a
      Bermudagrass.
NUM  8.
PAR  8. A method according to claim 5 in which the desirable grass is a
      centipedegrass.
NUM  9.
PAR  9. A method according to claim 5 in which the desirable grass is a
      bahiagrass.
NUM  10.
PAR  10. A method according to claim 5 in which the application of the
      benzenesulfonylurea to the area is repeated, the rate at which the
      benzenesulfonylurea is applied being a minimum of 3 pounds per acre in
      each of the applications.
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ABST
PAL  Sodium ions are added to manganese nodules to convert the montmorillonite
      clay naturally occurring in the nodule material into a bonding agent for
      pelletization into spherical agglomerates.
PAL  The addition of coking coal to provide bonding stength after reduction,
      during which the clay bond is destroyed, is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a pelletizing step in a process for
      recovering metals such as copper, nickel, molybdenum and cobalt from
      manganese deep sea nodules. For the purpose of this patent specification
      and claims, complex ores which are found on the deep sea floor of oceans
      and lakes containing manganese, iron, copper, nickel, molybdenum, cobalt
      and other metal values are variously referred to as deep sea manganese
      nodules, manganese nodules or nodules.
PAR  Ocean floor deposits are found as nodules, loose-lying at the surface of
      the soft sea floor sediment, as grains in the sea floor sediments, as
      crusts on ocean floor hard rock outcrops, as replacement fillings in
      calcareous debris and animal remains, and in other less important forms.
      Samples of this ore material can readily be recovered on the ocean floor
      by drag dredging, a method used by oceanographers for many years, or by
      deep sea hydraulic dredging, a method that could be used in commercial
      operation to mine these deposits. Mechanical deep sea nodule harvesters
      are described in U.S. Pat. Nos. 3,480,326 and 3,504,943.
PAR  The character and chemical content of the deep sea nodules may vary widely
      depending upon the region from which the nodules are obtained. The Mineral
      Resources of the Sea, John L. Mero, Elsevier Oceanography Series, Elsevier
      Publishing Company 1965, discusses on pages 127-241 various aspects of
      manganese nodules. For a detailed chemical analysis of nodules from the
      Pacific Ocean see pages 449 and 450 in The Encyclopedia of Oceanography,
      edited by R. W. Fairbridge, Reinhold Publishing Crop., N.Y. 1966, and U.S.
      Pat. No. 3,169,856. For the purpose of this invention, the complex ores
      will be considered as containing the following approximate metal content
      range on a dry basis:
TBL  METAL CONTENT ANALYSIS RANGE                                              
     ______________________________________                                    
     Copper         0.8      -     1.8%                                        
     Nickel         1.0      -     2.0%                                        
     Cobalt         0.1      -     0.5%                                        
     Molybdenum     0.03     -     0.1%                                        
     Manganese      10.0     -     40.0%                                       
     Iron           4.0      -     25.0%                                       
     ______________________________________                                    
PAR  The remainder of the ore consists of oxygen as oxides, clay minerals (such
      as montmorillonite) with lesser amounts of quartz, apatite, biotite,
      sodium and potassium feldspars and water of hydration. Of the many
      ingredients making up the manganese nodules, copper and nickel are
      emphasized because, from an economic standpoint, they are the most
      significant metals in most of the ocean floor ores.
PAR  In U.S. Pat. No. 3,788,841, entitled Recovery of Metal Values from
      Manganese Nodules, the teachings of which are incorportated herein by
      reference, the desirability of pelletizing manganese nodules prior to
      pyrometallurgical treatment is disclosed. By pelletizing the nodule feed,
      prior to pyrometallurgical treatment, many advantages result. For example,
      pelletization produces a coarse material which is more easily handled
      during the reduction stage of the process. Pelletization also increases
      the intimacy of the reductant when added with the nodule material prior to
      pelletizing. Pelletization also minimizes the presence of fines which can
      be troublesome during the leaching stages of the process. Furthermore,
      pelletization of the nodules contributes to the production of tailings
      which are more easily disposable.
PAR  Pelletization per se is well known in the smelting art. Typically, balls or
      green balls are made by feeding ground ore, additives and moisture
      independently on to a rotating pan, disc or drum. Agglomerates are also
      made by mixing the ground ores, additives and moisture, and pressing the
      mixture into the form of pellets or briquettes. The terms "balls" and
      "pellets" will be used interchangeably throughout this specification.
PAR  A common additive which serves as a bonding agent for the pellets is a
      sodium bentonite. High sodium bentonite swells upon water addition making
      the clay useful as a binding agent. Bentonites are composed chiefly of
      montmorillonites which are clay minerals generally distinguished from
      other clay minerals by their surface activity and extremely fine particle
      sizes.
PAR  The general formula for montmorillonite is
EQU  (1/2 Ca, Na,).sub.0.7 (Al,Mg,Fe).sub.4 (Si,Al).sub.8 (OH).sub.8.nH.sub.2 O;
PAR  the general formula for high sodium montmorillonite is Na.sub.0.7
      (Al,Mg,Fe).sub.4 (Si,Al).sub.8 (OH).sub.4.nH.sub.2 O; and,
PAR  the general formula for high calcium montmorillonite is 1/2 Ca.sub.0.7
      (Al,Mg,Fe).sub.4 (Si,Al).sub.8 (OH).sub.4.nH.sub.2 O.
PAR  bentonites are defined as fine grained clays containing not less than 85%
      montmorillonite. Two broad divisions of bentonites are sodium bentonite
      (which expands in water and contains sodium as its predominant
      exchangeable ion) and calcium bentonite (which has negligible swelling and
      carries calcium as its principal exchangeable ion).
PAR  Of course, it would be an economic advantage to be able to produce strong
      pellets of manganese nodules without the extra expense of adding a bonding
      agent such as sodium bentonite.
PAR  In short, if a bonding agent such as sodium bentonite is eliminated from
      the pelletizing procedure, weak pellets result. On the other hand, adding
      sodium bentonite to the manganese nodule material increases the cost of
      producing the pellets.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a sodium activator is utilized to
      provide Na.sup.+ ions to activate the calcium montmorillonite clay, which
      occurs naturally in the nodules, into a bonding material that improves dry
      and green strength in agglomeration.
PAR  In one important embodiment of the invention, coking coal is added to the
      nodule material prior to pelletizing to provide both a reducing agent and
      a coke bond to maintain the agglomerate shape during and after reduction.
      The coke produced during reduction also creates a more porous pellet,
      improving the pellet's leaching characteristics.
PAR  Accordingly, an object of the present invention is to exchange Na.sup.+ for
      Ca.sup.+.sup.+ ions in the calcium montmorillonite clay material, which
      occurs in manganese nodules, and thereby convert the calcium
      montmorillonite into sodium bentonite which acts as a bonding agent to
      strengthen the pelletized nodules.
PAR  Another object of the invention is to provide a convenient and easily
      handled shape (spherical pellet) in which manganese nodule materials can
      be reduced, leached, and otherwise processed to recover the metals
      contained therein.
PAR  Another object of the present invention is to provide strong manganese
      pellets at a low cost.
PAR  A more specific object of the invention is to form manganese nodules into
      pellets having a strength sufficient to undergo the necessary mechanical
      handling and yet porous enough to be efficiently reduced and leached.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING nodules
PAR  The sole FIGURE of the drawing is a flow chart for processing manganese
      smoules and shows quantities of materials for forming pellets in
      accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  At the outset, the process of the present invention is described in its
      broadest overall aspects with a more detailed description following. In
      accordance with the present invention, the calcium ions in the
      montmorillonite present in manganese nodules are exchanged by sodium ions.
      The foregoing ion exchange enables the clay materials present in the
      nodules to be utilized to strengthen pellets produced during
      pelletization.
PAR  Bentonite clays, composed of no less than 85% montmorillonite, may have
      adsorbed ions which are capable of "base exchange". These ions are either
      Na or Ca, with lesser amounts of Al, Mg, and Fe. If the clay has a large
      amount of Na ions (high sodium bentonite), the Na ions in the clay can be
      exchanged for aqueous Ca ions. This action is defined as "base exchange"
      capability. If the clay contains a large amount of Ca ions, the reverse
      reaction occurs.
PAR  High sodium bentonite swells upon water addition making the clay useful as
      a binding agent during pelletization. High calcium bentonite is
      non-swelling; but, in accordance with the present invention, it can be
      made swelling by contacting the clay with aqueous Na ions, initiating the
      base exchange phenomenon.
PAR  The clay found in manganese nodules is high calcium montmorillonite,
      (Ca,MG)O.Al.sub. 2 O.sub.3 .5Sio.sub.2 .nH.sub.2 O. This clay can be used
      to bond the pulverized nodule in pelletizing by the addition of soluble
      sodium salts, preferably NaOH or Na.sub.2 CO.sub.3 to "activate" the clay.
      The sodium compound may be either dissolved in the pelletizing water spray
      or dry mixed with the nodule feed. Additional amounts of bentonite may
      also be necessary depending on the amount of clay naturally occurring in
      the nodule material.
PAR  The clay bond will hold the pellet until reduction, at which point the
      elevated temperatures should break the bond. Final destruction of the
      montmorillonite lattice begins at about 600.degree.C immediately following
      the loss of (OH) lattice water, and is essentially complete at 800.degree.
      to 850.degree.C. If coking coal is used, in whole or in part, as the
      reducing agent, a coke bond will form during reduction to give the pellet
      strength through the leaching step.
PAR  The manganese nodules as received will vary in mean diameter from about 10
      inches to about 1/2 inch. Therefore, the first step in the processing is
      to reduce the size of the nodules. The nodules may be screened and the
      larger nodules broken up in a log washer or similar device. Rod mills or
      other devices may also be used to wet grind the raw nodules. The nodules
      when drained contain about 32% by weight moisture.
PAR  In some processing schemes, it is desirable to dry the nodules at some step
      in the process. This may be prior to grinding, during grinding, or after
      agglomerating. The drying may be accomplished by any of the currently
      available dryers such as continuous through-circulation dryers or direct
      rotary dryers. It is possible to grind and dry the nodules simultaneously
      using a ring-roller or a pebble mill. With such devices, the wet nodules
      are pulverized while in contact with hot air or a hot gas.
PAR  The manganese nodules may be ground to a size between the range of minus 6
      mesh to minus 200 mesh sieve, U.S. Sieve Series. Overall economics favor
      utilizing crushed nodules ranging in size from minus 40 mesh to about
      minus 120 mesh. Development work has indicated that nodules ground to 90%
      minus 100 mesh is the most desirable feed stock for the pelletizing or
      balling operation.
PAR  After crushing and/or grinding, the nodules are agglomerated to form green
      balls or pellets of a substantially uniform preselected size between about
      3/32 inch and 1 inch, preferably about 3/8 inch in diameter. Balls or
      green balls are made by feeding the ground nodules, and water
      independently to a rotating pan, disc or drum. As is stated above, the
      sodium activator may be included with the ground nodules or dissolved in
      the water. Agglomerates are also made by mixing the ground nodules, sodium
      activator and water, and pressing the mixture into the form of pellets or
      briquettes.
PAR  Preferably, the green balls are produced on a disc pelletizier. The disc
      pelletizer is advantageously mounted on a compound table which has a three
      dimensional adjustment. With the disc in counter-clockwise rotation, a
      screw feeding mechanism is mounted to discharge onto the disc pelletizer
      between the 3 to 4 o'clock position on the disc. A water spray is
      adjustably mounted between the 6 to 8 o'clock position. The disc angle is
      preferably between about 40.degree. and 60.degree. with respect to the
      horizontal with an angle of 55.degree. having been found the most
      effective for 90% minus 100 mesh ground nodules.
PAR  When agglomerates or pellets are prepared on a disc, the pellet size can be
      controlled by controlling the residence time of material on the disc.
      Hold-up time on the disc may be decreased by increasing the disc angle and
      speed thereby producing smaller size pellets. Pellet size is best
      controlled by location of the water spray and disc angle. Pellet size will
      decrease as water spray is moved above the 3 o'clock feed position. Moving
      the spray up on the rotating disc tends to form more seeds from the fine
      material carried up thereby increasing the number of pellets formed at the
      expense of decreasing the pellet size. Seeds mature into pellets as they
      roll over the top and into the powder feed path. Decreasing the nodule and
      water feed rates, while holding other variables constant will also
      increase the pellet size because fewer seeds will be formed. The heating
      process after pelletization renders the pellets porous as the water and
      other volatile materials depart from the pellets.
PAR  Experience has shown that pellets or green balls of substantially spherical
      configuration are preferred. A spherical configuration is generally easier
      to make and has a greater strength than agglomerates of other shapes.
      Since the physical characteristics of nodules mined from the ocean bed
      vary from place to place, to produce optimum pellet shape, it is necessary
      to operate with an experimentally determined moisture content, which is
      suitable for the particular ocean floor nodules being used. For example,
      it may be necessary to add between from about 20% to about 40% by weight
      of water. When the nodules are ground wet and agglomerated while still
      wet, it may be necessary to decrease the moisture content to obtain the
      desired agglomerate or pellet characteristics. Pellets containing from
      about 26 to 30% by weight water have the most preferred physical
      characteristics for processing in this invention.
PAR  As has been set forth above, pelletization in accordance with the present
      invention includes the addition of a sodium activator to render the
      montmorillonite clay, which is naturally present in the nodules, to be
      usable to increase the strength of the pellets.
PAR  In accordance with the present invention, the sodium activator is added to
      the nodule material in either the dry state before pelletizing, or the
      sodium activator is dissolved in the pelletizing water spray. Of course, a
      combination of the foregoing techniques may be employed to add the sodium
      activator to the nodule material.
PAR  As has been set forth above, sodium ions are exchanged for the calcium ions
      which are present in the clay materials of the nodules. Thus, the sodium
      activator material may be any ionic material which includes sodium ions.
      Suitable sources for the sodium ions include: sodium carbonate, Na.sub.2
      CO.sub.3 ; sodium hydroxide, NaOH; and, any soluble sodium salt.
PAR  The amount of sodium activator that is added to the ground nodule material
      to produce the pellets will vary depending upon the composition of the
      nodule material being treated. Since the chemical composition of nodules
      mined from the ocean bed varies from place to place, it is necessary to
      determine the amount of the sodium activator by running a bench scale test
      on the nodule material. As used throughout this specification and claims,
      all percentages are by weight unless specified otherwise.
PAR  Optimum results are obtained if all the calcium ions in the clay material
      of the nodules are replaced by sodium ions. Generally this is accomplished
      by providing two moles of sodium ions from the sodium activator for each
      mole of calcium ions in the nodule clay. Some nodule material may not have
      a sufficient amount of calcium montmorillonite to produce suitable pellets
      even if all the calcium is replaced by sodium ions. In such cases, an
      additional binder may be added to the pelletizing mixture. For example, if
      too little calcium montmorillonite clay is present in the nodule material,
      additional calcium montmorillonite may be added to the pelletizing
      mixture. Of course, the amount of sodium activator added will be
      calculated on the basis of the total amount of calcium montmorillonite,
      that is, the amount originally present in the nodule material plus the
      amount of calcium montmorillonite added.
PAR  Of course, if economical, the sodium exchanged calcium montmorillonite
      present in the nodules may be supplemented with sodium bentonite. In this
      embodiment, no additional sodium activator, other than that necessary to
      activate the clay already present in the nodule material, is added.
PAR  As is stated above, in one important embodiment of the invention, coking
      coal is added to the nodule material prior to pelletizing to provide both
      a reducing agent and a coke bond to maintain the agglomerate shape during
      and after reduction. The addition of coking coal also results in a more
      porous pellet which improves the pellets leaching characteristics.
PAR  The invention is further illustrated by the following examples. At this
      point it should be noted that the invention is not intended to be limited
      to the procedure set forth in the examples which follow, but rather these
      examples are provided in order to teach one skilled in the art how to
      practice the invention and are not intended to limit the invention in any
      way.
PAC  EXAMPLE I
PAR  Manganese nodules, which may contain 0-20% by weight calcium
      montmorillonite, are ground to approximately 90% -60 mesh. Additional
      calcium montmorillonite or sodium bentonite is mixed with the ground
      nodule material as necessary to provide sufficient pellet dry green
      strength. The ratio of added calcium montmorillonite/sodium bentonite will
      depend on the availability of each at the plant location and overall
      process economics. Also mixed with the ground nodule material is 1-30%
      sodium activator (Na.sub.2 CO.sub.3, NaOH, etc.) by weight of total
      calcium montmorillonite and 4-12% coking coal by weight of nodule
      material. The coal is in the size range of 90% -60 mesh. An amount of
      sodium activator equal to 3-10% by weight of the calcium montmorillonite
      is preferred. The mix is then agglomerated on a pelletizing disc with
      water spray in the manner set forth above.
PAC  EXAMPLES 2 - 16
PAR  Ground Mn nodule material (-60 mesh) was pelletized on an 8 inch laboratory
      disc pelletizer in a batch operation. When coal, fuel oil, lime, or
      bentonite was added they were mixed into the ground dry nodule material
      before pelletizing. The clay activators, NaOH or Na.sub.2 CO.sub.3, were
      dissolved in water and sprayed with a hand atomizer onto the pelletizing
      disc during agglomeration. The pellets were then dried before reduction.
PAR  Two types of bentonite were used, Fisher Scientific U.S.P. Bentonite and
      industrial Wyoming bentonite. Although no chemical analysis was supplied
      with the Fisher bentonite it is presumed to be a high calcium bentonite
      because it gave extra strength (15 lb.) when pelletized with activator and
      no strength when pelletized with water. The Wyoming bentonite, a high
      sodium bentonite, was only pelletized with water, with which it provided
      15+ lb. compression strength.
PAR  Reduction was performed in a laboratory tube furnace with nitrogen purge.
      Maximum temperatures and soak times are shown in the table. Heat up times
      were 15 minutes, except as noted.
PAR  Compression testing was performed by lowering a motor driven weight onto
      each pellet which sat on a direct reading scale. The scale reading at
      pellet fracture was the compression strength. The average compression
      strength of five pellets is reported for each example in the table.
PAR  Clay activators used were NaOH and Na.sub.2 CO.sub.3. Additional clay
      (bentonite) was mixed in some batches. The wet green pellets were dried
      and reduced with coal or oil as the reducing agent or heated with no
      reducing agent. The results of these runs are summarized in the table.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     CLAY ACTIVATION                                                           
                 Activator                                                     
     Example                                                                   
          Nodule % by wt.                                                      
                       Reducing Agent                                          
                                Other Additives                                
                                          Pellet                               
                                              Green                            
                                                   Reduction                   
                                                         Reduced               
          Size Dist.                                                           
                 nodules                                                       
                       % by wt nodules    Size                                 
                                              Strength                         
                                                   Time Temp.                  
                                                         Strength              
     __________________________________________________________________________
     2    -60 Mesh                                                             
                 Na.sub.2 CO.sub.3                                             
                       --       --        3/8"                                 
                                              10+lb.                           
                                                   10 min.                     
                                                         10+lb.                
                 3%                                750.degree.C                
     4    -60    Na.sub.2 CO.sub.3                                             
                       Bunker C --        3/8"                                 
                                              &lt;1 lb.                           
                                                   10 min.                     
                                                         &lt;1 lb.                
                 3%    7%                          750.degree.C                
     5    -60    Na.sub.2 CO.sub.3                                             
                       --       Bentonite 3/8"                                 
                                              10+  30 min.                     
                                                         3                     
                 1%             (U.S.P.)2%         750.degree.C                
     6    -60    Na.sub.2 CO.sub.3                                             
                       Bunker C Bentonite 3/8"                                 
                                              10+  10 min.                     
                                                         2                     
                 1%    7%       (U.S.P.)3%         750.degree.C                
     7    -60    NaOH  --       --        3/8"                                 
                                              10+  10 min.                     
                                                         10+                   
                 2%                                750.degree.C                
     8    -60    NaOH  Bunker C --        3/8"                                 
                                              3    10 min.                     
                                                         &lt;1                    
                 3%    7%                          750.degree.C                
     9    -60    NaOH  --       Bentonite 3/8"                                 
                                              10+  30 min.                     
                                                         10+                   
                 1%             (U.S.P.)2%         750.degree.C                
     11   -60    NaOH  Bunker C Bentonite 3/8"                                 
                                              10+  10 min.                     
                                                         &lt;1                    
                 1%    7%       (U.S.P.)2%         750.degree.C                
     12   -60    NaOH  Coal 8%  --        3/8"                                 
                                              &lt;10  120 min.                    
                                                         3                     
                 3%    -45 Mesh                    750.degree.C                
     13   -60    NaOH  Coal 10% --        3/8"                                 
                                              &lt;10  60 min.                     
                                                         5                     
                 3%    -60 Mesh                    750.degree.C                
     14   -60    NaOH  Coal 10% --        3/8"                                 
                                              10+  60 min.                     
                                                         5                     
                 3%    -60 Mesh                    750.degree.C                
     15   -60    NaOH  Coal 10% Bentonite 1/2"                                 
                                              15+  60 min.                     
                                                         15+                   
                 1%    -60 Mesh (U.S.P.)2%         750.degree.C                
     16   -60    --    --       Bentonite 1/2"                                 
                                              2    10 min.                     
                                                         &lt;1                    
                                (U.S.P.)3%         750.degree.C                
     __________________________________________________________________________
PAR  Example 3 performed by adding 10% bunker C oil to green pellet of example
      2. Reduced pellets failed at 3 lb.
PAR  Example 10 performed by adding bunker C oil to green pellet of Example 9.
      Reduced pellets failed at 3 lb.
PAR  Example 13 performed with 60 min. heat up to 750.degree.C.
PAR  Example 15 performed with 40 min. heat up to 750.degree.C.
PAC  EXAMPLE 17
PAR  The sole FIGURE of the drawing is a flow sheet for a plant designed to
      process 5,000 tons per day of manganese nodules. The quantities of
      materials needed to form pellets in accordance with the present invention
      are shown in the drawing. Nodule feed, coal and water spray containing the
      sodium activator (Na.sub.2 CO.sub.3) are mixed in a balling disc. The
      pellets formed in the balling disc are then reduced in a reducing furnace
      such as a circular travelling grate furnace. The calcined nodules leaving
      the reducing furnace are then leached in an ammoniacal leach liquor
      containing 50-150 grams per liter NH.sub.3 and 20-132 grams per liter
      CO.sub.2. As a result of the reduction and leaching, the metal values such
      as copper, nickel, cobalt and molybdenum are dissolved in the leach
      liquor. The nodule tailings are separated from the pregnant liquor. The
      pregnant liquor is sent to a liquid ion exchange extraction circuit where
      the metal values are separated from each other and from the leach liquor.
PAR  In one preferred embodiment of the invention, the nickel and copper values
      are extracted from the pregnant liquor, with the cobalt and molybdenum
      being precipitated from the raffinate. For details of a procedure which
      can be employed to extract the copper and nickel, see U.S. Pat. No.
      3,853,725 entitled Selective Stripping Process by Roald R. Skarbo, filed
      June 28, 1972, the teachings of which are incorporated herein by
      reference. The copper and nickel values are recovered by electrowinning.
      Leaching and recovery of metal values, however, form no part of the
      present invention.
PAR  Details pertaining to the metal values are shown below.
TBL  ______________________________________                                    
     Nodules Analysis (Dry Basis) In % By Weight                               
     ______________________________________                                    
     Mn                30.0                                                    
     Fe                5.96                                                    
     Cu                1.29                                                    
     Ni                1.49                                                    
     Co                0.24                                                    
     Mo                0.06                                                    
     Other             Balance                                                 
     Calcine to Leaching In % By Weight                                        
     ______________________________________                                    
     Mn                40.3                                                    
     Fe                8.01                                                    
     Cu                1.69                                                    
     Ni                2.01                                                    
     Co                0.32                                                    
     Mo                0.08                                                    
     Other             Balance                                                 
     Tailings In % By Weight                                                   
     ______________________________________                                    
     2MnO.SiO.sub.2    10.5                                                    
     MnCO.sub.3        23.9                                                    
     Cu                .about. 0.4                                             
     Ni                .about. 0.4                                             
     Co                .about. 0.3                                             
     Mo                negligible                                              
     Free H.sub.2 O    40                                                      
     Other             Balance                                                 
     Pregnant Liquor                                                           
     ______________________________________                                    
     Cu                    7.0      gm/l                                       
     Ni                    7.3      gm/l                                       
     Co                    0.78     gm/l                                       
     Mo                    0.40     gm/l                                       
     NH.sub.3              100      gm/l                                       
     CO.sub.2              68       gm/l                                       
     ______________________________________                                    
PAC  SUMMARY
PAR  By following the teachings of the present invention it is possible to
      utilize the clay material in the nodule to produce strong pellets having
      green and reduced strengths of 10+ lbs. The clay material in the nodules
      is rendered usable as a bonding agent by the addition of a sodium
      activator. Numerous tests have indicated that the source of the sodium
      ions has little or no effect on green and reduced strengths.
PAR  Tests have also indicated that the use of fuel oil as a reducing agent
      adversely effects green and reduced strength. Thus, coking coal is
      advantageously employed as a reducing agent for pellets formed in
      accordance with the present invention. However, satisfactory green
      strength can be achieved with fuel oil by adding 2% bentonite to the
      nodules and by replacing the calcium ions in the nodules and the bentonite
      with sodium ions. If a high sodium bentonite is added to the nodules only
      1% is needed to obtain a 15 lb. compression strength nodule with fuel oil,
      provided the calcium ions in the nodule clays are replaced by sodium ions.
PAR  Excellent results are obtained by utilizing both coal and bentonite, that
      is 10% coal, 1% sodium hydroxide and 2% bentonite. Coal size distribution
      should be of the same order as ground nodule size distribution to achieve
      the best strength. The operable weight % of Na.sup.+ ions needed to
      achieve the swelling of the montmorillonite in the nodule is 0.6% of the
      nodule material.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process in which manganese nodules are reduced and subsequently
      leached to extract metal values therefrom wherein the improvement
      comprises pelletizing the manganese nodules prior to the reduction and
      leaching by the following steps:
PA1  a. grinding the nodules;
PA1  b. base exchanging the calcium montmorillonite in the nodules with sodium
      ions;
PA1  c. agglomerating the ground nodules to form pellets.
NUM  2.
PAR  2. The process as set forth in claim 1 wherein in step (a) the nodules are
      ground to have a particle size of 90% -100 mesh.
NUM  3.
PAR  3. The process as set forth in claim 2 including the step of adding 4-12%
      by weight of the nodules of coking coal prior to agglomerating the
      nodules.
NUM  4.
PAR  4. The process as set forth in claim 3 wherein the coking coal is in a size
      range corresponding to the size range of the ground nodules.
NUM  5.
PAR  5. The process as set forth in claim 1 wherein approximately two moles of
      sodium ions are provided for each mole of calcium ions in the
      montmorillonite for the base exchange which takes place in step (b).
NUM  6.
PAR  6. The process as set forth in claim 5 including the step of adding 4-12%
      by weight of the nodules of coking coal prior to agglomerating the
      nodules.
NUM  7.
PAR  7. The process as set forth in claim 6 wherein the coking coal is in a size
      range corresponding to the size range of the ground nodules.
NUM  8.
PAR  8. The process as set forth in claim 1 wherein the source of sodium ions,
      base exchanged in step (b), is a member selected from the group consisting
      of sodium hydroxide and sodium carbonate.
NUM  9.
PAR  9. The process as set forth in claim 8 including the step of adding 4-12%
      by weight of the nodules of coking coal prior to agglomerating the
      nodules.
NUM  10.
PAR  10. The process as set forth in claim 9 wherein the coking coal is in a
      size range corresponding to the size range of the ground nodules.
NUM  11.
PAR  11. The process as set forth in claim 1 wherein the source material for
      sodium ions is mixed with ground nodules prior to agglomeration.
NUM  12.
PAR  12. The process as set forth in claim 11 including the step of adding 4-12%
      by weight of the nodules of coking coal prior to agglomerating the
      nodules.
NUM  13.
PAR  13. The process as set forth in claim 12 wherein the coking coal is in a
      size range corresponding to the size range of the ground nodules.
NUM  14.
PAR  14. The process set forth in claim 1 wherein the sodium source material is
      dissolved in water and the water containing the sodium ions is sprayed on
      the ground nodules during the agglomeration step.
NUM  15.
PAR  15. The process as set forth in claim 14 including the step of adding 4-12%
      by weight of the nodules of coking coal prior to agglomerating the
      nodules.
NUM  16.
PAR  16. The process as set forth in claim 15 wherein the coking coal is in a
      size range corresponding to the size range of the ground nodules.
NUM  17.
PAR  17. The process as set forth in claim 1 including the step of adding 4-12%
      by weight of the nodules of coking coal prior to agglomerating the
      nodules.
NUM  18.
PAR  18. The process as set forth in claim 17 wherein the coking coal is in a
      size range corresponding to the size range of the ground nodules.
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ABST
PAL  A method and apparatus for reducing matter, particularly chemical
      compounds, to constituent elements in a high temperature environment (a
      plasma) and separating one of the elements from the other elements.
      Reduction is effected by raising the input compound to a high temperature
      -- thermally disassociating it. Separation is effected by partly ionizing
      one of the species (elements) to be separated and moving the resultant
      mixture of gas and plasma at a velocity (v) through a magnetic field (B)
      having a vector component (B.sub..vertline.) perpendicular to the plasma
      velocity vector. The interaction of the perpendicular and parallel
      components of the magnetic field with the ions and electrons in the plasma
      produces a separating force perpendicular to the direction of plasma flow.
      The separating force acts on the entire specie which is significantly
      ionized even though it is only partially ionized. Axial symmetry is
      maintained so that a space charge does not build up and destroy the flow
      of electric current in a direction transverse to the plasma flow.
PARN
PAC  PRIOR PATENT APPLICATIONS
PAR  This application is a continuation-in-part of patent application Ser. No.
      172,674 filed Aug. 18, 1971 in the name of James E. Drummond, David B.
      Chang and Derek W. Mahaffey, and now abandoned.
BSUM
PAC  THE DISCLOSURE
PAC  Outline of Disclosure
PAR  This disclosure has several sections describing the principal parts of the
      invention. The sections and their headings are chosen for ease of
      understanding the invention. It is not intended that they be construed in
      any other manner with respect to the invention which is defined by the
      claims and according to law.
PAR  The sections of the Disclosure are as follows:
PA0  I. introduction
PA1  A. generalized Description Of The Invention
PA1  B. other Separating Processes
PA1  C. separating Metals From Their Ores And Compounds, Particularly Aluminum
      From Its Compound, Alumina (Al.sub.2 O.sub.3)
PA0  Ii. the drawings
PA0  Iii. the separating process and the separator
PA1  A. introduction
PA1  B. the Apparatus .apprxeq. .alpha.
PA1  C. detailed Description Of The Separation Process
PA2  1. Magnetofluid Dynamics
PA1  2. Change Exchange
PA2  3. Entrance Effects
PA2  4. Drag
PA2  5. Entrainment
PA2  6. Exemplary Process And Apparatus
PA0  Iv. heating and vaporization of the matter
PA1  A. the Arc Heater
PA1  B. equilibrium Composition Of The Gaseous Mixture
PA0  V. cooling and containment
PA0  Vi. references
PAC  i. introduction
PAC  a. generalized Description Of The Invention
PAR  This invention relates to a method and apparatus for reducing matter to
      constituent elements and separating the elements each from the other. More
      particularly, the invention relates to a method and apparatus for reducing
      compounds, such as metal oxides, to constituent elements and separating a
      desired element (e.g., aluminum from oxygen) using high temperature
      plasmas.
PAR  It has been known for some time that compounds will disassociate into their
      constituent elements at high temperatures. See Varney U.S. Pat. No.
      1,954,900.sup.1*. It is also known that sufficiently high temperatures
      will cause such elements to ionize .sup.5, 8. 8. The existence of
      ionization suggests that it may be possible to separate the constituents,
      one from the other, using electrical, magnetic or mechanical (e.g., mass
      difference) processes, or a combination of them. The present invention
      uses a magnetic field in combination with other factors to accomplish
      separation in an economically practical manner.
FNT  *See list of Prior References Section VI
PAR  The degree of ionization at a particular temperature varies from element to
      element. For example, the ionization potential of aluminum is about 5.98eV
      and that of oxygen is about 13.61eV. The practical effect of differing
      ionization potential and other factors (e.g., degeneracy of the lowest
      ionized state) is that certain elements of high ionization potential do
      not ionize appreciably at the temperatures where significant ionization of
      other elements takes place. Examination of the equilibrium composition of
      a gaseous mixture at elevated temperatures demonstrates that, for certain
      compounds, after disassociation, one element is partially ionized but the
      other element or elements are not significantly ionized. The degree of
      ionization is a monotonically increasing function of temperature.
PAR  The present separation process and apparatus operates upon a gas containing
      only one significantly ionized specie. Separation using only partial
      ionization means that lower temperatures can be used. Lower temperatures
      mean less energy input. Analysis shows that throughout rates of production
      for the selected specie are little affected by ionization fractions as low
      as several percent. This means that the process is operated at very small
      percentages of ionization (1-2%) and therefore significantly lower
      enthalpy relative to those processes which require full ionization (Varney
      U.S. Pat. No. 1,954,900) while still producing greater quantities of the
      selected specie. This is made practical by the very rapid (resonant)
      exchange of charge between atoms and ions of a single specie.
PAR  The invented process separates the partly ionized specie from the
      essentially un-ionized species using a magnetic field. It has been found
      that a magnetic field at an angle to the direction of flow of the partly
      ionized gas generates a separating force that operates well at plasma
      pressures so high that fluid flow rather than molecular flow exists. This
      is in contrast to the case with the Varney patent. This, together with the
      large flow velocities permitted produces large throughput rates.
PAR  The separator uses an externally generated magnetic field through which the
      entire plasma including the ions, the electrons and the neutral elements
      are allowed to flow. More particularly, a magnetic field is oriented at an
      angle such that it has been perpendicular and parallel components relative
      to the plasma flow velocity. The interaction of the perpendicular
      component with the plasma flow velocity produces a current density having
      both magnitude and direction. The interaction of the current density and
      the parallel magnetic field component produces a separating force upon the
      ions and the neutral elements of the same specie that is perpendicular to
      the plasma velocity. So that a destructive space charge is not built up,
      the current is allowed to close upon itself. For this, a structure having
      axial symmetry is provided. The net result is a separating force on the
      entirety of the partly ionized specie.
PAR  Having created a separating force that is active only upon one of the
      constituent elements, it is possible to isolate that element from the
      remaining neutral elements. The specie upon which the electromagnetic
      separation force acts will undergo forced diffusion through the other
      species and so be concentrated relative to the others in one region of the
      space. A scoop or cold wall for condensation located in this region
      completes the separation process. In the latter instance, for example, the
      ions and neutral elements of the same specie are permitted to strike a
      relatively cool surface and hence pass from the gaseous to the molten
      state as described in more detail hereinafter.
PAC  B. Other Separating Processes
PAR  For decades engineers have sought a plasma means of separating atoms from
      each other because of the purity obtainable and the high efficiency which
      ought to apply in removing selected atoms from a gas. In the 1940's the
      Calutron.sup.2 was used to obtain gram quantities of the then newly
      discovered fissionable materials. It was essentially a mass spectrograph.
      In order to remove electric space charge limitations to the rate at which
      the material could be processed, a plasma was used as the source of ions.
      This process remained essentially unchanged until 1970 when scientists at
      the Royal Institute of Technology in Stockholm announced a development
      from their homopolar fusion research device..sup.3. They had found that a
      rapidly whirling plasma acted like a super high speed centrifuge
      separating atomic species of different mass. The production rate is
      greatly increased and the cost reduced over those of the Calutron. The
      essential change which the Swedish scientists made was to bring the use of
      plasma into the processing region where bulk magnetofluiddynamic (MFD)
      processes could be brought to bear. This increased per unit of energy
      expended. For materials having a high unit value, this was an economically
      significant result. Yet, for the mundane materials used in enormous
      volumes by industry, like aluminum, copper, iron, nickel and titanium, it
      is not competitive with present means of separating those elements from
      their ores for from scrap. This then appears to be the current state of
      plasma reduction techniques using mass difference means of separation.
      Such means of separation may be characterized as separation by mass
      differences and include the Calutron, centrifuge, and the mass
      spectrograph.
PAR  Another approach is also possible. Instead of separating atoms from the
      plasma on the basis of mass differences, differences in ionization
      potential may be used. An example is the research conducted jointly by
      Columbia University and Bell Telephone Laboratories..sup.4 There, a low
      pressure gas mixture was brought into contact with a hot plate. The
      components of the gas which had low ionization potentials were highly
      ionized while the other components were not. The device was in a magnetic
      field so that the ionized fraction moved only along the field direction.
      The ionized fraction was conducted straight to a collector through holes
      and baffles with the other components moving in random direction to
      diffuse slowly through the system by collisions with the walls. The degree
      of separation could be made very high by proper design because it was
      based upon the percentage of thermal ionization of one gas component over
      another. In mass difference devices, the active force causes a separation
      that is proportional to the fractional mass differences of the components
      to be separated; but in the Columbia device, separation is proportional to
      an exponential of the ionization potential difference. This is because the
      percentage ionization is determined by a Boltzmann factor which has the
      ionization potential in an exponent. The nature of this is such that a
      factor of two difference in ionization potential can result in a factor of
      one hundred difference in percentage ionization.
PAR  Unfortunately, this approach to separation in a practical manner is
      vitiated because the moderate gas pressures which are necessary for
      reasonable production rates result in such frequent collisions between
      ions and neutral atoms that the magnetic channeling is virtually
      eliminated. Channeling is severely reduced by the square of the ratio of
      the collision frequency to the ion cyclotron frequency. In the present
      invention this is much greater than unity so there is effectively no
      separation of species by channeling.
PAR  There are other problems with such "quenching" or "cold finger" techniques
      of separation. One problem is the high reactivity of most metals with
      oxygen or sulphur (e.g., aluminum with oxygen). Quenching of aluminum
      alone is therefore rather difficult in the presence of oxygen.
      Furthermore, a rapid quenching from 5,000.degree.K to about 300.degree.K
      within the shortest possible distance inside the plasma reactor creates a
      major engineering problem. If this could be overcome, the products
      collected would probably be contaminated by oxides requiring much
      recycling.
PAR  The present invention recognizes that the principle of separation using
      ionization potential differences is valid. Indeed, existing electrolytic
      separation processes, such as the separation of alumina, Al.sub.2 O.sub.3,
      are forms of separation by ionization. The effective ionization potentials
      of the components to be separated are lowered by the use of a special
      electrolyte which in the case of alumina is Cryolite. The ionization
      potential of aluminum is 5.98eV while that of oxygen is 13.61eV. In the
      electrolyte at 1300.degree.C., the aluminum becomes positively ionized. A
      voltage is applied to the electrolyte cell and the positive ions are
      forced through it in one direction. The negative ions are forced to move
      in the opposite direction. Even allowing for partial recovery of waste
      heat, the process is less than 50% efficient in modern plants. This leaves
      room for a sizeable improvement in efficiency. The reason for the
      inefficiency in the existing process is that aluminum ions have to forced
      through the electrolyte; that is, the electrolysis takes place in a
      condensed (liquid) phase. Each molecule of the electrolyte in moving to
      let an ion pass must in turn move many adjacent molecules with which it is
      in intimate contact. The process is therefore slow and requires large
      amounts of energy.
PAR  It follows that if the electrolysis could take place in a gaseous phase
      where most of the space is empty, the resistance of the electrolyte to
      ionic motion could be greatly reduced. Indeed, the electrolyte can be
      eliminated altogether in the gas phase since it does not serve its
      function of lowering the ionization potential of aluminum. But gaseous
      ionization takes place at very high temperatures. Therefore, the price for
      lowering resistance to ionic motion is high temperatures in the range of
      4000.degree.-8000.degree.K.
PAR  Once having achieved ionization, the problem next becomes one of separating
      the ionized specie from the neutral elements. Separation by mass
      differences or the various recombination rates characteristic of ions are
      discussed above. Neither process appears to be an economically feasible
      technique for metals such as aluminum, iron, titanium and others.
PAR  The foregoing outlines other processes for separating selected atoms from a
      gaseous plasma. Brief mention has been made of the conventional
      electrolytic process for separating aluminum from its ore because it is
      somewhat analogous in that it relies upon ionization, but not partial
      ionization in a gaseous phase. The separation of aluminum is a major
      example described herein, although the invention is equally applicable to
      all elements that meet the criteria and fall within the parameters that
      are established. It is not deemed necessary to describe in detail other
      existing processes for separating common metals from their ores since such
      processes are adequately described in the literature and not specifically
      germane to the invented process.
PAC  C. Separating Metals From Their Ores And Compounds, Particularly Aluminum
      From Its Compound, Alumina (Al.sub.2 O.sub.3).
PAR  The present invention is directed toward separating one element from
      another. In the embodiments and examples described herein metals are
      separated from their compounds; i.e., aluminum from alumina (Al.sub.2
      O.sub.3). In such examples it is the partly ionized specie that is the
      desired product. However, it should be understood that the invention is
      not limited to instances in which only the partly ionized specie is to be
      recovered. The invention is a separation process. This means that the
      un-ionized specie or species may be recovered as the primary output of the
      process. It should also be understood that the invention is applicable to
      separating an element and chemical compound from each other if that is the
      manner in which the input compound dissociates and there is partial
      ionization of the element.
PAR  The principal advantage of the invented process and apparatus is in
      separating certain metals from the more electronegative elements, oxygen
      in particular, but also sulphur and silicon. These elements do not ionize
      appreciably at the temperatures where significant ionization of the metals
      takes place.
PAR  The most common and economical process in current use for a wide variety of
      metals is to separate the metal element from its ore by chemical
      treatments yielding usually an oxide, and then reducing the oxide with
      carbon. The plasma reduction process which forms this invention takes the
      place of reducing the oxide with carbon since complete separation from
      other metallic elements is not generally possible by this invention.
PAR  Certain other elements, such as the metals found in the III and IV columns
      of the periodic table tend to form stable carbides so that reduction to
      purer metals by carbon is not possible. Examples are aluminum (III),
      titanium (IV) and zirconium (IV).
PAR  Separation of an aluminum from its oxides is treated in detail herein.
      Aluminum silicate is a more widely available source of aluminum ore than
      Al.sub.2 O.sub.3. It is normally found in the form of clay. In aluminum
      silicate at 5,000.degree.K and one atmosphere of pressure aluminum ions
      are more than one thousand times as abundant as silicon ions. Accordingly,
      the present invention provides a means whereby abundant aluminum silicate
      clays may become a source of fairly pure aluminum metal whereas they had
      not been so in the past.
PAR  Titanium is commonly prepared by converting it to titanium tetrachloride
      and then purifying the tetrachloride by fractional distillation. The
      purified tetrachloride is reduced with magnesium or sodium. It is the
      reduction process which is the most expensive and which makes titanium a
      relatively expensive metal even though it is one of the most abundant
      metals in the earth's crust.
PAR  The present invention has the advantage of being able to reduce titanium
      tetrachloride without the use of magnesium or sodium residues. Use of the
      present invention for the reduction of titanium oxide is feasible although
      difficult because TiO is very stable.
PAR  Zirconium is manufactured by essentially the same process as titanium. Pure
      zirconium tetrachloride is prepared and then reduced. The present
      invention can be used to reduce zirconium tetrachloride.
PAR  As previously stated, the present invention takes advantage of the concept
      that certain metal elements are at least partly ionized at temperatures
      where there is no significant ionization of the more electronegative
      elements such as oxygen, sulphur and silicon which combine to make up
      their ores. This provides a means whereby the ionized metals can be
      separated from their compounds. Thus -- Aluminum from Al.sub.2 O.sub.3 ;
      Aluminum from Al.sub.2 SiO.sub.5 ; Iron from Fe.sub.2 O.sub.3 ; Tin from
      SnO.sub.2 ; Copper from CuO; Nickel from NiO; or Chromium from Cr.sub.2
      O.sub.3.
PAR  At temperatures high enough for alumina, by way of example, to be
      completely dissociated and the aluminum partly ionized in a gas, the
      negative charge carriers are electrons rather than ions. A simple gaseous
      electrolytic cell cannot be used for separation. For each positive
      aluminum ion that would be collected at the cathode about 50,000 electrons
      would reach the anode. (In the conventional liquid electrolytic cell only
      about one negative ion is collected for each useful positive ion.) This
      creates a difficult separation problem. If the electrons are prevented
      from flowing, a space charge will build up to such an extent that the
      ionic current will be drawn across a high voltage. This more than offsets
      the energy advantage gained in removing the cryolite through which the
      ions had to be forced.
PAR  In a plasma, any current I flowing in a region having a magnetic field B
      experiences a force I .times. B at right angles to I. So the electrons are
      forced in a new direction by their current. If the electric current is
      prevented from flowing in this direction, the electrons will begin to pile
      up and the space charge voltage will pull the ions toward them. Then they
      will both move in the I .times. B direction with the speed proportional to
      the large electron current and inversely proportional to the mobility of
      the ions and the hot gas.
PAR  This then raises the question of how to provide the current I in the first
      instance. One possibility is to use electrodes as in the conventional
      electrolytic cell. The problem with electrodes is that of joule heating as
      a source of inefficiency as well as electrode wear both in the electrode
      and in the connecting wires. In the present invention this is avoided
      because the ions are moving in the same I .times. B direction as the
      electrons so that there need be no current through surfaces and no
      corresponding joule heating and wear.
PAR  There are two ways of creating the current I without electrodes. One is to
      alternate a magnetic field through a fixed plasma. The other is to flow
      the plasma gas through the magnetic field. In either case, the gas sees an
      effective electric field whose lines of force make closed loops. Thus, if
      walls do not intersect these lines, the current produced by this electric
      field never has to leave the gas. The disadvantage of using a varying
      magnetic field is that stray currents may be induced in the walls of the
      structure containing the plasma. Therefore, a more acceptable procedure is
      to flow the gas at a high velocity through a fixed (or relatively fixed)
      magnetic field.
PAR  The direction of the magnetic field is significant. A parallel magnetic
      field can be used to separate the ions from neutral particles since
      charged particles spiral around magnetic field lines, whereas neutral
      particles are unaffected. This works very efficiently but very slowly
      because low pressures are required to avoid deleterious collisions.
      However, a magnetic field at an angle to the flow generates a separating
      force that operates well at high plasma pressures and large flow
      velocities so that large throughputs are possible.
PAR  The separation concept uses both perpendicular and parallel magnetic field
      components. A magnetic field is oriented at an angle .beta. relative to
      the plasma flow velocity v. Accordingly, the magnetic field has a
      perpendicular component B.sub..vertline. and a parallel component
      B.sub..parallel. relative to the plasma flow velocity v. The interaction
      of B.sub..vertline. with v produces a current density J. The interaction
      of J and B.sub..parallel. produces a separating force F which is
      perpendicular to v. The current is allowed to close upon itself so that
      space charges do not build up. For this reason, a structure having axial
      symmetry is provided. The separating force is either inward or outward and
      depends upon the direction of the magnetic field.
PAR  Although the present invention is described primarily in respect to
      separating metals from their compounds, it should be understood that the
      principles apply equally to separating any element which is a constituent
      part of a particular type of matter where one element can be at least
      partly ionized in a gaseous phase without substantially ionizing the other
      element or elements which comprise the matter. The invention is also
      applicable to separating a non-ionized species from two or more ionized
      species of the compound. That partially ionized element together with the
      neutral particles of the same element can be separated using the
      principles of the separator described herein. In particular, the matter is
      heated to a gaseous phase wherein the one element (specie) is at least
      partly ionized. The gas is then passed at an angle through a magnetic
      field and at a high velocity. Both the ionized and neutral particles of
      the partly ionized element are forced toward a collection point as
      hereinafter described.
PAR  A principle advantage of the invention is that separation is achieved even
      though ionization is only partial. Indeed, production rate is independent
      of percent ionization above a few tenths of a percent. This means less
      energy is required to effect the separation. No more energy need be put in
      than is required to dissociate and partly ionize one specie element at
      about 1-2%.
PAR  Another advantage of the invention is that separation takes place at
      moderate pressures, such as .5 atmospheres, rather than low pressures such
      as &lt;0.001 Atm. This permits high throughput rates making the process
      economically feasible for the amount of energy put in.
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PAC  II. THE DRAWINGS
PAR  For the purpose of illustrating the invention, there is shown in the
      drawings a form which is presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
PAR  FIG. 1 is a schematic diagram of the invented process.
PAR  FIG. 2 is a sectional view of the apparatus.
PAR  FIG. 3 is a sectional view of another embodiment of the apparatus.
PAR  FIG. 4 is a graph showing the equilibrium composition of Al.sub.2 O.sub.3
      at 1 atmosphere.
PAR  FIG. 5 is a graph showing the equilibrium composition of Fe.sub.2 O.sub.3
      at 1 atmosphere.
PAR  FIG. 6 is a graph showing the equilibrium composition of CuO at 1
      atmosphere.
PAR  FIG. 7 is a graph showing the equilibrium composition of NiO at 1
      atmosphere.
PAR  FIG. 8 is a graph showing the equilibrium composition of SnO.sub.2 at 1
      atmosphere.
PAR  FIG. 9 is a graph showing the equilibrium composition of FeNiS.sub.4 at 1
      atmosphere.
PAR  FIG. 10 is a graph showing the equilibrium composition of Al.sub.2
      SiO.sub.5 at 1 atmosphere.
PAR  FIG. 11 plots a Hartmann number against the dimensionless pressure
      gradient.
PAR  FIG. 12 is a graph schematically illustrating the interrelationship of
      current density, magnetic field and force density.
PAR  FIG. 13 is a sectional view of an arc heater.
PAR  FIG. 14 is a partial sectional view of a wall.
PAR  FIG. 15 is a partial sectional view of another embodiment of a wall.
PAR  FIG. 16 is a partial sectional view of yet another embodiment of a wall.
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PAC  III. THE SEPARATING PROCESS AND THE SEPARATOR
PAC  A. Introduction
PAR  It has been pointed out that scientists have for years considered it
      desirable to provide processes for separating gaseous atoms from each
      other. It has also been known that ionization of the gaseous atoms at high
      temperatures suggest at least the concept that separation may be
      possible..sup.5 Indeed, separation has been achieved with certain
      limitations as pointed out in respect to processes which rely upon mass
      differences and recombination rates.
PAR  Varney U.S. Pat. No. 1,954,900 is an interesting early example of a process
      for reducing metallic ores by separating ionized vapors. A metallic
      compound is heated and ionized by an arc passing between two electrodes. A
      magnet drives the arc and the ionized gas from a reduction chamber to a
      condensing chamber or receptacle. Separation is accomplished by relying
      upon velocity, mass and gravity. Thus, the higher velocity particles fall
      by gravity into a different portion of the wall of the horizontally
      positioned collecting receptacle than do the slower velocity particles.
PAR  The present invention separates a selected specie element from the
      remaining elements in the matter being processed using principles of
      magnetofluid dynamics. Before describing the invention in detail it may be
      more helpful to first briefly describe the apparatus and process in its
      entirety and then refer in detail to the basic sections thereof.
PAR  The principal aspects of the process are heating the matter from which a
      specie element is to be separated until the matter dissociates into a
      gaseous state and is at a temperature at which such specie element is
      partly ionized. At such temperature the remaining elements have no
      significant ionization and hence may be regarded as neutral. The gas and
      plasma is passed at a high velocity through a magnetic field having both
      parallel and perpendicular components relative to the direction of flow.
      The process is schematically illustrated in FIG. 1. The matter, including
      the specie element to be separated, is fed into the heater, vaporizer and
      ionizer 10 driven by an appropriate source of power. The matter then
      passes from the heater, vaporizer and ionizer 10 to the separator 12 where
      the partly ionized specie element is separated from the other elements of
      the matter. The separator 12 is energized to the extent necessary by an
      appropriate source of power which in the described embodiment is
      electrical and mechanical power. The specie element, as shown, is taken
      from the separator while by-products consisting of the remaining matter
      are appropriately processed in by-product and recycling devices 14. As
      described hereinafter, it is desirable to recycle some of the by-products
      to assist, by way of heat transfer, in the heating and ionization process.
      Excess heat could also be used to drive appropriate thermal engines.
PAR  It should be understood that the term "by-product" is used merely for
      convenience and to distinguish that matter from the separated specie
      element. Such term is not meant to imply any distinction as to the nature
      or ultimate use of the by-product made up of the neutral species.
PAR  Heaters, vaporizers and ionizers for accomplishing the heating and partial
      ionization process are described infra. Separators and the basic
      separating process are described in this section. The by-product and
      recycling processes are not described herein except that insofar as
      recycling of oxygen for heat exchange and calcining are set forth
      hereinafter. In yet another section, processes and apparatus for
      containing the hot gases are described.
PAC  B. The Apparatus
PAR  Referring to FIG. 2, there is shown an apparatus for partly ionizing one
      element in a compound and then separating the partly ionized element from
      the remaining elements of the compound. Aluminum is specifically referred
      to hereinafter. However, it should be understood that the principles apply
      generally to compounds where only one specie is ionized. As shown, the
      apparatus includes means 16 and 18 for feeding the compound into the
      vaporizers 19 and 20 described hereafter. The specific manner in which the
      compound 20 is fed into the vaporizers is not part of the present
      invention. Hence, it need not be described in detail.
PAR  The vaporized compound passes from the vaporizers 19 and 20 into the arc
      heaters 22 and 24, provided with an appropriate cooling means. This
      compound is further heated until it dissociates into a gas consisting of
      the dissociated constituent elements. Although only two arc heaters 22 and
      24 are shown, it should be understood that additional heaters may be
      positioned around the periphery of the top of the separator 26 for feeding
      the desired amount of gaseous material into the apparatus.
PAR  The vaporized and dissociated compound is further heated to ionization
      temperature by arcs 23 and 25 positioned within the magnetic field B. If
      desired ionization can be accomplished using a radio frequency field
      rather than the arcs 23 and 25. Ionization must take place within the
      magnetic field. Otherwise, the ionized particles will not enter into it.
PAR  The separator 26 is positioned immediately below the arc heaters 22 and 24
      and, as shown, comprises a structure having a generally frusto-conical
      interior wall 28. The gas pressure generated in the arc heaters 22 and 24
      feed the plasma into the separator 26 at an angle and velocity generally
      parallel to the wall 28 such that gaseous plasma flows with the
      appropriate velocity along the wall and at an angle .beta. to the magnetic
      field B generated by the magnetic coil 30. Magnetic coil 30 is of the
      super conductive type (cryogenic) so as to be capable of generating a
      magnetic field of the appropriate field strength as hereinafter more
      specifically described.
PAR  The wall structure 28 of the separator 26 may be made of porous material
      (preferably the same as the ore) through which is forced liquid, or liquid
      metal, or a combination of them (e.g., liquid aluminum, liquid alumina, or
      a combination of liquid aluminum and liquid alumina) for transpiration
      cooling as more particularly described hereinafter in Section V. The wall
      could also be alumina which is allowed to vaporize and is replaced from
      time to time or continuously.
PAR  The separated metal condenses on the lower portion of the wall structure 28
      and flows down into the annular receptacle 32 where it is collected, and
      from which it may be tapped off through the outlet 34. A slag 38 is shown
      floating above the metal 36 within the receptacle 32. Dense slag 39 is
      shown at the bottom of receptacle 32.
PAR  The outlet 40 is provided for exhausting and recycling by-product gases and
      other matter from which the metal has been separated. Such by-product
      gases will consist primarily of oxygen as, by way of example, in the case
      of separating aluminum from Al.sub.2 O.sub.3 and iron from Fe.sub.2
      O.sub.3.
PAR  The structure shown in FIG. 2 can be modified such that plasma and gas flow
      along the outer surface of a cone. The separation process works equally
      well and a central ionizer at the apex of the cone could be used.
PAR  Referring now to FIG. 3, there is illustrated yet another apparatus
      embodying the principles of the invention. As shown, a compound, such as
      alumina, is fed by the feed means 44 and 46 into the channels 48 and 50.
      The means for feeding the compound into the channels 48 and 50 does not
      form a part of the present invention and hence is not described in detail.
      Additional feed means, as desired, may be provided.
PAR  The compound, moving at a high velocity, is deflected by deflector 52 into
      the melting section 54 where it is melted and heated to a temperature
      close to the boiling point of the compound. The compound is heated to this
      condition by a heat exchange process with oxygen fed back from the
      separator after the aluminum has been removed from the gas. As shown, the
      fed back oxygen impinges upon the oxygen deflector 58 so that it flows
      over and past the particles to heat and melt the same. The deflectors 52
      and 58 also serve to guide the oxygen into chamber 62 from which it is
      exhausted through port 64 to a heat engine, calcining plant, or the like.
PAR  The vaporization of the compound is illustrated in FIG. 3 by showing it in
      particle form in the region 66. In the region 68 it is illustrated in its
      liquid form by depicting droplets.
PAR  The liquified compound moves at a high velocity into the separating section
      76. At the top of this section it is vaporized and ionized by plasma
      torches 84 and 86.
PAR  As shown in FIG. 3, the annular channel through which the gaseous vapors
      are directed is conical, as defined by the annular wall 78 and the outer
      wall 80. This causes the gaseous vapor to flow at an angle to the magnetic
      field B generated by the super conductive magnetic coil 82.
PAR  The liquified compound is heated so as to provide vaporization and the
      requisite partial ionization of the selected element to be separated from
      the other elements by means of plasma jets positioned at the head of the
      conical channel defined by the walls 78 and 80. The plasma jets are
      generated by plasma torches 84 and 86 driven by an appropriate source of
      electrical power. Such torches may be three phase alternating current
      torches which can be operated at 90% thermal efficiency to produce gases
      at temperatures of 5,400.degree.K-7,000.degree.K. If desired, a rotating
      arc process for vaporizating and partially ionizing may augment the plasma
      torches. Such rotating arc is illustrated in FIG. 13 and described in
      Section IV, infra.
PAR  The magnetic coil 82 is preferably a solenoid which surrounds the entire
      conical annular channel 77 and generates a magnetic field B parallel to
      the axis of the apparatus. The length of the coil 82 is such that
      ionization takes place within the magnetic field.
PAR  As explained in more detail hereinafter, the combined interaction of the
      perpendicular magnetic field component B.sub..vertline. and the parallel
      magnetic field component B.sub..parallel. acts upon the ionized element to
      drive it toward one of the walls 78 or 80. Since the magnetic field B is
      mostly in the direction of flow of the ionized element and such flow is
      angled inwardly toward the axis of the apparatus, the partially ionized
      element is driven and therefore diffuses toward the outer wall 80 and
      flows downward to be collected in the receptacle 88. A slag 90 is shown
      floating on the top surface of the liquid metal 92. The liquid metal may
      be tapped out of the receptacle 88 via conduit 94.
PAR  The remaining elements of the gaseous vapors, such as oxygen in the case of
      separating aluminum from alumina, returns through the center of the
      annular wall 78 as indicated by the arrows. From there it is conducted to
      the deflector 58 for a heat exchange with the incoming metal ore as
      described previously.
PAR  The walls of the apparatus are appropriately cooled either by convective
      cooling or transpiration cooling as described in more detail in Section V.
      Ablative walls may also be used. So as not to unduly complicate the
      description of the invention, such cooling means are not shown in FIG. 3.
      However, it should be indicated that the walls are preferably made of the
      same material as the matter being reduced. By way of example but not
      limitation, the walls may be made of sintered alumina when separating
      aluminum.
PAR  The recirculating oxygen or other gaseous matter will also revaporize some
      of the slag 90 and conduct it through the apparatus where it will again
      become entrained with the incoming particles and be recycled for further
      separation of the selected element.
PAC  C. Detailed Description Of The Separation Process
PAR  In this section, it is assumed that the gas which contains the elements to
      be separated has already been heated to a temperature where it is
      dissociated into its various atomic constituents and one element is partly
      ionized. This is graphically illustrated in FIGS. 4, 5, 6, 7, 8, 9, and 10
      in which the equilibrium composition of various compounds is plotted. FIG.
      4 is the equilibrium composition of Al.sub.2 O.sub.3 at one atmosphere.
      Note that 2% ionization occurs at approximately 5,000.degree.K in FIG. 4.
      FIG. 5 is the equilibrium composition of Fe.sub.2 O.sub.3 at one
      atmosphere. FIG. 6 is the equilibrium composition of CuO at one
      atmosphere. FIG. 7 is the equilibrium composition of NiO at one
      atmosphere. FIG. 8 is the equilibrium composition of SnO at one
      atmosphere. FIG. 9 is the equilibrium composition of FeS.sub.2.NiS.sub.2
      at one atmosphere. FIG. 10 is the equilibrium composition Al.sub.2
      SiO.sub.5 at one atmosphere. The temperature at which between 1-10%
      ionization takes place is easily read from these graphs.
PAR  Each of these graphs shows that there exists significant ionization of one
      element in the compound between 5,000.degree.-6,000.degree.K. This
      inequality may be found in other compounds of which the foregoing graphs
      are exemplary. It should be indicated that the curves illustrated in FIG.
      4-10 are valid only for gases, not solids. It should also be indicated
      that these graphs are shown as being examplary of ionization of one
      element in a compound. They are not intended to limit the applicability of
      the process. For example, the process is also useful for sulphide ores.
      Further still, the sought after element need not be the partly ionized
      element. The process is one of separation. Hence the desired element could
      be the one that is not ionized. Moreover, the desired "element" could even
      be a compound.
PAR  The process is applicable to raw are as mined. The only treatment necessary
      is grinding and drying. The only exception to this would be the unexpected
      situation where an ore includes significant quantities of an element
      having an ionization potential at or lower than the ionization potential
      of the element sought. In that instance further separation by flotation or
      chemical treatment to remove the unwanted element may be necessary.
PAR  The invention is based upon the fact that the selected specie element, such
      as aluminum ions (Al+), is the major ionic species in a gaseous mixture
      between 5,000.degree.K and 10,000.degree.K. Since the cross section of
      charge exchange between an atom and an ion of the same element is very
      large, each selected specie element has a high probability of being
      ionized within a short period of time. By applying a magnetic field to the
      mixture of gas and plasma, the partially ionized flow of the selected
      specie element (e.g., Al with Al+) is affected by the magnetic field.
PAR  A chamber is provided in which a continuously generated ring of mixed
      plasma (partly ionized specie) and gas is forced to flow along the surface
      of a cone in an axial-magnetic field. By Lenz's law a conductor resists
      the change in the total magnetic flux which it encompasses. Consequently,
      the conducting plasma experiences a force which the non-conducting gas
      does not directly experience. This force produces a separation of the
      plasma and gas. For purposes of illustration, not limitation, specific
      reference is made herein to the separation of aluminum from alumina.
      However, the general application of the concept to other forms of matter
      is readily apparent from the equations and examples set out infra.
PAR  The term "plasma" is used throughout this specification. As used herein, it
      is intended to mean that portion of an ionized gas or vapor of such extent
      that within it static charges are statistically screened by charges of
      opposite sign and of small extent compared to the extent of the gas.
PAR  FIG. 2 shows the separator 26 with a conical wall 28. It is fed with an
      input of aluminum and oxygen in which at least part of the aluminum is
      ionized (Al+). The coil 30 provides a uniform magnetic field B having the
      direction indicated by the arrow. The flow of the plasma and gas is
      parallel to the wall 28 of the separator 26 and hence at an angle .beta.
      to the magnetic field B.
PAR  In the separator 26, the hot gases (consisting of aluminum ions, electrons,
      neutral aluminum atoms and neutral oxygen atoms) flow along the conical
      wall gas and In FIG. 3, the flow channel 77 is defined by walls 78 and 80.
      In the embodiment shown in FIG. 2, the width of the flow channel is
      defined by the inlet from the arc heater 22 and 24. The gas is moving at a
      velocity v less than the speed of sound and at an angle .beta. to the
      magnetic field B. The magnetic field is produced by the coil 30 (a super
      conducting solenoid in a liquid helium bath) and is nearly uniform over
      the cross section of the separator 26. As the hot gas plasma move along
      the chamber wall, a large current carried primarily by the electrons is
      produced. The electrons exist by virtue of having been pulled off of the
      aluminum atoms.
PAR  The electrons flow around the axis of the separator by reason of the fact
      that they are being forced to move at right angles to the perpendicular
      component of the magnetic field B.sub..vertline. and the gas velocity.
      This motion produces a current density J circulating around the axis of
      the machine. This circulating current, which closes upon itself, in turn
      interacts with the parallel component of the magnetic field
      B.sub..parallel., producing another force on the electrons. This force
      density F is either radially in or out. If the plasma is travelling down a
      converging conical path, as shown in FIG. 2, the force is, by Lenz's law,
      outward. If the conical path is a diverging one, the force F would be such
      as to oppose that and hence would be radially inward.
PAR  In FIG. 2 the electrons are diffusing toward the wall 28 of the separator
      26. As they start to move, an electric field arises due to the separation
      between the ions (Al+) and the electrons. This radial field pulls the ions
      after the electrons toward the wall surface 28 where they flow into the
      receptacle 32. The foregoing relationships between the magnetic field B,
      the current density J and the force F density is shown in FIG. 12. Note
      that the force is everywhere outward.
PAR  The force density is
      ##EQU1##
      where the terms are as defined above and
PA1  .eta. is the resistivity of the gas and plasma.
PAR  It should be recognized that there is a charge exchange between the neutral
      aluminum atoms and the aluminum ions. An electron may jump from an atom to
      a nearby aluminum ion, thus converting that ion back into an aluminum
      atom. The atom that just lost the electron is now an ion which now feels
      the pull of the electrons moving toward the wall. By averaging out this
      exchange between neutral aluminum atoms and aluminum ions over a given
      time scale, any given aluminum atom appears to have a positive charge
      which is less than the electron's charge. Thus, all of the aluminum atoms
      can be regarded as "partial aluminum ions". The electric field created by
      the electrons is large enough to pull all of the aluminum atoms.
PAR  Stated otherwise, the resonant charge exchange is important to the
      fulfillment of the process. Typically, the resonant charge transfer cross
      section is approximately 10.sup.-.sup.14 cm.sup.2. This means that a given
      atom changes its ionization state approximately 10.sup.7 times per second
      for a temperature of several thousand degrees K and a pressure of the
      order of one atmosphere. Accordingly, an aluminum atom can only move a few
      tens of microns before changing its ionization state. This fact means that
      a very small percentage of ionization is capable of moving the whole body
      of aluminum by electric forces.
PAR  It should be indicated that equation 1 states the condition at any one
      position of the partly ionized gas mixture within the magnetic field.
      Thus, the velocity v may vary along the direction of flow of the gas.
      Indeed, the velocity of the gas will increase as it flows from the
      entrance to the exit of the separator 26. Such velocity is, preferably
      less than the speed of sound. It should be understood, however, that the
      invention is equally applicable at supersonic velocities provided that
      cooling and heat exchange problems existing at such velocities can be
      resolved. Still further, the angle .beta. in the embodiment shown in FIGS.
      2 and 3 is fixed. However, the wall of the separation device may, if
      desired, be contoured to thereby vary the separating force, if desired.
PAR  As shown below, the electric force on each ion is nearly inversely
      proportional to the ionization of the ionized specie such as aluminum.
      Thus the total force per unit volume (force per ion times the number of
      ions per unit volume) as given by equation (1) is nearly independent of
      the percentage ionization. This can be carried only so far, however before
      .eta. increases much. The limit is around few tenths percent ionization of
      the aluminum. This is an advantageous situation because partial ionization
      of about 1% is the amount of ionization that occurs when alumina for
      example is heated to a high enough temperature to thoroughly dissociate
      the molecule into its constituent atoms. What this means is that no more
      energy has to be put into the process of heating than would be required to
      fully dissociate the alumina. Stated otherwise, very little more energy
      than is required to dissociate the compound need be used to partially
      ionize the species to be separated, and little more than that to
      accomplish separation. Large quantities of energy for full or substantial
      ionization of the selected species is not required.
PAR  The governing equations for calculating the performance and design
      requirements of the process consist of the fluid mechanical conservation
      equations for mass, momentum and energy and the electromagnetic field
      equations. Derivations of the fluid mechanical equations from rigorous
      kinetic theory are well known and may be found in standard reference texts
      on the subject.
PAL  1. Magnetofluid Dynamics
PAR  The purpose of this section is to derive an equation for the flux density
      of aluminum so that the throughput of the machine may be calculated.
PAR  The time independent momentum balance equation for partially ionized
      aluminum (.alpha. is the fractional ionization) is (neglecting the
      convective derivative as small):
EQU  n.sub.A.alpha. e(.gradient..phi.-V.sub.A .times.Bv.sub.+ .kappa..gradient.(
      n.sub.A T) + n.sub.A m.sub.A .sup..fwdarw..sub.A (v.sub.A -v.sub.o)= 0 (2)
PAL  where
PA1  n.sub.A is the number density of aluminum atoms and ions
PA1  e magnitude of electronic charge
PA1  v.sub.A drift velocity of aluminum atoms and ions
PA1  B is the magnetic field
PA1  .kappa. is Boltzman's constant
PA1  T is the temperature of the gas and plasma
PA1  m.sub.A is the mass of an aluminum atom or ion
PA1  v.sub.o is the flow velocity of the oxygen
PA1  .phi. is an electric potential which will arise and
PA1  .nu..sub.A is the collision frequency for momentum transfer from an
      aluminum atom to oxygen atoms.
PAL  Because of the small mass of an electron, .nu..sub.A is taken as much
      greater than the momentum transfer collision frequency between an aluminum
      atom and electrons.
PAR  From Equation (2) the mean velocity of aluminum atoms can be derived in a
      straightforward manner taking the x-axis along B. By symmetry
      .delta..sub.z .phi. = .delta..sub.z (nT) = 0. Then the angle between B and
      v.sub.o is
EQU  .beta. &lt;&lt; 1                                                (3)
PAL  and
      ##EQU2##
      Once defined in this disclosure, terms are not redefined.
      ##EQU3##
      where the subscripts x y and z denote x y and z components.
PAR  The momentum balance equation for electrons is
EQU  n.sub.e e(.gradient..phi.-v.sub.e B) - k.gradient.(n.sub.e T) - n.sub.e
      m.sub.e.nu..sub.e (v.sub.e -v.sub.A) = 0                  (7)
PAL  where
PA1  n.sub.e is the number density of electrons
PA1  v.sub.e is the drift velocity of the electrons
PA1  m.sub.e is the electron mass
PA1  .nu..sub.e is the collision frequency for momentum transfer from an
      electron to aluminum.
PAR  Because of the long range of the force between an electron and aluminum
      ions, where .alpha.  0.01, .nu..sub.e is much greater than the momentum
      transfer collision frequency between an electron and oxygen atoms.
PAR  From Equation (7) the mean velocity of electrons can be derived in a
      straightforward manner:
      ##EQU4##
      Substituting for .delta..sub.y .phi. from Eq. (9) into Eq. (5) yields
EQU  v.sub.Ay = -.beta. v.sub.o
      ##EQU5##
      The Debye length is very small compared with 1 centimeter so approximate
      charge neutrality will obtain:
EQU  n.sub.e .apprxeq. .alpha. n.sub.A                          (12)
PAR  because the outer and inner wall, if any, are electrically isolated,
      little, if any, electrical current will flow normal to their surfaces,
      i.e. in the y-direction. Hence,
EQU  n.sub.e v.sub.ey .apprxeq. n.sub.A v.sub.Ay                (13)
PAL  In view of Eq. (12) this becomes
PAL  v.sub.ey .apprxeq. v.sub.Ay                                (14)
PAL  Thus the term involving v.sub.ey -v.sub.Ay in Eq. (11) can be eliminated.
      Substituting for v.sub.ez from Eq. (10) into Eq. (11) then yields
EQU  v.sub.Ay = -.beta. v.sub.o
      ##EQU6##
      Utilizing Eq. (14) again in Eq. (15) yields
      ##EQU7##
PAR  The desired aluminum collection velocity is the velocity normal to the
      collecting surface:
EQU  v.sub.c = v.sub.Ay +.beta.v.sub.Ax .apprxeq. .beta.v.sub.o
      ##EQU8##
      where
      ##EQU9##
      are of first order in .beta. so their products with first order quantities
       may be neglected.
PAL  and
      ##EQU10##
      Since the cross section for electron collisions with ions is very much
      larger than it is with neutral atoms, the former will control the
      resistivity when .alpha. is more than a few percent. The cross over from
      neutral to ionic collision occurs currently at about 4000.degree.K.
      Extrapolating Spitzer's theory.sup.9 for .eta.:
      ##EQU11##
      For T = 6000.degree.K and B = 3 webers/meter.sup.2 and .eta..sub.A = 4.88.
      10.sup.23 /meter.sup.3 the parameter in the denominator of Eq. (17)
      becomes
      ##EQU12##
      Thus Eq. (17) can be rewritten approximately as
      ##EQU13##
      Equation (23), therefore gives the separation flux density of the aluminum
      relative to the oxygen.
PAR  Since the steady state flow of aluminum must be divergenceless, the average
      value of n.sub.A v.sub.c is independent of .gamma. and it may be computed
      where .delta..sub.y (n.sub.A T) = 0, i.e. near the central surface of a
      separation region of the machine. In this region only the first term on
      the right of Eq. (23) is important. A strange thing can be seen in this
      case: the throughput rate is nearly independent of .alpha. the fractional
      ionization. It might have been assumed that since the force exerted on a
      mass of aluminum atoms by a given electric field is porportional to
      .beta., their resulting velocity, v.sub.c, would have been proportional to
      .alpha.. However, the (small) electric field applied to the ions by the
      electrons goes like 1/.alpha. in order that Eq. (12) may be satisfied. The
      resistivity .eta. is nearly independent of .alpha.. Thus the lowest
      temperature, 4500.degree.-5000.degree.K, for which these conditions hold
      will be best, i.e. have lowest .alpha..
PAL  2. Charge Exchange
PAR  It has been determined that there is a very large resonant charge exchange
      cross section. Its important is that the ion and atom of aluminum can be
      regarded as a single species, as stated above. The cross section for
      resonant single charge transfer between an aluminum atom and a single
      charge aluminum ion is estimated from a formula using an adiabatic
      approximation..sup.6 Using this approach, it appears that the cross
      section for resonant single charge transfer between an aluminum atom and a
      singly charged aluminum ion is:
EQU  1.73.times.10.sup..sup.-14 sq cm at 5000.degree.K
PAR  the foregoing equations can be used to predict accurately the performance
      characteristics of a separating apparatus such as shown in FIGS. 2 and 3.
PAR  The foregoing equations may also be solved to provide steady state
      solutions for the machine. To solve them apart from the use of a computer
      requires certain assumptions. In particular, the accumulation terms for
      mass, momentum and energy are neglected and, in most instances, the
      constancy of the transfer coefficients is assumed. The validity of these
      assumptions does not hold in all cases. But certain valid conclusions can
      be derived regarding machine size, magnetic field requirements, separation
      length in the effective bulk motion on the transfer process occurring
      during separation.
PAL  3. Entrance Effects
PAR  To calculate the rate at which a boundary layer develops near the entrance
      of a two-dimentional channel, an integral approximation may be used to
      solve the momentum equation in incompressible flow. It is concluded that
      provided the Hartmann number is in the order of 10 or larger, the entrance
      length may be neglected and the pressure gradient may be determined from a
      study of flow equations.
PAL  4. Drag
PAR  It is necessary to calculate the pressure gradient required to overcome the
      viscous and magnetofluid dynamic drag. The pressure gradient may be
      calculated as a function of the average flow velocity, u.sub.m and the
      applied magnetic field, B.
PAR  In a fully developed channel flow, the pressure   gradient may be computed
      from the following equation
      ##EQU14##
      in dimensionless form. Where
      ##EQU15##
      For fully developed flow,
      ##EQU16##
PAR  The boundary conditions are
EQU  u = 0 at y = 0
EQU  u = 0 at y = 2                                             (25)
PAL  The result is shown in FIG. 11.
PAL  5. entrainment
PAR  One difficulty with the plasma reduction process described herein is the
      tendency of the ionized species to drag the neutral species along with it.
      Including the neutral gas motion leads, for large magnetic forces, to a
      modified picture of the separation process in which initially both species
      are pushed toward the same side as soon as the gas enters the magnetic
      field. Then the neutral gas diffuses back to its original distribution
      while the partly ionized specie continues to diffuse in the enrichment
      direction. This reduces initial collection velocities by about a factor of
      two.
PAR  The temperature of the wall is kept so high in the separator that the
      aluminum in the vapor phase does not condense until it leaves the
      separator.
PAL  6. Exemplary Process And Apparatus
PAR  The following equations represent gross approximations to solutions of the
      previously derived equations. However, they give relevant indications of
      scale, size and other operating parameters.
PAR  Before separation can occur, one species within the matter must be partly
      ionized. The ionization percentage must be much greater than that at which
      the frequency of electron momentum transfer collisions with atoms equals
      that with ions. When the former approximately equals or exceeds the
      latter, instabilities will prevent further separation. Ionization
      percentages exceeding the requirement stated above may be wasteful of
      energy if it occurs near walls as in the flow channel. For two parts
      aluminum in three parts oxygen, the condition is fulfilled at about 2%
      ionization. Use of lower grade clay inputs would increase by a factor f
      the dilution of aluminum. Thus, the temperature would have to be raised
      somewhat until the percentage ionization was f .times. 2%. This assumes
      comparable collision cross sections per atom; if the cross sections are
      larger, the percentage ionization would have to be increased still more.
      For the separation of matter other than aluminum compounds, the same kind
      of effect occurs. Large electron-atom cross sections require higher
      percentage ionizations. However, the percentage ionization should not have
      to go over 10% unless the concentration of the compound being separated
      drops below about 10 percent.
PAR  For the separation of aluminum, the apparatus shown in FIGS. 2 and 3 is fed
      from the feed bins with commercial grade alumina powder. The powder flows
      from the feed means 16 and 18 into the arc heaters and vaporizers. At this
      point it has reached the temperature of about 5,000.degree.K where the
      gaseous vapor contains about 2% aluminum ions. Physical separation now
      begins.
PAR  In the first few decimeters, the aluminum and oxygen are both moved toward
      the wall 28 (FIG. 2) or the wall 80 (FIG. 3) with the magnetic force
      density from equation (1) with .beta.&lt;&lt;1
      ##EQU17##
      Where: M = Mach No. (e.g. 0.5)
PA1  v.sub.s = speed of sound (e.g. 1735m/sec)
PA1  B = magnetic field (e.g. 7.5 webers/m.sup.2)
PA1  .beta. = angle between flow and magnetic field direction (e.g. 0.1 radians)
PA1  .eta. = plasma resistivity (e.g. 7.4.times.10.sup.-.sup.4 ohm meters)
PAR  The embodiment in FIG. 3 uses the inner wall 78 to confine the flow of the
      gaseous plasma. However, the magnetic pressure gradient for this example
      is sufficient to confine the plasma flow against the outer wall. Hence, no
      inner wall is illustrated in the embodiment of FIG. 2.
PAR  As shown in FIG. 2, the oxygen is allowed to escape from the central
      section of the apparatus from where it may be conducted to a calcining
      plant. There it may be cooled and exhausted as a by-product. The aluminum
      continues to be held to the wall by the magnetic force density as the
      oxygen diffuses out of it. As the oxygen pressure inside the velocity
      stream is relieved and the Mach number increases, the aluminum will
      compress to about 40% of its original channel width and 75% of the
      aluminum will be contained in 20% of the original channel width. The
      enriched aluminum flows along the wall into the collection region defined
      by receptacle 32 where it is condensed. It should be indicated that
      channel widths of the input stream of plasma and gas is on the order of a
      decimeter.
PAR  The exemplary magnetic field stabilizes the gaseous flow to transverse
      Reynolds numbers of about 6,000. However, a better approach is to take the
      Reynolds number at a substantially lower value as such:
      ##EQU18##
      where   is the channel width
PA1  .nu. is the kinematic viscosity
PAR  The pressure drop through the separator should be nearly as great as the
      inlet pressure in order to get the greatest effectiveness out of the inlet
      pressure and reduce unnecessary thermal loading of the walls. Thus, it can
      be stated that outlet pressure is as follows:
EQU  P.sub.out &lt;&lt; P.sub.in                                      (28)
PAR  The production rate R for a machine is determined according to the
      following formula:
      ##EQU19##
      where X is the diameter of the machine
PA1  m.sub.a is the mass of an aluminum atom
PA1  The factor 0.75 represents 75% collection utilizing a collector having a
      width equal to 0.2w (channel width).
PA1  The factor 0.4 is the atomic fraction of aluminum
PAR  The channel width is determined using equations (29) and (27) to yield
      ##EQU20##
      and
      ##EQU21##
PAR  The height of the separating section 76 is determined in the following
      manner:
      ##EQU22##
      where D is the diffusion coefficient of oxygen through aluminum vapor,
      ##EQU23##
      where .lambda. is the mean free path for momentum transfer between an
      oxygen atom and the aluminum atoms .apprxeq. 10 micrometers at one
      atmosphere total average pressure, (P.sub.in /2)
PA1  v is the mean collision speed between oxygen and aluminum atoms .apprxeq. 3
      km/sec
PA1  n.sub.o is the average density of oxygen in the channel = 9.10.sup.17
      /cm.sup.3 at one atmosphere total pressure and .tau. is the diffusion time
PAR  The factor of 0.2 multiplying w represents the fact that for 75% collection
      of aluminum, the oxygen needs to diffuse only a distance = 0.2 w.
PAR  From Equations (32) and (33)
      ##EQU24##
      and the height of the separator is
      ##EQU25##
      where v.sub.s is the speed of sound = 2 km/sec.
PA1  The factor of 2 is to account for the fact that the average Mach number
      exceeds the inlet Mach number, M.
PAR  The magnetic field required to establish the initial compression of the
      inlet gases against the outer wall is given by:
      ##EQU26##
PAR  The flow angle is calculated in the following manner.
PAR  The pressure drop needed to force the gas against the electromagnetic drag
      is given by:
      ##EQU27##
      Thus, the production rate per meter is uniquely determined by the flow
      angle .beta.. Substituting Eq. (38) into equation (36) yields:
      ##EQU28##
PAR  Obviously, the larger the magnetic field B, the better the operation of the
      process. However, there are limitations. Costs mount rapidly beyond about
      7 webers/m.sup.2. However, this is subject to the advance of technology.
      Still further, magnetic pressure becomes dangerous and causes structural
      problems much above 7 webers/m.sup.2. Magnetic pressure at that field
      strength is 190 atmospheres.
PAR  It should also be noted that equation (39) provides a means for determining
      input pressure P.sub.in.
EQU  .beta. = w/H                                               (40)
PAR  preferably, the angle .beta. between the flow direction and the magnetic
      field B should be limited to less than 15.degree. in order to achieve
      small electromagnetic drag. It should be greater than 0 in order to limit
      the height of the separator. The preferred range is between 2.degree. and
      8.degree. .
PAR  The foregoing figures were calculated to two places and rounded off to one
      so some apparent inconsistency may be noted.
PAR  The foregoing shows that such a machine is capable of producing aluminum at
      rates of tens of tons per day in an apparatus whose dimensions are
      measured in meters and using moderate flow rates.
PAC  VI. HEATING AND VAPORIZATION OF THE MATTER
PAC  A. The Arc Heater
PAR  It is apparent from what has been stated heretofore that the matter from
      which a constituent is to be separated must be heated to form a vapor
      (gas) and that the selected constituent be partly ionized. A means of
      heating is disclosed using a rotating arc.
PAR  It is necessary to heat alumina (Al.sub.2 O.sub.3) to about 4,000.degree.K
      to cause it to vaporize. It is known that electrical discharges can supply
      sufficient energy to cause such heating. See Varney U.S. Pat. No.
      1,954,900. The problem with electrical discharge heating is that it is
      difficult to maintain the particles being heated within the arc long
      enough to acquire sufficient energy. In accordance with what is disclosed
      herein, an arc is rotated to define a cone. The solid particles are
      retained within the cone until they are vaporized. Upon vaporization, they
      pass through the cone.
PAR  There are two basic enthalpy transfer problems encountered in trying to use
      an electric arc as a source of heat. First, because the gas and the
      particles entrained therein are heated as they approach an arc, the
      density of the gas and particles is reduced as it approaches the arc. The
      result is that most of the mass flow tends to avoid the discharge channel.
      Second, the time during which the material (gas and solid particles) to be
      heated is in the vicinity of the arc (the residence time) must be
      relatively long if a refractory material such as Al.sub.2 O.sub.3 is to be
      vaporized and dissociated.
PAR  In a high speed gas flow heater, with short residence times, refractory
      materials can be vaporized only if they pass through a part of discharge
      volume where the gas, at the moment, is dissociated. This is necessary for
      large enthalpy transfer to the solid or liquid. Plasma jets are not well
      suited for this heating task. The difficulties are short residence time
      and getting an appreciable proportion of the material into intimate
      association with the arc and the dissociated gas. A rotating arc, however,
      meets and overcomes this problem.
PAR  The arc heater referred to in discussion of FIG. 2 is shown in FIG. 13. The
      heater includes a cathode 100 positioned along the axis of a cylindrical
      chamber defined by the wall 104. An annular anode 102 is mounted in the
      chamber wall 104 and spaced axially from the cathode 100. The chamber wall
      104 is surrounded by an electrically conductive solenoid coil which
      generates a uniform magnetic field B.sub.o, parallel to the axis of the
      chamber. The effect of the magnetic field B.sub.o is to interact with the
      arc current to force the arc 106 to rotate. The rotating arc 106 in effect
      defines a conical arc wall. To provide uniform heating of all of the feed
      material, the time for one revolution of the arc must be considerably less
      than the time required for the material to pass through the region being
      heated by the arc.
PAR  The rotating arc is effectively a cone of highly ionized plasma having a
      temperature in excess of 5000.degree.K. The wall is approximately 3 mm.
      thick. The interaction of the magnetic field B.sub.o with the arc current
      I to generate a force (B.sub.o .times. I) is sufficient to rotate the arc
      at between 6,000 to 12,000 r.p.m. At 12,000 r.p.m. the rotating arc will
      pass through each point in the conical arc wall 200 times per second. For
      reasons explained hereinafter, the solid and liquid feed material will see
      the rotating arc as a solid wall. The structural wall 104 is made of a
      highly thermally insulating material or is convectively cooled as
      described hereinafter.
PAR  In the example shown, the material being fed is alumina (Al.sub.2 O.sub.3)
      particles which may have been preheated by oxygen to liquid droplets.
PAR  The arc wall created by rotating arc 106 functions to keep all solid and
      liquid particles in Zone II until they are vaporized. The vaporization of
      material in Zone II provides sufficient pressure to cause the gas and
      vapor to flow out of Zone II into Zone III and thence into the separating
      apparatus 26 shown in FIG. 2.
PAR  The conical rotating arc provides a sufficiently long residence time to
      vaporize solid particles because the vaporization of the leading edge of
      the particles supplies a force that pushes the particles away from the
      arc. Thus, the particle will not pass through the arc until it is
      completely vaporized.
PAR  The plasma arc generated between the cathode 100 and the annular anode 102
      has a temperature greater than 10,000.degree.K. At a predetermined
      elevation above the arc, a generally spherical particle enters at a
      negligible initial velocity. The particles are moving downward under the
      influence of gravitational force and drag exerted by the ambient gas. When
      the particle comes in contact with the plasma arc, heat is being
      transferred from the arc to the particle through the contact surface of
      the particle. If the heat transfer rate is fast enough, and the downward
      motion of the particle slow enough, the particle is partially vaporized.
      The vapor is released from the contact surface of the particle. This vapor
      ejection exerts a thrust on the particle away from the arc. Thus, the
      motion of the particle is governed by the gravitational force, drag force,
      and the thrust due to vapor ejection.
PAR  The force due to the escaping vapors eject particles up to several tens of
      micrometers diameter back out of the arc. Thus, the particle is trapped
      above the arc until complete vaporization takes place.
PAC  B. Equilibrium Composition Of The Gaseous Mixture
PAR  Fundamental to the operation of the present process is the fact that
      certain elements will at least partly ionize at a temperature where there
      is no significant ionization of the other constituent elements. Stated
      otherwise, the process operates upon the existence of a major ionic
      species among other neutral elements within a high temperature gaseous
      mixture. Specific mention has already been made of the ionization of
      aluminum from the gaseous mixture of vaporized Al.sub.2 O.sub.3. Reference
      is made to FIG. 4 wherein the equilibrium composition for a gaseous
      mixture of 40 atomic % aluminum and 60 atomic % oxygen at 1 atmosphere is
      shown. FIG. 4 also shows that the suboxides Al.sub.2 O.sub.2, Al.sub.2 O
      and A10 also exist at the low temperature ranges. The vapor leaving this
      arc must have a low temperature (4000.degree.K) so as not to be ionized
      until it is positioned in the separation channel where another arc heats
      it up to .about.2% ionization (5000.degree.K).
PAR  Since the present invention has equal applicability to other compounds
      where a major ionic specie in a gaseous mixture can be created,
      equilibrium compositions for different metal ores are shown in FIGS. 5-10.
      FIG. 5 plots the equilibrium composition of Hematite (Fe.sub.2 O.sub.3) at
      1 atmosphere. FIG. 7 plots the equilibrium composition of Bunsenite (NiO)
      at 1 atmosphere. And FIG. 6 plots the equilibrium composition of Tenorite
      (CuO) at 1 atmosphere. FIG. 10 plots the equilibrium composition of
      (Al.sub.2 SiO.sub.5). FIG. 9 plots the equilibrium composition of
      Pentlandite (FeNiS.sub.4). FIG. 8 plots the equilibrium composition of
      Cassiterite (SnO.sub.2) at 1 atmosphere.
PAC  V. COOLING AND CONTAINMENT
PAR  It is apparent that the wall 28 for the separation section requires special
      design considerations because of the high temperatures present. The same
      is true of the wall 104 in the arc heaters. There are few materials which
      do not melt at temperatures above 3,000.degree.K and which can withstand
      oxidation at these temperatures. There are even a lesser number of
      materials which do not form eutectics or lower melting solutions with
      alumina or aluminum. Disclosed herein are three walls which can house the
      separator section. The first is a replacable ablative wall. The second is
      a porous wall cooled by transpiration of a liquid forced through it. The
      liquid is made of the same materials as are being treated. The third is a
      wall cooled by convection.
PAR  When a metallic ore is to be reduced, the walls or a coating on the walls
      of the separating section and, where required, other parts of the
      apparatus, should be made of that particular ore or of one or more
      constituents of the ore. This is so that the wall itself or its coating
      will not contaminate the process if it evaporates (ablates) or is in a
      steady state equilibrium with the vapor.
PAR  Although it is desirable to have the walls containing the hot partially
      ionized gases of the ore made of a material which is solid at the
      temperature of operation, for most ores, including aluminum, the wall
      surface would have to be at about the boiling point of the ore and hence
      in the liquid state. At the boiling point of most ores, there are few
      materials that remain solid and do not react with the vaporized ore.
      Alumina boils at 3800.degree.-4000.degree.K. Thus, the present invention
      contemplates providing a liquid wall surface for containing the hot
      vaporized ores.
PAR  Such a wall can take three forms. The first is to provide a solid wall made
      of the compound (e.g. a solid Al.sub.2 O.sub.3 wall) supported from the
      outside. The inside of the wall melts and becomes liquid. Evaporation from
      this liquid limits the temperature of the inside surface. The solid
      material is replaced continuously or periodically.
PAR  This is illustrated in FIG. 14 where ablative wall 200 for the separation
      section of an apparatus operated in accordance with the present invention
      is illustrated. As shown, the wall 200 is made of the same material as the
      compound being processed. In the case of Al.sub.2 O.sub.3, the wall 200
      may be made of alumina. As shown, the inside of the wall is coated with a
      condensate layer 202 past which the gas and plasma is flowing.
PAR  If desired, a mechanism for replacing the wall can be provided. Such
      mechanism could provide for constantly forcing the wall 200 downwardly
      with new wall material as it is worn away.
PAR  It should be pointed out that the magnetic coil will preferably be
      surrounded by a thick layer of powdered material to provide high thermal
      resistivity. Almost any conventional heat insulating powdered material can
      be used for this purpose.
PAR  The second type of wall which may be used is one which is cooled by a
      liquid (e.g. Al.sub.2 O.sub.3 or Al.sub.2 O.sub.3 + Al) forced through a
      porous solid. This is transpiration cooling; that is, the temperature of
      the wall is limited by evaporation.
PAR  FIG. 15 shows a wall 220 cooled by transpiration cooling. As shown, the
      wall is made of a porous material 228 so that the liquid used to absorb
      the incident heat flux by its evaporation may flow therethrough. The
      material 228 may be, by way of example, sintered tungsten or molybdenum.
      The liquid is fed to the wall 220 through conduits 222, 224 and 226 from a
      preheater (not shown). The liquid flows under pressure through the porous
      portion of the wall 228 and down with the plasma and gas toward the
      collection region.
PAR  Since the liquid must not contaminate the plasma and gas, only the material
      being reduced or one of its constituents can be used as the transpiration
      cooling liquid. In the case where alumina is being reduced, the liquid
      must either be Al, Al.sub.2 O.sub.3 or a solution of Al and Al.sub.2
      O.sub.3. The use of pure aluminum is not desirable because too much
      aluminum is consumed to dissipate the heat flux compared to the aluminum
      produced. Pure Al.sub.2 O.sub.3 is not suitable as a cooling liquid
      because its boiling point is too high. Pure alumina boils at some point
      between 3800.degree.K and 4036.degree.K. However, a mixture of aluminum
      and alumina can be used because the aluminum lowers the boiling point of
      the alumina sufficiently to be compatible with a wall material made of
      molybdenum or tungsten.
PAR  The third type of wall shown in FIG. 16 functions by maintaining a steady
      state with respect to evaporation and condensation of the vaporized ore.
      This is controlled by convective cooling of the outer surface of the wall.
PAR  The convectively cooled wall 240 is shown in FIG. 16. As shown, the wall
      consists basically of a material 242 that is compatible with the compound
      being separated. In the case of alumina, the wall material 242 could be
      tungsten or molybdenum coated with aluminum oxide. If desired, the wall
      242 could be backed by a porous material through which a gaseous coolant,
      such as air, is forced. The coolant channel is closed by the wall 244.
PAC  Pretreatment Of The Matter
PAR  Since available ores contain differing amounts of impurities, they may have
      to be pretreated. In particular, the ore must be finely ground to a small
      particle size (10-100 micrometers) in order to obtain efficient heating in
      the arc heater. Calcining to remove water or other volatile components can
      be accomplished using the energy carried by exhaust gases such as oxygen.
PAR  If one of the impurities in the ore is another metal or an element that
      shows a degree of ionization approximately equal to that of the selected
      metal to be separated, then the pretreatment process must include some
      method of separating this impurity. However small percentages of metallic
      impurities will have their ionization suppressed by the ionization of the
      major metallic component being separated. Thus the system does tolerate
      rather high metallic impurity concentration in the ore without
      pre-purification.
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CLMS
STM  We claim:
NUM  1.
PAR  1. The process of separating from each other a specie and the remaining
      species in a gas comprising all of the species, said gas being at a
      temperature where the specie is partly ionized and the remaining species
      are insignificantly ionized, comprising:
PA1  a. directing said gas through a magnetic field B at a velocity v;
PA1  b. orienting said magnetic field B relative to said directed gas velocity v
      such that the vectors v and B define an angle .beta. between them;
PA1  c. permitting the current I created by the interaction of the moving
      electrons of the ionized specie with the perpendicular component of the
      magnetic field B.sub..vertline. to flow in a closed path;
PA1  d. using said current I flowing in a closed path to interact with the
      parallel component B.sub..parallel. of the magnetic field B to generate a
      force F upon the partly ionized specie to cause both ionized and neutral
      particles of said partly ionized specie to move at an angle to the
      direction of movement of the gas; and
PA1  e. collecting the selected specie apart from the gas.
NUM  2.
PAR  2. The process of separating from each other a specie and the remaining
      species in a gas comprising all of the species, said gas being at a
      temperature where the specie is partly ionized and the remaining species
      are insignificantly ionized, comprising:
PA1  a. creating relative movement between the gas and a magnetic field B such
      that the direction of said relative movement is at an angle .beta. with
      respect to the vector direction of said magnetic field B;
PA1  b. permitting the current I created by the interaction of the electrons of
      the ionized specie with the perpendicular component of the magnetic field
      B.sub..vertline. to flow in a closed path;
PA1  c. using said current I flowing in a closed path to interact with the
      parallel component of the magnetic field B.sub..parallel. to generate a
      force F upon the partly ionized specie to cause both ionized and neutral
      particles of said partly ionized specie to move away from said gas; and
PA1  d. directing the selected specie away from the gas.
NUM  3.
PAR  3. The process of separating from each other a specie and the remaining
      species in a composition of matter comprising all of the species,
      comprising:
PA1  a. heating said composition of matter to a temperature where it is in a
      gaseous state and the specie is partly ionized;
PA1  b. directing said gaseous composition of matter through a magnetic field B
      at a velocity v;
PA1  c. orienting said magnetic field B relative to said velocity v such that
      the vectors v and B define an angle .beta. between them;
PA1  d. permitting the current I created by the interaction of the moving
      electrons of the ionized specie with the perpendicular component of the
      magnetic field B.sub..vertline. to flow in a closed path;
PA1  e. using the current I flowing in a closed path to interact with the
      parallel component of the magnetic field B.sub..parallel. to generate a
      force F upon the partly ionized specie to cause both ionized and neutral
      particles of the partly ionized specie to move at an angle to the
      direction of movement of the gaseous composition of matter; and
PA1  f. directing the selected specie away from the remainder of the gaseous
      composition of matter.
NUM  4.
PAR  4. The process of separating a metal element from the remaining elements in
      a compound of that metal, comprising:
PA1  a. heating said compound to a temperature where it is in a gaseous state
      and only the metal element is significantly ionized;
PA1  b. directing the gaseous compound through a magnetic field B at a velocity
      v;
PA1  c. orienting said magnetic field B relative to said velocity v such that
      the vectors v and B define an angle .beta. between them;
PA1  d. permitting the current I created by the interaction of the moving
      electrons of the partly ionized metal element with the perpendicular
      component of the magnetic field B.sub..vertline. to flow in a closed path;
PA1  e. using said current I flowing in a closed path to interact with the
      parallel component B.sub..parallel. of the magnetic field B to generate a
      force upon the partly ionized metal element to cause both ionized and
      neutral particles of said partly ionized metal element to move at an angle
      to the direction of movement of the gaseous compound and
PA1  f. collecting the metal element apart from the gas.
NUM  5.
PAR  5. The process of separating a metal element from the remaining elements in
      a compound of that metal in accordance with claim 4 wherein aluminum is
      separated from an aluminum compound.
NUM  6.
PAR  6. The process of separating a metal element from the remaining elements in
      a compound of that metal in accordance with claim 4 wherein iron is
      separated from an iron compound.
NUM  7.
PAR  7. The process of separating a metal element from the remaining elements in
      a compound of that metal in accordance with claim 4 wherein copper is
      separated from a copper compound.
NUM  8.
PAR  8. The process of separating a metal element from the remaining elements in
      a compound of that metal in accordance with claim 4 wherein nickel is
      separated from a nickel compound.
NUM  9.
PAR  9. The process of separating a metal element from the remaining elements in
      a compound of that metal in accordance with claim 4 wherein tin is
      separated from a tin compound.
NUM  10.
PAR  10. The process of separating a metal from the remaining elements in a
      compound of that metal in accordance with claim 4 wherein titanium is
      separated from a titanium compound.
NUM  11.
PAR  11. The process of separating aluminum from the remaining elements in an
      aluminum compound comprising:
PA1  a. heating said aluminum compound until it is in a gaseous state and at a
      temperature where the aluminum and other elements in the compound are
      dissociated and only the aluminum is partly ionized;
PA1  b. directing the gaseous aluminum compound through a magnetic field B at a
      velocity v;
PA1  c. orienting said magnetic field B relative to said velocity v such that
      the vectors v and B define an angle .beta. between them;
PA1  d. permitting the current I created by the interaction of the moving
      electrons of the partly ionized aluminum with the perpendicular component
      of the magnetic field B.sub..vertline. to flow in a closed path;
PA1  e. using said current I flowing in a closed path to interact with the
      parallel component B.sub..parallel. of the magnetic field B to generate a
      force upon the partly ionized aluminum to cause both ionized and neutral
      particles of said partly ionized aluminum to move at an angle to the
      direction of movement of the gaseous compound; and
PA1  f. collecting the aluminum apart from the gaseous ore.
NUM  12.
PAR  12. The process of separating aluminum from the remaining elements in an
      aluminum compound in accordance with claim 11 wherein the compound is
      alumina.
NUM  13.
PAR  13. The process of separating aluminum from the remaining elements in an
      aluminum compound in accordance with claim 11 wherein the compound is
      aluminum silicate.
NUM  14.
PAR  14. The process of separating a selected specie element from the remaining
      specie elements in a composition of matter comprising all of the species,
      comprising:
PA1  a. heating the composition of matter until it is in a gaseous state and the
      specie elements are dissociated;
PA1  b. said heating being sufficient to significantly ionize only the selected
      specie element;
PA1  c. said selected specie element being heated to a temperature where it is
      partially ionized such that the number of neutral particles of the
      selected specie element exceed the number of ionized particles of the
      selected specie element;
PA1  d. forcing the partly ionized selected specie element out of the gas by
      directing the gas through a magnetic field B at a velocity v with the
      magnetic field B oriented relative to the direction of movement of said
      gas such that the vectors v and B define an angle .beta. between them; and
PA1  e. directing the selected specie away from the gas.
NUM  15.
PAR  15. The process of separating a selected specie element from the remaining
      specie elements in accordance with claim 14 wherein only a small
      percentage of the particles of the selected specie element are ionized.
NUM  16.
PAR  16. The process of separating a selected specie element from the remaining
      species elements in accordance with claim 14 wherein the composition of
      matter is an aluminum compound and the specie element is aluminum.
NUM  17.
PAR  17. The process of separating a selected specie element from the remaining
      specie elements in accordance with claim 14 wherein the composition of
      matter is a titanium compound and the specie element is titanium.
NUM  18.
PAR  18. The process of separating a selected specie element from the remaining
      specie elements in accordance with claim 14 wherein the composition of
      matter is a tin compound and the specie element is tin.
NUM  19.
PAR  19. The process of separating a selected specie element from the remaining
      specie elements in accordance with claim 14 wherein the composition of
      matter is a nickel compound and the specie element is nickel.
NUM  20.
PAR  20. The process of separating a selected specie element from the remaining
      specie elements in accordance with claim 14 wherein the composition of
      matter is a copper compound and the specie element is copper.
NUM  21.
PAR  21. The process of separating a selected specie element from the remaining
      specie elements in accordance with claim 14 wherein the composition of
      matter is an iron compound and the specie element is iron.
NUM  22.
PAR  22. The process of separating from each other a specie and the remaining
      species in a gas in accordance with claim 2 wherein the specie is partly
      ionized to 1-2%.
NUM  23.
PAR  23. The process of separating from each other a specie and the remaining
      species in a gas in accordance with claim 2 wherein the specie is partly
      ionized to greater than 1-2% but less than 10%.
NUM  24.
PAR  24. The process of separating from each other a specie and the remaining
      species in a gas in accordance with claim 2 wherein the ionization
      potential of the specie is less than the ionization potential of the
      remaining species.
NUM  25.
PAR  25. The process of separating from each other a specie and the remaining
      species in a gas in accordance with claim 2 including flowing of the gas
      through a structure having axial symmetry so that said current I can flow
      in a closed path.
NUM  26.
PAR  26. The process of separating from each other a specie and the remaining
      species in a gas in accordance with claim 2 wherein the angle .beta. is
      greater than 0.degree. and less than 15.degree..
NUM  27.
PAR  27. The process of separating from each other a specie and the remaining
      species in a gas in accordance with claim 2 wherein the angle .beta. is
      between 2.degree. and 8.degree..
NUM  28.
PAR  28. The process of separating a selected specie element from the remaining
      specie elements in a composition of matter, comprising:
PA1  a. heating the composition of matter until it is in a gaseous state and at
      a temperature where only the specie is partly ionized and the remaining
      species are insignificantly ionized;
PA1  b. said selected specie element being heated to a temperature where it is
      partially ionized such that the number of neutral particles in the
      selected specie element exceed the number of ionized particles of the
      selected specie element;
PA1  c. forcing the partly ionized selected specie element out of the gas by
      directing the gas through a magnetic field B at a velocity v with the
      magnetic field B oriented relative to the direction of movement of said
      gas such that the vectors v and B define an angle .beta. between them;
PA1  d. permitting the current I created by the interaction of the electrons of
      the ionized specie with the perpendicular component of the magnetic field
      B to flow in a closed path;
PA1  e. using said current I flowing in a closed path to interact with the
      parallel component of the magnetic field B.sub..parallel. to generate a
      force F upon the electrons whereby the electron movement as a result of
      such force creates an electric field due to the separation between the
      ions in the specie element, and the force created by said electric field
      upon said ions pulls the ions after the electrons in the direction of
      movement created by the force acting upon the electrons; and
PA1  f. directing the selected specie away from the gas.
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ABST
PAL  A process is disclosed for recovering metals from sulfide or oxide
      containing ores or mixtures or concentrates thereof in which a mass of ore
      and metallic aluminum is ignited and sintered at a temperature within the
      range of approximately 1000.degree. to about 1500.degree. Centigrade. The
      metals are thereafter separated and recovered.
PARN
PAR  This application is a continuation of Ser. No. 119,285, filed Feb. 26, 1971
      and now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates to the recovery of the metal content of oxide
      or sulfide containing ores such as pyrite ores. As is well known, pyrite,
      pyrrhotite and related type ores contain many valuable metals, including
      arsenic, nickel, cobalt, copper and gold in addition to iron. Although
      these metals are quite valuable, it is difficult to separate and recover
      such metals efficiently and effectively for several reasons. First, many
      such ores, especially the pyrites, contain large sulfur content, which
      requires carefully controlled processing for removal and disposition. This
      is particularly significant at the present time due to the widespread
      interest in avoiding or minimizing atmospheric pollution.
PAR  Also, with many ores, the metals are intimately associated with silica,
      which makes separation and recovery difficult and expensive, particularly
      with metals such as iron, nickel and cobalt which readily combine with
      silica to form the respective silicates. Moreover, in either sintering or
      smelting processes, which have customarily been used to separate the metal
      contents, high temperatures are normally required with ores having a
      significant silica content, which poses highly significant problems in the
      selection of suitable equipment capable of maintaining high temperatures
      for extended periods of time.
PAR  In processes previously used, it has been common practice to utilize
      carbonaceous reducing agents to achieve separation of metals such as iron,
      nickel or cobalt. The carbonaceous reducing agents are normally intimately
      admixed with the ore, after which the admixture is roasted at temperatures
      substantially higher than 1500.degree. Centigrade to reduce the metal
      oxides and sulfides to the metal state. The use of carbonaceous reducing
      agents suffers from the disadvantage that significant quantities of the
      reducing agents are lost during ignition. It is also necessary to control
      carefully the furnace atmosphere during roasting to achieve metallization.
      By the same token, an elaborate heating system is generally required to
      produce and maintain the high temperature which is necessary during
      roasting.
PAC  SUMMARY OF INVENTION
PAR  It is accordingly a principal object of the present invention to provide a
      process enabling effective separation and recovery of metals from sulfide
      or oxide containing ores by which the aforementioned problems of
      previously used processes are overcome.
PAR  Another principal object of this invention is to provide a process for the
      separation and recovery of metals from sulfide or oxide containing ores
      without the use of carbonaceous reducing agents and without the use of a
      smelting furnace or other elaborate high temperature furnace.
PAR  Yet another object of this invention is to provide a metal recovery process
      which may be practiced utilizing relatively simple equipment which may be
      readily and easily ported for use at different mine locations.
PAR  In one form, the process includes the ignition of an admixture of a sulfide
      or oxide containing ore and metallic aluminum, followed by sintering at a
      temperature within the range of from about 1000.degree. to about
      1500.degree. Centigrade. As is explained in more detail hereinafter, the
      metal content can subsequently be separated and recovered.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The present invention can be used to refine or beneficiate various types of
      sulfide or oxide containing ores, as well as mixtures and concentrates
      thereof. This invention has been found to be especially suitable for use
      with pyrite and pyrite type ores which contain many extremely valuable
      metals. This invention can also be used to refine ores such as
      pyrrhotites, galena, chalco-pyrite, decomposed pyrite ores, arsenoc
      pyrites, and other ores which are capable of reacting with metallic
      aluminum. In processing decomposed pyrite ores, that is clay type ores
      which have been subjected to extreme conditions of weather, it may be
      necessary to add sulfur to the ore prior to ignition in order to process
      the ore at the indicated temperatures, as sulfur will facilitate the
      reduction reaction.
PAR  The ore is intimately admixed with metallic aluminum, which may be scrap
      aluminum or metallic aluminum derived from substantially any source.
      Preferably, the mixture of ore and aluminum is ground to -200 mesh (U.S.
      Standard Sieve Series) or finer and utilized in powder form so that more
      uniform ignition is achieved. The mixture can, however, be formed into
      compacts such as pellets or briquettes, if desired. To reduce the ore and
      metal aluminum to the appropriate particle size, each may be ground
      separately or the two components may be ground together in any suitable
      standard grinding apparatus.
DETD
PAR  After the appropriate admixture of ore and metallic aluminum has been
      achieved, the admixture is ignited, which may be carried out in various
      ways. One effective manner of performing the present invention is shown in
      the accompanying drawing which illustrates schematically one form of the
      present process. The admixture of ore and metallic aluminum thus is
      deposited from hopper 1 onto belt conveyor 2. The deposit of the admixture
      is normally approximately 1 inch in thickness, although the thickness can
      vary, as desired, from one inch up to about 12 inches. The belt conveyor
      preferably is composed of stainless steel plates, although any standard
      steel can be used.
PAR  The admixture can be ignited by use of an acetylene torch, depicted
      schematically by numeral 3, although any source of ignition capable of
      exceeding approximately 1000.degree. Centigrade can be used, as this is
      the approximate minimum temperature required to initiate reaction between
      the ore and the metallic aluminum. The temperature within the mass should
      not exceed approximately 1500.degree. C in order to avoid melting any
      silica content present in the ore.
PAR  Suitable sources of ignition also include an ordinary match, a storm match
      (a match with an enlarged head having an increased proportion of potassium
      chlorate), and the use of a magnesium metal primer, as in the standard
      thermite process. Using an acetylene torch with a mass thickness of
      approximately 1 inch on the belt conveyor, the rate of ignition will be a
      steady rate of approximately 1 inch per minute. At this point, it should
      be mentioned that the rate of travel of the conveyor will, of course, be
      correlated with the ignition to provide substantially uniform and complete
      ignition of the admixture.
PAR  When the admixture is ignited, a portion of the powdered mass, due to the
      cooling effect of the metal surface, may not attain the ignition
      temperature. Consequently, a thin layer 4 of the powdered mass will form
      on the conveyor surface which will serve to protect the conveyor surface.
      Even though a small proportion of raw ore may thus be obtained in the
      final product, this does not affect adversely the successful operation of
      the process.
PAR  When the admixture of ore and metallic aluminum is ignited, a standard
      thermite type reaction occurs: 2Al+ 3MO=Al.sub.2 O.sub.3 +3M, M
      representing the metal values of the ores. It is to be noted, however,
      that the present process is used with raw ore, that is no metal oxides
      need to be added to the ore, as in the standard thermite process. In
      addition to the thermite type reaction, when a sulfide ore is processed or
      one to which sulfur has been added, reaction will also occur between the
      metallic aluminum and the metallic sulfide as per the following equation:
      2Al+ 3ms=Al.sub.2 S.sub.3 + 3M.
PAR  After the admixture of ore and metallic aluminum has been ignited, the
      temperature will increase to approximately 1500.degree.C. whereby the
      admixture will be sintered and a coherent mass thus produced, as depicted
      by numeral 5 on the drawing. One advantage of this process is the
      formation of the sintered mass in a porous, easily pulverized form with
      substantially no loss of material by vaporization during ignition. The
      sintered mass thus contains many of the metals of the original ore in
      metallic form, as well as, of course, aluminum oxide and aluminum sulfide.
PAR  The sintered mass, which is still at a temperature of approximately
      1500.degree.C., is conveyed to a grinder 6 wherein it is ground to
      particle size of graded distribution of from 45 to -200 mesh. The mass
      exits from the grinder and descends by gravity past a series of
      electromagnets 7, 8, and 9. Magnet 7 is positioned with respect to grinder
      6 such that the temperature of the mass has cooled to approximately
      770.degree.C. as the mass descends past the magnet. At this temperature,
      only the metallic cobalt in the ore is magnetic since its Curie point is
      approximately 1000.degree.C. As the mass thus travels past the first
      electromagnet, the metallic cobalt is attracted to the magnet, separated
      therefrom, and collected in container 10. The mass next descends past the
      second electromagnet 8, which is spaced from magnet 7 a sufficient
      distance that the temperature of the mass will be slightly in excess of
      358.degree.C., which is the Curie point of nickel. Consequently, when the
      mass passes magnet 8, at a temperature, for example, within the range of
      from about 359.degree. to about 475.degree. C., metallic iron is separated
      therefrom and collected in container 11. As the mass proceeds past
      electromagnet 9, the temperature has decreased to within the range of
      approximately 100.degree. to about 300.degree. C. and consequently,
      metallic nickel is separated by magnetic attraction to electromagnet 9 and
      collected in container 12.
PAR  After the mass has traveled past electromagnet 9, the remaining portion of
      the mass, which includes additional metals produced by the above-described
      reactions, as well as aluminum oxide, aluminum sulfide, aluminum selenide,
      telluride and aresenide, is collected in container 15. This portion of the
      ore can be further processed to separate and recover the additional metal
      values.
PAR  At this point, it should be noted that the temperature of the mass during
      the aforesaid processing is at all times in excess of 100.degree. C. to
      prevent the reaction of aluminum sulfide with water or water vapor
      whereupon aluminum hydroxide and hydrogen sulfide would be formed. The
      formation of hydrogen sulfide obviously is undesirable from the standpoint
      of atmospheric pollution, and accordingly, is to be avoided for that
      reason. By the same token, care must be taken to avoid such reaction after
      the metallic cobalt, iron and nickel values have been separated. To
      achieve this and at the same time to refine the remaining portion of the
      ore to recover the remaining metal values, such portion is removed from
      container 15 through door 16 and in one form of the process is ground as
      at 17 to a particle size of less than 200 mesh although grinding may be
      omitted if desired, and, preferably, subjected to elutriation in a stream
      of air with electrostatic control to minimize dust problems. The lighter
      materials consist mainly of aluminum compounds, small amounts of silica,
      and any sulfur, selenium or tellurium which are present. The heavier
      materials represent an increased concentration of metals, particularly the
      precious metals. The metal concentrate, as shown in the drawing, is
      subjected to the influence of an alternating current magnet 20 which
      repels the magnetic particles from the field. Such particles are collected
      in container 21 where they are available for further processing by
      standard methods to separate and recover the metals such as gold,
      platinum, silver, copper, and other precious metals which are present.
PAR  The non-conducting protion which is separated from the metal concentrate by
      the alternating current magnet will contain the aluminum sulfide referred
      to above. As indicated, because of the properties of this material, all
      preceding operations have been conducted at a temperature in excess of
      100.degree.C. The non-conductive portion is thus preferably collected in
      container 22 in an oxidizing solution, such as hypochlorite solution
      containing traces of cobalt as a catalyst, or other oxidants, such as
      nitric acid, potassium permanganate, etc. When the non-conductive portion
      is thus introduced into the oxidizing solution in container 22, the
      hydrogen sulfide which is generated by reaction between aluminum sulfide
      and water is oxidized to elemental sulfur and acids of sulfur, thereby
      preventing the objectionable effects of hydrogen sulfide.
PAR  Container 22 will contain aluminum in the form of soluble aluminum
      compounds such as aluminum arsenide, aluminum selenide, and aluminum
      telluride. Because acidic conditions have been developed in container 22
      as described, the aluminum compounds can be further acidified to permit
      recovery by standard techniques.
PAR  The invention will be better understood by reference to the following
      specific but illustrative example.
PAC  EXAMPLE
PAR  364 grams of metallic aluminum powder was admixed with 2118 grams of
      powdered Trona ore containing major quantities of iron and silicon,
      aluminum and less than 2.0  percent by weight of each of the following
      elements: sodium, zinc, potassium, magnesium, copper, calcium, lead,
      titanium, manganese, chromium, barium, strontium, vanadium, silver, cobalt
      and nickel, as well as trace quantities of various other elements. The
      particle size of the admixture was approximately -200 mesh. The total
      weight of the mass prior to ignition was 2482 grams. The powder was then
      ignited utilizing an acetylene torch, and after ignition, the weight of
      the mass was 3215.1 grams, representing a gain of 733.1 grams. After
      ignition and sintering, which occurred at a temperature of approximately
      1500.degree.C., the sintered mass was ground, and the following amounts
      and distribution were obtained:
TBL  45 mesh                  .2 grams                                         
     80 mesh                  22.0 grams                                       
     100 mesh                 519.8 grams                                      
     200 mesh                 203.2 grams                                      
     -200 mesh                607.7 grams                                      
PAR  The ground mass was then subjected to magnetic separation as described
      previously whereby the cobalt, iron and nickel contents were separated.
      The non-magnetic portion was thereafter subjected to the influence of an
      alternating current magnet whereby additional magnetic or metallic content
      was separated, leaving a final non-magnetic residue containing the
      aluminum compounds, non-metals, silica and other metal oxides. A total of
      292.2 grams of magnetic residue was obtained, along with 104.0 grams of
      non-magnetic residue.
PAR  The non-magnetic residue was treated with 1000 ml. of concentrated
      hydrochloric acid and evaporated to dryness. After drying, the weight was
      163.3 grams, thus representing a gain in weight of 59.6 grams. The
      non-magnetic portion was thereafter placed in plastic bottle and treated
      with 200 ml. of hydrofluoric acid to apparent evolution of all silica. The
      residue was thereafter washed and treated to remove the selenium,
      germanium, arsenic, osmium and ruthenium. A precipitate was also produced
      containing tungsten, tantalum, and gold.
PAR  The liquid portion was thereafter separated from the precipitate utilizing
      a centrifuge. The decanted liquid was a green color, indicating the
      presence of copper, which was found to be about 3.5 percent.
PAR  The precipitate was washed with water and dried in a weighed nickel
      crucible, the weight of the precipitate being about 32.355 grams. The
      precipitate was thereafter treated in a solution of sulfuric acid to
      remove the remaining aluminum, which may be reused in the recovery
      process. The precipitate was found to be about 1.5 percent of the original
      weight of the ore.
PAR  It will be appreciated from the foregoing description that the present
      invention represents an effective process for separating and recovering
      metals from sulfide and oxide containing ores utilizing metallic aluminum
      as a reducing agent. In this regard, it is also to be noted that such
      process permits the ore to be sintered continuously utilizing extremely
      simple equipment. It is likewise to be noted that sintering at a
      temperature below about 1500.degree.C. precludes formation of alloys of
      iron, copper, and nickel, which would pose substantial problems in
      magnetic separation since these alloys are magnetic only when subjected to
      special heat treatments.
PAR  Although the working example illustrates the invention with a specific ore,
      it is to be understood that other ores may be used with equally
      satisfactory results, including ores contain major quantities of aluminum,
      silicon and sulfur as well as substantial quantities of iron, copper and
      potassium. For brevity of disclosure, however, examples using such ores
      will not be set forth herein.
PAR  The present invention also represents further significant advantage in that
      the silica content of the ore, when the ore is processed as described
      herein, fuses with the iron and thus is separated with the iron in the
      magnetic concentration step. This is in decided contrast to a typical
      smelting operation in which ore is subjected to extremely high
      temperatures whereby the metal melts and the silicates are removed in the
      form of a slag. Silica removal is thus achieved in this invention without
      formation of a slag and the problems resulting therefrom.
PAR  Although the present invention has been described with reference to
      magnetic separation of the iron, cobalt and nickel values, in certain
      instances, it may be desirable to utilize other methods of separation such
      as electrostatic separation or a magnetic field. In view of the relative
      simplicity of the process as described, however, it is generally preferred
      to utilize magnetic separation.
PAR  Since the reaction between the metallic aluminum, or aluminum and sulfide,
      and the ore is exothermic, it proceeds without further ignition or
      assistance once ignited. Consequently, elaborate heating equipment is
      unnecessary and the entire process may be performed at the mine site. In
      view of the relatively simple equipment which is thus needed, the
      equipment may be mounted on a platform for movement from one mine location
      to another, which is a distinct advantage.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for recovering the metal content of metal containing ores
      selected from the group consisting of sulfide and oxide ores and mixtures
      and concentrates thereof comprising igniting an intimately admixed mass
      consisting essentially of said ore and metallic aluminum to cause the
      metal content thereof to be converted to metallic form, sintering said
      ignited mass at a temperature within the range of approximately
      1000.degree. to 1500.degree. C. to form a coherent, porous and easily
      pulverizable mass containing the metal content of said ore in metallic
      form, and subsequently separating and recovering the metal content
      therefrom.
NUM  2.
PAR  2. The process of claim 1 in which said sintered mass is ground prior to
      said separation and recovery.
NUM  3.
PAR  3. The process of claim 2 in which said sintered mass is ground to a graded
      distribution of from 45 to -200 mesh.
NUM  4.
PAR  4. The process of claim 2 in which said ore contains a magnetic and
      non-magnetic metal content and said magnetic metal content is separated
      from said sintered and ground mass by magnetic separation.
NUM  5.
PAR  5. The process of claim 4 in which said ore contains sulfur and/or silica
      compounds of cobalt, iron and nickel, and in which said sintered and
      ground mass is cooled to a temperature within the range of from
      approximately 770.degree.C. to approximately 1000.degree.C. and conveyed
      past a first electromagnet whereby said metallic cobalt content of said
      ore is separated by said electromagnet, cooled to a temperature no lower
      than approximately 359.degree.C. and conveyed past a second electromagnet
      whereby said metallic iron content of said ore is separated by said
      electromagnet, and subsequently cooled to a temperature no lower than
      approximately 100.degree.C. and conveyed past a third electromagnet
      whereby said metallic nickel content is separated therefrom.
NUM  6.
PAR  6. The process of claim 4 in which the temperature of said ore during
      magnetic separation is at all times maintained at a temperature in excess
      of 100.degree.C. to prevent the reaction of aluminum sulfide with water.
NUM  7.
PAR  7. The process of claim 1 in which said ore is a sulfide containing ore
      selected from the group consisting of pyrites, pyrrhotites, galena,
      chalco-pyrite, decomposed pyrite ores and arseno pyrites.
NUM  8.
PAR  8. The process of claim 1 in which said mass is ignited on a conveyor and a
      protective layer of said ore is formed on the surface of said conveyor.
NUM  9.
PAR  9. The process of claim 4 in which the non-magnetic portion of said ore is
      further processed to recover additional metal values.
NUM  10.
PAR  10. The process of claim 9 in which said non-magnetic portion is ground to
      a particle size of -200 mesh and subsequently subjected to the influence
      of an alternating current magnet to separate additional metal content from
      said ore.
NUM  11.
PAR  11. The process of claim 10 in which the portion of said ore,
      non-conductive to said alternating current magnet, is collected in an
      oxidizing solution to prevent the reaction between aluminum sulfide and
      water.
NUM  12.
PAR  12. The process of claim 11 in which said oxidizing solution is a
      hypochlorite solution containing a cobalt catalyst.
NUM  13.
PAR  13. The process of claim 11 in which said non-conductive portion of said
      ore is subsequently treated to recover aluminum compounds therefrom.
NUM  14.
PAR  14. The process of claim 9 in which said non-magnetic portion is
      subsequently treated with hydrochloric and hydrofluoric acid to remove the
      silica content and thereafter is washed and further processed to remove
      additional metals therefrom.
NUM  15.
PAR  15. The process of claim 13 in which aluminum is subsequently recovered for
      further use in said process.
NUM  16.
PAR  16. A process for recovering the metal content of ores selected from the
      group consisting of metal containing sulfide and oxide ores and mixtures
      and concentrates thereof comprising igniting a mass consisting essentially
      of an intimate admixture of said ore and metallic aluminum to cause the
      metal content of said ore to be converted to metallic form, sintering said
      ignited mass at a temperature within the range of approximately
      1000.degree. to about 1500.degree. C. to form a coherent, porous and
      easily pulverizable mass containing the metal content of said ore in
      metallic form, grinding said sintered mass, cooling said mass to a
      temperature within the range of from approximately 770.degree. to
      approximately 1000.degree. C., and conveying the same past a first
      electromagnet whereby the metallic cobalt content thereof is separated
      therefrom, further cooling said mass to a temperature no lower than
      approximately 359.degree. C. and conveying the same past a second
      electromagnet to separate the metallic iron content therefrom, and
      subsequently cooling said mass to a temperature no lower than
      approximately 100.degree. C. and conveying the same past a third
      electromagnet to separate the metallic nickel content therefrom.
NUM  17.
PAR  17. The process of claim 16 in which said ore is a sulfide containing ore
      selected from the group consisting of pyrites, tyrrhotites, galena,
      chalco-pyrite, decomposed pyrite ores and arseno pyrites.
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ABST
PAL  A process for the manufacture of iron or steel utilizing lime as a flux
      improved through use of a lithium containing material as an auxiliary
      flux.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to the art of producing iron or steel and more
      specifically, to an improved method for slag development in such
      procedures.
PAR  The pyrometallurgical production of iron or steel is well known. The
      pyrochemical reactions involved in removal of impurities, or non-metallic
      inclusions, in the production of iron and steel through interaction with
      fluxes to form a slag are likewise well known. The art, however,
      continually seeks improvement in both the rate and the efficiency of slag
      development in iron and steel making processes.
PAR  The term "iron making" as used herein refers to the production of what is
      commonly known as cast iron. Cast iron is a ferrous alloy containing about
      2.2 to about 4.2% carbon and can be made as gray iron, ductile (nodular)
      iron, white iron, mottled iron and malleable iron. "Steel" as used herein
      refers to all types of ferrous materials containing less than 0.2 to over
      0.5% carbon and includes low alloy and high alloy steel varieties. Iron,
      as described herein, may be made by any conventional process such as by
      blast furnace, cupola, reverberatory-, electric-, induction and rotary
      furnaces. Likewise, steel, as described herein, may be made by any
      conventional process such as the BOF, open hearth, electric furnace,
      induction furnace or crucible process.
PAR  It is important that the slag be kept fluid, not only to increase its
      ability to scavenge impurities from molten metal, but also to permit the
      slag to be readily removed from the cupola, furnace or other vessel in
      which it is produced. Lime finds universal acceptance as a flux in the
      production of iron or steel. Lime may be used as a flux in the form of
      CaO, limestone (CaCO.sub.3), dolomite (magnesium calcium carbonate) or
      dolomitic lime (product obtained from burning or roasting of dolomite). As
      used in the specification and claims, the word "lime" refers to any of the
      foregoing materials.
PAR  Lime is a primary flux which aids in the formation of slag fostering those
      pyrochemical reactions which effect elimination of impurities from molten
      metal. Lime is used as a flux in solid, particulate form and reacts with
      impurities in the charge to form a slag. The development of slag is
      adversely affected by reactions between lime and silica or silicates
      present in the charge, which result in formation of dicalcium silicate, a
      refractory material having a melting point of about 3800.degree.F. Since
      lime is customarily used in particulate form, the dicalcium silicate tends
      to coat the particles, inhibiting their dissolution, slowing the rate of
      slag development and causing an increase in the viscosity of the slag.
PAR  It has become conventional in making iron and steel to use an auxiliary
      flux for the purpose of facilitating the reaction between lime and silica
      or silicates. Fluorspar is a material commonly used for this purpose.
      Fluorspar is expensive and it is in relatively short supply. The heat of
      the metallurgical reaction causes it to break down forming toxic fluorine
      compounds which are a source of air and water pollution. Thus, the art has
      sought and continues to seek alternative materials for fluorspar.
PAR  It is an object of this invention to provide a method of accelerating the
      reactivity between lime and silica or silicates in the production of iron
      or steel. Further objects of this invention are to replace fluorspar as an
      auxiliary flux, increase the fluidity (decrease viscosity) of the slag,
      provide economic advantages by eliminating the need for costly fluorspar,
      eliminate toxic air and water pollutants and effect an overall increase in
      efficiency of the process for making iron or steel.
PAR  In accordance with the present invention, methods for the production of
      iron or steel using lime as a primary flux may be significantly improved
      through use of a lithium containing material as an auxiliary flux.
DETD
PAR  The auxiliary fluxes found useful in achieving a greatly increased rate of
      reaction between lime and silica or silicates in iron or steel making
      processes are lithium containing materials such as spodumene. Spodumene is
      a lithium aluminosilicate having the theoretical formula Li.sub.2 O.
      Al.sub.2 O.sub.3 .4SiO.sub.2. A product known commercially as "chemical
      grade" spodumene contains about 6% Li.sub.2 O, 2% Fe.sub.2 O.sub.3, 26%
      Al.sub.2 O.sub.3 and 64% SiO.sub.2. Another product available commercially
      as "ceramic grade" spodumene contains about 6.8% Li.sub.2 O. Other lithium
      containing materials include lithium minerals such as petalite which
      contains about 3.5 to 4.5% Li.sub.2 O, eucryptite which contains about 12%
      Li.sub.2 O, and pegmatite which contains about 1.5% Li.sub.2 O. The common
      denominator of lithium containing materials useful as auxiliary fluxes is
      the lithia or Li.sub.2 O content of the materials, those materials having
      an Li.sub.2 O content of from about 1.5% Li.sub.2 O, to about 12% Li.sub.2
      O, preferably from about 3% Li.sub.2 O, to about 7% Li.sub.2 O, said
      percentages being by weight, based on the weight of the material, being
      preferred.
PAR  As an expected corollary, the amount of lithium containing material useful
      as an auxiliary flux will vary depending on the lithia content of the
      material utilized. Generally speaking, however, it is desired to utilize
      an amount of lithium containing material sufficient to maintain the slag
      in a fluid state by effecting dissolution of dicalcium silicate formed
      about particles of the primary flux, lime. For example, an amount of
      auxiliary flux necessary to maintain a fluid slag in a process for making
      iron in which lime is the primary flux, may range from about 0.25% to
      about 6%, preferably from about 0.25% to about 2%, by weight of the
      lithium containing material, based on the weight of metal in the charge.
      The amount of auxiliary flux necessary to maintain a fluid slag in making
      steel in which lime is the primary flux, may range from about 0.1 to 2%,
      preferably from about 0.1 to 0.8% of lithium containing material, based on
      the weight of metal in the charge.
PAR  Lithium containing materials react rapidly on contact with molten slag. The
      lithium containing materials may be introduced to the slag substantially
      simultaneously with the charging of the lime or at such time thereafter as
      it becomes necessary to effect an increase in the fluidity of the slag.
      Lime and the auxiliary flux can be added either separately or the
      auxiliary flux can be pre-mixed or pre-combined with the lime.
PAR  The lithium containing materials may be added in powder form or in the form
      of agglomerates in which particulate lithium containing materials are
      bonded with any well-known binders such as portland cement, for example,
      and shaped into briquettes. The increased weight of agglomerated or
      briquetted forms insures that the auxiliary flux arrives at the reaction
      zone in the iron or steel making process. The lithium containing materials
      may be used as auxiliary fluxes alone or they may be used in combination
      with other fluxes.
PAR  It has been found that lithium containing materials are especially
      desirable auxiliary fluxes, representing a significantly successful
      substitute for fluorspar, in processes for making iron and steel using
      lime as the primary flux. Full recognition of the surprising advantages
      obtained with use of lithium containing materials as an auxiliary flux
      requires an appreciation of the complex factors involved in use of lime as
      a flux.
PAR  Slag formed in the making of iron and steel properly functions to refine
      the molten metal by removing impurities which are deleterious to the
      resultant product. Generally speaking, the impurities removed by the slag
      are non-metallic compounds having widely varying physical and chemical
      characteristics.
PAR  Impurities desired to be removed from molten metal include ash arising from
      the combustion of coke in cupola and blast furnace production of iron;
      oxides generated through contact of molten metal with oxygen; inclusions
      inherent in the particular ore used to produce blast furnace iron or
      steel; components in refractory linings of furnaces, cupolas, ladles and
      other vessels used to contain molten metal; from alloying materials added
      in order to modify the physical characteristics of the finished product,
      and from contaminated scrap which is recycled and remelted in iron and
      steel. Most of these impurities unite forming a silicate-type slag; some,
      however, form and pass off as a gas, such as sulfur in the form of sulfur
      dioxide (SO.sub.2) or hydrogen sulfide (H.sub.2 S). Still other impurities
      form a smoke or fume such as iron oxidizing to form iron oxide (Fe.sub.2
      O.sub.3) or silicon oxidizing to form silica (SiO.sub.2).
PAR  Lithium containing materials are especially desirable auxiliary fluxes
      since they have the attribute of not only increasing the rate of reaction
      of the primary flux, lime, with silica or silicates, thereby aiding in the
      creation and maintenance of a fluid slag, but also because use of lithium
      containing materials provides important economic advantages for the
      producer of iron or steel. It has been found, for example, that less
      lithium containing material, on a weight basis, is required for
      satisfactory fluxing than is the case when fluorspar is used as an
      auxiliary flux. Also, spectrographic analyses of slags produced with use
      of lithium containing materials show that increased amounts of sulfur are
      removed from molten metal to the slag and retained in the slag. This means
      that less sulfur is emitted to the atmosphere as SO.sub.2 or H.sub.2 S, an
      important consideration from an environmental point of view, and that less
      sulfur is contained in the iron or steel produced. Another important
      advantage obtained through use of lithium containing materials as a
      substitute for fluorspar lies in the elimination of pollution problems
      occasioned by emission of toxic fluorine or fluorides when fluorspar is
      used as an auxiliary flux. Lithium containing materials such as spodumene
      may also find use as a substitute for fluorspar in non-ferrous
      pyrometallurgical processes, e.g., smelting of copper ores.
PAR  Tests were made in an electric furnace to produce a high manganese steel.
      The charge of material to the furnace consists of 385 lbs. of limestone, 2
      .times. 1, inch and 75 lbs. of iron ore as the bottom charge and a metal
      charge consisting of 6500 lbs. of steel scrap. Just after the carbon-boil
      and slag reducer addition had been made to the furnace, 25 lbs. of
      spodumene powder -50 +200 mesh, about 6% Li.sub.2 O content, were added to
      the electric furnace. The addition of spodumene produced a fluid slag as
      demonstrated with use of a slag viscosimeter mold, a device which measures
      the relative fluidity of slag and is illustrated in Principles of Metal
      Casting 2nd Edition, p. 438 published by American Foundrymens' Society.
      Before adding spodumene to the charge, a sample of slag traveled a
      distance of 4 inches from the point of feed in the slag viscosimeter mold.
      A slag sample taken from the electric furnace after spodumene addition,
      traveled 73/4 inches from the point of feed in the slag viscosity mold. A
      medium carbon steel of good quality was produced.
PAR  Tests were made in a basic cupola used to produce high quality cast iron,
      cast iron having low levels of sulfur, phosphorous and carbon. Five
      charges were added to the cupola wherein spodumene was substituted for
      fluorspar. A typical spodumene containing charge consists of 500 lbs. of
      auto scrap, 400 lbs. of steel scrap, 1100 lbs. of scrap pipe, 400 lbs. of
      coke, 170 lbs. of limestone, 40 lbs. of ferrosilicon and 25 lbs. of
      spodumene. Typical charges earlier in the heat contained 50 lbs. of
      fluorspar. A sample of slag taken before the spodumene reached the melting
      zone in the cupola traveled a distance of 13/4 inches from the point of
      feed in a slag viscosimeter mold. A slag sample taken after spodumene
      reached the melting zone traveled a distance of 6 inches from the point of
      feed in a slag viscosimeter mold. The cast iron produced was of good
      quality.
PAR  In a similar test in a basic cupola wherein 20 lbs. of spodumene were
      substituted for 30 lbs. of fluorspar in the charge, a slag sample taken
      before spodumene reached the melting zone traveled a distance of 5 inches
      from the point of feed in a slag viscosimeter mold. A slag sample taken
      after spodumene reached the melting zone traveled a distance of 61/2  from
      point of feed in a slag viscosimeter mold.
CLMS
STM  Having thus described the invention what is claimed is:
NUM  1.
PAR  1. In the pyrometallurgical production of iron and steel from an
      iron-containing material in which a slag which functions to refine the
      molten metal by removing impurities is formed in situ by reaction of the
      primary flux lime with silica and silicate impurities in said
      iron-containing material, the improvement which comprises using a material
      which consists essentially of a lithium-containing mineral as an auxiliary
      flux to promote reaction between the primary flux lime and said silica and
      silicate impurities and fluidize said slag.
NUM  2.
PAR  2. The method of claim 1 wherein said lithium containing mineral is used in
      an agglomerated form.
NUM  3.
PAR  3. The method of claim 1 wherein said lithium containing mineral is a
      member selected from the group consisting of spodumene, petalite,
      eucryptite and pegmatite.
NUM  4.
PAR  4. The method of claim 3 where said lithium containing mineral is
      spodumene.
NUM  5.
PAR  5. The method of claim 1 wherein the iron containing material is treated to
      produce cast iron.
NUM  6.
PAR  6. The method according to claim 5 in which from about 0.25% to about 6% by
      weight of lithium-containing mineral, based on weight of metal in the
      charge, is used as an auxiliary flux.
NUM  7.
PAR  7. The method according to claim 6 in which said lithium-containing mineral
      is spodumene.
NUM  8.
PAR  8. The method of claim 1 wherein the iron containing material is treated to
      produce steel.
NUM  9.
PAR  9. The method according to claim 8 in which from about 0.1% to about 2% of
      lithium-containing mineral, based on weight of metal in the charge, is
      used as an auxiliary flux.
NUM  10.
PAR  10. The method according to claim 9 in which said lithium-containing
      mineral is spodumene.
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ABST
PAL  A process is provided for directly reducing a metal oxide to metal in a
      molten metal which comprises providing a body of molten metal in a
      converter provided with means for introducing molten metal and means for
      introducing metal oxide into the body of the molten metal by introducing
      molten metal therein, introducing said metal oxide as a powder suspended
      in a carrier gas, separately from said molten metal, into the body of the
      molten metal such that the molten metal introduced is hotter than the
      suspended powder and is distributed by said suspension to other parts of
      the mass of molten metal where the reduction can take place at the desired
      temperature. Preferably the molten metal is introduced into the converter
      via a channel in liquid communication with the converter, the channel
      opening into the converter at a level below the operating level of the
      molten metal, said metal being melted in a separate heating zone such that
      a temperature gradient is established between said zone and the contents
      of the converter, said zone having a refractory lining which is thinner
      than the lining of the converter, and the suspended metal oxide is
      injected into the body of the molten metal via a tuyere extending through
      the wall of the converter and terminating in the vessel at a distance from
      the channel, such that the suspended metal oxide does not pass through the
      heating zone.
BSUM
PAR  THIS INVENTION relates to a process for the direct reduction to metal of a
      metal oxide which is added to molten metal in a converter.
PAR  Numerous metallurgical processes exist which involve the injection into the
      molten metal of one or two phases which are emulsified and dispersed in a
      fluid matrix phase. One area in which such processes are particularly
      important is the so-called emulsion metallurgy. Processes in this area
      take advantage of the intimate contact between molten metal, solids and
      gas which can be obtained in fully dispersed systems and are particularly
      useful for iron and steel making-and refining processes. Such processes in
      which suspensions of powders in fluid phases are introduced below the
      surface of the molten metal thus give greater reaction surfaces compared
      to processes in which the reactant to be introduced is placed on top of
      the melt.
PAR  Emulsion metallurgy is advantageously used for the reduction of metal oxide
      powders, for example the reduction of iron oxide powders for the
      production of crude iron, and/or for decarburisation purposes. One of the
      major problems in operating such processes is the maintenance of the
      temperature of the molten metal as the introduction of the metal oxide
      powder and the reactions between the oxide and the reduction agent,
      usually carbon, causes considerable temperature reduction in the metal. Of
      course, it is possible to use conventional heating means to heat the whole
      bulk of the metal being treated, for example in an arc furnace but such
      furnaces do not use electrical energy efficiently. Electrical induction
      heating makes much more efficient use of electrical energy than the
      electric arc furnaces but induction heating of the whole contents of a
      converter would require capital expenditure of a size that would be
      difficult to justify on an industrial scale. Moreover, the comparatively
      high electrical efficiency of induction heated vessels requires a thin
      lining of the vessel. A thin lining in a reaction vessel is, however, for
      practical reasons, not desirable due to the risk of damage caused by the
      wear on the lining during operation. On the other hand, if the thickness
      of the lining is increased, the high electrical efficiency will be lost.
PAR  We have now found that it is possible to take advantage of the benefits of
      electric induction heating without having to meet the problems of
      surrounding the whole converter with induction heating coils.
PAR  According to the present invention there is provided a process for directly
      reducing a metal oxide to metal in a molten metal which comprises
      providing a body of molten metal in a converter provided with means for
      introducing molten metal and means for introducing metal oxide into the
      body of the molten metal by introducing molten metal therein, introducing
      said metal oxide as a powder suspended in a carrier gas, separately from
      said molten metal, into the body of the molten metal such that the molten
      metal introduced is hotter than the suspended powder and is distributed by
      said suspension to other parts of the mass of molten metal where the
      reduction can take place at the desired temperature. Preferably the
      carrier gas contains 5 to 250 kg., more especially 30 to 150 kg., of metal
      oxide per cubic meter of gas (measured at normal temperature and
      pressure).
PAR  The process of the present invention is suitably used for the direct
      reduction of powdered oxidic iron ore concentrates by carbon to crude iron
      and/or steel. The process may also be used for the production of high
      grade steel, the oxide not necessarily being ion oxide, being at least
      partly one or more other metal oxides which can be reduced by carbon in
      the molten metal, the metals in question being introduced as alloying
      elements in the steel being produced.
PAR  It is a particular feature of the process of this invention that the
      cheapest raw materials can be used for the production of high grade steel
      or for the production of very pure steels, which have previously been
      produced according to the acidic open heart process or by electro-slag
      remelting. Further the present invention is particularly useful for the
      production of specialised high grade metallurgical products, for example
      tool steels, high speed steels, martensitic chromium steels, ball bearing
      steels, nickel steels for cryogenic purposes and silicon steels for
      electrical purposes. The process of this invention displays advantages at
      all steps in the production of stainless steels from the initial reduction
      of iron ore, for example, to the final decarburisation of a stainless
      steel melt. However, the process can also be combined with treatments
      other than reduction of metal oxides, in the converter or in other
      processing vessels, as in a process involving a plurality of steps.
PAR  The process of the present invention is suitably carried out in a converter
      which is provided with at least one projecting part with a channel in
      liquid communication with the converter vessel, said channel being
      provided with at least one heating zone separate from the vessel, the
      channel opening into the vessel at a level below the operating surface of
      the molten metal, said heating zone having a refractory lining which is
      considerably thinner than the lining of the vessel, and the contents of
      the zone being heated, suitably by electric induction heating, such that a
      temperature gradient is established between the contents of the zone and
      the contents of the converter. The exact dimensions of the heating zone
      are not critical, but it is desirable that only a relatively small part of
      the total weight of molten metal in the apparatus be located in the
      heating zone so that it can be heated to a temperature sufficiently above
      that of the main bulk of the molten metal to provide a sufficient
      temperature gradient to maintain or raise the bulk of the molten metal at,
      or to, the desired temperature.
PAR  To make it possible for the desired reduction processes effectively to take
      place in all parts of the vessel and to obtain maximum benefit of the
      temperature gradient, the metal oxide powder suspended in a carrier gas is
      preferably injected into the molten metal in the vessel through a tuyere
      extending through the lining of the vessel and terminating in the vessel
      at a distance from the channel opening, such that the solid metal oxide
      particles entrained in the suspension, substantially without entering the
      heating zone, cause the hotter metal outside the channel opening(s)
      rapidly to be distributed together with the metal oxide to various parts
      of the molten metal in the vessel where the desired reduction process can
      take place at the correct temperature. At the same time the transport of
      hot metal from the channel(s) will eliminate or at least substantially
      reduce the risk of solidification of the molten metal in the region of the
      tuyere.
PAR  We have found it convenient to utilise a heating zone which is part of a
      loop formed by a channel between two openings in the converter wall or
      bottom, the molten metal in the vessel interconnecting the two channel
      openings. Preferably the channel openings penetrate the vessel wall or
      bottom at the same level. It is also possible to operate with more than
      one loop or to use a simple extension of the main converter having a
      single liquid communication to the main converter. Whatever the exact
      physical form of the heating zone, it is advantageous to have the heating
      zone completely encircled by the induction heated windings.
PAR  The vessel and the heating means may otherwise be constructed in a
      conventional manner, both as regards design and dimensions. This means
      that the vessel should have a sufficient lining thickness to resist the
      severe wear during operation. Further the vessel should have a sufficient
      freeboard above the surface of the molten metal to allow for splashing and
      foaming of slag and metal during use. The freeboard height therein
      preferably is at least equal to the depth of the molten metal during
      operation. The converter is preferably tiltable in a manner such that the
      molten metal can be removed from the vessel without removing molten metal
      from the heating zone. The heating loop or other heating channel may be
      constructed according to the principles generally disclosed in
      "Elektrougnar och Induktiva Omrorare" (Chapter 5) 1969 by Yngve Sundberg.
      Ugnsbyran, ASEA. Vasteras, Sweden.
DRWD
PAR  The present invention will now be illustrated, merely by way of example,
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 shows a vertical cross-section through a converter suitable for
      carrying out the process of this invention;
PAR  FIG. 2 shows the section II-II through the converter of FIG. 1;
PAR  FIG. 3 is a diagram illustrating schematically the production of unalloyed
      steel;
PAR  FIG. 4 is a diagram illustrating schematically the production of a tool
      steel containing chromium; and
PAR  FIG. 5 is a diagram illustrating schematically the production of a low
      alloyed tool steel containing chromium and tungsten.
DETD
PAR  The invention will now be explained in more detail with reference to FIGS.
      1 and 2. A converter, generally designated 1, has side walls 6 comprising
      an inclined bottom portion 7a and, opposite to the bottom portion 7a,
      inclined bottom portions 7b and 7c. The converter itself comprises a steel
      casing 2 lined on the inside with a refractory lining 3. The thickness of
      the lining 3 is sufficient to resist wear during operation. Axle bars 4
      are mounted in bearings (not shown) so that the converter can be tilted
      about an axis running through the axle bars 4. A melting channel 8 is
      provided at the lower end of the sloping bottom portion 7a, where the
      refractory lining has been removed to form a slightly conical recess 5 in
      the bottom portion 7a. Channel 8 forms a loop between two openings 9 and
      10 into the main body of the converter in the region of the recess 5.
      Openings 9 and 10 are at the same level in the recess 5. The channel 8 is
      encircled by induction windings 12 for heating the contents of the channel
      8. The channel has a refractory lining, (not shown) which is water cooled
      and considerably thinner than the lining 3 of the vessel to ensure high
      heating efficiency of the induction unit.
PAR  A tuyere 14 is located in the bottom portion 7b opposite the channel 8. The
      tuyere 14 opens perpendicularly to sloping bottom portion 7b and is
      directed towards the opposite bottom portion 7a where the recess 5 is
      provided. The vessel 1 is provided with a freeboard 18 above the surface
      of the molten metal to allow such splashing and foaming which is
      unavoidable during the performance of the metallurgic reactions. According
      to the embodiment shown in the drawings and freeboard has a height being
      about twice the depth of the molten metal during operation. A tap hole 15
      is provided in the converter wall above the anticipated slag line and on
      the same side of the converter as loop 8. This tap hole may be kept closed
      with a slide gate 16 while the converter is operating. The top of the
      converter has a charging port 17.
PAR  A powder dispenser (not shown) fluidises the metal oxide powder to be
      introduced into the converter and a suspension of powder is then
      transported by the carrier gas and fluidising gas to tuyere 14. The
      fluidising gas herein can be of the same type as the carrier gas or be a
      different gas. It is also possible to use dispensers in which all the
      carrier gas is used to fluidise the metal oxide powder.
PAR  Although the apparatus described above has a single loop it is possible to
      provide a converter with more than one loop of the type illustrated in
      FIGS. 1 and 2. Moreover, it is not essential that the induction heating
      zone be in the form of a loop with two channel endings at the converter
      wall; it can be a single induction heating zone having a single opening at
      the converter wall. It is also possible to provide more than one tuyere in
      the wall or bottom of the converter in combination with one or more
      channels which are conveniently arranged opposite the tuyere, such that at
      least one tuyere is directed towards each of the channels terminating in
      the converter wall or bottom. Normally, the heating loop 8 is kept filled
      with molten metal, it being maintained molten between the operating
      sequences, i.e. the loop is not emptied when the bulk of molten metal in
      the converter is tapped through tapping hole 15.
PAR  A typical sequence of operation is the following. An appropriate quantity
      of the molten metal is charged into the converter 1 through port 17. The
      temperature of the molten metal is measured, and if necessary for the
      desired reduction process, raised by adjusting the supply of electric
      power to the induction windings 12. When the desired temperature has been
      reached, the metal oxide power suspension is injected through tuyere 14.
      The tuyere 14 is aimed at the opposite bottom portion where the melting
      loop 8 is located; this, in combination with an adequate injection
      velocity, enables a quick replacement of the hotter metal in the recess 5,
      i.e. in the region outside the channel openings 9 and 10, substantially
      without any solid metal oxide particles from the tuyere entering the
      channel 8. Thus the hotter metal in the recess 5 outside the channel
      openings 9 and 10 will effectively be replaced by colder metal from other
      parts of the bulk of molten metal in the converter 1, which improves the
      exchange of heat between the channel 8 and the bulk of molten metal in the
      converter 1. Moreover, the metal oxide powder injected through the tuyere
      14 together with the hot metal from the heating channel 8 is distributed
      rapidly throughout the body of molten metal in the converter, which is
      important for the kinetics of the desired reduction process and enables
      the reduction process between the metal oxide and a reduction agent to
      take place in all parts of the vessel at the correct temperature. A
      further advantage of the interaction between the hot metal from the
      heating channel 8 and the suspension which is injected through the tuyere
      14 is that the metal from the heating channel 8 prevents the tuyere mouth
      from becoming clogged by metal solidifying by the cooling effect brought
      about by the injected suspension and protects the lining in the recess 5
      so that the lining in the region of the channel openings is not eroded too
      quickly.
PAR  Usually the reducing agent taking part in the reduction process is carbon.
      The carbon may be dissolved from the start in the molten metal in the
      converter or be supplied successively during the operation. For instance
      carbon in the form of coal powder may be mixed with the metal oxide powder
      and injected with the oxide through the tuyere and/or be supplied on top
      of the molten metal.
PAR  When the reduction process or reduction processes are complete the
      injection of the metal oxide powder is stopped, and, after adjusting the
      chemical composition if necessary, the converter is tilted such that metal
      can be tapped through tap hole 15. Before tapping, the slag is usually
      removed through the port 17, continued blowing of air or other gas through
      the tuyere 14 facilitating the slag removal. Usually, molten metal is kept
      in the channel 8 and in the recess 5 so that the openings 9 and 10 of the
      channel are interconnected to form a closed loop. Before tapping, the
      molten metal may also be refined by vacuum treatment at the same time as
      metal oxide powder is injected through the tuyere 14. Other treatments
      such as known refining operations can, of course, be included.
PAR  Specific applications of the process of this invention will now be
      described in greater detail, although it will be appreciated that the
      principles are of general applicability.
PAC  PRODUCTION OF CRUDE IRON
PAR  Direct reduction of iron ore can be performed batchwise or continuously by
      the process of this invention. A batchwise process may be performed in a
      converter of the type described with reference to FIGS. 1 and 2 of the
      accompanying drawings. A typical processing sequence is the following. In
      the converter there is first charged a starting melt, preferably molten
      crude iron (pig iron), or molten steel. It is most convenient to use
      molten metal which is rich in carbon, generally at least 3% carbon (weight
      percent), in order to obtain a low liquidus point which is a precondition
      for a low processing (reduction) temperature which, in turn, is a
      prerequisite for very limited lining wear. The size of the starting melt
      is determined by the dimensions of the reaction vessel; the starting melt
      should be sufficiently deep in the vessel to make the desired reduction
      reaction possible using the best kinetic conditions which the process and
      equipment can offer.
PAR  Then the reduction is started by the injection of powdered iron ore
      concentrate into the molten metal in the converter through the tuyere 14
      by means of a carrier gas. Additional iron ore can be supplied from above
      into the converter in the form of an agglomerate, e.g. in the form of
      pellets. Carbon is added to the molten metal in essentially stoichiometric
      amounts for the carrying out of the following reduction reaction:
PA0  Fe.sub.2 O.sub.3 + 3C.fwdarw.2 Fe.sub.(1) + 3CO.sub.(g) (1), when the ore
      is hematite, and the reaction:
PA0  Fe.sub.3 O.sub.4 + 4C.fwdarw.3 Fe.sub.(1) + 4CO.sub.(g) (2), when the ore
      is magnetite.
PAR  Mixtures of different ores may be used, in which case the carbon is
      supplied in an essentially stoichiometric amount relative to the combined
      ore concentrate so that all iron in the combined concentrate is liberated
      by reduction.
PAR  Carbon can be supplied in the form of a solid carbon material, such as
      graphite, coal products (anthracite and charcoal) and coke but also in the
      form of combustible carbonaceous compounds, such as fuel oil and gaseous
      hydrocarbons. Suitably, however, it is supplied in the form of coal,
      preferably coke. The coal can be supplied from above. It is also possible
      to introduce it into the melt via one or more separate tuyeres, which are
      not shown in the drawings. Suitably, however, a mixture of finely powdered
      ore concentrate and finely powdered carbon material is prepared in
      advance, the mixture containing at least stoichiometric quantities of
      carbon and ore for the reduction reaction. By mixing ore and coal in
      advance regulation problems are avoided. The mixture is blown in into the
      molten metal by means of the carrier gas through the tuyere 14. Additional
      carbon can be also supplied from above.
PAR  For economic reasons, air is most conveniently used as carrier gas for the
      reduction process. This requires an extra amount of carbon corresponding
      to the amount of oxygen present in the air introduced. Instead of air
      reducing gases may be used, for instance certain hydrocarbons, as well as
      inert gases such as argon. However, air is preferred.
PAR  The reduction process consumes large amounts of heat from the molten metal
      in the vessel. There is therefore a chance of a very quick temperature
      drop in the bulk of molten metal. Therefore the temperature is suitably
      maintained substantially constant during the reduction process by
      supplying sufficient electric energy to the induction windings 12
      surrounding the channel 8. The hotter metal from the channel is forced out
      into the recess 5 from where it is brought into contact with the stream
      from the tuyere 14 and distributed to all parts of the vessel. In this
      manner the reduction process can take place in all parts of the molten
      metal at the desired temperature. Preferably in the process of this
      invention the temperature is kept at a level just above the liquidus
      temperature of the metal in the converter, more particularly from the
      liquidus temperature to 200.degree.C., above that temperature, preferably
      not more than 100.degree.C., above the liquidus temperature, by adjusting
      the supply of electric energy to the induction unit in the case of the
      apparatus of FIGS. 1 and 2. The injection of ore concentrate and coal is
      continued until the desired quantity of iron has been obtained. Thereafter
      the molten metal may, depending on the kind of lining, be refined with the
      elimination of sulphur by the injection of CaO or other desulphurising
      agents through the same tuyere 14 as has been used for the ore injection.
      Prior to casting, the temperature of the molten metal is generally raised
      to a suitable casting temperature by increasing the electric power
      supplied to the inductor connected to the heating channel 8.
PAC  PRODUCTION OF UNALLOYED STEELS
PAR  In the production of unalloyed steels according to the process of this
      invention the converter is first charged with a sufficient quantity of
      molten pig iron. Alternatively a sufficient quantity of crude iron is
      produced in situ in the converter according to the principles described
      above. The temperature of the molten metal is thereafter raised to about
      1500.degree.C., by means of the electric windings 12 surrounding the
      channel 8. Then iron ore powder is injected, entrained in air, through the
      tuyere 14. During the first injection period silicon and manganese are
      oxidised. Dependent on the temperature of the melt, a certain amount of
      carbon is simultaneously removed. When silicon and manganese have been
      oxidised, the slag is removed from the surface of the molten metal so that
      the main carbon decarburisation can start. In preferably a single step the
      melt is brought to the desired carbon content by means of iron oxide
      powder which is injected through the tuyere. Air usually is used as
      carrier gas. When the desired carbon content has been reached, the gas is
      switched from air to argon and necessary alloying additions are charged,
      usually from above. Argon is used only to ensure a rapid homogenisation of
      the melt. During the decarburisation the temperature is kept at the
      desired level by adjusting the power supplied to the electric windings 12.
      As the liquidus temperature of the metal depends on the carbon content in
      the molten iron-carbon alloy the temperature preferably should
      successively be increased such that the temperature is maintained from the
      liquidus temperature to 200.degree.C., above that temperature, preferably
      from the liquidus temperature to 100.degree.C., above the liquidus
      temperature.
PAR  It is also possible to use the equipment shown in FIGS. 1 and 2 for the
      melting of scrap iron in steel production according to the process of this
      invention. If the carbon content is too high when all the scrap iron has
      been melted the surplus carbon can be eliminated by the injection of
      powdered iron ore concentrate in the manner just described, keeping the
      temperature of the melt above the liquidus temperature.
PAC  EXAMPLE 1
PAR  An example will now be described with reference to the diagram shown in
      FIG. 3 illustrating decarburisation of pig iron according to the process
      of this invention. The converter shown in FIGS. 1 and 2 was charged with
      about 4.5 metric tons of molten pig iron. The space 5 and the channel 8
      therebefore contained 800 kg. molten steel. The combined molten metal had
      the following approximate composition by weight:
PAR  3.8% C, 1.4% Si, 0.3% Mn. Balance iron and incidental impurities. A
      suspension of magnetite ore concentrate (Fe.sub.3 O.sub.4) in air was
      injected through the tuyere 14. A total quantity of about 1,000 kg.
      Fe.sub.3 O.sub.4 concentrate (about 90% Fe.sub.3 O.sub.4) was introduced
      and emulsified in the molten pig iron in the converter. In the diagram in
      FIG. 3 curve I illustrates the accumulated ore concentrate injected during
      this period. The temperature curve shows how the temperature of the molten
      metal is raised during this injection period from about 1,480.degree.C.,
      to about 1,550.degree.C. The other curves show how the contents of carbon,
      silicon and manganese change during the injection of the iron oxide. Thus
      during the initial period substantially all the silicon and manganese is
      oxidised and then the main decarburisation period apparently takes place.
      When 1,000 kg. ore concentrate have been injected, the carbon content has
      been reduced to about 1.0%. When the desired carbon level has been
      reached, manganese and silicon can be added to the molten metal from above
      and homogenised by the injection of argon through the tuyere 14. At the
      same time the temperature of the molten metal is raised to about
      1,600.degree.C., which is a suitable tapping temperature.
PAC  PRODUCTION OF ALLOYED STEELS
PAR  Steels containing chromium, for example 1 to 15% by weight chromium may be
      produced in the following manner. First there is charged an iron melt rich
      in carbon into a converter, for example that illustrated in FIGS. 1 and 2.
      As an alternative the iron melt is prepared in situ in the vessel as
      previously described. The temperature of the molten metal is raised by
      means of the induction windings 12 to a temperature of, for example,
      1,600.degree. to 1,750.degree.C., preferably from 1,600.degree. to
      1,700.degree.C. When the desired temperature has been reached there is
      injected through the tuyere 14 a suspension of an oxidic chromium ore
      concentrate suspended in air. The oxidic chromium ore is preferably
      chromite, i.e. an oxide of iron and chromium, FeO, Cr.sub.2 O.sub.3. The
      powdered ore concentrate is distributed to all parts of the vessel
      bringing with it the hotter metal in the space 5 outside the channel
      openings 9 and 10. The temperature during this injection of chromite is
      suitably maintained in the temperature region 1,600.degree. -
      1,750.degree.C., preferably 1,600.degree. - 1,700.degree.C., by regulating
      the power input to the electric windings 12. If the carbon content of the
      melt is sufficiently high the following reaction (3) will proceed:
EQU  Cr.sub.2 O.sub.3 + 3C.fwdarw.2Cr.sub.1 + 3CO.sub.g (3)
PAR  For the production of medium chromium steels the carbon content should
      generally be at least 1% by weight during the injection of the chromium
      oxide. This means that extra carbon should be added to the melt if the
      carbon content is reduced to 1% by weight before the desired chromium
      content has been reached. It is also possible to add carbon during the
      chromium oxide injection, either from above or together with the oxide
      powder. Preferably the carbon content is maintained above 2% by weight
      during the reduction of chromium oxide by carbon. When the desired
      chromium content has been reached in the melt, the carbon content may be
      (further) reduced by injecting iron ore concentrate at the same time as
      the temperature is kept roughly constant in the bulk of molten metal.
PAC  EXAMPLE 2
PAR  The diagram of FIG. 4 illustrates schematically an example of producing a
      medium chromium steel in the converter illustrated in FIGS. 1 and 2. In
      the converter there is first charged a pig iron which is mixed with the
      molten metal existing in the channel 8 and space 5, so that the combined
      metal has the following composition in weight per cent:
PAR  3.8% C, 1.6% Si, 0.8% Mn, 0.01% S. Balance iron and incidental impurities.
PAR  The temperature of this molten metal was first raised to about
      1,650.degree.C., by means of the electric windings 12. When this
      temperature had been reached, about 1,025 kg. chromite ore concentrate in
      the form of a powder, together with powdered lime as a slag forming agent
      entrained as a suspension in air was injected through the tuyere 14. Curve
      II in FIG. 4 shows the accumulated ore concentrate injected into the
      molten metal during this step. The temperature was maintained from
      1,600.degree. to 1.750.degree.C., especially 1,600.degree. -
      1,700.degree.C., during the whole of the chromite injection period. The
      injected powder contained about 47% by weight Cr.sub.2 O.sub.3. The
      injection was interrupted when the carbon content had been reduced to 1%
      by weight. The chromium content in the molten metal then had been raised
      to about 5.5% by weight. At the same time the sulphur content has
      increased due to sulphur impurities in the chromite concentrate. In order
      to remove sulphur lime CaO, curve III in FIG. 4 was injected as is
      apparent. Finally the manganese and silicon contents were adjusted by the
      addition of these alloying elements from above, argon being injected
      through tuyere 14 to stir the melt in the vessel.
PAR  Stainless steel and other chromium alloys having chromium contents above
      15% by weight may also be produced in a similar manner. However, stainless
      steel and other high chromium alloys are more conveniently prepared by
      first melting in a conventional manner in an electric arc furnace, and
      then the molten alloy having the desired chromium content is charged into
      a converter of the type illustrated in FIGS. 1 and 2, where the alloy is
      decarburised. For this decarburisation there is used iron oxide or other
      metal oxide which is easier to reduce than chromium oxide, e.g. nickel
      oxide, NiO. This decarburisation can be performed by the injection of the
      powdered oxide in a carrier gas through the tuyere 14. In this case the
      temperature is preferably maintained at 1,600.degree. to 1,750.degree.C.,
      preferably 1,600.degree. to 1,700.degree.C., by controlling the electric
      power supplied to the induction windings 12. For the injection air is
      preferably used as a carrier gas until the carbon content has been reduced
      to about 1% by weight. Thereafter argon and/or steam is preferably used as
      carrier gas instead of air in order to avoid take up of nitrogen in the
      molten steel. In order to obtain low carbon contents without oxidation of
      chromium the concentration of argon and/or steam should be kept high. It
      is also possible to blow high concentrations of a diluting gas (argon
      and/or steam) at the same time as the atmosphere in the converter above
      the surface of the molten metal is evacuated by vacuum pumps while
      continuing the injection of ore concentrate. This combination of diluting
      gas treatment and vacuum decarburisation is preferably utilised for the
      production of so-called ELI-steels, i.e. steels having very low contents
      of carbon and nitrogen. Very low contents herein means a total quantity of
      not more than 0.03%, preferably not more than 0.015%, by weight of carbon
      and nitrogen (taken together). These steels often contain molybdenum as an
      alloying element. The decarburisation of the chromium containing molten
      metal is partly performed by the injection of powdered molybdenum oxide
      MoO.sub.3. Also nickel oxide NiO can be used for this purpose.
PAC  PRODUCTION OF SPECIAL ALLOY STEELS -- EXAMPLE 3
PAR  Referring now to FIG. 5 an example will be described illustrating the
      production of a special steel containing more than one alloying metal.
      According to the schematic diagram the molten metal used as starting
      material had a temperature of 1,200.degree.C., and contained 3.5% C, 1.75%
      Si, 0.5% Mn. First the temperature of the molten metal is raised to
      1,600.degree.C., by means of the induction windings 12. When this
      temperature has been reached, about 200 kg. chromite concentrate, curve
      II, of the same kind as in the previous Example is injected into the
      converter at the same time as the temperature is maintained roughly
      constant. The chromium oxide in the injected chromite powder is reduced by
      silicon and manganese present in the melt and to some extent by carbon.
      Thus about 1.1% by weight chromium in the molten metal is obtained. Air
      was used as a carrier gas for the chromite powder. In the next step 600
      kg. scheelite concentrate, curve IV in FIG. 5, is injected into the molten
      metal in the form of a powder entrained in air. Scheelite is a tungsten
      oxide ore; the concentrate injected into the molten metal contained about
      32% by weight WO.sub.3. The temperature was maintained constant during the
      scheelite injection by adjusting the electric power supplied to the
      electric windings 12. The tungsten ore is reduced by carbon present in the
      melt so that about 2.5% by weight tungsten is obtained in the melt. During
      this step the carbon content in the melt is reduced from about 2.25 to
      about 1.75% by weight carbon. To reduce the carbon content in the molten
      metal further there is injected about 225 kg. magnetite or concentrate,
      curve I. This ore concentrate was also injected by using air as a carrier
      gas. The injection was stopped when the carbon had reached the 0.5% level.
      The temperature was maintained constant at about 1,600.degree.C., by
      supplying sufficient electric power to the induction windings 12. As a
      final step about 300 kg. CaO, curve III, is injected into the molten metal
      entrained in argon for the purpose of sulphur refining.
PAR  This Example illustrates two characteristic features of the method of the
      invention, namely when a special steel or other alloy contains more than
      one alloying metal, the metal oxides are injected stepwise, in the order
      corresponding to decreasing affinity for oxygen. This means that that
      oxide which is easiest to reduce by carbon or other reducing agent is
      injected in the last stage while the oxide which is most difficult to
      reduce is introduced in the first stage and other possible metal oxides
      are introduced therebetween according to their oxygen affinity. The
      example also illustrates that silicon and manganese existing in the
      starting melt may advantageously be used for the reduction of e.g.
      chromium oxide injected into the molten metal in the first stage of the
      process.
PAR  Another kind of alloyed steel which may be produced according to the
      process of this invention is steel for cryogenic (low temperature)
      purposes, e.g. 5% or 9% Ni-steels. Here an iron melt rich in carbon is
      produced and charged, for example into a converter of the kind illustrated
      in FIGS. 1 and 2. To this melt there is supplied NiO at the same time as
      the temperature is maintained at a desired temperature level by means of
      the induction heating unit such that the hot metal is transported to all
      parts of the molten metal by means of the stream of powder injected
      through the tuyere. The addition of Ni-ore concentrate is continued until
      the desired carbon and/or nickel content has been reached by the reaction
      between NiO and carbon dissolved in the melt, said carbon liberating
      metallic nickel through reaction with the oxygen in the nickel oxide.
PAR  Of course in all the cases described it is possible to introduce metal
      oxide not only through the tuyere in the form of a powder, but also to add
      metal oxide in the form of an agglomerate from above in the converter.
PAR  According to a further embodiment of this invention the decarburisation is
      carried out using a carrier gas preferably consisting of oxygen, a mixture
      of air and oxygen or a mixture of other gas and other oxygen. In this case
      oxygen may be responsible for the decarburisation while the metal oxide
      injected together with the gas will serve as a cooling agent and as a
      means for increasing the impulse of the injected gas-powder mixture.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of molten metal comprising directly
      reducing a reducible metal oxide to metal by reaction with a reducing
      agent present in a body of molten metal in a tiltable converter having,
PA1  means for introducing the metal to be treated and means for removing the
      metal after treatment; at least one tuyere for introducing a gas/solid
      suspension into the converter at a level that will be below the surface of
      the molten metal when the converter is in its vertical operating position;
PA1  said converter having at least one heating zone spaced away from the
      converter, the heating zone having at least one channel in liquid
      communication with the converter, the channel opening into the converter
      at a level that will be below the surface of the molten metal when the
      converter is in its vertical operating position and essentially in the
      region of that point in the converter which is the deepest point when the
      converter is in its vertical operating position; said heating zone being
      filled with metal and having means for heating the contents of the zone by
      electric induction heating;
PA1  the process comprising introducing molten or unmolten metal into the
      converter, heating the metal in the heating zone by electric induction
      heating so that a body of molten metal is created in the converter and in
      the heating zone and a temperature gradient is established between the
      molten metal in the heating zone and the molten metal in the converter
      thereby forcing hotter metal from the heating zone out into the deepest
      region of the converter outside the channel opening:
PA1  fluidizing the metal oxide in the carrier gas to form a suspension and
      injecting the suspension containing at least 5kg. metal oxide per cubic
      meter of carrier gas (measured at normal temperature and pressure) into
      the body of molten metal in the converter through at least one of said
      tuyeres, directing the suspension towards that region of the converter
      where the heating channel is located so as to bring about replacement of
      the hotter metal in the deepest region of the converter outside the
      channel opening by colder metal from other parts of the converter;
PA1  controlling the reduction temperature by adjusting the supply of electric
      power to the induction heating means; removing slag from the body of
      molten metal whilst still retaining molten metal in the heating channel
      and then tapping molten metal from the converter.
NUM  2.
PAR  2. A process according to claim 1, for the production of crude iron in
      which the metal oxide ia Fe.sub.2 O.sub.3 or Fe.sub.3 O.sub.4 or mixtures
      thereof and the carrier gas is air, the body of molten metal substantially
      consisting of molten iron, and essentially a stoichiometric amount of
      carbon is introduced into the molten metal so as to reduce the said iron
      oxide to molten iron.
NUM  3.
PAR  3. A process according to claim 2, wherein the carbon is introduced in
      powder form in suspension with the metal oxide.
NUM  4.
PAR  4. A process according to claim 1, for the production of iron alloys
      containing 1 - 15% by weight chromium in which the metal oxide comprises
      chromium oxide, the body of molten metal is molten iron or molten steel
      containing at least 1% by weight carbon dissolved therein, and the
      temperature is maintained during the chromium oxide injection period
      substantially within the range 1600.degree. - 1750.degree.C.
NUM  5.
PAR  5. A process according to claim 4, in which the carbon is introduced in
      powder form in suspension with the metal oxide.
NUM  6.
PAR  6. A process according to claim 4, wherein the reduction is carried out at
      1600.degree. - 1700.degree.C.
NUM  7.
PAR  7. A process according to claim 1, for the production of steel by
      decarburisation of molten crude iron or molten scrap iron containing
      carbon dissolved therein or a mixture thereof wherein the metal oxide is
      at least one oxide selected from the group consisting of Fe.sub.2 O.sub.3,
      Fe.sub.3 O.sub.4 and Cr.sub.2 O.sub.3, the carbon dissolved in the molten
      metal reducing the metal oxide to molten metal, the temperature of the
      molten metal is maintained in the range from its melting point to
      200.degree.C above its melting point and the reduction process is
      continued until the desired carbon content has been achieved.
NUM  8.
PAR  8. A process according to claim 7, for the production of unalloyed steels
      in which the metal oxide is Fe.sub.2 O.sub.3 or Fe.sub.3 O.sub.4 or a
      mixture thereof, the temperature of the molten iron is kept substantially
      within the temperature range 1480.degree. to 1550.degree.C during
      injection of the iron oxide and injection of the iron oxide is continued
      and the temperature maintained within the said temperature range until the
      desired carbon content has been reached.
NUM  9.
PAR  9. A process according to claim 1, in which the suspension contains at
      least 30kg. metal oxide powder per cubic meter.
NUM  10.
PAR  10. A process according to claim 7, in which, when the desired carbon
      content has been achieved, the temperature of the molten metal is raised
      to a temperature appropriate for tapping by supplying electric power to
      the induction heating means.
NUM  11.
PAR  11. A process according to claim 1, in which injection of the suspension of
      metal oxide through the tuyere is stopped when the slag is removed from
      the converter.
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ABST
PAL  An electrostatographic imaging process comprising the steps of providing an
      electrostatographic imaging member having a recording surface, forming an
      electrostatic latent image on said recording surface, and contacting said
      electrostatic latent image with a developer mixture comprising classified
      toner materials electrostatically clinging to the surface of classified
      high surface area carrier materials, said classified toner materials
      having a particle size number distribution with a fine index ratio of less
      than about 2.50, a particle size volume distribution with a coarse index
      ratio less than about 1.50, and a particle size distribution wherein less
      than about 30.0 percent by number of the toner particles have an average
      particle size diameter of less than about 5 microns, about 25% of the
      particles have a diameter between about 8 microns and about 12 microns,
      and less than about 5% by number of the toner particles have an average
      particle diameter greater than about 20 microns, said classified high
      surface area carrier materials having a specific surface area of at least
      about 150 cm.sup.2 /gram, whereby at least a portion of said
      finely-divided toner particles are attracted to and deposited on said
      recording surface in conformance with said electrostatic latent image.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to electrostatographic imaging systems,
      and, in particular, to improved developer materials and their use.
PAR  The formation and development of images on the surface of photoconductive
      materials by electrostatic means is well-known. The basic
      electrostatographic process, as taught by C. F. Carlson in U.S. Pat. No.
      2,297,691, involves placing a uniform electrostatic charge on a
      photoconductive insulating layer, exposing the layer to a light-and-shadow
      image to dissipate the charge on the areas of the layer exposed to the
      light and developing the resulting electrostatic latent image by
      depositing on the image a finely-divided electroscopic material referred
      to in the art as "toner." The toner will normally be attracted to those
      areas of the layer which retain a charge, thereby forming a toner image
      corresponding to the electrostatic latent image. This powder image may
      then be transferred to a support surface such as paper. The transferred
      image may subsequently be permanently affixed to the support surface as by
      heat. Instead of latent image formation by uniformly charging the
      photoconductive layer and then exposing the layer to a light-and-shadow
      image, one may form the latent image by directly charging the layer in
      image configuration. The powder image may be fixed to the photoconductive
      layer if elimination of the powder image transfer step is desired. Other
      suitable fixing means such as solvent or overcoating treatment may be
      substituted for the foregoing heat fixing step.
PAR  Many methods are known for applying the electroscopic particles to the
      electrostatic latent image to be developed. One development method, as
      disclosed by E. N. Wise in U.S. Pat. No. 2,618,552 is known as "cascade"
      development. In this method, developer material comprising relatively
      larger carrier particles having finely-divided toner particles
      electrostatically clinging to the surface of the carrier particles is
      conveyed to and rolled or cascaded across the electrostatic latent
      image-bearing surface. The composition of the toner particles is so chosen
      as to have a triboelectric polarity opposite that of the carrier
      particles. In order to develop a negatively charged electrostatic latent
      image, an electroscopic powder and carrier combination should be selected
      in which the powder is triboelectrically positive in relation to the
      carrier. Conversely, to develop a positively charged electrostatic latent
      image, the electroscopic powder and carrier should be selected in which
      the powder is triboelectrically negative in relation to the carrier. This
      triboelectric relationship between the powder and carrier depends on their
      relative positions in a triboelectric series in which the materials are
      arranged in such a way that each material is charged with a positive
      electrical charge when contacted with any material below it in the series
      and with a negative electrical charge when contacted with any material
      above it in the series. As the mixture cascades or rolls across the
      imagebearing surface, the toner particles are electrostatically deposited
      and secured to the charged portions of the latent image and are not
      deposited on the uncharged or background portions of the image. Most of
      the toner particles accidentally deposited in the background are removed
      by the rolling carrier, due apparently, to the greater electrostatic
      attraction between the toner and the carrier than between the toner and
      the discharged background. The carrier particles and unused toner
      particles are then recycled. This technique is extremely good for the
      development of line copy images. The cascade development process is the
      most widely used commercial electrostatographic development technique. A
      general purpose office copying machine incorporating this technique is
      described in U.S. Pat. No. 3,099,943.
PAR  Another technique for developing electrostatic images is the "magnetic
      brush" process as disclosed, for example, in U.S. Pat. No. 2,874,063. In
      this method a developer material containing toner and magnetic carrier
      particles is carried by a magnet. The magnetic field of the magnet causes
      alignment of the magnetic carriers in a brush-like configuration. This
      magnetic brush is engaged with an electrostatic latent imagebearing
      surface and the toner particles are drawn from the brush to the
      electrostatic image by electrostatic attraction. Many other methods such
      as "touchdown" development as disclosed by C. R. May in U.S. Pat. No.
      2,895,847 are known for applying electroscopic particles to the
      electrostatic latent image to be developed. The development processes as
      mentioned above, together with numerous variations, are well-known to the
      art through various patents and publications and through the widespread
      availability and utilization of electrostatographic imaging equipment.
PAR  In automatic electrostatographic equipment, it is conventional to employ an
      electrostatographic plate in the form of a cylindrical drum which is
      continuously rotating through a cycle of sequential operations including
      charging, exposure, developing, transfer and cleaning. The plate is
      usually charged with corona with positive polarity by means of a corona
      generating device of the type disclosed by L. W. Walkup in U.S. Pat. No.
      2,777,957 which is connected to a suitable source of high potential. After
      forming a powder image is electrostatically transferred to a support
      surface by means of a corona generating device such as the corona device
      mentioned above. In automatic equipment employing a rotating drum, a
      support surface to which a powdered image is to be transferred is moved
      through the equipment at the same rate as the periphery of the drum and
      contacts the drum in the transfer position interposed between the drum
      surface and the corona generating device. Transfer is effected by the
      corona generating device which imparts an electrostatic charge to attract
      the powder image from the drum to the support surface. The polarity of
      charge required to effect image transfer is dependent upon the visual form
      of the original copy relative to the reproduction and the electroscopic
      characteristics of a developing material employed to effect development.
      For example, where a positive reproduction is to be made of a positive
      original, it is conventional to employ a positive polarity corona to
      effect transfer of a negatively charged toner image to the support
      surface. When a positive reproduction from a negative original is desired,
      it is conventional to employ a positively charged developing material
      which is repelled by the charged areas on the plate to the discharge areas
      thereon to form a positive image which may be transferred by negative
      polarity corona. In either case, a residual powder image and,
      occasionally, carrier particles remain on the plate after transfer. Before
      the plate may be reused for a subsequent cycle, it is necessary that the
      residual image and carrier particles, if any, be removed to prevent ghost
      images from forming on subsequent copies. In the positive-to-positive
      reproduction process described above, the residual developer powder, as
      well as any carrier particles present, are tightly retained on the plate
      surface by a phenomenon that is not fully understood but believed caused
      by an electric charge. The charge is substantially neutralized by means of
      a corona generating device prior to contact of the residual powder with a
      cleaning device. The neutralization of the charge enhances the cleaning
      efficiency of the cleaning device.
PAR  Typical electrostatographic cleaning devices include the "web" type
      cleaning apparatus as disclosed, for example, by W. P. Graff, Jr., et al
      in U.S. Pat. No. 3,186,838. In the Graff, Jr., et al Patent, removal of
      the residual powder and carrier particles on the plate is effected by
      rubbing a web of fibrous material against the imaging plate surface. These
      inexpensive and disposable webs of fibrous material are advanced into
      pressure and rubbing or wiping contact with the imaging surface and are
      gradually advanced to present a clean surface to the plate whereby
      substantially complete removal of the residual powder and carrier
      particles from the plate is effected.
PAR  While ordinarily capable of producing good quality images, conventional
      developing systems suffer serious deficiencies in certain areas. In the
      reproduction of high contrast copies such as letters, tracings and the
      like, it is desirable to select the electroscopic powder and carrier
      materials so that their mutual electrification is governed in most cases
      by the distance between their relative positions in the triboelectric
      series. However, when otherwise compatible electroscopic powder and
      carrier materials are removed from each other in the triboelectric series
      by too great a distance, the resulting images are very faint because the
      attractive forces between the carrier and toner particles compete with the
      attractive forces between the electrostatic latent image and the toner
      particles. Although the image density described in the immediately
      preceding sentence may be improved by increasing the toner concentration
      in the developer mixture, undesirably high background toner deposition as
      well as increased toner impaction and agglomeration is encountered when
      the toner concentration in the developer mixture is excessive. The initial
      electrostatographic plate charge may be increased to improve the density
      of the deposited powder image, but the plate charge would ordinarily have
      to be excessively high in order to attract the electroscopic powder away
      from the carrier particle. Excessively high electrostatographic plate
      charges are not only undesirable because of the high power consumption
      necessary to maintain the electrostatographic plate at high potentials,
      but also because the high potential causes the carrier particles to adhere
      to the electrostatographic plate surface rather than merely roll across
      and off the electrostatographic plate surface. Print deletion and massive
      carryover of carrier particles often occur when carrier particles adhere
      to reusable electrostatographic imaging surfaces. Massive carrier
      carry-over problems are particularly acute when the developer is employed
      in solid area coverage machines where excessive quantities of toner
      particles are removed from carrier particles thereby leaving many carrier
      particles substantially bare of toner particles. Further, adherence of
      carrier particles to reusable electrostatographic imaging surfaces
      promotes the formation of undesirable scratches on the surfaces during
      image transfer and surface cleaning operations. It is therefore, apparent
      that many materials which otherwise have suitable properties for
      employment as developer materials are unsuitable because they possess
      unsatisfactory triboelectric properties. In addition, uniform
      triboelectric surface characteristics of many carrier surfaces are
      difficult to achieve with mass production techniques. Quality images are
      in some instances almost impossible to obtain in high speed automatic
      machines when carriers having non-uniform triboelectric properties are
      employed. Although it may be possible to alter the triboelectric value of
      an insulating carrier material by blending the carrier material with
      another insulating material having a triboelectric value remote from the
      triboelectric value of the original carrier material, relatively larger
      quantities of additional material is necessary to alter the triboelectric
      value of the original carrier material. The addition of large quantities
      of material to the original carrier material to change the triboelectric
      properties thereof requires a major manufacturing operation and often
      undesirably alters the original physical characteristics of the carrier
      material. Further, it is highly desirable to control the triboelectric
      properties of carrier surfaces to accommodate the use of desirable toner
      compositions while retaining the other desirable physical characteristics
      of the carrier. Another factor affecting the stability of the
      triboelectric properties of developer materials is the susceptibility of
      developer particles to "toner impaction". When developer particles are
      employed in automatic machines and recycled through many cycles, the many
      collisions which occur between the carrier particles and other surfaces in
      the machine cause the toner particles carried on the surface of the
      carrier particles to be welded or otherwise forced onto the carrier
      surfaces. The gradual accumulation of impacted toner material on the
      surface of the carrier causes a change in the triboelectric value of the
      carrier and directly contributes to the degradation of copy quality by
      eventual destruction of the toner carrying capacity of the carrier.
PAR  Thus, there is a continuing need for a better developer material for
      developing electrostatic latent images.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide developer
      materials which overcome the above noted deficiencies.
PAR  It is another object of this invention to provide developer materials which
      are more resistant to agglomeration and have improved dispensing
      characteristics.
PAR  It is yet another object of this invention to provide developer materials
      having more stable electrostatographic properties.
PAR  It is yet another object of this invention to provide developer materials
      which have a longer developer life.
PAR  It is yet another object of this invention to provide developer materials
      which are less susceptible to toner impaction.
PAR  It is yet another object of this invention to provide developer materials
      which are more resistant to film formation on electrostatographic
      recording surfaces.
PAR  Another object of this invention is to provide developer materials which
      exhibit improved electrical and mechanical properties useful in an
      electrostatographic apparatus employing magnetic brush development
      apparatus.
PAR  A still further object of this invention is to provide improved developer
      materials having physical and chemical properties superior to those of
      known developer materials.
PAR  The above objects and others are accomplished, generally speaking, by
      providing electrostatographic developer materials comprising classified
      toner materials electrostatically charging to the surface of classified
      charge surface are carrier materials, said classified toner materials
      having a particle size number distribution with a fine index ratio of less
      than about 2.50, a particle size volume distribution with a coarse index
      ratio less than about 1.50, and a particle size distribution wherein less
      than about 30.0 percent by number of the toner particles have an average
      particle size diameter of less than about 5 microns, about 25 percent of
      the particles have a diameter between about 8 microns and about 12 microns
      and less than about 5 percent by number of the toner particles have an
      average particle diameter greater than about 20 microns; said classified
      high surface area carrier materials having a specific surface area of at
      least about 150 cm.sup.2 /gram. However, it is preferred that the carrier
      materials have a specific surface area of at least about 165 cm.sup.2
      /gram because developer life is improved such as to provide increased copy
      quantity with the developer material in a high speed electrostatographic
      reproduction apparatus while maintaining low background levels and
      sustaining solid area development density. Optimum results are obtained
      when the carrier materials of this invention have a specific surface area
      of at least about 175 cm.sup.2 /gram.
PAR  It has been found that the area ratios of carrier to toner material in a
      high speed magnetic brush development system were such that the toner
      concentration could not be sufficiently reduced to enable a charge level
      for minimal deposit of toner material in background areas of an
      electrostatic latent image during development thereof while retaining
      sufficient toner concentration to provide satisfactory solid area density.
      By providing the carrier materials of this invention having a minimum
      specific surface area this problem has been overcome. Thus, this invention
      now enables the use of a developer mixture having a lower toner
      concentration per unit surface area of carrier to provide a higher net
      electrical charge level. It has been found that in the electrostatic
      copying process that where any given carrier material is employed to
      provide a triboelectric charge to toner materials by contact charge
      transfer, the area of carrier triboelectric charging surface is critically
      important. The carrier charging surface area has been found to relate to
      the amount of toner material that, for a given toner material, can be
      charged to a useful triboelectric potential or level. Therefore, in
      accordance with this invention, it has been found that the triboelectric
      charging capacity of a carrier material is surface are dependent and
      accordingly, this invention may be employed to design optimum developer
      materials for any given electrostatographic development system.
PAR  The term coarse index is defined as the ratio of the volume distribution of
      particle size diameter of 84 percent of the toner particles divided by the
      particle size diameter of 50 percent of the toner particles. Similarly,
      the term fine index is defined as the ratio of the number distribution of
      particle size diameter of 50 percent of the toner particles divided by the
      particle size diameter of 16 percent of the toner particles. Both the
      coarse index and fine index ratios are calculated from the respective
      volume and number cumulative frequency plots which are obtained from
      particle size analysis performed on a Coulter Counter employing a 100
      micron orifice. The former value represents the median or average particle
      size distribution by weight or volume of the toner particles and has an
      important influence on the copy quality obtained in an electrostatographic
      development system. The fine index is a measure of the toner particles
      number average distribution, weighted on the fine end, and has an
      important reflection on the measure of the useful lifetime of the
      developer, the systems life, rate of photoreceptor filming and rate of
      toner impaction on the electrostatographic recording surface. It has been
      found that the classified developer materials of this invention provide
      satisfactory results when the particle size number distribution fine index
      of the toner particles is less than about 2.50. Improved results are
      obtained with, and it is preferred, that the particle size number
      distribution fine index thereof is less than about 2.00. Optimum results
      are obtained when the particle size number distribution fine index of the
      classified toner materials is less than about 1.45. Similarly,
      satisfactory results are obtained with the classified developer materials
      of this invention when the particle size volume distribution coarse index
      of the toner particles is less than about 1.50. However, it is preferred
      that the particle size volume distribution coarse index thereof be less
      than about 1.45 because improved resolution and edge definition is
      obtained on the copies. Optimum results are obtained when the particle
      size volume distribution coarse index of the toner materials is less than
      about 1.35.
PAR  In addition, it has been found that the classified toner materials of this
      invention provide satisfactory results when the particle size distribution
      thereof is such that less than about 30.0 percent by number of the toner
      particles have an average particle diameter of less than about 5 microns,
      about 25.0 percent by number of the toner particles have an average
      particle diameter of between about 8 microns and about 12 microns, and
      less than about 5.0 percent by number of the toner particles have an
      average particle diameter greater than about 20 microns. However, it is
      preferred that the particle size distribution be such that less than about
      20 percent by number of the toner particles have an average particle
      diameter of less than about 5 microns, about 45 percent by number of the
      toner particles have an average particle diameter of between about 8
      microns and about 12 microns, and less than about 5 percent by number of
      the toner particles have an average particle diameter greater than about
      20  microns. Optimum results are obtained when the particle size
      distribution is such that less than about 10 percent by number of the
      toner particles have an average particle diameter of less than about 5
      microns, about 60 percent by number of the toner particles have an average
      particle diameter of between about 8 microns and about 12 microns, and
      less than about 5 percent by number of the toner particles have an average
      particle diameter greater than about 20 microns.
PAR  It has been found that the classified carrier materials of this invention
      provide satisfactory results when the particle size volume distribution
      geometric standard deviation thereof is less than axout 1.3 and the volume
      average particle diameter is less than about 100 microns. Improved results
      are obtained with, and it is preferred, that the particle size volume
      distribution geometric standard deviation thereof be less than about 1.2
      and the volume average particle diameter is less than about 90 microns.
      Optimum results are obtained when the volume distribution geometric
      standard deviation of the classified carrier materials of this invention
      is less than about 1.15 and the volume average particle diameter is less
      than about 85 microns. The term geometric standard deviation as employed
      herein is defined as the deviation encountered in a particle size analysis
      approximately measured as the ratio of the particle diameter which is
      greater than that of 84 percent of the sample to that of the particle
      diameter which is greater than that of 50 percent of the sample. This
      value represents the median or average particle size distribution by
      weight or volume of the carrier particles and has an important reflection
      on copy quality obtained in an electrostatographic development system.
      Another measure of the geometric standard deviation of the classified
      carrier materials of this invention is the deviation encountered in a
      particle size analysis approximately measured as the ratio of the particle
      diameter which is greater than that of 50 percent of the sample to that of
      the particle diameter which is greater than that of 16 percent of the
      sample. The 50 percent value represents the median or average particle
      size by volume of the carrier particles and has an important reflection on
      the measure of the useful lifetime of the developer. In both cases, the
      values obtained for the volume average particle diameter and the geometric
      standard deviation are determined by size analysis performed by a sieve
      analysis employing all U.S. Standard sieves from 325 mesh to 70 mesh.
PAR  Any suitable particle classification method may be employed to obtain the
      classified toner materials of this invention. Typical particle
      classification methods include air classification, screening, cyclone
      separation, elutriation, centrification, and combinations thereof. The
      preferred method of obtaining the classified toner materials of this
      invention is by centrifugal air classification. In this method, air or
      some other gas flows inwards in a spiral path through a flat, cylindrical
      chamber. Particles contained in the air flow are exposed to two
      antagonistic forces, viz., to the inwardly directed tractive force of the
      air, and to the outwardly directed centrifugal force of the particle. For
      a definite size of particles, that is, the "cut size," both forces are in
      equilibrium. Larger (heavier) particles are dominated by the
      mass-dependent centrifugal force and the smaller (lighter) particles by
      the frictional force proportional to the particle diameter. Consequently,
      the larger or heavier particles fly outwards as coarse fraction, while the
      smaller or lighter ones are carried inwards by the air as fine fraction.
      The "cut size" usually depends upon the gradient of the spiral, the
      peripheral component, and the absolute dimension of the classifying
      chamber. Adjustment of the cut size may be effected through variation of
      the two factors first mentioned, while the range of the cut size may be
      determined by the respective dimension of the classifying chamber.
      Satisfactory centrifugal air classification results may be obtained when
      employing an apparatus such as the Mikroplex Spiral Air Classifier Type
      132MP model available from the Alpine American Corporation, Natick,
      Massachusetts, or an Acucut Model B18 unit available from the Donaldson
      Company, Inc., Tulsa, Oklahoma.
PAR  Any suitable particle classification method may be employed to obtain the
      high surface area carrier materials of this invention. Typical particle
      classification methods include air classification, screening, cyclone
      separation, elutriation, centrification, and combinations thereof. The
      preferred method of obtaining the high surface area carrier materials of
      this invention is by screening or seiving.
PAR  Any suitable vinyl resin having a melting point of at least about
      110.degree. F may be employed in the toner compositions. The vinyl resin
      may be a homopolymer or a copolymer of two or more vinyl monomers. Typical
      monomeric units which may be employed to form vinyl polymers include:
      styrene, p-chlorostyrene, vinyl naphthalene; ethylenically unsaturated
      monoolefins such as ethylene, propylene, butylene, isobutylene and the
      like; vinyl esters such as vinyl chloride, vinyl bromide, vinyl fluoride,
      vinyl acetate, vinyl propionate, vinyl benzoate, vinyl butyrate and the
      like; esters of alphamethylene aliphatic monocarboxylic acids such as
      methyl acrylate, ethyl acrylate, n-butylacrylate, isobutyl acrylate,
      dodecyl acrylate, n-octyl acrylate, 2 chloroethyl acrylate, phenyl
      acrylate, methyl-alpha-chloroacrylate, methyl methacrylate, ethyl
      methacrylate, butyl methacrylate and the like; acrylonitrile,
      methacrylonitrile, acrylamide, vinyl ethers such as vinyl methyl ether,
      vinyl isobutyl ether, vinyl ethyl ether, and the like; vinyl ketones such
      as vinyl methyl ketone, vinyl hexyl ketone, methyl isopropenyl ketone and
      the like; vinylidene halides such as vinylidene chloride, vinylidene
      chlorofluoride and the like; and N-vinyl compounds such as N-vinyl
      pyrrole, N-vinyl carbazole, N-vinyl indole, N-vinyl pyrrolidene and the
      like; and mixtures thereof. Generally, suitable vinyl resins employed in
      the toner have a weight average molecular weight between about 3,000 to
      about 500,000.
PAR  Toner resins containing relatively high percentages of a styrene resin are
      preferred. The presence of a styrene resin is preferred because a greater
      degree of image definition is generally achieved upon latent image
      development. Further, denser images are obtained when at least about 25
      percent by weight, based on the total weight of resin in the toner, of a
      styrene resin is present in the toner. The styrene resin may be a
      homopolymer of styrene or styrene homologues or copolymers of styrene with
      other monomeric groups containing a single methylene group attached to a
      carbon atom by a double bond. Thus, typical monometric materials which may
      be copolymerized with styrene by addition polymerization include:
      P-chlorostyrene, vinyl naphthalene; ethylenically unsaturated monoolefins
      such as theylene, propylene, butylene, isobuthlene and the like; vinyl
      esters such as vinyl chloride, vinyl bromide, vinyl fluoride, vinyl
      acetate, vinyl propionate, vinyl benzoate, vinyl butyrate and the like;
      esters of alpha-methylene aliphatic monocarboxylic acids such as methyl
      acrylate, ethyl acrylate, n-butylacrylate, isobutyl acrylate, dodecyl
      acrylate, n-octyl acrylate, 2-chloroethyl acrylate, phenyl acrylate,
      methyl-alpha-chloroacrylate, methyl methacrylate, ethyl methacrylate,
      butyl methacrylate and the like; acrylonitrile, methacrylonitrile,
      acrylamide, vinyl ethers such as vinyl methyl ether, vinyl isobutyl ether,
      vinyl ethyl ether, and the like, vinyl ketones such as vinyl methyl
      ketone, vinyl hexyl ketone, methyl isopropenyl ketone and the like;
      vinylidene halides such as vinylidene chloride, vinylidene chlorofluoride
      and the like; and N-vinyl compounds such as N-vinyl pyroole, N-vinyl
      carbazole, N-vinyl indole, N-vinyl pyrrolidene and the like; and mixtures
      thereof. The styrene resins may also be formed by the polymerization of
      mixtures of two or more of these unsaturated monomeric materials with a
      styrene monomer. The expression "addition polymerization" is intended to
      include known polymerization techniques such as free radical, anionic and
      cationic polymerization processes.
PAR  The vinyl resins, including styrene type reins, may also be blended with
      one or more other resins if desired. When the vinyl resin is blended with
      another resin, the added resin is preferably another vinyl resin because
      the resulting blend is characterized by especially good triboelectric
      stability and uniform resistance against physical degradation. The vinyl
      resins employed for blending with the styrene type or other vinyl resin
      may be prepared by the addition polymerization of any suitable vinyl
      monomer such as the vinyl monomers described above. Other thermoplastic
      resins may also be blended with the vinyl resins of this invention.
      Typical non-vinyl type thermoplastic resins include: rosin modified phenol
      formaldehyde resins, oil modified epoxy resins, polyurethane resins,
      cellulosic resins, polyether resins and mixture thereof. When the resin
      component of the toner contains styrene copolymerized with another
      unsaturated monomer or a blend of polystyrene and another resin, a styrene
      component of at least about 25 percent by weight based on the total weight
      of the resin present in the toner is preferred because denser images are
      obtained and a greater degree of image definition is achieved with a given
      quantity of toner material.
PAR  It is to be understood that the specific formulas given for the units
      contained in the resins of the toner materials re-present the vast
      majority of the units present, but do not exclude the presence of
      monomeric units or reactants other than those which have been shown. For
      example, some commercial materials contain trace amounts of homologues or
      unreacted or partially reacted monomers. Any minor amount of such
      substituents may be present in the materials of this invention.
PAR  Any suitable pigment or dye may be employed as the colorant for the toner
      particles. Toner colorants are well-known and include, for example, carbon
      black, nigrosine dye, aniline blue, Calco Oil Blue, chrome yellow,
      ultramarine blue, duPont Oil Red, Qunioline Yellow, emthylene blue
      chloride, phthalocyanine blue, Malachite Green Oxalate, lamp black, Rose
      Bengal and mixtures thereof. The pigment or dye should be present in the
      toner in a sufficient quantity to render it highly colored so that it will
      form a clearly visible image on a recording member. Thus, for example,
      where conventional electrostatographic copies of typed documents are
      desired, the toner may comprise a black pigment such as carbon black, for
      example, furnace black or channel black, or a black dye such as Amaplast
      Black dye, available from the National Aniline Products, Inc. Generally,
      the pigment is employed in an amount from about 1 percent to about 20
      percent by weight based on the total weight of the colored toner. If the
      toner colorant employed is a dye, substantially smaller quantities of
      colorant may be used. However, since a number of the above pigments used
      in electrostatographic toner compositions may affect both the glass
      transition and fusion temperatures of the toner compositions of this
      invention, their concentration preferably should be about 10 percent by
      weight of the colored toner.
PAR  The toner compositions may be prepared by any well-known toner mixing and
      comminution technique. For example, the ingredients may be thoroughly
      mixed by blending, mixing and milling the components and thereafter
      micropulverizing the resulting mixture. Another well-known technique for
      forming toner particles is to spray-dry a ball-milled toner composition
      comprising a colorant, a resin, and a solvent.
PAR  Any suitable coated or uncoated electrostatographic carrier bead material
      may be employed as the high surface area carrier material of this
      invention. Typical cascade development process carriers include sodium
      chloride, ammonium chloride, aluminum potassium chloride, Rochelle salt,
      sodium nitrate, aluminum nitrate, potassium chlorate, granular zircon,
      granular silicon, methyl methacrylate, glass and silicon dioxide. Typical
      magnetic brush development process carriers include nickel, steel, iron,
      ferrites, and the like. The carriers may be employed with or without a
      coating. Many of the foregoing and other typical carriers are described by
      L. E. Walkup, et al. in U.S. Pat. No. 2,638,416 and E. N. Wise in U.S.
      Pat. No. 2,618,552. An ultimate coated carrier particle diameter between
      about 30 microns to about 1,000 microns is preferred because the carrier
      particles then possess sufficient density and inertia to avoid adherence
      to the electrostatic images during the cascade development process. For
      magnetic brush development, the carrier particles generally have an
      average diameter between about 30 microns and about 250 microns. Generally
      speaking, satisfactory results are obtained when about 1 part toner is
      used with about 10 to 200 parts by weight of carrier.
PAR  The high surface area carrier materials of this invention may be coated
      with any suitable coating material. Typical electrostatographic carrier
      particle coating materials include vinyl chloride-vinyl acetate
      copolymers, styrene-acrylate-organosilicon terpolymers, natural resins
      such as caoutchouc, colophony, copal, dammar, Drangon's Blood, jalap,
      storax; thermoplastic resins including the polyolefins such as
      polyethylene, polypropylene, chlorinated polyethylene, and
      chlorosulfonated polyethylene; polyvinyls and polyvinylidenes such as
      polystyrene, polymethylstyrene, polymethyl methacrylate,
      polyacrylonitrile, polyvinyl acetate, polyvinyl alcohol, poly vinyl
      butyral, polyvinyl chloride, polyvinyl carbazole, polyvinyl ethers, and
      polyvinyl ketones; fluorocarbons such as polytetrafluoroethylene,
      polyvinyl fluoride, polyvinylidene fluoride; and
      polychlorotrifluoroethylene; polyamides such as polycaprolactam and
      polyhexamethylene adipamide; polyesters such as polyethylene
      terephthalate; polyurethanes; polysulfides, poly carbonates; thermosetting
      resins including phenolic resins such as phenol-formalidehyde,
      phenol-furfural and resorcinol formaldehyde; amino resins such as
      urea-formaldehyde and melamineformaldehyde; polyester resins; epoxy
      resins; and the like. Many of the foregoing and other typical carrier
      coating materials are described by L. E. Walkup in U.S. Pat. No.
      2,618,551; B. B. Jacknow, et al. in U.S. Pat. No. 3,526,433; and R. J.
      Hagenbach, et al. in U.S. Pat. Nos. 3,533,835 and 3,658,500.
PAR  When the high surface area carrier materials of this invention are coated,
      any suitable electrostatographic carrier coating thickness may be
      employed. However, a carrier coating having a thickness at least
      sufficient to form a thin continuous film on the carrier particle is
      preferred because the carrier coating will then possess sufficient
      thickness to resist abrasion and prevent pinholes which adversely affect
      the triboelectric properties of the coated carrier particles. Generally,
      for cascade and magnetic brush development, the carrier coating may
      comprise from about 0.1 percent to about 10.0 percent by weight based on
      the weight of the coated carrier particles. Preferably, the carrier
      coating should comprise from about 0.3 percent to about 1.5 percent by
      weight based on the weight of the coated carrier particles because maximum
      durability, toner impaction resistance, and copy quality are achieved. To
      achieve further variation in the properties of the coated composite
      carrier particles, well-known additives such as plasticizers, reactive and
      non-reactive polymers, dyes, pigments, wetting agents and mixtures thereof
      may be mixed with the coating materials.
PAR  When the high surface area carrier materials of this invention are coated,
      the carrier coating composition may be applied to the carrier cores by any
      conventional method such as spraying, dipping, fluidized bed coating,
      tumbling, brushing and the like. The coating compositions may be applied
      as a powder, a dispersion, solution, emulsion or hot melt. When applied as
      a solution, any suitable solvent may be employed. Solvents having
      relatively low boiling points are preferred because less energy and time
      is required to remove the solvent subsequent to application of the coating
      to the carrier cores. If desired, the coating may comprise resin monomers
      which are polymerized in situ on the surface of the cores or plastisols
      gelled in situ to a non-flowable state on the surface of the cores.
      Surprisingly, it has been found that for a given inefficient coating
      process, carrier core materials having the specific surface areas
      designated in this invention results in increased effective area, that is,
      triboelectric charging coated area per unit weight. Thus, increased
      carrier active area increases the net toner material triboelectric charge
      level for a given toner concentration by weight in a developer mixture.
      Therefore, where it is preferred to operate an electrostatographic
      development system at a minimum toner concentration as to provide solid
      area coverage and at a toner concentration high enough to minimize toner
      deposits in background areas of a developed electrostatic latent image
      resulting from toner particles having a low or weak triboelectric charge,
      these objectives may be attained by employing the high surface area
      carrier materials of this invention. In accordance with this invention,
      the aforementioned objectives are attained by operating at a decreased
      toner concentration providing lower background deposits and enabling
      longer developer life.
PAR  Any suitable organic or inorganic photoconductive material may be employed
      as the recording surface with the classified developer materials of this
      invention. Typical inorganic photoconductor materials include: sulfur,
      selenium, zinc sulfide, zinc oxide, zinc cadmium sulfide, zinc magnesium
      oxide, cadium selenide, zinc silicate, calcium strontium sulfide, cadmium
      sulfide, mercuric iodide, mercuric oxide, mercuric sulfide, indium
      trisulfide, gallium selenide, arsenic disulfide, arsenic trisulfide,
      arsenic triselenide, antimony trisulfide, cadmium sulfo-selenide and
      mixtures thereof. Typical organic photoconductors include: guinacridone
      pigments, phthalocyanine pigments, triphenylamine,
      2,4-bix(4,4'-diethylamino-phenol) -1, 3,4,-oxadiazol, N-isopropylcarbazol,
      triphenylpyrrol, 4,5-diphenyl-imidazolidinone,
      4,5-diphenyl-imidazolidinethione,
      4,5-bix-(4'-amino-phenyl)-imidazolidinone, 1,5-dicyanonaphthalene,
      1,4-dicyanonaphthalene, aminophthalodinitrile, nitrophthalodinitrile,
      1,2,5,6-tetraazacyclooctatetraene-(2,4,6,8),
      2-mercaptobenzothiazole-2-phenyl-4-disphenylideneoxazolone,
      6-hydroxy2,3-di(p-methoxyphenyl)-benzofurane,
      4-dimethylaminobenzylidene-benzhydrazide, 3-benzylidene-aminocarbazole,
      polyvinyl carbazole, (2-nitro-benzylidene)-p-bromoaniline,
      2,4-diphenylquinazoline, 1,2,4-triazine, 5-diphenyl-3-methyl-pyrazoline,
      2-(4'dimethylamino phenyl)-benzoxazole, 3-aminecarbazole, and mixtures
      thereof. Representative patents in which photoconductive materials are
      disclosed include U.S. Pat. Nos. 2,803,542 to Ullrich, U.S. Pat. No.
      2,970,906 to Bixby, U.S. Pat. No. 3,121,006 to Middleton, U.S. Pat. No.
      3,121,007 to Middleton, and U.S. Pat. No. 3,151,982 to Corrsin.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following examples further define, describe and compare methods of
      preparing the developer materials of the present invention and of
      utilizing them to develop electrostatic latent images. Parts and
      percentages are by weight unless otherwise indicated.
PAR  In the following examples, toner impaction is measured by a
      spectrophotometric technique. In general, a 3-5 gram sample of the
      developer is weighed accurately. Next it is washed with an aqueous
      surfactant solution to remove loose, non-impacted toner. A quantity of the
      appropriate solvent is added aimed at dissolving the impacted toner
      polymer and suspending the carbon black. The mixture of solution and
      suspended carbon black is ultra-sonified to disperse the carbon black. The
      resultant suspension is transferred to a volumetric flask and diluted with
      additional solvent to the mark. The apparent absorbance of the suspension
      is measured in the visible region. This is compared to a standard curve
      derived from the virgin toner used to prepare the developer. The
      concentration of impacted toner is calculated from the absorbance of the
      sample dispersion. Generally it has been found most useful to measure the
      rate of toner impaction throughout any machine test. For practical
      considerations, the number of measurements has to be limited and very good
      results have been obtained based upon toner impaction during the first
      50,000 copies during any test. The rate of toner impaction is calculated
      from the milligrams of impacted toner polymer per gram of developer per
      1,000 copies.
PAR  Further, in the following examples, the toner materials were classified
      employing an Acucut Model B18 unit available from the Donaldson Company,
      Inc., Tulsa, Oklahoma.
PAC  EXAMPLE I
PAR  A control developer mixture is prepared by mixing a toner composition
      comprising a mixture of about 90 parts by weight of a copolymer of about
      58.0 percent by weight of styrene and about 42.0 percent by weight of
      n-butyl methacrylate, and about 10 parts by weight of a furnace carbon
      black with carrier particles. The toner particles were determined to have
      a particle size number distribution fine index of about 1.70, a particle
      size volume distribution coarse index of about 1.40, and a particle size
      distribution wherein about 50 percent of the toner particles had an
      average particle diameter of less than about 5 microns, about 23 percent
      by number of the toner particles had an average particle diameter of
      between about 5 microns and about 8 microns, about 15 percent by number of
      the toner particles had an average particle diameter of between about 8
      microns and about 12 microns, about 7 percent by number of the toner
      particles had an average particle diameter of between about 12 microns and
      about 20 microns, and about 5 percent by number of the toner particles had
      an average particle diameter of more than 20 microns. The carrier
      particles comprised nickel-zinc ferrite coated with about 0.6% by weight,
      based on the weight of the core material, of a carrier coating composition
      comprising styrene, a methacrylate ester, and an organosilicon compound as
      disclosed in U.S. Pat. No. 3,526,533. The coated ferrite carrier material
      is determined by sieve analysis to have a particle size distribution as
      follows:
      U.S. Seive       % By Weight                                             
     ______________________________________                                    
      70 mesh (210.mu.)                                                        
                       0                                                       
      80 mesh (177.mu.)                                                        
                       0                                                       
     100 mesh (149.mu.)                                                        
                       .1                                                      
     120 mesh (125.mu.)                                                        
                       .1                                                      
     140 mesh (105.mu.)                                                        
                       7.2                                                     
     170 mesh ( 88.mu.)                                                        
                       30.4                                                    
     200 mesh ( 74.mu.)                                                        
                       30.7                                                    
     230 mesh ( 63.mu.)                                                        
                       25.5                                                    
     270 mesh ( 54.mu.)                                                        
                       5.7                                                     
     325 mesh ( 44.mu.)                                                        
                       0.2                                                     
     Pan               0                                                       
     ______________________________________                                    
PAL  By calculation, the coated ferrite carrier material is determined to have a
      specific surface area of about 128 cm.sup.2 /gram. About 1 part by weight
      of the toner particles was mixed with about 100 parts by weight of the
      carrier particles to form the developer mixture. Copies of a standard test
      pattern were made with the developer mixture in an electrostatographic
      copying machine employing a magnetic brush development system. It was
      found that the developer mixture failed after about 100,000 copies.
      Developer failure was experienced in the form of high background, i.e.,
      exceeding the specified 0.01 background density level at 1.0 solid area
      density. A high level of photoreceptor filming was observed as print-out
      on the copies occurred at a frequency of about every 15,000 copy
      intervals. The rate of toner impaction was found to be about 0.0450.
PAC  EXAMPLE II
PAR  A developer mixture is prepared by mixing about 1 part of the toner
      material employed in Example I with about 100 parts of the carrier
      material employed in Example I except that the toner particles were
      determined to have a particle size number distribution fine index of about
      2.07, a particle size volume distribution course index of about 1.40, and
      a particle size distribution wherein about 29 percent of the toner
      particles had an average particle diameter of less than about 5 microns,
      about 30 percent by number of the toner particles had an average particle
      diameter of between about 5 microns and about 8 microns, about 25 percent
      by number of the toner particles had an average particle diameter of
      between about 8 microns and about 12 microns, about 11 percent by number
      of the toner particles had an average particle diameter of between about
      12 microns and about 20 microns, and about 5 percent by number of the
      toner particles had an average particle diameter of more than 20 microns.
      The carrier material was determined by seive analysis to have the
      following particle size distribution:
TBL  U.S. Seive        % By Weight                                             
     ______________________________________                                    
      70 mesh (210.mu.)                                                        
                       0                                                       
      80 mesh (177.mu.)                                                        
                       0                                                       
     100 mesh (149.mu.)                                                        
                       0.8                                                     
     120 mesh (125.mu.)                                                        
                       5.9                                                     
     140 mesh (105.mu.)                                                        
                       21.4                                                    
     170 mesh ( 88.mu.)                                                        
                       40.3                                                    
     200 mesh ( 74.mu.)                                                        
                       28.5                                                    
     230 mesh ( 63.mu.)                                                        
                       1.4                                                     
     270 mesh ( 54.mu.)                                                        
                       1.4                                                     
     325 mesh ( 44.mu.)                                                        
                       0.3                                                     
     Pan               0                                                       
     ______________________________________                                    
PAL  By calculation, the coated ferrite carrier material is determined to have a
      specific surface area of about 151 cm.sup.2 /gram. The developer is used
      to develop an electrostatic latent image under substantially the same
      conditions as in Example I. It was found that the developer mixture
      performed satisfactorily up to about 225,000 copies. A lower level of
      photoreceptor filming was observed as print-out on the copies at a
      frequency of about every 25,000 copy intervals. The rate of toner
      impaction was found to be about 0.0280.
PAC  EXAMPLE III
PAR  A developer mixture is prepared by mixing about 1 part of the toner
      material employed in Example I with about 100 parts of the carrier
      material employed in Example I except that the toner particles were
      determined to have a particle size number distribution fine index of about
      2.60, a particle size volume distribution coarse index of about 1.35, and
      a particle size distribution wherein about 23 percent of the toner
      particles had an average particle diameter of less than about 5 microns,
      about 18 percent by number of the toner particles had an average particle
      diameter of between about 5 microns and about 8 microns, about 35 percent
      by number of the toner particles had an average particle diameter of
      between about 8 microns and about 12 microns, about 19 percent by number
      of the toner particles had an average particle diameter of between about
      12 microns and about 20 microns, and about 5 percent by number of the
      toner particles had an average particle diameter of more than 20 microns.
      The carrier material was determined by seive analysis to have the
      following particle size distribution:
TBL  U.S. Seive        % By Weight                                             
     ______________________________________                                    
      70 Mesh (210.mu.)                                                        
                       0                                                       
      80 Mesh (177.mu.)                                                        
                       0                                                       
     100 Mesh (149.mu.)                                                        
                       0                                                       
     120 Mesh (125.mu.)                                                        
                       0.16                                                    
     140 Mesh (105.mu.)                                                        
                       13.8                                                    
     170 Mesh ( 88.mu.)                                                        
                       35.1                                                    
     200 Mesh ( 74.mu.)                                                        
                       40.9                                                    
     230 Mesh ( 63.mu.)                                                        
                       7.59                                                    
     270 Mesh ( 54.mu.)                                                        
                       1.86                                                    
     325 Mesh ( 44.mu.)                                                        
                       .53                                                     
     Pan               0.06                                                    
     ______________________________________                                    
PAL  By calculation, the coated ferrite carrier material is determined to have a
      specific surface area of about 160 cm.sup.2 /gram. The developer is used
      to develop an electrostatic latent image under substantially the same
      conditions as in Example I. It was found that the developer mixture
      performed satisfactorily up to about 375,000 copies. A lower level of
      photoreceptor filming was observed as print-out on the copies at a
      frequency of about every 35,000 copy intervals. The rate of toner
      impaction was found to be about 0.0220.
PAC  EXAMPLE IV
PAR  A developer mixture is prepared by mixing about 1 part of the toner
      material employed in Example I with about 100 parts of the carrier
      material employed in Example I except that the toner particles were
      determined to have a particle size number distribution fine index of about
      2.25, a particle size volume distribution coarse index of about 1.35, and
      a particle size distribution wherein about 21 percent of the toner
      particles had an average partacle diameter of less than about 5 microns,
      about 15 percent by number of the toner particles had an average particle
      diameter of between about 5 microns and about 8 microns, about 40 percent
      by number of the toner particles had an average particle diameter of
      between about 8 microns and about 12 microns, about 19 percent by number
      of the toner particles had an average particle diameter of between about
      12 microns and about 20 microns, and about 5 percent by number of the
      toner particles had an average particle diameter of more than 20 microns.
      The carrier material was determined by seive analysis to have the
      following particle size distribution:
TBL   U.S. Seive       % By Weight                                             
     ______________________________________                                    
      70 Mesh (210.mu.)                                                        
                       0                                                       
      80 Mesh (177.mu.)                                                        
                       0                                                       
     100 Mesh (149.mu.)                                                        
                       0                                                       
     120 Mesh (125.mu.)                                                        
                       0                                                       
     140 Mesh (105.mu.)                                                        
                       5.7                                                     
     170 Mesh ( 88.mu.)                                                        
                       44.7                                                    
     200 Mesh ( 74.mu.)                                                        
                       34.9                                                    
     230 Mesh ( 63.mu.)                                                        
                       10.9                                                    
     270 Mesh ( 54.mu.)                                                        
                       3.7                                                     
     325 Mesh ( 44.mu.)                                                        
                       .13                                                     
     Pan               0                                                       
     ______________________________________                                    
PAL  By calculation, the coated ferrite carrier material is determined to have a
      specific surface area of about 168 cm.sup.2 /gram. The developer is used
      to develop an electrostatic latent image under substantially the same
      conditions as in Example I. It was found that the developer mixture
      performed satisfactorily up to 325,000 copies when the test was suspended.
      A lower level of photoreceptor filming was observed as print-out on the
      copies at a frequency of about every 50,000 copy intervals. The rate of
      toner impaction was found to be about 0.0140.
PAC  EXAMPLE V
PAR  A developer mixture is prepared by mixing about 1 part of the toner
      material employed in Example I with about 100 parts of the carrier
      material employed in Example I except that the toner particles were
      determined to have a particle size number distribution fine index of about
      1.70, a particle size volume distribution coarse index of about 1.33, and
      a particle size distribution wherein about 13 percent of the toner
      particles had an average particle diameter of less than about 5 microns,
      about 12 percent by number of the toner particle had an average particle
      diameter of between about 5 microns and about 8 microns, about 50 percent
      by number of the toner particles had an average particle diameter of
      between about 8 microns and about 12 microns, about 20 percent by number
      of the toner particles had an average particle diameter of between about
      12 microns and about 20 microns, and about 5 percent by number of the
      toner particles had an average particle diameter of more than 20 microns.
      The carrier material was determined by seive analysis to have the
      following particle size distribution:
TBL   U.S. Seive       % By Weight                                             
     ______________________________________                                    
      70 Mesh (210.mu.)                                                        
                       0                                                       
      80 Mesh (177.mu.)                                                        
                       0.2                                                     
     100 Mesh (149.mu.)                                                        
                       1.7                                                     
     120 Mesh (125.mu.)                                                        
                       4.5                                                     
     140 Mesh (105.mu.)                                                        
                       7.5                                                     
     170 Mesh ( 88.mu.)                                                        
                       10.3                                                    
     200 Mesh ( 74.mu.)                                                        
                       62.4                                                    
     230 Mesh ( 63.mu.)                                                        
                       2.6                                                     
     270 Mesh ( 54.mu.)                                                        
                       5.1                                                     
     325 Mesh ( 44.mu.)                                                        
                       5.1                                                     
     Pan               .51                                                     
     ______________________________________                                    
PAL  This distribution was reconstructed artificially and does not satisfy a
      log-normal plot for a geometric standard deviation calculation. By
      calculation, the coated ferrite carrier material is determined to have a
      specific surface area of about 177 cm.sup.2 /gram. The developer is used
      to develop an electrostatic latent image under substantially the same
      conditions as in Example I. It was found that the developer mixture
      performed satisfactorily up to 400,000 copies when the test was suspended.
      A low level of photoreceptor filming was observed as print-out on the
      copies at a frequency of about every 135,000 copy intervals. The rate of
      toner impaction was found to be about 0.0117.
PAR  Thus, highly classified developer materials of this invention are
      characterized as providing improved copy quality experienced in reduced
      toner deposits in background areas. In addition, developer materials of
      this invention are further characterized as resulting in improved machine
      performance with longer systems life, that is, these developer materials
      provide substantially improved triboelectric charging properties of the
      developer mixtures for substantially longer periods of time thereby
      increasing the developer life of the developer mixtures and decreasing the
      time intervals between replacement of the developer materials. Further
      still, the developer materials of this invention may be characterized as
      providing dense toner images and are particularly useful in magnetic brush
      development systems. Thus, by providing the developer materials of this
      invention, substantial improvements in systems life due to intrinsic
      developer life result upon the classification and use of developer
      materials having teh specified physical characteristics.
PAR  In addition, the developer materials of this invention may be further
      characterized as experiencing substantially reduced impaction rates
      resulting in more stable triboelectric charging properties of the
      developer mixtures for substantially longer periods of time thereby
      increasing the developer life of the developer mixtures and decreasing the
      time intervals between replacement of the developer materials.
PAR  The expressions "developing material" and "developer mixture" as employed
      herein are intended to include toner material or combinations of toner
      material and carrier material.
PAR  Although specific materials and conditions are set forth in the above
      examples of making and using the developer materials of this invention,
      these are merely intended as illustrations of the present invention. These
      and other high surface area carrier materials, toner materials,
      substituents, and processes, such as those listed above, may be
      substituted for those in the Examples with similar results.
PAR  Other modifications of the present invention will occur to those skilled in
      the art upon a reading of the present disclosure. These are intended to be
      included within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrostatographic imaging process comprising the steps of providing
      an electrostatographic imaging member having a recording surface, forming
      an electrostatic latent image on said recording surface, and contacting
      said electrostatic latent image with a developer mixture comprising
      classified toner materials electrostatically clinging to the surface of
      classified high surface area carrier materials, said classified toner
      materials having a particle size number distribution with a fine index
      ratio of less than about 2.50, a particle size volume distribution with a
      coarse index ratio less than about 1.50, and a particle size distribution
      wherein less than about 30.0 percent by number of the toner particles have
      an average particle size diameter of less than about 5 microns, about 25%
      of the particles have a diameter between about 8 microns and about 12
      microns, and less than about 5% by number of the toner particles have an
      average particle diameter greater than about 20 microns, said classified
      high surface area carrier materials having a specific surface area of at
      least about 150 cm.sup.2 /gram and a particle size volume distribution
      geometric standard deviation of less than about 1.3, whereby at least a
      portion of said finely-divided toner particles are attracted to and
      deposited on said recording surface in conformance with said electrostatic
      latent image.
NUM  2.
PAR  2. An electrostatographic imaging process according to claim 1 wherein said
      carrier materials have a specific surfce area of at least about 165
      cm.sup.2 /gram.
NUM  3.
PAR  3. An electrostatographic imaging process according to claim 1 wherein said
      carrier materials have a specific surface area of at least about 175
      cm.sup.2 /gram.
NUM  4.
PAR  4. An electrostatographic imaging process according to claim 1 wherein said
      classified toner materials have a particle size number distribution fine
      index of less than 2.00.
NUM  5.
PAR  5. An electrostatographic imaging process according to claim 1 wherein said
      classified toner materials have a particle size number distribution fine
      index of less than about 1.45.
NUM  6.
PAR  6. An electrostatographic imaging process according to claim 1 wherein said
      classified toner materials have a particle size volume distribution coarse
      index of less than about 1.45.
NUM  7.
PAR  7. An electrostatographic imaging process according to claim 1 wherein said
      classified toner materials have a particle size volume distribution coarse
      index of less than about 1.35.
NUM  8.
PAR  8. An electrostatographic imaging process according to claim 1 wherein said
      classified toner materials have a particle size distribution wherein less
      than about 20% by number of the toner particles have an average particle
      diameter of less than about 5 microns, about 45% by number of the toner
      particles have an average particle diameter of between about 8 microns and
      about 12 microns, and less than about 5% by number of the toner particles
      have an average particle diameter greater than about 20 microns.
NUM  9.
PAR  9. An electrostatographic imaging process according to claim 1 wherein said
      classified toner materials have a particle size distribution wherein less
      than about 10% by number of the toner particles have an average particle
      diameter of less than about 5 microns, about 60% by number of the toner
      particles have an average particle diameter of between about 8 microns and
      about 12 microns, and less than about 5% by number of the toner particles
      have an average particle diameter greater than about 20 microns.
NUM  10.
PAR  10. An electrostatographic imagingn process according to claim 1 wherein
      said classified carrier materials have a particle size volume distribution
      geometric standard deviation of less than about 1.2 and a volume average
      particle diameter of less than about 90 microns.
NUM  11.
PAR  11. An electrostatographic imaging process according to claim 1 wherein
      said classified carrier materials have a volume distribution geometric
      standard deviation of less than about 1.15 and a volume average particle
      diameter of less than about 85 microns.
NUM  12.
PAR  12. An electrostatographic imaging process according to claim 1 wherein
      said carrier materials are overcoated with a thin continuous film of a
      coating material.
NUM  13.
PAR  13. An electrostatographic imaging process according to claim 12 wherein
      said coating material comprises from about 0.1% to about 10.0% by weight
      based on the weight of the coated carrier particles.
NUM  14.
PAR  14. An electrostatographic imaging process according to claim 1 wherein
      said carrier material comprises nickel-zinc ferrite coated with a thin
      continuous film of a coating composition comprising styrene, a
      methacrylate ester, and an organosilicon compound.
NUM  15.
PAR  15. An electrostatographic imaging process according to claim 1 wherein
      said toner material comprises a mixture of about 90 parts by weight of a
      copolymer of about 58.0% by weight of styrene, about 42.0% by weight of
      n-butylmethacrylate, and about 10 parts by weight of a furnace carbon
      black.
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ABST
PAL  An ion modulator of improved sensitivity and capable of producing copies of
      excellent quality is provided in the form of a conductive metal screen
      which is coated with a photoconductor or insulator and having a
      supplementary electrode forming an integral part thereof. The
      supplementary electrode functions to provide a positive or negative bias
      potential resulting in a larger transmission coefficient, better gray
      scale, improved light sensitivity, and the ability to operate in both
      positive and negative modes.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 488,936, filed July 16, 1974.
BSUM
PAR  This invention relates to electrophotographic processes and apparatus. In
      one of its more particular aspects this invention relates to a
      multi-layered ion modulator and its use in an electrophotographic process
      which is capable of operating in both the positive and negative modes.
PAR  Electrophotographic reproduction techniques for making copies of graphic
      originals using photoconductive media are well known. Such processes
      generally call for applying a blanket electrostatic charge to a
      photoconductor in the dark and then exposing the charged photoconductor to
      a pattern of light and shadow created by directing electromagnetic
      radiation onto a graphic original. The light-struck areas of the
      photoconductor are discharged leaving behind a latent electrostatic image
      corresponding to the original. A developed image is produced by applying
      an electroscopic powder to the latent electrostatic image and then fixing
      the image or transferring and fixing onto a suitable receiving medium such
      as plain paper.
PAR  This technique has been extended to foraminated structures which are formed
      by applying a photoconductive layer to a conductive screen or similar
      apertured structure. Such structures function as ion modulators
      selectively passing a stream of ions through the apertures of the screen
      in a pattern corresponding to the graphic orignal to be reproduced.
PAR  The ion modulators which have been developed heretofore and are known in
      the prior art fall into several distinct classes:
PAR  The first is a two-layered screen or grid construction which is formed by
      applying a photoconductive layer onto an apertured metallic substrate, as
      disclosed in U.S. Pat. No. 3,220,324 to Christopher Snelling. Such a
      structure is capable of accepting an electrostatic charge corresponding to
      a pattern of light and shadow created by electromagnetic radiation
      directed onto a graphic original. The operation and construction of such a
      device requires that the projection of ions through the screen occur
      simultaneously with the projection of the pattern of light and shadow. The
      simultaneity requirement is occasioned by the inability of such a system
      to retain or have any "memory" in terms of the charge pattern imparted to
      the structure.
PAR  A three layer modulator is disclosed in co-pending applications Ser. Nos.
      423,883 and 423,884 filed Dec. 12, 1973, of John D. Blades and Jerome E.
      Jackson assigned to the same assignee as this application. The three
      layered modulator described in the above mentioned applications possesses
      a memory which makes it unnecessary to simultaneously image and project
      ions through the modulator.
PAR  A second group of photoconductive screens has been adapted for use with
      charged material particles such as charged electroscopic powders but not
      gas ions. Typical of such screens are those disclosed in U.S. Pat. Nos.
      3,694,200 to Gerald L. Pressman and 3,713,734 to Hewitt D. Crane, Gerald
      L. Pressman and George J. Eilers. Such structures suffer from the
      deficiency that charged particles accumulate in those areas of structure
      which attract the particles. Ultimately, it is required that the screen be
      cleaned to physically remove the particles in order that the screen may be
      reused.
PAR  The use of such screens with ions rather than charged electroscopic powders
      is disclosed in U.S. Pat. No. 3,645,614 to Samuel B. McFarlane, Jr.,
      Joseph Burdige and Norman E. Alexander. However, the process involved in
      the use of these screens requires a multiplicity of steps and results in a
      reversal image.
PAR  While the prior art modulators have advanced the electrophotographic art
      there are disadvantages which need to be overcome in order to provide an
      ion modulator system which is sufficiently sensitive so that copies can be
      made quickly and with a minimum of exposure to light. It is also desirable
      to provide copies which have a quality which is homogeneous throughout and
      in which the amount of background is reduced to a minimum.
PAC  OBJECTS
PAR  It is accordingly an object of this invention to provide improved
      electrophotographic apparatus and processes.
PAR  It is another object of this invention to provide improved ion modulators
      which are capable of functioning in both the positive and negative modes.
PAR  It is another object of this invention to provide ion modulators having an
      improved light sensitivity.
PAR  Another object of this invention is to provide ion modulators having an
      enhanced ion transmission.
PAR  Yet another object of this invention is to provide processes and apparatus
      for producing copies in which the copy quality is homogeneous and the
      background is minimal.
PAR  Other objects and advantages of this invention will become apparent in the
      course of the following detailed disclosure and description.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that applying a bias potential to an ion modulator
      consisting of a conductive screen or grid which is coated with a
      photoconductor or insulator by means of an auxiliary or supplementary
      electrode forming an integral part of the ion modulator results in a
      versatile modulator which is capable of functioning in both positive and
      negative modes. The modulator is characterized by possessing a high order
      of light sensitivity and enhanced ion transmission. Copies exhibiting a
      homogeneous copy quality and essentially free of background can be
      prepared using such modulator.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a diagrammatic cross-sectional view of one embodiment of a
      portion of an ion modulator according to this invention.
PAR  FIG. 2 is a diagrammatic cross-sectional view of another embodiment.
PAR  FIG. 3 is a diagrammatic view of a machine configuration suitable for use
      in this invention.
PAR  FIG. 4 is a diagrammatic view of a charged and imaged ion modulator showing
      the distribution of charges and the projection of ions in accordance with
      one embodiment of this invention.
PAR  FIG. 5 is a diagrammatic view of another embodiment thereof.
PAR  FIG. 6 is a light decay curve for a typical photoconductor.
PAR  FIG. 7 is a series of ion transmission curves showing the effect of a
      supplementary electrode used for applying a bias according to this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 there is shown in cross-section a diagrammatic view of
      an ion modulator according to this invention. The modulator 10 consists of
      conductor 11 coated on all sides by insulating material 12 on one side of
      which is positioned conductive supplementary electrode 13. The apertures
      in the ion modulator are generally indicated by the numeral 14. Conductor
      11 can be a nickel or copper screen which is produced by electroforming or
      can be any metallic grid which is produced by means of photoresist
      techniques or can be produced by any other conventional method of
      producing an apertured configuration in a metallic substrate. For purposes
      of convenience the term "screen" will be used hereinafter to refer to such
      apertured conductor. The metal is preferably less than about 1 mil in
      thickness.
PAR  Insulating material 12 can be any insulator. However, at least the surface
      layer 12a must be photoconductive as will be described in greater detail
      below. Any polymeric insulating composition such as polystyrene or a
      polyester can be used as insulator 12b or can be prepared from silicon
      dioxide or other inorganic insulating material. The insulating layer is
      preferably on the order of from 2 to 10 microns in thickness and may be
      deposited upon the metallic substrate 11 by means of any suitable coating
      technique.
PAR  At least that part of insulator 12 which is exposed to the imaging light
      pattern should be a photoconductor, that is, should exhibit properties of
      increased conduction in the presence of light. A wide variety of
      photoconductors are known including inorganic materials like selenium or
      zinc oxide and various organic photoconductors such as polyvinylcarbazole,
      the polyvinylbenzocarbazoles described in U.S. Pat. No. 3,751,246 to Helen
      C. Printy and Evan S. Baltazzi and polyvinyliodobenzocarbazoles described
      in U.S. Pat. No. 3,764,316 to Earl E. Dailey, Jerry Barton, Ralph L.
      Minnis and Evan S. Baltazzi. Other organic photoconductors which may be
      used include monomeric photoconductors which require dispersion in a resin
      binder. These photoconductors include the benzofluorenes and
      dibenzofluorenes described in U.S. Pat. No. 3,615,412 to William J. Hessel
      and the cumulenes described in U.S. Pat. No. 3,674,473 to Robert G.
      Blanchette. In many instances the organic photoconductors mentioned above
      may be used with a suitable sensitizer to extend the spectral range of the
      photoconductor. Dyes may be used for this purpose. Another class of
      materials which are widely used are the pi-acids. Representative of these
      compounds are the oxazolones and butenolide derivatives of fluorenone
      described in U.S. Pat. No. 3,556,785 to Evan S. Baltazzi, the
      dicyanomethylene substituted fluorenes described in U.S. Pat. No.
      3,752,668 to Evan S. Baltazzi, and the bianthrones described in U.S. Pat.
      No. 3,615,411 to William J. Hessel.
PAR  Electrode 13 may be formulated by means of use of an aluminum film or a
      nickel, silver or gold film which may be incorporated upon the surface of
      insulator 12. If insulator 12 is not comprised of a photoconductor in its
      entirety then electrode 13 is applied to that part of insulator 12 which
      is opposite from the photoconductive part 12a, namely 12b. The electrodes
      are applied as a thin metal film which may be about 100-1,000 Angstrom
      units in thickness.
PAR  The particular embodiment of the modulators of this invention shown in FIG.
      1 is subject to a shielding effect such that .eta. the efficiency of
      biasing by means of the supplementary electrode 13 is less than 1. That
      is, the dipole potential produced by biasing is not exactly equal to the
      bias potential but is only a fraction thereof, the fraction being
      represented by the efficiency, .eta..
PAR  In contrast to the above described situation wherein the efficiency is less
      than 1 an efficiency close to unity is realized by means of the
      configuration is of the modulator shown in FIG. 2, in which modulator 20
      is comprised of conductor 21 upon which is deposited insulator 22, which
      may be photoconductor with supplementary electrode 23 being evaporated
      thereon and photoconductor 24 overlying electrode 23. The composition and
      dimensions of the various layers is approximately the same as described
      with respect to FIG. 1. However, the shielding effect due to coating the
      metallic substrate with an insulator is greatly reduced in this embodiment
      making it possible to realize an efficiency of near unity whereby the bias
      potential is equal to the dipole potential produced by means of the bias.
PAR  A machine in which the ion modulator of this invention can be used is shown
      in FIG. 3. The machine generally consists of optical chamber 30 and
      projection chamber 31. Original 32 to be copied is imaged in optical
      chamber 30 by means of lamps 33 and lens 34 upon ion modulator 35 which
      has been charged by means of charging corona 36.
PAR  Ion modulator 35 is then moved into projection chamber 31 where an ion
      stream from projection corona 37 is caused to impinge thereon.
PAR  In this position ion modulator 35 is backed up by high voltage plate 38.
      Dielectric surface 39 interposed between modulator 35 and high voltage
      plate 38 receives a charge pattern corresponding to the ions transmitted
      through ion modulatar 35 as will be explained in detail below.
PAR  The operation of the ion modulators of this invention will be first
      illustrated with reference to the embodiment of FIG. 2 which is preferred
      because of its high efficiency, as explained above. However, it is to be
      understood that the embodiment of FIG. 1 can be similarly used.
PAR  Referring now to FIG. 4 there is shown an ion modulator system which can be
      used in a positive mode to produce a positive copy from a positive
      original. Ion modulator 40 includes metallic screen 41, photoconductor or
      insulator 42, supplementary electrode 43 and photoconductor 44. Positive
      corona 45 is positioned above ion modulator 40 and negative corona 46 is
      positioned below ion modulator 40. The supplementary electrode 43 is shown
      grounded in FIG. 4. One should not conclude this a necessity, however,
      because either screen 41 or supplementary electrode 43 can be chosen as
      ground.
PAR  The process steps which result in producing a latent electostatic image
      upon a dielectric surface such as dielectric paper using the ion modulator
      of FIG. 4 include the following. First, applying a positive bias, that is,
      a positive potential difference between screen 41 and supplementary
      electrode 43, to the ion modulator and precharging with a positive corona.
      The positive bias assures a larger acceptance voltage. An increase of 40%
      in acceptance voltage has been obtained if a positive bias of +60 volts is
      used. Second, imaging to obtain appropriate partial light discharge.
      Third, projecting a negative corona with a positive bias. Following the
      production of a latent electrostatic image, toning and transfer if desired
      is accomplished in the conventional manner.
PAR  As shown in FIG. 4 these steps produce a positive charge on the surface of
      the photoconductor of a sufficient magnitude to permit negative ions
      produced by the negative corona to pass through the ion modulator in the
      areas of the modulator corresponding to the dark areas of the image being
      reproduced. In the light areas the positive charge upon the surface of the
      photoconductor is insufficient to attract the negative ions through the
      apertures of the ion modulator and these charges are deflected before
      passing through the modulator. Thus, in the areas of the ion modulator
      corresponding to the dark areas of the image being reproduced a negative
      charge will be impressed upon a dielectric surface in the path of the ions
      passing through the modulator and in the areas of the modulator
      corresponding to the light areas of the image no negative charge upon the
      dielectric will result.
PAR  A circuit which can be used to apply the appropriate bias potential to ion
      modulator 40 is shown schematically in FIG. 4. This circuit includes
      variable resistor 47 and battery 48. The negative pole of battery 48 is
      connected to electrode 43, to one end of variable resistor 47 and to
      ground. The positive pole of battery 48 is connected to the other end of
      variable resistor 47. Screen 41 is connected to wiper 47a of variable
      resistor 47 in order that the difference in potential between screen 41
      and electrode 43 may be varied if desired.
PAR  In this embodiment the bias potential applied to modulator 40 during
      charging may be a potential in the range of about from 50 volts to 100
      volts. The positive corona used for precharging should be a potential in
      the range of about from 4,000 volts to 15,000 volts. The negative corona
      used for producing the stream of ions which is projected upon ion
      modulator 40 can be produced using a potential in the range of about from
      4,000 volts to 15,000 volts and the positive bias applied during
      projection of the negative ions upon the modulator should be on the order
      of about from 1 volt to 30 volts.
PAR  If positive ions are projected instead of negative ions the modulator will
      operate in the negative mode in which a negative copy is produced from a
      positive original.
PAR  FIG. 5 illustrates another embodiment in which the modulator construction
      of FIG. 1 is used in a negative mode process.
PAR  Ion modulator 50 includes supplementary electrode 51, photoconductor or
      insulator 52, metallic screen 53 and photoconductor 54. Negative charging
      corona 55 is positioned above ion modulator 50. A negative bias, that is,
      a negative potential difference between supplementary electrode 51 and
      screen 53, may be applied to modulator 50 by means of variable resistor 57
      and battery 58. The bias potential can be varied by means of wiper 57a of
      variable resistor 57. Either screen 53 or supplementary electrode 51 may
      be ground.
PAR  The process steps involved in operating the ion modulator in a negative
      mode include first applying a high negative bias to ion modulator 50 and
      precharging with a negative corona by means of charging corona 55; second,
      imaging to obtain appropriate partial light discharge of the
      photoconductor; and third, projecting a negative corona from corona 56
      with application of a reduced negative bias.
PAR  As shown in FIG. 5 negative ions projected from corona 56 travel through
      the apertures in ion modulator 50 in the light areas due to the reduced
      negative charge on photoconductive surface 54 of ion modulator 50. In the
      dark areas the negative ions are deflected to the high negative potential
      on photoconductor 54.
PAR  In operation the projection of negative ions upon ion modulator 50 results
      in the formation of a latent electrostatic image upon a dielectric surface
      placed in the path of the ions projected through modulator 50. The
      resulting latent electrostatic image can thereafter be toned and fixed or
      transferred to a suitable medium such as plain paper in accordance with
      well known procedures in this art.
PAR  If positive ions are projected instead of negative ions, this modulator
      will operate in the positive mode.
PAR  It should be noted that the bias potential and the electrostatic charge
      used for precharging the ion modulator are of the same polarity in all the
      embodiments described above, because the supplementary electrode 43 in
      FIG. 4 and the screen 53 in FIG. 5 were chosen to be ground.
PAR  The ion modulators of this invention are effective to produce copies which
      are of excellent quality having a homogeneous density throughout the copy
      and being essentially free of undesired background. The way in which this
      is accomplished will become clear from the following explanation of the
      physical principles which are utilized in controlling the bias potential
      applied to the ion modulator.
PAR  It is known that the electrical potential applied to a photoconductor will
      decay in the dark from the maximum level to some lesser level of
      potential, V.sub.o. This phenomenon is generally referred to as dark
      decay. Then upon exposure of the photoconductor to light at time t.sub.o
      the applied potential decays by an amount .DELTA.V in a time t.sub.f at a
      substantially more rapid rate to a selected potential V.sub.f, eventually
      reaching a residual potential, V.sub.R upon a continuous exposure. The
      course of decay is shown in FIG. 6 in which the modulator potential is
      plotted against time.
PAR  From the curve it can be seen that the greatest change in potential occurs
      at the beginning of the light exposure. The amount of light exposure
      required to produce a given change in potential can be minimized by
      operating on this steep portion of the curve. This is achieved by applying
      a bias potential to the ion modulator by means of a supplementary
      electrode such that the acceptance voltage is higher and the requisite
      partial light discharge is realized in a very short time.
PAR  In addition to the light exposure requirement another problem which must be
      overcome in providing a suitable ion modulator system is that of
      background, the solution to which can be best understood by reference to
      FIG. 7, which shows a series of ion transmission curves representative of
      the transmission of ions through the ion modulator of this invention.
      These curves are semi-logarithmic plots of the percent transmission
      against the modulator potential. The blocking potential, V.sub.block, is
      that potential at which no ions are permitted to pass through the
      apertures of the ion modulator. In FIG. 7, V.sub.block is about -20 volts,
      that is, a negative potential greater than about 20 volts will block ion
      transmission through the modulator and prevent the production of
      background in the light portions of the ion modulator. Curve A shows that
      a modulator potential of about -15 volts results in a transmission of only
      about 1% whereas a modulator potential of about +80 volts results in a
      transmission of about 80% if no bias potential is applied. In Curve B the
      ion transmission curve has been moved to the right and a 1% transmission
      is achieved at a potential slightly above V.sub.f. The ion transmission
      curve can be effectively moved to the right by applying a positive bias
      potential to the ion modulator by means of the supplementary electrode. It
      has been found that a light decay, .DELTA. V of about 20 to 30 volts
      results in the production of images of the desired quality in the case of
      line copy and that up to 100 volts can be used to produce images of
      pictorial copy. It has been found that the background can be reduced to
      essentially zero by application of a positive bias on the order of 50 to
      100 volts during the precharge step and a positive bias of about 10 to 30
      volts will be adequate during the projection step in the case of line
      copy. For pictorial copy a bias potential of about 1 to 30 volts will
      suffice to obtain the enhanced gray scale desired. What is required is
      that
EQU  .vertline.V.sub.L - V.sub.B .vertline..gtoreq..vertline.V.sub.block
      .vertline.
PA1  with V.sub.B &gt; V.sub.L &gt; O and V.sub.block &lt; O
PAL  where V.sub.L is the modulator potential in the light areas, V.sub.B is the
      bias potential and V.sub.block is the blocking potential. The equation
      applies for the embodiment shown in FIGS. 2 and 4 and for the projection
      of negative ions For the embodiment shown in FIGS. 1 and 5 the shielding
      effect of the photoconductor upon the screen must be taken into
      consideration by increasing the bias to compensate for the fact that the
      efficiency, .eta. is less than 1.
PAR  Where positive ions are projected the modulator, as pointed out above,
      operates in the negative mode. The relationships to be satisfied in this
      mode are as follows:
EQU  V.sub.D - V.sub.B .gtoreq. V.sub.block &gt; O
PA1  with V.sub.D &gt; V.sub.B &gt;O
PAL  and where V.sub.D is the modulator potential in the dark.
PAR  In the embodiment of FIG. 5 the situation is similar as shown by Curve C of
      FIG. 7. The bias potential is determined in accordance with the following
      equation:
EQU  .vertline.V.sub.D - V.sub.B .vertline..gtoreq. .vertline.V.sub.block
      .vertline.
PAL  with V.sub.D &lt; V.sub.B &lt; 0 and V.sub.block &lt; 0.
PAR  This relationship applies in the case of an electrostatic charge of
      negative polarity, the application of a negative bias potential and the
      projection of negative ions, which results in a negative mode of
      operation.
PAR  Where positive ions are projected the modulator, as pointed out above,
      operates in the positive mode. The relationships to be satisfied in this
      mode are as follows:
EQU  V.sub.L - V.sub.B .gtoreq. V.sub.block &gt; 0
PAL  with V.sub.B &lt; V.sub.L &lt; 0.
PAR  Other factors which makes this process advantageous are the effects of
      pagewise homogeneity and increased gray scale which are realized by
      operating upon a portion of the ion transmission curve which is less
      steep. This results in pagewise homogeneity because fluctuations in
      modulator potential have less relative effect upon ion transmission on
      this portion of the curve. This also results in greater ion transmission
      and improved image density.
PAR  Representative values for the applied negative bias in the case of the
      negative mode of operation of the ion modulator of this invention are from
      about -50 volts to -100 volts during precharging and -0.5 volt to -15
      volts during ion projection for both line and pictorial copy.
PAR  This invention has been described with reference to specific embodiments
      and to various suggested conditions of operation. However, other
      embodiments can be utilized in order to achieve the results of the ion
      modulator and the electrophotographic processes of this invention. It is
      therefore intended that this invention is not to be limited except as
      defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for producing from a graphic original copies displaying
      pagewise homogeneity and essentially free of background comprising the
      steps of:
PA1  1. applying an electrostatic charge to a photoconductive surface of an ion
      modulator while applying a large bias potential of the same polarity as
      that of the charge to said ion modulator,
PA1  2. projecting upon said ion modulator a pattern of light and shadow
      corresponding to said graphic original,
PA1  3. projecting ions upon a conductive surface of said ion modulator opposite
      from said photoconductive surface while applying a bias potential less
      than said large bias potential to said ion modulator, whereby ions are
      transmitted through said modulator in a pattern corresponding to said
      original,
PA1  4. creating a latent electrostatic image corresponding to said pattern upon
      a dielectric surface in the path of said transmitted ions, and
PA1  5. developing said latent electrostatic image, said ion modulator being a
      member selected from the group consisting of (a) a conductive screen
      having a photoconductor coated on at least one side thereof, an
      electrically insulating layer coated on the other side thereof and a thin
      metal film applied to said electrically insulating layer (b) a conductive
      screen overcoated with a photoconductive layer, said photoconductive layer
      being coated on one side thereof with a thin metal film (c) a conductive
      screen having an electrically insulating layer partially coated thereon, a
      thin metal film coated only on said electrically insulating layer and a
      photoconductive layer coated only on said metal film and (d) a conductive
      screen having a photoconductive layer partially coated thereon, a thin
      metal film coated only on said photoconductive layer and a photoconductive
      layer coated only on said metal film, said bias potentials being applied
      between said film and said screen during steps of applying an
      electrostatic charge and projecting ions and being defined by the
      relationships
EQU  .vertline.V.sub.L - V.sub.B .vertline..gtoreq. V.sub.block .vertline.
PA1  with V.sub.B &gt; V.sub.L &gt; 0 and V.sub.block &lt; 0
PAL  and
EQU  .vertline.V.sub.D - V.sub.B .vertline..gtoreq. V.sub.block .vertline.
PA1  with V.sub.D &lt; V.sub.B &lt; 0, and V.sub.block &lt; 0
PAL  when said ions are of negative polarity and by the relationships
EQU  V.sub.L - V.sub.B .gtoreq. V.sub.block &gt; 0
PA1  with V.sub.B &lt; V.sub.L &lt; 0
PAL  and
EQU  V.sub.D - V.sub.B .gtoreq. V.sub.block &gt; 0
PAL  with V.sub.D &gt; V.sub.B &gt; 0
PAL  where V.sub.L is the modulator potential in the light areas, V.sub.B is the
      bias potential, V.sub.block is the blocking potential and V.sub.D is the
      modulator potential in the dark areas when said ions are of positive
      polarity.
NUM  2.
PAR  2. A process according to claim 1 wherein said electrostatic charge is of
      positive polarity, said bias potential is positive, said ions are of
      negative polarity and the process operates in the positive mode.
NUM  3.
PAR  3. A process according to claim 1 wherein said electrostatic charge is of
      negative polarity, said bias potential is negative, said ions are of
      negative polarity and the process operates in the negative mode.
NUM  4.
PAR  4. A process according to claim 1 wherein said electrostatic charge is of
      positive polarity, said bias potential is positive, said ions are of
      positive polarity and the process operates in the negative mode.
NUM  5.
PAR  5. A process according to claim 1 wherein said electrostatic charge is of
      negative polarity, said bias potential is negative, said ions are of
      positive polarity and the process operates in the positive mode.
NUM  6.
PAR  6. An ion modulator comprising a conductive screen having photoconductive
      layer partially coated thereon, a thin metal film coated only on said
      photoconductive layer and a photoconductive layer coated only on said
      metal film.
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ABST
PAL  A method for forming micropatterns comprising, superposing a transparent
      raised image formed on a transparent substrate on a photosensitive layer
      of a photographic material or forming a transparent raised image on the
      photosensitive layer of the photographic material, uniformly exposing the
      photosensitive layer through the transparent raised image to light to
      which the photosensitive layer is sensitive so that the light intensity at
      edges of the transparent image is non-uniform, and developing the
      photosensitive layer to form a micropattern corresponding to the outlines
      of the transparent raised image.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for forming micropatterns using a
      transparent raised image which can provide non-uniform light intensity
      regions less than the diffraction limit at the edges of the transparent
      image when the transparent image is uniformly exposed to light.
PAR  2. Description of the Prior Art
PAR  The limit of resolution obtained using known photolithographic techniques
      is about one micron. It is difficult to obtain line widths less than one
      micron because of the diffraction limits of light and resolution limit of
      a photosensitive material itself. When a silver halide photograhic
      material is used, small lines ranging from 1 to 2 microns can be obtained.
      However, the edges of the lines are granular because of the silver grains.
PAR  The present invention provides lines of high resolution beyond the
      diffraction limit of light and good edge acuity.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a method for forming lines of
      high resolution beyond the diffraction limit of the light.
PAR  A further object of this invention is to provide a method for forming lines
      of high resolution with good edge acuity.
PAR  Another object of this invention is to provide a method for forming
      micropatterns corresponding to the outlines of a transparent raised image.
PAR  This invention comprises a method for forming micropatterns which comprises
      superposing a transparent raised image formed on a transparent substrate
      on a photosensitive layer of a photographic material or forming a
      transparent raised image on the photosensitive layer of the photographic
      material, uniformly exposing the photosensitive layer to active light
      through the transparent raised image in a manner such that the light
      intensity at the edges of the transparent raised image is non-uniform, and
      developing the photosensitive layer to form a micropattern corresponding
      to the outlines of the transparent raised image.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a photomask superposed on a photo-resist layer coated on
      a transparent substrate on which a transparent raised image is to be
      formed.
PAR  FIG. 2 shows a side sectional view of the substrate on which a transparent
      image is formed.
PAR  FIG. 3 illustrates the passage of the incident light rays and the light
      intensity distribution around the edge of the transparent raised image.
PAR  FIG. 4(a) illustrates a transparent raised image superposed on a
      photoresist layer coated on a substrate. FIG. 4(b) illustrates a developed
      micropattern.
PAR  FIG. 5(a) illustrates the micropattern formed on a thin metal layer coated
      on a substrate. FIG. 5(b) illustrates thin metal lines corresponding to
      the micropattern.
PAR  FIG. 6 illustrates a photoresist layer which has hollow lines instead of
      raised lines.
PAR  FIG. 7(a) illustrates a photomask to form a comb structure electrode. FIG.
      7(b) illustrates a comb structure electrode obtained.
PAR  FIG. 8(a) illustrates a photographic material on which a photoresist layer
      is coated directly. FIG. 8(b) illustrates the photographic material on
      which a transparent raised image is formed.
PAR  FIG. 9 illustrates side sectional views of a silver halide photographic
      material with FIG. 9(a ) showing a silver image, FIG. 9(b) showing a
      bleached silver image, and FIG. 9(c) showing dissolved silver halide to
      form a transparent gelatin raised image.
PAR  FIG. 10 illustrates side sections of a photographic material showing the
      steps of the process of one embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1 in which a photomask is superposed on a photoresist
      layer and the photoresist layer is exposed through the photomask by
      irradiating the assembly uniformly with light, reference character 10
      designates an emulsion photomask obtained using a silver halide
      photographic material.
PAR  Suitable silver halide emulsions which can be applied to a transparent
      support can be obtained by dispersing silver halide in a water-soluble
      binder. Illustrative silver halides are silver chloride, silver bromide,
      silver iodide, slver chlorobromide, silver bromoiodide, silver
      chlorobromoiodide, and the like. A preferred representative silver halide
      emulsion is an emulsion which contains not less than 90 mol% silver
      bromide (preferably containing not more than 5 mol% slver iodide), which
      contains silver halide grains of a mean grain size of not more than about
      0.1 .mu. (a so-called Lippmann emulsion), and in which the weight ratio of
      silver halide to the water-soluble binder is about 1:4 to about 6:1.
      Another example of a silver halide emulsion is an emulsion which contains
      not less than 50 mol% (preferably, not less than 70 mol%) silver halide
      and which contains silver halide grain of a mean grain size of not more
      than about 1.0 .mu..
PAR  On the other hand, suitable water-soluble binders are, for example,
      gelatin, colloidal albumin, casein, cellulose derivatives (e.g.,
      carboxymethyl cellulose, hydroxyethyl cellulose, etc.), polysaccharides
      (e.g., agar-agar, sodium alginate, starch derivatives, etc.), synthetic
      hydrophilic colloids (e.g., polyvinyl alcohol, poly-N-vinylpyrrolidone,
      polyacrylic acid, polyacrylamide, derivatives thereof, etc.). If desired,
      a mixture of two or more of these binders which are compatible can be
      used. Of these, gelatin is the most preferred binder. Part or all of the
      gelatin can be repeaced by a synthetic high molecular weight substance, by
      a so-called gelatin derivative which is prepared by treating gelatin with
      a reagent having a group capable of reacting with the functional groups of
      the gelatin molecule (i.e., amino groups, imino groups, hydroxy groups and
      carboxy groups), or by a graft polymer which is prepared by connecting
      molecular chain of another high molecular weight substance to gelatin.
      Suitable reagents which can be used in preparing gelatin derivatives are,
      e.g., the isocyanates as described in U.S. Pat. No. 2,614,928, the acid
      chlorides and acid anhydrides, as described in U.S. Pat. No. 3,118,766,
      bromoacetic acid as described in Japanese Patent Publication No. 5514/64,
      the phenylglycidyl ethers described in Japanese Patent Publication No.
      21845/67, the vinylsulfone compounds as described in U.S. Pat. No.
      3,132,945, the N-alkylvinylsulfonamides as described in British Pat. No.
      861,414, the maleinamide compounds as described in U.S. Pat. No.
      3,186,846, the acrylonitriles as described in U.S. Pat. No. 2,594,293, the
      polyalkyleneoxides as described in U.S. Pat. No. 3,312,553, the epoxy
      compounds as described in Japanese Patent Publication No. 26845/67, the
      acid esters as described in U.S. Pat. No. 2,763,639, the alkanesultones as
      described in British Pat. No. 1,033,189, and the like. Suitable branch
      polymers to be grafted to gelatin are described in U.S. Pat. Nos.
      2,763,625, 2,831,767, and 2,956,884, and in Polymer Letters, 5, 595
      (1967); Phot. Sci. Eng., 9, 148 (1965); J. Polymer Sci. A-1, 9, 3199
      (1971), and the like. In general, polymers or copolymers of the so-called
      vinyl monomers such as acrylic acid, methacrylic acid, or their ester,
      amide or nitrile derivatives, styrene, and the like can widely be used.
      However, hydrophilic vinyl polymers having some compatibility with
      gelatin, such as the polymers or copolymers of acrylic acid, acrylamide,
      methacrylamide, hydroxyalkyl acrylate, hydroxyalkyl methacrylate, and the
      like are particularly desirable.
PAR  Optionally, these emulsions can be advantageously optically sensitized
      using known optical sensitizing agents such as the cyanine dyes and
      merocyanine dyes as described in U.S. Pat. Nos. 1,346,301, 1,846,302,
      1,042,854, 1,990,507, 2,493,747, 2,739,964, 2,493,748, 2,503,776,
      2,519,001, 2,666,761, 2,734,900, 2,739,149, and British Pat. No. 450,958.
PAR  With optically sensitized photographic light-sensitive materials, it is
      convenient to select, as the light for exposing the emulsion layer, light
      of a wavelength mainly falling within the optically sensitized region of
      the emulsions.
PAR  As described in U.S. Pat. Nos. 2,448,060, 2,566,245 and 2,566,263,
      emulsions are advantageously processed with a salt of a noble metal such
      as ruthenium, rhodium, palladium, iridium, platinum, etc. Also, the
      emulsions can be chemically sensitized with a gold salt as described in
      U.S. Pat. No. 2,339,083, or can be stabilized with a gold salt as
      described in U.S. Pat. Nos. 2,597,856 and 2,597,915. Furthermore,
      emulsions can advantageously contain a thio polymer as described in U.S.
      Pat. No. 3,046,129, and can be stabilized with mercury compounds,
      triazoles, azaindenes, quaternary benzothiazolium compounds, zinc salts
      and cadmium salts, as described in U.S. Pat. No. 3,046,129.
PAR  The emulsions can also contain light-absorbing dyes as described in U.S.
      Pat. Nos. 2,527,583, 2,611,696, 3,247,127, 3,260,601, etc.
PAR  If desired, the emulsions are advantageously hardened with a suitable
      hardener for hydrophilic colloids, such as formaldehyde,
      halogen-substituted fatty acids (e.g., mucobromic acid, etc.), various
      compounds containing an acid anhydride group, a methanesulfonic acid
      diester, a dialdehyde or a sodium bisulfite derivative of a dialdehyde
      (e.g., .beta.-methylglutaraldehyde bisodium bisulfate, etc.), a
      bisaziridinecarboxyamide (e.g., trimethylenebis1-aziridinecarboxyamide,
      etc.), a triazine derivative (e.g., 2-hydroxy-4,6-dichloro-s-triazine,
      etc.), and the like.
PAR  Silver halide emulsion can be coated, after the addition of or without the
      addition of a coating aid as described in U.S. Pat. No. 3,046,129, on a
      support. The silver halide emulsion layer is preferably not more than
      about 10 .mu. in thickness and can be coated in at least one layer. If
      desired, a backing layer, an anti-halation layer, an interlayer, an
      uppermost layer (e.g., protective layer, etc.), a subbing layer, and the
      like, can be provided on the support or on the emulsion layer.
PAR  The formation of silver images on the silver halide emulsion layer can be
      effected using conventional photographic processings. That is, the
      emulsion layer is imagewise exposed, developed and, if necessary, fixed.
PAR  In the method of the present invention, suitable developing agents for
      forming silver images are those which are generally well known in the art,
      such as the dihydroxybenzenes (e.g., hydroquinone, chlorohydroquinone,
      bromohydroquinone, isopropylhydroquinone, toluhydroquinone,
      methylhydroquinone, 2,3-dichlorohydroquinone, 2,5-dimethylhydroquinone,
      etc.), the 3-pyrazolidones (e.g., 1-phenyl-3-pyrazolidone,
      1-phenyl-4-methyl-3-pyrazolidone, 1-phenyl-4,4-dimethyl-3-pyrazolidone,
      1-phenyl-4-ethyl-3-pyrazolidone, 1-phenyl-5-methyl-3-pyrazolidone, etc.),
      the aminophenols (e.g., o-aminophenol, p-aminophenol,
      N-methyl-o-aminophenol, 2,4-diaminophenol, etc.), pyrogallol, ascorbic
      acid, the 1-aryl-3-aminopyrazolines (e.g.,
      1-(p-hydroxyphenyl)-3-aminopyrazoline,
      1-(p-methylaminophenyl)-3-pyrazoline, 1-(p-aminophenyl)-3-pyrazoline,
      1-(p-amino-m-methylphenyl)-3-aminopyrazoline, etc.) or a mixture thereof.
      The pH of the developer used generally is not less than about 8,
      preferably about 8.5 to 12.5.
PAR  The developer can contain, if desired, a preservative (e.g., a sulfite, a
      bisulfite, etc.), a buffering agent (e.g., a carbonate, boric acid, a
      borate, an alkanolamine, etc.), an alkali agent (e.g., a hydroxide, a
      carbonate, etc.) a dissolving aid (e.g., a polyethylene glycol, etc.), a
      pH-adjusting agent (e.g., acetic acid or a like organic acid), a
      sensitizing agent (e.g., quaternary ammonium salt, etc.), a development
      accelerator, a surface active agent, etc.
PAR  On the other hand, suitable fixing agents for the silver halide are those
      generally well known, such as a water-soluble thiosulfate (e.g., potassium
      thiosulfate, sodium thiosulfate, ammonium thiosulfate, etc.), a (e.g.,
      potassium thiocyanate (e.g.,potassium thiocyanate, sodium thiocyanate,
      ammonium thiocyanate etc.), a water-soluble, organic diol (e.g.,
      3-thia-1,5-pentadio 3,6-dithia-1,8-octanediol,
      3,6,9-trithia-1,1,1undecanediol, 3,6,9,12-tetrathia-1,14-tetradecanediol,
      etc.), a water-soluble sulfur-containing dibasic acid (e.g.,
      ethylenebisthioglycollic acid, etc.), a water-soluble salt, or the mixture
      thereof.
PAR  The solution containing the fixing agent can contain, if desired, a
      preservative (e.g., a sulfite, a bisulfite, etc.), a pH-buffering agent
      e.g., boric acid, a borate, etc.), a pH-adjusting agent (e.g., acetic
      acid, etc.), a chelating agent, and the like.
PAR  A positive type and a negative type photoresist can be used, for example,
      in a thickness of about 0.1 .mu. to 10 .mu.. Suitable examples of a
      commercially available negative type photoresist is KMER (a trade name for
      a natural polyisoprene, produced by Kodak) using xylene as a developer,
      KTFR (a trade name for a synthetic polyisoprene, produced by Kodak) using
      xylene as a developer and KPR (a trade name for a polyvinylcinnamic acid
      material).
PAR  A suitable example of a positive type photoresist is AZ-1350 (trade name
      for a mixture of a quinone diazide and a novalac resin, produced by the
      Shipley Co.) using an 2% by weight aqueous solution of sodium hydroxide,
      for example, as a developer.
PAR  As an emulsion mask, a high resolution photographic plate such as Kodak
      High Resolution Plate (trade name for a high resolution silver halide
      emulsion coated on a glass support, made by the Eastman Kodak Company) can
      be used.
PAR  Reference characters 11, 12, and 13 in FIG. 1 designate a glass substrate,
      a gelatin layer and a silver image formed in the gelatin layer,
      respectively. 14 designates a photoresist plate which comprises a glass
      substrate 15 and, for example, a positive type photoresist layer 16 coated
      thereon, for example, in a thickness of about 0.1 to 5 .mu.. After the
      emulsion mask is superposed on the photoresist plate so that the
      photoresist layer 16 and the silver image 13 are in contact, a light to
      which the photoresist is active is uniformly applied to the photoresist
      layer 16 through the emulsion mask 10.
PAR  After the uniform exposure to parallel light, the photo-resist is
      developed. After the photoresist plate is developed in the developer for
      about 20 seconds, the plate is rinsed with water and dried, and the
      transparent raised photoresist image 20 is obtained on the glass plate 15
      as shown in FIG. 2. The raised image 20 corresponds to the silver image 13
      of the emulsion mask.
PAR  The term "parallel light" as used herein means light whose rays all strike
      the surface at the same angle of incidence to the surface, with an angle
      of incidence of about 90.degree. being preferred. The closer the angle of
      incidence to an incidence angle of 90.degree., the more preferred is the
      angle of incidence. Suitable light sources which can be used are a
      tungsten lamp, a fluorescent lamp, a mercury lamp, etc. To achieve the
      parallel light radiation described above, the light source can simply be
      placed at a distance from the surface to be exposed. Further, the edge is
      slightly convex at the shoulder of the edge. Therefore, the incident light
      ray 31 which passes the shoulder portion of the edge is slightly
      deflected, although the incident light rays 32 and 33 which pass the
      tapered region are deflected to a greater extent. The parallel incident
      light rays 30 and 34 pass through without being deflected. The light
      intensity distribution in the plane which includes the upper surface of
      the raised image 20 is shown in the upper half of FIG. 3.
PAR  FIG. 4(a) illustrates a photoresist plate 40 on which the photoresist plate
      obtained above is superposed so that the raised image 20 contacts the
      photoresist layer 42. A light to which the photoresist layer 42 is active
      is applied to the layer 42 though the glass substrate 15. Reference
      character 41 designates a glass substrate of the photoresist plate 40.
      AZ-1350 can be used for the photoresist layer 42. The photoresist layer 42
      is not exposed to the light at the edges of the raised image 20, because
      the light intensity distribution on the photoresist layer 42 is same as
      shown in FIG. 3. After developing, photoresist lines 43 and 44 which
      correspond to the outline of the raised image 20 are obtained. It is easy
      to fix the thickness and width of the raised image 20 to 0.6 microns and 5
      microns, respectively. It is also quite easy to form small lines 43 and 44
      with a line width less than 1 micron using such a raised image. A line
      width of 0.3 microns can be obtained, for example. More specifically, line
      widths ranging from about 0.1 micron to several microns can be achieved
      using the method of this invention.
PAR  It is clear from the description above that the line width of the small
      lines depends on the angle (between the substrate surface and the edge
      wall) of taper of the edge, the curvature of the shoulder of the edge and
      the thickness of the raised image. Even a small angle of taper can produce
      thin lines provided that the thickness of the raised image is small, or
      vice versa. The larger the curvature of the shoulder is, the thinner are
      the lines which can be produced. It is preferable that the outlines of the
      edges be smooth. A raised image obtained on a transparent substrate using
      a photoresist usually has edges with smooth outlines regardless of the
      type of photoresist, consequently a photoresist raised image is
      advantageously used in the present invention.
PAR  A transparent raised image which can be used for the present invention is
      not limited to a photoresist raised image but other transparent raised
      images such as a gelatin relief image employing materials hereinbefore
      described can also be used. The gelatin relief image can be obtained using
      known methods such as an etching bleach method, a tanning bleach method or
      a tanning development method.
PAR  The present invention can be applied to the production of fine metal lines.
      FIG. 5 (a) and (b ) illustrate the process of producing fine metal lines
      on a glass substrate. Instead of the photoresist plate 40, an aluminum
      deposited glass substrate 41 on which the photoresist layer is formed is
      used. The thickness of the aluminum layer can range from about 0.1 to 0.2
      microns, for example. Alternatively, deposited layers of metals such as
      silver, copper, chromium and the like can be employed for the aluminum
      deposited layer, and a plastic film support can be used for the glass
      support, if desired. A suitable thickness for the deposited metal layer
      can range from about 300 A to 30,000 A. The transparent raised image is
      superposed on the photoresist layer in the same manner as described above
      and then a light is applied uniformly to the photoresist layer through the
      raised image. After developing, fine photoresist lines 43 and 44 are
      formed on the aluminum layer 51 as shown in FIG. 5 (a). Then, the aluminum
      layer is etched away leaving the aluminum under the photoresist lines 43
      and 44. Finally, the photoresist lines 43 and 44 are removed to form fine
      metal lines 45 and 46 as shown in FIG. 5 (b).
PAR  The use of a positive type photoresist has been described hereinbefore. The
      use of a negative type photoresist as set forth above will be described
      hereinafter. Typical commercially available negative type photoresists as
      described hereinbefore include KMER and KTFR. Many other negative type
      photoresists are commercially available. The transparent raised image is
      superposed on the negative type photoresist layer coated on a substrate,
      and after uniform exposure the photoresist layer is developed using a
      developer for the photoresist. Fine hollow lines 60 and 61 are obtained as
      shown in FIG. 6.
PAR  The method for producing a comb structure electrode using the process
      described above is described hereinafter. In FIG. 7 (a), 71 designates a
      comb shaped transparent raised pattern formed on a glass substrate 70. The
      raised pattern is superposed on a negative type photoresist coated on a
      thin metal layer coated on a substrate. After uniform exposure and
      development of the photoresist layer, the photoresist layer provides two
      comb structures separated by a hollow line 74.
PAR  Then, the exposed metal at the line 74 is etched away. Finally, the
      photoresist is removed to form two comb shaped electrodes 72 and 73
      separated by the small gap 74 as shown in FIG. 7 (b).
PAR  A thin layer of tantalum or nichrome which has a high electrical
      resistivity can be used instead of metal layer 51 to obtain resistors with
      a large resistance value and a small size. For this purpose the
      transparent raised image as shown in FIG. 7 (a) and the positive type
      photoresist are used to obtain the side section as shown in FIG. 5 (a).
      After uniform exposure, development of the photoresist, etching of the
      resist layer and removal of the photoresist, a thin resistor line
      corresponding to the fine line 74 in FIG. 7 (b) is obtained.
PAR  FIG. 8 (a) illustrates the side section of a photoresist plate 80 having
      two photoresist layers 82 and 83 coated on a glass substrate 81. The
      photoresist layer 82 is a negative type and the layer 83 positive type.
      The photomask is superposed on the photoresist layer 83 and then the layer
      is uniformly exposed through the photomask to light to which only the
      photoresist layer 83 is sensitive. The photoresist layer 83 is then
      developed using a developer which neither dissolves nor swells the
      photoresist layer 82 to form a raised image 84 on the photoresist layer 82
      as shown in FIG. 8 (b). As the positive type photoresist, AZ-1350 can be
      used and as the negative type photoresist, KMER can be used, and as the
      developers for AZ-1350 and KMER, a dilute aqueous solution of sodium
      hydroxide and xylene can be used, respectively. Then, the photoresist
      layer 82 is uniformly exposed to light to which the layer 82 is sensitve.
      The incident light is deflected at the edges of the raised image 84,
      consequently similar hollow lines as shown in FIG. 6 are formed on the
      glass substrate 81 after the raised image 84 is removed and the
      photoresist layer 82 is developed. To remove the raised image 84 which
      consists of AZ-1350, acetone which does not affect KMER can be used.
PAR  In the above photoresist combination, the uniform exposure to light may be
      to light to which both photoresist layers 82 and 83 are sensitive, because
      the raised image 84 is formed in the unexposed portion of the layer 83
      whereby the corresponding portion of the photoresist layer 82 is not
      exposed in the first uniform light exposure. At the second exposure the
      phenomenon described by referring to FIG. 3 occurs under the edges of the
      raised image 84.
PAR  For the photoresist plate 80 both photoresist layer 82 and 83 may be
      positive or negative. Fine photoresist lines 43 and 44 as shown in FIG. 5
      (a) can be used as a new raised image to form even finer lines.
PAR  The light which is to be uniformly applied to the photoresist layer is
      preferred to be parallel, because parallel light can provide a larger
      non-uniform light intensity distribution at the edges of the raised image.
      However, the uniform light need not always be parallel.
PAR  The formation of fine lines using a photoresist layer has been described
      hereinbefore, however, any photosensitive material can be used instead of
      the photoresist. For instance, instead of FIG. photoresist plate 40 in FIG
       4 (a), a silver halide photographic film can be used to form black or
      clear outlines of the raised image 20.
PAR  A transparent raised image of a transparent photoresist has been used
      hereinbefore. The transparent raised image can be produced by using a
      silver halide photographic material, as well. A silver image is formed in
      a silver halide emulsion layer coated on a transparent substrate. The
      formation of the silver image is accomplished using a known method which
      comprises exposing the silver halide emulsion layer to an optical image
      and developing. Fixing can also be included if desired. The silver image
      is then bleached with a bleaching solution containing a dichromate.
      Typical bleaching solutions which can be used in the present invention
      include an aqueous solution of ammonium dichromate, potassium dichromate,
      sodium dichromate and a mixture of these dichromates. The bleaching
      solution can contain acids such as hydrochloric acid, sulfuric acid,
      nitric acid and ammonium chloride. A preferred dichromate concentration
      can range from about 2 to 100 g/liter using the acid at a level of several
      milliliters to several tens of milliliters per liter. A silver compound
      formed by the bleaching process in removed by a solvent for the silver
      compound. When the silver image is bleached with an aqueous solution of a
      dichromate and hydrochloric acid or ammonium chloride, the silver image is
      converted into a silver chloride image which can be removed using a silver
      chloride solvent such as an aqueous solution of sodium thiosulfate,
      potassium thiosulfate, ammonium thiosulfate, sodium thiocyanate, potassium
      thiocyanate, ammonium thiocyanate, 3-thia-1,5-pentanediol,
      3,6-dithia-1,8-octanediol, 3,6,9-trithia-1,11-undecanediol,
      3,6,9,12-tetrathia-1,14-tetradecanediol, ethylenebisthioglycolic acid or a
      mixture of these silver chloride solvents. A suitable concentration for
      the silver solvent can range from about 5 to 50 percent by weight. When an
      aqueous solution of a dichromate and nitric acid is used as the bleaching
      solution, the silver image is converted into a silver dichromate image
      which can be removed using a solvent such as nitric acid, aqueous ammonia
      or potassium cyanide. When sulfuric acid is used instead of the nitric
      acid described above, no silver compound is formed, consequently, the
      silver compound removal step can be omitted. After the silver compound is
      removed the photographic material is washed in running water and dried. It
      is observed that the image areas are clear and that the thickness thereof
      is several times larger than that of the original silver image. Thus a
      transparent raised image is obtained.
PAR  Referring to FIG. 9 (a), reference character 90 designates a silver halide
      photographic material comprising a transparent substrate 91 such as a
      glass plate, an emulsion layer 92 formed thereon and a silver image 93
      formed in the emulsion layer. 94 designates non-image gelatin areas. When
      a Kodak High Resolution Plate is used as a photographic material, the
      thickness of the gelatin areas 94 is about 2 microns and that of the
      silver image 93 is about 4 microns. FIG. 9 (b) illustrates the bleached
      photographic material wherein the silver image 93 is converted into a
      silver compound image 95. FIG. 9 (c) illustrates the photographic material
      wherein the silver compound is removed leaving the transparent raised
      image 96.
PAR  The binder of the bleached areas is hardened, while the binder of the
      non-bleached areas is not hardened. Therefore, the binder of the
      non-bleached areas can be washed away with warm water leaving a gelatin
      relief which can also be used as a transparent raised image.
PAR  Bleaching solutions which do not contain a dichromate do not provide good
      transparent raised images because such bleaching solutions neither raise
      nor harden the binder of the image areas.
PAR  A transparent gelatin relief can also be obtained using an etching bleach
      process wherein the silver image is etched away together wth the binder at
      the image areas with an etching bleach solution. Any known etching
      solution can be used for this purpose such as an aqueous solution of
      cupric chloride, citric acid and hydrogen peroxide, and an aqueous
      solution of curpic nitrate, potassium bromide, lactic acid and hydrogen
      peroxide and an aqueous solution of ferric nitrate, potassium bromide,
      lactic acid and hydrogen peroxide.
PAR  FIG. 10 (a) through (i) illustrate another process to obtain fine lines
      using a transparent raised image and a photoresist plate. FIG. 10 (a)
      illustrates a photoresist plate 100 on which the gelatin raised image is
      superposed with the gelatin raised image 96 in contact with the
      photoresist layer 103 which is coated on an opaque thin layer 102 coated
      on a transparent substrate 101. The opaque layer 102 can comprise a metal
      such as aluminum, silver, copper, chromium, nickel, gold, titanium,
      tantalum, platinum, palladium, molybdenum and the like, a metal oxide such
      as iron oxide, chromium oxide, copper oxide, cobalt oxide and the like, a
      semi-conductor such as silicon, germanium and the like, or an insulator
      such as silicon oxide, silicon nitride and the like. FIG. 10 (b) through
      (i) illustrate enlarged side sections of the circled region in FIG. 10 (a)
      for each step of the process.
PAR  FIG. 10 (b) illustrates the photoresist plate after development wherein the
      photoresist layer 103 is a positive type and the amount of the uniform
      light exposure is insufficient. The shape of the side section of the
      photoresist layer corresponds to that of the light intensity distribution
      in FIG. 3. 104 is the portion where the light intensity was at a maximum
      and the photoresist thereof is removed completely by development thereby,
      exposing the opaque layer 102. 105 is the portion where the light
      intensity was at a minimum and the photoresist thereof is not removed by
      development. 106 is the portion where the light intensity was a medium
      intensity which is equal to that of the uniform light and the photoresist
      thereof is removed slightly by development. FIG. 10 (c) shows the side
      section of the plate after the opaque layer is etched and the remaining
      photoresist is removed. When aluminum is used as the opaque layer and
      AZ-1350 is used as the positive type photoresist, an aqueous solution of
      phosphoric acid and nitric acid can be used as an etchant for aluminum and
      an about 1% aqueous solution of sodium hydroxide can be used as the
      developer of the photoresist layer. The line width of the etched portion
      107 can be made as small as 0.2 microns. FIG. 10 (d) illustrates the
      photoresist plate after development wherein the amount of the uniform
      light exposure was just sufficient. The photoresist layer is removed
      except the portion 108 where the light intensity was at a minimum. After
      etching of the opaque layer 102 and removal of the remaining photoresist,
      the opaque line 109 is obtained as shown in FIG. 10 (e).
PAR  FIG. 10 (f) through (i) are similar to FIG. 10 (b) through (e) except that
      the photoresist layer 103 is a negative type. In FIG. 10 (f) 110
      designates the portion where the light intensity was at a maximum and 111
      designates the portion where the light intensity was at a minimum. 112 is
      the portion where the light intensity was a medium intensity. In FIG. 10
      (g) a fine 113 is shown which is obtained after etching of the layer 102
      and removal of the remaining photoresist. FIG. 10 (h) illustrates the
      photoresist plate after development wherein the amount of the uniform
      light exposure was insufficient. 114 is a fine photoresist line where the
      light intensity was at a maximum. After etching of the layer 102 and
      removal of the remaining photoresist, a fine opaque line 115 is obtained
      as shown in FIG. 10 (i). A transparent layer can also be used instead of
      the opaque layer 102.
PAR  The following examples are given to illustrate the invention in greater
      detail. Unless otherwise indicated, all parts, percents, ratios and the
      like are by weight.
PAC  EXAMPLE 1
PAR  A positive type photoresist AZ-1350 made by the Shipley Company was coated
      on a glass substrate to provide a dried thickness of 0.8 microns. An
      emulsion mask having black lines of a width of 5 microns was superposed on
      the photoresist layer with the emulsion layer in contact with the
      photoresist layer, and then the photoresist layer was uniformly exposed
      through the photomask to ultra violet light. The photoresist layer was
      then developed with the 2% aqueous solution of sodium hydroxide. After
      rinsing the plate with water, the plate was dried. The photoresist image
      thus obtained was baked at 120.degree.C for 5 minutes to harden.
PAR  Another AZ-1350 layer was prepared on another glass substrate to provide a
      dried thickness of 0.8 microns. After drying, the raised image was
      superposed on the photoresist layer with the raised image in contact with
      the photoresist layer. Then the photoresist layer was uniformly exposed
      through the raised image to ultra violet light. The photoresist layer was
      then developed using the same developer as described above to form
      photoresist outlines of a width of about 0.5 microns.
PAR  The width of the outlines depends on the amount of the light exposure. The
      larger the amount of the light exposure is, the smaller is the width of
      the outlines.
PAC  EXAMPLE 2
PAR  A negative type photoresist KMER made by the Eastman Kodak Company was
      coated on a glass plate to provide a dried thickness of 0.8 microns. The
      photoresist layer was baked at 90.degree.C for 10 minutes. Then, AZ-1350
      was coated on the KMER layer to provide a dried thickness of 0.8 microns.
      After baking for 3 minutes at 90.degree.C, the photoresist layers were
      uniformly exposed to ultra violet light in the same way as described in
      Example 1. The AZ-1350 layer was then developed with the developer
      described in Example 1 to form a raised image on the KMER layer. After
      uniformly exposing the KMER layer to the same ultra violet light, the
      AZ-1350 raised image was removed with acetone and then the KMER layer was
      developed with xylene to form hollow lines of a width of about 0.6 microns
      in the KMER layer corresponding to the outlines of the raised image.
PAC  EXAMPLE 3
PAR  Aluminum was deposited by vacuum evaporation on a glass substrate to form a
      thickness of 0.1 microns. AZ-1350 was coated on the aluminum layer to
      provide a dried thickness of 0.5 microns. The photoresist layer was baked
      at 90.degree.C for 3 minutes.
PAR  A gelatin raised image was separately prepared as follows;
PAR  A silver image having 25 micron wide black lines was formed on a Kodak High
      Resolution Plate made by the Eastman Kodak Company using a known method.
      The silver image was bleached using the following bleaching solution
      (20.degree.C, 2 minutes)
     Bleaching Solution                                                        
     Potassium Dichromate    2 g                                               
     Hydrochloric Acid (30%) 5 ml                                              
     Water to make           1 liter                                           
PAL  After rinsing with water, the silver chloride was removed using Kodak Rapid
      Fixer (trade name, made by the Eastman Kodak Company) having the
      composition set forth below.
TBL  ______________________________________                                    
     Water,                 600 cc                                             
     Sodium Thiosulfate     360.0 g                                            
     Ammonium Chloride      50.0 g                                             
     Sodium Sulfite (anhydrous)                                                
                            15.0 g                                             
     Acetic Acid, 28%       48.0 cc                                            
     Boric Acid, crystals   7.5 g                                              
     Potassium Alum         15.0 g                                             
     Cold water to make     1.0 liter                                          
     ______________________________________                                    
PAL  After rinsing with water, the gelatin layer was dried to form a raised
      gelatin image corresponding to the silver image.
PAR  The resultant raised image was superposed on the photoresist layer obtained
      above, and then uniformly exposed to ultra violet light. The exposure
      conditions were as follows:
TBL  Exposure apparatus:  VZDRHG 200 made by the Karl Zeiss Co.                
     Distance between the light source                                         
     and the photoresist layer:                                                
                               about 2 feet                                    
     Exposure time:            4 seconds                                       
PAL  After exposure the photoresist layer was developed in an aqueous solution
      of sodium hydroxide of a concentration of about 1% for 1 minute. After the
      development it was found that the aluminum was etched away where the
      photoresist was removed completely. The remaining photoresist was removed
      using acetone to form clear lines of a width about 0.4 microns
      corresponding to the outlines of the silver image.
PAC  EXAMPLE 4
PAR  The same procedure as described in Example 3 was carried out except that
      the uniform exposure time was 6 seconds and that the aluminum layer was
      etched with the following etchant for 3 minutes after the development of
      the photoresist layer.
TBL  ______________________________________                                    
     Etchant for Aluminum:                                                     
                          parts by volume                                      
     ______________________________________                                    
     Nitric Acid          4                                                    
     Phosphoric Acid      80                                                   
     Water                18                                                   
     ______________________________________                                    
PAL  After removal of the remaining photoresist, aluminum lines of a width of
      1.2 microns were obtained.
PAC  EXAMPLE 5
PAR  KMER was coated on a glass substrate to provide a dried thickness of about
      1.4 microns and was baked at 90.degree.C for 10 minutes. The photoresist
      layer was uniformly exposed to ultra violet light for 14 seconds in the
      same way as described in Example 3. Then the photoresist layer was
      developed in xylene for 30 seconds, and then rinsed with isopropyl alcohol
      and dried. After the developed photoresist was baked at 120.degree.C for
      30 minutes, the glass plate was etched in the following etchant for 20
      seconds.
TBL  ______________________________________                                    
     Etchant for Glass:    parts by volume                                     
     ______________________________________                                    
     Hydrofluoric Acid (49%)                                                   
                           10                                                  
     Nitric Acid    (79%)  90                                                  
     ______________________________________                                    
PAL  After rinsing with water, the remaining photoresist was removed by
      immersing the plate in concentrated sulfuric acid at 95.degree.C for 10
      minutes. After rinsing and drying hollow lines of a width of about 2
      microns were obtained on the glass substrate. This was usable as a durable
      raised image.
PAC  EXAMPLE 6
PAR  The same procedure as described in Example 1 was carried out except that a
      transparent raised image prepared as follows was used.
PAR  The silver image obtained in Example 3 was treated in the following etching
      bleach solution for 3 minutes.
TBL  ______________________________________                                    
     Etching Bleach Solution:                                                  
     ______________________________________                                    
     Solution A:  Cupric Chloride   10    g                                    
                  Citric Acid       10    g                                    
                  Water to make     1     liter                                
     Solution B:  3% Aqueous Solution                                          
                  of hydrogen peroxide                                         
     ______________________________________                                    
      Equal parts by volume of Solution A and B were mixed to prepare a working
      solution before use.                                                     
PAL  The gelatin binder at the silver image areas was etched away leaving a
      gelatin relief corresponding to the non-image areas. The gelatin relief
      was rinsed with water and dried to form a gelatin raised image.
PAC  EXAMPLE 7
PAR  The same procedure was described in Example 1 was carried out except that a
      transparent raised image prepared as follows was used.
PAR  A silver halide photographic plate comprising a silver halide emulsion
      layer containing silver bromide particles with an average size of 0.06
      microns dispersed in gelatin coated on a plate was exposed to an optical
      image and then developed. The developed silver image was then bleached
      with the bleaching solution used in Example 3. Then the emulsion layer was
      rinsed with warm water at 50.degree.C to wash off the gelatin at the
      non-image areas. After rinsing with water the silver chloride at the
      remaining image areas was removed using Kodak Rapid Fixer leaving a
      transparent gelatin raised image.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for forming micropatterns comprising
PA1  forming a transparent raised image on a photosensitive layer of a
      photographic material,
PA1  uniformly exposing said photosensitive layer through said transparent
      raised image to parallel light to which said photosensitive layer is
      sensitive, so that the light intensity at the edges of said transparent
      raised image is non-uniform such that the portions of the photosensitive
      layer underlying said edges are not exposed, and
PA1  developing said photosensitive layer to form a micropattern corresponding
      to the outlines of said transparent image.
NUM  2.
PAR  2. The method as described in claim 1, wherein said photographic material
      comprises a photoresist layer coated on a transparent substrate.
NUM  3.
PAR  3. The method as described in claim 1, further comprising etching the
      exposed areas where said photosensitive material was removed by said
      developing, and removing the remaining photosensitive material.
NUM  4.
PAR  4. The method as described in claim 3, wherein said photographic material
      comprises a photoresist layer coated on a thin etchable layer formed on a
      transparent substrate.
NUM  5.
PAR  5. The method as described in claim 4, wherein said thin layer comprises a
      material selected from the group consisting of aluminum, silver, copper,
      nickel, chromium, titanium, iron oxide, copper oxide, chromium oxide,
      cobalt oxide, nichrome, tantalum, silicon, germanium, silicon oxide,
      silicon nitride, gold, platinum, palladium and molybdenum.
NUM  6.
PAR  6. The method as described in claim 1, wherein said transparent raised
      image is a photoresist formed on a transparent substrate.
NUM  7.
PAR  7. The method as described in claim 1, wherein said transparent raised
      image is a gelatin raised image formed on a transparent substrate.
NUM  8.
PAR  8. The method as described in claim 7, wherein said gelatin raised image is
      a dichromate bleached silver image formed in a silver halide emulsion
      layer.
NUM  9.
PAR  9. The method as described in claim 7, wherein said gelatin raised image is
      an etching bleached silver image formed in a silver halide emulsion layer.
NUM  10.
PAR  10. A method for forming micropatterns comprising superposing a transparent
      raised image formed on a transparent substrate on a photosensitive layer
      of a photographic material,
PA1  uniformly exposing said photosensitive layer through said transparent
      raised image to parallel light to which said photosensitive layer is
      sensitive, so that the light intensity at the edges of said transparent
      raised image is non-uniform, such that the portions of the photosensitive
      layer underlying said edges are not exposed, and
PA1  developing said photosensitive layer to form a micropattern corresponding
      to the outlines of said transparent image.
NUM  11.
PAR  11. The method as described in claim 10, wherein said transparent raised
      image is a positive type photoresist formed on a negative type photoresist
      layer coated on a transparent substrate.
NUM  12.
PAR  12. The method as described in claim 10, wherein said photographic material
      comprises a photoresist layer coated on a transparent substrate.
NUM  13.
PAR  13. The method as described in claim 10, further comprising, etching the
      exposed areas where said photosensitive material was removed by said
      developing, and removing the remaining photosensitive material.
NUM  14.
PAR  14. The method as described in claim 13, wherein said photographic material
      comprises a photoresist layer coated on a thin etchable layer formed on a
      transparent substrate.
NUM  15.
PAR  15. The method as described in claim 14, wherein said thin layer comprises
      a material selected from the group consisting of aluminum, silver, copper,
      nickel, chromium, titanium, iron oxide, copper oxide, chromium oxide,
      cobalt oxide, nichrome, tantalum, silicon, germanium, silicon oxide,
      silicon nitride, gold, platinum, palladium and molybdenum.
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ABST
PAL  In selectively etching a solid oxide thin film which has chemisorbed water
      (surface hydroxyl groups) in its surface, the thin film is surface-treated
      with an organic compound which has within its molecule a functional group
      to react with the surface hydroxyl groups. Thereafter, photo-etching is
      performed by the conventional method by applying a thin film of a
      photosensitive organic polymer onto the treated thin film. Through
      selection of the sort of the organic compound, the degree of side-etch
      arising in the process of the selective etch can be controlled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for controlling the degree of
      side-etch occuring in case of selectively etching a solid oxide thin film,
      especialy of silicon oxides, which is used for a semiconductor device and
      which has surface hydroxyl groups on its surface.
PAR  2. Description of the Prior Art
PAR  Photo-etching is a technique for protecting selected areas of the surface
      of a thin film by an organic polymer and etching the remaining portion of
      the surface in the manufacture of various articles such as semiconductor
      devices and printed circuit cards.
PAR  Concretely, the photosensitive organic polymer generally termed
      "photoresist" (including two sorts of the negative type photo-resist and
      the positive type photoresist, the former of which is polymerized and
      becomes insoluble in a solvent when exposed to light and the latter is
      depolymerized and becomes soluble when exposed to light) is applied onto
      the surface of the thin film. The photoresist is exposed to light through
      a mask of black and white, to polymerize the photoresist at the selected
      areas (depolymerize the same in case of the positive type photoresist) and
      render it insoluble (soluble in case of the positive type photoresist) in
      the solvent. Thereafter, the photoresist in the unpolymerized portion is
      dissolved and removed. Through a photoresist mask thus formed on the thin
      film, the selected areas of the thin film are chemically etched.
PAR  The prior art photo-etching technique has the disadvantage that when the
      film material with the photoresist applied as the mask is immersed in an
      etchant, the etchant permeates between the photoresist material and the
      thin film material due to inferior affinity between both the materials.
      This gives rise to the side-etch (the proceeding of etching to the part of
      the thin film to-be-protected), so that a fine pattern is not etched at
      good reproducibility.
PAR  In some extreme cases, the photoresist exfoliates from the surface of the
      thin film, and its effect as the mask is fully lost.
PAR  It is considered that such phenomena are prone to arise where the affinity
      between the thin film and the photoresist is bad. In order to reduce the
      side-etch, a variety of measures have hitherto been adopted. These
      measures include conducting the baking after applying the photoresist on
      the thin film material, adding an adhesion accelerator or a surface-active
      agent at the etchant and changing the composition or temperature of the
      etchant so as to increase the etching rate.
PAR  Since, however, the property of the surface of the thin film greatly
      differs in dependence on, not only the sort of the material of the thin
      film, but also the process history, etc. thereof, it has been very
      difficult with the prior-art technique to perform a photo-etching working
      of high finishing accuracy at good reproducibility.
PAR  In the case of subjecting a thin film material, 1 .mu.m - several .mu.m
      thick, to the photo-etching working, a phenomenon just converse to the
      foregoing problem is sometimes the cause for generating defectives. For
      example, where after forming an uneven pattern in the first thin film of a
      thickness of several .mu.m by the photo-etching working, the second thin
      film is to be formed thereon, it can occur that the formation of the
      second thin film is partially obstructed by the unevenness of the first
      thin film or that the second thin film formed severs on the end part of a
      convex portion of the first thin film.
PAR  In such case, it is desirable to make the unevenness of the first thin film
      less severe. In other words, it is desirable that the degree of side-etch
      can be controlled in the photo-etching working.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a model-like sectional view of a usual SiO.sub.2 surface;
PAR  FIG. 2 is a sectional view showing a model-like manner an SiO.sub.2 surface
      subjected to a surface treatment with butanol;
PAR  FIG. 3 shows perspective views of photo-etched surfaces of a polycrystal
      silicon film as correspond to FIGS. 4 to 7; and
PAR  FIGS. 4 to 7 are photographs obtained when the photo-etched surfaces of a
      specimen with polycrystalline silicon deposited and with no surface
      treatment made, a specimen subjected to a surface treatment with butanol,
      a specimen subjected to a surface treatment with trimethylchlorosilane and
      a specimen subjected to a surface treatment with hexamethyldisilazane were
      observed by a scanning electron microscope (x1300), respepctively.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to solve the problems in the
      photo-etching working as stated above, and to control the worked profile
      of a thin film material by photo-etching by controlling the degree of
      side-etch (i.e., to reduce or in some cases to increase the degree of
      side-etch).
PAR  Another object of the present invention is to enhance the reproducibility
      of the photo-etching working by deliberately making certain surface
      properties irrespective of the history of a thin film material.
PAR  The objects are accomplished as stated below.
PAR  It is generally considered that thin films of silicon aluminum, etc., have
      their surface layer oxidized under the influences of oxygen, moisture,
      etc., in the atmosphere air, and that the properties of the surfaces of
      these thin films are similar to the properties of their oxides.
      Accordingly, the case of a thin SiO.sub.2 film is taken as an example.
PAR  FIG. 1 illustrates a surface structure of usual SiO.sub.2 in a model-like
      manner. A surface S - S' is of a cross-linked structure which consists of
      Si.sup.4.sup.+  ions 11 and O.sup.2.sup.-  ions 12. Onto the
      Si.sup.4.sup.+  ions 11 exposed to the surface, H.sub.2 O in the
      atmospheric air is chemisorbed, to form surface hydroxyl groups 15 (-OH).
      In the figure, a circle just above the surface S - S' represents an oxygen
      atom, and a small circle 13 with oblique lines represents a hydrogen atom.
      Since the surface hydroxyl groups are chemically reative, organic radicals
      can be formed on the thin film surface in such a way that, as will be
      described later, the thin film is surface-treated under specified
      conditions by the use of an organic compound such as alcohol, silane
      derivatives, silylamine derivatives and phenols containing active hydrogen
      atoms, halogen atoms, nitrogen atoms, etc. within its molecules.
PAR  More specifically, as illustrated in FIG. 2, when the SiO.sub.2 surface is
      treted with butanol, butoxy groups 25 can be formed on the SiO.sub.2
      surface S - S'. The property of the surface thus covered with the organic
      radicals is determined by the property and number of the organic radicals.
PAR  In FIG. 2, reference numeral 21 designates an Si.sup.4.sup.+  ion, 22 an
      O.sup.2.sup.-  ion, 23 a hydrogen atom and 24 a carbon atom.
PAR  The hydroxyl groups 15 in FIG. 1 are substituted by the butoxy groups in
      FIG. 2. The organic radicals represented by the butoxy groups affect the
      affinity between the photoresist and the thin film surface.
PAR  The subject matter of the present invention is based on the finding that
      organic radicals are stuck to the thin film surface by the chemical
      procedure as explained above, thereby providing means to deliberately
      control the property of the thin film surface and to regulate the degree
      of side-etch.
PAR  According to the photo-etching method of the present invention, the
      SiO.sub.2 surface has its property turned from hydrophilic to lyophilic
      (which can alternatively be called hydrophobic) by a certain kind or
      organic radicals, so that the affinity between the SiO.sub.2 surface and
      the photoresist is improved, with the result that the permeation of an
      etchant between the SiO.sub.2 surface and the photoresist is reduced and
      that the degree of side-etch diminishes. To the contrary, another kind of
      organic radical can increase the side-etch.
PAR  In other words, the photo-etching method according to the present invention
      consists in that, before performing the conventional photo-etching, a
      solid oxide thin film having chemisorbed hydroxyl groups on its surface is
      surface-treated by an organic compound which has within its molecule a
      functional group reacting with the hydroxyl group. As regards the method
      of the surface treatment, the same operating procedures apply irrespective
      of the materials of the thin films to be surface-treated. Therefore, the
      procedures will be collectively explained here.
PAR   (1). Surface treatment with Alcohol
PAR  The method to be now stated is applicable to all the alcohols of primary
      and secondary alcohols, monofunctional and polyfunctional alcohols and
      aliphatic and aromatic alcohols and to phenols. The following exemplifies
      a case of the surface treatment with n-butanol (n-C.sub.4 H.sub.9 OH).
PAR  A thin film specimen and 66 ml of butanol are placed in an autoclave made
      of stainless steel (one of a capacity of 200 ml was used in our case).
      After substituting air within the autoclave with dry nitrogen, the
      autoclave is hermetically closed. Subsequently, the autoclave is gradually
      heated while continuously measuring the temperature and pressure in the
      autoclave. When the temperature and pressure in the autoclave have reached
      critical conditions (288.degree. C. and 49 atmospheres in the case of
      butanol), the heating is stopped. The autoclave is opened to permit
      butanol vapor to blow out, and is let to stand for cooling. Such method is
      termed the autoclave method.
PAR  While the ideal conditions of the surface treatment with alcohol has been
      described above, the surface treatment can also be performed under
      conditions stated below.
PAR  It is possible that the alcohol is used in the form of a solution employing
      a nonpolar organic solvent such as n-hexane (n-C.sub.6 H.sub.14), and that
      the reaction is carried out caused at the critical temperature of the
      solvent. This method is valuable, in case of using an alcohol of high
      critical temperature, to lower the reaction temperature (the critical
      temperature of n-hexane is 235.degree. C.).
PAR  The reaction temperature and pressure need not always be the critical
      temperature and the critical pressure. However, a temperature above the
      boiling point of the alcohol and a pressure above the atmospheric pressure
      are required.
PAR  When the thin film surface is treated with alcohol by the method stated
      above, the hydroxyl group on the thin film surface is substituted into an
      alkexy group. In this reaction, the condensation with elimination of water
      takes place between the hydroxyl group of the alcohol and the surface
      hydroxyl group on the thin film surface. The reaction mechanism is
      described in U.S. Pat. No. 2,913,358.
PAR  (2). Surface Treatment with Silane Derivative
PAR  The method to be described here is applicable to all the silane derivatives
      such as trimethylchlorosilane ((CH.sub.3).sub.3 SiCl) and
      trimethylmethoxysilane ((CH.sub.3).sub.3 SiOCH.sub.3). Descriptionn will
      be made of a case of the trimethylchlorosilane treatment.
PAR  A thin film specimen placed in a quartz sample tube is vacuum-evacuatd at
      200.degree. C. under 5 .times. 10.sup.-.sup.5 Torr. for 2 hours.
      Thereafter, the sample tube is shut off from a vacuum pump. Subsequently,
      50 Torr. of trimethylchlorosilane vapor is introduced into the sample
      tube. The thin film surface is exposed to the vapor, and the tube is let
      to stand in this state for at least 1 hour.
PAR  By following the above operations, the condensation with elimination of
      hydrogen chloride is induced between the hydroxyl group of the thin film
      surface and the trimethylchlorosilane. As the result, an organic radical
      (OH.sub.3).sub.3 SiO-- can be formed on the thin film surface. Such method
      is named the vapor phase reaction method.
PAR  In this operating method, the thin film specimen is vacuum-evacuated before
      being exposed to the trimethylchlorosilane vapor. The vacuum evacuation is
      for removing physically adsorbed water on the surface hydroxyl group
      (chemically adsorbed water) of the thin film so as to make the surface
      hydroxyl group more reactive, and it does not restrict the operating
      method.
PAR  (3). Surface Treatment with Silylamine Derivative
PAR  The surface treatment with any of silylamine derivatives represented by
      hexamethyldisilazane ((CH.sub.3).sub.3 SiNHS:(CH.sub.3).sub.3) can be
      carried out by the vapor phase reaction method quite similar to the
      foregoing case of silane derivatives. Herein, the condensation with
      elimination of ammonia takes place between the hydroxyl group of the thin
      film surface and the hexamethyldisilazane.
PAR  (4). Surface Treatment with Phenol or its Derivative
PAR  This method modifies the property of a thin film surface by performing the
      surface treatment of a thin film material with any of the phenols, such as
      phenol, cresol, catechol, pyrogallol, aminophenol, phenol halide and
      nitrophenol, and phenol derivatives.
PAR  A solution in which 10 gr. of phenol is dissolved in 60 ml of n-hexane, and
      a thin film specimen are placed in an autoclave made of stainless steel
      and having a capacity of 200 ml.
PAR  Subsequently, air within the autoclave is replaced by dry nitrogen, and the
      autoclave is hermetically closed. While measuring the temperature and
      pressure in the autoclave, the autoclave is gradually heated to
      235.degree. C. (the rate of rising the temperature is about 8.degree.
      C/min.). The raised temperature is held for 30 minutes, to cause the
      phenol to react on the thin film surface. During this period, the pressure
      in the autoclave is 38 atmospheres. Lastly, the autoclave is opened, has
      vapor in the interior blown out, and is let to stand for cooling.
PAR  When the thin film surface is treated with phenol or its drivative by the
      method stated above, the dehydration reaction takes place between the
      hydroxyl group of the phenol and the hydroxyl group of the thin film
      surface, and a phenoxyl group is formed on the thin film surface.
PAR  Quite the same operations can be applied to alkyl-, alkene-, aromatic-,
      amino- and halogen-substituted derivatives of phenol, such as cresol,
      anol, thymol, hydroxydiphenyl, aminophenol and chlorophenol. Mixed
      solutions consisting of these compounds and alcohols can also achieve
      similar effects.
PAR  By performing the surface treatment with the organic substance in
      conformity to the methods described above, the property of the thin fim
      surface is modified, with the result that the degree of side-etch can be
      controlled. In order to clarify the effect of the surface treatment, the
      invention will be explained in detail hereunder in connection with
      specific embodiments.
PAR  The surfce treatment process of the present invention can be applied to all
      the thin film material of oxides, silicon, etc. Of the oxides, SiO.sub.2
      and metal oxides such as Al.sub.2 O.sub.3 are particularly noteworthy.
      Here, description will be made of a polycrystalline silicon film which has
      been known to be extremely side-etched with the conventional method and an
      SiO.sub.2 film which has been known to be, conversely, little side-etched.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Embodiment 1
PAR  The effect of the present invention in the photo-etching working of a
      polycrystalline silicon film will be explained.
PAR  First, on a silicon wafer with its surface oxidized by about 5,000 A,
      polycrystalline silicon was formed by about 5,000 A by thermal
      decomposition of silane at 650.degree. C.
PAR  Subsequently, in accordance with the foregoing methods, surface treatments
      were conducted with alcohols, a silane derivative and a silylamine
      derivative.
PAR  Conditions of the surface treatments are listed in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Conditions of Surface Treatments                                          
     With Organic Substances                                                   
     Organic Substance                                                         
                    Temperature                                                
                               Pressure Remarks                                
     (Chemical Formula)                                                        
                    (.degree.C)                                                
                               (atm.)                                          
     ______________________________________                                    
     Methanol (CH.sub.3 OH)                                                    
                    240        78                                              
     Ethanol (C.sub.2 H.sub.5 OH)                                              
                    243        63                                              
     Propanol (C.sub.3 H.sub.7 OH)                                             
                    263        50       autoclave                              
                                        method                                 
     Butanol (C.sub.4 H.sub.9 OH)                                              
                    288        49                                              
     Pentanol (C.sub.6 H.sub.11 OH)                                            
                    300        26                                              
     Decanol (C.sub.10 H.sub.21 OH)                                            
                    300        22                                              
     ______________________________________                                    
     Trimethylchlorosilane                                                     
                    200        0.1      vapor                                  
      ((CH.sub.3).sub.3 SiCl)           phase                                  
                                        reaction                               
     Hexamethyldisilazane                                                      
                    200        0.1      method                                 
      ((CH.sub.3).sub.3 SiNHSi(CH.sub.3).sub.3)                                
     ______________________________________                                    
PAR  Using a negative type photoresist containing polyisoprene as its main
      component, for example, OMR (i.e., a product of Tokyo Oka Co.), KTFR
      (i.e., a product of Kodak), etc., which, among photoresists commercially
      available, is considered to be very poor in the affinity with the
      polycrystalline silicon, a photo-etching working was carried out by the
      conventional method. An etchant was a mixed solution consisting of HF,
      HNO.sub.3 and CH.sub.3 COOH (1 : 50 : 25 in volumetric ratio), at a
      temperature of 22.degree. C. Since the etching rate was approximately
      2,500 A/min., the polycrystalline silicon film 5,000 A thick could be
      etched in about 2 minutes.
PAR  In order that the effect of the surface treatment according to the present
      invention may be intuitively understood, scanning electron
      microscope-photographs of the surfaces after the etching are shown in
      FIGS. 4 to 7. FIG. 3 ilustrates in a model-like manner the structures of
      the photographs shown in FIGS. 4 to 7.
PAR  More specifically, by the photo-etching working, two etch pits are formed
      at each of parts 31 and 32 of the polycrystalline silicon film and at
      intervals of 20 .mu.m. The oblique line portion is a section of the
      side-etched polycrystalline silicon film.
PAR  If there is quite no side-etch, both the intervals d and d' ought to become
      20 .mu.m (mask dimensions). In actuality, the interval is shorter on
      account of the side-etch.
PAR  FIG. 4 corresponds to the polycrystalline film which has been untreated,
      FIG. 5 corresponds to that subjected to the surface treatment with
      butanol, FIG. 6 corresponds to that subjected to the surface treatment
      with trimethylchlorosilane, and FIG. 7 corresponds to that subjected to
      the surface treatment with hexamethyldisilazane. By comparisons of the
      four typical examples shown in FIGS. 4 to 7, it is understood that the
      degree of side-etch in the photo-etching working can be controlled by
      applying the surface treatment process according to the present invention.
PAR  Further, in order to quantitatively demonstrate the effect of the present
      invention, measured results of the etch factor which is defined by the
      following equation (1) will be given:
      ##EQU1##
EQU  (degree of side-etch) = (d - d')/2
PAR  Table 2 compares the etch factors of polycrystalline silicon films
      subjected to various surface treatments, with that of an untreated
      polycrystalline silicon film.
TBL                Table 2                                                     
     ______________________________________                                    
     Etch Factors of Polycrystalline Silicon Films                             
     Agent of Surface                                                          
                     Thickness of Poly-                                        
                                      Etch                                     
     Treatment       crystalline Silicon                                       
                                      Factor                                   
     ______________________________________                                    
     (untreated)      5,500 A         0.06                                     
     methanol        6,000            0.14                                     
     ethanol         5,700            0.16                                     
     n-propanol      5,600            0.29                                     
     n-butanol       5,100            0.61                                     
     n-pentanol      5,300            0.29                                     
     n-decanol       5,600            0.25                                     
     ______________________________________                                    
     trimethylchlorosilane                                                     
                     5,100            0.26                                     
     hexamethyldisilazane                                                      
                     5,000            1.0                                      
     ______________________________________                                    
PAR  As understood from the examples in Table 2, in the case of photo-etching
      the polycrystalline silicon film, the untreated specimen has a very great
      degree of side-etch and consequently has etch factors as small as 0.06,
      whereas the application of the surface treatment process of the present
      invention makes it possible to control the etch factor in a range of 0.14
      - 1.0.
PAR  Embodiment 2
PAR  Description will now be made of the photo-etching working of SiO.sub.2
      which is formed by the chemical vapor deposition (abbreviated to CVD in
      this specification). Used as each specimen was a CVD.sup.. SiO.sub.2 film
      deposited on a silicon wafer by oxidizing silane at 430.degree. C. KTFR
      (i.e., a product of Kodak heretofore described as having polyisoprene as
      its main component, a negative type) was employed as the photoresist,
      while a mixed solution consisting of HF and NH.sub.4 F at 1 : 6 in volume
      ratio was employed as the etchant.
PAR  In case of SiO.sub.2 as deposited, the etch factor was 1.3 - 1.5. When it
      was surface treated with 1,4-butanediol (HO-(CH.sub.2).sub.4 -OH) and
      1,3-propanediol (HO--(CH.sub.2).sub.2 --OH), the etch factor became 0.7 -
      1.0 in both the cases.
PAR  Conversely, when the specimen was surface-treated with the organic
      compounds given in Table 2, the etch factor became 1.5 - 1.8.
PAR  Embodiment 3
PAR  Further, description will be made of the photo-etching working of CVD.sup..
      phosphorsilicate glass (abbreviated to PSG in this specification). As each
      specimen, there was used a CVD.sup.. PSG film deposited on a silicon wafer
      by oxidizing at 430.degree. C. a mixed gas consisting of silane and
      phosphine.
PAR  The photoresist, the etchant and the other photo-etching conditions were
      all the same as in the case of CVD.sup.. SiO.sub.2.
PAR  The etch factor of the CVD.sup.. PSG film as deposited depended on the
      concentration of phosphorus in the film, and became smaller as the
      phosphorus concentraton was higher. In case of a phosphorus concentration
      of 4 mol %, the etch factor was 1.2, while in case of a phosphorus
      concentration of 8 mol %, it was 1.0. When the CVD.sup.. PSG film was
      surface-treated with 1,3-butanediol (CH.sub.3 CH(OH)(CH.sub.2).sub.2 OH)
      and 1,2-propanediol (CH.sub.3 CH(OH)CH.sub.2 OH), the etch factor became
      0.6 - 0.8 independently of the phosphorus concentraton.
PAR  Where the surface treatments were made with the organic compounds given in
      Table 2, the etch factor increased as in Embodiment 2. It was found that,
      even in this case, the degree of side-etch was independent of the
      phosphorus concentration.
PAR  Embodiment 4
PAR  A solution in which 10 gr. of phenol was dissolved in 60 ml of n-hexane,
      and a specimen in which a polycrystalline silicon thin film was deposited
      on a silicon wafer, with its surface oxidized by 5,000A, by the thermal
      decomposition of silane at 650.degree. C. were placed in a stainless
      steel-made autoclave of a capacity of 200 ml.
PAR  Subsequently, air within the autoclave was replaced by dry nitrogen, and
      the autoclave was hermetically closed. While measuring the temperature and
      pressure within the autoclave, the autoclave was gradually heated to
      235.degree. C. (the rate of rising the temperature was about 8.degree.
      C/min.). The raised temperature was held for 30 minutes, to give rise to
      the reaction. Meantime, the pressure within the autoclave was 38
      atmospheres. Finally, the autoclave was opened, had vapor in the interior
      blown out, and was let to stand for cooling.
PAR  Thereafter, the specimen was processed similarly to Embodiment 1. When the
      etch factor was measured, it was 0.02.
PAR  Embodiment 5
PAR  In a stainless steel-made autoclave having a capacity of 200 ml, there were
      placed a solution (surface-treating agent) in which 13 ml of n-octanol and
      10 gr. of phenol were dissolved in 60 ml of n-hexane and a material in
      which a polycrystal silicon thin film was deposited on a silicon wafer,
      with its surface oxidized by 5,000A, by the thermal decomposition of
      monosilane at 650.degree. C.
PAR  The specimen was surface-treated by the same treatment method as in
      Embodiment 4. Thereafter, the etch factor was measured in the same way as
      in Embodiment 1. Then, a value of 0.05 was obtained.
PAR  Besides the foregoing, combinations between phenols and alcohols as
      hereunder mentioned can also achieve similar effects.
PAR  Phenols;
PAR  aliphatic-, aromatic-, amino- and halogen-derivatives of phenols such as
      phenol, cresol, anol, thymol, hydroxydiphenyl, aminophenol and
      chlorophenol.
PAR  Alcohols;
PAR  primary and secondary alcohols, unsaturated alcohol, aromatic alcohol,
      halogenoalcohol, aminoalcohol, nitroalcohol, diol, etc.
PAR  As described above, according to the present invention, a thin film
      material such as silicon and oxides thereof is surface-treated with an
      organic compound, to deliberately control the property of the surface of
      the thin film, whereby the degree of side-etch is controlled, making it
      possible to control the profile of an etched secton in the photo-etching
      working.
PAR  In addition, the reproducibility of the finishing accuracy can be made
      extraordinarily good irrespective of the history of the thin film.
PAR  That is, the present invention brings forth much excellent results over the
      conventional method in points of the control of the profile of an etched
      section and the reproducility of the accuracy of finishing, and is greatly
      effective in practical use.
PAR  In the vapor phase reaction method described above, it will be understood
      that the minimum temperature is 50.degree. C and that the pressure ranges
      from 0.1 Torr. to 1 atmosphere. In the autoclave method and the vapor
      phase reaction method, reaction times are 30 minutes or longer.
PAR  It also will be appreciated from the foregoing examples that the effect of
      the organic compound on the degree of side-etch is dependent upon the
      structure of the organic compound. Normal alcohols, silane derivatives and
      silylamine derivatives reduce the degree of side-etch; whereas,
      polyfunctional alcohols and phenols increase the degree of side-etch in a
      controlled manner. Moreover, suitable solvents for use with such organic
      compound include liquid alkanes.
PAR  Furthermore, it should be recognized that numerous photoresist materials
      may be used for the purpose of the subject invention and that the
      photo-etching technique per se is effected according to conventional
      procedures such as those disclosed by the manuals of Kodak.
PAR  Furthermore, it will also be recognized that in additon to silicon, the
      oxides of silicon and Al.sub.2 O.sub.3 other oxide surfaces can be treated
      so long as the surfaces possess the characteristic of having chemisorbed
      hydroxy groups thereon.
PAR  While the novel embodiments of the inveniton have been described, it will
      be understood that various omissions, modifications and changes in these
      embodiments may be made by one skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photo-etching method comprising effecting reactor between an organic
      composition consisting essentialy of an organic compound selected from the
      group consisting of alcohols, phenols and phenol derivatives and the
      surface of a solid oxide thin film having chemisorbed hydroxy groups on
      said surface, at a temperature above the boiling point of said organic
      compound and at a pressure above atmospheric pressure in an autoclave, the
      temperature and pressure in said autoclave being sufficient so that said
      organic compound reacts with said chemisorbed hydroxyl groups, applying a
      film of a photosensitive organic polymer onto the solid oxide thin film,
      irradiating a predetermined area of the photosensitive organic polymer
      film by light, removing a portion of the polymer film by dissolution to
      form a mask having a predetermined pattern, and selectively etching said
      solid oxide film by means of said mask.
NUM  2.
PAR  2. The photo-etching method according to claim 1, wherein said organic
      compound is selected from the group consisting of methanol, ethanol,
      n-propanol, n-butanol, n-pentanol and n-decanol.
NUM  3.
PAR  3. The photo-etching method according to claim 1, wherein said organic
      compound is a polyfunctional alcohol.
NUM  4.
PAR  4. The photo-etching method according to claim 1, wherein said phenol
      derivative is selected from the group consisting of an
      aliphatic-derivative, an aromatic-derivative, an amino-derivative and a
      halogen-derivative.
NUM  5.
PAR  5. The photo-ething method of claim 1, wherein the alcohols are selected
      from the group consisting of unsaturated alcohols, aromatic alcohols,
      halogenoalcohols, aminoalcohols, and nitroalcohols.
NUM  6.
PAR  6. The photo-etching method of claim 1, wherein said organic compound is
      selected from the group consisting of phenol, cresol, anol, thymol,
      hydroxydiphenyl, aminophenol and chlorophenol.
NUM  7.
PAR  7. The photo-etching method of claim 1, wherein said organic compound is a
      mixture of at least two members selected from the group consisting of
      alcohols, phenols, and phenol derivatives.
NUM  8.
PAR  8. The photo-etching method of claim 1, wherein said organic compound is a
      normal alcohol.
NUM  9.
PAR  9. The photo-etching method of claim 1, wherein said organic composition
      contains a solvent for said organic compound.
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PAL  This invention involves an imaging process in which a light image is
      projected onto a photosensitive medium having a layer capable upon light
      exposure of directly generating nuclei of a metal more noble than silver,
      such as palladium, which metal is catalytic to the electroless deposition
      of a non-noble metal, and thereafter selectively providing non-noble free
      metal onto the noble metal nuclei by electroless deposition, thereby
      providing a visible print of the original light image. The photosensitive
      layer in such media may comprise a compound of a metal more noble than
      silver and a photosensitive composition which can generate upon light
      exposure a reducing agent for said noble metal. In another embodiment, the
      photosensitive layer may contain a photoreducible metal salt which, upon
      light exposure, generates nuclei of a metal more noble than silver.
BSUM
PAR  This invention relates to a process for image recording and to
      photosensitive media for use therein.
PAR  In addition to the conventional photographic techniques many other
      processes for converting a light image into a visible print have been
      described in the literature. One approach utilized the ability of light to
      reduce ferric salts to ferrous salts, the ferrous ion then serving as a
      reducing agent for the reduction of noble metal ions to free noble metal.
      Among the several processes of this type are platinotype, palladiotype,
      iron-gold system, iron-mercury system and iron-silver (i.e. "brownprint")
      system, in which visible images are obtained by reduction to free metal of
      platinum, palladium, gold, mercury and silver ions. For the most part
      these processes have not found any practical application, principally
      because of the large quantities of expensive noble metals required.
PAR  In U.S. Pat. No. 3,223,525 a non-conductive support is treated with a light
      sensitive compound, such as silver halide, or a compound which produces,
      upon exposure to light, a reaction product capable of producing by
      reduction in the presence of water either silver or mercury atoms from
      water soluble silver or mercury salts. The treated support is then exposed
      to light to form a "germ image" or latent image and developed with a
      stabilized physical developer for a prolonged period of time to form a
      visible image of a noble metal, such as silver. This process is cumbersome
      and time consuming. In the process described in Belgian Pat. No. 637,058
      the latent image of silver or mercury produced by light exposure is
      "activated" by treating the latent image areas with a solution of a salt
      of the platinum group, such as palladium chloride, to provide in the image
      area catalytic metal for the chemical or electroless deposition of a
      metal, such as nickel and/or cobalt. The procedures for electroless
      deposition of such metals onto catalytic sites are well known. Although
      this process affords a technique for preparing visible prints of a light
      image, it is quite complex and slow and requires the use of silver or
      mercury salts.
PAR  An object of the present invention is to provide a relatively simple and
      rapid procedure for preparing highly stable, visible prints of light
      images.
PAR  Still another object of this invention is to provide a process for image
      recording which does not require silver salts and which utilizes a
      photosensitive sheet that has good storage stability.
PAR  A further object of this invention is to provide novel photosensitive
      sheets which may be developed by electroless plating techniques after
      exposure without intermediate activating treatment with catalyst
      solutions.
PAR  Other objects and advantages will become apparent from the following
      description.
PAR  The process of the present invention comprises (a) exposing to a light
      image a photosensitive media having a layer in which is contained a
      composition which, upon light exposure, is capable of directly generating
      nuclei of a metal that is more noble than silver and is catalytic to the
      electroless deposition of a non-noble metal, and (b) providing said
      non-noble metal selectively on said nuclei by electroless deposition to
      provide a visible print of said light image. In the practice of this
      process the catalytic metal is preferably palladium, and the non-noble
      metal forming the visible image is preferably copper, nickel, cobalt or a
      mixture thereof. In one preferred embodiment the composition which
      generates nuclei of the catalytic metal directly upon light exposure
      comprises a salt of the catalytic metal and a light sensitive compound
      which generates, upon light exposure, a reducing agent for said catalytic
      metal salt. For example, when the catalytic metal salt is a palladium
      salt, a ferric salt which can generate ferrous ion upon light exposure in
      the presence of moisture may be used. Organic ferric salts, such as ferric
      ammonium oxalate, ferric potassium oxalate, ferric ammonium citrate and
      ferric ammonium tartrate are reducible to form ferrous ions upon light
      exposure. Inorganic ferric salts may be used together with a reducing
      agent to form ferrous ions upon light exposure, and a preferred
      oxidation-reduction system is ferric chloride-oxalic acid. The ferrous ion
      generated by the exposure serves to reduce the catalytic metal ion or
      radial (e.g. Pd.sup..sup.+2) to free catalytic metal nuclei (e.g.
      Pd.sup.0). In another preferred embodiment the composition which generates
      nuclei of the catalytic metal directly upon light exposure comprises a
      photoreducible salt of the catalytic metal, as exemplified by palladium
      ammonium oxalate. Both of these embodiments produce catalytic metal nuclei
      in the photosensitive layer directly upon light exposure, although the
      application of heat may be used to accelerate the rate of reaction and
      improve the yield of catalytic metal nuclei in the image areas. The
      photosensitive layer preferably also contains hydrophilic polymers, such
      as polyether glycols (e.g. polyethylene glycols), polyvinyl alcohol,
      carboxymethylcellulose, gelatin or aqueous emulsions of various polymers.
      Minor amounts of a surfactant have also been found to offer beneficial
      effects. It is a surprising feature of this invention that the catalytic
      metal nuclei can be readily generated in this direct manner and that the
      resulting latent image of catalytic metal nuclei is sufficient to permit
      successful development by electroless deposition without intervening
      activation baths and to produce good quality prints.
PAR  The development of the latent image formed by the free catalytic metal
      utilizes well known electroless deposition procedures, as illustrated by
      U.S. Pat. Nos. 2,532,284; 2,690,401; 2,690,402; 2,726,969; 2,762,723;
      2,871,142 and 3,011,920. Electroless deposition of metals involves the
      reduction of the metal ion and the simultaneous oxidationn of a reducing
      agent on catalytic surfaces, resulting in the deposition of free metal
      atoms on the catalytic surfaces. The deposition baths generally comprise
      salts of the metal to be deposited (e.g. NiCl.sub.2 . 6H.sub.2 O;
      CUSO.sub.4 . 5H.sub.2 O, etc.) reducing agents (e.g. sodium hypophosphite,
      formaldehyde, hydrazine), complexing agents to prevent fog and buffering
      agents (e.g. tartrates, citrates, oxalates, etc.). The catalytic metals
      are preferably selected from the noble metals, particularly the metals
      more noble than silver, such as platinum, palladium, gold, etc. Palladium
      is the most preferred catalytic metal. Although many non-noble metals can
      be electrolessly deposited, including nickel, cobalt, copper, iron,
      chromium, etc., the use of nickel, cobalt or a mixture thereof has
      produced outstanding images which have excellent black rendition and which
      are very stable.
PAR  When the photosensitive media as described above is exposed to a light
      source, particularly a light source having a high ultraviolet light
      output, a very faint or invisible latent image is formed by the nuclei of
      catalytic free noble metal in the exposed areas. A slight amount of
      moisture is desired in the photosensitive layer, although the layer may be
      dried to all appearance and touch. The exposed media is then immersed in
      the electroless deposition bath or contacted with developer solution in
      some other manner until a visible image of the desired density is
      produced. A subsequent water wash is desirable to remove excess developer,
      and the media is then allowed to dry. Prints produced in this manner have
      high definition, good density in black areas, and outstanding stability to
      aging. The image areas appear to adhere very well to the support.
PAR  The photosensitive media usually comprises the photosensitive layer on a
      suitable support, including various types of paper and transparent
      supports such as saponified diacetate and triacetate, as well as
      cellophane, polystyrene, polyesters, and any other suitable adequately
      subbed, support or film base of the kind useful in the photographic field.
DETD
PAR  The following examples are presented for purposes of illustrating this
      invention.
PAC  EXAMPLE 1
PAR  Into one liter of distilled water containing 4 ml. of 37% hydrochloric acid
      one gram of palladium chloride was dissolved, then 10 grams of
      ethylenediaminetetraacetic acid disodium salt was added as a complexing
      agent. A white precipitate which formed was dissolved by adding dropwise
      concentrated ammonium hydroxide until the pH was about 3.5. To this
      solution was added 20 grams of ferric potassium oxalate, 40 grams of
      polyethylene glycol (E-1450, Dow Chemical Company) and 2 ml. of
      polyoxyethylated fatty alcohol surfactant ("Tinegal NA", Geigy Chemical
      Company). The resulting solution was coated onto the surface of a paper
      sheet of the type used for printing documents and dried. After exposure
      through a negative original to an ultraviolet ray source (five 20 watt
      fluorescent tubes spaced about 20 cm. from the plane of exposure), the
      photosensitive sheet was developed by immersion for about 2 minutes into
      an electroless deposition bath (pH of 9, temperature of 80.degree.C.) of
      the following composition:
TBL  Distilled water         1000   ml.                                        
     Nickel chloride hexahydrate                                               
                             40     grams                                      
     Cobalt chloride hexahydrate                                               
                             20     grams                                      
     Sodium potassium tartrate tetrahydrate                                    
                             200    grams                                      
     Ammonium chloride       50     grams                                      
     Glycine                 20     grams                                      
     Succinic acid           7      grams                                      
     Sodium hypophosphite hydrate                                              
                             30     grams                                      
PAR  Sodium hydroxide to adjust pH to 9
PAR  A black positive Ni-Co image with high density and good definition was
      obtained. After rinsing with water and drying, the stable print maintained
      its quality over an extended period of time.
PAC  EXAMPLE 2
PAR  The photosensitive solution of Example 1 was coated onto saponified
      diacetate and triacetate sheet. After drying and exposing to a negative
      light image, the sheet was developed as in Example 1. A black image having
      high density and excellent definition was produced.
PAC  EXAMPLE 3
PAR  The photosensitive medium of Example 1 was exposed then developed in a room
      temperature "developer" bath of the following composition:
TBL  Distilled water        1000    ml.                                        
     Copper sulfate pentahydrate                                               
                            30      grams                                      
     Anhydrous sodium carbonate                                                
                            30      grams                                      
     Sodium potassium tartrate                                                 
                            100     grams                                      
     Sodium hydroxide       50      grams                                      
     37% formaldehyde       30      ml.                                        
PAR  A print of the original negative light image was obtained.
PAC  EXAMPLE 4
PAR  One gram of palladium chloride was dissolved in one liter of distilled
      water containing 4 ml. of 37% hydrochloric acid, and the pH was adjusted
      to 8.5 with ammonia. Then 20 grams of oxalic acid, 40 grams of
      polyethylene glycol (E-6000, Dow Chemical Company) and a small amount of
      polyoxyethylated fatty alcohol ("Tinegal NA", Geigy Chemical Company) were
      added. The resulting solution was coated onto paper and dried to provide a
      photosensitive sheet which was exposed and developed with the bath and
      technique of Example 1 to provide a negative print of the original light
      image.
PAR  Various other embodiments of the present invention will be apparent to
      those skilled in the art without departing from the scope thereof.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An imaging process which comprises
PA1  a. exposing to a light image photosensitive medium having a photosensitive
      layer comprising a composition which upon light exposure is capable of
      directly generating nuclei of a metal which is more noble than silver and
      is catalytic to the electroless deposition of a non-noble metal, and
PA1  b. providing non-noble free metal selectively on said nuclei by electroless
      deposition to provide a visible print of said light image.
NUM  2.
PAR  2. The imaging process of claim 1 in which said catalytic metal nuclei are
      nuclei of palladium.
NUM  3.
PAR  3. The imaging process of claim 1 in which said non-noble free metal
      comprises cobalt, nickel, copper or a mixture thereof.
NUM  4.
PAR  4. The process of claim 1 in which said photosensitive layer comprises a
      compound of metal more noble than silver and a photosensitive composition
      capable of generating upon light exposure a reducing agent for said metal
      more noble than silver.
NUM  5.
PAR  5. The process of claim 4 in which said compound of a metal more noble than
      silver is a reducible palladium compound and said photosensitive
      composition is a composition capable of generating ferrous ions upon light
      exposure.
NUM  6.
PAR  6. The process of claim 1 in which said photosensitive layer comprises a
      photosensitive metal compound in which said metal is more noble than
      silver and is reducible to free metal nuclei upon light exposure.
NUM  7.
PAR  7. The process of claim 6 in which said photosensitive metal compound is a
      photosensitive palladium compound.
NUM  8.
PAR  8. An image record comprising a layer having light-exposed image areas
      containing light-generated nuclei of a metal more noble than silver, said
      nuclei selectively bearing a visible deposit of a non-noble metal.
NUM  9.
PAR  9. The image record of claim 8 wherein said light-generated nuclei are
      nuclei of palladium.
NUM  10.
PAR  10. The image record of claim 8 wherein said non-noble metal is nickel,
      cobalt, copper, or a mixture thereof.
NUM  11.
PAR  11. An imaging process which comprises
PA1  a. exposing to a light image a photosensitive medium having a
      photosensitive layer comprising a composition including a palladium
      compound, said composition being capable upon light exposure of directly
      generating palladium nuclei which are catalytic to the electroless
      deposition of a non-noble metal, and
PA1  b. electrolessly depositing nickel, cobalt, or copper or a mixture thereof
      on said nuclei to provide a visible print of said light image.
NUM  12.
PAR  12. An image record which includes a layer having light-generated palladium
      nuclei in light-imaged areas thereof, said nuclei selectively bearing a
      visible electroless deposit of nickel, cobalt or copper or a mixture
      thereof.
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ABST
PAL  Color film of the silver halide emulsion type is developed by a process
      which includes a bleach-fixing bath treatment to remove the silver image,
      followed by an oxidizing bath to restore to the dyes the color which they
      lost in the bleach-fixing bath. This oxidizing bath must contain an
      iron-III-complex of an amino polyacetic acid as the oxidizing agent, e.g.
      the sodium-salt of the iron-III-complex of ethylene diamine tetra-acetic
      acid.
BSUM
PAR  This invention relates to a process for bleach-fixing developed color
      photographic silver halide material, more particularly material of the
      kind in which dyes have been produced chromogenically by color-forming
      development.
PAR  In color-forming development, a silver image is formed in addition to the
      dye image. However, this silver image subsequently has to be removed. It
      is known that bleaching baths with an oxidizing effect can be used for
      this purpose. So-called bleach-fixing baths which are able both to oxidize
      the silver and also to dissolve the oxidized silver out of the layer, have
      proved to be particularly suitable for this purpose. In addition to a
      fixing agent, which is normally sodium or ammonium thiosulfate, these
      bleach-fixing baths also contain a weak oxidizing agent which is able to
      oxidize the silver without affecting the fixing agent. Iron-III-and
      cobalt-III-complexes or organic amino polyacetic acids, more particularly
      the sodium salt of the iron-III-complex of ethylene diamine tetra acetic
      acid, have proved to be suitable oxidizing agents. Reference is made in
      connection with these bleach-fixing baths to German Pat. No. 866,605.
PAR  Unfortunately, these bleach-fixing baths have certain disadvantages.
      Oxidation of the metallic silver by the weak oxidizing agent is
      accompanied by the formation of the corresponding iron-II- or
      cobalt-II-complexes, for example of the ethylene diamine tetra acetic
      acid.
PAR  These iron-II- and cobalt-II-complexes are powerful reducing agents. They
      are formed in immediate proximity to the dyes which are formed during
      chromogenic development and reduce them to a more or less considerable
      extent, depending upon the prevailing conditions and upon their chemical
      constitution. This reduction usually is accompanied by a decolorization of
      the dyes.
PAR  During the bleach-fixing operation, the reduced dyes normally begin to
      undergo re-oxidation which can continue during the subsequent rinsing and
      drying stages so that, in many cases, after the dyes have been dried,
      there is no further evidence of the intermediate reduction of the dyes.
PAR  However, this is not the case with color photographic materials that are
      richer in silver, for example with color reversal films. During bleaching,
      the high silver concentration present after total development of the color
      reversal film produces a large quantity of reduced iron or cobalt complex,
      with the result that heavy reduction of the dyes occurs and subsequent
      re-oxidation is not sufficient so that very little color density is left
      after the bleach fixing, rinsing and drying. For this reason, the material
      has to be treated with an oxidizing bath in order to reestablish the
      original color saturation.
PAR  Oxidizing baths which follow the bleach-fixing bath are known. According to
      German Auslegeschrift No. 1,202,638, corresponding to U.S. Pat. No.
      3,189,452, for example, a potassium ferricyanide bath is used to oxidize
      incompletely bleached silver, the partly reduced dyes being re-oxidized at
      the same time. Unfortunately, this bath is attended by certain
      disadvantages. Its productivity is limited because the ferrocyanide formed
      during oxidation of the dyes is not reoxidized by the oxygen present in
      the surrounding atmosphere. In addition, inexpert use of this bath can
      result in speckle formation. The bath can have an adverse effect upon the
      stability of the dye image. Finally, its use involves problems because of
      the increasingly more stringent anti-pollution regulations which give rise
      to considerable difficulties when disposing of the bath.
PAR  Another oxidizing bath for re-oxidizing the dyes containing potassium
      persulfate as oxidzing agent (cf. H. Berger "Agfacolor" 6th Edition, 1962,
      page 262) has been used practically. The disadvantage of this bath is that
      it is not stable nor exactly inexpensive. It necessitates constant
      checking and regulation.
PAR  An after-treatment bath has now been found which is particularly suitable
      for re-oxidizing the reduced dyes, is distinguished by low costs and high
      productivity and hence by high economy and which does not have any of the
      disadvantages referred to above. This bath contains the iron-III-complex
      of an amino polyacetic acid as oxidizing agent.
PAR  Accordingly, the invention relates to a process for bleach-fixing
      chromogenically developed color photographic silver halide material and is
      characterized by the fact that after bleach fixing the developed color
      photographic material is treated with an aerated oxidation bath containing
      the iron-III-complex of an amino polyacetic acid as oxidizing agent.
PAR  The new process uses one of the operations which take place in the
      bleach-fixing bath itself after the silver-bleaching operation and the
      color-bleaching operation associated with it, namely re-oxidation of the
      reduced dyes by atmospheric oxygen, but catalytically accelerated in
      accordance with the invention by the iron-III-complex of certain organic
      complexing agents.
PAR  The oxidation bath consists primarily of the iron-III-complex of a
      complex-forming amino polyacetic acid, for example ethylene diamine tetra
      acetic acid. The following are examples of other suitable amino polyacetic
      acids: nitrilo tri-acetic acid, ethylenediamine tetraacetic acid,
      N-hydroxyethyl-ethylenediamine -N,N',N'-tri-acetic acid, di-ethylene
      triamine penta-acetic acid, 1,3-propylene diamine tetra-acetic acid,
      N-.beta.-hydroxyethyl-1,3-propylene diamine tri-acetic acid, o-phenylene
      diamine tetra-acetic acid, 1,2-cyclo-hexylene diamine tetra-acetic acid.
PAR  In order to prevent discoloration of the color images through the formation
      of a colored iron complex of the cyan-forming coupler, small quantities of
      excess complexing agents, for example ethylenediamine tetra-acetic acid,
      are best added to the bath.
PAR  The pH-value of the bath is advantageously adjusted to between about 7 and
      9, for example to 8, which can be done with phosphates, borates, acetates
      and similar buffering substances.
PAR  If this bath is vigorously aerated, an oxidizing after bath of almost
      unlimited productivity is obtained. The high productivity is explained by
      the fact that atmospheric oxygen, available in almost unlimited
      quantities, is used indirectly as the oxidizing agent. The
      iron-III-complex of the amino polyacetic acid acts so to speak as an
      oxygen-transfer agent. Since it is not consumed during the reaction, but
      instead, following reduction into the divalent complex, is re-oxidized to
      the trivalent complex by the atmospheric oxygen present, no exhaustion
      phenomena are observed in the oxidation bath according to the invention,
      but merely dilution under the effect of entrained water. However,
      entrained water does not result in disturbances over the processing cycle
      as a whole, even in the event of prolonged operation, because the, as it
      were, catalytically active oxidizing agent is always present in a large
      excess. Since the iron-III-complex of the amino polyacetic acid acts as it
      were catalytically, its concentration in the oxidizing after bath is not
      in the least critical. Accordingly, it can be varied within very wide
      limits. The complex could be used merely in catalytic quantities, although
      in this case oxidation takes too long. The upper limit to the
      concentration is imposed by the solubility of the iron-III-complex used.
      Concentrations of from 2 to 50 g, preferably from 10 to 20 g per liter,
      have proved to be effective in practice.
PAR  The foregoing also demonstrates the advanced nature of the oxidation bath
      according to the invention in relation to conventional oxidation baths
      which, because they are not oxidized by atmospheric oxygen, are quickly
      consumed and, hence, require constant checking and regeneration.
PAR  In general, not every iron-III-complex is suitable for the process
      according to the invention. The iron-III-cyanide complex for example is
      not suitable because, although it is an oxidizing agent, it is not
      reversibly regenerated by atmospheric oxygen after reduction. The green
      iron-III-complex of isopropanol-1,3-diamino tetra-acetic acid does not act
      as an oxidizing agent at all and, although the iron-III-complex of oxalic
      acid used in Belitzki's clearing agent can be regenerated by atmospheric
      oxygen, it causes excessive discoloration of the emulsion layers which
      cannot be eliminated even by the addition of excess oxalic acid.
PAR  The oxidation baths according to the invention can be prepared from the
      iron-III-complex compounds themselves, for example from the acid
      monosodium salt of the iron-III-complex of diethylene triamine
      penta-acetic acid (CHEL 330 Na H Fe, a product of Ciba-Geigy), from the
      sodium salt of the iron-III-complex of ethylene diamine tetra-acetic acid
      or from the acid iron-II-complex of ethylene diamine tetra-acetic acid
      (Ciba-Geigy's Sequestrene H 2 Fe). In the last of these three cases, the
      solution has to be aerated before use, resulting in formation of the
      iron-III-complex. When the fully oxidized iron-complex compounds are used,
      a small excess of complexing agents, whether of the complex used or of
      another complex, has to be added in the form of the free acid or one of
      its water-soluble salts in order to prevent discoloration of the color
      photographic material through formation of the iron-III-complex of the
      cyan-forming coupler.
PAR  It is also possible, however, initially to prepare the iron-III-complex in
      solution by reacting a simple iron salt, for example Fe Cl.sub.3 . 6
      H.sub.2 O or Fe SO.sub.4 . 7 H.sub.2 O in aqueous solution with one of
      said amino polacetic acids, preferably in the form of its salts. Suitable
      salts include both the acid and also the neutral salts with alkali,
      ammonium or alkyl ammonium cations, for example mono-, di-, tri- or
      tetrasodium (or potassium) salts of ethylene diamine tetracetic acid, or
      the trimethyl ammonium or trihydroxy ethyl ammonium salt of one of the
      aforementioned acids. Salts of the amino polyacetic acids with other
      organic nitrogen compounds with a sufficiently basic effect, for example
      with morpholine, pyrrolidine or piperidine, are also suitable.
PAR  Dissociation of the iron-III-complexes of the amino poly-acetic acid can be
      suppressed by the addition of monodentate ligands, for example fluorides
      or thiocyanates, further increasing the oxidation capacity of the bath.
PAR  In addition to the aforementioned constituents, the oxidation baths can
      contain other substances in order to obtain special effects. Thus, it is
      possible by adding aldehydes, for example formaldehyde or glutaraldehyde
      in free or combined form, for example in the form of the bisulfite
      addition compounds to give the oxidation bath a hardening effect or to
      influence the swelling of the emulsion layers of the film by adding
      neutral salts, for example sodium sulfate.
PAR  The oxidation bath according to the invention can be incorporated with
      advantage into the processing cycle for all chromogenically developable
      color photographic materials based on silver halide after the
      bleach-fixing bath, if desired with brief intermediate rinsing in between.
PAR  Chromogenically developable color photographic materials are understood to
      comprise all color photographic materials wherein the image dyes are
      produced by development. The usual color-forming developers, such as
      aromatic compounds containing at least one primary amino group, preferably
      those of the p-phenylene diamine type as described in J. Amer. Chem. Soc.
      73, 3100 (1951) are used for producing the dyes.
PAR  The bleach fixing treatment according to this invention is preferably
      performed in a bleach-fixing bath containing the iron-III-complex of an
      amino polyacetic acid as bleaching agent and an alkali metal thiosulfate
      as fixing agent. Particular reference is made in this connection to the
      article of M. Heilmann, "Uber das Agfaolor-Bleichfixierbad", in
      Mitteilungen aus den Forschungslaboratorien der Agfa, Leverkusen-Munchen,
      Vol I, page 256,  published 1955 by Springer. But also other known
      bleach-fixing baths can be used although the particular advantage is
      established if a bleach-fixing bath having a considerably low oxidizing
      power, such as that mentioned above is used. Thus the danger of a
      bleaching fog is minimized even in cases where after the color development
      the material is not, or only for a short time, rinsed with water to remove
      residual color developer.
PAR  According to the present invention it is possible to obtain higher color
      densities as compared with the corresponding process without the oxidizing
      afterbath, especially in the case of the cyan dye. However, the particular
      advantage of the oxidation bath according to the invention is reflected in
      the processing of materials with a relatively high silver content in the
      form of silver halide or more than 2 g/m.sup.2, for example in the
      processing of color reversal materials. In such cases, a strong bleaching
      bath with potassium ferricyanide as the bleaching oxidizing agent and a
      fixing bath are used in practice instead of the bleach-fixing bath.
PAR  A bleach-fixing bath alone would lead to inadequate cyan densities and the
      elimination of this disadvantage by a following oxidation bath of the
      conventional type involves other disadvantages as already mentioned.
PAR  Accordingly, the oxidation bath according to the invention enables the
      bleaching bath/fixing bath combination to be replaced by a bleach-fixing
      bath which is advantageous in many respects. The rinsing which precedes
      bleaching can be shortened from the usual 20 minutes or longer to 5
      minutes because there is appreciably less danger of a color fog being
      formed through inadequate washing-out of color developers by virtue of the
      relatively weak oxidizing effect of the bleach-fixing bath.
PAR  The problems involved in the expensive, complicated regeneration of the
      bleaching bath with ozone or with potassium persulfate are also
      eliminated. Both in the bleach fixing bath and in the subsequent oxidation
      bath, straightforward aeration is all that is required to keep the baths
      fully operative. Last and by no means least, effluent pollution with
      cyanide ions does not occur in the process according to the invention.
DETD
PAC  EXAMPLE 1
PAR  several strips of a standard color reversal film containing, on a
      transparent substrate, a red-sensitized silver halide emulsion layer with
      a cyan-forming coupler, above this layer a green-sensitized silver halide
      emulsion layer with a magenta-forming coupler then a yellow-filter layer
      with colloidal silver and, above this layer, a blue-sensitive silver
      halide layer with a yellow-forming coupler, were exposed behind a
      continuous wedge, sujected to an initial black-and-white development in a
      hydroquinone-metol developer, subsequently rinsed, subjected uniformly to
      a diffuse second exposure to white light and to a color development,
      briefly rinsed and then dried. Strip 1 was then further processed in the
      usual way by being successively bleached for 5 minutes in a bleaching bath
      of the composition shown below and rinsed for 5 minutes. Strips 2 and 3
      were rinsed for 2 minutes and then bleach-fixed for 20 minutes with
      vigorous agitation in a bleach-fixing bath with the composition shown
      below, resulting in heavy reduction of the magenta and, more particularly,
      of the cyan dye. Strip 2 was then rinsed for 5 minutes and dried in a
      stream of cold air. Strip 3 was rinsed for 5 minutes, treated for 5
      minutes in oxidation bath number 1, rinsed for 5 minutes and then dried
      cold. The colour densities set out in Table 1 were obtained.
TBL  __________________________________________________________________________
     Bath composition:                                                         
     __________________________________________________________________________
     Bleaching bath:                                                           
                 potassium ferricyanide                                        
                                  80  g                                        
                 potassium bromide                                             
                                  20  g                                        
                 disodium phosphate anhydrous                                  
                                  12  g                                        
                 made up with water to                                         
                                  1000                                         
                                      ml                                       
                 pH adjusted with glacial acetic                               
                 acid to 5.2 - 5.6                                             
     Bleach-fixing bath:                                                       
                 sodium salt of the iron-III-                                  
                 complex of ethylene diamine                                   
                 tetra-acetic acid                                             
                                  40  g                                        
                 anhydrous sodium sulfite                                      
                                  20  g                                        
                 ethylene diamine tetra-                                       
                 acetic acid      1.5 g                                        
                 potassium dihydrogen phosphate                                
                                  10  g                                        
                 ammonium thiosulfate 80/20                                    
                                  200 g                                        
                 (commercial product consisting                                
                 of 80% of ammonium thiosulfate                                
                 and 20% of sodium thiosulfate)                                
                 mercapto triazole                                             
                                  2   g                                        
                 made up with water to                                         
                                  1000                                         
                                      ml                                       
                 pH-value 6.0                                                  
     Oxidation bath No.1:                                                      
                 sodium salt of the iron-III-                                  
                 complex of ethylene diamine                                   
                 tetra-acetic acid                                             
                                  10  g                                        
                 tetra-sodium salt of ethylene                                 
                 diamine tetra-acetic acid                                     
                 commercial product with 30%                                   
                 active acid      10  g                                        
                 made up with water to                                         
                                  1000                                         
                                      ml                                       
                 pH-value adjusted with disodium                               
                 phosphate to 8.                                               
     __________________________________________________________________________
     Table 1                                                                   
     __________________________________________________________________________
     Strip No.                                                                 
             Treatment   Maximum density                                       
                         Yellow                                                
                              Magenta                                          
                                    Cyan                                       
     __________________________________________________________________________
     1       standard (with                                                    
             bleaching bath                                                    
             and fixing bath)                                                  
                         3.6  3.3   3.6                                        
     2       with bleach-fixing                                                
             bath without                                                      
             oxidation bath                                                    
                         3.4  2.9   2.0                                        
     3       with bleach-fixing                                                
             bath with oxidation                                               
             bath No.1   3.4  3.2   3.4                                        
     __________________________________________________________________________
PAR  Strip 1 shows the maximum color densities of the reversal film treated in
      the usual way with a postassium-ferricyanide bleaching bath. Strip 2,
      which was only treated with bleach-fixing bath, shows much lower color
      densities for magenta and cyan. The original color densities are restored
      by the after-treatment with the oxidation bath (strip 3).
PAR  When the bleach-fixing bath is used, the high color densities can only be
      obtained by an after-treatment with an oxidation bath. The dyes reduced in
      the bleach-fixing bath cannot be re-oxidized either by vigorous aeration
      of the bleach-fixing bath or by vigorous aeration of the water over a
      treatment time of 15 minutes.
PAC  EXAMPLE 2
PAR  A stock solution containing per liter 3/100 mol (=8.1 g) of crystallized
      iron-III-chloride FeCl.sub.3 . 6 H.sub.2 O, was prepared and then various
      baths were completed by the addition of 4/100 mol or 7/100 mol
      respectively of complexing agent to the following oxidation baths.
TBL  ______________________________________                                    
     Oxidation bath                                                            
               complexing agent                                                
                               molecular g/l                                   
                               weight                                          
     ______________________________________                                    
     No. 2     ethylene diamine                                                
               tetra-acetic acid                                               
                               292       11.76                                 
     3         nitrilo tri-acetic                                              
               acid            191       7.64                                  
     4         nitrilo tri-acetic                                              
               acid            191       13.37                                 
     5         diethylene triamine                                             
               penta-acetic acid                                               
                               393       15.7                                  
     6         N-hydroxyethyl-                                                 
               ethylene diamine                                                
               tri-acetic acid-                                                
               3 Na in the form                                                
               of a 41% solution                                               
                               344       33.6                                  
     ______________________________________                                    
PAR  The baths are then adjusted with disodium phosphate to pH 8.
PAR  Strips of a standard color reversal film which had been exposed, subjected
      to an initial black-and-white development, to a second exposure and then
      to color development, as described in Example 1, were bathed for 15
      minutes in a bleach-fixing bath of the specified composition, rinsed for 5
      minutes, subsequently treated for 5 minutes in one of the aforementioned
      vigorously aerated oxidation baths, rinsed for 5 minutes and then dried.
      The results are set out in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
                        Gradation                                              
     oxidation                                                                 
           maximum density                                                     
                        .gamma. 1 a) .gamma. 2 b)                              
     after-bath                                                                
           yellow                                                              
               magenta                                                         
                    cyan                                                       
                        yellow                                                 
                            magenta                                            
                                 cyan                                          
                                     yellow                                    
                                         magenta                               
                                              cyan                             
     __________________________________________________________________________
     none  3.5 2.8  2.0 1.48                                                   
                            1.28 1.02                                          
                                     1.85                                      
                                         1.50 1.06                             
     2     3.7 3.2  3.6 1.57                                                   
                            1.40 1.48                                          
                                     1.90                                      
                                         1.80 2.12                             
     3     3.7 3.1  2.8 1.55                                                   
                            1.32 1.28                                          
                                     1.8 1.68 1.55                             
     4     3.7 3.1  3.2 1.55                                                   
                            1.35 1.38                                          
                                     1.88                                      
                                         1.75 1.90                             
     5     3.7 3.2  3.6 1.60                                                   
                            1.40 1.42                                          
                                     1.85                                      
                                         1.78 2.10                             
     6     3.6 3.0  2.6 1.54                                                   
                            1.30 1.20                                          
                                     1.82                                      
                                         1.60 1.48                             
     Potassium                                                                 
     ferri-                                                                    
     cyanide                                                                   
     bleaching                                                                 
     bath  3.7 3.2  3.6 1.60                                                   
                            1.41 1.40                                          
                                     1.95                                      
                                         1.85 2.15                             
     __________________________________________________________________________
      a) 1 is the gradient of the secant through the curve point 0.2 over      
      fogging and the curve point P 0.65 exposed more weakly by 0.65 log.      
      It-units.                                                                
      b) 2 is the gradient of the secant through the curve point P.sub.0.65 and
      the curve point P.sub.1.3 exposed more weakly by another 0.65 log.       
      It-units.                                                                
PAR  Table 2 shows that both the maximum density of the individual image dyes
      and also the gradation of the dye layers of the film bleached with
      potassium ferricyanide are restored by an after-treatment with an
      oxidation bath of the kind in question.
PAC  EXAMPLE 3
PAR  As in Example 1, sensitometer strips of a standard color reversal film are
      exposed, subjected to a first development in a hydroquinone-metol
      developer, rinsed, subjected to a second exposure and then to color
      development and finally rinsed. The strips are then bleach-fixed for 10 to
      20 minutes in a bleach-fixing bath of the composition specified, the bath
      advantageously being agitated with nitrogen. After intermediate rinsing
      for 5 minutes, the strips are treated for 5 minutes with an oxidation bath
      of the specified composition, a vigorous stream of air being passed
      through the bath. The strips of film are then finally rinsed, treated with
      a wetting-agent bath, advantageously with a little formalin added to it,
      and dried.
PAR  Films which are no different from normally processed films are obtained in
      this way. Following the second development, normally processed films would
      have to be rinsed for 20 minutes, treated for 5 minutes with a potassium
      ferricyanide bleaching bath of the specified composition, rinsed, fixed in
      a neutral fixing bath and then thoroughly rinsed, treated with a wetting
      agent and dried.
PAC  EXAMPLE 4
PAR  2 .times. 400 ml of almost totally exhausted oxidation baths were prepared
      under nitrogen from 3.34 g of FeSO.sub.4 . 7 H.sub.2 O and 4.7 g of
      ethylene diamine tetra-acetic acid in one case and from 41 g of potassium
      ferrocyanide (cryst.) in the other. Following adjustment of the pH-value
      to 8, the first bath corresponded to oxidation bath No. 2 (Example 2) in
      regard to its concentration of iron and complexing agent, but not in
      regard to its oxidising power, whilst the other bath corresponded to the
      bleaching bath of Example 1 containing 80g of potassium ferricyanide per
      liter.
PAR  As was expected, these baths were not able to oxidize under nitrogen and,
      in a practical test, gave identical, totally useless results. If these
      baths are aerated for 15 minutes before use, the divalent iron in the
      first bath oxidizes, accompanied by a change in color to reddish-brown,
      its pH-value rising slightly to around 8.3, whilst the potassium
      ferrocyanide bath retains its pale yellow color.
PAR  If a strip of standard color reversal film (Agfacolor CT 18) treated
      beforehand with bleach-fixing bath is bathed in these baths in the
      presence of air, the first bath develops its full activity, whilst the
      second bath gives the same useless result as before under nitrogen. The
      results are shown in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     After-treatment  maximum density                                          
     with             Yellow    magenta   cyan                                 
     ______________________________________                                    
     iron-II-ethylene di-                                                      
     amine tetra-acetic                                                        
     acid under nitrogen                                                       
                      3.6       2.6       0.7                                  
     dito after contact                                                        
     with and in the                                                           
     presence of air  3.6       3.3       3.3                                  
     potassium ferrocyanide                                                    
     under nitrogen   3.6       2.6       0.8                                  
     potassium ferrocyanide                                                    
     after contact with and                                                    
     in the presence of air                                                    
                      3.6       2.7       1.0                                  
     for completion:                                                           
     vented bath with only                                                     
     12.5 g/l of potassium                                                     
     ferrocyanide pH 8                                                         
                      3.6       2.6       0.8                                  
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A process of producing colored photographic images from a color
      photographic silver halide material containing at least 2 grams of silver
      halide per square meter by imagewise exposure and color development
      wherein the silver image formed by color development from the silver
      halide emulsion is oxidized and subsequently removed through the use of a
      bleach-fixing bath, said silver oxidation being accompanied by reduction
      of the dyes formed chromogenically during the color development, and
      wherein the reduced dyes are then reoxidized to restore their original
      color, wherein the improvement comprises in the reoxidation method the
      bleach-fixing bath is followed by treatment of the film with an aerated
      oxidation bath containing an effective amount of the iron-III-complex of
      an amino polyacetic acid selected from the group consisting of nitrilo
      tri-acetic acid, ethylenediamine tetra-acetic acid,
      N-hydroxyethyl-ethylene-diamine -N,N',N'-tri-acetic acid, diethylene
      triamine penta-acetic acid, 1,3-propylene diamine tetra-acetic acid,
      N-.beta.-hydroxy-ethyl-1,3-propylene diamine tri-acetic acid, o-phenylene
      diamine tetra-acetic acid, and 1,2-cyclohexylene diamine tetra-acetic
      acid.
NUM  2.
PAR  2. The process of claim 1 wherein the oxidation bath is aerated before the
      treatment.
NUM  3.
PAR  3. The process of claim 1 wherein the oxidation bath is aerated during said
      treatment.
NUM  4.
PAR  4. The process of claim 1 wherein the oxidation bath is aerated before and
      during said treatment.
NUM  5.
PAR  5. The process of claim 1 wherein in addition to the iron-III-complex of
      the amino polyacetic acid, the oxidation bath contains an additional
      quantity of the same or a different amino polyacetic acid.
NUM  6.
PAR  6. The process of claim 1 wherein the oxidation bath additionally contains
      formaldehyde, glutaraldehyde, or the bisulfite addition compound of one of
      said aldehydes.
NUM  7.
PAR  7. The process of claim 1 wherein said color photographic material after
      imagewise exposure and before the bleach-fixing treatment is subjected
      first to an initial black-and-white development and then a uniform second
      exposure and color development.
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ABST
PAL  High contrast, rapid access, air stable, regenerable iron chelate developer
      solutions comprising at least two developer materials, at least one
      selected from each group comprising:
PAL  1. iron chelate developers and
PAL  2. an ascorbic acid developer.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of Ser. No. 391,506 filed Aug.
      24, 1973, now abandoned
BSUM
PAR  This invention relates to photographic science and in particular to silver
      halide photographic emulsion development.
PAR  Exposure of a silver halide emulsion to radiation to which the emulsion has
      been sensitized produces a latent image in the silver halide grains of the
      emulsion. The image is latent because the grains are sensitized to
      reduction by the formation of minute quantities of free silver in the
      grains from the exposure. The grains are developed usually by immersion of
      the exposed photosensitive material in an aqueous reducing solution. The
      reducing agents conventionally employed include such organic materials as
      hydroquinone and other materials meeting the criteria of Kendall's Rule or
      the extension of this rule by Peltz [Mason, Photographic Chemistry, pp.
      16-29, Focal Press, 1966, London].
PAR  Historically, the organic reducing agents presently in commercial use were
      preceded by the use of inorganic metal salt solutions as developers.
      Ferrous sulfate solutions were among the first used, these being followed
      by complexed ferrous ion solutions such as ferrous oxalate. Although the
      complexed ion solutions offered tremendous developing advantages over the
      simple salt solutions, they nonetheless still suffered from exhaustion
      because of the antagonistic effect of the presence of the oxidized form of
      the metal ion (e.g., ferric). Because the reduction of the silver with the
      consequent oxidation of the metal ion is an equilibrium reaction, the
      presence of ferric ions greatly reduces the thermodynamic driving force
      for the reaction. The improvement offered by the complexing species was in
      the suppression of the oxidized form of the metal ion by formation of the
      complex. The failure of these complexed type developers, even with the
      introduction of the superior complexing agents, due to oxidized ion, is
      generally unavoidable since these oxidized ions may be formed by
      development or aerial oxidation. In fact, in order to obtain consistent
      results with such developers, development has been performed under a
      nitrogen atmosphere so as to exclude oxygen (U.S. Pat. No. 2,453,323).
      Other techniques have been attempted to obtain consistent results in these
      metal salt solutions, such as the inclusion of metal powders or granules
      in the development solution itself, trying to maintain the dissolved metal
      ions in their lower valence state. Amman-Brass, Beitrag Zur Chemie dir
      Anorganischen Entwickler, Photo. Ind. 1937, p. 827. These developers have
      not found favor in the photographic field because the developing solutions
      are, at their best, still slow acting, requiring at least about 20 minutes
      for completion of development and sometimes hours. The solutions also tend
      to produce low contrast images and do not correct for other changes in the
      composition of the bath due to the development process.
PAR  Recent work has been directed towards obtaining more active rapid acting
      developers. S. Mizusawa - Chiba Daiga Ku Kobabubu Kentyu Hokoko (Research
      Reports Chiba U. Facility of Engineering), Vol. 19 No. 35 pp. 77-84, Mar.
      61 discloses a monobath developer based on the use of ferrous EDTA
      (ethylenediaminetetraacetic acid) and hypo (Na or NH.sub.4 thiosulfate).
      Although Mizusawa shows the superadditivity of development by the addition
      of phenidone to this system he nevertheless requires a pH of 11.0 with a
      development time of 8 minutes or more at 20.degree.C. to obtain average
      contrasts in the order or 1.0.
PAR  Vogt, U.S. Pat. No. 3,567,441 discloses that these developers are suitable
      for rapid access development at temperatures ranging from 65.degree.F. to
      212.degree.F. in a pH range of 4 - 6.9 with development times in the order
      of 3 minutes. In order to obtain these short processing times of 3 minutes
      or less, this patent states that a hardening agent for the gelatin must be
      included in this developer. The inclusion of aldehyes in metal complex
      developers has previously been reported in British Pat. No. 741, 1889.
PAR  It is believed that the Vogt process must operate under a non-oxidizing
      atmosphere (e.g., nitrogen) in order to operate consistently. In view of
      this requirement the practical application of these developers has been
      reported (G. Haist et al., Photo. Engineering, Vol. 7, 182-189, 1956) as
      still limited.
PAR  The practice of this invention generally relates to air stable, rapid
      access, regenerable metal chelate developer solutions. The terminology air
      stable, rapid access and regenerable described substantive properties of
      the developer solutions.
PAR  The developer solutions of this invention comprise an aqueous solution of a
      metal chelate developer and a second component of ascorbic acid,
      sugar-type derivatives of ascorbic acid, and stereoisomers and
      diastereoisomers of ascorbic acid and its sugar-type derivatives. The
      unsubstituted compounds of this class may be represented by the formula:
      ##EQU1##
      wherein X is an oxygen atom or imino group, R is any group which does not
      render the ascorbic acids water insoluble and is a non-interfering group.
      Non-interference means that the R group does not cause stearic hindrance,
      is not chemically reactive with other portions of the molecule, is not a
      coordinating group for the molecule and is not more electropositive than a
      saturated hydrocarbon residue. Preferably R is an aryl group or a group of
      the formula
EQU  R.sup.1 CH.sub.2 (CHOH).sub.n.sub.-1 --
PAL  wherein n is a positive integer from 1 to 4 and R.sup.1 is either a
      hydrogen atom or hydroxyl group when n is 2 to 4 and is an hydroxyl group
      when n is 1.  Of these materials, ascorbic and isoascorbic acid are the
      most preferred. The second developer component must be soluble at least to
      0.05 Molar and should be in the binary developer solution in an amount
      from 0.05 M to the solubility limit of the second developer.
PAR  The term metal chelate developing agent as used in the practice of this
      invention refers to iron associated with a chelating agent, sequestering
      agent or complexing agent (for the practice of this invention, these are
      alternative terms). The metal portion of the metal chelate is required to
      have at least two distinct valence states (i.e., Fe.sup..sup.+2 and
      Fe.sup..sup.+3 for iron).
PAR  The lower valent ion is the developing agent (reducing agent) which usually
      functions by simple electron transfer to the silver ion; the higher valent
      metal ion is formed as a result. The presence of these latter oxidized
      ions (higher valent ions) provides an antagonistic effect toward the
      further reduction of silver halide by the lower valent ion, and small
      buildup of such higher valent ions by either the result of development or
      aerial oxidation is sufficient to seriously hamper the development
      reaction.
PAR  The chelate portion of the metal chelate are those chelate, sequestering or
      complexing materials whose stability constant for the higher valence state
      of a metal is higher than that for the lower valence state. These
      stability constants may be found for example in reference books (e.g.,
      Stability Constants of Metal-Ion Complexes, Chemical Society, London,
      1964). In the most preferred embodiments, the ratio of the stability
      constants of the higher state to the lower state should be at least 100:1
      respectively. The most preferred chelating agents in the practice of this
      invention are ethylenediaminetetraacetic acid and
      diethylenetriaminepentaacetic acid (EDTA and DTPA respectively).
PAR  For a particular metal ion developer, satisfactory complexing agents are
      those which form a more stable complex with the higher valent ion that the
      lower valent ion (Mason, Photographic Chemistry, Focal Press, 1966, p.
      173) thus effectively reducing the concentration of the antagonist higher
      valent ion. The fact is, nevertheless, that the buildup of the higher
      valent ion, either by the development reaction or aerial oxidation,
      proceeds and even in the presence of these complexing agents, the baths
      eventually deteriorate and become unuseable (C. E. Mees, 2nd Ed.,
      McMillan, 1942, p. 332). The addition of various additives such as
      formaldehyde (Brit. Pat. No. 741; 1889), though successful in hardening
      the emulsion, provide no improvement in aerial stability.
PAR  Rzymkowski in 1941 (Rzymkowski, Wiss. Photo. 40 136 (1941)) categorized the
      metal complex developers as having the following structure:
EQU  (Alk.sup.+.sup.1).sub.n [(RCOO.sup.-).sub.y M.sub.m.sup.+ .sup.z ]
PAL  in which Alk is an alkali metal, M is the metal ion of a multiple valent
      metal and R is an organic radical and y = mz + n. These materials are
      included within the present disclosure of metal chelates.
PAR  The earliest successful use of iron, i.e., ferrous ion, in a developer was
      by Carey Lea (B. J. Phot. 24, 292 (1877)). Lea utilized a "complexing
      agent", potassium oxalate, in his developer.
PAR  In 1951 Rausch and Russel introduced developers using a different class of
      complexing agents which showed much greater superiority in their affinity
      to complex the higher valent metal species and so exhibited some improved
      performance of the developers. These materials were aliphatic
      amino-polycarboxylic acids and their water soluble salts (Br. Pat. No.
      720,235) commonly known at the times as "chelating" or "sequestering"
      agents which have given rise to the term "metal chelate developers".
      Rzymkowski in 1951 (Pharmazie (1951) 6, p. 155-6) noted that these
      developers fitted his definition and equated the terminology of metal
      complex and metal chelate developers (Industrie Chim. Belg. Spec. No.
      645-6 (1955)). This terminology based on this narrowed definition for the
      word complex persists to the present, and in fact there are few metal
      complex developers which are based on a complexing agent rather than a
      chelating agent of one sort or another.
PAR  The practice of this invention generally relates to air stable, rapid
      access and regenerable described substantive properties of the developer
      solutions.
PAR  Air stable metal chelate developer solutions are those which do not undergo
      a change of greater than 50 millivolts in its redox potential during two
      days exposure In the use of these metal chelate developers, such air
      stability enables the maintenance of a desired level of developmental
      activity without requiring the groups addition of replacement chemistry.
PAR  The solutions of this developing system are rapid access developers. This
      means that the dwell time in the developer need be only 4 minutes or less
      for producing a useful image having 90% of the useful Dmax produced by
      that developer in 8 minutes with the same exposure and handling of the
      photographic element. The useful Dmax may, of course, depend upon the
      particular application of the photographic element, but must be viewable
      over fog levels of the elements. It is preferred that the dwell time need
      be only 2 minutes for 90% of the useful Dmax of 4 minutes dwell time in
      the same developer.
PAR  The solutions are also regenerable. This means that the solution, after or
      during use may be maintained at the same level of electromotive potential
      without the gross addition of replacement chemistry. The solutions of this
      invention may be maintained at the proper level of chemical activity by
      the reduction of the spent (oxidized) metal ions to their development
      (reduced) state without the addition of supplemental chemistry, i.e., by
      only the contacting of the spent metal ion with a metal which will reduce
      the ion. In addition, the term regenerable means that if the system is
      allowed to stand in air when not operating, the operating electrochemical
      potential of the solution can be reached within one hour by contacting the
      solution with sufficient surface area of metal capable of reducing
      oxidized metal developer ions.
PAR  The developer solutions according to the practice of this invention may
      additionally contain those additives commonly associated with developer
      solutions. These additives include for example, hardeners (e.g.,
      aldehydes, aluminum salts, etc.), swell control agents (e.g., sulfate),
      anti-foggants, development accelerators, surfactants, viscosity control
      agents and various pH buffering agents. The developer solutions of this
      invention are also easily concentrated. Concentrates of these solutions
      are also air stable and may be readily diluted with water to form
      developer solutions. Silver complexing materials (containing or not
      containing silver) may also be added to these developing solutions to
      obtain physical and/or solvent development characteristics.
PAR  The developer solutions of the present invention may be used with any black
      and white silver halide photographic element, and in any black and white
      development step for any color silver halide photographic elements.
DETD
PAC  EXAMPLE I
PAR  Samples of a controlled sensitometrically exposed, commercial high contrast
      (microfilm type) chloro-bromide silver halide element were developed in a
      series of developer solutions for 30 seconds at 90.degree.F, washed,
      fixed*, washed and dried. After this processing, the resulting densities
      of these processed films were measured with a MACBETH densitometer at
      identical exposure values. The series of developer solutions are indicated
      below.
TBL  ______________________________________                                    
     Solution**                                                                
     No.     Ingredient                                                        
                       Amount      Density Contrast                            
     ______________________________________                                    
     1       FeSO.sub.4                                                        
                       0.15M       0.90    1.40                                
     2       Ascorbic                                                          
             Acid      0.26M       0.02    --***                               
     3       FeSO.sub.4                                                        
                       0.15M                                                   
             Ascorbic              1.10    1.73                                
             Acid      0.26M                                                   
     ______________________________________                                    
        *The fixing solution in all examples was the F-5 Fixer of Eastman Kodak
      the formula as referenced in Photo Lab. Index, Morgan and Morgan, Inc.,  
      Hastings on Hudson, N.Y. 1966, pp. 6-91.                                 
       **All solutions adjusted to pH 8.25 with Na.sub.4 OH and contained 0.08M
      KBr.                                                                     
      ***not measurable.                                                       
PAR  The unexpectedly high contrast of this solution is apparent from the above
      data. An increased contrast and image density are resultant from the use
      of the recited class of ascorbic acid type materials with metal chelate
      developers. Another result is air stability of the solutions combining the
      metal chelate and ascorbic acid type second developer component.
PAC  EXAMPLE II
PAR  To examine the air stability of the binary developer solutions of this
      invention, the following solution was made:
PAR  0.1 Molar FeSO.sub.4
PAR  0.2 Molar Diethylenetriamine pentaacetic acid
PAR  0.03 Molar KBr
PAR  pH adjusted to 6.0 with NaOH
PAL  A second solution was made from this first solution by the addition of 5
      grams per liter of ascorbic acid. Both resulting solutions were stored and
      monitored at various times for their redox potential using the apparatus
      indicated above (platinum electrode, saturated calomel, and pH/millivolt
      indicating device). The redox potential, as indicated in copending U.S.
      Ser. No. 391,508, is a direct indication of the photographic effect
      (resultant density) of the developer solution; the more negative the
      potential, the higher is the density.
PAR  The measured results appear below:
TBL                             Density                                        
            Potential Change (mv)                                              
                                Change                                         
     ______________________________________                                    
            .DELTA.1 day                                                       
                    .DELTA.2 day                                               
                              .DELTA.4 day                                     
                                        .DELTA.4 day                           
     ______________________________________                                    
     Fe - DTPA                                                                 
              +90       +180      +260    -1.10                                
     Fe - DTPA                                                                 
       +                                                                       
     Ascorbic  0        + 10      + 30    -0.18                                
     Acid                                                                      
     ______________________________________                                    
PAR  The data indicates the superior air stability of the developing solution
      containing the ascorbic acid type developers.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An aqueous, high-contrast, air-stable, rapid access, non-fixing
      developer solution which comprises
PA1  a. at least one iron chelate developer and
PA1  b. at least one compound from the group of ascorbic acid, sugar-type
      derivatives of ascorbic acid and stereoisomers and diastereoisomers of
      ascorbic acid and its sugar-type derivatives.
NUM  2.
PAR  2. The developer solution of claim 1 wherein the at least one compound is
      selected from ascorbic acid and isoascorbic acid.
NUM  3.
PAR  3. The developer solution of claim 1 wherein the iron chelate developer is
      selected from ferrous ethylenediaminetetraacetic acid and ferrous
      diethylenetriaminepentaacetic acid.
NUM  4.
PAR  4. The developer of claim 2 wherein the iron chelate developer is selected
      from ferrous ethylenediaminetetraacetic acid and ferrous
      diethylenetriaminepentaacetic acid.
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ABST
PAL  Photographic direct-positive materials are described which comprise in
      admixture in a single layer or in superposed layers a monodispersed
      direct-positive emulsion and a heterodispersed direct-positive emulsion.
      By the use of both types of emulsions it is possible to obtain reduced
      contrast and good detail rendering in the high-light areas.
BSUM
PAR  The present invention relates to photographic direct-positive silver halide
      compositions and elements.
PAR  It is known that direct-positive images can be obtained with certain types
      of photographic silver halide emulsions without previously forming a
      negative silver image. For this purpose, the silver halide grains are
      fogged, before or after coating on a support, by an overall exposure to
      actinic radiation or by overall chemically fogging e.g. by means of
      reducing agents or by low pAg digestion condition. Upon image-wise
      exposure of the prefogged emulsions the development centres formed by said
      fogging are destroyed at the exposed areas and remain at the unexposed
      areas. By subsequent conventional development by means of silver halide
      developers a direct-positive image is formed.
PAR  Destruction of the development centres during image-wise exposure is
      generally based on the Herschel effect or the solarization effect. For the
      first effect, exposure occurs with long wavelength light whereas for the
      second effect exposure occurs by means of short wavelength light. Both
      processes remained of little practical importance because the common
      silver halide emulsions have rather low speed.
PAR  Improved light-sensitivity can be obtained by proper fogging means and
      addition of desensitizers acting as electron traps which are adsorbed to
      the surface of the fogged silver halide grains. Such emulsions have been
      described in British Pat. No. 723,019 where fogging occurs by means of
      reducing agents in the presence of noble metal compounds e.g. gold
      compounds.
PAR  In U.S. Pat. No. 3,501,305 high speed direct-positive silver halide
      emulsions have been described wherein the emulsions are characterized as
      being monodispersed silver halide emulsions fogged by means of a reducing
      agent and a gold compound. These monodispersed silver halide emulsions
      have narrow grain-size distribution; at least about 95 percent by weight
      of the silver halide grains have a diameter which is within about 40
      percent, preferably within about 30 percent of the mean grain diameter.
      Such emulsions can be prepared according to the double-jet precipitation
      technique by simultaneous addition of a water-soluble silver salt e.g.
      silver nitrate and a water-soluble halide e.g. an alkali metal halide such
      as potassium bromide to an aqueous solution of a silver halide peptizer
      e.g. gelatin. Precipitation occurs under controlled pH, pAg and
      temperature conditions.
PAR  Double jet precipitation techniques have been described e.g. in German Pat.
      No. 1,169,290.
PAR  A special type of direct-positive silver halide emulsion was introduced by
      E. Moisar and S. Wagner in "Berichte der Bunsengesellschaft fur
      physikalische Chemie"67 (1963) 356-359. In these direct-positive
      emulsions, the sensitivity is increased by providing in the interior of
      the silver halide grains ripening nuclei functioning as electron traps.
      These so-called "covered-grain" emulsions comprising silver halide grains
      having a central core of silver halide provided with centres promoting the
      deposition of photolytic silver and an outer shell of a fogged silver
      halide, are prepared as described by Klein and Moisar in "Berichte der
      Bunsengesellschaft fur physikalische Chemie" 67 (1963) 349, and in U.S.
      Pat. No. 3,537,858 by controlled double jet precipitation which allows
      proper dosing of the inner ripening nuclei. Therefore, these emulsions
      also show narrow grain-size distribution, and are thus monodispersed
      silver halide emulsions.
PAR  Monodispersed cubic and octahedral silver halide emulsions have the
      disadvantage of low exposure latitude and producing high contrast images
      so that they are only of practical importance for purposes where steep
      gradation is either desirable e.g. in the graphic arts, or at least not
      disturbing. It follows that these monodispersed direct-positive emulsions
      are of limited value for the reproduction of continuous-tone images where
      direct-positive silver halide emulsions with low gradation and high
      exposure latitude are desirable to obtain optimum reproduction of every
      tone level of the image to be reproduced.
PAR  It has been proposed to obtain reduced contrast and extended exposure
      latitude by combination, in a direct-positive photographic silver halide
      element, of monodispersed emulsions of different sensitivity e.g.
      emulsions of different average grain-size or emulsions selectively fogged
      to different fog levels, either in admixture in a single emulsion layer or
      coated as separate superposed emulsion layers. As is illustrated in U.S.
      Pat. No. 3,615,573 various distinct high contrast steps can be provided in
      this way on the Density vs. Log Exposure curve and good detail can be
      achieved in the highlight areas. However, in order to obtain a smooth
      extended latitude curve and thus optimum reproduction of every tone level
      of the image to be reproduced, a large number of emulsions of
      incrementally higher sensitivity should be used in a single photographic
      element. The preparation of multiple monodispersed emulsions of different
      sensitivity is relatively complicated and reproducibility in the
      preparation of these emulsions is insufficient so that this technique is
      of limited practical value.
PAR  In accordance with the present invention a direct-positive photographic
      element is provided which comprises in admixture in a single silver halide
      emulsion layer or in superposed emulsion layers a monodispersed
      direct-positive silver halide emulsion comprising fogged silver halide
      grains and a heterodispersed direct-positive silver halide emulsion
      comprising fogged silver halide grains.
PAR  The invention makes possible, by simple admixture of two emulsions, to
      provide a photographic element with reduced contrast and good detail
      rendering in the highlight areas, which is valuable for the reproduction
      of continuous tone images.
PAR  As noted above monodispersed silver halide emulsions have narrow grain-size
      distribution; at least 95 percent by weight of the silver halide grains
      have a diameter which is within about 40 percent, preferably within about
      30 percent of the mean grain diameter.
PAR  These monodispersed silver halide emulsions generally have a mean grain
      diameter i.e. an average grain size in the range of about 0.01 to about 2
      .mu.m, preferably in the range of about 0.02 to about 1 .mu.m.
PAR  Heterodispersed silver halide emulsions can be characterized as having wide
      grain-size distribution; at least 10 percent, preferably at least 20
      percent by weight of the silver halide grains have a diameter which
      deviates by at least 40 percent from the mean grain diameter.
PAR  Heterodispersed silver halide emulsions comprise silver halide grains of
      widely varying grain size e.g. from 0.01 to 10 .mu.m. The mean grain
      diameter i.e. average grain size is generally in the range of about 0.05
      to about 2.5 .mu.m, preferably in the range of about 0.1  to about 1
      .mu.m.
PAR  Particle size of silver halide grains can be determined using conventional
      methods e.g. as described by Trivelli and M. Smith, The Photographic
      Journal, Vol. 69, 1939, p. 330-338, Loveland, "ASTM symposium on light
      microscopy," 1953, p. 94-122 and Mees and Jones, "The Theory of the
      photographic Process," (1966), Chapter II.
PAR  As referred to hereinbefore monodispersed silver halide emulsions can be
      prepared by the double jet precipitation technique under controlled pH,
      pAg and temperature conditions. These three factors are interdependent
      which means that for a given temperature, the pH and pAg should be adapted
      to each other to obtain uniform grain size. Procedures of preparing
      monodispersed silver halide emulsions according to this technique are
      known in the art and described in the literature referred to hereinbefore.
PAR  Heterodispersed emulsions are most common in the art of silver halide
      photography and can be prepared according to methods generally known.
      According to a very simple method, an aqueous silver salt solution e.g.
      aqueous silver nitrate is added to an aqueous solution of hydrophilic
      colloid e.g. gelatin and halide(s) e.g.. alkali metal halide(s). The
      desired average grain size and grain-size distribution can be realized in
      known manner by the use of excess halide and can be modified as desired by
      appropriate conditions, especially time and temperature, of physical
      ripening.
PAR  Both the monodispersed as well as the heterodispersed direct-positive
      silver halide emulsions for use according to the present invention can be
      of the covered-grain type which means that they comprise in their interior
      centres promoting the deposition of photolytic silver, the said centres
      functioning as electron-traps.
PAR  These emulsions are known in the art and can be prepared e.g. as described
      in British Pat. Nos. 1,011,962, 1,027,146, 1,151,781 and 1,306,801,
      British Pat. application No. 15,472/70 and in German Pat. application No.
      22 18 009.2.
PAR  For this purpose, a monodispersed or heterodispersed fine-grain silver
      halide emulsion is made first and the fine-grains serve as cores for the
      silver halide grains of the ultimate emulsion.
PAR  The silver halide cores thus formed are then treated so as to produce
      centres that promote the deposition of photolytic silver (electron traps)
      on the cores. The cores may be treated chemically or physically according
      to any of the known procedures for producing ripening nuclei i.e. latent
      image nucleating centres. Such procedures are described, e.g., by A.
      Hautot and H. Sauvenier in "Sci. et Ind. Photo," Vol. XXVIII, January
      1957, p. 1-23 and 57-65.
PAR  The ripening nuclei can be formed by chemical sensitization by means of
      noble metal compounds, especially gold or iridium compounds, by means of
      sulphur compounds, e.g. thiosulphate, or by means of both noble metal
      compounds and sulphur compounds. Suitable compounds are e.g. alkali metal
      salts of the following noble metal ions : [Au(S.sub.2 O.sub.3).sub.2
      ].sup.3.sup.-, [Au(SCN).sub.2 ].sup.-, [IrX.sub.6 ].sup.3.sup.-  and
      [IrX.sub.6 ].sup.4.sup.- wherein X is halogen e.g. chlorine.
PAR  Ripening of the silver halide cores can also be effected by means of
      reducing agents e.g. hydrazin, thiourea dioxide or tin(II)chloride,
      optionally together with noble metal compounds.
PAR  Electron-traps can further be provided by treating the silver halide cores
      with aqueous solutions of salts of polyvalent metals e.g. of the trivalent
      bismuth.
PAR  It is also possible to use the compounds suitable for the formation of the
      electron-traps, e.g. the chemical sensitizers referred to hereinbefore,
      during the precipitation of the fine-grain silver halide i.e. during the
      formation of the cores for the ultimate silver halide emulsion. In this
      way, the electron-traps are distributed statistically in the interior of
      the cores contrary to when the compounds are added after the formation of
      the fine-grain silver halide where the electron-traps are formed
      substantially at the surface of the cores. After the formation of the
      cores having centres promoting the deposition of photolytic silver, silver
      halide precipitation is continued to form around the cores an outer shell
      of silver halide.
PAR  According to a preferred embodiment of the present invention the
      monodispersed direct-positive silver halide emulsion is of the
      covered-grain type having in the interior of the silver halide grains
      centres promoting the deposition of photolytic silver whereas the
      heterodispersed direct-positive silver halide emulsion does not comprise
      such centres in the interior of the silver halide grains.
PAR  For the preparation of the direct-positive photographic element according
      to the present invention the monodispersed and heterodispersed silver
      halide emulsions can be used in admixture in a single emulsion layer or in
      separate superposed emulsion layers; they are preferably used in admixture
      in a single emulsion layer.
PAR  The silver halide grains of both direct-positive silver halide emulsions
      are fogged according to methods well known in the art.
PAR  The emulsions may be fogged e.g. by an overall exposure to actinic
      radiation or by reduction sensitization e.g. by high pH and/or low pAg
      silver halide precipitating or digestion conditions e.g. as described by
      Wood, J. Photo. Sci. 1 (1953) 1963, or by treatment with reducing agents.
      Fogging may also occur by reduction sensitization of the presence of a
      compound of a metal more electropositive than silver.
PAR  Reducing agents suitable for use include hydrazine, hydroxylamine, tin(II)
      compounds e.g. tin(II)chloride, tin complexes and tin chelates of the
      (poly)amino(poly)carboxylic acid type as described in British Pat. No.
      1,209,050, ascorbic acid, formaldehyde, thiourea dioxide, polyamines such
      as diethylene triamine, phosphonium salts such as tetra
      (hydroxymethyl)phosphonium chloride, bis(p-aminoethyl)-sulphide and its
      water-soluble salts, etc. Preferred reducing agents are thiourea dioxide
      and tin(II)chloride.
PAR  The compounds of a metal more electropositive than silver include gold
      compounds e.g. gold(III)chloride, potassium chloroaurate, potassium
      chloroaurite, and potassium aurithiocyanate, as well as compounds of
      rhodium, platinum, iridium, and palladium e.g. ammonium
      hexachloropalladate and potassium chloroiridate. Preferred noble metal
      compounds are gold compounds.
PAR  When fogging of the silver halide grains occurs by means of a reducing
      agent e.g. thiourea dioxide and a compound of a metal more electropositive
      than silver especially a gold compound, the reducing agent is preferably
      used initially and the gold compound subsequently. However, the reverse
      order can be used or both compounds can be used simultaneously.
PAR  The degree of fogging of the direct-positive emulsions used according to
      the invention may vary within a wide range. This degree of fogging
      depends, as is known in the art, on the concentration of the fogging
      agents used as well as on the pH, the pAg, the temperature and the
      duration of the fogging treatment. High photographic sensitivities are
      obtained at low degrees of fogging (see e.g. U.S. Pat. No. 3,501,307 and
      British Pat. application No. 7742/72). Thus, the degree of fogging can be
      adapted according to the requirements of desired sensitivity.
PAR  In accordance with the present invention, the emulsion characteristics such
      as average grain-size and fog level of both direct-positive silver halide
      emulsions can be selected so that both emulsions have the same or
      different inherent sensitivity.
PAR  The desired shape of the Density vs. Log Exposure curve can be obtained by
      proper combination of the fog level for each emulsion and the ratio of
      monodispersed to heterodispersed emulsions which can be established easily
      by some simple tests known to those skilled in the art. Generally, the
      mole ratio of heterodispersed to monodispersed silver halide per sq.m of
      light-sensitive element is comprised between about 0.25 and about 7.50.
PAR  The separate or mixed silver halide emulsions may comprise one or more
      electron-accepting or desensitizing compounds when one or both of the
      emulsions is(are) of the type that does not comprise in the interior of
      the silver halide grains electron traps in the form of centres promoting
      the deposition of photolytic silver. When according to a preferred
      embodiment of the present invention, the emulsions are used in admixture
      in a single layer of the photographic element, the electron-acceptor may
      be added to the mixture of emulsions or to one or both of the emulsions
      before admixture.
PAR  According to Sheppart et al, J. Phys. Chem. 50 (1946) 210, Stanienda, Z.
      Phys. Chem. (NF) 32 (1962) 238, and Dahne, Wiss. Phot. (1969) 161,
      desensitizers are dyestuffs whose cathodic polarographic half-wave
      potential, measured against the calomel electrode, is more positive than -
      1.0 V. Suchlike compounds have also been described in U.S. Pat. Nos.
      3,501,305, 3,501,306 and 3,501,307. The compounds described in German Pat.
      No. 1,153,246 and U.S. Pat. Nos. 3,314,796 and 3,615,610 are also suitable
      for this purpose as well as imidazo-quinoxaline dyestuffs, e.g. those
      described in Belgian Pat. No. 660,253.
PAR  It is known to characterize these electron-accepting or desensitizing
      compounds by means of their polarographic half-wave potential.
      Electron-acceptors suitable for use in the direct-positive silver halide
      emulsions of the present invention have an anodic polarographic half-wave
      potential and a cathodic polarographic half-wave potential that when added
      together give a positive sum. Methods of determining these polarographic
      half-wave potentials have been described, e.g., in U.S. Pat. Nos.
      3,501,310 and 3,531,290.
PAR  The electron-accepting compounds preferably have spectrally sensitizing
      properties although it is possible to use electron-accepting compounds
      that do not spectrally sensitize the emulsion.
PAR  Inorganic electron-accepting compounds may also be used in the present
      invention, e.g. mercury(II) compounds such as mercury(II) oxide,
      mercury(II) chloride, mercury(II) cyanide, etc.
PAR  Use can be made of a monodispersed silver halide emulsion which comprises
      silver halide grains having in their interior centres promoting the
      deposition of photolytic silver, either in a separate layer or in
      admixture with the heterodisperse emulsion, and which comprises one or
      more so-called blue-speed increasing (BSI) or halogen-conducting
      compounds. These compounds can also be characterized by their
      polarographic half-wave potential. They preferably have an anodic
      polarographic half-wave potential less than 0.85 and a cathodic
      polarographic half-wave potential which is more negative than -1.0. More
      details about such compounds and examples thereof can be found in U.S.
      Pat. No. 3,537,858.
PAR  The silver halides employed in the preparation of the photographic
      emulsions useful in this invention include any of the photographic silver
      halides as exemplified by silver chloride, silver bromide, silver
      bromoiodide, silver chlorobromoiodide and the like. Emulsion blends e.g.
      blends of silver chloride and silver chlorobromide can be used also. In
      the case of a silver halide emulsions comprising grains having in their
      interior centres promoting the deposition of photolytic silver, the core
      of the grain can be composed of silver halide of different composition
      that that in the outer shell of the grain.
PAR  In the preparation of the direct-positive photographic silver halide
      emulsions for use in accordance with the present invention gelatin is
      preferably used as vehicle for the silver halide grains. However, the
      gelatin may be wholly or partly replaced by other natural hydrophilic
      colloids, e.g. albumin, zein, agar-agar, gum arabic, alginic acid, and
      derivatives thereof, such as esters, amides and salts thereof etc. or
      synthetic hydrophilic resins, e.g. polyvinyl alcohol and poly-N-vinyl
      pyrrolidone, acrylamide polymers, cellulose ethers, partially hydrolyzed
      cellulose acetate and the like.
PAR  In addition to the hydrophilic binding agents other synthetic binding
      agents can be employed in the emulsions e.g. homo- and copolymers of
      acrylic and methacrylic acid or derivatives thereof e.g. esters, amides
      and nitriles, and vinyl polymers e.g. vinyl esters and vinyl ethers.
PAR  The direct-positive silver halide emulsions for use in accordance with the
      present invention may comprise all kinds of known emulsion ingredients for
      direct-positive emulsions. They may comprise, e.g., speed-increasing
      compounds e.g. polyalkylene glycols and derivatives thereof, cationic
      surface active agents of the ammonium, sulphonium and phosphonium type,
      thioethers, etc. They may further comprise antifoggants and stabilizers,
      which include thiazolium salts, azaindenes, e.g. hydroxytetraazaindenes
      such as 5-methyl-7-hydroxy-s-triazolo[1,5-a]pyrimidine, mercury compounds,
      nitro-indazoles, nitrobenzimidazoles, heterocyclic mercapto compounds e.g.
      mercaptotetrazoles such as 1-phenyl-5-mercaptotetrazole, etc. The
      heterocyclic mercapto compounds when used in the precipitation of the
      silver halide for direct-positive silver halide emulsion give rise to
      increased maximum density and have stabilizing effect on maximum density
      upon storing.
PAR  Spectrally sensitizing dyes which are not electron-accepting may also be
      present in the emulsions, e.g. cyanines, merocyanines, complex
      (trinuclear) cyanines, complex (trinuclear) merocyanines, styryls and
      hemicyanines.
PAR  Further colour couplers may be incorporated in the direct-positive
      emulsions employed in the present invention. Particularly suitable are
      colour couplers showing a low halogenaccepting character, which can be
      determined by the test described by R. P. Held in Phot.Sci.Eng. Vol. 11
      (1967) p. 406. For this purpose a dispersion of silver bromide grains in
      buffered 0.1 N potassium bromide is illuminated and the potential is
      registered by means of a calomel/platinum electrode system. During
      illumination the platinum electrode potential rises rapidly to the redox
      potential of bromine. On addition of a colour coupler the potential rise
      can be delayed through halogen acceptance by the colour coupler. Colour
      couplers as well as other emulsion ingredients including binding agents
      for the silver halide that do not delay or do not substantially delay the
      potential rise are particularly suitable for use in direct positive silver
      halide emulsions.
PAR  The colour couplers can be incorporated into the direct-positive
      photographic silver halide emulsions according to any suitable technique
      known to those skilled in the art for incorporating colour couplers in
      silver halide emulsions. For example, water-soluble colour couplers, e.g.
      those containing one or more sulpho or carboxyl groups (in acid or salt
      form), can be incorporated from an aqueous solution, if necessary, in the
      presence of alkali, and the water-insoluble or insufficiently
      water-soluble colour couplers from a solution in the appropriate
      water-miscible or water-immiscible high-boiling (oil-former) or
      low-boiling organic solvents or mixtures of solvents, which solution is
      dispersed, if necessary in the presence of a surface-active agent, in a
      hydrophilic colloid composition forming or forming part of the binding
      agent of the silver halide emulsion; if necessary, the low-boiling solvent
      is removed afterwards by evaporation.
PAR  The silver halide emulsion layer(s) and any other hydrophilic colloid
      layer, which may be present in a direct-positive photographic material
      employed in accordance with the present invention, may be hardened by
      means of organic or inorganic hardeners commonly employed in photographic
      silver halide elements, e.g. the aldehydes and blocked aldehydes such as
      formaldehyde, dialdehydes, hydroxyaldehydes, mucochloric and mucobromic
      acid, acrolein, glyoxal, sulphonyl halides, vinyl-sulphones, etc.
PAR  The direct-positive photographic silver halide elements may further contain
      antistatic agents, wetting agents as coating aids, e.g. saponin and
      synthetic surface-active compounds, plasticizers, matting agents, e.g.
      starch, silica, polymethyl methacrylate, zinc oxide, titanium dioxide,
      etc., optical brightening agents including stilbene, triazine, oxazole and
      coumarin brightening agents, light-absorbing materials and filter dyes,
      mordanting agents for anionic compounds, etc.
PAR  The direct-positive silver halide emulsions can be coated in admixture as a
      single layer or as separate superposed emulsion layers on one or both
      sides of a wide variety of supports which include opaque supports, e.g.
      paper and metal supports as well as transparent supports, e.g. glass,
      cellulose nitrate film, cellulose acetate film, cellulose acetobutyrate
      film, polyvinylacetal film, polystyrene film, polyethylene terephthalate
      film, polycarbonate film and other films of resinous materials. It is also
      possible to employ paper coated with .alpha.-olefin polymers, e.g. paper
      coated with polyethylene, polypropylene, ethylene-butylene copolymers etc.
PAR  The following example illustrate the present invention.
DETD
PAC  EXAMPLE
PAC  A. Heterodispersed emulsion
PAR  A heterodispersed direct-positive silver bromoiodide emulsion (2 mole
      percent of iodide) comprising 95 g of silver halide per kg and having a
      ratio of gelatin to silver halide expressed as silver nitrate of 0.45 was
      prepared in a conventional way. Fogging occurred by high pH precipitation
      conditions and addition of a gold compound.
PAC  B. Monodispersed emulsion
PAR  75 ml of a 3N aqueous solution of potassium bromide and 75 ml of a 3N
      aqueous solution of silver nitrate were simultaneously introduced at a
      rate of 10 ml per minute into a precipitation flask containing 650 ml of a
      4 percent by weight aqueous gelatin solution to which at 40.degree. C an
      aqueous solution of ammonia was added in order to obtain a pH-value of
      9.3. During precipitation of the silver bromide the pAg-value was adjusted
      to and maintained at a value corresponding to an E.M.F. of + 20 mV
      (Ag/saturated reference calomel electrode).
PAR  Subsequently, the internal ripening was effected. For that purpose, 3.5 ml
      of a 10.sup.-.sup.2 molar solution of formamidine sulphinic acid were
      added and the emulsion digested for 30 minutes at 40.degree. C. Then the
      pH was lowered to 6.5 and 1.5 ml of an aqueous 0.08 percent by weight
      solution of gold(III)chloride and 1.5 ml of aqueous 2 percent by weight
      solution of ammonium thiocyanate were added. After said addition the
      digestion was continued for 10 minutes at 40.degree. C.
PAR  The precipitation was then continued (second precipitation) as follows: an
      aqueous solution of ammonia was added to obtain a pH-value of 9.3
      whereupon 665 ml of an aqueous 3N potassium bromide solution and 665 ml of
      an aqueous 3N silver nitrate solution were introduced at a rate of 19 ml
      per minute. During precipitation the pAg value was maintained at a value
      corresponding to an E.M.F. of + 20 mV (Ag/saturated calomel electrode).
      The emulsion was solidified after the addition of 234 g of gelatin and
      washed in the usual way.
PAR  After washing, the pAg was again adjusted to a value corresponding to an
      E.M.F. of + 20 mV (Ag/saturated calomel electrode) and the pH of the
      emulsion was adjusted to 6.5.
PAR  The external fogging of the composite silver bromide granules formed was
      then carried out for 80 minutes at 55.degree. C with 1.25 mg of thiourea
      dioxide per kg emulsion, containing 115 g of silver bromide and 52 g of
      gelatin.
PAC  C. Photographic element I of the invention
PAR  600 g of heterodispersed emulsion A was mixed with 400 g of monodispersed
      emulsion B whereupon 200 mg of pinacryptol yellow and 125 mg of the
      following methine dye
      ##SPC1##
PAL  were added to the mixture.
PAR  After addition of coating aids and hardening agents, the emulsion mixture
      was coated on a support of polyethylene terephthalate and dried.
PAC  D. Comparative photographic element II
PAR  The heterodispersed emulsion A, after addition of 200 mg of pinacryptol
      yellow and 125 mg of the above methine dye per kg of emulsion, was coated
      on a polyethylene terephthalate support and dried.
PAC  E. Exposure, processing, results
PAR  Both elements I and II were exposed through a continuous grey wedge with
      constaant 0.15 by means of ordinary incandescent bulbs.
PAR  The exposed elements were processed in an automatic 90 sec processing
      machine. Development occurred for 23 seconds at 35.degree. C in
      Agfa-Gevaert's hardening developer for automatic processing G 138 which
      comprises hydroquinone and 1-phenyl-3-pyrazolidinone as developing agents
      and glutaraldehyde as hardener.
PAR  The sensitometric results are listed in the following table. The values
      given for the speed measured in density 1 above fog are relative values; a
      value of 100 was given to the speed of the comparative element. The
      gradient was measured over an exposure range of .DELTA. log It = 0.60
      above and below the point of the characteristic curve corresponding to
      density 1 above fog.
TBL                Table                                                       
     ______________________________________                                    
     Element D.sub.min Gradient   Speed   D.sub.max                            
     ______________________________________                                    
     I       0.04      1.67        66     3.45                                 
     II      0.04      2.03       100     3.50                                 
     ______________________________________                                    
PAR  In the accompanying drawing the density versus log E curves 1 and 2 of
      elements I and II respectively are given which clearly show reduced
      overall gradation and high gamma in the toe of the curve for element I as
      compared with element II.
CLMS
STM  We claim:
NUM  1.
PAR  1. A direct-positive photographic element comprising a support and coated
      thereon, a monodispersed direct-positive silver halide emulsion comprising
      surface fogged silver halide grains of which at least 95 percent by weight
      have a diameter which is within about 40 percent of the mean grain
      diameter and a heterodispersed direct-positive silver halide emulsion
      comprising surface fogged silver halide grains of which at least 10
      percent by weight have a diameter which for at least 40 percent deviates
      from the mean grain diameter, said monodispersed and heterodispersed
      emulsions having been individually fogged.
NUM  2.
PAR  2. A direct-positive photographic element accordint to claim 1, wherein the
      monodispersed and heterodispersed emulsion are present in admixture in a
      single silver halide emulsion layer of the element.
NUM  3.
PAR  3. A direct-positive photographic element according to claim 2, wherein the
      monodispersed emulsion is an emulsion comprising silver halide grains
      having in their interior centres promoting the deposition of photolytic
      silver whereas the heterodispersed emulsion does not comprise such centres
      in the interior of the silver halide grains.
NUM  4.
PAR  4. A direct-positive photographic element according to claim 1, wherein the
      emulsions have been individually fogged and used in a ratio whereby said
      element will exhibit a smooth extended Density vs. Log Exposure curve with
      sharp toe.
NUM  5.
PAR  5. A direct-positive photographic element according to claim 1, wherein the
      mole ratio of heterodispersed to monodispersed silver halide per sq.m. of
      photographic element is comprised between about 0.25 and about 7.50.
NUM  6.
PAR  6. A direct-positive photographic element according to claim 1 wherein the
      silver halide emulsions have been reduction and gold fogged.
NUM  7.
PAR  7. A direct-positive photographic element according to claim 3, wherein the
      layer of admixed silver halide emulsions comprises an organic electron
      acceptor which has an anodic polarographic half-wave potential and a
      cathodic polarographic half-wave potential which, when added together,
      give a positive sum.
NUM  8.
PAR  8. A direct-positive photographic element according to claim 7, wherein the
      layer of admixed emulsions also comprises a spectrally sensitizing dye.
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ABST
PAL  Azo dye-providing compounds and photographic materials containing such
      compounds are described. The present compounds, as a function of
      photographic processing under alkaline conditions, provide a dye substance
      having a mobility different than that of the compound.
PARN
PAR  This is a continuation-in-part application of U.S. Ser. No. 331,727, filed
      Feb. 12, 1973, now abandoned.
BSUM
PAR  This invention relates to the art of photography and more particularly, to
      color diffusion transfer photography employing cyan dye-providing
      compounds.
PAR  Color diffusion transfer processes generally involve the use of a
      photographic element comprising a support, at least one silver halide
      emulsion layer and an image dye-providing material which is contained in
      or contiguous said layer. The image dye-providing material typically can
      be thought of as having the structure Car-Col wherein Col is a colorant
      such as a dye or a dye precursor and Car is an associated carrier or
      monitoring group which as a function of alkaline processing effects a
      substantial change in the diffusivity of at least the Col portion of the
      compound.
PAR  After exposure, a photographic element as described above is treated with
      an alkaline processing solution to effect imagewise discrimination in the
      element. As mentioned previously, the imagewise discrimination is
      generally brought about by the monitoring or carrier group which, in the
      presence of the alkaline processing solution, is responsible for a
      substantial change in the diffusivity of at least the dye portion of the
      dye-providing material. As is known in the art, the dye-providing material
      can be initially immobile or initially mobile in the processing solution.
      Upon alkaline processing of an initially immobile dye-providing material,
      a mobile dye can be released imagewise or the material can be imagewise
      rendered soluble and thus mobile. If the material is initially mobile, the
      processing solution typically renders the material insoluble (and thus
      immobile) in an imagewise fashion.
PAR  It is well known in the art to utilize image dye-providing materials in a
      photographic element wherein an imagewise exposed element can be contacted
      with an alkaline processing solution to effect an imagewise difference in
      mobility of at least a portion of the dye-providing material, i.e., to
      effect release of a dye or dye precursor, to render said compound
      insoluble or soluble. It is the particular carrier or monitoring group
      which determines what form the change in diffusivity (of at least the dye
      portion of the material) will take. In certain instances, an increase in
      solubility of a given compound can be accomplished by substantially
      reducing the molecular weight of the compound; see, for example, the
      disclosure of Gompf U.S. Pat. No. 3,698,897, issued Oct. 17, 1972, in
      Fleckenstein et al allowed Ser. No. 351,763, a continuation-in-part of
      Ser. No. 282,796, filed Aug. 22, 1972, entitled PHOTOGRAPHIC SYSTEMS, in
      Anderson et al Ser. No. U.S. Pat. No. 3,725,062, filed July 6, 1971,
      entitled COLOR DIFFUSION TRANSFER PROCESSES and others. Exemplary of
      systems wherein the dye-providing compound splits off a dye are those
      described in Whitmore U.S. Pat. No. 3,227,552, issued Jan. 4, 1966, and
      Bloom U.S. Pat. No. 3,443,940, issued May 13, 1969, and Canadian Pat. No.
      602,607, issued Aug. 2, 1960. Similarly, Yutzy U.S. Pat. No. 2,756,142,
      issued July 24, 1956, U.S. Pat. No. 2,774,668, issued Dec. 18, 1956, and
      U.S. Pat. No. 2,983,606, issued May 9, 1961, describe photographic
      elements wherein a dye-providing compound is rendered immobile in an
      imagewise fashion.
PAR  All of these prior systems have utility; however, it is desired to provide
      new compounds which provide new dyes having especially advantageous
      properties, such as improved hue, diffusibility, mordantability and the
      like.
PAR  We have found a class of cyan, azo dye-providing compounds well suited for
      use in color diffusion transfer color elements. The dye-providing
      compounds, as a function of typical processing under alkaline conditions,
      provide a cyan-colored substance having a mobility different than that of
      the compound.
PAR  The objects of the present invention are achieved through the use, in color
      diffusion transfer elements, of a new class of cyan, azo dye-providing
      compounds as well as the dyes provided thereby. Typically, these compounds
      are utilized in a photosensitive element which comprises a support having
      thereon at least one photosensitive silver halide emulsion, and at least
      one of said layers having associated therewith a cyan, azo dye-providing
      compound of this invention.
PAR  The compounds of this invention can be represented by the following
      formulas:
      ##SPC1##
PAL  wherein
PAR  Car represents a carrier moiety which, as a function of oxidation under
      alkaline conditions, provides a substance having a mobility different than
      that of said compound;
PAR  X represents a bivalent linking group of the formula --R.sup.2 --L.sub.n
      --R.sup.2.sub.p -- where each R.sup.2 can be the same or different and
      each represents an alkylene radical having 1 to about 8 carbon atoms; a
      phenylene radical; or a substituted phenylene radical having 6 to about 9
      carbon atoms; L represents a bivalent radical selected from oxy, carbonyl,
      carboxamido, carbamoyl, sulfonamido, sulfamoyl, sulfinyl or sulfonyl; n is
      an integer having a value of 0 or 1; p is 1 when n equals 1 and p is 1 or
      0 when n equals 0, provided that when p is 1 the carbon content of the sum
      of both R.sup.2 radicals does not exceed 14 carbon atoms;
PAR  R represents a hydrogen atom, or an alkyl radical having 1 to about 6
      carbon atoms;
PAR  J represents a bivalent radical selected from sulfonyl or carbonyl;
PAR  m and q each represent an integer having a value of 0 or 1;
PAR  Q represents a hydrogen atom, a hydroxy radical, or a radical having the
      formula --NHCOR.sup.3 or --NHSO.sub.2 R.sup.3 wherein R.sup.3 is an alkyl
      radical having 1 to about 6 carbon atoms, a substituted alkyl radical
      having 1 to about 6 carbon atoms, benzyl, phenyl, or a substituted phenyl
      radical having 6 to about 9 carbon atoms;
PAR  G represents a hydroxy radical, a salt thereof, or a hydrolyzable acyloxy
      group having the formula:
      ##EQU1##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or substituted phenyl having 6 to about 18 carbon atoms;
PAR  D represents a halogen atom, a cyano radical, a nitro radical, a
      trifluoromethyl radical, an alkyl radical having 1 to about 6 carbon
      atoms, an alkoxy radical having 1 to about 6 carbon atoms, a carboxy
      radical, a carboxylic acid ester having the formula --COOR.sup.4 wherein
      R.sup.4 is as described previously, a fluorosulfonyl radical, a --SO.sub.3
      -phenyl radical or a substituted --SO.sub.3 -phenyl radical having 6 to
      about 9 carbon atoms, a sulfo radical, a sulfamoyl radical having the
      formula --SO.sub.2 NR.sup.5 R.sup.6 wherein R.sup.5 represents hydrogen or
      an alkyl group having 1 to about 6 carbon atoms and R.sup.6 represents
      hydrogen, an alkyl radical having 1 to about 6 carbon atoms, a substituted
      alkyl radical having 1 to about 6 carbon atoms, a benzyl radical, a phenyl
      radical, a substituted phenyl radical having 6 to about 9 carbon atoms, an
      alkyl carbonyl radical having 1 to about 8  carbon atoms, or a phenyl
      carbonyl radical having 6 to about 9 carbon atoms, with the proviso that
      the carbon content of the sum of R.sup.5 and R.sup.6 not exceed 14 carbon
      atoms; a carbamoyl radical having the formula --CON(R.sup.5).sub.2 wherein
      each R.sup.5 can be the same or different and is as described previously;
      an alkyl- or substituted alkylsulfonyl radical having 1 to about 8 carbon
      atoms, a phenyl- or substituted phenylsulfonyl radical having 6 to about 9
      carbon atoms; or D can represent a substituent having the formula
      CAR-[X-(NR-J).sub.q ].sub.m - or CAR-X-J-, provided that the
      CAR-[X-(NR-J).sub.q ].sub.m - substituent on the naphthalene nucleus of
      Formula I is replaced by an M group or the CAR-X-J-NH- substituent on the
      naphthalene nucleus of Formula II is replaced by a Q group wherein Car, X,
      J, R, q and m are as described previously.
PAR  E represents a hydrogen atom, a halogen atom, a nitro radical, a cyano
      radical or a trifluoromethyl radical;
PAR  M represents a hydrogen atom, a carboxy radical, a carboxylic acid ester
      having the formula --COOR.sup.4 wherein R.sup.4 is as described
      previously, a sulfo radical, a sulfamoyl radical having the formula
      --SO.sub.2 NR.sup.5 R.sup.6, a carbamoyl radical having the formula
      --(CON(R.sup.5).sub.2 wherein R.sup.5 and R.sup.6 are as described
      previously, an alkyl- or substituted alkylsulfonyl radical having 1 to
      about 8 carbon atoms, or a phenyl- or substituted phenylsulfonyl radical
      having 6 to about 9 carbon atoms;
PAR  with the proviso that there be no more than one sulfo radical and no more
      than one carboxy radical present in said compound.
PAR  As mentioned above, the present compounds contain a carrier moiety (Car-)
      which, as a function (direct or inverse) of oxidation under alkaline
      conditions, provides a substance having a mobility different than that of
      the starting compound. Depending upon the carrier used, the dye-providing
      compounds of this invention can be of two basic types: (1) initially
      immobile compounds of which at least a portion is rendered mobile or
      diffusible as a function of development, or (2) initially mobile or
      diffusible compounds which are rendered immobile as a function of
      development. Carriers useful in initially immobile dye-providing compounds
      such as those wherein the carrier, under alkaline conditions, effects a
      splitting off of a ballast group from the dye moiety are described further
      in Whitmore Canadian Pat. No. 602,607, dated Aug. 2, 1960, and Whitmore
      U.S. Pat. No. 3,227,552, issued Jan. 4, 1966, both incorporated herein by
      reference. Among the preferred initially immobile compounds are those in
      which the carrier, as a function of oxidation under alkaline conditions,
      releases a dye having a mobility different than that of the starting
      immobile compound. For example, useful carriers for compounds in which the
      carrier moiety undergoes intramolecular ring closure upon oxidation to
      split off a dye are described in U.S. Pat. Nos. 3,443,939, 3,443,940 and
      3,443,941, all issued May 13, 1969, and all incorporated herein by
      reference. Special initially immobile carriers useful in forming a
      diffusible substance as an inverse function of oxidation are described in
      copending Hinshaw and Condit application Ser. No. 326,628, filed Jan. 26,
      1973, and entitled "Positive-Working Immobile Photographic Compounds and
      Photographic Elements Containing Same," incorporated herein by reference.
      Improved initially immobile dye-providing compounds which undergo redox
      reactions followed by alkali cleavage of the carrier to split off a dye
      are disclosed in Fleckenstein et al Ser. No. 282,796, filed Aug. 22, 1972,
      now abandoned, entitled "Photographic Systems," incorporated herein by
      reference. The ballasted phenolic and naphtholic carriers of Fleckenstein
      et al are among preferred carrier moieties. Still other useful carriers
      are described in U.S. Pat. No. 3,628,952, issued Dec. 21, 1971.
      Additionally, carriers useful in the formation of initially mobile
      compounds such as those wherein the carrier functions as a developer are
      described in Friedman U.S. Pat. No. 2,543,691, issued Feb. 27, 1951; U.S.
      Pat. No. 2,983,606, issued May 8, 1961; and U.S. Pat. No. 3,255,001,
      issued June 7, 1966; all incorporated herein by reference. Carriers of
      this latter type include various hydroquinone moieties.
PAR  Examples of bivalent alkylene linking groups representative of R.sup.2 are
      --CH.sub.2 --, --C.sub.2 H.sub.4 --, --C.sub.6 H.sub.12 --, --C.sub.3
      H.sub.6 --, --C.sub.4 H.sub.8 --, etc., as well as branched alkylene
      radicals such as
      ##EQU2##
      etc.
PAR  References hereinafter to o, m and p mean that either the ortho, meta or
      para radicals are indicated, as the case may be.
PAR  Examples of phenylene and substituted phenylene radicals representative of
      R.sup.2 are o,m,p-phenylene, o,m,p-phenylene substituted with chloro,
      methoxy, butoxy, bromo, cyano, nitro, methyl, ethyl, carboxy, sulfo,
      amino, etc.
PAR  As used herein the oxygen- or sulfur-containing bivalent radicals
      representative of L are oxy (--O--), carbonyl (--CO--), carboxamido
      (--CONH--), carbamoyl (--NHCO--), sulfonamido (--SO.sub.2 NH--), sulfamoyl
      (--NHSO.sub.2 --), sulfinyl (--SO--) and sulfonyl (--SO.sub.2 --).
      Therefore, non-limiting examples of bivalent linking groups which may be
      represented by X are --CH.sub.2 --O--CH.sub.2 --,
      ##SPC2##
      ##SPC3##
PAL  --c.sub.3 h.sub.6 --nhco--c.sub.4 h.sub.8 --,
      ##SPC4##
      ##SPC5##
PAL  --c.sub.2 h.sub.4 --so-- c.sub.3 h.sub.6 --, --c.sub.2 h.sub.4 --so.sub.2
      --c.sub.6 h.sub.12 --,
      ##SPC6##
      ##SPC7##
PAL  etc.
PAR  Examples of the groups which R may represent are hydrogen, methyl, ethyl,
      isopropyl, pentyl, hexyl, etc. The alkyl group represented by R may
      additionally be substituted with cyano, hydroxy, methoxy, etc.
PAR  Examples of groups representative of Q are a hydrogen atom, a hydroxy
      radical or a radical having the formula --NHCOR.sup.3 or --NHSO.sub.2
      R.sup.3 wherein R.sup.3 is as described previously such as --NHCOCH.sub.3,
      --NHCOC.sub.2 H.sub.5, --NHCOC.sub.6 H.sub.13, --NHCOC.sub.2 H.sub.4 CN,
      --NHCOC.sub.3 H.sub.6 SO.sub.2 NH.sub.2, --NHCOCH.sub.2 C.sub.6 H.sub.5,
      --NHCOC.sub.6 H.sub.4 COOH, --NHSO.sub.2 CH.sub.3, --NHSO.sub.2 C.sub.6
      H.sub.4 CN, --NHSO.sub.2 C.sub.6 H.sub.4 Cl, --NHSO.sub.2 C.sub.2 H.sub.5,
      --NHCOC.sub.3 H.sub.6 SO.sub.3 H, --NHSO.sub.2 C.sub.6 H.sub.4 OCH.sub.3,
      etc.
PAR  Examples of the groups which G may represent are hydroxy, salts thereof
      such as alkali metal (e.g., -O.sup.-LI.sup.+, -O.sup.-K.sup.+,
      -O.sup.-Na.sup.+) salts and photographically inactive ammonium salts
      thereof such as -O.sup.-.sup.+NH.sub.4, -O.sup.-.sup.+NH(CH.sub.3).sub.3,
      -O.sup.-.sup.+N(C.sub.2 H.sub.5).sub.4,
      ##EQU3##
      -O.sup.-.sup.+ NH(C.sub.12 H.sub.25).sub.3, -O.sup.-.sup.+NH(C.sub.2
      H.sub.5).sub.3,
      ##EQU4##
      i.e., a trialkyl or tetralkyl ammonium salt (sometimes called "amine
      salts") which does not adversely affect the photographic utility of the
      cyan image dye-providing compound or the physical or chemical processes
      which occur during development of the image.
PAR  G may also advantageously represent a hydrolyzable acyloxy group having the
      formula
      ##EQU5##
      wherein R.sup.4 is as described previously. Non-limiting examples of these
      hydrolyzable groups are
      ##EQU6##
      ##SPC8##
      ##SPC9##
      etc.
PAR  Examples of substituents which D may represent are chloro, bromo, fluoro, a
      cyano radical (--CN), a nitro radical (--NO.sub.2), methyl, isopropyl,
      ethyl, butyl, hexyl, etc., methoxy, ethoxy, isopropoxy, hexyloxy, butoxy,
      a carboxylic acid ester such as --COOCH.sub.3, --COOC.sub.11 H.sub.23,
      -COOC.sub.2 H.sub.5 --COOC.sub.6 H.sub.5,
      ##SPC10##
PAL  radical including salts thereof, such as alkali metal salts or
      photographically inactive ammonium salts (e.g., --COOH,
      --COO.sup.-Li.sup.+, --COO.sup.-K.sup.+, --COO.sup.-Na.sup.+, --COO
      .sup.-NH.sub.4 .sup.+, etc.), a fluorosulfonyl radical (--SO.sub.2 F), a
      --SO.sub.3 C.sub.6 H.sub.5 radical,
      ##SPC11##
PAL  etc., a sulfo radical including salts thereof, such as alkali metal or
      photographically inactive ammonium salts (e.g., --SO.sub.3 H, --SO.sub.3
      .sup.-Li.sup.+, SO.sub.3 .sup.-K.sup.+, --SO.sub.3 .sup.-Na.sup.+,
      --SO.sub.3 .sup.-NH.sub.4 .sup.+, etc.); --SO.sub.2 NH.sub.2, --SO.sub.2
      NHCH.sub.3, --SO.sub.2 NHC.sub.2 H.sub.5, --SO.sub.2 N(CH.sub.3).sub.2,
      --SO.sub.2 NHCH.sub.2 C.sub.6 H.sub.5,
      ##EQU7##
      ##SPC12##
      --SO.sub.2 NHC.sub.2 H.sub.4 CN, --SO.sub.2 NHCOC.sub.6 H.sub.5,
      --SO.sub.2 NHCOCH.sub.3, --SO.sub.2 NHCOC.sub.3 H.sub.7,
      ##EQU8##
      SO.sub.2 NHCOCH.sub.2 C.sub.6 H.sub.5 --SO.sub.2 NHC.sub.2 H.sub.4
      SO.sub.3 H,
      ##EQU9##
      etc.; --CONH.sub.2, --CON(C.sub.2 H.sub.5).sub.2,
      ##EQU10##
      --CONHCH.sub.3, --CONHC.sub.5 H.sub.11, etc.; --SO.sub.2 CH.sub.3
      ##SPC13##
PAL  --so.sub.2 c.sub.6 h.sub.13, --so.sub.2 c.sub.2 h.sub.4 cn, --so.sub.2
      c.sub.6 h.sub.5, --so.sub.2 ch.sub.2 c.sub.6 h.sub.5,
      ##SPC14##
PAL  --so.sub.2 (ch.sub.2).sub.3 so.sub.2 nh.sub.2, --so.sub.2 (ch.sub.2).sub.3
      so.sub.3 h, etc.
PAR  Examples of substituents which E may represent are hydrogen, chloro, bromo,
      fluoro, nitro, cyano or trifluoromethyl.
PAR  Examples of substituents which M may represent are hydrogen, carboxy,
      --COOC.sub.11 H.sub.23, --COOCH.sub.3, --COOC.sub.6 H.sub.5,
      ##SPC15##
PAL  --cooc.sub.12 h.sub.25, --so.sub.3 h, --so.sub.3 .sup.-li.sup.+, --SO.sub.3
      .sup.-Na.sup.+, etc., --SO.sub.2 NH.sub.2, --SO.sub.2 NHCH.sub.3,
      --SO.sub.2 NHC.sub.2 H.sub.5, --SO.sub.2 N(CH.sub.3).sub.2 --SO.sub.2
      NHCH.sub.2 C.sub.6 H.sub.5,
      ##SPC16##
      ##EQU11##
      --SO.sub.2 NHC.sub.2 H.sub.4 SO.sub.2 NH.sub.2, --SO.sub.2 NHCOC.sub.6
      H.sub.5, --SO.sub.2 NHCOCH.sub.3, --SO.sub.2 NHCOC.sub.3 H.sub.7,
      ##EQU12##
      --SO.sub.2 NHCOCH.sub.2 C.sub.6 H.sub.5, --SO.sub.2 NHC.sub.2 H.sub.5
      SO.sub.3 H,
      ##EQU13##
      etc., --CONH.sub.2, --CON(C.sub.2 H.sub.5).sub.2,
      ##EQU14##
      ---CONHCH.sub.3, --CONHC.sub.6 H.sub.5, etc., --SO.sub.2 CH.sub.3,
      --SO.sub.2 C.sub.2 H.sub.5,
      ##SPC17##
PAL  --so.sub.2 c.sub.2 h.sub.4 cn, --so.sub.2 c.sub.3 h.sub.6 oh,
      ##SPC18##
PAL  etc.
PAR  Preferred compounds are those having Formulas I and II above wherein:
PAR  Car represents a carrier moiety which, as a function of oxidation under
      alkaline conditions, releases a dye having a mobility different than that
      of said compound;
PAR  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms,
      phenylene or phenylene substituted with carboxy, chloro, methyl or
      methoxy;
PAR  L represents sulfamoyl, sulfonamido, carbamoyl or carboxamido;
PAR  R represents hydrogen;
PAR  q is an integer having a value of 1;
PAR  m is an integer having a value of 0 or 1;
PAR  Q represents hydrogen, hydroxy, --NHCOR.sup.3 or --NHSO.sub.2 R.sup.3
      wherein R.sup.3 represents an alkyl radical having 1 to about 4 carbon
      atoms; an alkyl radical having 1 to about 4 carbon atoms substituted with
      hydroxy, cyano, sulfamoyl, carboxy or sulfo; benzyl, phenyl or phenyl
      substituted with carboxy, chloro, methyl, methoxy or sulfamoyl;
PAR  D represents chloro, fluoro, bromo, cyano, trifluoromethyl, nitro,
      fluorosulfonyl, alkylsulfonyl having 1 to about 6 carbon atoms,
      alkylsulfonyl having 1 to about 6 carbon atoms substituted with hydroxy,
      phenyl, cyano, sulfamoyl, carboxy, fluorosulfonyl or sulfo;
      phenylsulfonyl; phenylsulfonyl substituted with hydroxy, sulfamoyl,
      fluorosulfonyl, carboxy or sulfo; a sulfamoyl radical having the formula
      --SO.sub.2 NHR.sup.6 wherein R.sup.6 is hydrogen, an alkyl radical having
      1 to about 4 carbon atoms, or an alkyl radical having 1 to about 4 carbon
      atoms substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo;
      benzyl, phenyl or phenyl substituted with hydroxy, sulfonyl, sulfamoyl,
      carboxy or sulfo; a carbamoyl radical having the formula
      --CON(R.sup.5).sub.2 wherein R.sup.5 is hydrogen or methyl, and
PAR  D can represent a substituent having the formula Car-[X-(NR-J).sub.q
      ].sub.m - or Car-X-J-, provided that the Car-[X-(NR-J).sub.q ].sub.m -
      substituent on the naphthalene nucleus of Formula I is replaced by an M
      group or the Car-X-J-NH- substituent on the naphthalene nucleus of Formula
      II is replaced by a Q group wherein Car, X, J, R, q and m are as described
      previously;
PAR  E represents hydrogen, fluoro, or chloro; and
PAR  M represents hydrogen or a sulfamoyl radical of the formula --SO.sub.2
      NHR.sup.6 wherein R.sup.6 is hydrogen; an alkyl radical of 1 to about 4
      carbon atoms; an alkyl radical having 1 to about 6 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy, or sulfo; benzyl,
      phenyl or phenyl substituted with hydroxy, sulfamoyl, carboxy or sulfo.
PAR  Especially preferred compounds are those having Formulas I and II above
      wherein the Car-X-J-NH- substituent in Formula II is in the 5-position on
      the naphthalene nucleus relative to G; and the Car-[X-(NR-J).sub.q ].sub.m
      - substituent in Formula I is in the 5- or 6-position on the naphthalene
      nucleus relative to G;
PAR  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms, or
      phenylene;
PAR  L represents sulfamoyl or sulfonamido;
PAR  J represents sulfonyl;
PAR  Q is in the 8-position relative to G and represents hydrogen, hydroxy,
      -NHSO.sub.2 R.sup.3 or -NHCOCH.sub.3 ;
PAR  G represents hydroxy, a photographically inactive ammonium salt thereof, or
      a hydrolyzable acyloxy group having the formula:
      ##EQU15##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or phenyl substituted with chloro or nitro;
PAR  D represents chloro, bromo, cyano, trifluoromethyl, nitro, alkylsulfonyl
      having 1 to about 6 carbon atoms, or benzylsulfonyl;
PAR  E represents hydrogen; and
PAR  M represents hydrogen.
PAR  Even more preferred compounds are those wherein
PAR  X represents
      ##SPC19##
PAR  G represents hydroxy or a hydrolyzable acyloxy group; and
PAR  D represents an alkylsulfonyl radical having 1 to about 4 carbon atoms.
PAR  Even more especially preferred compounds are those having Formulas I and II
      above wherein Car- represents a radical of the formula:
      ##SPC20##
PAL  wherein Ball represents an organic ballasting group of such size and
      configuration as to render the compound nondiffusible during development
      in the alkaline processing composition and Y represents the carbon atoms
      necessary to complete a benzene or naphthalene nucleus including
      substituted benzene or naphthalene. When Y represents the atom necessary
      to complete a naphthalene nucleus, Ball can be attached to either ring
      thereof. Preferred ballasting groups are those wherein -Ball represents
      ##EQU16##
      Examples of some preferred carriers are as follows:
      ##SPC21##
PAR  The nature of the ballast group (Ball) in the Formula III for the compounds
      described above is not critical as long as it confers nondiffusibility to
      the compounds. Typical ballast groups include long straight or branched
      chain alkyl radicals linked directly or indirectly to the compound as well
      as aromatic radicals of the benzene and naphthalene series indirectly
      attached or fused directly to the benzene nucleus, etc. Useful ballast
      groups generally have at least 8 carbon atoms such as a substituted or
      unsubstituted alkyl group of 8 to 22 carbon atoms, an amide radical having
      8 to 30 carbon atoms, a keto radical having 8 to 30 carbon atoms, etc.,
      and may even comprise a polymer backbone. Especially preferred compounds
      are those wherein the ballast is attached to the benzene nucleus through a
      carbamoyl radical (--NHCO--) or a sulfamoyl radical (--SO.sub.2 NH--) in
      which the nitrogen is adjacent the ballast group.
PAR  In addition to the ballast, the benzene nucleus in the above formula may
      have groups or atoms attached thereto such as the halogens, alkyl, aryl,
      alkoxy, aryloxy, nitro, amino, alkylamino, arylamino, amido, cyano,
      alkylmercapto, keto, carboalkoxy, heterocyclic groups, etc.
PAR  In a preferred embodiment of this invention CAR is a moiety which as a
      function of oxidation under alkaline conditions, releases a dye having a
      mobility different than that of the image dye-providing compounds.
PAR  The preferred novel dyes which are released from the carrier moieties as a
      function of oxidation under alkaline conditions may be represented by the
      following formulas:
      ##SPC22##
PAL  wherein
PAR  Z represents NH.sub.2 SO.sub.2 --, HSO.sub.2  or lower alkyl--NH--; and
PAR  X, R, J, q, m, O, G, M, D and E are as described previously, except that
      the Car substituents described for D are replaced by Z. The preferred
      released dyes, of course, correspond to the above mentioned preferred
      image dye-providing compounds set forth above.
PAR  When Z represents --SO.sub.2 H, the dyes thus represented may be released
      by the reactions described in Bloom, U.S. Pat. No. 3,443,940, in Puschel,
      U.S. Pat. No. 3,628,952 and Gompf, U.S. Pat. No. 3,698,897. When Z
      represents lower alkyl-NH- (i.e., an alkyl group having 1 to about 4
      carbon atoms), the dyes thus represented may be released by the reactions
      described in Hinshaw et al., U.S. Ser. No. 326,628. The especially
      preferred released dyes of our invention are those represented by Formulas
      IV and V above when Z represents --SO.sub.2 NH.sub.2. These dyes may be
      released by the reactions described in Fleckenstein et al allowed Ser. No.
      351,763, a continuation-in-part of., U.S. Ser. No. 282,796 from the
      carrier moieties described by Formula III.
PAR  A suitable process for producing a photographic transfer image in color
      using the compounds of our invention, for example those wherein Car is as
      shown in Formula III, comprises the steps of:
PAR  1. treating the above-described photosensitive element with an alkaline
      processing composition in the presence of a silver halide developing agent
      to effect development of each of the exposed silver halide emulsion
      layers, thereby oxidizing the developing agent and the oxidized developing
      agent in turn cross-oxidizing the sulfonamido compound;
PAR  2. forming an imagewise distribution of diffusible released dye as a
      function of the imagewise exposure of each of the silver halide emulsion
      layers by cleaving each cross-oxidized sulfonamido compound; and
PAR  3. diffusing to a dye image-receiving layer at least a portion of each of
      the imagewise distributions of diffusible released dye to provide an
      image.
PAR  The photosensitive element in the above-described process can be treated
      with an alkaline processing composition to effect or initiate development
      in any manner. A preferred method for applying processing composition is
      by use of a rupturable container or pod which contains the composition. In
      general, the processing composition employed in our system contains the
      developing agent for development, although the composition could also just
      be an alkaline solution where the developer is incorporated in the
      photosensitive element, in which case the alkaline solution serves to
      activate the incorporated developer.
PAR  A photographic film unit according to our invention which is adapted to be
      processed by passing the unit between a pair of juxtaposed
      pressure-applying members, comprises:
PA1  1. a photosensitive element as described above;
PA1  2. a dye image-receiving layer; and
PA1  3. means for discharging an alkaline processing composition within the film
      unit such as a rupturable container which is adapted to be positioned
      during processing of the film unit so that a compressive force applied to
      the container by the pressure-applying members will effect a discharge of
      the contents of the container within the film unit;
PAL  the film unit containing a silver halide developing agent.
PAR  The dye image-receiving layer in the above-described film unit can be
      located on a separate support adapted to be superposed on the
      photosensitive element after exposure thereof. Such image-receiving
      elements are generally disclosed, for example, in U.S. Pat. No. 3,362,819.
      When the means for discharging the processing composition is a rupturable
      container, typically it is positioned in relation to the photosensitive
      element and the image-receiving element so that a compressive force
      applied to the container by pressure-applying members, such as found in a
      camera designed for in-camera processing, will effect a discharge of the
      contents of the container between the image-receiving element and the
      outermost layer of the photosensitive element. After processing, the dye
      image-receiving element is separated from the photosensitive element.
PAR  The dye image-receiving layer in the above-described film unit can also be
      located integral with the photosensitive silver halide emulsion layer. One
      useful format for integral receiver-negative photosensitive elements is
      disclosed in Belgian Pat. No. 757,960. In such an embodiment, the support
      for the photosensitive element is transparent and is coated with an
      image-receiving layer, a substantially opaque light reflective layer,
      e.g., TiO.sub.2, and then the photosensitive layer of layers described
      above. After exposure of the photosensitive element, a rupturable
      container containing an alkaline processing composition and an opaque
      process sheet are brought into superposed position. Pressure-applying
      members in the camera rupture the container and spread processing
      composition over the photosensitive element as the film unit is withdrawn
      from the camera. The processing composition develops each exposed silver
      halide emulsion layer and dye images are formed as a function of
      development which diffuse to the image-receiving layer to provide a
      position, right-reading image which is viewed through the transparent
      support on the opaque reflecting layer background.
PAR  Another format for integral negative-receiver photosensitive elements in
      which the present invention can be employed is disclosed in Belgian Pat.
      No. 757,959. In this embodiment, the support for the photosensitive
      element is transparent and is coated with the image-receiving layer, a
      substantially opaque, light-reflective layer and the photosensitive layer
      or layers described above. A rupturable container containing an alkaline
      processing composition and an opacifier is positioned adjacent to the top
      layer and a transparent top sheet. The film unit is placed in a camera,
      exposed through the transparent top sheet and then passed through a pair
      of pressure-applying members in the camera as it is being removed
      therefrom. The pressure-applying members rupture the container and spread
      processing composition and opacifier over the negative portion of the film
      unit to render it light insensitive. The processing composition develops
      each silver halide layer and dye images are formed as a result of
      development which diffuse to the image-receiving layer to provide a
      right-reading image that is viewed through the transparent support on the
      opaque reflecting layer background.
PAR  Still other useful integral formats in which our sulfonamido compounds can
      be employed are described in U.S. Pat. Nos. 3,415,644; 3,415,645;
      3,415,646; 3,647,437; and 3,635,707.
PAR  The film unit or assembly of the present invention can be used to produce
      positive images in single or multicolors. In a three-color system, each
      silver halide emulsion layer of the film assembly will have associated
      therewith an image dye-providing material possessing a predominant
      spectral absorption within the region of the visible spectrum to which
      said silver halide emulsion is sensitive, i.e., the blue-sensitive silver
      halide emulsion layer will have a yellow image dye-providing material
      associated therewith, the green-sensitive silver halide emulsion layer
      will have a magenta image dye-providing material associated therewith, and
      the red-sensitive silver halide emulsion layer will have a cyan image
      dye-providing material associated therewith. The image dye-providing
      material associated with each silver halide emulsion layer can be
      contained either in the silver halide emulsion layer itself or in a layer
      contiguous to the silver halide emulsion layer. The cyan image
      dye-providing material will, of course, be a compound of this invention.
PAR  When G is a hydrolyzable acyloxy group, the absorption spectrum of the azo
      dye is shifted to shorter wavelength. "Shifted dyes" of this type absorb
      light outside the range to which the associated silver halide layer is
      sensitive. The use of certain related shifted azo dye developers is
      described in U.S. Pat. No. 3,307,947 issued Mar. 7, 1967. The shifted
      dye-providing materials of this invention can be advantageously contained
      in the silver halide emulsion layer without substantially reducing the
      sensitivity of the layer. The acyloxy group is hydrolyzed by the alkaline
      processing composition, releasing the cyan dye of the desired hue. The
      yellow and magenta image dye-providing materials can be selected from a
      variety of materials such as those compounds described by Fleckenstein et
      al U.S. Ser. No. 282,796, mentioned previously. Additional useful magenta
      image dye-providing materials are described in co-filed Haase et al
      application Ser. No. 331,729, entitled "Novel Compounds and Photographic
      Materials."
PAR  The concentration of the compounds, which preferably are alkalicleavable
      upon oxidation, that are employed in the present invention can be varied
      over a wide range depending upon the particular compound employed and the
      results which are desired. For example, the image dye-providing compounds
      of the present invention can be coated in layers as dispersions in a
      hydrophilic film-forming natural or synthetic polymer, such as gelatin,
      polyvinyl alcohol, etc., which is adapted to be permeated by aqueous
      alkaline processing composition. Preferably, the ratio of dye-providing
      compound to polymer will be about 0.25 to about 4.0. The present compounds
      may then be incorporated in a gelatin by techniques known in the art
      (e.g., a high boiling, water immiscible organic solvent or a low boiling
      or water miscible organic solvent).
PAR  Depending upon which Car is used on the present compounds, a variety of
      silver halide developing agents can be employed in our invention. If the
      carrier used is that of Formula III, any silver halide developing agent
      can be used as long as it cross-oxidizes with the image dye-providing
      compounds used herein. The developer can be employed in the photosensitive
      element to be activated by the alkaline processing composition. Specific
      examples of developers which can be employed in our invention include
      hydroquinone, aminophenols, e.g., N-methylaminophenol, Phenidone
      (1-phenyl-3-pyrazolidone) trademark of Ilford, Ltd.; Dimezone
      (1-phenyl-4,4-dimethyl-3-pyrazolidone) trademark of Eastman Kodak Company;
      1-phenyl-4-methyl-4-hydroxymethyl-3-pyrazolidone,
      N,N-diethyl-p-phenylenediamine, 3-methyl-N,N-diethyl-p-phenylenediamine,
      3-methoxy-N,N-diethyl-p-phenylenediamine, etc. The black-and-white
      developers in this list are preferred, in that they have a reduced
      propensity of staining the dye image-receiving layer.
PAR  In a preferred embodiment of our invention, the silver halide developer in
      our process becomes oxidized upon development and reduces silver halide to
      silver metal. The oxidized developer then cross-oxidizes the
      sulfonamido-phenol or sulfonamido-naphthol dye-releasing compound. The
      product of cross-oxidation then undergoes alkaline hydrolysis, thus
      releasing an imagewise distribution of diffusible anionic dye which then
      diffuses to the receiving layer to provide the dye image. The diffusible
      moiety is transferable in alkaline processing composition either by virtue
      of its self-diffusivity or by having attached to it one or more
      solubilizing groups such as --COOH, -SO.sub.3 H, --SO.sub.2 NR.sup.5
      R.sup.6, OH, etc. (where R.sup.5 and R.sup.6 are as described previously
      with at least one being hydrogen).
PAR  In using the especially preferred dye-releasing compounds according to our
      invention, the production of diffusible dye images is a function of
      development of the silver halide emulsions with a silver halide developing
      agent to form either negative or direct positive silver images in the
      emulsion layers. If the silver halide emulsion employed forms a direct
      positive silver image, such as a direct positive internal-image emulsion
      or a solarizing emulsion, which develops in unexposed areas, a positive
      image can be obtained on the dye image-receiving layer. After exposure of
      the film unit, the alkaline processing composition permeates the various
      layers to initiate development in the unexposed photosensitive silver
      halide emulsion layers. The developing agent present in the film unit
      develops each of the silver halide emulsion layers in the unexposed areas
      (since the silver halide emulsions are direct-positive ones), thus causing
      the developing agent to become oxidized imagewise corresponding to the
      unexposed areas of the direct-positive silver halide emulsion layers. The
      oxidized developing agent then cross-oxidizes the dye-releasing compounds
      and the oxidized form of the compounds then undergoes a base-catalyzed
      reaction in a preferred embodiment of our invention, to release the
      preformed dyes imagewise as a function of the imagewise exposure of each
      of the silver halide emulsion layers. At least a portion of the imagewise
      distributions of diffusible dyes diffuse to the image-receiving layer to
      form a positive image of the original subject. After being contacted by
      the lakaline processing composition, a pH-lowering layer in the film unit
      lowers the pH of the film unit (or the image-receiving unit) to stabilize
      the image.
PAR  Internal-image silver halide emulsions useful in those embodiments wherein
      a dye is released as a function of oxidation are direct-positive emulsions
      that form latent images predominantly inside the silver halide grains, as
      distinguished from silver halide grains that form latent images
      predominantly on the surface thereof. Such internal-image emulsions are
      described by Davey et al in U.S. Pat. No. 2,592,250, issued Apr. 8, 1952,
      and elsewhere in the literature. Other useful emulsions are described in
      U.S. Pat. No. 3,761,276, dated Sept. 25, 1973. Internal-image silver
      halide emulsions can be defined in terms of the increased maximum density
      obtained when developed with "internal-type" developers over that obtained
      when developed with "surface-type" developers. Suitable internal-image
      emulsions are those which, when measured according to normal photographic
      techniques by coating a test portion of the silver halide emulsion on a
      transparent support, exposing to a light-intensity scale having a fixed
      time between 0.01 and 1 second, and developing for 3 minutes at
      20.degree.C. in Developer A below ("internal-type" developer), have a
      maximum density at least five times the maximum density obtained when an
      equally exposed silver halide emulsion is developed for 4 minutes at
      20.degree.C. in Developer B described below ("surface-type" developer).
      Preferably, the maximum density in Developer A is at least 0.5 density
      unit greater than the maximum density in Developer B.
TBL  ______________________________________                                    
     DEVELOPER A                                                               
     Hydroquinone             15    g.                                         
     Monomethyl-p-aminophenol sulfate                                          
                              15    g.                                         
     Sodium sulfite (desiccated)                                               
                              50    g.                                         
     Potassium bromide        10    g.                                         
     Sodium hydroxide         25    g.                                         
     Sodium thiosulfate       20    g.                                         
     Water to make one liter.                                                  
     DEVELOPER B                                                               
     P-hydroxyphenylglycine   10    g.                                         
     Sodium carbonate         100   g.                                         
     Water to make one liter.                                                  
     ______________________________________                                    
PAR  The internal-image silver halide emulsions when processed in the presence
      of fogging or nucleating agents provide direct positive silver images.
      Such emulsions are particularly useful in the above-described embodiment.
      Suitable fogging agents include the hydrazines disclosed in Ives U.S. Pat.
      Nos. 2,588,982 issued Mar. 11, 1952, and 2,563,785 issued Aug. 7, 1951;
      the hydrazides and hydrazones disclosed in Whitmore U.S. Pat. No.
      3,227,552 issued Jan. 4, 1966; hydrazone quaternary salts described in
      Lincoln and Heseltine U.S. Pat. No. 3,615,615 issued Oct. 16, 1971;
      hydrazone containing polymethine dyes described in Spence and Janssen U.S.
      Pat. No. 3,718,470 issued Feb. 27, 1973; or mixtures thereof. The quantity
      of fogging agent employed can be widely varied depending upon the results
      desired. Generally, the concentration of fogging agent is from about 0.4
      to about 8 grams per mole of silver in the photosensitive layer in the
      photosensitive element or from about 0.1 to about 2 grams per liter of
      developer if it is located in the developer. The fogging agents described
      in U.S. Pat. Nos. 3,615,615 and 3,718,470, however, are preferably used in
      concentrations of about 0.5  to 10.0 grams per mole of silver in the
      photosensitive layer.
PAR  The solarizing direct-positive silver halide emulsions useful in the
      above-described embodiment are well-known silver halide emulsions which
      have been effectively fogged either chemically, such as by the use of
      reducing agents, or by radiation to a point which corresponds
      approximately to the maximum density of the reversal curve as shown by
      Mees, The Theory of the Photographic Process, published by the Macmillan
      Co., New York, New York, 1942, pages 261-297. Typical methods for the
      preparation of solarizing emulsions are shown by Groves British Pat. No.
      443,245, Feb. 25, 1936, who subjected emulsions to Roentgen rays "until an
      emulsion layer formed therefrom, when developed without preliminary
      exposure, is blackened up to the apex of its graduation curve"; Szaz
      British Pat. No. 462,730, Mar. 15, 1937, the use of either light or
      chemicals such as silver nitrate, to convert ordinary silver halide
      emulsions to solarizing direct positive emulsions; and Arens U.S. Pat. No.
      2,005,837, June 25, 1935, the use of silver nitrate and other compounds in
      conjunction with heat to effect solarization. Particularly useful are the
      fogged direct-positive emulsions of Berriman U.S. Pat. No. 3,367,778;
      Illingsworth U.S. Pat. Nos. 3,501,305, 3,501,306 and 3,501,307; and
      combinations thereof.
PAR  Other embodiments in which our imaging chemistry can be employed include
      the techniques described in U.S. Pat. Nos. 3,227,550, 3,227,551, 3,227,552
      and 3,364,022.
PAR  If photographic elements are used which contain compounds of this invention
      wherein Car is a silver halide developer as described, for example, in
      U.S. Pat. No. 2,983,606, when the liquid processing composition is
      applied, it permeates the emulsion to provide a solution of the dye
      developer substantially uniformly distributed in the emulsion. As the
      exposed silver halide emulsion is developed to a negative silver image,
      the oxidation product of the dye developer is immobilized or precipitated
      in situ with the developed silver, thereby providing an imagewise
      distribution of unoxidized dye developer dissolved in the liquid
      processing composition. This immobilization is apparently due, at least in
      part, to a change in the solubility characteristics of the dye developer
      upon oxidation. At least part of this imagewise distribution of unoxidized
      dye-developer is transferred to a superposed image-receiving layer to
      provide a transfer image.
PAR  Negative silver halide emulsions useful in certain embodiments of this
      invention, such as the above, can comprise, for example, silver chloride,
      silver bromide, silver chlorobromide, silver bromoiodide, silver
      chlorobromiodide or mixtures thereof. The emulsions can be coarse-or
      fine-grain and can be prepared by any of the well-known procedures, e.g.,
      single-jet emulsions such as those described in TRivelli and Smith, The
      Photographic Journal, Vol. LXXIX, May, 1939 (pp. 330-338), double-jet
      emulsions, such as Lippmann emulsions, ammoniacal emulsions, thiocyanate
      or thioether ripened emulsions such as those described in Nietz et al U.S.
      Pat. No. 2,222,264 issued Nov. 19, 1940; Illingsworth U.S. Pat. No.
      3,320,069 issued May 16, 1967; and Jones U.S. Pat. No. 3,574,628 issued
      Apr. 13, 1971. The emulsions may be monodispersed regular-grain emulsions
      such as the type described in Klein and Moisar, J. Phot. Sci., Vol. 12,
      No. 5, Sept./Oct., 1964 (pp. 242-251).
PAR  Another embodiment of our invention uses the image-reversing technique
      disclosed in British Pat. No. 904,364, page 19, lines 1-41. In this system
      our dye-providing compounds are used in combination with physical
      development nuclei in a nuclei layer contiguous to the photosensitive
      silver halide negative emulsion layer. The film unit contains a silver
      halide solvent, preferably in a rupturable container with the alkaline
      processing composition.
PAR  The various silver halide emulsion layers of a color film assembly of the
      invention can be disposed in the usual order, i.e., the blue-sensitive
      silver halide emulsion layer first with respect to the exposure side,
      followed by the green-sensitive and red-sensitive silver halide emulsion
      layers. If desired, a yellow dye layer or a yellow colloidal silver layer
      can be present between the blue-sensitive and green-sensitive silver
      halide emulsion layer for absorbing or filtering blue radiation that may
      be transmitted through the blue-sensitive layer. If desired, the
      selectivity sensitized silver halide emulsion layers can be disposed in a
      different order, e.g., the blue-sensitive layer first with respect to the
      exposure side, followed by the red-sensitive and green-sensitive layers.
PAR  The rupturable container employed in this invention can be of the type
      disclosed in U.S. Pat. Nos. 2,543,181; 2,643,886; 2,653,732; 2,724,051;
      3,056,492; 3,056,491 and 3,152,515. In general, such containers comprise a
      rectangular sheet of fluid- and air-impervious material folded
      longitudinally upon itself to form two walls which are sealed to one
      another along their longitudinal and end margins to form a cavity in which
      processing solution is contained.
PAR  In a color film unit according to this invention, each silver halide
      emulsion layer containing a dye image-providing material or having the dye
      image-providing material present in a contiguous layer may be separated
      from the other silver halide emulsion layers in the image-forming portion
      of the film unit by materials including gelatin, calcium alginate, or any
      of those disclosed in U.S. Pat. No. 3,384,483, polymeric materials such as
      polyvinylamides as disclosed in U.S. Pat. No. 3,421,892, or any of those
      disclosed in French Pat. No. 2,028,236 or U.S. Pat. Nos. 2,992,104;
      3,043,692; 3,044,873; 3,061,428; 3,069,263; 3,069,264; 3,121,011; and
      3,427,158.
PAR  Generally speaking, except where noted otherwise, the silver halide
      emulsion layers in the invention comprise photosensitive silver halide
      dispersed in gelatin and are about 0.6 to 6 microns in thickness; the dye
      image-providing materials are dispersed in an aqueous alkaline
      solution-permeable polymeric binder, such as gelatin, as a separate layer
      about 1 to 7 microns in thickness; and the alkaline solution-permeable
      polymeric interlayers, e.g., gelatin, are about 1 to 5 microns in
      thickness. Of course, these thicknesses are approximate only and can be
      modified according to the product desired.
PAR  Any material can be employed as the image-receiving layer in this invention
      as long as the desired function of mordanting or otherwise fixing the dye
      images will be obtained. The particular material chosen will, of course,
      depend upon the dye to be mordanted. If acid dyes are to be mordanted, the
      image-receiving layer can contain basic polymeric mordants such as
      polymers of amino guanidine derivatives of vinyl methyl ketone such as
      described in Minsk U.S. Pat. No. 2,882,156, issued Apr. 14, 1959, and
      basic polymeric mordants such as described in Cohen et al U.S. Pat. No.
      3,625,694, issued Dec. 7, 1971; U.S. Pat. No. 3,709,690, issued Jan. 9,
      1973; and U.S. application Ser. No. 400,778, filed Sept. 26, 1973. See
      also U.S. application Ser. No. 412,992 of Burness et al, filed Nov. 5,
      1973.
PAR  Preferred mordants are cationic mordants such as polymeric compounds
      composed of a polymer having quaternary nitrogen groups and at least two
      aromatic nuclei for each quaternary nitrogen in the polymer cation (i.e.,
      having at least two aromatic nuclei for each positively charged nitrogen
      atom), such polymeric compounds being substantially free of carboxy
      groups. Useful mordants of this type are comprised of units of the
      following formula in copolymerized relationship with units of at least one
      other ethylenically unsaturated monomer:
      ##EQU17##
      wherein R.sup.7 and R.sup.8 each represent a hydrogen atom or a lower
      alkyl radical (of 1 to about 6 carbon atoms) and R.sup.8 can additionally
      be a group containing at least one aromatic nucleus (e.g., phenyl,
      naphthyl, tolyl); Q can be a divalent alkylene radical (of 1 to about 6
      carbon atoms), a divalent arylene radical, a divalent aralkylene radical,
      a divalent arylenealkylene radical, such as
      ##SPC23##
      ##EQU18##
      wherein R.sup.12 is an alkylene radical, or R.sup.8 can be taken together
      with Q to form a
      ##EQU19##
      group; R.sup.9, R.sup.10 and R.sup.11 can be alkyl, aralkyl or aryl, or
      R.sup.9 and R.sup.10 and the nitrogen atom to which they are attached can
      together with Q represent the atoms and bonds necessary to form a
      quaternized nitrogen-containing heterocyclic ring, and X .sup.- is a
      monovalent negative salt-forming radical or atom in ionic relationship
      with the positive salt-forming radical, wherein said polymer is
      substantially free of carboxy groups and wherein the positive salt forming
      radical of said polymer comprises at least two aryl groups for each
      quaternary nitrogen atom in said polymer. In one preferred embodiment, Q
      represents a phenylene or substituted phenylene radical and R.sup.9,
      R.sup.10 and R.sup.11 are the same or different and represent alkyl
      groups, the sum of their carbon atoms exceeding 12. These preferred
      polymeric cationic mordants are described further in the above-mentioned
      U.S. Pat. No. 3,709,690 and U.S. application Ser. No. 400,778,
      incorporated herein by reference.
PAR  Other mordants useful in our invention include poly-4-vinylpyridine, the
      2-vinyl pyridine polymer methyl-p-toluene sulfonate and similar compounds
      described in Sprague et al U.S. Pat. No. 2,484,430, issued Oct. 11, 1949,
      and cetyl trimethylammonium bromide, etc. Effective mordanting
      compositions are also described in Whitmore U.S. Pat. No. 3,271,148 and
      Bush U.S. Pat. No. 3,271,147, both issued Sept. 6, 1966.
PAR  Generally, good results are obtained when the image-receiving layer,
      preferably alkaline solution-permeable, is transparent and about 0.25 to
      about 0.40 mil in thickness. This thickness, of course, can be modified
      depending upon the result desired. The image-receiving layer can also
      contain ultraviolet absorbing materials to protect the mordanted dye
      images from fading due to ultraviolet light, brightening agents such as
      the stilbenes, coumarins, triazines, oxazoles, dye stabilizers such as the
      chromanols, alkylphenols, etc.
PAR  Use of a pH-lowering material in the dye image-receiving element of a film
      unit according to the invention will usually increase the stability of the
      transferred image. Generally, the pH-lowering material will effect a
      reduction in the pH of the image layer from about 13 or 14 to at least 11
      and preferably 4-8 within a short time after imbibition. For example,
      polymeric acids as disclosed in U.S. Pat. No. 3,362,819, or solid acids or
      metallic salts, e.g., zinc acetate, zinc sulfate, magnesium acetate, etc.,
      as disclosed in U.S. Pat. No. 2,584,030 may be employed with good results.
      Such pH-lowering materials reduce the pH of the film unit after
      development to terminate development and substantially reduce further dye
      transfer and thus stabilize the dye image.
PAR  An inert timing or spacer layer can be employed in the practice of our
      invention over the pH-lowering layer which "times" or controls the pH
      reduction as a function of the rate at which alkali diffuses through the
      inert spacer layer. Examples of such timing layers include gelatin,
      polyvinyl alcohol or any of those disclosed in U.S. Pat. No. 3,455,686.
      The timing layer may be effective in evening out the various reaction
      rates over a wide range of temperatures, e.g., premature pH reduction is
      prevented when imbibition is effected at temperatures above room
      temperature, for example, at 95.degree.-100.degree.F. The timing layer is
      usually about 0.1 to about 0.7 mil in thickness. Especially good results
      are obtained when the timing layer comprises a hydrolyzable polymer or a
      mixture of such polymers which are slowly hydrolyzed by the processing
      composition. Examples of such hydrolyzable polymers include polyvinyl
      acetate, polyamides, cellulose esters, etc.
PAR  The alkaline processing composition employed in this invention is the
      conventional aqueous solution of an alkaline material, e.g., sodium
      hydroxide, sodium carbonate or an amine such as diethylamine, preferably
      possessing a pH in excess of 11, and preferably containing a developing
      agent as described previously. The solution also preferably contains a
      viscosity-increasing compound such as a high-molecular-weight polymer,
      e.g., a water-soluble ether inert to alkaline solutions such as
      hydroxyethyl cellulose or alkali metal salts of carboxymethyl cellulose
      such as sodium carboxymethyl cellulose. A concentration of
      viscosity-increasing compound of about 1 to about 5 percent by weight of
      the processing composition is preferred which will impart thereto a
      viscosity of about 100 cp. to about 200,000 cp. In certain embodiments of
      our invention, an opacifying agent, e.g., TiO.sub.2, carbon black, pH
      indicator dyes, etc., may be added to the processing composition.
PAR  While the alkaline processing composition used in this invention can be
      employed in a rupturable container, as described previously, to
      conveniently facilitate the introduction of processing composition into
      the film unit, other methods of inserting processing composition into the
      film unit could also be employed, e.g., interjecting processing solution
      with communicating members similar to hypodermic syringes which are
      attached either to a camera or camera cartridge.
PAR  The alkaline solution-permeable, substantially opaque, light-reflective
      layer employed in certain embodiments of photographic film units of our
      invention can generally comprise any opacifier dispersed in a binder as
      long as it has the desired properties. Particularly desirable are white
      light-reflective layers since they would be esthetically pleasing
      backgrounds on which to view a transferred dye image and would also
      possess the optical properties desired for reflection of incident
      radiation. Suitable opacifying agents include titanium dioxide, barium
      sulfate, zinc oxide, barium stearate, silver flake, silicates, alumina,
      zirconium oxide, zirconium acetyl acetate, sodium zirconium sulfate,
      kaolin, mica, or mixtures thereof in widely varying amounts depending upon
      the degree of opacity desired. The opacifying agents may be dispersed in
      any binder such as an alkaline solution-permeable polymeric matrix such
      as, for example, gelatin, polyvinyl alcohol, and the like. Brightening
      agents such as the stilbenes, coumarins, triazines and oxazoles can also
      be added to the light-reflective layer, if desired. When it is desired to
      increase the opacifying capacity of the light-reflective layer,
      dark-colored opacifying agents, e.g., carbon black, nigrosine dyes, etc.,
      may be added to it, or coated in a separate layer adjacent to the
      light-reflective layer.
PAR  The supports for the photographic elements of this invention can be any
      material as long as it does not deleteriously effect the photographic
      properties of the film unit and is dimensionally stable. Typical flexible
      sheet materials include cellulose nitrate film, cellulose acetate film,
      poly(vinyl acetal) film, polystyrene film, poly(ethyleneterephthalate)
      film, polycarbonate film, poly-.alpha.-olefins such as polyethylene and
      polypropylene film, and related films or resinous materials. The support
      can be from about 2 to about 9 mils in thickness.
PAR  The silver halide emulsions useful in our invention are well known to those
      skilled in the art and are described in Product Licensing Index, Vol. 92,
      December, 1971, publication 9232, p. 107, paragraph I, "Emulsion types";
      they may be chemically and spectrally sensitized as described on page 107,
      paragraph III, "Chemical sensitization," and pp. 108-109, paragraph XV,
      "Spectral sensitization," of the above article; they can be protected
      against the production of fog and can be stabilized against loss of
      sensitivity during keeping by employing the materials described on p. 107,
      paragraph V, "Antifoggants and stabilizers," of the above article; they
      can contain development modifiers, hardeners, and coating aids as
      described on pp. 107-108, paragraph IV, "Development modifiers"; paragraph
      VII, "Hardeners"; and paragraph XII, "Coating aids", of the above article;
      they and other layers in the photographic elements used in this invention
      can contain plasticizers, vehicles and filter dyes described on p. 108,
      paragraph XI, "Plasticizers and lubricants," and paragraph VIII,
      "Vehicles," and p. 109, paragraph XVI, "Absorbing and filter dyes," of the
      above article; they and other layers in the photographic elements used in
      this invention may contain addenda which are incorporated by using the
      procedures described on p. 109, paragraph XVII, "Methods of addition," of
      the above article; and they can be coated by using the various techniques
      described on p. 109, paragraph XVIII, "Coating procedures," of the above
      article, the disclosures of which are hereby incorporated by reference.
PAR  It will be appreciated that there remains in the photographic element after
      transfer has taken place an imagewise distribution of dye in addition to
      developed silver. A color image comprising residual nondiffusible compound
      may be obtained in this element if the residual silver and silver halide
      are removed by any conventional manner well known to those skilled in the
      photographic art, such as a bleach bath followed by a fix bath, a
      bleach-fix bath, etc. The imagewise distribution of dye may also diffuse
      out of the element into these baths, if desired, rather than to an
      image-receiving element. If a negative-working silver halide emulsion is
      employed in such photosensitive element, then a positive color image, such
      as a color transparency or motion-picture film, may be produced in this
      manner. If a direct-positive silver halide emulsion is employed in such
      photosensitive element, then a negative color image may be produced.
PAR  Preferably, when the desired dye image is retained in the image-forming
      unit, the image dye-providing materials are shifted (G is hydrolyzable
      acyloxy) and are incorporated in the silver halide emulsion layer.
      Improved processes are described in U.S. Ser. No. 422,390, filed Dec. 6,
      1973.
PAR  The following examples are provided for a further understanding of the
      invention. The structures of all of the compounds were confirmed by their
      infrared and NMR spectra and in some cases by elemental analysis. The
      notation C.sub.5 H.sub.11 -t as used herein as an abbreviation for
      t-pentyl.
DETD
PAC  EXAMPLE 1 - PREPARATION OF COMPOUND No. 1
      ##SPC24##
PAR  A mixture of 3.05 g. (0.0065 mol) of
      5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-2-napthalenesulfonyl
      chloride and 3.2 g. (0.0065 mol) of
      4-amino-N-[4-(2,4-di-t-pentylphenoxy)-butyl]-1-hydroxy-2-naphthamide in 75
      ml. of tetrahydrofuran under nitrogen was stirred with 4.5 ml. of pyridine
      at room temperature for ninety minutes. The solid, precipitated by
      dilution with 500 ml. with hexane, was collected on a filter funnel and
      dried to yield 4.8 g. (80 percent). The solid was purified by dissolving
      the soluble material in tetrahydrofuran and reprecipitating with hexane.
      The still slightly impure solid was chromatographed on silica gel, the
      product being eluted with tetrahydrofuran. The eluents were concentrated
      and the solid precipitated with hexane. The yield was 2.2 g. (37 percent),
      m.p. 170.degree.-3.degree.C.
PAC  PREPARATION OF INTERMEDIATES
PAR  a. The
      5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-2-naphthalenesulfonyl chlo
     ride was prepared from the sodium salt of the acid with chlorosulfonic
      acid; 3.55 g. (0.0075 mol) of sodium
      5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-2-napthalenesulfonate in
      35 ml. of chlorosulfonic acid was heated at 60.degree.C. for one hour. The
      solution was cooled and poured onto ice. The solid was collected on a
      filter funnel and dried in a vaccum desiccator to yield 2.8 g. (80
      percent) of the product which contained a small amount of starting
      material.
PAR  b. The sodium
      5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-2-naphthalenesulfonate was
      prepared by the following diazotization and coupling reactions. To a
      solution of 55.8 g. (0.25 mol) of 1-amino-6-napthalenesulfonic acid in 100
      ml. of water containing 10 g. (0.25 mol) of sodium hydroxide was added
      17.3 g. (0.25 mol) of sodium nitrite in 50 ml. of water. At
      0.degree.-5.degree.C., a dilute solution of sulfuric acid, formed by
      adding 50 g. of ice to 125 ml. of concentrated sulfuric acid was added
      dropwise. After one hour, the solution was poured into a 3 liter flask and
      slowly heated to reflux (gas evolved at 70.degree.-90.degree.C.). The
      solution was heated at reflux for 11/2 hours, cooled, pH adjusted to 7
      using 50 percent sodium hydroxide, and an additional 425 g. of 50 percent
      sodium hydroxide was added (Solution A). 17.3 g. (0.25 mol) of sodium
      nitrite was added portionwise to 150 ml. of concentrated sulfuric acid at
      0.degree.C. The mixture was allowed to warm to 70.degree.C., cooled to
      10.degree.C., and 54 g. (0.25 mol) of 2-amino-5-nitrophenyl methyl sulfone
      was added. The mixture was stirred for ninety minutes and poured onto 625
      g. of ice. The mixture was filtered and the filtrates kept (Solution B).
      Solution B was added to Solution A at &lt;30.degree.C. After the addition,
      the pH was adjusted to 5 and the mixture stirred for one-half hour. The
      solid was collected on a filter funnel, reslurried in water. After
      collecting the solid on a filter funnel and drying, the yield of product
      was 85 g. (72%).
PAC  EXAMPLE 2 - Preparation of Compound No. 2
      ##SPC25##
PAR  To a mixture of 4.2 g. (0.009 mol) of
      5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-1-naphthalenesulfonyl
      chloride and 4.4 g. (0.009 mol) of
      4-amino-N-[4-(2,4-di-t-pentylphenoxy)-butyl]-1-hydroxy-2-naphthamide in
      100 ml. of tetrahydrofuran under nitrogen, was added 4.5 ml. of pyridine.
      The solution was stirred at room temperature for two hours, and diluted to
      800 ml. with hexane. The solid was collected on a filter funnel and dried
      to yeild 4.8 g. (58 percent) of crude product. The solid was
      chromatographed on a silica column, using tetrahydrofuran to elute the
      desired product. Concentration of the eluents yielded 3.2 g. of slightly
      impure solid. After twice suspending the solid in 200 ml. of chloroform
      and diluting with 400 ml. of hexane, the yield of purified product was 2.4
      g. (29 percent), m.p. 195.degree.-6.degree.C. dec.
PAC  PREPARATION OF INTERMEDIATES
PAR  a. The
      5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-1-naphthalenesulfonyl chlo
     ride was prepared from the corresponding sodium sulfonate. 23.9 g. (0.05
      mol) of sodium
      5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-1-napththalenesulfonate in
      150 ml. of chlorosulfonic acid was heated at 65.degree.C. for one hour.
      The mixture was cooled and poured onto ice. The mixture was kept at
      &lt;5.degree.C. by addition of ice until filtration was complete. The solid
      was collected on a filter funnel and dried in a vacuum desiccator to yield
      18.4 g. (78 percent). The solid was dissolved in 150 ml. of
      tetrahydrofuran and diluted with 600 ml. of chloroform. The solid that
      precipitated was collected on a filter funnel and discarded. The filtrates
      were chromatographed on a silica column, which chloroform being used to
      elute the product. The chloroform eluents were concentrated to dryness to
      yield 5.4 g. (23 percent) of purified product.
PAR  b. The sodium
      5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-1-napthalenesulfonate was
      prepared using the method shown in Example 1 by substituting a solution of
      1-naphthaol-5-sulfonic acid in dilute sodium hydroxide for solution A. The
      yield was 100 percent.
PAR  c. 4-amino-N-[4-(2,4-di-t-pentylphenoxy)-butyl]-1-hydroxy-2-napthamide may
      be prepared as follows:
      1-hydroxy-N-[4-(2,4-di-t-pentylphenoxy)-butyl]-2-napthamide (U.S. Patent
      2,474,293) is coupled with a diazotized p-anisidine (eg.
      ##SPC26##
PAR  The azo group of the compound thus prepared may then be reduced with sodium
      dithionite (Na.sub.2 S.sub.2 O.sub.4) to the corresponding amine.
PAC  EXAMPLE 3 - Preparation of Compound No. 3
      ##SPC27##
PAR  This compound was prepared in a manner similar to Example 1. After one
      recrystallization from ethyl acetate, the yield was 46 percent, m.p.
      162.degree.-4.degree.C. dec.
PAC  PREPARATION OF INTERMEDIATES
PAR  a. 5-Hydroxy-8-(2-chloro-4,6-dinitrophenylazo)-2-naphthalenesulfonyl
      chloride: 9.5 g. (0.02 mol) of sodium
      5-hydroxy-8-(2-chloro-4,6-dinitrophenylazo)-2-naphthalenesulfonate was
      added portionwise to 20 ml. of chlorosulfonic acid. 20 ml. of thionyl
      chloride was added and the mixture heated at 60.degree.C. for thirty
      minutes. The solution was cooled, poured onto ice, and filtered. The wet
      solid was dissolved in 800 ml. of CHCl.sub.3 and dried with magnesium
      sulfate. The mixture was filtered to remove the magnesium sulfate,
      filtrates concentrated to dryness. The resulting solid was slurried in
      hexane, collected on a filter funnel and dried to yield 6.7 g. (71
      percent). No impurities could be detected by thin-layer chromatography.
PAR  b. Sodium
      5-hydroxy-8-(2-chloro-4,6-dinitrophenylazo)-2-naphthalenesulfonate: 55.8
      g. (0.25 mol) of 1-amino-6-naphthalenesulfonic acid was dissolved in 100
      ml. of water containing 10 g. (0.25 mol) of sodium hydroxide. To this
      solution was added 17.3 g. (0.25 mol) of sodium nitrite in 50 ml. of
      water. At 0 to 5.degree.C. this was added drop-wise to a dilute solution
      of sulfuric acid, formed by adding 50 g. of ice to 125 ml. of concentrated
      sulfuric acid. After 1 hour, the solution was poured into a 3 liter flask
      and slowly heated to reflux (gas evolved at 70.degree.-90.degree.C.). The
      solution was heated at reflux for 11/2 hours, cooled (Solution A). To 125
      ml. of a mixture of 2 parts propionic to 5 parts acetic acids containing
      25 drops of Triton X-100 (trademark of Rohm & Haas Company for a nonionic
      isooctyl phenol polyethoxy ethanol dispersing agent) was added 66 g. of 82
      percent solid 2-chloro-4,6-dinitroaniline as a fine powder. The mixture
      was stirred for 11/2 hours at room temperature then at 40.degree.C. for
      one hour. The mixture was cooled to 0.degree.C. and to it was added slowly
      at 10.degree.C. a solution formed by adding 17.3 g. (0.25 mol) of sodium
      nitrite to a concentrated sulfuric acid at 10.degree.C., warming to
      70.degree.C. to effect solution, and cooling to 20.degree.C. After the
      addition, 125 ml. of the propionic-acetic acid mixture in 50 g. of ice was
      added. The solution was stirred for 2 hours at 10.degree.-15.degree.C.,
      urea added to scavenge excess nitrite. After stirring for thirty minutes,
      the mixture was filtered to remove starting material and the filtrates
      taken as Solution B. Solution B was added dropwise to Solution A at
      -10.degree. to -5.degree.C. The mixture was stirred for thirty minutes,
      solid collected on a filter funnel and dried to yield 148 g. (125percent)
      of material containing salts which are readily removed in subsequent
      steps.
PAC  EXAMPLE 4 - Preparation of Compound No. 4
      ##SPC28##
PAR  The method used in Example 1 was used to prepare this compound from the
      following sulfonyl chloride. The yield was 6 percent, m.p.
      241.degree.-2.degree.C. dec. The
      4-acetamido-5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-1-napthalenesu
     lfonyl chloride used was prepared by the method shown in Example 3 from the
      following sulfonic acid. The yield was 50 percent. The
      4-acetamido-5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-1-naphthalenes
     ulfonic acid used was prepared in a manner similar to Example 1 using a
      solution of 4-acetamido-5-hydroxy-1-naphthalenesulfonic acid in dilute
      sodium hydroxide in place of Solution A. The yield was 75 percent.
PAC  EXAMPLE 5 - Preparation of Compound No. 5
      ##SPC29##
PAR  This compound was prepared in a manner similar to that used in Example 1.
      The yield was 23 percent, m.p. 153.degree.-6.degree.C. dec. The
      5-hydroxy-8-(4-nitro-2-trifluoromethylphenylazo)-2-naphthalenesulfonyl
      chloride for use in this reaction was prepared using the method explained
      in Example 1. The yield was 70%. The sodium
      5-hydroxy-8-(4-nitro-2-trifluoromethylphenylazo)-2-napthalenesulfonate was
      prepared in a manner similar to that used in Example 1. The apparent yield
      was 107 percent, due to the presence of salt. It was used without
      purification in the preparation of the acid chloride.
PAC  EXAMPLE 6- Preparation of Compound No. 6
      ##SPC30##
PAR  The method used in Example 1 was used to prepare this compound. The yield
      was 19 percent, m.p. 268.degree.-70.degree.C. dec. The
      4-acetamido-5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-2-naphthalenes
     ulfonyl chloride was prepared in a manner similar to that used for Example
      3. The yield was 69 percent. The
      4-acetamido-5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-2-napthalenesu
     lfonic acid was prepared by a similar method to that used in Example 1
      using a basic solution of 4-acetamido-5-hydroxy-2-naphthalenesulfonic acid
      in place of Solution A. The yield was 100 percent.
PAC  EXAMPLE 7 - Preparation of Compound No. 7
      ##SPC31##
PAR  This compound was prepared in a manner similar to that used in Example 1.
      The yield was 16 percent, m.p. 248.degree.-9.degree.C. dec. The
      4-butyramido-5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-2-naphthalene
     sulfonyl chloride was prepared by the method explained in Example 3. The
      yield was 86 percent. The
      4-butyramido-5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-2-naphthalene
     sulfonic acid was prepared by a method similar to that used in Example 6.
PAC  EXAMPLE 8 - Preparation of Compound No. 8
      ##SPC32##
PAR  To a mixture of 3.2 g. (0.006 mol) of
      4-acetamido-5-hydroxy-8-(2-methylsulfonyl-4-nitrophenylazo)-2-naphthalenes
     ulfonyl chloride and 3.9 g. (0.006 mol) of
      4-(m-aminobenzenesulfonamido)-N-[4-(2,4-di-t-pentylphenoxy)butyl]-1-hydrox
     y-2-naphthamide in 75 ml. of tetrahydrofuran was added 3.0 ml. of pyridine.
      The mixture was stirred at room temperature for one hour, under nitrogen,
      then filtered and the filtrates diluted to 500 ml. with hexane. The solid
      was collected on a filter funnel and dried. After chromatography of the
      solid using silica gel and ethyl acetate, the yeild of product was 1.0 g.
      (15 percent) with indistinct m.p.
PAC  EXAMPLE 9 - Preparation of Compound No. 9
      ##SPC33##
PAR  This compound was prepared in a manner similar to that used in Example 8 in
      16 percent yield, m.p. indistinct.
PAC  EXAMPLE 10 - Preparation of Compound No. 10
      ##SPC34##
PAR  This compound was prepared in a manner similar to that used in Example 8
      except that it was chromatographed in the presence of
      diisopropylethylamine. The yield was 17 percent, m.p. &lt;150.degree.C.
PAC  EXAMPLE 11 - Preparation of Compound No. 11
      ##SPC35##
PAR  This compound was prepared via the method explained in Example 1, in 50
      percent yield, m.p. 195.degree.-7.degree.C. dec. The
      4-acetamido-8-(2-chloro-4,6-dinitrophenylazo)-5-hydroxy-2-naphthalenesulfo
     nyl chloride was prepared in a manner similar to Example 3 in 85 percent
      yield. The
      4-acetamido-8-(2-chloro-4,6-dinitrophenylazo)-5-hydroxy-2-naphthalenesulfo
     nic acid was prepared via the method used in Example 3 in 53 percent yield.
PAC  EXAMPLE 12 - Photographic Testing
PAR  The above image dye-providing compounds were tested for reactivity and
      diffusibility of their released dyes to a receiving element. Each compound
      was dissolved in an equal weight of diethyllauramide and finely dispersed
      in gelatin. The dispersion was added to a 0.8 .mu.m monodispersed
      negative-working gelatino-silver bromide emulsion which was coated on a
      polyester film support, the coverage of compound being about 1.1 .times.
      10.sup.-.sup.5 moles/dm.sup.2 ; silver - 9.2 mg/dm.sup.2 ; and gelatin -
      32 mg/dm.sup.2. An overcoat layer of 8.6 g/dm.sup.2 of gelatin, hardened
      by formaldehyde was then applied.
PAR  A. Image discrimination - A sample of the above coating was exposed through
      a step-wedge and then laminated to a mordant-containing receiving element
      with a viscous processing composition (goo) by passing the "sandwich"
      between a pair of juxtaposed pressure-applying rollers. The receiving
      element consisted of a paper support on which was coated a mixture of
      gelatin (21 mg/dm.sup.2) and a mordant,
      poly[styrene-co-N-benzyl-N,N-dimethyl-N-(3-maleimidopropyl)ammonium
      chloride] (21 mg/dm.sup.2). The goo contained, per liter of solution, 20
      g. sodium hydroxide, 0.75 g.
      4-hydroxymethyl-4-methyl-1-phenyl-3-pyrazolidone, 10 g. potassium bromide
      and 25 g. hydroxyethylcellulose. After 60 seconds, the receiver was peeled
      apart and washed in water to adjust the pH to about 7. Good image density
      in the exposed areas was obtained with practically no transfer of dye in
      the unexposed areas. The Dmax and Dmin for each transfer is given under
      image discrimination in the table.
PAR  B. Spectrophotometry - The spectra of the released dyes when adsorbed to
      the mordant on a transparent support were measured spectrophotometrically.
      The maximum wavelength (.lambda.max) and the bandwidth in nm at one-half
      the density at the .lambda.max of the curve for each dye is also given in
      the table. This "half bandwidth" along with the .lambda.max is indicative
      of hue, the brightness and purity of color being greater, the smaller the
      half bandwidth.
PAR  C. Dye-transfer in receiving element - Another sample of an emulsion
      coating containing the image dye-providing compound was fogged by exposure
      to light and processed by passing it has a "sandwich" with an image
      receiving elment and viscous developing composition (goo) between a pair
      of juxtaposed pressure-applying rollers. The developer layer thickness of
      the resulting laminate ranged from about 0.075 to 0.10 mm. The receiving
      element had the following structure (the coverages in mg/dm.sup.2 are
      shown in parenthesis):
     Carbon (27)       + Gelatin (17)                                          
     TiO.sub.2 (215)   + Gelatin (21)                                          
     Mordant* (21)     + Gelatin (11)                                          
     Cellulose acetate support                                                 
      *Same as above.                                                          
PAR  The "goo" contained 20 g. sodium hydroxide, 0.75 g.
      4-hydroxymethyl-4-methyl-1-phenyl-3-pyrazolidone, 10 g. potassium bromide
      and 25 g. hydroxyethylcellulose, all per liter of solution. Upon
      application of the goo to the fogged emulsion layer, the dyes are released
      and diffuse through the carbon and titania layers to the mordant layer.
      The density of the dyes on the mordant layer was read through the support
      by means of a reflection densitometer after intervals of 30, 60 and 120
      seconds at 24.degree.C. The increase in density, as indicated by the
      values in the table, is a measure of the rate of release and also of the
      diffusivity of the dyes.
TBL  __________________________________________________________________________
     PHOTOGRAPHIC PROPERTIES                                                   
                    Image Discrimination                                       
                                     Density of Dye Transfer Image             
     Compound Half-band                                                        
                    Coverage         Coverage                                  
     of   max width (moles .times. 10.sup.-.sup.6                              
                                     (moles .times. 10.sup.-.sup.6             
     Example                                                                   
          (nm)                                                                 
              (nm)  per dm.sup.2)                                              
                             Dmax                                              
                                 Dmin                                          
                                     per dm.sup.2)                             
                                              30 sec.                          
                                                    60 sec.                    
                                                          120                  
     __________________________________________________________________________
                                                          sec.                 
     1    639 119   11       2.70                                              
                                 0.72                                          
                                     11       0.33  0.84  2.04                 
     2    634 113   11       1.80                                              
                                 0.70                                          
                                     11       0.35  1.04  1.92                 
     3    645 115   11       2.60                                              
                                 0.44                                          
                                     11       0.64  1.48  2.30                 
     4    645 133   11       3.20                                              
                                 1.46                                          
                                     11       0.77  1.29  1.78                 
     5    637 132   11       1.20                                              
                                 0.20                                          
                                     6        0.24  0.35  0.58                 
     6    615 130   6        1.52                                              
                                 0.50                                          
                                     6        0.36  0.71  1.10                 
     7    622 132   6        2.10                                              
                                 0.71                                          
                                     6        0.32  0.76  1.43                 
     8    669 114   6        3.00                                              
                                 0.52                                          
                                     6        0.51  1.11  1.98                 
     9    653 110   6        1.45                                              
                                 0.50                                          
                                     6        0.42  0.89  1.50                 
     10   640 122   6        2.70                                              
                                 0.68                                          
                                     6        0.81  1.63  2.35                 
     11   660 120   11       2.84                                              
                                 0.56                                          
                                     6        0.20  0.46  0.85                 
     __________________________________________________________________________
PAC  EXAMPLE 13 - Preparation of Compounds 12 and 12a
PAR  A mixture of 3 g. NaHCO.sub.3, 4.93 g. (8.10 mmol) Compound A, and 3.97 g.
      (8.10 mmol) of
      1-hydroxy-4-amino-N-[4-(2,4-di-t-pentylphenoxy)-butyl]-2-naphthamide
      (referred to below as NH.sub.2 - Group) in 30 g. dry dimethylsulfoxide was
      stirred at 80.degree.-100.degree.C. for 60 minutes, cooled and poured onto
      ice water containing sufficient dilute HCl to neutralize the excess
      NaHCO.sub.3. The precipitated Compound 12 was filtered, washed with water,
      and air dried (crude dye cake yield = 102 percent). Compound 12 was quite
      clean as isolated but was chromatographed on a silica gelcellulose (equal
      parts by weight) dry packed column by ascending development with a
      solution of ethyl acetate (9 parts by volume) and methanol (1 part by
      volume). A schematic representation of the reactions involved is shown
      below:
      ##SPC36##
PAR  The compound was tested as in Example 12 and the released dye had a
      .lambda.max of 640 nm and Dmax of 2.35 at 60 seconds and 2.5 at 120
      seconds. A similar compound (Compound 12a) having a cyano radical in place
      of the methylsulfonyl on the nitrophenyl ring also gave good results.
PAC  EXAMPLE 14 - Preparation of Compounds 13, 13a, 13b and 13c
PAR  A solution of 4.14 (5.00 mmol) of Coupler A in 20 ml. pyridine and 150 ml.
      1:5 acid [propionic acid (1 volume):acetic acid (5 volumes)] was prepared
      and cooled to 5.degree.C. Meanwhile, a solution of 1.2 g.
      2-amino-5-nitrobenzenesulfonic acid sodium salt (5.00 mmol) and 0.036 g.
      sodium nitrite (5.00 mmol) in 50 ml. water was cooled to 0.degree.C. and
      added dropwise to a solution of 1 ml. 37 percent HCl in 20 ml. of water at
      0.degree.C. The diazotization was very rapid--the resulting suspension of
      diazonium salt was slowly added at 5.degree.C. to the coupler solution.
      The coupling was rapid (probably complete after 30 minutes at
      5.degree.C.); however, the mixture was stirred at 5.degree.C. for 2 hours
      and the dye precipitated by the addition of ice water. The orange-red
      powder Compound 13 which was filtered, washed with cold water (5 liters)
      and vacuum dried was purified by chromatography on a silica gel-cellulose
      (equal parts by weight) dry packed column by ascending development with a
      solution of chloroform (8 parts by volume) and methanol (2 parts by
      volume). A schematic representation of the reactions involved is shown
      below.
      ##SPC37##
PAR  Compound 13 was tested as in Example 12 and found to have a transferred
      .lambda.max = 660 nm, densities: 0.33 (30 sec.), 0.66 (60 sec.) and 1.08
      (120 sec.).
PAR  A similar compound (Compound 13a) having a sulfamoyl (--SO.sub.2 NH.sub.2)
      radical in place of the sulfo (--SO.sub.3 H) radical on the nitrophenyl
      ring was prepared and tested as in Example 12. This compound was found to
      have a transferred .lambda.max = 640 nm, D max = 0.82, densities: .53 (30
      seconds), 0.71 (60 seconds), and 0.82 (120 seconds).
PAR  A similar compound (Compound 13b) having a methylsulfonyl (--SO.sub.2
      CH.sub.3) radical in place of the sulfo radical on the nitrophenyl ring
      was prepared and tested as in Example 12. This compound was found to have
      a transferred .lambda.max = 640, D max = 2.03, densities: .85 (30
      seconds), 1.40 (60 seconds) and 2.03 (120 seconds).
PAR  A similar compound (Compoud 13c) having an isopropylsulfonyl radical in
      place of the sulfo radical on the nitrophenyl ring also gave good results.
PAC  EXAMPLE 15
PAR  An image dye-providing compound of the following structure was prepared
      (Compound 14).
      ##SPC38##
PAR  The above compound in diethyllauramide solvent was coated as a dispersion
      in gelatin on polyester support. The layer contained 7.1, 14, and 21
      mg/dm.sup.2 of compound, solvent, and gelatin, respectively. A second
      layer contained a gelatino-silver bromoiodide emulsion with 11 mg/dm.sup.2
      of silver and 22 mg/dm.sup.2 of gelatin. The coating was exposed, dipped
      in the processing composition below for 30 seconds and laminated for
      varying times with a receiving element containing a mordant layer of
      poly-4-vinylpyridine and polyvinyl alcohol on a paper support. The
      processing solution contained (G./liter of solution in water) potassium
      hydroxide (50), potassium bromide (40), N-benzyl-.alpha.-picolinium
      bromide (20), benzotriazole (20) and sodium sulfate (50). Upon
      delamination of separate samples after 30, 60, and 120 seconds,
      respectively, reflection densities of 1.20, 1.55, and 1.80 were measured
      on the receiver.
PAC  EXAMPLE 16 - Preparation of Compounds 15-21
PAR  Compound 12 of Example 13 is esterified with acetyl chloride in dry acetone
      using one equivalent of pyridine as the hydrogen chloride acceptor.
      Compound 15 is similar to Compound 12 of Example 13 only the hydroxy
      radical in the para position (relative to the point of attachment of the
      azo linkage) of the naphthalene nucleus is replaced with --OCOCH.sub.3.
      Compound 16 is prepared in a similar manner only using propionyl chloride
      in the esterification process.
PAR  These compounds are tested as in Example 12 with the following results:
      Compound 15: .lambda.max of transferred image 640 nm, densities 1.36 (30
      sec.), 2.11 (60 sec.), 2.7 (120 sec.); Compound 16: .lambda.max of
      transferred image 640 nm, densities 1.20 (30 sec.), 1.95 (60 sec.) and 2.4
      (120 sec.).
PAR  In a like manner, the hydroxy group in the para position relative to the
      point of attachment of the azo linkage of the naphthalene nucleus on
      Compound 12 is replaced with the following groups and tested as in Example
      12 with the following results:
TBL                     .lambda. Max                                           
                                  Density of Dye Transfer Image                
     Compound  Group    (nm.)                                                  
                             D Max                                             
                                  30 sec.                                      
                                       60 sec.                                 
                                            120 sec.                           
     __________________________________________________________________________
     17                 640  2.3  .77  1.46 2.3                                
     18                 640  2.0  .70  1.26 2.0                                
     19                 640  2.9  1.41 2.4  2.9                                
           O                                                                   
           .parallel.                                                          
     20    --OC--C.sub.11 H.sub.23                                             
                        640  1.18 .50  .77  1.18                               
     21                 640  --   .26  .47  .79                                
     __________________________________________________________________________
PAC  EXAMPLE 17
PAR  Dyes such as those released from the previously discussed carriers (Car-)
      during alkaline processing were prepared and dissolved in 30 ml. of a 0.5N
      sodium hydroxide solution containing 30 g./1. of hydroxyethylcellulose.
      Each solution was spread between a cellulose acetate cover sheet and a
      receiving element so that the alkaline dye composition was 0.1 mm thick.
      The receiving element was as described in Example 12 only having an
      additional layer of gelatin (43 mg/dm.sup.2) coated over the
      carbon-gelatin layer. The spectra of the dyes when adsorbed to the mordant
      were determined as in Example 12. The following Table II shows the general
      formula of the dyes tested and the results obtained.
TBL                                    Table II                                
     __________________________________________________________________________
     Dye No.  D        E     M.sup.1                                           
                                   Q.sup.1                                     
                                        .lambda.max                            
     __________________________________________________________________________
     1    H          H     5-SO.sub.2 NH.sub.2                                 
                                 H      610                                    
     2    SO.sub.2 CH.sub.3                                                    
                     H     5-SO.sub.2 NH.sub.2                                 
                                 H      634                                    
     3    SO.sub.2 CH.sub.3                                                    
                     H     6-SO.sub.2 NH.sub.2                                 
                                 H      639                                    
     4    SO.sub.2 CH.sub.3                                                    
                     H     7-SO.sub.2 NH.sub.2                                 
                                 H      630                                    
     5    SO.sub.2 CH.sub.3                                                    
                     H     8-SO.sub.2 NH.sub.2                                 
                                 H      616                                    
     6    SO.sub.2 CH.sub.3                                                    
                     H     5-J.sub.1 *                                         
                                 H      630                                    
     7    SO.sub.2 CH.sub.3                                                    
                     H     6-J.sub.1 *                                         
                                 H      640                                    
     8    H          H     6-SO.sub.2 NH.sub.2                                 
                                 H      612                                    
     9    Cl         H     6-SO.sub.2 NH.sub.2                                 
                                 H      625                                    
     10   Br         H     6-SO.sub.2 NH.sub.2                                 
                                 H      634                                    
     11   CN         H     6-SO.sub.2 NH.sub.2                                 
                                 H      636                                    
     12   CF.sub.3   H     6-SO.sub.2 NH.sub.2                                 
                                 H      637                                    
     13   NO.sub.2   H     6-SO.sub.2 NH.sub.2                                 
                                 H      638                                    
     14   OCH.sub.3  H     6-SO.sub.2 NH.sub.2                                 
                                 H      625                                    
     15   CH.sub.3   H     6-SO.sub.2 NH.sub.2                                 
                                 H      606                                    
     16   SO.sub.3 Na                                                          
                     H     6-SO.sub. 2 NH.sub.2                                
                                 H      617                                    
     17   SO.sub.2 NHC.sub.2 H.sub.5                                           
                     H     6-SO.sub.2 NH.sub.2                                 
                                 H      633                                    
     18   --NO.sub.2 --SO.sub.2 NH.sub.2                                       
                           6-SO.sub.2 NH.sub.2                                 
                                 H      632                                    
     19   Cl         NO.sub.2                                                  
                           6-SO.sub.2 NH.sub.2                                 
                                 H      645                                    
     20   Cl         Cl    6-SO.sub.2 NH.sub.2                                 
                                 H      630                                    
     21   --CN       --NO.sub.2                                                
                           6-SO.sub.2 NH.sub.2                                 
                                 H      621                                    
     22   --SO.sub.2 NH(CH.sub.2).sub.2 COOH                                   
                     H     6-SO.sub.2 NH.sub.2                                 
                                 H      639                                    
     23   Cl         --NO.sub.2                                                
                           6-J.sub.1 *                                         
                                 H      653                                    
     24   Cl         H     5-SO.sub.2 NH.sub.2                                 
                                 H      633                                    
     25   CN         H     5-SO.sub.2 NH.sub.2                                 
                                 H      633                                    
     26   NO.sub.2   H     5-SO.sub.2 NH.sub.2                                 
                                 H      630                                    
     27   SO.sub.2 CH.sub.3                                                    
                     H     5-SO.sub.2 NH.sub.2                                 
                                 8-NHCOCH.sub.3                                
                                        645                                    
     28   SO.sub.2 CH.sub.3                                                    
                     H     6-SO.sub.2 NH.sub.2                                 
                                 8-NHCOCH.sub.3                                
                                        615                                    
     29   NO.sub.2   Cl    6-SO.sub.2 NH.sub.2                                 
                                 8-NHCOCH.sub.3                                
                                        660                                    
     30   Cl         H     5-SO.sub.2 NH.sub.2                                 
                                 8-NHCOCH.sub.3                                
                                        610                                    
     31   H          H     5-SO.sub.2 NH.sub.2                                 
                                 8-NHCOCH.sub.3                                
                                        603                                    
     32   CN         H     5-SO.sub.2 NH.sub.2                                 
                                 8-NHCOCH.sub.3                                
                                        625                                    
     33   SO.sub.2 CH.sub.3                                                    
                     H     5-J.sub.1 *                                         
                                 8-NHCOCH.sub.3                                
                                        650                                    
     34   SO.sub.2 CH.sub.3                                                    
                     H     6-J.sub.1 *                                         
                                 8-NHCOCH.sub.3                                
                                        669                                    
     35   SO.sub.2 NHC.sub.2 H.sub.5                                           
                     H     H     8-NHCOCH.sub.3                                
                                        625                                    
     36   SO.sub.2 CH.sub.3                                                    
                     H     5-SO.sub.2 H                                        
                                 5-J.sub.2 *                                   
                                        633                                    
     37   SO.sub.2 CH.sub.3                                                    
                     Cl    H     5-J.sub.2 *                                   
                                        640                                    
     38   SO.sub.2 C.sub.2 H.sub.5                                             
                     H     H     5-J.sub.2 *                                   
                                        640                                    
     39   SO.sub.2 (CH.sub.2).sub.3 CH.sub.3                                   
                     H     H     5-J.sub.2 *                                   
                                        640                                    
     40   SO.sub.2 (CH.sub.2).sub.5 CH.sub.3                                   
                     H     H     5-J.sub.2 *                                   
                                        640                                    
     41   SO.sub.2 CH.sub.2 C.sub.6 H.sub.5                                    
                     H     H     5-J.sub.2 *                                   
                                        645                                    
     42   Cl         H     H     5-J.sub.2 *                                   
                                        660                                    
     43   CF.sub.3   H     H     5-J.sub.2 *                                   
                                        652                                    
     44   Br         H     H     5-J.sub.2 *                                   
                                        657                                    
     45   CN         H     H     5-J.sub.2 *                                   
                                        638                                    
     46   SO.sub.3 C.sub.6 H.sub.5                                             
                     H     H     5-J.sub.2 *                                   
                                        657                                    
     47   Cl         NO.sub.2                                                  
                           H     5-J.sub.2 *                                   
                                        645                                    
     48   COOH       H     H     5-J.sub.2 *                                   
                                        --                                     
     __________________________________________________________________________
      *J.sub.1 = SO.sub.2 NH--C.sub.6 H.sub.4 (m)--SO.sub.2 NH.sub.2           
      *J.sub.2 = NHSO.sub.2 --C.sub.6 H.sub.4 (m)--SO.sub. 2 NH.sub.2          
PAC  EXAMPLE 18
PAR  An integral multicolor photosensitive element is prepared by coating the
      following layers in the order recited on a transparent cellulose acetate
      film support:
PA1  1. image-receiving layer of
      copoly[styrene-N-benzyl-N,N-dimethyl-N-(3-maleimidopropyl)ammonium
      chloride] (200 mg./ft..sup.2) and gelatin (100 mg./ft..sup.2);
PA1  2. reflecting layer of titanium dioxide (2000 mg./ft..sup.2) and gelatin
      (200 mg./ft..sup.2);
PA1  3. opaque layer of carbon black (250 mg./ft..sup.2) and gelatin (312
      mg./ft..sup.2);
PA1  4. cyan image dye-providing Compound 12 prepared in Example 13 (65
      mg./ft..sup.2) and gelatin (100 mg./ft..sup.2);
PA1  5. red-sensitive, internal-image gelatin-silver chlorobromide emulsion (100
      mg. gelatin/ft..sup.2 and 125 mg. silver/ft..sup.2),
      2,5-di-sec-dodecylhydroquinone (25 mg./ft..sup.2) and nucleating agent
      formyl-4-methylphenylhydrazine (1 g./mole of silver);
PA1  6. interlayer of gelatin (100 mg./ft..sup.2) and
      2,5-di-sec-dodecylhydroquinone (50 mg./ft..sup.2);
PA1  7. magenta image dye-providing compound (150 mg./ft..sup.2) having the
      formula
      ##SPC39##
PAL  and gelatin (175 mg./ft..sup.2);
PA1  8. green-sensitive, internal-image gelatin-silver chlorobromide emulsion
      (125 mg. gelatin/ft..sup.2 and 150 mg. silver/ft..sup.2),
      2,5,-di-sec-dodecylhydroquinone (50 mg./ft..sup.2) and nucleating agent
      formyl-4-methylphenylhydrazine (1 g./mole of silver);
PA1  9. interlayer of gelatin (100 mg./ft..sup.2) and
      2,5-di-sec-dodecylhydroquinone (50 mg./ft..sup.2);
PA1  10. yellow image dye-providing compound (100 mg./ft..sup.2) having the
      formula
      ##SPC40##
PAL  and gelatin (150 mg./ft..sup.2);
PA1  11. blue-sensitive internal-image gelatin-silver chlorobromide emulsion
      (100 mg. gelatin/ft..sup.2 and 150 mg. silver/ft..sup.2),
      2,5-di-sec-dodecylhydroquinone (50 mg./ft..sup.2) and nucleating agent
      formyl-4-methylphenylhydrazine (1 g./mole of silver); and
PA1  12. overcoat of gelatin (82.5 mg./ft..sup.2).
PAR  The above silver halide emulsions are direct-positive emulsions having high
      internal sensitivity and low surface sensitivity of the type described in
      U.S. Pat. No. 2,592,250.
PAR  The above-prepared photosensitive element is then exposed to a
      graduated-density multicolor test object. The following processing
      composition is employed in a pod and is spread between the photosensitive
      element and an opaque cellulose acetate sheet by passing the transfer
      "sandwich" between a pair of juxtaposed pressure rollers:
TBL  sodium hydroxide     40        g.                                         
     4-hydroxymethyl-4-methyl-1-                                               
      phenyl-3-pyrazolidone                                                    
                          4         g.                                         
     5-methylbenzyltriazole                                                    
                          0.1       g.                                         
     potassium iodide     0.01      g.                                         
     hydroxyethyl cellulose                                                    
                          25        g.                                         
     distilled water to   1000      ml.                                        
PAR  After 4 minutes, the element is separated from the opaque sheet, subjected
      to a 1-minute acid rinse, fixed for 4 minutes, washed and dried. The
      following sensitometric results are obtained.
TBL  ______________________________________                                    
     Maximum Density   Minimum Density                                         
     Red     Green    Blue     Red    Green  Blue                              
     ______________________________________                                    
     1.24    1.58     1.96     0.36   0.42   0.42                              
     ______________________________________                                    
PAR  The magenta image dye-providing compound used in this example is prepared
      as follows:
PAR  Predistilled N,N-dimethylformamide (250 ml.) is added to a dried flask
      containing 22.2 g. (0.05 mol) of
      .alpha.-[4-hydroxy-3-(2-methoxy-5-sulfamylphenylazo)-1-naphthoxy]
      propionic acid, 32.5 g. (0.05 mole) of
      1-hydroxy-4-m-amino-benzenesulfamyl-N-[.DELTA.-(2,4-di-t-amylphenoxy)butyl
     ]-2-naphthamide, and 12.3 g. (0.05 mole) of
      N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline. The reaction is protected
      from atmospheric moisture and stirred at room temperature for 4 hours. The
      reaction is cooled in an ice bath and a solution of 25 g. (0.3 mole) of
      sodium bicarbonate in 500 ml. of water is added in portions to precipitate
      an oily solid. An additional 500 ml. of water is added to complete the
      precipitation. The liquid is decanted from the oily solid and the solid is
      washed repeatedly with water until the water phase is almost colorless.
      Any oily solid removed in the original or subsequent decantations is
      recovered by filtration and thorough washing with water. The oily product
      is mechanically stirred in 250 ml. of water for 11/2 hours to give a
      crystalline material which is further ground up under water using a mortar
      and pestle. The resulting slurry is filtered, the solid is washed with
      water and dried to yield 52 g. (97 percent) of product, m.p.
      120.degree.-160.degree.C. The crude product is purified by stirring the
      product in 300 ml. of acetic acid at room temperature for 11/2 hours. The
      solid is dissolved and reprecipitated. The slurry is filtered and the
      solid washed with 200 ml. of cold acetic acid followed by 500 ml. of
      water. The yield of the pure magenta image dye-providing compound is 38 g.
      (71 percent), m.p. 168.degree.-171.degree.C., .nu.max (Dimethylacetamide
      with triethylamine present) 520-545 nm.
PAR  The yellow image dye-providing compound used in this example is prepared as
      follows:
PAR  To a solution of 7.3 g. (0.015 mole) of
      1-hydroxy-4-amino-N-[.DELTA.-(2,4-di-t-amylphenoxy)butyl]-2-naphthamide in
      60 ml. of dye pyridine cooled to 2.degree.C. in an ice bath and stirred in
      a nitrogen atmosphere are added 6.4 g. (0.016 mole) of
      1-phenyl-3-methylcarbamyl-4-(p-chlorosulfonylphenylazo)-5-pyrazolone. The
      mixture is stirred for 2 hours at room temperature and poured into 1 liter
      of ice and water containing 75 ml. of hydrochloric acid. The precipitate
      is collected, dried and recrystallized to give 10.4 g. of the yellow image
      dye-providing compound.
PAR  The photographic elements of this invention can be processed to provide a
      good positive image in the exposed element by a reversal process. The
      following example employs an image dye-providing compound adapted for use
      in the reactions claimed in Hinshaw et al, U.S. Ser. No. 326,628.
PAC  EXAMPLE 19
PAR  An image dye-providing Compound 22 of the following structure is prepared
      in a manner similar to the methods described in Hinshaw et al, U.S. Ser.
      No. 326,628.
      ##SPC41##
PAR  A photographic element is prepared by coating the layers on the support as
      follows:
PA1  1. support;
PA1  2. layer containing 40 mg./ft..sup.2 of the above compound dissolved in 20
      mg./ft..sup.2 of diethyl lauramide, 10 g./ft..sup.2 of
      5-(2-cyanoethylthio)-1-phenyltetrazole dissolved in 30 mg./ft..sup.2 of
      tricresyl phosphate, and gelatin at 125 mg./ft..sup.2 ;
PA1  3. layer containing a negative silver bromoiodide emulsion coated at 100
      mg./ft..sup.2 based on silver and gelatin at 100 mg./ft..sup.2 ;
PA1  4. layer containing galatin at 50 mg./ft..sup.2.
PAR  A sample of the photographic element is exposed imagewise to a step wedge
      and processed in Kodak Developer DK-50 at a pH of 9.0 for 15 minutes at
      20.degree.C. The element is then washed for 5 minutes, dried, and exposed
      to room light. The sample is then brought into interfacial contact with an
      image-receiving element containing a dye mordant with a viscous processing
      solution inserted between the photographic element and the image-receiving
      element. The viscous processing solution has the formula:
TBL  potassium hydroxide        60     g.                                      
     hydroxyethyl cellulose     30     g.                                      
     4-hydroxymethyl-4-methyl-1-phenyl-3-pyrazolidone                          
                                3      g.                                      
     sodium thiosulfate         3      g.                                      
     potassium bromide          10     g.                                      
     water to 1 liter                                                          
      After 10 minutes the elements are separated. The receiver is washed and
      dried to provide a good negative image. The photosensitive element is
      washed, bleached, washed, fixed, washed and dried. A good positive cyan
      dye image is obtained in this element.
PAC  EXAMPLE 20
PAR  The following compounds within the scope of the invention are prepared and
      tested as in Example 12. The compounds and results are described in the
      following Tables III and IV.
TBL                                    Table III                               
     __________________________________________________________________________
     Compound                               Density of Dye Transfer Image      
     No.                  Car               30 sec.                            
                                                 60 sec.                       
                                                      120 sec.                 
     __________________________________________________________________________
     23                                      .78 1.13 1.46                     
     24                                     1.31 1.98 2.22                     
     25                                     1.09 1.99 2.29                     
     26                                     1.14 1.71 2.07                     
     __________________________________________________________________________
TBL                Table IV                                                    
     ______________________________________                                    
                     Density of Dye Transfer Image                             
     Compound        R         30 sec.                                         
                                      60 sec.                                  
                                             120 sec.                          
     ______________________________________                                    
     27      CH.sub.3      1.18     1.57   1.96                                
     28                     .54      .73    .93                                
     ______________________________________                                    
PAR  The invention has been described in detail with particular reference to
      certain preferred embodiments thereof, but it will be understood that
      variations and modifications can be effected within the spirit and scope
      of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A photosensitive element comprising a support having thereon at least
      one photosensitive silver halide emulsion layer and one of said layers
      having associated therewith a cyan image dye-providing compound having a
      formula as follows:
      ##SPC42##
PAL  wherein
PA1  Car represents a ballasted carrier moiety which, as a function of oxidation
      of said compound under alkaline conditions, cleaves off from said compound
      releasing a diffusible dye;
PA1  X represents a bivalent linking group of the formula -R.sup.2 -L.sub.n
      -R.sup.2.sub. p - where each R.sup.2 can be the same or different and each
      represents an alkylene radical having 1 to about 8 carbon atoms; a
      phenylene radical; or a phenylene radical substituted with chloro, bromo,
      cyano, nitro, methoxy, methyl, carboxy or sulfo; L represents a bivalent
      radical selected from oxy, carbonyl, carboxamido, carbamoyl, sulfonamido,
      sulfamoyl, sulfinyl or sulfonyl; n is an integer having a value of 0 or 1;
      p is 1 when n equals 1 and p is 1 or 0 when n equals 0, provided that when
      p is 1 the carbon content of the sum of both R.sup.2 radicals does not
      exceed 14 carbon atoms;
PA1  R represents a hydrogen atom, or an alkyl radical having 1 to about 6
      carbon atoms;
PA1  J represents a bivalent radical selected from sulfonyl or carbonyl;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  Q represents a hydrogen atom, a hydroxy radical or a radical having the
      formula -NHCOR.sup.3 or -NHSO.sub.2 R.sup.3 wherein R.sup.3 is an alkyl
      radical having 1 to about 6 carbon atoms, an alkyl radical having 1 to
      about 4 carbon atoms substituted with hydroxy, cyano, sulfamoyl, carboxy
      or sulfo; benzyl phenyl, or a phenyl radical substituted with carboxy,
      chloro, methyl, methoxy or sulfamoyl;
PA1  G represents a hydroxy radical, a salt thereof, or a hydrolyzable acyloxy
      group having the formula:
      ##EQU20##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or phenyl substituted with chloro or nitro;
PA1  D represents a halogen atom, a cyano radical, a nitro radical, a
      trifluoromethyl radical, an alkyl radical having 1 to about 6 carbon
      atoms, an alkoxy radical having 1 to about 6 carbon atoms, a carboxy
      radical, a carboxylic acid ester having the formula --COOR.sup.4 wherein
      R.sup.4 is as described previously, a fluorosulfonyl radical, a --SO.sub.3
      -phenyl radical or a --SO.sub.3 -phenyl radical substituted with hydroxy,
      chloro, carboxy, sulfamoyl, methyl or methoxy; a sulfo radical, a
      sulfamoyl radical having the formula --SO.sub.2 NR.sup.5 R.sup.6 wherein
      R.sup.5 represents hydrogen or an alkyl group having 1 to about 6 carbon
      atoms and R.sup.6 represents hydrogen, an alkyl radical having 1 to about
      6 carbon atoms, an alkyl radical having 1 to about 4 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo; a benzyl
      radical, a phenyl radical, a phenyl radical substituted with hydroxy,
      sulfonyl, sulfamoyl, carboxy or sulfo; an alkyl carbonyl radical having 1
      to about 8 carbon atoms, or a phenyl carbonyl radical, with the proviso
      that the carbon content of the sum of R.sup.5 and R.sup.6 not exceed 14
      carbon atoms; a carbamoyl radical having the formula --CON(R.sup.5).sub.2
      wherein each R.sup.5 can be the same or different and is as described
      previously; an alkylsulfonyl radical having 1 to about 8 carbon atoms; an
      alkylsulfonyl radical having 1 to about 6 carbon atoms substituted with
      hydroxy, phenyl, cyano, sulfamoyl, carboxy or sulfo; a phenylsulfonyl
      radical; a phenylsulfonyl radical substituted with hydroxy, sulfonyl,
      sulfamoyl, carboxy or sulfo; or D can represent a substituent having the
      formula Car-[X-(NR-J).sub.q ].sub.m - or Car-X-J-, provided that the
      Car-[X-(NR-J).sub.q ].sub.m -substituent on the naphthalene nucleus of
      Formula I is replaced by an M group or the Car-X-J-NH- substituent on the
      naphthalene nucleus of Formula II is replaced by a Q group wherein Car, X,
      J, R, q and m are as described previously.
PA1  E represents a hydrogen atom, a halogen atom, a nitro radical, a cyano
      radical or a trifluoromethyl radical;
PA1  M represents a hydrogen atom, a carboxy radical, a carboxylic acid ester
      having the formula -COOR.sup.4 wherein R.sup.4 is as described previously,
      a sulfo radical, a sulfamoyl radical having the formula --SO.sub.2
      NR.sup.5 R.sup.6, a carbamoyl radical having the formula
      --CON(R.sup.5).sub.2 wherein R.sup.5 and R.sup.6 are as described
      previously, an alkylsulfonyl radical having 1 to about 8 carbon atoms; an
      alkylsulfonyl radical having 1 to about 6 carbon atoms substituted with
      cyano or hydroxy; a phenylsulfonyl radical or a phenylsulfonyl radical
      substituted with sulfamoyl, carboxy, fluorosulfonyl or methoxy;
PA1  with the proviso that there be no more than one sulfo radical and no more
      than one carboxy radical present in said compound.
NUM  2.
PAR  2. A photosensitive element as described in claim 1 wherein n and p each
      have a value of 0.
NUM  3.
PAR  3. A photosensitive element as described in claim 1 wherein m has a value
      of 0.
NUM  4.
PAR  4. A photosensitive element as described in claim 1 wherein G is a hydroxy
      radical.
NUM  5.
PAR  5. A photosensitive element as described in claim 1 wherein E represents a
      hydrogen atom, a halogen atom or a nitro radical; and M represents a
      hydrogen atom or a sulfamoyl radical as described in claim 1.
NUM  6.
PAR  6. A photosensitive element as described in claim 1 wherein
PA1  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms,
      phenylene or phenylene substituted with carboxy, chloro, methyl or
      methoxy;
PA1  L represents sulfamoyl, sulfonamido, carbamoyl or carboxamido;
PA1  R represents hydrogen;
PA1  q is an integer having a value of 1;
PA1  m is an integer having a value of 0 or 1;
PA1  Q represents hydrogen, hydroxy, --NHCOR.sup.3 or --NHSO.sub.2 R.sup.3
      wherein R.sup.3 represents an alkyl radical having 1 to about 4 carbon
      atoms; an alkyl radical having 1 to about 4 carbon atoms substituted with
      hydroxy, cyano, sulfamoyl, carboxy or sulfo; benzyl, phenyl or phenyl
      substituted with carboxy, chloro, methyl, methoxy or sulfamoyl;
PA1  D represents chloro, fluoro, bromo, cyano, trifluoromethyl, nitro,
      fluorosulfonyl, alkylsulfonyl having 1 to about 6 carbon atoms,
      alkylsulfonyl having 1 to about 6 carbon atoms substituted with hydroxy,
      phenyl, cyano, sulfamoyl, carboxy or sulfo; phenylsulfonyl; phenylsulfonyl
      substituted with hydroxy, sulfamoyl, fluorosulfonyl, carboxy or sulfo; a
      sulfamoyl radical having the formula --SO.sub.2 NHR.sup.6 wherein R.sup.6
      is hydrogen, an alkyl radical having 1 to about 4 carbon atoms, or an
      alkyl radical having 1 to about 4 carbon atoms substituted with hydroxy,
      cyano, sulfamoyl, carboxy or sulfo; benzyl, phenyl or phenyl substituted
      with hydroxy, sulfonyl, sulfamoyl, carboxy or sulfo; a carbamoyl radical
      having the formula --CON(R.sup.5).sub.2 wherein R.sup.5 is hydrogen or
      methyl, and
PA1  D can represent a substituent having the formula Car-[X-(NR-J).sub.q
      ].sub.m -or Car-X-J-, provided that the Car-[X-(NR-J).sub.q ].sub.m -
      substituent on the naphthalene nucleus of Formula I is replaced by an M
      group or the Car-X-J-NH substituent on the naphthalene nucleus of Formula
      II is replaced by a Q group wherein Car, X, J, R, q and m are as described
      previously;
PA1  E represents hydrogen, fluoro, or chloro; and
PA1  M represents hydrogen or a sulfamoyl radical of the formula --SO.sub.2
      NHR.sup.6 wherein R.sup.6 is hydrogen; an alkyl radical of 1 to about 4
      carbon atoms; an alkyl radical having 1 to about 6 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy, or sulfo; benzyl,
      phenyl or phenyl substituted with hydroxy, sulfamoyl, carboxy or sulfo.
NUM  7.
PAR  7. A photosensitive element as described in claim 6 wherein n and p each
      have a value of 0.
NUM  8.
PAR  8. A photosensitive element as described in claim 6 wherein m has a value
      of 0.
NUM  9.
PAR  9. A photosensitive element as described in claim 6 wherein G is a hydroxy
      radical.
NUM  10.
PAR  10. A photosensitive element as described in claim 6 wherein E represents a
      hydrogen atom, a halogen atom or nitro radical; and M represents a
      hydrogen atom.
NUM  11.
PAR  11. A photosensitive element as described in claim 6 wherein the
      Car-X-J-NH- substituent in Formula II is in the 5-position on the
      naphthalene nucleus relative to G; and the Car-[X-(NR-J).sub.q ].sub.m -
      substituent in Formula I is in the 5- or 6-position on the naphthalene
      nucleus relative to G;
PA1  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms, or
      phenylene;
PA1  L represents sulfamoyl or sulfonamido;
PA1  J represents sulfonyl;
PA1  Q is in the 8-position relative to G and represents hydrogen, hydroxy,
      --NHSO.sub.2 R.sup.3 or --NHCOCH.sub.3 ;
PA1  G represents hydroxy, a photographically inactive ammonium salt thereof, or
      a hydrolyzable acyloxy group having the formula:
      ##EQU21##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or phenyl substituted with chloro or nitro;
PA1  D represents chloro, bromo, cyano, trifluoromethyl, nitro, alkylsulfonyl
      having 1 to about 6 carbon atoms, or benzylsulfonyl;
PA1  E represents hydrogen; and
PA1  M represents hydrogen.
NUM  12.
PAR  12. A photosensitive element as described in claim 11 wherein X represents
      ##SPC43##
PAL  G represents hydroxy or a hydrolyzable acyloxy group; and
PA1  D represents an alkylsulfonyl radical having 1 to about 4 carbon atoms.
NUM  13.
PAR  13. A photosensitive element comprising a support having thereon at least
      one photosensitive silver halide emulsion layer and one of said layers
      having associated therewith a cyan image dye-providing compound having a
      formula as follows:
      ##SPC44##
PAL  wherein
PA1  Ball represents an organic ballasting group of such size and configuration
      as to render said compound nondiffusible during development in an alkaline
      processing composition;
PA1  Y represents the carbon atoms necessary to complete a benzene or
      naphthalene nucleus;
PA1  X represents a bivalent linking group of the formula -R.sup.2 -L.sub.n
      -R.sup.2.sub.p - where each R.sup.2 can be the same or different and each
      represents an alkylene radical having 1 to about 8 carbon atoms; a
      phenylene radical; or a phenylene radical substituted with chloro, bromo,
      cyano, nitro, methoxy, methyl, carboxy or sulfo; L represents a bivalent
      radical selected from oxy, carbonyl, carboxamido, carbamoyl, sulfonamido,
      sulfamoyl, sulfinyl or sulfonyl; n is an integer having a value of 0 or 1;
      p is 1 when n equals 1 and p is 1 or 0 when n equals 0, provided that when
      p is 1 the carbon content of the sum of both R.sup.2 radicals does not
      exceed 14 carbon atoms;
PA1  R represents a hydrogen atom, or an alkyl radical having 1 to about 6
      carbon atoms;
PA1  J represents a bivalent radical selected from sulfonyl or carbonyl;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  Q represents a hydrogen atom, a hydroxy radical or a radical having the
      formula -NHCOR.sup.3 or -NHSO.sub.2 R.sup.3 wherein R.sup.3 is an alkyl
      radical having 1 to about 6 carbon atoms, an alkyl radical having 1 to
      about 4 carbon atoms substituted with hydroxy, cyano, sulfamoyl, carboxy
      or sulfo; benzyl, phenyl, or a phenyl radical substituted with carboxy,
      chloro, methyl, methoxy or sulfamoyl;
PA1  G represents a hydroxy radical, a salt thereof, or a hydrolyzable acyloxy
      group having the formula:
      ##EQU22##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or phenyl substituted with chloro or nitro;
PA1  D represents a halogen atom, a cyano radical, a nitro radical, a
      trifluoromethyl radical, an alkyl radical having 1 to about 6 carbon
      atoms, an alkoxy radical having 1 to about 6 carbon atoms, a carboxy
      radical, a carboxylic acid ester having the formula -COOR.sup.4 wherein
      R.sup.4 is as described previously, a fluorosulfonyl radical, a -SO.sub.3
      -phenyl radical or a -SO.sub.3 -phenyl radical substituted with hydroxy,
      chloro, carboxy, sulfamoyl, methyl or methoxy; a sulfo radical, a
      sulfamoyl radical having the formula -SO.sub.2 NR.sup.5 R.sup.6 wherein
      R.sup.5 represents hydrogen or an alkyl group having 1 to about 6 carbon
      atoms and R.sup.6 represents hydrogen, an alkyl radical having 1 to about
      6 carbon atoms, an alkyl radical having 1 to about 4 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo; a benzyl
      radical, a phenyl radical, a phenyl radical substituted with hydroxy,
      sulfonyl, sulfamoyl, carboxy or sulfo; an alkyl carbonyl radical having 1
      to about 8 carbon atoms, or a phenyl carbonyl radical, with the proviso
      that the carbon content of the sum of R.sup.5 and R.sup.6 not exceed 14
      carbon atoms; a carbamoyl radical of the formula -CON(R.sup.5).sub.2
      wherein each R.sup.5 can be the same or different and is as described
      previously; an alkylsulfonyl radical having 1 to about 8 carbon atoms; an
      alkylsulfonyl radical having 1 to about 6 carbon atoms substituted with
      hydroxy, phenyl, cyano, sulfamoyl, carboxy or sulfo; a phenylsulfonyl
      radical; a phenylsulfonyl radical substituted with hydroxy, sulfonyl,
      sulfamoyl, carboxy or sulfo; or D can represent a substituent having the
      formula
      ##SPC45##
PAL  provided that the
      ##SPC46##
PAL  substituent on the naphthalene nucleus of Formula I is replaced by an M
      group or the
      ##SPC47##
PAL  substituent on the naphthalene nucleus of Formula II is replaced by a Q
      group wherein Car, X, J, R, q and m are as described previously.
PA1  E represents a hydrogen atom, a halogen atom, a nitro radical, a cyano
      radical or a trifluoromethyl radical;
PA1  M represents a hydrogen atom, a carboxy radical, a carboxylic acid ester
      having the formula -COOR.sup.4 wherein R.sup.4 is as described previously,
      a sulfo radical, a sulfamoyl radical having the formula -SO.sub.2 NR.sup.5
      R.sup.6, a carbamoyl radical having the formula -CON(R.sup.5).sub.2
      wherein R.sup.5 and R.sup.6 are as described previously, an alkylsulfonyl
      radical having 1 to about 8 carbon atoms; an alkylsulfonyl radical having
      1 to about 6 carbon atoms substituted with cyano or hydroxy; a
      phenylsulfonyl radical or a phenylsulfonyl radical substituted with
      sulfamoyl, carboxy, fluorosulfonyl or methoxy;
PA1  with the proviso that there be no more than one sulfo radical and no more
      than one carboxy radical present in said compound.
NUM  14.
PAR  14. A photosensitive element as described in claim 13 wherein
PA1  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms,
      phenylene or phenylene substituted with carboxy, chloro, methyl or
      methoxy;
PA1  L represents sulfamoyl, sulfonamido, carbamoyl, or carboxamido;
PA1  R represents hydrogen;
PA1  q is an integer having a value of 1;
PA1  m is an integer having a value of 0 or 1;
PA1  Q represents hydrogen, hydroxy, --NHCOR.sup.3 or --NHSO.sub.2 R.sup.3
      wherein R.sup.3 represents an alkyl radical having 1 to about 4 carbon
      atoms, an alkyl radical having 1 to about 4 carbon atoms substituted with
      hydroxy, cyano, sulfamoyl, carboxy or sulfo; benzyl, phenyl, phenyl
      substituted with carboxy, chloro, methyl, methoxy or sulfamoyl;
PA1  D represents chloro; fluoro; bromo; cyano; trifluoromethyl; nitro;
      fluorosulfonyl; alkylsulfonyl having 1 to about 6 carbon atoms;
      alkylsulfonyl having 1 to about 6 carbon atoms substituted with hydroxy,
      phenyl, cyano, sulfamoyl, carboxy or sulfo; phenylsulfonyl; phenylsulfonyl
      substituted with hydroxy, sulfamoyl, fluorosulfonyl, carboxy or sulfo; a
      sulfamoyl radical having the formula --SO.sub.2 NHR.sup.6 wherein R.sup.6
      is hydrogen, an alkyl radical having 1 to about 4 carbon atoms or an alkyl
      radical having 1 to about 4 carbon atoms substituted with hydroxy, cyano,
      sulfamoyl, carboxy, or sulfo; benzyl, phenyl or phenyl substituted with
      hydroxy, sulfonyl, sulfamoyl, carboxy or sulfo; a carbamoyl radical having
      the formula --CON(R.sup.5).sub.2 wherein R.sup.5 is hydrogen or methyl,
      and
PA1  D can represent a substituent having the formula
      ##SPC48##
PAL  provided that the
      ##SPC49##
PAL  substituent on the naphthalene nucleus of Formula I is replaced by an M
      group or the
      ##SPC50##
PAL  substituent on the naphthalene nucleus of Formula II is replaced by a Q
      group wherein Y, Ball, X, R, J, q and m are as described previously;
PA1  E represents hydrogen, fluoro or chloro; and
PA1  M represents hydrogen or a sulfamoyl radical of the formula --SO.sub.2
      NHR.sup.6 wherein R.sup.6 is hydrogen; an alkyl radical of 1 to about 4
      carbon atoms; an alkyl radical having 1 to about 4 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy, or sulfo; benzyl,
      phenyl or phenyl substituted with hydroxy, sulfamoyl, carboxy or sulfo.
NUM  15.
PAR  15. A photosensitive element as described in claim 14 wherein n and p each
      have a value of 0.
NUM  16.
PAR  16. A photosensitive element as described in claim 14 wherein m has a value
      of 0.
NUM  17.
PAR  17. A photosensitive element as described in claim 14 wherein G is a
      hydroxy radical.
NUM  18.
PAR  18. A photosensitive element as described in claim 14 wherein E represents
      a hydrogen atom; and M represents a hydrogen atom.
NUM  19.
PAR  19. A photosensitive element as described in claim 14 wherein the
      ##SPC51##
PAL  containing substituent on the naphthalene nucleus is in the 5- or
      6-position relative to G in Formula I and in the 5-position relative to G
      in Formula II;
PA1  Y represents the atoms necessary to complete a naphthalene nucleus;
PA1  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms, or
      phenyl;
PA1  L represents sulfamoyl or sulfonamido;
PA1  J represents sulfonyl;
PA1  Q is in the 8-position relative to G and represents hydrogen, hydroxy,
      --NHSO.sub.2 CH.sub.3, or --NHCOCH.sub.3 ;
PA1  G represents hydroxy, a photographically inactive ammonium salt thereof, or
      a hydrolyzable acyloxy group having the formula
      ##EQU23##
      wherein R.sup.4 is an alkyl having 1 to about 18 carbon atoms, phenyl or
      phenyl substituted with chloro or nitro;
PA1  D represents chloro, bromo, cyano, trifluoromethyl, nitro, alkylsulfonyl
      having 1 to about 6 carbon atoms or benzylsulfonyl;
PA1  E represents hydrogen; and
PA1  M represents hydrogen.
NUM  20.
PAR  20. A photosensitive element as described in claim 19 wherein X represents
      ##SPC52##
PA1  G represents hydroxy or a hydrolyzable acyloxy group; and
PA1  D represents an alkylsulfonyl radical having 1 to about 4 carbon atoms.
NUM  21.
PAR  21. A photosensitive element as described in claim 19 wherein -Ball is
      linked to the sulfonamidonaphthol nucleus through a bivalent
      ##EQU24##
      moiety.
NUM  22.
PAR  22. A photosensitive element as described in claim 20 wherein -Ball
      represents
      ##SPC53##
PAL  and is in the 2-position relative to the hydroxy group.
NUM  23.
PAR  23. A photosensitive element as described in claim 1 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  24.
PAR  24. A photosensitive element as described in claim 6 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  25.
PAR  25. A photosensitive element as described in claim 11 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  26.
PAR  26. A photosensitive element as described in claim 12 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  27.
PAR  27. A photosensitive element as described in claim 13 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  28.
PAR  28. A photosensitive element as described in claim 14 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  29.
PAR  29. A photosensitive element as described in claim 15 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  30.
PAR  30. A photosensitive element as described in claim 16 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  31.
PAR  31. A photosensitive element as described in claim 19 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  32.
PAR  32. A photosensitive element as described in claim 20 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  33.
PAR  33. A photosensitive element as described in claim 21 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  34.
PAR  34. A photosensitive element as described in claim 22 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  35.
PAR  35. A photosensitive element comprising a support having thereon a layer
      containing a red-sensitive silver halide emulsion having associated
      therewith a cyan image dye-providing material, a layer containing a
      green-sensitive silver halide emulsion having associated therewith a
      magenta image dye-providing material, and a layer containing a
      blue-sensitive silver halide emulsion having associated therewith a yellow
      image dye-providing material, said cyan image dye-providing material
      having a formula as follows:
      ##SPC54##
PAL  wherein
PA1  Car represents a ballasted carrier moiety which, as a function of oxidation
      of said compound under alkaline conditions, cleaves off from said compound
      releasing a diffusible dye;
PA1  X represents a bivalent linking group of the formula -R.sup.2 -L.sub.n
      -R.sup.2.sub.p - where each R.sup.2 can be the same or different and each
      represents an alkylene radical having 1 to about 8 carbon atoms; a
      phenylene radical; or a phenylene radical substituted with chloro, bromo,
      cyano, nitro, methoxy, methyl, carboxy or sulfo; L represents a bivalent
      radical selected from oxy, carbonyl, carboxamido, carbamoyl, sulfonamido,
      sulfamoyl, sulfinyl or sulfonyl; n is an integer having a value of 0 or 1;
      p is 1 when n equals 1 and p is 1 or 0 when n equals 0, provided that when
      p is 1 the carbon content of the sum of both R.sup.2 radicals does not
      exceed 14 carbon atoms;
PA1  R represents a hydrogen atom, or an alkyl radical having 1 to about 6
      carbon atoms;
PA1  J represents a bivalent radical selected from sulfonyl or carbonyl;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  Q represents a hydrogen atom, a hydroxy radical or a radical having the
      formula -NHCOR.sup.3 or -NHSO.sub.2 R.sup.3 wherein R.sup.3 is an alkyl
      radical having 1 to about 6 carbon atoms, an alkyl radical having 1 to
      about 4 carbon atoms substituted with hydroxy, cyano, sulfamoyl, carboxy
      or sulfo; benzyl, phenyl, or a phenyl radical substituted with carboxy,
      chloro, methyl, methoxy or sulfamoyl;
PA1  G represents a hydroxy radical, a salt thereof, or a hydrolyzable acyloxy
      group having the formula:
      ##EQU25##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or phenyl substituted with chloro or nitro;
PA1  D represents a halogen atom, a cyano radical, a nitro radical, a
      trifluoromethyl radical, an alkyl radical having 1 to about 6 carbon
      atoms, an alkoxy radical having 1 to about 6 carbon atoms, a carboxy
      radical, a carboxylic acid ester having the formula --COOR.sup.4 wherein
      R.sup.4 is as described previously, a fluorosulfonyl radical, a --SO.sub.3
      -phenyl radical or a --SO.sub.3 -phenyl radical substituted with hydroxy,
      chloro, carboxy, sulfamoyl, methyl or methoxy; a sulfo radical, a
      sulfamoyl radical having the formula -SO.sub.2 NR.sup.5 R.sup.6 wherein
      R.sup.5 represents hydrogen or an alkyl group having 1 to about 6 carbon
      atoms and R.sup.6 represents hydrogen, an alkyl radical having 1 to about
      6 carbon atoms, an alkyl radical having 1 to about 4 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo; a benzyl
      radical, a phenyl radical, a phenyl radical substituted with hydroxy,
      sulfonyl, sulfamoyl, carboxy or sulfo; an alkyl carbonyl radical having 1
      to about 8 carbon atoms, or a phenyl carbonyl radical, with the proviso
      that the carbon content of the sum of R.sup.5 and R.sup.6 not exceed 14
      carbon atoms; a carbamoyl radical having the formula -CON(R.sup.5).sub.2
      wherein each R.sup.5 can be the same or different and is as described
      previously; an alkylsulfonyl radical having 1 to about 8 carbon atoms; an
      alkylsulfonyl radical having 1 to about 6 carbon atoms substituted with
      hydroxy, phenyl, cyano, sulfamoyl, carboxy or sulfo; a phenylsulfonyl
      radical; a phenylsulfonyl radical substituted with hydroxy, sulfonyl,
      sulfamoyl, carboxy or sulfo; or D can represent a substituent having the
      formula Car-[X-(NR-J).sub.q ].sub.m - or Car-X-J-, provided that the
      Car-[X-(NR-J).sub.q ].sub.m - substituent on the naphthalene nucleus of
      Formula I is replaced by an M group or the Car-X-J-NH- substituent on the
      naphthalene nucleus of Formula II is replaced by a Q group wherein Car, X,
      J, R, q and m are as described previously.
PA1  E represents a hydrogen atom, a halogen atom, a nitro radical, a cyano
      radical or a trifluoromethyl radical;
PA1  M represents a hydrogen atom, a carboxy radical, a carboxylic acid ester
      having the formula -COOR.sup.4 wherein R.sup.4 is as described previously,
      a sulfo radical, a sulfamoyl radical having the formula -SO.sub.2 NR.sup.5
      R.sup.6, a carbamoyl radical having the formula -CON(R.sup.5).sub.2
      wherein R.sup.5 and R.sup.6 are as described previously, an alkylsulfonyl
      radical having 1 to about 8 carbon atoms; an alkylsulfonyl radical having
      1 to about 6 carbon atoms substituted with cyano or hydroxy; a
      phenylsulfonyl radical or a phenylsulfonyl radical substituted with
      sulfamoyl, carboxy, fluorosulfonyl or methoxy;
PA1  with the proviso that there be no more than one sulfo radical and no more
      than one carboxy radical present in said compound.
NUM  36.
PAR  36. A photosensitive element as described in claim 35 wherein n and p each
      have a value of 0.
NUM  37.
PAR  37. A photosensitive element as described in claim 35 wherein m has a value
      of 0.
NUM  38.
PAR  38. A photosensitive element as described in claim 35 wherein G is a
      hydroxy radical;
PA1  E represents a hydrogen atom, a halogen atom or a nitro radical; and M
      represents a hydrogen atom or a sulfamoyl radical as described in claim 1.
NUM  39.
PAR  39. A photosensitive element as described in claim 35 wherein
PA1  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms,
      phenylene or phenylene substituted with carboxy, chloro, methyl or
      methoxy;
PA1  L represents sulfamoyl, sulfonamido, carbamoyl or carboxamido;
PA1  R represents hydrogen;
PA1  q is an integer having a value of 1;
PA1  m is an integer having a value of 0 or 1;
PA1  Q represents hydrogen, hydroxy, --NHCOR.sup.3 or --NHSO.sub.2 R.sup.3
      wherein R.sup.3 represents an alkyl radical having 1 to about 4 carbon
      atoms; an alkyl radical having 1 to about 4 carbon atoms substituted with
      hydroxy, cyano, sulfamoyl, carboxy or sulfo; benzyl, phenyl or phenyl
      substituted with carboxy, chloro, methyl, methoxy or sulfamoyl;
PA1  D represents chloro, fluoro, bromo, cyano, trifluoromethyl, nitro,
      fluorosulfonyl, alkylsulfonyl having 1 to about 6 carbon atoms,
      alkylsulfonyl having 1 to about 6 carbon atoms substituted with hydroxy,
      phenyl, cyano, sulfamoyl, carboxy or sulfo; phenylsulfonyl; phenylsulfonyl
      substituted with hydroxy, sulfamoyl, fluorosulfonyl, carboxy or sulfo; a
      sulfamoyl radical having the formula --SO.sub.2 NHR.sup.6 wherein R.sup.6
      is hydrogen, an alkyl radical having 1 to about 4 carbon atoms, or an
      alkyl radical having 1 to about 4 carbon atoms substituted with hydroxy,
      cyano, sulfamoyl, carboxy or sulfo; benzyl, phenyl or phenyl substituted
      with hydroxy, sulfonyl, sulfamoyl, carboxy or sulfo; a carbamoyl radical
      having the formula --CON(R.sup.5).sub.2 wherein R.sup.5 is hydrogen or
      methyl, and
PA1  D can represent a substituent having the formula Car-[X-(NR-J).sub.q
      ].sub.m - or Car-X-J-, provided that the Car-[X-(NR-J).sub.q ].sub.m -
      substituent on the naphthalene nucleus of Formula I is replaced by an M
      group or the Car-X-J-NH- substituent on the naphthalene nucleus of Formula
      II is replaced by a Q group wherein Car, X, J, R, q and m are as described
      previously;
PA1  E represents hydrogen, fluoro, or chloro; and
PA1  M represents hydrogen or a sulfamoyl radical of the formula --SO.sub.2
      NHR.sup.6 wherein R.sup.6 is hydrogen; an alkyl radical of 1 to about 4
      carbon atoms; an alkyl radical having 1 to about 6 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy, or sulfo; benzyl,
      phenyl or phenyl substituted with hydroxy, sulfamoyl, carboxy or sulfo.
NUM  40.
PAR  40. A photosensitive element as described in claim 39 wherein n and p each
      have a value of 0.
NUM  41.
PAR  41. A photosensitive element as described in claim 39 wherein m has a value
      of 0.
NUM  42.
PAR  42. A photosensitive element as described in claim 39 wherein G is a
      hydroxy radical.
NUM  43.
PAR  43. A photosensitive element as described in claim 39 wherein E represents
      a hydrogen atom, a halogen atom or nitro radical; and M represents a
      hydrogen atom.
NUM  44.
PAR  44. A photosensitive element as described in claim 39 wherein the
      Car-X-J-NH- substituent in Formula II is in the 5-position on the
      naphthalene nucleus relative to G; and the Car-[X-(NR-J).sub.q ].sub.m -
      substituent in Formula I is in the 5- or 6-position on the naphthalene
      nucleus relative to G;
PA1  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms or
      phenylene;
PA1  L represents sulfamoyl or sulfonamido;
PA1  J represents sulfonyl;
PA1  Q is in the 8-position relative to G and represents hydrogen, hydroxy,
      --NHSO.sub.2 R.sup.3 or --NHCOCH.sub.3 ;
PA1  G represents hydroxy, a photographically inactive ammonium salt thereof, or
      a hydrolyzable acyloxy group having the formula:
      ##EQU26##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or phenyl substituted with chloro or nitro;
PA1  D represents chloro, bromo, cyano, trifluoromethyl, nitro, alkylsulfonyl
      having 1 to about 6 carbon atoms, or benzylsulfonyl;
PA1  E represents hydrogen; and
PA1  M represents hydrogen.
NUM  45.
PAR  45. A photosensitive element as described in claim 44 wherein X represents
      ##SPC55##
PA1  G represents hydroxy or a hydrolyzable acyloxy group; and
PA1  D represents an alkylsulfonyl radical having 1 to about 4 carbon atoms.
NUM  46.
PAR  46. A photosensitive element comprising a support having thereon a layer
      containing a red-sensitive silver halide emulsion having associated
      therewith a cyan image dye-providing material, a layer containing a
      green-sensitive silver halide emulsion having associated therewith a
      magenta image dye-providing material, and a layer containing a
      blue-sensitive silver halide emulsion having associated therewith a yellow
      image dye-providing material, said cyan image dye-providing material
      having a formula as follows:
      ##SPC56##
PAL  wherein
PA1  Ball represents an organic ballasting group of such size and configuration
      as to render said compound nondiffusible during development in an alkaline
      processing composition;
PA1  Y represents the carbon atoms necessary to complete a benzene or
      naphthalene nucleus;
PA1  X represents a bivalent linking group of the formula -R.sup.2 -L.sub.n
      -R.sup.2.sub.p - where each R.sup.2 can be the same or different and each
      represents an alkylene radical having 1 to about 8 carbon atoms; a
      phenylene radical; or a phenylene radical substituted with chloro, bromo,
      cyano, nitro, methoxy, methyl, carboxy or sulfo; L represents a bivalent
      radical selected from oxy, carbonyl, carboxamido, carbamoyl, sulfonamido,
      sulfamoyl, sulfinyl or sulfonyl; n is an integer having a value of 0 or 1;
      p is 1 when n equals 1 and p is 1 or 0 when n equals 0, provided that when
      p is 1 the carbon content of the sum of both R.sup.2 radicals does not
      exceed 14 carbon atoms;
PA1  R represents a hydrogen atom, or an alkyl radical having 1 to about 6
      carbon atoms;
PA1  J represents a bivalent radical selected from sulfonyl or carbonyl;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  Q represents a hydrogen atom, a hydroxy radical or a radical having the
      formula -NHCOR.sup.3 or -NHSO.sub.2 R.sup.3 wherein R.sup.3 is an alkyl
      radical having 1 to about 6 carbon atoms, an alkyl radical having 1 to
      about 4 carbon atoms substituted with hydroxy, cyano, sulfamoyl, carboxy
      or sulfo; benzyl, phenyl, or a phenyl radical substituted with carboxy,
      chloro, methyl, methoxy or sulfamoyl;
PAR  G represents a hydroxy radical, a salt thereof, or a hydrolyzable acyloxy
      group having the formula:
      ##EQU27##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or phenyl substituted with chloro or nitro;
PAR  D represents a halogen atom, a cyano radical, a nitro radical, a
      trifluoromethyl radical, an alkyl radical having 1 to about 6 carbon
      atoms, an alkoxy radical having 1 to about 6 carbon atoms, a carboxy
      radical, a carboxylic acid ester having the formula -COOR.sub.4 wherein
      R.sup.4 is as described previously, a fluorosulfonyl radical, a -SO.sub.3
      -phenyl radical or a -SO.sub.3 -phenyl radical substituted with hydroxy,
      chloro, carboxy, sulfamoyl, methyl or methoxy; a sulfo radical, a
      sulfamoyl radical having the formula -SO.sub.2 NR.sup.5 R.sup.6 wherein
      R.sup.5 represents hydrogen or an alkyl group having 1 to about 6 carbon
      atoms and R.sup.6 represents hydrogen, an alkyl radical having 1 to about
      6 carbon atoms, an alkyl radical having 1 to about 4 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo; a benzyl
      radical, a phenyl radical, a phenyl radical substituted with hydroxy,
      sulfonyl, sulfamoyl, carboxy or sulfo; an alkyl carbonyl radical having 1
      to about 8 carbon atoms, or a phenyl carbonyl radical, with the proviso
      that the carbon content of the sum of R.sup.5 and R.sup.6 not exceed 14
      carbon atoms; a carbamoyl radical of the formula -CON(R.sup.5).sub.2
      wherein each R.sup.5 can be the same or different and is as described
      previously; an alkylsulfonyl radical having 1 to about 8 carbon atoms; an
      alkylsulfonyl radical having 1 to about 6 carbon atoms substituted with
      hydroxy, phenyl, cyano, sulfamoyl, carboxy or sulfo; a phenylsulfonyl
      radical; a phenylsulfonyl radical substituted with hydroxy, sulfonyl,
      sulfamoyl, carboxy or sulfo; or D can represent a substituent having the
      formula
      ##SPC57##
PAL  provided that the
      ##SPC58##
PAL  substituent on the naphthalene nucleus of Formula I is replaced by an M
      group or the
      ##SPC59##
PAL  substituent on the naphthalene nucleus of Formula II is replaced by a Q
      group wherein Car, X, J, R, q and m are as described previously.
PA1  E represents a hydrogen atom, a halogen atom, a nitro radical, a cyano
      radical or a trifluoromethyl radical;
PA1  M represents a hydrogen atom, a carboxy radical, a carboxylic acid ester
      having the formula -COOR.sub.4 wherein R.sup.4 is as described previously,
      a sulfo radical, a sulfamoyl radical having the formula -SO.sub.2 NR.sup.5
      R.sup.6, a carbamoyl radical having the formula -CON(R.sub.5).sub.2
      wherein R.sup.5 and R.sup.6 are as described previously, an alkylsulfonyl
      radical having 1 to about 8 carbon atoms; an alkylsulfonyl radical having
      1 to about 6 carbon atoms substituted with cyano or hydroxy; a
      phenylsulfonyl radical or a phenylsulfonyl radical substituted with
      sulfamoyl, carboxy, fluorosulfonyl or methoxy;
PA1  with the proviso that there be no more than one sulfo radical and no more
      than one carboxy radical present in said compound.
NUM  47.
PAR  47. A photosensitive element as described in claim 46 wherein
PA1  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms,
      phenylene or phenylene substituted with carboxy, chloro, methyl or
      methoxy;
PA1  L represents sulfamoyl, sulfonamido, carbamoyl, or carboxamido;
PA1  R represents hydrogen;
PA1  q is an integer having a value of 1;
PA1  m is an integer having a value of 0 or 1;
PA1  Q represents hydrogen, hydroxy, -NHCOR.sup.3 or -NHSO.sub.2 R.sup.3 wherein
      R.sup.3 represents an alkyl radical having 1 to about 4 carbon atoms, an
      alkyl radical having 1 to about 4 carbon atoms substituted with hydroxy,
      cyano, sulfamoyl, carboxy or sulfo; benzyl, phenyl, phenyl substituted
      with carboxy, chloro, methyl, methoxy or sulfamoyl;
PA1  D represents chloro; fluoro; bromo; cyano; trifluoromethyl; nitro;
      fluorosulfonyl; alkylsulfonyl having 1 to about 6 carbon atoms;
      alkylsulfonyl having 1 to about 6 carbon atoms substituted with hydroxy,
      phenyl, cyano, sulfamoyl, carboxy or sulfo; phenylsulfonyl; phenylsulfonyl
      substituted with hydroxy, sulfamoyl, fluorosulfonyl, carboxy or sulfo; a
      sulfamoyl radical having the formula -SO.sub.2 NHR.sup.6 wherein R.sup.6
      is hydrogen, an alkyl radical having 1 to about 4 carbon atoms or an alkyl
      radical having 1 to about 4 carbon atoms substituted with hydroxy, cyano,
      sulfamoyl, carboxy, or sulfo; benzyl, phenyl or phenyl substituted with
      hydroxy, sulfonyl, sulfamoyl, carboxy or sulfo; a carbamoyl radical having
      the formula -CON(R.sup.5).sub.2 wherein R.sup.5 is hydrogen or methyl, and
PA1  D can represent a substituent having the formula
      ##SPC60##
PAL  provided that the
      ##SPC61##
PAL  substituent on the naphthalene nucleus of Formula I is replaced by an M
      group or the
      ##SPC62##
PAL  substituent on the naphthalene nucleus of Formula II is replaced by a Q
      group wherein Y, Ball, X, R, J, q and m are as described previously;
PA1  E represents hydrogen, fluoro or chloro; and
PA1  M represents hydrogen or a sulfamoyl radical of the formula -SO.sub.2
      NHR.sup.6 wherein R.sup.6 is hydrogen; an alkyl radical of 1 to about 4
      carbon atoms; an alkyl radical having 1 to about 4 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy, or sulfo; benzyl,
      phenyl or phenyl substituted with hydroxy, sulfamoyl, carboxy or sulfo.
NUM  48.
PAR  48. A photosensitive element as described in claim 47 wherein n and p each
      have a value of 0.
NUM  49.
PAR  49. A photosensitive element as described in claim 47 wherein m has a value
      of 0.
NUM  50.
PAR  50. A photosensitive element as described in claim 47 wherein G is a
      hydroxy radical.
NUM  51.
PAR  51. A photosensitive element as described in claim 47 wherein E represents
      a hydrogen atom; and M represents a hydrogen atom.
NUM  52.
PAR  52. A photosensitive element as described in claim 47 wherein the
      ##SPC63##
PAL  containing substituent on the naphthalene nucleus is in the 5- or
      6-position relative to G in Formula I and in the 5-position relative to G
      in Formula II;
PA1  Y represents the atoms necessary to complete a naphthalene nucleus;
PA1  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms, or
      phenyl;
PA1  L represents sulfamoyl or sulfonamido;
PA1  J represents sulfonyl;
PA1  Q is in the 8-position relative to G and represents hydrogen, hydroxy,
      -NHSO.sub.2 CH.sub.3, or -NHCOCH.sub.3 ;
PA1  G represents hydroxy, a photographically inactive ammonium salt thereof, or
      a hydrolyzable acyloxy group having the formula
      ##EQU28##
      wherein R.sup.4 is an alkyl having 1 to about 18 carbon atoms, phenyl or
      phenyl substituted with chloro or nitro;
PA1  D represents chloro, bromo, cyano, trifluoromethyl, nitro, alkylsulfonyl
      having 1 to about 6 carbon atoms or benzylsulfonyl;
PA1  E represents hydrogen; and
PA1  M represents hydrogen.
NUM  53.
PAR  53. A photosensitive element as described in claim 52 wherein X represents
      ##SPC64##
PA1  G represents hydroxy or a hydrolyzable acyloxy group; and
PA1  D represents an alkylsulfonyl radical having 1 to about 4 carbon atoms.
NUM  54.
PAR  54. A photosensitive element as described in claim 52 wherein -Ball is
      linked to the sulfonamidonaphthol nucleus through a bivalent
      ##EQU29##
NUM  55.
PAR  55. A photosensitive element as described in claim 53 wherein -Ball
      represents
      ##SPC65##
NUM  56.
PAR  56. A photosensitive element as described in claim 35 wherein each silver
NUM  57.
PAR  57. A photosensitive element as described in claim 46 wherein each silver
NUM  58.
PAR  58. A photographic film unit which is adapted to be processed by passing
      said unit between a pair of juxtaposed pressure-applying members
      comprising:
PA1  a. a photosensitive element comprising a support having thereon at least
      one photosensitive silver halide emulsion layer and one of said layers
      having associated therewith a cyan image dye-providing compound;
PA1  b. a dye image-receiving layer which is positioned on the same side of the
      support as the silver halide emulsion layer; and
PA1  c. means for discharging an alkaline processing composition within said
      film unit; said film unit containing a silver halide developing agent and
      said compound having a formula as follows:
      ##SPC66##
PAL  wherein
PA1  Car represents a ballasted carrier moiety which, as a function of oxidation
      of said compound under alkaline conditions, cleaves off from said compound
      releasing a diffusible dye;
PA1  X represents a bivalent linking group of the formula -R.sup.2 -L.sub.n
      -R.sup.2.sub.p - were each R.sup.2 can be the same or different and each
      represents an alkylene radical having 1 to about 8 carbon atoms; a
      phenylene radical; or a phenylene radical substituted with chloro, bromo,
      cyano, nitro, methoxy, methyl, carboxy or sulfo; L represents a bivalent
      radical selected from oxy, carbonyl, carboxamido, carbamoyl, sulfonamido,
      sulfamoyl, sulfinyl or sulfonyl; n is an integer having a value of 0 or 1;
      p is 1 when n equals 1 and p is 1 or 0 when n equals 0, provided that when
      p is 1 the carbon content of the sum of both R.sup.2 radicals does not
      exceed 14 carbon atoms;
PA1  R represents a hydrogen atom, or an alkyl radical having 1 to about 6
      carbon atoms;
PA1  J represents a bivalent radical selected from sulfonyl or carbonyl;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  Q represents a hydrogen atom, a hydroxy radical or a radical having the
      formula -NHCOR.sup.3 or -NHSO.sub.2 R.sup.3 wherein R.sup.3 is an alkyl
      radical having 1 to about 6 carbon atoms, an alkyl radical having 1 to
      about 4 carbon atoms substituted with hydroxy, cyano, sulfamoyl, carboxy
      or sulfo; benzyl, phenyl, or a phenyl radical substituted with carboxy,
      chloro, methyl, methoxy or sulfamoyl;
PA1  G represents a hydroxy radical, a salt thereof, or a hydrolyzable acyloxy
      group having the formula:
      ##EQU30##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or phenyl substituted with chloro or nitro;
PA1  D represents a halogen atom, a cyano radical, a nitro radical, a
      trifluoromethyl radical, an alkyl radical having 1 to about 6 carbon
      atoms, an alkoxy radical having 1 to about 6 carbon atoms, a carboxy
      radical, a carboxylic acid ester having the formula -COOR.sup.4 wherein
      R.sup.4 is as described previously, a fluorosulfonyl radical, a -SO.sub.3
      -phenyl radical or a -SO.sub.3 -phenyl radical substituted with hydroxy,
      chloro, carboxy, sulfamoyl, methyl or methoxy; a sulfo radical, a
      sulfamoyl radical having the formula -SO.sub.2 NR.sup.5 R.sup.6 wherein
      R.sup.5 represents hydrogen or an alkyl group having 1 to about 6 carbon
      atoms and R.sup.6 represents hydrogen, an alkyl radical having 1 to about
      6 carbon atoms, an alkyl radical having 1 to about 4 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo; a benzyl
      radical, a phenyl radical, a phenyl radical substituted with hydroxy,
      sulfonyl, sulfamoyl, carboxy or sulfo; an alkyl carbonyl radical having 1
      to about 8 carbon atoms, or a phenyl carbonyl radical, with the proviso
      that the carbon content of the sum of R.sup.5 and R.sup.6 not exceed 14
      carbon atoms; a carbamoyl radical having the formula -CON(R.sup.5).sub.2
      wherein each R.sup.5 can be the same or different and is as described
      previously; an alkylsulfonyl radical having 1 to about 8 carbon atoms; an
      alkylsulfonyl radical having 1 to about 6 carbon atoms substituted with
      hydroxy, phenyl, cyano, sulfamoyl, carboxy or sulfo; a phenylsulfonyl
      radical; a phenylsulfonyl radical substituted with hydroxy, sulfonyl,
      sulfamoyl, carboxy or sulfo; or D can represent a substituent having the
      formula Car-[X-(NR-J).sub.q].sub.m - or Car-X-J-, provided that the
      Car-[X-(NR-J).sub.q].sub.m - substituent on the naphthalene nucleus of
      Formula I is replaced by an M group or the Car-X-J-NH- substituent on the
      naphthalene nucleus of Formula II is replaced by a Q group wherein Car, X,
      J, R, q and m are as described previously.
PA1  E represents a hydrogen atom, a halogen atom, a nitro radical, a cyano
      radical or a trifluoromethyl radical;
PA1  M represents a hydrogen atom, a carboxy radical, a carboxylic acid ester
      having the formula -COOR.sup.4 wherein R.sup.4 is as described previously,
      a sulfo radical, a sulfamoyl radical having the formula -SO.sub.2 NR.sup.5
      R.sup.6, a carbamoyl radical having the formula -CON(R.sup.5).sub.2
      wherein R.sup.5 and R.sup.6 are as described previously, an alkylsulfonyl
      radical having 1 to about 8 carbon atoms; an alkylsulfonyl radical having
      1 to about 6 carbon atoms substituted with cyano or hydroxy; a
      phenylsulfonyl radical or a phenylsulfonyl radical substituted with
      sulfamoyl, carboxy, fluorosulfonyl or methoxy;
PA1  with the proviso that there be no more than one sulfo radical and no more
      than one carboxy radical present in said compound.
NUM  59.
PAR  59. A film unit as described in claim 58 wherein n and p each have a value
      of 0.
NUM  60.
PAR  60. A film unit as described in claim 58 wherein m has a value of 0.
NUM  61.
PAR  61. A film unit as described in claim 58 wherein G is a hydroxy radical.
NUM  62.
PAR  62. A film unit as described in claim 58 wherein E represents a hydrogen
      atom, a halogen atom or a nitro radical; and M represents a hydrogen atom
      or a sulfamoyl radical as described in claim 58.
NUM  63.
PAR  63. The film unit of claim 58 wherein said dye image-receiving layer is
      located in said photosensitive element between said support and the
      lowermost photosensitive silver halide emulsion layer.
NUM  64.
PAR  64. The film unit of claim 58 wherein said dye image-receiving layer is
      coated on a separate support and is adapted to be superimposed on said
      photosensitive element after exposure thereof.
NUM  65.
PAR  65. The film unit of claim 58 wherein said discharging means is a
      rupturable container and is so positioned during processing of said film
      unit that a compressive force applied to said container by said
      pressure-applying members will effect a discharge, the contents of said
      container between said image dye-receiving layer and the layer most remote
      from the support of said photosensitive element.
NUM  66.
PAR  66. The film unit of claim 58 wherein said receiving layer comprises a
      polymeric cationic mordant.
NUM  67.
PAR  67. The film unit of claim 58 wherein said dye image-receiving layer
      comprises a polymer having units represented by the following formula in
      copolymerized relationship with units of at least one other ethylenically
      unsaturated monomer:
      ##EQU31##
      wherein R.sup.7 and R.sup.8 each represent a hydrogen atom or a lower
      alkyl radical and R.sup.8 can additionally be a group containing at least
      one aromatic nucleus; Q can be a divalent alkylene radical, a divalent
      arylene radical, a divalent aralkylene radical, a divalent arylenealkylene
      radical,
      ##EQU32##
      wherein R.sup.12 is an alkylene radical, or R.sup.8 can be taken together
      with Q to form a
      ##EQU33##
      R.sup.9, R.sup.10 and R.sup.11 can be alkyl, aralkyl or aryl, or R.sup.9
      and R.sup.10 and the nitrogen atom to which they are attached can together
      with Q represent the atoms and bonds necessary to form a quaternized
      nitrogen-containing heterocyclic ring, and X.sup.- is a monovalent
      negative salt-forming radical or atom in ionic relationship with the
      positive salt-forming radical; wherein said polymer is substantially free
      of carboxy groups and wherein the positive saltforming radical of said
      polymer comprises at least two aryl groups for each quaternary nitrogen
      atom in said polymer.
NUM  68.
PAR  68. A film unit as described in claim 58 wherein
PA1  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms,
      phenylene or phenylene substituted with carboxy, chloro, methyl or
      methoxy;
PA1  L represents sulfamoyl, sulfonamido, carbamoyl or carboxamido;
PA1  R represents hydrogen;
PA1  q is an integer having a value of 1;
PA1  m is an integer having a value of 0 or 1;
PA1  Q represents hydrogen, hydroxy, -NHCOR.sup.3 or -NHSO.sub.2 R.sup.3 wherein
      R.sup.3 represents an alkyl radical having 1 to about 4 carbon atoms; an
      alkyl radical having 1 to about 4 carbon atoms substituted with hydroxy,
      cyano, sulfamoyl, carboxy or sulfo; benzyl, phenyl or phenyl substituted
      with carboxy, chloro, methyl, methoxy or sulfamoyl;
PA1  D represents chloro, fluoro, bromo, cyano, trifluoromethyl, nitro,
      fluorosulfonyl, alkylsulfonyl having 1 to about 6 carbon atoms,
      alkylsulfonyl having 1 to about 6 carbon atoms substituted with hydroxy,
      phenyl, cyano, sulfamoyl, carboxy, or sulfo; phenylsulfonyl;
      phenylsulfonyl substituted with hydroxy, sulfamoyl, fluorosulfonyl,
      carboxy or sulfo; a sulfamoyl radical having the formula -SO.sub.2
      NHR.sup.6 wherein R.sup.6 is hydrogen, an alkyl radical having 1 to about
      4 carbon atoms, or an alkyl radical having 1 to about 4 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo; benzyl,
      phenyl or phenyl substituted with hydroxy, sulfonyl, sulfamoyl, carboxy or
      sulfo; a carbamoyl radical having the formula -CON(R.sup.5).sub.2 wherein
      R.sup.5 is hydrogen or methyl, and
PA1  D can represent a substituent having the formula Car-[X-(NR-J).sub.q].sub.m
      -or Car-X-J-, provided that the Car-[X-(NR-J).sub.q].sub.m - substituent
      on the naphthalene nucleus of Formula I is replaced by an M group or the
      Car-X-J-NH- substituent on the naphthalene nucleus of Formula II is
      replaced by a Q group wherein Car, X, J, R, q and m are as described
      previously;
PA1  E represents hydrogen, fluoro, or chloro; and
PA1  M represents hydrogen or a sulfamoyl radical of the formula -SO.sub.2
      NHR.sup.6 wherein R.sup.6 is hydrogen; an alkyl radical of 1 to about 4
      carbon atoms; an alkyl radical having 1 to about 6 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy, or sulfo; benzyl,
      phenyl or phenyl substituted with hydroxy, sulfamoyl, carboxy or sulfo.
NUM  69.
PAR  69. A film unit as described in claim 68 wherein n and p each have a value
      of 0.
NUM  70.
PAR  70. A film unit as described in claim 68 wherein m has a value of 0.
NUM  71.
PAR  71. A film unit as described in claim 68 wherein G is a hydroxy radical.
NUM  72.
PAR  72. A film unit as described in claim 68 wherein E represents a hydrogen
      atom, a halogen atom or nitro radical; and M represents a hydrogen atom.
NUM  73.
PAR  73. A film unit as described in claim 68 wherein the Car-X-J-NH-substituent
      in Formula II is in the 5-position on the naphthalene nucleus relative to
      G; and the Car-[X-(NR-J).sub.q]m - substituent in Formula I is in the 5-
      or 6-position on the naphthalene nucleus relative to G;
PA1  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms, or
      phenylene;
PA1  L represents sulfamoyl or sulfonamido;
PA1  J represents sulfonyl;
PA1  Q is in the 8-position relative to G and represents hydrogen, hydroxy,
      -NHSO.sub.2 R.sup.3, or -NHCOCH.sub.3 ;
PA1  G represents hydroxy, a photographically inactive ammonium salt thereof, or
      a hydrolyzable acyloxy group having the formula:
      ##EQU34##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or phenyl substituted with chloro or nitro;
PA1  D represents chloro, bromo, cyano, trifluoromethyl, nitro, alkylsulfonyl
      having 1 to about 6 carbon atoms, or benzylsulfonyl;
PA1  E represents hydrogen; and
PA1  M represents hydrogen.
NUM  74.
PAR  74. A film unit as described in claim 73 wherein X represents
      ##SPC67##
PA1  G represents hydroxy or a hydrolyzable acyloxy group; and
PA1  D represents an alkylsulfonyl radical having 1 to about 4 carbon atoms.
NUM  75.
PAR  75. A photographic film unit which is adapted to be processed by passing
      said unit between a pair of juxtaposed pressureapplying members
      comprising:
PA1  a. a photosensitive element comprising a support having thereon at least
      one photosensitive silver halide emulsion layer and one of said layers
      having associated therewith a cyan image dye-providing compound;
PA1  b. a dye image-receiving layer which is positioned on the same side of the
      support as the silver halide emulsion layer; and
PA1  c. means for discharging an alkaline processing composition within said
      film unit;
PAL  said film unit containing a silver halide developing agent and said
      compound having a formula as follows:
      ##SPC68##
PAL  wherein
PA1  Ball represents an organic ballasting group of such size and configuration
      as to render said compound nondiffusible during development in an alkaline
      processing composition;
PA1  Y represents the carbon atoms necessary to complete a benzene or
      naphthalene nucleus;
PA1  X represents a bivalent linking group of the formula -R.sup.2 -L.sub.n
      -R.sup.2.sub.p - where each R.sup.2 can be the same or different and each
      represents an alkylene radical having 1 to about 8 carbon atoms; a
      phenylene radical; or a phenylene radical substituted with chloro, bromo,
      cyano, nitro, methoxy, methyl, carboxy or sulfo; L represents a bivalent
      radical selected from oxy, carbonyl, carboxamido, carbamoyl, sulfonamido,
      sulfamoyl, sulfinyl or sulfonyl; n is an integer having a value of 0 or 1;
      p is 1 when n equals 1 and p is 1 or 0 when n equals 0, provided that when
      p is 1 the carbon content of the sum of both R.sup.2 radicals does not
      exceed 14 carbon atoms;
PA1  R represents a hydrogen atom, or an alkyl radical having 1 to about 6
      carbon atoms;
PA1  J represents a bivalent radical selected from sulfonyl or carbonyl;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  Q represents a hydrogen atom, a hydroxy radical or a radical having the
      formula -NHCOR.sup.3 or -NHSO.sub.2 R.sup.3 wherein R.sup.3 is an alkyl
      radical having 1 to about 6 carbon atoms, an alkyl radical having 1 to
      about 4 carbon atoms substituted with hydroxy, cyano, sulfamoyl, carboxy
      or sulfo; benzyl, phenyl, or a phenyl radical substituted with carboxy,
      chloro, methyl, methoxy or sulfamoyl;
PA1  G represents a hydroxy radical, a salt thereof, or a hydrolyzable acyloxy
      group having the formula:
      ##EQU35##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or phenyl substituted with chloro or nitro;
PA1  D represents a halogen atom, a cyano radical, a nitro radical, a
      trifluoromethyl radical, an alkyl radical having 1 to about 6 carbon
      atoms, an alkoxy radical having 1 to about 6 carbon atoms, a carboxy
      radical, a carboxylic acid ester having the formula -COOR.sup.4 wherein
      R.sup.4 is as described previously, a fluorosulfonyl radical, a -SO.sub.3
      -phenyl radical or a -SO.sub.3 -phenyl radical substituted with hydroxy,
      chloro, carboxy, sulfamoyl, methyl or methoxy; a sulfo radical, a
      sulfamoyl radical having the formula -SO.sub.2 NR.sup.5 R.sup.6 wherein
      R.sup.5 represents hydrogen or an alkyl group having 1 to about 6 carbon
      atoms and R.sup.6 represents hydrogen, an alkyl radical having 1 to about
      6 carbon atoms, an alkyl radical having 1 to about 4 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo; a benzyl
      radical, a phenyl radical, a phenyl radical substituted with hydroxy,
      sulfonyl, sulfamoyl, carboxy or sulfo; an alkyl carbonyl radical having 1
      to about 8 carbon atoms, or a phenyl carbonyl radical, with the proviso
      that the carbon content of the sum of R.sup.5 and R.sup.6 not exceed 14
      carbon atoms; a carbamoyl radical of the formula -CON(R.sup.5).sub.2
      wherein each R.sup.5 can be the same or different and is as described
      previously; an alkylsulfonyl radical having 1 to about 8 carbon atoms; an
      alkylsulfonyl radical having 1 to about 6 carbon atoms substituted with
      hydroxy, phenyl, cyano, sulfamoyl, carboxy or sulfo; a phenylsulfonyl
      radical; a phenylsulfonyl radical substituted with hydroxy, sulfonyl,
      sulfamoyl, carboxy or sulfo; or D can represent a substituent having the
      formula
      ##SPC69##
PAL  provided that the
      ##SPC70##
PAL  substituent on the naphthalene nucleus of Formula I is replaced by an M
      group or the
      ##SPC71##
PAL  substituent on the naphthalene nucleus of formula II is replaced by a Q
      group wherein Car, X, J, R, q and m are as described previously.
PA1  E represents a hydrogen atom, a halogen atom, a nitro radical, a cyano
      radical or a trifluoromethyl radical;
PA1  M represents a hydrogen atom, a carboxy radical, a carboxylic acid ester
      having the formula -COOR.sup.4 wherein R.sup.4 is as described previously,
      a sulfo radical, a sulfamoyl radical having the formula -SO.sub.2 NR.sup.5
      R.sup.6, a carbamoyl radical having the formula -CON(R.sup.5).sub.2
      wherein R.sup.5 and R.sup.6 are as described previously, an alkylsulfonyl
      radical having 1 to about 8 carbon atoms; an alkylsulfonyl radical having
      1 to about 6 carbon atoms substituted with cyano or hydroxy; a
      phenylsulfonyl radical or a phenylsulfonyl radical substituted with
      sulfamoyl, carboxy, fluorosulfonyl or methoxy;
PA1  with the proviso that there be no more than one sulfo radical and no more
      than one carboxy radical present in said compound.
NUM  76.
PAR  76. The film unit of claim 75 wherein said dye image-receiving layer is
      located in said photosensitive element between said support and the
      lowermost photosensitive silver halide emulsion layer.
NUM  77.
PAR  77. The film unit of claim 75 wherein said dye image-receiving layer is
      coated on a separate support and is adapted to be superimposed on said
      photosensitive element after exposure thereof.
NUM  78.
PAR  78. The film unit of claim 75 wherein said discharging means is a
      rupturable container and is so positioned during processing of said film
      unit that a compressive force applied to said container by said
      pressure-applying
      ##EQU36##
      will effect a discharge, the contents of said container between said image
      dye-receiving layer and the layer most remote from the support of said
      photosensitive element.
NUM  79.
PAR  79. The film unit of claim 75 wherein said receiving layer comprises a
      polymer cationic mordant.
NUM  80.
PAR  80. A film unit of claim 75 wherein said dye image-receiving layer
      comprises a polymer having units represented by the following formula in
      copolymerized relationship with units of at least one other ethylenically
      unsaturated monomer:
PAL  wherein R.sup.7 and R.sup.8 each represent a hydrogen atom or a lower alkyl
      radical and R.sup.8 can additionally be a group containing at least one
      aromatic nucleus; Q can be a divalent alkylene radical, a divalent arylene
      radical, a divalent aralkylene radical, a divalent arylenealkylene
      radical,
      ##EQU37##
      wherein R.sup.12 is an alkylene radical, or R.sup.8 can be taken together
      with Q to form a
      ##EQU38##
      group; R.sup.9, R.sup.10 and R.sup.11 can be alkyl, aralkyl or aryl, or
      R.sup.9 and R.sup.10 and the nitrogen atom to which they are attached can
      together with Q represent the atoms and bonds necessary to form a
      quaternized nitrogen-containing heterocyclic ring, and X.sup.- is a
      monovalent negative salt-forming radical or atom in ionic relationship
      with the positive salt-forming radical; wherein said polymer is
      substantially free of carboxy groups and wherein the positive saltforming
      radical of said polymer comprises at least two aryl groups for each
      quaternary nitrogen atom in said polymer.
NUM  81.
PAR  81. A film unit as described in claim 75 wherein
PA1  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms,
      phenylene or phenylene substituted with carboxy, chloro, methyl or
      methoxy;
PA1  L represents sulfamoyl, sulfonamido, carbamoyl or carboxamido;
PA1  R represents hydrogen;
PA1  q is an integer having a value of 1;
PA1  m is an integer having a value of 0 or 1;
PA1  Q represents hydrogen, hydroxy, -NHCOR.sup.3 or -NHSO.sub.2 R.sup.3 wherein
      R.sup.3 represents an alkyl radical having 1 to about 4 carbon atoms, an
      alkyl radical having 1 to about 4 carbon atoms substituted with hydroxy,
      cyano, sulfamoyl, carboxy or sulfo; benzyl, phenyl, phenyl substituted
      with carboxy, chloro, methyl, methoxy or sulfamoyl;
PA1  D represents chloro; fluoro; bromo; cyano; trifluoromethyl; nitro;
      fluorosulfonyl; alkylsulfonyl having 1 to about 6 carbon atoms;
      alkylsulfonyl having 1 to about 6 carbon atoms substituted with hydroxy,
      phenyl, cyano, sulfamoyl, carboxy or sulfo; phenylsulfonyl; phenylsulfonyl
      substituted with hydroxy, sulfamoyl, fluorosulfonyl, carboxy or sulfo; a
      sulfamoyl radical having the formula -SO.sub.2 NHR.sup.6 wherein R.sup.6
      is hydrogen, an alkyl radical having 1 to about 4 carbon atoms or an alkyl
      radical having 1 to about 4 carbon atoms substituted with hydroxy, cyano,
      sulfamoyl, carboxy, or sulfo; benzyl, phenyl or phenyl substituted with
      hydroxy, sulfonyl, sulfamoyl, carboxy or sulfo; a carbamoyl radical having
      the formula -CON(R.sup.5).sub.2 wherein R.sup.5 is hydrogen or methyl, and
      D can represent a substituent having the formula
      ##SPC72##
PAL  provided that the
      ##SPC73##
PAL  substituent on the naphthalene nucleus of Formula I is replaced by an M
      group or the
      ##SPC74##
PAL  substituent on the naphthalene nucleus of Formula II is replaced by a Q
      group wherein Y, Ball, X, R, J, q and m are as described previously;
PA1  E represents hydrogen, fluoro or chloro; and
PA1  M represents hydrogen or a sulfamoyl radical of the formula -SO.sub.2
      NHR.sup.6 wherein R.sup.6 is hydrogen; an alkyl radical of 1 to about 4
      carbon atoms; an alkyl radical having 1 to about 4 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy, or sulfo; benzyl,
      phenyl or phenyl substituted with hydroxy, sulfamoyl, carboxy or sulfo.
NUM  82.
PAR  82. A film unit as described in claim 81 wherein n and p each have a value
      of 0.
NUM  83.
PAR  83. A film unit as described in claim 81 wherein m has a value of 0.
NUM  84.
PAR  84. A film unit as described in claim 81 wherein G is a hydroxy radical.
NUM  85.
PAR  85. A film unit as described in claim 81 wherein E represents a hydrogen
      atom; and M represents a hydrogen atom.
NUM  86.
PAR  86. A film unit as described in claim 81 wherein the
      ##SPC75##
PAL  containing substituent on the naphthalene nucleus is in the 5- or
      6-position relative to G in Formula I and in the 5-position relative to G
      in Formula II;
PA1  Y represents the atoms necessary to complete a naphthalene nucleus;
PA1  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms, or
      phenyl;
PA1  L represents sulfamoyl or sulfonamido;
PA1  J represents sulfonyl;
PA1  Q is in the 8-position relative to G and represents hydrogen, hydroxy,
      -NHSO.sub.2 CH.sub.3, or -NHCOCH.sub.3 ;
PA1  G represents hydroxy, a photographically inactive ammonium salt thereof, or
      a hydrolyzable acyloxy group having the formula
      ##EQU39##
      wherein R.sup.4 is an alkyl having 1 to about 18 carbon atoms, phenyl or
      phenyl substituted with chloro or nitro;
PA1  D represents chloro, bromo, cyano, trifluoromethyl, nitro, alkylsulfonyl
      having 1 to about 6 carbon atoms or benzylsulfonyl;
PA1  E represents hydrogen; and
PA1  M represents hydrogen.
NUM  87.
PAR  87. A film unit as described in claim 86 wherein X represents
      ##SPC76##
PAL  G represents hydroxy or a hydrolyzable acyloxy group; and
PA1  D represents an alkylsulfonyl radical having 1 to about 4 carbon atoms.
NUM  88.
PAR  88. A film unit as described in claim 86 wherein -Ball is linked to the
      sulfonamidonaphthol nucleus through a bivalent
      ##EQU40##
      moiety.
NUM  89.
PAR  89. A film unit as described in claim 87 wherein -Ball represents
      ##SPC77##
PAL  and is in the 2-position relative to the hydroxy group.
NUM  90.
PAR  90. A photosensitive element as described in claim 12 wherein X represents
      ##SPC78##
PAL  E represents hydroxy and D represents methylsulfonyl.
NUM  91.
PAR  91. A photosensitive element as described in claim 22 wherein X represents
      ##SPC79##
PAL  G represents hydroxy and D represents methylsulfonyl.
NUM  92.
PAR  92. A photosensitive element as described in claim 20 wherein -Ball
      represents
      ##SPC80##
PAL  and is in the 2-position relative to the hydroxy group.
NUM  93.
PAR  93. A photosensitive element as described in claim 19 wherein -Ball
      represents
      ##SPC81##
PAL  and is in the 2-position relative to the hydroxy group.
NUM  94.
PAR  94. A photosensitive element as described in claim 92 wherein X represents
      ##SPC82##
PAL  G represents hydroxy, and D represents methylsulfonyl.
NUM  95.
PAR  95. A photosensitive element as described in claim 91 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  96.
PAR  96. A photosensitive element as described in claim 93 wherein said cyan
      image dye-providing compound is contained in a layer contiguous to the
      silver halide emulsion layer.
NUM  97.
PAR  97. A photosensitive element as described in claim 95 wherein each silver
      halide emulsion is a direct positive silver halide emulsion.
NUM  98.
PAR  98. A photosensitive element as described in claim 96 wherein each silver
      halide emulsion is a direct positive silver halide emulsion.
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PAL  A photosensitive composition useful in providing a positive or negative
      presensitized coating on a hydrophilic substrate in photosensitive
      reproduction comprises
PAL  1. a cumulene compound having the general formula:
      ##EQU1##
      WHERE N= 1-6 AND R.sub.a, R.sub.b, R.sub.c and R.sub.d are selected from
      the group consisting of
      ##SPC1##
PAL  Or H and wherein R.sub.1 and R.sub.2 are the same or different alkyl or
      aryl radical and each
      ##EQU2##
      group can be positioned at any other position on the benezene ring, such
      as
      ##SPC2##
PAL  2. an organic polyhalogenated initiator solid at room temperature such as
      CBr.sub.4, and CHI.sub.3 ; and
PAL  3. one or more solvents suitable to dissolve the cumulene compound and the
      organic polyhalogenated initiator such as CHI.sub.3. The composition has
      both positive and negative capability in that after selected exposure to
      actinic radiation, a polar solvent will dissolve and remove the radiation
      exposed portion of the composition and a non-polar solvent will dissolve
      and remove the radiation non-exposed portion.
BSUM
PAR  This invention relates to organic photosensitive compositions useful in the
      preparation of presensitized lithographic plates and useful in other forms
      of photosensitive reproduction such as in the preparation of microfilm or
      microfiche. More particularly, this invention relates to a photosensitive
      composition containing an amino substituted cumulene sensitizer, an
      organic polyhalogenated initiator, and optionally a polymeric binder, and
      the method of reproducing copies using the composition.
PAC  BACKGROUND OF THE INVENTION
PAR  A lithographic master is prepared by coating a flexible metal plate with a
      light-sensitive composition. A stencil bearing the desired graphic
      intelligence is then locked over the coated plate in a vacuum printing
      frame to ensure perfect contact between stencil and plate. The image is
      then "burned in" as with actinic radiation which shines down through the
      stencil to the plate, hardening the composition where irradiated and
      rendering it insoluble in water. Nonprinting areas, which are shielded by
      the opaque parts of the stencil, are not affected by the action of the
      light and remain soluble.
PAR  After exposure, which varies in length of time according to the nature of
      the work to be printed, the stencil and plate are removed from the
      printing frame and separated, the face of the plate is coated with ink,
      and the plate is then washed. The ink adheres to and brings out the
      printing image but washes away from the nonprinting areas, carrying the
      composition with it and leaving the metal exposed. The printing image is
      then fixed, and subject to final change or correction, the plate is ready
      for the press.
PAC  SUMMARY OF THE INVENTION
PAR  The organic photosensitive compositions of the present invention can be
      used as the photosensitive coating on flexible metal in preparing
      lithographic plates, as described above. The photosensitive composition
      described herein can also be used in the preparation of microfilm or
      microfiche by using the compositions to coat a flexible transparent or
      translucent sheet such as polyethylene terephthalate or cellulose acetate.
      In either case, the composition is useful in making both positive and
      negative reproduction systems.
PAR  One object of the present invention is to provide a photochemical
      reproduction method utilizing a light-sensitive material capable of
      selected removal after exposure to actinic radiation.
PAR  Another object of the present invention is to provide a composition useful
      in photochemical reproduction wherein the radiation sensitive material has
      solubility properties modifiable by different solvents so as to provide
      either a positive or a negative working layer.
PAR  Another object of the present invention is to provide a pre-sensitized
      lithographic plate with positive and negative capability.
PAR  Another object of the present invention is to provide a composition useful
      as a photosensitive layer in which either a radiation exposed or
      non-exposed portion of the layer can be removed -- the choices being
      dependent upon the selection of solvent used for removal.
PAR  Another object of the present invention is to provide a new and improved
      photochemical reproduction method capable of reproducing any given
      intelligence onto a flexible hydrophilic substrate.
PAR  Another object of the present invention is to provide a composition useful
      in photochemical reproduction having a photosensitive material wherein the
      solubility of the material in various solvents can be modified by exposure
      to actinic radiation.
PAR  Another object of the present invention is to provide a composition useful
      in photochemical reproduction in which the resulting reproduction image
      density can be further amplified by reacting at least one component of the
      photochemical composition with a dye.
PAR  A further object of the present invention is to increase the image density
      achieved in photochemical reproduction by reacting at least one component
      of a photochemical composition with a dye to selectively adhere the dye to
      the image area.
PAR  A further object of the present invention is to provide a photochemical
      composition having a radiation sensitive material which is stable to
      oxidation under normal room and storage conditions.
PAR  Another object of the present invention is to provide a radiation sensitive
      material in a photochemical composition wherein the sensitive material has
      the capability of photochemical reaction to produce a strong color-polar
      compound.
PAR  Another object of the present invention is to provide a photosensitive
      composition having a binder capable of reaction with an acidic or basic
      dye to achieve strong dense reproduction of any desired image.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In brief, the above and other objects and advantages of the present
      invention are achieved by providing a new and improved composition useful
      in photochemical reproduction. The photochemical composition includes a
      radiation sensitive material and an organic polyhalogenated initiator. The
      composition can also contain one or more polymeric binders. When the
      photochemical composition is coated onto a hydrophilic substrate and the
      thus coated material selectively exposed to actinic radiation, the exposed
      portion of the coating can be removed by contacting the material with a
      polar solvent to provide a positive reproduction system. In the
      alternative, by contacting the radiation exposed coating layer with a
      non-polar solvent, the unexposed area can be removed to provide a negative
      reproduction system.
PAR  The ability of the photosensitive material to undergo rapid decomposition
      when exposed to actinic radiation is referred to in the art as "printing
      speed". Printing speed is a most important property pertinent to its
      function as a reproduction medium. The property of greater printing speed
      is manifest when exposed to ultra-violet as well as visible light. In the
      practice of this invention, rapid decomposition of the photosensitive
      coating can be accomplished by exposure to actinic radiation through
      either a translucent or transparent original.
PAR  When irradiated with a pattern of radiation (visible or ultra-violet), the
      photosensitive composition undergoes free radical chain reaction to form a
      black image corresponding to the pattern of radiation, and at the same
      time the solubility of the exposed area is modified. These changes are
      believed to occur in accordance with the following proposed reactions:
      ##SPC3##
PAL  The exposed area becomes soluble in the polar solvents whereas the
      unexposed areas are soluble in non-polar solvents. Thus, this composition
      provides either a positive or a negative copy depending upon the
      development with either polar or non-polar solvents. Further amplification
      of the image density can be achieved by reacting the basic or acidic
      functional groups of the binders present in the composition with acidic or
      basic dyes respectively. This reaction forms salts with the binders which
      selectively adhere to the image area.
PAC  Radiation-Sensitive Materials
PAR  The following radiation-sensitive materials when combined with an organic
      polyhalogenated initiator provide a photochemical composition with its
      solubility differentially modified by selected solvents. The
      radiation-sensitive materials include the following:
PA0  1. Tetra-substituted amino-phenyl-butatriene with the following general
      formula:
      ##SPC4##
PAL  where R.sub.1 and R.sub.2 (the same or different) are alkyl or aryl and the
      NR.sub.1 R.sub.2 group can be any other position on the benzene ring.
      Preferred alkyl radicals are those having 1-4 carbon atoms and preferred
      aryl radicals are phenyl, tolyl and xylol.
PAR  Examples of specific compounds are the following:
PA1  i. Tetrakis-(p-dimethylaminophenyl)-butatriene, wherein R.sub.1 and R.sub.2
      in the above general formula are methyl.
PA1  ii. Tetrakis-(p-diethylaminophenyl)-butatriene, wherein R.sub.1 and R.sub.2
      are ethyl.
PA1  iii. Tetrakis-(p-diphenylaminophenyl)-butatriene, wherein R.sub.1 and
      R.sub.2 are phenyl.
PA1  iv. Tetrakis-(p-phenylmethylaminophenyl)-butatriene, wherein R.sub.1 is
      phenyl and R.sub.2 is methyl.
PAR  The above butatriene compounds are synthesized in accordance with the
      procedures outlined in Chemistry of Alkenes, by Sol Patai, Wiley
      Interscience Company, 1964, and reference therein footnoted. See also U.S.
      Pat. No. 3,674,473. In the Patai text, at pages 1088-1098, the synthesis
      is described. By using the appropriate carbonyl compound in the synthesis,
      the above butatriene compounds are made. More specifically, the following
      carbonyl compounds (ketones) are utilized in accordance with the reactions
      set forth on page 1089 of the Patai text:
PA1  i. Di-p-dimethylaminophenyl ketone to produce:
PA2  tetrakis-(p-dimethylaminophenyl)-butatriene;
PA1  ii. Di-p-diethylaminophenyl ketone to produce:
PA2  tetrakis-(p-dimethylaminophenyl)-butatriene;
PA1  iii. Di-p-diphenylaminophenyl ketone to produce:
PA2  tetrakis-(p-diphenylaminophenyl)-butatriene;
PA1  iv. Di-p-phenylmethylaminophenyl ketone to produce:
PA2  tetrakis-(p-diphenylaminophenyl)-butatriene.
PAR  The above carbonyl compounds are known.
PA0  2. Di-substituted and tri-substituted aminophenyl butatriene compounds
      having the following general formula:
      ##SPC5##
PAR  Where one or two of R.sub.a, R.sub.b, R.sub.c and R.sub.d are each
      ##EQU3##
      and the remainder of R.sub.a, R.sub.b, R.sub.c and R.sub.d are H; R.sub.1
      and R.sub.2 (same or different) are alkyl or aryl and each of R.sub.a,
      R.sub.b, R.sub.c and R.sub.d can be any other position on the benzene
      ring. Specific examples of such di- and tri-substituted compounds useful
      in the practice of this invention are as follows:
PA1  i. Bis-1, 4-(p-dimethylaminophenyl)-1, 4-diphenyl-butatriene, wherein
      R.sub.a and R.sub.c are dimethylamino and R.sub.b and R.sub.d are
      hydrogen.
PA1  ii. Bis-1, 4-(p-diphenylaminophenyl)-1, 4-diphenyl-butatriene, wherein
      R.sub.a and R.sub.c are diphenylamino and R.sub.b and R.sub.d are
      hydrogen.
PA1  iii. Bis-1, 4 (p-phenylmethylaminophenyl)-1, 4-diphenyl-butatriene, wherein
      R.sub.a and R.sub.c and phenylmethylamino and R.sub.b and R.sub.d are
      hydrogen.
PAR  The di- and tri-substituted butatrienes are also synthesized in accordance
      with the reactions set forth in page 1089 of the Patai text. The following
      carbonyl compounds are utilized in accordance with the reactions set forth
      at page 1089:
PA1  i. p-Dimethylaminophenyl phenyl ketone for the production of bis-1,
      4-(p-dimethylaminophenyl)-1, 4-diphenyl butatriene;
PA1  ii. p-Diphenylaminophenyl phenyl ketone for the production of bis-1,
      4-(p-diphenylaminophenyl)-1, 4-diphenyl butatriene;
PA1  iii. p-Phenylmethylaminophenyl phenyl ketone for the production of bis-1,
      4-(p-phenylmethylaminophenyl)-1, 4-diphenyl butatriene;
PA0  3. Cumulene derivatives having the general formula:
      ##SPC6##
PAR  The synthesis of cumulenes is described in the Patai text, chapter 13,
      pages 1025-1159 and is incorporated herein by reference.
PAR  Specific examples of cumulene compounds where R is an amino aromatic
      radical or substituted amino aromatic include the compounds where R is
      dimethylaminophenyl, diethylaminophenyl, phenylmethylaminophenyl, and
      diphenylaminophenyl and n is 1 to 6. Preferred among these compounds are
      tetrakis-(p-dimethylaminophenyl)-ethylene,
      tetrakis-(p-methylaminophenyl)-pentatetraene,
      tetrakis-(p-dimethylaminophenyl)-butatriene, and
      tetrakis-(p-dimethylaminophenyl)-hexapentaene.
PA0  4. Also effective are bisbutatriene compounds having the following general
      formula:
      ##SPC7##
PAL  in which R.sub.1 and R.sub.2 (same or different) are methyl, ethyl or
      phenyl. A preferred compound is
      1,4-bis-[1,1-di-(p-dimethylaminophenyl)]-benzene in which R.sub.1 and
      R.sub.2 are methyl.
PAR  The synthesis of the above-described bisbutatriene compounds is also set
      forth in the Patai text in accordance with the equations set forth at page
      1093 et. seq. by utilizing the appropriate bifunctional carbonyl compound
      in the synthesis. More specifically, the aminophenyl ketones described
      above are utilized in accordance with the reactions set forth at page 1093
      of the Patai text. In this way 4,4'-bis(p-dimethylamino)-benzophenone is
      reacted with lithium acetylide in anhydrous benzene to form
      bis-(p-dimethylaminophenyl)-ethynylcarbinol which is then converted to the
      lithium acetylide derivative and reacted with teraphthalaldehyde to
      produce
      ##SPC8##
PAL  This compound is reduced with stannous chloride in hydrochloric acid to
      form the cumulene derivative of the general formula given above in which
      R.sub.1 and R.sub.2 are methyl. By the same procedure in which quinone is
      substituted for teraphthalaldehyde there is formed
      ##SPC9##
PA0  5. Another type of compound effective as the radiation-sensitive material
      in the composition of this invention is a 1,4-butynediol derivative having
      the general formula:
      ##SPC10##
PAL  wherein R.sub.1 and R.sub.2 (same or different) are alkyl or aryl and each
      ##EQU4##
      group can be any other position on the benzene ring.
PAR  A preferred example of such a butynediol derivative is
      1,1,4,4,-tetrakis-(p-dimethylaminophenyl)-2-butyn-1,4-diol, in which
      R.sub.1 and R.sub.2 in the preceding formula are methyl.
PAR  The above 1,4-butynediol derivatives are synthesized in accordance with the
      equations set forth at page 1089 of the Patai text by utilizing the
      appropriate carbonyl compound. For example, to synthesize
      1,1,4,4-tetrakis-(p-dimethylaminophenyl)-2-butyne-1,4-diol one starts with
      4,4'-bis-(p-dimethylamino)-benzophenone.
PAC  Initiators
PAL  1. Polyhalogenated compounds solid at room temperature -- such as
      CBr.sub.4, CHI.sub.3, CH.sub.2 I.sub.2, CI.sub.4, CHBr.sub.3, CBr.sub.3
      CH.sub.2 OH, C.sub.6 Br.sub.6, CBr.sub.3 -CO.sub.2 H or similar compounds
      with any other halogen so long as the compound is solid at room
      temperature.
PAL  2. Polyhalogenated ketones solid at room temperature such as trihalogenated
      (eg. tribromo) acetophenone and their derivatives: C.sub.6 H.sub.5
      --CO--CBr.sub.3 where Br can be substituted by any other halogen so long
      as the compound is solid at room temperature.
PAL  3. Polyhalogenated sulfoxides solid at room temperature:
      ##EQU5##
      where R.sub.1 =CX.sub.3, phenyl, or substituted phenyl R.sub.2 =CX.sub.3
      where X is a halogen
PAL  An example of a specific sulfoxide useful in the practice of this invention
      is:
EQU  (i) R.sub.1 =R.sub.2 =CX.sub.3, X=Br
EQU  hexabromodimethyl sulfoxide:
      ##EQU6##
      4. Polyhalogenated sulfones solid at room temperature
      ##EQU7##
      where R.sub.1 =CX.sub.3, phenyl, or substituted phenyl R.sub.2 =CX.sub.3
      where X is a halogen
PAR  Examples of specific polyhalogenated sulfones are as follows:
EQU  (i) R.sub.1 =R.sub.2 =CX.sub.3, X--Br;
EQU  Hexabromodimethyl sulfone
EQU  (ii) R.sub.1 =phenyl, R.sub.2 =CX.sub.3, X=Br;
EQU  Phenyl tribromomethyl sulfone
EQU  (iii) R.sub.1 =p-nitrophenyl, R.sub.2 =CX.sub.3, X=Br;
EQU  p-nitrophenyl tribromomethyl sulfone
PAC  Binders (Optional)
PAR  Various binders may be used, if desired, with these photosensitive
      materials. The most useful binders include film-forming resins having
      active basic or acidic functional groups. These functional groups can
      interact with the photosensitive materials and react with acid or basic
      dyes, forming salts which selectively adhere to the image area and thereby
      increase the image density.
PAR  The best binders tested are novolak resins with maleic, fumaric, or
      phenolic groups; polyvinylpyridine; polyvinylformal, maleic, and vinyl
      ether copolymers. Specific examples of suitable binders are as follows:
      phenolformaldehyde resins; polyvinylpyridine resins, polyvinylformal
      resin, polycarbonate resin, polymethyl methacrylate resin, and epoxy
      resins.
PAR  The radiation-sensitive material and the organic polyhalogenated initiator
      are added to a suitable solvent each in approximately the same amount of
      about 0.1% to 10.0% by weight based on the total weight of the
      composition. The preferred range for both the radiation-sensitive material
      and the initiator is 0.4% to 0.6% by weight of the total solution. There
      are a wide range of solvents useful in dissolving the sensitizer and
      initiator in preparing the solution. Some of the solvents found to work
      quite well are chlorinated materials such as carbon tetrachloride,
      methylene chloride, and chloroform.
PAR  A second solution containing a binder can optionally be prepared by adding
      about 3% to 10% by weight of binder solids to a suitable solvent for the
      polymeric binder. The preferred percentage range for binder solids is 4%
      to 6% by weight. The binder solution is then added to the
      sensitizer-initiator solution by adding approximately one part by weight
      of binder solution to four parts by weight of sensitizer-initiator
      solution.
PAR  The sensitizer and binder solution are each prepared separately simply for
      convenience. When a binder is optionally desired, as when increased image
      density is needed, the binder solution can be readily mixed with the
      sensitizer solution. Of course, the solution could be prepared as one
      mixture.
PAR  Any hydrophilic substrate can be used such as treated aluminum, zinc, zinc
      oxide in binder(s), titanium dioxide in binder(s), and clay coated paper
      masters. To prepare the lithographic master of the instant invention,
      coating solution is applied in an amount of about 5 to 15 grams per square
      meter of surface area, preferably 8 to 12 grams per square meter.
PAC  Positive (Polar) and Negative (Non-Polar) Solvents
PAR  By selecting a proper solvent, either a positive or negative working system
      can be provided. The solvent is used to treat the coated hydrophilic
      substrate to selectively remove either the radiation exposed (positive) or
      non-exposed (negative) portion of the coating.
PAR  When a coated plate is selectively exposed to actinic radiation the
      resulting reaction between the radiation sensitive material, the
      initiator, and optionally the binder causes the coating to become polar in
      the exposed area. The exposed polar material is then soluble in polar
      solvents to provide a positive system and the unexposed non-polar material
      soluble in non-polar solvents to provide a negative system.
PAR  Some of the useful polar solvents are lower alcohols such as methanol,
      ethanol, propanol and isopropanol; ketones such as acetone, MEK, diethyl
      ketone and methypropyl ketone; lower alcohols or ketones mixed with water;
      glycols; glycerine; and a mixture of ammonium phosphate and formaldehyde
      in water.
PAR  Some of the useful non-polar solvents are benzene; carbon tetrachloride and
      mixtures thereof in chlorinated benzene; non-polar ketones; and Stoddard
      solvent.
DETD
PAC  EXAMPLE 1
PAR  The sensitizer solution is prepared by adding 0.1 gram
      tetrakis-(p-dimethylaminophenyl)-butatriene sensitizing material and 0.1
      gram carbon tetrachloride initiator to 20 grams of chloroform solvent. A
      binder solution is prepared by adding 0.25 gram of poly-2-vinylpyridine
      binder to 4.25 grams of chloroform solvent.
PAR  The sensitizer and binder solutions are filtered through glass wool and
      then mixed immediately with a magnetic stirrer. This composition is then
      coated on a polyethylene terephthalate film in the amount of about 10
      grams per square meter.
PAR  Then, the photosensitive film is exposed through a photographic negative
      stencil to a Sylvania sun lamp at 21/2  feet from the plane of the
      photosensitive film. An image was observed within 5 sec. and a good image
      was observed after 30 sec. of exposure. Then, the exposed film is
      developed with benzene. A good black image is observed.
PAR  Another coated film is exposed through a photographic positive stencil to a
      Sylvania sun lamp for 1 minute and then developed with a 75% methanol, 25%
      water solution. A good red positive image appeared.
PAC  EXAMPLE 2
PAR  The sensitizer solution is prepared by adding 0.1 gram
      tetrakis-(p-dimethylaminophenyl)-butatriene sensitizer and 0.1 gram carbon
      tetrabromide initiator to a mixture of 10 grams of chloroform and 10 grams
      of methyl ethyl ketone (MEK). A binder solution is prepared by adding 0.25
      gram of copolymer of maleic anhydride and methyl vinyl ether in 4.75 grams
      of MEK.
PAR  The sensitizer and binder solutions are filtered through glass wool and
      then mixed immediately with a magnetic stirrer using one part by weight
      binder solution to four parts by weight sensitizer solution. This
      composition was coated on a polyethylene terephthalate film in the amount
      of about 10 grams per square meter and dried.
PAR  Then a photosensitive plate is exposed through a photographic negative
      stencil to a Sylvania sun lamp at 21/2  feet from the plane of the
      photosensitive film. An image was observed within 5 sec. and a good image
      was observed after 30 sec. of exposure. The exposed film then is developed
      by contact with benzene. A good positive black image is observed. The
      density of this image is further improved by dipping into a 5% solution of
      methylene blue dye.
PAR  Another coated film is exposed through a photographic positive stencil to a
      Sylvania sun lamp for 1 minute. It then is developed with a solution of
      75% methanol, 25% water. A good red positive image is observed. The
      density of the red image is improved by treatment with a basic dye
      solution.
PAC  EXAMPLE 3
PAR  The light sensitive plate of this example is prepared following the
      procedure of Example 1, with the exception that the mixed sensitizers and
      binder solutions are coated on an aluminum plate whose surface has been
      treated to render it hydrophilic.
PAR  The aluminum photosensitive plate is exposed in the same manner as the film
      in Example 1, that is, as a positive plate using a photographic negative.
      In addition to development with benzene, the metal plate is cleaned with
      an abrasive and then treated with a conventional lithographic lacquer such
      as sold by Minnesota Mining and Manufacturing Corporation to produce the
      oleophilic image. The printing plate of this example produced more than
      10,000 lithographic reproductions on a conventional lithographic
      duplicator.
PAC  EXAMPLE 4
PAR  The light sensitive plate of this example is prepared following the
      procedure of Example 3 with the exception that a positive photographic
      transparent film is used in place of the negative. Exposure to the
      Sylvania sun lamp is carried on for about one minute. A 75% methanol in
      water solution is used in place of benzene to produce the image. A red
      colored positive image was observed. The plate is then cleaned with an
      abrasive and has applied to it a lithographic lacquer similar to the step
      described in Example 3. The lithographic plates of this example were
      observed to produce 10 to 15 thousand good lithographic reproductions
      using a conventional lithographic duplicator.
CLMS
STM  What is new and desired to be secured by Letters Patent in the United
      States is:
NUM  1.
PAR  1. A composition of matter useful in photochemical reproduction comprising
      a cumulene compound having the general formula:
      ##SPC11##
PAL  where R.sub.1 and R.sub.2 are the same or different alkyl or aryl radical
      and each
      ##EQU8##
      group can be positioned at any other carbon on the benzene ring; an
      organic polyhalogenated initiator solid at room temperature and is capable
      of promoting free radical reaction with said cumulene compound upon
      exposure to light; and
PA1  one or more solvents suitable to dissolve the cumulene compound and the
      organic polyhalogenated initiator.
NUM  2.
PAR  2. A composition of matter useful in photochemical reproduction comprising
      a cumulene compound having the general formula:
      ##SPC12##
PAL  wherein n= 1-6; and R.sub.1 and R.sub.2 are the same or different alkyl or
      aryl radical;
PA1  an organic polyhalogenated initiator solid at room temperature and is
      capable of promoting free radical reaction with said cumulene compound
      upon exposure to light; which
PA1  one or more solvents suitable to dissolve the cumulene compound and the
      organic polyhalogenated initiator.
NUM  3.
PAR  3. A composition useful in photochemical reproduction comprising:
PA1  a bisbutatriene compound having the general formula:
      ##SPC13##
PAL  in which R.sub.1 and R.sub.2 are methyl, ethyl or phenyl;
PA1  an organic polyhalogenated initiator solid at room temperature and is
      capable of promoting free radical reaction with said cumulene compound
      upon exposure to light; and
PA1  one or more solvents suitable to dissolve the bisbutatriene compound and
      the organic polyhalogenated initiator.
NUM  4.
PAR  4. A composition useful in photochemical reproduction comprising:
PA1  a butynediol compound having the general formula:
      ##SPC14##
PAL  wherein R.sub.1 and R.sub.2 are the same or different alkyl or aryl radical
      and each
      ##EQU9##
      group can be any other position on the benzene ring; an organic
      polyhalogenated initiator solid at room temperature and is capable of
      promoting free radical reaction with said cumulene compound upon exposure
      to light; and
PA1  one or more solvents suitable to dissolve the butynediol compound and the
      organic polyhalogenated initiator.
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ABST
PAL  A hot galvanized strip, plate or other ferrous metal workpiece is moved
      continuously from a cooling tower, and while at a temperature within a
      range of about 130.degree. to 180.degree. F. its zinc coating surfaces are
      subjected to the application of a white rust inhibiting master aqueous
      chemical treating solution. The solution forms a substantially transparent
      protective film on the coating surfaces that is adherent thereto. The
      solution contains the compounds and reaction products of two solutions as
      mixed together, one of which is made up of sodium dichromate dissolved in
      and reacted with ethylene glycol and the other of which is made of
      potassium dichromate dissolved in and reacted with ethylene glycol.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of my application Ser. No. 83,003, filed
      Oct. 22, 1970 and entitled "White Rust Prevention for Zinc Coated
      Surfaces," now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention deals with the problem of producing or providing galvanized
      metal that is at least substantially free of so-called white rust and
      particularly, to preventing the forming of zinc hydroxide and zinc
      carbonate in the presence of moisture on zinc coated surfaces of ferrous
      metal members or workpieces. A phase of the invention deals with providing
      an improved surface treating solution for the zinc coating of galvanized
      ferrous metal workpieces that will eliminate the disadvantageous features
      and limitations of prior mixtures or treatment solutions.
PAR  2. Description of the Prior Art
PAR  Although the formation of zinc oxide is desirable from the standpoint of
      providing a protective film or surface, the formation of zinc hydroxide
      and zinc carbonate is highly disadvantageous. The latter zinc compounds
      are the reaction products of moisture with a zinc coating, and may result
      in a complete eating-through of the coating to the ferrous metal surface
      thus exposing it to corrosion. The ability of galvanized members to resist
      white rusting is tested by the industry with a so-called stack test in
      which 12 .times. 12 inch square are cut and held for 24 hours, and are
      thereafter sprayed with distilled water while they are being piled up in a
      stack. A weight is then placed on top of the stack to press the members
      down tightly. After six days the specimens are examined for white rust. If
      there is less than 10%, the results have heretofore been considered good.
      This rust has a somewhat grayish, light blue or milky appearance and, in
      this respect, is also disadvantageous from the standpoint of spoiling the
      surface appearance of metal members.
PAR  Since the primary function of a zinc coating on metal sheets or coils is to
      protect the ferrous metal, steel or iron base metal, and since the members
      may be subjected to rain or moisture from the ambient atmosphere, white
      rusting is a definite problem in the art, particularly while in a lift
      (pile of sheets) or in coil form. In fact, it will appear within a few
      hours after wetting when specimens are stacked for testing, and the
      severity of the attack increases with time. The industry has endeavored to
      limit or control the formation of white rust by the application of oils or
      chromate treatment materials, such as represented by the trademarked
      products, Chronak, Iridite or Zinodine. Such treatments will tend to
      minimize white rust but they also tend to discolor the zinc coatings.
      Films produced by chromated proteins also have the same characteristics as
      far as coated surfaces are concerned. Soluble resins have been tried by
      those skilled in the art but have not been satisfactory in that they tend
      to prevent normal galvanic action and to lock in and pick up moisture.
PAR  The problem has been complicated by endeavoring to find some solution or
      treatment which will not only do a better job from the standpoint of
      eliminating white rust, but importantly, that will not destroy desirable,
      normal galvanic action between the zinc and the ferrous metal base portion
      of the member. The problem also involves devising a treatment solution
      which will provide an adherent substantially transparent film on the metal
      surface, will not discolor it, and will permit zinc oxidation formation. I
      have been able to effectively solve the problem and meet all the factors
      involved by the creation of a master treating solution which has the
      further characteristic of fully resisting contamination under conditions
      of reuse, such as represented by particles of iron and zinc that are
      picked up from the carry-over on the strip or workpieces being treated and
      from metal bath containers. The master solution, unlike the abovementioned
      chromate types of solutions, does not have to be discarded after a
      percentage of iron or zinc pick-up has resulted, but may be used
      indefinitely by merely maintaining its strength or invigorating it from
      the standpoint of adding additional master solution of the invention
      thereto. The solution of the invention may be applied continuously to
      progressively advancing workpieces or portions of a galvanized metal strip
      of a production line.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly summarized, the master operating or processing solution of the
      invention is made up by mixing sodium dichromate in ethylene glycol in one
      solution batch and separately mixing potassium dichromate in ethylene
      glycol in a second other batch. Care is taken to avoid an excess of the
      dichromates in each solution batch and to only supply them in a sufficient
      amount to substantially fully react with the glycol and, in combination
      with water, to provide a substantially saturated solution. The
      substantially saturated solution batches may then be mixed. Water added in
      controlled amounts to the mixed solution does not adversely affect the
      results obtained and enables an economical employment of the active
      chemical content of each batch. The reaction products and chemicals for
      each batch when mixed may be agitated together and diluted using, as an
      optimum, about 50% by volume of water, to provide a final or master
      solution for application to the workpiece. Application of the master
      solution may be made with the solution in a cold condition (below room
      temperature), at room temperature or preferably at an elevated
      temperature, since the solution is to be dried on the workpiece. The
      drying may be accomplished by elevating the workpiece to a temperature
      within a range of about 130.degree. to 200.degree. F, and an optimum of
      about 180.degree. F. A transparent or invisible protective film is
      provided on the surface which adheres thereto even when hot washing and
      drying of the workpiece are thereafter accomplished.
PAR  It has thus been an object of the invention to devise a solution to the
      problem heretofore involved in the metal working art from the standpoint
      of producing galvanized workpieces, members or strips that will have a
      maximum life under normal atmospheric conditions and that will be
      inherently protected from the standpoint of the development of white rust.
PAR  Another object of the invention has been to meet all the individual and
      interlocking factors involved in producing a galvanized member that will
      be capable of conventional galvanic action and, at the same time, will
      resist the formation of white rust.
PAR  A further object of the invention has been to develop a continuous in-line
      process for effectively and efficiently treating galvanized ferrous metal
      workpieces without discoloring their surfaces and, in such a manner, as to
      provide the surfaces with a substantially invisible protective film.
PAR  These and other objects of the invention will appear to those skilled in
      the art from the illustrated embodiment and the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing represents a somewhat schematic integrated operating system
      illustrating a treatment line and process developed in accordance with the
      invention and utilizing a treatment solution of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, a continuous metal strip or workpiece 10 is shown
      as continuously advancing downwardly from a cooling tower subsequent to
      the application of a galvanized coating thereto as by a hot dip operation,
      and as entering a wash water tank at station A where it is guided under a
      guide roll 15 through a tension roll pass 16 and is then interleaved
      through a roll stand B having driven rolls forming a tension bridle. The
      strip or workpiece 10 then moves through station C at which hot air may be
      applied to its opposite surfaces for fully drying it before it is moved
      along a series of longitudinally spaced-apart guide rolls 17 to a pinch
      roll pass 18 before entering station E. Station E is the main or solution
      treating station and, as shown, employs a spaced-apart pair of upper and
      lower spray head assemblies 19 and 20 which simultaneously apply the
      master solution in spray form to the upper and lower coating surfaces of
      the workpiece 10 as it progresses through station E. At the exit end of
      station E, a pair of wringer rolls 25 of station F having a somewhat
      mat-like finish are employed to preliminarily remove or wipe-off any
      excess or surplus solution before the workpiece is advanced further along
      the line.
PAR  With particular reference to station E, sodium dichromate and ethylene
      glycol are mixed and reacted in tank or bath K and, in a like manner,
      potassium dichromate and ethylene glycol are mixed and reacted in
      individual tank or bath L. The reacted solutions are then passed
      downwardly through gravity flow lines 26a and 26b, past two-way valves V,
      into a mixing and reacting tank or bath M which is shown provided with an
      electrically operated mixer 27 and as having an air supply line 28
      controlled by a valve V therein. Water to dilute the solution may be
      introduced through line 29. The reacted mixed final master solution is
      then moved by gravity through pipe line 30a into an overhead hold or
      supply tank or bath N which may, for example, have a 100 to 150 gallon
      capacity to contain the master solution. Replenishing solution as needed
      is taken-off through line 30b and collected along with drop-off from the
      spray assemblies 19 and 20 in a reservoir or tank O. It will be noted that
      the liquid in tank O is passed downwardly through pipe line 22 and then
      forced under positive pressure upwardly outwardly from the spray
      assemblies 19 and 20 by means of an electric motor driven pump 21. The
      valve V of the line 30b will normally be closed, but may be opened from
      time to time to replenish the solution in the tank O as it is used-up by
      portions being carried as dragout on the strip 10.
PAR  The workpiece or strip 10, after being treated with the solution at station
      E and after having moved through the pass of station F, is then moved into
      and through a dry heat applying station G which may use an infrared
      heating or baking oven, but which for economy will preferably employ a gas
      fired burner assembly, such as sold by Equipment Engineering Company of
      Sheffield Street, Pittsburgh, Pa. At station G, a master solution film is
      dried-on and adhered to surfaces of the workpiece or strip 10; a
      temperature of about 130.degree. to 200.degree. F is satisfactory with an
      optimum of about 180.degree. F. Station G serves to both aid in first
      fully wetting the surfaces of the workpieces with the sprayed-on solution
      and for thereafter drying the solution thereon. The workpiece 10 or strip
      then moves along the rolls 17 to a hot water rinse or washing station H.
      Hot water tank 35 supplies water at a temperature of about 160.degree. to
      200.degree. F through pipe line 31 and motor driven pump 32 to a pair of
      upper and lower spray heads 33, immediately before the strip 10 moves
      through a pass defined by a pair of wringer rolls 34 which may have a
      smooth surface finish. Thereafter, the strip 10 moves through a pass
      defined by a pair of wringer rolls 34 which may have a smooth finish.
      Thereafter, the strip 10 may be dried by hot air headers at station I
      before it is coiled or cut to suitable lengths for storage and shipment.
      The heat imparted to the workpiece facilitates straightening or bending it
      and particularly, if it is of heavier gauge.
PAR  The steel mills, previous to the present invention, due to the
      unsatisfactory nature of the previously mentioned solutions, adopted a
      treatment which makes use of a solution containing borax, sodium chromate,
      and trisodium phosphate or, in other words, a mixture of salts. There
      appears to be no chemical reaction between the ingredients of this
      mixture, but it does have some favorable effect in minimizing the
      formation of the white rust. In addition to its somewhat limited
      effectiveness as applied, evaporation of the solution on the workpiece
      results in the formation of crystals. Evaporation of the solution of the
      invention, however, results in a somewhat greasylike precipitate which
      cannot damage the workpiece and which serves as a lubricant. Although it
      has heretofore been usual to control the pH of the water as used, it has
      been determined that using the master solution of the invention, it is
      immaterial whether river water, distilled water or city water is used.
PAR  By way of testing, workpieces have also been treated with the individual
      solution prepared in bath K alone, or, in other words, a solution
      containing sodium dichromate dissolved and reacted in ethylene glycol.
      Although it did provide a fair resistance to white rust, after a period of
      time a cloudiness developed in the film which was adherent to the
      workpiece. However, the master solution made up of the batches from K and
      L is substantially 100% effective in preventing the formation of white
      rust and cloudiness of the film does not develop as when the solution of
      bath K was used alone.
PAR  Another disadvantage of prior solutions has been that they tend to form a
      sludge which has to be removed and disposed of and also, as previously
      indicated in view of the fact that they become inoperative after the
      concentration of iron reaches an adverse amount. As contrasted to this,
      the solution of the present invention forms no sludge even in the presence
      of iron or zinc contamination and, in fact, is not adversely affected in
      any way of heavy concentrations of these two metals. It is interesting to
      note that although the master solution is applied at station E to the
      strip or workpiece 10 which has a temperature of about 130.degree. to
      180.degree. F, a subsequent application of wash water at station H at a
      temperature within a range of 160.degree. to 200.degree. F does not damage
      or remove the protective film which remains in an adherent relation on the
      strip.
PAR  In preparing the solution in bath K, a sufficient amount of ethylene glycol
      is introduced (in stoichiometric amount) to fully react with the sodium
      dichromate salt, with a slight excess to assure a full or complete
      reaction of the salt. The same is true as to the potassium dichromate salt
      which is reacted in the tank or bath L. The concentrated solutions from
      the two baths K and L, including the reaction products, may then be
      introduced into the tank or bath M and there consolidated and mixed.
      Meticulous research and testing has indicated that the reaction occurring
      in vat or tank K is represented by the following formula:
      ##EQU1##
      By the same token, it has been determined that the reaction which occurs
      in tank or vat L is represented by the following formula:
      ##EQU2##
      After solutions 1 and 2 are mixed in bath or tank M in substantially equal
      amounts or proportions from the standpoint of their respective original
      glycol contents, oxalic acid (HOOCCOOH.2H.sub.2 O) is formed by the
      reaction of the two oxalates.
PAR  It is important in carrying out the invention to prepare the two dichromate
      solutions separately. In each solution, the first step involves adding the
      sodium and the potassium dichromates and reacting each of them with
      ethylene glycol. From a practical standpoint, the next step involves
      adding water at a temperature of about 130.degree. to 160.degree. F to the
      sodium and potassium dichromate somewhat pastelike solutions, and in
      providing two concentrated, substantially saturated aqueous fluidlike,
      liquid solutions. It has been determined that a ratio of gram content of
      the sodium dichromate to the milliliter content of the glycol should be
      maintained at about 4 to 1 in the first solution, and that a ratio of gram
      content of potassium dichromate to the milliliter content of glycol in the
      second solution should be maintained at about 5 to 1. Although it is
      possible to add water, for example, at room temperature to each of the
      solutions, it has been determined that from a practical standpoint, the
      water should be added in a heated condition to quickly attain a solution
      in each instance that is substantially saturated and in which its
      dissoluble chemical content has been substantially fully dissolved. The
      heat also promotes reduction of the valance of the chromium content in
      each solution.
PAR  It has been found that the amount of water to be added for dissolving the
      chemical content in each solution is slightly greater from the standpoint
      of the second or potassium solution. That is, a ratio of milliliter amount
      of water to be added with respect to the milliliter content of the
      previously added glycol should be maintained at about 1 to 6 in the first
      or sodium containing solution and about 1 to 9 in the second or potassium
      containing solution. After the two solutions have been separately prepared
      in the above manner within, for example, tanks K and L of the drawing,
      they may be then moved into the mixing tank M. The quantity or volume of
      each solution as thus mixed will be substantially the same. For example,
      if, as an optimum, the No. 1 solution is made up utilizing 21 grams of
      sodium dichromate, 5 milliliters of ethylene glycol and 30 milliliters of
      water, and the second solution is made up of 25 grams of potassium
      dichromate, 5 milliliters of ethylene glycol and 45 milliliters of water,
      the thus specified full content of each would be mixed to produce the
      solution of tank M.
PAR  Although the mixed solution may be directly applied to the workpiece 10
      without diluting it, or in its substantially concentrated form, this is
      uneconomical and, from a practical standpoint, it has been determined that
      the addition of about 25% to 75% by volume of water will provide a fully
      effective treating solution from the standpoint of so-called white rust or
      its equivalent. Such a range or percentage of water dilution is desirable,
      assuming a speed of workpiece in a normal range of about 300 feet to 600
      feet per minute.
PAR  From the above, it will appear that the proportioning of the two
      preliminary solutions is somewhat critical and that both are used in
      sufficient concentrations or amounts from the standpoint of providing an
      effective white rust resisting master solution that is applied to and
      forms a thin, adhering film on zinc coated surface on a ferrous metal
      workpiece. The use of both solutions in combination, is highly important
      from the standpoint of avoiding cloudiness, such as occurs when, as
      previously pointed out, a sodium solution is used alone. The potassium
      solution requires a slightly greater amount of water. Although the two
      separate solutions have substantially the same volume content, the
      potassium solution has a slightly greater amount of potassium dichromate
      with respect to glycol as compared to the sodium dichromate solution, and
      the potassium dichromate solution requires a slightly greater amount of
      water or about 1.5 times the quantity required for the first or sodium
      solution with which it is to be mixed. In each instance, the desiratum has
      been to provide an aqueous substantially saturated solution, with the
      dichromates constituting the major ingredient introduced thereto.
PAR  The master solution of the present invention has also been found to act as
      an excellent corrosion preventative for a metal such as aluminum. This is
      particularly important since it is customary in the art to use about 0.10
      to 0.30% aluminum in a galvanizing melt. It appears that the oxalic acid
      and chromic oxide are major ingredients in the protective coating provided
      by the solution. It is of interest to note that potassium and sodium
      oxalates as well as oxalic acid are fully soluble in water while the
      chromic oxide is insoluble and is maintained in suspension in the solution
      as applied.
PAR  Another characteristic of the solution is the fact that the by-products are
      coated-out in substantially transparent form as the solution is applied to
      a progressively advancing workpiece 10. There is no need to sludge-out the
      solution after it has been in use for some time. The potassium dichromate
      solution not only supplements the action of the sodium dichromate solution
      to substantially fully inhibit the formation of white rust on the surface
      of the workpiece, but it additionally has the function of inhibiting
      staining of the workpieces. The effectiveness of the solution has been
      exemplified using the above mentioned optimum contents for the primary
      solutions and about a 50% by volume water content in the master solution,
      by conducting a conventional stack test on 12 .times. 12 inch specimens of
      a galvanized ferrous metal workpiece as subjected to the solution
      treatment of the invention. There was not a trace of wet storage stain.
      The specimens were then hung outside and exposed to the weather for a
      period of about two months and were found to have gradually oxidized
      uniformly without any evidence of white rust stains. The specimens were
      then taken down and again given a conventional stack test without a trace
      of wet storage stains. This testing not only proved the effectiveness of
      the master solution, but also the fact that it, in no sense, adversely
      affects normal galvanic action wherein the zinc coating oxidizes and
      provides a protective surface.
PAR  By way of example, employing the layout of the drawing, water may be added
      through line 29 to the tank M. The tank N which is the holding tank may,
      for example, have a capacity of about 100 to 150 gallons collecting tank O
      a capacity of about 300 to 400 gallons. Again referring to the drawing,
      the strip or workpiece 10, on leaving station F moves through the dry heat
      applying station G at which the solution is baked on and adhered to its
      opposite zinc coating surfaces prior to the hot water wash at station H.
      After moving through the pass of wringer rolls 34, the workpiece 10 is
      then subjected to a drying hot air application to its opposite surfaces at
      station I.
PAR  It will be noted that the reactions in both tanks K and L are similar in
      that primary reaction is accomplished in which glycol is oxidized to
      sodium or potassium oxalate and there is a reduction of the chromium from
      the plus 6 level to the plus 3 level, as represented by chromic oxide
      Cr.sub.2 O.sub.3. That is, the potassium or sodium dichromates wind up as
      sodium or potassium oxalates and chromic oxide is formed. When the two
      solutions are mixed together in vat or tank M to effect the secondary
      reaction, the chromic oxide appears to act as a catalyst and the mixture
      of sodium and potassium oxalate is converted to oxalic acid. The full
      chemical content of the final solution is not definitely known, but its
      highly effective characteristics as applied to a galvanized surface are
      known and are recognized as fully meeting the various factors involved in
      the problem.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of forming a white rust inhibiting solution for application
      as a protective film on zinc coated surfaces of a ferrous metal workpiece;
      preparing a first solution by adding sodium dichromate to ethylene glycol
      and employing at least a stoichiometric amount of the glycol, reacting
      them and forming a substantially concentrated aqueous solution; preparing
      a second solution by adding potassium dichromate to ethylene glycol and
      employing at least a stoichiometric amount of glycol, reacting them and
      forming a substantially concentrated aqueous solution; mixing the two
      solutions in substantially equal proportions from the standpoint of their
      respective original glycol contents, and diluting the mixed solution with
      water to provide a practical and effective white rust inhibiting master
      solution for application to the workpiece.
NUM  2.
PAR  2. In a method as defined in claim 1, providing a ratio of gram content of
      sodium dichromate to ml content of the glycol of about 4 to 1 in the first
      solution, and providing a ratio of gram content of potassium dichromate to
      ml content of the glycol in the second solution of about 5 to 1.
NUM  3.
PAR  3. In a method as defined in claim 2, adding water at a raised temperature
      to each of the first and second solutions and in an amount to assure a
      complete dissolving of the dissoluble chemical content thereof.
NUM  4.
PAR  4. In a method as defined in claim 2, adding water at a raised temperature
      to the first solution in a ratio of about 6 to 1 with respect to the
      glycol content thereof, and adding water at a raised temperature to the
      second solution in a ratio of about 9 to 1 with respect to the glycol
      content thereof.
NUM  5.
PAR  5. In a method as defined in claim 2, adding water to the first and second
      solutions before mixing them together and after the introduction of the
      glycol in each instance, the quantity of water being sufficient to fully
      dissolve water soluble chemical content of the first and second solutions.
NUM  6.
PAR  6. In a method as defined in claim 5, adding water to the first solution in
      a ml ratio of about 6 to 1 with respect to the glycol and in a second
      solution in a ml ratio of about 9 to 1 ml with respect to the glycol in
      the second solution.
NUM  7.
PAR  7. In a method as defined in claim 5 adding water to the first and second
      solutions at a raised temperature within a range of about 130.degree. to
      160.degree.F.
NUM  8.
PAR  8. In a method as defined in claim 1, adding water to the first and second
      solution at a temperature of about 130.degree. to 160.degree. F. after the
      introduction of the glycol thereto, the water being added to each of the
      first and second solutions in sufficient amount to assure a substantially
      full saturation of each with respect to the dissoluble chemical content
      thereof.
NUM  9.
PAR  9. In a method of forming a white rust inhibiting solution for application
      as a protective film on zinc coated surfaces of a metal workpiece;
      preparing a first solution by introducing about 5 ml of ethylene glycol
      into about 21 grams of sodium dichromate and reacting them, adding about
      30 ml of water at a temperature of about 130.degree. to 160.degree. F and
      forming a substantially concentrated reaction solution containing chromic
      oxide and sodium oxalate; preparing a second solution by introducing about
      5 ml of ethylene glycol into about 25 grams of potassium dichromate and
      reacting them, adding about 45 ml of water at a temperature of about
      130.degree. to 160.degree. F and forming a substantially concentrated
      solution containing chromic oxide and potassium oxalate; mixing the two
      solutions in substantially equal proportions and adding about 25 to 75% of
      water thereto to provide a diluted solution for application as a surface
      film to the surfaces of a workpiece.
NUM  10.
PAR  10. In an aqueous clear film-forming master treating solution for
      application to zinc coated surfaces of a workpiece for preventing
      formation of white rust thereon in the presence of moisture, said solution
      comprising a mixture of two preliminary solutions, one of which is a
      solution in which sodium dichromate is reacted with at least a
      stoichiometric amount of ethylene glycol to provide chromic oxide and
      sodium oxalate and containing water in an amount to assure a substantially
      concentrated solution, the other of which is a solution in which potassium
      dichromate is reacted with at least a stoichiometric amount of ethylene
      glycol to produce chromic oxide and potassium oxalate and containing water
      in an amount to assure a substantially concentrated solution, the two
      solutions being mixed together on a substantially equal basis from the
      standpoint of their respective ethylene glycol contents and with water
      being added to the mixed solution to provide a diluted solution for
      application to the surfaces of a workpiece.
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PAL  A method for the manufacture of foamed ceramics from a starting composition
      containing at least one component, which, when heated, forms a viscous,
      sintered and porous mass and a relatively difficultly oxidizable
      pore-forming agent for producing the porous structure, characterized by
      using as the starting composition a composition containing (1) at least
      one waste product rich in silica and containing readily oxidizable
      substances which, when heated, are themselves capable of producing
      uncontrollable pore formation and/or an undesirable melt, and (2) a
      strongly oxidizing agent, the quantity of oxidizing agent being such that
      the oxidizable substances are oxidized to eliminate or to reduce the
      uncontrollable pore formation and/or the melting and wherein the desired
      pore structure is obtained by oxidation of the difficultly oxidizable
      carbonaceous pore-forming agent.
BSUM
PAR  The present invention relates to a method for the manufacture of foamed
      ceramics. The expression "foamed ceramics" as used here is intended also
      to embrace such products as those normally designated "foamed glass"
      ("cellular glass"). These products combine good mechanical strength with
      low volumetric weight and have an emphasized cellular structure which
      render said products highly suitable for heat insulating purposes.
PAR  More specifically, the present invention relates to a method for producing
      foamed ceramics from a starting material which contains one or more
      components which when heated form a viscous, sintered and porous body, and
      a relatively difficultly oxidized pore-forming agent for creating the
      porous structure.
PAR  Such methods are known to the art. One serious disadvantage with known
      methods, however, is that the end products are relatively expensive, and
      consequently the possibility of being able to use very inexpensive waste
      materials rich in silica as components in the starting composition is
      highly desirable. Examples of the materials envisaged include fly ash
      obtained from waste-heat boilers, dust obtained from electrometallurgical
      furnaces and dust obtained when crushing macadam. Experiments made with
      such waste products have shown that they cannot be used for the purpose
      envisaged when applying techniques at present known to the art. The reason
      for this is that the products contain substances which oxidize at
      relatively low temperatures and which, when heated to produce the porous
      structure desired, give rise to an uncontrollable pore formation and/or an
      undesirable low-viscous melt. Uncontrollable pore formation can occur if
      the starting composition contains carbon or carbonaceous substances, while
      undesirable (premature) melting occurs if said starting substance contains
      oxides in a low valency stadium, e.g. FeO. Such oxides have the ability to
      form relatively readily melted eutectic compositions, so that melting may
      take place prematurely, at a point undesirable with respect to the
      formation of pores.
PAR  A combination of these effects can also occur, insomuch as carbon or
      carbonaceous substances reduce oxides, e.g. Fe.sub.2 O.sub.3 to a lower
      valency state when heating to the temperature at which the foamed ceramic
      is formed.
PAR  On the basis of the aforegoing it was found that the inexpensive waste
      products envisaged could be used for producing foamed ceramics, if the
      starting composition was admixed with an oxidizing agent capable of
      reacting with the oxidizable substances in said starting material and of
      later reacting with the added difficultly oxidized pore-forming agent, to
      form the porous structure determinative of the properties of the finished
      product.
PAR  The invention is mainly characterized by, on the basis of the above, using
      as a starting material for producing foamed ceramics a composition
      containing (1) at least one waste product rich in silica and containing
      readily oxidizable substances which, when heated, are themselves capable
      of producing uncontrollable pore formation and/or an undesirable melt, and
      (2) a strongly oxidizing agent, the quantity of oxidizing agent being such
      that the oxidizable substances are oxidized to eliminate or to reduce the
      uncontrollable pore formation and/or the melting and wherein the desired
      pore structure is obtained by oxidation of the difficultly oxidizable
      carbonaceous pore-forming agent.
PAR  The difficultly oxidizable pore-forming agent envisaged is primarily a
      carbonaceous agent.
PAR  One common feature of the starting materials used in accordance with the
      present invention, and having the character of waste material, is that
      they shall have a relatively high silica content and be very finely
      divided. The aforementioned waste materials, i.e. dust removed from waste
      gases emanating from electrometallurgical processes and dust trapped in
      stone crushing plants, for example in conjunction with the manufacture of
      macadam, possess the aforementioned combination of properties.
PAR  According to the invention, the starting composition can be admixed with
      other products for the purpose of correcting the ceramic analysis.
      Examples of such products are natural minerals, e.g. feldspar, glacial
      clay, quartz, diabase, nepheline syenite, kaolin, or mixtures thereof, for
      example sand.
PAR  In accordance with the invention, the starting composition may contain
      between approximately 25 % and approximately 80 % waste product rich in
      silica, calculated on the weight of the starting mixture.
PAR  Dust trapped when crushing stones comprises natural minerals, such as
      feldspar, quartz, diabase etc. Such dusts usually have a specific surface
      which is smaller than that of dust obtained from metallurgical processes,
      e.g. 3000-4000 cm.sup.2 /g as opposed to &gt;10000 cm.sup.2 /g. If dust
      obtained from stone crushing operations is used alone, it is preferably
      ground further to a specific surface of approximately 8000 cm.sup.2 /g, in
      order to provide for a sufficiently high reaction rate when sintering.
PAR  It has been found that this extra grinding step can be avoided when the
      crushed-stone dust is mixed with flue dust.
PAR  In order for an acceptable foamed ceramic to be obtained when sintering in
      accordance with the present invention, the starting materials shall have
      the following chemical composition. With regard to each specific raw
      material used, however, a test must be made for the purpose of determining
      in each particular case the suitable analyses.
TBL  ______________________________________                                    
     60 - 75 % SiO.sub.2    (glass former)                                     
      5 - 13 % Al.sub.2 O.sub.3 + Fe.sub.2 O.sub.3                             
                            (glass stabilizer)                                 
     approximately 2 % CaO  (glass stabilizer)                                 
      O -  6 % MgO          (glass stabilizer)                                 
     10 - 15 % Na.sub.2 O + K.sub.2 O                                          
                            (fluxing agent)                                    
     ______________________________________                                    
PAR  It has been found that the reaction rate can be increased in the melting
      process by using alkalihydroxide as the fluxing agent. More specifically,
      it has been found that at least 80% of the fluxing agent should be
      alkalihydroxide. This hydroxide is very active, since it dissolves to a
      concentrated aqueous solution and is able to retain its activity when
      heated. The alkalihydroxide is very reactive at those temperatures
      envisaged for forming the foamed ceramic according to the present
      invention. Further, alkalihydroxide forms eutectic melts with other
      components, primarily with silica and Al.sub.2 O.sub.3. The quantity of
      "active alkali" should be carefully adjusted in relation to the other
      components of the composition, since excessive quantity of active alkali
      can result in an impaired resistance of the product to water, while an
      insufficient quantity prevents a sufficient quantity of molten phase from
      being formed at the desired low temperature, at which products having a
      relatively high volumetric weight are obtained.
PAR  In accordance with the invention the oxidizing agent normally used is an
      inorganic agent. Examples of oxidizing agents used with the present
      invention include manganese dioxide, nitrates, permanganates etc. As
      previously mentioned, the oxidizing agent is operative in combusting all
      free carbon, and also sulphur at a relatively low temperature, optionally
      in combination with air, at which sintering has not yet started to take
      place, and to oxidize up all divalent dioxides to trivalent iron oxides
      and/or prevent the higher oxides such as Fe.sub.2 0.sub.3 and SO.sub.3,
      for example, from being reduced.
PAR  Since all free carbon, which normally serves as a pore-forming agent in
      ceramic processes, is oxidized away, additional pore-forming agents must
      be added. Silicon carbide, which is a carbonaceous pore-forming agent, has
      been found suitable in this connection. The silicon carbides will not
      react with the oxidizing agent until the composition is in molten form,
      whereafter they form the desired pore structure.
PAR  In accordance with one embodiment of the present invention, the starting
      composition can be admixed with a hydraulic binding agent or latent
      hydraulic binding agent, and, subsequent to solidifying, the resulting
      composition can be crushed into smaller pieces, which are then heated to
      form the foamed ceramic.
PAR  The following procedure can be applied when producing foamed ceramics: a
      finely divided waste dust rich in silica and optionally admixed with
      natural mineral (together approximately 80% of the dry weight of the
      composition) may be mixed, e.g. by wet grinding in a ball mill, with an
      approximately 10 - 15% aqueous solution of alkalihydroxide, 3 - 4%
      hydraulic or latent hydraulic binding agent, e.g. Portland cement binders
      or blast furnace slag, 1 - 3% of a strongly oxidizing agent, e.g.
      manganese dioxide, and 0.1 - 0.5% pore-forming agent, e.g. silicon
      carbide, whereafter the thus obtained slurry may be dewatered to produce
      thin-walled, porous nodules or a fine-grained product. The product is then
      heated very rapidly to approximately 800.degree. - 900.degree.C in special
      moulds, at which temperature a melt is formed. The reaction between the
      pore-forming agent and the remaining surplus of oxidizing agent causes a
      gaseous product to be formed, which forms pores in the melt. The porous
      product obtains a very uniform pore structure. The product is then rapidly
      chilled to approximately 600.degree.C, whereafter it is allowed to cool
      slowly in a cooling furnace.
PAR  According to one embodiment of the invention, the starting composition can
      be prepared in the form of an aqueous mixture and said mixture subjected
      to a spray drying step before the melting process.
PAR  According to another embodiment of the invention, the starting material can
      be subjected to a roasting step in order to convert the carbon to oxides,
      when said starting material or the waste product rich in silica contains a
      relatively large quantity of carbon or carbonaceous material. It is not
      possible with such a roasting operation to oxidize away, completely,
      carbonaceous oxidizable substances.
DETD
PAR  The invention will now be described by means of a number of examples.
PAC  EXAMPLE 1
PAR  An aqueous raw material mass having the following composition was produced:
TBL  Flue dust                                                                 
            55 kg SiO.sub.2 -content approx. 90 %,                             
                              spec. surface                                    
                              approx. 30000 cm.sup.2 /g                        
     Dust from                                                                 
     crushed                                                                   
     stones 10 kg SiO.sub.2 -content approx. 75 %,                             
                              spec. surface                                    
                              approx. 4000 cm.sup.2 /g                         
     Glacial                                                                   
     clay   17 kg SiO.sub.2 -content approx. 58 %                              
     Granulated                                                                
     blast fur-                                                                
     nace slag                                                                 
             3 kg SiO.sub.2 -content approx. 40 %,                             
                              spec. surface                                    
                              approx. 3000 cm.sup.2 /g                         
     Sodium hyd-                                                               
     roxide 13 kg SiO.sub.2 -content approx.,                                  
            commercial quality                                                 
     Pyrolusite                                                                
            1.8 kg MnO.sub.2, commercial quality                               
     Silicon                                                                   
     carbide                                                                   
            0.2 kg particle size &lt;5 .mu.                                       
     Water  55 liters.                                                         
PAR  The mass of raw material was permitted to set at 80.degree.-90.degree.C,
      whereupon the hard mass was disintegrated in a suitable manner to a
      particle size &lt;4 mm, whereafter the material was transferred to a furnace
      and heated to 600.degree.C, since practically all water must be removed
      from the mass in order for the final pore formation not to be destroyed.
      During this process a primary pore forming process takes place in the
      material, as the result of a reaction between alkalihydroxide and finely
      divided metal particles originating from the flue dust.
PAR  The primarily expanded material is transferred to moulds without being
      crushed to smaller particle size, either immediately or subsequent to
      being cooled, for continued heating to 800.degree. - 850.degree.C for 1 -
      2 hours, during which time the final formation of pores takes place.
PAR  Subsequent to being chilled quickly to a temperature of approximately
      600.degree.C, the product was allowed to cool.
PAR  The properties of the foamed glass product thus produced were found to be
      very satisfactory: uniform pore distribution with closed pores, low
      volumetric weight 250 kg/m.sup.3, good compression strength and very good
      resistance to water.
PAC  EXAMPLE 2
PAR  A slurry was prepared by wet grinding the following components:
     Flue dust     29.8 kg                                                     
     Sand          34.5 kg SiO.sub.2 -                                         
                   content 74%,   spec. surface                                
                                  4000 cm.sup.2 /g                             
     Blast furnace slag                                                        
                    3.0 kg                                                     
     Sodium hydroxide                                                          
                   11.6 kg                                                     
     Pyrolusite     0.9 kg                                                     
     Silicon carbide                                                           
                    0.2 kg                                                     
     Water         25 liters.                                                  
PAR  The slurry was spray dried to a moisture content of 0.2%. The dried
      material were transferred to moulds and heated directly to 830.degree.C,
      whereafter they were cooled as above.
PAR  The foamed glass product obtained presented a uniform and well-formed pore
      structure, while the volumetric weight was measured to 270 kg/m.sup.3 and
      the water resistance was found to be good.
PAC  EXAMPLE 3
PAR  A slurry was prepared from the following components:
TBL  Flue dust     63.6 kg                                                     
     Clay          20.3 kg                                                     
     Portland cement                                                           
     clinker        1.6 kg       specific surface                              
                                 4000 cm.sup.2 /g                              
     Sodium hydroxide                                                          
                   11.5 kg                                                     
     Pyrolusite     2.7 kg                                                     
     Silicon carbide                                                           
                    0.2 kg                                                     
     Water         45 liters.                                                  
PAR  The slurry was treated in the same manner as that in Example 1. The product
      obtained had a volumetric weight of 300 kg/m.sup.3 and fine pore
      distribution, well closed pores and good water resistance.
PAC  EXAMPLE 4
PAR  A foamed glass was produced in accordance with Example 1 from the following
      components:
TBL  Dust obtained from a macadam                                              
     manufacturing process                                                     
                        41.1 kg (rich in feldspar)                             
     Dust obtained from quartz                                                 
     crushing operations                                                       
                        42.3 "                                                 
     Blast furnace slag  3.0 "                                                 
     Sodium hydroxide   12.8 "                                                 
     Pyrolusite          0.5 "                                                 
     Silicon carbide     0.3 "                                                 
     Water              20 liters.                                             
PAR  The quality of the product was equal to that of the product obtained in the
      preceding examples. The volumetric weight was measured at 300 kg/m.sup.3.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for the manufacture of foamed ceramics comprising 60 - 75%
      silica from a starting composition capable of forming, when heated, a
      viscous, sintered and porous mass, said starting composition comprising
PA1  a. at least one silica-containing material selected from the group
      consisting of:
PA2  fly ash obtained from waste-heat boilers,
PA2  dust removed from waste gases emanating from
PA2  electrometallurgical processes, and
PA2  dust trapped in stone crushing plants, and
PA2  sand
PAL  and
PA1  b. a product containing both ferrous compounds and readily carboniferous
      substances,
PA2  said compounds and substances being capable of impairing pore formation,
PAL  which method comprises mixing with the starting composition
PA1  I. silicon carbide, and
PA1  Ii. a strongly oxidizing agent selected from the group consisting of
      MnO.sub.2,NaNO.sub.3 and KMnO.sub.4 capable of oxidizing the ferrous
      compounds into ferric compounds and the carbon of the readily oxidizable
      carboniferous compounds and the carbon of the SiC into gaseous compounds
      under the heating process, gaseous compounds from the SiC being formed
      after the composition has begun to melt, thereby to cause the pore
      formation to take place.
NUM  2.
PAR  2. A method according to claim 1 wherein said waste product rich in silica
      is selected from the group consisting of
PA1  a. fly ash obtained from waste-heat boilers,
PA1  b. dust removed from waste gases emanating from electrometallurgical
      processes, and
PA1  c. dust trapped in stone crushing plants.
NUM  3.
PAR  3. A method according to claim 1, wherein said starting composition
      contains from between approximately 25% and approximately 80% waste
      product rich in silica.
NUM  4.
PAR  4. A method according to claim 1 wherein the starting composition contains
      alkali hydroxide as a fluxing agent.
NUM  5.
PAR  5. A method according to claim 4 wherein the alkali hydroxide content of
      the starting composition is 8 - 12% calculated as R.sub.2 O on the weight
      of the finished product, R designating an alkali metal atom.
NUM  6.
PAR  6. A method according to claim 1 wherein the starting composition is
      admixed with a hydraulic binding agent or a latent hydraulic binding
      agent, and wherein the obtained mixture, subsequent to solidifying, is
      crushed into smaller pieces, which are then heated.
NUM  7.
PAR  7. A method according to claim 1 wherein the starting composition is
      prepared in the form of an aqueous mixture and that said mixture is spray
      dried.
NUM  8.
PAR  8. A method according to claim 1 wherein the starting composition or the
      waste product rich in silica is subjected to a roasting process with air
      to reduce the content of oxidizable substances to a lower level.
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ABST
PAL  Glass batch compositions for producing low to medium expansion glasses
      having linear coefficients of thermal expansion in the range of from about
      4.1 .times. 10.sup.-.sup.7 to about 19.0 .times. 10.sup.-.sup.7
      in./in./.degree.C. over a temperature range from 0.degree.-300.degree..C.
      The glass batch compositions are capable of being melted at a temperature
      of about 1600.degree.C. and are composed essentially of a finely divided
      admixture of 70-87 mole percent SiO.sub.2 and 1.0-10 mole percent
      AlPO.sub.4 together with 0-21 mole percent of at least one RO.sub.2 oxide
      selected from the group consisting of from 0-14 mole percent TiO.sub.2 and
      0-10 mole percent GeO.sub.2. The total mole percent of SiO.sub.2 and
      AlPO.sub.4 preferably constitute at least 79 mole percent of the total
      glass batch composition.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present invention is a continuation-in-part of copending application
      Ser. No. 465,739, filed June 21, 1965, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of glass making, comparatively few glass compositions are known
      which exhibit linear coefficients of thermal expansion and contraction in
      the low to medium expansion and contraction range of from about 4 .times.
      10.sup.-.sup.7 to 20 .times. 10.sup.-.sup.7 in./in./.degree.C. over the
      temperature range from 0.degree. to 300.degree.C. Moreover, such glass
      compositions as are known to exhibit desired low to medium expansion and
      contraction properties characteristically have been produced either from
      glass batch compositions which require the employment of exceedingly high
      glass batch melting temperatures or from glass batch compositions which
      are unsuitable for conventional glass batch melting techniques and require
      resort to expensive and complicated processing techniques such as vapor
      phase reactions. In either instance, however, production capabilities are
      so extremely limited and processing costs are so expensive that such
      previously known glass compositions generally have been regarded as being
      outside the realm of practicability for commercial production of moderate
      cost glasses and, in consequence, practical commercial applications of
      such glasses have been quite limited.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention pertains generally to glass batch compositions which
      are especially suitable for producing glasses possessing low to medium
      linear coefficients of thermal expansion and contraction, and more
      particularly to glass batch compositions for producing glasses based
      primarily upon silica and aluminum phosphate and in a more preferrable
      aspect modified by the inclusion of at least one oxide selected from the
      RO.sub.2 group of oxides consisting of titanium dioxide and germanium
      dioxide.
PAR  Accordingly, it is an object of the present invention to provide glass
      batch compositions that have desirable properties and characteristics.
PAR  It is a further object of the present invention to provide SiO.sub.2
      -AlPO.sub.4 glass batch compositions that are productive of glasses
      exhibiting low to medium coefficients of thermal expansion.
PAR  It is a further object of the present invention to provide SiO.sub.2
      -AlPO.sub.4 glass batch compositions that have melting temperatures below
      that of silica.
PAR  It is a further object of the present invention to provide SiO.sub.2
      -AlPO.sub.4 glass batch compositions that have desirable properties and
      overcome the problems which have been encountered in the past.
PAR  It is a further object of the present invention to provide glass batch
      compositions that are productive of glasses having desirable properties
      which make them suitable for a wide variety of uses.
PAR  In attaining the above objects, one feature of the present invention
      resides in providing relatively low melting temperature glass batch
      compositions that are primarily based on silica and aluminum phosphate.
PAR  According to one broad aspect of the present invention, the glass batch
      compositions are modified by incorporating therein at least one of the
      RO.sub.2 oxides selected from the group consisting of titanium dioxide and
      germanium dioxide.
PAR  In a more limited aspect, the present invention provides glass batch
      compositions containing a finely divided admixture consisting primarily of
      from 70 to 87 mole percent SiO.sub.2, from 1.0 to 10 mole percent
      AlPO.sub.4, 0.1-21 mole percent of at least one RO.sub.2 oxide selected
      from the group consisting of from 0 to 14 mole percent TiO.sub.2 and from
      0 to 10 mole percent GeO.sub.2.
PAR  In accordance with another more limited aspect, the present invention
      provides glass batch compositions consisting essentially of 70-87 mole
      percent of SiO.sub.2, 1.0-10 mole percent of AlPO.sub.4,  0.1-21 mole
      percent of at least one RO.sub.2 oxide selected from the group consisting
      of from 0-14 mole percent TiO.sub.2 and from 0-10 mole percent GeO.sub.2,
      together with from 0-10 mole percent of other compatible glass forming
      batch constituents selected from the group consisting of ZrO.sub.2,
      P.sub.2 O.sub.5, V.sub.2 O.sub.5, CdO, B.sub.2 O.sub.3, CuO, rare earths
      and other transition elements.
PAR  In another aspect of the invention, glass batch compositions are provided
      containing finely comminuted admixtures of from 70 to 87 mole percent
      SiO.sub.2, 1.0 to 10.0 mole percent AlPO.sub.4, 0-10 mole percent P.sub.2
      O.sub.5, 0 to 14.0 mole percent TiO.sub.2 and 0 to 10 mole percent
      GeO.sub.2, wherein the sum of AlPO.sub.4 plus P.sub.2 O.sub.5 is at least
      5.0 mole percent and the sum of AlPO.sub.4 plus TiO.sub.2 is at least 5.0
      mole percent and the sum of SiO.sub.2 plus TiO.sub.2 is at least 80 mole
      percent.
PAR  A still further aspect of the present invention is directed to the
      provision of glass batch compositions composed essentially of finely
      divided admixtures of SiO.sub.2, AlPO.sub.4 and TiO.sub.2 and where the
      SiO.sub.2 is present in an amount of 70 to 87 mole percent, the AlPO.sub.4
      is present in an amount of 5.0 to 10.0 mole percent, and the TiO.sub.2 is
      present in an amount from 2.0 to 10.0 mole percent of the total batch
      composition.
PAR  Additionally, another aspect of the present invention embodies providing
      glass batch compositions composed essentially of finely divided admixtures
      of SiO.sub.2, AlPO.sub.4 and GeO.sub.2, wherein SiO.sub.2 is present in an
      amount of 70 to 87 mole percent, AlPO.sub.4 is present in an amount of 1
      to 10.0 mole percent, and GeO.sub.2 is present in an amount up to 10.0
      mole percent.
PAR  Other objects, aspects, features and advantages of the present invention
      will become readily apparent from the following detailed description
      thereof.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The glass batch compositions of the present invention in addition to being
      capable of being melted at relatively low temperatures such as
      1600.degree.-1700.degree.C., or less, are especially suitable for the
      formation of glasses possessing desirable characteristics of thermal
      expansion and contraction in the low to medium range of 4 .times.
      10.sup.-.sup.7 to 20 .times. .sup.-.sup.7 in./in./.degree.C. over a
      temperature range of 0.degree.-300.degree.C.. By virtue of the desirable
      coefficients of expansion and contraction which are possessed by the
      glasses resulting from the glass batch compositions of the present
      invention, the resulting glasses have many practical uses in the
      fabrication of laboratory equipment and instrumentation as well as in the
      fabrication of optical devices, astronomical mirrors and the like.
PAR  Representative glass batch compositions described herein are productive of
      glasses exhibiting linear coefficients of thermal expansion which have
      been observed to range from 4.1 .times. 10.sup.-.sup.7 to about 19.0
      .times. 10.sup.-.sup.7 over the temperature range from
      0.degree.-300.degree.C.. Of course, this range of thermal expansion should
      not be considered as necessarily inclusive of all coefficients obtainable
      from the glasses produced from the glass batch compositions of the present
      invention. However, such an expansion range is an extremely desirable
      range and for that reason the glass batch compositions of the present
      invention are important for producing glasses having a wide variety of
      applications.
PAR  According to the present invention, glass batch compositions are provided
      which contain silica and aluminum phosphate together with at least one
      RO.sub.2 oxide selected from the group consisting of TiO.sub.2 and
      GeO.sub.2 ; the components being present in the glass batch composition in
      the following indicated mole percent ranges based on the total
      compositions:
TBL  COMPONENT          MOLE PERCENT                                           
     ______________________________________                                    
     SiO.sub.2          70-87                                                  
     AlPO.sub.4         1.0 to 10                                              
     TiO.sub.2          0 to 14                                                
     GeO.sub.2          0 to 10                                                
     ______________________________________                                    
PAL  In a preferred aspect of the above composition, the sum of SiO.sub.2 plus
      AlPO.sub.4 is equal to at least 79 mole percent.
PAR  According to a further aspect of the present invention, glass batch
      compositions are provided which are based on the system SiO.sub.2
      -AlPO.sub.4 -TiO.sub.2 -GeO.sub.2 wherein the composition consists
      essentially of the following glass batch components in the indicated mole
      percent ranges based on the total composition:
TBL  COMPONENT          MOLE PERCENT                                           
     ______________________________________                                    
     SiO.sub.2          70-87                                                  
     AlPO.sub.4         1.0 to 10                                              
     TiO.sub.2          4 to 14                                                
     GeO.sub.2          up to 10                                               
     ______________________________________                                    
PAL  Preferred batch compositions are those wherein the sum of SiO.sub.2 plus
      AlPO.sub.4 is at least 80.0 mole percent of the total glass batch
      composition.
PAR  Included in the glass batch compositions described hereinabove are those
      having the following composition, the batch components being present in
      the indicated mole percent ranges based on the total glass batch
      composition:
TBL  COMPONENT          MOLE PERCENT                                           
     ______________________________________                                    
     SiO.sub.2          75 - 85                                                
     AlPO.sub.4         4.9 to 10                                              
     TiO.sub.2          5 to 14                                                
     GeO.sub.2          1 to 10                                                
     ______________________________________                                    
PAR  In addition to the phosphate available in the AlPO.sub.4, additional
      phosphate may be added as P.sub.2 O.sub.5 and therefore the present
      invention includes glass batch compositions of the formulation:
TBL  COMPONENT          MOLE PERCENT                                           
     ______________________________________                                    
     SiO.sub.2          70-87                                                  
     AlPO.sub.4         1 - 10                                                 
     TiO.sub.2          0 - 14                                                 
     GeO.sub.2          0 - 10                                                 
     P.sub.2 O.sub.5    0 - 10                                                 
     ______________________________________                                    
PAR  Small amounts, i.e. up to 2-3 mole percent, of other batch materials may be
      added, such as boron nitride, alkali and alkaline earths, rare earths,
      transition metals, alumina, and the like, provided such additions to the
      glass batch do not disturb or adversely affect the final product.
PAR  A particularly suitable batch composition coming within the scope of the
      glass batch compositions of the present invention contains at least four
      of the following batch components in the indicated mole percent ranges
      based on the total batch composition:
TBL  COMPONENT          MOLE PERCENT                                           
     ______________________________________                                    
     SiO.sub.2          75 - 85                                                
     AlPO.sub.4         4.9 to 10                                              
     TiO.sub.2          5 to 10                                                
     P.sub.2 O.sub.5    0 to 5                                                 
     B.sub.2 O.sub.3    0 to 5                                                 
     ______________________________________                                    
PAL  Preferably both P.sub.2 O.sub.5 and B.sub.2 O.sub.3 are present in a
      minimum of 2.5 mole percent.
PAR  A further glass batch composition that has been found to be particularly
      suitable, according to the present invention, contains at least four of
      the following components in the indicated mole percent ranges, based on
      the total batch composition:
TBL  COMPONENT          MOLE PERCENT                                           
     ______________________________________                                    
     SiO.sub.2          75-80                                                  
     AlPO.sub.4         1-10                                                   
     TiO.sub.2          0-10                                                   
     B.sub.2 O.sub.3    2.5-5                                                  
     P.sub.2 O.sub.5    2.5-5                                                  
     ______________________________________                                    
PAR  Further preferred glass batch compositions of the present invention are
      shown below:
TBL  COMPONENT          MOLE PERCENT                                           
     ______________________________________                                    
     SiO.sub.2          75-85                                                  
     AlPO.sub.4         1-10                                                   
     TiO.sub.2          0-14                                                   
     GeO.sub.2          0-10                                                   
     ZrO.sub.2          0-5                                                    
     CeO.sub.2          0-10                                                   
     ______________________________________                                    
PAL  In the last-mentioned batch composition, the sum of SiO.sub.2 and
      AlPO.sub.4 totals at least 80.0 mole percent and at least four components
      are present in the composition.
PAR  According to the present invention, the glass batch compositions are finely
      divided or finely comminuted admixtures of particulate batch constituents
      and such batch compositions embrace a series of multi-component batch
      compositions containing one or more of such additives as boric oxide,
      germanium oxide, vanadium oxide, alumina, copper oxide, cadmium oxide and
      cerium oxide, such as represented by the following tabulations: the
      components being present in the indicated mole percent ranges based on the
      total glass batch composition:
TBL  COMPONENT          MOLE PERCENT                                           
     ______________________________________                                    
     SiO.sub.2          75-85                                                  
     AlPO.sub.4         1-10                                                   
     TiO.sub.2          2.0-10                                                 
     B.sub.2 O.sub.3    4-5                                                    
     GeO.sub.2          0-10                                                   
     ______________________________________                                    
PAL  In the foregoing, batch composition ranges 4.5 mole percent B.sub.2 O.sub.3
      and 5 mole percent GeO.sub.2 are preferred.
TBL  ______________________________________                                    
     COMPONENT          MOLE PERCENT                                           
     ______________________________________                                    
     SiO.sub.2          75-85                                                  
     AlPO.sub.4         1-10                                                   
     TiO.sub.2          2-10                                                   
     GeO.sub.2          0-10                                                   
     Al.sub.2 O.sub.3   0-5                                                    
     B.sub.2 O.sub.3    0-4.5                                                  
     V.sub.2 O.sub.3    0-5                                                    
     ______________________________________                                    
PAL  In the above range of glass batch compositions at least five components are
      present, and V.sub.2 O.sub.3 and B.sub.2 O.sub.3 are alternate components,
      e.g. when one is present the other is absent.
TBL  ______________________________________                                    
     COMPONENT          MOLE PERCENT                                           
     ______________________________________                                    
     SiO.sub.2          73-85                                                  
     AlPO.sub.4         5-10                                                   
     TiO.sub.2          6-10                                                   
     CuO                3-10                                                   
     B.sub.2 O.sub.3    0-4.5                                                  
     V.sub.2 O.sub.5    0-2.25                                                 
     SiO.sub.2          75-82                                                  
     AlPO.sub.4         6.5-10                                                 
     TiO.sub.2          5-6                                                    
     CdO                1-10                                                   
     B.sub.2 O.sub.3    0-4.5                                                  
     ______________________________________                                    
DETD
PAR  In Example I that follows, the starting materials are representative of
      those in preparing the glass batch compositions shown in the tables below.
      The procedures used were generally the same.
PAC  EXAMPLE I
TBL  Mole %         Weight % Weight                                            
     82    SiO.sub.2                                                           
                    73.55    14.71 g Kona Quartz                               
     5     GeO.sub.2                                                           
                    7.81     1.56 g  Eagle-Picher                              
                                     Electronic grade                          
     5     AlPO.sub.4                                                          
                    9.10     1.82 g  Fischer Reagent                           
     8     TiO.sub.2                                                           
                    9.54     1.91 g  Baker Reagent                             
PAR  A finely powdered glass batch was prepared by mixing and grinding the batch
      components together in an alumina mortar. Melting was carried out in a
      platinum crucible placed in a furnace at a temperature of 1600.degree.C.
      After about 18 hours the crucible was removed and the batch composition
      was observed to be melted.
PAR  The Kona quartz had the following analysis:
TBL          Al.sub.2 O.sub.3                                                  
                         0.040                                                 
             Fe.sub.2 O.sub.3                                                  
                         0.0034                                                
             Na.sub.2 O  0.013                                                 
             K.sub.2 O   0.0098                                                
             TiO.sub.2   0.001                                                 
             SiO.sub.2   Balance                                               
PAR  Eagle-Picher Electronic grade germanium dioxide was reported to be 99.99%
      germania.
PAR  According to the manufacturer, the Baker Reagent titania contains:
TBL  Water soluble salts                                                       
                      0.05%                                                    
     Arsenic (As)     0.0001%                                                  
     Iron (Fe)        0.010%                                                   
     Lead (Pb)        0.010%                                                   
     Zinc (Zn)        0.010%                                                   
PAR  The AlPO.sub.4 is supplied as AlPO.sub.4.sup.. nH.sub.2 O and the water is
      driven off by heating.
PAR  The following Tables include representative illustrative examples of glass
      batch compositions within the purview of the present invention and are not
      to be considered limiting thereof in any way. All values are in mole
      percent based on the total glass batch composition.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Mole Percent                                                              
     .alpha. .times. 10.sup.7                                                  
          SiO.sub.2                                                            
               AlPO.sub.4                                                      
                    TiO.sub.2                                                  
                         GeO.sub.2                                             
                              P.sub.2 O.sub.5                                  
                                  B.sub.2 O.sub.3                              
                                      ZrO.sub.2                                
                                          CeO.sub.2                            
     __________________________________________________________________________
     7.9  80.0 10.0 10.0                                                       
     14.4 80.0 5.0  10.0      2.5 2.5                                          
          80.0 8.0  4.0       4.0 4.0                                          
          80.0 10.0           5.0 5.0                                          
     5.5  80.0 5.0  10.0 5.0                                                   
     6.1  82.0 5.0  8.0  5.0                                                   
     5.9  78.0 5.0  12.0 5.0                                                   
     8.4  76.0 5.0  14.0 5.0                                                   
                                               Na.sub.2 O                      
     17.4 78.43                                                                
               4.90 9.80 4.90                  1.96                            
                                               BaO                             
          78.43                                                                
               4.90 9.80 4.90                  1.96                            
          78.0 5.0  10.0 5.0          2.0                                      
          80.0 5.0  8.0  5.0          2.0                                      
     12.6 80.0 5.0  5.0  5.0          5.0                                      
          85.0 5.0       5.0          5.0                                      
          80.0 10.0      5.0          5.0                                      
          80.0 5.0  5.0  5.0              5.0                                  
          80.0 5.0       5.0              10.0                                 
          80.0 5.0  10.0                  5.0                                  
          79.0 5.0  10.0 5.0              1.0                                  
          75.0 5.0  10.0 5.0              5.0                                  
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
     Mole Percent                                                              
     SiO.sub.2                                                                 
          AlPO.sub.4                                                           
               TiO.sub.2                                                       
                    GeO.sub.2                                                  
                         P.sub.2 O.sub.5                                       
                             B.sub.2 O.sub.3                                   
                                 V.sub.2 O.sub.5                               
     __________________________________________________________________________
                                          NH.sub.4 F                           
     66.67                                                                     
          4.17 8.33 4.17                  16.67                                
     79.0 5.0  11.0 5.0                                                        
                                     BN                                        
     79.0 5.0  10.0 5.0              1.0                                       
     75.0 5.0  10.0 5.0              5.0                                       
                                          La.sub.2 O.sub.3                     
     79.0 5.0  10.0 5.0                   1.0                                  
                                     WO.sub.3                                  
     80.0 5.0  8.0  5.0              2.0                                       
     80.0 5.0  5.0  5.0              5.0                                       
                                     Dy.sub.2 O.sub.3                          
     79.0 5.0  10.0 5.0              1.0                                       
                                          Sm.sub.2 O.sub.3                     
     79.0 5.0  10.0 5.0                   1.0                                  
                                     Tb.sub.2 O.sub.3                          
     79.0 5.0  10.0 5.0              1.0                                       
                                     Sb.sub.2 O.sub.3                          
     75.0 5.0  10.0 5.0          2.5 2.5                                       
                                          Al.sub.2 O.sub.3                     
     75.0 5.0  10.0 5.0          2.5      2.5                                  
     75.0 5.0  10.0 5.0          5.0                                           
     80.0 5.0  5.0  5.0          5.0                                           
                                          Al.sub.2 O.sub.3                     
     75.0 5.0  10.0              5.0      5.0                                  
                                     Sb.sub.2 O.sub.3                          
     75.0 5.0  10.0              5.0 5.0                                       
     87.0 6.5  2.0           4.5                                               
     85.0 6.5  4.0           4.5                                               
     83.0 6.5  6.0           4.5                                               
     78.0 6.5  6.0  5.0      4.5                                               
                                     CdO                                       
     75.0 10.0 5.0                   10.0                                      
     82.0 6.5  6.0           4.5     1.0                                       
     80.0 6.5  6.0           4.5     3.0                                       
     __________________________________________________________________________
TBL                TABLE III                                                   
     ______________________________________                                    
     Mole Percent                                                              
     SiO.sub.2                                                                 
             AlPO.sub.4                                                        
                      TiO.sub.2                                                
                               B.sub.2 O.sub.3                                 
                                      V.sub.2 O.sub.5                          
                                             CuO                               
     ______________________________________                                    
     83.0    6.5      6.0      2.25   2.25                                     
     80.0    6.5      6.0      4.5           3.0                               
     80.0    6.5      6.0      2.25   2.25   3.0                               
     82.0    5.0      10.0                   3.0                               
     78.0    6.5      6.0      4.5           5.0                               
     78.0    6.5      6.0      2.25   2.25   5.0                               
     73.0    6.5      6.0      4.5           10.0                              
     74.0    10.0     6.0                    10.0                              
     ______________________________________                                    
PAR  In the above experimental runs, representative 100 gram, finely divided
      samples of the glass batch compositions were placed in platinum-rhodium
      crucibles in an electric furnace and heated for about 16 hours.
PAR  Small amounts of other constituents such as alkali and alkaline earths,
      rare earths, transition metals and the like may be added to the
      compositions of the present invention providing no deleterious effects
      result therefrom. Impurites may also enter the compositions, depending on
      the source of the starting materials. Such variations in the compositions
      are intended, of course, to be included within the spirit and scope of the
      invention.
PAR  In the foregoing compositions and in the claims appended hereto the mole
      percents of the various batch constituents are calculated on the basis of
      the extent of the purity of the raw batch materials.
PAR  Throughout the foregoing description of the present invention all
      references to "batch" compositions is intended to mean admixture
      compositions containing discrete particles of the various individual
      components or constituents.
CLMS
STM  I claim:
NUM  1.
PAR  1. A glass batch composition for producing a glass having a linear
      coefficient of thermal expansion of from about 4 .times. 10.sup.-.sup.7 to
      about 20 .times. 10.sup.-.sup.7 over the temperature range of from
      0.degree.-300.degree.C., said glass batch composition consisting
      essentially of an admixture of the following components in the indicated
      ranges of mole percents of the total composition:
TBL  Component     Mole Percent Range                                          
     ______________________________________                                    
     SiO.sub.2     70-87                                                       
     AlPO.sub.4     5.0-10.0                                                   
     TiO.sub.2       2.0-10.0.                                                 
     ______________________________________                                    
NUM  2.
PAR  2. A glass batch composition for producing a glass having a linear
      coefficient of thermal expansion within the range of from about 4 .times.
      10.sup.-.sup.7 to about 20 .times. 10.sup.-.sup.7 over the temperature
      range of from 0.degree.-300.degree.C., said glass batch composition
      consisting essentially of an admixture of the following components in the
      indicated ranges of mole percents of the total batch composition:
     Component     Mole Percent Range                                          
     ______________________________________                                    
     SiO.sub.2     70-87                                                       
     AlPO.sub.4    1.0-10                                                      
     TiO.sub.2      4-14                                                       
     GeO.sub.2     up to 10.                                                   
     ______________________________________                                    
NUM  3.
PAR  3. A glass batch composition as defined in claim 2, wherein the SiO.sub.2
      and AlPO.sub.4 together total at least 80.0 mole percent of the glass
      batch composition.
NUM  4.
PAR  4. A glass batch composition as defined in claim 2, wherein said glass
      batch composition consists essentially of:
TBL  Component     Mole Percent Range                                          
     ______________________________________                                    
     SiO.sub.2     75-85                                                       
     AlPO.sub.4    4.9-10                                                      
     TiO.sub.2      5-14                                                       
     GeO.sub.2       1-10.                                                     
     ______________________________________                                    
NUM  5.
PAR  5. A glass batch composition for producing a glass having a low to medium
      linear coefficient of thermal expansion in the temperature range of from
      0.degree.-300.degree.C., said glass batch composition consisting
      essentially of 75-85 mole percent SiO.sub.2, 4.9-10 mole percent
      AlPO.sub.4, 5-10 mole percent TiO.sub.2, together with at least one
      compatible glass batch component selected from the following group in an
      amount within the indicated range of mole percent amounts of the total
      glass batch composition:
TBL  Component     Mole Percent Range                                          
     ______________________________________                                    
     P.sub.2 O.sub.5                                                           
                   0-5                                                         
     B.sub.2 O.sub.3                                                           
                    0-5.                                                       
     ______________________________________                                    
NUM  6.
PAR  6. A glass batch composition as defined in claim 5, wherein the P.sub.2
      O.sub.5 and B.sub.2 O.sub.3 components rspectively constitute at least 2.5
      mole percent of the total glass batch composition.
NUM  7.
PAR  7. A glass batch composition for producing a glass having a linear
      coefficient of thermal expansion within the range of from about 4 .times.
      10.sup.-.sup.7 to about 20 .times. 10.sup.-.sup.7 over the temperature
      range of from 0.degree.-300.degree.C., said glass batch composition
      consisting essentially of an admixture of the following components in the
      indicated ranges of mole percents of the total batch composition:
     Component     Mole Percent Range                                          
     ______________________________________                                    
     SiO.sub.2     75-80                                                       
     AlPO.sub.4     1-10                                                       
     TiO.sub.2      0-10                                                       
     B.sub.2 O.sub.3                                                           
                   2.5-5                                                       
     P.sub.2 O.sub.5                                                           
                   2.5-5.                                                      
     ______________________________________                                    
NUM  8.
PAR  8. A glass batch composition for producing a glass having a low to medium
      linear coefficient of thermal expansion in the temperature range of from
      0.degree.-300.degree.C., said glass batch composition consisting
      essentially of the following components in the indicated ranges of mole
      percent amounts of the total glass batch composition:
TBL  Component     Mole Percent Range                                          
     ______________________________________                                    
     SiO.sub.2     75-85                                                       
     AlPO.sub.4     1-10                                                       
     TiO.sub.2      2-10                                                       
     B.sub.2 O.sub.3                                                           
                   4-5                                                         
     GeO.sub.2       0-10.                                                     
     ______________________________________                                    
NUM  9.
PAR  9. A glass batch composition as defined in claim 8, wherein B.sub.2 O.sub.3
      constitutes about 4.5 mole percent and GeO.sub.2 constitutes about 5 mole
      percent.
NUM  10.
PAR  10. A glass batch composition for producing a glass having a low to medium
      linear coefficient of thermal expansion in the temperature range of from
      0.degree.-300.degree.C., said glass batch composition consisting
      essentially of 75-85 mole percent SiO.sub.2, 1-10 mole percent AlPO.sub.4,
      2-10 mole percent TiO.sub.2, together with at least two glass batch
      components selected from the following group of components in an amount
      within the indicated mole percent range of the total glass batch
      composition:
TBL  Component     Mole Percent Range                                          
     ______________________________________                                    
     GeO.sub.2      0-10                                                       
     Al.sub.2 O.sub.3                                                          
                   0-5                                                         
     B.sub.2 O.sub.3                                                           
                    0-4.5.                                                     
     ______________________________________                                    
NUM  11.
PAR  11. A glass batch composition for producing a glass having a low to medium
      linear coefficient of thermal expansion in the temperature range of from
      0.degree.-300.degree.C., said glass batch composition consisting
      essentially of 75-85 mole percent SiO.sub.2, 1-10 mole percent AlPO.sub.4,
      2-10 mole percent TiO.sub.2, together with at least two glass batch
      components selected from the following group of components in an amount
      within the inicated mole percent range of the total glass batch
      composition:
TBL  Component     Mole Percent Range                                          
     ______________________________________                                    
     GeO.sub.2      0-10                                                       
     Al.sub.2 O.sub.3                                                          
                   0-5                                                         
     V.sub.2 O.sub.3                                                           
                   0-5.                                                        
     ______________________________________                                    
NUM  12.
PAR  12. A glass batch composition for producing a glass having a linear
      coefficient of thermal expansion within the range of from about 4 .times.
      10.sup.-.sup.7 to about 20 .times. 10.sup.-.sup.7 over the temperature
      range of from 0.degree.-300.degree.C., said glass batch composition
      consisting essentially of an admixture of the following components in the
      indicated ranges of mole percents of the total batch composition:
     Component     Mole Percent Range                                          
     ______________________________________                                    
     SiO.sub.2     73-85                                                       
     AlPO.sub.4    5-10                                                        
     TiO.sub.2     6-10                                                        
     CuO           3-10                                                        
     B.sub.2 O.sub.3                                                           
                   0.-4.5                                                      
     V.sub.2 O.sub.5                                                           
                    0-2.25.                                                    
     ______________________________________                                    
NUM  13.
PAR  13. A glass batch composition for producing a glass having a linear
      coefficient of thermal expansion within the range of from about 4 .times.
      10.sup.-.sup.7 to about 20 .times. 10.sup.-.sup.7 over the temperature
      range of from 0.degree.-300.degree.C., said glass batch composition
      consisting essentially of an admixture of the following components in the
      indicated ranges of mole percents of the total composition:
     Component     Mole Percent Range                                          
     ______________________________________                                    
     SiO.sub.2     75-82                                                       
     AlPO.sub.4    6.5-10.                                                     
     TiO.sub.2     5-6                                                         
     CdO            1-10                                                       
     B.sub.2 O.sub.3                                                           
                    0-4.5.                                                     
     ______________________________________                                    
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ABST
PAL  This invention relates to silicate glasses that possess good resistance to
      chemical attack by both acid and alkaline media, that may be either clear
      and transparent or colored as desired, and that may have a moderate
      thermal coefficient of expansion to provide resistance to thermal shock.
      Such glasses have general application, but find particular utility in
      tubing and containers for scientific and pharmaceutical glassware.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The widespread use of glass in the preparation and storage of foods,
      pharmaceuticals, beverages, and chemicals has occasioned extensive
      investigation into the factors influencing the resistance of glass
      surfaces to chemical attack, such resistance being referred to as
      "chemical durability". As a general rule, it has been found that glasses
      providing good durability to acid attack, and those providing good
      durability to alkaline attack, are mutually excludable. Low expansion
      borosilicate glasses having excellent acid durability are commercially
      available, but these glasses are quite prone to alkaline attack. Likewise,
      soda lime glasses having reasonably good alkaline durability, and special
      zirconia glasses having enhanced alkaline durability, are known, but the
      former are not acid resistant and the latter are difficult to melt and
      work.
PAC  PRIOR ART
PAR  As early as 1914, it was disclosed in U.S. Pat. No. 1,086,113, that the
      addition of ZrO.sub.2 or TiO.sub.2 to quartz glass improved chemical and
      thermal durability while reducing devitrification. Later, in U.S. Pat. No.
      1,765,287, Scott disclosed the use of ZrO.sub.2 to resist surface
      tarnishing in a dense barium crown optical glass. Studies directed at
      producing high strength glass fibers having good chemical durability led
      to minimizing the alkali metal content in borosilicate glasses and using
      alkaline earth metal oxides as fluxes, as disclosed, for example, in U.S.
      Pat. No. 2,335,463 to Steenbock. Glasses composed essentially of divilent
      metal oxides, alumina, and silica are disclosed as useful for nuclear
      purposes by Lajarte in U.S. Pat. No. 3,305,371 and No. 3,218,262. Finally,
      an Ro-Al.sub.2 O.sub.3 -B.sub.2 O.sub.3 -SiO.sub.2 glass having physical
      characteristics suitable for drawing large tubing and sealing to
      molybdenum is disclosed in U.S. Pat. No. 3,310,413 by Harrington.
PAC  STATEMENT OF THE INVENTION
PAR  It has been found that zirconia (ZrO.sub.2) is the only readily available
      glassmaking oxide which, when added to a silicate glass, will impart a
      substantial degree of resistance to alkaline attack while still
      maintaining good resistance to acid attack. However, it is generally
      difficult to dissolve zirconia in silicate melts, as evidenced by
      difficulty in melting, and by a high glass liquidus, when this oxide is
      present in substantial amount.
PAR  The present invention is founded upon my discovery that the inclusion of
      barium oxide (BaO) has a unique effect upon silicate glasses containing
      ZrO.sub.2. Thus, the presence of BaO substantially enhances the solubility
      of ZrO.sub.2 in such glasses and simultaneously acts to reduce the
      liquidus temperature thereof. These phenomena permit the use of a limited
      amount of ZrO.sub.2 to improve resistance to alkaline attack while
      providing a glass that is relatively easy to melt and work.
PAR  The invention then is a chemically resistant glass consisting essentially
      of, as calculated in cation percent on an oxide basis, 59-70% SiO.sub.2,
      9-15% AlO.sub.1.5, 5-25% BaO, O-17% CaO, 0-7% ZnO, the total BaO + CaO +
      ZnO being 15-30%, and at least 2% but less than 5% ZrO.sub.2. These cation
      percent ranges, used because of ease in making comparative substitutions,
      are roughly equivalent, on a percent by weight basis, to 44-60% SiO.sub.2,
      6-12% Al.sub.2 O.sub.3, 10-40% BaO, 0-15% CaO, 0-10% ZnO, the total BaO +
      CaO + ZnO being 20-50%, and at least 3% but less than 71/2% ZrO.sub.2.
PAR  I have further found that the highest degree of chemical durability can be
      secured when the ZrO.sub.2 -containing glass is essentially completely
      free from alkali metal oxides and B.sub.2 O.sub.3. Therefore, the
      chemically-resistant glass of my invention preferably is essentially free
      from alkali metal oxides and B.sub.2 O.sub.3.
PAC  GENERAL DESCRIPTION
PAR  The key ingredients in the present glasses are ZrO.sub.2 and BaO. At least
      2 cation percent of ZrO.sub.2 is required to provide an adequate degree of
      chemical durability, particularly resistance to alkaline attack. However,
      the glass liquidus rises rapidly as the ZrO.sub.2 content of a glass
      exceeds the 4% level, and this content must, therefore, be maintained
      below 5%. At least 5% BaO is required to permit use of ZrO.sub.2 as just
      described, and, for ZrO.sub.2 solubility purposes, relatively high BaO
      contents up to 25% are preferred. However, as the amount of BaO exceeds
      about 20%, the coefficient of expansion of the glass tends to increase
      markedly, thus resulting in a loss of thermal shock resistance. Therefore,
      the BaO content should not exceed about 24%, and preferably not over 20%.
PAR  The presence of alkali metal oxides, in addition to having an adverse
      effect on durability, also tends to make the present glasses very cordy,
      and hence difficult to homogenize and work. However, minor amounts may be
      tolerated. MgO is also preferably avoided for this reason. Other divalent
      metal oxides may be present in limited amounts, including, in particular,
      up to 17% CaO and/or up to 7% ZnO, although these oxides also have a
      general tendency to produce cordy glass. These other divalent metal oxides
      do not have the ZrO.sub.2 solvent power of BaO, but CaO steepens the glass
      viscosity curve. This yields a higher strain point, and hence a higher use
      temperature, for a given melting temperature. Zinc oxide does not raise
      the expansion coefficient to the extent that BaO does, but is an expensive
      material, and does increase the glass liquidus more quickly, as does CaO.
      Hence, these oxides must be limited as indicated.
PAR  Silica is the glass-forming oxide and must be maintained within limits to
      provide a stable, easily-melted glass. At least 9% AlO.sub.1.5 is required
      to provide the desired high chemical durability, whereas over 15% tends to
      increase the thermal expansion coefficient undesirably and also creates
      melting problems.
PAR  Minor amounts of other compatible glassmaking oxides such as La.sub.2
      O.sub.3 may be present if desired. Up to about five cation percent boric
      oxide (B.sub.2 O.sub.3) may be present, but does diminish acid durability,
      and larger amounts should be avoided for this reason. The usual glass
      colorants and fining agents may be present in normal amounts of up to a
      percent or so if desired. However, they will usually be avoided in
      scientific glassware where they are recognized impurity sources.
PAR  The present glasses may be melted from generally available raw materials
      including screened sand, calcined alumina, barium carbonate, milled
      zirconium silicate, zinc oxide, and calcium carbonate. They may be melted
      from well-mixed batches at temperatures of 1500.degree.-1600.degree.C. in
      either electrically or gas heated furnaces and then worked in conventional
      manner. It is a feature of the present glasses that their low liquidus
      values permit machine forming of tubing.
PAC  SPECIFIC DESCRIPTION
PAR  The glasses of the present invention are primarily characterized by their
      good resistance to both alkaline and acid attack. Numerous tests have been
      devised to qualify glasses for specific applications. For general
      durability purposes, however, an acid test is preferred wherein a glass
      sample is exposed to a 5% by weight hydrochloric acid (HCl) solution at
      95.degree.C. for 24 hours. In a corresponding alkali test, a similar
      sample is exposed to a 5% by weight caustic (NaOH) solution at
      95.degree.C. for six (6) hours.
PAR  Both prior and subsequent to exposure, a glass test sample is carefully
      weighed and its surface area measured so that loss in weight (Wt. Loss) in
      milligrams per square centimeter (mgs./cm..sup.2) can be calculated. After
      exposure, the sample is also visually observed to determine surface
      appearance, since a moderate weight loss may be tolerated in many
      applications, providing it is not coincident, as it frequently is, with a
      stained or iridescent surface.
PAR  The differing requirements of different applications make it difficult to
      establish critical durability limits. In general, however, a glass should
      show no appreciable change in surface appearance. Further, it is preferred
      that a glass show a weight loss not over about 0.05 mgs./cm..sup.2 in the
      acid test, and a weight loss not over about 0.50 mgs./cm..sup.2 in the
      caustic solution test. The appearance change may vary from a slight
      iridescence on the sample surface (which may be acceptable in some
      instances) to more severe effects manifested by a frosted or pitted
      appearance over the glass surface.
PAR  Another characteristic of particular significance is glass liquidus
      temperature, that is, the maximum temperature at which a glass and its
      primary crystal phase are in equilibrium. This temperature, together with
      the glass viscosity-temperature relationship, determines the manner in
      which a glass can be worked, and more particularly whether it is adaptable
      to tube drawing practices.
PAR  Expansion coefficient is generally of less importance in the present
      glasses, although a moderate coefficient below about 70 .times.
      10.sup.-.sup.7 /.degree.C. (0.degree.-300.degree.C.) may be desired for
      thermal shock purposes where autoclaving or similar sterilizing practices
      are to be employed on the final product. To this end then, BaO is
      preferably utilized in an amount no greater than 20% and CaO and/or ZnO
      may be included where additional fluxing action is needed.
DETD
PAR  Table IA, below, sets forth, in cation percent calculated on an oxide
      basis, several glass compositions exemplifying the invention. Also
      presented are (1) durability data in terms of weight loss, (2) appearance
      after exposure to both acid and alkaline tests as described above, and (3)
      liquidus temperatures in degrees Centigrade (.degree.C.). Table IB sets
      forth the corresponding compositions in weight percent.
TBL                                    TABLE IA                                
     __________________________________________________________________________
            1   2   3   4   5   6    7       8       9       10                
     __________________________________________________________________________
     SiO.sub.2                                                                 
            65  65  63  63  65  59.6 61      67      60      65                
     AlO.sub.1.5                                                               
            11  13  13  15  13  9.4  11      13      11      11                
     BaO    20  18  20  20  20  5.6  20      17      20      10                
     CaO    --  --  --  --  --  14.9 --      --      --      10                
     ZnO    --  2   2   --  --  6.5  --      --      --      --                
     ZrO.sub.2                                                                 
            4   2   2   2   2   3.7  4       3       4       4                 
     BO.sub.1.5                                                                
            --  --  --  --  --  --   4       --      5       --                
     Wt. Loss                                                                  
     (mgs./cm..sup.2)                                                          
       HCl  0.04                                                               
                0.02                                                           
                    0.05                                                       
                        0.06                                                   
                            0.04                                               
                                0.03 0.04    0.02    0.05    0.02              
       NaOH 0.27                                                               
                0.47                                                           
                    0.47                                                       
                        0.45                                                   
                            0.42                                               
                                0.31 0.35    0.38    0.38    0.23              
     Appearance                                                                
       HCl  N.C.                                                               
                N.C.                                                           
                    N.C.                                                       
                        N.C.                                                   
                            N.C.                                               
                                N.C. N.C.    N.C.    Slight Frost              
                                                             N.C.              
       NaOH N.C.                                                               
                N.C.                                                           
                    Irid.                                                      
                        N.C.                                                   
                            N.C.                                               
                                N.C. Slight Frost                              
                                             Slight Frost                      
                                                     Slight Frost              
                                                             Slight Frost      
     Liquidus                                                                  
     (.degree.C.)                                                              
            930 898 867 824 786 1192 --      --      --      --                
     __________________________________________________________________________
      NOTE:                                                                    
      N.C. means no change in appearance.                                      
TBL                                    TABLE IB                                
     __________________________________________________________________________
     1         2    3    4    5    6    7    8    9    10                      
     __________________________________________________________________________
     SiO.sub.2                                                                 
          48.7 50.5 47.8 48.1 49.6 53.2 46.2 52.5 45.7 55.4                    
     Al.sub.2 O.sub.3                                                          
          7.0  8.6  8.4  9.8  8.4  7.1  7.1  8.7  7.1  8.0                     
     BaO  38.2 35.6 38.7 39.0 38.9 12.7 38.7 34.0 38.8 21.7                    
     CaO  --   --   --   --   --   12.4 --   --   --   7.9                     
     ZnO  --   2.1  2.0  --   --   7.8  --   --   --   --                      
     ZrO.sub.2                                                                 
          6.1  3.2  3.1  3.1  3.1  6.8  6.2  4.8  6.2  7.0                     
     B.sub.2 O.sub.3                                                           
          --   --   --   --   --   --   1.8  --   2.2  --                      
     __________________________________________________________________________
PAR  Table IIA sets forth the calculated chemical compositions, in cation
      percent on an oxide basis, and pertinent properties for several additional
      glasses. These examples are within the same general composition family as
      the glasses of the present invention, but the proportion of at least one
      component is somewhat outside one of the definitive operable ranges for
      the present glasses. Table IIB sets forth the corresponding glass
      compositions in weight percent.
TBL                TABLE IIA                                                   
     ______________________________________                                    
            11   12      13       14     15                                    
     ______________________________________                                    
     SiO.sub.2                                                                 
              65     67      63.7   61.8   61.8                                
     AlO.sub.1.5                                                               
              10     13      12.8   9.6    13.8                                
     BaO      20     20      19.6   2.9    3.8                                 
     CaO      --     --      --     15.2   14.4                                
     ZnO      --     --      --     6.7    6.1                                 
     ZrO.sub.2                                                                 
              5      --      --     3.8    --                                  
     LaO.sub.1.5                                                               
              --     --      3.9    --     --                                  
     Wt. Loss                                                                  
     (mgs./cm..sup.2)                                                          
       HCl    0.02   0.05    0.05   0.03   --                                  
       NaOH   0.56   2.6     1.7    0.30   0.82                                
     Appearance                                                                
       HCl    N.C.   N.C.    N.C.   N.C.   --                                  
       NaOH   N.C.   Frost   Frost  N.C.   Slight Irid.                        
     Liquidus                                                                  
     (.degree.C.)                                                              
              1379   1081    1028   1396   --                                  
     ______________________________________                                    
TBL                TABLE IIB                                                   
     ______________________________________                                    
            11     12       13       14     15                                 
     ______________________________________                                    
     SiO.sub.2                                                                 
              48.2     51.9     47.1   57.0   58.9                             
     Al.sub.2 O.sub.3                                                          
              6.3      8.6      8.1    7.5    11.2                             
     BaO      37.9     39.5     37.0   6.8    9.2                              
     CaO      --       --       --     13.1   12.8                             
     ZnO      --       --       --     8.4    7.9                              
     ZrO.sub.2                                                                 
              7.6      --       --     7.2    --                               
     La.sub.2 O.sub.3                                                          
              --       --       7.8    --     --                               
     ______________________________________                                    
PAR  Glass 11 illustrates the effect of excess ZrO.sub.2 on the liquidus
      temperature, while glass 14 illustrates the same effect when an excess of
      CaO and/or ZnO is present. Incidentally, glass 6 of Table I shows the
      trend toward a high liquidus temperature starting within the present
      glasses when BaO is low. In glasses 11 and 14, the durability is quite
      satisfactory, but the liquidus temperature would seriously limit melting
      and forming procedures.
PAR  Glass 12 illustrates the effect of omitting ZrO.sub.2 from the present
      glasses. While acid durability is acceptable, the alkaline durability is
      well outside acceptable limits. Glass 13 shows that adding an oxide such
      as La.sub.2 O.sub.3, rather than ZrO.sub.2, does not correct the
      deficiency. Likewise, glass 15 shows that CaO and ZnO, in the absence of
      ZrO.sub.2, while somewhat better than BaO alone, are not as effective as
      desired.
PAR  The significant advantages provided by the invention are further
      illustrated in Table III which compares the properties of Example 1 of
      Table I with those of a previously available commercial glass of high
      chemical durability referred to as Glass A. The latter glass is composed
      essentially, in cation percent on an oxide basis, of 67.4% SiO.sub.2,
      21.1% NaO.sub.0.5, 3.8% LiO.sub.0.5, and 7.7% ZrO.sub.2.
TBL                TABLE III                                                   
     ______________________________________                                    
                       Glass A   Example I                                     
     ______________________________________                                    
     Liquidus (.degree.C.)                                                     
                         1059        930                                       
     Viscosity in Poises at Liquidus                                           
                         2.9 .times. 10.sup.5                                  
                                     1 .times. 10.sup.7                        
     Softening Point (.degree.C.)                                              
                         880         994                                       
     Annealing Point (.degree.C.)                                              
                         624         783                                       
     Strain Point (.degree.C.)                                                 
                         573         736                                       
     Expansion .times. 10.sup..sup.-7 /.degree.C. (0-300.degree.C.)            
                         63.8        60.1                                      
     Wt. Loss (mgs./cm..sup.2)                                                 
       HCl               0.05        0.04                                      
       NaOH              0.13        0.27                                      
     Appearance                                                                
       HCl               N.C.        N.C.                                      
       NaOH              Slight Irid.                                          
                                     N.C.                                      
     ______________________________________                                    
PAL  Thus, the present preferred glass has a markedly lower liquidus temperature
      which facilitates glass working, has a maximum use temperature, as gauged
      by the strain point, that is at least 100.degree.C. higher, and avoids the
      iridescent surface appearance that developed on the commercial glass in
      spite of its low weight loss.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chemically resistant glass essentially free from alkali metal oxides
      and B.sub.2 O.sub.3 and exhibiting a weight loss not over about 0.05
      mgs./cm..sup.2 when exposed to a 5% by weight HCl solution at 95.degree.C.
      for 24 hours and a weight loss not over about 0.5 mgs./cm..sup.2 when
      exposed to a 5% by weight NaOH solution at 95.degree.C. for 6 hours
      consisting essentially of, as calculated in cation percent on an oxide
      basis, 59-70% SiO.sub.2, 9-15% Al0.sub.1.5, 5-25% BaO, 0-17% CaO, 0-7%
      ZnO, the total BaO + CaO + ZnO being 15-30%, and at least 2% but less than
      5% ZrO.sub.2.
NUM  2.
PAR  2. A chemically resistant glass in accordance with claim 1 wherein the BaO
      content does not exceed 20%.
NUM  3.
PAR  3. A chemically resistant glass in accordance with claim 1 consisting of,
      in cation percent on an oxide basis, 65% SiO.sub.2, 11% AlO.sub.1.5, 20%
      BaO, and 4% ZrO.sub.2.
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ABST
PAL  Parts of an evacuated glass vessel are joined by a noncrystallizing solder
      glass having a coefficient of thermal expansion which is higher than that
      of the surfaces to be sealed and which contains particles of glass which
      reduces the coefficient of thermal expansion without increasing the
      soldering temperature, e.g. a boro-silicate, aluminosilicate or quartz
      glass having a thermal coefficient of expansion smaller than 40 .times.
      10.sup..sup.-7.
PARN
PAR  This is a division of application Ser. No. 180,902, filed Sept. 15, l972
      now abandoned.
BSUM
PAR  The invention relates to a method of sealing adjoining parts of a vacuum
      vessel in a vacuum-tight manner, for example, an envelope of a cathode ray
      tube and particularly of a colour television picture tube, and to a solder
      glass for sealing adjoining parts of an evacuated vessel.
PAR  When two parts of a wall, particularly those having comparatively large
      dimensions, are soldered together to form a vacuum vessel by means of a
      solder glass the soldering temperature of which lies below the deformation
      temperature of the material of the surfaces to be sealed, the layer of
      solder glass, upon evacuation, will usually be in a state of stress, also
      as a result of the external air pressure on the parts of the wall of the
      vacuum vessel. The parts of the wall themselves, will be slightly deformed
      as a result of the air pressure. For readily degassing the components
      present in the vacuum vessel, the vacuum vessel, upon evacuation, must be
      heated at a temperature of approximately 400.degree.C. During said
      heating, the solder glass of the seal, however, may not become soft so
      that the stress disappears since otherwise, when air is again admitted to
      the vacuum vessel, for example, for repair purposes, the seal may have an
      unfavourable state of stress, in which inadmissible tensile forces may be
      formed as the wall of the vessel tries to regain its original shape. As a
      result of this, the envelope usually breaks. Therefore the material of the
      seal, after soldering, may not show stress relaxation at the degassing
      temperature, which means that the stress build-up temperature after
      soldering must be higher than the degassing temperature to be used. The
      term "stress build-up temperature" is to be understood to mean the
      temperature at which the viscosity upon cooling the glass after heating at
      a higher temperature, becomes so large that stresses can be formed in the
      glass. Stresses present in the glass will then be maintained when the
      glass is heated again to near said temperature.
PAR  The soldering temperature may not be so high that glass parts of the wall
      of the vessel begin to deform or that components present in the vacuum
      vessel are damaged. The solder glass must therefore have the lowest
      possible soldering temperature.
PAR  A known method of satisfying the requirements with respect to the soldering
      temperature, and the stress build-up temperature after soldering is to use
      a solder glass which crystallizes during soldering as is described in
      British Patent specification 822,272. Although as described in the
      preamble of said patent specification a heating of a few minutes is
      sufficient to obtain crystallisation of the solder glass and although it
      is stated in the examples that said period must be 30 minutes at
      440.degree.C, it has been found in practice, that said period in solder
      glass compositions suitable for colour television picture tube envelopes
      must be approximately 60 minutes at 450.degree.C. For series production
      this requires very long ovens with a low rate of passage. Therefore this
      method is expensive, since large investments in apparatus and space are
      required. Moreover, the envelope must be kept at the soldering temperature
      of 450.degree.C during said time, which is detrimental to the
      temperature-sensitive components present in the envelope, and particularly
      for the phosphor screen of a colour picture tube.
PAR  Since a solder glass has a higher coefficient of thermal expansion
      according as its soldering temperature is lower, and the lowest possible
      soldering temperature is required, it is generally necessary to take
      precautions to reduce the coefficient of expansion of the solder glass. It
      is known from British Patent Specification 904,818 that a decrease of the
      coefficient of thermal expansion can be obtained by adding to the solder
      glass an inert refractory material, for example, zirconium silicate,
      without the remaining properties of the solder glass being appreciably
      varied thereby. This addition moreover increases the mechanical rigidity
      of the seal. For sealing parts of vacuum vessels which afterwards have to
      be heated again at 400.degree.C or higher in an oven, these additions have
      always been used in combination with a crystallizing basic solder glass as
      described in U.S. Pat. No. 3,250,631, with the above drawback of a long
      soldering time. Although the combination of said inert refractory addition
      with non-crystallizing basic solder glass also provides a useful solder
      glass, it has been found that such a solder glass is not suitable for use
      in vacuum vessels since the danger exists that the solder glass will
      soften again at the degasing temperature which generally is equal to or
      higher than the soldering temperature.
PAR  The above-mentioned drawbacks can be greatly reduced by using a method of
      sealing adjoining parts of a vacuum vessel in a vacuum-tight manner, for
      example, the envelope of a cathode-ray tube, particularly of a colour
      television picture tube, in which a non-crystallizing solder glass the
      soldering temperature of which lies below the deformation temperature of
      the material of the surface to be sealed and which consists of a basic
      solder glass having a coefficient of thermal expansion which is higher
      than that of the surfaces to be sealed, is intimately mixed in a
      comminuted state with a combinuted addition reducing the coefficient of
      thermal expansion, if, according to the invention, the addition consists
      at least substantially of glass having a coefficient of thermal expansion
      smaller than 40 .times. 10.sup..sup.-7.
PAR  By the addition of the glass, the stress build-up temperature of the basic
      solder glass after cooling of the finished seal has been found to be
      considerably higher than that of the original basic solder glass, in
      contrast with the case in which the addition consists of an inert
      refractory material.
PAR  The addition preferably consists of aluminium silicate and borosilicate
      glasses having a coefficient of thermal expansion smaller than 40 .times.
      10.sup..sup.-7, of quartz glass or of mixtures of the said glasses.
PAR  It has been found that the effect of the increase of the stress build-up
      temperature after soldering is maintained, if, in addition to one or more
      of the said types of glass, another inert refractory material, for
      example, zirconium silicate, is added so as to increase the rigidity of
      the seal. Al.sub.2 O.sub.3 may also be used for this purpose.
PAR  The invention is based on the phenomenon that, due to the presence of the
      glass particles in the solder glass, not only the coefficient of thermal
      expansion is reduced as was to be expected without the soldering
      temperature increasing strongly, but that at the same time the stress
      build-up temperature after soldering has increased considerably. With a
      homogeneous solder glass, the composition of which corresponds to the
      original basic solder with completely dissolved addition, however, the
      soldering temperature would be approximately 50.degree.C higher than that
      of the mixture of solder glass and addition. However, such a high
      soldering temperature may involve a great danger of damage to the glass
      parts of the wall of a vacuum vessel and to temperature-sensitive
      components in the vessel, for example, the phosphor screen, particularly
      in a colour television picture tube, even if local heating of the
      soldering surface is used in a manner as described in the U.S. Pat.
      2,861,392.
PAR  The solder glass is provided on the surface to be soldered in the form of a
      suspension and soldering is effected preferably at such a low temperature
      and for such a period of time that the solder glass forms a good sealed
      joint with the surfaces to be sealed without the glass particles of the
      addition fully dissolving in the basic solder glass; said glass particles
      remain present in the seal at least partly as a separate phase.
PAR  When using the method according to the invention, local heating generally
      is also highly desirable and often necessary in the case of colour
      television picture tubes. Although the time required for soldering is much
      shorter than in the known method in which the solder glass crystallized
      out, local heating must be carried out at a higher temperature, also
      because a temperature gradient of approximately 25.degree. to 30.degree.C
      occurs between the outside and the inside of the seal. Because, however,
      it is not necessary to heat the entire envelope at the soldering
      temperature as in the method described in the British Patent specification
      822,272 and soldering time is shorter, a higher soldering temperature,
      namely approximately 520.degree.C, may be used in local heating without
      the temperature-sensitive components in the envelope becoming too hot. In
      order to obtain a ready melting of the basic solder glass also on the
      inside of the envelope, the seal will have to be maintained at the
      soldering temperature for approximately 10 to 20 minutes. As a result of
      the temperature gradient in the seal the solder glass on the inside of the
      seal will actually reach the soldering temperature only later.
PAR  Since the duration of the soldering operation can be comparatively short
      and the oven, when using local heating, is necessary only for preheating
      to a temperature which is lower than the actual soldering temperature and
      for slowly cooling, the method according to the invention is more
      economical than the known method in which a crystallizing solder glass is
      used.
PAR  Compositions of basic solder glass which are to be considered for the
      present method are:
TBL  PbO              70 - 85%   by weight                                     
     B.sub.2 O.sub.3  10 - 21%   by weight                                     
     ZnO              0 - 4.5%   by weight                                     
     Al.sub.2 O.sub.3 0 - 10%    by weight                                     
     SiO.sub.2        0 - 4.5%   by weight                                     
     CoO              0 - 0.6%   by weight.                                    
PAR  4 - 16% by weight of comminuted quartz glass or another glass having a
      coefficient of thermal expansion below 40.times.10.sup..sup.-7 is added to
      comminuted basic solder glasses of the above composition to obtain the
      solder glass. If desired, 0 - 4.5% by weight of Al.sub.2 O.sub.3 or
      another suitable metal compound, for example, zirconium silicate, may in
      addition be added to strengthen the seal.
PAR  It is to be noted that the U.S. pat. 3,250,631 also describes an addition
      of quartz glass as a comparative experiment. However, this addition is
      used with crystallizing solder glass.
DRWD
PAR  The invention will now be described with reference to the accompanying
      drawing in which:
PAR  FIG. 1 diagrammatically shows an arrangement for soldering a face plate to
      a funnel of a colour television picture tube;
PAR  FIG. 2 is a cross-sectional view on an enlarged scale of the soldering
      surfaces after providing the solder glass but prior to soldering, and
PAR  FIG. 3 is a cross-sectional view on an enlarged scale of the soldering seam
      after soldering,
PAR  FIGS. 4, 5 and 6, are graphs of the stresses occurring during cooling of
      various compositions of solder glass after melting in which the
      compressive stresses in the solder glass are denoted by + and the tensile
      stresses in the solder glass are denoted by - on the ordinate.
DETD
PAR  In FIG. 1, the glass face plate of a colour television tube is to be
      soldered to a glass funnel 2. In the cupshaped face plate 1, a phosphor
      layer 3 and a shadow mask 4 are provided. The funnel 2 is placed in a
      supporting frame 6 with the larger aperture upwards. On the edge of the
      funnel 2 a layer of ground solder glass mixture 5 in the form of a
      suspension is provided, for example, in the manner described in British
      Patent specification 822,272.
PAR  The face plate 1 is placed on the layer 5 after it has dried. A thermal
      conductor 7 is provided around the soldering surface, which conductor is
      preferably concave on the side facing the soldering surfaces and is
      provided, if desirable, with a reflector, so that the thermal energy is
      concentrated on the seam when the conductor is heated by the passage of
      current. The soldering surfaces are heated on the outside at 520.degree.C
      although the solder glass 5 is already sufficiently softened for soldering
      at 505.degree.C. The increased temperature is necessary in connection with
      the existence of the temperature gradient in the seam. Due to the higher
      temperature, the inside of the seam also reaches the soldering
      temperature. The frame 6 and the conductor 7 are placed in an oven
      together with the envelope 1, 2 and heated in the conventional manner at
      400.degree.C at a rate of 10.degree.C per minute. The conductor is then
      heated by the passage of current to 700.degree. to 800.degree.C so that
      the seam reaches the desired temperature of 520.degree.C. When the seam is
      ready after 10 to 20 minutes the heating current of the conductor 7 is
      switched off, and the frame 6 with the envelope and the conductor 7
      traverses a cooling furnace in which the envelope is cooled in the
      conventional manner initially at a rate of 1.5.degree.C, then at a rate of
      5.degree.C per minute. After cooling the seam has a cross-section as is
      diagrammatically shown in FIG. 3. It is found that particles of the
      addition are still present in the seam as a separate phase.
PAR  The basic solder glass has the following composition:
TBL  PbO             78.0 %   by weight                                        
     B.sub.2 O.sub.3 15.3 %   by weight,                                       
     SiO.sub.2       3.5 %    by weight,                                       
     Al.sub.2 O.sub.3                                                          
                     2.7 %    by weight and                                    
     CoO             0.5 %    by weight.                                       
PAR  When said basic solder glass is provided in the molten condition as a layer
      on a plate consisting of a standard glass, it is found according to the
      polarizer method described in the above mentioned British Patent
      Specification 822,272, page 6, lines 58 to 73, that upon cooling the basic
      solder glass the stress build-up temperature S = 340.degree.C (FIG. 4). At
      this temperature the build-up of a compressive stress .tau. in the solder
      glass layer starts.
PAR  If to the above basic glass solder, after having been sieved through a
      sieve having meshes of 75 /.mu. (70 meshes per cm), 6.6 % by weight of
      quartz glass powder and 3.3 % by weight of Al.sub.2 O.sub.3 powder,
      likewise having a particle size smaller than 75 /.mu., are added and the
      assembly is readily mixed to form a solder glass, it is found after
      melting of the solder glass that the stress build-up temperature upon
      cooling is approximately 415.degree.C (FIG. 5). When this solder glass is
      used for the layer 5 it is found that soldering is possible at a
      temperature of of 505.degree.C. As a result of the temperature gradient in
      the seam and the desirable speed of operation, soldering begins at
      520.degree.C. After having been kept at this temperature for 15 minutes
      the assembly is cooled initially at a rate of 1.5.degree.C per minute for
      10 to 20 minutes, then at a rate of 5.degree. per minute. It is found that
      both quartz glass particles and Al.sub.2 O.sub.3 particles are present in
      the seam as separate components. At this temperature of  520.degree. the
      components of the said addition hence do not fully dissolve in the basic
      solder glass. As a result of the addition of the fine glass particles it
      is achieved that the stress build-up temperature becomes approximately
      70.degree. to 80.degree.C higher than that of the basic solder glass. if,
      however, heating were carried out previously at such a high temperature
      and for such a long period of time that the said addition would have fully
      been dissolved in the basic solder glass, a homogeneous solder glass would
      be obtained the soldering temperature of which would be at least
      570.degree.C and, taking into account the temperature gradient in the
      glass wall, would even be 590.degree.C while the stress build-up
      temperature would nevertheless be only slightly higher, namely
      approximately 420.degree. instead of 415.degree.C (FIG. 6). By adding the
      addition which consists for the greater part of glass powder, in this case
      quartz glass powder, and by ensuring that it does not fully dissolve,
      substantially the same stress build-up temperature can be obtained as with
      a corresponding homogeneous solder glass in which the addition would have
      been dissolved. However, soldering can be carried out at a temperature
      which is more than 60.degree. lower which is a great advantage for the
      preservation of the phosphor layer 3 and the shadow mask 4. Since the
      soldering operation lasts only 15 to 20 minutes a large gain in oven
      length and operating space is obtained, while the oven temperature when
      using local heating can be lower, namely 400.degree.C instead of
      450.degree.C.
PAR  In laboratory experiments it has been found that the temperature necessary
      for giving the above-mentioned basic solder glass a certain flow
      characteristic associated with the graph of FIG. 4 is 495.degree.C. In
      this case the temperature is measured at which a cylinder of compressed
      solder glass powder having a weight of 10 gms and a diameter of 12.7 mms
      (one-half inch), (height approximately 2 cms), flows in a given period of
      time to form a disk having a diameter of 31 mms.
PAR  The same flow characteristic is obtained at 503.degree.C for the above
      described solder glass - quartz glass - Al.sub.2 O.sub.3 mixture to which
      the graph of FIG. 5 relates and at 570.degree.C for the mixture of a basic
      solder glass and the above-mentioned addition, melted to a homogeneous
      solder glass to which FIG. 6 relates. Moreover, tensile stresses occur in
      this latter solder glass layer after cooling as appears also from the
      graph of FIG. 6.
PAR  Since in the case of the solder glass according to FIG. 5 the stress
      build-up temperature lies above 400.degree.C, the envelope may afterwards
      be heated to 400.degree. upon degassing without annealing of the finished
      seam occurring.
PAR  Another suitable example of a solder glass is obtained from a basic solder
      glass of the following composition:
TBL  PbO              79.4 %   by weight.                                      
     B.sub.2 O.sub.3  15.6 %   by weight,                                      
     SiO.sub.2        4.4 %    by weight;                                      
     CoO              0.6 %    by weight                                       
PAL  with an addition of 11.1 % by weight of quartz glass powder having a
      coefficient of expansion of 4 .times. 10.sup..sup.-7. The stress build-up
      temperature upon cooling is approximately 425.degree.C.
PAR  In another example a powdered basic solder glass consisting of
PA1  79.5 % by weight of PbO,
PA1  10 % by weight of B.sub.2 O.sub.3,
PA1  10 % by weight of Al.sub.2 O.sub.3,
PA1  0.5 % by weight of CoO,
PAL  which has a stress build-up temperature of approximately 355.degree.C is
      mixed with 7% by weight of an addition consisting of glass  having a
      composition of 7.8% by weight of SiO.sub.2 &; 5 % by weight of alkali
      oxides; 15 % by weight of B.sub.2 O.sub.3 and 2 % by weight of Al.sub.2
      O.sub.3, known commercially as "Pyrex", having a coefficient of expansion
      of 38.times.10.sup..sup.-7. After soldering, it is found that the stress
      build-up temperature has increased to approximately 370.degree.C. This
      solder glass may be used for soldering components of the wall of a vacuum
      vessel, in which degassing is not effected by means of an oven, but by
      heating of the electrodes present in the vessel by means of high-frequency
      currents or by the passage of current. It is known from U.S. Pat.
      2,969,293 that the coefficient of expansion of a solder glass can be
      reduced by the additions of amorphous silicates. However, in this case it
      deals exclusively with solder glass mixtures for decorative purposes in
      which the articels need afterwards not he heated for evacuation purposes.
      Moreover, the addition is preferably 30 % by weight and more. For a solder
      glass an addition of more than 20 % by weight is inadmissible, however,
      since the solder glass in the case that a higher percentage is added, does
      not flow sufficiently at the admissible soldering temperature.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A resultant solder glass for joining abutting surfaces of parts of an
      evacuated vessel consisting essentially of a basic non-crystallizing
      solder glass having a coefficient of thermal expansion which is higher
      than that of the material of the surfaces to be joined admixed with a
      comminuted glass having a coefficient thermal expansion less than 40
      .times. 10.sup..sup.-7 for increasing the stress build-up temperature of
      the basic non-crystallizing solder glass, said resultant solder glass
      having a coefficient of thermal expansion which corresponds to that of the
      material of the surfaces to be joined, said basic glass consisting
      essentially of:
PA1  70 - 85% by weight of PbO
PA1  10 - 21% by weight of B.sub.2 O.sub.3
PA1  0 - 4.5% by weight of ZnO
PA1  0 - 10% by weight of Al.sub.2 O.sub.3
PA1  0 - 4.5% by weight of SiO.sub.2
PA1  0 - 0.6% by weight of CoO
PAL  having admixed therewith a quartz glass, a borosilicate glass or an
      aluminosilicate glass.
NUM  2.
PAR  2. A resultant solder glass for joining abutting surfaces of parts of an
      evacuated vessel consisting essentially of a basic non-crystallizing
      solder glass having a coefficient of thermal expansion which is higher
      than that of the material of the surfaces to be joined admixed with a
      comminuted glass having a coefficient of thermal expansion less than 40
      .times. 10.sup..sup.-7 for increasing the stress build-up temperature of
      the basic non-crystallizing solder glass, said resultant solder glass
      having a coefficient of thermal expansion which corresponds to that of the
      material of the surfaces to be joined, said basic glass consisting
      essentially of:
PA1  78% by weight of PbO
PA1  15.3% by weight of B.sub.2 O.sub.3
PA1  3.5% by weight of SiO.sub.2
PA1  2.7% by weight of Al.sub.2 O.sub.3 and
PA1  0.5% by weight of CoO
PAL  admixed
PA1  with 6.6% by weight of quartz glass
PA1  and 3.3% by weight of Al.sub.2 O.sub.3.
NUM  3.
PAR  3. A resultant solder glass for joining abutting surfaces of parts of an
      evacuated vessel consisting essentially of a basic non-crystallizing
      solder glass having a coefficient of thermal expansion which is higher
      than that of the material of the surfaces to be joined admixed with a
      comminuted glass having a coefficient of thermal expansion less than 40
      .times. 10.sup..sup.-7 for increasing the stress build-up temperature of
      the basic non-crystallizing solder glass, said resultant solder glass
      having a coefficient of thermal expansion which corresponds to that of the
      material of the surfaces to be joined said basic glass consisting
      essentially of:
PA1  79.5% by weight of PbO
PA1  10% by weight of B.sub.2 O.sub.3
PA1  10% by weight of Al.sub.2 O.sub.3
PA1  0.5% by weight of CoO
PAL  admixed with
PA1  7% by weight of the basic solder glass of a glass
PAL  having a composition
PA1  78% by weight of SiO.sub.2
PA1  5% by weight of alkali oxides
PA1  15% by weight of B.sub.2 O.sub.3 and
PA1  2% by weight of Al.sub.2 O.sub.3.
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ABST
PAL  An early strength hydraulic cement comprising: from 15 to 90 per cent by
      weight based on the cement, of an orthorhombic or tetragonal phase
      XC.sub.14 A.sub.5 which is NC.sub.14 A.sub.5 as herein defined or the
      corresponding phase in which the place of the sodium oxide is at least
      partly taken by at least one other alkali metal oxide; the balance being
      predominantly calcium silicates.
BSUM
PAR  This invention relates to early strength cements, that is to say cements
      which after mixing with water rapidly set and harden in a controllable way
      to yield appreciable early strengths.
PAR  It is known that conventional Portland cements after mixing with water,
      although ultimately yielding high strengths, are initially slow to set in
      comparison with some other cementitious materials and that the early
      strength and rate of strength development during this setting period is
      poor. In some applications, such as where movement of shuttering or the
      turnover of moulds in a short time is essential or where early exposure to
      mechanical stresses is required such as in the patching of roads or
      airport runways, the availability of a cement with many of the properties
      of a Portland cement but with a rapid and controlled set would be a
      distinct advantage. Although the rate of setting and strength development
      of Portland cement can be increased by addition of a monocalcium aluminate
      (CA) cement and/or accelerators and can be marginally improved by
      increasing its C.sub.3 A content, it is difficult to obtain consistent and
      reproducible results by these methods, particularly where the process
      involves pumping a slurry of the cement or a concrete containing it or
      when used in conjunction with an aggregate contaminated with or containing
      substances capable of acting as accelerators or retarders of the set of
      ordinary Portland cements.
PAR  Cements containing C.sub.12 A.sub.7 which provide rapid but reproducible
      and controllable setting times can be produced for such applications as
      described in our British patent application No. 38202/72. These
      compositions, however, require the use of a high aluminous material such
      as bauxite in their raw feed preparation, which increases their cost.
      Moreover, it is generally necessary to intergrind two separately prepared
      clinkers to obtain the desired phase composition and physical properties.
PAR  The object of this invention is the provision of cements of comparable, and
      in some instances improved, properties to those of British patent
      application No. 38202/72, but which do not necessitate the use of
      expensive raw materials such as bauxite, and which in certain instances
      can be prepared from a single clinker.
PAR  It is known that small amounts of potassium or sodium oxide and other
      compounds which are present as trace impurities in Portland cement
      compositions enter into solid solutions in certain of the clinker phases
      during burning and may affect the hydraulic properties of these phases. It
      has also been reported during investigations of the CaO -- Al.sub.2
      O.sub.3 -- Na.sub.2 O ternary system that if additions of Na.sub.2 O
      exceed the solid solution limit of Na.sub.2 O in the cubic C.sub.3 A phase
      then it leads to the formation of an ortho-rhombic or possibly tetragonal
      sodium calcium aluminate phase (or phases). (Y. Suzukawa,
      Zement-Kalk-Gips, 1956, 9, 345; A. E. Moore, Nature, 1963, 199, 480; J. A.
      Conwicke and D. E. Day, J. Am. Cer. Soc. 1964, 47, 654; and K. E. Fletcher
      et al, Mag. Conc. Res. 1965, 17, 171; M. Regourd, Brit. Cer. Soc. Conf.
      Aberdeen 1973).
PAR  Although the exact composition of this compound is disputed in the
      literature, it is now generally accepted that the initially proposed
      ternary compound NC.sub.8 A.sub.3 (where N. represents Na.sub.2 O, C
      represents CaO and A represents Al.sub.2 O.sub.3) is incorrect and that
      the quantity of Na.sub.2 O required to substitute in place of CaO in the
      cubic C.sub.3 A structure in order to form the ortho-rhombic form is of
      the order of 4.5 per cent. This corresponds to a compound with the formula
      (C.sub.1.sub.-x N.sub.x).sub.3 A where x lies between 0.06 and 0.07 which
      approximates to NC.sub.14 A.sub.5. This nomenclature NC.sub.14 A.sub.5
      will for convenience be used throughout this specification to refer to the
      ortho-rhombic and/or tetragonal sodium calcium aluminate phase (or phases)
      referred to above, but it should be understood that the use of this
      nomenclature is not to be understood as limiting the invention to a phase
      or phases of the composition NC.sub.14 A.sub.5 should further
      investigation point to an alternative composition for the phase or phases
      concerned. The NC.sub.14 A.sub.5 may contain Na.sub.2 O or traces of other
      oxides in solid solution.
PAR  For the purpose of identification of the phase concerned, it has been found
      and reported elsewhere that the cubic C.sub.3 A phase will take up
      Na.sub.2 O in solid solution to the extent of about 2 per cent by weight.
      The presence of greater amounts of Na.sub.2 O results in the conversion of
      C.sub.3 A into NC.sub.14 A.sub.5, this conversion being complete when the
      Na.sub.2 O content reaches about 4.5 per cent by weight. A further
      increase in Na.sub.2 O content results in a solid solution of Na.sub.2 O
      in NC.sub.14 A.sub.5 until, when the Na.sub.2 O content reaches about 6
      per cent by weight, yet a further phase forms resulting in a decrease of
      the NC.sub.14 A.sub.5 content. Phases containing more than 2 per cent or
      less than 10 per cent by weight of Na.sub.2 O contain sufficient NC.sub.14
      A.sub.5 to be useful in cements in accordance with the present invention.
      It should be noted that when the solid solution limit of Na.sub.2 O in
      NC.sub.14 A.sub.5 is exceeded an additional alumina molecule is required
      for each additional Na.sub.2 O molecule, to maintain saturated solid
      solution, forming an alkali modified calcium aluminate increasingly richer
      in alumina or a solid solution of sodium aluminate. Some Na.sub.2 O also
      enters into solid solution in the C.sub.2 S phase and these two chemical
      substitutions together eventually preclude the simultaneous formation of
      C.sub.3 S.
PAR  Reported hydration studies (V. P. Ryagin, Tsement No. 11, 1972, 20-21) of
      NC.sub.14 A.sub.5 or its solid solutions suggested that it has less
      hydraulic activity than pure C.sub.3 A alone. However, we have found that
      by utilising NC.sub.14 A.sub.5 or related compounds in which the sodium is
      mainly or partially replaced by other alkali metals, to provide a
      substantial proportion of the hydraulic constituents of an otherwise
      primarily siliceous cement, together if necessary with retarders and/or
      accelerators selected and proportioned to provide a desired delay in
      setting to enable working and placing, it is possible to obtain a rapidly
      setting and hardening cement giving early strength but at the same time
      having a setting time which is controllable even in the presence of
      contaminants which are known to have a retarding effect upon conventional
      Portland cement.
PAR  According to the invention we provide an early strength hydraulic cement
      comprising: from 15 to 90 per cent by weight based on the cement, of an
      ortho-rhombic or tetragonal phase XC.sub.14 A.sub.5 which is NC.sub.14
      A.sub.5 as herein defined or the corresponding phase in which the place of
      the sodium oxide is at least partly taken by at least one other alkali
      metal oxide; the balance being predominantly calcium silicates. The
      XC.sub.14 A.sub.5 may contain Na.sub.2 O or other alkali metal oxide, or
      traces of other oxides, in solid solution. C.sub.3 A with or without
      alkali metal oxides or traces of other oxides in solid solution may be
      present.
PAR  Preferably calcium sulphate in the form of natural or synthetic gypsums or
      soluble anhydrites is incorporated in the cement in order to obtain
      optimum strength development. Such an addition slightly retards the set
      but further small additions of retarders and/or accelerators effective to
      provide a desired setting time sufficient for the purpose for which the
      cement is intended are possible. These additional retarders are preferably
      conventional organic retarders for Portland cements such as citric acid,
      lignosulfonates and boric acid or special retarders such as sodium
      bicarbonate and di-sodium hydrogen orthophosphate. In some instances the
      addition during grinding of a small quantity of water may also be used to
      provide a retarding action. The preferred accelerators can be incorporated
      either as additions made to the raw feed, such as alkalies which are
      retained as alkali metal sulphate within the clinker during burning; or as
      additions either made at the grinding stage or blended into the final
      cement, such as potassium sulphate, conventional accelerators for Portland
      cement or grinding aids such as a mixture of triethanolamine and acetic
      acid.
PAR  The NC.sub.14 A.sub.5 or related compound may be incorporated into the
      cement in several ways. In one method the essentially pure compound may be
      separately prepared and interground with a Portland cement clinker or
      thoroughly blended in a finely divided form with a Portland cement. A
      second method involves the preparation of a clinker rich in NC.sub.14
      A.sub.5 (or related compound) and sparse in C.sub.3 S which is then
      interground with a Portland cement clinker or thoroughly blended in a
      finely divided form with Portland cement in order to provide a final
      product having a desired concentration of NC.sub.14 A.sub.5 or related
      compound. This method is useful where the risk is present of excess alkali
      inhibiting the formation of C.sub.3 S in the clinker. A third method
      involves the preparation of the final cement directly by burning selected
      raw materials in the presence of an appropriate amount of an alkali metal
      compound such as sodium carbonate, the initial Al.sub.2 O.sub.3 content of
      the raw materials being sufficient to permit formation of the desired
      amount of a NC.sub.14 A.sub.5 or related phase during burning.
PAR  In each of these suggested methods, the NC.sub.14 A.sub.5 or related
      compound is formed by sintering or melting a mixture of a source of
      alumina, usually a kaolinitic clay such as china clay, ball clay or fire
      clay, a source of lime such as chalk or limestone, and a source of alkali
      such as sodium carbonate; the proportion of alkali being such as to allow
      where necessary for losses due to volatilisation during firing. The
      presence of small amounts of impurities or additions in the raw materials
      may be advantageous when such impurities or deliberate additions aid in
      the combination of the raw materials or by entering into solid solution in
      the C.sub.2 S phase stabilise this phase, enhancing its strength by
      preventing its inversion to the .gamma.-form. In the case of the
      preparation of the K.sub.2 O-modified C.sub.3 A, it has been found that
      the presence of a silicate phase and the incorporation of a small amount
      of iron oxide in the raw mix enhances the formation of this compound. It
      is believed that this may arise because some of the silica and iron oxide
      present, is also in solid solution in the potassium-modified C.sub.3 A. It
      has also been shown that for certain applications of the cement of the
      present invention, where long term stability is not required, the presence
      of significant amounts of MgO can be tolerated, permitting the use in the
      raw feed preparation of a dolomitic limestone, otherwise precluded from
      normal Portland cement manufacture. Where the raw materials are
      prenodulised before firing it may be necessary to provide a source of
      alkali which is essentially insoluble in water. This prevents the
      formation of a heterogeneous distribution of alkali in the nodules during
      drying due to soluble matter tending to concentrate in the outer layers of
      the nodules. In conventional cement making processes in which materials
      are not prenodulised before being fed to the kiln, this additional step
      may not be necessary.
PAR  On firing the mixture discussed above at a temperature typically in the
      range 1350.degree. - 1450.degree.C to provide satisfactory degree of
      combination and on cooling at a rate sufficient to permit crystallisation,
      a clinker is obtained in which the presence of NC.sub.14 A.sub.5 or
      related compound may be confirmed by X-ray diffraction; the remaining
      phases being tricalcium silicate C.sub.3 S and dicalcium silicate C.sub.2
      S with a calcium alumino ferrite, magnesia, alkali sulphates and the
      double sulphate 2CaS).sub.4.sup.. K.sub.2 SO.sub.4 and possibly either
      cubic C.sub.3 A or C.sub.12 A.sub.7 with or without alkali metal oxides in
      solid solution present in minor quantities. In general the clinker is
      burned to a free lime content in the range of 1-3 per cent, but provided
      the requisite phases are formed, harder burning to lower free lime
      contents can be tolerated without loss in the physical properties. By
      intergrinding the clinker with Portland cement, the C.sub.3 S and alkali
      modified C.sub.3 A content can be adjusted in the final product to provide
      the desired strength properties. In general the higher the NC.sub.14
      A.sub.5 content and the lower the C.sub.3 S content, the higher the early
      strength but the lower the ultimate strength.
PAR  The quantity of calcium sulphate, expressed as SO.sub.3, added to the
      cement in order to achieve optimum strength development lies typically
      between 0-15 per cent and preferably between 2-8 per cent. It has,
      however, been found that for compositions containing more or less Na.sub.2
      O than that required to form NC.sub.14 A.sub.5, the preferred range of
      SO.sub.3 is often narrower. By increasing the CaSO.sub.4 content in the
      cement either as natural or synthetic gypsum, soluble anhydrite,
      hemihydrate or a mixture thereof, the setting time can be extended.
PAR  The final product is normally ground to a surface area as specified by the
      air permeability test according to BSS.12 (1971), in the range 225-600
      m.sup.2 /kg, higher surface areas tending to shorten the initial set time
      and increase the early strength development. Further control of the
      setting times is possible by the incorporation in the final product of
      either an organic retarder, typically citric acid, or other organic
      hydroxy acids or inorganic retarders such as boric acid, sodium
      bicarbonate or di-sodium hydrogen orthophosphate. These may be ground with
      the clinker or in some instances either blended in the final cement before
      supply to a user, or supplied separately so that the user may add it
      during mixing in order to suit the setting time and hardening rate to his
      own requirements.
PAR  The cements of this invention may be used in a conventional way, employing
      good quality aggregates, in applications where a short initial setting
      time and high ultimate strength are desired. The cement also finds utility
      as a binder in fibre reinforced composites, as a binder for light-weight
      aggregates and as a bonding agent in the agglomeration of ores and foundry
      sands. The cements according to the present invention find special utility
      in binding material from coal measures even when contaminated with or
      consisting of coal, the organic constituents of which can have a
      considerable but unpredictable effect upon the behaviour of some other
      known rapidly hardening cements.
DETD
PAR  The preparation and use of cements in accordance with this invention is
      illustrated in the following Examples in which all percentages and
      proportions are by weight.
PAC  EXAMPLE 1
PAR  A clinker rich in alkali modified C.sub.3 A was prepared as follows.
PAR  In order to avoid a heterogeneous distribution of soluble sodium carbonate
      during drying of pre-fabricated pellets of raw material, a source of
      largely insoluble Na.sub.2 O was prepared by blending a china clay whose
      principal constituents were SiO.sub.2 48.2 per cent, Al.sub.2 O.sub.3 36.0
      per cent, Fe.sub.2 O.sub.3 1.1 per cent and CaO 0.1 per cent, a finely
      divided silica (89.1 per cent SiO.sub.2) and a sodium carbonate in the
      approximate proportions (dry basis) 55 per cent clay, 22 per cent silica,
      and 23 per cent sodium carbonate. The mix was sintered in an oil-fired
      furnace at 1000.degree.C. for approximately 5 minutes to yield a product
      of the analysis:
TBL  SiO.sub.2          56.0 per cent                                          
     Al.sub.2 O.sub.3   21.0 per cent                                          
     Fe.sub.2 O.sub.3   0.6 per cent                                           
     CaO                0.2 per cent                                           
     Na.sub.2 O (water soluble)                                                
                        5.5 per cent                                           
     Na.sub.2 O (water insoluble)                                              
                        10.7 per cent                                          
PAR  This alkali-frit product was ground in a ball mill to a residue of 10 per
      cent on a B.S. 90 .mu.m sieve and the Na.sub.2 O source thus produced was
      blended to form a raw feed with the above china clay, and a whiting with
      the analysis:
TBL  SiO.sub.2       1.2 per cent                                              
     Al.sub.2 O.sub.3                                                          
                     0.2 per cent                                              
     Fe.sub.2 O.sub.3                                                          
                     0.1 per cent                                              
     CaO             54.7 per cent                                             
     MgO             0.3 per cent                                              
     L.O.I           0.4 per cent                                              
     CO.sub.2        42.6 per cent                                             
     SO.sub.3        0.09 per cent                                             
     K.sub.2 O       0.04 per cent                                             
     Na.sub.2 O      0.06 per cent                                             
     Mn.sub.2 O.sub.3                                                          
                     0.04 per cent                                             
     P.sub.2 O.sub.5 0.06 per cent                                             
     TiO.sub.2       0.01 per cent                                             
PAL  in the approximate proportions (dry basis) 75.7 per cent whiting, 17.1 per
      cent china clay, 7.2 per cent Na.sub.2 O source, these proportions being
      such as to allow for approximately 15 per cent loss of Na.sub.2 O during
      firing. The raw feed was sintered in an oil fired furnace at about
      1420.degree.C to produce a free lime content as determined by the hot
      ethylene glycol extraction method of 1.3 per cent. The final clinker
      analysis was as follows:
TBL  SiO.sub.2       20.5 per cent                                             
     Al.sub.2 O.sub.3                                                          
                     12.0 per cent                                             
     Fe.sub.2 O.sub.3                                                          
                     0.5 per cent                                              
     CaO             63.7 per cent                                             
     MgO             0.5 per cent                                              
     SO.sub.3        0.03 per cent                                             
     K.sub.2 O       0.2 per cent                                              
     Na.sub.2 O      1.5 per cent                                              
PAR  The lime saturation factor as defined in BSS 12 (1971) of this clinker was
      0.883, the silica ratio (S/A+F) 1.64 and the alumina ratio (A/F) 24.0. The
      potential phase analysis of this clinker as calculated from its oxide
      analysis, and assuming all the Na.sub.2 O reacted with the calcium
      aluminate phase to form an NC.sub.14 A.sub.5 -- Na.sub.2 O solid solution
      is:
     C.sub.3 S          21.4 per cent                                          
     C.sub.2 S          38.1 per cent                                          
     NC.sub.14 A.sub.5 (with Na.sub.2 O in                                     
         solid solution)                                                       
                        31.2 per cent                                          
     C.sub.4 AF         1.5 per cent                                           
PAL  together with other minor phases. The presence of the above principal
      phases was confirmed by X-ray diffraction techniques. A cement was
      prepared by grinding this clinker with gypsum and citric acid to a surface
      area of 468m.sup.2 /kg measured by the air permeability method according
      to B.S.S. 12 (1971). The quantity of gypsum added was such as to give a
      total SO.sub.3 content attributable both to the added gypsum and to that
      present in the clinker of 2.5 per cent as determined by analysis, whilst
      the amount of citric acid added was 1.5 per cent.
PAC  EXAMPLE 2
PAR  The cement of Example 1 was tested for setting time according to B.S.S. 12
      (1971) and gave a time to initial set (per cent consistency water 30.3 per
      cent) of 14 minutes and a time to final set (per cent consistency water
      30.3 per cent) of 20 minutes.
PAR  The pumpability time of a paste having a water/cement ratio of 0.5 was 10
      minutes.
PAR  A concrete for compressive strength tests was made up from 1 part cement,
      2.5 parts Mount Sorrel granite, 3.5 parts of Curtis sand and 0.6 parts
      water. The test results were as follows for the compressive strengths of
      100 mm concrete cubes:
TBL  After 1     hour         50      p.s.i                                    
     2           hours        765     p.s.i                                    
     4           hours        860     p.s.i                                    
     8           hours        910     p.s.i                                    
     24          hours        1090    p.s.i                                    
     3           days         1535    p.s.i                                    
     7           days         1745    p.s.i                                    
     After 28    days         2420    p.s.i                                    
     3           months       3305    p.s.i                                    
PAC  EXAMPLE 3
PAR  The cement of Example 1 was used as a binder for a coal shale, the overall
      composition of the mix being 1 part cement, 6 parts dry shale and 2 parts
      water. The setting time of the slurry produced was approximately 10
      minutes and the compressive strengths of 100 mm cubes of the mix were:
TBL  After 2 hours             110 p.s.i                                       
     4 hours                   110 p.s.i                                       
     24 hours                  110 p.s.i                                       
     3 days                    155 p.s.i                                       
     7 days                    245 p.s.i                                       
     28 days                   265 p.s.i                                       
PAC  EXAMPLE 4
PAR  The cement described in Example 1 was prepared without a citric acid
      addition and tested as in the previous Example except that the coal shale
      and cement were initially mixed dry before water was added and the final
      mix placed. The approximate setting time was 20 minutes and the
      compressive strengths of the cubes were:
TBL  After 1/2   hour         17      p.s.i                                    
     1           hours        50      p.s.i                                    
     2           hours        110     p.s.i                                    
     4           hours        110     p.s.i                                    
     24          hours        110     p.s.i                                    
PAC  EXAMPLE 5
PAR  The cement of Example 1 was modified by replacing half the gypsum added at
      the grinding stage by potassium sulphate, the total SO.sub.3 content of
      the cement being raised to 2.5 per cent as before. 2.5 per cent citric
      acid was added to the cement. A paste prepared from the cement with a
      water/cement ratio of 0.5 had a pumpability time of 10 minutes; when the
      cement was used as in Example 3 as a binder for coal shale, the
      approximate setting time was 45 minutes and the compressive strengths
      were:
TBL  After 2      hours        130 p.s.i                                       
     4            hours        140 p.s.i                                       
     24           hours        150 p.s.i                                       
PAC  EXAMPLE 6
PAR  The cement of Example 1 was modified by adding a mixture of 0.15 per cent
      of the final cement of triethanolamine and 0.07 per cent of the final
      cement of acetic acid as a grinding aid to the clinker and gypsum before
      grinding. 2.5 per cent citric acid was added to the cement which was
      tested as in the previous Example.
PAR  The paste with a water/cement ratio of 0.5 had a pumpability time of 10
      minutes. The approximate setting time was 45 minutes and the compressive
      strengths were:
TBL  After 2      hours        135 p.s.i                                       
     4            hours        150 p.s.i                                       
     24           hours        180 p.s.i                                       
PAC  EXAMPLE 7
PAR  The cement of Example 1 was admixed with sand and molasses to make up a
      conventional foundry sand in which the quantity of cement was 7.8 per
      cent. The compressive strengths of 2 inch .times. 2 inch air cured
      cylinders formed from this mix were:
TBL  After 3      hours        110 p.s.i                                       
     6            hours        172 p.s.i                                       
     24           hours        320 p.s.i                                       
PAC  EXAMPLE 8
PAR  The cement of Example 1 was used as a binder for ground iron ore by
      producing a mix of 8 parts iron ore, 1 part cement and 1 part water. The
      compressive strengths of 1 inch .times. 1 inch air cured cubes formed from
      this mix were:
TBL  After 2     hours        94      p.s.i                                    
     4           hours        171     p.s.i                                    
     6           hours        337     p.s.i                                    
PAC  EXAMPLE 9
PAR  A raw material mix was prepared as in Example 1, the materials being
      blended in the approximate proportions (dry basis) 73.7 per cent whiting,
      16.4 per cent china clay, 2.1 per cent aluminum oxide and 7.8 per cent
      Na.sub.2 O source, and was sintered in an oil fired furnace at about
      1420.degree.C. to produce a free lime content of 1.0 per cent as
      determined by the hot ethylene glycol extraction method. The final clinker
      analysis was as follows:
TBL  SiO.sub.2       19.9 per cent                                             
     Al.sub.2 O.sub.3                                                          
                     14.2 per cent                                             
     Fe.sub.2 O.sub.3                                                          
                     0.65 per cent                                             
     CaO             58.8 per cent                                             
     MgO             0.5 per cent                                              
     SO.sub.3        0.12 per cent                                             
     K.sub.2 O       0.1 per cent                                              
     Na.sub.2 O      1.6 per cent                                              
PAR  It had a lime saturation factor of 0.802, a silica ratio of 1.34 and an
      alumina ratio of 21.8. The potential phase analysis, calculated as in
      Example 1 was:
TBL  C.sub.2 S            57.1 per cent                                        
     NC.sub.14 A.sub.5 with NA.sub.3 O in solid solution                       
                          35.0 per cent                                        
     C.sub.3 A            1.7 per cent                                         
     C.sub.4 AF           2.0 per cent                                         
PAL  together with other minor phases, the presence of the principal phases
      being confirmed by X-ray diffraction techniques.
PAR  A cement was prepared by grinding this clinker with gypsum and citric acid
      to a surface area of 492 m.sup.2 /kg measured by the method previously
      described. The quantity of gypsum added was such as to give 2.5 per cent
      SO.sub.3 in the final cement and the citric acid added was 2 per cent.
PAR  The pumpability time of a paste with a water cement ratio of 0.5 per cent
      was 10 minutes.
PAR  The cement when used as a binder for coal shale in Example 3 gave a slurry
      setting time of approximately 45 minutes and compressive strengths of 100
      mm cubes of:
TBL  After 2      hours        140 p.s.i                                       
     4            hours        145 p.s.i                                       
     24           hours        145 p.s.i                                       
PAC  EXAMPLE 10
PAR  A raw material mix was prepared as in the previous Examples, the material
      being blended in the approximate proportions (dry basis) 74.2 per cent
      whiting, 7.5 per cent china clay, 7.7 per cent aluminium oxide and 10.6
      per cent Na.sub.2 O source, and was sintered in an oil fired furnace at
      about 1380.degree.C. to give a free lime content of 1.5 per cent, as
      determined by the method previously specified. The final clinker analysis
      was as follows:
TBL  SiO.sub.2       17.3 per cent                                             
     Al.sub.2 O.sub.3                                                          
                     18.7 per cent                                             
     Fe.sub.2 O.sub.3                                                          
                     0.5 per cent                                              
     CaO             58.9 per cent                                             
     MgO             0.5 per cent                                              
     SO.sub.3        0.1 per cent                                              
     K.sub.2 O       0.3 per cent                                              
     Na.sub.2 O      2.3 per cent                                              
PAR  It had a lime saturation factor of 0.827, a silica ratio of 0.90 and an
      alumina ratio of 37.4. The potential phase analysis, as calculated in the
      previous examples was:
TBL  C.sub.2 S          49.0 per cent                                          
     NC.sub.14 A.sub.5 (with Na.sub.2 O in solid                               
         solution)      48.0 per cent                                          
     C.sub.4 AF         1.5 per cent                                           
PAL  together with minor phases, the presence of the principal phases being
      confirmed by X-ray diffraction techniques. A cement was prepared by
      grinding this clinker with gypsum and citric acid to a surface area of
      470m.sup.2 /kg as measured by the method previously specified. The
      quantity of gypsum added was such as to give 2.5 per cent SO.sub.3 in the
      final cement and the citric acid added was 3.0 per cent.
PAR  The pumpability time of a paste with a water cement ratio of 0.5 was 12
      minutes.
PAR  The cement was used as a binder for coal shale as in the previous Example
      and gave a slurry setting time of approximately 45 minutes and compressive
      strengths of 100 mm cubes of:
TBL  After 2      hours        150 p.s.i                                       
     4            hours        150 p.s.i                                       
     24           hours        160 p.s.i                                       
PAC  EXAMPLE 11
PAR  A raw material mix was prepared as in the previous Example, the material
      being blended in the approximate proportions (dry basis) 74.4 per cent
      whiting, 13.0 per cent Na.sub.2 O source, 12.6 per cent aluminium oxide,
      and was sintered in an oil fired furnace at about 1380.degree.C to yield a
      free lime content of 1.4 per cent as determined by the method previously
      specified. The final clinker analysis was as follows:
TBL  SiO.sub.2       14.9 per cent                                             
     Al.sub.2 O.sub.3                                                          
                     22.9 per cent                                             
     Fe.sub.2 O.sub.3                                                          
                     0.4 per cent                                              
     CaO             58.3 per cent                                             
     MgO             0.5 per cent                                              
     SO.sub.3        0.1 per cent                                              
     K.sub.2 O       0.3 per cent                                              
     Na.sub.2 O      3.0 per cent                                              
PAR  It had a lime saturation factor of 0.839, a silica ratio of 0.64 and an
      alumina ratio of 57.2. The potential phase analysis as calculated in the
      previous Examples was
TBL  C.sub.2 S       40.0 per cent                                             
     NC.sub.14 A.sub.5                                                         
                     57.0 per cent                                             
     C.sub.4 AF      1.2 per cent                                              
PAL  together with minor phases, the presence of the principal phases being
      confirmed by X-ray diffraction techniques.
PAR  A cement was prepared by grinding this clinker with gypsum and citric acid
      to a surface area of 450 m.sup.2 /kg as measured by the method previously
      specified. The quantity of gypsum added was such as to give 2.5 per cent
      SO.sub.3 in the final cement and the citric acid added was 3.5 per cent.
PAR  The pumpability time of a paste with a water cement ratio of 0.5 per cent
      was 10 minutes.
PAR  The cement when used as a binder for coal shale as in Example 3 gave a
      slurry setting time of approximately 35 minutes and compressive strengths
      of 100 mm cubes of:
TBL  After 2      hours        150 p.s.i                                       
     4            hours        160 p.s.i                                       
     24           hours        160 p.s.i                                       
PAC  EXAMPLE 12
PAR  A cement was prepared by intergrinding 80 per cent of the clinker prepared
      as in Example 9, with 20 per cent of a Portland cement clinker, gypsum and
      citric acid to a surface area of 450 m.sup.2 /kg as measured by the method
      previously described. The P. C. clinker employed had an analysis as
      follows:
TBL  SiO.sub.2                                                                 
             20.2      P.sub.2 O.sub.5                                         
                                0.16    SO.sub.3                               
                                               1.0                             
     Al.sub.2 O.sub.3                                                          
             5.1       TiO      0.11    K.sub.2 O                              
                                               0.93                            
     Fe.sub.2 O.sub.3                                                          
             4.6       CaO      65.0    Na.sub.2 O                             
                                               0.37                            
     Mn.sub.2 O.sub.3                                                          
             0.1       MgO      0.9                                            
PAR  It had a lime saturation factor of 0.99, a silica ratio of 2.08, an alumina
      ratio of 1.11 and a free lime content of 1.8 per cent. Its potential phase
      analysis as calculated from the oxide analysis was:
TBL  C.sub.4 AF      14.0 per cent                                             
     C.sub.3 A       5.8 per cent                                              
     C.sub.2 S       5.0 per cent                                              
     C.sub.3 S       70.1 per cent                                             
PAR  The resultant potential phase composition of the final cement, taking into
      account only the clinkers was thus:
TBL  C.sub.3 S          14.0 per cent                                          
     C.sub.2 S          46.7 per cent                                          
     C.sub.3 A          2.5 per cent                                           
     NC.sub.14 A.sub.5 (with Na.sub.2 O in solid                               
         solution       28.0 per cent                                          
     C.sub.4 AF         4.4 per cent                                           
     Free lime          1.2 per cent                                           
PAR  The quantity of gypsum added was such as to give a total SO.sub.3 in the
      cement of 2.5 per cent and the quantity of citric acid added was 1.0 per
      cent.
PAR  The pumpability time of a paste with a water/cement ratio of 0.5 was 9
      minutes. The cement when used as a binder of coal shale as in the previous
      Examples gave a slurry setting time of approximately 15 minutes and
      compressive strengths of 100 mm cubes of:
TBL  After 2     hours        75      p.s.i                                    
     4           hours        85      p.s.i                                    
     24          hours        125     p.s.i                                    
PAC  EXAMPLE 13
PAR  A cement was prepared by intergrinding 30 per cent of the clinker as
      prepared in Example 11 with 70 per cent of the Portland cement clinker
      used in the previous Example, gypsum and citric acid to a surface area of
      450 m.sup.2 /kg as measured by the method previously specified. The
      resultant potential phase composition of the final cement, taking into
      account only the clinkers was thus:
TBL  C.sub.3 S          49.1 per cent                                          
     C.sub.2 S          15.5 per cent                                          
     C.sub.3 A          4.1 per cent                                           
     NC.sub.14 A.sub.5 (with Na.sub.2 O in solid                               
         solution)      17.0 per cent                                          
     C.sub.4 AF         10.2 per cent                                          
     Free Lime          1.7 per cent                                           
PAR  The quantity of gypsum added was such as to give a total SO.sub.3 in the
      cement of 2.8 per cent and the quantity of citric acid added was 1.0 per
      cent.
PAR  The pumpability time of a paste with a water cement ratio of 0.5 was 9
      minutes. The cement when used as a binder of coal shale as in the previous
      Example gave a slurry setting time of approximately 20 minutes and
      compressive strengths of 100 mm cubes of:
TBL  After 2     hours        40      p.s.i                                    
     4           hours        80      p.s.i                                    
     24          hours        120     p.s.i                                    
PAC  EXAMPLE 14
PAR  The cement described in the previous Example was tested as in Example 2 for
      setting times according to BSS 12 (1971) and gave a time of initial set
      (per cent consistency water 35 per cent) of 30 minutes and a time to final
      set (per cent consistency water 35 per cent) of 40 minutes. The
      compressive strengths of concrete cubes prepared as in Example 2 were:
TBL  After 1     hour         40      p.s.i                                    
     2           hours        160     p.s.i                                    
     4           hours        210     p.s.i                                    
     24          hours        1207    p.s.i                                    
PAC  EXAMPLE 15
PAR  The composition of the clinker described in Example 1 was modified by
      preparing a raw material mix by blending in the approximate proportions
      (dry basis) 70.5 per cent whiting, 17.8 per cent china clay, 6.8 per cent
      Na.sub.2 O source and 5.6 per cent magnesium oxide. This was sintered in
      an oil fired furnace at about 1380.degree.C. to produce a free lime
      content of 0.7 per cent as determined by the method previously described.
      The final clinker analysis was as follows:
TBL  SiO.sub.2       19.6 per cent                                             
     Al.sub.2 O.sub.3                                                          
                     11.0 per cent                                             
     Fe.sub.2 O.sub.3                                                          
                     0.5 per cent                                              
     CaO             54.7 per cent                                             
     MgO             8.85 per cent                                             
     SO.sub.3        0.20 per cent                                             
     K.sub.2 O       0.40 per cent                                             
     Na.sub.2 O      1.30 per cent                                             
PAR  It had a lime saturation factor of 0.80, a silica ratio of 1.70 and an
      alumina ratio of 22.0. The potential phase analysis as calculated in
      Example 1 was:
TBL  C.sub.3 S        Nil                                                      
     C.sub.2 S        56.2 per cent                                            
     NC.sub.14 A.sub.5                                                         
                      28.4 per cent                                            
     C.sub.4 AF       1.5 per cent                                             
     Free Lime        0.7 per cent                                             
PAL  together with other minor phases, the presence of the principal phases
      being confirmed by X-ray diffraction techniques.
PAR  A cement was prepared by grinding this clinker with gypsum and citric acid
      to a surface area of 450 m.sup.2 /kg as measured by the method previously
      described. The quantity of gypsum added was such as to give 2.5 per cent
      SO.sub.3 in the final cement and the citric acid addition was 1.0 per
      cent.
PAR  The pumpability time of a paste with a water cement ratio of 0.5 was 10
      minutes.
PAR  The cement when used as a binder for coal shale as in Example 3 gave a
      slurry setting time of approximately 10 minutes and compressive strengths
      of 100 mm cubes of:
TBL  After 2     hours        105     p.s.i                                    
     4           hours        105     p.s.i                                    
     24          hours        110     p.s.i                                    
PAC  EXAMPLE 16
PAR  A clinker rich in alkali modified C.sub.3 A in which the C.sub.3 A phase
      was modified by both Na.sub.2 O and K.sub.2 O entering into solid solution
      was prepared as follows:
PAR  A potash feldspar of the analysis:
TBL  SiO.sub.2       65.9 per cent                                             
     Al.sub.2 O.sub.3                                                          
                     18.5 per cent                                             
     Fe.sub.2 O.sub.3                                                          
                     0.1 per cent                                              
     CaO             0.5 per cent                                              
     MgO             0.1 per cent                                              
     SO.sub.3        0.1 per cent                                              
     K.sub.2 O       11.6 per cent                                             
     Na.sub.2 O      2.9 per cent                                              
PAL  was ground in a ball mill to a residue of 10 per cent on a B.S. .mu.m sieve
      and was blended with the whiting and china clay used in Example 1 and an
      iron oxide and aluminium oxide in the approximate proportions (dry basis)
      74.0 per cent whiting, 14.8 per cent potash feldspar, 6.4 per cent china
      clay, 1.5 per cent iron oxide and 3.3 per cent aluminium oxide. These
      proportions being such as to allow for a loss of K.sub.2 O during firing.
PAR  The raw feed was sintered in an oil fired furnace at about 1420.degree.C.
      to produce a free lime content of 1.4 per cent as determined by the method
      previously specified.
PAR  The final clinker analysis was as follows:
TBL  SiO.sub.2       21.6 per cent                                             
     Al.sub.2 O.sub.3                                                          
                     11.7 per cent                                             
     Fe.sub.2 O.sub.3                                                          
                     2.3 per cent                                              
     CaO             58.3 per cent                                             
     MgO             0.5 per cent                                              
     SO.sub.3        0.1 per cent                                              
     K.sub.2 O       2.3 per cent                                              
     Na.sub.2 O      0.7 per cent                                              
PAR  The lime saturation factor of this clinker was 0.767, the silica ratio
      1.54, and the alumina ratio 5.09. The potential phase analysis of this
      clinker as calculated from its oxide analysis and assuming all the
      Na.sub.2 O had entered into solid solution in the calcium aluminate phase
      and that sufficient K.sub.2 O was also in solution to modify all of the
      C.sub.3 A was as follows:
TBL  C.sub.2 S          61.9 per cent                                          
     NC.sub.14 A.sub.5 -KC.sub.14 A.sub.5 -alkali solid                        
     solution           27.5 per cent*                                         
     C.sub.4 AF         7.0 per cent                                           
      *`K` represents K.sub.2 O.                                               
PAL  together with other minor phases. The presence of the above principal
      phases was confirmed by X-ray diffraction techniques. No cubic C.sub.3 A
      was detected.
PAR  A cement was prepared by grinding this clinker with gypsum and citric acid
      to a surface area of 470 m.sup.2 /kg as measured by the previously
      specified method. The quantity of gypsum added was such as to give 2.5 per
      cent SO.sub.3 in the cement, whilst the amount of citric acid added was
      1.0 per cent.
PAR  The pumpability of a paste having a water/cement ratio of 0.5 was 10
      minutes.
PAR  When used as a binder for a coal shale as in Example 3, the setting time of
      the slurry produced was approximately 20 minutes. The compressive
      strengths of 100 mm cubes of the mix were:
TBL  After 2     hours        90      p.s.i                                    
     4           hours        100     p.s.i                                    
     24          hours        110     p.s.i                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. An early strength hydraulic cement comprising from 15 to 90 percent by
      weight, based on the cement, of an alkali metal calcium aluminate phase
      formed in the calcium oxide-alumina-alkali metal oxide systems by the
      presence of at least one alkali metal oxide in a total amount of alkali
      metal oxide in excess of the solid solution limit thereof in cubic
      tricalcium aluminate, at least part of said at least one alkali metal
      oxide being sodium oxide and the balance of the cement being predominantly
      calcium silicates.
NUM  2.
PAR  2. A cement according to claim 1 wherein said alkali metal calcium
      aluminate phase is a sodium calcium aluminate phase containing 2 - 10
      percent by weight of sodium oxide based on the phase.
NUM  3.
PAR  3. A cement according to claim 1 comprising 20 - 80 percent by weight of
      said alkali metal calcium aluminate phase.
NUM  4.
PAR  4. A cement according to claim 1 comprising 30 - 50 percent by weight of
      said alkali metal calcium aluminate phase.
NUM  5.
PAR  5. A cement according to claim 1 in which magnesia is present.
NUM  6.
PAR  6. A method of preparing an early strength hydraulic cement comprising from
      15 to 90 percent by weight, based on the cement, of an alkali metal
      calcium aluminate phase formed in the calcium oxide-alumina-alkali metal
      oxide systems by the presence of at least one alkali metal oxide in a
      total amount of alkali metal oxide in excess of the solid solution limit
      thereof in cubic tricalcium aluminate, at least part of said at least one
      alkali metal oxide being sodium oxide and the balance of the cement being
      predominantly calcium silicates, which method comprises grinding a clinker
      formed by burning high alumina Portland cement ingredients in the presence
      of alkali to form in the resultant product the requisite amount of said
      alkali metal calcium aluminate phase.
NUM  7.
PAR  7. A method of preparing an early strength hydraulic cement comprising from
      15 to 90 percent by weight, based on the cement, of an alkali metal
      calcium aluminate phase formed in the calcium oxide-alumina-alkali metal
      oxide systems by the presence of at least one alkali metal oxide in a
      total amount of alkali metal oxide in excess of the solid solution limit
      thereof in cubic tricalcium aluminate, at least part of said at least one
      alkali metal oxide being sodium oxide and the balance of the cement being
      predominantly calcium silicates, which method comprises grinding a clinker
      containing said alkali metal calcium aluminate phase with a Portland
      cement clinker.
NUM  8.
PAR  8. A method of preparing an early strength hydraulic cement comprising from
      15 to 90 percent by weight, based on the cement, of an alkali metal
      calcium aluminate phase formed in the calcium oxide-alumina-alkali metal
      oxide systems by the presence of at least one alkali metal oxide in a
      total amount of alkali metal oxide in excess of the solid solution limit
      thereof in cubic tricalcium aluminate, at least part of said at least one
      alkali metal oxide being sodium oxide and the balance of the cement being
      predominantly calcium silicates, which method comprises blending a cement
      containing said alkali metal calcium aluminate phase with another cement.
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PAL  A paper coating composition comprising (A) a pigment as a main ingredient
      and (B) a binder for said pigment which is either (a) an alkali
      decomposition product of a yeast or (b) a mixture of said alkali
      decomposition product of a yeast and an emulsion of a synthetic polymer
      and/or an aqueous solution of a natural or snythetic polymer and the paper
      coating composition coated paper product are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a novel paper coating composition, and more
      specifically to a paper coating composition which contains an alkali
      decomposition product of a yeast as a binder and which is suitable for the
      production of coated paper having excellent printability.
PAR  2. Description of the Prior Art
PAR  In printing paper such as coated paper or a certain kind of paper board, a
      pigment is coated on the surface of the paper. As a binder for the
      pigment, there have been previously used an aqueous solution of a natureal
      polymeric substance such as casein, soybean protein, modified starch or
      carboxymethyl cellulose or a synthetic polymeric material such as
      polyvinyl alcohol, and an emulsion of a synthetic polymer such as a latex
      of a styrene/butadiene copolymer, either alone or in admixture. Of these,
      casein has the advantages of maintaining better dispersing effect than
      starch or polyvinyl alcohol and also having better water resistance, and
      therefore is being used in great quantities in the coated paper industry.
      However, because the quality of casein differs greatly according to the
      place of origin and its cost has been rapidly on the increase as a result
      of the increased demand in recent years, great interest has been aroused
      in a substitute for casein.
PAR  On the other hand, water-soluble natural or synthetic polymeric materials
      such as modified starch, carboxymethyl cellulose or polyvinyl alcohol have
      recently been used in increasing quantities, but have not been able to
      supersede casein completely because of their inferior water resistance.
PAR  It has now been found that the use of an alkali decomposition product of a
      yeast as a binder for the pigment can lead to the removal of the
      above-mentioned defects, and makes it possible to provide a coated paper
      having high surface strength and water resistance and superior
      printability.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a paper coating composition comprisng a
      pigment as a main ingredient and a binder for said pigment, which is
      either (a) an alkali decomposition product of a yeast or (b) a mixture of
      said alkali decomposition product of a yeast and an emulsion of a
      synthetic polymer and/or an aqueous solution of a natural or synthetic
      polymer.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Examples of the yeast that can be used in the present invention are baker's
      yeasts (Saccharomyces cerviciae), nucleic acid yeasts (such as Candida
      utilis), beer yeast (Saccharomyces cerviciae), pulp yeasts (such as
      Candida utilis or Mycotorula japonica) and yeasts which assimilate
      petrochemical products (such as methanol, acetic acid or n-paraffin) [for
      example, Candida utilis, Candida novellus (FRI deposit No. 705, see
      Japanese Patent Application No. 18562/70), or Mycotorula japonica, or
      Pichia miso mogii]. These yeasts may be raw yeasts as separated from the
      culture liquors, or dried yeasts obtained by drying the raw yeasts.
      Processed yeasts obtained by subjecting these yeasts to various treatments
      such as pulverization, elimination of nucleic acid, defatting, desalting,
      decolorization or autolysis are also useful in the present invention.
      Coated papers produced by using coating compositions using alkali
      decomposition products of yeasts cultivated using petrochemical products
      as a carbon source prove better in quality than the other yeasts.
PAR  These yeasts are used in the form of alkali decomposition products for
      preparing the paper coating compositions. Prior to alkali decomposition,
      the yeasts may be decolorized with a peroxide such as hydrogen peroxide or
      a reducing agent such as sodium boron hydrate. Alkalies used to decompose
      the yeasts may be sodium hydroxide, ammonia, slaked lime, sodium
      phosphate, sodium carbonate or borax. Of these, sodium hydroxide, ammonia
      or a mixture of these is preferred. The amount of the alklai used differs
      depending upon its type, but is usually such that will result in the
      adjustment of the pH of an aqueous suspension of the yeast to at least 8,
      preferably 9 to 13. A suspension of the yeast to which the alkali is added
      is heated usually at 30.degree. to 120.degree.C. for 10 minutes to 10
      hours, preferably at 60.degree. to 100.degree.C. for 10 minutes to one
      hour, although the temperature and time vary depending upon the kind and
      amount of the alkali added, thereby to decompose the yeast. The resulting
      alkali decomposition product of the yeast may be used as such or after
      being subjected to post-treatment such as dialysis, desalting or acid
      addition if desired.
PAR  The pigment used in this invention is not particularly limited, but all
      pigments which are generally used for paper coating can be used
      effectively. Examples are clay, titanium oxide, satin white, and calcium
      carbonate.
PAR  In the paper coating composition, 5 to 50 parts by weight of the pigment
      binder are generally used per 100 parts by weight of the pigment. As the
      pigment binder, a mixture of the afore-mentioned alkali decomposition
      product of yeast and at least one emulsion of a synthetic polymer or
      aqueuos solution of a natural or synthetic polymer may also be used.
      Aqueous emulsions (latices) of a styrene/butadiene copolymer,
      butadiene/methyl methacrylate copolymer, styrene/butadiene/methyl
      methacrylate copolymer, ethylene/vinyl acetate copolymer, polyvinyl
      acetate, vinyl acetate/acrylate copolymer, styrene/acrylate copolymer,
      styrene/vinyl acetate copolymer, or these polymers modified with monomers
      containing functional groups are conveniently used as the emulsion of
      synthetic polymer. Examples of the water-soluble natural or synthetic
      polymer are casein, soybean protein, modified starch, polyvinyl alcohol or
      carboxymethyl cellulose. If desired, the paper coating composition of this
      invention may further contain auxiliary agents usually employed in pigment
      coated papers, such as a foam control agent, lubricant, surface active
      agent, insolubilizer, dispersing agent for the pigment or viscosity
      controlling agent.
PAR  The present invention will be illustrated specifically by the following
      Examples which do not limit the scope of the invention and in which all
      parts and percentages are by weight unless otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  100 parts of Georgia kaolin were added gradually with agitation to 46 parts
      of an aqueous solution containing 0.3 part of sodium hexametaphosphate
      (SHMP) as a dispersing agent, thereby forming a slurry of the pigment. A
      10% suspension (pH 11.5) of yeast (Candida novellus) composed of 100 parts
      of water, 10 parts of the yeast and 0.5 part of sodium hydroxide was
      heated with agitation at 50.degree.C. for one hour to form a liquor
      containing an alkali decomposition product of the yeast.
PAR  To the pigment slurry were added the decomposed yeast and 10 parts (as
      solids content) of a late of a styrene/butadiene type copolymer (JSR 0668,
      tradename of product manufactured by Japan Synthetic Rubber Co., Ltd.) to
      form a coating composition having a total solids concentration of 40%.
PAR  For comparison, a coating composition was prepared by a customary method
      using commercially available casein or oxidized starch instead of the
      decomposition product of the yeast. The formulations and properties of
      these coating compositions are shown in Table 1--1.
TBL                Table 1-1                                                   
     ______________________________________                                    
              Composition                                                      
                       Comparative                                             
                                  Comparative                                  
              1 (present                                                       
                       composition                                             
                                  composition B                                
              invention                                                        
                       A                                                       
     ______________________________________                                    
     Georgia kaolin                                                            
                100 parts  100 parts  100 parts                                
     SHMP       0.3        0.3        0.3                                      
     JSR 0668   10         10         10                                       
     Sodium hydroxide                                                          
                0.5        0.4        --                                       
     Yeast      10         --         --                                       
     Casein     --         10         --                                       
     Oxidized starch                                                           
                --         --         10                                       
     pH         9.4        8.9        7.3                                      
     Viscosity *1                                                              
                75.0       78.5       42.5                                     
     ______________________________________                                    
      *1 - Measured at 20.degree.C at 60 rpm on a BL type viscometer, rotor No.
      2 (unit: cps)                                                            
PAR  Each of the above coating compositions was coated on high quality paper to
      an extent such that the coating weight was 10 g/m.sup.2. After coating,
      the coated paper was allowed to stand overnight in an air-conditioned
      chamber kept at 20.degree.C and a relative humidity of 65%, and then
      subjected to supercalendering at 70.degree.C. and 135 Kg/cm. The surface
      strength (IGT pick resistance), water resistance and air permeability of
      the coated paper are shown in Table 1-2.
TBL                                    Table 1-2                               
     __________________________________________________________________________
              Composition 1                                                    
                         Comparative                                           
                                 Comparative                                   
              (present invention)                                              
                         composition A                                         
                                 composition B                                 
     __________________________________________________________________________
     IGT pick re-                                                              
     sistance *2                                                               
              185        154     148                                           
     Water resistance                                                          
     *3       excellent  excellent                                             
                                 fair                                          
     Air-per-                                                                  
     meability *4                                                              
              727        1,158   645                                           
     __________________________________________________________________________
      *2 - Measured at a printing pressure of 35 Kg/cm.sup.2 with a spring     
      strength of M on an IGT printability tester using printing ink having a  
      tack value of 16; unit cm/sec.                                           
      *3 - The paper is imprinted after applying water to the coated surface,  
      using an RI printability tester. The state of picking is evaluated on a  
      scale of excellent, good, fair and poor.                                 
      *4 - Measured on an air-permeability and smoothness tester of the Bekk   
      type; unit seconds.                                                      
PAR  The above table demonstrates that the paper coated with the composition of
      this invention has superior IGT pick resistance and air-permeability to
      the paper coated with the composition containing casein, and superior IGT
      pick resistance and water resistance to the paper coated with the
      composition containing oxidized starch.
PAC  EXAMPLE 2
PAR  A coating composition was prepared in the same way as in Example 1 except
      that 10 parts of Candida utilis was used as the yeast and decomposed with
      1 part of sodium hydroxide by heating for 30 minutes at 80.degree.C. (pH
      12.8). The coated paper was subjected to the same test as in Example 1.
      The results are shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
            Composition 2                                                      
                       Comparative Comparative                                 
            (present   composition A                                           
                                   composition B                               
            invention) (casein)    (oxidized                                   
                                   starch)                                     
     ______________________________________                                    
     IGT pick 197          154         148                                     
     resistance                                                                
     Water    excellent    excellent   fair                                    
     resistance                                                                
     Air-     867          1,158       645                                     
     permeability                                                              
     ______________________________________                                    
PAR  As is clear from Table 2, the composition of this invention exhibited
      similar properties to that obtained in Example 1.
PAC  EXAMPLE 3
PAR  A coating composition was prepared in accordance with the formulation shown
      in Table 3-1 using a decomposition product of a Saccharomyces yeast
      obtained by decomposing the yeast with sodium hydroxide (5% of the yeast)
      and ammonia (53% of the yeast as NH.sub.4 OH) at 30.degree.C for 10 hours
      (pH 12.8). For comparison, coating compositions were prepared similarly
      using casein or oxidized starch. The properties of the coated papers (with
      coating weight of 20 g/m.sup.2 as solids content) are shown in Table 3-2.
TBL                                    Table 3-1                               
     __________________________________________________________________________
                Composition 3                                                  
                         Comparative                                           
                                 Comparative                                   
                (present composition C                                         
                                 composition D                                 
                invention)                                                     
     __________________________________________________________________________
     Georgia    100 parts                                                      
                         100 parts                                             
                                 100 parts                                     
     kaolin                                                                    
     SHMP       0.3      0.3     0.3                                           
     JSR 0668   10       10      10                                            
     Yeast      5        --      --                                            
     Casein     5        10      --                                            
     Oxidized starch                                                           
                --       --      10                                            
     Sodium hydroxide                                                          
                0.25     --      --                                            
     Ammonia (as NH.sub.4 OH)                                                  
                3.15     1.0     --                                            
     pH         10.9     9.9     7.5                                           
     __________________________________________________________________________
TBL                Table 3-2                                                   
     ______________________________________                                    
            Composition                                                        
                     Comparative Comparative                                   
            3 (present                                                         
                     composition C                                             
                                 composition D                                 
            invention)                                                         
     ______________________________________                                    
     IGT pick 220        210         90                                        
     resistance                                                                
     Water    excellent  excellent   fair                                      
     resistance                                                                
     Air-     5250       5400        3850                                      
     permeability                                                              
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  90 parts of Georgia kaolin was gradually added with agitation to 40 parts
      of water in which 0.27 part of sodium hexametaphosphate (SHMP) had been
      dissolved as a dispersing agent, to form a slurry of the clay.
PAR  Separately, 10 parts of water in which 0.3 part (as solids content) of poly
      (sodium acrylate (Aron A-20SL.sub.2, tradename of the product of Toa Gosei
      Co., Ltd.) was dissolved as a dispersant were added to 10 parts (as solids
      content) of satin white (product of Shiraishi Kogyo Co., Ltd.). The
      mixture was agitated thoroughly to form a slurry of satin white.
PAR  Sodium silicate was added to a suspension composed of 70 parts of water and
      10 parts of Candida novellus to adjust its pH to 5. To this suspension was
      added 0.5 part by volume of 30% aqueous hydrogen perioxide, and the
      mixture was shaken for one hour at 30.degree.C, followed by adding 2.5
      parts by volume of 10% sodium hydroxide and then 20 parts by volume of 28%
      aqueous ammonia. The mixture was heated at 75.degree.C for one hour to
      form a solution containing the decomposed yeast.
PAR  The satin white slurry was added to the clay slurry, and with stirring the
      decomposed yeast, 10 parts (as solids content) of a styrene/butadiene type
      copolymer latex (JSR 0668), and water were added to form a coating
      composition having a total solids concentration of 40%.
PAR  For comparison, a coating composition was prepared by a customary method
      using commercially available casein instead of the decomposition product
      of the yeast. The formulations and properties of these coating
      compositions are shown in Table 4-1 below.
PAR  Each of the above coating compositions was coated on base paper board to an
      extent such that the coating weight was 20 g/m.sup.2, and then air dried.
      The surface of the coated paper board was treated with a 30% aqueous
      solution of zinc sulfate, and dried by being left to stand overnight in an
      airconditions chamber at 20.degree.C and a relative humidity of 65%.
PAR  The surface strength (IGT pick resistance) and water resistance of the
      resulting coated papers are shown in Table 4-2. It is seen from Table 4-2
      that the paper board coated with the composition of this invention has
      superior IGT pick resistance and equivalent water resistance to the paper
      coated with the composition containing casein.
TBL                Table 4-1                                                   
     ______________________________________                                    
               Composition 4                                                   
                            Comparative                                        
               (present invention)                                             
                            composition E                                      
     ______________________________________                                    
     Georgia kaolin                                                            
                 90 parts       90 parts                                       
     SHMP        0.27           0.27                                           
     Satin white 10             10                                             
     Poly(sodium 0.3            0.3                                            
     acrylate)                                                                 
     JSR 0668    10             10                                             
     Yeast       10             --                                             
     Casein      --             10                                             
     Sodium hydroxide                                                          
                 0.25           0.4                                            
     28% aqueous 20             --                                             
     ammonia                                                                   
     30% aqueous 0.5            --                                             
     hydrogen peroxide                                                         
     pH          11.3           10.4                                           
     Viscosity   133            83.0                                           
     ______________________________________                                    
TBL                Table 4-2                                                   
     ______________________________________                                    
                 Composition 4                                                 
                              Comparative                                      
                 (present invention)                                           
                              composition E                                    
     ______________________________________                                    
     IGT pick resistance                                                       
                   181 cm/sec.    154 cm/sec.                                  
     Water resistance                                                          
                   excellent      excellent                                    
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  90 parts of Georgia kaolin were gradually added with stirring to 60 parts
      of water in which 0.27 part of sodium hexametaphosphate (SHMP) was
      dissolved as a dispersant, to form a slurry of the clay.
PAR  Separately, to 10 parts (as solids content) of satin white (product of
      Shiraishi Kogyo Co., Ltd.) was added 20 parts of water in which 0.3 part
      (as solids content) of poly(sodium acrylate (Aron A-20SL.sub.2) was
      dissolved as a dispersant, to form a slurry of the satin white.
PAR  To a suspension composed of 10 parts of yeast (Candida utilis) and 40 parts
      of water, was added 1.4 parts of sodium peroxide, and the mixture was
      shaken for one hour at 30.degree.C. Then, 20 parts by volume of 28%
      aqueous ammonia were added, and the mixture was treated at 30.degree.C.
      for 24 hours, thereby to form a solution of the decomposition product of
      the yeast.
PAR  The satin white slurry was added to the above clay slurry, and with
      stirring, the decomposed yeast, 12 parts (as solids content) of a latex of
      methyl methacrylate/butadiene type copolymer (JSR 0933, product of Japan
      Synthetic Rubber Co., Ltd.), and water were added to form a coating
      composition having a total solids concentration of 40%. For comparison, a
      coating composition was prepared in a customary manner using modified
      polyvinyl alcohol (PVA, Denka Size PC-100, Denki Kagaku Kogyo Co., Ltd.)
      instead of the decomposed yeast. The formulations and properties of these
      coating compositions are shown in Table 5-1.
PAR  Each of the above coating compositions was coated on base paper board to an
      extent such that the amount of coating was 20 g/m.sup.2, and then dried.
      The surface of the coated paper was treated with a 3% aqueous solution of
      zinc sulfate, and dried by being left to stand overnight in an
      air-conditioned chamber kept at 20.degree.C and relative humidity of 65%.
PAR  The surface strength (IGT pick resistance) and water resistance of the
      coated papers are shown in Table 5-2. It is seen that the paper board
      coated with the composition of this invention has superior IGT pick
      resistance and water resistance to the paper coated with the composition
      containing the modified polyvinyl alcohol.
TBL                Table 5-1                                                   
     ______________________________________                                    
                 Composition 5                                                 
                              Comparative                                      
                 (present invention)                                           
                              composition F                                    
     ______________________________________                                    
     Georgia kaolin                                                            
                   90 parts       90 parts                                     
     SHMP          0.27           0.27                                         
     Satin white   10             10                                           
     Poly(sodium   0.3            0.3                                          
     acrylate)                                                                 
     JSR 0933      12             12                                           
     Denka PC-100  --             4                                            
     Yeast         4              --                                           
     Sodium peroxide                                                           
                   1.4            --                                           
     28% aqueous ammonia                                                       
                   20             --                                           
     pH            10.8           7.3                                          
     Viscosity     38             172                                          
     ______________________________________                                    
TBL                Table 5-2                                                   
     ______________________________________                                    
                 Composition 5                                                 
                              Comparative                                      
                 (present invention)                                           
                              composition F                                    
     ______________________________________                                    
     IGT pick resistance                                                       
                   137 cm/sec.    77 cm/sec.                                   
     Water resistance                                                          
                   excellent      good                                         
     ______________________________________                                    
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A paper coating composition comprising (A) a pigment as a main
      ingredient and (B) as a binder for said pigment an alkali decomposition
      product of a yeast produced by heating said yeast with alkali at
      30.degree.-100.degree.C for ten minutes to ten hours, said yeast being
      decolored prior to alkali decomposition with sodium boron hydrate as a
      reducing agent.
NUM  2.
PAR  2. The composition of claim 1 wherein the amount of said binder is 5 to 50
      parts by weight per 100 parts by weight of said pigment.
NUM  3.
PAR  3. The composition of claim 1 wherein said yeast is selected from the group
      consisting of baker's yeasts, nucleic acid yeasts, beer yeasts, pulp
      yeasts, and yeasts which assimilate petrochemical products.
NUM  4.
PAR  4. The composition of claim 1 wherein said yeast is at least one yeast
      which assimilates methanol, acetic acid or n-paraffin.
NUM  5.
PAR  5. The composition of claim 1 wherein said yeast is selected from the group
      consisting of Saccaromyces genus, Candida genus, Mycotorula genus and
      Pichia genus.
NUM  6.
PAR  6. The composition of claim 1 wherein said yeast is heated with the alkali
      at 60.degree. to 100.degree.C for 10 minutes to one hour.
NUM  7.
PAR  7. The composition of claim 1 wherein said alkali is selected from the
      group consisting of sodium hydroxide, ammonia, slaked lime, sodium
      phosphate, sodium carbonate and borax.
NUM  8.
PAR  8. The composition of claim 1 wherein said alkali is sodium hydroxide,
      ammonia or a mixture thereof.
NUM  9.
PAR  9. The composition of claim 1 wherein the amount of the alkali is such that
      the pH of an aqueous suspension of the yeast reaches at least 8.
NUM  10.
PAR  10. The composition of claim 9 wherein the pH of an aqueous suspension of
      the yeast is 9 to 13.
NUM  11.
PAR  11. The composition of claim 1 wherein said binder is a mixture of said
      alkali decomposition product of a yeast and an emulsion of a synthetic
      polymer selected from the group consisting of emulsions of a
      styrene/butadiene copolymer, butadiene/methyl methacrylate copolymer,
      styrene/butadiene/methyl methacrylate copolymer, ethylene/vinyl acetate
      copolymer, polyvinyl acetate, vinyl acetate/acrylate copolymer,
      styrene/acrylate copolymer and styrene/vinyl acetate copolymer.
NUM  12.
PAR  12. The composition of claim 1 wherein said binder is a mixture of said
      alkali decomposition product of a yeast and an aqueous solution of a
      water-soluble natural or synthetic polymer selected from the group
      consising of casein, soybean protein, oxidized starch, polyvinyl alcohol
      and carboxymethyl cellulose.
NUM  13.
PAR  13. The composition of claim 1 wherein said pigment is selected from the
      group consisting of clay, titanium oxide, satin white and calcium
      carbonate.
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PAL  A radiation sensitive recording material contains a layer of a
      layer-forming substance and incorporated therein an organic halogen
      compound capable of producing hydrogenhalide when struck by high energy
      radiation, and a chromogenic arylvinyl pyran or arylvinylthio pyran which
      changes its color by reaction with hydrolide. The material provides
      records with high stability.
BSUM
PAR  This invention relates to a radiation sensitive recording material the
      essential components of which are a chromogenic substance, an HX donor and
      a layer forming substance.
PAR  Radiation sensitive recording materials which contain photochromic or
      chromogenic substances as components which are capable of undergoing a
      color change are already known, in particular for the rapid recording of
      data by means of high energy radiation, particularly laser beams. Thus,
      for example, the recording material disclosed in German Auslegeschrift No.
      1,274,655 contains a photochromic substance a spiropyran compound which in
      combination with a so-called HX donor, i.e. a halogen containing substance
      which can be split up into radicals by the recording beams, can be
      converted into a sufficiently stable colored form. In this material, it is
      not possible to exclude the possibility that, as a result of sensitivity
      to heat or prolonged storage, recyclisation may take place so that the
      colored hydroxy-arylvinylpyrylium salts revert to the colorless spiropyran
      form due to the elimination of HX.
PAR  Recording materials containing chromogenic substances which respond to a
      change in pH have been disclosed in German Offenlegungsschrift No.
      1,549,101 and Dutch Pat. Specification No. 6,601,139, among others. In
      these materials, the photochemically reactive substances added to the
      layer are degraded by the action of radiation and the degradation products
      cause a change in pH either directly or by a reaction with other
      components of the recording material, for example by the formation of
      "HX". The chromogenic substances mentioned in the aforesaid documents
      have, however, the disadvantages of being fairly complicated to prepare
      and difficult to handle.
PAR  It is therefore an object of this invention to provide a radiation
      sensitive recording material which in addition to a radiation sensitive HX
      donor and a layer forming substance, contains a chromogenic substance the
      colored form of which cannot spontaneously revert to the colorless form
      under normal external conditions and which, moreover, is simple to
      prepare.
PAR  According to the invention, this problem is solved by the fact that the
      chromogenic substance is an arylvinylpyran or arylvinylthiopyran compound
      of the following general formula
      ##SPC1##
PAL  Ar represents a substituted or unsubstituted aryl group such as phenyl or
      naphthyl;
PAR  BOTH A'S TAKEN TOGETHER REPRESENT A GROUP NECESSARY FOR COMPLETING A
      SUBSTITUTED OR UNSUBSTITUTED ARYL GROUP CONDENSED TO THE PYRAN OR
      THIOPYRAN RING SUCH AS A CONDENSED BENZO OR NAPHTHO RING;
PAR  Y represents oxygen or sulfur;
PAR  R.sub.1 represents hydrogen or an alkyl, alkenyl or substituted or
      unsubstituted aryl group
PAR  R.sub.2 and R.sub.3 are the same or different and represent each hydrogen,
      a saturated or unsaturated linear or branched alkyl group or a substituted
      or unsubstituted phenyl group; or R.sub.2 and R.sub.3 both taken together
      represent a substituted or unsubstituted alkylen bridge.
PAR  The course of the reaction which is brought about by the action of high
      energy radiation in a radiation sensitive recording material of the
      composition described above may in principle be described as follows:
      HX(hydrogen halide) is produced from the HX donor by the absorbed
      radiation and reacts with the chromogenic substance as follows:
      ##SPC2##
PAL  wherein Ar, a, Y, R.sub.1, R.sub.2 and R.sub.3 are as defined above and X
      represents a halogen atom released from the HX donor, preferably a
      chlorine or bromine atom; [X].sup.- consequently represents the
      corresponding halide.
PAR  According to this reaction scheme, the HX produced by the action of
      radiation separates a functional group OR.sub.1 from the arylvinylpyran or
      arylvinylthiopyran compounds which are thereby converted into the
      corresponding arylvinylpyrilium or thiopyrylium salts. The consequence of
      the removal of a whole functional group is that a reaction in the opposite
      direction, i.e. conversion of the colored form into the colorless form, is
      no longer possible. Recording materials which are obtained in this way are
      then distinguished by exceptionally high long term stability of the
      colored form and are particularly suitable for irreversible data
      recording.
PAR  Compared with recording materials containing spiropyrans, these recording
      materials which contain the chromogenic substance according to the
      invention are more sensitive to the radiation used for recording. The
      chromogenic compounds of the present invention may be easily obtained for
      example by the following procedure. A suitable pyrylium or thiopyrylium
      perchlorate having at the carbon atom adjacent to the ring oxygen or ring
      sulfur atom a reactive group such as an alkyl, preferably methyl, or a
      methyl group, is reacted with an aromatic aldehyde such as benzaldehyde or
      naphthaldehyde. The reaction is preferably carried out in the presence of
      an acid condensing agent such as a lower aliphatic carboxylic acid, f.e.
      acetic acid, which also may act as solvent for the condensing reaction.
      The resulting 2-arylvinyl pyrylium or thiopyrylium perchlorate is
      subsequently reacted with an alkali metal phenolate or alkylate in a
      suitable alkyl alcohole solution; in the case of the reaction with
      alkylate preferably that alkyl alcohol is chosen as solvent from which the
      alkylate was prepared. As an example the
      3-[.alpha.-phenyl-.beta.-(1-naphthyl)-vinyl]-3-phenoxy-3 H -
      naphtho[2,1-b]pyran mentioned hereinafter in the Example has been prepared
      by first condensing 3-benzyl-naphtho[2,1-b]pyrylium perchlorate with
      1-naphthaldehyde in hot acetic acid solution; the condensation product is
      subsequently reacted in methanol with sodium phenolate to form the desired
      chromogenic compound. The recording material is formed by dissolving the
      compounds capable of color change and the HX donor compounds in a layer
      forming substance. The layer forming substances used may be polymers which
      may be prepared before or during preparation of the layer.
PAR  The following are examples of such layer forming substances and their
      starting materials:
PAR  a. Higher molecular weight polyethylene glycols;
PAR  b. Polyvinyl esters and their copolymers, e.g., polyvinyl acetate or vinyl
      acetate acrylate copolymer
PAR  c. polyvinyl chloride and its copolymers, e.g., polyvinyl chloride or vinyl
      chloridevinylacetate copolymer
PAR  d. polyvinylidene chloride and its copolymers, e.g., polyvinylidene
      chloride or vinylidene chloride/acrylonitrile copolymer, vinylidene
      chloride/vinyl acetate copolymer or vinylidene chloride/vinyl chloride
      copolymer (Saran)
PAR  e. polystyrene;
PAR  f. cellulose esters and their copolymers, e.g., cellulose acetate butyral
      or cellulose succinate;
PAR  g. polymethacrylate and polyacrylates and their copolymers;
PAR  h. addition polymerisable compounds such as pentaerythritol
      tetramethacrylate, butane-1,2,4-triol trimethacrylate, propane-1,3-diol
      diacrylate, glycerol triacrylate or the bisacrylates and bismethacrylates
      of polyethylene glycols;
PAR  i. nitrogen containing compounds which have ethylenically unsaturated
      groups such as diethylene-tris-methacrylamide,
      methylene-bis-methacrylamide, N-vinylcarbazole, methylenebis-acrylamide,
      N,N-bis-(.beta.-methacryloxyethyl)-acrylamide, and ethylene
      glycol-bis-[N-vinyl-carbamic acid ester];
PAR  j. polyvinylacetals such as polyvinylbutyral or polyvinylformal or
      copolymers of vinyl acetals such as vinyl acetal/chloroacetal.
PAR  The monomers used as starting materials may also themselves be polymerised
      under suitable conditions.
PAR  Suitable substances which are decomposed by the action of light to produce
      hydrohalide (HX) and thereby cause a change in pH and which in the context
      of this application are called HX donors are, in particular,
      halogen-containing organic compounds. The following are given as examples:
PAR  Tetrabromomethane,
PAR  .alpha.,.alpha.,.alpha.',.alpha.'-tetrabromo-o-xylene,
PAR  .alpha.,.alpha.'-hexachloro-m-xylene,
PAR  .alpha.,.alpha.'-hexachloro-p-xylene,
PAR  .alpha.,.alpha.,.alpha.-tribromo-tert.-butylalcohol,
PAR  chloroform
PAR  tribromoethanol,
PAR  bromoform,
PAR  hexachloroacetone,
PAR  2,4,4,4-tetrabromobutanol-1,
PAR  1,1,1,3-tetrabromo-3-phenylpropane,
PAR  1,1,2,2-tetrabromoethane,
PAR  hexachlorocyclopentadiene,
PAR  hexachloro-1,3-butadiene.
PAR  Some HX donors respond only to comparatively high energy radiation, e.g.,
      shortwave UV light. In order that the types of recording radiation
      nowadays available such as laser beams which have a sufficiently high
      intensity at a wavelength in the range of from 325 to 400 nm may also be
      suitable for these substances, it is advisable to add sensitizing
      substances to the recording storage layer, for example benzophenone,
      diphenylamine or 2-acetyl-naphthalene.
PAR  These sensitizers are generally substances which are stimulated by longwave
      radiation to enter into a triplet state which, by virtue of its relatively
      long life, can transmit its energy by impact to the HX donor molecules to
      effect decomposition of the molecules.
PAR  Lastly, two examples of storage layers according to the invention are given
      below:
DETD
PAC  EXAMPLES
PAR  a) 1 g of 3-[.alpha.-phenyl-.beta.-(1-naphthyl-vinyl]-3-phenoxy-3
      H-naphtho-[2,1-b]pyran and 5 g of .alpha.,.alpha.,.alpha.-tribomoethanol
      were dissolved in 100 ml of partly polymerised methylmethacrylate and
      polymerisation of the layer prepared from this solution was then completed
      by heating to 60.degree.C for 24 hours.
PAR  b. 1 g of 2-[.beta.-n-amylstyryl]-2-methoxy-2 H-benzo (1)-thiopyran and 5 g
      of .alpha.,.alpha.,.alpha.,-tribromoethanol were dissolved in 100 ml of
      dioxane and the solution was mixed with a solution of 20 g of polyvinyl
      acetate in 100 ml of methanol in the proportion of 3 : 1. A clear,
      transparent layer was obtained after evaporation of the solvent.
CLMS
STM  We claim:
NUM  1.
PAR  1. Radiation sensitive recording material comprising a sheet comprised of a
      radiation sensitive organic halogen compound capable of producing
      hydrohalide by the action of ultraviolet light and an organic chromogenic
      compound capable of changing its color by reaction with hydrohalide and a
      layer forming substance containing a polymer for forming said organic
      halogen compound and said organic chromogenic compound in a layer wherein
      the improvement comprises the chromogenic compound is an arylvinylpyran or
      arylvinylthiopyran of the formula
      ##SPC3##
PAL  wherein
PA1  Ar represents a phenyl or naphthyl group;
PA1  both a's taken together represent a group necessary for completing an aryl
      group condensed to the pyran or thiopyran ring;
PA1  Y represents oxygen or sulfur
PA1  R.sub.1 represents hydrogen, alkyl, alkenyl or aryl
PA1  R.sub.2 and R.sub.3 are the same or different and represent each hydrogen,
      alkyl, phenyl or both together an alkylene bridge.
NUM  2.
PAR  2. A material as claimed in claim 1, wherein the chromogenic compound is
      3-[.alpha.-phenyl-.beta.-(1-naphthyl)-vinyl]-3-phenoxy-3 H-naphtho
      [2,1-b]pyran.
NUM  3.
PAR  3. A material as claimed in claim 1 wherein the chromogenic compound is
      2-[.alpha.-n-amylstyryl]-2-methoxy-2 H-benzo-(1) thiopyran.
NUM  4.
PAR  4. A material as claimed in claim 1, wherein the radiation sensitive layer
      contains .alpha.,.alpha.,.alpha.-tribromoethanol.
NUM  5.
PAR  5. Radiation sensitive recording material comprising a sheet comprised of a
      radiation sensitive organic halogen compound capable of producing
      hydrohalide by the action of ultraviolet light and an organic chromogenic
      compound capable of changing its color by reaction with hydrohalide, a
      polymeric layer forming substance containing a polymer for forming a layer
      with the organic halogen compound and said organic chromogenic compound
      wherein the improvement comprises the chromogenic compound is an
      arylvinylpyran or arylvinylthiopyran of the formula
      ##SPC4##
PAL  wherein
PA1  Ar represents phenyl or naphthyl;
PA1  both a's taken together represent a group necessary for completing an aryl
      group condensed to the pyran or thiopyran ring;
PA1  Y represents oxygen or sulfur
PA1  R.sub.1 represents hydrogen, alkyl, alkenyl or aryl
PA1  R.sub.2 and R.sub.3 are the same or different and represent each hydrogen,
      alkyl, phenyl, or both together an alkylene bridge.
NUM  6.
PAR  6. Radiation sensitive recording material comprising a sheet comprised of a
      radiation sensitive organic halogen compound capable of producing
      hydrohalide by the action of long wave light and an organic chromogenic
      compound capable of changing its color by reaction with hydrohalide and a
      layer forming substance containing a polymer for forming said organic
      halogen compound and said organic chromogenic compound in a layer wherein
      the improvement comprises the chromogenic compound is an arylvinylpyran or
      arylvinylthiopyran of the formula
      ##SPC5##
PAL  wherein
PA1  Ar represents a phenyl or naphthyl group;
PA1  both a's taken together represent a group necessary for completing an aryl
      group condensed to the pyran or thiopyran ring;
PA1  Y represents oxygen or sulfur
PA1  R.sub.1 represents hydrogen, alkyl, alkenyl or aryl
PA1  R.sub.2 and R.sub.3 are the same or different and represent each hydrogen,
      alkyl, phenyl, or both together an alkylene bridge, and the layer contains
      a sensitizing substance for long wave light.
NUM  7.
PAR  7. A material containing a chromogenic compound as claimed in claim 1
PA1  wherein
PA1  Ar is phenyl or naphthyl,
PA1  both a's taken together represent a group necessary for completing a
      condensed benzo or naphtho ring,
PA1  R.sub.1 is phenyl or lower alkyl,
PA1  R.sub.2 is hydrogen, phenyl or alkyl,
PA1  R.sub.3 is hydrogen, phenyl or lower alkyl, and
PA1  R.sub.2 and R.sub.3 both together form a lower alkylene bridge.
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ABST
PAL  Liquid polymers made predominantly of 1,3-pentadiene and 1,3-butadiene,
      which have a number average molecular weight of 300 - 10,000 and an iodine
      number of at least 250 and are capable of forming hydrocarbon
      solvent-insoluble coatings thereof; a process for preparing the liquid
      polymers; and paint compositions comprising the liquid polymer as the
      vehicle.
PARN
PAR  This is a division, of application Ser. No. 375,102, filed June 29, 1973,
      now U.S. Pat. No. 3,884,712.
BSUM
PAR  The present invention relates to novel liquid polymers and a process for
      preparing the same by copolymerizing 1,3 pentadiene and 1,3-butadiene,
      together with or without other olefins. More particularly it relates to a
      process for the preparation of liquid polymers capable of forming
      hydrocarbon solvent-insoluble coatings thereof by copolymerizing at least
      about 80% by weight of a monomeric mixture of 90 - 50 parts by weight of
      1,3-pentadiene and 10 - 50 parts by weight of 1,3-butadiene, together with
      or without up to about 20% by weight of other olefins, in the presence of
      a homogenizable Fridel-Crafts type catalyst.
PAR  Many studies have long been made on processes for the cationic
      polymerization of unsaturated hydrocarbons using a Friedel-Crafts type
      catalyst, and it is known that a polymer may be obtained in rubbery,
      resinous, liquid, gel-like or any other desired form by the suitable
      selection of polymerization conditions such as a catalyst used and a
      combination of monomers used. Typical of such a polymer is a
      polyisobutylene, petroleum resin or the like. Studies of cationic
      polymerization have recently been resumed in one of attempts to make
      effective use of fractions which are increasingly produced as by-products,
      as ethylene plants are enlarged in scale.
PAR  It is known that a C.sub.5 fraction containing a large proportion of
      1,3-pentadiene is polymerized in the presence of a homogenizable
      Friedel-Crafts type catalyst such as, for example, boron trifluoride to
      obtain a liquid polymer (U.S. Pat. No. 2,753,382). It is also known that
      1,3-pentadiene is polymerized in the presence of alkylaluminum dichloride
      to a liquid polypentadiene (U.S. Pat. No. 3,446,765). The polymers
      obtained by these known processes have been considered useful as a
      synthetic drying oil chiefly for paints. In the course of their intense
      studies of liquid polypentadienes, on the other hand, the present
      inventors have found that liquid polypentadienes produced by cationic
      polymerization have superior properties as vehicle and, on the contrary,
      have several disadvantages. More particularly, paints containing such
      liquid polypentadienes are excellent in luster retention, levelling
      property, yellowing and other properties as compared with those containing
      other polymers such as alkyd resins and, in addition, they can extremely
      easily addition react with an unsaturated carboxylic acid such as maleic
      anhydride and will make an electrophoretic paint remarkably superior in
      throwing power when used in the paint. However, such paint is vitally
      disadvantageous in that coatings formed thereof are soluble in hydrocarbon
      solvents and are therefore remarkably inferior in solvent resistance.
      Further, liquid 1,2-polybutadienes already put on the market can be used
      for paints and they can be cured with a peroxide to obtain polybutadiene
      resins which are used in the production of, for example, molded and cast
      articles therefrom, whereas liquid polypentadienes are unexpectedly
      difficult to cure and practically impossible to use in these molding and
      casting fields.
PAR  The present inventors have made intence studies in an attempt to eliminate
      said drawbacks of conventional liquid polypentadiene and, as the result of
      their studies, have found that polymers obtained by the copolymerization
      of 1,3-pentadiene and 1,3-butadiene have very excellent properties. The
      present invention is based on this finding or discovery.
PAR  An object of the present invention is to provide a process for the
      preparation of liquid polymers capable of forming hydrocarbon
      solvent-insoluble coatings and being cured with a peroxide.
PAR  Another object of the present invention is to provide liquid polymers
      capable of forming hydrocarbon solvent-insoluble coatings.
PAR  Still another object of the present invention is to provide a paint
      composition comprising the liquid polymer as the vehicle.
PAR  The process of the present invention comprises subjecting a monomeric
      mixture of 1,3-pentadiene and 1,3-butadiene, together with or without
      other olefins, to cationic polymerization and more particularly
      copolymerizing at least about 80% by weight of a monomeric mixture
      containing 90 - 50 parts by weight of 1,3-pentadiene and 10 - 50 parts by
      weight of 1,3-butadiene, together with or without up to about 20% by
      weight of other olefins, in the presence of a "homogenizable"
      Friedel-Crafts type catalyst to obtain the desired liquid polymers.
PAR  By the term homogenizable used herein is meant gaseous, liquid, or solvent
      soluble.
PAR  As previously mentioned, the starting material according to the present
      invention is preferably a monomeric mixture of 90 - 50% by weight of
      1,3-pentadiene and 10 - 50% by weight of 1,3-butadiene. The monomeric
      mixture may partly be substituted by other olefins having from 4 to 5
      carbon atoms such as butene-1, isobutene, pentene-1, 2-methylbutene-1,
      2-methylbutene-2, isoprene and cyclopentene, as far as the resulting new
      mixture retains 1,3-pentadiene and 1,3-butadiene in the ratios by weight
      of from 90 : 10 to 50 : 50. Since the higher the 1,3-pentadiene and
      1,3-butadiene content of the resulting new mixture is, the better the
      result obtained is, the content of the other olefins of the new mixture
      should not exceed approximately 20% by weight, preferably approximately
      10% by weight. It is known that gel-like polymers are obtained by
      cationically polymerizing 1,3-butadiene in the presence of a homogenizable
      Friedel-Crafts type catalyst. In such case, if 1,3-butadiene is used in
      amounts of not more than 50% by weight of total monomers used as in the
      process of the present invention, then liquid polymers containing no or
      little gel will unexpectedly be obtained; whereas the use of 1,3-butadiene
      in amounts of less than 10% by weight will give polymers which are not
      capable of forming hydrocarbon solvent-insoluble coatings nor being cured
      with a peroxide. The use of a combination of 1,3-pentadiene and
      1,3-butadiene is an important constituent of the present invention. If the
      1,3 -butadiene is substituted by isoprene, which is a conjugated diene
      like 1,3-butadiene, the object of the present invention will not be
      attained. In addition, it is not recommendable to use other olefins than
      1,3-pentadiene and 1,3-butadiene in amounts of more than about 20% by
      weight of the total monomers since, in this case, there can be obtained no
      polymer which is capable of forming coatings insoluble in hydrocarbon
      solvents.
PAR  The catalysts which may be used in the practice of the present invention,
      are homogenizable Friedel-Crafts type catalysts. Examples of the catalysts
      include boron trifluoride and its complexes, stannic tetrachloride, ferric
      chloride, titenic tetrachloride, solubilized aluminum chlorides,
      alkylaluminum dichloride, sulphuric acid and hydrogen fluoride.
      Particularly boron trifluoride and its complexes are preferable, but the
      catalysts should not be limited to these ones. The homogenizable catalysts
      as exemplified above will give liquid polymers when used as the catalyst
      in polymerizing 1,3-pentadiene. Since the use of non-homogenizable
      Fridel-Crafts type catalysts such as aluminum chloride and bromide, gives
      resinous polymers, they should be excluded from the catalysts which may be
      used in the practice of the present invention.
PAR  In practicing the present invention the amounts of catalyst used may vary
      depending on, for example, the kind thereof and are therefore not
      limitative; however, they may conveniently be in the range of 0.05 - 5% by
      weight of monomers used.
PAR  According to the present invention, the polymerization is effected in the
      presence or absence of an inert hydrocarbon solvent at temperatures of
      from -80.degree. to 150.degree. C, preferably 0.degree. to 100.degree. C.
      Hydrocarbons which may be used as the solvent, include usually used
      aliphatic, alicyclic and aromatic hydrocarbons, such as butane, pentane,
      hexane, cyclohexane, benzene, toluene and xylene. The materials such as
      monomers and catalyst, may be added to the polymerization system in any
      optional order; for example, the catalyst or monomers may intermittently
      or continuously be added, or these materials may be charged at a time
      before the start of the polymerization. The reaction products are
      subjected to a known technique such as filtration, treatment with active
      clay, or washing with methanol, aqueous methanol or a mixture of methanol
      and hydrochloric acid, to remove the used catalyst therefrom. Using known
      techniques, the catalyst-free reaction products are further freed of the
      unreacted monomers, used solvent and produced low molecular polymers and
      are then dried to obtain desired liquid polymers. The polymers so obtained
      have a number average molecular weight of 300 - 10,000, preferably 500 -
      3,000, as determined from Vapor Pressure Osmometer (VPO), and an iodine
      number of not less than 250 as determined from Wijs method, and they vary
      in form from low viscous, liquid polymer to extremely highly viscous,
      liquid polymer.
PAR  The liquid polymers obtained according to the present invention may be
      modified using known techniques. For example, they may be epoxidized,
      halogenated or addition reacted with .alpha.,.beta.-unsaturated
      dicarboxylic acid derivatives such as maleic anhydride. With aid of the
      air or oxygen, the original or thus-modified polymers are capable of
      forming coatings or films which are insoluble in a hydrocarbon solvent
      such as hexane, heptane, benzene, toluene or xylene. These polymers are
      very useful as a vehicle for paints remarkably improved in
      solvent-resistant property in which conventional polybutadienes are
      deficient as their vital defect. The liquid polymers according to the
      present invention may be used in admixture with natural drying oils such
      as linseed oil, tung oil and soybean oil, and with synthetic drying oils
      such as alkyd resins, liquid cis-polybutadienes and liquid
      1,2-polybutadienes. In addition, they may be cured by heating with known
      peroxides such as cumene hydroperoxide, dicumyl perioxide, benzoyl
      peroxide and t.-butyl peroxide. They may also be incorporated with
      ethylenically unsaturated monomers such as styrene, .alpha.-methylstyrene,
      vinyltoluene, methyl methacrylate and divinylbenzene, and/or with
      plasticizers such as ethyl fumarate and diallyl phthalate, as diluents.
PAR  The liquid polymers according to the present invention may, as desired, be
      incorporated with conventional driers, fillers, pigments, and other
      additives for use not only as air-drying or baking paints or water paints
      but as material for inks, binders, sealants, molded or cast articles.
DETD
PAR  The present invention will be better understood by the following examples.
PAC  EXAMPLES 1 - 4
PAR  In each of Examples, a 160-ml pressure glass reactor was purged with
      nitrogen and then charged with 40g of the monomers mixed in the ratio
      indicated in the following Table 1 and with 16g of n-pentane to form a
      mixture which is thoroughly mixed, incorporated with 0.8g of boron
      trifluoride diethyl etherate and then subjected to polymerization at
      30.degree. C for 2 hours. The polymerization was terminated by adding 5 ml
      of acetone to the reaction system, and the reaction products were dried at
      a temperature of 60.degree. C and reduced pressure of 1mm Hg for two hours
      thereby obtaining a brown-colored liquid polymer the yield, gel content
      and iodine number of which are shown in Table 1. The yield is represented
      by the ratio by weight of the polymer obtained to the total monomers used;
      the gel content, by the ratio by weight between the portion of the polymer
      left on a 80-mesh wire net when passing therethrough a liquid of the
      polymer in toluene the volume of which was 10 times that of the polymer,
      and the polymer; and the Iodine number determined by the test according to
      JIS (Japanese Industrial Standard) K-5400 based on Wijs method.
PAR  For comparison, in each of Comparative Examples the same procedure as in
      Examples 1 to 4 was followed with the exception that the mixing ratio of
      the monomers used was not in the range according to the present invention.
PAR  The results are indicated in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
                 Comparative                                                   
                 Examples    Examples                                          
                 1   2   3   1   2   3   4                                     
     __________________________________________________________________________
     1,3-pentadiene used                                                       
                 100 95  25  85  75  65  55                                    
     (wt.%)                                                                    
     1,3-butadiene used                                                        
                 --  5   75  15  25  35  45                                    
     (wt.%)                                                                    
     Yield of polymer                                                          
                 100 96  70  99  98  89  75                                    
     obtained (%)                                                              
     Gel content (wt.%)                                                        
                 0.6 0.4 26.1                                                  
                              1.2                                              
                                  0.9                                          
                                      1.3                                      
                                          1.5                                  
     Iodine number                                                             
                 270 273 --   289                                              
                                  306                                          
                                      321                                      
                                          282                                  
     __________________________________________________________________________
PAR  The Table shows that the gel content remarkably increases with the increase
      in amount of 1,3-butadiene used. (Experiment 1)
PAR  19 hundred parts by weight of each of the liquid polymers obtained in
      Comparative Examples 1-1 and Examples 1 - 4 were incorporated with 30
      parts by weight of toluene, 0.1 part by weight of cobalt naphthenate (as
      cobalt metal) and 0.9 parts by weight of lead naphthenate (as lead metal)
      to form a mixture which was thoroughly blended and coated on the
      thoroughly degreased, dried test glass plates using a 100 .mu. applicator,
      and allowed to stand in an incubator kept at a temperature of 20.degree. C
      and a relative humidity of 65% for 10 days, thereby obtaining air-dried
      coatings. The coatings so obtained were measured for their thickness, and
      the glass plates with the coating formed thereon were immersed in toluene
      at 20.degree. C for 1 hour to investigate how the solvent resisting
      property or solvent resistance of the coatings was. The results are
      indicated in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
                Comparative                                                    
                Examples  Examples                                             
                1     2       1      2    3    4                               
     ______________________________________                                    
     Thickness of coating                                                      
                  19      22      20   21   17   20                            
     (.mu.)                                                                    
     Solvent resistance                                                        
                  X       X       O    O    O    O                             
     ______________________________________                                    
      X : Unsatisfactory                                                       
      O : Excellent                                                            
PAR  The air-dried coatings obtained from the liquid polymers of Comparative
      Examples 1 and 2 were completely dissolved in the toluene, indicating that
      they were markedly inferior in solvent resisting property, while those
      obtained from the liquid polymers of Examples 1 to 4 were remarkably
      improved in said property substantially without crimping, checking and
      blistering appreciated therein.
PAC  (EXPERIMENT 2)
PAR  Then, each of the liquid polymers obtained in Comparative Examples 1 - 2
      and Examples 1 - 4 was coated on previously thoroughly degreased and dried
      test plates using a "100.mu." applicator and baked at 180.degree. C for 30
      minutes to obtain baked coatings. The coatings thus obtained were measured
      for their thickness and then tested for their solvent resistance by
      immersing in toluene at 20.degree. C for 1 hour. The results are shown in
      Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
                Comparative                                                    
                          Examples                                             
                Examples                                                       
                1     2       1      2    3    4                               
     ______________________________________                                    
     Thickness of coating                                                      
                  19      22      18   24   20   23                            
     (.mu.)                                                                    
     Solvent resistance                                                        
                  X       X       O    O    O    O                             
     ______________________________________                                    
      X : Unsatisfactory                                                       
      O : Excellent                                                            
PAR  When immersed in toluene, the coatings obtained from the liquid polymers of
      Comparative Examples 1 to 2 were completely dissolved therein.
PAC  EXAMPLE 5 - 8
PAR  Seventy parts by weight of linseed oil (previously boiled) were mixed with
      30 parts by weight of each of the liquid polymers of Comparative Examples
      1 to 2 and Examples 1 to 4. Each of the resulting mixtures was treated in
      quite the same manner as in the Examples 1 to 4 to form an air-dried
      coating which was tested, in accordance with JIS K-5400, for its
      performance as a coating. For comparison, simply linseed oil was treated
      as above to form an air-dried (this term meaning "dried at room
      temperatures such as 20.degree. C" throughout the specification) coating
      which was then tested as above. The results are shown in Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
                   Comparative Examples                                        
                                      Examples                                 
                   4    5      6      5     6     7     8                      
     Material used Linseed                                                     
                        Linseed                                                
                               Linseed                                         
                                      Linseed                                  
                                            Linseed                            
                                                  Linseed                      
                                                        Linseed                
                   oil  oil +  oil +  oil + oil + oil + oil +                  
                        Polymer of                                             
                               Polymer of                                      
                                      Polymer                                  
                                            Polymer                            
                                                  Polymer                      
                                                        Polymer                
                        Comp.Ex.1                                              
                               Comp.Ex.1                                       
                                      of Ex.1                                  
                                            of Ex.2                            
                                                  of Ex.3                      
                                                        of Ex.4                
     __________________________________________________________________________
     Set to touch (hour)                                                       
                   3    3      3      3     3     4     4                      
     Dust free (hour)                                                          
                   5    5      5      5     6     6     6                      
     Thickness of coating (.mu.)                                               
                   25   24     19     27    21    21    26                     
     Solvent resisting                                                         
                   .DELTA.                                                     
                        .DELTA.                                                
                               .DELTA.                                         
                                      O     O     O     O                      
     property *1                                                               
     Water-proof property *2                                                   
                   X    X      X      O     O     O     O                      
     Alkalinity resistance *3                                                  
                   X    O      O      O     O     O     O                      
     Erichsen      9.2  7.9    7.7    8.9   9.1   9.3   8.6                    
     Impact resistance *4                                                      
                   O    X      X      O     O     O     O                      
     Pencil hardness                                                           
                   5B   B      B      HB    F     F     F                      
     __________________________________________________________________________
      *1 Immersed in toluene at 20.degree.C for 30 minutes                     
      *2 Immersed in water at 20.degree.C for one hour                         
      *3 Immersed in a 3% aqueous solution of NaOH at 20.degree.C              
      *4 Du Pont Impact strength 1/2 inch .times. 1 kg .times. 50 cm           
PAR  Table 4 shows that if linseed oil is used in admixture of the polymer
      according to the present invention as a vehicle of paint then the mixture
      will give paint which is improved in water and alkali resistances although
      said oil alone was originally inferior in said resistances.
PAC  COMPARATIVE EXAMPLES 4 - 6
PAR  In each of these Comparative Examples the procedure of Example 1 was
      followed, but using 1,3-pentadiene and isoprene in the amounts indicated
      in Table 5, to obtain a liquid 1,3-pentadiene/isoprene copolymer. The
      copolymers so obtained were baked in the same manner as in Experiment 2 of
      Example 1 to form baked coatings which were then immersed in toluene at
      20.degree. C for 1 hour to investigate their solvent resistance. The
      results are indicated in Table 5.
TBL                Table 5                                                     
     ______________________________________                                    
                   Comparative Examples                                        
                   4       5         6                                         
     ______________________________________                                    
     1,3-pentadiene (wt.%)                                                     
                     85        70        55                                    
     isoprene (wt.%) 15        30        45                                    
     Yield (%)       100       100       100                                   
     Solvent resistance                                                        
                     x         x         x                                     
     ______________________________________                                    
      x : Unsatisfactory                                                       
PAR  The baked coatings obtained from the 1,3-pentadiene/isoprene copolymers
      were completely dissolved in the toluene when immersed therein. This
      indicates that the use of 1,3-butadiene in certain proportions is
      indispensable for obtaining liquid polymers according to the present
      invention.
PAC  COMPARATIVE EXAMPLE 7
PAR  The procedure of Example 1 was followed, but using as the monomers
      1,3-pentadiene, 1,3-butadiene and other olefins in the amounts as
      indicated in Table 6. The copolymer thus produced was treated in the same
      manner as in Experiment 2 of Example 1 to obtain baked coatings which were
      then immersed in toluene at 20.degree. C for 1 hour to investigate their
      solvent resistance. The result is shown in Table 6.
TBL                Table 6                                                     
     ______________________________________                                    
     1,3-pentadiene (wt.%)                                                     
                         55                                                    
     1,3-butadiene (wt.%)                                                      
                         20                                                    
     1-pentene (wt.%)    15                                                    
     Isoprene (wt.%)     10                                                    
     Yield (%)           93                                                    
     Solvent resistance  x                                                     
     ______________________________________                                    
      x : Unsatisfactory?                                                      
PAR  The baked coatings obtained from this copolymer had considerably better
      solvent resistance than those obtained from the polymer of Comparative
      Example 1 but were not fully satisfactory with some crimples, checks and
      blisters created therein.
PAC  EXPERIMENT 3
PAR  Seventy parts by weight of the polymer obtained in Example 1 were
      incorporated with 30 parts by weight of styrene and then with 8 parts by
      weight of dicumyl peroxide. The resulting mixture was heat treated at
      150.degree. C for 10 hours to thereby obtain a completely cured polymer
      which was so hard that a 1-mm diameter wire could not penetrate it.
PAR  For comparison, a test was made. In this test, the procedure of Experiment
      3 was followed except that the liquid polymer of Example 1 was substituted
      by that of Comparative Example 1. The solid mass so obtained was the one
      which was melting at temperatures of not higher than 40.degree. C and
      liable to be deformed even at room temperatures.
PAR  From the above it is seen that the liquid polymers according to the present
      invention may be used in the production of cured moldings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A paint composition comprising a pigment and as a vehicle a liquid
      polymer of 90 - 50% by weight comprising 1,3-pentadiene and 10 - 50% by
      weight of 1,3-butadiene, the polymer having a number average molecular
      weight of 300 - 10,000 and an iodine number of at least 250 and being
      capable of forming hydrocarbon solvent-insoluble coatings.
NUM  2.
PAR  2. A paint composition comprising a pigment and as a vehicle a liquid
      polymer of (A) at least 80% by weight comprising a mixture of 90 - 50
      parts by weight of 1,3-pentadiene and 10 - 50 parts by weight of
      1,3-butadiene and (B) up to 20% by weight of at least one member selected
      from the group consisting of butene-1, isobutene, pentene-1,
      2-methylbutene-1, 2-methylbutene-2, isoprene and cyclopentene, the polymer
      having a number average molecular weight of 300 - 10,000 and an iodine
      number of at least 250 and being capable of forming hydrocarbon
      solvent-insoluble coatings.
NUM  3.
PAR  3. A paint composition comprising a pigment and as a vehicle a liquid
      polymer of (A) at least 90% by weight comprising a mixture of 90 - 50
      parts by weight of 1,3-pentadiene and 10 - 50 parts by weight of
      1,3-butadiene and (B) up to 10% by weight of at least one member selected
      from the group consisting of butene-1, isobutene, pentene-1,
      2-methylbutene-1, 2-methylbutene-2, isoprene and cyclopentene, the polymer
      having a number average molecular weight of 300 - 10,000 and an iodine
      number of at least 250 and being capable of forming hydrocarbon
      solvent-insoluble coatings.
NUM  4.
PAR  4. A paint composition according to claim 1, in which the liquid polymer is
      the product of the copolymerization of the 1,3-pentadiene and the
      1,3-butadiene in the presence of a homogeneous Friedel-Crafts type
      catalyst.
NUM  5.
PAR  5. A paint composition according to claim 2, in which the liquid polymer is
      the product of the copolymerization of the 1,3-pentadiene and the
      1,3-butadiene in the presence of a homogeneous Friedel-Crafts type
      catalyst.
NUM  6.
PAR  6. A paint composition according to claim 3, in which the liquid polymer is
      the product of the copolymerization of the 1,3-pentadiene and the
      1,3-butadiene in the presence of a homogeneous Friedel-Crafts type
      catalyst.
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ABST
PAL  Molybdate orange pigment treated with from 0.1 to 30% of a boron compound.
      The boron-treated molybdate orange pigments when coated with dense,
      amorphous silica are particularly useful for coloring high temperature
      molding plastics.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The term "molybdate orange" as used herein refers to the pigments
      identified by the Colour Index Number CI 77605 in the "Colour Index",
      second edition, 1956, published jointly by the Society of Dyers and
      Colourists, England, and the American Association of Textile Chemists and
      Colorists, United States. They range in color from a relatively light
      masstone, strong and yellow tint (small particle size) to a dark, red
      masstone and weak, red tint (relatively large particle size).
PAR  Molybdate orange pigments have been prepared by a variety of methods, most
      of which involve precipitation of molybdate orange pigment from aqueous
      solutions of its constituent ions, i.e., lead, molybdate, sulfate and
      chromate. Conventionally a solution containing soluble salts of molybdate,
      sulfate and chromate is mixed with a lead salt, in the form of an aqueous
      solution or a slurry depending on the solubility of the lead salt. After
      precipitation, but prior to isolation, the molybdate orange pigment is
      commonly treated with silica or alumina or both to provide a loose porous
      coating on the surface of the pigment to enhance pigmentary properties,
      such as lightfastness, in paint compositions, as describes, for example,
      in U.S. Pat. No. 2,813,039. The red shade molybdate orange pigments are
      conventionally further treated with an antimony compound, commonly
      antimony trichloride, after the treatment with silica and alumina but
      prior to isolation of the pigment. A widely used method which produces
      molybdate orange pigment of especially high strength is described in U.S.
      Pat. No. 3,567,477. According to the procedure of U.S. Pat. No. 3,567,477
      molybdate orange is produced by jetting at high linear velocity a first
      aqueous salt solution containing soluble salts of molybdate, sulfate and
      chromate into a second aqueous solution containing a soluble lead salt,
      thereby precipitating the pigment, which is treated with silica and
      alumina in the conventional manner prior to isolation.
PAR  The major contribution toward color of molybdate orange pigment resides in
      the formation of a solid solution containing lead chromate. Likewise, many
      of their shortcomings are also attributable to the properties inherent in
      the lead chromate component. Among these are (1) sensitivity to alkalies
      and acids, (2) staining in the presence of sulfides and (3) darkening on
      exposure to light or to elevated temperatures.
PAR  Early attempts to overcome these deficiencies have usually involved special
      treatment of the pigments designed either to provide a means of
      neutralizing the attacking agent and rendering it temporarily ineffective
      or to provide a barrier against the ready access thereof to the sensitive
      pigment particle. The claimed improvements, although very frequently
      demonstrable, have usually been only of academic interest in that their
      effectiveness has been short lived and not of sufficient duration to
      render possible the use of these pigments in many applications,
      particularly those applications where a high degree of thermal stability
      is required.
PAR  More recent and relatively successful attempts to overcome these
      deficiencies are described, e.g., in U.S. Pat. Nos. 3,370,971 and
      3,639,133. These patents describe coated lead chromate pigments, which are
      chemically resistant, lightfast and relatively thermally stable. The
      pigments therein described are prepared by applying a coating of dense,
      amorphous silica and optionally alumina to lead chromate pigment which has
      been precipitated and aftertreated with silica and alumina in a
      conventional manner. The dense silica-coated lead chromate pigments are
      described generally as resistant to darkening when heated to 300.degree.
      C.-320.degree. C. in such plastics as polyethylene or polystyrene. A dense
      silica-coated molybdate orange pigment is described in Example 1 of U.S.
      Pat. No. 3,370,391 as exhibiting no significant discoloration up to about
      250.degree. C. and minor discoloration up to 315.degree. C. in a
      thermoplastic resin, compared to a conventional molybdate orange which
      darkens noticeably at 230.degree. C.
PAR  Although the dense silica-coated lead chromate pigments do show significant
      improvement in thermal stability when compared with uncoated pigment and
      gel-coated pigment known in the art, the resistance to darkening exhibited
      by these pigments at 300.degree. C.- 320.degree. C. is low enough under
      many processing conditions to necessitate the use of temperatures from
      30.degree. C.-60.degree. C. lower than the stated range to insure adequate
      color integrity. The resistance to darkening is further decreased in
      proportion to the length of time the pigment is exposed to elevated
      temperatures. For example, a pigment which retains color integrity when
      initially reaching an elevated temperature can darken considerably after
      being maintained at that temperature for several minutes.
PAR  The need to avoid elevated temperatures and extended exposure to elevated
      temperatures has a particularly adverse impact on the thermoplastics
      industry. In the thermoplastics industry pigmented thermoplastics are
      often held at the extrusion temperature for as long as 30 minutes prior to
      extrustion, during which time the pigment can significantly darken. In
      addition, the speed of further processing depends primarily on high
      temperaturre of the thermoplastic. In the processing of thermoplastics the
      use of temperatures even 30.degree. C. below 300.degree. C., not to
      mention 60.degree. C. below, can decrease polymer flow and increase
      residence time of the polymer in the mold to the extent that process
      efficiency suffers and overall productivity decreases.
PAR  This invention provides for boron-treated molybdate orange pigment which,
      when coated with dense, amorphous silica, retains a significantly higher
      degree of color integrity at high temperatures than conventional
      dense-silica-coated molybdate orange pigments, while retaining and, in
      some cases surpassing, the degree of chemical resistance and lightfastness
      exhibited by the conventional molybdate orange pigments.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided an improvement in a process
      for preparing molybdate orange pigment in aqueous medium by contacting an
      aqueous solution containing soluble salts of molybdate, sulfate and
      chromate with a salt of lead to form an aqueous slurry of said pigment and
      applying porous silica and alumina to the precipitated pigment. The
      improvement resides in adding from 0.1 to 30% by weight of a soluble boron
      compound, calculated as boric oxide, based on the weight of the final base
      pigment, to the aqueous medium. The phrase "final base pigment" as used
      herein refers to the boron-treated molybdate orange pigment with porous
      silica and alumina applied thereto. The boron compound utilized in this
      process is a water-soluble inorganic oxygen-containing boron compound
      which is capable of forming boric acid upon contact with aqueous media.
      For example, boric acid, boric oxide and acidified water-soluble borates,
      such as alkali metal borates in acidic solution, are useful in the process
      of the invention.
PAR  The boron compound can be added prior to precipitation of the molybdate
      orange pigment to partially replace the chromate or sulfate in the initial
      precipitate mixture or can be added at any time after precipitation of the
      pigment, i.e., prior to, during or after the application of porous silica
      and alumina to the precipitated pigment. The total amount of porous silica
      and alumina used in the practice of the invention is not critical.
      However, in common practice from 0.5 to 3.0% by weight of porous silica
      (calculated as SiO.sub.2) and alumina (calculated as Al.sub.2 O.sub.3),
      based on the weight of the final base pigment, is recommended to insure a
      coating which imparts the best pigmentary properties to the final base
      pigment.
PAR  To treat molybdate orange pigment prior to precipitation, it is preferred
      that the boron compound be added to the aqueous solution containing
      dissolved molybdate, sulfate and chromate to avoid any premature reaction
      with lead. When the boron compound is added prior to precipitation it is
      necessary to add only from 0.1 to 1% by weight of the boron compound,
      calculated as B.sub.2 O.sub.3, to insure optimum properties in the final
      product. Amounts of boron compound greater than about 1% by weight are not
      recommended for use prior to precipitation as such larger amounts may
      alter the color of the pigment. Addition of the boron compound after
      precipitation requires from 1 to 30% by weight of the boron compound,
      calculated as B.sub.2 O.sub.3, to insure desirable properties. Larger
      amounts of boron can be added after precipitation without adversely
      affecting product quality, but such excess amounts do not improve the
      product.
PAR  The boron-treated molybdate orange pigment of the invention contains porous
      silica and alumina, preferably in a total amount from 0.5 to 3.0% by
      weight, calculated as SiO.sub.2 and Al.sub.2 O.sub.3, respectively, and
      based on the weight of the final base pigment, and from 0.0l5 to 0.10% of
      boron, calculated as B.sub.2 O.sub.3 and based on the weight of the final
      base pigment.
PAR  The boron-treated molybdate orange pigment of the invention is particularly
      useful as base pigment to which a coating of dense, amorphous silica and,
      optionally, alumina is applied according to procedures well-known in the
      art, e.g., U.S. Pat. No. 3,370,971. Although the pigments of the invention
      show at least comparable physical and chemical properties relative to
      untreated molybdate orange pigments, a significant improvement in chemical
      resistance and especially in thermal stability is exhibited when the
      pigments of the invention are coated with dense, amorphous silica. The
      coating of dense, amorphous silica is preferably applied in an amount from
      2 to 40% by weight, calculated as SiO.sub.2 and based on the total weight
      of the dense silicacoated pigment. Compared to conventional molybdate
      orange pigments coated with dense, amorphous silica, the boron-treated
      molybdate orange pigments of the invention coated with dense, amorphous
      silica show a marked improvement in color integrity at temperatures as
      high as 320.degree. C.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The aqueous medium from which molybdate orange pigment is precipitated
      should contain salts of molybdate, sulfate and chromate which are at least
      moderately soluble and preferably highly soluble in aqueous solution. For
      reasons of high solubility, economy and availability alkali metal salts,
      particularly sodium salts, of molybdate, chromate and sulfate are
      preferred. The lead salt is commonly added to the aqueous medium in the
      form of an aqueous solution or an aqueous slurry, depending on the
      solubility of the lead salt used. Although soluble lead salts are
      preferred to insure complete reaction, insoluble lead salts, such as lead
      carbonate, can be used to form molybdate orange pigment. Among the soluble
      lead salts useful in forming molybdate orange pigment are lead nitrate and
      lead acetate.
PAR  Because of the extremely low solubility of molybdate orange pigment in
      aqueous media, the pigment precipitates very rapidly from a solution of
      its constituent ions. To facilitate the formation of a complete solid
      solution of lead chromate, lead molybdate and lead sulfate, which
      constitutes pure molybdate orange pigment, it is desirable to mix an
      aqueous solution of molybdate, chromate and sulfate with a separate
      aqueous solution or slurry of lead salt. It is preferred that the mixing
      be done under conditions which promote rapid intimate contact of the two
      solutions, such as the mixing method described in U.S. Pat. No. 3,567,477,
      to minimize the amount of monoclinic lead chromate which precipitates with
      the desired solid solution.
PAR  The boron compound utilized in the process of the invention is most
      conveniently added to the aqueous medium in which the pigment is prepared
      in the form of an aqueous solution of the boron compound. A variety of
      soluble boron compounds are useful in this process, e.g., boric acid,
      boric oxide and acidified alkali metal borates. A major criterion for the
      boron compound, in addition to water-solubility, is that it be capable of
      forming boric acid in the aqueous solution in which the pigment is
      precipitated.
PAR  Whether the boron compound is added during or following precipitation of
      the pigment, it is essential that the pigment receive the conventional
      after-treatments with porous silica and alumina in order to achieve
      improved properties in the final pigment. No significant improvement in
      the properties of molybdate orange pigment is observed when the boron
      compound is employed alone, i.e., without application of coatings of
      porous silica and alumina.
PAR  It is not clear, at this time, exactly how the boron compound effects the
      improvements in porous silica and alumina coated molybdate orange pigment.
      Electron micrographs of the pigments of the invention indicate a
      substantially continuous coating on the molybdate orange pigment
      particles, compared to a noncontinuous coating on pigment particles,
      compared to a noncontinuous coating on pigment particles prepared without
      a boron compound. Whether the coating observed is composed of several
      layers or an intimate combination is not known. It is possible that a
      molecular monolayer of lead borate is formed on the molybdate orange
      pigment particles which improves the adhesion of the porous silica and
      alumina coatings applied after precipitation of the pigment. Although the
      role of the boron compound, which is at least partially in the form of
      boric acid in solution, in the compositions of the invention is not fully
      understood, it apparently by some mechanism facilitates the application of
      porous silica and alumina to the molybdate orange pigment, which when
      coated with dense, amorphous silica exhibits much improved thermal
      stability.
PAR  In any event, the after-treatment with porous silica and alumina which
      follows precipitation of the molybdate orange pigment can be applied in
      the conventional manner well-known to those skilled in the art, e.g., U.S.
      Pat. No. 2,813,039 and U.S. Pat. No. 3,567,477. The porous silica coating
      is commonly applied prior to isolation of the precipitated pigment by
      adding an aqueous solution of a soluble silicate compound capable of
      forming hydrous silica in water, e.g., sodium silicate. The alumina is
      applied by adding a soluble aluminum compound capable of forming hydrous
      alumina in water to the aqueous slurry of pigment. Among the aluminum
      compounds used are aluminum halides and hydrated aluminum sulfate, which
      may be added dry or in aqueous solution.
PAR  As stated hereinabove, the significant improvement in the thermal stability
      of the molybdate orange pigment of the invention is achieved when a
      coating of dense amorphous silica, and optionally alumina, is applied to
      the final base pigment. All of the known procedures for applying a dense
      silica coating to pigment involve using pigment which has been isolated
      from the aqueous slurry in which it was precipitated. The isolation
      procedure conventionally involves filtration, washing and, optionally,
      drying. For the boron-treated pigment prepared according to the invention,
      isolation prior to dense silica coating is preferred to achieve pigment
      having the highest thermal stability. The silica coating can be applied to
      the final base pigment in an amount from 2 to 40% by weight, based on the
      total weight of the dense silica-coated pigment, by a variety of
      conventional methods, such as described in U.S. Pat. Nos. 3,370,971 and
      3,639,133.
PAR  In one method a dilute sodium silicate solution (about 3% by weight of
      Sio.sub.2) is passed through a bed of cation exchange resin in the
      hydrogen form of sufficient capacity so that all of the sodium ion is
      removed to give a silicic acid effluent with a pH of 2.9-3.3. Such a
      solution is only moderaately stable, but will keep for several hours
      without gelation if maintained at a low temperature (close to 0.degree.
      C.). A suitable amount of such a silicic acid solution is then added
      slowly (3-5 hours) to the alkaline pigment slurry at 90.degree.-95.degree.
      C. while maintaining the pH in the range of 9.0-9.5 by the periodic
      addition of increments of a dilute alkali such as NaOH solution.
      Obviously, the exact method of maintaining the pH in the desired range is
      not important and it could be done by maintaining the presence of a
      suitable buffer. Such a method would be subject, however, to the
      limitations imposed by the presence of sodium ion or other metallic ions,
      and the simple periodic addition of a suitable alkali has many points in
      its favor.
PAR  In another method equivalent amounts of a dilute sodium silicate solution
      (5.7% SiO.sub.2) and a dilute sulfuric acid solution (3.18% H.sub.2
      SO.sub.4) are added simultaneously to the hot (.+-. 95.degree. C.)
      alkaline pigment slurry over a substantial period of time (3-5 hours)
      while maintaining the pH in the range of 9.0-10.0 by periodic addition of
      small amounts of dilute alkali (NaOH solution for instance). This is the
      preferred method of operation, and the variations mentioned earlier may
      easily be applied thereto. Thus, the pH may be allowed to go below 9.0,
      perhaps as low as 6.0 or 7.0, without completely destroying the desired
      effect; nevertheless, the results are better in the higher range. The
      reaction time can be reduced to as little as one hour without serious
      detriment. Although the temperature of reaction may be as low as about
      60.degree. C., this causes some tendency toward the formation of free
      SiO.sub.2 in gel form; hence it is highly desirable to keep the
      temperature above at least 75.degree. C. The exact concentrations of the
      solutions used are not important except that they should be relatively
      dilute and the amounts used should be essentially chemically equivalent.
PAR  A third method for applying a dense, amorphous silica coating to pigment
      involves adding all of the sodium silicate solution to the pigment slurry
      previously made alkaline, as with NH.sub.4 OH. This gives a pH of about
      11.0, near the maximum permissible and, after heating the mixture to about
      75.degree. C., a 5% sulfuric acid solution is added slowly (1 to 1.5
      hours) to give a final pH of about 7.8 to 8.0. An additional heating
      period up to about one hour is desirable in this procedure. The
      concentrations used and time of addition are not critical.
PAR  In each of these methods, the dense silica-coated product can be highly
      dispersed and difficult to filter with a considerable tendency for yield
      loss during the filtration and a tendency to result in hard products on
      drying. It is preferable, therefore, that a flocculation step be
      introduced. Such a step, although not necessary to the preparation of
      pigments of the desired characteristics, offers many advantages such as
      improved ease of filtration and washing, elimination of yield losses
      during filtration and improved texture of the resulting pigment. A variety
      of methods known in the art, such as those described in U.S. Pat. No.
      3,370,971 are useful in isolating the dense silica-coated boron-treated
      pigment of this invention. A preferred method for facilitating isolation
      of the product is to add a polyvalent metal salt, especially an aluminum
      salt such as sodium aluminate, in aqueous solution, to the slurry of dense
      silica-coated pigment prior to isolation.
PAR  These methods of forming the silica layer on the surface of the lead
      chromate pigment particles have some feature in common, viz. that the
      silica is added as "active silica". When sodium silicate is acidified,
      silicic acid is formed, probably initially as orthosilicic acid,
      Si(OH).sub.4. However, this product tends to polymerize the reaction of
      two silanol groups.
      ##EQU1##
      to form a siloxane group
      ##EQU2##
      Under acidic conditions, this polymerization proceeds rapidly until a
      predominant proportion of the silanol groups present have been used up in
      the formation of siloxane bonds. The polymer thus formed has a high
      molecular weight and is defined as inactive. Under the conditions of
      moderate alkalinity used in the examples below, there is a low degree of
      polymerization wherein the condensation between silanol groups has
      proceeded to only a limited extent leaving the silica in an active form
      which readily deposits on the surface of the pigment particles present. It
      is not intended to imply that there is no polymerization nor that the
      process of polymerization is completely inhibited but, under the
      conditions specified, the silica is in a state of low polymerization and,
      thus active, for a sufficient time to bring about deposition in the dense,
      amorphous form on the surface of the pigment particles.
PAR  The quantity of silica to be applied in the pigment coating can vary over a
      considerable range depending on the intended end use of the pigment. For
      use in extruded hot thermoplastic resins from 15 to 32% by weight of
      silica is desirable, and amounts up to about 40% by weight can be used
      without adversely affecting pigment color. In applications where extremely
      high thermal stability is not required, amounts of silica as low as 2% by
      weight provide improved chemical resistance and lightfastness. Thus, for
      purposes of this invention the dense, amorphous silica coating can be in
      the range of about 2 to 40% by weight of the final dense silica-coated
      pigment. When alumina is also present the quantity of Al.sub.2 O.sub.3 can
      be varied from 0.25 to 2% by weight of the final pigment.
PAC  PREFERRED EMBODIMENTS
PAR  In one embodiment of the invention boron-treated molybdate orange pigment
      is prepared by contacting a first aqueous solution containing a mixture of
      dissolved sodium salts of chromate, molybdate and sulfate at a pH from 7
      to 9.5 with a second aqueous solution containing dissolved lead nitrate at
      a pH from about 3 to 4 to precipitate the pigment. The resulting pigment
      slurry is stirred for several minutes to facilitate crystal growth,
      commonly known as development, after which the slurry is neutralized.
      After neutralization an aqueous solution of boric oxide is added to the
      slurry. The amount of boric oxide added is from 1 to 30% by weight on a
      dry basis, based on the weight of the final base pigment. Then separate
      aqueous solutions of sodium silicate and hydrated aluminum sulfate,
      respectively, are added sequentially to the reaction slurry. The pH of the
      slurry is adjusted to from about 5.5 to 6.5. The boron-treated molybdate
      orange pigment is isolated from the slurry by filtration, washed with
      water and dried.
PAR  In another embodiment of the invention, boron-treated molybdate orange
      pigment is prepared by contacting an aqueous lead nitrate solution as
      described above with an aqueous solution containing in addition to the
      sodium salts listed above from 0.1 to 1% by weight of boric oxide on a dry
      basis, based on the weight of the final base pigment. The resulting
      pigment slurry is treated with silica and alumina and the final product is
      isolated as described above.
PAR  The following examples are intended to illustrate the invention. The term
      parts as used herein refers to parts by weight. The physical and chemical
      properties of all exemplified pigments are determined according to the
      procedures described in Example 1.
DETD
PAC  EXAMPLE 1
PAC  Red Shade Molybdate Orange Treated with 4.0% Boric Oxide After
      Precipitation
PAR  Solution A is prepared by dissolving 386.2 parts of Pb(NO.sub.3).sub.2 in
      3160 parts of wate and the pH is adjusted to 3.0-3.1 at a temperature of
      67.degree. F.-69.degree. F. (19.degree. C.-21.degree. C.). Solution B is
      prepared by dissolving 146.1 parts of Na.sub.2 Cr.sub.2 O.sub.7 .2H.sub.2
      O, 22.4 parts of Na.sub.2 MoO.sub.4 and 7.2 parts of Na.sub.2 SO.sub.4 in
      3103 parts of water, and the pH is adjusted to 7.4-7.6 at a temperature of
      67.degree. F.-69.degree. F. (19.degree. C.-21.degree. C.). To precipitate
      the pigment, Solution B is introduced under the surface of Solution A over
      a period of 17-19 minutes with agitation. Chloride ion concentration is
      adjusted to develop tint and strength in the conventional manner by adding
      57.0 parts of NaCl, after which the slurry is stirred for 15  minutes.
      Then an aqueous solution containing 16.0 parts of B.sub.2 O.sub.3 (4.0% by
      weight, based on weight of final base pigment) is added to the slurry and
      stirring is continued for three minutes. Porous silica is then applied to
      the pigment by adding 18.3 parts of sodium silicate (29.5% of SiO.sub.2,
      SiO.sub.2 /- Na.sub.2 O = 3.25, such as Du Pont Technical Grade No. 9).
      Then an aqueous solution containing 28.5 parts of hydrated aluminum
      sulfate (equivalent to 56.1% of Al.sub.2 (SO.sub.4).sub.3 or 17.l% of
      Al.sub.2 O.sub.3) is added to the slurry. The slurry is then neutralized
      by adding 19.0 parts of sodium carbonate. After a few minutes of
      additional stirring, 5.2 parts of antimony oxide dissolved in hydrochloric
      acid is added to the slurry, after which the pH of the slurry is adjusted
      to 5.8-6.0. The resulting brilliant red shade molybdate orange pigment is
      isolated from the slurry in the conventional manner by filtration, washing
      and drying.
PAR  Electron micrographs of the boron-treated molybdate orange pigment show a
      substantially continuous outer coating. Electron micrographs of a
      conventional molybdate orange prepared in the identical manner, except for
      the omission of the boric oxide, show a discontinuous coating.
PAR  When the boron-treated molybdate orange pigment and the conventional
      molybdate orange pigment are separately dispersed in a conventional alkyd
      coating composition vehicle and panels coated with the resulting
      composition are exposed to light, a similar degree of lightfastness is
      observed. When similar panels are exposed to a 10% aqueous solution of
      sodium hydroxide and a 1% aqueous solution of sodium sulfide,
      respectively, the boron-treated molybdate orange pigment and the
      conventional molybdate orange pigment exhibit comparable resistance to
      spotting and color loss.
PAR  To test for resistance to darkening in thermoplastic at high temperatures
      the boron-treated molybdate orange pigment and the conventional molybdate
      orange pigment are separately mixed with solid granular polystyrene and
      subjected to can rolling for ten minutes, according to the method
      described in U.S. Pat. No. 3,639,133, then two-roll milled (0.016 inch
      clearance) into sheets. The sheets are cut and placed in an extruder at
      temperatures ranging from 204.degree. C. to about 320.degree. C. Prior to
      extrusion the hot polystyrene is maintained at temperature for 20 minutes.
      When the polystyrene is extruded, the polystyrene containing the
      boron-treated molybdate orange shows resistance to darkening from
      204.degree. C. to about 320.degree. C. similar to the polystyrene
      containing the conventional molybdate orange pigment.
PAC  EXAMPLE 2
PAC  Dense Silica-Coated Red Shade Molybdate Orange Treated with 4% Boric Oxide
      After Precipitation
PAR  A paste is prepared by mixing 150 parts of the boron-treated pigment
      prepared according to the procedure of Example 1, 20 parts of the sodium
      silicate described in Example 1 and 447 parts of water. The mixture is
      further diluted with 790 parts of water for a total of about 1237 parts of
      water. The pH of the resulting slurry is then adjusted to 11.5 with a 5%
      aqueous solution of sodium hydroxide and the resulting pigment slurry is
      heated to 90.degree. C.
PAR  In separate containers the following solutions are prepared:
PAR  l. 115 parts of the above-described sodium silicate is added to 530 parts
      of water,
PAR  2. 17.3 parts of 96.0% sulfuric acid is added to 800 parts of water.
PAR  These solutions are then added simultaneously to the pigment slurry
      prepared above over a period of three hours for solution (1) and 3-3/4
      hours for solution (2), while maintaining the temperature at
      90.degree.-95.degree. C. throughout the addition. After completion of the
      addition of solutions (1) and (2), an aqueous solution containing 10.0
      parts of aluminum sulfate in 100 parts of water is added to the slurry.
      The slurry is stirred for five minutes and the pH is adjusted to 4.0-4.2
      with 5% aqueous solution of sodium hydroxide. The product is then
      filtered, washed with water to a resistance of 5,000 ohms and dried
      overnight at 220.degree. F. (100.4.degree. C.) to give a silica-coated red
      shade molybdate orange pigment of superior properties.
PAR  When tested for lightfastness and chemical resistance in the manner
      described in Example 1, the dense silica-coated molybdate orange treated
      with boric oxide shows comparable lightfastness but improved chemical
      resistance relative to a conventional dense silica-coated molybdate orange
      pigment prepared in the identical manner, except for the omission of the
      boric oxide.
PAR  When mixed with polystyrene and extruded at high temperatures in the manner
      described in Example 1, the polystyrene containing the dense silica-coated
      molybdate orange pigment treated with boron shows substantially no
      darkening at temperatures up to about 280.degree. C. and only very slight
      darkening at 320.degree. C. By comparison the polystyrene containing the
      conventional dense silica-coated molybdate orange pigment begins to darken
      at 280.degree. C. and exhibits significant darkening at 320.degree. C.
PAC  EXAMPLE 3
PAC  Red Shade Molybdate Orange Treated with 8% Boric Oxide After Precipitation
PAR  The procedure of Example 1 is followed, except that 32.0 parts of boric
      oxide (8% by weight, based on weight of the final base pigment) is used.
PAR  Lightfastness, chemical resistance and thermal stability of the resulting
      pigment are similar to those of the boron-treated pigment described in
      Example 1.
PAC  EXAMPLE 4
PAC  Dense Silica-Coated Red Shade Molybdate Orange Treated with 8% Boric Oxide
      After Precipitation
PAR  The procedure of Example 2 is followed, except that 150 parts of the
      molybdate orange pigment of Example 3 is used.
PAR  Lightfastness, chemical resistance and thermal stability of the resulting
      dense silica-coated pigment are similar to those of the boron-treated
      dense silica-coated pigment described in Example 2.
PAC  EXAMPLE 5
PAC  Red Shade Molybdate Orange Treated with 1% Boric Oxide After Precipitation
PAR  The procedure of Example 1 is followed, except that 4.0 parts of boric
      oxide (1% by weight, based on weight of final base pigment) is used.
PAR  Lightfastness, chemical resistance and thermal stability of the resulting
      pigment are similar to those of the boron-treated pigment described in
      Example 1.
PAC  EXAMPLE 6
PAC  Dense Silica-Coated Red Shade Molybdate Orange Treated with 1% Boric Oxide
      After Precipitation
PAR  The procedure of Example 2 is followed, except 150 parts of the molybdate
      orange pigment of Example 5 is used.
PAR  Lightfastness, chemical resistance and thermal stability of the resulting
      dense silica-coated pigment are similar to those of the boron-treated
      dense silica-coated pigment described in Example 2.
PAC  EXAMPLE 7
PAC  Yellow Shade Molybdate Orange Treated with 10% Boric Oxide After
      Precipitation
PAR  Solution A is prepared by dissolving 349.6 parts of Pb(NO.sub.3).sub.2 in
      3174 parts of water and the pH is adjusted to 4.0-4.1 at a temperature of
      67.degree. F.-69.degree. F. (19.degree. C.-21.degree. C.). Solution B is
      prepared by dissolving 132.25 parts of Na.sub.2 Cr.sub.2 O.sub.7.2H.sub.2
      O, 3.7 parts of Na.sub.2 SO.sub.4 and 22.3 parts of Na.sub.2 MoO.sub.4 in
      3174 parts of water, and the pH is adjusted to 9.0-9.4 at a temperature of
      67.degree. F.-69.degree. F. (19.degree. C.-21.degree. C.).
PAR  To precipitate the pigment, Solution B is introduced under the surface of
      Solution A over a period of several minutes. Then 2.51 parts of
      hydrochloric acid and 28.0 parts of sodium chloride is added to the
      resulting slurry. After stirring the slurry for 15 minutes, 10.35 parts of
      sodium carbonate is added to neutralize the slurry. Then an aqueous
      solution containing 34.0 parts of boric oxide (10% by weight, based on the
      weight of the final base pigment) is added to the slurry and stirred for
      three minutes. Porous silica is then applied to the pigment by adding 20.7
      parts of the sodium silicate described in Example 1. Then 25.3 parts of
      the hydrated aluminum sulfate described in Example 1 is added to the
      slurry, and the pH is adjusted to 5.8-6.0.
PAR  A brilliant yellow shade molybdate orange is isolated from the slurry by
      filtration, washing and drying. Chemical resistance and thermal stability
      of this pigment are similar to those of the red shade molybdate orange
      pigment treated with boric oxide described in Example 1. The color and
      lightfastness of this pigment are comparable to a conventional molybdate
      orange pigment, prepared as described above except that the addition of
      boric oxide is omitted.
PAC  EXAMPLE 8
PAC  Dense Silica-Coated Yellow Shade Molybdate Orange Treated with 10% Boric
      Oxide After Precipitation
PAR  The procedure of Example 2 is followed, except that 150 parts of the yellow
      shade molybdate orange pigment of Example 7 is used.
PAR  The chemical resistance and thermal stability of the resulting dense
      silica-coated pigment are similar to those of the boron-treated dense
      silica-coated pigment described in Example 2.
PAC  EXAMPLE 9
PAC  Yellow Shade Molybdate Orange Treated with 5% Boric Oxide After
      Precipitation
PAR  The procedure of Example 7 is followed, except that 17.5 parts of boric
      oxide (5% by weight, based on weight of final base pigment) is used.
PAR  The chemical resistance and thermal stability of the resulting yellow shade
      molybdate orange pigment are similar to those of the boron-treated pigment
      described in Example 1.
PAC  EXAMPLE 10
PAC  Dense Silica-Coated Yellow Shade Molybdate Orange Treated with 5% Boric
      Oxide After Precipitation
PAR  The procedure of Example 2 is followed, except that 150 parts of the yellow
      shade molybdate orange pigment of Example 9 is used.
PAR  The chemical resistance and thermal stability of the resulting dense
      silica-coated pigment are similar to those of the boron-treated dense
      silica-coated pigment described in Example 2.
PAC  EXAMPLE 11
PAC  Yellow Shade Molybdate Orange Treated with 20% Boric Oxide After
      Precipitation
PAR  The procedure of Example 7 is followed, except that 68.0 parts of boric
      oxide (20% by weight, based on weight of final base pigment) is used.
PAR  The chemical resistance and thermal stability of the resulting yellow shade
      molybdate orange pigment are similar to those of the boron-treated pigment
      described in Example 1.
PAC  EXAMPLE 12
PAC  Dense Silica-Coated Yellow Shade Molybdate Orange Treated with 20% Boric
      Oxide After Precipitation
PAR  The procedure of Example 2 is followed, except that 150 parts of the yellow
      shade molybdate orange pigment of Example 11 is used.
PAR  The chemical resistance and thermal stability of the resulting dense
      silica-coated pigment are similar to those of the boron-treated dense
      silica-coated pigment described in Example 2.
PAC  EXAMPLE 13
PAC  Red Shade Molybdate Orange Treated with 0.4% Boric Oxide before
      Precipitation
PAR  Solution A is prepared as described in Example 1. Solution B is prepared by
      dissolving 142.8 parts of Na.sub.2 Cr.sub.2 O.sub.7.2H.sub.2 O, 7.16 parts
      of Na.sub.2 SO.sub.4, 22.4 parts of Na.sub.2 MoO.sub.4 and 1.56 parts of
      B.sub.2 O.sub.3 (0.4% by weight, based on weight of final base pigment) in
      3103 parts of water and the pH is adjusted to 7.4 at a temperature of
      67.degree. F.-69.degree. F. (19.degree. C.-21.degree. C.).
PAR  To precipitate the pigment, Solution B is introduced under the surface of
      Solution A over a period of 17-19 minutes with agitation. Then 57.0 parts
      of NaCl is added followed by stirring for 15 minutes. The resulting slurry
      is then neutralized by adding 11.4 parts of sodium carbonate. After a few
      minutes of additional stirring, porous silica is applied to the pigment by
      adding 18.4 parts of the sodium silicate described in Example 1.
PAR  After stirring for three minutes 28.5 parts of the hydrated aluminum
      sulfate described in Example 1 is added to the slurry. Then an aqueous
      solution containing 19.0 parts of sodium carbonate is added to the slurry.
      After a few minutes of additional stirring the pigment is treated with
      antimony trichloride as described in Example 1.
PAR  The resulting brilliant red shade molybdate orange pigment is isolated in
      the conventional manner by filtration, washing and drying. Upon analysis
      and evaluation as described in Example 1, this pigment is found to have
      chemical resistance and thermal stability similar to the molybdate orange
      pigment treated with boric oxide after precipitation described in Example
      1.
PAC  EXAMPLE 14
PAC  Dense Silica-Coated Red Shade Molybdate Orange Treated with 0.4% Boric
      Oxide before Precipitation
PAR  The procedure of Example 2 is followed, except that 150 parts of the
      molybdate orange pigment of Example 13 is used.
PAR  The chemical resistance and thermal stability of the resulting dense
      silica-coated pigment are similar to those of the dense silica-coated
      pigment treated with boric oxide after precipitation described in Example
      2.
PAC  EXAMPLE 15
PAC  Red Shade Molybdate Orange Treated with 0.4% Boric Oxide before
      Precipitation
PAR  The procedure of Example 13 is followed, except that 4.1 parts of Na.sub.2
      SO.sub.4 and 146.16 parts of Na.sub.2 Cr.sub.2 O.sub.7.2H.sub.2 O are used
      in Solution B.
PAR  The chemical resistance and thermal stability of the resulting pigment are
      similar to those of the boron-treated pigment described in Example 1.
PAC  EXAMPLE 16
PAC  Dense Silica-Coated Red Shade Molybdate Orange Treated with 0.4% Boric
      Oxide before Precipitation
PAR  The procedure of Example 2 is followed, except that 150 parts of the
      molybdate orange pigment of Example 15 is used.
PAR  The chemical resistance and thermal stability of the resulting dense
      silica-coated pigment are similar to those of the dense silica-coated
      pigment treated with boric oxide after precipitation described in Example
      2.
PAC  EXAMPLE 17
PAC  Red Shade Molybdate Orange Treated with 0.4% Boric Oxide before
      Precipitation
PAR  The procedure of Example 13 is followed, except that 146.16 parts of
      Na.sub.2 Cr.sub.2 O.sub.7.2H.sub.2 O, 16.9 parts of Na.sub.2 MoO.sub.4 and
      7.16 parts of Na.sub.2 SO.sub.4 are used in Solution B.
PAR  The chemical resistance and thermal stability of the resulting pigment are
      similar to those described for the boron-treated pigment of Example 1.
PAC  EXAMPLE 18
PAC  Dense Silica-Coated Red Shade Molybdate Orange Treated with 0.4% Boric
      Oxide before Precipitation
PAR  The procedure of Example 2 is followed, except that 150 parts of the
      molybdate orange pigment of Example 17 is used.
PAR  The chemical resistance and thermal stability of the resulting dense
      silica-coated pigment are similar to those of the dense silica-coated
      pigment treated with boric oxide after precipitation described in Example
      2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing molybdate orange pigment in aqueous medium by
      contacting an aqueous solution containing soluble salts of molybdate,
      sulfate and chromate with a salt of lead to form an aqueous slurry of
      precipitated pigment and applying porous silica and alumina to said
      precipitated pigment,
PA1  wherein the improvement comprises adding from 0.1 to 30% by weight of a
      soluble boron compound, calculated as B.sub.2 O.sub.3, to said aqueous
      medium.
NUM  2.
PAR  2. Process for preparing molybdate orange pigment according to claim 1
      wherein said boron compound is a water-soluble inorganic oxygen-containing
      boron compound which forms boric acid upon contact with aqueous media.
NUM  3.
PAR  3. Process for preparing molybdate orange pigment according to claim 2
      wherein said boron compound is selected from the group consisting of boric
      oxide, boric acid and acidified alkali metal borates.
NUM  4.
PAR  4. Process for preparing molybdate orange pigment according to claim 2
      wherein said boron compound is added to said aqueous solution in an amount
      from 0.1 to 1% by weight.
NUM  5.
PAR  5. Process for preparing molybdate orange pigment according to claim 4
      wherein said boron compound is boric oxide.
NUM  6.
PAR  6. Process for preparing molybdate orange pigment according to claim 4
      wherein a coating of dense, amorphous silica is applied to said molybdate
      orange pigment.
NUM  7.
PAR  7. Process for preparing molybdate orange pigment according to claim 2
      wherein said boron compound is added to said aqueous slurry of
      precipitated pigment in an amount from 1 to 30% by weight.
NUM  8.
PAR  8. Process for preparing molybdate orange pigment according to claim 7
      wherein said boron compound is boric oxide.
NUM  9.
PAR  9. Process for preparing molybdate orange pigment according to claim 7
      wherein a coating of dense, amorphous silica is applied to said molybdate
      orange pigment.
NUM  10.
PAR  10. Molybdate orange pigment prepared according to the process of claim 1.
NUM  11.
PAR  11. Molybdate orange pigment prepared according to the process of claim 6.
NUM  12.
PAR  12. Molybdate orange pigment prepared according to the process of claim 9.
NUM  13.
PAR  13. Molybdate orange pigment containing porous silica and alumina and from
      0.015% to 0.1% by weight of boron, calculated as B.sub.2 O.sub.3.
NUM  14.
PAR  14. Molybdate orange pigment according to claim 13 wherein the total amount
      of porous silica, calculated as SiO.sub.2, and alumina, calculated as
      Al.sub.2 O.sub.3, is from 0.5 to 3.0% by weight.
NUM  15.
PAR  15. Molybdate orange pigment according to claim 14 having a coating of
      dense, amorphous silica in an amount from 2 to 40% by weight.
PATN
WKU  039429997
SRC  5
APN  4976150
APT  1
ART  115
APD  19740815
TTL  Pigments
ISD  19760309
NCL  19
ECL  1,2
EXA  Wright; William G.
EXP  Garvin; Patrick P.
INVT
NAM  Hinley; John James
CTY  Middlesbrough
CNT  EN
INVT
NAM  Porter; David Malcolm
CTY  Yarm
CNT  EN
ASSG
NAM  British Titan Limited
CTY  Billingham, Teesside
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730922
APN  44538/73
CLAS
OCL  106300
XCL  106308N
EDF  2
ICL  C09C  136
ICL  C08J  300
FSC  106
FSS  308 N;300
UREF
PNO  3178303
ISD  19650400
NAM  Aagaard
OCL  106300
UREF
PNO  3345187
ISD  19671000
NAM  Binnis
XCL  106308N
UREF
PNO  3506466
ISD  19700400
NAM  Bramekamp et al.
OCL  106300
UREF
PNO  3514304
ISD  19700500
NAM  Binnis
OCL  106300
UREF
PNO  3567479
ISD  19710300
NAM  Portes et al.
XCL  106308N
UREF
PNO  3649323
ISD  19720300
NAM  Roe et al.
XCL  106308N
UREF
PNO  3658566
ISD  19720400
NAM  Sheehan et al.
XCL  106308N
UREF
PNO  3699041
ISD  19721000
NAM  Sanderford et al.
XCL  106308N
UREF
PNO  3756841
ISD  19730900
NAM  Beliveau
XCL  106308N
LREP
FRM  Schuyler, Birch, Swindler, McKie & Beckett
ABST
PAL  Titanium dioxide pigments carrying diisopropanolamine have good
      dispersibility, minimum tendency to foaming, minimum retardation of drying
      time and develop high opacity without the requirement for the presence of
      water. Preferably, the pigments also carry one or more hydrous metal
      oxides, a phosphate and/or a silicate. The preferred method of manufacture
      of the pigmentary titanium dioxide is to dry mill the pigment in the
      presence of the diisopropanolamine.
BSUM
PAR  This invention relates to pigments and particularly to titanium dioxide
      pigments carrying an organic compound on their surface.
PAR  It has been the practice for many years to treat the surface of the
      particles of titanium dioxide pigments with inorganic hydrous oxides,
      phosphates and/or silicates to modify the properties of the pigment when
      incorporated in, say, a paint. Also, treatment of the particles with an
      organic compound has been used to improve the dispersibility of the
      pigment in paint or other media.
PAR  For instance, the pigments have been treated with triethanolamine which,
      although improving the dispersibility of the pigment in an oil based paint
      medium, has resulted in the paint possessing an extended drying time.
      Other common organic treatment agents for titanium dioxide pigments are
      pentaerythritol and trimethylolpropane. Both of these when used to treat a
      titanium dioxide pigment increase the ease of dispersibility of the
      pigment in an oil based paint medium but a pigment treated with
      trimethylolpropane when used in paper applications has a tendency to foam
      within the paper stock or coating with the result that the finished paper
      may develop pin holes or other blemishes on drying.
PAR  Hitherto the majority of titanium dioxide pigments manufactured have been
      sold in paper sacks or similar containers which has allowed the pigment to
      pick up moisture from the atmosphere. Pigment is now being delivered to
      customers in bulk and sealed containers or bins, and during storage and
      delivery the pigment is not able to acquire any moisture. This bulk
      delivered pigment, which may be described as `dry` pigment, has been found
      to produce a paint having a reduced opacity particularly when the pigment
      has been treated with pentaerythritol or trimethylolpropane.
PAR  Thus there is a need to treat titanium dioxide pigments with an agent which
      will ease the dispersibility of the pigment in an oil based paint medium
      whilst reducing any tendency to foaming during paper applications, to
      minimise retardation of drying and to produce a pigment which develops its
      full potential in opacity without the requirement of the presence of
      moisture associated with the pigment.
PAR  According to the present invention a pigment comprises pigmentary titanium
      dioxide, the particles of which carry diisopropanolamine.
PAR  It has been found that a titanium dioxide pigment carrying
      diisopropanolamine is easy to disperse in an oil based paint medium,
      produces a paint having an acceptable drying time and opacity even when
      the pigment is used in the `dry` state and does not produce foam in paper
      applications.
PAR  Diisopropanolamine is a waxy solid and it has been found that the amount of
      diisopropanolamine retained by the pigment may be from 0.05 to 2% by
      weight based on the weight of pigment. Preferably the amount is from 0.1
      to 0.6% by weight.
PAR  The pigmentary titanium dioxide may be that produced for example by either
      the well known `Sulphate`  process or the `Chloride` process. In the
      latter process titanium tetrachloride is oxidised in the vapour state at a
      high temperature. The titanium dioxide pigment may be present either in
      the anatase or rutile configuration.
PAR  Usually the titanium dioxide pigment, prior to treatment with the
      diisopropanolamine, will have been treated with one or more inorganic
      surface treating agents so that the surface of the pigment carries one or
      more hydrous metal oxides, a phosphate and/or a silicate. For instance,
      the surface of the pigment may carry one or more hydrous oxides of
      titanium, aluminium, cerium, silicon, zirconium, or zinc. The surface may
      also carry a phosphate such as aluminium phosphate, zirconium phosphate,
      titanium phosphate or may carry a silicate such as aluminium silicate. If
      desired, a hydrous silica coating may be present that is precipitated
      under conditions such that the coating is non-porous to produce a pigment
      that has enhanced durability. For instance, by precipitating the hydrous
      silica from a source of `active` silica at a pH of between 8 and 11 a
      non-porous coating of hydrous silica is obtained which encapsulates the
      particles of titanium dioxide.
PAR  The titanium dioxide pigment may be coated with two or more different
      hydrous oxides simultaneously or may be provided with two or more
      successive coatings of the same or different hydrous oxides. For instance
      the pigment may have a first coating of a non-porous silica with an outer
      coating of hydrous alumina.
PAR  The methods employed for the deposition of the hydrous metal oxide coatings
      phosphate and/or silicate are well known, usually these methods involve
      the hydrolysis of a hydrolysable metal compound or a silicate in an
      aqueous slurry of the pigment.
PAR  If desired, particularly when the titanium dioxide pigment is prepared by
      the vapour phase oxidation of a titanium tetrahalide, the particles may be
      provided with a coating of a non-hydrous metal oxide such as aluminium
      oxide, titanium oxide or silicon oxide in the gas stream carrying the
      particles of titanium dioxide. Such coated titanium dioxide pigments may
      be further treated by a well known `wet` coating procedure to precipitate
      one or more hydrous oxides, phosphates, and/or silicates.
PAR  The amount of hydrous oxide coating usually employed is from 0.5 to 25% (as
      the oxide) by weight based on the weight of pigment, but the actual
      amounts employed for any one given pigment are chosen to suit the
      particular final desired use of the pigment. For instance, for a pigment
      that is to be used in oil based paints it has been found convenient to
      treat the titanium dioxide pigment to deposit a hydrous oxide of a metal
      in an amount of from 0.5 to 6% (as the oxide) by weight on weight of
      pigment. For a pigment that may be used in an aqueous paint, it has been
      found desirable to increase the amount of hydrous oxide of silicon to an
      amount within the range say 9 to 15% as SiO.sub.2 by weight of pigment and
      to apply also a coating of aluminium in an amount of from, say, 2 to 7% as
      Al.sub.2 O.sub.3 by weight of pigment.
PAR  It has been found preferable that the diisopropanolamine should be applied
      to the pigment at a stage subsequent to any wet milling process. During
      the manufacture of titanium dioxide pigments it is usual to wet mill the
      pigment prior to coating with one or more hydrous oxides and a convenient
      wet milling process is that in which the pigment is passed as a slurry
      into a mill containing a grinding medium such as sand. Subsequently the
      pigment is usually hydro-classified and then subjected to the desired
      coating procedure with one or more hydrous metal oxides, a phosphate or a
      silicate. The pigment at any stage subsequent to the wet grinding process
      may be treated with the diisopropanolamine although it has been found
      particularly advantageous to carry out this treatment after coating the
      pigment with one or more hydrous oxides.
PAR  Accordingly, a process for the treatment of pigmentary titanium dioxide
      comprises mixing pigmentary titanium dioxide with diisopropanolamine
      subsequently to any wet grinding process of the pigment.
PAR  The most convenient manner of treating the titanium dioxide pigment is to
      add the diisopropanolamine to the pigment whilst this is being fluid
      energy milled. Fluid energy milling of pigment is carried out usually as
      the last stage in their production and the pigment is fluid energy milled
      in the dry state by passing the pigment into the mill together with a
      fluid grinding medium such as steam or air, so that contact of the
      particles of pigment with one another effects grinding to the final
      desired pigmentary size.
PAR  The pigments may be subjected to one or more fluid energy milling
      procedures and the diisopropanolamine may be added to the pigment prior to
      entering of the pigment into the fluid energy mill either at the first or
      any subsequent milling stage. It has been found particularly advantageous
      to fluid energy mill the pigment twice and to add the diisopropanolamine
      to the pigment immediately prior to the first milling stage.
PAR  The diisopropanolamine may be added to the pigment in the solid form either
      by hand or by means of a suitable feeder, such as a vibratory feeder,
      prior to entering into the mill, or alternatively the diisopropanolamine
      may be rendered liquid, for example by melting or by dissolving in a
      solvent such as water, and the liquid then added to the titanium dioxide.
      When the diisopropanolamine is added in the form of a solution then it has
      been found advantageous that the solution should contain from 50 to 90% by
      weight of the diisopropanolamine. During fluid energy milling the high
      temperature effects a distribution of the diisopropanolamine over the
      surface of the pigment particles and the organic material is retained on
      the pigment on discharge from the mill.
PAR  Alternatively the diisopropanolamine may be added to the pigment at any
      stage between the wet milling process and the fluid energy milling
      operation. For instance the solution of diisopropanolamine may be added to
      a stirred slurry of titanium dioxide which is obtained immediately after
      coating and the diisopropanolamine distributed throughout the pigment by
      the stirring action. The slurry is then filtered prior to drying and fluid
      energy milling. Alternatively the diisopropanolamine may be added directly
      to the hot titanium dioxide pigment obtained from the drier after coating
      for instance by spraying the dried material with liquid diisopropanolamine
      or a solution thereof.
PAR  Usually the amount of diisopropanolamine retained by the pigment is a
      substantial proportion of the amount originally added.
PAR  Titanium dioxide pigment carrying on the surface of its particles
      diisopropanolamine is particularly useful for the manufacture of oil based
      paints. For instance, the pigment may be used for paints based on long oil
      soya alkyd resins, polyurethane alkyd resins and silicon oil alkyd resins.
PAR  It is in this oil-based type of paint that the full advantage of the use of
      the pigments of the invention are to be seen, but the pigments may be used
      in aqueous emulsion paints or industrial finishes such as those based on
      acrylic resin or in plastics in paper applications if desired. Typically
      an oil-based paint may contain from 25% to 50% by weight of the pigment.
PAR  When the pigment is used to manufacture an oil-based paint it has been
      found that it can be dispersed easily in the paint medium. The paint has
      an adequate drying time and the pigment develops its full opacity
      potential even when used in a dry state.
PAR  In addition when the pigments are used for paper application the pigments
      have no tendency to cause foaming in the stock or in the coating
      composition.
DETD
PAR  The invention is illustrated in the following Examples.
PAC  EXAMPLE 1
PAR  A rutile titanium dioxide pigment which had been prepared by the Sulphate
      process and milled by a wet milling process prior to coating was employed.
      The pigment had been coated with hydrous oxides of titanium (1.5% by
      weight as TiO.sub.2) of aluminium (2.0% by weight as Al.sub.2 O.sub.3) and
      of silicon (1.1% by weight as SiO.sub.2 which had been added prior to the
      wet milling stage as sodium silicate to aid dispersion of the pigment),
      all weights based on total weight of pigment. After coating the pigment
      had been dried.
PAR  Samples of the dried pigment were then subjected to double milling in a
      fluid energy mill with various organic compounds added to the pigment
      immediately prior to its introduction into the mill for the first pass.
      The amount of organic compound added was 0.4% based on pigment weight. The
      pigments were fluid energy milled under the following operating conditions
      :
PA1  Pigment feed rate -- 500 lbs. per hour
PA1  Total steam flow -- 850 lbs. per hour
PA1  Steam/Pigment ratio -- 1.7:1 for each pass
PA1  Injection steam pressure -- 235 p.s.i.
PA1  Grinding steam pressure -- 173 p.s.i.
PAR  A sample of the pigment was fluid energy milled under similar conditions
      without the addition of the organic compound.
PAR  The particular organic compounds tested were pentaerythritol (PE),
      triethanolamine (TEA), monoisopropanolamine (MIPA), and diisopropanolamine
      (DIPA).
PAR  The dispersibility, opacity, drying times and foaming tendencies of the
      pigments obtained measured as described hereinafter. The results of the
      measurements are shown in Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Organic                                                                   
            Dispersi- Opacity     Drying Time                                  
                                           Foaming                             
            bility    (dry pigment)                                            
                                  (hours)  Test                                
                        A     B                                                
     ______________________________________                                    
     None   18 - 42   500.0       5     28.5 Pass                              
     PE     10 - 20   491.5       6     --   "                                 
     TEA     8 - 15   514.0       7     41   "                                 
     MIPA   11 - 21   504.0       5     28   "                                 
     DIPA    7 - 13   513.5       4.5   27   "                                 
     ______________________________________                                    
PAR  As will be seen treatment with diisopropanolamine produced a pigment having
      an opacity which is fully developed even when dry without any increased
      drying time compared with either the pigment free of organic compound or
      that treated with PE. DIPA gave a pigment with bettwer drying time that
      TEA and better opacity when dry than MIPA and PE.
PAR  A pigment carrying trimethylolpropane produces a foam stable for 20 minutes
      in the foaming test and would be unsatisfactory for use in paper
      applications.
PAR  Dispersibility was determined by the use of a Cowles Dissolver (described,
      for example, in "Organic Coating Technology" Vol. II (Pigments and
      Pigmented Coatings) pp 1010 to 1015 by H. F. Payne and in "Modern Surface
      Coatings" by P. Nylen and E. Sutherland pp. 542 to 543) in conjunction
      with R.E.L. fineness of grind gauge (manufactured by Research Equipment
      (London) Ltd.) which was calibrated from 0 to 50 microns.
PAR  248 g of the pigment to be tested was dispersed in 93g of a 40% solution in
      white spirit of a commercially obtainable pentaerythritol-modified long
      oil soya alkyd resin (BECKOSOL P470) for 6 minutes in the Cowles Dissolver
      and an additional 27g of the 40% resin solution were added over the last
      30 seconds of stirring. 85g of the resulting dispersion was then mixed
      with an additional 66g of 70% resin solution and 12.5g of white spirit by
      trundling on rollers for 30 minutes. The resulting paint was allowed to
      stand for 1 hour (to deaerate) before testing on the R.E.L. gauge in the
      usual manner as described in British Standard Specification No. 3900 Part
      C6 for example. The figures given under the heading "Dispersibility"
      indicate the points on the gauge (micrometres) between which separate
      particles are visible and in decreasing numbers from the lower to the
      higher figures. Generally, the smaller of the figures the better the
      dispersion of the pigment in the paint medium under the standard
      dispersing conditions.
PAR  Opacity was measured as follows.
PAR  The pigment to be tested was first dried in an oven at 110.degree.C for 16
      hours to remove associated H.sub.2 O and 45g of the pigment was mixed in
      33g of a mill base (containing 13g of a commercially obtainable 70%
      solution in white spirit of a pentaerythritol-modified, long oil soya
      alkyd resin (BECKOSOL P470) and 20g white spirit). This mixture was ball
      milled for 16 hours and a further 78g of the 70% resin solution, 6.4 ml of
      naphthenate drier solution (prepared by mixing 83g of a solution of cobalt
      naphthenate containing 6% cobalt, 208g of a solution of lead naphthenate
      containing 24% lead, and 250g of a solution of calcium naphthenate
      containing 4% calcium and making up to a total volume of 1 liter with
      white spirit) and 1.5 ml of methyl ethyl ketoxime were added. This mixture
      was thoroughly mixed by trundling for 2 hours in the presence of glass
      ballotini.
PAR  A sample (140 g) of the mixture thus produced was mixed thoroughly with 10
      ml white spirit and 25 ml of the resulting paint was spun on to a glass
      panel 4 .times. 4 inches in size. The paint was poured on to the centre of
      the spinning panel (at 459 r.p.m.) and spinning was continued for 30
      seconds.
PAR  To the remaining paint a further 3 ml of white spirit was added and
      thoroughly mixed and another glass panel was prepared as described above.
PAR  A further 2 ml white spirit was added to the remaining paint and spun on to
      a third glass panel. After another addition of 2 ml of white spirit to the
      remaining paint a fourth coated glass panel was prepared. The panels
      produced had paint films of different thicknesses and were allowed to dry
      in the absence of sunlight before testing as described below.
PAR  The uncoated sides of the panels were placed over a black glass tile coated
      with glycerine (to improve optical contact) and the reflectance measured
      at five points on the surface by a Harrison Colorimeter using the green
      filter. The Harrison Colorimeter was calibrated with a standard reflecting
      surface before the first measurement and between the measurements on each
      panel.
PAR  The coated panels were then cut to obtain from the centre of each a square
      of approximately 7 cms. The precise dimensions of this were measured with
      a ruler calibrated in half mm units. It was then weighed, the paint film
      removed and the panel re-weighed to obtain the weight of paint on the
      panel.
PAR  The density of the paint is obtained from the known density of the dried
      unpigmented resin and of the pigment and from these two quantities i.e.
      the weight and the density, the film thickness on the panels can be
      calculated.
PAR  The mean of the five reflectance measurements on each panel was found and
      these quantities plotted against the inverse of the film thickness of that
      panel to provide a straight line graph for the pigment under test. The
      reflectance for a film thickness of 22 microns was obtained from the
      graphs and was taken as the opacity. This is the figure given in Table 1.
PAR  The drying time test was carried out as follows :
PAR  A 45g sample of the pigment under test was mixed into 33g of a mill base
      containing 12g of a commercially available 75% solution in white spirit of
      a pentaerythritol modified, long oil linseed alkyl resin (Paralac 10) and
      21g of white spirit. This mixture was ball milled for 16 hours and a
      further 63g of the 75% resin solution, 12g of white spirit and 1.6g of a
      naphthenate drier solution (prepared by mixing 118.2g of a solution of
      cobalt naphthenate containing 6% cobalt and 296g of a solution of lead
      naphthenate containing 24% lead and making up to a total volume of 1 liter
      with white spirit), were added. This mixture was thoroughly mixed by
      trundling for 1 hour in the presence of glass ballotini and then allowed
      to stand for 1 hour (to deaerate).
PAR  Three specimen tubes were completely filled with the paint so obtained and
      the stoppers screwed tightly on to the tubes to prevent skin formation on
      the paint. The tubes were then allowed to stand for at least 4 days before
      the drying time of the paint was measured. Paint from one tube was drawn
      on to three separate 12 .times.  1 inch glass slides using a Beck-Koller
      paint applicator giving a wet film thickness of 0.015 inches. The slides
      were then placed on a Beck-Koller drying time recorder kept in a room with
      a constant temperature of 21.degree.C and humidity of 66% and the recorder
      was started on a scale giving the full movement of the needles in 22
      hours. The slides were removed after this period and a mark was made on
      the slide at the point where the needle no longer penetrated the paint
      film. The distance of this mark from the point where the needle first
      entered the paint film represents the through-drying time of the paint
      film and was measured using the special ruler provided with the Recorder.
      The mean of the through-drying time figures obtained from the three slides
      was taken as the drying time and results are reported under Column A in
      the foregoing Table.
PAR  Using paints from one of the remaining two specimen tubes the drying time
      measurements were repeated except that in this case the Recorder was kept
      in a room at a constant temperature of 5.degree.C and the Recorder was
      started on a scale giving the full movement of the needles in 44 hours.
      The results from these measurements are reported under Column B in the
      foregoing Table.
PAR  The paint in the remaining specimen tube was available for a repeat
      determination in case there was inconsistency in the initial three
      readings under either set of atmospheric conditions. Under these
      circumstances the whole series would have been repeated since the test
      gives only comparative figures, but the results obtained in this case did
      not require repetition.
PAR  The foaming tendency of the pigments in aqueous systems was measured by
      mixing 5g of each pigment with 100 ml of distilled water in a 100 ml
      stoppered measuring cylinder. The cylinder was shaken by hand for
      approximately 15 seconds and the time taken for the foam to clear was then
      measured. If the foam was stable for more than 45 seconds the pigment was
      considered to have failed the test.
PAC  EXAMPLE 2
PAR  A rutile titanium dioxide pigment was used as described in Example 1.
      Samples of the dried pigment were subjected to double milling in a fluid
      energy mill with various organic compounds added to the pigment
      immediately prior to its introduction into the mill for the first pass.
      The amount of organic compound added was 0.4% based on pigment weight.
PAR  A number of samples of the pigments were tested by the tests described in
      Example 1 and the results are shown in Table 2.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Organic                                                                   
            Dispersi- Opacity     Drying Time                                  
                                           Foaming                             
            bility    (dry pigment)                                            
                                  (hours)  Test                                
                        A                                                      
     ______________________________________                                    
     DIPA   8 - 17    515.5       43/4     Pass                                
     DIPA   10 - 20   514.5       4        Pass                                
     PE     9 - 18    503.0       43/4     Pass                                
     PE     9 - 18    502.0       41/2     Pass                                
     TMP    8 - 17    506.0       43/4     Fail                                
     ______________________________________                                    
PAR  The results show that all the organic additions give excellent
      dispersibility but DIPA also gives better opacity than PE or TMP, and does
      not fail the foaming test as does TMP. In this experiment the paint drying
      time of all the pigments was good. A commercially available TEA treated
      pigment with identical constitution had a drying time of 61/2 hours.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pigmentary titanium dioxide the particles of which carry
      diisopropanolamine in an amount of from 0.05 to 2% by weight based on the
      weight of pigment.
NUM  2.
PAR  2. A pigmentary titanium dioxide as claimed in claim 1 which the particles
      also carry one or more hydrous metal oxides in an amount of from 0.5 to
      25% (as oxide) by weight based on the weight of pigment.
NUM  3.
PAR  3. Pigmentary titanium dioxide according to claim 1 which the amount of
      diisopropanolamine is from 0.1% to 0.6% by weight of pigment.
NUM  4.
PAR  4. Pigmentary titanium oxide according to claim 1 in which the particles
      also carry one or more hydrous metal oxides, a phosphate or a silicate.
NUM  5.
PAR  5. Pigmentary titanium dioxide according to claim 2 in which the hydrous
      oxide is present in an amount of from 0.5 to 6% (as oxide) by weight.
NUM  6.
PAR  6. Pigmentary titanium oxide according to claim 4 in which the hydrous
      oxide is selected from the group consisting of a hydrous oxide of
      titanium, aluminium, cerium, silicon, zirconium and zinc.
NUM  7.
PAR  7. Pigmentary titanium dioxide according to claim 4 in which the particles
      carry a hydrous oxide of silicon in an amount of from 9 to 15% SiO.sub.2
      and a hydrous oxide of aluminum in an amount of 2 to 7% as Al.sub.2
      O.sub.3 both based on the weight of pigment.
NUM  8.
PAR  8. Pigmentary titanium dioxide according to claim 1 in which the particles
      also carry a non-hydrous metal oxide selected from the class of oxides of
      aluminium, titanium and silicon.
NUM  9.
PAR  9. A process for the treatment of pigmentary titanium dioxide comprising
      mixing pigmentary titanium oxide with diisopropanolamine in an amount such
      that the dry pigment carries 0.05 to 2% by weight diisopropanolamine based
      on the weight of pigment.
NUM  10.
PAR  10. The process of claim 9 wherein said pigmentary titanium dioxide is wet
      milled before treating with diisopropanolamine.
NUM  11.
PAR  11. A process according to claim 9 in which the pigmentary titanium dioxide
      is treated with the diisopropanolamine during the fluid energy mill stage
      of pigment preparation.
NUM  12.
PAR  12. A process according to claim 10 in which the pigmentary titanium
      dioxide is treated with the diisopropanolamine during the fluid energy
      mill stage of pigment preparation.
NUM  13.
PAR  13. A process according to claim 11 in which the diisopropanolamine is
      added to the pigmentary titanium dioxide prior to entering the fluid
      energy mill.
NUM  14.
PAR  14. A process according to claim 13 in which the diisopropanolamine is in
      solid form when added to the pigmentary titanium dioxide.
NUM  15.
PAR  15. A process according to claim 13 in which the diisopropanolamine is
      molten when added to the pigmentary titanium dioxide.
NUM  16.
PAR  16. A process according to claim 13 in which the diisopropanolamine is
      dissolved in a solvent therefore when added to the pigmentary titanium
      dioxide.
NUM  17.
PAR  17. A process according to claim 16 in which the diisopropanolamine is
      dissolved in water.
NUM  18.
PAR  18. A process according to claim 16 in which the solution contains from 50
      to 90% by weight of the diisopropanolamine.
NUM  19.
PAR  19. A process according to claim 11 in which the pigmentary titanium
      dioxide is fluid energy milled twice and the diisopropanolamine is added
      immediately prior to the first fluid energy milling stage.
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ABST
PAL  The further modification of acid modified flours and starches by reacting
      such acid modified flours, at a pH of less than about 3.0 with an alkylene
      oxide, preferably ethylene oxide, in order to scavenge residual acidity,
      raise the pH of the product and partially crosslink it. The thus created
      new crosslinked product is useful in gypsum wall board core binders and
      other applications.
BSUM
PAR  This invention relates to acid modified flours and starches. It more
      particularly refers to a technique for further modifying such to improve
      its properties.
PAR  It is known to improve the properties of starches and flours by treating
      them with mineral acids such as hydrogen chloride. U.S. Pat. No.
      3,692,581, issued Sept. 19, 1972, shows how to further improve the flour
      and starch acid modifying techniques by using a mixture of hydrogen
      fluoride and another mineral acid.
PAR  Although acid modified flours and starches in general, and those prepared
      by the practice of the above-identified patent in particular, have
      received outstanding acceptance in several large volume commercial
      applications, the usefulness of these materials is often impaired by the
      acidic condition thereof. Since the acid modified products have an as
      produced pH in the range of 1.0 to 2.5 (measured as a 10% water slurry),
      they are corrosive even in the dry form. Such acid modified flours
      packaged and shipped in paper or even paperboard shipping containers are
      subject to considerable loss in transit through acid weakening of the
      containers.
PAR  It is, of course, conceivable to provide more acid resistant shipping
      containers and, thereby, avoid the transit loss problem. However, as the
      acid modified product is continually exposed to strongly acid conditions
      during transit, the properties thereof have been known to be altered to
      such an extent that it is no longer useful for its intended purpose.
PAR  Those well versed in the art of producing acid modified flours agree that
      the acid modification reaction ceases when the acid is removed. It is not
      even necessary to completely eliminate the excess acid, raising the acid
      modified flour (AMF) pH to about 3.2 to 3.5 appears to be sufficient. This
      pH adjustment has been accomplished or proposed in many ways. Purging or
      ventilation with inert gases and/or ammonia is a partial remedy,
      particularly with volatile acids such as the hydrohalogen acids. The AMF
      may be rapidly heated to drive off residual volatile acids. Excess acid
      has been neutralized with various conventional materials such as
      hydroxides, oxides, carbonates and phosphates. All of these techniques are
      more or less effective to reduce acid content and increase pH. However,
      neutralizing, as noted above, often produces a soluble salt product, e.g.,
      sodium chloride from caustic and hydrochloric acid, which in and of itself
      raises an additional and different set of problems for the product.
PAR  One possible approach to this overall problem has been to neutralize the
      excess acid with a material so chosen that the material and its
      neutralization products are beneficial, or at least not detrimental, to
      the product formulation. In the U.S. Pat. No. 3,692,581, fine grained
      magnesium oxide was proposed for this use. The fixed magnesium salts
      produced by neutralization appear to have small or no observable side
      effects compared to other similar neutralizing materials. While magnesium
      oxide would appear to completely solve this problem, in that it is
      reasonably priced, easy to handle and abundantly available, the products
      derived from its use present disadvantages in certain applications.
PAR  It is known that the alkylene oxides are powerful acid scavengers in that
      they contain an epoxide linkage which has a great affinity for labile
      hydrogen. The lower alkylene oxides, particularly ethylene oxide and
      propylene oxide, have been used in the past as acid acceptors.
PAR  Alkylene oxides are organic chemicals which include an oxygen atom linked
      to two adjacent carbon-hydrogen groups as illustrated in the formula
      structure
      ##EQU1##
      The reaction of these oxide units results from a break in the linkage
      between one of the carbon atoms and the oxygen so the hydroxy alkyl
      product has the structure of an ether. For this reason, scientists use the
      term hydroxyalkylation and etherification interchangeably.
PAR  For a complete picture of "STARCH ETHER" chemistry, one must begin with the
      outstanding work of Kesler and Hjermstad covered in three U.S. Pat. Nos.
      2,516,632-3-4, all issued July 25, 1950. While all three patents were
      concerned with the "treatment of non-glutinous cereal starch", these
      inventors emphasized the essential requirement of alkaline conditions to
      bring about the formation of starch ethers. Without making a full review
      of the Kesler and Hjermstad Patents, several comments may be addressed to
      "the acid modified thin boiling starches" covered therein.
PAR  In U.S. Pat. No. 2,516,634, Kesler and Hjermstad, (column 5 - Lines 1-35)
      in the broad definition of their process make it abundantly clear that the
      acid modified starches depend on a treatment with sodium hydroxide plus a
      salt. When the combination includes sodium chloride a lower requirement
      than the normal level of sodium hydroxide is needed because -- "This salt
      of neutralization may be used as part of the salt requirements for the
      present process of reacting starch with alkylene oxide -- etc.". (Column 5
      - Lines 31-35.
PAR  In the U.S. Pat. No. 2,516,632, Kesler and Hjermstad, still dealing with
      non-glutinous cereal starches in column 5 - Lines 26-40, present other
      interesting comments. One is relative to the rate of reaction between
      ethylene oxide gas and the dry cereal product. The rate of reaction (Line
      27) "may be increased -- by increasing the alkalinity of the dry product
      --". Then, beginning Line 34, (same Column 5) - "The acidity or alkalinity
      of the starting material does not effect the nature of the product formed
      provided the alkalinity or acidity is within the range of that of ordinary
      commercial starches, to which reference has heretofore been made". A
      rather surprising pH range of 4 to 10 is the "heretofore reference".
      Despite this statement, EXAMPLE 3, Column 7 deals with an acid modified,
      thin boiling cornstarch having a moisture content of 13.4%, and a pH in
      water suspension of 9.5 (Lines 6-9). It must be obvious to researchers
      having interest in hydroxyethylated, acid modified (HEAM) STARCHES, that
      the 9.5 pH reading could only be the result of having a reasonable excess
      of alkali, even though the reduced viscosity was first derived through
      acid modification.
PAR  In making a careful and thorough evaluation of the high quality work of
      these pioneers in STARCH ETHER Chemistry, the intent is not to demonstrate
      the existence of inconsistencies in the patent references, but rather to
      strongly emphasize that useful results were based on a balance of alkali
      and salt to achieve the reaction of starches with alkylene oxide. The
      message came through strongly enough to influence to a marked degree
      subsequent efforts to extend the teachings of Kesler and Hjermstad.
PAR  STARCH ETHER chemistry was given a major move forward in 1959 with U.S.
      Pat. No. 2,900,268 issued Aug. 18, 1959 to Rankin and Mehltretter. This
      work dealt with ethylene oxide treatment of corn and wheat flours which
      were first aged for 1 to 3 days with dry alkaline catalysts comprising
      sodium hydroxide and sodium carbonate. Continued scientific research on
      this same topic, originating in this Laboratory of the USDA at Peoria,
      Illinois, has resulted in additional patents and numerous articles.
      Despite the diverse range of studies aimed at acid modification and
      production of HEAMF (cereal based), the Peoria Laboratory reached
      conclusions reflecting a remarkable degree of consistency. For example in
      U.S. Pat. No. 3,073,724 issued Jan. 15, 1963, to Rankin etal., the patent
      claim (one only) is based on applications of acid modified pre-dried
      flours (moisture range 0.70% to about 1.40%) wherein the prime object is
      to produce flours containing the original amounts of undepolymerized
      amylose. Though the patent specification includes an imposing summary of
      experimental work with acid modified wheat flours and corn flours, some
      hydroxyethylated before and some after acid modification, it seems
      abundantly clear that the patentees faithfully practiced the same
      neutralization teachings of Kesler and Hjermstad, performing the
      neutralization of AMF with alkaline substances before converting these to
      HEAMF. In the instances where the hydroxyethylation treatment preceeded
      the acid modification step, the neutralization step was not an intervening
      step but the final one. Once again, the data supported the significance of
      the acidifying treatment applied "to pre-dried flours -- 0.70 percent to
      1.40% moisture".
PAR  One further quote from the U.S. Pat. No. 3,073,724, Rankin etal., is worth
      noting. This one states, Column 4, Lines 64-70 -- "the pregelatinized acid
      modified flours as well as the pastes of the proprietary ungelatinized
      acid modified starch and of the proprietary pregelatinized starch which we
      had modified with acid in the manner of this invention formed gels and
      are, therefore, not usable in modern continuous and high speed sizing and
      coating operations".
PAR  It is, therefore, an object of this invention to provide novel means of
      acid modifying flours and starches, referred to herein collectively as
      flour.
PAR  It is another object of this invention to provide novel means of
      neutralizing acid modified flours.
PAR  It is a further object of this invention to provide novel means of further
      modifying acid modified flours.
PAR  Other and additional objects of this invention will become apparent from a
      consideration of this entire specification including the claims hereof.
PAR  In accord with and fulfilling these objects, one aspect of this invention
      resides in treating acid modified flours directly with at least one lower
      alkylene oxide in such quantity as to raise its pH from the 1.0 to 2.5
      level to the 3.2 to 3.8 level. It is important to note that the post
      modification process hereof is carried out directly on acid modified flour
      with no intermediate neutralization. It has surprisingly been found that
      unneutralized acid modified flour not only is beautifully neutralized by
      alkylene oxide addition, but that the neutralization products stay in the
      reaction mass and further modify the acid modified flours in a most
      unexpected and advantageous manner.
PAR  In one series of exploratory experiments, taking careful note of the wide
      flammability and explosive limits ascribed to ethylene oxide (E.O.) we
      employed a mixture of 80% CO.sub.2 and 20% E.O. The reaction of E.O. and
      HCL results in the formation of ethylene chlorhydrin, and the reaction may
      be written as follows:
      ##EQU2##
      In the exploratory trials the pH of the HEAMF increased at a pace giving
      evidence of a rapid tieing up of the acid component. The CO.sub.2 -EO gas
      mixture was drawn through a reducing pressure valve attached to a high
      pressure cylinder of OXYFUME-20, through a helical coil submerged in hot
      water (to prevent condensation) directly into the bottom of 12 WIDE BY 30
      LONG PADDLE MIXER of CARBON STEEL charged with 30 lbs. of acid modified
      flour. The paddles were adjusted to tumble the contents as well as to
      cause movement of the AMF from one end of the mixer to the other and back
      again. Anticipating some violent reaction, the mixer cover was vented to
      the air and the cover loose fitting though gasketed. In a lengthy series
      of tests each more drastic, trying to uncover the point where the reaction
      could be matched with the dire predictions suggested by several
      researchers, we failed to do more than scavenge the acidic ions as
      measured by the changes in pH readings.
PAR  The entire process of what was happening became even more mystifying when
      we took several samples of HEAMF and checked these for CHLORHYDRIN content
      by extraction of the HEAMF with isopropyl alcohol (IPA). The most
      sensitive test is the application of the P. W. MORGAN method of
      determining Hydroxyalkyl Groups -- IND. ENG. CHEM., ANAL. ED. 18,500
      (1946) and subsequently modified by Harlan J. LORTZ ANAL. ED. 28, No. 5,
      May 1956. Modifications were made by LORTZ to apparatus, sample size and
      the quantity of hydriodic acid to improve the determination of starch
      ethers in the range of 0.005 to 0.20 hydroxyalkyl group per anhydroglucose
      unit. This range of substitution (as will be shown, encompasses what may
      be ascribed to our HEAMF). Comparison of E.O. content of HEAMF, before and
      after IPA extraction showed practically no change, less than a 2%
      reduction.
PAR  Having established that chlorhydrin is quickly formed, becomes an integral
      portion of the starch molecule (the most likely chlorinated ether linkage
      occurring at the C-6 position -- as usually numbered by starch chemists,
      the Carbon 6 is shown as CH.sub.2 OH directly above C-5), the question
      still to be answered is whether all the E.O. applied is reacted with the
      HCL, and, if not, how much is used up to form E.O. polymers or starch
      crosslinks. The answers provide another measure of the unexpected.
PAR  We took a sample of AMF (corn) modified with 0.80 lbs. of HCL plus 0.02
      lbs. of HF per 100 lbs. of corn flour. The Brabender peak viscosity of a
      cooked paste containing 27% solids, showed a maximum of 160 BU with a 750
      CmG. cartridge. The peak appeared at 87.5.degree.C. The pH of a 10% slurry
      was 2.30. A sample of AMF was slurried in water and titrated with 0.10
      N-NaOH, in steps, until the pH was increased to 7.0. The variations in
      titration versus pH were recorded and plotted as a graph, thus at any pH
      reading, the quantity of free acid remaining could be determined.
PAR  Then, sufficient E.O. was reacted to raise the pH of the HEAMF to 4.23.
      From the titration data as plotted, the residual free acids in the HEAMF
      were 0.27% showing some 0.55 of the original 0.82% acid value has reacted
      with E.O. Calculating the free acid disappearance as reacted, E.O.
      equivalent becomes 0.66%. However, when the ethylene oxide content is
      determined by the LORTZ METHOD, we account for 0.85% E.O. Thusly, we
      determine that 21% of the E.O. brought to the reaction is used up forming
      cross-links or polymers of E.O. and 79% is in the form of the chloro ether
      at the C-6 position (most likely).
PAR  The visual evidence of hydroxethylation and cross-linking is shown in the
      cooked paste. Whereas the original flour at 27% solids (175 grams OF FLOUR
      SLURRIED IN 400 ml. of water) showed a peak viscosity of 160 BU at a
      temperature of 87.5.degree.C, after converted to HEAMF, the viscosity was
      raised to 210 BU but the peaking temperature was lowered to 83.5.degree.C.
      (The tests with the C. W. Brabender Amylo/VISCO/GRAPH were made at 27%
      solids to bring out the changes which would have been less apparent at 20%
      solids).
PAR  The cooked HEAMF pastes were smooth without any signs of retrogradation. It
      is apparent the E.O. treatment has greatly enhanced the dispersibility of
      the protein component.
PAR  In another case of acid modified corn flour, one which was reacted with HCL
      until the viscosity at 27% solids was lowered to 20 BU, after treating
      with ethylene oxide to a pH of 6.5, the paste viscosity was increased to
      50 BU. In this case, the temperature at which the peak occurred was
      lowered by 9.5.degree.C instead of the 4.0.degree.C applying to the
      previous example. The residual free HCL was less than 8% of the original
      quantity. Once again, the assay by the LORTZ METHOD revealed that
      approximately 30% of the E.O. used was converted to form cross-links and
      polymers, so its consumption was not strictly the conversion of E.O. to a
      chloride scavenger.
PAR  Additional tests conducted with acid modified milo and acid modified wheat
      flours in the same manner as applied to corn flours, showed similar
      results in the HE substitution range of 0.01-0.20 mols. of E.O. per
      anhydroglucose unit. While we might expect acid modified flours could
      conceivably give rise to greater consumption of 0.20 mol. of E.O. per
      anhydroglucose unit, to accomplish this one would have to use much larger
      quantities of the acidifying agents than customarily used to produce
      commercial grades of AMF.
PAR  HEAMF grades were obtained at a range of pH values from 3.20 up to 8.10. At
      the levels above 7.0 pH, the pH increase is most likely the result of
      reactions between the reactive anion portions in the mineral ash, and
      E.O., giving rise to the release of free alkali. The reactions of E.O. and
      AMF grades were made at temperatures ranging from 10 to 80. These
      temperatures apply to the main body of the AMF being treated. Reactions
      took place smoothly and uniformily under conditions of sub-atmospheric
      pressure (down to 7 PSIA) as well as atmospheric conditions. The AMF
      grades were sometimes agitated while E.O. was being introduced, and in
      some cases, the AMF consisted of a stationary bed with varying depths up
      to 5 FEET.
PAR  From the numerous tests made, it is evident the reaction of the alkylene
      oxides with the acid component depends largely on bringing the reactants
      together. As the reaction occurs, the rapid initial reaction gives off a
      large amount of heat in a very localized zone, and this increases reaction
      velocity. By intensive mixing of the ingredients, the reaction heat is
      quickly dissipated through the surrounding mass of flour. We have found
      the reaction between alkylene oxides, and acid modified flours to be
      exothermic but not hazardous when the reactants are constantly being
      mixed. At the degree of substitution which has been our main objective,
      0.01 to 0.20 mols. of E.O. per anhydroglucose unit, the reactions can be
      accomplished in 15 minutes, or less, with ease.
PAR  A number of commercial tests already made with the HEAMF produced in
      accordance with the general procedures outlined herein, have produced
      concrete evidence these HEAMF grades have unique properties, highly
      desirable in gypsum wallboard core binders, binders and sizes in paper
      coatings, an ingredient in corrugator pastes and similar uses.
PAR  The use of alkylene oxides to modify and neutralize acid modified flours
      and starches has been shown. The alkylene oxides are suitably lower
      alkylene oxides having up to about six (6) carbon atoms therein. It is
      preferred to use ethylene oxide or propylene oxide with ethylene oxide
      being the most preferred.
PAR  Suitable proportions of alkylene oxide addition are about 0.30 to 2.50
      pounds per 100 pounds of acid modified flour or starch, preferably about
      0.65-1.30 pounds per 100 pounds. This amount of E.O. is an effective and
      yet economic range when the free acid content of the flour is
      approximately 0.65-2.0 lbs. of HCL or equivalent per 100 pounds of flour.
      Suitable addition conditions are about 15.degree. to 70.degree.C,
      preferably about 30.degree. to 50.degree.C. Since the
      neutralization-modification reaction is exothermic, it should be carried
      out with agitation and at an alkylene oxide rate of addition of up to
      about 2 to 5 pounds per hour per 100 pounds of flour or starch. The
      neutralization-modification reaction is, in the case of ethylene oxide
      addition, a gas-solid phase reaction in which the gas, ethylene oxide
      alone or admixed with suitable diluents such as carbon dioxide, passes
      through a bed of flour or starch particles. The passage may be upflow or
      downflow, as desired. It is within the scope of this invention to provide
      for gas upflow through the particulate acid modified flour or starch at a
      rate so as to fluidize the particles and thereby provide for intimate
      mixing of them with the alkylene oxide gas. Of course, mechanical mixing
      may be used, if desired.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process of modifying flours and starches by treating such with
      acid to produce an acid modified product having a pH of up to about 2.5,
      when measured in a 10% water slurry; the improvement which comprises
      directly reacting said acid modified flour or starch with a lower alkylene
      oxide in a proportion sufficient to raise the pH of the reaction product
      up to, at least, about 3.5.
NUM  2.
PAR  2. The process of claim 1 wherein each molecule of said alkylene oxide has
      up to about 6 carbon atoms therein.
NUM  3.
PAR  3. The process of claim 1 wherein said alkylene oxide is ethylene oxide.
NUM  4.
PAR  4. The process of claim 1 wherein the pH of the acid modified product is
      about 1 to 2.5.
NUM  5.
PAR  5. The process of claim 1 including employing about 0.3 to 2.5 pounds of
      alkylene oxide per 100 pounds of flour or starch.
NUM  6.
PAR  6. The process of claim 1 including employing about 0.65 to 1.3 pounds of
      alkylene oxide per 100 pounds of flour or starch.
NUM  7.
PAR  7. The process of claim 1 carried out at a temperature of about 15.degree.
      to 70.degree.C.
NUM  8.
PAR  8. The process of claim 1 carried out at a temperature of about 30.degree.
      to 50.degree.C.
NUM  9.
PAR  9. The product of the process of claim 1.
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ABST
PAL  A rechargeable silver sulfide cathode for batteries and fuel cells using
       uid ammonia electrolytes.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation in part of copending patent application, Ser. No.
      163,638 filed July 19, 1971 now abandoned for Silver Sulfide Cathode for
      Liquid Ammonia Batteries and Fuel Cells. Reference is also made to related
      copending patent application, Ser. No. 98,117 filed Dec. 14, 1970, now
      abandoned for Hydrazine Anode in Liquid Ammonia Electrolytes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This present invention relates to the practical use of silver sulfide as a
      rechargeable cathode for batteries and fuel cells utilizing ammonia
      electrolytes.
PAR  The attractiveness of liquid ammonia electrolytes for batteries is largely
      due to the comparatively low freezing point of ammonia and to the high
      conductivity of electrolytes in this solvent. Such properties provide for
      efficient operation of liquid ammonia batteries at subzero temperatures,
      whereas the performance of batteries utilizing aqueous electrolytes
      greatly deteriorates at subzero temperatures due to increased viscosity or
      freezing of the solvent.
PAR  The use of cathodes where sulfur species undergo changes in oxidation
      states by acting as electron-acceptors in the cathode reaction are known
      in the prior art as shown by U.S. Pat. Nos. 2,689,876; 3,082,284 and
      3,121,028. However, the use of sulfur species as electron-acceptors is
      quite different from the present invention, using a silver sulfide
      cathode, where monovalent silver atoms act as electron-acceptors. Also,
      the use of silver sulfide as a consumable cathode in liquid ammonia
      batteries is in direct contrast with the use of Ag.sub.2 O and Ag.sub.2 S
      as catalysts for other electrode reactions in aqueous electrolytes as can
      be found in U.S. Pat. No. 3,386,859. Materials which function as catalysts
      do not get consumed by the reaction or undergo any net changes in
      oxidation states. The silver sulfide or silver polysulfide in the instant
      invention in consumed in the cathodic reaction and has no catalytic
      function as such. Other metallic sulfide compounds do not have the unique
      properties in liquid ammonia as do silver sulfides.
PAR  Liquid ammonia batteries generally use soluble cathode materials such as
      m-dinitrobenzene. The performance of these batteries is limited by the
      rate and extent of the solubility of the cathode material. Also, some of
      the dissolved cathode material may be lost by undesired side reactions or
      by chemical reaction with the anode material. Furthermore, the performance
      of a soluble cathode material can be limited by mass movement to the
      electrode surface, by the active electrode surface area available and by
      electrosorption onto the electrode. These limitations do not exist when
      the insoluble, electronically conducting silver sulfide cathode of this
      invention is used in liquid ammonia batteries.
PAC  SUMMARY OF THE INVENTION
PAR  Electrochemical studies of silver sulfide in acid liquid ammonia
      electrolyte solutions over the temperature range of +20.degree. to
      -50.degree.C show that silver sulfide is a useful cathode material at low
      temperatures. The acidity of the liquid ammonia electrolyte is determined
      by the ammonia (NH.sub.4 .sup.+) ion concentration. The NH.sub.4 .sup.+
      ion is a proton donor and hence acts as an acid in liquid ammonia.
      NH.sub.4 .sup.+ in liquid ammonia corresponds to H.sub.3 0.sup.+ in water.
      The maximum theoretical coulombic efficiency of two electrons per silver
      sulfide molecule can be obtained as predicted from the reaction
EQU  Ag.sub.2 S + 2e.sup.- .revreaction. 2Ag + S.sup.-.sup.-    [1]
PAL  where each monovalent silver atom is reduced to the zero oxidation state.
      The electrochemical reduction of silver sulfide in liquid ammonia
      solutions shows that even at subzero temperatures the reactions rates are
      high. By contrast, the direct reduction of elemental sulfur on platinum
      and many other metals which do not readily form the metallic sulfides
      becomes too slow at subzero temperatures due to mass transport and kinetic
      limitations. Insoluble, electronically conducting silver sulfide is
      therefore unique as a useful, rechargeable cathode material for use in low
      temperature batteries and fuel cells.
PAR  The high solubility of sulfur in ammonia makes it convenient to produce
      silver sulfide by the direct chemical reaction in solution
EQU  2Ag + S .fwdarw. Ag.sub.2 S                                [2]
PAL  since silver combines directly with the dissolved sulfur, even in the cold
      to form silver sulfide cathode material. Addition of H.sub.2 S aids the
      rate of solution of the sulfur in liquid ammonia, renders the sulfur in a
      reactive form and also makes it possible to produce silver sulfide
      electrochemically by the reverse of reaction [1].
PAR  Anodes that can be used with the silver sulfide cathode in liquid ammonia
      at low temperatures include magnesium and other active metals such as
      lithium. A concentrated solution of lithium in ammonia consisting
      primarily of the compound tetrammine-lithium and represented by
      Li(NH.sub.3).sub.4 can also be used as the anode material. Near room
      temperatures or above, hydrazine can be used as the anode material
      oxidized at the anode. A hydrazine anode is disclosed in the
      aforementioned copending patent application, Ser. No. 98,117, which
      teaches the electrochemical oxidation of hydrazine in liquid ammonia.
PAC  STATEMENT OF THE OBJECTS OF THE INVENTION
PAR  The primary object of the present invention is to provide a rechargeable
      silver sulfide cathode for liquid ammonia batteries and fuel cells.
PAR  A further object is to show that properties such as the insolubility of
      silver sulfide in liquid ammonia, the solubility of sulfur and the effect
      of adding H.sub.2 S, the electronic conductivity of silver sulfide, and
      the reversibility of the electrochemical reaction involving silver sulfide
      give the silver sulfide cathode of this invention unique advantages over
      the prior type cathode materials being used in liquid ammonia batteries.
      Another object of this invention is to show that the present silver
      sulfide cathode can indeed be used at the subzero temperatures made
      possible by the use of liquid ammonia electrolytes.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, the following description
      should be read in conjunction with the drawings in which:
PAR  FIG. 1 shows cyclic voltammograms for 0.1M sulfur, H.sub.2 S solution in
      NH.sub.3 --1M NH.sub.4 NO.sub.3 at -50.degree.C on silver wire electrode
      as a function of the anodic potential sweep limit. Silver sulfide is
      formed during the anodic sweep and reduced during the cathodic sweep.
PAR  FIG. 2 shows a typical curve for the constant current reduction of sulfur,
      H.sub.2 S solutions in stirred NH.sub.3 --NH.sub.4 NO.sub.3 at 15.degree.C
      on silver electrodes of about 50cm.sup.2 geometrical area, (I = 1.00mA).
PAR  FIG. 3 shows constant current coulometry experiments at 15.degree.C on
      silver in NH.sub.3 --NH.sub.4 NO.sub.3 solutions containing H.sub.2 S
      using constant currents of 0.500 mA; 2cm.sup.2 electrode area. Silver
      sulfide is formed during oxidation and is then later quantitatively
      reduced.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The chemicals used for experimental purposes include Matheson N.F. sublimed
      powder sulfur, Baker reagent NH.sub.4 NO.sub.3 and LiNO.sub.3, and
      Matheson anhydrous ammonia (99.99%), each used without further
      purification.
PAC  Rate of Solution
PAR  Although sulfur is soluble in ammonia solutions in excess of 30% by weight
      (10 M), the rate of solution is often slow; for example, in attempting to
      prepare a 0.1 M sulfur solution in concentrated NH.sub.3 --LiNO.sub.3 a
      dichroic blue-red solution formed which changed gradually to a yellow
      solution, but some of the sulfur remained undissolved even after ten days.
      During potentiostatic reduction, the color of this solution changed to a
      deep brownish red, and the excess sulfur dissolved. When H.sub.2 S is
      present, even in low concentrations, however, the rate of solution of
      sulfur in ammonia is very rapid.
PAC  Screening of Materials
PAR  The electrochemical reactions of sulfur-H.sub.2 S solutions in acid liquid
      ammonia depend markedly on the nature of the metal used. Many metals
      tested (Ti, Zr, Hf, Th, Nb, Ta, Al, Ga, and In) do not form the sulfides
      in the sulfur-H.sub.2 S solutions and are completely useless for any
      electrochemical reaction of the sulfur solutions. Many other metals (Pt,
      Pd, Ir, Rh, Re, Au, W, Mo, V, Co, Ni) can be used as electrodes for
      electrochemical reaction of the sulfur solutions, but they do not form the
      desired sulfide compounds in the ammonia solutions. Although insoluble
      sulfide compounds are formed by the reactions of Hg, Cu, Pb, and Sn with
      the sulfur solutions, these metallic sulfides do not have the attractive
      properties claimed for silver sulfide. These other metallic sulfides do
      not adhere as well to the surface of the metal as does silver sulfide,
      they are not as good as silver sulfide as electrical conductors, and their
      electrochemical potentials and reaction rates are less favorable than
      those observed for silver sulfide.
PAR  The results for the various metals are summarized in Table I by listing the
      metal at the potential (to the nearest 0.1V) where the oxidation and
      reduction currents due to sulfur or H.sub.2 S attain a value of 2
      mA/cm.sup.2 when the sweep rate is 125 mV/sec. Oxidation is represented
      above and reduction below the center horizontal line.
TBL                Table 1                                                     
     ______________________________________                                    
     Sulfur reactivity on various metals in                                    
     NH.sub.3 --NH.sub.4 NO.sub.3 at 20.degree.C from cyclic voltametric       
     experiments.                                                              
     ______________________________________                                    
                                       Oxidation                               
                                                   V                           
                                                   Mo                          
                                                   W                           
                                                   Re                          
                                                   Rh                          
                                                   Ir                          
                                                   Pd                          
                 Cu          Ag                    Pt                          
          Sn     Pb     Fe   Hg   Co   Ni          Au                          
          Sn                 Hg   Au                                           
          Pb                 Ag   Pt                                           
          Cu                 Ni   Pd                                           
                             Co   Ir                                           
                                  Rh                                           
                                  Re                                           
                                  W                                            
                                  Mo                                           
                                  V                                            
                                       Reduction                               
     -0.6 -0.5   -0.4   -0.3 - 0.2                                             
                                  -0.1 0       0.1 0.2  0.3                    
     Potential vs. Pb/Pb(NO.sub.3).sub.2, V                                    
     ______________________________________                                    
PAR  FIG. 1 shows cyclic voltammograms for a 0.1 M sulfur, H.sub.2 S solution in
      NH.sub.3 -1M NH.sub.4 NO.sub.3 at -50.degree.C, using a silver electrode
      of 0.3 cm.sup.2 geometrical area.
PAC  Constant current experiments
PAR  A typical curve for the constant current reduction of sulfur in stirred
      acid ammonia solutions at 15.degree.C on silver electrodes is shown in
      FIG. 2. A sharp inflection in potential is observed when 2 electrons are
      consumed in the reaction per atom of sulfur initially present. This
      indicates that there are no detrimental side reactions or decomposition of
      the reactant. Similar studies on silver at -10.degree.C gave approximately
      the same results as obtained at +15.degree.C, showing that this high
      coulombic efficiency does not decrease appreciably with decreasing
      temperature.
PAC  Neutral solutions
PAR  The foregoing results favor acid (NH.sub.4 NO.sub.3) ammonia solutions to
      which H.sub.2 S was added to accelerate the rate of solution of the
      sulfur. Acidity is determined by the ammonium (NH.sub.4 .sup.+) ion
      concentration in liquid ammonia. The results are quite different for
      sulfur dissolved in neutral (LiNO.sub.3) ammonia solutions where no
      H.sub.2 S is used. Cyclic voltametric experiments on the sulfur dissolved
      in neutral liquid ammonia showed little evidence for any electrochemical
      oxidation or reduction of sulfur or sulfide compounds. Constant current
      and potentiostatic experiments in stirred neutral ammonia solutions showed
      similar negative results. Addition of Li.sub.2 S produced no change in
      these experiments, but the addition of H.sub.2 S quickly rendered the
      sulfur reactive.
PAR  These very different effects of Li.sub.2 S and H.sub.2 S on the sulfur
      solution in neutral ammonia supports the concept that H.sub.2 S in ammonia
      forms a hydrogen-bonded species, [SHNH.sub.3 ].sup.-, but produces no free
      sulfide ions, while sulfide ions added to ammonia do not undergo
      ammonolysis to HS.sup.-. Apparently H.sub.2 S forms the species
      [SHNH.sub.3 ].sup.- and NH.sub.4 .sup.+ which are necessary to render the
      dissolved sulfur in a reactive form. Dissolved sulfur species in liquid
      ammonia apparently differ greatly in properties from dissolved sulfur
      species in aqueous solutions. The reactive forms of sulfur in the liquid
      ammonia containing H.sub.2 S probably are complex polysulfides since
      solutions of sulfur and H.sub.2 S in liquid ammonia have been shown to
      produce polysulfides, and the compound (NH.sub.4).sub.2 S.sub.5 has been
      isolated.
PAC  Experimental Tests
PAR  Both Ag.sub.2 S and PtS, like most sulfides of the electrode metals tested,
      are black compounds which are insoluble in liquid ammonia and therefore
      readily detectable if formed in significant amounts. During the
      electrochemical studies on platinum of the sulfur-H.sub.2 S solutions in
      liquid ammonia, the platinum electrodes maintain a bright, metallic luster
      indicating very little build-up of any metallic sulfide compounds.
      However, when a silver electrode remains at open circuit in the
      sulfur-H.sub.2 S solution, or during electrochemical oxidation of the
      solution on silver, the silver electrode becomes black, indicating
      formation of Ag.sub.2 S from the chemical reaction
EQU  2Ag + S .fwdarw. Ag.sub.2 S                                [2]
PAL  or from the electrochemical reaction
EQU  2Ag + S.sup.-.sup.-.revreaction. Ag.sub.2 S + 2e.sup.-     [1]
PAR  Constant current coulometry experiments show that the electrochemical
      oxidation of ammonia-H.sub.2 S solutions on silver produces insoluble
      products which can be quantitatively reduced. An acid ammonia solution
      saturated with H.sub.2 S was oxidized on silver for 1,800 sec at 0.500mA,
      turning the electrode black. The solution was then stirred for 30 min to
      allow any soluble sulfur products to dissolve, then the electrode was
      transferred to a separate compartment with fresh electrolyte. Reduction at
      the same current, 0.500 mA, produced a gradual fading of the black color
      with a sharp inflection in potential after 1,815 sec, indicating that the
      silver was first oxidized to insoluble Ag.sub.2 S and then the insoluble
      sulfide formed was quantitatively reduced.
PAR  FIG. 3 shows the results of the constant current coulometry experiment at
      15.degree.C in an ammonia solution containing H.sub.2 S. Silver electrodes
      of 2 cm.sup.2 geometrical area were used, the reference electrode was
      Pb/Pb(NO.sub.3).sub.2, saturated, and NH.sub.4 NO.sub.3 was used as the
      electolyte salt. The control electrode showed that no electrochemical
      reduction is observed without first forming silver sulfide. This important
      experiment shows that the electrochemical reaction
EQU  Ag.sub.2 S + 2e.sup.- .revreaction. 2Ag + S.sup.=          [1]
PAL  is completely reversible, demonstrates that silver sulfide can be
      quantitatively reduced in liquid ammonia, and shows that silver sulfide is
      insoluble in liquid ammonia. These are very important characteristics of
      this invention. Similar tests on platinum showed oxidation of the
      ammonia-H.sub.2 S solution at about 0.0V with the electrode remaining
      bright. Reduction in a separate compartment showed only hydrogen
      evolution, indicating that no insoluble platinum sulfide compounds were
      formed on the platinum electrode during oxidation of the ammonia-H.sub.2 S
      solution.
PAR  The very different peak potentials and peak currents observed in cyclic
      voltametric experiments on platinum and silver reflect the different
      nature of the sulfur reactions with these two metals. Sulfur atoms undergo
      the changes in oxidation states during the electrochemical reaction on
      platinum, while silver atoms undergo the changes in oxidation states when
      silver metal is used. On the silver electrode, formation of the
      electronically conducting Ag.sub.2 S greatly increases the effective
      electrode area, resulting in higher currents. The peak currents on the
      silver electrode in sulfur-H.sub.2 S solutions are quite insensitive to
      the bulk sulfur concentration; also the number of coulombs involved in the
      reaction peaks are independent of the potential sweep rate, indicating
      that we are essentially observing reaction [1] involving insoluble
      Ag.sub.2 S. The reversibility of this reaction indicates use of Ag.sub.2 S
      as a rechargeable cathode in liquid ammonia batteries or fuel cells. FIG.
      1 indicates that reaction [1] occurs readily even at -50.degree.C,
      indicating good performance of the Ag.sub.2 S cathode at subzero
      temperatures.
PAR  As aforementioned, FIG. 1 shows cyclic voltammograms for a 0.1 M sulfur,
      H.sub.2 S solution in NH.sub.3 --1M NH.sub.4 NO.sub.3 at -50.degree.C,
      using a silver electrode of 0.3 cm.sup.2 geometrical area. A potential
      sweep rate of 100 mV/sec was used. Positive current represents oxidation
      and negative current reduction. The numbered vertical lines represent the
      potential at which the anodic sweep was reversed, while the numbered
      curves indicate the corresponding cathodic sweep. The resulting curves
      show that the amount of material reduced corresponds to the amount of
      material oxidized. During the anodic sweep, a blackening of the electrode
      is observed (silver sulfides forming) which lightens during the cathodic
      sweep (silver sulfide being reduced). This experiment demonstrates that
      silver sulfide can be reduced at temperatures as low as -50.degree.C, and
      that even at this extreme subzero temperature the electrochemical reaction
      is reversible. Therefore, this invention can be practiced in liquid
      ammonia batteries operating at subzero temperatures.
PAR  This invention is the first demonstration that silver sulfide has
      attractive applications as the cathode material in liquid ammonia
      batteries. The principal advantages of this invention over cathode
      materials now in use are:
PA1  Silver sulfide is insoluble in liquid ammonia. The silver sulfide cathode
      material can therefore be retained on the electrode surface where it is
      most useful. This eliminates the need of diaphragms, separators, binders,
      or grids to confine the active material, and also prevents loss of the
      material by undesired reactions such as chemical reaction with the fuel or
      anode. Furthermore, mass transport and electrosorption limitations are
      avoided with this insoluble silver cathode.
PAR  As indicated above, silver sulfide can be formed under proper conditions by
      direct reaction of silver with sulfur dissolved in liquid ammonia. The
      blackening of silver due to Ag.sub.2 S formation is readily observed when
      it is immersed in a sulfur-ammonia solution containing H.sub.2 S. This
      would not be possible in many other solvents in which sulfur is not
      soluble.
PA1  Silver sulfide is electronically conducting, hence, the cathode material
      itself serves to greatly increase the effective surface area of reaction.
PA1  The electrochemical reaction of silver sulfide is reversible. This cathode
      material, therefore, can be used in rechargeable batteries or fuel cells.
PA1  The silver sulfide cathode in liquid ammonia can be used at subzero
      temperatures.
PAR  Present cathode materials do not have all five of these distinct
      advantages; in fact, many have only one or two of the advantages listed
      above.
PAC  Modifications
PAR  Another embodiment of this invention is to use silver polysulfide rather
      than silver sulfide. Solutions of sulfur and H.sub.2 S in liquid ammonia
      form polysulfides, S.sub.x .sup.-.sup.-, where x represents the number of
      sulfur atoms contained in the polysulfide ion. FIG. 1 actually shows
      results for the silver polysulfide cathode, Ag.sub.2 S.sub.x, since the
      ammonia solution contained both H.sub.2 S and sulfur. The results are
      practically identical to those obtained using only H.sub.2 S; in fact,
      polysulfides are probably formed during the reduction of the silver sufide
      cathode. An attraction of a liquid ammonia solution containing sulfur is
      that silver sulfide is produced chemically by the spontaneous reaction 2Ag
      + S .revreaction. Ag.sub.2 S. The blackening of a silver electrode due to
      Ag.sub.2 S formation is readily observed when it is immersed into a sulfur
      ammonia solution.
PAR  A further modification of this invention is the use of solvents other than
      ammonia. The performance of this silver sulfide cathode will be
      independent of the solvent or electrolyte salt used where the silver
      sulfide is insoluble in the solvent and where the electrolytic
      conductivity level is retained. Aqueous solutions, although being inferior
      for subzero temperature applications due to reduced electrolytic
      conductivity, would be an example of other solvents in which to use the
      silver sulfide cathode. Using mixed solvents, such as water-ammonia
      mixtures, is another example of a modification involving the solvent.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims, the invention may
      be practiced other than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrochemical cell having an anode and a cathode and using acid
      acting liquid ammonia electrolytes, comprising:
PA1  a. an insoluble, reducible cathode maerial consisting of a silver sulfide
      compound,
PA1  b. said acid acting liquid ammonia electrolyte containing sulfur and
      H.sub.2 S in solution,
PA1  c. said silver sulfide compound being consumed in the cathodic reaction
      with the silver undergoing the change in oxidation state in accordance
      with the completely reversible reaction
EQU  Ag.sub.2 S + 2e.sup.-.revreaction. 2Ag + S.sup.-.sup.-
PA1  d. said electronically conducting silver sulfide cathode material which is
      insoluble in the liquid ammonia being quantitatively reduced therein.
NUM  2.
PAR  2. In the cell of claim 1 wherein said silver sulfide compound is in the
      form of a silver polysulfide.
NUM  3.
PAR  3. In the cell of claim 1 wherein the anode is magnesium.
NUM  4.
PAR  4. In the cell of claim 1 wherein the material oxidized at the anode is
      hydrazine.
NUM  5.
PAR  5. In the cell of claim 1 wherein the material oxidized at the anode is
      Li(NH.sub.3).sub.4.
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ABST
PAL  Wet formed negative storage battery plates are dried without oxidation by a
      drying cycle including a first portion where dry steam is circulated about
      the plates, and a second portion where the plates are further dried and
      cooled in carbon dioxide containing atmosphere until they will not oxidize
      when exposed to air. An apparatus for carrying out this drying cycle is
      also described.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the manufacture of galvanic cells. In particular,
      it relates to the manufacture of negative lead acid plates and a process
      for drying such plates.
PAR  2. Description of the Prior Art
PAR  It has long been known that a wet electrochemically formed negative plate
      for a lead acid storage cell will oxidize when exposed to air. A battery
      built of such plates must be charged before it will deliver an electric
      current. If the negative plate is dried in such a way that it is not
      oxidized, a dry battery can be built which will deliver electric currents
      as soon as it is filled with electrolyte This has been found to be
      desirable in the storage battery market place.
PAR  The active material of a formed negative plate is lead sponge. It has a
      very large surface and is very active chemically. When a wet plate is
      dried in an atmosphere of air, it passes through a stage where some
      although not all the water has been removed from its pores. When the
      moisture content is at a critical value, some of the lead sponge becomes
      very reactive toward atmospheric air. The reaction produces heat, drying
      other parts of the sponge into the reactive state. This starts a chain
      reaction which continues until the entire mass of sponge has reacted and
      has been changed from metallic lead sponge to lead oxide. The heat
      evolution is considerable. Piles of plates will often get hot enough to
      melt -- which of course completely destroys them. If plates are dried
      without passing through the critical point of moisture, oxygen and
      temperature build up, they can be completely dried without the run-away
      oxidation. The lead sponge, when fully dry, is not very reactive to air at
      room temperature so that when once dried they can be stored for long
      periods of time.
PAR  During the drying period, the plates are unreactive to such gasses as
      steam, nitrogen and carbon dioxide (although at high temperatures somewhat
      above 350.degree.F. (177.degree.C.) the lead sponge may react with carbon
      dioxide in the presence of moisture to form lead carbonate). It is also
      unreactive to the inert gasses of the zero group of the periodic table as
      well as countless organic vapors. Because of exposure, it is desirable to
      use the least costly of the gasses noted above for drying battery plates.
      The several gasses suggested above and including steam, nitrogen and
      carbon dioxide can be considered to be inert to lead sponge during a
      drying cycle.
PAR  Many processes have been tried and used for drying negative plates free
      from or with only slight oxidation. Among such processes have been vacuum
      drying, drying in hot oil, drying between hot plattens, drying in steam
      and drying in inert atmospheres and numerous other methods have been
      demonstrated. It is possible to dry plates by exposure to a blast of dry
      air with only moderate oxidation (10% or so). The very best processing
      such as vacuum drying has given plates having 1/2% or less oxide. In
      general, an oxide content between 5 and 10% is satisfactory for many
      battery types. Storage battery plates dried between hot plattens have been
      cooled by being inserted in a box containing dry ice (solid carbon
      dioxide). This treatment cools the plates very rapidly and at the same
      time protects them from oxygen.
PAC  SUMMARY OF THE INVENTION
PAR  A process for drying wet formed negative storage battery plates includes a
      first drying step in an atmosphere that is essentially circulating dry
      steam. A second drying step following the first is continued drying in an
      atmosphere of mixed steam and inert gas. This is followed by a third step
      of cooling in the inert gas without the presence of steam. The
      temperatures of the drying steps may be held constant or it may start at a
      first high temperature and end at a second high temperature lower than the
      first.
PAR  The dry steam is provided by adding heat to atmospheric steam. Inert
      atmospheres suitable for cooling include carbon dioxide and nitrogen. It
      has been found very desirable to keep the heat supply on during the change
      from the hot drying atmosphere to the inert cooling atmosphere. A typical
      heating cycle starts at a temperature of about 350.degree.F.
      (177.degree.C.) and drops to about 290.degree.F. (156.degree.C.) as the
      plates approach dryness. Cooling is usually done at a temperature below
      150.degree.F. (65.degree.C.).
PAR  A device for implementing this process comprises a gas tight chamber with a
      close fitting door. The chamber is equipped with devices for circulating
      the atmosphere in the chamber, heating the atmosphere and cooling the
      atmosphere. A connection is provided to the interior for introducing steam
      therein and a connection is provided to the interior for introducing an
      inert gas other than steam. A control unit provides complete automatic
      control of the heating and cooling cycles. An outlet is provided to
      prevent excessive pressure within the chamber.
PAR  The dry steam of the present process is actually superheated steam at
      atmospheric pressure. Its temperature is in the range of 250 to
      350.degree.F. and hence it is a powerful drying agent. Further, the steam
      is recirculated over the heating device so that its capacity for drying is
      maintained. However, when the battery plates forming the load are dry,
      they must be cooled prior to exposure to air for when dry and at a
      temperature over 250.degree.F. they tend to oxidize rapidly. When steam is
      cooled below 212.degree. at atmospheric pressure, it becomes saturated and
      therefore is unsuitable for a drying and cooling medium. Therefore, the
      cooling cycle is conducted in an inert atmosphere other than steam. The
      two most readily avilable drying media are carbon dioxide and nitrogen,
      either of which is a suitable atmosphere for the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts in graph form the process of the present invention;
PAR  FIG. 2 represents in perspective an oven suitable for the implementation of
      the process;
PAR  FIG. 3 represents a cross section of the oven of FIG. 2; and
PAR  FIG. 4 represents the temperature condition during an actual drying cycle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The chart of FIG. 1 depicts a typical drying cycle of the present
      invention. This chart depicts certain temperature changes of the load and
      atmosphere as the oven is taken through a series of process steps in a
      timed sequence as follows:
PAR  Prior to the start of the drying schedule the oven is loaded with formed,
      washed, wet negative storage battery plates. The plates may be piled one
      on top of another and in several piles on one or more pallets to make a
      suitable load. The load may run from 2 to 4 tons of wet plates. When the
      oven is loaded, the doors are closed and the circulating fan is started.
PA0  Step 1. Turn on steam supply and heat supply with temperature control set
      to a temperature above 250.degree.F. (121.degree.C.).
PA0  Step 2. Prior to the completion of the drying cycle and as early as the end
      of the first quarter of the drying cycle (4 hours) start admission of the
      inert drying gas.
PA0  Step 3. When plates are dry, stop admission of steam leaving both the heat
      supply and the inert gas supply on.
PA0  Step 4. Within 10 to 20 minutes after step 3, turn off the heat supply and
      turn on the cooling device. Continue cooling until the plates are below
      150.degree.F. (65.degree.C.).
PAR  This completes the drying cycle. The inert gas supply is turned off, the
      cooling device is turned off, the doors are opened and the load may be
      removed.
PAR  In a typical cycle using a load of 4 tons of plates, the time for the
      several steps is approximately:
PA0  Step 1: 4 hours temp. of atmosphere = 330.degree.F. (166.degree.C.)
PA0  Step 2: 93/4 hrs. temp. of atmosphere = 330.degree.F.
PA0  Step 3: 1/4 hrs. temp. of atmosphere = 330.degree.F.
PA0  Step 4: 2 hours temp. of atmosphere = below 150.degree.F. (65.degree.C.)
PA0  Total cycle 16 hours
PAR  The time at which all the plates are dry can be determined by the
      temperature of the plates. As long as any appreciable moisture remains in
      the plate, its temperature will remain near 212.degree.F. (100.degree.C.).
      Thermocouples placed in strategic points in one or more of the plate piles
      thus can be used for the determination of the end of the cycle. Also, due
      to the particular design of the oven of the invention, once the time
      points have been determined for a particular load they can be used for
      further drying cycles without further need to monitor the load
      temperatures.
PAR  In a second embodiment of the invention, the temperature of the oven
      atmosphere is raised to a first high temperature and then is slowly but
      continually reduced to a second high temperature lower than the first. In
      this embodiment, we find:
PA0  Step 1a. Turn on steam supply and turn of heat to a first high value, for
      example 350.degree.F. (177.degree.C.)
PA0  Step 1b. Over an extended time period, gradually reduce the temperature to
      a second high temperature lower than the first for example 290.degree.F.
      (144.degree.C.), the extended time period being sufficient to enable all
      plates to reach dryness.
PA0  Step 2a. At a chosen point in the drying cycle for example at 4 hours after
      the start of step 1, open admission valve for carbon dioxide, continuing
      drying cycle with both steam and carbon dioxide present.
PAL  Steps 3a and 4a are the same as steps 3 and 4. The second embodiment is
      preferred over the first embodiment as it permits drying in a minimum time
      with minimum exposure of the dry plates to the hot glasses.
PAR  In a third embodiment, the first high temperature of Step 1a is maintained
      for a time period such as 4-8 hours at which time the second high
      temperature, lower than the first is inaugurated and held till the end of
      the drying cycle. The third embodiment requires a somewhat less
      complicated control device than the second embodiment.
PAR  There are several critical aspects to the operational sequences described
      above. These include:
PA1  a. The tightness of the drying chamber. although it is very difficult to
      build and maintain a truly tight box, the oven must be tight enough so
      that a modest positive pressure can be maintained during both heating and
      cooling steps;
PA1  b. maximum gas temperature. This must be below a temperature at which there
      is appreciable deterioration of the plate either from the formation of
      lead carbonate or the removal of the organic materials added to many
      negative battery plates;
PA1  c. The addition of carbon dioxide prior to the shutting off of steam. This
      sequence has an appreciable effect on the production of a low oxygen pick
      up by the plates. It is associated with the tightness of the box and
      becomes increasingly important with the leakyness of the oven:
PA1  d. the interval between shutting off steam and the start of the cooling
      cycle. The remarks of c above apply equally to this delay period;
PA1  e. ending the cycle when plates are cooled to 150.degree.F. (b
      65.degree.C.). If plates are taken out much hotter than this temperature,
      they may oxidize. Cooling beyond this temperature adds cost and time to
      the cycle.
PAR  FIG. 2 depicts in perspective the oven of the present invention. FIG. 3 is
      a cross section along the line 3--3 of FIG. 2.
PAR  In FIGS. 2 and 3, outer casing 10 forms a gas tight chamber 12. The casing
      includes heat insulation 14 to prevent undue heat loss. Doors 16 are
      provided with gaskets so as to seal tightly to casing 10. Chamber 12
      defined by the casing 10 is divided into two parts, a load area 18 and
      circulation passages 20a, 20b and 20c. The wall 22 separating the load
      area 18 from the circulation passages 20a, 20b, and 20c is provided with
      numerous louvres 24 arranged to make the flow of gas across the load area
      18 as uniform as possible. A load of battery plates 26 is shown located in
      the load area 18 on pallet 30.
PAR  Fan 32 driven by motor 34 circulates the gaseous atmosphere in the oven via
      the circulation passages 20a, b, c, across the load area 18. A heating
      means comprising internally heated pipes 36 is arranged to heat the gas
      within the circulation passage 20b. An alternate gas passage 38 with a
      cooling coil 40 bypasses circulation passage 20c. When cooling water is
      admitted to the coil 40 the gasses flowing in the chamber are effectively
      cooled. The heating means 36 may be a steam coil an electrical heater coil
      or a gas burner 37 firing into a pipe coil with flue 39 as shown.
PAR  A steam inlet pipe 42 and a carbon dioxide inlet pipe 44 are provided for
      the introduction of steam and carbon dioxide respectively to the oven.
      Control valves 46 and 48 serve to control the flow of gasses to pipes 42
      and 44 respectively.
PAR  A control panel 50 houses the control system for the oven. The control
      includes a program cam 52 and temperature controls 54 for the heating
      means 36. The program cam is operatively connected to the temperature
      control 54 etc., the gas valves 46 and 48 and to valve 56 controlling the
      flow of cooling water to the cooling coils 40. The particular program cam
      of the invention is cut to follow the program of steps 2 to 7 described
      above.
PAR  A thermocouple and leads 60 is shown set between the top plates of the
      right hand pile of plates of load 26. The leads of the thermocouple are
      led to control box 50 and recorder 62. This couple may be used to
      determine the point in time at which plates in its vicinity are dry.
PAR  As a safety measure and to prevent the build-up of excessive internal
      pressures such as from the introduction of steam or gas into the oven, a
      large relief valve is connected to the interior of the oven. Such a valve
      is shown at 64. As shown, it is a simple gravity actuated flap valve 66
      within a flue pipe 68. By means of this valve, a positive pressure of a
      few inches of water may be maintained within the box. The positive
      pressure tends to prevent the inflow of air and the oxygen forming a part
      thereof.
PAR  FIG. 4 represents the actual readings taken during a drying run in
      accordance with the second embodiment discussed above. The first high
      temperature was set at 350.degree.F. (177.degree.C.) and the second at
      290.degree.F. (143.degree.C.). The load was 4 skid loads of plates
      weighing about 2 tons each. The lead oxide content of the plates was found
      to be as follows:
TBL  Position A      front, bottom, hot                                        
                                    5.8%   PbO                                 
     "        B      back, bottom, hot                                         
                                    6.9%   "                                   
     "        C      back, top, cold                                           
                                    4.6%   "                                   
     "        D      front, top, cold                                          
                                    6.0%   "                                   
PAR  In actual practice, it is difficult and costly to make a piece of process
      equipment, such as an oven, absolutely gas tight. The seams are not
      completely tight nor are the door seals.
PAR  In particular, a battery plate drier is exposed to dampness as well as to
      acidulated wash water which may in time result in corrosion and additional
      leakage. In any case, some oxygen inevitably enters the oven during a
      drying cycle. This probably reacts very rapidly with active lead sponge
      and causes an equivalent oxide pick-up in the load. This is the probable
      source of the oxidation found in normal plate runs.
CLMS
STM  Having fully described the process of our invention, having described an
      apparatus for carrying it out and having illustrated actual tests of the
      operation of the same, we now claim:
NUM  1.
PAR  1. A method of drying wet formed negative storage battery plates without
      oxidation which comprises in sequence:
PA1  a. placing the wet formed negative plates in piled configuration in an
      enclosed chamber with an atmosphere therein;
PA1  b. sealing the chamber;
PA1  c. introducing steam into the chamber;
PA1  d. circulating the atmosphere in the chamber and adding heat and steam
      thereto at a chosen temperature profile to provide a drying cycle until
      the plates are dry;
PA1  f. with circulation continuing, providing a cooling cycle by:
PA2  1. intorducing an inert gas other than steam into the chamber;
PA2  2. stopping the introduction of steam while continuing the introduction of
      inert gas other than steam;
PA2  3. stopping the introduction of heat; and,
PA2  4. cooling the atmosphere in the oven until the temperature of the plates
      is taken below a chosen value.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the chosen temperature profile of
      the drying cycle includes an initial time period at 350.degree.F. and a
      further time period at 290.degree.F.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the chosen value below which the
      temperature of the plates is taken is 150.degree.F.
NUM  4.
PAR  4. A method as defined in claim 1 including a means for determining when
      the plates are dry; the means comprising a temperature sensor operatively
      attached to at least one of the negative plates.
NUM  5.
PAR  5. A method as defined in claim 1 wherein a chosen time period elapses
      between stopping the introduction of steam and stopping the introduction
      of heat to the chamber.
NUM  6.
PAR  6. A method as defined in claim 1 wherein the inert gas other than steam is
      selected from the group which consists of carbon dioxide and nitrogen.
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PAL  In a solar cell a pad of material is placed between the cell semiconductor
      surface and the portion of the top electrode which is bonded to an
      interconnector. The pad prevents destruction of the cell p-n junction
      during bonding. The pad may be the same as an anti-reflective coating and
      may be formed simultaneously with the formation of the anti-reflective
      coating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of solar cells and is particularly directed
      to protecting the solar cell p-n junction when interconnections are made
      between solar cells to form an array of solar cells.
PAR  A solar cell is another name for a photovoltaic cell, the latter being a
      device which responds to light causing a potential difference between two
      terminals of said device. The most common solar cell in use today is a
      silicon cell, but other semiconductor materials are also known to be
      suitable for solar cells.
PAR  The basic parts of a cell are a semiconductor material having a p-n
      junction therein below the upper surface of the cell, a back electrode,
      and a front electrode. The front electrode is always constructed to allow
      light to pass into the cell through the upper surface thereof. Typically,
      the front or top electrode comprises a number of thin metallic fingers
      connected to a larger metallic land portion. The land portion, as defined
      herein, is the portion of the top electrode to which an external
      interconnector is attached. External interconnection is necessary to form
      complete solar cell arrays.
PAR  Most solar cells also have anti-reflective coatings which cover at least so
      much of the top surface which is not covered by the top electrode. The
      anti-reflective coating serves the purpose of preventing useful radiation
      from being reflected off the surface of the cell. The U.S. Pat. No.
      3,533,850 to Tarneja et al teaches a number of anti-reflective coatings
      and associated methods of fabricating cells with anti-reflective coating.
      The following U.S. patent applications, assigned to the assignee herein,
      teach particular anti-reflective coatings and methods of fabricating solar
      cells with the anti-reflective coatings thereon:
PA1  I. "tantalum Pentoxide Anti-Reflective Coating," by Lindmayer et al, Ser.
      No. 249,024, filed May 1, 1972.
PA1  Ii. "niobium Pentoxide Anti-Reflective Coating," by Lindmayer et al, Ser.
      No. 331,741, filed Feb. 13, 1973.
PA1  Iii. "method of Applying Anti-Reflective Coating to a Solar Cell," by
      Lindmayer et al, Ser. No. 331,739, filed Feb. 13, 1973.
PAR  Most present solar cells also include a quartz cover slide placed over the
      anti-reflective coating and top electrode. The quartz cover slide protects
      the cell from harmful radiation.
PAR  In the past most solar cell arrays used in extra-terrestrial operation,
      such as on earth satellites, were body mounted on the space vehicle.
      Although the body mounted arrays passed into and out of the sun's rays,
      the body of the space vehicle prevented the thermal cycling of the arrays
      from being so great as to cause failure or fatigue of the solder which was
      typically used to connect the interconnectors to the lands. More recently,
      solar arrays have been sun oriented. That is, rather than being directly
      mounted on the vehicle body they have been mounted on wings or flaps which
      extend away from the vehicle body and which orient the solar arrays toward
      the sun. While sun oriented arrays have obvious benefits, one of the
      disadvantages of such arrays is that solder is no longer suitable to
      connect the interconnectors to the lands. The thermal cycling of sun
      oriented arrays is so great that the solder cracks.
PAR  As a result of the above problem, solder has been eliminated, and bonding
      methods such as welding and thermal compression bonding are used to secure
      the interconnectors to the lands. The problem with these methods of
      bonding is that they introduce mechanical pressure and large amounts of
      heat to the cell at the land. This tends to destroy the p-n junction
      locally below the land, resulting in an I-V curve for the cells which is
      not as sharp as it otherwise would be. Ultrasonic bonding may also be used
      but it creates the same problem as welding and thermal compression
      bonding.
PAR  The problem is even more acute for a particular preferred high-efficiency
      solar cell of the type described in U.S. patent application, "Fine
      Geometry Solar Cell," by Lindmayer, Ser. No. 184,393, filed Sept. 28, 1971
      and assigned to the assignee herein. In the fine geometry solar cell the
      improved electrode pattern allows the p-n junction to be placed much
      closer to the surface than in prior art cells, with the result that
      overall efficiency is increased. However, these cells, due to the
      closeness of the p-n junction to the surface, are even more susceptible to
      local destruction of the p-n junction below the land during bonding.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention the problems of the prior art are
      ameliorated by the addition of a pad below the land portion of the top
      electrode. The pad has poor thermal conductivity, is hard, and adheres to
      the electrode metal and the semiconductor surface. During bonding the pad
      prevents destructive amounts of mechanical pressure and heat from being
      transferred to the underlying p-n junction.
PAR  In a particular embodiment of the present invention, the pad comprises the
      same material as the anti-reflective coating.
PAR  In another particular embodiment of the invention the pad and the
      anti-reflective coating are formed on the cell during the same process
      step.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a preferred embodiment of the present
      invention.
PAR  FIG. 2 is a cross-sectional view of FIG. 1 taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a cross-sectional view of FIG. 1 taken along line 3--3 of FIG. 1.
PAR  FIGS. 4A - 4F are side views of a solar cell at various stages of
      completion of a first process for fabricating the solar cell.
PAR  FIGS. 5A - 5F are side views of a solar cell at various stages of
      completion of a second process for fabricating the solar cell.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIGS. 1, 2 and 3, the particular solar cell illustrated,
      except for the addition of the pad, is the same as the fine line geometry
      solar cell described in the above-mentioned patent application to
      Lindmayer. However, it should be understood that the present invention is
      equally applicable to other types of solar cells. Additionally, in the
      embodiment of FIGS. 1, 2 and 3 the pad is assumed to be formed of the same
      material as the anti-reflective coating, but in the broad aspect of the
      present invention that assumption is not necessary.
PAR  The solar cell comprises semiconductor 10, having a p-type portion 12 and
      an n-type portion 14 defining a p-n junction 16. A unitary metal top
      electrode having thin finger portions 18, larger fingers 20 and lands 22
      is deposited on the top surface of the semiconductor 10. In a preferred
      embodiment the semiconductor is silicon and the electrode is formed by
      deposition of gold and chromium. An anti-reflective coating 24, such as
      non-crystalline Ta.sub.2 O.sub.5 or Nb.sub.2 O.sub.5, covers all portions
      of the silicon surface not covered by the top electrode.
PAR  A pad of material, 26, appears underneath the land portions 22 of the
      electrode. The pad is a relatively hard material having poor thermal
      conductivity and in one specific embodiment is the same as the
      anti-reflective coating. For example, the pad may be non-crystalline
      Ta.sub.2 O.sub.5 or Nb.sub.2 O.sub.5 with the tantalum pentoxide being
      preferred. Other materials suitable for both the pad and the
      anti-reflective coating are TiO.sub.2.
PAR  In the particular drawing shown the pad is under only the central portion
      of the lands 22 and the land edges overlap and touch the silicon surface.
      This particular feature is irrelevant. The important point is that the pad
      26 is beneath the land 22; the land being defined herein as the portion of
      the top electrode to which the interconnector will be bonded.
PAR  A quartz cover slide 28 prevents harmful radiation from reaching the cell,
      and a bottom electrode, not shown, is provided on the bottom surface of
      layer 12 of semiconductor 10. The anti-reflective coating need not be
      confined to only surface areas not covered by the electrode but may cover
      the electrode as well. Additionally, as will be shown below, the electrode
      may further include a layer of elemental metal, the oxide of which forms
      the anti-reflective coating and the pad, beneath all portions thereof
      except the lands.
PAR  FIGS. 4A through 4F illustrate various stages of the cell during
      fabrication in accordance with a preferred method. Referring first to FIG.
      4A, a semiconductor material 40, preferably silicon, has a p-n junction 48
      formed therein. The junction may be formed conventional techniques. One
      particular preferred technique for forming the p-n junction is described
      in the U.S. patent application entitled, "Method for the Diffusion of
      Impurities Into a Semiconductor," by Lindmayer, Ser. No. 331,740, filed
      Feb. 13, 1973, and assigned to the assignee herein.
PAR  A pattern of photoresist 46 is fabricated on the silicon surface. The
      pattern is identical to the electrode pattern, e.g., electrode shown in
      FIG. 1, with one important exception. The photoresist pattern does not
      include photoresist at positions corresponding to the land portions of the
      electrode. The desired pattern may be created using standard
      photolithographic techniques common to the semiconductor arts. Reference
      is made to copending patent applications I, II and III above for specific
      photolithography techniques. One difference in the present case from the
      above-mentioned applications is the pattern of the mask through which the
      photoresist is exposed. For positive exposure photolithography, the opaque
      pattern of the mask is as described above, i.e., identical to the
      electrode pattern with the one mentioned exception.
PAR  Next, as shown in FIG. 4B, a layer of elemental metal 50 is vacuum
      deposited onto the cell surface. The metal may be any metal suitable in
      forming the anti-reflective coating and the pad. Preferred examples are
      Ta, Nb and Ti. The elemental metal layer may be deposited by electron beam
      evaporation techniques. A thickness of about 200A, for example, will be
      suitable.
PAR  Using standard photolithographic lift-off techniques, the remaining
      photoresist 46 and the metal overlaying the photoresist is removed. The
      metal layer remaining after lift-off has a pattern which is a negative of
      the photoresist pattern in FIG. 4A.
PAR  Next the metal is oxidized to form, for example, Ta.sub.2 O.sub.5, Nb.sub.2
      O.sub.5 or TiO.sub.2. This may be accomplished by thermal oxidation or by
      anodic oxidation. Each of these types of oxidation is well known. Also
      each type is described in pending application I identified above. In the
      case of tantalum and niobium the resulting layer will be mostly
      non-crystalline as opposed to crystalline. The oxidized metal layer is
      shown at 52 in FIG. 4C.
PAR  The oxide pattern is covered with another photoresist which is exposed to
      ultraviolet light through another mask. The mask is a negative of the
      metal electrode pattern. That is, the transparent portion of the mask has
      the same pattern as the metal electrode. The exposed photoresist is
      developed and removed, according to known techniques, leaving a
      photoresist pattern 54, as shown in FIG. 4D. The photoresist covers all of
      the oxide except that part of the oxide which will underlie the land
      portion of the electrode.
PAR  A layer of metal, e.g., gold and chromium, is deposited as shown at 56 in
      FIG. 4E. The method of depositing the metal layer may be carried out by
      any conventional process. Details of the deposition of this layer are
      found in copending applications I, II and III, identified above.
PAR  By using standard photolithographic lift-off techniques, the remaining
      photoresist 54 and the metal layer portions above the photoresist 54 are
      removed, leaving the cell structure shown in FIG. 4F. This structure
      includes an electrode 56 of the desired pattern, an anti-reflective
      coating 52, e.g., Ta.sub.2 O.sub.5, Nb.sub.2 O.sub.5 or TiO.sub.2,
      covering all surfaces not covered by the electrode, and a pad 52' of the
      same composition as the anti-reflective coating underneath the land
      portion of the electrode.
PAR  An alternate method is illustrated in FIGS. 5A - 5F. In this method the pad
      is fabricated separately from the anti-reflective coating. Consequently,
      the pad need not be formed of the same material as the anti-reflective
      coating, but it may consist of the same material. This particular method,
      with the addition of the pad forming step, corresponds to the preferred
      method described in copending application III identified above. The
      specific process steps may be individually carried out identically to
      those in the process described above. The difference lies in the order of
      steps and the masking used.
PAR  Referring to FIG. 5A, the semiconductor 20 has a p-n junction formed
      therein. This is followed by separate formation of the pad. For example,
      if the pad is to consist of amorphous Ta.sub.2 O.sub.5, a layer of Ta is
      deposited by electron deposition through a photoresist layer which has
      been exposed, developed and removed in the pad region. The remaining
      photoresist and overlaying tantalum is removed, and the remaining tantalum
      is oxidized to Ta.sub.2 O.sub.5 by thermal or anodic oxidation. This
      results in the pad 73 being formed at the position of the electrode land
      portions. Next a complete layer of metal 74 is deposited onto the device
      as shown in FIG. 5B. The metal selected is the one which will be oxidized
      to form the anti-reflective coating. As an example The metal may be Ta,
      Nb, or Ti. the metal layer 74 is then covered with a photoresist which is
      exposed through a mask having a transparent pattern identical to the
      desired electrode pattern. The exposed photoresist is removed, leaving a
      photoresist pattern 76, which is the exact negative of the desired
      electrode pattern. This is illustrated in FIG. 5C.
PAR  A layer of metal 78, which forms the electrode, is deposited onto the
      device as shown in FIG. 5D. This metal is preferably gold and chromium.
      The remaining photoresist 76 and the portions of metal layer 78 which
      overlay the photoresist are removed by photolithographic lift-off
      techniques. The resulting device is shown in FIG. 5E. There, the
      gold-chromium electrode is in the desired pattern shape for the electrode,
      but it lies on a layer of conductive metal, e.g., Ta.
PAR  In the next step the device is subjected to thermal or anodic oxidation.
      The metal 73, e.g., Ta, Nb, or Ti, will oxidize where it is not covered by
      electrode pattern 78. However, the metal 78 will not oxidize. The
      elemental metal 74 remaining after oxidation is directly beneath the
      gold-chromium pattern 78 and becomes a part of the electrode. The metal 74
      which has been oxidized to Ta.sub.2 O.sub.5, Nb.sub.2 O.sub.5 or TiO.sub.2
      becomes the device anti-reflective coating 80 as shown in FIG. 5F.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solar cell comprising a semiconductor material having a p-n junction
      therein, an electrode covering a portion of the top surface of said cell
      and including a land portion for attachment to an interconnector, a pad of
      thermally insulating material on said surface beneath said land portion of
      said electrode, and an anti-reflective coating covering at least those
      portions of said cell top surface not covered by said electrode, said pad
      and anti-reflective coating consisting of the identical material.
NUM  2.
PAR  2. A solar cell as claimed in claim 1 wherein said same material is mostly
      non-crystalline Ta.sub.2 O.sub.5.
NUM  3.
PAR  3. A solar cell as claimed in claim 1 wherein said same material is mostly
      non-crystalline Nb.sub.2 O.sub.5.
NUM  4.
PAR  4. A solar cell as claimed in claim 1 wherein said same material is mostly
      TiO.sub.2.
NUM  5.
PAR  5. A method of making a solar cell comprising,
PA1  a. forming a p-n junction in a semiconductor layer substantially parallel
      to a top surface of said semiconductor layer,
PA1  b. forming a layer of anti-reflective material on said top surface, said
      layer having a pattern exposing regions of said top surface, and
PA1  c. depositing a top electrode onto said exposed regions and onto at least a
      top surface portion of said layer of anti-reflective material, the part of
      said electrode deposited onto said top surface portion of said layer of
      anti-reflective material being the land portion of said electrode, whereby
      said top surface portion thermally insulates said land portion from the
      semiconductor surface directly thereunder.
NUM  6.
PAR  6. The method as claimed in claim 5 wherein said layer of anti-reflective
      material is mostly non-crystalline tantalum pentoxide.
NUM  7.
PAR  7. The method as claimed in claim 5 wherein said layer of anti-reflective
      material is mostly non-crystalline niobium pentoxide.
NUM  8.
PAR  8. The method as claimed in claim 5 wherein said layer of anti-reflective
      material is titanium oxide.
NUM  9.
PAR  9. The method as claimed in claim 5 wherein the step of forming a layer of
      anti-reflective material comprises,
PA1  a. forming a pattern of photoresist on said top surface, said pattern being
      identical to the pattern of the later formed top electrode except that
      said photoresist pattern does not include photoresist at positions
      corresponding to the land portions of said top electrode,
PA1  b. depositing a layer of metal on said top surface and said photoresist
      pattern, said metal being the metal constituent of the anti-reflective
      material,
PA1  c. removing said photoresist pattern and said metal directly overlaying
      said photoresist,
PA1  d. oxidizing said metal to a metal oxide.
NUM  10.
PAR  10. The method as claimed in claim 9 wherein said metal is tantalum and the
      step of oxidizing is carried out by anodically oxidizing said tantalum.
NUM  11.
PAR  11. The method as claimed in claim 10 wherein said metal is tantalum and
      the step of oxidizing is carried out by thermally oxidizing said tantalum.
NUM  12.
PAR  12. The method as claimed in claim 9 wherein said metal is niobium and the
      step of oxidizing is carried out by anodically oxidizing said niobium.
NUM  13.
PAR  13. The method as claimed in claim 9 wherein said metal is niobium and the
      step of oxidizing is carried out by thermally oxidizing said niobium.
NUM  14.
PAR  14. The method as claimed in claim 9 wherein the step of depositing a top
      electrode comprises,
PA1  a. forming a photoresist coating on said entire pattern of anti-reflective
      material except for those portions of said anti-reflective material which
      will underlie said land portions of said electrode,
PA1  b. depositing metal to form an electrode on said last mentioned
      photoresist, said exposed top surface, and said portions of said
      anti-reflective coating, and
PA1  c. removing said last mentioned photoresist and the deposited metal
      overlaying said photoresist.
NUM  15.
PAR  15. A method of forming a solar cell comprising,
PA1  a. forming a p-n junction, in a semiconductor layer, substantially parallel
      to the top surface of said layer,
PA1  b. forming a layer of thermally insulating material on a portion of said
      top surface, said portion corresponding to the land portion of a top
      electrode to be placed on said solar cell,
PA1  c. depositing a layer of metal on said thermally insulating material and
      the exposed portion of said top surface, said metal being the metal
      constituent of an anti-reflective coating,
PA1  d. depositing a metal electrode onto said last mentioned layer of metal,
      said metal electrode forming a predetermined pattern including land
      portions directly above said thermally insulating material, and
PA1  e. oxidizing the portions of said last mentioned layer of metal not covered
      by said metal electrode pattern to form an anti-reflective coating.
NUM  16.
PAR  16. The method as claimed in claim 15 wherein the step of forming a layer
      of thermally insulating material on a portion of said top surface
      comprises,
PA1  a. depositing a metal selected from the group consisting of tantalum,
      niobium, and titanium onto said portion of said top surface, and
PA1  b. oxidizing said last mentioned metal to a metal oxide.
NUM  17.
PAR  17. The method as claimed in claim 16 wherein said metal is tantalum and
      said metal oxide is mostly non-crystalline tantalum pentoxide.
NUM  18.
PAR  18. The method as claimed in claim 16 wherein said metal is niobium and
      said metal oxide is mostly non-crystalline niobium pentoxide.
NUM  19.
PAR  19. The method as claimed in claim 16 wherein said metal is titanium and
      said metal oxide is titanium oxide.
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ABST
PAL  A primary seawater battery employs a metallic sheet anode and a sheet
      cathode. The cathode is lead chloride including an addition of about 1 to
      about 10 parts by weight of lead oxide per 100 parts by weight of lead
      chloride. The lead oxide may be litharge, litharge containing lead, red
      lead or lead peroxide. Other ingredients which may be present in the
      cathode are carbon black for conductivity and an organic binder such as
      polyfluoroethylene. The battery is characterized by having a shortened
      rise time compared to batteries without the lead oxide additive,
      especially when the battery is used at low temperatures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of electrogalvanic batteries. In
      particular, it relates to primary batteries having cathodes containing
      lead chloride and which are activated by immersion in seawater.
PAR  2. Description of the Prior Art
PAR  Primary, i.e. single discharge, batteries using lead chloride cathodes with
      metallic anodes such as magnesium or zinc are known in the battery art. In
      one application, such batteries provide a convenient source of power for
      various sorts of electronic apparatus used for monitoring underwater
      sound. A particularly favorable feature of these batteries is that they
      will operate using seawater as the electrolyte. The batteries are
      activated simply by immersion in a conductive aqueous solution such as
      seawater thereby eliminating the need for any electrolyte storage and
      dispensing devices.
PAR  It has been usual practice to have the seawater battery fully connected to
      its load at the time of immersion. In normal battery design, it may
      require one or more minutes for the battery to reach operating voltage.
      This is particularly true when the battery, the electrolyte or both are at
      a low temperature. Often the discharge is planned to last for several
      hours so that a delay of a minute or so between immersion and the
      attainment of working voltage is of little importance. However, in a
      certain class of device, it is important that the battery reach a useful
      voltage under a considerable load within a fraction of a minute and under
      adverse temperature conditions. Lead chloride seawater batteries of prior
      art design do not activate rapidly at low temperatures.
PAR  Seawater batteries are known using anodes of sheet magnesium, sheet zinc
      and sheet aluminum. It is also known that alloys of these materials offer
      improved characteristics compared to pure metals. The magnesium group
      offers the highest cell voltages.
PAR  A cathode for a seawater battery has been disclosed in the prior art
      wherein lead powder is mixed with lead chloride and a small quantity of
      graphite and the combination hot pressed onto a copper mesh grid or
      conductor. The purpose of the lead powder addition is to act as a binder
      to hold the lead chloride in place on the copper screen. Cathodes made in
      this manner have superior voltage rise time characteristics after a
      storage period when compared to cathodes made with plastic binders. The
      voltage rise time improvement is believed to be due to the protection
      during the storage period of the copper mesh by lead particles in the
      cathode mix. The recommended ratio of lead powder to lead chloride in this
      prior art cathode is 30 parts by weight lead powder to 70 parts by weight
      of lead chloride. Mixes having a lower ratio of lead powder to lead
      chloride down to 10 parts lead to 90 parts lead chloride are also
      disclosed in the prior art.
PAR  Polyfluoroethylene (PFE) has been added to many types of galvanic
      electrodes. It was first used in gas electrodes to give the electrode
      surface anti-wetting properties. Subsequently, it has also been added as a
      binder to electrodes used in the fully submerged state. The material has
      been shown to be a better binder for immersion electrodes than the older
      plastics such as the polystyrenes, polyolefins, methacrylates, etc.
      Electrodes containing polyfluoroethylenes can be discharged at higher
      rates than electrodes with the other plastic binders mentioned. The most
      commonly used polyfluoroethylene is polytetrafluoroethylene (PTFE),
      however, it has been shown that other polymerized halogenated ethylenes
      containing fluorine have similar properties. Therefore, the term
      polyfluoroethylene is used in this specification in a generic sense to
      include all such compounds.
PAC  SUMMARY OF THE INVENTION
PAR  A seawater battery comprises a metallic anode and a cathode having an
      active material of lead chloride containing a small portion of lead oxide.
      The lead oxide may be litharge (PbO), litharge containing lead and the
      lead is about 20% to 30% of the lead-lead oxide mixture, red lead
      (Pb.sub.3 O.sub.4) or lead peroxide (PbO.sub.2). The ratio of lead oxide
      to lead chloride may vary between about 1 part by weight lead oxide and
      100 parts by weight lead chloride and about 10 parts lead oxide to 100
      parts lead chloride. A preferred range is from 2 to 3 parts by weight lead
      oxide to 100 parts lead chloride. Other ingredients in the cathode may
      include carbon powder up to about 15% as a conductivity agent and a binder
      such as polyfluoroethylene (PFE), up to about 5%.
PAR  In a preferred method of making the cathode mix for the battery of the
      invention, the several ingredients needed for the cathode are blended and
      then extruded in sheet form as with an extruder or with calender rolls.
      The sheet so obtained is cut to size and a metal mesh grid is cold pressed
      therein to provide a completed cathode.
PAR  It will be seen that the cathode of the present invention differs from the
      prior art in the addition of lead oxide to the lead chloride cathode mix.
      The lead oxide addition has been found to materially reduce the activation
      time of lead chloride cathodes upon immersion, particularly when the
      solution (seawater) in which it is immersed is at a low temperature (i.e.
      near 0.degree.C.). The three common oxides of lead, litharge, red lead and
      lead peroxide, all act to reduce the activation time of lead chloride. Red
      lead appears to have the least effect weight for weight of the three oxide
      types. It has been found that leady lead oxide (i.e. litharge containing
      lead), a material used in great quantity in the battery industry, also
      provides the beneficial effect, and it is to be included in the term lead
      oxide as used in this specification and claims.
PAR  The amount of the lead oxide addition is preferably about 1 to 10 parts per
      100 parts by weight of the lead chloride. This differs substantially from
      the prior art use of lead powder in lead chloride cathodes where the
      optimum ratio of lead to lead chloride is shown to be 30:70 or 30% of the
      total mix weight. The lead powder addition of the prior art is largely
      inert so that the electrode containing it has a large quantity of a heavy,
      nonactive filler. In the present invention, the lead oxide is present in
      smaller quantities, and it can be discharged whereby it adds to the total
      electrical output of the cathode.
PAR  The cathode of the present invention is characterized by having a rapid
      rise in voltage upon immersion in seawater, even after long storage
      periods, adverse temperature and humidity conditions, and under a heavy
      electrical load at the time of activation.
DETD
PAC  EXAMPLE 1
PAR  Ten 16-cell lead chloride/magnesium seawater batteries were built. Each
      cell contained one magnesium anode approximately 57 mm .times. 76 mm
      .times. 0.25 mm and one lead chloride cathode 55 mm .times. 74 mm .times.
      1.25 mm. The cathode of each cell comprised a cathode mix sheet with an
      expanded copper mesh screen embedded therein. The plates were spaced apart
      by means of a number of polyethylene spacers adhered to the anodes. Other
      plate spacing means such as woven or non-woven fabrics are equally
      suitable. To manufacture the cathodes of all batteries of the test, a mix
      was made of the ingredients listed. This mix was prepared in a
      kneeder-blender having provision for heating the blades. Each mix
      comprised the active materials, carbon black to act as electrical
      conductor, polytetrafluoroethylene to act as a binder and a water soluble
      wax to serve as a lubricant for the mixing and blending operations. The
      amount of carbon black can go up to 15% or so, however, about 10% by
      weight of the total mix was used in the examples. The binder was added as
      a 50% water emulsion. The exact amount is not critical, about 11/2% was
      used in the examples. About 3% of water soluble wax was used. The wax may
      be removed by soaking in water any time after the sheet has been taken
      from the calender. Its removal will increase the porosity of the lead
      chloride material. However, in the present instance, the wax was not
      removed as its removal did not make any improvement in performance in the
      tests under study.
PAR  The electrode preparation included the following steps:
PA1  1. Mix ingredients in a kneeder-blender at room temperature until
      completely mixed (10 minutes for the mixes listed below);
PA1  2. Partially dry by heating the blades of the kneeder-blender (about 15
      minutes at 100.degree.C.);
PA1  3. place on calender with rolls heated to about 100.degree.C. and sheet
      out, thickness about 11/4 mm.;
PA1  4. Cut the sheet into biscuits having dimensions as listed above;
PA1  5. Press expanded copper mesh into the lead chloride sheet at room
      temperature.
PAR  The cathodes of the first battery were prepared from a mix comprising:
TBL  PbCl.sub.2                1816 gms.                                       
     carbon black              216 gms.                                        
     water soluble wax         84 gms.                                         
     polytetrafluoroethylene   35 gms.                                         
PAL  The cathodes of the second battery were prepared from a mix comprising:
TBL  PbO                       1816 gms.                                       
     carbon black              216 gms.                                        
     water soluble wax         84 gms.                                         
     polytetrafluoroethylene   35 gms.                                         
PAL  The cathodes of the third battery were prepared from a mix comprising:
TBL  PbCl.sub.2                1816 gms.                                       
     carbon black              216 gms.                                        
     PbO (lead monoxide)       50 gms.                                         
     water soluble wax         84 gms.                                         
     polytetrafluoroethylene   35 gms.                                         
PAL  The cathodes of the fourth battery were the same as those of the third
      battery except that the amount of lead monoxide was 100 gms. The cathodes
      of the fifth battery were prepared from a mix comprising:
TBL  PbCl.sub.2     1816    gms.                                               
     carbon black   216     gms.                                               
     PbO + Pb (leady oxide)                                                    
                    50      gms. (containing about                             
                              12 gms lead)                                     
     water soluble wax                                                         
                    84      gms.                                               
     polytetrafluoroethylene                                                   
                    35      gms.                                               
PAL  The cathodes of the sixth battery were the same as those of the fifth
      battery except that the amount of leady lead oxide was 100 gms.
      (containing about 24 gms. of lead).
PAR  Leady lead oxide is a material having extremely wide useage in the
      lead-acid storage battery art. In one method of preparation, it is
      prepared by the attrition of lead balls in a rotating ball mill into which
      a regulated stream of air is permitted to flow. A powder results from this
      operation which can run from about 50 to 70 percent lead monoxide and the
      remainder lead. It can be further oxidized by additional heating and
      attrition in the presence of air.
PAR  The cathodes of the seventh battery were prepared from a mix comprising:
TBL  PbCl.sub.2                1816 gms.                                       
     carbon black              216 gms.                                        
     PbO.sub.2                 16 gms.                                         
     water soluble wax         84 gms.                                         
     polytetrafluoroethylene   35 gms.                                         
PAL  The cathodes of the eighth battery were the same as those of the seventh
      battery except that the amount of lead peroxide was 50 gms. The cathodes
      of the ninth battery were the same as those of the seventh battery except
      that the amount of lead peroxide was 100 gms.
PAR  The cathodes of the tenth battery were prepared from a mix comprising:
TBL  PbCl.sub.2                1816 gms.                                       
     carbon black              216 gms.                                        
     Pb.sub.3 O.sub.4          50 gms.                                         
     water soluble wax         84 gms.                                         
     polytetrafluoroethylene   35 gms.                                         
PAR  The physical dimensions of all 10 batteries were the same.
PAR  The terminals of each battery were connected in series to an ammeter shunt
      and a 0.1 ohm resistor. Each battery was stored 50 hrs. at -20.degree.C.
      Each battery was then immersed in a 1.5% saline solution at 0.degree.C.
      The battery current was read with respect to time. The objective of the
      test was to produce a current of 3 amperes through the 0.1 ohm load within
      45 seconds.
PAR  The results were:
TBL                       Time to Reach                                        
                                   Current at                                  
     Battery                                                                   
          Cathode         3 amps   45 Seconds                                  
     __________________________________________________________________________
     1    all PbCl.sub.2  85 seconds                                           
                                   2 amps                                      
     2    all PbO         (did not reach                                       
                                   2 amps                                      
                          3 amps)                                              
     3    PbCl.sub.2 + 50 gms PbO                                              
                          15 seconds                                           
                                   3 amps                                      
     4    PbCl.sub.2 + 100 gms PbO                                             
                          26 seconds                                           
     5    PbCl.sub.2 + 50 gms leady oxide                                      
                          18 seconds                                           
                                   4 amps                                      
     6    PbCl.sub.2 + 100 gms leady oxide                                     
                          20 seconds                                           
     7    PbCl.sub.2 + 16 gms PbO.sub.2                                        
                          70 seconds                                           
     8    PbCl.sub.2 + 50 gms PbO.sub.2                                        
                          13 seconds                                           
                                   4 amps                                      
     9    PbCl.sub.2 + 100 gms PbO.sub.2                                       
                          15 seconds                                           
     10   PbCl.sub.2 + 50 gms Pb.sub.3 O.sub.4                                 
                          43 seconds                                           
     __________________________________________________________________________
PAR  From this test the following conclusions can be drawn:
PA1  a. neither a battery using a lead chloride mix (battery 1) nor a battery
      using litharge mix (battery 2) met the desired activation requirement;
PA1  b. batteries using a lead chloride mix with about 2.7 parts by weight (50
      gms.) of either litharge (battery 3), leady lead oxide (battery 5), red
      lead (battery 10) or lead peroxide (battery 8) per 100 parts by weight of
      lead chloride met the activation requirement. However, of the addition
      agents, red lead gave the least improvement and lead peroxide gave the
      greatest improvement;
PA1  c. a battery having less than 1 part by weight of lead oxide (battery 7)
      was not as good as a battery having about 2.7 parts (battery 8);
PA1  d. batteries having about 5.5 parts by weight of lead oxide (batteries 4, 6
      and 9) were not as good as the batteries with about 2.7 parts by weight.
PAR  In summary, the addition of a small amount of lead oxide to a lead chloride
      mix gives a cathode which will meet a difficult activation requirement
      without sacrifice in electrical capacity.
PAR  Although the testing outlined above is directed to a particular battery
      design and a particular test regime, the invention relates to the
      generalized class of lead chloride seawater batteries and is applicable to
      all such batteries.
CLMS
STM  Having completely described our invention and given examples of its
      utility, we now claim:
NUM  1.
PAR  1. A seawater battery which comprises a metallic anode, a cathode and a
      means for separating the cathode from the anode, the cathode comprising
      active material mix and a grid, the active material mix comprising lead
      chloride and lead oxide wherein the ratio of lead oxide to lead chloride
      is within the range of about 1 part by weight lead oxide to 100 parts by
      weight lead chloride and about 10 parts by weight lead oxide to 100 parts
      by weight lead chloride.
NUM  2.
PAR  2. A seawater battery as defined in claim 1 wherein the ratio of lead oxide
      to lead chloride ranges from about 2 to 3 parts by weight lead oxide per
      100 parts by weight lead chloride.
NUM  3.
PAR  3. A seawater battery as defined in claim 1 wherein the active material mix
      of the cathode contains carbon black and polyfluoroethylene.
NUM  4.
PAR  4. A seawater battery as defined in claim 1 wherein the lead oxide is
      (PbO).
NUM  5.
PAR  5. A seawater battery as defined in claim 1 wherein the lead oxide is
      PbO.sub.2.
NUM  6.
PAR  6. A seawater battery as defined in claim 1 wherein the lead oxide is a
      mixture of PbO and lead and the lead is about 20% to 30% of the lead-lead
      oxide mixture.
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ABST
PAL  The invention concerns a method for the manufacture of an electrode
      material containing silver and tungsten carbide for electrochemical cells,
      particularly fuel cells and storage cells. Tungsten carbide in powder form
      is placed in a solution of a tungstate; then silver tungstate is
      precipitated by adding thereto a silver salt and the silver tungstate in
      the tungsten carbide-silver tungstate mixture is reduced to silver and
      tungsten, and subsequently the tungsten is carburized to form tungsten
      carbide. This abstract is neither intended to define the invention covered
      by this application, which, of course, is measured by the claims, nor is
      it intended to be limiting as to the scope of the invention in any way.
BSUM
PAR  The invention relates to a method for the manufacture of an electrode
      material containing silver and tungsten carbide for electrochemical cells,
      particularly fuel cells and storage cells, by means of reduction of a
      silver tungstate and a subsequent carburization.
PAR  It is known to employ tungsten carbide as a catalyst for the anodic
      oxidation of fuels, for instance, hydrogen, in fuel cells with an acidic
      electrolyte. Tungsten carbide may be made, for instance, by carburizing
      metallic tungsten with carbon, carbon black, or carbon-containing gases,
      such as carbon monoxide and methane, at temperatures above about
      700.degree.C. For the manufacture of bonded gas electrodes, tungsten
      carbide powder may be mixed with polymers as binders and pore-forming
      agents or with porous additives, such as activated carbon, and can be cold
      or hot molded (see "Energy Conversion", Vol. 10 pp. 25-28 (1970)).
PAR  Difficulties are encountered in the manufacture of unbonded electrodes
      which contain the electrode catalytic material in powder form. In the
      preparation of tungsten carbide from tungstic acid by reduction with
      hydrogen and carburation with carbon monoxide, for instance, the tungsten
      carbide thereby obtained has a mean particle size of less than about 1
      micron; particles of larger diameter have too little surface area for
      electrode purposes in electrochemical cells. Employing particles of small
      diameter in powder electrodes leads to various difficulties. For one, the
      application of electrical contacts is a problem, as a conducting screen or
      fabric which is gas-permeable cannot be made economically and furthermore
      has pores so fine that the catalyst particles cannot get through the
      fabric into the gas chamber. On the other hand, the diameter of the pores
      (interstices) which form between the particles, depends on the size of the
      particles. Narrow pores between small particles develop high capillary
      pressures if they are filled with liquid, and the presence of a
      three-phase boundary can be created only by the use of very high gas
      pressures.
PAR  These difficulties are not present in bonded electrodes, because during the
      manufacture of such electrodes transport pores can be produced, by the
      introduction of pore-forming agents according to known methods, which are
      filled with gas even at low gas pressures and thereby readily permit the
      transport of the reaction gas to the point of the reaction. The use of
      organic binders, however, can have a detrimental effect, particularly in
      high-performance electrodes, since the binders have insulating properties
      and thereby impede the conduction of the current, and exclude a portion of
      the particles entirely from the conduction of the current, and hence from
      participation in the electrochemical process.
PAR  German Offenlegungsschrift No. 1,939,127 describes a method for the
      manufacture of an electrode containing tungsten carbide for fuel cells in
      which the fine tungsten carbide particles are held together by silver, so
      that particles with a larger diameter are produced. For preparing the
      catalyst material, the silver salt of a tungstic acid, preferably silver
      metatungstate, is reduced and carburized at elevated temperature, whereby
      silver-containing tungsten carbide (Ag-WC) particles are formed. Such
      particles have a grain diameter approximately in the range of between
      about 10 and about 80 microns. The electrode material is distinguished by
      a high load capacity due to its advantageous structure; in addition to the
      diameter of the particles, which is well-suited for use in powder
      electrodes, the electrode material has a sufficiently large surface area,
      approximately in the range of 5 m.sup.2 /g (as determined by the BET
      method). In manufacturing larger quantities of electrode material,
      however, it is difficult to obtain uniform reproducibility which is
      particularly observable in the electrochemical properties of the product
      electrode.
PAR  It is an object of the invention to provide a further improved method for
      the manufacture of an electrode material containing silver and tungsten
      carbide for electrochemical cells, particularly fuel cells and storage
      cells, by the reduction of a silver tungstate and subsequent carburizing.
      In addition, an electrode material with greater activity is obtained,
      which, furthermore, has a reduced silver content.
PAR  Broadly stated, the process comprises forming a suspension of finely
      divided particles of tungsten carbide in an aqueous solution of a
      tungstate, adding to such suspension a solution of a silver salt, thereby
      forming a precipitate of silver tungstate, separating from the reaction
      mixture a mixture of tungsten carbide and precipitated silver tungstate,
      reducing the silver tungstate in such mixture to metallic silver and
      tungsten, and carburizing such metallic tungsten to tungsten carbide,
      thereby obtaining silver-containing tungsten carbide particles.
PAR  In a particularly preferred embodiment of the process, a suspension of
      tungsten carbide particles having a mean grain size of less than about 1
      micron is suspended in an aqueous solution of an alkali metal tungstate,
      preferably sodium metatungstate (Na.sub.2 O.4 WO.sub.3). The amount of
      tungsten, considered as elemental tungsten, in the tungsten carbide
      particles is preferably equal to the tungsten in the tungstate solution.
      To such solution and while it is being vigorously agitated, an aqueous
      solution of silver nitrate is slowly added, preferably dropwise, thereby
      precipitating silver metatungstate which envelopes the existing tungsten
      carbide particles and joins them together to form particles of larger
      size, in the range of 10-80 microns. After the agitation is stopped, the
      supernatant liquid is decanted, and the precipitate dried. Then the silver
      metatungstate in such precipitate is reduced to metallic silver and
      tungsten in a flowing stream of hydrogen at a temperature in the range of
      about 400.degree. to about 600.degree.C, preferably about 540.degree.C.
      Thereafter such metallic tungsten is carburized by treatment with flowing
      carbon monoxide at a temperature in the range of about 800.degree. to
      1000.degree.C, preferably about 840.degree.C, thus producing the
      silver-containing tungsten carbide particles having an average size in the
      range of 10 to about 80 microns. Further details of the process are
      explained in the following paragraphs.
PAR  The reduction step in which the silver tungstate contained in the mixture
      is reduced to metallic silver and tungsten is advantageously done with
      hydrogen at a temperature in the range of between about 400.degree. and
      about 600.degree.C, and preferably at about 540.degree.C. The reduction
      may also be performed in two steps, in which the reduction is first
      performed in the above-mentioned temperature range, and thereafter
      proceeds in a temperature range between about 600.degree. and
      800.degree.C, preferably at about 700.degree.C.
PAR  The carburizing step, in which the tungsten of the now-existing silver,
      tungsten and tungsten carbide mixture is converted into tungsten carbide,
      is advantageously performed with a normally-gaseous, carbon-containing
      compound, particularly carbon monoxide or a low molecular weight
      hydrocarbon, such as methane, acetylene or benzene, at a temperature in
      the range of between about 800.degree. and about 1000.degree.C. Carbon,
      particularly in the form of carbon black, may also be employed. The
      carburizing step is preferably performed with carbon monoxide at between
      about 820.degree. and 840.degree.C.
PAR  In order to improve the electro-catalytic properties of the product
      electrode material, the reducing and carburizing steps may also be
      repeated at the same conditions employed in the initial reducing and
      carburizing steps.
PAR  Metatungstates are preferred in the process because they have the advantage
      that only a small amount of silver is involved, since the silver tungstate
      formed in the course of the process is the tungstate with the lowest
      weight percentage of silver. On the other hand, other known tungstates
      with different stoichiometry offer the option of adjusting the
      concentration of the silver in the product electrode material. In
      addition, the silver content in the product may also be controlled by
      varying the ratio of the starting products, i.e., tungstate and tungsten
      carbide. If the amount of tungsten (on an elemental basis) in the
      metatungstate and in the tungsten carbide in the suspension are equal, the
      finished electrode material has a silver content of about 10% by weight.
PAR  Silver nitrate is preferably employed as the silver salt, but other soluble
      silver salts may also be employed, for instance, silver acetate or silver
      fluoride. The silver salt is preferably in the form of an aqueous
      solution, because with such a solution, the precipitation of silver
      tungstate can be readily controlled.
PAR  The electrode material prepared in accordance with the invention, which
      contains silver and tungsten carbide, exhibits a uniformly high
      electrochemical activity, and the reproducibility of the method is
      therefore established. In addition, the catalytic activity is increased
      over that of the electrode material prepared according to the
      above-described method; this can be observed, for instance, from the
      current-voltage characteristics of the electrode materials. Furthermore,
      the silver content in the end product may be reduced, compared to the
      product of the above described method, which is important for reasons of
      economy. Finally, through the use of tungsten carbide as the starting
      material, it is also possible to conduct an intermediate check regarding
      the electrochemical activity of the product electrode material by
      determining the activity of the tungsten carbide so used.
DRWD
PAR  The invention will be explained in further detail with reference to an
      example of an embodiment and FIG. 1, which figure illustrates
      current-voltage characteristics of electrodes containing electrode
      material prepared in accordance with the invention.
DETD
PAR  Tungsten carbide is prepared as follows: 250 g of tungstic acid (H.sub.2
      WO.sub.4) in powder form are reduced in a quartz tube furnace in hydrogen
      flowing at approximately 100 liters/hour. The reduction takes place first
      at 540.degree.C for 3 hours and subsequently at about 700.degree.C for 2
      hours. After the reduction is complete, the temperature is raised to about
      860.degree.C and the hydrogen is replaced by carbon monoxide flowing at
      about 200 liters/hour. The carburation is complete after about 4 hours.
      One obtains about 190 g of tungsten carbide with a mean grain size of less
      than 1 micron. In order to avoid oxidation (the tungsten carbide can be
      present as a pyrophorous powder), the material, which is cooled under a
      carbon monoxide atmosphere, can be suspended immediately in water. The
      tungsten carbide prepared in this manner is fabricated into a so-called
      supported electrode having a coating thickness of 20mg/cm.sup.2. In a
      standard half-cell operated at room temperature (about 22.degree.C) with a
      hydrogen pressure of 30 N/cm.sup.2, a 2.5 m H.sub.2 SO.sub.4 electrolyte
      and a polarization of 200 mV, the current yield is 0.25 A/gram of
      electrode material and the current density is 5 mA/cm.sup.2.
PAR  A solution of sodium metatungstate is prepared in the following manner. 250
      g of sodium tungstate (Na.sub.2 WO.sub.4 . 2 H.sub.2 O) are dissolved in
      2.5 liters of water and 700 g of tungstic acid (H.sub.2 WO.sub.4) are
      added to this solution, which is subsequently heated and maintained for 2
      to 3 hours at its boiling point. After the residue, which consists
      essentially of unreacted tungstic acid, has settled the remaining clear
      solution of sodium metatungstate, is decanted; additional sodium
      metatungstate solution is obtained by centrifuging the residue and
      combined with the decanted solution. The combined solutions are reduced to
      about 20% of their volume in a sand bath at temperatures up to about
      250.degree.C, thereby producing an approximately 1.2 molar sodium
      tungstate solution.
PAR  Electrode material containing silver and tungsten carbide is prepared as
      follows. 500 g of finely divided tungsten carbide (or an aqueous
      suspension with the corresponding content of tungsten carbide) are added
      to 540 ml of an approximately 1.2 molar solution of sodium metatungstate
      (Na.sub.2 O . 4 WO.sub.3). The suspension thereby obtained, while being
      stirred vigorously, is reacted dropwise with a solution of 434 g of silver
      nitrate in 300 ml of water at a temperature of about 80.degree.C. A
      mixture of about 1100 g (after filtering and drying) tungsten carbide and
      silver metatungstate precipitates in the form of a dark gray precipitate.
PAR  150 g of such dried mixture of tungsten carbide and silver metatungstate
      (gross composition: Ag.sub.2 O . 4 WO.sub.3 + 4 WC) are placed in a quartz
      tube and reduced in a tube furnace in a hydrogen stream flowing at the
      rate of about 100 liters/hour for 2 hours at a furnace temperature of
      about 540.degree.C. After the reduction of the silver metatungstate to
      metallic silver and tungsten is complete, the temperature of the furnace
      is raised to about 840.degree.C and the hydrogen replaced with carbon
      monoxide flowing at the rate of about 100 liters/hour. The carburizing of
      the metallic tungsten is complete after about 50 minutes. About 107 g of
      electrode material (Ag-WC) with a grain size in the range between 10 and
      80 microns is produced.
PAR  The electrode material prepared in this manner is fabricated into a
      supported electrode having an electrode area of 12.5cm.sup.2. To this end,
      sufficient electrode material is deposited on a layer of asbestos paper,
      which may contain a binder, to furnish a coating of about 200 mg/cm.sup.2.
      The coating of electrode material is covered on the gas side with a carbon
      fabric which supports the coating and serves to make electrical contact.
      On the electrolyte side, the asbestos layer is supported by a perforated
      tantalum sheet.
PAR  The catalytic activity of such an electrode was tested in a half-cell
      arrangement, a gold sheet serving as the counterelectrode. An electrolyte
      of 2.5 m H.sub.2 SO.sub.4 was used as the electrolyte liquid; hydrogen at
      20 N/cm.sup.2 served as the reaction gas. An Hg/Hg.sub.2 SO.sub.4
      electrode in the same electrolyte was used as the reference electrode.
PAR  The results obtained in the investigations are depicted in FIG. 1 as
      current-voltage characteristics, current density in mA/cm.sup.2 versus the
      polarization (.eta.) in mV, measured against the Hg/Hg.sub.2 SO.sub.4
      reference electrode. The characteristics were obtained on electrodes with
      a coating thickness of 200 mg/cm.sup.2. The data for curve 11 was obtained
      at an electrolyte temperature of 22.degree.C; the data for curves 12 and
      13 at electrolyte temperatures of 50.degree.C and 70.degree.C,
      respectively.
PAR  As may be seen from curve 11, a current density of about 21 mA/cm.sup.2 is
      obtained with the electrode material prepared in accordance with the
      invention, with a coating of 200 mg/cm.sup.2, an operating pressure of 20
      N/cm.sup.2, an electrolyte temperature of 22.degree.C and with a
      polarization of 200 mV; from this, the calculated current yield is about
      0.1 ampere per gram of catalytically active electrode material. Referred
      to the tungsten carbide content alone (the material contains about 10
      weight % silver), the current yield is about 0.12 ampere/gram. An
      important advantage of the electrode material prepared in accordance with
      the invention, as compared to pure tungsten carbide, is that electrodes
      made with it are operable at a hydrogen pressure of 12 N/cm.sup.2, and
      attain their optimum performance characteristic at about 20 N/cm.sup.2 ;
      with pure tungsten carbide, an operating pressure of about 30 N/cm.sup.2
      is required.
PAR  The attainable current density increases with increasing electrolyte
      temperature. With a polarization of 200 mV, the current density is about
      55 mA/cm.sup.2 (curve 12) at an electrolyte temperature of 50.degree.C and
      at an electrolyte temperature of 70.degree.C, the current density
      attainable with the same polarization is about 115 mA/cm.sup.2 (curve 13).
PAR  In addition to fuel cells and storage cells, the electrode material
      prepared in accordance with the invention may also be employed in other
      electrochemical cells, particularly for electro-synthesis and
      electrolysis. If used in storage cells, the electro-catalyst prepared in
      accordance with the invention is particularly useful as the electrode
      material in the indicator and consumable electrodes in gastight storage
      cells, because in such cells provision must be made for preventing the
      gases which may be generated due to overcharging, and are generated during
      discharging, from exerting an excessively high pressure. In order to
      achieve this, the capacity of the positive electrode is, for instance,
      selected to be larger than that of the negative electrode, so that in case
      of overcharging, hydrogen develops first at the negative electrode (2
      H.sub.2 O + 2 e.sup.- .fwdarw. H.sub.2 + 2 OH.sup.-). In principle, two
      means of prevention are known. First, a so-called consumable electrode may
      be incorporated into the storage cell, at which the hydrogen which may be
      generated is electrochemically reacted and is brought into solution again.
      Secondly, the storage cell may comprise a so-called indicator electrode
      which is catalytically active and sets up the reversible hydrogen
      potential under the action of hydrogen. This potential, which is measured
      against a reference electrode, may then be used as a control signal to
      terminate the charging process. The electrode material prepared in
      accordance with the invention can be used for both kinds of the auxiliary
      electrodes mentioned, i.e., the consumable electrodes and the indicator
      electrodes.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A process for preparing silver containing tungsten carbide particles
      adapted for use in manufacturing electrodes for fuel cells, which process
      comprises forming a suspension of finely-divided particles of tungsten
      carbide in an aqueous solution of a tungstate, adding to said suspension a
      solution of a silver salt, thereby forming a mixture of a precipitate of
      silver tungstate, and tungsten carbide particles, separating said mixture
      from said suspension, reducing the silver tungstate in said mixture to
      metallic silver and tungsten, and carburizing said metallic tungsten to
      tungsten carbide, to obtain particles of silver containing tungsten
      carbide.
NUM  2.
PAR  2. A process according to claim 1, wherein said tungstate solution
      comprises an alkali tungstate.
NUM  3.
PAR  3. A process according to claim 1, whereby the weight amount of tungsten in
      said tungsten carbide and in said tungstate solution are approximately the
      same.
NUM  4.
PAR  4. A process according to claim 1, wherein said tungstate is a
      metatungstate.
NUM  5.
PAR  5. A process according to claim 1, wherein said reduction of said silver
      tungstate is with hydrogen at a temperature in the range of between about
      400.degree. and about 600.degree.C.
NUM  6.
PAR  6. A process according to claim 1, wherein said carburizing is with carbon
      monoxide or methane at a temperature range between about 800.degree. and
      about 1000.degree.C.
NUM  7.
PAR  7. A process according to claim 6, wherein carburation is carried out with
      carbon monoxide at a temperature in the range of between about 820.degree.
      and 840.degree.C.
NUM  8.
PAR  8. A process according to claim 1, wherein said tungsten carbide in said
      suspension has a mean grain size of less than 1 micron.
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ABST
PAL  Electrode structures for fuel cells are made by blending noble metal black,
      dry polytetrafluoroethylene and a soluble bulking agent in a liquid,
      filtering liquid from the blend and rolling the remnant to form a sheet of
      fibrillated polytetrafluoroethylene containing noble metal black and
      bulking agent. The bulking agent may be leached from the sheet and the
      sheet then pressed or the sheet may be first pressed and the bulking agent
      then leached from the sheet.
PARN
PAR  This is a continuation of application Ser. No. 428,826, filed Dec. 27,
      1973, now abandoned, in turn a continuation of original application Ser.
      No. 200,222, filed Nov. 18, 1971, now abandoned.
BSUM
PAR  This invention relates to electrochemical (fuel) cell electrodes, and
      specifically to those composed of a thin layer of noble metal supported by
      a web of polytetrafluoroethylene (PTFE), as well as a method of producing
      such electrodes. More particularly the invention relates to a method of
      producing such electrodes by mixing particles of a noble metal, PTFE and a
      bulking agent in an inert liquid, separating the solids and milling them
      into a sheet, leaching the bulking agent from the sheet, thus forming a
      thin layer of noble metal in a web of PTFE.
PAR  A fuel cell is a device which converts the chemical energy of a fuel
      directly into electricity by means of a galvanic combustion process. The
      basic fuel cell elements are electrodes where the fuel is oxidized (anode,
      negative) and the oxidant is reduced (cathode, positive); electrolyte
      which conducts ions between electrodes; chambers for fuel and oxidant; and
      plates for containing reactants, separating gas and carrying current. The
      electrodes are extremely critical because it is at this point that the
      electricity is actually made by means of the complex electrochemical
      reaction. It has been found that only a few materials can usefully be
      regarded as electrodes in most conventional low-temperature fuel cells.
PAR  In alkaline electrolyte fuel cells, nickel and/or precious metals are
      typically used as anode materials and silver or precious metals as
      cathodes. In acid electrolyte fuel cells only precious metals such as
      platinum and platinum mixtures such as platinum-ruthenium and
      platinum-rhodium and precious metals plus certain metal oxides have been
      found active. Since platinum and related precious metals are expensive,
      there is incentive to reduce the amounts of precious metal present in the
      electrode without suffering excessive losses in performance. We have been
      able to construct electrodes in which very little precious metal is
      required to obtain good electrochemical activity for the reduction of
      oxygen in air.
PAR  It is desirable for the electrodes to be capable of withstanding severe
      operating environments as are prevalent in strong alkaline and strong acid
      fuel cells. For this reason, polytetrafluoroethylene (PTFE) is used as an
      inert bonding agent and water-proofing agent in the basic platinum
      electrode structure. The great difficulty which arises in making low
      loading electrodes is that at platinum levels, for example, in the
      vicinity of 1/4 to 2 and 3 grams per square foot the total thickness of
      the electrode is very small. Most electrodes of precious metal will
      operate with PTFE in the range of 5 to 35 weight percent. This amount of
      PTFE alone is not sufficient to add any substantial bulk to the electrode
      itself. As a result, an electrode structure consisting of typically 1 gram
      per square foot platinum plus 20 weight percent PTFE is an extremely
      flimsy, almost impossible to handle, structure. It is very difficult to
      make it homogeneous and is very difficult to work with it in any way.
PAR  We have circumvented this difficulty by adding to the basic electrode
      structure an agent or chemical which can at a later point in time be
      removed from the electrode but which serves several functions. First, it
      allows the electrode to be made with sufficient bulk to insure a degree of
      handability otherwise not available. Second, it allows the electrodes to
      be made with a very uniform distribution of active material, usually
      platinum, over the surface of the electrode. Thus, our electrode exists in
      two states: a preliminary state in which the electrode is made up of the
      three components, that is, metal (e.g. platinum), PTFE and the removable
      bulking agent, and a second (final) state wherein the electrode comprises
      only metal and PTFE.
PAR  In making the first state electrode, it is, of course, essential that the
      bulking agent be something that is readily removable without damaging the
      basic structure of the electrode and something that can be well mixed with
      platinum during a fabrication of the first state electrode. We have found
      that several chemicals available in fine powder form can be made to
      perform the function of the bulking agent. These chemicals can either be
      organic in nature, such as powdered sugar, or they can be inorganic in
      nature, as for example zinc oxide. In the case of the powdered sugar, the
      second (final) electrode state can be obtained simply by dissolving the
      sugar and removing it from the electrode structure by applying warm water
      to the electrode structure. In the case of zinc oxide, the zinc oxide may
      be removed by dissolving it in sulfuric or hydrochloric acid. We have not
      found that either the organics or the inorganics have clear-cut advantage
      in the manufacture of the electrode itself.
PAR  The general process for making a platinum electrode involves mixing a
      predetermined amount of PTFE powder, platinum black, and the bulking
      agent, for example micromilled sugar, in a blender with an excess of
      organic liquid such as mineral spirits. The PTFE powder constitutes at
      least 10 percent of the combined weight of the noble metal black and the
      PTFE. The blended mixture is then filtered either on a conventional
      Buchner type filter or a centrifugal filter and the residue collected. The
      residue, a homogeneous mixture of PTFE, platinum black and sugar, is then
      removed from the filter and transferred to rolling mill. In the rolling
      operation the mixture is successively rolled between rollers or between a
      roller and a flat plate in such a fashion that the PTFE particles are
      essentially stretched into a fibrous web and the mixture begins to exhibit
      the property of cohesion. Continuous rolling ultimately results in
      material with a rubber-like consistency. The materials can be rolled to
      any desired thickness. In general, the platinum loading on the per square
      foot basis is achieved by rolling the material to a desired area, as
      illustrated in the examples that follow. Once the material has been
      rolled, it is then air-dried at near ambient temperatures to remove the
      remaining organic liquid. Once the organic liquid has evaporated, the
      sheet material is dried at slightly elevated temperature such as
      60.degree. C. to remove the remaining traces of organic liquid. The
      operation must be done with care because there is a possibility that the
      liquid may ignite on the active platinum black surface.
PAR  The dried material is now ready for assembly into the fuel cell in a
      variety of different ways. For example, the sheet of material can now be
      pressed onto a metal screen or grid and the grid plus electrode assembly
      can be then washed with warm water, with the electrode assembly acting as
      a filter medium with net result that the sugar is dissolved from the
      electrode leaving behind a very homogeneous platinum and PTFE film. This
      film is extremely thin and would be very difficult to handle without the
      presence of screening. A second alternative is to deposit the dry mixture
      of sugar, PTFE and platinum mix on a graphite-PTFE substrate, as disclosed
      in our application entitled "Electrode Substrate," Ser. No. 200,052, now
      abandoned. This substrate plays a role similar to that played by the
      metallic screen grid. It acts as a support for the electrode as well as
      electronic current collector. This part again is washed in warm water and
      the result is a uniform platinum film deposited onto the porous
      graphite-PTFE substrate.
PAR  The next step is that the metallic grid with the film of platinum and PTFE
      or the porous graphite-PTFE substrate material with the film of platinum
      and PTFE thereon is subjected to a final pressing to insure good bonding
      between the support and the metallic electrode. In the last step the
      electrode assembly with a screen on a graphite substrate is subjected to a
      sintering operation at approximately 325.degree. C. to allow the PTFE in
      the electrode to set, thereby imparting a high degree of hydrophobicity to
      the electrode. We have made electrodes over a wide range of platinum
      loading by this process. While others have made relatively high catalyst
      loading fuel cell electrodes 5-50 gms./sq. ft. by other methods, our
      method permits us to make electrodes with as little as 0.25 gms./sq. ft.
      For loadings less than 1 gm. per sq. ft. the graphite substrate described
      in the copending application must be used since we have found that at this
      level of loading there is not sufficient material to stretch between the
      typical screen grids without major imperfections arising. Specific
      examples of preparation of these electrode materials are given below.
DETD
PAC  EXAMPLE I
PAR  Ten grams of sugar that have been micromilled to a fine powder are mixed
      with three grams of platinum black and 1 gram of powdered PTFE in 200 cc.
      of mineral spirits. The mixture is blended in a rotary blender, for
      approximately five minutes and the homogeneous solution is then filtered
      on either a centrifugal or Buchner type of filter.
PAR  The filter cake is collected and rolled between either two rollers or a
      roller and a flat plate. This milling/calendering operation is continued
      until the sugar-platinum-PTFE mix reaches a consistency capable of
      supporting its own weight.
PAR  The final rolling of the material is to a fixed area. In this example, a
      final area of 1 square foot is achieved, resulting in a final electrode
      catalyst loading of 3 grams per square foot. The rolled electrode is
      allowed to dry, so that the mineral spirits evaporate, leaving the
      homogeneous sheet of platinum-PTFE and powdered sugar.
PAR  The electrode is then washed with hot water, approximately 160.degree. F.
      to remove the sugar. Washing itself is achieved by placing the platinum
      sugar PTFE composites on a porous support-like filter paper. The water is
      sucked through the electrode and support by a vacuum aspiration system.
PAR  The platinum electrode is now placed between two pieces of cellophane and
      pressed to a final pressure of 2500 pounds per square inch. It is removed
      from the press and the cellophane is removed from the electrode surfaces
      and the electrode is placed on the graphite substrate described in our
      above-referenced application entitled "Electrode Substrate". The
      electrode-graphite support is now pressed at a moderate pressure, about
      400 psi, to insure good adhesion between electrode and graphite support.
      Finally the composite is placed on a sintering furnace and is sintered at
      325.degree. C. for approximately 15 minutes. The electrode is removed from
      the oven and cooled to room temperature, and it is then evaluated for use
      in the fuel cell. Operation of this electrode is described in Table I.
PAC  EXAMPLE II
PAR  In this instance an electrode was prepared exactly as in Example I, except
      that 2 grams of platinum black and 0.67 gram of powdered PTFE were mixed
      with 10 grams of powdered sugar and rolled into a sheet 1 square foot in
      total area. This resulted in the platinum loading of 2 grams per square
      foot in the final electrode. The results of this electrode and fuel cell
      are reported in Table I.
PAC  EXAMPLE III
PAR  In Example III, exactly the same procedure as in Example I was followed,
      except that 1 gram of platinum was mixed with 0.33 gram of powdered PTFE
      and 11 grams of powdered sugar. The final mixing rolled to an area of 1
      square foot using the final electrode catalyst floating of 1 gram per
      square foot. Results are presented in Table I.
PAC  EXAMPLE IV
PAR  In this example, 0.25 gram of platinum black were mixed with 0.08 gram of
      powdered PTFE and 12 grams of powdered sugar. The electrode was rolled to
      a total area of 1 square foot, resulting in a final platinum loading in
      the test electrode of 0.25 gram per square foot. Results of this electrode
      are described in Table I.
PAC  EXAMPLE V
PAR  In this example, the powdered sugar of Example I was replaced in equal
      weight of powdered micromilled zinc-oxide The same procedure was followed
      as in Example I, except that in the washing test dilute sulfuric acid was
      used in place of the water. This electrode showed a loading of 3 grams per
      square foot and exhibited essentially the same results as the 3 gms./sq.
      ft. electrode presented in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Air electrode performance relative                                        
     to a Hydrogen Reference                                                   
     Current Density                                                           
                   Cell Potential in Millivolts                                
     (Amp/Sq.ft.)  Platinum Black Loading                                      
                   (gm/sq. ft.)                                                
     ______________________________________                                    
                    0.25    1       2      3                                   
     0             900      950     1000   1020                                
     40            650      680     720    740                                 
     80            580      640     670    700                                 
     100           550      620     645    670                                 
     150           460      570     595    650                                 
     200           --       --      520    610                                 
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for use in producing electrode structure for fuel cells
      comprising the steps of:
PA1  a. blending particles of noble metal black, particles of dry
      polytetrafluoroethylene and particles of a soluble bulking agent in a
      liquid in which said bulking agent is insoluble, said
      polytetrafluoroethylene constituting at least 10 percent of the combined
      weight of said noble metal black and said polytetrafluoroethylene;
PA1  b. filtering liquid from said blend to form a filtered mixture;
PA1  c. subjecting said filtered mixture to rolling forces to form a sheet of
      fibrillated polytetrafluoroethylene containing noble metal black and
      bulking agent; and
PA1  d. removing the remainder of said liquid from said sheet.
NUM  2.
PAR  2. The method claimed in claim 1 including the further steps of:
PA1  e. applying to said sheet a solvent in which said bulking agent is soluble,
      thereby leaching said bulking agent from said sheet thereby providing a
      sheet of fibrillated polytetrafluoroethylene containing noble metal black;
      and then
PA1  f. subjecting opposed sides of said leached sheet to pressing forces.
NUM  3.
PAR  3. The method claimed in claim 2 including the terminal steps of placing
      such pressed sheet on a substrate, then further pressing said sheet and
      subjecting said sheet to temperature above the sintering temperature of
      said polytetrafluoroethylene.
NUM  4.
PAR  4. The method claimed in claim 1 including the further steps of:
PA1  e. pressing such rolled sheet onto a substrate; and then
PA1  f. applying to said sheet a solvent in which said bulking agent is soluble,
      thereby leaching said bulking agent from said sheet thereby providing on
      said substrate a sheet of fibrillated polytetrafluoroethylene containing
      noble metal black.
NUM  5.
PAR  5. The method claimed in claim 4 including the terminal steps of further
      pressing said sheet on said substrate and subjecting said sheet to
      temperature above the sintering temperature of said
      polytetrafluoroethylene.
NUM  6.
PAR  6. The method claimed in claim 1 including the further steps of:
PA1  e. applying such rolled sheet to a substrate comprised of graphite and
      polytetrafluoroethylene; and then
PA1  f. applying to said sheet a solvent in which said bulking agent is soluble,
      thereby leaching said bulking agent from said sheet thereby providing on
      said substrate a sheet of fibrillated polytetrafluoroethylene containing
      noble metal black.
NUM  7.
PAR  7. The method claimed in claim 6 including the terminal steps of further
      pressing said sheet on said substrate and subjecting said sheet to
      temperature above the sintering temperature of said
      polytetrafluoroethylene.
NUM  8.
PAR  8. The method claimed in claim 1 wherein said noble metal black is platinum
      black.
NUM  9.
PAR  9. The method claimed in claim 8 wherein said liquid is mineral spirits.
NUM  10.
PAR  10. The method claimed in claim 2 wherein said bulking agent is fine sugar
      and wherein said solvent is water.
NUM  11.
PAR  11. The method claimed in claim 2 wherein said bulking agent is zine oxide
      and wherein said solvent is sulfuric acid.
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ABST
PAL  The invention relates to semi-open battery of storage cells each likely to
      evolve a large volume of hydrogen, more particularly during overcharge.
PAL  A battery according to the invention comprises an intermediate or dummy lid
      so located with respect to the regular lid of the battery to enable the
      inflammable gas flow generated in the cells to be isolated from the flow
      of fluid or gas serving for cooling of the electrical connections of the
      storage cells and thus avoiding or eliminating all danger of explosion.
BSUM
PAC  BACKGROUND AND BRIEF SUMMARY OF INVENTION
PAR  The invention applies more particularly to nickel-cadmium batteries
      installed on board aeroplanes.
PAR  The present invention concerns a battery of storage cells and more
      particularly, a semi-open storage battery, for example, a nickel-cadmium
      battery.
PAR  Such a battery comprises, generally, several storage cells arranged side by
      side in a general casing closed by a removable lid. Each storage cell
      comprises a container provided with two output terminals and a bleed valve
      for gases liable to be evolved during the electrochemical reaction and
      connections outside of the containers that electrically connect up either
      in parallel or in series, as the case may be, the terminals of two
      adjacent storage cells, or, if need be, the terminals of the storage cells
      to the outside terminals of the battery.
PAR  The lid of the said battery has breather holes enabling, on the one hand,
      the removal of the gases given off by the storage cells and, on the other
      hand, a flow of air enabling the cooling of their electrical connections.
PAR  Numerous uses of a semi-open or semi-sealed storage cell connected as a
      battery require a rapid recharge of that battery For this purpose, a
      method of rapid recharging at a constant current in which the current is
      cut off only when the battery is in a state of overcharge, that state
      being accompanied by a large emission of gas and more particularly of
      hydrogen, is known.
PAR  Consequently, the electrical connections between the storage cells are
      surrounded by a mixture of air and gas which may well be explosive if the
      proportion of hydrogen is greater than 4%. This is then sufficient for a
      spark that may be caused accidentally at the level of the electrical
      connections, for instance, in consequence of an insufficient contact
      between the metallic parts or of a defective tightening of the nuts, to
      cause an explosive ignition of the gaseous mixture.
PAR  For certain batteries used in mines, the problem has been solved by
      covering the electrical connections of the storage cells with a liquid or
      solid insulator. But that solution has the disadvantage of preventing all
      accessiblity to the connections and hence all necessary checks required
      for proper maintenance.
PAR  An aim of the present invention is to overcome that disadvantage.
PAR  The present invention has for an object the provision of a battery
      comprising several storage cells arranged side by side in a general casing
      closed by a lid, each storage cell comprising a bleed valve for the gases
      which it may emit and two terminals connected by outside electrical
      connections to the terminals of the adjacent storage cells, characterized
      in that it comprises means for conveying the gases likely to be emitted
      through valves up to first openings formed in the said lid.
PAR  The lid of the casing is provided with second openings which form a part of
      an air flow circuit for the cooling of the connections between storage
      cells. These second openings are separated from the means for conveying
      gases emitted during the electrochemical reaction in the cells, more
      particularly during the overcharge of the battery.
PAR  According to an embodiment which is of particular advantage, the means for
      conveying the gases comprises an intermediate or dummy lid inserted
      between the lid of the casing and the storage cells. This dummy lid is
      perforated directly above the electrical connections, in order to allow
      the flow of air for their cooling; it also comprises funnels whose first
      ends lead out into the first openings of the lid and whose second ends are
      fitted about the outlets of the valves of the storage cells.
DRWD
PAR  Other characteristics and advantages of the invention will become apparent
      from the following description which will be made with reference to the
      accompanying drawing, given by way of an illustration but having no
      limiting character and in which:
PAR  FIG. 1 is a partial top plan view of the casing filled with storage cells,
      without its lid;
PAR  FIG. 2 is a partially cutaway elevational view of the battery including its
      casing and fitted with its lid and intermediate or dummy lid;
PAR  FIG. 3a is a partial plan view from below of the dummy lid;
PAR  FIGS. 3b and 3c are respectively partial sectional views taken along lines
      I--I and II--II of FIG. 3a and viewed in the direction of the arrows;
PAR  FIG. 4a is a partial top plan view of the lid of the casing; and
PAR  FIGS. 4b, 4c, 4d are respectively partial cutaway views taken along lines
      III, IV and V of FIG. 4a and viewed in the direction of the arrows.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a battery comprising a metal casing 1, for example, of
      stainless steel containing storage cells such as 2,3,4 arranged side by
      side. Each storage cell, for example, the cell 3, comprises two output
      terminals 5 and 6 and a valve 7 for the escape and removal of gases
      emitted during the electrochemical reactions in the respective cells, more
      particularly during the recharge of the battery.
PAR  The appropriate terminals of two adjacent storage cells are connected
      together by electrical connectors such as the connectors 8, 9, 10, 17, 18,
      each located outside the storage cells and secured as by bolting or
      otherwise to the respective cell terminals and forming in the embodiment
      shown a series of these storage cells. Obviously, any other method of
      electrical cell interconnection is possible, e.g. parallel or
      series-parallel as may be required.
PAR  FIG. 2 is a partial elevation view in partial section of the storage cell 3
      equipped with its gas escape valve 7 and its connector 8. The casing 1 is
      shown in this figure as closed by a lid 15 of metal such as stainless
      steel or other material maintained in place as by means of conventional
      spring clamping systems such as the system 12. The lid 15 will be
      described in detail hereinafter.
PAR  An intermediate or dummy lid 11, details of whose structure are given in
      FIGS. 3a, 3b, 3c is disposed between the lid 15 and the upper outer faces
      of the containers of the storage cells. The dummy lid 11, made of a
      heat-resisting material, for example, a slightly flexible silicone
      elastomer is adjusted to conform generally with and fit within the inner
      face of the lid 15. It is perforated, i.e. provided with an opening
      directly above the electrical connectors, for example, the opening or slot
      19, above the connectors 17, 10 and 18. It is provided, on the storage
      cell side, with downwardly extending tubes or funnels such as 20, 21, 22,
      23. These funnels have first or upper ends such as 30 and 31, leading
      outwardly toward the lid 15, as will be explained in detail hereinafter
      and second lower or inner ends 40, 41, 42, 43, adapted respectively to fit
      around the outlets of the valves, 13, 7, 14, 16 of the storage cells
      illustrated in FIG. 1.
PAR  Adjacent pairs of neighboring tubes or funnels, for example, the funnel
      pairs 20, 21 and funnel pairs 22, 23 are connected together respectively
      by stiffeners 25 and 26 with inner ends bearing against the covers of the
      respective storage cell containers; these stiffeners have, to great
      advantage, notches 27 and 28 adapted to be fitted over thickened rims
      provided at the upper peripheries of the containers of two adjacent
      storage cells when the upper faces of the covers of these containers are
      in the shape of bowls. Thus, the dummy lid 11 makes it possible to chock
      the storage cells 2, 3, 4, etc. in the casing 1, when the lid 15 is
      mounted in its covering position on the casing over the battery formed by
      these cells and clamped.
PAR  The lid 15, illustrated in detail by the FIGS. 4a, 4b, 4c, 4d is provided
      on its under face with a protective metal screen 55 fixed to said inside
      face. The lid 11 further is provided with a first series of perforations
      or openings 50, 51, 52, coinciding with the first ends 30, 31, etc. of the
      funnels 20, 21,22 which latter surround the outlets of respective cell
      valves 13, 7 and 14 (see FIG. 2).
PAR  The arrangement of the storage cells 2, 3, 4, etc. in the casing 1 is such
      that the respective valves 7, 13, 14, etc. their funnels and,
      consequently, the first series of openings 50, 51, 52 of the lid 15 are
      aligned vertically and form a row. Above the row formed by the openings
      50, 51, 52, a protective part 60 is provided. This part which is secured
      to the upper face of lid 15 has ventilation orifices 61, 62, 63 which are
      staggered in relation to the first openings 50, 51, 52. To great advantage
      the openings 50, 51, 52 have upstanding rims 70, 71, forming a baffle with
      the protective part 60 and thus serving to prevent accidental ingress of
      foreign bodies to the inside of the battery. Lastly, the lid 15 has a
      second series of openings constituted by vents 80, 81, 82 that are
      situated above the slot 19 of the intermediate or dummy lid 11 and
      consequently, above the electrical connections 17, 10 and 18 of the
      storage cells.
PAR  FIG. 2 shows clearly the relative positions of the storage cells, of the
      dummy lid 11 and of the lid 15, when the latter is clamped or locked on
      the casing 1 as by clamping means 12. Such an arrangement makes it
      possible to isolate completely two gaseous flow streams.
PAR  The stream of gases emitted via the valves 13, 7, 14, 16, etc. of the
      storage cells during their charge and, more particularly, the large volume
      of gases emitted at the time of overcharge, flows via the respective
      funnels 20, 21, 22, etc. of the dummy lid 11 to escape via the first
      openings 50, 51, 52 of the lid 15 and orifices 61, 62, etc. of protective
      part 60 in a region remote from the battery terminals.
PAR  The cooling air constituting a second separate flow of gas for cooling the
      connections is directed to flow separately around the connections and
      terminals of the battery via the slots of the dummy lid 11, such as the
      slot 19 and the second openings 80, 81, 82 etc. of the lid 15. This
      cooling gas flow may be natural or a circulation as may be forced as by an
      auxiliary installation outside the battery.
PAR  The intermediate or dummy lid hereinabove described makes it possible to
      isolate effectively the electrical terminals and connectors of the storage
      cells from the gases evolved in the cells, while enabling rapid access to
      the said terminals and connections by simple, quick removal of the lids 11
      and 15 as a unit when such access is required. It is of particular
      advantage when the use of the battery requires frequent checks, this being
      the case, for example, with batteries installed on board aeroplanes.
PAR  It must be understood that the invention is not limited to the embodiment
      described and illustrated. Without departing from the scope of the
      invention as claimed, certain means may be replaced by equivalent means;
      thus, for example, the dummy lid may be replaced by any suitable conveying
      system; the material of which it is made has been given only by way of an
      example. There is no intention of limitation to the exact disclosure
      hereinabove presented.
PAR  The invention applies more particularly to semi-open or semi-sealed
      nickel-cadmium storage cell batteries having an alkaline electrolyte, but
      it may be applied to any battery whose storage cells are capable of
      generating a large volume of hydrogen or other highly inflammable gas
      during use or charging, or overcharging.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Battery comprising several storage cells arranged adjacently and side by
      side in a general casing closed by a main lid having first openings, each
      storage cell comprising a bleed valve for the gases which it emits and two
      terminals connected by external electrical connectors to terminals of any
      adjacent storage cell, said battery comprising means for directing and
      conveying the gases from the respective cells liable to be emitted via the
      valves outwardly via said first openings formed in the said lid, said
      means comprising a dummy lid positioned between the said main lid and the
      storage cells, said dummy lid being perforated directly above said
      electrical connectors and also comprising funnels having first ends
      leading outwardly into the said first openings of the said main lid and
      having second ends mounted around respective outlets of the valves of said
      storage cells, and means including second openings in said lid forming a
      part of an air flow circuit for effecting the cooling of the said
      electrical connectors, said air flow circuit being separate from the means
      for directing and conveying said emitted gases.
NUM  2.
PAR  2. Battery according to claim 1, including individual containers for
      respective cells, a cover for each container and stiffener means
      connecting adjacent pairs of said funnels, said stiffener means also
      bearing against the respective covers of the said storage cell containers.
NUM  3.
PAR  3. Battery according to claim 2, wherein a rim is defined between each
      cover and cell container providing an extra-thick part at the rims of the
      containers of two adjacent storage cells and wherein each said stiffener
      has a notch to fit over and accomodate a such extra thick part.
NUM  4.
PAR  4. Battery according to claim 1 wherein the said first openings of the main
      lid respectively are situated directly above the respective valves of the
      storage cells and form a row, and non-fluid tight protective parts
      overlying said first openings.
NUM  5.
PAR  5. Battery according to claim 4, wherein the said protective parts have
      orifices in staggered relation to the said first openings.
NUM  6.
PAR  6. Battery according to claim 5, wherein the said first openings of the
      main lid have rims forming a baffle with the said protective parts.
NUM  7.
PAR  7. Battery according to claim 1, including a protective screen positioned
      on the inside face of the said main lid.
NUM  8.
PAR  8. Storage cell battery according to claim 1, wherein the said dummy lid is
      of an elastomer capable of withstanding heat.
NUM  9.
PAR  9. Storage cell battery according to claim 8, wherein the said elastomer
      basically contains silicone.
NUM  10.
PAR  10. Storage cell battery according to claim 1 wherein the said casing and
      the said main lid are made of stainless steel.
NUM  11.
PAR  11. Battery according to claim 1, wherein each cell comprises a
      nickel-cadmium stoage cell with an alkaline electrolyte therein.
NUM  12.
PAR  12. Battery of the type comprising a plurality of storage cells having
      bleed valves for gases generated therein and inter-electrical connectors
      between terminals of cells located in a casing having a removable main
      lid, such lid having gas escape openings for said gases and other openings
      for circulating cooling fluid to said connectors and terminals, said
      battery further comprising means for isolating and directing flow of said
      generated gases from respective cells outwardly via said first-named
      openings in a region remote from said connectors and terminals, and
      independent cooling fluid flow circuit means including said other openings
      for directing flow of said cooling fluid to said connectors and terminals.
NUM  13.
PAR  13. Battery according to claim 12 wherein said firstnamed means comprises a
      dummy lid having tubular funnels fitted about respective bleed valve
      outlets, said funnels being alined with said escape openings.
NUM  14.
PAR  14. Battery according to claim 12 including baffle means for preventing
      ingress of deleterious material to the battery via said escape openings.
NUM  15.
PAR  15. Battery according to claim 12 including a dummy lid having an opening
      alined with said other openings in said main lid as part of said fluid
      cooling circuit flow means.
NUM  16.
PAR  16. Battery according to claim 12 including a dummy lid having tubular
      funnels fitted about said respective of said bleed valves and
      communicating directly with said escape openings in said main lid, said
      dummy lid having a separate opening communicating directly with said other
      openings in said main lid as part of said fluid cooling circuit flow
      means, and means for preventing ingress of deleterious material to the
      battery.
NUM  17.
PAR  17. Battery according to claim 16 wherein said lastnamed means includes a
      protective screen on the inner face of said main lid spanning the openings
      in the latter.
NUM  18.
PAR  18. Battery according to claim 16 wherein said lastnamed means includes
      baffle means on the main lid so as to preclude entry of deleterious
      material to said battery via said escape openings.
NUM  19.
PAR  19. Battery according to claim 18 wherein said baffle means includes a
      cover spanning said escape opening in said main lid and said cover having
      additional openings in position of staggered relationship to said escape
      openings.
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ABST
PAL  A dimensionally flexible one-piece thermoplastic resinous hollow gang-type
      vent with vent plugs for a plurality of the filling wells of a
      multiple-cell battery is produced by a blow molding technique.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a blow molded dimensionally flexible one-piece
      thermoplastic resinous hollow gangtype vent having plugs for a plurality
      of the filling wells of a multiplecell battery.
PAR  2. Description of the Prior Art
PAR  Gases result from charging of an electric storage battery or pressure
      change. Increasingly electric storage batteries are employed in enclosed
      areas like boats and motor home trailers, where vent of such battery gases
      to a point outside the enclosure in which the storage battery is mounted
      is needed. In addition, for compact design of automobile engines, often
      very little clearance between the hood and the top of the storage battery
      is allowed. In such confined areas, vent of battery fluids to a point
      removed from the hood is desirable to prevent contact of battery fluids
      with destructible parts. Further, in such enclosed or confined areas, the
      total height of the battery and its vent and, hence the thickness of the
      battery vent can be critical for purposes of allowing needed clearance.
PAR  There are several prior art vents for multiple-cell batteries. French Pat.
      No. 1,565,670 teaches an injection molded two-piece device comprising a
      cover plate and a channel featuring a series of ribbed plugs. The plugs
      are perforated to allow gas to escape but entrained electrolyte to return
      to the cell. Lucas, U.S. Pat. No. 3,265,538 (1962) teaches a multiple-vent
      plug assembly for batteries having covers with upwardly extending
      projections around the filling wells. This plug assembly is an elongated
      hollow body composed of two separate sections, a top and a bottom section,
      which are joined, and perforated plugs which are suspended from holes in
      the bottom section. Means are provided near the top of the vent for
      establishing communication between the vent plugs and the bottom section
      and to provide a seal against egress of electrolyte. Lucas, U.S. Pat. No.
      3,284,244 (1965) teaches a multiple vent plug assembly for electrical
      storage battery filling wells comprising a body provided with a plurality
      of inwardly extending projections which form pairs of opposing recesses on
      the underside of the body and a plurality of hollow vent plugs having
      laterally projecting lugs extending into the recesses, with the plugs
      being suspended from the body by means of the lugs.
PAR  The one-piece gang-type vent of this invention, having vent plugs integral
      with the rest of the vent solves one of the major problems involved in the
      prior art, namely escape of gas and electrolyte through points in the vent
      either where the plugs are attached to the rest of the vent or elsewhere
      in the vent where two separate pieces are joined to form a unit. The blow
      molding method permits construction in one-piece rather than multiple
      pieces as is common in the conventional injection molded style. No
      assembly work is needed.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a dimensionally flexible hollow vent with vent plugs for a
      plurality of the filling wells of a multiple cell battery. The vent is
      blow molded in one piece from a thermoplastic material. Gases resulting
      from charging of the battery or a pressure change can be piped from the
      battery by means of a tube or tubes formed at one or more locations on the
      vent. The tube feature permits the gases to be vented at a point removed
      from the location of the battery and permits several gang-type vents to be
      connected in series.
PAR  This invention is a dimensionally flexible one-piece thermoplastic resinous
      hollow gang-type vent with vent plugs for a plurality of the filling wells
      of multiple-cell batteries comprising: a top member, a skirt peripherally
      and integrally attached at its upper end to said top member and extending
      downward from said top member, a bottom member peripherally and integrally
      attached to said skirt at its lower end, and a first tube extending
      outwardly from the vent. The bottom member comprises vent plugs of a
      member and location corresponding to the number and location of a
      plurality of the filling wells of the multiple-cell battery and of
      suitable dimensions to fit snugly into said filling wells, to form a
      fluid-tight fit, each vent plug having a hole in its base to permit
      passage of gases and electrolyte through the vent plug, and a flat region
      extending from the periphery of said bottom member to the tops of the vent
      plugs and integrally attached to both.
PAR  Preferably, the bottom member includes additionally a ring around the top
      of each vent plug connecting the flat region to the top of each vent plug
      and integrally attached to both. More preferably, the bottom member
      includes additionally a ring around the top of each vent plug connecting
      the flat region to the top of each vent plug and integrally attached to
      both and a groove in the flat region between each pair of vent plugs, said
      groove extending from a point on the skirt to another point on the skirt
      and separating the segment of the flat horizontal region surrounding one
      vent plug from the segment of the flat horizontal region surrounding the
      other vent plug.
PAR  Preferably, the top member is a flat surface. More preferably, the top
      member comprises a shelf portion integrally attached through a downward
      sloping section to a downwardly offset central portion, forming a central
      depression located over the vicinity of the vent plugs. Most preferably,
      the top member comprises a shelf portion integrally attached through a
      downwardly sloping section to a central portion, said central portion
      comprising alternating higher and lower regions integrally attached to one
      another through sloping sections, said lower regions being located over
      the vent plugs in the region within the walls of the vent plugs.
PAR  Preferably, the vent of this invention includes additionally a second vent
      tube extending outwardly from a different point on the vent than the first
      vent tube.
PAR  The vent of this invention is blow molded in one piece by the method of (a)
      either extruding either a tubular parison or a pair of film sheets of
      heated thermoplastic resin and clamping said parison or film sheets while
      still pliable between mating die members having cooperating mold cavities
      configured to the external shape of the hollow gang-type vent to be
      formed, said die members being partable along a parting line of the
      cavities that proceeds in a single flat plane or in a stepwise fashion
      around the periphery of the hollow vent to be formed in the area between
      the top and bottom members of the hollow vent to be formed, or clamping a
      pair of preheated pliable preformed film sheets of thermoplastic resin
      between the mating die members; (b) introducing a blow molding duct into
      said die members and into the parison or between the film sheets to
      provide communication internally of said plastic parison or film sheets at
      a point on the surface of the hollow gang-type vent to be formed, and
      introducing gas under pressure through said duct while said parison or
      film sheets are clamped between the closed die members in order to force
      the wall of the parison or of the pair of film sheets outwardly into
      contact with the surfaces of said mold cavities until the plastic has
      cooled sufficiently to rigidify; and then (c) parting said die members and
      removing the molded hollow gang-type vent from the die cavities; said
      one-piece hollow gang-type vent requiring no assembly work and being joint
      free, thereby providing added protection against leakage of battery acid
      or corrosive fumes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the bottom member of a hollow gang-type
      vent with three vent plugs showing grooves between the vent plugs and a
      ring around the top of each plug.
PAR  FIG. 2 is a perspective view similar to that of FIG. 1 but showing an
      alternate mode of the bottom member having no grooves between the vent
      plugs.
PAR  FIG. 3 is a sectional view of FIG. 1 along line 3--3 showing a top member
      comprising a flat surface.
PAR  FIG. 4 is a sectional view of FIG. 2 along line 4--4 showing a top member
      having a shelf portion and a depressed central portion.
PAR  FIG. 5 is a sectional view of FIG. 2 along line 4--4 showing a top member
      having a shelf portion and a central region made up of alternating higher
      and lower regions.
PAR  FIG. 6 is a side view showing two vents connected in series.
DETD
PAC  DETAILED DESCRIPTION
PAR  There is shown specifically in FIG. 1 the bottom member 18 of an elongated
      hollow one-piece gang-type vent with vent plugs for three filling wells of
      a multiple-cell battery. A skirt 16 is peripherally and integrally
      attached at its upper end 17 to the top member 11 (not shown) and extends
      downward from the top member 11. The bottom member 18 is peripherally and
      integrally attached to the skirt 16 at its lower end 19. The bottom member
      18 is made up of three vent plugs 21 in series and uniformly spaced, a
      flat region 22 extending from the periphery 23 of the bottom member 18 to
      points near the tops 24 of the vent plugs 21, and rings 26 connecting the
      flat region 22 to the tops 22 of the vent plugs 21, and grooves 39 between
      adjacent vent plugs 21 and extending across the flat region 22. There is a
      hole 27 in the base 28 of each vent plug 21. A vent tube 29 extends
      outwardly from the side 20 skirt 15.
PAR  FIG. 2 illustrates another mode of the bottom member 18 of an elongated
      hollow one-piece gang-type vent with vent plugs for three filling wells of
      a multiple-cell battery. The bottom member 18 is made up of three vent
      plugs 21 in series and uniformly spaced, a flat region 22 extending from
      the periphery 23 of the bottom member 18 to points near the tops 24 of the
      vent plugs 21 and rings 26 connecting the flat region 22 to the tops 24 of
      the vent plugs 21. A vent tube 29 extends outwardly from the end 15 of the
      skirt 16.
PAR  FIG. 3 shows an elongated hollow one-piece gang-type vent with vent plugs
      for three filling wells of a multiple-cell battery, having a top member 11
      made up of a flat surface 38. The skirt 16 and bottom member 18 are the
      same as described in FIG. 1.
PAR  FIG. 4 shows an elongated hollow one-piece gang-type vent with vent plugs
      for three filling wells of multiple-cell battery, having a top member 11
      made up of a shelf portion 12 integrally attached through a sloping
      section 13 to a downwardly offset central portion 14. The skirt 16 and
      bottom member 18 are the same as described in FIG. 2.
PAR  FIG. 5 shows an elongated hollow one-piece gang-type vent with vent plugs
      for three filling wells of a multiple-cell battery having a top member 11
      made up of a shelf portion 12 integrally attached through a sloping
      section 33 to a central region 25. The central region 25 of the top member
      11 consists of alternating higher 31 and lower 32 flat regions integrally
      attached through sloping sections 33. The higher regions 31 are at the
      level of shelf portion 12, and the lower region 32 are at a level just
      above the rings 26 of the bottom member 18. The region closest to the
      shelf portion 12 is a lower region 32 which is integrally attached to the
      shelf portion 12 through sloping section 33. The lower regions 32 are
      located directly above the vent plugs 21 of the bottom member 18 and
      within the walls 34 of the vent plugs 21 while the higher region 31 are
      located above the flat region 22 of the bottom member 18. The slopping
      sections 33 are located above the rings 26 of the bottom member 18. The
      skirt 16 and bottom member 18 are the same as described in FIG. 2.
PAR  FIG. 6 shows a pair of elongated hollow gang-type vents connected in
      series. Each vent has vent plugs for three filling wells of a
      multiple-cell battery. A vent tube 29 extends outwardly from one end 15 of
      skirt 16 of each of the hollow gang-type vents. One of the vents has a
      second vent tube 36 extending outwardly from the second end 40 of its
      skirt 16. The vent tubes 29 of each vent are connected by means of a
      connecting tube 37. The top members skirts and bottom members of each vent
      are as described in FIGS. 2 and 4.
PAR  The invention is a blow molded dimensionally flexible one-piece
      thermoplastic resinous hollow gang-type vent with vent plugs for a
      plurality of the filling wells of a multiple-cell battery comprising a top
      member 11, a skirt 16 peripherally and integrally attached at its upper
      end 17 to the top member 11 and extending downward from the top member 11,
      a bottom member 18 peripherally and integrally attached to the skirt 16 at
      its lower end 19. The bottom member 18 comprises vent plugs 21 of a number
      and location corresponding to the number and location of a plurality of
      the filling wells of the multiple-cell battery and of a suitable
      dimensions to fit snugly into the filling wells to form a fluidtight fit
      between the walls 34 of the vent plug 21 and of the filling well, and a
      flat region 22 extending from the periphery 23 of the bottom member 18 and
      integrally connected to the tops 24 of the vent plugs 21. Each vent plug
      21 has a hole 27 in its base 28 to permit fluids escaping the cells to
      enter the hollow vent. A vent tube 29 extends outwardly from the skirt 16
      to vent the battery gas at a point removed from the battery.
PAR  Because the hollow vent of this invention is of one-piece construction,
      there is added protection against spillage of battery acid or corrosive
      fumes which cause severe damage to metal battery mounts, etc. Thus, with
      the fluid-tight fit between the walls of the vent plugs 21 and of the
      filling wells, fluid escaping from the filling wells can only enter the
      hollow vent through the hole 27 in the base 28 of each vent plug 21 and
      pass into the atmosphere only through the vent tube 29. The hollow
      one-piece vent can be blow molded from any flexible plastic which is
      resistant to the battery electrolyte, for example, polypropylene,
      polyethylene, polystyrene and acrylonitrile butadiene styrene.
PAR  Since the separation between the top 11 and bottom 18 members need only be
      great enough at all points to permit passage of fluids through the vent,
      the hollow vent can be of a small enough height so as not to add
      significant height to the battery. This permits the battery to be used in
      enclosed or confined areas where clearance between the battery and other
      parts may be a premium. Additionally, the top member 11 in the vicinity of
      the vent plugs 21 should be close enough to the bottom member 18 to baffle
      the drops of electrolyte which might splash up from the filling wells
      through the hole 27 in the base 28 of each vent plug 21. Such baffle is
      necessary to permit drops splashing from one filling well to drip back
      down into it and to prevent such drops splashing from one filling well
      from dripping down into a different well.
PAR  The hole 27 in the base 28 of each vent plug 21 must be of sufficient
      diameter that electrolyte entrained in the hole 27 cannot fill and block
      the hole 27 by means of capillary action.
PAR  preferably, the bottom member 18 comprises additionally a ring 26 around
      the top 24 of each vent plug 21 connecting the flat region 22 to the tops
      24 of the vent plugs 21 and integral with both. Most preferably, the
      bottom member 18 comprises a ring 26 around the top 24 of each vent plug
      21 connecting the flat region 22 to the tops 24 of vent plugs 21 and
      integral with both and in addition a groove 39 in the flat region 22
      between each set of adjacent vent plugs 21. Each groove 39 extends from a
      point 41 on the skirt 16 to another point 42 on the skirt 16 and separates
      the segment of the flat region 22 surrounding one vent plug 21 from the
      segment of the flat region 22 surrounding the other vent plugs 21
      resulting in a plurality of flat sections 43 formed from the flat region
      22.
PAR  It is obvious that a certain amount of contraction of the vent plug 21 must
      take place as it is wedged into the filling well, and there must be some
      means of compensating for this, particularly since the wall sections of
      blow molded articles are not easily controlled, and weak areas can occur.
      The rings 26 around the tops 24 of the vent plugs 21 provide a generous
      radius around the vent plug 21 which distributes stresses which might
      otherwise cause cracking. This permits some dimensional flexibility to
      compensate for variations in the vents or battery covers. Also since
      battery covers often have a raised collar around each filling well into
      which the vent plugs 21 are pushed, the rings 26 also allow the hollow
      vent to fit down snugly over the battery cover and to allow clearance for
      the collar so that the height of the collar does not add to the combined
      height of the battery and hollow vent.
PAR  The groove 39 in the flat region 22 between vent plugs 21 is higher than
      the rings 26 around the individual vent plugs 21 and serves to dam up and
      collect electrolyte splashed from one filling well and to prevent it from
      being transferred into a different filling well. In the absence of these
      grooves 39, the flat region 22 beyond the rings 26 serves as a well to
      entrain electrolyte which does completely escape from one filling well and
      to collect it and prevent it from entering another filling well.
PAR  The top member 11 suitably comprises a flat surface 38. Alternately, the
      top member 11 can comprise a shelf portion 12 integrally attached through
      a downward sloping section 13 to a downwardly offset central portion 14
      forming a central depression. The central portion 14 is located over the
      region of the vent plugs 21 and, if there are rings 26 around the top 24
      of vent plugs 21 over such rings 26 or, if no such rngs 26 are present,
      over the segment of the flat region 22 immediately adjacent to the vent
      plugs 21. Alternately, the top member 11 can comprise a shelf portion 12
      integrally attached through a downward sloping section 13 to a central
      region 25. The central region 25 comprises alternating higher 31 and lower
      32 regions integrally attached to one another through sloping sections 33.
      The lower region 32 are located over the vent plugs 21. The higher regions
      31 and downward sloping sections 33 attached thereto are located over the
      grooves 39 and flat regions 22 between vent plugs 21 and, if there are
      rings 26 around the tops 24 of the vent plugs 21, over such rings.
PAR  The shelf portion 12 of the top member 11 serves to reinforce more flexible
      materials such as polyethylene. The central portion 14 and lower region 32
      of the top member 11 are located over the vicinity of the vent plugs 21 in
      order to provide a more effective baffle for the drops of electrolyte
      which might splash up from the hole 27 in the base 28 of the vent plug 21.
      Generally, baffling of the electrolyte does not require more than merely a
      top member 11 having a flat surface 38 close to the bottom member 18.
PAR  The vent tube 29 can be located at any point on the vent. In addition, a
      vent can have a plurality of vent tubes located at different points on the
      vent. This feature would allow several gang-type vents to be connected in
      series in a suitable application, for example, a 12-volt battery.
PAR  The gang-type vent of this invention is blow molded by the method of first
      extruding either a tubular parison or a pair of film sheets of heated
      thermoplastic resin and clamping the parison or film sheets while still
      pliable between mating die members having cooperating mold cavities
      configured to the external shape of the hollow gang-type vent to be
      formed. Alternately a pair of pliable preheated, preformed film sheets of
      thermoplastic resin are clamped between the mating die members. Whether
      extruded or preformed, the film sheets fuse when clamped.
PAR  The die members are partable along a parting line. The parting line
      proceeds either in a single flat plane or in a stepwise fashion around the
      periphery of the hollow vent to be formed, in the area between the top 11
      and bottom 18 members of the gang-type vent to be formed.
PAR  Second, a blow molding duct is introduced into the die members and into the
      parison or between the film sheets to provide communication internally of
      the plastic parison or film sheets at a point on the surface of the hollow
      gang-type vent to be formed. Gas under pressure is introduced through the
      duct while the parison or pair of film sheets is clamped between the
      closed die members in order to force the wall of the parison or of the
      fused pair of film sheets outwardly into contact with the surfaces of said
      mold cavities until the plastic has cooled sufficiently to rigidify.
      Finally, the die members are parted, and the molded hollow gang-type vent
      is removed from the die cavities. The hole 27 in the base 28 of each vent
      plug 21 is produced in the blow molded vent by a subsequent secondary
      operation.
PAR  Conventional blow molding equipment is used in this process. The operating
      conditions depend on the particular thermoplastic material used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dimensionally flexible leak-proof, joint-free, blow-molded one-piece
      thermoplastic resinous hollow gang-type vent with vent plugs for a
      plurality of the filling wells of a multiple-cell battery comprising:
PA1  a. a top member;
PA1  b. a skirt integrally molded with said top member and peripherally and
      integrally attached at its upper end to said top member and extending
      downward from said top member;
PA1  c. a bottom member integrally molded with said top member and said skirt
      and peripherally and integrally attached to said skirt at its lower end,
      said bottom member comrises:
PA2  1. vent plugs of a number and location corresponding to the number and
      location of a plurality of the filling wells of the multiple-cell battery
      and of suitable dimensions to fit snugly into said filling wells, to
      thereby form a fluid-tight fit in the absence of an external means for
      securing said plugs in said filling wells, each vent plug having a hole in
      its base to permit passage of gases and electrolyte through the vent plug;
PA2  2. a flat region extending from the periphery of said bottom member toward
      the tops of the vent plugs and integrally attached to the periphery of
      said bottom member; and
PA2  3. a ring around the top of each vent plug connecting said flat region to
      the top of each said vent plug and integrally attached to both, said ring
      distributing stresses and permitting dimensional flexibility in said vent
      to compensate for structural variations in said vent or said battery; and
PA1  d. a first tube integrally molded with said top member, skirt, and bottom
      member and extending outwardly from said skirt to vent gases and
      electrolyte escaping from said battery to a point removed from the
      location of said battery,
PAL  wherein the combination of said top member, skirt, bottom member, and first
      tube is a leak-proof, joint-free, integral, unitary, hollow, structure
      made up of a sole part.
NUM  2.
PAR  2. The vent of claim 1 wherein the top member is a flat surface.
NUM  3.
PAR  3. The vent of claim 1 wherein the top member comprises a shelf portion
      integrally attached through a downward sloping section to a downwardly
      offset central portion, forming a central depression located over the
      vicinity of the vent plugs.
NUM  4.
PAR  4. The vent of claim 1 wherein the top member comprises a shelf portion
      integrally attached through a downwardly sloping section to a central
      portion, said central portion comprising alternating higher and lower
      regions integrally attached to one another through sloping sections, said
      lower regions being located over the vent plugs in the region within the
      walls of the vent plugs.
NUM  5.
PAR  5. The vent of claim 1 comprising additionally a second vent tube
      integrally molded with said top member, skirt, bottom member and first
      tube and extending outwardly from a different point on said skirt than
      said first vent tube.
NUM  6.
PAR  6. The vent of claim 1 wherein the flat region between each pair of vent
      plugs has a groove, said groove extending from a point on the skirt to
      another point on the skirt and separating the segment of the flat
      horizontal region surrounding one vent plug from the segment of the flat
      horizontal region surrounding the other vent plug.
NUM  7.
PAR  7. The vent of claim 6 wherein the top member is a flat surface.
NUM  8.
PAR  8. The vent of claim 6 wherein the top member comprises a shelf portion
      integrally attached through a downward sloping section to a downwardly
      offset central portion, forming a central depression located over the
      vicinity of the vent plugs.
NUM  9.
PAR  9. The vent of claim 6 wherein the top member comprises a shelf portion
      integrally attached through a downwardly sloping section to a central
      portion, said central portion comprising alternating higher and lower
      regions integrally attached to one another through sloping sections, said
      lower regions being located over the vent plugs in the region within the
      walls of the vent plugs.
PATN
WKU  039430090
SRC  5
APN  4204476
APT  1
ART  115
APD  19731130
TTL  Porous ceramic battery vent
ISD  19760309
NCL  7
ECL  1
EXA  Bell; Mark
EXP  Douglas; Winston A.
INVT
NAM  Hipp; Julius Carl
CTY  Elm Grove
STA  WI
ASSG
NAM  Globe-Union Inc.
CTY  Milwaukee
STA  WI
COD  02
CLAS
OCL  136177
XCL  136179
XCL  106 40R
EDF  2
ICL  H01M  212
ICL  C04B 2100
FSC  136
FSS  179;177
FSC  106
FSS  40 R
UREF
PNO  3753746
ISD  19730800
NAM  Koerner
OCL  106 40R
UREF
PNO  3784385
ISD  19740100
NAM  Nekrasov
OCL  106 40R
LREP
FR2  Kirschnik; James L.
FR2  Ryan; John Phillip
ABST
PAL  A fired porous ceramic battery vent having a porosity and particle size
      distribution which can effectively permit the venting of cell gases in the
      battery while at the same time impede a flame from entering the battery
      container. The fired ceramic body is formed with a high melting point
      inorganic material containing aluminum and silicon oxides having a
      particle size no larger than about 600 microns. A lower melting point
      glass is used to fuse the particles together when in the fired state. The
      particle size of the high melting point material is important and ranges
      in size from 200 to 600 microns.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  (None)
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the venting of lead acid storage batteries. More
      particularly, it relates to a ceramic body which is placed in the filling
      cap or the cover of a lead acid storage battery and serves to permit the
      cell gases to vent through the ceramic stone while at the same time
      effectively resisting any ingress of flame caused by the ignition of cell
      vent gases. The ceramic body is designed to effectively retard flame
      propagation while preventing the accumulation of large volumes of gases in
      the battery.
PAR  Ceramic materials have been utilized in conjunction with storage batteries
      of the lead acid type so as to prevent an external spark or flame from
      causing an explosion inside the battery. For example, in U.S. Pat. No.
      2,341,382 such an arrangement is described employing a loose ceramic
      material. In U.S. Pat. Nos. 2,471,585 and 3,630,788 a combined filling and
      venting device employs a ceramic material in the form of a tubular
      structure. It is now proposed to utilize flat plate-like slabs of ceramic
      material in the gang type vent cap as well as a single vent cap. Such a
      device is described in U.S. patent application Ser. No. 354,514 filed Apr.
      26, 1973, now abandoned, which was refiled as U.S. patent application Ser.
      No. 423,055 filed Dec. 10, 1973, now U.S. Pat. No. 3,879,227, both of
      which are commonly assigned.
PAR  The problem with prior ceramic materials utilized in battery venting
      devices is the maintenance of open porosity so that the material will
      adequately vent the battery yet will serve as a barrier to a flame. Prior
      to this invention, particle distributions were not uniform which is very
      important when a small size ceramic disc or platelet is to be employed in
      a battery vent. Other problems with available ceramic materials reside in
      excessive wear in the dies utilized to stamp the green ceramic material
      for example, fused alumina, prior to their being fired in a kiln. In order
      to be effective as a flame barrier as well as a venting material, the
      ceramic must have a very critical particle size range, be able to
      withstand normal handling as it is bulk shipped, be acid and heat
      resistant and not collapse during pressing so as to expose particles which
      are not wetted with bonding agent.
PAR  It is an object of the present invention to provide a novel porous ceramic
      material which very effectively serves to vent explosive gases from
      storage batteries in a manner that any external ignition is impeded from
      being transmitted into the battery casing. It is another object of this
      invention to provide a porous ceramic material which exhibits a narrow
      controlled range of back pressure under given gas flow conditions. It is
      still another object of this invention to provide a novel unfired ceramic
      material which reduces the wearing action on the pressing tools during its
      pelletizing. It is yet another object of this invention to provide a fired
      ceramic material which is acid resistant, heat resistant and also has good
      strength after being fired so that it can be handled in bulk shipments and
      assembling equipment without cracking or chipping.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are accomplished and the shortcomings of the prior
      art are overcome by the present fired ceramic body which is in the form of
      fused homogeneous particulate matter composed of a major portion of a high
      melting point inorganic material having a particle size no larger than
      about 600 microns. The inorganic material contains essentially aluminum
      and silicon oxides. A minor portion of a lower melting point glass bonding
      agent is employed to bind the high melting point inorganic material after
      it is fired. The use of the glass with the higher melting point inorganic
      material is critical in that the glass must wet and bond the grains of
      aluminum and silicon oxides without pulling them into solution and
      changing the particle distribution. The fired body has an open pore
      porosity of about 25% to about 50%. This is accomplished by providing a
      selected range of particle sizes for the inorganic material. In a
      preferred composition, the inorganic material is present in an amount of
      about 80% to 95% by weight and the glass bonding agent composes about 20%
      to about 5% by weight. An optimum range of particle sizes found to achieve
      the desired back pressure of cell vent gases and provide a flame barrier
      resides in 45% by weight of the particles screened in the 600 to 400
      micron range, 45% in the 400 to 300 micron range and 10% in the 300 to 200
      micron range.
PAR  The preferred inorganic materials are mixtures of aluminum and silicon
      oxides and the lower melting point glass is a mixture of clay and
      feldspar. To achieve constantly controlled compaction of the green ceramic
      without tool wear, a wax and a lubricant are added to the high melting
      point inorganic material and the lower melting point glass. The green
      material is compacted at a compression force in the range 2 to 3 tons per
      square inch and fired in a kiln at a temperature of at least
      2300.degree.F.
PAR  Another important feature of the invention is the particle size of the high
      melting point inorganic material. None of the particles should be larger
      than 600 microns and a particle size distribution according to the
      following mesh sizes has been found to work exceedingly well:
TBL         Weight %     Microns                                               
     ______________________________________                                    
            45           600 - 400                                             
            45           400 - 300                                             
            10           300 - 200                                             
     ______________________________________                                    
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following Examples are set forth for the purpose of illustrating the
      invention and should not be construed to limit the invention to the
      precise ingredients, proportions or steps shown.
PAC  EXAMPLE I
PAR  The preferred material composing the high melting point inorganic material
      is kyanite available from Kyanite Mining Corporation in Dillwyn, Virginia.
      This material has the formula Al.sub.2 O.sub.3.SiO.sub.2 and in its raw
      form has the following analysis and physical properties:
TBL  Analysis                                                                  
     Ingredient            Weight %                                            
     ______________________________________                                    
     Al.sub.2 O.sub.3      59.05                                               
     SiO.sub.2             38.65                                               
     FeO                   0.94                                                
     TiO.sub.2             0.67                                                
     CaO                   0.03                                                
     MgO                   0.01                                                
     Alkalies              0.42                                                
     Loss of ignition      0.21                                                
     ______________________________________                                    
TBL  Physical Properties                                                       
     ______________________________________                                    
     Streak           Colorless                                                
     Hardness         5-7 on the mols scale                                    
     Seger Cone       36-37                                                    
     Spec. Grav.      3.5-3.7                                                  
     Color            Blue-green to colorless                                  
     ______________________________________                                    
PAL  The raw kyanite is available in a 35 mesh size which contains 30 - 70 mesh
      material and is screened into designated micron ranges. This screening is
      conveniently carried out by feeding the 35 mesh material into a standard
      multisize screening machine such as a Ross Sifter which is set up with
      double layers of 70, 50 and 40 mesh screens. The kyanite is double
      screened to obtain: less than 70 mesh from the 70 mesh screens; less than
      50 but greater than 70 mesh from the 50 mesh screens; less than 40 but
      greater than 50 from the 40 mesh screens as well as greater than 40 mesh
      material from the 40 mesh screens which is screened to remove any material
      greater than 30 mesh. Any material passing through the 70 mesh screens is
      considered too fine and is discarded. The screened portions will be
      utilized as follows:
TBL  Weight %       Mesh size     Pounds                                       
     ______________________________________                                    
     45             30 - 40       38.7                                         
     45             40 - 50       38.7                                         
     10             50 - 70       8.6                                          
     ______________________________________                                    
PAL  The following will indicate the powder preparation for the previously
      indicated kyanite material in combination with the lower melting point
      glass bonding agent as well as the binder and lubricant. The weight of the
      kyanite and the glass is described for a 100 pound batch with the binder
      and the lubricant being added:
TBL         Material      Weight %                                             
     ______________________________________                                    
            Kyanite       86.00                                                
            Glass         14.00                                                
            Binder        20.00                                                
            Lubricant     2.16                                                 
     ______________________________________                                    
PAL  The glass material is composed of clay and feldspar. The clay is available
      from J. M. Huber Corp., Havre de Grace, Md. under the trademark "Kaolex"
      and the feldspar from International Minerals Corp., Skokie, Ill. under the
      name Kingman feldspar. These materials were used in the following amounts:
     %                  Material      Pounds                                   
     ______________________________________                                    
     8                  Clay          1.12                                     
     92                 Feldspar      12.88                                    
     ______________________________________                                    
PAL  The binder composition is a micro crystaline wax material capable of being
      emulsified in water and having a melting point of 175.degree.F. It is sold
      under the name Hyform No. 1201 by the Industrial Chemicals and Plastics
      Division of American Cyanamid Co., Wayne, N.J.
PAR  The lubricant is composed of the following:
TBL  Ingredient              %                                                 
     ______________________________________                                    
     Aluminum powder         .41                                               
     Zinc stearate           1.75                                              
     ______________________________________                                    
PAL  The aluminum powder is Alcoa Albron powder -- No. 422 pigment available
      from Alcoa Distributors. The zinc stearate is of a 325 mesh and available
      from Witco Chemical Corp., Chicago, Ill.
PAR  The entire 20 pounds of the wax binder material is placed in a suitable
      container and is mixed with a Lightening propeller type mixer which is set
      at about 60 rpm. To the mixed wax material is added 1.12 pounds of the
      clay and the feldspar is also added in a similar manner. The entire
      mixture is then mixed for one hour. The kyanite material in the indicated
      particle range sizes and amounts is added to a heated Marion mixer of the
      horizontal blade type with the heater set at 160.degree.F. The mixer is
      run for 2 minutes with the indicated kyanite material with one third of
      this mix being recycled at least three times at one minute intervals.
PAR  The previously described glass-binder premix is then added slowly into the
      Marion mixer. The Marion mixer is subsequently run for approximately 31/2
      hours with periodic recycling of portions of the mixed materials. After
      the materials are thoroughly mixed, they are discharged into steel pans
      and placed in an oven set at 150.degree.F .+-. 10.degree.. The material is
      dried until the moisture content is at 0.2% maximum which will normally
      take about 12 to 16 hours. The pan dried material is next pulverized by
      passing it through a Fitzsimmons hammer-mill known as a Fitzmill
      granulator using a 2A screen with 0.093 inch holes. The granulated
      material is then run through a single layer vibrating screen such as a
      Racine Universal Screener with the machine set at 23.degree. and a 14 mesh
      screen to obtain less than 16 mesh material through the screen. Any
      oversized material is then rerun through the Fitzmill again and
      rescreened. The analysis of the finished powder is taken using a sifter,
      such as a Fisher-Wheeler, having 16, 30, 40, 50 and 70 mesh screens.
      Analysis must fall within the following limits:
TBL          Mesh         %                                                    
     ______________________________________                                    
             -16           100                                                 
             +30          10-30                                                
             +40          30-45                                                
             +50          25-40                                                
             +70           4-12                                                
             -70           3-10                                                
     ______________________________________                                    
PAL  Bulk density tests are taken on a 100 gram sample of the finished powder
      and the settled volume should be within the 74 to 79 range. A loss on the
      ignition test is taken on a 20 gram sample and the weight loss must be in
      the range of 7.0 to 8.0%. A loss on drying test is taken on a 20 gram
      sample and must be 0.2% maximum. The previously processed powder should
      weigh in the amount of 100 - 108 pounds and to it is added 0.44 pounds (or
      0.41%) of the aluminum powder. The materials are blended in a rolling drum
      for 5 minutes. To this admixture is added 1.75% of the zinc stearate in
      the drum and the entire mixture blended for 5 minutes. An additional 1/2%
      of the zinc stearate (25 grams for each ten pounds) is added to all powder
      lots immediately prior to pressing. The resulting product is now ready for
      pressing.
PAR  A Dorst TPA4 press or equivalent is employed with the die being of a size
      to result in a part having a length of 0.985 to 1.00 inch, a width of
      0.485 to 0.500 and a height of 5/32 or 0.1512 to 1.61 inch. The machine is
      set to press the individual pellets at 2 to 3 tons per square inch, with a
      press rate of 30 pieces per minute. The resulting pelletized product is
      next fired in a kiln at 2330.degree.F with the kiln being of the circular
      car pusher type and the time for firing being 19 hours.
PAR  The resulting ceramic product when processed according to the foregoing
      steps results in a product which is very efficient in flame retardation
      when utilized in a vent plug in a lead acid storage battery. Product has a
      particle size range and distribution resulting in the back pressure in a
      narrow range of 51/2 to 71/4 centimeters of water at 4,000 cc/min gas flow
      through the ceramic product having the aforementioned dimensions and with
      a pressed density of 35.5 to 37.5 grams/in.sup.3. Preferably the gas flow
      should be a hydrogen and oxygen gas mixture comparable to that generated
      within the battery during overcharge conditions, but is has been found
      that an air or nitrogen gas flow gives acceptable correlation. It can be
      pelletized under the indicated high pressures without excessive tool wear
      and with uniformity of the formed particle after numerous production runs.
      The ceramic product also has good grain strength due to the wax material
      and also has good firing strength due to the utilization of the lower
      melting point glass binder. Regarding the strength, a Modulous of Rupture
      of 2275 to  2525 psi. was obtained for the material at a density of 35.5
      to 37.5 grams/in.sup.3. Further, the fired ceramic has an open porosity of
      25% - 45%, a melting point higher than 500.degree.F and is acid proof with
      less than 1/2% weight loss after prolonged exposure to battery electrolyte
      (the prolongation being for a time substantially equivalent to the
      accelerated life expectancy of a vent).
PAC  DESCRIPTION OF ALTERNATIVE EMBODIMENTS
PAR  Examples II, III and IV illustrate the alternative use of mullite, fused
      silica and bubble alumina, respectively, for kyanite in Example 1.
PAC  EXAMPLE II
PAR  The following ceramic powder formulation, as well as those described in
      EXAMPLES III and IV, can be substituted for that described in EXAMPLE I
      for producing a 1500.0 gram batch (exclusive of the wax) which is
      calculated on the total weight of the mullite.
TBL         Material      Weight %                                             
     ______________________________________                                    
            Mullite       81.04                                                
            Glass         18.96                                                
            Binder        30.02                                                
     ______________________________________                                    
PAL  The glass and wax binder in this EXAMPLE and in EXAMPLES III & IV are the
      same as employed in EXAMPLE I. The mullite is available from the same
      source as the kyanite and has the formula 3Al.sub.2 O.sub.3.2SiO.sub.2. It
      has the following analysis:
TBL  Ingredient            Weight %                                            
     ______________________________________                                    
     Al.sub.2 O.sub.3      59.17                                               
     SiO.sub.2             38.73                                               
     FeO                   0.94                                                
     TiO.sub.2             0.67                                                
     CaO                   0.03                                                
     MgO                   0.01                                                
     Alkalies              0.42                                                
     Loss of ignition      --                                                  
     ______________________________________                                    
PAL  The physical properties of the mullite are the same as for the kyanite
      except that the mullite has a specific gravity of 2.9 - 3.1.
PAR  The mullite, glass and wax are processed according to the same steps as set
      forth for the kyanite, glass and binder in EXAMPLE I. The same lubricant
      in the designated amounts is also employed as well as in EXAMPLES III and
      IV. The resulting product is the same except as that produced in EXAMPLE I
      except that the hardness of mullite while significantly lower than that of
      fused alumina products, would still be higher than for kyanite and
      consequently would result in greater tool wear.
TBL  ______________________________________                                    
     EXAMPLE III                                                               
     Material              Weight %                                            
     ______________________________________                                    
     Fused Silica          88                                                  
     Glass                 12                                                  
     Binder                10                                                  
     ______________________________________                                    
PAL  The total weight of the fused silica and glass is 300 grams and the
      materials were processed in the same manner as the corresponding materials
      in EXAMPLE I. The resulting product would have a higher back pressure,
      lower strength and be of a higher cost than a product employing kyanite as
      produced in EXAMPLE I.
TBL  ______________________________________                                    
     EXAMPLE IV                                                                
     Material              Weight %                                            
     ______________________________________                                    
     Bubble Al.sub.2 O.sub.3                                                   
                           88                                                  
     Glass                 12                                                  
     Binder                19                                                  
     ______________________________________                                    
PAL  The bubble alumina is of the same composition as fused alumina except it is
      of a different structure. The total weight of the bubble alumina and glass
      is 300 grams and the materials were processed in the same manner as the
      corresponding materials in EXAMPLE I. The resulting product would be of
      much lower strength and have a greater range of back pressure than the
      product produced in EXAMPLE I.
PAR  In the preceding description, the preferred particle range for the high
      melting point inorganic material is indicated. It should be understood
      that these ranges could be varied so that 50 to 75% of the particles are
      in the 600 to 400 micron or 30 - 40 mesh size range and 50 to 25% are in
      the 200 to 300 micron or 50 - 70 mesh size range; alternatively, 25 to 50%
      could be in the 200 to 300 micron range and 75 to 50% in the 400 to 300
      micron range and still accomplish the benefits as indicated for the
      ceramic material. A preferred quantity of 86% of the high melting point
      kyanite material and 14% of the lower melting point bonding glass is
      indicated. It should be understood that 80 to 95% of the major portion of
      the high melting point kyanite could be utilized in conjunction with 20 to
      5% of the lower melting point glass. While a preferred glass is one
      composed of clay and feldspar, it should be understood that the following
      glass compositions could be substituted for the binders indicated in the
      previous EXAMPLES I - IV:
     GLASS FORMULA 1                                                           
     (Borosilicate Glass)                                                      
     Material              Weight (lbs)                                        
     ______________________________________                                    
     Sand (SiO.sub.2)      1,000                                               
     Nepheline Syenite     118                                                 
     Borax (anhydrous)     122                                                 
     Boric Acid            149                                                 
     Sodium Nitrate        5                                                   
     Arsenic               5                                                   
     ______________________________________                                    
PAL  This glass material has a melting point of 1,000.degree.C.
TBL  ______________________________________                                    
     GLASS FORMULA 2                                                           
     (Lead Borosilicate)                                                       
     Material          Molecular Composition                                   
     ______________________________________                                    
     Lead Oxide        0.20                                                    
     Potassium Oxide   0.15                                                    
     Sodium Oxide      0.25                                                    
     Calcium Oxide     0.40                                                    
     Aluminum Oxide    0.40                                                    
     Boron Oxide       0.60                                                    
     Silicon Dioxide   4.00                                                    
     ______________________________________                                    
PAL  This glass has a melting point of 560.degree.C.
TBL  ______________________________________                                    
     GLASS FORMULA 3                                                           
     (Lead Silicate)                                                           
     Material          Molecular Composition                                   
     ______________________________________                                    
     Lead Oxide        1.0                                                     
     Aluminum Oxide    0.1                                                     
     Silicon Dioxide   2.0                                                     
     ______________________________________                                    
PAL  This glass has a melting point of 650.degree.C.
TBL  ______________________________________                                    
     GLASS FORMULA 4                                                           
     (Lead-Alumina-Silicate)                                                   
     Material               % Amount                                           
     ______________________________________                                    
     Lead Oxide             91.2                                               
     Aluminum Oxide         5.2                                                
     Silicon Dioxide        3.6                                                
     ______________________________________                                    
PAL  This glass has a melting point of 764.degree.C.
PAR  Additionally, other glasses of the lower melting point type in the range of
      1000.degree.F - 2500.degree.F and containing sodium, potassium and lead
      silicates can be used.
PAR  While kyanite is indicated as the preferred high melting point inorganic
      material, other high melting point silicate and/or aluminum dioxide
      containing materials including high temperature glasses could be
      substituted. A preferred microcrystalline wax material in a designated
      amount is indicated for giving green strength to the prefired and
      pelletized ceramic composition. Other waxes of the microcrystalline type
      and capable of being emulsified in water with the melting points in the
      122.degree./175.degree.F range and preferably a wax having a melting point
      of 175.degree.F, could be substituted in amounts from 2% to 15% of the
      high melting point inorganic and glass material, or the preferred wax used
      in the broader range. Examples of such materials are the wax emulsions
      produced by Socony Mobil Oil Co. Inc. under the tradename Mobilciers "C",
      "M" and "R". In place of the lubricants and the designated amount, other
      organic or metallic materials present in the range of 0.5% to 5% of the
      high melting point inorganic and glass material, or the preferred material
      in the broader range, all having a low coefficient of friction which will
      burn out during firing, could be utilized such as other metal salts of
      long chain fatty acids including calcium, barium or lead stearates or
      oleates. The aluminum powder portion of the lubricant could be eliminated
      or substituted with other inorganic oxide powders such as zinc, tin or
      lead. While pelletizing or die stamping the green part is a preferred
      manner for forming the grained ceramic material of this invention, other
      methods such as extruding could be substituted. However, this latter
      method could pose a problem in maintaining adequate densities.
PAR  It will thus be seen that through the present invention there is now
      provided a novel ceramic material which has uniformity and particle size
      distribution. This results in a highly efficient flame arrester in the
      plug or cover portions of batteries and particularly the lead acid
      battery. The back pressure of gases through the ceramic body can be
      controlled in a narrow range which thereby permits a high degree of
      control of product characteristics. The ceramic material has good
      structure and stability and yet does not pose excessive wear during die
      stamping. Consistently uniform production runs can be achieved with
      existing equipment and without requiring special skills on the part of the
      operator.
PAR  The foregoing invention can now be practiced by those skilled in the art.
      Such skilled persons will know that the invention is not necessarily
      restricted to the particular embodiments herein. The scope of the
      invention is to be defined by the terms of the following claims as given
      meaning by the preceding description.
CLMS
STM  I claim:
NUM  1.
PAR  1. A porous, fired ceramic battery vent in the form of fused homogenous
      particulate matter comprising:
PA1  an inorganic filler material comprising individual particles having a
      particle size no larger than about 600 microns and being present in an
      amount of about 80% to about 95% by weight, said filler material
      containing aluminum and/or silicon oxide;
PA1  a glass binder present in an amount of about 20% to 5% by weight, said
      binder having a melting point in the range of about 1,000.degree.F to
      2,500.degree.F;
PA1  said filler material having a melting point in excess of said binder
      material and having about 50% to 75% of the particles in the 400 to 600
      micron range and about 50% to 25% of the particles in the 200 to 300
      micron range; and
PA1  said fired vent material having an open porosity of about 25% to about 50%
      and being substantially acid resistant.
NUM  2.
PAR  2. The porous, fired ceramic battery vent as defined in claim 1 wherein
      both said aluminum and silicon oxides are present and said aluminum oxide
      is present in a greater quantity than said silicon oxide.
NUM  3.
PAR  3. The porous, fired ceramic battery vent as defined in claim 1 wherein
      said high melting point inorganic material is present in an amount of
      about 86% by weight and said lower melting point glass is present in an
      amount of about 14%.
NUM  4.
PAR  4. A porous, fired ceramic battery vent in the form of fused homogenous
      particulate matter comprising:
PA1  an inorganic filler material comprising individual particles having a
      particle size no larger than 600 microns and being present in an amount of
      about 80% to 95% by weight, said filler material containing aluminum
      and/or silicon oxide;
PA1  a glass binder present in an amount of about 20% to 5% by weight, said
      binder having a melting point in the range of about 1,000.degree.F to
      about 2,500.degree.F;
PA1  said filler material having a melting point in excess of said binder
      material and having about 25% to about 50% of the particles in the 200 to
      300 micron range and about 75% to about 50% of the particles in the 300 to
      400 micron range; and
PA1  said fired vent material having an open porosity of about 25% to about 50%
      and being substantially acid resistant.
NUM  5.
PAR  5. A porous, fired ceramic battery vent as defined in claim 4 wherein both
      said aluminum and silicon oxides are present and said aluminum oxide is
      present in a greater quantity than said silicon oxide.
NUM  6.
PAR  6. A porous, fired ceramic battery vent as defined in claim 5 wherein said
      inorganic filler material is present in an amount of about 86% by weight
      and said glass binder is present in an amount of about 14%.
NUM  7.
PAR  7. A porous fired ceramic battery vent in the form of fused homogenous
      particulate matter comprising:
PA1  an inorganic filler material comprising individual particles having a
      particle size no larger than about 600 microns and being present in an
      amount of about 80% to 95% by weight, said filler material containing
      aluminum and/or silicon oxide;
PA1  a glass binder present in an amount of about 20% to 5% by weight, said
      binder having a melting point in the range of about 1,000.degree.F to
      2,500.degree.F;
PA1  said filler material having a melting point in excess of said binder
      material and having about 45% by weight of the particles in the 600 to 400
      micron range, about 45% by weight in the 400 to 300 micron range and about
      10% by weight in the 300 to 200 micron range; and
PA1  said fired vent material having an open porosity of about 25% to 50% and
      being substantially acid resistant.
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ABST
PAL  There is disclosed a method for producing austenitic ferrous alloys
      containing from 21-45% manganese and from 10-30% chromium by exposing the
      alloys in solid form to nitrogen or nitrogen compounds at a temperature of
      at least 1700.degree.F for a time period sufficient to raise the nitrogen
      content of at least the surface of the alloy to at least 0.85%.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Corrosion resistant steels, known as stainless steels, have long been known
      and are presently available with a variety of properties. Austenitic
      stainless steels, which are those consisting substantially of a single
      austenite phase, possess the best combination of corrosion resistance and
      good mechanical properties, particularly at high temperatures. Austenitic
      stainless steels in the past have been steels in which chromium and nickel
      are the principal alloying agents. However, nickel is not an abundant
      metal, and the increased demand for it has increased its price and made
      its supply uncertain, particularly in critical times. Substitutes for
      nickel in the chromium-nickel austenitic stainless steels have long been
      sought. Recently the combined use of manganese, nitrogen and chromium in
      carefully balanced amounts has produced an austenitic stainless steel.
      This steel is described in U.S. patent application Ser. No. 251,637, filed
      May 8, 1972.
PAR  Although the use of nitrogen, manganese and chromium in these stainless
      steels has produced excellent products, the production of such steels has
      not been without difficulty. Nitrogen escapes from molten metal as it
      cools, and it tends to come out of solution during solidification to
      produce porous ingots which are substantially useless. Particularly in
      slow cooling articles such as large castings with large cross sections,
      maintaining high levels of nitrogen in the steel is difficult; and
      obtaining useful, non-porous castings is correspondingly difficult.
      Nitrogen is a hardener so that high nitrogen steels are difficult to work.
      For some purposes a heterogeneous ingot structure may be desired even
      though it is more vulnerable to attack. In such cases an austenitic
      surface on the heterogeneous metal may be desired.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves or greatly mitigates the above-mentioned
      problems. The present invention is a method for austenitizing a ferrous
      alloy containing from about 21-45% manganese and from about 10-30%
      chromium, by exposing solid forms of such ferrous alloys to nitrogen at a
      temperature of at least 1700.degree.F and for a time period sufficient to
      raise the nitrogen content of at least the surface of the alloy to about
      0.85%.
PAR  In the process of this invention, nitrogen apparently dissolves in the
      solid alloy surface and then diffuses into the body of the alloy.
      Surprisingly, nitrogen that diffuses into a solid alloy has the same
      effect on alloy structure as if it were dissolved in the molten alloy
      before it solidified. Thus, a heterogeneous alloy having a separate
      ferrite phase may be austenitized by being subjected to the process of
      this invention in that nitrogen entering through the surface of the alloy
      and diffusing into its body creates an austenitic phase where it is
      dissolved in quantities larger than 0.85% and less than 3.0%, and
      preferably between 1.05% and 1.5%. In this specification and the following
      claims, compositions stated in percent mean percent by weight of the total
      composition.
PAR  It is evident from the foregoing description that a nitrogen composition
      gradient throughout the body of the alloy may be obtained in accordance
      with this invention. Thus, an alloy that contains, for example, 0.5%
      nitrogen as a gross nitrogen composition may contain more than 1.0%
      nitrogen at its surface, thereby providing an austenitic, corrosion
      resistant surface for the alloy. It is also evident that the diffusion
      process provides an opportunity for reducing concentrations of nitrogen at
      the surface that are too high by heating the alloy to temperatures above
      1700.degree.F in the absence of nitrogen; whereby the nitrogen
      concentration in the alloy will be distributed more evenly across its
      entire cross section and will be correspondingly reduced at its surface.
      This may be necessary if the nitrogen content at the surface of the alloy
      becomes so high during processing that nitrides are precipitated.
PAR  In the process of the present invention, damaging temperatures must be
      avoided. For example, the solid alloys should not be maintained in the
      range of 1000.degree.-1600.degree.F for too long a time period to avoid
      the formation of sigma phase which deteriorates the mechanical properties
      of the alloy.
PAR  Alloys that may be benefited by the present invention are those that
      contain primarily chromium and manganese in addition to iron. However,
      such alloys may include copper, nickel, molybdenum, or any combinations of
      those elements to obtain special properties.
PAR  The alloys treated by the process of this invention must contain from
      10-30% chromium. At least 10% chromium is required to give the steel its
      outstanding corrosion resistance. Chromium also has a secondary effect
      upon the strength of the steel and is a primary element in increasing the
      steel's solubility for nitrogen. An upper limit of 30% chromium is imposed
      as chromium above this level is a detriment to hot processing and
      increases the tendency toward formation of undesirable sigma phase. Ingots
      of this alloy containing more than 30% chromium have proven to be too
      brittle to hot work. A preferred chromium content is in the range of
      15-27% in that steels containing this range of chromium are easy to
      produce while still having good corrosion resistance and strength.
PAR  The manganese in the alloy treated by the process of this invention is
      present in amounts from 21- 45%. Since manganese is an austenitizer and
      increases the solubility of nitrogen in the steel, amounts in excess of
      21% are required. An upper limit of 45% and preferably an upper limit of
      30% manganese is imposed for economic considerations and because manganese
      tends to attack furnace refractories.
PAR  Nitrogen is a strong austenitizer and it is an object of the present
      invention to introduce it into the steel. At least 0.85% is required for
      its austenitizing effect and because it is the primary strengthening
      element of the steel. Amounts of nitrogen in excess of 3% tend to
      precipitate nitrides which reduce both the strength and corrosion
      resistance of the steel. The nitrogen content of the surface of alloys
      produced by the process of this invention preferably is from 1.05 to 1.5%.
PAR  Copper, nickel and molybdenum may be used in the alloy of this invention in
      amounts from 1-5% of molybdenum, 1-3% of copper, and 1-4% of nickel; or
      they may be used in combination in total amounts up to 5%. Copper and
      nickel improve the corrosion resistance of the alloy to dilute sulfuric
      acid, and molybdenum increases the amount of nitrogen that can be taken
      into the alloy.
PAR  Carbon is a well known austenitizer and strengthener and is employed in
      these alloys in amounts up to 1%. The alloys may tolerate silicon
      concentrations as high as 2%, but preferably the silicon content is
      maintained below 1%.
PAR  Although the residuals in iron need not be identified and do not
      significantly affect the properties of the alloy, the usual residuals may
      be identified as phosphorus, sulfur, tungsten and cobalt.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  To demonstrate the present invention, four alloys were melted having the
      compositions set forth in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Alloy No.                                                                 
     1            2         3           4                                      
     ______________________________________                                    
     Manganese                                                                 
             21.08    30.45     30.50     30.20                                
     Chromium                                                                  
             26.26    19.98     20.15     20.03                                
     Copper  0.09     0.20      1.02      0.21                                 
     Molybdenum                                                                
             0.01     0.035     0.030     2.07                                 
     Nickel  0.23     1.07      0.22      0.23                                 
     Nitrogen                                                                  
             0.85     0.69(0.74)*                                              
                                0.65(0.67)*                                    
                                          0.65(0.74)*                          
     Carbon  0.11     0.105     0.104     0.106                                
     Silicon 0.35     0.45      0.50      0.56                                 
     ______________________________________                                    
      *Nitrogen content after hot rolling                                      
PAR  All of the alloys shown in Table I were prepared in the same way. All
      alloys were melted in an air induction furnace and were composed of
      commercial grades of ferroalloys and pure elements. The alloys were cast
      from approximately 2650.degree.F into 35 pound cast iron ingot molds.
      After solidification, the ingots were examined for porosity which was not
      observed in any of the alloys because of the low nitrogen content. Hot
      processing consisted of rolling the ingots after an appropriate soak time
      at 2250.degree.F. The alloys were subsequently annealed on a schedule of
      120 minutes per inch of thickness at 1950.degree.F and cleaned. A 50% cold
      reduction was given to all alloys prior to nitrogen annealing.
PAR  The nitrogen annealing was performed at the temperatures and for the time
      periods indicated in Table II. Temperatures above 1800.degree.F were
      employed in all cases to avoid the formation of sigma phase which has a
      detrimental effect on the alloys. The nitrogen annealing was effected in
      an atmosphere of commercially pure nitrogen. However, following the
      nitrogen annealing, a slight oxide coating was found on the alloys. Table
      II shows the nitrogen content of the alloys after periods of treatment at
      different temperatures. It should be noted that Table II reports the
      nitrogen content as that of the bulk material. The nitrogen concentration
      in the alloys treated as set forth above will be graduated from the
      surface toward the interior of the solid alloy being treated. Accordingly,
      the nitrogen content at the surface of the alloys will be higher in almost
      all cases than the nitrogen content toward the middle. Since nitrogen
      diffuses into the alloy, the nitrogen content in the interior portions of
      each alloy will be higher as the nitrogen annealing time increases. To
      investigate the effectiveness of nitrogen annealing, one specimen of each
      alloy was soaked in nitrogen at 1900.degree.F for 114 hours, which was a
      substantially longer soak period than the other specimens were subjected
      to. For this long-term period, the diffusion processes had sufficient time
      so that it is likely that those alloy specimens were close to being
      homogeneous.
TBL                TABLE II                                                    
     ______________________________________                                    
                    % Nitrogen                                                 
                    After Nitrogen Treatment                                   
     Temp. (.degree.F)                                                         
              Time (min.) 1       2     3     4                                
     ______________________________________                                    
     1800     0            0.850  0.740 0.670 0.740                            
              5           1.02    0.788 0.771 0.790                            
              10          1.02    0.774 0.781 1.02                             
              15          1.01    0.783 0.762 1.08                             
     1900     5           1.01    0.787 0.752 0.809                            
              10          1.03    0.804 0.793 1.10                             
              15          1.06    0.993 0.860 1.01                             
              114 (hours) 3.21    3.07  3.17  2.11                             
     2000     5           1.09    0.829 0.818 0.843                            
              10          1.02    0.842 0.790 0.860                            
              15          1.10    0.950 0.872 0.882                            
     2100     5           1.02    0.830 0.787 0.857                            
              10          1.23    1.18  0.799 0.872                            
              15          1.15    0.915 0.972 0.920                            
     ______________________________________                                    
PAR  It may be noted from Table II that the nitrogen content of all of Alloys
      1-4 inclusive is increased by relatively brief periods of treatment in the
      range of temperatures from 1800.degree.-2100.degree.F. Of particular
      interest is Alloy 4. The high molybdenum content of Alloy 4 apparently
      increases its ability to take on nitrogen from the atmosphere; and,
      additionally, it appears to moderate the absorption of nitrogen so that
      too much is not dissolved. Accordingly, for alloys to be austenitized by
      annealing in the presence of nitrogen, it is particularly advantageous to
      include molybdenum in excess of 1% in the alloy composition.
DRWD
PAR  The accompanying figures are presented to further illustrate the process of
      the present invention.
PAR  FIG. 1 is a photomicrograph of a specimen of Alloy 1 after it was annealed
      in air at a temperature of 2350.degree.F for a period of 15 minutes.
PAR  FIG. 2 is a photomicrograph of a specimen of Alloy 2 after it was annealed
      in nitrogen at a temperature of 1900.degree.F for a period of 114 hours.
DETD
PAR  Referring to FIG. 1, three distinct zones of the cross section may be
      discerned. Starting from the outside surface and working toward the
      center, zone 1 is an oxide layer that terminates in a rather abrupt line.
      Beneath the oxide layer is an austenitic phase 2 that was austenitized by
      absorption of nitrogen from the atmosphere in which the nitrogen annealing
      was effected. The center zone 3 is a two-phase system of austenite and
      ferrite. Further nitrogen absorption from the atmosphere or further
      diffusion of nitrogen would increase the depth of the austenitic zone and
      diminish the thickness of the two-phase austenite-ferrite zone until
      eventually the entire cross section of Alloy 1 would be austenitic.
PAR  Referring to FIG. 2, the alloy shown in the photomicrograph contains 3.07%
      nitrogen; and, as may be seen from the photomicrograph, a two-phase
      structure including precipitated nitrides of alloying elements has formed
      thereby indicating that a nitrogen content in excess of 3% causes the
      formation of undesirable phases. Some precipitated nitrides are indicated
      in FIG. 2 at 4.
PAR  From FIG. 1 and FIG. 2 it is evident that a great deal of control may be
      exercised by suitably adjusting nitrogen treating times and conditions.
      For example, when it is desired to have a completely austenitized cross
      section, it may be required to anneal in nitrogen for a long period of
      time to introduce high concentrations of nitrogen, but less than 3%, into
      the surface of the alloy -- after which annealing in a neutral atmosphere
      such as argon may be performed for a time sufficient for the nitrogen at
      the surface of the alloy to diffuse toward the center, thereby
      austenitizing the center of the cross section and diminishing the
      concentration of nitrogen at the surface. The diffusion period may be
      followed by further nitriding if a higher concentration of nitrogen is
      again desired at the surface. It is evident that experience with a given
      alloy will quickly establish guide lines for times, temperatures, and
      other conditions of treatment. It is also evident that alloy shapes with
      thin cross sections, such as thin sheets, can be austenitized across their
      entire cross sections more quickly than thicker shapes.
PAR  Another variation in the process of the present invention is effecting
      nitriding of the surface very locally. This can be accomplished by
      treating the surface, for example of a very large casting that would not
      fit in an ordinary annealing oven, by heating the surface to a temperature
      in excess of 1700.degree.F with a flame that includes nitrogen. Such a
      flame preferably is one that employs air as a gas to support combustion
      and is regulated with regard to the air-fuel mixture so that the resulting
      combustion gas is a reducing gas containing a high concentration of
      nitrogen.
PAR  The nitrogen employed in the process of the present invention may be
      elemental nitrogen or a suitable nitrogen compound. Treatments effected by
      annealing the alloys of this invention in contact with ammonia, amines, or
      other sources of nitrogen are also effective. The various nitrogen
      compounds are not necessarily equivalent to each other having in general,
      atmospheres providing a high partial pressure of nitrogen may be suitable.
PAR  One of the major benefits obtained by increasing the nitrogen concentration
      at the surface of the alloys useful in this invention is that the high
      nitrogen concentration produces a one-phase austenitic structure which is
      highly resistant to chloride pitting. Chloride pitting is usually measured
      by a potentiokinetic technique. In this technique, an alloy specimen is
      placed in contact with an appropriate chloride solution, and an electrical
      potential is imposed on the specimen at increasing voltage until a
      breakthrough point is reached at which a surge of current passes through
      the solution. Higher breakthrough potentials indicate greater resistance
      to chloride pitting. In the alloys of this invention, a direct correlation
      was observed between breakthrough potential and nitrogen concentration at
      all nitrogen levels below 3.0%. This correlation can be best demonstrated
      by the data accumulated in testing various specimens of Alloy 2. Table III
      reports these data.
TBL                TABLE III                                                   
     ______________________________________                                    
     Temperature          Nitrogen  Breakthrough                               
     (.degree.F)                                                               
               Time (min.)                                                     
                          Content   Potential (volts)                          
     ______________________________________                                    
     1800      15         0.783     0.93                                       
     1900      15         0.993     1.22                                       
     2000      15         0.950     1.35                                       
     2100      15         0.915     1.27                                       
     1900      144 hours  3.07      -0.26                                      
     ______________________________________                                    
PAR  It may be seen from Table III that the nitrogen content of the alloy
      specimens is directly related to the resistance to chloride pitting as
      measured by the potentiokinetic technique. It may be noted that the
      resistance to chloride pitting diminishes drastically when a two-phase
      system exists as indicated by the specimen treated for 144 hours having a
      gross nitrogen content of 3.07 which displayed a negative breakthrough
      potential. The specimen reported there is the specimen illustrated in the
      photomicrograph of FIG. 2.
PAR  In summary, the process of the present invention provides a method for
      producing alloys having a high nitrogen content without the usual problems
      associated with making such alloys, such a the production of porous ingots
      due to nitrogen coming out of solution when a high nitrogen content alloy
      is solidified. The process of the present invention additionally provides
      a producer the opportunity to adjust the nitrogen content of an alloy if
      analysis after the alloy is cast indicates that the nitrogen content is
      lower than desired. The process of the present invention additionally
      permits the production of articles having nitrogen concentration gradients
      across their cross section so that an alloy article may be produced having
      high corrosion resistance at its surface without affecting the mechanical
      properties of the alloy across its entire cross section.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article of manufacture comprising a solid ferrous alloy consisting
      essentially of from about 21-45% manganese, from about 10-30% chromium,
      balance essentially iron, and having at its surface from about 0.85-3%
      nitrogen with a lesser nitrogen content in its interior than at its
      surface, said article having an austenitic surface and a two phase
      interior of austenitic and ferrite.
NUM  2.
PAR  2. An article according to claim 1 wherein said alloy additionally contains
      at least one metal from the group consisting of 1-5% molybdenum, 1-4%
      nickel and 1-3% copper, and wherein said alloy, when two or more said
      metals are present, does not exceed 5% total thereof.
NUM  3.
PAR  3. An article of manufacture comprising a solid ferrous alloy consisting
      essentially of from about 21-45% manganese, from about 10-30% chromium,
      balance essentially iron, and at its surface from about 0.85-3% nitrogen
      -- said article having an austenitic surface and a two-phase interior
      comprising austenite and ferrite.
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ABST
PAL  A strip of composite metal laminate material embodying a thin inner layer
      of stainless steel sandwiched between and metallurgically bonded to two
      relatively thicker outer layers of low carbon steel is subjected to a
      brief, high temperature heat treatment followed by a relatively much
      longer heat treatment at much lower temperature for substantially
      eliminating the yield point in the laminate and for maximizing formability
      of the laminate while permitting some reduction in the corrosion
      resistance properties of the stainless steel layer of the laminate. The
      composite strip material is then readily formed into two, concentrically
      disposed convolutions of the strip material while the laminate material is
      in this highly formable condition. The convolutions of the strip material
      are then brazed together to provide a double-walled tubing, the brazing
      procedure being regulated to effect selected heat treatment of the formed
      composite material for substantially restoring the corrosion resistance
      properties of the stainless steel layer of the laminate within the
      finished tubing.
PARN
PAR  This is a division, of application Ser. No. 235,297, filed Mar. 16, 1972,
      now U.S. Pat. No. 3,775,194.
BSUM
PAR  Conventional automotive brake tubing and the like is manufactured by
      forming low carbon steel strip material into concentrically disposed
      convolutions of the material and by brazing the convolutions together to
      form a double-walled tubing construction. This conventional tubing is
      manufactured at relatively low cost because the industry has developed a
      well standardized process and equipment for manufacturing tubing of this
      construction in very large quantities. More recently, it has been proposed
      that such tubing be formed from a strip of composite metal laminate
      material embodying a thin inner layer of stainless steel sandwiched
      between and metallurgically bonded to two relatively thicker outer layers
      of low carbon steel. It is found that this composite material is readily
      formed in the manner of low carbon steel to provide the desired
      double-walled tubing configuration, is readily brazed in the manner of the
      low carbon steel material previously used in such tubing, and provides the
      resultant tubing with significantly increased resistance to corrosion,
      particularly including pitting types of corrosion. However, it is
      desirable to provide such composite laminate material in an economical way
      to permit even greater ease in forming material into the desired tubing
      configuration.
PAR  It is an object of this invention to provide a novel and improved composite
      metal laminate material for use in making brazed, double-walled tubing; to
      provide such a material which is readily formed into the desired
      double-walled tubing configuration; to provide such a tubing material
      which is readily brazed using conventional brazing equipment to form the
      desired double-walled tubing; to provide double-walled tubing made from
      such composite material; to provide such tubing which displays excellent
      resistance to corrosion particularly including pitting types of corrosion;
      to provide such tubing which is of economical construction, and to provide
      novel and improved methods for making said composite metal laminate
      material and for making said double-walled tubing.
PAR  Briefly described, the composite metal laminate material of this invention
      comprises at least one, thin inner layer of stainless steel which is
      sandwiched between and metallurgically bonded to two relatively thicker
      outer layers of low carbon steel. This composite material is initially
      formed in any conventional manner by roll-squeezing the metal layers of
      the laminate together, preferably at room temperature, with substantial
      reduction in the thickness of the metal layers to form the desired
      metallurgical bonds between the metal layers. In accordance with this
      invention, the composite metal material is then heated to a relatively
      high temperature on the order of 1850.degree. F. or more for a brief
      period of time for substantially annealing the stainless steel layer of
      the laminate material. The composite material is then heated to a
      relatively lower temperature on the order of 1100.degree. F. or less for a
      substantially longer period of time. It is found that this latter heat
      treatment step substantially softens the low carbon steel layers of the
      laminate and modifies the properties of the laminate so that the laminate
      is highly formable and displays substantially no yield point during
      subsequent deformation of the laminate. It is also found that this latter
      heat treatment tends to cause some undesirable reduction in the corrosion
      resistance properties of the stainless steel layer of the laminate.
PAR  The resulting composite material is then formed into two concentrically
      disposed convolutions of the strip material to form a tubing configuration
      in a conventional manner, these convolutions of the strip material then
      being heated and brazed together for securing the convolutions together to
      form the desired double-walled tubing. The heating of the composite
      material which is performed for accomplishing brazing of the tubing
      material is regulated for substantially restoring the corrosion resistance
      properties of the stainless steel layer of the laminate material.
PAR  In this way, it is found that the desired layers of metal are
      metallurgically bonded together in a laminate material in a secure and
      economical way. The described heat treatment of the composite material
      permits the composite material to be very easily formed into the desired
      tubing configuration and modifies the properties of the materials embodied
      in the composite so that the composite material displays substantially no
      yield point during deformation of the material into the desired tubing
      configuration. Further, the deformed laminate material is readily brazed
      in a conventional manner for securing convolutions in the laminate
      material together to form the desired double-walled tubing construction,
      the heat treatment which is employed in brazing also serving to modify the
      properties of the laminate material for substantially restoring the
      initial high resistance to corrosion of the stainless steel layer of the
      laminate.
DRWD
PAR  Other objects, advantages and details of the composite material, tubing and
      methods of this invention appear in the following more detailed
      description of preferred embodiments of the invention, the detailed
      description referring to the drawings in which:
PAR  FIG. 1 is a block diagram illustrating process steps in the manufacture of
      composite laminate materials and tubings in accordance with this
      invention;
PAR  FIG. 2 is a section view to enlarged scale along the transverse axis of a
      strip of composite material provided by this invention;
PAR  FIG. 3 is a section view to enlarged scale along the transverse axis of the
      tubing provided by this invention;
PAR  FIG. 4 is a section view similar to FIG. 2 illustrating a step in the
      process of forming the tubing of FIG. 3 from the composite material of
      FIG. 2; and
PAR  FIG. 5 is a graph illustrating characteristics of the composite material of
      FIG. 2.
DETD
PAR  Referring to the drawings, the block diagram of FIG. 1 illustrates the
      general steps contemplated for making a double-walled tubing in accordance
      with this invention. That is, as is indicated at 10 in FIG. 1, the first
      step in forming the desired tubing construction calls for roll-bonding of
      a plurality of metal layers to form a composite metal laminate 12 as shown
      in FIG. 2, the metal laminate embodying a thin inner layer 14 of stainless
      steel which is sandwiched between two relatively thicker outer layers 16
      of low carbon steel and which is metallurgically bonded to the low carbon
      steel layers substantially throughout the interfaces 18 between the metal
      layers. Roll-bonding processes for making such composite metal laminate
      materials are well known and will be understood that, in such roll-bonding
      processes, strips of annealed steel materials or the like having surfaces
      which have been cleaned for removing bond-deterrent substances therefrom
      are initially brought into interfacial contact with each other. The
      contacting metal strips are then squeezed together between a pair of
      pressure rolls with substantial reduction in the thicknesses of the strip
      materials, thereby to metallurgically bond the strips to each other to
      form a composite metal laminate in which the strip materials form
      respective layers of the laminate. Usually the resulting bonded composite
      material is heated for sintering and strengthening the bonds between the
      metal layers of the composite and for intermediately annealing or stress
      relieving the materials of the composite and the composite is then rolled
      again for further reducing the composite material to a desired final gauge
      or thickness. Such roll-bonding processes are illustrated, for example, in
      U.S. Pat. Nos. 2,691,815 and 2,753,623. As such roll-bonding processes are
      well known and as various conventional roll-bonding processes can be
      employed in making the laminate material 12 within the scope of this
      invention, formation of the laminate 12 by roll-bonding is not further
      described herein and it will be understood that the laminate 12 embodies
      layer materials as above described, that the layers of the laminate
      material are metallurgically bonded together substantially throughout
      their interfacially contacting surfaces, and that materials of the
      composite laminate have been work-hardened to at least some extent by the
      reduction in thickness of the laminate layer materials which has occurred
      during roll-bonding of the laminate or during subsequent rolling of the
      laminate to a desired final gauge or thickness.
PAR  In accordance with this invention, the composite metal laminate 12 embodies
      various conventional steel materials. For example, the thin inner layer 14
      of stainless steel material in the laminate preferably comprises an
      austenitic stainless steel such as Type 304 Stainless Steel having the
      composition, by weight, as set forth in Table I but is also formed of
      various other conventional stainless steel materials such as the
      additional materials set forth in Table I within the scope of this
      invention. Similarly, the layers 16 of the laminate 12 are preferably
      formed of low carbon steels such as Type 1008, Low Carbon Steel having the
      composition, by weight, as set forth in Table II but is also formed of
      various steel materials such as the additional materials set forth in
      Table II within the scope of this invention. Various types of low carbon
      steels including rimmed, capped and aluminum killed low carbon steels are
      suited for such use. The stainless steel layer 14 of the laminate material
      12 desirably comprises from 2 to 25 percent, and preferably about 10
      percent, of the total thickness of the composite metal laminate material.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Type                                                                      
         Carbon                                                                
             Manganese                                                         
                     Silicon                                                   
                          Chromium                                             
                                  Nickel  Phosphorous                          
                                                 Sulfur                        
                                                      Iron                     
         (Max.)      (Max.)               (Max.) (Max.)                        
     __________________________________________________________________________
     201 0.15                                                                  
             5.50-7.50                                                         
                     1.00 16.00-18.00                                          
                                  3.50-5.50                                    
                                          0.06   0.030                         
                                                      Bal*                     
     202 0.15                                                                  
             7.50-10.00                                                        
                     1.00 17.00-19.00                                          
                                  4.00-6.00                                    
                                          0.06   0.030                         
                                                      Bal*                     
     301 0.15                                                                  
             2.00 (Max.)                                                       
                     1.00 16.00-18.00                                          
                                  6.00-8.00                                    
                                          0.045  0.030                         
                                                      Bal                      
     302 0.15                                                                  
             2.00 (Max.)                                                       
                     1.00 17.00-19.00                                          
                                   8.00-10.00                                  
                                          0.045  0.030                         
                                                      Bal                      
     304 0.08                                                                  
             2.00 (Max.)                                                       
                     1.00 18.00-20.00                                          
                                   8.00-12.00                                  
                                          0.045  0.030                         
                                                      Bal                      
     321 0.08                                                                  
             2.00 (Max.)                                                       
                     1.00 17.00-19.00                                          
                                   9.00-12.00                                  
                                          0.045  0.030                         
                                                      Bal*                     
     __________________________________________________________________________
      *Type 201 and 202 Stainless Steels incorporate 0.25 percent, by weight,  
      (max.) of nitrogen and Type 321 Stainless Steel additionally incorporates
      approximately 0.40 percent, by weight, of titanium.                      
TBL                TABLE II                                                    
     ______________________________________                                    
     Type Carbon     Manganese  Phosphorous                                    
                                         Sulfur                                
                                               Iron                            
                                (Max.)   (Max.)                                
     ______________________________________                                    
     1006 0.08 (Max.)                                                          
                     0.25-0.40  0.040    0.050 Bal                             
     1008 0.10 (Max.)                                                          
                     0.25-0.50  0.040    0.050 Bal                             
     1010 0.08-0.13  0.30-0.60  0.040    0.050 Bal                             
     ______________________________________                                    
PAR  In accordance with this invention, the composite metal laminate material 12
      as initially formed by roll-bonding, or as additionally rolled to final
      gauge or thickness after bonding, is heated to a relatively high
      temperature for a relatively brief period of time for substantially
      annealing the thin inner layer 14 of stainless steel material in the
      laminate as is diagrammatically illustrated at 20 in FIG. 1. In this
      regard, it is noted that the laminate material as bonded and rolled has
      usually under gone about 40 to 70 percent reduction in thickness since the
      previous intermediate annealing or heat treatment of the material of the
      composite. The laminate material is therefore subjected to this first heat
      treatment step for annealing the stainless steel material to remove the
      work-hardening of the stainless steel which had occurred during
      roll-bonding of the laminate or during rolling reduction of the bonded
      laminate to a desired final gauge. Preferably, the laminate material is
      heated in a reducing atmosphere at a temperature in the range from about
      1850.degree. F. to about 2050.degree. F. for a period from about one-half
      to two minutes for accomplishing strip annealing of the stainless steel
      layer of the laminate, the strip of laminate material being fed through
      any conventional strip annealing furnace or the like for accomplishing
      this annealing step. For example, in preferred embodiments of this
      invention, the laminate material 12 is advanced through a reducing
      atmosphere in a conventional strip annealing furnace at a temperature in
      the range from 1850.degree. F. to 2000.degree. F., and preferably at a
      temperature of 1950.degree. F., the strip having a residence time of about
      one minute in the furnace. The heated laminate material is then preferably
      cooled to about 150.degree. F. within about one minute by passing the
      material through a cooling reducing atmosphere, the material then being
      coiled and permitted to cool to room templerature. In this regard, the
      strip of laminate material sent through the strip annealing furnace is
      provided with very clean, dry and reduced surfaces which would tend to
      stick together quite easily. Accordingly, coiling of the strip of laminate
      material 12 after said strip annealing is preferably regulated in any
      conventional manner to minimize tension in the coil of the laminate
      material to avoid sticking together of the outer surfaces of the laminate
      during subsequent batch heat treatment of the coil of laminate material.
PAR  In accordance with this invention, as is indicated at 22 in FIG. 1, the
      composite metal laminate material 12 is then subjected to additional heat
      treatment at a relatively much lower temperature for a relatively much
      longer period of time. For example, the metal laminate 12 after having
      been subjected to a strip annealing type of heat treatment in the manner
      above described is preferably heated to a temperature in the range from
      about 1050.degree. F. to about 1100.degree. F. in a slightly reducing
      atmosphere, preferably comprising a mixture of cracked city gas and
      nitrogen or the like, for a period from about three to about six hours.
      The material is then permitted to cool to room temperature within a period
      of about twelve to twenty-four hours. The second heat treatment step 22
      leaves the low carbon steel layers of the laminate material in an
      annealed, highly formable condition. As will be understood, this latter
      heat treatment to the laminate materials is preferably performed in any
      conventional manner in a bell or batch annealing furnace or the like.
PAR  In forming tubing from the laminate 12 which has been prepared in the
      manner described above, the heat-treated composite metal laminate is
      preferably provided with relatively thin outer surface layers of copper or
      other brazing material as is diagrammatically indicated at 24 in FIG 1 and
      as it is illustrated at 26 in FIG. 4. Preferably, for example, the
      heat-treated laminate 12 is passed through a conventional electrolytic
      copper plating step for depositing thin copper layers 26 having a
      thickness on the order of 0.00015 inches on the outer surfaces of the
      laminate, the lateral edges of the strip of laminate material then being
      trimmed in any conventional manner for providing unplanted edges 12.1 on
      the laminate strip as illustrated in FIG. 4. The plated strip of laminate
      material is then formed into a double-walled tubing configuration as is
      diagrammatically indicated at 28 in FIG. 1 and is brazed as is
      diagrammatically indicated at 30 in FIG. 1, thereby to form the tubing 32
      as illustrated in FIG. 3. That is, the plated laminate strip material 12
      is deformed around the longitudinal axis of the strip 12 to form an inner
      convolution 34 of the strip material which is connected to an outer
      convolution 36 of the strip material by an integral, crossover portion 38
      of the strip material so that the inner and outer convolutions of the
      strip material are concentrically disposed with respect to each other. The
      formed and plated strip material 12 is then heated to a temperature in the
      range from about 1980.degree. F. to about 2070.degree. F. for a period of
      time from about one-half to two minutes for melting the layers 26 of
      copper brazing material to braze the inner and outer convolutions 34 and
      36 of the strip material together and to braze the lateral edges 12.1 of
      the strip material to respective opposite sides of the crossover portion
      38 of the strip material, thereby to form tubing 32 as shown in FIG. 3. As
      will be understood, this copper brazing material is indicated at 26 in
      FIG. 3 where it is shown that the layers of copper brazing material on the
      laminate have flowed together in the tubing 32. It should be noted that
      the plating, forming and brazing of the strip material 12 to form that
      tubing 32 as above described comprises substantially the same process
      steps as are conventionally employed in forming double-walled automotive
      brake tubing and the like from monolithic, low carbon steel strip
      material. Accordingly the laminate is readily formed and brazed to provide
      the tubing 32 using the manufacturing equipment conventionally employed in
      forming brazed, double-walled automotive brake tubing and the like. As
      these processes are well known, the plating, forming and brazing
      techniques as described above need not be fully described herein and it
      will be understood that these process steps serve to form the plated
      laminate material into the tubing configuration as shown in FIG. 3 and
      serve to braze portions of the strip material to each other to form the
      tubing 32, the laminate material 12 being subjected to the noted
      temperatures for the above noted periods of time during such brazing.
PAR  When the composite metal laminate material 12 is formed and processed in
      the manner above-described to provide the double-walled tubing 32, a
      number of process and product advantages are obtained. First, each of the
      material processing steps employed generally corresponds to a process step
      conventionally used in treating steel materials so that each of the
      process steps is adapted to be performed on conventional processing
      equipment. The processing required in accordance with this invention is
      therefore economical to perform. Further, the laminate material provided
      by the noted combination of proocess steps displays an excellent degree of
      formability and is readily formed into the desired tubing using
      conventional tube-forming equipment. The laminate material also displays
      substantially no yield point during the deformation required for forming
      the tubing so that the tube-forming deformation of the laminate occurs
      uniformly and is easily controlled and so that the deformed tubing
      material is free of the surface appearance defects usually associated with
      deforming material such as annealed low carbon steels which customarily
      display very pronounced yield points. Further, the tubing provided by this
      invention displays excellent resistance to corrosion, particularly
      including pitting types of corrosion.
PAR  In this regard, the noted advantages of this invention are believed to
      result from the interaction of several factors. For example, it has been
      noted above that, after forming of the laminate 12 by roll-bonding and
      after rolling reduction of the laminate to a desired final thickness, the
      stainless steel and low carbon steel materials of the laminate have been
      substantially work-hardened so that the formability of the laminate is
      relatively low. If the laminate material is to be utilized economically in
      producing brazed, double-wall tubing as described above, the formability
      of the laminate must be increased to make the material more compatible
      with the equipment conventionally used for making such double-walled
      tubing. In the first, strip annealing type of heat treatment in the
      process of this invention as indicated at 20 in FIG. 1, the stainless
      steel layer 14 of the laminate 12 is substantially fully annealed for
      enhancing the formability of the stainless steel layer of the laminate.
      Then, during the second, longer and lower temperature heat treatment of
      the laminate indicated at 22 in FIG. 1, interstitial elements such as
      carbon and nitrogen in the low carbon steel layers 16 of the laminate are
      removed from solid solution and are precipitated in the low carbon steel,
      thereby substantially softening and enhancing the formability of the low
      carbon steel layers of the laminate. In this regard, while it is
      understood that the long, slow heat treatment of the laminate tends to
      compromise and reduce the corrosion resistance properties of the stainless
      steel layer of the laminate by permitting occurrence of some intergranular
      carbide precipitation in the stainless steel, this reduction in the
      corrosion resistance of the stainless steel is tolerated in the laminate
      in the interest of optimizing the formability of the low carbon steel
      layers of the laminate. The long slow heat treatment of the laminate is
      preferably performed at a temperature above 1050.degree. F. to achieve the
      desired increase in formability of the low carbon steel materials while
      minimizing intergranular carbide precipitation in the stainless steel
      layer of the laminate. In this way, the laminate material is adapted to be
      readily formed into the desired double-walled tubing configuration
      illustrated in FIG. 3 using conventional tube-forming equipment. Then,
      subsequently, during brazing of the deformed laminate material to form the
      tubing 32, the laminate material in the tubing is subjected to brazing
      temperatures in the range from 1980.degree. F. to about 2070.degree. F.
      for a period of from about one-half to two minutes, this final heat
      treatment of the laminate resulting in resolution of the precipitated
      carbides in the stainless steel layer of the laminate for substantially
      restoring the original corrosion-resistance properties of the stainless
      steel layer of the laminate.
PAR  With regard to the fact that the heat-treated laminate material 12 of this
      invention displays substantially no yield point during deformation of the
      laminate to form the tubing 32, it is noted that the presence of
      interstitial carbon contributes significantly to the occurrence of the
      yield point phenomenon in low carbon steel materials. The heat-treatment
      steps of the process of this invention, in precipitating such interstitial
      carbon from the low carbon steel materials in the laminate 12, thus
      significantly affects the yield point characteristics of the laminate.
      Further, during the long, low temperature heat treatment of the laminate
      12 noted above, significant diffusion of carbon from the low carbon steel
      materials of the laminate into the stainless steel material of the
      laminate is believed to occur, this diffusion of carbon out of the low
      carbon steel further affecting the yield point characteristics of the
      laminate. Finally, it is noted that the stainless steel material of the
      laminate 12 does not ordinarily display a yield point so that the presence
      of the stainless steel layer 14 in the laminate is believed to dampen any
      tendency of the low carbon steel materials of the laminate to display the
      yield point phenomenon. These three factors are thus believed to cooperate
      so that the heat-treated laminate material 12 does not display a yield
      point during formation of the laminate into the tubing 32.
PAR  In a preferred embodiment of this invention, for example, a cleaned strip
      of Type 304 stainless steel in annealed condition having a width of 12.50
      inches and a thickness of about 0.015 inches is advanced between a pair of
      cleaned strips of Type 1008, aluminum killed, low carbon steel having a
      similar width and a thickness of about 0.067 inches, the strips being
      advanced together into the nip between a pair of squeezing rolls wherein
      the strips are squeezed together with substantial reduction in the
      thicknesses of the strips for metallurgically bonding the strips together
      in conventional manner. The resulting bonded composite metal laminate
      material is then subjected to an intermediate anneal in conventional
      manner and is rolled to a final gauge or thickness of 0.014 inches in
      which the central stainless steel layer of the laminate comprises
      approximately 10 percent of the total thickness of the laminate. At this
      point, the composite material has been reduced about 40 to 70 percent in
      thickness after the noted intermediate anneal and has relatively low
      formability. In accordance with this invention, the composite material is
      then advanced through a reducing atmosphere in a conventional strip
      annealing fornace at a temperature of 1950.degree. F., the strip having a
      residence time of approximately one minute in the furnace. At this point
      the composite material displays an upper yield point of 46,000 psi., a
      tensile strength of 59,000 psi, and an elongation (in 2 inches) of about
      35 percent. The composite laminate material is then heated in a slightly
      reducing atmosphere comprising a mixture of cracked city gas and nitrogen
      in a conventional bell furnace, the material being held at a temperature
      of 1100.degree. F. for a period of approximately four hours. at this
      point, the composite material displays no yield point but displays a 0.2
      percent offset yield strength of about 26,000 psi., a tensile strength of
      about 56,000 psi. and an elongation (in 2 inches) of about 40 percent.
      That is, the stress-strain curve for the composite metal laminate is as
      illustrated in FIG. 5. At this point, the stainless steel layer of the
      laminate is found to have undergone some intergranular carbide
      precipitation and displays less than the optimum corrosion resistance of
      Type 304 Stainless Steel. This composite material is then plated with
      copper on each side thereof to a thickness of 0.00015 inches in
      conventional manner and is edge trimmed. The plated and trimmed material
      is then formed in a conventional way to provide a double-walled automotive
      brake tubing configuration as illustrated in FIG. 3 having an outer
      diameter of about 0.187 inches. The tubing is then heated in a
      conventional tube furnace so that the copper plating on the composite
      laminate is melted for brazing formed portions of the composite material
      together in conventional manner for securing the composite material in the
      noted tubing configuration. In this tube furnace, the formed composite
      material is heated to a temperature of 2050.degree. F. to 2070.degree. F.
      with a residence time of about 1.125 minutes in the furnace. At this
      point, it is found that the initial corrosion resistance properties of the
      stainless steel layer of the laminate have been substantially restored.
      Where other stainless steel and low carbon steel materials as set forth in
      Tables I and II are embodied in similar laminates formed into similar
      tubings using similar heat treatments, similar results are obtained.
PAR  It will be understood that although particular embodiments of the laminate
      material, tubing and processes of this invention have been described above
      by way of illustration, modifications and equivalents of the disclosed
      embodiments are within the scope of this invention. For example, some of
      the advantages of this invention are obtained where the strip annealing
      type of heat treatment indicated at 20 in FIG. 1 is eliminated from the
      process of this invention. Similarly, although the tubing 32 is shown to
      be formed of a single strip of the laminate material 12, tubings formed
      from two or more strips of the laminate material 12 in conventional manner
      are also within the scope of this invention. Similarly, although the
      composite metal laminate material is shown to incorporate a single inner
      layer of stainless steel sandwiched between two relatively thicker outer
      layers of low carbon steel, advantages of this invention can also be
      obtained in a laminate material formed of two relatively thin layers of
      stainless steel material interleaved with three relatively thicker layers
      of low carbon steel material or in laminate materials having other
      generally similar laminate layer constructions within the scope of this
      invention, the three layer laminate described by way of illustrating this
      invention representing the preferred embodiment of the invention. It
      should be understood that although particular embodiments of the invention
      are illustrated, this invention includes modifications and equivalents
      thereof falling within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composite metal laminate material comprising an inner layer of
      austenitic stainless steel material sandwiched between and metallurgically
      bonded to a pair of relatively thicker outer metal layers formed of a
      plain low carbon steel material which normally displays a yield point if
      deformed while a substantial part of its carbon content is present as
      interstitial carbon, said stainless steel material being in annealed
      condition and being characterized by the presence of integranular carbide
      precipitate therein, said low carbon steel material being in annealed
      condition and being modified to have such a small proportion of its carbon
      content present as interstitial carbon that said bonded steel layers are
      deformable without displaying a yield point.
NUM  2.
PAR  2. A composite metal laminate material as set forth in claim 1 wherein said
      stainless steel layer of said laminate material comprises from about 2 to
      about 25 percent of the total thickness of said composite material.
NUM  3.
PAR  3. A composite metal laminate material as set forth in claim 2 wherein said
      stainless steel material is selected from the group consisting of Type
      201, 202, 301, 302, 304 and 321 Stainless Steel materials and has
      additional carbon diffused therein.
NUM  4.
PAR  4. A composite metal laminate material as set forth in claim 3 wherein said
      low carbon steel materials are selected from the group of plain low carbon
      steel materials having a composition, by weight of 0.13 percent (maximum)
      carbon, 0.25 to 0.60 percent manganese, 0.040 percent (maximum)
      phosphorous, 0.050 percent (maximum) sulfur, and the balance iron.
PATN
WKU  039430120
SRC  5
APN  4983378
APT  1
ART  111
APD  19740819
TTL  Magnetic recording medium
ISD  19760309
NCL  5
ECL  1
EXP  Satterfield; Walter R.
NDR  1
NFG  2
INVT
NAM  Tamai; Yasuo
CTY  Odawara
CNT  JA
INVT
NAM  Aonuma; Masashi
CTY  Odawara
CNT  JA
INVT
NAM  Nakamura; Matsuaki
CTY  Odawara
CNT  JA
INVT
NAM  Agawa; Hiroshi
CTY  Odawara
CNT  JA
INVT
NAM  Akashi; Goro
CTY  Odawara
CNT  JA
ASSG
NAM  Fuji Photo Film Co., Ltd.
CTY  Minami-ashigara
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730818
APN  48-92721
CLAS
OCL  148105
XCL   75   5AA
XCL  148108
XCL  427132
XCL  428432
EDF  2
ICL  H01F  102
FSC  148
FSS  105;108;31.55
FSC   75
FSS  .5 AA; .5 AB
FSC  117
FSS  235;236
FSC  427
FSS  126;127;132
FSC  428
FSS  432
UREF
PNO  3206338
ISD  19650900
NAM  Miller et al.
OCL  148105
UREF
PNO  3535104
ISD  19701000
NAM  Little et al.
OCL  148105
UREF
PNO  3567525
ISD  19710300
NAM  Graham et al.
OCL   75   .5AA
UREF
PNO  3661556
ISD  19720300
NAM  Jolley et al.
OCL   75   .5AA
UREF
PNO  3821025
ISD  19740600
NAM  Akashi et al.
OCL  117235
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  A magnetic recording medium for high density recording comprising a support
      having thereon a magnetic recording layer comprising a ferromagnetic metal
      powder of the Fe-Co-Cr-B system and having a coercive force of about 700
      to 500 oersteds in the oriented direction of the magnetic substance and a
      residual magnetic flux density of about 1500 gausses or more, the residual
      magnetic flux density of which after storage for 160 hours under the
      conditions of a temperature of 60.degree.C and 90%RH is 85% or more of the
      initial value thereof before storage under these conditions in a binder.
      The magnetic recording medium is especially suitable for high density
      recording, having sufficient sensitivity and excellent resistance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to magnetic materials for magnetic recording media,
      such as magnetic recording media for high density recording containing
      these magnetic materials. In particular, this invention relates to the
      production of video tapes using ferromagnetic metal powder materials of a
      novel composition.
PAR  2. Description of the Prior Art
PAR  Ferromagnetic powder materials heretofore used in video tapes include
      .gamma.-Fe.sub.2 O.sub.3, Fe.sub.3 O.sub.4, Co-containing .gamma.-Fe.sub.2
      O.sub.3 and CrO.sub.2.
PAR  The recording wavelengths in video tapes are far shorter than those of
      other sound recording tapes, and for example, it is necessary to record
      short waves of at least up to a minimum wavelength of 6 .mu. or so in a
      VTR (video tape recorder) for television broadcast. The above-described
      conventional ferromagnetic materials are not as suitable for magnetic
      recording of recording signals of a short wavelength (of about 10 .mu. or
      less). That is, these ferromagnetic materials have insufficient magnetic
      characteristics of coercive force (Hc) and residual magnetic flux density
      for use in high density recording. Miniaturization and simplification of
      recording and reproducing mechanisms has occurred recently, and
      development of a small size VTR having a stationary head has been
      accelerated in this technical field in substitution for conventional
      rotary head type VTR's. An especially important element in a stationary
      head VTR is how to reduce the relative velocity between the tape and the
      head.
PAR  More precisely, the minimum recording wavelength is desirably at most 2
      .mu. or less so as to avoid the high speed conveyance of a video tape in a
      small size VTR. Recently, extensive development of ferromagnetic powder
      materials having magnetic characteristics suitable for high density
      recording has been carried out. One of the subject materials is a
      ferromagnetic metal powder. The powder is made of a metal or a metal
      alloy. This powder additionally includes an intermetallic compound. Metals
      which are mainly used include iron, cobalt and nickel, and other elements
      such as chromium, manganese, rare earth elements and zinc are optionally
      added thereto. For preparation of these ferromagnetic materials the
      following methods are known:
PAR  I. A salt of a ferromagnetic metal and an organic acid is pyrolyzed and
      reduced with a reductive gas, for example, as disclosed in Japanese Patent
      Publication Nos. 11412/66 and 38417/72.
PAR  II. A needle-shaped oxyhydroxide, or a derivative thereof containing other
      metals, or a needle-shaped iron oxide obtained from these oxyhydroxide
      substances is reduced, for example, as disclosed in Japanese Patent
      Publication Nos. 3862/60 and 39477/72 and British Patent No. 1,192,167.
PAR  III. A ferromagnetic metal is evaporated in an inert gas, for example, as
      disclosed in Japanese Patent Publication No. 27718/72 and Ohyo Butsuri
      (Applied Physics), Vol. 40, No. 1, page 110 (1970).
PAR  IV. A metal carbonyl compound is decomposed, for example, as disclosed in
      U.S. Pat. Nos. 2,983,997 and 3,228,882.
PAR  V. A ferromagnetic metal is deposited by electrodeposition using a mercury
      electrode, and then separated from the mercury, for example, as disclosed
      in Japanese Patent Publication Nos. 15525/64 and 8123/65.
PAR  VI. A salt of a ferromagnetic metal material is reduced in a solution
      thereof, for example, as disclosed in Japanese Patent Publication Nos.
      20520/63, 26555/63, 20116/68 and 41718/72, U.S. Patent Nos. 3,663,318 and
      3,661,556 and German Patent Application Laid-Open to Public Inspection OLS
      No. 2,132,430.
PAR  Investigations have revealed that a magnetic recording medium having a
      ferromagnetic material prepared by the above Method (VI) is relatively
      free from noise and has better surface characteristics, when used as a
      video tape, as compared with other tapes having other ferromagnetic
      materials prepared by other methods.
PAR  Accordingly, the ferromagnetic materials used in the present invention are
      those prepared by Method (VI), and in particular, a borohydride compound
      or a derivative thereof such as borane, borazane, borohydride, sodium
      borohydride, potassium borohydride, dimethylaminoborane or
      diethylaminoborane is used as the reducing agent in Method (VI).
PAR  Method (VI) wherein a salt of a ferromagnetic metal material is reduced in
      a solution thereof with a borohydride compound or a derivative thereof has
      some defects as described below. The powder obtained according to this
      method are less resistant to moisture, particularly when iron is present,
      and are gradually oxidized even at normal temperature, in an extreme case,
      resulting in a loss of the magnetic characteristics thereof to become
      consequently a non-magnetic substance. According to this method,
      furthermore, since the surface activity of the particles obtained is high,
      the particles are highly active. This high activity is industrially
      disadvantageous from the standpoint of the production thereof. Use of
      highly active powders in air is dangerous due to their explosive
      character. In addition, these powders, when kneaded with a binder, tend to
      deteriorate the binder used, often resulting in a disadvantage in
      dispersion and coating. A tape utilizing a magnetic substance obtained in
      Method (VI) is defective in that, the rubbing of the tape against a
      video-head at a high relative speed often deteriorates the magnetic
      material in the tape (presumably the material is oxidized). All of these
      defects must necessarily be overcome in the development of magnetic
      recording media for high density recording. However, it has been extremely
      difficult up to the present to solve all of these problems. For example,
      it is possible to manufacture magnetic materials capable of having a high
      Hc and a high squareness ratio, however, it is difficult to manufacture in
      Method (VI) magnetic materials of a low Hc and a high squareness ratio.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of this invention is to overcome the defects in the
      prior art and to provide video tapes having sufficient sensitivity and
      excellent weather-proof properties and being suitable for high density
      recording.
PAR  Another object of this invention is provide magnetic recording media having
      improved magnetic characteristics.
PAR  Still another object is to use moisture-proof and difficultly oxidizable
      magnetic powder materials in the manufacture of video tapes.
PAR  More particularly, this invention provides magnetic recording, medium for
      high density recording comprising a support having thereon a magnetic
      recording layer comprising a ferromagnetic metal powder and having a
      coercive force of about 700 to 1500 Oe in the oriented direction of the
      ferromagnetic powder, a squareness ratio of about 0.70 to 0.93 and a
      residual magnetic flux density of about 1500 gausses or more, the residual
      magnetic flux density of which after storage for 160 hours under
      conditions of a temperature of 60.degree. C and 90%RH is 85% or more of
      the initial value thereof before storage, in a binder.
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PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIG. 1 shows a preferred composition range of the Fe-Co-Cr-ferromagnetic
      metal powder of this invention.
PAR  FIG. 2 shows the variation in residual magnetic flux density for samples of
      the invention and comparative samples during weather resistance testing.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Those ferromagnetic metal powders of the Fe--Co--Cr--B system are
      especially preferred for attainment of the above objects of this
      invention.
PAR  Magnetic recording media require a high squareness ratio, a high Hc and a
      high residual magnetic flux density for retention of sufficient
      sensitivity. However, an extremely high Hc is inconvenient due to the
      necessity for the use of a larger amount of electric current for recording
      and the difficulty in erasure of signals. On these grounds, the Hc is
      desirably about 1800 Oe or less, more preferably 1500 Oe or less. On the
      other hand, a degradation of sensitivity due to an increase of
      self-demagnetization occurs when the Hc is too low. In use of magnetic
      substances prepared in the above mentioned Method (VI), a decrease in the
      squareness ratio results from the decrease in the Hc, causing a further
      decrease of sensitivity. From these results, the lower limit of Hc is
      found desirably to be about 700 Oe. In this case, the lower limit of the
      squareness ratio is about 0.70.
PAR  In magnetic recording tapes utilizing ferromagnetic powder, the residual
      magnetic flux density (Br) thereof is generally high because of high
      saturation magnetization of the magnetic powder itself. A higher residual
      magnetic flux density is preferable in recording long wavelengths, causing
      an increase in output in such recording. However, a higher residual
      magnetic flux density also causes a self-demagnetization, and therefore,
      the output in recording short wavelengths is not increased thereby. This
      means that the increase in residual magnetic flux density must necessarily
      follow the increase in coercive force (Hc) in magnetic recording media
      suitable for recording short wavelengths. Various kinds of tapes using
      various kinds of ferromagnetic powder were produced and tested. As a
      result, it has been found that recording media with less
      self-demagnetization and sufficient magnetic characteristics of the
      ferromagnetic metal substance have a Br/Hc value of about 5 or less,
      preferably 4.5 or less, more preferably 3.8 or less, wherein the coercive
      force (Hc) is represented in oersteds (Oe) and the residual magnetic flux
      density (Br) is represented in gausses (G). On the other hand, loss in
      recording short wavelengths decreases with a reduction in the thickness of
      the magnetic layer, but in this case, when the Br is too low, the output
      in recording long wavelengths is insufficient. Therefore, the Br is
      desirably at least about 1500 gausses or higher, more preferably 2000
      gausses or higher. Accordingly, the Br/Hc value in relation to
      self-demagnetization is desirably about 2 or higher, more preferably 1.5
      or higher. Thus, a preferable range for the Br/Hc is 4.5 to 1.5, more
      preferably 3.8 to 2.0.
PAR  It is desirable that the squareness ratio be ideally 1.00. The squareness
      ratio can be increased by applying a strong orienting magnetic field to
      the magnetic layer which is not dried. However, application of an
      extremely strong orienting magnetic field to the magnetic layer after
      coating with a magnetic coating solution containing the ferromagnetic
      metal powder results in a degradation of the surface characteristics of
      the magnetic layer, the so-called orientation chap. Accordingly, a
      squareness ratio higher than about 0.93 is inconvenient, causing a
      degradation in sensitivity.
PAR  The magnetic recording medium of this invention has excellent
      weather-resistance. For example, the degree of degradation of the residual
      magnetic flux density thereof is within 15% in a severe weather-resistance
      test in which the temperature is 60.degree. C, the relative humidity is
      90%RH and the storage time is 160 hours.
PAR  A residual magnetic flux density of 1500 gausses or higher before the
      weather-resistance test is one requisite for magnetic recording media for
      obtaining a sufficiently high sensitivity, and the excellent
      weather-resistance thereof is more important. This is because magnetic
      recording media with poor weather-resistance have defects which are
      practically fatal in that not only are the recording conditions varied due
      to deterioration of the medium with the lapse of time but also the
      reduction in output in reproduction after recording is great.
PAR  The importance of a Br degradation within 15% of the original value means
      not only do the magnetic recording media of the present invention have
      excellent magnetic characteristics but also these characteristics are
      essential for retaining as high as possible an output in recording short
      wavelengths. If the weather-resistance is insufficient and the Br is
      degraded thereby (for example, degraded to an extent of 25% or more), the
      resultant reduction in output is unexpectedly high (for example, -3dB).
      This is considered a characteristic feature of magnetic recording media
      utilizing a ferromagnetic metal powder. The abnormal reduction of output
      is similar to the loss resulting from the gap between the surface of the
      recording medium and the recording and reproducing head. This is
      considered to mean that the oxidation of magnetic powder in a magnetic
      layer is greater in the vicinity of the surface of the magnetic layer.
PAR  In the magnetic recording media of the present invention, the magnetic
      layer is desirably thin because the media are used in recording short
      wavelengths. More particularly, it is important that the thickness of the
      layer be about 8 .mu. or less, desirably 6 .mu. or less, more preferably
      4.5 .mu. or less.
PAR  The magnetic material which is used in the present invention is an alloy of
      the ferromagnetic metals of iron, cobalt and chromium and boron. The boron
      content in the magnetic substance is about 2 to 10.5% by weight. (All
      percents are by weight hereinafter, unless otherwise specifically
      indicated.) The boron component is derived from the borohydride compound.
      The proportion of the Fe--Co--Cr in the magnetic substance exclusive of
      the boron is desirably as follows: about 92 to 55%, preferably 89 to 65%
      Fe; about 5 to 40%, preferably 7 to 34% Co; and about 0.2 to 9%,
      preferably 0.5 to 5% Cr. If the iron content exceeds the upper limit, the
      coercive force is reduced and the weather-resistance is degraded. On the
      contrary, if the iron content is smaller than the lower limit, the
      saturation magnetization tends to be reduced and the cost of production
      increases. If the cobalt content exceeds the upper limit, the saturation
      magnetization tends to be reduced and the cost of product increases. In
      addition, if the cobalt content is smaller than the lower limit, the
      coercive force is reduced and the weather-resistance is degraded. If the
      chromium content exceeds the upper limit, the coercive force is reduced
      while the squareness ratio is somewhat improved. In addition, if the
      chromium content is smaller than the lower limit, the weather-resistance
      is markedly degraded and the squareness ratio also is reduced. The total
      amount of cobalt and chromium is desirably about 10% or higher on the
      basis of the total of the ferromagnetic powder substance including all of
      the metal components and the boron component. If the amount of cobalt and
      chromium is smaller than about 10%, the weather-resistance is markedly
      degraded. It would not have been predicted that boron would specifically
      serve to improve the weather-resistance. The range of the respective
      components of the magnetic materials of the present invention falls within
      the shaded area in FIG. 1 attached hereto.
PAR  It is well known to add chromium to ferromagnetic metals for improving the
      weather-resistance thereof. However, in preparing ferromagnetic metals
      actually using a borohydride compound, the use of chromium requires an
      extremely delicate control. That is, the magnetic characteristics of the
      magnetic material obtained abruptly varies, even with a slight change of
      the amount of the added chromium.
PAR  Accordingly, the Hc, squareness ratio (Sq) and saturation magnetization (Bm
      represented by gauss/cm.sup.3) were studied in relation to the
      sensitivity. As a result, it was found that, with respect to only the
      saturation magnetization, the use of the data thereof after the
      weather-resistance test shows the data approximated the sensitivity of the
      actual media. In the weather-resistance test effective for investigation
      of magnetic substances, the magnetic material alone is desirably stored
      for 1 week in a relative humidity of 85%RH at 45.degree. C. Various
      samples of the Fe--Co--Cr system were tested under these conditions and
      the sensitivity was determined. The test of the magnetic material alone
      under this condition corresponds to a test of the tape containing the
      substance under the conditions of 60.degree. C, 90%RH for 160 hours. From
      the results of the various tapes tested the range of sufficient
      sensitivity and excellent weather-resistance is obtained, corresponding to
      the shaded area of FIG. 1.
PAR  This range almost corresponds to that which satisfies the following
      experimental formula:
      ##EQU1##
PAR  The formula shows the range capable of imparting a sensitivity higher than
      that of a standard chromium dioxide tape by about +4dB in a non-bias
      recording of 5MHz.
PAR  The ferromagnetic metal powder materials which are used in this invention
      are of the Fe--Co--Cr--B system. These substances can optionally contain a
      small amount of other additives such as rare earth elements and/or Sn, Al,
      W, Mn, Cu, Zn, Ag, Pd, and/or Ti. These metals are employed in aqueous
      solutions in the form of chlorides, sulfates, nitrates, formates,
      acetates, pyrophosphates or sulfamates and the resulting salt solutions
      are reduced with borohydride compounds.
PAR  In the ferromagnetic powder materials of this invention, chromium forms an
      alloy with iron and cobalt, and the proportion of the respective
      components present in the alloy formed is different in the central part of
      the particle from that in the vicinity of the surface of the particle.
      This has been substantiated from analytical results of particles wherein
      the ferromagnetic powder particles are packed in a glass tube,
      hydrochloric acid is gradually introduced into the tube and the solution
      flowing down the tube is successively analyzed. In this analysis, the
      amount of chromium in the eluent is larger in the initial stage of the
      analysis than that in the latter stage of the analysis. Although it is not
      completely clear since the particles are so fine, it was observed that the
      chromium concentration in the alloy in the vicinity of the central part of
      the particle was about 80 to 50% of that in the vicinity of the surface
      part of the particle.
PAR  The metal salt solution can contain, if desired, additional additives such
      as chelating agents pH buffers and/or pH adjusting agents, in addition to
      the above described components.
PAR  These chelating agents are water-soluble and form a complex ion with the
      hereinbefore described metal ions and include monocarboxylic acids such as
      formic acid, acetic acid, propionic acid, butyric acid, valeric acid,
      acrylic acid, trimethylacetic acid, benzoic acid or chloroacetic acid or
      the salts thereof (as pH buffers and complex forming agents); dicarboxylic
      acids such as oxalic acid, succinic acid, malonic acid, maleic acid,
      itaconic acid or p-phthalic acid or the salts thereof and oxycarboxylic
      acids such as glycolic acid, lactic acid, salicylic acid, tartaric acid or
      citric acid or the salts thereof; The pH buffering agents are
      water-soluble and include boric acid, carbonic acid or sulfurous acid (as
      pH adjusting agents and pH buffers); and pH adjusting agents such as
      inorganic acids or organic acids, ammonium or alkali metal hydroxides.
      These additives can be present in an amount of less than about 20% by
      weight, preferably less than about 12% by weight.
PAR  The above-described additives not only have their individual function but
      in some instances have more than are function. For example, some compounds
      act not only as a complex forming agent but also as a pH buffer.
PAR  Further, to the reaction solution there can be added as desired a soluble
      protein together with a proteolytic enzyme, a carbohydrate together with a
      carbohydrate decomposer, and an organic solvent, e.g., in an amount of
      less than about 12% by weight, preferably less than 6% by weight.
PAR  Suitable soluble proteins include simple proteins which decompose into
      chiefly amino acids upon hydrolysis, conjugated proteins comprising
      polypeptide chains connected to other compounds, derived proteins which
      have been modified by various physical, thermal, photochemical or chemical
      procedures, etc. They are all composed of macromolecules of polypeptides,
      comprising amino acids, having a molecular weight of from about 10,000 to
      about 5,000,000.
PAR  Simple proteins suited for the present invention include albumins such as
      egg albumin, blood serum albumin, lactoalbumin, etc., globulins such as
      serum globulin, lactoglobulin, myosin, edestin, ammandin, legumin, etc.,
      glutelins such as glutenin, hordenin, oryzenin, etc., prolamins such as
      gliadin, hordein, zein, etc., albuminoids such as collagen, elastin,
      keratin, fibroin, etc., histones such as thymus-histone, liver-histone,
      scombrone, etc., and protamines such as salmine, clupeine, strurine,
      iridine, etc.
PAR  Conjugated proteins include chromoproteins, phosphoproteins,
      metalloproteins lipoproteins, glycoproteins, nucleoproteins, etc. Examples
      of chromoproteins are hemoproteins such as hemoglobin, myoglobin,
      cytochrome, catalase, peroxydaze, etc., chlorophyll proteins such as
      chlorophylin; carotinoid proteins such as rhodopsin, etc., flavoproteins
      such as flavin mononucleotide, flavin adeninedinucleotide, etc.
      Phosphoproteins include casein, hyderin, apoferritin, etc. Metalloproteins
      include iron proteins such as ferritin, apoferritin, etc., copper proteins
      such as hemocyanine, etc., zinc proteins; manganese proteins, etc.
      Lipoproteins include thrombplastein, .alpha..sub.1 -lipoprotein,
      .alpha..sub.2 -lipoprotein, lipobilitein, lipotenilin, etc., glucoproteins
      include mucin, celluloplasmin, siderophilin, fibrin, prothrombin collagen,
      enterokinase, haptoglobin, mucoid, etc., and nucleoproteins include
      nucleic acids, deoxypentose-nucleoprotein, pentose-nucleoprotein, viruses,
      bacteriophages, etc.
PAR  Derived proteins include gelatin modified protein, proteans, proteoses,
      peptones, polypeptides, metaproteins, etc.
PAR  These proteins can be used individually or in combination.
PAR  To decompose any of these proteins, proteases belonging to the hydrolase
      type, can be employed, including pepsin, trypsin, chymotrypsin, cathepsin,
      rennin, papain, promelin, ficin, thrombin, enteropeptidase, plasmin, mold
      protease, yeast protease, bacterium protease, etc. Such proteolytic
      enzymes can be used individually or in combination.
PAR  Carbohydrates comprise monosaccharides, oligosaccharides such as di-, tri-
      or tetrasaccharides and polysaccharides.
PAR  Monosaccharides includes polyhydric alcohols containing aldehyde groups
      (aldoses) and those containing keto groups (ketoses).
PAR  Oligosaccharides comprise dimers, trimers or tetramers of monosaccharides,
      each of which may be common or different, through glycoside linkages.
      Polysaccharides are polymers of mono- or oligosaccharides.
PAR  Suitable monosaccharides include glycol aldehydes which is the aldose of a
      diose (C.sub.2 H.sub.4 O.sub.2), a triose (C.sub.2 H.sub.6 O.sub.3) such
      as glyceraldehyde (aldose) or dihydroxyacetone (ketose), etc. a tetrose
      (C.sub.4 H.sub.8 O.sub.4) such as erythrose (aldose), erythrulose
      (ketose), etc., a pentose (C.sub.5 H.sub.10 O.sub.5) such as ribose,
      xylose, arabinose (aldose), arabinulose (ketose), xylulose (ketose), etc.
      a hexose (C.sub.6 H.sub.12 O.sub.6) such as D-glucose, mannose, galactose
      (aldose), D-fructose, sorbose (ketose), and a heptose (C.sub.7 H.sub.14
      O.sub.7) such as mannoheptose, which is an aldose, or heptulose which is a
      ketose.
PAR  Oligosaccharides, include disaccharides such as lactose (comprising
      D-glucose and D-galactose), maltose (comprising two moles of D-glucose),
      sucrose (comprising D-glucose and D-fructose), trehalose (comprising
      D-glucose); trisaccharides such as raffinose (comprising D-glucose,
      D-fructose and D-galactose), gentianose (comprising D-fructose and two
      molecules of D-glucose), mannotriose (the trimer of mannose), etc.; and
      tetrasaccharides such as stachyose (comprising two molecules of
      D-galactose, D-glucose and D-fructose), etc.
PAR  Polysaccharides which can be used for the present invention include dextrin
      (D-glucose), starch (D-glucose), glycogen (D-glucose), cellulose
      (d-glucose), inulin (fructose), mannan (mannose), araban (arabinose),
      xylan (xylose), dextran (D-glucose), galactan galactose), gum arabic
      (comprising galactose, glucuronic acid, hexose and methylpentose), etc.
PAR  As is clear from the above expalanations, suitable carbohydrates for the
      present invention are monosaccharides and polysaccharides comprising a
      multiplicity of monosaccharides connected by glycoside linkages. Further,
      as the enzyme to decompose such a carbohydrate, a hydrolase such as
      .alpha.-amylase (diastase), .beta.-amylase (diastase), cellulase,
      lichenase, laminarinase, inulase, .alpha.-glucosidase, .beta.-glucosidase,
      .alpha.-galactosidase, .beta.-mannosidase, etc., all of which are
      glycosidases, can be used.
PAR  An inorganic acid such as hydrogen chloride, sulfuric acid, nitric acid,
      etc. can also be used to decompose carbohydrates.
PAR  Use of ultrasonic waves in the reduction is effective to improve the
      characteristics of the resulting magnetic powder material. In addition, it
      also is effective to carry out the reduction reaction in a magnetic field
      of several tens of Oe or more for the purpose of increasing the coercive
      force and the squareness ratio of the resulting magnetic materials. The
      strength of the magnetic field is preferably about 500 to 3000 Oe, and the
      stronger the field the better. In the reduction reaction wherein a
      borohydride compound is used as the reducing agent, the temperature in the
      reaction solution is desirably about 65.degree. C or below, e.g., from
      about -10.degree. C to about 65.degree. C. Use of a temperature above
      65.degree. C deteriorates the character of the ferromagnetic powder
      obtained and use of a temperature less than -10.degree. C results in a
      slow reaction rate and the solution tends to freeze.
PAR  The metal ion concentration desirably ranges from about 0.002 to 2
      moles/liter, more preferably 0.01 to 0.5 mole/liter.
PAR  The concentration of the borohydride compound or derivative thereof to be
      used as the reducing agent desirably ranges from about 0.0001 to 15
      mol/liter, preferably 0.0002 to 10 moles/liter, and the reducing
      agent/metal ion molar ratio desirably ranges from about 0.1:1 to 5:1,
      preferably 0.25:1 to 4:1.
PAR  The borohydride compound or the derivative thereof is dissolved in water,
      methanol or a like solvent, preferably water, when used, and it is
      preferred that hydroxide ion be present in the solution. In this case, the
      amount of the hydroxide ion affects the weather-resistance of the formed
      magnetic material. More precisely, when the concentration of the hydroxide
      ion is in the range of about 0.001N to 0.6N, the weather-resistance of the
      magnetic substance formed is high. Suitable alkaline materials which can
      be used to obtain this hydroxide concentration are water soluble, produce
      hydroxide ions in solution and are capable of generating a pH of higher
      than about 8. Preferred inorganic hydroxides are the hydroxides of Group I
      and Group II elements such as sodium hydroxide, potassium hydroxide,
      barium hydroxide and calcium hydroxide, and suitable examples of organic
      alkaline materials include n-butylamine, isopropylamine, hydrazine, etc.
PAR  Suitable reducing agents include borohydrides and derivatives thereof such
      as borane, borazane, borohydride, sodium borohydride, potassium
      borohydride, dimethylaminoborane, diethylaminoborane, etc. These reducing
      agents can be used individually or in combination. These compounds are
      compounds which contain boron and are water-soluble. Upon reaction
      hydrogen and boron metal are produced. Suitable chromium salts which can
      be present in the solution during reduction include chromium chloride,
      chromium sulfate, chromium nitrate, etc., chromates, dichromates, etc.
PAR  Observation has revealed that ferromagnetic powders obtained in the method
      of this invention as described above are granular, each having a particle
      size of about 50 to 1000 A, and that several or several tens or more of
      the respective particles are linked together to form a string-like,
      rod-like or necklace-like form.
PAR  Heating the ferromagnetic powders obtained in the present invention for
      about 15 seconds to about 120 hours, preferably 3 minutes to 24 hours, at
      a temperature of about 120.degree. C to 450.degree. C, preferably
      150.degree. C to 370.degree. C, in a non-oxidizing atmosphere or in the
      presence of a slight amount of water or O.sub.2, further improves the
      magnetic characteristics of the powders obtained in the present invention.
      Suitable non-oxidizing atmospheres include inert gases such as helium,
      neon, argon, krypton, xenon, etc., and gases such as nitrogen, carbon
      monoxide, carbon dioxide, etc. Where oxygen is present a suitable oxygen
      concentration is less than about 50 mmHg, preferably less than 20 mmHg,
      and a suitable amount of water is a relative humidity of less than 10%.
PAR  The ferromagnetic materials obtained in the present invention contain a
      slight amount of boron. The boron component is believed to result from the
      borohydride compound which is used as one of the starting materials. The
      boron content was found to range from about 2.0 to 10.5% by weight.
PAR  The ferromagnetic powder materials obtained in this invention are used for
      the production of magnetic recording media in combination with various
      other materials.
PAR  Binders which can be used together with the ferromagnetic powder materials
      of the present invention include conventional thermoplastic resins and
      thermosetting resins. These resins can be used individually or or in the
      form of a mixture.
PAR  Thermoplastic resins are those having a softening point of about
      150.degree. C or below, an average molecular weight of about 10,000 to
      200,000, and a polymerization degree of about 200 to 1,000 or so, and
      representative examples thereof are vinyl chloride-vinyl acetate
      copolymers, vinyl chloride-vinylidene chloride copolymers, vinyl
      chloride-acrylonitrile copolymers, acrylate-acrylonitrile copolymers,
      acrylate-vinylidene chloride copolymers, acrylate-styrene copolymers,
      methacrylate-acrylonitrile copolymers, methacrylate-vinylidene chloride
      copolymers, methacrylate-styrene copolymers, polyvinyl fluorides,
      vinylidene chloride-acrylonitrile copolymers, butadiene-acrylonitrile
      copolymers, polyamide resins, polyvinyl butyral resins, cellulose
      derivatives (such as cellulose acetate butyrate, cellulose diacetate,
      cellulose triacetate, cellulose propionate and nitrocellulose),
      styrenebutadiene copolymers, polyester resins, chlorovinyletheracrylate
      copolymers, amino resins and various kinds of synthetic rubber type
      thermoplastic resins. These resins can be used individually or in the form
      of a mixture thereof. These resins are disclosed in Japanese Patent
      Publication Nos. 6877/62, 12528/64, 19282/64, 5349/65, 20907/65, 9463/66,
      14059/66, 16985/66, 6428/67, 11612/67, 4623/68, 15206/68, 2889/69,
      17947/69, 14020/70, 14500/70, 18573/72, 22063/72, 22064/72, 22068/72,
      22069/72, 22070/72 and 22886/72, and U.S. Pat. Nos. 3,144,352, 3,419,420,
      3,499,789 and 3,713,887, etc.
PAR  Thermosetting resins are those having a molecular weight of about 200,000
      or less in the form of a coating solution, and when heated, after being
      coated and dried, the molecular weight thereof beomes infinitely large to
      condensation or addition reactions. Preferred resins are those which
      neither soften nor melt below the decomposition point of the resin.
      Examples of preferred resins are phenol resins, epoxy resins, polyurethane
      setting resins, urea resins, melamine resins, alkyd resins, silicone
      resins, reactive acrylic resins, epoxy-polyamide resins, nitro
      cellulose-melamine resins, mixtures of a high molecular weight polyester
      resin and an isocyanate prepolymer, mixtures of a methacrylate copolymer
      and a diisocyanate prepolymer, mixtures of a polyester-polyol and a
      polyisocyanate, urea-formaldehyde resins, mixtures of low molecular weight
      glycol/high molecular weight diol/triphenylmethane-triisocyanate,
      polyamine resins and mixtures thereof.
PAR  These resins are disclosed in Japanese Patent Publication Nos. 8103/64,
      9779/65, 7192/66, 8016/66, 14275/66, 18179/67, 12081/68, 28023/69,
      14501/70, 24902/70, 13103/71, 22065/72, 22066/72, 22067/72, 22072/72,
      22073/72, 28045/72, 28048/72 and 28922/72, and U.S. Pat. Nos. 3,144,353,
      3,320,090, 3,437,510, 3,597,273, 3,781,210 and 3,781,211, etc.
PAR  One or more of these binders are used, and other additives can be added
      thereto. The proportion of ferromagnetic powder material to binder is
      about 100 parts by weight of the ferromagnetic substance to 10 to 200
      parts by weight, preferably 25 to 120 parts by weight, of the binder.
PAR  Suitable additives includes dispersing agents, lubricants and abrasives.
PAR  Examples of dispersing agents are fatty acids (R.sub.1 COOH where R.sub.1
      represents an alkyl group having about 11 to 17 carbon atoms) such as
      caprylic acid, capric acid, lauric acid, myristic acid, palmitic acid,
      stearic acid, oleic acid, elaidic acid, linoleic acid, linolenic acid, and
      stearolic acid; fatty acid esters (R.sub.2 COOR.sub.3 where R.sub.2 and
      R.sub.3 each represents an alkyl group having about 1 to 12 carbon atoms)
      such as ethyl caprylate and propyl laurate; metallic soaps of the above
      described fatty acids and alkali metals (such as Li, Na, K) or alkaline
      earth metals (such as Mg, Ca, Ba); and lecithins. In addition, higher
      alcohols having about 12 to 24 carbon atoms such as lauryl alcohol,
      pentadecyl alcohol, cetyl alcohol, stearyl alcohol, nonadecyl alcohol,
      etc., and the sulfates thereof can also be used. The amount of the
      dispersing agent present is about 1 to 20 parts by weight on the basis of
      100 parts by weight of binder.
PAR  Examples of the lubricants which can be used are silicone oil, graphite,
      molybdenum disulfide, tungsten disulfide, fatty acid esters of a monobasic
      fatty acid having about 12 to 16 carbon atoms and a monohydric alcohol
      having about 3 to 12 carbon atoms, and fatty acid esters of a monobasic
      fatty acid having about 17 or more carbon atoms and a monohydric alcohol,
      the number of carbon atoms of the acid and the alcohol being about 15 to
      28 in total. Suitable examples of fatty acid esters include ethyl
      caprylate, ethyl laurate, propyl myristate, methyl palmitate, ethyl
      stearate, amyl stearate, ethyl behenate, ethyl oleate, propyl linolate,
      methyl linolenate, etc. The amount of the lubricant present is about 0.2
      to 20 parts by weight on the basis of 100 parts by weight of the binder.
      These lubricants are disclosed in Japanese Patent Publication Nos.
      23889/68, 28647/67 and 81543/68, U.S. Pat. Nos. 3,470,021, 3,492,235,
      3,497,411, 3,523,086, 3,625,760, 3,630,772, 3,634,253, 3,647,539 and
      3,687,725, IBM Technical Disclosure Bulletiz, Vol. 9, No. 7, page 779,
      December 1966, and ELEKTRONIK 1961, No. 12, page 380, etc.
PAR  Examples of abrasives include conventional materials such as alumina, fused
      alumina, silicon carbide, chromium oxide, corundum, synthetic corundum,
      diamond, synthetic diamond, garnet and emery (main components: corundum
      and magnetite). These abrasives have an average particle size of about
      0.05 to 5 .mu.  (diameter), preferably 0.1 to 2 .mu.. The amount of the
      abrasive present is 7 to 20 parts by weight on the basis of 100 parts of
      binder. These abrasives are disclosed in Japanese Patent Application No.
      26749/73, U.S Pat. Nos. 3,007,807, 3,041,196, 3,293,066, 3,630,910 and
      3,687,725; British Pat. No. 1,145,349 and German Pat. No. 853,211, etc.
PAR  The formation of the magnetic recording layer is carried out by dissolving
      the above described components in an organic solvent and coating the
      resulting coating solution on a support. The thickness of the support is
      suitably about 5 to 50 .mu. or so, preferably 10 to 40 .mu. or so, and
      suitable examples of supports, are, for example, polyesters such as
      polyethylene terephthalate, polyolefins such as polypropylene, cellulose
      derivatives such as cellulose triacetate or cellulose diacetate and
      polycarbonates.
PAR  Coating of the above-described magnetic recording layer on a support can be
      carried out by various methods such as airdoctor coating, blade coating,
      air-knife coating, squeeze coating, dip coating, reverse-roll coating,
      transfer-roll coating, gravure coating, kiss coating, cast coating and
      spray coating, and other means can also be utilized therefor. These
      coating means are described in detail Coating Engineering (pp. 253-277),
      Asakura Publishing Co., March 20, 1971. A suitable coating composition
      concentration can range from about 150 to 500 g, preferably 200 to 450 g,
      per kg of the solvent.
PAR  Representative examples of organic solvents which can be used in coating
      the magnetic recording layer on a support are ketones such as acetone,
      methyl ethyl ketone, methyl isobutyl ketone and cyclohexanone; alcohols
      such as methanol, ethanol, propanol and butanol; esters such as methyl
      acetate, ethyl acetate, butyl acetate, ethyl lactate, glycol acetate
      monoethylether; ethers and glycol ethers such as diethyl ether,
      glycoldimethylether, glycolmonoethylether dioxane and tetrahydrofuran;
      aromatic hydrocarbons such as benzene, toluene, and xylene; chlorinated
      hydrocarbons such as methylene chloride, ethylene chloride,
      carbontetrachloride, chloroform, ethylene-chlorohydrin and
      dichlorobenzene; and dimethylsulfoxide and dimethylformamide.
PAR  The present invention is explained in greater detail by reference to the
      following Examples and Comparative Examples. One skilled in the art can
      easily understand that the components, proportion and operational
      procedure as shown herein can be varied as long as these are within the
      present invention. Accordingly, this invention is not to be interpreted as
      being limited to the illustrated Examples only. All parts and percents are
      by weight unless otherwise specifically indicated.
PAC  EXAMPLE 1
PAR  A direct current magnetic field of 500 Oe was applied to 100 liters of an
      aqueous solution of ferrous chloride, cobalt chloride and chromium alum,
      these components being dissolved in a predetermined proportion, and the
      solution was kept at 20.degree. C. 20 liters of sodium borohydride
      solution were added to the above metal salt solution at a rate of 1.2
      liter/sec. The concentration of the metal salt was 0.2 mole/liter total,
      and the concentration of the sodium borohydride solution was 2
      moles/liter. This solution had a sodium hydroxide concentration of 0.06N.
      The reaction started simultaneously with the addition of the reducing
      agent, and vigorous foaming was noticed. After the reaction, the black
      precipitate obtained was fully washed with water and then with acetone.
      Afterwards, the precipitate was dried at 25.degree. C in an atmosphere of
      a humidity of 30% or less.
PAR  The analysis results of the metal components and the boron in the
      respective samples prepared are shown in the following Table 1.
TBL                Table 1 (%)                                                 
     ______________________________________                                    
     Sample  Fe        Co        Cr      B                                     
     ______________________________________                                    
     A       74.0      17.3      2.3     6.4                                   
     B       65.7      26.3      1.8     6.2                                   
     C       83.9       7.5      1.9     6.7                                   
     D       90.3      13.9      0.0     5.8                                   
     ______________________________________                                    
PAR  The following Table 2 shows the saturation magnetization (magnetic field:
      2000 Oe) of these samples before and after weather-resistance testing.
TBL                Table 2 (T)                                                 
     ______________________________________                                    
     Sample Initial Value After Weather-Resistance                             
                          Testing*                                             
     ______________________________________                                    
     A      8650          7800                                                 
     B      8400          7950                                                 
     C      9290          4240                                                 
     D      8700          4080                                                 
     ______________________________________                                    
      (*stored for one week at 45.degree.C, 85%RH)                             
PAR  Both Samples A and B of the present invention have an original saturation
      magnetization value (before weather-resistance testing) somewhat lower
      than that of the other Samples C and D, while after the weather-resistance
      testing the Samples A and B show a saturation magnetization value far
      higher than that of the Samples C and D.
PAR  Magnetic coating compositions of the following ingredients and these four
      samples were prepared.
TBL  ______________________________________                                    
                               parts                                           
     Ferromagnetic Powder      300                                             
     (average particle size of about                                           
     0.25 .mu. in length and 0.04 .mu.                                         
     in width)                                                                 
     Polyester-polyol*         40                                              
     Cellulose Acetate Butyrate                                                
                               25                                              
     Polyisocyanate Compound** 20                                              
     Chromium Sesquioxide      4                                               
     (average particle size: about 0.1 .mu.)                                   
     Soybean Lecithin          6                                               
     Methyl Ethyl Ketone       400                                             
     Butyl Acetate             500                                             
     ______________________________________                                    
      *Condensate of adipic acid and butanediol, having terminal hydroxy groups
      and a molecular weight of about 1800                                     
      **Desmodur L; trade name, produced by Bayer AG; 75 wt.% ethylacetate     
      solution; adduct 3 moles of toluenediisocyanate and 1 mole of trimethylol
      propane.                                                                 
PAR  Each of the resulting coating compositions was applied to one surface of a
      polyethyleneterephthalate film (thickness: 25 .mu.) in a magnetic field
      and heated and dried to form a layer having a thickness of 4.5 .mu.. The
      thus obtained magnetic web was treated with a super calender and slit to
      form a video tape having a width of 1/2 inch. The magnetic characteristics
      of the tapes obtained are shown in the following Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Sample                                                                    
          Magnetic                                                             
                Hc   Square-                                                   
                          Residual Magnetic Flux Density* (G)                  
                                              Sensitivity**                    
     Substance  (Oe) ness Initial Value                                        
                                   After Weather-                              
                                              (dB)                             
                     Ratio         Resistance Testing                          
     __________________________________________________________________________
     No. 1                                                                     
          A     980  0.85 1900     1630       +1.6                             
     No. 2                                                                     
          B     1070 0.86 1820     1660       +2.0                             
     No. 3                                                                     
          C     720  0.82 2010     1305       -1.3                             
     No. 4                                                                     
          D     970  0.85 1970     1070        0.0                             
     __________________________________________________________________________
      *Stored for 160 hours at 60.degree.C, 90%RH                              
      **After weather-resistance testing, non-bias recording of 5MHz, with No. 
      as standard.                                                             
PAR  FIG. 1 shows a preferred composition range of the Fe--Co--Cr system of this
      invention. The preferred range is the shaded portion in FIG. 1. (This
      ternary figure only shows the three components of Fe, Co and Cr contained
      in the samples, and the boron component therein is not shown.) The
      respective Samples A, B, C and D are plotted in FIG. 1 with respect to
      their Fe--Co--Cr composition.
PAR  FIG. 2 shows the variation in residual magnetic flux density of Samples No.
      2 (present invention) and No. 3 (comparative sample) in weather-resistance
      testing.
PAR  From the above results, it is apparent that the magnetic recording tapes A
      and B of this invention have more excellent weather-resistance than other
      conventional tapes.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic recording medium comprising a support having thereon a
      magnetic recording layer comprising a binder and a ferromagnetic alloy
      powder, said magnetic recording layer having a coercive force of about 700
      to 1500 oersteds in the oriented direction of the ferromagnetic powder and
      a residual magnetic flux density of about 1500 gausses or higher, the
      residual magnetic flux density of which after storage for 160 hours in an
      atomosphere of 60.degree. C and 90% RH is 85% or higher of the initial
      value thereof before said storage, and said ferromagnetic alloy powder
      comprising the reaction product of reducing a mixed solution containing
      Fe, Co and Cr ions with a borohydride compound reducing agent, said mixed
      solution containing metal ions ranging from 0.01 to 0.5 mole/liter in
      concentration, such that said ferromagnetic alloy powder comprises about
      65 to 89% Fe, about 7 to 34% Co, and about 0.5 to 5% Cr, said percentages
      being by weight.
NUM  2.
PAR  2. The magnetic recording medium claimed in claim 1, wherein the
      borohydride compound is in a solution having a hydroxide ion concentration
      of about 0.001N to 0.6N.
NUM  3.
PAR  3. The magnetic recording medium as claimed in claim 1, wherein Br/Hc of
      the ferromagnetic metal powder is about 1.5 to 4.5, in which Hc is the
      coercive force in oersteds and Br is the residual magnetic flux density in
      gausses.
NUM  4.
PAR  4. The magnetic recording medium as claimed in claim 3, wherein the Br/Hc
      is 3.8 to 2.0.
NUM  5.
PAR  5. The magnetic recording medium as claimed in claim 1 wherein the
      proportion of the respective metal components is within the range of the
      cross-hatched portion in FIG. 1.
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ABST
PAL  Disclosed is a bidirectional triode thyristor pellet that comprises two
      current conductive regions and a gate region. Gold is diffused into the
      boundaries between the several regions to inhibit carrier migration
      thereacross and thus reduce turnoff time. Also disclosed is a method of
      fabricating the subject thyristor pellet that permits glass passivation
      thereof if desired.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to bidirectional triode thyristors and, more
      particularly, to improving commutation characteristics of triode
      thyristors.
PAR  Since its introduction, the bidirectional triode thyristor, or triac, has
      been growing in popularity among circuit designers. The reasons for this
      growth are evident; as a single component that can replace several
      components in many circuit applications, the triac can provide
      improvements in weight, size and cost. However, improvement is still being
      sought in some characteristics of triac performance. Consider, for
      example, the commonly used circuit in which a triac replaces two inversely
      connected parallel SCR's to selectively pass AC current. When using the
      SCR's each device has an entire half cycle in a back biased state to turn
      off. Thus, false firing due to the presence of mobile carriers when
      forward voltage is reapplied is rarely a problem. However, consider the
      corresponding triac circuit. One region of the triac pellet is conductive
      during one half cycle and another region is conductive during the
      following half cycle. See, for example, the SCR Manual, 5th Edition,
      copyright 1972 by the General Electric Co., or U.S. Pat. No. 3,275,909.
      Consequently, in the AC application, some portion of the triac is in a
      conductive state at all times except during brief periods near the
      crossovers of the AC input signal. If mobile charge carriers from the
      conductive portion "spill over" into the non-conductive portion, the
      non-conductive portion can be inadvertently triggered by those carriers on
      the reversal of the applied voltage. This effect has limited the
      frequencies at which triacs can be used.
PAR  It is, therefore, an object of this invention to provide a triac which
      resists carrier spillover from the conductive region to the non-conductive
      region.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is characterized by a bidirectional triode thyristor pellet
      that is a body of semiconductor material defining two major surfaces and
      comprising a first conductive region for conducting current in a first
      direction, a second conductive region for conducting current in a second,
      opposite, direction and a gate region for receiving triggering signals. An
      auxiliary impurity that stimulates carrier recombination is diffused into
      the body of semiconductor material at the boundaries between these three
      regions for inhibiting the interregion carrier drift discussed above. As
      disclosed below, the auxiliary impurity can be gold and is preferably
      diffused into the internal layers where the depletion layer is formed.
      Consequently, a triac capable of operation at higher frequencies in AC
      applications is provided inasmuch as inadvertent triggering due to carrier
      spillover is prevented. Inasmuch as the gold is not covering the
      conductive areas but is selectively diffused, it will be appreciated that
      characteristics such as conducting voltage drop are not significantly
      affected.
PAR  A method for making the pellets is disclosed below. A wafer of
      semiconductor material defining two major surfaces is selectively diffused
      with impurities in a conventional manner to divide the wafer into a
      plurality of portions, each portion being properly diffused to form a
      triac pellet. Each pellet, of course, includes the first and second
      conductive regions and the gate region. One of the major surfaces of the
      wafer is masked, leaving exposed only the boundaries between the several
      regions in each pellet. One preferred method of masking that is described
      below includes thermally growing a layer of oxide on the wafer and etching
      openings over the boundaries. The auxiliary impurity, for example gold, is
      then diffused through the openings. A preferred diffusion process that is
      described below includes vapor depositing the gold over the oxide and
      applying heat to diffuse the impurity into the wafer to a depth at least
      sufficient to put gold in the interior layers. From the above brief
      discussion it will be apparent that the method of fabricating improved
      triac pellets can be practiced with conventional processing equipment.
PAR  Following diffusion, the wafers are grooved between the portions and then
      divided into individual pellets along the grooves. The openings in the
      oxide that were used during the gold diffusion step are masked at a low
      temperature with a material such as a lacquer or wax and photo resist
      techniques are used to locate the positions of the grooves. An advantage
      of the subject method is that the areas to be grooved and the areas
      immediately therearound are still covered with oxide. Thus the grooves
      will be well defined and can be precisely located inasmuch as they are
      located by openings in the oxide. Simultaneous etching of grooves on each
      side is performed.
PAR  If desired the grooves can be glass passivated. A preferred glass
      passivation process includes depositing glass in a particulate form in the
      grooves and then applying heat to fuse the glass. A carrier such as
      alcohol can be used with the particulate glass. Approximately 700.degree.
      Centigrade is sufficient to fuse the glass. That is significant inasmuch
      as the auxiliary diffusion process takes place at approximately
      800.degree.-900.degree. Centigrade. Thus the glass is fused at a lower
      temperature and the glass fusion process does not adversely affect the
      desired distribution of gold within the semiconductor wafer since no
      significant gold migration takes place at 700.degree. Centigrade.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and features of the present invention will become
      more apparent upon a perusal of the following description taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is an elevation view of part of a semiconductor wafer;
PAR  FIG. 2 is a plan view of the part depicted in FIG. 1 at a later stage in
      processing;
PAR  FIG. 3 is a plan view of a portion of the wafer at a still later stage of
      processing; and
PAR  FIG. 4 is an elevation view of a triac pellet made in accordance with the
      subject method.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT AND METHOD
PAR  Referring first to FIG. 1, there is shown a body of semiconductor material
      21 that is a part of a semiconductor wafer which defines a first major
      surface 22 and a second major surface 23 and is approximately one to three
      inches in diameter as is conventional in the semiconductor art. In a
      preferred method of manufacture, the body 21 is initially doped to be of n
      type conductivity and a dopant that produces p type conductivity is
      diffused from the upper major surface 22 to create a p region 24 adjacent
      thereto and from the lower major surface 23 to create a p region 25
      adjacent thereto.
PAR  The wafer in effect is divided into portions by the diffusion of another
      impurity in a preselected distribution within each portion. A plan view of
      a small area of the upper major surface 22 is shown in FIG. 2. Two
      portions and the diffusion patterns thereon are shown. In each portion a
      large n plus type emitter 26, an n plus type junction gate emitter 27 and
      an n plus type conductivity control region 28 are diffused. In addition, a
      second n plus type emitter region 29 is diffused in the lower p type
      region 25. One of the second n plus type emitter regions 29 is shown by
      broken lines in FIG. 2 so that its juxtaposition can be appreciated. Only
      one region 29 is shown to preserve clarity. As shown more clearly in FIG.
      4, the n plus regions 26, 27, 28 and 29 are diffused only approximately
      halfway through the upper p region 24 and lower p region 25. Thus, it will
      be appreciated that each portion of the wafer is adapted to form a triac
      pellet 31. If further information concerning the diffusion of triac
      pellets to this stage of processing is required, reference should be made
      to the above cited patent.
PAR  Reference is now made to FIG. 3. It will be appreciated that, as is
      conventional in the triac art, each portion or pellet 31 comprises a first
      conductive region 32 which is substantially coextensive with the first n
      plus type emitter region 26 and second conductive region 33 that is
      coextensive with most of the second n plus type emitter region 29.
      Furthermore, a gate region 34 is included in the vicinity of the n plus
      type junction gate emitter 27. As is well known in the triac art, when a
      triac is used for selectively passing AC current, the first conductive
      region 32 conducts during one half of the AC cycle and the second
      conductive region 33 conducts during the subsequent half cycle. It is, of
      course, carrier migration across the boundary between the regions 32 and
      33 that was discussed above.
PAR  In order to prevent carrier migration the following process is employed.
      The first major surface 22 is selectively masked to leave exposed only the
      region boundaries. A convenient and efficient method of performing the
      masking operation is to expose the wafer to a temperature of approximately
      at least 1100.degree. Centigrade to thermally grow a layer of oxide on the
      surfaces thereof. For the masking operation, the oxide need be on only one
      of the major surfaces. However, for reasons to be discussed hereinafter,
      the oxide is preferably grown on each of the major surfaces. Following
      oxide growth, a generally Y-shaped area of the oxide is removed as shown
      by the broken lines in FIG. 3. It should be pointed out that, of course,
      this Y-shaped opening is made over each of the several portions in the
      wafer. The opening is preferably made by conventional techniques such as
      etching.
PAR  An auxiliary impurity which stimulates carrier recombination is then
      diffused through the openings. Such impurities include, for example, gold
      and platinum. Thus, gold, for example, is vapor deposited on the first
      major surface 22. Following vapor deposition, the wafer is exposed to a
      temperature in the range of from 800.degree. to 900.degree. Centigrade.
      Only in the Y-shaped openings does the gold contact the semiconductor
      material. Thus the gold diffuses into the crystal only in the openings as
      shown in FIG. 4. Preferably, the temperature and time of the diffusion
      operation is controlled such that the gold is diffused into the interior
      layers. Therefore a region containing gold atoms is created at the
      boundaries between the first and second conductivity regions and the gate
      region and carrier migration across those boundaries is inhibited. The
      first and second conductive regions remain substantially gold free.
PAR  To complete the processing, the wafer must be divided into triac pellets.
      An advantageous way of providing such a division is as follows. First, the
      Y-shaped opening is covered with a protective coating at a relatively low
      temperature. For example, a wax of a lacquer can be coated over the
      opening. Then, by conventional techniques, such as photoresist techniques,
      areas where grooves are to be etched to separate the pellets are located.
      The grooves are preferably etched from both major surfaces, and thus the
      desirability of growing the oxide coating on each of the major surfaces 22
      and 23 will be appreciated. The grooves are preferably etched deeply
      enough to intersect all the p n junctions.
PAR  As mentioned previously an advantage of this method is that it permits
      glass passivation of the pellets. If glass passivation is to be performed,
      the wax or lacquer should be removed from the Y-shaped opening. That is
      because those organic substances may release vapors during the passivation
      process that can have deleterious effects on the further processing.
      Following rhe removal of the wax, glass, in a particulate form and
      suspended in a carrier such as alcohol, is deposited in the grooves. The
      alcohol is quickly evaporated at a low temperature and then the wafer is
      exposed to a temperature of approximately 700.degree. Centigrade. At that
      temperature the glass fuses forming a passivation layer 35 in the grooves.
      It will be appreciated that the 700.degree. temperature used during the
      passivation step is lower than the temperature required to mobilize the
      gold atoms. Thus, the distribution of gold that was previously created is
      not disturbed.
PAR  Following the glass passivation process, the wafer is divided along the
      grooves to form the pellets 31 as shown in FIGS. 3 and 4. This division is
      by conventional techniques.
PAR  Thus there has been developed a triac pellet with gold diffused along the
      boundaries between the first and second conductive regions and the gate
      region. Consequently, carrier migration across those boundaries is
      prevented. Furthermore, it has been shown that the process is entirely
      compatible with glass passivation techniques.
PAR  Many modifications and variations of the subject invention will be obvious
      to those skilled in the art. For example, it is felt that the primary need
      for the gold is at the boundary between the first and second conductive
      regions 32, 33. Thus gold diffusion only along the boundary therebetween
      will result in a substantially improved device. Consequently, the true
      scope and spirit of the invention is only as defined by the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for fabricating a plurality of bilateral thyristor pellets on a
      single wafer comprising the steps of:
PA1  providing a wafer of semiconductor material defining two major surfaces and
      selectively diffused with impurities so as to form a plurality of
      portions, each portion comprising a first conductive region and a second
      conductive region;
PA1  applying a mask to one of said major surfaces, wherein said mask defines
      openings at the boundaries between said first conductive regions and said
      second conductive regions;
PA1  diffusing an auxiliary impurity through said openings, wherein said
      auxiliary impurity stimulates carrier recombination at said boundaries;
PA1  masking said openings at a temperature low enough that no significant
      migration of said auxiliary impurity takes place;
PA1  forming new openings in said mask where intersecting grooves that will
      separate said portions are to be formed;
PA1  forming grooves in said new openings;
PA1  coating said grooves with glass; and
PA1  subdividing said wafer between said portions.
NUM  2.
PAR  2. A method according to claim 1 wherein said step of applying a mask
      comprises the steps of thermally growing a layer of oxide on said one
      major surface and selectively removing the portions of said layer of oxide
      that overlie said boundaries.
NUM  3.
PAR  3. A method according to claim 2 wherein said step of diffusing an
      auxiliary impurity comprises vapor depositing said auxiliary impurity on
      said semiconductor material.
NUM  4.
PAR  4. A method according to claim 1 wherein said step of coating said grooves
      comprises depositing said said glass in said grooves in a particulate form
      and applying heat to fuse said glass.
NUM  5.
PAR  5. A method according to claim 4 wherein said step of thermally growing a
      layer of oxide is carried out at a temperature of above approximately
      1100.degree. Centigrade and said step of diffusing an auxiliary impurity
      is carried out at approximately 800.degree.-900.degree. Centigrade and
      said step of applying heat to fuse said glass is carried out at
      approximately 700.degree. Centigrade.
NUM  6.
PAR  6. A method according to claim 1 wherein said auxiliary impurity is gold.
NUM  7.
PAR  7. A method according to claim 1 wherein each of said portions comprises a
      gate region at least partially bounded by said first conductive region and
      said second conductive region and wherein said mask defines openings at
      the boundaries between said gate region and said first conductive region
      and said second conductive region.
NUM  8.
PAR  8. A method according to claim 1 wherein said step of masking said openings
      comprises covering said openings with a low temperature coating selected
      from the group consisting of lacquer and wax.
NUM  9.
PAR  9. A method according to claim 8 wherein said step of forming new opening
      comprises the substeps of selectively applying photoresist and etching
      said new openings.
NUM  10.
PAR  10. A method according to claim 9 wherein said step of applying a mask
      comprises the steps of thermally growing a layer of oxide on said one
      major surface and selectively removing the portions of said layer of oxide
      that overlie said boundaries.
NUM  11.
PAR  11. A method according to claim 10 wherein said step of coating said
      grooves comprises depositing said glass in said grooves in a particulate
      form and applying heat to fuse said glass.
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ABST
PAL  A monocrystalline silicon wafer is prepared which has formed therein the
      usual emitter, base and collector regions. A groove is then formed to a
      predetermined depth in the top surface of the silicon wafer so as to
      extend along the P-N junction between the base and emitter regions. A
      silicon oxide layer is formed over the wafer, as by heating the same in an
      oxidative atmosphere, and the wafer is succeedingly heated in a
      hydrogenous atmosphere. The silicon oxide layer may be selectively
      photoetched away where the electrodes are to be formed for the emitter,
      base and collector of the transistor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to transistors, and more specifically to
      improvements in a process for the fabrication of silicon transistors.
      Still more specifically, the invention is directed to a fabrication
      process designed to enhance the DC current gain h.sub.FE of the silicon
      transistors.
PAR  As is well known, the silicon transistors in general have a silicon oxide
      layer formed over the chip surface. The electrical characteristics of the
      transistors can be stabilized by thus covering their P-N junctions with
      the silicon oxide layer. However, this arrangement tends to result in the
      decrease in the transistor parameter h.sub.FE. This is because there
      exists in the interface of the silicon and the silicon oxide layer not
      only silicon dioxide SiO.sub.2, which is a stable form of silicon oxide,
      but also silicon monoxide SiO. Recombination is easy to occur due to the
      presence of the excess valance electrons of the silicon monoxide.
PAR  In order to overcome this defect, it has been proposed to heat the
      transistor chip in a hydrogenous atmosphere following the formation of the
      silicon oxide layer thereon. This hydrogen treatment causes the excess
      valence electrons of the silicon monoxide to combine with hydrogen atoms,
      as follows:
      ##EQU1##
      Since then less recombination takes place, the DC current gain of the
      silicon transistor can be approximately doubled, as later described in
      more detail with reference to the accompanying drawings. However, no
      further increase in the current gain is possible solely by the hydrogen
      treatment.
PAR  It is also well known that the reduction in the base width of the silicon
      transistor results in the increase in its DC current gain. However, the
      transistor with the reduced base width is susceptible to rupture at the
      time of secondary breakdown. Its breakdown and punch-through voltages are
      also lowered. This scheme is therefore not adoptable for the fabrication
      of transistors that are intended to operate at high voltages.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a simple and thoroughly
      practicable process for the fabrication of silicon transistors having a
      high DC current gain.
PAR  Another object of the invention is to provide a process for the fabrication
      of transistors which are not easily ruptured at the time of secondary
      breakdown in spite of their high h.sub.FE.
PAR  A further object of the invention is to provide a process for the
      fabrication of transistors the h.sub.FE of which is enhanced without a
      decrease in breakdown and punch-through voltages.
PAR  A further object of the invention is to provide a process for the
      fabrication of transistors having improved linearity of h.sub.FE in the
      operating current range.
PAR  A still further object of the invention is to provide a process for the
      fabrication of transistors in which the temperature dependency of the
      base-emitter voltage V.sub.BE is minimized.
PAR  Briefly, this invention provides, in a process for the fabrication of a
      high DC current gain transistor, the improved steps which include
      providing a monocrystalline silicon wafer having formed therein an emitter
      region of one conductivity type, a base region of the opposite
      conductivity type from the emitter region, and a collector region of the
      said one conductivity type. At least the emitter and base regions extend
      to the top surface of the wafer, and the emitter region is confined within
      the base region so that a P-N junction is formed therebetween. The
      improved steps according to the invention further comprises forming in the
      top surface of the wafer a groove which extends along the P-N junction and
      which has a depth less than the depth of the emitter region, forming a
      silicon oxide layer at least over the groove, and heating the wafer in a
      hydrogenous atmosphere.
PAR  The base region may be formed by diffusing impurities into the wafer, or it
      may be formed by the silicon itself of which the wafer is made. In
      general, the depth of the groove should be from about 1/10 to 4/5 the
      depth of the emitter region. More specifically, in the case of a
      diffused-base transistor, the depth of the groove should be from about 1/5
      to 4/5, preferably from about 1/3 to 2/3, the depth of the emitter region.
      In the case of a transistor in which the base region is constituted of the
      silicon of which the wafer is made, the depth of the groove should be from
      about 1/10 to 2/3, preferably from about 1/6 to .sup.-, the depth of the
      emitter region.
PAR  The silicon oxide layer to be formed at least over the groove should be
      from about 0.2 to 1.5 microns in thickness. The temperature to which the
      silicon wafer is heated in the hydrogenous atmosphere should be in the
      range of from about 300.degree. to 1,000.degree.C, preferably from about
      400.degree. to 700.degree.C. The hydrogenous atmosphere should contain at
      least about 20 percent of hydrogen gas, particularly if the wafer is to be
      heated to the temperature range of from about 400.degree. to 700.degree.C.
      The hydrogen gas can be used in combination with inert gas to constitute
      the hydrogenous atmosphere. While the silicon oxide layer may be formed by
      heating the wafer in an oxidative atmosphere for practical purposes, it
      can also be formed by the sputtering method or by the gaseious phase
      growth method.
PAR  While it is rather difficult to explain why the process of this invention
      leads to the drastic increase in the DC current gain of the silicon
      transistors, this result seems to arise from the interaction of several
      reasons. First, by the formation of the groove along the P-N junction
      between the emitter and base regions, the adjoining portion of the base
      region is removed which is to provide a base current path in the completed
      transistor. Since the silicon oxide layer is formed over the groove, the
      interface of the silicon and the silicon oxide layer as well as its
      neighboring portion is effectively subjected to the succeeding hydrogen
      treatment. Secondly, the surface concentration of the impurities is
      lowered at the grooved area. Thirdly, the injection of carriers from the
      emitter to the base region takes place in a different mode due to the
      presence of the groove. It is possible, however, that there exist some
      different reasons yet unascertained.
PAR  The features which are believed to be novel and characteristic of this
      invention are set forth in particular in the appended claims. The
      invention itself, however, as well as the additional objects and
      advantages thereof, will become apparent from the following description
      which is to be read in connection with the accompanying drawings in which
      like reference characters refer to like parts throughout the several views
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic cross sectional view of a silicon transistor
      fabricated by a prior art process comparable to the process of this
      invention;
PAR  FIG. 2 is a graph plotting the curves of the DC current gain h.sub.FE
      against the collector current I.sub.C by way of explanation of the
      increase in h.sub.FE as a result of the hydrogen treatment performed on
      the prior art transistor of FIG. 1;
PAR  FIGS. 3 to 7, inclusive, are a series of schematic cross sectional views
      showing the sequential steps for the fabrication of a silicon transistor
      by the process of this invention, as described in Example I presented
      succeedingly;
PAR  FIG. 8 is a plan view explanatory of the shape of the emitter region of the
      transistors fabricated in the various Examples of the invention;
PAR  FIG. 9 is a graph plotting the curves of h.sub.FE against I.sub.C to
      manifest the advantages of the transistors fabricated in Examples I, II
      and V of the invention over the prior art;
PAR  FIGS. 10 to 16, inclusive, are a series of schematic cross sectional views
      showing the sequential steps for the fabrication of a silicon transistor
      according to Example II of the invention; FIG. 17 is a graph plotting the
      curves of I.sub.C against the base emitter voltage V.sub.BE at various
      ambient temperatures to manifest the improved temperature dependency of
      the V.sub.BE of the transistor fabricated in Example II of the invention
      as compared with the prior art;
PAR  FIGS. 18 to 23, inclusive, are a series of schematic cross sectional views
      showing the sequential steps for the fabrication of a silicon transistor
      according to Example III of the invention;
PAR  FIG. 24 is a graph plotting the curves of h.sub.FE against I.sub.C to
      manifest the advantages of the transistors fabricated in Examples III and
      IV of the invention over the prior art;
PAR  FIGS. 25 to 31, inclusive, are a series of schematic cross sectional views
      showing the sequential steps for the fabrication of a silicon transistor
      according to Example IV of the invention;
PAR  FIG. 32 is a graph plotting the curves of I.sub.C against V.sub.BE at
      various ambient temperatures to manifest the improved temperature
      dependency of the V.sub.BE of the transistor fabricated in Example IV of
      the invention as compared with the prior art; and
PAR  FIGS. 33 to 38, inclusive, are a series of schematic cross sectional views
      showing the sequential steps for the fabrication of a silicon transistor
      according to Example V of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The configuration and fabrication process of a typical example of the prior
      art diffused-base silicon transistor will now be described in some detail
      with reference to FIG. 1, the better to make clear the features and
      advantages of this invention. A P-type base region 10 is formed in an
      N-type silicon wafer by the diffusion of impurities. Also formed by
      diffusion in this base region 10 are an N.sup.+-type emitter region 11 and
      P.sup.+-type low-resistance base region 12. An N.sup.+-type low-resistance
      collector region 13 is formed by the diffusion of impurities from the
      bottom surface of the wafer, and an N-type collector region 14 is formed
      by the N-type silicon portion left between the base region 10 and the
      N.sup.+-type low-resistance collector region 13.
PAR  A thin layer of silicon dioxide 15 is then formed over the entire top
      surface of the wafer by heating the same in an oxidative atmosphere.
      Openings are then formed selectively through the silicon dioxide layer 15
      to form nickel electrodes 16 and 17 on the N.sup.+-type emitter and
      P.sup.+-type low-resistance base regions 11 and 12, respectively. A nickel
      electrode 18 is also formed on the bottom surface of the N.sup.+-type
      low-resistance collector region 13.
PAR  As mentioned previously, the DC current gain h.sub.FE of the
      thus-fabricated transistor varies significantly according to whether the
      transistor has undergone the hydrogen treatment or not. The indicia a in
      the graph of FIG. 2 represents the curve of the h.sub.FE plotted against
      the collector current I.sub.C in case the silicon wafer has been heated in
      a hydrogenous atmosphere following the formation of the silicon dioxide
      layer thereon. The indicia b represents a similar curve exhibited in case
      the transistor has been subjected to no such treatment.
PAR  For the hydrogen treatment of the silicon wafer, an atmosphere of about
      100-percent hydrogen gas may be created by a hydrogen gas stream of 0.5
      liter per minute. The silicon wafer may be heated to about 550.degree.C in
      that atmosphere, perhaps after the nickel electrodes 16, 17 and 18 have
      been formed thereon.
PAR  As will be apparent from FIG. 2, the DC current gain of the transistor
      approximately doubles by virtue of the hydrogen treatment. However, no
      further increase in the current gain is possible according to the prior
      art method. This invention aims at the provision of transistor fabrication
      techniques which make possible the still further increase in the parameter
      h.sub.FE, as will become apparent from the following representation of
      specific Examples.
PAC  EXAMPLE I
PAR  With reference to FIG. 3, there was first prepared a monocrystalline N-type
      silicon wafer 19 with a resistivity of about 20 ohm-cm. Phosphorus was
      diffused into the silicon wafer 19 from its bottom surface to a depth of
      about 90 microns to form an N.sup.+-type collector region 20 with a
      surface impurity concentration of about 5 .times. 10.sup.20 atoms per
      cubic centimeter. Boron was diffused into the silicon wafer from its top
      surface to a depth of about 20.5 microns to form a P-type base region 21
      with a surface impurity concentration of about 1 .times. 10.sup.18 atoms
      per cubic centimeter. Phosphorus was again diffused into the wafer from
      its top surface to a depth of about 15 microns to form within the base
      region 21 an N.sup.+-type emitter region 22 with a surface impurity
      concentration of about 5 .times. 10.sup.20 atoms per cubic centimeter.
      Boron was likewise diffused into the wafer from its top surface to a depth
      of about 10 microns to form within the base region 21 a P.sup.+-type
      low-resistance base region 23 with a surface impurity concentration of
      about 1 .times. 10.sup.20 atoms per cubic centimeter. It will be
      understood that this P.sup.+-type low-resistance base region 23 is formed
      around the emitter region 22 with a suitable spacing therebetween. The
      conventional techniques were employed for the above impurity diffusion
      steps.
PAR  The reference numeral 24 denotes an N-type collector region formed by the
      N-type silicon portion left between the N.sup.+-type collector region 20
      and the P-type base region 21. The N-type collector region 24 has a
      thickness of about 30 microns. The foregoing regions were so formed that,
      ultimately, the base width of the transistor, that is, the spacing between
      the emitter region 22 and the N-type collector region 24, would be about
      5.5 microns.
PAR  With reference to FIG. 4, a groove 25 was then formed in the top surface of
      the wafer to a depth of about 6 microns by the usual photoetching method
      in which there was used an etching solution containing hydrofluoric acid
      and nitric acid in the ratio of 1 to 10. It will be seen from FIG. 4 that
      the groove 25 extends all along the P-N junction between the P-type base
      region 21 and the N.sup.+-type emitter region 22 and is formed by removing
      the neighboring portion of the base region 21, which is to provide a path
      for the base current in the completed transistor, and that of the emitter
      region 22. When seen in a top plan view, the emitter region 22 has the
      shape as illustrated in FIG. 8 by way of example. Since this emitter
      region is completely surrounded by the base region 21 as will be seen from
      the drawing, it will be apparent that the groove 25 extends all along the
      boundary between the base and emitter regions. Furthermore, since the
      P.sup.+type low-resistance base region 23 is formed in the P-type base
      region 21 in this specific Example of the invention, the groove 25 is so
      formed as to partly intrude into the low-resistance base region 23.
PAR  The wafer of FIG. 4 was succeedingly heated to about 1,050.degree.C for 120
      minutes in an oxidative atmosphere containing steam and oxygen gas. As a
      consequence, there was formed over the entire wafer a silicon oxide layer
      26 with a thickness of about 0.8 micron, as illustrated in FIG. 5. The
      diffusion of the impurities in the various regions proceed during this
      treatment, but only to a negligible degree.
PAR  The silicon oxide layer 26 was then selectively removed by the usual
      photoetching method in which there was used an etching solution containing
      ammonium fluoride. As illustrated in FIG. 6, openings were thus formed as
      at 27 and 28 where the electrodes are to be formed for the emitter, base
      and collector of the transistor. Nickel layers 29 were succeedingly formed
      over the thus-exposed surfaces of the N.sup.+-type collector region 20,
      N.sup.+-type emitter region 22, and P.sup.+-type low-resistance base
      region 23, by the non-electrolytic nickel plating method in which nickel
      chloride is reduced with sodium hypophosphite for nickel deposition. No
      nickel deposition takes place over the remaining silicon oxide layer 26.
PAR  In order to alter the interface characteristics of the silicon and the
      silicon oxide layer, the wafer of FIG. 6 was heated to 550.degree.C for 60
      minutes in an atmosphere of 100-percent hydrogen gas created by a hydrogen
      gas stream of 0.5 liter per minute. This heat treatment is also effective
      for the alloying of the nickel layers 29 and the silicon, resulting in the
      simplification of the transistor fabrication process.
PAR  The aforesaid non-electrolytic nickel plating method was used again to form
      nickel layers with a thickness of about 3 microns, the nickel layers being
      intended to serve as the emitter electrode 30, base electrode 31 and
      collector electrode 32, as illustrated in FIG. 7. The wafer was then cut
      to a square of 4.4 by 4.4 millimeters. The transistor chip thus obtained
      was enclosed in a metal case of the type TO-66 of Joint Electron Device
      Engineering Council (JEDEC) specification, of the United States, to
      complete the transistor according to the invention.
PAR  The curve A in the graph of FIG. 9 represents the I.sub.C -h.sub.FE
      characteristic of the above fabricated transistor. By the term "I.sub.C
      -h.sub.FE characteristic" is meant the change in the DC current gain
      h.sub.FE with the various values of the collector current I.sub.C. The
      graphed results were measured at an ambient temperature of 25.degree.C and
      the collector-emitter voltage V.sub.CE of 4 volts. The curve B represents
      by way of comparison the I.sub.C -h.sub.FE characteristic, measured under
      the above specified conditions, of a transistor which was fabricated by
      the same process as this Example of the invention except that the wafer
      was heated in a nitrogenous atmosphere instead of the hydrogenous
      atmosphere.
PAR  It will be observed from the graph that the .sub.FE of the transistor which
      was subjected to the hydrogen treatment according to the invention has a
      peak value of about 1,500, compared with the peak value of only about 100
      exhibited by the transistor which did not undergo the hydrogen treatment.
      The h.sub.FE of the transistor according to the invention is therefore
      almost 15 times as much as that of the transistor represented by the curve
      B. Also, in comparison with the h.sub.FE of the prior art transistor
      represented by the curve a in the graph of FIG. 2, which transistor is
      fabricated with the hydrogen treatment but without the formation of the
      groove 25, the current gain of the transistor according to the invention
      is about 8 times as high.
PAR  In order to ascertain the extent to which the transistor according to the
      invention withstands rupture at the time of secondary breakdown
      (hereinafter referred to as the "rupture withstanding ability"), a voltage
      of 60 volts was impressed across the collector and emitter of the
      transistor from a constant voltage source, and a base current was
      delivered to its base from a constant current source in order that a
      collector current of 2 amperes might result. A overloading electric power
      of 120 watts, 20 percent more than its wattage rating of 100 watts, was
      then supplied to measure the length of time from the initiation of the
      supply of power to the rupture of the transistor. The transistor according
      to the invention ruptured in about 10 to 15 seconds. By way of comparison,
      the rupture withstanding ability of the prior art transistor of FIG. 1 was
      tested under the same conditions as above. The prior art transistor
      ruptured in about 2 seconds.
PAR  It will be apparent from these results that, in spite of its extremely high
      current gain, the transistor fabricated by the process of this invention
      is not easily ruptured at the time of secondary breakdown. Furthermore,
      since the base width of the transistor is not especially made narrow to
      realize the high current gain, its breakdown and punch-through voltages
      are also relatively high.
PAR  In the transistor fabricated in this Example of the invention, the P-N
      junction between the collector and base regions is also covered by the
      silicon oxide layer 26, and that portion of the silicon oxide layer
      covering this P-N junction is also subjected to the hydrogen treatment. As
      a consequence, the collector cutoff current with base grounded, I.sub.CBO,
      of the transistor is extremely low compared with the transistor shown in
      FIG. 1, and its collector cutoff current with emitter grounded, I.sub.CEO,
      does not become high in spite of its high current gain.
PAC  EXAMPLE II
PAR  With reference to FIG. 10, a monocrystalline N-type silicon wafer 39 was
      prepared which had a resistivity of about 20 ohm-cm. Phosphorus was
      diffused into this silicon wafer 39 from its bottom surface to a depth of
      about 95 microns to form an N.sup.+-type collector region 40 with a
      surface impurity concentration of about 5 .times. 10.sup.20 atoms per
      cubic centimeter. Boron was diffused into the wafer from its top surface
      to a depth of about 20 microns to form a P-type base region 41 with a
      surface impurity concentration of about 1 .times. 10.sup.18 atoms per
      cubic centimeter. Phosphorous was diffused from the top surface of the
      wafer to a depth of about 3 microns to form within the base region 41 a
      shallow N.sup.+-type emitter region 42 with a surface impurity
      concentration of about 2 .times. 10.sup.21 atoms per cubic centimeter. An
      N-type collector region 44 was formed by the N-type silicon portion left
      between the N.sup.+-type collector region 40 and the P-type base region
      41. The conventional diffusion techniques were employed for the foregoing
      steps, and the silicon dioxide layer formed over the wafer by these
      diffusion steps was etched away by use of a hydrogen fluoride etching
      solution.
PAR  The wafer of FIG. 10 was then subjected to a boton diffusion treatment in
      which the wafer was heated to 1,200.degree. C for 120 minutes in a
      nitrogenous atmosphere, with boron trioxide of solid form used as the
      diffusion source. A P.sup.+-type low-resistance base region 43, FIG. 11,
      with a surface impurity concentration of about 1 .times. 10.sup.20 atoms
      per cubic centimeter was thus formed to a depth of about 12 microns from
      the top surface of the wafer. This region 43 directly surrounds the
      N.sup.+-type emitter region 42. Although the boron is inevitably diffused
      to the N.sup.+-type emitter region 42 and the N.sup.+-type collector
      region 40 as well, no layer of opposite conductivity type is to be formed
      in the regions 40 and 42 because the surface concentrations of phosphorous
      in these regions are higher than the surface impurity concentration in the
      P.sup.+-type low-resistance base region 43. This treatment resulted also
      in the increase in the depth of the N.sup.+-type emitter region 42, to
      about 15 microns. The base width is now about 5.5 microns.
PAR  As illustrated in FIG. 12, a groove 45 was formed in the top surface of the
      wafer to a depth of about 6 microns by the usual photoetching method in
      which there was employed an etching solution containing hydrofluoric acid
      and nitric acid in the ratio of 1 to 10. It will be observed from FIG. 12
      that the groove 45 extends all along the P-N junction between the
      P.sup.+-type low-resistance base region 43 and the N.sup.+-type emitter
      region 42 and is formed by removing the neighboring portions of these
      regions. The depth of this groove 45 is less than that of the P.sup.+-type
      low-resistance base region 43; in other words, the groove does not
      penetrate down to the P-type base region 41.
PAR  The so-called mesa etching was then performed on the wafer of FIG. 12 by
      the conventional photoetching method employing an etching solution
      containing hydrofluoric acid, nitric acid and acetic acid in the ratio of
      1:3:1. The wafer was thus etched down at 45a, FIG. 13, to a depth of about
      30 microns.
PAR  The wafer of FIG. 13 was succeedingly heated to 1,050.degree. C for 120
      minutes in an oxidative atmosphere containing steam and oxygen gas.
      Consequently, there was formed over the entire wafer a silicon oxide layer
      46 with a thickness of about 0.8 micron, as illustrated in FIG. 14.
PAR  The silicon oxide layer 46 was then selectively removed by the usual
      photoetching method in which there was used an ammonium fluoride etching
      solution. As illustrated in FIG. 15, openings were thus formed as at 47
      and 48 where the electrodes are to be formed for the emitter, base and
      collector of the transistor. Thereafter, nickel layers 49 were formed over
      the thus-exposed surfaces of the N.sup.+-type collector region 40,
      N.sup.+-type emitter region 42, and P.sup.+-type low-resistance base
      region 43, by the non-electrolytic nickel plating method in which nickel
      chloride is reduced with sodium hypophosphite for nickel deposition. No
      nickel deposition takes place over the remaining silicon oxide layer 46.
PAR  In order to alter the interface characteristics of the silicon and the
      silicon oxide layer, the wafer of FIG. 15 was heated to 550.degree. C for
      60 minutes in an atmosphere of 100-percent hydrogen gas created by a
      hydrogen gas stream of 0.5 liter per minute. Since this treatment is also
      effective for the alloying of the nickel layers 49 and the silicon wafer,
      the transistor fabrication process is materially simplified.
PAR  The above non-electrolytic nickel plating method was used again to form the
      nickel layers 50, 51 and 52, each with a thickness of about 3 microns,
      that are intended to serve as the emitter electrode, base electrode and
      collector electrode, respectively, as illustrated in FIG. 16. The wafer
      was then cut to a square of about 4.4 by 4.4 millimeters. The transistor
      chip thus obtained was built into a metal case of the type TO-66 of JEDEC
      specification to complete the transistor according to the invention.
PAR  The curve C in the graph of FIG. 9 represents the aforesaid I.sub.C
      -h.sub.FE characteristic of the transistor fabricated in this Example II
      of the invention. The measurement was made at an ambient temperature of
      25.degree. C and the collector-emitter voltage V.sub.CE of 4 volts. The
      curve C represents by way of comparison the I.sub.C -H.sub.FE
      characteristic, measured under the same conditions as above, of a
      transistor which was fabricated by the same process as this second Example
      of the invention except that the wafer was heated in a nitrogenous
      atmosphere instead of the hydrogenous atmosphere.
PAR  As will be apparent from the graph, the DE current gain h.sub.FE of the
      transistor according to the invention has a peak value of about 1,500,
      compared with the peak value of about 100 exhibited by the transistor of
      the curve D. The h.sub.FE of the transistor according to the invention is
      about 15 times as high as that of the transistor of the curve D.
PAR  It is worth mentioning in connection with the graph of FIG. 9 that the
      h.sub.FE of the transistor according to the invention reaches the peak
      value when the collector current is about 1 ampere, that is, when the
      collector current has a relatively high value. Considerably less decrease
      in the h.sub.FE occurs at higher current values. This means that the
      transistor according to the invention has improved linearity of the
      h.sub.FE in the current range of from about 0.05 to 5 amperes in which the
      transistor is intended to operate in practice. This improved linearity may
      be accounted for by the fact that part of the P.sup.+-type low-resistance
      base region 43 is left under the groove 45, as above stated in connection
      with FIG. 12.
PAR  The indicia a, b and c in the graph of FIG. 17 refer to the curves of the
      collector current I.sub.C plotted against the base-emitter voltage
      V.sub.BE, of the transistor of this second Example when its ambient
      temperature is 25.degree. C, 75.degree. C and 150.degree. C, respectively.
      The graph is intended to manifest the temperature dependency of the
      base-emitter voltage. The curves d, e and f represent the characteristics
      exhibited by the prior art transistor of FIG. 1 when its ambient
      temperature is 25.degree. C (curve d), 75.degree. C (curve e) and
      150.degree. C (curve f).
PAR  It will be noted from the graph that the temperature dependency of the
      V.sub.BE of the transistor according to the invention is significantly
      improved. In the characteristic curve f the V.sub.BE  is about 2.5 volts
      when the I.sub.C is 10 amperes. Contrastively, in the characteristic curve
      c, the V.sub.BE is only about 1.5 volts when the I.sub.C is 10 amperes.
PAR  Measurement was also made as the rupture withstanding ability of the
      transistor of this second Example and as to its collector cutoff current
      with base grounded. The results were approximately the same as those set
      forth in Example I.
PAC  EXAMPLE III
PAR  A monocrystalline P-type silicon wafer 60 shown in FIG. 18 was prepared
      which has a resistivity of about 20 ohm-cm. Phosphorous was diffused into
      this silicon wafer from its bottom surface to a depth of about 95 microns
      to form an N.sup.+-type collector region 61 with a surface impurity
      concentration of about 5 .times. 10.sup.20 atoms per cubic centimeter.
      Phosphorus was again diffused into the silicon wafer from its top surface
      to a depth of about 35 microns to form an N.sup.+-type emitter region 62
      with a surface impurity concentration of about 5 .times. 10.sup.21 atoms
      per cubic centimeter. Boron was also diffused from the top surface of the
      wafer to a depth of about 25 microns to form a P.sup.+-type low-resistance
      base region 63 with a surface impurity concentration of about 1 .times.
      10.sup.20 atoms per cubic centimeter. As in Example I of the invention,
      the P.sup.+-type low-resistance base region 63 is formed around the
      N.sup.+-type emitter region 62 with a suitable spacing therebetween. The
      conventional techniques were employed for the above impurity diffusion
      steps. A P-type base region 64 was formed by the P-type silicon portion of
      the wafer left after the foregoing diffusing operations and thus has a
      substantially constant distribution of impurity concentration throughout
      the region. The base width is about 15 microns.
PAR  As illustrated in FIG. 19, a groove 65 was then formed in the top surface
      of the wafer to a depth of about 8 microns by the usual photoetching
      method in which there was employed an etching solution containing a
      mixture of hydrofluoric acid and nitric acid in the ratio of 1 to 10. The
      groove 65 extends all along the P-N junction between the N.sup.+-type
      emitter region 62 and the P-type base region 64 and is formed by removing
      the neighboring portions of these regions.
PAR  The wafer of FIG. 19 was subjected to the mesa etching operation in which
      there was used an etching solution containing hydrofluoric acid, nitric
      acid and acetic acid in the ratio of 1:3:1. The wafer thus etched down to
      a depth of about 60 microns, as indicated at 65a in FIG. 20.
PAR  The wafer of FIG. 20 was succeedingly heated to 1,050.degree. C for 120
      minutes in an oxidative atmosphere containing steam and oxygen gas. As
      illustrated in FIG. 21, a silicon oxide layer 66 with a thickness of about
      0.8 micron was thus formed over the entire wafer.
PAR  The silicon oxide layer 66 was selectively removed by the known
      photoetching method in which there was used an etching solution containing
      ammonium fluoride. Openings such as those indicated at 67 and 68 in FIG.
      22 were thus formed where the electrodes are to be formed for the emitter,
      base and collector of the transistor. The thus-exposed surfaces of the
      N.sup.+-type collector region 61, N.sup.+-type emitter region 62 and
      P.sup.+-type low-resistance base region 63 were then coated with nickel
      layers 69 by the non-electrolytic nickel plating method in which nickel
      chloride is reduced with sodium hypophosphite for nickel deposition.
PAR  The wafer of FIG. 22 was succeedingly heated to 550.degree. C for 60
      minutes in an atmosphere of 100-percent hydrogen gas formed by a hydrogen
      gas stream of 0.5 liter per minute. Thereafter, the above non-electrolytic
      nickel plating method was used again to form the nickel layers, each with
      a thickness of about 3 microns, that are intended to serve as the emitter
      electrode 70, base electrode 71 and collector 72, as indicated in FIG. 23.
      The wafer was then cut to a square of about 4.4 by 4.4 millimeters. This
      transistor chip was enclosed in a metal case of the type TO-66 of JEDEC
      specification to complete the transistor according to the invention.
PAR  The curve G in the graph of FIG. 24 represents the aforesaid I.sub.C
      -h.sub.FE characteristic of the transistor fabricated in this Example III
      of the invention. The measurement was made at an ambient temperature of
      25.degree. C and the collector-emitter voltage V.sub.CE of 4 volts. The
      curve H represents by way of comparison the I.sub.C -h.sub.FE
      characteristic, measured under the same conditions as above, of a
      transistor which was fabricated by the same process as this Example of the
      invention except that the wafer was heated in a nitrogenous atmosphere
      instead of the hydrogenous atmosphere. The curve I represents, also by way
      of comparison, the I.sub.C -h.sub.FE characteristic, measured under the
      same conditions as above, of another transistor which was fabricated with
      the hydrogen treatment but without the formation of the groove 65. It will
      be seen from this graph that the h.sub.FE of the transistor according to
      the invention has a peak value of as high as about 1,000, compared with
      the peak value of about 200 exhibited by the transistor of the curve H and
      with that of about 300 exhibited by the transistor of the curve I.
PAR  Measurement was also made as to the rupture withstanding ability and the
      I.sub.CBO of the transistor of this Example III. The results were
      approximately the same as those set forth in Example I.
PAC  EXAMPLE IV
PAR  As illustrated in FIG. 25, a monocrystalline P-type silicon wafer 80 was
      prepared which had a resistivity of about 20 ohm-cm. Phosphorous was
      diffused into this silicon wafer 80 from its bottom surface to a depth of
      about 95 microns to form an N.sup.+-type collector region 81 with a
      surface impurity concentration of about 5 .times. 10.sup.20 atoms per
      cubic centimeter. Phosphorous was again diffused into the wafer from its
      top surface to a depth of about 3 microns to form a shallow N.sup.+-type
      emitter region 82 with a surface impurity concentration of about 2 .times.
      10.sup.21 atoms per cubic centimeter. A P-type base region 84 with a
      thickness of about 50 microns was formed by the remaining P-type silicon
      portion of the wafer. The conventional techniques were used for the above
      diffusion steps, and the silicon dioxide layer formed over the wafer by
      these steps was etched away by use of a hydrogen fluoride etching
      solution.
PAR  The wafer of FIG. 25 was then subjected to a boron diffusion treatment in
      which the wafer was heated to 1,275.degree. C for 5 hours in a nitrogen
      gas atmosphere, with boron trioxide of solid form used as the diffusion
      source. As illustrated in FIG. 26, a P.sup.+-type low-resistance base
      region 83 directly surrounding the N.sup.+-type emitter region 82 and
      thoroughly overlying the P-type base region 84 was thus formed to a depth
      of about 15 microns from the top surface of the wafer. This P.sup.+-type
      low-resistance base region 83 had a surface impurity concentration of
      about 1 .times. 10.sup.20 atoms per cubic centimeter. The above treatment
      resulted also in the increase in the depth of the N.sup.+-type emitter
      region 82, to about 35 microns, so that the emitter region penetrated down
      to the P-type base region 84. The base width became about 15 microns.
PAR  With reference to FIG. 27, a groove 85 was formed in the top surface of the
      wafer to a depth of about 8 microns by the usual photoetching method in
      which there was employed an etching solution containing hydrofluoric acid
      and nitric acid in the ratio of 1 to 10. As will be seen from the drawing,
      the groove 85 extends all along the P-N junction between the N.sup.+-type
      emitter region 82 and the P.sup.+-type low-resistance base region 83 and
      is formed by removing the neighboring portions of these regions. The depth
      of this groove is less than that of the P.sup.+-type low-resistance base
      region 83 so that part of this region is left under the groove.
PAR  The mesa etching operation was then performed on the wafer of FIG. 27 by
      the known photoetching method employing an etching solution containing
      hydrofluoric acid, nitric acid and acetic acid in the ration of 1:3:1. The
      wafer was thus etched down to a depth of about 60 microns, as indicated at
      85a in FIG. 28.
PAR  The wafer of FIG. 28 was succeedingly heated to 1,050.degree. C for 120
      minutes in an oxidative atmosphere containing steam and oxygen gas. As a
      result, there was formed over the entire wafer a silicon oxide layer 86
      with a thickness of about 0.8 micron, as illustrated in FIG. 29.
PAR  By the usual photoetching method in which there was used an ammonium
      fluoride etching solution, the silicon oxide layer 86 was selectively
      removed as at 87 and 88, FIG. 30, where the electrodes are to be formed
      for the emitter, base and collector of the transistor. Nickel layers 89
      were then formed over the thus-exposed surfaces of the N.sup.+-type
      collector region 81, N.sup.+-type emitter region 82 and P.sup.+-type low
      resistance base region 83, by the non-electrolytic nickel plating method
      in which nickel deposition. No nickel deposition takes place over the
      remaining silicon oxide layer 86.
PAR  The wafer of FIG. 30 was heated to 550.degree. C for 60 minutes in an
      atmosphere of 100-percent hydrogen gas created by a hydrogen gas stream of
      0.5 liter per minute. This treatment is also effective for the alloying
      the nickel layers 89 and the silicon wafer.
PAR  The above non-electrolytic nickel plating method was used again to form the
      emitter electrode 90, base electrode 91 and collector electrode 92 which
      are in the form of nickel layers with a thickness of about 3 microns, as
      illustrated in FIG. 31. The wafer was then cut to a square of about 4.4 by
      4.4 millimeters. This transistor chip was likewise enclosed in a metal
      case of the type TO-66 of JEDEC specification to complete the transistor
      according to the invention.
PAR  The curve J in the graph of FIG. 24 represents the I.sub.C -h.sub.FE
      characteristic of the above fabricated transistor according to the
      invention. The measurement was made at an ambient temperature of
      25.degree. C and the collector-emitter voltage V.sub.CE of 4 volts. The
      curve K in the same graph represents by way of comparison the I.sub.C
      -h.sub.FE characteristic, measured under the same conditions as above, of
      a transistor which was fabricated by the same process as this Example IV
      of the invention except that the wafer was heated in a nitrogenous
      atmosphere instead of the hydrogenous atmosphere.
PAR  The peak value of the h.sub.FE of the transistor according to the invention
      is as high as about 1,000, while the h.sub.FE peak value of the transistor
      of the curve K is only about 200. Further, as in Example II of the
      invention, the h.sub.FE of the transistor according to the invention
      reaches a peak value when the collector current I.sub.C is about 1 ampere,
      and no abrupt decrease in the h.sub.FE takes place at higher I.sub.C
      values. It can therefore be stated that the transistor fabricated in this
      Example also has improved linearity of current gain in the current range
      of from about 0.05 to 5 amperes in which the transistor is designed to
      operate. This improved linearity results from the fact that the depth of
      the groove 85 is made less than that of the P.sup.+-type low-resistance
      base region 83, as previously mentioned in connection with FIG. 27.
PAR  The curves g, h and i in the graph of FIG. 32 represent the relations
      between the base-emitter voltage V.sub.BE and the collector current
      I.sub.C in the transistor of this Example IV when its ambient temperature
      is -70.degree. C, 25.degree. C and 150.degree. C, respectively. The graph
      is intended to manifest the temperature dependency of the V.sub.BE of the
      transistor. By way of comparison, the curves j, k and l in the same graph
      represent similar relations exhibited by a prior art transistor which was
      fabricated without the formation of the groove 85 in FIG. 31, when its
      ambient temperature is -70.degree. C (curve j), 25.degree. C (curve k) and
      150.degree. C (curve l). It will be seen from this comparison with the
      prior art that less increase occurs in the V.sub.BE of the transistor
      according to the invention at high I.sub.C values.
PAR  Measurement was also made as to the rupture withstanding ability and the
      I.sub.CBO of the transistor of this fourth Example. The results were
      approximately the same as those set forth in Example I.
PAC  EXAMPLE V
PAR  A monocrystalline N-type silicon wafer 99 shown in FIG. 33 was prepared
      which had a resistivity of about 20 ohm-cm. Phosphorus was diffused into
      this silicon wafer 99 from its bottom surface to a depth of about 90
      microns to form an N.sup.+-type emitter region 100 with a surface impurity
      concentration of about 5 .times. 10.sup.20 atoms per cubic centimeter.
      Boron was diffused into the wafer from its top surface to a depth of about
      20 microns to form a P-type base region 101 with a surface impurity
      concentration of about 1 .times. 10.sup.18 atoms per cubic centimeter.
      Phosphorous was diffused into the P-type base region 101 from the top
      surface of the wafer to a depth of about 3 microns to form a shallow
      N.sup.+-type emitter region 102 with a surface impurity concentration of
      about 2 .times. 10.sup.21 atoms per cubic centimeter. An N-type collector
      region 104 with a thickness of about 30 microns was formed by the
      remaining N-type silicon portion of the wafer. The well known techniques
      were used for the foregoing impurity diffusion steps, and the silicon
      dioxide layer formed over the wafer by these steps was etched away with a
      hydrogen fluoride etching solution.
PAR  A boron diffusion treatment was then effected on the wafer of FIG. 33 by
      heating the same to 1,050.degree. C for 60 minutes in a nitrogen gas
      atmosphere, with boron tribromide of liquid form used as the diffusion
      source. As illustrated in FIG. 34, a shallow P.sup.+-type low-resistance
      base region 103 was thus formed to a depth of about 2 microns from the top
      surface of the wafer so as to directly surround the N.sup.+-type emitter
      region 102. This region 103 has a surface impurity concentration of about
      1 .times. 10.sup.20 atoms per cubic centimeter. Although the boron is
      inevitably diffused to the N.sup.+-type collector region 100 and the
      N.sup.+-type emitter region 102 as well, no layer of opposite conductivity
      type is to be formed in the regions 100 and 102 because the surface
      concentrations of phosphorus in these regions are made higher than the
      surface impurity concentration in the P.sup.+-type low-resistance base
      region 103.
PAR  As illustrated in FIG. 35, a groove 105 was formed in the top surface of
      the wafer to a depth of about 6 microns by the usual photoetching method
      in which there was used an etching solution containing hydrofluoric acid
      and nitric acid in the ratio of 1 to 10. The groove 105 is formed all
      along the P-N junction between the N.sup.+-type emitter region 102 and the
      P.sup.+-type low-resistance base region 103 and extends down into the
      P-type base region 101. The P.sup.+-type low-resistance base region 103 is
      thus completely separated from the N.sup.+-type emitter region 102. By the
      same photoetching operation the wafer was also etched at 105a, to a depth
      of about 6 microns, mainly to remove that portion of the P.sup.+-type
      low-resistance base region 103 which directly overlies the N-type
      collector region 104.
PAR  The wafer of FIG. 35 was then heated to 1,050.degree. C for 120 minutes in
      an oxidative atmosphere containing steam and oxygen gas. There was thus
      formed over the entire wafer a silicon oxide layer 106 with a thickness of
      about 0.8 micron, as illustrated in FIG. 36. Succeedingly, the wafer was
      further heated to 1,200.degree. C for 100 minutes in a nitrogenous
      atmosphere, with the result that the emitter region 102 and the
      low-resistance base region 103 increased in depth, to about 15 microns and
      10 microns, respectively. The base width, that is, the thickness of the
      P-type base portions sandwiched between the emitter region 102 and the
      collector region 104, became about 5.5 microns.
PAR  By the usual photoetching method in which there was employed an ammonium
      fluoride etching solution, the silicon oxide layer 106 was selectively
      removed as at 107 and 108, FIG. 37, where the electrodes are to be formed
      for the emitter, base and collector of the transistor. Nickel layers 109
      were then formed over the thus-exposed surfaces of the N.sup.+-type
      collector region 100, N.sup.+-type emitter region 102 and P.sup.+-type
      low-resistance base region 103, by the non-electrolytic nickel plating
      method in which nickel chloride is reduced with sodium hypophosphite for
      nickel deposition.
PAR  The wafer of FIG. 37 was then heated to 550.degree. C for 60  minutes in an
      atmosphere of 100-percent hydrogen gas created by a hydrogen gas stream of
      0.5 liter per minute. This treatment is also effective for the alloying of
      the nickel layers 109 and the silicon wafer.
PAR  The above non-electrolytic nickel plating method was used again to form the
      emitter electrode 110, base electrode 111 and collector electrode 112 in
      the form of nickel layers with a thickness of about 3 microns, as
      illustrated in FIG. 38. The wafer was then cut to a square of about 4.4 by
      4.4 millimeters. This transistor chip was built into a metal case of the
      type TO-66 of JEDEC specification to complete the transistor according to
      the invention.
PAR  The I.sub.C -h.sub.FE characteristic of the above fabricated transistor is
      represented by the curve E in the graph of FIG. 9. The measurement was
      made at an ambient temperature of 25.degree. C and the collector-emitter
      voltage V.sub.CE of 4 volts. The curve F in the same graph represents by
      way of comparison the I.sub.C -h.sub.FE characteristic, measured under the
      same conditions as above, of a transistor which was fabricated by the same
      process as this Example V of the invention except that the wafer was
      heated in a nitrogenous atmosphere instead of the hydrogenous atmosphere.
      It will be noted that the peak value of the h.sub.FE of the transistor
      according to the invention is as high as about 1,600, compared with the
      h.sub.FE peak value of only about 100 exhibited by the transistor of the
      curve F.
PAR  Measurement was also made as to the rupture withstanding ability and the
      I.sub.CBO of the transistor of this Example V. The results were
      approximately the same as those set forth in Example I.
PAR  It is one of the most pronounced features of this final Example of the
      invention that the P.sup.+-type low-resistance base region 103 can be
      formed without resort to the selective diffusion technique, as will be
      understood by referring back to FIG. 34.
PAR  Although the transistor fabrication process according to the invention has
      been shown and described hereinbefore in terms of its specific Examples,
      it is understood that the invention itself is not to be restricted by the
      exact showing of the drawings or the description thereof but is inclusive
      of various modifications on the basis of this disclosure. For example,
      while the silicon oxide layer is formed over the wafer by heating the same
      in an oxidative atmosphere in all the Examples of the invention, this
      layer can of course be formed by the sputtering or the gaseous phase
      growth method.
PAR  Further, while the hydrogen treatment is performed on the wafer after the
      initial non-electrolytic nickel plating operation in each Example, the
      hydrogen treatment can be made at any time following the formation of the
      silicon oxide layer over the wafer, either before or after the formation
      of the nickel layers. However, the sequence set forth in the various
      Examples is preferable from the standpoint of simplicity of the
      fabrication process. If the electrodes are to be made of aluminum, then
      the wafer should be subjected to the hydrogen treatment before the
      formation of the aluminum electrodes because, otherwise, the aluminum
      layers would be melted away from the hydrogen treatment in which the wafer
      is heated, for example, to 550.degree. C for 60 minutes.
PAR  It should also be understood that this hydrogen treatment can be performed
      under widely varying conditions of hydrogen concentration, temperature and
      time, those set forth in the preceding Examples being merely by way of
      example. Such conditions of the hydrogen treatment are, indeed, selectable
      as desired to controllably vary the DC current gain of the transistor to
      be fabricated. However, at a temperature of 500.degree. C or thereabouts,
      the effects of the hydrogen treatment will noticeably deteriorate if less
      than 20 percent of hydrogen gas is used in combination with nitrogen or
      other inert gases. It has also been confirmed that the desired effects are
      derived from the hydrogen treatment to the fullest extent possible in
      about 30 to 60 minutes if the treatment is made at about 500.degree. C in
      an atmosphere of 100-percent hydrogen gas.
PAR  The P.sup.+-type low-resistance base region shown and described in all the
      Examples of the invention is provided because the Examples are directed to
      the fabrication of power transistors. This region can of course be omitted
      in the case where the transistors to be made are designed to handle
      relatively small current and power. It will also be apparent that the
      shape of the emitter region is not limited to that specifically
      illustrated in FIG. 8.
PAR  Furthermore, while all the Examples are directed to the fabrication of NPN
      transistors, the process of this invention is applicable to that of PNP
      transistors as well. The inventive process is also applicable to the
      fabrication of transistors by use of epitaxial silicon wafers. Also in
      Example V of the invention, the depths of the N.sup.+-type emitter region
      102 and the P.sup.+-type low-resistance base region 103 can be caused to
      increase to the desired extents by an independent heat treatment.
PAR  Thus, a latitude of modification or change is intended in the foregoing
      disclosure. It is therefore appropriate that the invention be construed
      broadly and in a manner consistent with the true spirit and scope of the
      invention as sought to be defined by the following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a process for the fabrication of a high DC current gain transistor,
      the improvement comprising the steps of providing a monocrystalline
      silicon wafer having a top surface and having formed therein an emitter
      region of one conductivity type, a base region of the opposite
      conductivity type from said emitter region, and a collector region of said
      one conductivity type, at least said emitter and base regions extending to
      said top surface, said emitter region being confined within said base
      region whereby a P-N junction is formed therebetween, forming a groove in
      said top surface so as to extend along said P-N junction, said groove
      having a depth less than the depth of said emitter region, forming a
      silicon oxide layer at least over said groove, and heating said wafer in a
      hydrogenous atmosphere.
NUM  2.
PAR  2. The process of claim 1, wherein the depth of said groove is from about
      1/10 to 4/5 the depth of said emitter region.
NUM  3.
PAR  3. The process of claim 1, wherein said silicon oxide layer is formed by
      heating said wafer in an oxidative atmosphere.
NUM  4.
PAR  4. The process of claim 1, wherein said silicon oxide layer has a thickness
      of from about 0.2 to 1.5 microns.
NUM  5.
PAR  5. The process of claim 1, wherein said hydrogenous atmosphere contains at
      least about 20 percent of hydrogen gas.
NUM  6.
PAR  6. The process of claim 1, wherein said wafer is heated in the hydrogen
      atmosphere to a temperature range of from about 300 to 1,000.degree. C.
NUM  7.
PAR  7. The process of claim 1, wherein said base region is formed by diffusing
      a first impurity substance into said wafer from said top surface, and
      wherein said emitter region is formed by diffusing a second impurity
      substance into said base region.
NUM  8.
PAR  8. The process of claim 1, wherein said base region is formed by diffusing
      an impurity substance into said wafer from said top surface, and wherein
      said base region includes a low-resistance portion formed also by
      diffusing said impurity substance from said top surface, said
      low-resistance portion having a higher concentration of said impurity
      substance than the rest of said base region.
NUM  9.
PAR  9. The process of claim 8, wherein said low-resistance portion of said base
      region is formed to a predetermined depth from said top surface so as to
      directly surround said emitter region whereby the P-N junction is formed
      therebetwen, the rest of said base region located away from said top
      surface, and wherein the depth of said groove is less than the depth of
      said low-resistance portion whereby part of said P-N junction is left
      under said groove.
NUM  10.
PAR  10. The process of claim 1, wherein said base region is constituted of the
      silicon of which said wafer is made.
NUM  11.
PAR  11. The process of claim 10, wherein said base region includes a
      low-resistance portion of relatively high impurity concentration formed by
      diffusing an impurity substance therein.
NUM  12.
PAR  12. The process of claim 11, wherein said low-resistance portion of said
      base region is formed to a predetermined depth from said top surface so as
      to directly surround said emitter region whereby the P-N junction is
      formed therebetween, the rest of said base region being located away from
      said top surface, and wherein the depth of said groove is less than the
      depth of said low-resistance portion whereby part of said P-N junction is
      left under said groove.
NUM  13.
PAR  13. In a process for the fabrication of a high DC current gain transistor,
      the improvement comprising the steps of providing a monocrystalline
      silicon wafer having a top surface and having formed therein a collector
      region of one conductivity type, diffusing a first impurity substance into
      said wafer from said top surface to a predetermined depth to form a base
      region of the opposite conductivity type from said collector region,
      diffusing a second impurity substance into said waffer from said top
      surface to form within said base region a relatively shallow emitter
      region of said one conductivity type having a depth considerably less than
      said depth of said base region, diffusing said first impurity substance
      into said wafer from said top surface to form a relatively shallow
      low-resistance base portion of said opposite conductivity type having a
      depth considerably less than said depth of said base region, said shallow
      low-resistance base portion directly surrounding said shallow emitter
      region whereby a P-N junction is formed therebetween, the concentration of
      said first impurity substance being made higher in said shallow
      low-resistance base portion than in said base region only to such an
      extent that no layer of said opposite conductivity type is formed in said
      shallow emitter region, forming a groove in said top surface so as to
      extend along said P-N junction, said groove having a depth less than said
      depth of said base region, forming a silicon oxide layer at least over
      said groove, causing said shallow emitter region and said shallow
      low-resistance base portion to increase in depth to predetermined degrees
      greater than said depth of said groove, and heating said wafer in a
      hydrogenous atmosphere.
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PAL  A method for high temperature processing in device fabrication wherein
      multi-processing steps are performed in the absence of subjecting the unit
      to ambient conditions.
PARN
PAR  This is a division of application Ser. No. 375,190 filed June 29, 1973 now
      U.S. Pat. No. 3,842,794.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to furnaces and more particularly to an improved
      radiant heat furnace adapted for high temperature processing of
      semiconductor processing in device fabrication.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  High temperature furnaces have found extensive use in the fabrication of
      semiconductor devices, as for example, in oxidation, diffusion, epitaxial
      operations and the like. Heretofore such furnaces have been compromised
      adaptations of those employed in other arts, and which are characterized
      with massive configurations, very high thermal mass and thermal inertia
      during heating and cooling cycles for purposes of maintaining flat thermal
      profiles during operations thereof. Typical furnace structures are
      described in U.S. Pat. Nos. 2,661,385, 2,825,222, 3,264,148, 3,299,196,
      3,296,354 and 3,343,518.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly speaking, the invention comprehends a furnace structure of
      minimized thermal mass utilizing flat parallel radiant heat diffuser
      plates juxtaposed in close proximity on opposite sides of coextending
      semiconductor wafers supported on radiant heat opaque and absorbing plate
      disposed within a chamber defined within a radiant heat transparent tube.
      The processing tube is of rectangular configuration with an optimized
      aspect ratio of height to width to enable an even flow of gasses across
      the wafers during processing cycles. In operation, the opaque radiant heat
      absorbing support is radiantly heated by an adjacent heater plate means
      while concurrently an opposite heater plate means is similarly heating the
      support by transmission of the radiant heat through the wafer, whereby 30
      to 70 % of the heating thereof is by conduction from its support.
PAR  Accordingly, it is an object of this invention to provide a low thermal
      mass furnace in conjunction with fast ramp times to facilitate rapid
      change of temperature levels for heating and cooling of wafers without
      need to expose them to shock in ambient temperatures. A further object of
      this invention is a novel furnace characterized with flexibility to change
      temperatures so as to adapt the furnace to in-situ multiprocessing
      capabilities which normally require a plurality of conventional furnaces
      with attendant ambient temperature exposure on transfer of wafers between
      them. An additional object of this invention is to provide a novel furnace
      of simplified design characterized with low capital cost having provision
      for gas processing atmospheres and which is easy to maintain, replace and
      replicate. A still further object of this invention is a novel furnace
      adapted to process semiconductor wafers of various sizes.
PAR  The foregoing and other objects, features, and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention as illustrated in the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, partly in section, of one embodiment of this
      invention.
PAR  FIG. 1A is an explanatory drawing of details of the embodiment of FIG. 1.
PAR  FIG. 2 is a perspective view, partly in section of a modified reactor tube
      employed in this invention.
PAR  FIG. 3 is a static profile of the thermal characteristics of a furnace in
      accordance with this invention.
PAR  FIG. 4 is a dynamic profile of dynamic thermal characteristics of a furnace
      in accordance with this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in the drawings, the furnace of the invention in the basic
      configuration, as shown in FIG. 1, comprises a cabinet 1 through which
      extends a radiant heat transparent processing tube 2 as for example, a
      quartz tube having walls of 1/8-inch thickness, and defining within it a
      high temperature processing chamber 3. The tube as shown, is of
      rectangular cross-section having an internal width in the range of about
      1.3 inches to 20 inches and an internal height in the range of about 3/16
      inches to about 1 inch. In a typical application, the tube can have an
      internal width and height of 7.12 inches and 0.50 inches, respectively,
      and an overall length of 23 inches. One end 4 of tube 2 is open, and the
      other end 5 is tapered and provided with a gas inlet 6 connected through
      suitable valving to required processing gas sources. Included within tube
      2, adjacent its tapered end 5, is a downwardly projecting baffle 7
      extending to within a range of about 30 mils to about 1/4 inch from the
      inner surface 8 of the tube bottom wall 9. A second baffle 10 also
      projects upwardly from the bottom tube wall 9 to define a gap with the
      inner surface of tube top wall 11 in the range of about 30 mils to about
      1/4 inch. In general the top wall 11 and bottom wall 9, of tube 2, extend
      in spaced parallel relationship to each other, with baffles 7 and 10
      extending across the width of tube 2. For a specific processing
      application described below, each of baffles 7 and 10 defined gaps of
      about 55 mils with the tube walls toward which they project.
PAR  The upwardly projecting baffle 10 can function if desired as a stop of a
      wafer support or boat 12 which is inserted into the interior of tube 2 for
      positioning wafers 13 (of about 15 to 18 mils thickness) therein for
      processing. For purposes of this invention, the support 12 is preferably
      opaque to and absorbing of radiant heat supplied by a plurality of radiant
      heat diffuser plates 14, normally comprised of four plates units 14
      juxtaposed on top of tube 2, and four plate units juxtaposed at the bottom
      of tube 2 (see FIG. 3). Normally, the thickness of wafer support or boat
      12 will have a thickness which will position wafers 13 in parallel
      relationship to the tube top and bottom walls 9 and 11, respectively, and
      also substantially midway therebetween. Typically, the wafer boat 12 can
      be of quartz which is rendered opaque to radiant heat by surface
      roughening and will have a thickness in the range of about 1/16 inch to
      about 1/4 inch. For a specific furnace design the boat 12 was provided
      with a thickness of about 0.125 inches.
PAR  Boat or support 12 is also formed, as shown in the detailed drawing of FIG.
      1A, with a groove 40 for operative engagement with a lip 41 from a front
      portion 42 of a boat handler or pusher unit 43 employed for inserting and
      withdrawing support 12 into and from the processing tube 2. Front portion
      42 is attached by tie rods 45 to a rear plug portion 44 which is received
      in the tube to restrict exit of processing gasses out of the processing
      tube 2. Handling of the pusher unit 43 is facilitated by means of a handle
      46 formed on the exposed face of the plug unit 44. In general the plug
      unit 44 is dimensioned to provide about a 30 to 60 mil clearance with the
      inner surfaces of processing tube 2. Also, all components of the pusher
      unit 43 can be fabricated of quartz.
PAR  Critical for purposes of this invention, is the resultant spacing (S)
      between the inner surface of tube top wall 11 and the top surface of
      wafers 13 at which they are positioned by support or boat 12. The ratio of
      such spacing to the inner width (W) of tube 2 defines a critical aspect
      ratio (W/S) which in conjunction with baffles 7 and 10 control gas in even
      flow in distribution through the processing length of tube 2 and across
      the top surfaces of wafer 13 without any dead or stagnant flow areas. In
      general, the height of or spacing between the inner surface of tube top
      wall 11 and the wafers will be in the general range of about 1/8 inch to
      about 3/4 inch, and it is necessary that this spacing (S) conform to
      aspect ratio W/S relative to the internal width (W) of the tube 2. In
      general, the aspect ratio W/S can be in the range of about 7 to about 30,
      and optimally about 18.
PAR  Also included within tubes 2 is a throttle baffle 16 projecting downwardly
      from the tube top wall 11 to restrict gas flows toward outlet tubes 17
      through which they are exhausted from tube 2 with assist from back
      pressure generated by injection of an inert gas through inlet ports 18
      from a common manifold 19 fed from the gas inlet tube 20.
PAR  The radiant heat diffuser plate means 14 is formed of electrically
      insulating material characterized with a relatively high thermal
      conductivity in the ranging about 0.3 to about 4 (Btu/Hr-Ft-.degree.F)
      typical of which is aluminum oxide (Al.sub.2 O.sub.3) of relatively high
      purity, mullite with approximately 25 up to 96% Al.sub.2 O.sub.3, and the
      like. The back sides of diffuser plate means 14, are formed with mounting
      grooves 25 through which are threaded a helical resistance element 26 for
      generating the primary heating energy for radiant heat diffusion by the
      secondary heater plate means 14. Control of heat generation is obtained by
      means of conventional thermocouples which extend into the furnace with the
      exposed sensing bead (not shown) disposed between the heater plate means
      14 and the reactor tube 2 opposite wafers 13, as shown.
PAR  Surrounding the heater units and reactor tube 2 is any suitable insulating
      material 28 having a mass of about 15 to about 34 pounds and a thermal
      conductivity in the range of about 0.08 to about 0.11
      (Btu/Hr-Ft-.degree.F) enclosed within a casing 29 for packaging of the
      furnace. A particularly advantageous insulating material is fibrous
      aluminum silicate (available from the Eagle-Picher Co. of Cincinnati,
      Ohio) which is lightweight, dimensionally stable and very efficient and
      having one-half of the thermal conductivity of firebrick at 1000.degree.C.
      Another advantage of this ceramic fibrous material is that it is available
      in blocks which can be suitably shaped about its enclosed contents.
PAR  FIG. 2 illustrates another embodiment of the invention utilizing a modified
      reactor tube 2A which can be employed with processing gasses compatible
      with ambient atmospheres (e.g., oxygen). In the modification, the exhaust
      ports 17 are omitted as well as the back-flow gas entry inlet 20 and ports
      18. In use the gas is discharged into the atmosphere from the loading end
      of reactor tube 2A. In all other aspects, reactor tube 2A has
      substantially the same configuration as reactor tube 2 required for
      purposes of this invention.
PAR  FIG. 3 is a static profile map of the thermal characteristics of a furnace
      in accordance with this invention (e.g., FIG. 1) with gas flowing through
      the reactor tube 2 at rates noted below in one example of processing
      silicon semiconductor wafers. The thermocouples employed had exposed beads
      directly over the wafer boat 12 about 1/16 inch from contact, and with at
      least 2 minute stabilization times used between readings. Also thermal
      mapping is in terms of temperature at points in contrast to large areas as
      conventionally employed with N.sub.2 enclosed thermocouple probes. The
      readings in the table below are called out in millivolts after the unit
      number which is nine, so that a number x (e.g., 55) on the map is actually
      9.x (e.g., 9.55) millivolts (e.g., 9.55 = 99.7.degree.C).
TBL                TABLE                                                       
     ______________________________________                                    
     MV                    .degree.C                                           
     ______________________________________                                    
     9.30            =     976                                                 
     9.40            =     984                                                 
     9.50            =     993                                                 
     9.56            =     998                                                 
     9.57            =     999                                                 
     9.585           =     1000                                                
     9.596           =     1001                                                
     ______________________________________                                    
PAR  FIG. 4 is a chart of the dynamic profile representing a 840.degree. to
      1050.degree.C temperature ramp of a furnace (e.g., FIG. 1) in accordance
      with this invention, with cool down back to 840.degree.C. With this
      processing cycles of .ltoreq. 66 minutes are feasible with temperature
      changes of 840.degree.C .fwdarw. 1050.degree.C .fwdarw. 840.degree.C.
PAR  Curves 1 and 2 are outputs from the control thermocouples embedded in the
      heater elements at the respective zones shown in the drawing.
      (Alternatively, control thermocouple may be located between heater plate
      and process tube.) Curves 3 and 4 are outputs from thermocouples resting
      directly over the center of two wafer positions on the process boat, as
      for the static profile above. Curve 3 is taken in zone 1 and curve 4 taken
      in zone 2. As can be seen, in both zones, the heater elements and wafer
      position tracked substantially identically.
PAR  The following illustrates the application of the furnaces of this invention
      to the formation of gate oxides for FETs having source and drain regions
      previously formed therein by earlier operations. For this operation two
      furnaces of this invention are employed; the first utilizing a reactor
      tube 2A of FIG. 2, and the second utilizing the reactor tube 2 described
      in reference to FIG. 1.
PAR  In operation silicon substrates 13 with gate openings (defined in a base
      silicon oxide layer by photolithographic techniques) are placed on boat 12
      and inserted into the first furnace heated to 1000.degree.C for a process
      cycle time of about 72 minutes with dry oxygen flowing through the reactor
      tube 2A at a rate of 1300 cc./mm. (As will be understood, this oxidation
      stage can be conventionally carried out in a temperature range of about
      900.degree.to about 1200.degree.C). In this step, a dry gate silicon oxide
      is grown on the wafer 13, after which the boat 12 is transferred
      immediately to a second furnace, illustratively at a temperature of
      840.degree.C of an operative range of about 800.degree.C to about
      900.degree.C where for a 2-5 minute stabilization period 1182 cc/min of
      nitrogen and 118 cc/min of oxygen is passed through the reactor tube 2
      (e.g., FIG. 1) by injection through feed nozzle 6 in conjunction with a
      back flow of 945 cc/min of nitrogen injection through back-flow ports 18.
PAR  At the end of the 2 to 5 minute stabilization period, a dopant gas is then
      also added into reactor tube 2 (via inlet nozzle 6) which was comprised of
      15 cc/min of nitrogen containing 440 ppm of POCl.sub.3 for 5 to 7 minutes
      to deposit a phosphosilicate glass (PSG) on the substrate at the
      840.degree.C temperature. At the end of the PSG deposition the POCl.sub.3
      doped nitrogen gas was valved-off, and the furnace temperature was ramped
      to 1050.degree.C over a 15 minute anneal period to stabilize surface
      charges and distribute the phosphorous impurities through the silicon
      oxide coating on the substrate. The specific annealing temperature
      indicated is illustrative of an operative range of about 900.degree. to
      about 1200.degree.C. At the end of the anneal cycle, the furnace was
      ramped down to 840.degree.C. Meanwhile, the boat was withdrawn for cooling
      of wafers in the ambient. The resultant SiO.sub.2 and PSG combined
      thickness was substantially 675 Angstroms with a PSG thickness of 110
      Angstroms.
PAR  It is noted that although the cool-down of the furnace was obtained solely
      by control of energy input and heat loss of the furnace, such cool-down
      may be assisted by blowing of cooling gasses through the furnace by
      injection of such gasses between the reactor tube (externally) and the
      heater plate means.
PAR  While the invention has been particularly shown and described with
      reference to particular embodiments thereof, it will be understood by
      those skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In processing a monocrystalline silicon substrate, the steps comprising:
PA1  A. oxidizing a surface portion of said substrate in an oxidizing atmosphere
      at a first elevated temperature in the range of about 900.degree.C to
      about 1200.degree.C;
PA1  B. transferring the wafer of Step A at said first elevated temperature to a
      heated second atmosphere of oxygen and an inert diluent gas and thermally
      stabilizing said substrate therein at a second temperature in the range of
      about 800.degree. to about 900.degree.C;
PA1  C. establishing a third processing atmosphere by introducing a conductivity
      determining impurity into said second atmosphere and forming therein a
      said impurity doped oxide over said surface portion of said substrate at
      said second temperature;
PA1  D. reforming said third atmosphere to said second atmosphere of oxygen and
      a diluent inert gas at said second temperature with said substrate
      disposed therein,
PA1  E. heating said substrate in said reformed second atmosphere to a third
      temperature in the range of about 900.degree. to about 1200.degree.C;
PA1  E. annealing said substrate at said third temperature in said reformed
      second atmosphere to remove fast surface states in said substrate from
      said doped oxide into said substrate;
PA1  G. removing said substrate from said reformed second atmosphere for cooling
      to ambient temperatures; and
PA1  H. cooling the process tube in said reformed second atmosphere from said
      third temperature to a fourth temperature in the range from about
      800.degree. to about 900.degree.C.
NUM  2.
PAR  2. The process of claim 1 wherein said Step A is performed in a first
      processing chamber and said Steps B to G are performed in a second
      processing chamber.
NUM  3.
PAR  3. The process of claim 2 wherein said first and second processing chambers
      are defined within first and second quartz tube portions.
NUM  4.
PAR  4. In processing a silicon substrate, the steps comprising:
PA1  A. heating a silicon monocrystalline substrate having an exposed silicon
      oxide film on a surface portion, to a temperature in the range of about
      800.degree. to about 900.degree.C in a first processing atmosphere
      comprised of oxygen, a diluent inert gas and a conductivity determining
      impurity, and forming a doped oxide over said oxide film;
PA1  B. converting said first atmosphere to a second processing atmosphere
      comprised of oxygen and a diluent inert gas with said substrate disposed
      therein;
PA1  C. heating said substrate in said second atmosphere to a second temperature
      in the range of about 900.degree. to about 1200.degree.C;
PA1  D. annealing said substrate in said second atmosphere at said second
      temperature to remove fast surface states in said substrate; and
PA1  E. cooling said substrate to ambient temperatures.
NUM  5.
PAR  5. The process of claim 4 wherein said Steps A to D are performed in a
      single chamber.
NUM  6.
PAR  6. The process of claim 5 wherein said chamber is defined within a quartz
      tube.
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PAL  By protecting one surface of a silicon element with an oxide layer while
      leaving another surface exposed it is possible to diffuse both gallium and
      phosphorus into the silicon element simultaneously in a selective manner.
      Gallium will penetrate the oxide layer while phosphorus will not, thereby
      forming a P conductivity type layer beneath the oxide layer. At the same
      time both gallium and phosphorus will diffuse into the remaining surfaces
      of the element. A higher concentration of phosphorus than gallium will
      diffuse to all depths, thereby forming an N conductivity type layer
      adjacent the exposed surface of the silicon element.
PARN
PAR  This is a continuation of application Ser. No. 95,533, filed Dec. 7, 1970,
      titled "Gallium-Phosphorus Simultaneous Diffusion Process" now abandoned.
BSUM
PAR  My invention relates to a process whereby both P and N conductivity type
      layers may be formed simultaneously in silicon.
PAR  It has been recognized prior to my invention that both P and N conductivity
      type layers may be formed in silicon semiconductive elements in a single
      diffusion step. According to one such process a P conductivity type
      impurity is painted onto one surface of each of a plurality of silicon
      wafers while an N conductivity type impurity is painted onto the remaining
      surfaces of the wafers. The wafers are then stacked with adjacent surfaces
      having like conductivity type source material therebetween. The wafer
      stack is then heated to a temperature sufficient to drive the impurity
      material into the wafer surfaces with which it is most intimately
      asociated. In this way an N conductivity type layer is formed adjacent one
      major surface of each wafer while a P conductivity type layer is formed
      adjacent the remaining major surfaces.
PAR  While this particular approach has been discussed in a number of patents,
      it has not received, to the best of my knowledge, more than limited
      commercial utilization. One problem that has been encountered is that the
      wafer stack may require extended soaking in hydrofluoric acid to separate
      the individual wafers after diffusion. Another disadvantage is that the
      results obtained can be variable from lot to lot. Further, undesirable
      impurity effects are common at the edges of the wafers.
PAR  At the present time for the manufacture of silicon wafers having a single
      junction contained therein it is common practice to diffuse into the wafer
      a first conductivity type impurity. The impurity enters the wafer over its
      entire exterior surface. An oxide is also grown on the exterior surface.
      The wafer is lapped on one face to a depth sufficient to remove the oxide
      and the first conductivity type impurity. The wafer is then diffused a
      second time with an opposite conductivity type impurity over the lapped
      area to complete formation of the junction contained within the wafer.
      While this process produces wafers superior in junction characteristics to
      those that can be obtained by the simultaneous diffusion stacking process
      described above, it obviously requires more manipulative steps, each of
      which add to the ultimate cost of the product.
PAR  A process which has been widely employed in the manufacture of PNPN.sup.+
      devices is the simultaneous diffusion of gallium and arsenic into a
      silicon wafer. In this process one surface of the wafer, which is initialy
      of N type conductivity, is covered with an oxide while the major portion
      of the remaining surface is maintained free of oxide. The arsenic is
      unable to penetrate the oxide layer, and is limited in penetration to
      those areas of the wafer that are oxide free. The gallium penetrates the
      oxide covered surfaces of the wafer to form layers of P conductivity type
      and also penetrates the oxide free areas of the wafer to a depth greater
      than that reached by the arsenic. Thus, over the oxide free surface
      portions of the wafer an N conductivity type layer is formed adjacent the
      surface while a P conductivity type layer is formed within the wafer
      beneath the surface N conductivity type layer. While this simultaneous
      diffusion process works well for formation of PNPN.sup.+ devices, the
      formation of the interior P layer renders this process unsuitable for
      formation of single internal junction wafer, such as PIN, PNN.sup.+, and
      P.sup.+ PN structures.
PAR  It is an object of my invention to provide a diffusion process capable of
      reliably and reproduceably simultaneously forming N and P layers.
PAR  It is a more specific object of my invention to provide a process for the
      formation of a junction within a silicon wafer in a single diffusion
      operation.
PAR  These and other objects of my invention are accomplished in one aspect by a
      process for forming a junction within a silicon element comprising
      providing an oxide layer on a selected surface of the silicon element. The
      element is located in proximity with a source of gallium and phosphorus
      vapors, and the two are heated to a temperature in excess of 1000.degree.
      C to generate a vaporous mixture of gallium and phosphorus. Gallium
      diffuses through the oxide layer and into the selected surface to form a P
      conductivity type layer while phosphorus vapor is substantially blocked
      from penetration through the oxide layer. Simultaneously, both gallium and
      phosphorus are diffused into a remaining surface of the element to
      establish a phosphorus diffusion profile of a magnitude and depth
      exceeding that of gallium entering the element through the remaining
      surface to form an N conductivity type layer.
DRWD
PAR  My invention may be better understood by reference to the following
      detailed description considered in conjunction with the drawings, in which
PAR  FIG. 1 is a schematic diagram of the impurity profile of a PNPN.sup.+
      silicon element formed by conventional single diffusion techniques;
PAR  FIG. 2 is a schematic diagram showing the diffusion profiles obtainable
      employing either gallium or phosphorus alone as a diffusant; and
PAR  FIG. 3 is a schematic diagram of the diffusion profile of a single junction
      silicon element formed according to my process.
DETD
PAR  Looking at FIG. 1 a diffused impurity profile is shown for a PNPN.sup.+
      silicon element formed by the simultaneous diffusion of both arsenic and
      gallium according to known techniques. From this diagram it can be seen
      that only gallium diffuses into the silicon element along the surface Y,
      since this surface is covered by a silicon dioxide layer. The gallium
      which diffuses into the element along the Y surface forms the external P
      conductivity type layer. Along the X surface of the element both gallium
      and arsenic enter. The arsenic exhibits a higher surface concentration and
      hence forms the external N.sup.+ conductivity type layer along the X
      surface. The gallium, on the other hand, penetrates deeper into the
      element than the arsenic and forms an internal P conductivity type layer.
      The internal N conductivity type layer of the element results from a
      uniformly distributed low level N conductivity type impurity initially
      present in the element before it is subjected to the simultaneous
      diffusion of gallium and arsenic.
PAR  From the foregoing it is apparent that the known process for the
      simultaneous diffusion of gallium and arsenic is unsuited for the
      formation of a single junction within a silicon element by simultaneous
      diffusion of opposite conductivity type impurities from opposite major
      surfaces. What is true for the simultaneous diffusion of gallium and
      arsenic would also appear true for the simultaneous diffusion of gallium
      and phosphorus. This is illustrated by reference to FIG. 2. Assuming the
      separate diffusion of phosphorus and gallium into each of two identical
      silicon elements under comparable conditions, the relationship of the
      phosphorus and gallium profiles would be as shown. Just as in the case of
      arsenic and gallium it can be seen that while the phosphorus exhibits the
      higher surface concentration, the gallium penetrates to a greater depth.
      Hence, if gallium and phosphorus were simultaneously diffused under
      comparable conditions into the same silicon element, it would be expected
      that an N conductivity type layer would result along the element surface
      while a P conductivity type layer would be formed therebeneath within the
      element.
PAR  I have discovered quite unexpectedly that when a silicon wafer is
      simultaneously diffused with gallium and phosphorus in a manner analogous
      to that employed to form PNPN.sup.+ structures by simultaneous gallium and
      arsenic diffusion an N.sup.+ NP structure results. This can best be
      appreciated by reference to FIG. 3, which is intended to be comparable to
      FIG. 1. In this case gallium enters the Y surface of the silicon element
      by selective penetration of the silicon dioxide layer as in the case of
      simultaneous gallium and arsenic diffusion. The resulting external P
      conductivity type layer is essentially unchanged. Along the X surface,
      which is substantially free of any diffusion barrier layer, both gallium
      and phosphorus enter the silicon element. As expected, phosphorus
      maintains a higher surface concentration than gallium. In an unexpected
      manner, however, the phosphorus concentration exceeds that of gallium
      throughout the depth of diffusion. An N.sup.+ conductivity type layer is
      formed adjacent the X surface of the silicon element, but no internal P
      layer is formed, as occurs with the simultaneous diffusion of gallium and
      arsenic. I believe that the lack of an internal P layer is attributable to
      an interaction of the gallium and phosphorus.
PAR  The internal region of the silicon element is shown in FIG. 3 as being of
      either N or P conductivity type. I have observed that the silicon element
      may initially have a low level uniformly distributed impurity of either
      conductivity type. As is well understood in the art the voltage blocking
      capability of the junction formed according to my process is improved as
      an inverse function of the impurity concentration initially present in the
      silicon element. For most rectifier applications I prefer that the silicon
      element initially exhibit a bulk resistivity of greater 1 l ohm-cm, or
      less than about 5.5 .times. 10.sup.15 impurity atoms/cc when of N
      conductivity type or 1.6 .times. 10.sup.16 atoms/cc when of P conductivity
      type.
PAR  To prepare the silicon element for simultaneous gallim and phosphorus
      diffusion I selectively form an oxide diffusion gallium for phosphorus on
      one surface of the element which permits gallium migration therethrough.
      The preferred techique is to heat the element in an oxygen and/or steam
      atmosphere to grow a silicon dioxide external barrier layer over the
      entire external surface of the element. Thereafter the oxide may be
      selectively removed by known techniques from those areas over which it is
      desired to achieve phosphorus penetration. Most commonly silicon elements
      are in the form of wafers-- that, they have two substantially parallel,
      opposed major surfaces with a thin edge surface, typically less than 20
      mils in width, therebetween. In such instance it is usually desirable to
      prepare the wafer for diffusion with one major surface substantially free
      of oxide and the remaining major surface covered with oxide. Typically the
      edge surface is also covered with oxide, but this surface is of such
      limited extent that it may be ignored. This approach is particularly
      suited for the fabrication of rectifiers. It is recognized that my
      invention also may be readily applied to the fabrication of semiconductor
      elements generally including, but not limited to, transistors, thyristors,
      and integrated circuits. For these latter applications it is recognized
      that it may be desirable to have the phosphorus diffusion barrier layer
      cover less than the entire surface of the silicon element and to be
      configured to a specific geometrical form. The provision of oxide layers
      in this manner is, of course, within the skill of the art and requires no
      detailed explanation. Further, it may be desirable in these applications
      to limit diffusion to only one major surface of the element, as by use of
      a silicon nitride layer over one major surface.
PAR  The simultaneous diffusion of phosphorus and gallium is accomplished by
      heating the silicon element together with a source of phosphorus and
      gallium vapors to a temperature above about 1000.degree. C in an inert
      atmosphere. A noble gas such as argon is typically employed to provide the
      inert atmosphere. Any conventional source materials for phosphorus and
      gallium vapors may be employed. A particularly suitable source material is
      gallium phosphide. The source material is preferably provided in
      sufficient amount so that it is non-limiting so far as phosphorus and
      gallium vapors are concerned. That is, sufficient source material is
      provided to saturate the atmosphere with vapor phase phosphorus and
      gallium throughout the period of diffusion. The provision of excess source
      material is preferred, since this provides a convenient method for
      assuring uniform diffusion results in processing successive batches of
      elements. It is particularly important that the phosphorus vapor saturate
      the atmosphere throughout most, if not all, of the diffusion period, since
      this avoids any tendency of the gallium to form an internal P conductivity
      type region. The depth of the P and N conductivity type layers formed by
      diffusion is, of course, a function of the duration of heating.
PAR  To illustrate my invention by way of example, I took as a starting material
      100 11/2  inch diameter silicon wafer of uniform phosphorus concentration
      having a resistivity of from 25 to 35 ohm-cm. These wafers were saw cut to
      a thickness of 9 mils (0.009 inch). The wafers were exposed to a mixture
      of oxygen and steam for 31/2  hours at 1200.degree. C to form a silicon
      dioxide coating over all external surfaces. After removal from the
      oxidizing atmosphere, one major surface of each wafer was coated with
      Apiezon black wax, and the wafers were immersed in a saturated solution of
      hydrofluoric acid. When the exposed oxide layers not covered by the wax
      were visually observed to be removed by the acid, the wafers were removed
      from the acid and placed in trichloroethylene to strip away the wax. The
      wafers were thereafter cleaned preparatory to diffusion.
PAR  For diffusion the wafers were stacked in a quartz tube having a 33mm I. D.
      and a 10 inch length when sealed. The wafers were stacked in the tube on
      edge with a source wafer smeared with gallium located at each end of the
      stack and two source wafers located within the stack to divide the stack
      into three equal segments. The source wafers were spaced from the
      remaining wafers by annular quartz spacers and scrap undiffused wafers
      were interposed to shield the wafers to be diffused from direct opposition
      to the source wafers. Four hundred and twenty milligrams of gallium
      phosphide were located at one end of the tube. The tube was filled with
      0.20 atm of argon and sealed. The tube with the wafers and source
      materials enclosed was placed in a diffusion furnace and maintained at
      1250.degree. C for 40 hours. The temperature of the furnace was then
      reduced to 625.degree. C over a 10 hour period. Thereafter the wafers were
      removed from the furnace and from the tube.
PAR  Sectioning and staining of one of the wafers taken from the tube indicated
      the wafer to have a P conductivity type layer adjacent one major surface
      extending to a depth of 2.72 mils and an N.sup.+ conductivity type layer
      adjacent the oposite major surface extending to a depth of 2.66 mils. The
      remaining central region of the wafer, 3.62 mils in width, remained of low
      level N conductivity type. There was no evidence of any internal P
      conductivity type layer. A measurement of surface concentrations showed
      the major surface adjacent the P conductivity type region to have a
      surface concentration of 7.5 .times. 10.sup.18 impurity atoms/cc while the
      surface adjacent the N.sup.+ conductivity type region exhibited a surface
      impurity concentration of 2.1 .times. 10.sup.21 impurity atoms per cc.
PAR  The above exemplary procedure was repeated utilizing 50 wafers of 1 inch
      diameter initially of uniform P conductivity type having an initial
      resistivity of from 40 to 60 ohm-cm. A diffusion time of 35 hours was
      utilized instead of 40 hours. Sectioning and staining of a representative
      wafer indicated the N region to extend to a depth of 2.86 mils and the
      P.sup.+ region to extend to a depth of 2.90 mils. The central P
      conductivity type region was 3.24 mils in width. A measurement of surface
      concentrations showed the major surface adjacent the P.sup.+ conductivity
      type region to have a surface concentration of 1.2 .times. 10.sup.19
      impurity atoms/cc while the surface adjacent the N.sup.+ conductivity type
      region exhibited a surface concentration of 1.4 .times. 10.sup.21 impurity
      atoms per cc.
PAR  While I have described my invention with reference to certain preferred
      embodiments, it is appreciated that numerous variations will readily occur
      to those skilled in the art. It is accordingly intended that the scope of
      my invention be determined by reference to the following claims.
CLMS
STM  What I claim and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. A process for forming a junction within a silicon wafer having opposed,
      substantially parallel major surfaces comprising:
PA1  providing an oxide layer on one major surface,
PA1  locating the wafer in a closed tube containing only an inert non-oxidizing
      atmosphere and a non-limiting source of gallium and phosphorus vapors,
PA1  heating the wafer and vapor source within the closed tube to a temperature
      in excess of 1000.degree. C for about 35 to 40 hours to generate a
      vaporous mixture of gallium and phosphorus without oxidizing the surface
      of the wafer not previously provided with said oxide layer,
PA1  diffusing gallium through the oxide layer and into the one major surface to
      form a P conductivity type layer while substantially blocking phosphorus
      vapor penetration through the oxide layer, and simultaneously,
PA1  diffusing both gallium and phosphorus into the remaining major surface of
      the wafer while maintaining the atmosphere in the closed tube saturated
      with phosphorus vapor to establish a phosphorus diffusion profile of the
      form shown in FIG. 3 with a magnitude and depth exceeding that of gallium
      entering the wafer through the remaining major surface to form an N
      conductivity type layer.
NUM  2.
PAR  2. A process for simultaneously forming, in a silicon wafer having opposed
      substantially parallel major surfaces, a P.sup.+ conductivity type layer
      adjacent one major surface and an N.sup.+ conductivity type layer adjacent
      the opposite major surface comprising:
PA1  providing an oxide layer on said one major surface,
PA1  locating the wafer in a closed tube containing only an inert non-oxidizing
      atmosphere and a non-limiting source of gallium and phosphorus vapors,
PA1  heating the wafer and vapor source within the closed tube to a temperature
      in excess of 1000.degree. C for about 35 to 40 hours to generate a
      vaporous mixture of gallium and phosphorus without oxidizing the surface
      of the wafer not previously provided with said oxide layer,
PA1  diffusing gallium through the oxide layer and into the one major surface to
      form the P.sup.+ conductivity type layer while substantially blocking
      phosphorus vapor penetration through the oxide layer, and simultaneously,
PA1  diffusing both gallium and phosphorus into the remaining major surface of
      the wafer while maintaining the atmosphere in the closed tube saturated
      with phosphorus vapor to establish a phosphorus diffusion profile of the
      form shown in FIG. 3 with a magnitude and depth exceeding that of gallium
      entering the wafer through the remaining major surface to form the N.sup.+
      conductivity type layer.
NUM  3.
PAR  3. A process according to claim 2 in which said wafer and vapor source is
      maintained at approximately 1250.degree. C.
NUM  4.
PAR  4. A process according to claim 2 wherein said inert non-oxidizing
      atmosphere is 0.2 atmospheres of Argon.
NUM  5.
PAR  5. A process for forming a junction within a silicon wafer having opposed,
      substantially parallel major surfaces comprising:
PA1  oxidizing the entire exterior surface of the silicon wafer,
PA1  selectively removing oxide from a portion of the surface,
PA1  locating the wafer in a closed tube containing an inert atmosphere with a
      non-limiting source of gallium and phosphorus vapors,
PA1  heating the wafer and vapor source within the closed tube to a temperature
      in excess of 1000.degree. C for about 35 to 40 hours to generate a
      vaporous mixture of gallium and phosphorus,
PA1  diffusing gallium through the oxidized portion of the exterior surface of
      the silicon wafer to form a P conductivity type layer while substantially
      blocking phosphorus vapor penetration through the oxidized surface
      portion, and simultaneously,
PA1  diffusing both gallium and phosphorus into the wafer over the surface
      portion haivng oxide selectively removed therefrom to establish a
      phosphorus diffusion profile of the form shown in FIG. 3 with a magnitude
      and depth exceeding that of gallium entering the wafer through the same
      surface portion to form an N conductivity type layer.
NUM  6.
PAR  6. A process according to claim 5 in which said wafer and vapor source is
      maintained at approximately 1250.degree. C.
NUM  7.
PAR  7. A process according to claim 5 wherein said inert non-oxidizing
      atmosphere is 0.2 atmospheres of Argon.
NUM  8.
PAR  8. A process according to claim 5 in which a low level P conductivity type
      impurity is initially uniformly distributed through the silicon wafer.
NUM  9.
PAR  9. A process according to claim 5 in which a low level N conductivity type
      impurity is initially uniformly distributed through the silicon wafer.
NUM  10.
PAR  10. A process according to claim 5 wherein the gallium diffusing through
      the oxidized portion diffuses more deeply, than does the phosphorus
      diffusing through the surface portion having the oxide removed therefrom.
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ABST
PAL  This invention relates to self-supporting, water-resistant explosive
       comptions composed essentially entirely of explosively active ingredients
      and methods for making same. The compositions consist essentially of a
      particulate high explosive and a high viscosity nitrocellulose binder
      plasticized with TMETN (trimethylolethane trinitrate) without the use of
      other plasticizers.
GOVT
PAR  The invention described herein may be manufactured, used and licensed by or
      for the Government for governmental purposes without the payment to me of
      any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Liquid organic nitric esters which have been tested for possible use as
      plasticizers for nitrocellulose include glycerol trinitrate, glycol
      dinitrate diethylene glycol dinitrate, triethyleneglycol dinitrate
      (TEGDN), 1,2,4-butanetriol trinitrate (BTTN), and 1,2,6-hexanetriol
      trinitrate. While all of these, and other similar materials, may be used
      as energetic plasticizers for nitrocellulose under varying conditions, all
      suffer from various drawbacks such as high sensitivity, headache inducing
      properties, low power and/or brisance, poor colloiding activity, etc.
      Trimethylolethane trinitrate (TMETN), because of its relatively low
      sensitivity, its high explosive power, and its lack of headache inducing
      properites is a desirable plasticizer for use in the preparation of
      flexible explosive compositions containing essentially 100% active
      ingredients, but its lack of colloiding power has largely discouraged its
      practical use as a plasticizer for nitrocellulose in the past. Upon
      contact with ordinary low viscosity nitrocellulose, TMETN softens the
      surfaces of the nitrocellulose fibers but is incapable of achieving
      penetration and complete colloidation of such nitrocellulose and hence is
      considered unsuitable for the preparation of single and multiple base
      propellants. The high viscosity, high molecular weight nitrocellulose
      required for use in the present invention is even less affected by TMETN,
      although it has been found in the course of the development of this
      invention that long term milling may be used to accomplish such colloiding
      action. As noted in U.S. Pat. No. 3,400,025, the difficulty experienced in
      colloiding nitrocellulose with TMETN may be partially overcome by
      employing TMETN in combination with a substantial proportion of an inert
      plasticizer, such as acetyl tributyl citrate, and carrying out the
      colloiding procedure in the presence of a volatile colloiding agent, such
      as butyl or ethyl acetate or acetone, which is later driven off leaving
      the nitrocellulose completely colloided with the mixture of TMETN and
      inert non-volatile plasticizer. Attempts to extend this process to the
      preparation of flexible explosive compositions containing a
      nitrocellulose/TMETN binder system which did not contain acetyle tributyl
      citrate, or similar supplementary inert plasticizer, resulted in the
      formation of rather hard compositions having little or no flexibility and
      poor flexure strength.
PAR  Further, in previous work on flexible sheet explosives disclosed in U.S.
      Pat. Nos. 3,317,361, 3,354,010 and 3,400,025, it has been found that low
      viscosity nitrocellulose could not be substituted for high viscosity
      nitrocellulose in the binder system when an inert (non-explosive) ester,
      or a mixture of a liquid organic nitric acid ester and an inert ester was
      used as plasticizer. In preliminary experimental work connected with
      perfection of this invention, 37 batches of material were prepared wherein
      TMETN or TEGDN was used as the plasticizer and various propellant and
      lacquer grade nitrocelluloses containing 12-13% nitrogen and ranging in
      viscosity from about 1/2 to 18 seconds were used alone and in conjunction
      with high viscosity nitrocellulose. It was found that the low viscosity
      nitrocelluloses were not suitable replacements for high viscosity
      nitrocellulose. As increasing proportions of high viscosity nitrocellulose
      were substituted with low viscosity nitrocellulose, the strength of the
      processed flexible composition decreased until at complete substitution of
      high viscosity nitrocellose in the binder, the product became too weak to
      serve any useful role as a sheet explosive.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a flexible explosive composition
      of high power (at least 125% of the explosive power of TNT) and high
      brisance (rate of detonation at least 7500 m/sec.) based on a finely
      divided explosive such as cyclotetramethylenetetranitramine (HMX),
      cyclotrimethylenetrinitramine (RDX), pentaerythritol tetranitrate (PETN),
      or mixtures of any two or all three of these.
PAR  Another object of this invention is to provide an explosive composition
      which, in the form of sheets of at least one-quarter inch thickness,
      possesses sufficient flexibility so that it may be made to conform to the
      contours of uneven surfaces with a minimum of manipulation, thus aiding in
      the complete destruction of the device to be demolished.
PAR  A further object of the invention is to provide a flexible explosive
      composition having high resistance to impact and friction while retaining
      good cap-sensitivity characteristics.
PAR  A still further object of this invention is to provide a flexible explosive
      composition which is not adversely affected by water.
PAR  Other and further objects of this invention will become apparent as the
      invention is further described hereinafter.
PAR  In accordance with the present invention it has been found that the
      foregoing objects can be achieved and self-supporting, high powered,
      brisant explosive compositions, containing a particulate high explosive of
      the group consisting of RDX, HMX, and PETN, and a high viscosity
      nitrocellulose/TMETN binder system, can be obtained without the use of
      supplementary plasticizers by employing these ingredients in certain
      novel, critical proportions. More particularly, the novel compositions of
      this invention are composed essentially entirely of explosive ingredients
      and consist essentially of
PA1  a. 46 to 87% by weight of a finely divided high explosive selected from the
      group consisting of RDX, HMX and PETN, and mixtures thereof;
PA1  b. 1 to 4% by weight of explosive, high-viscosity, nitrocellulose binder;
      and
PA1  c. 12 to 49% by weight of the explosive liquid plasticizer TMETN, the ratio
      of said plasticizer to said nitrocellulose being in the range 6.5/1 to
      15/1.
PAR  The high explosives employed in the compositions of the present invention
      possess an average particle size of not over about 25 microns. Preferably,
      100% of the particulate explosive must pass through a No. 200 U.S.S. sieve
      and at least 90%, and preferably not less than 94%, shall pass through a
      No. 325 U.S.S. sieve. Use of coarser grades of particulate high explosive
      results in increased flexibility of the product in which the grains of
      particulate explosive are readily visible.
PAR  A content of less than about 46% fine particulate explosive in the
      explosive compositions of this invention is insufficient to provide the
      body necessary for obtaining smooth sheets by rolling procedures; more
      than about 70% generally results in a product, which cannot be processed
      easily by rolling but is suitable for compression molding.
PAR  The high viscosity nitrocellulose binder employed in the compositions of
      this invention contains about 12.1-12.5% nitrogen and is of such a degree
      of polymerization as to have a viscosity of at least 90 seconds, using a
      4% solution and a 5/16-inch diameter steel ball as described below,
      sufficient TMETN plasticizer to provide the desired degree of flexibility
      in the finished product, and, preferably, a stabilizer such as
      diphenylamine (DPA) in an amount of about 5% based on the nitrocellulose
      present.
PAR  In the determination of the nitrocellulose viscosity aforementioned, the
      5/16-inch diameter steel ball shall weigh about 2.025-2.045 grams, the
      viscosimeter shall consist of a vertically mounted glass tube 14 inches
      long with an internal diameter of 1 inch immersed to the level of its
      liquid contents in a constant temperature bath maintained at 25.degree.
      .+-. 0.2.degree.C., and the time of passage of the ball between markings
      shall be noted as the viscosity (in seconds).
PAR  The aforementioned viscosity test is run in accordance with paragraphs
      4.4.5 et seq. of Specification MIL-N-244A dated Feb. 13, 1962 with the
      exception that the quantities of materials used shall be: 8 grams
      nitrocellulose, 21.3 grams ethanol and 170.7 grams acetone. The 21.3/170.7
      gram alcohol/acetone ratio is used to maintain an essentially 1/8 ratio as
      is required in the specification.
PAR  Compositions of this invention, which are sufficiently plastic to permit
      rolling into sheets of good flexibility, are obtained when the ratio of
      TMETN to high viscosity nitrocellulose is at least about 9/1 parts by
      weight. As this ratio is increased beyond about 10/1, the product becomes
      softer and more flexible until at a ratio of about 15/1, the presence of
      unabsorbed TMETN usually becomes apparent. As this ratio is decreased
      below about 9/1 the product generally becomes more difficult to process by
      rolling, and at a ratio below about 8/1 the product generally becomes
      crumbly, brittle and impossible to process by rolling; however, at ratios
      as low as 6.5/1 the product is still sufficently pliable that it can be
      processed by conventional compression molding techniques into strong
      pellets of high density.
PAR  Preferred compositions of the present invention, which possess good
      placticity and can be readily rolled into sheets of good flexibility,
      consist essentially of
PA1  a. 46 to 70% by weight of a finely divided explosive selected from the
      group consisting of RDX, HMX and PETN, and mixtures thereof;
PA1  b. 3 to 4% by weight of explosive, high-viscosity, nitrocellulose binder;
      and
PA1  c. 33 to 49% by weight of the explosive liquid plasticizer TMETN, the ratio
      of said plasticizer to said nitrocellulose being in the range 9/1 to 15/1.
PAR  If desired for camouflage purposes, an olive-drab coloration may be
      imparted to the explosive composition of this invention through
      incorporation therein of about 0.2-1.0% of a pigment mixture of about 1
      part lampblack and 8 parts lead chromate (chrome yellow, medium). Less
      than about 0.2% pigment imparts insufficient coloring for adequate
      camouflage and no improvement is gained in coloring effectiveness by
      increasing the amount of pigment used to more than 1% as is noted in U.S.
      Pat. Nos. 3,317,361, 3,354,010 and 3,400,025.
DETD
PAR  The following examples illustrate but do not limit the invention.
PAC  EXAMPLE I
PAR  Three mixtures were prepared to determine the effect of small variations of
      the plasticizer TMETN upon physical characteristics of the products
      obtained as about 1/4 -inch thick sheet through use of a roll mill.
TBL  ______________________________________                                    
     Composition No.   1        2        3                                     
     ______________________________________                                    
     RDX, Type B, Class E.sup.1                                                
                       46.0%    49.0%    52.0%                                 
     Nitrocellulose (96-second).sup.2                                          
                       4.0      4.0      4.0                                   
     Pigment           0.8      0.8      0.8                                   
     TMETN             49.2     46.2     43.2                                  
     ______________________________________                                    
      .sup.1 All RDX used in the preparation of the compositions of this       
      invention is Type B and of the class specified and is in accordance with 
      the requirements of specification MIL-R-398C dated Aug. 22, 1962 and is i
      an essentially anhydrous state unless otherwise noted. The RDX used will 
      be further referred to by class only.                                    
      .sup.2 All nitrocellulose used in the preparation of the compositions of 
      this invention is 96-second material as determined by the viscosity test 
      noted hereinabove and is in an essentially anhydrous condition unless    
      otherwise noted. The nitrocellulose used will be further referred to     
      simply as nitrocellulose.                                                
PAR  The dry ingredients were first mixed together by hand in the presence of
      sufficient ethanol (about 15 ml./100g. of dry ingredients) to form a tnick
      paste. Ethyl acetate (about 20 ml./100g. total composition) was then
      stirred in. This produced a very lumpy paste. After 16 hours aging, the
      material had become a relatively uniform soft gel. The TMETN was stirred
      in and the mixture again aged at least 16 hours after which it was mixed
      about 15 minutes in a closed sigma blade mixer held at
      135.degree.-145.degree. and then again aged at least 16 hours. The aged
      mixture was then processed on a small laboratory roll mill held at not
      less than 135.degree.F., in most cases. Rolling was first carried out with
      a roll gap of 0.020 inch for at least 2 minutes after all odor of solvents
      had disappeared from the material on the rolls. The material was then
      removed from the rolls as a thin sheet, the gap setting increased to
      0.230-0.240 inch and the thin sheet material consolidated into a sheet
      about 1/4 inch in thickness at a roll temperature 0.degree.-15.degree.F.
      lower than that used to drive off solvent and assure uniformity of
      composition. In subsequent preparational work it was found that most of
      the aging steps used in this exmaple may be omitted. The roll milling
      process described produced smooth, flexible, rubbery, olive-drab sheets
      from all three compositions, the sheet obtained from Composition 3 being
      slightly stiffer than the others. No difference in strength was detected
      in comparison of the sheets obtained from Compositions 1 and 2.
PAC  EXAMPLE II
PAR  Five compositions were prepared in order to examine the effect of varying
      the solids loading with appropriate reduction of the content of
      plasticized binder.
TBL  ______________________________________                                    
     Composition No.                                                           
                 4       5       6      7      8                               
     ______________________________________                                    
     RDX, Class E                                                              
                 60.2%   63.0%   73.2%  80.5%  87.0%                           
     Nitrocellulose                                                            
                 3.0     3.0     2.0    1.5    1.0                             
     Pigment     0.8     0.8     0.8    --     --                              
     TMETN       36.0    33.2    24.0   18.0   12.0                            
     ______________________________________                                    
PAR  In all cases the dry ingredients were well mixed by hand, 20-25 ml. ethyl
      acetate/100 g. dry ingredients and then the TMETN stirred in by hand and
      the mix covered and aged at least 16 hours. It was then again hand mixed
      and transferred to the roll mill where the rolling process described in
      Example I was carried out. Compositions 4, 5 and 6 were rolled at
      160.degree.F. or more as difficulty was encountered in producing a 1/4
      -inch thick sheet at lower temperatures. Compositions 4 and 5 yielded
      rather tough sheets with that from Composition 5 being somewhat rough
      surfaced. The sheet of Composition 6 material was weak when hot but it
      cooled to a rather hard and tough consistency which was somewhat brittle
      in comparison with the sheets of Compositions 4 and 5 materials.
      Compositions 7 and 8 could not be rolled into sheets, but these
      compositions are suitable for compression molding purposes when properly
      prepared in granular form.
PAC  EXAMPLE III
PAC  Composition 9
PAR  The ability to prepare the compositions of this invention in the absence of
      volatile colloiding agents for nitrocellulose is illustrated by the
      preparation of Composition 9 containing 50% RDX, Class E, 4nitrocellulose,
      and 46% TMETN. The RDX and nitrocellulose were mixed with ethanol to form
      a stiff smooth paste. The TMETN was then stirred in and the resultant
      mixture was a stiff lump. After standing for a few hours, this material
      was roll milled 20 minutes at 165.degree.F. using a 0.020 inch roll gap.
      It was then consolidated into an essentially 1/4 -inch thick sheet at
      165.degree.F. using a roll gap of 0.230 inch. The white sheet thus
      prepared was smooth and uniform in appearance, flexible and rubbery.
PAR  Examples IV and V, compositions 10-17, show that flexible plastic products
      can be obtained by employing TMETN together with various amounts of such
      undesirably sensitive explosive plasticizers as BTTN and DEGDN. They also
      illustrate the increasing body of the product obtained as the proportion
      of TMETN in the plasticizer approaches 100% of the total plasticizer. The
      use of other explosive plasticizers, such as BTTN and DEGDN, is not
      contemplated in the present invention in view of their undesirable
      properties of excessive sensitivity, etc., as noted above, which would be
      introduced by employing them in significant amounts together with TMETN in
      subject compositions.
PAC  EXAMPLE IV
PAR  The compositions of this example illustrate the use of the sensitive
      plasticizer BTTN in the preparation of flexible sheet explosive
      compositions.
TBL  ______________________________________                                    
     Composition No.                                                           
                 10       11       12     13                                   
     ______________________________________                                    
     RDX, Class E                                                              
                 50.0%    50.0%    50.0%  50.0%                                
     Nitrocellulose                                                            
                 8.0      8.0      6.0    4.0                                  
     Pigment     0.8      --       0.80   --                                   
     DPA         0.4      0.4      0.30   0.2                                  
     BTTN        40.8     37.6     21.46  4.0                                  
     TMETN       --       4.0      21.44  41.8                                 
     ______________________________________                                    
PAR  These compositions were made into essentially 1/4 -inch thick sheets by the
      process described in EXample II using a temperature of
      135.degree.-140.degree. for rolling into thin sheets. To form essentially
      1/4 -inch sheets Compositions 10 and 11 were rolled at
      104.degree.-106.degree.F., Composition 12 at 109.degree.F., and
      Composition 13 at 131.degree.F. In all cases smooth flexible sheets were
      obtained which exhibited increasing body with increasing TMETN and
      corresponding decreasing BTTN content.
PAC  EXAMPLE V
PAR  The compositions of this example illustrate the use of the sensitive
      plasticizer DEGDN in the preparation of flexible sheet explosive
      compositions.
TBL  ______________________________________                                    
     Composition No.                                                           
                 14       15       16     17                                   
     ______________________________________                                    
     RDX, Class E                                                              
                 50.0%    50.0%    50.0%  50.0%                                
     Nitrocellulose                                                            
                 8.0      8.0      6.0    4.0                                  
     Pigment     0.8      --       0.80   --                                   
     DPA         0.4      0.4      0.30   0.2                                  
     DEGDN       40.8     37.6     21.44  2.0                                  
     TMETN       --       4.0      21.46  43.8                                 
     ______________________________________                                    
PAR  These compositions were formed into substantially 1/4 -inch thick sheets by
      the process described in Example II. All were rolled at a gap setting of
      0.020 inch at 135-140.degree.C. To form essentially 1/4 -inch thick
      sheets, Composition 14 was rolled at 113.degree.F., Composition 15 at
      110.degree.F., Composition 16 at 120.degree.F., and Composition 17 at
      158.degree.F. Smooth flexible sheets were obtained which exhibited
      increasing body with increasing TMETN and accompanying decreasing DEGDN
      content. The sheets obtained by using Compositions 14, 15 and 16 were
      somewhat softer than that of Composition 2 in Example I. The sheet of
      Composition 17, except for the color difference, appeared to have physical
      characteristics identical with those of the sheet of Composition 2,
      Example I.
PAC  EXAMPLE VI
PAC  Composition 18
PAR  This example illustrates the use of PETN as the particulate high explosive
      in the flexible compositions of this invention. The PETN used here was
      very fine grained as illustrated by a crude qualitative procedure where it
      was found that the subject PETN passed through a No. 325 U.S. Standard
      sieve more readily than did a similar weight of Class E RDX which had
      previously been passed through the same No. 325 screen to remove particles
      greater than 44 microns in size. By the process described in Example II
      Composition 18, a mixture of 50% PETN, 4% nitrocellulose and 46% TMETN,
      was processed to form an essentially 1/4 -inch thick sheet. Rolling was
      done at 155.degree.-165.degree.F. At 150.degree.F. and below the sheet
      tended to break apart during rolling. The said sheet was noticeably
      stiffer than that obtained by rolling Composition 2 of Example I.
PAC  EXAMPLE VII
PAR  This example illustrates the use of acetone as a volatile nitrocellulose
      colloiding agent and the effect upon the product of the use of
      coarse-grained particulate high explosive in the compositions of this
      invention.
TBL  ______________________________________                                    
     Composition No.   19       20       21                                    
     ______________________________________                                    
     RDX, Class E      49.0%    --       --                                    
     HMX, Type II, Class B.sup.1                                               
                       --       --       12.0%                                 
     HMX, Type II, Class D.sup.1                                               
                       --       49.0%    38.0                                  
     Nitrocellulose    4.0      4.0      4.0                                   
     Pigment           0.8      0.8      --                                    
     TMETN             46.2     46.2     46.2                                  
     ______________________________________                                    
      .sup.1 All HMX used in the preparation of compositions of this invention 
      is Type II and of the class specified and is in accordance with the      
      requirements of specification MIL-H-45444A (Ord) with Amendment 3 dated  
      July 31, 1962.                                                           
PAR  These compositions were processed into essentially 1/4 inch thick sheets by
      the process described in Example II. Acetone was used as the colloiding
      agent for nitrocellulose in Compositions 19 and 20 and ethyl acetate in
      Composition 21. Composition 19 was rolled at 165.degree.F., Composition 20
      at 158.degree.F. and Composition 21 at 149.degree.F. The sheet of
      Composition 19 appeared to be identical with that of Composition 2,
      Example I, with which it was identical compositionwise. Microscopic
      examination of thin slices of this sheet failed to reveal any indication
      of RDX particle size or shape alteration due to the use of acetone, an RDX
      and HMX solvent. Composition 20 was aged for about 40 hours with
      occasional stirring before it was rolled into a sheet. This composition
      gave a good, smooth, essentially 1/4 inch thick sheet which was much more
      pliable than that of Composition 19 and in the surface of which could be
      seen many HMX particles. Microscopic examination of thin slices of this
      sheet and, for comparison, of thin slices of the sheet of Composition 21
      revealed no indications of alteration of HMX particle size or shape due to
      use of acetone. The appearance of the 1/4 inch thick sheet of Composition
      21 was essentially identical with that of Composition 20 except for color.
      This sheet was also more pliable than that of Composition 19.
PAC  EXAMPLE VIII
TBL  Composition No.       22                                                  
     ______________________________________                                    
     HMX, Class B          280g.    (56%)                                      
     Nitrocellulose        20       ( 4%)                                      
     DPA (added percent)   1        ( 0.2%)                                    
     TMETN                 200      (40.0%)                                    
     ______________________________________                                    
PAR  This mixture was processed as described in Example II using a rolling
      temperature of 165.degree.F. A smooth flexible rubbery sheet was obtained.
      This material was partially characterized by the following test results.
TBL  __________________________________________________________________________
     d 20/4.sup.1           1.653g./cc.                                        
     Friction Pendulum Test (steel shoe).sup.2                                 
                            No crackles, flame, or explosion                   
     P. A. Impact Sensitivity Test.sup.3                                       
                            10 inches                                          
     Vacuum Stability Test (5g./100.degree.C./40 hrs.)                         
                            0.95 ml. gas evolved                               
     Cold Temperature Test.sup.4                                               
                            +10.degree.C.                                      
     __________________________________________________________________________
      .sup.1 The symbol d 20/4 indicates the ratio of the density of the       
      explosive sheet at 20.degree.C. to the density of water at 4.degree.C.   
      .sup.2 The Friction Pendulum Test (steel shoe) is described by J. H.     
      McIvor in Picatinny Arsenal Testing Manual 7-1 dated May 8, 1950.        
      .sup.3 The Picatinny Arsenal Impact Sensitivity Test is described in     
      "Standard Laboratory Procedures for Sensitivity, Brisance, and Stability 
      of Explosives", PATR No. 1401, March 18, 1944, Revised February 28, 1950,
      W. H. Rinkenbach and A. J. Clear.                                        
      .sup.4 The Cold Temperature Test is described in paragraph 4.4.4.2 of    
      specification MIL-E-46676 (MU) Amendment 1, 20 April 1963. In this       
      Laboratory the test was run at various temperatures 10 centigrade degrees
      apart and the 1/4 inch diameter mandrel over which the samples were bent 
      90.degree. in 5 seconds was at the same temperature as the samples tested
      The test result is reported as that test temperature at which the 1/4 inc
      thick .times. 3/8 inch wide .times. 3 inch long sample neither breaks nor
      develops a crack deeper than 1/16 inch in the face away from the mandrel 
      when bent as required.                                                   
PAC  EXAMPLE IX
TBL  Composition No. 23                                                        
     __________________________________________________________________________
     HMX, Class B (ethanol damp)                                               
                      6356.0g.                                                 
                           (dry basis)                                         
                                  (56.0%)                                      
     Nitrocellulose (ethanol damp)                                             
                     434.0 (dry basis)                                         
                                  ( 4.0%)                                      
     DPA              22.7        ( 0.2 added %)                               
     TMETN           4540.0       (40.0%)                                      
     __________________________________________________________________________
PAR  This 25-pound batch was prepared in a 5-gallon sigma blade mixer and formed
      into sheets on a large roll mill. The ethanol-moist HMX and nitrocellulose
      were blended and a solution of the DPA in 3000 milliliters of ethyl
      acetate mixed in portionwise over about 10 minutes. Finally the TMETN was
      added in about 500-gram increments over 15 minutes and the mixer
      temperature raised to 135-140.degree.F., at which temperature mixing was
      carried out for 30 minutes with the mixer closed. At this point it became
      evident that colloiding was being hindered by the ethanol present and
      another 3000 milliliters of ethyl acetate was stirred in. After another
      30-minute mixing at 135.degree.F. with the mixer closed, the mix had
      attained the desired pasty consistency.
PAR  The mix was removed to a tightly covered container and aged overnight,
      after which it was rolled at 140.degree.F. using a roll gap of 0.020 inch
      to remove all ethyl acetate and ethanol. Portions of this material were
      consolidated, using the roll mill, at 135.degree.F., into 0.080-inch-and
      0.160-inch-thick sheets for use in the Plate Damage Test described below.
      The remainder was rolled into essentially 1/4 inch thick sheets, also at
      135.degree.F. All sheets were smooth, homogeneous, flexible, and rubbery.
      This material was partially characterized by the following test results:
TBL  Rate of Detonation.sup.1                                                  
                        7753 m./sec.                                           
     Cap Sensitivity Test.sup.2                                                
                        No. 8 cap                                              
     Ballistic Pendulum Test (TNT = 1)                                         
                        1.332                                                  
     Color Test.sup.3   Passed                                                 
     Hot Immersion Test.sup.4                                                  
                        Passed                                                 
     Plate Damage Test.sup.5                                                   
                        Excellent cutting power                                
     Bullet Impact Test.sup.6                                                  
                        No fire or explosions in 10                            
                        consecutive test firings.                              
      .sup.1 Sample used: 1 inch .times. 1 inch .times. 15 inches long         
      unconfined.                                                              
      .sup.2 A 1/4 inch wide .times. 3/4 inch deep slot is cut into one end of 
      1/4-inch-thick .times. 1-inch-wide .times. 12-inch-long test specimen, a 
      standard cap is inserted into the slot and taped in place, and the cap   
      fired. Test result is given as the smallest (lowest) number standard cap 
      which will cause complete detonation of the test strip in five consecutiv
      tests.                                                                   
      .sup.3 The color test is described in paragraph 3.6.1.2 of specification 
      MIL-E-46676 (MU) Amendment 1, 20 April 1963. Holding in 160.degree.F.    
      water 24 hours did not cause any essential color change in test samples. 
      .sup.4 The Hot Immersion Test is described in paragraph 4.4.4.1 of       
      specification MIL-E-46676 (MU) Amendment 1, 20 April 1963. After being   
      held 24 hours in water at 160.degree.F. samples could be bent 90.degree. 
      around a 1/4 inch diameter mandrel without cracking or breaking.         
      .sup.5 The Plate Damage Test is carried out by centering a 3 inch .times.
      10 inch sheet of explosive on a 4 inch .times. 12 inch .times. 1/4 inch  
      thick mild steel plate set on a smooth damp sand surface. The sheet is   
      fired with an M6 cap set into a 3/4 inch deep slot cut into the center of
      one end. In the case of 0.08 inch thick material, a small piece of the   
      0.08 inch thick material is laid across the top of the initiating cap so 
      that both ends thereof are in contact with the sheet. This provides      
      sufficient surface contact with the cap to insure initiation. In this tes
      all sheets fired completely and examination of the steel plates showed   
      this composition to be at least 50% more effective in cutting steel than 
      commercial flexible sheet explosive currently in military use or a       
      non-proprietary replacement developed therefor, as described in U. S.    
      3,317,361 and 3,354,010. It was also noticeably more effective than the  
      flexible sheet material of U. S. 3,400,025 and the British-made sheet    
      explosive SX-2.                                                          
      .sup.6 The Bullet Impact Test is described in paragraph 4.2.2.7 of       
      specification MIL-E-46676 (MU), Amendment 1, 20 April 1963. In this test 
      30 calibre rifle bullet is fired into a test specimen 40 feet from the   
      rifle muzzle. The test specimen is a 3 inch square of 1/4 inch thick     
      explosive material sandwiched between a 1 inch thick steel backup plate  
      and a 1/16 inch thick face plate.                                        
TBL  __________________________________________________________________________
     EXAMPLE X                                                                 
     Composition No.                                                           
               24       25       26       27       28                          
     __________________________________________________________________________
     HMX, Class B                                                              
               180.0g(60.0%)                                                   
                        210.0g(70.0%)                                          
                                 210.00g(70.0%)                                
                                          233.3g(70.0%)                        
                                                   49.0g(14.70%)               
     HMX, Class C                                                              
               --       --       --       --       184.3g(55.30%)              
     Nitrocellulose                                                            
               12.0g(4.0%)                                                     
                        12.0g(4.0%)                                            
                                 9.00g(3.00%)                                  
                                          10.0g(3.0%)                          
                                                   10.0g(3.00%)                
     DPA (added above                                                          
       100%)    0.6g(0.2%)                                                     
                         0.6g(0.2%)                                            
                                 0.45g(0.15%)                                  
                                           0.5g(0.15%)                         
                                                   0.5g(0.15%)                 
     TMETN     108.0g(36.0%)                                                   
                        78.0g(26%)                                             
                                 81.00g(27.00%)                                
                                           90.0g(27.0%)                        
                                                   90.0g(27.00%)               
     __________________________________________________________________________
PAR  In all cases the nitrocellulose was added portionwise to about 100 times
      its weight of ethylacetate or butyl acetate under vigorous agitation at
      ambient temperature in a Cowles Dissolver after which the DPA and TMETN
      were added and agitation continued until an homogeneous lacquer was
      obtained. The lacquer was then added in a fine stream to a vigorously
      stirred suspension of the HMX in about 25 times its weight of distilled
      water held at about 60.degree.C. After all lacquer had been added
      (including ethyl acetate rinsings of the lacquer preparation and adding
      equipment) the temperature of the mixture was raised to at least
      75.degree.C. to drive off all solvent and then dropped to 35.degree.C. and
      the liquid phase removed by vacuum filtration. When dry, the product in
      each case consisted of discrete granules of about 1/16-1/8 inch in maximum
      dimension.
PAR  Composition 24 was rolled at 149.degree.F. and a gap setting of 0.020 inch
      to consolidate the particles. The thin sheets thus formed were then
      consolidated into an essentially 1/4-inch-thick sheet on the roll mill
      using a roll gap of 0.240 inch. A smooth flexible rubbery sheet was
      obtained which appeared, as expected, to be a little stiffer than the
      sheets obtained from Compositions 22 and 23 but otherwise physically
      identical therewith.
PAR  Compositions 25, 26, and 27 formed only flakes and chips when rolling was
      attempted, even at temperatures of 175.degree.-180.degree.F. No attempt
      was made to roll composition 28 to form a sheet.
PAR  Pellets 3/4 inch in diameter and weighing about 20 grams were pressed from
      the granules of Compositions 25 and 26 and portions of Compositions 27 and
      28 were pressed into 11/2 inch-diameter .times. 50-gram pellets. In all
      cases the granules were placed in the mold, vacuum applied to lower the
      pressure in the mold to about 5mm. of Hg over a 5-minute dwell period, and
      the material then pressed using a 5-minute dwell period. The theoretical
      maximum density (TMD) of Composition 25 is 1.7338 and that of Compositions
      26, 27, and 28 is 1.7525g./cc. Air temperature in the mold was
      122.degree.F. just before pressing Compositions 25 and 26, and
      142.degree.-144.degree.F. just before pressing Compositions 27 and 28.
TBL  __________________________________________________________________________
     Density of Pressed Composition 25, 26, 27, and 28 Pellets                 
     Composition                                                               
            Pressing                                                           
                    Pressure                                                   
                         Pellet        Pellet                                  
     No.    Temp. (.degree.F.)                                                 
                    (psi.)                                                     
                         d 20/4(g./cc.)                                        
                                  % TMD                                        
                                       (diam./in.)                             
     __________________________________________________________________________
     25     122.degree.                                                        
                     5,000                                                     
                         1.6540   95.40                                        
                                       0.75                                    
            122.degree.                                                        
                    10,000                                                     
                         1.6734   96.52                                        
                                       0.75                                    
     26     122.degree.                                                        
                     5,000                                                     
                         1.7252   98.44                                        
                                       0.75                                    
            122.degree.                                                        
                    10,000                                                     
                         1.7316   98.81                                        
                                       0.75                                    
     27     142.degree.                                                        
                    10,000                                                     
                         1.7118   97.68                                        
                                       1.50                                    
     28     144.degree.                                                        
                    10,000                                                     
                         1.5983   91.27                                        
                                       1.50                                    
     __________________________________________________________________________
PAR  The difference in density of pellets pressed from Compositions 25 and 26 is
      an example of the disadvantage of a low TMETN/NC ratio: in Composition 25
      the ratio is only 6.5/1 while in Composition 26 it is 9/1, which provides
      a softer, less flow-resistant binder system. The pellet obtained from
      Composition 27, even though pressed at a higher mold temperature,
      possessed a lower density than that obtained from Composition 26. The
      reason appears to be the larger mold and ram size which does not allow for
      as rapid heat absorption in the short total well time of 10 minutes.
      Desirability of preheating the material to be press-loaded is thus
      graphically illustrated. The low density of the Composition 28 pellet
      indicates that the use of coarse particulate high explosive (the Class C
      HMX in this case) is inadvisable in compositions of the type described in
      this invention which are to be press-loaded unless relatively low
      densities may be desired for specific effects. This composition (No. 28)
      produced a pellet which was slightly flexible when hot but, like the
      pellets pressed from Compositions 25, 26, and 27, was almost, but not
      completely rigid when cool.
TBL  ______________________________________                                    
     EXAMPLE XI                                                                
     Composition No.       29                                                  
     ______________________________________                                    
     HMX (Class B)         198.0g.   (66.0%)                                   
     Nitrocellulose        12.0g.    ( 4.0%)                                   
     DPA (added above 100%)                                                    
                           0.6g.     ( 0.2%)                                   
     TMETN                 90.0g.    (30.0%)                                   
     Theoretical Maximum Density (TMD)                                         
                           1.7358g./cc.                                        
     ______________________________________                                    
PAR  This composition was prepared by the precipitation method described in
      Example X. Four batches were prepared and blended. The blended material
      was pressed at 8,000 psi, to form pellets about 2.5 inches in diameter
      using 2 increments of approximately the same weight in each case. Pressing
      details are:
TBL  Pellet No.           1.         2.                                        
     ______________________________________                                    
     Pressing Temperature (.degree.F.)                                         
                         160.degree.                                           
                                    155.degree.                                
     Pellet Weight (g.)  275.2      259.7                                      
     Pellet Density (g./cc.)                                                   
                          1.7320     1.7299                                    
     Pellet Density as % of TMD                                                
                          99.78%     99.66%                                    
     ______________________________________                                    
PAR  While the present invention has been described in detail, it will be
      apparent to those skilled in the art that there are many variations
      possible without departing from the scope of this invention, which is
      limited only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-supporting, high powered, brisant, explosive composition composed
      essentially entirely of explosive ingredients and consisting essentially
      of:
PA1  a. 46 to 87% by weight of a finely divided explosive selected from the
      group consisting of cyclotrimethylenetrinitramine,
      cyclotetramethylenetetranitramine, and pentaerythritol tetranitrate, and
      mixtures thereof having an average particle size not greater than about 25
      microns;
PA1  b. 1 to 4% by weight of explosive, high-viscosity, nitrocellulose binder;
      and
PA1  c. 12 to 49% by weight of the liquid explosive plasticizer
      trimethylolethane trinitrate, the ratio of said plasticizer to said
      nitrocellulose being in the range of 6.5/1 to 15/1.
NUM  2.
PAR  2. A self-supporting, high powered, brisant, flexible, explosive
      composition composed essentially entirely of explosively active
      ingredients and consisting essentially of:
PA1  a. 46 to 70% by weight of a finely divided explosive selected from the
      group consisting of cyclotrimethylenetrinitramine,
      cyclotetramethylenetetranitramine and pentaerythritol tetranitrate, and
      mixtures thereof having an average particle size not greater than about 25
      microns;
PA1  b. 3 to 4% by weight of explosive, high-viscosity, nitrocellulose binder;
      and
PA1  c. 33 to 49% by weight of the liquid explosive plasticizer
      trimethylolethane trinitrate, the ratio of said plasticizer to said
      nitrocellulose being in the range of 9/1 to 15/1.
NUM  3.
PAR  3. The composition of claim 2, wherein the finely divided explosive is
      cyclotrimethylenetrinitramine.
NUM  4.
PAR  4. The composition of claim 2, wherein the finely divided explosive is
      cyclotetramethylenetetranitramine.
NUM  5.
PAR  5. The composition of claim 2, wherein the finely divided explosive is
      pentaerythritol tetranitrate.
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PAL  A resinous surface covering having on the surface thereof a plurality of
      raised cellular areas and a plurality of non-elevated areas adjacent to
      said raised areas, the non-elevated areas having flocked textile fibers
      adhesively imbedded therein; the height differential between the elevated
      and non-elevated areas being achieved by either a mechanical or chemical
      embossing technique.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation of our co-pending application Ser. No.
      169,847 filed Aug. 6, 1971, now abandoned assigned to the assignee of the
      instant application, which in turn is a division of application Ser. No.
      27,374 filed Apr. 10, 1970 which matured into U.S. Pat. No. 3,674,611 on
      July 4, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Sheets of resinous composition have found widespread use as decorative and
      wear-resistant coverings for a wide range of products. Such sheets, for
      example, are used extensively as wall, floor and table coverings, book
      covers, decorative containers, as fabrics for use as upholstery, clothing
      and automobile interiors, and the like. In many instances, the resinous
      composition sheets are applied or formed on backings such as woven
      fabrics, paper, felt, metal, wood, glass, and the like. These backing
      materials have many purposes, the most common being added strength and
      serviceability. It is common practice to emboss the surface of such sheets
      to give added decorative appeal and, in many instances, further utility.
      Typical of the types of embossings are those which simulate leather or
      textured cloth, such as linen. In some instances, the embossed areas are
      filled in with pigmented ink by techniques known as "spanishing" or
      "valley printing." Designs have also been printed on the surface of
      resinous composition sheets and, in many instances, the designs have been
      protected by the application of a transparent or translucent overcoating.
PAR  The introduction of cellular resinous compositions has led to their
      incorporation in products such as recited above, either alone, or in
      combination with non-cellular resinous composition surface wear layers
      and/or backing webs. The cellular foam sheet gives the product various
      desirable properties, depending on the type of cellular foam, such as high
      resiliency and good feel or "hand."
PAR  A major source of competition for smooth surface floor coverings is from
      woven or tufted soft surface carpeting. Carpeting is not only soft and
      comfortable under foot, but also has a three-dimensional textured
      appearance which is particularly attractive. Products which incorporate
      the desirable characteristics of both soft and smooth surface coverings
      have been produced. For example, a product has been produced by printing a
      design on a textured backing, such as embossed flooring felt, with a
      thermoplastic resinous composition containing a foaming agent and
      thereafter heating the printed design to fuse the resinous composition and
      foam the thermoplastic composition. The resulting product closely
      simulates woven or tufted carpet having a three-dimensional surface caused
      by the embossing and a resilient character caused by the foam as well as a
      unitary easily cleaned surface. In view of these advantages, products of
      the latter description are a desired commodity.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of this invention to produce a novel surface
      covering which contains both smooth surface areas and textile fiber areas.
PAR  It is a further object of the invention to produce a surface covering
      wherein the smooth sections exhibit good resiliency and feel and the
      fibrous sections are firmly embedded in the resinous base while being
      present in register with a predetermined design.
PAR  Other objects and advantages of the invention will be apparent from the
      description that follows hereinafter.
PAR  In accordance with the invention, it has now been discovered that it is
      possible to produce surface coverings which contain both smooth surface
      areas and fibrous areas by utilizing combinations of embossing and
      flocking techniques in the preparation thereof, the embossing and flocking
      techniques being performed in several possible sequences. Thus, a foamed
      resinous base is provided with an embossed surface by being subjected to
      either a mechanical or chemical embossing technique. The areas which are
      not depressed by the embossing procedure represent the smooth areas of the
      resulting products. The other areas, i.e. the areas which will represent
      the depressed areas in the final product, are subjected to a flocking
      operation wherein short textile fibers are embedded in the resinous base
      by means of a flocking adhesive. The resulting products thus contain a
      plurality of smooth, resilient areas adjacent to a plurality of soft,
      fibrous areas.
PAR  There are a number of advantages inherent in the products of this
      invention. For example, they can be prepared in a wide variety of highly
      decorative designs. The fibers can be flocked in any desired design,
      whether such design be predetermined or random. The embossed areas and the
      flocked areas will generally be in exact register. The flocked areas can
      constitute a major or minor portion of the total surface area. The top of
      the flocked pile can be level with, below or above the level of the smooth
      surface areas depending upon the depth of embossing and the length of the
      individual fibers. The flocked areas are more durable and permanent as a
      result of being embedded below the surface of the resinous base and
      shielded from the normal wear and tear which the surface is subjected to.
PAR  The products of this invention can be utilized in a virtually unlimited
      number of applications and particularly as decorative, resilient and
      wear-resistant coverings for a wide range of products. Thus, they can be
      used as floor, wall and ceiling coverings, book covers, decorative
      containers, as fabrics for use as upholstery, clothing and automobile
      interiors, and the like.
DRWD
PAR  Our invention will be better understood from the following detailed
      description thereof together with the accompanying self-explanatory
      drawings in which:
PAR  FIG. 1 is a flow diagram of a typical embodiment of the process utilized in
      this invention; and
PAR  FIG. 2 is an enlarged cross-sectional view of a typical product.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the invention, a foamable resinous polymer composition
      is applied to a base. The resinous binder is preferably one that can be
      formed into a continuous film exhibiting a good printing surface without
      decomposition of the blowing agent, and thereafter expanded by exposure to
      the appropriate temperature range. In this specification and claims, the
      term "gelled" is intended to mean that state which is achieved in a
      resinous composition during the transition from a random dispersion or
      suspension of discrete resin particles in plasticizer to one of a
      homogeneous consistency and uniform viscosity and rheological
      characteristics.
PAR  The foamable composition is also preferably a dispersion of resin in a
      liquid medium. The dispersion medium can be water in the case of an
      aqueous latex, organic solvent as an organosol or plasticizer as a
      plastisol. Best results have been obtained with a dispersion of resin in a
      plasticizer which is conventionally termed a plastisol. A plastisol has
      appreciable fluidity at normal room temperature, but is converted by heat
      into a fused, flexible, tough thermoplastic mass. Plastisols are preferred
      since it is unnecessary to remove large volumes of carrier as is necessary
      with a latex or organosol. The composition can also be a mixture of dry
      blend and blowing agent. The dry blend is resin particles having
      plasticizer absorbed on their surface. The dry blend with the addition of
      stabilizer, pigments and the like can be mixed with the blowing agent and
      distributed on a base in a smooth layer. The layer is then heated to
      either form a porous sheet or to fuse partially or completely the
      composition into a solid sheet.
PAR  The preferred and most widely used resin for surface coverings are polymers
      of vinyl chloride. The vinyl chloride polymers can either be simple,
      unmixed homopolymers of vinyl chloride or copolymers, terpolymers of the
      like thereof in which the essential polymeric structure of polyvinyl
      chloride is interspersed at intervals with the residues of other
      ethylenically unsaturated compounds polymerized therewith. The essential
      properties of the polymeric structure of polyvinyl chloride will be
      retained if not more than about 40 percent of the extraneous comonomer is
      copolymerized therein. Suitable extraneous comonomers include, for
      instance, vinyl bromide, vinyl fluoride, vinyl esters such as vinyl
      acetate, vinyl chloroacetate, vinyl butyrate, other fatty acid vinyl
      esters, vinyl alkyl sulfonates, and the like; vinyl ethers such as vinyl
      ethyl ether, vinyl isopropyl ether, vinyl chloroethyl ether and the like;
      cyclic unsaturated compounds such as styrene, the mono- and
      polychlorostyrenes, coumarone, indene, vinyl naphthalenes, vinyl
      pyridines, vinyl pyrrole and the like; acrylic acid and its derivatives
      such as ethyl acrylate, methyl methacrylate, ethyl methacrylate, ethyl
      chloroacrylate, acrylonitrile, methacrylonitrile, diethyl maleate, diethyl
      fumarate and the like; vinylidene compounds such as vinylidene chloride,
      vinylidene bromide, vinylidene fluorochloride and the like; unsaturated
      hydrocarbons such as ethylene propylene, isobutene and the like; allyl
      comounds such as allyl acetate, allyl chloride, allyl ethyl ether and the
      like, and conjugated and cross-conjugated ethylenically unsaturated
      compounds such as butadiene, isoprene, chloroprene,
      2,3-dimethylbutadiene-1,3-piperylene, divinyl ketone and the like.
      Although such vinyl chloride resins are preferred, as is apparent, the
      compositions can be formed from any resin which can be foamed with a
      blowing agent and the invention is not intended to be limited to any
      particular resin or group since many other types and groups of resins will
      occur to those skilled in the art and the particular resin selected does
      not form part of the invention. Other resins which can be mentioned,
      however, are polyethylene; polypropylene; methacrylates; synthetic rubber,
      such as neoprene, silicone, SBR and nitrile; polyurethanes; polyamides;
      polystyrene; phenolics; urea-formaldehydes; cellulose esters; epoxies and
      silicones.
PAR  In the formulation of plastisol compositions for use in the invention, the
      fine particle size resin is uniformly dispersed in a mass of fluid
      plasticizer. The fluidity of plastisols is influenced in part by the
      particular resin and plasticizers selected, but is also a function of the
      ratio of plasticizer to resin. Plastisols become less fluid as the ratio
      of plasticizer to resin is reduced. Coating compositions for use in the
      invention preferably contain from about 35 to about 150 parts plasticizer
      per 100 parts resin with a range of about 50 to about 80 parts plasticizer
      per 100 parts resin being particularly effective. The viscosity of
      plastisol compositions can also be reduced by the addition of small
      amounts of a volatile diluent not exceeding about 10 parts per 100 parts
      resin; it being required that the diluent have no solvating effect on the
      resin. Useful diluents include benzene, toluene, methyl ethyl ketone,
      petroleum solvents such as V.M. and P. naphtha (boiling range of
      190.degree. - 275.degree.F.) and the like.
PAR  Organosols for use in the invention preferably contain about 20 to about 55
      parts of plasticizer per 100 parts of resin with about 30 to 40 parts of
      plasticizer per 100 parts of resin being particularly preferred, whereas
      plastisols usually contain about 35 to about 150 parts of plasticizer per
      100 parts of resin. The amount of solvent utilized depends in large
      measure on the coatng viscosity best suited for the coating apparatus
      utilized. The selection of the plasticizer is important in determining the
      strength and flexibility of the coating and also in inflencing the
      viscosity and viscosity stability of the composition and the foaming
      characteristics of the foamable composition Esters of straight and
      branched chain alcohols with aliphatic acids impart low viscosity and good
      viscosity stability. Typical plasticizers of this type include dibutyl
      sebacate, dioctyl sebacate, dioctyl adipate, didecyl adipate, dioctyl
      azelate, triethylene glycol di(2-ethylhexanoate), diethylene glycol
      dipelargonate, triethylene glycol dicaprylate, 2,2,4-trimethyl-1,
      3-pentanediol diisobutyrate, and the like. Plasticizers of the aromatic
      type, such as esters of aliphatic alcohols and aromatic acids or aromatic
      alcohols and aliphatic acids or aromatic alcohols and aromatic acids may
      also be utilized, although the uses of highly aromatic plactizers is
      limited by their tendency to yield plastisols of high viscosity. Typical
      plasticizers of this type include dibutyl phthalate, dicapryl phthalate,
      dioctyl phthalate, dibutoxy ethyl phthalate, dipropylene glycol
      dibenzoate, butyl benzyl sebacate, butyl benzyl phthalate, dibenzyl
      sebacate, dibenzyl phthalate and the like. Other types of plasticizers,
      such as esters of inorganic acids, including tricresyl phosphate, octyl
      diphenyl phosphate and the like, alkyd derivatives of rosin chlorinated
      paraffin, high molecular weight hydrocarbon condensates and the like can
      also be used. The plasticizer or blend of plasticizers is chosen to yield
      a composition of the desired viscosity and/or foaming characteristics. In
      addition, the plasticizer should preferably have a low vapor pressure at
      the temperatures required to fuse the resin. A vapor pressure of 2
      millimeters of mercury or less at 400.degree.F. has been found
      particularly satisfactory.
PAR  Small amounts of stabilizers, well known in the art of making polyvinyl
      chloride compositions, are incorporated in the vinyl resin composition to
      minimize the effects of degradation by light and heat. Primary stabilizers
      ordinarily used are metallo-organic compounds, salts or complexes
      containing a metal component such as cadmium, zinc, lead, tin, barium or
      calcium combined with an anion constituent such as octaoate,
      2-ethylhexoate, naphthenate, tallate, benzoate, oxide, acetate, stearate,
      phenate, laurate, caprylate, phosphite, phthalate, maleate, fumarate,
      carbonate, sulfate, silicate, alkyl mercaptide, or mercaptoacid salts and
      esters. Mixtures containing one or more metals and/or one or more anion
      components are commonly employed. Depending upon the degree of heat and
      light stability required, secondary or auxiliary stabilizers such as
      epoxidized components, organic phosphites and phosphates, polyhydric
      alcohols, ultra violet light absorbers, optical brighteners, nitrogen
      compounds and antioxidants may also be incorporated in the resinous
      composition.
PAR  The backing web utilized will depend in large measure on the product to be
      produced. If the backing web is to remain as part of the finished product,
      then it can be formed of a resinous composition, felted sheet, woven or
      knitted fabric or the like. Any of the thermoplastic or elastomeric
      resinous compositions which can be formed into a sheet can be used to form
      backing sheets for use in the invention. Typical of the resins which can
      be compounded with plasticizers and fillers and sheeted to form a sheet
      are such resins as butadiene-styrene copolymers, polymerized chloroprene,
      polyvinyl chloride, polyvinyl acetate, vinyl chloride-vinyl acetate
      copolymers and the like. In some cases, scrap and degraded resinous
      compositions can be salvaged by forming them into sheets which can be used
      as backing sheets in producing products in accordance with the invention.
PAR  As indicated, suitable backing sheets also include woven fabrics formed of
      such fibers as cotton, wool, asbestos, glass and various synthetic fibers.
      Where loosely woven fabrics such as burlap are used, the fabric can be
      sized to prevent passage of the coating composition through the openings
      between the fibers by utilizing the conventional sizing composition used
      in the textile industry or a very viscous application of the coating
      composition which is to be applied. The coating can be dried or hardened
      quickly before it passes through the fabric.
PAR  Felted cellulose or mineral fibrous sheets are particularly useful in
      accordance with the invention for producing products for use as surface
      coverings since they are low in cost and yet are flexible and strong. The
      sources of cellulose can include cotton or other rags, wood pulp, paper
      boxes, or mixtures thereof in any proportion. Asbestos is the most
      commonly used mineral fiber. In addition, water resistant and
      strengthening impregnants as well as size coats may be utilized to improve
      the quality and performance of the backing web.
PAR  Blowing agents are well known in the art and the particular blowing agent
      selected usually depends on such matters as cost, resin and density
      desired. While many compounds decompose by giving off a gas, only a
      relatively few are produced commercially in quantity. Complex organic
      compounds which, when heated, decompose to yield an inert gas and have
      residues which are compatible with the resin are preferred as blowing
      agents. Such materials have the property of decomposition over a narrow
      temperature range which is paraticularly desirable to obtain a good foam
      structure.
PAR  Typical types of blowing agent which can be mentioned include substituted
      nitroso compounds
      ##EQU1##
      substituted hydrazides (RSO.sub.2 NHNHR'), substituted azo compounds
      (R--N=N--R'), acid azides (R--CON.sub.3), guanyl compounds
      ##EQU2##
      and the like wherein R and R' are hydrogen or hydrocarbon groups usually
      containing from one to ten carbon atoms.
PAR  The blowing agents which have found the most widespread use are those
      compounds having the &gt;N--N&lt; or --N=N-- linkages which decompose at
      elevated temperatures to yield an inert gas high in nitrogen. These
      compounds have the general formula
      ##EQU3##
      wherein a, b, c, and d are hydrocarbon groups preferably containing up to
      ten carbon atoms, or hydrogen with at least one of the groups being a
      hydrocarbon group. Many of these hydrocarbon groups contain additional
      nitrogen groups such as hydrazide, amido, nitro, nitrile and the like.
PAR  Typical blowing agents with their decomposition temperature ranges are
      shown in Table 1:
TBL                TABLE 1                                                     
     ______________________________________                                    
                              Decomposition                                    
                              Temperature,                                     
     Blowing Agent            .degree.F.                                       
     ______________________________________                                    
     OO                                                                        
     .parallel..parallel.                                                      
     AxodicarbonamideNH.sub.2 CN=N--C--NH.sub.2                                
                              325 - 400                                        
     p,p'-Oxybis (benzene sulfonyl hydrazide)                                  
                              300 - 340                                        
     p,p'-Oxybis (benzene sulfonyl semicarbazide)                              
                              390 - 425                                        
     Azobisisobutyronitrile   215 - 250                                        
     N,N'-dimethyl-N,N'-dinitrosoterephthalamide                               
                              190 - 220                                        
     Diazoaminobenzene        212 - 266                                        
     ______________________________________                                    
PAR  Additional blowing agents which can be mentioned are
      N,N'-dinitrosopentamethylenetetramine, aminoguanidine bicarbonate,
      p,p'-thiobis (benzene sulphonhydrazide) p,p'-diphenylmethane
      disulphonhydrazide, benzene m-disulphonhydrazide, benzene
      sulphonhydrazide, terephthalazide, benzazide, p-tert-butyl benzazide,
      phthalazide, isophthalazide, 1,3-diphenyltriazene,
      azohexahydrobenzonitrile, azo dicarboxylic acid diethyl ester,
      naphthalene-1,5-disulfonyl hydrazide and biuret.
PAR  Blowing agents for use in the invention must be decomposed an effective
      amount at a temperature below the decomposition temperature of the resin
      used. The preferred blowing agents are those that decompose above the
      elastomeric point of the resin composition since this enables at least
      partial gelling of the foamable coating so that a design can readily be
      printed on its surface. Such blowing agent usually decomposes above
      200.degree.F. As an illustration, with the preferred vinyl chloride
      polymers, a blowing agent decomposing between about 300.degree. and about
      450.degree.F. can be used. The minimum initial decomposition temperature
      must be sufficiently high to prevent premature gas evolution occurring
      during processing. In some instances, a combination of blowing agents can
      be used to advantage.
PAR  It is a common practice to add accelerators or catalysts to the composition
      to accelerate the decomposition of the blowing agents, reduce the
      decomposition temperature and/or narrow the decomposition temperature
      range. Common accelerators are various metal salts including lead, zinc,
      cadmium, barium, calcium, nickel, aluminum, magnesium and tin salts. These
      agents can also serve as stabilizers for the composition. In the
      specification and claims, the term "blowing agent" is intended to include
      not only the blowing agent itself, but also the combination of a blowing
      agent with an accelerator.
PAR  The foamable composition is formed into a film of the desired thickness and
      then heated to gel the composition to give a good printing surface for the
      application of the flocking adhesive. In this specification and claims,
      the term "gel" includes both the partial (at least the elastomeric point)
      and complete solvation of the resin or resins with the plasticizer
      (fused). The heating is limited as to the time and temperature to prevent
      the decomposition of the blowing agent in the composition. When using the
      preferred polyvinyl chloride composition, the temperature of the
      composition is preferably raised to about 240.degree. to about
      275.degree.F. Generally, the actual oven temperature would be a slightly
      higher temperature to have the composition reach the desired temperature.
      If the foamable composition is to be formed into a self-supporting film,
      then the temperature would conventionally be high enough to fuse the
      composition.
PAR  The degree of foaming of a typical plastisol formulation using different
      concentrations of blowing agent is shown in Table 2:
TBL                TABLE 2                                                     
     ______________________________________                                    
     Parts Azodicar-                                                           
                 Ratio of Foam                                                 
     bonamide per 100                                                          
                 Thickness to   Density                                        
     parts resin Original Thickness                                            
                                (lbs.per cu.ft.)                               
     ______________________________________                                    
     0.0         1/1            80                                             
     0.1         1.33/1         60                                             
     0.5         2/1            40                                             
     1.0         3/1            27                                             
     2.0         4.5/1          17.5                                           
     3.0         6.5/1          12.3                                           
     5.0         9.3/1           8.6                                           
     ______________________________________                                    
PAR  It has been found that density of from about 10 to 30 pounds per cubic foot
      produces the most useful products.
PAR  Table 3 gives the preferred temperature and time relationship using the
      preferred polyvinyl chloride resin:
TBL                TABLE 3                                                     
     ______________________________________                                    
                             Oven                                              
                  Resin      Temperature                                       
                                        Exposure                               
                  Temperature                                                  
                             (.degree.F.)Circu-                                
                                        Time                                   
     Film Condition                                                            
                  (.degree.F.)                                                 
                             lating Air (seconds)                              
     ______________________________________                                    
     Elastomeric point                                                         
                  240 - 300  250 -400   10 - 200                               
     Fused        340 - 375  350 - 450  60 - 240                               
     Blown        340 - 400  350 - 450  60 - 240                               
     ______________________________________                                    
      0.014 inch plastisol on 0.25 inch cellulosic felt base impregnated with 9
      percent vinyl acetate and 30 petroleum hydrocarbon. The sample was       
      supported on a wire screen in the oven.                                  
PAR  The time required to reach the elastomeric point will depend in part on the
      film thickness and particular base as shown in table 4:
TBL                TABLE 4                                                     
     ______________________________________                                    
                Film Thickness   Time/Temperature                              
     Base:      (inch)           (seconds/.degree. F.)                         
     ______________________________________                                    
     A.sup.1    0.008            45/300                                        
     A.sup.1    0.014            69/300                                        
     B.sup.2    0.014            90/300                                        
     ______________________________________                                    
      .sup.1 A cellulosic felt of 0.025 inch thickness impregnated with 25     
      percent vinyl acetate homopolymer.                                       
      .sup.2 A cellulosic felt of 0.043 inch thickness containing 5 percent of 
      cured ureaformaldehyde resin and 25 percent of butadiene-acrylonitrile   
      polymer.                                                                 
PAR  While the foamable composition is descirbed as being applied as a coating
      to the base, it is apparent that this composition can also be applied as a
      preformed sheet or the composition can be molded, extruded, calendered or
      otherwise formed into any desired shape depending on the ultimate use of
      the product.
PAR  All mechanical and chemical embossing techniques known to those skilled in
      the art are available for use in preparing the novel products of this
      invention. Mechanical embossing of resinous composition sheets is
      conventionally accomplished with and embossing roll or plate which has
      been engraved or otherwise treated to create the design desired in raised
      relief on its surface. The sheet and/or embossing surface is heated and
      the design pressed into the heat-softened sheet.
PAR  Another embossing procedure which is mechanical in nature is disclosed in
      U.S. Pat. No. 2,943,949 which issued to Robert K. Petry on June 5, 1960.
      In this patent, a web is embossed with a design, a resinous layer
      containing a blowing agent is applied to the surface of the embossed web
      to form a relatively smooth layer and then the foamable composition is
      heated to decompose the blowing agent and fuse the composition. Since a
      greater thickness of foamable composition is present in the area over the
      depressions in the web, the surface of the sheet is raised at these points
      to give a reverse image of the embossings.
PAR  A typical chemical embossing technique is disclosed in U.S. Pat. No.
      2,961,332 which issued to R. Frank Nairn on Nov. 22, 1960. In accordance
      with this patent, a layer of foamable resinous composition is formed on a
      base by printing a number of different resinous compositions each
      containing its own amount or type of blowing agent. The layer is then
      heated to decompose the blowing agent and fuse the composition. The
      product has an irregular or textured surface conforming to the amount or
      type of blowing agent in the various printed compositions. Another method
      is disclosed in U.S. Pat. No. 2,964,799 which issued to P. E. Roggi et al.
      on Dec. 20, 1960. According to this patent, a foamable resinous
      composition is formed into a selfsupporting sheet of fused composition.
      Heat is then applied to the foamable composition sheet at various points
      to cause the blowing agent at those points to decompose and form a
      cellular structure. The raised areas in the finished sheet correspond to
      the points of heat application. U.S. Pat. No. 2,825,282 which issued to J.
      B. Gergen et al., on Mar. 4, 1958,  discloses a related method. In
      accordance with this latter patent, a foamable composition is formed into
      a sheet and then printed with inks containing radiant energy-absorbing
      pigments. On exposure of the sheet to radiant energy, the blowing agent in
      contact with the pigments receives more intense heat and, therefore, will
      decompose and form cellular foam without affecting the unprinted portions
      of the sheet.
PAR  An additional embossing technique is disclosed in U.S. Pat. Nos. 3,293,094
      and 3,293,108, issued to R. Frank Nairn et al. on Dec. 30, 1966. In this
      procedure, the decomposition temperature of a chemical blowing agent is
      controlled by applying an inhibitor to the surface of the composition. The
      subsequent application of heat to the composition selectively decomposes
      the blowing agent, thereby resulting in the formation of either depressed
      or raised areas in the final product at the points of inhibitor
      application.
PAR  The inhibitor for the blowing agent is applied to one surface of the
      resinous polymer composition in any desired design. The inhibitor is
      preferably applied in a liquid carrier which allows better control of the
      concentration of inhibitor applied. If the inhibitor is not soluble in the
      carrier, it can be dispersed with the carrier in the conventional
      paint-making technique to produce a fine dispersion. One of the easiest
      methods of applying the inhibitor-containing composition is by utilizing
      any of the conventional printing techniques such as silk screen, offset or
      direct rotogravure printing. As previously indicated, the inhibitor
      composition can be transparent or pigmented. It is conveniently formulated
      in the manner of a printing ink. Such compositions usually contain a
      carrier for the pigment, such as a vinyl resin, and, in some cases, a
      plasticizer for the resin to give good adhesion to the printing surface.
      The inhibitor for the blowing agent is an agent which alters the
      decomposition temperature of the blowing agent in the area of the foamable
      composition where it is deposited. By varying the concentration of the
      inhibitor, the thickness of its application or its penetration (solubility
      or diffusibility) rate into the foamable composition, the degree of
      suppression of the decomposition of the blowing agent can be controlled to
      produce foam layers of various heights or thicknesses.
PAR  The choice of an inhibitor of the blowing agent will depend on a number of
      factors. The most important are the particular blowing agent utilized in
      the system, the stabilizer and plasticizer in the composition and the
      fusion and decomposition temperature of the resin. As a general rule, it
      is desired to have at least 20.degree.F. difference between the
      temperature at which the blowing agent will decompose and that at which
      the inhibited blowing agent will decompose. If a blowing agent is utilized
      that decomposes below the gel temperature of the composition, the
      inhibitor can be applied to the base and then the foamable composition
      applied over the inhibitor. Alternatively, the inhibitor can be applied to
      the surface of the viscous foamable coating prior to heating.
PAR  The chemical composition of blowing agents varies widely and, therefore,
      the type of compound utilized as an inhibitor will vary. Compounds which
      have been found to be effective as inhibitors to alter the decomposition
      temperatures for blowing agents which contains the --N=N-- or &gt;N--N&lt;
      linkages are the following groups: organic acids, organic acid halides,
      organic acid anhydrides, polyhydroxy alcohols, carbohydrates, amines,
      amides, oximes, mercaptans, sulfides, sulfones, sulfoxides, sulfonic
      acids, sulfonyl halides, sulfonamides, sulfimides, isocyanates,
      polyketones, polyaldehydes, phosphates and phosphites.
PAR  The amount of material utilized in the ink will determine in large measure
      the degree of foam inhibition. Particularly good results have been
      obtained with from 5 to about 75 percent of the inhibitor. The inhibiting
      action of some of the agents is greatly increased if a resinous coating is
      placed over the inhibitor prior to decomposition of the blowing agent.
      Apparently, the coating prevents the evaporation or decomposition of the
      inhibitor by the high heat.
PAR  The flocking operation which is utilized in preparing our novel products
      initially involves applying a flocking adhesive to the surface of the
      foamed composition. In applying the adhesive, it is essential that its
      areas of application correspond exactly with either the depressed areas of
      the resinous composition or with the surface areas that will be depressed
      during the subsequent embossing operation. Thus, for example, where the
      embossed effect is achieved by application of an inhibitor, the adhesive
      will be applied over the same areas as the inhibitor-containing printing
      composition. Printing techniques such as silk screen, offset or direct
      rotogravure printing are particularly desirable for this type of
      application. In this manner, the flocking in the final product is in exact
      register with the embossed areas and is embedded below the plane of the
      base to insure greater durability and permanence.
PAR  All flocking adhesives which are known to those skilled in the art may be
      utilized in the flocking operation. Included among such adhesives are;
      acrylic latex, vinyl latex, elastomer solution and plastisol adhesives.
      The following examples represent typical flocking adhesive formulations:
TBL                             Parts                                          
     Acrylic Latex Adhesive     By Weight                                      
     ______________________________________                                    
       Self-crosslinking acrylic latex                                         
                                100                                            
       Thickening agent         2                                              
       Catalyst                 1                                              
     Vinyl Latex Adhesive                                                      
       Polyvinyl chloride latex 100                                            
       Thermosetting resin       17                                            
       Thickener                4                                              
     Elastomer Solution Adhesive                                               
       Fully reacted polyurethane solution                                     
                                10-20                                          
       Solvent                  90-80                                          
     Plastisol Adhesive                                                        
       Polyvinyl chloride resin 100                                            
       Plasticizer               60-100                                        
       Stabilizer               1-5                                            
       Thickener                0-3                                            
     ______________________________________                                    
PAR  The thickness in which the adhesive is applied depends, to a great extent,
      on the flock length. Table 5 gives the preferred adhesive thickness and
      flock length relationship which will insure adequate adhesion.
TBL                TABLE 5                                                     
     ______________________________________                                    
     Adhesive Thickness    Flock Length                                        
     (Inches)              (Inches)                                            
     ______________________________________                                    
     0.002 - 0.005         0.020 (0.5 mm)                                      
     0.005 - 0.010         0.040 (1.0 mm)                                      
     0.010 - 0.015         0.080 (2.0 mm)                                      
     0.015 - 0.025         0.120 (3.0 mm)                                      
     0.025 - 0.040         0.160 (4.0 mm)                                      
     ______________________________________                                    
PAR  "Flock" is defined as short fibrous particles. The fibers may be prepared
      from such natural materials as wool, linen and cotton as well as from
      synthetic materials such as viscose rayon, cellulose acetates, polyesters,
      polyamides polyethylene, polypropylene, vinyl polymers, and acrylonitrile
      polymers. The fibers can be precision cut to exact length or chopped to
      random length. The flock is applied to the adhesive layer by means of
      either a spray, a mechanical, or an electrostatic flocking technique. The
      spray method uses compressed air to bring the fibers into contact with the
      adhesive. In mechanical flocking the reverse side of the adhesive coated
      substrate is beaten by multi-sided bars known as beater bars. As the flock
      is sifted onto the adhesive coating, the vibrations set up by the beater
      bars fluidize the flock causing it to flow over the surface of the
      substrate. Initially, the fibers fall on the adhesive in random
      orientation. The vibration is able to stand erect those fibers that do not
      land flat against the adhesive. Once erect and vibrated, the fibers have
      an increased tendency to penetrate fully in the adhesive. As the number of
      erect fibers increases, the free fibers tend to align themselves with the
      erect cover and work down to the adhesive under the vibrating action.
      Thereafter the amount of oriented fibers embedded in the adhesive greatly
      increases and the flock density builds up rapidly.
PAR  With electrostatic flocking the lines of force of an electrostatic field
      are used to propel and guide the fibers in their flight from the hopper to
      the adhesive coated substrate. This longitudinal alignment in flight
      causes the fibers to impinge on the adhesive in an end-on or erect
      position.
PAR  The sequence of steps which may be utilized in preparinng the novel
      products of this invention may vary although consideration should be given
      in making the determination to the components of the system as well as to
      the nature of the embossing technique to which the resinous composition
      will be subjected. In all instances, the procedure will be initiated by
      applying a layer of a first resinous composition containing a blowing
      agent to a base and heating the coating to at least partially gel the
      composition without decomposing the blowing agent.
PAR  In those instances where a mechanical embossing technique is utilized, the
      procedure may continue with the heating of the foamable composition in
      order to decompose the blowing agent and form a raised, cellular foam
      composition. The foamed composition is subjected to the selected
      mechanical embossing technique whereupon the flocking operation is
      initiated by the application of the flocking adhesive to the embossed
      areas of the composition. Flocking and heating to dry the adhesive
      complete this procedural sequence. On the other hand, a sequence may be
      used which consists of first flocking the gelled plastisol, thereafter
      mechanically embossing it, and finally heating it to form the raised
      cellular foam composition. This sequence has the advantage of not
      requiring the application of adhesives into the depressed areas and
      thereby avoiding possible contamination of the balance of the sheet.
PAR  In a chemical embossing technique, the gelled foamable composition is first
      selectively coated with the material that will cause the height
      differential on the surface of the resulting product. Thus, for example, a
      composition containing an inhibitor which will alter the decomposition
      temperature of the blowing agent is printed or otherwise applied to
      designated sections of the surface of the gelled composition. Thereafter,
      the procedure may follow the sequence which proceeds by heating to
      decompose the blowing agent and form the embossed surface, and,
      thereafter, by conducting the flocking operation in the depressed areas of
      the foamed composition.
PAR  As an alternative to this procedure, the flocking adhesive may be applied
      to those surface areas which have been coated with the embossing chemical
      and the flock adhered thereto prior to the decomposition of the blowing
      agent in the non-printed areas. The subsequent decomposition of the
      blowing agent results in the expansion of the non-printed areas and the
      corresponding imbedding of the flock in the embossed areas of the product.
      The application of the flock, prior to blowing, aids in the embossing
      operation since it acts as an insulator and thereby reduces the
      temperature in the non-expanding flocked areas.
PAR  As a further alternative, the embossing chemical may be incorporated in the
      flocking adhesive. Thus, for example, such inhibitors as trimellitic
      anhydride and benzotriazole are soluble in and compatible with a solution
      of a fully reacted polyurethane adhesive while benzotriazole and
      thioacetamide may be incorporated in plastisol adhesives. This procedure
      insures that the adhesive and embossing chemical are applied to identical
      sections of the surface of the foamable composition, and that the embossed
      and flocked areas, in the final product will be in exact register.
PAR  Decomposition of the blowing agent is accomplished by heating the system to
      a sufficiently high temperature which also serves to fuse the resin by
      completely solvating the resin with the plasticizer. The temperature of
      the entire mass of composition upon the backing must attain the fusion
      temperature of the resin in order to obtain a product of maximum strength.
      Using the preferred vinyl resin, fusion is attained at a temperature of
      about 300.degree. to about 375.degree.F. In addition, the entire mass of
      foamable composition must be heated to a point where the blowing agent is
      decomposed. When the preferred high temperature blowing agent is used,
      foaming does not occur until the resinous composition has been fused. The
      heating must be carried out, however, at a temperature which allows
      decomposition of the blowing agent only in the areas desired.
PAR  Since the nature of the final product demands the retention of the gas that
      is generated in order to produce the cellular foam sections, the
      temperature to which the assembly is exposed and the duration of the
      exposure period must be selected so as to insure that latter result. Thus,
      the resinous material must exhibit a melt viscosity, at the selected
      temperature, which is sufficient to retain the evolved gas. Furthermore,
      heating must not be prolonged to the extent that the melt viscosity is
      sufficiently changed to allow the escape of the gas. Temperature
      considerations are also relevant to the vinyl resin, the flocking adhesive
      and the fibers. For example, heating should not be continued to the extent
      that degradation occurs in the non-flocked vinyl areas or in the adhesive
      itself. Excessive heating should also be avoided inasmuch as it may tend
      to discolor or melt the fibers.
PAR  If volatile components are used in the compositions, care must be taken
      that they are essentially completely removed from the film prior to
      fusion. This can be accomplished by heating the composition at a
      temperature substantially below the fusion temperature and minimum
      decomposition temperature of the blowing agent for sufficient time to
      remove the volatile material. For example, if a hydrocarbon solvent
      fraction (boiling point up to 350.degree.F.) is used, heating at
      200.degree. - 250.degree. F. for 5 minutes will remove sufficient material
      so that fusion and blowing at 400.degree.F. can be accomplished with good
      cell structure and freedom from blisters.
PAR  Heating in order to effect fusion and foaming can be brought about in a
      forced hot air oven; however, other types of heating can be used. For
      example, the product can be passed beneath radiant heating elements;
      alternately, dielectric heating can be used.
PAR  The foamed, fused and flocked product after leaving the heating oven is
      permitted to cool. Cooling is particularly important since any premature
      handling of the product immediately after foaming might cause partial
      collapse and distortion of the foam structure. Cooling can be brought
      about by mere exposure of the product to the atmosphere; thus, the speed
      of motion of the backing along the processing apparatus and the spacing
      between the fusion oven and the end of the apparatus can be adjusted so
      that the product is given sufficient time to cool. Alternately, cooling
      can be accelerated by blowing jets of cooled air upon the fused and foamed
      composition, or by utilizing cooling rolls. After being cooled, the
      product is withdrawn from the processing apparatus.
PAR  As previously indicated, a second layer of resinous composition, i.e. a
      wear layer, can be applied to the product either before or after the
      embossing operation. The resins which may be utilized in the wear layer
      can be the same or different composition from the first resinous layer. If
      different compositions are used which are not readily compatible, an
      adhesive layer can be applied before the wear layer. Polymers of vinyl
      chloride have been found particularly effective in the formulation of the
      wear layer. Furthermore, the heat and light stabilizers previously
      described are also applicable for inclusion in the wear layer composition.
      The thickness of the wear layer will depend on how much wear is desired in
      the final product. As a general rule, a coating of from about 2 to 25 mils
      is sufficient to give the product good wearing qualitites.
PAR  The resulting embossed products of this invention can be used in the form
      of a sheet as produced or can be cut into tiles or other appropriate
      shapes depending on the particular use to which the product is to be put.
      Products produced in accordance with the invention have the
      characteristics of excellent resilience, hand, feel and drape depending in
      part on the thickness of the foam layer. They are also characterized by
      having the flocked areas in perfect register with either a predetermined
      or random printed design. Still further, the products of the invention
      have good heat insulating properties by virtue of the layer of foamed
      composition and the flocked pile on the surface of the product and thus
      are warmer in winter than conventional resinous surface coverings.
PAR  The following examples will further illustrate the embodiment of this
      invention. In these examples, all parts given are by weight unless
      otherwise noted.
PAC  EXAMPLE I
PAR  This example illustrates the preparation of a flocked, resinous composition
      typical of the products of this invention.
PAR  A 0.030 inch thick asbestos sheet backing was coated, in a wet thickness of
      0.020 inch, with the following foamable plastisol:
TBL                             Parts                                          
     ______________________________________                                    
     Polyvinyl chloride (low molecular weight)                                 
                                  50                                           
     Polyvinyl chloride (high molecular weight)                                
                                  50                                           
     Dibasic lead phosphate       1.5                                          
     Azodicarbonamide             2.5                                          
     Titanium dioxide             5                                            
     Butyl benzoyl phthalate      55                                           
     Dodecyl benzene              10                                           
     ______________________________________                                    
PAR  The foamable plastisol was heated to a temperature of about 300.degree.F.
      for a period of 3 minutes in order to gel the composition and the gelled
      composition was then cooled.
PAR  Thereafter, the following embossing composition was applied, at a wet
      application thickness of 0.004 inch to designated sections of the gelled
      plastisol by means of a paper stencil.
TBL  ______________________________________                                    
                                Parts                                          
     ______________________________________                                    
     A 15%, by weight, methyl ethyl ketone solution                            
                                  20.0                                         
     of a 90:10 vinyl chloride: vinyl acetate copolymer                        
     Methyl ethyl ketone          4.0                                          
     Dioctyl phthalate            3.0                                          
     A 65%, by weight, titanium dioxide paste                                  
                                  8.0                                          
     Trimellitic anhydride        5.0                                          
     ______________________________________                                    
PAR  The embossing composition was air dried for 15 minutes and the entire
      assembly heated to a temperature of 300.degree.F. for a period of 4
      minutes in order to effect penetration of the embossing composition.
PAR  The following plastisol adhesive composition was then applied, in a dry
      application thickness of 0.020 inch, to the identical sections of the
      gelled plastisol that has been coated with the embossing composition.
TBL  ______________________________________                                    
                                Parts                                          
     ______________________________________                                    
     Vinyl chloride - vinyl acetate copolymer resin                            
                                  60                                           
     (dispersion grade - inherent viscosity 1.13)                              
     Vinyl chloride blending resin (suspension grade -                         
                                  40                                           
     inherent viscosity 0.83)                                                  
     Butyl benzyl phthalate       60                                           
     Epoxy tallate plasticizer     5                                           
     Calcium - zinc stabilizer     3                                           
     Pigment                       1                                           
     ______________________________________                                    
PAR  Green nylon flock, 4 millimeters in length, was imbedded in the adhesive by
      means of a beater bar technique. The flocked assembly was then heated at
      400.degree.F. for a period of 41/2 minutes in order to fuse the resinous
      composition and decompose the blowing agent to form elevated cellular
      sections in the non-printed areas of the resinous layer.
PAR  The resulting product had a textured surface with the ratio of foam
      thickness to original thickness being approximately 3:1, the raised areas
      representing those sections which were not printed with the
      inhibitor-containing embossing composition. The nylon flock was firmly
      imbedded in the depressed areas of the product while the top of the flock
      pile extended above the level of the raised sections. The combination of
      the flocked areas and the smooth raised areas provided a unique and highly
      attractive surface covering.
PAC  EXAMPLE II
PAR  The procedure described in Example I, hereinabove, was repeated with the
      exception that the following embossing compositions were respectively
      applied to 0.020 inch, 0.030 inch and 0.040 inch thick coatings of the
      plastisol composition:
TBL                              Parts                                         
                                 No. 2                                         
                                      No. 3                                    
     __________________________________________________________________________
     A 15%, by weight, methyl ethyl ketone solution of a                       
                                 20.0 20.0                                     
     90:10 vinyl chloride: vinyl acetate copolymer                             
     Methyl ethyl ketone         4.0  4.0                                      
     Dioctyl phthalate           3.0  3.0                                      
     A 65%, by weight, titanium dioxide paste                                  
                                 8.0  8.0                                      
     2,3 naphthalenediol         5.0  --                                       
     Dichloroisocyanuric acid    --   5.0                                      
     __________________________________________________________________________
PAR  In each instance, the characteristics and appearance of the resulting
      product were comparable to those of the product prepared in Example I. The
      ratio of foam thickness to original thickness in these products ranged
      from about 2:1 to 4:1.
PAC  EXAMPLE III
PAR  The procedure described in Example I, hereinabove, was repeated with the
      exception that subsequent to the application of the embossing composition,
      the following plastisol, wear layer composition was coated on the surface
      of the assembly to form a uniform clear coating of about 0.006 inch in
      thickness.
TBL  ______________________________________                                    
                               Parts                                           
     ______________________________________                                    
     Polyvinyl chloride (specific viscosity 0.50)                              
                                 100                                           
     Butyl benzyl phthalate      34.2                                          
     Dodecyl benzene             12                                            
     2,2-dimethyl-1,4-pentanediol isobutyrate                                  
                                 7                                             
     Epoxidized esterified tallate                                             
                                 5                                             
     Stabilizer                  3                                             
     Viscosity depressant        1.26                                          
     ______________________________________                                    
PAR  The wear layer was then gelled by being heated at an oven temperature of
      300.degree.F. for a period of 3 minutes.
PAR  In addition to the properties described in Example 1, the resulting product
      exhibited excellent resistance to wear, staining and chemical attack.
PAC  EXAMPLE IV
PAR  The procedure described in Example I, hereinabove, was repeated with the
      exception that (1) 0.5 millimeter long blue nylon flock utilized in
      conjunction with a 0.0025 inch adhesive thickness and (2) 1.5 millimeter
      long green nylon flock utilized in conjunction with a 0.01 inch adhesive
      thickness were, respectively, substituted for the longer flock and thicker
      adhesive coating utilized therein, and (3) the flock was imbedded in the
      adhesive by means of an electrostatic technique. The properties of the
      resulting products were comparable to those of the product prepared in
      Example I with the exception that the 0.5 millimeter nylon flock did not
      extend above the level of the expanded sections.
PAC  EXAMPLE V
PAR  This example illustrates the use of a mechanical embossing technique in
      preparing the novel product of this invention.
PAR  The gelled foamable plastisol composition described in Example I,
      hereinabove, was heated at a temperature of 400.degree.F. for a period of
      41/2 minutes in order to decompose the blowing agent and thereby form a
      cellular foam product. Thereafter, the sheet was cooled to a temperature
      of 300.degree.-350.degree.F. and an engraved embossing roll, maintained at
      a temperature below 200.degree.F., was pressed into the heat-softened
      sheet in order to impart an embossed effect thereto.
PAR  The depressed areas were then coated with a 0.005 inch layer of the
      flocking adhesive set forth in Example I and 0.5 millimeter blue nylon
      flock imbedded therein by means of a spray technique. The properties of
      the resulting product were comparable to those of the product prepared in
      Example I with the exception that the nylon flock did not extend above the
      level of the expanded sections.
PAC  EXAMPLE VI
PAR  Designated sections of the gelled foamable plastisol composition described
      in Example I, hereinabove, were coated with the following flocking
      adhesive which, in this instance, contained the foaming inhibitor as an
      integral component. The adhesive was applied in a wet application
      thickness of 0.020 inch by means of a silk screen technique.
TBL  ______________________________________                                    
                               Parts                                           
     ______________________________________                                    
     Fully reacted polyurethane resin                                          
                                 25                                            
     Trimellitic anhydride       20                                            
     Dimethyl formamide          75                                            
     Methyl ethyl ketone         80                                            
     ______________________________________                                    
PAR  The flocking and blowing procedures described in Example I were then
      conducted on the resulting assembly.
PAR  The characteristics of the resulting product were comparable to those of
      the product prepared in Example I. Furthermore, the embossing and the
      flock areas were in exact register. This combination of flocking and
      embossing provided a unique and highly attractive product.
PAR  Additional products exhibiting both smooth and flocked sections may be
      prepared in the manner previously described, by utilizing any of the
      foamable plastisol compositions and inhibitor-containing printing
      compositions disclosed in U.S. Pat. NO. 3,293,108, issued Dec. 30, 1966,
      and said disclosure is to be deemed fully incorporated herein.
PAR  Summarizing, it is seen that this invention provides for the preparation of
      unique and decorative surface coverings. Variations may be made in
      proportions, procedures and materials without departing from the scope of
      this invention which is defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for producing a vinyl resinous laminated assembly
      containing a plurality of raised cellular areas on the surface thereof and
      a plurality of fibrous areas adjacent to said raised areas, useful as a
      covering, said process comprising the basic steps of:
PA1  1. incorporating a blowing agent into said resinous material;
PA1  2.
NUM  2.
PAR  2. forming said resinous material into a layer; the improvement comprising
PA1  3. applying to portions of said formed layer an adhesive composition
      containing an inhibitor for said blowing agent, which inhibitor is capable
      of penetrating into said resinous material and altering the decomposition
      temperature of said blowing agent;
PA1  4. and imbedding ornamental flock particles into said inhibitor-containing
      adhesive composition; and thereafter
PA1  5. heating the resulting assembly to effect the inhibition reaction and to
      decompose the blowing agent and fuse the composition so as to cause
      expansion at the sites of decomposition and the formation of contrasting
      thicknesses on the surface thereof, said flock particles being imbedded
      end-on in the non-expanded areas of said resinous assembly, said expansion
PAR   being controlled substantially to match the height of said flock. 2. The
      process of claim 1, wherein said resinous material is a polymer of vinyl
      chloride.
NUM  3.
PAR  3. The process of claim 1, wherein said blowing agent is selected from the
      group consisting of substituted nitroso compounds, substituted hydrazides,
      substituted azo compounds, acid azides and guanyl compounds.
NUM  4.
PAR  4. The process of claim 3, wherein said blowing agent decomposes above
      about 200.degree.F.
NUM  5.
PAR  5. The process of claim 4, wherein said blowing agent is azodicarbonamide.
NUM  6.
PAR  6. The process of claim 3, wherein said blowing agent contains an
      accelerator therefor.
NUM  7.
PAR  7. The process of claim 1, wherein said adhesive composition is selected
      from the group consisting of acrylic latex, vinyl latex, elastomer
      solution and plastisol adhesives.
NUM  8.
PAR  8. The process of claim 7, wherein said adhesive composition is applied in
      a thickness ranging from about 0.002 to 0.040 inch.
NUM  9.
PAR  9. The process of claim 1, wherein said inhibitor is selected from the
      group consisting of organic acids, organic acid halides, organic acid
      anhydrides, polyhydroxy alcohols, carbohydrates, amines, amides, oximes,
      mercaptans, sulfides, sulfones, sulfoxides, sulfonic acids, sulfonyl
      halides, sulfonamides, sulfimides, isocyanates, polyketones,
      polyaldehydes, phosphates, and phosphites.
NUM  10.
PAR  10. The process of claim 9, wherein said inhibitor is trimellitic
      anhydride.
NUM  11.
PAR  11. The process of claim 1, wherein said resinous material is heated in
      order to at least partially fuse said resinous material prior to the
      application of said inhibitor-containing adhesive composition.
NUM  12.
PAR  12. The process of claim 1, wherein said inhibitor-containing adhesive
      composition is applied to said resinous material in the form of a design.
NUM  13.
PAR  13. The process of claim 1, wherein a resinous material wear layer is
      coated on the surface of said resinous layer prior to the application of
      said inhibitor-containing adhesive composition thereon.
NUM  14.
PAR  14. The process of claim 13, wherein said resinous material in said wear
      layer is a polymer of vinyl chloride.
NUM  15.
PAR  15. The process of claim 1, wherein said resinous assembly is prepared on a
      backing web.
NUM  16.
PAR  16. The process of claim 15, wherein said backing web is asbestos sheeting.
NUM  17.
PAR  17. The process of claim 1, wherein said fibrous particles are imbedded
      into said inhibitor-containing adhesive composition by means of a spray
      technique.
NUM  18.
PAR  18. The process of claim 1, wherein said fibrous particles are imbedded
      into said inhibitor-containing adhesive composition by means of a
      mechanical beater bar technique.
NUM  19.
PAR  19. The process of claim 1, wherein said fibrous particles are imbedded
      into said inhibitor-containing adhesive composition by means of a
      electrostatic technique.
NUM  20.
PAR  20. In a process for producing a resinous laminated assembly on a base,
      said assembly containing a plurality of raised cellular areas on the
      surface thereof and a plurallity of fibrous areas adjacent to said raised
      areas, useful as a covering, said process comprising the steps of:
PA1  1. incorporating azodicarbonamide into a plasticized vinyl chloride polymer
      composition;
PA1  2. forming the resulting vinyl chloride polymer composition into a layer;
PA1  3. the improvement comprising
PA2  applying to portions of said formed layer an inhibitor-containing elastomer
      solution adhesive comprising fully reacted polyurethane solution,
      trimellitic anhydride and solvent therefor, said trimellitic anhydride
      being capable of penetrating into said vinyl chloride polymer composition
      and altering the decomposition temperature of said azodicarbonamide;
PA1  4. and imbedding nylon fibrous particles into said inhibitor-containing
      adhesive composition by means of a mechanical beater bar technique, and
      thereafter
PA1  5. heating the resulting assembly to effect the
      azodicarbonamide-trimellitic anhydride inhibition reaction and thereafter,
      to decompose the azodicarbonamide so as to cause expansion at the sites of
      decomposition and the formation of contrasting thickness on the surface
      thereof, said nylon fibrous particles being imbedded end-on in the
      non-expanded areas of said resinous assembly.
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ABST
PAL  Optical wedge filter comprising a coloured gelatine layer on a flexible
      transparent support and a flexible transparent covering foil bonded the
      gelatine layer wherein the thickness of the coloured gelatine layer
      increases stepwise or continuously.
PARN
PAR  This application is a division of copending application Ser. No. 290,548,
      filed Sept. 20, 1972, entitled "Optical Filter" now abandoned.
BSUM
PAR  Optical filter discs of coloured gelatine, with either constant density or
      areas of differing density, such as stepped filters or filters with
      continuously variable density, have been known for a long time.
PAR  Stepped filters or filters with continuously variable density are used in
      exposure-regulating devices for photographic cameras. For example, in a
      camera where the light is measured through the lens, the stepped filter is
      swung into position to lie at a variable distance in front of the light
      measuring element of the exposure control, depending on the sensitivity of
      the photographic material.
PAR  A further use for such filters is in the adjustment of the aperture values
      in cameras used for narrow-gauge films. The filters preferably used for
      this purpose are those with continuously variable density. In these
      narrow-gauge film cameras, the iris-diaphragm can only be constricted to a
      limited extent before diffraction phenomena occur. Further reduction in
      the light entering the camera is then achieved by swinging a continuously
      variable density filter in front of the aperture to the appropriate depth
      after the aperture has been adjusted to its smallest value.
PAR  Stepped filters, filters with continuously variable density and maximum
      filters of coloured gelatine are used for colouring the copying light used
      for automatic photographic printers.
PAR  In the conventional processes for the production of the filters, the
      gelatine solution is coloured appropriately and hardener is added; the
      amount of hardener which can be added is limited because the casting
      solution must remain workable for a sufficient length of time for the
      production of the filter and the dye must not be subjected to any change
      (discolouration) by the hardener. Due to these restrictions, the amount of
      hardener added is insufficient and the gelatine filters obtained are only
      incompletely hardened.
PAR  The gelatine is poured onto a glass plate which has been covered with a
      separating layer, and a form is pressed over it to vary the thickness of
      the filter layer and produce the required density variation in the filter.
      When the gelatine has cooled this form can be removed.
PAR  In the production of wedge or stepped filters, the mechanical stability of
      the filters is improved by pouring a layer of transparent gelatine over
      the first layer of gelatine before the first layer has hardened so that a
      plane parallel, partially hardened filter is obtained after removal from
      the glass plate.
PAR  The partially hardened gelatine filters produced in this way are
      insufficiently resistant to atmospheric conditions because they are still
      to some extent hydrophilic. It has been found that when such filters are
      exposed to changing atmospheric conditions or to tropical conditions,
      changes occur within a short time in the filter, namely shrinkage by up to
      20%, warping and localised thickening, which severely interfere with the
      required density variation.
PAR  Since the dimensions of the filters make it impossible to protect them
      against atmospheric conditions e.g. by means of glass plates, units
      equipped with such filters are frequently subject to failure in automatic
      cameras and cannot be used in tropical climates.
PAR  It is an object of this invention to find optical filters comprising a
      coloured gelatine layer which is easy to produce and dimensionally stable
      even under extreme conditions of moisture and temperature.
PAR  An optical wedge filter comprising a coloured gelatine layer on a support
      layer has now been found which consists of a flexible transparent support
      layer, a coloured gelatine layer with stepwise or continuously increasing
      thickness and a corresponding variation in density and a flexible,
      transparent covering foil, bonded firmly to the coloured gelatine layer.
DETD
PAR  A preferred embodiment of the optical filter according to the invention is
      illustrated in the accompaning diagram. The reference numeral 1 denotes a
      flexible, transparent support layer, 2 denotes the coloured, wedge-shaped
      gelatine layer and 3 the flexible transparent covering foil.
PAR  The support layer may be made of a foil of a cellulose ester such as
      cellulose acetate or cellulose acetobutyrate, a polycarbonate, preferably
      one based on diphenylolpropane, a polyester, particularly one based on
      polyethylene glycol terephthalate, or a dimensionally stable support made
      of some other transparent and flexible polymer. The support layer
      preferably has a thickness of between 100 and 200 .mu.m.
PAR  The filter layer consists of hardened gelatine containing a dye or dye
      mixture dissolved or finely dispersed in it. Suitable dyes are, e.g.
      finely divided silver, finely divided carbon black or the organic dyes or
      dye mixtures described, for example, in U.S. Pat. Nos. 2,622,026 and
      2,954,349.
PAR  The gelatine layer preferably has a thickness which varies continuously or
      stepwise within the range of 5 to 400 .mu.m.
PAR  The covering foil consists of a transparent and flexible foil of cellulose
      or a cellulose derivative such as an ester, particularly cellulose
      acetate, a polyester or polyolefine, such as polypropylene or
      polyethylene. The covering foil preferably has a thickness of between 60
      and 100.mu.m.
PAR  The optical filters according to the invention are produced as follows:
PAR  The coloured gelatine layer is applied in the usual manner to the support
      layer made of any of the above mentioned materials which is preferably
      covered with an adhesive coating to bond the hydrophilic layer of the
      coloured gelatine to the support layer which is generally more
      hydrophobic. The casting solution for this filter layer preferably already
      contains a small quantity of hardener such as for example, mucochloric
      acid or an inorganic hardener such as chrome alum, in order to achieve a
      slight preliminary hardening of the filter layer. A wedge form is pressed
      on the still moist gelatine layer so that the thickness of the layer
      varies continuously or stepwise. The coloured filter layer is then exposed
      to a formaldehyde atmosphere, preferably a saturated formaldehyde
      atmosphere. This intensive hardening is preferably carried out at room
      temperature and reduced pressure, preferably a pressure of between 10 and
      50 mm Hg, more particularly at about 20 mm Hg. The length of hardening
      time may vary within wide limits according to the desired degree of
      hardening, the temperature and the partial pressure of formaldehyde. A
      period of time of between 10 hours and several days is generally
      sufficient. When hardening is carried out at room temperature with a
      formaldehyde partial pressure of about 20 mm Hg, the time required for
      achieving a sufficient degree of hardness is about 2 days. This hardening
      results in very hardened, relatively hydrophobic gelatine layers with
      excellent mechanical stability. The hardening process according to the
      invention in which the coloured gelatine layer undergoes a slight
      preliminary hardening when cast and is then finally hardened in a
      formaldehyde atmosphere has the special advantage that the dye in the
      filter layer, which is often sensitive to hardeners, is not affected or
      only to a negligible extent.
PAR  The covering foil is applied to this cast and hardened gelatine layer,
      preferably by mounting self-adhesive foils on the layer. This method of
      mounting the foils prevents distortion due to the unequal coefficients of
      thermal expansion of the support foil and the gelatine, since the gelatine
      layer is situated between the parts.
PAR  Filters produced by this process undergo no dimensional changes in varying
      atmospheric conditions or in tropical conditions and may therefore be used
      in the tropics. The capacity of these filters to swell is 50% lower, when
      tested by the short-term test (storage in water at 20.degree.C for 10
      minutes), than that of filters produced by conventional processes.
      Distortions under conditions of extreme moisture or temperature, such as
      shrinkage or warping, do not occur.
PAC  EXAMPLE 1
PAR  An adhesive coating as described in Example 7 of French Patent Application
      No. 1,455,785 is applied in two applications to a support layer of
      polyethylene glycol terephthalate which has a thickness of 150 .mu.m.
PAR  Composition of the solution for the first application:
PA1  8 g of a polyester of isophthalic acid and ethylene glycol prepared
      according to example 8 of French Patent Specification No. 1,455,785
PA1  92 g of 1,2-dichloroethane
PAR  Composition of solution for second application:
PA1  10 g of gelatine
PA1  50 g of water
PA1  1 g of maleic acid
PA1  615 ml of methanol
PA1  145 ml of butanol
PA1  140 ml of acetone
PA1  4 g of cellulose nitrate (K-value 30)
PA1  50 ml of methyl glycol.
PAR  A gelatine filter layer (coloured neutral grey) is applied from a casting
      solution with a viscosity of mainly 14 cp (40.degree.C) to the support
      layer which has been covered with the substrate described above. The
      composition of the casting solution is as follows:
PA1  10% by weight of gelatine, Mp 35.degree.C
PA1  2 % by weight of aqueous 5% chrome alum solution
PA1  0.1% by weight of raschit
PA1  3.0% by weight of a black dye or black dye mixture, e.g. as described in
      the above mentioned patent specifications,
PA1  84.9% by weight of water.
PAR  The proportion of dye used depends on the required density of the filter.
      If the proportion of dye is altered, the proportion of water is changed
      accordingly.
PAR  A circular wedge form is pressed on the gelatine layer, while the layer is
      still liquid, to impart the appropriate density variation to the filter.
      When the gelatine has solidified, the form is removed and the gelatine is
      dried in circulating air at room temperature.
PAC  EXAMPLE 2
PAR  An adhesive coating of the following composition:
PA1  12 g of gelatine
PA1  25 ml of water
PA1  4 g of phthalic acid
PA1  0.9 g of glyoxal
PA1  11 g of a cellulose acetate with 56.0% acetic acid and K-value 70
PA1  177 ml of methanol
PA1  770 ml of acetone
PAL  is applied to a 200 .mu. cellulose triacetate foil.
PAR  The application of the gelatine filter layer is carried out as described in
      example 1.
PAR  The filter prepared in this way is then hardened in a vacuum cupboard at
      room temperature, at a partial formaldehyde pressure of 20 mm Hg for 48
      hours.
PAR  After this storage, the gelatine of the circular wedge filters has a
      thickness of 5.0 .mu.m at the thinnest point and a thickness of 250 .mu.m
      at the thickest point. This range of thicknesses corresponds to a range of
      filter densities of from 0.10 to 3.00. An adhesive foil of cellulose
      acetate is then mounted on the filter layer to cover the filter
      completely.
PAR  To test the dimensional stability, the filter is stored for 1000 hours
      under changing climatic conditions according to DIN 50016. In addition, it
      is tested for endurance under tropical conditions by storing it for a
      further 100 hours at 40.degree.C and 93% relative humidity. No changes in
      dimension or density could be observed after storage.
PAR  For comparison, a similar circular wedge filter is produced by the
      conventional process of applying the same filter layer to a glass plate,
      forming the filter and applying a pure gelatine solution to produce a
      plane parallel filter. When such a filter is stored under the conditions
      described above, warping and density changes are so severe that the filter
      is no longer usable.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of optical wedge filters having a colored
      gelatin layer on a flexible support by casting a gelatin solution
      containing a dye on a flexible layer support and after subsequent
      hardening the gelatin layer and finally covering the gelatin layer with a
      flexible transparent coating bonded to the layer hardening wherein the
      improvement comprises cast gelatin solution having a dye for coloring the
      gelatin and having about 2% of hardener selected from the group consisting
      of mucochloric acid and chrome alum, partially hardening the layer
      containing this slight amount of hardener immediately after casting and
      then pressing the assembled layer support and cast gelatin layer in a
      wedge form to form the gelatin layer in a progressive varying thickness
      with the thinnest section one-fiftieth of the thickest section, the
      thickest section not being greater than 400 .mu.m and completing the
      hardening of the formed filter layer in a formaldehyde atmosphere with a
      partial formaldehyde pressure of 5-250 mm Hg, to provide a filter layer
      capable of supporting an attachable covering foil independent of and
      unattached to the support.
NUM  2.
PAR  2. Processes according to claim 1, characterised in that hardening with
      formaldehyde is carried out at room temperature in the gaseous phase.
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ABST
PAL  There is disclosed a method of manufacturing a filament wound blade
      including the steps of forming a spar by winding a plurality of resin
      impregnated filaments in side-by-side relationship between a pair of
      spaced apart spools. The spools are held in their spaced apart orientation
      to maintain the filaments in their unidirectional orientation and a
      flexible bondable bag fitted over the spar filaments and inflated to
      assume a generally cylindrical configuration. Resin impregnated shell
      filaments are wound in a helical pattern about such bag to form a shell
      and the bag then deflated and placed in a female mold defining the desired
      contour of such blade, and such bag then re-inflated to thereby cause the
      shell to assume such desired contour. The mold is then heated to a first
      temperature to gel the resin impregnated filaments, to a second
      temperature to cure the spar and shell filaments, and finally to a third
      higher temperature to melt the bag and bond the spar and shell filaments
      together to thereby form an integral filament wound blade having
      unidirectional spar filaments for carrying centrifugal forces and
      encapsulated in a helical would shell for carrying torsional loads.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to the construction of filament
      wound blades and more particularly to an economical method of constructing
      such blades for carrying high centrifugal loads, such as those used in the
      fan blades of jet engines.
PAR  2. Description of the Prior Art
PAR  It has been common practice to employ metal fan blades in the fan section
      of jet engines used in aircraft propulsion. With the popularity of larger
      and larger jet aircraft, it has been necessary to improve the performance
      of such jet engines and, in so doing, such engines have become larger and
      larger, the fan sections thereof now commonly having radii of 20 inches or
      more. As the radii of such jet fan sections increase, the length of the
      fan blades must also increase, thus increasing the weight thereof and,
      consequently, the centrifugal forces experienced thereby during high speed
      operation. Such heavy blades then require extremely massive hubs to
      withstand the centrifugal forces applied thereto, thus compounding the
      difficulties created by the increased jet engine size. Overlying these
      problems are the requirements for quieter operation imposed by various
      airport authorities. Efforts have been made to minimize the erosion caused
      by rain passing through the high speed blades and to improve the impact
      resistance of such blades to reduce damage resulting from debris passing
      therethrough during operation. While composite blades have been proposed,
      the excessively high cost of manufacture thereof has never been
      effectively attached and since hand layup thereof is economically
      unfeasible, the problem of a feasible manufacture method has never been
      solved.
PAC  SUMMARY OF THE INVENTION
PAR  The method of manufacturing a filament wound blade of the present invention
      is characterized by the steps of forming a spar by winding a plurality of
      unidirectional resin impregnated fialments in side-by-side relationship
      about a pair of spaced apart spools to form a spar belt and holding such
      filaments in tension while a bondable bag forming a cylindrical tube is
      fitted over the spar belt and resin impregnated shell windings wound about
      such bag in helical patterns to form a shell. The uncured and formable
      spar belt, bag and shell are then fitted into a female mold defining the
      desired configuration of the blade to press such filaments and bag
      together to form the desired blade configuration and the mold heated to
      cure the resin impregnated windings, and then melt the bag and bond such
      windings together to form a rigid blade structure including a central spar
      formed by unidirectional filaments encapsulated in a shell formed by
      helical windings.
PAR  The objects and advantages of the present invention will become apparent
      when taken into consideration with the following detailed description of
      the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a jet fan incorporating filament wound blades
      formed by the method of the present invention;
PAR  FIG. 2 is a perspective view of a filament wound blade, in enlarged scale,
      shown in FIG. 1;
PAR  FIG. 3 is a diagrammatic perspective view of a spar winding fixture
      employed in the method of the present invention;
PAR  FIG. 4 is a diagrammatic view similar to FIG. 3 but depicting the spar
      after winding thereof has been completed;
PAR  FIG. 5 is a perspective view of a bondable bag fitted over the spar
      filaments laid down in the steps shown in FIG. 3;
PAR  FIG. 6 is a diagrammatic view of shell filaments being wound in a helical
      pattern on the inflated bag shown in FIG. 5;
PAR  FIG. 7 is a perspective view of the spar and shell windings for the blade
      shown in FIG. 2 as they are being placed in a mold;
PAR  FIG. 8 is a diagrammatic cross sectional view of a female mold defining a
      cavity forming the desired contour of a blade manufactured by the method
      of the present invention;
PAR  FIG. 9 is a perspective view of the spar and shell windings after they have
      been removed from the mold; and
PAR  FIG. 10 is a cross sectional view, taken along the line 10--10 of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A fan blade, generally designated 11, which may be fabricated by the method
      of the present invention, is incorporated in a jet fan F and includes a
      spar belt, generally designated 14, formed by longitudinal unidirectional
      continuous filaments 13 which may be impregnated with resin 15 as they are
      wound on spaced apart spools 17 and 19 carried from a rotating yoke 21.
      After winding of the spar belt 14 is completed, the spools 17 and 19 are
      removed from the yoke 21 and are mounted in a rotary helical winding
      fixture incorporating axially aligned rotary spindles 25 and 27. The spar
      belt 14 is encapsulated in a cylindrical flexible bondable bag 31 which is
      inflated while continuous shell filaments 35 are wound thereon in helical
      patterns to form a shell, generally designated 36, over such bag 31. The
      bag 31 is then deflated, the spar belt 14, bag 31 and shell 36 are then
      placed in a female mold, generally designated 37 (FIGS. 7 and 8), and the
      bag 31 again pressurized to cause the shell 36 to take the contour of the
      mold cavity, generally designated 39. The mold is then heated to cure the
      resin impregnated filaments 13 and 35, melt the bag 31 and then bond the
      spar filaments 13 and the shell filaments 35 together. The blade 11 so
      formed may then be incorporated in a jet fan section F (FIG. 1) with the
      spar filaments 13 carrying the centrifugal loads applied thereto and the
      shell filaments 35 carrying the torsional loads applied thereto.
PAR  Conveniently, in the preferred embodiment, two fan blades 11 are
      manufactured simultaneously in end-to-end relationship and the structure
      then severed in the center to form two separate blades.
PAR  The step of laying the spar filaments 13 down in coextensive relationship
      is shown diagrammatically in FIG. 3 with the spar filament 13 being drawn
      from a spool (not shown) and through a bath of resin 15 and fed onto the
      spools 17 and 19 as they are rotated about the vertical axis of the yoke
      21 to form the double length spar belt 14. The filaments 13 may be of any
      fibrous material having a high tensile strength, such as glass, kevlar 49,
      graphite or boron. In the preferred embodiment, 3,275 rovings are wound on
      the spools 17 and 19 to form the spar belt 14, with each such roving
      constituting 3,000 graphite filaments. Obviously, the number of rovings or
      windings will vary from application to application. The resin 15 is
      preferably epoxy, but may be any other acceptable resin, such as phenolic,
      polyester or polyimide. Such resin is shown in the drawings as being
      applied from the bath 38 but may, of course, be applied to the spar
      filaments 13 after they have been wound on the yoke 21. While the
      preferred embodiment shows the cross section of the spar belt 14 formed in
      its entirety by filaments 13, it will be appreciated that such cross
      section could be formed, in part, by a filler or the like.
PAR  Since the blade 11 incorporates a variable pitch requiring a twist therein
      of some 15.degree. or 20.degree., and the spar windings 13 are of
      sufficient length to form two blades 11, the spools 17 and 19 must be
      rotated or clocked approximately 40.degree. with respect to one another
      when placed in the curing mold 37. In order to accommodate such twisting
      of the spar windings 13, prior to removal from the yoke 21, a pair of
      bands 22 and 24 (FIG. 4) are wrapped about the intermediate portion of the
      spar windings 13 and secured, and the filaments on the opposite sides of
      the overall spar belt 14 severed at a point between such bands 22 and 24
      with only the central-most windings remaining unsevered. This will enable
      the relatively wide spar belt 14 to accommodate the variation in length
      for such windings necessitated by the twisting of the belt of windings as
      described hereinafter.
PAR  Thereafter, the spools 17 and 19 may be removed by sliding them from the
      tines of the yoke 21 (FIG. 4) and may then be mounted in a winding fixture
      incorporating the rotary spindles 25 and 27 (FIG. 4). The spindles 25 and
      27 mount respective forks 41 and 43 which are preferably rotated to an
      orientation approximately 40.degree. out of alignment with one another to
      cause the spar belt 14 to assume the general orientation of a twisted
      drive belt to thus approximately simulate the twist throughout the length
      of the completed variable pitch blades 11.
PAR  The bag 31 may be made of any bondable material, such as adhesive film sold
      by American Cyanamid, under the Trademark FM 1000. It is important that
      the bag 31 maintains its structural characteristics up to about
      250.degree. F., above the curing temperature for the resin 15, but that it
      melts to form a bond between the filaments 13 and 35 above that
      temperature, preferably below 350.degree.F.
PAR  In the particular configuration shown, the bondable sheet forming the bag
      31 is wrapped about a pair of end domes 51 and 53 carried on the
      respective spindles 25 and 27 and is sealed thereto by means of sealing
      tape 55 and 57 wrapped about the periphery thereof. Also, the longitudinal
      seam of the bag 31 is sealed in a similar manner. The spindle 25 is hollow
      and has a pneumatic line 61 leading thereto from a compressor 63 for
      inflating such bag 31 as winding of the shell filaments 35 thereon
      progresses, pressure in such bag being controlled by a control valve 64.
PAR  Referring to FIG. 6, mounted on the helical winding fixture is a carriage,
      generally designated 67, including a resin bath 38 having epoxy resin 15
      therein for impregnating the filaments 35 as they pass therethrough. The
      carriage 67 is geared to the spindles 25 and 27 for reciprocation axially
      along the length of the bondable bag 31 for laying down the shell windings
      35 at angles of approximately 45.degree. to the axis of such bag. The
      carriage 67 includes a plurality of eyelets 72 through which filaments 35
      are fed off spools (not shown) to be looped under a submerged roller 74
      and passed upwardly over an elevated roller 76 to be fed onto the rotating
      bag 31. Each layer of windings is composed of two plies of filaments laid
      down on the bag 31. In the particular construction shown, the shell is
      formed by two layers of filaments 35 to form a shell wall 0.030 inch
      thick. As multiple plies of filaments 35 are laid down on the bag 31, the
      pressure exerted thereby on the bag 31 increases, thus tending to collapse
      such bag diametrically. However, such tendency to compress such bag 31 is
      resisted by progressively increasing the pressure therein by periodically
      opening the valve 64 to admit pressure to such bag.
PAR  The mold 37 is a female mold including the bottom half 71 covered by the
      top half 73, such halves being formed with confronting cavities which
      cooperate together to form first and second axiallly aligned fan blade
      cavities 75 and 77 (FIG. 7) for receipt of the opposite halves of the
      uncured fan blade structure. The mold 37 includes an electrical heater,
      generally designated 79, connected with a power source 81 and controlled
      by a control unit 83.
PAR  Once winding of the helical windings 35 on the bag 31 has been completed,
      the spindles 25 and 27 are removed from the helical winding fixture and
      the entire fan assembly placed in the bottom half 71 of the mold 37 with
      the bag 31 still slightly pressurized to maintain the helical windings 35
      is the desired orientation. The top mold half 73 is then lowered onto the
      fan structure and the bag 31 partially deflated to enable the blade
      structure to assume the generally flattened configuration shown in FIG. 8,
      and the mold halves 71 and 73 then clamped together. The pressurization
      valve 64 is then opened to pressurize the bag 31 to between 40 and 100
      p.s.i. to cause the bondable bag 31 to force the shell 36 outwardly in the
      fan blade cavities 75 and 77 to closely fit the contour thereof. The
      heater controller 83 is then switched to approximately 150.degree.F. and
      held at that temperature for approximately 4 hours to gel the epoxy
      impregnated spar and shell windings 13 and 35 in position.
PAR  The temperature is then elevated to approximately 250.degree.F. and held at
      that temperature for an additional 2 hours to cure the epoxy resin on such
      windings 13 and 35. It is important that the bondable bag 31 maintains its
      structural characteristics during this period of time to thus maintain the
      shell windings 35 in position closely defining the contour of the mold
      cavities 75 and 77. After curing the epoxy resin during the 2 hour hold
      period, the heater controller 83 is again raised to heat the mold 37 to
      350.degree.F. and such mold is held at that temperature for an additional
      hour to melt the bondable bag 31 and bond the spar windings 13 to the
      shell windings 35. Thereafter, the pressurization valve 64 may be closed
      and the mold 37 opened to remove the composite fan blades and the blades
      then separated by cutting the windings 35 centrally and trimming the root
      and tip ends of the individual blades.
PAR  Referring to FIGS. 9 and 10, it will be appreciated that the cross
      sectional area of the formed blade 11 is greater at the root end thereof
      than at the tip end thereof and that since the spar belt 14 is of constant
      cross section, the shell 36 will not be entirely filled at the root end,
      thus leaving leading and trailing edge voids 87 and 88. These voids 87 and
      88 are conveniently filled with a filler, such as syntactic foam, formed
      by tiny glass balloons embedded in an epoxy matrix. The syntactic foam is
      then heated to 200.degree. F. for curing thereof to fully fill the voids
      87 and 88. Obviously, any other equivalent filler, such as syntactic foam
      made of phenolic or carbon, may be used if desirable. The blade 11 may
      then be finished by capping the tip end thereof if desirable and laying up
      a root end flange 95, and the desired number of blades then assembled in a
      jet fan section F (FIG. 1), with the respective spools 17 and 19 being
      employed as hub fittings.
PAR  With this construction, it will be apparent that not only are the blades 11
      relatively light in weight, but the high centrifugal forces experienced
      thereby at high speeds will be carried in the some 3,000 rovings forming
      the spar section 14 thereof while the helical shell windings 35 serve to
      resist torsion loads applied to such blades.
PAR  Various modifications and variations of the present invention may be made
      with regard to the foregoing detailed description without departing from
      the spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of manufacturing a filament wound blade including:
PA1  forming a spar belt by winding a plurality of unidirectional filaments in
      side-by-side relationship between a pair of spaced apart spools;
PA1  holding said spools spaced apart and in the selected orientation with
      respect to one another to maintain the spar filaments in tension and to
      cause said spar filaments to collectively assume the general desired
      configuration of said spar;
PA1  impregnating said filaments with a bonding agent;
PA1  forming a shell by constructing a flexible bondable bag over said spar
      belt;
PA1  winding side-by-side shell filaments in helical patterns extending about
      the periphery of said bag;
PA1  impregnating said shell filaments with a bonding agent;
PA1  placing said spar belt and shell in a mold defining the desired contour of
      said blade to cause said bonding agent on the blade to assume said desired
      contour;
PA1  curing said spar and shell filaments; and
PA1  heating said bondable bag to a sufficiently high temperature to melt said
      bag and bond said spar and shell filaments together.
NUM  2.
PAR  2. The method set forth in claim 1 that includes the step of:
PA1  inflating said bondable bag before winding said shell filaments thereon.
NUM  3.
PAR  3. The method set forth in claim 1 that includes the step of:
PA1  forming said bondable bag by wrapping the opposite extremities of an
      adhesive film about a pair of spaced apart circular end domes and sealing
      said film to said domes.
NUM  4.
PAR  4. The method set forth in claim 1 that includes the steps of:
PA1  employing epoxy resin as said bonding agents;
PA1  employing a bondable bag which maintains its structural character at
      200.degree. F. and melts below 350.degree. F.;
PA1  thereafter, heating said blade to substantially 200.degree. F. for a
      sufficient time to cure said bonding agents; and
PA1  then heating said blade to substantially 350.degree. F. for a sufficient
      time to melt said bag and bond said shell filaments to said spar
      filaments.
NUM  5.
PAR  5. The method as set forth in claim 1 that includes the step of:
PA1  inflating said bondable bag to at least 40 p.s.i. while in said mold to
      cause said shell to distend and closely assume the contour of said mold.
NUM  6.
PAR  6. The method as set forth in claim 1 that includes the steps of:
PA1  forming said bag with a circular cross section; inflating said bag; and
PA1  winding said shell filaments on said bag by rotating said bag while feeding
      said filaments onto said bag from a carriage travelling axially back and
      forth with respect to said bag.
NUM  7.
PAR  7. The method as set forth in claim 1 that includes the steps of:
PA1  supporting said spools from a yoke incorporated in an automatic winding
      fixture; and
PA1  rotating said yoke to wind said spar filaments on said spool.
NUM  8.
PAR  8. The method as set forth in claim 1 that includes the steps of:
PA1  supporting said spools spaced apart a distance greater than twice the
      length of a blade having a predetermined length while winding said spar
      filaments thereon;
PA1  providing said bondable bag with a length substantially equal to or greater
      than the spacing between said spools; and
PA1  providing said mold with a cavity defining a pair of fan blades laid end to
      end and placing said spar belt, bag and shell in said cavity to form a
      pair of blades.
NUM  9.
PAR  9. The method as set forth in claim 8 that includes the step of:
PA1  severing a portion of said spar filaments medially before placement in said
      mold.
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PAL  A circuit plane or "board" includes a plurality of optical-micro-circuit
      device sockets with optical interface windows around the periphery of each
      socket. Each socket is adapted to receive a wafer or like component which
      comprises an electrical micro-circuit having optical input and output
      devices at the periphery of which register with the interface windows of
      the socket. The windows are optically interconnected with optical
      interface windows of other sockets or with optical terminals along the
      edge of the "board" by means of optical fibers embedded in a potting
      material typically sandwiched between two thermally and electrically
      conductive plates. Operating power for the circuits is applied to the
      conductive plates to which the micro-circuits are electrically coupled. A
      plurality of circuit boards so formed can be stacked on one another and
      optically coupled by means of light transmitting end connectors including
      optical fibers therein to form a complete data processing system.
PARN
PAR  This is a division of application Ser. No. 224,164, filed Feb. 7, 1972 now
      U.S. Pat. No. 3,777,154.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electro-optical circuits, and
      specifically, to a circuit board for optically interconnecting a plurality
      of electro-optical micro circuits.
PAR  With the development of medium and large scale integration of logic circuit
      elements used in data processing systems, the problem of interconnecting
      the logic elements becomes increasingly difficult to solve. Conventional
      electrical connection means such as printed circuit boards have become
      relatively complex and therefore costly. The inherent two-dimensional
      limitation imposed by the use of only the surfaces of printed circuit
      boards, severely limits the flexibility of such boards for interconnecting
      a plurality of integrated circuit devices even when both sides of the
      board are used.
PAR  Another difficulty with the interconnection of various logic circuit
      elements in an electrically connected circuit board is the reliability of
      solder joints or wire wrap joints when used. This is particularly acute
      where "plated-through holes" are used in multi-layer boards. Also, where
      many solder joints are required, the possibility of damage associated with
      replacing defective micro-circuits soldered into the printed circuit board
      is increased greatly when technicians are required to unsolder and
      disconnect each of the circuits.
PAR  Another difficulty is that with conventional electrically coupled
      micro-circuits, the servicing and troubleshooting to isolate faulty
      components within a circuit board containing a plurality of such devices
      requires a highly skilled technician and complicated and relatively
      expensive test equipment. The optical circuit board of the present
      invention which optically connects the electrical optical micro-circuits,
      provides readily-visible optical terminals which will be illuminated in a
      predetermined manner thereby providing information as to the operability
      of micro-circuits within the circuit board. Such a system greatly
      simplifies the troubleshooting and does not require complicated or
      expensive test equipment.
PAR  Another problem with electrically conductive circuit boards conventionally
      used to interconnect micro-circuits is one of crosstalk caused by
      inductive couplings between adjacent conductors. The optical circuit paths
      employed with the apparatus of the present invention constrains the light
      transmission to optical fiber paths and no crosstalk problem exists. Also,
      the micro-circuit devices and optical conductors are preferably placed
      between a pair of conductive plates which serve as shields, effectively
      shielding the circuits from external noise or other electrical
      interference.
PAR  Finally, in conventional circuit boards, heat is removed from individual
      integrated circuits by conduction from only one major surface of each of
      the integrated circuits. In the apparatus of the present invention,
      however, both surfaces of each of the micro-circuits are in thermal
      communication with heat conducting surfaces thereby greatly increasing the
      flow of heat generated within the device away from the micro-circuits.
PAR  With the advent of fiber optic technology, some attempt has been made to
      provide optical interconnections between electrical devices as well as to
      provide optical logic circuits. U.S. Pat. No. 2,833,936, T. I. Ress,
      issued May 6, 1958; U.S. Pat. No. 3,423,594, A. G. Galopin, issued Jan.
      21, 1969; and U.S. Pat. No. 3,519,116, R. Koehn, issued July 7, 1970
      represent some efforts made to employ fiber optics, or other light
      conductive paths to produce either optical digital circuits or to couple
      optical fibers to conventional photo electric components. None of these
      patents suggest, however, the interconnection of a pllurality of
      micro-circuits by means of a circuit board structure including optical
      sockets therein adapted to receive microcircuit device wafers, as does the
      present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The system of the present invention provides fiber optic paths
      interconnecting a plurality of micro-circuit devices having light emitting
      end sensing devices which interface with the optical fibers. A circuit
      plane or board is formed, preferably on a support plate having a layer of
      potting material thereon containing optical fibers distributed in a
      predetermined manner to join the various input and output devices of the
      micro-circuits to form any desired digital circuit configuration. By
      deploying the optical fibers within the the three-dimensional space of the
      potting material, a relatively complex interconnection between the devices
      can be achieved thus avoiding the two-dimensional limitations existing
      with printed circuit boards.
PAR  The circuit board includes at least one socket having optical interface
      terminals or windows formed by ends of optical fibers extending to the
      socket. An electro-optical device consisting of a wafer, for example,
      containing an electrical micro-circuit with optical input and output
      devices, is positioned in the socket such that each input and output
      device is in optical communication with a predetermined optical interface
      window of the socket. When a board includes more than one socket, optical
      fibers are employed to interconnect the sockets and therefore the
      electro-optical devices mounted within the sockets.
PAR  The circuit board can include interface terminals on an edge which, when
      visible-spectrum light frequencies are employed, can provide visual check
      means for troubleshooting the electrical circuits therein. To aid in
      servicing the optical-electrical circuit, light interruption means can be
      provided for gating, for example, digital signals within the board to
      provide a predetermined visual display at the interface terminal of the
      circuit board to aid in isolating faulty components within the board.
PAR  By employing optical fiber end connectors, a plurality of the circuit
      boards can be stacked and optically coupled to increase the packaging
      density of the system so that an entire data system can be formed thereby.
PAR  It is an object of the present invention to provide an optical system for
      interconnecting a plurality of electrical micro-circuits having optical
      detection and generating means.
PAR  It is an additional object of the present invention to provide a data
      processing system employing a plurality of electro-optical micro-circuits
      mounted within wafers which are in turn fitted within optical sockets on a
      circuit board employed with the system.
PAR  It is an additional object of the present invention to provide circuit
      boards for supplying electrical power to electro-optical micro-circuits
      therein as well as dissipating heat therefrom.
PAR  It is a further object of the present invention to provide a circuit board
      having optical output terminals for visually troubleshooting electrical
      circuits therein.
PAR  These and other objects of the present invention will become apparent upon
      reading the specification together with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective partial view of a circuit board embodying the
      present invention;
PAR  FIG. 2 is a perspective view of a wafer containing a micro-circuit with
      optical input and output devices and which is adpted to fit within a
      socket in the circuit board shown in FIG. 1;
PAR  FIG. 3 is a partial plan view of a circuit board embodying the present
      invention shown during manufacture;
PAR  FIG. 4 is a perspective view of a socket guide employed in the present
      invention;
PAR  FIG. 5 is a plan view of the socket guide shown in FIG. 4;
PAR  FIG. 6 is a perspective view of an edge guide employed with the present
      invention;
PAR  FIG. 7 is a schematic side elevational view partially in block diagram form
      showing the stacking of two circuit boards of the present invention
      together with an optical end connector coupling the two boards; and
PAR  FIG. 8 is a side elevation view partially in cross section of a light
      interrupting notch in the circuit board shown in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now in detail to FIGS. 1 and 2, there is shown a circuit board 10
      of the present invention and a micro-circuit wafer 50 which can be mounted
      within one of the optical sockets 20 on the circuit board 10. The circuit
      board 10 comprises a base plate 12 of a thermally and electrically
      conductive material such as copper. A cover may be used as shown in FIG. 1
      to provide electrical operating power to the micro-circuits as explained
      below. Regardless of whether a top plate 16 is used, the base plate 12
      preferably has a layer of a potting material 14 such as a resin base epoxy
      in which a plurality of light-transmitting paths 40 such as optical fibers
      are positioned. The potting material 14 of the circuit board (and the
      cover plate 16, if used) includes a plurality of socket-defining apertures
      18 which, in one possible embodiment, are generally circular although they
      can be any desired shape. The apertures may include a keyway 19 and each
      wafer may include a key 59 such that the wafer can be oriented in the
      socket in a predetermined manner. Alternatively, the wafers and their
      sockets may be shape-keyed to one another, and would thus typically be
      other than circular in shape. The top surface 13 of the base plate 12 is
      exposed inside the socket 20, as shown in FIG. 1. Around the periphery of
      each socket 20 is a plurality of optical interface "windows" 22 which
      comprise ends of the optical fibers 40 which are disposed within the layer
      of potting material or between the base and top plates 12 and 16
      respectively.
PAR  Each wafer 50 includes therein an electrical microcircuit 70 which has
      electrical leads 75 leading to input and output optical devices 80 spaced
      around the periphery of the wafer. The input and output devices may
      include photo-transistors and light emitting diodes respectively as well
      as other light detecting and generating devices. When a wafer is inserted
      in a socket each input and output device 80 will align with a
      predetermined optical window 22 of the socket. Each wafer 50 includes a
      conductive contact 52 on the bottom thereof which may form a base for the
      wafer. The base so formed has a bottom surface 91. An upper (top)
      conducting plate 56 with an outer surface 57 forms the top of the wafer
      and a potting material 54 similar to the potting material 14 employed with
      the circuit board 10 of FIG. 1 may be used to fill the space between
      members 52 and 56. The micro circuit 70 may, for example, be suspended in
      the potting material 56, along with electrical conductors 75 coupling the
      optical input and output devices to the micro-circuit. Of course, it is to
      be understood that the specific form of the micro-circuits or wafers used
      to implement the invention may vary widely from one application to
      another, depending upon the particular requirements involved and the
      preferences of the micro-circuit designer. Thus, the foregoing remarks
      relative to the particular structure of the wafers 50 shown are merely for
      purposes of illustration, to show in a very general manner the general
      nature of micro-circuits to be used in practicing the invention.
PAR  The circuit board 10 of FIG. 1 and the wafer 50 shown in FIG. 2 can be
      constructed in any desired manner, it being necessary only that the
      optical windows 22 of the sockets 20 are in alignment with the optical
      input and output devices 80 of the wafer 50. Likewise, any desired shape
      can be employed for the socket 20 so that the wafers 50 will fit within
      the sockets in a manner to provide optical coupling between the input and
      output devices 80 and predetermined optical windows 22 of the wafer and
      socket respectively. The base plate 12 of the circuit board 10 and the
      base plate 52 of the wafer 50 (as well as the cover plate 16, if used, and
      the top plate 54 of the wafer) are electrically and thermally joined by
      physical pressure once the wafer 50 is positioned within the socket 20. A
      thin conducting strip 120 (FIG. 7) can be employed to assure electrical
      coupling between the wafer and the cover plates 52 and 54. If only a
      support plate is used, no interconnections 120 are necessary. If no cover
      plate 16 is used in the circuit board, the top plate 54 of the wafer will
      normally make contact with the underside of the base plate 12 of the next
      vertical circuit board stacked above, or with a similar plate constituting
      an end terminal of a stack of the boards. Surface 13 of the bottom plate
      12 will contact the bottom surface 51 of the base contactor plate 52 of
      the wafer once the wafer is installed in the socket.
PAR  One manner in which the circuit board can be manufactured is illustrated in
      FIGS. 3 through 6, which will now be discussed.
PAR  To facilitate the orientation of the optical windows 22 of each socket 20,
      guide rings 60 shown in detail in FIGS. 4 and 5 are cemented to the top
      surface 13 of the base plate 12 prior to threading the optical fibers onto
      the board. The circular guide rings 60 comprise an annular member 62
      having a generally rectangular cross section. Member 62 includes a
      plurality of peripherally spaced notches 64 which define the window
      boundaries for the optical sockets. Each guide ring 60 further includes a
      keyway 19 (FIGS. 1, 3, 4, and 5) which is adapted to receive the key 59
      (FIG. 1) of a wafer.
PAR  End guides 65 shown in detail in FIG. 6 are also employed at the edges of
      each circuit board 10 so that the boards can be optically interconnected
      with other circuit boards, with external interface equipment, or can
      provide a visual display for troubleshooting as described below if visible
      light frequencies are used. Each end guide 65 comprises a member 66 with
      upwardly extending guide bars 67 and 68 each of which has notches 69 as
      shown in FIGS. 3 and 6 to provide guides for the optical fibers 40. The
      notches 69 of the end guides 65 as well as the notches 64 of the ring
      guides 60 are sufficiently wide and deep to accommodate the optical fibers
      40 and hold them in a predetermined position during the manufacturing of
      the circuit board and once the circuit board is completed. Thus, a circuit
      board 10 will have end guides as well as a plurality of ring guides
      secured thereto before the optical fiber 40 is threaded through the
      various notches of the guides.
PAR  As seen in FIG. 3, the optical fibers 40 are threaded with a single
      continuous optical fiber from a supply spool 82 of such fiber by means of
      a mechanical shuttle apparatus represented in FIG. 3 by the guide needle
      85. It is understood that by choosing a standard size circuit board and a
      predetermined array of ring guides and end guides thereon, computer
      controlled automatic shuttle guide means can be employed to provide a
      desired pattern of optical fibers 40 through the various notches 64 of the
      ring guides 60 and 69 of the end guides 65 thereby forming circuit
      connections between the electro-optical micro-circuits mounted on the
      board. Likewise, individual prototype circuits can be fabricated by
      manually threading the optical fiber through the various guides.
PAR  After the optical fiber 40 has been interwoven through the various guides
      in a predetermined desired manner, the potting material 14 (FIG. 1) is
      applied to encapsulate the optical fiber, securing it in position. At this
      time the top plate 14 (FIG. 1) may be positioned over the potted optical
      fiber and base plate 12 if used. Once the potting material has cured, the
      potting material and optical fibers within the central portion 25 (FIG. 3)
      of each socket area is cut away with a suitable cutting instrument shaped
      to conform to the inner dimensions of the ring guides 60. The resulting
      structure is the circuit board shown in FIG. 1. The sheared ends of the
      optical fiber 40 form the windows 22 of the sockets. It is seen that by
      employing a single continuous optical fiber 40 which can be interwoven as
      described, the optical fibers cross one another as for example at points
      A, B, C and etc. (FIG. 3) without optically inteferring with each other
      thereby allowing a relatively complex threedimensional interconnection
      structure not available with conventional two-dimensional printed circuit
      boards.
PAR  Although no specific internal construction for the wafers 50 is critical to
      the invention, it is merely pointed out that each wafer 50 can be
      manufactured in a manner similar to that of the circuit boards, i.e., by
      employing a guide ring having an outer diameter somewhat smaller than the
      guide rings 60 employed for the sockets and which have notches spaced in
      peripheral alignment with the corresponding notches 64 in the socket rings
      60. The photoelectric devices 80 (FIGS. 1 and 7) such as photo-transistors
      and light-emitting diodes will therefore be peripherally spaced around the
      wafer as shown in FIG. 2 such that their light-emitting or light sensitive
      surfaces are immediately adjacent an interface window 22 (FIG. 2) of a
      socket. Devices 80 may operate within the visible light spectrum or not as
      long as correspondingly coupled devices are compatable in frequency
      response or emission.
PAR  Purely for purposes of illustration, one possible construction of
      individual wafers with the micro-circuits and input/output devices therein
      is shown schematically in FIG. 7 which also illustrates the typical
      stacking of a one circuit board 10 on a second circuit board 10', wherein
      each has both an upper and a lower plate 12 and 16. An optical end
      connector 100 optically couples the two circuit boards. Each wafer
      includes a pair of conducting members 52, 56 such as plates between which
      are mounted the micro-circuit and input/output devices held in
      predetermined fixed positions by potting material 54 which fills the space
      between plates 52 and 56. As noted above, water guides (not shown) can be
      employed during manufacture of each wafer to facilitate positioning of the
      input/output devices 80.
PAR  As seen in FIG. 7 plates 12 and 16 of each circuit board are electrically
      coupled to a source +V and -V of operating potential. The voltage on the
      plate of each of the circuit boards is applied to the bottom plate
      conducting surfaces 56 and 52 of the wafers mounted in the sockets by
      means of the junction members 120 which as described above can be thin
      conducting strips which electrically join the conducting surfaces of the
      cover plate of the circuit board (when used) with the corresponding
      aligned surface of the wafer. A micro-circuit 70 such as an integrated
      circuit (IC) is shown in each of the wafers 50 and 50' and two optical
      input and output devices are coupled to each of the integrated circuits.
      It is understood that many such input/output devices can be associated
      with each IC and a wafer may include more than one IC. It is also
      understood that instead of using top and bottom plates for each circuit
      board, a single plate of the junction of two boards will suffice for
      supplying electrical power to both boards and removing heat therefrom.
      Indeed, for that matter, optical circuit planes or "boards" in accordance
      with the board concepts of the invention need not specifically name either
      of the outer support plates if the latter are for any reason not desired.
      That is, the optical fibers may be supported in their plane in practically
      any desired manner, such as for example by being embedded within an
      otherwise monolithic layer of potting compound, or the like, defining the
      desired wafer sockets. In such an arrangement, conductive members may be
      suspended within the plane, just as are the optical fibers, although heat
      transfer means of some sort will of course normally be desired.
      Alternatively, the layer of potting compound formed on a support plate
      need not be uniformly thick to form a regular plate, since all that is
      required is that the optical fibers be securely retained with respect to
      the micro-circuit sockets, the geometry of the package being for the most
      part immaterial, excpet to the extent that the sockets and the top and
      bottom surfaces of the micro-circuits are not obscured or covered.
PAR  Electrical operating power supplied to the plates of the circuit boards is
      applied to each of the integrated circuits 70 by means of power leads 72
      which extend from the integrated circuits to the inner surfaces of the
      conducting plates 52 and 56 of each wafer to electrically contact these
      plates thereby applying the +V and -V voltages to the integrated circuits.
      Leads 72 may, for example, be ribbon leads which extend through the
      potting material 54 and are joined to the conducting surfaces of the wafer
      by means of a conducting epoxy or other suitable means to insure an
      electrical contact thereto. Likewise, the input and output devices 80a,
      80b, and 80d shown in FIG. 7 have power leads 74 (as required) which are
      coupled to the conducting plates of the wafer to receive operating power.
      Some input and output devices such as device 80c may not require operating
      power and therefore no connections are necessary.
PAR  The optical end connector 100 shown in FIG. 7 includes a plurality of
      optical transmission means 140 such as optical fibers which are positioned
      in the connector 100 such that ends of the optical fibers 140 are
      immediately adjacent ends of optical fibers within the edge connector 65
      and light can be transmitted between the adjacent fibers. Thus, the device
      80b in wafer 50 is optically coupled to the device 80d in wafer 50'  via
      the end connector 100. Likewise an optical fiber 40 having a window
      forming end adjacent input/output device 80a extends through the board 10
      and optically couples device 80a to device 80c in wafer 50' via another
      optical path 140' in end connector 100. The connector 100 can be
      manufactured in any desired manner and may include guides similar to edge
      guides 65 (FIG. 6) as well as potting material to encapsulate the
      plurality of optical fibers therein.
PAR  Each of the circuit boards may include a plurality of wafers which are
      interconnected to other wafers on the same board as illustrated in FIG. 1
      as well as interconnected to wafers on other stacked boards by means of
      end connectors 100 as illustrated in FIG. 7. By employing
      transistor-transistor-logic (TTL), diode-transistor-logic (DTL), or other
      digital integrated circuits 70, and by interconnecting the circuits
      optically as described herein, a complete data processing system can be
      constructed within a relatively small space by stacking several of the
      circuit boards using an end connector 100 to interconnect the boards.
PAR  One feature of the circuit board of the present invention is that an edge
      of each of the boards, separate from the edge interfacing the optical end
      connectors, can include a plurality of optical fibers ends such as shown
      in FIG. 8 which are in a predetermined state of illumination (during the
      operation of the electrical circuitry therein) when visible light
      frequency devices are utilized. Referring in detail to FIG. 8 there is
      shown an edge of a typical circuit board 10 which has an edge guide 65
      thereon with a plurality of notches 69 supporting optical fiber ends 41
      through 47 therein. Proper operation of the circuits on the board can be
      checked visually in the following manner.
PAR  If for example the circuit board IC circuits comprise a counter, the
      optical fiber ends 41 and 42 (FIG. 8) can be coupled to input terminals of
      the counter while optical fiber ends 43 through 47 are coupled to output
      terminals. When light is directed to one of the ends 41 or 42 by test
      equipment or by an operator with a light source such as a pen light,
      predetermined output optical fibers will be illuminated if the circuit is
      operating properly. In FIG. 8 for example with fiber end 42 illuminated
      output fiber ends 43, 45 and 47 should be illuminated if the circuitry
      within the board is functioning. If the array of output optical fibers are
      not in a state of illumination which indicates proper operation of the
      circuits on the board, the operator testing the circuit can trace the
      faulty component to a particular wafer by visually determining the state
      of illumination of the output terminals or by using optical test
      instruments coupled to the edge of the board to accomplish this; and by
      referring to a troubleshooting guide or circuit diagram. In such a system
      therefore, no complicated test instruments for measuring circuit voltages
      or currents are necessary, and relatively unskilled personnel can isolate
      and replace a wafer having a faulty circuit component.
PAR  To aid in troubleshooting such electrical-optical circuits, light
      interrupting slots 90 (FIGS. 1, 3 and 8) can be formed at predetermined
      locations on the circuit board 10 by cutting away a portion of the
      encapsulating material and specific optical conductor to provide an
      aperture which, when unobstructed, allows the transmission of light
      thereacross. An opaque instrument 95 shown in FIG. 8 can be inserted in
      the slot 90 to obstruct the light path thereby causing a predetermined
      desired circuit response which can serve as a troubleshooting guide for
      locating faulty electrical components in the system. Then instead of
      illuminating an input terminal, predetermined one or more light
      interrupting slots can be blocked as shown in FIG. 8 to provide
      illumination of output optical fibers which indicate to testing personnel
      or instruments, the operating condition of the circuitry on the board or
      boards. In some systems both light interrupting slots and input optical
      fibers can be used in a sequence to isolate faulty circuit components. The
      light interrupting slots are approximately 1 millimeter wide to allow the
      transmission of nearly all of the light thereacross when an opaque tool 25
      (FIG. 8) is not obstructing the slot. Dust covers can be placed over the
      slots when the circuit is in operation to insure that foreign matter does
      not obstruct the light transmission path and interfere with the circuit
      operation.
PAR  It will become apparent to those skilled in the art that the invention can
      be embodied in many variations different than the preferred embodiment
      described herein which is illustrative of the invention as defined by the
      appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of fabricating an electrical-optical circuit board comprising
      the steps of:
PA1  affixing at least two socket guides each having a plurality of notches onto
      a base wherein each socket guide defines an optical circuit receiving
      aperture;
PA1  threading at least one optical fiber between said socket guides and within
      said notches in a predetermined manner;
PA1  coating the base with a potting material to encapsulate said at least one
      optical fiber between said guides with the potting material;
PA1  removing potting material from said apertures of said socket guides and
      cutting away optical fibers extending into said apertures to form optical
      windows; and
PA1  inserting electrical-optical circuit wafers including photoelectric devices
      in said socket guides wherein said photoelectric device of said wafers are
      aligned with said optical windows for optically intercoupling said circuit
      wafers in a predetermined manner.
NUM  2.
PAR  2. A method of fabricating an electrical-optical circuit board comprising
      the steps of:
PA1  affixing a plurality of annular socket guides each having a plurality of
      notches therein onto a plate;
PA1  threading an optical fiber between said socket guides and within said
      notches in a predetermined manner;
PA1  encapsulating at least portions of the optical fibers with a potting
      material;
PA1  affixing an apertured plate over the encapsulated optical fibers such that
      the apertures each align with a socket guide;
PA1  removing any excess potting material and cutting optical fibers under each
      aperture of said apertured plate to form an optical socket including
      windows around the periphery of said guides; and
PA1  inserting electrical-optical circuit wafers in said socket guides wherein
      said wafers are optically intercoupled in a predetermined manner.
NUM  3.
PAR  3. A method of fabricating an electrical-optical circuit board comprising
      the steps of:
PA1  supporting a plurality of socket guides in spaced relationship to each
      other wherein each socket guide includes a plurality of fiber receiving
      notches surrounding an aperture therein;
PA1  threading at least one flexible optical fiber through notches in said
      socket guides in a predetermined manner;
PA1  encapsulating said optical fiber and said socket guides to maintain the
      relative positioning between said guides and said fiber;
PA1  removing encapsulating material from said notches of said socket guides and
      cutting away optical fibers extending into said apertures to form optical
      windows; and
PA1  inserting electrical-optical circuit wafers in said socket guides wherein
      said wafers are optically intercoupled in a predetermined manner.
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ABST
PAL  Improved forming method permits a flat laminate panel comprising a thin,
      deep vacuum formed thermoplastic face surface member bonded to a rigid
      backing member to be bent sharply so as to form the sides and front of a
      cabinet, for example, in one integral piece. The bends are accommodated by
      removing material from the back of the panel so as to form V-grooves whose
      included angles are equal to the angle of bends desired. The grooves
      extend through the entire thickness of the backing member and a portion of
      the plastic layer. A small bead of hot melt adhesive placed in the groove
      serves to soften the plastic so it can be bent without cracking. The panel
      sections adjacent the V-grooves are then brought into contact and
      immediately and permanently bonded together by the adhesive, thus
      eliminating the need for additional bracing while the adhesive sets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of furniture, and particularly to
      the manufacture of inexpensive but high quality cabinets, such as
      television and stereo consoles having three dimensional configurations on
      both their fronts and sides. In the past, such cabinets have usually been
      made of separate pieces of wood which are jointed and glued together. More
      recently, developments in plastic molding and finishing techniques have
      permitted the cabinet components to be made of plastic face laminates
      which are then glued or screwed to each other. Generally, the exteriors
      are formed of thin plastic shells which are deep drawn by vacuum
      thermoforming techniques so as to include very fine details such as wood
      graining which can be finished to give the appearance of fine wood. The
      joining operation is quite time consuming. Although it is well known in
      the furniture art that materials such as plywood, for example, can be
      gently bent by cutting a series of closely spaced slots in the back
      surface, placing glue in the slots, and then holding the face surface
      against a template while the glue sets, this operation is also time
      consuming.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a very fast and economical
      method of forming and joining the fronts and sides of cabinets or the
      like.
PAR  It is another object of the invention to provide a method of forming a
      sharp bend in a plastic faced flat laminated panel without cracking or
      otherwise damaging the plastic.
PAR  These and other objects are achieved by the present invention wherein
      V-grooves are formed in the rear surface of a rigid panel faced with a
      plastic shell along the lines where bending is to take place. The grooves
      pass through the entire thickness of the backing material and through
      about one-half or more of the thickness of the plastic. A small bead of a
      suitable hot melt adhesive, such as one sold by Minnesota Mining &
      Manufacturing Company, is then placed along the length of the grooves in
      contact with the plastic. After the plastic, which is preferably high
      impact polystyrene, has softened from the heat of the hot adhesive, the
      panel portions adjacent each side of each groove are moved toward each
      other until the sides of the V-grooves contact each other. As the sides of
      the grooves move into contact, the bead of hot adhesive spreads between
      them and is rapidly cooled, resulting in an instantaneous bond which
      eliminates any necessity of bracing the formed panel before attaching it
      to other components such as the top and bottom. Since the application of
      the adhesive, the softening of the plastic, and the bending and setting up
      of the joint can all be accomplished within about 30  seconds or less, it
      is obvious that the process is highly adaptable to assembly line
      production techniques. Although hot melt adhesives are known which have
      melting points as high as 700.degree.F. and which would provide sufficient
      heat to permit a 90.degree. bend in plastic of a thickness of 0.080
      inches, it is also possible to use adhesives having a much lower melting
      point, such as 450.degree.F. or even lower. However, where only a small
      bead of a hot melt adhesive having a relatively low melting point is used,
      it is usually necessary to provide auxiliary heating of the walls of the
      V-groove to prevent the backing board from acting as a heat sink which
      would draw the heat from the adhesive which is needed to soften the
      plastic and prevent its cracking as it is bent. This can be easily
      accomplished in a production set up by traversing the V-grooves under a
      rod type heater element just before the adhesive bead is applied. The
      temperature of the adhesive used and the amount, if any, of auxiliary
      heating applied can be varied to achieve the best joint in the least
      amount of time. A high temperature adhesive would be cooled by the
      V-groove surfaces more slowly than a lower temperature adhesive and thus
      might not set as quickly as desired while a lower temperature adhesive
      might lose too much heat to the backing board before the plastic was
      heated to its softening temperature of approximately 185.degree.F.
DRWD
PAC   BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a one piece plastic faced cabinet front and
      side unit formed in accordance with the invention;
PAR  FIG. 2 is a top edge view of a portion of a laminated panel before it is
      grooved;
PAR  FIG. 3 is a view similar to FIG. 2 but showing the panel after grooving;
PAR  FIG. 4 is a view similar to FIG. 3 but showing the panel after hot melt
      adhesive is placed in the grooves;
PAR  FIG. 5 is a view similar to FIG. 4 but showing the panel folded where it is
      grooved; and,
PAR  FIG. 6 is a view of a panel taken on line 6--6 of FIG. 4 showing the
      relationship of the panel to a source of hot adhesive and an auxiliary
      heater.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, a cabinet subassembly indicated generally at 10 can be
      seen as comprising a deep vacuum formed plastic face panel 12 laminated to
      a rigid backing member 14 such as particle board, by means of construction
      adhesive (not shown). The cabinet side panels 16,18 are originally in the
      same plane as the cabinet center panels 20,22 (FIG. 2) but the plastic
      face panel 12 and backing member 14 are then grooved as shown at 24
      through the entire thickness of the backing member 14 and a portion of the
      thickness of the plastic face panel 12 (FIG. 3). The amount of material
      removed to form the grooves 24 should exactly correspond to the angle of
      bend desired. For example, 75.degree. and 15.degree. grooves are formed to
      produce the shape shown in FIG. 1. A bead 26 of hot melt adhesive is then
      placed in each of the grooves 24. After the heat of the hot melt adhesive
      26 has softened the plastic 12 along the lines 12' located at the bottom
      of the grooves 24, the side panel portions 16,18 are readily manually
      pivoted relative to the center panel portions 20,22 to form the
      subassembly 10 shown in FIGS. 1 and 5. Since the relatively small mass of
      hot adhesive 26 is rapidly cooled as it is squeezed along the relative
      cool walls of the V-grooves 24, it has been found that the side and front
      panels maintain the relationship shown in FIG. 5 from the instant they are
      brought into contact, thus obviating the need to clamp or brace them until
      the adhesive has set.
PAR  The angular extent to which the plastic surface 12 can be bent without
      cracking by the use of the hereinbefore described process is dependent on
      the type and thickness of plastic 12, the depth of the grooves 24, and the
      amount of heat applied to the plastic along the line of bending 12'. Where
      the temperature and thickness of the hot melt adhesive 26 is insufficient
      to soften the plastic sufficiently (approximately 185.degree. F.) to
      permit a sharp bend before the heat of the adhesive is lost to the walls
      of the V-grooves 24, an auxiliary heat source such as a rod type electric
      heating elements indicated schematically at 30 in FIG. 6 can be utilized.
      The heat is applied to the top of the V-grooves 24 for a few seconds
      before the adhesive 26 is applied from the nozzle 31 of heated dispenser
      32 to warm the walls of the V-grooves 24. The application of heat and
      adhesive is readily accomplished by moving the cabinet subassembly 10 on a
      conveyor table 34 in the direction shown by the arrow in FIG. 6.
PAR  The improved forming method is especially valuable for use in the assembly
      line manufacture of cabinetry since the steps of the method can all take
      place very quickly. For example, where a plastic shell member 12 of 0.080
      inches thick high impact polysytrene is affixed to a backing member 14 of
      0.500 inches particle board, it is possible to cut the grooves 24 to a
      depth of about 0.56 inches in less than 10 seconds by means of a double
      end tenoner equipped with V-groove cutters. Where a hot melt adhesive bead
      26 having a relatively low melting point of 450.degree. F. and a height of
      0.25 inches is used in a 75.degree. groove and where supplemental heat is
      added as shown in FIG. 6, it is possible to go from the stage shown in
      FIG. 3 to the stage shown in FIG. 5 in less than 30 seconds. In such a
      procedure, the heater rods 30 would be in an oven (not shown) into which
      the composite 10 would be moved on conveyor 34 in a direction parallel to
      the heater rods. As the composite 10 is withdrawn from the oven, adhesive
      dispensers 32 heated by resistance heaters 33 dispense beads 26 of hot
      glue in the grooves 24. The side panels 16,18 and front panels 20,22 are
      then immediately moved toward each other so as to close up the grooves 24
      and form the completed joint with the front panel 20. This operation can
      be done either manually or by automatic equipment. At any rate, the unit
      shown in FIG. 5 does not require additional clamping and is ready to
      advance to succeeding manufacturing stations (not shown) where the top and
      bottom portions are attached to it and paint and other finishes are
      applied. Although adhesive is shown in all the grooves 24 in FIG. 4, it is
      generally not necessary in the narrow angle grooves connecting the panels
      20 and 22 since the top and bottom of composite 10 is ordinarily fitted
      into a complementary groove in a base member and a top member (not shown).
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of forming a sharp bend in a laminated composite article
      consisting of a thin thermoplastic shell member bonded to a thick backing
      member comprising the steps of removing a V-shaped section of material
      from the backing member and from the rearmost portion of the thermoplastic
      shell member in the region where the bend is to be formed, applying a bead
      of hot melt adhesive in the bottom of the V-groove resulting from the
      removal of material, allowing the hot adhesive to soften the shell member
      to a point where it can be bent without cracking, and bending the
      composite to bring the sides of the V-groove toward and into contact with
      each other, thereby forcing the glue along the sides of the V-groove.
NUM  2.
PAR  2. The method of claim 1 wherein said hot melt adhesive is sufficiently hot
      to heat thermoplastic shell along a line of bending to a temperature of at
      least about 185.degree. F.
NUM  3.
PAR  3. The method of claim 1 wherein an external source of heat is applied to
      the walls of the V-groove before said bead of adhesive is applied.
NUM  4.
PAR  4. The method of claim 3 wherein said composite article is moved on a
      conveyor so that said V-groove moves directly and continuously from a
      position under said external source of heat to a position under a source
      of said hot melt adhesive, said bead of adhesive being applied to said
      V-groove as said composite is moved by said conveyor.
NUM  5.
PAR  5. The method of claim 1 wherein the plastic at the bottom of the V-groove
      is of a thickness of about one-half or less of the plastic thickness
      immediately adjacent the V-groove.
NUM  6.
PAR  6. The method of claim 1 wherein said adhesive is applied at a temperature
      of at least about 450.degree. F.
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ABST
PAL  Decalcomanias are automatically transferred from a vacuumized porous
      transfer surface to an object to be decorated which is held in position to
      assure constant non-slipping, rolling contact with the decalcomania. The
      porous decalcomania-holding surface coacts in transfer relation with the
      object to be decorated.
PARN
PAR  This is a continuation of application Ser. No. 145,629 filed May 21, 1971
      abandoned.
BSUM
PAC  BRIEF STATEMENT OF INVENTION
PAR  This invention relates to a method and apparatus for the automatic transfer
      of a decalcomania, hereinafter referred to as a decal, to an object to be
      decorated therewith. Particularly the invention relates to the automatic
      transfer of decals to objects to be decorated, such as glass, porcelain,
      porcelain on steel, pots and pans, and the like. The transfer is
      accomplished from a porous resilient surface on which the decal is held in
      a fixed position by air pressure and/or mechanical means, and the object
      to be decorated is contacted with the decal, usually in a rotating or
      rolling motion, the resilience of the transfer surface serving to insure a
      smooth and wrinkle-free transfer. This technique is a major departure from
      the direct point-to-point method hitherto used for automatic decal
      transfer methods.
PAR  Briefly stated, the object to be decorated, in one embodiment of the
      inventive concept, is held by air pressure, mechanical means, or the like,
      on a rotatable mandrel, and the transfer surface bearing the decal is
      passed in transfer relation therewith, so that the decal is smoothly and
      evenly applied to the object without the usual application and adjustment
      by hand, as is usually required with presently used decal application
      techniques.
DRWD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The concept of this invention will be more clearly explained by referring
      to the accompanying drawings which illustrate one embodiment of the
      inventive concept.
PAR  In the drawings:
PAR  FIGS. 1-3 are perspective views showing sequentially an object in the
      process of being decorated.
PAR  FIG. 4 is a perspective view of one embodiment of the apparatus indicating
      a mandrel, or chuck, for holding an object to be decorated.
PAR  FIG. 5 is a cross-sectional view of the transfer table showing in detail a
      transfer surface.
PAR  FIG. 6 is a side view of the apparatus of FIG. 4 with a mandrel adjusting
      mechanism.
PAR  FIG. 7 is a perspective view of the apparatus showing an automatic decal
      feeding device in position above the transfer surface.
PAR  FIG. 8 is a side view of the transfer table adapted for feeding a
      continuous web of decals to the transfer surface.
PAR  FIG. 9 is a schematic drawing of a decal suitable for use with the
      apparatus of FIGS. 1-8.
PAR  FIG. 10 is a perspective view of the mandrel, or chuck, of FIG. 4 in
      enlarged detail.
PAR  FIG. 11 is a perspective view of the mandrel adjusting mechanism of FIG. 6
      in enlarged detail.
DETD
PAR  Turning now to the drawings, reference numeral 2 indicates generally the
      working components of one emmbodiment of the invention. It comprises
      essentially a movable table or platform 4 which is adapted to be moved in
      a horizontal plane by means of guide rails 6 and 8 and a gearing
      arrangement 10 (see FIG. 6), which is driven by motor 12 and belt drives
      14 and 16.
PAR  Mounted upon table 4 is a box member 18 which is suitably connected to a
      pressure reducing means, such as a vacuum pump, by hose member 20.
PAR  The details of construction of box member 18, as shown in FIG. 5, indicates
      that the top surface thereof comprises a porous resilient member 22, such
      as a strip of felt, or other cloth material, which is, in turn, supported
      by a supporting member 24 such as a wire gauze, a perforated plate, or the
      like.
PAR  Thus, when the pressure on the interior of the box member 18 is reduced,
      the atmospheric pressure is exerted downwardly on the top surface of the
      resilient porous member 22 and holds in position any object placed
      thereon, such as a decal, without danger of movement or slippage under
      normal transfer conditions.
PAR  Disposed in a plane immediately above box member 18 is a freely rotatable
      mandrel or chuck member, 26. This mandrel rotates on a hollow shaft member
      28 which is similarly connected to a source of reduced pressure, such as a
      vacuum pump, or the like. The forward portion of the mandrel is composed
      of a resilient material having sloping sides as shown at 30, and may be
      fabricated of rubber, or other relilient material, which will provide a
      vacuum seal to objects placed thereon, and thus will be held in fixed
      relation to the chuck.
PAR  Mandrel shaft 28 is fixedly attached to a universal adjusting mechanism,
      shown at 32 in FIG. 11. This adjusting device, known to the art, by means
      of adjusting screws 34 and 36, can move mandrel shaft 28, and thus mandrel
      26, vertically and horizontally with respect to resilient surface 22. Thus
      an object held in position on mandrel 26 by means of atmospheric pressure,
      may be raised or lowered with respect to the transfer surface, or may be
      tilted at any desired angle in order to assure optimum contact with the
      transfer surface, and thus with a decal held thereon.
PAR  When an object, such as a mug or a cup to be decorated is placed on the
      outer end of mandrel 26, it is held in position by means of atmospheric
      pressure, as was explained above. It is then adjusted by means of
      adjusting screws 34 and 36 to the desired transfer relationship with the
      resilient transfer surface, 22. When a decal is placed on transfer surface
      22, and transfer table 4 is moved from the right to left, as shown in
      FIGS. 1-3 sequentially, the cup to be decorated moves in transfer relation
      to the decal. If, for example, the decal is a "heat release" decal, and if
      the cup to be decorated is heated to, or above, the heat release
      temperature of the decal, the design layer of the decal will transfer to
      the cup smoothly and evenly without the necessity of any manual adjustment
      which is common practice in the prior art. With the movement of transfer
      surface from right to left, powered by motor 12 and its accompanying gear
      train, the freely rotatable cup is rolled along the decal surface and the
      transfer is made. Thereafter, the cup, with the decal in place thereon, is
      treated by methods known to the art before final use.
PAR  It is to be understood, of course, that many variations to the apparatus
      described are possible without departure from the concept of this
      invention. For example, a heating chamber with a plurality of
      object-holding stations may be provided for raising the temperature of the
      object to be decorated, such as a cup or mug, to the proper heat release
      temperature. In the device described, a feeding magazine for holding a
      stack of individual decals is shown, as well as a continuous supply roll.
PAR  It is also to be understood that the co-relation of the chuck or mandrel
      and the transfer surface may be varied so as to provide for a wide variety
      of decorative possibilities such as decorating plates, glasses, flatware,
      and the like. It may also be desired to provide a series of transfer
      stations wherein a plurality of objects may be simultaneously or
      sequentially decorated.
PAR  Although in the embodiment shown in the drawings the object to be decorated
      is held in fixed rotatable relation and the transfer surface bearing the
      decal is moved in transfer relation thereto, other transfer relation
      configurations may be designed without departing from the inventive
      concept. For example, the transfer surface may be held stationary and the
      object to be decorated rolled along the surface, thus picking up the
      decal. The object may also be held in a vertical posture, and the transfer
      surface positioned such that the decal is held in vertical relation
      thereto.
PAR  Many other co-acting transfer relations may be designed which incorporate
      the concept of this invention, namely, that of the utilization of a
      rolling pressurized progressive transfer in distinction to the direct
      point-to-point transfer methods utilized by the prior art techniques.
PAR  It is also contemplated that a decal may be removed from the transfer
      surface to a second transfer surface and from this second surface to the
      object to be decorated. This second surface may be partially shaped to
      more nearly conform to the object shape, and thus any distortion of the
      decal minimized, or at least averaged out over the total area, and thus
      rendered less noticeable.
PAR  To summarize briefly, this invention relates to a method and apparatus for
      automatically transferring a decalcomania to an object to be decorated
      therewith. The decal is held in position on a relilient transfer surface,
      by air pressure or by mechanical means, and moved in transfer relation to
      the object to be decorated. The heart of the inventive concept is in the
      application of gradual, progressive application of contact, normally a
      line contact, during the transfer step, thus departing from the normal
      point-to-point contact of prior art techniques.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for decoration of objects with decalcomanias which comprises
      the steps of:
PA1  holding a decalcomania in fixed relation on a porous resilient surface by
      means of applying reduced pressure to the opposite side of said surface,
PA1  holding said object to be decorated in fixed rotational relation to said
      porous resilient surface, and
PA1  moving said decalcomania in transfer relation with said object to be
      decorated, so that the design layer of said decalcomania is transferred to
      said object while a web portion of said decalcomania remains on said
      porous resilient surface during the entire transfer of said design layer
      to said object.
NUM  2.
PAR  2. A method according to claim 1 wherein said porous resilient surface
      includes an upper surface of a felt material.
NUM  3.
PAR  3. A method according to claim 1 wherein said porous resilient surface is
      moved transversely to the object to be decorated during the entire
      transfer of said design layer to said object.
NUM  4.
PAR  4. A method according to claim 1 wherein said object to be decorated is a
      ceramic object.
NUM  5.
PAR  5. A method according to claim 1 wherein said decalcomania is a ceramic
      decalcomania.
NUM  6.
PAR  6. A method according to claim 1 wherein said object to be decorated is
      heated and said decalcomania is a heat releasable decalcomania.
NUM  7.
PAR  7. An apparatus for the transfer of the design layer of decalcomanias to
      objects to be decorated therewith which comprises:
PA1  a porous and resilient surface for supporting said decalcomania;
PA1  means for holding said web portion of said decalcomania in position on said
      porous and resilient surface by applying reduced pressure therethrough
      during the entire transfer of said design layer of said decalcomania, said
      means for holding said decalcomania comprising a transversely movable
      table;
PA1  rotatable means for holding an object to be decorated in transfer relation
      to said decalcomania; and
PA1  means for moving said decalcomania in transfer relation to said object, so
      that said design layer of said decalcomania is progressively transferred
      to said object, while said web portion of said decalcomania remains on
      said porous and resilient surface.
NUM  8.
PAR  8. An apparatus according to claim 7 wherein said means for holding the
      object to be decorated includes means for adjusting the object in at least
      two planes.
NUM  9.
PAR  9. An apparatus according to claim 7 including means for heating said
      object to be decorated.
NUM  10.
PAR  10. An apparatus according to claim 7 wherein said decalcomania holding
      means includes means for automatically feeding decalcomanias to the
      surface thereof.
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ABST
PAL  This invention bonds the paper pages of books without applying adhesive to
      the paper. Clamping jaws press the paper sheets of a book together along
      the edges that are to be bound. The paper is a weldable paper and the
      sheets bond to one another where they are clamped in contact and raised to
      a welding temperature by heat of one or both of the clamping jaws, radio
      frequency energy or otherwise. The temperature must be at least as high as
      the welding temperature of the paper and not so high that it will scorch
      or otherwise damage the paper. The clamping and welding apparatus are
      combined with other book-making machinery and located along the course
      followed by the unfinished book at a station where the welding step can be
      done automatically and with substantial saving in the usual labor
      required.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation of our patent application Ser. No. 220,761, filed
      Jan. 26, 1972 (File No. 14713) now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The binding of books by welding the edges of the pages of special paper is
      disclosed in our U.S. Pat. No. 3,560,290, issued Feb. 2, 1971. A number of
      different kinds of apparatus for welding the paper together are disclosed
      in that patent.
PAR  One of the advantages of welding is that since it is a clean process and
      requires no application of adhesive, no control of the quantity of
      adhesive applied and no protection of other parts of the pages and
      apparatus from accumulations of adhesive. The welding step is well suited
      to performance on machines that perform other operations on the book such
      as folding or collating. This invention includes welding apparatus
      embodied in a folding machine and also includes welding apparatus embodied
      in a gathering machine. Such machines will be referred to generically
      herein as "apparatus for assembling sheets" in a desired order.
PAR  The invention will be described in a folding machine between the last and
      next to last folding stations. Signatures on their way to the last folding
      station are welded along the line on which the last fold will be made so
      that when the sheets of the signature are folded at the last station, they
      are already bound together along the fold line and it is unnecessary to
      use adhesive or to sew or staple the sheets of the signature, or to trim
      off the folds so that adhesive can be applied to individual pages. The
      welded signature is bound together as strongly as any system and more
      strongly than most. The pages must be split to separate them; and this
      connection is made automatically and without slowing down the output of
      the folding machine.
PAR  The invention will also be described in a gathering machine in which
      individual pages or signatures are brought together in the sequence in
      which they are to be bound, and instead of transferring them to another
      machine for securing the sheets or signatures together, they are welded
      together at the delivery station, where successive assembled sheets or
      signatures are removed from the gathering machine. Again the operation can
      be automatic and performed on the gathering machine without decreasing the
      output of the machine. The start-up and clean-up labor of adhesive
      applicators is eliminated.
PAR  Other objects, features and advantages of the invention will appear or be
      pointed out as the description proceeds.
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PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is a diagrammatic view showing signature welding apparatus located
      between the last and next to last folding station of a folding machine;
PAR  FIG. 2 is a diagrammatic view showing the apparatus for welding the
      signature at the welding station of FIG. 1 and showing the apparatus for
      effecting the welding operation;
PAR  FIG. 3 is a diagrammatic end view of the apparatus of FIG. 2 that makes the
      weld;
PAR  FIG. 4 is a sectional view taken on the line 5--5 of FIG. 2;
PAR  FIG. 5 is a fragmentary view, partly broken away, showing the sheets of a
      signature as welded together by the apparatus of FIGS. 2-5;
PAR  FIG. 6 is a top plan view showing diagrammatically a gathering or collating
      machine with apparatus for welding the pages together at the delivery end
      of the machine;
PAR  FIGS. 7 and 8 are diagrammatic sectional views taken on the lines 7--7 and
      8--8, respectively, of FIG. 6; and
PAR  FIG. 9 shows a modified apparatus for hearing the leaves.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In FIG. 1, a conventional folding machine 10 delivers a signature 12 to a
      roller conveyor 14 by which the signature is delivered to a last folding
      station 16 of the folding machine.
PAR  The rollers of the conveyor 14 have their axes slightly canted so that as
      the rollers are rotated by conventional power means (not shown), the
      signature 12 is shifted up against a side plate 18 of the conveyor 14.
      There are stop fingers 20 extending downwardly close to the rollers of
      conveyor 14 and serving as abutments to stop the signature 12 when it is
      advanced toward the left in FIG. 1 until the leading edge of the signature
      comes in contact with the fingers 20. With the signature 12 stopped in
      this position, the center line along which the signature is to be folded
      in the last folding station 16 is located under a welding bar holder 22.
PAR  FIG. 2 shows the signature 12 resting on the conveyor rollers 14 and with a
      back-up support 26 located under the signature between successive conveyor
      rollers 14 and with a plastic buffer coating 28 covering the top of the
      back-up support, the plane of the top surface of the buffer coating 28
      being coincident with a plane tangent to the rollers 14 of the conveyor.
      Thus the paper of the signature 12 lies perfectly flat as it rests on the
      conveyor rollers 14 and the buffer coating 28 of the backup support 26.
PAR  FIG. 2 shows the welding bar holder 22 located above the signature 12 and
      with a welding bar 30 supported by the holder 22. It is the welder bar 30
      which is located directly over the center line of the signature 12 which
      will be folded in the last folding station and along which the sheets of
      the signature are to be welded together in accordance with this invention.
      The welding bar can be of several configurations or thicknesses as the
      design and subsequent needs of the book require. For example, it can have
      a discontinuous clamping face if spot welds are to be used.
PAR  The welding bar holder 22 is attached to the lower end of a ram 32 which is
      movable up and down in a bearing 34 which is a rigid part of a frame 36 of
      the conveyor 14. At the upper end of the ram 32 there is a cam follower 38
      which rotates with respect to the ram 32 and this cam follower 38 has
      axles 40 at either end which can move up and down in slots 42 in the side
      walls of the ram 32 as shown best in FIG. 3. The cam follower 32 is urged
      upward toward the upper ends of the slots 42 by a spring 44 (FIG. 2); and
      the purpose of the spring 44 and the slots in which the axles 40 move is
      to provide some resilience to taking up shock when the ram 32 is thrust
      downward by rapid rotation of a cam 46 secured to a cam shaft 48 which
      rotates in bearings in opposite sides of a fixed frame 50.
PAR  When the cam 46 rotates, it pushes the ram 32 downward and brings the
      welder bar 30 into contact with the paper of the signature 12. The welder
      bar 30 clamps the sheets of paper into firm contact with one another and
      clamps them against the plastic buffer coating on the top surface of the
      back-up support 26; and at the same time the paper is heated along the
      line of clamping, to a welding temperature.
PAR  Heat is applied by contact of the welder bar 30 with the paper of the
      signature and one purpose of the plastic buffer coating 28 is to retain
      heat so that it will supply some of the heating of the paper to the next
      signature to be operated upon by the apparatus. In the illustrated
      apparatus, the principal heat is applied by radio frequency energy
      supplied to the welder bar 30 from a power supply 54 located behind the
      frame 50 and preferably supported by the frame 50. Other ways of applying
      heat to the paper are disclosed in our U.S. Pat. No. 3,560,290, previously
      referred to.
PAR  FIG. 9 is FIG. 7 of our U.S. Pat. No. 3,560,290, and it shows two
      signatures 240 and 242. If these signatures are thin, they can be
      previously welded along their folds. This can be done to hold the
      individual signatures in assembled relation, but it is not necessary when
      a signature is to be welded to another signature because the same welding
      which joins signatures together also joins the leaves of the individual
      signatures to one another.
PAR  FIG. 9 has clamping jaws 244 and 246 which hold the signatures in assembled
      relation with one another. These clamped jaws 244 and 246 may cover the
      entire areas of the signatures 240 and 242 except for the edge portions
      which are to be welded. Other clamping jaws 248 and 250 contact with the
      edge regions of the signatures 240 and 242 and press these edge regions
      together with substantial pressure at the rearward edges of the leaves
      where they are joined together at a fold.
PAR  The clamping jaws 248 and 250 may be heated to supply the necessary welding
      heat in FIG. 9. Because of the low head conductivity of most kinds of
      paper, it is more advantageous to heat paper by using a high frequency
      electromagnetic field from a stray field electrode assembly 251. The high
      frequency dielectric field heats the paper between the jaws 248 and 250
      and the heat is generated in the paper itself so that it is not necessary
      to rely on temperature gradients or conduction to reach the inner leaves.
      The intensity of the field and its duration are sufficient to bring the
      paper to a welding temperature between the clamping jaws 248 and 250.
PAR  The width of the weld is controlled by having the clamping faces of the
      jaws 248 and 250 relatively narrow. Because of this narrow width of the
      jaws 248 and 250, and the fact that they are close to one edge of the
      stack of leaves, it is advisable not to rely upon these jaws as the only
      means for holding the signatures in the desired assembled relation. The
      clamping jaws 244 and 246 are representative of other means for holding
      the signatures in the desired assembled relation during the welding
      operation.
PAR  The radio frequency energy is used to heat the paper where there are a
      substantial number of sheets in the signature 12 and reliance on
      conduction heating would be slow. Conduction heating cannot be applied
      quickly where there are a substantial number of sheets to penetrate with
      the heat because the only way to obtain fast penetration with paper sheets
      which are not good conductors of heat is by means of steep temperature
      gradients. Such gradients cannot be used where there are many sheets
      because the temperature applied to the outer sheets becomes so high as to
      scorch the outer sheets. Conduction heat is suitable where the thickness
      to be penetrated is limited as with a few sheets heated from the sides or
      a thick book is heated at the backbone.
PAR  With radio frequency heating, however, heat is generated in the paper
      itself and the temperature of the inner sheets of the signature can be
      raised to a welding temperature quickly. In fact, inner sheets may be
      heated more quickly than the outer sheets with radio frequency heating
      because the outer sheets are in position to give up some of their heat to
      the contact elements by which the sheets are clamped for welding. It is
      advantageous, therefore, to have the clamping surfaces sufficiently heated
      so that there is no substantial loss of the heat generated in the paper to
      the clamping elements. For this reason, the welder bar 30 and the plastic
      buffer coating 28 are preferably maintained at a temperature of between
      about 100.degree. - 102.degree. F when the apparatus is in operation. Such
      temperatures can be maintained by waste heat from the welding operation
      provided that the welding bar holder and the back-up support do not
      connect with large masses of cool metal which would act as heat sinks.
PAR  When the region of maximum radius of the cam 46 has rotated beyond the cam
      follower 44, the ram 32 is pushed back to its raised position by springs
      56 located between the welder bar holder 22 and transverse frame elements
      58 on which the springs 56 rest. These transverse frame elements 58 extend
      across the top of the conveyor 14 and are preferably connected at opposite
      ends to the side plate 18 (FIG. 3) and the frame of the folding machine
      10.
PAR  The welder bar 30 is preferably made of steel and the welder bar holder can
      be made of the same material. Polytetrofluoroethylene (Teflon) is the
      preferred material for the plastic buffer coating 28 and can conveniently
      be applied to the back-up support 26 in the form of tape. The back-up
      support 26 is preferably made of brass but other material can be used. One
      advantage of the coating 28 is that it prevents possible sticking of the
      paper of the signature 12 to the back-up support.
PAR  The cam shaft 48 extends into a housisng 60 of a one turn clutch which is
      driven by a motor 62. When the folding machine is in operation, the motor
      62 runs continuously and when the clutch in the housing 60 is actuated by
      an electric control 64, the clutch engages, and then disengages
      automatically. Such one way clutches are well known mechanical expedients
      and no further description of the clutch is necessary for a complete
      understanding of this invention.
PAR  In order to stop the cam 46, cam shaft 48, and the driven side of the
      one-way clutch quickly, the apparatus is equipped with a brake 66. This
      brake 66 is applied to a brake shaft 68 driven from the cam shaft 48
      through a chain and sprocket connection 70. The electric control 64 causes
      the brake 66 to be released at the same time that the electric control 64
      causes the clutch in the housing to be engaged. Conversely, the electric
      control 64 applies the brake 66 when the clutch in the housing 60 is
      disengaged. A manual adjustment 72 controls the force of the brake when
      applied to the brake shaft 68.
PAR  Initiation of the operation of the electric control 64 is brought about by
      a photocell 74 located just above the conveyor 14 at the stop fingers 20.
      A microswitch or any other sensing device that can detect without
      disturbing the movement of the paper can be used in place of the
      photocell. Whenever the leading edge of a signature 12 comes under the
      photocell 74, a signal from the photocell to the electric control 64
      causes the one-turn clutch to engage and the brake 66 to release so that
      the cam 46 makes a revolution and operates the welder bar 30 into contact
      with the paper on the back-up support 26. The operation of the power
      supply 54 to supply the heating energy for welding the paper can be
      controlled from the electric control 64 or from a switch 76 attached to
      the frame 50 in position to contact an actuator 80 carried by the cam
      shaft 48 in position to depress a button at the top of the switch 74 in
      the path of the actuator 80.
PAR  There is a collar 82 on the ram 32 in position to contact abutment screws
      84 which act as limit stops for determining how high the ram 32 rises
      under influence of the springs 56 after the region of maximum radius of
      the cam follower 38. These abutment screws 84 thread through fixed lugs 86
      that are part of the fixed frame of the machine. There is a micro switch
      90 secured to the frame 36, and this micro switch has an operating arm 92
      with a wheel 94 at the free end of the arm 92. The wheel 94 is in the path
      of the collar 82 and upward movement of the collar 82 causes momentary
      closing of the switch 90 to supply power to a relay 96 which closes to
      energize the solenoid 98 which operates support structure 100 that carries
      the stop fingers 20.
PAR  The solenoid 98 swings the fingers 20 upward out of the path of the
      signature 12. The conveyor rollers 14 are operated continuously and slip
      on the bottom of the signature 12 while the signature is held against
      movement by the stop fingers 20. When the stop fingers 20 move into the
      dotted line position shown in FIG. 2, in response to the energizing of the
      solenoid 98, the rollers 14 advance the signature 12 into the last folding
      station 16. The folding station 16 is of conventional construction and is
      illustrated diagrammatically. The forward end of the signature is advanced
      by the conveyor into a roll pass 102 of the folder, and guide roll 106
      deflects the signature upward as the signature is advanced by the feed
      roll pass 102 into contact with an abutment 104. This stops further
      movement of the leading edge of the signature 12 and since the signature
      is still being pushed forward by the feed roll pass 102, the paper bends
      just beyond the feed roll pass 102 and is deflected into the pass between
      the roll 106 and the lower roll of the feed roll pass 102. These rolls
      fold the signature and as the signature continues to advance, with the
      fold as the leading edge, the portion that was pushed up against the
      abutment 104 is drawn down through the pass between roll 106 and the lower
      roll of the feed roll pass 106.
PAR  The abutment 104 is located in a position which stops the advance of the
      unfolded signature 12 when the center line of the signature is in position
      to fold in between the rollers 102 and 106 as the result of the further
      feeding movement of the conveyor rollers 14. The folder 16 being of
      conventional construction need not be described in detail for a complete
      understanding of this invention. The significance of the folding station
      16, insofar as this invention is concerned, is merely that the welding
      station which secures the pages of a signature together operates
      automatically to then advance the signature into a folding station where
      the signature will be folded along the line where the weld has been made.
      Any other folding station that will accomplish this purpose can be used in
      place of the folding station 16. The diagrammatic illustration of FIG. 2
      shows an attachment of a KS folder manufactured by the Dexter Folder
      Company.
PAR  FIG. 5 shows the signature 12 after folding and with the pages somewhat
      separated at their free edges for better illustration. There are eight
      sheets shown in FIG. 4 and designated by the reference character 110. The
      fold is indicated by the reference character 112 and some of the sheets
      are broken away to show the weld line which is indicated by the reference
      character 114.
PAR  FIG. 6 shows a gathering or collating machine which comprises a trough 120
      comprising a frame section 122 and a side wall section 124. There are
      stations 126a, 126b, 126c and 126d at which pages or signatures 12, which
      are to be collated, are located. For a gathering machine capable of
      gathering 15 signatures there must be 15 stations similar to the stations
      126a- d. If individual sheets are collated, instead of signatures, then
      there must be as many stations as there are sheets for the book. If more
      sheets or signatures are required, then there are stations on the
      gathering machine, then the work is run through the the gathering machine
      as many times as necessary,
PAR  The operation will be described with signatures 12 at the different
      stations and a stack of signatures 12 is shown in FIG. 7 on a support 130
      at the station 126b. All of the signatures 12 at the station 126b are the
      same and each one constitutes the signature which is to follow one taken
      from a corresponding stack at the station 126a, and which is to precede a
      signature taken from the stack at the station 126c.
PAR  The signatures 12 in FIG. 7 are held in stacked relation on the support 130
      by guides between which they are placed when the gathering machine is
      being set up for operation. The guides shown in FIGS. 6 and 7 are side
      walls 132 extending upward from the supports on which the signatures rest.
      Automatic feed means 136 remove signatures one at a time from the bottom
      of the stack at each of the stations 126a - d. These automatic feed means
      136 are illustrated diagrammatically in FIG. 7. They are of conventional
      construction and include suction cups that contact with the bottom of the
      stacks of signatures through slots in the supports 130 on which the stacks
      rest. For purposes of this invention it is sufficient to understand that
      each of the feed means 136 operates to displace the bottom signature from
      the stack onto a shelf 138 that extends across the trough 120.
PAR  A conveyor 140 comprising an endless chain 142 is located under a slot 144
      located between the lower end of the side wall section 124 and a
      horizontal portion of the frame section 122. This endless chain 142 runs
      on sprockets 148 supported by axles 150 at spaced locations along the
      length of the gathering machine.
PAR  Projections 152 are attached at their lower ends to the conveyor chain and
      these projections 152 extend upward through the slot 144 to a height
      somewhat above the shelf 138. There is a slot 153 through each shelf and
      the upper end of each projection 152 projects through the slot 153 of each
      shelf 138 to push a signature 12 off the shelf so that the signatures at
      successive stations drop on top of those which the projection 152 is
      pushing along the trough 120. As the conveyor 140 operates with continuous
      motion, the projections 152 propel groups of signatures along the trough
      from left to right as viewed in FIG. 6.
PAR  The spacing of the projections 152 along the conveyor is equal to the
      spacing of the stations 126a- d from one another so that the projections
      from the conveyor chain displaces signatures from the shelves 138 onto the
      other signatures at the same time. Then another signature is fed to each
      of the shelves 138 before the next projection 152 reaches the shelves.
PAR  By the time the conveyor 140 has moved a signature from the first station
      to the end of the trough 120, other signatures have been piled on top of
      the first signature to complete the assembly of the pages of the book in
      the desired sequence. This is a well-known operation in bookbinding and
      can be performed on different kinds of machines from that illustrated
      diagrammatically in FIGS. 6 and 7.
PAR  As the trough 120 extends toward the discharge end of the gathering
      machine, the trough becomes narrower. In the construction illustrated, the
      vertical wall of the frame section 122 moves progressively closer to the
      slot 144; and the bottom of the trough on the other side of the slot 144
      slopes upward and eventually becomes vertical as shown in FIG. 8 so as to
      turn the group of signatures 12 upright with the folded ends or backs of
      the signatures at the bottom. Guide elements 158 are preferably attached
      to the confronting surfaces of the vertical faces of the trough in FIG. 8
      to reduce friction against the assembled signatures 12 as they advance
      toward the discharge end of the gathering machine.
PAR  Near the discharge end of the gathering machine, this invention provides
      means which make this part of the gathering machine a welding station 160.
      At the welding station 160 there are clamping jaws 162 and 164 which move
      horizontally intto contact with the lower edge portion of the assembled
      signatures 12. In FIG. 8 the clamping jaw 162 is shown with a bar 166
      which is heated and which applies both heat and pressure to the assembled
      signatures 12 to weld the pages of the signatures together. For thick
      books, both of the jaws 162 and 164 can be heated; and where the thickness
      of the book makes it difficult to have the heat penetrate to the inner
      pages by conduction, radio frequency heating is used as disclosed in our
      U.S. Pat. No. 3,560,290. Electric power for heating the jaw 162 is
      supplied through a conductor 170.
PAR  Actuators 172 and 174 move the jaws 162 and 164 into contact with the
      assembled signatures 12 and out of contact when the pages have been
      welded. The particular mechanism of the actuators 172 and 174 forms no
      part of the present invention.
PAR  The conveyor control for the gathering machine is indicated by the
      reference character 182 and it is of conventional construction as part of
      the gathering machine which is also conventional. Control circuits
      indicated by reference characters 184, 186 and 188 connect the actuators
      172 and 174 with the conveyor control 182 with relays that cause the
      actuators 172 and 174 to bring the clamping jaws 162 and 164 into contact
      with the assembled signatures 12 of the welding station 160 each time a
      new group of signatures reaches the welding station, and the control
      causes the clamping jaws 162 and 164 to move away from the assembled
      signatures 12 when the sheets are welded. The pressure and heat of the
      jaws 162 and 164 is coordinated with the clamping period so as to effect
      the weld without overheating the paper.
PAR  Since the conveyor chain of the gathering machine moves continuously, it is
      necessary that the clamping jaws 164 and 166 also move at the speed of the
      conveyor chain while they are in contact with the group of signatures 12
      to weld the signatures together.
PAR  To obtain such motion, the actuators 172 and 174 are mounted on a carriage
      192 which slides on fixed guide rails 194 extending parallel to the
      direction of movement of the group of signatures 12 through the gathering
      machine. The carriage 192 is reciprocated back and forth along the rails
      194, moving in the direction of the group of signatures 12 during the
      welding period, and moving back in the opposite direction after welding
      and before the next group of signatures 12 reaches the welding station.
PAR  It is conventional to have such reciprocating carriages on measuring
      machines for supporting stitching mechanism which is used to stitch
      signatures together while they ae in motion. The present invention
      substitutes the welding apparatus for the stitching apparatus, and the
      reciprocating carriage can be of conventional construction.
PAR  After the group of signatures 12 has been welded at the welding station, it
      can be advanced to a cover station where a cover is applied to the bottom
      of the group of signatures and the signatures with the cover passed
      through a cover breaker along a straight line in line with the conveyor
      chain or by passing the welded signatures into a rotary covering apparatus
      of conventional construction.
PAR  Preferred embodiments of the invention have been illustrataed and
      described, but changes and modifications can be made and some features can
      be used in different combinations without departing from the invention as
      defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for securing together the pages of a book that are made of
      paper sheets having surfaces throughout their entire areas incorporating a
      resin system that welds contacting edge portions of the sheets together
      when subjected to heat, said apparatus including assembling means that
      bring sheets of a book together in the sequence to one another in which
      they are intended to be bound, a welding station located along the path of
      travel of the sheets near a delivery end of the assembling means, conveyor
      means that move the sheets through the assembling means and welding
      station, clamping jaws at the welding station along the path of travel of
      the sheets and in position to grip the assembled sheets adjacent to the
      rearward edge regions of the sheets, as said sheets come from the
      assembling means, means for supplying welding heat to the rearward edge
      regions of the sheets to weld them together while gripped in said jaws,
      and mechanism for releasing the clamping jaws at the end of the welding
      operation for passage of the welded sheets from the welding station.
NUM  2.
PAR  2. The apparatus described in claim 1 characterized by positioning means at
      the welding station for locating successive batches of assembled sheets in
      position for welding, and an automatic control at the welding station for
      timing the application of welding heat with the position of the batch of
      sheets, said control including a detector responsive to the movement of a
      batch of sheets into position for welding.
NUM  3.
PAR  3. The apparatus described in claim 2 characterized by the clamping jaws
      being located at a substantially fixed location at the welding station and
      in spaced relation such that each batch of sheets moves between the spaced
      jaws as it moves into welding position, mechanism operated by the
      automatic control for bringing the jaws into contact with the front and
      back sheets of each batch in response to said detector.
NUM  4.
PAR  4. The apparatus described in claim 3 characterized by the clamping jaws
      including a relatively fixed jaw under the batch of sheets, a movable jaw
      above the batch of sheets and movable into contact therewith, a ram by
      which the movable jaw is carried, a bearing in which the ram moves to
      shift the movable jaw toward and from the batch located over the fixed
      jaw, spring means that move the movable jaw away from the batch of sheets,
      cam means that move the ram and movable jaw toward the batch of paper, and
      adjustment mechanism that varies the stroke imparted to the ram by the cam
      means to control the stroke of the movable jaw and the pressure thereof.
NUM  5.
PAR  5. The apparatus described in claim 4 characterized by a motor that
      operates the cam means, a brake for stopping the motor and cam quickly
      after each operation, a magnetic brake release, a switch for controlling
      flow of power to the brake release and motor, said switch being responsive
      to the detector.
NUM  6.
PAR  6. The apparatus described in claim 2 characterized by the positioning
      means including a side guide and a stop in the path of the batch of sheets
      in position to stop further movement of the batch upon reaching welding
      position, and operating mechanism for the stop being responsive to the
      welding operation for moving the stop to release each welded batch of
      sheets, and means for moving the stop back into position to stop the next
      batch of sheets that will arrive at the welding station.
NUM  7.
PAR  7. The apparatus described in claim 1 characterized by means for supplying
      welding heat being a radiofrequency generator and a conductor through
      which radiofrequency energy is discharged in the region of the rearward
      edges of the sheets for generating heat in the paper.
NUM  8.
PAR  8. The apparatus described in claim 1 characterized by the means for
      supplying welding heat being located in position to confine the welding to
      the rearward edge regions of each successive batch of paper.
NUM  9.
PAR  9. The apparatus described in claim 1 characterized by the assembling means
      being a folder in which sheets are folded at successive stations to form a
      signature with the sheets in a final sequence in which they are intended
      to be bound, the welding station being located between the last and
      next-to-last stations of the folder, the jaws of the welding station being
      in position to clamp the sheets along a center line on which the sheets
      are to be folded in the last folding station whereby the signature is
      already welded along its center fold when it comes from the delivery end
      of the last folding station.
NUM  10.
PAR  10. The apparatus described in claim 1 characterized by the assembling
      means including a conveyor and stations located along the course of the
      conveyor at which successive sheets or signatures are deposited on the
      conveyor in the sequence in which they are to be bound together in a book,
      a welding station to which successive groups of assembled sheets are
      successively delivered, clamping jaws that hold the pages together at the
      welding station, and means for supplying heat to weld the clamped sheets
      together at the welding station.
NUM  11.
PAR  11. The apparatus described in claim 10 characterized by the conveyor
      including a trough into which successive sheets or signatures are
      deposited from each station as sheets or signatures from preceding
      stations reach each station, an endless belt, projections connected with
      the endless belt at spacings equal to the spacings of said stations from
      one another, the projections extending into the trough in positions to
      propel collections of sheets or signatures along the trough when the
      conveyor belt is in motion, driving means for the belt including control
      means, feeder means at each station that deliver a new sheet or signature
      to a shelf in the path of said projections for displacement by the next
      projection to the collection of sheets or signatures being advanced by
      that projection, said trough being shaped to orient each successive full
      complement of sheets or signatures in positon to be gripped by the
      clamping jaws at the welding station.
NUM  12.
PAR  12. The apparatus described in claim 10 characterized by driving means that
      move the conveyor with continuous motion when the apparatus is in
      operation, and a reciprocating carriage at the welding station and by
      which the clamping jaws are carried, the reciprocating carriage moving
      back and forth in the direction in which the conveyor moves and moving
      with the conveyor and at the same speed during clamping of the signatures
      by the clamping jaws and in the opposite direction to the conveyor between
      the clamping of successive groups of signatures.
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ABST
PAL  Tread plates on mutually opposed endless belts clamp and move a pack of
      boards horizontally lengthwise between electrodes for setting adhesive
      between the boards by dielectric heating. The tread plates are engaged by
      backing members spaced transversely of the length of the belt, and the
      tread plates are connected by a chain located between the backing members.
      The portions of the tread plates engageable with a surface of the board
      pack are of a suitable plastic to deter passage of radio-frequency energy
      from an electrode to an electrically-grounded portion of a tread plate or
      to the chain. Air bags are inflatable to press at least one endless belt
      against the board pack or to move such belt relative to supporting means
      away from the board pack. Adjusting means for prepressing rollers ahead of
      the endless tread belts on one side of the board pack and adjusting means
      for the endless tread belt on the same side of the board pack are
      interconnected for synchronized adjustment. A plurality of pivoted
      pressure rollers spaced lengthwise of the path of movement of the board
      pack ahead of the endless belts for engaging the board edges are connected
      by chains to synchronize them for conjoint movement toward and away from
      the sides of the board pack. Such rollers can be profiled to hold the
      boards of the pack in relatively offset relationship if desired. Also, the
      endless belts can be curved to bend the pack of boards lengthwise.
BSUM
PAR  The present invention relates to laminating travelling presses of the
      endless tread type which are particularly useful for laminating packs of
      boards in the manufacture of laminated beams or posts.
PAR  A principal object of the invention is to provide a laminating travelling
      press for setting adhesive by dielectric heating utilizing endless tread
      belts constructed to grip securely a pack of boards to be laminated and to
      minimize leakage of radio-frequency energy from the electrodes to grounded
      portions of the endless tread belts.
PAR  Another object is to provide mechanism for synchronizing adjustment of
      different presser mechanisms of the press so that such presser mechanisms
      will be located simultaneously at approximately the same elevations.
PAR  It is also an object to provide powered upper and lower moving means
      engageable with a pack of boards which are driven in synchronism so that
      the boards of the pack will be retained in proper registration.
PAR  An additional object is to provide presser mechanism which can exert
      substantial pressure on a pack of boards to be laminated without such
      pressure being transmitted through drive mechanism for moving the presser
      means engaged with the pack of boards.
DRWD
PAR  FIG. 1 is a plan of a laminating travelling press according to the present
      invention, and FIG. 2 is a side elevation of such press.
PAR  FIG. 3 is an enlarged side elevation of the press side opposide the side
      shown in FIG. 2, parts being broken away.
PAR  FIG. 4 is a transverse section through the press on a further enlarged
      scale taken on line 4--4 of FIG. 5.
PAR  FIG. 5 is a side elevation of a portion of the press showing portions of
      the press mechanism different from those shown in FIG. 3.
PAR  FIG. 6 is a horizontal plan through a portion of the press on an enlarged
      scale, parts being broken away, and FIG. 7 is a detail vertical section
      through a portion of the press taken on line 7--7 of FIG. 6.
PAR  FIG. 8 is fragmentary side elevation of the feed end portion of a
      travelling press constructed to secure boards in a pack in predetermined
      relatively offset relationship edgewise.
PAR  FIG. 9 is a vertical section through such press mechanism taken on line
      9--9 of FIG. 8, and FIG. 10 is a vertical section taken on line 10--10 of
      FIG. 8.
PAR  FIG. 11 is a fragmentary longitudinal section through press mechanism
      arranged to secure the boards of a pack together in longitudinally curved
      condition, and FIG. 12 is a fragmentary enlarged longitudinal section
      through such a press.
DETD
PAR  The laminating travelling press shown generally in FIGS. 1 and 2 includes
      in sequence an infeed section 1, a prepress section 2, a main press
      section 3 and an outfeed section 4. Packs P of boards to be laminated are
      supplied in stacked condition with adhesive between them to the table 5 of
      the infeed section. Such adhesive is preferably a thermosetting resin
      which can be set by dielectric heating or chemical action. The table 5 may
      accommodate several packs in side-by-side relationship, which can be moved
      transversely of their lengths successively into alignment with the other
      sections of the press.
PAR  From the infeed section 1, the packs P are fed lengthwise through the
      tunnel 6 into the prepress section 2. Each such pack is fed between at
      least two sets of upright side evening rollers 7 and 8 spaced lengthwise
      of the path of movement of the pack of boards through the press. The
      evening rollers of each pair are pressed toward each other so as to move
      the boards of each pack relatively edgewise into precise registration
      before the adhesive between adjacent boards is set.
PAR  In the prepress section 2, the pack of boards is supported by a plurality
      of live rollers 9 and is compacted by hold-down mechanism 10. With the
      boards in the pack evened edgewise and with the pack of boards thus
      preliminarily compacted, the pack is fed by the prepress section into the
      press section 3 between a lower endless tread belt 11 and an upper endless
      tread belt 12. These belts move the pack through the main press section
      where the adhesive is set, after which the endless tread belts discharge
      the pack to the outfeed section 4.
PAR  As shown in FIG. 3, each infeed side evening roller 7 is mounted
      eccentrically on a swivel shaft 13, and each outfeed side evening roller 8
      is mounted eccentrically on a swivel shaft 14. Sprockets on the two swivel
      shafts 13 and 14 on the same side of a board pack are connected by a chain
      15, so as to synchronize swivelling of the rollers 7 and 8. As a pack of
      boards enters between the infeed evening rollers 7, therefore, and they
      are spread to receive such pack, the outfeed rollers 8 will be spread
      correspondingly by the chain 15 turning shaft 14 to the same degree that
      shaft 13 is turned by swivelling of rollers 7. Consequently, rollers 8
      will be spread to the same extent as rollers 7.
PAR  The side evening rollers 7 and 8 may be idler rollers or may be live
      rollers. The rollers 9 supporting the pack of boards in the feed press
      section are live rollers, preferably being driven by a hydraulic motor 16
      connected by chain and sprocket drives 17 to the live rollers 9.
      Correspondingly, a hydraulic motor 18 drives live rollers 19 of the
      hold-down 10, which bear on the upper side of the board pack in the
      prepress section. In order to obtain the most effective driving action of
      the lower rollers 9 and the upper rollers 19, it is preferred that each
      upper roller 19 be disposed substantially directly above a lower roller 9,
      as shown in FIG. 3.
PAR  In moving the packs of boards P through the prepress section 2, it is
      important that the same tractive effort be applied to the top and bottom
      of the pack so as to avoid any tendency of boards in the pack to be
      slipped lengthwise relative to each other. Consequently, the lower live
      rollers 9 and the upper live rollers 19 are driven at precisely the same
      speed by effecting rotation of the hydraulic motors 16 and 18 driving the
      lower and upper live rollers, respectively, in exact synchronism.
      Synchronization of these motors is effected by supplying liquid under
      pressure to them by the flow-divider 20 which regulates the flow of
      driving liquid to the two motors equally.
PAR  As the packs P of boards are fed by the prepress section 2 into the main
      press section 3, the board packs are conveyed by cooperation of the lower
      and upper endless tread belts 11 and 12. The lower belt 11 is moved by
      chain 21 driven by a hydraulic motor 22. The upper endless tread belt 12
      is moved by a chain 23 driven by a hydraulic motor 24. Again, it is
      important for the lower endless tread belt and the upper endless tread
      belt to be driven in precise synchronism. Consequently, liquid is supplied
      both to the lower motor 22 and to the upper motor 24 through a
      flow-divider 25 which proportions the flow of liquid to the two motors
      exactly equally.
PAR  The constructions of the lower endless tread belt 11 and of the upper
      endless tread belt 12 are substantially the same, as indicated in FIG. 4,
      and provide substantially continuous planar parallel opposing press faces.
      The tread plates 26 of the lower belt 11 are made of quite hard dielectric
      material, such as polyurethane having a durometer value of 90. Such
      plastic mounting components are bonded to tread plates 27 that are secured
      by bolts to the plate elements 11 secured to the endless chain 28 driven
      by the drive chain 21. The tread components are mounted in closely spaced
      relationship as shown in FIG. 3 to provide the substantially continuous
      pressure face engageable with the board pack.
PAR  The endless chain 28 does not carry any weight of the tread plates 26, 27
      or of the pack P of boards supported by such tread plates. Instead,
      opposite edge portions of the plates 11 attached to the chain 28 bear
      directly on backing strips 29 of hard, low-loss, nonpolar, low-friction,
      dielectric material, such as polyethylene plastic, bonded to the upper
      flanges of supporting I beams constituting the press bed 30. Such hard
      polyethylene plastic material is high density polyethylene, or even
      ultrahigh molecular weight polyethylene. The I beam flanges and strips 29
      supporting opposite sides of plates 11 are spaced apart sufficiently to
      receive the chain 28 between them.
PAR  The upper endless tread belt 12 includes tread plate portions 31 made of
      quite hard dielectric material, such as poluyrethane, like the tread
      portions 26 of the lower endless tread belt. Each of these tread plate
      portions is bonded to a metal plate 32 that is secured by bolts to a tread
      plate 12 secured to the endless chain 33. Such chain is received in the
      slot between backing strips 34 bonded to the lower flanges of I beams 35.
      Such backing strips, like the strips 29, are made of hard low-friction
      dielectric material, such as polyethylene plastic. The chain 33 is driven
      by the driven chain 23.
PAR  The entire upper endless tread belt mechanism is supported by
      superstructure including the parallel I-beams 35 that are carried by, and
      project downward from, a frame 36. Such frame has a passage 37 in it,
      through which the upper return stretch of the endless tread belt 12
      passes. This frame is guided for elevational movement by upright guide
      rods 38 reciprocable in an elevationally adjustable support 39.
PAR  With such support in any selected elevationally adjusted position
      corresponding to the depth of a pack P of boards, downward pressure can be
      exerted on the lower stretch of the upper endless tread belt for the
      purpose of compacting the boards in the pack P while the adhesive is being
      set. Downward force is created by supplying gas or liquid under pressure
      to an expandable chamber 40, such as an elongated flattened air bag. Such
      air bag is interposed between the support 39 and the frame 36. Force
      exerted by expansion of the air bag is transmitted through the I beams 35
      and the backing strips 34 to the tread plates 31, 32.
PAR  While the boards of the pack P are thus held under pressure, the
      coordinated movement of the lower belt 11 and of the upper belt 12 moves
      the pack P longitudinally between dielectric heating electrodes 41 shown
      best in FIGS. 4 and 7 which are elongated lengthwise of the pack and, as
      shown in FIG. 5 5, extend over virtually the entire length of the endless
      tread belts. Such electrodes are carried by mounts 42 mounted on slides 43
      reciprocable in guides 44. These electrodes may be pressed resiliently
      toward the opposite sides of the pack P. respectively, by inflatable bags
      45 interposed between the mounts 42 and supports 46 which, in turn, are
      carried by slides 47 reciprocable in guides 48.
PAR  The guides 48 are mounted stationarily on posts 49 of the press frame. Also
      mounted on such posts are screws 50 engageable with the electrode supports
      46 for effecting movement of such supports toward or away from a pack P of
      boards in the main press section 3 of the press. All of the screws 50 at
      one side of the endless tread belts are interconnected by chains 51, 52
      and 53. Sprockets engaged by chains 52 and 53 at opposite sides of the
      press are secured to a cross shaft 54 on one end of which a crank 55 is
      mounted.
PAR  Because all of the screws 50 at each side of the press are connected by the
      chains 51, 52 and 53 and because such chains 52 and 53 at opposite sides
      of the press are interconnected by shaft 54, manual turning of the crank
      55 will rotate all of the screws 50 at the same speed to move the
      electrode supports 46 at opposite sides of the press to the same extent
      toward or away from the pack P of boards. By such crank turning,
      therefore, the positions of the electrode mounts at opposite sides of the
      endless tread belts can be adjusted toward or away from each other quickly
      and easily for approximate location of the electrodes 41 corresponding to
      the width of the boards in a particular pack. When the positions of the
      electrode mounts have been thus set, the bags 45 can be inflated to press
      the electrodes resiliently against opposite sides of the pack.
PAR  It is desirable to deter leakage of radio-frequency energy from the
      electrodes 41 past the edges of the electrically-insulating tread plates
      26 to grounded metal electrically-conducting portions 11 or 27 of the
      tread plates or the chain 28 as far as possible. Consequently, the
      insulating tread plate portion 26 should be sufficiently wide and thick so
      that the leakage path from the electrodes 41 at opposite sides of the pack
      P of boards to an electrically-conducting portion of the endless tread
      belt is at least great enough to prevent appreciable leakage of
      radio-frequency energy from such electrodes. While it is preferred that
      both of the electrodes 41 be live, one of such electrodes could be live
      and the other grounded, as in a single ender system.
PAR  If it should be desired to relieve the pack of boards P from pressure by
      the upper endless tread conveyor 12, the entire frame 36 and the conveyor
      driving mechanism can be raised relative to the support 39 by deflating
      the bag 40 and inflating bags 56, shown in FIG. 3. Such bags are engaged
      between upper cross pieces of the frame 36 and the upper portion of the
      support 39. Inflation of such bags moves the slides 38 upward to raise the
      endless tread conveyor 12 bodily through a short distance.
PAR  If it should be desired to retract the entire upper endless tread conveyor
      upward a substantial distance, such retraction can be effected by rotating
      simultaneously internally threaded sleeves 57 threadedly engaged with
      screws 58, the lower ends of which are connected to and carry the entire
      endless tread belt support 39. Preferably, at least four sets of
      internally threaded sleeves 57 and screws 58 carry the endless tread
      conveyor support 39. Such pairs of sleeves and screws are arranged in the
      rectangular relationship shown at the left of FIG. 1.
PAR  In order to insure simultaneous and equal elevational movement of all of
      the screws 58, the pairs of threaded sleeves 57 spaced transversely of the
      press are connected by chains 59. Also, two of the threaded sleeves spaced
      lengthwise of the press are connected by a chain 60. All of the threaded
      sleeves 57 are thus interconnected for conjoint rotation to raise and
      lower the upper endless tread belt evenly.
PAR  The entire hold-down 10 can also be raised and lowered, as may be desired,
      by simultaneous rotation of internally-threaded sleeves 61 with which
      screws 62 are threadedly engaged. Such screws, preferably four in number,
      arranged in rectangular relationship, support the hold-down. The screws of
      each pair spaced transversely of the press are connected by transverse
      chain loops 63, and two of the threaded sleeves 61 spaced longitudinally
      of the press are connected by a chain loop 64, so that all of the threaded
      sleeves 61 are turned conjointly.
PAR  If either the hold-down 10 or the upper endless tread belt 12 is to be
      raised or lowered, it is desirable for the other to be raised or lowered
      simultaneously and to the same extent. Consequently, it is desirable to
      connect one of the hold-down threaded sleeves 61 with one of the upper
      endless tread belt threaded sleeves 57 by a chain loop 65, as shown in
      FIGS. 1 and 3, in particular, to coordinate rotation of all of the
      threaded sleeves 57 and all of the threaded sleeves 61. The chain and
      threaded sleeve system can be driven manually or by an electric or
      hydraulic motor, as may be desired.
PAR  In FIGS. 8, 9 and 10, a modification of the press mechanism is shown for
      securing boards in a stack in predetermined relationship relatively offset
      edgewise. In use of the press described above, the entire stack of boards
      can be bonded together such as to make a laminated beam, or any desired
      number of boards can be secured together to make laminated products. The
      press of FIGS. 8, 9 and 10 is particularly adapted to bond boards of a
      stack in groups of three to provide tongue-and-groove members, although
      such members can be designed to accommodate groups of more than three
      boards. For this purpose, adhesive can be applied to opposite sides of the
      central board of each group of three. In the stack P', during the bonding
      operation, such central boards are then displaced edgewise relative to the
      boards on opposite sides of them, so that one edge of each central board
      will project beyond the corresponding edges of the boards on opposite
      sides of it to form a tongue, and a groove will be formed between the
      opposite edges of the two side boards.
PAR  In FIGS. 8 and 9, the edge rollers 8' mounted on pivoted mounts are shown
      as having profiled peripheries conforming to the respective sides of the
      board stack when the central board of each group of three is displaced
      edgewise relative to the boards on opposite sides of it. Thus, as seen in
      FIG. 9, the left roller 8' has annular grooves 66, each of a width to
      receive an edge portion of a central board of a group of three, which
      grooves are spaced by annular lands 67 of an axial extent equal to twice
      the thickness of a board in the stack, less a compressive allowance.
PAR  The opposite edge roller 8' at the right of FIG. 9 has annular grooves 66'
      of an axial extent equal to the thickness of two boards, which are spaced
      apart by lands 67' of an axial width equal to the thickness of the central
      board of each group of three less a similar compression allowance. The
      grooves 66' in the right roller 8' are in registration transversely of the
      stack of boards P' with the lands 67 of the left side roller.
      Correspondingly, the lands 67' of the right roller 8' are in registration
      transversely of the stack of boards P' with the grooves 66 of the left
      roller 8'.
PAR  The depth of the grooves 66 in the left roller 8' is equal to the height of
      the lands 67' of the right roller, and the depth of the grooves 66' of
      that roller. Consequently, if all of the boards of the stack P' are of the
      same width, the two rollers 8' will insure that the central board of each
      group of three boards is offset to the left, as seen in FIG. 9, the same
      distance relative to the boards on opposite sides of such central boards,
      to provide members having central tongueson tongues on side projecting a
      distance equal to the depth of the complemental groove on the opposite
      side of such tongue-and-groove member.
PAR  As seen in FIG. 8, both the infeed rollers 7' and the outfeed rollers 8' of
      the prepress unit will be profiled for the production of tongue-and-groove
      members. In the endless tread portion of the press at the discharge side
      of the prepress component, shown at the right of FIG. 8, the electrodes
      41' and 41" will have grooved surfaces corresponding to the profiles of
      the prepress rollers 7' and 8'.
PAR  Thus, the left electrode plate 41', shown in FIG. 10, has grooves of a
      width equal to the thickness of a single board, which are spaced apart by
      ribs having widths equal to twice the thickness of a board.
      Complementally, the right electrode plate 41" has grooves of a width equal
      to twice the thickness of a board of the stack P' spaced by ribs of a
      width equal to the thickness of a single board. As shown in FIG. 10, the
      grooves in electrode plate 41' are in registration with the ribs of the
      electrode plate 41" and the ribs of the electrode plate 41' are in
      registration with the grooves of the electrode plate 41". Such electrode
      plates will therefore embrace the opposite edges, respectively, of a stack
      of boards having the central board of each set of three offset relative to
      the boards on opposite sides of it, as established by the rollers 7' and
      8' of the prepress unit.
PAR  As the stack of boards P' is moved through the press unit shown in FIGS. 8
      and 10 by pressure of the opposite endless tread belts 11 and 12 on
      opposite sides of the stack, each group of boards will be bonded by
      dielectric heating effected by the electrodes 41' and 41", so that a stack
      of tongue-and-groove fabricated members will be discharged from the press.
      It will be evident that the prepress side rollers and the electrode plates
      can be contoured in any pattern desired to guide through the press a stack
      of boards having corresponding side contours.
PAR  In some instances, it may be desirable for laminated beams to be produced
      by the press of the present invention which are bent lengthwise. To
      produce such beams, the individual boards of the stack P" are bent
      individually lengthwise and adhesive between such boards is set while they
      are held in such bent relationship. Such a bend will be on a very large
      radius, such as for the purpose of producing laminated beams with camber
      for arched roofs, for example. Press mechanism for producing such curved
      laminated packs of boards is shown in FIGS. 11 and 12.
PAR  In order to bond the boards of the pack P" together so that the bonded
      structure which emerges from the press will be curved lengthwise, it is
      necessary for the endless tread belts 11 and 12 on opposite sides of the
      board pack to be curved complementally correspondingly. Thus, one of the
      endless tread belts, shown in FIG. 11 as the belt 11, will have a concave
      curvature toward the board pack, and the other endless tread belt 12 will
      have a complemental convex curvature toward the board pack.
PAR  The endless tread belts may be shaped to the desired longitudinally curved
      contour by providing supporting members 29' for the belt 11 and forming
      the members of the press bed 30 increasing in elevation from left to
      right, as seen in FIGS. 11 and 12. Correspondingly, the backing members
      34'  for the opposite endless tread belt 12 will increase in elevation
      from left to right, as seen in FIGS. 11 and 12. Such increase in elevation
      of the backing members 29' for endless tread belt 11 and of the backing
      members 34' for endless tread belt 12 is effected by deforming the frame
      of the press slightly by placing under supports 68 at the discharge end of
      the press shims 69 of different thicknesses or other elevating means. Each
      shim or elevating means farther from the discharge end of the press is
      thinner than the next shim or elevating means closer to the discharge end
      of the press.
PAR  Because of such variation in elevation of the backing members, the
      laminated member, P", emerging from the press will curve upward if the
      individual laminations moving into the press are in horizontal planes, and
      will curve to one side if the laminations moving into the press are in
      vertical planes. The curvature of the endless tread belt stretches
      engaging the opposite sides of the stack of boards will be very gradual.
      The difference in thickness of the adjacent shims or elevating means will
      determine the degree of curvature of the opposite stretches of the endless
      tread belts.
PAR  The prepress section of the press shown in FIGS. 11 and 12 is the same as
      the prepress section 2 shown in FIGS. 1 and 2. Consequently, the prepress
      compacting rollers 9 and 19 and the outfeed edge rollers 8 are shown
      rather diagrammatically. The pack of boards P can be fed into the prepress
      unit in the same manner as described with reference to the press of FIGS.
      1, 2 and 3. In such case, each board will be in a horizontal plane.
      Alternatively, the press structure can be rearranged so that each board of
      the pack will be disposed in a substantially vertical plane as it moves
      through the prepress and the bonding sections.
CLMS
STM  I claim:
NUM  1.
PAR  1. A laminating travelling press for laminating a pack of boards,
      comprising presser means including two endless tread belt stretches having
      substantially continuous planar parallel opposing faces for receiving a
      pack of boards therebetween and engaging the opposite sides of such board
      pack, respectively, each stretch being composed of a series of tread
      members in closely spaced relationship, each tread member including a
      metal plate having leading and trailing edges hingedly connected,
      respectively, to the adjacent edges of two adjacent metal plates, and each
      metal plate having a press block of hard plastic insulating material
      bonded thereto and forming a face engageable with a pack of boards, two
      backing means, one for each of said endless tread belt stretches and each
      having a stationary bearing pressure surface of hard, low-friction
      dielectric material against which said metal plate of said two endless
      tread belt stretches slidably bear and yieldable pressure means urging
      said backing means relatively toward each other, dielectric heating
      electrodes at opposite sides of and adjacent to the pack of boards, said
      electrodes being elongated lengthwise of said endless tread belt
      stretches, extending along the major portion of the length of said endless
      tread belt stretches, located between the planes of said parallel endless
      tread belt opposing faces and of a width substantially equal to the width
      of the pack of boards, the electrical leakage path between each electrode
      and said metal plates of said endless tread belt stretches being of a
      length at least sufficient to deter substantial leakage of radio-frequency
      energy from an electrode to said metal plates, and means for moving said
      endless tread belt stretches lengthwise synchronously relative to said
      pressure means for moving the pack of boards lengthwise while sliding said
      metal plates in pack-compacting pressing engagement with said hard,
      low-friction dielectric material stationary bearing pressure surface of
      said backing means.
NUM  2.
PAR  2. The press defined in claim 1, in which the press blocks are of
      polyurethane material.
NUM  3.
PAR  3. The press defined in claim 1, the stationary bearing pressure surface
      against which the tread plates slidably bear being of hard polyethylene
      plastic material.
NUM  4.
PAR  4. The press defined in claim 1, and means supporting the dielectric
      heating electrodes and guiding such electrodes for movement toward and
      away from a pack of boards, and resilient pressure means pressing the
      dielectric heating electrodes toward the pack of boards.
NUM  5.
PAR  5. The press defined in claim 4, in which the resilient pressure means are
      pneumatic means.
NUM  6.
PAR  6. The press defined in claim 4, and adjustable means carrying the
      resilient pressure means and movable for shifting the resilient pressure
      means toward and away from the pack of boards.
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ABST
PAL  A stitcher assembly for use in tire building apparatus which apparatus has
      main frame means and rotatable tire building drum means supported by the
      main frame means and in turn supporting tire carcass material along with
      partially applied tread cap and/or sidewall components. The stitcher
      assembly includes a pair of carrier units, means for supporting and
      rotating the carrier units relative to the main frame means, a pair of arm
      assemblies one associated with each of the carrier units and having
      stitcher wheel means, and means for supporting and linearly moving the arm
      assemblies within the carrier units.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention is concerned with a stitcher assembly for firmly
      adhering or stitching tire carcass material and partially applied tread
      cap and sidewall components to a formed tire carcass.
PAC  SUMMARY OF THE INVENTION
PAR  The stitcher assembly of the present invention comprises a pair of carrier
      units, and a pair of arm assemblies one associated with each of the
      carrier units and having stitcher wheel means. The carrier units are
      rotatable respectively between two extreme arcuate positions; the arm
      assemblies are rotatable with the carrier units, and are also linearly
      movable within the carrier units when the latter are within either of
      their respective two arcuate positions. During rotation of the carrier
      units, the stitcher wheel means may be moved arcuately about the corners
      of the tread cap. During linear movement of the arm asemblies, and
      depending on the arcuate position of the carrier units, the stitcher wheel
      means may be moved either linearly across the tire carcass as well as
      across the periphery of the tread cap or linearly along the faces of the
      sidewalls.
PAR  As will be appreciated, the stitcher assembly of the present invention
      relies on two elementary motions: rotary and linear. Because these motions
      are simple and basic, the stitcher assembly is dependable and efficient in
      operation. Moreover, the indicated motions are carried out in relation to
      two preset centers of rotation. By reason of this factor coupled with the
      simplicity of the motions, the stitcher assembly effects uniform stitching
      with dimensional accurary whereby exceptional stability and balance are
      imparted to the resulting tire. Further, the spacing between the centers
      of rotation, and the extent of the rotary and linear motions, are
      infinitely adjustable to enable the processing of carcasses for tires of
      different sizes. Finally, the stitcher assembly can be used to build tires
      in either of the two alternative types of construction:
      tread-over-sidewall or sidewall-over tread.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of tire building apparatus with which
      the stitcher assembly of the present invention is incorporated;
PAR  FIG. 2 is a plan view of the tire building apparatus of FIG. 1;
PAR  FIG. 3 is a view, partly in elevation and partly in section, taken
      substantially along the line 3--3 in FIG. 2 looking in the direction
      indicated by the arrows;
PAR  FIG. 4 is a view, partly in elevation and partly in section, taken
      substantially along the line 4--4 in FIG. 3 looking in the direction
      indicated by the arrows:
PAR  FIG. 5 is a view, partly in elevation and partly in section, taken
      substantially along the line 5--5 in FIG. 3 looking in the direction
      indicated by the arrows;
PAR  FIG. 6 is a view, partly in elevation and partly in section, taken
      substantially along the line 6--6 in FIG. 3 looking in the direction
      indicated by the arrows;
PAR  FIG. 7 is a view, partly in elevation and partly in section, taken
      substantially along the line 7--7 in FIG. 3 looking in the direction
      indicated by the arrows;
PAR  FIG. 8 is a view, partly in elevation and partly in section, taken
      substantially along the line 8--8 in FIG. 7 looking in the direction
      indicated by the arrows;
PAR  FIGS. 9a-9b, joined in end-to-end relation on the dot-dash centerline, show
      a view, partly in elevation and partly in section, taken substantially
      along the line 9--9 in FIG. 8 looking in the direction indicated by the
      arrows;
PAR  FIG. 10 is a view, partly in elevation and partly in section, taken
      substantially along the line 10--10 in FIG. 8 looking in the direction
      indicated by the arrows;
PAR  FIG. 11 is a view, partly in elevation and partly in section, taken
      substantially along the line 11--11 in FIG. 8 looking in the direction
      indicated by the arrows;
PAR  FIG. 12 is a view partly in elevation and partly in section, taken
      substantially along the line 12--12 in FIG. 8 looking in the direction
      indicated by the arrows;
PAR  FIG. 13 is an elevational view corresponding generally to FIGS. 9a and 9b
      and shows three positions of the stitcher wheel;
PAR  FIGS. 14, 15 and 16 are partial diametrical sectional views of a tire
      carcass and show diagrammatically various positions of the stitcher wheels
      in applying a tread cap over sidewalls; and
PAR  FIGS. 17, 18 and 19 are partial diametrical sectional views of a tire
      carcass and show diagrammatically various positions of the stitcher wheels
      in applying sidewalls over a tread cap.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, there is shown one type of basic tire
      building apparatus with which the stitcher assembly of the present
      invention may be incorporated. The basic tire building apparatus comprises
      main frame means which includes a rear frame section 20 and a front frame
      section 22. The rear frame section 20 comprises vertical corner frame
      elements 24 and 26, and upper and lower longitudinal frame elements 28 and
      30. The front frame section 22 comprises a longitudinal frame element 32,
      a vertical corner frame element 34 and an aligned foot extension frame
      element 36, and an intermediate vertical frame element 38 and an aligned
      foot extension frame element 40. Extending between the rear and front
      frame sections 20 and 22 are primary transverse or cross frame elements
      42, 44, 46, 48 and 50, secondary transverse or cross frame elements 52 and
      54 and a transverse platform 56.
PAR  The basic tire building apparatus also comprises rotatable tire building
      drum means 58 which includes an intermediate expandable drum assembly 60
      and end drum assemblies 62 and 64. The drum means 58 is mounted on a
      hollow main shaft 66 located between a head stock assembly 68 and a
      variable positionable tail stock assembly 70. The head stock assembly 68
      includes a rotatable drive spindle 72, the inner end of which is connected
      to the adjacent end of the main shaft 66 by means of a coupler unit 74.
      The outer end of the head stock spindle 72 is drivingly connected, by
      means of a belt and pully arrangement 76, to an electric motor 78. The
      tail stock assembly 70 is swingable towards and away from the free end of
      the main shaft 66 by means of a pneumatic piston and cylinder assembly 80.
PAR  Arranged for axial inward and outward movement longitudinally of the drum
      means 58 are a pair of tire bead placing and end ply bag turn-up ring
      members 82 and 84. The ring members 82 and 84 are carried by
      longitudinally elongated frame members 86 and 88 mounted for sliding
      movement along longitudinally extending stationary shafts 90 and 92. Means
      for effecting axial movement of the tire bead placing and end ply bag
      turn-up ring members 82 and 84 comprises elongated lead screw means 94
      which is formed with a right-hand thread section 96 and a left-hand thread
      section 98. The lead screw means 94 is drivingly connected, by means of a
      selectively operable air clutch-brake unit 100 and a belt and pulley
      arrangement 102, to an electric motor 104.
PAR  The specific type of basic tire building apparatus described above does not
      form part of the present invention. Further details of the construction
      and operation thereof are disclosed in the copending application of Edwin
      E. Mallory, Ser. No. 375,750, filed July 2, 1973; the drum means 58 may be
      of a construction as shown and described in U.S. Pat. 3,684,621, issued in
      the names of Larry C. Frazier and Emerson C. Bryant, on Aug. 15, 1972, and
      the copending application of Edwin E. Mallory and Emerson C. Bryant, Ser.
      No. 173,769 filed Aug. 23, 1971.
PAR  Arranged generally below the tire building drum means 58 is the stitcher
      assembly 106 of the present invention.
PAR  The stitcher assembly 106, as shown in FIGS. 3 and 4, comprises a generally
      rectangular upright longitudinally extending base fame 108 having bearing
      plate means 109. The upper end of the base frame 108 has outwardly
      directed stub shafts 110 rotatably mounted in trunions 112 carried at the
      upper ends of side bracket units 114 which are secured adjacent their
      lower ends to the secondary cross female elements 52 and 54 and which are
      interconnected by a cross brace 116. In this manner, the base frame 108 is
      pivotally mounted to the main frame means about an axis parallel to the
      axis of the drum means 58. Means for locating the base frame 108 in
      predetermined pivoted or tilted positions, as shown in FIG. 3, includes
      first adjustable stop means 111 carried by the base frame 108 and
      engageable with a bearing block 113 attached to the side bracket 114,
      second adjustable stop means 117 carried by the side bracket 114 and
      engageable by the bearing plate means 109, and air bag units 118 arranged
      between the cross brace 116 and the base frame 108.
PAR  Referring to FIGS. 5 and 6, at the right-hand side of the base frame 108,
      and upright shaft 120, having an intermediate threaded section 122, is
      journaled at its ends in upper and lower ball bearing assemblies 124 and
      126 located in the frame 108. Secured to the lower end of the shaft 120 is
      a helical gear 128 which has meshing engagement with a helical pinion 130
      secured to a manually operable rod 132 rotatably mounted in the frame 108.
      Secured in the left-hand side of the base frame 108 is a laterally
      inwardly projecting center bolt 134 which carries a guide roller 136.
PAR  Mounted within the base frame 108 is a carriage frame 138. Adjacent its
      right-hand side, the carriage frame 138 is provided with an opening 140
      having a threaded section 142 engaged with the threaded section 122 of the
      shaft 120. The carriage frame 138 is supported by the shaft 120 and is
      adjustable therealong, in a direction normal to an axis parallel to the
      axis of the drum means 58, between the solid-line and dotted-line
      positions shown in FIG. 6 by rotation of the manually operable rod 132.
      The adjusted position of the frame 138 is indicated by a pointer 144
      secured to the frame 138 and movable across the face of a scale 146
      secured to the base frame 108. Along its left-hand side, the carriage
      frame 138 is provided with a C-shaped track section 148 which is engaged
      about the guide roller 136.
PAR  Along its bottom portion, the carriage frame 138 (FIGS. 5 and 6) is
      provided with forwardly projecting side frame extensions 150 and 152. A
      horizontal shaft 154, having a right-hand thread section 156 and a
      left-hand thread section 158, is journaled at its ends in ball bearing
      assemblies 160 and 162 located in the frame extensions 150 and 152.
      Secured to the left-hand end of the shaft 154 is a helical gear 164 which
      has meshing engagement with a helical pinion 166 secured to a manually
      operable rod 168 rotatably mounted in the frame extension 152. Along its
      top portion, the carriage frame 138 is provided with an inverted U-shaped
      track section 170.
PAR  Mounted within the carriage frame 138 (FIGS. 8 and 10) are a pair of
      generally inverted L-shaped carrier supports 172 with the horizontal leg
      portions thereof projecting forwardly. As shown in FIG. 12, each carrier
      support 172, adjacent its lower end, is provided with a horizontal opening
      174 having a threaded section 176 engaged with the adjacent thread section
      156 or 158 of the shaft 154. The carrier supports 172 are supported by the
      shaft 154 and are horizontally adjustable therealong toward and away from
      each other, in a direction parallel to the axis of the drum means 58, by
      rotation of the manually operable rod 168. The position of the carrier
      supports 172 is indicated by a scale 178 secured to one of the supports
      172 and movable under a pointer 180 secured to the carriage frame 138.
      Secured at the back side of each carrier support 172 (FIG. 8) is a
      vertical bolt 182 which carries a guide roller 184 engaged in the carriage
      track section 170.
PAR  As shown in FIG. 11, the horizontal leg portion of each carrier support 172
      is hollow and open on one side. Journaled for rotation therein, by means
      of ball bearing assemblies 186, is a longitudinally-slotted tubular shaft
      188 having a worm gear 190 secured thereto. Journaled for rotation within
      the tubular shaft 188, by means of ball bearing assemblies 192, is a
      spindle 194 having a helical gear 196 and a worm 198 secured thereto. The
      gears 196 and 190 (FIG. 12) having meshing engagement respectively with a
      helical gear 200 and a worm 202. The corresponding gears 200 and worms 202
      of each carrier support 172, in turn, are keyed respectively to elongated
      rods 204 and 206 journaled in the carrier supports 172. Rotation of the
      rod 204 effects rotation of the gears 200, gears 196 spindles 194 and
      worms 198. Rotation of the rod 206 effects rotation of the worms 202,
      gears 190 and tubular shafts 188. The rods 204 and 206, as shown in FIG.
      2, are connected, for selective rotation in either direction, to electric
      motors 208 and 210 respectively.
PAR  Journaled in each carrier support 172, as shown in FIGS. 9a and 9b, is a
      laterally extending carrier unit 212. Each carrier unit 212 comprises an
      inverted generally U-shaped frame 214 with an integral intermediate
      lengthwise brace 216. A lower lengthwise support bar 218 is secured in the
      frame 214; and an upper lengthwise threaded lead or ball screw 220 is
      journaled in the frame 214 and has a shank portion 222 at its inner end.
      The upper inner corner portion of the frame 214 is supported by and
      secured to the adjacent tubular shaft 188, and a worm gear 224 secured to
      the shank portion 222 of the lead screw 220 had meshing engagement with
      the worm 198 on the spindle 194. The carrier units 212 are rotatable by
      and with the tubular shafts 188, for example, between the solid-line and
      dotted-line positions shown in FIG. 13. The axes of rotation of the
      carrier units 212 lie in parallel planes normal to the axis of the drum
      means 58 and in a common plane parallel to the axis of the drum means 58.
      The lead screws 220 are rotatable by and with the gears 224.
PAR  Mounted within each carrier unit 212, as shown in FIGS. 7, 8 and 11, is a
      stitcher arm assembly 226. Each arm assembly 226 (FIG. 8) comprises a
      forwardly extending generally C-shaped arm support 228. The lower end of
      the arm support 228 is formed with a depending flange 230 and with a hub
      section 232 supported on the lower support bar 218 of the carrier unit
      212; the upper end of the arm support 228 (FIG. 11) has rotatably secured
      therein a collar member or ball nut 234 threadingly connected with the
      lead or ball screw 220; and the intermediate forward portion of the arm
      support 228 is formed with a sleeve section 236 having an internal
      shoulder 238 (FIG. 7).
PAR  Supported by each sleeve section 236 (FIGS. 7 and 8) is a stitcher arm unit
      240 comprised of a forwardly projecting primary arm section 242, a
      secondary arm section 244 laterally spaced from the primary arm section
      242 by a body section 246, and a depending flange 248. The rear ends of
      the arm sections 242 and 244 are secured to a pin member 250 which extends
      through the sleeve section 236 and which is formed with a shoulder 252. A
      coil spring 254 is disposed within the sleeve section 236 about the pin
      member 250 and is engaged at its ends with the sleeve shoulder 238 and
      shaft shoulder 252. An air bag unit 256 is mounted between the flanges 230
      and 248 for effecting upward pivotal movement of the stitcher arm unit 240
      relative to the arm support 228, and a return spring 258 is connected
      between the hub section 232 and the flange 248. A pair of stitcher wheels
      260 are carried at the outer end of the primary arm section 242. The
      stitcher wheels 260 are rotatably mounted on the ends of a transverse pin
      unit 262 secured in the primary arm section 242.
PAR  The arm assemblies 226 are linearly movable within the carrier units 212
      toward and away from each other through rotation of the lead screws 220.
      Referring to FIG. 7, inward movement of the arm units 240 and stitcher
      wheels 260 stops upon abutment of the adjacent ends of the pin member 250;
      however, precision stopping of the lead screws 220 is not required because
      the spring-loaded lost-motion mountings of the pin members 250
      accommodates overrun of the arm supports 228. In relation to a tire being
      built, the arm assemblies 226 are linearly movable on a common axis
      parallel to the periphery of the tire carcass and the tire tread cap and
      on separate axes parallel to the respective tire sidewalls.
PAR  Prior to building a tire: the air bag units 118 and 256 are deflated
      whereby the stop 111 abuts the block 113 (FIG. 3) and the stitcher arm
      units 240 are disposed in the dash line position shown in FIGS. 3 and 8;
      and the carriage frame 138 is manually adjusted along the shaft 120 (FIG.
      6), and the carrier supports 172 are manually adjusted along the shaft 154
      (FIG. 12), to adjust the stitcher assembly 106 to the size of the tire
      being built and to dispose the axes of rotation of the carrier units 212
      (i.e., the axes of the tubular shafts 188, FIG. 11) in preset positions
      substantially intersecting the respective centers of curvature 276 of the
      tire arcs (to be described in connection with FIGS. 14-16) perpendicular
      to the diametrical plane of the arcs.
PAR  To form a tire carcass to which either a tread cap may be applied over
      sidewalls or sidewalls applied over a tread cap, carcass materials in a
      conventional manner are first applied to the building drum means 58 (FIGS.
      1 and 2). Then, the air bag units 118 and 256 are inflated whereby the
      base frame 108 is pivoted upwardly with the bearing plate means 109
      engaged against the stop means 117 (FIG. 3) and the arm units 240 are
      pivoted to the dot-dash line position shown in FIG. 3 in condition for
      stitching the carcass material; the stitcher wheels 260 are moved axially
      apart from the center of the periphery of the carcass material across the
      periphery thereof by linear movement of the arm assemblies 226 within the
      carrier units 212 to stitch the carcass material; the air bag unit 118 and
      256 are deflated whereby the stitcher arm units 240 are again disposed in
      the dash line position shown in FIGS. 3 and 8; and the stitcher wheels 260
      are returned axially back together to the center of the periphery of the
      formed tire carcass by linear movement of the arm assemblies 226 within
      the carrier units 212. Thereafter, in a conventional manner beads are
      positioned and locked in place. The intermediate expandable drum assembly
      60 is then expanded.
PAR  When a tread cap is to be applied over sidewalls, the carcass end plies are
      turned-up and sidewall components are applied in a conventional manner,
      the sidewall components are stitched in a manner corresponding generally
      to that to be described in connection with FIGS. 17-19, and breaker and
      tread cap components are applied in a conventional manner. A portion of a
      tire 264 at this stage of construction is shown in FIG. 14. The tire 264
      comprises beads 266, plies and liner 268, sidewalls 270, a breaker 272,
      and a tread cap 274. The points 276 each represent the center of curvature
      of a tire arc (in a diametrical plane) approximately joining the tread cap
      274 and an adjacent sidewall 270, or more specifically joining a line on
      the periphery of the tread cap 274 parallel to the axis of the tire 264
      and drum means 58 and a line on the face of the adjacent sidewall 270
      intersecting the axis of the tire 264 and drum means 58. FIGS. 14-16 show
      diagrammatically various positions of the stitcher wheels 260 in applying
      the tread cap 274 over the sidewalls 270. During stitching of the tread
      cap 274, the stitcher wheels 260 are moved in the following sequence:
      (FIG. 14) from starting positions a to positions b against the tire cap
      274 by pivoting the arm assemblies 226 from the dash line position shown
      in FIGS. 3 and 8 to the solid line position through inflation of the air
      bag units 256, and from positions b to positions c across the periphery of
      the tread cap 274 by linear movement of the arm assemblies 226 within the
      carrier units 212; (FIG. 15) from positions c to positions d by rotation
      of the carrier units 212 substantially about the respective centers of
      curvature 276, and from positions  d to positions e along the edges of the
      tread cap 274 and along portions of the faces of the sidewalls 270 by
      further linear movement of the arm assemblies 226 within the carrier units
      212; and (FIG. 16) from positions e to positions f by pivoting of the arm
      assemblies 226 from the solid line position shown in FIGS. 3 and 8 to the
      dash line position through deflation of the air bag units 256, and from
      positions f back to starting positions a by linear movement of the arm
      assemblies 226 within the carrier units 212 and by rotation of the latter
      substantially about the respective centers of curvature 276.
PAR  When sidewalls are to be applied over a tread cap, breaker and tread cap
      components are applied to a preformed carcass in a conventional manner,
      the breaker and tread cap components are stitched in a manner
      corresponding generally to that previously described in connection with
      FIGS. 14-16, and the carcass end plies are turned up and sidewall
      components are applied in a conventional manner. A portion of a tire 278
      at this stage of construction is shown in FIG. 17. Prime reference
      numerals have been used to identify components and points of tire 278
      which are substantially the same or similar to those of tire 264 described
      in connection with FIGS. 14-16. FIGS. 17-19 also show diagrammatically
      various positions of the stitcher wheels 260 in applying the sidewalls
      270' over the tread cap 274'. During stitching of the sidewalls 270', the
      stitcher wheels 260 are moved in the following sequence: (FIG. 17) from
      starting positions m to positions n by linear movement of the arm
      assemblies 226 within the carrier units 212 and by rotation of the latter
      substantially about the respective centers of curvature 276', and from
      positions n to positions o by pivoting of the arm assemblies 226 through
      inflation of the air bag units 256; (FIG. 18) from positions o to
      positions p along the faces of the sidewalls 270' and along portions of
      the edges of the trade cap 274'; and (FIG. 19) from positions p to
      positions q by pivoting of the arm assemblies 226 through deflation of the
      air bag units 256, and from positions q back to starting positions m by
      rotation of the carrier units 212 substantially about the respective
      centers 276' and by linear movement of the arm assemblies 226 within the
      carrier units 212.
PAR  Although the stitcher assembly is shown as operating in linear and
      rotational modes independently, it should be understood that the motions
      can be programmed to operate simultaneously. Such a programmed operation
      would be desirable, for instance, if the tread cap were curved rather than
      linear as shown.
PAR  While there has been shown and described a preferred embodiment of the
      present invention, it will be understood by those skilled in the art that
      various rearrangements and modifications may be made therein without
      departing from the spirit and scope of the invention.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In tire building apparatus having main frame means, and rotatable tire
      building drum means supported by the main frame means and in turn
      supporting a formed tire carcass with partially applied tread cap and/or
      sidewall components, a stitcher assembly comprising: a pair of carrier
      units; means for supporting and rotating said carrier units relative to
      the main frame means; a pair of arm assemblies one associated with each of
      said carrier units; means for supporting and linearly moving said arm
      assemblies with respect to said carrier units; each of said arm assemblies
      including an arm support supported and linearly movable within the
      associated one of said carrier units, an arm unit mounted on said arm
      support and movable with respect thereto and carrying stitcher wheel
      means, and means for resiliently moving said arm unit; and said stitcher
      wheel means being in substantially abutting relationship at the midpoint
      of the tread at the start of the tread stitching operation.
NUM  2.
PAR  2. The stitcher assembly of claim 1 wherein said carrier units are
      rotatable about axes which lie in parallel planes normal to the axis of
      the drum means and in a common plane parallel to the axis of the drum
      means, and wherein said arm assemblies are linearly movable on axes in a
      plane parallel to the axis of the drum means.
NUM  3.
PAR  3. The stitcher assembly of claim 2 wherein each of said carrier units is
      rotatable about an axis substantially intersecting the center of curvature
      of an arc approximately joining the tread cap and an adjacent tire
      sidewall, and wherein said arm assemblies are linearly movable on a common
      axis substantially parallel to the tire tread cap and on separated axes
      substantially parallel to the respective tire sidewalls.
NUM  4.
PAR  4. The stitcher assembly of claim 1 wherein said means for supporting and
      linearly moving said arm assemblies comprises a pair of support bars one
      secured in each of said carrier units, a pair of threaded lead screws one
      journaled in each of said carrier units, and power means for rotating said
      lead screws; and wherein said arm assemblies have sliding engagement with
      said support bars and threading connection with said lead screws.
NUM  5.
PAR  5. The stitcher assembly of claim 1 including a pair of carrier supports
      supported by the main frame means, and means for supporting and rotating
      said carrier units within said carrier supports.
NUM  6.
PAR  6. The stitcher assembly of claim 5 wherein said means for supporting and
      rotating said carrier units comprises a pair of rotatable shafts one
      journaled in each of said carrier supports, and power means for rotating
      said shafts; and wherein said carrier units are secured to said shafts.
NUM  7.
PAR  7. The stitcher assembly of claim 5 wherein said means for supporting and
      rotating said carrier units comprises a pair of rotatable tubular shafts
      one journaled in each of said carrier supports, and power means for
      rotating said shafts; wherein said carrier units are secured to said
      shafts; wherein said means for supporting and linearly moving said arm
      assemblies comprises a pair of support bars one secured in each of said
      carrier units, a pair of threaded lead screws one journaled in each of
      said carrier units, a pair of spindles one journaled in each of said
      shafts, gear means between said spindles and said lead screws, and power
      means for rotating said spindles; and wherein said arm assemblies have
      sliding engagement with said support bars and threading connection with
      said lead screws.
NUM  8.
PAR  8. The stitcher assembly of claim 5 including a carriage frame supported by
      the main frame means, and means for supporting said carrier supports
      within said carriage frame and for adjusting the same in a direction
      parallel to the axis of the drum means.
NUM  9.
PAR  9. The stitcher assembly of claim 8 wherein said carriage frame is
      pivotally mounted about an axis parallel to the axis of the drum means.
NUM  10.
PAR  10. The stitcher assembly of claim 1 wherein said means for supporting and
      adjusting said carrier supports comprises a rotatable shaft journaled in
      said carriage frame and having right-hand and left-hand thread sections,
      and an opening in each of carrier supports and having a threaded section
      engaged with one of the thread sections of said shaft.
NUM  11.
PAR  11. The stitcher assembly of claim 10 including a base frame supported by
      the main frame means, and means for supporting said carriage frame within
      said base frame and for adjusting the same in a direction normal to an
      axis parallel to the axis of the drum means.
NUM  12.
PAR  12. The stitcher assembly of claim 11 wherein said means for supporting and
      adjusting said carriage frame comprises a rotatable shaft journaled in
      said base frame and having a threaded section, and an opening formed in
      said carriage frame and having a threaded section engaged with the
      threaded section of said shaft journaled in said base frame.
NUM  13.
PAR  13. The stitcher assembly of claim 12 wherein said base frame is pivotally
      mounted to the main frame means and about an axis parallel to the axis of
      the drum means and including means for locating said base frame in
      predetermined pivoted positions.
NUM  14.
PAR  14. The stitcher assembly of claim 13 wherein said means for supporting and
      rotating said carrier units comprises a pair of rotatable tubular shafts
      one journaled in each of said carrier supports, and power means for
      rotating said shafts; wherein said carrier units are secured to said
      shafts; wherein said means for supporting and linearly moving said arm
      assemblies comprises a pair of support bars one secured in each of said
      carrier units, a pair of threaded lead screws one journaled in each of
      said carrier units, a pair of spindles one journaled in each of said
      shafts, gear means between said spindles and said lead screws, and power
      means for rotating said spindles; and wherein said arm assemblies have
      sliding engagement with said support bars and threading connection with
      said lead screws.
NUM  15.
PAR  15. The stitcher assembly of claim 14 wherein said carrier units are
      rotatable about axes which lie in parallel planes normal to the axis of
      the drum means and in a common plane parallel to the axis of the drum
      means, wherein each of said carrier units is rotatable about an axis
      substantially intersecting the center of curvature of an arc approximately
      joining the tread cap and an adjacent tire sidewall, and wherein said arm
      assemblies are linearly movable on a common axis parallel to the tire
      tread cap and on separate axes parallel to the respective tire sidewalls.
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ABST
PAL  Method and apparatus to produce a bonded loop pile carpet. The carpet
      machine is of the rotary type which uses cooperating blade members to form
      the yarn loops for bonding to a backing sheet. One set of the blade
      members is reciprocably mounted in the rotor of the machine. The other
      blade member is controlled to produce high and low loops.
BSUM
PAR  It is an object of this invention to provide a method and apparatus to
      efficiently, inexpensively and continuously produce a bonded high-low loop
      pile carpet.
DRWD
PAR  Other objects and advantages of the invention will become readily apparent
      as the specification proceeds to describe the invention with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 is a sectional elevation view taken on line 1--1 of FIG. 2;
PAR  FIG. 2 is a cross-sectional elevation view of the carpet machine rotor;
PAR  FIG. 3 is an elevation view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is an elevation view taken on line 4--4 of FIG. 2;
PAR  FIGS. 5-7 are blown-up views of the loop forming mechanism showing various
      stages of loop formation;
PAR  FIG. 8 is a blown-up view of the pressure foot shown in FIG. 6; and
PAR  FIGS. 9 and 10 are similar to FIG. 1 showing a modification of the control
      linkage for the upper blade member.
DETD
PAR  Looking at FIGS. 1, 3 and 4, the overall concept will be explained. A
      plurality of yarn ends 10 is supplied from a warp beam or creel (not
      shown) to the rotor 12 over a pair of rolls 14 and 16. At the rotor, upper
      blade 17 cooperates with the lower blades 18 to insert the yarn in loops
      between the lower blades 18. The rotor is rotated counterclockwise and the
      loops are inserted into a suitable adhesive, such as polyvinyl chloride,
      placed on a backing sheet 20 by the doctor blade 22. The backing sheet is
      supplied from a roll 24, over a roll 26 to the adhesive station 28 and
      then over pressure roll 30 to a position against the top of loops. The
      backing sheet with the loops thereattached continues to rotate
      counterclockwise past the infrared electric heaters 32 to set the bond
      between the loops and the backing sheet. The bonded carpet is then doffed
      over roll 34 and delivered to the take-up roll (not shown).
PAR  The rotor 12 is supported between side plates 36 and 38 by cross-supports
      40 and 42 to which are attached a plurality of support plates 44 and 46.
      Rotably supported between the plates 44 and 46 are blade support rings 48
      which are held in position by drive gear 50 and idler gears 52 and 54
      which are mounted on one of the plates 44 and 46 and engage the toothed
      inner surface of the rings 48. Each of the blade support rings 48 has a
      plurality of notches cut in the outer surface thereof to slidably support
      the lower blades 18. The lower blades are held in the notches by suitable
      means such as springs (not shown).
PAR  The driven gears 50 are rigidly secured to a rotably mounted shaft 56 which
      is intermittently rotated by the action of the pawl 58 against the ratchet
      60 mounted on one end of shaft 56. The pawl 58 is pivotally mounted and
      actuated by the crank arm 62 which is rotated by the lever 64 connected to
      the crank 65. Crank 65 is mounted on shaft 66 supported by bearings 68 in
      the plates 44 and 46 and is driven by chain 70 which is driven from a
      drive source (not shown) by chain 72. A second pawl 74 is pivotally
      mounted adjacent the ratchet 60 to prevent back lash of the ratchet.
PAR  Also mounted on the shaft 66 between adjacent pairs of plates 44, 46 are
      cams 76 to periodically actuate the blades 18. Another set of cams 78 is
      mounted on shaft 80 which is also driven by chain 70 in timed relation so
      that the cams 76 and 78 rotate in a one-to-one ratio.
PAR  Each of the cams 76 has a pair of spring loaded followers 82 operably
      associated therewith to slide upwardly one of the lower blades 18 at a
      predetermined time. The follower causes the pivotally mounted arm 84 to
      move upwardly to engage the blade 18. Another lever 86 is pivotally
      connected to cause the arm 84 to move in a substantially perpendicular
      direction to raise the blade 18 straight up.
PAR  Cams 78 are operably associated with a follower arm 88 pivotally connected
      to the frame of the machine to raise and lower the upper blade holder 90.
      Mounted to the blade holder 90 is the upper blade support 92 and the
      presser foot 94. The blade support 92 is secured to the movable plate 96
      by means of bolt 98. Bolts 100 project through plate 96 to support the
      pressure foot 94. Located between the plate 96 and the presser foot 94
      around the bolts 100 are compression springs 102 for reasons hereinafter
      explained. The upper blade 17 is mounted on the end of blade support 92
      and projects through the elongated opening 104 in the presser foot.
PAR  In the preferred embodiment the rotor 12 is stopped when the blades 17 and
      18 are forming the loops and then the rotor is indexed to the next loop
      forming position but such motion is not mandatory. It is contemplated that
      the motion of the rotor could be continuous and the blade holder 90 could
      move therewith in a manner as shown in U.S. Pat. No. 3,385,747 wherein the
      motion of the top blade is synchronized with the motion of a rotor by
      having the angular velocity of the blade holder equal to the angular
      velocity of the rotor during a portion of the loop forming period.
PAR  Looking now to FIGS. 5-7 the loop forming operation will be explained. In
      FIG. 5 the ratchet 58 and pawl 60 have been actuated to rotate the blade
      18 to the position indicated. The cam 78 has pivoted the lever 88 to the
      extreme upward position to hold the blade 17 in its up position. Then as
      the cams 76 and 78 continue to rotate they assume the position shown in
      FIG. 6 wherein the upper blade 17 is lowered to bend the yarn downward
      over one of the blades 18 while the presser foot 94 engages the top of the
      previously formed yarn loop to prevent it from being pulled out as the
      blade 17 folds the yarn over the blade 18. Then as the cams 76 and 78
      continue to rotate they assume the position shown in FIG. 7 wherein the
      blade 17 remains in the downward position while the arm 84 is moved upward
      by the cam 76 to slide the blade 18 upward to form the other half of the
      yarn loop between adjacent blades 18. Once the yarn loop is formed between
      adjacent blades 18 the cams 76 and 78, respectively, allow the blade 18 to
      retract and move the blade 17 upwardly. The blades 18 are once against
      indexed to the position shown in FIG. 5 and the cycle is repeated.
PAR  It should be noted that only half the yarn loop is being formed at any one
      time, therby reducing the frictional forces on the yarn between the blade
      18 and the yarn. This results, necessarily, in a reduction in the amount
      of force necessary by the blades 17 and 18 to form the yarn loops.
PAR  FIGS. 9 and 10 show a modification of the control linkage for the upper
      blade member 17 to provide capability to produce varying loop heights. As
      with the apparatus of FIGS. 1-8 the movement of the blade holder is
      controlled by the cam 78 and the follower arm 88 but the amount of
      movement is controlled by the position of the linkage 106 between the
      follower 88 and the blade holder 90. The linkage 106 consists of a linkage
      108 pivotally connected at 110 to the follower arm 88 at one end and to
      the linkage 112 at 114 at the other end. Linkage 112 is also pivotally
      connected to the blade holder 90 at 116 and crank arm 118 at 120. Crank
      arm 118 slidably surrounds and is reciprocated by the eccentric 122
      mounted on shaft 124. Also connected to shaft 124 is a gear 126 which is
      in mesh with and positioned by gear 128. Fixed to the gear 128 is a lever
      130 pivotally connected to the piston arm 132 of piston 134.
PAR  As can be seen the vertical position of the blade 17 depends on the
      position of the linkages 108 and 112 of the linkage 106. FIG. 9 shows the
      position of maximum depth of the blade 17 to form a high loop since the
      linkages 108 and 112 are in axial alignment while FIG. 9 shows the
      position of minimum depth of the blade to form a low loop. The high-low
      and intermediate blade positions are controlled by the position of the
      eccentric 122 which is positioned by the piston 134 acting on the lever
      arm 130 to position the gears 126 and 128. The control for the piston (not
      shown) can be of any suitable type and can be programmed to provide for an
      infinite number of loop heights in an infinite number of patterns so that
      the modification of FIGS. 9 and 10 provides a simple control of loop
      height which can provide infinite variations of loop height in the
      finished product.
PAR  Although I have described specifically the preferred embodiments of my
      invention I contemplate that changes may be made without departing from
      the scope or spirit of my invention and I desire to be limited only by the
      claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. Apparatus to produce a bonded pile fabric comprising: a rotor, means to
      rotate said rotor, a set of blade members slidably mounted in said rotor,
      a second blade member slidably mounted with respect to said rotor and
      operably associated with said blade members in said rotor, means to supply
      yarn between said set of blade members and said second blade member, means
      to move said second blade downwardly at a predetermined time to bend the
      yarn over one blade of said set of blades, means to slide upwardly the
      blade of said set of blades next adjacent to the blade over which the yarn
      is bent to form a loop in said yarn, means to supply an adhesive backed
      backing material into contact with said formed loop, means to adjust the
      amount of downward movement of said second blade, said means to move said
      second blade downwardly including a cam actuated lever arm, a first
      linkage pivotally connected to said lever arm, and a linkage means
      pivotally connected to said first linkage and said second blade member,
      said means to adjust the amount of downward movement of said second blade
      member includes a means to pivot said linkage means with respect to said
      second blade member and said first linkage to change the effective length
      of said linkage means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means to pivot said linkage means
      includes a crank arm and an eccentric operably associated with said crank
      arm.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said eccentric is connected to a gear
      member and said means to pivot said linkage means includes a piston member
      operably associated with said gear member.
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ABST
PAL  Apparatus and process for manufacturing non-woven textile pile fabric from
      a plurality of pile-forming strands having thermoplastic characteristics,
      as follows. A hollow strand extruder receives parallel textile strands
      therein extending longitudinally therethrough and shapes the strands into
      a continuous mass of a predetermined configuration for withdrawal
      therefrom. A plurality of relatively thin spaced-apart successive
      compartment devices are positioned generally in axial alignment with the
      extruder and define successive spaced-apart open-sided interior areas of
      the same general configuration of the shaped mass of strands and
      collectively define a longitudinally-extending passageway for receiving
      and holding the continuous mass of strands therein after withdrawal from
      the extruder. Mechanisms, preferably electrically heated hot wires, are
      mounted for progressive movement transversely of the strands through the
      spaces between and on each side of the compartments for transversely
      melting, cutting and fusing the mass of strands into a plurality of
      individual, transversely-extending slices of the shaped predetermined
      configuration and having fusedfiber outer faces with strands extending
      therebetween which maintain the integrity of the slices for subsequent
      cutting between the fused faces to form layers of non-woven pile fabric.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to combinations and subcombinations of apparatus and
      processes for manufacturing non-woven textile pile fabric from a plurality
      of pile forming strands having thermoplastic characteristics by
      fabricating, from a continuous mass of longitudinally-extending strands,
      slices of such strands of predetermined configuration having
      interconnected fused-fiber outer faces with strands extending therebetween
      which maintain the integrity of the slices for subsequent cutting between
      the fused faces to form layers of non-woven pile fabric.
PAR  Textile pile fabrics, as primarily utilized for carpeting but which also
      may be utilized as linings, insulation, wall tile, furniture upholstery,
      etc., were originally manufactured by hand weaving, which was replaced by
      mechanized looms, and which in turn were replaced during the last 30 years
      by tufting machines. Tufting has by far been the primary manufacturing
      operation for producing such pile fabrics. However, while tufting
      continues to be utilized wide spread for producing pile fabrics, it is
      being replaced more and more in recent times by a non-woven process known
      in the trade as "bonding".
PAR  Basically, bonding is implanting yarns or fiber batts in cut pile or loop
      configuration on an adhesive coated backing material. These bonding
      processes eliminate many of the expensive manufacturing operations
      involved in tufting. There are numerous techniques or systems for bonding
      and many patents have issued which pertain thereto. Of these systems,
      probably the most well known include what is known in the trade as "the
      single end implantation systems" and "the multiple fold implantation
      systems." The single end implantation systems refers to a single cut of
      yard being implanted on an adhesive coated backing. The multiple fold
      implantation systems generally relate to the folding or pleating of
      continuous yarns or webs of fibers onto an adhesive coated backing to form
      loops of the yarns or webs of fibers which may either be utilized as loop
      pile fabrics or may be cut to form cut pile fabrics. These multiple fold
      implantation systems also include pleating or folding of yarns or webs
      back and forth between two adhesive coated backings and then cutting
      between the backings to form two layers of non-woven pile fabric.
PAR  Other bonding systems of implanting yarns or fiber batts in cut pile or
      loop pile configuration on an adhesive coated backing have been suggested,
      such as the "thermo weave freeze system" which basically involves drawing
      yarn from a creel in a specified sequence according to a desired pattern,
      compacting the yarn, moistening the yarn, freezing the yarn together, and
      cutting the frozen yarn into tiles by circular saws. Also, it has been
      suggested to cut and fuse such compacted yarn by heated blades or wires to
      form cut and fused slices or tiles. The tiles of both of these systems
      purportedly can be used as standard carpet tiles or combined to form a
      patterned non-woven pile carpet. However, neither of these systems,
      particularly the cut-fuse system, have been commercially satisfactory due
      to the lack of adequately designed processes and apparatuses for forming
      such tiles. Numerous other systems have also been suggested.
PAR  While all of these bonding systems offer advantages over conventional
      tufting systems for producing textile pile fabric, such as greater
      utilization of yarn because no yarn is on the rear of the backing
      material, greater density, less delamination problems, higher machine
      efficiency, allowing the use of second quality yarns, elimination of
      "rowing" characteristics, allowing the use of single yarns rather than
      twisted yarns, etc., there are still presented certain problems with these
      bonding techniques which have deterred their commercial acceptability and
      use in the trade. These problems include the necessity in many instances
      of the use of yarns rather than fibers or strands which involves expensive
      textile yarn making operations, lack of development of fabricating
      machines and process steps which provide consistency in manufacturing
      operations with the requisite speed for economical manufacturing
      operations and high quality end products, etc.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the object of this invention to provide apparatus and
      processes which may be utilized in the manufacture of nonwoven textile
      pile fabric from a plurality of pile forming strands having thermoplastic
      characteristics and which overcomes the above mentioned problems with
      prior non-woven pile fabric manufacturing techniques and which produces an
      economical and inexpensive end product of high quality and which allows
      the use of rovings or tow eliminating the necessity of textile yarn
      manufacturing operations.
PAR  It has been found by this invention that the above objects may be
      accomplished in its broadest aspect, as follows.
PAR  A process is provided for fabricating a plurality of individual slices of
      textile, pile-forming strands having interconnected, fusedfiber outer
      faces with strands extending therebetween for subsequent cutting between
      the fused faces to form layers of non-woven pile fabric which may have
      bonding backings adhered thereto including the steps of receiving and
      shaping a plurality of parallel textile strands having thermoplastic
      characteristics into a continuous longitudinally-extending mass of
      generally parallel, longitudinally-extending strands of a predetermined
      transverse cross-sectional configuration, positioning and holding the
      shaped continuous mass of strands at spaced-apart locations around the
      circumference thereof to maintain the shaped configuration, and
      simultaneously transversely melting, cutting and fusing the continuous
      shaped mass of longitudinally-extending strands on each side of and
      between the spaced-apart locations at which the mass is being held into a
      plurality of slices of the shaped predetermined configuration having
      fused-fiber outer faces with strands extending therebetween for
      maintaining the integrity of the slices.
PAR  An apparatus is provided which includes hollow strand extruder means for
      receiving therein parallel strands extending longitudinally therethrough
      and for shaping the strands into a continuous mass of a predetermined
      configuration for withdrawal from the extruder means. A plurality of
      relatively thin, spaced-apart, successive, compartment means are
      positioned generally in axial alignment with the extruder means and define
      successive, spaced-apart, open sided, interior areas of the same general
      configuration as the shaped mass of strands and collectively define a
      longitudinally-extending passageway for receiving and holding the
      continuous mass of strands therein after withdrawal of the extruder means.
      Means, preferably electrically heated hot wires, are mounted for
      progressive movement transversely of the strands through the spaces
      between and on each side of the compartment means for transversely
      melting, cutting and fusing the mass of strands into a plurality of
      individual, transversely-extending slices of the shaped predetermined
      configuration having interconnected, fused-fiber, outer faces with strands
      extending therebetween which maintain the integrity of the slices for
      subsequent cutting between the fused faces to form layers of non-woven
      pile fabric which may have adhesively bonded backing secured thereto.
PAR  With the above stated apparatus and process in accordance with this
      invention, slices or tiles are formed having strands extending between
      fused-fiber outer faces thereof which slices or tiles may be cut between
      the fused faces to form tiles or slices of non-woven pile fabric. These
      tiles or slices of non-woven pile fabric may include adhesively bonded
      backing thereon to be used as individual tiles or slices of pile fabric in
      any desired manner or the tiles or slices may be commonly mounted on a
      backing to form patterned pile carpets or other materials. A wide variety
      of uses of the non-woven tiles or slices produced in accordance with this
      invention will be apparent.
PAR  Other specific and alternative features of the processes and apparatus of
      this invention will be set forth in the detailed description to follow.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Some of the objects and advantages of this invention having been stated,
      other objects and advantages will appear as the description proceeds, when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic, perspective view of an apparatus for manufacturing
      textile pile fabric in accordance with this invention;
PAR  FIGS. 2A, 2B, 2C and 2D are schematic, perspective views illustrating
      certain process steps in accordance with this invention;
PAR  FIG. 3 is an enlarged, perspective view of the slice forming apparatus
      utilized in the apparatus of FIG. 1;
PAR  FIG. 4 is a reduced, perspective view of the strand extruder mechanism
      utilized in the apparatus of FIG. 3;
PAR  FIG. 5 is a longitudinal cross-sectional view, taken generally along the
      line 5--5 of FIG. 3, illustrating the devices thereof in position for
      beginning the slice forming manufacturing process of this invention;
PAR  FIG. 6 is a cross-sectional view, taken generally along the line 6--6 of
      FIG. 5;
PAR  FIG. 7 is a cross-sectional view, taken generally along the line 7--7 of
      FIG. 5;
PAR  FIGS. 8, 9, 10, 11 and 12 are cross-sectional views, like FIG. 5,
      illustrating the devices of the apparatus in their successive positions
      during the slice forming manufacturing operation of this invention;
PAR  FIG. 13 is a cross-sectional view of an alternate arrangement of a strand
      extruder device and holding compartment devices which may be utilized in
      the slice forming apparatus of FIGS. 3-12;
PAR  FIG. 14 is a perspective view of a resulting non-woven pile fabric slice
      which is formed by utilizing the apparatus of FIG. 13;
PAR  FIG. 15 is a cross-sectional view of an alternate form of extruder device,
      holding compartment devices and vacuum loading mechanism which may be
      utilized in the slice forming apparatus of this invention;
PAR  FIG. 16 is a cross-sectional view of the apparatus of FIG. 15 taken
      generally along the line 16--16 of FIG. 15;
PAR  FIG. 17 is a view like FIG. 15 illustrating the devices thereof in the
      position occupied after loading of the compartment devices with strands
      from the extruder device;
PAR  FIG. 18 is a rear elevational view of an extruder device with an
      arrangement of baffles therein which may be utilized in the slice forming
      apparatus of this invention;
PAR  FIGS. 19A, 19B and 19C are plan views of various patterns of non-woven pile
      fabric that may be formed utilizing the arrangement of baffles in the
      extruder device of FIG. 18;
PAR  FIG. 20 is a perspective view of an alternate shaped extruder which may be
      utilized in the slice forming apparatus of this invention;
PAR  FIGS. 21A, 21B, 21C, 21D and 21E are plan views of various shaped pile
      fabric slices which may be formed utilizing various shaped extruder
      devices;
PAR  FIG. 22 is a schematic elevational view illustrating an alternate cooling
      air conduit which may be utilized with each of the hot wire cutting
      devices; and
PAR  FIG. 23 is a partial perspective view, broken away, of one of the cooling
      air conduits and hot wire cutting devices illustrated in FIG. 22.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, the apparatus and process of this invention
      are for the manufacture of non-woven, textile pile fabric PF from a
      plurality of pile forming strands S having thermoplastic characteristics
      including the manufacture of slices or tiles T of predetermined shaped
      configuration having interconnected fused fiber outer faces F with strands
      S extending therebetween for maintaining the integrity of the slices or
      tiles T for subsequent cutting between the fused faces F to form layers of
      non-woven pile fabric PF which may include adhesively bonded backings B
      secured thereto. FIGS. 2A-2D schematically illustrate this sequence of
      manufacturing operations.
PAR  The strands S may be any suitable continuous filament, cut filament or
      fibers in the form of rovings, tow or yarns, etc., and the term "strands"
      as used herein is intended to cover all of these. The strands S have
      thermoplastic characteristics and may be entirely thermoplastic strands or
      a blend of thermoplastic and non-thermoplastic having sufficient
      thermoplastic characteristics to be melted, cut and fused when subjected
      to heat by electrically heated hot wires or other devices. Nylon,
      polypropolene and polyester have been found to be particularly
      satisfactory.
PAR  Referring now to FIG. 1, a suitable overall apparatus for the manufacturing
      of the non-woven textile pile fabric PF is illustrated therein. Basically,
      this apparatus includes a source of generally parallel strands S which is
      illustrated only schematically in FIG. 1 and labled as such. As mentioned
      above, these strands S may be in the form of rovings or tow and, thus,
      eliminate the necessity of expensive textile yarn forming operations. The
      generally parallel textile strands S are fed to a slice or tile forming
      apparatus, generally indicated in FIG. 1 by the reference numeral 10,
      which is specifically designed for receiving and shaping the plurality of
      parallel textile strands S into a continuous longitudinally-extending mass
      of generally parallel longitudinally-extending strands of a predetermined
      transverse cross-sectional configuration, positioning and holding the
      shaped continuous mass of strands at spaced-apart locations around the
      circumference thereof to maintain the shaped configuration, and
      simultaneously transversely melting, cutting and fusing the continuous
      shaped mass of longitudinally-extending strands on each side of and
      between the spaced-apart locations at which the mass is being held into a
      plurality of slices or tiles T of the predetermined configuration having
      fused-fiber outer faces F with strands S extending therebetween for
      maintaining the integrity of the slices or tiles T.
PAR  The apparatus 10 may receive groups of parallel strands S of different
      characteristics or color and arrange these strands S of different
      characteristics into a predetermined pattern in the shaped mass of
      strands. Preferably, the continuous mass of strands formed extends in a
      horizontal direction and the melting, cutting and fusing is performed in a
      vertical direction from the top of the mass of strands to the bottom of
      the mass of strands. Further details and construction of the slice or tile
      forming apparatus 10 will be given below.
PAR  From the slice or tile forming apparatus 10, the individual slices or tiles
      T may be received by any convenient mechanism which may secure or
      adhesively bond a backing B to the individual tiles on each fused-fiber
      face F thereof and subsequently mechanically cut the tiles or slices T
      between the fused-fiber faces to form layers of non-woven textile pile
      fabric PF. A suitable embodiment of such a mechanism for applying adhesive
      bonding backings and mechanically cutting the tiles between the fused
      faces thereof is schematically illustrated in FIG. 1 and generally
      referred to by the reference numeral 100. Further details and construction
      of this apparatus 100 will be discussed below.
PAR  Referring now in more detail to the slice or tile forming apparatus 10
      reference is made specifically to FIGS. 3-12. This apparatus 10 includes a
      strand extruder device 12 comprising an elongate, hollow, generally
      funnel-shaped, preferably horizontally-extending housing having an
      outwardly tapering rear portion 13 for receiving therein parallel textile
      strands S which extend longitudinally through the housing, and a forward
      portion 14 of less cross-sectional dimensions than the rear portion 13 and
      of a predetermined cross-sectional shape for compressing and shaping the
      strands S into a continuous mass of the predetermined configuration of the
      forward portion 14 for withdrawal from the extruder means 12. As shown
      particularly in FIGS. 4, 5 and 7, the forward portion 14 of the extruder
      12 is of generally square cross-sectional configuration for compressing
      and shaping the parallel strands S into a continuous, generally square,
      cross-sectional mass.
PAR  The rear portion 13 of the extruder may include a plurality of
      longitudinally and transversely extending baffles 16 therein separating
      the hollow interior of the rear portion into longitudinally-extending
      compartments for receiving strands S of different characteristics or
      colors in different compartments. As illustrated in FIG. 4, the baffles 16
      are in a checkerboard configuration to divide the interior of the rear
      portion 13 of the extruder 12 into separate, generally square,
      cross-sectional configuration, individual compartments which may receive
      groups of parallel strands S of different colors or other different
      characteristics therein for forming a predetermined pattern, to be
      discussed more fully below.
PAR  The extruder 12 is mounted for reciprocating axial, longitudinal movement
      by means of a piston and cylinder operated carriage mechanism. This
      carriage mechanism includes an extruder support consisting of a downwardly
      extending flange member 20 secured to the front portion 14 of the extruder
      12 at one end and at the other end to a horizontally extending plate
      member 21 which is in turn secured at its rear end to the rear portion 13
      of the extruder member 12. Secured to and depending downwardly from each
      side of the plate member 21 are slide members 23 and 24 having central
      apertures therein for being mounted on slide rods 25 which extend
      longitudinally of the extruder 12 on each side thereof. The slide rods 25
      are supported by collars 26 at their rear end and collars 27 at their
      forward end. The collars 26 and 27 carried by a suitable machine frame,
      collectively indicated by the reference numeral 28, which may be of any
      convenient form for supporting the entire slice forming mechanism 10 from
      the floor of the room in which it is positioned. Thus, the extruder 12 is
      supported for sliding, reciprocation, back and forth movement along the
      slide rods 25.
PAR  For driving the extruder device 12 in this reciprocating movement, there is
      provided a hydraulic or pneumatic piston-cylinder device 29 supported by
      the frame 28 and having an outwardly extending piston rod 30 secured at
      its forward end to a downwardly extending flange member 31 from the plate
      21 of the extruder carriage. As fluid is introduced into one end of the
      piston-cylinder device 29, the piston rod 30 will be moved forwardly to
      move the extruder carriage and extruder 12 forwardly until the flange 31
      comes in contact with the collar 27 to stop the forward reciprocating
      movement of the extruder 12 (see position of FIG. 8). Fluid may then be
      introduced into the other end of the piston-cylinder device 29 to retract
      the piston rod 30 and thus move the extruder 12 back to its original
      position (see FIG. 9). This reciprocating action of the extruder 12 is for
      the purpose of withdrawing the compacted mass of strands S from the
      extruder 12 in a manner to be described below.
PAR  The slice or tile forming apparatus 10 further includes a plurality of
      relatively thin, spaced-apart, successive, compartment devices 35
      positioned generally in successive axial alignment with the extruder 12
      and defining successive, spaced-apart, open-sided, interior areas 36 of
      the same general configuration as the shaped mass of strands S and
      collectively defining a longitudinally-extending, generally horizontal
      internal passageway for receiving and holding the continuous mass of
      strands therein after withdrawal from the extruder 12. As may be seen in
      FIGS. 3, 5, 6 and 8-12, these compartment devices 35 are generally of
      square cross-sectional configuration and may be defined as being generally
      window-shaped to form interior areas of generally square cross-sectional
      configuration just slightly larger than the outside cross-sectional
      dimensions of the forward portion 14 of the extruder 12 for receiving the
      forward portion 14 of the extruder 12 therein, as shown in FIG. 8.
PAR  For loading these compartment devices 35, the extruder 12 is reciprocated
      in its forward stroke into and through the passageway formed by the
      interior areas 36 of the compartment devices 35 to the forward position
      thereof, as shown in FIG. 8. Cooperating with the extruder 12 in this
      forward position are means positioned adjacent the forward end of the
      compartment devices 35 for engaging the forward end of the shaped mass of
      strands within the extruder 12 when the extruder reaches this forward end
      of the compartment devices 35 for holding the continuous shaped mass of
      strands within the interior areas 36 of the compartment devices 35 during
      the rearward reciprocating movement of the extruder means.
PAR  Preferably, this holding means comprises a plurality of needles 38 commonly
      mounted at their lower ends on a block 39 and extending upwardly
      therefrom. The block 39 is carried on one end of a piston rod of a
      piston-cylinder device 40 which is suitably carried by the machine frame
      28. The piston-cylinder 40 may be pneumatically or hydraulically operated
      to reciprocate the needles 38 in an up and down reciprocating path of
      travel. The needles 38 pass through cut outs or notches 41 in the bottom
      forward face of the forwardmost compartment device 35 and through slots or
      apertures 42 in the top forward face of the forwardmost compartment device
      35. The forward end of the extruder 12 also has similar mating notches 43
      in its forward end thereof so that when the extruder device 12 has
      reciprocated to its forwardmost position in alignment with the forward
      face of the forwardmost extruder device 35, the needles 38 may be
      reciprocated upwardly, from the position shown in FIGS. 3 and 5, to the
      position shown in FIG. 8 such that the needles pass through the notches
      41, slots 42 and notches 43 and penetrate the mass of strands S contained
      within the extruder 12. Inasmuch as the previous slice forming operation
      has formed a fused fiber face on the front of the mass of strands S within
      the extruder 12, in a manner to be described below, the needles 41 will be
      positioned inside of the fused front face of the mass of strands S in the
      extruder 12 and will stay in this position while the extruder 12 is being
      reciprocated to its rearward portion, as shown in FIGS. 8 and 9.
PAR  The holding action of the needles 38 on the inside of the fused front face
      of the mass of strands, will allow the extruder 12 to slide back over the
      mass of strands S within the compartment devices 35 and thus load the
      compartment devices 35 for the next slice forming operation.
PAR  The above arrangement of holding needles 38, notches 41 and slots 42 on the
      forwardmost compartment device 35 and the mating notches 43 on the forward
      end of the extruder 12 is generally designed for use when manufacturing
      relatively small slices or tiles T of approximately 6 by 6 inches by 1
      inch. However, when larger tiles or slices T are manufactured, e.g.
      generally 18 inches by 18 inches by 1 inch or larger, a different
      arrangement of holding needles would probably be required. This alternate
      arrangement (not illustrated) could include two sets of needles mounted
      for reciprocation by suitable piston-cylinder devices to penetrate the
      mass of strands S from two sides thereof and for extending to generally
      the middle of the mass of strands. If a support is needed at the center of
      the mass of strands for the two sets of needles, an electromagnet could be
      provided that moves into place against the fused face at the front of the
      mass of strands for supporting the needles during the retracting movement
      of the extruder.
PAR  With the compartment devices 35 now loaded with the mass of strands S of
      the shaped predetermined configuration and being held within the
      compartment devices 35 at spaced-apart locations by the compartment
      devices 35, the cutting and fusing operation may now be performed.
PAR  For this purpose, a pluality of spaced-apart, horizontally-extending
      electrically heated, hot wires 45 are commonly mounted on a movable frame
      47. The hot wires 45 extend horizontally across the mass of strands S and
      are positioned on the frame 47 over each of the spaces between and on each
      side of the compartment devices 35 for progressive vertically downward
      movement from the top of to the bottom of the mass of strands S through
      the spaces between and on each side of the compartment devices 35 for
      transversely melting, cutting and fusing the mass of strands S into a
      plurality of individual, transversely-extending slices or tiles T of the
      shaped predetermined configuration (see schematic illustration of FIG. 2A)
      having interconnected, fused-fiber, outer faces F with strands S extending
      therebetween which maintain the integrity of the slices (see schematic
      illustration of FIG. 2B).
PAR  The electrically heated hot wires 45 may be suitably connected (not shown)
      to any source of electrical energy for heating the hot wires 45 in a
      manner well understood by those with ordinary skill in the art. The frame
      47 generally comprises a downwardly extending, inverted, T-shaped support
      plate 50 on each longitudinal side of the compartment devices 35 for
      mounting the hot wire 45 therebetween. The upper end of the inverted
      T-shaped plates 50 are carried by a horizontally-extending double plate
      member 51 which includes a central cut-out portion 52 for purposes to be
      described below. The horizontally-extending double plate member 51 is
      supported on each outer end thereof by screw shafts or worms 54 which pass
      through mating threaded collars or nut members 56 carried between the
      double plate member 51. The frame portion 47 may also be supported at
      other locations thereon by sliding collars 58 which receive upstanding
      slide rods 59 carried by the machine frame 24 so that the hot wire frame
      47 will slide up and down the slide rods 59 and be supported against
      horizontal displacement by the slide rods.
PAR  The bottom ends of the worms or screw shafts 54 carry sprocket gears 60
      (see FIG. 5) which are interconnected by a chain 61 therearound. One of
      the worms 54 also carries a sprocket 62 which receives a chain 63 which
      also passes around a sprocket 64 on the drive shaft of a reversible motor
      65. Rotation of the motor 65 in one direction will rotate the worms 54 to
      cause the hot wire supporting frame 47 to move downwardly which
      progressively moves the hot wires 45 downwardly between the spaces and on
      each side of the compartment devices 35 for cutting, melting and fusing
      the mass of strands S therein into a plurality of slices or tiles T within
      the compartments 35 (as shown in FIG. 11). When the hot wires 45 reach the
      bottom of the compartments 35, the motor 65 will be reversed to move the
      hot wires 45 upward and out of the spaces between the compartments 35 for
      the next slice forming operation.
PAR  As schematically illustrated in FIG. 2A, the hot wires 45 will cause a
      melting action of the strands S as they are progressively moved downwardly
      due to the thermoplastic characteristics of the strands S and will cause
      the strands S to fuse with each other at their outer melted ends forming a
      fused fiber face F on each of the slices or tiles T being formed.
PAR  Although electrically heated hot wires are the preferred means for melting,
      cutting and fusing utilized in the tile forming apparatus 10 of this
      invention, other devices, such as laser beams, could be utilized for
      providing sufficient heat to melt, cut and fuse the mass of strands S into
      individual slices or tiles T.
PAR  If desired and particularly when fabricating relatively large slices or
      tiles T, means may be provided for providing support and holding the mass
      of strands S in each of the compartment devices 35 during the melting,
      cutting and fusing operation. For this purpose, a plurality of rows of
      spaced-apart needles 66 may be commonly mounted on a plate 67 which is
      carried on the end of a piston rod from a piston-cylinder device 68
      positioned in the cut-out 52 and mounted on an inverted U-shaped support
      frame 69 carried by the main machine frame 28. The piston-cylinder device
      68 may be pneumatically or hydraulically operated to reciprocate the plate
      67 and needles 66 down and up in a vertical reciprocating movement. The
      needles 66 are positioned for passage through a plurality of apertures 70
      in the upper portion of each of the compartment devices 35, so that, on
      the downward stroke, the holding needles 66 will pass through the
      apertures 70 and into the interior areas 36 of each of the compartment
      devices 35 for engaging the mass of strands S therein and holding the mass
      of strands S (see FIGS. 10 and 11) during the melting, cutting and fusing
      operation of the hot wires 45 to prevent distortion of the slices of tiles
      T within the compartment devices 35 during the slice forming operation.
      When the slice forming operation has been completed, the needles 66 will
      be retracted by the piston-cylinder device 68 out of the interior areas 36
      of the compartment device 35 for doffing or removal of the thus formed
      slices or tiles T therefrom.
PAR  For removing or doffing the slices or tiles T from the interior areas 36 of
      the compartment devices 35, the extruder device 12 performs this
      operation. As shown in FIG. 12, during the forward reciprocating movement
      of the extruder device 12 for reloading of the compartment devices 35
      after a previous slice forming operation, the previously formed slices or
      tiles T will be pushed out of the interior areas 36 of the compartment
      devices 35 by this forward reciprocating movement of the extruder device
      12 to be received on and passed down a receiving chute 71. As will be
      appreciated, the forward end of the mass of strands S in the extruder
      device 12 will have a fused-fiber front face due to the previous slice
      forming operation in which one of the hot wires 45 separated the mass of
      strands S within the compartment devices from the mass of strands S in the
      extruder 12 (see FIG. 11).
PAR  For completing the formation of non-woven pile fabric PF from the thus
      formed slices or tiles T, the slices or tiles T may be received on a
      moving conveyor 101 (see FIG. 1) and passed upwardly to be expelled into a
      chute 102 of the pile fabric forming apparatus 100. From the chute 102,
      the slices or tiles T are received between opposed pairs of driven feed
      rolls 103 and 104 to move downwardly in a generally vertical direction.
      The feed rolls 103 and 104 also receive two continuous sheets of backing
      material B which pass from suitable supply rolls 105 around a series of
      guide rolls and past adhesive applicator mechanisms 106 which applies
      adhesive to the outer faces of the sheets of backing material B. The
      sheets of backing material B with the adhesive coated faces then pass
      around driven feed rolls 103 and 104 such that the individual tiles T are
      received between the adhesive coated faces of the backing material B and
      the backing material B is adhesively secured to each of the fused faces F
      of the slices or tiles T. The slices or tiles T and the backing material B
      are then passed through a heating device 110 and a cooling device 111
      which completes the bond of the backing material to each of the fused
      faces F of the tiles T. The thus formed material then passes into
      engagement with a continuous band saw 115 which is rotated by pulley
      mechanisms 116 through motor 117 to cut the strands S extending between
      the fused faces F and separate the material into two sheets of non-woven
      pile fabric PF for being rolled up or otherwise taken off of the apparatus
      100. The thus cut pile fabric PF may again be suitably cut into individual
      slices or tiles T having backing B thereon and upstanding pile strands for
      use in any desired manner.
PAR  The above-described pile fabric fabricating mechanism 100 is only
      schematically illustrated in the drawings and the illustration given
      therein is believed to be sufficient for an understanding of the present
      invention which resides primarily in the processes and apparatus disclosed
      for fabric fabricating of the slices or tiles T. Many other variations of
      pile forming apparatus may be utilized in conjunction with the slice or
      tile forming apparatus 10 of this invention.
PAR  Referring now to some of the alternative features which may be utilized in
      the slice or tile forming apparatus 10 of this invention and first with
      reference to FIGS. 13 and 14, it is sometimes desired and advantageous to
      form a non-woven pile fabric PF having pile strands S extending therefrom
      at an angle with respect to the vertical and having a directional lay
      therein, as shown in FIG. 14. For this purpose, the compartment devices 35
      are successively arranged at an acute angle with respect to the horizontal
      and the passageway defined by the interior areas 36 thereof is also
      disposed generally at an acute angle with respect to the horizontal. The
      spaces between the compartment devices 35 extend generally vertically so
      that the hot wires 45 may pass vertically between the compartment devices
      35 (as shown in FIG. 13) for forming slices or tiles T having
      interconnected fused-fiber faces with strands extending therebetween at an
      angle for subsequent cutting between the fused-fiber faces to form layers
      of non-woven pile fabric, PF (as shown in FIG. 14) with the pile strands
      thereof having a directional lay and extending at an angle to the
      vertical.
PAR  Referring to FIGS. 15-17, there is shown an alternative arrangement for
      loading of the compartment devices 35 with the mass of strands S from
      extruder 12. In this arrangement, the extruder device 12 is mounted
      stationary and the compartment devices 35 are slidably mounted on a
      support 80 for movement between the normal spaced-apart slice forming
      position (See FIG. 17) to side-by-side loading positions (see FIG. 15). In
      this embodiment, the compartment devices 35 include integral downwardly
      extending portions 35' extending around and received within stepped cut
      outs 81 in the support 80. The depending portions 35' of the compartment
      devices 35 include central cut outs 82 of progressively decreasing size
      from left to right as viewed in FIGS. 15 and 17. The stepped cut outs 81
      in support 80 are so positioned that the compartment devices 35 may slide
      from right to left as viewed in FIGS. 15 and 17 from the spaced-apart
      slice forming position to the side-by-side loading position and may slide
      back to the spaced-apart slice forming positions and be stopped in their
      respective spaced-apart positions by the stepped cut outs 81 of the
      support 80 (as viewed in FIG. 17).
PAR  In the embodiment of FIGS. 15-17, the holding needles 38 are replaced by a
      reciprocating vacuum device 83 which is of the same general outside
      configuration as the interior spaces 36 of the compartment devices 35 for
      reciprocating movement from the forward end to the rear end or from right
      to left as viewed in FIGS. 15 and 17 to pass through the interior spaces
      36 of the compartment devices 35. The front face of the vacuum device 83
      includes slots 84 therein so that, as a vacuum is induced within the
      vacuum device 83, a pulling or suction action will be produced on the
      front end of the vacuum device 83. The vacuum device 83 includes a
      downwardly extending flange 85 which is connected to a suitable
      piston-cylinder device 86 so that, as fluid is introduced into one end of
      the piston-cylinder device 86, the vacuum device will be reciprocated from
      the position shown in FIG. 17 to that shown in FIG. 15. During this
      reciprocating action, the flange 85 will engage an upstanding flange 91 on
      a slide collar 87 which is supported by support 80 for engagement with the
      forwardmost compartment device 35 to move the compartment devices 35 from
      the slice forming position of FIG. 17 to the loading position of FIG. 15
      during forward reciprocating movement of the vacuum device 83 by the
      piston-cylinder 86.
PAR  Thus, as the vacuum device 83 is reciprocated into contact with the
      fused-fiber front face of the mass of strands S within the extruder 12,
      the compartment devices 35 will be moved into side-by-side loading
      position to enhance the suction pulling action of the vacuum device 83 on
      the fused-fiber front face of the mass of strands S within the extruder
      12. As the vacuum device 83 is moved from left to right in its rearward
      reciprocating movement, the suction on the fused-fiber front face of the
      mass of strands S in the extruder 12 will cause the mass of strands S to
      be pulled from the extruder 12 and into the interior areas 36 of the
      compartment devices 35. The flange 85 is being moved out of engagement
      with the flange 86 and the compartment devices will be free to be moved
      back to their spaced-apart slice forming position. For this purpose a
      piston-cylinder device 88 is provided which includes an extending
      piston-rod 89 having a stepped outside configurated member 90 on the front
      end thereof which matches the cut outs 82 in the downwardly depending
      portions 35' of the compartment devices 35 so that as the member 90 is
      reciprocated from left to right as shown in FIGS. 15 and 17, it will
      engage the downwardly depending portion 35' of the compartment devices 35
      to slide the compartment devices 35 back to their spaced-apart slice
      forming positions (as shown in FIG. 17) and the compartment devices will
      be stopped and positioned by the stepped cut outs 81 in the interior of
      the support 80. For doffing or removing the slices or tiles T formed by
      this embodiment of apparatus 10, the extruder 12 may be suitably mounted
      for pivotal movement away from the compartment devices 35 so that forward
      reciprocation of the vacuum device 83 will push the previously formed
      slices or tiles T out of the compartment devices 35.
PAR  Referring now to FIGS. 18 and 19A-C, it has been discussed above that the
      extruder 12 may include longitudinally and horizontally extending baffles
      16 and a suitable arrangement of such baffles 16 is shown in FIG. 18 and
      forms a generally checkerboard configuration of individual separate
      compartments which may receive strands S of different colors or
      characteristics to form many predetermined patterns, such as those shown
      in FIGS. 19A, 19B and 19C. As shown in FIG. 19A and as indicated by the
      cross-hatching therein, stock dyed black strands S may be received in
      alternate compartments formed by the baffles 16 and stock dyed white
      strands may be placed in the other compartments to form a pile fabric PF
      of generally black and white checkerboard pattern. As illustrated in FIG.
      19B, rows of stock dyed red strands may be placed in the top row of
      compartments defined by the baffles 16, brown strands may be placed in the
      next row, blue strands placed in the next row, yellow strands in the next
      row and green strands in the bottom row to form a multi-colored stripped
      non-woven pile fabric PF. As shown in FIG. 19C, stock dyed red strands may
      be placed in all of the outside compartments formed by the baffles 16,
      stock dyed blue strands may be placed in the centermost compartment and
      the remaining compartments receive stock dyed white strands for forming
      the pattern illustrated therein of non-woven pile fabric PF. It may be
      clear from the above broad explanation that any desired pattern or
      arrangement of baffles in either a geometric or non-geometric arrangement
      may be utilized in the extruder 12 for forming predetermined patterned
      arrangements of strands S of different characteristics or colors.
PAR  Referring to FIG. 20, there is shown therein an alternate shape for the
      extruder 12 which is generally in the shape of a star in cross-sectional
      configuration. With the use of this extruder 12, the compartment devices
      35 would also define interior areas 36 of star shaped cross-sectional
      configuration and the resulting slices or tiles T would be star shaped
      along with the resulting pile fabric PF, as shown in FIG. 21B. Referring
      to FIG. 21A, an extruder of generally elliptical shape could be utilized
      and the baffles therein could be arranged in an elliptical manner so as to
      form a pile fabric the design illustrated in FIG. 21A. FIGS. 21C, 21D and
      21E illustrate other non-square predetermined, geometrical shapes of pile
      fabric slices PF which could be formed utilizing extruders having those
      shapes.
PAR  Thus, it may be seen that a wide variety of patterns and shapes may be
      formed with the slice forming apparatus 10 of this invention by
      arrangement of the baffles 16 and the shape of the extruder 12 along with
      the interior areas 36 of the compartment devices 35.
PAR  Referring now to FIGS. 22 and 23, there is shown therein a cooling air
      device 95 which may be suitably mounted for travel with each of the hot
      wire cutting devices 45 for expelling cooling air immediately behind the
      hot wire cutting devices 45 on the just cut melted, cut and fused strands
      S and the fused-fiber faces F to harden the fused fiber faces F
      immediately and render the slices or tiles T rigid to prevent distortion
      thereof within the compartment devices 35. The cooling air devices 95
      comprise generally separate conduits extending from a flexible air hose 96
      which receives pressurized air from any suitable source and supplies the
      hollow interior of the devices 95 with the pressurized cooling air.
      Apertures or nozzles 97 are positioned in spaced-apart locations along the
      top of the devices 95 for expelling cooling air therefrom which contacts
      the fused-fiber faces of the mass of strands S as the devices 96 are
      reciprocated with the hot wires 45. The devices 96 may be separately
      mounted directly onto the hot wires 45 by suitable collars 98 to travel
      therewith during their reciprocating movement.
PAR  While it is generally preferable for the melting, cutting and fusing
      operation to be performed in a vertical direction from the top to the
      bottom, this operation may be performed in a horizontal direction with the
      passageway formed by the compartments 35 extending in a vertical
      direction, particularly when using the cooling air devices 95 for
      immediately cooling the fused-fiber faces of the slices or tiles T being
      formed. The cooling devices 95 will further function to keep the slices or
      tiles T being formed spaced-apart from each other in this type of
      operation.
PAR  In accordance with this invention, processes for forming a plurality of
      individual slices or tiles T of textile, pile-forming strands F having
      interconnected, fused-fiber outer faces F with strand S extending
      therebetween for subsequent cutting between the fused faces F to form
      layers of non-woven pile fabric PF are provided. The processes include the
      steps of receiving and shaping a plurality of parallel textile strands
      having thermoplastic characteristics into a continuous,
      longitudinally-extending mass of generally parallel,
      longitudinally-extending strands of a predetermined transverse
      cross-sectional configuration; positioning and holding the shaped
      continuous mass of strands at spaced-apart locations around the
      circumference thereof to maintain the shaped configuration; and
      simultaneously transversely melting, cutting and fusing the continuous
      shaped mass of longitudinally-extending strands on each side of and
      between the spaced-apart locations at which the mass is being held into a
      plurality of slices of the shaped predetermined configuration having
      fused-fiber outer faces with strands extending therebetween for
      maintaining the integrity of the slices.
PAR  Preferably, the step of receiving and shaping the plurality of parallel
      textile strands into a mass of predetermined configuration includes
      receiving groups of parallel strands of different characteristics and
      arranging the strands of different characteristics into a predetermined
      pattern in the shaped mass of strands. The step of melting, cutting and
      fusing the continuous shaped mass of strands into a plurality of slices
      preferably comprises passing a plurality of electrically heated hot wires
      transversely through the shaped mass of longitudinally-extending strands.
PAR  The process may include the step of directing cooling air immediately
      behind the moving hot wires for cooling the just melted, cut and
      fused-faces of the slices of strands to prevent distortion of the slices.
PAR  The step of receiving and shaping the plurality of parallel textile strands
      into a continuous longitudinally-extending mass preferably comprises
      shaping the strands into a generally horizontally-extending mass, and the
      step of transversely melting, cutting and fusing the continuous mass of
      strands into a plurality of slices preferably comprises vertically
      melting, cutting and fusing the mass of strands. However, the step of
      receiving and shaping may include positioning the mass of strands at an
      acute angle with respect to the horizontal, and the step of transversely
      melting, cutting and fusing would be in the vertical direction so as to
      produce slices having interconnected fused-fiber outer faces with strands
      extending therebetween at an angle for subsequent cutting between the
      fused-fiber faces to form layers of non-woven pile fabric with pile
      strands thereof having a directional lay and extending at an angle.
PAR  The above-described process of manufacturing individual slices of textile,
      pile forming strands may be extended to a process for manufacturing
      non-woven, textile, pile fabric by adding the step of cutting the slices
      of strands between the fused faces thereof to form layers of non-woven
      pile fabric and may include applying a backing material to each of the
      fused faces prior to the cutting operation.
PAR  Some of the combinations and subcombinations of the apparatus and processes
      of this invention have been specifically set forth above; however, other
      combinations and subcombinations will become apparent from the description
      of the invention set forth herein.
PAR  In the drawings and specification, there have been set forth preferred
      embodiments of the process and apparatus of this invention and although
      specific terms are employed, they are used in a generic and descriptive
      sense only and not for purposes of limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for manufacturing non-woven, textile, pile fabric from a
      plurality of pile-forming strands having thermoplastic characteristics;
      the combination of:
PA1  hollow strand extruder means for receiving therein parallel strands
      extending longitudinally therethrough and for shaping the strands into a
      continuous mass of a predetermined configuration for withdrawal from said
      extruder means;
PA1  a plurality of relatively thin, spaced-apart, successive, compartment means
      positioned generally in axial alignment with said extruder means and
      defining successive, spaced-apart, open-sided, interior areas of the same
      general configuration as the shaped mass of strands and collectively
      defining a longitudinally-extending passageway for receiving and holding
      the continuous mass of strands therein after withdrawal from said extruder
      means;
PA1  means cooperating with said extruder means and said compartment means for
      moving the continuous shaped mass of strands from said extruder means into
      said compartment means; and
PA1  means mounted for progressive movement transversely of the strands through
      the spaces between and on each side of said compartment means for
      transversely melting, cutting and fusing the mass of strands in said
      compartment means into a plurality of individual, transversely-extending
      slices of the shaped predetermined configuration having interconnected,
      fused-fiber, outer faces with strands extending therebetween which
      maintain the integrity of the slices for subsequent cutting between the
      fused faces to form layers of non-woven pile fabric.
NUM  2.
PAR  2. In apparatus, as set forth in claim 1, in which said strand moving means
      comprises
PA1  means mounting and driving said extruder means for reciprocating movement
      into and out of said interior areas of said compartment means from a rear
      end thereof for carrying the continuous shaped mass of strands into said
      compartment means for loading said compartment means for the next slice
      forming operation and for pushing the previously formed slices out of said
      compartment means through a forward end thereof; and
PA1  means positioned adjacent the forward end of said compartment means for
      engaging the forward end of the shaped mass of strands within said
      extruder means when said extruder means reaches the forward end of its
      reciprocating movement and for holding the continuous shaped mass of
      strands within said interior areas of said compartment means during the
      rearward reciprocating movement of said extruder means.
NUM  3.
PAR  3. In apparatus, as set forth in claim 2, in which said means for engaging
      and holding the continuous shaped mass of strands within said interior
      areas of said compartment means during the rearward reciprocating movement
      of said extruder means comprises a plurality of needle means commonly
      mounted for reciprocating movement into engagement with and through the
      continuous mass of strands on the inside of the fused front face thereof
      formed by the previous slice forming operation for holding the continuous
      mass of strands during rearward reciprocating movement of said extruder
      means for loading said compartment means and for reciprocating movement
      out of engagement with the continuous mass of strands after said extruder
      means has completed its rearward reciprocating movement.
NUM  4.
PAR  4. In apparatus, as set forth in claim 1, in which said extruder means is
      mounted stationary and said strand moving means comprises axiallymovable,
      reciprocably-mounted vacuum means for movement into and through said
      interior areas of said compartment means from a front end thereof toward
      said extruder means on a forward stroke thereof for engaging the fused
      front face resulting from the last slice forming operation of the mass of
      strands in said extruder means and withdrawing and pulling the mass of
      strands into said interior areas of said compartment means during a
      rearward reciprocating stoke of said vacuum means out of said interior
      areas of said compartment means for loading said compartment means for the
      next slice forming operation.
NUM  5.
PAR  5. In apparatus, as set forth in claim 4, in which said compartment means
      includes means mounting said compartment means for axial sliding movement
      between their normal spaced-apart positions to side-by-side positions, and
      in which said apparatus further includes means for moving said compartment
      means from their normal spaced-apart positions to the side-by-side
      positions during the forward reciprocating stroke of said vacuum means for
      aiding said vacuum means in withdrawing the mass of strands from said
      extruder means and in loading said compartment means, and means for
      engaging said compartment means and moving said compartment means from the
      side-by-side loading positions to the normal slice-forming spaced-apart
      positions during the rearward loading stroke of said vacuum means.
NUM  6.
PAR  6. In apparatus, as set forth in claim 1, in which said strand extruder
      means comprises an elongate, generally funnel-shaped housing having an
      outwardly tapering rear portion for reception of the strands therein and a
      forward portion of less cross-sectional dimensions than said rear portion
      and of a predetermined transverse cross-sectional shape for compressing
      and shaping the strands as they are received therein from said rear
      portion.
NUM  7.
PAR  7. In apparatus, as set forth in claim 6, in which said forward portion of
      said extruder means comprises a generally square, transverse,
      cross-sectional configuration.
NUM  8.
PAR  8. In apparatus, as set forth in claim 6, in which said forward portion of
      said extruder means comprises a non-square, predetermined, geometrical,
      transverse, cross-sectional configuration.
NUM  9.
PAR  9. In apparatus, as set forth in claim 6, in which said rear portion of
      said funnel-shaped housing of said strand extruder means includes
      longitudinally and transversely extending baffles therein separating said
      rear portion into longitudinally-extending compartments for receiving
      strands which may be of different characteristics in different
      compartments, said strand receiving baffles being arranged in a
      predetermined pattern for passing the strands of different characteristics
      into the forward portion of said funnel-shaped housing of said extruder
      means for forming a predetermined shaped mass of said strands in the
      desired predetermined pattern.
NUM  10.
PAR  10. In apparatus, as set forth in claim 1, in which said means for
      transversely melting, cutting and fusing the mass of strands into a
      plurality of individual slices comprises electrically heated wires
      commonly mounted and driven for progressive movement transversely of the
      strands through the spaces between and on each side of said compartment
      means.
NUM  11.
PAR  11. In apparatus, as set forth in claim 10, in which said apparatus further
      includes cooling air means mounted for travel with and behind said
      electrically heated wires during their transverse movement through the
      mass of strands for cooling the melted cut and fused strands to prevent
      distortion of the just cut slices within said compartment means.
NUM  12.
PAR  12. In apparatus, as set forth in claim 1, in which said apparatus further
      includes holding needle means mounted for reciprocating movement into said
      interior areas of said compartment means and into holding engagement with
      the mass of strands therein during operation of said means transversely
      melting, cutting and fusing the mass of strands into a plurality of slices
      for holding the strands and preventing distortion thereof during such
      operation and for reciprocation out of said interior areas of said
      compartments after the slice forming operation has been completed for
      removal of the cut and fused slices from said compartment.
NUM  13.
PAR  13. In apparatus, as set forth in claim 1, in which said compartment means
      are successively arranged at an acute angle with respect to the horizontal
      and the passageway defined by said interior areas of said compartment
      means is disposed generally at an acute angle with respect to the
      horizontal and define spaces between said compartments extending generally
      vertically so that said melting, cutting and fusing means will pass
      vertically through the mass of strands within said compartment means for
      forming slices having interconnected, fused-fiber, outer faces with
      strands extending therebetween at an angle for subsequent cutting between
      the fused-fiber faces to form layers of non-woven pile fabric with the
      pile strands thereof having a directional lay and extending at an angle.
NUM  14.
PAR  14. In apparatus for manufacturing non-woven, textile, pile fabric from a
      plurality of pile-forming strands having thermoplastic characteristics;
      the combination of:
PA1  strand extruder means comprising an elongate, hollow, generally
      funnel-shaped, horizontally-extending housing having an outwardly tapering
      rear portion for receiving therein parallel strands which extend
      longitudinally through said housing and a forward portion of less
      cross-sectional dimensions than said rear portion and of a predetermined
      cross-sectional shape for compressing and shaping the strands into a
      continuous mass of the predetermined configuration for withdrawal from
      said extruder means;
PA1  a plurality of relatively thin, spaced-apart, successive, compartment means
      positioned generally in axial alignment with said extruder means and
      defining successive, spaced-apart, open-sided interior areas of the same
      general configuration as the shaped mass of strands and collectively
      defining a longitudinally-extending, generally horizontal passageway for
      receiving and holding the continuous mass of strands therein after
      withdrawal from said extruder means;
PA1  means comprising electrically heated wires, commonly mounted and driven for
      progressive movement transversely of the strands from the top of to the
      bottom of and through the spaces between and on each side of said
      compartment means for transversely melting, cutting and fusing the mass of
      strands into a plurality of individual, transversely-extending slices of
      the shaped predetermined configuration having interconnected, fused-fiber,
      outer faces with strands extending therebetween which maintain the
      integrity of the slices for subsequent cutting between the fused faces to
      form layers of non-woven pile fabric;
PA1  means mounting and driving said extruder means for reciprocating movement
      into and out of said interior areas of said compartment means from a rear
      end thereof for carrying the continuous shaped mass of strands into said
      compartment means for loading said compartment means for the next slice
      forming operation and for pushing the previously formed slices out of said
      compartment means through a forward end thereof; and
PA1  means positioned adjacent the forward end of said compartment means for
      engaging the forward end of the shaped mass of strands within said
      extruder means when said extruder means reaches the forward end of its
      reciprocating movement and for holding the continuous shaped mass of
      strands within said interior areas of said compartment means during the
      rearward reciprocating movement of said extruder means.
NUM  15.
PAR  15. In apparatus, as set forth in claim 14, in which said means for
      engaging and holding the continuous shaped mass of strands within said
      interior areas of said compartment means during the rearward reciprocating
      movement of said extruder means comprises a plurality of needle means
      commonly mounted for reciprocating movement into engagement with and
      through the continuous mass of strands on the inside of the fused front
      face thereof formed by the previous slice forming operation for holding
      the continuous mass of strands during rearward reciprocating movement of
      said extruder means for loading said compartment means and for
      reciprocating movement out of engagement with the continuous mass of
      strands after said extruder means has completed its rearward reciprocating
      movement.
NUM  16.
PAR  16. In apparatus, as set forth in claim 14, in which said rear portion of
      said funnel-shaped housing of said strands extruder means includes
      longitudinally and transversely extending baffles therein separating said
      rear portion into longitudinally-extending compartments for receiving
      strands which may be of different characteristics in different
      compartments, said strand receiving baffles being arranged in a
      predetermined pattern for passing the strands of different characteristics
      into the forward portion of said funnel-shaped housing of said extruder
      means for forming a predetermined shaped mass of said strands in the
      desired predetermined pattern.
NUM  17.
PAR  17. In apparatus, as set forth in claim 14, in which said apparatus further
      includes holding needle means mounted for reciprocating movement into said
      interior areas of said compartment means and into holding engagement with
      the mass of strands therein during operation of said means transversely
      melting, cutting and fusing the mass of strands into a plurality of slices
      for holding the strands and preventing distortion thereof during such
      operation and for reciprocation out of said interior areas of said
      compartments after the slice forming operation has been completed for
      removal of the cut and fused slices from said compartment.
NUM  18.
PAR  18. Apparatus for manufacturing non-woven, textile pile fabric from a
      plurality of pile-forming strands having thermoplastic characteristics;
      said apparatus comprising;
PA1  hollow strand extruder means for receiving therein parallel strands
      extending longitudinally therethrough and for shaping the strands into a
      continuous mass of predetermined configuration for withdrawal from said
      extruder means;
PA1  a plurality of relatively thin, spaced-apart, successive, compartment means
      positioned generally in axial alignment with said extruder means and
      defining successive, spaced-apart, open-sided, interior areas of the same
      general configuration as the shaped mass of strands and collectively
      defining a longitudinally-extending passageway for receiving and holding
      the continuous mass of strands therein after withdrawal from said extruder
      means;
PA1  means cooperating with said extruder means and said compartment means for
      moving the continuous shaped mass of strands from said extruder means into
      said compartment means;
PA1  means mounted for progressive movement transversely of the strands through
      the spaces between and on each side of said compartment means for
      transversely melting, cutting and fusing the mass of strands in said
      compartment means into a plurality of individual, transversely-extending
      slices of the shaped, predetermined configuration having interconnected,
      fused-fiber, outer faces with strands extending therebetween which
      maintain the integrity of the slices;
PA1  means for receiving the cut and fused slices and for applying a backing
      material to each of the fused faces thereof; and
PA1  means for mechanically cutting said slices with the backing material
      thereon between the fused faces to form layers of non-woven pile fabric.
NUM  19.
PAR  19. Apparatus for manufacturing non-woven, textile, pile fabric from a
      plurality of pile-forming strands having thermoplastic characteristics;
      the combination of:
PA1  strand extruder means comprising an elongate, hollow, generally
      funnel-shaped, horizontally-extending, housing having an outwardly
      tapering rear portion for receiving therein parallel strands which extend
      longitudinally through said housing and a forward portion of less
      cross-sectional dimensions than said rear portion and of a predetermined
      cross-sectional shape for compressing and shaping the strands into a
      continuous mass of the predetermined configuration for withdrawal from
      said extruder means;
PA1  a plurality of relatively thin, spaced-apart, successive, compartment means
      positioned generally in axial alignment with said extruder means and
      defining successive, spaced-apart, open-sided interior areas of the same
      general configuration as the shaped mass of strands and collectively
      defining a longitudinally-extending, generally horizontal passageway for
      receiving and holding the continuous mass of strands therein after
      withdrawal from said extruder means;
PA1  means comprising electrically heated wires, commonly mounted and driven for
      progressive movement transversely of the strands from the top of to the
      bottom of and through the spaces between and on each side of said
      compartment means for transversely melting, cutting and fusing the mass of
      strands into a plurality of individual, transversely-extending slices of
      the shaped predetermined configuration having interconnected, fused-fiber,
      outer faces with strands extending therebetween which maintain the
      integrity of the slices;
PA1  means mounting and driving said extruder means for reciprocating movement
      into and out of said interior areas of said compartment means from a rear
      end thereof for carrying the continuous shaped mass of strands into said
      compartment means for loading said compartment means for the next slice
      forming operation and for pushing the previously formed slices out of said
      compartment means through a forward end thereof;
PA1  means positioning adjacent the forward end of said compartment means for
      engaging the forward end of the shaped mass of strands within said
      extruder means when said extruder means reaches the forward end of its
      reciprocating movement and for holding the continuous shaped mass of
      strands within said interior areas of said compartment means during the
      rearward reciprocating movement of said extruder means;
PA1  means for receiving the cut and fused slices and for applying a backing
      material to each of the fused faces thereof; and
PA1  means for mechanically cutting said slices with the backing material
      thereon between the fused faces to form layers of non-woven pile fabric.
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PAL  The apparatus serves to weld together the two parts of a slide frame which
      is made of plastics material and consists of a base part and a cover part,
      and to align the welded frames on carrying and centering rods. The
      apparatus comprises two feed wells, from which tracks extend to an
      ultrasonic welding horn, and downwardly flaring two centering wells, which
      succeed the ultrasonic welding horn and are provided each with a plunger
      disposed above the track.
BSUM
PAR  This invention relates to apparatus for welding together the two parts of a
      slide frame which is made of plastics material and consists of a base part
      and a cover part, and for aligning the welded frames on carrying and
      centering rods, which apparatus comprises two feed wells, from which
      tracks extend to an ultrasonic welding horn, and two downwardly flaring
      centering wells, which succeed the ultrasonic welding horn and are
      provided each with a plunger disposed above the track.
PAR  A known apparatus for welding together the two parts of a slide frame which
      is made from plastics material and consists of a base part and a cover
      part, and for aligning the welded frames on carrying and centering rods,
      comprises separate feed wells for the base parts and cover parts, which
      wells are continued by a lower track for the base part and an upper track
      for the cover part, which tracks merge under an ultrasonic welding horn.
PAR  A pusher is associated with each feed well, and these sliders are
      interconnected. At the end of a common track, a centering well is
      provided, which flares downwardly and is provided with a plunger disposed
      above the track (Printed German Application No. 1,287,326).
PAR  It is an object of the invention to increase the output capacity of the
      known apparatus so that slide frames made of plastics material can compete
      even better with the cheap cardboard slide frame.
PAR  In an apparatus of the kind described first hereinbefore, this object is
      accomplished by the invention in that the feed wells form a double well
      and are open on those sides which are at right angles to the direction of
      travel, that an endless conveyor belt, e.g., a chain, provided with a
      plurality of flights, is associated with each feed well and moves the
      frames almost as far as to the ultrasonic welding horn, that the tracks
      are designed so that they bend up the cover part from a horizontal plane
      into a vertical plane in a preceding portion and guide the cover part into
      the base part in a succeeding portion. An apparatus according to the
      invention has the advantage that it can be used to weld and stack slide
      frames having parts connected by a film hinge. In the known apparatus the
      pushers had to be returned to their initial position whenever they had fed
      a slide frame to the ultrasonic welding horn. The output of the machine
      can now be increased by one-half because an endless conveyor belt having
      flights is provided. To ensure nevertheless the required precision during
      the ultrasonic welding operation, the means for feeding the slide frames
      are divided and the ultrasonic welding horn is preceded by centering
      fingers, which ensure an exact centering of the slide frames under the
      ultrasonic welding horn. The tracks are so designed that the
      above-mentioned slide frame, which is of special design, during its travel
      is made ready for being welded. The output of the apparatus according to
      the invention is limited virtually only by the welding rate, i.e., by the
      duration of the welding operation and of the upward stroke of the
      ultrasonic welding horn.
PAR  To ensure a continuous operation of the apparatus, the ultrasonic welding
      horn is succeeded by centering wells, which are arranged in successive
      pairs and provided each with a plunger, and change-over means are provided
      which effect a change-over to the other two plungers as soon as the first
      pair of centering rods are full so that the subsequent slide frames can be
      stacked on another pair of carrying rods and during the same time the two
      filled carrying rods can be removed and replaced by empty ones.
PAR  According to a development of the invention, a lifting plate and a
      frame-clamping device are associated with the feed well. In view of the
      high stacks of slide frame parts and the permissible tolerance it is
      inevitable that the lowermost slide frame parts are possibly canted so
      that they cannot be satisfactorily carried away by the flights. For this
      reason the lifting plate is operated to lift the stack to some extent when
      the feed well has been filled, and subsequently the clamping device is
      operated which clamps the major portion of the stack against the walls of
      the feed wells so that only a smaller number of slide frames are
      superimposed in the lower portion of the well. As soon as the machine is
      in operation, the clamping device is repeatedly disengaged to release a
      single frame.
DRWD
PAR  In the following description, an embodiment of the invention will be
      described by way of example with reference to the drawing.
PAR  FIG. 1 is a top plan view showing the special design of the feed well. They
      consist of a double well 1 having a common partition 2. The feed wells 1
      are open on the two sides 3, 4 which are at right angles to the direction
      of travel. In each well, the base part 5 of a slide frame is guided. The
      base part 5 has a continuous peripheral edge. The cover part 6 of the
      frame is secured to the lower part 5 by a film hinge. The two frame parts
      5, 6 are supplied to the double well 1 in an unfolded state so that the
      two frame parts lie substantially in a horizontal plane.
PAR  FIG. 2 shows the special design of the conveyor, which consists of an
      endless conveyor chain 7 provided with a plurality of flights 8-11. A
      conveyor chain 7 is associated with each well of the double well 1. The
      flights 8-11 of the conveyor chain 7 extend into the picture aperture of
      the base part 5 of each frame and the conveyor chain 7 then moves the two
      frame parts almost to the ultrasonic welding horn 12, where centering
      fingers 13 are provided, which ensure that the slide frames 14 which have
      been folded together are exactly centered as they are moved under the
      ultrasonic welding horn 12. The centering fingers 13 need not move each
      slide frame 14 as far as to a position under the ultrasonic welding horn
      12. The continued travel may also be effected by means of one or more
      slide frames disposed between the centering finger 13 and that slide frame
      14 which is exactly centered under the ultrasonic welding horn 12.
PAR  FIG. 3 shows the design of the tracks which in a preceding portion bend up
      the cover part 6 from a horizontal plane into a vertical plane and in a
      succeeding portion guide the cover part 6 into the base part 5. Each track
      consists of two track rails 15, 16. In the first portion 17, only the
      inner track rail 16 has a groove 18 for guiding the base part 5 of the
      slide frame. In this portion, the outer track rail 15 is provided on its
      top with a rising cam 19, which widens toward the track and causes the
      cover part 6 to be bent up from its substantially horizontal initial
      orientation into a vertical plane. In the portion 20, the track rail 15 is
      provided with a guide groove 21 and above the same with an inwardly
      widening deflecting ledge 22, which ensures that the cover part 6 has been
      guided into the base part and prepared for the welding operation when it
      has reached the end of the track.
PAR  The track rail 15 is shown in side elevation in FIG. 3a and in a top plan
      view in FIG. 3b. FIGS. 3c and 3d are elevations showing the track rails 15
      and 16, respectively, as viewed from the ultrasonic welding horn.
DETD
PAR  The design of the centering wells is apparent from FIG. 1 in conjunction
      with FIG. 4. FIG. 4 is a front elevation showing the centering wells. The
      apparatus comprises two successive pairs of centering wells, i.e., four
      centering wells 23 to 26. FIG. 4 shows the centering wells 23 and 25 and
      FIG. 2 shows the centering wells 23 and 24. Each centering well is
      provided with a plunger. The plungers 27, 28 are shown in FIG. 4 and the
      plungers 28, 29 are shown in FIG. 2. Each pair of plungers, e.g., 27, 28,
      are carried by a common holder 29 and by means of a pressure fluid
      actuator 30 can be moved up and down in unison. The centering rods 31, 32
      are shown in FIG. 2. It will be understood that a centering rod is
      associated with each centering well. FIG. 4 shows also the guides 33, 34,
      and 35 for the slide frames 36, 37. Each outer guide 34, 35 can be swung
      out so that the plungers 27, 28 can force the slide frames 36, 37 into the
      respective centering wells. In other respects, each centering well is
      designed as disclosed in the Printed German Application No. 1,287,326.
PAR  Associated with the centering wells are change-over means which enable an
      automatic change-over in such a manner that the plungers which are
      adjacent to the ultrasonic welding horn are operated first and are
      arrested as soon as the carrying rods which are adjacent to the ultrasonic
      welding horn have been filled. At the same time, the two forward plungers
      are started to fill the two forward centering rods with transparency
      frames.
PAR  It is apparent from FIGS. 1 and 5 that a lifting plate 38 is disposed under
      the double well 1 and is pivoted about the pin 39. The lifting plate 38
      carries the stack of the unfolded slide frames, which are lifted before
      the apparatus is started. Then a clamping device 40 is operated to clamp a
      major portion of the stacks in the double well 1 so that only a few slide
      frames rest on the lifting plate 38. This is readily apparent from FIG. 5.
      This procedure ensures that the slide frames in the lower portions of the
      stack will not be canted and the flights can satisfactorily enter the
      picture aperture of each base frame at the lower end of the stack and can
      move said lower part from the stack.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for forming a plastic slide frame having a base and a cover
      integrally hinged thereto and which is substantially coplanar in the
      as-made condition, with the base and cover each having apertures defined
      therein, comprising: a dual feed magazine having a partition and two feed
      wells each feed well comprising a lifting plate and clamping means for
      maintaining a portion of the frames in a raised position and each feed
      well having an open side positioned opposite said partition and which feed
      wells are adapted to receive the bases of a plurality of said frames
      formed in stacks, said feed well open sides adapted to permit the hinged
      covers of said plurality of frames in the stacks to protrude horizontally
      from the magazines; welding means for welding the covers of said frames to
      their bases; a straight line conveyor disposed below and associated with
      each feed well, each conveyor being provided with
PA1  means for engaging the base of the lowermost frame in the stack and
      transporting the engaged frame with attached cover away from the
      associated feed well; a rectilinear guideway extending along each conveyor
      between said associated feed well and said welding means, said guideway
      comprising means for erecting the horizontal cover of each frame at
      right-angles to the base and means for folding the cover onto the base
      with said base and cover apertures in registry to form a folded frame;
      said conveyor being arranged to disengage said engaging means from said
      folded frame at a release location on said path; alignment means
      associated with each of said conveyors and located between said welding
      means and said conveyor release location for aligning the folded frames
      with respect to said welding means for a welding operation, and centering
      wells located adjacent said welding means; and means for inserting welded
      frames therein, centering means in said centering wells for engaging said
      welded frames.
NUM  2.
PAR  2. Apparatus according to claim 1, further including means for transferring
      the welded frames to said centering wells and wherein the centering wells
      are fixed in position and two of said wells are associated with each
      conveyor.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said lifting plate is provided
      beneath the feed wells for temporarily raising the frames in the feed
      well, and said clamping means is operatively associated with said lifting
      plate for maintaining a portion of said frames raised when said lifting
      plate is lowered.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the two rectilinear guideways
      are defined by two substantially parallel outer rails and an inner rail
      extending centrally therebetween, the inner rail comprising a co-extensive
      base-receiving groove along each side thereof facing the outer rails, a
      ramp provided at the end of each outer rail nearer the feed wells, which
      ramp has a height and a width at the midpoint of the rectilinear guideway
      which exceed the height and width of that ramp section nearer the feed
      wells to erect the cover of the frame to an upstanding position as the
      associated base is conveyed horizontally along said base-receiving groove,
      and a deflecting ledge overlying a recess at the end of the guideway
      nearer the welding means of each outer rail, said recesses being in
      confronting relationship with said base receiving grooves in the inner
      rail and each ledge extending from the end of the ramp at said midpoint
      obliquely towards the inner rail to fold the cover down onto the base as
      the latter is being conveyed along the said groove.
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ABST
PAL  In an apparatus comprising a non-circular rotary mandrel on which a strip
      of paper or a similar sheet material is wound to form a multilayer tubular
      article, the material entering the mandrel is subjected to pressure
      thereagainst by means of a roller unit including at least two pairs of
      rollers. Both pairs of rollers are independently and pivotably suspended
      in a common carrier so that all of the rollers may continuously and
      independently apply a surface pressure to the material being wound onto
      the mandrel.
BSUM
PAR  The present invention relates to an apparatus for producing suitcase frames
      by winding a strip of material around a rotating mandrel while the
      consecutively following layers are being glued together.
PAR  In apparatuses of this type hitherto employed, the winding operation takes
      place without any appreciable stress or tightening occuring in the strip
      of material and, subsequent to the conclusion of the winding operation,
      the tubular body formed is pulled off the mandrel and subjected to a
      thermal pressing operation in another apparatus having a core which, in
      its shape, corresponds to that of the mandrel and which is surrounded by
      heated pressing dies. The glue hardens during the pressing operation
      whereby the frame formed is stabilized in the desired shape. Following
      this, the frame is normally divided by being sawed through into a wider
      and a narrower portion which are to be incorporated into the suitcase
      proper and its lid, respectively.
PAR  In efforts that have been made with a view to reducing the manufacturing
      costs it has been attempted to dispense with the separate thermal pressing
      operation of the wound blanks or articles, that is to say, by effecting
      the winding operation while considerably tightening the strip material in
      its longitudinal direction and by making use of a rapidly drying glue.
      However, these attempts have to be described as unseccessful in that it
      has turned out to be impossible to avoid uncontrollable distortions in the
      finished suitcase frames due to the variations in stress that are bound to
      arise in the course of the winding operation when the more or less
      rectangular mandrel rotates at constant speed.
PAR  Another proposal appears from the specification of U.S. Pat. No. 3,205,108,
      from which it is known to produce non-circular, tubular articles by
      winding a strip of material onto a rotating mandrel fitted with a pair of
      movable corner portions which, during the winding operation, are withdrawn
      into the mandrel and which are subsequently urged outwardly so as to
      impart to the wound material a circumferential tension that is, as far as
      possible, uniform. Subsequent hereto, a possibly heated clamping jacket is
      laid around the wound article while it still is on the mandrel, so as to
      eliminate the transfer of the article to a special apparatus for a
      subsequent pressing and hardening operation.
PAR  In contrast hereto, the apparatus according to the present invention
      comprises a roller unit serving to pressure-bias the wound material
      against the mandrel and including at least two pairs of freely rotable
      rollers that are parallel to the axis of rotation of the mandrel and are
      pivotably suspended in a common support that is displaceable towards and
      away from the mandrel and is, per se, pivotable around an axis that is
      parallel to the pivot axis of the pairs of rollers as well as to the axis
      of rotation of the mandrel.
PAR  It will be possible, when employing such a unit, to keep the individual
      rollers bearing permanently against the material being wound on the
      mandrel, irrespective of its more or less square shape. Thus, the material
      can be pressure-biased substantially perpendicular to its surface without
      any appreciable stresses being imparted to the material in the
      circumferential direction. When, at the same time, use is made of a glue
      possessing a sufficiently short hardening time, no finishing treatment of
      the suitcase frame will be required after the winding operation has been
      concluded, and the production may be substantially expedited and its costs
      reduced.
PAR  In addition, the roller unit makes it possible to dispense with the
      aforementioned sawing or cutting through the wound frame because a knife
      for longitudinally cutting through the strip of material to be wound may
      be provided adjacent the mandrel. The reason why this is possible without
      any risk that the suitcase body and lid frames obtained might not fit
      sufficiently accurately together, is that the roller unit exerts an
      absolutely uniform pressure bias on the two strip portions separated by
      means of the cutting operation without allowing the strip portions to be
      displaced relative to each other.
DRWD
PAR  An embodiment of the apparatus according to the invention is shown
      schematically on the accompanying drawing.
DETD
PAR  A shaft 1 supported in the frame (not shown) of the apparatus carries a
      possibly heated mandrel 2 which rotates in the direction indicated by the
      arrow. In the course of the rotation, a suitable number of layers of a
      strip material 3 drawn from a feed roll 4 is wrapped or wound onto the
      mandrel 2. Due to the substantially rectangular shape of the mandrel 2,
      the speed of advance of the strip material varies, and, in order to
      obviate a slack in the strip material, this is conducted across a guide
      roller 5 which is spring or weight-biased in the direction of the arrow
      shown. The strip material 3 passes on further to the mandrel 2 across
      additional guide rollers 6 and 7, between which a conventional glue
      application mechanism 8 is mounted. In connection with glue application
      mechanism 8, a conventional, movable roller 9 is provided which, in the
      position shown with full lines, keeps the strip material 3 bearing against
      a glue application roller 10. When moved into the position shown with a
      line of dashes, a roller 9 permits the strip material to go clear of
      roller 10, thus interrupting the application of glue.
PAR  A roller unit comprising a total of four rollers 11 that are parallel to
      the axis of rotation of the mandrel 2 is fitted above the mandrel and
      serves to pressure-bias the material being wound. At their ends, each pair
      of rollers 11 is journalled in bearing plates 12 which, with the aid of
      pins 13, are pivotably suspended in a common support 14. Via an additional
      pivot pin 15 that is likewise parallel to the shaft 1 of the mandrel 2,
      this common support is connected to the outer end of an arm 17 which is
      pivoted on a shaft 18 mounted in the frame of the apparatus. The arm 17 is
      connected with a pneumatic cylinder 19 that serves to urge the roller unit
      against the mandrel 2 during the wrapping or winding operation and to
      subsequently lift the roller unit clear so that the suitcase frame formed
      can be removed from the mandrel.
PAR  Preferably, the end 16 of the arm 16, 17 may oscillate around its
      longitudinal axis so that the rollers 11, within certain limits, are able
      to adjust themselves by tilting also around this axis.
PAR  In the path between the guide roller 7 and the mandrel 2, the strip of
      material 3 passes a knife 20 which, in the position shown in the drawing,
      produces a longitudinal cut through the strip so that two separate frames
      are formed simultaneously on the mandrel 2 in close relationship to each
      other. These two frames may be incorporated in the body portion and the
      lid of a suitcase, respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for producing wound suitcase frames and comprising a
      mandrel having a substantially rectangular shape with rounded corner
      portions and journalled for rotation about a horizontal axis, means for
      carrying a feed roll of strip material to be wound around said mandrel by
      the rotation thereof, and a roller assembly including an elongated primary
      support member having one end pivotally mounted on an axis parallel to the
      axis of said mandrel, a pair of secondary support members pivotally
      mounted on said primary support member at the other end thereof for
      rotation about axes parallel to said axis of said mandrel, two pressure
      rolls mounted on each of said secondary support members for rotation about
      axes spaced from one another around said mandrel and parallel to the axis
      of said mandrel, and means resiliently urging said primary support member
      toward said mandrel to press each of said pressure rolls into contact with
      strip material being wound onto said mandrel.
NUM  2.
PAR  2. An apparatus as claimed in claim 3 further comprising a knife mounted
      between said mandrel and said means carrying a feed roll for
      longitudinally cutting through the strip of material to be wound is
      provided adjacent the mandrel.
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ABST
PAL  The invention is a simplified roller-type apparatus for laminating articles
      in sheet form with transparent plastic laminating film. It comprises a
      heating station for heating the work and a pair of pressure rolls for
      bonding the film to one or both sides of each article. The heating station
      comprises a pair of vertically opposed flat plates that are separable to
      permit the work to be inserted between them, and means for heating the
      plates so that they act as sources of heat for activating the adhesive
      layer of the laminating film. In the preferred embodiment, the lower plate
      is fixed and the upper plate is mounted for vertical movement relative to
      the lower plate. The two plates also act as guides for directing the
      heated work into the nip formed by the pressure rolls.
BSUM
PAR  This invention relates to a laminating apparatus and more particularly to
      an improved apparatus for laminating thin films of plastic material to
      paper and similar materials.
PAR  As is well known in the art, a variety of devices have been proposed in the
      past for laminating a transparent plastic film to one or both sides of a
      sheet of paper, e.g. a printed or typewritten document, a photograph,
      etc., for the purpose of protecting it against ageing and physical damage.
      Prior laminating devices most often have been in the form of flat type
      platen presses or rotary laminating presses. The latter type of press is
      exemplified in U.S. Pat. Nos. 3,143,454, 3,138,695 and 3,401,439. Flat
      platen presses are generally considered unsatisfactory because they are
      slow and because a substantial amount of skill and care is required to
      obtain a substantially flawless lamination and to avoid thermal
      degradation of the laminating film and the substrate to which the film is
      bonded. Two types of rotary laminating presses are well known. In one
      type, the plastic laminating film material is heated immediately prior to
      passage of the film material and substrate through a pair of pressure
      rollers. The second type avoids the use of a separate heating station and
      instead utilizes heated pressure rollers which heat the sheet materials
      precisely at the point of pressurization. For the most part, roller type
      laminators have been relatively complicated. A particular problem has been
      to get application of heat evenly to the laminating materials without
      degrading the latter. To overcome such difficulty and also to minimize
      control adjustments, a great deal of effort has been expended in devising
      heated, spring-biased pressure rolls which will exhibit relatively small
      variations in surface temperature during laminating operations. However,
      the use of heated rollers involves other difficulties such as heater
      burn-out, roller degradations, and the use of slip-rings or other means of
      supplying current to the heating elements associated with the rollers.
      Many roller-type laminators also have been designed to utilize laminating
      film in roll form, with means being provided to feed the film under
      tension to the pressure rollers for bonding to the substrate which is fed
      in separately. Additionally means are required to sever the laminating
      film. While such machines offer the advantage of avoiding wrinkling of the
      film, they are relatively expensive to purchase and also to maintain in
      good operating condition.
PAR  The primary object of this invention is to provide a roller laminator which
      overcomes the foregoing and other disadvantages and limitations of prior
      roller laminators.
PAR  Another object is to provide a roller laminator which avoids the use of
      heated pressure rollers.
PAR  A further object is to provide a roller laminator in which precut sheets of
      plastic laminating film can be used.
PAR  Another object is to provide an improved method of bonding a protective
      laminating film to an article in sheet form.
PAR  A more specific object is to provide a relatively inexpensive roller
      laminator of simplified construction which is easy to operate and maintain
      in good operating condition.
PAR  Described briefly, the invention comprises a pair of resilient pressure
      rollers that are unheated and a heat station located immediately in front
      of the rollers which consists of a heated substantially flat platen and a
      work support plate located below and normally engaging the platen, with
      either platen or work support plate being movable so as to permit a
      workpiece to be inserted between them and advanced into the nip of the
      pressure rollers. The workpiece, which consists of a document or like
      article with one or both of its opposite sides engaged with a precut sheet
      of plastic laminating film, is heated by the platen and work support plate
      to a temperature high enough to activate the adhesive coating of the
      plastic film, and the heated workpiece is compressed by the rollers so
      that the adhesive layer forms a continuous uniform bond between the
      article and the film. A carrier folder for the workpiece is used to
      facilitate introduction thereof between the platen and work support plate.
      The rollers are yieldably mounted so as to be separable to the extent
      required to accommodate the workpiece and spring means are provided for
      pressing the two rollers into tight gripping and compressing relation with
      the workpiece. In the preferred embodiment of the invention, the work
      support plate is stationary and the platen assembly, which normally rests
      on the work support plate of its own weight, is capable of "floating" with
      respect to the work support plate as the work is inserted and moves
      between them.
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PAR  Other features and many of the attendant advantages of the invention are
      disclosed in or rendered obvious by the following detailed description
      which is to be considered together with the accompanying drawings in
      which:
PAR  FIG. 1 is a perspective view of a laminator constituting a preferred
      embodiment of the invention;
PAR  FIG. 2 is a plan view of the machine of FIG. 1 with a portion of the
      housing broken away to expose the operating mechanism;
PAR  FIG. 3 is a vertical sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a vertical sectional view, with portions broken away and removed,
      taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 of FIG. 2;
PAR  FIGS. 6A and 6B are enlargements of details of the machine;
PAR  FIGS. 7 and 8 are schematic views showing various elements and the process
      of lamination;
PAR  FIG. 9 is a diagram of the power circuit of machine;
PAR  FIG. 10 is a fragmentary sectional view of a modification of the invention;
      and
PAR  FIG. 11 is a fragmentary perspective view of another embodiment of the
      invention.
PAR  In the drawings like numerals refer to like parts.
DETD
PAR  A number of transparent film materials may be used for laminating with
      devices made in accordance with this invention. Polyester, films, notably
      those consisting of a polyethylene glycol ester of terephthalic acid, are
      preferred because of their resistance to tearing, heat and abrasion, high
      strength, good ageing characteristics, substantial inertness, and high
      degree of imperviousness to moisture. These polymer films are provided
      with suitable adhesive layers which are transparent and should be capable
      of being heated without noticeable degradation and of forming a strong
      bond between the film and a suitable substrate. Typically the adhesive is
      a thermoplastic material, polyethylene being preferred, which is
      activated, i.e. softened, by heat and adheres to the adhesive under
      application of pressure.
PAR  Referring now to the drawings, the machine comprises a housing consisting
      of a base 2 and a cover 4 formed of plastic or other suitable material.
      The base 2 has a flat bottom wall, integral front, back and side walls.
      Mounted on and secured to the bottom wall of base 2 by screws (not shown)
      is a flat baseplate 6 which forms part of the chassis of the operating
      mechanism of the machine. The chassis includes three vertical mounting
      plates or brackets 8, 10 and 12 which are secured to the base plate. The
      upper ends of plates 8 and 10 are formed with right angle flanges 13 and
      14 respectively. Extending between plates 8 and 10 is a relatively thick
      plate 16 which preferably is made of aluminum or an aluminum alloy or some
      other material combining high heat conductivity with adequate strength.
      Plate 16 is secured in place by machine screws 18 that extend through
      plates 8 and 10 and are screwed into tapped holes in the end faces of
      plate 16. Flat heat insulators 19, preferably made of silicone sponge
      rubber, are located between the end faces of plate 16 and brackets 8 and
      10. Plate 16 has a flat upper surface 20 and is disposed so that the
      latter surface is substantially horizontal. A conventional bimetallic
      thermostat switch 21 is attached by screws to the flat underside of plate
      16.
PAR  Plate 16 acts as a support tray or shelf and also as a guide for the
      workpiece to be laminated. Disposed above and resting on plate 16 is a
      heated platen or shoe identified generally by the numeral 22. The platen
      comprises a relatively thick plate 24 that has a flat bottom surface and
      is bevelled at its front end so as to form an inclined surface 23 to
      provide an entranceway or mouth for the workpiece. Plate 24 has a
      relatively wide and flat-bottomed groove or channel 25 in its upper
      surface to accommodate a flat electrical heater unit 26. The latter is
      concealed by a cover plate 28 that is secured tightly to plate 24 by
      screws 30. A conventional bimetallic thermostat switch 32 is secured by
      screws to the platen at approximately the center of its channel 25. The
      heater unit 26 and cover plate 28 are provided with aligned apertures 34
      and 36 respectively through which projects the body of the thermostat
      switch and its terminal leads. Although not shown in detail, it is to be
      noted that the heater unit 26 preferably consists of an etched stainless
      steel foil electrical resistance heater element encased in a silicone
      rubber sheath which is secured to the platen by a suitable heat resistant
      cement. The terminal leads of the heater unit are brought out of one end
      as shown at 38. Of course, other forms of electrical heater units may be
      used.
PAR  Extending through correspondingly located holes in flanges 13 and 14 are
      screws 40 and 42 which are screwed into nuts 44 and 46 respectively. Nuts
      44 and 46 are affixed to flanges 13 and 14. Screws 40 and 42 extend down
      close to the upper surface of plate 16. Cover plate 28 has side extensions
      48 which extend beyond the ends of the plate 24 and are notched as shown
      at 50 so as to allow screws 40 and 42 to extend down along side the ends
      of the platen plate 24. Notches 50 are located and sized so that the
      platen assembly 22 is free to move vertically with screws 40 and 42 acting
      as guides that restrain the platen assembly against movement side to side
      and fore and aft.
PAR  Brackets 8 and 10 also act as support members for two rollers 52 and 54. As
      shown in FIGS. 5, rollers 52 and 54 comprise solid metal cores 56 and 58
      of circular cross-section and cylindrical covers or sheaths 60 and 62
      respectively made of a suitable elastomer such as silicone rubber. The
      sheaths 60 and 62 may be affixed to the cores by a shrink-fit or may be
      molded in place. In any event, the sheaths and cores form integral
      structures. Affixed in the opposite ends of cores 56 and 58 are coaxial
      dowels 64 and 66. The dowel 66 at the right hand end of roller 54 (as seen
      in FIG. 3) extends through an oversized hole in bracket 10 and is
      journalled in a bearing plate 68 which is affixed by screws 70 to bracket
      10. The dowel 66 at the opposite end of roller 54 extends through bracket
      8 and is attached to a coupling 72 mounted on the output shaft 74 of a
      gear reducer section of an electric motor unit 76 that is affixed to
      bracket 12. A bearing 78 affixed to bracket 8 may be used to journal the
      dowel 66 that is attached to coupling 72. A cooling fan 80 is attached to
      and driven by another output shaft of the motor unit.
PAR  The upper roller 52 is supported by a pair of elongate guide arms 82, each
      of which is pivotally secured at one end to one of the brackets 8 and 10.
      Referring now to FIG. 6A, a bushing 84 is mounted by a screw 86 to the
      inner surface of each of the brackets 8 and 10. Each bushing has a flange
      88 adjacent to the head of its mounting screw 86. Each bushing 84 extends
      through a suitably sized hole in the associated guide arm 82 and acts as a
      bearing for the guide arm. Each bushing also acts as a mount for one end
      of a leaf spring 90. The aforesaid end of each spring 90 is bent to form a
      collar or loop portion 92 which embraces the associated bushing 84.
PAR  The end dowels 64 of upper roller 52 are rotatably mounted to the rear ends
      of guide arms 82. Referring now to FIG. 6B, a bushing 94 is mounted on
      each dowel. Each bushing 94 has a flange 96 and extends through a suitably
      sized hole in the rear end of one of the guide arms 82. The springs 90 are
      long enough to extend rearwardly over the bushings 94, with the guide arms
      situated between the bushing flanges 96 and springs 90. The guide arms
      coact with the bushings 94 to limit axial movement of roller 52 while
      permitting the latter to rotate on its axis. The roller 52 is urged
      downward into engagement with roller 54 by the leaf springs 90. The latter
      are biased by screws 100 which extend through holes in flanges 13 and 14
      and are screwed into nuts 102 affixed to the aforesaid flanges. Screws 100
      are adjusted so as to bear against the springs which tend to bend as shown
      in FIG. 5 while exerting a downward pressure on the roller 52 through
      bushings 94. The downward pressure exerted on roller 52 can be adjusted by
      moving the screws up or down. Lock nuts 103 are used to hold screws 100 in
      a set position.
PAR  As seen in FIG. 5, the roller 54 is disposed at a height such that it is
      substantially tangent to the plane of the upper surface of the work
      support plate 16. Additionally, the length of the guide arms is such that
      when the two rollers are engaged, the axes of the two rollers are offset
      so that a plane common to their axes will be inclined substantially as
      shown by the dotted line 106. Preferably the rollers are disposed so that
      the axis of roller 52 is offset rearwardly of the axis of roller 54 by an
      angle between about 5.degree. and about 12.degree. and preferably between
      about 6.degree. and 8.degree. from the vertical. By way of example, if the
      rollers each have a diameter of 11/8 inch, the roller 52 is disposed so
      that its axis is set back of the axis of roller 54 by about 1/8 inch.
PAR  Referring now to FIGS. 2 and 3, the machine also includes a solid state
      relay 108 and a terminal board 110 affixed to bracket 12. These components
      are connected in a circuit in the manner shown in FIG. 9 to thermostats 21
      and 32, heater element 26 and motor 76. Also connected in the circuit are
      a Ready light 112 and an ON-OFF switch 114 which are mounted in the
      machine's cover 4.
PAR  The cover 4 fits down over the base 2 and is secured to it by screws 116.
      One or more of the side and rear walls of the cover and preferably also
      the base are provided with vent holes (not shown) to facilitate
      circulation of cooling air by fan 80. The front side of the cover is
      formed with a horizontal shelf 118 and a vertical front wall section 120
      located between vertical side wall sections 122 plus a horizontal
      elongated opening 124 formed therebetween. The inner edge of shelf 118 is
      supported by a flange 126 formed on the upper end of a vertical extension
      128 of baseplate 6. Shelf 118 is located so that its upper surface is at
      substantially the same level as the upper surface of plate 16. Preferably
      the opening 124 is located within about 1/4 inch of the front edge of
      plate 16. The rear side of the platen 22 also extends close to the nip
      formed by rollers 52 and 54. Preferably the spacing between platen 22 and
      roller 52 is about 1/4 - 3/8 inch.
PAR  As seen in FIG. 9, the circuit comprises two input terminals 130 adapted
      for connection to a suitable source of a.c. current. In practice,
      terminals 130 constitute the prongs of the plug connector of a power cord
      (not shown) which is connected to terminal board 110 and extends out
      through a hole in the base 2 or the cover 4 of the housing. The solid
      state relay 108 comprises a triac having its T.sub.1 and T.sub.2 terminal
      connected in series with switch 114 and heater unit 26 between input
      terminals 130. Thermostat 21 and READY light 112 are connected in parallel
      with the triac and the heater unit. Motor 76 is also connected in series
      with switch 114 and terminals 130. The gate electrode of the triac is
      connected by a bias resistor 132 and thermostat 32 to the junction of the
      triac and heater unit 26. Thermostat 21 is normally open and is set to
      close when the work support plate reaches a suitable temperature
      indicative of the fact that the machine is ready to carry out a laminating
      operation. Light 112 goes on when thermostat 21 closes. The thermostat 32
      is normally closed and is set to open when the platen assembly reaches a
      temperature level above which the work may suffer heat damage. The
      temperature settings selected for the two thermostats depend on (1) the
      activating temperature of the adhesive coating on the laminating film (or
      films) that form a part of the workpiece and (2) the resistance to heat
      degradation of the film and other components of the workpiece. Typically
      with the platen assembly and work support plate each having a thickness in
      the order of 3/8 - 1/2 inch and using a laminating film coated with an
      adhesive that is activated in the range of about 250.degree.F and about
      325.degree.F, the thermostat 21 is set to close at about 250.degree.F and
      the thermostat 32 is set to open at about 350.degree.F. Assuming that
      switch 114 is closed, triac 108 will conduct and heater unit 26 will be
      energized as long as thermostat 32 is closed. The triac will stop
      conducting and the heater unit will be deenergized when thermostat 32
      opens. Motor 76 will operate as long as switch 114 is closed.
PAR  Platen assembly 22 and work support plate 16 are made sufficiently massive
      such that at temperatures between 250.degree.F and 350.degree.F the amount
      of heat which they give up to a typical workpiece as the latter moves
      through the machine causes their temperatures to drop no more than about
      5.degree.-20.degree.F when the heater unit is off, and the heater unit is
      made so that its heat output is sufficient to maintain the platen assembly
      and the workpiece at a sustantially constant temperature during normal use
      of the machine. It has been found that if the platen assembly and work
      support plate are made of aluminum, and if the motor is adapted to rotate
      roller 54 at a surface speed of 50 inches/minute, highly satisfactory
      laminations can be achieved following the procedure described below if (a)
      the heater unit has a watt density of about 28 watts/square inch; (b) the
      platen assembly 24 has a maximum thickness of 1/2 inch (with a heater
      channel depth of about 1/16  inch) and a depth (i.e., front to back
      dimension) of 3 inches; (c) the support plate 16 is 3/8 inch thick and 3
      inches deep; and (d) thermostats 21 and 32 are set to close and open
      respectively at 250.degree.F and 350.degree.F respectively.
PAR  FIGS. 7 and 8 illustrate how a typical laminating operation is effected. In
      this case assume that the object 136 to be laminated is a photograph. A
      sheet of 0.001-0.003 inch laminating film coated on one side with a heat
      activatable adhesive is folded over the photograph as shown at 138, and
      the resulting workpiece is placed within a carrier folder 140 which is
      relatively stiff. By way of example, the folder may be formed of 0.010
      inch thick Manila stock. The folded end of the carrier folder is inserted
      through the opening 124 and pushed between platen assembly 22 and support
      plate 16. The carrier is pushed through between the platen assembly and
      work support plate until its folded leading edge enters the nip between
      the two rollers, whereupon the folder is gripped and propelled rearwardly.
      The laminated product 144 exits the machine via a horizontally elongated
      discharge slot 142 formed in the rear wall of the machine cover (see FIG.
      4). Since the platen assembly is resting on the plate 116 under solely its
      own weight, it moves up on screws 40 and 42 relatively easily under the
      separating force exerted by the carrier folder as it is pushed in by the
      operator. Since the depth or front to back dimensions of the platen
      assembly and work support plate need only be in the order of about 3
      inches and since these elements can be located close to the rollers, it is
      an easy matter for the operator to quickly feed the workpiece in far
      enough for it to be picked up by the rollers. The platen assembly and the
      work support plate coact to guide the workpiece so that the leading edge
      of the carrier will move straight into the nip of rollers 52 and 54.
      Additionally, they tend to smoothen out the workpiece and thus eliminate
      wrinkles. Most importantly, they heat the workpiece up to the necessary
      adhesive-activating temperature before it is engaged by the rollers.
      Although pressure is exerted on the workpiece by the platen, substantially
      most of the bonding of laminating film to the object is effected by the
      pressure exerted by the rollers, and this pressure can be modified as
      required by adjusting screws 100. Actually the unheated rollers may be
      viewed as chill rollers since they tend to rapidly cool the work and
      thereby set the adhesive which bonds the laminating film to the work
      object.
PAR  Of course, it is not necessary to laminate both sides of a work object, in
      which case a single sheet of laminating film (having the same or slightly
      larger dimensions than the work object) is placed in the carrier in
      engagement with one side of the work object.
PAR  Although it is not necessary, means may be provided for facilitating
      separation of the platen assembly 22 from the plate 16 by insertion of the
      carrier with the enclosed workpiece. This modification of the invention is
      shown in FIG. 10 where a compression spring 150 surrounds the guide screw
      42, with the bottom end of the spring directly engaging plate 16 and the
      upper end engaging a washer 152 that bears against the underside of the
      extension 48 of the platen assembly cover plate 28. Although not shown, it
      is to be understood that a like compression spring 150 is similarly
      mounted on the other guide screw 40. In this modification the springs have
      a stiffness and size such that they cannot hold the platen assembly out of
      engagement with plate 16 but act to balance off a portion of the total
      weight of the platen assembly, with the result that less of a wedging
      force is required to be exerted by the inserted carrier to effect
      separation of the platen assembly from plate 16. Preferably the springs
      are adapted to balance off about half of the weight of the platen
      assembly, thereby assuring intimate contact and thus good heat transfer
      between the platen assembly and the carrier.
PAR  It also is contemplated that the work support plane 16 may be provided with
      an electrical heater unit in the same manner as the platen assembly.
      However, such additional heater unit is not required for satisfactory
      operation since the platen engages the work support plate and thus heats
      it by conduction between laminating operations.
PAR  Another possible modification is to fix the platen assembly and mount the
      work support plate so that it can move vertically with respect to the
      platen assembly. Such a modification is shown in FIG. 11 where a platen
      154 is affixed to and suspended from a frame (not shown) by means of a
      pair of rigid vertical support arms 156. Although not shown, it is to be
      understood that platen 154 is provided with an electrical heater element
      in the same manner as platen assembly 22. The front end of platen 154 is
      bevelled as shown at 158. Disposed below the platen is a work support
      plate 160. The latter and platen 154 both are relatively thick so as to
      function as relatively large sources of heat like the corresponding
      elements 16 and 22 of the preferred embodiment already described. The
      front end of plate 160 is bevelled as shown at 162. The bevelled surfaces
      158 and 162 form a tapered mouth which facilitates insertion of a
      workpiece to be laminated.
PAR  Affixed to each of the opposite side surfaces of work support plate 160 are
      vertical side plates 164 which extend up along and slidingly engage the
      corresponding side surfaces of platen 154. Each side plate 164 is formed
      with two vertically elongate guide slots 166 and extending into these
      slots are pins 168 that are secured in the sides of the platen. The pins
      are sized so as to permit vertical movement of the work support plate
      relative to the platen. The work support plate is held against the platen
      by resilient biasing means which consist of brackets 170 affixed to the
      upper surface of platen 154 adjacent each of its opposite sides, brackets
      172 affixed to the side plates 164, and tension springs 174 connected
      between 170 and 172. It is to be noted that two pairs of brackets 170 are
      attached to the platen, two at each side, and that these brackets (and
      also the brackets 172 to which they are connected) are spaced so that the
      work support plate is supported at four distinct points, whereby the work
      support plate will tend to be held flat against the platen. Of course, the
      upper and lower surfaces of plate 160 and platen 154 are flat.
PAR  Located proximate to but spaced from the platen and work support plate are
      two pressure rolls 180 and 182 that preferably have the same construction
      as rolls 52 and 54. The rollers are unheated. Each of the opposite ends of
      roll 180 is provided with a dowel pin 184 that is journalled in vertical
      stanchion plates 178. The latter are affixed to and suspended from the
      frame (not shown). Although not shown, it is to be understood that the
      upper roll 180 is connected to and driven by a motor unit in the same
      manner that roll 54 is connected to and driven by motor unit 76. The lower
      roll 182 has dowel pins 186 extending through vertically elongate slots
      188 formed in stanchion plates 178, the slots being formed so as to
      prevent the dowels 186 and roll 182 from moving horizontally while
      permitting them to reciprocate vertically toward and away from roll 180.
      Roll 182 is resiliently biased upward into contact with roll 180 by means
      connected to its dowel 186. Such means comprise a collar 190 mounted on
      each dowel 186 so as to be capable of relative rotational but not relative
      axial movement. Connected to each collar 190 is a tension spring 192 which
      also is anchored to a dowel 194 affixed to and projecting from the
      associated stanchion plate 178. Roll 180 is located so that on its bottom
      side it is tangent to an extension of the bottom surface of platen 154,
      and the springs 192 connected to the opposite ends of the bottom roller
      182 maintain the latter against roller 180.
PAR  Of course, thermostats like thermostats 21 and 32 may be attached to plate
      160 and platen 154 and the operating circuit for the heater and the motor
      drive for roll 180 may be as shown in FIG. 9.
PAR  Operation of the device of FIG. 11 is similar to that of the preferred
      embodiment described above except that the work support plate rather than
      the platen is displaced when a carrier with a workpiece to be laminated is
      inserted between them. Springs 174 are formed so that the platen and work
      support plate are normally contacting each other but can be readily
      separated by the wedging force of a hand-fed carrier and workpiece. The
      work support plate is heated by conduction from the platen so that the
      both of them function as heat sources for the workpiece. The workpiece is
      heated by the platen and work support plate and is compressed to form a
      laminated product as it passes between the pressure rolls. As in the
      preferred embodiment, the work support plate may be provided with a heater
      unit if desired, but such is not necessary since it is heated by the
      platen.
PAR  As a further modification, the heater unit may be installed in the work
      support plate instead of the platen. Still other modifications will be
      obvious to persons skilled in the art.
PAR  Although the illustrated embodiments have been described in connection with
      application of laminating film to articles in sheet form, they also may be
      used for dry-mounting articles to supporting substrates using conventional
      dry-mounting tissue. Furthermore, as persons skilled in the art will
      appreciate, laminating and dry-mounting may be accomplished simultaneously
     .
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STM  What is claimed is:
NUM  1.
PAR  1. Laminating apparatus comprising a chassis, a pair of pressure rolls
      supported by said chassis and mounted for rotation on their own axes, at
      least one of said rolls being movable toward and away from the other of
      said rolls, spring means resiliently biasing said rolls into pressure
      engagement with each other, a heating station comprising a platen and a
      work support member for guiding a multi-sheet workpiece to be laminated
      into the nip formed by said rolls; said platen being disposed above said
      work support member with said platen and work support member having
      confronting heat conductive surfaces that are in engagement with each
      other, means for securing said work support member against movement
      relative to said chassis, means mounting said platen for movement toward
      and away from said work support member so that said platen normally rests
      on said work support member of its own weight and is capable of floating
      when a workpiece to be laminated is inserted between them and positioned
      in the nip of said rolls, means for heating said platen and work support
      member to a selected temperature, and drive means for continually rotating
      at least one of said rolls to draw said workpiece from said heating
      station through said rolls so that the sheets of said workpiece are forced
      into face-to-face pressurized contact.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said heating means is an
      electrical heating unit mounted to said platen.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the confronting surface of said
      work support member lies in a plane that is substantially tangent to the
      surface of one of said rolls at said nip, and further wherein said
      apparatus consists of only a single pair of pressure rolls.
NUM  4.
PAR  4. Apparatus according to claim 1 including means for guiding said platen
      in its movement toward and away from said work support member.
NUM  5.
PAR  5. Apparatus according to claim 1 further including means connected to said
      work support member for guiding said platen toward and away from said work
      support member and spring means opposing the downward force exerted by the
      weight of said platen.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein the confronting surface of said
      work support member is aligned with the nip of said rollers.
NUM  7.
PAR  7. Apparatus according to claim 1 further including spring means carried by
      said work support member opposing the force exerted by the weight of said
      platen.
NUM  8.
PAR  8. Apparatus according to claim 4 wherein said platen and said work support
      member each comprise a solid metal plate with said heating means being
      mounted in a recess in the said metal plate of said platen.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said metal plates have sufficient
      mass and the heat output of said heating means has sufficient watt density
      for the temperature of said plates to remain substantailly invariant
      despite loss of heat from said metal plates to said workpiece.
NUM  10.
PAR  10. Apparatus according to claim 8 wherein said metal plates are made of
      aluminum or an aluminum alloy, and further wherein said plates have a
      thickness of at least about 3/8 inch and said surfaces have a width of at
      least about 3 inches.
NUM  11.
PAR  11. Apparatus according to claim 8 wherein said plates are located close to
      but spaced from said rolls.
NUM  12.
PAR  12. Laminating apparatus comprising a chassis, a single pair of pressure
      rolls supported by said chassis and mounted for rotation about their own
      axes, spring means resiliently biasing said rolls onto pressure engagement
      with each other, a heating station for guiding a multi-sheet workpiece to
      be laminated into the nip formed by said rolls, said heating station
      comprising a work support member fixed to said chassis and a platen
      located above and resting by its own weight on said work support member,
      said platen and work support member having flat, confronting and mutually
      engaging heat conductive surfaces, guide means comprising stationary means
      carried by said chassis and cooperting means carried by said platen for
      guiding said platen for movement away from and back toward said work
      support member so that a workpiece to be laminated may be inserted between
      said platen and said work support member and positioned in the nip of said
      rolls, heating means carried by said platen for heating said platen and
      work support member to a selected temperature, and means for continually
      rotating at least one of said rolls to draw said workpiece from between
      said platen and work support member through said rolls so that the sheets
      of said workpiece are pressed into tight face-to-face engagement with each
      other by said rolls.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein said platen has a front end and
      a rear end with said rear end located nearest to said rolls, and said
      front end of said platen is bevelled so as to provide an entranceway for
      said workpiece.
NUM  14.
PAR  14. Apparatus according to claim 1 wherein said apparatus consists of only
      a single pair of pressure rolls with the axes of said rolls and the
      confronting surfaces of said platen and work support member being
      substantially horizontal.
PATN
WKU  039430324
SRC  5
APN  4726936
APT  1
ART  173
APD  19740523
TTL  Mineral wool insulation product
ISD  19760309
NCL  8
ECL  1
EXA  Chin; Peter
EXP  Bashore; S. Leon
INVT
NAM  Weaver; Harold Lloyd
CTY  Port Allegany
STA  PA
ASSG
NAM  Pittsburgh Corning Corporation
CTY  Pittsburgh
STA  PA
COD  02
CLAS
OCL  162152
XCL  162181D
EDF  2
ICL  D21F 1100
FSC  162
FSS  152;145;181 D
FSC  106
FSS  71
UREF
PNO  2944930
ISD  19600700
NAM  Bush et al.
OCL  162145
UREF
PNO  3052595
ISD  19620900
NAM  Pye
OCL  162181D
UREF
PNO  3371134
ISD  19680200
NAM  Ollinger
OCL  106 71
UREF
PNO  3510394
ISD  19700500
NAM  Cadotte
OCL  162152
UREF
PNO  3759729
ISD  19730900
NAM  Fahn
OCL  106 71
OREF
PAL  "The Dictionary of Paper", Amer. Paper & Pulp Assoc., (1951), p. 104.
LREP
FR2  Price, Jr.; Stanley J.
ABST
PAL  A mineral wool insulation product containing a major portion of mineral
      wool fibers, a conventional binder, and predetermined quantities of an
      admixture of selected colloidal mineral clays to provide an insulation
      product having extremely low quantities of free silica and excellent
      physical properties. The colloidal clay admixture comprises selected
      quantities of kaolinite clays and bentonite clays.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a mineral wool insulation product and more
      particularly to a mineral wool insulation product that is substantially
      free of crystalline silica.
PAR  2. Description of the Prior Art
PAR  In U.S. Pat. No. 3,470,062 there is disclosed a ceramic acoustical
      water-laid sheet in which mineral wool, Mississippi M&D clay and water are
      admixed to form a homogeneous slurry. A water-laid sheet is formed from
      the slurry containing between 20 per cent and 65 per cent by weight clay,
      between 35 per cent and 80 per cent by weight mineral wool and between 45
      per cent and 75 per cent by weight water. The water-laid sheet is
      thereafter dried to remove the water and fired to 1,000.degree. to
      1,500.degree.F to form a ceramic bonded board product.
PAR  It is known that mineral wool insulation product containing M&D clay
      comprise superior products from the standpoint of excellent physical
      characteristics. However, it has been found that the Mississippi M&D clay
      has about 13.6 per cent by weight free (uncombined) crystalline silica and
      when a dried product containing M&D clay is shaped or formed by sawing,
      grinding and the like, the free crystalline silica contained in the M&D
      clay is released into the atmosphere. Free crystalline silica may have
      deleterious effects to the health of those present when it is introduced
      into the atmosphere, constituting a silicosis-inducing work atmosphere.
PAR  There is a need for a mineral wool fiber insulation that has the desirable
      properties of a mineral wool fiber insulation containing M&D clay without
      the substantial quantities of free crystalline silica present in a product
      containing M&D clay.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a mineral wool insulation product comprising
      mineral wool fibers, an admixture of bentonite and kaolinite clays and a
      binder. Preferably, the mineral wool insulation product contains between
      about 10 per cent and 25 per cent by weight clay and most preferably about
      15 per cent weight clay.
PAR  The clay is formed from an admixture of kaolinite clay and bentonite clay.
      The mineral wool insulation preferably contain between about 7 per cent
      and 14.0 per cent by weight kaolinite clay and between about 2 per cent
      and 6 per cent by weight bentonite clay. A most preferred composition of
      kaolinite clay and bentonite clay in mineral wool insulation compositions
      according to the invention is about 11.3 per cent by weight kaolinite clay
      and about 3.5 per cent by weight bentonite clay. The preferred insulation
      products have a density of between about 7 and 20 pounds per cubic foot.
      The flex strength (force required to break a one-inch-thick bar of
      material) of the mineral wool insulation product is preferably greater
      than about 50 pounds per square inch, and most preferably between 70 and
      75 pounds per square inch. With the above admixture of kaolinite clay and
      bentonite clay the free silica present in the finished product is less
      than about 0.2 per cent by weight, which is well within the accepted
      standards.
PAR  The reason for the superiority, from the standpoint of free-silica content,
      of mineral wool insulation compositions according to the invention is not
      fully understood. It is known that M&D clay, which has proven to be a
      notoriously bad free-silica clay, comprises chemically a mixture of
      kaolinite and motmorillonite. The bentonite clays also comprises a large
      part of motmorillonite. In fact, all the clays here under discussion, that
      is M&D clays, bentonite clays, kaolinite clays, and motmorillonite clays
      are chemically similar and may be classed as hydrous silicates. Because of
      the similarity among the various clays here involved, the outstanding
      decrease in free-silica content in mineral wool insulation compositions
      according to the invention was not expected. Moreover, nor were the
      excellent physical characteristics obtained by use of an admixture of
      bentonite and kaolinite clays in compositions according to the invention.
PAR  Accordingly, the principal object of this invention is to provide a mineral
      wool insulation product having the desirable stength and density and being
      substantially free of free silica.
PAR  Another object of this invention is to provide a mineral wool insulation
      product that contains an admixture of colloidal clays having substantially
      the same properties as M&D clay without the undesirable property of
      substantial amounts of free silica being present in the finished product.
PAR  These and other objects and advantages of this invention will be more
      completely disclosed in the specification and as the following more
      description thereof proceeds.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the vacuum forming process for making mineral products as described in
      co-pending application Ser. No. 417,976, file Nov. 21, 1973 for "A Process
      for Making a Shaped Fibrous Article by a Vacuum Forming Process and the
      Shaped Fibrous Article Made Thereby," a slurry containing about 3 per cent
      solids is circulated to a forming tank. The solids in the slurry may
      typically have the following composition:
TBL  Constituents      Per cent by Weight                                      
     ______________________________________                                    
     Mineral Fiber     81                                                      
     Clay              16                                                      
     Starch            3                                                       
     Alumina           0.6                                                     
     Flocculant        0.01                                                    
     ______________________________________                                    
PAR  The mineral wool fiber is preferably an inorganic fiber such as Texas Rock
      Wool formed from blast furnace slag. The clay previously used in this
      process was an M&D clay which is a natural ball clay and is a natural
      mineral mixture of kaolinite and montmorillonite. U.S. Pat. No. 3,470,062
      enumerates the properties and composition of Mississippi M&D clay.
PAR  Conventional Starch is employed as a binder and colloidal alumina such as
      that sold by Continental Oil Company under the trademark "Dispal `M"
      serves as a binder and provides strength to the mineral wool insulation. A
      flocculant such as a high molecular weight acrylic polyelectrolyte aids in
      uniformly dispersing the fibers and other solids in the slurry. A suitable
      flocculant is sold by Hercules, Inc. under the trademark "Reten 421" and
      is defined as an anionic water soluble polymer.
PAR  The dilute slurry introduced into the forming tank is circulated toroidally
      therein and a foraminous mandrel having a cylindrical configuration is
      positioned in the forming tank. The mandrel is rotated in a direction
      opposite to the direction of circulation of the slurry and a vacuum is
      applied to the mandrel. Solids in the slurry accrete on the surface of the
      foraminous mandrel and the filtrate is withdrawn through the internal
      portion of the mandrel and circulated to a filtrate holding tank. After
      the layer of solids has attained a preselected thickness the mandrel is
      removed from the forming tank and the vacuum is continued on the mandrel
      until the water content of the cylindrically shaped layer of accreted
      solids is about 50 per cent by weight water.
PAR  Thereafter the outer surface of the cylindrical layer of accreted solids is
      trimmed to a preselected thickness by means of a bandsaw while in the wet
      condition. Thereafter a coating material, such as a finish coating, is
      sprayed on the outer surface of the cylindrically shaped layer while
      vacuum is being applied to the mandrel so that the coating material is
      drawn through the cylindrical layer of solids. Any suitable coating
      material may be employed. The cylindrically shaped member of accreted
      solids is removed from the mandrel and bake-dried at an elevated
      temperature until the water content is preferably less than one per cent
      by weight.
PAR  The dried product is a mineral wool insulation that preferably has a
      density of between about 12 to 13 psi and a flex strength of at least
      about 50 psi. The thermal conductivity of the mineral wool insulation at a
      mean temperature of about 500.degree.F. is about 0.51 BTU/.degree.F.
      Ft.sup.2.In.hr. The cylindrical mineral wool insulation product is
      intended to be used as a pipe insulation and after drying the
      cylindrically shaped members are cut vertically to form
      two-simi-cylindrical sections that are positioned around the pipe.
      Further, the end portions of the cylindrically shaped members are trimmed
      after drying to provide preselected lengths of pipe insulation. At the job
      site frequently the semi-cylindrical sections of pipe convering are cut to
      fit different length sections of pipe.
PAR  Where M&D clay is employed as the clay constituent of the slurry the dried
      product has in excess of about 2.0 per cent by weight free crystalline
      silica. It has been discovered that selected admixtures of kaolinite clays
      and bentonite clays in relatively specific proportions can be substituted
      for the M&D clay and a mineral wool fiber insulation product having the
      above enumerated strength, density and thermal conductivity may be
      obtained. Both bentonite clays and kaolinite clays generally comprise
      naturally occurring colloidal clays. As hereabove stated both may be
      classed as hydrous silicates. Both kaolinite clays and bentonite clays are
      sold in various commercial grades and particle size ranges under varying
      trade designations as is well known by those in the industry.
PAR  A typical kaolinite clay useful in compositions of the invention comprises
      that clay supplied by the Georgia Kaolin Co. and designated Georgia Kaolin
      No. 6 Tile clay. That clay has the following typical physical and chemical
      characteristics, which are given by way of example.
TBL                       Georgia Kaolin Co.                                   
     Analysis             No. 6 Tile Clay                                      
     ______________________________________                                    
     Silicon dioxide      46.9                                                 
     Aluminum oxide       38.2                                                 
     Iron oxide           0.35                                                 
     Titanium dioxide     1.42                                                 
     Calcium oxide        0.43                                                 
     Magnesium oxide      0.58                                                 
     Sodium oxide         0.04                                                 
     Ignition loss at 1000.degree.C                                            
                          13.9                                                 
     ______________________________________                                    
                          Georgia Kaolin Co.                                   
     Typical Physical Properties:                                              
                          No. 6 Tile Clay                                      
     ______________________________________                                    
     Particle size,                                                            
     % 2 microns          54% - 65%                                            
     Mean particle size   1.0 - 1.3 microns                                    
     pH, 20% solids       4.0 - 6.7                                            
     200 Mesh Screen Residue                                                   
                          0.15 max.                                            
     325 Mesh Screen Residue                                                   
                          1.0 max.                                             
     Cone 10 Absorption   5.0%                                                 
                          3% max. pulverize                                    
     Moisture             grade only                                           
     Color (Fired) Cone 8                                                      
     100% Clay - Brightness                                                    
                          80.3%                                                
     Whiteness index      22.9%                                                
     Color (Fired) Cone 8                                                      
     50/50 Clay/Nepheline Syenite                                              
     Brightness           60.8%                                                
     Whiteness index      25.9%                                                
     ______________________________________                                    
PAR  Suitable bentonite clays found to be particularly useful in compositions of
      the invention comprise polymer-extended sodium bentonite and designated
      IMC SDG - 200 Bentonite and IMC SDG - 220 Bentonite. Bentonite clay is a
      hydrated aluminum silicate composed essentially of the clay mineral,
      montmorillonite and includes small quantities of feldspar, quartz, mica
      and selenite. A typical chemical composition of the bentonite clay before
      polymer extension is as follows:
TBL  SIO.sub.2                                                                 
             58.53%     Na.sub.2 O     1.68%                                   
     AI.sub.2 O.sub.3                                                          
             19.61      K.sub.2 O      0.31                                    
     Fe.sub.2 O.sub.3                                                          
             3.10       TiO.sub.2      0.12                                    
                        H.sub.2 O+                                             
     FeO     0.13       (Crystal Water)                                        
                                       6.21                                    
     MgO     2.65       H.sub.2 O-                                             
     CaO     0.25       (Absorbed                                              
                        Water)         7.89                                    
PAR  The typical dry size is as follows:
PA1  Min.80% thru 200 mesh (74 microns); Min. 50% thru 325 mesh (44 microns).
PAR  To the foregoing typical bentonite clay, a small amount, e.g. about 0.03%
      by weight, of sodium polyacrylate is added for polymer extension.
PAR  As a substitute for the M&D clay in the solids portion of an aqueous
      slurry, an admixture of kaolinite clay and bentonite clay, as above
      described, may be used in the following most preferred proportions:
TBL                Range                                                       
     ______________________________________                                    
     kaolinite clay  7 - 11.6%                                                 
     bentonite clay  2 -  6.0%                                                 
     ______________________________________                                    
PAR  In a most preferred instance the compositions many comprise kaolinite clay
      and about 3.5% by weight bentonite clay.
PAR  The invention will be further understood by reference to the following
      examples.
PAC  EXAMPLE 1
PAR  A slurry containing about 3.7% solids was prepared in which the solids in
      the slurry had the following composition:
TBL  Material               Per cent                                           
     ______________________________________                                    
     Kentucky-Tennessee M&D Clay                                               
                            20.3                                               
     Starch                 2.0                                                
     Colloidal Alumina      0.8                                                
     Zinc Borate            1.0                                                
     Texas Rock Wool        76.0                                               
     ______________________________________                                    
PAR  A shaped article was formed by accreting the solids in the slurry on a
      mandrel. The accreted solids were dried as previously described and
      samples of the product had the following physical properties.
TBL  ______________________________________                                    
     Density:         Between 12.9 and 13.2 lbs.                               
     Flex Strength:   Between 76 and 96 psi                                    
     Compressive Strength at                                                   
     10% Deflection:  Between 16.5 and 18.5                                    
     Free Silica Content:                                                      
                      2% by weight.                                            
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A slurry containing about 3.7% solids was prepared with the solids of the
      batch having the following composition:
TBL  Material              Per cent                                            
     ______________________________________                                    
     No. 6 Tile Kaolin Clay                                                    
                           17.0                                                
     SDG - 220 Bentonite   3.0                                                 
     Starch                3.0                                                 
     Colloidal Alumina     .8                                                  
     Zinc Borate           1.0                                                 
     Mineral Wool          75.2                                                
     ______________________________________                                    
PAR  A shaped article was formed by accreting the solids in the slurry on a
      mandrel. The accreted solids were dried as previously described and the
      product had the following physical properties.
TBL  ______________________________________                                    
     Density:         13.2 lbs./cu.ft.                                         
     Flex Strength:   60 psi                                                   
     Compressive Strength:                                                     
                      14.9 at 10% deflection                                   
     Free Silica:     0.18% by weight.                                         
     ______________________________________                                    
PAR  As illustrated  in Table 1, various blends of kaolnite clays and bentonite
      clays were utilized to obtain a mineral wool insulation product with
      desirable physical properties and a reduced amount of free silica.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Composition, Physical Properties and Free Silica                          
     Content of Mineral Fiber Insulation Produced with                         
     Various Blends of kaolinite and bentonite Clays                           
         %Mineral                                                              
     Test                                                                      
         Wool               %(1)              %                                
     No. Fibers                                                                
               Type Kaolinite Clay                                             
                            Clay Type Bentonite Clay                           
                                              Bentonite                        
     __________________________________________________________________________
               Georgia Kaolin Co.                                              
                                 IMC (4)                                       
     859 75.2  No. 6 Tile Clay                                                 
                            18.0 SDG-220      2.0                              
               Georgia Kaolin Co.                                              
                                 IMC                                           
     864 75.8  No. 6 Tile Clay                                                 
                            17.2 SDG-220      3.0                              
               Huber Co.         IMC                                           
     863 75.2  D-6 Kaolin   17.0 SDG-220      3.0                              
               Georgia Kaolin Co.                                              
                                 IMC                                           
     886 73.7  No. 6 Tile Clay                                                 
                            17.5 SDG-220      4.0                              
               Georgia Kaolin Co.                                              
                                 IMC                                           
     885 73.7  No. 6 Tile Clay                                                 
                            16.5 SDG-220      5.0                              
               Georgia Kaolin Co.                                              
                                 IMC                                           
     846 75.2  No. 6 Tile Clay                                                 
                            12.5 BH-200       7.5                              
               Huber Co.         IMC                                           
     856 75.2  D-6 Kaolin   11.3 BH-200       8.8                              
               Georgia Kaolin Co.                                              
                                 IMC                                           
     852 75.2  No. 6 Tile Clay                                                 
                            11.3 BH-200       8.8                              
               Georgia Kaolin Co.                                              
                                 Georgia Kaolin Co.                            
     853 75.2  No. 6 Tile Clay                                                 
                            11.3 K-4          8.8                              
     931 75.1  M & D Clay   20.1 --           --                               
     __________________________________________________________________________
                                         Comp. St.                             
     Test                                                                      
         %   %Colloidal                                                        
                   %Zinc                                                       
                       %Floc-                                                  
                             Density                                           
                                  Flex. St.                                    
                                         10% Def.                              
                                               %Free                           
     No. Starch                                                                
             Alumina                                                           
                   Borate                                                      
                       culant(2)                                               
                             (pcf)                                             
                                  (psi)  (psi) Silica(3)                       
     __________________________________________________________________________
     859 3.0 0.8   1.0 0.03  13.9 68.4   19.7  0.12                            
     864 3.0 0.0   1.0 0.03  13.1 65.0   13.8  0.18                            
     863 3.0 0.8   1.0 0.03  12.8 56.5   14.0  0.18                            
     886 3.0 0.8   1.0 0.03  14.4 93.2   17.7  0.24                            
     885 3.0 0.8   1.0 0.03  14.1 96.5   21.7  0.29                            
     846 3.0 0.8   1.0 0.03  14.2 74.8   20.9  0.60                            
     856 3.0 0.8   1.0 0.03  13.9 81.0   23.8  0.70                            
     852 3.0 0.8   1.0 0.03  13.6 78.2   20.9  0.70                            
     853 3.0 0.8   1.0 0.03  14.0 76.0   20.6  0.54                            
     931 3.0 0.8   1.0 0.06  13.8 71.5   18.9  2.73                            
     __________________________________________________________________________
      1. % Clay - Does not include bentonite                                   
      2. % Flocculant = % of clay in batch                                     
      3. % Free silica in total product                                        
      4. % IMC is the International Minerals Corp.                             
PAR  From the foregoing Table it can be seen that the use of bentonite/kaolinite
      clay admixtures according to compositions of the invention dramatically
      reduces the free-silica content of the product. At the same time, physical
      properties of the products are generally equal or superior to those of an
      insulation product prepared with M&D clay.
PAR  The following has described the invention and certain preferred embodiments
      thereof. It is to be expressly understood however, that the invention is
      not necessarily limited to the specific embodiments therein described, but
      may be variously practiced within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mineral wool insulation product comprising mineral wool fibers, a
      binder and an admixture of colloidal clays in an amount of about 10-25 per
      cent by weight of said product, said admixture of colloidal clays
      comprising kaolinite clay and bentonite clay, said mineral wool insulation
      product having a density of between 7 and 20 pounds per cubic foot and a
      free silica content of less tha 1.0 per cent by weight.
NUM  2.
PAR  2. The mineral wool insulation product as set forth in claim 1 wherein said
      bentonite clay comprises about 2-6 per cent by weight of said product and
      about 0.03 per cent by weight polyacrylate admixed with said bentonite
      clay for polymer extension.
NUM  3.
PAR  3. The mineral wool insulation product as set forth in claim 1 wherein said
      kaolinite clay comprises about 7-14 per cent by weight of said product.
NUM  4.
PAR  4. The mineral wool insulation product as set forth in claim 1 wherein said
      kaolinite clay comprises about 11 per cent and said bentonite clay about
      3.5 per cent by weight of said product.
NUM  5.
PAR  5. The mineral wool insulation product as set forth in claim 1 wherein said
      bentonite clay comprises a polymer-extended bentonite clay and said
      mineral wool insulation product has a free silica content of less than
      about 0.2 per cent by weight.
NUM  6.
PAR  6. The mineral wool insulation product as set forth in claim 1 wherein said
      product has a density of about 12-13 pounds per cubic foot.
NUM  7.
PAR  7. The mineral wool insulation product as set forth in claim 6 wherein said
      product has a flex strength in excess of about 50 pounds per square inch.
NUM  8.
PAR  8. The mineral wool insulation product as set forth in claim 7 wherein said
      product has a free silica content of less than about 0.2 per cent by
      weight.
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ABST
PAL  A screw thickener to be used for dewatering fibrous materials and being
      provided with a stuffing means at the discharge end. Said screw thickener
      having a hydrostatic superpressure of at least 10 kPa and said stuffing
      means being actuated by pulling means.
BSUM
PAR  The present invention relates to a screw thickener for dewatering fibre
      suspensions with a starting concentration of 1 - 10 %; the screw thickener
      according to the invention comprises a shaft rotatable in a screen drum
      and provided with at least one flight mounted in helicoid form, the pitch
      of the screw preferably being reduced towards the discharge end of the
      thickener and the screen drum and the envelope of said at least one flight
      preferably being tapered towards the discharge end and the diameter of the
      shaft being increased conically towards the discharge end and the diameter
      of the drainage holes in the screen drum preferably being increased
      towards the discharge end and the shaft preferably being displaceable, and
      with feeding means being mounted at one end of the screen drum and plug
      forming means and discharge means at its other end. Said screw thickener
      is preferably provided with only one flight.
PAR  It is preferably known to dewater fibrous materials, e.g. such having a
      concentration of about 1 %, and then to beat them at higher concentration.
      Usually beating is necessary for the fibrous material to obtain the
      required strength; the object of dewatering before beating is reducing the
      amount of power necessary for beating. Now it has been found that
      additional advantages in this respect can be obtained with a device
      according to the invention. The present screw thickener is especially
      suitable for use with return paper which is dissolved or treated in a
      pulper, and the pulp obtained after beating is substantially uniform and
      free of non-dissolved pieces of paper. The present screw thickener is
      characterized in that the screen drum is under an interior hydrostatic
      superpressure of at least 10 kPa (1.45 psig), i.e. at least 1 m (meter)
      column of water, and preferably at least 15 - 25 kPa, as measured at the
      highest interior point of the screen drum, and that the plug forming means
      is provided with a pulling compression means.
PAR  The screen drum, the envelope of the flights as well as the shaft can be
      cylindrical. The drainage holes can e.g. be of equal size along the whole
      screen drum.
PAR  According to the present invention the screen drum is under an internal
      hydrostatic overpressure of at least 10 kPa, which hydrostatic
      overpressure e.g. can be brought about by means of a pump or by the feed
      conduit to the screw thickener being filled up to a level of at least 1 m
      above the highest point of the screw thickener. The present plug forming
      means with pulling compression means provides a uniform discharge of the
      pulp and moreover has the advantage that the whole screw thickener can be
      made shorter and that the motor for operation of the thickener can easily
      be mounted at the discharge end, which results in simplier bearing
      problems. In this way the shaft can also be made displaceable by changing
      the position of the bearing assembly or by displacing the whole motor.
      This is especially advantageous at the embodiment preferred, in which the
      screen drum and the envelope of the flights taper towards the discharge
      end of the thickener and the diameter of the shaft moreover preferably
      increases conically towards the discharge end. In this way the clearance
      between the flights and the screen drum can be easily adapted to the pulp
      being dewatered.
DRWD
PAR  The invention will now be described more in detail with reference to the
      attached drawing, which shows a suitable embodiment of the invention.
DETD
PAR  In the drawing a thickener 1 with a screen drum 3 tapering towards the
      discharge end 2 is shown, the screen holes being arranged so that their
      diameters increase towards the discharge end 2. In the centre of the
      conical screen drum 3 a shaft 4 is mounted, whose diameter increases
      towards the discharge end 2 and on which a flight 5 is mounted in helicoid
      form, the pitch of the screw thus formed decreasing towards the discharge
      end 2. At the outlet end 2 there is provided a plug forming means
      (stuffing means) 6, which is in contact with the circular edge 7 and with
      the shaft 4. The plug forming means 6 is pressed towards said edge 7 by
      means of pulling adjustable screws and springs 8, which are at least two,
      preferably at least three, evenly distributed around the periphery. Said
      pulling action can also be effected in another way, e.g. hydraulically,
      but the action must always be a pulling action and not a pushing action.
PAR  In operation supply to the thickener 1 is carried out through the inlet 11,
      in which the level is 2 m (meters) above the highest point of the screen
      drum 3 by means of an overflow 12, with a pulp obtained by dissolution of
      return paper and having a concentration (consistency) of 1.8 %. However,
      the concentration can be in the range of 1 - 10 % and is preferably 3 - 6
      %. The pulp slurry is then led through the screen drum 3 and is fed by the
      flight 5 through the thickener 1 under simultaneous dewatering and reaches
      a concentration of 27 % at the plug forming means 6. This concentration
      can however be adjusted between about 10 and 50 %.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a screw thickener for the dewatering of fiber suspensions having a
      starting concentration in the range of 1 to 10% and comprising a shaft
      rotatable in a screen drum provided with at least one flight mounted in
      helicoid form, the screen drum and the envelop of said at least one flight
      tapering towards the discharge end and the diameter of the shaft
      increasing conically toward the discharge end, said screw thickener also
      including means for feeding at one end of said screen drum and plug
      forming and discharge means at the other end, the improvement comprising
      means maintaining an internal hydrostatic overpressure of at least 10 kPa
      as measured at the highest interior point of the screen drum and means for
      pulling said plug forming means comprising a plurality of pulling means
      evenly distributed around the periphery of said plug forming means and
      externally of said screen drum, and said shaft at said discharge end
      passing through said plug forming means.
NUM  2.
PAR  2. A screw thickener according to claim 1 wherein said shaft is supported
      by a bearing externally of said plug forming means, with a second bearing
      supporting said shaft at its other end.
NUM  3.
PAR  3. The screw thickener of claim 1 wherein the pitch of said screw decreases
      toward the discharge end of said thickener.
NUM  4.
PAR  4. The screw thickener of claim 1 wherein the diameters of the drainage
      holes in said screen drum increase in size toward the discharge end.
NUM  5.
PAR  5. The screw thickener of claim 1 wherein said shaft is supported for
      longitudinal displacement.
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ABST
PAL  Dewatering and homogenizing apparatus comprising a screw thickener at the
      discharge end provided with a plug forming means actuated by pulling
      means. At the thickener's discharge end there is also mounted a hood for
      receiving dewatered pulp and with supply means for homogenizing agent.
BSUM
PAR  The present invention relates to a dewatering and homogenizing apparatus
      comprising a thickener with a shaft rotatable in a screen drum and
      provided with at least one flight in helicoid form, the screen drum and
      the envelopes of said at least one flight preferably tapering towards the
      discharge end of the thickener and the shaft preferably being
      displaceable, and with feeding means mounted at one end of the screen drum
      and plug forming means (stuffing means) and discharge means at its other
      end.
PAR  It is known to dewater fibrous pulps having e.g. a concentration
      (consistency) of about 1 % and then to beat them at a higher
      concentration. Dewatering should take place before beating in order that
      too great an amount of energy should not be consumed in beating. However,
      when using dissolved return paper (return paper treated in a pulper) great
      difficulties have been experienced, as small pieces of plastic, of bitumen
      and of wet strength paper have not been completely dissolved.
PAR  Efforts have been made to solve these problems by heating the pulp in the
      thickener. Some improvement has then been obtained, but there have been
      great difficulties with this heating suggested and there has only been
      obtained a poor heating of the pulp.
PAR  Now it has been found that when using return paper said difficulties can be
      substantially eliminated by treating the pulp obtained after dewatering
      with vaporized solvent. According to the invention this is carried out in
      a device, which is characterized in that the plug forming means is
      provided with pulling means and that a hood provided with discharge means
      and supply means for homogenizing agents is mounted liquid-tight and
      vapor-tight close to the discharge end of the thickener for receiving the
      dewatered pulp and for simplifying its homogenization. The homogenization
      agent is preferably water vapor or a vaporized solvent. The discharge
      means from the hood can e.g. consist of a partially throttled valve or of
      double valves arranged as a sluice. The discharge from the hood can
      alternatively or in addition also take place through a cyclone or a mill.
      It is suitable that the screen drum closest to its discharge end is
      mounted for supply of homogenizing agent, preferably steam. In a preferred
      embodiment at least the flight closest to the discharge end of the screen
      drum are hollow and provided with holes on the side turned from the
      transport direction for extracting liquid or supply of homogenizing agent,
      especially steam.
PAR  The screen drum as well as the envelope of said at least one flight can by
      cylindrical. The shaft is preferably cylindrical, but can be enlarged
      conically towards the discharge end. The screen holes can be of the same
      size or their diameters can increase towards the discharge end. It is also
      possible to use a thickener with an axially fixed shaft; it shall still be
      rotatable, of course.
PAR  Steam is preferably supplied to the thickener at its portion closest to its
      discharge end and steam can also be supplied through the holes in said at
      least one flight. As indicated above, liquid can also be extracted through
      these holes. If steam is to be supplied or liquid be extracted, depends on
      the pulp supplied. When there are present large amounts of plastic and
      bitumen steam is preferably supplied.
PAR  The present plug forming means with pulling means provide an even discharge
      of pulp and, moreover, it has the advantage, that the whole thickener will
      be shorter and that the motor for operation of the thickener can be easily
      mounted at the discharge end, which results in easier bearing problems. In
      this way the shaft can also be made easily displaceable by changing the
      position of the bearing assembly or displacing the whole motor. This is
      especially advantageous at the preferred embodiment, in which the screen
      drum and the envelopes of the flights taper towards the discharge end of
      the thickener and the diameter of the shaft moreover can increase towards
      the discharge end. In this way the play between the flight and the screen
      drum can be easily adjusted to the pulp being dewatered. At the present
      dewatering and homogenizing apparatus the plug forming means moveover acts
      as a security valve. At elevated pressure, vapor pressure or liquid
      pressure in the screw thickener the plug forming means is opened and the
      pressure in the screw thickener is reduced. The sum of the axial force on
      the plug forming means, which is generated by the vapor pressure, and the
      pulp pressure caused by the screw are thus balanced by the pulling action
      on the plug forming means. By the plug forming means it is also achieved
      that the pulp being under liquid pressure in the screw thickener is
      discharged into the hood after the thickener without first being in
      contact with air.
PAR  A homogenizing agent is supplied in the hood located after the thickener.
      This makes the pulp quite homogeneous. For economical reasons water vapor
      is the most suitable homogenizing agent, but other solvents and vapors of
      solvent can also be used, e.g. alcohols, hydrocarbons or halogenated
      hydrocarbons. In the homogenizing agent emulsifiers and/or dispersing
      agents can also be included. They can be of a known type.
PAR  The invention is described more in detail with reference to the
      accompanying drawing, on which an embodiment of the present dewatering and
      homogenizing apparatus is schematically shown.
DRWD
PAR  In this drawing,
PAR  FIG. 1 shows the apparatus in vertical section, and
PAR  FIG. 2 is a detail on an enlarged scale.
DETD
PAR  The dewatering and homogenizing apparatus shown on the drawing comprises a
      screen drum 1, in which a flight 2 in the form of a screw is disposed.
      This screw 2 is mounted on a shaft 3, which is driven by a motor 4. A pulp
      suspension is supplied at 5 and discharged at 6 to a hood 7. A plug
      forming means 8 is placed at this discharge end 6, which lies close to the
      edges of the discharge end 6 and against the shaft 3. The plug forming
      means 8 is present by means of pulling, adjustable screws and springs 15,
      the number of which is at least two, preferably at least three, evenly
      distributed around the periphery. The pulling can also take place in
      another way, e.g. hydraulically, but the action must always be a pulling
      action. Steam is supplied in the third portion 9 of the screen drum 1,
      which is located closest to the discharge end 6. In the corresponding part
      of the screw 2 holes 16 are made in the flight on the side turned from the
      discharge end 6. Here the shaft 3 is hollow and is connected with these
      holes. The shaft 3 is hollow as far as outside the discharge end 6, where
      it is mounted and where water from the  pulp suspension is extracted
      through the holes 16 in the flight. Steam is supplied to the hood 7
      through a conduit 10. The pulp supplied through the discharge end 6 in the
      hood 7 is discharged through a mill 11 with a stationary grinding disc 12
      and a rotating grinding disc 13 with a feed-down impeller 19, whose shaft
      14 is vertically arranged. The mill 11 is a pin mill operating under
      vaporous overpressure and is provided with two valves 17 with a sluice and
      a cyclone 18.
PAR  In operation a pulp of dissolved return paper is supplied to the thickener
      through the inlet portion 5. The pulp concentration (consistency) is
      preferably 3 - 6 %, but can e.g. be within the range of 1 - 10 %. In the
      dewatering portion the water is first discharged through the screen drum 1
      and steam is supplied at the end of the screen drum in the portion 9,
      which promotes dewatering and starts the homogenization of the pulp. Water
      is extracted through the holes in the flight and through the hollow shaft
      3. The pulp concentration at the discharge end 6 is here 32 %, but it can
      e.g. be between 20 and 50 %. Steam is then supplied to the pulp of 32 %
      through the conduit 10. The pulp is then discharged from the hood 7
      through the mill 11 and a homogeneous pulp is the result of the treatment
      carried out. The amount of steam through the conduit 10 is adapted
      according to the need. The pulp in this case with a high content of
      bitumen and plastic, which was obtained from the return paper used,
      required rather large amounts of steam, approx. 500 kgms based on each
      1000 kgms of dry pulp.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for dewatering and homogenizing a pulp suspension and
      comprising a screen drum having inlet and outlet ends and tapering from
      the inlet end to the outlet end, a rotative shaft extending through the
      drum and beyond both ends of the drum, means for enclosing the drum
      radially throughout its length while leaving its outlet end axially open
      around the shaft, plug-forming means surrounding the shaft at the drum's
      outlet end and movable towards and from the outlet end, the shaft having
      screw-flights of helicoid shape inside of the drum and radially tapering
      from the drum's inlet to its outlet end, for forcing pulp when fed to its
      inlet end against the plug-forming means, means for forming a chamber
      having a fluid inlet and an outlet, the chamber fluid-tightly enclosing
      the drum's outlet and plug-forming means, the adjacent end of the shaft
      extending through the chamber and having a journaled end on the outside of
      the chamber and free from the chamber's inside, and means inside of the
      chamber and extending radially from the plug-forming means and forming
      backward extending tension members extending backwardly through the
      chamber to its outside and externally of said screen drum for receiving
      backward-pulling force applied on the chamber's outside for biasing the
      plug-forming means towards the drum's outlet end.
NUM  2.
PAR  2. The apparatus of claim 1 in which the shaft is hollow at least from
      adjacent to the drum's outlet end to the shaft's journaled end on the
      outside of the fluid-tight enclosing chamber for the drum's outlet end,
      and at least one of the screw-flights adjacent to the drum's outlet end is
      hollow and has holes facing backwardly, the hollow screw-flight
      communicating with the shaft's hollow portion and this portion having an
      outlet.
NUM  3.
PAR  3. The apparatus of claim 1 in which the chamber's outlet has means for
      passing pulp while substantially holding fluid-pressure in the chamber.
NUM  4.
PAR  4. The apparatus of claim 1 in which the shaft is axially movable.
NUM  5.
PAR  5. The apparatus of claim 1 in which the said journaled end of the shaft
      has means for rotatively driving the shaft.
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ABST
PAL  The lip at the outlet of the nozzle duct is mounted along with the
      adjusting mechanism in a structural unit which is pivotally mounted on the
      casing. This allows the lip to be moved away from the permeable element to
      expose the nozzle duct and guide device for cleaning.
BSUM
PAR  This invention relates to a breast box for a paper making machine and
      particularly to a breast box using an adjustable lip for controlling pulp
      feed to a permeable element.
PAR  Paper making machines have been known in which pulp is fed onto a permeable
      element for the formation of a paper web. In such machines, it has been
      usual to be able to control the amount of pulp fed to the permeable
      element for various reasons. For example, in one type of machine, it has
      been known to feed the pulp through a nozzle duct which terminates at the
      permeable element. In this case, the nozzle duct has been closed laterally
      by a lip which can be adjusted relative to the permeable element to adjust
      the height of the nozzle duct. Generally, the lip has been mounted to
      pivot about at least one pivot and an adjusting mechanism secured to a
      fixed support has been used to move the lip.
PAR  The breast boxes of such paper-making machines generally require cleaning
      fairly frequently to avoid the risk of dirtying which might cause
      interruptions in operation. To this end, breast boxes have been provided
      with lateral cleaning apertures through which the boxes can be cleaned or
      inspected. However, this has entailed very laborious procedures. Further,
      as a rule, the individual parts of the breast box have to be laboriously
      taken apart using lifting gear in order to permit cleaning.
PAR  Accordingly, it is an object of the invention to provide a breast box which
      can be readily opened in a relatively easy manner for cleaning.
PAR  It is another object of the invention to provide a breast box which is
      constructed in a manner to be opened by simple means.
PAR  It is another object of the invention to provide a breast box which can be
      readily opened for replacement of parts.
PAR  It is another object of the invention to provide a breast box in which
      parts can be made readily accessible.
PAR  Briefly, the invention is directed to a paper making machine having a
      breast box which is constructed with an adjustably mounted lip which
      laterally bounds a nozzle duct leading to a permeable element and a guide
      device which communicates with the nozzle duct to deliver pulp thereto.
      The machine includes a support means on which the lip is mounted along
      with an adjusting mechanism for moving the lip. This support means forms a
      structural unit with the lip and the related lip adjusting mechanism and,
      as such, is adjustably mounted on a casing of the machine so as to move
      the lip away from the permeable element to expose the nozzle duct and the
      guide device.
PAR  In a simple embodiment, the structural unit includes parallel walls and at
      least one support parallel to the lip and connected between the walls. The
      support, in turn, is connected to an adjusting mechanism for the lip. In
      this embodiment, the structural unit is pivotally mounted on the casing by
      means of pins which connect the respective walls of the unit to the
      casing.
PAR  The construction of the breast box allows a simple pivoting motion to be
      used to open the entire nozzle duct. This can be carried out by using, for
      instance, a hydraulic cylinder. The permeable element which may be in the
      form of a round or elongate screen is thus made readily accessible.
      Moreover, the guide device which can contain a large number of fine ducts
      is also made accessible for cleaning or replacement.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 illustrates a diagrammatic side view of a vacuum breast roll and
      breast box of a paper making machine constructed in accordance with the
      invention; and
PAR  FIG. 2 illustrates a side view of the machine when in an opened condition.
DETD
PAR  Referring to FIG. 1, the paper making machine which is generally of known
      construction has a vacuum breast roll 1 connected with a suction system
      (not shown). The roll 1 is associated with a pulp feed 2 which includes a
      casing 3 which houses a distributing box 4 to which pulp, i.e. a
      suspension of paper fibers and additional materials in water, is fed from
      a source (not shown). The distributing box 4 distributes the pulp
      uniformly over the whole width of the paper-making machine. Adjoining the
      box 4 is a guide device 5 which can contain, for instance, a large number
      of fine ducts for distributing pulp supplied from the box 4. From the
      guide device 5, the pulp moves into a nozzle duct 6 which leads from the
      guide device 4 and terminates at a permeable element 7 disposed on the
      surface of the roll 1. The permeable element can be, for instance, a round
      or long screen (not shown) as is known.
PAR  As can be seen from FIG. 1, the nozzle duct 6 is bounded at one side by a
      lip which consists, for example, of two lip portions 8, 10 which can be
      adjusted independently of one another. The lower lip portion 8 is
      pivotably connected via a hinge 11 to a support 12 which extends along the
      whole of the lip 8, 10 in parallel relation. The upper lip portion 10 is
      also connected to the lower lip portion 8 via a hinge 13 which allows the
      two lip portions 8, 10 to make pivoting movements relative to one another.
      The hinge 13 is connected to a support 15 via one or more adjusting
      mechanisms 14. The upper end of the top lip portion 10 is connected to the
      support 15 via one or more adjusting mechanisms 16. The two adjusting
      mechanisms 14, 16 are so constructed as to enable the lip portions 8, 10
      to be moved close up to the roll 1 or removed therefrom. The supports 12,
      15 are attached to side walls 17 at the ends of the machine (FIG. 2).
PAR  Referring to FIGS. 1 and 2, a support means consisting of a pair of end
      walls 17 forms a structural unit with the supports 12, 15, adjusting
      mechanisms 14, 16, and lip 8, 10. The supports 12, 15 are connected in a
      suitable manner at the ends to the respective walls 17 in parallel to the
      lip 8, 10. The structural unit, in turn, is pivotally connected to the
      casing 3 by pins 18 and is moved via a suitable means such as one or more
      hydraulic cylinder devices 19 relative to the casing 3 between the
      respective positions shown in FIGS. 1 and 2.
PAR  FIG. 2 illustrates the breast box in a position in which the nozzle duct 6
      is open. As can be seen, the connecting walls 17 have been pivoted to the
      left around the pins 18. That surface of the roll 1 which is not visible
      is freely accessible together with the guide device 5.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In combination with a paper-making machine having a permeable element
      for forming a paper web;
PA1  a casing;
PA1  a pulp-feed including a guide device on said casing and a nozzle duct
      communicating with said guide device and terminating at said permeable
      element to deliver pulp thereto;
PA1  an adjustably mounted lip laterally bounding said nozzle duct relative to
      said permeable element;
PA1  an adjusting mechanism connected to said lip for moving said lip relative
      to said permeable element to adjust the height of said nozzle duct; and
PA1  a support means supporting said adjusting mechanism and said lip thereon
      and forming a structural unit therewith, said structural unit being
      adjustably mounted on said casing for moving said lip away from said
      permeable element and said guide device to expose said nozzle duct and
      said guide device.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein said structural unit is
      pivotally mounted on said casing.
NUM  3.
PAR  3. The combination as set forth in claim 2 wherein said support means
      includes parallel walls, at least one support parallel to said lip and
      connected to said adjusting mechanism and between said walls, and a pin
      connecting each respective wall to said casing.
NUM  4.
PAR  4. The combination as set forth in claim 1 wherein said pulp feed further
      includes a distributing box in said casing for distributing pulp through
      said guide device into said nozzle duct.
NUM  5.
PAR  5. In a paper making machine, the combination comprising
PA1  a casing housing a pulp distributing box and a guide device for
      distributing pulp supplied from said box;
PA1  a structural unit movably mounted on said casing, said unit including a lip
      for bounding a nozzle duct leading from said guide device and an adjusting
      mechanism connected to said lip for moving said lip to adjust the height
      of said nozzle duct; and
PA1  means for moving said structural unit relative to said casing and said
      guide device to expose said nozzle duct and said guide device.
NUM  6.
PAR  6. In a paper making machine as set forth in claim 5, said guide device
      including a number of fine ducts for distributing the pulp.
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ABST
PAL  Fluid-cooled fast breeder reactor includes an outer cylindrical boundary
      wall, a plurality of canless fuel elements and breeder material elements
      received within the boundary wall and being in an array therein forming a
      fissionable fuel zone and a breeder material zone coaxially surrounding
      the fissionable fuel zone, a coolant supply system for applying fluid
      coolant at uniform pressure to the entire cross section within the
      cylindrical boundary wall, and flow guide devices extending substantially
      horizontally and disposed at different levels one above the other within
      the breeder material zone which coaxially surrounds the fissionable fuel
      zone, means for elastically securing the flow guide devices at alternate
      levels within the breeder material to the boundary wall, the flow guide
      devices at the levels intermediate the alternate levels being spaced by an
      annular gap from the boundary wall.
PARN
PAR  This is a continuation-in-part application of application Ser. No. 75,369,
      filed Sept. 25, 1970 now abandoned.
BSUM
PAR  The invention relates to a fast breeder nuclear reactor having fluid
      cooling, preferably liquid metal cooling and canless fuel elements in the
      fissionable fuel zone or core thereof.
PAR  The breeder reactor differs from a normal or ordinary nuclear reactor in
      that the breeder reactor is constructed of at least two regions or zones
      which differ basically in their function. The core zone is arrayed with
      fissionable fuel elements in which there occurs a controlled chain
      reaction for splitting U.sub.235 or plutonium atoms, with the development
      of very great quantities of heat. A breeder material zone or breeder
      mantle is located outside the fissionable fuel core zone and has a
      construction similar to that of the core zone, but contains, however, in
      the elements thereof i.e. the breeder elements, no nuclear fuel but rather
      so-called breeder material such as U.sub.238. Due to neutron capture from
      the reactor core proper, the U.sub.238 atoms are transferred or transmuted
      into plutonium atoms and thereby into fissionable fuel. Heat production in
      this zone is relatively small compared to the heat produced in the nuclear
      fuel zone, and the differences with respect to the heat power per volume
      element are even greater. The same coolant such as, for example, steam
      (vapor), gas or primarily liquid metal like sodium, potassium, etc., is
      normally employed for cooling both zones.
PAR  Since the efficiency of the transformation of the produced heat to
      electrical energy depends very greatly on the final temperature of the
      coolant, measures must be taken to have the outlet temperature of the
      coolant overall uniform i.e. over the entire cross section of the breeder
      reactor. To attain this objective, it has been proposed heretofore to
      surround the individual fuel elements and breeder material elements with a
      metallic mantle so that the inner space of the entire reactor is formed of
      a multiplicity of such coolant channels subdividing the flow. It is
      accordingly possible to so shape the core zone of the breeder reactor,
      wherein the fuel elements are disposed, that in addition to the reduction
      of the so-called void coefficients, the temperature release is the same
      from all of the fuel elements. In the breeder mantle, however, this
      uniformity of the thermal release is no longer present because the power
      output of the individual breeder elements is no longer constant with time
      but rather, in the course of the operating time increases in proportion to
      the growth of plutonium. The coolant throughput through this zone must
      therefore first be throttled so that the outlet temperature is virtually
      the same as that from the core zone. Moreover, the heretofore required
      throttling devices must be adjustable from the outside in order to do
      justice to the change in the power release due to the increasing plutonium
      production. Another possibility is to provide within the breeder material
      zone various regions with different coolant throughput and to transform
      the breeder material element continuously within these regions in
      accordance with the plutonium formation therein.
PAR  This construction of the fuel and breeder material zones has the
      disadvantage that a considerably pressure difference occurs between the
      inner space of the fuel and breeder material elements, on the one hand,
      and the gap therebetween, on the other hand. Since there is virtually no
      flow in the gaps between the fuel elements, the foot thereof between the
      mantles, boxes or cases of these elements is at coolant outlet pressure.
      This pressure difference, which can be of the order of magnitude of 4
      atmospheres absolute, for example, has an effect upon the fuel element
      mantle or casing, and these must therefore be given a suitable wall
      thickness in order to avoid mechanical deformations and bends or
      distortions. The additional structural material costs moreover impairs the
      breeding rate of the entire reactor; also the mechanical long-term
      characteristics of these casing or cans at the high neutron flux density
      are not to be overlooked.
PAR  It should also be noted that in addition to the pressure-loading, a strong
      bending of the casing or can in the order of magnitude of centimeters
      occurs due to the radially decreasing irradiation intensity by fast
      neutrons and the threshold effect of the structural material required
      thereby. Mechanical prevention of such bending, for example by tension or
      clamping members, is impossible.
PAR  The question was therefore than raised if it were possible to construct the
      fuel elements without any outer mantle or casing as for light water
      reactors i.e. as so-called open or canless fuel elements. No close
      approach could be made, however, to this idea because the disadvantages
      with respect to the efficiency that were associated therewith, no
      possibility of controlling the coolant flow, were too difficult to
      overcome.
PAR  It is accordingly an object of the invention to provide a fast breeder
      reactor which avoids the foregoing disadvantages of the heretofore known
      devices of this general type.
PAR  More specifically, it is a further object of my invention to provide a fast
      breeder reactor wherein a uniform outlet temperature of the coolant over
      the entire reactor cross section is afforded by employing canless fuel and
      breeder material elements.
PAR  With the foregoing and other obejcts in view, I provide in accordance with
      my invention fluid-cooled fast breeder reactor comprising an outer
      cylindrical boundary wall, a plurality of fuel elements and breeder
      material elements of canless construction received within the boundary
      wall and being in an array therein forming a fissionable fuel zone and a
      breeder material zone coaxially surrounding the fissionable fuel zone, a
      coolant supply system for applying fluid coolant at uniform pressure to
      the entire cross section within the cylindrical boundary wall, and flow
      guide devices extending substantially horizontally and disposed one above
      the other within the breeder material zone which coaxially surrounds the
      fissionable fuel zone, the flow guide devices, respectively, being
      alternately elastically secured to the boundary wall and spaced by an
      annular gap therefrom.
PAR  With this arrangement of guide devices, the coolant flow streaming through
      the breeder mantle is increased in length and the flow resistance is
      thereby increased so that for considerably reduced flow quantities, in
      this section the same outlet temperatures as in the fuel region are
      attained. The solution for this problem is achieved thus with a forced
      transverse flow in the breeder regions. An apparently even simpler
      solution, namely the introduction of a partition between the core zone and
      the breeder mantle must be replaced about every three years due to the
      radiation load and the reduction in the mechanical properties associated
      therewith, a fact which ought to lead to no inconsiderable difficulties
      with the large diameter. Another apparently simple solution would be the
      increasing of the flow resistance within the breeder mantle due to
      reduction of the spacings between the individual fuel rods. This is not
      technically feasible because the spacings must become small, so that for
      the slow flow rates, depositions would not be avoidable and would clog the
      element.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as embodied in
      fast breeder reactor, it is nevertheless not intended to be limited to the
      details shown, since various modifications and structural changes may be
      made therein without departing from the spirit of the invention and within
      the scope and range of equivalents of the claims.
DRWD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawings, in which:
PAR  FIGS. 1 and 2 are diagrammatic sectional views of different embodiments of
      the fast breeder reactor of my invention;
PAR  FIG. 3 is an enlarged diagrammatic sectional view of the fissionable fuel
      and breeder material zone of the embodiment of FIG. 1 diagrammatically
      showing the flow guide devices thereof;
PAR  FIG. 3a is a further enlarged fragmentary view of FIG. 3;
PAR  FIG. 4 is an enlarged diagrammatic sectional view of the fissionable fuel
      and breeder material zones of the embodiment of FIG. 2 diagrammatically
      showing the flow guide devices thereof;
PAR  FIG. 4a is a further enlarged fragmentary view of FIG. 4; and
PAR  FIG. 4b is an enlarged cross-sectional view of FIG. 4a taken along the line
      IVb -- IVb.
DETD
PAR  Referring now to the drawing, and first, particularly, to FIG. 1 thereof
      there is shown a very generalized construction of a fast breeder reactor.
      The chain reaction occurs in the nuclear reactor core zone 1 proper which
      is surrounded by a radial breeder mantle 2 and axial breeder zones 21
      located above and below the reactor core 1. A thermal shield 3 mounted in
      a reactor vessel 4 is located outside the reactor core 1. Coolant flow is
      indicated by the arrows. The formation or development of the axial breeder
      material zones 21 is produced by charging the upper and lower ends of the
      fuel elements forming the reactor core zone 1 with breeder material. Thus
      no special elements are required for the axial breeder zones, in contrast
      to the radial breeder mantle zone 2.
PAR  In FIG. 2 there is shown a construction of the nuclear fuel zone wherein
      uniform thermal release occurs in all the fuel elements and, thereby, for
      the core zone 1, no special throttling devices are required for equalizing
      or compensating the coolant outlet temperature. FIGS. 3 and 4 show
      schematically the disposition of the breeder reactor in the breeder zones
      21 thereof in accordance with the invention. The construction of the
      breeder reactor core 1 is shown schematically within the thermal shield 3,
      the fuel elements, which both form the reactor core 1 and the breeder
      zones 21 being diagrammatically indicated by the subdivision thereof into
      vertical strips, the upper and lower ends thereof containing breeder
      material and the center portions thereof containing nuclear fuel. As can
      be seen in FIGS. 3 and 4, the reactive fuel elements forming the reactor
      core 1 are surrounded by a radial breeder mantle 2 of elongated breeder
      material elements 10 and have an upper and lower section 21 also of
      breeder material. Flow conducting devices 6 are provided in the breeder
      mantle 2 for forcing the flow 5 into the illustrated path of FIG. 3. In
      the left-hand half of FIG. 3, there is provided only one of such
      flow-conducting devices which constrains the flow within the breedermantle
      2 to turn aside radially into the nuclear fuel zone 1. It should be noted
      especially that the coolant flow can penetrate into this breeder mantle
      zone 2 not only from the underside thereof but also from the lateral side
      thereof, that is from the intermediate space between the thermal shield 3
      and the breeder mantle 2.
PAR  In the right-hand side of FIG. 3, several of such flow-conducting devices 6
      are shown. They are alternatingly connected with the aid of electric cells
      7 to the thermal shield 3 in the sense of a flow barrier connected or
      sealed with respect to the thermal shield. The illustrated flow path which
      travels back and forth in a meandering or sinuous manner in the breeder
      material is thereby produced, and has a considerably greater flow
      resistance than the flow path shown on the left-hand side of FIG. 3. It
      follows from this, that the sinuous or meander-shaped coolant flow in the
      breeder mantle 2 also influences the flow within the fuel element core 1
      so that a better intermixing of the individual coolant thread-like streams
      in the spaces intermediate the individual fuel rods takes place and,
      thereby, the danger of so-called cold strands or streams are avoided. The
      illustrated dot-dash lines 10 define locations of equal pressure; they
      show that pressure differences at the foot of the individual breeder
      material elements are virtually nonexistent.
PAR  The flow conducting devices 6 can be formed, for example, of flat divider
      or partition sheets wherein the breeder material elements proper are
      mounted. The mounting support for these sheets can be provided by
      conventional structural members located at the locations of the breeder
      material elements. For probably the most frequent situation wherein the
      breeder material elements extend through the entire reactor core, it is
      expedient to construct the spacer supports that are required in any case
      in these elements so that no very great flow can take place in axial
      direction of the breeder material rods. In such case, the spacer supports
      are formed of perforated plates, in the bores of which for example three
      burls are provided for supporting and guiding the breeder material rods
      extending through the bores. The narrow gaps produced thereby are
      necessary for affording adequate heat removal from these fuel and breeder
      rod portions. Since these spacer supports are all disposed in the same or
      parallel planes, one or more flow conducting surfaces are thereby
      produced. The spacer supports of adjacent breeder material elements are
      elastically braced against one another so that no coolant flow can form
      therebetween, yet this arrangement will not hinder any subsequently
      required breeder material or fissionable fuel element replacement or
      exchange.
PAR  Whereas the arrangement of FIG. 3 corresponds in outer form to that of FIG.
      1, the arrangement of FIG. 4 corresponds to that of FIG. 2 i.e. is
      furnished with a step-shaped core 1. In the left-hand half of FIG. 4 a
      device 8 for producing turbulent flow is located in the gap and between
      the middle and outer flow guide plates 6. The device 8 has a helical,
      screw-like shape which affords an additional intermixing of the individual
      flow threads or strands, as shown in FIG. 4. In the right-hand half of
      FIG. 4, the flow lines 5 as wall as the equal pressure lines 10 are
      additionally shown in the manner of FIG. 3. The characteristics of the
      step-shaped core with respect to the power-release in the individual fuel
      elements can also be superimposed by the retroaction of the meander-shaped
      coolant flow in the breeder mantle zones so that the shortest flow path
      exists in the central region of the core zone 1, which can be improved,
      moreover, by shortening the central combined breeder and fuel elements 9.
PAR  As seen in FIG. 4, the flow path in the breeder mantle zones 2 is not only
      markedly increased, but rather, through the transverse flow, an
      integration of the temperature increase over the power output or release
      of different fuel element zones is also attained so that the outlet
      temperature is compensated and permits extreme simplification of the
      replacement or exchange program for the elements of the breeder mantle.
      Whereas, in the present conventional system with closed breeder and fuel
      element cases or cans, the breeder material elements must be exchanged
      often during their lifetime, in order for them to respectively receive a
      suitable coolant traversal in the plutonium construction thereof, all
      breeder material elements in the herein proposed arrangement of the
      invention can remain in position if care is taken only that in the
      individual regions, uniform mixing of elements of varying age takes place.
      The adjustment of a uniform outlet temperature over the entire reactor
      cross section is greatly simplified by this integrating effect because
      only the total throughput must be accommodated or matched to the power
      produced in the breeder mantle which is virtually constant in equilibrium
      condition.
PAR  As mentioned hereinbefore, the radial flow in the breeder mantle provides
      the advantage that in the coolant flow of the core region a strong
      transverse intermixing is stimulated which contributes to the reduction of
      temperature peaks. This produces the further advantage, however, that when
      the liquid coolant metal boils, there is no danger anymore of propagation
      i.e. no abrupt boiling can occur anymore within very large regions of the
      reactor core as a result of the delay in boiling in the sodium which, for
      the state of the art, was also a reason for maintaining the closed fuel
      elements, that is the fuel element cans, cases or boxes.
PAR  In the embodiment of FIG. 3a, the reactor core or, in fact, the section of
      breeder zone thereof, is composed of breeder material elements 2 disposed
      parallel to one another. The breeder elements 2 are assembled in bundles,
      in a conventional manner, with the aid of rod holder plates 20 which
      simultaneously provide flow guidance surfaces and are sealed from the
      thermal shield 3 by elastic or resilient annular ribs 7 which, as shown in
      FIG. 3a, are formed of springs secured at one side thereof.
PAR  In the other embodiment of the invention shown in FIG. 4a, the breeder
      material elements 2 extend respectively through the entire length of the
      reactor core. In the embodiment of FIG. 4a, the flow guidance surfaces are
      provided by spacer members 23 which are disposed at the same level. The
      spacer members 23 are provided with sliding surfaces 23b at the edges
      thereof so that, when assembling the reactor core or, in the special case
      shown in FIG. 4a, in the assembly of the breeder zone or mantle, a
      bunching or blocking of the breeder material elements 2 is prevented. As
      in the embodiment of FIG. 3a, the sealing of the spacer members 23 from
      the thermal shield 3 is effected by elastic or resilient annular ribs 7.
      At the lower end of the reactor core, the breeder material elements 2 are
      held in a lower rod holder plate 20 which is mounted on a support grid 31
      through which coolant flow is admitted to the reactor core. Turbulence
      generating devices 8 are located in the annular gap between the thermal
      shield 3, on the one hand, and, on the other hand, the plane in which the
      spacer members 23 forming the flow guidance surfaces 6 are disposed. The
      specific construction of the turbulence generating devices 8 forms no part
      of the subject of the present invention and belongs to the general state
      of the art.
PAR  In FIG. 4b, there is shown a small section in top plan view of a flow
      guidance surface 6. Breeder material elements, or the spacer holder 23
      therefor, are hexagonal and are formed with bores for receiving therein
      the individual breeder material rods 25. The bores formed in the breeder
      material elements contain radially inwardly directed projections or burls,
      for example three in number, for centering the rods 25. For such
      construction of the reactor core, wherein the elements are of hexagonal
      cross section, the thermal shield 3 is provided with a corresponding inner
      contour, and the elastic or resilient annular ribs 7 are formed of
      individual rectilinear portions 7a. The portions or sealing elements 7a
      can, of course, also have other constructions which depend in each case
      upon other structural conditions of the reactor per se, and do not limit
      the field of use of the invention of the instant application. The
      resilient or elastic parts 7a are securable to the thermal shield 3 by
      means of bolts or by welding, for example. As can be readily seen, the
      exact means for elastically or resiliently securing the flow guide devices
      at alternate levels to the boundary wall is immaterial, and may be
      effected in any convenient manner by the man of ordinary skill in the art.
      The inventive feature lies in the fact that the flow guide devices are
      secured elastically to the boundary wall.
PAR  The sliding surfaces 23b of the spacer members 23 normally contact each
      other very lightly and the amount of coolant flow which passes
      therebetween is so little at the plane or the level at which the devices 8
      which produce turbulence are located, that such flow is almost negligible.
      This also applies to the coolant flow through the mesh opening of the
      spacers 23 according to FIG. 4b which is of such quantity that cooling of
      the fuel rods 2 is also adequate in the vicinity of the spacer plane or
      level. The centered projections 23a in the space or bores insures that the
      spacing between the encasing tube and the wall of the bore is
      approximately equal all around. At the beginning or reactor operation, the
      fuel rod only loosely engages those projections 23a. At the end of the
      operating period, however, the fuel rod encasing tube may actually tightly
      engage these projections due to the swelling of the fuel rod.
PAR  At the other flow guide surfaces which are sealed by the elastic ribs 7
      against the thermal shield 3, there occurs a distribution of the coolant
      flow as viewed in FIG. 4, left-hand side. Due to the considerably higher
      flow resistance and the tortuous, sinuous path of the coolant flow the
      desired longer dwell period of the coolant and the quantitative throttling
      thereof in the breeding region or section of the reactor is provided
      without the occurrence of any stagnating coolant zones. This is also
      insured by the small quantitiesof coolant flow which pass through the
      planes or levels at which the spacer members are located.
PAR  The construction of the resilient or elastic annular ribs 7 can be seen in
      FIGS. 3a, 4a and 4b. There is no rigid connection between the elastic ribs
      7 and the spacer member levels or planes of the fuel rods or the rod
      holder plates 20 for partial fuel elements that are mounted above one
      another. The resiliency of these parts is necessary to avoid mechanical
      difficulties in the fuel element exchange during operation of the nuclear
      reactor.
PAR  At the left-hand side of FIG. 4, the flow resistance in the region of the
      turbulence-producing devices 8 is much lower than along the fuel rods at
      the height of the respective spacer planes or levels. As a result, almost
      the entire coolant flow will travel across these turbulence-producing
      devices 8. The spacer plates or grids located above and below the devices
      8 are pressed together edgewise by the resilient or elastic rib members 7
      so that an increased flow resistance will occur over the entire
      cross-section of the breeding mantle, and coolant flow, therefore, assumes
      the course shown in FIG. 4. The spacers 23 which function as flow guide
      devices are secured in a conventional manner either to individual fuel
      rods of the fuel element or to a support frame disposed therein. These,
      features, however, are known in the art and are part of the general
      knowledge of engineers working in this field so that it is believed to be
      unnecessary to describe in detail such known design features. The specific
      construction of the turbulence generating devices 8 forms no part of the
      subject of the present invention and belongs to the general state of the
      art.
PAR  The resilient or elastic part 7a are securable to the thermal shield 3 by
      means of bolts or by welding, for example. The exact means for elastically
      or resiliently securing these flow guide devices at alternate levels to
      the boundary wall is immaterial and may be effected in any convenient
      manner by the man of ordinary skill in the art. The inventive feature lies
      in the fact that the flow guide devices are secured elastically to the
      boundary wall.
PAR  It should be also noted that due to the transverse inward flow of the
      coolant from the outer gap between the breeder mantle 2 and the thermal
      shield 3, only part of the coolant flow acts in vertical direction so
      that, accordingly, in connection with the pressure distribution in the
      entire breeder reactor core, a safety device to protect against upward
      floating can possibly be dispensed with. By means of the proposed flow
      guide devices 6 according to the invention, a considerably simplified
      construction of the entire reactor core is afforded; all of the elements,
      both fuel elements and breeder material elements can be produced with the
      open side or canless type of construction. The economies in absorption
      material associated therewith increases the breeding rate. Special
      throttle devices, which must be adjustable during the operation of the
      reactor, are dispensible and, moreover, due to the retroactions of the
      transverse flow on the central part of the reactor core, the dangers
      associated with the delay in boiling of the sodium are avoided. The
      embodiments of the flow-conducting devices described, for example,
      hereinbefore, that is, in one case with the aid of spacer supports, and,
      in another case, with the aid of flow guide plates at the fuel elements
      located above one another at the connecting position, can also have other
      possible constructions that result from the construction and assembly of
      the individual fuel and breeder material elements. These advantages
      characteristics of the flow guiding device of the invention are of value
      obviously not only for liquid metal-cooled fast breeder reactors, as are
      preferably found today in development, but also, for example, for
      vapor-cooled or compressed gas-cooled fast breeder reactors. Also, the
      employment of this principle is not limited to fast breeder reactors, but
      rather its use is advantageous for every type of reactor having canless
      fuel elements, thus, for example, even for thermal light water reactors of
      the pressurized water type.
CLMS
STM  I claim:
NUM  1.
PAR  1. Fluid-cooled fast breeder reactor comprising an outer cylindrical
      boundary wall, a plurality of canless fuel elements and breeder material
      elements received within said boudnary wall and being in an array therein
      forming a fissionable fuel zone and a breeder material zone coaxially
      surrounding said fissionable fuel zone, a coolant supply system for
      applying fluid coolant at uniform pressure to the entire cross section
      within said cylindrical boundary wall, and flow guide devices extending
      substantially horizontally and disposed at different levels one above the
      other within said breeder material zone which coaxially surrounds said
      fissionable fuel zone, means for elastically securing the flow guide
      devices at alternate levels within said breeder material elements to said
      boundary wall, the flow guide devices at the levels intermediate said
      alternate levels being spaced by an annular gap from said boundary wall.
NUM  2.
PAR  2. Fast breeder reactor according to claim 1 wherein said flow guide
      devices are formed of spacer supports, said flow guide devices being
      disposed in gaps respectively at the levels of said spacer supports for
      said breeder material elements and the ends of the latter, said spacer
      support being of such dimension as to fill the gaps between individual
      breeder material rods forming said elements and the end pieces of said
      elements to an extent that a limited longitudinal flow of the coolant
      along said rods is possible.
NUM  3.
PAR  3. Fast breeder reactor according to claim 1 wherein said flow guide
      devices are annular in shape and are formed with radially extending heat
      expansion joints.
NUM  4.
PAR  4. Fast breeder reactor according to claim 1 including devices for
      producing turbulent coolant flow disposed in said annular gap.
NUM  5.
PAR  5. fast breeder reactor according to claim 4 including mounting structures
      for holding said flow guide devices, said mounting structures being
      disposed in breeder element positions and extending in axial direction
      through said breeder material zone.
NUM  6.
PAR  6. Fast breeder reactor according to claim 1 wherein said flow guide
      devices are formed of spacer supports for said breeder material elements,
      said spacer supports being disposed in substantially horizontal planes.
NUM  7.
PAR  7. Fast breeder reactor according to claim 6 wherein the spacer supports of
      adjacent breeder material elements abut one another elastically in a
      sealing manner.
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ABST
PAL  In a nuclear reactor which is housed in a round building and which has a
      reactor pressure vessel in a reactor pool, a fuel element storage pool of
      arcuate outline, a gate-controlled channel interconnecting the two pools
      and an operating platform adjacent the pools, there is provided a fuel
      element exchange system which has a first fuel element exchange gantry
      supported on a column disposed in the center of the reactor building and
      on a rail which is held by the building wall and which is situated above
      the level of the operating platform, and a second fuel element exchange
      gantry supported under the first gantry in such a manner that the second
      gantry may freely pass under the first gantry. There is further provided a
      fuel element box-stripping machine at the storage pool immediately across
      from the channel within the operational range of both the first and the
      second gantries.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In heterogeneous nuclear reactors, the used fuel elements have to be
      replaced or rearranged in the reactor core after predetermined time
      intervals. In water reactors, such a fuel element exchange may be effected
      in two ways: In case of a so-called "dry" exchange, the fuel element is
      drawn under water into a closable steel container and the latter is,
      together with the enclosed cooling water and the fuel element, transported
      into a fuel element storage pool. In case of a so-called "wet" fuel
      element exchange, the reactor pool and the adjacent fuel element storage
      pool are interconnected by means of a channel in which there is disposed a
      watertight gate. As a preparatory step to the wet fuel element exchange,
      the water level in the reactor pool is raised to the water level in the
      fuel element storage pool and the gate is opened. Subsequently, the fuel
      elements may be grasped with specially designed tools mounted on a
      travelling fuel element exchange gantry and moved through the connecting
      channel between the reactor and the assigned storage space in the fuel
      element storage pool. In case the fuel elements are disposed in sheaths
      (boxes), a conventional box-stripping machine has to be provided in
      addition.
PAR  The invention relates to a system for performing a wet fuel element
      exchange process. Heretofore, for effecting this type of exchange, the
      rails on which the gantry travels have been disposed at the same height as
      the edge of the fuel element storage pool and the level of the operating
      platform. Further, the box-stripping machines and tool storing devices
      have been disposed in the rear part of the fuel element storage pool which
      requires that these apparatuses project beyond the pool edge.
PAR  It is a disadvantage of the above-outlined known systems for effecting a
      wet fuel element exchange that they involve long travelling paths and thus
      require long periods of reactor shutdowns.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an improved system for
      effecting a wet fuel element exchange, by means of which the duration of
      the fuel element exchange process can be shortened.
PAR  This and other objects to become apparent as the specification progresses,
      are achieved by the invention according to which, briefly stated, there
      are provided a first fuel element exchange gantry supported on a column
      disposed in the center of the reactor building and on a rail which is held
      by the building wall and which is situated above the level of the
      operating platform, and a second fuel element exchange gantry supported
      under the first gantry in such a manner that the second gantry may freely
      pass under the first gantry. There is further provided a fuel element
      box-stripping machine at the storage pool immediately across from the
      channel in the operational range of both the first and the second
      gantries.
PAR  The advantage of the invention resides in the shortening of travelling
      paths and thus time saving in the performance of the fuel element exchange
      operation is accomplished. The shortening of the paths result principally
      from the arrangement of the box-stripping machine or machines at the fuel
      element storage pool directly across from the connecting channel.
PAR  The disposition of the box-stripping machine and the tool storing devices,
      if any, directly across from the connecting channel and the thus
      accomplished shortening of the travelling paths during the fuel element
      exchange are made possible by arranging the main fuel element exchange
      gantry above the level of the operating platform. Further, in the system
      according to the invention, there is effected a division of the fuel
      element handling between two exchange gantries, resulting in a further
      time saving.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic elevational view of a preferred embodiment of the
      invention.
PAR  FIG. 2 is a schematic plan view of the same embodiment.
PAR  FIG. 3 is a sectional elevational view of another preferred embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to FIGS. 1 and 2, in a round reactor building 1 having a
      generally circularly extending vertical wall 1a, there is eccentrically
      situated a reactor pressure vessel 2, the upper terminal portion of which
      projects upwardly into a reactor pool 7. The latter is surrounded in a
      semicircle by a fuel element storage pool 3 which is of arcuate outline
      and which is filled with water to a predetermined level. Adjacent the two
      ends of the semicircular storage pool and in alignment therewith, there
      are provided openings 12 and 13 which are needed during the transport and
      insertion of new fuel elements. A connection between the reactor pool 7
      and the fuel element storage pool 3 is provided by a channel 4 controlled
      by a watertight gate. In the fuel element storage pool 3, directly across
      from the channel 4, there are situated box-stripping machines 5 and,
      according to a further development of the invention, laterally of the
      box-stripping machines 5, there are provided tool storing devices 6 for
      the handling rods and the like.
PAR  If now a fuel element exchange operation is to be performed, first the
      pressure vessel 2 is opened by removing the pressure vessel lid 19 and the
      cover 20. The reactor pool 7, which is situated above the reactor pressure
      vessel 2, may then be flooded and the gate of the channel 4 may be opened.
PAR  After these preparatory steps, a main fuel element exchange gantry 8 is put
      to work. The gantry 8 has a bridge 8a, one end of which is supported for
      rotation at 14a by a vertical column 14 disposed substantially in the
      center of the reactor building 1. The bridge 8a is thus horizontally
      rotatable about a vertical axis 14b which passes through one end of the
      bridge 8a and which extends in the center of the building 1. The other end
      of the gantry bridge 8a is supported on a rail 9 which is situated above
      the level of an operating platform 10 (approximately at a vertical
      distance of 5 meters therefrom), and extends in an arc along the wall 1a
      of the reactor building 1.
PAR  By means of a non-illustrated grasping device arranged on the hoist trolley
      of the main fuel element exchange gantry 8, a fuel element situated in the
      reactor pressure vessel 2 may be grasped, withdrawn from the pressure
      vessel 2 and carried through the channel 4 to one of the box-stripping
      machines 5.
PAR  The arrangement of the rail 9 of the main fuel element exchange gantry 8
      above the level of the operating platform 10 makes possible the provision
      of a second, more simple, fuel element exchange gantry 11 also having a
      fuel element grasping device mounted thereon. The gantry 11 operates
      simultaneously with the main fuel element exchange gantry 8 and transports
      the fuel elements from the storage pool 3 to the box-stripping machines 5
      and conversely. Further, by means of the fuel element exchange gantry 11,
      the fuel elements and the fuel element storage racks 18 may be rearranged
      in the storage pool 3. The fuel element exchange gantry 11 has a
      cantilever bridge 11a and is supported and travels on two vertically
      spaced, parallel extending rails 21 and 22, both disposed beneath the rail
      9 for the gantry 8. The support structure for the rail 9 may
      simultaneously serve -- as it is seen in FIG. 1 -- as the support for the
      upper rail 21 of the gantry 11. As it is also observable in FIG. 1, the
      gantry 11 may pass freely under the gantry 8.
PAR  According to another embodiment of the invention, as illustrated in FIG. 3,
      there is provided a central column 17 which is a modification of the
      column 14 of the FIG. 1 embodiment. The column 17, in addition to
      supporting the gantry 8, also supports the inner rail of a building gantry
      16 situated above the gantry 8 and further serves as a support member for
      a building roof 15.
PAR  The box-stripping machines 5 are not illustrated in detail, because the
      usual box-stripping machines may be used. As already mentioned the fuel
      elements (fuel-rod assembly) are disposed in sheath (boxes). The
      box-stripping machines 5 serve to pull the fuel-rod assembly out of its
      box. After being pulled out of its box the fuel-rod assembly mas be
      transported directly to the fuel element storage pool 3 by the gantry 11.
      On the way back to the box-stripping machines the gantry 11 transports a
      new fuel element (fuel-rod assembly) which then is inserted in the box by
      the box stripping machine 5.
PAR  Also the tool storing devices 6 are not illustrated in detail because the
      shape of the devices is determined by the tools. These tools may be for
      example; handling rods, screw-gripper, underwater-screwdrivers, television
      equipment and so on.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for the wet exchange of fuel elements in a nuclear reactor
      housed in a round reactor building having a generally circularly extending
      vertical wall surrounding the nuclear reactor; the nuclear reactor being
      of the type having a safety pressure vessel containing nuclear fuel
      elements in use, a reactor pool situated above the pressure vessel, a fuel
      element storage pool of arcuate outline, a gate-controlled channel
      connecting the reactor pool with the storage pool, and an operating
      platform situated adjacent the pools; comprising in combination:
PA1  a. a support column disposed within and substantially centrally with
      respect to said reactor building;
PA1  b. a first fuel element exchange gantry including a bridge disposed above
      the level of said operating platform and having two opposite ends, one of
      said ends being supported on said column;
PA1  c. an arcuately extending rail held in said vertical wall above the level
      of said operating platform and supporting the other of said ends of said
      bridge;
PA1  d. a second fuel element exchange gantry having a cantilever bridge;
PA1  e. means for supporting said second gantry below said first gantry and
      providing for said second gantry a free, unobstructed passage under said
      first gantry; and
PA1  f. at least one fuel element box-stripping machine disposed at said storage
      pool immediately across from said channel within the operational range of
      said first and second gantries.
NUM  2.
PAR  2. A system as defined in claim 1, wherein said one end of the bridge of
      said first gantry is supported for rotation about a vertical axis
      extending centrally with respect to the reactor building.
NUM  3.
PAR  3. A system as defined in claim 1, including at least one tool storing
      device disposed immediately laterally adjacent said box-stripping machine.
NUM  4.
PAR  4. A system as defined in claim 1, wherein the reactor building has a roof,
      said column is connected to the roof for serving as a roof support.
NUM  5.
PAR  5. A system as defined in claim 1, wherein said column includes means for
      supporting a building gantry situated above said first gantry.
NUM  6.
PAR  6. A system as defined in claim 1, wherein said means for supporting said
      second gantry includes two additional, vertically spaced parallel rails
      supported in said wall below the rail associated with said first gantry.
NUM  7.
PAR  7. A system as defined in claim 6, wherein the rail associated with said
      first gantry defines a travelling path for said first gantry for carrying
      fuel elements between the pressure vessel and the box-stripping machine
      through the reactor pool, the channel and the storage pool; the additional
      rails associated with said second gantry define a travelling path for said
      second gantry for carrying fuel elements through the storage pool between
      the box-stripping machine and their location of storage in the storage
      pool.
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ABST
PAL  Amino acids are produced by culturing hydrogen-oxidizing bacteria of the
      genus Arthrobacter, Brevibacterium and Mycobacterium in an aqueous culture
      medium in the presence of oxygen, hydrogen and carbon dioxide.
BSUM
PAR  This invention relates to a method for producing amino acids by culturing
      hydrogen oxidizing bacteria.
PAR  The cost of amino acids produced by fermentation depends largely on the
      cost of the carbon source used. In this respect, carbon dioxide is
      available at a low cost. Various autotrophic microorganisms are known to
      assimilate carbon dioxide, but none of them produces any amino acids from
      the assimilated carbon dioxide.
PAR  It has now been found that newly-discovered gram positive
      hydrogen-oxidizing bacteria, especially bacteria belonging to
      Arthrobacter, Brevibacterium and Micobacterium, can produce a number of
      amino acids from carbon dioxide as the carbon source and hydrogen as the
      energy source. It is further found that amino acid production is
      remarkably improved by adding penicillin to the culture medium. Amino
      acids produced in accordance with this invention include lysine,
      histidine, arginine, aspartic acid, threonine, serine, glutamic acid,
      proline, glycine, alanine, cysteine, valine, isoleucine, leucine,
      tyrosine, phenylalanine and methionine.
PAR  The bacteria useful in the practices of this invention have the following
      taxonomic characteristics:
PAR  Brevibacterium sp. AJ 3588 (FERM P 2234)
PAR  Morphology (cultivated autotrophically on inorganic agar medium for 42
      hrs): Unicellular, non-spore-forming, small short rod, size 0.5 .times.
      0.5-1.5 .mu., motile by means of lateral flagella, gram positive, not
      acid-fast, the arrangement of cells is very unique. Cells are arranged
      side by side like cartridge belt.
PAR  Agar colony type: (cultivated autotrophically for 10 days on inorganic agar
      plate); 6.0 mm in diameter, rosulate, rugose, flat, filamentous, yellowish
      gray, transparent. (cultivated heterotrophically for 5 days on yeast malt
      agar plate); 7.0 mm in diameter, circular, smooth, umbonate, ciliate,
      yellowish gray, opaque.
PAR  Hydrolysis of gelatin: positive.
PAR  BCP milk: alkalinized and completely peptonized.
PAR  Production of H.sub.2 S: positive.
PAR  Production of nitrite from nitrate: positive.
PAR  Methyl red test: negative.
PAR  Production of acetyl-methyl-carbinol: negative.
PAR  Production of indole: negative.
PAR  Utilization of citrate: not utilized.
PAR  Hydrolysis of starch: negative.
PAR  Catalase test: positive.
PAR  Oxidase test: positive.
PAR  Optimum growth temperature: 25.degree. - 30.degree.C.
PAR  Optimum pH: pH 5.5 - 7.5.
PAR  Acid production from carbohydrates: (Hugh and Leifson's method); acid
      produced aerobically from glycerol, acid not produced from glucose,
      lactose, D-arabinose, D-xylose, D-mannose and maltose.
PAR  Utilization of organic compounds as a sole carbon source: ethanol,
      glycerol, glucose, fructose, sucrose, trehalose, succinate, gluconate,
      acetate, para-hydroxybenzoate, metahydroxybenzoate and normal alkanes
      (C.sub.8 - C.sub.18) are utilized. Methanol, lactose, D-arabinose,
      D-xylose, D-mannose, maltose, D-galactose, D-ribose, malonate, oxalate,
      formate, phenol, methane and buthane are not utilized.
PAR  Guanine and cytosine content of DNA (GC-content): 67.8%.
PAR  This strain is identified as a species of the genus Brevibacterium, since
      this strain is a gram positive, short rod, non-spore-forming, not acid
      fast and does not exhibit plemorphism. There are four species of
      Brevibacterium described in the Bergey's Manual of Determinative
      Bacteriology, 7th edition, which have motility and ability to hydrolyze
      gelatin. Among them, this organism resembles B. lipolyticum by colony
      type, but it is different from B. lipolyticum, for instance, in
      flagellation, production of H.sub.2 S, nitrate reduction, and optimum
      growth temperature. We consider it correct to identify this organism as a
      new species of Brevibacterium, because it can grow autotrophically and has
      a unique cell arrangement.
PAR  Mycobacterium sp. AJ 3589 (FERM P 2235)
PAR  Morphology (cultivated autotrophically on inorganic agar medium for 42
      hrs): unicellular, non-spore-forming, unbranched, rod shaped, 0.5 .times.
      1.0-1.5 .mu., non-motile, gram positive, acid fast (14 - 20 hrs culture),
      cells become oval and gram negative in older culture.
PAR  Agar colony type: (cultivated autotrophically for 10 days on inorganic agar
      plate); 1.5 mm in diameter, circular, flat, rough, deutate, pale yellow or
      colorless, opaque. (cultivated heterotrophically for 6 days on yeast malt
      agar plate); 3.0 mm in diameter, circular, striate, umbonate, entire,
      grayish white, opaque.
PAR  Hydrolysis of gelatin: negative.
PAR  BCP milk: strongly alkalinized and slowly digested.
PAR  Production of H.sub.2 S: positive.
PAR  Production of nitrite from nitrate: weakly positive.
PAR  Methyl red test: negative.
PAR  Production of acetyl-methyl-carbinol: negative.
PAR  Production of indole: negative.
PAR  Utilization of citrate: negative.
PAR  Hydrolysis of starch: negative.
PAR  Catalase test: positive.
PAR  Oxidase test: negative.
PAR  Optimum temperature: 25.degree. - 30.degree.C.
PAR  Optimum pH: pH 6.0 - 8.0.
PAR  Acid production from carbohydrates: (Hugh and Leifson's method): acid
      produced aerobically from glycerol, acid not produced from glucose,
      lactose, D-arabinose, D-xylose, D-mannose, and maltose.
PAR  Utilization of organic compounds as a sole carbon source: ethanol,
      glycerol, glucose, fructose, D-mannose, D-galactose, D-ribose, trehalose,
      succinate, gluconate, acetate and normal alkanes (C.sub.11 -C.sub.18) are
      utilized. Methanol, lactose, D-arabinose, D-xylose, sucrose, maltose,
      malonate, oxalate, formate, parahydroxybenzoate, meta-hydroxybenzoate,
      phenol and normal alkanes (C.sub.1 -C.sub.10) are not utilized.
PAR  It is clear that this organism belongs to the genus Mycobacterium, since
      this organism is non-spore-forming, gram positive, rod, acid fast and
      non-motile. This organism resembles Mycobacterium fortuitum as to the
      colony type, but it is different from M. fortuitum in starch
      hydrolyzation, acid production from glucose and mannose, growth
      temperature, acid fastness on early stage of growth and ability to grow
      autotrophically. For this reason, this organism is identified as a new
      species of Mycobacterium.
PAR  Arthrobacter sp. AJ 3786 (FERM P 2638)
PAR  Morphology (cultivated autotrophically on inorganic agar medium for 42
      hrs): non-spore-forming, rod-shaped, cells are remarkably irregular, size
      0.8 .times. 1.5-4.0 .mu., non-motile, gram positive in young culture but
      negative in aged culture, not acid fast. In aged cultures, cells become
      coccoidal. Cystites are not formed. It does not exhibit a definite cycle
      of development.
PAR  Agar colony type: (cultivated autrotrophically for 10 days on inorganic
      agar plate); 2.5 mm in diameter, circular, convex, smooth, entire, light
      reddish yellow, (fringe of colonies are pale yellow), opaque. (cultivated
      heterotrophically for 5 days on yeast malt agar plate): 4.0 mm in
      diameter, circular, smooth, raised, entire, light reddish yellow, (fringe
      of colonies are pale yellow), opaque.
PAR  Hydrolysis of gelatin: negative.
PAR  BCP milk: slowly alkalinized.
PAR  Production of H.sub.2 S: negative.
PAR  Production of nitrite from nitrate: positive.
PAR  Methyl red test: negative.
PAR  Production of acetylmethyl carbinol: negative.
PAR  Production of indole: negative.
PAR  Utilization of citrate: negative.
PAR  Hydrolysis of starch: negative.
PAR  Catalase test: positive.
PAR  Oxidase test: negative.
PAR  Optimum growth temperature: 28.degree. - 30.degree.C.
PAR  Optimum pH: pH 5.5 - 7.5.
PAR  Acid production from carbohydrates (Hugh and Leifson's method): acid not
      produced from glucose, lactose, D-arabinose, D-xylose, D-mannose, maltose
      and glycerol.
PAR  Utilization of organic compounds as a sole carbon source: ethanol, glucose,
      fructose, sucrose, citrate, succinate, gluconate are utilized, methanol,
      lactose, D-arabinose, D-xylose, D-mannose, maltose, D-galactose, D-ribose,
      trehalose, acetate, malonate, oxalate, formate, para-hydroxybenzoate,
      meta-hydroxybenzoate, phenol and normal alkanes are not utilized.
PAR  Guanine and cytosine content of DNA (GC-content): 64.4%.
PAR  On the basis of morphological observations, this organism should be a
      coryne-form bacteria, because of irregularity of cell shapes, tendency to
      become coccoidal cells in aged cultures and indistinctness of grams
      reaction. Among coryne-form bacteria, this organism seems to be belonging
      to the genus Corynebacterium or Arthrobacter because of irregularity of
      cell shapes.
PAR  This organism AJ 3786 should be assigned to the genus Arthrobacter, because
      the diphtherial type bacteria are typical species of the genus
      Corynebacterium, and the characteristics of AJ 3786 are basically
      different from diphtherial type bacteria. There is no known species of the
      genus Arthrobacter which this strain can be identified with and,
      accordingly, it is believed this is a new species of Arthrobacter since
      none of the known species of Arthrobacter can grow autothropically.
PAR  Aqueous culture media for culturing the microorganisms of this invention
      contain nitrogen sources and inorganic salts. Suitable nitrogen sources
      include ammonium salts, aqueous ammonia, gaseous ammonia, and nitrate
      salts. Inorganic salts useful in the media are the conventional salts of
      potassium, sodium, the phosphate salts, the calcium salts, the sulfate
      salts, the ferrous salts, the manganese salts, the zinc salts and others.
PAR  Sometimes microbial growth is promoted by the addition of small amounts of
      organic nutrients such as amino acids or vitamins, and small amounts of
      materials containing those organic nutrients, such as yeast extract,
      bouillon, corn steep liquor, casein hydrolyzate, malt extract, soy protein
      or its hydrolyzate.
PAR  The addition of penicillin, such as benzylpenicillin,
      phenoxymethylpenicillin, or ampicillin, to the culture medium usually
      improves the production of amino acids. Preferably 5 to 100 IU/ml
      penicillin are added during 50 to 80 hours cultivation.
PAR  During the cultivation, hydrogen, oxygen and carbon dioxide are maintained
      in or supplied to the fermentation vessel containing the culture medium.
      The gases are introduced into the fermentation vessel preferably in the
      ratio of 10 to 80% by volume hydrogen, 5 to 25% by volume oxygen and 3 to
      20% by volume carbon dioxide.
PAR  Culturing is carried out desirably at 20 to 35.degree.C and pH 4 to 9 for 1
      to 7 days. pH is maintained by supplying gaseous ammonia which also
      suitably serves as a nitrogen source.
PAR  Amino acids accumulated in the culture broth are recovered by any known
      method. For example, after removing the cells by centrifuging and
      evaporating the supernatant, amino acids are precipitated by adjusting the
      pH to isoelectric point, or the amino acids may be separated by using ion
      exchange resin.
DETD
PAC  EXAMPLE 1
PAR  An aqueous culture medium was prepared containing, per deciliter, 0.5 g
      (NH.sub.4).sub.2 SO.sub.4, 0.03 g KH.sub.2 PO.sub.4, 0.18 g Na.sub.2
      HPO.sub.4.12 H.sub.2 O, 0.02% MgSO.sub.4.7H.sub.2 O, 100 mg
      FeSO.sub.4.7H.sub.2 O, 100 mg CaCl.sub.2.2H.sub.2 O, and adjusted to a pH
      7.2. 400 ml. batches of the medium were placed in 1 liter-fermentation
      vessel and sterilized with steam. Each batch of medium was inoculated with
      one of gram positive hydrogen-oxidizing bacteria, i.e., Brevibacterium sp.
      AJ 3588, Mycobacterium sp. AJ 3589 and Arthrobacter sp. AJ 3786, or one of
      gram negative hydrogen-oxidizing bacteria, i.e., Alcaligenes eutrophus
      ATCC 17697, Pseudomonas facilis ATCC 11228, and Pseudomonas ruhlandii ATCC
      15749, and held at 30.degree.C with agitating at 1200 r.p.m.
PAR  During the cultivation, hydrogen, carbon dioxide and air were introduced at
      the rate of 18 ml/min., 5 ml/min. and 22 ml/min. respectively. The pH of
      the medium was maintained at 6.8 with gaseous ammonia.
PAR  After 96 hours cultivation or culturing, the amino acids produced in the
      culture broth were determined by an amino acid autoanalyzer. The results
      are shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     gram positive bacteria        gram negative bacteria                      
     amino Brevibac-                                                           
                   Mycobac-                                                    
                           Arthro- Alcali-                                     
                                          Pseudo-                              
                                               Pseudo-                         
     acid  terium sp.                                                          
                   terium sp.                                                  
                           bacter  genes  monas                                
                                               monas                           
     mg/dl Ferm P-2234                                                         
                   Ferm P-2235                                                 
                           sp.     eutrophus                                   
                                          facilis                              
                                               ruhlaudii                       
                           Ferm P-2638                                         
                                   ATCC 17697                                  
                                          ATCC ATCC                            
                                          11228                                
                                               15749                           
     __________________________________________________________________________
     lysine                                                                    
           0.86    0.54    0.72    0.03   0.02 0.02                            
     histidine                                                                 
           0.45    0.31    0.40    0.02   0.02 0.03                            
     arginine                                                                  
           1.45    0.98    1.33    0.08   0.04 0.03                            
     aspartic                                                                  
           9.48    8.25    6.24    0.13   0.09 0.18                            
     acid                                                                      
     threonine                                                                 
           5.10    2.60    1.52    0.06   0.03 0.02                            
     serine                                                                    
           2.23    1.97    1.04    0.02   0.02 0.04                            
     glutamic                                                                  
           25.46   18.41   14.37   0.45   0.42 0.69                            
     acid                                                                      
     proline                                                                   
           3.87    2.33    1.04    0.03   0.04 0.03                            
     glycine                                                                   
           5.06    2.48    1.80    0.05   0.05 0.08                            
     alanine                                                                   
           12.77   8.50    3.20    0.04   0.08 0.09                            
     cysteine                                                                  
           0.48    0.37    0.22    0.01   0.01 0.01                            
     valine                                                                    
           4.39    13.29   3.01    0.05   0.06 0.04                            
     isoleucine                                                                
           1.89    1.47    0.89    0.02   0.02 0.02                            
     leucine                                                                   
           3.96    6.61    1.20    0.03   0.04 0.04                            
     tyrosine                                                                  
           1.97    0.32    0.33    0.02   0.01 0.02                            
     phenyl-                                                                   
           2.50    1.57    0.85    0.02   0.02 0.02                            
     alanine                                                                   
     methionine                                                                
           1.15    0.80    0.40    0.01   0.01 0.01                            
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  The hydrogen-oxidizing bacteria of Example 1 were cultured in the same
      manner as described in Example 1.
PAR  Penicillin G (50 IU/ml) was added to the media of Brevibacterium sp. AJ
      3588 and Mycobacterium sp. AJ 3589 after 68 hours cultivation and to the
      media of Arthrobacter sp. AJ 3786, Alealigenes eutrophus ATCC 17697,
      Pseudomonas facilis ATCC 11228, and Pseudomonas ruhlandii ATCC 15749 after
      48 hours.
PAR  Aspartic acid and glutamic acid accumulated in the culture broth are shown
      in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Brevibac-     Mycobac-                                                    
                           Arthro- Alcali-                                     
                                         Pseudo-                               
                                              Pseudo-                          
     terium sp.    terium sp.                                                  
                           bacter sp.                                          
                                   genes monas                                 
                                              monas                            
     Ferm P-2234   Ferm P-2235                                                 
                           Ferm P-2638                                         
                                   eutrophus                                   
                                         facilis                               
                                              ruhlandii                        
                                   ATCC  ATCC ATCC                             
                                   17697 11228                                 
                                              15749                            
     __________________________________________________________________________
     aspartic                                                                  
           27.60   24.37   19.70   0.14  0.12 0.29                             
     acid mg/dl                                                                
     glutamic                                                                  
           205.8   179.5   159.4   0.50  0.58 0.88                             
     acid mg/dl                                                                
     __________________________________________________________________________
PAR  Microorganisms identified by FERM P numbers and ATCC numbers have been
      deposited in, and are available to qualified persons without permission
      from the Fermentation Research Institute, Agency of Industrial Science and
      Technology, at 1-8-5, Inage-higashi, Chiba-shi, Chiba, Japan, and American
      Type Culture Collection, at 12301 Parklawn Drive, Rockville, Md. 20852.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing amino acids which comprises culturing a
      microorganism selected from the group consisting of brevibacterium sp.
      FERM P-2234, mycobacterium sp. FERM P-2235, arthrobacter sp. FERM P-2638,
      alcaligenes eutrophus ATCC 17697, pseudomonas facilis ATCC 11228 and
      pseudomonas ruhlaudii ATCC 15749 in an aqueous culture medium containing
      at least a nitrogen source and inorganic salt and in the presence of
      oxygen, hydrogen and carbon dioxide, and recovering the resulting produced
      amino acids from the culture medium.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein said microorganism is
      Arthrobacter sp. FERM P 2638.
NUM  3.
PAR  3. A method as set forth in claim 1, wherein said microorganism is
      Brevibacterium sp. FERM P 2234.
NUM  4.
PAR  4. A method as set forth in claim 1, wherein said microorganism is
      Mycobacterium sp. FERM P 2235.
NUM  5.
PAR  5. A method as set forth in claim 1, wherein said amino acids include
      lysine, histidine, arginine, aspartic acid, threonine, serine, glutamic
      acid, proline, glycine, alanine, cysteine, valine, isoleucine, leucine,
      tyrosine, phenylalanine, or methionine.
NUM  6.
PAR  6. A method as set forth in claim 1, wherein said culture medium contains
      penicillin.
NUM  7.
PAR  7. A method as set forth in claim 1 wherein said microorganism is
      alcaligenes eutrophus ATCC 17697.
NUM  8.
PAR  8. A method as set forth in claim 1 wherein said microorganism is
      pseudomonas facilis ATCC 11228.
NUM  9.
PAR  9. A method as set forth in claim 1 wherein said microorganism is
      pseudomonas ruhlaudii ATCC 15749.
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ABST
PAL  This invention relates to a process of pretreating an aluminum surface for
      subsequent nickel plating to provide improved adhesion and corrosion
      resistance. The pretreatment process comprises subjecting the aluminum
      surface to anodizing in a phosphoric acid electrolyte in such a manner so
      that the voltage is increased to operating levels within 30 seconds,
      preferably in less than 15 seconds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to an improved process of preparing an aluminum
      workpiece for the subsequent electrolytic application thereon of a nickel
      coating.
PAR  Recently, interest has increased in the utilization of aluminum in
      automotive applications in exposed areas, such as bumpers and the like,
      which has required re-evaluation of various methods of applying
      nickel-chromium coatings onto an aluminum surface. Due to the tenacious
      natural oxide which forms on aluminum, special preparations are usually
      required for the aluminum surface prior to electrolytic plating to insure
      good adhesion between the aluminum substrate and the nickel-chromium
      coating.
PAR  Heretofore, several methods have been employed to prepare an aluminum
      surface for nickel plating. One method has been first to treat the
      aluminum surface with a zincate solution and thereby to deposit a thin
      layer of zinc onto the aluminum and then to electrodeposit a copper
      containing metal layer onto the zinc coating from an aqueous cyanide
      solution containing copper. Another method, similar to the first, involves
      plating a bronze layer directly onto the aluminum surface from an aqueous
      cyanide solution containing copper and tin. Although the above methods
      provide excellent adhesion between the aluminum substrate and the
      subsequent electrodeposited metal layers, they have the rather serious
      drawback of employing a cyanide solution which is both difficult and
      expensive to treat for disposal. Moreover, should the plating be
      penetrated in service, severe galvanic corrosion can occur due to the
      large potential difference between the copper and the zinc containing
      interlayer, or between the copper layer and the aluminum substrate.
PAR  The third method generally involves anodizing the aluminum workpiece in an
      aqueous phosphoric acid electrolyte, and then electroplating one or more
      layers of nickel. The phosphoric acid anodizing pretreatment method poses
      a significantly less severe disposal problem than the cyanide
      pretreatment, but this anodizing process is suitable for only certain
      aluminum alloys and is particularly ineffective in providing good adhesion
      with aluminum alloys having low levels (e.g., less than 0.30% by weight,
      particularly less than 0.20% by weight) of insoluble intermetallic
      particles, such as iron, manganese, chromium and the like. Other acidic
      electrolytes, such as sulfuric acid and oxalic acid can be employed, but
      phosphoric acid is preferred because of the improved adhesion and
      corrosion resistance provided. For an excellent discussion of this
      pretreatment method, see "Nickel-Chromium Plating Upon Anodized Aluminum;
      "Tech. Proc. AES, 98, 52-9 (1961).
PAR  For purposes of appearance and additional protection, the nickel plating is
      usually followed by the electroplating of a thin layer of chromium. Most
      conventional chrome plating processes comprise electrolytic treatment in
      an aqueous chromic acid solution containing a small amount of catalyst,
      such as a sulfate or a fluoride.
PAR  Aluminum alloy 7046 (Aluminum Association alloy designation) is presently a
      prime candidate for utilization as automotive bumper stock. However,
      because this alloy has low levels of insoluble intermetallic particles,
      conventional phosphoric acid anodizing pretreatments will not form a
      suitable base for an adherent nickel-chromium plate.
PAR  Against this background, the present invention was developed.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to an improved pretreatment for aluminum and
      aluminum alloys prior to the electroplating thereon of nickel. In
      particular, the process is directed to the anodizing of an aluminum
      workpiece in an aqueous phosphoric acid electrolyte in a special manner so
      as to provide an oxide coating having improved adhesion with an
      electrolytically deposited layer of nickel.
PAR  In accordance with the present invention, the electrical parameters of the
      anodizing process are controlled to provide a rapid increase of voltage so
      that an operating anodizing voltage is attained within 30 seconds,
      preferably within 15 seconds, from the start of the electrolytic process.
      The rapid voltage rise results in a high initial surge of current which
      subsequently decays to a normal operating level. This method of operation
      provides an anodic oxide coating to which an adherent nickel plate can be
      electrolytically deposited and is particularly adaptable to aluminum
      alloys having low levels of insoluble intermetallic particles, such as
      7046 alloy (Aluminum Association alloy designation), which contain less
      than 0.30% (by weight) usually less than 0.20% (by weight) each of iron,
      chromium, manganese and the like.
PAR  Reference is made to the drawing which illustrates a flowsheet for
      embodiments of the plating processes contemplated. First, the aluminum
      workpiece is cleaned in an inhibited alkaline solution, rinsed, desmutted
      (optional) in an aqueous 50% nitric acid solution, rinsed, then anodized
      in accordance with the present invention. After anodizing, the workpiece
      is rinsed, provided with one or more layers of electrodeposited nickel,
      rinsed again, provided with one or more thin layers of chromium, rinsed
      again, and dried.
PAR  For the invention, the operating anodizing voltage should range from about
      45 to 75 volts, and the total anodizing time should be from about 1-10
      minutes, preferably about 5 minutes. The anodizing generally need not
      exceed 60 minutes in duration. Normal operating current density should
      range from about 15 to about 50 amps/sq ft (1.6-5.4 amps/dm.sup.2) with
      the initial current surge preferably ranging from about 2-5 times the
      normal operating level. The initial current surge should not exceed 120
      amps/sq ft (13.0 amps/dm.sup.2), and, preferably, the electrical control
      package includes a current limiting means to avoid any excessively high
      current surge which can "burn" the oxide coating.
PAR  The phosphoric acid concentration in the electrolyte should range from
      about 1-50% by weight. Bath temperatures should range from 85.degree. to
      about 130.degree.F (29.5.degree.-54.5.degree.C), preferably from about
      90.degree.-120.degree.F (32.5.degree.-49.degree.C).
PAR  A higher acid concentration in the electrolyte can provide better adhesion
      between the oxide and the nickel plate but also is more apt to cause
      "burning" of the oxide coating. Although higher acid concentrations can
      utilize lower current densities, they usually require more stringent
      control of temperature variation in the bath. Lower acid concentrations in
      the bath are less susceptible to temperature variation in the bath and
      allow for greater current densities.
PAR  Conventional phosphoric acid anodizing generally provides on a microscopic
      level a rough scalloped surface due to the degradation of the anodic
      surface during anodizing by the action of the electrolyte. However, the
      surface developed by the anodizing process of the present invention
      remains level and essentially intact, exhibiting normal pore structure
      throughout the entire oxide layer. This difference is readily apparent
      upon examination at 20,000X with a scanning electron microscope.
PAR  After anodizing, the aluminum workpiece can be directly plated with nickel
      in a conventional fashion. For example, the workpiece can be plated with
      nickel in a Watts type bath at a current density of about 15-120 amps/sq
      ft (1.6-13.0 amps/dm.sup.2) at a temperature of about
      100.degree.-175.degree.F (38.degree.-79.5.degree.C). Composition of such
      baths generally includes a large portion of nickel sulfate, a smaller
      portion of nickel chloride and boric acid. The pH of such solutions can
      range from 1-7, preferably about 2-5. Many variations on the bath
      compositions are found in the art and applicable hereto which include
      replacing all or part of the nickel chloride with ammonium chloride,
      deleting the nickel chloride entirely or adding nickel chloride in
      approximately the same amounts as the nickel sulfate. Other suitable
      electrolytic nickel plating baths include a sulfamate bath which contains
      large quantities of nickel sulfamate and smaller quantities of nickel
      chloride and boric acid. One or more various types of nickel plating can
      be applied to the aluminum workpiece. For example, the aluminum workpiece
      can be provided with a Watts nickel strike followed by a leveling nickel
      plate, followed further with a bright nickel plate. However, as described
      by the present inventor in Tech. Proc. AES, supra, in the first few
      seconds of the first nickel plating operation, the current should be low.
      If otherwise, the adhesive strength between the nickel and oxide layers
      will be unacceptably low. When the anodized aluminum is introduced into
      the nickel strike bath, the oxidized aluminum surface should be thoroughly
      wet with the bath before any voltage is applied. The voltage should be
      raised from zero (or if desired, at about 2-5 volts to avoid plating
      through the "dummying" voltage range) to full operating value in not less
      than about 5 seconds, preferably in about 10 to 30 seconds. For a
      description of various types of baths and procedures, see also Metal
      Finishing, Guide Book Directory, 41st Edition (1973).
PAR  Following the nickel plating, usually the aluminum workpiece is provided
      with one or more thin electroplated layers of chromium for purposes of
      appearance and additional protection. Conventionally, the chromium is
      electrolytically plated from an aqueous electrolyte containing chromic
      acid and a catalyst such as sulfate (e.g., sulfuric acid) and fluoride
      (e.g., fluosilicic acid). Typical chromic acid concentrations range from
      about 10-100 oz/gal (75-750 gms/liter) with the catalyst to chromic acid
      weight ratio ranging from about 1:50 to 1:150. For a further description
      of chrome plating in general, see Metal Finishing, supra.
PAR  The following examples are given to illustrate the advantages of the
      present invention, but they are in no way intended to limit the scope of
      the invention or appended claims. A group of 7046 alloy extrusions 11/2
      inches (3.8 cm) wide and 6 inches (15.2 cm) long were prepared having the
      following composition which is given in weight per cent:
     Si   Fe     Cu     Mn   Mg   Cr   Zn  Ti    Zr    Al                      
     ______________________________________                                    
     0.06 0.10   0.14   0.18 1.4  0.10 7.4 .03   .14   Bal.                    
     ______________________________________                                    
PAR  The extrusion specimens were buffed, first cleaned in an Oakite 61A
      cleaning solution (60 gm/l, 160.degree.F), rinsed in cold water, cleaned
      in an Oakite NST cleaning solution ( 10% by volume, 130.degree.F) for 5
      minutes, rinsed in cold water, desmutted in a 50% (by volume) nitric acid
      solution at room temperature and then rinsed in cold distilled water.
PAC  EXAMPLE 1
PAR  An extrusion specimen was anodized in a 30% (by weight) phosphoric acid
      aqueous electrolyte at a temperature of about 100.degree. with an
      anodizing voltage of about 28 volts and the current density between 61 and
      46 amps/sq ft for a period of 5 minutes. The initial anodizing was
      conducted in a conventional fashion wherein a run-in period of 2-3 minutes
      was allowed to bring the voltage up to the operating levels. The specimen
      was then immersed in a sulfamate nickel plating solution sold by M&T
      Chemicals Corporation having a pH of 4-5 and subjected to electrolysis to
      form a nickel plate of approximately 1 mil in thickness. The operating
      plating voltage was reached in about 10 seconds. The nickel plate was then
      tested in accordance with the procedures set forth in Plating Magazine,
      August 1962, pages 880-881, and it was found to have a peel strength of 2
      pounds per lineal inch.
PAC  EXAMPLE 2
PAR  Another extrusion specimen was anodized in a 30% by weight phosphoric acid
      electrolyte at a temperature of about 104.degree.F with an anodizing
      voltage of about 40 volts and the current density between 25 and 77
      amps/sq ft for a period of 5 minutes. The initial voltage was applied
      rapidly to reach the operating voltage within 5 seconds. Subsequently, the
      specimen was nickel plated in the manner set forth in the previous
      example. The peel strength of the nickel plate was found to be 28 pounds
      per lineal inch.
PAC  EXAMPLE 3
PAR  Another extrusion specimen was anodized in a 20% by weight phosphoric acid
      electrolyte at a temperature of about 105.degree.F at a voltage of about
      45 volts and a current density between 23  and 31 amps/sq ft for a period
      of about 5 minutes. A run-in period of about 2-3 minutes was used to
      increase the voltage to operating levels. The specimen was subsequently
      nickel plated in the manner set forth in the previous examples. The peel
      strength of the nickel plate was found to be 12 pounds per lineal inch.
PAC  EXAMPLE 4
PAR  Another extrusion specimen was anodized in a 20% by weight phosphoric acid
      electrolyte at a temperature of about 107.degree.F at a voltage of about
      50 volts with a current density between 23 and 38 amps/sq ft for a period
      of 5 minutes. The initial voltage was applied rapidly to reach the
      operating voltage within 5 seconds. The specimen was subsequently nickel
      plated in the manner set forth in the previous example. The peel strength
      of the nickel plate was 33 pounds per lineal inch.
PAR  From the above examples, it is clear that the method of starting the
      anodizing procedure in accordance with the present invention provides an
      outstanding increase in the adhesion between the nickel plate and the
      aluminum substrate.
PAR  It is obvious that various modifications and improvements can be made to
      the present invention without departing from the spirit thereof and the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the electrolytic plating of nickel onto an aluminum substrate having
      low levels of insoluble intermetallic particles wherein the aluminum
      substrate is first anodized in an acidic aqueous electrolyte containing
      only phosphoric acid as the acid species and then a layer of nickel is
      electrolytically plated onto the anodized substrate from an acidic aqueous
      solution containing at least one nickel compound, the improvement
      comprising controlling the anodizing procedure so that a predetermined
      voltage in the range between about 45 and 75 volts is reached within 30
      seconds from the start of the anodizing procedure, causing a high initial
      current density not exceeding 120 amps/ft.sup.2 which decays to a level
      between 15 and 50 amps/ft.sup.2.
NUM  2.
PAR  2. The method of claim 1 wherein the predetermined voltage is reached
      within 15 seconds from the start of anodizing.
NUM  3.
PAR  3. The method of claim 1 wherein the high initial current density during
      said 30-second interval exceeds the level to which the current density
      decays by a factor of at least 2.
NUM  4.
PAR  4. The method of claim 1 wherein the anodizing electrolyte contains from
      about 1-50% by weight phosphoric acid.
NUM  5.
PAR  5. The method of claim 1 wherein the temperature of the anodizing bath
      ranges from about 85.degree.-130.degree.F.
NUM  6.
PAR  6. The method of claim 1 wherein the nickel compound is selected from the
      group consisting of nickel sulfate, nickel chloride, nickel sulfamate and
      nickel phosphate.
NUM  7.
PAR  7. The method of claim 1 wherein the aluminum substrate is an aluminum
      alloy containing less than 0.30% by weight each of elements which exist as
      essentially insoluble intermetallic particles.
NUM  8.
PAR  8. The method of claim 7 wherein the aluminum substrate is a 7046 aluminum
      alloy.
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ABST
PAL  This invention covers the use of a selected group of sulfo-organic
      compounds as addition agents and particularly as microcracking agents in
      the electrodeposition of chromium from a conventional chromium plating
      bath. A particularly effective compound is thio diethanol, which when
      added to a fluosilicate bath gives a fine microcracked deposit in 21/2 and
      6 minutes. At shorter plating times, this compound improves the covering
      power of the bath.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the formation of an electrodeposit of chromium
      upon a conductive substrate. More particularly, the invention relates to
      the electrodeposition of chromium capable of forming a fine, uniform
      network of microcracks. This network provides improved corrosion
      protection for the substrate. The chromium is deposited from an aqueous
      bath containing a specific organic sulfur compound in an amount effective
      to produce a uniform microcrack pattern. Suitable organic sulfur compounds
      are thio diethanol, thio diacetaldehyde, thio diacetic acid and the
      corresponding sulfinyl and sulfonyl derivatives thereof. Other suitable
      compounds are disulfonated ethanol, disulfonated acetaldehyde,
      disulfonated acetic acid and the acid salts thereof.
PAR  2. Discussion of the Prior Art
PAR  In the field of decorative chromium electroplating, a principal objective
      has been traditionally to obtain a uniformly bright or lustrous deposit
      that provides adequate corrosion protection to the article being
      electroplated. This protection was thought to relate to and be dependent
      on the continuity of the electrodeposits.
PAR  Recently, however, the advantage of producing a discontinuous chromium
      layer having a fine system of micropores or microcracks has been
      recognized. These micropores or microcracks result in a substantial
      improvement in the corrosion protection of the plated article. Various
      mechanisms have been used for developing the microcracks or micropores
      including the following:
PAR  A. Electrodepositing onto a conductive substrate a highly stressed layer of
      nickel followed by a stressed layer of chromium, with the two layers
      interacting to develop a pattern of cracks. This is more completely
      described in U.S. Pat. No. 3,563,864.
PAR  B. Depositing discrete solid particles in or on a layer of nickel or cobalt
      followed by the electrodeposition of a thin chromium layer in a
      discontinuous manner around each particle. An example of this is shown in
      U.S. Pat. No. 3,152,971.
PAR  C. Lightly impinging small particles of sand or the like against a thin
      layer of chromium to form micropores extending through the layer and into
      the layer of nickel or cobalt therebeneath. This is more completely
      described in U.S. Pat. No. 3,625,039.
PAR  D. Inducing stress in the chromium layer by incorporating a suitable
      microcracking agent or stress producer into the chromium plating bath as
      described in U.S. Pat. No. 3,758,390. The crack throw and covering power
      of the bath is not, however, totally satisfactory.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a chromium plating bath to which is added
      a sulfo-organic microcracking agent, and to a process of using this bath
      in the production of a highly protective decorative electrodeposit of
      chromium.
PAR  The microcracking agent is selected from one of the following groups of
      compounds:
EQU  1) Z.sub.1 --CH.sub.2 --S(O).sub.n --CH.sub.2 --Z.sub.2
PAL  and
      ##EQU1##
      where n is an integer between 0 and 2 inclusive and where Z.sub.1 and
      Z.sub.2 are independently selected from the group consisting of --CHO,
      --CH.sub.3, --CH.sub.2 OH and --COOH and the soluble salts thereof. The
      agent is used in an amount effective to develop a fine network of
      microcracks in the layer of chromium during a plating time of between 21/2
      and 10 minutes. The microcracking agent is typically added as a soluble
      solid or an aqueous solution thereof to a chromic acid plating bath
      containing SiF.sub.6 .sup.-.sup.- and SO.sub.4 .sup.-.sup.- ions.
PAR  Suitable organic sulfur compounds are thio diethanol, thio diacetaldehyde,
      thio diacetic acid and the corresponding sulfinyl and sulfonyl derivatives
      thereof. Other suitable compounds are disulfonated ethanol, disulfonated
      acetaldehyde, disulfonated acetic acid and the salts thereof.
PAR  Plating is conducted at a current density of between about 5 and 25 amps
      per square decimeter (a/dm.sup.2) and a temperature of between 40.degree.
      and 55.degree. Centigrade until a chromium layer having a thickness of at
      least 0.25 microns is formed.
PAR  The following advantages are noted when an effective amount, typically
      between 4 and 12 grams per liter, of the agent is added to a chromic acid
      plating bath:
PAR  1. Short plating time, as short as 21/2 minutes can be used to develop an
      adequate pattern of microcracking.
PAR  2. The microcracking agent can be used in conventional chromic acid plating
      baths without substantially changing the bath or without modifying
      existing plating equipment.
PAR  3. The microcracking agent exhibits good stability in the plating bath.
PAR  4. Electroplating can be carried out with a low concentration of SO.sub.4
      .sup.-.sup.- ions without the deposit developing an undesirable milky
      appearance.
PAR  5. In some instances, the agent improves the covering power of the bath
      when depositing a thin, non-microcracked layer of chromium, as well as
      with thicker deposits.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In more detail, this invention relates to the use of a particular
      sulfo-organic compound as a microcracking agent in a decorative chromium
      electroplating bath. The bath typically is made up to have the following
      composition:
TBL  COMPONENT                                                                 
              BROAD           PREFERRED                                        
     ______________________________________                                    
     CrO.sub.3                                                                 
              150-380 g/l     200-250 g/l                                      
     SiF.sub.6.sup.=                                                           
              .6-5.1 g/l      1.2-3.0 g/l                                      
     H.sub.3 BO.sub.3                                                          
              5 g/l - sat.    10-20 g/l                                        
     SO.sub.4.sup.=                                                            
              Sufficient amount to result in a weight                          
              ratio of CrO.sub.3 /SO.sub.4 .sup.= of between 150 to 1          
              and 600 to 1.                                                    
     ______________________________________                                    
PAR  Alternatively, a fluoride-free bath having between 150 and 380 g/l of
      CrO.sub.3 and sufficient SO.sub.4 .sup.-.sup.- to give a CrO.sub.3
      /SO.sub.4 .sup.-.sup.- ratio of between 80 to 1 and 200 to 1 can be used.
PAR  To either of the aforementioned baths is added the novel microcracking
      agent, which appears to act as a stress inducing agent. This compound is
      selected from one of two groups of compounds as follows:
PAR  A. A compound having the formula:
EQU  Z.sub.1 --CH.sub.2 --S(O).sub.n --CH.sub.2 --Z.sub.2
PAL  where Z.sub.1 and Z.sub.2 are individually selected from the group
      consisting of --CHO, --CH.sub.3, --CH.sub.2 OH and --COOH or a soluble
      salt thereof and where n is a whole number between 0 and 2.
PAR  B. A compound having the formula as follows:
      ##EQU2##
      wherein Z.sub.1 is likewise selected from the group consisting of --CHO,
      --CH.sub.3, --CHOH and COOH or a soluble salt thereof.
PAR  The following are exemplary compounds from the first group:
EQU  HOCH.sub.2 CH.sub.2 -- S -- CH.sub.2 CH.sub.2 OH (thio diethanol)
EQU  HOOCH.sub.2 C -- S -- CH.sub.2 COOH (thio diacetic acid)
      ##EQU3##
      Although the groups on either side of sulfur atom in the above mentioned
      compounds are the same, it should be noted that the groups can be
      different. For instance, one group can be an alcohol while the other is a
      carboxylic acid or its salt. Each of these compounds, when added to a
      plating bath in an amount between 4 and 12 g/l, is effective in developing
      a microcrack pattern in the electrodeposited layer of chromium. Because
      the compounds listed are apparently oxidized in the bath by chromic acid
      to the carboxy-sulfone material, addition of a smaller amount of the
      precursor compound is as effective as addition of a larger amount of the
      fully oxidized compound, the effectiveness being generally dependent on
      the molar concentration of the additive compound.
PAR  The second group of compounds has also been found to be effective in
      producing a uniformly microporous deposit when added in an amount of
      between 4 and 12 g/l.
PAR  Among members of this group are the following compounds:
EQU  OHC -- CH(SO.sub.3 K).sub.2   Acetaldehyde disulfonate
EQU  HOCH.sub.2 -- CH(SO.sub.3 K).sub.2   Ethanol disulfonate
EQU  HOOC -- CH(SO.sub.3 H).sub.2   Disulfonic acetic acid
PAR  The compounds in this group as well as the sulfones, sulfoxides and sulfide
      compounds of the first group can all be prepared by techniques known to
      the skilled organic chemist.
PAR  In utilizing the present invention, an electrodeposit of chromium is
      applied to a suitable conductive substrate such as nickel, cobalt or an
      alloy of the two. This substrate may itself comprise an electrodeposit
      over one or more copper or other deposits on an ultimate substrate of a
      metallic or non-metallic surface which has been suitably prepared. The
      chromium is typically deposited as a very thin layer having a thickness
      between 0.25 and 2.5 microns on top of a bright or lustrous nickel or
      cobalt layer to give a final product that is itself bright or lustrous.
PAR  Plating is carried out in a bath that normally requires no external
      agitation. The bubbling gases that evolve at the anode and cathode provide
      sufficient agitation to keep the bath components well mixed. The
      temperature of the bath is maintained at between 40.degree.C and
      55.degree. C. It is noted, that when using the microcracking agents of the
      present invention, plating at the upper limits of the temperature range
      results in a reduction of the crack throwing power, i.e. the ability to
      form a crack pattern in recesses and other areas of low current densities,
      of the bath. This is somewhat counterbalanced by the fact that a crack
      pattern occurs more rapidly at higher temperature. Thus, if the current
      density is uniform and the substrate being plated is not irregular in
      shape, higher plating temperature, accompanied by shorter plating times,
      are preferred. Under normal circumstances, however, a preferred
      temperature range for plating is between 42.degree.C and 46.degree.C.
PAR  Chromium plating using the bath of this invention is carried out at a
      current density of at least 5 a/dm.sup.2 and generally not above 25
      a/dm.sup.2. An average current density of about 15 a/dm.sup.2 is typical
      and minimizes the possibility the chromium layer will be too thin at lower
      current densities to produce cracking during reasonable plating times.
      Burning of the deposit which is likely to occur at high current densities
      is generally avoided at the above typical current densities.
PAR  A plating time of between about 2.5 and 10 minutes and preferably between
      about 3 and 8 minutes is required to give a deposit of adequate thickness
      to form a fine microcrack pattern. If the layer is too thin it is likely
      to have sparse microporosity; however, as the thickness increases, the
      micropore density likewise increases until, beginning at a thickness of
      about .25 microns, a definite microcrack pattern is formed.
PAR  A good microcrack pattern contains between about 100 and 1,000 fine cracks
      per lineal centimeter as opposed to a macrocrack pattern which contains on
      the order of 25 cracks per lineal centimeter. The microcracked surface
      does not have a spangled appearance which is characterized by relatively
      large surface areas each surrounded by cracks, giving a coarse microcrack
      pattern with some of these relatively large areas containing a network of
      cracks, giving a fine microcrack pattern. A spangled surface has a
      generally mottled appearance and is less attractive after corrosion than a
      uniformly fine microcrack pattern.
PAR  Microcracking does not occur to any appreciable extent during plating.
      Instead, the fine microcrack pattern is developed after plating by
      exposure of the chromium to a corrosive atmosphere or as the result of
      normal aging. Microcrack formation can be accelerated by immersing the
      plated article in hot water. at, e.g. a temperature of between 80.degree.
      C. and 100.degree. C., or in concentrated nitric acid. Also, the formation
      of microcracks can be induced by subjecting the article to an artificially
      induced corrosive atmosphere such as that used for Cass or Corrodkote
      testing.
PAR  The ranges and utilities of the chemicals in a standard chromic acid
      plating bath are all well known and documented. For example, the chromium
      trioxide forms chromic acid in the bath and is a source of hexavalent
      chromium ions which are reduced and are deposited as metallic chromium
      onto the conductive surface. The sulfate ion normally added to the bath as
      sulfuric acid or as a soluble alkaline earth or alkali metal sulfate, acts
      as a catalyst in securing the bright appearance of the deposit. The
      SO.sub.4 .sup.-.sup.- increases the crack throw of the bath, which is the
      ability of the deposited chromium to form microcracks, even in recesses
      and other areas where the chromium deposit is thin. Conversely, an excess
      of sulfate ions decreases the bath's covering power, that is the power to
      deposit chromium in the recess areas.
PAR  Fluoride ions added to the bath as SiF.sub.6 .sup.-.sup.-, fluoborate,
      sodium fluoride, HF, H.sub.2 TiF.sub.6 or other soluble form display
      catalytic activity in the bath, thus serving to promote the deposition of
      bright chromium and the formation of microcracks.
PAR  Boric acid, although not essential to the operation of the bath, does, when
      present, serve to improve the covering power of the same. If used at all,
      the boric acid should be present in the amount of at least 5 g/l to
      saturation. A preferred range is between 10 and 20 g/l. When present in
      amounts less than 5 g/l, the boric acid can have a detrimental effect on
      the operation of the bath.
PAR  Use of a selenium compound such as sodium selenate, in an amount between
      about 0.003 and about 0.02 g/l of Na.sub.2 SeO.sub.4 or its equivalent,
      while not essential to the operation of the bath, serves to promote
      microcracking of the chromium. This makes possible a shorter plating time,
      a reduced current density, or both to secure an adequate microcrack
      pattern. As is well known to the experienced in the art of chromium
      plating, excessive amounts of selenium compounds result in the deposit
      having a blue appearance. Hence, the amount of sodium selenate used is
      generally limited to not over 0.01 g/l.
PAR  A bath containing only sulfate ions as the "catalyst" will serve to provide
      microcracking when the sulfur containing compounds of this invention are
      present. However, such a bath requires a larger amount of sulfate ion than
      when a fluorine containing ion is present. This greater amount of sulfate
      reduces the covering power of the chromium. Also, such a bath requires a
      greater concentration of the sulfur containing compound to secure
      microcracking. Further, the microcracked chromium secured in the absence
      of a fluorine containing catalyst additive tends to be less uniform in its
      crack pattern than when the fluoride catalyst is present.
PAR  As with the fluorine compound containing baths, a chromium plating bath
      containing sulfate and sulfur containing compounds which are present
      according to this invention, has its microcracking properties enhanced by
      inclusion in the bath of an effective amount of a soluble selenium
      compound.
PAR  The following examples are presented to more fully explain the operation of
      the present invention:
PAC  EXAMPLE 1
PAR  Flat steel panels 3.8 .times. 15.3 centimeters were plated for 18 minutes
      in a bright acid copper bath at 4 a/dm.sup.2. They were then plated for
      12-15 minutes with nickel from a standard bright nickel plating bath at
      140.degree. F. using a current density of 4 a/dm.sup.2.
PAR  One control panel was plated with a layer of chromium in a bath having the
      following composition:
TBL  CrO.sub.3        200 g/l                                                  
     SO.sub.4.sup.=    .6 g/l                                                  
     H.sub.3 BO.sub.3  15 g/l                                                  
     Fluorosilic acid 1.5 g/l                                                  
PAL  Plating was carried out at 16 a/dm.sup.2 for three minutes.
PAR  To this bath was added five g/l of dihydroxyethyl sulfone. Panel No. 2 was
      plated for 4 minutes at 16 a/dm.sup.2 and panel No. 3 for 5 minutes at the
      same current density (16 a/dm.sup.2), both at 49.degree. C. Panel No. 4
      was plated in a similar bath containing 8 g/l of the sulfone compound,
      also at 16 a/dm.sup.2 for 3 minutes at 49.degree. C.
PAR  After plating, the panels were immersed in water at 88.degree. C. for 2
      minutes and were then subjected to a Dubpernell Test to permit a visual
      observation of the microcrack formation. In the Dubpernell Test, the four
      panels were made cathodic in a bath of 250 g/l of CuSO.sub.4 and 25 g/l of
      H.sub.2 SO.sub.4 for 2 minutes at 0.3 volts to deposit copper in the
      cracks. Panel No. 1 plated in the chromium bath containing no sulfone
      compound developed a coarse macrocrack pattern. Panels 2, 3 and 4,
      however, when plated from a bath containing the sulfone compound of the
      present invention, were all found to have a well developed and uniform
      microcrack pattern. When additional panels, plated under conditions
      similar to those used for panels 2, 3 and 4, were subjected to a standard
      corrodkote test, there was no penetration to the base metal even after 100
      hours of exposure whereas severe pitting occurred on a control panel
      identical to panel -1 after only  20 hours of exposure.
PAR  Additional tests carried out on variations of this bath which included
      dihydroxyethyl sulfone revealed the following:
PAR  A. The preferred concentration of SO.sub.4 .sup.-.sup.- is between 0.4 and
      1.0 g/l. Increasing the SO.sub.4 .sup.-.sup.- concentration above this
      upper limit causes a severe reduction in the covering power of chromium.
PAR  B. The use of the sulfone compound in large amounts also reduces the
      covering power of the bath. A range of between 4.5 and 6.0 g/l was found
      to be a preferable range.
PAR  C. The covering power of the chromium bath is slightly better at 43.degree.
      C. than at 49.degree. C.
PAR  D. A minimum plating time of 2.5 minutes is required to obtain adequate
      microcracking at moderate current densities. At low current densities
      below 10 a/dm.sup.2, minimum plating times of six minutes are required to
      obtain microcracking.
PAR  E. This dihydroxyethyl sulfone, particularly when used with low levels of
      SO.sub.4 .sup.-.sup.-(0.3 - 5 g/l) improves the covering power of the bath
      when depositing thin decorative, non-microcracking chromium deposits.
PAC  EXAMPLE 2
PAR  Two plating baths were prepared as follows:
TBL             Bath No. 1  Bath No. 2                                         
     ______________________________________                                    
     CrO.sub.3    200 g/l       200 g/l                                        
     SO.sub.4.sup.=                                                            
                   .20 g/l       .5 g/l                                        
     H.sub.3 BO.sub.3                                                          
                   15 g/l        15 g/l                                        
     SiF.sub.6.sup.=                                                           
                  1.5 g/l        .9 g/l                                        
     ______________________________________                                    
PAR  Flat steel panels of the type used in Example 1 plated with a layer of
      bright nickel were used. Five grams of acetaldehyde disulfonate were added
      to bath No. 1 and 3.5 g/l of the disulfonate were added to bath No. 2
      after which panels were plated at 16 a/dm.sup.2 and 47.degree. -
      49.degree. C. for 3 to 4 minutes. These panels as well as two control
      panels plated from the same baths before the addition of the disulfonate
      were immersed in hot water and were then subjected to a Dubpernell Test. A
      good flat panel microcrack pattern was noted on the panels plated from the
      baths containing the disulfonate. Conversely, macrocracks were formed on
      the control panels.
PAC  EXAMPLE 3
PAR  A non-fluoride plating bath was prepared as follows:
TBL         CrO.sub.3     200 g/l                                              
            SO.sub.4.sup.=                                                     
                          1.5 g/l                                              
PAR  To this bath was added 10 g/l of dihydroxyethyl sulfide. After allowing
      time for the oxidation reaction to proceed, and a period of dummying,
      panels were plated at 16 a/dm.sup.2 at 49.degree. C. Although some
      microcracking of the chromium occurred in a 6 minute deposit, the
      microcracking was finer and had a more uniform deposit with 8 minute
      deposition time. Addition of 0.005 g/l of sodium selenate gave somewhat
      finer, more uniform cracking.
PAR  Thus, the examples clearly illustrate the marked improvement in microcrack
      formation resulting from the inclusion of specific sulfur-organic
      compounds in an aqueous chromium plating bath.
PAR  Although the foregoing has described the invention and has provided details
      for making and using the invention, it is not to be construed as a
      limitation thereof.
CLMS
STM  Instead, the protection of this invention is limited by the following
      claims.
NUM  1.
PAR  1. The method of electroplating a microcracked layer of chromium onto a
      conductive substrate comprising electrolyzing an aqueous bath, said bath
      consisting of
PA1  a. A chromium compound for providing hexavalent chromium ions,
PA1  b. An effective amount of at least one catalyst selected from the group
      consisting of sulfate ions, simple fluoride ions, complex fluoride ions
      and mixtures thereof, and
PA1  c. Optionally H.sub.3 BO.sub.3 in an amount between 5 grams per liter and
      saturation, and/or between about 0.003 and 0.02 grams/liter of Na.sub.2
      SeO.sub.4, to which has been added: 4 - 12 grams/liter of an organic
      sulfur compound, said compound selected from the group consisting of
PA2  1. A compound having the formula
EQU  Z.sub.1 --CH.sub.2 --S(O).sub.n --CH.sub.2 --Z.sub.2
PA2    where n is 0, 1 or 2, and
PA2  2. A compound containing the anion
      ##EQU4##
        wherein Z.sub.1 and Z.sub.2 are organic radicals independently chosen
      from the group consisting of
EQU  --CH.sub.3
EQU  --ch.sub.2 oh
EQU  --cho
PAL  and
EQU  --COOH
PAL  and depositing a layer of chromium from said bath onto the surface of the
      conductive substrate immersed in said bath.
NUM  2.
PAR  2. The method of claim 1 wherein the chromium compound is CrO.sub.3 present
      in an amount of between 150 and 380 g/l.
NUM  3.
PAR  3. The method of claim 1 wherein the plating bath contains complex fluoride
      ions present as SiF.sub.6 .sup.-.sup.- in a concentration of between 0.6
      and 5.1 g/l and SO.sub.4 .sup.-.sup.- ions in a sufficient amount to
      result in a weight ratio of CrO.sub.3 /SO.sub.4 .sup.-.sup.- of between
      150 to 1 and 600 to 1.
NUM  4.
PAR  4. The method of claim 1 wherein the bath contains SO.sub.4 .sup.-.sup.-
      ions as the sole catalyst in a sufficient amount to result in a weight
      ratio of CrO.sub.3 /SO.sub.4 .sup.-.sup.- of between 80 to 1 and 200 to 1.
NUM  5.
PAR  5. The method of claim 1 wherein the chromium is deposited to a thickness
      of between about 0.25 microns and 3.5 microns.
NUM  6.
PAR  6. The method of claim 5 wherein the temperature of the chromium plating
      bath is maintained at between 40.degree. and 55.degree. C during plating.
NUM  7.
PAR  7. The process of claim 6 wherein plating is carried out at a current
      density of between about 5 and about 25 amps per square decimeter.
NUM  8.
PAR  8. The process of claim 7 wherein the plating time is between 2.5 and 10
      minutes.
NUM  9.
PAR  9. The method of claim 1 in which the plating bath contains between 0.003
      and about 0.02 grams/liter of sodium selenate.
NUM  10.
PAR  10. In an aqueous electrolytic plating bath for electrodepositing
      microcracked chromium consisting of
PA1  a. Between 150 grams per liter and 380 grams per liter of CrO.sub.3, and
PA1  b. An effective amount of at least one catalyst selected from the group
      consisting of sulfate ions, simple flouride ions, complex fluoride ions
      and mixtures thereof, and
PAR  c. Optionally at least 5 grams/liter of H.sub.3 BO.sub.3 and/or between
      about 0.003 and 0.02 grams/liter of Na.sub.2 SeO.sub.4,
PAL  the improvement comprising the inclusion of between 4 and 12 g/l of an
      organic sulfur compound selected from the group consisting of
PA2  1. A compound having the formula
EQU  Z.sub.1 --CH.sub.2 --S(O).sub.n --CH.sub.2 --Z.sub.2
PA2    where n is 0, 1 or 2, and
PA2  2. A compound containing the anion
      ##EQU5##
        wherein Z.sub.1 and Z.sub.2 are independently chosen from the group
      consisting of
EQU  --CH.sub.3
EQU  --ch.sub.2 oh
EQU  --cho
PAL  and
EQU  --COOH.
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ABST
PAL  A method of producing a tantalum capacitor wherein the tantalum anode of
      the capacitor is anodised in an electrolyte which is maintained at a
      temperature of not greater than 25.degree.C, the value of the anodising
      current density being selected so that heat dissipation is minimised and
      the electrolyte concentration is maintained.
BSUM
PAR  The invention relates to a method of producing tantalum capacitors.
PAR  It has been found that during the production of tantalum capacitors when
      the tantalum anodes are being anodised by conventional techniques, small
      crystals of oxide nucleate within the normally amorphous anodic film which
      is formed on the surface of the anode during the anodising process. When
      the tantalum capacitors are subsequently used, these crystalline elements
      can grow radially and thereby displace the amorphous oxide from the
      surface of the anode. This process of field crystallization, which is
      enhanced at high voltages and high temperatures, results in a severe
      degradation of the dielectric properties of the capacitors. In particular,
      the capacitance value decreases and the dissipation factor and leakage
      current increase.
PAR  The invention provides a method of producing a tantalum capacitor which
      includes the steps of providing a tantalum anode; and anodising the
      tantalum anode in an electrolyte which is maintained at a temperature of
      not greater than 25.degree.C, the value of the anodising current density
      being selected so that heat dissipation is minimized and the electrolyte
      concentration is maintained. The tantalum anode can be a sintered powder
      anode or a foil type anode and the electrolyte can for example be composed
      of an aqueous phosphate solution such as an aqueous solution of phosphoric
      acid. There are many other electrolytes which could be used, for example,
      aqueous solutions of sulphuric acid, sodium sulphate, oxalic acid or
      citric acid. The tantalum capacitors produced by the method can be of any
      type.
DETD
PAR  The foregoing and other features according to the invention will be better
      understood from the following description of specific embodiments of the
      invention.
PAR  It has been found that the number of crystalline areas that are, as
      previously stated, formed during the operation of any of the known types
      of tantalum capacitors can be minimized by producing the capacitors by the
      method according to the present invention.
PAR  In the method according to the present invention the tantalum anodes for
      the capacitors which can be formed by tantalum foil or be in the form of a
      sintered powder body are anodised in an electrolyte which is maintained at
      a temperature of not greater than 25.degree.C during the anodising
      process, the value of the anodising current density being as high as
      possible within the limitations imposed by heat dissipation and the
      necessity to restrain changes in the concentration of the electrolyte. The
      anodising current density considerations are especially important when
      dealing with sintered tantalum powder anodes.
PAR  A typical electrolyte which can be used is composed of an aqueous phosphate
      solution such as an aqueous solution of phosphoric acid. There are of
      course many other electrolytes which could be used, for example, aqueous
      solutions of sulphuric acid, sodium sulphate, oxalic acid and citric acid.
      Also, any one of these electrolyte formulations can contain glycol.
PAR  The influence of the anodising conditions of the method according to the
      invention on the degree of field crystallization for 70 volt tantalum foil
      capacitors after storage for 150 hours at a temperature of 85.degree.C
      with the rated voltage applied is given in the following table.
TBL  ______________________________________                                    
     Anodising  Anodising Current                                              
     Temperature                                                               
                Density          Crystalline Area                              
     (.degree.C)                                                               
                (mA cm.sup..sup.-2)                                            
                                 (%)                                           
     ______________________________________                                    
     20         0.1              &lt;0.1                                          
                2.0              &lt;0.1                                          
     85         0.1              14.8                                          
                2.0               0.5                                          
     ______________________________________                                    
PAR  These capacitors utilized tantalum foil anodes and the tantalum foils were
      anodised to the same thickness, i.e. 2000A, in an aqueous solution of 1%
      phosphoric acid using the different temperature and current density
      conditions given in the above table. The capacitors were filled with 2%
      nitric acid and polarized at a temperature of 85.degree.C for 150 hours
      with 70 volts applied.
PAR  It can, therefore, be seen from the above table that the anodising steps of
      the method according to the present invention should generally be effected
      at a low temperature and a high current density. These conditions are
      diametrically opposite to those that are conventionally employed.
PAR  Thus, in a preferred method according to the invention the electrolyte
      should be composed of an aqueous solution of 5% phosphoric acid and should
      be maintained at a temperature of 25.degree.C. The current density of
      anodisation should be in the range 0.1 to 10.0 mA cm.sup.-.sup.2. The
      lower end of this current density range would be used for sintered
      tantalum powder electrodes while the upper end of the range would be used
      for tantalum foil electrodes.
PAR  In further tests performed with 125 volt tantalum capacitors which were
      produced by the method according to the invention to the same nominal
      capacitance value of 30.mu.F and which employ sintered powder anodes and
      contain a working electrolyte composed of 40% sulphuric acid, the
      capacitors where stored at a temperature of 85.degree.C with the rated
      voltage of 125 volts applied and the resulting leakage current versus
      storage period characteristics of the capacitors produced at anodisation
      temperatures of 25.degree.C and 85.degree.C are given in the following
      table.
TBL  __________________________________________________________________________
     Anodisation                                                               
            Leakage Current at 85.degree.C (.mu.A)                             
     Temperature                                                               
            Time of Storage (Hr)                                               
     (.degree.C)                                                               
             50 210 300 420 500 820 1040                                       
                                        1340                                   
                                            1660                               
     __________________________________________________________________________
     25     1.7 3.5 4.5 6.0 9.0 11.5                                           
                                    17.5                                       
                                        28.5                                   
                                            44.5                               
     85     2.2  14  24  32                                                    
     __________________________________________________________________________
PAR  The sintered porous anodes of the 125 volt tantalum capacitors were
      anodised in an electrolyte composed of an aqueous solution of 1%
      phosphoric acid and glycol to a concentration of 50 percent, the
      electrolyte being maintained at the different anodisation temperature
      conditions given in the above table. The current densities of anodisation
      and the form down times were similar for both cases, the current densities
      being approximately 0.1mA cm.sup.-.sup.2.
PAR  It can, therefore, be seen from the above table that tantalum capacitors
      produced by the method according to the invention can be stored over
      considerably longer periods than tantalum capacitors produced by known
      methods.
PAR  It is to be understood that the foregoing description of specific examples
      of this invention is made by way of example only and is not to be
      considered as a limitation in its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a tantalum capacitor which includes the steps of
      providing a tantalum anode and anodising the tantalum anode in an
      electrolyte which is maintained at a temperature of not greater than
      25.degree.C, the value of the anodising current density being selected so
      that heat dissipation is minimised and the electrolyte concentration is
      maintained.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the electrolyte is composed of an
      aqueous phosphate solution.
NUM  3.
PAR  3. A method as claimed in claim 2 wherein the aqueous phosphate solution is
      an aqueous solution of phosphoric acid.
NUM  4.
PAR  4. A method as claimed in claim 3 wherein the anode is composed of tantalum
      foil, wherein the tantalum foil is anodised in an aqueous solution of 1%
      phosphoric acid maintained at a temperature of 20.degree.C and wherein the
      anodising current density is in the range 0.1 to 10.0mA cm.sup.-.sup.2.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the electrolyte is composed of an
      aqueous solution of any one of the acids selected from the group
      consisting of sulphuric acid, oxalic acid and citric acid.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein the electrolyte is composed of an
      aqueous solution of sodium sulphate.
NUM  7.
PAR  7. A method as claimed in claim 1 wherein the electrolyte includes glycol.
NUM  8.
PAR  8. A method as claimed in claim 1 wherein the anode is a sintered powder
      anode, wherein the electrolyte is composed of an aqueous solution of 1%
      phosphoric acid and glycol to a concentration of 50% and wherein the anode
      is anodised at a temperature of 25.degree.C and a current density of 0.1mA
      cm.sup.-.sup.2.
NUM  9.
PAR  9. A method as claimed in claim 1 wherein the electrolyte is composed of an
      aqueous solution of 5% phosphoric acid and wherein the current density of
      anodisation is in the range 0.1 to 10.0 mA cm.sup.-.sup.2.
NUM  10.
PAR  10. A tantalum capacitor comprising a tantalum anode having an anodic oxide
      coating thereon produced by the method as claimed in claim 1.
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ABST
PAL  An electrode for use in electrolytic processes, comprises a valve metal
      substrate, a coating thereon of conductive tin oxide containing a doping
      amount of tungsten, preferably up to about one mole percent of tungsten,
      based on moles of tin, and an outer coating of a noble metal or noble
      metal oxide.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part application of U.S. patent
      application Ser. No. 494,110, now U.S. Pat. No. 3,882,002 filed Aug. 2,
      1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improved electrodes particularly adapted
      for use as anodes in electrochemical processes involving the electrolysis
      of brines.
PAR  A variety of materials have been tested and used as anodes in electrolytic
      cells. In the past, the material most commonly used for this purpose has
      been graphite. However, the problems associated with the use of graphite
      anodes are several. The chlorine overvoltage of graphite is relatively
      high, in comparison for example with the noble metals. Furthermore, in the
      corrosive media of an electrochemical cell graphite wears readily,
      resulting in substantial loss of graphite and the ultimate expense of
      replacement as well as continued maintenance problems resulting from the
      need for frequent adjustment of spacing between the anode and cathode as
      the graphite wears away. The use of noble metals and noble metal oxides as
      anode materials provides substantial advantages over the use of graphite.
      The electrical conductivity of the noble metals is substantially higher
      and the chlorine overvoltage substantially lower than that of graphite. In
      addition, the dimensional stability of the noble metals and noble metal
      oxides represents a substantial improvement over graphite. However, the
      use of noble metals as a major material of construction in anodes results
      in an economic disadvantage due to the excessively high cost of such
      materials.
PAR  In attempts to avoid the use of the expensive noble metals, various other
      anode materials have been proposed for use as coatings over valve metal
      substrates. In U.S. Pat. No. 3,627,669, it is disclosed that mixtures of
      tin dioxide and oxides of antimony can be formed as adherent coatings on a
      valve metal substrate to form an anode useful in electrochemical
      processes. In the electrolytic production of chlorine, anodes of this type
      provide the advantage of economy in the elimination of the use of
      expensive noble metals or noble metal oxides. In addition the tin oxide
      coating provides an effective protection for the substrate. However, the
      tin oxide compositions, although useful as an anode material, exhibit a
      chlorine overvoltage that is substantially higher than that of the noble
      metals or noble metal oxides. Thus, despite the elimination of expensive
      noble metals, the cost of chlorine production, in processes using such
      anodes, is relatively high.
PAR  Considerable effort has been expended in recent years in attempts to
      develop improved anode materials and structures utilizing the advantages
      of noble metals or noble metal oxides. A great amount of effort has been
      directed to the development of anodes having a high operative surface area
      of noble metal or noble metal oxide in comparison with the total quantity
      of the material employed. This may be done, for example, by employing the
      noble metal as a thin film or coating over an electrically conductive
      substrate. However, when it is attempted to minimize the aforementioned
      economic disadvantage of the noble metals by applying them in the form of
      very thin films over a metal substrate, it has been found that such very
      thin films are often porous. The result is an exposure of the substrate to
      the anode environment, through the pores in the outer layer. In addition,
      in normal use in an electrolytic cell, a small amount of wear, spalling or
      flaking off of portions of the noble metal or noble metal oxide is likely
      to occur, resulting in further exposure of the substrate. Many materials,
      otherwise suitable for use as a substrate are susceptible to chemical
      attack and rapid deterioration upon exposure to the anode environment. In
      an attempt to assure minimum deterioration of the substrate under such
      circumstances, anode manufacturers commonly utilize a valve metal such as
      titanium as the substrate material. Upon exposure to the anodic
      environment, titanium, as well as other valve metals, will form a surface
      layer of oxide which serves to protect the substrate from further chemical
      attack. The oxide thus formed, however, is not catalytically active and as
      a result the operative surface area of the anode is decreased.
PAR  Accordingly, it is an object of the present invention to provide improved
      electrodes for use as anodes in electrolytic processes. It is a further
      object to provide such anodes having an operative surface of noble metal
      or noble metal oxide and having improved efficiency and maintenance
      characteristics.
PAC  STATEMENT OF INVENTION
PAR  This invention provides a novel electrode, especially suited for use as an
      anode in chlor-alkali cells and alkali metal chlorate cells, the novel
      electrode comprising a valve metal substrate having a protective coating
      thereon of conductive tin oxide containing a doping amount of tungsten and
      an outer coating of a noble metal or noble metal oxide. Preferably the
      coating of conductive tin oxide contains up to about one mole percent of
      tungsten based on moles of tin. Electrodes of this type exhibit a high
      degree of durability in addition to the relatively low overvoltage
      characteristics of a noble metal or noble metal oxide, making them
      well-suited for use as anodes in the electrolytic production of chlorine.
PAR  Among the advantages of such construction is the protection afforded the
      substrate by the coating of doped tin oxide. The preferred substrate
      materials of the anodes of this invention are the valve metals, such as
      titanium, tantalum, niobium or zirconium, especially titanium. However,
      where suitably thick intermediate layers of tin oxide are employed, other
      more conductive metals may be considered for use as substrates. The doped
      tin oxide coating, which may range in coating weight for example from
      about 0.1 grams per square meter to 100 grams per square meter or more,
      depending on the degree of protection desired, prevents contact of the
      substrate and the electrolyte, thus preventing or minimizing corrosion or
      surface oxidation and the attendant deterioration or passivation of the
      substrate. At the same time, the outer layer provides the advantageous
      catalytic properties of the noble metals or noble metal oxides. In
      addition, the protective layer of tungsten doped tin oxide permits the use
      of a relatively thin layer of the noble metal or noble metal oxide and a
      consequent savings resulting from a minimal use of a precious metal.
      Typically, the layer of noble metal or noble metal oxide will have a
      coating weight in the range of about 0.1 grams per square meter to about
      20 grams per square meter or higher and preferably about 3 to 10 grams per
      square meter in thickness. The disadvantage of pores or pinholes in the
      noble metal layer common in extremely thin layers is obviated by the
      presence of the intermediate layer of conductive tin oxide. Pores or
      pinholes in  he noble metal layer, or wearing away of that outer layer
      over long periods of use result in the gradual exposure of the tin oxide
      layer. The intermediate layer of tin oxide will continue to provide a
      catalytically active surface in those exposed areas. The catalytic
      characteristics of tin oxide, although not as high as the noble metals or
      noble metal oxides, is higher than that of the valve metal oxide. Thus,
      the overall deterioration of the catalytic properties of the anode is more
      gradual and maintenance problems are accordingly lessended.
PAR  In addition, it has been found that the intermediate layer of tin oxide
      provides an increase in surface area of the anode with a consequent
      improvement in overvoltage. Furthermore, the adhesion of the noble metal
      or noble metal oxide to the substrate may be increased by the presence of
      the intermediate layer of tin oxide and the problem of spalling of the
      surface layer thereby reduced.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The novel electrodes of this invention may be employed in various
      electrochemical processes and are especially suited for use as an anodes
      in electrolytic cells, such as chlor-alkali cells and alkali metal
      chlorate cells for the electrolysis of brines. The cathode of such a cell
      may be formed of an electrically conductive material which is resistant to
      attack under conditions of electrolysis. Thus, for example, a cathode of
      graphite, iron, steel, or other electrically conductive, resistant
      material may be employed. In a chlor-alkali cell, for the production of
      chlorine and caustic, the anode and the cathode are separated by a
      diaphragm, thereby minimizing the flow of liquids from the anode
      compartment to the cathode compartment of the cell. The diaphragm may be
      of the asbestos type or, preferably, of the membrane type, which is
      impervious to both liquids and gases and which provides a control of ionic
      and molecular migration during electrolysis. Suitable cation-active
      permselective membranes which may be employed are disclosed in co-pending
      application Ser. No. 564,529, filed Apr. 2, 1975.
PAR  In the alkali metal chlorate cells, the brine solution to be electrolyzed
      is preferably substantially saturated and slightly acidified. Generally, a
      small amount, such as two grams per liter, of sodium dichromate is added
      to the brine solution to reduce the corrosive action of hypochlorous acid
      which may be liberated by hydrochloric acid that may be present in the
      electrolysis. In such a cell the electrolysis products are allowed to mix,
      forming alkali metal hypochlorites which in turn are oxidized to alkali
      metal chlorates.
PAR  The valve metal substrate which forms the inner or base component of the
      anode is an electroconductive metal having sufficient mechanical strength
      to serve as a support for the coating and having a high degree of chemical
      resistivity, especially to the anodic environment of electrolytic cells.
      Typical valve metals include, for example, Ti, Ta, Nb, Zr, and alloys
      thereof. The valve metals are well known for their tendency to form an
      inert oxide film upon exposure to an anodic environment. The preferred
      valve metal, based on cost and availability as well as electrical and
      chemical properties is titanium. The conductivity of the substrate may be
      improved, if desired, by providing a central core of a highly conductive
      metal such as copper. In such an arrangement, the core must be
      electrically connected to and completely protected by the valve metal
      substrate.
PAR  Tin oxide can be readily formed as an adherent coating on a valve metal
      substrate, in a manner described hereinafter, to provide a protective,
      electrically conductive layer which is resistant to chemical attack in
      anodic environments. Pure tin oxide however has a relatively high
      electrical resistivity in comparison to metals and exhibits undesirable
      change in electrical resistivity as a function of temperature. It is well
      known that the electrical stability of tin oxide coatings may be
      substantially improved and the electical resistivity lowered through the
      introduction of a minor proportion of a suitable inorganic material
      (commonly referred to as a "dopant"). A variety of materials, especially
      various metal oxides and other metal compounds and mixtures thereof, have
      been disclosed in the prior art as suitable dopants for stabilizing and
      lowering the electrical resistivity of tin oxide compositions. Among the
      materials shown in the prior art to be useful as dopants in conductive tin
      oxide compositions are included, for example, fluorine compounds,
      especially the metal salts of fluorine, such as sodium fluoride, potassium
      fluoride, lithium fluoride, berylium fluoride, aluminum fluoride, lead
      fluoride, chromium fluoride, calcium fluoride, and other metal fluorides;
      hydrazine, phenylhydrazine; phosphorus compounds such as phosphorus
      chloride, phosphorus oxychloride, ammonium phosphate, organic phosphorus
      esters such as tricresyl phosphate; as well as compounds of tellurium,
      tungsten, antimony, molybdenum, arsenic, and others and mixtures thereof.
      The conductive tin oxide coatings of this invention comprise tin oxide,
      containing a doping amount of tungsten. The preferred tin oxide coatings
      of this invention comprise tin oxide containing up to about 1.0 mole
      percent of tungsten and most preferably about 0.004 to about 0.4 mole
      percent of tungsten relative to moles of tin.
PAR  Conductive tin oxide coatings may be adherently formed on the surface of
      the valve metal substrate by various methods known in the art. Typically
      such coatings may be formed by first chemically cleaning the substrate,
      for example, by degreasing and etching the surface in a suitable acid,
      e.g., oxalic acid, then applying a solution of appropriate thermally
      decomposable salts, drying and heating in an oxidizing atmosphere. The
      salts that may be employed include, in general, various thermally
      decomposable inorganic or organic salts or esters of tin and tungsten
      including for example their chlorides, oxychlorides, alkoxides, alkoxy
      halides, resinates, amines and the like. Typical salts include for
      example, stannic chloride, stannous chloride, dibutyltin dichloride, tin
      tetraethoxide, tungsten hexachloride, tungsten oxy dichloride, and the
      like. Suitable solvents include for example, methyl alcohol, ethyl
      alcohol, propyl alcohol, isopropyl alcohol, butyl alcohol, pentyl alcohol,
      amyl alcohol, toluene, benzene and other organic and inorganic solvents as
      well as water.
PAR  The solution of thermally decomposable salts, containing for example, a
      salt of tin and a salt of tungsten, in the desired proportions, may be
      applied to the cleaned surface of the valve metal substrate by painting,
      brushing, dipping, rolling, spraying vapor or deposition, or other method.
      The coating is then dried by heating for example at about 100.degree. to
      200.degree. C for several minutes to evaporate the solvent, and then
      heating at a higher temperature, e.g., 250.degree. to 800.degree. C in
      oxidizing atmosphere to convert the tin and tungsten compounds to an oxide
      form. Alternatively, the solution of salts may be applied in a known
      manner, by spraying or vapor deposition on a preheated substrate, at a
      temperature such as 250.degree. to 800.degree.C. A process useful for the
      formation of films of tungsten doped tin oxide is disclosed in U.S. Pat.
      No. 2,692,836. The coating procedure may be repeated as many times as
      necessary to achieve a desired coating weight or thickness. The final
      coating weight of the conductive tin oxide coating may vary considerably,
      but is preferably in the range of about 3 to about 30 grams per square
      meter. Although the exact form in which the tungsten is present in the
      final oxide coating is not certain, it is assumed to be present as a
      replacement for tin in a tin dioxide lattice structure.
PAR  The outer coating of the anode comprises a noble metal or noble metal oxide
      such as platinum, iridium, rhodium, palladium, ruthenium or osmium or
      mixtures or alloys of these metals or the oxides or mixtures of the oxides
      of these metals. An outer coating of a noble metal may be applied by known
      methods such as electroplating, chemical deposition from a platinum
      coating solution, spraying, or other methods.
PAR  Preferably, the outer coating of the anode comprises a noble metal oxide.
      Noble metal oxide coatings may be applied by first depositing the noble
      metal in the metallic state and then oxidizing the noble metal coating,
      for example, by galvanic oxidation or chemical oxidation by means of an
      oxidant such as an oxidizing salt melt, or by heating to an elevated
      temperature, e.g., 300.degree. C to 600.degree. C or higher in an
      oxidizing atmosphere such as air, oxygen, at atmospheric or
      superatmospheric pressures to convert the noble metal coating to a coating
      of the corresponding noble metal oxide. Other suitable methods include,
      for example, electrophoretic deposition of the noble metal oxide; or
      application of a dispersion of the noble metal oxide in a carrier, such as
      alcohol, by spraying, brushing, rolling, dipping, painting, or other
      method onto the tin oxide surface followed by heating at an elevated
      temperature to evaporate the carrier and sinter the oxide coating. A
      preferred method for the formation of the noble metal oxide coating
      involves coating the conductive tin oxide surface with a solution of a
      noble metal compound, evaporating the solvent and converting the coating
      of noble metal compound to the oxide by chemical or electrochemical
      reaction. For example, the conductive tin oxide surface may be coated with
      a solution of a thermally decomposable salt of a noble metal, such as a
      solution of a noble metal halide in an alcohol, evaporation of the
      solvent, followed by heating at an elevated temperature such as between
      about 300.degree. C and 800.degree. C in an oxidizing atmosphere such as
      air or oxygen for a period of time sufficient to convert the noble metal
      halide to a noble metal oxide. The procedure for formation of a noble
      metal or noble metal oxide coating may be repeated as often as necessary
      to achieve the desired thickness. The foregoing and other methods for the
      preparation of coatings of noble metals and noble metal oxides on the
      surface of anodes for use in electrolytic cells are well known in the art
      and may be found for example in U.S. Pat. No. 3,711,385.
PAR  The following specific examples will serve to further illustrate this
      invention. In the examples and elsewhere in this specification and claims,
      all temperatures are in degrees and all parts are by weight unless
      otherwise indicated.
PAC  EXAMPLE 1
PAR  A strip of titanium plate is prepared by immersion in hot oxalic acid for
      several hours to etch the surface, then washed and dried. A coating of
      tungsten doped tin oxide is applied to the surface of the titanium plate
      in the following manner:
PAR  To a solution of about 22 parts of stannic chloride in 71 parts of
      isopropyl alcohol is added 0.019 parts of tungsten hexachloride. The
      titanium plate is heated to a temperature of about 650.degree.C and the
      solution sprayed on to the surface. The process may be repeated if desired
      to increase coating thickness.
PAR  The conductive tin oxide coated titanium is further coated in the following
      manner:
PAR  A solution of 1 gram of ruthenium trichloride in 0.4 cubic centimeters of
      36% hydrochloric acid and 6.2 cubic centimeters of butyl alcohol is
      brushed several times on to the tin oxide surface and then allowed to dry
      in air at room temperature. After drying, the samples are heated in air at
      560.degree. C for 25 minutes to decompose the ruthenium trichloride and
      form ruthenium dioxide. An additional coating of ruthenium trichloride is
      similarily applied, dried and thermally treated.
PAR  In the anode prepared in accordance with the foregoing example, the
      protective intermediate coating of conductive tin oxide consists of tin
      oxide with a minor amount of tungsten. An anode may also be prepared in
      accordance with this invention, following the procedure of Example 1,
      except that a minor amount of a fluoride, such as manganese difluoride or
      ammonium fluoride may be incorporated in the coating composition prior to
      coating in an amount of about 0.1 to about 5 moles based on the moles of
      tin compound to further enhance the conductivity and catalytic activity of
      the coating.
PAC  EXAMPLE 2
PAR  An anode prepared in accordance with Example 1 is employed as an anode in a
      chlorine cell having a steel cathode separated from the anode by a
      cation-active permselective membrane. Preheated brine having a composition
      of about 310 grams of sodium chloride per liter is supplied to the anolyte
      compartment wherein electrolysis is conducted at an applied anode current
      density of about 310 ma/cm.sup.2 (2.0 ASI), and a cell temperature of
      about 70.degree. to 95.degree.C. Chlorine is produced at the anode and
      sodium hydroxide is produced at the cathode.
PAC  EXAMPLE 3
PAR  Anode plates prepared in accordance with Example 1 are installed in a
      chlorate cell which employs two anode plates surrounded by a mild steel
      cathode shell. The gap between the anode and cathode is about 0.125
      inches. The cell is operated at a current density of 4.0 ASI and
      maintained at a temperature of about 70.degree.C. The electrolyzed product
      ranges from about 400 to 550 grams of NaClO.sub.3 and about 120 to 150
      grams of NaCl and about 1.0 to 1.5 grams of sodium dichromate per liter,
      with a pH of about 6.7.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An anode for use in electrolytic processes comprising a valve metal
      substrate, a coating thereon of conductive tin oxide containing a doping
      amount of tungsten, and an outer coating of at least one of noble metal or
      noble metal oxide.
NUM  2.
PAR  2. An anode according to claim 1 wherein the tungsten is present in the tin
      oxide in an amount of up to about 1.0 mole percent, based on the moles of
      tin.
NUM  3.
PAR  3. An anode according to claim 2 wherein the substrate is titanium.
NUM  4.
PAR  4. An anode according to claim 3 wherein the outer coating is a noble metal
      oxide.
NUM  5.
PAR  5. An anode according to claim 4 wherein the outer coating is ruthenium
      oxide.
NUM  6.
PAR  6. An anode according to claim 5 wherein the tungsten is present in the tin
      oxide in an amount of about 0.004 to about 0.4 mole percent of tungsten,
      based on moles of tin.
NUM  7.
PAR  7. In a method of electrolyzing aqueous alkali metal chloride solutions in
      an electrolytic cell comprising an anode and a cathode wherein chlorine
      and an alkali metal hydroxide are formed, the improvement which comprises
      using as the anode, a composite structure comprising a valve metal
      substrate, a coating thereon of conductive tin oxide containing a doping
      amount of tungsten, and an outer coating on the surface of the conductive
      tin oxide, of at least one of a noble metal or noble metal oxide.
NUM  8.
PAR  8. A method according to claim 7 wherein the anode comprises a titanium
      substrate, a coating thereon of conductive tin oxide containing up to
      about 1.0 mole percent of tungsten based on moles of tin and an outer
      coating on the surface of the conductive tin oxide, of ruthenium oxide.
NUM  9.
PAR  9. A method according to claim 8 wherein the electrolysis products are
      mixed to form alkali metal chlorates.
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ABST
PAL  Apparatus and methods are disclosed for the selective dissolution of a
      predetermined metal from, for example, a metal-metal combination. The
      metal or the metal-metal combination is made the working electrode of an
      electrolytic cell whose other electrode is electrolytically inert in the
      cell in use. The working electrode is held at a substantially constant
      electrical potential relative to a standard calomel electrode, and this
      potential and the pH of the electrolyte are selected such that the
      electrical energy passing through the cell during a selected time period
      is dependent on the amount of the predetermined metal electrolytically
      dissolved and substantially independent of any other metal which may be
      present.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to methods and apparatus for studying surfaces and
      more particularly metallic surfaces, and more especially to methods and
      apparatus for the selective dissolution of a particular metal in
      conditions in which another metal may also be present.
PAR  In one particular example to be described in more detail below, the
      invention is applied to the determination of the amount of coating
      material present and/or the porosity of the coating, on a metal surface
      such as a razor blade edge. However, the invention is by no means limited
      to such application.
PAR  Electrolytic dissolution of metals in electrolytic cells is well known. The
      use of such techniques, however, for quantitative testing of a metal
      coating, possibly on another metal, poses problems. As an example, prior
      techniques have not shown how it may be ensured that only one selected
      metal is electrolytically dissolved where others may also be present.
      Furthermore, prior techniques have in general involved equipment which is
      complex in design and/or use, rendering it unsuitable for application
      outside the laboratory.
PAR  It is an object of the invention to provide improved methods and apparatus
      for the selective dissolution of a particular metal in conditions in which
      another metal may also be present.
PAR  It is a further object of the invention to provide improved methods and
      apparatus for studying metal surfaces and which are simple in operation
      and use so making them available for industrial applications.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided a method of selective
      dissolution of a predetermined metal, comprising the steps of making the
      metal at least part of one electrode of an electrolytic cell having
      another electrode which is electrolytically inert in the cell in use,
      applying a potential difference of such predetermined magnitude and
      polarity between the two electrodes that the potential of the said one
      electrode relative to a standard calomel electrode remains substantially
      constant, and measuring the electrical energy passing through the cell
      during a time period which is sufficiently long to substantially dissolve
      the said metal, the pH of the electrolyte in the cell and the applied
      potential difference across the cell being selected, with the time period,
      to ensure electrolytic dissolution of the said predetermined metal but
      substantially no dissolution of any other metal which may be present at
      the said one electrode.
PAR  According to the invention, there is also provided apparatus for selective
      dissolution of a predetermined metal, comprising an electrolytic cell
      containing a predetermined electrolyte, a first electrode in the cell made
      of material which is electrolytically inert in the electrolyte in use,
      means for applying a predetermined potential difference of predetermined
      polarity between the said electrode and a second electrode containing the
      said metal, the area of the first electrode and the potential difference
      being such that in use the potential of the second electrode remains
      substantially constant relative to a standard calomel electrode, means for
      totalising the energy flowing between the electrodes, and control means
      for initiating and terminating such totalising, the pH of the electrolyte
      and the said potential difference being selected to maximise the
      dissolution of the said predetermined metal relative to any other metal
      present therewith, and the said control means being adapted to confine the
      totalising to a time period which is sufficient to allow substantially
      complete dissolution of the predetermined metal.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Apparatus embodying the invention, and methods according to the invention,
      both for determining the weight of the coating material on the edges of
      13% chromium razor blade strip, will now be described, by way of example
      only, with reference to the accompanying drawings in which:
PAR  FIG. 1 is a block circuit diagram of apparatus not embodying the invention
      but shown to explain the operation of the apparatus of FIGS. 2 and 3;
PAR  FIG. 2 is a block circuit diagram of a first form of apparatus embodying
      the invention;
PAR  FIG. 3 is a block circuit diagram of a second form of apparatus embodying
      the invention; and
PAR  FIGS. 4, 5 and 6 are graphs explaining the operation of the methods and
      apparatus.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The apparatus shown in FIG. 1 comprises an electrolytic cell 5 containing
      an electrolyte which in this example is an aqueous 1.17 Normal sodium
      carbonate solution containing 6.7 volume per cent of saturated sodium
      bicarbonate solution and having a pH of substantially 11. The
      chromium-coated edge of the stainless steel razor blade strip to be
      tested, having an area of about 0.1 cm.sup.2, is supported in the
      electrolyte to form one electrode 6, and the cell has a further, calomel,
      electrode 8, and a third, platinum, electrode 10. The electrodes 6, 8 and
      10 are connected to a potentiostat 12. A resistor 14 is connected in
      series with the platinum electrode 10, and a coulometer 16 is connected in
      series with a timer 18 to integrate the current through the platinum
      electrode 10 during a period of time which is pre-set and controlled by
      the timer 18 (and in this example may be 20 seconds, say).
PAR  In operation, the potentiostat 12 imposes a potential difference between
      the calomel electrode 8 and the razor blade strip electrode 6, and senses
      the current flowing between the strip electrode 6 and the platinum
      electrode 10. In known manner, the potentiostat responds to the sensed
      current by maintaining the potential difference between the electrodes 6
      and 8 constant irrespective of the electrode processes taking place in the
      cell 5.
PAR  For reasons discussed in detail below, the potentiostat is set to maintain
      a potential difference of 722 millivolts between electrodes 6 and 8, with
      electrode 6 positive with respect to electrode 8, and the coulometer 16
      measures the total quantity of electricity which has flowed through the
      platinum electrode during the pre-set time. The final reading on the
      coulometer is found to be the measure of the weight of the chromium
      coating on the strip 6.
PAR  FIGS. 4 and 5 are simplified Pourbaix diagrams for iron (FIG. 4) and
      chromium (FIG. 5). The diagrams show the thermodynamically stable
      condition of the metal under various conditions of applied potential
      (relative to the standard calomel electrode) and pH. If one of these
      graphs is superimposed on the other, it will be apparent that there is a
      range of potential values and pH values for which chromium is dissolved
      but the iron remains passive. Therefore, under these conditions, the
      electrolytic action taking place in a cell having one electrode combining
      both chromium and iron would be a function of the weight of chromium
      present and substantially independent of the iron.
PAR  FIG. 6 shows three current/potential scans A, B and C. Scan A is that which
      would be obtained if electrode 6 in the cell of FIG. 1 were made of
      chromium and the potential difference between the electrode 6 and the
      electrode 8 were varied at a suitable rate by means of the potentiostat.
      Scan B shows the equivalent curve which would be obtained if the electrode
      6 were made of iron (with no chromium coating). Scan C is the curve
      obtained when the electrode 6 is made of 13% chromium stainless steel
      (with no chromium coating). As shown, chromium dissolves rapidly over the
      whole potential range shown (400 to 850 mV relative to the standard
      calomel electrode 8). Tafel behaviour is shown initially, followed by a
      transition into a limiting current region. The iron (Scan B), however,
      remains substantially passive over the major proportion of this potential
      range. The behaviour of the stainless steel (Scan C) is more complex. It
      remains passive up to about 525 mV (relative to the calomel electrode),
      then enters a time-dependent transpassive loop. Oxygen evolution does not
      start until about 775 mV (relative to the standard calomel electrode).
PAR  The graphs of FIGS. 4 to 6 indicate that an electrolyte with a pH of above
      about 4 and an applied potential difference (relative to the standard
      calomel electrode) between about 400 and 775 mV could provide dissolution
      of chromium with substantially no effect on iron and relatively little
      effect on stainless steel. A potential difference towards the upper end of
      the range, between 525 and 775 mV, say, is advantageous in order to obtain
      rapid dissolution, and experiment has shown that a pH of about 11 and a
      potential difference (relative to the standard calomel electrode) of 722
      mV gives satisfactory dissolution of chromium in the presence of stainless
      steel with substantially no effect on the stainless steel (a potential
      difference of 750 mV relative to the standard calomel electrode gives
      satisfactory dissolution of chromium in the presence of iron with
      substantially no effect on the iron). The current efficiency of
      dissolution under these conditions was found to be 100%.
PAR  It therefore follows that if the potentiostat potential in FIG. 1 is set to
      722 mV, the total quantity of electricity which has flowed between the
      coated strip electrode 6 (FIG. 1) and the platinum electrode 10 during a
      predetermined time is a measure of the amount of chromium involved in the
      dissolution process, and this quantity is measured by the coulometer 16.
      The timer 18 is set so that the predetermined time period is sufficient
      for all the chromium to be dissolved but not to allow any substantial
      dissolution of the underlying stainless steel. The time period given above
      (20 seconds) is suitable for a chromium coating thickness of about 200A.
PAR  It is found that the role of the potentiostat is to maintain the active
      electrode (the electrode 6) at the prescribed potential, and that
      transient voltages are unimportant. In the apparatus of FIG. 2 the
      potentiostat 12 is replaced by a constant voltage power source 20 set for
      about 1.0 volts. The electrolytic cell 5 contains the same electrolyte as
      for the apparatus of FIG. 1, but is modified in that there is no platinum
      electrode or calomel electrode. Instead, there are merely the strip
      electrode 6 (of the same area as before) and a counter-electrode 22 which
      in this example is in the form of a helical strip of 18/8 stainless steel
      of area approximately 200 sq. cms. The coulometer 16 is connected, through
      the timer 18, to integrate the current flowing between the electrodes 6
      and 22. The timer 18 is set to fix the measurement period at 20 seconds as
      before.
PAR  It is found that with these electrodes and the voltage setting specified,
      the electrolytic action corresponds with that pertaining in the apparatus
      of FIG. 1, and the quantity of electricity measured by coulometer 16
      represents the coating weight. The stainless steel electrode 22 is
      substantially inert in the electrolyte and its area is such that it does
      not enter the limiting current regime. In this way, a substantially
      potentiostatic control over the electrode 6 is maintained and effectively
      the potential of the electrode 6 can be said to be maintained at 722 mV
      with respect to a standard calomel electrode. Conveniently, the resistor
      14 can be adjusted to calibrate the coulometer so that the weight of the
      chromium coating on the strip 6 can be directly read off the coulometer at
      the end of this period.
PAR  Under the conditions pertaining in the instrument, the rate of dissolution
      of the underlying steel strip 6, although small in relation to that of the
      chromium, is still finite and makes a small though measurable contribution
      to the final reading of the coulometer. If the integration period set by
      the timer 18 is unnecessarily long, then it will include an appreciable
      time after all the chromium coating has been dissolved, thus increasing
      the contribution to the final coulometer reading of the steel dissolution
      current. Therefore if the timer 18 is set at a fixed level chosen to
      ensure dissolution of all the chromium on a thickly coated edge, the
      period will be unnecessarily long for a thinly coated edge, giving rise to
      some inaccuracy.
PAR  In the apparatus of FIG. 3, which is otherwise the same as that of FIG. 2,
      the timer 18 is replaced by an electronic trigger device 24 which senses
      the level of current flowing between the electrodes 6 and 22 and switches
      the coulometer 16 out of circuit when the current level has fallen to a
      prescribed value.
PAR  The current decays when chromium dissolution has been completed, and it has
      been found by experiment that the current always decays to about the same
      background level irrespective of the amount of chromium. The trigger 24 is
      therefore set to switch off the coulometer 16 when the current has fallen
      to this level (which is about 0.75 mA per square centimeter of the
      electrode 6), and the total quantity of electricity measured by the
      coulometer up to the time of switch off is therefore a measure of the
      amount of chromium dissolved and is substantially independent of the
      effect of steel dissolution.
PAR  Although the various forms of apparatus, and their methods of operation,
      have been described in relation to the determination of the weight of
      chromium coating on stainless steel, it will be appreciated that the
      apparatus and methods can be used for the determination of chromium
      coatings on other materials or of other coatings on other or similar
      materials using the same principle of operation, and adjusting the type of
      pH of the electrolyte, the preset voltage applied across the cell, the
      material of the counter-electrode 22, and the period of the timer 18 or
      the preset triggering level of the trigger 24 as appropriate. The
      parameters for the method would be established in the same way as those
      described above for chromium on stainless steel. In particular, the pH of
      the cell and the preset voltage applied across the cell would be
      determined by correlating the Pourbaix diagrams and the current/potential
      scans for the two metals so as to give an idea of the applicable ranges of
      these two parameters, the optimum values then being selected.
PAR  For example, the potentiostat potential for testing chromium on iron would
      be about 750mv as stated above. For testing chromium on nickel the
      potentiostat potential would be about 650mv. The equivalent power source
      voltages for the form of apparatus shown in FIGS. 2 and 3 would be 1.03
      volts for chromium on iron and 0.9 volts for chromium on nickel. The same
      electrolyte and counter-electrode would be used, and a time period (for
      the apparatus of FIGS. 1 and 2) of 20 seconds would be suitable for
      coating thicknesses of about 200 A on an area of about 0.1 cm.sup.2.
PAR  For testing tin coatings on iron, a potentiostat potential of -980 mV (that
      is, having reversed polarity relative to the calomel electrode compared
      with the potentials stated above) would be suitable, with an equivalent
      power source voltage (for the apparatus of FIGS. 2 and 3) of 0.30 volts.
      These voltages would also be suitable for testing zinc coatings on iron.
      In these two cases, a suitable electrolyte would be 10% potassium
      hydroxide. A time period (for the apparatus of FIGS. 1 and 2) of 20
      seconds would be suitable for testing tin coatings of about 300 A
      thickness over an area of 0.1 cm.sup.2.
PAR  The "potentiostat potentials" of 750 mV, 650 mV and -980 mV referred to
      above are, like the potential of 722 mV referred to earlier, the potential
      of the electrode 6 (in the apparatus of FIG. 1, FIG. 2 or FIG. 3) relative
      to a standard calomel electrode.
PAR  In some applications it will be impracticable to immerse the specimen in
      the cell. In these cases a small area of the specimen may be made the base
      of the cell, and the cell should contain as small a quantity of
      electrolyte as possible. As a consequence of the relative reaction rates
      at the two electrodes, it is necessary that the counter-electrode is the
      larger (to prevent it entering the limiting-current regime where large
      changes in electrode potential can be caused by small changes in applied
      current), and its size largely determines the cell size. The cell size can
      be reduced by increasing the relative reaction rate at the
      counter-electrode. Instead of stirring the electrolyte, which is a
      conventional manner of doing this, a suitable electro-reducible species
      may be added to the electrolyte. Thus, in the particular case of the
      determination of chromium on stainless steel described above, an addition
      of 5% by weight of an oxidising agent such as potassium ferricyanide or
      potassium bromate allowed an approximately twelve-fold reduction in the
      area of the counter-electrode. This is merely an example of a suitable
      reducible species. The ideal requirements of the added species are (a) it
      should have no influence on the anodic dissolution of the coating or
      substrate, (b) it should not be oxidized at the anode, and (c) it should
      provide a cathodic reaction with a high limiting-current density and a low
      Tafel slope. Potassium ferricyanide and potassium bromate largely meet
      these criteria with the exception of the Tafel slope. The Tafel slope can
      be changed by selection of another suitable material for the
      counter-electrode, and aluminum may be advantageous under certain
      circumstances.
PAR  The apparatus described is advantageous in that it is suitable for use on
      discontinuous, damaged or uneven coatings. It has a high speed of
      operation, and is applicable to various coating/substrate combinations and
      in particular to thin coatings. It will be apparent that the apparatus is
      not a constant current device.
PAR  The principle could also be used in reverse for the determination of
      coating porosity. In such an application, the electrolyte pH value and the
      voltage applied across the cell would be set to be appropriate for the
      underlying substrate rather than the coating material. The final reading
      of the coulometer 16 would then be a measure of the coating porosity
      rather than the weight of the coating.
PAR  It will be apparent that the apparatus described is in no way limited to
      the detection of coatings on razor blade edge; that is merely one example
      of a suitable application. It may be used in many other applications where
      it is desired to detect films or coatings on other metal surfaces. When
      used for detecting coatings on razor blade strip edges, it is not limited
      to the types of razor blade strip referred to above but may be applied to
      razor blade strip made of other materials.
PAR  The apparatus and methods are not, however, limited to the detection of
      films or coatings. Since the apparatus and methods are designed for the
      selective dissolution of a particular metal, it will be apparent that they
      can, for example, be used for the study of surface concentration -- for
      the selective dissolution of one metal present with another in a surface
      layer. Thus, the method and apparatus can be used to determine the extent
      of enrichment, at the surface layer, of one metal in an alloy as a result
      of heat treatment, pickling, polishing or other conventional treatment
      processes.
PAR  It is also possible to use the methods and apparatus described for
      detecting a selected metal through a porous non-metallic coating thereover
      so as to determine the porosity of the coating.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Apparatus for selective dissolution of a predetermined metal which is
      present with at least one other metal in a metal-metal combination as a
      first electrode in an electrolytic cell, comprising
PA1  a predetermined electrolyte in the electrolytic cell,
PA1  one other electrode, only, mounted in the cell and made of material which
      is electrolytically inert in the electrolyte in use,
PA1  means connected to the electrodes and applying a predetermined potential
      difference of predetermined polarity between the two electrodes,
PA1  means connected to the electrodes for totalising the electrical energy
      flowing between them in response to the applied potential difference, and
PA1  control means for initiating and terminating such totalizing,
PA1  the pH of the electrolyte, the said potential difference, and the material
      of the said other electrode being selected to hold the first electrode at
      such potential relative to a standard calomel electrode as lies in those
      areas of the Pourbaix diagrams for the metals where the said predetermined
      metal is dissolved and the other metal remains passive,
PA1  the size of the area of the said other electrode being such that the
      electrode does not enter the limiting current regime in use, and
PA1  the said control means being adapted to confine the totalizing to a time
      period which is sufficient to allow substantially dissolution of the
      predetermined metal.
NUM  2.
PAR  2. Apparatus according to claim 1, in which the said control means includes
      timing means arranged to hold the energy totalizing means activated for a
      predetermined and fixed time duration.
NUM  3.
PAR  3. Apparatus according to claim 1, in which the control means comprises
      means connected to the electrodes and responsive to the level of current
      flowing between the electrodes to terminate the energy measurement when
      the current level has fallen to a predetermined value indicative of
      substantially complete dissolution of the said predetermined metal.
NUM  4.
PAR  4. Apparatus according to claim 1 for use where the said predetermined
      metal is chromium, in which
PA1  the pH of the electrolyte is substantially 11, and
PA1  the predetermined potential difference applied between the electrodes is
      such that the potential of the chromium is substantially +722mV with
      respect to a standard calomel electrode.
NUM  5.
PAR  5. Apparatus according to claim 4, in which the said electrolyte is an
      aqueous sodium carbonate solution, substantially 1.17 Normal, containing
      6.7 volume percent of saturated sodium bicarbonate.
NUM  6.
PAR  6. Apparatus according to claim 1 for use where the said predetermined
      metal is chromium and is present with nickel, in which
PA1  the pH of the electrolyte is substantially 11, and
PA1  the predetermined potential difference is such that the potential of the
      chromium is 650 mV with respect to a standard calomel electrode.
NUM  7.
PAR  7. Apparatus according to claim 1 for use where the said predetermined
      metal is chromium and is present with iron, in which
PA1  the pH of the electrolyte is substantially 11, and
PA1  the predetermined potential difference is such that the potential of the
      chromium is substantially +750 mV with respect to a standard calomel
      electrode.
NUM  8.
PAR  8. Apparatus according to claim 1 for use where the said predetermined
      metal is tin and is present with iron, in which the pH of the electrolyte
      is substantially 11, and
PA1  the predetermined potential difference is such that the potential of the
      tin is substantially -980 mV with respect to a standard calomel.
NUM  9.
PAR  9. A method according to claim 1 for use where the the said predetermined
      metal is zinc and is present with iron, in which
PA1  the pH of the electrolyte is substantially 13, and
PA1  the predetermined potential difference is such that the potential of the
      zinc is substantially -980 mV with respect to a standard calomel
      electrode.
NUM  10.
PAR  10. Apparatus according to claim 1, in which the electrolyte includes an
      electro-reducible substance having substantially no influence on the
      anodic dissolution of the said metal and not being oxidisable at the anode
      of the cell, to increase the relative reaction rate at the said other
      electrode.
NUM  11.
PAR  11. Apparatus for determining the amount of coating material present on the
      edge of a chromium-coated stainless steel razor blade strip forming a
      first electrode in an electrolytic cell, comprising
PA1  an electrolyte having a pH of substantially 11 in the electrolytic cell,
PA1  one other electrode, only, mounted in the cell and made of material which
      is substantially inert in the electrolyte in use,
PA1  an electrical power source connected to the electrodes for applying a
      predetermined electrical potential difference between the electrodes with
      the first electrode maintained positive with respect to the other
      electrode,
PA1  energy totalizing means connected to the electrodes to measure the
      electrical energy which passes between them when the totalizing means is
      activated, and
PA1  control means for controlling the time duration for which the energy
      totalizing means is activated such that the time duration is sufficient
      for dissolution of the said chromium coating to be substantially complete,
      the area of said other electrode being sufficiently great to ensure that
      the electrode does not enter a limiting current regime in use and the
      predetermined potential difference being such that the potential of the
      first electrode is held substantially at a constant value lying between
      525 and 750 mV with respect to a standard calomel electrode.
NUM  12.
PAR  12. Apparatus according to claim 11, in which the said potential difference
      is substantially 722 mV.
NUM  13.
PAR  13. Apparatus according to claim 11, in which the control means comprises
      timing means arranged to hold the energy totalizing means activated for a
      predetermined and fixed time duration.
NUM  14.
PAR  14. Apparatus according to claim 11, in which the control means comprises
      means connected to the said electrodes to be responsive to the level of
      current flowing between the electrodes to de-activate the totalizing means
      when the current level has fallen to a predetermined value indicative of
      substantially complete dissolution of the said predetermined metal.
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ABST
PAL  A system and apparatus for disinfecting sewage water and removing suspended
      solids therefrom by in-situ treatment with chemical agents and gases, each
      produced electrolytically, comprising a treatment chamber, disinfecting
      and solids conveying means including at least one pair of electrodes
      disposed in the chamber, solids removal means associated with the chamber,
      a source of aqueous alkali metal halide solution and optionally an
      ultraviolet light ray source and solids collection means.
PARN
PAR  This is a division of my copending application Ser. No. 178,291, filed
      Sept. 15, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to apparatus and methods for treating
      sewage water mixtures containing suspended solids to reduce the
      biochemical oxygen demand, BOD, and chemical oxygen demand, COD, suspended
      solids and bacteria content thereof and more particularly to such
      apparatus and methods adapted to be installed in sewage treatment plants
      of varying size, in boats having a marine toilet, in airplanes, trains,
      buses, mobile homes, travel trailers, vacation cottages, and the like
      wherein toilets having an operating mechanism similar to marine toilets
      are utilized.
PAR  The scope of this invention is not intended to be limited to portable and
      small scale applications as the invention is equally applicable to the
      treatment of large volumes of sewage water as might be encountered in
      apartment houses, housing developments, camping grounds, ships with large
      crews and the like, where the sewage producing population may be smaller
      than urban size.
PAR  In recent years increasing pollution of lakes and streams by sewage has
      created a pronounced health hazard. The problem has been accentuated by
      the increase in population, particularly in smaller population areas and
      in resort areas where sewage treatment facilities are inadequate. The
      rapidly expanding number of boat owners and users for recreational
      purposes have contributed to the pollution of lakes and streams by the
      attendant discharge of untreated sewage and other debris from the steadily
      increasing number of pleasure boats. In fact, pollution of streams and
      bodies of water from all sources has increased in such alarming
      proportions that state and federal authorities are seriously concerned
      with the problem and at present regulatory legislative action is being
      formulated by both the federal and the majority of state governments in
      the United States. Thus it will be seen that an urgent need exists for
      proper treatment of sewage water mixtures prior to discharge from
      municipalities, resort areas, vacation cottages, travel trailers and the
      like.
PAR  Various techniques have been previously proposed for the electrolytic
      treatment of sewage water mixtures from various sources, including boats,
      but none has proved entirely satisfactory for various reasons. One type of
      proposed treatment has been the disintegration of the contained solids
      matter in the sewage water and subsequent passage of the mixture through
      an electrolytic cell for disinfection of the water by the process of
      electrolysis of brine or sodium chloride solution contained in the said
      cell. However, after the disinfection treatment the mixture must be
      allowed to settle for extended time periods. The solids precipitated and
      flocculated by hydroxides formed during the electrolysis, after separation
      by settling, may either be conducted as a slurry into a body of water or
      may be isolated, dried and used as a fertilizer. This type of treatment,
      in addition to the time-consuming settling period, suffers from the
      disadvantages that the introduction of the slurry into the water creates
      pollution problems and the conversion of the solids to fertilizer involves
      time consuming expensive processing procedures and equipment. Another type
      of previously proposed apparatus for treatment of sewage water utilizes a
      diaphragm-type cell for electrolysis of sodium chloride solution in which
      chlorine is produced in the anode compartment and caustic solution and
      hydrogen gas produced in the cathode compartment. Since the sodium
      chloride solution is introduced into the anode compartment and sewage
      water into the cathode compartment, the latter is not exposed to chlorine
      gas and the alkaline cathode solution must be mixed with the
      chlorine-containing anolyte solution to sterilize the sewage water
      originally introduced to the cathode compartment. Alternately, the
      catholyte solution may after treatment be conducted to the anode
      compartment for sterilization therein. Such diaphragm-type cells require
      more maintenance than the diaphragm-free type cell as the diaphragms must
      be frequently cleaned and periodically replaced and additionally the cells
      have higher energy consumption than diaphragm-free cells. It is also
      necessary in the diaphragm-type cell to retain the sewage water in the
      cathode compartment until it becomes sufficiently alkaline so that
      precipitates may be formed from the alkaline materials contained in the
      sewage water to occlude the suspended solids in the sewage water for
      removal therefrom. Such treatment is time consuming and prevents rapid
      sterilization of the sewage water mixture.
PAR  The invention provides the advantages of concurrent rapid sterilization of
      the liquid portion and rapid separation by flotation of the solid portion
      of a sewage water mixture. Such advantages as hereinafter described result
      from exposure of the sewage water mixture to chemical agents produced in
      situ by electrolysis of a sewage water mixture containing sufficient
      alkali halide content capable of forming said chemical agents.
PAR  The term sewage water as used in this specification and claims means waste
      water from any source such as industrial water disposal, direct toilet
      discharge or any other type of disposed sewage liquids.
PAC  STATEMENT OF THE INVENTION
PAR  A primary object of the present invention is to provide an electrolytic
      apparatus and method for rapidly and efficiently removing suspended solids
      from, and disinfecting by electrolysis sewage water mixtures in which the
      initial liquid content thereof may be fresh water or a saline solution.
PAR  A further object of the present invention is to provide an electrolytic
      apparatus and method for rapidly and efficiently removing the suspended
      solids from, and disinfecting the sewage water effluent from marine-type
      toilets, the liquid content of which effluent may be fresh water, seawater
      or brackish water.
PAR  An additional and correlative object of the present invention is to provide
      such apparatus which permits wide variation in size for both large scale
      and portable applications and installation in space-restricted locations
      without sacrifice of the desirable results.
PAR  These objects are obtained by the provision of an apparatus and process
      capable of disinfecting the sewage water mixture, a combination
      sitrrer-disintegrator for converting the suspended solids to small
      particle size materials, disinfecting and solids conveying means
      comprising at least one pair of diaphragm-free electrodes including a
      closely-spaced cathode and a dimensionally stable anode and a source of
      aqueous alkali metalhalide solution and effluent means for removing the
      sterilized, substantially solids-free water from the chamber. The process
      comprises:
PA1  disintegrating the suspended solids of a sewage water mixture;
PA1  electrolyzing an admixture of the sewage water and an aqueous alkali metal
      halide solution in a chamber having disposed therein at least one cathode
      and at least one dimensionally stable anode, solids removal means and
      means for discharging the disinfected liquid portion of the admixture,
      whereby the sewage water is disinfected and the suspended solids conveyed
      to the surface of the admixture;
PA1  discharging the disinfected liquid portion of the admixture from the
      chamber;
PA1  removing the solids from the chamber and optionally collecting and/or
      destroying the removed solids.
PAR  In one embodiment of the invention the inlet of the above described
      apparatus is connected to the outlet of a marine-type toilet for treatment
      of the sewage mixture. The marine-type toilet is of the conventional type
      including a soil pump which may be either hand or electrically operated.
      The treatment apparatus is arranged to operate intermittently in
      accordance with the operation of the marine-type toilet when the latter is
      electrically operated. The soil pump operates in the conventional manner
      to provide the water from a saline or fresh water source to flush the
      waste material from the toilet. Where the toilet water source is sea water
      or saline solution, such as salted fresh water, the apparatus is operable
      without additional additives to the sewage water mixture since the saline
      solution serves as the electrolyte. However, where the water source is
      fresh water, means must be provided for a source of saline solution. In
      hand operation of the soil pump a connection may be made between the water
      inlet of the toilet and a saline solution source whereby the solution is
      carried into the toilet with the flushing water by suction operation of
      the soil pump, mixed with the waste material and the current-conducting
      mixture pumped into the treatment chamber. When the marine-type toilet is
      electrically operated a separate pump may be connected from a salt water
      supply to the water intake line of the toilet whereby a saline solution is
      pumped into the toilet with the fresh water intake and combines with the
      waste material to form a mixture which is then flushed into the treatment
      chamber. The means presently preferred for supplying saline-solution
      during either manual or electrical operation of the marine toilet in
      accordance with this invention is to position a salt bed container for dry
      salt in solid block, fine crystalline or pellet form, in the upper part of
      the treatment chamber. A conduit is connected to and extends from the
      water intake of the marine-type toilet to communicate with an inlet of the
      treatment chamber located just above the salt bed container. Water flowing
      through the inlet passes over the salt bed thereby forming a concentrated
      saline solution which because of its high specific gravity remains at the
      bottom of the chamber. When a salt bed is utilized within the chamber a
      partition must be disposed in the chamber separating the salt bed from the
      remainder of the chamber. A conduit is positioned to extend from a point
      near the lower portion of the partitioned salt bed section through the
      partition into the other partitioned section of the treatment chamber
      wherein the electrodes are positioned. Water entering the salt bed section
      of the chamber forces the concentrated brine solution to flow through the
      conduit into the section of the chamber where the electrodes are mounted.
PAR  The invention provides several advantages over the prior art. The sewage
      water may be treated for sterilization and removal of contained solids
      concurrently by exposure to in-situ electrolytically generated treating
      agents all in a single chamber or vessel. In prior art methods chemical
      agents are usually generated or provided in a seperate vessel and then
      introduced into the treating container which design requires additional
      equipment and space. The in-situ electrolytic treatment of the present
      invention by providing sterilization and solid removal affords rapid
      treatment of the sewage-water mixture, e.g., the treatment may be
      completed in a half hour or less, generally 15 minutes or less. The type
      of bubble formation provided by this invention results in a surprising and
      unexpected rapid flotation of the solids to the surface of the
      sewage-water mixture. This unexpected rapid removal of solids enables the
      treatment to be successrully completed very quickly at decreased expense.
      The manner in which the bubble formation is developed by the dimensionally
      stable anodes in the practice of the present invention is not completely
      understood, but the rapid flotation of the suspended solids to the surface
      of the sewage water mixture is a reproducible and advantageous phenomenon
      which enables rapid removal of the solids and avoids a lengthy retention
      period for settling of the solids or provision of an alkaline solution
      from a separate source for flocculation and flotation of said solids.
      Also, this technique of the present invention enables portable and/or
      compact units to be installed where the volume of sewage water to be
      treated is low, infrequent or intermittent treatment is required, or where
      compact units are mandatory by virtue of limited installation areas. In
      known prior art electrolytic treatment large scale expensive equipment is
      generally used. Such equipment is unsatisfactory for many applications
      where portability and/or compact equipment are important considerations.
      The invention also provides an effluent after treatment of the sewage
      water mixture which may be discharged without violation of regulatory
      standards. The solids removed in accordance with the practice of this
      invention have a substantially zero coliform count as evidenced by
      coliform analysis. Solids removed by prior art techniques generally have a
      high coliform count which makes their disposal difficult, i.e., a
      pollution contamination problem exists in their disposal.
PAR  Another important advantage of the present invention is the use of
      dimensionally stable anodes. Such anodes, as their name implies, require
      infrequent maintenance and replacement and permit the attainment of high
      current and power efficiency especially when sea water or a low salt
      content saline solution is used for the electrolyte. When these anodes are
      employed the electrodes may be closely spaced with a gap or spacing which
      provides maximum power efficiency as the small gap permits a lower volume
      of electrolyte to flow between the electrodes with consequent decreased
      electrical resistance to the passage of current from the anodes to
      cathodes. It has also been found that the dimensionally stable anodes
      provide a unique bubble formation which serves to rapidly and efficiently
      convey suspended solids to the surface of the mixture being treated in the
      form of a foam or low density solid mass which may easily be removed from
      the surface of the solution by various means such as by skimming or
      scraping devices or through specifically designed overflow outlets.
      Heretofore it has been customary to use high alkaline materials for
      mixture with the sewage water mixture being treated in order to coagulate
      precipitate or occlude the solids. The alkaline material is usually either
      supplied from a separate source or by retaining the sewage water being
      treated in the cathode compartment of an electrolytic cell until a
      solution of high alkalinity is obtained, so that the alkaline materials
      precipitate and flocculate the suspended solids. The rapid flotation of
      the suspended solids to the surface of the mixture provided by the instant
      invention obviates the prior art requirement of solutions of high
      alkalinity for flocculating or occluding said solids.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above objects and advantages together with others which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings wherein common reference numbers refer to the
      same or similar parts, and in which:
PAR  FIG. 1 is a schematic representation of one embodiment of the apparatus
      illustrating a cylindrical chamber having upwardly inclined top walls in
      the form of an inverted cone in accordance with this invention;
PAR  FIG. 2 is a schematic representation of the same apparatus as shown in FIG.
      1 in which the solids collector is omitted for simplicity but including
      additionally an ultra-violet light ray source and a conventional marine
      toilet connected to an inlet of the chamber and
PAR  FIG. 3 is a schematic representation of another embodiment of the apparatus
      wherein a skimmer device is mounted in the chamber in accordance with this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly now to the drawings in FIG. 1 the sewage water
      treatment apparatus is shown generally at 10. The apparatus includes
      treatment chamber 11, having top walls 6, upwardly inclined from the top
      edges of the side walls to form a pyramidally-shaped-chamber top,
      dimensionally stable anode 12a, cathode 12b, power lead connections 12, a
      motor 13 having stirrer and disintegrator blades 15, attached to the shaft
      14 thereof, effluent pump 16, salt bed 19, water inlet 18, brine conduit
      20, and sewage water inlet conduit 9. The treatment chamber 11 may be
      constructed of any material which is inert or not substantially affected
      by the environment of the treating chamber, for example, it may be
      constructed of a polymorphic material such as rubber or plastic, e.g.,
      polyvinyl chloride and the like. The structural material of the other
      elements of the apparatus should be selected so that they are also
      unaffected by the environment of the treatment chamber. Motor 13 is a
      conventional motor and may be selected in accordance with the size of the
      treatment chamber and required rotation adequate for disintegrating the
      solids contained in the sewage water mixture. Optionally, the
      disintegrator may be used externally of the chamber for macerating the
      solids of the sewage water mixture prior to the introduction of said
      mixture to the chamber.
PAR  The electrode pair comprise at least one dimensionally stable anode 12a and
      a cathode 12b and power connections 12 to leads, not shown. A source of
      current, not shown, is supplied to the anode for electrolysis of the
      halide solution of the sewage water mixture.
PAR  The dimensionally stable anode 12a comprises a valve metal electrically
      conductive substrate with a surface coating thereon of a solid solution of
      precious metal oxide and valve metal oxide. In these solid solutions an
      atom of valve metal in the characteristic rutile valve metal oxide crystal
      lattice is replaced with an atom of precious metal. This distinguishes
      from mere physical mixtures of the oxides, pure valve metal oxides in fact
      being insulators. Such solid solutions are both electrically conductive
      and electrocatalytically active.
PAR  In the solid solutions the valve metals include titanium, tantalum, niobium
      and zirconium while the precious metals encompass platinum, ruthenium,
      palladium, iridium, rhodium and osmium. Titanium dioxide-ruthenium dioxide
      solid solutions are preferred at this time. The mole ratio of valve
      metal:precious metal varies between 0.2-5:1, approximately 2:1 being
      presently preferred. The valve metals of the electrically conductive
      substrate are those defined above as included in the solid solutions.
PAR  If desired, these solid solutions may be "modified" by the addition of
      other components which may either enter into the solid solution itself or
      admix with the same to achieve a desired result. For instance, it is known
      that a portion of the precious metal oxide, up to 50%, may be replaced
      with tin dioxide without substantial detrimental effect on the
      overvoltage. Likewise, the solid solution may be modified by the addition
      of cobalt compounds particularly cobalt titanate. Solid solutions modified
      by the addition of cobalt titanate, which serves to stabilize and extend
      the life of the solid solution are described more completely in copending
      application Ser. No. 104,743 filed Jan. 7, 1971, now abandoned. Other
      partial substitutions and additions ae encompassed. The above-mentioned
      preferred coatings and thermochemical deposition thereof on a substrate
      are described in more detail in British Pat. No. 1,195,871.
PAR  It has been found that when the particularly preferred type of
      dimensionally stable anode is employed in the apparatus of this invention
      gas bubbles develop at the anode and combine in a manner such that they
      cause rapid flotation of the suspended solids of the sewage water mixture
      to the surface of the vessel. While this phenomenon is not completely
      understood it has been found to be effective in providing rapid flotation
      of the solids.
PAR  Although the preferred dimensionally stable anodes described above are
      particularly desirable in the practice of this invention other
      dimensionally stable anodes constructed of a valve metal substrate,
      preferably titanium, having a coating of precious metals or precious metal
      alloys on at least part of its surface may be used with satisfactory
      results.
PAR  The cathode, positioned in close relationship to the dimensionally stable
      anode should be constructed of a metal resistant to the cell environment,
      e.g., titanium. It is important that the anode and cathode be positioned
      as closely as practicably possible to provide maximum power efficiency
      since the larger the gap between cell electrodes the more voltage is
      required in overcoming the resistance of the electrolyte solution flowing
      between said electrodes. While only one pair of electrodes are shown in
      the drawings, as many pairs may be utilized as are necessary in accordance
      with the size of the treatment vessel and the volume of sewage water
      mixture being treated. The electrodes are preferably disposed in
      horizontal parallel position to facilitate the rapid ascent of the gas
      bubbles and concurrent conveyance of the solids to the surface of the
      mixture. The effluent pump 16 disintegrator motor 13 and electrode leads
      12 are preferably positioned externally of the treating chamber. Conduit
      17 is positioned at the bottom of the chamber in order that sewage water
      mixture from which the suspended solids have been removed by flotation may
      be discharged from the treating chamber to a desired disposal site. When
      the incoming sewage water mixture contains a saline solution from any
      source prior to being introduced into the chamber water inlet 18, salt bed
      19, and conduit 20, extending through wall or partition 21, of brine
      supply tank 8 and wall 7 of chamber 11 and one-way valve 4, are
      inoperative. However, when the entering sewage water mixture does not
      contain saline solution, fresh water is introduced through inlet 18. Inlet
      18 may be located in the top or upper sidewall of the treating chamber and
      salt bed 19 disposed at a position intermediate the top and bottom walls
      of the treating chamber. Conduit 20 extending from a point adjacent the
      bottom of the treating chamber through an opening in partition 21 is
      operative for delivering solution to chamber 11 only when the sewage water
      mixture introduced into the treating chamber at inlet 9 does not contain
      saline solution, as will be more fully explained hereinafter in the
      discussion of the operation of the apparatus.
PAR  During operation of the apparatus a sewage water mixture, generally
      containing a saline solution, is introduced into treating chamber 11, the
      disintegrator is operated for a short interval, generally from less than
      one minute to about ten minutes, preferably about two minutes and turned
      off. Suspended solids contained in the mixture are disintegrated by the
      stirrer and macerator blade 15, connected to the shaft of pump 14 which
      blades have shapes and sharp edges designed to disintegrate the solid
      materials. Current is then supplied to the pair of electrodes. The sewage
      water mixture flowing through the gap between the dimensionally stable
      anode and cathode is electrolyzed. The chemical agents such as sodium
      hypochlorite provided by the reaction of a mixture of the chlorine, formed
      at the anode and sodium hydroxide formed at the cathode, permeate the
      sewage water mixture and sterilize or disinfect the liquid portion
      thereof. As herebefore mentioned the gas bubbles formed at the anode rise
      rapidly throughout the mixture causing the suspended solids to rise to the
      surface of the mixture. The solids conveyed to the surface are in the form
      of a foam-like substance which may readily be removed by various means
      such as skimming or scraping devices or a weir arrangement whereby the
      solids may be caused to flow from the chamber by influent sewage water and
      may be collected for convenient disposal. A solids collector which may be
      optionally utilized in combination with the other apparatus of the
      invention is shown in FIGS. 1 and 3. The collector 30, includes vessel 31,
      with a disposable filter bag 32, positioned therein for receiving solids
      from conduit 5. The solids remain on the filter bag and the liquid
      filtrate which passes through the bag into the lower portion of vessel 31,
      may be returned for further treatment to chamber 11 through conduit 32 and
      one-way valve 4. A fan 34 may be arranged to assist the drying of the
      solids retained by the filter bag. The filter bag may be any material
      suitable for retaining the solids and preferably is made from material
      readily disposable along with the contained solids in any convenient and
      practical manner. An especially convenient and preferred manner of
      disposing of the filter bag and collected solids is by burning after the
      materials are substantially dry. As collected about 90% of the water has
      been separated from the waste material and the residue has a high
      concentration of carbonaceous matter. After the water retained by the
      carbonaceous matter has been removed by flame contact or other drying
      means the residue may be completely converted to a small quantity of ash
      by flame contact or other heating means.
PAR  It should be understood that although halide solution tank 8, chamber 11
      and vessel 31 are shown as separate structures a unitary structure may be
      formed by combining the three units with the adjacent side walls then
      forming in combination compartments of a unitary structure. A unitary
      structure is shown in the embodiment of the invention illustrated in FIG.
      3.
PAR  One of the outstanding features of the instant invention is the structure
      of the top portion of the chamber of FIG. 1. The upwardly tapered
      sidewall, pyramidal and inverted cone designs have been found to greatly
      facilitate the removal of the solids from the chamber after said solids
      have been conveyed to the surface of the admixture. This particular design
      structure surprisingly and very unexpectedly provides removal of solids
      from the treatment chamber with no required auxiliary apparatus such as
      scrapers, skimmers and the like. In fact, the design may be considered to
      provide self-removal of the solids as movement of the solids proceeds
      rapidly and efficiently upwardly to the aperture at the apex of the
      upwardly tapered sidewall structure, pyramid or inverted cone and into the
      conduit connected to the aperture for convenient disposal. Such designs
      provide substantially maintenance-free operation of the apparatus as all
      moving parts may be eliminated from the treatment chamber if the solids
      contained in the sewage water mixture are disintegrated prior to
      introduction of the mixture into the treatment chamber. Although the
      solids may be removed by overflow methods such as weir or baffle
      arrangements and the like such techniques cause buildup and resultant
      delayed removal of the solids and interference with the other components
      of the apparatus. Consequently most presently available treatment devices
      necessarily utilize some type of mechanically operated means for solid
      removal.
PAR  Another very important and practical advantage of the above-described
      upwardly tapered sidewall, pyramidal and inverted cone top portions
      results when the invention is utilized in combination with a marine
      toilet. Because of erratic movement of boats caused by water and wind
      conditions, sewage treatment devices installed on boats are subject to
      spillage and other disturbance or overflow of the contents. Such erratic
      movement also may result in interference with mechanically operated solids
      removal equipment. The chamber top structural configuration of the FIG. 1
      embodiment of the present invention avoids such disadvantages in that if
      the chamber is tilted by erratic motion any resultant overflow will be
      contained by the closed top and discharged through the conduit connected
      at the chamber aperture for the usual normal removal of solids. Such
      beneficial operation is made possible not only by the structural design
      but also by the absence of any mechanically operated solids removal means
      at the surface of the admixture.
PAR  The effluent pump 16, as noted above, is positioned on or proximate to the
      bottom wall of the treatment chamber for discharging the disinfected
      liquid. Since the liquid portion of the sewage water mixture being treated
      is substantially free of solid matter which has been conveyed by flotation
      to the surface of the chamber during treatment, the liquid portion may be
      discharged through effluent pump 16, and conduit 17 which extends outside
      the treatment chamber. The effluent is disinfected sufficiently light in
      color, low in solid content and odor so that it may be disposed of without
      creating a health hazard or pollution problem, thus being in conformance
      with existing and probable future statutes intended to regulate the
      disposal of such materials.
PAR  When the sewage water mixture introduced into the treating chamber does not
      contain saline solution such solution may be added to the mixture through
      conduit 20, positioned in tank 8. Fresh water may be introduced through
      the inlet 18 so that it flows over the salt bed which may contain salt in
      the form of fine crystals, granules, blocks, or pellets. The water passes
      over the salt bed to form a saline solution which because of its high
      density flows to the bottom of tank 8 and forms a saline solution reserve.
      When additional fresh water is added through inlet 18, saline solution
      from the reserve at the bottom of the tank is forced upwardly by
      hydrostatic pressure through conduit 20, into treatment chamber 11 where
      it is admixed with the sewage water mixture and subjected to electrolysis.
      Water is added through inlet 18 in predetermined amounts to provide a
      saline solution having a sodium chloride content of about 1.0 g/l to about
      100 g/l, preferably from about 5.0 g/l to about 30.0 g/l.
PAR  Referring to FIG. 2 a conventional marine toilet is shown generally at 25,
      in combination with the apparatus illustrated in FIG. 1. The apparatus
      operates basically in the same manner as described in conjunction with the
      operation of the apparatus in FIG. 1 with only a few variations. In the
      embodiment of the invention depicted in FIG. 2 the waste water mixture of
      toilet 25 is discharged by means of soil pump 26, and connected toilet
      discharge conduit 27 into inlet 9 of the treatment chamber 11. When the
      toilet is manually operated soil pump handle 29 is actuated manually and
      serves to feed water into the toilet closet for flushing purposes and also
      to remove the waste water mixture through discharge conduit 27. Where the
      toilet is designed for electrical operation the described manual
      operations are performed automatically by conventional electric circuitry
      and associated motor means activated by a starter switch, not shown. When
      the source of water introduced into the toilet contains a saline solution
      no modifications in the operations described are required. However, when
      fresh flushing water is introduced into the toilet it is necessary to add
      saline solution to the treating chamber. Such addition may be made as
      described in the operation of the apparatus for FIG. 1 either by
      introducing a source of saline solution to inlet 18 or inlet 9 by pump
      means or by introducing fresh water through inlet 18 in such a manner that
      it flows over the salt bed 19 to form and provide a source of brine
      solution at the bottom of tank 8. When fresh water is to be introduced at
      inlet 18 it has been found desirable to connect one terminal of a conduit
      to the water inlet pipe 28 of the marine toilet and the other terminal to
      the water inlet 18 of tank 8. In this manner when the soil pump is
      operated either manually or electrically the action of the soil pump in
      drawing water into the toilet through pipe 28 by suction operation also
      serves to supply water to inlet 18 and tank 8 containing the salt bed.
      This arrangement is preferred over that where a separate source of fresh
      water is supplied to the water inlet of the treatment chamber since it
      provides for a completely automatic operation of the apparatus when fresh
      water is required to be introduced into the treatment chamber.
PAR  Also in FIG. 2 an ultraviolet light source 23 is shown disposed in chamber
      11. The solids collector 30 of FIG. 1 has been deleted in FIG. 2, for
      simplicity. An ultraviolet light source in the form of a mercury vapor
      lamp 23, preferably of sufficiently low voltage to allow operation from a
      twelve volt battery, is enclosed in a quartz tube 22, which is mounted in
      apertures in the wall of the treatment chamber. Protective fluid
      impermeable and electrically insulating seals 23a, are mounted in the wall
      apertures for retaining the quartz tube 22. Leads 24, are connected to the
      ultraviolet light source 23, and to a power source for generating
      ultraviolet light, not shown. The ultraviolet light ray source may be used
      in combination with the apparatus of FIG. 1 or the embodiment of the
      invention in FIG. 3. Any suitable form of ultraviolet light ray source may
      be used provided it does not interfere with the operation of the various
      elements of the apparatus. The ultraviolet ray light source is utilized to
      expose the sewage or other waste water mixture to ultraviolet light rays
      prior to and/or during the electrolysis of said mixture. The use of the
      light rays prior to electrolysis appears to supplement the disinfecting
      action of the chemical agent formed during electrolysis and may reduce the
      required treatment time for sterilizing the sewage water mixture. The
      ultraviolet rays, when used in combination with the chemical agents formed
      in-situ by electrolysis, appear to cause sterilization of the sewage water
      mixture more rapidly than when only the chemical agents are used. It is
      postulated, therefore, that a synergistic effect may be present. It has
      been determined that although the coliform count of the solids separated
      from the mixture during treatment and dried is substantially zero shortly
      after separation, that the count remains substantially zero even after
      extended periods of storage of the solids, e.g., from about 1 to about 7
      days when the mixture is exposed to ultraviolet rays.
PAR  Another embodiment of this invention is shown in diagrammatic form in
      combination with solids collector vessel 30 in FIG. 3. The diagrammatic
      view of the apparatus of FIG. 3 differs from the representation of FIG. 1
      in that a skimmer device and contiguous baffle are included in combination
      with the solution supply tank 8, treatment chamber 11 and solids collector
      vessel 30 are included in compartment arrangement in a unitary structure.
      The skimmer device 35 comprises a rotatable cylinder 36 having a
      multiplicity of solids pickup blades or arms attached to the periphery of
      the cylinder. During rotation of the cylinder the blades rotate at the
      same speed and scoop solids from the surface of the admixture and deposit
      the solids in the collector filter bag 32. Baffle 38 is attached to a
      partition at one lower edge and is inclined upwardly to a point where the
      upper edge terminates contiguous to the unattached ends of the skimmer
      blades. The baffle is upwardly inclined to cause the rising solids to
      travel along its inclined plane to the upper edge of the baffle where the
      skimmer blades scoop the solids from the admixture surface.
PAR  Whenever the term "saline solution" is used herein it refers to an aqueous
      sodium chloride solution with a sodium chloride content which affords
      suitable operating results and which generally ranges from about 5.0 grams
      per liter to about 30.0 grams per liter.
PAR  The word pyramidal wherever included in this specification and claims means
      any structure or portion thereof narrowing gradually to an apex from a
      supporting base.
PAR  In order that those skilled in the art may more completely understand the
      present invention and the preferred methods whereby the same may be
      carried into effect, specific examples are presented in the following
      table.
PAR  In the examples presented in the table the sewage water treatment was
      carried out batchwise by placing the wastewater in a treatment chamber of
      the type shown and described in FIG. 1 of the drawings. In Examples 4 to
      6, inclusive, water was added to the chamber to provide sufficient volume
      in the treatment chamber for suitable operation of the equipment. The
      sodium chloride content of the admixture in the chamber was 10 g/l for all
      the examples except Example 2 which was 2 g/l. The sewage water mixture
      containing saline solution was subjected to disintegration after being
      placed in the treatment chamber by operation of the disintegrator for
      about one-half of a minute. After the disintegrator motor was turned off
      the mixture was electrolyzed for the time periods set forth in the table.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     WASTEWATER TREATMENT RESULTS                                              
                                                         Biochemical and       
              Dilution Factor                                                  
                        Time Percentage Reduction or Removal                   
                                                         Chemical Oxygen       
              (Ratio of Dilu-                                                  
                        of Elec-                                               
                             Biochemical                                       
                                     Chemical                                  
                                             Total Coli- Demand                
     Ex.                                                                       
         Type of                                                               
              tion Water to                                                    
                        trolysis                                               
                             Oxygen  Oxygen  Suspended                         
                                                   form/ Initial               
                                                                Final          
     No.                                                                       
        Wastewater                                                             
              Sewage Water)                                                    
                        (min.)                                                 
                             Demand (BOD)                                      
                                     Demand (COD)                              
                                             Solids                            
                                                   100 ml.                     
                                                         (ppm)  (ppm)          
     __________________________________________________________________________
        Research                                                               
     1  Laboratory                                                             
              Not diluted                                                      
                        10           83            100   COD                   
                                                                4920           
        Building                                                               
     2  Sewage                                                                 
              Not diluted                                                      
                        10           71            100   COD                   
                                                                7200           
        Water                                                                  
        Effluent                                                               
     3        Not diluted                                                      
                         7           90            100   COD                   
                                                                2860           
     4  Toilet                                                                 
              2.25       9           83            100   COD                   
                                                                1809           
        Effluent                                                               
     5        1.5       10   66      72      88    100   COD                   
                                                                2172           
                                                         BOD                   
                                                                4030           
     6        2.35      15   80      89      97    100   COD                   
                                                                5942           
                                                         BOD                   
                                                                2055           
     __________________________________________________________________________
PAR  The date of Table I were obtained by analytical methods included in the
      textbook "Standard Methods for the Examination of Water and Wastewater",
      12th edition, American Public Health Association, Inc., 1790 Broadway, New
      York, N.Y. 10019, 1965 as follows:
PA1  Chemical Oxygen Demand (COD) - page 510 Part IV
PA1  Biochemical Oxygen Demand (BOD) - page 415 Part III
PA1  Total Suspended Solids (TSS) page 424 Part III Method C
PA1  Coliform - page 610 Part VII
PAR  It will be readily observed from the examples in the table that the
      coliform bacteria are completely eliminated and the biological and
      chemical oxygen demand and total suspended solids significantly reduced in
      an extremely rapid treatment interval. The advantages of the apparatus and
      process of the present invention over prior techniques are thus evidenced
      by the rapid and efficient cleaning of wastewater to meet disposal
      regulatory standard requirements. The large reduction in total suspended
      solids is particularly surprising and unexpected as extended periods have
      previously been required to accomplish such reduction. Not only the
      lengthy time but also the expense and size of the equipment required to
      accomplish such results make known processes and apparatus unsatisfactory
      for wastewater treatment generally, and particularly for treatment at
      intermittent intervals and/or where small volumes must be treated. Where
      the influent of sewage-water mixture is continuous the solids are caused
      to overflow chamber 11 and enter conduit 5 for convenient disposal by
      influent displacement of the mixture being treated. Where operation and
      flow of the mixture into the treatment chamber is intermittent, the solids
      may be caused to overflow and exit through conduit 5, by introducing water
      or an inflatable displacement device into chamber 11.
PAR  Satisfactory results are obtained in the practice of the process of the
      instant invention by treatment of sewage water mixtures without dilution
      although in some instances the influent source may be diluted prior to or
      subsequent to introduction to the treatment chamber. The apparatus, for
      practical reasons, is designed to contain a quantity of sewage water
      mixture, not only variable in accordance with the current input required
      to be treated but also to meet anticipated future increases in treatment
      capacity requirements. Thus, the amount of influent sewage water during
      certain periods is insufficient for satisfactory processing and water must
      be added to increase the volume sufficiently to permit satisfactory
      treatment of the wastewater. Also, during continuous process operation if
      water is added to the treatment chamber to cause the layer of solid matter
      formed at the surface of the treatment chamber to overflow for disposal
      the wastewater is consequently diluted some extent. Such dilution of the
      mixture has been found to have no deleterious effect on the excellent
      results of disinfecting and removing solids from sewage water mixtures
      obtainable in the practice of this invention.
PAR  Although the invention has been described with reference to certain
      specific and preferred embodiments thereof, it is not to be so limited
      since changes and alterations may be made therein which are within the
      full and intended scope of this invention as defined by the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The process for treating sewage water which comprises:
PA1  A. providing a sewage-containing alkali metal halide solution to an
      upwardly tapered cell chamber ending in a solids discharge outlet and
      having submerged dimensionally stable electrodes disposed therein;
PA1  B. agitating and disintegrating solids contained in said solution;
PA1  C. passing a direct electrolyzing current between opposed dimensionally
      stable anodes and cathodes in said solution, whereby said solution and
      solids are disinfected and said solids float to the top of the chamber;
PA1  D. removing solids and entrained solution through the solids discharge
      outlet; and
PA1  E. discharging treated solution from said chamber.
NUM  2.
PAR  2. A process as in claim 1 wherein solids and treated solution are removed
      and discharged by the addition to the chamber of further solution to be
      treated.
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ABST
PAL  A hydrophilic polymer or copolymer is produced in an environment free from
      a chemical initiator and preferably by irradiation of the starting
      materials, particularly by gamma rays. The product polymer or copolymer is
      thus free from the residua of chemical initiators and the method permits
      the production of polymers and copolymers which are particularly suitable
      for use in contact with living tissue, for example as contact lenses,
      prosthetic devices, surgical implants, protective corneal fittings and
      protective membranes or bandages.
BSUM
PAR  The invention relates to a method of polymerisation and the polymers of
      improved properties so formed.
PAR  In the polymerisation of monomer materials by conventional means,
      polymerisation takes place by the agency of a chemical initiator and
      cross-linking can proceed by means of a cross-linking agent. One of the
      criteria for evaluating a hydrophilic polymer is the capacity of the
      polymer for absorbing water. A second criterion is the elimination of any
      chemical agent or residue of the polymerisation process likely to cause an
      unfavourable reaction in living tissue. These criteria are particularly
      important in respect of polymers for use in the production of ophthalmic
      devices such as contact lenses, prosthetic devices, and other devices for
      use in contact with living tissue. A third is the mechanical durability
      and hydraulic and gas permeability.
PAR  Until now, difficulty has been encountered in providing polymers suitable
      for use in contact with living tissue. In particular, difficulty has been
      encountered in providing polymers which are capable of absorbing more than
      their own weight of water, with a low degree of chemical residue and
      sufficient mechanical strength.
PAR  However, it has now been found that by subjecting hydrophilic monomer
      materials to high energy electromagnetic radiation in the ultraviolet ray
      to gamma ray range, it is possible to obtain polymers capable of absorbing
      up to five time or more of their own weight of water. These polymers,
      moreover, are eminently suitable for use in contact with living tissue
      because they contain none of the harmful contaminants derived from the
      initiators used in conventional polymerisation.
PAR  The invention therefore provides a method of producing a hydrophilic
      polymer comprising the steps of subjecting at least one hydrophilic
      monomer material or low molecular weight polymer to high energy
      electromagnetic radiation in the ultraviolet ray to gamma ray range. The
      hydrophilic component may contain a heterocyclic group.
PAR  Hydrophilic monomer materials which have been found suitable for use in the
      method according to the invention include:- methacrylic acid, acrylic
      acid; N-vinyl pyrrolidones, preferably N-vinyl-2-pyrrolidone; vinyl
      pyridines, preferably 4-vinyl pyridine; hydroxyalkyl methacrylates,
      preferably 2-hydroxyethyl methacrylate and hydroxypropyl methacrylates,
      particularly 2-hydroxypropyl methacrylate.
PAR  The hydrophilic monomer material or combination of hydrophilic materials
      chosen can be varied so as to obtain polymers having different properties.
      Thus, the water uptake of the polymer may be varied by the control of
      chemical composition and radiation treatment to lie between one half of
      the dry weight of the polymer and 10 times the dry weight of the polymer,
      while retaining mechanical properties and optical transparency consistent
      with its use as an ophthalmic device or biologically acceptable implant.
      Liquid and gas permeability in the hydrated state may be controlled both
      by radiation treatment and polymerisation in the presence of an extending
      agent. The colour of the sample or polymer may also be controlled by using
      suitable dyes in admixture with or included in the monomer material and
      polymerised in situ without complications of chemical initiator
      interaction or degradation common in conventional polymerisation
      processes. In the same way biologically active substances may be included,
      particularly therapeutic substances such as antibiotics, bactericides,
      fungicides, steroids, and hormone preparations, for example mydriacyl,
      cetamide, dendrid, tropicamide, idoxuridine and sulphacetamide sodium.
      Instead of including such ingedients during the polymerisation stage, they
      may be added by absorption from solution by hydrating the polymer.
PAR  The properties of the resultant polymers can also be varied by including,
      in the monomer material subjected to irradiation, one or more hydrophobic
      materials. Suitable hydrophobic monomer materials for this purpose include
      alkyl acrylates; alkyl methacrylates such as methyl methacrylate; styrene;
      and .epsilon.-caprolactam.
PAR  The properties of the resultant polymers may also be varied by varying the
      proportions of the monomers present and by varying the amount of radiation
      provided. The molar ratio of hydrophilic monomer to hydrophobic monomer
      may, for example, be between ten to one and one to two but is preferably
      between 2 to 1 and 5 to 1.
PAR  Additional control of strength and permeability is possible by the
      radiation polymerisation of monomer materials in the presence of a
      suitable chemically "passive" extending agent, for example, water or
      glycerol. The ratio of extending agent to monomer mix may vary between 1
      to 20 and 2 to 1, but is preferably between 1 to 1 and 1 to 10.
PAR  Where the hydrophilic monomer is N-vinyl-2-pyrrolidone, hydroxyethyl
      methacrylate, hydroxyethyl acrylamide, or simply an extending agent, the
      hydrophobic material may be a hydrophobic polymer such as nylon; nylon
      6,6; nylon 6, 10; nylon 11; nylon 12; or the polyamide of terephthalic
      acid and an alkyl-substituted hexamethylene diamine, for example; a
      mixture of isometric 2,2,4- and 2,4,4- trimethylhexamethylene diamines; a
      polyalkyl methacrylate or a polyalkyl acrylate such as polymethyl
      methacrylate or polymethyl acrylate, polystyrene, polyvinyl chloride, a
      bisphenol polycarbonate, or any copolymer derived from (monomers of) the
      above homopolymers. Alternatively, an unsaturated polymer, that is one
      containing unsaturated links such as carbon-carbon double bonds -- for
      example an unsaturated polyester --, could be used as the hydrophilic
      material.
PAR  The ratio of hydrophobic polymer to hydrophilic monomer can be varied
      between 1 is to 10 and 2 is to 1, but is often dependent upon the
      solubility of the hydrophobic polymer in the hydrophilic monomer.
      Suitably, the ratio should be between 1 is to 5 and 1 is to 1.
PAR  The hydrophobic polymer material is dissolved in the hydrophilic monomer
      material, placed in a suitable mould, and exposed to ionizing
      electromagnetic radiation, or the polymer may be irradiated alone and then
      contacted with the hydrophilic monomer. Graft polymerisation is initiated
      by quantities of long lived radicals trapped in the solid polymer. The
      resultant polymerised and possible lightly cross-linked mass is a rigid
      hydrophilic transparent material of enhanced elasticity and physical
      properties.
PAR  It is understood that as a result of electromagnetic radiation, the
      molecules are ionised or radiolytic bond breaking produces free radicals
      so as to provide attachment sites at which the ionised molecules or free
      radicals are capable of attaching themselves to similarly ionised
      molecules or free radicals. By varying the amount of radiation, and thus
      the amount of ionisation. It has been found possible to control the
      formation of homopolymer and copolymer material and to control the extent
      of cross-linking between the polymer chains.
PAR  It has been observed that the water uptake, swelling capacity, tensile and
      tear strengths for a fixed hydrophobic unit to hydrophilic unit ratio.
      [Such as that between the polyamide of terephthalic acid and an
      alkyl-substituted hexamethylene diamine, for example a mixture of isomeric
      2,2,4- and 2,4,4-trimethylhexamethylene diamines and
      N-vinyl-2-pyrrolidone, or that between a polyalkyl acrylate such as
      poly(methyl acrylate) and N-vinyl-2-pyrrolidone, or that between a
      poly(alkyl methacrylate) such as poly(methyl methacrylate) and
      N-vinyl-2-pyrrolidone, or that between an alkyl acrylate or methacrylate
      such as methyl acrylate or methyl methacrylate and N-vinyl-2-pyrrolidone],
      can be controlled by the addition of one or more di-functional or
      poly-functional compounds which act as selective cross-linking agents and
      can vary the cross-link density compared to that resulting for a given
      radiation dose. Suitable selective cross-linking materials include
      di-vinylbenzene, allyl methacrylate, ethylene glycol dimethacrylate, in
      concentrations up to about twenty percent by weight of the total weight of
      polymer or monomer mix but usually the desired effect can be obtained
      using concentrations between 0.01% by weight and 5% by weight of the total
      weight of mix.
PAR  If a material suitable for forming into the desired product by moulding is
      required, the molecular weight of the polymer formed can be controlled by
      the addition of a mutual solvent, i.e. compatible with the monomer system
      or the polymer/monomer system, such as acetone, carbon tetrachloride,
      ethanol, etc. Adjustment of the ratio of monomer to solvent controls
      monomer/monomer contacts and this affects the length of the polymer chains
      produced in the addition polymerisation process. By evaporation of the
      solvent or precipitation in a non-solvent followed by drying and grinding
      of the cross-linked suitable moulding materials are obtained. These can be
      crosslinked in the desired mould by addition of cross-linking agents in
      proportions up to 10% of the total polymer weight, preferably between 1%
      and 5% by weight. Such materials are diamines, such as hexamethylene
      diamine, or dianhydrides which on heating promote cross-linking by
      condensation reactions with such functional groups as hydroxyl or amide
      present in the polymer structure.
PAR  A typical electromagnetic radiation having a quantum energy lying between
      60 and 100 MeV, which is suitable for the present invention, is the gamma
      ray radiation from a Cobalt 60 source. Where such radiation is used, a
      radiation dosage of 2-5 MegaRads, for example 2.5 MegaRads, has been found
      effective.
PAR  The necessary dosage may be administered over any period between 1 and 48
      hours, typically over a period of about 9 hours.
PAR  The degree of polymerisation is generally at least 95% is advantageously
      better than 98% and can be better than 99.8%.
PAR  The invention is illustrated in the following Examples. The water uptake or
      absorption of the polymer was determined by removing the solid
      polymer/copolymer from the tubular polyethylene container and cutting a
      disc 3 mm. thick from the centre. The disc was weighed under anhydrous
      conditions and then immersed in saline solution (pH 7.3) and the uptake of
      water after immersion for specific periods was determined by reweighing
      after carefully blotting off all the surface water. The water absorbed was
      given as a percentage calculated as follows:
      ##EQU1##
      where W.sub.o is the weight of the disc before immersion and W.sub.1 its
      weight after immersion.
PAR  The concentration of monomer left in the polymer after polymerisation and
      consequently the degree of polymerisation was ascertained by gas-liquid
      chromatographic and ultra-violet spectrophotometry examinations of water
      and solvent washings from the polymer.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 40g. of freshly distilled N-vinyl-2-pyrrolidone and 10g. of
      freshly distilled methyl methacrylate was purged with nitrogen and sealed
      in a polyethylene tube. The tube was subjected to a dose of 2.5 MegaRads
      of ionising radiation from a Cobalt 60 source. The solid copolymer formed
      was very hard and transparent. The water absorption of the copolymer
      determined on a 3 mm. thick disc was 710% after immersion for one day,
      920% after immersion for two days and 104% after immersion for eleven
      days. The disc was transparent, light amber coloured, very flexible and
      strong, and greatly swollen after immersion for eleven days. The degree of
      polymerisation was found to be better than 98%.
PAC  EXAMPLE 2
PAR  A mixture of 30g. of freshly distilled N-vinyl-2-pyrrolidone, 10g. of
      freshly distilled methyl methacrylate and 0.4g. of allyl methacrylate was
      purged with nitrogen and sealed in a polyethylene tube. The tube was
      subjected to a dose of 2.5 MegaRads of ionising radiation from a Cobalt 60
      source. The solid copolymer formed was very hard and transparent. The
      water absorption of the copolymer determined on a 3 mm. thick disc was
      250% after immersion for three days. The disc was transparent, light amber
      coloured, very flexible and strong, and greatly swollen after immersion
      for eleven days. The degree of polymerisation was found to be better than
      98%.
PAC  EXAMPLE 3
PAR  A mixture of 20g. of freshly distilled N-vinyl-2-pyrrolidone, 10g. of
      freshly distilled methyl methacrylate and 0.15g. of allyl methacrylate was
      purged with nitrogen and sealed in a polyethylene tube. The tube was
      subjected to a dose of 2.5 MegaRads of ionising radiation from a Cobalt 60
      source. The solid copolymer formed was very hard and transparent. The
      water absorption of the copolymer determined on a 3 mm. thick disc was
      240% after immersion for three days. The disc was transparent, light amber
      coloured, very flexible and strong, and greatly swollen after immersion
      for eleven days. The degree of polymerisation was found to be better than
      98%.
PAC  EXAMPLE 4
PAR  A mixture of 25g. of freshly distilled N-vinyl 2-pyrrolidone, 10g. of
      freshly distilled methyl methacrylate and 0.35g. allyl methacrylate was
      purged with nitrogen and sealed in a polyethylene tube. The tube was
      subjected to a dose of 2.5 MegaRads of ionising radiation from a Cobalt 60
      source. The solid copolymer formed was very hard and transparent. The
      water absorption of the copolymer determined on a 3 mm. thick disc was
      265% after immersion for three days. The disc was transparent, light amber
      coloured, very flexible and strong, and greatly swollen after immersion
      for eleven days. The degree of polymerisation was found to be better than
      98%.
PAC  EXAMPLE 5
PAR  15g. of freshly distilled 2-hydroxymethyl methacrylate was purged with
      nitrogen and sealed in a polyethylene tube. The tube was subjected to a
      dose of 2.5 MegaRads of ionising radiation from a Cobalt 60 source. The
      solid copolymer formed was very hard, clear and transparent. The water
      absorption of the polymer determined on a 3 mm. thick disc was 43% after
      immersion for four days. The disc was clear, strong, flexible and swollen
      after immersion for four days. The degree of polymerisation was found to
      be better than 98%.
PAC  EXAMPLE 6
PAR  25g. of freshly distilled 2-hydroxymethyl methacrylate and 25g. of
      de-ionised water was purged with nitrogen and sealed in a polyethylene
      tube. The tube was subjected to a dose of 2.5 MegaRads of ionising
      radiation from a Cobalt 60 source. The polymer formed was white, opaque
      and very soft and pliable. A sample of the solid polymer so formed was
      dehydrated to remove all the water present by heating the material to
      constant weight in a vacuum oven at 30.degree.C under a vacuum of 3 Torr.
      The dehydrated polymer was clear, hard and brittle. The water absorption
      of the dehydrated polymer determined on a 3 inch thick disc was 53% after
      immersion for one day and 70% after immersion for four days. The disc was
      clear, strong, flexible and swollen after immersion for 4 days. The degree
      of polymerisation was found to be better than 98%.
PAC  EXAMPLE 7
PAR  A mixture of 25g. of freshly distilled N-vinyl-2-pyrrolidone and 25g. of
      de-ionised water was purged with nitrogen and sealed in a polyethylene
      tube. The tube was subjected to a dose of 2.5 MegaRads of ionising
      radiation from a Cobalt 60 source. The solid polymer so formed was clear
      and very soft and pliable. The water absorption of the polymer was 400%
      after immersion for one day, 600% after immersion for seven days and 830%
      after immersion for eleven days. These figures represent a total water
      content of 900% after immersion for one day, 1,300% after immersion for
      two days and 1,690% after immersion for eleven days. The disc was clear,
      very flexible and swollen, but had somewhat reduced mechanical strength
      after immersion for eleven days. The sample of polymer was dehydrated as
      described in Example 6. The dehydrated polymer was clear, hard and very
      brittle. The water absorption of the dehydrated polymer determined on a 3
      mm. thick disc was 472% after immersion for one day and 1,100% after
      immersion for four days. The degree of polymerisation was found to be
      better than 98%.
PAC  EXAMPLE 8
PAR  A mixture of 10g. of freshly distilled N-vinyl-2-pyrrolidone and 10g. of
      hydroxyethyl methacrylate and 20g. of di-ionised water was purged with
      nitrogen and sealed in a polyethylene tube. The tube was subjected to a
      dose of 2.5 MegaRads of ionising radiation, from a Cobalt 60 source. The
      solid copolymer so formed was clear and very soft and pliable. The water
      absorption of the copolymer determined on a 3 mm. thick disc was 122%
      after immersion for one day, 158% after immersion for two days and 250%
      after immersion for eleven days. This represents a total water content of
      843% after immersion for eleven days. A sample of the solid copolymer was
      dehydrated as described in Example 6. The dehydrated copolymer was clear,
      hard and brittle, The water absorption of the copolymer determined on a 3
      mm. thick disc was 120% after immersion for one day, 160% after immersion
      for two days and 245% after immersion for 11 days. These figures represent
      a total water content of 250% after immersion for one day, 325% after
      immersion for two days and 500% after immersion for eleven days. The disc
      was clear, flexible, swollen, and strong after immersion for eleven days.
      The degree of polymerisation was found to be better than 98%.
PAC  EXAMPLE 9
PAR  A mixture of 2g. of polyethylene oxide and 40g. of de-ionised water was
      purged with nitrogen and sealed in a polyethylene tube. The tube was
      subjected to a dose of 2.5 MegaRads of ionising radiation from a Cobalt 60
      source. The cross-linked polymer was clear, very soft and pliable. A
      sample of the cross-linked polymer was dehydrated as described in Example
      6. The dehydrated polymer was clear, hard and brittle. The water
      absorption of the dehydrated polymer was 2,300% after immersion for one
      day and 2,800% after immersion for four days. The disc was clear flexible,
      swollen and fairly weak after immersion for 4 days.
PAC  EXAMPLE 10
PAR  A mxiture of 2.5g. of polyacrylamine and 50g. of de-ionised water was
      purged with nitrogen and sealed in polyethylene tube. The sample was
      subjected to a dose of 2.5 MegaRads of radiation from a Cobalt 60 source.
      A transparent cross-linked gel resulted which proved capable of
      dehydration and subsequent rehydration, absorbing 150% water while
      retaining good tensile strength and elongation to break.
PAC  EXAMPLE 11
PAR  A mxiture of the polyamide of terephthalic acid and a mixture of 2,2,4- and
      2,4,4-trimethylehexamethylene diamines dissolved in N-vinyl-2-pyrrolidone
      so that the weight ratio of the polyamide to the N-vinyl-2-pyrrolidone was
      1 : 3. The solution or mixture was subjected to an absorbed dose of 2
      MegaRads of gamma ray radiation from a Cobalt 60 source, and a rigid
      transparent polymer was produced. The water absorption of this polymer was
      230% afater immersion for four days.
PAR  The material produced was transparent, flexible and of high tensile
      strength and tear resistance, and was particularly suitable for use in
      contact lenses. The degree of polymerisation was found to be better than
      98%.
PAC  EXAMPLE 12
PAR  The polyamide of terephthalic acid and a mix of 2,2,4- and 2,4,4-
      trimethylhexamethylene diamines was dissolved in N-vinyl-2-pyrrolidone so
      that the weight ratio of the polyamide to the N-vinyl-2-pyrrolidone was 1
      : 4. An amount of allyl methacrylate representing 1% of the total mixture
      was dissolved in the mixture. The mixture was subjected to an absorbed
      dose of 2 MegaRads of gamma ray radiation from a Cobalt 60 source, and a
      rigid transparent polymer was produced. The water absorption of this
      polymer was 220% after immersion for three days. The degree of
      polymerisation was found to be better than 98%.
PAR  The material produced was transparent, flexible and of high tensile
      strength and tear resistance, and was particularly suitable for use in
      contact lenses.
PAR  Any residual stress in the material produced by any of the Examples 1-7
      after polymerisation could be improved or relieved by heat treatment under
      vacuum at 120.degree.C. for four hours. The colour of the polymer changed
      from light amber to yellow after this treatment.
PAR  The material produced by any of the Examples 1 to 7, may be polymerised by
      radiation in a mould to produce a lens, implant or article of complex
      shape without subsequent machining.
PAR  As has hereinbefore been indicated, the hydrophilic polymers and copolymers
      produced according to the invention are very suitable for use in contact
      with living tissue. Thus many of the polymers and copolymers are suitable
      for use as contact lenses and for prosthetic use, for example as heart
      valves or inserts in the inner ear cavity. Many of the polymers and
      copolymers are also suitable for use as dialysis membranes in artificial
      kidney machines, and as protective corneal membranes. Such protective
      corneal membranes or soft lenses are suitable for use when an eye has been
      injured or is in need of protection for any other reason and such corneal
      membrane may be made opaque. As hereinbefore stated, the hydrophilic
      polymers and copolymers may incorporate a medicinally or therapeutically
      active ingredient such as an antibiotic. Thus the protective membrane for
      the eye may include an antibiotic or other drug and so function not only
      as a protective membrane for the eye but also as a vehicle for the
      installation of a drug into the eye. The hydrophilic polymers and
      copolymers may also be used as carriers, for example carriers of drugs,
      for oral administration.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the production of a hydrophilic copolymer, which comprises
      subjecting to copolymerization an initial mixture of (a) hydrophilic
      monomer selected from the group consisting of methacrylic acid, acrylic
      acid, N-vinyl pyrrolidones, vinyl pyridines, hydroxy alkyl methacrylates
      and mixtures thereof, and (b) hydrophobic monomer selected from the group
      consisting of alkyl acrylates, alkyl methacrylates, styrene and
      diethyleneglycol bis(allyl carbonate) and, as the only monomers in the
      polymerization system, said monomers being mixed in a molar ratio of a/b
      in the range of 10/1 to 1/2, in an environment free of chemical
      polymerization initiator and any residue thereof, by subjecting the
      initial mixture to electromagnetic radiation in the ultraviolet-gamma ray
      range using a radiation dosage of from 2 to 5 megarads administered over a
      time period of from one to 48 hours, to give a degree of polymerization of
      at least 95%.
NUM  2.
PAR  2. A method according to claim 1, in which the radiation has a quantum
      energy in the range 60 - 100 MeV.
NUM  3.
PAR  3. A method according to claim 1, in which the radiation is gamma rays.
NUM  4.
PAR  4. A method according to claim 3, in which the radiation source is cobalt
      60.
NUM  5.
PAR  5. A method according to claim 4, in which said dosage is substantially 2.5
      Megarads.
NUM  6.
PAR  6. A method according to claim 3, in which the hydrophobic monomer is a
      member of the group consisting of methyl acrylate and methyl methacrylate.
NUM  7.
PAR  7. A method according to claim 3, in which said hydrophilic monomer is a
      member of the group consisting of N-vinyl-pyrrolidones and vinylpyridines.
NUM  8.
PAR  8. A method according to claim 3, in which said hydrophilic monomer is a
      member of the group consisting of N-vinyl-2-pyrrolidone and
      4-vinylpyridine.
NUM  9.
PAR  9. A method according to claim 3, in which said molar ratio is from 5 : 1
      to 2 : 1.
NUM  10.
PAR  10. A method according to claim 3, in which the polymerisation is carried
      out in the presence of a minor proportion of a selective cross-linking
      agent.
NUM  11.
PAR  11. A method according to claim 10, in which the cross-linking agent is a
      member of the group consisting of allyl methacrylate, divinylbenzene and
      ethylene glycol dimethacrylate.
NUM  12.
PAR  12. A method according to Claim 3, in which said initial mixture consists
      essentially of N-vinyl-2-pyrrolidone, methyl methacrylate and allyl
      methacrylate.
NUM  13.
PAR  13. A method according to Claim 3, in which said hydrophilic monomer
      consists of a hydroxyalkyl methacrylate.
NUM  14.
PAR  14. A method according to Claim 3, in which said hydrophilic monomer
      consists of N-vinyl-2-pyrrolidone and said hydrophobic monomer consists of
      methyl methacrylate.
NUM  15.
PAR  15. A method according to claim 3, carried out in vacuo or in an inert
      atmosphere.
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ABST
PAL  Process and apparatus for polymerizing oxygen-inhibited ultraviolet
      photopolymerizable resin-forming material such as a film is shown. The
      apparatus comprises a pair of U.V. light sources, one being a flash
      photolysis source, the other a sustained photolysis source, both disposed
      for irradiating said mass as it abides in an atmosphere such as air which
      tends to inhibit such polymerization. The process has two essential
      phases, a superficial phase and a profound phase, performed simultaneously
      or one in advance of and as preparation for the other. The profound phase
      is performed with sustained irradiation effective for substantially
      completely polymerizing said material except for inhibition of
      polymerization at the surface thereof due to said atmosphere. The
      superficial phase is performed with flash irradiation effective for
      forming a tack-free skin over said material. Said skin helps to protect
      the less fully polymerized material therebelow from oxygen inhibition when
      such superficial phase is performed first or simultaneously with the other
      phase. When such superficial phase is performed after the profound phase,
      said superficial phase acts to complete polymerization of said material
      throughout its thickness.
PARN
PAR  This is a division of application Ser. No. 373,374, filed June 25, 1973 now
      U.S. Pat. No. 3,875,067.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to process and apparatus for polymerizing
      oxygen-inhibited ultraviolet photopolymerizable resin-forming material
      such as a film or a deposit thereof on a substrate. For convenience herein
      such masses of the resin-forming material will be referred to from time to
      time simply as "films."
PAR  Superficial curing herein connotes polymerization of the binding vehicle in
      such film to convert the surface of the film from a liquid or tacky
      condition into a tack-free condition, detectable by touch; full curing
      connotes substantially complete polymerization of the film throughout its
      thickness to a finished state. Films that are undercured often have poor
      adhesion to substrates. Films with mainly a superficial cure (and somewhat
      undercured therebelow) frequently will develop defects such as wrinkling,
      "orangepeeling," or "alligatoring." Films that are well cured below, but
      which have a tacky or undercured surface, are generally unusable because
      of such tacky or undercured and thus unsatisfactory condition.
PAR  The generally advantageous ultraviolet wave energy useful for the instant
      process is that U.V. energy in the so-called "near-visible" or "near-U.V."
      region, in other words, the wavelengths of the U.V. spectrum that are
      transmittable through a quartz or other transparent window. Such
      advantageous range should be understood herein as lying between about
      1600-1800 A wavelength and about 4000-4200 A wavelength, and preferably
      between about 2500 A and 4000 A wavelength.
PAR  Conventionally convection ovens and infrared sources have been used to cure
      (polymerize) films in the nature of a paint, varnish, enamel, lacquer,
      stain filler, ink, or adhesive. The instant film or deposit can be a clear
      one, optionally tinted, or an opaque one, either kind in a variety of
      colors for the purpose of protecting, decorating, and/or applying a
      message on a substrate, or for adhesively uniting a plurality of U.V.
      light-transmitting layers one with another. For convenience herein the
      film or deposit for such curing, whether it is virtually totally
      polymerizable, such as a binding-type vehicle by itself, or such vehicle
      compounded with other ingredients such as pigments and fillers, will be
      referred to herein from time to time as a "paint." Such paint can be a
      fluent, liquid phase continuous material, a jelly-like material, or a
      powdery mixture. It can have, if desired, opacifying pigment and/or added
      colorants and fillers in conjunction with such polymerizable binding
      vehicle. Such paint also can have various other conventional additives
      such as pesticides, odorants, flow-control agents, bubble breakers,
      defoamers, plasticizers, intercoat adhesion promoters, and other
      ingredients conventional in surface-coating films and adhesives.
PAR  More recently ultraviolet wave energy curing of materials has been
      suggested, usually using various U.V. sensitizers for sensitizing
      photopolymerization in ultraviolet wavelengths in the near-visible region.
      The literature on such photopolymerization and sensitization is abundant.
      Films (deposits) of paint for such U.V. curing can be quite thin, e.g.,
      0.1 mil or less, often are 0.5-2 mils in thickness, and can be as high as
      50 or 60 mils, although heretofore such extremely thick films have often
      been difficult to cure. For the purpose of this specification, films
      (including deposits) can be continuous or discontinuous upwards to the
      thickness of 75 mils.
PAR  A fairly intense radiation source which emits a minor proportion of its
      radiation in the near-U.V. region is shown in U.S. Pat. Nos. 3,364,387 and
      3,650,669; the latter patent teaches the curing of paint films by exposure
      to such radiation. This sustained source of U.V. energy is conveniently
      described as a plasma arc torch operating at essentially atmospheric
      pressure. It usually operates with a swirl flow. The intensity of such
      torch integrated throughout the entire spectrum range of its continuum
      light radiation can be at least about 350 watts per square centimeter
      steradian. Ordinarily, such apparatus is used with an inert gas atmosphere
      blanketing the coated workpiece to be irradiated so as to prevent
      inhibition of polymerization from air.
PAR  Electric lamps and lasers have been made to emit sustained U.V. radiation
      also for such curing purpose. An example of laser application to the cure
      of U.V.-polymerizable materials is in the copending U.S. patent
      application of Antonio de Souza and A. M. Buhoveckey, U.S. Ser. No.
      189,254, filed Oct. 14, 1971. Other examples of U.V. laser and U.V.
      electric lamp curing of such materials are shown in U.S. Ser. No. 342,038
      now abandoned of Antonio de Souza, filed Mar. 16, 1973.
PAR  Commercial electric U.V. lamps for this sustained curing purpose are shown,
      for example, in U.S. Pat. Nos. 3,499,781 and 3,673,140. Such commercial
      lamps are usually referred to as "mercury U.V. lamps" even though they can
      have gases mixed with the mercury which modify the emanations. They
      ordinarily have medium filling pressure. U.V. light sources for flash
      photolysis also can be conventional and devised on principles related to
      the sustained electrical U.V. photolysis light sources except that they
      are controlled to emit short bursts or flashes of energy interrupted by
      down time. A typical flash photolysis source is shown in West German
      patent No. 2,019,270 of Nov. 16, 1972. The subject matter of these patents
      and all the patent applications cited herein is expressly incorporated
      herein by reference.
PAR  Molecular oxygen in the atmosphere surrounding the film usually is
      inhibitory to the full curing of otherwise U.V.-photopolymerizable
      resin-forming masses. In such instance often the surface in contact with
      such atmosphere remains undercured. Additionally, any ozone present is
      especially so inhibiting. Hence the masses to be cured usually are
      protected from air atmosphere with nitrogen or other inert blanketing gas
      at considerable expense and trouble. Such inhibiting atmosphere also can
      be substantially more or less rich in molecular oxygen than air is and
      still be quite inhibitory to satisfactory curing of the film or deposit.
PAR  Advantages of U.V. curing over other conventional curing in ovens or the
      like include especially the ability of the U.V. irradiation to perform
      "cold" polymerization ("curing") of the film at high speed with attendant
      suppression of losses due to volatilization of components of the film,
      suppression of discoloration or degradation of the film, suppression of
      shrinkage and distortion of the film and of the substrate (preservation of
      dimensional stability), and suppression of degradation of the substrate to
      which the film is applied, particularly when such substrate is plastic,
      paper, or fabric.
PAR  Special advantages of the instant invention include effective U.V. curing
      of the films or deposits in economical atmospheres such as air, a lessened
      cooling load on the individual U.V. light sources of the apparatus, and
      the ability to distribute such load over a plurality of U.V. light
      sources. The sustained operation of U.V. lamps at about their highest
      intensity often overheats them and causes production slowdowns. This
      invention permits, in many cases, beneficial reduction of energy intensity
      from the sustained irradiating U.V. light source or sources used according
      to invention principles.
PAC  SUMMARY OF THE INVENTION
PAR  The instant improvement in a process for polymerizing an oxygen-inhibited
      ultraviolet photopolymerizable resin-forming material by exposing a
      surface thereof to U.V. radiation comprises:
PAR  subjecting the exposed surface of said material to superficial
      polymerization initiated by a flash of U.V. energy effective for forming a
      tack-free skin over said mass during, prior to, or subsequent to
      photopolymerizing the balance of the material below said exposed surface
      by sustained U.V. irradiation.
PAR  Imaging reflectors can be used to direct both the superficial and the
      sustained U.V. irradiation onto the same surface area for simultaneous
      performance of both phases. Alternatively, and preferably for greater
      flexibility in the process, the sustained phase and the superficial phase
      can be conducted as follows:
PAR  staging said polymerization process as two essential phases, specifically a
      superficial phase and a profound phase, and
PAR  performing one of said phases in advance of and as preparation for the
      other with both in the ambience of atmosphere containing
      polymerization-inhibiting oxygen,
PAR  said profound phase being performed with sustained irradiation by said U.V.
      energy effective for substantially completely polymerizing said mass
      except for inhibition of polymerization at the surface thereof due to said
      oxygen,
PAR  said superficial phase being performed with a flash of said U.V. energy
      effective for forming a tack-free skin over said mass and, in so doing,
      either
PA1  a. improving protection of the less fully polymerized resin-forming
      material therebelow from polymerization inhibition due to said oxygen when
      said superficial phase is the first one to be performed, or
PA1  b. substantially completing polymerization of said mass throughout its
      thickness when said superficial phase is the second one to be performed.
PAR  The instant apparatus for polymerizing such resin-forming material by so
      irradiating it comprises a pair of light sources providing said U.V.
      energy, one of said pair being a flash photolysis light source, the other
      of said pair being a sustained photolysis light source, both of said
      sources being disposed for irradiating said mass simultaneously or
      sequentially as it abides in an atmosphere containing
      polymerization-inhibiting oxygen.
PAR  The kind of polymerizable vehicle in the film will affect the intensity
      useful for curing the film rapidly, as well as will the thickness of such
      film, kind and proportion of pigmentation and/or dye in the film, the
      gaseous atmosphere around the film, the type of sensitizers or other
      polymerization activators and their proportion in the film, and the
      wavelength or wavelengths emanated from the particular ultraviolet source
      of radiation being used in the near-visible region. That is to say,
      thicker films up to thicknesses of 3-5 mils but even more generally
      1.5-2.5 mils often will call for a higher critical intensity than thinner
      films of the same material, as will kinds and porportions of pigments,
      dyes and mineral fillers, the particular wavelengths of light available
      from the source in the near-U.V. region, and all those things which tend
      to absorb or transmit the particular U.V. energy being utilized, as well
      as the activity of the particular sensitizer system and the inertness of
      the gas atmosphere towards the film surface. As a practical matter a U.V.
      sensitizer or sensitizer mixture is used in virtually every film for this
      photopolymerization.
DETD
PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a flow diagram of one simple form of the invention using
      conventional light sources providing the U.V. energy sequentially as
      preferred. Conveyor deck 13, traveling from left to right, positions
      substrate 11 (suitably wood or metal) at position 1. Substrate 11 is
      coated on its top surface with a film of oxygen-inhibited ultraviolet
      photopolymerizable resin-forming material 12. The ambient atmosphere
      surrounding this coating at this position and also at position 2 is air.
      Conventional flash photolysis light source 15 then is turned on to flash
      irradiate the top surface of film 12 with U.V. energy depicted as rays 14,
      this irradiation being effective for forming a tack-free skin
      superficially over the top of coating 12. Conveyor deck 13 then moves
      coated workpiece 11 to the right and to position 2 beneath conventional
      sustained photolysis light source 16. The pre-treated workpiece in
      position 2 is indicated as item 11', and the thus-pretreated coating
      thereon as 12'. The rays emanating from the sustained U.V. photolysis
      source are depicted as item 17. This exposure to sustained irradiation can
      last from a few milliseconds up to several seconds and is called for
      convenience herein the "profound phase."  It substantially completely
      polymerizes the remainder of the coating throughout its thickness; the
      underlying resin-forming material in this instance is protected from
      polymerization inhibition by virtue of the skin formed over the coating in
      the earlier or superficial phase of the operation.
PAR  When the conveyor deck travel is reversed in direction with the freshly
      coated workpiece traveling from right to left, then the following occurs:
      the profound phase substantially completely polymerizes the mass of the
      film except for inhibition of polymerization at the surface thereof due to
      the air environment. The thus-treated workpiece is then moved leftwardly
      and positioned under the flash U.V. photolysis source, and the
      polymerization of the entire film mass is substantially completed
      throughout its thickness. In either case the high intensity of the U.V.
      flash can be used to overwhelm the inhibition to cure.
PAR  Obviously multiple flash photolysis light sources can be used if necessary
      or desirable. Frequently it can be desirable to have two or more of such
      sources operating in sequence as workpieces travel beneath them on a
      conveyor. When such flash units are off, they can be cooling effectively
      and advantageously. Similarly, a plurality of sustained U.V. photolysis
      sources can be used in a series to provide adequate energy dosage for
      effecting the profound phase of the film curing. The light sources can use
      imaging means such as reflectors to direct and concentrate their beams on
      the films being treated.
PAR  Usually the freshly coated workpieces are moved continuously by conveyor
      under the flash and sustained U.V. units. However, it is conceivable to
      move or refocus these light sources relative to the workpiece position or
      to use one conveyor for one phase of the operation and another for the
      second phase.
PAR  Flash photolysis operates extremely rapidly, the irradiation often lasting
      only 1/1000 to 1/100,000 of a second, typically about 1/50,000 of a
      second. The U.V. energy can be quite intense, e.g., up to several watts
      per square cm. or, advantageously, much higher, e.g., hundreds or
      thousands, if desired, or it can be of an intensity as low as a few tens
      of milliwatts per square cm. of the exposed film. Flash photolysis units
      emitting a fairly continuous spectrum of near-U.V. light energy are
      available, for example, a xenon gas-containing lamp, from the Xenon
      Corporation. Usually they are operated off a condenser bank in which is
      built up a high-voltage electrical charge to light the lamp periodically,
      actuating a trigger electrode. Alternatively, a pulsed near-U.V. laser of
      high output energy, e.g., a nitrogen laser, also can be used. The pulses
      can be, for example, from 1 to 500 per second and last about a monosecond.
      Optical means can be used to spread, concentrate, and scan light beams
      over the work. Sustained photolysis units are designed to irradiate
      substantially continuously even though they might be using alternating
      electric current which makes for variable output.
PAR  Typically the polymerizable film-forming material can constitute the entire
      film or be the polymerizable binder for discrete, substantially inert
      solids and additives therein such as pigments to yield the cured product
      in the nature of a paint, varnish, enamel, lacquer, filler, stain, ink, or
      adhesive. Preferably the uncured films are fluent at ordinary irradiation
      temperature (between about 30.degree. and about 300.degree.F. and
      advantageously between ordinary room temperature and about 180.degree.F.).
      When polymerized in accordance with this invention, a tack-free film that
      is durable enough for ordinary handling results rapidly. In the cured
      state the binder of such film is resinous or polymeric in nature, often
      crosslinked. Uncured for application to a substrate or uncured on such
      substrate, such paint consists essentially of a monomer or a mixture of
      monomers, or a further polymerizable oligomer, prepolymer, resin, or
      mixture of same, or a resinous material dispersed or dissolved in a
      solvent that is copolymerizable therewith. Such solvent ordinarily is
      monomeric, but can be an oligomer (i.e., up to four monomer units
      connected) or prepolymer (molecular weight rarely above about 2000).
      Oligomers and prepolymers should be understood herein as being polymeric
      in nature.
PAR  In the main such vehicles or binders are those which also are
      conventionally polymerizable by free-radical-induced addition
      polymerization using peroxy or azo catalysis or a redox system.
      Alternatively, however, the binders can be a fluent material wherein the
      ultraviolet wave energy causes photochemical generation of a catalytic
      material or effects a rearrangement which starts a polymerization that
      continues until a usefully polymerized deposit results. The useful
      vehicles can be polymeric, monomeric, or a mixture, especially those
      exhibiting polymerizable vinyl, acrylic, allylic, mercaptan, fumaric,
      maleic, or like unsaturated functionality. Reactive polymeric types
      include unsaturated polyesters, acrylics, epoxies, urethanes, and
      silicones. Representative polymeric vehicles include those derived from
      the reaction of dibasic acids or their anhydrides with polyols. For
      example, equimolar amounts of maleic anhydride and phthalic anhydride can
      be condensed with propylene glycol in slight excess to form an unsaturated
      polyester which can be diluted with styrene to a sirup of resin solids,
      generally between 40 and 80% n.v. The polyester resin thus prepared has an
      acid number of about 60 and less. Fumaric acid can be substituted for the
      maleic anhydride. Similarly, propylene oxide can be substituted for the
      major portion of propylene glycol. Also instead of styrene other
      copolymerizable monomers such as hydroxyethylacrylate can be used.
PAR  Other useful types of curing include trimethylolpropane triacrylate,
      pentaerythritol triacrylate, ethyleneglycol diacrylate, diacrylic acid
      adduct of the diglycidyl ether of bisphenol A (DER 332 diacrylate), a di-
      or tri-isocyanate reacted with a hydroxy-containing acrylate.
PAR  Reactive monomer types include a variety of acrylates such as hydroxyethyl,
      cyclohexyl, hydroxypropyl, 2-ethylhexyl, benzyl, phenoxyethoxy, lower
      alkoxyethoxy, tetrahydrofurfuryl, and similar acrylates, and also N-vinyl
      pyrrolidone, vinyl acetate, vinyl acetate-butyrate, styrene and
      substituted styrenes. The most popular curable film binders for treatment
      in accordance with the instant invention contain at least one
      polymerizable ethylenically unsaturated group of structure: &gt;C = C&lt;
PAR  Sensitizer types useful in promoting U.V. polymerization of the film in
      accordance with the instant invention include the types: chlorosulfonated
      polynuclear ketones blended with alpha-haloalkylated polynuclear ketones;
      chlorosulfonated benzanthrones blended with alpha-haloalkylated
      benzanthrones; chlorosulfonated fluorenones plus alpha-haloaklylated
      fluorenones; carbonylated phenyl nuclear sulfonyl chlorides; and
      carbonylated polynuclear sulfonyl chlorides as shown in the copending U.S.
      patent applications of Vincent R. McGinniss, Ser. No. 323,031 now U.S.
      Pat. No. 3,827,957, Ser. No. 323,087 now U.S. Pat. No. 3,827,956, Ser. No.
      323,032 now U.S. Pat. No. 3,827,959, and Ser. No. 323,086 now U.S. Pat.
      No. 3,827,960, respectively, expressly incorporated herein by reference.
      Other sensitizers that are conventional can be used alone or in admixture
      with the foregoing ones, for example, benzoin, benzoin ethers, oxime
      ethers, and phosphines. While the speed of U.V. curing is quite remarkable
      using the present invention technique, the depth of cure also is usually
      quite practical so that the resulting polymerized deposit not only is
      tack-free, but also resists scratching or disruption when first ostensibly
      tack-free. Curing can continue on stored pieces. Typically substrate
      workpieces coated with the uncured paint deposit or deposits are passed
      transversely to the U.V.-providing light beam by a conveyor. The substrate
      being coated can be metal, mineral, glass, wood, paper, plastic, fabric,
      ceramic, etc.
PAR  Many useful pigments can be incorporated, in modest propertions, into the
      vehicle without much deleterious effect. Thus, opacifying pigments such as
      zinc oxide can be used quite well. Titania, e.g., anatase and particularly
      rutile, makes for a much more difficult film to cure by U.V. radiation,
      but such opacifying pigmentation can be used. Other filler materials and
      coloring pigments such as basic lead sulfate, magnesium silicate, silica,
      clays, wollastonite, talcs, mica, chromates, iron pigments, wood flour,
      microballoons, hard polymer particles, and even reinforcing glass fiber or
      flake also are suitable in the vehicle to make a paint. Ordinarily it is
      most desirable to use pigments which do not absorb a great deal of U.V.
      wavelength in the same region of the U.V. spectrum as is absorbed by the
      U.V. sensitizer. However, by use of adjunct energy-transferring,
      U.V.-sensitizing materials such as Michler's ketone in the sensitizing
      mixture, sufficient energy transfer often can be obtained to activate
      sensitizers such as the carbonylated phenyl nuclear sulfonyl chloride
      types and enhance the curing of pigmented systems. The wavelength of the
      U.V. source should not be too similar to or close to the wavelength
      absorbed by the pigment in the U.V. range for best advantage of the
      irradiation process. Pigmented or filled films for the process preferably
      are no more than about a mil thick and generally about 0.1-0.5 mil thick
      maximum, for efficiency and economy of curing.
PAR  In this specification, unless otherwise expressly indicated, all parts are
      parts by weight, all percentages are weight percentages, and all
      temperatures are in degrees Fahrenheit.
PAR  The superficial phase of this curing operation merely polymerizes the
      resin-forming material into a protective skin which is either sufficient
      to substantially complete polymerization of the mass when it has been
      treated in the profound phase previously or to protect the
      less-fully-polymerized resin-forming material therebelow from
      polymerization inhibition when said superficial phase is the first one to
      be performed. The superficial phase and the profound phase are, of course,
      susceptible to being divided up into a series of "subsuperficial" and
      "subprofound" phases, each of said series acting simultaneously or
      sequentially to perform a complete superficial phase or a complete
      profound phase collectively. The profound or in-depth curing phase will
      substantially complete polymerization throughout the mass, except for the
      top surface thereof exposed to oxygen inhibition or previously
      skinned-over by the superficial phase of the irradiation. The superficial
      phase will form the "skin" at the top surface and effect minor
      polymerization into the depth of the film, perhaps affecting only 10-40%
      of the film depth by way of polymerization to some appreciable degree.
PAR  The following example shows how my invention can be practiced, but should
      not be construed as limiting the invention.
PAC  EXAMPLE
PAR  Paint compounded as follows is applied at 1 mil wet thickness to an
      aluminum panel 1 inch by 1 inch. This paint is air-inhibited and when
      irradiated by the sustained U.V. energy in accordance with the second step
      of the example, it will yield a film having a tacky surface.
TBL  ______________________________________                                    
     Component             Parts by Weight                                     
     ______________________________________                                    
     The reaction product of 1 mol of                                          
     isophorone diisocyanate and 2 mols                                        
     of hydroxyethylacrylate                                                   
                           40                                                  
     Hydroxyethylacrylate  25                                                  
     2-phenoxyethylacrylate                                                    
                           15                                                  
     Melamine acrylate     15                                                  
     Sensitizing mixture:                                                      
       Benzophenone         2                                                  
       Methyldiethanolamine                                                    
                            1                                                  
     ______________________________________                                    
PAR  The freshly coated side of the panel is subjected to irradiation from a
      Xenon Corporation flash photolysis lamp operating to emit a substantially
      continuous spectrum of U.V. energy in the 2000-4000 A range of wavelength.
      The gap of atmospheric air at room temperature between the lamp and the
      panel is about 4 inches. The lamp emits such energy for up to about 1/1000
      second.
PAR  The lamp is about 8 inches long and 10 mm. in diameter and housed in an
      elongated housing of essentially square cross section that is black
      inside. The U.V. light is emitted from a 1-inch diameter exit port about 1
      inch in front of the lamp surface and mid-way to the length of the lamp
      tube. The power supply is 400 volts d.c. charging a bank of 10
      capacitators parallel, each of 100 microfarads rating. The housing acts
      poorly as a reflector; it is estimated that about one-half to 1 Joule of
      near-U.V. energy per flash is the near-U.V. light output through such exit
      port.
PAR  A superficial top surface cure results on the paint of the panel struck by
      the flash of U.V. energy. This area of the paint is non-tacky to the
      touch, but examination shows that the film is soft and decidedly
      underpolymerized slightly below its surface and further to its bottom. The
      thus-treated panel then is passed, paint-side-up, by conveyor successively
      under a pair of like commercial mercury vapor lamps in parallel array and
      designed for emitting far-U.V. energy. These lamps are Hanovia model No.
      652-OA431 U.V. lamps having a 4000-watt demand, and they are 20 inches
      long. Each is equipped with an efficient reflector. The conveyor travel is
      normal to the axis of said lamps and 6 inches below said lamps at the rate
      of about 100 feet per minute. Air is the atmosphere between lamps and
      panel. The result is a fullycured (substantially completely polymerized
      throughout) paint film having excellent adhesion, gloss, and resistance
      for its type.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for ultraviolet curing of an ultraviolet photopolymerizable
      paint film disposed within an air inhibiting atmosphere, said paint film
      being irradiated with ultraviolet energy, the improvement comprising:
PA1  irradiating said paint film with a pulsed photolysis light emitting
      flashing ultraviolet light to superficially cure the paint film and form a
      tack-free surface on the paint film; and
PA1  irradiating said paint film with a sustained photolysis light emitting
      substantially continuous ultraviolet light to profoundly cure said paint
      film and completely photopolymerize the paint film other than the film
      surface.
NUM  2.
PAR  2. The process in claim 1 wherein said material is irradiated
      simultaneously by said pulsed irradiation and said sustained irradiation.
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PAL  During the removal of material selectively, by the sputter etching of the
      surface of a semiconductor wafer, the wafer is moved so as to produce a
      continuously varying angle of incidence between the ion beam and the wafer
      surface. There is also provided a field-free region adjoining the surface
      of the wafer which is being etched. As a consequence, the sputtering beam
      strikes the wafer surface over a range of angles which results in more
      complete removal of material, particularly material overlying stepped
      portions of the surface.
BSUM
PAR  This invention relates to sputter etching and more particularly, to
      selective removal of material from the surface of a workpiece by sputter
      etching using suitable masking layers.
PAC  BACKGROUND OF THE INVENTION
PAR  Sputter etching for selective removal of material from the surface of
      substrates, particularly those used for microelectronics apparatus, is
      already in considerable use. The practice is, in effect, a reversal of the
      previously well-known art of sputter deposition and involves simply a
      reversal of roles so that the target being etched replaces the customary
      source of material being deposited. Sputter etching has numerous
      advantages and particularly is regarded as enabling a high degree of
      definition when applied to selective removal processes using suitable
      masking layers of material which are more impervious to sputter etching
      and therefore protect underlying material. In particular, sputter etching
      generally involves a particle or ion beam incident perpendicularly upon
      the substrate surface. For many configurations, this provides a
      satisfactory result with relatively sharply defined perpendicular
      sidewalls as defined by the masking layer particularly where the material
      being removed is part of, or overlies, a layer of uniform thickness and
      where the portion being removed has a lateral, or width, dimension, which
      is large relative to its height. Because it is in the nature of the
      sputter etching process for redeposition of sputtered material to occur,
      there is a tendency in the case of patterns having narrow line widths to
      form virtual steps as a consequence.
PAR  Thus, where the topography of the patterned material on a substrate,
      typically a semiconductor body, comprises underlying layers having
      different thicknesses so that the underlying layer includes steps from one
      level to another, as well as for patterns having narrow line widths, the
      usual sputter etch procedure does not remove overlying material completely
      from the inside corners of the pattern. Consequently subsequent
      depositions and material removals depart from the desired degree of
      pattern definition as a consequence of such inadequate etching procedure.
PAR  Accordingly, an object of this invention is a method for insuring more
      complete removal of unmasked material by sputter etching.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a particular embodiment of this invention, a workpiece,
      for example a semiconductor wafer, is supported in a suitable holder in a
      sputter etching apparatus so that the face to be etched is directed toward
      the ion beam. During the application of the beam, the holder in which the
      wafer is supported is tilted relative to the beam direction and is rotated
      about an axis perpendicular to the plane of the wafer. It is also in
      accordance with the method of this invention to use a field-free region
      adjoining the surface of the wafer so that the beam particles move in
      straight lines to impinge upon the wafer surface at an angle of incidence
      determined essentially by the angle between the beam axis and the surface
      of the wafer.
PAR  Another form of movement may be imparted to the wafer by oscillating the
      support member for the shaft and holder assembly through an arc traversing
      the ion beam. This further varies the range of the angle of incidence of
      the beam upon the wafer surface. In a typical instance, the loci of the
      angles of incidence may be defined within a cone or frustrum of a cone,
      with its apex or top at the wafer surface.
PAR  As a consequence of this method of applying the sputtering beam to the
      wafer surface, the vertical portions of the unmasked layer are exposed to
      a beam striking from the side at varying angles rather than simply from
      the top horizontal surface. As a result, there is a more complete removal
      of material from the inside corner portions of the pattern.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention and its objects and features may be more clearly understood
      from the following detailed description taken in conjunction with the
      drawing in which
PAR  FIG. 1 is a schematic view in section of a surface portion of a silicon
      semiconductor body having a stepped metal film thereon;
PAR  FIG. 2 is a simplified schematic view depicting apparatus used for the
      sputter etching method of this invention; and
PAR  FIG. 3 is an enlarged view of a portion of the apparatus of FIG. 2 showing
      the rotating and oscillating holder.
DETD
PAC  DETAILED DESCRIPTION
PAR  One aspect of the problem to which this invention is directed may be better
      understood by reference to the structure shown in FIG. 1. This sectional
      view shows a silicon semiconductor substrate 11 having a layer 12 of
      silicon dioxide thereon having two different thicknesses. Overlying the
      silicon dioxide layer is a metal film 13, and overlying portions of the
      metal film 13 is a masking layer 14 which is relatively impervious or, at
      least, more resistant to sputter etching than is the metal layer 13. The
      metal layer has a thickness t which defines the depth to be removed by the
      beam impinging perpendicular to the semiconductor surface. However, in the
      region of the step 16 between the different thicknesses of the silicon
      dioxide layer 12 there is a thickness of the metal film 13 denoted as h to
      be removed in addition to the overlying thickness t. If, in order to
      remove this additional thickness of metal, the sputter etching is
      continued for a sufficiently longer time, the result may be the unwanted
      removal of other materials including the masking layer 14 itself, thus
      exposing underlying layers to the action of the sputtering beam.
PAR  However, in accordance with this invention, a method is provided so that
      the ion beam impinges upon a wafer surface at varying angles including
      those represented by the arrows 15 which indicate the beam impinging upon
      the vertical sidewall of the stepped potion. It has been found that by
      providing a beam incident against this sidewall, the vertical portions of
      the steps, including inside corners of material, can be completely removed
      during a time comparable to that required for removal of the uniform metal
      layer of thickness t.
PAR  In accordance with the method of this invention, there is provided
      apparatus as shown in FIG. 2 which includes a standard vacuum chamber 21
      housing a plasma confinement tube 22 containing an anode 23 and a cathode
      24 at opposite ends thereof. The confinement tube has a single opening 27
      over which there is provided a screen 28 which is insulated from the
      confinement tube 22 and is connected electrically to ground. The screen 28
      functions as an accelerating grid. The target comprises one or more
      semiconductor wafers mounted in the holder 30 located above the
      accelerating grid and tilted at an angle relative to the direction of the
      beam emitted from the tube opening 27 and through the accelerating grid
      28. A suitable angle of tilt is from a few degrees to about 60.degree.
      depending on the geometric configuration of the pattern. The holder 30 is
      supported by a rotatable shaft 32 flexibly coupled by means of a shaft 34
      to a prime mover 33. The shaft 32 is rotatably mounted in a yoke 31 which
      is supported from pivots so as to be capable of oscillating movement.
      Spaced away from the confinement tube 22 is an electrical shield 29 which
      is connected to ground and which insures the virtual absence of an
      electrical field from the region adjacent the target holder 30 and above
      the accelerating grid 28. Thus in accordance with this arrangement using
      any ionizable gas, such as argon, a plasma is generated within the
      confinement tube 22. Ions are emitted through the opening 27 from this
      plasma through the accelerating grid 28 into the field-free region in
      which their movement then is in substantially straight lines to impinge
      upon the surfaces of the semiconductor wafer targets.
PAR  Referring to FIG. 3, the arrangement for moving the semiconductor wafers
      within the ion beam is shown in more detail. The holder 30 may be of a
      type similar to that disclosed in the application of B. E. Nevis-T. C.
      Tisone Case 2-2 Ser. No. 468,812 now abandoned and replaced by Ser. No.
      576,015, filed May 9, 1975 filed concurrently with this application. The
      wafers 38 are shown placed in the holder 30 with the surfaces to be etched
      facing downward. The holder 30 is attached to an axial shaft 32 rotatably
      supported in the yoke 31 and coupled by means of flexible shaft 34 to a
      prime mover 33. Inasmuch as the holder 30 is tilted at an angle from the
      plane perpendicular to the axis of the ion beam, rotation of the holder 30
      results in a substantially varying angle of incidence of the beam against
      the wafer surface. In addition, by means of connecting rod 36 and driving
      member 37, the yoke 31 is oscillated about the pivots 35 providing
      additional variation in the angle of incidence of the ion beam. There is
      thus provided additional enhancement of material removal by this means.
PAR  The arrangements described above constitute one mode of implementing the
      method in accordance with this invention which comprises moving a
      substrate being sputter etched within the ion beam. It will be apparent to
      those skilled in the art that these are rudimentary and basic techniques
      and may be varied and provided in more elegant fashion to accomplish the
      same general purpose. What is significant to the method of this invention
      is the use of a field-free region to insure substantially straight line
      movement of the bombarding particles as they near and reach the target
      coupled with relative angular movement of the target surface with respect
      to the ion beam axis so as to produce a varying angle of beam incidence.
      Moreover, the field-free region may have the further advantageous effect
      that secondary electrons are not accelerated therein, thus avoiding
      certain forms of radiation damage to the target which may occur as a
      consequence.
PAR  The specific embodiment described above may be characterized as a
      relatively standard low voltage triode sputtering system. The anode 23 is
      biased positive relative to ground by the source 26 so that the
      arrangement behaves as an ion gun. The ions are accelerated through the
      opening 27 by the difference between the plasma potential produced by
      source 25 and the gun bias produced by source 26. In a particular
      embodiment the confinement tube opening 27 was varied in size to a maximum
      of 7.5 inches diameter with a d.c. current density of about two
      milliamperes per square centimeter using a plasma current of six amperes.
      Substantially larger guns appear to be completely feasible. The
      accelerating grid 28 was a screen over the opening 27 biased negative
      relative to the anode 23. The target structure likewise is connected to
      ground and therefore biased negative relative to anode 23.
PAR  As noted above, one important consideration in the method of this invention
      is the relative angular movement of the target surface with respect to the
      direction or axis of the ion beam. In the embodiment described, this
      relative movement is achieved by imparting movement in various forms to
      the target, in this case, a semiconductor wafer. The same effect may be
      achieved by holding the target fixed and imparting movement to the ion
      beam. Such an arrangement may be accomplished by means of various
      deflection coils or magnets by techniques generally known in the art.
      Moreover if increasing complexity is accepted, both the target and the
      beam may be moved to impart the desired angular scanning effect that is
      the basis of the method of this invention for insuring complete removal of
      stepped portions of unmasked layers on the workpiece. Accordingly, it will
      be understood that various means of implementing the method which is
      claimed as the invention herein may be devised by those skilled in the
      art, all of which will fall within the scope and spirit of the claims.
      Moreover, although the specific description is directed to a semiconductor
      substrate, workpieces of other materials and systems may be used subject
      only to their susceptibility to the sputtering process.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the selective removal by sputter etching of material from
      the surface of a workpiece including at least one layer of material
      dissimilar from that of the workpiece comprising placing the workpiece in
      a low pressure ambient of a noble gas, ionizing the noble gas to form a
      plasma, providing an electrode for accelerating the ions of the gas plasma
      toward the surface of the workpiece thereby forming a stream of ions
      impinging on said surface of the workpiece, producing relative change in
      the angular relation between the surface of the workpiece and the axis of
      the stream of ions, by causing the plane of the surface of the workpiece
      to simultaneously rotate in and traverse an arc in oscillatory fashion
      across the stream of ions, and providing a fieldfree region adjoining the
      surface of said workpiece whereby the ions in said stream travel in
      substantially straight paths to impinge on said surface.
NUM  2.
PAR  2. The method in accordance with claim 1 in which said workpiece is a
      semiconductor wafer.
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PAL  A consumable electroplating anode comprises a compacted mass of metal
      powder having an additive dispersed throughout the mass, having an
      electrically conductive path through the mass and the mass having a
      density in excess of about 70% of theoretical density. The metal can be
      nickel, cobalt, iron, copper, cadmium or any other metal available in
      powder form and usable as a consumable anode. The additive can be either a
      solid or a liquid and can be an anode activator and/or a bath component. A
      specific structure wherein the additive is held by the metal in a
      compressed state at abnormally high density is also disclosed.
BSUM
PAR  The present invention is concerned with anodes for electrodeposition
      including electroplating, electroforming, etc., and, more particularly,
      with anodes for electroplating made of powdered metal.
PAR  In the electroplating art, there is a need for a means of providing
      consumable anode material which can be readily produced in any size or
      shape. The anode material must be electrochemically active and not produce
      excessive amounts of sludge during electrodissolution. Furthermore, it
      would be highly advantageous if an anode material were available which
      would enable an electroplater to automatically maintain the concentration
      of brighteners, levelers and other electroplating bath additives in his
      electroplating solutions. As far as we are aware, such an anode material
      has not been heretofore available in the art.
PAR  It has now been discovered that by means of a special composition of matter
      and a special process of making said composition of matter highly
      advantageous electroplating anodes can be provided.
PAR  It is an object of the present invention to provide a novel electroplating
      anode.
PAR  Another object of the present invention is to provide a novel process for
      the manufacture of said electroplating anode.
PAR  It is a further object of the present invention to provide a process of
      electroplating or electrodeposition employing the novel anode of the
      present invention.
PAR  Other objects and advantages will become apparent from the following
      description.
PAR  Generally speaking, the present invention contemplates as an article of
      manufacture an electroplating anode comprising a compacted mixture of
      metal powder and an additive having a continuous, electrically conductive
      path therethrough and having a density greater than about 70% of the
      theoretical density arrived at by arithmetically averaging the density of
      the metal powder and the density of the additive taking into account the
      relative proportions of each. For purposes of this specification and
      claims, the term "additive" is to be construed to include additives which
      electrochemically activate the metal in an electrolyte or additives which
      comprise a bath component or both of such types of additives.
PAR  While the present invention is particularly related to the provision of a
      novel nickel anode made from nickel powder, anodes of the present
      invention can be made from metals such as chromium, platinum, palladium,
      cobalt, iron, copper, cadmium, zinc, tin and alloys thereof and mixtures
      of such powders. When anodes are made from nickel, cobalt, and iron and
      mixtures thereof, it is advantageous to employ powders produced by the
      decomposition of the respective metal carbonyl compounds. As those skilled
      in the art are aware, metals produced by the decomposition of carbonyl
      compounds can be essentially pure metal or can contain small amounts of
      elements such as carbon, sulfur, halides, and oxygen. With respect to
      nickel, carbon, sulfur, halides and oxygen can act as activators for the
      electrochemical dissolution of the metal. Accordingly, it is within the
      contemplation of the present invention to include use of not only pure
      metal powder, but also metal powder which contains activating amounts of
      such elements. It is to be understood, however, that such activating
      amounts of sulfur, oxygen and the like are not necessary for the
      operability of the anodes of the present invention. Powders of metal such
      as copper, cadmium and the like, can be produced in known ways, for
      example, by the thermal decomposition of organo-metallic compounds or by
      the low temperature reduction of oxides using a gaseous reagent such as
      hydrogen. For use in anodes of the present invention, the metal powder
      should have a size within the range of about 0.1 micron to about 100
      microns and advantageously at least part of the metal powder should be in
      non-spherical form in order to assure the production of a composite
      (metal-additive) anode which will have a continuous electrically
      conductive path therethrough.
PAR  As indicated hereinbefore, additives which are used in the anode of the
      present invention are either activators or additives which form a part of
      the electroplating bath. Additives inclusive in anodes of the present
      invention can be either solid or liquid at room temperature (i.e., the
      normal temperature of compaction). While all non-gaseous additive
      materials are contemplated within the ambit of the present invention, from
      a practical point of view, it is advantageous to use either an additive
      liquid at room temperature or an additive solid at room temperature and
      having a melting point in excess of about 65.degree.C. It has been found
      with at least one solid additive melting at about 58.degree.C. (butyne,
      1,4 diol) the compacted anode containing 5% of the additive exuded
      additive material upon standing and was not as impact resistant as anodes
      made with liquids or higher melting solids.
PAR  The anodes of the present invention are employed in practice in complete or
      partial substitution for prior art anodes in conventional
      electrodeposition baths. Thus, for nickel one can employ conventional
      aqueous sulfate, sulfatechloride, sulfamate or fluoborate baths containing
      boric acid. For copper or iron deposition, conventional acid sulfate baths
      can be used. Details of other conventional electroplating baths employing
      consumable metal anodes are to be found in the literature, one well-known
      source, for example, being Electroplating Engineering Handbook, A. Kenneth
      Graham, Editor, Reinhold Publishing Corporation, 1955, Chapter 6, page 197
      et seq.
PAR  When a metal subject to passivation in the electroplating bath to be used
      is used in the anode of the present invention, the anode must contain an
      activating additive. Using nickel as an example, nickel anodes in
      accordance with the present invention must contain an activator which
      advantageously is an alkali metal thiosulfate, e.g., sodium thiosulfate.
      Other activators include the chloride, fluoride, bromide and iodide salts
      of nickel, sodium, copper, cobalt, calcium, magnesium, lithium and
      potassium, oxygen-containing halide salts, such as chlorates, chlorites,
      hypochlorites, iodates, and the like of the same metals, nickel sulfide,
      sulfur, nickel oxide, carbon, boron, silicon and phosphorus. Those skilled
      in the art will appreciate that a particular electroplating bath additive
      must be carefully selected so as to be compatible with other ingredients
      of the bath. For example, in an electroplating bath from which it is
      desired to electrodeposit pure nickel, it is unlikely that one would
      select a copper salt as an activator for a nickel electrode because of the
      tendency for copper to co-deposit or deposit preferentially at the
      cathode. On the other hand, in an electroplating bath where the presence
      of copper is not detrimental or where an alloy deposit is desirable, a
      copper halide salt can act as an excellent activator for a nickel anode of
      the present invention. It has been found with sulfur-containing activators
      such as sodium thiosulfate, the activator performs a dual function. It not
      only activates the metal so as to cause it to dissolve at a low potential
      but it also reacts to form a conductive sulfide film at the anode surface.
      This sulfide film promotes more complete dissolution of the anode.
PAR  The second group of additives contemplated as a portion of the anodes of
      the present invention includes all kinds of materials, usually organic,
      (but sometimes inorganic, e.g. zinc ion as zinc sulfate in nickel
      electroplating) which in electroplating technology are referred to as
      "leveling agents", "brighteners", "addition agents", "buffers", "wetting
      agents", or the like. These include compounds which, in any way, improve
      the physical, chemical or mechanical characteristics of the cathode
      deposit when present in the electroplating bath. Members of this latter
      group of additives are usually soluble, at least to a limited extent in
      water or in the electroplating electrolyte in which they are to be used.
      As stated hereinbefore, the additives of this latter group can be solid or
      liquid with the preference being, if the additive is solid, that it have a
      melting point greater than about 65.degree.C.
PAR  Anodes of the present invention can be fabricated from the metal powders in
      a variety of ways. For example, useful anodes can be made by either simply
      blending or by mechanical alloying of the metal powders with the
      additives. Mechanical alloying refers to the process described by J. S.
      Benjamin in U.S. Pat. No. 3,591,362 whereby an intimate dispersion of the
      additive in the metal powder can be achieved through high energy, dry
      milling. These powders can then be consolidated into a dense metallic
      compact by a thermomechanical treatment. For example, the powders can be
      first sealed in a metallic container and then either hot extruded, hot
      rolled, or hot compacted. For fabricating nickel anodes a hot working
      temperature of from about 870.degree.C. (1600.degree.F.) to about
      1250.degree.C. (2300.degree.F.) can be used.
PAR  The above fabricating technique can not be applied to anodes which contain
      organic additives or other additives which decompose at elevated
      temperatures. These anodes can be made by simple blending of the additives
      with the metal powders followed by cold compaction at pressures generally
      in excess of about 10 kilograms per square millimeter. The mixed powders
      are compacted at a pressure of about 14 kilograms per square millimeter
      (kg/mm.sup.2) to about 70 kg/mm.sup.2, i.e., about 20 to about 100
      thousands of pounds per square inch (k.s.i.) for about 1/2 to about 10
      minutes into whatever shape is needed. For example, rods of anode material
      have been made by isostatic pressing mixtures of nickel, sodium
      thiosulfate and coumarin powders at a pressure of about 56.3 kg/mm.sup.2.
      The pressed rods were then cut into disks for use in anode baskets.
      Cold-compaction methods other than isostatic pressing can also be used to
      make the anode of the present invention provided that at least about 28
      kg/mm.sup.2 pressure is effectively applied by the cold compaction method.
      With metals which do not give coherent metal-additive bodies on cold
      compaction, it is within the contemplation of the present invention to
      cold compact the metal, sinter the compacted metal and thereafter
      infiltrate the sintered compact with a solution or melt of the additive
      and thereafter further compact, if necessary, to achieve a theoretical
      density of at least 70% or, advantageously, 80%. Generally, however, this
      is not necessary because cold compaction at sufficiently high pressure can
      usually give an anode structure having sufficient mechanical strength to
      withstand the forces inherent in handling and in electroplating
      operations. When treating nickel powder and additive in accordance with
      the present invention and the nickel powder produced by decomposition of
      nickel carbonyl has an average particle size of about 4 to about 7 microns
      and comprises particles of very irregular shape, it is advantageous to
      cold compact at a pressure of at least about 20 kg/mm.sup.2 when the
      isostatic method is used and about 25 kg/mm.sup.2 when methods other than
      isostatic are used. When metal powders as deformable and irregularly
      shaped as carbonyl nickel powder, e.g., carbonyl iron powder and carbonyl
      cobalt powder, are used to make the anode of the present invention,
      relatively low pressures, for example, about 10 kg/mm.sup.2 can be used to
      obtain a coherent body. Achievement of both a continuous electrical path
      through the anode and a relatively high degree of mechanical strength is
      facilitated by use of metal powder, the particles of which,
      advantageously, are non-spherical in nature or which are readily
      deformable from an initial spherical shape.
PAR  Some solid additives comprising bath components which are useful in the
      anodes of the present invention and U.S. patents in which they are
      disclosed are set forth in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Bath Additive          U.S. Patent No.                                    
     ______________________________________                                    
     Aromatic Sulfonamide Compounds                                            
                            2,191,813                                          
     Organic Arsenic Acids  2,211,535                                          
     Unsaturated aliphatic sulfonamide                                         
                            2,466,677                                          
     Aromatic sulfonesulfonic acids                                            
                            2,467,580                                          
     Derivatives of ethylene glycol sulfates                                   
                            2,524,619                                          
     Unsat. derivatives of quaternary salts                                    
                            2,647,866                                          
     Coumarin and Coumarin derivatives                                         
                            2,635,076                                          
     Urea and thiourea derivatives                                             
                            2,409,120                                          
     Sulfonated polysulfide brighteners                                        
                            3,542,655                                          
     Phosphate esters (for copper baths)                                       
                            3,269,925                                          
     Unsaturated Carbamates 3,429,789                                          
     Aryl and alkyl sulfinates                                                 
                            2,654,703                                          
     Complex sulfones       3,423,296                                          
     Alkyne oxyalkyne carboxylic acids                                         
                            2,800,441                                          
     Organo-substituted boranes                                                
                            3,563,864                                          
     Substituted 1, 2 benzopyrones                                             
                            3,488,264                                          
     ______________________________________                                    
PAR  Some liquid additives disclosed in the art to be useful in electroplating
      baths and which can be employed in anodes of the present invention are set
      forth in Table IA along with the number of the U.S. patents in which the
      disclosure occurs.
TBL                TABLE IA                                                    
     ______________________________________                                    
     Bath Additive          U.S. Patent No.                                    
     ______________________________________                                    
     Triethanol amine       2,107,806                                          
     Ethyleneglycol monoethylether                                             
                            2,107,806                                          
     Chloral acetal         2,321,182                                          
     Quinoline              2,648,628                                          
     Tetrahydrofurfuryl alcohol                                                
                            2,526,999                                          
     Low mole weight polyethylene glycol                                       
                            2,784,152                                          
     Methyl Acrylate        2,690,996                                          
     ______________________________________                                    
PAL  Those skilled in the art will appreciate that the foregoing tabulated
      additives represent a random selection of substances disclosed to be
      useful in electroplating baths. All of such substances and others which do
      not react with metal powder during mixing and compaction are all effective
      for purposes of the present invention. In this regard, it is noted that
      thiourea appears to react with copper powder and nickel powder during
      blending and thus has not been found to be a fully satisfactory additive
      for purposes of the present invention.
PAR  The anodes of the present invention usually comprise approximately 80% to
      about 99.9% by weight of metal and about 0.1% to about 20% or more by
      weight of solid additives or about 90% to about 99.9% by weight of metal
      and about 0.1% to about 10% by weight of liquid additives. When formed as
      disclosed hereinbefore, the anode of the present invention containing
      larger amounts of additive, e.g., up to 70% by weight solid additive will
      often be approximately 100% dense or even have a density somewhat higher
      than 100% theoretical. It is to be observed, however, that porosity in an
      amount of up to about 20% or even 30% by volume of the anode can be
      tolerated.
PAR  While one can employ the anodes of the present invention as the only anodes
      in an electrodeposition process, they may also be employed in conjunction
      with normally used anodic materials. For example, in electroplating nickel
      having improved leveling and brightness characteristics, nickel anode
      material of the present invention in the form of disks can be used in
      conjunction with rounded pieces of sulfurdepolarized nickel made by
      electrolytic methods. A mix of anodes containing about 20 parts by weight
      of depolarized nickel rounds (disks) and about 1 part by weight of an
      anode material of the present invention containing about 94.5% nickel,
      about 0.5% activator and about 5% bath additive has been found to be
      effective in feeding a titanium anode basket employed in a Watts-type
      nickel plating bath. Generally speaking, when employing the anodes of the
      present invention containing bath additives, the anode material should be
      present in an amount such that release of additive material to the bath
      should be at about the same rate as consumption of additive in the bath.
      While various process parameters such as bath temperature, anode current
      density, cathode current density, hydrogen production at the cathode,
      release of active oxidizing species at the anode and the like can affect
      in one way or another the consumption of bath additives (particularly
      those organic additives having unsaturated linkages in the molecules), it
      has been found with respect to nickel plating using coumarin and saccharin
      as the bath additives that, very approximately, about 0.001 to about 0.01
      gram of each additive is consumed for each gram of nickel plated. Thus,
      about 0.001 to about 0.01 gram of each additive should be released to the
      bath for each gram of nickel dissolved, assuming equal anode and cathode
      efficiency. Of course, the amount of additive to be released per each gram
      of metal dissolved will vary depending upon the metal being dissolved and
      the particular type of bath additive as well as the other parameters
      mentioned hereinbefore. Those skilled in the art will be able to readily
      determine their needs in this regard by periodic analysis of their
      electroplating baths.
PAR  As a caution it is to be observed that the present invention does not
      provide a solution to the problem of accumulation in the bath of
      undesirable products of reaction of additives. As those skilled in the
      nickel electroplating art are aware, accumulation of reaction products of
      brighteners inevitably occurs in bright nickel plating baths. Eventually,
      usually after about several thousand ampere-hours of plating, the
      accumulation of these undesirable products is sufficiently great so as to
      impair plating. Before this occurs, the bath should be purified such as by
      treatment with activated charcoal plus filtering. In such a purification
      process which is necessary when using the anodes of the present invention
      as well as in prior art bright plating methods, generally the desirable
      additives are absorbed on the charcoal along with the undesirable additive
      products. After such a purification process or at the start of a plating
      operation initial amounts of additives should be incorporated into the
      bath or the bath may be run with dummy or throwaway cathodes until the
      necessary brightener is dissolved from the anodes of the present invention
     .
DETD
PAR  For the purpose of giving those skilled in the art a better understanding
      and appreciation of the invention, the following Examples are given.
PAC  EXAMPLE I
PAR  Essentially pure nickel powder of the grade known as nickel 123 made by
      decomposition of nickel carbonyl and having an average particle size of
      about 8 microns was blended along with 0.5% by weight of anhydrous sodium
      thiosulfate powder and 5.0% by weight of coumarin powder. The blended
      powders were then isostatically compacted at about 56.3 kg/mm.sup.2 for
      about 5 minutes. The resultant compacted bar had a density of about 6.3
      grams/cm.sup.3. Disks cut from the compacted bar functioned well as
      consumable anodes in an aqueous nickel plating bath along with
      electroformed active nickel disks and released coumarin into the bath as
      they were electrochemically corroded.
PAR  Table II contains pertinent data concerning additional anodes of the
      present invention made in a manner similar to the anode of Example I.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                               Compaction                      
     Example                                                                   
          Metal   Activator     Bath Additive  Pressure                        
                                                    Time                       
                                                       Density                 
                                                            Remarks            
     No.  Kind                                                                 
             % (Wt.)                                                           
                  Kind     % (Wt.)                                             
                                Kind      % (Wt.)                              
                                               kg/mm.sup.2                     
                                                    min.                       
                                                       g/cc                    
     __________________________________________________________________________
     2    Ni 94.5 Na Thiosulfate                                               
                           0.5  Saccharin*                                     
                                          5    56.3 5  6.5  *Na Derivative     
     3    Ni 94.5 Na Thiosulfate                                               
                           0.5  Acetanilide                                    
                                          5    49.2 5  6.13                    
     4    Ni 94.5 Na Thiosulfate                                               
                           0.5  Piperonal 5    49.2 5  6.96                    
     5    Ni 94.5 Na Thiosulfate                                               
                           0.5  Phthalimide                                    
                                          5    49.2 5  6.32                    
     6    Ni 94.5 Na Thiosulfate                                               
                           0.5  Vanillin  5    49.2 5  5.98                    
     7    Ni 94.5 Na Thiosulfate                                               
                           0.5  P-toluene 5    49.2 5  6.17                    
                                sulfonamide                                    
     8    Ni 94.5 Na Thiosulfate                                               
                           0.5  Basic Fuchsin                                  
                                          5    49.2 5  5.55                    
     9    Ni 94.5 Na Thiosulfate                                               
                           0.5  Nicotinamide                                   
                                          5    49.2 5  6.09                    
     10   Ni 94.5 Na Thiosulfate                                               
                           0.5  Trimethyl phenyl                               
                                          5    49.2 5  6.51                    
                                Ammonium Iodide                                
     11   Ni 94.5 Na Thiosulfate                                               
                           0.5  2-butyne 1,4 diol                              
                                          5*   49.2 5  6.33 *Amount added      
                                                            Some Exuded        
     12   Ni 94.5 Na Thiosulfate                                               
                           0.5  P-toluene sulfo-                               
                                          5    49.2 5  6.08                    
                                nic Acid Na Salt                               
     13   Ni 94.5 Na Thiosulfate                                               
                           0.5  Chloral Hydrate                                
                                          5    49.2 5  6.81                    
     14   Ni 94.5 Na Thiosulfate                                               
                           0.5  Thiourea  5    49.2 5  6.13                    
     15   Cu 95   --       --   Thiourea  5    49.2 5  6.86                    
     16   Cu 95   --       --   Phenosafranine                                 
                                          5    49.2 5  6.28                    
     17   Cd 95   --       --   Hematein  5    49.2 5  6.94                    
     18   Ni 98.5 Na Thiosulfate                                               
                           0.5  Pyridine  1    49.2 5  7.33                    
     19   Ni 98.5 Na Thiosulfate                                               
                           0.5  Quinoline 1    49.2 5  7.25                    
     20   Ni 97.5 Na Thiosulfate                                               
                           0.5  Quinoline 2    49.2 5  7.22                    
     21   Ni 96.5 Na Thiosulfate                                               
                           0.5  Quinoline 3    49.2 5  7.27                    
     22   Ni 94.5 Na Thiosulfate                                               
                           0.5  Chloroquinoline                                
                                          5    49.2 5  6.56                    
     23   Ni 99   --       --   Pyridine  1    49.2 5  7.34                    
     24   Ni 96.5 Na Thiosulfate                                               
                           0.5  Pyridine  3    49.2 5  7.19                    
     25   Ni 93.5 Na Thiosulfate                                               
                           0.5  Pyridine  6    49.2 5  6.70                    
     26   Ni 98.5 Na Thiosulfate                                               
                           0.5  Saccharin*                                     
                                          1    14.1 5  5.94 *Na Derivative     
     27   Ni 98.5 Na Thiosulfate                                               
                           0.5  Saccharin*                                     
                                          1    35.2 5  6.69 *Na Derivative     
     28   Ni 98.5 Na Thiosulfate                                               
                           0.5  Saccharin*                                     
                                          1    49.2 5  7.13 *Na Derivative     
     29   Cu 98.5 --       --   Jaguar Plus*                                   
                                          1    21.1 5  6.30 *Cationic Guar     
                                                            Gum Derivative     
                                                            sold by Stein      
                                                            Hall Co.           
     30   Cu 98.5 --       --   Jaguar plus*                                   
                                          1    35.2 5  6.94 *   "              
     31   Cu 98.5 --       --   Jaguar plus*                                   
                                          1    49.2 5  7.31 *   "              
     32   Ni 89.5 Na Thiosulfate                                               
                           0.5  Saccharin*                                     
                                          10   49.2 5  5.70 *Na Derivative     
     33   Ni 84.5 Na Thiosulfate                                               
                           0.5  Saccharin*                                     
                                          15   49.2 5  5.05 *Na Derivative     
     34   Ni 79.5 Na Thiosulfate                                               
                           0.5  Saccharin*                                     
                                          20   49.2 5  4.90 *Na Derivative     
     35   Ni 74.5 Na Thiosulfate                                               
                           0.5  Saccharin*                                     
                                          25   49.2 5  4.18 *Na Derivative     
     36   Ni 69.5 Na Thiosulfate                                               
                           0.5  Saccharin*                                     
                                          30   49.2 5  4.38 *Na Derivative     
     37   Ni 59.5 Na Thiosulfate                                               
                           0.5  Saccharin*                                     
                                          40   49.2 5  3.60 *Na Derivative     
     38   Ni 94.5 Na Thiosulfate                                               
                           0.5  Coumarin  5    49.2 5  6.13                    
     39   Ni 89.5 Na Thiosulfate                                               
                           0.5  Coumarin  10   49.2 5  4.99                    
     40   Ni 39.5 Na Thiosulfate                                               
                           0.5  Coumarin  60   49.2 5  2.77                    
     __________________________________________________________________________
PAL  All the articles of manufacture described in Table II are sufficiently
      impact resistant so as to have utility as anodes in electroplating baths
      and all exhibit a continuous, electrically conductive path therethrough.
      The electrical resistance of masses of the articles of Table II are within
      the range of about 0.1 .times. 10.sup.-.sup.4 ohm-centimeters (0.07
      .times. 10.sup.-.sup.4 ohm-centimeters for Example 17) to about 500
      .times. 10.sup.-.sup.4 ohm-centimeters (470 .times. 10.sup.-.sup.4
      ohm-centimeters for Example 16). The percents theoretical density of the
      examples of Table II are in the range of about 70% (73% for Example 26) to
      about 140% (137% for Example 40). The fact that the percent theoretical
      density exceeds 100% for certain examples of the present invention, e.g.,
      Examples 25, 36, 37, and 40, indicates that at least for these examples
      the metal of the article has the ability to hold the additive, or other
      compressible material, in a state of compression such that the
      compressible material in the compact exhibits a significantly higher,
      e.g., greater than 5% higher, apparent density than the normal density of
      the material. As an illustration, the density of coumarin in the article
      of Example 40, by calculation, is about 1.91 g/c.c. based upon a compact
      density measured at room temperature. Measurement of the density of the
      particular batch of coumarin used in the present work shows its ordinary
      density to be about 1.33 g/c.c. Thus, in Example 40, after all external
      compressive forces have been removed from the compact, internal
      compressive forces apparently hold the coumarin in a state whereby its
      density is about 42% greater than its normal density. This effect is not
      limited to coumarin but rather, as indicated by the data in Table II is
      also exhibited by a crystalline solid, i.e., sodium saccharin and by a
      mobile liquid, i.e., pyridine.
PAR  Because, insofar as applicants are aware, metal-compressible material
      compacts such as Examples 25, 36, 37, and 40 having the compressible
      material in a density state significantly higher than normal have not been
      known heretofore, it is a supplementary object of the present invention to
      provide such compacts for use both as electro-plating anodes and as
      articles of manufacture having various other utilities.
PAR  With regard to materials wherein a nickel powder matrix encloses a
      compressible material, experiments have shown with saccharin and coumarin
      that maximum density of the additive occurs at about 60% by weight of
      additive and about 40% by weight of metal when the material is compressed
      under isostatic conditions at 49.2 kg/mm.sup.2 for 5 minutes. The
      calculated density of the additive decreased at both lower and higher
      percentages decreasing at about 80% by weight of additive to about 100% of
      theoretical or lower. Up to 60% by weight of additive, the metal-additive
      object retains substantial electrical conductivity indicative of a
      continuous metal matrix. For example, at 60% saccharin, a nickel compact
      has a resistivity of about 127 .times. 10.sup.-.sup.4 ohm-centimeters and
      at 60% coumarin, a nickel compact has a resistivity of about 52 .times.
      10.sup.-.sup.4 ohm-centimeters. At 80% of either of these additives the
      nickel compact is not electrically conductive indicative of the loss of
      continuity of metal in the compact.
PAR  A study was made of nickel anodes containing 1% saccharin as an additive to
      show the effect of isostatic compaction pressure on density and electrical
      conductivity. Three anodes of this kind within the scope of the present
      invention are set forth hereinbefore as examples 26 to 28. At compaction
      pressures below about 10 kg/mm.sup.2, anode density is low and resistivity
      fairly high. At pressures above about 10 kg/mm.sup.2 the density appears
      to be directly related to compaction pressure at least in the range of 10
      kg/mm.sup.2 (70% theoretical density to 49.2 kg/mm.sup.2 (89% theoretical
      density). Above about 25 kg/mm.sup.2 and up to about 50 kg/mm.sup.2
      pressure, the electrical resistivity appears to be constant at about 0.6
      .times. 10.sup.4 ohm-centimeters.
PAR  In addition of those Examples of the anodes of the present invention set
      forth in Table II, anodes were also made as follows:
PAC  EXAMPLE 41
PAR  A material mix as prepared for Example I was compacted in a die having the
      shape of a disc under a load of 28,500 kilograms to provide an overall
      average pressure of 56.3 kg/mm.sup.2 on the mixture. The product had a
      density of about 5.87 grams/cm.sup.3 i.e., about 94% of theoretical.
PAR  The anodes of the present invention are fully operable in electroplating
      practice and can be used in conventional aqueous electroplating baths as
      well as in other electroplating baths which can include other solvents in
      place of all or part of the water.
PAC  EXAMPLE 42
PAR  Disks of the anode of Example I were mixed with electroformed nickel rounds
      and placed in a titanium basket. Disks of the anode of Example II were
      treated similarly. Both baskets were placed within cotton duck bags and
      each placed at opposite ends of a ten liter standard Watts nickel plating
      bath. A mild steel cathode was placed between the anode baskets and
      plating was begun at a temperature of 60.degree.C., (about 140.degree.F.),
      a pH of 4.0 and a cathode current density of about 5.4 amperes per square
      decimeter (a/dm.sup.2). After a time coumarin and saccharin derived from
      the anodes of the present invention increased in concentration in the bath
      to a point where bright nickel was plated in place of gray nickel
      initially deposited. Periodic addition of anodes of the present invention
      permitted plating of bright nickel for about 7700 ampere hours, i.e., a
      nickel deposition of about 8600 grams. Use of sodium thiosulfate as the
      activator in the anodes in Example I and II is highly advantageous in that
      in a Watts bath, a conductive sulfide film forms around these anodes (and
      others containing sodium thiosulfate) thereby limiting the formation of
      sludge.
PAC  EXAMPLE 43
PAR  A charge of 1000 parts by weight of nickel 123 powder, 2 parts by weight of
      graphite, 2.5 parts by weight of minus 325 mesh silicon powder and 1.83
      parts by weight of anhydrous nickel chloride was mechanically alloyed for
      16 hours in an attritor, hot compacted at about 980.degree.C. and hot
      worked at about 1040.degree.C. to provide a plate about 13 mm. thick. The
      thus produced nickel anode containing about 0.15% of activating
      ingredients dissolved in a satisfactory manner at an anode current density
      of about 2.15 amperes per square decimeter in a standard Watts electrolyte
      having a pH of 4.0 and maintained at a temperature of about 60.degree.C.
PAC  EXAMPLE 44
PAR  Similar results to those set forth in Example 43 were obtained with an
      anode made with a charge of 4000 parts by weight of nickel 123 powder and
      about 33 parts by weight of sodium chloride. The charge was blended to
      provide a uniform powder mixture and thereafter extruded at about
      980.degree.C. to provide an anode having a chlorine content of about
      0.52%.
PAR  Although the present invention has been described in conjunction with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention, as those skilled in the art will readily understand.
      Such modifications and variations are considered to be within the purview
      and scope of the invention and appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A consumable electroplating anode comprising a cold compacted mass of
      powder of electrodepositable metal selected from the group consisting of
      nickel, cobalt, iron, copper, chromium, platinum, palladium, cadmium,
      zinc, tin and alloys and mixtures thereof having
PA1  a. at least one additive from the group consisting of electrode activators
      and electroplating bath additives dispersed therethrough
PA1  b. a continuous metallic path therethrough and
PA1  c. a density of at least 70% of theoretical.
NUM  2.
PAR  2. A consumable electroplating anode as in claim 1 wherein the additive
      comprises about 0.1% to about 70% by weight of the anode.
NUM  3.
PAR  3. A consumable electroplating anode as in claim 1 wherein the
      electrodepositable metal is nickel.
NUM  4.
PAR  4. A consumable electroplating anode as in claim 1 wherein the
      electrodepositable metal is copper.
NUM  5.
PAR  5. A consumable electroplating anode as in claim 1 wherein the
      electrodepositable metal is cadmium.
NUM  6.
PAR  6. A consumable electroplating anode as in claim 1 wherein the additive is
      an electrode activator.
NUM  7.
PAR  7. A consumable electroplating anode as in claim 1 wherein the additive is
      an electroplating bath component.
NUM  8.
PAR  8. A consumable electroplating anode as in claim 1 wherein the additive is
      a solid present in the anode in an amount of about 0.1% to about 70% by
      weight.
NUM  9.
PAR  9. A consumable electroplating anode as in claim 8 wherein the solid
      additive has a melting point in excess of about 65.degree.C.
NUM  10.
PAR  10. A consumable electroplating anode as in claim 1 wherein the additive is
      a liquid present in the anode in an amount of about 0.1 to about 10% by
      weight.
NUM  11.
PAR  11. A consumable electroplating anode as in claim 3 wherein the additive
      comprises an anode activator and a bath component.
NUM  12.
PAR  12. A consumable electroplating anode as in claim 11 wherein the anode
      activator is a sulfur-containing material.
NUM  13.
PAR  13. A consumable electroplating anode as in claim 12 wherein the anode
      activator is sodium thiosulfate.
NUM  14.
PAR  14. A consumable electroplating anode as in claim 1 wherein the density is
      at least 80% theoretical.
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ABST
PAL  This invention relates to a method and apparatus for creating high shear
      stresses in a particulate suspension prior to use of such suspension for
      imaging or inking. The method and apparatus in one environment function to
      stress a thin layer of an electrophoretic suspension of particles in a
      liquid carrier. The prestressed suspension is better suited than
      unstressed suspensions for preparing both monochromatic and polychromatic
      copies from originals by particle migration through the suspension when it
      is exposed to electromagnetic radiation in image configuration while in an
      electric field across the suspension between two electrodes. The method
      and apparatus is also used for printing inks in order to form a
      prestressed, uniform, thin layer of the ink for application to the press.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 108,213, filed Jan. 20, 1971,
      which is a division of application Ser. No. 764,721, filed Oct. 3, 1968,
      now U.S. Pat. No. 3,595,772. Application Ser. No. 108,149, filed Jan. 10,
      1971, now U.S. Pat. No. 3,743,404, is also a division of Ser. No. 764,721,
      Oct. 3, 1968, U.S. Pat. No. 3,595,772.
BSUM
PAR  This invention relates in general to stressing particle suspensions for
      breaking interparticle bonds and more specifically to a system for
      prestressing suspensions for better use in forming copies from an original
      or in inking.
PAR  A new imaging system in which one or more types of photosensitive radiant
      energy absorbing particles believed to bear a charge when suspended in a
      non-conductive liquid carrier, and placed in an electrode system and
      exposed to an image radiation configuration has recently been described.
      See U.S. Pat. No. 3,384,565 issued May 21, 1968 in the names of V. Tulagin
      and L. M. Carreira. The particles in this system migrate in image
      configuration providing a visual image at one or both of two electrodes
      between which they are placed. The system employs particles which are
      photosensitive and which apparently undergo a net change in charge
      polarity or a polarity alteration upon exposure to activating radiation by
      interaction with one of the electrodes. Mixtures of two or more
      differently colored particles are used to secure various colors of images
      and imaging mixes having different spectral responses. Particles in these
      mixes may have either separate or overlapping spectral response curves and
      may be used in subtractive color synthesis.
PAR  If several colored particles are used in a system such as that described
      above, it is probable that these particles are of different sizes and
      irregular shapes. Because of this and other reasons such as, for example,
      the fact that several particles may have different charges within the
      neutral mix, these particles tend to agglomerate together. In a color
      system these agglomerates cause faulty color images since an irradiated
      migrating particle may pull with it another particle attached thereto and
      forming an agglomerate therewith which, otherwise, would not migrate. The
      reverse may occur and even though a particle is struck by radiometric
      energy, it will not migrate because it is being held to other particles
      that are not irradiated by energy striking that area of the suspension.
      The invention herein functions to break agglomerates, therefore providing
      better imaging in a system such as that described.
PAR  Also, the invention provides for improved inking methods in printing press
      systems. In existing devices for printing presses many rollers are
      necessary to meter out a uniform layer of ink to be placed on the press
      for printing of duplicates. The systems are complex and expensive but are
      necessary to get a uniformly dispersed, thin layer of particles held
      within a suspension and forming the ink. By applying the invention herein
      to the inking system, the necessity for having many rollers is eliminated
      and a uniform, thin layer can be controlled without the necessity of an
      excessive number of rollers. The fluid dynamic forces generated by the
      invention herein will disperse the particles uniformly in the thin layer
      of ink. It may be that other systems exist or will be discovered or
      invented that require in their operation suspensions that have some or
      enough of the properties of the suspensions described herein as being
      improved by this invention that this invention can be used thereon and
      such use is contemplated hereby.
PAR  Therefore, it is an object of this invention to improve methods and
      apparatus for breaking interparticle bonds in particle suspensions having
      agglomerable particles.
PAR  Another object of this invention is to improve the characteristics of such
      suspensions in inking systems.
PAR  Still another object of this invention is to improve image quality in
      certain imaging systems.
PAR  A further object of this invention is to improve color separation in
      particular color imaging systems.
PAR  Yet a further object of this invention is to provide relatively uniform,
      thin layers of suspensions while another object of this invention is to
      improve image density in imaging systems.
PAR  These and other objects, features and advantages of the present invention
      are achieved by presenting certain external stresses to the suspension
      which cause internal stresses within the particles, such stresses being
      large enough to overcome the interparticle forces holding particle
      agglomerates together. These stresses include shear, compressive, and
      possibly others and are applied prior to use of the suspension in systems
      requiring such material.
DRWD
PAR  These and other objects and advantages of this invention will become
      apparent to those skilled in the art after reading the following
      description taken in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic representation of an imaging system including one
      means of providing the necessary stresses;
PAR  FIG. 2 diagrammatically shows an imaging system with another means for
      preparing the imaging suspensions;
PAR  FIGS. 3-7 are alternative means for preparing the imaging suspension;
PAR  FIG. 8 diagrammatically shows an inking system with a means for providing
      stresses on the ink;
PAR  FIG. 9 shows a force representation on an agglomerated particle within the
      suspension, and
PAR  FIG. 10 schematically illustrates the forces on an elemental cube
      representing a portion of an agglomerated particle as in FIG. 8.
DETD
PAR  Referring now to FIG. 1, there is shown a transparent electrode generally
      designated 11 which, for illustration is made up of a layer of optically
      transparent glass 12 overcoated with a thin optically transparent layer 13
      of tin oxide commercially available under the name NESA glass manufactured
      by Pittsburgh Plate Glass Co. This electrode is referred to as the
      injecting electrode or imaging electrode. To be coated on the surface of
      the injecting electrode 11 is a thin layer of finely divided
      photosensitive particles dispersed in an insulating carrier liquid
      hereinafter referred to as the suspension. The term "suspension" may be
      defined as a system having solid particles dispersed in a solid, liquid or
      gas. Nevertheless, the suspension described in the following illustrations
      are of the general type including those having a solid dispersed in a
      liquid carrier. The term "photosensitive" may be defined as applying to
      any particle which, once attracted to the injecting electrode will migrate
      away from it under the influence of an applied electric field when it is
      exposed to activating electromagnetic radiation.
PAR  Above the suspension 14 is a blocking electrode 16 which is connected to
      one side of a potential source 17 through a switch 18. The opposite side
      of the potential source 17 is connected to the injecting electrode 11 so
      that when the switch 18 is closed an electric field is applied across the
      suspension 14 between the electrodes 11 and 16. An image projector made up
      of a light source 19, a transparency 21 and a lens 22 is provided to
      expose the suspension 14 to a light image of the original transparency 21
      to be reproduced. The optical transparency of the electrode 11 is shown by
      way of example and does not affect the scope of the invention herein,
      neither does the particular environment shown for imaging. Of course, this
      system of exposure is merely illustrative and does not materially affect
      the invention herein.
PAR  The electrode 16 is made in the form of a roller having a conductive
      central core 24 connected to the potential source 17. The core is covered
      with a layer of a blocking electrode material 26 which may be Tedlar, a
      polyvinyl fluoride commercially available from E. I. DuPont de Nemours and
      Co. Inc., or other material. In this and other embodiments of the imaging
      system, the particle suspension is exposed to the image to be reproduced
      while a potential is applied across the blocking and injecting electrodes
      by closing switch 18. Blocking electrode 16 is caused to roll across the
      top surface of the injecting electrode 11 with switch 18 closed during the
      period of image exposure. The exposure causes the exposed particles
      originally attracted to the electrode 11 to migrate through the liquid and
      adhere to the surface of the electrode 16 leaving behind a particle image
      on the injecting electrode surface which is a duplicate of the original
      transparency 21.
PAR  In the embodiment shown in FIG. 1, a stressing roller 30 is positioned to
      contact the surface 26 of the blocking electrode roller 16 prior to
      imaging and a suspension deposition means 32 meters out the suspension 14
      on the surface 26 of the electrode 16. A doctoring rod 34 of glass or
      other suitable material causes the suspension passing beneath it to be of
      a somewhat uniform layer of acceptable thickness. The roller 30 is
      attached to a motor M-1 which causes the roller 30 to rotate so that it
      has rapid surface velocity compared to the velocity of the surface 26 of
      the blocking electrode 16. The roller 30 rotates in a direction shown by
      the arrow although rotation in either direction is acceptable if the ink
      passes through the nip. Nevertheless, better results are obtained when the
      roller rotates in the direction shown. The surface 33 of the roller 30 may
      be made of conductive, semi-conductive or insulating material. one
      construction found to be useful and listed for illustrative purposes and
      not for limitation is an elastomeric layer on a metal core. The roller 30
      can be all metal, rigid or elastic, homogeneous or non-homogeneous.
PAR  The stressing roller 30, the suspension dispenser 32 and the blocking
      electrode roller 16 in FIG. 1 are mechanically connected together or
      housed such that they will translate across the injecting electrode 11 in
      a fixed relative relationship one to the other as the image is formed to
      the left side of the blocking electrode roller 16 (as illustrated). The
      suspension 14 is metered out of the suspension dispenser 32 and passes the
      doctoring rod 34 according to the thickness requirement of the ink on the
      electrode 11. This is generally held to a thickness of 1 mil. or less on
      the electrode 11 during imaging at the intersection of the electrode 11
      and the electrode roller 16.
PAR  A portion of the suspension entering the nip between the roller 30 and the
      surface 26 of the roller 16 is carried completely around the circumference
      of the roller 30 and then through the nip several times, and a portion
      passes directly through the nip. The suspension, whether forced through
      the intersection of the rollers or around the exit of the nip, encounters
      pressure and shear stresses. The stressed ink then moves around a portion
      of the circumference of the roller surface 26 imaged at the intersection
      between surface 26 and surface 13 of the injecting electrode 11. The
      suspension not used in the image formed on electrode 11 is carried along
      the electrode 16 back to the position beneath the suspension deposition
      means 32 to be mixed with new suspension for further imaging. It may also
      be removed from the surface 26 by any suitable means. An electrical bias
      that is negative relative to the blocking electrode 16 is preferably
      applied to the stressing roller 30 for reasons discussed hereinafter. This
      is accomplished by connecting an electrical source 31 to the roller 30 or
      a conductive portion of the roller 30 if it has an insulating layer such
      as a rubber coating 33.
PAR  FIG. 2 illustrates a different embodiment of a system to prestress the
      imaging suspension prior to the actual imaging by the blocking electrode.
      The suspension is deposited on the injecting electrode 11 in any suitable
      manner to insure a more or less thin layer of suspension. Preceding final
      imaging steps for the system, a roll 40 is rotated to effect a relatively
      rapid tangential surface velocity compared to its translational velocity.
      Roll 40 is positioned to contact the suspension on the electrode 11. This
      surface velocity is in the order of 40 inches per second to 300 inches per
      second greater than the translational velocity of of the roller over the
      electrode. This causes the suspension 14 to be stressed in the area formed
      between the electrode 11 and surface of the roller 40. By placing a
      negative bias on the roller 40 by electrical source 41, it tends not only
      to create pressure and shear stresses in the area of contact shown as the
      area 42, but it attracts unwanted positive pigment particles that would
      not be used in imaging if the injecting electrode is "hole" injecting and
      biased positive relative to the blocking electrode 16. (More detail as to
      the imaging process is disclosed hereinafter.) The prestressed suspension
      is then imaged by the electrode roller 16. A schematic driving system is
      shown illustrating a rack 35 with suitable gearing on the shafts of
      rollers 16 and 40 to cause them to traverse the electrode 11. A bracket 36
      is shown to move the rollers at the same rate and spacing across the
      electrode 11. However, it may be desirable to move the rollers
      independently and eliminate the bracket.
PAR  Apparently, there is little difference in results between the system having
      the stressing roller placed directly against the electrode 11 on
      previously deposited suspension or on the blocking electrode 16 which also
      serves to meter out the suspension 14 used for imaging.
PAR  Referring now to FIG. 3 a system similar to that shown in FIG. 2 is
      utilized for prestressing and imaging of the suspension. Here, however,
      the apparatus to achieve the prestressing of the suspension is a member 46
      having a lower surface 47 angularly displaced from the electrode 11. The
      member should form a constricting channel with the electrode so that the
      suspension passing therebetween is subjected to external stresses. The
      surface may be mechanically biased toward the electrode 11 by springs 48
      and 49. The member is tiltable for adjustment of the angle of the
      converging surface 47 with the electrode by independently maneuvering
      springs 48 or 49 or any other suitable biasing means.
PAR  Motor M-2 causes translational movement of the member 46 over the
      suspension 14 placed on the biasing electrode thereby developing certain
      pressure and shear forces in the area of the suspension trapped within the
      converging space between the surface 47 and the surface 13 of the
      electrode 11. These shear and pressure forces act in a manner similar to
      those created by the rollers 30 and 40 in the previous figures to
      prestress the ink for improved imaging by the electrode roller 16 which
      operates in a manner substantially the same as that discussed in
      conjunction with the previous figures. A negative bias from an electrical
      source 45 is shown in the member 46 to create a field between it and the
      positive bias placed on the electrode 11. This causes the attraction of
      positively charged particles within the suspension toward the member 46.
      As explained hereinafter this permits improved imaging of the remaining
      particles because of the field arrangement between the electrodes 11 and
      16. Because there is an electrical field between member 46 and electrode
      11, there may be air breakdown between its trailing edge and the electrode
      11. To prevent this a lip portion 43 is added to allow the gap to fill
      with suspension material rather than air.
PAR  The angles shown in these figures are exaggerated for illustrative
      purposes. Also, although the member 46 is shown as a wedge, it may be any
      shape as long as its lower surface can develop the proper stresses on the
      suspension.
PAR  FIG. 4 shows other apparatus for achieving similar results to those
      described above by basically combining the roller 40 of FIG. 2 and the
      member 46 of FIG. 3. This combination uses a suspension prestressing
      roller 50 in combination with a member 52 shaped to accept the roller 50
      in its lower surface 53 and create stresses on the suspension flowing
      between it and electrode 11. The roller 50 journaled for rotation about an
      axis 51 rotates at a velocity substantially greater than its translational
      velocity across the electrode 11. This causes shear and pressure stresses
      similar to those caused by roller 30 in FIG. 1 and roller 40 in FIG. 2.
      Further the member 52 operating in much the same manner as the member 46
      of FIG. 3 causes additional shear, pressure and electrical stresses as
      described in FIG. 3. Biasing springs 54 and 55 provide a means for
      adjustability and control of the system. The imaging between the electrode
      roller 16 and the injecting electrode 11 is the same as described above. A
      lip 43 is added for reasons stated above.
PAR  FIG. 5 shows another means for accomplishing the stresses required by
      providing a step wedge member 61 with a stepped lower surface 62. All
      other aspects of this figure except for the lower surface shape are the
      same as FIG. 3 above.
PAR  FIG. 6 shows another embodiment of specially shaped member 60 operatively
      positioned at the electrode 16. The surface 61 of the member 60 adjacent
      the electrode 16 is arcuate in shape in a manner determined by the surface
      shape and dimensions of the electrode 16. The shapes should be such that a
      converging channel is formed for suspension flowing between the parts.
      Therefore, the distance between the member 60 and the electrode 16 is
      greater at the ingress point of suspension flow than at the egress point
      of the suspension flowing between the two parts. The suspension may be
      metered out by a dispenser 32 and a doctoring rod 34 as has been
      described. The electrode 16 rotates in the direction shown bringing the
      suspension 14 through the area between the electrode 16 and the surface 61
      of the member 60. The member 60 is stationary relative to the rotation of
      the electrode 16 but moves with the electrode 16 as it traverses the
      imaging electrode 11. A bias is applied between the member 60 and the
      electrode 16 as it was with the stressing roller 30 and electrode 16 in
      FIG. 1.
PAR  FIG. 7 shows an alternative means for applying stresses to the suspension.
      Here a storage tank 70 holds the suspension pending its use, e.g., for
      forming an image. A pump 72 moves the suspension through a line 74 to a
      nozzle 76 having constrictions therein to cause a shear stress to the
      suspension particles as the suspension passes through the nozzle 76. A
      flow control valve 78 is placed in the path of flow of the suspension
      prior to its being deposited on the electrodes for imaging or to a
      dispenser. The control valve 78 determines the amount of suspension
      metered out and there is tubing to allow overflow suspension to return to
      the storage tank to be recycled.
PAR  FIG. 8 shows a system supplying a prestressed marking suspension such as
      ink for a printing press. Here a printing press with a plate cylinder 80
      is inked by an applicator roll 82 which must place a uniformly dispersed,
      thin layer of ink suspension on the press for printing. It is important to
      get a uniform dispersion and thin layer of ink in order to have acceptable
      printing whether the copy is solid area, half tone, continuous tone or
      line representations. By using a very rapidly rotating stressing roller 84
      and a suitable metering means such as schematically shown by container 86
      having an orifice 88 therein and a doctoring rod 89, the interaction at
      the nip between rollers 82 and 84 causes a uniform dispersion of the
      particles in the carrier making an acceptable layer or uniformly dispersed
      particles of ink for the press. The thickness of the layer is determined
      by the contact pressure between the two rollers 82 and 84, the relative
      surface velocity of rollers 84 and 82, and the amount of ink metered
      through the orifice 88 of the container 86 and past the doctor blade 89.
      An electrical bias is placed on the gap between the rollers 82 and 84. The
      direction and magnitude of the bias depends on the particular inks used.
      The field will aid in the dispersing of the particles in the ink layer.
      The high speed stressing roller applies the ink electrophoretically since
      a field is maintained between the stressing roller and the electrode
      roller during operation for preferred results. The combined application of
      the suspension electrophoretically with a very rapidly overdriven
      stressing roller is a novel means of inking many types of machines and
      apparatus with a wide variety of suspensions or inks. This method of
      inking is usable on such machines as printing presses. The high cyclic
      speed of the inking roller averages the imperfections in roller surfaces
      as well as other machine imperfections and interrelations of parts. The
      improvement is in such a manner that a relatively uniform layer of ink is
      produced in the nip between the high speed roller and an applicator roller
      positioned adjacent the surface of the high speed roller. This method of
      applying ink will give a uniform dispersion of a layer of the ink while
      correcting for such defects as eccentricity within tolerance levels. This
      apparatus can be used as a substitute for the multiple rollers necessary
      to apply a uniform layer of ink to printing presses which currently exist
      in the art.
PAR  FIG. 9 schematically illustrates a greatly enlarged microscopic agglomerate
      of particles held within a suspension. The arrows on the figure indicate
      the stresses acting upon this agglomerate of particles. The particles may
      be the same material, size or charge or different in any or all of these
      parameters. They may represent the three colors used in subtractive color
      synthesis. When a shear stressing force and a compressive force are
      applied to the agglomerate, the shear forces cause internal stresses
      within the particles and the agglomerate itself and cause a fracturing
      along the weakest lines thereof. The weakest portions of the agglomerates
      are generally the interfaces of the individual particles. Therefore, the
      fracturing tends to occur between the particles within the agglomerate
      causing each particle to free itself from the others and remain in an
      independent state ready to be acted upon by other forces such as the
      electric field and electromagnetic radiation during imaging. The
      fracturing may occur from shear or tensil stresses on the particle even
      though only shear, compressive and electrical forces are placed on the
      suspension.
PAR  Although the shearing of the suspension is illustrated as immediately
      preceding imaging in the several embodiments illustrated, it has been
      experimentally shown that an hiatus of at least several hours and even
      considerably longer can intervene between the action of the shear stress
      means and the imaging of the suspension without recombination of the
      fractured agglomerates occurring.
PAC  OPERATION OF IMAGING SYSTEM
PAR  A detailed description of the operation and theories relating to the actual
      imaging system improved by this invention and discussing the interaction
      of the particles in the suspension with the electrodes 11 and 16 is
      disclosed in U.S. Pat. No. 3,383,993 issued on May 21, 1968 in the name of
      S. Yeh. The system therein described and the one used here as an imaging
      embodiment for this invention provides an electric field across the
      imaging area such that the electrode 11 is positive and the electrode 16
      is negative with respect to each other. Therefore particles within the
      suspension that are negatively charged will attract themselves to the
      position hole-injecting electrode 11.
PAR  When the switch 18 is left in the open position as shown in the figures and
      no potential is applied across the electrodes 11 and 16, the suspended
      particles merely assume random positions in the carrier. However when the
      switch 18 is closed, thereby rendering the conductive surface 13 of
      electrode 11 positive with respect to the surface 26 of the blocking
      electrode 16, negatively charged particles within the system tend to move
      toward the electrode 11 while any positively charged particles in the
      system would move toward the blocking electrode 16. This, of course is
      without the influence of any exposure radiation to form an image between
      the two electrodes.
PAR  The same phenomenon with the positive and negative particles occurs with
      respect to the stressing roller 30 and the blocking electrode 16 in FIG. 1
      or the stress forming mechanism and the electrode 11 in the other figures
      shown. The stressing mechanism is biased negatively compared to the
      electrode surface with which it interacts. Therefore, the positively
      charged particles within the suspension are attracted to the stressing
      mechanism where they will tend to cling and not interfere with the later
      imaging process which is to take place.
PAR  The particles within the suspension are non-conductive when not being
      struck with activating radiation. The negative particles come into contact
      with or are closely adjacent to the injecting electrode 11 and remain in
      the position under the influence of the applied electric field until they
      are subjected to exposure to activating electromagnetic radiation. The
      particles bound on the surface of the injecting electrode 11 make up the
      potential imaging particles for the final image to be reproduced thereon.
      When activating radiation strikes the particles, it is absorbed by the
      photosensitive particle and makes the particle conductive "creating"
      hole-electron pairs of charge carriers which may be considered mobile in
      nature. These newly created hole-electron pairs within the particles are
      thought to remain separated before they can combine due to the electrical
      field surrounding the particle between the two electrodes. The negative
      charge carriers of these hole-electron pairs move toward the positive
      electrode 11 while the positive charge carriers move toward the electrode
      16. The negative charge carriers near the particle-electrode interface at
      electrode 11 can move across the very short distance between the particle
      and the surface 13 leaving the particle with the net positive charge after
      sufficient charge transfer. These net positively charged particles are now
      repelled away from the positive surface of electrode 11 and attracted to
      the negative blocking electrode 16. Accordingly, the particles struck by
      activating radiation of a wavelength with which they are sensitive, i.e.,
      a wavelength which will cause the formation of hole-electron pairs within
      the particles, move away from the electrode 11 to the electrode 16 leaving
      behind only particles which are not exposed to sufficient electromagnetic
      radiation in their responsive range to undergo this change.
PAR  Consequently if all the particles in the system are sensitive to one
      wavelength of light or another and the system is exposed to an image with
      that wavelength of light, a positive image will be formed on the surface
      of electrode 11 by the subtraction of bound particles from its surface
      leaving behind bound particles in unexposed areas. If all the polarities
      on the system are reversed, electrode 11 will preferably be capable of
      accepting injected holes from bound particles upon exposure to light and
      electrode 16 will be a blocking electrode incapable of injecting holes
      into the particles when they come into contact with the surface of this
      electrode. The system may be operated with dispersions of particles which
      initially take on a net positive charge or a net negative charge and even
      with systems where the particles in the suspension apparently take on both
      polarities of charge. In this latter instance, the bias placed on the
      stressing mechanism will help remove the particles of unwanted polarity
      from the imaging system.
PAR  Typical voltages employed in the system for imaging while exposing may be
      in a range of 300 to 5,000 volts. Depending on the particular use to which
      the system is to be put, the suspension 14 may contain one, two, three or
      more different particles of various colors and having various ranges of
      spectral response. In a monochromatic system the particles included in the
      suspension 14 may be of any color and produce any color and the particular
      point or range or spectral response is relatively immaterial as long as it
      shows response in some region of the spectrum which can be matched by a
      convenient exposure source. In polychromatic systems, the particles may be
      selected so that particles of different colors respond to different
      wavelengths in the visible spectrum thus allowing for color separation.
      Regardless of whether the system is employed to produce monochromatic or
      polychromatic images it is desirable to use particles which are relatively
      small in size because smaller particles produce better and more stable
      dispersions in the suspension and are capable of forming images of higher
      resolution than would be possible with particles of larger size.
PAR  When the particles are suspended in the carrier, they may take on a net
      electrostatic charge so that they may be attracted toward one of the
      electrodes in the system depending on the polarity of its charge with
      respect to that of the electrodes. Some of the particles in the suspension
      may be positive, others negative and some even bipolar. The "wrong"
      polarity of particles of the suspensions may affect the imaging
      capabilities of the system by masking some of the "right" particles, or by
      agglomerating with some of the right particles in the system before
      imagewise particle migration takes place. In other words, the above
      behavior causes a portion of the suspended particles to be removed from
      the system as potential image-formers while others stay behind.
PAR  By electrically biasing the stressing mechanism, particles of the "wrong"
      polarity can be removed from the suspension or at least substantially
      separated from the electrode contacted by the stressing mechanism. The
      stresses break the agglomerated particles and then the bias takes wrong
      charged particles out of the system prior to imaging. If the stressing
      mechanism is not biased, it will nevertheless still function to break up
      agglomerates, but without the additional benefit of removing particles
      that cannot image in the system.
PAR  Consider a three color subtractive system where the suspension contains
      individual particles of a magenta, yellow and cyan color which are
      sensitive to green, blue and red wavelength radiation respectively. Assume
      that green light exposes the electroconductive glass processing the
      tri-mix (suspension with the three color particles mentioned above). Under
      optimum conditions the magenta particles absorb the light while the cyan
      and yellow particles reflect the light. The particles made conductive by
      absorbing the radiation exchange charge with the electroconductive glass
      as mentioned above. The magenta particles, as a result of their activation
      by exposure to the green light, become positive and migrate away from the
      injecting electrode. The cyan and yellow particles remain generally
      insulating and are not affected since they have little or no
      photosensitivity in the green light range of the spectrum. The magenta
      particles migrate selective as made conductive to the negative blocking
      roller or electrode. Thus, a color reproduction of the original green
      light is obtained in image configuration on the injecting electrode by
      subtractive color. That is, the cyan and yellow pigments remaining appear
      green when viewed.
PAC  THEORY OF OPERATION
PAR  One of the limitations in effective color separation by the
      photoelectrophoretic technique just described is the agglomeration of
      different color pigment particles to each other. The invention described
      herein breaks up these particle agglomerates allowing truer color
      separation and improved imaging. The theories, structures and methods
      discussed herein relating to the invention described are equally valid and
      applicable to monochromatic systems and inking systems not utilizing
      photoelectrophoresis and even other imaging techniques. The particles in
      the suspension are known to form agglomerates due to the electrostatic and
      Van der Waal's (intermolecular) forces as well as small mechanical
      interlocking forces. These forces are significant compared to the
      electrostatic forces operating on the overall suspension, and are
      responsible for particle packing within the suspension because of the
      close proximity of the pigment particles.
PAR  In a polychromatic system, the agglomerations, which result because of
      these particle packings and because of other reasons such as ball milling
      during pigment preparation, consist of multi-colored pigment particles
      with an overall net negative or net positive charge. When the agglomerate
      behaves as a unit instead of discretely, an error in color separation
      results because the non-illuminated particles migrate erroneously with the
      illuminated particles, or the illuminated particles fail to migrate
      because they are bonded to the non-illuminated  pigment particles.
PAR  In a monochromatic system the particles will migrate if energy of any
      wavelength within the panchromatic spectrum of the particle response
      strikes the particle. It is believed that energy absorption and response
      thereto by the particles relate to the surface area of the particle
      available to be struck. The area-to-mass ratio of these particles is
      decreased if several of them agglomerate together. Therefore greater
      amounts of energy are required in order to cause the migration of the
      agglomerated particle then would be necessary to cause the migration of
      the individual particles not attached to each other.
PAR  Once the magnitudes of the bonding forces internal to the agglomerates are
      determined, the critical stresses necessary to overcome these forces in
      order to affect structural failure must be generated. This is accomplished
      by increasing the external state of stress thereby causing the internal
      state of stress within the particle agglomerates to exceed the stress
      level necessary to cause agglomerate particle failure. By causing this
      structural failure particle separation and therefore better imaging can be
      effected.
PAR  The forces external to the agglomerated particles exerted by the stressing
      mechanism operates in the contact zone between the surface of the
      stressing mechanism and the electrode upon which it acts. There are three
      distinct forces present in this contact zone which act upon the
      agglomerated suspension. These forces are a fluid dynamic shear force, a
      fluid dynamic compressive force and an electrical field force if a field
      is applied. The theory is that when the threshold failure stress is
      exceeded, the agglomerate particle is severed and particle (color)
      separation is obtained. This dismemberment is a structural failure that
      must subscribe to one of the general prevailing failure theories for solid
      bodies. The forces normally acting upon the particles in the suspension
      during imaging are too small to affect particle structural failure. In
      fact, only in the presence of the fluid dynamic stresses and compressive
      forces, is there enough of a resultant stress available to sever the
      agglomerate particles and produce improved imaging and color separation in
      a polychromatic system. Since this theory has been experimentally shown to
      be operative and to create both better color separation and image quality,
      there is, of course, no intention to limit the invention to this theory of
      operation which is only given to clarify the results obtained with the
      method and structure disclosed herein and describing this invention.
PAC  EXPERIMENTAL RESULTS
PAR  The following examples were carried out in an apparatus of the general type
      illustrated in FIG. 1. The stressing roller 30 was approximately 2.5
      inches in diameter. The imaging velocity which is equal to the
      translational velocity of electrode roller 16 was about 1.5 inches per
      second. The plate employed was approximately 4 inches by 4 inches and was
      exposed to the light intensity of 200-300 foot candles. A suspension of
      845 grams per liter of the indicated particles were held in the suspension
      having mineral oil for a carrier. The magnitude of the applied potential
      between the two electrodes during imaging was 2,000-4,000 volts. The
      pigments which were present as particles in the suspension were ground in
      a ball mill for 48 hours to reduce the size to make a more stable
      dispersion to improve the resolution of the final images.
PAR  The pigments themselves were as follows:
PAR  Monolite Fast Blue GS (cyan) mixture of the alpha and beta metal free
      phthalocyanine - Arnold Hoffman Co.
PAR  Watchung Red B (magenta) C.I. No. 15865
      1-(4'-methyl-5'-chloroazobenzene-2'-sulfonic acid)-2-hydroxy-3-naphthoic
      acid.--Made by DuPont.
PAR  Yellow pigment having the following structure and prepared in accordance
      with application Ser. No. 421,281 filed on Dec. 28, 1964 now U.S. Pat. No.
      3,447,992 N-2"-pyridyl-8,13-dioxodinaphtho-(2,1-2',
      3')-furan-6-carboxamide.
PAR  Exposure was made with a 2,800.degree.-3,400.degree. K lamp through a
      continuous tone neutral density gray scale laminated over several primary
      color and neutral interference filters to make a color wedge to measure
      the sensitivity of the suspension.
PAR  Besides the above parameters the stressing roller 30 velocity was 131
      inches per second relative to the electrode roller 16 velocity and in the
      direction shown in FIG. 1. The stressing roller had a bias of -125 volts
      relative to the electrode roller 16. The maximum hydrodynamic ink pressure
      developed was 15 psi. The following results were observed by illumination
      with a tungsten lamp through the transparency test subject referred to
      above. A representative set of date comparing optimized results with the
      stressing roller and results obtained without the stressing roller
      follows; .DELTA.D = (analytical density of stress experiment)-(analytical
      density of non-stress control):
     Color Patch                                                               
                Changes in Analytical Density of                               
                Component Pigments                                             
              .DELTA. D Cyan                                                   
                      .DELTA. D Magenta                                        
                                  .DELTA. D Yellow                             
     ______________________________________                                    
     Cyan       + .62     + .10       -.06                                     
     Magenta    + .16     + .66       -.41                                     
     Yellow     + .12     + .09       +.17                                     
     D min Neutral                                                             
                + .10     + .09       +.12                                     
     ______________________________________                                    
PAR  A change in density was noticed with a relative velocity between the
      stressing roller 30 and the blocking electrode roller 16 of as low as 20
      inches per second with a charge differential of -100 volts from the
      stressing roller relative to the electrode roller and a hydrodynamic ink
      pressure of 5 psi.
PAR  Improvements in the image density were also observed with a relative
      velocity difference between the stressing roller and the electrode roller
      16 of 260 inches per second with a bias difference of -600 volts from the
      stressing roller relative to the electrode roller 16 and a hydrodynamic
      ink pressure of 30 psi.
PAR  The above mentioned parameters are not meant to be critical and some of the
      parameters noticed experimentally were not necessarily limits on the
      method or system. Some of the results were reached only because of the
      limitations of the mechanisms used for the experiments and should not be
      considered critical limitations above or below which no beneficial effect
      will be noted with a particular suspension.
PAR  Several assumptions are made in order to generalize the application of
      forces to particle suspensions different from the one tested. Basically
      the internal stresses involved in forming and holding agglomerates
      together are very small and this is what must be overcome to achieve
      particle separation. Even in particle suspensions other than the one
      tested, the forces maintaining interparticle attraction are relatively
      small compared to the forces exerted by the structure herein described.
      Because of the great variability permissible with the structure and method
      used herein, the shear stress may be multiplied by 100.times. and more
      without greatly affecting the system. Therefore with any given suspension,
      even one with interparticle holding forces more than 100.times. greater
      than the suspension tested, the proper stress forces to break up the
      agglomerates can be determined and the structures and methods herein
      disclosed can be used to generate those forces.
PAR  The theory herein is applicable to particle suspensions for electrophoretic
      imaging or for inking or for any other use where small individual
      particles are desired for better performance than agglomerates of several
      particles.
PAC  MATHEMATICAL MODEL
PAR  The following is a mathematical model explaining the interrelationships
      between the viscosity of the suspension, and the electrical, fluid dynamic
      shear, and fluid dynamic compressive stresses for any system. By applying
      the various known quantities of a system to the formula the shear force or
      pressure or electrical force necessary to break up agglomerates of a
      particle suspension with a known viscosity can be determined.
PAR  It is believed that methods and apparatus for increasing maximum shear
      stress acting on the particles of a suspension will improve separation of
      the agglomerate particle structures and therefore improve the use of the
      suspension in imaging systems, color separation systems, and/or in uniform
      layer applications for such systems as inking of presses.
PAR  The apparatus and methods described embodying this invention exert external
      forces upon the agglomerated particles sufficient to raise the stress
      level within the agglomerated particle to the critical value necessary for
      structural separation of the agglomerate into discrete particles.
PAR  The values necessary for breaking up the agglomerated particles in order to
      improve both imaging and color separation in multi-color systems or
      imaging in monochromatic systems are determinable based on several
      variables within the imaging apparatus and the suspension itself. The
      following mathematical model describes the necessary parameters in order
      to achieve the desired results described herein. Relative to this model
      attention is drawn to FIGS. 9 and 10.
PAR  FIG. 9 is an illustration of an agglomerated particle assumed to be within
      the contact zone such as zone 42 of FIG. 2 between the stressing roller
      and the electrode with which it operates. FIG. 9 also shows representative
      forces acting upon the particle held within the suspension. The forces
      marked F represent the electrical field force acting on the particle, the
      forces marked p represent the pressure acting on the agglomerate which is
      equal to the pressure within the suspension in the vicinity of the
      agglomerate, and T represents the shear stress acting on the agglomerate
      or the shear stress within the suspension at the contact zone.
PAR  FIG. 10 represents an elemental cube taken within the agglomerated particle
      to represent the stresses on that particle in simplified mathematical
      terms. Here the stresses represented by a p is the pressure exerted
      through the suspension on the particle and therefore the elemental cube
      within the particle. The electrical stress acting upon the particle is
      represented by q and the shear stress on the elemental cube is represented
      by the T.
PAR  Viewing the elemental cube as existing within an agglomerate in the contact
      zone and considering the shear stress on the agglomerate and within the
      suspension in that zone as caused by a uni-directional viscous flow, the
      shear stress I=.mu.  dV/dy where .mu. is the apparent viscosity of the
      suspension, and dV/dy is the shear rate within the fluid. The force F
      shown in FIG. 9 which acts upon the particle generates an electrical
      stress q such that q = F/D.sup.2 where D is a characteristic length of the
      particle. This stress is uni-directional because of the characteristics of
      the electrical field in the contact zone.
PAR  From the illustrations of FIGS. 9 and 10 the following component stresses
      within the agglomerate can be found. It is assumed that the values of the
      stress are maximal at the intersection of the vertical center line of the
      stressing mechanism and the tangential plane of the electrode which it
      contacts.
EQU  .sigma..sub.p .sup.3 +(3p-q).sigma..sub.p .sup.2 =(3p.sup.2
      -2pq-T.sup.2).sigma..sub.p +(p.sup.3 -pq.sup.2 -pT.sup.2)=0
      ##EQU1##
EQU  .SIGMA.o = 1/3(.sigma..sub.p1 +.sigma..sub.p2 +.sigma..sub.p3)
EQU  T.sub.o = 1/3 .sqroot.(.sigma..sub.p1 -.sigma..sub.p2).sup.2
      +(.sigma..sub.p2 -.sub.p3).sup.2 +(.sigma..sub.p3 -.sigma..sub.p1).sup.2
PAL  In the above formula relationships: .sigma..sub.p is the principal stress
      which has three components .sigma..sub.p1, .sigma..sub.p2 and
      .sigma..sub.p3 related such that .sigma..sub.p1 &gt;.sigma..sub.p2
      &gt;.sigma..sub.p3 &gt; and these are stress components within the particles,
PA1  .SIGMA..sub.o is the octahedral shear stress component within the particle,
PA1  p is the dynamic pressure within the fluid,
PA1  q is the electrical stress acting upon the particle,
PA1  T is the dynamic shear stress within the fluid, and
PA1  T.sub.max is the maximum shear stress, a stress component within the
      particle.
PAR  When the stress component which characteristically determines structural
      failure of the agglomerate particle, such as, for example, the shear
      stress, exceeds the critical level for agglomerate fracture, the
      agglomerate separates into discrete particles. These discrete particles
      can then function separately in the manner described herein to function
      better within the system in which they are employed.
PAR  Although the mathematical model explaining the failure theory of the
      agglomerated particles is based on maximum shear stress theory of failure,
      the experimentally provable agglomerate failures could be explained by
      other failure theories such as a principal stress theory. Nevertheless
      apparatus or methods employed for breaking agglomerates in suspensions
      such as those described herein that come within the shear stress
      mathematical model are of the type contemplated by this invention, even if
      actual agglomerate failure is explainable by some other theory.
PAR  The theories expounded above and experiments conducted in accordance with
      these theories indicate another very useful benefit from the overdriven
      high speed roller such as shown in FIG. 1. When operating in the
      configuration shown in these figures, a relatively uniform thin layer
      suspension is left on the member adjacent the high velocity roller after
      it has been contacted by the high velocity roller. There is enough
      uniformity in the layer remaining on the member that the method or amount
      of manual application of the suspension does not substantially affect the
      experiments such as those described above.
PAR  While this invention has been described with reference to the structures
      disclosed herein, it is not confined to the details set forth; and this
      application is intended to cover such modifications or changes as may come
      within the purposes of the improvements or the scope of the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for breaking inter-particle bonds in order to separate
      agglomerated particles within suspensions comprising in combination:
PA1  a. an electrode having a surface capable of supporting a layer of
      suspension thereon;
PA1  b. prestressing means having a lower surface angularly displaced from said
      electrode surface and adapted to be in contact with a layer of suspension
      carried on said electrode surface, said lower surface forming a
      constricting channel with said electrode surface so that any suspension
      passing therebetween is subjected to external stresses, wherein said
      prestressing means further comprises compressive means for urging said
      prestressing means lower surface tiltably toward said electrode surface
      thereby applying a dynamic compressive stress and shear stress to
      suspension carried on said electrode surface;
PA1  c. means for moving said prestressing means lower surface relative to said
      electrode surface; and
PA1  d. said prestressing means further comprising electrical biasing means for
      creating an electrical bias field between said prestressing means lower
      surface and said electrode surface.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said compressive means
      comprises at least one spring member coupled between said moving means and
      said prestressing means.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein said prestressing means
      further comprises a roller mounted for rotation in said lower surface and
      adapted to be in intimate contact with suspension carried on said
      electrode surface.
NUM  4.
PAR  4. The apparatus according to claim 3 wherein said lower surface is
      provided with a curved lip portion at one end thereof.
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ABST
PAL  The catalyst comprises a Group-VIII-noble-metal hydrogenation component and
      a small amount of zirconium on a solid catalytic support comprising a
      porous refractory inorganic oxide. The zirconium may be present either in
      the elemental form or as compounds. The preferred hydrogenation component
      is platinum and the preferred porous refractory inorganic oxide is a
      catalytically active alumina.
PAL  The reforming process comprises contacting a petroleum hydrocarbon stream
      in a reforming zone under reforming conditions and in the presence of
      hydrogen with the above-described catalyst. In one embodiment, the process
      comprises contacting a partially-reformed hydrocarbon stream in a
      reforming zone under reforming conditions and in the presence of hydrogen
      with the above catalyst. In another embodiment, the process comprises
      contacting a naphtha in a reforming zone under reforming conditions and in
      the presence of hydrogen with the above catalyst. In a third embodiment,
      the process comprises contacting the petroleum hydrocarbon stream in a
      first reforming zone under reforming conditions and in the presence of
      hydrogen with a first reforming catalyst to produce a first reformate and
      subsequently contacting the first reformate in a second reforming zone
      under reforming conditions and in the presence of hydrogen with a second
      reforming catalyst, said second reforming catalyst being the catalyst
      described in the preceding paragraph.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The reforming of petroleum hydrocarbon streams is one of the important
      petroleum refining processes that may be employed to provide
      high-octane-number hydrocarbon blending components for gasoline. In the
      typical reforming process, the reactions comprise dehydrogenation
      reactions, isomerization reactions, and hydrocracking reactions. The
      dehydrogenation reactions include the dehydrogenation of cyclohexanes to
      aromatics, the dehydroisomerization of alkylcyclopentanes to aromatics,
      the dehydrogenation of paraffins to olefins, and the dehydrocyclization of
      paraffins and olefins to aromatics. The isomerization reactions include
      isomerization of n-paraffins to isoparaffins, the hydroisomerization of
      olefins to isoparaffins, the isomerization of alkylcyclopentanes to
      cyclohexanes, and the isomerization of substituted aromatics. The
      hydrocracking reactions include hydrocracking of paraffins and
      hydrodesulfurization. Adequate discussion of the reactions occurring in a
      reforming reaction zone are presented in CATALYSIS, Vol. VI, P. H. Emmett,
      editor, Reinhold Publishing Corporation, 1958, pages 497 and 498, and
      PETROLEUM PROCESSING, R. J. Hengstebeck, McGraw-Hill Book Company, Inc.,
      1959, pages 179 through 194.
PAR  It is well known by those skilled in the art that several catalysts are
      capable of reforming petroleum naphthas and hydrocarbons that boil in the
      gasoline boiling range. Although reforming may be carried out through the
      use of molybdena-on-alumina catalysts, chromium-oxides-on-alumina
      catalysts, platinum-halogen-on-alumina catalysts, and
      platinum-aluminosilicate-material-alumina catalysts, the catalysts
      employing platinum as a hydrogenation component are generally employed
      today in the reforming processes of the petroleum industry.
PAR  It has now been found that a catalyst comprising a Group-VIII-noble-metal
      hydrogenation component and a small amount of zirconium on a solid
      catalytic support comprising a porous refractory inorganic oxide may be
      employed suitably to reform petroleum hydrocarbon streams. Embodiments of
      a reforming process employing this catalytic composition, i.e., the
      process of the present invention, provide high-octane-number blending
      material for unleaded and/or low-lead motor fuels.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, according to the present invention, there is provided a catalytic
      composition for reforming a petroleum hydrocarbon stream, which catalytic
      composition comprises a Group-VIII-noble-metal hydrogenation component and
      a small amount of zirconium on a solid catalytic support comprising a
      porous refractory inorganic oxide. The catalytic composition may contain a
      combined halogen, preferably, chlorine.
PAR  The preferred hydrogenation component is platinum. The preferred porous
      refractory inorganic oxide is a catalytically active alumina.
PAR  In one embodiment of the process of the present invention, there is
      provided a process for reforming a petroleum hydrocarbon stream. This
      embodiment comprises contacting the petroleum hydrocarbon stream in a
      reforming zone under reforming conditions and in the presence of hydrogen
      with the catalytic composition of the present invention. The petroleum
      hydrocarbon stream may be a naphtha, or it may be a partially-reformed
      hydrocarbon stream.
PAR  In another embodiment of the process of the present invention, there is
      provided a process for reforming a petroleum hydrocarbon stream, which
      process comprises contacting said hydrocarbon stream in a first reforming
      zone under reforming conditions and in the presence of hydrogen with a
      first reforming catalyst to produce a first reformate and subsequently
      contacting said first reformate in a second reforming zone under reforming
      conditions and in the presence of hydrogen with the catalytic composition
      of the present invention.
PAR  Accordingly, the process may employ the catalytic composition of the
      present invention either as the sole catalyst in the reforming process or
      as the final catalyst in a multiple-catalyst reforming system. The
      selection of the particular embodiment of the process of the present
      invention will be dictated by the feedstock to be reformed. If the
      hydrocarbon stream has already been partially reformed, the embodiment of
      the process employing the catalytic composition of the present invention
      as the sole catalyst is suitable.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying FIGURE presents a simplified schematic flow diagram of a
      preferred embodiment of the process of the present invention, wherein the
      catalytic composition of the present invention is employed in the last
      reactor, or tail reactor, of a multiple-reactor reforming system.
DETD
PAC  DESCRIPTION AND PREFERRED EMBODIMENTS
PAR  The highly mechanized society of today requires an increasing demand for
      very-high-octane-number motor fuels. The process of this invention is
      especially advantageous for the production of high-octane-number blending
      components for motor fuels by means of the reforming of petroleum naphthas
      and petroleum hydrocarbon streams boiling in the gasoline boiling range.
      It may be employed suitably to produce high-octane-number blending
      components for unleaded and/or low-lead motor fuels.
PAR  The embodiments of the process of the present invention may be used to
      reform a feedstock which is a member selected from the group consisting of
      a virgin naphtha, a cracked naphtha, a hydrocarbon fraction boiling in the
      gasoline boiling range, and mixtures thereof. It may also be used to
      reform partially-reformed naphthas and other hydrocarbon streams. A
      naphtha will exhibit a boiling range of about 70.degree. to about
      500.degree.F., preferably, about 180.degree. to about 400.degree.F. The
      gasoline boiling range comprises temperatures of about 120.degree. to
      about 420.degree.F., preferably, about 140.degree. to about 380.degree.F.
      The partially-reformed hydrocarbon streams will exhibit an unleaded
      research octane number within the range of about 75 to about 95. As used
      herein, the terms "mildly-reformed" and "partially-reformed" refer to such
      streams as have been reformed to an unleaded research octane number of
      about 75 to about 95.
PAR  Since many of the above feedstocks may contain appreciable amounts of
      nitrogen and sulfur compounds, which are deleterious to the first catalyst
      of that embodiment of the present invention which employs a
      multiple-catalyst reforming system, it is preferred that the feedstock in
      this case be subjected to a suitable hydrodesulfurization and/or
      hydrodenitrogenation treatment, such as hydrofining, prior to use in the
      embodiment of the process of the present invention. Such treatment will
      reduce both the nitrogen and sulfur levels to tolerable limits.
PAR  According to the process of the present invention, there is provided a
      process for reforming a petroleum hydrocarbon stream. One embodiment of
      this process comprises contacting said hydrocarbon stream in a reforming
      zone under reforming conditions and in the presence of hydrogen with the
      catalytic composition of the present invention. A second embodiment of the
      process of the present invention comprises contacting said hydrocarbon
      stream in a first reforming zone under reforming conditions and in the
      presence of hydrogen with a first reforming catalyst that does not contain
      zirconium to produce a first reformate and subsequently contacting said
      first reformate in a second reforming zone under reforming conditions and
      in the presence of hydrogen with a second reforming catalyst comprising a
      Group-VIII-noble-metal hydrogenation component and a small amount of
      zirconium on a solid catalytic support comprising a porous refractory
      inorganic oxide, i.e., the catalytic composition of the present invention.
      In another embodiment, the process comprises contacting a
      partially-reformed hydrocarbon stream in a reforming zone under reforming
      conditions and in the presence of hydrogen with a catalytic composition
      comprising a Group-VIII-noble-metal hydrogenation component and a small
      amount of zirconium on a solid catalytic support comprising a refractory
      inorganic oxide.
PAR  The first reforming catalyst, i.e., the catalyst that is employed in the
      first reforming zone of the multiple-reforming-zone embodiment of the
      process of the present invention, may be typically a reforming catalyst
      comprising a platinum group metal and combined halogen supported on a
      catalytically active alumina. It is contemplated that such catalyst may be
      promoted with a small amount of rhenium. It is to be understood that any
      suitable reforming catalyst in the art may be employed as the first
      catalyst in the first reforming zone, for example, a molybdena-on-alumina
      catalyst or a catalyst comprising a Group VIII noble metal and combined
      halogen on a refractory inorganic oxide. The Group VIII noble metals
      include ruthenium, rhodium, palladium, osmium, iridium, and platinum. A
      particular first catalyst is a catalyst consisting essentially of a Group
      VIII noble metal, rhenium, and combined halogen on a catalytically active
      alumina. A preferred first catalyst is a catalyst which comprises about
      0.1 wt. % to about 2 wt. % platinum, about 0.05 wt. % to about 2 wt. %
      combined chlorine, and about 0.05 wt. % to about 2 wt. % rhenium on a
      catalytically active alumina. The catalytically active alumina that is
      employed as the support material for the first catalyst may be any
      catalytically active alumina, such as gamma-alumina or eta-alumina. Such
      alumina should have an average pore diameter of about 70 A to about 200 A,
      or larger. The alumina should have a surface area of at least 150 square
      meters per gram. Suitably, the surface area should be within the range of
      about 200 to about 800 square meters per gram, or larger.
PAR  The second reforming catalyst, i.e., the catalyst that is employed in the
      second reforming zone of this multiple-zoned embodiment of the process of
      the present invention, is the catalytic composition of the present
      invention. It comprises a Group-VIII-noble-metal hydrogenation component
      and a small amount of zirconium on a solid catalytic support comprising a
      porous refractory inorganic oxide.
PAR  Suitable hydrogenation components that are employed in a typical reforming
      catalyst include Group VIB metals of the Periodic Table of Elements,
      particularly, molybdenum and chromium, the oxides of Group VIB metals, and
      Group VIII metals, particularly, the Group VIII noble metals. As pointed
      out hereinabove, the Group VIII noble metals include ruthenium, rhodium,
      palladium, osmium, iridium, and platinum. The preferred Group VIII noble
      metal is platinum. For the purposes of this discussion, the Periodic Table
      of Elements appearing on page 628 of WEBSTER'S SEVENTH NEW COLLEGIATE
      DICTIONARY, G. & C. Merriam Company, Springfield, Mass., U.S.A., 1963, was
      employed.
PAR  The hydrogenation component for the catalyst of the present invention is a
      Group VIII noble metal and may be present in an amount of about 0.05 wt. %
      to about 2 wt. %, calculated as the element and based upon the total
      weight of the catalyst. Preferably, the Group VIII noble metal is present
      in an amount of about 0.1 wt. % to about 1 wt. %, calculated as the
      element and based upon the total weight of the catalyst.
PAR  Another essential component of the catalyst of the present invention is
      zirconium, a member of Group IVB of the Periodic Table of Elements.
      Zirconium may be present in an amount of about 0.05 wt. % to about 5 wt.
      %, calculated as the element and based upon the total weight of the
      catalytic composition. Preferably, zirconium is present in an amount of
      about 0.1 wt. % to about 1 wt. %. The zirconium that is present in the
      catalyst of the present invention is present as a promoter and is not a
      constituent of the catalyst support. The zirconium may be present either
      in the elemental form, or as one or more compounds, or as mixtures
      thereof.
PAR  Rhenium may also be a component of the catalyst of the present invention.
      It may be present in an amount of about 0.05 wt. % to about 3 wt. %,
      calculated as the element and based upon the total weight of said
      catalytic composition.
PAR  The solid catalytic support of the catalyst of the present invention
      comprises a porous refractory inorganic oxide, such as an alumina or a
      silica-alumina. The preferred refractory inorganic oxide is a
      catalytically active alumina, such as gamma-alumina, eta-alumina, or
      mixtures thereof. The properties of such alumina are presented
      hereinabove. The solid catalytic support may also contain a crystalline
      aluminosilicate material. Such crystalline aluminosilicate material is a
      large-pore aluminosilicate material and preferably possesses pores within
      the range of about 5 A to about 20 A. A preferred crystalline
      aluminosilicate material is mordenite or faujasite. Suitably, the
      crystalline aluminosilicate material is suspended in and distributed
      throughout a matrix of the porous refractory inorganic oxide. The
      aluminosilicate material may be present in an amount of about 0.5 wt. % to
      about 25 wt. %, based upon the weight of the catalytic support.
      Preferably, the large-pore crystalline aluminosilicate material has been
      cation-exchanged with a member selected from the group consisting of an
      alkaline earth metal, a rare earth metal, a polyvalent metal, hydrogen,
      and a hydrogen precursor, such as ammonium, to reduce the alkali-metal
      content of the aluminosilicate material to a level that is less than 1 wt.
      %, calculated as the metal.
PAR  The catalyst of the present invention may also contain a combined halogen.
      Suitable halogens are chlorine and fluorine. The preferred halogen is
      chlorine. The halogen may be present in an amount of about 0.1 wt. % to
      about 2 wt. %, based upon the total weight of the catalyst. Preferably,
      the halogen is present in an amount of about 0.1 wt. % to about 1 wt. %,
      based upon the weight of the catalyst.
PAR  It is contemplated that other metal components could be constituents of the
      catalytic composition of the present invention, so that various
      combinations of such metals and the Group VIII noble metal would be
      present; for example, platinum-rhenium, iridium-gold, and
      platinum-lead-cadmium. In each case, zirconium would be present in an
      amount suggested hereinabove. All Group VIII noble metals, except osmium,
      could be a component of such a combination.
PAR  The catalyst of the present invention may be prepared in various ways. For
      example, a soluble compound of the Group-VIII-noble-metal hydrogenation
      metal and/or soluble compounds of the other metals and zirconium may be
      added to a sol or gel of the refractory inorganic oxide. This composition
      may be thoroughly blended and the sol or gel mixture may be subsequently
      co-gelled by the addition of dilute ammonia. The resulting co-gelled
      material may then be dried and calcined. If an aluminosilicate material is
      to be a component of the catalytic composition, it may be added in a
      finely-divided form to the sol or gel of the refractory inorganic oxide
      and suitable compounds of the Group-VIII-noble-metal hydrogenation
      component and zirconium, and other metals, if any, may be added thereto,
      and the resulting composition may then be thoroughly blended prior to
      co-gelling, drying, and calcining. In another method of preparation, the
      refractory inorganic oxide is gelled, dried, pelleted, calcined, and
      cooled, and the resulting composition is then impregnated with one or more
      solutions of the Group-VIII-noble-metal hydrogenation component,
      zirconium, and any other metal.
PAR  Suitable calcination conditions comprise a temperature in the range of
      about 700.degree.F. to about 1,100.degree.F. and a calcination time of
      about 1 to about 20 hours. Suitable drying conditions comprise a
      temperature in the range of about 200.degree.F. to about 400.degree.F. and
      a drying time of about 3 to about 30 hours. Preferably, drying conditions
      comprise a temperature of about 250.degree.F. for about 8 to about 16
      hours and calcination conditions comprise a temperature of about
      1,000.degree.F. for about 2 to about 6 hours.
PAR  The zirconium may be added as any convenient soluble form, for example, as
      the oxychloride, nitrate, acetate, or any other compound which would not
      introduce into the composition an anion that is known to be detrimental to
      catalytic activity, such as sulfate. The halogen may be incorporated into
      the catalytic composition as a halide of the hydrogenation metal, or as a
      halogen acid, or a halide salt.
PAR  The catalyst of the present invention, that is, the catalyst comprising a
      Group-VIII-noble-metal hydrogenation component and a small amount of
      zirconium on a solid catalytic support comprising a porous refractory
      inorganic oxide, is suitable for the conversion of petroleum hydrocarbon
      streams and is useful for such hydrocarbon processes as
      disproportionation, isomerization of paraffins and aromatics,
      alkylation-dealkylation, hydrogenation-dehydrogenation, hydrocracking, and
      reforming. In particular, it is employed for the reforming of petroleum
      hydrocarbon naphthas and those petroleum hydrocarbon streams boiling in
      the gasoline boiling range. This catalyst is effective for converting the
      heavy paraffins remaining in a reformate. Therefore, a preferred
      embodiment of the process of the present invention is a process which
      employs a first reforming catalyst in a first reforming zone and the
      catalyst of the present invention as a second reforming catalyst in a
      second reforming zone. Still more particularly, the first reforming
      catalyst is employed in all of the reactors except the tail reactor and
      the second reforming catalyst is employed in the tail reactor. For
      selected conditions and selected feedstocks, it is contemplated that the
      first reforming zone could constitute two or more reactors and the second
      reforming zone could constitute at least one reactor. In an alternative
      embodiment of the process of the present invention, the reforming system
      could comprise one or more reactors containing the catalyst of the present
      invention as a catalyst and making up a sole reaction zone. To this latter
      embodiment, a partially-reformed naphtha would be the preferred feedstock.
PAR  Therefore, according to one embodiment of the process of the present
      invention, there is provided a process for reforming a petroleum
      hydrocarbon stream, which process comprises contacting a
      partially-reformed hydrocarbon stream in a reforming zone under reforming
      conditions and in the presence of hydrogen with a catalyst comprising a
      Group-VIII-noble-metal hydrogenation component and a small amount of
      zirconium on a solid catalytic support comprising a porous refractory
      inorganic oxide. In another embodiment of the process of the present
      invention, the process comprises contacting a petroleum hydrocarbon stream
      in a first reforming zone under reforming conditions and in the presence
      of hydrogen with a first reforming catalyst to produce a first reformate
      and subsequently contacting said first reformate in a second reforming
      zone under reforming conditions and in the presence of hydrogen with a
      second reforming catalyst comprising a Group-VIII-noble-metal
      hydrogenation component and a small amount of zirconium on a solid
      catalytic support comprising a porous refractory inorganic oxide. This
      latter embodiment is a process wherein the first reforming zone comprises
      two or more reactors and the second reforming zone comprises at least one
      reactor.
PAR  Typical operating conditions of the reforming process of the present
      invention comprise an average catalyst temperature of about 700.degree.F.
      to about 1,050.degree.F., a pressure of about 50 psig to about 1,000 psig,
      a weight hourly space velocity (WHSV) of about 0.5 to about 10 weight
      units of hydrocarbon per hour per weight unit of catalyst, and a hydrogen
      addition rate of about 1,500 standard cubic feet of hydrogen per barrel of
      hydrocarbon (SCFB) to about 15,000 SCFB. Preferred reforming conditions
      comprise an average temperature of about 850.degree.F. to about
      950.degree.F., a pressure of about 50 psig to about 300 psig, a WHSV of
      about 1 to about 8 weight units of hydrocarbon per hour per weight unit of
      catalyst, and a hydrogen addition rate of about 3,000 SCFB to about 10,000
      SCFB. These operating conditions are appropriate for each reforming zone
      of the multiple-zone embodiment of the process of the present invention
      and for each reactor of the system which employs only a single reforming
      zone.
PAR  The process of the present invention can be carried out in any of the
      conventional types of equipment known to the art. One may, for example,
      employ catalysts in the form of pills, pellets, granules, broken
      fragments, spheres, or various special shapes, disposed as one or more
      fixed beds within one or more reaction zones, and the charging stock may
      be passed therethrough in the liquid, vapor, or mixed phase, and in either
      upward or downward flow. Alternatively, the catalysts may be in a suitable
      form for use in moving beds, in which the hydrocarbon feedstock and
      catalyst are preferably passed in countercurrent flow; or in
      fluidized-solid processes, in which the feedstock is passed upward through
      a turbulent bed of finely divided catalyst; or in the suspensoid process,
      in which the catalyst is slurried in the hydrocarbon feedstock and the
      resulting mixture is conveyed into the reaction zone. A fixed-bed
      reforming process is exemplified by Ultraforming (Petroleum Engineer, Vol.
      XXVI, No. 4, April 1954, at page C-35). In a six-reactor unit with the
      five fixed-bed reactors on oil and one fixed-bed reactor under
      regeneration, when employing the multiple-zone embodiment, it is
      convenient to employ the second reforming catalyst in the last reactor and
      a mixture (or layers) of the first reforming catalyst and the second
      reforming catalyst in the swing reactor. The reaction products from any of
      the foregoing processes are removed from the reaction zones and
      fractionated to recover the various components thereof. The hydrogen and
      unconverted materials are recycled as desired, the excess hydrogen
      produced in the reformer conveniently being utilized in the
      hydrodesulfurization of the hydrocarbon feed.
PAR  Unwanted products in the reforming of petroleum hydrocarbon streams are
      light hydrocarbon gases and coke. Such products and other compounds, such
      as polynuclear aromatics and heavy hydrocarbons, may result in coke. As
      the operation progresses, a substantial amount of coke accumulates on the
      surface of each of the catalysts resulting in an increasingly rapid rate
      of catalyst deactivation. Consequently, the coke must be removed
      periodically from the surface. Such coke removal may be accomplished
      through a coke-burn treatment wherein the coked catalyst is contacted with
      an oxygen-containing gas at selected temperatures. Typically, the gas will
      contain oxygen within the range of about 0.2 volume percent to about 21
      volume percent. The concentration of oxygen in the gas should be
      maintained at a level which will not result in the production of
      temperatures that will be in excess of 1,100.degree.F., preferably, in
      excess of 1,050.degree.F.
PAR  The process of the present invention may be employed typically as a
      semi-regenerative reforming process or as a regenerative or cyclic
      process.
PAR  In a semi-regenerative reforming system, the flow of hydrocarbons to all of
      the reactors is stopped and the catalyst in each of the reactors is
      regenerated. In a regenerative or cyclic reforming system, one of the
      reactors is removed from the system and is replaced by an auxiliary
      reactor. Reforming of petroleum hydrocarbons continues in such a system
      while catalyst in the reactor that has been removed from the system is
      regenerated. The auxiliary reactor is known as a swing reactor. It is
      contemplated in the process of the present invention that the
      multiple-reactor system may include either one swing reactor or two swing
      reactors. When two swing reactors are being employed, one will contain the
      catalyst that is employed in the first reforming zone of the process and
      will be used to replace a reactor in the first reforming zone. The other
      will contain the catalyst that is employed in the second reforming zone
      and will be used to replace a reactor in the second reforming zone.
PAR  Either the first reforming catalyst or the second reforming catalyst that
      is employed in the multiple-zone embodiment of the process of the present
      invention is capable of being regenerated and is capable of withstanding
      the conditions employed in the regeneration treatment.
PAR  A preferred embodiment of the process of the present invention is depicted
      in the accompanying FIGURE. This FIGURE is a simplified schematic flow
      diagram of a preferred embodiment. It does not include certain auxiliary
      equipment, such as heat exchangers, valves, pumps, compressors, and
      associated equipment, which would be needed in various places along the
      flow path of the process in addition to the pump and compressor that are
      depicted in the drawing. Such additional auxiliary equipment and its
      location requirements would be quickly recognized by one having ordinary
      skill in the art. Therefore, such equipment is not shown in the FIGURE.
PAR  In the embodiment represented in the FIGURE, a naphtha heart cut, having a
      boiling range of about 160.degree.F. to about 400.degree.F., preferably,
      about 180.degree.F. to about 380.degree.F., is obtained from source 10.
      This feedstock is passed through line 11 into pump 12, which pumps the
      hydrocarbons through line 13. Hydrogen-containing recycle gas is
      introduced into line 13 via line 14 to be mixed with the hydrocarbons in
      line 13. The resulting hydrogen-hydrocarbon mixture passes through line
      13, furnace 15, and line 16 into the top of reactor 17. The material is
      introduced into reactor 17 at a temperature of about 940.degree.F. to
      about 980.degree.F. The outlet temperature of reactor 17 is approximately
      800.degree.F. and the pressure in reactor 17 is within the range of about
      160 psig to about 320 psig.
PAR  The effluent from reactor 17 passes through line 18, furnace 19, and line
      20 into the top of reactor 21. Sufficient heat is introduced into this
      hydrogen-hydrocarbon stream by furnace 19 so that the temperature at the
      inlet of reactor 21 is about 960.degree.F. to about 1,000.degree.F. The
      outlet temperature of reactor 21 is approximately 855.degree.F. and the
      pressure in reactor 21 is within the range of about 140 psig to about 300
      psig.
PAR  The effluent from reactor 21 passes through line 22, furnace 23, and line
      24 into the top of reactor 25. This effluent is heated in furnace 23 so
      that the inlet temperature of reactor 25 is about 960.degree.F. to about
      1,000.degree.F. The outlet temperature of reactor 25 is approximately
      940.degree.F. and the pressure in reactor 25 is within the range of about
      120 psig to about 280 psig.
PAR  The effluent from reactor 25 passes through line 26, furnace 27, and line
      28 into the top of reactor 29. This hydrocarbon effluent is heated in
      furnace 27 so that the inlet temperature of reactor 29 is about
      980.degree.F. to about 1,020.degree.F. The outlet temperature of reactor
      29 is about 950.degree.F. and the pressure in reactor 29 is within the
      range of about 100 psig to about 260 psig.
PAR  Reactors 17, 21, and 25 all contain a catalyst comprising platinum and
      combined chlorine on a support of catalytically active alumina. The
      catalyst may be promoted by a small amount of rhenium. In general, the
      catalyst contains 0.1 to about 2 wt. % platinum and 0.1 to 2 wt. %
      combined chlorine, preferably, 0.1 to 1 wt. % chlorine. The fourth
      reactor, or tail reactor, in the system contains a second reforming
      catalyst comprising about b 0.05 wt. % to about 2 wt. % platinum, about
      0.05 wt. % to about 5 wt. % zirconium, and about 0.1 wt. % to about 2 wt.
      % combined chlorine on a gamma-alumina, each amount being based upon the
      weight of the second reforming catalyst.
PAR  Not shown in the FIGURE is a fifth reactor, which reactor contains a
      mixture of layers of the two catalysts. This additional reactor is
      employed as a swing reactor for each of the four reactors in this system
      when the catalyst in a particular reactor has become deactivated and must
      be regenerated. The reactor containing this deactivated catalyst is
      removed from the system and is replaced by the swing reactor in order that
      the reforming system may be operated continuously, even though the
      deactivated catalyst has been removed from the system and is being
      regenerated.
PAR  The hydrogen-to-hydrocarbon ratio and the WHSV employed in the various
      reactors fall within the respective ranges of values as expressed
      hereinabove.
PAR  The effluent from reactor 29 passes through line 30, water cooler 31, and
      line 32 into gas-liquid separator 33. Gas-liquid separator 33 is operated
      at a pressure of about 80 psig to about 240 psig and at temperatures of
      about 100.degree.F. Liquid product is removed from separator 33 through
      line 34 to be sent to a suitable product recovery system from which a
      high-octane-number product is obtained. Gaseous material is removed from
      separator 33 through line 35. A portion of this gas is removed from the
      system through line 36 to be used at other refinery units. The remainder
      of the hydrogen-hydrocarbon gas in line 35 is compressed by compressor 37
      to be sent through line 38 and 14 as hydrogen-hydrocarbon recycle gas.
      When necessary, make-up hydrogen gas may be introduced into the system
      from source 39 via line 40.
PAR  A second embodiment of the process of the present invention may be
      represented also by the simplified schematic flow diagram dipicted in the
      accompanying FIGURE. In this second embodiment, each of the four reactors,
      including reactor 29, contains the catalytic composition of the present
      invention. Even the swing reactor (not shown) employs this catalyst, which
      comprises about 0.05 wt. % to about 2 wt. % platinum, about 0.05 wt. % to
      about 5 wt. % zirconium, and about 0.1 wt. % to about 2 wt. % combined
      chlorine on a gamma-alumina, each amount being based upon the weight of
      the catalyst. The operating conditions employed in this embodiment fall
      within the ranges of values set forth hereinabove. In this latter
      embodiment, either a virgin naphtha or a mildly-reformed or
      partially-reformed hydrocarbon stream may be employed as the hydrocarbon
      feedstock.
PAR  The above-described embodiments and the following examples are presented
      herein to facilitate the understanding of the present invention. These are
      presented for the purpose of illustration only and are not intended to
      limit the scope of the present invention.
PAC  EXAMPLE I
PAR  Several reforming catalysts that had been prepared commercially by the
      American Cyanamid Company and/or in the laboratory were selected for
      comparative reforming tests, which tests are discussed hereinafter in
      Example II. These catalysts will be identified as Catalysts A, B, C, D, E,
      and F.
PAR  Catalyst A was manufactured by the American Cyanamid Company. It contained
      0.74 wt. % platinum and 0.75 wt. % combined chlorine on a gamma-alumina
      support.
PAR  Catalyst B was manufactured by the American Cyanamid Company and was
      subsequently modified in combined-chlorine content by treatment with an
      aqueous hydrochloric acid solution followed by drying in air at a
      temperature of 250.degree.F. for 3 hours and subsequent calcining in air
      at a temperature of 1,000.degree.F. for 3 hours. The air flow rate during
      the drying and calcining operations was about 2 cubic feet per hour.
      Catalyst B contained 0.74 wt. % platinum and 0.78 wt. % combined chlorine
      on gamma-alumina.
PAR  Catalyst C was manufactured by the American Cyanamid Company and was
      treated with an aqueous hydrochloric acid solution for adjustment of its
      combined-chlorine level. This procedure was similar to that outlined
      hereinabove for Catalyst B. Catalyst C contained 0.56 wt. % platinum, 0.51
      wt. % rhenium, and 0.81 wt. % combined chlorine on a gamma-alumina
      support.
PAR  Catalyst D was prepared by impregnating a 100-gram portion of Catalyst B
      with zirconium by employing a solution prepared by dissolving 1.77 grams
      of zirconyl chloride, ZrOCl.sub.2, in 150 ml. of distilled water. The
      catalyst was contacted with excess water 3 times to strip off chlorine
      from the material and was dried in air overnight at 250.degree.F. and
      calcined in air as described for Catalyst B. Catalyst D was prepared to
      contain 0.5 wt. % zirconium and contained 0.74 wt. % platinum and 0.85 wt.
      % combined chlorine.
PAR  Catalyst E was manufactured by the American Cyanamid Company and was
      treated with an aqueous hydrochloric acid solution for adjustment of its
      combined-chlorine level. The treated catalyst was then dried and calcined
      in air as described for Catalyst B. Catalyst E contained 0.56 weight %
      platinum, 0.51 weight % rhenium, and 0.95 weight % combined chlorine.
PAR  Catalyst F was prepared by impregnating a 50-gram portion of Catalyst B
      with zirconium by employing a solution prepared by dissolving 0.88 gram of
      zirconyl chloride in 50 ml. of distilled water. The catalyst was
      subsequently treated to strip off chlorine, dried, and calcined as
      described for Catalyst D. Catalyst F was prepared to contain 0.5 weight
      percent zirconium and contained 0.74 weight % platinum and 0.90 weight %
      combined chlorine.
PAC  EXAMPLE II
PAR  Catalysts A, B, E, and F were tested individually for their ability to
      reform a full boiling range naphtha. The various properties of this
      feedstock are presented hereinbelow in Table I. This full boiling range
      naphtha is identified hereinafter as Feedstock No. 1.
TBL                TABLE I                                                     
     ______________________________________                                    
     FEEDSTOCK PROPERTIES                                                      
     Feedstock No.        1           2                                        
     ______________________________________                                    
     Gravity, .degree.API 54.7        48.9                                     
     Specific Gravity     0.7612      0.7844                                   
     Unleaded Research Octane No.                                              
                          50.4        87.4                                     
     ASTM Distillation, .degree.F.                                             
      IBP                 172         118                                      
      10 vol.%Rec. at     222         188                                      
      30                  246         230                                      
      50                  276         256                                      
      70                  310         284                                      
      90                  350         324                                      
      EBP                 394         398                                      
     Composition, vol.%                                                        
      Paraffins           47.1        43.8                                     
      Naphthenes          41.0         3.0                                     
      Aromatics           11.9        53.2                                     
     ______________________________________                                    
PAR  The testing was carried out in a bench-scale test unit employing an
      isothermal fixed bed of catalyst. The hydrocarbon feedstock and bottled
      hydrogen (once-through) were mixed and the resulting hydrogen-hydrocarbon
      mixture was charged to a reactor having an inside diameter of 0.622 inch.
      The reactor, which was 20 inches long, was immersed in a heating bath
      containing DuPont HITEC. The hydrocarbon feed was pumped by a
      positive-displacement Ruska pump. The effluent from the reactor was sent
      to conventional product handling and recovery equipment. Liquid samples
      were collected for octane analysis. Material balances were obtained from
      samples collected for 1 hour with a dry ice knock-back and such samples
      were analyzed by gas-chromatographic techniques.
PAR  Each catalyst sample that was charged to the reactor was in the form of
      20-40-mesh material (U.S. Sieve Series). After the reactor was placed in
      the test unit, the catalyst was pretreated by being subjected to an air
      soak for one-half hour at an air rate of about 2 cubic feet per hour, a
      temperature of about 900.degree.F., and a pressure of 300 psig.
      Subsequently, the catalyst was purged with nitrogen and then reduced with
      hydrogen for one hour at the test temperature and pressure. For the
      catalyst containing rhenium, Catalyst E, and the catalyst containing
      zirconium, Catalyst F, a pre-sulfiding technique was also employed. These
      catalysts were pre-sulfided with a gas mixture of 8 volume percent
      hydrogen sulfide in hydrogen at test temperature and pressure before they
      were tested.
PAR  These tests were conducted at a pressure of 300 psig, a WHSV of 2.28 weight
      units of hydrocarbon per hour per weight unit of catalyst, a kinetic
      average temperature of 883.degree.F. to 892.degree.F., and a hydrogen
      addition rate of about 5,000 SCFB. In each case, 20 grams of catalyst were
      employed. When the unit was placed on test, no sampling was performed for
      the first 5 hours to permit the test to line out. The results of these
      tests are presented hereinbelow in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     REFORMING FEEDSTOCK NO. 1 AT 300 PSIG                                     
             Time                                                              
             on oil,                                                           
                  Temp.,                                                       
                      Hydrogen,                                                
                            C.sub.5 +Yield,                                    
                                         Relative                              
     Catalyst                                                                  
          Test                                                                 
             hrs. .degree.F.                                                   
                      SCFB  wt.%   C.sub.5 +O.N.**                             
                                         Activity                              
     __________________________________________________________________________
     A    1   9.5 892 5,510 87.8***                                            
                                   96.2  248                                   
             20   892 5,150 88.3***                                            
                                   95.4  224                                   
             59   889 5,030 89.2***                                            
                                   93.8  200                                   
             83   891 5,410 89.5***                                            
                                   93.2  176                                   
             98   890 5,130 90.0***                                            
                                   92.9  172                                   
     B    2  20   883 5,060 89.4   94.0  262                                   
             44   886 4,930 91.0   93.5  239                                   
      E*  3  23   888 5,550 87.0   96.8  301                                   
             47   889 5,060 87.8   96.7  286                                   
             94   889 4,980 88.8   95.6  242                                   
     F    4  22   885 5,490 88.2   96.4  347                                   
             46   887 5,190 89.2   95.2  289                                   
      F*  5  23   885 5,250 91.6   95.2  279                                   
             47   888 5,110 90.6   96.3  326                                   
             71   888 3,830 88.9   94.9  284                                   
             95   889 4,770 88.8   94.3  276                                   
     __________________________________________________________________________
        *CATALYST WAS PRESULFIDED                                              
       **C.sub.5 +RESEARCH OCTANE NUMBER                                       
      ***ESTIMATED                                                             
PAR  The results of these tests, as presented in Table II, demonstrate that the
      catalyst of the present invention, Catalyst F, is superior to catalysts
      containing platinum and combined halogen on an alumina support, Catalysts
      A and B, and is at least as good as a catalyst containing platinum,
      rhenium, and combined halogen on an alumina support, Catalyst E, when used
      to reform a full boiling range naphtha under the conditions specified.
PAC  EXAMPLE III
PAR  Catalysts A, C, and D were tested individually for their ability to reform
      a partially-reformed naphtha, identified hereinafter as Feedstock No. 2.
      The properties of Feedstock No. 2 are presented in Table I.
PAR  These tests were conducted in a bench-scale test unit as described in
      Example II. However, the test conditions comprised a pressure of 200 psig,
      a WHSV of 3.62 weight units of hydrocarbon per hour per weight unit of
      catalyst, a kinetic average temperature of 894.degree.F. to 910.degree.F.,
      and a hydrogen addition rate of about 2,710 SCFB to about 3,450 SCFB. In
      each case, 13 grams of catalyst were employed. The results of these tests
      are presented hereinbelow in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     REFORMING FEEDSTOCK NO. 2 AT 200 PSIG                                     
             Time                                                              
             on Oil,                                                           
                  Temp.,                                                       
                      Hydrogen,                                                
                            C.sub.5 +Yield                                     
                                        Relative                               
     Catalyst                                                                  
          Test                                                                 
             hrs. .degree.F.                                                   
                      SCFB  wt.%  C.sub.5 +O.N.*                               
                                        Activity                               
     __________________________________________________________________________
     A    6  12   909 3,100 92.9**                                             
                                  97.7  158                                    
             37   908 3,140 94.5**                                             
                                  96.1  111                                    
             61   910 3,170 94.9**                                             
                                  95.4   90                                    
     C*** 7  21   899 3,080 93.5  97.2  170                                    
             45   899 3,260 94.1  96.6  157                                    
             93   900 3,070 94.7  96.1  135                                    
     D*** 8  22   897 3,070 94.6  96.9  175                                    
             46   899 3,050 94.2  96.0  132                                    
             70   899 3,150 95.1  95.9  128                                    
             95   899 3,120 95.2  95.4  115                                    
     D*** 9  21   894 2,750 94.0  98.0  232                                    
             44   895 2,850 96.5  96.5  161                                    
             139  901 2,710 96.0  95.2   97                                    
     __________________________________________________________________________
       *C.sub.5 +RESEARCH OCTANE NUMBER                                        
       **ESTIMATED                                                             
      ***CATALYST WAS PRESULFIDED                                              
PAR  These tests wherein a partially-reformed naphtha was reformed were
      conducted to simulate a reaction system having the catalyst of the present
      invention only in the tail reactor or tail-reactor section of the system.
      The results of these tests indicate that an embodiment of the process of
      the present invention employing the catalyst of the present invention only
      in the tail reactor(s) is a superior reforming process.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for reforming a petroleum hydrocarbon stream, which process
      comprises contacting said hydrocarbon stream in a first reforming zone
      under reforming conditions and in the presence of hydrogen with a first
      reforming catalyst that does not contain zirconium to produce a first
      reformate and subsequently contacting said first reformate in a second
      reforming zone under reforming conditions and in the presence of hydrogen
      with a second reforming catalyst comprising a Group-VIII-noble-metal
      hydrogenation component and a small amount of zirconium on a solid
      catalytic support comprising a porous refractory inorganic oxide, said
      Group-VIII-noble-metal hydrogenation component being present in an amount
      of about 0.05 wt. % to about 2 wt. % and said zirconium being present in
      an amount of about 0.05 wt. % to about 5 wt. %, each being calculated as
      the element and based upon the total weight of said second reforming
      catalyst.
NUM  2.
PAR  2. The process of claim 1 wherein said Group-VIII-noble-metal hydrogenation
      component of said second reforming catalyst is platinum and said porous
      refractory inorganic oxide of said second reforming catalyst is a
      catalytically active alumina.
NUM  3.
PAR  3. The process of claim 1 wherein the reforming conditions for both the
      first reforming zone and the second reforming zone comprise an average
      catalyst temperature of about 700.degree.F. to about 1,050.degree.F., a
      pressure of about 50 psig to about 1,000 psig, a WHSV of about 0.5 to
      about 10 weight units of hydrocarbon per hour per weight unit of catalyst,
      and a hydrogen addition rate of about 1,500 SCFB to about 15,000 SCFB.
NUM  4.
PAR  4. The process of claim 2 wherein said second reforming catalyst also
      contains a combined halogen, preferably chlorine, and said halogen is
      present in an amount of about 0.1 wt. % to about 2 wt. %, based upon the
      total weight of said second reforming catalyst.
NUM  5.
PAR  5. The process of claim 2 wherein the reforming conditions for both the
      first reforming zone and the second reforming zone comprise an average
      catalyst temperature of about 700.degree.F. to about 1,050.degree.F., a
      pressure of about 50 psig to about 1,000 psig, a WHSV of about 0.5 to
      about 10 weight units of hydrocarbon per hour per weight unit of catalyst,
      and a hydrogen addition rate of about 1,500 SCFB to about 15,000 SCFB.
NUM  6.
PAR  6. The process of claim 4 wherein the reforming conditions for both the
      first reforming zone and the second reforming zone comprise an average
      catalyst temperature of about 700.degree.F. to about 1,050.degree.F., a
      pressure of about 50 psig to about 1,000 psig, a WHSV of about 0.5 to
      about 10 weight units of hydrocarbon per hour per weight unit of catalyst,
      and a hydrogen addition rate of 1,500 SCFB to about 15,000 SCFB.
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ABST
PAL  Siliceous zeolite catalysts comprising zeolitic mono- and/or divalent metal
      cations and a non-zeolitic Group VIII noble metal hydrogenating component
      supported thereon, which catalysts have undergone damage by thermal and/or
      hydrothermal stresses resulting in a maldistribution of the metal
      components, are rejuvenated in activity by a first treatment with a
      volumetric excess of aqueous ammonium hydroxide, followed by a second
      treatment with an extractive proportion of an aqueous ammonium salt
      solution. The combined treatments have a twofold effect of bringing about
      a desirable redistribution of the Group VIII noble metal, and of
      exchanging out at least a portion of undesired zeolitic mono- and/or
      divalent metal ions. A highly advantageous procedure for carrying out the
      rejuvenation involves simply neutralizing the ammonium hydroxide-catalyst
      mixture from the first treatment with a suitable acid to give the ammonium
      salt desired for the second treatment. Hydrocarbon conversion processes
      utilizing the rejuvenated catalysts are also disclosed.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  It is well known that maximum activity of the Group VIII noble metals for
      hydrogenation reactions depends upon maintaining the metal in a finely
      divided state such that there is a maximum ratio of surface area to mass.
      Perhaps the most common method of achieving a high degree of dispersion
      involves impregnating salts of the Group VIII noble metals upon porous
      solid supports, followed by drying and decomposing of the impregnated
      salt. On non-zeolitic supports, the drying and calcining operations often
      bring about a substantial migration and agglomeration of the impregnated
      metal, with resultant reduction in activity. In more recent years, with
      the advent of highly active crystalline zeolite catalysts of the
      aluminosilicate type, it has become common practice to ion-exchange the
      desired metal salt into the zeolite structure in an attempt to achieve an
      initial ionic bond between each metal atom and an exchange site on the
      zeolite, thus achieving the ultimate in dispersion of metal while also
      bonding the metal to the zeolite in such manner as to minimize migration
      and agglomeration during the drying and calcining steps, in which at least
      a portion of the metal is oxidized and converted to a non-zeolitic form.
      This ion exchange technique is particularly desirable in the case of
      dual-function catalysts such as hydrocracking catalysts wherein it is
      desirable to maintain an active hydrogenating site closely adjacent to an
      acid cracking site. These efforts have met with varying degrees of
      success.
PAR  Even though the above described ion-exchange techniques can give a high
      degree of initial dispersion of the Group VIII noble metal on the support,
      conditions encountered during subsequent use of the catalyst may bring
      about a maldistribution of the metal with resultant reduction in activity,
      entirely independent of normal deactivating phenomena such as coking,
      fouling, poisioning, etc. Overheating, or contact with excessive partial
      pressures of water vapor at high temperatures, such as may occur during
      oxidative regeneration of the catalyst or during prolonged contacting with
      hydrocarbon feedstocks, may bring about migration of the active metal away
      from the exchange sites, and this migration may ultimately result in
      agglomeration of the metal, or at least migration to sites unavailable to
      feed molecules.
PAR  Migration and agglomeration are most apt to occur when the catalyst, in a
      sulfided condition (as e.g., in normal use for hydrocracking), or in an
      oxidized state (as during regeneration), comes into contact for more than
      about 30 minutes with water vapor of greater than about 3 psi partial
      pressure at temperatures above about 500.degree. F. The process of this
      invention is designed to effect redispersal of such agglomerated metal,
      and to achieve at least a complete recovery of fresh activity; but in
      nearly all cases it is found that the rejuvenated catalysts actually
      exhibit greater than fresh activity.
PAR  In the case of catalysts which originally contained a difficultly reducible
      zeolitic monovalent and/or divalent metal such as sodium, calcium,
      magnesium, nickel, manganese or the like, it has been found that the above
      described conditions encountered during use of the catalyst also appear to
      bring about a detrimental redistribution of the zeolitic metal cations.
      Residual zeolitic metal cations, particularly sodium, are believed to
      occupy mainly the relatively unavailable exchange sites in the hexagonal
      prisms and sodalite cages of the original zeolite structure, but under the
      described conditions of use, migration to more active cracking sites
      appears to occur with resultant loss in cracking activity. Divalent metal
      cations such as the alkaline earth metals which may have been originally
      exchanged into the zeolite to achieve hydrothermal stability, may also
      migrate to undesirable sites. It is hence desirable in the case of these
      damaged catalysts to remove at least some of the zeolitic mono- and/or
      divalent metal cations, in addition to redistributing the non-zeolitic
      Group VIII noble metal hydrogenating component. These are the major
      objectives of the present invention.
PAR  As employed herein, the term "non-zeolitic metal" refers to the metal
      content of the catalyst, other than anionic lattice metals such as
      aluminum, which is not chemically bonded to the anionic exchange sites of
      the zeolite, while conversely, "zeolitic metal" refers to the metal
      content which is so bonded. The easily reducible metals such as the Group
      VIII noble metals are normally present primarily as non-zeolitic metal, as
      a result of previous reduction with hydrogen, oxidation and/or sulfiding
      treatments. The difficulty reducible metals such as the alkali and
      alkaline earth metals are normally present almost exclusively as zeolitic
      cations, since they are not affected by the usual reduction, oxidation or
      sulfiding treatments. Metals of intermediate reducibility such as nickel,
      copper and the like may be present in both zeolitic and non-zeolitic form.
PAR  In broad aspect, the rejuvenation procedure of this invention involves two
      basic steps. In the first step the damaged catalyst is soaked in a
      volumetric excess of aqueous ammonium hydroxide, with time and temperature
      conditions adjusted to effect the desired redistribution of the Group VIII
      noble metal. This restores hydrogenation activity, but does not
      appreciably restore lost cracking activity, unless high temperatures are
      employed, sufficient to exchange out some of the zeolitic meal content. At
      ambient temperatures, ammonium hydroxide extracts little if any zeolitic
      cations such as sodium or magnesium.
PAR  In the second step of the process, the catalyst is treated with extractive
      proportions of an aqueous ammonium salt solution under neutral or slightly
      acidic conditions, whereby a substantial porportion of zeolitic metals
      such as the alkali or alkaline earth metals are exchanged out and replaced
      by ammonium ions. This is believed to be the effective mechanism for
      restoring the cracking activity of the catalyst.
PAR  Following the first step of the process, it is necessary to strip
      substantially all ammonia from the catalyst in order to avoid encountering
      an alkaline pH in the second step; under alkaline conditions it is
      difficult to exchange out zeolitic metal cations with ammonium ions. The
      ammonia can be removed after the first step by water washing, but only
      with difficulty, for the acidic zeolite tends to strongly retain ammonia.
      An intermediate drying and calcining procedure to drive off ammonia would
      add greatly to the cost of the process.
PAR  To avoid these difficulties I have found it to be most expeditious to
      simply add sufficient acid to the ammonium hydroxide-catalyst mixture from
      the first step to neutralize the ammonia, thereby providing the desired
      ammonium salt for the second step, as well as the desired pH. This
      procedure also provides the fortiutous advantage of greatly reducing the
      amount of spent ammoniacal reagents produced, which in the past have
      created a serious problem of disposal in a manner consistent with
      environmental control standards set by governmental agencies.
PAR  A surprising aspect of the invention is that the aqueous ammonium hydroxide
      solution used in the first step does not extract any significant amount of
      the Group VIII noble metal from the catalyst. In copending application
      Ser. No. 321,670, filed Jan. 8, 1973, a progenitor rejuvenation process is
      disclosed, which involves treating the damaged catalyst with gaseous
      ammonia and water vapor under controlled conditions of hydration. This
      treatment was found to be sufficient to effect desirable redistribution of
      the Group VIII noble metal, resulting in a substantial recovery of
      hydrogenation activity, but since extractive proportions of the ammoniacal
      reagent were not employed, there was no possibility of concomitant removal
      of zeolitic metal cations. It was believed at the time that the presence
      of excess aqueous ammonia would tend to solubilize the Group VIII noble
      metal as amminohydroxide which would then be leached out of the catalyst.
      It hence came as a distinct surprise to find that large excesses of
      aqueous ammonia could be utilized at high temperatures and for extended
      periods of time while extracting substantially none of the Group VIII
      noble metal. The original theory as to the mechanism by which the Group
      VIII noble metal is redistributed on the zeolite by the ammonia treatment
      may hence be incorrect; if a soluble species of the noble metal is formed,
      it is apparently so highly basic that it is retained substantially
      quantitatively in the acid zeolite structure even in the presence of large
      excesses of aqueous ammonia.
PAR  However, in using the ammonium salt solution in the second step, the
      conditions of temperature and contact time must be suitably controlled
      because it is found that, in contrast to aqueous ammonia, the ammonium
      salts do tend to bring about a solubilization and leaching out of the
      Group VIII noble metal from the catalyst. This tendency can however be
      substantially avoided by controlling temperature and contact time.
PAR  Another progenitor of the present invention is disclosed in U.S. Pat No.
      3,692,692, involving the sequential treatment of the damaged zeolites with
      aqueous solutions of ammonium salts, and with ammonia under the controlled
      conditions of hydration disclosed in the above noted application Ser. No.
      321,670. The preferred techniques disclosed in said patent can achieve the
      same basic objectives as herein; however, it is found that the use of a
      volumetric excess of ammonium hydroxide solution brings about a more
      achieved and complete recovery of hydrogenation activity than can be
      achieve by using the mere adsorptive proportions disclosed in said patent.
      The term "volumetric excess" as used herein is intended to mean a volume
      sufficient to at least submerge the settled catalyst bed; i.e. sufficient
      to saturate the catalyst particles and fill the interstitial spaces
      therebetween.
PAR  Another progenitor of the present invention is disclosed in my copending
      application Ser. No. 344,880, filed Feb. 22, 1973, involving the use of a
      single solution of ammoniacal ammonium salt solution to effect
      rejuvenation. It has been found however that the sequential treatment
      disclosed herein results in greater overall recovery of activity, and with
      the preferred intermediate acid neutralization step, is substantially as
      economical as the single, mixed-solution technique of Ser. No. 344,880.
DETD
PAC  DETAILED DESCRIPTION
PAL  A. the Aqueous Ammonium Hydroxide Treatment
PAR  The ammonium hydroxide solutions utilized herein may vary in strength over
      a wide range of about 0.1 to 30 percent, preferably about 0.5 to 10
      percent by weight NH.sub.3. The treatment may be carried out by
      conventional procedures which involve in general contacting the catalyst
      with the ammonium hydroxide solution in a single stage, in plural batch
      stages, or continuously by flowing a stream of the ammonia solution
      through a bed of the catalyst. Practical contacting temperatures range
      between about 20.degree. and 100.degree. C., preferably about
      30.degree.-90.degree. C. By utilizing pressure vessels, higher
      temperatures in the range of about 100.degree. to 200.degree. C may be
      utilized. Under these conditions, at least about 90 percent of the Group
      VIII noble metal is retained in the catalyst in a desirably redistributed
      form, with resultant improved hydrogenation activity.
PAR  The desired redistribution of noble metal takes place fairly rapidly,
      depending upon temperatures and NH.sub.3 concentration. Practical
      contacting times at the preferred NH.sub.3 concentrations and preferred
      temperatures range between about 30 minutes and 6 hours.
PAR  As noted the volume of ammonia solution employed is at least sufficient to
      submerge the catalyst bed; and is preferably between about 2 and 6
      volumes per bulk volume of catalyst.
PAR  Following the ammonium hydroxide treatment the catalyst may be drained and
      water washed to remove ammonia, but as noted above such washing is
      difficult and time consuming, and hence it is preferred to employ an
      in-situ acid neutralization procedure.
PAL  B. acid Neutralization
PAR  Any acid may be used in this step which will form an ammonium salt suitable
      for use in the subsequent ion-exchange step. Suitable acids include the
      conventional mineral acids, e.g. nitric, hydrochloric, sulfuric, etc., as
      well as organic acids such as acetic, formic, etc. A preferred acid
      however is carbonic acid, which is easily generated in the ammoniacal
      treating solution by bubbling CO.sub.2 therethrough at temperatures of,
      e.g. 10.degree.-50.degree. C. The resulting salts, ammonium carbonate
      and/or bicarbonate, are found to be highly effective in the subsequent ion
      exchange step, producing very active rejuvenated catalysts.
PAR  Another advantage in using CO.sub.2 is that there is no danger of damaging
      the catalyst as a result of local over-concentrations of acid. When strong
      acids are used, precautions must be taken, as by metering the acid
      gradually into a circulating stream of the ammonia solution, and/or
      providing adequate agitation in the catalyst contacting zone.
PAR  Still another advantage in using CO.sub.2 is that the overall volume of
      treating solution need not be significantly increased. Also, the spent
      treating solution contains essentially only carbonate and ammonium ions,
      and is easily and safely disposed of.
PAR  For maximum efficiency in the subsequent ion exchange step, sufficient acid
      should be used to reduce the pH of the treating solution to between the
      3-7, preferably about 4-6. Operation at up to about 8 pH is possible, but
      at considerably reduced efficiency.
PAL  C. ammonium Salt Exchange Treatment
PAR  Following acid neutralization, ion exchange with the resulting ammonium
      salt solution may be carried out by conventional procedures which involve
      in general contacting the catalyst with the aqueous solution of ammonium
      salt, e.g., the carbonate, bicarbonate, nitrate, sulfate, chloride,
      acetate or the like. Preferred salt concentrations range between about 5%
      and 50% by weight. Practical contacting temperatures range between about
      10.degree. and 100.degree. C, preferably 20.degree.-90.degree. C. The
      lower temperatures of about 20.degree.-40.degree. C are preferred from the
      standpoint of minimizing the leaching out of Group VIII metal from the
      catalyst, although higher temperatures give more rapid exchange. The ion
      exchange efficiency is further enhanced by maintaining the exchange
      solution at a pH of about 3-5.5.
PAR  The contacting may be carried out in a single stage, in plural batch
      stages, or continuously by flowing a stream of the ammonium salt solution
      through a bed of the catalyst. Normally it is desirable to control the
      severity, or use the number of stages required, to remove at least about
      25%, preferably at least about 50%, of the total zeolitic monovalent metal
      content. The time required to achieve this desired removal will vary
      widely, depending upon the contacting technique, temperatures, etc., but
      will generally range between about 0.5-12 hours.
PAR  In order to extract and remove zeolitic cations from the zeolite in the
      manner described above, it will be apparent that a sufficient volume of
      ammonium salt solution must be employed to provide an excess interstitial
      phase thereof, over the amount required to merely fill the internal pores
      of the zeolite. This excess need of course be only sufficient to retain in
      solution at equilibrium the proportion of zeolitic cations to be removed
      from the zeolite. It is normally desirable to employ at least about 2
      volumes of solution per volume (bulk) of catalyst.
PAR  Following the ion exchange step, the catalyst is washed to remove residual
      salt, and then is subjected to final drying and calcining.
PAL  D. drying and Calcining
PAR  Following the ammonium salt treatment, it is ordinarily desirable to
      convert the hydrated ammonium zeolite catalyst to a dehydrated,
      deammoniated, oxidized form. This objective can be achieved with
      difficulty by a carefully controlled rapid heatup to, e.g. 950.degree. F
      in air, but to achieve maximum catalytic activity in this manner presents
      certain problems. The reason for this stems from the observed fact that at
      temperatures between about 500.degree. and 950.degree. F the Group VIII
      noble metal on the catalyst, when in an oxidized state, tends to undergo
      severe agglomeration unless the water vapor partial pressure is carefully
      controlled. Hence, a rapid heatup in air would tend to raise the catalyst
      temperature to about 500.degree. F before some portions of the catalyst
      bed (or even some areas of each catalyst pellet) had been sufficiently
      dehydrated to permit control of localized water vapor concentrations. In
      general, in order to avoid agglomeration of oxidized metal on the catalyst
      in the 500.degree.-950.degree. F temperature range, it is preferable to
      maintain water vapor partial pressures below about 10 psi, and preferably
      below 2  psi. It is therefore desirable to reduce the water content of the
      catalyst to a practical minimum, e.g. below about 5-10 weight-percent, at
      temperatures below 500.degree. F, for at temperatures above about
      500.degree. F the catalyst is rapidly being converted to an oxidized state
      with chemical evolution of water. At below about 500.degree. F, the metal
      or metal oxide is not affected by water vapor.
PAR  Accordingly, for the above purposes, a preferred drying step is carried out
      by passing a stream of air or other non-reducing gas through a bed of the
      catalyst without maintaining dewpoint control over the effluent gases. It
      is generally preferable to start the drying at a low temperture of e.g.
      100.degree. to 200.degree. F, and incrementally raise the stripping gas
      temperature to a level in the 300.degree. to 500.degree. F range. The
      drying is preferably carried out at atmospheric pressures, or slightly
      elevated pressures of e.g., 50 to 100 psig.
PAR  To initiate the calcination at above 500.degree. F in a fixed bed of
      catalyst, it is preferred to start with an inert stripping gas, e.g.
      nitrogen, to which air is gradually added, initially in small proportions
      to provide an oxygen concentration of e.g., about 0.1 percent to 1 percent
      by volume. The temperature of the calcination gas is then gradually
      increased from about 500.degree. F to 700.degree.-750.degree. F while
      incrementally increasing the oxygen concentration to e.g., about .5
      percent to 2 percent. During this heatup period, water concentration in
      the calcination vessel should be carefully controlled, as by monitoring
      the effluent gases to maintain a dewpoint below about 40.degree.,
      preferably below 20.degree. F. Inlet gas temperatures and oxygen
      concentrations are increased until temperatures of about 900.degree. to
      1100.degree. F and final oxygen concentrations in the range of about 2-20
      percent are reached. When the terminal temperature and oxygen
      concentration are reached, the calcination is then preferably continued
      for a sufficient length of time to give an effluent gas stream having a
      dewpoint below about 0.degree. F, preferably below about -20.degree. F.
PAR  The gradual heatup procedure with incremental increases in oxygen
      concentration as described above is a practical necessity when the
      calcination is carried out with a deep bed of catalyst through which the
      calcination gases are passed. It is not intended however that the
      invention be limited to this procedure, for a considerably more rapid
      heatup at high oxygen concentrations can be utilized when the catalyst is
      arranged in thin layers through which the gases pass, whereby the effect
      of water vapor on downstream portions of the catalyst is minimized.
      Commercially, a rotary kiln equipped with lifters and a dry air sparger to
      provide good ventilation of the cascading bed of catalyst is very
      effective in achieving the desired results. A particularly critical period
      during the calcination appears to be the period of burnoff of zeolitic
      ammonium ions, which occurs primarily at temperatures above about
      750.degree. F and can generate a burning wave in the catalyst wherein
      instantaneous temperatures and water vapor concentrations may inhibit full
      recovery of the original fresh catalyst activity. Accordingly, greatest
      care should be excercised to minimize water vapor concentrations during
      the 750.degree.-1000.degree. F heating cycle.
PAL  E. catalyst Compositions
PAR  Catalyst compositions which may be rejuvenated by the above procedures
      include hydrogenation catalysts, hydrocracking catalysts, isomerization
      catalysts, reforming catalysts and the like, which comprise a Group VIII
      noble metal supported on a siliceous zeolite base having an ion exchange
      capacity of at least about 0.01 meq/gm, and preferably at least about 0.1
      meq/gm. Suitable siliceous zeolite bases include for example the
      crystalline aluminosilicate molecular sieves such as the Y, (including
      ultrastable Y) X, A, L, T, .OMEGA., and B crystal types, as well as
      zeolites found in nature such as for example mordenite, stilbite,
      heulandite, ferrierite, dachiardite, chabazite, erionite, offretite, and
      the like. The preferred crystalline zeolites are those having crystal pore
      diameters about 7-15 A, wherein the SiO.sub.2 / Al.sub.2 O.sub.3 mole
      ratio is about 3/1 to 10/1. For most catalytic purposes, e.g., catalytic
      hydrocracking, it is preferable to replace most or all of the zeolitic
      alkali metal cations normally associated with such zeolites with other
      cations, particularly hydrogen ions and/or polyvalent metal ions such as
      magnesium, calcium, zinc, rare earth metals and the like.
PAR  The utilitarian effect of the ammonia treatment of this invention is most
      evident in the case of catalysts containing significant proportions, e.g.,
      0.5 - 10 percent by weight, of zeolitic mono- and/or divalent metal ions,
      particularly the metals of Groups IA, IIA and IIB, e.g., sodium,
      potassium, calcium, magnesium, zinc, etc., as well as iron, cobalt, nickel
      and the like.
PAR  In addition to the crystalline zeolite bases described above, other
      zeolitic bases may be employed such as the zeolitic cogels of silica and
      alumina, silica and titania, silica and zirconia, silica and magnesia and
      the like.
PAR  The Group VIII noble metal hydrogenating component is ordinarily added to
      the zeolite base by ion exchange with an aqueous solution of a suitable
      compound of the desired metal wherein the metal is present in a cationic
      form, as described for example in U.S. Pat. No. 3,236,762. Suitable
      amounts may range between about 0.1 percent and 3 percent by weight.
      Palladium and platinum are preferred, but rhodium, ruthenium, iridium and
      osmium may also be employed. Other metals such as rhenium may also be
      included.
PAR  When catalysts of the foregoing description are utilized for extended
      periods of time at temperatures of, e.g., 400.degree.-950.degree. F in
      hydrocarbon conversions such as hydrocracking, hydrogenation,
      isomerization, reforming and the like, a progressive decline in catalyst
      activity normally occurs as a result of coke deposition. A concurrent
      decline in activity, not attributable to coke deposition, may follow when
      the catalyst encounters, either during hydrocarbon conversion or during
      regeneration, any of the adverse conditions of temperature and water vapor
      partial pressure previously described. Deactivation by coking is normally
      almost completely reversible by conventional oxidative regeneration at
      temperatures of e.g., 750.degree.-1100.degree. F. When it is found that
      such oxidative regeneration restores less than about 90 percent of the
      fresh hydrogenation activity, and less than about 90 percent of the fresh
      cracking activity, it may be assumed that some undesirable maldistribution
      of the metal content has occurred, such as to warrant use of the
      rejuvenation procedure described herein. It will be understood that
      hydrogenation activity is measured in terms of, and is inversely
      proportional to, the volume of catalyst required to effect a given degree
      of hydrogenation per pass of a particular compound, e.g., benzene, at a
      particular set of hydrogenation conditions. Cracking activity can be
      measure in terms of the standard Cat-A cracking activity index.
PAR  The rejuvenation procedure of this invention may be carried out either
      before or after oxidative regeneration. In general, a more complete
      reactivation is obtained if the catalyst is first oxidatively regenerated
      and then rejuvenated, but the reverse order presents the advantage of
      eliminating one calcination step. The calcination required following
      rejuvenation can be merged into the oxidative regeneration step. The
      calcination conditons previously described will also result in oxidative
      regeneration of a coked catalyst.
PAR  The following examples are cited to illustrate the invention, but are not
      to be construed as limiting in scope:
PAC  EXAMPLE 1
PAR  This example illustrates a typical type of catalyst deactivation which can
      occur during hydrocracking. The hydrocracking run was carried out over a
      period of about three years, utilizing a catalyst consisting of about 0.5
      weight-percent palladium supported on a Y molecular sieve cracking base
      having an SiO.sub.2 /Al.sub.2 O.sub.3 mole ratio of about 4.7, wherein
      about 35% of the zeolitic ion exchange capacity was satisfied by magnesium
      ions, about 12% by sodium ions and the remainder by hydrogen ions. This
      catalyst was copelleted with about 20 weight-percent of an alumina binder,
      and was maintained in a sulfided condition throughout the run by virtue of
      a sour recycle gas containing about 0.3 volume percent of H.sub.2 S. The
      run was carried out at a pressure of about 1500 psig, with space
      velocities varying between about 1.3 and 1.7, hydrogen rates varying
      between 5,000 and 7,000 scf/b, and with hydrocracking temperatures
      progressively increasing from about 550.degree. to 680.degree. F at end of
      run. The feedstock was a substantially sulfur- and nitrogen-free
      unconverted gas oil (400.degree.-850.degree. F boiling range) derived from
      a previous stage of hydrocracking. At the terminal temperature of
      680.degree. F it was determined that product distribution was unfavorable
      and that the catalyst required regeneration.
PAR  A portion of the deactivated catalyst was carefully regenerated by
      oxidative combustion at temperatures ranging from about
      700.degree.-1,000.degree. F, utilizing a regeneration gas comprising
      oxygen in amounts increasing from about 0.1 to 3.0 volume percent, whereby
      water vapor partial pressure was maintained at a value below about 0.25
      psi at all regeneration temperatures above 500.degree. F.
PAR  The regenerated catalyst portion was then tested for activity compared to
      that of the original fresh catalyst. The feedstock used for the activity
      test was the same type of feed used in the previous hydrocracking run,
      doped with thiophene to a level of 0.48 weight-percent sulfur to provide
      an H.sub.2 S-containing atmosphere for the hydrocracking. Conditions of
      the activity test were: pressure 1,450 psig, LHSV 1.7, hydrogen/oil ratio
      8,000 scf/b, conversion per pass, 52-54 volume percent to gasoline. After
      100 hours on stream the regenerated catalyst required a temperature of
      615.degree. F to maintain this conversion, compared to 557.degree. F for
      the original fresh catalyst. Thus, there was a 58.degree. F loss in
      activity not attributable to coke deposition. The following Examples 2 and
      3 show that the use of volumetric excess of aqueous ammonium hydroxide
      prior to oxidative regeneration is more effective for recoveriing activity
      than an analagous sequence employing only absorptive amounts of water
      vapor and ammonia.
PAC  EXAMPLE 2
PAR  A portion of the coked catalyst from Example 1 was treated as follows:
PA1  1. allowed to hydrate in ambient air to a saturation value of about 25
      percent by weight of water on a hydrated basis;
PA1  2. treated with gaseous ammonia at ambient temperatures and pressures to
      substantially saturate the water in the catalyst pores (about 25-30
      weight-percent NH.sub.3 based on water);
PA1  3. stripped of excess ammonia by passing dry nitrogen gas through the
      catalyst for 16 hours;
PA1  4. regenerated by oxidative combustion as described in Example 1.
PAR  Upon activity testing as described in Example 1, this regenerated catalyst
      required a temperature of 604.degree. F at 100 hours to maintain
      conversion. This is 11.degree. F lower than the temperature required for
      the regenerated catalyst of Example 1, indicating that the ammoniation
      treatment effected recovery of about 19% of the non-coke-attributable
      deactivation.
PAC  EXAMPLE 3
PAR  A 200 gm sample of the coke catalyst from Example 1 was treated as follows:
PA1  1. slurried with a solution of 200 ml of ammonium hydroxide solution (30%)
      and 800 ml of water for 3 hours at ambient temperature, and then drained;
PA1  2. step (1) procedure repeated for a total of three treatments;
PA1  3. washed free of excess ammonia, dried and regenerated as described in
      Example 1.
PAR  Upon activity testing as described in Example 1, a temperature of
      589.degree. F at 100 hours was required to maintain conversion, which is
      26.degree. F lower than the temperature required for the regenerated
      catalyst of Example 1. This indicates that the treatment with a volumetric
      excess of ammonium hydroxide effected recovery of about 46% of the
      non-coke-attributable deactivation. Substantially 100% of the original
      fresh activity is recovered if the treatment with ammonium hydroxide is
      followed by an ammonium salt ion exchange step, as demonstrated in the
      following examples.
PAC  EXAMPLE 4
PAR  A catalyst having an original composition essentially identical to that of
      the catalyst Example 1 was utilized in hydrocracking service for a total
      of about 5 years, with one intervening regenerating and adsorptive
      rejuvenation of the type described in Example 2. The original 100-hour
      fresh activity of the catalyst was about 550.degree. F when tested as
      described in Example 1. After oxidative regeneration as described in
      Example 1 (following the 5 year period of use), the 100-hour activity of
      the catalyst was 600.degree. F. The catalyst had thus lost 50.degree. F in
      activity not attributable to coke-deactivation.
PAC  EXAMPLE 5
PAR  A portion of the oxidatively regenerated catalyst from Example 4 was
      subjected to adsorptive hydration-ammoniation as follows:
PA1  1. Allowed to hydrate in ambient air to a saturation value of about 25% by
      weight of water on a hydrated basis.
PA1  2. Treated with gaseous ammonia at ambient temperatures and pressures to
      substantially saturate the water in the catalyst pores (about 25-30
      weight-percent NH.sub.3 based on water).
PA1  3. Allowed to stand overnight in ambient air to volatilize most of the
      excess ammonia.
PA1  4. Stripped and partially dried to a water content of about 6-8
      weight-percent in a muffle furnace through which a stream of dry air was
      passed for two hours at temperatures increasing from ambient to
      480.degree. F and then for two hours at 480.degree. F.
PA1  5. calcined in the same muffle furnace while continuing the flow of dry air
      for one hour at temperatures increasing from 480.degree. to 930.degree. F,
      and then for 1 hour at 930.degree. F.
PAR  The resulting 100-hour activity was 594.degree. F, showing a recovery of
      only 6.degree. F in non-coke-attributable deactivation.
PAC  EXAMPLE 6
PAR  About 250 ml (185 gm) of regenerated catalyst from Example 4 was treated at
      27.degree.-30.degree. C for 4 hours with a solution containing 67 gms of
      ammonium nitrate and 40 ml of 28-30% ammonium hydroxide in 670 ml of
      water. The solution was continuously recirculated through the catalyst.
      The procedure was repeated with a second solution of the same composition,
      and the catalyst was then washed free of excess ammonia and ammonium
      nitrate, dried and calcined.
PAR  The resulting 100-hour activity was 577.degree. F, showing a recovery of
      23.degree. F in non-coke-attributable deactivation, as a result of the
      simultaneous ammonium hydroxide-ammonium salt treatment.
PAC  EXAMPLE 7
PAR  About 175 ml (130 gm) of the regenerated catalyst from Example 4 was
      treated at 27.degree.-30.degree. C for 4 hours with a solution of 40 ml of
      28-30% ammonium hydroxide in 670 ml of water. The solution was
      continuously recirculated through the catalyst. Then nitric acid (1 part
      concn HNO.sub.3, 3 parts H.sub.2 O) was added slowly along with the
      recirculating stream of reagent until the pH reached about 4. With
      continued treatment the pH gradually rose, requiring periodic addition of
      acid so that the pH remained in the region of 3-6. Initially, acid
      additions were made at approximately 10 minute intervals. As more of the
      free ammonia was neutralized, the intervals at which acid additions were
      required in order to maintain the desired pH increased. A total of 110 ml
      of acid was added. After 4 hours, the treatment was terminated, the
      catalyst washed free of nitrate, dried and calcined.
PAR  The resulting 100-hour activity was 549.degree. F, showing 100% recovery of
      the non-coke-attributable deactivation.
PAC  EXAMPLE 8
PAR  About 175 ml of the regenerated catalyst from Example 4 was treated with
      circulating ammonium hydroxide for 4 hours as described in Example 7. Then
      carbon dioxide gas was bubbled into the circulating solution. The pH
      gradually dropped to 6-7 over a period of about 30 minutes. The solution
      treatment with continuous addition of CO.sub.2 was maintained for 4 hours.
      The catalyst was then washed free of carbonate, dried and calcined.
PAR  The resulting 100-hour activity was 539.degree. F, which is significantly
      higher than the activity of the original fresh catalyst when first placed
      in service 5 years previously.
PAR  The following claims and their obvious equivalents are intended to define
      the true scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydrocarbon conversion process which comprises subjecting a
      hydrocarbon feedstock plus added hydrogen to contact at elevated
      conversion temperatures with a catalyst comprising a non-zeolitic Group
      VIII noble metal supported on a siliceous zeolite carrier which also
      contains zeolitic mono- and/or divalent metal ions, said catalyst having
      been previously subjected to thermal and/or hydrothermal conditions
      resulting in a maldistribution of said Group VIII noble metal on said
      carrier with resultant reduction in hydrogenation activity and/or in a
      deleterious migration of said zeolitic metal cations resulting in a
      reduction in cracking activity, and which has thereafter been rejuvenated
      to substantially its original fresh activity by a process which comprises:
PA1  A. contacting said catalyst in an oxidized or sulfided state with a
      volumetric excess of a reagent consisting essentially of a 0.1 - 30
      weight-percent aqueous ammonium hydroxide solution, and correlating the
      contacting time with the temperature and reagent strength so as to effect
      a substantial improvement in hydrogenation activity of said catalyst while
      retaining therein at least about 90 percent of said Group VIII noble
      metal;
PA1  B. subjecting the treated catalyst from step (A) to contact with an
      extractive proportion of an aqueous ammonium salt solution at a pH below
      about 8 to exchange out a substantial portion of said zeolitic metal
      cations:
PA1  C. separating the catalyst from the resulting ammonium salt extract of
      zeolitic metal cations; and
PA1  D. drying and calcining the separated catalyst.
NUM  2.
PAR  2. A process as defined in claim 1 wherein said zeolitic metal ions
      comprise alkali metal and/or alkaline earth metal ions.
NUM  3.
PAR  3. A process as defined in claim 1 wherein said Group VIII noble metal is
      palladium.
NUM  4.
PAR  4. A process as defined in claim 1 wherein said siliceous zeolite carrier
      is a crystalline molecular sieve.
NUM  5.
PAR  5. A process as defined in claim 4 wherein said crystalline molecular sieve
      is a Y zeolite, and said Group VIII noble metal is palladium.
NUM  6.
PAR  6. A process as defined in claim 4 wherein said aqueous ammonium salt
      solution employed in step (B) is prepared by neutralizing the ammonium
      hydroxide-catalyst mixture from step (A) with an added acid, sufficient to
      maintain a pH between about 3 and 7 during step (B).
NUM  7.
PAR  7. A process as defined in claim 6 wherein said added acid is carbonic
      acid.
NUM  8.
PAR  8. A process as defined in claim 6 wherein said added acid is nitric acid.
NUM  9.
PAR  9. A process for the hydrocracking of a hydrocarbon feedstock to produce
      lower boiling hydrocarbons, which comprises subjecting said feedstock in
      admixture with added hydrogen to hydrocracking conditions of pressure and
      temperature in contact with a catalyst comprising a non-zeolitic Group
      VIII noble metal supported on a Y zeolite base which also contains
      zeolitic hydrogen ions and sodium ions, said catalyst having previously
      been utilized in a hydrocracking process to substantial deactivation and
      subsequently regenerated by oxidative combustion, and during said previous
      hydrocracking and/or regeneration having been subjected to thermal and/or
      hydrothermal conditions resulting in a reduction in hydrogenation activity
      and/or cracking activity, said catalyst having thereafter been rejuvenated
      to an activity level greater than that resulting from said oxidative
      combustion, by a rejuvenation process comprising the steps of:
PA1  A. contacting said regenerated catalyst in its oxidized state with a
      volumetric excess of a reagent consisting essentially of a 0.1 - 30
      weight-percent aqueous ammonium hydroxide solution, and correlating the
      contacting time with the temperature and reagent strength so as to effect
      a substantial improvement in hydrogenation activity of said catalyst while
      retaining therein at least about 90 percent of said Group VIII noble
      metal;
PA1  B. subjecting the treated catalyst from step (A) to contact with an
      extractive proportion of an aqueous ammonium salt solution at a pH below
      about 8 to exchange out a substantial portion of said zeolitic metal
      cations;
PA1  C. separating the catalyst from the resulting ammonium salt extract of
      zeolitic sodium cations; and
PA1  D. drying and calcining the separated catalyst.
NUM  10.
PAR  10. A process as defined in claim 9 wherein said Group VIII noble metal is
      palladium.
NUM  11.
PAR  11. A process as defined in claim 9 wherein the contacting conditions in
      step (B) are controlled so as to extract at least about 25 percent of said
      zeolitic sodium ions.
NUM  12.
PAR  12. A process as defined in claim 9 wherein said aqueous ammonium salt
      solution employed in step (B) is prepared by neutralizing the ammonium
      hydroxide-catalyst mixture from step (A) with an added acid, sufficient to
      maintain a pH between about 3 and 7 during step (B).
NUM  13.
PAR  13. A process as defined in claim 12 wherein said added acid is carbonic
      acid.
NUM  14.
PAR  14. A process as defined in claim 12 wherein said added acid is nitric
      acid.
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ABST
PAL  Supported iridium-containing hydrocarbon conversion catalysts which are at
      least partially deactivated due to the deposition of carbonaceous residues
      thereon during contact with hydrocarbons are regenerated by (1) contacting
      the catalyst with oxygen to burn at least a portion of the carbonaceous
      residues from the catalyst, (2) contacting the carbonaceous
      residue-depleted catalyst with an elemental halogen-containing gas at a
      temperature of less than about 850.degree.F., (3) contacting the treated
      catalyst with hydrogen at elevated temperatures to reduce a substantial
      portion of the iridium present in the catalyst to its metallic form, and
      (4) contacting the catalyst from step (3) with an elemental
      halogen-containing gas at a temperature of at least about 850.degree.F.
      Steps (3) and (4) may be repeated, in sequence, at least one additional
      time to redisperse the iridium catalyst component to a highly active, high
      surface area state.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for regenerating supported
      iridium-containing hydrocarbon conversion catalysts. More particularly,
      the present invention relates to a multi-step process sequence for
      regenerating a supported iriduim-containing hydrocarbon conversion
      catalyst that has been at least partially deactivated because of the
      presence of the iridium in the catalyst in a large crystallite, low
      surface area form.
PAR  2. Description of the Prior Art
PAR  The deactivation of noble metal-containing hydrocarbon conversion catalyst
      due to the deposition on the catalyst of carbonaceous residues is a common
      refinery problem. Catalyst deactivation is particularly acute with respect
      to supported noble metal-containing catalysts, such as platinum on
      alumina, employed in the hydroforming of naphtha feed stocks.
      Platinum-containing reforming catalysts are reactivated or regenerated by
      burning the coke or carbonaceous residues from the catalyst followed by a
      redispersion operation whereby the platinum contained on the catalyst,
      which is agglomerated with loss of surface area during the burning
      operation, is redispersed by treatment with chloride or other
      halogen-providing reagents, along or in combination with oxygen at
      elevated temperatures. The techniques useful for the reactivation of
      platinum-containing catalysts, such as those disclosed in U.S. Pat. Nos.
      3,134,732 and 3,625,860, are not directly applicable for the redispersion
      of iridium. Unlike platinum, iridium tends to agglomerate to crystallites
      of low surface area when exposed to oxygen at temperatures in excess of
      about 700.degree. F. Further, unlike platinum, large iridium and iridium
      oxide crystallites are not readily redispersed to their high surface area
      state by a simple chloride treatment immediately following the burning
      operation used to remove carbonaceous residues.
PAR  It has been discovered that iridium present on a supported catalyst can be
      redispersed to a high surface area state by contacting the catalyst, after
      the removal of carbonaceous residues, by subjecting the catalyst to one or
      more sequential reduction/halogenation cycles. Ordinarily a plurality of
      such reduction/halogenation cycles are needed to completely redisperse the
      iridium. Because of the time involved in subjecting the catalyst to a
      plurality of such reduction/halogenation cycles and the corrosive nature
      of such treatment operations, it is desirable that a number of such
      reduction/halogenation cycles to which the catalyst is subjected be held
      to a minimum.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has been discovered that the
      number of reduction/halogenation cycles needed to redisperse the iridium
      following a carbonaceous residue burning operation can, in some cases, be
      diminished by conducting the burning operation at reduced temperatures and
      by providing the catalyst with halogen protection prior to conducting the
      elevated temperature reduction/halogenation cycles needed to redisperse
      the iridium catalyst metal. The first step of the regeneration sequence
      comprises contacting the carbonaceous residue containing catalyst with a
      gaseous mixture containing oxygen at an elevated temperature for a time
      sufficient to burn at least a portion of the carbonaceous residues from
      the catalyst. The duration of the burning operation at the selected
      burning temperature should be insufficient to convert more than about 70
      wt. % of the iridium on the catalyst to crystalline agglomerates having
      crystallite sizes greater than about 50A (length of a side of an assumed
      cubic crystallite). A burning operation conducted at temperatures below
      about 850.degree. F. is normally insufficient to convert more than about
      70 wt. % of the iridium on the catalyst to iridium metal and/or iridium
      oxide agglomerates having crystallite sizes greater than about 50A.
PAR  The resulting carbonaceous residue-depleted, partially agglomerated
      iridium-containing catalyst may, depending upon the extent of iridium
      agglomeration, be contacted, prior to contact with a substantially
      halogen-free, oxygen-containing gas at a temperature sufficient to
      agglomerate further the iridium on said catalyst, with a
      hydrogen-containing gas at an elevated temperature for a time sufficient
      to convert a substantial portion of the iridium on the catalyst to its
      metallic state. The reduced catalyst, if a reduction step is employed, or
      the carbonaceous residue-depleted catalyst is then contacted with
      elemental halogen, preferably elemental chlorine, at a temperature of less
      than about 850.degree. F. to provide protection for the dispersed iridium
      present on the partially agglomerated catalyst against further
      agglomeration.
PAR  Thereafter, the protected catalyst is subjected to a redispersion operation
      involving contacting the protected catalyst with one or more sequential
      reduction/halogenation treatment cycles. Each such treatment cycle
      consists of (a) contacting the catalyst with a hydrogen-containing gas at
      an elevated temperature for a time sufficient to convert a substantial
      portion of the iridium present on the catalyst to its metallic state and
      (b) contacting the reduced catalyst with an elemental halogen-containing
      gas at an elevated temperature of at least about 850.degree. F. A
      sufficient number of reduction/chlorination cycles are employed to
      increase the surface area of the iridium metal present on the catalyst to
      at least 200 square meters per gram (m.sup.2 /gm.) of iridium as
      determined by the carbon monoxide chemisorption method described by Yates
      and Sinfelt, J. Catalysis, 8 348 (1967).
PAR  The supported iridium-containing catalyst composites that are regenerated
      by the process of the present invention comprise a porous carrier or
      support material in combination with an iridium component and, for certain
      uses, a halogen component. The support component of the catalyst is
      preferably a porous, adsorptive material having a surface area, as
      determined by the Brunauer-Emmett-Teller (BET) method, of about 20 to 800,
      preferably 100 - 300 square meters per gram. This support material should
      be substantially refractory at the temperature and pressure conditions
      utilized in any given hydrocarbon conversion process. Useful support
      materials include: (a) silicon-based materials such as silica or silica
      gel, silicon carbide, clays, natural or synthetic silicates such as
      kieselguhr, kaolin, china clay, Attapulgus clay, etc.; (b) aluminosilicate
      zeolite materials such as naturally occurring or synthetic erionite,
      mordenite, faujasite, etc. that may or may not be previously converted to
      a hydrogen or ammonia form and reduced in soda content by virtue of an
      exchange reaction with various metal cations, including rare earth metal
      cations; (c) refractory inorganic oxides, including alumina, titanium
      dioxide, zinc oxide, magnesia, thoria, chromia, silica-alumina,
      alumina-titania, silica-zirconia, alumina-chromia, etc. and (d) mixtures
      of one or more of the materials referred to above.
PAR  Refractory inorganic oxide materials are preferred cataylst support
      materials. In general, superior results are obtained when alumina, in
      particular th gamma or eta forms, is employed. Alumina is the preferred
      catalyst support material when the catalyst is employed in naphtha
      reforming operations. The support materials described above are known
      articles of commerce and can be prepared for use as catalyst constituents
      by many varied techniques. Typically, the support materials are prepared
      in the form of spheres, granules, powders, extrudates or pellets. The
      precise size or shape of the support material used is dependent upon many
      engineering factors not within the purview of the instant invention.
PAR  As noted above, the regeneration process of the instant invention is
      particularly adapted to the treatment of deactivated iridium-containing
      catalysts. Iridium may be the sole catalyst metal present on the support;
      however, iridium may also be used in combination with other Group VIII
      metals or metals from Groups IB, VIA or VIIA of the Periodic Table of the
      Elements. More specifically, the iridium may be used in conjunction with
      one or more additional catalyst metals selected from copper, silver, gold,
      iron, cobalt, nickel, tungsten, molybdenum, chromium, platinum, palladium,
      rhodium, ruthenium, osmium, manganese or rhenium. The catalysts may also
      contain germanium, tin or lead. Particularly effective naphtha reforming
      catalysts are combinations of iridium and platinum. Most preferably, the
      catalyst metals are present in the form of highly dispersed clusters of
      atoms of said metals.
PAR  Certain minimum amounts of iridium, alone or in combination with additional
      catalyst metals, should be present on the catalyst. This is particularly
      true with respect to catalysts employed in a naphtha reforming operation
      where the catalyst should contain greater than about 0.1 wt. % iridium,
      based upon the dry weight of the total catalyst. For other types of
      operations, lesser quantities of iridium may be employed. Specifically,
      iridium may be present on the catalyst in amounts varying from about 0.01
      to about 3.0 wt. %, preferably in amounts varying from about 0.1 to about
      1.0 wt. %, based upon the total weight of the dry catalyst. Typically, any
      additional catalyst metals, such as platinum, are present in the catalyst
      in amounts varying from about 0.01 to 3.0 wt. %, preferably 0.1 to 1.0 wt.
      %, based upon the dry weight of the catalyst. Iridium/platinum naphtha
      reforming catalysts having maximum effectiveness normally contain 0.15 to
      1.0 wt. % each, preferably about 0.15 to 0.5 wt. % each, of iridium and
      platinum, based on total catalyst.
PAR  Iridium-containing catalysts may be prepared employing simple impregnation
      techniques. Such a catalyst may be prepared by impregnating a support
      material with a solution of a soluble iridium compound and soluble
      compounds of any additional metals to be incorporated in the catalyst.
      Generally, an aqueous solution of the metal compounds is used. In the case
      of multimetallic systems, the support material may be impregnated with the
      various metal-containing compounds either sequentially or simultaneously.
      However, it is highly desirable that the metal compounds, in the case of a
      polymetallic system, be impregnated on the catalyst support simultaneously
      to maximize the desired interaction between the metal components and
      thereby promote the formation of a highly dispersed polymetallic cluster
      structure in the final reduced form of the catalyst. The carrier material
      is impregnated with solutions of appropriate concentration to provide the
      desired quantity of metal in the finished catalyst. In the case of
      iridium-containing catalysts, compounds suitable for the impregnation of
      iridium onto the carrier include, among others, chloroiridic acid, iridium
      tribromide, iridium trichloride, and ammonium chloroiridate. Additional
      catalyst metals may be incorporated onto the support by employing
      compounds such as chloroplatinic acid, ammonium chloroplatinate, platinum
      amine salts, perrhenic acid, ruthenium trichloride, rhodium trichloride,
      rhodium nitrate, palladium chloride, palladium amine salts, osmium
      trichloride, chloroosmic acid, auric chloride, chloroauric acid, silver
      nitrate, copper nitrate, copper chloride, ferric nitrate, cobalt nitrate,
      nickel nitrate, etc. The preferred catalyst manufacturing technique
      involves contacting a previously prepared support, such as alumina, with
      an aqueous solution of an iridium compound, alone or in combination with a
      compound of at least one additional catalyst metal.
PAR  After impregnation of the carrier, the composite catalyst is dried at a
      temperature varying from about 220.degree. to 250.degree. F. The catalyst
      may be dried in air at the above stated temperatures or may be dried by
      treating the catalyst in a flowing stream of inert gas or hydrogen. The
      drying step may be followed by an additional calcination step at
      temperatures of about 500.degree. - 700.degree. F. Care must be taken to
      avoid contacting the catalyst at temperatures in excess of about
      700.degree. F. with air or other gases of high oxygen concentration. If
      the catalyst is contacted with oxygen at too high a temperature, at least
      a portion of the iridium present will be oxidized, with loss of surface
      area, to crystallites of iridium oxide. In the case of polymetallic
      systems, the desired polymetallic cluster structure will not be obtained
      on reduction.
PAR  Additional materials may be added to the iridium-containing catalyst
      composite to assist in the promotion of various types of hydrocarbon
      conversion reactions for which the catalyst might be employed. For
      example, the naphtha reforming activity of the catalyst is enhanced
      markedly by the addition of a halogen moiety, particularly a chlorine or
      fluorine moiety, to the catalyst. The halogen should be present in the
      catalyst in amounts varying from about 0.1 to about 3.0 wt. %, based on
      the total dry weight of the catalyst. The halogen may be incorporated into
      the catalyst at any suitable stage in the catalyst manufacturing
      operation, i.e., before, during or after incorporation of the active metal
      component onto the support material. Halogen is often incorporated into
      the catalyst by impregnating the support with halogen-bearing metal
      compounds such as chloroiridic acid. Further amounts of halogen may be
      incorporated in the catalyst by contacting it with hydrogen fluoride,
      ammonium fluoride, hydrogen chloride, or ammonium chloride, either prior
      to or subsequent to the impregnation step. Other components may also be
      added to the catalyst composite. For example, the catalyst may be sulfided
      before or during use. For certain applications other than naphtha
      reforming, alkali or alkaline earth metal compounds may be added to the
      catalyst.
PAR  The iridium-containing catalyst composites may be used to promote a wide
      variety of hydrocarbon conversion reactions such as hydrocracking,
      isomerization, dehydrogenation, hydrogenation, alkylation, polymerization,
      cracking, and the like. The catalysts are particularly useful in promoting
      the dehydrogenation, isomerization, dehydrocyclization and hydrocracking
      reactions that occur in a naphtha hydroforming process.
PAR  In a naphtha hydroforming process (reforming) a substantially sulfur-free
      naphtha stream that typically contains about 15 to 80 volume % paraffins,
      15 to 80 volume % naphthenes and about 2 to 20% aromatics and boiling at
      atmospheric pressure substantially between about 80.degree. and
      450.degree. F., preferably between about 150.degree. and 375.degree. F.,
      is contacted with the iridium-containing catalyst composite in the
      presence of hydrogen. The reactions typically occur in a vapor phase at a
      temperature varying from about 650.degree. to 1,000.degree. F., preferably
      about 750.degree. to 980.degree. F. Reaction zone pressures may vary from
      about 1 to 50, preferably from about 5 to 30 atmospheres. The naphtha feed
      stream is passed over the catalyst composite at space velocities varying
      from about 0.5 to 20 parts by weight of naphtha per hour per part by
      weight of catalyst (W/hr./W), preferably from about 1 to 10 W/hr./W. The
      hydrogen to hydrocarbon mole ratio within the reaction zone is maintained
      between about 0.5 and 20, preferably between about 1 and 10. During the
      reforming process, the hydrogen used may be in admixture with light
      gaseous hydrocarbons. In a typical operation, the catalyst is maintained
      as a fixed bed within a series of adiabatically operated reactors. The
      product stream from each reactor (except the last) in the reactor train is
      reheated prior to passage to the following reactor. As an alternate to the
      above-described process, the catalyst may be used in a moving bed in which
      the naphtha charge stock, hydrogen and catalyst are passed in parallel
      through the reactor or in a fluidized system wherein the naphtha feed
      stock is passed upwardly through a turbulent bed of finely divided
      catalyst particles. Finally, if desired, the catalyst may be simply
      slurried with the charge stock and the resulting mixture conveyed to the
      reaction zone for further reaction.
PAR  Regardless of the hydrocarbon conversion reaction in which
      iridium-containing catalyst composites are employed, the catalyst tends to
      deactivate after use due at least in part to the formation of coke or
      carbonaceous residues on the surface of the catalyst. The carbonaceous
      residues on the surface of the catalyst cover the active catalyst sites
      and thus decrease activity. Accordingly, it becomes necessary to remove
      the carbonaceous deposits from the catalyst in order to return the
      catalyst to an economically viable activity level.
PAR  Turning now in more detail to the regeneration process of the present
      invention, the first step in the regeneration sequence consists of
      treating the catalyst with oxygen to burn at least a portion of the
      accumulated carbonaceous deposits from the catalyst. The temperature and
      duration of the burning operation are selected to avoid converting more
      than about 70 wt. % of the iridium on the catalyst to agglomerates having
      crystallite sizes greater than about 50A. Crystallites of greater than
      about 50A are detectable using X-ray diffraction techniques. The burning
      operation is conducted preferably at a temperature not exceeding about
      850.degree. F., most preferably at a temperature not exceeding about
      800.degree. F. The coke burning operation is normally carried out by
      contacting the catalyst with oxygen contained in minor concentrations in
      an inert gas, preferably flue gas. Minor oxygen concentrations, typically
      varying between 0.1 to 0.5 mole % of the total treating gas, are desirable
      in order to maintain a maximum burning temperature of less than about
      850.degree. F. Preferably the gas mixture used is substantially
      sulfur-free. Following the completion of the burning operation, the
      catalyst may be subjected to an after-treatment operation by contacting
      the catalyst with a burning gas containing from 0.3 to 21 mole %,
      preferably from about 6 to 10 mole % oxygen at a temperature of less than
      about 850.degree. F. Higher oxygen concentrations can be tolerated in the
      aftertreat step since the bulk of the carbonaceous residues are removed in
      the initial burning operation. Reaction zone pressures during the burning
      operation vary from about 0.1 to 30, preferably 5 to 20 atmospheres. The
      low temperature burning operation is remarkably effective for the
      substantially complete removal of carbonaceous residues. The catalyst,
      after completion of the burning operation, desirably contains less than
      about 0.3 wt. % carbonaceous residues, based upon the dry weight of the
      total catalyst. Normally, the burning operation in a commercial
      environment is completed in 1 to 100, preferably 5 to 40 hours.
PAR  Following the burning operation, it is desirable that the carbonaceous
      residue depleted catalyst be contacted with a substantially oxygen-free
      inert gas, preferably nitrogen, to remove from the reaction zone any
      carbon monoxide, carbon dioxide and oxygen remaining after the burning
      operation. Because of the presence of oxygen within the reaction zone, it
      is desirable that the purging operation be carried out at a temperature
      below about 750.degree. F., preferably below about 650.degree. F. The
      purging operation can be achieved by sweeping nitrogen through the
      reaction zone containing the catalyst. Alternatively, the reaction zone
      may be pressurized up to about 3 to 4 atmospheres with nitrogen and then
      depressurized.
PAR  Following the purging operation, if used, the catalyst may be subjected to
      a reduction treatment wherein the catalyst is contacted with hydrogen in
      an inert gas at a temperature varying from about 400.degree. to
      1100.degree. F., preferably from about 650.degree. to about 950.degree. F.
      in order to convert (reduce) a substantial portion of the iridium present
      on the catalyst to its metallic state. Depending upon the degree to which
      the iridium present on the catalyst is converted, during the burning
      operation, to crystalline iridium oxides, the reduction treatment may be
      omitted. However, it is preferred that the catalyst be reduced prior to
      further treatment. Following the optional reduction operation, it is
      desirable that the reaction zone containing the catalyst be purged with an
      inert gas, preferably nitrogen, in the manner described above with respect
      to the purging operation following the burning step. The purging operation
      serves to remove unreacted hydrogen from the reaction zone.
PAR  Following the burning operation or subsequent reduction operation, if used,
      the treated catalyst is contacted with an elemental halogen-containing
      gas, preferably a chlorine-containing gas, at a temperature of less than
      about 850.degree. F., preferably at a temperature of less than about
      750.degree. F. The halogen treatment operation is conducted for a time
      sufficient to introduce from about 0.1 to 4.0 wt. %, preferably 0.5 to 2.0
      wt. % halogen onto the catalyst, based upon the anhydrous weight of the
      catalyst. It has been discovered that contacting the catalyst with
      elemental halogen at the reduced temperatures serves to diminish the
      further agglomeration of the nonagglomerated iridium present on the
      catalyst during subsequent treatment operations. Because the halogen
      treating operation is conducted at relatively reduced temperatures, the
      halogen treat gas may optionally contain oxygen in substantial quantities.
      The molar ratio of oxygen to elemental halogen in the treating gas should
      be maintained below about 10:1. Preferably, the oxygen to halogen molar
      ratio is 1:1 or less. The treating gas may also contain water in
      concentrations varying from about 0.005 to 10.0%, preferably 0.02 to 1.0%
      by volume of the total treat gas. The pressure within the reaction zone
      during the time the low temperature halogen treatment may vary from about
      0.1 to 30, preferably 5 to 20  atmospheres.
PAR  After the catalyst has been pretreated with halogen, preferably chlorine,
      the catalyst is subjected to one or more reduction/halogenation cycles in
      order to redisperse agglomerated iridium on the catalyst, that is, to
      increase the iridium surface area of the catalyst to a level greater than
      about 200 m.sup.2 /gm., as determined by the aforementioned carbon
      monoxide chemisorption technique. This metal surface area corresponds to
      an average iridium particle size (length of a side of an assumed cubic
      crystallite) of less than about 11A.
PAR  The reduction step of the redispersion operation is accomplished by
      contacting the halogen treated catalyst with a hydrogen-containing gas,
      preferably hydrogen contained in nitrogen, at a temperature varying from
      about 400.degree. to 1,100.degree. F., preferably from about 650.degree.
      to 950.degree. F. Preferably the treating gas is substantially sulfur
      free. The contacting of the catalyst with the hydrogen-containing gas is
      carried out for a time sufficient to convert at least a portion,
      preferably a substantial portion, of the catalyst iridium to its metallic
      form. The pressure within the contacting zone during reduction can vary
      from about 0.1 to 30, preferably 5 to 20 atmospheres.
PAR  Following the reduction operation, the reaction zone containing the
      catalyst may be purged in the manner described earlier with respect to the
      purging operation following the burning step to remove unreacted hydrogen.
      Thereafter, the reduced catalyst is contacted with an elemental halogen
      containing gas, preferably a chlorine-containing gas, at a temperature
      greater than about 850.degree. F., preferably at a temperature varying
      from greater than about 850.degree. to 1,150.degree. F., most preferably
      from about 900.degree. - 1,000.degree. F. The reaction zone pressure
      during the halogenation operation is maintained between about 0.1 to 30
      atmospheres, preferably between about 5 to 20 atmospheres. The halogen
      employed in the treating operation is preferably used in admixture with an
      inert gas, such as nitrogen. Preferably, the concentration of halogen in
      the treating gas mixture is relatively low, that is, the halogen partial
      pressure in the treating gas mixture varies from about 0.0001 to 1.0,
      preferably 0.01 to 0.1 atmosphere. The contacting of the catalyst with the
      halogen-containing gas is generally continued for a time sufficient to
      incorporate from 0.1 to 4.0 wt. %, preferably 0.5 to 2.0 wt. %, additional
      halogen onto the catalyst, based upon the anhydrous weight of the
      catalyst.
PAR  While elemental halogen, preferably chlorine, is an essential constituent
      of the treating gas, other materials may be present in the treating gas
      mixture. For example, the gas mixture may contain water, hydrogen halides,
      oxygen, and the like. When oxygen is present in the treating gas, the
      molar ratio of oxygen to elemental halogen in the treating gas should be
      maintained below about 10:1, preferably 1:1 or less. It is desirable that
      minor quantities of oxygen be present in the treating gas. It is believed
      that the presence of oxygen in the halogen-containing treating gas aids in
      the redispersion of the metals present on the catalyst. The presence of
      water in the treating gas mixture is beneficial from a corrosion
      standpoint. The water concentration of the treating gas, if water is
      present, should be maintained at levels varying from about 0.005 to 10%,
      preferably 0.02 to 1.0% by volume of the total treating gas.
PAR  The required halogen may be introduced directly into the reaction zone
      containing the catalyst or may be generated in situ by the thermal and
      oxidative degradation of materials containing halogen. For example,
      chlorine may be generated by the situ oxidation of hydrogen chloride.
      Similarly, chlorine may be generated by the thermal and/or oxidative
      degradation of C.sub.1 - C.sub.4 chlorinated hydrocarbons such as carbon
      tetrachloride, trichlorethylene, ethylene dichloride, t-butyl chloride
      etc.
PAR  Upon completion of the initial hydrogen reduction/halogen treatment
      redispersion cycle following the low temperature halogen treatment of the
      catalyst, the catalyst may be subjected to additional reduction/halogen
      treatment cycles of the desired degree of iridium dispersion is not
      secured with a single cycle. Generally from one to six additional cycles
      may be employed in order to completely convert the iridium present in the
      catalyst to a metallic surface area greater than about 200 m.sup.2 /gm.
      Because of the deleterious effects encountered by contacting supported
      iridium-containing catalysts with oxygen at elevated temperature, it is
      important that the catalyst, after completion of the initial reduction
      operation, if used, or after the initial treatment with elemental halogen
      at reduced temperatures if a pre-reduction step is not employed and prior
      to reuse in the hydrocarbon conversion operation, not be contacted with a
      substantially halogen-free, oxygen-containing gas at a temperature
      sufficient to agglomerate further the iridium on the catalyst. The degree
      of iridium agglomeration encountered with contacting the catalyst with
      oxygen is a function of temperature and duration of contacting. Prolonged
      contact with oxygen at temperatures in excess of about 700.degree. F.
      should be avoided. Prior to the initial reduction or low temperature
      halogen treat, if a pre-reduction is not used, the catalyst should not be
      contacted with a substantially halogen-free oxygen containing gas at a
      temperature substantially greater than the maximum temperature employed in
      the burning operation to avoid further agglomeration of the iridium
      catalyst metal. Further, it is preferred that all of the steps of the
      regeneration process be carried out sequentially and without interruption.
      There is no necessity for cooling the catalyst between the reduction and
      halogenation steps of the redispersion operation. It is preferred that the
      reduction/halogenation steps of the redispersion operation be completed
      without reducing the temperature of the catalyst below about 575.degree.
      F.
PAR  The regeneration process of the present invention is generally carried out
      in situ, that is, the catalyst treated is maintained within the reactor
      vessels in which the hydrocarbon conversion reactions are carried out.
      Also, the regeneration process may be conducted in a separate regenerator
      vessel. Typically, the regeneration sequence is commenced by discontinuing
      contacting the catalyst with the process feed stock and the feed stock
      purged from the reaction vessels using techniques known to those skilled
      in the art. Thereafter, nitrogen is circulated through the reactor(s) at
      an elevated temperature and oxygen slowly introduced into the circulating
      nitrogen stream in order to burn carbonaceous residues from the catalyst.
      Following the burn operation, the reaction zone containing the catalyst
      may, if desired, be purged of O.sub.2, CO and CO.sub.2 by circulating
      nitrogen gas therethrough. Depending upon the extent to which the iridium
      was agglomerated during the burning operation, the catalyst may be reduced
      thereafter by introducing hydrogen into the circulating nitrogen stream
      being passed through the reaction zone. After the desired degree of
      reduction is secured, the introduction of hydrogen into the circulating
      nitrogen gas is discontinued and elemental chlorine is introduced into the
      circulating stream. Optionally, the reaction zone may be purged of
      hydrogen using an inert purge gas before introduction of the elemental
      hydrogen. Initially the chlorine reacts with the hydrogen remaining in the
      circulating stream to form hydrogen chloride (if no purge is used);
      however, after the remaining hydrogen is consumed, the catalyst is
      contacted with elemental chlorine. After the desired level of chlorine
      protection is achieved, the reaction zone is purged of chlorine treat gas
      with an inert gas purge and the catalyst is reduced following the
      procedure described above. After purging the reaction zone of reducing gas
      with an inert purge gas, the catalyst is contacted with elemental chlorine
      contained in the circulating nitrogen stream at a temperature in excess of
      about 850.degree. F. Following the initial reduction/chlorination
      dispersion sequence, the sequence may be repeated at least one additional
      time in order to redisperse further the iridium present on the catalyst.
PAR  A preferred embodiment of the present invention involves reversing the
      direction of flow of the halogen-containing gas with each halogenation
      treatment. For example, in the first treatment with halogen, the halogen
      may be passed downwardly over the catalyst. In the second treatment (after
      an intervening reduction step) the halogen is passed upwardly over the
      catalyst. In the next cycle, the halogen-containing gas is passed
      downwardly over the catalyst.
PAR  After the desired degree of redispersion is secured, the catalyst is
      treated with hydrogen alone or in combination with process feed stock and
      returned to use without further contact with a halogen-free,
      oxygen-containing gas at a temperature sufficient to form crystalline
      agglomerates of the iridium, e.g., temperatures in excess of about
      700.degree. F. Prior to use, the catalyst may be contacted with hydrogen
      sulfide or other sulfur donor contained in hydrogen or an inert gas at an
      elevated temperature in order to sulfide the catalyst. The sulfiding
      operation is typically conducted for a time sufficient to add from about
      0.03 to 0.15 wt. % sulfur on the catalyst, based upon the dry weight of
      the catalyst.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate further the regeneration process of the
      present invention.
PAC  EXAMPLE 1
PAR  An experiment demonstrating the advantages gained by employing the dual
      temperature regeneration process of the present invention was conducted. A
      one inch diameter silica glass tubular reactor, 36 inches long, was
      employed in the experiment. The experiment was conducted at atmospheric
      pressure. In this and the following example, a 0.3 wt. % iridium/0.3 wt. %
      platinum on alumina catalyst was used. A typical catalyst preparation
      procedure includes contacting 100 grams of alumina (in the form of
      one-sixteenth inch extrudates) with a solution containing both iridium and
      platinum salts. The solution is prepared by admixing 150 milliliters of
      distilled water with 3 milliliters of chloroiridic acid solution
      containing 0.1 gram of iridium per milliliter of solution and 3
      milliliters of a chloroplatinic acid solution containing 0.1 gram of
      platinum per milliliter of solution. The alumina support is added to this
      solution and left for several hours at room temperature. After removing
      excess water, the catalyst is dried in air at 100.degree. C. for 16 hours
      and then at 250.degree. C. for 3 hours.
PAR  The platinum/iridium catalyst used in this example was previously employed
      to promote a naphtha reforming operation. At the end of the on-oil cycle
      in which the catalyst was used, carbonaceous residues were burned from the
      catalyst by contacting the same with oxygen at elevated temperatures. The
      burning conditions were such that none of the platinum on the catalyst was
      in the particle size range detectable by X-ray diffraction (larger than
      about 50A). Approximately 30 wt. % of the iridium in the catalyst was in
      the form of large (greater than 50A) particles.
PAR  One hundred grams of the catalyst were charged to the tubular reactor in
      two discrete beds of 50 grams each. The carbonaceous residue-free catalyst
      was subjected to a dual temperature, dual cycle chlorination regeneration
      procedure using the following sequence of steps:
PA1  1. The catalyst was heated from room temperature to 750.degree. F. in
      flowing hydrogen over the catalyst. The catalyst temperature was
      maintained at 750.degree. F. under the same flow conditions for 1 hour.
PA1  2. Hydrogen flow was halted and hydrogen was purged from the system by
      passing helium through the reactor at 750.degree. F.
PA1  3. a treating gas comprising 1 volume % chlorine in nitrogen was then
      passed over the catalyst at 750.degree. F. The treat gas flow was stopped
      shortly after chlorine was detected at the exit side of the reactor.
PA1  4. Helium was then passed through the reactor at 750.degree. F. to purge
      the reactor of excess chlorine.
PA1  5. The catalyst was then contacted with a treating gas comprising 1 volume
      % hydrogen in nitrogen at 750.degree. F. and the temperature of the
      catalyst increased slowly over a 2-hour period from 750.degree. to
      930.degree. F.
PA1  6. hydrogen flow was then halted and hydrogen purged from the system by
      passing helium through the reactor at 930.degree. F.
PA1  7. a treating gas comprising 1 volume % chlorine in nitrogen was then
      passed over the catalyst in the opposite direction from the direction of
      flow employed in steps 1 - 6 and the flow continued for 1 hour past the
      time when chlorine was first detected at the exit side of the reactor. The
      treating was conducted at 930.degree. F.
PA1  8. helium was then passed through the reactor to purge the catalyst of
      excess chlorine and to cool the catalyst to room temperature.
PAR  X-ray diffraction analysis of samples of catalysts taken from each of the
      two beds showed no detectable iridium in the catalyst while originally the
      catalyst contained 30 wt. % iridium in large crystallites. All of the
      large iridium particles originally present in the catalyst have been
      redispersed to smaller particles or, in numerical terms, 100% redispersion
      was achieved.
PAC  EXAMPLE 2
PAR  Another experiment was conducted similar to Example 1 but with all of the
      steps of the regeneration sequence carried out at 930.degree. F. The
      experimental arrangement employed was identical to that used in Example 1.
      The catalyst employed in the test was previously used to promote a naphtha
      reforming operation but suffered less damage during the carbonaceous
      residue burning operation following the on-oil cycle. Only 23 wt. % of the
      iridium present on the catalyst was in large (greater than 50A) particle
      form. The catalyst was treated using a single temperature, dual cycle
      chlorination regeneration procedure using the following sequence of steps:
PA1  1. The catalyst was heated from room temperature to 930.degree. F. in
      flowing hydrogen over the catalyst. The catalyst was held at 930.degree.
      F. under the same flow conditions for 1 hour.
PA1  2. Hydrogen flow was then halted and hydrogen purged from the system by
      passing helium through the reactor at 930.degree. F.
PA1  3. a treating gas comprising 1 volume % chlorine in nitrogen was then
      passed over the catalyst at 930.degree. F. and the flow halted shortly
      after chlorine was detected at the exit of the reactor.
PA1  4. The reaction zone was purged of excess chlorine by passing helium
      through the reactor at 930.degree. F.
PA1  5. the helium was thereafter replaced with a treating gas comprising 1
      volume % hydrogen in nitrogen and the hydrogen flow continued for a time
      sufficient to contact all of the catalyst with hydrogen.
PA1  6. Hydrogen flow was halted and hydrogen was purged from the system using
      helium. Near the end of the helium purge the direction of flow was
      reversed from the direction of flow employed in steps (1) - (6).
PA1  7. A treating gas comprising 1 volume % chlorine in nitrogen was then
      passed over the catalyst at 930.degree. F. in the flow direction used at
      the end of step (6) and continued for one hour past the time when chlorine
      was first detected in the exit of the reactor.
PA1  8. Excess chlorine was stripped from the catalyst and the catalyst cooled
      to room temperature by flowing helium through the reactor.
PAR  X-ray diffraction analysis of samples from each of the two beds indicated
      that the catalyst of one bed had 13 wt. % detectable iridium and the
      second bed catalyst contained 10 wt. % detectable iridium. In the first
      bed, 44% redispersion was secured and in the second bed 57% redispersion
      was obtained. The superiority of the process of the present invention is
      readily seen by comparing Examples 1 and 2. In the multitemperature, dual
      cycle treatment, 100% redispersion was achieved. In contrast, the single
      temperature, dual cycle treatment resulted in much less redispersion of
      the iridium.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the catalytic reforming of hydrocarbon wherein a
      hydrocarbon feed stock is contacted with a catalyst comprising from about
      0.01 to about 3.0 wt. % of an iridium component contained on a refractory
      inorganic oxide support at reforming conditions, the catalyst having been
      at least partially deactivated during contact with said feed stock by the
      deposition of carbonaceous residues, a method for regenerating said
      catalyst after discontinuing contact of said catalyst with said feed stock
      comprising:
PA1  1. contacting said catalyst in a reaction zone with a gaseous mixture
      containing oxygen at an elevated temperature for a time sufficient to burn
      a substantial portion of said carbonaceous residues from said catalyst,
      the duration of said contacting at said elevated temperature being
      insufficient to convert more than about 70 wt. % of the iridium on said
      catalyst to agglomerates having crystallite sizes greater than about 50A;
PA1  2.
NUM  2.
PAR  2. contacting said treated catalyst in said reaction zone with an elemental
      halogen-containing gas at a temperature of less than about 850.degree. F,
      thereby inhibiting the further agglomeration of non-agglomerated iridium
      on the catalyst;
PA1  3. contacting said treated catalyst in said reaction zone with a
      hydrogen-containing gas at an elevated temperature for a time sufficient
      to convert a substantial portion of said iridium to its metallic form; and
PA1  4. contacting said treated catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in said reaction zone with
      an elemental halogen-containing gas at a temperature of at least about
      850.degree. F. for a time sufficient to redisperse at least a portion of
      the iridium on the catalyst, wherein said steps (2) and (3) are effected
      prior to contact with a substantially halogen-free, oxygen-containing gas
      at a temperature sufficient to agglomerate further the iridium on said
PAR   catalyst. 2. The process of claim 1 wherein, after completion of said step
      (1) said catalyst is contacted with an inert purge gas at a temperature of
      below about 750.degree. F. for a time sufficient to remove substantially
      all of the carbon dioxide, carbon monoxide and oxygen present in said
      reaction zone.
NUM  3.
PAR  3. The process of claim 1 wherein said steps (3) and (4) are repeated, in
      sequence, at least one additional time.
NUM  4.
PAR  4. The process of claim 1 wherein said halogen-containing gas employed in
      steps (2) and (4) is a chlorine-containing gas.
NUM  5.
PAR  5. The process of claim 2 wherein said halogen-containing gas employed in
      steps (2) and (4) is a chlorine-containing gas.
NUM  6.
PAR  6. The process of claim 1 wherein the halogen-containing gas in steps (2)
      and (4) contains oxygen, the molar ratio of oxygen to elemental halogen in
      said halogen-containing gas being less than about 10:1.
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ABST
PAL  Hydrocarbon fractions boiling between 180.degree. and 600.degree.F. and
      containing aromatics, olefins, and sulfur and nitrogen compounds are
      hydrogenated with a platinum-palladium catalyst to reduce the
      concentration of aromatics and olefins. The catalyst is prepared by
      saturating a porous inert carrier, preferably alumina, with an aqueous
      acid solution of chloroplatinic acid and palladium (ous) chloride in a
      specified mole ratio of platinum to palladium. The saturated carrier is
      subsequently dried, calcined and reduced.
BSUM
PAC  NATURE OF INVENTION
PAR  This invention relates to methods for reducing the olefins and aromatics
      content of hydrocarbon liquid mixtures by catalytic hydrogenation. More
      specifically it relates to a precious metal catalyst and method using that
      catalyst to reduce by hydrogenation the olefinc and aromatic content of
      hydrocarbon fractions, particularly those containing sulfur and nitrogen
      compounds.
PAC  BACKGROUND OF THE INVENTION
PAR  The need for relatively nonaromatic liquid hydrocarbons boiling in the
      range of about 300.degree. to 700.degree.F. (aviation turbine fuels,
      diesel fuels, and solvents, for example) continues to increase. These
      products usually, or at least often, contain relatively high percentages
      of olefins and monocyclic and polycyclic aromatics so that further
      hydrogenation is desirable to produce acceptable products. The presence of
      sulfur compounds in these products to be hydrogenated complicates the
      process of hydrogenation in that sulfur poisons many of the metal
      catalysts used for hydrogenation.
PAR  The hydrogenation of unsaturated hydrocarbons, particularly aromatic
      hydrocarbons, to corresponding saturated hydrocarbons using a platinum
      and/or palladium catalyst is disclosed in U.S. Pat. No. 3,637,484. The
      platinum and/or palladium is deposited selectively by cation exchange upon
      a silica-alumina cogel or copolymer which in turn is dispersed in a large
      pore alumina gel matrix. U.S. Pat. No. 3,674,838 discloses a process for
      selectively hydrogenating unsaturated hydrocarbons in the liquid phase
      utilizing a palladium-on-alumina catalyst. The catalyst is the product
      resulting from contacting alumina agglomerates of a specified surface area
      with steam, and after additional treatment, admixing the agglomerate with
      a palladium compound and subsequently calcining the resulting mixture. As
      noted briefly before, however, a primary disadvantage of using either the
      platinum or palladium catalysts is the ease with which these catalysts are
      poisoned with sulfur and nitrogen compounds and thereby rendered
      ineffective.
PAR  A primary object of this invention is to provide a catalyst and process for
      hydrogenating petroleum fractions containing aromatics, and olefins as
      well as sulfur and nitrogen compounds.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated this invention comprises in one aspect a catalyst for
      hydrogenating aromatics and olefins present in hydrocarbon fractions
      boiling between about 200.degree. and 700.degree.F. particularly those
      containing sulfur and nitrogen compounds, the catalyst consisting of both
      platinum and palladium concurrently deposited in preferred mole ratios on
      an inert carrier.
PAR  In still another aspect, this invention comprises the process of
      hydrogenating at least a portion of the aromatics and olefins present in
      hydrocarbon fractions boiling between about 200.degree. and about
      700.degree.F. particularly those containing sulfur and nitrogen
      coumpounds, by contacting these fractions with the aforedescribed catalyst
      in the presence of hydrogen gas under conditions whereby at least a
      portion of the aromatics and olefins present are hydrogenated.
PAR  In yet still another aspect this invention comprises a process for
      preparing a hydrogenation catalyst comprising the steps of absorbing onto
      an inert carrier, preferably a gamma alumina, a solution consisting of
      both chloroplatinic acid and palladium (ous) chloride, as well as a
      mineral acid in water, and subsequently heating the inert carrier
      containing the absorbed solution to a temperature sufficient to vaporize
      the water therein and subsequently to a temperature sufficient to
      decompose the platinum and/or palladium compounds absorbed thereon.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings FIG. 1 is a graph showing effectiveness of the catalyst of
      this invention when the total weight percent of platinum and palladium is
      held constant but the mole ratio of platinum to palladium is varied.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  PREPARATION OF THE CATALYST
PAR  The catalyst support or carrier for the platinum-palladium catalyst of this
      invention can be any inert oxide support. Preferably, the support is a
      high-surface-area gamma alumina, such as the beta, eta, and gamma alumina
      forms, bayerite, and boehmite. The catalyst of this invention, in addition
      to serving as a hydrogenation catalyst for aromatics and olefins in
      solvents also has utility for hydrogenating benzene to cyclohexane.
      However, if an acidic support or carrier is used, for example
      silica-alumina benzene is converted to methyl cyclopentane in substantial
      quantities at the expense of converting benzene to cyclohexane. For this
      reason alumina is preferred over silica-alumina.
PAR  To impregnate the carrier with platinum and palladium an aqueous solution
      consisting of chloroplatinic acid (H.sub.2 PtCl.sub.2), palladium (ous)
      chloride (PdCl.sub.2) and hydrochloric acid is first prepared. Other
      acidifying agents, such as nitric or sulfuric acid, can be used. The
      amount of acid added can be up to about 8 percent by weight of the total
      solution. Generally the amount of chloroplatinic acid and palladium
      chloride dissolved in the aqueous solution is the amount sufficient to
      provide a final calcined catalyst containing between about 0.2 and about
      1.0 percent by weight each of elemental platinum and palladium metals.
PAR  Preferably the final calcined catalyst contains between about 0.3 and about
      0.5 percent by weight of elemental platinum metal and between about 0.3
      and about 0.9 percent by weight of elemental palladium metal. Preferably
      the mole ratio of elemental platinum metal to elemental palladium metal is
      between about 1 to 2 and about 1 to 6, and there is also present between
      about 1.2 and about 2.5 percent by weight of chlorine present as the
      chloride salt of either or both the platinum and the palladium present. As
      to the total weight of metal present on the catalyst, laboratory tests
      indicate that the economic advantages in catalyst activity diminish as the
      total elemental metals content in the catalyst exceeds 1.5 weight percent.
PAR  When the chloroplatinic acid and palladium (ous) chloride, have been
      dissolved and acid has been added, the porous catalyst support or carrier
      in the form of a powder, pellets, extrudate or spheres is added to the
      aqueous solution in a proper quantity so that the aqueous solution
      completely saturates the carrier. The saturated carrier can then be
      separated, drained and dried in preparation for calcining. It has been
      found that better control of the final concentration of platinum and
      palladium on the finished catalyst can be achieved by making up a volume
      of solution which will be in excess of that required to saturate a given
      mass of carrier. This volume should contain in total that amount of
      elemental platinum and palladium it is desired to deposit on the given
      mass of carrier. The carrier is then mixed with the total volume of
      solution and the mixture is heated to evaporate the water present while
      the carrier is continually agitated. This latter procedure is the
      preferred mode for saturating the porous carrier.
PAR  At the end of this absorption step the carrier, impregnated with platinum
      and palladium salts, is calcined at a temperature of 842.degree. to about
      1022.degree.F or preferably about 914.degree. to about 968.degree.F. At
      temperatures in excess or below these ranges the activity of the catalyst
      is diminished. During calcination it is preferred to maintain an inert
      atmosphere, of preferably helium or other Group VIII inert gas or nitrogen
      over the catalyst. At the conclusion of the calcining operation the
      catalyst is ready for reduction treatment. Reduction is accomplished by
      heating the catalyst composition in the presence of hydrogen gas at a
      temperature of between about 500 .degree. and about 900.degree.F. and a
      pressure of 0 to about 2000 psig.
PAR  A necessary and critical part in the preparation of the catalyst of our
      invention is the simultaneous impregnation of the carrier with both the
      platinum and the palladium salts in the same aqueous acidic solution. We
      have determined that a process in which either a platinum or palladium
      compound is first absorbed onto a carrier and the other subsequently
      absorbed does not yield a suitable catalyst for our purposes.
PAC  EXAMPLE 1
PAC  PREPARATION OF CATALYST
PAR  An aqueous solution of chloroplatinic acid, palladium chloride, and
      hydrochloride was first prepared. Seventeen grams of chloroplatinic acid
      was dissolved in 198 grams of an aqueous solution containing 5 percent by
      weight of palladium (palladous) chloride. The resulting solution was then
      diluted with distilled water and acidified with hydrochloric acid to a
      volume of 810 ml. and a hydrogen chloride content of between 5 and 10
      percent by weight. To this solution was added 900 ml. of a dry pure gamma
      alumina. After allowing the alumina sufficient time to absorb the
      solution, the excess solution was decanted and the wet
      solution-impregnated alumina first was dried at 250.degree.F. for
      approximately one hour and then was calcined under an atmosphere of inert
      gas at a temperature of approximately 925.degree.F. for 16 hours. Analysis
      of the finished catalyst by atomic absorption data indicated the
      concentration of elemental platinum metal on the catalyst was 0.48 percent
      and the concentration on elemental palladium metal was 0.70 percent, both
      by weight of the total catalyst.
PAC  HYDROGENATION OF FRACTIONS CONTAINING AROMATICS AND OLEFINS WITH SULFUR AND
      NITROGEN IMPURITIES
PAR  The feedstock which is hydrogenated by the catalyst of our invention is a
      hydrocarbon fraction boiling between about 180.degree. and about
      600.degree.F. and commonly contains up to about 8 to 40% of aromatics and
      olefins. The feedstock ordinarily can contain up to 1,000 ppm of sulfur
      and up to about 100 ppm on nitrogen. The hydrocarbon feedstock can be a
      liquid derived from petroleum refining, processing of oil shale and tar
      sands, or coal liquification.
PAR  Hydrogenation of the hydrocarbon feedstock is effected by contacting it in
      the presence of hydrogen gas with the catalyst prepared as described
      above. Just prior to using the calcined catalyst it is necessary to reduce
      the metals deposited thereon by contacting the catalyst with hydrogen gas
      preferably in the form of a refinery gas stream containing additional non
      reactive gases at a temperature of between about 500.degree. and
      900.degree.F. After this reduction step the catalyst is ready for use.
      Hydrogenation of the feedstock is carried out at temperatures between
      about 200.degree. and about 700.degree.F., a pressure of from about 100 to
      about 2000 psig, a liquid hourly space velocity of about 0.1 to about 10
      volumes of liquid feedstock per volume of catalyst per hour, and at a
      ratio of hydrogen gas to feedstock of about 1,000 to about 5,000 standard
      cubic feet of hydrogen gas per barrel of feedstock. For purposes of
      measuring the liquid hourly space velocity and hydrogen gas feedstock
      ratios, the hourly volumes of liquid feedstock entering the process is
      metered at some point just prior to entering the zone of contact between
      feedstock, hydrogen gas, and catalyst.
PAC  EXAMPLE 2
PAC  HYDROGENATION OF HYDROCARBON FRACTION CONTAINING SULFUR AND NITROGEN
PAR  Approximately 5,000 pounds of catalyst was prepared by the preferred method
      of this invention, that is, alumina pellets were saturated in a
      predetermined excess of an aqueous solution of chloroplatinic acid,
      palladium chloride, and hydrochloric acid and was dried without decanting
      the excess solution. The impregnated alumina was then calcined at a
      temperature of approximately 925.degree.F. in an inert atmosphere.
      Analyses of samples of the catalyst indicated contents ranging from 0.45
      to 0.51 percent by weight of elemental platinum, 0.70 to 0.72 percent by
      weight of elemental palladium and from 2.10 to 2.30 percent by weight of
      chloride, all based on total weight of catalyst.
PAR  The catalyst was then positioned in a test column and reduced by flowing
      70,000 to 80,000 scf per hour of a refinery gas therethrough containing
      approximately 80 to 90 volume percent of hydrogen.
PAR  A hydrocarbon feedstock of varying composition was then flowed through the
      catalyst bed under conditions designed to promote hydrogenation of
      aromatics and olefins therein even in the presence of sulfur also
      contained therein. Results for a 5-day run are shown in the following
      table.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Cumulative hours on stream                                                
                   230  254  278  302  326                                     
     Feed rate, barrels per                                                    
                   475  450  450  500  500                                     
     day                                                                       
     Pressure, psig                                                            
                   590  590  590  590  590                                     
     Hydrogen injection                                                        
     rate, million cubic                                                       
     feet per day  1.9  1.8  1.9   1.86                                        
                                       1.9                                     
     Column inlet temp-                                                        
     erature, .degree.F.                                                       
                   513  514  513  506  505                                     
     Column outlet temp-                                                       
     erature, .degree.F.                                                       
                   525  528  525  552  543                                     
     Feedstock                                                                 
     Density, .degree.API                                                      
                   51.9 52.0 51.4 51.7 51.1                                    
     Ppm of sulfur 108  139  106  177  134                                     
     Percent aromatics                                                         
     content       12.0 10.2 10.6 13.9 12.3                                    
     Effluent product                                                          
     Density, .degree.API                                                      
                   53.4 53.8 53.7 53.4 53.2                                    
     Ppm of sulfur 1.8  1.5  1.1  2.3  1.7                                     
     Percent aromatics                                                         
     content       3.4  2.5  2.5  6.0  5.2                                     
     __________________________________________________________________________
PAR  From this data it is apparent that the catalyst functioned effectively over
      the 5-day period as a hydrogenation catalyst even in the presence of
      sulfur.
PAC  EXAMPLE 3
PAC  COMPARISON OF PLATINUM-PALLADIUM CATALYST WITH OTHER METAL CATALYSTS
PAR  Catalyst combinations of platinum, palladium, rhenium, rhodium and
      ruthenium supported on alumina substrate were made up using the
      impregnation and calcining techniques described previously. This included
      the addition of hydrochloric acid to the aqueous solutions of metal salts,
      and the use of an inert gas atmosphere during calcination. After the
      catalyst samples had been made up and reduced they were tested for
      hydrogenation activity using a heavy naphtha feedstock containing 10.4
      percent aromatics, 173 ppm sulfur, 1.8 ppm nitrogen, 3.3 ppm of chloride,
      and having an API gravity of 50.3.degree.. The hydrogenation tests,
      conducted at identical conditions for each run, were 525.degree. F., 550
      psig, an LHSV of 1.8, and a hydrogen gas input of 1,200 scf per barrel of
      feedstock. From the results tabulated below it is readily apparent that
      only the platinum-palladium catalyst retained the ability to function as a
      hydrogenation catalyst in the presence of sulfur over a period of time.
TBL                TABLE II                                                    
     ______________________________________                                    
                     % AROMATICS IN PRODUCT                                    
     Test period, cumulative hours                                             
                       4      8      12   14   20                              
     Catalyst composition,                                                     
     percent by weight                                                         
     of total catalyst                                                         
     ______________________________________                                    
     0.3 Pt - 0.9 pd   --     --     1.4  1.4  1.4                             
     0.3 Pt - 0.9 Ru   7.8    10.4   *                                         
     0.3 Pt - 0.9 Rh   0      0.3    8.9  *                                    
     0.3 Rh - 0.9 Pd   0      0      --   6.5  *                               
     0.3 Ru - 0.9 Pd   0      0.4    3.1  7.4  *                               
     0.3 Ru - 0.9 Rh   0      0.1    1.8  6.1  *                               
     0.3 Rn - 0.9 Ru   2.6    10.4   *                                         
     * test run abandoned                                                      
     ______________________________________                                    
PAC  PLATINUM-to-PALLADIUM RATIO AND TOTAL METALS CONTENT
PAR  A series of platinum-palladium-alumina catalyst compositions were made up
      according to the method of this invention in which the total metal content
      was held approximately constant at about 1.2 percent by weight, but in
      which the ratio of the amount of platinum to palladium was varied. These
      compositions were then tested for hydrogenation catalytic activity, each
      test lasting for a period of 24 hours under identical conditions of
      temperature and pressure. The composition and physical properties of the
      hydrocarbon feedstock was the same as that in Example 3.
TBL                TABLE III                                                   
     ______________________________________                                    
     Catalyst                                                                  
     composition, weight      Weight percent of                                
     percent of               aromatics in effluent                            
     total catalyst           product after 24 hours                           
     ______________________________________                                    
     %Pt  %Pd    %Cl                                                           
     1.21  0     1.72               8.8                                        
     0.20 1.03   1.88               3.6                                        
     0.39 0.83   1.90               3.4                                        
     0.59 0.63   1.75               5.2                                        
     0    1.21   1.90                8.9*                                      
     0.81 0.41   1.93               7.4                                        
     0.47 1.01   1.87               2.5                                        
     0.28 0.60   1.90   *after 12 hours                                        
                                    4.1                                        
     0.28 0.89   1.70               3.2                                        
     ______________________________________                                    
PAR  From a graph of the preceeding data as shown in FIG. 1 it is readily
      apparent that an optimum ratio of weight of platinum to palladium occurs
      at around 0.3 percent by weight of elemental platinum and 0.9 percent
      elemental metallic palladium. It is further readily apparent that an
      optimum range of values for the weight ratio of platinum to palladium
      occurs between 0.6 to 0.6 and 0.15 to 1.05 or in terms of mole ratio of
      platinum to palladium of between about 1 to 2 and 1 to 12. The preferable
      range based on aging characteristics is between 1 to 2 and 1 to 6.
PAR  The catalyst properties can be restored by straight air regeneration at
      900.degree.F. followed by reduction at 700.degree.F. A more effective and
      longer lasting catalyst is maintained if the catalyst is regenerated in
      air at around 900.degree.F. and the catalyst is then cooled to a
      temperature of 700.degree.F. by flowing air therethrough. Following this,
      the catalyst is reduced with hydrogen gas at 700.degree.F.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for hydrogenating a hydrocarbon fraction boiling between about
      200.degree. and about 700.degree.F. and containing aromatic and olefinic
      components, comprising contacting said hydrocarbon fraction with hydrogen
      gas in the presence of a catalyst under conditions sufficient to cause
      hydrogenation of at least a portion of the aromatics and olefinics
      contained in said hydrocarbon fraction, said catalyst comprising about 0.2
      to about 1 percent by weight each of platinum and palladium in a mole
      ratio of platinum to palladium of between about 1 to 2 and about 1 to 6
      and prepared by:
PA1  a. contacting an inert gamma alumina carrier with an aqueous acidic
      solution containing both chloroplatinic acid and palladium (ous) chloride
      in solution;
PA1  b. drying the resultant mixture;
PA1  c. calcining the dried mixture in an inert atmosphere at a temperature
      between about 842.degree. and about 1,022.degree.F; and
PA1  d. reducing said dried mixture;
NUM  2.
PAR  2. The method of claim 1 wherein said hydrogenation catalyst also contains
      between about 1.2 to about 2.5 percent by weight of chlorine as chloride.
NUM  3.
PAR  3. The method of claim 1 wherein the weight of platinum is between about
      0.3 and about 0.5 and the weight of palladium is between about 0.3 and
      about 1 percent of the total weight of the catalyst.
NUM  4.
PAR  4. The method of claim 1 wherein the acidic aqueous solution consists of
      hydrochloric acid, chloroplatinic acid, and palladium chloride.
NUM  5.
PAR  5. The method of claim 1 wherein the volume of acidic aqueous solution is
      in excess of that necessary to saturate the inert porous carrier;
NUM  6.
PAR  6. The method of claim 1 wherein the inert atmosphere is one or more of the
      Group VIII gases.
NUM  7.
PAR  7. The method of claim 1 wherein the inert porous carrier after being
      contacted with acidic aqueous solution is separated from the excess
      solution and subsequently is calcined.
NUM  8.
PAR  8. The method of claim 7 wherein said liquid hydrocarbon fraction boiling
      between about 200.degree. and about 700.degree.F. contains up to about 40
      percent by weight of aromatics and olefins, up to about 1,000 ppm of
      sulfur, and up to about 100 ppm of nitrogen, and said contacting is
      conducted at a temperature between about 200.degree. and about
      700.degree.F., a pressure of about 100 to about 2,000 psig, a liquid
      hourly space velocity of about 0.1 to about 10 volumes of liquid
      hydrocarbon fraction per volume of catalyst per hour, and at a rate of
      hydrogen injection of about 1,000 to about 5,000 scf of hydrogen per
      barrel of liquid hydrocarbon fraction.
NUM  9.
PAR  9. The method of claim 1 wherein the inert alumina carrier is maintained in
      contact with the excess aqueous solution and the mixture is agitated and
      dried.
NUM  10.
PAR  10. The method of claim 9 wherein the weights of elemental platinum and
      elemental palladium present in said acidic aqueous solution each is
      between about 0.2 and about 1 percent of the combined weights of elemental
      platinum, elemental palladium and inert carrier and the mole ratio of
      platinum to palladium is between 1 to 2 and about 1 to 6.
NUM  11.
PAR  11. The method of claim 9 wherein said liquid hydrocarbon fraction boiling
      between about 200.degree. and about 700.degree.F. contains up to about 40
      percent by weight of aromatics and olefins, up to about 1,000 ppm of
      sulfur, and up to about 100 ppm of nitrogen, and said contacting is
      conducted at a temperature between about 200.degree. and about
      700.degree.F., a pressure of about 100 to about 2,000 psig, a liquid
      hourly space velocity of about 0.1 to about 10 volumes of liquid
      hydrocarbon fraction per hour, and at a rate of hydrogen injection of
      about 1,000 to about 5,000 scf of hydrogen per barrel of liquid
      hydrocarbon fraction.
NUM  12.
PAR  12. The method of claim 1 wherein the hydrocarbon fraction boiling between
      about 200.degree. and about 700.degree.F. is a liquid selected from the
      group consisting of crude oil fractions, oil shale liquids, tar sand
      liquids and coal-derived liquids.
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ABST
PAL  A segmented screen body or bottom for classification, screening and washing
      of fragmented hard stocks employs a multiplicity of segmented elements
      constructed of elastomer or rubber material which, when abutted and
      supported in predetermined relations, define sieve apertures of a
      predetermined size and extending, if desired, in staggered longitudinal
      rows. The structure further requires a multiplicity of parallel transverse
      metal wires or equivalent elements which are embedded and extend through
      appropriate apertured portions of the elastic components. In the preferred
      form the essential elements include T-shaped and L-shaped elements, all of
      which may be obtained from identical integral moldings of T-shape and many
      of which are cut along transverse lines at the T-top to provide from the
      same moldings complementary L-shaped elements.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  For many decades separation, classification, cleaning and dewatering of
      fragmented stocks of hard materiial such as stone, aggregate, coal, sand
      and the like have been accomplished by shaker screen boxes having screen
      bodies made up of either coarse-woven steel or other metal netting or of
      relatively thin sheet metal material provided with sieve openings arranged
      in predetermined sequence or manner. The abrasion and wear from hard
      material striking the charging surfaces of such sieves, as well as the
      tumbling and flow of hard material on such surfaces, has caused rapid
      deterioration of the metal material.
PAR  Further corrosion and deformation of the material has shortened the life of
      such screens. The din and noise from the charging of such screens and the
      bouncing and tumbling of hard material has been a source of noise
      pollution.
PAR  In the last fifteen years several efforts have been made to lengthen life
      of such metal screens by applying coatings of somewhat flexible elastic or
      elastomer material and in several instances whole screen bodies or
      sectional screen bodies, each providing a multiplicity of sizing
      apertures, have been employed. Some of these have been supported and
      reinforced by an underlying mesh of steel, wires or the equivalent.
      Complicated molding processes have been required for such prior art shaker
      screens and since a manufacturer is required to make and have available
      sieves or screens having mesh sizes, sometimes square, sometimes round,
      sometimes elongate, in as many as a hundred sizes, the original or
      investment costs of such molds and processing is extremely high. Some
      prior structures have employed laminations of elastomer sheets vulcanized
      to metal sheets and some have employed two or more plies of elastomer
      sheets of large size properly punched or apertured for the sizing
      required.
PAR  It is an object of my invention to provide a very simple segmented
      screening body adapted for shaker or vibratory box use which, for each
      mesh or aperture size of classifying desired, requires essentially, in the
      preferred form, only one precision mold with facilities for quickly
      cutting portions from the molding to make complementary segments together
      with facilities for drilling or boring transverse bores through
      predetermined portions of the components or segments. For mounting and
      reinforcing said segments or components a plurality of transverse metal
      wires or equivalent filaments are employed extending through the said
      bores and beyond the longitudinal edges of the screen for formation of
      hooks or attachment means to the shaker box or frame. The employment of
      such complementary-acting relatively thick segments and components provide
      charging surfaces for the sieve which very substantially reduces the wear;
      provides a more uniform and gentle bouncing and tumbling of the
      particulate hard material along the charging surface; avoids corrosion of
      materials used, eliminates deformation of the charging surface and very
      substantially limits noise pollution in operation.
DRWD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  From the following description made in connection with the accompanying
      drawings, the construction, composition, functions and advantages of our
      invention will be clear. In the drawings,
PAR  FIG. 1 is a diagrammatic cross section showing an embodiment of the
      invention applied to a conventional shaker box and provided with
      tensioning means for the sieve body on a reduced scale;
PAR  FIG. 2 is a fragmentary top plan view on a larger scale showing a portion
      of a classifying screen for aggregate or other fragmented hard materials;
      the view is foreshortened but shows a multiplicity of the
      sieve-aperture-forming units and also shows the finishing edges for the
      upper and lower edges of the overall sieve or screen;
PAR  FIG. 3 is a bracketed view showing in perspective all of the requisite
      elastomer components for a finished screen;
PAR  FIG. 4 is a cross section taken on the lines 4--4 of FIG. 2 looking in the
      direction of the arrows;
PAR  FIG. 5 is a bracketed view on a somewhat larger scale than FIG. 2 showing
      in top plan view, side elevation and end elevation an integral elastomer
      member which alone, in combination with other components severed
      therefrom, constitutes all of the essential elements (with exception of
      edge finishing) of my preferred screen body;
PAR  FIG. 6 is a plan view of a second form of the invention;
PAR  FIG. 7 is a cross section on the line 7--7 of FIG. 6;
PAR  FIG. 8 is a plan view of a third form of the invention;
PAR  FIG. 9 is a cross section taken on the line 9--9 of FIG. 8; and
PAR  FIG. 10 is a fragmentary perspective view of the essential elements.
DETD
PAR  In the form of the invention shown in FIGS. 1 to 5 inclusive, an elastomer
      member, molded or otherwise formed from materials such as (but not limited
      to) styro-butadiene, carboxylated Nitriles, poly urethanes, natural rubber
      and synthetic rubber, is essential. This member, as shown in detail in
      bracketed FIG. 5, is identified as an entirety by the letter T, and as
      shown is relatively thick compared to the general width thereof and has a
      T-stem straight portion T-1 preferably tapering from the top or charging
      surface and provided near the lower end of the stem with a transverse rod
      or wire-receiving bore 11. The top of the T T-2 is of similar thickness to
      the stem portion T-1 and, as shown, is provided with a bore 12 extending
      parallel with the bore 11 and from end-to-end of the T top portion T-2.
      Preferably the end portions of the T top T-2 are slightly tapered from
      their rear surfaces to their upper or charging surfaces.
PAR  Multiplicities of the entire T members T arranged and secured together by
      stout wires W, as shown in FIG. 2, constitute in combination by far the
      greater areas of my improved screen body. However, for defining and
      closing the longitudinal or side edges of the screen, additional L-shaped
      elements are employed complementary in shape to the overall T members.
      Both lefthand and righthand L-members are needed and these may be easily
      and conveniently cut from the common T members T along the closely dotted
      lines 13 and 14 shown in the bracketed FIG. 5. The lefthand, preferably
      severed L-member L-1 shown in bracketed FIG. 3, is cut along the line 13
      while the righthand L-member L-2 is cut along the dotted line 14 of FIG.
      5.
PAR  It will be seen that with the complementary interarrangement of the
      component members T, L-1 and L-2 as shown in FIG. 2, the bores 11 and 12
      formed in the original T-members are precisely aligned with the
      corresponding bores of the severed components L-1 and L-2. Preferably in
      core-molding or otherwise producing such bores, the diameters thereof are
      purposely very slightly smaller than the normal diameters of the wires W
      employed for reinforcing and interconnecting the components. To facilitate
      passage of the respective wires W through the aligned bores 11 and 12 of
      the components, glycerine or other lubricant is applied and preferably
      suitable jigs are employed for aligning the successive transverse rows of
      components.
PAR  After insertion of the connecting and reinforcing wires W (leaving excess
      of wire beyond the side edges of the screen for formation of retaining
      hooks), anchoring elements such as Tinnerman washers may be employed
      against the outermost elastomer elements on the longitudinal edges of the
      overall screen or sieve. They are not necessary for most sieve sizes.
PAR  Although not necessary for successful operation of my screen bodies, I
      prefer to provide transversely disposed "finishing"  blocks for
      reinforcing the uppermost and lowermost transverse edges of the screen
      body. Thus (see FIG. 3) elastomer blocks U are provided, complemental in
      shape to the aligned T-stem ends of the uppermost row of units and having
      rectangular enlargements U-1 for interfitting said T-stems. Said blocks U
      are each provided with bores 15 and 16 for receiving wires W. Bores 15 are
      for alignment with the stem bores 11 of the respective T units. An
      additional reinforcing wire passes through the bores 16 of said blocks U.
      At the lowermost edge of the screen body a plurality of special elastomer
      blocks B is employed, complemental in shape to the transversely disposed,
      spaced T-tops and marginal L's of the components. Blocks B have medial
      rectangular tongues B-1 which interfit appropriately the spaces between
      the lower transverse row of T and L elements. They are provided with bores
      17 and 18 near their under surfaces for alignment to receive two
      supporting wires W.
PAR  As shown in FIG. 1, the screen body may be operatively secured in a
      conventional shaker box by hooks 19 formed on the several transverse
      reinforcing wires W at the projecting ends thereof. The hooks engage loops
      at the lower ends of tensioning arms 19a, said arms pivoted at their upper
      ends to the sides Y of the box may be forcibly swung outwardly by nutted
      tensioning bolts 19b.
PAR  Longitudinal "bumper" bars Z secured in parallel widely spaced relation may
      also be used to further elevate and tension the screen. As shown, bars Z
      are affixed to the bottom Y-1 of the shaker box.
PAR  I prefer to mold or by plastic injection form the T-units with coring of
      the wire receiving bores 11 and 12 therein. This greatly reduces
      investment costs on the part of the manufacturer and enables units to be
      formed which are of substantial thickness relative to the general width of
      the elements, thus affording thicker wear surfaces. However, particularly
      in smaller sieve mesh sizes, it will be understood that the T-units and
      finishing blocks may be die cut from a suitable thick sheet of the proper
      elastomer material.
PAR  While in the drawings the proportions (of the T-stem and T-top) are such
      that in complement square sieve-openings are produced, by varying the
      proportions various elongate or slit-openings may be achieved for screens
      designed for classifying slivery or elongate particle stock. Obviously by
      dimensionally enlarging or decreasing the dimensions of T-units, sieve
      apertures varying widely in area may be provided.
PAR  In the operation of my preferred segmented structure, flexibility of the
      overall screen body along many transverse lines (defined by the wires W)
      is obtained. The result is that in the charge-impact of aggregate and the
      like even from high elevations, deformation and wear is greatly reduced.
      Hinge or wearing action between the transversely arranged units takes
      place to a limited extent to enhance the resultant tumbling and bouncing
      actions of the hard fragmented material. Additional new and improved
      results will be reviewed at the end of this specification after
      description of additional embodiments of my invention.
PAR  It will be seen that the inherent structure and complemental mounting of
      the preferred segmented embodiment of my invention provides uniformly
      staggered longitudinal rows of sieve apertures with minimal requirement of
      intervening solid elastomer material.
PAL  A second embodiment
PAR  in FIGS. 6 and 7 of the drawings another embodiment of my invention is
      illustrated, particularly adapted for screens of relatively small
      sieve-aperture sizes.
PAR  Here a waffle-like screen body section S is produced, preferably by
      molding, having the staggered rectangular longitudinal rows of sieve
      openings O. The overall configuration is almost identical with that of the
      segmented hinged unit embodiment illustrated in FIGS. 1 to 5 inclusive.
PAR  The solid portions of the waffle-like section comprise longitudinal bar
      portions 20 and transverse bar portions 21 and are slightly tapered from
      their upper charging surfaces to their under surfaces. This facilitates
      classifying of "through" size particles.
PAR  Section S is preferably integrally molded or cast from a desirable
      elastomer material with the requisite number of transverse supporting
      wire-receiving bores cored or otherwise formed therein. Wires W may be
      embedded in the molds if two-part molds are used and in such instance will
      have connection elements at their extremities for juncture with abutting
      screen sections of similar structure.
PAR  In fabricating a full screen body a plurality of the sections S are
      vulcanized or otherwise secured and integrated along abutting edges.
PAR  In this form it again will be seen that flexibility and some hinging of
      elastomer material along the many wire reinforcing lines occurs during the
      charging, vibration and operation of this form of my invention.
PAC  A THIRD EMBODIMENT OF THE INVENTION
PAR  In FIGS. 8 to 10 inclusive, of the drawings I illustrate a third embodiment
      of the invention which is particularly adapted for sifting, classifying
      and watering operations on certain types of fragmented solid materials. In
      this form a lattice construction is made up of a plurality of elongate
      parallel bars or rails R constructed of the desirable elastomer materials
      and having transverse, substantially vertical, flat enlargements,
      constituting transverse bar extensions R-1 longitudinally spaced
      throughout their overall length. The bars R, as shown in the drawings, are
      cross sectionally tapered from their upper, charge-receiving surfaces to
      their lower edges.
PAR  The T-ears, R-1 are transversely bored through the ears and rail body R to
      receive transverse, relatively heavy rod wires 23.
PAR  Rectangular, apertured spacer blocks 24 are interspersed between pairs of
      the elongate bars or rails R for completing with rods 23 and the ears R-1,
      the overall lattice work structure of this screen.
PAR  The projecting end of the wire rods 23 at each of the longitudinal sides of
      the screen body are suitably secured to the sides Y of the shaker box.
PAR  It will be understood that the upper edges of the bars or rails R lie in
      substantially a common plane and that the shaker box or longitudinal rails
      are inclined to the horizontal at a somewhat greater angle usually than
      the positioning of the charge-receiving surface of the screen body
      previously described in this specification.
PAR  It will be seen that the three embodiments of the invention have certain
      closely combinative common features such as the formation of a lattice
      construction, principally composed of an elastomer material; each form
      having interconnected, parallel longitudinal bars of elastomer extending
      in the flow direction of the material to be sifted and each having
      transverse bar portions which extend perpendicularly to the longitudinal
      bars. All of the embodiments, in combination, require a series or
      plurality of transverse wires or rods, embedded in preferably the lower
      cross-sectional portion of the interconnected elements. No supporting or
      reinforcing wires are employed extending longitudinally of the screen
      body. The transverse embedded wires constitute transverse hinge pintles
      for permitting flexing and slight swinging of transverse zones of the
      screen which is highly desirable for cushioning impact of the charged,
      heavier fragmental material to be classified or sifted.
PAR  The second embodiment of the invention has more in common with the
      preferred embodiment in that the staggered relationship of requisite
      components or elements is employed in both the first and second
      embodiment, achieving optimum interconnection of transverse and
      longitudinal bar elements with minimal widths of such elements, and
      thereby furnishing most efficient staggered arrangement of the sieve
      apertures for classifying, sifting, watering or de-watering hard particle
      materials.
PAR  The term "wires" is employed in the claims to designate broadly strong
      filament elements having greater or less flexibility and including metal
      rods.
PAR  It will of course be understood that a relatively wide choice of elastomer
      materials may be employed, including those designated herein,
      polyurethanes, natural and synthetic rubber and many polymers.
PAR  The new and improved results attained by my invention may be briefly
      pointed out as follows:
PAR  1. Wear deformation and breakage of my novel screen bodies is very
      substantially reduced as contrasted with all the conventional metal type
      netting or screen sieve construction and is appreciably reduced in
      contrast to any elastomer-coated or elastomer-ply screens known to
      applicant for use with vibratory sieve boxes.
PAR  2. Since my reinforcing and hinge wires and rods are made from
      non-corrosive metals or other material, no damage through corrosion,
      rusting or chemical deterioration will be present with our structures.
PAR  3. The hinge-like embedding of the plurality of reinforcing along
      transverse parallel lines, gives flexibility, live action (by transverse
      zones or discrete elements), increasing wear life of the charging
      surfaces.
PAR  4. The discrete formation of sections and units permits very economical
      production by casting or molding processes, as constrasted with production
      costs of all other prior art structures known to applicants.
PAR  5. Noise as a pollutant is greatly minimized.
PAR  6. Capital and installation costs for production of a great number of
      different size screen bodies is substantially reduced.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A segmented, elastic screen body having in combination:
PA1  a muliplicity of discrete, complemental, elastomer units, having stem-bar
      portions extending in the direction of flow of the fragmented material to
      be sifted and having also terminal, integral transverse-bar portions
      extending perpendicularly to one end of each stem-bar portion,
PA1  said transverse-bar portions having wire-embedding bores extending
      longitudinally therethrough, said stem-bar portions having transverse
      wire-embedding bores through the second end thereof,
PA1  said units being arranged and disposed in alternately, longitudinally
      staggered relation with bores of said transverse-bar portions being
      aligned transversely of said body with the transverse bores of said
      adjacent stem-bar portions,
PA1  and a plurality of reinforcing and interconnecting wires extending
      transversely in spaced relation across said body and each passing through
      an aligned series of bores of said units.
NUM  2.
PAR  2. The structure and combination set forth in claim 1 wherein all of said
      elastomer units, with the exception of those defining the longitudinal
      edges of said body are of T-shape to provide said stem-bar portions and
      said transverse-bar portions,
PA1  said T-shaped units being arranged and interconnected in alternate,
      longitudinally staggered relation with the transverse-bars of the T
      disposed below and interconnected with said bore-provided ends of the
      stem-bar portions in complementary manner to produce and define
      longitudinally staggered rows of rectangular screening apertures.
NUM  3.
PAR  3. The structure set forth in claim 2 wherein the units defining the
      longitudinal edges of said sifting body constitute elastomer L-shaped bars
      with wire-receiving bores formed in the base portion of the L.
NUM  4.
PAR  4. A segmented screen body for classifying and screening fragmented
      hard-stock materials having in combination,
PA1  a multiplicity of individual, T-shaped, complemental, aperture-defining
      units constructed, at least mainly, of elastomer material,
PA1  said units each having a stem-bar portion extending in the direction of
      flow of the material to be screened and having a transverse T-head portion
      connected with one end of said stem-bar portion and having a longitudinal
      support-wire-receiving bore therethrough,
PA1  said stem portion having a transverse wire-receiving bore through its other
      end,
PA1  said units being arranged and positioned in alternately staggered rows,
      with the bores of said T-head portions being aligned transversely of the
      screen body with the transverse bores of the adjacent stem-bar portions,
      and
PA1  a plurality of supporting, reinforcing and interconnecting wires fixed and
      extending in spaced relation transversely across said body and each
      passing through an aligned series of bores of said units.
NUM  5.
PAR  5. The structure and combination set forth in claim 4 further characterized
      by:
PA1  said units being integrally formed from elastomer material and the
      thickness of said units being at least equal to the average width of said
      unit portions.
NUM  6.
PAR  6. The structure and combination set forth in claim 4 further characterized
      by:
PA1  said wires constituting tensioned flexible elements, and
PA1  the passage of said wires through said aligned bores of said units
      providing for independent hinge action of all of said units on said
      transverse spaced wires.
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ABST
PAL  The process of the present invention involves intermixing of industrial
      waste waters with household-communal waste waters with subsequent
      biochemical reduction of perchlorates and chlorates contained in said
      waters under anaerobic conditions by means of a strain of the
      microorganism Vibrio dechloraticans Cuznesove B-1168 grown by way of
      successive inoculations on a liquid nutrient medium containing sources of
      carbon, nitrogen, and phosphorus under anaerobic conditions in the
      presence of a perchlorate as a donor of oxygen; said strain having the
      following morphological characteristics and physiological properties:
      single cells, size 0.8-1.times.0.5-0.4.mu. mobile with one flagella of
      1.5-2.mu., bent-vibrio, sporeless, well-coloured with fuchsione and
      non-coloured with methylene blue, gram-negative; grows only on a liquid
      nutrient medium; does not grow on a meat-pentone agar or agarized medium;
      can be grown on an acetate under anaerobic conditions in the presence of a
      perchlorate; well-grown on ethanol with reduction of a perchlorate;
      lactose, starch, and salts of oxalic and citric acids cannot be used for
      reduction of perchlorates; glucose and sugars may be used but with
      diffuclties and only in the presence of a small amount of an acetate;
      reduces perchlorates and chlorates without dissolved gaseous oxygen in the
      presence of readily-oxidized organic substances; in minor amounts is
      capable of assimilating carbonic acid in proportion to the biomass growth;
      in small amounts capable of reducing nitrates to nitrites, i.e. an enzyme
      such as nitratereductase is present in cells; reduces perchlorates to
      chlorides at a rate of 5 g of a perchlorate for 3 days per 1 g of the
      biomass solids and may grow at a concentration of ammonium perchlorate of
      about 300 mg/l.
BSUM
PAR  The present invention relates to purification processes and, more
      specifically, to a process for purifying industrial waste waters from
      chlorates and perchlorates which may be useful in chemical industry.
PAR  Waste waters from chemical plants are toxic and cannot be drained into
      reservoirs without being preliminarily purified.
PAR  Known in the art is a process for purifying mine waste waters containing
      combined oxygen in the form of sulphates by means of microorganisms.
      Removal of SO.sub.4.sup.2.sup.-  is effected by means of sulphate-reducing
      bacteria Desulfovibrio desulfuricans, reduction, under anaerobic
      conditions, to hydrogen sulphide which reacts with iron and precipitates
      as iron sulphide. As the source of carbon and energy for these bacteria
      use is made of chips decomposition products resulting from the vital
      activity of heterotrophic microflora. (Cf. Tuttle J. H., Dygan P. R. at
      al., 1969, "Microbal Dissimilatory Sulfur Cycle in Acid Mine Water," J.
      Bacteriol, 97, No. 2, 549).
PAR  Bacteria Desulfovibrio desulfuricans cannot reduce perchlorates and
      chlorates, whereby purification of industrial waste waters containing
      perchlorates and chlorates is impossible to perform by means of these
      bacteria.
PAR  Also known in the art is a process of a biochemical purification of
      industrial waste waters containing combined oxygen in the form of
      inorganic compounds of hexavalent chromium, chlorine and a mixture
      thereof, which process comprises intermixing said industrial waste waters
      with household-communal waters containing organic substances, biochemical
      reduction of the oxygen-containing inorganic chromium and chlorine
      compounds under anaerobic conditions by means of an active silt with a
      simultaneous oxidation of organic substances of the household-communal
      waters (U.S. Pat. No. 3,755,156).
PAR  This prior art process has a disadvantage residing in a low rate of
      reducing perchlorates and chlorates with an active silt (5.1 to 5.9 mg per
      1 g of active silt (based on the solids per hour).
PAR  It is an object of the present invention to increase the rate of reducing
      perchlorates and chlorates in industrial waste waters.
PAR  This object is accomplished by means of a process of purification of
      industrial waste waters from perchlorates and chlorates by way of
      intermixing industrial waste waters with household-communal waste waters,
      biochemical reduction of the perchlorates and chlorates under anaerobic
      conditions, followed by separation of purified waters, in accordance with
      the present invention, the biochemical reduction of perchlorates and
      chlorates is effected by means of a strain of the microorganism Vibrio
      dechloraticans Cuznesove B- 1168 produced by way of successive
      inoculations on a liquid nutrient medium containing sources of carbon,
      nitrogen, and phosphorus under anaerobic conditions in the presence of a
      perchlorate as a donor of oxygen and having the following morphological
      features and physiological properties: single cells of a 0.8-1 by 0.5-0.4
      .mu. size; mobile with one flagella of 1.5-2 .mu.; bent -- vibrio;
      sporeless; well-colourable with fuchsione and non-colourable with
      methylene blue; gram-negative; grow only on a liquid nutrient medium; do
      not grow on a meat-pentone agar and on an agarized medium; may grow on an
      acetate under anaerobic conditions in the presence of a perchlorate;
      well-grown on ethanol with reduction of a perchlorate; not used for
      reduction of perchlorates are lactose, starch, salts of oxalic and citric
      acids; glucose and surgars may be used but with substantial difficulties
      and only in the presence of a small amount of acetate; reduce perchlorates
      and chlorates without dissolved gaseous oxygen and in the presence of
      readily-oxidizable organic substances; capable of assimilating, when in
      minor amounts, carbonic acid proportional to the biomass increase; capable
      of reducing, when in minor amounts, nitrates to nitrites, i.e. enzyme
      nitratereductase is present in cells; reduce perchlorates to chlorides at
      a rate of 5 g of a perchlorate for 3 days per 1 g of a dry substance of
      the biomass and may grow at a concentration of ammonium perchlorate of
      about 300 mg/l.
PAR  The strain Vibrio dechloraticans Cuznesove B- 1168 is deposited in the
      Institute of Microbiology of the USSR Academy of Sciences.
PAR  It is preferred that the strain Vibrio dechloraticans Cuznesove B- 1168 be
      introduced into a mixture of industrial and household-communal waste
      waters in an amount of 3 to 7 g/l calculated on the biomass dry substance,
      and the process be conducted by maintaining said microorganism in the
      state of a suspension.
PAR  The process according to the present invention is embodied in the following
      manner.
PAR  Industrial waters containing ammonium perchlorate are fed into a receiving
      homogenizer, wherein they are homogenized with respect to ammonium
      perchlorate concentration and then continously discharged into a closed
      tank (bio-reducer). Household-communal waters are fed into a settling
      vessel to remove coarse suspended particles by settling, wherefrom the
      resulting clarified waters are continuously delivered into said closed
      tank (bio-reducer). The amount of industrial and household-communal waste
      waters fed into the bio-reducer is adjusted so that the amount of readily
      oxidized organic substances with respect to BRO (biochemically required
      oxygen) introduced with household-communal waters is greater than the
      amount of combined oxygen in ammonium perchlorate introduced with
      industrial waters by at least 1.2 times. The closed tank (bio-reducer)
      volume is defined by the time required for biological reduction of
      ammonium perchlorate. The culture Vibrio dechloraticans Cuznesove B- 1168
      is continuously fed into the closed tank from the settling vessel at a
      rate ensuring a concentration of the enriched culture in the bio-reducer
      within the range of from 3 to 7 g/l based on the solids of the biomass.
      The mixture of industrial, communal-household waste waters and the culture
      Vibrio dechloraticans Cuznesove B- 1168 is continuously stirred in the
      atmosphere free from air oxygen and then continuously delivered to a
      settling apparatus, wherein the culture Vibrio dechloraticans Cuznesove B-
      1168 is settled, while clarified water purified from perchlorates and
      chlorates is drained. The culture Vibrio dechloraticans Cuznesove B- 1168
      is continuously pumped in a required amount into the bio-reducer.
PAR  The use of the culture Vibrio dechloraticans Cuznesove B- 1168 makes it
      possible to intensify the process of purification of waste waters from
      perchlorates and chlorates due to an increase in the speed of reduction of
      perchlorates and chlorates by 5-10 times as compared to the prior art
      process, whereby the purification time and volume of the process apparatus
      are substantially reduced.
PAR  The process of biochemical reduction of perchlorates and chlorates by means
      of microorganisms Vibrio dechloraticans Cuznesove B- 1168 proceeds rather
      rapidly and completely with the amount of readily-oxidized organic
      substances characterized by the BRO (biochemically required oxygen)
      exceeding the amount of combined oxygen of perchlorates and chlorates in
      the mixture by at least 1.2 times. The rate of reduction of perchlorates
      and chlorates is as high as up to 70 mg/g of the biomass solids per hour.
DETD
PAR  For better understanding of the present invention the following specific
      Examples illustrating the process for the purification of industrial waste
      waters from perchlorates and chlorates are given hereinbelow.
PAC  EXAMPLE 1
PAR  Industrial waste waters containing ammonium perchlorate are fed into a
      receiving homogenizer and continuously pumped therefrom into a bio-reducer
      at the rate of 200 l/hr and at the ammonium perchlorate concentration of
      600 mg/l.
PAR  Household-communal waters are fed into a settling vessel wherein they are
      settled, and the clarified waters with the BRO value (biochemically
      required oxygen) of 180 mg/l are pumped into the bio-reducer at the rate
      of 1 m.sup.3 /hr. The concentration of ammonium perchlorate in the mixture
      of industrial and household-communal waste waters is 100 mg/l at the BRO
      (biochemically required oxygen) value of 150 mg/l. The enriched culture
      Vibrio dechloraticans Cuznesove B- 1168 is continuously pumped into the
      bio-reducer. The concentration of said culture in the bio-reducer is 3.5
      g/l based on the biomass solids. The residence time of the mixture of
      industrial, household-communal waste waters and said culture Vibrio
      dechloricans Cuznesove B- 1168 in the bio-reducer under continuous
      stirring by means of mechanical agitators without access of oxygen is 1
      hour (the bio-reducer volume is 1.2 m.sup.3). During this time the
      perchlorate-ion is completely reduced to chlorides. The mixture of waters
      and culture from the bio-reducer is continuously discharged by gravity
      into a settling apparatus, wherein said culture is separated and settled,
      while the water purified from perchlorates is drained. The rate of
      reduction of perchlorate is 28 mg/g of the biomass solids per hour.
PAC  EXAMPLE 2
PAR  A closed vessel is charged with 1 l. of a medium with the composition as
      follows: K.sub.2 HPO.sub.4 100 mg/l; MgSO.sub.4 10 mg/l NaCl 20 mg/l,
      NH.sub.4 Cl 50 mg/l, microelements according to Hagedorn, Vitamin B.sub.12
      50 mcg, CH.sub.3 COONa 500 mg prepared using tap water, ammonium
      perchlorate 200 mg, and potassium chlorate 100 mg as well as 3 g of the
      pure culture Vibrio dechloraticans Cuznesove B- 1168. The vessel contents
      is maintained without access of oxygen (under anaerobic conditions) under
      continuous stirring by means of a mechanical agitator for 70 minutes.
      Thereafter, the stirring is discontinued, the culture Vibrio
      dechloraticans Cuznesove B- 1168 is settled in the vessel, and the water
      purified from ammonium perchlorate and potassium chlorate is drained by
      means of a siphon. During the operation, concentration of ammonium
      perchlorate (with respect to ion ClO.sub.4.sup.- ) and potassium chlorate
      (with respect to ion ClO.sub.3.sup.- ) is reduced to zero. Rate of
      reduction of ammonium perchlorate and potassium chlorate is 5 g/g of the
      biomass solids for three days or 70 mg/g of the biomass solids per hour.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the purification of industrial waste waters containing
      perchlorates and chlorates which comprises contacting such waste waters
      under anaerobic conditions with a strain of the microorganism Vibrio
      dechloraticans Cuznesove B-1168, and maintaining said waste waters in
      contact with said microorganism under anaerobic conditions until said
      perchlorates and chlorates in said waste waters have been reduced.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the strain Vibrio
      dechloraticans Cuznesove B-1168 is introduced into a mixture of industrial
      and household-communal waste waters containing perchlorates and chlorates
      in an amount of from 3 to 7 g/l calculated on the biomass solids and the
      process is conducted by maintaining said microorganism in a suspended
      condition.
NUM  3.
PAR  3. Method according to claim 1 wherein said microorganism is separated from
      the thus purified waste waters.
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ABST
PAL  A method of operating a filter centrifuge or centrifugal filter in which a
      hydrostatic head is provided at the filtering surface so as to control
      liquid passage therethrough. The head may promote movement of the liquid
      through the filter layer or may induce reverse flow of liquid for
      backwashing or rinsing. In addition, a hydrostatic balance may be provided
      at this surface through control of the head to limit passage of the liquid
      through the filter layer. Preferably the head provides a suction
      augmenting centrifugal filtration.
BSUM
PAC  1. Field of the Invention
PAR  The present invention relates to centrifugal filters or filter centrifuges
      and, more particularly, to improvements in filter centrifuge structures
      and especially to an improved method of operating a filter centrifuge.
PAC  2. BACKGROUND OF THE INVENTION
PAR  In general a fitler centrifuge or centrifugal filter comprises a rotary
      basket or drum which may be driven at high speeds centrifugally to cast a
      suspension of particulate material in a liquid phase against a filter
      medium, e.g. filter cloth lining the drum. The centrifugal force drives
      the liquid phase through the filter medium on which the solid phase is
      retained in a filter cake.
PAR  It has been proposed to increase the throughput of such filters by
      hydrodynamically increasing the pressure differential acrsoss the filter
      medium, e.g. by evacuating liquid from the far side thereof and/or
      applying a fluid pressure to the downstream side thereof with respect to
      the direction of flow of the liquid through the filter medium. A system
      which evacuates the space around the upstream side of the drum is limited
      in the pressure differential which can be applied by the vapor pressure of
      the liquid phase.
PAC  3. OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide an improved
      method of operating a centrifugal filter whereby disadvantages encountered
      with earlier systems can be avoided, more effective results can be
      obtained wit simpler filter structures, and control of a filtration
      process if facilitated.
PAR  It is another object of the present invention to provide a centrifugal
      filter of simple construction and facility of control, which structure
      also is characterized by throughput as desired.
PAC  4. SUMMARY OF THE INVENTION
PAR  These objects and others which will become apparent hereinafter are
      attained, in accordance with the present invention, in a method of
      operating a filter centrifuge, especially for the filtration of
      suspensions to separate a liquid phase from the solid phase, in which a
      suction effect is provided at the filter medium and wherein the filter
      centrifuge is provided with a liquid-collecting compartment having at
      least one discharge opening.
PAR  According to the invention, radially outwardly of the filter medium there
      is provided a liquid column or head which generates a hydrostatic pressure
      acting at the filter cake and controllable to regulate the pressure
      differential across the filter medium and/or the filter cake. While the
      hydrostatic head can also be provided by a controlled pumping action or by
      throttled outflow, it is preferred to form a further compartment in fluid
      communication with the liquid-collecting compartment through the
      aforementioned discharge opening or openings so that a level difference
      (as measured radially from the axis), exists in the two compartments to
      establish the liquid head. According to the invention, therefore, a
      hydrostatic head, as distinct from the hydrodynamic pressure differential
      used heretofore, is controlled to adjust the ratio of the pressures to
      opposite sides of the radially outer surface of the filter cake and
      thereby regulate the passage of liquid through the filter cake and the
      filter medium or create a condition in which liquid passage therethrough
      is at standstill.
PAR  The system just described does not, therefore, utilize the hydrodynamic
      suction effect of conventional system to induce liquid transport across
      the interface between the filter medium and the deposited solids, but
      rather relies upon a hydrostatic effect (siphon effect) at this interface
      or the so-called displacement principle to provide suction inducing the
      transport of liquid across the interface. In other words, the process of
      the present invention utilizes the static component of the BERNOULLI
      equation compared to which the dynamic component is negligible.
PAR  The utilization of the hydrostatic suction effect allows correspondingly
      higher filtrate throughputs to be achieved such that a suction of about 10
      meters (water column) below atmospheric and corresponding to the vapor
      pressure of the liquid used is attainable. Such suction levels have not
      even been approximated with prior-art filter centrifuges without enormous
      expenditure.
PAR  According to another feature of the invention, prior to the main
      filtration, air is eliminated from the collecting compartment and is
      excluded therefrom by the liquid present therein and in the centrifuge
      drum. Thus the present invention further comprises the step of expelling
      air from the collecting compartment preferably by the backflow of liquid
      into the latter from the other compartment of the liquid head. The air is
      thus expelled through the filter medium and a liquid contrinuum is created
      at least from the interface between the filter medium and the collected
      solids to the free liquid surface of the other compartment of the liquid
      column.
PAR  Throughout this description, reference will be made to a liquid head or a
      liquid column, terms which are commonly used in systems in which the
      liquid is confined in a column as in a manometer. This terminology has
      been adopted here notwithstanding the fact that the collecting compartment
      is an annular chamber and that the other compartment communicating
      therewith and axially offset from the liquid-collecting compartment is
      also generally an annular chamber. Since the present system is concerned
      with a centrifugal arrangement, the free surface of the liquid in the
      other compartment will lie at a distance R from the axis of rotation of
      the drum. The aforementioned interface may lie at radial distance r from
      the axis of the drum so that R = r + h, where h is the radial difference
      (R - r) and corresponds to the difference between liquid levels in a
      U-type manometer tube. While in a manometer tube the difference between
      liquid levels represents a pressure differential or head depending upon
      the liquid density and the gravitational force at the location of the
      manometer, in a centrifugal system the head is a function of this
      dimension h, the liquid density and the centrifugal acceleration. Hence
      the distance h represents a true liquid head and the continuum of liquid
      from the interface to the free surface constitutes a hydrostatic liquid
      "column" generating this head. In the system in which the free surface of
      the other compartment lies radially outwardly of the interface between the
      filter medium and the collected solids and a continuum of liquid is
      established between this interface and the free surface, the head h is a
      suction head tending to displace liquid through the filter cake and the
      filter medium. When the free surface lies radially inwardly of the
      interface, the head tends to displace liquid in the opposite direction
      (from the exterior inwardly) through the filter medium to drive air
      therefrom to commence siphon action. The substantial exclusion of air is
      thus necessary in the establishment of the liquid continuum upon which the
      hydrostatic effect previously described is based.
PAR  According to another feature of the invention the liquid is not discharged
      from the collecting compartment during the discharge of air therefrom.
PAR  It has previously been mentioned that the liquid head for displacing the
      liquid through the filter medium of the centrifuge is constituted as the
      differential head of two interconnected liquid columns. In the case in
      which both these columns have equal heights (measured along the radius),
      the system resembles a U-tube with equal-length arms such that the
      hydrostatic pressure differential is eliminated and the only filtration
      which can occur is that brought about by pumping action.
PAR  The levels of the two liquid columns which generate the resultant pressure
      differential or head mentioned previously, should most advantageously be
      adjusted radially externally of the filter cake. This adjustment can be
      carried out so that the pressure differential approximate the vapor
      pressure of the liquid so that a further drop below the vapor pressure of
      the liquid results in a transformation of a portion of the liquid column
      to the vapor phase. The differential head is preferably steplessly
      adjustable between the vapor pressure of the liquid (maximum filtration)
      and a negative pressure differential of several atmosphere (corresponding
      to the backflow of liquid) through a pressure differential which, in
      dependence upon the centrifugal action, brings about standstill of the
      liquid phase of the interface.
PAR  A reduction of the filtration throughflow velocity is desirable, for
      example, upon changeover from filtration to washing under conditions in
      which the penetration of air into the filter cake is to be avoided. A
      protracted filtration (low filtrate flow rate) is also desirable for
      solvent washing, extraction processes and similar techniques. Furthermore,
      it is frequently desirable to fill this centrifuge during an interlude of
      low or throttled filtrate flow rates to obtain a uniform distribution of
      the solids over the interior of the centrifuge drum and without reducing
      the speed of the drum as has been required heretofore.
PAR  To exclude air from the system and establish the liquid continuum, a liquid
      is intially introduced through the discharge compartment and the opening
      or openings connecting same with the liquid-collecting compartment, i.e.
      by an initial reverse flow of liquid toward the filter medium from the
      exterior of the drum. This drives any air trapped in the collecting
      compartment through the filter cake and it has also been found to be
      desirable to force a portion of this liquid through the filter cake or the
      filter medium. A reverse flow of this type may be used whenever air
      accumulates in the collecting compartment and threatens to interrupt the
      liquid continuum or whenever a washing of the collected solids is required
      or rinsing (backwashing) of the filter medium is desirable.
PAR  According to another feature of the invention, externally of the
      liquid-collecting compartment and preferably in the centrifuge housing,
      there is established a controllable superatmospheric pressure with a
      gaseous medium. Under these circumstances the effective filtration
      pressure can be the sum of the super-atmospheric pressure applied to the
      centifuge housing and the head developed by the liquid columns. The
      superatmospheric pressure can be, for example, two bars. This can increase
      the effective hydrostatic suction head to about 20 meters (water column as
      calculated at the acceleration of gravity) which would correspond to an
      acceleration of 500 G at the drum with a radial head h of about 40 mm.
PAR  According to another important feature of the invention, during the main
      filtration process, only sufficient liquid is withdrawn through the
      discharge opening that a surface of the suspension is formed radially
      within the filter medium and is there maintained. It will be appreciated
      that normal filtration generally operates with the approach that the
      liquid phase (filtrate) should be drained as rapidly as possible so that
      the suspension (solid particles dispersed in the liquid phase) has no free
      or continuous surface within the filter medium or inwardly thereof in a
      filter centrifuge unless the latter is not operating with a sufficient
      throughput. However, the present system operates most effectively when a
      liquid continuum is maintained within the liquid-collecting chamber or
      compartment and up to at least the interface between the filter medium and
      the accumulated and collected solids forming the filter cake upon the
      filter medium. It has been found that the effect of this continuum is
      augmented by limiting the rate at which the liquid phase is drawn through
      the filter medium so that radially inwardly thereof the continuum is
      maintained by the suspension of solid particles in the liquid phase. This
      ensures that the "displacement"-type suction commences within the filter
      cake or immediately adjacent the latter and that air will not penetrate
      into the filter cake or into the liquid-collecting compartment to
      interrupt the liquid continuum prematurely.
PAR  Advantageously, to choke off the filtration (passage of filtrate through
      the filter medium) the two liquid columns to either side of their
      connecting passages are adjusted so that the pressures on opposite sides
      of the radially outermost surface of the filter cake are approximately
      equal. This can be obtain by increasing the radial height of the liquid in
      the axially outermost compartment, thereby reversing the pressure head to
      balance the head of the liquid within the drum as measured radially
      inwardly from this outermost surface of the filter cake. With this
      technique, the filtration can be brought completely to standstill, a
      possibility which is significant not only for the interchange from a
      filtration operation to a washing operation, but also when fresh
      suspension is not supplied and an interruption of the liquid continuum is
      undesirable. For example, assume that the supply of the suspension to be
      filtered is interrupted. The liquid phase previously forming the
      suspension would otherwise traverse the filter cake and the filter medium
      and permit air to enter the filter cake, the filter cloth and even the
      liquid-collecting compartment. Before filtration is commenced anew, it
      would be necessary to drive out the air which has thus penetrated as
      previously described for the initial steps in the filtering process. When,
      however, hydrostatic balance is achieved at the outer surface of the
      filter cake, i.e. at the interface between the filter medium and the
      filter cake, the throughflow of the liquid phase can be terminated with a
      layer of liquid overlying the filter cake or at least the filter medium so
      that air penetration is not a problem.
PAR  It has been found to be desirable that, upon termination of the main
      filtration, the pressure radially outwardly of the filter cake be so
      adjusted that a reduction of the level of the suspension surface with
      respect to the filter cake is effected in a progressive manner, until
      finally the surface of the liquid lies at the radially outer surface of
      the filter cake. This progressive draining of the filter cake under the
      hydrostatically controlled pressure promotes drying of the filter cake.
PAR  Accoring to the apparatus aspects of the invention, the filter centrifuge
      of the present invention can comprise a housing enclosing a filter drum
      which is rotatable about a horizontal axis and is formed with a perforated
      or otherwise liquid-permeable supporting surface centered on the axis and
      adapted to carry the filter medium, e.g. a layer of filter cloth lining
      the interior of the drum. The drum is formed, outwardly of this
      liquid-permeable surface, with the liquid-collecting compartment which
      communicates at a location radially spaced from the filter medium with the
      discharge outlet. According to a feature of the invention, a wall lying in
      a plane perpendicular to the axis forms the base of the drum and is, in
      turn, formed with the discharge apertures which open into the
      aforementioned "other" compartment axially offset from the
      liquid-collecting compartments and likewise annularly extending around the
      axis of the drum. The two compartments are thus disposed on opposite sides
      of the wall. Means is provided for adjusting the level of the liquid in
      this other compartment which, together with the liquid-collecting
      compartment form a pair of liquid columns having liquid levels which may
      lie at different radial distances from the axis to define the hydrostatic
      head mentioned previously. The term "level" is here used to describe the
      position of the liquid surface in the compartment as centrifugally created
      and disposed at the desired distance from the axis.
PAR  According to a particularly advantageous features of the invention, the
      outlet openings are connected with a siphon arrangement which may be
      constituted by the annular liquid-collecting compartment, the discharge
      openings and the annular discharge compartment which is likewise
      concentric with the axis of the rotation of the centrifuge and which
      communicates with the dischatge openings by inlet openings in the wall of
      the discharge compartment. When the inlet and discharge openings are at
      the same distance from the axis of rotation of the drum, they may simply
      be opposite sides of bores formed in the wall defining the base of the
      drum and separating the two compartments from one another. In another
      construction, however, whereby the head can be greater than in the
      embodiment just described, the discharge or second compartment is disposed
      radially outwardly of the liquid-collecting compartment and the inlet
      openings are connected with the discharge openings by tubes. In either
      case, the discharge compartment is preferably formed with an inwardly
      extending annular apron constituting a discharge weir whose edge is spaced
      from the axis by a radial distance less than the radial distance of the
      inlet openings from the axis.
PAR  In another embodiment of the present invention, in which the two
      compartments also form a siphon arrangement, the inlet openings may be at
      the same distance from the axis or at a greater distance from the axis
      than the outlet openings and the discharge weir has a circumferential edge
      corresponding to the distance of the filter medium from the axis or even a
      greater distance. Where the weir lies closer to the axis than the filter
      medium, means is provided for removing liquid from within thd discharge
      compartment at a location radially outwardly of the filter medium from the
      axis so that the head may be formed. The latter means preferably
      constitutes a skimmer tube whose skimming end or mouth can adjustably be
      disposed in the region between the distance of the filter medium from the
      axis and the distance of the inlet openings therefrom. Preferably the
      skimmer end is displaceable by swinging the skimmer tube about an axis
      parallel to the axis of rotation of the drum and advantageously disposed
      between the skimmer mouth and the drum axis.
PAR  With this embodiment it is possible to permit the liquid level in the
      annular discharge chamber to have a greater radius than the
      liquid-collecting compartment (as measured from the axis of the drum) and
      thereby create a negative head, i.e. a hydrostatic head favoring passage
      of the filtrate through the filter cake and the filter medium. The head
      corresponds to the product of the difference between the radii of the
      liquid level, the centrifugal acceleration and the density of the liquid.
      The difference between the radii corresponds by a similar arithmetic
      procedure to the hydrostatic differential between the pressure in the
      interior of the centrifuge drum and the reduced pressure in the
      liquid-collecting chamber.
PAR  This reduced pressure can be lowered to a value corresponding to the vapor
      pressure of the liquid at the controlling temperature and is automatically
      maintained by the centrifuge according to the present invention using the
      combination of a siphon and a liquid skimmer. Of course, the pressure
      differential across the filter cake and filter medium also depends upon
      the supply of liquid and the flow of liquid from the filter cake.
PAR  With a constant liquid level in the discharge part of the siphon device,
      for example, by an appropriate adjustment of the mouth of the skimming
      tube, the throughflow of liquid traversing the perforated wall of the drum
      into the liquid-collecting compartment is maintained constant even as the
      solids accumulate on the inner wall of the drum. The liquid flow across
      the filter medium is thus equal to the liquid removed over a given time
      span from the discharge compartment of the siphon. The suction is
      maintained at the filter medium until influx of the suspension terminates
      and liquid is drained from the system so that air begins to enter the
      filter cake. Between the commencement of filtration and this interruption
      of the liquid continuum, the suction filtration is automatic and
      self-regulating without any special need or expense for control.
PAR  The separation of suspensions with the filter centrifuge of the present
      invention thus can be designated primarily as a pressure-stage filtration.
PAR  According to a feature of the invention, the inwardly open outer
      compartment, which may be generally trough-shaped, can be formed with a
      plurality of openings at different distances from the axis of rotation of
      the centrifugal drum and selectively openable to adjust the radial level
      of the liquid in this outer compartment. Thus, after liquid completely
      fills the liquid-collecting compartment and has reached a corresponding
      level in the outer compartment, a port radially spaced from the axis by a
      distance greater than the radial spacing of the suspension surface within
      the drum, can be opened to generate a hydrostatic head promoting suction
      through the filter medium.
PAR  Alternatively, or in addition, the outer compartment can be provided with
      an inwardly extending annular apron lying in a plane perpendicular to the
      axis and having an inner edge which lies radially outwardly of the filter
      medium to form a weir across which the liquid can flow in accordance with
      siphon principles. When this weir arrangement is used, the liquid can be
      deflected through a further bend to increase the siphon force or form a
      trap preventing the influx of gas into the system.
PAR  It has also been found to be advantageous in some cases to provide a simple
      outlet or constriction for the liquid-collecting compartment which may be
      formed by a throttle valve or the like designed to have the same effect as
      the outer compartment mentioned earlier. In this case, the outlets from
      the liquid-collecting compartment must be deposited at a greater radial
      distance from the axis of the drum than the filter medium.
PAR  According to still another feature of the invention, means is provided for
      evacuating air or other gases from the space around the filter medium,
      i.e. the liquid-collecting compartment, to facilitate filling of the
      latter with liquid whether from an external source or from the filtrate of
      the suspension which is to be separated. To this end, passages may be
      provided in a wall of the liquid-collecting compartment and can open
      radially outwardly of the filter medium, these passages being connected to
      a suction pump built into the drum or remote therefrom. Alternatively, a
      check valve may be provided to permit unidirectional displacement of air
      out of the system by the filtrate or a siphon-starting liquid.
PAR  It has also been found to be advantageous in some cases to provide the
      liquid-collecting compartment between a fixed housing structure and the
      rotatable drum and, for this purpose, the drum may be provided with one or
      more radially extending annular projections which extends into annular
      pockets of the fixed housing or merely subdivide the fixed housing into
      the liquid-collecting compartment of the compartment from which liquid is
      drained to sustain the siphon effect. In order to reduce the frictional
      effect of relative rotation of the liquid and the rotating drum or the
      stationary housing, means may be provided along the exterior of the drum
      to effect entrainment of the liquid in the collecting compartment or the
      liquid-collecting compartment itself may be reduced in axial width by
      providing it between a pair of inwardly extending axially spaced annular
      partitions flanking a pair of outwardly extending annular vanes disposed
      inwardly of the end of the drum.
PAR  In accordance with still another feature of the invention, the
      liquid-collecting compartment is provided on the drum and the latter has a
      centrifugally closed valve which prevents escape of liquid until level (in
      the radial sense) builds up sufficiently to sustain a siphon-type suction
      at the filter medium. The valve can have a flow which responds to the
      liquid level to open the outlet and permit throttled drainage of the
      liquid-collecting compartment.
PAR  In general, the centrifuge will have a horizontal axis of rotation and the
      liquid-collecting compartment will extend circumferentially around the
      filter medium which may be a filter cloth supported on a perforated plate,
      grate or the like. While it is preferred to have the liquid-collecting
      compartment increase in cross section toward the outer compartment, it is
      also possible to constitute the liquid-collecting compartment only of the
      interstices of the grate, grid or the like supporting the filter medium.
      In the latter case tubes or the like can connect the liquid-collecting
      space with the outer space disposed radially outwardly of the filter
      medium. The drum may also be formed with a plate subdividing the
      liquid-collecting compartment from the outer compartment and providing the
      clearance radially outwardly of the filter medium through which liquid
      communication is established or formed with bores establishing such
      communication.
DRWD
PAC  5. BRIEF DESRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is a longitudinal section, somewhat in diagrammatic form, of a
      centrifuge according to the present invention;
PAR  FIGS. 1A and 1B are sectional views taken generally along the line IA-- IA
      of FIG. 1;
PAR  FIG. 2 is a section of a fragment of a centrifuge according to another
      embodiment of the invention but with functional characteristics similar to
      those of the centrifuge of FIG. 1;
PAR  FIGS. 3a - 3e are diagrammatic longitudinal sections illustrating
      additional centrifuge configurations according to the present invention;
PAR  FIG. 4 is an axial cross-sectional view through a filter-centrifuge drum
      provided with an air-suction device for drawing air from the
      liquid-collecting compartment;
PAR  FIG. 5 is an axial cross-sectional veiw through a filter-centrifuge drum
      provided with another air suction device and a closure for the
      liquid-collecting compartment;
PAR  FIG. 6 is an axial cross-sectional view through a filter centrifuge
      provided with another air-suction arrangement for filling the siphon;
PAR  FIG. 7 is an axial cross-sectional view of a filter centrifuge drum in
      which the air-withdrawal device likewise constitutes the system for
      draining the liquid phase;
PAR  FIG. 8 is an axial cross-sectional view through a drum of centrifugal
      filter in which the siphon is provided with means for increasing the
      hydrostatic suction force;
PAR  FIG. 9 is an axial cross-sectional veiw through a filter centrifuge drum
      provided with other means for removal of gas, e.g. including check valves;
PAR  FIG. 10 is an axial cross-sectional view through a portion of a filter
      centrifuge drum representing a modification of the system of FIG. 7;
PAR  FIG. 11 is a view similar to FIG. 10 but representing another modification;
PAR  FIG. 12 is an axial cross-sectional view of the siphon portion of a filter
      centrifuge drum having an additional suction device;
PAR  FIG. 13 is a view similar to FIG. 12 and like FIG. 12 represents a
      modification of the system of FIG. 5 in which the suction device is formed
      by a liquid jet pump or ejector; and
PAR  FIG. 14 is an axial cross-sectional view through the lower portion of
      another filter centrifuge drum having a float-controlled discharge opening
      for the liquid-collecting compartment.
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PAC  6. SPECIFIC DESCRIPTION
PAR  In FIGS. 1, 1A, 1B and 2, similar reference numerals have been used to
      designate similarly functioning parts. In these Figures, there has been
      illustrated a centrifugal filter having a filtering drum 1 which is formed
      with a perforated cylindrical shell or wall 2 mounted upon a shaft 3 for
      rotation about the horizontal axis of this shaft. The drum 1 is formed
      with a jacket 4 which defines a liquid-collecting compartment 5 radially
      outwardly of the later 7 of solids collected along the inner wall of this
      drum. In the embodiment of FIG. 1 and FIGS. 1A and 1B this
      liquid-collecting compartment increases in cross-section axially toward
      the base of the drum and in both FIG. 1 and FIG. 2, the liquid-collecting
      compartment 5 reaches substantially to the radially outermost surface of
      the collected solids. Thus in the embodiment of FIG. 1, the
      liquid-collecting compartment 5 includes the perforations of the
      cylindrical wall 2.
PAR  The liquid-collecting compartment thus represents the totality of all of
      the interstices of the filter medium, e.g. a filter cloth 6 and all of the
      openings and passages of the perforated plate or grate supporting this
      filter medium. Any further spaces radially outwardly of the medium and
      communicating with the supporting perforated plate or grate likewise is
      considered to constitute part of the liquid-collecting compartment.
PAR  The filter medium 6, which has been illustrated diagrammatically as a
      filter cloth but may be a preformed layer of filter particles or any other
      medium permeable to the liquid phase whose flow cross-section is such as
      to prevent passage of the solid phase, rests upon the perforated shell 2
      in the embodiment of FIG. 1 and, in turn, supports the filter cake 7 of
      collected solids.
PAR  The base of the drum (FIG. 1) is formed with a wall 8 which separates the
      liquid-collecting compartment 5 from a discharge compartment 11 which is
      disposed in axially offset relationship with repsect to the
      liquid-collecting compartment 5.
PAR  The compartment 11 is thus defined between the drum base 8 and an annular
      wall or apron 9 lying parallel to the drum base 8 in a plane perpendicular
      to the axis of rotation of the drum. A narrow axially-extending
      cylindrical wall 10 bridges the walls 8 and 9 and thus constitutes of the
      compartment 11, an inwardly opening annular trough for which the wall 9
      functions as a weir. The floor 10 of the compartment 11 lies radially
      outwardly of the perforated wall 2 of the drum and hence the extreme outer
      face of the filter 7.
PAR  In the region of its largest diameter, the liquid-collecting compartment 5
      is formed with a plurality of individual discharge openings 12 which
      communicate with inlet openings 13 in the drum wall 8 in the region of the
      largest diameter of the annular compartment 11, i.e. in the region of the
      trough bottom 10.
PAR  A swingable skimmer tube 14 projects downwardly into the trough-shaped
      compartment 11 and has a tube end 15 so adjustable that it may be moved
      from an inner position close to the radial distance of the inner filter
      cake surface from the axis to a position close to the regions of the
      openings 13. The range of mobility has been illustrated in FIGS. 1A and 1B
      from which the configuration of the skimmer tube can also be noted. The
      tube end 15 opens against the sense of rotation of the drum so that the
      liquid in the trough-shaped compartment 11 rotationally entrained by the
      drum, for example, in the counter-clockwise sense A as represented in
      these Figures, is carried into the oppositely open end 15 of the tube 14
      which, in turn, carries the liquid away to maintain the liquid level in
      compartment 11 substantially at the position of the mouth 15. The tube 14
      is mounted upon a horizontal pipe 14a which is swingable in a seal 14b
      about a horizontal axis B parallel to the horizontal axis C of rotation of
      the drum. A supply device 16 serves to introduce the suspension into the
      filter drum 1. This supply device may comprise a duct 16a formed with a
      control valve 16b for establishing the flow of the suspension to the drum
      and a distributing head 16c for spraying the suspension substantially
      uniformly over the axial length of the inner wall 2 of this drum.
PAR  A scraping arrangement 17 is provided to remove the collected solids from
      the filter cake 7 and comprises an adjusting element 18. The scraper
      arrangement and the adjusting element are of known configuration and can
      include a blade 17a at the upper edge of a hopper 17b which communicates
      with a chute 25 leading from the housing 20 of the centrifuge. A valve 25a
      diagrammatically represents means for blocking the chute during the
      filtering process to prevent loss of pressure within the centrifuge.
PAR  In the system illustrated in FIGS. 1 and 2, a filling tube 19 is provided
      for delivering liquid as controlled by a valve 19a to the trough-shpaed
      compartment 11 for starting the siphon action and driving air from the
      siphon arrangement. Of course, this function may also be performed by the
      skimmer tube 14 with appropriate repositioning of the valve 19a to
      communicate therewith.
PAR  The housing 20 encloses the centrifuge drum and hermetically seals the
      latter. A pipe 21, connected via valve 21a or another suitable control
      element, can communicate with a compressor or a source of inert gas (i.e.
      a tank of nitrogen or argon) to pressurize the centrifuge. The pipes,
      ducts, etc. 16, 17, 14, 18 and 19 as well as the shaft 3 are in the usual
      manner sealed with respect to the housing 20. A seal for this purpose has
      been shown at 22 which hermetically retains the pressure within the
      housing 20 but permits rotation of the shaft 3. The apparatus has a
      conventional drive (not shown) for the latter shaft.
PAR  In the apparatus of FIG. 2, the liquid-collecting compartment 5 differs
      from that of FIG. 1 in that it consists only of the relatively small
      spaces around a supporting grate 23 for the filter cloth 6. The grate 23
      may be made of bars or wires running circumferentially along the inner
      wall of the drum shell 26 and carrying the filter cloth. Of course, a
      grid, screen or like arrangement may also be used. In the embodiment of
      FIG. 2, moreover, the outlet openings 12 are formed directly in the
      cylindrical wall of the sheel 26 and are connected by short bent tubes 24
      with the inlet openings 13 of the annular discharge compartment 11. In
      this embodiment, as in the embodiment of FIG. 1, a skimming device 14 of
      adjustable penetration into the trough-shaped compartment 11 is employed.
PAR  The system of FIGS. 1, 1A, 1B and 2 operates substantially as follows:
PAR  At normal (ambient) pressure within the housing 20, liquid is admitted by
      the filling pipe 19 into the compartment 11 of the drum which is rotated
      at its normal centrifugal filtration speed. No suspension is to be found
      within the drum and no filter cake overlies the filter cloth. Liquid
      (water) is admitted in this fashion until the level in the
      liquid-collecting compartment 5 rises to the filter medium 6 or extends to
      a small distance radially inwardly thereof. During this procedure, all of
      the air is driven out of the liquid-collecting compartment 5. The mouth 15
      of the skimmer tube 14 is, during this period swung radially inwardly to
      the maximum extent permitted by the structure (see FIG. 1B).
PAR  Using the feed device 16, the suspensiom of solid particles in liquid (e.g.
      water) is introduced into the interior of the drum and is centrifugally
      distributed uniformly over the interior of the drum. The filtrate tends to
      displace the previously introduced liquid from the liquid-collecting
      compartment 5 until its level within the interior of the drum 1 and the
      level in the annular compartment 11 are identical.
PAR  The flow of filtrate through the system is then accelerated by swinging the
      mouth 15 of the skimmer tube 14 radially outwardly as quickly as possible,
      the liquid being driven into the mouth of the tube and out of the system
      by the pumping action of the drum. Since this immediately lowers the
      liquid level in the outer compartment 11 to that determined by the setting
      of the mouth of skimmer tube 14, a hydrostatic pressure drop is applied
      across the liquid column between the moutn of the skimmer tube 14 and the
      surface of the liquid within the drum. A similar suction can be measured
      between the outlet opening 12 and the inlet opening 13. The suction force
      augments the filtration by centrifugal action.
PAR  The suction force is, as previously noted, a function of the difference in
      the levels of the liquid in the annular compartment 11 and the
      liquid-collecting compartment 5, representing the reduced pressure
      manifested in an upright-tube manometer. In this case, the liquid level in
      the liquid-collecting compartment 5 can be represented at r and is
      considered to lie just at the filter cloth while the liquid level in the
      outer compartment is considered to be at R, both distances being measured
      from the axis B of rotation of the drum. As a consequence, the head is a
      function of the difference h = (R - r) and, of course, is also a function
      of the centrifugal acceleration and the density of the liquid. For
      continuous operation, the supension is permitted to flow continuously into
      the drum by the feed arrangement 16 and the skimmer tube 14 is maintained
      in the position shown in FIGS. 1 and 1A so that a liquid continuum
      maintains the syphon over the entire filtering interval. More generally
      and most advantageously, the suspension is introduced intermittently into
      the drum and the above-described sequence of steps is repeated for each
      fresh introduction of the suspension, i.e. the skimmer tube is swung
      rapidly into the trough 11 for each fresh addition of suspension to
      accelerate the filtration.
PAR  The reduced pressure brought about by the siphon effect generally cannot,
      of course, lie below the vapor pressure of the liquid at the operating
      temperature although it can reach this pressure by merely appropriately
      dimensioning the radii of the liquid-collecting compartment 5 and the
      annular trough 11 and with an appropriate removal of liquid from the
      latter.
PAR  The suction effect can be augmented when, where a filter cake 7 is present
      in the centrifuge, the liquid introduced at 19 is first forced through the
      filter cake and preferably has a level slightly inwardly thereof upon
      startup of the centrifuge. In this case, the filtrate is rapidly drawn by
      the siphon effect through the filter cake as well as the filter medium.
      The air trapped within the filter cake is thereby first displaced by the
      backflow of the siphoning liquid.
PAR  Upon commencement of filtration, the mouth of the skimmer tube 14 is swung
      inwardly and simultaneously the pressure in housing 20 can be increased so
      that the gas pressure differential across the siphon is augmented at the
      same time as the siphon liquid is accelerated by extraction of liquid from
      the annular trough 11. In this case, the annular trough 11 may be held
      under atmospheric pressure while the elevated pressure is applied at the
      interior of the drum. Of course, in the embodiment illustrated in FIG. 1,
      the interior of drum 1 and the annular compartment 11 are both exposed to
      the same elevated gas pressure and this pressure serves to drive fluid out
      of the trough 11 through the skimmer tube 14. The pressure may be provided
      in the form of an inert gas atmosphere in accordance with the principles
      of pressure-stage filtration.
PAR  In FIGS. 3a - 3e there are illustrated various modifications of a filter
      centrifuge according to the present invention.
PAR  In FIG. 3a, for example, the centrifuge drum, which has been illustrated
      diagrammatically, comprises a liquid-collecting chamber 30 surrounding the
      filter medium 36 and communicating by apertures in the base of the drum
      with a trough-shaped annular compartment 33. These apertures lie along the
      outer periphery of the drum and are constituted as simple bores whose side
      turned toward the liquid-collecting compartment 30 is represented as
      outlets 31 while the side turned toward the annular trough 33 is
      represented as inlets 32. The annular compartment 33 is formed with a wall
      34 functioning as a weir, the weir edge 35 being disposed outwardly of the
      filter medium 36. In other words, the radial distance between the axis of
      rotation of the drum and the overflow edge 35 of the weir 34 is greater
      than the radius of the filter medium 36 but smaller than the spacing of
      the inlet openings 32 from the axis. Since the edge 35 lies outwardly
      (radially) of the filter medium, the siphon effect induces continuous
      suction until the liquid level in the collecting compartment 30 moves
      outwardly to the level of this edge. The system of FIG. 3a can thus
      operate without a skimmer tube.
PAR  In FIG. 3b, there has been illustrated a system of the type generally
      discussed in connection with FIGS. 1A and 1B, and in which a skimmer tube
      37 has a swingable mouth or end 38 which can penetrate into the inwardly
      open circumferential trough 33 in the operative position of this tube. In
      an inoperative position, however, the mouth of the skimmer tube may be
      swung inwardly beyond the overflow edge 35 of an apron 39 forming a weir.
      In this embodiment, the edge 35 lies somewhat inwardly of the filter
      medium 36. The other elements of the drum of FIGS. 3b bear reference
      characters identical to the corresponding elements of FIG. 3a. In
      operation, the weir 35, 39 is effective during initial filling of the
      apparatus with the suspension and until the level of the suspension within
      the drum has reached the level (radial) of the edge 35. At this point, the
      skimmer tube 37 may be swung about its axis (parallel to the axis of the
      drum) to bring its end 38 rapidly into the trough 33 to increase the
      suction action as described in connection with FIGS. 1 and 2. The radial
      distance between the edge 35 and the axis may coincide with the innermost
      surface of the filter cake overlying the filter medium 36 in the maximum
      thickness of the filter cake. Preferably, however, the radial distance of
      edge 35 from the axis of the drum is approximately equal to, or slightly
      greater than, the radial distance of the filter medium 36 from this axis.
PAR  In the modification of FIG. 3c, the liquid can be drawn off from the
      annular trough 33 through bores spaced apart at different radial distances
      from the axis, thereby eliminating the need for a skimmer tube although
      the skimmer tube as described in conjunction with FIGS. 1, 1A, 1B, 2 and
      3b can also be used to supplement these bores. The bores 40 are formed in
      the apron or wall 39 defining the annular compartment 33 and are provided
      with plugs which have been diagrammatically illustrated at 30a in FIG. 3c.
      These plugs each carry stems 40b which are turned inwardly and are
      received in U-channels 40c of actuating members 40d so that the stems 40b
      may freely rotate and can be axially withdrawn (arrow D) to open the
      respective bores. The bores 40, at different distances from the axis, may
      be selectively opened or closed to establish the desired level of liquid
      in the trough 33 and hence the suction effect. A filling tube 42,
      analogous to the tube 19 described in connection with FIGS. 1 and 2, may
      be provided to supply liquid to the trough 33 to drive out air from the
      system and to begin the siphon action. The innermost edge of the apron 39
      here preferably lies inwardly of the filter medium 36 at least to the
      extend illustrated and described also in connection with FIG. 3b.
PAR  In the embodiment of FIG. 3d, the siphon effect is similar to that
      generated in FIG. 3a, i.e. derived from the fact that the overflow edge of
      the weir formed by the apron lies radially outwardly of the filter medium
      36. In this embodiment, the outlet compartment 45 is annular and
      communicates via circumferentially spaced siphon tubes 43 whose discharge
      and inlet protions are represented at 31 and 32 and correspond to the
      similarly designated elements of the embodiments of FIGS. 3a - 3c. Each of
      these siphon tubes 43 is provided with a closure member 44, e.g. a
      butterfly valve, to prevent a premature draining of liquid from the siphon
      and entry of air into it when the suspension supply to the drum terminates
      or the liquid level within the drum falls toward the level defined in the
      weir. The valve members 44 may be actuated automatically, e.g. by a float
      system as will be described in greater detail hereinafter, or by some
      operator-controlled actuating arrangement as described in conjunction with
      FIG. 3c. By preventing liquid draining beneath the inner surface of the
      filter cake, penetration of air into the latter, into the filter medium
      and into the liquid-collecting compartment can be precluded and the time
      required for driving air from the system and re-establishing the liquid
      continuum can be conserved.
PAR  FIG. 3e diagrammatically represents an arrangement in which the closure
      members or valves 36 are spring-biased axially movable plates which
      normally block the openings 31 unless a pressure head favoring the suction
      effect is produced. When the suction head is sufficient, these valves are
      displaced to permit flow of fluid in accordance with the siphon principle,
      the springs of the valves having adjustable strengths to permit the
      resulting throttling effect to be varied at will. The adjustability is
      represented by arrows in FIG. 3e and can be accomplished with force
      transmitting or control rods or similar members as described in connection
      with FIG. 3c or by any conventional centrifugal governor arrangement. The
      siphon system is represented generally at 47 and includes the outlet sides
      of the closures 46. The closures 46 are immersed in the trough or pocket
      formed by this siphon. This system also limits penetration or aif into the
      liquid continuum.
PAR  FIG. 4 shows schematically an embodiment of the invention in which the drum
      51 is rotatable about a horizontal axis on its shaft 52 and is provided
      with a support (not shown) which may be of the type described in
      connection with FIGS. 1 or 2 for a filter medium 53. Preferably the filter
      medium is a filter cloth overlyiing a support grid. The filter cloth
      carries the filter cake 54. Radially outwardly of the filter medium 53,
      the drum 51 is formed with a liquid-collecting compartment 55
      communicating via openings 56 with an annular trough-shaped compartment 57
      beneath the right of the bottom plate of the drum. The liquid (filtrate)
      is discharged from the latter by a skimmer tube 58 which may be of the
      type described in connection with FIGS. 1A, 1B and 2, swingably mounted so
      that its mouth may be introduced into the trough 57 to vary the level 60
      of liquid therein. The swingable skimmer tube is designed to maintain a
      siphon effect between the level 59 of liquid in the collecting compartment
      55 and the level 60 in compartment 57 to provide the suction effect at the
      interior of the drum. A pump 63 can be connected via an opening 62 above
      the level 59 of liquid in compartment 55 to draw air from the system in a
      manner to be discussed more fully below.
PAR  Similarly, the drum 101 of the filter centrifuge of FIF. 5 carries the
      filter cake 104 upon the supported filter medium 103 and is formed with a
      liquid-collecting compartment 105 outwardly of this filter medium. The
      outlets 106 of this compartment are provideed with throttle valves 111
      generally similar to the valve 46 described in connection with FIG. 3e.
      The closures 111 thus permit throttle outfolw and maintain a siphon effect
      under the centrifugal action of the drum. Air can be drawn from the space
      immediately below the filter medium by a pump 113 communicating via a
      passage 112 with the liquid-collecting compartment immediately outwardly
      of the filter medium.
PAR  FIG. 6 shows another system for evacuating air from the liquid-collecting
      compartment immediately outwardly of the filter medium, such means
      including a suction pump 64 connected via a pipe 66 to a plurality of
      radial ducts 65 which communicate with passages 62 opening into the
      liquid-collecting compartment immediately outwardly of the filter medium
      and any support provided therefor.
PAR  In the embodiments of FIGS. 4-6, the residual air can be eliminated by the
      pumps 63, 64 and 113 shown in the drawing to establish the liquid
      continuum and create or maintain the hydrostatic siphon-type suction
      effect.
PAR  The embodiment of FIG. 7 comprises a centrifuge drum consisting of a base
      plate 217 carried upon the shaft formed with a cylindrical support (not
      shown) for a filter medium 206 upon which the filter cake 204 is deposited
      in the manner previously described. The housing 218 has a backplate 218a
      and is formed with a trough-shaped annular pocket 218b into which the
      plate 217 extends to define a siphon arrangement represented at 220. When
      the drum 201 also carries a front plate 217a formed with an opening 217b
      through which the suspension may be introduced, this plate likewise
      extends with clearance into a pocket 218c at the front end of the
      otherwise cylindrical housing 218. The latter is provided with a mouth
      218d, registering with the opening 217b through which the suspension may
      be introduced and the solids may be removed as described generally in
      connection with FIG. 1. Consequently, a siphon pocket 220a is also formed
      at the front end of the drum. Liquid can be discharged from the system via
      a valve 221 which has been schematically illustrated and forms a siphon
      arrangement as in the embodiment of FIG. 4 or has the function of the
      throttle valve of FIG. 5. The siphon effect produces a suction which
      promotes filtration in the manner previously described.
PAR  In addition, the fixed housing wall is provided with a discharge opening
      222 which can communicate with a pump 223 by which air and/or liquid is
      drawn from the liquid-collecting compartment. Consequently, no separate
      filling liquid is required to establish the siphon effect since, after the
      suspension has been introduced into the drum, pump 223 may be operated to
      draw liquid into the liquid-collecting compartment until the latter is
      completely filled thereby displacing any air from the system. The pump has
      the further advantage in this embodiment, in common with the systems of
      FIGS. 4-6 that, following the filtration and complete draining of
      filtrate, air or other gas can be drawn through the filter cake to dry the
      latter.
PAR  FIG. 8 represents a simplified version of the filter centrifuge in which
      the base plate 317 is carried by the shaft 302 and is formed with a grid
      represented generally at 317a and supporting the filter medium 303. The
      latter carries the filter cake. The grid 317a is fixed to the casing 317b
      of the drum which has an inwardly turned apron 317c defining an opening
      317d through which the suspension is introduced and solids are removed,
      e.g. with the aid of the devices illustrated in FIG. 1 for this purpose.
      The casing 317b, which is generally frustoconical, terminates in a
      cylindrical extension 317e which carries an annular disk 327 which carries
      an annular disk 327 wholly received with clearance in an outer housing
      structure 326. The latter comprises a cylindrical inner wall 326a mounted
      on the rear surface of plate 317 or formed by this plate. A radial annular
      flange 326b is carried by the wall 326a and lies parallel to the disk 327
      but is axially offset to the right therefrom. Outwardly of the disk 327
      and radially spaced therefrom, the outer housing portion is formed with a
      cylindrical wall 326c which terminates in an apron 328, again lying
      parallel to the disk 327 and axially spaced to the right thereof. The
      walls 328 and 326b flanking the disk 327 define, with the wall 326c, outer
      troughs 326d for which the edge 328a forms a discharge weir in the manner
      previously described, e.g. in connection with FIG. 3a. In addition, the
      plate 317, the wall 326a and the wall 326b define an inner trough 325
      which communicates between the liquid-collecting compartment 305 and the
      trough 326b behind the disk 327. This system creates automatically the
      aforedescribed suction effect with the aid of a liquid column.
PAR  Thus at the beginning of the filtration, only the collecting compartment
      305 and the annular space 307 are filled with liquid and, with the
      progress of filtration, liquid passes over the inner edge 327a of the disk
      327 to drive air ahead of it and eventually force liquid into the trough
      326d and over the weir 328a. For this reason the edge 327a must lie
      rearwardly outwardly of the level of the suspension medium within the drum
      at least at the inception of operation of the filter centrifuge. In
      general terms, it has been found to be advantageous to locate the edge
      327a at the same radial level as the filter medium. Once liquid passes the
      edge 328a, the siphon effect is created and continues until the
      liquid-collecting compartment is fully drained. The trough 326d acts as a
      trap preventing inflow of air and its output position augments the siphon
      effect as will immediately be apparent.
PAR  The discharge of air from the liquid-collecting compartment 405 can be
      promoted by providing check valves 429 (FIG. 9) on the drum immediately
      outwardly of the filter medium 403. In this case, the liquid-collecting
      compartment 405 can be filled with liquid through a skimmer tube 408
      extending into the discharge trough which communicates via ports 406 with
      the liquid-collecting compartment 405. Alternatively, a filling device
      such as that shown at 19 in FIG. 1 may also be used. The swingable skimmer
      tube 408 operates to control the level of the liquid in the outer trough
      as previously described.
PAR  In FIG. 10 there is shown a filter centrifuge drum 501 rotatable on its
      shaft 502 and provided with a filter medium 503, e.g. a filter cloth
      overlying the perforated inner wall of this drum. The housing 520, as in
      the embodiment of FIG. 7, is stationary and defined a siphon compartment
      with the drum which is provided with axially spaced plates 530 forming
      weir-type rings around which the liquid can pass. An outlet 506, disposed
      radially outwardly of the filter medium 503 communicates with the
      liquid-collecting chamber 504 and is provided with a blocking valve 503
      while an overflow port 534 can be formed in the rear wall 532 of the
      housing. Between the rings 530, the drum is provided with
      outwardly-extending scoop-like vanes for entrainment of the liquid in the
      collecting compartment 505 in rotational movement.
PAR  At the beginning of the filtration process, the passage 506 is closed by
      the valves 533. With rotation of the drum, the liquid traversing the
      filter medium displaces air from the system until the liquid level in the
      pockets outwardly of the drum reaches the level of port 534. At this
      point, valve 533 can be opened to lower the liquid level in the outer
      compartments and induce a hydrostatic suction in the manner previously
      described. The openings 506 must, for this purpose, lie radially outwardly
      of the level of liquid within the drum and preferably outwardly of the
      filter medium.
PAR  The filter centrifuge of FIG. 11 operates generally in accordance with the
      same principles but to reduce frictional engagement of the liquid with the
      rotating drum or rotating liquid with the stationary housing walls, an
      annular pocket 620 is formed inwardly of the ends of the drum with a
      smaller volume than that defined between the rings 530. The
      outwardly-extending annular flanges 630 of the drum, however, are flanked
      by the walls of the pockets 620 so that the liquid must flow outwardly
      around the flanges 630 and then over the walls of the pocket 620 before
      reaching the outlet 634. A passage 606 is formed in the walls of the
      pocket which defines the liquid-collecting compartment 605 and is provided
      with the valve 633. The apparatus of FIG. 11, of course, operates in a
      manner similar to that of FIG. 10.
PAR  FIGS. 12 and 13 illustrate two embodiments of the invention which have been
      illustrated more or less diagrammatically in FIGS. 5 and 6. However, in
      place of the suction pump 64 of FIG. 6, where the pump is located
      externally of the drum, the suction pump of the embodiment of FIGS. 12 and
      13 are so-called jet or ejector pumps 838 and 839. In this system, the
      liquid flowing from the liquid-collecting compartment 805, 805a under the
      hydrodynamic pressure of centrifugally displaced liquid, enters a
      conically constricted tube or passage 840 or 841 and is then ejected
      through a nozzle 842 or 843 into a further tube 844 or 845.
PAR  In FIG. 12, the passage 844 opens directly into the passage 806
      communicating with the outer trough-shaped compartment 807 while in FIG.
      13, the passage 805 opens into this compartment directly. In both cases,
      the jet pump operates as a venturi suction pump and a difference resides
      in the fact that all of the liquid passing through the outlet openings
      806a of the embodiment of FIG. 13 also traverses the pump whereas a
      portion of the liquid can pass via outlet 806 in the embodiment of FIG. 12
      into the compartment 807, thereby bypassing the pump. In the embodiment of
      FIG. 12, however, the liquid derives from an external source, e.g. a pipe
      848.
PAR  Because of the reduction in cross-section of the nozzle 842 or 843, a
      suction is induced at the passages 846 and 847 to draw air from the
      liquid-collecting compartments. The pump of FIG. 12 may be used both to
      evacuate air from the system and to fill the system with liquid prior to
      filtration. At the end of the filtraton process, the same pump may be
      employed to cause air to pass through the filter cake on the filter medium
      803. In the system of FIG. 13, however, the suction effect terminates as
      all liquid is driven from the system. To permit at least partial
      hydrodynamic suction to be generated, the ports communicating with the
      liquid-collecting compartment are extended as shown at 850 to project
      below the surface of the perforated plate 801 so that some air may be
      trapped at the outer surface of this plate.
PAR  FIG. 14 shows a fiter centrifuge in which the liquid-collecting compartment
      905 is formed within a housing rotatable with and extending around the
      drum which carries the filter medium 903 in the manner previously
      described. The perforated inner wall of the drum has tubular extensions
      950 projecting into the liquid-collecting compartment and the latter
      communicates with the atmosphere via a throttle device 951.
PAR  The throttle 951 comprises an outlet 906 having a conical configuration and
      a conical valve member 952 seated in this outlet. The valve member 952 is
      connected by a rod 953 to a float 954 and is biased in an opening
      direction by a spring 955 seated against a support 956. At a radially
      inner portion of the liquid-collecting compartment 905, a check valve 929
      is provided to permit escape of fluid from the compartment but prevent
      entry of fluid into the latter.
PAR  The suspension is introduced into the rotating drum 901 in which
      centrifugal force holds a valve 951 closed against the force of spring 955
      so that liquid collected in the compartment 905 cannot pass through this
      valve. The displaced air, however, is released through check valve 929.
PAR  The liquid level grows progressively inwardly until it lifts the float 954
      to open the valve 951 and permit controlled outflow of liquid in the
      manner of a siphon. Should the liquid level fall excessively, the throttle
      951 likewise closes to permit buildup of the liquid level. Radially
      inwardly air inflow, however, is limited by the check valve. A small air
      cushion thus remains in the system without materially affecting the
      opeartion as described. When the centrifuge is brought to standstill, the
      spring 955 opens the valve 951 and permits liquid to drain from the
      system.
PAR  While reference has been made to air in the preceding description, it
      should be noted what was there said also applies to other gases which may
      be used or generated.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of oeprating a filter centrifuge comprising a centrifuge drum
      rotatable about a horizontal axis and formed with a filter medium upon
      which a filter cake is adapted to form, said drum being surrounded by a
      liquid-collecting compartment having at least one outlet, said method
      comprising the steps of:
PA1  rotating said drum about said horizontal axis at a rate sufficient to
      induce passage of a liquid phase of a suspension outwardly through said
      filter medium into said liquid-collecting compartment;
PA1  preventing entry of gas into said liquid-collecting compartment;
PA1  applying a suction pressure head to said liquid-collecting compartnent; and
PA1  pumping air by suction from said liquid-collecting compartment and filling
      same with liquid prior to passage of the liquid phase of said suspension
      through said filter medium to establish a liquid continuum in said
      liquid-collecting compartment extending substantially to said filter
      medium, said suction pressure head being formed by siphone draining of
      said compartment through an outlet radially outwardly of said filter
      medium with respect to said axis, the liquid in said compartment blocking
      entry of air.
NUM  2.
PAR  2. The method defined in claim 1, further comprising the step of applying
      pressure to the suspension in said drum with a gaseous medium.
NUM  3.
PAR  3. The method defined in claim 1 wherein the outflow of liquid from said
      compartment is blocked during the displacement of air from said
      compartment.
NUM  4.
PAR  4. The method defined in claim 1 wherein said suction pressure head is
      formed by connecting said liquid-collecting compartment with a further
      compartment at said outlet and maintaining counteracting liquid columns in
      said compartments.
NUM  5.
PAR  5. The method defined in claim 4, further comprising the step of adjusting
      the radial level of the column in said further compartment to vary the
      hydrostatic suction applied at said filter medium.
NUM  6.
PAR  6. The method defined in claim 5 wherein said hydrostatic suction is
      controlled to reach substantially the region of the vapor pressure of the
      liquid.
NUM  7.
PAR  7. The method defined in claim 1, further comprising the step, at the end
      of the filtration, of controlling the suction pressure head to permit the
      suspension level to migrate through said filter cake to substantially the
      radially outermost surface thereof.
NUM  8.
PAR  8. A filter centrifuge comprising:
PA1  a housing;
PA1  a drum rotatable in said housing and formed with a support for a filter
      medium centered on a horizontal axis of rotation of the drum and adapted
      to accumulate a filter cake upon introduction of a suspension of solids in
      a liquid phase into said drum;
PA1  first means forming a liquid-collecting compartment outwardly of said
      filter medium and provided with at least one outlet radially outwardly of
      said filter medium;
PA1  second means for preventing entry of gas into said liquid-collecting
      compartment except for entry through said filter medium; and
PA1  third means for inducing a suction pressure head at said filter medium in
      said liquid-collecting compartment, said second means being a siphon-like
      arrangement consisting of a liquid-containing part of said
      liquid-collecting compartment, a liquid-containing section of a further
      compartment, said section having at least one inlet radially outwardly of
      said filter medium, said inlet communicating with said outlet, and means
      for creating and maintaining in said further compartment a certain liquid
      level at a location radially inwardly of said inlet, the liquids in both
      of said compartments forming a liquid continuum, said further compartment
      being annular and being carried by said drum, said means for creating and
      maintaining said certain liquid level including an annular weir lying
      radially inwardly of said inlet.
NUM  9.
PAR  9. The filter centrifuge defined in claim 8 wherein said further
      compartmant has an inwardly-extending annular apron formed with a
      plurality of openings at different spacings from said axis, said means for
      creating and maintaining said certain liquid level including respective
      valve members normally blocking said opening and means for selectively
      actuating said members.
NUM  10.
PAR  10. The filter centrifuge defined in claim 8 wherein said third means
      includes a further compartment communicating with said liquid-collecting
      compartment, said filter centrifuge further comprising a further siphon
      arrangement connected with said further compartment for augmenting said
      suction pressure.
NUM  11.
PAR  11. The filter centrifuge defined in claim 8 wherein said second and third
      means are formed by closure members at said outlet producing a throttle
      effect upon drainage of the liquid in the liquid-collecting compartment
      and inducing the suction presssure head upon the development of a liquid
      continuum in said liquid-collecting compartment.
NUM  12.
PAR  12. The filter centrifuge defined in claim 11, further comprisng means for
      operating said closure member in accordance with the acceleration on said
      drum.
NUM  13.
PAR  13. The filter centrifuge defined in claim 11, further comprising means
      operable externally of said housing for controlling the position of said
      closure member during the operation of the centrifuge.
NUM  14.
PAR  14. The filter centrifuge defined in claim 11, further comprising a further
      compartment connumicating with said liquid-collecting compartment through
      said outlet beyond said closure member and maintaining said siphon effect.
NUM  15.
PAR  15. The filter centrifuge defined in claim 8 wherein said third means
      comprises suction pump means.
NUM  16.
PAR  16. The filter centrifuge defined in claim 15 wherein said
      liquid-collecting compartment extends between annular walls fixed to said
      drum and stationary walls fixed to said housing, and wherein said second
      means contains annular pockets at least partially filled with liquid and
      provided between said annular walls and said stationary walls, said
      stationary walls having at least one discharge opening to which a suction
      pump is connected.
NUM  17.
PAR  17. The filter centrifuge defined in claim 15 wherein said suction means is
      a liquid-operated jet pump communicating with said liquid-collecting
      compartment.
NUM  18.
PAR  18. The filter centrifuge defined in claim 8 wherein said further
      compartment is an inwardly open annular trough rotatable with said drum
      and said means for draining said further compartment includes a skimming
      tube having a mouth mounted to extend into said trough at an adjustable
      radial distance from said axis.
NUM  19.
PAR  19. The filter centrifuge defined in claim 8, further comprising means for
      introducing liquid into said further compartment for establishing a liquid
      continuum and driving air from said liquid-collecting compartment.
NUM  20.
PAR  20. The filter centrifuge defined in claim 8, further comprising valve
      means at said outlet for selectively controlling the flow therethrough.
NUM  21.
PAR  21. The filter centrifuge defined in claim 8, further comprising means for
      supplying gas under pressure to said housing.
NUM  22.
PAR  22. The filter centrifuge defined in claim 8, further comprising a
      checkvalve communicating with said liquid-collecting compartment and
      effective to permit air to bleed therefrom.
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ABST
PAL  Membrane support plate for fluid separating apparatus, in which the support
      plate is made up of at least five flat elements secured together in
      face-to-face relationship. A central element has cut-out slots to remove
      the permeate which has passed through the membranes, intermediate elements
      have holes aligned with the slots and outer elements have a central
      orifice which forms a cell on each face of the plate, porous packing
      elements being placed in the cells, with the membranes on top of the
      packing elements.
BSUM
PAR  The present invention relates to a membrane support-plate as well as to any
      apparatus for separating fluids by selective permeability in which such
      support-plates are present.
PAR  Support-plates and apparatuses of this type are known, especially from
      published French Pat. Application No. 2,127,155 and its addition No.
      2,141,417. These support-plates possess, at each of their ends, an
      elongated orifice through which the fluid to be treated passes, and a cell
      on each of their faces, between the two elongated orifices, each cell
      containing a packing and a membrane. In such plates, the fluid which has
      passed through the membranes is recovered through a pipeline which is
      situated on the edge of the plate and communicates with the wall of the
      cell.
PAR  However, it appeared to be more advantageous to make the fluid which has
      passed through the membranes, called the permeate, to pass through the
      wall at the bottom of each cell, and for this purpose the latter is thus
      provided with holes communicating with means for collecting the permeate
      situated inside the support-plate between the two cells. This embodiment
      of a support-plate makes it possible considerably to simplify its
      manufacture and consequently to reduce its cost, because a support-plate
      can then be produced from flat elements, essentially by cutting up sheets
      or plates of rigorously calibrated thickness which are available direct
      from the suppliers.
PAR  According to the present invention, we provide a membrane support-plate for
      fluid separating apparatus, said support-plate comprising a plurality of
      substantially flat elements superposed in face-to-face relation and joined
      to one another in a leakproof manner, each flat element being
      substantially symmetrical relative to a median plane passing through its
      thickness, said elements defining, on each face of the support plate, a
      cell forming recess, means for discharging from said cell permeate which
      has passed, in use, through a membrane placed on the associated face of
      the cell and, at at least one of the ends of the rectangular plate, at
      least one aperture for the passage of the fluid to be treated, said at
      least one aperture extending through the entire thickness of the support
      plate.
PAR  The invention also provides fluid separating apparatus including two end
      plates, a pipeline for feeding fluid to one of said end plates and a
      pipeline for removing fluid from the other of said end plates and a stack
      of membrane support-plates each having a membrane on each face, each of
      said support plates as defined above.
DRWD
PAR  In order that the invention will be better understood, the following
      description is given, by way of example, reference being made to the
      accompanying drawings, in which:
PAR  FIG. 1 is an exploded plan view of the various elements of one embodiment
      of support-plate according to the present invention;
PAR  FIG. 2 is a partial view in perspective and in cross-section along a plane
      parallel to the longitudinal axis of the support-plate of FIG. 1, with an
      exploded view of a gasket on either side of the support-plate;
PAR  FIG. 3 is a view in elevation of one form of fluid separating apparatus
      incorporating the supportplates according to the invention;
PAR  FIG. 4 is a diagrammatic view showing one way in which the fluid to be
      treated flows inside such an apparatus;
PAR  FIG. 5 is an exploded plan view of the various elements of a second
      embodiment of support-plate according to the invention; and
PAR  FIG. 6 is a partial view in perspective and in cross-section along a plane
      parallel to the longitudinal axis of the support-plate of FIG. 5, the
      frame-plates being represented in exploded view.
DETD
PAR  A membrane support-plate according to the present invention, the shape of
      which is generally rectangular, results from joining flat elements
      together and comprises, on each of its faces, at least one cell which
      receives a membrane preferably resting on a porous support. A
      support-plate has at least one preferably elongated aperture at at least
      one of its ends, through which the fluid to be treated passes. Such a
      support-plate is substantially symmetrical relative to the longitudinal
      median plane perpendicular to the face of the cells. When the
      support-plates according to the present invention have to be positioned
      vertically in an apparatus, the latter preferably possesses bars or shaped
      sections in the horizontal position, on which the support-plates are
      suspended by means of notches advantageously provided at least in their
      upper part. In this case, the permeate is generally discharged in the
      lower part of each plate.
PAR  FIG. 1 shows more precisely the various flat elements of one embodiment of
      a support-plate according to the present invention, having at each of its
      ends, an elongated aperture 1 through which the fluid to be treated
      passes. This support-plate is more especially designed to be mounted
      vertically in an apparatus, because it comprises means 2 for discharging
      the permeate at one of its ends and notches 3 for positioning the
      support-plate at the other end. FIG. 2 shows especially the various
      elements of FIG. 1, after they have been assembled. The support-plate
      represented in FIGS. 1 and 2 comprises:
PA0  a. a central element 4 having cut-outs 5 parallel to one another, for
      collecting the permeate, opening into a cut-out 2, for discharging the
      permeate, this cut-out opening at one end of the element considered;
PA0  b. an intermediate element 6, on either side of the central element 4, each
      intermediate element 6 having holes 7 communicating with the cut-outs 5 of
      the central element 4;
PA0  c. an outer element 8 on each intermediate element 6, each outer element 8
      having a central orifice 9 which, together with the intermediate element
      6, forms a cell for the support-plate considered, the base of this cell,
      having the holes 7, being formed by the intermediate element 6;
PA0  d. an elongated aperture 1 at each end of the elements 4, 6 and 8, these
      apertures being superposed on top of one another after the said elements
      have been assembled and forming the apertures 1 of the support-plate
      considered; and
PA0  e. notches 3 at one end of the elements 4, 6 and 8, these notches being
      superposed on top of one another after the said elements have been
      assembled and forming the notches 3 of the support-plate considered.
PAR  In FIG. 1, each flat element 4, 6 and 8 has at each of its ends, a hole 10
      which facilitates the positioning of the flat elements when they are being
      assembled, which will be referred to later. This hole 10 corresponds to
      one method of assembling and is not absolutely necessary.
PAR  Each of the flat elements 4, 6 and 8 described above is symmetrical
      relative to a median plane passing through its thickness. Each flat
      element is likewise generally symmetrical relative to a longitudinal
      median plane perpendicular to its two large opposite faces.
PAR  After the various flat elements 4, 6 and 8 of a support-plate have been
      assembled in a leakproof manner, a porous support 11 and a membrane 12
      suited to the separation operation considered are placed in each cell 9,
      the dimensions of which correspond to those of the central orifice 9 of
      the outer element 8 and which, for this reason, have the same reference
      number. The porous support 11 can, for example, be made of non-woven
      material such as polyethylene glycol terephthalate, or of paper
      impregnated with phenol/formaldehyde resin. In FIG. 2, the porous support
      11 substantially fills the cell, except at the transverse ends of the
      latter where it is covered by the transverse ends of the membrane 12, the
      width of which corresponds to that of the porous support 11. An adhesive
      tape 13 is advantageously placed at the transverse ends of each cell in
      order to hold the membrane and to compensate, at least partially, for
      unevenness in thickness at this position. The porous support 11 is
      advantageously held at the base of the cell by means of a double-sided
      adhesive tape which is positioned near each longitudinal edge of the cell
      considered. By way of a variant (not shown), the porous support 11 can
      have exactly the same dimensions as the cell and the membrane 12 can then
      be folded over at its transverse ends, under the porous support 11, and
      glued at the base of the cell.
PAR  A support-plate like that represented in FIGS. 1 and 2 comprises flat
      elements 4, 6 and 8 produced essentially by cutting up tapes or sheets,
      preferably of plastic. The holes 7 of the intermediate elements 6 can be
      formed by piercing or punching. These flat elements are held together in a
      leakproof and definitive manner, for example by means of glue or by means
      of an adhesive tape.
PAR  When glue is used, it is advantageous that it should be able to be applied
      at high speed. It is also valuable that it should be able to be
      reactivated by adding a solvent or by heating, which makes it possible to
      effect a prior coating of the flat elements, and then to reactivate the
      glue at the very moment when the said flat elements are being assembled.
PAR  If the flat elements 4, 6 and 8 are made of polyvinyl chloride, it is
      possible to use a glue based on a vinyl resin, for example polyvinyl
      chloride, in solvents such as cyclohexanone. As glues which can be
      reactivated by heat, it is possible, for example, to use glues based on
      polyvinyl acetate, optionally with other copolymers.
PAR  When the flat elements 4, 6 and 8 are made of a copolymer comprising
      acrylonitrile, butadiene and styrene (ABS), it is possible to use a glue
      based on chloroprene, generally in aromatic solvents such as toluene or
      xylene. As glues which can be reactivated by heat, it is possible to use
      glues based on thermoplastic polyesters, for example the terpolymer
      produced from terephthalic, isophthalic and adipic acids and butenediol.
PAR  It is advantageous, especially when a glue which can be reactivated by heat
      is used, to coat the central element 4 before cutting out the means for
      collecting 5 and discharging 2 the permeate. This makes it possible,
      thereafter, to prevent the permeate from coming into contact with the
      glue. When using the gluing technique, it is sufficient, for example, to
      coat the central element 4 on both its faces and the outer element 8 only
      on the face adjacent to the intermediate element 6. The flat elements 4, 6
      and 8 are then mounted between the heated platens of a press, after having
      been centred, for example on two guiding rods passing through the holes 10
      of the said elements. After cooling to below the melting point of the
      glue, the support-plate is then removed from the platens and allowed to
      return to ambient temperature before the porous support 11 and the
      membrane 12 are assembled.
PAR  When the flat elements 4, 6 and 8 of a support-plate are joined to one
      another by means of adhesive tapes, the following procedure can be used.
      For example, a double-sided adhesive tape is used and such a tape is
      placed on each face of the central element 4 which is thereafter cut to
      the desired shape. A double-sided adhesive tape is likewise placed on one
      of the faces of the outer element 8. In order to assemble the flat
      elements, the elements 4, 6 and 8 are, for example, placed between two
      platens which make it possible to exert a slight pressure on the said
      elements, at ambient temperature, these platens advantageously comprising
      two centering rods which pass through holes 10 generally provided on the
      flat elements 4, 6 and 8. The first step is to place an outer element 8 on
      the lower platen so that the sticky face of the said element is not
      adjacent to the said platen. Before placing this element on the platen, it
      is preferable to remove the paper protecting the adhesive tape.
      Thereafter, an intermediate element 6 is placed in position, followed by
      the central element 4 from which the paper which protects the adhesive
      tape has been removed beforehand on each face of the element. An
      intermediate element 6 is then placed in position followed by an outer
      element 8 from which the paper which protects the adhesive tape has been
      removed, the sticky face of the outer element 8 being adjacent to the
      intermediate element 6. The upper platen of the press can then exert a
      slight pressure in order to make it possible to bring the various elements
      into better contact. The support-plate is then ready to receive a porous
      support and a membrane in each cell.
PAR  By way of variant, in a support-plate as described above, the means for
      collecting 5 and discharging 2 the permeate of the central element 4 can
      comprise a single inner cut-out, forming a window, in relation to the
      section of the element considered. Advantageously, in order to improve the
      rigidity of the plate, it is possible to place, inside this window, a
      component which allows the permeate to flow, this component being, for
      example, a grid produced from two webs of crossed and heat-sealed
      polyethylene yarns.
PAR  The external appearance of an apparatus for effecting separation by
      selective permeability, comprising support-plates as described above, is
      represented in FIG. 3. This apparatus comprises two rigid end plates 14,
      one of which has at least one pipeline 15 for introducing the fluid to be
      treated and the other of which has at least one pipeline 16 for
      discharging the treated fluid which has not passed through the membranes
      12. The support-plates (described above) alternating with gaskets 18 which
      have substantially the same outer dimensions as the flat elements 4, 6 and
      8 and contain a central window 19, the width of which is slightly less
      than that of the cell and the length of which corresponds substantially to
      the maximum distance between the two elongated apertures 1, are clamped
      between the two end plates 14, by means of threaded rods 17. These gaskets
      18 can be made of flexible rubber, but they are advantageously made of a
      rigid or semi-rigid material, on which there is placed, on each face, a
      leakproofing cord 20, the hardness of which is generally less than that of
      the rigid or semi-rigid material forming the gasket 18. This leakproofing
      cord 20 can be made of silicone elastomer, polyvinyl chloride or cellular
      epoxy resin and can be placed in position especially be serigraphy or
      overmoulding. In FIG. 2, the broken line 21 shows the positioning of a
      cord 20 on a support-plate when the latter is in contact with a gasket 18.
      A gasket 18 can optionally have positioning notches 3. The thickness of
      the gasket 18 determines the thickness of the sheet of fluid to be treated
      flowing in contact with the membranes.
PAR  In the apparatus which is described above and which comprises
      support-plates with an elongated aperture 1 at each end, the liquid to be
      treated flows in parallel between each support-plate, whilst the permeate
      is collected in the lower part of each plate.
PAR  When an apparatus comprises support-plates which have an elongated aperture
      1 at only one of their ends, the support-plates, alternating with gaskets
      18, have their aperture 1 alternately at the top and then at the bottom,
      and this ensures that the fluid to be treated flows in series and zig-zags
      inside the apparatus, whilst the permeate is recovered at the foot of the
      apparatus. This arrangement is called head-to-tail.
PAR  An advantageous embodiment of an apparatus according to the invention is
      shown diagrammatically in FIG. 4. This apparatus comprises, for example,
      three sub-combinations S1, S2 and S3, each of which possesses the same
      number or a different number of support-plates each having an elongated
      aperture 1 at each end. A support-plate denoted by the letter F, which has
      an elongated aperture only at one of its ends, is positioned between each
      sub-combination. Thus, in FIG. 4 the left-hand plate F has an aperture 1
      positioned at the top of the apparatus, whilst the righthand plate F has
      an aperture 1 situated at the foot of the apparatus. The fluid to be
      treated flows through the apparatus in contact with the membranes,
      following the line with arrows 22. It flows in parallel inside each
      sub-combination, whilst it flows in series from one sub-combination to the
      other. The permeate is recovered in the lower part of each support-plate,
      the small arrows symbolising permeate issuing from each support-plate.
PAR  FIG. 5 shows another embodiment of support-plate according to the
      invention, which comprises all the flat elements 4, 6 and 8 described
      above, with porous supports 11 and membranes 12, but this support-plate
      has, on either side of each outer element 8, a frame-plate 23 fixed in a
      leakproof manner to the latter, for example by gluing or by means of a
      double-sided adhesive tape. This frame-plate 23 is rigid or semi-rigid and
      has substantially the same dimensions as the gasket 18 described above.
      When such a support-plate is being assembled, it is advantageous to place
      a bead 24 of non-vulcanised glue (see FIG. 6) on the face 25 of each
      frame-plate 23 which has to be in contact in a leakproof manner with an
      outer element 8. This bead 24 is positioned in substantially the same way
      as the leakproofing cord 20 of the gasket 18 described above, and its
      purpose is to ensure rigorous leakproofness, especially at the places
      where this frame-plate 23 covers the membrane 12 and the tape 13. This
      bead 24 of glue spreads out between the frame-plate 23 and the outer
      element 8 when they are brought into contact, thus compensating for
      surface unevenness, especially at the places indicated above, and is then
      vulcanised at ambient temperature. The bead of glue 24 can, for example,
      be of silicone elastomer which vulcanises at ordinary temperature under
      the effect of the moisture of the air or under the effect of a catalyst.
      In the embodiment represented in FIG. 6, only one of the two frame-plates
      23 which form part of the support-plate possesses a leakproofing cord 20
      on the face 26 which is not in contact with the outer element 8. This
      leakproofing cord, the hardness of which is advantageously less than that
      of the material forming the frame-plate 23, can, for example, be made of
      silicone elastomer, polyvinyl chloride or cellular epoxy resin and can be
      deposited especially by serigraphy or overmoulding. Optionally, that face
      of each frame-plate 23 which is not in contact with the outer element 8
      can have a cord 20, but it is then advantageous for the cords 20 of the
      frame-plates 23 of two adjacent support-plates to be slightly staggered.
PAR  An apparatus comprising support-plates according to this embodiment is then
      formed simply by juxtaposing the said support-plates. The thickness of the
      sheet of fluid between two support-plates is then determined by the
      thickness of two adjacent frame-plates 23. Depending on whether the
      support-plates have an aperture 1 at each end or at only one end, an
      apparatus can permit the fluid to be treated to flow in parallel or in
      series between each plate. Moreover, several support-plates with an
      elongated aperture 1 at each end can form a sub-combination, the latter
      being then separated from another sub-combination by a support-plate with
      an elongated aperture 1 at only one of its ends. This arrangement makes it
      possible for the liquid to be treated to flow in parallel within each
      sub-combination and in series from one sub-combination to the other.
PAR  The flat elements of a support-plate according to the present invention can
      be made of any material which can be converted to the form of plates or
      sheets, especially by lamination.
PAR  Some elements of a support-plate can be made of metal, for example the
      intermediate elements 6, but it is more advantageous for all the elements
      of a support-plate to be made of plastics material, and the same applies
      to the frame-plate 23. As examples of the plastics material, there may be
      mentioned without implying a limitation, polyvinyl chloride and ABS
      (acrylonitrile + butadiene + styrene).
PAR  In the manufacture of flat elements made of plastics material, the cost of
      the material is generally low and, since the machining of the said
      elements is reduced in practice to a cutting-out procedure, the conditions
      for manufacturing a support-plate are particularly economical. Because of
      this, the support-plates can be discarded after the membranes have lost
      their properties following a long period of operation or after a membrane
      has, for example, become torn.
PAR  In fact, it is often more advantageous for the user to discard
      support-plates in which the membranes are defective and to replace them
      with plates equipped beforehand with membranes.
PAR  Moreover, the support-plates according to the present invention can be of
      large dimensions (for example 2 meters long) whilst retaining a low
      thickness, for example between 3 and 20 mm and preferably between 4 and 10
      mm). These plates are also very light, and this makes them easy to handle.
PAR  The apparatuses provided with support-plates according to the present
      invention are suitable for any operations of separating fluids by
      selective permeability, whether these fluids are in gaseous or liquid
      forms and whether or not they contain suspended particles. By way of
      application, gas permeation as well as reverse osmosis and ultrafiltration
      may be mentioned. The support-plates according to the present invention
      can be made of plastics of medical or foodstuff quality, and this makes it
      particularly valuable to use them especially for the treatment of
      biological liquids or liquid foodstuffs. They can also be used in the
      chemical, paper-making and dyestuff industries.
CLMS
STM  We claim:
NUM  1.
PAR  1. A membrane support-plate for fluid separating apparatus, said
      support-plate comprising a plurality of rectangular flat elements
      superposed in face-to-face relation and joined to one another in a
      leakproof manner, each flat element being substantially symmetrical
      relative to a median plane passing through its thickness, said elements
      including, in combination:
PA1  a. at least one central flat element having means defining channels on each
      face for discharging the permeate;
PA1  b. at least one intermediate flat element on each face of said central
      element, said intermediate elements each having holes opening into said
      permeate discharging means of the central element;
PA1  c. at least one outer element on the face of each intermediate element
      remote from said central element, and means defining a central orifice
      extending through the thickness of each said outer element to provide a
      cell forming recess on each face of said support plate over which a
      membrane may be placed;
PAL  and at least one aperture at at least one of the ends of the rectangular
      plate, extending through each said flat element, the apertures in the
      various elements being superposed, for the passage of fluid to be treated,
      said at least one aperture extending through the entire thickness of the
      support-plate.
NUM  2.
PAR  2. A membrane support-plate as claimed in claim 1, wherein said means
      forming channels for collecting permeate comprise a plurality of
      substantially parallel cutout slots and a further slot connecting said
      parallel slots, said slots all extending through the thickness of said
      central element.
NUM  3.
PAR  3. A membrane support-plate as claimed in claim 1, and further comprising a
      porous support and a membrane substantially filling the central cell
      forming orifice of said at least one outer element, each said membrane
      being substantially wider than the porous support, and slightly shorter
      than the cell, and an adhesive tape at each transverse end of the cell
      adhesively secured to the associated intermediate element and the
      membrane, the porous support being held laterally at the base of the cell
      on the intermediate element.
NUM  4.
PAR  4. A membrane support-plate as claimed in claim 3 and further comprising a
      frame-plate on the face of each outer element remote from the intermediate
      element, means defining a central window in said outer plate into which
      each aperture opens, the width of the window being substantially equal to
      the length of the aperture, but less than the width of the cell and means
      joining said frame-plate to the adjacent outer element.
NUM  5.
PAR  5. A membrane support-plate as claimed in claim 4 and further comprising a
      bead of vulcanised material surrounding the window of each frame-plate and
      positioned laterally of the membrane, said bead abutting the adjacent
      outer element and a leakproof cord surrounding the window on the face of
      the membrane remote from the adjacent outer element.
NUM  6.
PAR  6. Fluid separating apparatus including two end plates, a pipeline for
      feeding fluid to one of said end plates and a pipeline for removing fluid
      from the other of said end plates and a stack of membrane support-plates
      each having a membrane on each face, each said support-plate comprising a
      plurality of rectangular flat elements superposed in face-to-face relation
      and joined to one another in a leakproof manner each flat element being
      substantially symmetrical relative to a median plane passing through its
      thickness, said elements including, in combination:
PA1  a. at least one central flat element having means defining channels on each
      face for discharging the permeate;
PA1  b. at least one intermediate flat element on each face of said central
      element, said intermediate elements each having holes opening into said
      permeate discharging means of the central element;
PA1  c. at least one outer element on the face of each intermediate element
      remote from said central element, and means defining a central orifice
      extending through the thickness of each said outer element to provide a
      cell forming recess on each face of said support plate over which a
      membrane may be placed;
PAL  and at least one aperture at at least one of the ends of the rectangular
      plate, extending through each said flat element, the apertures in the
      various elements being superposed, for the passage of fluid to be treated,
      said at least one aperture extending through the entire thickness of the
      support-plate.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, wherein each said membrane
      support-plate further comprises a frame-plate on the face of each outer
      element remote from the intermediate element, means defining a central
      window in said outer plate into which each aperture opens, the width of
      the window being substantially equal to the length of the aperture, but
      less than the width of the cell and means joining said frame-plate to the
      adjacent outer element, the frame-plates of adjacent support-plates
      abutting.
NUM  8.
PAR  8. Apparatus as claimed in claim 7, and further comprising a bead of
      vulcanised material surrounding the window of each frame-plate and
      positioned laterally of the membrane, said bead abutting the adjacent
      outer element and a leakproof cord surrounding the window on the face of
      the membrane remote from the adjacent outer element.
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PAL  A device for the preparation of filtered coffee is described. It has a
      permanent filter disk which can be reused, thus eliminating the need for
      frequent replacement.
BSUM
PAR  The invention relates to a device for the preparation of filtered coffee
      consisting generally of a water container, a receptacle for finely
      powdered coffee, and a filter disk at the bottom of the container. The
      disk is preferably made of plastic material which may be electroplated.
PAR  Reusable filters for the preparation of coffee have been utilized in the
      past. A filter element in the form of a sieve is generally placed at the
      bottom of a container for the coffee and a vessel is provided to pour hot
      water over the container. Prior art filters are generally made of metal
      and have proved effective only when the porosity provided satisfactory
      flow resistance. This is difficult to achieve with metal meshwork.
PAR  Reusable coffee filters have been suggested, comprising a pot-shaped hot
      water container and a filter strainer made of metallic sieve sheets
      arranged adjacent to an opening in the bottom of the container. Sieve
      sheets used in these have flared perforations in the direction of flow.
      The opening in the strainer has a smaller diameter than that of the bottom
      of the water container. A plate supported on the water container has a
      plurality of openings distributed over an area corresponding to the
      vertical projection of the opening of the filter strainer.
PAR  The coffee filters of the prior art are efficient only when the containers
      are filled with a certain quantity of coffee. The tolerances are close.
PAR  It is the object of the present invention to provide a reusable coffee
      filter which results in a good extraction of the coffee powder and a
      filtering time varying slightly even when the quantity of the contents
      differs.
PAR  The object of the invention is achieved by a water distribution lid over a
      water container provided with a central water passage of smaller diameter
      than the active surface of the filter disk. There is also a concentric
      ring forming a receptacle which is fixed in a fluid-tight manner to the
      filter disk. This structure divides the latter into an inner and an outer
      portion. By this means, the hot water passing through the water passage
      portion of the distribution cover, first flows into the inner portion
      which holds the coffee powder so that this powder comes into intimate
      contact with the water and is thereby wetted. When using small filling
      quantities, a considerable part of the coffee powder stays within the
      inner portion and, because of the correspondingly smaller water quantity,
      a considerable portion of the water flows through the inner portion, so
      that only this portion of the active filter disk is used.
PAR  When a larger quantity of coffee is used, the coffee powder lying within a
      separating receptacle is first penetrated by the water whereby, due to the
      larger water quantity, a considerable part of the coffee spills over the
      separating receptacle and reaches the outer portion of the filter disk.
      This permits the use of the total active surface of the filter disk. In
      view of the fact that, with a smaller filling quantity, a smaller surface
      of the filter is used than with a larger filling, the filter times do not
      differ considerably.
PAR  Preferably, the cross-section of the receptacle corresponds to the
      cross-section of the water passage portion. This results in a uniform
      wetting of the coffee powder lying within the receptacle.
PAR  The coffee container receptacle may be welded at its lower portion to the
      filter disk. This can be done in a simple manner when, in accordance with
      the invention, the receptacle is made of plastic material. It may be
      mounted on the water container by means of laterally extending bars.
      Preferably, the receptacle, the bars, and the water container are
      integrally molded of plastic material. Such a construction is easy to
      manufacture and has considerable mechanical stability.
PAR  According to one modification, a funnel-type structure may be affixed to
      the bottom of the water container so that the coffee filter housing may be
      placed over a coffee pot or the like.
DRWD
PAR  Other objects and features will be apparent from the following description
      of the invention, pointed out in particularity in the appended claims, and
      taken in connection with the accompanying drawing, in which:
PAR  FIG. 1 is a front elevational cross-sectional view of a coffee filter
      device according to the invention; and
PAR  FIG. 2 is a section taken along line II--II of FIG. 1.
DETD
PAR  Referring to the drawing, the coffee filter, as seen in the figures,
      comprises a cylindrical-shaped water container 11 having a bottom 12
      defining an opening 13. A filter disk 14 is inserted into this opening.
      The disk 14 has a reinforced edge 15 which forms a plastic ring around it.
PAR  The filter disk 14 is of plastic material and is gold plated by a
      galvanoplastic method. It is provided with longitudinal slots having a
      length of between 0.25 and 0.75 inches and a width of between 20 and 100
      microns flaring out in the direction of flow.
PAR  The edge of the opening 13 is provided with a downwardly-extending annular
      portion 16 which serves as a peripheral support for the reinforcing ring
      15 of the filter disk 14. The ring 15 may be glued or welded to the
      portion 16, or to the radially inwardly-projecting edge 17 of the water
      container.
PAR  An inwardly-extending tubular structure forms a receptacle 18 for the
      placement of powdered coffee. The receptacle rests on the filter disk 14
      and, by virtue of its smaller diameter, defines a certain central active
      area thereof. In practice, the receptacle 18 is firmly attached to the
      disk 14 by any suitable method, depending on the type of plastic material
      used.
PAR  The receptacle 18 is supported within the container 11 by
      radially-extending bars 19 so that it is firmly held in a position
      concentric to the container 11.
PAR  The above described assembly may be conveniently made by molding so as to
      form a solid structure, the filter disk 14 being attached to it
      thereafter.
PAR  A water distribution cover 20 is attached to the top of the container 11.
      It has an inwardly-extending conical portion sloping toward the center,
      and a flat central portion 22 defined by a tubular wall 23 of such
      diameter as to correspond to that of the receptacle 18. The central
      portion 22 has a number of perforations to permit the flow of water into
      the receptacle 18. A limited number of perforations, indicated by
      reference character 24, are also placed around the junction of the sloping
      portion and the tubular wall 23.
PAR  By virtue of the above-described structural arrangement, a more efficient
      water distribution is achieved. When the receptacle 18 is only partially
      filled with powdered coffee, the water poured into the container 11 is
      primarily directed through the portion 22 of the tubular inlet 21, toward
      and into the receptacle 18, whereby the small amount of coffee powder is
      effectively used and properly filtered over the central area of the filter
      disk 14.
PAR  On the other hand, when the receptacle 18 is completely filled with the
      maximum quantity of powdered coffee it can accommodate, the water flow
      will dislodge a certain amount of the contents of the receptacle 18 so
      that the coffee will spill over outside the receptacle 18. This amount of
      coffee floats in the water and is deposited onto the outer portion of
      filter disk 14. The perforations 24 in the water distribution cover 20
      direct water toward the outer boundary of the receptacle 18. In this
      manner, the total area of the filter disk 14 becomes effective and useful.
PAR  It is evident that, by virtue of this construction, either the total active
      surface of the disk 14, or a lesser surface, may be used, depending on the
      quantity of coffee in the receptacle 18. Consequently, even with different
      quantities of coffee being used, the filtering time does not vary to a
      great extent. At any rate, all of the water poured into the container 11
      is utilized for extracting coffee from the contents.
PAR  A funnel-shaped portion 16, including a downwardly-extending neck 27 is
      removably attached to the bottom of the container 11. This permits access
      to the filter disk 14 for occasional cleaning thereof. The neck 27 is of
      approximately the same diameter as the receptacle 18 and is located
      coaxially therewith.
PAR  The operation in accordance with the invention may also be realized with
      the filters which are not flat, for example, sieve sheets having the form
      of a basket, as described in United States Patent Appln. Serial No.
      486,626 filed July 8, 1974.
PAR  The invention in its broader aspects is not limited to the specific
      embodiments herein shown and described but changes may be made within the
      scope of the accompanying claims without departing from the principles of
      the invention and without sacrificing its chief advantages.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A filtering device for extraction of coffee by means of hot water,
      comprising a vessel for accommodating a quantity of water, said vessel
      having a relatively wide opening at the bottom thereof, a permanent filter
      disk closing said opening, a cylindrical separating receptacle of
      relatively smaller diameter than said disk affixed centrally thereto, and
      a water distribution cover over said vessel, said cover having a water
      passage opening arranged above said separating receptacle, said opening
      not exceeding the diameter of said receptacle.
NUM  2.
PAR  2. A filtering device in accordance with Claim 1, wherein the section of
      said separating receptacle equals the cross section of said water passage
      opening.
NUM  3.
PAR  3. A filtering device in accordance with Claim 1 wherein said separating
      receptacle is held within said vessel by radially extending bars solidly
      attached to the inner wall thereof.
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ABST
PAL  In an aqueous anionic surfactant system, the multivalent cation tolerance
      is improved by the presence of both a solute which inhibits crystal growth
      and a solute which forms crystalline precipitates of multivalent cations.
PARN
PAC  RELATED PATENT APPLICATIONS
PAR  This application is a continuation-in-part of the application Ser. No.
      448,326, filed Mar. 5, 1974, (now U.S. Pat. No. 3,892,668) which was a
      division of the application Ser. No. 351,738, filed Apr. 16, 1973, (now
      Patent 3,823,774) which was a continuation-in-part of both the application
      Ser. No. 235,039 filed Mar. 15, 1972 (now abandoned) and application Ser.
      No. 235,088, filed Mar. 15, 1972 (now abandoned).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for displacing oil within a permeable
      material such as a subterranean reservoir. More particularly, it relates
      to a process for displacing oil within a permeable material in which the
      oil is mixed with an aqueous solution containing multivalent cations.
PAR  It was previously known that aqueous anionic surfactant systems are
      particularly effective and efficient for displacing oil within permeable
      materials such as subterranean reservoirs. Such processes have been used
      for chemical flood-type oil recovery operations, for well treatments to
      displace residual oil from locations in which it impedes the permeability
      to aqueous fluid, and the like. Such aqueous anionic surfactant systems
      include surface active salts or soaps of organic or inorganic acids and
      the systems may be pre-formed or, at least to some extent formed within
      the material in which the oil is being displaced. As disclosed in the J.
      Reisberg U.S. Pat. No. 3,174,542, the acids that form surface active soaps
      can be injected ahead of an aqueous alkali that forms such a soap.
      Mixtures of relatively water-soluble and relatively water-insoluble
      petroleum sulfonates in an aqueous solution of electrolytes are described
      in the J. Reisberg U.S. Pat. Nos. 3,330,344 and 3,348,611. Aqueous liquid
      systems containing anionic surfactants electrolytes and water-thickening
      materials are described in the H. J. Hill -- D. R. Thigpen U.S. Pat. No.
      3,768,560, etc.
PAR  Although aqueous anionic surfactant systems are generally particularly
      effective and efficient in displacing oil, they exhibit a relatively low
      tolerance towards aqueous solutions containing multivalent cations. Such
      cations tend to reduce or destroy the efficiency of the system by
      precipitating multivalent cation salts of the anions of the surfactant or
      inducing a phase separation of the surfactant system components, of the
      like. Such problems are discussed in patents such as the J. Reisberg, J.
      B. Lawson U.S. Pat. No. 3,508,612, the R. F. Farmer, J. B. Lawson, W. M.
      Sawyer, Jr. U.S. Pat. NO. 3,675,716, U.S. Pat. No. 3,799,264, etc. As
      indicated by such patents, prior processes for eliminating the deliterious
      effects of multivalent cations have involved mixing sulfonate surfactants
      with alkoxylated alcohol sulfate surfactants; or using aqueous surfactant
      systems containing a mixture of a sulfated aliphatic anionic surfactant, a
      non-ionic surfactant, and a water-soluble quanidine compound, or the like.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to displacing oil within a permeable material
      by contacting and pushing the oil with an aqueous anionic surfactant
      system that contains both a dissolved crystal growth inhibiting material
      and a dissolved multivalent cation precipitating material that forms a
      crystalline precipitate of a multivalent cation.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a graph of the variation in oil saturation in a core with
      amount of chemical injected.
PAR  FIG. 2 shows a graph of the particle size distribution in various
      solutions.
PAR  FIG. 3 shows a graph of the variation in oil saturation in a core with
      amount of chemical injected.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is, at least in part, premised on a discovery that,
      certain scale inhibitors which are also crystal growth inhibitors can be
      utilized to increase the multivalent cation tolerance of an aqueous
      anionic surfactant system (such as one containing salts or soaps of
      surface active acids such as sulfonic or naphthenic acids or an aqueous
      digested alkaline tall oil pitch soap composition, or the like). The
      increased tolerance is obtained by dissolving in the surfactant system at
      least one multivalent cation-precipitating material that forms a
      crystalline precipitate of a multivalent cation (such as a salt containing
      multivalent cation-precipitating anions, e.g. carbonate, sulfate, or
      phosphate, etc.) in combination with a crystal-growth-controlling scale
      inhibitor that is substantially inert with respect to the surface activity
      of the surfactant system (such as certain organic or inorganic
      phosphates). The inclusion of such a combination of solutes provides a
      dynamically inhibited surfactant system in which a relatively large amount
      of protection is provided by a relatively small amount of the
      crystal-growth-inhibiting additive. A particularly suitable combination of
      precipitation-initiating and scale-inhibiting materials comprises that a
      sodium carbonate and the sodium salt of amino tris(methylphosphonic acid).
      A suitable sodium salt of amino tris(methylphosphonic acid) is available
      from the Monsanto Chemical Company under the trade name Dequest 2006. The
      acid form of amino tris(methylphosphonic acid) is available under the
      trade name Dequest 2000.
PAR  The aqueous anionic surfactant system to which this invention is applicable
      can contain substantially any mixture of anionic surfactants and
      electrolytes (and, if desired, water thickeners or co-surfactants or
      co-solvents or semi-polar material or emulsion modifiers) that are adapted
      to form an aqueous surfactant system having an interfacial tension of less
      than about 0.01 dyne per centimeter against the oil-containing fluid to be
      displaced within a permeable material. Such surfactant systems can be
      utilized in combination with the components or techniques such as those
      proposed for preparing and using oil-displacing chemical slugs in patents
      such as the above-mentioned Reisberg, Hill and Thigpen patents and the
      application of which the present application is a continuation in part.
      Such surfactant systems can be pre-formed or formed in situ. Such
      surfactant systems or "chemical slugs" are preferably injected ahead of a
      thickened slug of an aqueous drive fluid.
PAR  Particularly suitable surfactants for use in this invention comprise
      digested alkaline tall oil pitch soap compositions produced by heating a
      mixture of tall oil pitch and excess aqueous alkali for a time and
      temperature that produces a substantially completely water-soluble
      digested soap composition of the type more completely described in the
      parent patent application. Such soap compositions can be used by
      themselves, or mixed with petroleum sulfonate surfactants such as those
      commercially available as: petroleum sulfonates from Bray Chemical
      Company; Bryton Sulfonates from Bryton Chemical Company; Petronates and
      Pyronates from Witco Chemical Company; Promor sulfonates from Mobil Oil
      Company; and the like. Such tall oil acid or pitch soaps, or sulfonates,
      or other anionic surfactants, are preferably used in mixtures that provide
      enough relatively high water-soluble anionic surfactant to satisfy the
      critical concentration for micelle formation and enough relatively
      water-insoluble amphiphillic material to satisfy the micelle-swelling
      criteria described in the J. Reisberg U.S. Pat. No. 3,330,344.
PAR  The electrolyte content of the present surfactant systems are preferably
      adjusted to enhance the interfacial tension lowering activity of the
      system at the temperature at which it is to be used, for example, at the
      temperature of a subterranean oil reservoir. The salinity of such aqueous
      solutions or systems can be controlled by, for example, adding alkali
      metal salts of halogen acids, or other relatively highly water-soluble
      salts. Such solutions can advantageously be formed from a subterranean
      brine, sea water, or the like, that is available near the location in
      which the system is to be used. The sodium and potassium chlorides are
      particularly suitable electrolytes for use in this invention. Solutions
      containing from about 0.1 to 5 moles/liter of such salts are generally
      suitable. Where the oil to be displaced is mixed with a highly saline
      aqueous solution the electrolyte content of the surfactant system (as
      injected) is preferably near the lower level.
PAR  Where water thickeners are incorporated in the present surfactant systems,
      or thickened chemical slug-displacing systems injected behind them, such
      thickeners can comprise substantially any water-soluble polymeric material
      such as a carboxymethyl cellulose, a polyethylene oxide, a hydroxyethyl
      cellulose ether, partially hydrolyzed polyalkylamides or copolymers of
      acrylamide and acrylic acid, biopolymers such as the polysaccharides, or
      the like.
PAR  The crystal growth inhibiting material used in this invention can be
      substantially any water-soluble crystal growth inhibitor that is adapted
      to retard the growth of crystals containing multivalent cations and is
      substantially inert with respect to adversely affecting the interfacial
      tension lowering activity, of the surfactant system. Such inhibitors are
      preferably the phosphonic acid substituted amines which are water-soluble
      or form water-soluble salts. Particularly preferred inhibitors comprise
      the trimethylphosphonate substituted amines available from Monsanto
      Chemical Company under the trade name of Dequest.
PAR  The multivalent cation precipitating material used in the present invention
      can comprise substantially any ionic water-soluble material having an
      anion that forms a crystalline precipitate with a multivalent cation and
      is compatible with anionic surfactant materials. Suitable precipitating
      materials include the sodium or potassium carbonates or bicarbonates, the
      sodium or potassium sulfates or the sodium or potassium phosphates or the
      sodium or potassium fluorides, or the like.
PAR  In the present invention surfactant systems, the combination of the crystal
      growth inhibitor and multivalent cation precipitator provides a
      dynamically inhibited system in which a relatively high amount of
      tolerance to multivalent cations is imparted by a relatively small
      (nonstoichiometric) proportions of the crystal growth inhibitor. In
      general, the amounts used should be sufficient to provide a significant
      increase in the multivalent cation tolerance of the system.
PAR  Where the water mixed with the oil to be displaced has a relatively low
      multivalent cation content, and thus is not a particularly hard water, the
      concentrations of the crystal growth inhibitor and cation precipitator can
      be relatively low. Low concentrations can, of course, also be used where
      it is feasible to displace or dilute a relatively hard water with a softer
      water prior to the injection of the surfactant system. Concentrations of
      from about 0.001 to 1 percent crystal growth inhibitor and 0.01 to 0.1
      moles/liter multivalent cation precipitator are preferred. The present
      surfactant systems can be used in displacing oil that is mixed with
      relatively hard water (i.e. water having a relatively high multivalent
      cation content). In terms of calcium ion equivalents, such multivalent ion
      concentrations can be as high as about 4000 parts per million, but are
      preferably less than about 2500 ppm.
PAC  EXAMPLES
PAR  Tests 1 to 4 compare the oil displacing efficiencies of aqueous digested
      alkaline tall oil pitch soap surfactant systems (further described in Ser.
      No. 351,738, filed Apr. 16, 1973) with and without the presence of a
      crystal growth inhibitor and multivalent cation-precipitating material.
      The surfactant systems are essentially similar except for the presence of
      the indicated amount of the sodium salt of the crystal growth inhibitor,
      Dequest 2000 and Eugene Island synthetic water (a water solution
      containing 45,337 ppm Na.sup.+, 3741 ppm Ca.sup.+.sup.+, 1115 ppm
      Mg.sup.+.sup.+, 756 ppm Ba.sup.+.sup.+, and 69,651 ppm Cl.sup.-). The test
      results are shown in FIG. 1. Note that the inhibited surfactant systems
      were tolerant to the rather high concentrations of monovalent and
      multivalent cations -- amounts that would cause a coagulation of similar
      surfactant systems that were free of the precipitate-forming and scal
      inhibiting combination. The pressure drops in cores observed during tests
      2 to 4 were similar to those of test 1 and other tests with surfactant
      systems free of the crystal growth inhibitor, multivalent cation
      precipitator and multivalent cations.
PAR  Tests 5 to 7 compare the particle size distributions of liquids in which
      calcium carbonate was precipitated in the presence and in the absence of a
      Dequest crystal growth inhibitor. In test 5, equal volumes of 0.1 molar
      sodium carbonate were added to an aqueous 0.1 molar calcium chloride
      solution containing 3 .times. 10.sup.-.sup.3 moles of Dequest 2000 with
      stirring. The solution was then diluted to 0.1 of its concentration with
      aqueous 0.1 molar sodium chloride and promptly analyzed. In test 6, a
      solution was similarly prepared -- without Dequest. In test 7, a solution
      was similarly prepared but with 4 .times. 10.sup.-.sup.3 moles of Dequest,
      and was subjected to about 3-weeks again at room temperature prior to its
      analysis. The analysis employed a commercially available Coulter Counter
      (Model T) which measures the change in the resistance of a conducting
      fluid that occurs as a nonconducting particle flows through a small
      aperture between two electrodes. When a particle passes through the
      aperture, the change in resistance produces a voltage pulse which (in
      theory) is proportional to the volume of the particle.
PAR  Graphs of the test results are shown in FIG. 2. Note that without the
      Dequest the particle size grows to more than the maximum size (i.e., that
      measurable by the Coulter Counter tube that was used) during a three-week
      aging period. In contrast, with the Dequest, the particle size remains
      relatively very small throughout a three-week aging period.
PAR  FIG. 3 shows the recovery capability of a Bryton 430 pertroleum sulfonate
      surfactant system containing calcium ions and Dequest 2000. Core
      experiments were performed with Benton crude oil in Berea sandstone (10
      inches long, 2 inches in diameter) at 70.degree.C. Oil recovery is good
      (typical for an active aqueous sulfonate sulfactant system) for all runs.
      An increased rate of oil desaturation is observed as the amount of
      NA.sub.2 CO.sub.3 in the slug is increased. The oil cut of the effluent is
      around 0.3 - 0.4 from test 8 and 0.4 - 0.6 from test 10. Pressure behavior
      of tests 8 and 9 is similar; the maximum pressure drop is about 1.5 psi.
      However, the maximum pressure drop of test 10 is above 5 psi (the maximum
      measurable pressure on the recorder at that time) but it falls to 1 psi at
      the end of the run. Ordinarily, a 5 percent Bryton 430 solution separates
      at 1000 ppm Ca.sup.+.sup.+ both at room temperature and at 70.degree.C. In
      the presence of Dequest and NA.sub.2 CO.sub.3, no separation of Bryton 430
      was observed even with 4000 ppm Ca.sup.+.sup.+. The CaCO.sub.3 formed in
      the solution ranged from a white colloidal suspension to a colloidal
      system mixed with some coarse agglomerates depending on the relative
      concentrations of Ca.sup.+.sup.+, CO.sub.3 and Dequest and agitation.
      Since the promotion or inhibition crystal growth depends on kinetics as
      well as the thermodynamics of the process, the method of preparation and
      final composition of the system are important factors controlling the
      final state of the solution.
PAR  We have similarly tested the applicability of the Dequest-carbonate
      combination for increased multivalent ion tolerance of other anionic
      surfactant solutions. These include: 5 percent Martinez 470 sulfonate
      (separation of this aqueous solution occurs with 800 ppm Ca.sup.+.sup.+
      both at room temperature and at 70.degree.C), 5 percent Pyronate 50
      (separation occurs at 900 ppm Ca.sup.+.sup.+ at room temperature,
      separation point is not sharp at 70.degree.C), 5 percent Siponate DS-10
      (sodium dodecyl benzene sulfonate), 2.5 percent sodium oleate. The test
      results were similar to those observed with Bryton 430; i.e., separation
      of surfactant does not occur even with several thousand ppm of
      Ca.sup.+.sup.+ but colloidal CaCO.sub.3 is noted.
PAR  THe functions of Na.sub.2 CO.sub.3 in these systems are (1) to supply the
      CO.sub.3.sup.= for reaction with Ca.sup.+.sup.+, (2) to provide an anion
      effect to increase Na.sup.+ tolerance, and (3) to provide a buffer effect
      to compensate for alkali loss in the core. The last function may have
      contributed to the sharper decrease of oil saturation in the core flooded
      with slugs containing Na.sub.2 CO.sub.3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process in which oil within a subterranean reservoir that contains
      an aqueous solution of multivalent cations is displaced from one location
      to another by injecting into the reservoir an aqueous anionic surfactant
      system which is capable of providing an interfacial tension against the
      oil of less than about 0.01 dyne per centimeter, the improvement which
      comprises:
PA1  dissolving in the surfactant system (a) a sodium salt of amino
      tris(methylphosphonic acid) in a concentration of from about 0.001 to 1
      percent by weight of the system, and (b) a multivalent
      cation-precipitating compound of the group consisting of sodium or
      potassium salts of carbonates, sulfates, phosphates, or fluorides, in a
      concentration of from about 0.01 to 0.1 moles per liter of the system; and
PA1  dissolving said reactants in relative proportions such that, when the
      system is mixed with the aqueous solution in the reservoir, multivalent
      cations are reacted with a crystaline-precipitate-forming material to form
      a substantially colloidal suspension of crystal-growth-inhibited crystals
      having average diameters that are maintained at less than about 1 micron.
NUM  2.
PAR  2. The process of claim 1 in which said surfactant system contains at least
      one surface active sulfonate.
NUM  3.
PAR  3. The process of claim 1 in which said surfactant system contains a
      digested alkaline tall oil pitch soap composition produced by heating a
      mixture of tall oil pitch and excess aqueous alkali for a time and
      temperature productive of a substantially water-soluble digestion product.
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ABST
PAL  Use of poly (dimethylaminomethyl acrylamide) as a friction reducer for
      aqueous fluids flowing through a conduit, especially for the aqueous
      hydraulic fracturing of subterranean formations.
BSUM
PAR  This invention is directed to the art of reducing the energy loss during
      the flow of aqueous fluids through pipes which by common usage in the oil
      field terminology has become known as "friction reduction." More
      particularly, our invention is directed to friction reduction in the
      aqueous hydraulic fracturing of subterranean formations. The aqueous
      fracturing fluid may be brine, fresh water, or acid. Our invention will
      also be useful in firefighting, hydraulic control systems, and in any
      other application where the energy loss of aqueous fluids flowing through
      a conduit is to be avoided.
PAR  It is well known that in the movement of aqueous fluids through conduits,
      friction is generated and hence energy is lost. This energy loss is
      apparent from the pressure drop entailed in moving the fluid through a
      given distance and is directly proportional to the velocity of the fluid.
      According to the well-known laws of fluid dynamics, as long as the
      critical Reynolds Number of a fluid medium flowing through a conduit is
      not exceeded, the fluid moves in laminae which are actually aligned along
      the conduit. Under these conditions of laminar flow, the energy loss is
      minimal. However, when the velocity is greatly increased, the critical
      Reynolds Number is exceeded and turbulence occurs. This turbulence
      represents the change from laminar to nonlaminar flow. In addition,
      turbulence is increased by any irregularities in the conduit or in
      fracturing a subterranean formation by entering the formation. An increase
      in turbulence causes an increase in the amount of energy lost through
      friction.
PAR  In the art of producing oil or gas from a subterranean formation, it is
      well known that production can be greatly increased by hydraulically
      fracturing the formation. In a hydraulic fracturing operation, a
      fracturing fluid is forced down a well bore under high pressures to
      fracture the rock formation surrounding the well bore. The pressure is
      then released allowing the oil or gas to seep through the fractures into
      the well bore where it is then pumped to the surface.
PAR  In the hydraulic fracturing operation, a high velocity is required and
      extremely high pressure drops are encountered resulting in large losses of
      energy. In hydraulic fracturing, it is necessary to inject sufficient
      amounts of fracturing fluids to build up the required pressure in the well
      in order to effectuate cracks or fractures in the subterranean formation.
      Pressures as high as 3,000 to 10,000 psi measured at the surface are often
      required. Because of the large quantities of fluid needed, the high
      velocities required, and the general irregularities of the formation, it
      is difficult to obtain satisfactory results in many fracturing operations
      because of the energy loss. Thus, a method of reducing this friction
      (energy) loss is greatly desirable.
PAR  It is, therefore, the principal object of this invention to provide a
      polymeric additive which reduces the friction loss in flowing aqueous
      fluids, especially as applied in the hydraulic fracturing of subterranean
      formations.
PAR  Most commonly, fresh water or aqueous brine are used as the fracturing
      medium in oil field operations. The brines usually contain from a few
      parts per million to high percentages of dissolved salts. In fact, oil
      field brines sometimes contain total dissolved solids of up to about 10
      percent or higher. Particularly, common brines which are difficult to use
      with polymeric additives are those having dissolved alkaline earth metal
      salt concentrations of more than 1,000 ppm. Most oil field brines contain
      at least several hundred ppm of calcium in addition to 2 percent or more
      sodium chloride and potassium chloride.
PAR  In addition, it is also well known in the art of producing oil or gas from
      a subterranean formation that fluid production can occasionally be
      stimulated by injecting acid solutions into the formation by way of the
      well bore. This is especially true when the reservoir contains large
      amounts of carbonate rock such as limestone, dolomite, and the like. The
      acid reacts with the carbonate content of the rock, thereby creating
      channels in the rock between the reservoir and the well bore. This
      increases the effective drainage area of the well bore, stimulating
      production.
PAR  The most commonly used acid for this purpose is hydrochloric. However,
      other acids such as hydrofluoric, nitric, formic, acetic and sulfonic have
      also been highly successful in increasing production in calcareous
      formations. Mixtures of two or more different acids have also been used,
      especially mixtures containing hydrofluoric acid. The acids are usually
      employed as 1 percent to 35 percent by weight solutions in water. However,
      because of the scarcity of fresh water and economics, it is often
      necessary to employ oil field brine as the aqueous medium in place of
      water. In these cases, the aqueous medium will be an acidic brine.
PAR  Acidizing and hydraulic fracturing are generally combined into one
      treatment by employing an acidic fluid under hydraulic fracturing
      pressures. This combination treatment of the well is called acid
      fracturing and it stimulates production by obtaining the benefits of both
      the chemically created channels and the pressure created fractures. When
      acid fracturing, the aqueous fluid may be an acid solution or an acidic
      brine as described above.
PAR  It has become the common practice in the oil field art to add
      friction-reducing polymers to the fracturing fluids to reduce turbulence
      and subsequent energy loss as the fracturing fluid is forced from the
      surface into the subterranean formation. For example, see U.S. Pat. No.
      3,023,760 which discloses the use of sodium polystyrene sulfonate as a
      friction reducer and U.S. Pat. Nos. 3,102,548; 3,254,719 and 3,370,650
      which disclose the use of polyacrylamides as friction reducers. In
      addition, see U.S. Pat. Nos. 3,451,480 and 3,537,525 which disclose the
      use of polymers containing diacetone acrylamide as friction reducers.
      Finally, see U.S. Pat. No. 3,562,226 which discloses the use of polymers
      containing dialkyl diallyl quaternary ammonium groups as friction
      reducers.
PAR  While most of these above-mentioned friction reducers are effective and
      have been somewhat of a success, many of them suffer from one or more
      drawbacks. For example, some of the polymers have a tendency to
      precipitate in the presence of the highly concentrated dissolved inorganic
      salts. Some of the polymers are relatively unstable at the elevated
      temperatures found in most subterranean formations. In addition, the
      viscosities of many of the polymers are greatly decreased in the presence
      of brine or acid. It has been known for years that partially hydrolyzed
      polyacrylamide, when dissolved in pure water, forms a much more viscous
      solution than the unhydrolyzed polyacrylamides. However, most of this
      viscosity increase is lost in water containing high concentrations of
      dissolved inorganic salts and/or acids. This loss of viscosity seriously
      affects the friction-reducing properties of the polymer. Also, many of
      these prior art polymers are not shear stable, especially in the presence
      of dissolved inorganic salts and/or acids. Because of the extremely high
      velocities, it is important that the polymers be shear stable. Finally,
      many of the polymers are not as effective as desired and new and improved
      friction-reducing additives are always desirable. Moreover, none of the
      prior art compounds are effective in all of the different aqueous
      fracturing systems.
PAR  It is, therefore, an object of this invention to provide an improved
      friction reducer. It is a further object of this invention to provide a
      friction reducer that overcomes the defects of the prior art compounds.
PAR  We have found a series of polymeric friction reducers which are an
      improvement over the prior art compounds. The friction reducers of our
      invention are effective in fresh water, brines, and acidic fracturing
      fluids. In addition, they are temperature stable and shear stable.
      Finally, they are very effective at low concentrations. This combination
      of properties fulfills a long felt need by the art. The polymers of our
      invention are high molecular weight, water-soluble polymers containing
      dimethylaminomethyl acrylamide and may be prepared in any convenient
      manner, as for example, in the manner taught by U.S. Pat. Nos. 2,328,901
      or 3,539,535.
PAR  The polymers useful in this invention should have high molecular weights,
      preferably of at least 100,000 and more preferably of at least 1,000,000,
      and should have a solubility in water of at least 0.25 percent.
PAR  The polymers recited herein should be employed in a fracturing fluid in
      concentrations of from about 10 to about 1,000 ppm, based on the weight of
      the fracturing fluid. For other conduits and under other pressure and flow
      conditions, concentrations of from 1 ppm to 2,500 ppm may be economical.
      In addition, the fracturing fluid may contain other additives which are
      commonly used in the fracturing process as understood by one skilled in
      the art. Examples of some of these optional additives are corrosion
      inhibitors, propping agents and fluid-loss additives. A further advantage
      of the polymers of the instant invention is their compatibility with
      conventional cationic corrosion inhibitors.
DETD
PAR  To demonstrate the effectiveness of our invention, we utilized a laboratory
      "friction loop" in which a test fluid is circulated through a pipe having
      an internal diameter of about 0.25 inches. Pressure measurements are made
      at points about five feet apart and the friction reduction results noted.
      In all cases, shear of 16,000 rpm was applied after 10 minutes.
TBL                                    Table I                                 
     __________________________________________________________________________
     Friction Reduction Results                                                
                                        Shear                                  
     Sample   Grams                                                            
                  Fluid Initial                                                
                             5 Min.                                            
                                  10 Min.                                      
                                        15 Min.                                
                                              20 Min.                          
     __________________________________________________________________________
     DMAMPAM (5%)                                                              
              24  F.W.  70.7 62.9 57    48.6  43.2                             
     DMAMPAM (5%)                                                              
              48  F.W.  73.8 65.6 64.2  61.4  57.4                             
     DMAMPAM (5%)                                                              
              48   2% CaCl.sub.2                                               
                        72.9 64.8 61.3  58.2  52                               
     DMAMPAM (5%)                                                              
              48  10% NaCl                                                     
                        73.5 65.6 62    57    51.5                             
     __________________________________________________________________________
      DMAMPAM = Poly(Dimethylaminomethyl Acrylamide)                           
PAR  The following table (Table II) demonstrates the ability of
      poly(dimethylaminomethyl acrylamide) (DMAMPAM) to impart good viscosity in
      water over a wide range of pH, even at very low pH in a test utilizing a
      Fann Viscometer. The following data also demonstrate the ability of
      DMAMPAM to increase viscosity of concentrated acids currently used in
      industry to acidize producing oil wells, gas wells, and water intake
      wells.
TBL                Table II                                                    
     ______________________________________                                    
     Fann Viscosities                                                          
                              1% by Weight                                     
               15% by Weight  DMAMPAM in 15% by                                
     rpm       HCl Solution   Weight HCl Solution                              
     ______________________________________                                    
     100       3 cps          68.1 cps                                         
     200       2.4 cps        49.8 cps                                         
     300       2.4 cps        41.3 cps                                         
     600       2.2 cps        30.0 cps                                         
     ______________________________________                                    
PAR  The following table (Table III) demonstrates the temperature stability of
      poly(dimethylaminomethyl acrylamide) in a test in which 600 mg/1 DMAMPAM
      is dissolved in fresh water that is saturated with oxygen. Solution is
      placed in 2 glass bottles and stoppered. One sample is heated at
      210.degree.F. for 2 days, then cooled to room temperature. The viscosity
      of both the heated and unheated solutions are measured in a Brookfield
      Model LVT Viscometer.
TBL                Table III                                                   
     ______________________________________                                    
                  Viscosity, cp                                                
     rpm            Unheated      Heated                                       
     ______________________________________                                    
      3             5.3           9.2                                          
      6             5.0           8.2                                          
     12             4.65          7.15                                         
     30             4.14          6.32                                         
     60             3.80          5.61                                         
     ______________________________________                                    
PAR  As a basis for comparison, hydrolyzed polyacrylamide, when treated in a
      similar manner at this temperature, will lose about 10 to 50% of its
      solution viscosity.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for reducing the friction loss of aqueous fluids flowing
      through a conduit comprising maintaining in the aqueous fluid an effective
      amount of a polymer of dimethylaminomethyl acrylamide having a molecular
      weight of at least 100,000.
NUM  2.
PAR  2. A method as in claim 1 wherein at least 10 ppm of the polymer is
      maintained in the aqueous fluid.
NUM  3.
PAR  3. A method for fracturing a subterranean well formation comprising
      injecting into the well under fracturing pressures an aqueous fracturing
      fluid containing a polymer of dimethylaminomethyl acrylamide having a
      molecular weight of at least 100,000 in an amount sufficient to reduce the
      friction loss of said aqueous fluid.
NUM  4.
PAR  4. A method as in claim 3 wherein at least 10 ppm of the polymer is
      maintained in the aqueous fluid.
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ABST
PAL  The invention provides the use of an iron/silicon/phosphorus-alloy
      containing between 8 and 25 weight % of silicon and between 0.3 and 2.5
      weight % of phosphorus as heavy medium for making heavy pulps for the
      heavy media separation of minerals.
BSUM
PAR  The production of various ferrosilicon alloys containing substantially 15
      weight % of silicon and their uses as heavy media in aqueous heavy pulps
      for the heavy media separation of minerals, for example ores, have already
      been described in German Pat. Nos. 972,687 and 1,212,733 and in German
      published specification DAS No. 1,058,081. These known ferrosilicon alloys
      contain at best traces of phosphorus, up to substantially 0.05 weight %.
      Ground ferrosilicon powders are, however, highly susceptible to corrosion
      and abrasion in the heavy pulps. For this reason, use should conveniently
      be made of atomized ferrosilicon powders, of which the individual
      particles have a smooth and spheroidal, preferably a spherical, surface.
PAR  Heavy medium separation is a process used for achieving the separation of
      minerals with different densities by means of an aqueous suspension of a
      finely divided heavy medium, termed heavy pulp, which has a density lying
      between the densities of the minerals to be separated from each other.
      Upon the introduction of the mixture of minerals into the suspension, the
      relatively light weight constituents of the mixture are found to float on
      the surface of the suspension, heavier constituents sinking down. Prior to
      contacting the mineral raw material with the heavy pulp in a separator,
      which may take the form of a fixed cone, of a cyclone or of a rotating
      drum, it is necessary for the said raw material to be subjected to
      preparatory treatment comprising crushing it to particles of desirable
      size, screening the particles and scrubbing them with water. Following
      separation, the float and sink materials are scrubbed again with water so
      as to recover the heavy medium which adheres thereto. In a separate
      operation, the heavy medium is magnetically separated from the pulp
      diluted with scrubbing water, recovered and decontaminated. The above
      steps are effected in the sequential order described, practically
      regardless of the kind of apparatus used.
PAR  The preferred heavy media of today are powders which can be recovered by
      magnetic separation in the manner just described and which can be freed
      from non-magnetic contaminants. The heavy media primarily comprise
      magnetite for making pulps with low pulp density, and ferrosilicon
      containing between 8 and 25 weight % of Si for making pulps with higher
      pulp densities. The heavy medium, which may be made by an atomization or
      grinding operation, has a particle size between 0.001 and 0.4 mm.
PAR  For a heavy medium it is necessary to combine magnetizability with a series
      of further properties. The targeted objects are fairly minor consumption
      of heavy medium, fairly sharp separation of the minerals from each other,
      and optimum yields of the individual constituents. To ensure good
      separation, it is primarily necessary for the pulp made with the heavy
      medium to have the following properties, namely
PAR  1. A GIVEN PULP DENSITY,
PAR  2. A GIVEN VISCOSITY AND CONSISTENCY, AND
PAR  3. A GIVEN STABILITY, I.E., A GIVEN SETTLING RATE FOR SOLID PARTICLES.
PAR  Loss of heavy media is caused by
PA1  1. Corrosion of the heavy medium,
PA1  2. adherence of heavy medium to sink and float materials,
PA1  3. removal of magnetically recovered ferrosilicon, through the overflow or
      effluent outlets of a magnetic separator or thickening apparatus.
PAR  The susceptibility to corrosion of the heavy medium in the pulp has been
      found to critically influence the properties of the heavy pulp and to
      cause loss of heavy medium.
PAR  More particularly, corrosion at increasing rates has been found to result
      in the formation of superficial oxide layers lowering the concentration
      and specific density of the heavy medium in the pulp. To maintain the
      density required for separation, it is necessary to add more heavy medium.
      As a result, the viscosity of the pulp is increased and the separation or
      yield of the individual components is rendered more difficult or reduced.
      As shown in Example 2 and exemplified by products C and E, corrosion of
      the heavy medium also effects an increased pulp viscosity.
PAR  In addition to this, the magnetic properties are affected by the oxide
      layers originating from corrosion. The corrosion in turn causes the heavy
      medium particles to be continually reduced in size. The resulting fines of
      heavy medium cease to settle, because of the increased stability of the
      pulp and, in the end, they are removed from the thickeners, through
      overflow outlets. In other words, corrosion phenomena effect higher loss
      of heavy medium and higher viscosities. This impairs the economy of heavy
      media separation, the separation efficiency, the yield and concentration
      of ore in the sink material.
PAR  We have now unexpectedly discovered that the susceptibility to corrosion of
      a ferrosilicon heavy medium can be considerably reduced provided that
      atomized (pulverized or granulated) or ground ferrosilicon is further
      alloyed with between 0.3 and 2.5 weight % of phosphorus. This could not be
      foreseen as phosphorus is normally not employed in metallurgy as one of
      the elements which are known to improve the resistance to corrosion of
      alloys and which comprise chromium, nickel and copper, for example.
PAR  Iron/silicon/phosphorus-alloys containing between 13 and 25 weight % of
      silicon and between 2 and 3 weight% of phosphorus have already been
      described and tested metallographically (cf. F. Sauerwald et al.,
      Zeitschrift fuer anorganische und allgemeine Chemie, volume 210 (1933),
      pages 23-25). Nothing has, however, been disclosed heretofore relative to
      their preparation or technical uses, nor to their resistance to corrosion.
PAR  The present invention provides more particularly the use of a pulverulent
      iron/silicon/phosphorus-alloy containing between 8 and 25% by weight of
      silicon and between 0.3 and 2.5 weight %, preferably between 1 and 1.5
      weight % of phosphorus, as heavy medium for making heavy pulps for the
      heavy media separation of minerals.
PAR  Further embodiments of the present invention, which can be used singly or
      in combination, provide:
PA0  a. for the alloy to contain between 0.02 and 2 weight % of carbon;
PA0  b. for a major portion of the pulverulent alloy to consist of compact
      particles having a smooth and spheroidal, preferably a spherical, surface;
PA0  c. for the alloy to consist of finely ground powder;
PA0  d. for the alloy to be melted from iron, quartz gravel, coal and
      ferrophosphorus in an electrothermal reduction furnace, or from iron,
      ferrosilicon and ferrophosphorus in an induction furnace, at temperatures
      between 1200.degree. and 1650.degree.C, and for the resulting melt to be
      atomized in conventional manner under pressures between 2 and 30
      atmospheres absolute using water, steam or air with the resultant
      formation of substantially compact particles having a smooth and
      spheroidal surface;
PA0  e. for the alloy to be melted from iron, quartz gravel, coal and
      ferrophosphorus in an electrothermal reduction furnace, or from iron,
      ferrosilicon and ferrophosphorus in an induction furnace, at temperatures
      between 1200.degree. and 1650.degree.C, and for the resulting melt to be
      cast into moulds, chilled, crushed and ground.
PAR  The invention also provides a process for making a heavy pulp for the heavy
      media separation of minerals, for example ores, which comprises making the
      heavy pulp from a heavy medium consisting of a pulverulent
      iron/silicon/phosphorus-alloy containing between 8 and 15 weight % of
      silicon and between 0.3 and 2.5 weight %, preferably between 1 and 1.5
      weight %, of phosphorus.
PAR  Heretofore, it has been necessary for phosphorus free ferrosilicon alloys
      containing between 8 and 25 weight % of silicon to be produced in costly
      manner in an induction furnace so as to ensure a minor concentration of
      carbon, e.g., 0.3 weight %, therein. This in view of the fact that the
      resistance to corrosion of these alloys is known to decrease as the carbon
      content increases. With this in mind, it is all the more an important and
      unexpected result that the present invention enables use to be made of an
      iron/silicon/phosphorus alloy containing up to 2 weight % of carbon, which
      could not be found to affect the resistance to corrosion of the alloy, in
      aqueous media. This means in other words that it is possible for the
      iron/silicon/phosphorus alloy to be produced much more economically, in
      known manner, in an electrothermal reduction furnace which yields alloys
      having between 1 and 2 weight % of carbon therein.
PAR  In addition to carbon, the iron/silicon/phosphorus-alloys may contain
      customary commercial contaminants including manganese, aluminum, titanium,
      chromium, molybdenum, vanadium or sulfur, in proportions of altogether 3
      weight %.
PAR  In accordance with the present invention use should preferably be made of
      those pulverulent iron/silicon/phosphorus-alloys, which are produced
      directly from the melt and atomized with the use of water, steam or air,
      or granulated in known manner with the use of granulating tablets, grooves
      or cones. The resulting fused particles are chilled in water, subjected to
      preliminary dehydration, dried and sieved. The powder particles so
      produced, which have a smooth surface and spheroidal, spherical or
      elongated shapes, can be made into pulps that combine high density with
      low viscosity. In addition to this, the particles practically do not
      adhere to the ore which is to be separated, and loss of heavy medium is
      avoided. Still further, the particles are magnetic, highly resistant to
      corrosion and to abrasion. As a result, it is possible for the heavy
      medium particles to be recovered from the pulp and to be used repeatedly.
PAR  In accordance with the present invention, it is also possible for the heavy
      medium consisting of expensive atomized or granulated
      iron/silicon/phosphorus-alloys to be replaced by less costly alloy grades,
      namely by those which are produced by casting a melt into moulds and
      grinding the solidified melt. The resulting ground particles may be
      further passed in known manner, if desired under pressure and with the use
      of an atomization inducing agent, through a flame zone, wherein they are
      fused superficially and given a spheroidal shape. As compared with ground
      phosphorus-free ferrosilicon containing substantially 15 weight % of Si,
      the ground iron/silicon/phosphorus-alloy has a considerably improved
      resistance to corrosion.
PAR  The pulverulent iron/silicon/phosphorus alloys, which are to be used in
      accordance with this invention, have densities between 6.3 and 7.2 g/cc,
      determined pycnometrically, and enable pulps with a density between 2.0
      and 3.9, for example, to be made for use in the heavy media separation of
      ores. This is very advantageous for the separation of iron ores, tungsten
      ores, diamond ores or calcium fluoride. The pulverulent heavy medium
      consists of particles with a size substantially between 0.001 and 0.4 mm,
      the particle size distribution being very regular. As a result, it is
      possible for the screen analysis curves to be plotted, practically as a
      straight line, in the Rosin-Rammler diagram. The
      iron/silicon/phosphorus-alloys of the present invention substantially have
      the same viscosity, magnetism and resistance to abrasion as known
      phosphorus-free alloys, and they combine this with a resistance to
      corrosion, which is a multiple of that of the known alloys.
PAR  In the following Examples, the susceptibility to corrosion of heavy media
      was determined in 300 cc of an aqueous acid acetate buffer solution at
      80.degree.C at a pH of 4.62. The heavy medium suspensions, which had a
      density of 3.5 kg/liter, were stirred for 96 hours using a sheet iron
      stirrer (400 rpm). The quantity of gas evolved, which substantially was
      hydrogen, was collected and identified. The drop in the pycnometer density
      of the heavy medium was also determined, following the end of each test.
      High quantities of gas and correspondingly higher differences between the
      densities indicated high susceptibility to corrosion of the heavy medium.
      The viscosity was determined for a suspension density of 3.0 g/cc at
      20.degree.C, in a Stormer rotary viscosimeter.
DETD
PAC  EXAMPLE 1
PAR  850 kg of iron turnings (shovel grade), 400 kg of quartz gravel (diameter:
      5 - 45 mm), 200 kg of lean nut coal (diameter: 60 - 100 mm) and 80 kg of
      ferrophosphorus (fist size), which contained 20 % of phosphorus, were
      melted in an electrothermal reduction furnace and the resulting melt,
      which had a temperature of 1500.degree.C, was delivered to an atomization
      means. The melt was atomized through an annular slit nozzle with steam
      under a pressure of 11 atmospheres (gauge). The resulting powder was
      collected in water. Following dehydration and drying, a coarse particle
      fraction (referred to as product "B" hereinafter) was sieved out and
      subjected to a corrosion test. The material properties of this fraction
      and the corrosion test results are indicated under column B below. A
      comparative test was made with product A. This was atomized ferrosilicon
      which was free from phosphorus and which was substantially as coarse as
      product B.
TBL  ______________________________________                                    
     Product:            A          B                                          
     ______________________________________                                    
     Pycnometer density                                                        
     (g/cc):             6.88       6.90                                       
     Pycnometer density                                                        
     following corrosion                                                       
     test (g/cc):        6.01       6.80                                       
     cc of hydrogen gas                                                        
     evolved after 96 h                                                        
     corrosion test                                                            
     (reduced to stan-                                                         
     dard conditions)    21,390     620                                        
     Si (weight %)       14.1       14.9                                       
     P (weight %)        0.05       1.80                                       
     C (weight %)        1.4        1.36                                       
     Particle size distribution                                                
     in starting material in                                                   
     weight %                                                                  
      &gt;0.200 mm          2.5        2.4                                        
      &gt;0.160 mm          10.2       11.0                                       
      &gt;0.100 mm          23.4       26.7                                       
      &gt;0.063 mm          44.2       48.2                                       
      &lt;0.063 mm          55.8       51.8                                       
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  800 kg of iron scrap, 200 kg of ferrosilicon, which contained 75 weight %
      of Si, and 80 kg of ferrophosphorus, which contained 20 % of phosphorus,
      were melted in an induction furnace (mains frequency crucible furnace).
      The resulting melt was atomized under conditions the same as those
      reported in Example 1. Following dehydration and drying, an especially
      fine particulate fraction was isolated and subjected to corrosion tests
      "E" and "F". Comparative tests "C" and "D" were made with the use of
      ferrosilicon free from phosphorus, which was atomized or subjected to an
      additional grinding step and which was substantially as fine as the
      products tested in tests E and F.
PAR  During the heavy media separation of minerals, it is necessary continuously
      to repump the heavy medium. This causes friction between the heavy medium,
      the pump and conduits. As a result, the heavy medium is subjected to wear.
      This effects the formation of active centers on the surface, where
      corrosion predominantly occurs. The wear effect was demonstrated by 10
      hour treatment in a ball mill. The susceptibility to corrosion of
      ferrosilicon which contained phosphorus was found to have been reduced,
      following grinding.
TBL  ______________________________________                                    
     Product:      C       D        E      F                                   
     ______________________________________                                    
     Pycnometer density                                                        
     (g/cc)        7.07    7.10     7.04   7.06                                
     Pycnometer density                                                        
     following corrosion                                                       
     test (g/cc)   6.91    6.58     6.99   6.90                                
     cc of hydrogen gas                                                        
     evolved after 96 h                                                        
     corrosion test                                                            
                   3300    14100    440    2800                                
     (reduced to stan-                                                         
     dard conditions)                                                          
     Si (weight %) 14.9    14.9     14.1   14.1                                
     P (weight %)  0.05    0.05     1.10   1.10                                
     C (weight %)  0.25    0.25     0.2    0.2                                 
     Grinding time:                                                            
                   none    10 hrs   none   10 hours                            
     Vibration density                                                         
     (g/cc)        4.39    4.76     4.40   4.56                                
     Particle size distri-                                                     
     bution in %                                                               
      &gt;0.100 mm    1.2     0.8      1.3    0.8                                 
      &gt;0.063 mm    9.5     9.1      10.6   9.6                                 
      &gt;0.040 mm    25.5    24.4     25.8   24.6                                
      &lt;0.040 mm    74.5    75.6     74.2   75.4                                
     Viscosity in cp                                                           
     prior to corrosion                                                        
                   24.8    --       25.0   --                                  
     after corrosion                                                           
                   39.0    --       25.4   --                                  
     ______________________________________                                    
PAC  EXAMPLE 3
PAC  Ground ferrosilicon with and without phosphorus
PAR  The ferrosilicon melt obtained in Example 1 was not atomized but cast into
      moulds and cooled. The resulting lumpy ferrosilicon was crushed in a
      crusher, ground in a hammer mill, sieved and subjected to corrosion test
      "H." Comparative test "G" was made with ferrosilicon which was free from
      phosphorus and which was substantially as fine as the product tested in
      test H.
TBL  ______________________________________                                    
     Product:            G          H                                          
     ______________________________________                                    
     Pycnometer density                                                        
     (g/cc)              6.7        7.0                                        
     Pycnometer density                                                        
     after corrosion test                                                      
     (g/cc)              5.4        6.3                                        
     cc of hydrogen gas evolved                                                
     after 96 h corrosion test                                                 
                         140 000    40 000                                     
     (reduced to standard con-                                                 
     ditions)                                                                  
     Si (weight %)       14.1       14.9                                       
     P (weight %)        0.05       1.8                                        
     C (weight %)        1.4        1.36                                       
     Particle size distribution                                                
     in %                                                                      
      &gt;0.100 mm          1.5        2.0                                        
      &gt;0.063 mm          17.5       17.0                                       
      &gt;0.040 mm          29.0       28.0                                       
      &lt;0.040 mm          71.0       72.0                                       
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. Heavy pulp composition consisting essentially of water and a
      water-suspended metal powder consisting of particles with a size
      substantially between 0.001 and 0.4 mm for the heavy media separation of
      minerals, wherein the said metal powder is a pulverulent alloy having a
      density between 6.3 and 7.2 g/cc and consisting essentially of between 8
      and 25 weight % of silicon, between 0.3 and 2.5 weight % of phosphorus and
      between 0.02 and 2 weight % of carbon, the balance being substantially
      iron, and the pulp density ranging between 2.0 and 3.9 g/cc.
NUM  2.
PAR  2. The heavy pulp of claim 1, wherein the alloy contains between 1 and 1.5
      weight % of phosphorus.
NUM  3.
PAR  3. The heavy pulp of claim 1, wherein a major portion of the alloy consists
      of compact particles having a smooth and spheroidal surface.
NUM  4.
PAR  4. The heavy pulp of claim 1, wherein the alloy is a finely ground powder.
NUM  5.
PAR  5. The heavy pulp of claim 3, wherein the alloy is an alloy produced by the
      steps comprising melting iron, quartz gravel, coal and ferrophosphorus in
      an electrothermal reduction furnace, or melting iron, ferrosilicon and
      ferrophosphorus in an induction furnace, at temperatures between
      1200.degree. and 1650.degree.C, atomizing the resulting melt in known
      manner under pressures between 2 and 30 atmospheres absolute using water,
      steam or air with the resultant formation of substantially compact
      particles having a smooth and spheroidal surface.
NUM  6.
PAR  6. The heavy pulp of claim 4, wherein the alloy is an alloy produced by the
      steps comprising melting iron, quartz gravel, coal and ferrophosphorus in
      an electrothermal reduction furnace, or melting iron, ferrosilicon and
      ferrophosphorus, in an induction furnace, at temperatures between
      1200.degree. and 1650.degree.C, casting the resulting melt into moulds,
      chilling the melt, crushing the solidified melt and grinding it.
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ABST
PAL  An improved method is provided for solidifying liquid wastes containing
      significant quantities of sodium or sodium compounds by calcining in a
      fluidized-bed calciner. The formation of sodium nitrate which will cause
      agglomeration of the fluidized-bed particles is retarded by adding
      aluminum and a fluoride to the waste in order to produce cryolite during
      calcination. The off-gas of the calciner is scrubbed with a solution
      containing aluminum in order to complex any fluoride which may be
      liberated by subsequent dissolution of cryolite and prevent corrosion in
      the off-gas cleanup system.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the UNITED STATES ATOMIC ENERGY COMMISSION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for solidifying liquid radioactive
      wastes for long-term storage as a solid. The invention further relates to
      solidifying the liquid waste by calcining in a fluidized-bed calciner. The
      invention is specifically directed towards the fluidized-bed calcination
      of liquid radioactive waste containing significant quantities of sodium or
      sodium compounds.
PAR  In the chemical reprocessing of spent nuclear reactor fuel elements to
      recover the unburned nuclear reactor fuel material, very large volumes of
      aqueous solutions containing radioactive wastes are generated. In addition
      to the large volumes produced, these aqueous waste solutions are extremely
      corrosive and present difficult problems in their handling and storage.
      Since it is necessary to store these radioactive wastes for extremely long
      periods of time to permit decay of the highly radioactive fission products
      included in the wastes, the aqueous wastes are converted to a solid form
      which, in addition to occupying less volume than the corresponding liquid
      wastes, is less corrosive and imposes less difficult problems in handling
      and long-term storage. These aqueous radioactive waste solutions are
      converted to a solid form by calcining in a fluidized bed in the Waste
      Calcining Facility at the Idaho Chemical Processing Plant located at the
      United States Atomic Energy Commission's National Reactor Testing Station
      in southeastern Idaho. The aqueous solutions are converted to solid form
      by calcining in a fluidized bed, the aqueous solutions being injected into
      the fluidized bed through spray nozzles mounted in the walls.
PAR  A particular problem is posed in the fluidized-bed calcination of liquid
      radioactive wastes which contain significant quantities of sodium or
      sodium compounds. Since a considerable concentration of nitrates will
      necessarily be present due to the use of acids including nitric acid to
      dissolve the spent nuclear reactor fuel elements, sodium nitrate can be
      formed. Sodium nitrate will melt and exist in a molten state between
      305.degree.C. and 833.degree.C. Therefore, at the normal calcination
      temperatures ( 400.degree.-500.degree.C.), sodium nitrate could result in
      agglomeration of the bed particles and consequent fouling of the fluidized
      bed. Since agglomeration of the fluidized-bed particles is intolerable, it
      is desirable to eliminate or minimize the presence of molten sodium
      nitrate during calcination.
PAR  It is an object of the present invention to provide a method for the
      fluidized-bed calcination of sodium-containing liquid radioactive wastes
      which will not result in agglomeration of the fluidized-bed particles.
PAR  It is a further object of the present invention to provide a method for
      preventing agglomeration of the fluidized bed by retarding and minimizing
      the formation of sodium nitrate.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, aluminum and a fluoride are added
      to the liquid radioactive wastes prior to their introduction into the
      fluidized-bed calciner. Cryolite is formed in the fluidized-bed calciner
      by reaction of the aluminum and fluoride with any sodium nitrate which may
      be present. The sodium is tied up in the cryolite, thereby minimizing the
      amount of sodium nitrate present in the calciner and preventing
      agglomeration of the bed particles due to the presence of molten sodium
      nitrate. Aluminum is added to the scrub solution for scrubbing the
      off-gases of the calciner. Fluoride volatility, and hence corrosion in the
      off-gas cleanup system, is thereby prevented by complexing with the
      aluminum any fluoride which may be released by dissolution of any of the
      cryolite.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In the practice of the present invention, aluminum and a fluoride are added
      to liquid radioactive wastes containing significant quantities of sodium
      or sodium compounds, which wastes are to be solidified for long-term
      storage as a solid by calcining the wastes in a fluidized-bed calciner.
      The aluminum and fluoride are added to the liquid wastes prior to the
      spraying of the wastes in the calciner. Preferably, the aluminum and
      fluoride are added to the wastes in the form of solid AlF.sub.3 compounds
      or in the form of hydrofluoric acid and aluminum metal, although addition
      of the aluminum and fluoride in other forms is also possible. In the
      fluidized bed the sodium in the wastes combines with the aluminum-fluoride
      to produce cryolite (Na.sub.3 AlF.sub.6 or 3NaF.AlF.sub.3). Fluoride
      addition displaces the nitrate during the calcination process while the
      aluminum complexes the fluoride in the aqueous phase. The reaction for the
      main reactants can be expressed:
EQU  3Na.sup.+ + Al.sup.+.sup.3 + 6F.sup.- .fwdarw. Na.sub.3 AlF.sub.6
PAL  the more complete reaction can be written:
EQU  6NaN0.sub.3 + 4AlF.sub.3 .fwdarw. 2Na.sub.3 AlF.sub.6 + Al.sub.2 0.sub.3 +
      6N0.sub.2 + 3/2 0.sub.2
PAL  the cryolite formation during calcining allows the sodium waste to be
      solidified to hard granular particles without fluid-bed agglomeration.
PAR  Since significant quantities of fluoride will be present and fluoride
      volatility will result in very undesirable corrosion problems, it is
      preferred that aluminum and sodium be present in excess over that required
      for cryolite formation. An excess of about 10% is believed to be
      sufficient to eliminate any possibility of fluoride volatilization in the
      fluidized bed. When excess aluminum and sodium are contained in the
      solutions introduced into the fluidized bed, the excess aluminum will be
      converted to aluminum oxide, while the sodium will form sodium nitrate.
      Therefore, the amount of excess must be kept sufficiently low such that
      the amount of sodium nitrate formed remains sufficiently small that it
      does not pose a problem with bed agglomeration. An excess of about 10% has
      been found to cause no problems with bed agglomeration and is therefore
      preferred.
PAR  The addition of fluoride and the formation of cryolite, which is a
      fluoride-containing compound, raise other considerations which must be
      taken into account in devising a satisfactory process for solidifying
      these wastes. The off-gases of the calciner must be freed of undesirable
      pollutants in the off-gas cleanup system, and routinely are scrubbed in
      order to remove any particulate matter which may be given off from the
      calciner. It is likely, and preliminary studies have shown, that some
      cryolite will be contained in the off-gases of the calciner and will be
      dissolved downstream in the off-gas scrub solution. When the cryolite
      dissolves in the scrub solution, fluoride could volatilize and cause
      corrosion problems in the off-gas cleanup system. Therefore, aluminum is
      added to the scrub solution in the off-gas cleanup system in order to
      complex any fluoride released from cryolite dissolution, thereby
      preventing fluoride volatility. While the aluminum could be added to this
      solution in many forms, it has been found that aluminum nitrate is a
      convenient form in which to introduce the Al.sup.+.sup.3  ion. The
      aluminum nitrate is added in amounts sufficient to complex any fluoride
      released from dissolution of the cryolite. Consequently, corrosion
      problems from fluoride volatility are eliminated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In the method of solidifying liquid radioactive wastes for long-term
      storage as a solid by calcining said liquid radioactive wastes in a
      fluidized-bed calciner wherein said liquid radioactive wastes contain
      significant quantities of sodium or sodium compounds, the improvement
      therein comprising: adding aluminum and a fluoride to said wastes in a
      form which will yield aluminum and fluoride ions and in an amount so as to
      produce cryolite during said calcination of said sodium-containing wastes
      and scrubbing the off-gas of said calciner with a solution to which
      aluminum has been added.
NUM  2.
PAR  2. The method in accordance with claim 1 wherein the aluminum and fluoride
      are added to said wastes in quantities such that aluminum and sodium are
      present in excess over that required for cryolite formation.
NUM  3.
PAR  3. The method of claim 2 wherein said excess is about 10%.
NUM  4.
PAR  4. The method of claim 2 wherein the aluminum and fluoride are added to
      said wastes in the form of solid AlF.sub.3 or in the form of hydrofluoric
      acid and aluminum metal.
NUM  5.
PAR  5. The method in accordance with claim 1 wherein said aluminum is added to
      said scrubbing solution in the form of aluminum nitrate.
NUM  6.
PAR  6. The method in accordance with claim 5 wherein said aluminum nitrate is
      added to said scrubbing solution to a concentration sufficient to complex
      any fluoride released from dissolution of the cryolite.
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ABST
PAL  Microcapsules are made by (a.) dispersing or dissolving a core substance in
      a film-forming polymer solution, (b.) emulsifying in fine droplets the
      resulting dispersion or solution in a vehicle which is poorly miscible
      with the solvent of the polymer solution and which doesn't dissolve said
      polymer to prepare an emulsion, and (c.) adding to the emulsion a
      non-solvent for the polymer wherein the non-solvent is miscible with the
      solvent, poorly miscible with the vehicle, and does not dissolve the
      polymer, whereby the solvent is removed by being absorbed by non-solvent
      emulsion droplets to precipitate the polymer film around the core
      substance.
BSUM
PAR  This invention relates to an improved method for preparation of
      microcapsules.
PAR  Encapsulation methods, which have hitherto been well known, may be
      classified into two categories.
PAR  One of these is so called evaporating method in liquid vehicle, wherein a
      core substance is dispersed in a polymer solution and the polymer is
      precipitated in the solution around cores. Fore example, one method (1) is
      to emulsify a core in an aqueous solution dissolved in a solvent, which is
      immiscible with said core substance and has a boiling point below
      100.degree.C, disperse the thus prepared emulsion in a medium of a
      hydrophilic aqueous colloid solution and remove the solvent through
      evaporation. According to another method (2), an aqueous solution of a
      water-soluble core substance is emulsified into a polymer solution
      dissolved in a hydrophobic organic solvent to prepare an emulsion (W/O),
      which is further dispersed into a medium such as an aqueous solution
      containing surface active agents, a hydrophilic aqueous colloid solution
      containing salts or an aqueous hemoglobin solution to prepare an emulsion
      [(W/O)/W] and finally the organic solvent is evaporated to precipitate the
      polymer around the aqueous solution. An alternative method (3) is to
      prepare capsules by dispersing a core of aspirin powders into a polymer
      solution dissolved in an organic solvent and thereafter disperse the
      dispersion in state of droplets into a concentrated aqueous solution of a
      salt. The method (1) involves a drawback that the core substance is
      limited only to an aqueous solution or suspension. Another drawback of
      this method is that no microcapsule but those containing liquids can be
      produced. Further drawback is that no solvent having a boiling point
      higher than that of water can be used for the polymer since a hydrophilic
      aqueous colloid solution is used as a medium. The method (2) is also
      unsuitable for encapsulation of a substance unstable to water, since the
      core is always treated in state of an aqueous solution similarly as in the
      method (1). Further drawback of this method is that a substance soluble in
      the solvent cannot be used as a core. The microcapsules obtained according
      to the method (3) are in such a state that the core aspirins are combined
      by the polymer as in concrete, so that the core substance may be exposed
      on the surface.
PAR  The other category of methods of microcapsule preparation makes avail of a
      phase separation between three elements of a polymer, a solvent and a
      non-solvent. For example, one encapsulation method (4) is to disperse a
      core into an acetone solution of a polyvinyl acetate and, while stirring
      the dispersion, add water(miscible with acetone but non-solvent for
      polyvinyl acetate) to the dispersion to effect phase separation. Another
      method (5) is to disperse a core into a tetrahydrofuran solution of a
      polyvinyl chloride and then throw the dispersion into water(miscible with
      tetrahydrofuran but non-solvent for polyvinyl chloride) followed by
      stirring to control particle sizes of microcapsules. Further method (6)
      for encapsulation is to prepare a uniform solution by dissolving a core
      and a polymer in a solvent, throwing this solution into a non-solvent and
      stir the mixture. Still further method (7) is to prepare in advance a
      dispersion of a core substance in a medium of a non-solvent separately
      from a polymer solution and then add the polymer solution to coat the
      dispersed particles. As the method (4) adds the non-solvent(water) in an
      amount which is equal to or over that of the solvent(acetone), it has a
      drawback that a particular device is required for a stirring operation.
      Another drawback is that the particle sizes of capsules are difficult to
      be controlled since they are dependent on stirring and the manner of
      addition of non-solvents. The method (5) involves drawbacks that cores are
      gone out of the polymer solution during stirring and that uniform particle
      sizes are difficult to be obtained. The method (6) has a drawback that
      control of uniform particle sizes of capsules is very difficult.
      Furthermore, it has also a drawback that since the core substance must be
      less in solubility in the solvent than the polymer, it is very difficult
      to select a suitable combination thereof and their amounts. In the method
      (7), a polymer solution is added in a non-solvent. Accordingly, a polymer
      is liable to be precipitated, so that selective precipitation only around
      the cores can hardly be effected. For the purpose of attaining an
      efficient precipitation, it is required to use a non-solvent in amounts by
      far larger than the solvent or to use a solvent wich has a low boiling
      point and high vapor pressure.
PAR  It has now been found that microcapsules can be made easily by effecting a
      phase separation between the three elements of a polymer, a solvent and a
      non-solvent in the fourth element of a vehicle. That is, microcapsules can
      be made by dispersing or dissolving a core substance into a polymer
      dissolved in a solvent, emulsifying this dispersion or solution in fine
      droplets in a vehicle which is poorly miscible with the solvent and then
      adding a non-solvent which is miscible with the solvent, poorly miscible
      with the vehicle and does not dissolve the polymer, to the emulsion
      system, whereby the solvent is removed by being absorbed by the
      non-solvent emulsion droplets to precipitate the polymer around the cores.
      It has further been found, that by a suitable combination of a polymer
      solvent, a non-solvent and a vehcile, a core substance, whether it may be
      in state of liquid or solid, may be formed into microcapsules. In
      addition, it is also found that a polymer, whether it may either be
      hydrophilic or hydrophobic, may be used as a film forming polymer.
      Furthermore, this method is found to have such advantages that a solvent
      may be selected from a wide range of solvents; that a core substance
      unstable to heat may be formed into microcapsules since there is no need
      of heating; that a core substance unstable to pH may be formed into
      microcapsules since there is no change in pH; that the amount of a solvent
      may be smaller by a suitable selection of a vehicle; that capsule particle
      sizes may easily be controlled since a vehicle different from a solvent
      and a non-solvent may be selected; that the amount of a non-solvent may be
      small since it is added in state of an emulsion.
PAR  The present invention is based on a number of discoveries as set forth
      above, and provides an improved method for preparing microcapsules, which
      is novel, belongs to no category of the prior art and may be called as
      solvent removal method in emulsified dispersion. Thus, the improved method
      for microcapsule preparation according to the present invention comprises
      dispersing or dissolving a core substance in a film forming polymer
      solution, emulsifying in fine droplets the thus prepared dispersion or
      solution in a vehicle which is poorly miscible with the solvent of said
      polymer solution and then adding to the emulsion a non-solvent which is
      miscible with the solvent of said polymer solution, poorly miscible with
      the vehicle and does not dissolve the polymer, whereby the solvent is
      removed by being absorbed by the non-solvent emulsion droplets to
      precipitate the polymer film around the cores.
PAR  An object of the present invention, therefore, is to provide a method for
      encapsulating a core substance, whether it may either hydrophilic or
      hydrophobic, into microcapsules. Another object of the present invention
      is to provide a method for encapsulating a core substance, whether it may
      either be a liquid or a solid, into microcapsules. It is also an object of
      the present invention to provide a method for encapsulating a core
      substance, which is unstable to heat or pH, into microcapsules. Another
      object of the present invention is to provide a method for microcapsule
      preparation wherein a polymer, whether it may be either hydrophilic or
      hydrophobic, may be used as a film forming polymer. Still another object
      of the present invention is to provide a method for microcapsule
      preparation wherein a solvent may be selected from a wide range of
      solvents, which may either be hydrophilic or hydrophobic. Further object
      of the present invention is to provide a method for microcapsule
      preparation, wherein a vehicle, which is the fourth element, may either be
      hydrophilic or hydrophobic, Further object of the present invention is to
      provide a method for microcapsule preparation, wherein capsule particle
      sizes may freely be controlled due to the viscosity of a vehicle which may
      widely be varied, although the vehicle to be used is restricted by a
      combination of a solvent and a non-solvent. Further object of the present
      invention is to provide an efficient and economical method for
      microcapsule preparation, wherein a solvent and a non-solvent may be used
      in smaller amounts. Further object of the present invention is to provide
      a method for microcapsule preparation which may be completed in a short
      time due to efficient removal of a solvent. Still further object of the
      present invention is to provide a method for microcapsule preparation,
      which may be very easy in operation and also very cheap by making avail of
      water as a non-solvent.
PAR  The term "poorly miscible" in the specification and claims means a complete
      immiscibility or a miscibility not more than 15 V/V %.
PAC  CORE SUBSTANCE
PAR  As mentioned above, one particular feature of the method according to the
      present invention resides in its wide scope of core substances to be
      employed. That is, any substance, liquid or solid, which may either be
      hydrophilic or hydrophobic, may be available. Furthermore, a substance
      which is unstable to heat or pH may also be used. It may either be soluble
      or insoluble in a polymer solvent and may be in any state, including
      liquids, solutions, pastes, solids, etc. For example, there may be
      mentioned such substances in various fields as drugs, enzymes,
      microorganisms, foods, agricultural medicines, fertilizers, perfumes,
      dyes, adhesives, etc. It is only required, however, that such substances
      as reactive with a polymer solution or a vehicle to be employed in the
      present invention should be excluded from the scope of the present
      invention.
PAC  POLYMER
PAR  As another aspect of the method according to the present invention, a wide
      variety of polymers, either natural or synthetic, may be used as film
      forming polymers for microcapsules. They may include vinyl polymers or
      copolymers such as polystyrenes, polyacrylonitriles, polyvinyl chlorides,
      polyvinyl acetates, polyvinyl alcohols, polyvinyl formals, polyvinyl
      pyrrolidiones, styrene-acrylonitrile copolymers, styrene-acrylic acid
      copolymers, styrene-maleic acid copolymers, methyl acrylate-methacrylic
      acid copolymers, vinylidene chloride-vinyl chloride copolymers, vinyl
      chloride-vinyl acetate copolymers, vinyl chloride-butyl acetate
      copolymers, etc. They may also include synthetic resins such as ketone
      resins, epoxy resins, phenol resins, polyesters, polycarbonates,
      polyurethanes, polyolefins, etc. They may further include cellulose
      derivatives such as cellulose acetate, hydroxy propyl cellulose, cellulose
      acetate phthalate, hydroxy propyl methyl cellulose trimeritate, hydroxy
      propyl methyl cellulose phthalate, cellulose acetate dibutylaminohydroxy
      ether, etc. Natural polymers such as gelatin, gum arabic, shellac, etc.
      may also be used. It is desirable to choose a polymer from a wide range of
      polymers as mentioned above, which is most fitted for the use of
      microcapsules.
PAC  SOLVENT
PAR  Any hydrophilic or hydrophobic solvent may be used as a solvent in the
      present invention, so long as it can dissolve a polymer and is poorly
      miscible with a vehicle to be employed. Solvents to be used in the present
      invention are not restricted to those having low boiling points and high
      vapor pressures. For example, there may be used hydrocarbons such as
      benzene, toluene, xylene, etc., alcohols such as methanol, ethanol,
      isopropanol, etc., ketones such as acetone, methyl ethyl ketone, etc.
      acids such as formic acid, acetic acid, etc., esters such as methyl
      acetate and ethyl acetate, organic halides such as ethylene chloride,
      chloroform, carbon tetrachloride, etc., dimethylformamide,
      dimethylsulfoxide, and the like. These solvents may be used alone or in
      mixtures. Water also may be used as a solvent. In case a core substance is
      encapsulated in state of a liquid or a solution, there should be employed
      a solvent which is not miscible with such a liquid or a solution and does
      not dissolve solutes contained therein.
PAC  VEHICLE
PAR  As a vehicle, there may be used any liquid, either hydrophilic or
      hydrophobic, which does not dissolve a core substance and a polymer to be
      employed, is poorly miscible with a solvent to be employed and is capable
      of emulsifying a polymer solution containing cores in fine droplets. For
      example, liquid paraffins, silicone oils, ethylene glycol, propylene
      glycol, polyethylene glycols, formamide, aqueous gelatin solutions, etc.
      may be used. Since the viscosity of these vehicles may vary depending on
      the molecular weight, concentration, etc. thereof, it is desirable to
      choose a vehicle having a viscosity which is suitable for emulsifying a
      polymer solution to be employed.
PAC  NON-SOLVENT
PAR  Non-solvents are used in the present invention for the purpose of
      precipitating polymers from emulsified droplets of a polymer solution
      suspended in a vehicle by absorbing a polymer solvent. For effective
      precipitation, therefore, it is only required that a non-solvent should be
      miscible with a solvent employed and poorly miscible with a vehicle
      employed, whether it may either be hydrophilic or hydrophobic.
PAR  As described above, the present invention allows uses of a considerably
      wide range of core substances, polymers, solvents, vehicles and
      non-solvents. However, as already stated above, it is critical that a
      combination of the four elements, i.e. polymer, solvent, vehicle and
      non-solvent, should be restricted by the following requirements:
PAR  a. Polymer solvents should be poorly miscible with vehicles,
PAR  b. Non-solvents should not dissolve polymers,
PAR  c. Polymer solvents should be miscible with non-solvents,
PAR  d. Non-solvents should be poorly miscible with vehicles, and
PAR  e. Vehicles should not dissolve polymers.
PAL  For example, when a solvent and a non-solvent are hydrophilic and a vehicle
      is lipophilic, a solvent is a preferably selected from water, acidic
      water, alkaline water, acetone, methanol, ethanol, isopropanol,
      dimethylformamide, formic acid, acetic acid and dimethylsulfoxide, while
      the non-solvent is preferably selected from water, acidic water, alkaline
      water, acetone, methanol, ethanol, isopropanol, n-butanol, ethylene
      glycol, dimethylformamide, tetrahydrofuran and aqueous formalin solution.
      In this case, a vehicle is preferably a liquid paraffin or a silicone oil.
      The most preferable result is obtained when water or an aqueous solution
      is used as a non-solvent. On the other hand, when a solvent and a
      non-solvent are lipophilic and a vehicle is hydrophilic, a solvent is
      preferably selected from ethylene chloride, chloroform, methyl acetate,
      ethyl acetate, benzene, toluene, xylene and carbon tetrachloride, while
      the non-solvent is preferably selected from hexane, petroleum ether and
      toluene. In this case, a vehicle is preferably ethylene glycol, propylene
      glycol, formamide or an aqueous gelatin solution.
PAR  Examples of preferable combinations are set forth in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Polymer                Solvent       Vehicle   Non-solvent                
     __________________________________________________________________________
     Hydroxypropyl methyl cellulose phthalate                                  
                            Acetone-Methanol(5:1)                              
                                          Liquid paraffin                      
                                                    Water or acidic            
                                          or silicone oil                      
                                                    water                      
     Hydroxypropyl methyl cellulose trimeritate                                
                            "             "         "                          
     Cellulose acetate phthalate                                               
                            Acetone       "         "                          
     Methyl acrylate-methacrylic acid copolymer                                
                            "             "         "                          
     Styrene-acrylic acid copolymer                                            
                            "             "         "                          
     Polyvinylacetal diethylamino acetate                                      
                            "             "         Water or alkaline          
                                                    water                      
     Cellulose acetate dibutylaminohydroxypropyl                               
                            "             "         "                          
     ether                                                                     
     Vinylidene chloride-vinyl chloride copolymer                              
                            "             "         Water                      
     Polyvinyl acetate      Acetone or methanol                                
                                          "         "                          
     Polyvinyl alcohol      Water         "         Acetone                    
     Ketone resin           Ethanol       "         Water                      
     Epoxy resin            Acetone       "         "                          
     Phenol resin           Methanol or   "         "                          
                            ethanol                                            
     Polyvinyl acetate      Methanol      "         n-butanol                  
     Cellulose acetate      Dimethylformamide                                  
                                          "         Isopropanol                
     Cellulose acetate      "             "         n-butanol                  
     Styrene-maleic acid copolymer                                             
                            Ethanol       "         Acidic water               
     Hydroxypropyl cellulose                                                   
                            Isopropanol   "         Acetone                    
     Cellulose acetate dibutylaminohydroxy                                     
                            "             "         Water or alkaline          
     propylether                                    water                      
     Polyvinyl formal       Formic acid or                                     
                                          "         Alkaline water             
                            acetic acid                                        
     Vinyl chloride-vinyl acetate copolymer                                    
                            Dimethylformamide                                  
                                          "         Isopropanol                
     Polyurethane           "             "         Water                      
     Polyvinyl chloride     "             "         Water, methanol, ethanol   
                                                    or isopropanol             
     Polyacrylonitrile      Dimethylformamide                                  
                                          "         Water                      
                            or dimethylsulfoxide                               
     Shellac                Ethanol       "         Ethylene glycol            
     Gelatin                Water         "         Acetone, methanol,         
                                                    ethanol,                   
                                                    or isopropanol             
       "                    "             "         Aqueous formalin solution  
       "                    "             "         Dimethylformamide          
     Gum arabic             "             "         Tetrahydrofuran            
     Hydroxypropyl methyl cellulose                                            
                            Dimethylformamide                                  
                                          "         Water or acidic water      
     phthalate                                                                 
     Cellulose acetate dibutylamino                                            
                            "             "         Water or alkaline water    
     hydroxypropyl ether                                                       
     Cellulose acetate phthalate                                               
                            "             "         Water or acidic water      
     Polyvinylacetal diethylamino acetate                                      
                            "             "         Water or alkaline          
                                                    water                      
     Vinyl chloride-vinyl acetate copolymer                                    
                            Ethylene chloride                                  
                                          Ethylene glycol                      
                                                    n-hexane or petroleum      
                                                    ether                      
     Polystyrene            Ethylene chloride                                  
                                          "         "                          
                            or chloroform                                      
        "                   Methyl acetate                                     
                                          "         "                          
                            or ethyl acetate                                   
        "                   Benzene       "         "                          
     Polyester              Ethylene chloride                                  
                                          "         "                          
     Vinyl chloride-vinyl acetate copolymer                                    
                            Benzene       Propylene glycol                     
                                                    "                          
     Polyethylene           "             "         "                          
     Polycarbonate          Ethylene chloride                                  
                                          Formamide n-hexane or n-heptane      
     Polyester              Benzene       Ethylene glycol                      
                                                    n-hexane or petroleum      
                                          or Propylene                         
                                                    ether                      
                                          glycol                               
     Polyacrylic acid ester Ethylene chloride                                  
                                          "         Petroleum ether            
                            or chloroform                                      
         "                  Ethyl acetate "         "                          
     Polyvinyl formal       Ethylene chloride                                  
                                          "         Toluene or petroleum       
                            or chloroform           ether                      
     Cellulose acetate propionate                                              
                            "             "         "                          
         "                  Ethyl acetate "         "                          
     Cellulose acetate butylate                                                
                            Ethylene chloride                                  
                                          "         "                          
                            or chloroform                                      
         "                  Ethyl acetate "         "                          
     Polyvinyl pyrrolidone  Chloroform    "         n-hexane                   
     Polyester              Ethylene chloride                                  
                                          Formamide n-hexane or n-heptane      
     Polyvinyl acetate      Ethylene chloride                                  
                                          "         "                          
                            or chloroform                                      
     Vinyl chloride-butyl acetate copolymer                                    
                            "             "         "                          
     Hydroxypropyl methyl cellulose                                            
                            Ethylene chloride                                  
                                          "         "                          
     phthalate                                                                 
     Polystyrene            Benzene       "         n-hexane or petroleum      
                                                    ether                      
     Vinyl chloride-vinyl acetate copolymer                                    
                            Ethylene chloride                                  
                                          Aqueous gelatin                      
                                                    Petroleum ether            
                                          solution                             
     Phenyl siloxane ladder polymer                                            
                            Ethylene chloride                                  
                                          "         n-hexane or petroleum      
                            or benzene              ether                      
     Ethyl cellulose        Xylene        "         Petroleum ether or         
                                                    cyclohexane                
     Polyester              Ethylene chloride                                  
                                          "         n-hexane or petroleum      
     __________________________________________________________________________
                                                    ether                      
PAC  PROCESS FOR PREPARATION OF MICROCAPSULES
PAR  In the present invention, a polymer suitable as a film forming polymer for
      a core substance is first dissolved in a solvent. If a solvent is used in
      an amount too much for a polymer, viscosity of emulsified droplets of a
      polymer solution becomes so low that emulsified droplets may be deformed
      at the time of addition of a non-solvent to effect leaking of cores
      therefrom. On the contrary, if the amount of a solvent is too little,
      viscosity of emulsified droplets becomes too high to be emulsified
      sufficiently in a vehicle. Thus, viscosity of emulsified droplets or
      concentration of a polymer may vary depending on a solvent, and a vehicle
      employed and also on the relative amounts thereof. Accordingly, viscosity
      of emulsified droplets or concentration of a polymer is determined
      suitably according to a combination of these elements employed. Although
      concentration of a polymer may optionally be determined so that viscosity
      of emulsified droplets may be in the range to permit a sufficient
      emulsifying dispersion thereof in a vehicle, it is generally in the range
      from about 0.5 to 20 W/V %. If the concentration is too high, hard
      microcapsules with thick walls are to be obtained. Thickness of walls is
      decreased as the concentration becomes lower.
PAR  Then a core substance is dispersed or dissolved in the polymer solution as
      described above to obtain a dispersion or a solution. In order to conduct
      encapsulation operation easily and also to obtain microcapsules with tough
      films, it is desirable to use a core substance in an amount from 0.2 to 20
      times the amount of a film forming polymer. The dispersion or solution
      thus prepared is emulsified in fine droplets in a vehicle. The relative
      amount of the dispersion or solution to the vehicle, which may vary
      depending on the concentration of a polymer, is generally about from 1:5
      to 1:30 V/V.
PAR  If surface active agents are in advance to a vehicle before the emulsifying
      dispersion as mentioned above, emulsifying of a polymer solution is very
      easy and the state of emulsion is stable to produce favorable results.
      Alternatively, minute suspension powders may be dispersed in a vehicle. In
      this case, suspension powders are absorbed by emulsified droplets of
      microcapsules at the surface thereof to form a part of wall films of
      microcapsules, whereby adhesion or cohesion between microcapsules may be
      prevented and the amount of the vehicle may be small to effect an
      efficient encapsulation. These suspension powders may include those which
      are referred to as additives, auxiliary agents, fillers, disintegrates,
      supporting bases, absorbents, binders, moisture proof agents, polishing
      agents, lubricants, emulsion stabilizing agents, stabilizers, etc. in
      other fields such as medicaments, agricultural medicines, foods, and the
      like. Any one of them may be used, so long as it is not soluble in the
      polymer solvent and does not affect detrimental effect on the core
      substance (physical property, affinity, etc.). For example, powders of
      substances such as magnesium stearate, aluminum stearate, aluminum
      silicate, talc, titanium dioxide and starch may be mentioned. Since
      dispersing efficiency is variable depending on the particle size, etc. of
      a suspension powder, it is desirable to select a suspension powder which
      is most suitable for a combination of a core substance, a polymer, a
      solvent, a vehicle and a non-solvent as well as the use of microcapusules.
PAR  At the beginning, when a polymer solution containing a core substance is
      added to a vehicle, it is dispersed in extremely fine droplets. The
      droplets grow bigger by conglomeration as the addition is continued until
      they become uniform in size. In the step of emulsifying dispersion as
      mentioned above, fine droplets with various sizes may be obtained
      depending upon the amount of a solvent, the speed of stirring, the
      viscosity of a polymer, the viscosity of a vehicle and surface active
      agents used. Generally, as the stirring speed is more rapid or the
      viscosity of a polymer solution or a vehicle is lower, emulsified droplets
      of microcapsules obtained become smaller in size. Particularly, if a core
      substance is insoluble in a solvent (in case a core substance is dispersed
      in a polymer solution), the size of a core substance is dependent somewhat
      on the size of a core substance. On the other hand, when surface active
      agents are used, the more their amounts are, the smaller are in size the
      emulsified droplets of microcapsules obtained. Furthermore, when
      suspension powders are used, the size of emulsified droplets of
      microcapsules is dependent on the species, particle size or amounts
      thereof. In this case, minute suspension powders prevent emulsified
      droplets from adhesion or cohesion with each other, whereby uniformity and
      stability of the emulsified state is maintained so well as to form
      emulsified droplets of microcapsules of sizes which are uniform and may
      freely be controlled.
PAR  Finally, a non-solvent is added to the emulsion of a polymer as described
      above to precipitate the polymer. As a non-solvent is added to the
      emulsion of a polymer, the solvent is transferred to emulsified droplets
      of a non-solvent dispersed throughout the vehicle, whereby at the same
      time precipitation of the polymer occurs to make up microcapsules. A
      non-solvent may directly and slowly be admixed with the emulsified
      dispersion of a polymer. Alternatively, a non-solvent dispersed in advance
      in a vehicle may be added to the dispersion of a polymer. A non-solvent
      may be used in an amount sufficient to remove the solvents, i.e. an amount
      which is equal to that of the solvent or more.
PAR  The microcapsules precipitated are subsequently collected by separating
      microcapsules by means of filtration or centrifuge, admixing them well
      with a vehicle and washing them with a solvent which does not dissolve nor
      disintegrate microcapsules.
PAR  The microcapsules thus obtained are shaped in globular or approximately
      globular forms and their structures may vary with the state of cores
      contained therein. If the cores are solids soluble in the solvent
      employed, the polymer and the cores form a matrix amalgamated in solid
      state, whereby microcapsules formed show a peculiar distribution of the
      polymer and the cores with a specific concentration gradient due to the
      difference between the solubilities thereof in the solvent and the
      non-solvent employed. For example, if the polymer is higher in solubility
      than the core substance, the core substance becomes more concentrated at a
      portion nearer to the center of microcapsules. This phenomenon may be
      ascribed to the transport of the polymer together with the solvent to the
      outer, which will presumably occur, at the time when the solvent is
      transferred into the non-solvent. Although the cross section of the
      microcapsules having such a structure does not show distinctly border
      lines between the layers of the polymer and the core substance, such
      microcapsules can be disintegrated under certain conditions. Thus,
      microcapsules having such a structure exhibit sufficiently functions as
      microcapsules for protection of core substances. If suspension powders are
      used in forming the microcapsules as mentioned above, microcapsules
      obtained show a structure wherein the suspension powders are attached to
      near surfaces of the microcapsules, and the layers of the core substance,
      the polymer and the suspension powders cannot be distinctly discriminated
      from each other at their cross sections. These microcapsules, however,
      also exhibit sufficient functions as microcapsules. For example,
      microcapsules are easily disintegrated in water if suspension powders are
      strong in wetness or affinity with water, while disintegration thereof is
      retarded, if reverse are the physical properties of the suspension
      powders.
PAR  On the other hand, if the core substance employed is a solid insoluble in a
      solvent, a wall film appears to be formed on the surface of microcapsules
      obtained therefrom, but their cross sections exhibit a state wherein core
      substances are scattered throughout the matrix of the polymer.
PAR  Furthermore, if the core substance employed is a liquid or a solution
      immiscible with the solvent used and the solutes contained in the solvent
      are insoluble in the solvent, polymers are precipitated to form film
      around the cores which remain in their original state and their cross
      sections exhibit clearly the border lines between the layers of the core
      substance and the polymer. These microcapsules are excellent in enclosing
      quality of core substances, and they will not be leaked out of capsules
      until they are disintegrated under certain conditions.
PAR  When water is used as a non-solvent in the process according to the present
      invention, the polymer films of the microcapsules obtained may be swelled
      in state of gels to give products which are excellent particularly in
      semipermeability and may find wide applications.
DETD
PAR  The present invention will further be explained by referring to the
      following Examples, in which the core substances, the polymers, the
      vehicles and the non-solvents are set forth merely for illustrative
      purposes and not to limit the scope of the present invention.
PAC  EXAMPLE 1
PAR  Five grams of a cellulose acetate phthalate (product of Wako Junyaku Co.)
      are dissolved in 60 ml of dimethylsulfoxide to prepare a solution. Into
      this solution are dispersed 10 g of pancreatin powders of the Japanese
      Pharmacopeia (product of Iwashiro Seiyaku Co.). This dispersion is
      emulsified under stirring with a propeller in 300 ml of the liquid
      paraffin of the Japanese Pharmacopeia(19 cps, 25.degree.C) in fine
      droplets(200 to 500 .mu.). Stirring is continued for several minutes until
      the state of emulsion is stabilized. Then, 100 ml of a mixed solvent of
      water-acetone(4:1) is added as a non-solvent to the emulsion, whereby
      microcapsules are formed. The microcapsules are collected by filtration by
      using a filter cloth, washed thoroughly with n-hexane and dried.
PAR  The product obtained is an intestine soluble microcapsule, which on
      administration is disintegrated not in stomach, but in intestine. Hence,
      this method is suitable for encapsulation of core substances which are
      unstable in gastric juice.
PAC  EXAMPLE 2
PAR  Example 1 is repeated, but the liquid paraffin containing 1.5 g of
      magnesium stearate dispersed therein is used. The microcapsules obtained
      are excellent in disintegration quality in living bodies.
PAC  EXAMPLE 3
PAR  Two grams of a vinyl chloride-vinyl acetate copolymer(product of Denki
      Kagaku Kogyo K.K.) are dissolved in 20 ml of ethylene chloride to prepare
      a solution. Into this solution are dispersed uniformly 4 g of alkali
      phosphatase powders(1 to 5 .mu., product of Seikagaku Kogyo Co.). This
      dispersion is added dropwise into 200 ml of ethylene glycol containing 0.5
      % of a surface active agent Lanex(product of Croda Nippon Co.), to prepare
      an emulsion containing 100 to 150 .mu. of emulsified droplets. Then, 100
      ml of n-hexane are added slowly to the emulsion, whereby polymer films are
      precipitated around the cores to give microcapsules containing alkali
      phosphatase. After filtration, the microcapsules are washed with n-hexane
      and dried.
PAR  The films of the microcapsules obtained are semipermeable membranes, which
      hydrolyze p-nitro phenylphosphate in an aqueous p-nitro phenylphosphate
      solution of pH 9.0. This method of microcapsule preparation may therefore
      be utilized for production of insolubilized enzymes.
PAC  EXAMPLE 4
PAR  Two grams of an ethyl cellulose(product of Tokyo Kasei Co.) are dissolved
      in 20 ml of ethylene chloride to prepare a solution. This solution and an
      aqueous solution, wherein 2 g of an enzyme lipase (product of Meito Sangyo
      Co.) are dissolved in 4 ml of 0.05 M buffer solution of phosphoric acid
      (pH 7.0), are emulsified by means of a homogenizer to prepare [W/O] type
      emulsion. This emulsion is further emulsified in 150 ml of ethylene glycol
      to prepare a [(W/O)/O] type emulsion. To this emulsion are slowly added
      under stirring 100 ml of n-hexane to produce microcapsules(100 to 150
      .mu.) wherein the aqueous lipase solution is enclosed by a polymer film.
      The films of the microcapsules obtained are semipermeable membranes, and
      the lipase contained therein hydrolyzes p-nitro phenylacetate at high
      efficiency in the state as enclosed in the capsules.
PAC  EXAMPLE 5
PAR  Two grams of a polycarbonate resin(product of Teijin Kasei Co.) are
      dissolved in 20 ml of ethylene chloride to prepare a solution. This
      solution and 4 ml of an aqueous solution of a group of glycolysis enzymes
      extracted from muscles of a rabbit are emulsified by means of a
      homogenizer to prepare a [W/O] type emulsion. This emulsion is further
      emulsified in 200 ml of formamide. Then 70 ml of n-hexane is gradually
      added to the emulsion to obtain microcapsules wherein enzyme solutions are
      enclosed with polymer films. When these microcapsules are dispersed in a
      phosphoric acid buffer solution containing D-glucose, ATP and NAD(0.05 M,
      pH 7.0) to carry out a reaction at 37.degree.C for two hours. The
      substrate glucose incorporated into microcapsules are converted into
      lactic acid by action of the group of glycolysis enzymes and released out
      of the capsules.
PAR  This method is advantageous in insolubilizing a complex system of enzymes
      by encapsulation.
PAC  EXAMPLE 6
PAR  One gram of vinyl chloride-vinylacetate is dissolved in 20 ml of ethylene
      chloride to prepare a solution. This polymer solution and 3 ml of an
      aqueous solution containing 100 mg of an enzyme urease (product of Sigma
      Co.) are emulsified by means of a homogenizer to prepare a [W/O] type
      emulsion. This emulsion is further emulsified under stirring into 150 ml
      of 2% aqueous gelatin solution to prepare a [(W/O)/O] type emulsion. To
      this emulsion is added an emulsion, which is separately prepared by
      emulsifying 50 ml of n-hexane in 50 ml of 2% aqueous gelatin solution, to
      obtain microcapsules(50 to 100 .mu.) wherein aqueous urease solutions are
      enclosed with in polymeric walls.
PAR  It is considered that these microcapsules may be applicable for artifical
      kidneys.
PAC  EXAMPLE 7
PAR  Four grams of polyacrylonitrile(product of Asahi Kasei Kogyo K.K.) are
      dissolved in 20 ml of dimethylsulfoxide to prepare a solution, into which
      1 g of urease powders is dispersed. This dispersion is emulsified under
      stirring in 200 ml of a liquid paraffin of the Japanese Pharmacopeia
      containing a surface active agent, 0.25% of Span 85 (product of Atlas
      Co.), to form emulsified droplets with sizes of 150 to 200 .mu.. Then, 50
      ml of water is added to the emulsion as a non-solvent drop by drop in 30
      minutes to obtain microcapsules containing urease.
PAR  The polymer films of the microcapsules obtained are excellent semipermeable
      membranes, which hydrolyze urea at high efficiency to release NH.sub.3 and
      CO.sub.2.
PAC  EXAMPLE 8
PAR  Four grams of cellulose acetate are dissolved in 40 ml of dimethylsulfoxide
      to prepare a solution. Into this solution are uniformly dispersed 4 g of
      activated carbon (trade name: Shirosagi, product of Nichiyaku Kogyo Co.).
      The dispersion prepared is then added under stirring to 200 ml of liquid
      paraffin of the Japanese Pharmacopeia containing 2 ml of Span 85(product
      of Atlas Co.) to be emulsified in fine droplets. Separately, 100 ml of
      water is emulsified under stirring into 200 ml of the same liquid paraffin
      as mentioned above to form a [W/O] type emulsion. This emulsion is added
      slowly into the emulsion containing activated carbon as prepared above to
      form microcapsules. These microcapsules are filtered with a filter cloth,
      washed with n-hexane and further rinsed with acetone containing 50% of
      water. Thus, 38 g of microcapsules of activated carbon swelled with water
      are obtained, which are excellent in semipermeability without
      deteriorating absorption capacity of activated carbon, and also possess
      selective absorption capacity.
PAC  EXAMPLE 9
PAR  Two grams of polyacrylonitrile(product of Asahi Kasei Kogyo K.K.) are
      dissolved in 30 ml of dimethylsulfoxide to prepare a solution. Into this
      solution are uniformly dispersed dry microorganisms, Fusarium
      solani(FERM-P No. 217, deposited at Fermentation Research Institute,
      Agency of Industrial Science and Technology, Japan). This dispersion is
      emulsified in fine droplets in 150 ml of a silicone oil(15 cps,
      25.degree.C). To this emulsion are added 80 ml of a mixed solvent of
      water-acetone(70:30) as a non-solvent in 20 minutes to obtain 24 g of
      microcapsules. This product is a microcapsule swelled with water
      containing Fusarium solani, a cyan-assimilating fungi, and excellent in
      water permeability, which may be used for treating drainage containing
      cyanic compounds.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for preparing microcapsules comprising:
PA1  dispersing or dissolving a core substance in a film forming polymer
      solution to prepare a dispersion or a solution thereof,
PA1  emulsifying in fine droplets said dispersion or solution in a vehicle which
      is poorly miscible with the solvent of said polymer solution and which
      does not dissolve the polymer to prepare an emulsion, and adding to the
      emulsion a non-solvent for the polymer, wherein the non-solvent is
      miscible with the solvent, poorly miscible with the vehicle, and does not
      dissolve the polymer, whereby the solvent is removed by being absorbed by
      non-solvent emulsion droplets to precipitate the polymer film around the
      core substance.
NUM  2.
PAR  2. A process according to claim 1, wherein the solvent and the non-solvent
      are hydrophilic and the vehicle is lipophilic.
NUM  3.
PAR  3. A process according to claim 2, wherein the vehicle is selected from the
      group consisting of liquid paraffins and silicone oils.
NUM  4.
PAR  4. A process according to claim 2, wherein the solvent is selected from the
      group consisting of water, acidic water, alkaline water, acetone,
      methanol, ethanol, isopropanol, dimethylformamide, formic acid, acetic
      acid, and dimethylsulfoxide and the non-solvent is selected from the group
      consisting of acetone, methanol, ethanol, isopropanol, n-butanol, ethylene
      glycol, dimethylformamide, tetrahydrofuran and aqueous formalin solution.
NUM  5.
PAR  5. A process according to claim 2, wherein the solvent is selected from the
      group consisting of acetone, methanol, ethanol, isopropanol,
      dimethylformamide, formic acid, acetic acid, and dimethylsulfoxide and the
      non-solvent is water or an aqueous solution.
NUM  6.
PAR  6. A process according to claim 1, wherein the solvent and the non-solvent
      are lipophilic and the vehicle is hydrophilic.
NUM  7.
PAR  7. A process according to claim 6 wherein the vehicle is ethylene glycol,
      propylene glycol, formamide or an aqueous gelatin solution.
NUM  8.
PAR  8. A process according to claim 6, wherein the solvent is selected from the
      group consisting of ethylene chloride, chloroform, methyl acetate, ethyl
      acetate, benzene, toluene, xylene and carbon tetrachloride, and the
      non-solvent is selected from the group consisting of hexane, petroleum
      ether and toluene.
NUM  9.
PAR  9. A process according to claim 1, wherein the film forming polymer is
      dissolved in a solvent at a concentration of 0.5 to 20 W/V %.
NUM  10.
PAR  10. A process according to claim 9, wherein the amount of a core substance
      is 0.2 to 20 times the amount of the film forming polymer.
NUM  11.
PAR  11. A process according to claim 10, wherein the amount of the vehicle is 5
      to 30 times the amount of the film forming polymer solution.
NUM  12.
PAR  12. A process according to claim 11, wherein the amount of the non-solvent
      is at least the amount of the solvent.
NUM  13.
PAR  13. A process according to claim 1, wherein the vehicle contains suspension
      powders dispersed therein.
NUM  14.
PAR  14. A process according to claim 1, wherein the solvent is
      dimethylsulfoxide, the vehicle is liquid paraffin and the non-solvent is
      water.
NUM  15.
PAR  15. A process according to claim 14, wherein the polymer is cellulose
      acetate, ethylcellulose, cellulose acetate phthalate, hydroxypropylmethyl
      cellulose phthalate, cellulose acetate propionate, cellulose acetate
      butyrate, cellulose acetate dibutylamino hydroxypropyl ether, polyvinyl
      chloride, polyvinyl formal, polystyrene, polyacrylonitrile, polyester,
      polyurethane or vinyl chloridevinyl acetate copolymer.
NUM  16.
PAR  16. A process for preparing microcapsules consisting of:
PA1  dispersing or dissolving a core substance in a film-forming polymer
      solution to prepare the dispersion or solution thereof;
PA1  emulsifying in fine droplets said dispersion or solution in a vehicle which
      is poorly miscible with the solvent of said polymer solution and which
      does not dissolve the polymer to prepare an emulsion; and
PA1  adding to the emulsion a non-solvent for the polymer, wherein the
      non-solvent is miscible with the solvent, poorly miscible with the
      vehicle, and does not dissolve the polymer, whereby the solvent is removed
      by being absorbed by non-solvent emulsion droplets to precipitate the
      polymer film around the core substance.
NUM  17.
PAR  17. A process according to claim 16, wherein a core substance is dissolved
      in a film-forming polymer solution to prepare a solution thereof and said
      solution is emulsified in fine droplets in said vehicle.
NUM  18.
PAR  18. A process according to claim 16, wherein the core substance is
      dispersed in a film-forming polymer solution to prepare a dispersion
      thereof and the dispersion is emulsified in fine droplets in said vehicle
      to prepare an emulsion.
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PAL  Catalyst substrates characterized by superior structural properties and a
      subsequent high degree of catalytic activity are produced by using a blend
      of colloidal silica and specially activated alumina which blend is
      subsequently rehydrated and activated under certain specified conditions.
      In a preferred embodiment the substrate is activated at a temperature of
      1200.degree.-1400.degree.C to provide a substrate characterized by the
      absence of free silica.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to U.S. application Ser. No. 487,647,  entitled
      "System for Rehydration or Curing of Shaped Activated Green Ceramic
      Structures", filed concurrently in the name of Marlyn D. Ballain.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to catalyst substrates and more particularly to an
      alumina-silica catalyst substrate characterized by high strength, high
      relative surface area and good thermal stability.
PAR  A need exists for a catalyst support having not only the porosity
      characteristics necessary for proper catalyst loading but good structural
      properties as well. Such structural properties include resistance to high
      temperature and thermal shock. Preferably, the material comprising the
      support should be extrudable, in the green state, into complex shapes when
      desired to provide, for example, higher surface contact area.
PAR  For example, the anti-polution standards proposed for the reduction of
      hydrocarbon emissions from internal combustion engines have created a need
      for a catalyst substrate having a pore structure and surface area such
      that a catalyst structure having a high degree of catalytic activity with
      a minimum amount of active catalyst material and at the same time
      exhibiting structural strength and resistance to high temperatures and
      thermal shock can be produced.
PAR  It has been proposed to provide such a structure using non-porous ceramics
      such as cordierite which, after extrusion and firing, are coated with
      activatable alumina to provide porosity for subsequent catalyst loading.
PAR  However, the added step required to coat the fired non-porous substrate is
      costly. Furthermore, it is desirable to provide a material having higher
      porosity and temperature resistance.
PAR  It has also been previously proposed to use alumina in combination with
      silica in the form of finely divided particles such as silica gel or the
      like to form catalyst supports, for example, in U.S. Pat. Nos. 2,307,878;
      2,356,303; and 2,565,215. However, in none of these patents is it proposed
      to provide a catalyst support characterized by high surface area as well
      as good structural strength and thermal stability. There also appears to
      have been some recognition in the art that the addition of colloidal
      silica to impure forms of alumina such as bauxite can increase the
      hardness of the resultant product. Heinemann, in U.S. Pat. Nos. 2,563,650
      and 2,603,609 indicates that colloidal silica may be added to activated
      bauxite to produce a product which is harder than the initial bauxite
      itself. However, it is not at all clear that the indicated additional
      hardness is attributable to the alumina and silica alone as opposed to the
      additional impurities contained therein. In fact, in Venable U.S. Pat. No.
      2,899,323 and Baldwin U.S. Pat. No. 3,146,210 it is taught that one should
      use a third ingredient which respectively is either a metal oxide or
      aluminum nitrate to obtain an increased hardness of the resulting product.
PAR  There remains, therefore, a need to provide a porous alumina-silica
      catalyst substrate which exhibits relatively high surface area without
      sacrificing the strength and hardness which is previously indicative only
      apparently of the use of such materials in combination with other
      additives such as metal oxides or the like, or as previously mentioned, by
      using non-porous substrates coated with alumina.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, we have discovered that if aluminum oxide
      is activated in a particular manner, then mixed with colloidal silica,
      shaped into the desired final form, rehydrated under controlled
      conditions, and then subsequently fired within a particular temperature
      range, the resulting product is characterized by high relative surface
      area as well as good structural strength and refractoriness, i.e., retains
      its physical characteristics even when subjected to high temperatures such
      as would be encountered in an auto exhaust system. If the temperature
      range is exceeded, the resultant product, while exhibiting satisfactory
      structural strength, possesses very little surface area. Conversely, if
      the material is fired at too low a temperature, the resultant product is
      characterized by a high surface area but relatively low structural
      strength.
PAR  In accordance with the invention, an alumina-silica catalyst support
      characterized by surface area of at least 5 square meters per gram, a
      minimum compressive strength of 17 mega Pascals (mPa), an abrasive
      resistance of under 5% weight loss, and a thermal stability at
      temperatures as high as 1400.degree. C is provided. The catalyst support
      comprises initially a mixture of colloidal silica and an alumina activated
      by exposure to a temperature of at least 400.degree. C for a period of
      from 5-10 microseconds to not exceeding 4 minutes and preferably about 1-5
      seconds, which mixture is subsequently rehydrated by exposure to an
      elevated temperature of from 50.degree.-90.degree. C for a period of 1-20
      hours and then subsequently fired at a temperature of not less than about
      600.degree. nor more than about 1400.degree. for a time period of from 30
      minutes to 16 hours. When the activated mixture is extruded into a
      monolithic or shaped thin-wall structure -- as opposed to a pellet -- it
      is preferably aged in the presence of moisture.
PAR  In a particularly preferred embodiment of the invention, the substrate is
      further characterized by a substantial absence of free silica by firing
      the substrate at a temperature of at least 1200.degree. C.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole drawing of the invention is a flowsheet illustrating the
      ingredients and processing conditions of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with the invention, a highly activated alumina is combined
      with a colloidal silica, and following shaping of the mixture into desired
      shape or form and rehydration, fired in a particular temperature range to
      obtain the desired catalyst support.
PAR  The activated alumina used in the invention comprises alumina which has
      been activated in a particular manner to render it highly reactive upon
      rehydration with water. In accordance with the invention, the alumina is
      activated by exposing it to a temperature exceeding 400.degree. C for a
      period from 1-2 seconds to about 4 minutes. This can be accomplished, for
      example, by passing alumina through a zone in contact with very hot gases
      wherein the residence time of the alumina is maintained within the desired
      recited period. The alumina should have a particle size range of -35 mesh
      (Tyler) and preferably -48 mesh. The alumina can be either ground or
      unground and can range in size from the maximum size recited down to
      ultrafines.
PAR  The amount of the activated alumina used in the alumina-silica mixture
      comprises from 72 to 90% by weight of the mixture. The colloidal silica
      used in the mixture comprises about 10 to 28% by weight of the mixture.
      Particularly where the absence of free silica is desired as will be
      discussed, the amount of silica used should not exceed the stoichiometric
      amount needed to produce a mullite (3Al.sub.2 O.sub.3 2SiO.sub.2) which
      comprises 28% by weight silica. The colloidal silica may be in dry form or
      present as an aqueous dispersion or suspension. The percentage by weight,
      however, of the mixture is based on the weight of the silica itself
      whether in dry form or in a liquid dispersion. The term "colloidal silica"
      is intended to define a silica having a submicron particle size. The
      particle size may be as small as 100 to 200 Angstroms (0.01-0.02
      micrometers or microns).
PAR  While any form of silica having a colloidal particle size range has been
      found useful in the invention, it has been found that colloidal silica
      having a basic pH, when suspended in a liquid, performs slightly better
      than silica in suspensions which are acidic.
PAR  In accordance with the invention, the activated alumina and the colloidal
      silica are mixed together and sufficient water added, if necessary, to
      provide a doughy-like consistency. If necessary, a plasticizing agent such
      as, for example, polyethylene glycol may be added as well to assist in
      further molding or extruding of the dough-like mixture into desired
      catalyst support shapes. Examples of other organic plasticizers which may
      be used include carbon methyl cellulose, and ethylene oxide. The amount of
      such plasticizer materials used by total weight of the extrusion mixture
      varies from 0.02% to 8% by weight. To prevent premature rehydration of the
      alumina the mixture is kept within a temperature range of approximately
      0.degree.-22.degree. C.
PAR  It has also been found that certain clay-like materials such as bauxite,
      kaolin, bentonite, Fuller's earth, and slip clay, all of which contain a
      mixture of alumina and silica, can be substituted for a portion of the
      colloidal silica to assist in the extrudability of the mixture. Thus, up
      to about 80% by weight of the colloidal silica may be substituted for by
      any of the above clay materials. While alumina, even without colloidal
      silica will, together with the clays form material with excellent
      extrusion characteristics, the formed substrate will not, upon firing,
      develop the excellent surface area and crushing strength of the ceramic
      mixture of the invention. Thus, the use of such clays in substitution for
      colloidal silica is to be limited to the amount specified to prevent
      interference with the desired ultimate physical characteristics of the
      fired substrate.
PAR  As stated above, the green ceramic mixture may be extruded into various
      shapes, such as, for example, honeycomb and asterisk structures, as well
      as into pellets or the like depending upon the desired application. In
      accordance with the invention, the green ceramic mixture has been found to
      have excellent green strength thus permitting its retention of extruded
      shapes when such are desirable as, for example, one manufacturing a
      catalyst substrate for use in an automobile exhaust where it is desired to
      not only have a high internal surface area but a high structural or
      external area through which the exhaust gases may pass and therefore
      contact the active material contained in the pores of the substrate.
PAR  Following the extrusion or shaping by any desired shaping or fabricating
      methods of the green ceramic, the unfired substrate is rehydrated by
      exposure to an elevated temperature of about 50.degree.-90.degree. C for a
      period of about 1-20 hours to permit the water in the green ceramic to
      chemically recombine with the activated alumina. It is important to
      prevent the temperature from falling below 50.degree. C or rising above
      90.degree. C as this will have a deleterious effect on the green strength
      of shaped extrusions. Somewhat higher temperatures -- of up to about
      110.degree.-120.degree. C may be tolerated for extruded pellets.
      Preferably, when thin-walled extrusions or monoliths, i.e., honeycomb
      structures, are rehydrated, the rehydration is carried out in a liquid
      bath containing a liquid which is not a solvent for the monolith
      components. This has been found to prevent cracking of the substrates
      during rehydration and subsequent drying by sealing in the moisture
      present within the ceramic as well as permitting better temperature
      control. Such a curing media is more completely described in the copending
      patent application of one of us filed concurrently with this application
      and cross-referenced above. For purposes of this invention a thin-wall
      extrusion, in contrast to a pellet, is defined as an extrusion having a
      wall thickness of 0.159 cm or less.
PAR  In accordance with the invention, the rehydrated structure is fired at a
      temperature of not less than 600.degree. C nor more than 1400.degree. C
      for a period of time of from 30 minutes to 16 hours. The temperature must
      exceed about 600.degree. C to provide sufficient structural strength as
      will be discussed below. However, if the firing temperature exceeds about
      1400.degree. C, for example 1500.degree. C, the resulting structure has
      excellent structural strength but very little surface area thus preventing
      adequate subsequent catalyst loading. It should be noted here that the
      subsequent operating temperatures to which the substrate may be exposed
      can exceed 1400.degree. C without deleterious effect since the catalyst
      will have already been loaded into the pores prior to said exposure.
PAR  In a preferred embodiment of the invention, it has been found desirable to
      produce a substrate having relatively little, if any, free silica. While
      it is difficult to analyze for the presence of free silica in a substance
      containing bound silica such as a mullite structure, the presence of free
      silica in the fired ceramic can be measured by using X-ray diffraction
      techniques to within about 5% accuracy.
PAR  To inhibit the presence of free silica in the final fired substrate without
      interfering with the structural strength desired, it has been found, in a
      preferred embodiment of the invention, that the substrate should be fired
      at a temperature of from about 1200.degree. C to 1400.degree. C. This
      provides a fired substrate having little, if any, free silica which is
      thought to be a deleterious material when the catalyst support is exposed
      to products which might poison the activated surface as in, for example,
      automotive exhaust systems or if the catalyst support is subsequently
      exposed to higher temperatures during operation which may result in
      transformation of such free silica into non-porous phases preventing
      access to the active material.
PAR  In accordance with the invention, the resultant catalyst substrate has been
      found to have a structural strength of approximately 13.5 mPa to 21.0 mPa.
      For definitional purposes herein, a substrate having a compressive
      strength of greater than 6.9 mPa is deemed to be a substrate possessing
      satisfactory high structural strength.
PAR  The substrate is also characterized by a high relative surface area. The
      term "relative" is used because the amount of surface area does decrease
      with firing temperature. Thus, for example, substrates made in accordance
      with the invention and fired at about 1000.degree. C contain a surface
      area of about 100 square meters per gram (m.sup.2 /g) as opposed, for
      example, to about 50 m.sup.2 /g when 100% alumina is fired at the same
      temperature.
PAR  The abrasive resistance of the catalyst substrates of the invention is
      determined by exposing 60 cc of substrate material of known weight to a
      fluidizing gas at 4.5 SCFM in a 1000 ml flask having an exhaust port
      therein fitted with a 14 mesh screen to permit fine particles abraded from
      the substrates and entrained in the gas to pass therethrough. After
      exposure for 5 minutes, the substrate material is removed and reweighed to
      determine the weight loss. Substrates with weight losses of 5% or less are
      considered to have good abrasive resistance.
PAR  The material also is found to exhibit excellent thermal stability, that is,
      retaining of strength at elevated temperatures or, after exposure to
      elevated temperatures. Such elevated temperatures, for example as may be
      found in the exhaust system of an automobile, may reach as high as
      1450.degree. C. Thus, a substrate having good thermal stability is defined
      herein as a substrate capable of withstanding operating temperatures
      (after catalyst loading) as high as 1450.degree. C without substantial
      degradation of the physical characteristics of the substrate. The
      following examples are offered to further illustrate the invention.
PAC  EXAMPLE I
PAR  Three-hundred twenty-eight grams of activated alumina which was previously
      activated by contact for about 30 seconds with air heated to about
      400.degree. C and then ground to an average particle size of 10
      micrometers was thoroughly blended with 82 grams of kaolin. The
      plasticizer mix was prepared using 100 grams of water, 100 grams of
      colloidal silica suspension (Syton-FM) and 2 grams of a water soluble
      ethylene oxide resin available under the trademark "PolyOX-WSR" from Union
      Carbide. The colloidal silica solution-suspension was heated to 70.degree.
      with gentle agitation and the ethylene oxide resin was added gradually.
PAR  The blended solids and extrusion slip were then mixed in a Brabander Sigma
      mixer. A mixing time of 10 minutes was required. The mix was then extruded
      through a 1/8 inch diameter pellet extrusion die from which pellets 1/8
      inch dia .times. 1/4 inch long were formed.
PAR  The pellets were aged or cured at 110.degree. C for 60 minutes in a dry
      oven without the protection of a humid atmosphere or foil covering. The
      pellets were then fired at 1200.degree. C for 16 hours. Attrition tests
      with these pellets show attrition losses of 2.6%. Analyses of surface area
      and soda content were 18 m.sup.2 /g and 0.8% Na.sub.2 O.
PAC  EXAMPLE II
PAR  A honeycomb structure having a wall thickness of 0.0382 mm and 11.6
      cells/cm.sup.2 was prepared using a blended powder and extrusion slip. The
      blended powder consisted of 280 grams of alumina activated as in Example I
      and subsequently ground to an average particle size of 10 micrometers
      (microns) and blended with 70 grams of colloidal silica (Cab-O-Sil). The
      blended product was then mixed with the plasticizer mix described in
      Example I using a 650 cc Brabender Sigma mixer.
PAR  The mix was then extruded through the honeycomb extrusion die (commonly
      referred to as the monolith die). The extrusion was aged in an organic
      bath at 80.degree. C for 3 hours. The honeycomb structure was fired at
      1400.degree. C for 1 hour to convert it to a mullite crystal phase
      structure having no free silica. The crushing strength of the monolith was
      17 mPa. The surface area of the substrate was 4.5 m.sup.2 /g. The absence
      of free silica in the substrate was verified by x-ray diffraction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An alumina-silica catalyst support characterized by a high relative
      surface area, a minimum compressive strength of 6.9 mPa and an abrasive
      resistance under 5% weight loss, said support comprising initially a
      mixture of 10-28% by weight colloidal silica and 72-90% by weight of an
      activated alumina made by exposure to a temperature of at least
      400.degree. C for a period not exceeding 4 minutes and which mixture has
      been subsequently rehydrated and then fired at a temperature of not less
      than about 600.degree. C nor more than about 1400.degree. C.
NUM  2.
PAR  2. The support of claim 1 wherein said colloidal silica, when suspended in
      a liquid, has a basic pH.
NUM  3.
PAR  3. The support of claim 1 wherein said mixture is extruded as pellets and
      subsequently rehydrated at a temperature of from 50.degree.-120.degree. C.
NUM  4.
PAR  4. The support of claim 1 wherein said initial mixture also contains
      0.02-8% by total weight of the mixture of a plasticizer to aid in
      extrusion of the mixture.
NUM  5.
PAR  5. The support of claim 1 wherein said mixture is extruded into a thin wall
      object and rehydrated in the presence of moisture at a temperature of from
      50.degree.-90.degree. C.
NUM  6.
PAR  6. The support of claim 1 wherein said support is fired for a period of
      from 3-16 hours.
NUM  7.
PAR  7. The support of claim 1 further characterized by a substantial absence of
      free silica by firing at a temperature above 1200.degree. C.
NUM  8.
PAR  8. An alumina-silica catalyst support firable to a surface area of about
      100 m.sup.2 /g at 1000.degree. C and exhibiting a minimum compressive
      strength of 6.9 mPa and an abrasive resistance under 5% weight loss
      comprising initially 10-28% by weight colloidal silica and 72-90% by
      weight of an activated alumina made by exposure to a temperature of at
      least 400.degree. C for a period not exceeding 4 minutes, which mixture
      has been subsequently rehydrated at a temperature of at least 50.degree. C
      and then fired for a period of from 3-16 hours at a temperature of not
      less than about 600.degree. C nor more than about 1400.degree. C.
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ABST
PAL  A conducting electrodeposition composition contains a resinous polymer
      dissolved in concentrations to the saturation point in a balanced solvent
      system of two miscible liquids, one of the liquids being a solvent for the
      polymer and the other being a non-solvent for the polymer.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application U.S. Pat. Ser.
      No. 245,397, filed on Apr. 19, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When a direct current potential is applied across an emulsion, suspension
      or solution containing charged particles or molecules, the latter migrate
      toward the electrode bearing the opposite charge. This phenomenon is
      generally called electrophoresis and is utilized to apply coatings onto
      metallic surfaces for purposes of electrical insulation, paint priming,
      weather protection, and the like.
PAR  Most of the polymer electrophoretic deposition techniques followed in
      industry involve aqueous systems. However, aqueous depositions are in
      general markedly affected and vitiated by the evolution of gases at the
      electrodes.
PAR  This is particularly true where polymer particles in a colloid or polymer
      molecules in a solution have a relatively low conductance. To cause such
      particles to migrate to and deposit on an electrode may require relatively
      high voltage which, in turn, causes the water to be electrolyzed and
      causes the evolution of hydrogen and oxygen as gases. This gas evolution,
      deriving from water electrolysis can result in heavily pitted polymer
      coatings, which makes them particularly unsuitable for electrical
      insulation. Moreover, water emulsion systems are generally plagued by
      difficult-to-control surface tension, necessary pH conditions, and
      viscosity difficulties.
PAR  Polyimide resins have recently come into use as high temperature electrical
      insulating films. Polymidide films are generally produced by film casting
      of a non-aqueous solvent solution followed by a heat cure. Briefly, this
      involves dissolving a suitable soluble polyamic acid precursor polymer in
      a solvent, casting the solution uniformly upon a smooth surface and then
      slowly heating until a suitable polyimide insulating film is produced from
      the acid polymer derivative. A major problem with the solution casting
      method is that only relatively thin films (0.0001 inch for foil coatings)
      can be produced in a single coat. Heavier coating or film thickness
      requires a multicoat system with each coat being dried and cured before
      applying the subsequent coat. Difficulty is also encountered with uniform
      coating of corners and particularly of sharp edges. Polyimide coverage of
      irregular-shaped objects has proved impossible by solution casting and
      expensive equipment costs are encountered in this method.
PAR  As a partial answer, electrophoretic deposition techniques have been
      developed for polyamic acids in a water emulsion system, as described in
      U.S. Pat. No. 3,537,970. Such an aqueous polymer electrodeposition system,
      however, still suffers the aforedescribed disadvantages of film pitting.
      Although most of the polymer electrophoretic deposition techniques applied
      in industry involve aqueous processes, a few organic systems, such as
      those shown in U.S. Pat. Nos. 3,450,655 and 3,463,714, have also been
      used. These systems have involved particulate colloidal suspensions of
      vinyl resins, epoxy resins, and carboxyl-containing polymers and
      copolymers such as polyacrylic acid, vinyl acetate/maleic acid copolymers,
      ethylene/itaconic acid copolymers and ethylene/maleic acid copolymers
      among others. Preparation of salt solutions of some of the foregoing
      carboxylcontaining polymers is described in U.S. Pat. No. 3,463,714 but
      the solutions are then converted into suspensions, and it is the suspended
      colloidal particles which are then electrodeposited.
PAR  It has been found that a great number of variables exist in non-aqueous
      electrodeposited systems as regards the ratio between polymer and solvent
      and between solvents within the solvent system, but that each polymer and
      system used presents its own characteristic problems in its dilution or
      suspension and deposition.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it has been found that the foregoing
      difficulties may be overcome, so that exposed portions of regular and
      irregular-shaped electrical conductors can be uniformly heavily coated
      with good edge coverage and without pitting, in a single coating
      operation, by the electrodeposition of a resin from a homogeneous,
      non-colloidal solution containing a resinous polymer, preferably a salt,
      dissolved up to saturation point in an organic solvent system of two
      miscible liquids, one of said liquids being a solvent for the salt and the
      other liquid being a non-solvent for the salt. This solution is
      electrically conducting and the solution has preferably a maximum
      concentration of the polymer so that it is essentially saturated. The
      coating operation will preferably involve the electrodeposition of a salt
      of a polyamic acid from a non-aqueous composition followed by imidizing,
      generally by a heat cure to produce the corresponding polyimide. This
      preferred composition comprises a solute formed from a polyamic acid
      polymer and a nitrogen containing base in a dual solvent system consisting
      of a liquid, organic, non-aqueous solvent for the acid, which is
      preferably nonelectrolizable, and a liquid, organic, non-aqueous,
      nonelectrolizable non-solvent for the salt of the acid. The particular
      preferred composition components have a critical solvent to non-solvent
      balance. Polyamic acid salt is present in amounts which will form a
      non-colloidal solution.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  One of the preferred cured imide films, after electrodeposition of polyamic
      acid polymer and subsequent heating in accordance with this invention
      comprises polymers of aromatic polyimides having the recurring unit:
      ##EQU1##
      wherein n is at least 15, R is at least one tetravalent organic radical
      selected from the group consisting of:
      ##SPC1##
PAL  R.sub.2 being selected from the group consisting of divalent aliphatic
      hydrogen radicals having from 1 to 4 carbon atoms and carbonyl, oxy, sulfo
      and sulfonyl radicals and in which R.sub.1 is at least one divalent
      radical selected from the group consisting of:
      ##SPC2##
PAL  in which R.sub.3 is a divalent organic radical selected from the group
      consisting of R.sub.2, silico and amido radicals. Polymers containing two
      or more of the R and/or R.sub.1 radicals, especially multiple series of
      R.sub.1 containing amide radicals, are particularly valuable in some
      instances. The aromatic polyamide-imide resins, represented by certain of
      the foregoing formulae are described and claimed in U.S. Pat. No.
      3,179,635.
PAR  The described, essentially insoluble, cured, high temperature films are
      derived from certain resinous materials in solvent solution. In the
      present invention a resinous salt is provided in a dual organic solvent
      system. The precursor film after application to a suitable metallic or
      other type electrically conductive substrate by electrodeposition methods
      is heated for a time sufficient to cure the precursor film to its solid
      resinous state.
PAR  In general, the soluble polyamic acid precursors, which are the preferred
      materials of this invention, are prepared by admixing a suitable aromatic
      tetracarboxylic dianhydride with an aromatic diamine in a suitable solvent
      at room temperature. The admixture or solution is stirred until a maximum
      viscosity is reached. Examples of suitable dianhydrides are pyromellitic
      dianhydride, benzophenone tetracarboxylic dianhydride, naphthalene
      tetracarboxylic dianhydride and the like. Examples of suitable diamines
      are m-phenylene diamine, methylene dianiline, diaminodiphenyl ether,
      diaminobenzanilide and the like. References which describe the procedure
      in greater detail are U.S. Pat. Nos. 3,179,635; 3,179,614; 3,179,631;
      3,179,632; 3,179,633 and 3,179,634. The polyamic acid precursors are well
      known and commercially available in solvent solutions.
PAR  The same general procedure is employed when a derivative of an aromatic
      tricarboxylic anhydride, e.g. trimellitic anhydride chloride or the ester
      diacid chloride of trimellitic anhydride is used in place of the aforesaid
      aromatic dianhydride. The above-named diamines are also suitable for use
      with the tricarboxylic anhydride derivatives.
PAR  One of the aromatic polyamic acid polymers suitable for use as a soluble
      polyamide acid precursor in this invention has the recurring unit:
      ##EQU2##
      in which n is at least 15 and R and R.sub.1 are identical to the
      description hereinabove relating to the solid aromatic polyimide and
      polyamide-imide resins. It should be understood that suitable polyamic
      acids may also contain two or more or the R and/or R.sub.1 radicals.
PAR  Suitable solvents for the polyamic acids are aprotic solvents, i.e. solvent
      which will neither lose a proton to the solute nor gain a proton from the
      solute, for example, the normally liquid organic solvents of the
      N,N-dialkylcarboxylamide class, preferably the lower molecular weight
      members of this class, such as dimethyl acetamide, dimethyl formamide, and
      N-methyl-2pyrrolidone. Other useful aprotic solvents include dimethyl
      sulfoxide and pyridine. The solvents can be used individually or in
      combinations of two or more. The solvents are easily removed by heating in
      a drying tower or oven.
PAR  In addition to the aforementioned aromatic polyimide and polyamide-imide
      recurring unit wherein R was a tetravalent organic radical, other cured
      resins which are particularly suitable as films which can be
      electrodeposited in accordance with this invention are derived from a
      trivalent anhydride and have the structure:
      ##SPC3##
PAL  wherein R.sub.1 and n are identical to the description hereinabove relating
      to the solid aromatic polyimide and polyamide-imide resins.
PAR  Particularly valuable films are provided when R.sub.1 is:
      ##SPC4##
PAL  where R.sub.3 is an oxy or methylene (-CH.sub.2 --) radical.
PAR  The soluble polyamic acid precursors for the above trivalent derived
      polyamide-imide resins include in repeating form one or both of the
      structures:
      ##SPC5##
PAL  and
      ##SPC6##
PAL  wherein R.sub.1 and n are identical to the description hereinabove and
      R.sub.4 is --H. For details on the preparation of these soluble polyamic
      acids and the solid resins therefrom, reference may be had to British
      Patents 1,056,564 and 1,032,649. The same solvents are previously
      described can be used for the above aromatic polyamic acids. Copolymers of
      the tetravalent and trivalent anhydride compound may also be employed in
      polyamic acid form. Linkages other than amic acid may also be included in
      or on the polymer chain so long as the salt formed therefrom is conductive
      and has mobility sufficient to deposit from the solution.
PAR  In the process of this invention, the preferred polyamic acids have been
      successfully electrodeposited from non-colloidal solutions of amine salts
      of the same polyamic acids in mixed organic solvent systems. The preferred
      electrically conducting composition of this invention consists of a
      solution of the organic amine salt of the polyimide precursor within a
      critically balanced organic liquid solvent-non-solvent mixture and has a
      pH range between 8-10. The solids content for the electrodeposition
      composition is preferably between about 2-5 wt.% based on the weight of
      polyamic acid and total solvent-non-solvent mixture. Lower solids content,
      e.g. as little as about 0.5 weight percent, will work but at much slower
      rates of deposition.
PAR  The process is highly complex and probably involves polymer salt formation:
      ##EQU3##
PAR  Under the influence of a voltage differential between an anode and cathode
      contacting a bath containing a salt in concentrations up to the saturation
      point in a balanced solvent system, it is envisaged that the salt ionizes
      to produce the triethylammonium ion and carboxyl ion of the polymer which
      subsequently migrate to cathode and anode respectively:
      ##EQU4##
      Anode reactions lead to the reconstitution of the parent polyamic acid,
      which on subsequent imidization, generally by a heat cure, loses water to
      produce the corresponding polyimide film. Possible anode reactions are:
      ##EQU5##
PAR  The non-aqueous liquid which is added to the acid salt solution is a
      non-electrolizable solvent which is not capable of dissolving the acid
      salt of the polymer chain. The non-solvent for the salt is added to the
      salt solution in an amount effective to provide an essentially saturated
      solution of the resinous salt. The rate of deposition will then be at its
      maximum and will diminish as the salt is depleted. This non-solvent for
      the acid salt polymer must not gas to any great extent at the electrodes
      due to electrolysis when a voltage is applied to the system. Preferred
      solvents are non-electrolizable solvents which are a non-solvent for the
      acid salt of the polymer and would include liquid aliphatic (straight and
      branched chain) and aromatic ketones, such as, for example, acetone,
      methyl isobutyl ketone, methyl ethyl ketone, methyl n-propyl ketone,
      diethyl ketone, mesityloxide, cyclohexanone, methyl n-butyl ketone, ethyl
      n-butyl ketone, methyl n-amyl ketone acetophenone, methyl n-hexylketone,
      isophorone and diisobutylketone.
PAR  The basic compounds which react with the carbonyl containing acid polymer
      to form an acid salt are preferably organic bases and include nitrogen
      containing organic tertiary aliphatic and aromatic amines such as, for
      example, trimethylamine, triethylamine, N,N-dimethylbenzylamine,
      tri-n-propylamine, tri-n-butylamine, N-ethylpiperidine, N-allylpiperidine,
      N-ethylmorpholine, N,N-diethyl-m-toluidine, N,N-diethyl-p-toluidine,
      N-allylmoropholine, N,N-diethylaniline, pyridine; and imidazoles such as
      for example, imidazole, 1-methylimidazole, 4-methylimidazole,
      5-methylimidazole, 1-propylimidazole, 1,2-dimethylimidazole,
      1-ethyl-2-methylimidazole and 1-phenylimidazole. These organic bases will
      not cause hydrolysis of the polyamic acid and single cell systems can be
      used whereas an inorganic base such as NaOH can hydrolyze the polyamic
      acid or other polymers particularly those having acidic groups and a split
      cell might be required to isolate the anode and cathode compartments so
      that any reformed NaOH does not contact the deposited or depositing
      polymer.
PAR  In preparation of the polyamic acid salt electrodeposition composition, the
      component materials should be preferably employed in ratios to provide a
      saturated solution free of precipitates. The process for preparing the
      non-colloidal solution consists of (1) reacting an acid polymer in an
      organic solvent solution, which is preferably non-electrolizable, with a
      base to form an acid salt, (2) adding to the salt solution, a non-solvent
      for the polyamic acid salt which is substantially non-electrolizable, to
      provide the non-colloidal solution.
PAR  The preferred electrodeposition composition is formed by addition of 1 part
      by weight polyamic acid polymer, about 12.5-15.5 parts solvent for said
      acid, about 0.8-1.5 parts nitrogen containing base or an amount effective
      to convert the carboxyl groups into the salt and about 7-9 parts
      non-solvent for the salt of the acid. Under 12.5 parts solvent for the
      polymer, based on 1 part by weight acid, will cause viscosity problems and
      precipitation and over 15.5 parts solvent for the polymer will impede
      electrocoating because the polymer will stay in solution. Under 7 parts
      non-solvent for the acid salt will impede electrocoating because the
      polymer will stay dissolved in the vicinity of the anode. Over about 9
      parts non-solvent for the acid salt will cause precipitation of the
      polymer within the two solvent medium. The acid salt may be separately
      formed and then added to the solvent or the solvent-nonsolvent mixture.
PAR  The critical balance of non-solvent to solvent just barely keeps the
      polymer-salt in solution. To form this composition in non-colloidal
      solution form, the non-solvent for the salt is added to the other
      ingredients (i.e. to the solvent containing the salt) and not vice versa.
      The electrodeposition composition of this invention will provide extremely
      uniform and even coatings for both flat and edge coverage, rather than
      either heavy or thin edge coverage, of coated flat conductors.
PAR  Significantly fewer problems exist when using this non-colloidal
      electrodeposition composition, since bath stability times are much
      greater, the composition is more conductive allowing use of lower
      potential differences, and polymer precipitation or agglomeration within
      the bath is minimized, when compared to equivalent colloidal systems.
      Substitution of any electrolizable compounds for the solvents or bases,
      such as water, methanol, ethanol, ammonium hydroxide and aqueous sodium or
      potassium hydroxide solution will cause pitting in the final
      electrodeposited film. However, it is to be understood that the term
      non-aqueous is meant to include trace amounts of water that might be
      picked up by the ingredients from the atmosphere. Water is not to be
      included as a substitution for any of the bases or solvents. Small
      effective amounts of filler particles, as such, or as finely divided
      pigments or lubricants can be added to the composition for a variety of
      end uses such as colored coated panels or thin antifriction films.
PAC  EXAMPLE 1
PAR  A non-colloidal electrodeposition composition was formed by: (1) mixing 33
      grams of polyamic acid polymer dissolved in 179 grams of solvent for the
      polymer (200 ml. of a polyimide wire enamel solution having 16.5 wt.%
      solids content and sold commercially by DuPont under the trade name Pyre
      M. L. Polyimide Wire Enamel) with 329 grams (300 ml.) of dimethylsulfoxide
      solvent for the polymer; adding 29 grams (40 ml.) of triethylamine
      dropwise, to produce the amine salt with the free carboxyl groups present.
      The resulting solution, made from 0.9 parts by weight organic amine and 15
      parts by weight combined solvent for the polymer to 1 part acid polymer,
      was vigorously stirred, heated to about 40.degree.C., and held at that
      temperature for 20 minutes. (2) To this solution was added slowly with
      vigorous stirring 236 grams (300 ml.) of acetone, a non-solvent for the
      acid salt, to provide an essentially saturated composition containing 7
      parts by weight non-solvent for the acid salt to 1 part acid polymer. In a
      preliminary test, the amount of acetone needed for saturation was
      determined by a titration technique of adding acetone slowly to the salt
      solution until precipitation was achieved at 302 ml. of acetone. In this
      Example 300 ml. of acetone was added to achieve complete saturation
      without precipitation.
PAR  About 300 mil. of this electrodeposition composition, having a pH of about
      8-9, was added to a 7.times.7.times.5 inch Pyrex glass trough with two
      6.times.4.times.0.02 inch copper electrodes (anode and cathode) connected
      to a variable voltage d.c. power supply. The anode to cathode separation
      through the electrodeposition composition was 11/2 inch. A potential
      difference of 90 volts was applied for one minute. Under the influence of
      the electric field it is envisaged that the salt ionizes to produce the
      triethylammonium ion and carboxyl ion of the polymer, which subsequently
      migrate to cathode and anode respectively. During this time the current
      decreased from an initial value of 700 mA. to 250 mA. and produced an
      adherent coating on the anode without any gassing of the composition.
      Current densities varied in the range between 2.5-7 mA./sq. in. of
      electrode surface.
PAR  The coated electrode was removed from the bath and slowly heated from
      50.degree.to 350.degree.C. in a convection oven over a period of 45
      minutes to imidize or cyclize the polymeric deposit. A very tough, pinhole
      free, flexible, uniform film coating with good edge coverage one mil.
      thick (0.001 inch) was produced. Increased electrolysis times produced
      thicker coatings up to 3.0 mils. There was no necessity to stir the
      composition even for electrolysis times over 30 minutes and no
      precipitation or agglomeration of the resin was seen. The composition
      could be stored up to 3 weeks without loss of stability. The resin content
      of the bath could be completely depleted without showing any adverse
      effects on the properties of the final coating.
PAR  Similar films have been produced on aluminum, copper, nickel, iron, zinc,
      titanium, lead, tin, stainless steel and platinum electrodes using
      dimethylacetamide and 1-methylimidazole.
PAR  A variety of tests were run on 1 mil. thick aluminum electrodes having an
      area of 40 sq. in. and a polyimide coating, applied by the method of this
      invention, having a thickness between about 0.7 and 1.1 mils.
      Determinations were made of the breakdown voltages at various positions on
      one of these electrodes by connecting the electrode to ground and
      positioning a rounded 1 inch electrode on the film surface. A 60 Hz power
      supply was employed to perform dielectric strength tests in accordance
      with ASTM Standard test D149. The d.c. potential difference between the
      grounded plate and rounded electrode was increased until breakdown
      occurred. The dielectric breakdown values obtained were in the 2.5 to 5.5
      KV/mil. range with an average value of 4.0 KV/mil.
PAR  A standard Conical Mandrel test was performed on a polyimide coated
      aluminum electrode. The coating showed no cracking or loss of adhesion
      down to a 1/16 inch bend. Thermal aging tests on a polyimide coated
      aluminum electrode in accordance with AIEE Method 57 showed an expected
      life of greater than 10,000 hours at 250.degree.C. and folding endurance
      tests in accordance with ASTM Standard test D-2176-63T showed a value of
      30,000 cycles at 25.degree.C on the stripped polyimide film. Insulation
      resistance of the coating is infinite when dry and about 5 .times.
      10.sup.5 megohms after boiling for 10 minutes in water. These tests
      indicate that the films produced by the method of this invention compare
      very favorably with solution cast polyimide films which generally have
      dielectric strengths of 3.4 KV/mil. and thermal lives of about 20,000
      hours at 250.degree.C.
PAR  Other polyimide resin precursors have also been used as a substitute for
      the Pyre M. L. Excellent results have been achieved with
      polypyromellitamic acid precursor solutions formed by condensation of
      pyromellitic dianhydride with 3, 4'-diaminobenzanilide in stoichiometric
      proportions in dimethylacetamide as solvent for the polymer, to form a
      solution having a solids content of about 18 wt.% at a 2-3 Gardner Holt
      viscosity at 25.degree.C. Small amounts of pigments and finely divided
      solid lubricants have also been included in these compositions. The cured
      resin has also been stripped from the metal to given flexible and
      creasable films that could find use in a variety of applications.
PAC  EXAMPLE 2
PAR  A non-colloidal electrodeposition composition was formed with Pyre M. L.
      exactly as in EXAMPLE 1, except that 41.5 grams (40 ml.) of
      1-methylimidazole was substituted for the triethylamine. The composition
      was added to a 12.times.8.times.4 inch rectangular stainless steel tank.
      The tank was made the cathode while the anode was a degreased 6-inch
      copper hexagonal form-wound coil which was centrally immersed in the
      composition described above. A potential difference of 10 volts (1300 mA.)
      was applied for a period of 1 minute. The coil was removed from the bath
      and heat-cured or imidized in a convection oven as in EXAMPLE 1. This
      produced a continuous, smooth, pinhole free, polyimide coating 1 mil.
      thick on the irregular shaped coil with uniform flat surface and edge
      coverage. An apparent dielectric strength of 1,900 volts was obtained when
      the coil was completely immersed in mercury and subjected to a potential
      (60 Hz power supply) increasing at 500 volts/sec.
PAR  Electrodeposited polyimide films retain their mechanical and physical
      properties over a wide temperature range. This ability proves itself
      especially useful in applications which have high operating temperatures.
PAR  I found that when the acetone component of the composition was replaced by
      water, which will electrolize, the coatings that are formed do not adhere
      very well and are heavily pitted, even when very low potential differences
      are applied, due to water electrolysis (gaseous products) at the anode,
      making the coatings disadvantageous for electrical applications in
      contrast to the coatings of EXAMPLES 1 and 2.
PAR  The critical feature of my discovery, which has enabled me to
      electrodeposit a polyamic acid salt, is the requirement of an essential
      balance between the solvent and non-solvent in the composition. The
      polyamic acid salt cannot be deposited from a dilute solution where only a
      solvent (e.g., dimethylacetamide and/or dimethylsulfoxide) is employed.
      The solvent is capable of redissolving any deposited film of polyamic salt
      and, indeed, is capable of redissolving a highly concentrated polyamic
      salt solution at the anode interface. Either of these redissolutions can
      preclude any effective deposition. If, however, the power of the solvent
      is reduced by the addition of a non-solvent so the redissolution is
      prevented, effective deposition does occur.
PAR  Enough non-solvent must be added to make the bath incapable of redissolving
      polyamic acid, care being exercised to avoid the formation of a colloid by
      adding too much non-solvent. This critical balance between solvent and
      non-solvent can be determined by a simple titration, i.e., the measured
      incremental addition of non-solvent to a measured amount of solution of
      known concentration, to an end point where precipitation or colloid
      formation first occurs. A smaller incremental proportion of the
      non-solvent is then used to form an essentially saturated solution of the
      polymeric salt (in the solvent and non-solvent) as the starting bath. That
      proportional balance is suitable even for lower overall concentrations of
      polymeric salt in the bath because the salt is concentrated at the anode
      before it is deposited.
PAR  It should be noted that in EXAMPLE 1, electrodeposition continued until the
      bath was completely depleted. It would, however, be desirable, in a
      continuous large scale process, to add polyamic acid salt as it is
      depleted. This could be added as the solid, so that the solvent --
      non-solvent balance is maintained. Additions of solvent or non-solvent may
      be made, but it must not materially affect the balance in the bath.
      Frequent additions of the salt will provide the most efficient operation,
      because the deposition from an essentially saturated solution will require
      the least amount of electrical energy. The closer the bath is to a
      precipitatable state, the less energy it takes to deposit the polymeric
      molecules.
PAR  The most desirable initial concentration of about 5 weight percent of
      polyamic acid based on the total weight of polyamic salt and the two
      miscible liquids was determined by trial to provide a conductive solution
      with a sufficiently low viscosity to enable the molecules to move through
      the liquid and concentrate at and deposit upon the anode in a rapid manner
      at voltages and currents that will neither decompose nor overheat the
      liquids. The solvent to non-solvent balance is designed on the basis of an
      essentially saturated initial polymeric salt solution. Deposition will,
      however, continue at a diminishing rate as the salt in solution is
      depleted. Lower initial concentrations, below saturation, may be employed
      but the most rapid deposition rates would be sacrificed.
PAR  While the foregoing description is primarily directed to polyamic acids, it
      should be understood that the critical feature of adding enough
      non-solvent to the solvent, to provide the proportional ratio that would
      be employed in making an initial essentially saturated solution, is useful
      with salts of other carboxyl containing polymers and, indeed, with other
      polymers in general that are sufficiently chargeable, conductive and
      mobile in solutions to be electrodeposited. Such a proportional ratio
      would have a solvency power sufficiently limited to prevent the
      redissolution of the deposited film and/or the concentrated solution at
      the anode interface. That particular proportional ratio of solvent to
      non-solvent would initially contain the maximum amount of polymer that
      could be dissolved therein without precipitation (i.e., essentially
      saturated) to take advantage of the most rapid deposition rates. Lower
      amounts or concentrations of polymer could be used, but again, the rapid
      deposition rates would be sacrificed.
PAR  It should be understood that the prevention of redissolution of the
      polymeric deposit and the redissolution of the concentrated solution at
      the anode interface is essential. It is particularly difficult, if not
      impossible, to directly measure and set solvency parameters for the latter
      phenomenon. It is, however, possible to set these parameters by adjusting
      the non-solvent to solvent ratio on the basis of essential saturation,
      knowing that this will provide effective electrodeposition with polymers
      that was not heretofore possible
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a resinous electrodeposition composition comprising
      the steps of:
PA1  A. providing a resinous salt comprising the reaction product of a polyamic
      acid and an organic nitrogen containing base selected from the group
      consisting of imidazoles and tertiary amines in a non-aqueous, organic,
      aprotic solvent for the salt,
PA1  B. adding to the salt in solution, a non-aqueous, organic,
      non-electrolizable, non-solvent for the salt in an amount effective to
      provide an essentially saturated solution containing the resinous salt,
      said solution being electrically conducting.
NUM  2.
PAR  2. The method of claim 1, wherein the electrodeposition composition has a
      pH between 8-10, a solids content between about 0.5 and about 5 wt.% based
      on the weight of polyamic acid and total solvent-non-solvent mixture, the
      solvent for the salt is an aprotic solvent and the non-solvent for the
      salt is a ketone.
NUM  3.
PAR  3. A method of making a non-aqueous polyamic acid electrodeposition
      composition comprising the steps of:
PA1  A. making a salt by mixing
PA2  1. a solution of 1 part by weight polyamic acid in about 12.5-15.5 parts by
      weight of a non-aqueous, organic aprotic solvent for the acid with
PA2  2. A nitrogen containing base selected from the group consisting of
      imidazoles and tertiary amines, in an amount effective to form an organic
      salt;
PA1  B. adding to the salt, about 7-9 parts by weight of a non-aqueous, organic,
      non-electrolizable, non-solvent for the salt, to provide a solution of
      salt within the solvent mixture, the composition having a solids content
      between about 0.5 and about 5 wt.% based on the weight of polyamic acid
      and total solvent-non-solvent mixture.
NUM  4.
PAR  4. The method of claim 3 wherein the nitrogen containing base is selected
      from the group consisting of imidazoles and tertiary amines, the
      non-solvent for the salt is a ketone, the organic solvent for the acid is
      nonelectrolizable and the composition has a pH between 8-10.
NUM  5.
PAR  5. The method of claim 4 wherein the nitrogen containing base is selected
      from the group consisting of trimethylamine, triethylamine,
      N,N-dimethylbenzylamine, tri-n-propylamine, tri-n-butylamine,
      N-ethylpiperidine, N-allylpiperidine, N-ethylmorpholine,
      N,N-diethyl-m-toluidine, N,N-diethyl-p-toluidine, N-allylmorpholine,
      N,N-diethylaniline, pyridine, imidazole, 1-methylimidazole,
      4-methylimidazole, 5-methylimidazole, 1-propylimidazole,
      1,2-dimethylimidazole, 1-ethyl-2-methylimidazole and 1-phenylimidazole and
      the non-solvent for the salt is selected from the group of ketones
      consisting of acetone, methyl isobutyl ketone, methyl ethyl ketone, methyl
      n-propyl ketone, diethyl ketone, mesityl oxide, cyclohexanone,
      methyl-n-butyl ketone, ethyl-n-butyl ketone, methyl-n-amyl ketone,
      acetophenone, methyl-n-hexyl ketone, isophorone and diisobutyl ketone.
NUM  6.
PAR  6. A conductive polymeric solution comprising a salt of a carboxyl
      containing polymer and a miscible liquid system containing (1) a
      non-aqueous, organic, aprotic solvent for the polymer and (2) a
      non-aqueous, organic non-solvent for the polymer, the solvent and
      non-solvent being proportioned so that an initial concentration of polymer
      in the miscible system would provide an essentially saturated solution,
      the polymer being dissolved in said system in an amount not exceeding the
      initial concentration and said polymer being sufficiently chargeable,
      conductive, and mobile in said solution to be electrodeposited.
NUM  7.
PAR  7. The solution of claim 6 wherein the amount of polymer provides an
      essentially saturated solution.
NUM  8.
PAR  8. The solution of claim 7 wherein the polymer is a salt of an amic acid
      polymer.
NUM  9.
PAR  9. The solution of claim 8 wherein the salt is an organic salt.
NUM  10.
PAR  10. A non-aqueous polyamic acid electrodeposition composition, comprising a
      solution of acid salt within a solvent mixture, said acid salt being the
      reaction product of 1 part by weight polyamic acid and a nitrogen
      containing base selected from the group consisting of imidazoles and
      tertiary amines, and said solvent mixture comprising about 12.5-15.5 parts
      by weight of a non-aqueous, organic aprotic solvent for the acid and about
      7-9 parts by weight of a non-aqueous, organic, non-electrolizable
      non-solvent for the salt, the composition having a solids content between
      about 0.5 and about 5 wt.% based on the weight of polyamic acid and total
      solvent-non-solvent mixture.
NUM  11.
PAR  11. The composition of claim 10 wherein the nitrogen containing base is
      selected from the group consisting of imidazoles and tertiary amines, the
      non-solvent for the salt is a ketone, the organic solvent for the acid is
      non-electrolizable and the composition has a pH between 8-10.
NUM  12.
PAR  12. The composition of claim 11 wherein the nitrogen containing base is
      selected from the group consisting of trimethylamine, triethylamine,
      N,N-dimethylbenzylamine, tri-n-propylamine, tri-n-butylamine,
      N-ethylpiperidine, N-allylpiperidine, N-ethylmorpholine,
      N,N-diethyl-m-toluidine, N, N-diethyl-p-toluidine, N-allylmorpholine,
      N,N-diethylaniline, pryidine, imidazole, 1-methylimidazole,
      4-methylimidazole, 5-methylimidazole, 1-propylimidazole,
      1,2-dimethylimidazole, 1-ethyl-2-methylimidazole and 1-phenylimidazole and
      the non-solvent for the salt is selected from the group of ketones
      consisting of acetone, methyl isobutyl ketone, methyl ethyl ketone, methyl
      n-propyl ketone, diethyl ketone, mesityl oxide, cyclohexanone,
      methyl-n-butyl ketone, ethyl-n-butyl ketone, methyl-n-amyl ketone,
      acetophenone, methyl-n-hexyl ketone, isophorone and di-isobutyl ketone.
NUM  13.
PAR  13. The composition of claim 11 wherein the polyamic acid is selected from
      the group of polyamic acids having the structure:
      ##EQU6##
      ##SPC7##
PAL  and mixtures of said amic acids, wherein n is at least 15, R is at least
      one tetravalent organic radical selected from the group consisting of:
      ##SPC8##
PAL  R.sub.2 being selected from the group consisting of divalent aliphatic
      hydrocarbon radicals having from 1 to 4 carbon atoms and carbonyl, oxy,
      sulfo and sulfonyl radicals, R.sub.1 is at least one divalent radical
      selected from the group consisting of:
      ##SPC9##
PAL  in which R.sub.3 is a divalent organic radical selected from the group
      consisting of R.sub.2, silico and amido radicals and in which R.sub.4 is
      --H.
NUM  14.
PAR  14. The composition of claim 13 wherein the solvent for the acid is
      selected from the group consisting of dimethyl acetamide, dimethyl
      formamide, N-methyl-2-pyrrolidone, dimethyl sulfoxide and pyridine and
      mixtures thereof.
NUM  15.
PAR  15. The composition of claim 13 also containing filler particles.
NUM  16.
PAR  16. The composition of claim 13 wherein the solvent for the acid is
      dimethyl sulfoxide and the nonsolvent for the salt is acetone.
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LREP
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ABST
PAL  The present invention concerns the preparation of a composition for making
      hydrocarbons and fats into biodegradable emulsions and the preparation
      thereof. This composition is formed substantially by aliphatic amide or
      carboxylic acid ester of an aliphatic amide, an ammonium salt of a
      carboxylic acid, a phospho-aminolipid and a petroleum solvent free from
      benzenic fractions. This process comprises reacting an excess of a a
      carboxylic acid with a primary or secondary aliphatic amine or
      amino-alcohol, neutralising the mixture by the addition of ammonia to
      bring the pH to 7, and finally adding to the neutralised mixture a
      phospho-aminolipide and a benzenic fraction-free petroleum solvent.
BSUM
PAR  The elimination of hydrocarbon wastes and mineral, animal or vegetable fats
      by biological degradation gives rise to problems since natural
      biodegradation is very slow. It is known that in order to accelerate the
      biodegradation of hydrocarbons or facts by micro-organisms, one must
      supply the microorganisms with sources of nitrogen and phosphorus which,
      in addition to the carbon supplied by the products to be removed, permit
      the development and growth of micro-organisms. In the case of
      biodegradation in a closed environment i.e. in a fermenter or in a vat, it
      is sufficient to use an aqueous culture medium containing the various
      nutrient elements either in solution or in suspension. On the other hand,
      research has shown that in the case of very dilute media such as, for
      example, spillages or wastes on the sea or on a river, the nitrogen-
      and/or phosphorus-supplying substances must be bonded with the hydrocarbon
      molecules and form an emulsion therewith. If this is not the case the
      substances are so diluted as to be practically equivalent to their natural
      content in the water so that the rate of degradation approximates to that
      of natural biodegradation.
PAR  It is, therefore, necessary that a product used to promote hydrocarbon
      biodegradation be capable of forming an aqueous emulsion which emulsion
      contains not only the product to be biodegraded but also molecules of the
      substances for supplying nitrogen and phosphorus.
PAR  Further, the composition formed by the nitrogen- and/or phosphorus
      containing substances must have a detergent power in order to clean
      surfaces soiled by the products to be eliminated or degraded. Finally, the
      composition should not, itself, be toxic towards the fauna or flora.
PAR  The composition for forming hydrocarbons and fats into a biodegradable
      aqueous emulsion comprises an aliphatic amide or a carboxylic ester of an
      aliphatic amide, an ammonium salt of a carboxylic acid, a
      phospho-aminolipide and a petroleum solvent free from benzenic fractions.
      Preferably, the composition contains from 20 to 34% by weight of aliphatic
      amide or aliphatic amide carboxylic acid ester, from 2.5 to 6% by weight
      of carboxylic acid ammonium salt, from 2.5 to 5% by weight of
      phospho-aminolipide and from 55% to 75% by weight of benzene fraction-free
      petroleum solvent. The composition in accordance with the invention may be
      prepared by reacting an excess of a carboxylic acid with a primary or
      secondary aliphatic amine or a primary or secondary aliphatic
      amino-alcohol neutralising the mixture by the addition of ammonia to bring
      the pH to about 7, and adding thereto the phospho-aminolipide and then the
      benzene fraction-free petroleum solvent. The amine may be, for example
      mono-ethylamine, diethylamine, monomethylamine, dimethylamine,
      dodecylamine, isopropylamine, n-butylamine, di-n-butylamine,
      monoamylamine, di-n-amylamine or di-iso-amylamine.
PAR  Suitable aliphatic amino-alcohols include, for example, mono-ethanolamine,
      diethanolamine, amino-propanol and amino-butanol.
PAR  The aliphatic carboxylic acid is preferably a fatty acid which is liquid at
      ambient temperature such as, for example, acetic acid, propionic acid,
      n-butyric acid, hexanoic acid, caprylic acid, 2-ethyl-hexanoic acid, oleic
      acid, capric acid or linoleic acid or a hydroxy acid such as lactic acid
      or ricinoleic acid.
PAR  The phospho-aminolipid acid will generally be leci-thin.
PAR  The petroleum solvent may be white spirit free from benzene fractions,
      n-hexane, n-heptane, n-octane, petroleum ether, a heavy non-benzenic
      solvent or a mixture of such products.
PAR  In the compositions of the invention, the amide, and particularly the
      aliphatic amide carboxylic acid ester serves as detergent, its detergent
      power probably being greater than that of the corresponding amines due to
      the presence of a carbonyl group and, further, the amide also supplies a
      part of the necessary nitrogen. Because of its two lypophilic and
      hydrophilic radicals the amide ensures the stability of the emulsion. The
      ammonium salt forms a source of nitrogen and the lecithin provides the
      necessary phosphorus.
PAR  The following examples illustrate the preparation of the compositions in
      accordance with the invention and their application. In the examples the
      parts are parts by weight unless otherwise stated.
DETD
PAC  EXAMPLE 1
PAR  7.5 parts of mono-ethanolamine and 36 parts by weight of 2-ethylhexanoic
      acid are mixed with stirring and then neutralised with ammonia to bring
      the pH of the mixture to 7.
PAR  5 parts of lecithin and 102 parts of white spirit are added to 46 parts of
      the mixture (corresponding to 40 parts of 2-ethyl hexanoic ethanolamide
      2-ethylhexanoate and 6 parts by weight of ammonium 2-ethyl-hexanoate).
PAR  The composition was used to treat a sheet of hydrocarbon floating on an
      aquarium comprising a body of soft water, the composition being used in an
      amount of from 15 to 20 parts per 100 parts of hydrocarbon. An emulsion
      formed which floated in the upper layers of the aquarium. The flora and
      fauna of the aquarium showed no ill effects due to the presence of the
      emulsion which progressively disappeared. Gas phase chromatography showed
      complete biodegradation within six weeks.
PAC  EXAMPLE 2
PAR  7.5 parts of monoethanolamine and 18 parts of 2-ethyl-hexanoic acid were
      mixed with stirring after which there were added thereto 35 parts of oleic
      acid and the whole neutralised to pH 7 by the addition of ammonia. There
      were thus obtained ethanolamide 2-ethyl-hexanoic oleate and ammonium
      oleate.
PAR  18% of lecithin and 250% of ligroin (or petroleum ether) free of benzenic
      fractions were added to this mixture.
PAR  The composition obtained was used to clean a floor soiled with No. 2 fuel
      which had accumulated and oxidised over a long time. The rinsing waters
      containing the emulsion were recovered and their non-toxicity towards
      flora and fauna and their biodegradability were verified. All trace of
      hydrocarbon was removed from the floor.
PAC  EXAMPLE 3
PAR  9 parts of diethylamine were mixed with 21.5 parts of capric acid and the
      whole neutralised with ammonia.
PAR  The mixture of capric diethylamide and ammonium caproate was mixed with
      lecithin and white spirit to obtain a composition containing 22% of capric
      diethylamide, 4.5% of ammonium caproate, 3.5% of lecithin and 70% of white
      spirit. The composition was diluted in 5 or 6 times its weight of water
      and neutralised to clean the floor of a factory of the food industry which
      had been soiled with animal and vegetable fats. The floor was perfectly
      cleaned and the washed waters were recovered and were found to be
      non-toxic to flora and fauna, the emulsion being perfectly stable.
PAC  EXAMPLE 4
PAR  7 parts of isopropylamine and 35 parts of oleic acid were mixed and the
      whole was neutralised with ammonia to give a mixture of oleic
      isopropylamide and ammonium oleate which was mixed with lecithin and white
      spirit to give a composition containing 29% by weight of the
      amide/ammonium salt mixture, 3.3% by weight of lecithin and 7.7% of white
      spirit.
PAR  The composition was diluted with 6 times its weight of water and then used
      to clean various vats and cisterns which had contained hydrocarbons,
      animal fats and vegetable fats. The emulsions formed were non-toxic and
      biodegradable.
PAC  EXAMPLE 5
PAR  13 parts of diethanolamine, 18 parts of caprylic acid, and 35 parts of
      oleic acid were mixed together to give a mixture of the oleate of caprylic
      diethanolamide and ammonium oleate.
PAR  36 parts of this mixture was added to 3.5 parts of lecithin and 60.5 parts
      of a petroleum solvent to give a composition which was used in the same
      manner as described for the compositions of Examples 1-4.
PAC  EXAMPLE 6
PAR  5 parts of lactic acid and 9 parts of 2-ethyl-hexanoic acid were added to
      10 parts of dodecylamine and the whole neutralised with ammonia to give a
      mixture of the 2-ethyl-hexanoate of dodecylamide and ammonium
      2-ethyl-hexanoate.
PAR  35 parts of this mixture were mixed with 5 parts of lecithin and 60 parts
      of n-hexane. The composition obtained was used in the same manner as
      described for the compositions obtained in the above Examples with the
      same results.
PAR  The above examples may be modified in various ways without departing from
      the scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a composition for forming hydrocarbons
      or fats into a biodegradable emulsion comprises admixing more than one
      mole of a carboxylic acid with a mole of a primary or secondary aliphatic
      amine or primary or secondary aliphatic amino-alcohol, neutralizing the
      mixture by the addition of ammonia to bring the pH to about 7, and finally
      adding to 22.5 to 40 parts by weight of the neutralized mixture 2.5 to 5
      parts by weight of a phospho-aminolipid and 55 to 75 parts by weight of a
      benzenic fraction-free petroleum solvent.
NUM  2.
PAR  2. A process according to claim 1, in which the amine comprises at least
      one member selected from the group consisting of monoethylamine,
      diethylamine, monoethylamine, dimethylamine, dodecylamine,
      isoproplylamine, n-butylamine, di-n-butylamine, monoamylamine,
      di-n-amylamine and di-iso-amylamine.
NUM  3.
PAR  3. A process according to claim 1, in which the amino-alcohol is selected
      from the group consisting of monoethanolamine, diethanolamine,
      amino-propanol and amino-butanol.
NUM  4.
PAR  4. A process according to claim 1, in which the aliphatic carboxylic acid
      is selected from the group consisting of acetic acid, propionic acid,
      n-butyric acid, hexanoic acid, caprylic acid, 2-ethyl-hexanoic acid, oleic
      acid, capric acid, linoleic acid, lactic acid and ricinoleic acid.
NUM  5.
PAR  5. A process according to claim 1, in which the phospho-aminolipid is
      lecithin.
NUM  6.
PAR  6. A process according to claim 1, in which the solvent is selected from
      the group consisting of white spirit freed from benzenic fractions,
      n-hexane, n-heptane, n-octane, petroleum ether, a non-benzenic heavy
      solvent and a mixture thereof.
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ABST
PAL  Process for manufacturing a catalyst suitable for the hydrogenation and
      reforming reactions, comprising impregnating, at a temperature of a least
      160.degree. C, a solid carrier, with a homogeneous catalyst solution
      obtained by admixing in a solvent, at a temperature above 100.degree.C, a
      salt of a metal whose atomic number is in the range of from 22 to 29, 40
      to 47, 72 to 79 and 90 to 92, with a metallic or organo-metallic reducing
      agent, the metal component being selected from groups Ia, IIa, IIb and
      IIIb.
PARN
     This application is a continuation-in-part of our co-pending application
      Ser. No. 359,595 filed May 11, 1973, now abandoned.
BSUM
PAR  The present invention concerns a new process for manufacturing
      heterogeneous catalysts having a very high activity and which may be used
      in numerous applications, particularly for the hydrogenation of
      unsaturated compounds, (specially of unsaturated hydrocarbons) and in
      reforming reactions, the term "reforming" encompassing such reactions as
      dehydrogenation, hydroisomerization, aromatization, dehydrocyclization of
      various hydrocarbons, particularly paraffins and cycloparaffins.
PAR  It is known that the reaction of an organo-metallic reducing agent with a
      salt of a transition metal yields a very active homogeneous catalyst for
      the hydrogenation, in solution, of unsaturated hydrocarbons such as
      olefins, acetylenics or aromatics. In spite of this fact, the processes
      making use of soluble hydrogenation catalysts have not yet been developed
      industrially on a large scale in view of the fact that the catalyst price
      is generally very high as compared to that of the heterogeneous catalysts
      although the latter are less active.
PAR  In order to associate the high activity of the homogeneous catalysts with
      the low cost, per ton of converted products, of the conventional
      heterogeneous catalysts, various techniques have been used. The main
      features of these techniques have been disclosed in various patents among
      which there can be mentioned the French Pat. Nos.: 1,367,202, 1,597,517,
      or the French patent of addition 95,896 or still the U.S. Pat. No.
      3,536,632.
PAR  These processes may be subdivided in three classes :
PAR  The process No. 1 consists of preparing a homogeneous catalyst which is
      then used either according to a first embodiment which may be called 1 A,
      for activating a conventional heterogeneous catalyst, or, according to a
      second embodiment, which will be called 1 B, deposited on an inorganic
      carrier. According to process No. 2, a carrier is impregnated with the
      reducing agent and then a metal salt is reacted with the so-treated
      carrier.
PAR  Process No. 3 makes use at first of an impregnation of the carrier with a
      metal salt, followed by a calcination at temperatures ranging around
      500.degree.C and, finally, a reduction with the required amount of
      reducing agent.
PAR  The catalysts prepared according to the process No. 3 are those which,
      according to the U.S. Pat. No. 3,536,632, are the best. This is confirmed
      in the French Pat. No. 2,072,586, filed more recently, in which it is
      stated that the activities obtained by process No. 3 are still better.
PAR  It has been discovered, on the contrary, and this is the object of the
      present invention, that all the preceding techniques may be still further
      improved and new hydrogenation catalysts prepared, which exhibit both
      remarkable activity and stability, by impregnating, at temperatures of at
      least 160.degree.C, convenient carrier substances which are hereinafter
      defined, by means of solutions of homogeneous catalysts obtained by
      admixing, in a solvent at temperatures higher than 100.degree.C, a salt of
      a transition metal with an inorganic or organometallic reducing agent.
      This idea was suggested in U.S. Pat. No. 3,536,632, but was not selected
      as the best method. It should be mentioned that in this U.S. patent, it is
      taught to carry out the impregnation of the carrier by the homogeneous
      catalyst at a temperature of from -60.degree. to 150.degree.C, and
      preferably from -10.degree. to +100.degree.C whereas, according to the
      present invention, it is, on the contrary, necessary to proceed at a
      temperature of at least 160.degree.C (see the following examples according
      to the invention and the comparative examples 3 and 30).
PAR  The metal component of the reducing agent is selected from the elements of
      groups Ia, IIa, IIb, and IIIb of the periodic classification of elements.
PAR  The conditions in which the catalytic solution is prepared and its
      impregnation carried out have a great influence on the possibility of
      obtaining the best activity: this activity corresponds substantially to
      that of the homogeneous catalyst.
PAC  PREPARATION OF THE SOLUTION
PAR  The preparation of the homogeneous catalyst proceeds by interaction of a
      metal component and an inorganic or organo-metallic reducing agent, in the
      presence of a solvent compatible with the reducing agent.
PAR  As metals present in the metal compound, there can be used those having
      atomic numbers from 22 to 29, from 40 to 47, from 72 to 79 or also from 90
      to 92. They can be used in the form of salts or in the form of complexes
      of one of these salts with coordinates of the Lewis base type such as
      carbon monoxide or ammonia, this list being not limitative. The anions of
      the salts may be, for example, halides, alcoholates or caboxylates.
PAR  As reducing agents, there can be used metals from group Ia or their
      derivatives, for example the derivatives obtained by action of a metal of
      group Ia on an aromatic hydrocarbon such as naphthalene, derivatives of
      saturated hydrocarbons such as butyl lithium, hydrides mixed hydrides with
      the metals of group IIIb such as boron or aluminum and their derivatives
      of substitution by alcohols such, for example, as sodium alcoxyanalates
      (Na AlH.sub.2 (OR).sub.2). It is preferred to make use of the organo
      metallic agents which are soluble in hydrocarbons or their ether
      derivatives. For example, there can be used the already mentioned lithium
      or sodium organic compounds or the magnesium, zinc or aluminum organic
      compounds, particularly those of formula Al R.sub.3 in which R is a
      hydrocarbon radical.
PAR  As examples of metal compounds and inorganic or organometallic reducing
      agents, there may be mentioned those indicated in the above-mentioned
      French and U.S. patents.
PAR  The molar ratio of the transition metal compound to the reducing compound
      is usually from 1:30 to 10:1 and preferably from 1:10 to 1:1.
PAR  As solvents there can be used saturated or unsaturated hydrocarbons in a
      pure state or as mixtures, ether solvents, nitriles and with certain
      reducing agents, it is possible to proceed in the presence of alcohols.
      The selection of the solvents will depend on the solubility of the metal
      salts and of the reducing agents. However, it may happen that one of the
      catalyst components be only slightly soluble : in any way, ater
      interaction of the two components (metal salt and reducing agent), the
      catalyst is solubilized.
PAR  The best activity rates are obtained by admixing the reducing agent with
      the metal salt under inert atmosphere at temperatures from 100.degree. to
      250.degree.C.
PAC  IMPREGNATION
PAR  For carrying out the impregnation, it is desirable to make use of the
      catalytic solution at a concentration of from 10.sup..sup.-1 to
      10.sup..sup.-6 atom-gram of transition metal per liter in order to obtain
      an uniform impregnation of the carrier. It is preferable to proceed with
      so diluted solutions as possible : the preferred concentrations are from
      10.sup..sup.-3 to 10.sup..sup.-5 atom-gram of metal per liter.
PAR  The selected amount of carrier is impregnated with the diluted solution,
      either under dry conditions or wet conditions or still by circulating the
      solution over the carrier placed in a fixed bed in the reactor. This last
      mentioned technique is preferred since it has various advantages :
PAR  It results in the synthesis of the catalyst within the unit and avoids any
      manipulation of pyrophoric solids,
PAR  it requires only a minimum amount of solvent, irrespective of the desired
      metal amount to be deposited on the carrier, due to a continuous recycling
      of the impregnation solvent.
PAR  In this case, the circulation velocity has also a great importance : too
      low a velocity would result in a preferential absorption in the inlet
      portion of the carrier bed and this would be contrary to good conditions
      of use. The velocity depends essentially on the nature of the carrier :
      generally good impregnations are obtained with velocities from 5 to 500
      liters of solution per kg of carrier and per hour.
PAR  Another very important feature is the impregnation temperature. As a matter
      of fact, it has been observed that impregnations carried out at room
      temperature result in catalysts having a very low activity.
PAR  The temperatures are at least 160.degree.C but the best catalysts are those
      produced by proceeding at temperatures from about 160.degree.to
      250.degree.C, preferably about 160.degree.-220.degree.C, for example about
      160.degree.-170.degree.C.
PAR  As carriers there can be used inorganic or organic solids. The carriers
      which are the most convenient, according to the invention, are the oxides
      of metals such as magnesium, aluminum, titanium, zirconium, torium or
      silicium either taken alone or in mutual association or associated with
      oxides of other elements of the periodic classification. Before the
      impregnation, it is important to subject the carrier to a treatment for
      removing as much water as possible, such as a calcination or any other
      treatment which provides for a reduction of the water content of carrier.
      The hydroxyle OH group content is not critical; the surface per gram of
      carrier is not critical either: thus, .alpha. alumina (s = 5m.sup.2 /g)
      and .gamma. alumina (5 = 200m.sup.2 /g) were both impregnated and gave the
      same results.
PAR  After impregnation, drying in a stream of inert gas may be carried out, if
      so desired.
PAR  The resulting catalysts may be used in an ebullated bed, fluid bed, moving
      bed or fixed bed.
PAR  They are useful for the hydrogenation of unsaturated hydrocarbons :
      olefinic, diolefinic, acetylenic or aromatic hydrocarbons, in the presence
      or the absence of sulphur derivatives. They can be used for carrying out
      selective hydrogenations. This type of hydrogenation is generally
      conducted at a temperature from -50.degree.to 200.degree.C, preferably
      from 0.degree. to 150.degree.C, and under a pressure from 0.01 to 300
      bars.
PAR  The obtained catalysts are also useful for reactions of the reforming type,
      which are generally conducted at a temperature from 300.degree. to
      700.degree.C and under a pressure of, for example, from 1 to 20 bars. In
      certain cases, hydrogen atmosphere is favourable.
DETD
PAR  The following examples illustrate the present invention without however
      limiting the scope thereof. Examples 1, 3, 5 and 30 are only given by way
      of comparison and form no part of the invention.
PAC  EXAMPLE 1
PAR  In a reactor of the Grignard type, of stainless type and equipped with a
      system for the injection of the catalyst under pressure, we introduce,
      under argon atmosphere, 95 g of toluene and raise the temperature to
      170.degree.C. Then we introduce 5 g of a solution of catalyst obtained by
      the action of 2.4 mmoles of triethyaluminum on 0.6 mmole of nickel
      stearate at 160.degree.C in toluene. The pressure is increased to 30 bars
      by means of hydrogen and the mixture is stirred. After one hour, hydrogen
      is no longer absorbed. The analysis of the effluent shows that toluene has
      been converted to methyl cyclohexane without detectable formation of
      secondary products.
PAC  EXAMPLE 2
PAR  In the same apparatus as in example 1, we introduce 10g of .alpha. alumina,
      calcinated at 1100.degree.C. Under argon atmosphere, 95g of toluene are
      added and the temperature is raised to 170.degree.C and then, we introduce
      the catalytic solution prepared according to example 1, at the same
      concentration. After stirring under argon atmosphere for 3 to 5 minutes, a
      sample of 1g of solution is taken. The sample has a clear appearance and
      contains no nickel : consequently, the catalyst has been absorbed on the
      alumina. The hydrogen pressure is then brought to 30 bars and stirring is
      performed. After 1 hour, the hydrogen absorption is stopped and the
      analysis of the effluent shows the presence of methylcyclohexane.
PAR  This example shows that the reaction velocity on the supported catalyst is
      identical to that of the homogeneous catalyst from which it is derived.
PAC  EXAMPLE 3
PAR  In an apparatus identical to that of example 1, we introduce 10g of .alpha.
      alumina calcinated at 1100.degree.C; then we add 95g of toluene and, at
      room temperature, we introduce a catalytic solution obtained as in example
      1. After stirring under argon atmosphere, we take a sample of 1g : the
      solution is clear and contains no nickel, which proves that the catalyst
      has been absorbed on the carrier.
PAR  Under argon atmosphere, the temperature is quickly raised to 170.degree.C
      and the hydrogen pressure up to 30 bars and then stirring is performed.
      The hydrogen consumption is . much slower and after 1 hour, the analysis
      of the sample shows the presence of 10% of methylcyclohexane, the
      remaining portion being toluene.
PAR  This example shows that the catalyst is much less active when the
      impregnation is conducted at room temperature.
PAC  EXAMPLE 4
PAR  200 cc of a catalytic solution prepared as in example 1, are reacted, at
      170.degree.C and under agron atmosphere, with 10g of .alpha. alumina
      treated at 1100.degree.C. After a few minutes, the solvent is removed and
      the catalyst is dried. The latter is introduced, under argon atmosphere,
      into a conventional tubular reactor. The temperature is raised to
      170.degree.C, the hydrogen pressure to 30 bars and the ratio H.sub.2
      /hydrocarbon is maintained at 8, while injecting toluene at a rate of 100
      g per hour. The effluent only contains methyl cyclohexane.
PAC  EXAMPLE 5
PAR  By way of comparison, a catalyst has been prepared according to the
      technique consisting of depositing the nickel salt on the same carrier
      (.alpha. alumina) in an aqueous medium, calcining at 500.degree.C ,
      reducing with a solution of triethylaluminum at 100.degree.C and treating
      under hydrogen atmosphere at 300.degree.C during 1 hour. The activity test
      has been conducted under conditions identical to those of the preceding
      example and, although the catalyst contained 6 times more nickel, the
      effluent still contained 50 percent by weight of unconverted toluene.
PAC  EXAMPLE 6
PAR  According to the preferred mode of preparation, 10g of .alpha. alumina
      preliminarily roasted at 1000.degree.C, are introduced into a tubular
      reactor. It is dried again under anargon stream at 170.degree.C for 2
      hours. Then, according to the method described in example 1, we prepare,
      at 160.degree.C, a homogeneous catalyst containing 0.6 mmole of nickel
      stearate and 2.4 mmoles of triisobutylaluminum. The catalyst is diluted up
      to a volume of 2 liters by adding heptane and the solution is subsequently
      passed, at a rate of 120 g/h, over the carrier maintained at 170.degree.C.
      When the injection is terminated, the traces of solvent are removed under
      a hydrogen stream. The test, carried out under conditions identical to
      those of example 4, shows that the effluent contains only methyl
      cyclohexane.
PAC  EXAMPLE 7
PAR  Example 6 is repeated except that alumina is replaced by silica and the
      activity of the catalyst is tested as described in example 4. The activity
      is substantially identical to that observed with alumina as carrier.
PAC  EXAMPLES 8 to 23
PAR  The catalysts are prepared by impregnating, at 170.degree.C 10g of .alpha.
      alumina with 200 cc of a catalyst solution obtained by diluting with
      heptane the homogeneous catalyst prepared by interaction, at 160.degree.C,
      of 0.6 mmole of metal salt with 2.4 mmoles of alkylaluminum in 10 cc of
      decahydronaphthalene. The alumina was preliminarily roasted at
      700.degree.C. The impregnation is then carried out outside of the reactor;
      the catalyst is dried under vacuum and introduced under argon atmosphere
      into the tubular reactor used for this test.
PAR  The test of hydrogenation of toluene or benzene is conducted under a total
      pressure of 30 bars, with a molar ratio of hydrogen to the reactant of 8.
      There is not observed the formation of any other product than methyl
      cyclohexane or cyclohexane. In the following table, the last column gives
      the composition of the effluent, determined by chromatography.
TBL  __________________________________________________________________________
                                                 content of the effluent       
                       reducing      reactant flow                             
                                                 cyclohexane or methyl         
     Ex n.degree.                                                              
         Metal salt    agent    reactant                                       
                                     rate (g/h)                                
                                             T.degree.C                        
                                                 cyclohexane (%                
     __________________________________________________________________________
                                                 b.w.)                         
      8  nickel stereate                                                       
                       Al Et.sub.3                                             
                                toluene                                        
                                     100     150 100                           
      9     "          Al Et.sub.3                                             
                                "    100     120 100                           
     10     "          Al (iC.sub.4 H.sub.9).sub.3                             
                                benzene                                        
                                     150     120 100                           
     11  cobalt stereate                                                       
                       Al (iC.sub.4 H.sub.9).sub.3                             
                                toluene                                        
                                     100     170 100                           
     12     "          Al Et.sub.3                                             
                                toluene                                        
                                     100     120  70                           
     13     "          Al Et.sub.3                                             
                                benzene                                        
                                     100     150 100                           
     14     "          Al Et.sub.3                                             
                                "    100     120  90                           
     15  iron stereate Al Et.sub.3                                             
                                "    100     120  12                           
     16     "          Al Et.sub.3                                             
                                "    100     170  50                           
     17  molybdum octoate                                                      
                       Al H (iC.sub.4 H.sub.9).sub.2                           
                                "    100     170 100                           
            (III)                                                              
     18  tungsten acetate                                                      
                       Al Et.sub.3                                             
                                "    100     170 100                           
     19  ruthenium acetylacetonate                                             
                       Al Et.sub.3                                             
                                "    100     170  60                           
     20  palladium acetylacetonate                                             
                       Al Et.sub.3                                             
                                "    100     170  80                           
     21  platinum acetylacetonate                                              
                       Al Et.sub.3                                             
                                "    100     170 100                           
     22     "          Al Et.sub.3                                             
                                "    100     170 100                           
     23     "          Al (iC.sub.4 H.sub.9).sub.3                             
                                "    100     100 100                           
     __________________________________________________________________________
PAC  EXAMPLE 24
PAR  10g of nickel catalyst, prepared according to example 6, are subjected to a
      test of hydrogenation of benzene containing 10 ppm of sulfur medium, the
      form of thiophene) at 120.degree.C, under 30 bars, the ratio of hydrogen
      to the hydrocarbon being 8 300.degree.the benzene flow rate 50g per hour.
      After 8 hours of run, the hydrogenation of benzene to cyclohexane is
      complete.
PAC  EXAMPLE 25
PAR  10g of the nickel catalyst prepared according to the method described in
      example 6 are subjected to a test of isoprene hydrogenation at
      25.degree.C, 30 bars and with a ratio H.sub.2 /hydrocarbon = 8. Isoprene
      is diluted by 9 times its volume of heptane and the liquid flow rate is
      120g per hour. The hydrogenation to isopentane is complete.
PAC  EXAMPLE 26
PAR  The preceding example is repeated but with the introduction of 20 ppm of
      sulfur (in the form of thiophene) in the feed. The analysis of the
      effluent, after 8 hours of run, shows that isoprene is completely
      converted again, but it remains 20% of olefin (2-methyl-2-butene) by
      weight.
PAC  EXAMPLE 27
PAR  Example 25 is repeated except that 100 ppm of sulfur, in the form of
      thiophene, are introduced into the feed. After 5 hours of run, the
      analysis of the effluent gives: isoprene : &lt; 0.3 %, methyl butenes : 95 %,
      isopentane : 4.7 % (percents are by weight).
PAC  EXAMPLE 28
PAR  Into a reactor of the continuous type, we simultaneously introduce
      tetrahydronaphthalene, hydrogen and a catalyst solution obtained by
      admixing, at 160.degree.C, a solution of cobalt octoate and a solution of
      triethylaluminum in tetrahydronaphthalene in a ratio Al/Co = 3; the flow
      rates are such that the cobalt concentration in the reactor amounts to 1
      mmole/liter and the molar ratio H.sub.2 /tetrahydronaphthalene = 1; the
      V.V.H. of tetrahydronaphthalene is 2 and the temperature 420.degree.C.
PAR  The naphthalene content of the effluent is stabilized at 40 percent after a
      few hours, the rest being formed of tetrahydronaphthalene. The naphthalene
      content does not substantially increase with an increased cobalt
      concentration.
PAC  EXAMPLE 29
PAR  We prepare a homogeneous catalyst solution identical to the preceding one
      and containing 1 mmole/liter of Co. Separately, 10 g of powdered alumina,
      preliminarily roasted at 800.degree.C, are dispersed in
      tetrahydronaphthalene at 160.degree.C, under argon atmosphere. The
      catalyst solution is added to the alumina and after a few minutes of
      stirring, the solution becomes clear and no longer contains cobalt. The
      catalyst on alumina carrier, thus prepared, is used in a continuous
      reactor in the form of a fluid bed. The temperature is maintained at
      420.degree.C, the V.V.H. of tetrahydronaphthalene at 2 and the molar ratio
      hydrogen/tetrahydronaphthalene at 1; the naphthalene content of the
      effluent amounts to 78 percent by weight, the remainder being
      tetrahydronaphthalene.
PAC  EXAMPLE 30
PAR  The working conditions are the same as in example 29 except that the
      impregnation of the alumina is conducted at room temperature. The obtained
      catalyst is considerably less active and, under the same conditions, only
      results in the formation of 15 percent by weight of naphthalene.
PAC  EXAMPLE 31
PAR  We prepare a catalyst solution according to example 29 by using
      decahydronaphthalene as solvent at a temperature of 160.degree.C. The
      alumina is impregnated in the same manner as above described and the
      catalyst is used in the same reactor. The reactant is cyclohexane
      introduced at a V.V.H. of 1 with a molar ratio H.sub.2 /cyclohexane of 1.
      The effluent contains 40 percent by weight of benzene, the remainder
      consisting exclusively of cyclohexane.
PAC  EXAMPLE 32
PAR  We proceed as in example 31, except that cobalt is replaced by nickel
      introduced in the form of stearate; the ratio Al/Ni is 3.5. The test,
      conducted with cyclohexane, under the same conditions, gives an effluent
      containing 80 percent by weight of benzene, the remainder consisting of
      cyclohexane.
PAC  EXAMPLE 33
PAR  We proceed as in example 31, by using as carrier, instead of alumina,
      silica washed with nitric acid and calcined at 1100.degree.C. Under the
      same conditions, the effluent contains 90 percent by weight of benzene,
      the remainder being cyclohexane.
PAC  EXAMPLE 34
PAR  We proceed as in example 31, except that cyclohexane as reactant is
      replaced by cyclohexene; in these conditions, the composition of the
      effluent, by weight, is as follows : cyclohexane : 9.5 %, cyclohexene :
      28.5 %, benzene : 62 %. A dismutation occurs simultaneously with the
      dehydrogenation reaction.
PAC  EXAMPLE 35
PAR  We proceed as in example 31, the reactant injected in the reactor being
      cumene, the liquid V.V.H. being 2, the molar ratio H.sub.2 /cumene being 2
      and the temperature 450.degree.C, there is obtained an effluent containing
      15 percent by weight of .gamma. methylstyrene and 10 percent by weight of
      light hydrocarbons formed by cracking, the remainder being cumene.
PAC  EXAMPLES 36, 37 and 38
PAR  According to the technique described in example 29, starting with 10 g of
      alumina in the form of extrudates having a 0.5 mm diameter, we prepare 3
      catalysts respectively containing 2 percent by weight of molybdenum,
      tungsten or nickel. After impregnation, these catalysts are dried under
      vacuum and introduced, under inert atmosphere, into a tubular reactor.
PAR  The catalytic test of heptane dehydrogenation is conducted under hydrogen
      pressure in the following conditions: P = 10 bars, T = 500.degree.C,
      liquid V.V.H. = 4, molar ratio H.sub.2 /H.C. = 4. In these conditions, we
      observe the formation of light products, (C.sub.4 -- ), and also toluene.
      The following results are given in percent with respect to the injected
      heptane:
     Test No.                                                                  
           Catalyst                                                            
                C.sub.4 -+losses                                               
                       C.sub.5                                                 
                           C.sub.6                                             
                               iC.sub.7                                        
                                   nC.sub.7                                    
                                       toluene                                 
     __________________________________________________________________________
      9    Mo   17     5.1 1.5 11  63  1.4                                     
     10    W    10     2.1 1.2 4   80.5                                        
                                       2.2                                     
     11    Ni   20     7   3.0 2   66.9                                        
                                       1.1                                     
     __________________________________________________________________________
PAC  EXAMPLE 39
PAR  According to the technique described in example 29, we prepare a catalyst
      on a powdered alumina carrier, containing 1 mmole of nickel per 10 g of
      alumina; after impregnation and drying, the catalyst is introduced under
      inert atmosphere into a continuous reactor as fluid bed. The heptane
      dehydrogenation test is conducted under atmospheric pressure in the
      following conditions : liquid V.V.H. = 1, molar ratio H.sub.2 /heptane =
      4, T = 500.degree.C. Then we observe the formation of a few lighter
      products C.sub.5 +C.sub.6, heptane isomers, C.sub.7 -C.sub.8 olefins and
      also benzene and toluene. The percent by weight of toluene obtained is 9.8
      for a selectivity, with respect to the converted heptane, of 40 percent.
PAC  EXAMPLE 40
PAR  Example 29 is repeated, except that the catalyst solution is admixed with
      the dispersion of alumina in tetrahydronaphthalene at 205.degree.C instead
      of 160.degree.C.
PAR  The catalyst has given results comparable to those of example 29.
CLMS
STM  What we claimed is:
NUM  1.
PAR  1. In a process for manufacturing a catalyst comprising the following
      steps:
PA1  a. preparation of a homogeneous catalyst solution by admixing, at a
      temperature higher than 100.degree.C, in a solvent, a compound of a metal
      (A) selected from the group consisting of those having atomic numbers of
      22 to 28, 40 to 46, and 72 to 78 with a metallic or organometallic
      reducing agent, the metal (B) of the reducing agent being selected from
      the group consisting of metals of groups Ia, IIa, IIb, and IIIb; and
PA1  b. impregnation of a solid carrier with said solution,  wherein the
      improvement comprises conducting said impregnation at a temperature of at
      least about 160.degree.C.
NUM  2.
PAR  2. A process according to claim 1, in which the carrier is selected from
      the group consisting of aluminum, silicon, titanium, zirconium, magnesium
      and thorium oxides.
NUM  3.
PAR  3. A process according to claim 1, wherein the impregnation temperature is
      about 160.degree.-250.degree.C.
NUM  4.
PAR  4. A process according to claim 1, wherein the impregnation temperature is
      about 160.degree.-170.degree.C.
NUM  5.
PAR  5. A process according to claim 1, wherein the molar ratio of the metal (A)
      compound to the reducing agent is from 1:10 to 1:1.
NUM  6.
PAR  6. A process according to claim 1, wherein the concentration of the metal
      (A) in the catalyst solution is from 10.sup..sup.-3 to 10.sup..sup.-5
      gram-atom per liter.
NUM  7.
PAR  7. A catalyst obtained by the process of claim 1.
PATN
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SRC  5
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APT  1
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APD  19710506
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ABST
PAL  Organic compounds are dehydrogenated to compounds having a higher degree of
      unsaturation by contacting the feedstock in the vapor phase at an elevated
      temperature in the presence of an oxygen-containing gas with a catalyst
      containing nickel in combination with phosphorus and oxygen. The
      nickel-phosphorus-oxygen catalysts are particularly characterized in that
      they contain from 0.1 to 16.8 weight percent phosphorus, based on the
      weight of the nickel-phosphorus-oxygen catalyst. Representative of such
      conversions is the oxidative dehydrogenation of butane to 1,3-butadiene.
      The conversion products are valuable compounds particularly useful as
      intermediates for the preparation of polymeric materials such as synthetic
      rubbers and the like.
BSUM
PAR  The present invention relates to chemical compositions. More particularly,
      the invention relates to catalyst compositions, their preparation and to
      catalytic processes employing such compositions, e.g., processes for
      effecting the dehydrogenation of hydrocarbons.
PAR  Thermal catalytic and noncatalytic processes for converting organic
      compounds to compounds having a higher degree of unsaturation are known.
      The former are characterized by undesirable side reactions, low order of
      conversion and yields, and poor product selectivity. The catalytic
      processes are generally characterized by the particular catalytic material
      employed and the conditions under which the processes are operated, e.g.,
      in the absence or presence of oxygen. While a number of such catalytic
      processes have attained some measure of commercial success, there is a
      continuing search to develop catalytic materials for such processes.
      Desirable catalysts are those materials which are more efficient in
      minimizing side reactions, in improving conversion rates, in improving
      yields and selectivities to desired end product, which have a low
      susceptibility to deactivation, i.e., are capable of extended periods of
      operation without regeneration, and which can be readily regenerated when
      necessary to an activity approaching that of fresh catalyst. The problem
      constantly faced by those skilled in the art is the discovery and
      characterization of the compositions which are highly efficient
      dehydrogenation catalysts.
PAR  A number of catalysts and catalyst systems which include halogens or
      halogen-releasing compounds have been disclosed. These, however, have
      exhibited so many disadvantages in regard to equipment corrosion and the
      additional expense of continuously feeding, recovering and recycling the
      relatively expensive halogen materials that economically large scale use
      of such catalytic materials has been precluded. Halogen-free catalysts are
      the most desirable for use in dehydrogenation processes.
PAR  The present invention provides a novel catalyst and a novel process for the
      conversion of dehydrogenatable organic feedstocks to products having a
      greater degree of unsaturation and which have the same or lower number of
      carbon atoms as in the hydrocarbon feed. According to this invention,
      organic feedstocks can be converted to products having a greater degree of
      unsaturation by contacting said feedstock under dehydrogenation conditions
      in the vapor phase in the presence of molecular oxygen with a calcined
      catalytic material comprising phosphorus, nickel and oxygen. Hydrocarbon
      feeds are particularly applicable. Thus, paraffinic hydrocarbons can be
      converted in good yields to diolefins and/or monoolefins and monoolefins
      can be converted to diolefins. The invention is particularly applicable
      for the production of diolefins from paraffins and particularly useful
      results are obtained by the dehydrogenation of butane to 1,3-butadiene.
PAR  The hydrocarbon feedstocks which are applicable for the oxidative
      dehydrogenation processes of the present invention comprise
      dehydrogenatable aliphatic hydrocarbons having from about 2 to about 12
      carbon atoms per molecule and at least one
      ##EQU1##
      grouping. These can be branched or unbranched and include paraffins as
      well as monoolefins, but paraffins are presently preferred. Particularly
      preferred as feed materials are dehydrogenatable aliphatic hydrocarbons
      having from about 4 to about 8 carbon atoms per molecule. The conversion
      of butane has been found particularly advantageous by the process of the
      invention. Some specific examples of other feeds include isobutane,
      pentane, methylbutanes, hexane, 2-methylhexane, octane,
      2,4-dimethyloctane, butene-2, 2-methylbutene-1, hexene-2, octene-1,
      3-methylnonene-4, and the like, including mixtures of such compounds.
PAR  The novel catalysts of the present invention comprise phosphorus in
      association with nickel. These elements are not in the elemental state but
      are combined with sufficient oxygen to form one or more neutral compounds,
      for example, mixtures of nickel oxide, nickel phosphate and phosphorus
      oxide. A particular feature of these catalysts is the criticality which
      exists between the amount of nickel and phosphorus. Thus, while the
      catalysts of this invention must contain phosphorus and nickel in
      association with oxygen, it is particularly critical that the amount of
      phosphorus in the catalysts of this invention be present in at least a
      finite amount but less than that required for stoichiometric nickel
      phosphate formation. Thus, as a convenience, the catalysts prepared
      according to the present invention can be viewed as mixtures of nickel
      oxide and nickel phosphate, although the exact manner in which these
      elements are combined within the catalyst is not known with certainty.
PAR  Generally, catalysts of this invention, when substantially only nickel,
      phosphorus and oxygen are present, will contain from about 0.1 to about
      16.8 weight percent phosphorus and from about 48 to about 78 weight
      percent nickel, the remainder being oxygen in amounts sufficient to
      satisfy the valence requirements of both nickel and phosphorus.
      Preferentially, the catalyst will contain from about 1 to about 15 weight
      percent phosphorus with a particularly desirable range being from about 2
      to 12 percent phosphorus.
PAR  Optionally, the above catalyst is supported on or diluted with a
      conventional catalytic support material. The presently preferred support
      material is a catalytic grade silica, alumina, boria, titania, zirconia or
      silica-alumina. The support material, when used, will comprise about 10 to
      about 90, preferably from about 30 to about 60, weight percent of the
      total catalyst composition.
PAR  The above-described catalytic composition can still further, optionally, be
      associated with a catalyst-modifying quantity of other metals or metal
      oxides which can improve its activity, selectivity, or stability. For
      example, the catalyst can contain minor amounts of a Group IA or a Group
      IIA metal. When present, the alkali or alkaline earth metal, preferably an
      alkali metal, will be present in the catalytic composition in the range of
      from about 0.1 to about 10 weight percent, preferably 0.1-4 weight
      percent, based upon the weight of the above-described catalyst
      composition. The addition of minor amounts of tin has also been found to
      be beneficial. When significant amounts of elements other than nickel,
      phosphorus or oxygen are present in the catalyst, the proportions of
      phosphorus and nickel in the invention catalyst can be conveniently
      described in terms of the atomic ratio of phosphorus to nickel. Sufficient
      phosphorus is generally present in the catalyst such that the
      phosphorus:nickel atomic ratio is in the range of from about 0.1:1 to
      about 0.65:1.
PAR  The catalyst of the present invention can be prepared by any suitable
      method. Conventional methods such as coprecipitation, impregnation, or dry
      mixing can be used. In general, any method can be used which will provide
      a composition containing the above-described elements in the
      above-described proportions and which will have a catalytic surface area
      of at least one square meter per gram.
PAR  Thus, a phosphorus compound and a compound of nickel are combined in any
      suitable way. Substantially any phosphorus compound or any nickel compound
      can be employed in the catalyst composition so long as none of the
      compounds are deleterious to the final dehydrogenation catalyst and
      essentially all of the elements in the compounds used, other than the
      phosphorus, nickel, and oxygen, and other than elements which can
      contribute to the effectiveness of the catalyst, are removed from the
      final catalyst by prior washing or by volatilization.
PAR  It has been found that, in some instances, minor amounts of still other
      elements can be tolerated in the catalyst. For example, when nickel is
      incorporated into the catalyst by way of the nickel sulfate compound,
      minor amounts of residual sulfur can be found in the finished catalyst,
      and the catalyst can still be effective. On the other hand, halogen
      residues are generally undesirable in such catalysts. Therefore, when
      halide compounds are used in the preparation of the catalyst, it is
      generally advisable to substantially remove the halogen residues such as
      by sufficient washing at an appropriate point in the preparation
      procedure.
PAR  Suitable phosphorus compounds include any compound which is soluble or
      dispersible in water. Examples of such compounds include phosphorus
      halides, phosphorus oxides, ammonium phosphate, alkali metal phosphates,
      alkaline earth phosphates, and the like, including mixtures thereof.
PAR  Similarly, suitable nickel compounds can be used. These can include both
      organic or inorganic compounds. Some examples of these are nickel oxide,
      nickel acetylacetonate, nickel nitrate, nickel acetate, nickel sulfate,
      nickel chloride, and the like, including mixtures thereof. Similarly,
      examples of catalyst-modifying materials comprising one or more alkali or
      alkaline earth metal compounds can include lithium nitrate, sodium
      carbonate, potassium chloride, rubidium acetate, cesium nitrate, magnesium
      bromide, calcium chloride, strontium tartrate, sodium phosphate, and the
      like, including mixtures thereof.
PAR  A convenient preparation is to precipitate suitable catalyst-forming
      compounds from aqueous solutions followed by conventional aging, washing,
      drying, calcining, pelletizing, and the like. To these compositions,
      either in the wet gel, dry gel, or even calcined states, can be mixed or
      added by impregnation other beneficial metals or even additional amounts
      of suitable phosphorus or nickel compounds.
PAR  When a catalyst support is used, it can conveniently be introduced during
      the coprecipitation stage of the catalyst preparation. Alternatively, a
      solid catalyst support, generally in the finished form of a pellet,
      sphere, or particle, can be impregnated with solutions of a phosphorus
      compound and of a suitable nickel compound. The impregnated solid can then
      be dried and calcined. When other catalyst-modifying agents are used, they
      can be introduced into the catalyst either before, during or after the
      phosphorus and the nickel compounds have been associated with the support.
PAR  Whichever catalyst preparation technique is used, the catalyst is activated
      prior to contact with the feed hydrocarbon by a calcination step. Thus,
      the finished catalyst is calcined in an oxygen-containing gas such as air
      at a temperature in the range of from about 900.degree. to about
      1500.degree. F. for a time in the range of about 1 to about 24 hours, or
      until the catalyst is active for carrying out the oxidative
      dehydrogenation step.
PAR  The hydrocarbon feedstocks can be dehydrogenated according to the processes
      using the catalyst of the present invention at temperatures in the range
      of from about 800.degree. to about 1,300.degree. F., preferably from about
      950.degree. to about 1,100.degree. F., at any convenient pressure such as
      from about 7 to about 250 psia, and at a hydrocarbon:oxygen ratio of from
      about 1:0.5 to about 1:4. The presence of steam is frequently beneficial
      and a steam:hydrocarbon ratio up to about 50:1 an be used. The hydrocarbon
      feed rate will generally be in the range of about 50 to about 800 GHSV.
      The fixed catalyst bed is the preferred mode of contact, but other modes,
      such as a fluidized bed, can also be used.
PAR  The hydrogenatioh processes of this invention are ordinarily carried out by
      forming a mixture, preferably preheated, of hydrocarbon feed, the
      oxygen-containing gas, and the steam (when used) and passing this mixture
      over the catalyst at the selected temperature. The effluent from the
      reaction zone is subjected to any suitable separation method to isolate
      and recover the desired products. Unconverted feeds or partially converted
      material can be recycled.
PAR  Generally, at least trace amounts of oxygenated products are also formed in
      these reactions. For example, compounds such as furan, acetaldehyde,
      furfural and acetic acid can be obtained depending upon the feed. In some
      instances, butadiene can be formed as a by-product of the oxidative
      dehydrogenation of isopentane to isoprene.
PAR  The catalyst can operate for long periods without regeneration. However, if
      and when regeneration is required, this can be accomplished by simply
      halting the flow of feed hydrocarbons. Contact of the catalyst with the
      air and steam can be maintained at the elevated temperature until
      sufficient activity is restored.
PAR  The invention can be illustrated by the following examples.
DETD
PAC  EXAMPLE I
PAC  Preparation of Catalysts
PAR  Catalyst A: 7.43 g of NH.sub.4 H.sub.2 PO.sub.4 and 159.1 g of
      NiSO.sub.4.6H.sub.2 O were each dissolved in distilled and deionized
      water, then mixed together. Aqueous NaOH was then slowly added with
      stirring until precipitation was complete and the mixture was slightly
      basic. The precipitate was filtered, washed with 500 cc water, refiltered,
      dried and calcined at 1,000.degree. F. for 16 hours. The solid Ni/P/O
      catalyst, containing 3.2 weight percent P, was then ground and screened to
      20/30 mesh.
PAR  Catalyst B: Using 22.3 g NH.sub.4 H.sub.2 PO.sub.4 and 127.5 g
      NiSO.sub.4.6H.sub.2 O, the same procedure of Catalyst A was used to
      produce a Ni/P/O catalyst containing 8.2 weight percent P.
PAR  Catalyst C: In a manner similar to the above, 22.3 g NH.sub.4 H.sub.2
      PO.sub.4 and 127.5 g NiSO.sub.4.6H.sub.2 O were each dissolved in
      distilled and deionized water, then mixed and precipitated by the addition
      of NH.sub.4 OH until the mixture was slightly basic. The precipitate was
      filtered, washed, refiltered, dried and calcined at 1,000.degree. F. for
      16 hours. The resulting solid catalyst was essentially nickel phosphate,
      containing 16.9 weight percent P, and was ground and screened to 20/30
      mesh.
PAR  Catalyst D: 7.43 g of NH.sub.4 H.sub.2 PO.sub.4 and 159 g
      NiSO.sub.4.6H.sub.2 O were dissolved in distilled water to give 500 cc
      solution having a pH of about 3. Sufficient NaOH solution was then added
      to increase the pH to about 9.5. The resulting precipitate was filtered,
      washed twice with 700 cc distilled water and allowed to stand in a third
      wash for about 16 hours. The precipitate was again filtered, yielding 344
      g wet gel which was divided into three portions of about 114 g each. One
      portion was dried and calcined at 1,100.degree. F. for 3 hours. The solid
      Ni/P/O catalyst, containing 3.2 weight percent P, was ground and screened
      to 20/40 mesh.
PAR  Catalyst E: The second 114 g portion of the wet gel from the preparation of
      Catalyst D was mixed with 8.5 g of H.sub.3 PO.sub.4 (85 percent), then
      treated as Catalyst D to yield a Ni/P/O catalyst containing 12.7 weight
      percent P.
PAR  Catalyst F: The third 114 g portion of the wet gel from the preparation of
      Catalyst D was mixed with 17.0 g H.sub.3 PO.sub.4 (85 percent), then
      treated as Catalyst D to yield a Ni/P/O catalyst containing 18.1 weight
      percent P.
PAR  Catalyst G: 232 g NiSO.sub.4.6H.sub.2 O was dissolved and diluted to 600 cc
      with distilled water, and 105 g KOH (85 percent) was dissolved and diluted
      to 800 cc. These two solutions were added simultaneously and dropwise into
      200 cc distilled water maintaining about a pH of 8. About 675 cc of the
      KOH solution was used with a final pH of 8.3. The precipitate was
      filtered, washed with 1,000 cc distilled water, refiltered, washed with
      another 1,000 cc water, refiltered, washed with 200 cc water, refiltered
      recovering 458 g wet gel. One 114 g portion of the wet gel was mixed with
      2.6 g H.sub.3 PO.sub.4 (85 percent), then dried, and calcined 3 hours at
      1,100.degree. F., then ground and screened to 20/40 mesh. The catalyst
      contained 3.3 weight percent P and about 1.7 weight percent K.
PAR  Catalyst H: Another 114 g portion of the wet gel from the preparation of
      Catalyst G was mixed with 4.0 g H.sub.3 PO.sub.4 (85 percent), then
      treated as Catalyst G yielding a catalyst containing 4.9 weight percent P
      and about 1.7 weight percent K.
PAR  Catalyst I: The remaining wet gel from Catalyst G was washed again with 475
      cc water and refiltered yielding 208 g wet gel. A 104 g portion of the wet
      gel was mixed with 2.6 g H.sub.3 PO.sub.4 (85 percent), then treated as
      was Catalyst G yielding a catalyst containing 3.5 weight percent P and
      about 0.4 weight percent K.
PAR  Catalyst J: The remaining 104 g portion of wet gel from the preparation of
      Catalyst I was mixed with 4.0 g H.sub.3 PO.sub.4 (85 percent) and then
      treated as was Catalyst G yielding a catalyst containing 5.1 weight
      percent P and about 0.4 weight percent K.
PAC  EXAMPLE II
PAC  Oxidative Dehydrogenation of Butane
PAR  The above-described catalysts were charged into a fixed bed reactor and
      used in several runs in which butane was dehydrogenated in the presence of
      air and steam. The run conditions were 100 GHSV of butane and 500 GHSV air
      with steam:hydrocarbon ratios and temperatures as shown in the following
      Table I with results, after one-fourth hour, of these runs:
TBL                TABLE 1                                                     
     ______________________________________                                    
                    Steam:-                                                    
     Cat-           Hydrocarbon                                                
                               Conversion/Modivity.sup.(1)                     
     Run  alyst  % P    Ratios   1000.degree. F.                               
                                        1100.degree. F.                        
                                               1200.degree. F.                 
     ______________________________________                                    
     1    A       3.2   22.9:1   42.3/60.5                                     
                                        48.5/63.9                              
                                               47.3/59.2                       
     2    B       8.2   22.1:1   14.3/70.3                                     
                                        23.9/69.8                              
                                               43.4/67.2                       
     3    C      16.9   30.4:1   0/0    5.2/84.8                               
                                               20.5/72.8                       
     ______________________________________                                    
      .sup.(1) Modivity is a simplified selectivity based on analysis of gas   
      phase products for converted hydrocarbons, carbon oxides and unconverted 
      feed.                                                                    
      As used herein and in the following examples, conversions/yields are     
      reported on same basis as modivity.                                      
PAR  The data in Table I show that the Ni/P/O catalysts of invention Runs 1 and
      2 show substantial activity for the oxidative dehydrogenation of butane to
      form olefins and diolefins. Control Run 3, in which the phosphorus content
      is outside the scope of the invention shows substantially poorer activity,
      and actually no activity at 1,000.degree. F.
PAR  In Table II below, the products of invention Run 1 are shown in greater
      detail.
TBL                                    TABLE II                                
     __________________________________________________________________________
                           Yields                                              
     Temp., .degree.F.                                                         
            Conv., %                                                           
                  Modivity, %.sup.(2)                                          
                           Butadiene                                           
                                 Butenes                                       
                                      Cracked                                  
                                           Oxidized                            
     __________________________________________________________________________
     1000   42.3  55.5     12.7  10.8 5.0  13.8                                
     1100   44.7  53.0     11.0  12.7 9.5  11.5                                
     1200   46.5  44.0     12.5  8.4  12.2 13.4                                
     __________________________________________________________________________
      .sup.(2) To butenes and butadiene only. Modivity is a modified selectivit
      based on analysis of gas phase products for converted hydrocarbons, oxide
      of carbon and unconverted feed.                                          
      The data in Table II show that a significant amount of butadiene was     
      produced in the invention run.                                           
PAC  EXAMPLE III
PAR  Other catalysts of the invention were used in the oxidative dehydrogenation
      of butane to butadiene and other olefinic products. These runs are shown
      in Table III which includes the essential conditions as well as the
      results of the runs. For still another comparison, the table includes one
      more catalyst (Catalyst F) which is outside the scope of the invention.
TBL                                    TABLE III                               
     __________________________________________________________________________
                    Steam:-                                                    
                    Hydrocarbon                                                
                           C.sub.4                                             
                                Air  Temp.,                                    
                                          Time,                                
     Run  Catalyst                                                             
               % P  Ratios GHSV GHSV .degree. F.                               
                                          Hrs.                                 
     __________________________________________________________________________
     4     D   3.6  5:1    300  1500 1050 0.25                                 
     5     E   12.7 5:1    300  1500 1050 0.25                                 
     6     D   3.6  9.8:1  150  1500 1050 0.25                                 
     7     E   12.7 9.8:1  150  1500 1050 0.25                                 
     8     F   18.1 9.8:1  150  1500 1050 0.25                                 
     9     G.sup.(3)                                                           
               3.3  11:1   500  1500 1100 12                                   
     10    I.sup.(2)                                                           
               3.5  11:1   500  1500 1100 12                                   
     11    H.sup.(3)                                                           
               4.9  11:1   500  1500 1100 12                                   
     12    J.sup.(2)                                                           
               5.1  11:1   500  1500 1100 12                                   
     __________________________________________________________________________
               Conv.,      Yields                                              
     Run  Catalyst                                                             
               %   Modivity.sup.(1)                                            
                           Butadiene                                           
                                 Butenes                                       
                                      Cracked                                  
                                           Oxidized                            
     __________________________________________________________________________
     4     D   20.7                                                            
                   49.8    6.8   3.5  2.5   8.0                                
     5     E    8.2                                                            
                   75.3    3.9   2.3  1.2   0.8                                
     6     D   31.8                                                            
                   32.8    7.3   3.1  3.0  18.3                                
     7      E  27.4                                                            
                   33.8    8.7   0.6  2.7  15.4                                
     8     F    2.2                                                            
                   43.5    0.0   0.9  1.2   0.0                                
     9     G.sup.(3)                                                           
               25.9                                                            
                   48.3    8.7   3.8  2.6  10.8                                
     10    I.sup.(2)                                                           
               30.0                                                            
                   36.7    9.3   1.7  2.2  16.8                                
     11    H.sup.(3)                                                           
               26.8                                                            
                   41.8    8.9   2.3  2.8  12.8                                
     12    J.sup.(2)                                                           
               27.3                                                            
                   40.8    8.6   2.5  2.5  13.7                                
     __________________________________________________________________________
      .sup.(1) To butadiene and butenes. Modivity is a modified selectivity    
      based on analysis of gas phase products for converted hydrocarbons, oxide
      of carbon and unconverted feed.                                          
      .sup.(2) Also contains about 0.4 weight percent K.                       
      .sup.(3) Also contains about 1.7 weight percent K.                       
PAR  The data in Table III show that the catalysts of the present invention are
      active for promoting the oxidative dehydrogenation of butane to
      substantial amounts of butadiene over a wide range of operating
      conditions. The catalyst of control Run 8 is still another showing that if
      the phosphorus content of a Ni/P/O catalyst is excessive the catalyst is
      largely, if not completely, inactivated.
PAR  While certain embodiments of the invention have been described for
      illustrative purposes, the invention is not limited thereto. Various other
      modifications or embodiments of the invention will be apparent to those
      skilled in the art in view of this disclosure. Such modifications or
      embodiments are within the spirit and scope of the disclosure.
CLMS
STM  I claim:
NUM  1.
PAR  1. A catalyst composition for effecting the dehydrogenation of a
      dehydrogenatable hydrocarbon feedstock consisting essentially of nickel,
      phosphorus, a Group IA metal and oxygen, wherein the amount of nickel is
      in the range of 48 to 75 weight percent, the amount of phosphorus is in
      the range of 0.1 to 16.8 weight percent, the amount of Group IA metal is
      in the range of about 0.1 to 10 weight percent and the amount of oxygen is
      sufficient to satisfy the valence requirements of all elements therein
      present; wherein the amount of phosphorus is less than that required for
      stoichiometric nickel phosphate; and wherein none of said materials are
      deleterious to dehydrogenation effects.
NUM  2.
PAR  2. A composition according to claim 1 wherein the amount of phosphorus is
      in the range of 1 to 15 weight percent.
NUM  3.
PAR  3. A composition according to claim 1 wherein the amount of phosphorus is
      in the range of 2 to 12 weight percent.
NUM  4.
PAR  4. A composition according to claim 1 wherein the phosphorus:nickel atomic
      ratio is in the range of 0.1-0.65:1.
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ABST
PAL  Silver-based catalysts suitable for the production of ethylene oxide are
      prepared by impregnating a granular support with a decomposable silver
      salt, drying the impregnated products, and finally heat-treating the dried
      product at a high temperature, in a gaseous atmosphere containing at least
      1 % by volume of carbon dioxide.
BSUM
PAR  The present invention relates to an improvement in the process for the
      production of ethylene oxide, which comprises the oxidation of ethylene
      with oxygen in the presence of an active silver-based catalyst.
PAR  The invention also relates to the active silver-based catalyst for use in
      the oxidation of ethylene to to ethylene oxide, which is obtained by
      impregnation of an inert granular support with a decomposable silver salt
      followed by a specific decomposition of the said salt on the support.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In a process that is widely used in the art, ethylene oxide is obtained by
      contact of ethylene with oxygen on silver-based catalysts at high
      temperatures. Such catalysts normally consist of an inert granular support
      on which silver has been deposited, and smaller quantities of other metals
      such as platinum, gold, palladium, barium, and calcium may also be
      present.
PAR  These latter are described as activators of the oxidation of ethylene.
PAR  In a process known in the art, the silver-based catalysts are prepared by
      impregnation of an inert particulate support with a decomposable silver
      salt.
PAR  A particularly suitable salt for this purpose is silver lactate, which is
      used either in the molten state or in solution.
PAR  The impregnated support is then dried and finally treated at a high
      temperature, with consequent thermal decomposition of the silver salt and
      deposition of metallic silver on the support. The thermal decomposition is
      normally carried out at temperatures of from 250.degree. to 400.degree. C
      in the presence of air.
PAR  According to the description in Italian Pat. No. 912,750, improved
      catalysts are obtained when the heat treatment described is carried out
      initially in an atmosphere of nitrogen and then in an atmosphere of
      nitrogen and oxygen, with a gradual increase in the content of oxygen up
      to about 20% by volume in the gaseous mixture.
PAR  A further improvement in the preparation of the silver catalyst is
      described in German Offenlegungsschrift No. 2,253,719. According to the
      application, the thermal decomposition of the silver salt is again carried
      out in a nitrogen-oxygen gas atmosphere with progressively increasing
      quantities of oxygen, the essential characteristic of the process of the
      above reference consisting in that the gases evolved as a result of the
      thermal decomposition of the silver salt are allowed to flow continuously
      through the particles of the catalyst being formed.
PAR  According to the processes of the Italian patent and the German
      Offenlegungasschrift silver-based catalysts are obtained having improved
      mechanical properties, better activity and selectivity in the oxidation of
      ethylene to ethylene oxide.
PAC  SUMMARY
PAR  It has now been found that the characteristics of the supported
      silver-based catalysts can be further substantially improved by the use of
      special measures in the phase of the catalyst preparation in which the
      decomposable silver salts are treated at high temperatures to deposit
      metallic silver on the support.
PAR  One object of the present invention is thus supported silver-based
      catalysts having good mechanical properties and high values of activity
      and selectivity in the production of ethylene oxide..
PAR  Another object of the present invention is a process for the preparation of
      ethylene oxide that involves bringing ethylene and oxygen into contact
      with the said catalysts.
PAR  Other objects of the present invention will appear from the following
      description.
PAR  The present invention is based essentially on the discovery that the nature
      of the silver deposited as a result of the thermal decomposition of the
      decomposable silver salts is strongly influenced by the composition of the
      gaseous environment with which the catalyst being formed is in contact.
PAR  More particulary, it has been found that particularly favourable results
      are obtained when a gaseous atmosphere containing substantial quantities
      of carbon dioxide is maintained at all times during the thermal
      decomposition of the decomposable silver salt.
PAR  The process for the preparation of the catalyst of the present invention
      therefore comprises the impregnation of an inert particulate support with
      a decomposable silver salt and the subsequent decomposition of the said
      salt in a gaseous atmosphere containing substantial quantities of carbon
      dioxide.
PAR  By substantial quantities of carbon dioxide it is meant that the quantity
      of carbon dioxide in the gas in contact with the catalyst should never be
      less than about 1% by volume and preferably not less than about 50% by
      volume.
PAR  It has been found that when the decomposition is carried out in the
      presence of carbon dioxide and in the range of the other conditions that
      will be described later, one obtains a silver deposit in the form of
      crystals of unusually uniform size in the range from about 0.1 to 0.3
      micron.
PAR  Besides having good mechanical properties, particularly toughness, the
      catalysts prepared in this way exhibit high activity and selectivity in
      the oxidation of ethylene to ethylene oxide.
PAR  It should also be pointed out that the effect exerted by carbon dioxide
      during the preparation of the catalyst cannot be observed with the use of
      other gases.
PAR  On the other hand, it is known that carbon dioxide exerts a moderating
      effect during the reaction for the preparation of ethylene oxide when the
      carbon dioxide is fed to the catalyst together with the ethylene and the
      oxygen.
PAR  However, the catalysts prepared in accordance with prior art do not attain
      the results obtainable with those of the application even when carbon
      dioxide is used in the gaseous feed.
PAR  The decomposable silver salts that can be used for the purposes of the
      present invention are those that decompose at high temperatures, such as
      the salts of lactic, citric, matlic, and isomalic acids, and among these,
      silver lactate is preferred.
PAR  The support materials are those normally used in the art, such as alumina,
      silicon carbide, magnesium oxide, or combinations of these materials.
PAR  A particularly useful support for this purpose is .alpha.-alumina that has
      undergone an activation process by treatment at temperatures above about
      1000.degree. C and that has a surface area of about 0.01 to 1.0 m.sup.2
      /gram, a porosity of about 10 to 50 percent, and an average pore diameter
      of about 20 to 180 microns.
PAR  The support is normally used in the form of spherules having a diameter in
      the range from about 4 to 9 mm.
PAR  In the process of the present invention, the support is first impregnated
      with a decomposable silver salt.
PAR  The impregnation procedures are known in the art and do not form part of
      the process of the present invention.
PAR  For example, the silver lactate may be used molten or in the form of a
      solution in lactic acid or in aqueous lactic acid.
PAR  In this last case, the lactic acid is usually present in a molar excess of
      about 20 to 200 percent with respect to the number of moles necessary for
      complete conversion of the silver present into the salt.
PAR  The impregnation is normally carried out at temperatures of from about
      60.degree. to 115.degree. C, and the salt is used in a quantity such as to
      ensure a quantity of silver of from about 7 to 30% by weight with respect
      to the support in the finished catalyst.
PAR  Also in the impregnation phase, the promotors of the oxidation of ethylene,
      such as palladium, gold, or platinum, may be added, normally in quantities
      of from about 0.01 to 1.0% by weight with respect to the metallic silver.
PAR  Such promotors may be added in the form of metals themselves;
      alternatively, the products known commercially as palladium/carbon,
      platinum/carbon, or carbon impregnated with colloidal platinum may be
      used.
PAR  It is preferable in every case to use such materials in the form of
      granules having a size of from about 0.1 to 100 microns.
PAR  The activator metals or the palladized carbon, platinized carbon, or carbon
      impregnated with colloidal platinum are normally suspended in the solution
      of the decomposable silver salts, and the support is impregnated with the
      suspension obtained in this way.
PAR  Other promotors such as barium and calcium may be added to the solution of
      the silver salt, for example in the form of salts of lactic acid and in
      quantities of from about 0.1 to 5 moles per 100 gram atoms of silver.
PAR  Finally, the impregnation of the support particles may be conveniently
      carried out in an apparatus of the rotary evaporator type, the temperature
      being maintained within the limits specified above.
PAR  The impregnated particles are then dried.
PAR  For this purpose, it is convenient to cause the particles to roll in a
      stream of air, the temperature being gradually raised to a maximum value
      not exceeding 160.degree. C and in times of from about 1 to 10 hours.
PAR  In the process of the present invention, the product from the drying is
      heat-treated at a temperature of from about 270.degree. to 350.degree. C
      in a gaseous environment containing, at all times during the treatment, a
      quantity of carbon dioxide not less than about 1% by volume and preferably
      not less than about 50% by volume.
PAR  Particularly favourable results are obtained by the use of a quantity of
      carbon dioxide greater than about 70% by volume and temperatures of from
      about 290.degree. to 310.degree. C.
PAR  More particularly, according to the process of the present invention, the
      support particles impregnated with the decomposable silver salt and then
      dried are placed in an atmosphere of carbon dioxide, and the temperature
      is then raised to values in the range from about 270.degree. to
      350.degree. C and preferably from about 290.degree. to 310.degree. C.
PAR  Oxygen is then added to the gaseous mixture in steadily increasing
      quantities up to an oxygen content of not less than about 0.01% by volume
      and preferably in the range of values from about 1 to 20% by volume in the
      gas.
PAR  The oxygen introduction time will be conveniently maintained at values
      greater than about 5 hours and preferably at values in the range from
      about 7 to 10 hours.
PAR  During the heat treatment, the temperature is kept at values in the ranges
      indicated above, and it is also convenient to cause the gas to flow
      continuously through the particles of the catalyst being formed by
      recycling of the gas.
PAR  For this purpose, the gas is recycled through the bed of particles at a
      rate of about 10 to 10,000 liters per hour per kg of catalyst being
      formed.
PAR  The fraction of the gaseous mixture corresponding to the quantity of oxygen
      gradually introduced is preferably continuously bled off in this phase.
PAR  Moreover, it is possible to use pure oxygen (purity 99percent or more) or
      commercial oxygen having a purity of about 95 percent.
PAR  It is also possible, though not preferred, to use gases containing oxygen
      such as air.
PAR  Instead of recycling the gas, it is also possible to feed in continuously a
      gas stream consisting initially of carbon dioxide and then of carbon
      dioxide-oxygen mixtures with progressively increasing quantities of oxygen
      up to the values indicated and to bleed the gas off continuously after
      contact with the bed of particles of the catalyst being formed. However,
      this procedure is not favored for economic reasons.
PAR  The heat treatment of the catalyst may be carried out at atmospheric
      pressure, but it is also possible to use higher pressures, e.g., up to 20
      kg/cm.sup.2.
PAR  After cooling, the catalyst is ready for use.
PAR  The catalyst obtained in this way possesses good mechanical properties,
      which make it particularly suitable for use for long periods in the
      industrial production of ethylene oxide.
PAR  Moreover, as can be seen in the electron microscope, the catalysts of the
      present invention contain metallic silver in the form of crystals of
      unusually uniform size in the range of values from 0.1 to 0.3 micron.
PAR  Such catalysts are highly active and selective in the processes for the
      preparation of ethylene oxide by oxidation of ethylene with oxygen.
PAR  Such processes are normally carried out at temperatures of from about
      200.degree. to 330.degree. C, at pressures of from about 1 to 30 atm, and
      with contact times of from about 1 to 10 seconds.
PAR  Moreover, the process for the preparation of the catalyst in accordance
      with the present invention is advantageous in that the operations for the
      decomposition of the decomposable silver salts can be easily automated and
      can be carried out in the actual reactor for the production of ethylene
      oxide.
DETD
PAR  The following experimental examples illustrate the invention further
      without limiting it in any way.
PAC  EXAMPLE 1
PAR  17.0 grams of silver oxide, 1.6 grams of hydrogen peroxide, and 0.463 grams
      of barium hydroxide having 8 molecules of water of crystallization are
      added to 25 grams of lactic acid.
PAR  The solution obtained in this way is added to 100 grams of spherules of
      macroporous .alpha.-alumina having the characteristics already described
      in this specification, with a diameter of 8 mm, and heated to 80.degree.
      C.
PAR  While the spherules are kept in rotation, air is passed through at 50
      liters/hour and the temperature rises to 120.degree. C in 7 hours.
PAR  Carbon dioxide is passed through the spherules at a rate of 30 Nliters/hour
      and at a pressure of 2.5 atm, the temperature rises to 300.degree. C, and
      oxygen is then added until the oxygen content in the gas is 20% by volume.
PAR  During the addition of oxygen, the temperature is controlled in such a way
      that it never exceeds 310.degree. C.
PAR  The treatment is continued until the carbon dioxide has disappeared from
      the gas stream after contact with the catalyst.
PAR  The total treatment time is about 8 hours.
PAR  The catalyst is finally cooled and recovered.
PAC  EXAMPLE 2
PAR  36 grams of the catalyst spherules prepared as described in Example 1 are
      loaded into an AISI 316 steel reactor having an internal diameter of 9 mm.
PAR  With a temperature of 274.degree. C, a pressure of 11 kg/cm.sup.2, a
      contact time of 1.81 seconds, and a linear velocity of 34 cm/second
      (measured under the reaction conditions), a gas mixture comprising
PA0  ethylene : 9.26% by volume
PA0  oxygen: 6.00% by volume
PA0  ethane: 0.12% by volume
PAL  is passed through the catalyst.
PAR  The mixture also contains 10 ppm of acetylene and 0.8 ppm of
      dichloroethane, the remainder consisting of nitrogen.
PAR  By operation under these conditions, one obtains a reaction gas having an
      ethylene oxide content of 1.2% by volume.
PAR  The selectivity of the reaction is 72.1 percent, with an ethylene oxide
      output of 302 grams per hour per liter of catalyst.
PAC  EXAMPLE 3
PAR  The catalyst is prepared by the procedure of Example 1 except that the
      gases, instead of being bled off, are recycled through the spheres of the
      catalyst being formed at a rate of 5600 Nliters/hour.
PAC  EXAMPLE 4
PAR  36 grams of the spherules of the catalyst prepared as described in Example
      3 are loaded into an AISI 316 steel reactor having an internal diameter of
      9 mm.
PAR  With a temperature ob 272.degree. C, a pressure of 11 kg/cm.sup.2, a
      contact time of 1.81 seconds, and a space velocity of 12,800 Nliters per
      liter of catalyst per hour, a gaseous mixture comprising
PA0  ethylene: 9.3% by volume
PA0  oxygen: 6.1% by volume
PA0  ethane: 0.1% by volume
PAL  is passed through the catalyst.
PAR  The mixture also contains 7 ppm of acetylene and 1.2 ppm of dichloroethane,
      the remainder consisting of nitrogen.
PAR  On operation under these conditions, the conversion of ethylene is 20
      percent with a selectivity for ethylene oxide of 73 percent with respect
      to the reacted ethylene.
PAR  The output of ethylene oxide is 340 grams per hour per liter of catalyst.
PAC  EXAMPLE 5
PAR  2.07 grams of platinum/carbon containing 5% by weight of platinum are added
      to the solution of silver lactate in lactic acid described in Example 1.
PAR  The suspension obtained in this way is added to 207 grams of spherules of
      macroporous .alpha.-alumina having the characteristics already described
      in this specification, heated to 80.degree. C.
PAR  While the spherules are kept in rotation air is passed through at a rate of
      50 Nliter/hour and the temperature gradually rises to 160.degree. C in 4
      hours.
PAR  Nitrogen is passed through the spherules at a rate of 5600 Nliters/hour and
      at 2.5 atm, and the temperature rises to 300.degree. C.
PAR  The introduction of oxygen is then started until the oxygen content in the
      gas is 20% by volume.
PAR  During the addition of oxygen, the temperature is controlled so that it
      never exceeds 310.degree. C.
PAR  The treatment is continued for a total time of about 8 hours, until the
      carbon dioxide has disappeared from the gases after contact with the
      catalyst.
PAC  EXAMPLE 6
PAR  36 grams of spherules of the catalyst prepared in accordance with Example 5
      are loaded into an AISI 316 steel reactor having an internal diameter of 9
      mm.
PAR  With a temperature of 275.degree. C, a pressure of 11 kg/cm.sup.2, a
      contact time of 2.7 seconds, and a space velocity of 8540 Nliters per
      liter of catalyst per hour, a gaseous mixture comprising
PA0  ethylene: 9.25% by volume
PA0  oxygen: 6.0% by volume
PA0  ethane: 0.12% by volume
PAL  passed through the catalyst.
PAR  The mixture also contains 7 ppm of acetylene and 1.5 ppm of dichloroethane,
      the remainder consisting of nitrogen.
PAR  On operation under these conditions, a conversion of ethylene of 17
      percent, with a selectivity of 71.2 percent with respect to the converted
      ethylene, is obtained.
PAR  The output of ethylene oxide is 188 grams per hour per liter of catalyst.
PAC  EXAMPLE 7
PAR  A catalyst is prepared by the procedure of Example 1. 36 grams of this
      catalyst are introduced into the reactor described in Example 2, and
      ethylene oxide is prepared by introduction of a gaseous stream consisting
      of:
PA0  ethylene: 9.28% by volume
PA0  nitrogen: 84.60% by volume
PA0  oxygen: 6.00% by volume
PA0  ethane: 0.12% by volume
PAR  The operation is carried out at a pressure of 11 kg/cm.sup.2, at a
      temperature of 265.degree.-267.degree. C, with a linear velocity of the
      gases of 33.9 cm/second, and with a contact time of 1.81 seconds.
PAR  In the drawing curve A shows the variation of the conversion of ethylene
      (abscissa) as a function of the selectivity of the converted ethylene
      (ordinate) as found in a series of experiments in which the quantity of
      dichloroethane was varied from 0.6 ppm (lowermost measuring point) to 1.2
      ppm (uppermost measuring point).
PAC  EXAMPLE 8
PAR  The procedure of Example 1 is followed except that the impregnated
      particles are heat-treated in air.
PAR  36 grams of the catalyst prepared in this way are introduced into the
      reactor described in Example 2, and ethylene oxide is prepared by
      introduction of a gaseous stream consisting of:
PA0  ethylene: 9.28% by volume
PA0  nitrogen: 84.60% by volume
PA0  oxygen: 6.00% by volume
PA0  ethane: 0.12% by volume
PAR  The operation is carried out at a temperature of 275.degree. C, at a
      pressure of 11 kg/cm.sup.2, with a linear velocity of the gases of 22.7
      cm/second, and with a contact time of 2.71 seconds.
PAR  In the drawing curve B shows the variation of the conversion of ethylene
      (abscissa) as a function of the selectivity with respect to the converted
      ethylene (ordinate) as found in a series of experiments in which the
      quantity of dichloroethane was varied from 0.5 ppm (lowermost measuring
      point) to 1 ppm (uupermost measuring point).
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the preparation of silver-based catalysts suitable for the
      production of ethylene oxide, which comprises impregnating a granular
      support with a decomposable silver salt selected from the group consisting
      of the salts of lactic, citric, malic and isomalic acids, drying the
      impregnated products, and finally heat-treating the dried product at a
      high temperature, in a gaseous atmosphere containing at least 1% by volume
      of carbon dioxide.
NUM  2.
PAR  2. A process in accordance with claim 1, wherein the heat treatment is
      carried out in a gaseous atmosphere containing at least 50% by volume of
      carbon dioxide.
NUM  3.
PAR  3. A process in accordance with claim 1, wherein the heat treatment is
      carried out at a temperature of from about 270.degree. to 350.degree. C.
NUM  4.
PAR  4. A process in accordance with claim 1, wherein the heat treatment is
      carried out at a temperature of from about 290.degree. to 310.degree. C in
      a gaseous atmosphere containing more than 70% by volume of carbon dioxide.
NUM  5.
PAR  5. A process in accordance with claim 1, wherein the heat treatment is
      carried out in the presence of a gaseous atmosphere containing at least
      0.01% by volume of oxygen.
NUM  6.
PAR  6. A process in accordance with claim 1, wherein the heat treatment is
      carried out in a gaseous atmosphere containing about 1 to 20% by volume of
      oxygen.
NUM  7.
PAR  7. A process in accordance with claim 1, wherein during the heat treatment
      the gaseous atmosphere is recycled through the particles of the catalyst
      being formed at a rate of from about 10 to 10,000 liters per hour per kg
      of catalyst.
NUM  8.
PAR  8. A process in accordance with claim 1, wherein the treatment is carried
      out for times from between about 5 to about 10 hours.
NUM  9.
PAR  9. A process in accordance with claim 1 wherein during the heat treatment
      the gaseous atmosphere is maintained at a pressure of from about 1 to 20
      kg/cm.sup.2.
NUM  10.
PAR  10. A process in accordance with claim 1, wherein the support materials
      consist of alumina, silicon carbide, and magnesium oxide.
NUM  11.
PAR  11. A process in accordance with claim 1, wherein the support consists of
      .alpha.-alumina having a surface area of from about 0.01 to 1.0 m.sup.2
      /gram, a porosity of about 10 to 50 percent, and an average pore diameter
      of from about 20 to 180 microns.
NUM  12.
PAR  12. A process in accordance with claim 1, wherein the support is in the
      form of spherules having a diameter of from about 4 to 9 mm.
NUM  13.
PAR  13. A process in accordance with claim 1, wherein the support is
      impregnated with the decomposable silver salt with operation at a
      temperature of from about 60.degree. to 115.degree.C with a quantity of
      salt such as to ensure a quantity of silver of from about 7 to 30% by
      weight with respect to the support.
NUM  14.
PAR  14. A process in accordance with claim 1, wherein in the impregnation
      phase, promoters selected from the group consisting of gold, palladium,
      and platinum are added in quantities of from about 0.01 to 1.0% by weight
      with respect to the metallic silver.
NUM  15.
PAR  15. A process in accordance with claim 1, wherein in the impregnation
      phase, promoters such as barium and calcium, in the form of salts of
      lactic acid, are added in quantities of from about 0.1 to 5 moles per 100
      gram atoms of silver.
NUM  16.
PAR  16. A process in accordance with claim 1, wherein the drying is carried out
      at temperatures rising to a maximum of about 160.degree.C and for times of
      from about 1 to 10 hours.
NUM  17.
PAR  17. A process in accordance with claim 1, wherein oxygen is added to said
      gaseous atmosphere in steadily increasing quantities up to an oxygen
      content of not less than about 0.01% by volume.
NUM  18.
PAR  18. A process in accordance with claim 17, wherein the oxygen is added in
      steadily increasing quantities up to an oxygen content between 1 and 20%
      by volume over 5-10 hours.
NUM  19.
PAR  19. A process in accordance with claim 1, wherein in the impregnation phase
      promoters selected from the group consisting of palladium on carbon,
      platinum on carbon and carbon impregnated with colloidal platinum are
      added.
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ABST
PAL  A method of manufacturing high surface area spheroidal alumina particles. A
      finely divided eta alumina is admixed and suspended in an alumina hydrosol
      and the mixture thereafter converted to spheroidal particles comprising
      eta and gamma alumina by the oil-drop method. The alumina spheres are
      particularly useful as a high surface area support or carrier material for
      catalytic components, and as a high surface area adsorbent.
BSUM
PAR  This invention relates to the manufacture of spheroidal alumina particles.
      Alumina, as porous aluminum oxide in either the anhydrous form or any of
      the various hydrous forms, is widely employed in the chemical and
      petroleum industries. In particular, the activated aluminas designated as
      gamma and eta alumina have been widely employed by the petroleum industry
      as a catalyst, or as a high surface area support for catalytic materials,
      to catalyze various hydrocarbon conversion reactions.
PAR  While the structural formulae of gamma alumina and eta alumina are
      essentially the same, the actual structures are substantially different.
      This is evidenced by the fact that gamma alumina, produced by high
      temperature calcination of boehmite alumina, exhibits a surface area
      generally in the range of from about 160 to about 225 square meters per
      gram, while eta alumina, produced by the high temperature calcination of
      bayerite alumina, has a surface area generally in the range of from about
      250 to about 400 square meters per gram.
PAR  Those skilled in the art of catalysis will recognize that an alumina with a
      surface area in the range of from about 250 to about 350 square meters per
      gram is in many instances more desirable than an alumina with a surface
      area in the 160-225 square meter per gram range when utilized as an
      adsorbent, as a catalyst, or as a carrier material for one or more
      catalytic components. The former has a significantly greater adsorption
      capacity per unit weight than the latter and, when utilized as a carrier
      material in the manufacture of catalytic composites, possesses a higher
      intrinsic activity as well as a greater tendency to retain catalytic
      activators such as halogen during processing.
PAR  When utilized as a catalyst, or as a catalyst support or carrier material,
      spheroidal alumina particles offer numerous advantages. When employed in a
      reaction or contact zone as a fixed bed, the spheroidal particles permit
      more uniform packing to reduce variations in pressure drop across the bed,
      and the tendency of the reactant stream to channel through the bed and
      by-pass a portion of the catalyst is thereby reduced. When employed in a
      moving bed type of operation, e.g., wherein the particles gravitate
      through a reaction zone, or are transported from one zone to another by
      the reactant stream or an extraneous carrying media, the spheroidal
      particles have a further advantage in that there are no sharp edges to
      erode or break off with the formation of fines which tend to plug the
      process equipment.
PAR  Spheroidal alumina particles of substantially uniform size and shape are
      advantageously prepared by the method whereby an acidic alumina hydrosol
      is commingled with a gelling agent at below gelation temperature, and the
      mixture dispersed as droplets in a water-immiscible suspending media,
      usually a gas oil, maintained at an elevated temperature whereby the
      hydrosol droplets are formed into firm hydrogel particles. The method,
      commonly referred to as the oil-drop method, is described by Hoekstra in
      U.S. Pat. No. 2,620,314. The method requires a gelling agent which has the
      ability to effect a progressive neutralization of the acidic hydrosol over
      a given time interval permitting the droplets to be drawn into spheres
      before the gelation stage is reached. Conventional gelling agents such as
      ammonium hydroxide are inoperable since they produce immediate gelation of
      the acidic hydrosol as a result of which spherically shaped particles
      cannot be formed. In this regard, acceptable gelling agents include weak
      bases having a strong buffering action. An ammonia precursor such as
      hexamethylenetetramine, urea, or mixtures thereof, which is substantially
      stable at normal temperatures but decomposable or hydrolyzable to ammonia
      with increasing temperature, is suitably employed.
PAR  Only a fraction of the ammonia precursor is initially hydrolyzed to ammonia
      to effect a partial neutralization of the acidic hydrosol droplets and the
      formation of firm spheroidal particles. Typically, the particles are
      retained and aged in the hot oil suspending media for an extended period.
      During the aging process, the residual ammonia precursor retained in the
      particles continues to hydrolyze and further neutralize the spheroidal
      particles. The aging process is considered as essential to obviate
      excessive cracking and sphere disintegration during the subsequent
      waterwash treatment for the separation of soluble salts. However, the
      practice also promotes the formation of crystalline boehmite alumina
      which, upon calcination at 370.degree.-650.degree. C., is invariably
      transformed to gamma alumina.
PAR  It is an object of this invention to present a method of manufacturing high
      surface area spheroidal particles comprising eta alumina and gamma alumina
      utilizing the oil-drop method.
PAR  In one of its broad aspects, the present invention embodies a method of
      manufacturing spheroidal alumina particles which comprises admixing and
      suspending a finely divided eta alumina in an acid anion-containing
      alumina sol having an alumina/acid anion ratio of from about 1:1 to about
      1.5:1, said alumina being admixed with said sol in an amount to provide
      from about 20 to about 50 wt. % of the final alumina product; commingling
      the resulting sol with an ammonia precursor at below gelation temperature,
      said ammonia precursor being decomposable to ammonia with increasing
      temperature; dispersing the mixture as droplets in a hot oil bath
      effecting decomposition of said ammonia precursor and the formation of
      hydrogel spheres therein; aging the spheres at an elevated temperature
      effecting decomposition of the residual ammonia precursor contained
      therein, and washing, drying and calcining the aged spheres.
DETD
PAR  Other objects and embodiments of this invention will become apparent in the
      following detailed specification.
PAR  In accordance with the present invention, a finely divided eta alumina,
      such as is prepared by the high temperature calcination of beta alumina
      trihydrate (bayerite), is initially admixed and suspended in an acid
      anion-containing alumina sol. The expression "finely divided" is intended
      as descriptive of particles having an average diameter of less than about
      150 microns, for example, particles which are recoverable through a 105
      micron microsieve.
PAR  The alumina hydrosol employed herein is described as an acid
      anion-containing hydrosol having an aluminum/acid anion ratio of from
      about 1:1 to about 1.5:1. The alumina sols herein contemplated are such as
      are prepared by the general method whereby a suitable acid salt of
      aluminum, such as aluminum chloride, aluminum sulfate, aluminum acetate,
      etc., is subjected to hydrolysis in aqueous solution and the solution
      treated at conditions to reduce the resulting acid anion concentration
      thereof, as by neutralization, and achieve the aforesaid aluminum/acid
      anion ratio. Thus, the reduced acid anion concentration promotes olation
      and formation of inorganic polymers of colloidal dimension dispersed and
      suspended in the remaining liquid.
PAR  Reduction in the acid anion concentration can be effected in any
      conventional or otherwise convenient manner. For example, the acid anion
      concentration can be reduced utilizing aluminum metal as a neutralizing
      agent. In this case, the salt of neutralization is an aluminum salt
      subject to hydrolysis and ultimate sol formation. In some cases, as in the
      case of aluminum acetate, where the acid anion is sufficiently volatile,
      the desired acid anion deficiency may be created simply by heating.
      Another method of producing a suitable alumina hydrosol is in the
      electrolysis of an aluminum salt solution, for example an aqueous aluminum
      chloride solution, in an electrolytic cell having a porous partition
      between anode and cathode whereby an acid anion deficiency is effected in
      the cathode compartment with the formation of an alumina hydrosol therein.
PAR  Preferably, the acid anion-containing alumina hydrosol is an aluminum
      chloride hydrosol variously referred to as an aluminum oxychloride
      hydrosol, aluminum hydroxy chloride hydrosol, and the like, such as is
      formed utilizing aluminum metal as a neutralizing agent in conjunction
      with an aqueous aluminum chloride solution. The aluminum chloride hydrosol
      is typically prepared by digesting aluminum in aqueous hydrochloric acid
      and/or aluminum chloride solution at about a reflux temperature, usually
      from about 175.degree. to about 220.degree. F. and reducing the chloride
      anion concentration of the resulting aluminum chloride solution by the
      device of maintaining an excess of aluminum reactant in the reaction
      mixture as a neutralizing agent. In any case, the aluminum chloride
      hydrosol is prepared to contain aluminum in from about a 1:1 to about a
      1.5:1 ratio with the chloride anion content thereof.
PAR  Pursuant to the present invention, the eta alumina is admixed with the acid
      anion-containing alumina hydrosol to provide from about a 20 to about 50
      wt. % of the final alumina product. One preferred method of admixing the
      eta alumina with the alumina hydrosol is to prepare the eta alumina as an
      aqueous slurry and add the same to the hydrosol slowly and with stirring.
      The alumina-alumina hydrosol mixture is then commingled with an ammonia
      precursor at below gelation temperature and dispersed as droplets in a
      water-immiscible suspending medium substantially in accordance with the
      aforementioned oil-drop method of Hoekstra as described in U.S. Pat. No.
      2,620,314. Thus the alumina-alumina hydrosol mixture is cooled to below
      gelation temperature, commingled with an ammonia precursor which is
      hydrolyzable or decomposable to ammonia with increasing temperature, and
      the mixture dispersed as droplets in a hot, water-immiscible suspending
      medium, suitably in an oil suspending medium maintained at from about
      120.degree. to about 220.degree. F., whereby said hydrolysis or
      decomposition occurs with the formation of firm spheroidal hydrogel
      particles. The ammonia precursor is preferably hexamethylenetetramine
      although other weakly basic materials, including urea alone or in
      combination with hexamethylenetetramine, which are substantially stable at
      below gelation temperature but hydrolyzable to ammonia with increasing
      temperature, may be employed. The hexamethylenetetramine, or other ammonia
      precursor, is utilized in an amount sufficient to effect substantially
      complete neutralization of the chloride or other acid anion content in the
      hydrosol upon total hydrolysis. Preferably, hexamethylenetetramine is
      utilized in an amount equivalent to form about a 1:4 to about a 1.25:4
      mole ratio with said chloride. The hexamethylenetetramine is preferably
      separately prepared in aqueous solution and thereafter commingled with the
      eta alumina-alumina hydrosol mixture. The hexamethylenetetramine aqueous
      solution suitably comprises from about 28 to about 40 wt. %
      hexamethylenetetramine. As heretofore mentioned, only a fraction of the
      ammonia precursor is hydrolyzed or decomposed to ammonia in the relatively
      short period during which initial gelation occurs. During the subsequent
      aging process, the residual ammonia precursor retained in the spherical
      gel particles continues to hydrolyze and effect further polymerization of
      the alumina. The spherical particles are aged, preferably in the alkaline
      oil bath, at a temperature of from about 120.degree.  to about 500.degree.
      F. and at a pressure to maintain the water content of said particles in a
      substantially liquid phase. Preferably, the hydrogel particles are aged at
      a temperature of from about 120.degree. to about 350.degree. F. and at a
      pressure of from about 40 to about 150 psig whereby the water content of
      the particles is maintained in a substantially liquid phase. The
      spheroidal particles are suitably aged at the described conditions of
      temperature and pressure within a period of from about 1 to about 5 hours.
PAR  After the aging treatment, the spheres are washed in any suitable manner. A
      particularly satisfactory method is to wash the spheres by percolation,
      either with an upward or downward flow of water, and preferably with water
      containing a small amount of ammonium hydroxide and/or ammonium nitrate.
      After washing, the spheres may be dried at a temperature of from about
      200.degree. to about 600.degree. F. for 2 to 24 hours or more, or dried at
      this temperature and calcined at a temperature of from about 800.degree.
      to about 1400.degree. F. for 2 to 12 hours or more, and utilized as such
      or composed with other catalytic components. It is preferred that the
      spheres be dried slowly and also that the drying be effected in a humid
      atmosphere since this has been found to result in less breakage of the
      spheres.
PAR  As heretofore mentioned, the spheroidal alumina particles of this invention
      are useful as a high surface area support or carrier material for
      catalytic components. The spheroidal alumina particles are particularly
      useful as a support or carrier material for platinum, or other platinum
      group metal, in the catalytic reforming of gasoline boiling range feed
      stocks to improve the octane rating thereof. Reforming conditions herein
      contemplated include an imposed pressure of from about 100 to about 1000
      psig and a temperature of from about 800.degree. to about 1100.degree. F.
      A hydrogen rich gas, principally a recycle gas comprising in excess of
      about 80% hydrogen, is admixed with the hydrocarbon charge stock to
      provide a hydrogen/hydrocarbon mole ratio of about 2 to about 20. The
      hydrocarbon charge stock in admixture with hydrogen is generally preheated
      to the desired reaction temperature and passed into contact with the
      catalyst contained in a reaction zone. The hydrocarbon charge stock is
      passed in contact with the catalyst at a liquid hourly space velocity
      (LHSV) of from about 0.5 to about 10, an LHSV of from about 1.0 to about
      4.0 being preferred. The reaction zone effluent is recovered in a high
      pressure-low temperature receiver or separator whereby a hydrogen-rich
      gaseous phase is separated and recycled, in part, to the reaction zone in
      admixture with the hydrocarbon charge thereto.
PAR  Although the spheroidal alumina particles of this invention are
      particularly suitable for reforming, they may be used to promote other
      reactions including dehydrogenation of specific hydrocarbons or
      hydrocarbon fractions, isomerization of specific hydrocarbons or
      hydrocarbon fractions, destructive hydrogenation or hydrocracking of
      larger hydrocarbon molecules such as those occurring in the kerosine and
      gas oil boiling range, and the oxidation of hydrocarbons to produce first,
      second, and third stage oxidation products. Reaction conditions employed
      in the various hydrocarbon conversion reactions are those heretofore
      practiced in the art. For example, alkyl aromatic isomerization reaction
      conditions include a temperature of from about 32.degree. to about
      1000.degree. F., a pressure of from about atmospheric to about 1500 psig,
      a hydrogen to hydrocarbon mole ratio of from about 0.5:1 to about 20:1,
      and a LHSV of from about 0.5 to about 20. Likewise, typical hydrocracking
      reaction conditions include a pressure of from about 500 psig to about
      3000 psig, a temperature of from about 390.degree. to about 935.degree.
      F., a LHSV of from about 0.1 to about  10, and a hydrogen circulation rate
      of from about 1000 to about 10,000 SCF/BBL (standard cubic feet per barrel
      of charge).
PAR  The following examples are presented in illustration of the method of this
      invention and are not intended as an undue limitation on the generally
      broad scope of the invention as set out in the appended claims.
PAC  EXAMPLE I
PAR  An alumina comprising 75% eta alumina and having a surface area of 421
      square meters per gram, an average pore volume of 0.32 cubic centimeters
      per gram, and an average pore diameter of 30 Angstroms was ground to a
      fine powder and admixed with an alumina hydrosol. The alumina hydrosol was
      prepared by digesting aluminum pellets in aqueous hydrochloric acid at
      about 215.degree. F. while maintaining an excess of the aluminum reactant
      in the reaction mixture. During the digestion process the reaction mixture
      was stirred until sufficient alumina was digested to yield a hydrosol
      containing 14.20 wt. % aluminum. The hydrosol had a specific gravity of
      1.403, an aluminum/chloride ratio of 1.15, and contained 9.57 wt. % Cl.
      The eta alumina was admixed with the hydrosol in an amount to provide 25
      wt. % of the total alumina product. About 1 liter of a 28% aqueous
      hexamethylenetetramine solution was admixed with the alumina-alumina
      hydrosol mixture, and the resulting mixture was continuously stirred until
      dispersed as droplets in a column of hot oil maintained at  200.degree.F.
      The resulting spheres were aged in the hot oil for about 18 hours, and
      then for about 4 hours in 3% aqueous ammonium hydroxide solution at
      203.degree. F. The aged spheres were then water-washed, dried at
      212.degree. F., and calcined in air at 1200.degree. F. for 2 hours. The
      calcined product had a surface area of 248 square meters per gram, an
      average pore volume of 0.56 cubic centimeters per gram, and an average
      pore diameter of 90 Angstroms.
PAC  EXAMPLE II
PAR  This example is a comparative example and, taken with Example I,
      illustrates the improvement derived from the method of this invention. In
      this example, the alumina hydrosol of Example I was admixed with an equal
      volume of 28% aqueous hexamethylenetetramine solution and formed into
      spheroidal alumina particles substantially as described. The calcined
      product in this instance had a surface area of 197 square meters per gram,
      an average pore volume of 0.62 cubic centimeters per gram, and an average
      pore diameter of 126 Angstroms.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of manufacturing mixed eta and gamma alumina particles which
      comprises:
PA1  a. admixing and suspending a finely divided eta alumina in an acid
      anion-containing alumina sol having an aluminum/acid anion ratio of from
      about 1:1 to about 1.5:1, said alumina being admixed with said sol in an
      amount to provide from about 20 to about 50 wt. % of the final alumina
      product;
PA1  b. commingling the resulting sol with an ammonia precursor at below
      gelation temperature, said ammonia precursor being decomposable to ammonia
      with increasing temperature;
PA1  c. dispersing the mixture as droplets in a hot oil bath effecting
      decomposition of said ammonia precursor and formation of hydrogel spheres
      therein;
PA1  d. aging the spheres at an elevated temperature effecting decomposition of
      the residual ammonia precursor contained therein, and washing, drying and
      calcining the aged hydrogel spheres.
NUM  2.
PAR  2. The method of claim 1 further characterized in that said acid
      anion-containing alumina sol is aluminum chloride sol.
NUM  3.
PAR  3. The method of claim 1 further characterized in that said ammonia
      precursor is hexamethylenetetramine.
NUM  4.
PAR  4. The method of claim 1 further characterized in that said ammonia
      precursor is hexamethylenetetramine and utilized in an amount to effect
      substantially complete neutralization of the acid anion contained in said
      mixture.
NUM  5.
PAR  5. The method of claim 1 further characterized in that said ammonia
      precursor is hexamethylenetetramine and utilized in from about a 1:4 to
      about 1.25:4 mole ratio with said acid anion.
NUM  6.
PAR  6. The method of claim 1 further characterized in that said oil bath is
      maintained at a temperature of from about 120.degree. to about 220.degree.
      F.
NUM  7.
PAR  7. The method of claim 1 further characterized in that said hydrogel
      spheres are aged at a temperature of from about 120.degree. to about
      500.degree. F. and at a pressure to maintain the water content thereof in
      a substantially liquid phase.
NUM  8.
PAR  8. The method of claim 1 further characterized in that said hydrogel
      spheres are aged at a temperature of from about 120.degree. to about
      350.degree. F. and  a pressure of from about 40 to about 150 psig.
NUM  9.
PAR  9. The method of claim 1 further characterized in that said aged hydrogel
      spheres are dried and calcined at a temperature of from about 800.degree.
      to about 1400.degree.F.
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ABST
PAL  A method of manufacturing a high surface area, spheroidal reforming
      catalyst comprising a tin-promoted, alumina-supported platinum group
      metal. A soluble tin compound and a finely divided eta-alumina are
      combined with an acidic alumina hydrosol, and the mixture thereafter
      converted to spheroidal particles by the oil-drop method. The spheroidal
      particles are subsequently impregnated with a platinum group metal
      component.
BSUM
PAR  The reforming of gasoline boiling range feed stocks to improve the octane
      rating thereof is a process well known to the petroleum industry. The feed
      stock may be a full boiling range gasoline fraction boiling in the
      50.degree.-425.degree. F. range although it is more often what is commonly
      called naphtha -- a gasoline fraction characterized by an initial boiling
      point of from about 150.degree. to about 250.degree. F. and an end boiling
      point of from about 350.degree. to about 425.degree. F.
PAR  The reforming of gasoline boiling range feed stocks is generally recognized
      as involving a number of octane-improving hydrocarbon conversion reactions
      requiring a multi-functional catalyst. In particular, the catalyst is
      designed to effect several octane-improving reactions with respect to
      paraffins and naphthenes -- the feed stock components that offer the
      greatest potential for octane improvement. Thus, the catalyst is designed
      to effect isomerization, dehydrogenation, dehydrocyclization and
      hydrocracking of paraffins. Of these hydrocarbon conversion reactions,
      dehydrocyclization produces the greatest gain in octane value and is
      therefore a favored reaction. For naphthenes, the principal
      octane-improving reactions involve dehydrogenation and ring isomerization
      to yield aromatics of improved octane value. With most naphthenes being in
      the 65-80 F-1 clear octane range, the octane improvement, while
      substantial, is not as dramatic as in the case of the lower octane
      paraffins. Reforming operations thus employ a multi-functional catalyst
      designed to provide the most favorable balance between the aforementioned
      octaneimproving reactions to yield a product of optimum octane value, said
      catalyst having at least one metallic dehydrogenation component and an
      acid-acting hydrocracking component.
PAR  However, even with the achievement of a desired balance between the
      octane-improving reactions, problems persist relating principally to
      undesirable side reactions which, althrough minimal, cumulatively
      contribute to carbon formation, catalyst instability and product loss.
      Thus, demethylation occurs with the formation of excess methane; excessive
      hydrocracking produces light gases; cleavage or ring opening of naphthenes
      results in the formation of low octane, straight chain hydrocarbons;
      condensation of aromatics forms coke precursors and carbonaceous deposits;
      and the acid catalyzed polymerization of olefins and other polymerizable
      materials yield high molecular weight hydrocarbons subject to
      dehydrogenation and further formation of carbonaceous matter.
PAR  Accordingly, an effective reforming operation is dependent on the proper
      selection of catalyst and process variables to minimize the affect of
      undesirable side reactions for a particular hydrocarbon feed stock.
      However, the selection is complicated by the fact that there is an
      interrelation between reaction conditions relating to undesirable side
      reactions and desirable octane-improving reactions, and reaction
      conditions selected to optimize a particular octane-improving reaction
      may, and often do, also promote one or more undesirable side reactions.
      For example, as previously indicated, some hydrocracking is desirable
      since it produces lower boiling hydrocarbons of higher octane value than
      the parent hydrocarbon. But hydrocracking of the lower boiling C.sub.6
      -C.sub.8 constituents is not desirable since it produces still lower
      boiling hydrocarbons, such as butane, which are of marginal utility. It is
      this type of hydrocracking that is referred to as excessive hydrocracking
      and to be avoided. The extent and kind of hydrocracking is controlled by
      careful regulation of the acid-acting component of the catalyst and by the
      use of low hydrogen partial pressures. The latter follows from the fact
      that the hydrocracking reaction consumes hydrogen and the reaction can
      therefore be controlled by limiting hydrogen concentrations in the
      reaction media. Low hydrogen partial pressures have a further advantage in
      that the main octane-improving reactions, i.e., dehydrogenation of
      paraffins and naphthenes, are net producers of hydrogen and, as such,
      favored by low hydrogen pressure.
PAR  Catalysts comprising a supported platinum group metal, for example,
      platinum supported on alumina, are widely known for their selectivity in
      the production of high octane aromatics, general activity with respect to
      each of the several octane-improving reactions which make up the reforming
      process, and for their stability at reforming conditions. One of the
      principal objections to low pressure reforming relates to its effect on
      catalyst stability. This steams from the fact that low pressure operation
      tends to favor the aforementioned condensation and polymerization
      reactions believed to be the principal reactions involved in the formation
      of coke precursors and carbon deposits so detrimental to catalyst
      stability.
PAR  More recently, the industry has turned to certain multi-component or
      multi-metallic catalysts comprising a platinum group metal component to
      make low pressure reforming, and all the advantages attendant therewith, a
      reality. In particular, a tin-promoted, alumina-supported platinum
      catalyst has been shown to be particularly effective low pressure
      reforming catalyst.
PAR  It is an object of this invention to present an improved catalyst
      particularly suitable for low pressure reforming and characterized by a
      novel method of manufacture. As will become apparent with reference to the
      following detailed specification, the catalyst composition of this
      invention comprises a platinum group metal component supported on a
      tincontaining alumina carrier material.
PAR  In one of its broad aspects, the present invention relates to a method of
      catalyst manufacture which comprises forming a mixture of a finely divided
      eta-alumina, an acidic alumina hydrosol, and a tin compound which is
      soluble therein, said eta-alumina being admixed with said hydrosol and
      said tin compound in an amount to provide from about 20 to about 50 wt. %
      of the final product; commingling the mixture with an ammonia precursor at
      below gelation temperature, said ammonia precursor being decomposable to
      ammonia with increasing temperature; dispersing the resultant mixture as
      droplets in a hot oil bath effecting decomposition of said ammonia
      precursor and formation of hydrogel spheres therein; aging the spheres at
      an elevated temperature effecting decomposition of the residual ammonia
      precursor contained therein, and washing, drying and calcining the aged
      spheres; and impregnating the calcined spheres with a platinum group metal
      component.
DETD
PAR  Other objects and embodiments of this invention will become apparent in the
      following detailed specification.
PAR  It is known that spheroidal catalyst particles offer enumerous advantages.
      When employed in a reaction or contact zone as a fixed bed, the spheroidal
      particles permit a more uniform packing and thereby minimize variations in
      pressure drop across the bed and the tendency of the reactant stream to
      channel through the bed out of effective contact with the catalyst. When
      employed in a moving bed type of operation, e.g., wherein the catalyst
      particles gravitate through a reaction zone, or are transported from one
      zone to another by the reactant stream or an extraneous carrying media,
      the spheroidal particles have a further advantage in that there are no
      sharp edges to errode or break off with the formation of fines which tend
      to plug process equipment.
PAR  The catalyst of this invention is manufactured as spheroidal particles by
      the method whereby an acidic alumina hydrosol is commingled with a gelling
      agent at below gelation temperature and the mixture dispersed as droplets
      in a water-immiscible suspending medium, usually a gas oil, maintained at
      an elevated temperature whereby the hydrosol droplets are formed into firm
      gel particles. The method, commonly referred to as the oil-drop method, is
      described by Hoekstra in U.S. Pat. No. 2,620,314. The method requires a
      gelling agent which has the ability to effect a progressive neutralization
      of the acidic hydrosol over a given time interval permitting the droplets
      to be drawn into spheres. Conventional gelling agents such as ammonium
      hydroxide are inoperable since they produce immediate gelation of the
      acidic hyrosol as a result of which spherical particles cannot be formed.
      In this regard, acceptable gelling agents include weak bases having a
      strong buffering action. An ammonia precursor such as
      hexamethylenetetramine, urea, or mixtures thereof, which is substantially
      stable at normal temperatures but decomposable or hydrolyzable to ammonia
      with increasing temperature, is suitably employed.
PAR  Pursuant to the present invention, a tin compound is solubilized in the
      acidic alumina hydrosol prior to gelation. Suitable tin compounds include
      stannous chloride, stannous bromide, stannous fluoride, stannic chloride,
      stannic fluoride, stannic iodine, stannic sulfate, stannic chloride
      trihydrate, stannic chloride tetrahydrate, stannic chloride pentahydrate,
      stannic chloride diamine, stannic chromate, stannic tartrate, and the
      like. Utilization of a tin halide, particularly stannous or stannic
      chloride, is preferable as it facilitates the incorporation of the tin
      component as well as halogen which has been recognized as a desirable
      component of reforming type catalyst. In some instances, it is desirable
      to add the tin compound to the hydrosol in solution with a halogen acid to
      obviate hydrolysis and premature precipitation of the tin component
      resulting ina non-uniform dispersion thereof in the fianl catalyst
      product. In any case, sufficient of the tin compound is employed to
      provide a final catalyst product containing from about 0.01 to about 5.0
      wt. % tin, although it is within the scope of this invention to prepare
      catalysts containing up to about 30 wt. % tin. Regardless of the absolute
      amounts of the tin component and the platinum group metal utilized, the
      atom ratio of the platinum group metal to tin is preferably from about
      0.1:1 to about 3:1, or more preferably from about 0.5:1 to about 1.5:1.
      This is particularly true when the total content of the tin component plus
      the platinum group metal component is in the range of from about 0.15 to
      about 2.0 wt. % of the final catalyst product.
PAR  In any case, the tin-containing alumina hydrosol is dispersed as droplets
      in the water-immiscible suspending media, generally at a temperature of
      from about 120.degree. to about 220.degree. F., with the formation of firm
      spheroidal gel particles. Typically, the particles are retained and aged
      in the hot oil suspending media for an extended period at a temperature of
      from about 120.degree. to about 500.degree. F. and at a pressure to
      maintain the water content thereof in a substantially liquid phase. During
      the aging process, the residual ammonia precursor continues to hydrolyze
      and further neutralize the spheroidal particles. The aging process is
      considered as essential to obviate excessive cracking and sphere
      disintegration during the subsequent water wash treatment for the
      separation of soluble salts. However, the practice also promotes the
      formation of crystalline boehmite alumina which, upon calcination at
      370.degree.-650.degree. C., is invariably transformed into gamma-alumina.
PAR  While the structural formula of gamma-alumina is essentially the same as
      that of eta-alumina, the actual structures are substantially different.
      This is evidenced by the fact that gamma-alumina, produced by high
      temperature calcination of boehmite alumina, exhibits a surface area
      generally in the range of from about 160 to about 225 square meters per
      gram, while eta-alumina, produced by the high temperature calcination of
      bayerite alumina, has a surface area generally in the range of from about
      250 to about 350 square meters per gram or more. Those skilled in the art
      of catalysis will recognize that an alumina with a surface area in the
      250-350 square meter per gram range is more desirable than an alumina with
      a surface area in the 160-225 square meter per gram range. The former
      possesses a higher intrinsic activity as well as a greater tendency to
      retain catalytic activators, such as halogen, during processing.
PAR  Therefore, in the further practice of the method of this invention, a
      finely divided eta-alumina is dispersed and suspended in the
      aforementioned acidic alumina hydrosol prior to gelation, and the tin
      compound and the finely divided eta-alumina may be combined with the
      acidic hydrosol simultaneously or in any desired sequence. The expression
      "finely divided" is intended as descriptive of particles having an average
      diameter of less than about 150 microns, for example, particles which are
      recoverable through a 105 micron microsieve. In accordance with the
      present invention, the eta-alumina is admixed with the acidic hydrosol to
      provide from about 20 to about 50 wt. % of the final catalyst product. One
      preferred method of admixing the eta-alumina with the hydrosol is to
      prepare the eta-alumina as an aqueous slurry and add the same to the
      hydrosol slowly and with stirring.
PAR  The acidic alumina hydrosol employed herein is such as is prepared by the
      general method whereby a suitable acid salt of aluminum, such as aluminum
      chloride, is subjected to hydrolysis in aqueous solution and the solution
      treated at conditions to reduce the acid anion content thereof, as by
      neutralization, to achieve an aluminum/acid anion ratio of from about 1:1
      to about 1.5:1. Thus, the reduction in acid anion concentration promotes
      olation of the hydrolysis product and the formation of alumina polymers of
      colloidal dimension dispersed and suspended in the remaining liquid.
      Reduction in the acid anion concentration can be effected in any
      conventional or otherwise convenient manner. For example, the acid anion
      concentration can be reduced utilizing aluminum metal as a neutralizing
      agent. In this case, the salt of neutralization is an aluminum salt
      subject to hydrolysis and ultimate sol formation. In some cases, as in the
      case of aluminum acetate, where the acid anion is sufficiently volatile,
      the desired acid anion deficiency may be created simply by heating.
      Another method of producing a suitable alumina hydrosol is in the
      electrolysis of an aluminum salt solution, for example an aqueous aluminum
      chloride solution, in an electrolytic cell having a porous partition
      between anode and cathode whereby an acid anion deficiency is effected in
      the cathode compartment with the formation of an alumina hydrosol therein.
PAR  Preferably, the acidic alumina hydrosol is an aluminum chloride hydrosol
      variously referred to as an aluminum oxychloride hydrosol, aluminum
      hydroxychloride hydrosol, and the like, such as is formed utilizing
      aluminum metal as a neutralizing agent in conjunction with an aqueous
      aluminum chloride solution. The aluminum chloride hydrosol is typically
      prepared by digesting aluminum in aqueous hydrochloric acid and/or
      aluminum chloride solution at about reflux temperature, usually from about
      175.degree. to about 220.degree. F., and reducing the chloride anion
      concentration of the resulting aluminum chloride solution by the device of
      maintaining an excess of aluminum reactant in the reaction mixture as a
      neutralizing agent. In any case, the aluminum chloride hydrosol is
      prepared to contain aluminum in from about a 1:1 to about a 1.5:1 ratio
      with the chloride anion content thereof.
PAR  After the aforementioned aging treatment, the spheres are washed in any
      suitable manner. A particularly satisfactory method is to wash the spheres
      by percolation, either with an upward or downward flow of water, and
      preferably with water containing a small amount of ammonium hydroxide
      and/or ammonium nitrate. After washing, the spheres may be dried at a
      temperature of from about 200.degree. to about 600.degree. F. for 2 to 24
      hours or more, or dried at this temperature and calcined at a temperature
      of from about 800.degree. to about 1400.degree. F. for 2 to 12 hours or
      more. It is preferred that the spheres be dried slowly and also that the
      drying be effected in a humid atmosphere since this has been found to
      result in less breakage of the spheres.
PAR  Although the present invention is directed to the manufacture of catalysts
      containing a platinum group metal, i.e. platinum, palladium, rhodium,
      ruthenium, osmium and iridium, platinum is a preferred catalyst component.
      Preferably, the calcined spheres are impregnated with from about 0.1 to
      about 1.0 wt. % platinum. The platinum group metal component is
      incorporated in the catalyst composite utilizing impregnating techniques
      known to the art. For example, the calcined spheres are suspended, dipped,
      or otherwise immersed in an aqueous solution of a soluble platinum group
      metal compound. Suitable compounds include platinum chloride,
      chloroplatinic acid, ammonium chloroplatinate, dinitrodiamino platinum,
      palladium chloride, chloropalladic acid, and the like. Utilization of a
      platinum group metal combined with halogen, such as chloroplatinic acid,
      is preferred as it facilitates the incorporation of the platinum group
      metal component as well as a halogen component. Hydrogen chloride is also
      generally added to the impregnating solution to further facilitate the
      incorporation of both the platinum group metal and a halogen component in
      the catalyst composite. The calcined spheres are preferably maintained in
      contact with the impregnating solution at ambient temperature conditions
      for a brief period, preferably for at least about 30 minutes, and the
      impregnating solution thereafter evaporated substantially to dryness. For
      example, a volume of calcined spheres is immersed in a substantially equal
      volume of impregnating solution in a steam jacketed rotary dryer and
      tumbled therein for a brief period at about room temperature. Steam is
      thereafter applied to the dryer jacket to expedite evaporation of the
      impregnating solution and recovery of substantially dry impregnated
      material. Following impregnation, the resulting impregnated material is
      subjected to a high temperature calcination or oxidation technique
      hereinafter described.
PAR  The final catalyst composite generally will be dried at a temperature of
      from about 200.degree. to about 600.degree. F. over a period of from about
      2 to about 24 hours or more, and finally calcined at a temperature of from
      about 700.degree. to about 1100.degree. F. in an oxygen-containing
      atmosphere such as air for a period of from about 0.5 to about 10 hours in
      order to convert metallic components substantially to the oxide form. In
      the case where a halogen component is utilized in the catalyst, best
      results are generally obtained when the halogen content of the catalyst is
      adjusted during the calcination step by including a halogen or a
      halogen-containing compound in the air atmosphere utilized. In particular,
      when the halogen component of a catalyst is chlorine, it is preferred to
      use a mole ratio of H.sub.2 O:HCl of from about 20:1 to about 100:1 during
      at least a portion of the calcination step in order to adjust the final
      chloride content of the catalyst in the range of from about  0.5 to about
      1.2 wt. %.
PAR  Although not essential, it is preferred that the resultant calcined
      catalytic composite be subjected to a substantially water-free reduction
      step prior to its use in the conversion of hydrocarbons. The step is
      designed to insure a uniform and finely divided dispersion of the metallic
      components throughout the catalyst. Preferably, substantially pure and dry
      hydrogen (i.e., less than 20 volume ppm H.sub.2 O) is used as the reducing
      agent in this step. The reducing agent is contacted with the calcined
      catalyst at a temperature of from about 800.degree. to about 1200.degree.
      F. and for a period of from about 0.5 to about 10 hours or more effective
      to substantially reduce both metallic components to their elemental state.
      This reduction treatment may be performed in situ as part of a start-up
      sequence if precautions are taken to predry the plant to a substantially
      water-free state and if substantially water-free hydrogen is used.
PAR  The reduced catalytic composite may, in some cases, be benefically
      subjected to a presulfiding operation designed to incorporate in the
      catalytic composite from about 0.05 to about 0.50 wt. % sulfur.
      Preferably, this presulfiding treatment takes place in the presence of
      hydrogen and a suitable sulfur-containing compound such as hydrogen
      sulfide, lower molecular weight mercaptans, organic sulfides, etc.
      Typically, this procedure comprises treating the reduced catalyst with a
      sulfiding gas such as a mixture of hydrogen and hydrogen sulfide having
      about 10 moles of hydrogen per mole of hydrogen sulfide, at conditions
      sufficient to effect the desired incorporation of sulfur, generally
      including a temperature ranging from about 50.degree. to about
      1100.degree. F. or more. It is generally a good practice to perform this
      presulfiding step under substantially water-free conditions.
PAR  Reforming of gasoline feed stocks in contact with the catalyst of this
      invention as herein contemplated, is suitably effected under an imposed
      pressure of from about 100 to about 1000 psig and at a temperature of from
      about 800.degree. to about 1100.degree. F. The hydrogen rich gas,
      principally a recycle gas comprising in excess of about 80% hydrogen, is
      admixed with the hydrocarbon charge stock to provide a
      hydrogen/hydrocarbon mole ratio of from about 2 to about 20. The
      hydrocarbon charge stock in admixture with hydrogen is generally preheated
      to the desired reaction temperature and passed into contact with the
      catalyst contained in the reaction zone. The hydrocarbon charge stock is
      passed in contact with the catalyst at a liquid hourly space velocity
      (LHSV) of from about 0.5 to about 10, an LHSV of from about 1.0 to about
      4.0 being preferred. The reaction zone effluent is recovered in a high
      pressure -- low temperature receiver or separator whereby a hydrogen-rich
      gaseous phase is separated and recycled, in part, to the reaction zone in
      admixture with the hydrocarbon charge thereto.
PAR  Although the catalyst of this invention is particularly suitable for
      reforming, it may be used to promote other reactions including
      dehydrogenation of specific hydrocarbons or hydrocarbon fractions,
      isomerization of specific hydrocarbons or hydrocarbon fractions,
      destructive hydrogenation or hydrocracking of larger hydrocarbon molecules
      such as those occurring in the kerosine and gas oil boiling range, and the
      oxidation of hydrocarbons to produce first, second, and third stage
      oxidation products. Reaction conditions employed in the various
      hydrocarbon conversion reactions are those heretofore practiced in the
      art. For example, alkyl aromatic isomerization reaction conditions include
      a temperature of from about 32.degree. to about 1000.degree. F., a
      pressure of from about atmospheric to about 1500 psig, a hydrogen to
      hydrocarbon mole ratio of from about 0.5:1 to about 20:1,  and a LHSV of
      from about 0.5 to about 20. Likewise, typical hydrocracking reaction
      conditions include a pressure of from about 500 psig to about 3000 psig, a
      temperature of from about 390.degree. to about 935.degree. F., a LHSV of
      from about 0.1 to about 10, and a hydrogen circulation rate of from about
      1000 to about 10,000 SCF/BBL (standard cubic feet per barrel of charge).
PAR  The following example is presented in illustration of the method of this
      invention and is not intended as an undue limitation on the generally
      broad scope of the invention as set out in the appended claims.
PAC  EXAMPLE
PAR  An amount of stannic chloride, calculated to provide about 0.5 wt. % tin in
      the final catalyst product, is dissolved in an acidic alumina hydrosol
      prepared by digesting aluminum pellets in hydrochloric acid at about
      215.degree. F. while maintaining an excess of the aluminum reactant in the
      reaction mixture. During the digestion process, the reaction mixture is
      stirred until sufficient aluminum is digested to yield a hydrosol
      containing about 14.2 wt. % aluminum in a 1.15:1 atom ratio with the
      chloride anion content thereof. Thereafter, an alumina comprising 75%
      etaalumina and having a surface area of 421 square meters per gram is
      ground to a fine powder and amixed with the hydrosol as an aqueous slurry
      in an amount to provide about 25 wt. % of the final catalyst product. The
      28% aqueous hexamethylenetetramine solution is then admixed with the
      hydrosol and the mixture dispersed as droplets in a hot (194.degree. F.)
      oil bath to form spheroidal gel particles. Sufficient of the
      hexamethylenetetramine solution is employed to provide 125% neutralization
      of the sol chloride upon total decomposition. The spheroidal particles are
      aged overnight in the hot oil bath, washed with dilute ammoniacal
      solution, and oven dried at about 392.degree. F. The dried particles are
      then heated to about 1200.degree. F. and calcined for 2 hours at this
      temperature in air containing about 3% water. About 350 cubic centimeters
      of the calcined spheres are immersed in an equal volume of impregnating
      solution containing 131 cubic centimeters of aqueous chloroplatinic acid
      (10 mg of Pt/cc) and 8.4 cubic centimeters of hydrochloric acid. The
      solution is evaporated to dryness utilizing a rotary steam evaporator, and
      the dried spheres calcined at 300.degree. F. in air for 1 hour and at
      975.degree. F. in air for 1 hour. The calcined particles are then reduced
      by passing a stream of substantially pure hydrogen containing less than
      about 20 volume ppm H.sub.2 O over the particles at a gaseous hourly space
      velocity of about 720 and at a temperature of about 1025.degree. F. for a
      1 hour period. The reduced particles are then sulfided at conditions
      substantially identical to those used in the reduction step utilizing a
      substantially water-free stream of H.sub.2 S and hydrogen in about a 10:1
      mole ratio.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of catalyst manufacture which comprises:
PA1  a. forming a mixture of a finely divided etaalumina, an acidic alumina
      hydrosol, and a tin compound which is soluble therein and thermally
      decomposable to tin oxide, said eta-alumina being admixed with said
      hydrosol and said tin compound in an amount to provide from about 20 to
      about 50 wt. % of the final product;
PA1  b. commingling the mixture with an ammonia precursor at below gelation
      temperature, said ammonia precursor being selected from the group
      consisting of hexamethylenetetramine, urea and mixtures thereof;
PA1  c. dispersing the resultant mixture as droplets in a hot oil bath effecting
      decomposition of said ammonia precursor and the formation of hydrogel
      spheres therein;
PA1  d. aging the spheres at an elevated temperature effecting decomposition of
      the residual ammonia precursor contained therein and promoting the
      formation of crystalline boehmite alumina, washing and drying the aged
      spheres and calcining at 370.degree. - 650.degree. C. to transform
      boehmite alumina into gamma-alumina; and
PA1  e. impregnating the calcined spheres with a platinum group metal acid or
      salt, drying and calcining.
NUM  2.
PAR  2. The method of claim 1 further characterized with respect to step (a) in
      that said acidic alumina hydrosol is an aluminum chloride hydrosol
      containing aluminum in from about a 1:1 to about a 1.5:1 ratio with the
      chloride anion content thereof.
NUM  3.
PAR  3. The method of claim 1 further characterized with respect to step (a) in
      that said tin compound is stannic chloride.
NUM  4.
PAR  4. The method of claim 1 further characterized with respect to step (a) in
      that said tin compound is employed in an amount to provide a final product
      containing from about 0.01 to about 5.0 wt. % tin.
NUM  5.
PAR  5. The method of claim 1 further characterized with respect to step (b) in
      that said ammonia precursor is hexamethylenetetramine utilized in an
      amount to provide substantially complete neutralization of the acid anion
      content of said mixture.
NUM  6.
PAR  6. The method of claim 1 further characterized with respect to step (c) in
      that said hot oil bath is at a temperature of from about 120.degree. to
      about 220.degree. F.
NUM  7.
PAR  7. The method of claim 1 further characterized with respect to step (d) in
      that said spheres are aged at a temperature of from about 120.degree. to
      about 500.degree. F. and at a pressure to maintain the water content
      thereof in a substantially liquid phase.
NUM  8.
PAR  8. The method of claim 1 further characterized with respect to step (e) in
      that said calcined spheres are impregnated with from about 0.1 to about
      1.0 wt. % platinum.
NUM  9.
PAR  9. The method of claim 1 further characterized in that a reducing treatment
      consisting of a reducing agent and a temperature of 800.degree. to
      1200.degree. F for a period of 0.5 to 10 hours follows step (e).
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ABST
PAL  Porous material particularly suitable for selective sorption and retention
      of macromolecules are manufactured by mixing a finely divided inorganic
      material with a fugitive additive, forming into discrete particles and
      heat treating to remove fugitive additive. The fugitive additive is a
      solid which is preferably mixed with the inorganic material after
      dissolving the additive in a solvent which is not a solvent for the
      inorganic material.
PARN
PAR  This is a continuation of application Ser. No. 312,287, filed Dec. 5, 1972,
      now abandoned.
BSUM
PAR  The present invention relates to the separation of molecules from fluid
      substances containing such molecules and finds one application in the
      separation of organic molecules known as macromolecules.
PAR  It is often necessary to separate molecules of a particular substance from
      a mixture of substances, and in fields in which one encounters
      macromolecules (i.e. molecules of high molecular weight, for example
      protein molecules) it is known to carry out separation and fractionation
      of molecules by use of chromatographic techniques. In such techniques
      predetermined molecules are sorbed onto a material which is capable of
      selectively abstracting said molecules from the mixture and later the
      material is treated with eluting agents in order to effect elution of the
      sorbed molecules. The term "sorption" is used in this specification to
      indicate the retention of the molecules by the material and embraces, for
      example, absorption and adsorption (which includes physisorption and
      chemisorption).
PAR  Organic and inorganic materials have been used for the separation of
      macromolecules, but these materials suffer from certain disadvantages.
      Organic materials, such as natural polymers (e.g. cellulose), modified
      natural polymers (e.g. ion-exchange celluloses and cross-linked dextrans),
      and synthetic polymers (e.g. ion-exchange resins and cross-linked
      polyacrylamides) have been used in macromolecular separations. However, in
      order to allow entry of large molecules the pores of the material must be
      large and, as a result of this open structure, the material tends to be
      readily compressible and undergoes swelling and shrinking with changes of
      pH and ionic strength of the media with which the materials are contacted.
      In addition, the natural polymers and the modified natural polymers are
      susceptible to microbiological attack and have limited stability to acids
      and alkalis. In addition, some organic materials also tend to be costly.
      Further it has been found in practice that scale up of operations with
      these materials is difficult because of their poor physical
      characteristics for column operation (i.e. as a bed packed in a column
      apparatus).
PAR  These materials have been used for batch and column fractionation,
      deionization, and to some extent for concentrating macromolecules from
      dilute solution.
PAR  A number of inorganic materials have also been used for separating
      macromolecules; such materials include calcium phosphate, both as crystals
      (hydroxylapatite) and in the form of gels, barium sulphate, porous silica,
      porous glass, aluminium oxide, hydroxide and phosphate as powder and in
      gel form, magnesium pyrophosphate as a gel and zinc oxide powder. Of these
      only calcium phosphate, barium sulphate and alumina gel are used to any
      great extent.
PAR  Hydroxylapatite has been used in the form of crystals but practical
      difficulties arise since small particle sizes are required to give a large
      sorptive area and since the crystals tend to be fragile and break up to
      give "fines". It is found that columns of this material tend to block due
      to the presence of fine material and the column is seldom re-used; the
      material is little used on other than a laboratory scale.
PAR  Barium sulphate has been used for the adsorption of certain clotting
      factors from blood plasma, but the small size of the crystals required to
      give a high adsorptive capacity means that the material is difficult to
      handle and in addition it is found that the material is unsuitable for use
      in columns. The gels mentioned above are difficult to prepare reproducibly
      and cannot be used in columns except when mixed with a filler (e.g.
      cellulose, or kieselguhr) when undesirable, non-specific adsorption
      effects often occur. Porous silica and glass are costly and are used for
      molecular sieving; considerable effort has been devoted to reducing
      adsorption effects in these materials since these effects tend to be
      irreversible and/or lead to loss of biological activity.
PAR  Ideally, materials for separating macromolecules should be stable to
      pressure, temperature and chemical reagents (including aqueous solutions)
      and should cause minimal damage to the macromolecules with which they are
      contacted.
PAR  To summarise, materials previously used in the separation of macromolecules
      from substances containing such macromolecules have suffered from
      practical disadvantages arising out of their physical properties.
PAR  According to one aspect of the present invention, a method for producing an
      inorganic material having interconnected porosity throughout the material
      for the selective retention of predetermined molecules from a fluid
      substance containing the molecules includes the steps of mixing a finely
      divided, substantially insoluble, sorptive, inorganic material, capable of
      sorbing the molecules, with a solid fugitive additive to form a mixture,
      including in the mixture a solvent to dissolve fugitive additive in the
      solvent, the inorganic material being substantially insoluble in the
      solvent, forming discrete particles from the mixture, and heating the
      particles to remove solvent and fugitive additive to produce discrete
      particles of the inorganic material having an interconnected pore
      structure throughout the discrete particles providing an extended surface
      area, the pore size being such as will allow the predetermined molecules
      in the fluid substance to permeate the inorganic particles and be sorbed,
      the inorganic material being substantially unaffected by the heating
      utilized to effect removal of solvent and fugitive additive.
PAR  In a preferred embodiment of the invention, the substantially insoluble,
      sorptive, inorganic material is also mixed with a binding agent in
      addition to a fugitive additive.
PAR  "Sorptive" as used herein with reference to a material from which particles
      may be formed means that the material either is of its nature sorptive, or
      may be treated to make it sorptive.
PAR  The term "substantially insoluble" as used herein means that the material
      is substantially insoluble in the substance containing the molecules and
      in eluting agents used to recover the molecules from the material.
PAR  According to another aspect of the present invention, a material for the
      selective retention of predetermined molecules from a fluid substance
      containing said molecules comprises discrete particles formed from
      substantially insoluble, sorptive, inorganic material capable of sorbing
      the molecules, said particles having a pore structure such as will allow
      the predetermined molecules to permeate the particles to be sorbed.
PAR  Preferably the particles according to the present invention are
      substantially spherical in shape and are of a size convenient for use in
      chromatographic operations (typically 50-600 .mu. diameter) in which case
      they can be easily handled, and tend not to produce "fines", thus, in one
      application, they present less difficulty from the point of view of
      blocking when used in a column apparatus. (For some applications a size of
      2 .mu. could be useful and in others a size of 1 mm may be preferred). At
      the same time the particles have a useful sorptive capacity due to their
      porous structure (interconnected porosity). The particles have good column
      properties, tend to be mechanically strong and tend to settle rapidly to
      form well-packed column beds which can be pumped at high flow rates. The
      particles can also be used in batchwise and in fluidised bed processes.
PAR  It is to be understood that in materials according to the immediately
      preceding aspect of the invention it is substantially the sorptive
      properties of the material which is being utilised to select the
      molecules. Furthermore it is believed that in certain instances separation
      can be achieved by further specific interactions between the material and
      the sorbed molecules. This may be achieved, for example by appropriate
      selection of the sorbent materials or by additions thereto to promote the
      specific interactions, e.g. metal-macromolecule interactions.
PAR  It is also possible to control the formation of the pore structure of the
      particles such that molecules being larger than a predetermined size are
      excluded from entering the particles.
PAR  Thus, according to a further aspect of the present invention a material for
      the selective retention of predetermined molecules from a fluid substance
      containing said molecules comprises discrete particles formed from
      substantially insoluble sorptive inorganic material capable of sorbing the
      molecules, said particles having a pore structure such as will act in the
      manner of a molecular sieve so that molecules being larger than a
      predetermined size are prevented from permeating the particles to be
      sorbed whilst molecules being smaller than the predetermined size may
      permeate the particles to be sorbed.
PAR  It is to be understood that in materials according to the immediately
      preceding aspect of the invention both the sorptive and molecular sieve
      properties of the material are being utilised to give enhanced resolution
      to the molecular separation.
PAR  The pore structure of the particles and thus the size of molecules excluded
      or allowed to permeate can be varied by incorporating appropriate fugitive
      additives at the manufacturing stage.
PAR  When the porous particles are used in the separation of molecules the
      molecules sorbed by the porous particles may be subsequently recovered
      therefrom by contacting the porous particles with an eluting agent. In the
      case where several species of molecules are sorbed from the fluid
      substance, by eluting with different eluting agents, or by otherwise
      altering eluting conditions, the sorbed species may be fractionated.
PAR  It is to be understood that it is possible to arrange for the material to
      sorb unwanted species of molecules from a mixture of wanted and unwanted
      species, in which case the wanted species will pass through the material
      and thus be recovered from the mixture.
PAR  A range of materials have been prepared in accordance with the present
      invention. Particles of substantially spherical shape have been prepared
      in the 50-600 .mu. size range from titanium dioxide (TiO.sub.2), aluminium
      oxide (Al.sub.2 O.sub.3), calcium phosphate, barium sulphate (BaSO.sub.4)
      zirconium oxide and calcium sulphate. In addition particles have been
      formed from celite, a natural earth.
PAR  Pore sizes varied and between 80% and 87% of the pores were between 1000 A
      and 10,000 A (determined by mercury porosimetry, a standard technique). It
      is believed that pore sizes in the range 50 A and upwards should be
      suitable but it is to be noted that pore shape is important and the
      mercury technique yields only pore entrance diameters.
PAR  Unexpectedly, the pore size required for successful sorbtion of a molecule,
      is much greater than the size of the molecule to be sorbed. For example,
      albumin (150 A .times. 38 A) was not sorbed by a porous structure with
      about 80% of the pore between 1,000 and 4,300 A, but was sorbed by a
      porous structure with 60% of the pore between 2,700 and 10,000 A.
PAR  The fugitive additives used to generate porosity included ammonium
      carbonate, haemoglobin and polyvinyl alcohol (PVA), which led to products
      with consistent molecular exclusion limits. Other fugitive additives may
      be used to generate porosity, for example dextran, urea, bovine serum
      albumin and ovalbumin. In all the examples including TiO.sub.2, calcium
      phosphate and Al.sub.2 O.sub.3, the use of ammonium carbonate as fugitive
      additive resulted in materials which excluded lower molecular weight
      proteins than materials with haemoglobin as fugitive additive. Also, low
      molecular weight PVA yielded materials with lower molecular exclusion
      limits than high molecular weight PVA.
PAR  Temperatures which have been used in the production of materials are, for
      TiO.sub.2 900.degree. C, for Al.sub.2 O.sub.3 600.degree.-1200.degree. C,
      for BaSO.sub.4 1200.degree.-1400.degree. C, and for calcium phosphate
      1100.degree. C. All materials were heated in air or O.sub.2 and at
      atmospheric pressure. However, an inert atmosphere or a vacuum may be
      used.
PAR  To investigate the influence of heat treating conditions on the particle
      product, samples of "green" hydroxylapatite spheres were treated at
      elevated temperatures for different times and at different temperatures.
      The sorptive capacities of the treated spheres were then tested with
      haemoglobin as a "molecular proble".
PAR  A treatment temperature of 800.degree. C for 1 hour gave material with the
      highest sorptive capacity, the capacity decreasing moderately with
      increases in temperature and treatment time.
PAR  Below 700.degree. C, the material had a grey appearance, which incidated
      the presence of unremoved carbon.
PAR  In another investigation, scanning electron microscope studies showed that
      the particles produced by the orbital spherodisation route (see
      hereinafter) had surface porosity and particles that were sectioned showed
      that porosity extended throughout the particle.
PAR  There was reasonable agreement between the pore size distribution and that
      measured by B.E.T. and mercury porosimetry techniques.
DETD
PAR  The invention is further illustrated by the following specific examples
      which relate to the preparation of materials of the present invention.
PAC  EXAMPLE 1
PAR  Fine particle TiO.sub.2 (&lt;10.mu.) was first prepared by filtering a
      suspension of TiO.sub.2 in water. The basic orbital spheroidisation
      procedure was as described in British Pat. Specification Nos. 992,237 and
      1,033,143 but modified as will be apparent from the following discussion.
      500 g of the TiO.sub.2 were mixed with a saturated solution containing 100
      g ammonium carbonate and with 25 g of glycerol in 100 ml of water to make
      a slurry. This was allowed to dry slowly and was then passed through a 50
      .mu. nylon sieve.
PAR  A similar quantity of TiO.sub.2 was mixed with 100 g ammonium carbonate,
      but only 12.5% of glycerol. This was treated similarly.
PAR  The mixture with higher glycerol content was first spheroidised, by orbital
      spheroidisation, to the "caviar" stage, but as interest was in smaller
      particle sizes, these were only visible microscopically. When this
      occurred smaller quantities of the second mixture were gradually added, to
      yield green spheres of particle size 50.mu. - 500.mu.. These were sieved
      giving various cuts of different size range.
PAR  These separated green spheres were then heated at 900.degree. C in air for
      2 hours and yielded reasonably hard porous spheres which liberated only
      traces of free oxide on agitation in water and when used in columns, no
      fine material was detectable in the eluates either visibly or by UV
      absorption. They were stable to treatment with citrate, phosphate and
      pyrophosphate buffers, to 0.1M NaOH and 1N HCl. This material excluded all
      but the smallest proteins when tested.
PAC  EXAMPLE 2
PAR  500 g TiO.sub.2 were ball milled with 40 g of haemoglobin (scale) for 2
      hours. 120 g of this mixture was mixed with a solution containing 6 g
      glycerol in 60 ml water. Because of the larger crystallite size of the
      TiO.sub.2, this produced smooth aggregates on spheroidisation after drying
      and passing through a 50 .mu. sieve. The green particles which were mainly
      200-300 .mu. in size, were heated at 900.degree. C for 2 hours in air and
      yielded aggregates with the same physical properties as Example 1, with
      the exception that the spectrum of sorbance of proteins was completely
      different. This material sorbed most of the proteins tested.
PAC  EXAMPLE 3
PAR  1 kg TiO.sub.2 was slurried with 200 g PVA (Mol Wt 125,000) in 2 liters
      H.sub.2 O. On drying, this yielded a very hard resilient solid which was
      milled (ground) to give aggregates and produced 500 g of particles
      (100.mu. - 500.mu.). These were heated at 900.degree. C for 1 hour in air.
      This material appeared to present an open structure to most proteins
      tested and had a capacity similar to Example 2.
PAC  EXAMPLE 4
PAR  200 g of calcium phosphate (Ca.sub.3 (PO.sub.4).sub.2) were slurried with
      30 g ammonium carbonate and 10 g glycerol dissolved in 165 ml water. A
      similar slurry containing only 5 g glycerol was also prepared.
PAR  The first slurry was spheroidised, after drying and passing through a 50
      .mu. sieve, to the "caviar" stage and small quantities of the second mix
      were added subsequently. This produced green spheres of between 1000.mu. -
      250.mu., which were heated at 1100.degree. C for 1 hour, in air. This
      material presented an open structure to most proteins but there was also
      frontal elution. It was stable to phosphate buffers and to 0.1M NaOH (but
      not to pyrophosphate); X-ray diffraction patterns showed this material to
      be mainly hydroxylapatite.
PAC  EXAMPLE 5
PAR  200 g Ca.sub.3 (PO.sub.4).sub.2) were slurried with 40 g haemoglobin and 20
      g glycerol in 100 ml H.sub.2 O, the mixture was dried and was passed
      through 200 .mu. sieve. 200.mu. - 150.mu. particles were collected and
      heated at 1100.degree. C for 1 hour. This gave an open structured material
      which behaved substantially similarly to commercially available
      hydroxylapatite. (Bio-rad, Registered Trade Mark).
PAC  EXAMPLE 6
PAR  200 g of barium sulphate (BaSO.sub.4) (Barium Meal grade B.P.) were
      slurried with 20 g ammonium carbonate and 10 g glycerol dissolved
      previously in 150 ml H.sub.2 O. A similar mix was prepared containing only
      5 g glycerol. Both mixes were allowed to dry and were then sieved through
      a 50 .mu. mesh. The first mixture was then spheroidised to the "caviar"
      stage and spheres built up with the gradual addition of the second mix.
      Good spheres were formed in the range 200.mu. - 500.mu. and these were
      heated at 1300.degree. C for 1 hour to yield spheres which were stable to
      buffers and 0.1M NaOH.
PAC  EXAMPLE 7
PAR  600 g of aluminium oxide (Al.sub.2 O.sub.3) were slurried with 120 g
      ammonium carbonate and 60 g glycerol in 60 ml water and allowed to dry.
      This mixture was passed through a 50 .mu. sieve and spheroidisation was
      performed. It yielded a quantity of smooth aggregates in the range 100.mu.
      - 200.mu., which were heated at 1200.degree. C for 2 hours. The material
      was stable to phosphate and pyrophosphate buffers and to 0.1M sodium
      hydroxide. An ammonium sulphate fraction from horse muscle extract
      chromatographed with a stepwise buffer elution programme on columns of
      this material yielded a number of well separated peaks.
PAC  EXAMPLE 8
PAR  125 g of haemoglobin and 100 g of glycerol were dissolved in 500 ml of
      water. The solution was then added with continuous mixing to 500 g of
      celite, a natural earth. (The celite used was "celite 545" available from
      Koch Light Laboratories).
PAR  The resulting mixture was then dried overnight in an oven at 70.degree. C
      and subsequently passed through a 200 .mu. mesh sieve and spheroised to
      give a spheroidal material.
PAR  Spheroids of 200 .mu. were separated from the bulk material and were heated
      at 900.degree. C for 1 hour. Scanning electron micrography showed the
      spheroids to have interconnected pores and clearly showed them to be
      composed of the very characteristic perforated diatomaceous earth
      platelets.
PAC  EXAMPLE 9
PAR  A slurry was made of 1000 g Ca.sub. 3 (PO.sub.4).sub.2 and 200 g
      haemoglobin (which had previously been dissolved in 750 ml of water). The
      volume of the slurry was adjusted to 3 liters.
PAR  The slurry was fed into a spray-drying apparatus wherein spheres were
      formed. The spheres were separated according to size with a fluid bed
      compressed air system. The larger size fraction of material was heated for
      1 hour at 900.degree. C.
PAR  The uniform spheres were found to have a comparable protein sorption
      capacity to material produced using orbital spheroidisation as in
      preceding examples.
PAR  Mercury porosimetry data for (a) TiO.sub.2 particles produced using
      ammonium carbonate as the fugative additive and for (b) TiO.sub.2
      particles produced using haemoglobin as the fugative additive reveals that
      for (a) approximately 80% of the pores had a size in the range 0.45 - 0.1
      .mu., and that for (b) approximately 80% of the pores had a size in the
      range 2.4 - 0.1 .mu..
PAR  It will be apparent from the foregoing examples that the solvent can be
      utilized in various ways. For example, the solvent can be added after
      mixing the inorganic material and fugitive additive in a dry state (as in
      Example 2). Another and preferred technique is to dissolve the fugitive
      additive in the solvent before mixing the fugitive additive with the
      inorganic material (as in Examples 1 and 3-9).
PAR  The invention is further illustrated by reference to results of experiments
      and examples of separations that have been effected using the materials of
      the present invention.
PAR  Commercially available single purified macromolecules have been sorbed and
      eluted. These include serum albumin, .gamma.-globulin, haemoglobin,
      lyzozyme, ribonuclease, phosphoglycerate kinase, lactate dehydrogenase,
      cytochrome c, urease, ovalbumin, myoglobin, thymus DNA, yeast RNA.
      Mixtures of purified proteins (e.g. ovalbumin, cytochrome c and
      .gamma.-globulin), muscle extracts, and blood serum, have been
      chromatographed. The three proteins, bovine serum albumin,
      .gamma.-globulin and cytochrome c, have been separated individually from a
      synthetic mixture thereof. Separations have been carried out at
      temperatures between 2.degree. C and room temperature (say 25.degree. C),
      and at atmospheric pressures. The materials have been used in glass
      columns with bed dimensions up to 1 cm diameter and 50 cm length, but
      larger columns may be used for larger scale operations.
PAR  Flow rates up to 500 ml/hr have been used with 1 .times. 50 cm columns (660
      ml/cm.sup.2 /hr or 10 bed volumes/hr) and separations have been carried
      out at pH's between 3 and 10. The optimum pH of sorption depends on the
      surface properties of the protein, its stability at the pH values being
      used and the nature of the particular sorbent material. Sorption on oxides
      may take place over a wide range of pH values since sorbent material and
      protein are amphoteric, but this may not be as marked with insoluble
      salts.
PAR  In most cases the macromolecules were dissolved in solutions containing
      buffers to maintain the optimum pH; EDTA may be incorporated to stabilise
      enzymes in the case of some sorbent oxides. It should be noted that in the
      case of oxides particularly, sorption is not inhibited by salts such as
      NaCl (M) nor by (NH.sub.4).sub.2 SO.sub.4 (0.3M). Rapid sorption from
      dilute (0.1 mg/ml) solution has been observed using columns of sorbent.
      Thus, since macromolecule-containing substances often contain salts such
      as sodium chloride and ammonium sulphate from previous separation steps,
      inorganic materials have advantages over organic ion exchange materials
      since the former material will operate without the need to remove these
      salts whereas the latter material often will not.
PAR  Calcium phosphate has been regenerated by elution with 400 mM phosphate
      solution and 0.1N NaOH solution, as has barium sulphate. Oxides have been
      regenerated with 400 mM phosphate, 100 mM pyrophosphate and 0.1N sodium
      hydroxide. Unlike organic materials, thorough cleaning of inorganic
      materials, when necessary, can be achieved by reheating at elevated
      temperatures 100.degree.-1400.degree. C depending on the material,
      generally in air at atmospheric pressure.
PAR  It has been found that macromolecules may be eluted from calcium phsophate
      and barium sulphate with phosphate buffers of varying ionic strengths. For
      oxides, citrate, phosphate and pyrophosphate have been used either as
      gradients or as discrete steps.
PAR  Chromatograms of bovine serum albumin have been obtained using calcium
      phosphate particles, and it was found possible to exclude bovine serum
      albumin from sorption by use of particles having small pores.
PAR  Of the proteins tested little or no elution from titania was achieved with
      sodium chloride concentrations as high as 1M, however proteins were eluted
      with citrate, phosphate and pyrophosphate solutions.
PAR  In the situation where the molecules sorbed by the particles are present as
      an impurity in a substance (e.g. antigenic proteins in a vaccine), the
      sorbed molecules need not be eluted by use of an eluting agent, because
      since the impurity constitutes an unwanted product the particles may to
      heated to burn out the impurity molecules and leave the particles ready
      for re-use. Alternatively the sorbed molecules can be removed with strong
      acid or alkali, depending on the material of the particles. It is to be
      understood that the particles are substantially resistant to
      micro-biological attack and therefore the "useful life" of the particles
      is not limited by contact with microorganisms.
PAR  Some examples of separations according to the present invention are given
      below.
PAC  EXAMPLE 10
PAR  This example demonstrates the separation of macromolecules.
PAR  Open pore titanium dioxide particles were suspended in 5 mM phosphate
      buffer at pH 8.0, the particles were washed several times with the same
      buffer and fines were decanted. They were then poured into a 1 .times. 50
      cm glass column fitted with a frit. The above buffer was pumped through
      the column, which was then subjected to a whole elution and regeneration
      cycle before loading with macromolecular material. A sample of
      macromolecules dissolved in the above buffer was loaded onto the column
      and the column was then treated with a series of buffers automatically
      distributed by means of a programmed multichannel valve apparatus.
      (Described in the specification of British Pat. No. 1,172,356). The eluate
      was monitored by U.V. absorption with a flow through detector and was
      collected in a fraction collector.
PAR  An ammonium sulphate fraction from horse muscle was fractionated to give a
      number of discrete protein-containing peaks. The peaks containing
      phosphoglycerate kinase were plotted and it was found that approximately
      70% of the enzymic activity had been recovered.
PAC  EXAMPLE 11
PAR  This example demonstrates the concentration of a protein from dilute
      solution.
PAR  A column was prepared as in Example 10. A solution containing proteins in
      dilute solution (e.g. 0.1 mg/ml and pH.about. 8, 0.01M ammonium acetate)
      was pumped through the column (e.g. 1 .times. 50 cm) at 600 ml/cm.sup.2
      /hr, the eluate being monitored continuously as in Example 10. When
      protein appeared in the eluate, the feed was stopped, 0.1M sodium
      pyrophosphate was pumped through the column and UV absorbing material was
      collected and pooled and assayed for phosphoglycerate kinase activity.
      Concentration factors of up to 40 were achieved. Good sorption of enzymic
      activity was achieved at this high flow-rate together with acceptable
      recovery of enzymic acitivity (.about.70%). It was found that the sorbed
      molecules could be fractionated as in Example 10. Separation and
      fractionation results similar to those described in Examples 10 and 11
      have been obtained with several oxides.
PAR  In elution experiments similar elution curves have been obtained with
      commercially available hydroxylapatite and the material of the present
      invention. It has also been found that reproducible chromatograms can be
      obtained over an extended period of time by successive regeneration of the
      column material in situ. For example, hydroxylapatite may be used in the
      separations of bovine serum albumin by using eluents of different
      phosphate concentrations in an automatic system. In this instance the
      hydroxylapatite may be regenerated by washing with alkali to remove the
      sorbed protein, and re-equilibration can be readily achieved using a low
      molarity phosphate.
PAR  TiO.sub.2 and Al.sub.2 O.sub.3 appear to be "complementary" with regard to
      macromaleable separations.
PAR  Thus, proteins such as albumin, for example are not sorbed readily in
      TiO.sub.2 but are sorbed more readily on Al.sub.2 O.sub.3. The converse
      situation is true for .gamma. -globulin for example.
PAR  The foregoing description relates to particles composed of a single
      material, however, it is believed that particles, which can be used for
      the selective retention of molecules, can be formed by surrounding a
      sorptive core or kernel with a porous material, said porous material being
      arranged to act in the manner of a molecular sieve.
PAR  The following list gives examples of applications of the present invention:
PA0  a. Fractionation of proteins, including enzymes and antigens.
PA0  b. Fractionation of nucleotides and polynucleotides.
PA0  c. Separation of proteins from polynucleotides.
PA0  d. Separation of macromolecules from small molecules (e.g. antigenic
      protein from antibiotics).
PA0  e. Concentration of macromolecules from dilute solution (e.g. from culture
      filtrates of bacteria; from effluents such as milk whey).
PA0  f. Vaccine purification (antigenic proteins from virus preparations).
PA0  g. Purification and separation of carbohydrates.
PA0  h. As solid supports for enzymes and immunoadsorbents.  For example, a bed
      of biologically active material can be prepared by sorbing an enzyme onto
      particles contained in a column. The enzyme remains substantially active
      in the bed in a number of cases and can be removed after use by washing
      with pyrophosphate, alkali or by heating, thus regenerating the bed for
      use.
PAR  It will be appreciated that if a molecule will not interact with the
      materials of the present invention to be sorbed (e.g. if the molecule has
      similar surface charges to the material at the pH used, or the molecule is
      uncharged) then separation may still occur by a "molecular sieve" action
      on the materials.
PAR  It will further be appreciated that whilst the foregoing examples are
      concerned predominantly with the separation of macromolecules, the
      materials according to the present invention may be used for the
      separation of other molecules which can be sorbed thereon.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for producing an inorganic material having interconnected
      porosity throughout the material for the selective retention of
      predetermined molecules from a fluid substance containing said molecules
      including the steps of: mixing a finely divided, substantially insoluble,
      sorptive, inorganic material, capable of sorbing the molecules, with a
      solid fugitive additive to form a mixture, including in the mixture a
      solvent to dissolve fugitive additive in the solvent, said inorganic
      material being substantially insoluble in said solvent, forming discrete
      particles from the mixture, and heating the particles to remove solvent
      and fugitive additive to produce discrete particles of said inorganic
      material having an interconnected pore structure throughout said discrete
      particles providing an extended surface area, the pore size being such as
      will allow said predetermined molecules in said fluid substance to
      permeate the inorganic particles and be sorbed, said inorganic material
      being substantially unaffected by said heating utilized to effect removal
      of solvent and fugitive additive.
NUM  2.
PAR  2. A method for producing a material for the selective retention of
      predetermined molecules from a fluid substance containing said molecules
      according to claim 1, wherein a binding agent is included in the mixture.
NUM  3.
PAR  3. A method according to claim 1, wherein the fugitive additive is selected
      from the group consisting of ammonium carbonate, haemoglobin, dextran,
      polyvinyl alcohol, urea, bovine serum albumin and ovalbumin.
NUM  4.
PAR  4. A method according to claim 2, wherein the fugitive additive is selected
      from the group consisting of ammonium carbonate, haemoglobin, dextran,
      polyvinyl alcohol, urea, bovine serum albumin and ovalbumin.
NUM  5.
PAR  5. A method according to claim 1, wherein the finely divided, substantially
      insoluble, sorptive, inorganic material is selected from the group
      consisting of titanium dioxide, aluminum oxide, barium sulphate, calcium
      phosphate, zirconium oxide and calcium sulphate.
NUM  6.
PAR  6. A method according to claim 2, wherein the finely divided, substantially
      insoluble, sorptive, inorganic material is selected from the group
      consisting of titanium dioxide, aluminium oxide, barium sulphate, calcium
      phosphate, zirconium oxide and calcium sulphate.
NUM  7.
PAR  7. A method according to claim 1, wherein the finely divided, substantially
      insoluble, sorptive, inorganic material is a natural earth.
NUM  8.
PAR  8. A method according to claim 2, wherein the finely divided, substantially
      insoluble, sorptive, inorganic material is a natural earth.
NUM  9.
PAR  9. A method according to claim 1, wherein the particles produced are
      substantially spherical in shape.
NUM  10.
PAR  10. A method according to claim 1, wherein the particles produced have a
      size in the range 50-600 .mu. diameter.
NUM  11.
PAR  11. An inorganic material having interconnected porosity throughout the
      material for the selective retention of predetermined molecules from a
      fluid substance, said inorganic material being made by the process of
      claim 1.
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BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the fields of new chemicals and odorant
      compositions.
PAC  SUMMARY OF THE INVENTION
PAR  The hydroazulenones provided by the present invention have the following
      general formula
      ##SPC1##
PA1  , wherein R.sup.1 and R.sup.2 each independently represent a hydrogen atom
      or a lower alkyl group and one of the two broken lines represents an
      additional bond.
PAR  Examples of hydroazulenones falling within formula I are
      1-isopropyl-3a-methyl-1,2,3,3 a,6,7,8,8a octahydroazulen-6-one and
      1-isopropyl-3a-methyl-2,3,3 a,4,5,6,7,8,-octahydroazulen-6--one.
PAR  The term "lower alkyl" as used in this description and in the accompanying
      claims means straight-chain and branched-chain groups containing 1-6
      carbon atoms (e.g. methyl, ethyl, propyl, isopropyl and tertbutyl). A
      preferred lower alkyl group is the methyl group.
PAR  According to the process provided by this invention, the hydroazulenones of
      formula I are manufactured by cyclising a cyclopentene derivative of the
      general formula
      ##SPC2##
PA1  , wherein R.sup.1 and R.sup.2 have the significance given earlier,
PAL  In an organic solvent in the presence of a Lewis acid.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Suitable Lewis acids which can be used are the usual halides, preferably
      tin tetrachloride and titanium tetrachloride. Examples of inert organic
      solvents in which the cyclisation can be carried out are dioxane, diethyl
      ether, benzene, toluene and nitromethane. Depending on the solvent, the
      cyclisation can be carried out within a wide temperature range between
      -40.degree.C and the reflux temperature of the mixture, preferably between
      0.degree.C and room temperature.
PAR  The working up of the cyclisation mixture and the isolation and
      purification of the hydroazulenones of formula I can be carried out
      according to known methods. The purification is preferably carried out by
      chromatography on silica gel, but it can also be carried out by
      distillation.
PAR  The cyclopentene derivatives of formula II can be prepared by oxidizing a
      compound of the general formula
      ##SPC3##
PA1  Wherein R.sup.1 and R.sup.2 have the significance given earlier.
PAR  The oxidation can be carried out in a manner known per se according to
      methods which are generally known for the oxidation of allylic hydroxy
      groups. Examples of oxidising agents which can be used are chromic acid
      (in its various forms such as, for example, Jones reagent), activated
      manganese dioxide, SO.sub.3 (preferably as the pyridine complex in the
      presence of dimethyl sulphoxide and triethylamine), silver oxide or silver
      carbonate in the presence of diatomaceous earth. The working up of the
      oxidation mixture as well as the purification of the hydroazulenones of
      formula I can be carried out according to customary methods.
PAR  The compounds of formula III can be prepared in a manner known per se from
      a compound of the general formula
      ##SPC4##
PA1  , wherein R.sup.1 has the significance given earlier,
PAL  by reaction with an organometallic compound, especially with an alkali
      metal acetylide or with a Grignard compound of the general formula
      ##EQU1##
      wherein R.sup.2 has the significance given earlier and Hal represents a
      chlorine or bromine atom.
PAR  When a compound of formula IV is reacted with an acetylide it is necessary
      to catalytically partially hydrogenate the initially obtained compound of
      the general formula
      ##SPC5##
PA1  , wherein R.sup.1 has the significance given earlier,
PAL  in a manner known per se; for example, in the presence of a Lindlar
      catalyst (Pd/CaCO.sub.3 deactivated with PbO).
PAR  Insofar as they are not known, the compounds of formula IV can be prepared,
      for example, by reacting
      3-isopropenyl-1-methyl-2-methylene-cyclopentan-1-ol with a vinyl ether of
      the general formula
      ##EQU2##
      , wherein R.sup.1 has the significance given earlier and R represents an
      alkyl group,
PAL  and hydrogenating a resulting 3-isopropenyl-cyclopentene of the general
      formula
      ##SPC6##
PA1  , wherein R.sup.1 has the significance given earlier,
PAL  in a known manner to give the corresponding 3-isopropyl compound.
PAR  The hydroazulenones of formula I possess particular fragrance properties,
      especially in the foreground is a woody basic note. They can accordingly
      be used as odorants in perfumery; for example, in the manufacture or for
      the modification of the fragrance of odorant compositions such as
      perfumes, perfume bases, etc. by addition of olfactory perceptible amounts
      (e.g. 0.1-10 wt %) to mixtures of known odorants. The hydroazulenones can
      be used alone or in the form of odorant compositions for the perfuming of
      technical and cosmetic products of all types; for example, of solid and
      liquid detergents, synthetic washing agents, aerosols, soaps, creams,
      lotions, etc. in concentrations of, for example, about 0.001-0.1 %. They
      can also be used as starting materials for the manufacture of other
      odorants.
PAR  The following Examples illustrate the process provided by the present
      invention:
PAC  EXAMPLE 1
PAR  A solution of 1.24 g of
      3-isopropyl-1-methyl-2-(3-oxo-4-pentenyl)-1-cyclopentene in 60 ml of
      absolute benzene and 15 ml of absolute ether was treated with 18 ml of a
      0.5-M benzene solution of tin tetrachloride with vigorous stirring at
      0.degree.C during 30 minutes. The mixture was stirred for a further 30
      minutes at 0.degree.C and for 1.5 hours at room temperature and then
      poured into an ice-cold 2-N soda solution covered with ether. By thorough
      extraction with ether and working up of the extract in the usual manner,
      there were obtained 1.1 g of an oily crude product which, after
      distillation under reduced pressure, yielded 0.5 g of
      1-isopropyl-3a-methyl-1,2,3,3 a,6,7,8,8a-octahydroazulen-6-one (mixture of
      two isomers); b.p..sub. 0.005 = 80.degree.C;
PA0  uv (cyclohexane): .lambda..sub.max = 228 nm (.epsilon. = 9400);
PA0  Ir (film):.nu. = 1680, 1615, 1470/50, 1420, 1390/80/70, 1260, 1230, 1180,
      1150, 1130, 1110, 900, 850 and 770/60 cm.sup.-.sup.1.
PAL  The compound has a woody, earthy, patchouli odour.
PAR  The starting material was prepared as follows:
PAR  A solution of 2.1 g of
      2-(3-hydroxy-4-pentenyl)-3-isopropyl-1-methyl-1-cyclopentene in 100 ml of
      acetone was treated with 4 ml of Jones reagent at -10.degree.C. After 2
      minutes, the solution was poured into an ice-cold 2-N soda solution and
      the mixture extracted with ether. The extract was worked up in the usual
      manner and yielded 2 g of a yellowish oil which, after distillation under
      reduced pressure, gave 1.6 g of pure
      3-isopropyl-1-methyl-2-(3-oxo-4-pentenyl)-1-cyclopentene; b.p..sub.0.01 =
      65.degree.C;
PA0  ir (film):.nu. = 1700/1685, 1620, 1470, 1402, 1385, 1365, 1185, 1100, 990,
      965 cm.sup.-.sup.1.
PAC  EXAMPLE 2
PAR  A solution of 1.3 g of
      3-isopropyl-1-methyl-2-(4-methyl-3-oxo-4-pentenyl)-1-cyclopentene in 40 ml
      of absolute nitromethane and 8 ml of absolute ether was treated at
      -25.degree.C with 13.5 ml of a 0.5-M solution of tin tetrachloride in
      nitromethane. After stirring for 1.5 hours at -15.degree.C, the mixture
      was poured into an excess of cold soda solution and worked up in the usual
      manner. The oily crude product was distilled under reduced pressure, there
      being obtained a 1:1 mixture of
      1-isopropyl-3a,5-dimethyl-1,2,3,3a,6,7,8,8a-octahydroazulen-6-one
      (Component A) and
      1-isopropyl-3a,5-dimethyl-2,3,3a,4,5,6,7,8-octahydroazulen-6-one
      (Component B); b.p..sub.0.005 = 80.degree.C. The mixture could be
      separated into the individual components by chromatography on silica gel.
PAR  Component A (of isomer mixture):
PA0  Uv (cyclohexane):.lambda..sub.max = 239 nm (.epsilon. = 9000);
PA0  Ir (film):.nu. = 1675, 1640, 1470/50, 1380/70, 1190, 1095, 1040, 920 and
      900 cm.sup.-.sup.1.
PAL  Odour: camphoraceous, woody, cedar-like, sweet honey nots,
PAR  Component B (of isomer mixture):
PA0  Ir (film).nu. = 1710, 1460, 1375/60, 1335/05, 1205, 1150, 1130, 1110, 1100,
      1075, 1025, 990, 970, 940, 920, 900, 860 and 810 cm.sup.-.sup.1.
PAL  Odour: woody flowery, slightly camphoraceous, tobacco-like.
PAR  The starting material was prepared in a manner analogous to that described
      in Example 1 from
      2-(3-hydroxy-4-methyl-4-pentenyl)-3-isopropyl-1-methyl-1-cyclopentene;
      b.p..sub.0.01 = 80.degree.C;
PA0  uv (cyclohexane):.lambda. .sub.max = 214 nm (.epsilon. = 9000);
PA0  Ir (film):.nu. = 1680, 1635, 1465/55, 1385, 1365, 1090, 935 cm.sup.-.sup.1.
PAR  The following Example illustrates an odorant composition containing a
      hydroazulenone provided by the present invention:
PAC  EXAMPLE A
PAR  Odorant composition containing
      1-isopropyl-3a-methyl-1,2,3,3a,6,7,8,8a-octahydroazulen-6-one.
TBL  ______________________________________                                    
                             Parts by weight                                   
     Phenylethyl alcohol     200                                               
     Citronellol             100                                               
     Geraniol                75                                                
     .alpha.-Ionone          25                                                
     Phenylethyl acetate     15                                                
     Linalool                50                                                
     Hydroxycitronellal      25                                                
     Benzyl acetate          10                                                
     Rosewood oil Brazilian  25                                                
     Geranium oil            25                                                
     Cinnamic alcohol        30                                                
     Bergamot oil            70                                                
     Lavender oil Mt. Blanc  250                                               
     1-Isopropyl-3a-methyl-1,2,3,3a,6,7,8,8a-                                  
     octahydroazulen-6-one   100                                               
                             1000                                              
     ______________________________________                                    
PAR  By the addition of the hydroazulenone, the composition has a fuller and
      more vivid effect. The background odour is somewhat reminiscent of
      withered rose-blossoms.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An odorant composition which contains as an essential odor-imparting
      ingredient an hydroazulenone having the formula:
      ##SPC7##
PA1  ,wherein R.sup.1 and R.sup.2 each independently represent a hydrogen atom
      or a lower alkyl group and one of the two broken lines represents an
      additional bond.
NUM  2.
PAR  2. An odorant compositions which contains as an essential odor-imparting
      ingredient an hydroazulenone having the formula:
      1-isopropyl-3a-methyl-1,2,3,3a,6,7,8,8a-octahydroazulen-6-one.
NUM  3.
PAR  3. An odorant composition which contains as an essential odor-imparting
      ingredient an hydroazulenone having the formula:
      1-isopropyl-3a,5-dimethyl-1,2,3,3a,6,7,8,8a-octahydroazulen-6-one.
NUM  4.
PAR  4. An odorant composition which contains as an essential odor-imparting
      ingredient an hydroazulenone having the formula:
      1-isopropyl-3a,5-dimethyl-2,3,3a,4,5,6,7,8-octahydroazulen-6-one.
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ABST
PAL  Disclosed are cross-linked polymer catalysts containing phosphonic acid
      groups on aliphatic bonds which are useful for hydrating alkenes under
      moderate temperature and pressure conditions.
BSUM
PAR  This invention relates to novel polymeric hydration catalysts, to a method
      for making such catalysts and to an alkene hydration method employing
      these catalysts.
PAR  In the prior art the hydration of olefins such as propylene to alcohols
      such as isopropanol is known to be catalyzed by ion exchange resins of the
      type of sulfonated partly cross-linked polystyrene. This catalyst contains
      its sulfonic acid on the aromatic rings and therefore invariably loses
      free sulfuric acid on hydrolyzing. This formation of free sulfuric acid
      causes troublesome corrosion problems in equipment used in the hydration
      of olefins.
PAR  Viewed against the background of the prior art, as above discussed, the
      present invention provides novel hydrolytically stable ion exchange resin
      catalysts consisting of a copolymer prepared from a dialkylvinyl
      phosphonate and a water-soluble diethenyl compound in which the acid
      groups are attached to aliphatic carbon atoms.
PAR  These catalysts can be defined by the following general formula:
      ##EQU1##
      WHEREIN THE RATIO X/Y RANGES FROM ABOUT 0.5 TO ABOUT 1.5.
PAR  The catalysts can also be represented in terms of a section of a three
      dimensional network:
      ##EQU2##
      wherein
      ##EQU3##
PAR  No definite molecular weight is given for the subject compounds because of
      the absence of reliable methods for determining the molecular weight of
      insoluble polymers of this type and also because, at least theoretically,
      their molecular weight may be identical with the particle size of the
      material. That is to say, one particle of say 1 mm in diameter may have
      all its building monomers chemically linked to one another and exhibit an
      enormously high "molecular weight" which is, in fact, the particle weight.
PAR  The novel catalysts of the invention can be prepared by copolymerizing a
      vinyl phosphonate of the formula:
      ##EQU4##
      R=lower alkyl such as methyl, ethyl, isopropyl, n-propyl, butyl etc. BY
      HEATING IN AN OXYGEN-FREE ATMOSPHERE IN THE PRESENCE OF A RADICAL
      INITIATOR UNDER NITROGEN WITH A DIVINYL SURFACE OF THE FORMULA:
EQU  CH.sub.2 = CH--SO.sub.2 --CH = CH.sub.2
PA1  to form a copolymer of the general formula:
      ##EQU5##
      which is heated with concentrated HCl to give the final vinylphosphonic
      acid calalyst by hydrolysis.
PAR  An olefin hydration process in accordance with the present invention
      consists in heating to between about 100.degree. and 200.degree.C. in an
      oxygen-free atmosphere at 50 to 200 atmospheres an olefin of the formula:
      ##EQU6##
      wherein R is H, or lower alkyl such as methyl or ethyl with water in the
      presence of the above vinylphosphonic acid to give the corresponding
      alcohol, ethanol or secondary alcohols.
DETD
PAR  The invention is further illustrated by the following examples:
PAC  EXAMPLE I
PAC  PREPARATION OF THE CATALYST
PAL  Polymerization
PAR  A useful catalyst was prepared by first polymerizing
      diethylvinylphosphonate and divinylsulfone in a ratio of of 7:3 by weight,
      in a ratio 6:4, and in a ratio 1:1, see Table I, by a radical initiator
      such as azoisobutyronitrile (AIBN) at 60.degree.C. under a nitrogen
      atmosphere.
TBL                TABLE I                                                     
     ______________________________________                                    
     Copolymerization of Diethylvinylphosphonate                               
     and Divinylsulfone                                                        
     Vinylphosphonate                                                          
                 Time   Yield of     Vinylphosphonate                          
     Divinylsulfone                                                            
                 in     crosslinked  Divinylsulfone                            
     ratio by weight                                                           
                 hrs.   product mol %                                          
                                     ratio in the                              
                                     copolymer                                 
     ______________________________________                                    
     7 : 3       87     68           1.37 : 1                                  
     6 : 4       20     53           --*                                       
     1 : 1       44     60           0.62 : 1                                  
     ______________________________________                                    
      *not determined                                                          
PAR  The cross-linked copolymers so obtained were insoluble in common organic
      solvents such as ethanol, acetone, dimethylformamide, dimethylsulfoxide,
      benzene, hexane, in water and in refluxing hydrochloric acid. The ratio
      diethylvinylphosphonate: divinylsulfone in the copolymer given in Table I
      was calculated from the elemental analysis data for the copolymers.
PAC  EXAMPLE II
PAR  1 g (0.0061 mole) Diethylvinylphosphonate, 2 mol percent AIBN (32 mg) and
      0.43 g (0.00365 mole) divinylsulfone (ratio
      vinylphosphonate:divinylsulfone 7 : 3) were heated in a sealed degassed
      tube at 60.degree.C for 87 hours.
PAR  The polymer so obtained is a glassy hard material. It was washed by
      refluxing during 4 hours with acetone, so that the non-cross-linked
      polymer fraction goes in solution. The non-soluble fraction was filtered
      off and dried under vacuo. This fraction 0.8 g (60 mole percent yield) is
      insoluble in refluxing concentrated hydrochloric acid and common organic
      solvents, such as hexane, benzene, ethanol, acetone, dimethyl formamide
      and dimethylsulfoxide.
PAR  Elemental analysis: Found %C, 44.19; %H, 6.93; %P, 9.88; %S, 9.82; residue,
      2.33%.
PAC  EXAMPLE III
PAR  50 g (0.305 mole) Diethylvinylphosphonate, 2 mol percent AIBN (1.6 g) and
      21.4 g (0.18 mole)) divinylsulfone (ratio vinylphosphonate divinylsulfone
      7:3) were heated in a sealed degassed tube of 250 cc at 60.degree.C for 87
      hours.
PAR  The polymer so obtained is a hard gum; it was washed by refluxing during 5
      hours with acetone. The non-soluble fraction was filtered off and dried
      under vacuo; 48.5 g (68 percent) of a brittle polymer were obtained,
      insoluble in organic solvents.
PAC  EXAMPLE IV
PAR  1 g (0.0061 mole) Diethylvinylphosphonate, 2 mol percent AIBN (4.8 mg) and
      1 g (0.0085 mole) divinylsulfone (ratio vinylphosphonate divinylsulfone
      1:1) were heated in a sealed degassed tube at 60.degree.C for 44 hours.
PAR  The polymer so obtained is a glassy hard material. It was washed by
      refluxing during 4 hours with acetone, so that the non-cross-linked
      polymer fraction goes in solution. The non-soluble fraction was filtered
      off and dried under vacuo. This fraction (60 mole percent yield) is
      insoluble on refluxing in concentrated hydrochloric acid and common
      organic solvents.
PAR  Elemental analysis: Found % C, 43.24; % H, 6.46; % P, 6.87; % S, 14.3;
      residue, 4.04 %.
PAR  The following examples illustrate the hydrolysis of the diethyl
      vinylphosphonate - divinylsulfone copolymer.
PAR  Hydrolysis of the copolymer obtained from 70 percent by weight
      diethylvinylphosphate and 30 percent divinylsulfone yields the
      cross-linked polyphosphonic acid in about 70 mole percent. The poly-acid
      is a brown gel-like substance exhibiting a remarkable water uptake. The
      ratio vinylphosphonic acid: divinylsulfone in the catalyst calculated from
      elemental analysis data and from potentiometric titration was found to be
      56 percent vinylphosphonic acid units and 44 percent divinylsulfone or
      1.37 to 1. This catalyst has an acid capacity of 10.79 meq/g dry resin
      based on 0.1 N NaOH, and was found to be hydrolytically stable up to
      200.degree.C.
PAR  This catalyst shows in its infrared spectrum no absorption at the
      characteristic phosphonic ester absorptions at 1230 cm.sup.-.sup.1 and
      1040 cm .sup.-.sup.1.
PAC  EXAMPLE V
PAR  48.5 g Copolymer, obtained by the co-polymerization of 70 percent by weight
      of diethylvinylphosphonate and 30 percent by weight of divinylsulfone were
      heated twice with 100 ml concentrated hydrochloric acid at 110.degree.C
      during 24 hours. The brown gel-like polymer was filtered off and washed
      with distilled water. Soxhlet extraction with distilled water during 8
      hours removed the remaining hydrochloric acid. After drying 26.1 g of ion
      exchange resin were isolated.
PAR  Analysis: Found % C, 32.58; % H, 5.29; % P, 14.82; % S, 12.23; (residue
      2.3%).
PAC  EXAMPLE VI
PAR  The examples illustrate the hydration of ethylene with the catalysts
      obtained above.
PAR  The cross-linked polyphosphonic acid obtained by hydrolysis of the
      copolymer made from 30 percent by weight of divinylsulfone and 70 percent
      by weight of diethylvinylphosphonate was used as hydration catalyst for
      ethylene and compared with the commercial sulfonic acid type amberlite XE
      252 catalyst.
PAR  The experiments were performed in a batch-wise operation using an autoclave
      of 1 l capacity. Catalyst and water introduced into the auotclave, which
      was then flushed 3 times with nitrogen and once with ethylene. The
      autoclave was then cooled with liquid nitrogen, olefin was fed in from a
      reservoir, and the autoclave was closed and pwarmed up to reaction
      temperature. From the pressure reading and the known free volume, the
      amount of transferred ethylene was calculated. Stirring was started. After
      the reaction time lapsed, stirring was stopped, the autoclave cooled to
      room temperature, the unused olefin blown off, the catalyst filtered off
      and the yield of alcohol determined by gas chromatography using a flame
      ionization detector and a Poropak Q colunm at 130.degree.C. For
      quantitative determinations methanol was used as internal standard.
PAR  Table II gives a summary of hydration experiments.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Comparative hydration of ethylene by a polyphosphonic                     
     acid (VP-DVS) prepared from diethylvinyl phosphonate (VP)                 
     and divinylsulfone (DVS) and hydration of ethylene by                     
     Amberlite XE-252.sup.a                                                    
     __________________________________________________________________________
     Ethylene                                                                  
          water                                                                
               catalyst                                                        
                       temp.                                                   
                           pres-                                               
                               Hrs.                                            
                                  Wt. % in                                     
                                       Mole %                                  
     moles                                                                     
          moles                                                                
               gram    .degree.C.                                              
                           sure   aqueous                                      
                                       toward                                  
                           atm.   phase                                        
                                       C.sub.2 H.sub.4                         
     __________________________________________________________________________
     1.8  21   VP-DVS 25                                                       
                       200 112 16 0.26 1.2                                     
     2.7  16.6 VP-DVS 22                                                       
                       220 200 90 5.51 13.3                                    
     2.1  16.6 Amb XE 252 91                                                   
                       145 125 16 0.13 0.5                                     
     5.2  16.6 Amb XE 252 91                                                   
                       145 200 16 0.18 0.2                                     
     __________________________________________________________________________
      .sup.a from Rohm and Haas Company                                        
PAR  The above data show that the activity of Amberlite XE 252 at 145.degree.C.
      is not sufficient to prepare ethanol from ethylene. A pressure of 200 atm
      and a temperature of 200.degree.C. are adequate for ethylene hydration
      with the cross-linked vinylphosphonic acid. This catalyst can also be used
      for propylene hydration under similar conditions.
PAC  EXAMPLE VII
PAR  22 grams of vinylphosphonic acid catalyst were brought in a 1 l autoclave,
      and then 300 cc (16.6 mole) of water. The autoclave was then flushed 3
      times with nitrogen and once with ethylene. The autoclave was then cooled
      with liquid nitrogen, olefin was fed in, the autoclave was closed and
      warmed up to 220.degree.C. From the pressure reading of 200 atm and the
      known volume the amount of transferred ethylene was calculated. Stirring
      was started, the run was kept going on for 90 hours. The mixture was
      allowed to cool down to room temperature, excess olefin blown off, the
      catalyst filtered off and the yield of ethanol determined by gas
      chromatography (flame ionization detector) on a Poropak Q column at
      130.degree.C. Methanol was used as internal standard. A yield of 13.3 mole
      percent of ethanol basis ethylene was found.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vinylphosphonic copolymer ion exchange resin acid catalyst consisting
      essentially of repeating units of the formula:
      ##EQU7##
      wherein the ratio x/y ranges from about 0.5 to about 1.5.
NUM  2.
PAR  2. A catalyst according to claim 1 wherein the ratio x/y is 1.37 to 1.
NUM  3.
PAR  3. A method of making a vinylphosphonic acid catalyst which comprises
      heating in an oxygen-free atmosphere in the presence of a radical
      initiator a vinylphosphonate of the formula:
      ##EQU8##
      wherein R = lower alkyl with a divinyl sulfone of the formula:
EQU  CH.sub.2 =CH--SO.sub.2 --CH=CH.sub.2
PAL  hydrolyzing the resulting product in acid and recovering a solid
      copolymeric catalyst of the formula:
      ##EQU9##
      wherein the ratio x/y ranges from about 0.5 to about 1.5.
NUM  4.
PAR  4. A catalyst according to claim 1 consisting of polymerized
      vinylphosphonic acid and divinylsulfone in the ratio of 0.62 to 1.
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PAL  Flame-resistant polyurethane foams are obtained by a process in which a
      tolylene diisocyanate (T.D.I.) is reacted with a polymeric polyol in the
      presence of a substance which is normally effective for the polymerisation
      of T.D.I. and an anti-ageing additive such as a halogenated aliphatic
      phosphate, of which the following is a specification.
PARN
PAR  This is a continuation of application Ser. No. 148,171, filed May 28, 1971,
      now U.S. Pat. No. 3,803,064 granted Apr. 9, 1974.
BSUM
PAR  This invention relates to flexible polyurethane foams, particularly to
      flame-resistant polyurethane foams, and to methods of making them.
PAR  Conventional polyurethane foams, particularly those derived from
      polyethers, have little inherent resistance to burning (flame-resistance),
      and in view of the widespread use of polyurethane foams in mattresses,
      cushions and other upholstery there exists a demand for flame-resistant
      products. Previous proposals for reducing the inflammability of flexible
      polyurethane foams have included the incorporation in the foam-forming
      reaction mixture of certain conventional flame retardants, for instance
      halogenated alkyl phosphates. However, these materials have either tended
      to be lost by evaporation during the foam-forming reaction or, if of
      sufficient molecular weight to preclude substantial loss by evaporation
      they have, because of their relatively high density, tended to concentrate
      in the lower regions of foam products during manufacture, especially where
      manufacture is by a continuous, free-rise method producing a foam loaf.
      Consequently, in order to ensure that sufficient flame retardant is
      included in the upper regions of the loaf it has been necessary to
      incorporate in the foam-forming reaction mixture an amount of such
      conventional flame retardant substantially in excess of that which would
      be required if the retardant could be distributed evenly throughout the
      foam loaf.
PAR  We have now found, according to the present invention, that flexible
      flame-resistant polyurethane foams can be obtained by a process in which a
      polymeric polyol is reacted with a tolylene diisocyanate (T.D.I.) in a
      foam-forming reaction mixture which contains: (a) as a foam modifier a
      substance normally effective as a catalyst for the polymerisation of
      tolylene diisocyanate, and (b) an anti-ageing additive substantially to
      limit any deleterious effect of the foam modifier on ageing of the
      polyurethane foam.
PAR  By "polymerisation of tolylene diisocyanate" above is meant in particular
      the polymerisation of three molecules of T.D.I. to produce a cyclic trimer
      usually of isocyanurate or perhydrotriazine structure. It is not known for
      certain whether the foam modifier in the present invention does in fact
      result in the polymerisation of the T.D.I. in the reaction mixture, but it
      is believed that polymerisation does occur, at least where pure T.D.I. is
      initially present.
PAR  A particular advantage of the foams of this invention is that when
      subjected to flame they give off much less smoke than do conventional
      flame-resistant foams. This is a most valuable practical advantage because
      emission of noxious smoke and fumes when subjected to flame is one of the
      principal shortcomings of such conventional flame-resistant foams.
PAR  Substances suitable as catalysts for the polymerisation of T.D.I., in
      particular polymerisation to give trimers of isocyanurate structure, are
      shown in the literature such as Saunders, J. R. and Frisch K. C.
      "Polyurethanes, Chemistry and Technology", Part 1, pages 94-97, & 212,
      Beitchmann, B. D. Rubber Age, Feb. 1966, Beitchmann B.D.I. & EC Product
      Research and Development, Vol.. 5, No. 1, pages 35-41,  Mar. 1966, and
      Nicholas, L. and Gmitter, G.T.J. Cellular Plastics, Vol. 1, No. 1, pages
      85-95 (1965).
PAR  Suitable substances are as follows:
PAR  a. Organic bases and salts and derivatives thereof, such as tertiary
      amines. Examples are triethylamine, tetramethylguanidine, nickel
      derivatives of bipyridyl and N-alkyl morpholines.
PAR  b. Alkaline inorganic compounds such as hydroxides, carbonates, oxides,
      bicarbonates and peroxides, and basic salts of weak inorganic acids.
      Examples are sodium hydroxide, sodium carbonate, sodium bicarbonate,
      sodium sesquicarbonate, sodium peroxide, sodium tetraborate (borax),
      sodium stannate, sodium tungstate, sodium molybdate and sodium silicate.
PAR  c. Alkali metal and other basic salts and derivatives of organic acids,
      phenols, mono- or di- carboxylic acids of aliphatic or aromatic nature,
      and of other organic acids such as benzene sulphinic acid, nitro phenols,
      picric acid, phthalimide, diethyl phosphite, acetic acid,
      halogenated-acetic acids, phenol (C.sub.6 H.sub.5.OH) and other
      hydroxy-aromatic compounds, and alcohols. The carboxylic acid salts can be
      of acids having 6-20 carbon atoms, for example salts of octoic, 2-ethyl
      hexoic, benzoic or oleic acids. Examples are sodium acetate, sodium
      formate, sodium phenate, sodium salts of monochloro- dichloro- and
      trichloro- acetic acids, sodium methoxide, lead heptane carboxylate (lead
      octoate), calcium naphthenate and sodium benzoate.
PAR  The potassium and lithium compounds corresponding to the sodium compounds
      referred to above under headings (b) and (c) can be used. The
      corresponding alkaline earth compounds can also be used, though their
      efficacy is somewhat affected by their limited solubility.
PAR  d. Onium compounds of nitrogen, phosphorus, antimony, sulphur and selenium.
      Examples are tetramethyl-and tetraethyl- ammonium hydroxides,
      benzyltriethylammonium hydroxide, benzyltrimethylammonium hydroxide and
      tetraethyl phosphonium hydroxide. Of course, the particular substance or
      substances used as foam modifier in the process of the present invention
      should be such that there is no undesirable effect on the foam-forming
      reaction.
PAR  The foam modifiers of particular interest in the process of the present
      invention are basic substances, preferably readily soluble in water, and
      it is to such foam modifiers that the following description particularly
      relates.
PAR  The amount of the foam modifier incorporated depends upon the particular
      modifier used and the nature of the components of the foam-forming
      reaction mixute. Although larger amounts can be used, it is not, in
      general, necessary to use an amount greater than 1% by weight of the
      polyol component, and the preferred amount is 0.05-1%, especially
      0.2-0.5%. However, where the foam modifier is a tertiary amine the
      preferred amount is somewhat greater, and amounts of up to 5% or even more
      may be found necessary for good results. The foam modifier, where
      water-soluble, is conveniently incorporated as a solution in water, for
      example in the water component of the foam-forming reaction mixture.
PAR  The polyol used in the production of the flame-resistant foams of this
      invention is normally a polyether polyol having a high reactivity, though
      polyesters can be used. Suitable polyether polyols are those having a
      substantial proportion of primary hydroxyl end groups, usually referred to
      as "ethylene oxide-tipped polyols". However, other polyols can be used,
      and good results have been obtained using triols ("non-tipped polyols")
      such as those sold under the Trade Mark Varanol CP.3720. Suitable ethylene
      oxide-tipped polyols are those in which the primary hydroxyl groups
      comprise 20, 30, or 40% to 70% (for example 50-60%) of the total number of
      hydroxyl groups in that polyol. Where the polyol is a triol a suitable
      molecular weight is in the range 3000-6000.
PAR  A suitable polymeric polyol is one obtained by reacting a substance having
      a plurality of active hydrogen atoms with an alkylene oxide (for instance
      propylene oxide or a mixture of propylene oxide and ethylene oxide), and
      subsequently reacting the product thus obtained with ethylene oxide so as
      to introduce the terminal primary hydroxyl groups. Polyether polyols of
      this type are commercially available under the trade name Desmophen 3900
      (which is a polyether triol of very high activity having a mean molecular
      weight of 4500-5100 and a hydroxyl number of 33-37), and Propylan M.12
      described below with reference to the Examples.
PAR  The flame retardant foams of the invention can be, for example, foams of
      density up to 64 kg/m.sup.3, especially having densities in the range
      16-64 kg/m.sup.3.
PAR  There is a marked tendency for the foams of this invention to shrink after
      being made due to closed cells in the foam. This can be overcome by
      mechanically squeezing or crushing the foam as is well known to those
      skilled in the art. However, we have found that shrinkage of the
      flame-resistant foams of the invention can be substantially obviated by
      the use of a polyether polyol derived from ethylene oxide in which at
      least some of the oxyethylene groups in the polyol molecule are in
      non-terminal positions. These subsidiary polyols which can for example be
      diols or triols, can contain from 20-80% (especially 40-70%) by weight of
      oxyethylene groups. Examples of suitable subsidiary polyols are the
      commercial products and Propylan G.3650 of Lankro Chemicals Limited. The
      subsidiary polyol can be used in any suitable porportion with the major
      polyol, but we have found it to be effective in substantially obviating
      the formation of closed cells if it is used in an amount of from 2-20 (for
      example 4-15) parts of the total polyol component of the foam-forming
      reaction mixture. Care should be taken in the amount of the subsidiary
      polyol used because too much leads to collapse of the foam. The subsidiary
      polyol is conveniently a poly(oxyethylene) poly(oxypropylene) polyol whose
      poly(oxypropylene) content has a molecular weight in the range 500-2000,
      for instance 800-1500. It can, for example, be a triol of molecular weight
      in the range 2000-3500. Where it has primary hydroxyl terminal groups they
      can comprise, for example, 35-45% of the terminal groups. The subsidiary
      polyol can be a substance consisting substantially of oxyethylene groups.
      Polyethylene glycols of low molecular weight, for example in the range
      300-800 have been found suitable.
PAR  The subsidiary polyvol is preferably fed to the mixer for the foam-forming
      reaction mixture as a separate stream, though satisfactory results have
      been obtained where it has been previously blended with the major polyol
      and the blend fed to the mixer.
PAR  It has further been found according to the present invention that the
      ageing properties of the polyurethane foams can be improved, especially
      where the foam modifier is a substance containing an alkali metal, for
      instance sodium or potassium salts of phenols, or inorganic or carboxylic
      acids, or alkali metal hydroxides, or other basic substance, if there is
      incorporated in the polyurethane foam-forming reaction a neutralising
      anti-ageing additive, for instance a labile halogen-containing substance.
PAR  Suitable anti-ageing additives are as follows:
PAR  a. Halogen derivatives of phosphorus acids such as phosphoric, phosphorous
      and phosphonic acids.
PAR  Thus, the additives can be aliphatic phosphate esters, such as chloro- and
      bromo- derivatives of trialkyl orthophosphates, for example compounds of
      the formula R.sub.3 PO where R is a halogenated -- preferably
      polyhalogenated -- alkyl group of 2, 3 or 4 carbon atoms. Examples of
      suitable anti-ageing additives are (a) Halogen derivatives of phosphorus
      acids such as ortho-phosphoric acid, phosphorous acid. Examples are tris
      bromopropyl phosphate, tris chloropropyl phosphate, tris bromoethyl
      phosphate, tris chloroethyl phosphate, tris 2,3-dibromopropyl phosphate,
      (T.B.P.P. -- which is particularly effective), tris 2,3-dichloropropyl
      phosphate.
PAR  Other examples are: haloalkyl-alkenyl phosphates e.g.
      diallyl-2,3-dibromopropyl phosphate, bis (2,3-dibromopropyl) allyl
      phosphate and bis (2,3-dichloropropyl) allyl phosphate; 2-bromo diglycolyl
      phosphate; haloalkyl phosphonates e.g. bis (2-bromoethyl) phosphonate;
      diallyl phenyl phosphonate; alkyl phosphonium chlorides e.g. tetrakis
      (hydroxymethyl) phosphonium chloride; haloalkyl phosphites e.g. tris
      chloroethyl phosphite and tris bromoethyl phosphite.
PAR  b. Halogen derivatives of aliphatic (acyclic or alicyclic) or aromatic
      hydrocarbons
PAR  Examples are derivatives of paraffins such as propane, e.g.
      1,2,3-tribromopropane; halogenated benzenes and substituted benzenes, e.g.
      chloro-benzenes and pentabromotoluene; chlorinated and brominated
      polyphenyls, e.g. biphenyl, diaminoethoxy polyhalogenated biphenyl,
      dihydroxy hexachloro biphenyl and dihydroxy octachloro biphenyl;
      halogenated cycloalkanes e.g. perchloropenta-cyclodecane and
      -cyclododecane, derivatives of cyclopentadiene and adducts thereof such as
      adducts of hexachloro- or hexabromo- cyclopentadiene.
PAR  c. Halogen derivatives of aliphatic and aromatic hydroxy compounds as
      follows:
PAR  Examples are derivatives of
PA1  Alcohols, Examples are dichloro-pentaerythritol, pentaerythritol
      dichlorohydrin, chloromethyl pentaerythritol, pentahalophenoxy-2,3-propane
      diol, e.g., dibromo neopentyl glycol and
      2(pentachlorophenoxymethyl)2-ethyl-1,3-propane diol,
PA1  Bisphenols, Examples are halogenated bisphenol A (2,2-diphenyl propane),
      e.g. 2,2-bis(4-hydroxy-3,5 dibromophenyl) propane, tetrachloro bisphenol
      A, epoxylated polyhalobisphenols,
PA1  Hydroquinones e.g. epoxylated tetrachlorohydroquinone.
PAR  d. Halogen derivatives of silicon compounds e.g. tetra (pentabromophenoxy)
      silane.
PA1  e. Halogen derivatives of ethers. Examples are: pentabromophenyl allyl
      ether, tribromophenyl allyl ether, halomethylated diaryl oxides and 1,2
      bis (2,6-dichloro-4-alkoxycarbonyl-phenoxy)ethane.
PAR  f. Halogen derivatives of resins
PAR  Examples are: chlorinated polyethylene, chlorinated p.v.c. and chlorinated
      paraffin wax.
PAR  g. Halogen derivatives of alkylene oxides e.g. trichloropropylene oxide.
PAR  Although many of the compounds referred to above are themselves flame
      retardants and they contribute towards the flame-resistance of the foams,
      their effect in this direction is only minor and the flame-resistance of
      the foams is due in the main to the use of the foam modifier. The amount
      of anti-ageing additive to be used depends of course upon the particular
      inhibitor and also the type of foam in which it is to be used. However, in
      general an amount of 0.5-4 parts (especially 1.5-3 parts) per hundred
      parts of the polyol component has been found to be effective. Such amounts
      are much less than the amounts in which, for example T.B.P.P. is
      conventionally used as a flame retardant additive -- usually about 15-20
      parts per hundred of polyol. Where an organic bromo compound is used as
      the additive, it has been found that effective amounts are those
      corresponding to an amount of up to 0.25% (for example 0.05-0.1%) by
      weight of bromine per 100 parts of polyol component. Where the additive is
      a chloro compound the effective amounts are those corresponding to an
      amount of up to 0.5% (for example 0.1-0.2%) by weight per 100 parts of
      polyol component.
PAR  The anti-ageing additives are in general covalent organic compounds which
      contain labile halogen atom or atoms. Such compounds can lose their labile
      halogen (for example, as a result of interaction between the halogen and
      alkali metal ions). The additives should be such that neither they, nor
      the residual substance left after loss of the labile halogen, have an
      undesirable effect on the reactions in the foam-forming reaction mixture.
      It is thought that the preferred additives, referred to above, probably do
      not lose their halogen until the early stages of the foam-forming reaction
      are complete, but that they then lose their halogen (perhaps due to the
      exothermic heat produced in the reaction) which can then combine with
      alkali metal ions in the reaction mixture and thereby preclude their
      interference with the reaction mechanism or deleterious effect on the foam
      product.
PAR  Small amounts of amine catalysts may be used in the process of the
      invention, though it has not been found essential to use them where the
      polyol is an ethylene oxide-tipped polyol; but they are more necessary
      when using non-tipped polyols. Examples of tertiary amines which can be
      used are, for example, dimethyl ethanolamine, N-methyl and N-ethyl
      morpholines, triethylamine, and triethylene diamine (also known as
      1,4-diazobicyclo 2,2,2,- octane).
PAR  Under certain circumstances, for example when harder foams are required,
      cross-linking agents may be employed. Examples of suitable cross-linking
      agents are hydroxy amines, for example triethanolamine and tetrakis N
      beta-hydroxypropyl ethylene diamine (sold under the trade name Quadrol);
      low molecular weight polyols, such as tetrols, hydroxyethers, for example
      tris-hydroxypropyl glycerol, and ortho-dichloro methylene bis-aniline.
PAR  In general the polyisocyanate and polyol components can be used in amounts
      such that the isocyanate index is of a normal value, for example in the
      range 100-110. However, isocyanate index values outside that range can be
      used if desired, but it has not been found necessary to exceed a value of
      150.
PAR  The T.D.I. can be in a substantially pure state. Where T.D.I. is referred
      to herein it can contain one or more isomers thereof. For example, it can
      be tolylene-2,4-diisocyanate, tolylene-2,6-diisocyanate, or a mixture
      thereof, for instance in the proportions 65:35 (65:35 T.D.I.) or,
      preferably, 80:20 T.D.I.) by weight.
PAR  The T.D.I. can be, for example, crude T.D.I. or T.D.I. in polymeric form.
PAR  Crude T.D.I. is the product obtained by reacting the appropriate
      diamino-toluene with phosgene without any substantial pruification. It is
      believed to contain material of polyurea and polybiuret structure. Where a
      mixture of 2,4- and 2,6-diamino-toluene is used, the crude T.D.I. contain
      the corresponding 2,4- and 2,6-diisocyanates.
PAR  Polymeric T.D.I. is normally of uretdione or isocyanurate structure. It can
      be obtained from pure T.D.I. in a separate preliminary reaction using
      polymerisation techniques well-known in the art and using catalysts
      referred to herein.
PAR  It has been found that the use in the process of the invention of large
      quantities of polysiloxane-oxyalkylene block copolymers should be avoided
      as they can detract from the flame-resistant properties of the
      polyurethane foams obtained. If a polysiloxane-oxyalkylene block copolymer
      is used it should preferably be in an amount less than 0.1% and preferably
      not more than 0.05%. However, small proportions of a polydimethyl siloxane
      as used in the Examples below is not objectionable, for example up to 0.1%
      by weight of the weight of the polyol component. Even larger quantities
      can be used if desired, and satisfactory foams have been obtained using
      amounts as follows:
     Viscosity of silicone                                                     
                     Amount (parts per 100 of polyol)                          
     ______________________________________                                    
     2 centistokes        0.5-4                                                
     5   "                0.025-0.25                                           
     10   "               0.05-0.1                                             
     ______________________________________                                    
PAR  The polyurethane foams of the invention can be obtained in moulded form by
      a cold-cure moulding method, that is, a method in which the foam-forming
      reaction mixture is moulded and allowed to cure without the application of
      heat.
PAR  Moreover, the foams of the invention are suitable for use in flame
      lamination to textile and other substrates.
PAR  Although it is not intended that the present invention should be construed
      with reference to any particular theory, it is thought that the foam
      modifier has the effect of producing a polyurethane foam having a
      structure different from that obtained in the absence of the foam modifier
      such that when subjected to flame the foam tends to collapse and thereby
      presents a reduced surface area to the flame. This view is supported by
      observation of what happens to a foam of the invention when subjected to a
      flame. For example, when a lighted match is placed on a block of the foam
      the portion subjected to the heat of the flame readily melts or decomposes
      and "retracts" away from the flame but without any sustained burning.
PAR  The invention is illustrated by the following Examples, in which flexible
      flame-resistant polyurethane foams are obtained by the one-shot or single
      stage method.
PAR  The meanings of various Trade Names used in the Examples are as follows:
      Propylan M.12 is the Trade Name of a polyether polyol sold by Lankro
      Chemicals Limited, and which is believed to be a poly(oxypropylene)
      poly(oxyethylene) triol having the following characteristics:
TBL  Molecular Weight   about 5000                                             
     Hydroxyl No.       35-37                                                  
     Poly(oxyethylene) content                                                 
                        about 12-13% by weight                                 
PAR  It has a high proportion of primary hydroxyl end groups.
PAR  G.978 is an abbreviation for "Development Polyol G978" sold by Lankro
      Chemicals Limited. It is used in the Examples as an anti-shrinkage agent,
      and is believed to consist essentially of a poly(oxyethylene)
      poly(oxypropylene) triol based on a glycerol "starter" and having a
      molecular weight of about 2800, a hydroxyl number of 53-59 and a
      poly(oxyethylene) content of about 64% by weight. The proportion of
      primary hydroxyl groups: secondary hydroxyl groups in this polyol is
      believed to be in the ratio 40:60.
PAR  It will be seen that in Example 3 the polyol component contained a third
      polyol (as a cross-linking agent) referred to as "Quadrol" which is
      believed to consist essentially of the compound:
EQU  (CH.sub.3 CH(OH)CH.sub.2).sub.2 N--CH.sub.2 --CH.sub.2 --N(CH.sub.2
      --CH(OH)--CH.sub.3).sub.2
PAR  in the Examples the silicone MS.200/5 is a commercial silicone oil having a
      viscosity of 5 centistokes and believed to be a dimethyl siloxane
      homopolymer, and the tris-dibromopropyl phosphate (T.B.P.P.) anti-ageing
      additive was used in the form of the commercial product Bromkal P.67. The
      T.D.I., except where states otherwise, was 80:20 T.D.I. The hardness
      values were obtained under the test of BS.3667. Reference in the Examples
      simply to "catalyst" is to the foam modifier.
DETD
PAC  EXAMPLE 1
PAR  A flexible, free-rise polyurethane foam was obtained using the following
      formulation:
TBL  Propylan M.12                 90                                          
                     Polyol Component                                          
     G.978                         10                                          
     Water                         3                                           
     Sodium phenate                0.4                                         
     T.B.P.P.                      2                                           
     Silicone MS.200/5             0.05                                        
     T.D.I.                        36.5                                        
PAR  In this Example, and in the other Examples, the amounts of the ingredients
      are shown in parts by weight.
PAR  The procedure used to make the foam was as follows.
PAR  First, the silicone was dispersed in 2.5 parts of the Propylan M.12 polyol
      so as to provide a 2% solution; and the sodium phenate was dissolved in
      all of the water component. The remainder of the polyol component was then
      mixed with the T.B.P.P. and the polyol dispersion of the silicone by high
      speed stirring for 20 seconds. The aqueous solution of the sodium phenate
      was then added to the mixture and the whole was stirred for a further 15
      seconds. Then the T.D.I. was added and the stirring was continued for a
      further 8 seconds, at the end of which time the resulting foam-forming
      reaction mixture started to "cream" and was immediately poured into an
      open mould.
PAR  The rise of the foam was completed in 90 seconds, and the foam was
      tack-free at the end of about 15 minutes after the pouring. At this time
      the resulting polyurethane moulding was removed from the mould.
PAR  The foam had a density of 29.4 kg/m.sup.3 and a hardness of 6 kg. and did
      not shrink on cooling.
PAC  EXAMPLE 2
PAR  A flexible, free-rise polyurethane foam was obtained using the following
      formulation and the procedure described in Example 1:
TBL  Propylan M.12                 90                                          
                     Polyol Component                                          
     G.978                         10                                          
     Water                         4                                           
     Sodium phenate                0.3                                         
     Silicone MS.200/5             0.05                                        
     T.B.P.P.                      2                                           
     T.D.I.                        46.5                                        
PAR  The foam had a density of 24 kg/m.sup.3 and a hardness of 7-8 kg. and did
      not shrink on cooling.
PAC  EXAMPLE 3
PAR  A flexible, free-rise polyurethane foam was obtained using the following
      formulation and the procedure described in Example 1:
TBL  Propylan M.12                 82.5                                        
     G.978           Polyol Component                                          
                                   12.5                                        
     Quadrol                       5.0                                         
     T.B.P.P.                      2                                           
     Water                         4                                           
     Silicone MS.200/5             0.05                                        
     Sodium phenate                0.25                                        
     T.D.I.                        52.4                                        
PAR  The foam had a density of 25.0 kg/m.sup.3 and a hardness of 13-15 kg. and
      did not shrink on cooling.
PAC  EXAMPLE 4
PAR  A flexible, polyurethane foam cushion was obtained by a cold-moulding
      technique using the following formulation:
TBL  Propylan M.12                 95                                          
                     Polyol Component                                          
     G.978                         5                                           
     Water                         3                                           
     Sodium phenate                0.5                                         
     Triethylamine                 0.4                                         
     Silicone MS.200/5             0.05                                        
     T.B.P.P.                      2                                           
     T.D.I.                        36                                          
PAR  The foam-forming reaction mixture, obtained using the procedure of Example
      1, the triethylamine being dissolved in the polyol, was dispensed into a
      metal mould which had been pre-heated to 50.degree.C. A close-fitting lid
      was clamped into place on the mould by toggle clamps and the mould left
      for 10 minutes without any application of heat. The moulded product was
      then removed from the mould. It was found to have a density of 48
      kg/m.sup.3 and did not shrink on cooling.
PAC  EXAMPLE 5
PAR  A flexible, free-rise polyurethane foam was obtained using the following
      formulation and the procedure described in Example 1:
TBL  Propylan M.12                 95                                          
                     Polyol Component                                          
     G.978                         5                                           
     Water                         3                                           
     Sodium phenate                0.4                                         
     T.B.P.P.                      2                                           
     T.D.I.                        41.2                                        
     Silicone MS.200/5             0.05                                        
PAR  The foam had a density of 29 kg/m.sup.3 and a hardness of 10 kg. and did
      not shrink on cooling.
PAC  EXAMPLE 6
PAR  A flexible, free-rise polyurethane foam was obtained using the following
      formulation and the procedure described in Example 1, the triethylamine
      being dissolved in the polyol:
TBL  Propylan M.12 (Polyol Component)                                          
                            100                                                
     Water                  4.5                                                
     Sodium phenate         0.25                                               
     Triethanolamine        0.5                                                
     Silicone MS.200/5      0.05                                               
     T.B.P.P.               2                                                  
     T.D.I.                 51.3                                               
PAR  The foam thus obtained had a closed-cell structure but this was easily
      converted into an open-cell structure by passage through rollers. The
      rolled product had a density of 18.9 kg/m.sup.3 and a hardness of 8.5 kg.
PAR  The foams of the Examples were all found to have excellent
      flame-resistance. When tested under the conditions of ASTM D 1692 67T the
      following results were obtained:
TBL          EXAMPLE                                                           
             1     2         4       5       6                                 
     ______________________________________                                    
     Mean extent                                                               
     burned (mm)                                                               
               14      29        13    22      29                              
     Burning time                                                              
     (seconds) 10      22        13    24      12                              
     Burning rate                                                              
     (mm/second)                                                               
               1.4     1.32      1.0   0.91    2.4                             
     ______________________________________                                    
PAR  Besides their excellent flame-resistance, the foams of these Examples were
      found to have high resilience -- more than 50% as measured by the falling
      ball rebound test -- and to show a relatively linear load-deflection
      relation.
PAC  EXAMPLES 7-14
PAR  Further flexible polyurethane foams were obtained using the procedure of
      Example 1 and the following formulations.
TBL  __________________________________________________________________________
     Example No.                                                               
             7    8    9    10   11     12   13        14                      
     __________________________________________________________________________
     Catalyst                                                                  
             Sodium Hydroxide                                                  
                       Sodium Carbonate                                        
                                 Sodium Sodium                                 
                                             Benzyl trimethyl                  
                                                       Potassium               
                       (anhydrous)                                             
                                 Stannate                                      
                                        Formate                                
                                             ammonium phenoxide                
                                                       Phenate                 
                                 (Na.sub.2 SnO.sub.3.)                         
                                 3H .sub.2 O)                                  
     __________________________________________________________________________
     (parts) 0.15 0.25 0.4  0.2  0.5    0.4  0.5       0.45                    
     Propylan                                                                  
             90   90   90   90   90     92.5 90        90                      
     M.12                                                                      
     G.978   10   10   10   10   10     7.5  10        10                      
     Water   4.5  4.5  4.5  4.5  4.5    4.5  3         3                       
     T.B.P.P.                                                                  
             2    2    2    2    2      0.4  2         2                       
     Silicone                                                                  
     MS.200/5                                                                  
             0.05 0.05 0.05 0.05 0.05   0.05 0.05      0.05                    
     T.D.I.  54   54   54   54   54     36.2 36.2      36.2                    
     Propamine A                                                               
             --   --   --   0.2  0.2                                           
     Foam                                                                      
     Density 21   21   21   31   31     30   30        30                      
     (kg./m..sup.3)                                                            
     __________________________________________________________________________
PAR  The foam of each of Examples 7-14 was found to be self extinguishing when
      tested according to ASTM D 1692/67T. That test was used for the products
      of all the following Examples except if stated otherwise.
PAR  Example 7 was repeated using the G.978 in amounts of 7.5, 8.5, 9, 11, 12
      and 13.5 parts, instead of the 10 parts used in that Example. In each case
      the amount of Propylan M.12 used was such that the total weight of
      Propylan M.12 and G.978 was 100 parts. The foam products obtained in each
      case were self-extinguishing.
PAC  EXAMPLES 15-18
PAR  Example 7 was repeated but using the following labile halogen compounds
      instead of the T.B.P.P. Example 15: tris 2,3-dichloropropyl phosphate (as
      the commercial product Fryol F.R.2 -- 2 parts) Example 16: tris
      .beta.-chlorethyl phosphate (4 Parts) Example 17: 1,2,3-tribromo propane
      (1.2 parts) Example 18: dibromo-neopentyl glycol (2 parts) (In Example 18
      the amount of T.D.I. was increased to 37.6 to take account of the hydroxyl
      groups in dibromo-neopentyl glycol).
PAR  The foam product of each of these Examples was self-extinguishing, and did
      not suffer deterioration on heat ageing for 16 hours at 140.degree.C.
      However, in comparative Examples in which the halogen compound was
      omitted, the foam products had deteriorated so much at the end of 16 hours
      heat ageing that their relevant physical properties could not be measured.
PAC  EXAMPLES 19-21
PAR  These Examples illustrate the use of anti-shrinkage agents other than the
      polyol G.978 to obviate shrinkage of flexible foam products.
PAR  The procedure and formulation of Example 7 was repeated except that the
      following amounts of anti-shrinking agents were used instead of the G.978.
      In each case the total amount of Propylan M.12 and anti-shrinkage agent
      was 100 parts.
PAR  Example 19 Polyol R.161: 10-11.5 (for example 11.5) parts
PAR  Example 20 Polyol 1138: 9 (for example 7) parts
PAR  Example 21 Polyethylene glycol (PEG 600): 10-11.5 (for example 11) parts
PAR  Polyol R.161 and Polyol DP 1138 are respectively polyether triols sold by
      Union Carbide Corporation and Lankro Chemicals Limited. They have
      molecular weights in the range 2500-3500 and poly(oxyethylene) contents of
      about 65% and 79% by weight. The foam products obtained were
      self-extinguishing.
PAC  EXAMPLE 22
PAR  This describes the production of a flexible polyurethane foam moulding by
      the cold cure technique using a typical formulation of the present
      invention.
PAR  Propylan M.12 (288g.) was blended with 12g. of polyol G.978, 9 g. sodium
      carbonate solution (20g. Na.sub.2 CO.sub.3 in 280g. water), 0.9 g. Dabco
      33LV, 0.69 g. silicone MS.200/5 and 3.0 g. 98% pure triethanolamine. The
      blend was mixed with a high speed stirrer for 10 seconds, 30 g.
      trichlorofluromethane was added and stirring continued for a further 10
      seconds. 114 g. of T.D.I. was then added and further stirred for 10
      seconds. The mixture was the poured into a mould having a surface
      temperature of 58.degree.C. The mould lid was clamped into place and the
      moulding left to cure without the application of heat for 10 minutes. The
      moulding obtained was of good appearance its density was 37 kg/m.sup.3 and
      the foam was self-extinguishing.
PAC  EXAMPLE 23
PAR  This Example illustrates the use of sodium salts of halogenated acetic
      acids as catalyst. Using the procedure of Example 1 flexible, free-rise
      foams were obtained from the following formulation.
TBL  ______________________________________                                    
     Propylan M.12                85.5                                         
     G.978         Polyol Component                                            
                                  12.5                                         
     Polyol EDP.500           2                                                
     Water                    4.5                                              
     Sodium monochloro acetate (S.M.C.A.)                                      
                              0.4                                              
     Propamine A              0.4                                              
     T.B.P.P.                 2                                                
     Silicone MS.200/5        0.05                                             
     T.D.I.                   63                                               
     ______________________________________                                    
PAR  The foam density was 21.9 kg/m.sup.3 and the burned length was 22 mm.
PAR  The polyol EDP.500 is a low molecular weight cross-linking tetrol, believed
      to contain ethylene diamine as starter nucleus and having a molecular
      weight about 500.
PAC  EXAMPLES 24 and 25
PAR  Example 23 was repeated except that instead of the S.M.C.A. was used
      respectively 0.52 part sodium dichloroacetate and 0.64 part sodium
      trichloroacetate. The flexible foam products obtained were as follows:
PAR  Example 24 -- density 21.8 kg/m.sup.3 ; burned length 26 mm.
PAR  Example 25 -- density 21.9 kg/m.sup.3 ; burned length 22 mm.
PAC  EXAMPLE 26
PAR  Example 23 was repeated but using tetramethyl guanidine (0.3 part) as
      catalyst instead of the S.M.C.A., and 0.3 part of Dabco 33 LV instead of
      the Propamine A. The flexible foam obtained was self-extinguishing.
PAC  EXAMPLE 27
PAR  Tetramethylammonium hydroxide was used as catalyst in the following
      formulation to produce a flexible foam.
TBL  ______________________________________                                    
     Propylan M.12      95                                                     
     G.978              5                                                      
     Water              4.5                                                    
     T.D.I.             61.5                                                   
     Silicone MS.200/5  0.05                                                   
     (CH.sub.3).sub.4 N. OH                                                    
                        0.34                                                   
     T.B.P.P.           1                                                      
     ______________________________________                                    
PAR  The foam obtained was self-extinguishing.
PAR  In a comparative Example withour T.B.P.P. the foam, though
      self-extinguishing, lost its flame resistant properties after heat ageing
      at 140.degree.C. for 41/2 hours.
PAC  EXAMPLES 28 and 29
PAR  These Examples illustrate the use as the major polyol of a poly
      (oxypropylene) poly(oxyethylene) triol sold by the Dow Chemical Company
      under the Trade Mark Voranol CP-3720. This polyol has a molecular weight
      of about 3500 and is believed to have a poly(oxyethylene) content,
      substantially in nonterminal positions, of about 10-11% by weight.
PAR  Flexible foams were obtained from the following formulations:
TBL  Example 28         Example 29                                             
     ______________________________________                                    
     Voranol CP-3720                                                           
                100         Voranol CP-3720                                    
                                         100                                   
     Water      4.5         Water        4.5                                   
     T.B.P.P.   2           Na.sub.2 CO.sub.3                                  
                                         0.2                                   
     Daltogard WP                                                              
                1           Silicone L-546                                     
                                         0.35                                  
     NaOH       0.15        Daboo 33 LV  0.40                                  
     Stannous octoate                                                          
                0.10        T.D.I. (120                                        
     Silicone L-546                                                            
                0.35        index)       60.5                                  
     T.D.I. (135 index)                                                        
                68.30                                                          
     Density    25.8 kg/m.sup.3                                                
     M.E.B.     87.5 mm.                                                       
     ______________________________________                                    
      Daltogard WP is triphenyl phosphite, and                                 
      Silicone L-546 is a polydimethyl siloxane poly(oxyalkylene) block        
      copolymer.                                                               
PAC  EXAMPLE 30
PAR  This Example illustrates the use of co-catalysts with the T.D.I.
      polymerisation-type catalyst. A flexible foam was obtained from the
      following:
TBL  Propylan M.12      92.5                                                   
     G.978              7.5                                                    
     T.D.I. (135 index) 66.5                                                   
     Water              4.5                                                    
     T.B.P.P.           2                                                      
     Daltogard WP       1                                                      
     NaOH               0.15                                                   
     Propamine A        0.2                                                    
     Silicone MS.200/5  0.05                                                   
PAR  The foam product was self-extinguishing, mean extent burned being 43 mm.
PAC  EXAMPLE 31
PAR  Example 30 was repeated but using 0.2 part of N,N-dimethylbenzylamine in
      place of the Propamine A. The product was self-extinguishing, mean extent
      burned being 54 mm.
PAC  EXAMPLE 32
PAR  Isophorone diisocyanate (IDI) was used in conjunction with the T.D.I. to
      provide a flexible foam.
TBL  ______________________________________                                    
     Propylan M.12      90                                                     
     G.978              10                                                     
     T.D.I.             53.3                                                   
     Isophorone DI      15                                                     
     Water              4.5                                                    
     T.B.P.P.           1                                                      
     Na.sub.2 CO.sub.3  0.2                                                    
     Propamine A        0.2                                                    
     Silicone MS.200/5  0.05                                                   
     ______________________________________                                    
PAR  The product was self-extinguishing, mean extent burned being 39 mm.
PAC  EXAMPLE 33
PAR  A crude M.D.I. sold under the Trade Mark Isonate 143-L, and believed to be
      a carbodiimide-modified M.D.I. was used in conjunction with T.D.I.
TBL  Propylan M.12       95                                                    
     G.978               5                                                     
     T.D.I.              45.5                                                  
         NCO index 135                                                         
     M.D.I.              30                                                    
     Water               4.5                                                   
     T.B.P.P.            2                                                     
     Daltogard WP        1                                                     
     Na.sub.2 CO.sub.3   0.2                                                   
     Propamine A         0.2                                                   
     Silicone MS.200/5   0.05                                                  
PAR  The foam product was self-extinguishing, mean extend burned being 17 mm.
PAC  EXAMPLES 34-43
PAR  Ten further flexible foams were obtained using various catalysts in the
      following formulations. Comparative foams using the same formulations but
      without T.B.P.P. and Daltogard WP were also produced.
PAR  On hot oven ageing at 140.degree.C. it was found that the comparative foams
      had substantially lost their flame-resistance after 5 hours, and after 16
      hours they had deteriorated so much that their relevant physical
      properties could not be measured. On the other hand, the foams of the
      invention had retained their flame-resistance, and their physical
      properties were only little worse than before ageing. Indeed, their
      tensile strength and elongation at break were better.
TBL  __________________________________________________________________________
     Example No.                                                               
            34   35    36   37  38    39    40    41    42  43                 
                            Sodium                                             
                                Sodium                                         
     Catalyst                                                                  
            Sodium                                                             
                 Sodium                                                        
                       Sodium                                                  
                            Bicarb-                                            
                                sesqui-                                        
                                      Lithium                                  
                                            Potassium                          
                                                  Potassium                    
                                                        Sodium                 
            Tungstate                                                          
                 Molybdate                                                     
                       Acetate                                                 
                            onate                                              
                                carbonate                                      
                                      Hydroxide                                
                                            Acetate                            
                                                  Hydroxide                    
                                                        Silicate               
                                                            Ni(O)(bipyridyl).su
                                                            b.2                
     __________________________________________________________________________
     No. of                                                                    
     parts of                                                                  
            0.8  0.8   0.6  0.2 0.2   0.42  0.6   0.2   0.4 0.4                
     catalyst                                                                  
     Propylan                                                                  
     M.12   90   90    90   90  90    90    90    90    90  95                 
     G.978  10   10    10   10  10    10    10    10    10  5                  
     Water  4.5  4.5   4.5  4.5 4.5   4.32  4.5   4.5   4.5 3                  
     T.B.P.P.                                                                  
            2    2     2    2   2     2     2     2     2   2                  
     Daltogard WP                                                              
            1    1     1    1   1     1     1     1     1   1                  
     MS.200/5                                                                  
            0.05 0.05  0.05 0.05                                               
                                0.05  0.05  0.05  0.05  0.05                   
                                                            0.05               
     T.D.I. 61.5 61.5  61.5 66.5                                               
                                66.5  61.5  61.5  61.5  61.5                   
                                                            43.4               
     Mean                                                                      
     Extent                                                                    
     burned mm.                                                                
            54.8 75    42.3 28.8                                               
                                17.5  47.4  53.7  32.5  76.2                   
     (BS 4735)                                                                 
     __________________________________________________________________________
      The sodium sesquicarbonate was used in the form of an aqueous solution   
      prepared by dissolving equimolar amounts of sodium carbonate and sodium  
      bicarbonate in water: this solution was used directly in the foam        
      formulation without isolating the sesquicarbonate.                       
      All the foam products had densities in the range 19-25 kg/m.sup.3.       
      In Example 43 there was used 0.6 part of N-ethyl morpholine.             
CLMS
STM  We claim:
NUM  1.
PAR  1. A flexible flame-retardant polyurethane foam prepared by the process
      which comprises reacting a tolylene diisocyanate with a polyalkylene ether
      polyol having from 20 to 70% primary hydroxyl groups in a foam forming
      reaction mixture having an isocyanate index of less than 150 and
      containing (a) a compound which promotes trimerization of tolylene
      diisocyanate, (b) an amount of a compound containing labile halogen which
      inhibits heat aging of the foam caused by said trimerization promotor, and
      (c) a blowing agent, said polyalkylene ether polyol having a reactivity
      such that said reaction mixture, in the absence of special measures to the
      contrary, produces a closed cell foam; and said reaction mixture contains
      an additional polyol which is different in its constitution from said
      polyalkylene ether polyol and which is a polyethylene ether glycol or a
      poly(oxyethylene) poly(oxypropylene glycol) wherein the poly(oxypropylene)
      content has a molecular weight of 500 to 2000 and wherein from 20 to 80%
      of its weight is oxyethylene groups at least some of which are in
      non-terminal positions, and said additional polyol is from 2 to 40% by
      weight of the total polyol.
NUM  2.
PAR  2. A product according to claim 1 in which the polyol is a triol and the
      primary hydroxyl groups comprise 40 to 70% of the total number of hydroxyl
      groups.
NUM  3.
PAR  3. A product according to claim 1 in which the polyol is a
      poly(oxyethylene) poly(oxypropylene) triol having a poly(oxyethylene)
      content of up to 20% by weight.
NUM  4.
PAR  4. The product of claim 1 wherein the said mixture contains 0.5 to 4 parts
      of labile halogen containing compound per 100 parts polyalkylene ether
      polyol.
NUM  5.
PAR  5. The product of claim 1 wherein the labile halogen containing compound is
      a halogenated aliphatic phosphate ester.
NUM  6.
PAR  6. The product of claim 1 wherein the polyol is a polyalkylene ether glycol
      or polyalkylene ether triol.
NUM  7.
PAR  7. The product of claim 1, wherein the labile halogen containing compound
      is a halogenated aliphatic phosphate ester.
NUM  8.
PAR  8. The product of claim 7, wherein the labile halogen containing compound
      is a chloro- or bromo-derivative of a trialkyl ortho-phosphate.
NUM  9.
PAR  9. The product of claim 8, wherein the labile halogen containing compound
      is tris 2,3-dibromopropyl orthophosphate.
NUM  10.
PAR  10. The product of claim 8, wherein the labile halogen containing compound
      is tris bromopropyl phosphate, tris chloropropyl phosphate, tris
      bromoethyl phosphate, tris chloroethyl phosphate or tris
      2,3-dichloropropyl phosphate.
NUM  11.
PAR  11. The product of claim 1, wherein the labile halogen containing compound
      is a halogenated aliphatic hydrocarbon or a halogenated aromatic
      hydrocarbon.
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ABST
PAL  Addition products of polyepoxides which have proved to be excellent
      flame-retardants for plastic foams such as polyurethane foams are
      disclosed.
PARN
PAR  This is a division of application Ser. No. 418,708, filed Nov. 23, 1973.
BSUM
PAR  This invention relates to flame retardants for plastic foams.
PAR  Plastic foams such as polyurethane foams have found widespread utility in
      the fields of insulation and structural reinforcement. One factor limiting
      the commercial utilization of polyurethane foams has been their
      flammability when exposed to flame or high temperatures. Various additives
      are known in the art for producing flame resistance in polyurethane foams.
      For example, the use of elementary sulfur as a flame-retardant in some
      plastic foams is disclosed in U.S. Pat. No. 3,542,701.
PAR  We now have discovered addition products of polyepoxides which have proved
      to be excellent flame-retardants for plastic foams such as polyurethane
      foams. The addition products of this invention are halogenated, and are
      phosphorus or silane substituted.
PAR  Accordingly, an object of this invention is to provide addition products of
      polyepoxides.
PAR  Another object of this invention is to provide polyurethane foams
      incorporating these polyepoxide addition products.
PAR  Other object, aspects and advantages of this invention will be apparent to
      one skilled in the art from the following disclosure and appended claims.
PAR  The addition products of this invention are represented by the formula:
      ##EQU1##
      wherein R.sup.1 is a divalent group selected from alkyl, alkoxy,
      cycloalkyl, cycloalkoxy, aryl, an ester represented by the formula
      ##EQU2##
      wherein each R.sup.3 is alkyl, alkoxy, cycloalkyl, cycloalkoxy or aryl,
      each R.sup.3 having from 1 to 20  carbon atoms, or an ether represented by
      the formula R.sup.3 --O--R.sup.3 wherein R.sup.3 is as previously defined,
      or a combination thereof having from 1 to 50 carbon atoms; each R.sup.2 is
      an alkyl radical having 1 to 20 carbon atoms, each X is chlorine, bromide
      or fluorine; one of Y is phosphorus, the radical
      ##EQU3##
      or silicon and the other Y is silicon and each m is the integer 2 when Y
      is phosphorus or the radical PO and the integer 3 when Y is silicon.
      Preferably, each X is chlorine or bromine and each R.sup.2 is an alkyl
      radical having 1 to 8 carbon atoms.
PAR  The polyepoxides employed in this invention contain at least 2 epoxide
      groups before the addition reactions are carried out. An epoxy resin used
      most widely is the epoxy resin made by condensing epichlorohydrin with
      bisphenol A. An excess of epichlorohydrin is used to leave epoxy groups on
      each end of the low molecular weight resin:
      ##SPC1##
PAL  Wherein z is 0 to 3. Other specific examples of polyepoxides employed in
      this invention include:
      ##EQU4##
      ##SPC2##
PAR  One method for preparing the addition products of this invention comprises
      reacting the polyepoxide with a compound represented by the formula:
      ##EQU5##
      wherein each X, Y, R.sup.2 and m are as previously defined. The resulting
      product, which has at least one epoxide group remaining, than is reacted
      with a halide represented by the formula SiX.sub.4, PX.sub.3 or POX.sub.3
      wherein X is as previously defined. This reaction is followed by a
      reaction with an epoxide represented by the formula.
      ##EQU6##
      wherein R.sub.2 is as previously defined.
PAR  As demonstrated by the following examples, the addition products of this
      invention are excellent flame-retardants for plastic foams such as
      polyurethane foams. This invention is applicable to foams or other
      cellular or porous structures of synthetic macromolecular substances. The
      most important foams or structures known at present are those of
      polystyrene and polyurethanes. Other cellular or porous structures include
      those of polyolefins, polyesters, polyethers and polyacetals.
PAR  The amount of flame retardant materials in the polyurethane foams, by
      weight, ranges from 0.5 to 25.0 percent, preferably 5.0 to 15.0 percent.
PAR  Urethanes or polyurethanes can be formed by a variety of methods, although
      the most widely used production method is the reaction or di- or
      polyfunctional hydroxyl compounds with di-polyfunctional isocyanates. The
      polyols and polyisocyanates are reacted in the presence of a suitable
      catalyst, a blowing agent and generally a surfactant. Both the one-shot
      technique and the pre-polymer approach can be employed. The amount of
      polyisocyanate used will vary slightly but in general the total -- NCO
      equivalent to total polyol active hydrogen equivalent should be greater
      than one.
DETD
PAR  The advantages of this invention are illustrated by the following examples.
      The reactants, proportions and other specific conditions are presented as
      being typical and should not be construed to limit the invention unduly.
PAC  EXAMPLE I
PAR  This example demonstrates the preparation of the addition product:
      ##SPC3##
PAR  Silicon tetrachloride (1.0 mole) was placed in a 1 liter, 3 neck flask
      equipped with a stir bar, an addition funnel, reflux condenser and
      thermometer. With stirring, 210 ml of propylene oxide (3.0 moles) then was
      added to the flask. The flask was cooled in an ice bath during the
      propylene oxide addition. With stirring and cooling 1.0 mole of
      ##SPC4##
PAL  was added and followed by the addition of 1.0 mole of phosphorus
      trichloride. While continuing stirring and cooling, 2.51 moles of
      propylene oxide was added to the flask.
PAR  The mixture was kept at room temperature overnight and excess propylene
      oxide was removed under vacuum. The preparation was employed as a fire
      retardant in Example III.
PAC  EXAMPLE II
PAR  This example demonstrates the preparation of the addition product:
      ##SPC5##
PAR  The process of Example I was repeated except that 1.0 mole of
      ##SPC6##
PAL  was employed instead of 1.0 mole of
      ##SPC7##
PAL  The preparation was employed as a fire retardant in Example IV.
PAC  EXAMPLE III
PAR  A polyurethane sample incorporating the addition product of Example I was
      prepared with the following ingredients.
TBL  ______________________________________                                    
            Ingredients     Parts by Weight                                    
     ______________________________________                                    
     Isocyanate-polyphenyl  95.2                                               
     polymethylene polyisocyanate                                              
     Polyol-75% oxyalkylated, resole                                           
                            72.7                                               
     based polyol and 25% dibromoneopentyl                                     
     glycol                                                                    
     Polyol-propoxylated, diethylene                                           
                            4.9                                                
     triamine                                                                  
     Water                  0.8                                                
     Surfactant-silicone glycol                                                
                            1.0                                                
     copolymers with direct silicone                                           
     carbon bonds                                                              
     Catalyst-triethylenediamine                                               
                            0.6                                                
     in dipropylene glycol                                                     
     Blowing agent-trichlorofluoromethane                                      
                            20.0                                               
     Addition Product of Example I                                             
                            10.0                                               
     NCO/OH index           1.1                                                
     ______________________________________                                    
PAR  The sample was prepared by the one-shot method comprising adding the
      surfactant and flame retardant material to the polyol. The blowing agent
      then was added followed by the water and catalyst. The run was completed
      by adding the isocyanate, mixing and dispensing the mixture and allowing
      the foam to rise into a continuous bun.
PAC  EXAMPLE IV
PAR  The process of Example III was repeated except that the addition product of
      Example II was employed instead of the addition product of Example I.
PAC  EXAMPLE V
PAR  The process of Example III was repeated except that no additive flame
      retardant material was employed, i.e., the addition products of Examples I
      and II.
PAC  EXAMPLE VI
PAR  Samples of the polyurethane foams prepared in Examples III to V were tested
      for flammability according to the following procedure. A sample of each
      foam was mounted in a vertical chimney with a wire glass front and ignited
      with a Bunsen burner for 10 seconds. The duration of the flame after
      removal of the burner and the percent by weight retained by each foam
      sample were recorded.
TBL  ______________________________________                                    
                 Percent Weight                                                
                            Average Extinguish                                 
                 Retention  Time, seconds                                      
     ______________________________________                                    
     Example III   82.5         0                                              
     Example IV    78.4         0.6                                            
     Example V (control)                                                       
                   73.0         0.8                                            
     ______________________________________                                    
PAR  A comparison of these properties reveals that the addition products of this
      invention are effective flame retardants for plastic foams such as
      polyurethane foams, i.e., less foam is consumed with shorter extinguishing
      times.
PAR  While the invention has been described in considerable detail, we do not
      wish to be limited to the particular embodiments shown and described, and
      it is our intention to cover hereby all novel adaptions, modifications and
      arrangements thereof which come within the practice of those skilled in
      the art to which the invention relates.
CLMS
STM  We claim:
NUM  1.
PAR  1. A polyurethane foam composition formed by reacting, in an NCO/OH index
      ranging from 1/1 to 5/4, one or more compounds having reactive-NCO groups
      with one or more polyol having reactive --OH groups; the polyurethane foam
      composition containing, by weight, 0.5 to 25 percent, based on the total
      weight of the foam compositions, of a flame retardant material represented
      by the formula:
      ##EQU7##
      wherein R.sup.1 is a divalent group selected from alkyl, alkoxy,
      cycloalkyl, cycloalkoxy, aryl an ester represented by the formula
      ##EQU8##
      wherein each R.sup.3 is alkyl, alkoxy, cycloalkyl, cycloalkoxy or aryl,
      each R.sup.3 having 1 to 20 carbon atoms, or an ether represented by the
      formula R.sup.3 -- O -- R.sup.3 wherein R.sup.3 is as defined above, or a
      combination thereof, each radical having from 1 to 20 carbon atoms; each
      R.sup.2 is an alkyl radical having 1 to 20 carbon atoms, each X is
      chlorine, bromine, fluorine or iodine; one of Y is phosphorus and the
      other Y is silicon and each m is the integer 2 when Y is phosphorus and
      the integer 3 when Y is silicon.
NUM  2.
PAR  2. A polyurethane foam composition according to claim 1 wherein the percent
      by weight, of the flame retardant material ranges from 5 to 15.
NUM  3.
PAR  3. A polyurethane foam composition according to claim 1 wherein each X is
      chlorine or bromine and each R.sup.2 is an alkyl radical having 1 to 8
      carbon atoms.
NUM  4.
PAR  4. A polyurethane foam composition according to claim 1 wherein the flame
      retardant material is prepared from a polyepoxide having at least 2
      epoxide groups in the polyepoxide before an addition reaction is carried
      out.
NUM  5.
PAR  5. A polyurethane foam composition according to claim 1 wherein the flame
      retardant material is represented by the formula:
      ##SPC8##
NUM  6.
PAR  6. A polyurethane foam composition according to claim 1 wherein the flame
      retardant material is represented by the formula:
      ##SPC9##
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ABST
PAL  Flame retardant polyurethane foams are disclosed. Flame resistance is
      achieved by a combination of at least three polyols. Control of internal
      exotherm is achieved by the addition to the foams of an inorganic material
      such as hydrated alumina.
PARN
PAR  This is a continuation-in-part patent application of U.S. patent
      application Ser. No. 360,261, filed May 14, 1973, now abandoned.
BSUM
PAR  This invention relates to flame-retardant polyurethane foams.
PAR  Polyurethane foams have found widespread utility in the fields of
      insulation and structural reinforcement. One factor limiting the
      commercial utilization of polyurethane foams has been their flammability
      when exposed to flame or high temperature. Various additives are known in
      the art for producing flame resistance in polyurethane foams; however, few
      such modified polyurethane foams meet the 25 flame spread test of ASTM
      E-84 Tunnel evaluations, i.e., a flame spread of 25 or less. Small amounts
      of commonly used filler materials have been employed in foams for thermal
      stability; see U.S. Pat. No. 3,640,920.
PAR  Flame retardant polyurethane foams now have been discovered which meet the
      25 flame spread test of ASTM E-84 Tunnel evaluations. Such flame
      resistance is achieved by a combination of at least three polyols. Control
      of internal exotherm is achieved by the addition to the foams of an
      inorganic material such as hydrated alumina.
PAR  Accordingly, an object of this invention is to provide flame-resistant
      polyurethane foams.
PAR  Other objects, aspects, and advantages of this invention will be apparent
      to one skilled in the art from the following disclosure and appended
      claims.
PAR  The polyol employed in this invention is a mixture of at least three
      polyols.
PAR  One of the components of the unique mixture is an oxyalkylated,
      resole-based polyol. The polyol is formed by reacting an alkylene oxide
      with a resole formed by the reaction, under basic conditions, of phenol
      and formaldehyde. Generally, the ratio of components is 2.4 to 2.8 moles
      of formaldehyde per mole of phenol. The resole has a structure comprising,
      by weight, 40 to 70% trimethyol phenol and dimeric resole; 15 to 30%
      dimethyol phenol and trimeric resole polymers; 5 to 10% monomethyol phenol
      and tetrameric and larger resole polymers; and 1% or less free phenol.
      Typically, the alkylene oxide is propylene oxide, ethylene oxide, butylene
      oxide, and the like and mixtures thereof.
PAR  A second component of the polyol mixture of this invention is an
      ester-containing polyol. This polyol generally has an OH number ranging
      from 280 to 320. This ester-containing polyol often is a
      tetrabromophthalic anhydride based polyol.
PAR  The third polyol component is bis (2-hydroxyethyl) aminomethyhphosphonate.
PAR  The amount of each component in the polyol mixture is as follows:
TBL  Material        Parts by Weight                                           
                   Generally Preferred                                         
     ______________________________________                                    
     Oxyalkylated, resole-                                                     
     based polyol    20 to 45    28 to 38                                      
     Ester-containing                                                          
     polyol          10 to 35    18 to 28                                      
     Bis (2-hydroxyethyl)                                                      
     aminomethyhphosphonate                                                    
                      2 to 15     4 to 10                                      
     ______________________________________                                    
PAL  Other polyols can be present in the polyol mixture of this invention.
PAR  The additive materials of this invention are inorganic materials such as
      hydrated alumina. Other inorganic materials that can be employed in this
      invention include hydrated tin oxides, poly ammonium phosphate, potassium
      fluororate, zinc oxide, silicon oxide, and the like and mixtures thereof.
PAR  The particle size of the additive materials of this invention can vary
      widely. Generally, the additive materials of this invention pass through
      31a 325 mesh Tyler Standard Screen.
PAR  The amount of inorganic materials in the polyurethane foams of this
      invention, by weight, ranges from 0.5 to 12%, preferably 2 to 8%.
PAR  Urethanes or polyurethanes can be formed by a variety of methods, although
      the most widely used production method is the reaction of di- or
      polyfunctional hydroxyl compounds, for example, hydroxylterminated
      polyesters or polyethers, with di- or polyfunctional isocyanates. The
      general structure of a linear polyurethane derived from a dihydroxy
      compound, HOROH, and a diisocyanate, OCNR'NCO, can be represented by the
      following general formula:
      ##EQU1##
PAR  Suitable isocyanates or reactive -NCO containing compounds which may be
      employed in practicing the invention include: 2,4-tolylene disocyanate;
      2,6-tolylene disocyanate; p-phenylene diisocyanate; polymethylene
      polyphenylisocyanate; diphenyl-methane diisocyanate; m-phenylene
      disocyanate; hexamethylene disocyanate; butylene-1,4 -diisocyanate;
      octamethylene diisocyanate; 3,3'-dimethoxy-4,4'-biphenylene diisocyanate;
      1,18-octadecamethylene diisocyanate; polymethylene diisocyanate; benzene
      triisocyanate; 2,4-diisocyanate, 3,3'-dimethyl-4,4'-biphenylene
      diisocyanate; 1-methoxy phenylene-2,4-diisocyanate;
      diphenylene-4,4'diisocyanate, 4,4'-diisocyanate diphenyl ether;
      naphthylene-1,5-diisocyanate; diisocyanate-diclyclohexyl-methane;
      p-xylylene diisocyanate; xylylene diisocyanate; hydrogenated diphenylene
      diisocyanate; hydrogenated diphenyl methane diisocyanate;
      toluene-2,4,6-triisocyanate; 3-methyl-4,6,4'-triisocyanate diphenyl
      methane; 2,4,4'-triisocyanate diphenyl; 2,4,4'-triisocyanate diphenyl
      ether; long chain hydrocarbons and substituted hydrocarbons terminated
      with --NCO radicals and mixtures thereof. Prepolymers having reactive
      isocyanate or --NCO groups may also be used.
PAR  Other polyols (hydroxy terminated or polyhydric compounds) which may be
      reacted with the isocyanate containing compounds include by way of
      example: polyalkylene ether glycols, triols and so forth having up to
      eight hydroxyl groups, and the polyhydric polyesters obtained by the
      reaction of a dicarboxylic acid with one or more polyhydric alcohols such
      as diol, triol, tetrol to produce a hydroxy terminated polyester. Examples
      of polyhydric compounds include branched chain polyols of hydroxyl
      terminated condensation products of propylene oxide or of mixed ethylene
      and propylene oxides or other alkylene oxides with polyhydric alcohols of
      two to eight hydroxyl groups such as with ethylene glycol, glycerol,
      1,3,6-hexanetriol, pentaerythritol, sorbitol, sucrose, and methyl
      glucoside, or with diamines, and triamines; linear polyols such as
      dipropylene glycol, tripropylene glycol, polypropylene ether glycol,
      polyisopropylene ether glycol, polyethylene propylene ether glycol,
      polyethylene ether glycol, polyhexamethylene ether glycol,
      polytetramethylene ether glycol and liquid hydroxy terminated polyesters
      formed by reaction of a dicarboxylic acid such as adipic or sebacic acid
      or their anhydrides with one or more of the above glycols or with a small
      amount of a higher polyol, e.g. hexanetriol, or pentaerythritol to give
      some branching. Small amounts of amines or amino alcohols can also be used
      in making polyesters.
PAR  Rigid, low density polyurethane foams can be prepared by reacting the
      polyols of this invention with the polyisocyanates in the presence of a
      suitable catalyst, a blowing agent, and generally a surfactant. This
      invention works well for both the one-shot technique and the pre-polymer
      approach.
PAR  The amount of polyisocyanate used will vary slightly but preferably the
      total --NCO equivalent to total polyol active hydrogen equivalent should
      be greater than one. Generally, the NCO/OH index ranges from 1/1 to 5/4.
PAR  The foaming operation is effected by means of incorporating the blowing
      agent in the foam forming constituents. It can be water or a low boiling,
      inert liquid, which vaporizes below the temperature of the foaming mass.
      The preferred blowing agents are certain halogen-substituted aliphatic
      hydrocarbons. In rigid foams intended for use as insulation the
      incorporation of a gas lowers the foam's heat conductivity and results in
      obtaining a better K-factor. All of these methods are known in the art.
PAR  Preferred blowing agents are fluorocarbons such as
      trichloromonofluoromethane, dichlorofluoromethane, and the like. The
      weight of blowing agents used is varied depending on the foam density
      desired.
PAR  Catalysts are commonly used to increase the rate of the isocyanate-polyol
      reaction. A wide variety of compounds can be used. Tertiary amines are
      commonly used for this purpose. Triethylenediamine is preferably used in
      practicing this invention. Other commonly employed catalysts are
      triethyleamine and dimethylethanolamine, as well as tin, lead, and cobalt
      containing compounds.
PAR  When producing urethane foams it is useful in many cases to use a
      surfactant which serves to regulate rigid foam cell size. The surfactant
      most frequently used are high molecular weight, liquid silicones. The
      weight of surfactant used is generally between 0.5% and 1.5% by weight of
      the polyol.
PAR  The polyurethane foam buns of this invention generally are 1 to 3 inches in
      thickness; however, the thickness can be greater than 3 inches, if
      desired. Hydrated alumina especially in useful in large buns to control
      exotherm (internal heat). The size of the bun can be varied as long as the
      exotherm does not exceed the temperature at which the bun will decompose.
PAR  The inorganic materials of this invention generally are added to the polyol
      component prior to the foaming operation. The amount of inorganic material
      in the polyol, by weight, ranges from 0.5 to 20%, preferably 5 to 15%. If
      desired, the inorganic material can be added to the isocyanate rather than
      the polyol.
PAR  The modified polyurethane foams of this invention meet the 25 flame spread
      test of ASTM E-84 Tunnel evaluations. Naturally, due to process and
      testing limitations, a mavrick sample with a flame spread of about 27 or
      28 is considered to have met the 25 flame spread test, e.g., the material
      is considered to be flame spread 25 if three samples from the same run
      give flame spreads of 25, 28, and 25.
DETD
PAR  The advantages of this invention further are illustrated by the following
      examples. The reactants, proportions, and other specific conditions are
      presented as being typical and should not be construed to limit the
      invention unduly.
PAC  EXAMPLE I
TBL  Ingredients           Parts by Weight                                     
     ______________________________________                                    
     Isocyanate - polyphenyl                                                   
     polymethlene polyisocyanate                                               
                           81.20                                               
     Polyol-tetrabromophthalic                                                 
     anhydride based polyol                                                    
                           22.20                                               
     Polyol-bis (2-hydroxyethyl)                                               
     aminomethylphosphonate                                                    
                           6.39                                                
     Polyol-oxyalkylated, resole                                               
     based polyol          32.35                                               
     Polyol-propoxylated diethylene                                            
     triamine              4.44                                                
     Water                 0.67                                                
     Blowing agent - trichlorofluoromethane                                    
                           18.00                                               
     Catalyst - triethylenediamine in                                          
     dipropylene glycol    0.58                                                
     Surfactant - silicone glycol                                              
     copolymers with direct silicone                                           
     carbon bonds          0.71                                                
     Flame retardant - phosphorous,                                            
     chlorine containing additive                                              
                           4.66                                                
     ______________________________________                                    
PAL  The NCO/OH index is 1.18.
PAR  The sample was prepared by the one-shot method comprising adding the
      surfactant, flame retardant, and inorganic material to the polyols. The
      blowing agent then was added followed by the water and catalyst. The run
      was completed by adding the isocyanate, mixing, dispensing the mixture
      onto a moving conveyor, and allowing the foam to rise into a continuous
      bun. Each sample was cured 3 days at ambient temperatures. Samples having
      a thickness of 1 inch and 3 inches were tested in ASTM E-84 Tunnel
      evaluations. Flame spread values for various thicknesses and batches of
      the above sample ranged from 19 to 27. Most of the samples had flame
      spread values in the range of 23 to 25. Visual examination of the samples
      revealed no cracking.
PAR  The tetrabromophthalic anhydride based polyol we employed in this example
      and the following examples was prepared from 464 parts of
      tetrabromophthalic anhydride, one part of tri-n-butylamine, and 400 parts
      of a condensation product of propylene oxide and pentaery-thritol
      (hydroxyl number 556). Example VII of U.S. Pat. No. 3,585,185 describes
      one process for producing this polyol.
PAR  The phosphorus, chlorine flame retardant we employed in this example and
      the following examples is represented by the formula
      ##EQU2##
      and has a chlorine content of 27 weight percent and a phosphorus content
      of 15 weight percent. Monsanto produces this material under the tradename
      Phosgard C-22-R.
PAR  The surfactant we employed in this example and the following examples is
      Dow Corning's 193 Surfactant. The surfactant is the combination of
      dimethyl silicone and an adduct of ethylene oxide and propylene oxide
      where the adduct is hydroxyl terminated.
PAR  The NCO content available in the polyphenol polymethylene polyisocyanate we
      used in these examples is 32 weight percent.
PAR  The diethylene triamine we employed was propoxylated until it reached a
      hydroxyl number of 700. We used 1 mole of diethylene triamine and 5 moles
      of propylene oxide.
PAC  EXAMPLE II
PAR  A run was carried out according to the procedures of Example I except that
      an isocyanate prepolymer was employed. The prepolymer contained about 5%
      polyol. Ingredients and amounts were as follows:
TBL  Ingredients           Part by Weight                                      
     ______________________________________                                    
     Prepolymer-polyphenyl polymethylene                                       
     polyisocyanate and tetrabromophthalic                                     
     anhydride based polyol                                                    
                           82.30                                               
     Polyol-oxyalkylated, resole based                                         
     polyol                32.61                                               
     Polyol-tetrabromophthalic                                                 
     anhydride based polyol                                                    
                           20.54                                               
     Polyol-propoxylated diethylene                                            
     triamine              4.60                                                
     Polyol-bis (2-hydroxyethyl)                                               
     aminomethylphosphonate                                                    
                           6.62                                                
     Flame retardant-phosphorus,                                               
     chlorine containing additive                                              
                           4.83                                                
     Water                 0.69                                                
     Surfactant-silicone glycol copolymers                                     
     with direct silicone carbon bonds                                         
                           0.50                                                
     Catalyst-triethylenediamine in                                            
     dipropylene glycol    0.60                                                
     Blowing agent - trichlorofluoromethane                                    
                           18.65                                               
     Inorganic material-hydrated alumina                                       
                           10.36                                               
     NCO/OH index          1.10                                                
     ASTM E-84 flame spread                                                    
                           23.00                                               
     ______________________________________                                    
PAR  Visual examination of the sample revealed no cracking.
PAC  EXAMPLE III
PAR  A run was carried out according to the procedures of Example I except that
      no hydrated alumina was employed. Foam buns were prepared 2 ft. .times. 4
      ft. .times. 1.5 ft. Ingredients and amounts were as follows:
TBL  Ingredients           Parts by Weight                                     
     ______________________________________                                    
     Isocyanate - polyphenyl                                                   
     polymethylene polyisocyanate                                              
                           81.20                                               
     Polyol - tetrabromophthalic                                               
     anhydride based polyol                                                    
                           24.50                                               
     Polyol - bis (2-hydroxyethyl)                                             
     aminomethylphosphonate                                                    
                           7.00                                                
     Polyol-oxyalkylated, resole                                               
     based polyol          36.50                                               
     Polyol-propoxylated diethylene                                            
     triamine              5.00                                                
     Water                 0.75                                                
     Blowing agent - trichlorofluoromethane                                    
                           19.65                                               
     Catalyst - triethylenediamine                                             
                           0.80                                                
     Flame retardant - phosphorous,                                            
     chlorine containing additive                                              
                           5.00                                                
     Surfactant - silicone glycol                                              
     copolymers with direct silicone                                           
     carbon bonds          0.8                                                 
     NCO/OH index          1.10                                                
     ASTM E-84 flame spread                                                    
                           25.                                                 
     ______________________________________                                    
PAR  Visual examination of the sample revealed no cracking.
PAC  EXAMPLE IV
PAR  Runs were carried out according to the procedures, ingredients, and amounts
      of Example III, except that the size of the bun was very large, i.e., the
      cross-sections were greater than 2 ft. .times. 1.5 ft. and the length of
      the bun was continuous with the conveyor. Visual examination of the buns
      revealed cracking, which generally is caused by excessive internal
      exotherm.
PAR  Although this invention has been described in considerable detail, it must
      be understood that such detail is for the purposes of illustration only
      and that many variations and modifications can be made by one skilled in
      the art without departing from the scope and spirit thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A polyol composition of at least 3 polyols comprising the following
      materials in parts by weight:
TBL  oxyalkylated, resole-based polyol                                         
                              20 to 45                                         
     ester-containing polyol  10 to 35                                         
     bis (2-hydroxyethyl)                                                      
       aminomethylphosphonate  2 to 15                                         
PAL  wherein the oxyalkylated, resole-based polyol is a reaction product of an
      alkylene oxide and a resole formed, under basic conditions, of 2.4 to 2.8
      moles of formaldehyde and 1 mole of phenol and the ester containing polyol
      is a tetrabromophthalic anhydride based polyol prepared from
      tetrabromophthalic anhydride and a condensation product of propylene oxide
      and pentaery-thritol.
NUM  2.
PAR  2. A polyol composition according to claim 1 wherein the parts by weight of
      each of the materials is:
TBL  oxyalkylated, resole-based polyol                                         
                              28 to 38                                         
     ester-containing polyol  18 to 28                                         
     bis (2-hydroxyethyl)                                                      
       aminomethylphosphonate  4 to 10.                                        
NUM  3.
PAR  3. A polyol composition according to claim 1 wherein the ester containing
      polyol is prepared from 464 parts of tetrabromophthalic anhydride, one
      part of tri-n-butylamine, and 400 parts of a condensation product of
      propylene oxide and pentaery-thritol.
NUM  4.
PAR  4. A rigid, low density polyurethane foam composition having a flame spread
      index less than 25 in an ASTM E-84 Tunnel test formed by reacting one or
      more compounds having reactive --NCO groups with one or more polyols
      having reactive --OH groups in the presence of a catalyst, surfactant,
      fire retardant, and blowing agent, in an NCO/OH index ranging from 1/1 to
      5/4; wherein the polyols are a mixture of at least 3 polyols comprising
      the following materials in part by weight:
TBL  oxyalkylated, resole-based polyol                                         
                              20 to 45                                         
     ester-containing polyol  10 to 35                                         
     bis (2-hydroxyethyl)                                                      
       aminomethylphosphonate  2 to 15                                         
PAL  wherein the oxyalkylated resole-based polyol is a reaction product of an
      alkylene oxide and a resole formed, under basic conditions, of 2.4 to 2.8
      moles of formaldehyde and 1 mole of phenol and wherein the ester
      containing polyol is a tetrabromophthalic anhydride based polyol prepared
      from tetrabromophthalic anhydride and a condensation product of propylene
      oxide and pentaery-thritol.
NUM  5.
PAR  5. A composition according to claim 4 wherein the parts, by weight, of each
      of the polyol materials is:
TBL  oxyalkylated, resole-based polyol                                         
                              28 to 38                                         
     ester-containing polyol  18 to 28                                         
     bis (2-hydroxyethyl)                                                      
     aminomethylphosphonate    4 to 10.                                        
NUM  6.
PAR  6. A composition according to claim 4 wherein the ester containing polyol
      is prepared from 464 parts of tetrabromophthalic anhydride, one part of
      tri-n-butylamine, and 400 parts of a condensation product of propylene
      oxide and pentaery-thritol.
NUM  7.
PAR  7. A composition according to claim 4 wherein NCO/OH index is greater than
      1/1.
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ABST
PAL  A soil treating composition for mixing with water to form an aqueous
      solution for treating soil is characterized by including a synthetic latex
      material in a mixture including hydroxy ethyl cellulose, metal salts and
      powdered citric acid. For compacting earthen type soils, the mixture also
      includes fermented wort, non-ionic surfactants and vanilla extract. For
      erosion control, the fermented wort, non-ionic surfactants and vanilla
      extract are not essential.
PARN
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 170,979 filed Aug. 11, 1971, now abandoned.
BSUM
PAR  This invention relates generally to compositions of matter and more
      particularly to soild treating compositions for mixing with water to form
      an aqueous solution for spraying into soil.
PAC  BACKGROUND OF THE INVENTION
PAR  Compositions of matter for facilitating the compaction of soil, sand and
      aggregate are well known in the art. Usually, these compositions are mixed
      with water and sprayed on the soil. Thereafter, a roller may be used. For
      certain applications such as road beds over which concrete will be applied
      or building foundations, the degree of compaction necessary for safety
      cannot always be achieved with presently known compositions. Not only is
      it important to eliminate voids in the soil or earth composition, but also
      to be assured that the soil particles are bound or cemented together.
PAR  In the case of erosion control, such compositions as have been used
      heretofore have not really provided effective cementation.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  With the foregoing in mind, the present invention contemplates compositions
      of matter for penetrating, compacting and cementing soil and controlling
      erosion which are distinguished from all compositions heretofore known for
      such purposes in that they include as a major ingredient a synthetic latex
      material.
PAR  For compaction of earth soil, other than sand, the composition includes
      fermented wort along with suitable surfactants and other ingredients. The
      fermented wort aerates the soil by the generation of carbon dioxide so
      that compaction is greatly facilitated and voids are substantially
      eliminated. In the case of the composition for erosion control, the
      fermented wort and non-ionic surfactants are not essential. However, in
      both instances the synthetic latex material effects the cementing or
      binding of the soil providing a degree of cementation constituting a
      substantial improvement over that heretofore attainable in either
      compaction or erosion operations.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Basically, the soil treating compositions for mixing with water to form an
      aqueous solution to be sprayed or otherwise applied to soil for compacting
      or cementing or for erosion control of the soil, both include a mixture of
      a synthetic latex material, selected from the group consisting of acrylic
      copolymer, specifically a copolymer comprised of 60-70% of a first monomer
      constituting ethyl or butyl acrylate and 30-40% of a second monomer
      constituting methyl methacrylate, or vinyl-acrylic copolymers,
      specifically copolymers comprised of 5-30% of a first monomer constituting
      butyl acrylate, isobutyl acrylate, or 2-ethyl hexyl acrylate and 70-95% of
      a second monomer constituting vinyl acetate.
PAR  The foregoing materials may be obtained under the trade name UCAR-360 from
      Union Carbide Corporation, New York, NY. UCAR is a registered trademark of
      Union Carbide Corporation.
PAR  Also included in the basic composition are suitable salts such as aluminum
      sulfate and magnesium sulfate. The aluminum sulfate enhances cementation
      of the soil particles; that is, it causes the soil particles to adhere
      together. The magnesium sulfate works with the aluminum sulfate to enhance
      this cementation.
PAR  A hydroxy ethyl cellulose known as Cellosize QP 100,000 obtainable from
      Union Carbide Corporation may be added to the basic composition. The
      cellulose increases the viscosity and helps maintain the homogeneity of
      the solution by eliminating precipitation.
PAR  The basic composition is completed by the addition of powdered citric acid.
PAR  Considering now the composition for compacting there is included in the
      above described basic composition a fermented wort which functions in the
      reduction of voids in the soil. For 55 gallons of a complete compacting
      composition, the fermented wort is made in accord with the following
      steps:
PAR  1. Start with 44 gallons of water at about 85.degree. F.
PAR  2. Add 2 ounces of ammonium sulfate.
PAR  3. Add 2 ounces of magnesium sulfate.
PAR  4. Add 2 ounces of sodium chloride.
PAR  5. Add 1 ounce of baker's yeast.
PAR  6. Add 11 gallons of black strap molasses containing from 60-65%
      fermentable sugars. Cane sugar can be used in the event of fermentable
      sugar deficiencies.
PAR  7. Maintain the above ingredients at a temperature of from 80-85.degree..
PAR  8. Fermentation is to be permitted to take place for 36-72 hours.
PAR  Also included in the basic compacting composition is a first non-ionic
      surfactant of poly-oxy-ethylene alkyl aryl ether. This surfactant may be
      described as an ethylene oxide condensate with a fatty alcohol containing
      10 moles of ethylene oxide. The fatty alcohol chain is composed of no more
      than 11 carbon atoms and not less than 8 carbon atoms. It should be noted
      that several other types of non-ionic surfactants could be employed in
      these formulations with similar results. The surfactant may be obtained
      under the trademark RENEX No. 690 from Atlas Chemical Company of
      Wilmington DE. and functions to enhance penetration of the composition
      into the soil.
PAR  A second non-ionic surfactant constitutes a phosphate triester surfactant
      completely esterfied with at least one polyethylene oxide moiety
      containing 2 to 100 oxide units and one or two alkyl groups containing 2
      to 25 carbon atoms. This particular non-ionic surfactant is described in
      U.S. Pat. No. 3,449,282 and is obtainable under the trademark VICTAWET No.
      12 from Stauffers Chemical Corporation, Los Angeles, Calif. This second
      surfactant functions as a dispersent for the latex particles.
PAR  Also included in addition to the basic composition for the compaction
      composition is vanilla extract. This vanilla extract may constitute, by
      way of example, extractable matter from 131/2 ounces of dried vanilla
      beans that have been processed by the alcohol percolation method. The
      resultant product contains 35% ethyl alcohol.
DETD
PAR  An example of the method of forming that is the sequential or successive
      mixing steps, and the ingredients of a composition particularly useful for
      compacting operations in accord with the present invention is set forth as
      follows:
PAC  EXAMPLE 1 -- COMPACTING COMPOSITION
TBL                             PERCENT                                        
                                BY                                             
     INGREDIENTS                WEIGHT                                         
     ______________________________________                                    
     (1)  Start with fermented wort formu-                                     
          lated in accord with steps 1                                         
          through 8 above           32%                                        
     (2)  Add the non-ionic surfactant of                                      
          poly-oxy-ethylene alkyl aryl ether                                   
                                    01%                                        
     (3)  Add the non-ionic surfactant of phos-                                
          phate triester            1/2%                                       
     (4)  Add hydroxyl ethyl cellulose                                         
                                    1/2%                                       
     (5)  Add aluminum sulfate      03%                                        
     (6)  Add magnesium sulfate     02%                                        
     (7)  Add vanilla extract as formulated above                              
                                    1/2%                                       
     (8)  Add the synthetic latex as described above                           
                                    60%                                        
     (9)  Add powdered citric acid  1/2%                                       
     ______________________________________                                    
PAR  In the case of road bed construction, from 0.1 to 2% of the foregoing
      compaction composition of example 1 is added to water, the water then
      being sprayed into the soil and compacted with a rolling or equivalent
      operation.
PAR  The use of the foregoing composition in the manner described insures that
      interstices or voids are reduced with a minimum amount of rolling thereby
      resulting in a substantial savings in both equipment time and labor. In
      fact, compaction readings of 95% Proctor or better are obtained within a
      few hours after application of the composition.
PAR  Considering now the composition of this invention suitable for erosion
      control, there follows a specific example of the sequential or successive
      mixing steps and ingredients involved in forming the composition:
PAC  EXAMPLE 2 -- EROSION COMPOSITION
TBL                             PERCENT                                        
                                BY                                             
     INGREDIENTS                WEIGHT                                         
     ______________________________________                                    
     (1)  Start with water          141/2 %                                    
     (2)  Add hydroxy-ethyl cellulose                                          
                                    1/4%                                       
     (3)  Add aluminum sulfate      03%                                        
     (4)  Add magnesium sulfate     02%                                        
     (5)  Add the synthetic latex as described above                           
                                    80%                                        
     (6)  Add powdered citric acid  1/4%                                       
     ______________________________________                                    
PAR  If desired, a powdered green dye (less than 0.1%) may be added for esthetic
      purposes.
PAR  After thorough mixing of the above ingredients, they may be added in a
      proportion of from 3 to 20% to water to form the desired aqueous solution.
      This solution is then sprayed on the soil or sand to provide the desired
      erosion control. From 1 to 3 days are sufficient to assure proper bonding
      and cementation.
PAR  Variations in the amounts of the essential ingredients in both of the
      examples 1 and 2 can be tolerated for certain soil conditions. These
      variations are as follows:
TBL  ESSENTIAL INGREDIENTS                                                     
                     PERCENTAGE VARIATION BY WEIGHT                            
     ______________________________________                                    
     Water (where fermented                                                    
                     10% to 30%                                                
      wort is not used)                                                        
     Synthetic latex 50% to 90%                                                
     Hydroxy-ethyl cellulose                                                   
                      1/4 to 1%                                                
     Aluminum sulfate                                                          
                      01 to 05%                                                
     Magnesium sulfate                                                         
                      01 to 04%                                                
     Powdered citric acid                                                      
                      1/4 to 1%                                                
     ______________________________________                                    
PAR  With respect to the non-essential ingredients, the following variations may
      be tolerated for certain soil conditions:
TBL                     PERCENTAGE VARIATION                                   
     NON-ESSENTIAL INGREDIENTS                                                 
                        BY WEIGHT                                              
     ______________________________________                                    
     Fermented wort     20 to 50%                                              
     Non-ionic surfactant of                                                   
      poly-oxy-ethylene                                                        
     alkyl aryl ether   1/2 to 21/2%                                           
     Non-ionic surfactant phosphate                                            
      triester          1/4 to 01%                                             
     Vanilla extract    1/4 to 11/2%                                           
     ______________________________________                                    
PAR  The variation in the percent of the composition for compaction to be mixed
      with water such as set forth in example 1 preparatory to the final
      spraying may be from 0.1 to 2%.
PAR  The variation in the percent mixture of the composition for erosion control
      made in accord with example 2 with water preparatory to the final spraying
      may be from 3 to 25%.
PAR  Both of the initial compositions for compaction or erosion should have a pH
      of from 2.5 to 3.4.
PAC  EFFECT OF VARIOUS INGREDIENTS
PAR  In the case of the compaction composition, the fermented wort formed from
      black strap molasses contains many materials beneficial to reducing voids;
      for example, carbon dioxide, potassium chloride, and calcium chloride.
      These compounds also help to maintain the moisture balance in the soil
      during the construction of highways, earthen filled dams, back fills and
      so forth. There thus results a substantial savings on watering costs as
      well as in the length of time for equipment rolling operations as
      mentioned heretofore.
PAR  In one sense, the fermented wort is a type of polyhydric alcohol and acts
      as a protective colloid for the latex system employed in the compaction
      composition of this invention.
PAR  As mentioned, the synthetic latex at concentrations of from 50 to 90%
      assures cementation to an extent that excellent compaction is realizable
      when added to the fermented wort. Latex coated soil particles resist
      weathering and moisture by forming insoluble water complexes in the soil
      thereby rendering excellent heave-thaw stability.
PAR  The same foregoing characteristics are present in the erosion control
      composition rendering this particular composition not only useful for
      conventional erosion control but also for lining river banks and river
      bottoms.
PAR  The use of the aluminum sulfate and magnesium sulfate in both compositions
      and as mentioned heretofore enhances cementation of the soil particles.
      Certain construction soils are not readily compacted if they are lacking
      in these salts and proper erosion control of certain soils similarly
      requires the salts.
PAR  In the case of the compaction composition, the nonionic surfactants aid
      penetration and permeation of the composition into the soil.
PAR  From the foregoing, it will thus be evident that the present invention has
      provided vastly improved compositions for soil compaction and erosion
      control.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A soil treating composition for mixing with water to form an aqueous
      solution for penetrating, compacting and cementing soil, including a
      mixture, by weight of:
PA1  a. 10 to 30% water;
PA1  b. 50 to 90% of a synthetic latex material selected from the group
      consisting of acrylic copolymer specifically a copolymer comprised of
      60-70% of a first monomer constituting ethyl or butyl acrylate and 30-40%
      of a second monomer constituting methyl methacrylate or vinyl-acrylic
      copolymers, specifically copolymers comprised of 5-30% of a first monomer
      constituting butyl acrylate isobutyl acrylate, or 2-ethyl hexyl acrylate
      and 70-95% of a second monomer constituting vinyl acetate;
PA1  c. 1/4 to 01% hydroxy ethyl cellulose;
PA1  d. 01 to 05% aluminum sulfate;
PA1  e. 01 to 04% magnesium sulfate; and,
PA1  f. 1/4 to 01% powdered citric acid.
NUM  2.
PAR  2. A composition of claim 1, in which from 3 to 20% of the same is added to
      water to form a desired aqueous solution for spraying into soil or sand to
      penetrate the same and provide a desired erosion control.
NUM  3.
PAR  3. A composition according to claim 2, in which the percent by weight of
      water is 141/2%, the percent weight of synthetic latex is 80%, the percent
      weight of hydroxy ethyl cellulose is 1/4%, the percent weight of aluminum
      sulfate is 3%, the percent weight of magnesium sulfate is 2%, and the
      percent weight of powdered citric acid is 1/4%.
NUM  4.
PAR  4. A composition according to claim 2 in which less than 01% by weight of a
      powdered green dye is added to the composition.
NUM  5.
PAR  5. A soil treating composition for mixing with water to form an aqueous
      solution for compacting and cementing soil, including a mixture by weight
      of:
PA1  a. 20 to 50% fermented wort formulated, for 55 gallons of a complete
      composition, by adding to 44 gallons of water at about 85.degree. F, 2
      ounces of ammonium sulfate, 2 ounces of magnesium sulfate, 2 ounces of
      sodium chloride, 1 ounce of baker's yeast, and 11 gallons of black strap
      molasses containing from 60-65% fermentable sugars, the foregoing
      ingredients being maintained at a temperature of from 80.degree. to
      85.degree. for a period of from 36 to 72 hours;
PA1  b. 1/2 to 21/2% of non-ionic surfactant of poly-oxy-ethylene-alkyl aryl
      ether;
PA1  c. 1/4 to 01% of a non-ionic surfactant phosphate triester;
PA1  d. 1/4 to 01% hydroxy ethyl cellulose;
PA1  e. 01 to 05% aluminum sulfate;
PA1  f. 01 to 04% magnesium sulfate;
PA1  g. 1/4 to 11/2% vanilla extract; and
PA1  h. 50 to 90% synthetic latex selected from the group consisting of acrylic
      copolymer, specifically a copolymer comprised of 60-70% of a first monomer
      constituting ethyl or butyl acrylate and 30-40% of a second monomer
      constituting methyl methacrylate or vinyl-acrylic copolymers specifically
      copolymers comprised of 5-30% of a first monomer constituting butyl
      acrylate isobutyl acrylate, or 2-ethyl hexyl acrylate and 70-95% of a
      second monomer constituting vinyl acetate; and 1/4 to 01% powdered citric
      acid.
NUM  6.
PAR  6. The composition of claim 5 in which from 0.1 to 2% is added to water to
      form an aqueous solution for spraying into the soil preparatory to being
      compacted with a rolling or equivalent operation.
NUM  7.
PAR  7. A composition according to claim 6 in which the non-ionic surfactant of
      poly-oxy-ethylene alkyl aryl ether comprises an ethylene oxide condensate
      with a fatty alcohol containing 10 moles of ethylene oxide, the fatty
      alcohol chain being composed of no more than 11 carbon atoms and not less
      than 8 carbon atoms; and in which the non-ionic surfactant of phosphate
      triester constitutes a phosphate triester completely esterified with at
      least one polyethylene oxide moiety containing 2 to 100 oxide units and 1
      or 2 alkyl groups containing 2 to 25 carbon atoms.
NUM  8.
PAR  8. A composition according to claim 6, in which the vanilla extract
      constitutes extractable matter from dried vanilla beans that have been
      processed by the alcohol percolation method, the resultant product
      containing about 35% ethyl alcohol.
NUM  9.
PAR  9. A composition according to claim 6 in which there is provided 32%
      fermented wort, 01% non-ionic surfactant of poly-oxy-ethylene alkyl aryl
      ether, 1/2% of non-ionic surfactant of phosphate triester, 1/2% of hydroxy
      ethyl cellulose, 3% of aluminum sulfate, 2% of magnesium sulfate 1/2% of
      vanilla extract, 60% of said synthetic latex, and 1/2% of powdered citric
      acid.
NUM  10.
PAR  10. A method of forming the composition of claim 3 for erosion control
      comprising the steps of successively mixing together the ingredients in
      the amounts set forth in claim 3 in the following order: water,
      hydroxy-ethyl cellulose, aluminum sulfate, magnesium sulfate, synthetic
      latex, and powdered citric acid.
NUM  11.
PAR  11. The method of forming the composition of claim 9 for compacting and
      cementing soil comprising the steps of successively mixing the ingredients
      in the order given and in the amounts set forth in claim 9.
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ABST
PAL  Discontinuous cellulose fiber is treated with both plastic polymer and
      lubricant to produce improved treated fiber for reinforcing a plastic
      matrix.
BSUM
PAR  This invention relates to treating fiber for the manufacture of composites
      of discontinuous fiber and a polymer matrix and particularly, to processes
      for preparing improved treated cellulose fiber and to the resulting
      products.
PAC  BACKGROUND OF THE INVENTION
PAR  Reinforcement of polymer matrices by incorporation of discontinuous or
      short fiber is well-known. However, the incorporation of discontinuous
      cellulose fiber into massed polymers is difficult. Intensive prolonged
      mixing is required to disperse the fiber, and sometimes mix temperatures
      are generated so high that the composite must be dumped and allowed to
      cool before further processing. Some cellulose fibers are subject to
      extensive breakage during mixing. Breakage must be avoided to achieve
      maximum reinforcement which can only be obtained by preserving the fiber
      length. It is particularly difficult to obtain high strength fiber-polymer
      composites using fibers which possess a high degree of fiber interaction,
      such as unregenerated cellulose fibers, because the fibers tend to cling
      together in bundles of more than a single fiber and resist dispersion of
      the individual fibers.
PAR  For preparing a composite of polymer matrix reinforced with cellulose
      fiber, it is recognized that pretreatment of the fiber with material to
      reduce fiber-to-fiber interaction prior to incorporating it into the
      matrix aids dispersion and greatly improves the properties of the
      composite, Boustany and Coran U.S. Pat. No. 3,697,364. The pretreatment
      appropriately called "predispersion" may be with rubber latex or other
      substances which reduce fiber-to-fiber interaction. A plasticizer for the
      cellulose, examples of which are moisture and glycerine, is also present
      to inhibit fiber breaking on mixing into the polymer matrix. However, the
      presence of moisture is highly undesirable for some purposes and the
      presence of volatile substances or substances which plasticize the
      cellulose to the extent of significantly softening and swelling the fiber
      structure itself, may have undesirable side effects. Moreover, pretreating
      the fiber and mixing the treated fiber into the polymer matrix on a
      factory or semiwork scale are demanding of both time and equipment. The
      present invention simplifies the preparation of treated fiber and provides
      an improved polymer treated fiber or concentrate which incorporates into a
      polymer matrix quickly without excessive fiber breaking and without
      generating a high mix temperature.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that improved predispersed unregenerated cellulose
      fiber is simply prepared by treating the fiber with limited amounts of
      plastic polymer in the presence of a lubricant. Subjecting unregenerated
      cellulose fiber to the shearing forces, resulting from mixing minor
      proportions of plastic polymer and lubricant with fiber, effects
      separation of the individual fiber filaments in minimal time and the
      presence of the polymer inhibits them from again agglomerating into fiber
      bundles. By lubricant is meant an auxiliary material which is adsorbed by
      the fiber and facilitates disentanglement of the individual fibers. The
      lubricant is believed to produce the aforesaid effect by wetting and
      reducing friction of the fiber surfaces. Regardless of the correct
      explanation, it is observed that the lubricant is adsorbed by the fiber
      and enhances receptiveness of the fiber to the polymer thereby shortening
      the time required for mixing the fiber and polymer to effect fiber
      separation and dispersion. It is in the aforesaid sense of being adsorbed
      by the fiber and abetting the shearing forces in separating the fibers
      that lubricating the fiber is to be understood herein. It is not to be
      confused with internal plasticization of the cellulose or of the polymer.
      Although both plasticizing effects may be exerted to a degree, they are
      incidental to the results obtained and may have undesirable effects in the
      extreme. For example, when using solid polymer, plasticizing it to a low
      viscosity product may reduce the shearing forces to an ineffectual level
      depending upon the mixing equipment used.
PAR  Because masticating plastic polymer and cellulose fiber tends to break the
      fiber so that in general, mixing times have been inversely proportional to
      the strengths of the final fiber reinforced polymer matrix, the reduction
      of mixing time due to the presence of the lubricant is important for
      preserving the length of the fiber as well as for economy of production.
      Also, the presence of the lubricant in the treated fiber concentrate
      promotes dispersion of the fiber upon dilution with more plastic polymer.
      However, the effect is largely dissipated if the lubricant is combined
      directly with fiber and polymer in such proportions that the polymer is
      the major component with respect to the fiber. On the other hand,
      combining the fiber with only a minor proportion of plastic polymer
      together with lubricant effects significant improvements. It is believed
      that the presence of a minor proportion of plastic polymer opens the fiber
      bundles and may reduce fiber breaking as compared to masticating the fiber
      and lubricant alone. The properties of composites prepared from fiber
      treated with the combination are improved as compared to composites
      prepared from fiber treated only with lubricant. Thus, the lubricant and
      minor proportion of plastic polymer exert mutually beneficial effects. The
      fiber treated with the combination of lubricant and minor proportion of
      plastic polymer is an improved treated fiber product which disperses
      adequately into a matrix compatible with the polymer without unacceptable
      fiber breakage under the severe conditions of short mixing cycles. The
      weight of the fiber exceeds the weight of any other single component of
      the concentrate and, preferably, the weight of fiber exceeds the total
      weight of all the other components of the treated fiber or concentrate,
      making the fiber the major component.
PAR  The amount of polymer is sufficient to separate the individual fiber
      filaments, increase the bulk density of the separated fiber filaments and
      prevent agglomeration thereof. The amount which accomplishes the aforesaid
      functions appears to be an amount which, in combination with the
      lubricant, coats the fiber but higher amounts at least up to about 50
      parts by weight of polymer per 100 parts by weight fiber can be used. The
      optimum amount of polymer required varies somewhat depending upon the type
      and amount of the lubricant. In general, no more than 50 parts by weight
      of polymer per 100 parts by weight of fiber need be used and sometimes as
      low as 2-3 parts by weight are adequate. Preferably, the amount of polymer
      is about 2.5-30 parts by weight per 100 parts by weight fiber.
PAR  The amount of lubricant should be sufficient to reduce friction between the
      fiber and increase receptivity to the polymer. Mixing time to separate the
      fiber provides a measure of receptivity of the fiber to the polymer. For
      preparing a concentrate with minimal fiber breakage and one which mixes
      rapidly with more polymer, again with minimal fiber breakage, the amount
      of lubricant may be equal to or greater than the weight of polymer and may
      be two or more times the weight of polymer. When less lubricant than
      polymer is used, longer mixing times sometime result. Generally, the
      amount of lubricant is about 5-60 parts by weight per 100 parts by weight
      fiber, with 10-50 parts by weight lubricant being preferred and with about
      10-40 parts by weight lubricant per 100 parts by weight fiber being more
      preferred. As hereinafter explained, mixing time is a function, not only
      of the amount of polymer and lubricant, but of their ratio and the total
      amount of polymer plus lubricant.
PAR  In general, treating the fiber with lubricant and plastic polymer is
      effected by simply blending the ingredients in a mixer. THe suitability of
      a mixer will depend in part, at least, on the form of the polymer, for
      example, whether it is a normally hard polymer requiring plasticizer to
      process it at practical temperatures, latex, massed elastomer or liquid
      rubber. Apparatus in the class of mixers for pastes and plastic materials
      is suitable. These mixers are said to effect a combination of low speed
      shear, smearing, wiping, folding, stretching and compression. Although the
      fiber, polymer and lubricant may be charged at the same time, it is
      feasible first to charge only fiber and lubricant, mix for a short time to
      wet the fiber with lubricant and partially disentangle it, then add the
      polymer and complete the mixing. It is also feasible first to charge only
      lubricant and plastic polymer as for example, by using oil extended
      rubber. The fiber may be fed in particulate or in sheet form. In either
      case, if desired, the fiber may be pretreated with lubricant, for example,
      by spreading lubricant over the surface of sheets of fiber, allowing it to
      be adsorbed, and then feeding lubricant-treated fiber to the mixer. If the
      form of polymer is appropriate, it is advantageous to use the shearing
      forces from masticating the polymer to aid separation of the fiber for
      which purpose an internal mixer is particularly well suited. An internal
      mixer is one having the mixing chamber enclosed and usually having blades
      which move at different speeds. Examples of suitable internal mixers are
      Uni-Rotor mixer, Patterson-Kelly mixer with intensifier, Baker-Perkins
      mixer, Brabender mixer, Banbury mixer, Werner and Pfleiderer mixer and
      Rotomill. However, with some mixers, such as a Banbury, extreme care must
      be exercised in charging fiber, especially in sheet form, and mixing to
      avoid damage or breakage of the mixer.
PAR  Amounts of other ingredients, such as bonding agents, fillers and
      reinforcing pigments, may be added but are usually incorporated when the
      concentrate is mixed with additional polymer. However, it is sometimes
      advantageous to incorporate small amounts of reinforcing pigments such as
      carbon black or silica into the concentrates because, in some instances,
      they appear to facilitate disentanglement of the fiber. Generally, the
      quantity of reinforcing pigments incorporated into the concentrate will
      not exceed the amount of lubricant and additional quantities will be added
      along with other compounding ingredients for preparing the final composite
      compositions. The bonding agent, when present in the concentrate, is
      usually a suitable matrix adjuvant for bonding fiber to the matrix, for
      examplle, resorcinol, resorcinol derived resin or other phenolic methylene
      acceptor. A methylene donor may also be present or be added when the
      concentrate is diluted. Bonding systems for treating the matrix to bond
      textile fiber to rubber and other plastic polymers are useful for bonding
      discontinuous cellulose fiber to a matrix and one or more of the
      ingredients of such a system may, if desired, be incorporated into the
      concentrate. These systems are well-known and will not be described in
      detail. A typical and preferred system is described by Morita, U.S. Pat.
      No. 3,644,268, comprising alkylene resorcinol polymer, hereinafter
      referred to as "alkylene resorcinol bonding agent" and
      hexamethylenetetramine or other formaldehyde donor.
PAR  In general, the concentrates issue from the internal mixer as particulate
      crumb suitable for directly mixing with additional polymer to form final
      composites of the desired fiber concentration. Although the treated fiber
      is generally free from apparent liquid and susceptible to compression into
      a sheet or bale, it is only loosely bound and the binding is easily
      reversible. Even a compressed product is frangible, the fiber being bound
      merely by the polymer present and inhibited from fiber-to-fiber affinity
      so that the product is dispersive in the sense that it tends to disperse
      and disintegrate upon the application of moderate force. The irregular
      particulate form which usually issues from the internal mixer comprises
      springy, spongy clusters of fiber lightly held together. The dilution of
      concentrate with additional polymer may be carried out in an internal
      mixer or on a roll mill. In the preparation of composites containing high
      concentration of fiber, internal mixers are recommended whereas in the
      preparation of composites of low fiber concentration, a roll mill is
      recommended. Any cellulose which has an aspect ratio greater than one is
      advantageously converted to pretreated concentrate according to this
      invention.
PAR  In general, organic fibers which are susceptible to breaking on mixing with
      polymer matrix are advantageously predispersed as described herein prior
      to incorporating into the matrix. The discontinuous unregenerated
      cellulose fibers, of which wood fiber is preferred, will generally have an
      average aspect ratio within the range of 5-350. More preferred ranges are
      20-350 and 50-200. Examples of satisfactory cellulose fibers are cotton,
      sisal, coconut and flax, and particularly soft or hardwood pulp fibers.
      Wood pulp normally contains equilibrium amounts of water at ambient
      atmosphere but the amounts of water present can vary widely. The
      predispersed concentrate may comprise mixtures of fibers including
      mixtures of different size fiber and mixtures of natural or synthetic
      inorganic fibers and synthetic organic fibers. The fiber concentrates of
      this invention are particularly suitable for the preparation of composites
      described in Boustany and Coran U.S. Pat. Nos. 3,697,364 and 3,709,845,
      the disclosures of which are incorporated herein by reference. The
      advantage of making both the treated fiber and the final product in
      equipment commonly used for mixing plastic polymers and improved
      efficiency of making the composites has been achieved by the present
      invention.
PAR  Any organic polymer which can be processed as a thermoplastic substance is
      useful for the practice of this invention. In the unvulcanized state,
      elastomers are herein classified as thermoplastic substances and
      constitute a preferred subclass of plastic polymers. Elastomers are
      utilizable in either latex or bulk form but the latter is contemplated
      primarily, for the reasons explained above. Examples of elastomers
      suitable for the preparation of concentrates of this invention are natural
      rubber, styrene-butadiene rubber (SBR), ethylenepropylene rubber (EPR),
      ethylene-propylene terpolymer (EPDM), acrylonitrile butadiene rubber
      (NBR), ethylene-vinylacetate copolymer, silicone rubber, polybutadiene
      rubber, cis-polybutadiene, trans-polybutadiene, neoprene, polyisoprene and
      butyl rubber. A preferred subgroup of elastomers comprises
      sulfur-vulcanizable diene rubbers. Diene rubber includes rubber of both
      low and high unsaturation, the unsaturation being either in a side chain
      or in the backbone of the polymer and either conjugated or non-conjugated.
PAR  Examples of other suitable plastic polymers are low or high density
      polyethylene, acrylate polymers, urethane polymers, chlorosulfonated
      polyethylene, polyvinyl chloride, polypropylene, halogenated polyethylene,
      polystyrene, polyvinyl acetate, acrylonitrile butadiene-styrene
      terpolymers (ABS), polyamides and polyesters. Chlorosulfonated
      polyethylene and halogenated polyethylene are regarded as elastomers in
      the vulcanized state but use in the process of the present invention
      involves the unvulcanized state. The polymer of the composite may be the
      same or different from the elastomer of the concentrate, it only being
      necessary that the two polymers are compatible.
PAR  The term "lubricant" is used in the present specification and accompanying
      claims in a functional sense to designate materials adsorbed by the fiber
      surface which enhance receptiveness of the fiber to polymer, presumably,
      at least in part, by reducing friction of the fibers in sliding over one
      another. A lubricant of the fiber will, in most cases, be an oily or
      unctuous substance and includes organic materials commonly designated as
      softeners, plasticizers, extender oils and waxes for treating plastic
      polymers, more specifically, rubber processing oils, for example, mineral
      or petroleum oils either paraffinic, aromatic or naphthenic; vegetable
      oils, for example, cottonseed oil, castor oil and corn oil; fatty acids,
      for example, stearic acid and oleic acid; crystalline or non-crystalline
      waxes; low molecular weight phenolic resins; low molecular weight olefinic
      polymers (5000 MW or less), coal tar fractions; coumarone-indene resins;
      polyols such as polyethylene glycol and mono-, di- and polyesters of
      organic acids. Esters of organic acids comprise a large body of commercial
      plasticizers, such as dioctyl phthalate, which function admirably as fiber
      lubricants.
PAR  Examples of satisfactory lubricants include those materials described as
      physical softeners on pages 157- 166, Morton, Introduction to Rubber
      Technology, Rhenhold Publishing Corp., New York, and those materials
      described as plasticizers on pages 766-773, Kirk-Othmer, V-10,
      Encyclopedia of Chemical Technology, Interscience Encyclopedia, Inc., New
      York. See also U.S. Pat. No. 2,180,906. Lubricating textile fibers is a
      well developed art and the lubricating ingredients of textile finishes
      provide a wide selection from which to choose a lubricant for practicing
      the present invention. Because maintaining the friction coefficient
      between fiber-to-fiber as low as possible is most desirable in the
      spinning and drawing of textile fiber, an important feature of a fiber
      finish is its lubricity. In general, lubricants for finishing textile
      fiber may be employed in practicing the present invention, examples of
      which are white mineral oils, petroleum sulfonates, triglycerides,
      ethoxylated and sulfonated derivatives of triglycerides, triethanolamine,
      tridecylalcohol reacted with 13 moles of ethylene acid, butyl stearate,
      alkyl phenol condensed with 9 moles of ethylene oxide, sorbitan
      monolaurate, ethoxylated castor oil having 15-25 moles of ethylene oxide
      combined per mole of castor oil, hydrogenated vegetable oil, sulfonated
      peanut oil, octyl stearate and polyethylene glycol oleyl ether. The
      liquids and waxes disclosed as lubricants in spin finishes for yarns to be
      bonded to rubber disclosed by Brignac, U.S. Pat. No. 3,630,259, Nov. 24,
      1969 are desirable lubricants and the disclosures of the aforesaid patent
      are incorporated herein by reference.
PAR  Of course, a mixture of two or more lubricants may be used in which case
      the sum of their weights is the amount of lubricant. For example, if a
      concentrate is prepared using for each 100 parts by weight fiber, 10 parts
      by weight aromatic processing oil, 9 parts by weight stearic acid and 3
      parts by weight paraffin wax, the amount of the lubricant is 22 parts by
      weight per 100 parts by weight fiber. It will be appreciated that the
      compatibility of the lubricant with the plastic polymer of the concentrate
      and with the plastic polymer of the final matrix should be considered in
      selecting a satisfactory lubricant. The compatibility of lubricants and
      various polymers is well-known and within the skill of experienced
      compounders. Moreover, some low molecular weight textile lubricants,
      notably glycerine, ethylene glycol and propylene glycol, have been
      observed to adversely affect tensile strength of the composite. A
      molecular weight of above 95 is desirable. There is also evidence that low
      water solubility is advantageous for optimum properties in a bonded fiber
      reinforced composite. An especially valuable class of lubricants are also
      processing aids for polymers and have a molecular weight of 125 or above.
      Of the aforesaid valuable class, optimum properties in the fiber
      reinforced bonded composites appear to result from lubricants of molecular
      weight 150 and above having limited solubility in water. A softening or
      plasticizing (internal lubrication) of the plastic polymer by the
      preferred lubricants undoubtedly contributes to the efficacy of the
      disclosed process but it is not possible to define precisely the
      contribution of the individual effects toward enhancing the receptiveness
      of the fiber to treatment with the polymer and producing a treated fiber
      without excessive breakage.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As illustrative of predispersed fiber compositions comprising both plastic
      polymer and lubricant, hardwood fiber is treated with lubricant and a
      blend of natural and synthetic rubber in an internal mixer. The blend of
      rubber is a masterbatch designated "H-1 Masterbatch."
TBL                H-1 MASTERBATCH                                             
     ______________________________________                                    
                        Parts by Weight                                        
     ______________________________________                                    
     Natural rubber       50.0                                                 
     Styrene-butadiene rubber                                                  
                          50.0                                                 
     HAF carbon black     50.0                                                 
     Precipitated silica (Hi-Sil)                                              
                          5.0                                                  
     Zinc oxide           3.0                                                  
     p-Phenylenediamine antidegradant                                          
                          2.0                                                  
     Stearic acid         1.0                                                  
     Total                161.0                                                
     ______________________________________                                    
PAL  Fiber concentrates comprising about 10 parts by weight of rubber and 20
      parts by weight of lubricant per 100 parts by weight of fiber are prepared
      by mixing 100 parts hardwood dry lap pulp, 16.1 parts H-1 Masterbatch and
      20 parts lubricant in an internal mixer, for example, in a Baker-Perkins
      mixer for 5-10 minutes or a "B" Banbury mixer (about 1573 cc capacity) for
      about 5 minutes. The lubricants are identified in the table below. In
      these embodiments and all embodiments hereafter, all parts are by weight
      and the concentrate formulas are based on 100 parts by weight of fiber
      unless otherwise specified.
PAC  EXAMPLES 1-11
TBL                TABLE I                                                     
     ______________________________________                                    
     Fiber Concentrate                                                         
     Example           Lubricant                                               
     ______________________________________                                    
     1               Corn oil (Mazola)                                         
     2               Vegetable oil (Wesson)                                    
     3               Olive oil                                                 
     4               Cottonseed oil                                            
     5               Pine tar oil                                              
     6               Castor oil                                                
     7               Aromatic processing oil                                   
     8               Palm oil                                                  
     9               Peanut oil                                                
     10              Rosin oil                                                 
     11              Rape-seed oil                                             
     ______________________________________                                    
PAR  Each of the eleven fiber concentrates is used to prepare fiber reinforced
      polymer by mixing 102 parts of the concentrate, 149 parts of H-1
      Masterbatch, 5 parts of methylene acceptor, 5 parts of aromatic processing
      oil, 1 part of methylene donor, 2 parts of sulfur and 1 part of
      N-tertiarybutyl-2-benzothiazolesulfenamide in a B Banbury for six minutes
      at slow speed (77 revolutions per minute). Samples of each composite after
      sheeting out on a mill and curing for 30 minutes in a press at
      152.8.degree.C (307.degree.F) give, in the direction of principal fiber
      orientation (0.degree. orientation), a tensile strength equal to or
      greater than 2000 pounds per square inch (psi) or 140.616 kilograms per
      square centimeter (ksc) and a Young's modulus equal to or greater than
      30,000 psi (2109.24 ksc). Excellent and rapid dispersion of the fiber
      concentrate is observed in each case. Concentrates 7-11 produce composites
      having tensile strengths of about 2500-3000 psi (175.77-210.924 ksc) and
      Young's modulus in excess of 30,000 psi. In addition, concentrates 8-11
      impart pleasant odors to the products.
PAC  EXAMPLE 12
PAR  As illustrative of another embodiment, there are charged to an internal
      mixer 800 parts EPDM rubber of plasticity ML (1+4) at 121.1.degree.C of
      about 70 (ML (1+4) indicates plasticity determined with the Mooney
      viscometer using the large rotor and running for 4 minutes after a warm-up
      period of 1 minute), 6000 parts hardwood dry lap pulp, 800 parts FEF
      carbon black and 1600 parts paraffinic processing oil. The ingredients are
      mixed for about 5 minutes and discharged to give 9200 parts concentrate
      comprising per 100 parts of fiber, 13.3 parts each of rubber and carbon
      black and 26.6 parts of lubricant.
PAR  To illustrate use of the concentrate, there are charged to a 1-A Banbury
      mixer (about 16026 cc capacity) 800 parts EPDM rubber of plasticity ML
      (1+4) at 121.1.degree.C of about 70, 1000 parts EPDM rubber of plasticity
      ML (1+4) at 121.1.degree.C of about 60, 2200 parts FEF carbon black, 2300
      parts concentrate of Example 12, 1600 parts paraffinic processing oil, 100
      parts zinc oxide, 20 parts stearic acid, 100 parts alkylene resorcinol
      bonding agent, 40 parts methylene donor (hexamethoxymethylmelamine), and
      140 parts curatives. The ingredients are mixed at 35 rpm for 6 minutes
      (minimum time to disperse the treated fiber as determined by visual
      inspection) and dumped to recover a composite containing 75 parts fiber
      per 100 parts rubber.
PAR  A total mixing time is calculated by taking into consideration both the
      time to prepare predispersed fiber and the time to prepare the composite
      from the predispersed fiber. Because the time for producing a unit of
      product determines production efficiency and only a fraction of the
      concentrate batch is used in preparing the final composite, the time to
      prepare said fraction is used to calculate a total mixing time by
      multiplying the fraction of the concentrate batch used by the 5 minute
      mixing time for making the total batch of concentrate and adding the time
      so calculated to the 6 minutes required for mixing in the concentrate
      fraction. Portions of composite are passed through an even speed roll mill
      to orient the fiber and to put the composite in sheet form. The oriented
      sheets are vulcanized in a press for the times indicated by Rheometer data
      to achieve optimum cure. The mixing time and physical properties of the
      vulcanized composite determined in the direction of the principal fiber
      (0.degree. orientation) are shown in Table II. The data are herein shown
      in metric units but it will be understood that measurements are made in
      English units and any averaging or rounding off to the nearest significant
      unit done prior to conversion so that the number of significant figures
      given in metric units is greater than would otherwise be the case.
TBL                TABLE II                                                    
     ______________________________________                                    
     Mixing Time,                     Young's                                  
     minutes   UTS, ksc  % Ult. Elong.                                         
                                      Modulus, ksc                             
     ______________________________________                                    
     7.25      151.317   12           1879.146                                 
     ______________________________________                                    
PAL  The data show that a fiber reinforced composite of desirable physical
      properties is produced in a short mixing cycle from fiber pretreated with
      both polymer and lubricant.
PAR  Study of the effect which the amount and proportion of fiber, elastomer
      (SBR and EPDM) and lubricant have on mixing times for making the
      concentrate shows that with 10 or 20 parts elastomer and 10 parts of
      carbon black increasing amounts of lubricant up to about 30-40 parts
      reduce the mixing time for making treated fiber. With 40 parts of
      lubricant and 5-20 parts of carbon black decreasing amounts of elastomer,
      at least down to about 5 parts, reduce the mixing time. Similarly,
      decreasing mixing time for preparing concentrate from equal parts of
      lubricant and elastomer is observed upon increasing the lubricant from 10
      to 40 parts, i.e., increasing the total of lubricant and elastomer from 20
      to 80 parts. If the total amount of lubricant and elastomer is kept
      constant at 50 parts, decreasing mixing time is observed with increasing
      ratio of lubricant to elastomer over the range of 5/45 to 40/10. On the
      other hand, the mixing time required to prepare concentrate from 10 parts
      each of lubricant and elastomer may be reduced by as much as one-half by
      increasing the amount of elastomer to 40 parts. Thus, if it is desired to
      keep the proportion of lubricant low, say 10 parts per 100 of fiber, then
      it is preferred that the total amount of lubricant and polymer constitute
      about 50-80 parts per 100 parts of fiber. In general, the shorter the
      mixing time, the better the physical properties of the composite but the
      adverse effect of longer than optimum mixing times for making concentrate
      on the modulus of the composite is less severe if the amount of lubricant
      is equal to or greater than the amount of plastic polymer. For example, 16
      minutes required to prepare a concentrate from 50 parts total lubricant
      plus elastomer, in which total the lubricant is the minor ingredient, may
      be as detrimental as twice the mixing time for preparing concentrates from
      10 parts each of lubricant and elastomer.
PAC  EXAMPLE 13
PAR  In still another embodiment using natural rubber and a different lubricant,
      there are charged to an internal mixer 1000 parts natural rubber, 1000
      parts SPF carbon black, 1500 parts lubricant and 5000 parts hardwood dry
      lap pulp. The ingredients are mixed for about 5 minutes and discharged to
      give 8500 parts of concentrate.
PAR  As illustrative of use of the concentrate, there are charged to a "0-0"
      Banbury mixer (about 4310 cc capacity) 900 parts peptized natural rubber,
      850 parts concentrate of Example 13, 300 parts SPF carbon black, 50 parts
      precipitated silica, 50 parts zinc oxide, 20 parts stearic acid, 20 parts
      p-phenylenediamine antidegradant, 50 parts alkylene resorcinol bonding
      agent, 20 parts hexamethoxymethylmelamine, 20 parts sulfur and 10 parts
      sulfenamide accelerator. The ingredients are mixed at 50 rpm for 6
      minutes. Rapid dispersion is observed and a composite containing 50 parts
      fiber per 100 parts rubber is recovered. The composite is oriented on an
      even speed roll mill and vulcanized in a press to achieve optimum cure.
      The physical properties are shown in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
                                      Young's                                  
     Lubricant                                                                 
             UTS, ksc   % Ult. Elong. Modulus, ksc                             
     ______________________________________                                    
     Diundecyl                                                                 
     phthalate                                                                 
             224.985    9             3480.246                                 
     ______________________________________                                    
PAR  Three concentrates are prepared to illustrate the effect of the combined
      and separate fiber treating adjuvants by mixing the ingredients shown in
      Table IV in a B Banbury at 155 rpm for 5 minutes (about 2 minutes to
      charge ingredients and 3 minutes after ram down). Also shown is the batch
      size factor which is the number by which the parts by weight must be
      multiplied to give the amounts charged.
TBL                TABLE IV                                                    
     ______________________________________                                    
                        Concentrate Example                                    
     ______________________________________                                    
                        14    15      16                                       
     Ingredients          Parts by Weight                                      
     ______________________________________                                    
     Hardwood dry lap pulp                                                     
                          100     100     100                                  
     Styrene-butadiene copolymer rubber                                        
                           10      10     --                                   
     Lubricant (aromatic processing oil)                                       
                           20     --       20                                  
     Batch size factor    6.5     8.0     7.0                                  
     ______________________________________                                    
PAR  Composites are prepared by diluting the concentrates shown in Table IV in a
      B Banbury at 77 rpm for the times indicated in Table V. In each case the
      stock comprises 150 parts natural rubber, 150 parts HAF carbon black, 22.5
      parts silica, 9 parts zinc oxide, 3 parts stearic acid, 6 parts
      N-substituted p-phenylenediamine antidegradant, 15 parts alkylene
      resorcinol bonding agent, 3 parts hexamethylenetetramine, 6 parts sulfur,
      and 3 parts sulfenamide accelerator together with the variable ingredients
      indicated in the table. The times are the minimum times to disperse the
      fiber as determined by inspection. Thus, inspection of Stocks B and C
      after 6 minutes mixing, which is sufficient for dispersing the fiber of
      Stock A, shows that the fiber is not adequately dispersed. The total of
      each stock is 802.5 parts by weight.
TBL                                    TABLE V                                 
     __________________________________________________________________________
                       Stock A                                                 
                             Stock B                                           
                                   Stock C                                     
     __________________________________________________________________________
     Variable Ingredients                                                      
                       Parts by Weight                                         
     __________________________________________________________________________
     Styrene-butadiene copolymer rubber                                        
                       127.5 127.5 150                                         
     Aromatic processing oil                                                   
                       15    60     15                                         
     Concentrate 14    292.5 --    --                                          
     Concentrate 15    --    247.5 --                                          
     Concentrate 16    --    --    270                                         
     Mixing time, minutes                                                      
                       6     10     10                                         
     Dispersion        Good  Fair  Fair                                        
     __________________________________________________________________________
PAL  The data indicate that a composite is prepared in a shorter time by using a
      concentrate of fiber treated with both plastic polymer and lubricant as
      compared to fiber treated with either polymer or lubricant alone.
      Moreover, it is observed from stress-strain data on the vulcanizates at
      0.degree. orientation that the Young's modulus of Stock A is significantly
      higher than that of either Stock B or Stock C. When it is desired to
      reduce the moisture content to a minimum, curatives may be omitted and the
      treated fiber mixed with the matrix composition at high Banbury mixing
      speed. The high temperatures generated effectively drive out moisture. The
      batch is then dumped and after cooling it is mixed with curatives and
      further processed as desired.
PAC  EXAMPLES 17 - 20
PAR  The following illustrate embodiments of the invention in which the
      concentrate is prepared using rubber latex instead of massed rubber.
PAR  To a B Banbury mixer, the ingredients shown in Table VI are charged and
      mixed at 155 rpm for 5 minutes (about 2 minutes to add ingredients and 3
      minutes after ram is down). The latex is an aqueous emulsion of a
      styrene-butadiene-vinylpyridine terpolymer containing 42% solids (parts
      elastomer are indicated in parentheses).
TBL                                    TABLE VI                                
     __________________________________________________________________________
                   Concentrate Example                                         
     __________________________________________________________________________
                   17    18    19    20                                        
     Ingredients   Parts by Weight                                             
     __________________________________________________________________________
     Hardwood dry lap pulp                                                     
                   100   100   100   100                                       
     Rubber latex  25    12.5  25    12.5                                      
                   (10.5)                                                      
                         (5.25)                                                
                               (10.5)                                          
                                     (5.25)                                    
     Lubricant     20    20    20    20                                        
     (Aromatic processing oil)                                                 
     SPF carbon black                                                          
                   10    10    --    --                                        
     Precipitated silica                                                       
                   --    --    10    10                                        
     Batch size factor                                                         
                   6     6     6     6                                         
     __________________________________________________________________________
PAR  Each concentrate is dried at 100.degree.C for 8 hours before dilution with
      additional polymer and composites are prepared by mixing for 6 minutes the
      ingredients shown in Table VII in a B Banbury at 77 rpm and vulcanized by
      heating in a press for the time to achieve optimum cure and the physical
      properties measured in the 0.degree. direction. Precipitated silica seems
      to facilitate the action of the lubricant in certain systems.
TBL                                    TABLE VII                               
     __________________________________________________________________________
                  Stock D                                                      
                         Stock E                                               
                                Stock F                                        
                                       Stock G                                 
     __________________________________________________________________________
     Ingredients  Parts by Weight                                              
     __________________________________________________________________________
     H-1 Masterbatch                                                           
                  483    483    483    483                                     
     Concentrate 17                                                            
                  315    --     --     --                                      
     Concentrate 18                                                            
                  --     304    --                                             
     Concentrate 19                                                            
                  --     --     315    --                                      
     Concentrate 20                                                            
                  --     --     --     304                                     
     Aromatic processing oil                                                   
                  15     15     15     15                                      
     Alkylene resorcinol                                                       
                  15     15     15     15                                      
     bonding agent                                                             
     Hexamethylenetetramine                                                    
                  3      3      3      3                                       
     Sulfur       6      6      6      6                                       
     Sulfenamide accelerator                                                   
                  3      3      3      3                                       
     Total        840    829    840    829                                     
     Stress-Strain                                                             
     UTS, ksc     241.776                                                      
                         232.016                                               
                                263.655                                        
                                       267.170                                 
     % Ult. Elongation                                                         
                  9      9      9      9                                       
     Young's Modulus, ksc                                                      
                  4253.634                                                     
                         4534.866                                              
                                4429.404                                       
                                       4851.252                                
     __________________________________________________________________________
PAR  Typical concentrates containing bonding agents are illustrated in Table
      VIII. In general, concentrates containing bonding agent are prepared in
      the same manner as described above, however, with certain bonding agents
      special steps should be taken to ensure adequate dispersion in the
      concentrate. Sometimes, simply grinding to reduce the particle size is
      enough or the bonding agent may be dissolved in the lubricant used for
      making the concentrate. Alternatively, a masterbatch of rubber and bonding
      agent may be prepared and the masterbatch used to prepare the concentrate.
TBL                TABLE VIII                                                  
     ______________________________________                                    
                      Concentrate Example                                      
     ______________________________________                                    
                      21       22                                              
     Ingredients        Parts by Weight                                        
     ______________________________________                                    
     Unregenerated cellulose fiber                                             
                        100        100                                         
     Lubricant          15-25      25-50                                       
     Precipitated silica                                                       
                         0-10      --                                          
     Styrene-butadiene rubber                                                  
                         5-20      --                                          
     EPDM rubber        --          5-15                                       
     FEF carbon black    0-10       2-10                                       
     Bonding agent      .25-10     .25-10                                      
     ______________________________________                                    
PAL  Treated fiber of Example 21 is a general purpose fiber suitable for
      incorporating into any of the elastomers of high unsaturation. Treated
      fiber of Example 22 is particularly adapted for elastomers of low
      unsaturation and is advantageous where relatively high levels of lubricant
      are acceptable in the reinforced composite. Wood pulp made by the sulfate
      process is a fiber which gives excellent results in either formulation.
      Other suitable fibers are cotton linters. They are the short fibers
      adhering to cottonseed after ginning. Where desired, the so-called
      chemical cottons can be substituted. These are purified cotton linters
      pulp available from Hercules Company. For example, a composite of 144.9
      parts of H-1 masterbatch, 106.1 parts chemical cotton concentrate and 5
      parts of aromatic processing oil forms in about half the time required to
      combine the ingredients directly and has superior physical properties. The
      composition of the concentrate is chemical cotton 75 parts, aromatic
      processing oil 15 parts, and H-1 masterbatch 16.1 parts.
PAR  Still another suitable fiber, although less preferred, is exploded wood
      fiber. This fiber still contains most of the lignin and is formed by
      subjecting wood to the pressure of steam in an autoclave and releasing the
      pressure.
PAR  The lubricant of Example 21 is advantageously selected from aromatic types
      to assure compatibility with the SBR. Liquid novolak resins, which are
      viscous thermoplastic phenolic resins, function as lubricants and in
      combination with hexamethylenetetramine or other base added to the matrix
      show fiber bonding properties. The presence of silica is desirable. For
      use with EPDM rubber of Example 22, an aliphatic type lubricant is
      desirable. Liquid polybutenes exert several lubricating characteristics
      superior to those of conventional petroleum based lubricating oils for
      lubricating metal surfaces and are also effective fiber lubricants. The
      molecular weight of polybutene lubricants falls within the range of
      400-2400. Chlorinated paraffinic hydrocarbons combine fiber lubricating
      properties with fire retardant properties which is advantageous for some
      applications.
PAR  The alkylene resorcinol bonding agent may, as indicated previously, be
      replaced by other resorcinol based bonding systems several of which
      comprise resorcinol-formaldehyde resins. Other methylene donors such as
      dimethylol urea, dimethylol ethylene urea and hexamethoxymethylmelamine
      may be used in conjunction therewith in forming composites from the
      treated fiber. Isocyanate bonding systems comprise:
PA1  methylene-bis-phenylisocyanate CH.sub.2 (C.sub.6 H.sub.4 NCO).sub.2
PA1  methylene-bis-phenylcarbanilate CH.sub.2 (C.sub.6 H.sub.4 NHC(O)OC.sub.6
      H.sub.5).sub.2
PA1  2,4-toluenediisocyanate
PA1  tri(isocyanophenyl)methane CH(C.sub.6 H.sub.4 NCO).sub.3
PA1  and polymethylene polyphenylisocyanate.
PAL  The isocyanates will, in general, be used in the range of 0.25-2.5 parts
      and the resorcinol based resins in the range of 3-10 parts.
PAR  Concentrates described in Table IX are prepared from non-elastomeric
      polymer by charging an internal mixer with hardwood fiber, hard polyvinyl
      chloride resin and lubricant using a phthalate ester as lubricant and
      mixing for 3 minutes at 155 rpm. Steam heat is used to promote softening
      of the polymer.
TBL                TABLE IX                                                    
     ______________________________________                                    
                         Concentrate Example                                   
     ______________________________________                                    
                         23    24      25                                      
     Ingredients           Parts by Weight                                     
     ______________________________________                                    
     Hardwood dry lap pulp 100     100     100                                 
     Copolymer of vinyl chloride                                               
                           20      10      20                                  
      and vinyl acetate                                                        
     Lubricant             40      20      20                                  
     Titanium dioxide      20      10      10                                  
     ______________________________________                                    
PAL  In each case, the fiber is well-dispersed and inhibited from fiber-to-fiber
      affinity. The treated fiber mixes readily with vinyl chloride polymers to
      produce compositions adapted to the myriad uses of polyvinyl chloride.
      Adding the fiber as the concentrate permits the formation of fiber
      reinforced composites of polyvinyl chloride sometimes difficult or
      impossible otherwise depending upon the mixing facilities available.
PAR  Cellulose fiber treated with vinyl chloride polymer or copolymer resin and
      lubricant is particularly valuable for the manufacture of plastic fiber
      reinforced floor tile. Polyvinyl chloride resin composed of more than 50%
      polyvinyl chloride is commonly used in floor tile, examples of which are
      copolymers with vinyl acetate or vinylidene chloride, a typical copolymer
      being 87% vinyl chloride and 13% vinyl acetate. Asbestos, the principal
      reinforcing agent used in floor tile, requires special processing. A
      process involving a dough of asbestos fiber, solvents and polymer and a
      special type of calender is used to overcome the difficulty of mixing and
      wetting out the bulky asbestos fibers with high melt viscosity PVC
      polymer. Predispersed cellulose fiber can also be used as a reinforcement
      for such tiles and tiles containing cellulose fibers have been reported to
      have better dimensional stability and indentation and abrasion resistance
      than control plates containing asbestos fibers. By the predispersion
      herein described, preparation of cellulose reinforced tile is greatly
      facilitated. Moreover, the replacement of asbestos by predispersed wood
      pulp requires lower fiber loading for equivalent reinforcement.
PAR  Addition of an organic ketene dimer paper sizing improves the water
      resistance. The organic ketene dimer paper sizings have the formula
      [RCH=C=O].sub.2 where R is a hydrocarbon group such as alkyl of 8 or more
      carbon atoms, cycloalkyl of 6 or more carbon atoms, aryl, aralkyl or
      alkaryl. The addition of 1% mixed hexadecyl, tetradecyl ketene dimer,
      based on the weight of the fiber, to fiber concentrate Examples 23, 24 and
      25 significantly improves the properties of tile prepared therefrom. The
      amount of sizing will usually be within the range of 0.01% to about 5% by
      weight of the pulp, preferably 0.5% to 1% and may be supported on silica
      as described by Weisgerber, U.S. Pat. No. 2,865,743.
PAR  The composition of other illustrative concentrates prepared by treating the
      fiber with nitrile rubber with or without carbon black or with neoprene
      and carbon black in a mixer in a 5 minute mixing cycle using phthalate
      ester as lubricant with the nitrile rubber and aromatic processing oil as
      lubricant with the neoprene is set forth in Table X.
TBL                TABLE X                                                     
     ______________________________________                                    
                       Concentrate Example                                     
     ______________________________________                                    
                       26    27      28                                        
     Ingredients         Parts by Weight                                       
     ______________________________________                                    
     Hardwood dry lap pulp                                                     
                         100     100     100                                   
     Lubricant           20      20      16.6                                  
     Butadiene-acrylonitrile                                                   
                         10      --      --                                    
      copolymer (Hycar 1052)                                                   
     Blend of butadiene-acrylonitrile                                          
                         --      10      --                                    
      copolymer and polyvinyl chloride                                         
      70/30 (Hycar 1203)                                                       
     FEF carbon black    --      5       16.6                                  
     Neoprene GRT        --      --      16.6                                  
     ______________________________________                                    
PAL  The treated fiber disperses readily into plastic polymers compatible with
      the treating adjuvant. For example, concentrate Example 27 disperses
      rapidly into nitrile rubber in a 5 minute mixing cycle. Admixture of 110
      parts by weight of concentrate, 90 parts by weight of the same butadiene
      copolymer, 30 parts by weight reinforcing filler plus curing ingredients
      and bonding ingredients gives, after vulcanizing in a press for 60 minutes
      at 152.8.degree. C, a vulcanizate having in the direction of principal
      fiber orientation tensile strength of 217.955 ksc and Young's modulus of
      3656.016 ksc.
PAR  Equal parts of the neoprene concentrate Example 28 and neoprene mix readily
      together with bonding and vulcanizing ingredients to give, after curing at
      152.8.degree. C, a vulcanizate having a tensile strength of 221.470 ksc in
      the direction of principal orientation of the fiber and a Young's modulus
      of 3234.168 ksc.
PAR  Although the invention has been illustrated by typical examples, it is not
      limited thereto. Changes and modifications of the examples of the
      invention herein chosen for purposes of disclosure can be made which do
      not constitute departure from the spirit and scope of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A treated fiber comprising discontinuous cellulose fiber of aspect ratio
      greater than one, organic polymer, which can be processed as a
      thermoplastic substance, in amount sufficient to reduce fiber-to-fiber
      affinity up to 50 parts by weight per 100 parts by weight of the fiber and
      lubricant, said lubricant being an oily or unctuous organic material of
      molecular weight greater than 95 characterized by being adsorbable to the
      fiber surface and enhancing receptiveness of the fiber to said polymer,
      adsorbed by the fiber in amount sufficient to enhance receptiveness of the
      fiber to the polymer and separation of individual fibers.
NUM  2.
PAR  2. A treated fiber of claim 1 in which polymer is a thermoplastic normally
      hard polymer and the lubricant is a plasticizer for the polymer.
NUM  3.
PAR  3. A treated fiber of claim 1 in which the fiber is wood cellulose, the
      polymer is unvulcanized elastomer in 2.5-30 parts by weight and the
      lubricant is a plasticizer for the elastomer in 10-40 parts by weight.
NUM  4.
PAR  4. A treated fiber of claim 3 in which the amount of lubricant is equal to
      or greater than the amount of elastomer.
NUM  5.
PAR  5. A treated fiber of claim 2 in which the polymer is a vinyl chloride
      polymer or copolymer, the lubricant is an ester plasticizer for the
      polymer and the fiber is the major component of the total composition.
NUM  6.
PAR  6. A treated fiber of claim 3 in which the wood cellulose fiber is the
      major component of the total composition, the elastomer is a diene rubber
      and the lubricant is rubber processing oil.
NUM  7.
PAR  7. A treated fiber of claim 6 which contains carbon black in amount of
      2.5-50 parts by weight.
NUM  8.
PAR  8. A treated fiber of claim 6 in which the wood fiber has an average aspect
      ratio within the range of 5-350 and a bonding agent is present.
NUM  9.
PAR  9. A treated fiber of claim 3 in which wood cellulose fiber is the major
      proportion of the total composition and the lubricant is palm oil or
      peanut oil.
NUM  10.
PAR  10. A treated fiber of claim 1 in which the fiber is wood pulp, the
      lubricant is a water immiscible processing aid for the plastic polymer of
      molecular weight at least about 150 and the amount of lubricant is equal
      to or greater than the amount of plastic polymer.
NUM  11.
PAR  11. The process which comprises subjecting to shearing forces, a mixture of
      discontinuous cellulose fiber of aspect ratio greater than one, organic
      polymer, which can be processed as a thermoplastic substance, in amount
      sufficient to reduce fiber-to-fiber affinity up to 50 parts by weight per
      100 parts by weight of fiber and lubricant, said lubricant being an oily
      or unctuous organic material of molecular weight greater than 95
      characterized by being adsorbable to the fiber surface and enhancing
      receptiveness of the fiber to said polymer in amount sufficient to enhance
      receptiveness of the fiber to the polymer and separation of individual
      fibers.
NUM  12.
PAR  12. The process of claim 11 in which the polymer is an unvulcanized
      elastomer.
NUM  13.
PAR  13. The process of claim 12 in which the fiber is wood fiber, the wood
      fiber is the major component of the total mixture and the amount of
      lubricant is equal to or greater than the amount of the elastomer.
NUM  14.
PAR  14. The process of claim 11 in which the polymer is unvulcanized elastomer,
      the amount of elastomer is 2.5-30 parts by weight, the lubricant is
      hydrocarbon oil, vegetable oil or phthalate ester and the amount of
      lubricant is 10-40 parts by weight.
NUM  15.
PAR  15. The process of claim 11 in which the fiber is wood cellulose, the
      polymer is thermoplastic normal hard polymer and the lubricant is also a
      plasticizer in the polymer.
NUM  16.
PAR  16. The process of claim 14 in which the elastomer is a diene rubber, the
      lubricant is a plasticizer for the elastomer, and the fiber is wood pulp
      of average aspect ratio within the range of 5-350 and carbon black or
      silica is present.
NUM  17.
PAR  17. The process of preparing fiber reinforced plastic polymer which
      comprises (1) preparing a concentrate by subjecting to shearing forces a
      mixture of short unregenerated cellulose fiber of aspect ratio greater
      than one, organic polymer, which can be processed as a thermoplastic
      substance, in amounts up to 50 parts by weight per 100 parts by weight of
      fiber sufficient to reduce fiber-to-fiber affinity and lubricant, said
      lubricant being an oily or unctuous organic material of molecular weight
      greater than 95 characterized by being adsorbable to the fiber surface and
      enhancing receptiveness of the fiber to said polymer, in amount sufficient
      to enhance receptiveness of the fiber to the polymer and separation of
      individual fibers and (2) mixing the concentrate with polymer compatible
      with the concentrate.
NUM  18.
PAR  18. The process of claim 17 in which the amount of lubricant in step (1) is
      equal to or greater than the amount of the polymer.
NUM  19.
PAR  19. The process of claim 17 in which the fiber is wood pulp and the organic
      polymer is unvulcanized diene rubber.
NUM  20.
PAR  20. The process of claim 17 in which carbon black or silica is present in
      step (1) of preparing a concentrate.
NUM  21.
PAR  21. The process of claim 19 which includes the steps of adding bonding and
      curing ingredients and heating at curing temperature.
NUM  22.
PAR  22. The process of claim 21 in which silica is present in step (1) of
      preparing a concentrate.
NUM  23.
PAR  23. The process of claim 18 in which the fiber is cotton linters.
NUM  24.
PAR  24. A treated fiber comprising wood pulp of aspect ratio greater than one,
      vinyl chloride polymer or copolymer composed predominately of polyvinyl
      chloride in amounts sufficient to reduce fiber-to-fiber affinity up to 50
      parts by weight per 100 parts by weight of the fiber, and fiber lubricant,
      said lubricant being an oily or unctuous organic material characterized by
      being adsorbable to the fiber surface, enhancing receptiveness of the
      fiber to said polymer or copolymer and a plasticizer for the polymer or
      copolymer, in amount which enhances receptiveness of the fiber to the
      polymer or copolymer and separation of individual fiber.
NUM  25.
PAR  25. The treated fiber of claim 24 which contains ketene dimer sizing in
      amount to increase the moisture resistance of the fiber.
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ABST
PAL  Solid organic inert flatting agents are prepared by reacting urea or phenol
      and formaldehyde in a basic aqueous medium to provide a prepolymer
      solution, then blending the prepolymer in the presence of a protective
      colloid-forming material, subsequently acidifying the basic prepolymer
      solution so that particles are formed and precipitated in the presence of
      a colloid-forming material, as spheroidal beads, and finally collecting
      and, if desired, drying the urea or phenol formaldehyde particulate beads.
      These beads have a high flatting efficiency and may be incorporated in
      resinous vehicles to provide compositions that produce low glass coatings
      of desirable properties.
PARN
PAR  This is a division of application Ser. No. 347,604, filed Apr. 3, 1973, now
      U.S. Pat. No. 3,850,868, issued Nov. 26, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Certain processes for the preparation of urea or phenol and formaldehyde
      beads have been known in the art. For example, Canadian Patent No. 909,433
      is directed to a process of producing a phenol-formaldehyde resin which
      comprised reacting from 0.6 to 1 mole of formaldehyde with each mole of
      para-substituted phenol in the presence of an effective amount of an
      acidic catalyst and a hydrophobic organic solvent capable of forming an
      azeotrope with water, dissolving the remaining polymer in an aqueous
      alkali solution which separates any remaining organic solvent from the
      solution, and then adding an acid to the solution to precipitate the
      polymer. The polymer provided here must be crushed in order to make the
      composition a useful powder.
PAR  U.S. Pat. No. 3,516,941 is directed to microcapsules which comprise an
      organic liquid film enclosed by a strong, impermeable shell of
      urea-formaldehyde polymer. These microcapsules are produced by dispersing
      and maintaining the film material as finely divided particles in an
      aqueous, water-soluble urea-formaldehyde precondensate solution
      substantially free of carboxymethyl cellulose and other wetting agents,
      while polymerizing the free condensate by acid catalyst for at least one
      hour in a pH range of about 1 to about 5.
PAR  Canadian Patent No. 887,694 relates to certain solid inert flatting or
      texturing agents consisting pf particulate solids with particle diameters
      from 1 to 700 microns insoluble in organic media and comprising greater
      than 75 percent but less than 90 percent by weight of a pigment dispersed
      in a polymeric binder, further characterized in that the volume
      concentration of the pigment in the polymeric binder is less than 82
      percent and the pigment has an oil absorption of 90 maximum. It will be
      noted that these agents require the inclusion of a pigment therein.
PAR  Canadian Patent No. 855,768 is directed to a pigment extender composition
      comprising fully polymerized urea-formaldehyde particles having dispersed
      therein 15 to 35 percent by volume of TiO.sub.2 particles, the mole ratio
      of the urea to formaldehyde in these particles being substantially one to
      one, and the particles ranging in size from greater than one micron up to
      30 microns, preferably from 2 to 20 microns.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has been discovered that solid organic inert flatting particulate beads
      can be produced by polymerizing urea or phenol and formaldehyde in the
      following manner:
PAR  A. reacting urea or phenol and formaldehyde in a basic aqueous medium to
      form a prepolymer;
PAR  B. blending the prepolymer with a protective colloid-forming material;
PAR  C. polymerizing the prepolymer by acidifying the mixture thus formed under
      agitation, thereby forming beads, then agglomerating said beads to the
      desired gross particle size;
PAR  D. collecting the beads; and, if desired,
PAR  E. drying said particulate beads.
PAR  The particulate beads herein may be prepared by acidifying, while under
      agitation, an aqueous mixture of urea or phenol and formaldehyde in the
      presence of a protective colloid forming material. The mixture is then
      polymerized so that particulate beads are formed in the presence of this
      protective colloid while the mixture is under agitation. The particulate
      beads are agglomerated to a desired gross particle size, collected, and,
      if desired, dried.
PAR  These particulate beads perpared herein can be readily incorporated in a
      wide variety of resinous vehicle compositions in order to provide a
      desired flatting effect or texturing effect. Flatting may simply be
      defined as the ability to diffuse reflected light.
PAR  The flatting particulate beads of the present invention have numerous
      advantages. For example, they can be prepared inexpensively in an aqueous
      medium which is safe and non-toxic. The beads as prepared can have a
      substantially uniform particle size distribution. When the particulate
      beads herein are incorporated into coating compositions, films made
      therefrom have excellent burnish resistance. Since these particulate beads
      can be used to control low and high angle gloss, they can readily replace
      or substitute for more expensive flatting agents which are available
      commercially.
PAR  The particulate beads herein as well as having excellent flatting
      efficiency can be employed as texturing agents. Further, these beads are
      desirable in formulating high solids coating compositions which are
      extremely useful since they demand little resin to wet their surface,
      hence the usual high viscosity problems are not encountered while still
      maintaining good flatting efficiency. It is also noted that the
      particulate beads herein have good shear stability and when incorporated
      in coating compositions they do not reduce the chemical or stain
      resistance.
PAR  The flatting particulate beads herein are prepared by a three-step
      procedure. First, the prepolymer is synthesized; secondly, the
      polymerization step is carried out and finally the particulate beads are
      isolated and dried.
PAR  In the prepolymer synthesis, the urea or phenol is reacted with the
      formaldehyde to produce a water-soluble, multifunctional prepolymer.
PAR  In preparing the multifunctional prepolymer, it is understood that urea, as
      defined herein, includes substituted urea such as monomethylol urea,
      methylene urea thiourea, ethyleneurea, N,N-dimethyl ethyleneurea,
      acetylurea, malonylurea, N,N-diethylurea, and the like.
PAR  Similarly, phenol, as defined herein, includes ortha, meta and
      para-substituted phenols. Examples of ortha-substituted phenols include
      o-cresol, o-fluorophenol, o-chlorophenol, o-bromophenol, o-iodophenol,
      o-aminophenol, o-nitrophenol and the like.
PAR  Examples of meta-substituted phenols include m-cresol, m-fluorophenol,
      m-clorophenol m-bromophenol, m-iodophenol, m-aminophenol, m-nitrophenol
      and the like.
PAR  Examples of para-substituted phenols, which are preferred, include
      p-alkylphenols such as p-cresol, p-ethylphenol, p-tert.-butylphenol,
      p-tert.-amylphenol, cyclohexylphenol, p-heptylphenol, p-octylphenol, and
      p-nonylphenol; p-arylphenols such as p-phenylphenol; and p-halogenated
      phenols such as p-chlorophenol, p-bromophenol, and the like.
PAR  It is also understood that mixtures of urea and/or phenol may likewise be
      employed.
PAR  The phenols or ureas are reacted with the formaldehyde under alkaline
      conditions at a temperature of from about 70.degree. C. to about
      85.degree. C. Although it is preferred to carry this reaction out in an
      aqueous medium, the prepolymer may be prepared, if desired, in an organic
      medium, such as in alcohol, toluene, xylene, butyl Cellosolve, mineral
      spirits, or the like.
PAR  The formaldehyde herein is preferably employed as a solution, such as
      formalin (37 percent in water); however, solutions of formaldehyde up to
      about 50 percent or more in water may be employed. Likewise, it is noted
      that the formaldehyde may also be employed as an alcohol solution. In some
      instances, the formaldehyde may be 100 percent pure, e.g.,
      paraformaldehyde or trioxane, but essentially any concentration may be
      utilized.
PAR  When a phenol is reacted with formaldehyde, the molar ratio may be varied
      somewhat, but the most suitable ratios include a phenol-to-formaldehyde
      ratio of from about 1-to-1 to about 1-to-3 and the preferred ratio is
      about 1-to-3. When urea is reacted with formaldehyde, a ratio of
      formaldehyde to urea of from about 1-to-1 to 0.5-to-3 is quite suitable,
      and the preferred ratio is from about 0.5-to-1 to about 1.5-to-1.
PAR  The urea or phenol and formaldehyde are usually less than about 35 percent
      of the total weight of the prepolymer solution and, in most instances, it
      is preferred that the solution be less than about 24 percent weight solids
      content.
PAR  As mentioned hereinabove, the prepolymer is prepared under alkaline
      conditions. The alkaline conditions are usually provided by employing a
      basic compound in any amount sufficient to provide a pH range of between
      about 8-10. In order to provide a pH within this range, it is usually
      necessary to employ up to about one percent by weight, based on the total
      weight of the urea or phenol and formaldehyde, of the basic compound.
PAR  The basic compounds that may be employed herein include inorganic bases
      such as metal hydroxides, especially potassium hydroxide, and ammonia or
      organic bases, especially water-soluble amines, such as, for example, the
      mono-, di- and tri-lower alkyl amines such as methylamine, ethylamine,
      propylamine, butylamine, dimethylamine, diethylamine, dipropylamine,
      dibutylamine, m-methyl-butylamine, triethylamine, tributylamine,
      methyldiethylamine, dimethylbutylamine and the like; cyclic amines such as
      morpholine, pyrrolidine, piperidine; diamines, such as hydrazine,
      methylhydrazine, 2,3-toluene diamine, ethyl diamine and piperazine and
      substituted amines such as hydroxylamine, ethanolamine, diethanolamine,
      butanolamine, hexanolamine and methyl-diethanolamine, octanolamine,
      diglycolamine and other polyglycol amines, triethanolamine and
      methylethanolamine, n-aminoethanolamine and methyldiethanolamine and
      polyamines such as diethylene triamine, triethylene tetramine,
      hexamethylene tetramine.
PAR  As pointed out hereinabove, the prepolymer can be prepared by reacting urea
      or phenol and formaldehyde in a basic aqueous medium.
PAR  The prepolymer components are generally heated to a temperature of from
      about 70.degree. to 150.degree. C. for a time period of from about 15
      minutes to about 4 hours, but it is preferred that the time period be from
      about 1 to about 2 hours while under continual agitation. The preferred
      temperature range is from about 70.degree. C. to about 75.degree. C.
PAR  When the components reacted are urea and formaldehyde, a mixture of
      methylolureas are provided which are water-soluble and multifunctional.
      Such multifunctional prepolymers are then reduced with water or other
      suitable reducers containing a hydroxyfunctional protective
      colloid-forming material. The prepolymer solution is reduced to a solids
      content of from about 5 to about 21 percent and preferably from about 5 to
      about 17 percent.
PAR  The preparation of the prepolymer and the polymerization step are
      preferably conducted in the presence of a hydroxyfunctional protective
      colloid-forming material. The hydroxyfunctional protective colloid-forming
      material is usually present in an amount up to about 5 percent by weight,
      based on total weight of the urea or phenol and formaldehyde; however, the
      preferred amount is from about 0.5 percent to about 3.5 percent by weight.
PAR  Hydroxyfunctional protective colloids that may be employed herein include
      polyoxyethylene alkylphenols, such as polyoxyethylene nonylphenols,
      polyoxyethylene actylphenol, polyoxyethylene dodecylphenols and alkylaryl
      hydroxy compounds; polyoxyethylene alcohols such as prepared from ethylene
      oxide and an alcohol such as n-octanol, n-decanol, n-dodecanol,
      n-tetradecanol, n-octadecanol, 5-ethylnonanol; 2,5,8-trimethylnonanol,
      4,2-methyl-7-ethylundecanol-4; 3,9-diethyltridecanol-6, stearyl,
      lauryloxotridecanol, hydroabietyl, oleyl, cetyl cocoalcohol, and the like;
      polyol protective colloids such as those which contain a residue of
      polyhydroxycompound such as the hydrophilic moiety, for example, an ester
      in combination with hydrophobic groups derived from fatty acids. The
      polyol starting materials include straight-chain polyhydroxy compounds
      with 2 to 6 hydroxyl groups per chain, such as pentaerythritol,
      polyglycerols, carbohydrates, and polyoxyalkylene derivatives of triol and
      higher polyol fatty acid esters. One of the simplest protective colloid
      forming materials are the monoesters of ethylene glycol and propylene.
      Also useful are partial esters of glycerol, for example, partial fatty
      acid esters of glycerol. Polyglycerol esters such as those prepared by the
      esterification of polyglycerols with fatty acids may be employed.
PAR  Other useful materials include tetritol and penitol esters, such as those
      prepared by direct esterification of erythritol with one equivalent of
      palmitic or stearic acid, which provides mixture of mono-, di-, tri- and
      tetraesters.
PAR  Likewise, polyoxyalkylene polyol esters are useful. These may be
      manufactured by the reaction of olefin oxides with partial fatty esters of
      polyols, for example, the reaction of glycerol monooleate with ethylene
      oxide to form a polyoxyethylene monoglyceride and, similarly,
      polyoxyethylene derivatives of pentaerythritol monostearate, which can be
      obtained by reaction with ethylene oxide. Some of the commercially
      available hydroxy-containing materials that may be employed to function as
      a protective colloid herein include ethylene glycol and propylene glycol
      esters, such as ethylene glycol monolaurate, ethylene glycol
      monopalmitate, ethylene glycol monostearate, propylene glycol monolaurate,
      propylene glycol monopalmitate, 1-propylene glycol monostearate,
      2-propylene glycol monostearate, and the like;
PAR  Glycerol esters such as 1-monolaurin, 2-monolaurin, 1,2-dilaurin,
      1,3-dilaurin, 1-monopalmitan, 2-monopalmitan, 1-monostearin,
      2-monostearin, 1,2-distearin, 1,3-distearin, 1-monoolein, 2-monoolein,
      1,3-diolein, mono- and diglycerides from glycerolysis of edible fats,
      40-44 percent .alpha.-monoglyceride, mono- and diglycerides from
      glycerolysis of edible fats, 52-56 percent .alpha.-monoglyceride, mono-
      and diglycerides from glycerolysis of edible fats, 54-58 percent
      .alpha.-monoglyceride, 1-aceto-3-stearin, 1,2-diaceto-3-stearin,
      1-mono-0-palmitoyl lactin, 1-0-palmitoyl lactyl-2,3-dilactin;
PAR  Polyglycerol esters such as trioxycerol monostearate, hexaglycerol
      monostearate, decaglycerol monooleate, decaglycerol monolaurate,
      decaglycerol monopalmitate, decaglycerol monostearate, decaglycerol
      tristearate, decaglycerol monooleat, decaglycerol tetraoleate;
PAR  Hexitol esters such as sorbitol monolaurate, mannitol monolaurate, sorbitol
      dilaurate, mannitol dilaurate, mannitol-3,4-dilaurate, sorbitol
      monostearate;
PAR  Sorbitan esters such as sorbitan monolaurate, sorbitan monopalmitate,
      sorbitan monostearate, sorbitan tristearate, sorbitan monooleate, sorbitan
      trioleate;
PAR  Methyl glucoside esters such as methyl glucoside monolaurate, methyl
      glucoside dilaurate, methyl glucoside-6-monopalmitate, methyl glucoside
      monostearate, methyl glucoside distearate, methyl glucoside monooleate,
      methyl glucoside dioleate;
PAR  Sucrose esters such as sucrose monolaurate, sucrose monopalmitate, sucrose
      monostearate, sucrose monooleate, sucrose dioleate;
PAR  Polyoxyethylene sorbitan esters such as polyoxyethylene sorbitan
      monolaurate, polyoxyethylene sorbitan monolaurate, polyoxyethylene
      sorbitan monopalmitate, polyoxyethylene sorbitan monostearate,
      polyoxyethylene monostearate, polyoxyethylene sorbitan monooleate,
      polyoxyethylene sorbitan trioleate; and
PAR  Polyoxyalkylene sucrose esters such as polyoxyethylene sucrose dipalmitate,
      polyoxyethylene sucrose distearate, polyoxyethylene sucrose dioleate,
      polyoxypropylene sucrose monolaurate, polyoxypropylene sucrose
      monopalmitate, polyoxypropylene sucrose monostearate, polyoxypropylene
      sucrose distearate, polyoxypropylene sucrose monooleate, polyoxypropylene
      sucrose dioleate. A particularly preferred hydroxy-containing material is
      polyvinyl alcohol which can readily be employed as a suitable protective
      colloid for purposes of the present invention.
PAR  Also useful as protective colloids are wax-like materials such as those
      sold under the trade name "Carbowax", for example, Carbowax 6000 and
      polyethylene glycol compound (Union Carbide's 20M). Preferred are those
      compounds having a molecular weight range of from about 6,000 to 20,000.
      These materials will melt from the heat of polymerization and provide the
      desired result. Further, these materials are usually present in about the
      same proportions as the hydroxyfunctional material discussed above. Also,
      it is noted that in some instances a protective colloid is not necessary
      when urea and formaldehyde are being utilized to prepare the beads.
PAR  Generally, after the prepolymer is prepared, it is blended with the
      protective colloid-forming material described hereinabove. However, if
      desired, the protective colloid-forming material may be charged initially
      with the urea or phenol and formaldehyde and thus be present during the
      formation of the multifunctional prepolymer.
PAR  Next, the polymerization is conducted by acidifying the multifunctional
      prepolymer solution with an acid catalyst. The acid catalyst herein is
      usually employed in the form of a solution which is added to the
      multifunctional prepolymer solution, preferably over a period of time
      (e.g., up to about 90 minutes or more) while polymerizing solution is
      continually agitated under high shear. Generally, however, it is preferred
      that the acid catalyst is added over a 5-minute period.
PAR  The acids which can be employed include inorganic acids, such as
      perchloric, persulfuric, sulfuric, phosphoric, picric, pyrosulfuric,
      paratoluene sulfonic, chloric, boric, hydrochloric and hydrofluoric acids,
      and the like, as well as organic acids, such as formic, acetic, propionic,
      butyric, crotonic, chloroacetic, glycolic, lactic, malonic, adipic,
      succinic, maleic, malic, citric, tartaric acids, and the like.
PAR  For the purpose of the present invention, the preferred acids are sulfuric
      acid and citric acid.
PAR  The amount of acid catalyst employed is not critical and depends on the
      acid utilized, for example, if sulfuric acid is used, the amount employed
      is usually from about 0.05 to 1.5 percent, and preferably from about 0.1
      to about 0.6 percent, based on the weight of the urea or phenol and
      formaldehyde employed. If citric acid is employed, from about 0.1 to about
      10.0 percent by weight may be employed, with about 1.0 to about 5.0
      percent by weight preferred.
PAR  The polymerization step is carried out under high shear agitation and may
      be carried out in two hours or less. However, in some instances 5 hours or
      more may be employed in order to obtain high conversion yields.
PAR  Generally, the yield is at least 50 percent, however, in some instances
      yields as high as 85 percent or more can be obtained, depending on monomer
      concentration, reaction conditions and the amount of catalyst employed.
PAR  In some instances, near the end of the polymerization procedure it may be
      desirable to add a small amount of the basic compound described
      hereinabove to inhibit further polymerization. The amount of such basic
      compound will depend on the acidity of the solution, but usually an amount
      sufficient to change the pH to 7 or greater is used.
PAR  During the polymerization step, the solid particulate beads of the present
      invention are precipitated, in the presence of a protective colloid, out
      of the acidic solution. The particulate beads produced generally have a
      size of about 1 micron or less, although they may be obtained in clumps or
      agglomerates which have a micron size of from about one to about 50
      microns. However, the preferred size of these clumps of particulate beads
      is from about 2 to about 20 microns. The most efficient flatting is
      provided when the particulate beads are present in the form of
      agglomerates.
PAR  The size and degree of agglomerates can be controlled by a number of
      techniques, such as the peripheral speed of the agitator, the blade size
      in relation to the diameter of the reactor and the depth of which the
      agitator blade is set in the polymerizable solution.
PAR  Generally, it has been noted that as the shear increases, the bead size
      decreases. The smallest beads are made by employing a large agitator blade
      (Cowles blade) which is operated at high speeds.
PAR  It has been found that good results are provided when the agitator blade
      has a diameter of about one-third the size of the reactor diameter and is
      operated at a pheripheral speed of about 2500 feet per minute.
PAR  It is also noted that a more efficient shear is provided when the agitator
      blade is located near the bottom of the reactor. And it is understood that
      the agitator blades employed herein are selected from a design which, when
      operated, will produce a high shearing action. High shearing action is
      preferred for purposes of this invention.
PAR  Conventional adjuvants may be added prior to or during the polymerization
      step in order to incorporate desirable properties into the resulting
      beads. These include, for example, titanium dioxide, encapsulated
      aluminum, silica, lead silico chromate, carbon black, talc, barium
      sulfate, and the like, as well as combinations of these and similar
      pigments. Color pigments such as cadmium red, cadmium yellow,
      phthalocyanine blue, phthalocyanine green, chrome green, toluidine red,
      hydrated iron oxide, and the like may be included if desired. Also,
      generally incorporated into the pigment is a dispersing agent, a
      surface-active agent or adhesion enhancing agents. The surface-active
      agent can be non-ionic, cationic or anionic or a combination thereof.
      Dispersing agents such as ethoxylated alkyl phenyl phosphate can be
      employed. Adhesion enhancing agents such as cellulose acetate butyrate may
      be added in sufficient amounts to provide the required adhesion.
PAR  Other components which may be included in these coating compositions, if
      desired, include, for example, melting agents, flow agents, fungicide,
      antioxidants, and the like.
PAR  The final particulate beads, if desired, can be isolated or collected and
      dried. It will be understood that the beads herein may readily be employed
      in slurry form by adding the bead slurry directly to a composition to
      provide a flatting effect when the composition containing the bead slurry
      is subsequently applied to a substrate. For example, an aqueous bead
      slurry can be added directly to a latex coating composition to produce the
      desired flatting.
PAR  The beads can be segregated by conventional means well known in the art,
      such as filtration, spray drying, decanting, centrifuging, suction
      pressure, filter press and the like.
PAR  During the separation procedure, other liquids may be added to alleviate
      the tendency of the particles to pack or agglomerate exclusively; such
      liquids include, for example, acetone, ethyl Cellosolve, hot water
      (50.degree.-60.degree. C.), and the like. Also, the beads can be collected
      in a concentrated slurry form and subsequently utilized in slurry form.
      This prevents possible agglomeration.
PAR  The particulate beads may be dried by any conventional means, such as
      heating in an oven or hot room. Large circulating hot air ovens designed
      for removing water and other media are often used.
PAR  The particulate beads described and defined hereinabove may be utilized as
      flatting or texturing agents in film-forming materials which may then be
      employed as coating compositions and the like.
PAR  Any conventional film-forming materials may be used with the beads of this
      invention. Such materials include thermoplastic, thermosetting, synthetic
      and natural polymers.
PAR  Examples of film-forming materials useful in this invention include those
      prepared from cellulose derivatives, e.g., ethyl cellulose,
      nitrocellulose, cellulose acetate, cellulose propionate and cellulose
      acetate butyrate; acrylic resins, e.g., homopolymers and copolymers with
      each other or with other momomers of acrylic or methacrylic acid and their
      derivatives, such as methyl acetate, methyl methacrylate, ethyl acrylate,
      ethyl methacrylate, butyl acrylate, butyl methacrylate, acyrlamide,
      acrylonitrile, etc.; polyolefins, e.g., polyethylene and polypropylene;
      polyamides, such as nylon; polycarbonates; polystyrene; copolymers of
      styrene and other vinyl monomers such as homopolymers and copolymers of
      vinyl acetate, vinyl chloride and vinyl butyral; homopolymers and
      copolymers of dienes such as polybutadiene, butadiene-styrene copolymers,
      and butadiene-acrylonitrile copolymers.
PAR  Condensation polymers may also be used, such as alkyd resins, which are
      obtained by the condensation of a polyhydric alcohol and a polycarboxylic
      acid. Examples of polycarboxylic acids which may be used to form the alkyd
      resin include phthalic acid, succinic acid, adipic acid, maleic acid,
      isophthalic acid, terephthalic acid, etc., which are reacted with
      polyhydric alcohols such as ethylene glycol, propylene glycol, glycerine,
      sorbitol, pentaerythritol, and the like. Epoxy resins may also have the
      particulate beads herein incorporated in order to produce a flat coating
      composition. Epoxy resins include the condensation products of bisphenol
      and epichlorohydrin, epoxidized oils, the glycidyl ethers of glycerol,
      epoxylated "novolac" resins, etc. Phenolic resins, such as those obtained
      by the reaction of phenol and formaldehyde, may also be used, as can
      aminoplast resins derived from the reaction of a compound containing a
      plurality of --NH.sub.2 groups (e.g., urea, melamine, guanamine or
      benzoguanamine) with an aldehyde or a substance acting as an aldehyde
      (e.g., formaldehyde benzaldehyde, paraformaldehyde). In preparing
      aminoplasts, the aldehyde or its equivalent is usually dissolved in an
      alkanol, such as butyl alcohol, and at least a part of the N-methylol
      groups on the aminoplast are converted into -N-oxyalkyl groups.
PAR  A preferred group of film-forming materials which may be used in the
      practice of this invention are carboxylic acid amide interpolymers of the
      type disclosed in U.S. Pat. Nos. 3,037,963; 3,118,853; 2,870,116; and
      2,870,117. These interpolymers are prepared by forming an interpolymer of
      an unsaturated carboxylic acid amide, such as acrylamide or
      methacrylamide, with at least one other polymerizable ethylenically
      unsaturated monomer, and then reacting the interpolymer with an aldehyde,
      such as formaldehyde, in the presence of an alcohol, such as butanol.
PAR  Alternatively, such interpolymers can be produced by first reacting the
      unsaturated amide with an aldehyde and, if desired, an alcohol, to form an
      N-alkylol or an N-alkoxyalkyl-substituted amide. The N-substituted amide
      then is interpolymerized with the other monomer or momomers, thereby
      producing interpolymers having the aforesaid recurrent groups without the
      need for further reaction. Such a method utilizing
      N-alkoxyalkyl-substituted amides is described in U.S. Pat. No. 3,079,434.
PAR  Advantageous properties are often obtainable by employing mixtures of the
      above amide interpolymer resins with other resinous materials, such as
      many of those mentioned herein. For example, nitrocellulose, polyethylene,
      alkyd resins, epoxy resins, aminoplast resins, and others can be utilized
      for this purpose.
PAR  Another preferred group of film-forming materials which may be used in the
      practice of this invention consists of interpolymers of
      hydroxyl-containing esters of unsaturated acids with at least one other
      polymerizable ethylenically unsaturated monomer. In many cases, more than
      one hydroxyalkyl ester is included in the interpolymer, and generally
      several monomers in addition to the hydroxyalkyl ester or esters are
      employed. Preferred hydroxyalkyl esters are acrylic acid and methacrylic
      acid esters of ethylene glycol and 1,2-propylene glycol, i.e.,
      hydroxyethyl acrylate and methacrylate, and hydroxypropyl acrylate and
      methacrylate, but there may be employed similar esters of other
      unsaturated acids, for example, ethacrylic acid, crotonic acid, and the
      like.
PAR  The monomer or monomers with which the hydroxyalkyl ester is
      interpolymerized can be any ethylenic compound copolymerizable with the
      ester. These include monoolefinic and diolefinic hydrocarbons, halogenated
      monoolefinic and diolefinic hydrocarbons, unsaturated esters of organic
      and inorganic acids, esters of unsaturated acids, nitriles, unsaturated
      acids, and the like. Examples of such monomers include styrene,
      butadiene-1,3, 2-chlorobutene, alpha-methyl styrene, 2-chlorobutadiene-1,3
      vinyl butyrate, vinyl acetate, dimethyl maleate, divinyl benzene, diallyl
      itaconate, and the like. Preferred comonomers are the alkyl esters of
      ethylenically unsaturated carboxylic acids, vinylaromatic hydrocarbons,
      ethylenically unsaturated nitriles, and ethylenically unsaturated
      carboxylic acids. The specific comonomers must often employed are methyl
      methacrylate, ethyl acrylate, styrene, vinyl toluene, acrylonitrile,
      methacrylonitrile, methacrylic acid, acrylic acid, 2-ethylhexyl acrylate,
      butyl acrylate, butyl methacrylate, and lauryl methacrylate.
PAR  Films are usually produced from the above interpolymers of hydroxyalkyl
      esters by crosslinking these interpolymers with another material
      containing functional groups reactive with the hydroxyl group of the
      interpolymer, such as, for example, polyisocyanates and aminoplast resins.
PAR  It is understood that the film-forming material described above may have
      incorporated therein conventional adjuvants such as solvents, pigments,
      dispersing agents, surface-active agents, adhesion-enhancing agents,
      melting agents, flow agents, fungicide, anti-oxidants and the like.
PAR  Set forth below are several specific embodiments of the preparation of the
      particulate beads of this invention and their utility when incorporated in
      a film-forming material. These embodiments are illustrative and are not to
      be construed as limiting the invention. All parts and percentages are
      based upon non-volatile solids content and are by weight unless otherwise
      indicated.
PAC  EXAMPLE I
PAR  In this example particles comprising fully polymerized urea formaldehyde
      resin beads were prepared as follows:
PAR  A prepolymer was prepared by charging the components below into an open
      container:
TBL                        Parts by Weight                                     
     ______________________________________                                    
     Urea                    27.92                                             
     Formaldehyde (37% solution in water)                                      
                             55.85                                             
     Triethanolamine          0.31                                             
     ______________________________________                                    
PAR  These components were heated to 70.degree.-75.degree. C. and maintained
      there for an hour, then the resulting prepolymer was reduced with 118.87
      parts of water. To this composition 0.66 parts of polyvinyl alcohol
      (protective colloid) were added and this system was stirred for about 5
      minutes. A solution of 77.50 parts of water and 0.96 parts of sulfuric
      acid was added and the acidified system was polymerized by stirring with a
      Cowles blade operating at about 1200 rpm for about 2 hours. In order to
      terminate continued polymerization and further agglomeration, 1.93 parts
      of ethanolamine were added. A suction filter was employed to isolate the
      beads and drying was carried out by placing the agglomerated beads in
      drying pans which were placed in ovens and heated to about 150.degree. F.
      The dried agglomerates could easily be pulverized by subjecting such
      agglomerates to a pressure such as that applied by a finger and thumb. A
      61 percent yield of beads was obtained.
PAC  EXAMPLE II
PAR  In this example, polymerized urea formaldehyde resin beads were perpared in
      a manner which was similar to that of Example I except the procedure
      employed bypassed the prepolymer formation. The procedure employed was as
      follows:
PAR  The following components were charged into a clean container:
TBL                        Parts by Weight                                     
     ______________________________________                                    
     Water                   194.73                                            
     Formaldehyde (37% solution in water)                                      
                             22.70                                             
     Urea                    18.20                                             
     Polyvinyl alcohol (1.31 parts in 30                                       
      parts water)           31.33                                             
     ______________________________________                                    
PAR  This composition was subjected to high shear by utilizing a Cowles blade
      having a diameter of one-third that of the container and which was
      operating at a speed of 1200 r.p.m. This high speed shearing action was
      permitted to continue for about 15 minutes. Then after 0.96 part of
      sulfuric acid was added to the system, it was stirred as described above
      for two hours during which the polymerization took place. As in Example I,
      1.93 parts of ethanolamine were added in order to terminate additional
      polymerization and further undesirable agglomeration. The polymerized
      beads were filtered and dried as in Example I.
PAC  EXAMPLE III
PAR  This example is similar to that of Example I except that in this example
      citric acid instead of sulfuric acid was employed as a catalyst. A
      prepolymer was prepared from the following components which were charged
      into a container.
TBL  ______________________________________                                    
                           Parts by Weight                                     
     ______________________________________                                    
     Formaldehyde (37% solution in water)                                      
                             1952.0                                            
     Urea                    960.0                                             
     Triethanolamine         9.6                                               
     ______________________________________                                    
PAR  These components were heated to about 75.degree. C. while under continual
      agitation to produce methylolurea. The prepolymer was reduced with 4000
      parts of water and then 1225 parts of citric acid (10% solution in water)
      were added to 2490 parts of the prepolymer solution over a 78 minute
      period while the solution was agitated by a stirring apparatus having a
      blade one-half of the diameter of the container employed and operating at
      a speed of about 4400 r.p.m. The polymerized resin beads were then further
      reduced by the addition of 2000 parts of water, which were added over
      about a 42 minute period. The polymerized polymer solution was permitted
      to continue under agitation for about 5 hours after the acid solution was
      added to it.
PAR  The agglomerated resin beads were isolated and dried in a manner set forth
      hereinabove.
PAC  EXAMPLE IV
PAR  In this example 700 parts of a prepolymer as prepared in Example III were
      polymerized in the presence of 140 parts of a citric acid solution (10
      percent in water) and 2600 parts water in a manner similar to that of
      Example III. The beads were isolated by a suction filter means and then
      placed in drying pans which were then placed in an oven overnight at a
      temperature of about 110.degree. C. Spheroidal beads, suitable for use as
      a flatting agent, were obtained in a yield of 66 percent.
PAC  EXAMPLE V
PAR  This example was similar to that of Example IV except that herein air was
      employed as an additional means of agitation. This air agitation was
      provided for by employing a container for polymerization which had an air
      inlet at its base so that the air could be utilized in a most effective
      manner. A conversion of about 63.2 percent was obtained.
PAC  EXAMPLE VI
PAR  In this example particulate beads were formed by polymerizing a
      phenol-formaldehyde prepolymer.
PAR  The prepolymer was prepared by blending together 200 parts of formaldehyde
      (35 percent solution in water), 62 parts of phenol, and a solution
      comprising 27 parts of NaOH in 100 parts of water. This mixture was heated
      (85.degree.-95.degree. C.) until the condensation product began to
      precipitate, then a solution comprising 100 parts of water, 4 parts
      polyvinyl alcohol and 90 parts benzyl chloride was added and the system
      was heated for about one hour. The benzyl chloride was employed to
      accelerate the reaction as the prepolymer was converted to a benzyl ether
      form.
PAR  Subsequently, the system was acidified with sulfuric acid under high shear
      agitation. The system was maintained at a temperature of about 5 hours.
PAR  On cooling, a sludge precipitate settled out of the aqueous phase; however,
      when the aqueous phase was decanted and acetone was added to the sludge, a
      fine powder was produced. A 64 percent yield of beads was obtained.
PAR  Examples VII to XI, below, demonstrate the excellent flatting efficiency of
      the urea-formaldehyde beads prepared hereinabove. Examples VII-XI were
      compared with the following base composition to evaluate the flatting
      effect of the particulate beads herein versus that of a conventional base
      composition devoid of a flatting agent.
TBL  ______________________________________                                    
     Base Composition                                                          
                           Parts by Weight                                     
     ______________________________________                                    
     Linseed alkyd resin modified with                                         
      toluene diisocyanate (46.4% solids)                                      
                             50.0                                              
     Mineral spirit          30.6                                              
     Lead tallate drier       4.2                                              
     Body and suspension agent (Bentone 34)                                    
                             10.0                                              
     ______________________________________                                    
PAL  After dispersing the above components, the following reducer was added:
TBL                     Parts by Weight                                        
     ______________________________________                                    
     Mineral spirits      30.0                                                 
     Alkyd resin (above)  563.0                                                
     Manganese tallate drier                                                   
                          1.5                                                  
     Cobalt tallate drier 1.5                                                  
     Anti-skinning agent  2.0                                                  
     Ethanol              6.5                                                  
     Phenyl mercuric oleate                                                    
                          1.75                                                 
     Mineral spirits      47.28                                                
     ______________________________________                                    
PAC  EXAMPLE VII
TBL                        Parts by Weight                                     
     ______________________________________                                    
     Base composition (above)                                                  
                             365.0                                             
     Particulate beads (as in Example III)                                     
                             6.2                                               
     ______________________________________                                    
PAC  EXAMPLE VIII
TBL                        Parts by Weight                                     
     ______________________________________                                    
     Base composition (above)                                                  
                             365.0                                             
     Silica aerogel extender 6.2                                               
     Particulate beads (as in Example III)                                     
                             3.1                                               
     ______________________________________                                    
PAC  EXAMPLE IX
TBL                        Parts by Weight                                     
     ______________________________________                                    
     Base composition (above)                                                  
                             358.0                                             
     Particulate beads (as in Example III)                                     
                              12.0                                             
     ______________________________________                                    
PAC  EXAMPLE X
TBL                        Parts by Weight                                     
     ______________________________________                                    
     Base composition (above)                                                  
                             358.0                                             
     Particulate beads (as in Example IV)                                      
                              12.5                                             
     ______________________________________                                    
PAC  EXAMPLE XI
TBL                        Parts by Weight                                     
     ______________________________________                                    
     Base composition (above)                                                  
                             358.0                                             
     Particulate beads (as in Example IV)                                      
                              12.0                                             
     ______________________________________                                    
PAR  In order to provide uniform particulate size, all of the above examples
      were ground in a conventional sand mill employing zircoa media to provide
      a Hegman reading 6-7.
PAR  Each of the above compositions was applied to a steel panel at two
      different thicknesses and, after allowing to air dry, their gloss was
      measured on a 60 degree gloss meter and a 20 degree gloss meter,
      respectively. The results are set forth in Table I below:
TBL                                    TABLE I                                 
     __________________________________________________________________________
            Thickness (3.0 mils)                                               
                                Thickness (2.0 mils)                           
     Example                                                                   
            60.degree. Gloss Meter                                             
                      20.degree. Gloss Meter                                   
                                60.degree. Gloss Meter                         
                                          20.degree. Gloss Meter               
     __________________________________________________________________________
     Base Comp.                                                                
     (above)                                                                   
            94.0.degree.                                                       
                      74.0.degree.                                             
                                --        --                                   
     VI     70.0.degree.                                                       
                      52.0.degree.                                             
                                78.0.degree.                                   
                                          44.0.degree.                         
     VII    55.0.degree.                                                       
                      15.0.degree.                                             
                                63.0.degree.                                   
                                          12.0.degree.                         
     VIII   71.0.degree.                                                       
                      33.0.degree.                                             
                                70.0.degree.                                   
                                          31.0.degree.                         
     IX     68.0.degree.                                                       
                      26.0.degree.                                             
                                52.0.degree.                                   
                                          14.0.degree.                         
     X      65.0.degree.                                                       
                      24.0.degree.                                             
                                36.0.degree.                                   
                                           6.0.degree.                         
     __________________________________________________________________________
PAR  The data of Table I shows that the particulate beads used in the examples
      have a substantial flatting effect. This is exemplified by the gloss
      reading of these Examples with respect to the base composition. Also, it
      will be noted that the particulate beads can be used effectively in
      combination with a conventional flatting agent such as the silica extender
      set forth in Example VIII.
PAC  EXAMPLE XII
PAR  This is an example of a coating composition, which has incorporated therein
      pigments in addition to urea formaldehyde particulate beads.
PAR  Such coating composition was prepared in the following manner:
PAR  A control prepared for comparison purposes is set forth below:
TBL  CONTROL                                                                   
                        Parts by Weight                                        
     ______________________________________                                    
     Alkyd resin*         3.4                                                  
     Rin 7069 Lacquer solvent                                                  
                          0.02                                                 
     Cobalt drier         0.03                                                 
     Carbon black         0.40                                                 
     Suspending agent (bentone)                                                
                          0.06                                                 
     Clay (ASP-170)       4.00                                                 
     Mineral spirits      1.36                                                 
     ______________________________________                                    
      *The alkyd resin employed hereinabove was comprised of a tall oil fatty  
      acid ester, phthalic anhydride, fumaric acid, and glycerine and was      
      reduced to about 36 percent solids with odorless mineral spirits.        
PAR  This pigment part was ground in a zircoa mill until a Hegman grind gauge
      reading of about 6.5 was obtained.
PAR  This pigment paste was formulated into a coating composition in the
      following manner:
TBL                      Parts by Weight                                       
     ______________________________________                                    
     Alkyd resin (above)   3.050                                               
     Drier -- zirconium    0.025                                               
     Drier -- manganate tallate                                                
                           0.015                                               
     Drier -- cobalt tallate                                                   
                           0.015                                               
     Anti-skinning agent   0.010                                               
     Pigment paste (above) 2.635                                               
     Mineral spirits       0.680                                               
     ______________________________________                                    
PAL  These components were blended into a homogeneous composition.
PAC  COMPOSITION A
PAR  In this composition particulate urea formaldehyde beads as prepared in
      Example I were added to a pigment paste in the following manner:
TBL                      Parts by Weight                                       
     ______________________________________                                    
     Alkyd resin (above)   3.40                                                
     Lacquer solvent       0.02                                                
     Cobalt drier          0.03                                                
     Carbon black          0.40                                                
     Suspending agent      0.06                                                
     Particulate beads (Example I)                                             
                           2.32                                                
     Mineral spirits       2.04                                                
     ______________________________________                                    
PAR  This pigment paste was used in formulating the following coating
      composition:
TBL                     Parts by Weight                                        
     ______________________________________                                    
     Alkyd resin (above)  3.05                                                 
     Drier (zirconium)    0.025                                                
     Drier (magnanese tallate)                                                 
                          0.015                                                
     Drier (cobalt tallate)                                                    
                          0.015                                                
     Anti-skinning agent  0.010                                                
     Pigment paste (above)                                                     
                          4.135                                                
     Mineral spirits      0.340                                                
     ______________________________________                                    
PAC  COMPOSITION B
PAR  In this composition, particulate urea formaldehyde beads as prepared in
      Example II were added to a pigment paste in the following manner:
TBL                      Parts by Weight                                       
     ______________________________________                                    
     Alkyd resin (above)   3.40                                                
     Lacquer solvent       0.02                                                
     Cobalt drier          0.03                                                
     Carbon black          0.40                                                
     Suspending agent      0.06                                                
     Particulate beads (Example II)                                            
                           2.32                                                
     Mineral spirits       2.04                                                
     ______________________________________                                    
PAL  This pigment paste was used in formulating the following coating
      composition:
TBL                     Parts by Weight                                        
     ______________________________________                                    
     Alkyd resin (above)  3.05                                                 
     Drier (zirconium)    0.025                                                
     Drier (manganese tallate)                                                 
                          0.015                                                
     Drier (cobalt tallate)                                                    
                          0.015                                                
     Anti-skinning agent  0.010                                                
     Pigment paste (above)                                                     
                          4.135                                                
     Mineral spirits      0.340                                                
     ______________________________________                                    
PAR  The flatting efficiency of the particulate urea-formaldehyde beads was
      compared with that of a conventional flatting pigment, i.e., clay
      (ASP-170). It will be noted that the clay in the control was replaced in
      Composition A and Composition B by an equal volume of particulate beads.
PAR  The differences are measured by employing a gloss meter and the results are
      listed below:
TBL              Angle at Which Gloss was Measured                             
                 85.degree.                                                    
                         60.degree.                                            
                                   20.degree.                                  
     ______________________________________                                    
     Control       11        2         0                                       
     Composition A 1         0         1                                       
     Composition B 9         10        1                                       
     ______________________________________                                    
PAR  The data indicates that the conventional flatting agent could readily be
      replaced by the particulate beads of the present invention and still have
      the desired flatting efficiency. It is believed that the particulate beads
      herein could be prepared by the method of this invention at a cost which
      would permit commercial sale at a cost which would be substantially less
      than the cost of most conventional flatting pigment.
PAC  EXAMPLE XIII
PAR  In this example a control coating composition containing a conventional
      flatting agent, clay (ASP-170) was replaced by particulate beads as
      prepared in Example I.
PAR  The control composition was similar to that of Example XII except that for
      ever 100 gallons of the present composition 9.3 gallons (200 pounds) of
      clay (ASP-170) was incorporated therein.
PAR  This clay was replaced in the control composition with the particulate bead
      from Example I in the following proportions:
TBL                                Gloss                                       
                      Gallons                                                  
                           Weight (lbs.)                                       
                                   20.degree.                                  
                                       60.degree.                              
                                           85.degree.                          
     __________________________________________________________________________
     Control (Clay -- ASP-170)                                                 
                      9.3  200     0   1   15                                  
     Particulate beads (Example I)                                             
                      9.3  116.3   0   0   0.1                                 
                      7.8  97      0   0   0.1                                 
                      5.4  67.7    0   0   0.1                                 
                      3.9  48.5    0   1   1                                   
                      2.7  33.9    1   4   2                                   
                      2.1  26.6    1   10  6                                   
                      1.5  19.2    2   18  18                                  
     __________________________________________________________________________
PAR  The data above shows that at an equal volume replacement the particulate
      beads herein have a superior flatting effect, even though the weight of
      particulate beads is only slightly more than one-half the weight of the
      clay.
PAR  It will be noted that even at as low as 3.9 gallons (48.5 pounds) per
      hundred gallons that the particulate beads herein still have a superior
      flatting effect when compared to the 9.3 gallons (200 pound) per hundred
      gallons of clay (ASP-170).
PAR  This example shows the superior flatting of the particulate beads of the
      present invention when compared to a conventional flatting agent, either
      on a volume or weight basis replacement.
PAC  EXAMPLE XIV
PAR  In this example, the burnish resistance of a conventional latex flat enamel
      was evaluated before and after removal of silica and aluminum silicate,
      which was replaced by particulate beads prepared as described in Example
      II.
PAR  The control had the following characteristics:
TBL  Percent pigment solids                                                    
                     41.2                                                      
     Percent vehicle of total                                                  
                     58.8                                                      
     solids                                                                    
     Percent non-volatile                                                      
                     26.8                                                      
     solids                                                                    
     Percent volatile solids                                                   
                     73.2                                                      
     Vehicle solids: 100 percent acrylic resin                                 
     Pigment solids: 66.3 percent titanium dioxide                             
                      9.9 percent barium sulfate                               
                     23.8 percent silica and silicate                          
     Total weight solids                                                       
                     57.0 percent                                              
     Total volume solids                                                       
                     37.4 percent                                              
PAR  A Gardner Straight Line Washability and Abrasion Machine was employed to
      determine the burnish resistance herein. A sponge was wet with about 50
      milliliters of water, then about 20 strokes of Lava soap were applied to
      the sponge. The sponge was then placed in a holder provided for it and 25
      cycles were run. Subsequently, the sponge was washed out, squeezed dried
      and rewet with water. This procedure was repeated until 100 cycles were
      completed. The burnish resistance is measured by the change in gloss.
PAR  For purposes of this test, some of the films were allowed to dry for three
      days and others were allowed to air dry for 3 days and subsequently force
      dried for 1 hour at 140.degree. F.
PAR  The films were provided from the control above and also by coatings similar
      to the control but having a portion of the silica and aluminum silicate
      replaced with the particulate beads (Example II) of the present invention.
PAR  The results of the burnish resistance test are set forth in Table II below.
PAR  The data from this table would indicate that the particulate beads of the
      present invention can readily be utilized to replace conventional flatting
      agents and still provide films having superior burnish resistance as shown
      by the small change in gloss, even while employing a lesser amount of
      particulate beads.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                    Burnish Test at 140.degree.                
                                                    Burnish Test Air Dry       
          Submicro-                 85.degree.                                 
                                          85.degree.                           
                                                Change                         
                                                    85.degree.                 
                                                          85.degree.           
                                                                Change         
     Compo-                                                                    
          scopic                                                               
                Sil-                                                           
                   Aluminum                                                    
                        Barium                                                 
                             Particulate                                       
                                    Gloss Gloss in  Gloss Gloss in             
     sition                                                                    
          Silica                                                               
                ica                                                            
                   Silicate                                                    
                        Sulfate                                                
                             Beads  Before                                     
                                          After Gloss                          
                                                    Before                     
                                                          After Gloss          
     __________________________________________________________________________
     Control                                                                   
           10*  20 90   50   0      10,10,10                                   
                                          17,18,16                             
                                                7   10, 9,10                   
                                                          18,20,20             
                                                                9.66           
     "    10    20 90   50   0      10,10,10                                   
                                          16,17,16                             
                                                6.5 11,10,11                   
                                                          20,19,20             
                                                                9.33           
     "    10    20 90   50   0      10,10,10                                   
                                          15,15,19                             
                                                6.5 10,11,10                   
                                                          20,21,20             
                                                                10             
     A    10    0  0    50   66.8   2     3     1   2     4     2              
     "    10    0  0    50   66.8   2     3     1   2     3     1              
     "    10    0  0    50   66.8   2     3     1   2     3     1              
     B    10    0  0    50   41.8   3     5     2   3     5     2              
     "    10    0  0    50   41.8   3     4-5   1.5 3     5     2              
     "    10    0  0    50   41.8   3     4     1   3     5     2              
     C    10    0  0    50   16.8   6-7   10    3.5 7     12    5              
     "    10    0  0    50   16.8   7-8   10    2.5 8-9   13    4.5            
     "    10    0  0    50   16.8   7-8   9-10  2   8     13    5              
     __________________________________________________________________________
      *Pounds per 100 gallons.                                                 
PAC  EXAMPLES XV-XVI
PAR  In these examples the beads were added directly, in slurry form, into an
      acrylic latex coating composition which was subsequently utilized to coat
      a substrate.
PAR  The following components were charged into a clean container:
TBL                   Parts by Weight                                          
                      Example XV                                               
                               Example XVI                                     
     ______________________________________                                    
     Water              150        150                                         
     Ethylene glycol    33         33                                          
     Formaldehyde (37% in water)                                               
                        126.5      126.5                                       
     Urea               101.65     101.65                                      
     Polyethylene glycol compound                                              
      (Carbowax 20M - Union Carbide)                                           
                        3.25       --                                          
     Carbowax 6,000 (Union Carbide)                                            
                        --         3.25                                        
     ______________________________________                                    
PAR  These compositions were subjected to high shearing action, as in Example
      II, for about 10 minutes, then a small amount of defoamer was added.
      Subsequently, an acid solution, comprising 5.39 parts sulfuric acid and
      14.88 parts of water, was added and the agitation was permitted to
      continue for 30 minutes. Finally 20.0 parts of barium hydroxide
      octahydrate were added.
PAR  These aqueous bead slurries were incorporated directly into an acrylic
      latex coating composition as follows:
TBL  COMPOSITION A           Parts by Weight                                   
     ______________________________________                                    
     Example XV (above)      454.67*                                           
     Water                   7.4                                               
     Thickener (aqueous solution containing                                    
      2% hydroxyethyl Cellulose)                                               
                             108.0                                             
     Surfactant              40.0                                              
     Latex acrylic (Example XIV - control)                                     
                             280.0                                             
     ______________________________________                                    
      *Approximately                                                           
PAC  COMPOSITION B
TBL                        Parts by Weight                                     
     ______________________________________                                    
     Example XVI (above)     454.67                                            
     Water                   7.4                                               
     Thickener (as above)    108.0                                             
     Surfactant              40.0                                              
     Latex acrylic (Example XIV - control)                                     
                             280.0                                             
     ______________________________________                                    
PAL  When these compositions were applied to a substrate and dried, they
      provided films, which at about 2 mils in thickness had good mar and
      burnish resistance.
PAR  It is understood that the examples set forth hereinabove are only
      illustrative of specific embodiments of the invention and that other
      components, conditions and percentages may be employed. For example,
      instead of urea, methylene urea or ethylene urea may be employed or the
      urea may be partially or entirely replaced with a phenol such as
      p-ethylenephenol or other p-alkyl phenols. Also, it will be noted that the
      formaldehyde may be employed in concentrations other than those set forth
      in the examples. Likewise, other amines may be employed, for example,
      ethylamine, propylamine, butylamine, triethylamine, morpholine, or the
      like, may be employed. Other protective colloidforming materials may be
      employed, such as polyoxyalkylene, polyol esters, ethylene glycol and
      propylene esters; glycerol esters, methyl glucoside esters, polyglycerol
      esters and the like may readily be employed in place of polyvinyl alcohol.
      Likewise, other suitable acid catalysts may be employed. These include
      phosphoric acid, para-toluene sulfonic acid, hydrochloric acid, formic
      acid, and the like.
PAR  In addition, it will be noted that the particulate beads herein may have
      incorporated herein pigments such as titanium dioxide silica, carbon
      black, talc, and the like, as well as surface-active agents, dispersing
      agents, adhesion enhancing agents, fungicides and the like.
PAR  Further, it will be noted that the particulate beads herein may be
      incorporated into resins other than those shown in the examples, such as
      acrylic resins, epoxy resins, and the like.
PAR  Although specific examples have been set forth hereinabove, it is not
      intended that the invention be limited solely thereto, but include all the
      variations and modifications falling within the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A coating composition comprising a film forming resinous vehicle and
      incorporated therein agglomerated particulate beads having a gross
      particle size of from about 1 to about 50 microns in an amount sufficient
      to have a flatting effect on films of said filmforming material, wherein
      said beads consist essentially of urea or phenol and formaldehyde prepared
      by the method comprising:
PA1  A. reacting a urea or a phenol and a formaldehyde, wherein the molar ratio
      of the urea to the formaldehyde is from about 1:1 to about 3:0.5 and
      wherein the molar ratio of the phenol to the formaldehyde is from about
      1:1 to about 1:3, in a basic aqueous medium to form a prepolymer;
PA1  B. blending said prepolymer with a hydroxyfunctional protective
      colloid-forming material;
PA1  C. polymerizing the prepolymer by acidifying the mixture thus formed under
      agitation, thereby forming particulate beads and agglomerating said beads
      to a gross particle size of from about 1 micron to about 50 microns; and
PA1  D. collecting said urea or phenol-formaldehyde particulate beads.
NUM  2.
PAR  2. A coating composition as in claim 1 having incorporated therein
      pigments.
NUM  3.
PAR  3. A coating composition as in claim 1 wherein said film-forming material
      is selected from the group consisting of acrylic resins, cellulose
      derivatives, polyolefin resins, polyamide resins, alkyd resins, and
      phenolic resins.
NUM  4.
PAR  4. A coating composition as in claim 1 wherein said film-forming material
      is linseed alkyd resin modified with diisocyanate.
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ABST
PAL  This invention comprises use of polyvinyl resin stabilizers, or alkaline
      earth metal soap and/or phenolate complexes or solutions with soluble zinc
      chloride and hydroxy compounds (or other suitable solutions of zinc
      chloride) and organophosphites. These combinations have not previously
      been used for this purpose.
BSUM
PAR  This invention relates to new compositions of matter and more particularly
      to compositions adapted for stabilizing halogenated hydrocarbon polymers
      against the degradative effects of heat and/or light.
PAR  More particularly, the present invention relates to new and novel
      compositions of matter whereby selected chemical compounds, when added to
      vinyl resin compositions in critical proportions relative to each other,
      result in a degree of heat stabilization of the resin which is far
      superior to any individual contribution if each were incorporated singly.
      In other words, a synergistic effect is obtained with respect to heat
      stabilization.
PAR  Since halogen containing vinyl resins have assumed a major and dominant
      position at both the consumer and industrial levels, and a major
      proportion of these resins being marketed are presently stabilized against
      the degradation effects of heat and/or light by using very toxic
      compositions, solutions and complexes of both barium and cadmium, it is
      important to discover and make available equally useful substitutes of low
      toxicity. Both strontium and zinc complexes are materials which can
      readily be used to stabilize polyvinyl chloride and other halogenated
      compounds against the well-known degradative effects. Derivatives of both
      these two materials are of relatively low toxicity.
PAR  It is an object of this invention to provide stabilizing agents for
      halogenated hydrocarbon polymers using alkaline earth metals in
      combination with zinc chloride and selected hydroxyl containing compounds.
PAR  A further object of the invention is to provide stabilizing agents for
      halogen-containing vinyl resins which are resistant to sulfur staining.
PAR  A still further object of the present invention is to provide stabilizing
      agents which are useful when used in the presence of fluorescent pigments
      since these pigments presently require special stabilizing systems.
PAR  Broadly stated this invention comprises new compositions of matter in which
      there are incorporated certain organic acid compounds of the alkaline
      earth metals from Group IIA of the Standard Periodic Chart and principally
      strontium, with liquid complexes produced by combining zinc chloride and
      certain organic hydroxyl-containing substances, such as 1,3 -butylene
      glycol and organophosphites, such as diphenyl decyl phosphite.
PAR  Plasticized, chloride-containing vinyl resins, for instance homopolymer
      polyvinyl chloride, are conventionally stabilized against the degradative
      effects of heat and light with toxic solutions containing, among other
      necessary materials, barium and cadmium soaps, salts, phenolates or
      benzoates, sometimes referred to as "barium-cadmium complexes".
      Essentially low toxicity stabilizer solutions can be achieved and
      successfully used in polyvinyl chloride resins in which are incorporated a
      strontium phenolate-soap complex, a zinc chloride-diol complex, and
      organophosphites.
PAR  The present invention, to be described in detail below, pertains to a
      related series of chemical solutions containing solubilized metal
      compounds, organophosphites, certain hydroxy compounds and certain
      specific synergistic antioxidants in compatible solvent systems.
PAR  While cadmium is acutely, chronically and cumulatively toxic, barium is
      only to be described as acutely toxic, and is not cumulative nor
      chronically toxic. However, its elimination from vinyl resin stabilizer
      system, along with cadmium creates a "low toxicity" stabilizer system
      provided the other required objectives for a stabilizer are obtained,
      e.g., good early color and color control, together with good long term
      stability, clarity, plate-out resistance, ultraviolet light resistance and
      low cost.
PAR  Strontium soaps or strontium-zinc soaps have been known for a long time,
      i.e., a solid or powdered strontium-zinc soap, which is used occasionally
      as at least a partial replacement for barium-cadmium soaps to improve
      sulfide stain resistance and which can also be used in polyvinyl chloride
      resins containing fluorescent pigments which are ordinarily adversely
      affected by standard barium-cadmium complex stabilizers.
PAR  The strontium-complexed zinc stabilizer system of the invention, if the
      metals and phosphite are used in controlled quantities, can be used almost
      universally and in any application and formulation in which a standard
      barium-cadmium stabilizer is used, e.g., with or without fillers such as
      calcium carbonate, in clear polyvinyl chloride resins with all colors and
      dyes, and in any forming process, such as extrusion, calendering, and
      plastisol-organosol applications such as coating and dipping.
PAR  The advantages achieved by use of the invention are entirely unexpected
      since in the prior art of polyvinyl chloride resin stabilization the use
      of either too much zinc, such as the 2-ethylhexanoate,
      para-t-butylbenzoate or stearate, and especially as the chloride, would
      cause catastrophic degradation when the thus stabilized polyvinyl chloride
      resin was exposed to temperatures of 340.degree.-420.degree.F. In accord
      with this invention, the high activity of zinc chloride is modified and
      controlled by its solution and/or complexation in a hydroxyl-containing
      liquid, and thus it is a valuable low toxicity, cheap component in these
      stabilizer systems.
PAR  One principal improvement which has thus been achieved in heat
      stabilization of polyvinyl chloride is the general lowering of toxicity of
      the stabilizer system. The comparison is between the conventionally used
      barium-cadmium-zinc-phosphite, a highly toxic solution, to a relatively
      low toxicity strontium-zinc-hydroxyl-containing liquid-phosphite solution.
      It has also been found that color control is improved, as well as is the
      very important property of plate-out resistance which is improved by the
      omission of cadmium from the normal barium-cadmium or barium-cadmium-zinc
      complex solutions.
PAR  More specifically, typical ingredients useful in the stabilizing
      compositions of this invention adapted for use in halogen-containing vinyl
      resin formulations are the following combinations:
PAR  1. Sr, Ca and/or Mg aliphatic carboxylates, phenolates, benzoates, alkyl
      benzoates or mixed acid compound(s)
PAR  2. Zinc chloride complex or solution of zinc chloride with primary and
      secondary alcohols, glycols, secondary phosphites, and glycol ethers,
      substituted triols and glycols
PAR  3. Organophosphite(s) (both di and tri)
PAR  4. Solvents and solubilizing agents for each of the above, both separately
      and as mixtures, such solvents being generally known and used for
      incorporating stabilizers into polyvinyl chloride.
PAR  As for the first above listed ingredient, Ba can be used although it should
      be realized that its inclusion will create a more toxic stabilizer
      composition, but yet having lower toxicity than a typical Ba/Cd complex
      known stabilizer.
PAR  The organic acids and phenols which can be used in preparing the alkaline
      earth metal compounds of (1) above may be one or more of the following:
      hexanoic acid, 2-ethyl hexanoic acid, heptanoic, octanoic acid, decanoic
      acid, nonanoic acid, undecylenic acid, undecanoic acid, benzoic acid, para
      t-butyl benzoic acid, and maleic acid half-esters, as well as phenol,
      octyl phenol, nonyl phenol, and dodecyl phenol.
PAR  The zinc chloride complex or solution of (2) above may be prepared by
      dissolving zinc chloride in and complexing it with various alcohols,
      glycols and other liquid hydroxy materials, such as: ethyl alcohol,
      propanol, amyl alcohol, isooctyl alcohol, 2-octanol, decyl alcohol,
      dodecyl alcohol, cyclohexanol, dipropylene glycol, tripropylene glycol,
      ethylene glycol, propylene glycol, 1, 3-butylene glycol, glycerol
      monoricinoleate, sorbitan monooleate, butyl ricinoleate, butyl lactate,
      dibutyl malate, tributyl citrate, glycerol, ethylene glycol monobutyl
      ether, 2-ethyl-1, 3-hexanediol, diphenyl phosphite, phenyldecyl phosphite,
      didecyl phosphite, di (octylphenyl) phosphite, and other similar secondary
      phosphites. Thus the types of hydroxy-containing compounds which can be
      used include the aliphatic alcohols C.sub.2 to C.sub.15, both primary and
      secondary, aliphatic esters having primary, secondary and tertiary hydroxy
      groups, alicyclic hydroxy compounds and various polyols, i.e. diols and
      triols.
PAR  The organophosphites which may be used are generally known compounds and
      include the following di and tri phosphite compounds: triphenyl phosphite,
      diphenyldecyl phosphite, didecylphenyl phosphite, diphenyloctyl phosphite,
      diphenyl phosphite, phenyl-decylphosphite, tricesyl phosphite,
      cresyldioctyl phosphite, tris(nonylphenyl) phosphite, trioctyl phosphite,
      phenyl neopentyl phosphite, and the like.
PAR  The solvents and solubilizing agents used for dissolving each of the
      ingredients, and also keeping them in solution, are generally the same or
      similar to those which are in use, namely mineral spirits, naphtha,
      mineral oil, and heavy petroleum oil fractions, the solvating agents being
      of a proprietary nature, but including such solvents as octyl alcohol.
PAR  Certain useful and preferred ranges and proportions of ingredients have
      been established by a study of the various materials used in the
      stabilizer composition of the invention. These ranges may be summarized as
      follows:
TBL                    Useful Amts.                                            
                                 Preferred Amts.                               
                       Range, phr.                                             
                                 Range, phr.                                   
     __________________________________________________________________________
     Sr, Ba, Ca, Mg in form of                                                 
                       0.03 to 0.3                                             
                                 0.06 to 0.15                                  
     aliphatic carboxylate, phenolate,                                         
     benzoate, alkylated acid or pheno-                                        
     lates, or mixed acid compounds                                            
     Zinc Chloride     0.005 to 0.30                                           
                                 0.03 to 0.10                                  
     Alcohol, glycol, poly-                                                    
                       0.01 to 1.0                                             
                                 0.06 to 0.40                                  
     hydroxy or other (OH)                                                     
     compound used to dissolve                                                 
     and complex the ZnCl.sub.2                                                
     Tertiary & Secondary                                                      
                       0.00 to 5.0                                             
                                 0.2 to 1.0                                    
     Organo-phosphite ester(s)                                                 
     Solvents and solubilizing                                                 
                       as found  as found                                      
     agents            necessary necessary                                     
                                 Preferred                                     
                       Useful Wt. Ratio                                        
                                 Wt. Ratio                                     
     __________________________________________________________________________
     Strontium/ ZnCl.sub.2                                                     
                       1/1 to 4/1                                              
                                 1.5/1 to 2.5/1                                
     ZnCl.sub.2 / (OH) cmpd.                                                   
                       2/1 to 1/20                                             
                                 1/2 to 1/4                                    
     __________________________________________________________________________
PAR  In general and for best results, it is best to prepare the stabilizers
      using the aforesaid ingredients in these ranges.
PAR  It has been found that the tertiary phosphites are necessary for the best
      color results., i.e., color control during heat processing of polyvinyl
      chlorides containing the stabilizing components of the invention plus
      tertiary phosphites is maximized.
PAR  Also, it is necessary that an epoxy oil such as epoxydized soyabean oil or
      epoxydized ester, or liquid epoxy resin be included with the stabilizers
      of the present invention in order to obtain adequate heat stability.
PAR  The described stabilizers of this invention can be used in polyvinyl halide
      resins, both homopolymers and copolymers of the vinyl halide with certain
      order monomers such as methyl methacrylate, butyl acrylate, acrylonitrile,
      styrene, .alpha.-methylstyrene, and other vinyl monomers, including vinyl
      acetate, propylene and ethylene.
PAR  The principal polymer used in connection with the present invention is, of
      course, polyvinyl chloride. However, other halogen-containing polymers
      such as polyvinylidene chloride, chlorinated polyethylene and chlorinated
      polypropylene can be successfully stabilized with the zinc chloride
      containing compositions of the invention.
PAR  Stabilizers of the type described are used to inhibit successive
      dehydrohalogenation and subsequent oxidation of the resulting polyene
      chain such that six or more conjugated double bonds may form in the
      absence of said stabilizers, or those presently used such as the commonly
      used barium nonylphenate/cadmium carboxylate/zinc carboxylate and mixed
      alkyl-aryl phosphites, or others such as the calcium/zinc carboxylates,
      the mono-and dialkyl tin carboxylates or mercaptoesters, or the lead
      compounds such as basic lead sulfate or phthalate.
PAR  Polyvinyl chloride homopolymer or vinyl copolymers can be formed in various
      known ways, among which are suspension, emulsion, and mass or bulk
      polymerization procedures. Both suspension and mass polymerization methods
      produce polyvinyl chloride used in the calendering, extrusion and molding
      of both flexible, semi-rigid and rigid polyvinyl chloride, whereas
      polyvinyl chloride resin produced via the emulsion route is used to make
      plastisol and organosol pastes which are used in dip, roller and spread
      coating, along with rotational coating procedures and in vinyl inks.
PAR  It is in the high heat processing of homopolymer polyvinyl chloride or
      copolymers during which the heat stabilizers are required, simply to
      slowdown the various degradation steps which degrade polyvinyl chloride or
      other polymers containing halogens, which cause color drift, early
      darkening, embrittlement and other undesirable characteristics.
PAR  It is also known that the use of standard commercial proprietary heat
      stabilizers can cause other undesirable effects, such as clarity loss,
      plate-out on calendering rolls and molding equipment, and other
      incompatability effects such as migration to the surface. The standard
      stabilizers are usually designed and compounded to minimize these
      undesirable effects.
PAR  Polyvinyl chloride, being a halogen-containing polymer, is not particularly
      resistant to ultraviolet light, such as from the rays of the sun. Certain
      stabilizers, such as the mercaptoesters of alkyltin cause UV light to
      attack polyvinyl chloride even more rapidly. Again, the barium-cadmium and
      barium-cadmium-zinc stabilizers of today's technology are made to maximize
      resistance to sunlight when desirable to do so.
PAR  Heat stabilizers are used as liquids, powders or pastes. The liquids can
      contain 100% active ingredients, as is the case of the alkyltin products,
      or may contain diluents as in the case of the common barium-cadmium type
      of products. Powders and pastes are generally 100% active. The less-than
      100% active barium-cadmium and barium-cadmium-zinc stabilizer liquids of
      the prior art are dissolved in a system of high boiling liquids, among
      which are mineral spirits, naphtha and isooctyl alcohol. The stabilizers
      of the present invention can also make use of the same solvents and
      solvent systems, but also can make use of other, less common solvents such
      as high boiling glycols and many proprietary solvent systems.
PAR  The following examples are presented solely to illustrate the various
      embodiments of the invention, but are intended in no way to restrict the
      scope of the invention to these examples. The parts and percentages set
      forth in the Test Procedures and Examples are by weight:
DETD
PAC  TEST PROCEDURES
PAR  The polyvinyl chloride formulation which was used in the Examples of the
      invention was as follows:
TBL  Ingredients           Parts by Weight                                     
     ______________________________________                                    
     Vinyl chloride homopolymer (PVC)                                          
                           100.0                                               
     Di(2-ethylhexyl)phthalate (DOP)                                           
                           40.0                                                
     Epoxidized soyabean oil (ESO)                                             
                           5.0                                                 
     Calcium carbonate filler                                                  
                           35.0                                                
     (trade name Atomite)                                                      
     Stearic Acid (lubricant)                                                  
                           0.5                                                 
     Stabilizer solution   3.0                                                 
     ______________________________________                                    
PAR  To evaluate both positive and negative aspects of various stabilizer
      combinations, the PVC compounds prepared according to the Test Procedures
      and Examples were processed by milling on an open two-roll laboratory mill
      at 330.degree.F. at a roll gap of about 0.025-0.030 inch for a period of 5
      minutes, the sheet obtained taken off the mill at 0.025 inch thickness.
      Six one-square inch chips (or smaller size) were cut from the above
      sheets, placed on a glass plate, then heat-aged in an air-circulating oven
      at 400.degree.F. for varying periods of time to study resistance to
      degradation. Samples were removed from the oven every 10 minutes for up to
      one hour. During heat exposure, the degradation of the chips was noted as
      demonstrated by a darkening in color, the more efficient stabilizers
      furnishing the best color retention (high degradation resistance) and the
      longest stability until ultimate degradation results after prolonged
      periods of testing time.
PAR  Clarity tests were performed on a similar PVC formulation, but without the
      filler present. The test involved the preparation of a compression molded
      plaque of 0.100 inch thickness prepared between two mirror-polished
      plates. Results were obtained by visually observing the differences in
      clarity.
PAR  Another test used was a mill stability test in which the sheet was allowed
      to remain on the 340.degree.F. mill until sticking on the mill surface was
      noted and/or a considerable darkening in color was obtained.
PAR  Another test used was the Brabender Plastograph torque rheometer
      evaluation. This test has become a standard in the PVC industry for the
      determination of melt rheology and dynamic stability. To carry out this
      test, a 55.0 gram charge of the aforementioned milled PVC sheet was added,
      in strips, to a 60 ml. bowl preheated to 370.degree.F., the bowl
      containing two rotors, rotating in opposite directions and at slightly
      different speeds (similar to a miniature Banbury mixer, used in commercial
      operations), and averaging about 70 RPM. The stability and rheology of the
      samples was followed by removing small 1/2 .times. 1/4 inch chips using a
      pair of duck-billed pliers. Both color degradation and time period to
      ultimate degradation, as noted by a sudden increase in viscosity, are
      easily obtained in this manner.
PAC  EXAMPLE 1
PAC  20% Zinc chloride complex
PAR  Into 800 gm of 1, 3-butylene glycol in a beaker maintained at 80.degree.C.
      there was added and mixed 200 gm. of anhydrous technical grade zinc
      chloride. Mixing proceeded for about 2 hours until complete solution
      indicating the zinc chloride was totally complexed, as evidenced by no
      crystallization on cooling to low temperature (-  17.degree.C.).
TBL  ______________________________________                                    
     Theoretical % Zn                                                          
                     = 9.6%                                                    
     Actual % Zn     = 9.6%                                                    
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  52% Strontium 2-ethyl hexoanoate/nonylphenate
PAR  Into a 5000 ml round-bottom flask equipped with a stirrer, thermometer,
      Dean-Stark water trap, water-cooled condenser and heating mantle there
      were added the following ingredients:
TBL  Ingredient           Parts                                                
     ______________________________________                                    
     Mineral Spirits      200                                                  
     High-flash naphtha   500                                                  
     Tripropylene Glycol  146                                                  
     2-ethylhexanoic acid 289                                                  
     Nonylphenol          462                                                  
     Strontium octahydrate                                                     
                          548                                                  
     ______________________________________                                    
PAL  The active ingredients were allowed to react with the water being stripped
      off by azeotropic distillation (final last amount being removed by
      vacuum), at 200.degree.-280.degree.F for 7 hours, followed by collecting
      1,573 gm, after vacuum filtration of sediment, of viscous orange liquid
      with a strontium assay of 10.3%.
PAC  EXAMPLE 3
PAC  Use of Samples from Ex. 1 and Ex. 2 vs. Ba/Cd stabilizer solution
PAR  A series of four PVC compounds was prepared using the filled formulation
      described in the Test Procedures and the four individual stabilizer
      solutions prepared as indicated below (A, B, C and D). A 400.degree.F.
      oven stability evaluation was run, the results of which are listed below
      for each individual stabilizer.
TBL  __________________________________________________________________________
                             % by weight                                       
                             Sample No.                                        
     Components              A    B    C    D                                  
     __________________________________________________________________________
     Barium 2-ethyl hexanoate nonylphenate                                     
     solution (10% Ba, similar to Ex. 2)                                       
                             61   61   --   --                                 
     Strontium complex (Ex. 2)                                                 
                             --   --   39.4 39.4                               
     Cadmium 2-ethyl hexanoate solution (15% Cd)                               
                             10   --   --   --                                 
     Zinc Chloride Complex (Ex. 1)                                             
                             --   8    6    5                                  
     Zinc 2-ethyl hexanoate solution (14.6% Zn)                                
                             0.7  --   --   --                                 
     Triphenyl Phosphite     11   11   11   11                                 
     Diphenyldecyl Phosphite 13   13   13   13                                 
     Solvents                4.3  7    30.6 31.6                               
     __________________________________________________________________________
     RESULTS: PVC Sheet Color                                                  
                             2    3    2    2                                  
     Oven-degraded chip colors: -  10 min.                                     
                             3    5    4    3                                  
       20 min.               5    5    4    4                                  
       30 min.               7    6    6    6                                  
       40 min.               8    7    7    8                                  
     Color Legend (Opaque)                                                     
     1 = White    5 = Yellow                                                   
     2 = Off-White                                                             
                  6 = Yellow-to-Orange                                         
     3 = Faint Yellow                                                          
                  7 = Darker Yellow-Orange                                     
     4 = Light Yellow                                                          
                  8 = Orange                                                   
     __________________________________________________________________________
PAL  These experimental results clearly show that the stabilizers of the present
      invention, No. B, C, and D above identified, are approximately equivalent
      in their effect on PVC degradation as the relatively standard Ba/Cd system
      of No. A.
PAC  EXAMPLE 4
PAC  Comparative Stabilizers used in Plastisol and Calendered Formulations
PAR  Two different stabilizers of the present invention, each containing the
      strontium complex of Ex. 2, as described above, an alkyl aryl phosphite,
      and a zinc chloride-secondary phosphite complex were used successfully to
      stabilize flame retardant PVC compositions, one being a plastisol paste
      system for coating, the second composition being one to form on a
      calender.
TBL  __________________________________________________________________________
     Formulation P (Plastisol)                                                 
                         Formulation C(Calender)                               
     __________________________________________________________________________
                    Parts by          Parts by                                 
                    Weight            Weight                                   
     __________________________________________________________________________
     Polyvinyl chloride resin                                                  
                    100  Polyvinyl chloride resin                              
                                      100                                      
     Organic Phosphate                                                         
                    35   Phthalate diester                                     
                                      25                                       
     Phthalate diester                                                         
                    35   Organic Phosphate                                     
                                      25                                       
     2-Ethylhexyl Epoxy Tallate                                                
                     7   Epoxy Soyabean Oil                                    
                                      5                                        
     Calcium Carbonate Filler                                                  
                    14   Antimony Oxide                                        
                                      2                                        
     Titanium Dioxide                                                          
                     2   Titanium Dioxide                                      
                                      5                                        
     Stabilizer Solution                                                       
                     4   Stearic Acid (Lub.)                                   
                                      0.5                                      
                         Stabilizer Solution                                   
                                      3                                        
     The stabilizer of this invention used in Formulation P was                
     comprised of the following materials: -                                   
                          % by weight                                          
     Strontium complex solution                                                
                          34.1                                                 
     of Ex. 2 above                                                            
     Didecylphenyl Phosphite                                                   
                          34.2                                                 
     Zinc chloride-Diphenyl Phosphite                                          
                          10.6                                                 
     Complex, 12.2% Zinc (similar to Ex. 1)                                    
     Oleic Acid           6.0                                                  
     Solvents & Coupling agents                                                
                          18.1                                                 
                          100.0                                                
     __________________________________________________________________________
PAL  The stabilized PVC plastisol was drawn down at a thickness of 0.020 inch on
      a glass plate, gelled at 350.degree.F for 5 minutes, cut into small 1 and
      2 inch pieces and subjected to oven aging in a forced-draft oven
      maintained at 370.degree.F, removing pieces at 5-minute intervals. The
      resulting colored chips were discolored according to the degree of heat
      aging of each; the darker chips being heat aged for the longer periods. In
      comparison to a commercial stabilizer for this purposes, the stabilizer of
      this invention was superior as shown here: (U = unchanged)
     Time       0'  5' 10' 15' 20'  25' 30'                                    
     __________________________________________________________________________
     Stabilizer of         Faint                                               
                               Slightly                                        
                                    Light                                      
     this Invention                                                            
                White                                                          
                    U  U   Yellow                                              
                               Yellow                                          
                                    Yellow                                     
                                        Orange                                 
     Commercial                                                                
     stabilizer White                                                          
                    U  U   Faint    Bright                                     
     (Ba - Cd - Zn - P)    Yellow                                              
                               Yellow                                          
                                    Yellow                                     
                                        Orange                                 
     __________________________________________________________________________
PAL  The % of metals contained in the two products, as analyzed, were these:
TBL            Ba    Sr      Cd      Zn    P                                   
     ______________________________________                                    
     Stabilizer of                                                             
                 0       3.20    0     1.30  2.40                              
     This Invention                                                            
     Commercial                                                                
     stabilizer  4.9     0       2.4   0.60  2.40                              
     (Ba - Cd - Zn - P)                                                        
     ______________________________________                                    
PAL  The second PVC composition, Formulation C, incorporated a different
      stabilizer, using the technology of the present invention, and was
      comprised of these materials:
TBL                        % by weight                                         
     ______________________________________                                    
     Strontium stabilizer of Ex. 2 above                                       
                             39.50                                             
     Diphenyl Decyl Phosphite                                                  
                             47.15                                             
     Zinc chloride-Diphenyl Phosphite                                          
                             8.15                                              
     Complex, 12.2% Zinc (Similar to Ex. 1)                                    
     Solvents & Coupling Agents                                                
                             5.20                                              
     Total                   100.00                                            
     ______________________________________                                    
PAL  The stabilized PVC Formulation C was evaluated according to the standard
      procedure except that the oven temperature was 380.degree.F. It was shown
      that 3 phr of the stabilizer above of this invention, was generally
      equivalent in oven heat stability results to a commercial Ba - Cd - Zn - P
      product, the analyses being given here:
TBL            Ba    Sr      Cd      Zn    P                                   
     ______________________________________                                    
     Stabilizer of                                                             
                 0       4.07    0     1.0   3.92                              
     this Invention                                                            
     Commercial                                                                
     stabilizer  3.5     0       1.85  0.5   2.8                               
     (Bn - Cd - Zn - P)                                                        
     ______________________________________                                    
PAL  The information and data above clearly shows that flame retardant PVC
      compositions, both plastisol and calendered formulations, can be
      successfully stabilized against the degradative effects of heat using the
      strontium-zinc chloride solution and/or complex technology of this
      invention.
PAC  EXAMPLE 5
PAC  Dynamic Mill Stability and Brabender Results (Ba/Cd vs. Sr/ZnCl.sub.2)
      Containing Samples
PAR  A series of two samples were tested, the PVC compounds being prepared by
      using the stabilizer solutions identified below and tested using the two
      procedures outlined before Example 1. The mill temperature on the surface
      was 340.degree.F. and the Brabender bowl temperature was 375.degree.F.
TBL  ______________________________________                                    
                            % by weight                                        
     Components               A       B                                        
     ______________________________________                                    
     Barium 2-ethyl hexanoate nonylphenate                                     
     solution, (10% Ba, similar to Ex. 2)                                      
                              61      --                                       
     Strontium Complex (Ex. 2)                                                 
                              --      39.4                                     
     Cadmium 2-ethyl hexanoate solution (15% Cd)                               
                              10      --                                       
     Zinc Chloride Complex (Ex. 1)                                             
                              --      6                                        
     Zinc 2-ethyl hexanoate solution (14.6% Zn)                                
                              0.7     --                                       
     Triphenyl Phosphite      11      11                                       
     Diphenyldecyl Phosphite  13      13                                       
     Nonylphenol              --      11                                       
     Solvents                 4.3     19.6                                     
     ______________________________________                                    
     RESULTS:                                                                  
             Mill Stability Chip Colors:                                       
              5 min.              2       2                                    
              10 min.             2       2                                    
              20 min.             3       3                                    
              40 min.             5       3                                    
              60 min.             6       4                                    
              80 min.              8S     5                                    
              90 min.                     6                                    
             100 min.                     7                                    
             120 min.                      8S                                  
             Brabender Colors (Chips):                                         
              10 min.             3       4                                    
              20 min.             4       4                                    
              30 min.             5       5                                    
              40 min.             6       6                                    
              45 min.             6       6                                    
              50 min.             7       7                                    
     Color Legend (Opaque):                                                    
     1 = White       6 = Yellow-to-Tan                                         
     2 = Off-White   7 = Darker Yellow-Tan                                     
     3 = Faint Yellow                                                          
                     8 = Light Brown                                           
     4 = Light Yellow                                                          
                     S = Sticks to Mill                                        
     5 = Yellow                                                                
     ______________________________________                                    
PAR  These results are unexpected and surprising in that they show quite vividly
      that the Sr/ZnCl.sub.2 complex solution is superior to the more standard
      Ba/Cd systems as represented in Sample A above, especially in dynamic mill
      stability. The Brabender results show that the stabilizers and complexes
      of this invention are fully equal in stability to the standard
      conventional Ba/Cd stabilizer systems.
PAC  EXAMPLE 6
PAC  Use of Zinc Salts Other than Zinc Chloride
PAR  Stabilizers were also prepared with zinc salts other than zinc chloride,
      one with zinc bromide and the other with zinc nitrate, and each tested
      against one prepared using zinc chloride. Butylene glycol-1, 3 was used as
      the solvent for the zinc salt in each case. The approximate limiting
      concentration of the zinc was highest for the chloride (12%), lowest for
      the nitrate (7.2%), and intermediate for the bromide (9.1%), showing the
      relative complexing strength of the salts. The individual stabilizer
      solutions each contained the same amount of zinc, 1.09%, the salt
      solutions being prepared in similar manner to Example 1. The other
      materials used in preparing the stabilizers were these:
TBL                   % by Weight                                              
     ______________________________________                                    
     Strontium complex of Example 2                                            
                        24.3                                                   
     Nonyl Phenol       10.0                                                   
     Diphenyldecyl phosphite                                                   
                        24.0                                                   
     Solvents, other than                                                      
     1, 3-butylene glycol                                                      
                        32.6     with Zn chloride                              
                        29.8     with Zn bromide                               
                        27.6     with Zn nitrate                               
     ______________________________________                                    
PAR  The evaluation in polyvinyl chloride homopolymer compound was run in the
      same system as described in the Test Procedures above with the exception
      that no calcium carbonate filler was used, and the colors obtained were
      compared with the Gardner color scale, Series 1953, with a 0 rating being
      colorless, 5 being light yellow, 10 being orange-yellow, and 18 being dark
      reddish-orange, and 20 being totally black.
PAR  The oven test temperature was 380.degree.F., and a set of test pieces were
      removed every 10 minutes.
TBL  ______________________________________                                    
                     Chloride                                                  
                            Bromide  Nitrate                                   
     ______________________________________                                    
     Color of Press Plaque                                                     
                       2        5        3                                     
     Clarity of Pressed Plaque                                                 
     against White light and black                                             
     paper             Clear    Clear    Clear                                 
     Oven results: Color                                                       
                 10 Min.   1        4      2                                   
                 20 Min.   2        5      4                                   
                 30 Min.   4        6      6                                   
                 40 Min.   9        20     8                                   
                 50 Min.   20       20     10                                  
     ______________________________________                                    
PAR  In these experiments it is seen that the bromide is somewhat inferior to
      the chloride. The nitrate also gave poorer color but may be useful as a
      possible zinc source in the stabilizers of the invention because its long
      term stability was found to be superior.
PAR  It also was found that zinc fluoride was not useful in similar manner as it
      did not dissolve in the glycol. It was also found that when tested as a
      solit it gave poorer results as to color than did the bromide. It also
      gave poor clarity results against a background of white light.
PAC  EXAMPLE 7
PAC  Zinc Chloride Complexes Prepared with Hydroxy Materials other than
      1,3-Butylene Glycol
PAR  The compound of Example 1 was prepared from zinc chloride and 1,3 -butylene
      glycol, and the stabilizer Examples in Example 3,
PAR  Example 4 and Example 5 were prepared with this complex/solution. Studies
      were conducted on the possibility of using hydroxycontaining materials
      other than 1,3 -butylene glycol.
PAR  The following materials were used to dissolve or complex with zinc
      chloride, and the solutions used to prepare polyvinyl chloride resin
      stabilizers similar to those of Example 3 shown above.
PA1  a. 1, 3-butylene glycol, 12% Zn
PA1  b. isooctyl alcohol, 11.8% Zn
PA1  c. ethylene glycol monobutyl ether (Butyl Cellosolve), 13.8% Zn
PA1  d. Diphenyl phosphite, 11.6% Zn
PA1  e. phenylisodecyl phosphite, 6.8% Zn
PA1  f. mixed dodecyl-Tetradecyl alcohols (Alfol 1214), 10.6% Zn
PAR  In like manner other hydroxyl-containing organic reagents can be used to
      dissolve zinc chloride; these compounds include:
PA1  2-octanol
PA1  butyl ricinoleate
PA1  butyl lactate
PA1  butyl malate
PA1  tributyl citrate
PA1  cyclohexanol
PA1  glycerol
PAC  EXAMPLE 8
PAC  Comparative Results Obtained with and without the Organophosphite
PAR  Below is described the testing of two comparative resin samples, one of
      which contains an organophosphite and the other does not. The polyvinyl
      chloride resin formulation, processing and evaluation was carried out in
      the same manner as in the Test Procedure above described except that the
      oven temperature was 380.degree.F., and no calcium carbonate filler was
      used. Also, the heat-aged chips were color evaluated in the same manner as
      described in Example 5. It can plainly be seen that the sample which
      contains phosphite shows the far superior color.
TBL  ______________________________________                                    
                             A    B                                            
     ______________________________________                                    
     Strontium - 0.07 phr, as Example 2 cmpd.                                  
                               x      x                                        
     Zinc chloride - 0.07 phr, as complex with                                 
                               x      x                                        
     Diphenyl Phosphite containing 12 .2% Zn                                   
     Diphenyldecyl phosphite - 0.50 phr                                        
                               x      0                                        
     Results: Color of Pressed Plaque                                          
                               1      1                                        
     Oven test: Color 10 Min.      1      2                                    
                      20 Min.      2      6                                    
                      30 Min.      3      7                                    
                      40 Min.      8      20                                   
     ______________________________________                                    
PAC  EXAMPLE 9
PAC  Synergistic Activity
PAR  The formulation, processing and comparative evaluation were carried out in
      the same manner as described in the Test Procedures except that the oven
      temperature was 380.degree.F. and no calcium carbonate filler was used.
      The heat-aged resin chips were color evaluated in the same way as in
      Example 5. A few examples were prepared in the absence of epoxy soyabean
      oil.
TBL  __________________________________________________________________________
                        Sample No.                                             
     Ingredients        A B  C  D  E  F  G  H  I  J                            
     __________________________________________________________________________
     Sr. - 0.07 phr, as in Example 2                                           
                        x x  O  x  x  x  x  O  O  O                            
     ZnCl.sub.2 - 0.07 phr, as powder                                          
                        O x  O  O  O  O  O  O  O  O                            
     Diphenyl phosphite - 0.2 phr                                              
                        O x  O  O  O  O  O  O  O  x                            
     Diphenyl decyl phosphite - 0.50 phr                                       
                        x x  x  x  O  x  O  O  O  x                            
     ZnCl.sub.2 -diphenyl phosphite complex                                    
                        x O  x  O  x  x  O  x  O  O                            
     0.07 phr ZnCl.sub.2 - 0.2 phr DDP                                         
     Epoxy soyabean oil - 5.0 phr                                              
                        x x  x  x  x  O  O  O  x  O                            
     Results: Color of Pressed Plaque                                          
                        1 1  1  5  1  1  11 20 2  12                           
     Oven Test - Color                                                         
                 10 Min.                                                       
                        1 3  2  10 2  20 12 20 10 12                           
                 20 Min.                                                       
                        2 5  4  13 6  20 12 20 13 16                           
                 30 Min.                                                       
                        3 19 19 13 7  20 16 20 14 18                           
                 40 Min.                                                       
                        8 20 20 13 20 20 16 20 14 18                           
     __________________________________________________________________________
PAR  Only six of the 10 samples tested and results reported above show very good
      pressed plaque color, only one of the six being prepared without zinc
      chloride being present. Only four examples show good color (light yellow
      or yellow) through 20 minutes in the oven test, each of these samples
      containing both zinc chloride and epoxy soyabean oil. Only one run showed
      both good color and good oven heat stability (30-40 minutes), and this run
      was Sample A, having present the composition of the present invention.
      Sample B, prepared from the individual components of the zinc-secondary
      phosphite complex, showed poorer color properties and much poorer oven
      heat stability than Sample No. A from the complete complex itself. Also,
      Sample C (without Sr), D (without zinc complex), E (without tertiary
      phosphite), and F (without epoxy compound), each of which were prepared in
      the absence of a critical material or ingredient of the invention gave
      much inferior results to the Sample A which contained each of the critical
      materials. Also, Samples G, H, I, and J, containing only one of the
      critical materials of the invention, showed far inferior results.
PAR  Using the above examples, it can be said that synergistic stabilizing
      activity is obtained by using the critical ratios and levels of strontium
      2-ethyl-hexanoatenonylphenate, zinc chloride-hydroxy complex, tertiary
      phosphite and epoxy compound.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stabilizer composition especially adapted for use as a stabilizer for
      halogenated hydrocarbon resins which consists essentially of at least one
      alkaline earth metal salt of an organic acidic compound selected from the
      group consisting of organic carboxylic acids and phenols, zinc chloride
      dissolved in an organic hydroxyl containing compound, at least one
      organophosphite and at least one inert organic solvent therefor, the
      alkaline earth metal to zinc chloride ratio in the composition being from
      about 1 to 1 to about 4 to 1, and the zine chloride to hydroxyl-containing
      compound being from about 2 to 1 to about 1 to 20.
NUM  2.
PAR  2. The stabilizer composition of claim 1 especially adapted for stabilizing
      vinyl chloride resins.
NUM  3.
PAR  3. The stabilizer composition of claim 1 especially adapted for stabilizing
      vinyl chloride homopolymers.
NUM  4.
PAR  4. The stabilizer composition of claim 1 especially adapted for stabilizing
      vinyl chloride copolymers.
NUM  5.
PAR  5. The stabilizer composition of claim 1 in which the alkaline earth salt
      is a strontium salt.
NUM  6.
PAR  6. The stabilizer composition of claim 1 in which the organic acidic
      compound is an aliphatic acid.
NUM  7.
PAR  7. The stabilizer composition of claim 1 in which the organic acid compound
      is a phenol.
NUM  8.
PAR  8. The stabilizer composition of claim 1 in which the organic acid compound
      is a mixture of at least one aliphatic acid and at least one phenol.
NUM  9.
PAR  9. The stabilizer composition of claim 1 in which the zinc chloride is
      dissolved in an aliphatic alcohol.
NUM  10.
PAR  10. The stabilizer composition of claim 1 in which the zinc chloride is
      dissolved in a diol.
NUM  11.
PAR  11. The stabilizer composition of claim 1 in which the zinc chloride is
      dissolved in a phosphite.
NUM  12.
PAR  12. The stabilizer composition of claim 1 in which the zinc chloride is
      dissolved in a glycol ether.
NUM  13.
PAR  13. The stabilizer composition of claim 1 in which the organophosphite is a
      diphosphite.
NUM  14.
PAR  14. The stabilizer composition of claim 1 in which the organophosphite is a
      triphosphite.
NUM  15.
PAR  15. The stabilizer composition of claim 1, in which the alkali earth salt
      is a strontium salt of an aliphatic acid, and zinc chloride dissolved in
      an aliphatic hydroxyl compound having at least one free hydroxy group.
NUM  16.
PAR  16. A stabilized vinyl chloride resin composition which has incorporated
      therein at least one alkaline earth metal salt of an organic acidic
      compound selected from the group consisting of organic carboxylic acids
      and phenols, zinc chloride in solution in an aliphatic organic
      hydroxyl-containing compound and at least one organophosphite, the
      alkaline earth metal to zinc chloride ratio in the composition being from
      about 1 to 1 to about 4 to 1, and the zinc chloride to hydroxyl-containing
      compound being from about 2 to 1 to about 1 to 20, the stabilizer
      components in the resin composition being present in the amounts of 0.03
      to 0.3 parts by weight of alkaline earth salt, 0.005 to 0.30 parts by
      weight zinc chloride, 0.01 to 1.0 parts by weight of organic
      hydroxyl-containing compound, and 0.00 to 5.0 parts by weight of
      organophosphite per one hundred parts by weight of vinyl chloride resin.
NUM  17.
PAR  17. The stabilized vinyl chloride resin of claim 16 in which the vinyl
      chloride resin is a vinyl chloride homopolymer.
NUM  18.
PAR  18. The stabilized vinyl chloride resin of claim 16 in which the vinyl
      chloride resin is a vinyl chloride copolymer.
NUM  19.
PAR  19. The stabilized vinyl chloride resin of claim 16 in which the alkaline
      earth salt is a strontium salt.
NUM  20.
PAR  20. The stabilized vinyl chloride resin of claim 19 in which an inert,
      non-reactive organic solvent is incorporated therein.
NUM  21.
PAR  21. The stabilized vinyl chloride resin of claim 19 in which the aliphatic
      organic hydroxyl-containing compound is an aliphatic alcohol.
NUM  22.
PAR  22. The stabilized vinyl chloride resin of claim 19 in which the aliphatic
      organic hydroxyl-containing compound is a diol.
NUM  23.
PAR  23. The stabilized vinyl chloride resin of claim 19 in which the aliphatic
      organic hydroxyl-containing compound is a glycol ether.
NUM  24.
PAR  24. The stabilized vinyl chloride resin of claim 19 in which at least one
      of the organophosphites is a diphosphite.
NUM  25.
PAR  25. The stabilized vinyl chloride resin of claim 19 in which at least one
      of the organophosphites is a triphosphite.
NUM  26.
PAR  26. A stabilizer composition for vinyl chloride resins which consists
      essentially of a strontium salt of a phenol, zinc chloride dissolved in an
      aliphatic organic hydroxyl-containing compound having at least one free
      hydroxyl group, at least one organophosphite, and at least one inert,
      non-reactive-organic solvent therefor, the strontium to zinc chloride
      ratio in the composition being from about 1 to 1 to about 4 to 1, and the
      zinc chloride to hydroxyl-containing compound being from about 2 to 1 to
      about 1 to 20.
NUM  27.
PAR  27. A method of light and heat stabilization for vinyl chloride resins
      which comprises incorporating therein a composition consisting essentially
      of at least one alkaline earth metal salt of an organic acidic compound
      selected from the group consisting of organic carboxylic acids and
      phenols, zinc chloride dissolved in an organic hydroxyl containing
      compound, at least one organophosphite, and at least one inert,
      non-reactive solvent, the alkaline earth metal to zinc chloride ratio in
      the composition being from about 1 to 1 to about 4 to 1, and the zinc
      chloride to hydroxyl-containing compound being from about 2 to 1 to about
      1 to 20, the stabilizer components in the resin composition being present
      in the amounts of 0.03 to 0.3 parts by weight of alkaline earth salt,
      0.005 to 0.30 parts by weight of zinc chloride, 0.01 to 1.0 parts by
      weight or organic hydroxyl-containing compound, and 0.00 to 5.0 parts by
      weight of organophosphite per one hundred parts by weight of vinyl
      chloride resin.
NUM  28.
PAR  28. The method of light and heat stabilization for vinyl chloride resins of
      claim 27 in which the alkaline earth metal salt is a strontium salt.
NUM  29.
PAR  29. The method of light and heat stabilized for vinyl chloride resins of
      claim 27 in which the organic hydroxyl containing compound is an aliphatic
      alcohol.
NUM  30.
PAR  30. The method of light and heat stabilization for vinyl chloride resins of
      claim 27 in which the organic hydroxyl containing compound is a diol.
NUM  31.
PAR  31. The method of light and heat stabilization for vinyl chloride resins of
      claim 27 in which the organic hydroxyl containing compound is a glycol
      ether.
NUM  32.
PAR  32. The method of light and heat stabilization for vinyl chloride resins of
      claim 27 in which the organophosphite is a diphosphite.
NUM  33.
PAR  33. The method of light and heat stabilization for vinyl chloride resins of
      claim 27 in which the organophosphite is a triphosphite.
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ABST
PAL  Powder coating compositions of copolymers of vinyl chloride and a glycidyl
      acrylyl compound containing a crosslinker for the oxirane groups of the
      acrylyl compound and the epoxy resin and a minor amount of a plasticizing
      epoxy resin have been produced having improved flow properties.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The coatings industry is undergoing massive changes in its philosophy, a
      great deal thereof being the result of the ecological problems associated
      with the use of the conventional solvent-based coating compositions. In
      the past the most commonly used coatings were compositions of pigmented or
      unpigmented liquid vehicles that were diluted with solvents to facilitate
      application. After application on the surface, the solvents were permitted
      to evaporate, often into the atmosphere, leaving a dry, uniform coating on
      the surface. With time, advances led to the development of organosols,
      plastisols, emulsions, dispersions, 100 per cent reactive solids coatings,
      water-borne coatings, all of which are used today to some extent. In
      addition, within the past two decades much effort has been expended in the
      preparation and application of powder coatings, the initial impetus
      therefore being the discovery of the fluidized-bed technology in Germany.
      This initial effort in the powder coating field involves the submersion of
      a preheated article into a bed of powder particles, the particles
      generally being from 50 to 150 microns in size, fluidized by a stream of
      gas. On immersion in the fluidized-bed, powder particles adhere and
      coalesce on to the surface of the article forming a uniform coating,
      usually in excess of 5 mils thick and often as much as 100 mils thick. The
      relatively large particle sizes required for fluidized-bed coating
      technology precludes the formation of the thin coatings of from 0.2 to 2
      or 3  mils thick that are often desired. Many further attempts have been
      made to apply such thin coatings, the most recent efforts being directed
      to the electrostatic spray coating of particles to the grounded article to
      be coated followed by heating to fuse the particles and form a uniform
      coating. This method has recently been finding wide acceptance because of
      the many advantages associated therewith, e.g., improved film properties,
      absence of volatile solvents, elimination of water pollution problems,
      essentially 100 per cent utilization of material, reduced capital
      expenditures, ease of change-over.
PAR  Among the many powder coatings that have found widespread use are included
      the epoxy polymers. However, these epoxy materials are known to be
      deficient in outdoor weathering and in acidic environments. Consequently,
      it is of interest to obtain new epoxy-type powder coating compositions
      that do not have these deficiencies.
PAC  SUMMARY OF THE INVENTION
PAR  A uniform mixture of one or more polymers of vinyl chloride, vinyl acetate
      and a glycidyl acrylyl compound blended with an epoxy resin plasticizer or
      curing agent, such as bisphenol type epoxy resins, aliphatic diglycidyl
      ethers, diglycidyl esters, epoxidized oils, and aliphatic and
      cycloaliphatic epoxide monomers and resins thereof and a crosslinker, if
      desired, such as a polycarboxylic acid or a polyol, is converted to a
      powder coating composition which can be used to apply a powder coating on
      a substrate and cured to a uniform thermoset film. The compositions
      preferably contain a stannous salt as a catalyst, such as stannous
      carboxylate, to obtain a faster cure and improved finished coating
      properties.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The powder coating compositions of this invention are those containing the
      vinyl chloride polymer and an epoxy resin plasticizer or curing agent, as
      will hereinafter be more fully described. The presence of the epoxy resin
      plasticizer results in an improvement in surface appearance as it improves
      the flow properties of the powder coating during the baking procedure. It
      has also been found that thinner coatings are obtainable with the vinyl
      resin powder coatings containing the epoxy resin plasticizer as compared
      to the same vinyl resin powder that does not contain the epoxy resin
      plasticizer when powder coating compositions of equal particle size are
      compared.
PAR  The vinyl polymers suitable for use in producing the powder coating
      compositions are those containing the glycidyl group. This group is
      essential in the polymer molecule. The preferred vinyl polymers are those
      containing from about 50 to 95 weight per cent of vinyl chloride, from 0
      to 40 weight per cent of vinyl acetate and from 1 to 25 weight per cent of
      the glycidyl acrylyl compound. If desired, the polymer can contain from 0
      to 40 weight per cent of one or more other ethylenically unsaturated
      polymerizable monomers having the &gt;CH=CH&lt; group polymerized therein. These
      other monomers can be any of the known ethylenically unsaturated monomers
      and include for example, the styrenes, the alkyl and hydroxyalkyl
      acrylates and methacrylates, the vinyl esters, the vinyl ketones, the
      olefins, the vinyl alkyl ethers, vinylidene chloride, butadiene, the
      acrylamides, acrylonitrile, acrylic acid, the dialkyl maleates and
      fumarates and the like. The specific individual monomers within these
      generic groups are well known in the art and do not need extensive
      enumeration in order to enable one skilled in this art to know what they
      are. The term glycidyl acrylyl compound means glycidyl acrylate and
      glycidyl methacrylate.
PAR  The preferred vinyl polymers defined above are those which have a glass
      transition temperature of about 40.degree.C. or higher. The powder coating
      compositions also have such glass transition temperature and have been
      observed to possess good room temperature stability and do not
      agglomerate, bridge or block on storage. The preferred vinyl polymers are
      those that have a number average molecular weight of from about 5,000 to
      about 25,000, though polymers having molecular weights of from 2,500 to
      40,000 can also be used.
PAR  Among suitable polymers, within the above description, one can mention
      vinyl chloride/vinyl acetate/glycidyl acrylyl (in this listing "acrylyl"
      can be either acrylate or methacrylate), vinyl chloride/vinyl
      acetate/vinylidene chloride/glycidyl acrylyl, vinyl chloride/glycidyl
      acrylyl, vinyl chloride/ethyl acrylate/glycidyl acrylyl, vinyl
      chloride/vinyl acetate/vinyl ethyl ether/glycidyl acrylyl, vinyl
      chloride/styrene/glycidyl acrylyl, vinyl chloride/vinyl
      acetate/styrene/glycidyl acrylyl, vinyl chloride/vinyl
      acetate/butadiene/glycidyl acrylyl, vinyl chloride/acrylonitrile/glycidyl
      acrylyl, vinyl chloride/vinyl acetate/acrylonitrile/glycidyl acrylyl,
      vinyl chloride/vinyl acetate/diethyl maleate/glycidyl acrylyl, vinyl
      chloride/vinyl acetate/2-hydroxyethyl acrylate/glycidyl acrylyl, vinyl
      chloride/vinyl acetate/vinyl ethyl ketone/glycidyl acrylyl, vinyl
      chloride/vinyl acetate/acrylamide/glycidyl acrylyl, and the like. The
      listing is illustrative and not all-encompassing.
PAR  The epoxy resin plasticizer is present at a minor concentration of from
      about 1 to 15 weight per cent, preferably from 2 to 5 weight per cent,
      based on the weight of vinyl polymer present. The epoxy resin plasticizers
      which may be used in combination with the vinyl polymer can include
      bisphenol type epoxy resins, cycloaliphatic epoxy monomers and resins,
      aliphatic diglycidyl ethers, diglycidyl esters and epoxidized oils. The
      most desirable epoxy resins are the polyoxiranes, such as the diglycidyl
      ether of bisphenol-A and homologues thereof and epoxidized soybean or
      linseed oils. Other epoxide oligomers prepared by reacting phenols,
      polyols, or carboxylic acids with an excess of the above epoxides can also
      be used.
PAR  The epoxy resin plasticizers are known compounds and those skilled in the
      art do not require extensive description and enumeration in view of their
      common knowledge. Illustrative of suitable epoxy resin plasticizers or
      curing agents one can mention
      3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate, the diglycidyl
      ethers of bisphenol-A, epoxidized soyabean oil, epoxidized linseed oil,
      1,3-bis(2,3-epoxypropoxy)benzene,
      2,2-bis[p-(2,3-epoxypropoxy)phenol]-propane,
      2,2-bis[4-(2,3-epoxypropoxy)-3,5-dibromophenyl] propane,
      polyphenolformaldehyde poly(2,3-epoxypropyl) ether,
      poly-o-cresolformaldehyde poly(2,3-epoxypropyl) ether,
      2,2-bis[4-(2,3-epoxypropoxy) cyclohexyl] propane, 1,2-epoxy
      -6-(2,3-epoxypropoxy)-hexahydro-  4,7-methanoidane,
      bis(3,4-epoxy-6-methylcyclo-hexylmethyl) adipate, and the like.
PAR  One also includes in the powder coating composition a crosslinker for the
      oxirane group of the glycidyl acrylyl compound and the epoxy resin
      plasticizer component. This can be a carboxylic acid, a polycarboxylic
      acid, a polyol, a hydroxycarboxylic acid, acid-containing polymers,
      acid-capped polyesters, an amine, a hydroxylamine or phenols. The
      compounds useful as epoxy crosslinkers are well-known to those skilled in
      the art and any of them can be used, including, for example, benzoic acid,
      lauric acid, adipic acid, succinic acid, malic acid, itaconic acid,
      sebacic acid, brassylic acid, pentaerythritol, trimethylolpropane,
      trimethylolethane, ethylene glycol, polyethylene glycol, trimethylol
      propane/isophthalic acid/neopentyl glycol/adipic acid polyester,
      hydroxyaniline, hexamethylene diamine, omega-hydroxydecanoic acid,
      bisphenol-A, and the like. It is known that the crosslinkers react with
      the oxirane moiety to open the ring and form crosslinking bridges between
      the chains.
PAR  The crosslinker is generally present in the powder coating compositions at
      a concentration of from 0.1 to 1 mole equivalent of reactive group per
      mole equivalent of oxirane group in the polymer molecule, preferably from
      0.2 to 0.6 mole equivalent.
PAR  While the presence of a catalyst is not an absolute necessity where one is
      not concerned with the production of an optimum thermoset film coating at
      a rapid rate, the use of a catalyst has been found to yield thermoset
      films of improved properties at a much faster rate. The preferred
      catalysts are the stannous acylate compounds in which the acylate group
      contains from 2 to 25 carbon atoms, preferably from 8 to 20 carbon atoms.
      Illustrative thereof one can mention stannous acetate, stannous butyrate,
      stannous pivalate, stannous octoate, stannous decanoate, stannous
      caproate, stannous laurate, stannous palmitate, stannous stearate,
      stannous archidate, stannous lignocerate and the like. Also suitable are
      any of the other known catalysts, e.g., uranyl salts, boron trifluoride
      etherates, tetralkyl-ammonium halides, and the like. Any catalytic amount
      of catalyst sufficient to influence the reaction of the oxirane group can
      be used. These amounts are known to those skilled in the art. In the
      absence of catalyst, the acid strength or pK.sub.a value of the carboxylic
      acid crosslinker can be used to control the rate of crosslinking. High
      acid strength crosslinkers result in rapid reaction rates. Very strong
      acids, pK.sub.a values below 2, are least desirable due to the rapid
      crosslinking rates they generate and subsequent inhibition of flow
      properties resulting therefrom. Acids with pK.sub.a values from 2 to 5 are
      preferred, with acids having pK.sub.a values of 2.5 to 4.5 most preferred.
PAR  In preparing the blends of the vinyl polymer, epoxide resin plasticizer,
      crosslinker and catalyst, one can also include any of the conventional
      additives generally used in coating compositions. The amounts thereof and
      their identity are well-known to those skilled in the art and do not
      require further discussion herein. Included are colorants, pigments or
      dyes such as titanium dioxide, cadmium red, carbon black, iron oxide;
      fillers such as calcium carbonate, barium sulfate, wood flour; stabilizers
      such as dibutyltin dilaurate, dibutyltin mercaptide, alkylated phenols and
      bisphenols, barium-cadmium salts; monomeric and polymeric plasticizers
      such as dioctyl phthalate, di-2-ethylhexyl phthalate, diisooctyl acetate,
      polymethylcaprolactone, poly(butylene glycol adipate); fungicides;
      bactericides; flow control additives such as the 75/25 polymer of
      2-ethylhexyl acrylate and ethyl acrylate. It is also within the scope of
      this invention to use mixtures of both vinyl and epoxy polymers,
      crosslinkers, or additives in the powder coating compositions.
PAR  The vinyl polymer, epoxy resin stabilizer, crosslinker, catalyst and
      additives can be blended by any of the known methods including solution
      blending, melt compounding at temperatures below the reaction temperature
      of the glycidyl group, dry blending, milling or any other method or
      combination of methods. The formulated blend is then converted to a fine
      powder by any conventional means including cryogenic grinding, spray
      drying of a solution thereof, spray precipitation, mechanical grinding,
      fluidenergy milling, or any combination thereof. Those skilled in this art
      are fully familiar with the procedures and the equipment necessary for the
      production of powders. The powder composition contains essentially all of
      the particles preferably ranging in size from about 1 micron to about 75
      microns, and more preferably from 5 to 25 microns. Generally the powders
      should preferably contain less than 5 per cent of the particles having a
      size larger than 75 microns.
PAR  The powder compositions of this invention can be used to coat substrates in
      the same manner that powder coating compositions are applied at present.
PAR  In a typical embodiment the vinyl polymer, epoxy resin plasticizer,
      crosslinker and catalyst, if present, and any other additives
      conventionally used in producing a powder coating are dissolved in a
      solvent such as acetone, methoxyethyl acetate, diethyl ether, diethylene
      glycol, methylene chloride, diacetone alcohol, etc. to produce a solution
      having a concentration of from about 10 to 20 weight per cent of vinyl
      resin therein for ease in subsequent powder production. This solution is
      then spray dried in conventional, commercially available spray drying
      equipment under the temperature and pressure conditions known to those
      skilled in the art. Ordinarily, spray drying is carried out at a
      temperature of from about 50.degree. to 150.degree.C. and the pressure in
      the spray dryer can be subatmospheric, atmospheric or superatmospheric.
      The particular temperature and pressure requirements for any specific
      resin solution will depend upon the components thereof and in particular
      the solvent present. These factors are known to those skilled in the art
      and present no problems to them. It is also preferable, in view of the
      fact that organic solvents are used, that the spray drying be carried out
      under an inert atmosphere. Neither temperature nor pressure are critical
      limitations in this process. After spray drying, the accumulated powder is
      recovered by conventional means and can be further treated, e.g., by fluid
      energy milling, cryogenic grinding, or any other known procedure desired.
PAR  The powder coating of this invention can be used by any of the conventional
      powder coating processes to produce thin, smooth, glossy coatings. Thus,
      they can be used in fluidized-bed systems or in electrostatic spray
      systems. The fine particle size of the powder coatings produced makes them
      eminently suitable for use in electrostatic powder spray coating methods.
      In this latter wellknown method the powder is deposited on to a substrate
      by means of electrostatic spray equipment and it is then fused or baked at
      elevated temperature to form a uniform, smooth, glossy, thin coating, with
      thicknesses as low as 0.2 mil often achieved. Thicker coatings can also be
      obtained by heavier application or multiple coating of the powder to the
      substrate. It was found that the powder particles were free flowing,
      spherical, smooth surfaced and had little tendency to stick together.
PAR  The powder coating compositions of this invention produce smooth, uniform,
      thermoset films that are essentially free of craters. They possess the
      proper liquification so as to permit adequate flow during the oven curing
      cycle before crosslinking has occurred. They also have good adhesion to
      the substrate after cure. It has been found that the powder coating
      compositions produce thermoset thin films and for the purpose of this
      invention the term "thin films" means a film of less than 5 mils in
      thickness.
PAR  The powder coatings were evaluated by the following procedures:
PAR  Blush Rating: The coated panels are immersed approximately three-fourths of
      their length into a glass water bath containing deionized, carbon dioxide
      free water for 45 minutes at about 76.7.degree.F. The panels are removed,
      wiped dry and evaluated. The dried panels are viewed at a low angle to
      determine if any change in appearance is obvious between the unimmersed
      and immersed sections of the coating. The rating assigned is based on
      visual observation of opacity or milkiness developed.
PAR  Cross Hatch Adhesion: In this test the same water bath conditions are used
      with adhesion of the coatings tested immediately after removal of the
      coated panel from the water bath. After drying off excess water with a
      clean, soft cloth, a "cross-hatch" pattern is cut through the coating with
      a special holder containing a series of 10 single-edge razor cross-hatched
      arranged parallel to each other and spaced approximately one-eight inch
      apart. The cross-hatch is made by cutting two sets of lines perpendicular
      to each other. A strip of one-inch wide special contact adhesive tape (3M
      Co. --No. 610) is placed over the cross-hatch and then pressure is applied
      to eliminate air bubbles and provide a good bond. The tape is then removed
      by one quick pull at a 90.degree. angle to the coated surface. The
      relative amount of the coating removed is observed and the approximate
      area per cent of the crosshatched section remaining on the substrate is
      recorded. Thus, a rating of 100 refers to no coating removal, a rating of
      0 to complete removal. Satisfactory coatings will have a rating of 90 to
      100 per cent.
PAR  Manual Bend Flexibility: In this procedure, the coated metal panel is bent
      into a U shape over a cylindrical rod of 1/8 inch diameter, with the
      coated section outside. The coating at and near the bend is then observed
      at various viewing angles with a low magnification lens for the presence
      of cracks or micro cracks. The presence of a significant number of such
      cracks signifies poor flexibility and inadequate elongation of the
      coating. The rating assigned is qualitative.
PAR  Wedge Bend: The test procedure for rating the relative flexibility and film
      continuity of a coating subjected to high-applied stress is used together
      with other test procedures to assess the ability of a coating to withstand
      post-forming typical of that encountered during the stamping of beverage
      can ends from flat coated stock. The test provides a relative measure of
      the ability of the coating to provide metal protection over areas of high
      stress.
PAR  In the procedure, a flat coated panel is bent into a U shape over a 1/8
      inch mandrel, coated section on the outside. The bent panel is then placed
      in the jaws of the Gardner "Overall" Bend Impact Testor and the jaws are
      impacted with a 30 in-lb force which forces the bent section into a wedge
      shape. Film continuity is assessed by placing the wedge-bent portion of
      the coated panel in an acidic copper sulfate solution for 5 minutes. The
      solution is prepared by dissolving 20 g. of copper sulfate pentahydrate in
      70 g. of water containing 10 g. of concentrated hydrochloric acid. During
      immersion, discontinuities or pin-holes in the coating are penetrated by
      the copper sulfate solution, resulting in contact with the iron in the
      metal panel and subsequent electrolyte action which results in the
      formation of dark colored copper deposited at the points of contact. The
      distance measured from the sharp end of the wedge bend to where copper
      deposit is no longer observed is defined and recorded in mm or in 1/16
      inch increments (a low power magnifying glass is used). Acceptable
      coatings for beverage containers yield "wedge-bend" ratings varying
      between 0 to 16/16 inch (or 25 mm) and higher.
PAR  In the oven curing step, the powder particles on the surface fuse and the
      oxirane ring reacts with the crosslinker with a concommitant increase in
      the polymer molecular weight. Continued heating causes additional and
      further reaction to occur and one can ultimately obtain a thermoset
      polymer film coating.
PAR  The following examples serve to illustrate the invention.
PAC  EXAMPLE 1
PAR  Two hundred and eighty parts by weight of an 80/10/10 vinyl chloride/vinyl
      acetate/glycidyl methacrylate terpolymer having a number average molecular
      weight of about 10,000, 8.4 parts by weight adipic acid as crosslinker,
      0.56 parts by weight stannous stearate as catalyst, 0.3 parts by weight of
      a 7/25 2-ethylhexyl acrylate/ethyl acrylate copolymer as a flow control
      additive, 2.8 parts by weight dibutyltin mercaptide and 14 parts by weight
      of the diglycidyl ether of bisphenol-A having a molecular weight of about
      400 as the epoxy resin plasticizer is diluted with 2,754 parts by weight
      of acetone and dispersed in a Waring Blender to form a homogeneous
      solution. This product was spray dried in a Niro Laboratory Spray Dryer
      operating at an inlet air temperature of 125.degree.C. and passed through
      a fluid energy mill twice to yield 228 grams of free flowing powder
      coating (yield of 74.5%).
PAR  Electrostatic deposition of the subject powder over Bonderized No. 37 steel
      panels with a 90 KV (-) Ransburg Electrostatic Spray unit and heat fusion
      at 205.degree.C. for four minutes gave smooth, adherent film with
      excellent flexibility. Further tests using chrome-chrome oxide treated
      steel indicated good wedge bend flexibility, wet adhesion, and blush
      resistance. Film thicknesses of about 0.4 to 1.5 mil were used in the
      coatings evaluations.
PAC  EXAMPLE 2
PAR  Two hundred and eighty parts of the vinyl chloride/vinyl acetate/glycidyl
      methacrylate terpolymer used in Example 1 were mixed with the following
      materials:
     Adipic acid            8.4     parts                                      
     Stannous stearate      0.56    parts                                      
     2-Ethylhexyl acrylate/ethyl                                               
      acrylate copolymer    0.3     parts                                      
     Dibutyltin mercaptide  2.8     parts                                      
     Epoxidized soyabean oil                                                   
                            14.0    parts                                      
     Acetone                2,754   parts                                      
PAR  The above ingredients were mixed together and processed by the procedure of
      Example 1 to obtain a free flowing powder coating composition. The powder
      was deposited over chrome-chrome oxide treated steel and Bonderized -37
      steel as described in Example 1. The coating obtained after curing for 3
      minutes at 205.degree.C. over chrome-chrome oxide steel exhibited good
      wedge bend flexibility, blush resistance and wet adhesion. Curing the
      powder coated Bonderized -37 steel for 5 minutes at 205.degree.C. afforded
      coatings with good adhesion and impact resistance. Similar results are
      obtained by use of epoxidized linseed oil in place of the epoxidized
      soyabean oil.
PAC  EXAMPLES 3 THROUGH 8
PAR  An 82.6/8.0/9.4 vinyl chloride/vinyl acetate/glycidyl methacrylate
      terpolymer (M.sub.n =10,500) was used to produce compositions according to
      the following formulations:
TBL  Example      3       4      5     6    7     8                            
     ______________________________________                                    
     Terpolymer  300     280    270   250  240   240                           
     Adipic acid 6       8.4    8.1   7.5  9.6   9.6                           
     Stannous stearate                                                         
                 0.6     0.56   0.54  0.5  0.48  0.48                          
     Epoxide A   --      11.2   --    --   --    --                            
     Epoxide B   --      --     27    --   48    48                            
     Epoxide C   --      --     --    45   --    --                            
     Cymel 300   --      --     --    --   --    2.4                           
     Flow Additive*                                                            
                 0.3     0.3    0.3   0.3  0.3   0.3                           
     Acetone     2208    2162   2201  2183 2146  2162                          
     Isopropanol 552     540    551   545  538   542                           
     Epoxide A --                                                              
               diglycidyl ether of bisphenol-A                                 
     Epoxide B --                                                              
               poly(diglycidyl ether of bisphenol-A) having                    
               an average molecular weight of about 1,000.                     
     Epoxide C --                                                              
               poly(diglycidyl ether of bisphenol-A) having                    
               an average molecular weight of about 2,000.                     
     Cymel 300 --                                                              
               hexamethoxymethylmelamine                                       
     ______________________________________                                    
      *75/25 2-ethylhexyl acrylate/ethyl acrylate copolymer                    
PAR  The solutions were filtered through a cloth filter, spray dried and passed
      twice through a fluid energy mill as described in Example 1. The powders
      were electrostatically spray-coated as described in Example 1 on grounded
      chrome-chrome oxide treated panels and cured for 5 minutes at
      205.degree.C. The results are set forth below:
TBL            Crosshatch Wedge Bend  Acetone Rub                              
     Example   Adhesion, %                                                     
                          Failure in mm                                        
                                      Cycles Passed                            
     ______________________________________                                    
     3         100        12          100                                      
     4         100        9           100                                      
     5         100        20          5                                        
     6         100        5           5                                        
     7         100        20          45                                       
     8         100        17          80                                       
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A powder coating composition which comprises a mixture of:
PA1  A. a vinyl polymer of (a) from 50 to 90 weight per cent of vinyl chloride,
      (b) from 1 to 25 weight per cent of glycidyl acrylate or methacrylate
      compound, (c) from 0 to 40 weight per cent of vinyl acetate and (d) from 0
      to 40 weight per cent of other ethylenically unsaturated polymerizable
      monomers having the &gt;C=C&lt; group; said polymer having a number average
      molecular weight of from 2,500 to 40,000;
PA1  B. an epoxy resin plasticizer at a concentration of from 1 to 15 weight per
      cent of said vinyl polymer; said plasticizer selected from the group
      consisting of bisphenol epoxide resins, cycloaliphatic epoxides and resins
      thereof, aliphatic diglycidyl ethers and esters and epoxidized fatty oils;
      and
PA1  C. a crosslinker for the oxirane moiety in said vinyl polymer and said
      epoxy resin plasticizer, said crosslinker being present at a concentration
      of from 0.1 to 1 mole equivalent of reactive group thereof per mole
      equivalent of oxirane group.
NUM  2.
PAR  2. A powder coating composition as claimed in claim 1, wherein said vinyl
      polymer has a molecular weight of from about 5,000 to about 25,000 and a
      glass transition temperature of at least 40.degree.C.
NUM  3.
PAR  3. A powder coating composition as claimed in claim 1, wherein said epoxy
      resin plasticizer is present at a concentration of from 2 to 5 weight per
      cent of said vinyl polymer.
NUM  4.
PAR  4. A powder coating composition as claimed in claim 1, wherein said
      crosslinker is present at a concentration of from 0.2 to 0.6 mole
      equivalent of reactive group thereof per mole equivalent of oxirane group.
NUM  5.
PAR  5. A powder coating composition as claimed in claim 1, wherein said vinyl
      polymer is a vinyl chloride/vinyl acetate/glycidyl methacrylate
      terpolymer.
NUM  6.
PAR  6. A powder coating composition as claimed in claim 1, wherein said resin
      plasticizer is diglycidyl ether of bisphenol-A.
NUM  7.
PAR  7. A powder coating composition as claimed in claim 1, wherein said resin
      plasticizer is epoxidized soybean oil.
NUM  8.
PAR  8. A powder coating composition as claimed in claim 1, wherein a catalytic
      amount of catalyst is additionally present.
NUM  9.
PAR  9. A powder coating composition as claimed in claim 1, wherein a colorant
      or pigment is additionally present.
NUM  10.
PAR  10. A powder coating composition as claimed in claim 1, wherein a flow
      control agent is additionally present.
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PAL  Aqueous hydraulic cement compositions containing polymaleic anhydride as a
      flow-property-improving and turbulence-inducing additive and their use in
      cementing wells is disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an aqueous hydraulic cement slurry
      composition especially suitable for use in cementing a well.
PAR  More particularly, the present invention concerns polymaleic anhydride
      additives for hydraulic cements used in cementing gas and oil wells which
      improve the flow properties of the cement slurry, especially facilitating
      high flow rates and turbulent flow of the cement slurry when it is being
      pumped to its desired location during the cementing operation.
PAR  As used herein, the terms "improve the flow properties" to
      "flow-property-improving" are intended to describe the manner in which the
      polymaleic anhydride additive compositions of the present invention
      facilitate or render more efficient the pumping of cement slurries,
      particularly the pumping of well cement slurries during primary cementing
      operations. This action is apparently due primarily to a reduction in the
      frictional drag experienced by the cement slurry while it is being pumped
      or moved through a confining passageway, but it is not intended to limit
      the described action to such a friction reducing effect, since other
      effects may also play a role.
PAR  The term "turbulence-inducing" is intended to describe the effect of the
      polymaleic anhydride additive compositions of the present invention in
      promoting the departure of a moving cement slurry form laminar flow to
      turbulent flow. The slurry in such a state of flow no longer moves in
      laminae aligned along the confining conduit, but experiences a
      disorganized flow characterized by eddies and disturbances. The
      flow-property-improving and turbulence-inducing additives of the present
      invention reduce the apparent viscosity of a cement slurry, which in turn
      reduces the flow rate required to cause turbulent flow. Thus, the
      promotion of turbulent flow may take place simply as a reduction in the
      amount of pumping pressure or volume necessary to induce a state of
      turbulent flow for a particular cement slurry under specific pumping
      conditions, below that which would be required if the turbulence-inducing
      additive were omitted from the cement slurry composition.
PAR  Techniques for drilling and completing wells, particularly gas and oil
      wells, are well-established. Of chief concern here are those wells which
      are drilled from the surface of the earth to some subterranean formation
      containing a fluid mineral which it is desired to recover. After the
      fluid-containing geologic formation is located by investigation, a
      bore-hole is drilled through the overlying layers of the earth's crust to
      the fluid-containing geologic formation in order to permit recovery of the
      fluid mineral contained therein. A casing is then secured in position
      within the bore-hole to prevent entry into the well of a fluid from a
      formation other than the formation which is being tapped. This well casing
      is usually cemented in place by pumping a cement slurry downwardly through
      the well bore-hole, which is usually accomplished by means of conducting
      tubing within the well casing. The cement slurry flows out of the open
      lower end of the casing at the well bottom and then upwardly around the
      casing in the annular space between the outer wall of the casing and the
      wall of the well bore-hole. The drilling process which produces the
      bore-hole will usually leave behind on the wall of the bore-hole produced,
      a drilling fluid filter cake of mud-like material. This material is a
      barrier to the formation of proper bonding by any cement composition
      employed to produce an impermeable bond between the casing and the well
      wall. As a result, cementing operations have often proven inadequate,
      permitting fluids from other formations to migrate into the producing
      formation, and vice versa. Prior art solutions to this problem have
      included washing away the filter cake from the well wall prior to the
      cementing operation. However, the washing liquids themselves have
      introduced new problems, including reduced permeability of the producing
      formation.
PAR  Nevertheless, an effective cementing operation requires that the drilling
      fluid filter cake be removed from the well bore wall and replaced by the
      cement slurry in order to permit the formation of a solid layer of
      hardened and cured cement between the casing and the geologic formations
      through which the well bore-hole passes. It has been recognized in the art
      that removal of the drilling fluid filter cake may be accomplished by a
      sufficiently high flow rate for the cement slurry during its injection
      into the well bore-hole. Such a high flow rate will usually occur as
      turbulent flow.
PAR  The flow properties of cement slurries are also important during primary
      cementing operations in other respects. The pressure drop in the annulus
      being cemented which results from friction will increase both the
      hydraulic horsepower required to move the cement slurry into place in a
      given time period, as well as the hydrostatic pressure exerted on the
      producing formation. Moreover, some investigators have felt that obtaining
      actual turbulent flow of the cement slurry is not necessary to remove the
      drilling fluid filter cake, and that high flow rates are sufficient where
      the drilling fluid has low gel strength and there is good centralization
      (concentric placement of the well casing within the well bore-hole).
      Consequently, the present invention is directed to well cementing
      compositions having improved flow properties, including, but not limited
      to, adaptability to turbulent, especially high turbulent flow.
PAR  Prior to the discovery of flow-property-improving, turbulence-inducing
      additives for well cement compositions, achieving high flow rate and
      turbulent flow for conventional cement slurries presented a number of
      problems not normally encountered with less viscous fluids. Inducing
      turbulence by control of flow rate alone has required a certain minimum
      velocity, which in turn is dependent upon maintaining a certain minimum
      pressure. Particularly, where the turbulence induced is sufficient to
      assure removal of the drilling fluid filter cake, additional pumping
      capacity and very high pressure levels are required. Producing high flow
      rates has, of course, required the same measures. These required pressure
      levels, especially for deep wells, have often exceeded the pressure at
      which many subterranean formations break down, thus giving rise to a
      problem of lost circulation. It also may happen that the required pressure
      level exceeds the capacity of the pumping equipment or the endurance of
      the well drilling and associated apparatus.
PAR  The present invention facilitates pumping of cement slurries at high flow
      rates and permits pumping of cement slurries in turbulent flow at
      significantly lower flow rates than would be possible using conventional
      cement slurry compositions, by adding to the said cement slurries a
      flow-property-improving and turbulence-inducing agent. The lower flow
      rates required for turbulence result in a corresponding reduction in the
      pump pressures required to force the cement slurry into place in the
      desired manner. Correspondingly, higher flow rates may be achieved with a
      reduced amount of required pressure and pumping capacity.
PAR  The present invention also permits increased use of fluid-loss control
      agents which have a viscosity-increasing effect on cement slurries with
      which they are employed. This thickening tendency otherwise requires use
      of only small amounts of fluid-loss control agents to avoid problems in
      pumping of an overly viscous cement slurry. Use of the
      flow-property-improving and turbulence-inducing additives of the present
      invention in conjunction with fluid-loss control agents produces a cement
      slurry having desirable flow properties, yet containing adequate
      quantities of the fluid-loss control agent.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,359,225 discloses an additive for Portland-type cements
      comprising polyvinylpyrrolidone and the sodium salt of naphthalene
      sulfonate condensed with formaldehyde. The additive reduces the friction
      encountered as the cement is flowed or pumped into place, and also permits
      the utilization of decreased quantities of water in the cement mixture.
      Harrison U.S. Pat. No. 3,409,080 discloses an aqueous hydraulic cement
      slurry containing an O,O-alkylene-O', O'-alkylene pyrophosphate-urea
      pyrolysis product and water-insoluble, water-dispersible polymeric
      material. The cement composition has improved properties whereby it may be
      injected in a state of turbulence without the expenditure of the amount of
      additional energy usually required to attain such a state. Kucera -- U.S.
      Pat. No. 3,465,824 discloses an aqueous hydraulic cement slurry containing
      a bisulfite-modified phenolformaldehyde condensation product which serves
      as a turbulence inducer to the slurry while being moved in a confined
      passageway. Hook et al. -- U.S. Pat. No. 3,465,825 discloses an aqueous
      cement slurry containing a turbulence-inducing agent comprising the
      lithium salt of the condensation product of mononaphthalene sulfonic acid
      and formaldehyde. Scott et. al. -- U.S. Pat. No. 3,511,314 discloses an
      aqueous hydraulic cement slurry containing a turbulence-inducing,
      fluid-loss control agent consisting of the reaction product of (1) an
      amino compound selected from the group consisting of
      polyalkylenepolyamines, polyalkylenimines, and their mixtures, and (2) an
      acidic compound selected from the group consisting of carboxylic acids,
      sulfonic acids, polymers having a carboxyl acids, sulfonic acids, polymers
      having a carboxyl substituent, and polymers having a sulfonate
      substituent. Messenger -- U.S. Pat. No. 3,558,335 discloses cement
      compositions comprising hydraulic cement in admixture with a turbulence
      inducer and silica or diatomaceous earth particles. A number of known
      turbulence inducers are set out, any of which may be employed in the
      compositions disclosed.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a well cementing
      composition comprising hydraulic cement, water, and from about 0.01 to
      about 5.0% by weight of the cement of a flow-property-improving and
      turbulence-inducing additive comprising polymaleic anhydride. Preferably,
      this composition contains from about 0.1 about 2.0% by weight (based on
      dry weight of cement) of the polymaleic anhydride additive. The present
      invention also provides a method of cementing which employs the cement
      composition just described.
PAR  Polymaleic anhydride, as used herein, is intended to include hydrolyzed
      polymaleic anhydride, which is essentially polymaleic acid. Under most
      ambient conditions, such hydrolysis to the acid form will take place. The
      polymaleic anhydride compositions which comprise the turbulence-inducing
      cement additives of the present invention are preferably low molecular
      weight polymers having a weight average molecular weight of from about 200
      to about 10,000, and more preferably from about 200 to about 1,500. It has
      been found that polymaleic anhydride compositions having weight average
      molecular weights beyond the described range perform less effectively or
      are completely ineffective in improving flow properties and inducing
      turbulent flow of cement slurries.
PAR  For example, polymaleic anhydride was prepared according to the procedures
      described below, and was found to have the desired flow-property-improving
      and turbulence-inducing properties. 50 g. of maleic anhydride in 100 ml.
      of toluene was charged to a 200 ml. 4-neck round bottom flask equipped
      with overhead stirrer, condenser, gas purge tube and thermometer. The
      maleic anhydride was heated to 70.degree. C. with nitrogen purging for 90
      minutes. 10 G. of benzoyl peroxide catalyst was added over a period of 75
      minutes while the reaction mixture was maintained at 70.degree. C. The
      reaction mixture turned dark red and a precipitate appeared. The reaction
      mixture temperature was raised to 95.degree. C. over a 60 minute period
      after catalyst addition was complete. The reaction mixture was held
      overnight at 90.degree. C. with nitrogen purging. The reaction mixture was
      then cooled to 40.degree. C. and the toluene was decanted, leaving a dark
      red oil-like liquid which hardened on cooling to room temperature. 7 Ml.
      of methyl ethyl ketone were added and the reaction mixture was warmed to
      70.degree. C. with stirring unitl it was homogeneous. The polymer reaction
      product was crystallized using methyl ethyl ketone, and then was filtered
      off and washed with toluene. The reaction product was dried at 30.degree.
      C. for 18 hours at 1 mm. Hg. pressure. The yield of 44 g. of pink powder
      was 88% of theoretical, based on maleic anhydride.
PAR  The compositions and methods of the present invention may employ any type
      of hydraulic cement. Hydraulic cement is defined as any cement which will
      set or cure under the action of water, and is intended to include all
      mixtures of lime, silica and alumina, or of lime and magnesia, silica, and
      alumina and iron oxide. Hydraulic cements include hydraulic limes,
      grappier cements, pozzolan cements, natural cements, and portland cements.
      Pozzolan cements include slag cements made from slaked lime and granulated
      blast furnace slag. Among these hydraulic cements, the portland cements
      are preferred, chiefly because of their superior strength characteristics.
      The term portland cement is intended to include any cement regarded in the
      cementing art as a portland cement, usually as defined by standard
      reference works. The precise composition of any one particular portland
      cement will vary from another, but generally portland cements are produced
      by mixing and grinding together a calcareous and an argillaceous material,
      kiln heating the mixture (1350.degree. to 1800.degree. C.) until
      vitrification begins, pulverizing the clinker thus produced and mixing the
      same with a small amount of gypsum. The portland cements may be ground to
      any desired particle size, and grading of portland cements is on the basis
      of the specific surface of the cement, which will range between 1200 and
      2600 square centimeters per gram. Grading is also based on the amount of
      cement particles retained on a No. 325 Screen, U.S. Sieve Series. Thus,
      preferred oil well cements have a specific surface of about 1480 square
      centimeters per gram and about 85% by weight passes through a No. 325
      Screen.
PAR  The hydraulic cement may be employed alone in preparing the cementing
      composition of the present invention, merely being admixed with water and
      the flow-property-improving and turbulence-inducing additive, or it may
      have additionally incorporated therein any of a number of conventional
      cement additives. For example, the cement may include a minor portion, up
      to about 2.0% by weight of dry cement, of a retarder composition. Such an
      additive is preferred for oil well cements, since cementing operations are
      conducted under ambient well bottom temperatures which can exceed about
      200.degree. F. Examples of conventional retarder compositions include
      carboxymethylhydroxyethyl cellulose, borax, dehydrated borax, calcium
      lignosulfonate and ferrochrome lignosulfonate.
PAR  Fluid-loss control agents may be employed, as previously discussed.
      Well-known fluid-loss agents include such materials as
      polystyrenesulfonate, polyvinylpyrrolidone, polyvinyl alcohol,
      polyvinylacetate, and carboxymethylhydroxyethyl cellulose.
PAR  Weighting components comprising insert materials such as barite and
      ilmenite are often employed. Silica may be employed to retard high
      temperature strength retrogression.
PAR  Other known additives conventionally employed with cementing compositions
      may be employed with the cementing compositions of this invention, and in
      amounts sufficient to produce the intended modification of the cementing
      composition chracteristics for which any additive was selected. More than
      one such additive, may, of course, be employed at the same time.
PAR  The dry hydraulic cement component of the cementing composition of the
      present invention is admixed with water to form a pumpable, settable
      cement slurry. The cement sets to form a monolithic solid. The water which
      is employed to form this cement slurry may be any naturally occuring water
      suitable for preparing cement slurries. Particularly, brines of any
      concentration of calcium chloride or sodium chloride or their mixtures are
      suitable. Sea water may be employed and is thus convenient in offshore
      operations. The water should be employed in an amount which is sufficient
      to produce a pumpable, settable slurry. Excessive amounts of water may
      produce a weakened finally set cement which is lacking in homogeneity
      owing to the settling of the aggregate portions thereof. Proper amounts of
      water for producing a suitable cement slurry are described in technical
      publicatons, such as the bulletins of the American Petroleum Institute
      (API). Increasing water content in a cement composition effects a lowering
      of the plastic viscosity of the cement slurry, which results in the slurry
      being more readily pumped in turbulent flow. However, the water content
      should not be in excess of the amount which will give 4.0 ml. of
      supernatant water for a 250 ml. sample of cement slurry which has been
      allowed to stand undisturbed in a 250 ml. graduated cylinder for a period
      of two hours. The type of hydraulic cement composition employed will also,
      of course, determine the amount of water required. Other factors are
      significant as well. For example, where silica is added to the cement
      composition, and high temperatures are encountered in the cementing
      operation (above about 250.degree. F.), additional amounts of water will
      be required. Generally, the amount of water necessary to give a settable
      cement composition having the required characteristics, which contains the
      flow-property-improving and turbulence-inducing additive of the present
      invention will be in an amount of from about 25% to about 60% by weight,
      based on the weight of dry hydraulic cement.
PAR  Water content may be varied in order to effect a change in the dentiy of
      the cement slurry. It is customary practice to employ a cement slurry
      which has a density at least as great as that of the drilling fluid used
      in the drilling operation. Thus, densified slurries may be produced by
      diminishing the amount of water which would otherwise be employed.
PAR  The procedure for preparing the cementing compositions of the present
      invention does not require any particular sequence of steps. The
      polymaleic anhydride flow-property-improving and turbulence-inducing
      additive of the present invention may be employed in a water-soluble form,
      for example, as the alkali metal or ammonium salt form, or when hydrolyzed
      directly; and simply added to the water which is used to produce the final
      cement slurry composition. When other conventional additives are employed,
      they may be incorporated into the final cement slurry composition in any
      known suitable manner.
PAR  The polymaleic anhydride flow-property improving and turbulence-inducing
      additive compositions of the present invention have been found to have
      acid number titration curve values which fall short of the theoretical
      value for polymaleic anhydride. For example, the acid number of reagent
      grade maleic anhydride was determined to be 1245 mg. of KOH per gram of
      test sample, while the acid numbers of several polymaleic anhydride
      compositions employed in the present invention ranged from 570 to 620 mg.
      of KOH per gram of test sample. The reduced acid number is a reflection of
      the decarboxylation which takes place during polymerization or hydrolysis
      of the polymaleic anhydride. This decarboxylation has been explained by
      more than one theory, but it consistently occurs.
PAR  One such theory is that described by Braun et al. in Die Makromolekulare
      Chemie, 224, 249-262 (1969), which proposes a complex rearrangement of the
      mer units of the polymaleic anhydride with maleic anhydride molecules
      through action of the free radical initiator, by means of which
      decarboxylation is accomplished. Since it is uncertain in what precise
      manner decarboxylation of polymaleic anhydride occurs, and since this
      decarboxylation may consist of involvement or incorporation of the
      carboxyl group in a larger molecule, as opposed to simple removal of the
      carboxyl group from the maleic anhydride mer unit, the formula I which is
      set out hereinafter is intended to be general and to include or define
      decarboxylation occuring by whatever means, including, but not limited to,
      that described by Braun et al.
PAR  Further, as described above, polymaleic anhydride, under most ambient
      conditions, hydrolyzes to the acid form. Consequently, the polymaleic
      anhydride compositions employed in the present invention are represented
      by the following formula:
      ##EQU1##
      wherein A is hydrogen, alkali metal or quaternary ammonium; wherein
      R.sub.1 and R.sub.2 are either hydrogen or are groups derived from the
      polymerization catalyst or solvent; and
PA1  wherein m + n is an integer of from 2 to about 100.
PAR  The end groups R.sub.1 and R.sub.2, when they are derived from the solvent
      in which the polymerization of the polymaleic anhydride takes place, may
      be such groups as
      ##SPC1##
PAL  when the polymerization solvents are, respectively, benzene, toluene, and
      xylene. When the end groups are derived from the polymerization catalyst,
      R.sub.1 and R.sub.2 may be such groups as
      ##SPC2##
PAL  when the polymerization catalysts are, respectively, benzoyl peroxide and
      tert-butyl peroxide. Thus, generally, R.sub.1 and R.sub.2 can be the same
      or different and are selected from the group consisting of hydrogen;
      alkyl, branched or straight of one to eight carbon atoms; aryl; and
      aralkyl.
PAR  The end groups are particularly important where the molecular weight of the
      polymaleic anhydride is low, since they contribute significantly to the
      molecular weight of the polymer composition in that event. The character
      of the end groups is also important with respect to the properties which
      such groups may contribute to that of the total polymer composition.
PAR  The influence of the turbulence-inducing additives of the present invention
      on the rheological properties of the total cement slurry composition is
      susceptible to mathematical characterization. Expert opinion varies as to
      the correct theoretical model, and thus the proper mathematical
      characterization of the rheological properties of cement slurries. They
      have been treated according to the principles of Bingham plastic fluids as
      well as according to the Power Law concept. The mathematical formulation
      is based on Fann Viscometer readings, as will be described hereinafter.
PAR  The behavior of cement slurries may be viewed as governed by the Power Law
      concept. For a mathematical characterization of this concept, two slurry
      parameters are determined: the flow behavior index (n') and the
      consistency index (K'). A Fann Viscometer may be used to make these
      determinations. The instrument readings at 600 and 300 r.p.m. are recorded
      and the valves for n' and K' are then calculated as follows:
      ##EQU2##
      where N is the extension factor of the torque spring of the particular
      Fann Viscometer instrument.
PAR  The so-called Reynolds Number for a fluid moving through a conduit is the
      critical value at which the flowing fluid will begin to flow in
      turbulence. The Reynolds Number may be calculated according to the
      following equation:
      ##EQU3##
      where: N.sub.Re is the Reynolds Number (dimensionless),
PA1  V is the velocity, feet per second,
PA1  .rho. is the slurry density, pounds per gallon,
PA1  n' is the flow behavior index (dimensionless),
PA1  K' is the consistency index, pound-seconds per square foot,
PA1  D is the inside diameter of the pipe, inches.
PAL  The velocity (V.sub.c) at which turbulence may begin is readily calculated
      from the following equation, which is derived from the equation for the
      Reynolds Number, and assumes a Reynolds Number of 2100:
      ##EQU4##
      where the different elements of the equation have the same meaning as
      indicated above for the Reynolds Number equation. Where the conduit
      through which the cement slurry passes is the annulus between the well
      casing and the well wall, D = D.sub.O = D.sub.I, where D.sub.O is the
      outer inside diameter on hole size in inches, and D.sub.I is the inner
      pipe outside diameter in inches.
PAR  The Power Law concept equation will give higher flow rates, or lower flow
      rates required to produce turbulence where the Fann Viscometer readings
      are reduced.
PAC  EXAMPLE
PAC  Fann Viscometer Readings for Cementing Composition Containing Polymaleic
      Anhydride Flow-Property-Improving and Turbulence-Inducing Additive
PAR  A 38% Class H (API Class H cement has a fineness in the range of 1400-1600
      sq. cm./gram and contains, in addition to free lime and alkali, the
      following compounds in the indicated proportions: tricalcium silicate --
      52, dicalcium silicate -- 25, tricalcium aluminate -- 5,  tetracalcium
      aluminoferrite -- 12, and calcium sulfate -- 3.3.) cement slurry was made
      up by adding tap water (228 ml.) to a waring blender, dissolving the
      indicated amount of polymaleic anhydride turbulence-inducing additive in
      the water, then mixing in the cement (600 g.) at low speed. Molecular
      weight of the polymaleic anhydride was determined by gel permeation
      chromatography with a polyethylene glycol standard. The number average
      molecular weight was determined to be 404 and the weight average molecular
      weight was determined to be 515. The resultant slurry was then mixed at
      high speed for 35 seconds. The slurry was then stirred at high speed on a
      laboratory gang-stirrer for 20 minutes. The viscosity of the slurry was
      then immediately measured on a Fann Viscometer equipped with a No. 1
      Spring. The instrument readings for various speeds were recorded and are
      illustrated in the table of values below.
TBL  ______________________________________                                    
             % Additive                                                        
     Turbulence-                                                               
             (based on                                                         
     Inducing                                                                  
             weight of Fann Viscosities                                        
     Additive                                                                  
             dry cement)                                                       
                       at Indicated r.p.m.'s                                   
                 600     300      200     100                                  
     ______________________________________                                    
     Control*                                                                  
             --        165       105.5  87.5  65                               
     polymaleic                                                                
             0.5       103.5     45.5   31.5  16.5                             
     anhydride                                                                 
             0.25      95.0      39.5   26.5  15.0                             
     ______________________________________                                    
      *Neat Class H cement.                                                    
PAR  The polymaleic anhydride flow-property-improving and turbulence-inducing
      additive of the present invention is employed to prepare cementing
      compositions which are readily pumped in turbulent flow during a cementing
      operation at a satisfactorily low pump rate. The additive is also used to
      advantage simply to reduce the pumping pressure required for a given flow
      rate, or to obtain a higher flow rate at a given pumping pressure. The
      cementing composition of this invention which has improved flow properties
      and is easily flowed in turbulence is employed in the conventional
      cementing operation in the same manner as would a cementing composition
      which did not contain the flow-property-improving and turbulence-inducing
      additive, but which was otherwise the same composition.
PAR  Obviously, many modifications and variations of the invention as
      hereinabove set forth can be made without departing from the essence and
      scope thereof, and only such limitations should be applied as are
      indicated in the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A well cementing composition consisting essentially of hydraulic cement
      in admixture with from about 0.01 to about 5.0 percent by weight, based on
      weight of hydraulic cement, of polymaleic anhydride having a weight
      average molecular weight of from about 200 to about 10,000.
NUM  2.
PAR  2. The composition of claim 1 wherein the weight average molecular weight
      of the polymaleic anhydride is from about 200 to about 1,500.
NUM  3.
PAR  3. The composition of claim 1 wherein the said polymaleic anhydride is
      admixed with the hydraulic cement in an amount of from about 0.1 to about
      2.0 percent by weight, based on weight of hydraulic cement.
NUM  4.
PAR  4. An aqueous hydraulic cement slurry composition for use in cementing
      wells, having improved flow properties and being more readily induced to
      flow in turbulence, consisting essentially of dry hydraulic cement in
      admixture with from about 0.01 to about 5.0 percent by weight, based on
      weight of dry hydraulic cement, of polymaleic anhydride having a weight
      average molecular weight of from about 200 to about 10,000; and sufficient
      water to make a pumpable aqueous slurry which is capable of setting to
      form a monolithic solid.
NUM  5.
PAR  5. The composition of claim 4 wherein the weight average molecular weight
      of the polymaleic anhydride is from about 200 to about 1,500.
NUM  6.
PAR  6. The composition of claim 4 wherein the said polymaleic anhydride is
      admixed with the hydraulic cement in an amount of from about 0.1 to about
      2.0 percent by weight, based on weight of dry hydraulic cement.
NUM  7.
PAR  7. The composition of claim 4 wherein the water is present in an amount of
      from about 25 to about 60 percent by weight, based on weight of dry
      hydraulic cement.
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ABST
PAL  In an improved method for the treatment of a permeable formation or zone
      adjacent to the bore of an oil well, the setting time of an acid-settable
      liquid is predictably delayed by use of a novel catalyst system. The
      method provides an effective means for controlling the reduction of the
      permeability of the formation or zone in a single stage treatment by
      dissolving the catalyst in the liquid and introducing the solution into
      the formation. The catalyst system comprises a mixture of a suitable
      acid-releasing compound and a base.
PARN
PAR  This is a division of application Ser. No. 273,256 filed July 19, 1972, now
      U.S. Pat. No. 3,850,249.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a novel method for the setting of an
      acid-settable liquid. More particularly, it relates to delaying the
      setting of an acid-settable liquid where the acid is released (generated)
      in situ in the liquid. Still more particularly, it relates to a new and
      improved method for treating a terrestrial zone or formation by
      introducing a homogeneous liquid mixture of an acid-settable liquid, an
      acid-releasing compound and a base into a terrestrial zone or formation,
      particularly a permeable zone or formation adjacent to the bore of an acid
      or gas well.
PAC  BACKGROUND OF THE INVENTION
PAR  Acid-settable liquids are known and used in the art. Usually the liquid and
      a suitable acid are mixed and the liquid sets, gels or polymerizes. In the
      ordinary case the timing of the setting depends upon a precise adjustment
      of the acid concentration, and effective mixing of the reactants,
      otherwise the desired setting may occur too soon, only after a long time
      or not at all. In general, a treatment of an oil well by the introduction
      of a homogeneous mixture of an acid and an acid-settable liquid into a
      zone or formation adjacent to a well bore is relatively unsatisfactory
      because of the lack of practical control of the time factor. One proposal
      (U.S. Pat. No. 3,537,522) has been to introduce a mixture of an
      acid-releasing (AR) compound and a acid-settable liquid into a formation
      containing water. The interaction of the formation water and the AR
      compound is expected to produce the acid required to catalyse the desired
      setting of the liquid. Included among the disadvantages of this proposal
      is the limitation that it is only useful for a water containing formation,
      and it is subject to the vagaries as to the amount of water available in a
      formation, the adequacy of the mixing of the water and acid-settable
      liquid, and the like. In general, methods which require the introduction
      of acid-setting reaction components into a formation in stages are
      unsatisfactory in the absence of positive control means, effective
      mechanical mixing and the like, and these means are, in general, not
      available in many circumstances, for example in an earthen formation or
      zone, or in the treatment of a zone adjacent to a well bore. Other
      disadvantages experienced in the use, as known in the art, of
      acid-settable liquids for the treatment of earthen formations or zones
      include:
PA1  1. the problem of keeping the reactants separated until the desired
      encounter in the formation:
PA1  2. the problem of obtaining a timely encounter of the acid and
      acid-settable fluid in the formation;
PA1  3. the problem with flash-setting fluids such as furfuryl alcohol and the
      like in view of their extreme sensitivity to local fluctuation in pH; and
PA1  4. the relatively inefficient utilization of the reagents due to incomplete
      mixing of the fluid and catalyst in the formation.
PAC  SUMMARY OF THE INVENTION
PAR  Pursuant to this invention, the time of the setting of an acid-settable
      hydroxylic liquid or an acid-settable liquid containing an effective
      amount of a hydroxylic diluent is controlled, especially in the treatment
      of a terrestrial formation or zone with an acid-settable liquid, by the
      use of a delayed catalyst system which is dissolved in the acid-settable
      liquid. For each 100 parts of the liquid, the solution contains a minor
      amount of the catalyst system, usually an amount in the range from 2 to 20
      parts.
PAR  The delayed catalyst system includes one or more compounds which release a
      strong acid, preferably a mineral acid, under solvolytic conditions at a
      temperature in the range from -10.degree.C. to 175.degree.C. It also
      contains one or more suitable bases capable of neutralizing a strong acid
      to form a salt. The amount of the base component, the moiety causing the
      delay of the acid catalysed setting of the liquid, must be less than the
      stoichiometric equivalent of the strong acid potentially available from
      the acid-releasing (AR) compound(s). Thus, for each potential equivalent
      of strong acid obtainable from the acid-releasing compound(s), the
      catalyst system should contain an amount of the base in the range from
      about 0.02 to 0.98 equivalent.
PAR  The use of a delayed catalyst system for the setting of an acid-settable
      liquid, as herein described, results in many advantages including:
PA1  1. it provides effective delay and control of the timing of the desired
      catalytic action;
PA1  2. it permits the introduction of an acid-settable liquid and the catalyst
      system as a unit into the subterranean zone as a one-stage operation;
PA1  3. it provides a method which can be used over a wide range of
      temperatures, particularly the elevated temperatures frequently
      encountered in subterranean zones;
PA1  4. in a particular embodiment it provides a catalyst system which can be
      prepared in advance, stored and conveniently transported to the field; and
PA1  5. it has other advantages which will become evident in the description to
      follow.
PAR  Throughout this description the term "parts" relates to parts by weight of
      the material under consideration.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Water incursion into a well bore via a permeable sand formation (zone) is a
      common problem in petroleum production. FIG. 1 illustrates this problem as
      encountered in the production zone of a Kern River, California well. A
      substantial water entry is experienced in the 695 to 715 foot level. The
      total depth of the well is 754 feet. Persuant to the method of the present
      invention the water incursion can be corrected. The rods, pump and tubing
      employed in producing the well are pulled. The well is then plugged with
      sand to about the 680 foot level and a 2 7/8 inch tubing delivery string
      fitted with a rubber cap packer (see FIG. 1) is run into the well to the
      670 foot level. The string also has a pump seating nipple at the 427 foot
      level (static annulus liquid level). After the introduction of the
      delivery string of pipe and the packer, the annulus liquid level is
      checked, and if necessary, the annulus is refilled with liquid to the 420
      foot level.
PAR  Before introducing the acid-settable liquid and dissolved catalyst system
      into the well bore via the delivery string, it is desirable to establish
      that a fluid can be pumped into the formation. The test is made by pumping
      water into the delivery string. When the ability to pump water into the
      zone is established, the pumping is discontinued.
PAR  For the treatment of the formation about 10 barrels of a furfuryl alcohol
      resin prepolymer-furfuryl alcohol mixture (an 80:20 volume ratio mix) is
      desirably used as the acid-setting liquid. Where the bottom hole
      temperature is moderate, for example about 60.degree.C., and the formation
      porosity permits relatively easy introduction of the liquid into the
      formation, a convenient setting time for the liquid is about 2 hours. To
      achieve this timing about three weight percent (based upon the liquid) of
      a pyridine-.alpha.-trichlorotoluene delayed catalyst mixture is dissolved
      in the acid-setting fluid. The mole ratio of pyridine to the trichloride
      should be about 1 to 1. The 10 barrels of liquid are pumped through the
      delivery tube into the formation. A follow-up of about 1.25 barrels of
      water is pumped to displace the residual liquid from the delivery line and
      to introduce it into the formation. This is followed with a circulating
      plug that is pumped to the pump seating nipple with water. This
      circulating plug prevents overdisplacement of the treating liquid by the
      fluid head in the delivery tube. After about 2 hours at the formation
      temperature, the liquid commences to set and polymerization is completed
      after an additional period of about 2 hours. If desirable, the polymerized
      liquid may be given added time to cure by shutting-in the well. Before
      removing the delivery line, the formation seal should be tested. This is
      accomplished by retrieving the circulating plug with a wire line (not
      shown in the FIGURE) and attempting to pump water into the zone. In this
      test the surface pressure should not exceed a reasonable value, for
      example, it should be less than about 200 pounds per square inch. After
      the delivery line is removed, the well is returned to production.
PAC  The Acid-Settable Liquid
PAR  The delayed catalyst system of the present method is, in general, useful as
      a timely source of strong acid for liquids which set or gel at a pH below
      5 under the influence of a relatively strong (pKa less than 5) acid, and
      these acid-settable liquids are contemplated for use. Those liquids which
      respond to an acid catalyst at a pH below 3 are especialy contemplated for
      use in the present method. While known acid-settable liquids are in the
      main organic materials, acid-settable inorganic liquids can likewise be
      effectively catalysed by my method.
PAR  Organic liquids which set under the catalytic influence of a strong acid
      (pKa less than 5) are preferred for the treatment of a terrestrial zone or
      formation. These liquids usually contain one or more organic compounds
      (monomers), partially polymerized monomers (oligomers or prepolymers) or
      mixtures of monomers and oligomers which polymerize (gel and set up) when
      the pH of the liquid is reduced below 5, preferably below 3. The release
      of strong acid from the acid-releasing compound(s) involves the solvolytic
      action of a hydroxylic material as discussed below. Therefore, the liquid
      of itself must be:
PA1  1. an acid-settable hydroxylic liquid;
PA1  2. a nonhydroxylic acid-settable liquid which contains at least an
      effective amount of a hydroxylic acid-settable liquid; or
PA1  3. a nonhydroxylic acid-settable liquid which contains an effective amount
      of:
PA2  a. water;
PA2  b. one or more substantially neutral (i.e., exhibiting a pH in water or
      aqueous ethanol at 18.degree.C. of about 7) and soluble organic compounds
      of the formula R(OH).sub.n (n is 1, 2 or 3), in which R is an organic
      radical;
PA2  c. a mixture of water and the above neutral hydroxylic compounds; and
PA2  d. or the like.
PAL  An effective amount is one which provides at least 1 equivalent of hydroxyl
      group per equivalent of available strong acid from the acid-releasing
      compound.
PAR  Some acid-settable liquids are very reactive and may be designated as
      flash-setting (auto-accelerating) liquids. These are most preferred for
      use in the method of the invention. Representative liquids of this type
      are furfuryl alcohol, furfuryl alcohol-furfuryl alcohol oligomer mixtures,
      furfuryl alcohol prepolymers, and acid-setting liquids which contain a
      substantial percent (at least 20 weight percent) of furfuryl alcohol.
      These materials set readily after a suitable reduction in pH, assist in
      the generation of strong acid by solvolytic action and release a large
      amount of heat energy in polymerizing. The released heat energy in turn
      facilitates the desired setting of the liquid. My delayed catalyst system
      is particularly effective in controlling flash-setting, acid-settable
      liquids.
PAR  Representative acid-settable organic liquids satisfactory for use herein
      include furfuryl alcohol, methyl vinyl ketone, vinyl ethers, acrolein,
      butadiene, styrene, N-vinyl pyrrolidone, and mixtures of the foregoing;
      acid-settable mixtures such as urea-formaldehyde, phenol-formaldehyde,
      cresol-formaldehyde, melamine-formaldehyde, furfuryl alcohol-formaldehyde,
      furfuryl alcohol-furfuraldehyde, and the like mixtures, as known in the
      art; isoprene, and other acid-polymerizable polyolefinic hydrocarbons; and
      especially acid-polymerizable organic liquids which contain at least about
      20 weight percent of furfuryl alcohol.
PAR  Representative acid-settable inorganic liquids satisfactory for use include
      aqueous and alcoholic silicates.
PAC  DELAYED CATALYST SYSTEM
PAR  The delayed catalyst systems suitable for use in the catalysis of an
      acid-setting fluid contain one or more acid-releasing compounds, and it
      has now been found that the timing of the catalytic action of these
      compounds can be effectively controlled or delayed by the action of a
      base. Both the acid-releasing compound(s) and the base(s) should be
      dissolved, i.e., homogeneously distributed throughout the acid-setting
      liquid. For each equivalent of potential acid, an amount of the base in
      the range 0.02 to 0.98,  preferably 0.05 to 0.95, equivalents, is usually
      effective for a deliberate delay of the setting time of an acid-settable
      liquid.
PAR  Several variables can be employed to modify the action of a delayed
      catalyst for an acid-settable liquid. These include:
PA1  1. the particular acid-releasing compound(s) chosen;
PA1  2. the base or bases employed;
PA1  3. the relative amounts of (1) and (2) employed; and
PA1  4. the polarity (dipole moment) of the liquid acid-settable mixture.
PAL  Items (1) and (2) are described more fully in the pertinent sections below.
PAR  Chemical aspects of the method of the invention are conveniently
      illustrated by reference to the curves of FIG. 2. These curves represent
      the estimated change in pH as a function of elapsed time of a
      representative mixture containing furfuryl alcohol and
      .alpha.-trichlorotoluene at a temperature of about 25.degree.C., first, in
      the absence of a base, and then, in the presence of the indicated bases.
      The mole ratio of the trichloride to the base was 1 to 1.5 and the
      potential acid to base equivalence ratio was 2 to 1.
PAR  In the absence of a suitable base, Curve (1), the pH of the mixture
      decreases rapidly and reaches a value (about 2.5) sutiable for catalyzing
      the setting-up of an acid-settable liquid in a relatively short time,
      i.e., about 15 minutes. A fifteen minute interval is, in general,
      insufficient as a practical matter for the satisfactory placement of a
      mixture in a subterranean zone adjacent to a well bore at an ordinary
      depth, for example, a depth of about 2,000 to 5,000 ft.
PAR  When a base is added to the mixture, Curves (2), (3), and (4), the rate of
      the pH change with the time is markedly reduced and, consequently, the
      time available for use of such a mixture, for example by placement of the
      mixture in a subterranean zone, is increased to a practical range.
PAR  These curves illustrate that the pH leveling effect of the added base
      varies depending upon the strength of the base. Thus, where the liquid
      responds to a pH on the weakly acid side, for exaple in the range 3-5, a
      relatively strong base should be employed. Similarly, where the effective
      pH is below about 3, a wider range of bases, relatively weak as well as
      strong, can be employed for the control of a delayed catalyst system.
PAR  The length of the delay can be varied depending upon the acid-base
      equivalence ratio of the delayed catalyst system employed. In Table I
      below are listed data which illustrate the effect of changes in the
      acid-base equivalence ratio. In general, when the acid-base equivalence
      ratio is increased, the length of the time delay is shortened. As this
      ratio approaches 1, the delay becomes longer for a given temperature and
      where the ratio is essentially 1, substantially complete inhibition of the
      catalyst usually is experienced. Thus, depending upon the working time
      required for a convenient placement of the liquid in the subterranean
      zone, the method of the invention provides a useful "chemical clock" for
      control of the length of the time which will be available for the
      placement of the liquid in an earthen formation.
PAR  The generation of a strong acid from the acid-releasing compound involves
      the production of charged particles, ions.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     TRICHLOROTOLUENE(TCT)-PYRIDINE CATALYZED                                  
     FURFURYL ALCOHOL POLYMERIZATIONS                                          
             EQUIVALENCE    Gel Time, Hr:Min                                   
     MOL RATIO,                                                                
             RATIO;                                                            
     TCT     ACID     TCT                                                      
     PYRIDINE                                                                  
             BASE     PERCENT                                                  
                            25.degree.C.                                       
                                  60.degree.C.                                 
                                        80.degree.C.                           
                                             100.degree.C.                     
     __________________________________________________________________________
     1/0     .infin.  2     6:17   :17  --   :02                               
                      4     1:49   :11  --   --                                
                      6     1:35  --    --   --                                
     1/0.25  12       2     6:02  --    --   --                                
                      4     5:35  --    --   --                                
                      6     6:44  --    --   --                                
     1/0.5   6        2      8:- 16:                                           
                                   :33  --   --                                
                      4      8:- 16:                                           
                                   :28  --   --                                
                      6      8:-16:                                            
                                   :28  --   --                                
     1/1     3        2     22:50 1:18  :15  :07                               
                      4     20:22 1:14  :14  :07                               
                      6     21:09 1:15  :14  :06                               
     1/1.5   2        2     --    1:23  :23  --                                
                      4     --    1:31  :20  --                                
                      6     --    1:26  :20  --                                
     1/2     1.5      2     --    *     :34  :10                               
                      4     --    2:58  :36  :09                               
                      6     --    3:05  :33  :07                               
     1/2.5   1.2      2     --     7:-21:                                      
                                        :45  --                                
                      4     --     7:-21:                                      
                                        :40  --                                
                      6     --     7:-21:                                      
                                        :53  --                                
     1/3     1        2     --    *     1:15 :20                               
                      4     --    *     1:16 :19                               
                      6     --    *     1:23 :15                               
     1/4     0.75     2     --    --    --   *                                 
                      4     --    --    --   *                                 
                      6     --    --    --   *                                 
     __________________________________________________________________________
      *No solid product after 24 hours at temperature.                         
PAL  Therefore, as a general consideration, the more polar the medium, the
      faster is the rate. Since water is a highly polar compound, the addition
      of water in minor amounts (0.1 to 5 weight percent) to hydroxy-substituted
      acid-settable organic liquids usually increases the acid-generation rate.
      Accordingly, the addition of a minor amount of water to such an
      acid-settable liquid affords a further means for controlling the setup
      time.
PAC  The Acid-Releasing Compound
PAR  An organic compound which releases a strong acid under solvolysis
      conditions is, in general, satisfactory for use and is contemplated for us
      in the method of my invention provided that:
PA1  1. the compound of itself (prior to solvolysis) exhibits a substantially
      neutral pH, i.e., about 7 in aqueous ethanol at 18.degree.C.;
PA1  2. the solvolysis rate (acid-releasing rate) of the compound is within the
      required range for suitable pH control; and
PA1  3. the compound is sufficiently soluble in the acid-settable liquid to
      provide the strong acid needed to reduce the pH to the required level.
PAR  The acid-releasing component of the mixture may be one or more compounds.
      Usually it is more convenient to employ a single acid-releasing compound.
PAR  By a strong acid, as used herein, is meant by definition an acid of the
      Bronsted-type which has a pKa (water at 18.degree.C.) below 3. Strong
      acids having a pKa of less than 2 are preferred herein.
PAR  Acid-releasing compounds suitable for use in my invention generate a strong
      acid at a rate in the range 10.sup.-.sup.3 to 10.sup.-.sup.6 equivalent,
      preferably 10.sup..sup.-4 to 10.sup..sup.-5 equivalent per liter per
      minute at a temperature within the process range. Acid-releasing compounds
      which are free of acid halide substituent groups, i.e., free of sulfonyl
      and acyl groups, are a preferred class of compounds.
PAR  The generation in situ of an acid catalyst, as herein described, involves a
      reaction system which includes one or more hydroxyl-containing compounds
      and one or more compounds which are the source (precursors) of the acid
      anion. Thus, the reaction is a solvolytic generation of strong acid which
      may be illustrated in a simplified manner by the equation:
EQU  C.sub.6 H.sub.5 CCl.sub.3 + HOH .sup.k 1 {C.sub.6 H.sub.5 CCl.sub.2 OH} +
      HCl
PAL  In the above example the indicated solvolysis and subsequent interactions
      have been found to result in the timely production of three mols of
      hydrochloric acid per mol of the acid-releasing compound. Hence,
      .alpha.-trichlorotoluene has a molar potential of three equivalents of
      strong acid. As indicated in the equation above, the dissociation of the
      acid-releasing compound, here .alpha.-trichlorotoluene, is rate
      controlling, is a first order reaction, and for all practical purposes the
      rate depends upon the nature of and the concentration of the
      acid-releasing compound. It has been found that the addition of an
      appropriate amount of the acid-releasing compound and of a suitable base
      to an acid-settable liquid provides a means which can be used to
      effectively control the timing of the polymerization (acid-setting) of the
      acid-settable fluid.
PAR  Some acid-generating compounds also yield strong acid by reaction with a
      hydroxylic solvent or reagent in a reaction whose rate is a second-order
      reaction. These compounds are also satisfactory for use in combination
      with a suitable base as in a "chemical clock" system similar to the
      above-described method.
PAR  Prime considerations in the selection of strong acid-releasing (AR)
      compound for use in a delayed catalyst system include the temperature of
      the fluid at the point of use and the magnitude of the reaction rate
      constant for acid production for the acid-releasing compound at this
      operating temperature. Ordinarily, the operational temperature is the
      temperature prevailing in the zone or situs of use when the acid-settable
      fluid is to be set up. For example, depending upon the location and depth
      of a subterranean zone, the operational temperature may be as low as
      -10.degree.C., or as high as 175.degree.C., but usually is in the range
      from 0.degree.C. to 150.degree.C.
PAR  The magnitude of the solvolysis reaction constant for the AR compound at
      the temperature of use should be large enough to insure a useful rate of
      acid production, yet not so large as to impracticably reduce the working
      time for the placement of the fluid in the zone. In general, at the
      operational temperature the reaction constant, k.sub.1, for a satisfactory
      first-order AR compound is believed to be in the range 2 .times.
      10.sup.-.sup.2 to 2 .times. 10.sup.-.sup.7 sec.sup.-.sup.1, and preferably
      is in the range from 1 .times. 10.sup.-.sup.4 to 1 .times. 10.sup.-.sup.5
      sec.sup.-.sup.1.
PAR  The solvolytic displacement reactions which yield an acid are known in the
      art. The reaction constants are also known for a great many of these
      compounds, as are also the routine methods employed for determining these
      constants. A leading reference and exposition of this art is the review
      textbook, "Solvolytic Displacement Reactions" by A. Streitweiser, McGraw
      Hill Book Co. (1962). This text lists 811 references in the literature
      relating to this field of the chemical art. Another useful source
      containing rate constants is the National Bureau of Standards Circular
      510, "Tables of Chemical Kinetics -- Homogeneous Reactions", U.S.
      Department of Commerce (1951).
PAR  Representative strong acid-generating reactions and reactants include those
      summarized by the equations:
EQU  C.sub.6 H.sub.5 CCl.sub.3 + 2 H.sub.2 O .fwdarw. C.sub.6 H.sub.5 CO.sub.2 H
      + 3 HCl                                                   (1)
EQU  OCOCH=CHCO + H.sub.2 O .fwdarw. HOOCCH=CHCOOH              (2)
EQU  C.sub.6 H.sub.5 SO.sub.2 Cl + CH.sub.3 OH .fwdarw. C.sub.6 H.sub.5 SO.sub.3
      CH.sub.3 + HCL                                            (3)
EQU  (Cl.sub.2 HCCO).sub.2 O + H.sub.2 O .fwdarw. 2 Cl.sub.2 HCCO.sub.2 H (4)
EQU  p-CH.sub.3 C.sub.6 H.sub.4 SO.sub.3 CH.sub.2 CH.sub.3  + H.sub.2 O .fwdarw.
      p-CH.sub.3 C.sub.6 H.sub.4 SO.sub.3 H + CH.sub.3 CH.sub.2 OH (5)
EQU  CH.sub.3 COCl + CH.sub.3 OH .fwdarw. CH.sub.3 CO.sub.2 CH.sub.3 + HCl (6)
EQU  C.sub.6 H.sub.5 CHBr.sub.2 + H.sub.2 O .fwdarw. C.sub.6 H.sub.5 CHO + 2HBr
      (7)
EQU  C.sub.10 H.sub.7 CH.sub.2 Cl + CH.sub.3 CH.sub.2 OH .fwdarw. C.sub.10
      H.sub.7 CH.sub.2 OCH.sub.2 CH.sub.3 + HCl                 (8)
EQU  (CH.sub.3).sub.3 CBr + H.sub.2 O .fwdarw. (CH.sub.3).sub.3 COH + HBr (9)
EQU  (CH.sub.3).sub.2 SO.sub.4 + H.sub.2 O .fwdarw. CH.sub.3 OSO.sub.3 H +
      CH.sub.3 OH                                               (10)
PAR  representative classes of organic acid-releasing compounds suitable for use
      as components in the delayed acid-setting catalyst system of the invention
      include the organic chlorides, bromides and iodides, and the like, which
      satisfy the aforementioned pH, solubility, and solvolysis rate
      requirements; also, the acid anhydrides of strong acids, the esters of
      organic sulfonic acids, and the like, which likewise satisfy those
      requirements. The aforementioned halocompounds include representative
      subclasses such as the alkyl halides, the aralkyl halides, the
      cycloalkylalkyl halides, aryl sulfonyl halides, the acyl halides, the
      cycloalkyl halides, and the alkylcycloalkyl halides where the halogen
      atoms are chlorine, bromine or iodine.
PAR  As a practical matter and for reasons of cost, convenience and the like,
      the suitable organic acid-releasing compounds will, in general, have a
      carbon atom content of less than 21 carbon atoms, preferably less than 12.
PAR  Representative acid-releasing compounds useful as components of the delayed
      catalyst system of my invention include .alpha.-trichlorotoluene, t-butyl
      bromide, t-butyl iodide, benzene sulfonyl chloride and bromide, maleic
      anhydride, trichloroacetic acid anhydride, 1-pentanesulfonyl bromide,
      ethyl benzenesulfonate, diethyl sulfate, sec-butyl bromide, 3-iodohexane,
      .beta.-cyclohexylethyl chloride, n-butyryl chloride, cyclohexyl bromide,
      2-ethylcyclohexyl iodide, .alpha.-tribromotoluene,
      .alpha.,.alpha.-dichlorotoluene, .alpha.,.alpha. -dibromotoluene,
      o-tolyldichloromethane, 1-(.alpha.-trichloromethyl)-naphthalene,
      4-(dibromomethyl)-biphenyl, p-(perchloromethyl)-toluene,
      o-(perchloromethyl)-toluene, 1,4-(perchloromethyl)-benzene,
      1,4-(dichloromethyl)-benzene, .alpha.-chlorotoluene, .alpha.-bromotoluene,
      .alpha.-iodotoluene, .alpha.,.alpha.'-p-xylylene dibromide,
      .alpha.,.alpha.'-p-xylylene dichloride, benzhydril chloride and bromide,
      dichloroacetic anhydride, .alpha.-chloropropionic acid anhydride,
      p-t-butylbenzyl chloride and bromide, (CH.sub.3).sub.3 CCH.sub.2 Br,
      (CH.sub.3).sub.3 CCH.sub.2 CH.sub.2 Br, CH.sub.3 (CH.sub.2).sub.2 CH.sub.2
      Br, (CH.sub.3).sub.3 CCH=CHCCH.sub.2 Br, CH.sub.3 OCH.sub.2 Cl, CH.sub.3
      OCH.sub.2 Br, CH.sub.3 COOCH.sub.2 Cl, C.sub.6 H.sub.5 COCH.sub.2 Br,
      C.sub.6 H.sub.5 COOCH.sub.2 Cl, C.sub.6 H.sub.5 CCl.sub.2 CCl.sub.3,
      isopropyl benzenesulfonate, t-amyl chloride, .alpha.-phenylethyl chloride,
      p-methoxy-.alpha.-chlorotoluene, and the like acid-releasing organic
      compounds which release a strong acid under solvolytic reaction conditions
      at a useful rate at a temperature in the range from -10.degree.C. to
      175.degree.C., preferably from 0.degree.C. to 150.degree.C.
PAR  Arylmethyl chlorides, bromides and iodides are especially preferred
      acid-releasing compounds for use in the instant invention, particularly
      the polyhalo analogues. The latter yield more than one equivalent of
      strong acid per mol. They may be represented by the formula
      AR[CH.sub.3.sub.-y X.sub.y ].sub.n, where y is 1, 2 or 3 and n is 1 or 2,
      and AR is a benzene or a naphthalene ring and X is a halide such as
      chloride bromide, or iodide, or those compounds of the formula which are
      substituted by replacing 1 or 2 hydrogen atoms bonded to the aryl ring
      carbon atoms by 1 or 2 inert substituent groups, Y, such as a chloride,
      bromide, alkoxide, NaOSO.sub.2 --, KOSO.sub.2 --, NH.sub.4 OSO.sub.2 -- or
      alkyl group. Preferred carbon atom contents for these particular
      acid-releasing compounds are the same as disclosed above.
PAR  In those instances where the acid-settable liquid may be quite polar (have
      a high dipole moment), neutral organic acid-releasing compounds tend to
      have a low solubility and may not be satisfactorily distributed throughout
      the fluid. In this event, the sodium salt of a corresponding sulfonated
      derivative is desirably employed. For example, ammonium
      2,4-di(trichloromethyl)benzene sulfonate is a useful source of a strong
      acid and is a salt which will have a reasonable solubility in a polar
      medium.
PAC  The Base Component
PAR  Except as noted below, organic and inorganic bases capable of neutralizing
      a strong acid under solvolytic conditions are, in general, suitable for
      use in the method of my invention. Thus, salt-forming bases, in general,
      are contemplated for use. As in the case of the other components of the
      catalyst system, the base should be homogeneously distributed in the
      acid-settable fluid. Better results can therefore be achieved when the
      components are present as solutes in the fluid.
PAR  Since the generated acid is a strong acid, the range of bases suitable for
      neutralizing the acid is extensive. For example, bases in general which
      have a pKb (determined in water or aqueous ethanol at 18.degree.C.), which
      is less than 13.5 are satisfactory. These include inorganic and organic
      bases. Prime factors relating to the selection of the base for my delayed
      catalyst system include:
PA1  1. the solubility of the base in the acid-settable fluid; and
PA1  2. the pH which should be maintained prior to the drop to the level
      required for catalysis.
PAL  The base should be soluble to an extent necessary for the sufficient delay
      of the pH drop. And where the acid-settable liquid sets under the
      influence of a weakly acidic pH (3-5), a strong base (pKb&lt;6) is desirably
      employed.
PAR  Organic and inorganic bases noted above are suitable for use as components
      in the delayed catalyst system of my method except in the case where the
      AR compound is an acid halide (acyl and sulfonyl). In this exceptional
      case, pyridine and the like nucleophilic aromatic heterocyclic nitrogen
      bases and aryl amines are not satisfactory.
PAR  Representative classes of bases suitable for employment, except as noted
      above, include alkali metal hydroxides, alkali metal salts of weak acids
      (pKa in water at 18.degree.C. above 5), alkali metal alkoxides, organic
      nitrogen bases, i.e., primary, secondary, and tertiary amines, and the
      like.
PAR  Representative bases suitable herein, except as noted above, include sodium
      hydroxide, potassium hydroxide, sodium butoxide, sodium acetate, pyridine,
      piperidine, triethylamine, diethylamine, sodium ethoxide, cyclohexylamine,
      N,N-dimethylaniline, di-n-butylamine, aniline, quinoline, isobutylamine,
      di-(2-ethylhexyl)amine, 4,4'-diaminobenzophenone, 4,4'-diamino diphenyl
      ether, diisopropyl amine, hexamethylene diamine, ethylene diamine,
      ethanolamine, diethanolamine, triethanolamine, ispropylamine, octylamine,
      sodium benzoate, and the like compounds. Organic nitrogen bases, in
      general, are preferred for use as the base component of a delayed latent
      catalyst system. Of these, the pyridine-type nitrogen bases in admixture
      with an aryl halomethyl-type AR compound (see discussion above for
      formulation) yield catalyst mixtures having excellent shelf lives and are,
      therefore, especially useful herein. Pyridine-type bases include pyridine,
      quinoline and isoquinoline and these compounds in which 1, 2 or 3 of the
      hydrogen atoms attached to the carbon atoms of the heterocyclic ring are
      replaced by 1, 2 and 3 inert substituent groups such as chloride, bromide,
      alkyl (C.sub.1 -C.sub.10), and phenyl. These are conveniently described by
      the formula (ARN)(X).sub.n, where ARN represents pyridine, quinoline or
      isoquinoline less n hydrogen atoms, X is an inert substitutent group, and
      n is 1, 2 or 3.
PAR  Other representative pyridine-type bases suitable for use in the invention
      include the crude and refined coal tar fractions from coking which contain
      so-called pyridine crude bases, picolines and the like.
PAR  As a practical matter and for reasons of cost, convenience and the like,
      the organic bases used in the method should have a carbon atom content of
      less than 21, preferably less than 12.
PAC  Relative Amounts of Catalyst and Fluid
PAR  The amount of the catalyst system (AR compound plus base) desirably
      included in the acid-settable fluid varies depending in the main upon the
      acid potential (equivalent weight) of the AR compound and the pH needed
      for an effective setting of the fluid. At a pH of 5 the solvated hydrogen
      ion concentration is 10.sup.-.sup.5 mol per liter, and at a pH of 2, it is
      10.sup.-.sup.2 mol per liter. Hence, the solvolysis of only a
      correspondingly small amount of the AR compound is necessary to provide
      these amounts of strong acid. Aside from a cost factor, the presence of a
      substantial excess of the AR compound, as a rule, is advantageous. By
      reference to FIG. 3, it is evident that there is no marked variation in
      the set time for the acid-settable fluid over a wide concentration range
      for the present delayed catalysts. This circumstance is a particular and
      practical advantage of the method herein because the man in the field need
      only use ordinary means for measuring and introducing the catalyst into
      the fluid.
PAR  FIG. 3 demonstrates that the prime concern re the catalyst requirement is
      that the addition of at least the minimum satisfactory amount be made. In
      general, a satisfactory amount of the delayed catalyst is in the range 2
      to 20 parts per 100 parts of the acid-settable fluid, preferably 3 to 6
      parts.
PAC  Placement of Fluid in Zone
PAR  The placement of the present acid-settable fluids in a subterranean zone,
      for example in a zone surrounding a well bore, is readily accomplished by
      ordinary methods. However, the one-step integral nature of the present
      fluids and method usually makes possible the employment of simplified and
      more convenient procedures. Spacer fluids, for example, are not required
      for the separation of reactive chemicals. The time available for the
      placement can be delayed to provide a convenient and safe rate of
      introduction.
PAR  In one method, a suitably sized pipe string is lowered into the well bore
      with the bottom of the tubing being positioned for delivery of fluid into
      the bore adjacent to the treatment zone. The fluid is then forced out of
      the bore and into the formation by displacement with other liquids or a
      suitable inert gas.
PAR  Ordinarily the zone and well bore environs will be substantially free of
      strong acid or base. Consequently, no pretreatment will be needed. Should
      there be a residue of strong acid in the zone or well bore, as from an
      acid treatment, then a neutralizing preflush should precede the placement
      of the consolidation liquid mixture. For example, a prewash using dilute
      aqueous ammonia is a convenient means for neutralization of the acid. A
      follow-up water or hydrocarbon preflush may be desirable. If the zone to
      be treated (consolidated or plugged) is a carbonate formation, the
      introduction of an acid-setting liquid containing a relatively larger
      amount of the acid-releasing compound is usually desirable. Alternatively,
      it may be more economical to pacify the carbonate formation by ordinary
      methods, for example, as known in the art, by the introduction into the
      formation of an aqueous calcium chloride preflush.
PAR  The acid-setting liquid is usually pumped into the well bore or formation.
      Accordingly, it should have a viscosity in the range suitable for
      convenient pumping, i.e., a pumpable liquid. Preferably, the liquid should
      have a viscosity in the range 1 to 300 centipoise. Although the use of a
      fluid having a viscosity in the upper portion of the range is less
      convenient to pump, nevertheless, the use of a fluid having a relatively
      high viscosity is often preferable because plug flow is better,
      undesirable channeling of the fluid in the zone may be minimized, and the
      fluid is more likely to stay in place after pumping ceases.
PAR  Ordinarily, commercially available acid-settable liquids have a suitable
      viscosity or the viscosity can be readily reduced, for example by the
      addition of furfuryl alcohol, or of some other suitable diluent, monomer
      or oligomer, or of a minor amount of water, methanol, benzene or the like.
PAR  After the acid-settable liquid is introduced into the terrestrial zone or
      formation, it must remain in place until the setting occurs. Thus,
      depending upon the particular liquid employed, it must be maintained in
      place for a period of from 1 to 24 hours, preferably 2 to 6 hours.
DETD
PAR  The following examples further illustrate, but not by way of limitation,
      the invention.
PAC  EXAMPLES 1 TO 16
PAR  The use of a variety of representative bases for preparing a delayed acid
      catalyst system are illustrated in these examples. The acid-settable
      liquid employed was a mixture of 80 parts of a commercial resin and 20
      parts of furfuryl alcohol. The resin was a liquid composed of partially
      polymerized furfuryl alcohol, i.e., furfuryl alcohol oligomers, which were
      capable of further polymerization with a strong acid catalyst to form a
      solid, furfuryl alcohol polymer.
PAR  Based upon 100 parts of the acid-settable liquid, 5 parts of acid-releasing
      (AR) compound were used and the amount of the base included was sufficient
      for the neutralization of one-fourth of the total acid available from the
      AR compound. The AR compounds, bases used, and results for the
      temperatures indicated were as follows:
     Benzenesulfonyl Chloride, 25.degree.C.                                    
     EX. NO.      BASE          GEL TIME, MINS.                                
     ______________________________________                                    
     1          None            60                                             
     2          Triethylamine   67                                             
     3          Triethanolamine 95                                             
     4          Tri-n-butylamine                                               
                                76                                             
     5          Cyclohexylamine 125                                            
     ______________________________________                                    
     .alpha.-Chlorotoluene, 93.degree.C.                                       
     EX. NO.      BASE          GEL TIME, MINS.                                
     ______________________________________                                    
     6          None            41                                             
     7          Triethylamine   72                                             
     8          Triethanolamine 218                                            
     9          Tri-n-butylamine                                               
                                87                                             
     10         Cyclohexylamine 215                                            
     ______________________________________                                    
     .alpha.-Chlorotoluene, 115.degree.C.                                      
              CATALYST                  GEL TIME                               
     EX. NO.  WT. %       BASE          MINS.                                  
     ______________________________________                                    
     11       4           Triethanolamine                                      
                                        74                                     
     12       6           "             76                                     
     13       8           "             63                                     
     14       10          "             55                                     
     ______________________________________                                    
PAR  In these examples the catalyzed solutions remained predominantly unchanged
      until the reaction time approached. Then the solutions turned from clear
      to blue-green to black. Reaction occurred rapidly with total conversion of
      the liquid to solid.
PAR  The foregoing examples demonstrate the delay of free-acid generation from
      suitable low temperature AR compound, benzenesulfonyl chloride, and from a
      relatively high temperature AR compound, benzyl chloride, by a number of
      representative nitrogen bases. These systems are especially suitable for
      use in plugging voids or relatively open zones in an earthen formation.
PAC  EXAMPLES 15 TO 22
PAR  In the manner described above in Examples 1-14, gel times were determined
      for furfuryl alcohol using the indicated AR compound with and without
      pyridine base. Based upon the furfuryl alcohol, the weight percent of the
      AR compound used together with the temperatures used and with the result
      obtained are listed in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     CHLOROTOLUENES AS LATENT CATALYSTS AND DELAYED                            
     LATENT CATALYSTS FOR FURFURYL ALCOHOL                                     
     CATALYST,   CATALYST,                                                     
                        Gel Time, Hr:Min.                                      
     EX. MOL RATIO                                                             
                 WEIGHT                                                        
     NO. .alpha.-TCT/PY                                                        
                 PERCENT                                                       
                        25.degree.C.                                           
                             60.degree.C.                                      
                                  80.degree.C.                                 
                                        100.degree.C.                          
     __________________________________________________________________________
     15  1/0     2       6:17                                                  
                              :17 --    :02                                    
                 4       1:47                                                  
                              :11 --    --                                     
                 6       1:35                                                  
                             --   --    --                                     
     16  1/1     2      22:50                                                  
                             1:18 :15   :07                                    
                 4      20:22                                                  
                             1:14 :14   :07                                    
                 6      21:09                                                  
                             1:15 :14   :06                                    
     17  1/2     2      --   *    :34   :10                                    
                 4      --   2:58 :36   :09                                    
                 6      --   3:05 :33   :07                                    
     18  1/3     2      --   *    :75   :20                                    
                 4      --   *    :76   :19                                    
                 6      --   *    :83   :15                                    
         .alpha.-DICHLORO-                                                     
         TOLUENE/PY                                                            
     19  1/0     2      *    4:-24:                                            
                                  :09   --                                     
                 4      *    4:-24:                                            
                                  :06   --                                     
                 6      :     :13 :04   --                                     
     20  1/1     2      --   *    *     :20                                    
                 4      --   *     1:32 :30                                    
                 6      --    24:  1:20 :29                                    
     21  1/2     2      --   --   *      4:                                    
                 4      --   --   21:-28:                                      
                                        1:45                                   
                 6      --   --   21:-28:                                      
                                         4:                                    
         .alpha.-CHLORO-                                                       
         TOLUENE/PY                                                            
     22  1/0     2      *    *    --    31/2:**                                
                 4      *    *    --    31/2:                                  
                 6      *    *    --    31/2:                                  
     __________________________________________________________________________
       *No solid product formed in 24 hours at temperature.                    
      **Solid product, but no obvious gel point.                               
PAC  WATER ADDITION
PAC  EXAMPLES 23 to 28
PAR  In these examples .alpha.-trichlorotoluene (TCT) and pyridine were mixed in
      a molar ratio of 1 to 1. Portions of this mixture were then added to
      furfuryl alcohol (FA) or to a furfuryl alcohol-water mixture, as noted in
      the Table below, and the gel times at 60.degree.C. for the mixtures were
      determined.
TBL                TABLE III                                                   
     ______________________________________                                    
     EX.      Wt. FA     TCT ADDED,    GEL TIME,                               
     NO.      Wt. H.sub.2 O                                                    
                         Wt. %         MIN.                                    
     ______________________________________                                    
     23       100/0      2             41                                      
     24       100/0      4             53                                      
     25       100/0      6             56                                      
     26       90/10      2             17                                      
     27       90/10      4             16                                      
     28       90/10      6             15                                      
     ______________________________________                                    
PAR  Examples 23-28 demonstrate that the addition of water to an acid-settable
      organic liquid is a useful means for reducing the delay of a delayed
      catalyst system. Water also improves the leveling effect of the delayed
      catalyst system, i.e., there was little or no change of gel times over a
      range of catalyst concentrations.
PAC  SAND IMPREGNATION
PAC  EXAMPLES 29 to 34
PAR  The conditions in a loose porous earthen formation were simulated for
      laboratory tests by filling test tubes with sand and filling the
      interstices of the sand with the acid-settable fluid. In each example, 5
      weight percent of the indicated AR compound was used and the acid-settable
      liquids were mixtures of furfuryl alcohol and formaldehyde (formalin)
      having the mol ratios as noted in Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     MOL RATIO        MOL RATIO                                                
                               REACTION TEMPERATURE, .degree.C.                
     EX. FURFURYL ALCOHOL                                                      
                      CATALYST                                                 
     NO. TO FORMALDEHYDE                                                       
                      TO PYRIDINE                                              
                               25     40       60     80      100              
     __________________________________________________________________________
                               .alpha.-TRICHLOROTOLUENE                        
     29  1/1          1/0      8&lt;t&lt;19 hr                                       
                                      1 hr 34 min                              
                                               4 min  1 min   --               
                      1/1      --     2 hr 32 min                              
                                               14 min 2 min   --               
                      1/2      --     6.5&lt;t&lt;22.5 hr                            
                                               1 hr 18 min                     
                                                      4 min   --               
                      1/3      --     --       4 hr 25 min                     
                                                      2 hr    5 min            
     30  2/1          1/0      8&lt;t&lt;19 hr                                       
                                      1 hr 41 min                              
                                               4 min  1 min   --               
                      1/1      --     2 hr 30 min                              
                                               16 min 3 min   --               
                      1/2      --     6.5&lt;t&lt;22.5 hr                            
                                               1 hr 52 min                     
                                                      5 min   --               
                      1/3      --     --       3 hr 13 min                     
                                                      1 hr 30                  
                                                              6 min            
     31  3/1          1/0      8&lt;t&lt;19 hr                                       
                                      1 hr 43 min                              
                                               5 min  2 min   --               
                      1/1      --     2 hr 48 min                              
                                               38 min 4 min   --               
                      1/2      --     6.5&lt;t&lt;22.5 hr                            
                                               1 hr 51 min                     
                                                      6 min   --               
                      1/3      --     --       6 hr 56 min                     
                                                      1 hr 21                  
                                                              8 min            
     32  4/1          1/0      8&lt;t&lt;19 hr                                       
                                      2 hr 25 min                              
                                               6 min  2 min   --               
                      1/1      --     2 hr 50 min                              
                                               51 min 6 min   --               
                      1/2      --     6.5&lt; t&lt;22.5 hr                           
                                               1 hr 50 min                     
                                                      6 min   --               
                      1/3      --     --       6 hr 24 min                     
                                                      2 hr 9                   
                                                              8                
     __________________________________________________________________________
                                                              min              
                               .alpha.-CHLOROTOLUENE                           
     33  2/1          1/0      --     --       --     --      28 min           
                      2/1      --     --       --     --      1 hr 11 min      
                      1/1      --     --       --     --      1 hr 58 min      
     34  3/1          1/0      --     --       --     --      30 min           
                      2/1      --     --       --     --      1 hr 28 min      
                      1/1      --     --       --     --      3 hr 20          
     __________________________________________________________________________
                                                              min              
      -- Reaction not performed.                                               
PAR  The resulting polymer impregnated sands were hard, stable solids. For
      reactions above 80.degree.C., .alpha.-trichlorotoluene was unsatisfactory.
      The rate of acid-generation at this temperature, i.e., the solvolysis
      rate, for the trichloride was inconveniently fast. The rate for
      .alpha.-chlorotoluene is satisfactory at high temperatures and hence it
      was used for the examples at 100.degree.C. These examples demonstrate that
      delayed catalysts are useful for the setting of an acid-settable fluid in
      an earthen formation.
PAC  CORE PLUGGING
PAC  EXAMPLES 35 TO 40
PAR  The conditions in a stable permeable earthen formation were simulated in a
      laboratory test using cores of Boise sandstone. Each core was 3 inches
      long and 1 inch in diameter and was cut parallel to the bedding plane.
      Prior to use, they were extracted with toluene, dried in a vacuum oven at
      125.degree.C. and under a vacuum of 29 in. of mercury. The dried cores
      were vacuum saturated with deionized water and then encased in either an
      aluminum or monel tube using a suitable adhesive. The initial
      permeabilities for the cores were measured at 10 psi using deionized
      water.
PAR  Core plugging tests were conducted at 25.degree., 40.degree., 60.degree.,
      80.degree., 100.degree. and 120.degree.C. The plugging behavior of a given
      solution at each temperature was investigated by using a suite of four
      cores. Initially, the cores were mounted in potted core holders, placed in
      an oven, and allowed to reach the desired temperature. The cores and core
      holders were then removed from the oven and 15 ml of plugging solution
      were injected into each core. The cores were then shut in and replaced in
      the oven. After one, two, and three hours, and overnight, a core was
      removed from the core holder, the ends of the core were cleaned and/or
      faced off as necessary, and replaced in the core holders. Finally, the
      plugged permeabilities were measured using deionized water at room
      temperature and 100 psi. All permeability measurements and plugging
      injections were made by flowing in the same direction.
PAR  Table V is a summary of these examples in which five percent of the AR
      compound and the indicated acid-settable fluid was used. The AR compound
      was .alpha.-trichlorotoluene or .alpha.-chlorotoluene as noted.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     EX. REACTION MOL RATIO:   MOL RATIO                                       
                                       SHUT-IN                                 
                                             K.sub.I **                        
                                                   K.sub.F ***                 
                                                       %                       
     NO. TEMPERATURE                                                           
                  FURFURYL ALCOHOL                                             
                               CATALYST                                        
                                       TIME md   md    Shut-Off                
     __________________________________________________________________________
                  Formaldehyde Pyridine                                        
     35  25.degree.C.                                                          
                  2/1          No Pyridine                                     
                                       69 hr                                   
                                            1126.8                             
                                                 6.85  99.4                    
                                       69 hr                                   
                                            1278.8                             
                                                 12.1  99.1                    
     36  40.degree.C.                                                          
                  3/1          No Pyridine                                     
                                       1    1103.7                             
                                                 107.7 90.2                    
                                       2     852.6                             
                                                 0.1   100.0                   
                                       3     878.9                             
                                                 22.1  97.4                    
                                       19   1034.0                             
                                                 3.4   99.7                    
     37  60.degree.C.                                                          
                  2/1          1/2     1     735.2                             
                                                 116.1 84.2                    
                                       2     759.3                             
                                                 29.7  96.1                    
                                       3    1285.8                             
                                                 84.9  98.9                    
                                       19    853.8                             
                                                 4.4   99.5                    
     38  80.degree.C.                                                          
                  1/1          1/3     1    1165.9                             
                                                 688.1 41.0                    
                                       2    1156.6                             
                                                 11.0  99.1                    
                                       3     738.1                             
                                                 30.5  95.9                    
                                       19   1425.0                             
                                                 0.1   100.0                   
     39  100.degree.C.                                                         
                  2/1          *1/1    1     774.7                             
                                                 676.9 12.6                    
                                       2    1039.4                             
                                                 116.9 88.8                    
                                       3    1226.3                             
                                                 436.7 63.8                    
                                       19   1082.7                             
                                                 23.7  97.8                    
     40  120.degree.C.                                                         
                  3/1          *1/1    1    1170.6                             
                                                 437.8 62.6                    
                                       2    1171.7                             
                                                 212.9 81.8                    
                                       3    1113.2                             
                                                 39.7  96.4                    
     __________________________________________________________________________
       *.alpha. -chlorotoluene catalyst                                        
       **Initial permeability                                                  
      ***Final permeability                                                    
PAR  Examples 35-40 demonstrate that stable porous earth formations can be
      effectively sealed or plugged by the use of an acid-generating catalyst.
      They also demonstrate that, in general, a 95 percent and higher reduction
      in permeability can be achieved in a period of 2-3 hours.
PAR  In order to simulate conditions in the field where aqueous brine or
      hydrocarbons are present in the formation, cores that were initially
      saturated with these materials were also tested. These were run under
      similar conditions at 60.degree.C. The permeability was measured after
      three hours and overnight shut-in periods. The permeability reduction of
      brine-saturated cores averaged 92%, or slightly less than most cores that
      were initially saturated with deionized water, but this is still
      satisfactory performance. The diesel oil saturated cores both exhibited
      100% shut-off. The process is thus relatively unaffected by extraneous
      fluid saturations.
PAC  AGING TEST OF PLUGGED CORES
PAC  EXAMPLES 41 TO 47
PAR  In order to check the durability of plugs formed by the one-step furfuryl
      alcohol process, selected plugged cores were put into 21/2% brine solution
      at 93.degree.C. for static brine aging. Cores that had been plugged at
      40.degree., 60.degree., 80.degree. and 100.degree.C., and that were
      shut-in for three hours or longer, were used in this test. Because the
      cores were potted, their exposure to the aging environment was limited,
      but they were nonetheless subjected to 93.degree.C. heat for the aging
      period. The aged cores were faced off before each permeability measurement
      in order to eliminate effects of corrosion products in the aging fluid
      that could act to plug them. .alpha.-Trichlorotoluene (TCT) or
      .alpha.-chlorotoluene (CT) were the AR compounds used and pyridine (PY)
      was the inhibitor. Table VI summarizes the aging data.
TBL                                    TABLE VI                                
     __________________________________________________________________________
     CORE AGING RESULTS                                                        
        PROCESS   RUN  SHUT IN     %   AGING                                   
                                            %    AGING                         
                                                      %    AGING               
                                                                %              
     EX.                                                                       
        IDENTIFICATION                                                         
                  TEMP.                                                        
                       TIME        SHUT                                        
                                       TIME,                                   
                                            SHUT TIME,                         
                                                      SHUT TIME,               
                                                                SHUT           
     NO.                                                                       
        MOL RATIOS                                                             
                  .degree.C.                                                   
                       HR.  K.sub.I                                            
                                K.sub.F                                        
                                   OFF DAYS OFF  DAYS OFF  DAYS OFF            
     __________________________________________________________________________
        F.A./ TCT/                                                             
        H.sub.2 C=O                                                            
              PYR                                                              
     41 2/1   --  25   69   1126.8                                             
                                 6.9                                           
                                   99.4                                        
                                       21   99.9 51   99.9 --   --             
        2/1   --  25   69   1278.8                                             
                                12.1                                           
                                   99.1                                        
                                       21   99.8 51   99.7 --   --             
     42 1/1   --  40    3   1258.3                                             
                                34.8                                           
                                   97.2                                        
                                       21   97.0 51   96.9 --   --             
        1/1   --  40   69   1137.3                                             
                                25.6                                           
                                   97.8                                        
                                       21   97.0 51   97.3 --   --             
     43 2/1   1/2 60    3   1183.1                                             
                                44.0                                           
                                   96.3                                        
                                       26   95.6 56   96.9 --   --             
        2/1   1/2 60   44   1305.2                                             
                                19.4                                           
                                   98.5                                        
                                       24   98.1 54   99.2 --   --             
     44 3/1   1/3 80   19   1218.9                                             
                                24.3                                           
                                   98.0                                        
                                       20   98.1 42   97.1 79   97.1           
        1/1   1/3 80   19    592.4                                             
                                72.0                                           
                                   87.8                                        
                                       20   96.4 42   **74.2                   
                                                           79   76.6           
     45 2/1    1/0*                                                            
                  100   3    952.2                                             
                                37.6                                           
                                   96.1                                        
                                       18   96.9 48   96.4 83   96.1           
               1/1*                                                            
                  100  19   1082.7                                             
                                23.7                                           
                                   97.8                                        
                                       18   97.8 48   96.9 83   96.9           
     __________________________________________________________________________
     CORES INITIALLY SATURATED WITH DIESEL OIL                                 
     46 2/1   1/2 60    3    740.2                                             
                                 0.0                                           
                                   100.0                                       
                                       17   100.0                              
                                                 39   100.0                    
                                                           76   100.0          
        2/1   1/2 60   19    619.3                                             
                                 0.6                                           
                                   99.9                                        
                                       17   100.0                              
                                                 39   100.0                    
                                                           76   100.0          
     __________________________________________________________________________
     CORES INITIALLY SATURATED WITH 10% BRINE                                  
     47 2/1   1/2 60    3    497.2                                             
                                34.6                                           
                                   93.1                                        
                                       17   94.6 39   93.0 76   91.9           
        2/1   1/2 60   19    488.2                                             
                                44.5                                           
                                   91.2                                        
                                       17   93.0 39   91.3 76   91.5           
     __________________________________________________________________________
       *Solution catalyzed with .alpha.-chlorotoluene                          
      **Core fractured during aging                                            
PAR  The foregoing Examples 41-47 demonstrated that the static aging of the
      plugged cores showed an average of 1% permeability return after about 8
      weeks in the aging tanks. There was no apparent difference in the
      durability of plugs with long or short shut-in times, or those plugs
      formed in oil or brine saturated cores. These examples demonstrate that
      the use of delayed acid-generating catalysts with acid-settable liquids is
      an effective method for plugging stable porous earthen formations.
PAC  ACID-SETTABLE LIQUIDS
PAC  EXAMPLES 48 TO 51
PAR  Under comparable conditions, furfuryl alcohol, furfuryl alcohol resin,
      urea-formaldehyde resin, and phenolic resin were polymerized at
      60.degree.C. The delayed catalyst was .alpha.-trichlorotoluene (TCT) and
      pyridine (PY) at a 1 to 1 mol ratio. The results are listed in Table VII.
      The furfuryl alcohol was of commercial grade. The resins were typical
      acid-settable, commercially available, partially polymerized resins.
TBL                TABLE VII                                                   
     ______________________________________                                    
     ACID-SETTABLE RESIN POLYMERIZATIONS                                       
     EX.                   TCT    TCT     GEL TIME                             
     NO.    RESIN TYPE     PYR    PERCENT 60.degree.C., MIN.                   
     ______________________________________                                    
     48   Furfuryl Alcohol 1/0    4       11                                   
                           1/1    4.8     65                                   
                           1/1    6.2     70                                   
                           1/1    7.7     70                                   
     49   Furfuryl Alcohol Resin                                               
                           1/0    4       18                                   
                           1/1    4.8     114                                  
                           1/1    6.2     110                                  
                           1/1    7.7     120                                  
     50   Urea-Formaldehyde Resin                                              
                           1/0    4       7                                    
                           1/1    4.8     13                                   
                           1/1    6.2     12                                   
                           1/1    7.7     15                                   
     51   Phenolic Resin   1/0    4       9                                    
                           1/1    4.8     13                                   
                           1/1    6.2     11                                   
                           1/1    7.7     11                                   
     ______________________________________                                    
PAR  Examples 48-51 and the other examples above demonstrate that acid-settable
      liquids, that is liquids which set under the influence of a strong acid,
      are effectively polymerized under the influence of a delayed acid
      catalyst. These examples and the other examples above further demonstrate
      that the method of the present invention is a useful means for delaying or
      controlling the time of setting of an acid-settable liquid which is set by
      means of a latent acid-releasing compound.
PAC  DILUTION WITH ORGANIC DILUENTS
PAR  Examples 52-57 illustrate the effect of dilution upon the gelling or
      setting up time of an acid-settable liquid catalysed by a representative
      latent catalyst system. In these examples, the AR compound was
      .alpha.-trichlorotoluene (TCT). The determinations were made at
      25.degree.C., using the diluents and concentrations and results as noted
      in Table VIII below:
TBL                TABLE VIII                                                  
     ______________________________________                                    
                GEL TIME, HR:MIN                                               
     EX.   DILUENT,                                                            
     NO.   PERCENT    METHANOL   ACETONE  BENZENE                              
     ______________________________________                                    
     52     0         1:11       --       1:12                                 
     53    10         2:11       3:22     2:23                                 
     54    20         4:48       5:23     4:15                                 
     55    30         6:16       7:13     6:34                                 
     56    40         8:05       8:47     8:30                                 
     57    50         --         10:10    --                                   
     ______________________________________                                    
PAR  The above examples demonstrate a further degree of freedom in the
      controlling of the gelating or setting time of an acid-settable liquid as
      herein. Similar results obtain when a delayed catalyst, i.e., when a base
      is added as herein described, is employed. Thus, the setting-up time of
      the liquid can be further delayed for a delayed catalyst system by
      dilution with inert organic liquids (note methanol, as described above,
      furnishes a proton for strong acid generation where no other hydroxylic
      agent is present). Usually for an impermeable consolidation of a
      formation, the degree of dilution should not exceed about 50 volume
      percent, preferably should not exceed 30 volume percent; otherwise, the
      dilution may be by as much as 70 volume percent.
PAC  EXAMPLE 58
PAR  The shelf life of two typical .alpha.-trichlorotoluene-pyridine (TCT/PY)
      delayed latent catalyst mixtures were determined for mixtures prepared and
      placed in storage under ambient temperature conditions, i.e., about a
      22.degree.C. average temperature. After 1 year the aged composition and
      freshly prepared control catalyst mixtures were tested as delayed latent
      catalysts (5 parts-weight) for the setting of a typical furfuryl
      alcohol-furfuryl alcohol prepolymer mixture (95 parts-weight) with the
      results as follows:
TBL               TCT/PY        TIME TO                                        
     MIXTURE      MOL RATIO     SET, MIN.                                      
     ______________________________________                                    
     Control Mix  1:1           16                                             
     Aged Mix     1:1           16                                             
     Control Mix  1:2           33                                             
     Aged Mix     1:2           35                                             
     ______________________________________                                    
PAR  These comparative data demonstrate that delayed latent catalyst mixtures in
      which an .alpha.-trichloromethyl substituted aromatic compound is the
      acid-releasing component and a pyridine-type organic nitrogen component is
      the delaying agent have excellent shelf lives. These mixtures may be
      compounded, stored and conveniently used simply by the addition of a
      portion of the mix to the acid-setting liquid, mixing the combined
      portions well, and introducing the resulting mixture into a terrestrial
      zone or formation or as desired. The relative amounts of those novel
      catalyst systems which are added to the acid-setting liquid may vary over
      a range (see examples in preceding sections) and can be conveniently
      carried out in the field.
PAR  In addition to being useful in effecting the setting (polymerizing) of an
      acid-settable liquid in the usual difficult circumstances encountered in a
      terrestrial zone, and particularly where the use is in a well bore
      environment, the delayed latent catalyst system herein provides useful
      improvements, in general, in the setting of an acid-settable liquid by a
      strong acid. Representative improvements include the use as a catalyst in
      the impregnation of solids such as wood, fiber glass cloth, felt, burlap,
      and the like porous materials with an acid-settable liquid containing a
      delayed latent catalyst of the invention. It also includes the use of a
      delayed catalyst for setting of acid-settable liquids as adhesive for
      glass sheeting, and as a martar when a mixture of the liquid, catalyst and
      sand is applied to common bricks, cinder blocks, and the like earthen
      materials. Principle elements of the improvements reside in the controlled
      delay of the setting of the liquid and in the convenient unitary aspect of
      the working mixture, catalyst and acid-settable liquid. The following
      examples illustrate further useful aspects of the invention.
PAC  EXAMPLE 59
PAR  A solid homopolymer of furfuryl alcohol was prepared using a delayed
      catalyst obtained by mixing 3 mols of pyridine with 4 mols of
      .alpha.-chlorotoluene. A mixture of 97 parts of the alcohol and 3 parts of
      the catalyst was maintained at 180.degree.F. for about 9 hours. The
      controlled catalysis permitted a slow homogeneous polymerization of the
      acid-settable alcohol without localized hot spots, voids and the like
      problems. The cured product was an ebony black solid having the following
      characteristics:
TBL  Compressive Strength (ASTM No. D-695-63T), psi                            
                                 15,700                                        
     Tensile Strength (ASTM No. D-638-61T), psi                                
                                 28,000                                        
     Izod Impact (ASTM No. D-256-56), ft.lbs/inch                              
                                 0.17                                          
     Shear Impact (ASTM No. D-732-46), psi                                     
                                  5,050                                        
     Specific Gravity, g/ml      1.27                                          
PAR  This example demonstrates that the delayed latent catalyst of my invention
      is useful for the effective control of acid-settable liquids whose
      polymerizations are ordinarily very vigorous and highly exothermic. It
      further illustrates that the present method is useful for the production
      of engineering plastics from furfuryl alcohol. Similar useful results are
      obtained when acid-settable liquids comprising copolymers such as
      phenolformaldehyde, urea-formaldehyde, melamine-formaldehyde and the like
      mixed monomeric acid-settable liquids are set using a homogeneous mixture
      of the liquid and a delayed latent catalyst as herein. Variations, such as
      the addition of a filler-like asbestos, glass cloth, glass fibers, etc. to
      the monomer or comonomer mixtures, are also effectively handled.
PAC  EXAMPLE 60
PAR  A section of fiber glass cloth was spread out on a wooden surface and
      impregnated with a commercially available acid-settable liquid. The latter
      contained about 80 volume percent of a furfuryl alcohol oligomeric mixture
      and 20 volume percent of furfuryl alcohol. The delayed catalyst was an
      equimolar mixture of .alpha.-trichlorotoluene and pyridine. Five parts by
      weight of the catalyst were mixed with 95 parts of the liquid and the
      mixture was applied to the supported cloth. After about 17 hours at
      110.degree.C., the polymerization and cure of the supported glass cloth
      was completed. The adherence of the polymerized liquid to the glass and
      wood was excellent.
PAC  EXAMPLE 61
PAR  A mortar was made using the acid-settable liquid described in the preceding
      example. The delayed catalyst was a 4 to 1 molar mixture of
      benzenesulfonyl chloride and cyclohexyl amine. Five parts (weight) of the
      catalyst was mixed with 95 parts of the liquid. The mortar was prepared by
      mixing the following:
TBL  Nevada No. 130 sand, g.  115                                              
     Acid-settable liquid and catalyst, g.                                     
                              50                                               
PAR  The mixture was then placed between common red bricks. After 24 hours at
      the ambient temperature, the bricks were effectively bonded together.
PAR  This example and Examples 29-34 demonstrate that the delayed latent
      catalyst, as herein, is useful for the preparation of sand molds in which
      an acid-settable liquid is the bonding agent. The control (delay) in the
      setting time provided by the instant catalyst system simplifies and
      improves the preparation of sand molds.
PAC  EXAMPLE 62
PAR  A block of ordinary sugar pine wood was impregnated with a mixture of
      furfuryl alcohol (95 parts-weight) and a delayed latent catalyst (5 parts)
      by immersion of the wood in the mixture for 15 minutes. The catalyst was
      an equimolar mixture of .alpha.-trichlorotoluene and pyridine. After 24
      hours at 110.degree.C., the acid-settable liquid in the impregnated wood
      had polymerized and cured.
PAR  The above Examples 59-62 demonstrate that a mixture of a suitable organic
      acid-releasing compound, as described above, and a suitable base, also as
      described above, is an effective delayed latent catalyst for the setting,
      in general, of acid-settable liquids which are set by the action of a
      strong acid.
PAR  The delayed latent catalyst system herein is also useful for effecting a
      permeable consolidation in an unconsolidated terrestrial formation and the
      like with an acid-settable liquid. This is illustrated in the following
      examples.
PAC  EXAMPLE 63
PAR  Nevada 135 sand was charged to a 60-inch Hassler cell. The sand and cell
      was maintained at 150.degree.F. and a mixture of an acid-settable liquid
      (95 parts-weight) and a delayed latent catalyst
      (.alpha.-trichlorotoluene-pyridine; equimolar mixture; 5 parts) was
      injected into the sand. The liquid was a commerciaL furfuryl alcohol
      resin. After the injection of the liquid, the excess liquid was removed
      from the sand and permeability was established by injecting an inert
      fluid, kerosene, into the sand. The cell was then shut in. The residual
      acid-settable liquid adhering to the sand set under the generated
      catalytic influence of the delayed catalyst. The consolidated sand
      averaged 450 md permeability and 6600 psi compressive strength. In
      conventional practice and prior to the present discovery an additional
      stage is required because the catalyst must be separately introduced into
      the unconsolidated material after the permeability flush. In addition to
      the disadvantageous requirement of an additional operational stage, the
      conventional method suffers from the usual problems inherent in a
      multistage method for the introduction and contacting of reactants in a
      well bore and its surrounding formations.
PAC  EXAMPLE 64
PAR  Unconsolidated sand, as in the previous example, was charged to a Hassler
      cell. A mixture of a commercially available acid-settable phenolic resin
      in 2-propanol (50 weight percent solution) and containing 5 parts of an
      equimolar mixture of .alpha.-trichlorotoluene and pyridine per 95 parts of
      the resin was injected into the sand. The cell and its contents were
      maintained at 150.degree.F. for about 18 hours. The resulting consolidated
      sand averaged 120 md permeability and a compressive strength of 1220 psi.
PAC  EXAMPLE 65
PAR  In the manner of Example 64, sand was consolidated except that a furfuryl
      alcohol resin (80% furfuryl alcohol oligomer and 20% furfuryl alcohol
      monomer) was substituted for the phenolic resin. The consolidation
      averaged a 160 md permeability and a compressive strength of 700 psi.
PAR  Examples 63-65 demonstrate that the delayed latent catalyst system herein
      is an effective catalyst for the consolidation of unconsolidated earthen
      formations, especially by the overflush and by the phase separation
      methods in which an acid-settable liquid is the bonding agent. They also
      establish that the acid-settable liquid and catalyst combination, as
      herein, are useful in the installation of precoated sand packs, and
      prepacked liners in wells, especially oil wells.
PAR  Other advantages for the method herein include its use in connection with
      the plugging of a section of a well bore, the plugging of a vug, and the
      plugging of a thief zone.
PAR  In view of the above examples, acid-settable liquids, and especially
      furfuryl alcohol-type liquid and liquid oligomeric mixtures, are useful
      for the treatment of or bonding of wood, paper, glass, ceramics, coal,
      coke, nut shells, sand, soil, and the like. Accordingly, the method herein
      is useful for controlling the setting of acid-settable liquids in their
      use as soil stabilizers, grouting agents, and bonding agents for wood and
      coal fines, and for sandtype foundry castings, molds and the like.
PAR  Another of the many advantageous aspects of the delayed catalyst systems
      herein is the absence of any appreciable change in viscosity of the liquid
      during the extended working time obtained from the presence of the base
      component. This circumstance is especially useful because it eliminates
      variation in the viscosity parameter, which can be, and often is, a severe
      process burden.
PAR  It will be readily appreciated from the above disclosure and examples that
      variations can be made therein and equivalents may be substituted without
      going beyond the purview of the invention or exceeding the scope of the
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of setting an acid-settable liquid which sets at a
      temperature in the range from about -10.degree.C. to 175.degree.C. at a pH
      of less than about 5, which comprises dissolving in said liquid in parts
      by weight an amount of a delayed latent catalyst in the range from about 2
      to 20 parts per 100 parts of the liquid, said catalyst being a mixture of
      a component which releases a strong acid and a basic component wherein the
      mixture contains an amount of base in the range from 0.02 to 0.98
      equivalent per equivalent of releasable strong acid from the
      acid-releasing component; said liquid being an organic liquid selected
      from the group consisting of:
PA1  a. acid-settable hydroxylic liquids;
PA1  b. nonhydroxylic acid-settable liquids which contain at least an effective
      amount of a hydroxylic acid-settable liquid; and
PA1  c. nonhydroxylic acid-settable liquids which contain at least an effective
      amount of a soluble diluent selected from the group consisting of:
PAR  1. water;
PA2  2. one or more substantially neutral organic compounds of the formula
      R(OH).sub.n, in which n is 1, 2 or 3 and R is an organic radical; and
PA2  3. a mixture of the compounds of 2) and water;
PA1  said basic component being one or more suitable bases selected from the
      group consisting of organic and inorganic salt-forming bases having a pKb
      of less than about 13.5; and said acid-releasing component being one or
      more substantially neutral compounds selected from the group consisting of
      organic compounds which release a strong acid under solvolytic conditions
      at a rate in the range of from about 10.sup.-.sup.3 to 10.sup.-.sup.6
      equivalent of the acid per liter per minute at said temperature.
NUM  2.
PAR  2. The method as in claim 1 wherein the acid-releasing compounds are free
      of acid halide substituent groups.
NUM  3.
PAR  3. The method as in claim 1 wherein:
PA1  a. the strong acid is a mineral acid:
PA1  b. the temperature is in the range from 0.degree. to 150.degree.C.;
PA1  c. the acid-settable liquid sets at a pH which is below 3;
PA1  d. the acid-settable liquid is an organic liquid which contains at least 20
      weight percent of furfuryl alcohol;
PA1  e. the liquid contains an amount of the catalyst mixture which is in the
      range 3 to 6 parts per 100 parts of the liquid;
PA1  f. the amount of the base in the mixture is in the range from 0.05 to 0.95
      equivalent per equivalent of releasing strong acid;
PA1  g. the acid-releasing compounds are free of acid halide substituent groups,
      and have a carbon atom content of less than 21;
PA1  h. the base component is one or more organic compounds which contain basic
      nitrogen and which have a carbon atom content of less than 21; and
PA1  i. the rate of release of the strong acid is in the range from about
      10.sup.-.sup.4 to 10.sup.-.sup.5 equivalent per liter per minute.
NUM  4.
PAR  4. The method as in claim 3 wherein the acid-releasing compounds are
      selected from the group consisting of:
PA1  a. compounds of the formula AR(CH.sub.3-y X.sub.y).sub.n, in which AR is a
      benzene or naphthalene ring, y is 1, 2 or 3, X is a halide selected from
      the group consisting of chloride, bromide and iodide, and n is 1 or 2; and
PA1  b. compounds as in (a) in which 1 or 2 of the hydrogen atoms of the ring
      are replaced by 1 or 2 inert substituents selected from the group
      consisting of chloride, bromide, alkoxide, NaOSO.sub.2 --, KOSO.sub.2 --,
      NH.sub.4 OSO.sub.2, and alkyl.
NUM  5.
PAR  5. The method as in claim 1 wherein the acid-releasing compound(s) are acid
      halides and the basic component is free of pyridine-type and aromatic
      amines.
NUM  6.
PAR  6. The method of setting furfuryl alcohol which comprises dissolving in
      said furfuryl alcohol in parts by weight an amount of a delayed latent
      catalyst in the range from about 2 to 20 parts per 100 parts of the
      alcohol, said catalyst being a mixture of a component which releases a
      strong acid and a basic component wherein the mixture contains an amount
      of base in the range from 0.02 to 0.98 equivalent per equivalent of
      releasable strong acid from the acid-releasing component; said basic
      component being one or more suitable bases selected from the group
      consisting of organic and inorganic salt-forming bases having a pKb of
      less than about 13.5; and said acid-releasing component being one or more
      substantially neutral compounds selected from the group consisting of
      organic compounds which release a strong acid under solvolytic conditions
      at a rate in the range of from about 10.sup.-.sup.3 to 10.sup.-.sup.6
      equivalent of the acid per liter per minute at said temperature.
PATN
WKU  039430855
SRC  5
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APT  1
ART  143
APD  19750207
TTL  Suspension copolymer composition
ISD  19760309
NCL  11
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DCD  19930127
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STA  NY
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CTY  Monsey
STA  NY
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ABST
PAL  Self-extinguishing, thermoplastic polymer compositions are prepared by the
      intimate admixture of a thermoplastic polymer with a copolymer of a
      halogen containing ethylenically unsaturated monomer and a phosphorus
      containing vinyl monomer, particularly a bis(hydrocarbyl)vinylphosphonate.
      The thus modified thermoplastic polymers display a high degree of flame
      retardance without any substantial changes in their physical properties
      including, for example, their clarity and hardness and the resulting
      compositions may be safely employed in any application requiring their
      possible exposure to fire or high temperatures.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of the now abandoned application Ser.
      No. 346,198 (filed Mar. 29, 1973) which in turn is a divisional of Ser.
      No. 49,209 (filed June 23, 1970) now U.S. Pat. No. 3,725,509, granted Apr.
      3, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many thermoplastic polymers such, for example, as the homo- and copolymers
      of methyl methacrylate, polyolefins, polystyrene and
      acrylonitrile-butadiene-styrene resins are hard and, in many instances,
      optically clear materials which are widely utilized for the preparation of
      a broad range of consumer and industrial articles. As normally prepared,
      these thermoplastic polymers will ignite and continue to burn upon
      exposure to flames or high temperatures. However, in many instances,
      particularly where they are being considered for use in building interiors
      or in applications requiring their prolonged exposure to high
      temperatures, it is highly desirable that such polymers should display
      fire or flame retardant properties so that they may either meet the
      standards set by various building codes or so that they may be safely
      employed in place of more costly materials.
PAR  Prior attempts to provide fire retardant, thermoplastic polymer
      compositions have involved the use of a variety of extraneous additives
      such, for example, as antimony oxides, halogenated paraffins, halogenated
      hydrocarbons and low molecular weight phosphate esters. However, the
      effective utilization of these and other additives has ordinarily required
      their presence in rather high concentrations which adversely affected the
      physical properties of the treated polymers. Thus, the inherent hardness
      and, in some instances, the clarity of the thermoplastic polymers were
      particularly prone to deterioration in the presence of the high
      concentrations of these additives which were necessary in order to achieve
      a self-extinguishing polymer composition.
PAR  It is, therefore, the prime object of this invention to provide fire
      retardant thermoplastic polymer compositions by the use of additives whose
      presence will not adversely affect the inherent physical properties such
      as hardness and, in some instances, the clarity of the thus modified
      polymers. It is a further object of this invention to provide a novel
      class of copolymers which are particularly useful, as additives, for
      preparing fire retardant, thermoplastic polymer compositions. Various
      other objects and advantages of this invention will be apparent from the
      disclosure thereof which follows hereinafter.
PAC  TECHNICAL DISCLOSURE OF THE INVENTION
PAR  In its broadest aspect, this invention resides in the discovery that
      thermoplastic polymers may be rendered fire retardant by the
      incorporation, thereon, of additives comprising copolymers of: (1) one or
      more halogen containing vinyl monomers with (2) one or more phosphorus
      containing vinyl monomers as hereinafter defined. More particularly, it
      has now been discovered that the use of copolymers of one or more halogen
      containing vinyl monomers with one or more bis(hydrocarbyl)
      vinylphosphonates provides the thus modified polymers with a high degree
      of fire retardance without resulting in any serious deleterious effects
      upon any of their significant physical properties, and particularly their
      clarity and hardness. Moreover, it is truly surprising and advantageous to
      find that the polymer blends resulting from the process of this invention
      display an outstanding degree of compatibility since, as is well known to
      those skilled in the art, physical blends of two or more polymers are
      almost always characterized by their inherently poor compatibility.
PAR  The novel copolymers suitable for use as fire retardant additives for
      thermoplastic polymers in the process of this invention comprise
      copolymers of:
PAR  1. One or more halogen containing, alpha, beta-ethylenically unsaturated,
      i.e. vinyl, monomers including vinyl halides such, for example as vinyl
      chloride, vinyl fluoride and vinyl bromide; halogenated C.sub.1 -C.sub.12
      alkyl acrylates and methacrylates such, for example, as methyl
      alpha-chloroacrylate and methyl alpha-bromoacrylate; vinylidene halides
      such, for example, as vinylidene chloride, vinylidene bromide, vinylidene
      chlorobromide and vinylidene fluoride; halo- substituted nitriles of
      ethylenically unsaturated carboxylic acids such, for example, as
      alpha-chloroacrylonitrile; and the chlorinated styrenes such, for example,
      as alpha-chlorostyrene, o-chlorostyrene, m-chlorostyrene, p-chlorostyrene
      and 2,4-dichlorostyrene; and
PAR  2. one or more bis(hydrocarbyl) vinylphosphonates having the structure:
      ##EQU1##
      wherein X is selected from the group consisting of hydrogen, halogen,
      cyano, aryl such as phenyl, C.sub.1 -C.sub.18 alkyl and
      ##EQU2##
      wherein R and R' are hydrocarbyl and substituted hydrocarbyl groups
      consisting essentially of hydrogen and carbon and containing up to about
      18 carbon atoms inclusive with the proviso that R and R' may be the same,
      different or conjoint, i.e. R and R' may form one single radical.
PAR  The use, in this disclosure, of the expression "hydrocarbyl" and
      "substituted hydrocarbyl groups" refers to the radicals obtained upon the
      removal of a hydrogen from a hydrocarbon or substituted hydrocarbon group
      which may be either an aliphatic or aromatic group. These hydrocarbyl
      groups may be substituted with any non-interfering groups, i.e. with any
      group which does not interfere with the polymerization of the
      bis(hydrocarbyl) vinylphosphonate. Such substituent groups include, for
      example, chloro, bromo, fluoro, nitro, hydroxy, sulfone, ethoxy, methoxy,
      nitrile, ether, ester and keto groups and the like.
PAR  Illustrative of such aliphatic groups as are represented by R and R' are
      alkyl groups, such as methyl, ethyl, propyl, butyl, pentyl, hexyl, nonyl,
      pentenyl and hexenyl groups and all of their respective isomers;
      cycloalkyl groups, such as cyclopropyl, cyclobutyl, cyclopentyl,
      cyclohexyl and cyclohexenyl groups and the like; while typical aryl groups
      represented by R and R' include phenyl, benzyl, phenethyl, tolyl and
      naphthyl groups and the like.
PAR  Representative of the above depicted bis(hydrocarbyl) vinylphosphonates
      are:
PA1  Bis(beta-chloroethyl) vinylphosphonate;
PA1  Bis(beta-chloropropyl) vinylphosphonate;
PA1  Bis(beta-chloroethyl) 1-methylvinylphosphonate;
PA1  Bis(beta-chloroethyl) 1-cyanovinylphosphonate;
PA1  Bis(beta-chloroethyl) 1-chlorovinylphosphonate;
PA1  Bis(beta-chloroethyl) 1-phenylvinylphosphonate;
PA1  Dimethyl vinylphosphonate;
PA1  Diethyl vinylphosphonate;
PA1  Bis(omega-chlorobutyl) vinylphosphonate;
PA1  Di-n-butyl vinylphosphonate;
PA1  Di-isobutyl vinylphosphonate;
PA1  Bis(2-chloroisopropyl) 1-methylvinylphosponate;
PA1  Diphenyl vinylphosphonate; and
PA1  Bis(2,3-dibromopropyl) vinylphosphonate.
PAR  From the above group of bis(hydrocarbyl) vinylphosphonate monomers, it is
      preferred to employ bis(beta-chloroethyl) vinylphosphonate in preparing
      the novel copolymers of this invention since the latter monomer is a
      commercially available material and lower in cost than any of the other
      bis(hydrocarbyl) vinylphosphonates. It is to be noted, at this point, that
      the use of the term "copolymer" in this disclosure is meant to apply to
      polymers derived from two, three or more distinct monomer species.
PAR  In addition to the above described bis(hydrocarbyl) vinylphosphonates, it
      is also possible to prepare copolymers useful as flame retardant additives
      for thermoplastic polymers by employing: (1) mono(alkyl) acid
      vinylphosphonates such, for example, as mono(ethyl) hydrogen
      vinylphosphonate, mono(butyl) hydrogen vinylphosphonate, mono(octyl)
      hydrogen vinylphosphonate; mono(beta-chloroethyl) hydrogen
      vinylphosphonate, mono(omega-chlorooctyl) hydrogen vinylphosphonate; (2)
      mono(cycloalkyl) and mono(aryl) hydrogen vinylphosphonates such, for
      example, as mono(cyclohexyl) hydrogen vinylphosphonate, mono(phenyl)
      hydrogen vinylphosphonate, mono(benzyl) hydrogen vinylphosphonate; (3)
      bis(cycloalkyl) and bis(aryl) vinylphosphonate such, for example, as
      bis(cyclohexyl) vinylphosphonate and bis(benzyl) vinylphosphonates; and,
      (4) bis(alkyl), bis(cycloalkyl), and bis(aryl) allylphosphonates such, for
      example, as bis(beta-chloroethyl) allylphosphonates, bis(cyclohexyl)
      allylphosphonate and bis(benzyl) allylphosphonate as well as mixtures of
      any two or more of the above described phosphonate monomers.
PAR  The copolymers of this invention may also, if desired, contain one or more
      optional comonomers including alpha-olefins such as ethylene, propylene
      and butylene; vinyl esters of carboxylic acids such as vinyl acetate,
      vinyl butyrate, and vinyl stearate; the C.sub.1 -C.sub.20 alkyl esters of
      acrylic and methacrylic acid such as methyl methacrylate, methyl acrylate,
      ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate and lauryl acrylate;
      aryl, halo- and nitro- substituted benzyl esters of acrylic and
      methacrylic acid such as benzyl acrylate and 2-chlorobenzyl acrylate;
      ethylenically unsaturated monocarboxylic-acids such as acrylic and
      methacrylic acids; ethylenically unsaturated dicarboxylic acids, their
      anhydrides and their C.sub.1 -C.sub.20 mono- and dialkyl esters such as
      aconitic acid, fumaric acid, maleic acid, itaconic acid, citraconic acid,
      maleic anhydride, dibutyl fumarate and monoethyl maleate; amides of
      ethylenically unsaturated carboxylic acids such as acrylamide and
      methacrylamide; vinyl aryl compounds such as styrene and alpha-methyl
      styrene; nitriles of ethylenically unsaturated carboxylic acids such as
      acrylonitrile and methacrylonitrile; C.sub.1 -C.sub.20 alkyl vinyl ethers
      such as methyl vinyl ether, ethyl vinyl ether and stearyl vinyl ether;
      dienes such as isoprene and butadiene; and, glycidyl esters of acrylic and
      methacrylic acid such as glycidyl acrylate and glycidyl methacrylate, etc.
      Preferred for use as optional comonomers are methyl methacrylate,
      acrylonitrile and methacrylonitrile.
PAR  The above described copolymers may be prepared by means of any convenient
      polymerization technique known to those skilled in the art such, for
      example, as by means of a free radical, ionically or Ziegler catalyst
      initiated bulk, emulsion, solution or suspension type polymerization
      technique.
PAR  However, for use as flame retardant additives for thermoplastic polymers,
      it is preferred that they be prepared by means of a free radical
      initiated, suspension polymerization process in an aqueous medium
      containing from about 0.01 to 5%, as based on the total weight of the
      monomer mixture, of a suspension agent such, for example, as gelatin,
      starch, hydroxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl
      cellulose, carboxymethyl cellulose, talc, clay, polyvinyl alcohol and the
      like. As a catalyst for the polymerization, one may use from about 0.01 to
      5.0%, as based on the total weight of the monomer mixture, of a monomer
      soluble azo or peroxide compound such, for example, as
      azobisisobutyronitrile, lauroyl peroxide, benzoyl peroxide,
      isopropylperoxy dicarbonate, t-butyl peroxypivalate and the like.
      Polymerization may ordinarily be initiated by heating the system to a
      temperature in the range of from about -10.degree. to 100.degree.C. for a
      period of from about 1 to 30 hours with agitation being applied throughout
      the course of the reaction. The resulting product will comprise an aqueous
      suspension of the desired copolymers which will be in the form of
      particulate solids having a resin solids content in the range of from
      about 5 to 60%, by weight. These copolymer particles will have a particle
      size in the range of from about 2 to 500 microns with a range of from
      about 50 to 250 microns being preferred when the copolymers are to be used
      as additives for preparing flame retardant, thermoplastic polymers. These
      copolymers should have a molecular weight, as expressed in terms of their
      Relative Viscosity, of from about 0.5 to 3.0 when determined, at
      25.degree.C. with a 1%, by weight, solution of the copolymer in
      cyclohexanone.
PAR  With respect to proportions, these novel copolymers may contain from about
      2.5 to 99%, by weight, of one or more of the above described
      bis(hydrocarbyl) vinylphosphonates with the balance of the copolymer
      comprising one or more of the above described halogen containing,
      ethylenically unsaturated monomers together with from 0 to about 50%, by
      weight of one or more of the above described optional comonomers. Optimum
      results, as flame retardant additives for thermoplastic polymers, are
      obtained by the use of copolymers containing from about 2.5 to 60% of one
      or more bis(hydrocarbyl) vinylphosphonates, preferably
      bis(beta-chloroethyl) vinylphosphonate.
PAR  It is to be noted, with respect to the above described proportions for the
      composition of the copolymers of this invention, that it has been found
      that it becomes increasingly more difficult to attain good polymerization
      conversion rates as attempts are made to increase the amount of the
      bis(hydrocarbyl) vinylphosphonate in the resulting copolymer substantially
      above a concentration of about 60%, by weight. On the other hand, the use
      of these copolymers as flame retardant additives for thermoplastic
      polymers becomes progressively more inefficient when they contain
      substantially less than about 5%, by weight, of one or more
      bis(hydrocarbyl) vinylphosphonates since the resulting blend will then
      require the presence of a rather high concentration of the copolymer in
      order to attain flame retardancy. The use of such high concentrations of
      these copolymer additives may, in turn, result in some deterioration in
      the inherent physical properties of the thus modified thermoplastic
      polymer.
PAR  Specific copolymer compositions which have been found to provide
      particularly good results as additives for the preparation of fire
      retardant, thermoplastic polymer composition are:
PAR  1. a copolymer of vinyl chloride with about 10 to 40%, by weight, of
      bis(beta-chloroethyl) vinylphosphonate, and
PAR  2. a terpolymer containing about 10 to 60%, by weight, of vinyl chloride,
      about 10 to 60%, by weight of vinyl bromide; and about 10 to 60%, by
      weight of bis(beta-chloroethyl) vinylphosphonate.
PAR  In all cases, the novel copolymers of this invention have been found to
      provide blends with thermoplastic polymers which are characterized by
      their outstanding fire retardancy, their excellent compatibility and their
      retention of physical properties such as hardness, tensile and impact
      strengths and clarity in those cases where the initial polymer substrate
      is itself clear. As used in this disclosure, the term "fire retardant" or
      "flame retardant" is intended to refer to that particular property of a
      material which provides it with a degree of resistance to ignition and
      burning. Thus, a fire or flame retardant composition is one which has a
      low level of flammability and flame spread. This property may be
      conveniently evaluated by means of any of the standard flame retardancy
      tests such, for example, as the ASTM test D-635.
PAR  In addition to being used as fire retardant additives for the preparation
      of thermoplastic polymer compositions, the bis(hydrocarbyl)
      vinylphosphonate copolymers of this invention may be used in any of the
      various coating, adhesive, laminating, impregnating and molding
      applications known to those skilled in the art. Thus, they may be coated
      upon and/or absorbed by all types of substrates to which it is desired to
      impart fire retardant properties. They may, therefore, be used as
      coatings, impregnants, fillers, laminants, and adhesives for such
      substrates as wood; paper; metals; textiles based on either natural or
      synthetic fibers or blends thereof; synthetic polymer films such as those
      based upon polyolefins, regenerated cellulose, i.e. cellophane, polyvinyl
      chloride, polyesters and the like; leather; natural and synthetic rubber;
      fiberboard; and synthetic plastics prepared by means of either addition or
      condensation polymerization techniques.
PAR  Any desired thermoplastic polymers may be blended with the above described
      bis(hydrocarbyl) vinylphosphonate copolymers in order to prepare fire
      retardant compositions. Such thermoplastic polymers include:
PAR  1. the homopolymer of methyl methacrylate, i.e. polymethyl methacrylate, as
      well as copolymers of methyl methacrylate with minor proportions of one or
      more alpha, beta-ethylenically unsaturated monomers which are
      polymerizable therewith including: the C.sub.1 -C.sub.8 alkyl, cycloalkyl
      and bicycloalkyl esters of acrylic acid and the C.sub.2 -C.sub.8 alkyl,
      cycloalkyl and bicycloalkyl esters of methacrylic acid such, for example,
      as ethyl acrylate and methacrylate, butyl methacrylate, ethylhexyl
      methacrylate, norbornyl acrylate, and cyclohexyl acrylate; vinyl aryl
      compounds such, for example, as alpha-methyl styrene and styrene; and,
      nitriles of alpha, beta-ethylenically unsaturated carboxylic acids such,
      for example, as acrylonitrile and methacrylonitrile. From the above given
      group, the use of the C.sub.1 -C.sub.18 alkyl esters of acrylic acid,
      particularly ethyl acrylate, and of the C.sub.2 -C.sub.8 alkyl esters of
      methacrylic acid is preferred.
PAR  2. acrylonitrile-butadiene-styrene resins, commonly referred to as "ABS"
      resins which generally comprise either a mixture of a 60 to 80:40 to 20
      styrene:acrylonitrile copolymer with from about 10 to 40%, by weight of a
      5 to 40:95 to 60 acrylonitrile:butadiene copolymer or a mixture of a 60 to
      80:40 to 20 styrene:acrylonitrile copolymer with from about 10 to 40%, by
      weight, of a graft of the latter copolymer onto polybutadiene.
PAR  3. poly(alpha-olefins) such as polypropylene and polyethylene and
      copolymers of one or more alpha-olefins, such as ethylene or propylene,
      with a minor proportion of one or more ethylenically unsaturated monomers
      including 4-methyl pentene-1; butene-1; norbornene and its derivatives;
      (EPDM) cyclopetadiene; cyclopentene; cyclobutene; vinyl acetate; the
      C.sub.1 -C.sub.12 alkyl acrylate and methacrylate esters; as well as
      blends of the homo- and copolymers of alpha-olefins with other types of
      thermoplastic polymers.
PAR  4. polystyrene and copolymers of styrene or alphamethyl styrene with a
      minor proportion of one or more ethylenically unsaturated comonomers such,
      for example, as nitriles of ethylenically unsaturated carboxylic acids
      including acrylonitrile and methacrylonitrile; and C.sub.1 -C.sub.12 alkyl
      esters of acrylic and methacrylic acid such, for example, as methyl
      methacrylate and 2-ethylhexyl acrylate; and graft copolymers of styrene or
      alpha-methylstyrene with polybutadiene and other hydrocarbon elastomers.
PAR  5. cellulosic resins including cellulose esters and mixed esters such, for
      example, as cellulose nitrate, cellulose acetate, cellulose butyrate,
      cellulose propionate, cellulose acetate-butyrate, cellulose
      acetate-propionate and cellulose ethers such, for example, as ethyl
      cellulose;
PAR  6. polyamide resins, i.e. the resins made by the condensation of di- or
      polyamines with di- or polybasic acids or by polymerization of lactams or
      amino acids. Typical polyamides include: nylon 4 which is made from
      pyrrolidone; nylon 6 obtained by polycondensation of caprolactam; nylon 66
      obtained by the condensation of hexamethylene diamine with adidic acid;
      nylon 610 obtained by the condensation of hexamethylenediamine with
      sebacic acid; nylon 7 which is a polymer of ethyl aminoheptanoate; nylon 9
      made from 9-aminononanoic acid; and nylon 11 made from 11-amino undecanoic
      acid;
PAR  7. polyester resins, i.e. the resins produced by the condensation of
      saturated or unsaturated dibasic acids, such as terephthalic, maleic,
      fumaric, isophthalic, adipic and azelaic acids with dihydric alcohols such
      as ethylene glycol, propylene glycol, diethylene glycol and dipropylene
      glycol. Where the resin is made with an unsaturated acid, a polymerizable
      monomer such, for example, as styrene, vinyl toluene, diallyl phthalate,
      methyl methacrylate; chlorostyrene, alpha-methyl styrene, divinyl benzene
      or triallyl cyanurate is often included in the composition;
PAR  8. polyurethane resins, i.e. the resins formed by the reaction between a
      bi- or polyfunctional hydroxyl containing compound, such as a polyether or
      polyester, and a di- or polyisocyanate such as toluene disiocyanate or
      diphenylmethane-4, 4'-diisocyanate;
PAR  9. polycarbonate resins, i.e. the resins derived from the reaction between
      a difunctional alcohol or phenol, such as bisphenol A, and phosgene or an
      alkyl or aryl carbonate;
PAR  10. polyacetal resins, i.e. the resins derived from the anionic
      polymerization of formaldehyde to obtain a linear molecule of the type
      --O--CH.sub.2 --O--CH.sub.2 --O--CH.sub.2 --;
PAR  11. polyphenylene oxide resins made by the oxidative polymerization of
      2,6-dimethylphenol in the presence of a copperamine-complex catalyst;
PAR  12. polysulfone resins, i.e. the resins containing an SO.sub.2 linkage as
      derived from the reaction of sulfur dioxide with olefins such as 1-butene
      or, more preferably, by reaction of bisphenol A with 4,4'-dichlorodiphenyl
      sulfone.
PAR  13. the acrylate:styrene:acrylonitrile resins, commonly referred to as
      "ASA" resins, which comprise a copolymer containing a major proportion of
      a C.sub.2 -C.sub.8 alkyl acrylate elastomer upon which is grafted about
      80-72% of the weight of the latter copolymer of a 70-80:30-20
      styrene:acrylonitrile copolymer.
PAR  In effect, one may utilize any thermoplastic polymer, i.e. any polymer that
      may be softened by heat and then regain its original properties on
      cooling, in preparing the fire retardant compositions of this invention.
PAR  The actual blending of the copolymer additives of this invention with the
      selected polymeric substrate, i.e. with any one or more of the above
      described thermoplastic polymers, may be accomplished by means of any
      convenient procedure which will result in an intimate admixture of the
      additive within the mass of the substrate polymer. Thus, for example, an
      aqueous suspension containing the particles of the copolymer additive may
      simply be blended or otherwise admixed with the substrate polymer which
      should, preferably, be in the form of an aqueous latex or suspension. Or,
      if desired, the copolymer additive and the thermoplastic polymer substrate
      may be admixed while each is in the form of a solid powder.
PAR  The blending operation may also be carried out by means of a procedure in
      which the thermoplastic polymer which comprises the substrate is itself
      polymerized while in the presence of an aqueous emulsion or suspension or
      organic solvent solution containing one or more of the previously
      polymerized copolymer additives of this invention. Alternatively, the
      bis(hydrocarbyl) vinylphosphonate containing copolymer additive may be
      polymerized in a system which contains the previously polymerized selected
      thermoplastic polymer substrate in an appropriate physical form, e.g. as
      an aqueous suspension or emulsion or as an organic solvent solution.
PAR  With respect to proportions, the amount of bis(hydrocarbyl)
      vinylphosphonate containing copolymer which may be admixed with a
      thermoplastic polymer substrate will depend, primarily, upon such factors
      as the particular phosphonate copolymer and thermoplastic polymer
      substrate which are to be blended with one another, the degree of fire
      retardancy desired in the resulting blend, the degree of clarity, hardness
      and other specific physical properties which are sought as well as other
      technical and economic considerations known and understood by those
      skilled in the art. However, in order to attain a composition which will
      be self-extinguishing, it is generally desirable to introduce an effective
      concentration of the bis(alkyl) vinylphosphonate copolymer additive which
      will be sufficient to provide the resulting blend with at least about
      0.5%, by weight, of phosphorus and with at least about 10%, by weight, of
      halogen, i.e. chlorine and/or bromine, derived from the halogen containing
      ethylenically unsaturated monomer and also, if possible, from the
      bis(hydrocarbyl) vinylphosphonate.
PAR  The fire retardant, thermoplastic polymer compositions of this invention
      can be prepared so as to contain various optional additives which may
      include plasticizers such as the alkyl esters of phthalic, adipic and
      sebacic acids such, for example, as dioctyl phthalate and ditridecyl
      phthalate and aryl phosphate esters such, for example, as diphenyl and
      tricresyl phosphate, etc.; lubricants and mold release agents such as
      stearic acid or its metal salts, petroleum based waxes, mineral oils,
      polyethylene waxes, etc.; and heat and light stabilizers such as barium,
      cadmium, calcium, zinc soaps or phenates, basic lead compounds, organo-tin
      compounds, such as dialkyl tin mercaptides and dialkyl tin maleates,
      thiolauric anhydride and n-butyl stannoic acid, epoxidized oils, alkyl
      diphenyl phosphites, triaryl phosphites, phenyl salicylates, benzophenones
      and benzotriazoles, etc. For a more complete listing of plasticizers,
      lubricants, stabilizers and other functional additives, one may consult
      "Polyvinyl Chloride" by H. A. Sarvetnick published by Van Nostrand
      Reinhold Co., New York, N.Y., in 1969.
PAR  The compositions of this invention may also contain fillers, pigments,
      dyes, opacifying agents, decorative additives such as reflective metal
      foils or flakes, and other imbedded solid objects such as fiber glass,
      textile fibers, paper, and the like, provided that they do not detract
      from the flame retardancy of these products. In addition, the compositions
      may contain other flame retardants such as antimony compounds, halogenated
      alkyl phosphates or phosphonates, alkyl acid phosphates, or small
      concentrations of phosphoric acid.
PAR  The novel fire retardant compositions of this invention, comprising blends
      of any of the above described thermoplastic polymers with one or more of
      the novel fire retardant additives of this invention, may be utilized in
      any of the coating, impregnating and especially in the molding
      applications known to those skilled in the art wherein it is desired to
      provide fire retardancy to the resulting end product. For example, these
      compositions may be used for preparing such diverse items as calendered
      films, blow molded bottles, extruded flat bed and blown films, extruded
      and shaped articles such as panels, sheets, rods and tubes, etc. and in
      carrying out such processes as injection molding, fluidized bed coating,
      electrostatic powder spraying and rotational coating, etc. More
      particularly, these compositions which are optically clear such, for
      example, as those based upon homo- or copolymers of methyl methacrylate or
      homo- or copolymers of styrene may be utilized for preparing such articles
      as lenses, aircraft canopies, windows, windshields, lighting fixtures, and
      advertising displays. Applications wherein optical clarity is not
      essential include such automotive applications as seat backs, door panels,
      instrument panels, head rests, arm rests, package shelves, plated
      hardware, radiator grills, fender extensions and liners, wheel covers and
      gas tanks. Non-automotive applications include their use as structural and
      decorative components for both the interiors and exteriors of conventional
      houses and mobile homes and as structural and decorative elements of
      business machines and electrical appliances.
DETD
PAR  The following examples will further illustrate the embodiment of this
      invention. In these examples, all parts given are by weight unless
      otherwise noted.
PAC  EXAMPLE I
PAR  This example illustrates the preparation of a bis (hydrocarbyl)
      vinylphosphonate copolymer as well as its subsequent use in preparing a
      fire retardant, thermoplastic polymer composition.
PAR  Into a 32 ounce reaction vessel, there is charged 38g of
      bis(beta-chloroethyl) vinylphosphonate, hereinafter referred to as
      "bis-beta"; 75g of a 1% aqueous solution of methyl cellulose; 0.8g of a
      75% solution of t-butyl peroxypivalate in mineral spirits; and, 375g of
      deionized water. The reaction vessel is chilled to a temperature of about
      20.degree.C. 112g of vinyl chloride monomer is introduced whereupon the
      reactor is capped and tumbled end-over-end for 12 hours in a 60.degree.C.
      constant temperature bath.
PAR  The resulting aqueous suspension has a resin solids content of 25%, by
      weight, of a 75:25 vinyl chloride-bis-beta copolymer having an average
      particle size of about 200 microns and a Relative Viscosity of 1.75 as
      determined with a 0.1g/deciliter solution of the copolymer in
      cyclohexanone at 25.degree.C. After filtering and drying, a small portion
      of the copolymer solids is methanol extracted in a Soxhlet apparatus and
      essentially no free bis-beta is found to have been removed thereby
      indicating that there is no unreacted bis-beta present in the copolymer.
PAR  A total of 44 parts of the above described vinyl chloride:bis-beta
      copolymer, which is in the form of a dry, particulate mass, is intimately
      admixed with 56 parts of an 80:20 methyl methacrylate:ethyl acrylate
      copolymer and the resulting mixture, which is found to have a phosphorus
      content of 1.28%, by weight, and a chlorine content of 21.8%, by weight,
      is thereupon fluxed on two-roll mill operating at a temperature of
      165.degree.C. A 0.065 inch thick sheet is then pressed from the fluxed
      mixture and is found to have excellent color and clarity comparable to
      that exhibited by a control which comprises a 0.065 inch thick sheet
      prepared by the identical procedure as described above using, in this
      instance, an unmodified batch of the same 80:20 methyl methacrylate:ethyl
      acrylate copolymer.
PAR  The fire retardancy of the control sheet and of the sheet prepared from the
      novel composition of this invention is then evaluated using the procedure
      of the ASTM D-635 test. In brief, this test involves preparing 5 .times.
      1/2 .times. 0.05 inch specimens from the respective sheets. These
      specimens are then suspended so that their 5 inch dimension is horizontal
      and their 1/2 inch dimension is inclined at a 45.degree. angle. One end of
      the thus suspended specimen is then contacted, for 30 second periods, with
      a one inch high flame from a 3/8 inch diameter barrel bunsen burner fitted
      with a 17/8 inch wide wing top.
PAR  As evaluated by means of the latter test procedure, it is found that the
      sheet containing the vinyl chloride:bis-beta copolymer additive of this
      invention is completely non-burning whereas the unmodified control burns
      at a rate of 1.94 inches per minute until it is entirely consumed.
PAR  Comparable results are attained by the use, as fire retardant copolymer
      additives, of similarly prepared bis-beta-copolymers in which the vinyl
      chloride is replaced, respectively, with alpha- chloroacrylonitrile,
      alpha-chlorostyrene and methyl alpha-chloroacrylate.
PAC  EXAMPLE II
PAR  The suspension polymerization procedure described in Example I,
      hereinabove, is followed in order to prepare the various bis(hydrocarbyl)
      vinylphosphonate copolymer additives listed below.
TBL  COPOLYMER NO.                                                             
                 COMPOSITION BY WEIGHT                                         
     ______________________________________                                    
     1           84:16 vinyl bromide:bis-beta                                  
     2           30:50:20 vinyl chloride:vinyl bromide:                        
                  bis-beta                                                     
     3           60:20:20 vinyl chloride:vinyl bromide:                        
                  bis-beta                                                     
     4           82:18 vinylidene chloride:bis-beta                            
     ______________________________________                                    
PAR  Samples of each of the above described copolymer additives are then
      intimately admixed with various thermoplastic polymer substrates which
      include:
TBL  THERMOPLASTIC DESCRIPTION OF POLYMER                                      
     POLYMER SUBSTRATE NO.                                                     
                   SUBSTRATE (BY WEIGHT)                                       
     __________________________________________________________________________
     1             An 80:20 methyl methacrylate:ethyl                          
                    acrylate copolymer                                         
     2             An ABS resin sold by Monsanto Chemical                      
                    Co. under the trademark "Lustran 461"                      
     3             Polymethyl methacrylate                                     
     4             A 75:25 styrene:acrylonitrile copolymer                     
     __________________________________________________________________________
PAR  The resulting blends are then used for the preparation of 0.065 inch thick
      sheets by means of the milling procedure set forth in Example I. The fire
      retardancy of these sheets, as well as of controls which comprise sheets
      prepared from samples of the various unmodified thermoplastic polymer
      substrates, is then evaluated by means of the procedure of the ASTM D-635
      test. Table 1 hereinbelow, provides a description of the composition of
      the various sheets while Table 2 describes the results attained in their
      fire retardancy evaluation.
TBL                                    TABLE NO. I                             
     __________________________________________________________________________
     COMPOSITION OF SHEETS UNDERGOING EVALUATION                               
     __________________________________________________________________________
          COPOLY-             %, BY WT.                                        
          MER          THERMO-                                                 
                              THERMO-     % BY                                 
          ADDI- % BY WT.                                                       
                       PLASTIC                                                 
                              PLASTIC                                          
                                    % BY WT.                                   
                                          WT.                                  
     SHEET                                                                     
          TIVE  COPOLYMER                                                      
                       POLYMER                                                 
                              POLYMER                                          
                                    PHOS- HALO-                                
     NO.  NO.   ADDITIVE                                                       
                       SUBSTR. NO.                                             
                              SUBSTR.                                          
                                    PHORUS                                     
                                          GEN                                  
     __________________________________________________________________________
     1    1     44     1      66    0.94  29.6                                 
     2    2     44     1      66    1.17  26.6                                 
     3    3     50     2      50    1.80  27.6                                 
     4    3     36     2      64    1.40  18.2                                 
     5    3     50     3      50    1.33  27.6                                 
     6    3     50     4      50    1.33  27.6                                 
     7    4     50     1      50    1.20  32.6                                 
     1C   --    0      1      100   0     0                                    
     2C   --    0      2      100   0     0                                    
     3C   --    0      3      100   0     0                                    
     4C   --    0      4      100   0     0                                    
     __________________________________________________________________________
TBL                TABLE NO. 2                                                 
     ______________________________________                                    
     Flame Retardancy Evaluation                                               
     Sheet No.                                                                 
     ______________________________________                                    
     1      Completely non-burning                                             
     2      Completely non-burning                                             
     3      Self-extinguishing as defined by ASTM test D-635                   
     4      Self-extinguishing as defined by ASTM test D-635                   
     5      Completely non-burning                                             
     6      Self-extinguishing as defined by ASTM test D-635                   
     7      Completely non-burning                                             
     1C     Burns at rate of 1.94 inches/minute until                          
             entirely consumed                                                 
     2C     Burns at rate of 2.2 inches/minute until                           
             entirely consumed                                                 
     3C     Burns at rate of 2.3 inches/minute until                           
             entirely consumed                                                 
     4C     Burns at rate of 2.3 inches/minute until                           
             entirely consumed                                                 
     ______________________________________                                    
PAR  The above given data is clearly indicative of the excellent results that
      are achieved in the flameproofing of thermoplastic polymers with the novel
      bis(hydrocarbyl) vinylphosphonate copolymer additives of this invention in
      a direct comparison with unmodified control speciments, i.e. sheets
      numbers 1C - 4C, of the identical thermoplastic polymers with which these
      additives are here blended.
PAR  Comparable results, with respect to flame retardancy, are achieved using a
      copolymer containing 80 parts by weight of vinyl chloride and 20 parts, by
      weight, respectively of each of the following bis(hydrocarbyl)
      vinylphosphonate monomers:
PA1  bis(beta-chloroethyl) 1-cyanovinylphosphonate,
PA1  bis(beta-chloropropyl) vinylphosphonate,
PA1  bis(beta-chloroethyl) 1-phenylvinylphosphonate,
PA1  di-n-butyl vinylphosphonate and
PA1  diphenyl vinylphosphonate;
PAR  These copolymers being blended with the following thermoplastic polymer
      substrates:
PA1  an acrylate:styrene:acrylonitrile resin
PA1  polypropylene,
PA1  polyethylene,
PA1  polyurethane,
PA1  polycarbonate,
PA1  cellulose acetate,
PA1  nylon 66 and
PA1  polyphenylene oxide.
PAR  Variations may be made in proportions, procedures and materials without
      departing from the scope of this invention as defined by the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aqueous suspension of particles of a suspension copolymer consisting
      of:
PA1  1. from about 2.5 to 99%, by weight of at least one bis (hydrocarbyl)
      vinylphosphonate having the structure:
      ##EQU3##
      wherein X is selected from the group consisting of hydrogen, halogen,
      cyano, aryl, C.sub.1 -C.sub.18 alkyl and
      ##EQU4##
      wherein R and R' are hydrocarbyl and substituted hydrocarbyl groups which
      can be the same, different or conjoint; and
PA1  2.
NUM  2.
PAR  2. the balance being at least one halogen-containing .alpha.,
      .beta.-ethylenically unsaturated monomer selected from the group
PAR   consisting of the vinyl halides and the vinylidene halides. 2. The
      copolymer of claim 1, wherein said vinyl halide is selected from the group
      consisting of vinyl chloride, vinyl fluoride and vinyl bromide.
NUM  3.
PAR  3. The copolymer of claim 1, wherein said vinylidene halide is vinylidene
      chloride.
NUM  4.
PAR  4. The copolymer of claim 1, wherein said copolymer contains from about 5
      to 60, by weight, of said bis(hydrocarbyl) vinylphosphonate.
NUM  5.
PAR  5. The copolymer of claim 1, wherein said bis(hydrocarbyl) vinylphosphonate
      is bis(beta-chloroethyl) vinylphosphonate.
NUM  6.
PAR  6. A dry, particulate mass of the copolymer of claim 1.
NUM  7.
PAR  7. An aqueous suspension of particles of a suspension copolymer consisting
      of vinyl chloride and from about 10 to 40, by weight, of
      bis(beta-chloroethyl) vinylphosphonate.
NUM  8.
PAR  8. A dry, particulate mass of the copolymer of claim 7.
NUM  9.
PAR  9. An aqueous suspension of particles of a suspension copolymer consisting
      of from about 10 to 60%, by weight, of vinyl chloride; from about 10 to
      60%, by weight, of vinyl bromide; and, from about 10 to 60%, by weight, of
      bis(beta-chloroethyl) vinylphosphonate.
NUM  10.
PAR  10. A dry, particulate mass of the copolymer of claim 9.
NUM  11.
PAR  11. The copolymer of claim 1, wherein said copolymer has a Relative
      Viscosity as determined, at 25.degree.C. in a 1% solution of the polymer
      in cyclohexanone of from about 1.5 to 3.0.
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ABST
PAL  A method is described for preparation of an adduct product for use as a
      binder medium for paints to be applied by electrodeposition. This product
      is the adduct resulting from the solution of a solid polycycloalkadiene
      polymer having a molecular weight of 700-800 in a liquid polyalkadiene
      polymer of 500-5000 molecular weight after the initiation of the adduct
      formation reaction by the addition of an unsaturated polycarboxylic acid
      or its anhydride. The adduct is formed by adding the acid or anhydride to
      the solution of the solid polymer in the liquid. The resulting adduct
      product is suitable for use as a paint binder for electrodeposited paints
      when diluted with water. The paint composition may be formed by mixing of
      pigments into the binder and then suspending the mixture in water.
BSUM
PAR  This invention relates to water-dilutable coating products intended to be
      applied onto electro-conducting or non-electro-conducting supports by
      conventional application techniques and by the technique of
      electrodeposition.
PAR  The invention relates more especially to a method for the preparation of
      coating product obtained by the addition of a polymerized diene and of an
      ethylenically unsaturated polycarboxylic acid or of the corresponding
      anhydride.
PAR  These addition reactions are known, which make use of the conventional
      Diels-Adler reaction and which result notably in maleic acid modified oils
      obtained by the addition of maleic anhydride and polymerised or
      non-polymerised unsaturated triglycerides, and in the "maleic resins"
      obtained by the addition of maleic anhydride and of abietic acid and/or
      the isomers of this acid.
PAR  These various products are currently used in the surface coatings industry
      in organo-soluble or hydro-soluble form. More recently, proposals have
      been made for replacing the triglycerides or their polymers by polymers of
      diolefins in the addition reactions with the unsaturated polycarboxylic
      acids. Thus, French Pat. No. 1,509,692 describes a hydrosoluble coating
      product obtained from polymers or copolymers of conjugated diolefins
      having a high proportion of double bonds in the 1, 4 position and from an
      unsaturated dicarboxylic acid.
PAR  French Pat. No. 1,467,595 describes a method for the preparation of an
      addition product by the combination of a liquid polybutadiene and of
      maleic anhydride.
PAR  The various reaction products obtained by the methods just described may be
      used in the technique of electrodeposition as water-dilutable binders.
PAR  These products, when they are used in accordance with this
      electrodeposition technique, after appropriate pigmentation, result in
      electro-coatings of excessive thickness, having a surface appearance of
      uneven quality, and possessing limited stability and inadequate mechanical
      properties.
PAR  In order to overcome these disadvantages, it is proposed in U.S. Pat. No.
      3,351,675 to modify a maleic anhydride-polybutadiene adduct by a
      non-thermoreactive phenolic resin.
PAR  In French Pat. No. 2,013,612, the preparation is described of a
      hydrosoluble coating product constituted of a maleic
      anhydride-polybutadiene adduct, one or more thermoreactive phenolic
      compounds, and possibly also one or more hydroxyl compounds.
PAR  These various coating products necessitate the use of long and difficult
      preparation processes. Although the technique of forming the adduct may be
      simple and rapid, the same is not true for the thermoreactive or
      non-thermoreactive phenolic compounds.
PAR  In conclusion, the various known processes described above for the
      preparation of water-dilutable coating products possess at least one of
      the following two disadvantages:
PA1  the execution of the process is long and difficult, and therefore costly,
      and may require a number of base compounds.
PA1  the electro coating obtained by the application of the coating product
      using the technique of electrodeposition is not satisfactory from the
      point of view of surface condition, toughness, hardness and protection of
      the support from corrosion.
PAR  Other methods of preparing coating products are also known, which also
      possess these disadvantages:
PAR  In U.S. Pat. No. 2,812,371, a description is given of a method for the
      preparation of a siccative oil, a copolymer of diolefins and
      cyclo-diolefins. A small proportion of maleic anhydride may optionally be
      added later, in order to improve the wetting property of the pigments.
PAR  However, the siccative oil obtained by the process can neither be diluted
      nor made soluble in water. Moreover, this siccative oil is not intended to
      be applied by electrodeposition.
PAR  In French Pat. No. 2,033,758, a description is given of a water-dilutable
      coating product, capable of being used in varnishes or paints to be
      applied by electrodeposition. This product is obtained by the addition of
      dicarboxylic ethylenic compounds and polybutadiene.
PAR  Finally, in British Pat. No. 1,102,652, a description is given of a
      water-soluble coating product, having as its base an addition product of
      an unsaturated .alpha..beta. dicarboxylic compound and of a diolefinic
      polymer. It is mentioned as a diolefin of butadiene and isoprene. The
      comonomers which may be copolymerized to diolefins are styrene,
      acrylonitrile and .alpha.-olefin.
PAR  It is an objective of the invention to overcome the disadvantages referred
      to above by proposing a hydrosoluble coating product giving excellent
      performance, sufficiently stable with regard to oxidation, perfectly
      reproducible and which possesses very good electrodeposition properties.
PAR  The execution of this process according to the invention is easier than
      that of the hitherto known processes, and the electrocoating obtained by
      appplication using the electrodeposition technique is of improved quality.
PAR  These results are achieved by introducing, into a maleic anhydride -
      diolefin composition, a cyclodiene polymer of low un-saturation and of low
      molecular weight.
PAR  The method according to the invention is characterized by the fact that, in
      the first place hot mixing is carried out of at least one liquid
      polyalkadiene of molecular weight from 500 to 5000, and of at least one
      solid polycycloalkadiene polymer of molecular weight from 700 to 800 said
      solid polymer having a ball and ring melting point of from 70.degree. to
      100.degree.C, that this mixture is then cooled and is maintained
      subsequently at a substantially constant temperature, and that finally
      there is added to this mixture at least one unsaturated polycarboxylic
      acid or an unsaturated polycarboxylic acid anhydride.
PAR  It follows from the principal characteristic that the addition product is
      obtained from a solid polymer. This polymer contains a polycycloalkadiene.
PAR  The other characteristics of the invention will become apparent from the
      following description.
PAR  An addition product which is water-soluble after neutralization and which
      contains free carboxyl radicals is obtained by the method according to the
      invention in which:
PAR  At least one polyalkadiene in the liquid state and of low molecular weight
      is first associated with a solid polymer having a ball and ring melting
      point of from 70.degree. to 100.degree.C, composed principally of
      polycycloalkadiene and optionally also, in a smaller proportion, of at
      least one polyalkadiene. The ratio by weight of liquid polyalkadiene/solid
      polycycloalkadiene is from 60 to 95%. The reaction temperature is from
      150.degree. to 220.degree.C.
PAR  This polymer dispersion is then caused to react, by an addition reaction,
      with at least one ethylenically unsaturated polycarboxylic acid and/or an
      anhydride of this acid. The weight of polycarboxylic acid and/or anhydride
      is from 5 to 25% of the weight of the polyalkadiene-polycycloalkadiene
      association already defined.
PAR  As will be seen later, an addition product prepared by this method may be
      diluted in a lyotrope or water miscible solvent and neutralised by a
      nitrogenised base. This addition product, utilised in pigmented form and
      applied by anodic electrodeposition technique, results in an
      electrocoating of excellent quality.
PAR  The polycarboxylic acid used in the composition of the addition product is
      fumaric acid or maleic acid.
PAR  The addition product is prepared either from a single liquid polyalkadiene,
      or from a mixture of polyalkadienes. As a general rule, a polyalkadiene
      without hydroxyl and carboxyl terminal radicals is used. However, the
      mixture of polyalkadienes may comprise at least one polyalkadiene without
      hydroxyl and carboxyl terminal radicals, and/or at least one polyalkadiene
      having a hydroxyl terminal radical, and/or at least one polyalkadiene
      having a carboxyl terminal radical.
PAR  As a polyalkadiene without hydroxyl and carboxyl terminal radicals, the
      following are preferred:
PAR  a. 1-3 polybutadiene of molecular weight from 1000 to 1500, of cis form,
      from 80 to 95%
TBL  b) 1-3 polypentadiene of molecular weight from 500 to 2000                
     of trans 1,2 + trans 1,4 form                                             
                          =      50 to    80 %                                 
       cis 1,2                   15 to    25 %                                 
       vinyl                     2 to      8 %                                 
PAR  Among the polyalkadienes having hydroxyl terminal radicals, those
      preferably used are polybutadienes having hydroxyl terminal radicals of
      hydroxyl index less than 20, iodine index from 300 to 450, and of the
      form:
TBL  trans 1,4     :     50 to 70 %                                            
     cis   1,4     :     60 to 20 %                                            
     vinyl         :      5 to 25 %                                            
PAR  Among the polyalkadienes having carboxyl terminal radicals, those
      preferably used are polybutadiene having carboxyl terminal radicals and
      having a carboxyls radicals percentage of from 1 to 5, a molecular weight
      of from 1500 to 5000 and of the form:
TBL  trans 1,4     :     50 to 70 %                                            
     cis   1,4     :     20 to 60 %                                            
     vinyl         :      5 to 25 %                                            
PAR  The solid polymer intended to be associated with the liquid polyalkadiene
      has a ball and ring melting point of from 70.degree. to 100.degree.C and
      preferably from 90.degree. to 100.degree.C. Its molecular weight is from
      700 to 800 and its bromine index is from 60 to 65. Such a polymer is
      composed of a major proportion of polycycloalkadiene and of a smaller
      proportion of polyalkadiene. The preferred polycycloalkadiene is
      polycyclopentadiene and the preferred polyalkadiene is polybutadiene.
PAR  These solid polymers are known and correspond notably to the types of
      products known under the commercial names of "ESCOREZ 8100," "ESCOREZ
      8090" manufactured by the ESSO Company.
PAR  Depending on the various types of polyalkadienes used, the ratios by weight
      of polyalkadienes and polycycloalkadienes are as follows:
TBL  1) Liquid polyalkadiene without hydroxyl and carboxyl terminal radicals   
                                     60 to 90 %                                
        Solid polycycloalkadiene     40 to 10 %                                
     2) Liquid polyalkadiene having carboxyl terminal radical                  
                                     60 to 95 %                                
        Solid polycycloalkadiene.    40 to  5 %                                
     3) Liquid polyalkadiene without hydroxyl and carboxyl                     
        terminal radicals            50 to 70 %                                
        Liquid polyalkadiene with hydroxyl terminal radical.                   
                                     45 to 15 %                                
        Solid polycycloalkadiene     40 to  5 %                                
     4) Liquid polyalkadiene without hydroxyl and carboxyl                     
        terminal radicals            50 to 70 %                                
        Liquid polyalkadiene with carboxyl terminal radical.                   
                                     45 to 15 %                                
        Solid polycycloalkadiene     40 to  5 %                                
     5) Liquid polyalkadiene with carboxyl terminal radical.                   
                                     50 to 70 %                                
        Liquid polyalkadiene with hydroxyl terminal radical.                   
                                     45 to 15 %                                
        Solid polycycloalkadiene     40 to  5 %                                
        Liquid polyalkadiene without hydroxyl and carboxyl                     
        terminal radicals            50 to 70 %                                
        Liquid polyalkadiene with carboxyl terminal radical.                   
                                     45 to 15 %                                
        Liquid polyalkadiene with hydroxyl terminal radical.                   
                                     45 to 15 %                                
        Solid polycycloalkadiene     40 to  5 %                                
PAR  The association of the liquid polyalkadiene or mixture of liquid
      polyalkadienes and of the solid polycycloalkadiene is obtained by
      dissolving of the latter in the polyalkadienes at a temperature from
      150.degree. to 220.degree.C and preferably at 200.degree.C. The
      combination of the two constituents is controlled by following the
      variations in the refractive index, in the viscosity and in the limpidity
      of a sample in a test tube examined at a temperature of 20.degree.C.
PAR  When these examinations have been carried out, the temperature of the
      mixture of polyalkadiene and polycycloalkadiene is raised to about
      190.degree.C. The unsaturated polycarboxylic acid and/or the anhydride of
      this acid is then added slowly and regularly, maintaining the temperature
      constant. This addition may take, for instance, 2 hours. After the last
      addition has been made, the addition reaction is monitored by dimethyl
      amine coloration.
PAR  For approximately 2 hours the temperature is then maintained at from
      190.degree. to 200.degree.C. The material obtained is then cooled to a
      temperature of about 140.degree.C, and there are then added one or more
      lyotrope solvents such as glycol ethers, in particular ethylene glycol
      monoalkylic ether or ethylene glycol monobutylic ether, or again alcohols
      having from 1 to 10 carbon atoms, such as decyl alcohol and tertiary butyl
      alcohol.
PAR  The addition product obtained is diluted to a concentration from 65 to 90%.
      Either an immediate neutralization is then carried out, or a later
      neutralization after storage of the product.
PAR  The neutralization agent is a nitrogenized base such as ammonia or a
      primary, secondary or tertiary aliphatic or cycloaliphatic amine, or again
      an amino alcohol. Apart from ammonia, the preferred neutralization agents
      are triethyl amine, diethylene amine and dimethyl ethanol amine. The
      quantity of neutralizing agent is a function of the degree of
      neutralization selected. The latter is however from 30 to 60% of the total
      acidity.
PAR  The preparation of the pigmented composition is carried out by means of
      conventional dispersion techniques, using in particular a roller crusher
      or a disperser utilizing microelements. The application may be carried out
      using a spray gun, roller, by immersion or by the electrodeposition
      technique, in which the conducting support to be coated is the anode.
PAR  In all cases, a brief passage of the coated support through a temperature
      of from 150.degree. to 200.degree.C enables the electrocoating to be
      hardened.
DETD
PAR  The following non-limiting examples serve to explain the execution of the
      invention and give the results obtained:
PAC  EXAMPLE 1
PAC  Preparation of a Maleic Anhydride/Polycycloalkadiene/Polyalkadiene Adduct
TBL  ______________________________________                                    
     Products            Quantities                                            
     ______________________________________                                    
     Polybutadiene 1 - 3 1,000 parts by weight                                 
     Polycyclopentadiene 250 parts by weight                                   
     Antioxidising agent 20 parts by weight                                    
     Maleic anhydride    300 parts by weight                                   
     ______________________________________                                    
PAR  The polycyclopentadiene is the substance known under the trade name of
      ESCOREZ 8100 or ESCOREZ 8090 manufactured by the ESSO Company. The
      anti-oxidizing agent is the substance known under the name BKF,
      manufactured by the BAYER Company.
PAR  The above-mentioned quantities of polybutadiene 1-3, polycyclopentadiene
      and antioxidizing agent are introduced into a four-neck vessel fitted with
      a stirrer, a thermometer, an inert gas inlet pipe, a reflux condensor
      fitted with a separator of the "Dean Stark" type and a heating jacket.
      This vessel is heated progressively to a temperature of 200.degree.C. A
      sufficient flow of inert gas, preferably nitrogen, is provided to ensure
      that there is no risk of oxidation. The vapors are condensed and collected
      in the separating condensor. The temperature of the mixture is allowed to
      fall to 180.degree.C and the viscosity and appearance are continuously
      observed. As soon as the specimen is clear on glass, the temperature of
      the mixture is raised to 190.degree.C and the above-mentioned quantity of
      maleic anhydride is added in four batches at intervals of 30 minutes. 15
      minutes after the last batch of maleic anhydride has been added, the
      mixture is inspected by regularly taking a sample of the reaction
      substance in a bowl-plate and by adding to this sample a few droplets of
      dimethyl amine so that an orange color indicates the presence of free
      maleic anhydride. From the time when this orange color disperses, the
      temperature of the mixture is maintained at 190.degree.C for 1 hour.
      During the introduction of the maleic anhydride, any exothermic reaction
      is prevented by cooling the flask if necessary. After the temperature has
      been maintained at 190.degree.C for 1 hour, the mixture is cooled and its
      viscosity is measured. When the temperature reaches 180.degree.C, 75 parts
      by weight of decyl alcohol are added, then when the temperature has fallen
      to 140.degree.C, 450 parts by weight of ethyl glycol are added. The
      product is then filtered, then stored at ambient temperature.
PAC  EXAMPLE 2
PAC  Use of the Adduct of Example 1 in the Manufacture of a Paint Capable of
      Being Applied by Electrodeposition.
PAR  The following constituents are mixed in the quantities indicated in a
      disperser fitted with microelements:
TBL  Products            Quantities                                            
     ______________________________________                                    
     Adduct of Example 1 267 parts by weight                                   
     Rutile titanium oxide                                                     
                         35 parts by weight                                    
     Hydrated aluminium silicate                                               
                         45 parts by weight                                    
     Red iron oxide      17.5 parts by weight                                  
     Strontium bromate   2.5 parts by weight                                   
     Ethyl glycol        33 parts by weight                                    
     ______________________________________                                    
PAR  The paint obtained has a pigment/binder ratio of one-half and a dry extract
      of 75%.
PAR  This paint is introduced into a metal tank serving as a cathode, containing
      1000 g of stirred deionized water and 17 cm.sup.3 of ammonia at 22.degree.
      Baume. This volume is made up to 2,500 cm.sup.3 with deionized water. The
      pH value of the solution is from 6.3 to 6.6 and the resistivity is from
      500 to 800 ohms. cm.
PAR  This paint is deposited on phosphated steel plates under the following
      conditions:
TBL  Anode surface area   200 cm.sup.2                                         
     Ratio of anode/cathode areas                                              
                          1/3.75                                               
     Bath temperature     23.degree.C .+-. 2.degree.C                          
     Applied electrical voltage                                                
                          200 Volts                                            
     Duration             150 seconds                                          
     Final current intensity                                                   
                          0.2 Ampere                                           
     Baking temperature and duration                                           
                          12 minutes at 185.degree.C                           
PAC  Results and Characteristics of Product Obtained
TBL  Thickness of electrocoating                                               
                         18 to 22 microns                                      
     Appearance          Good                                                  
     Persoz hardness     150 seconds                                           
     ERICKSEN swaging    7 to 8 mm                                             
     Resistance to saline mist                                                 
     according to ASTM standard                                                
                         In excess of 250 hours.                               
PAC  EXAMPLE 3
PAC  Preparation of a Maleic Anhydride/Polycycloalkadiene/Polyalkadienes Adduct
TBL  Products           Quantities                                             
     ______________________________________                                    
     Polybutadiene 1-3  1000 parts by weight                                   
     Polypentadiene 1-3 800 parts by weight                                    
     Polycyclopentadiene                                                       
                        400 parts by weight                                    
     Antioxidising agent                                                       
                        36 parts by weight                                     
     Maleic anhydride   740 parts by weight                                    
     ______________________________________                                    
PAR  The polycyclopentadiene used is the product known commercially under the
      name of "ESCOREZ 8090 H" manufactured by the ESSO Company. The
      anti-oxidizing agent is the substance known by the name "BKF" made by the
      BAYER company.
PAR  The above-mentioned quantities of polybutadiene 1-3, polypentadiene 1-3,
      polycyclopentadiene and antioxidising agent were introduced into a
      four-neck flask fitted with a stirrer, a thermometer, an inert gas inlet
      pipe, a reflux condensor fitted with a separator of the DEAN STARK type
      and a heating jacket. The mixture was progressively heated to a
      temperature of about 200.degree.C. A sufficient flow of inert gas,
      preferably nitrogen, was provided to ensure that there was no risk of
      oxidation. The vapors are condensed and collected in the
      separator-condensor. The temperature of the mixture was then allowed to
      fall to 180.degree.C and the viscosity and appearance of this mixture was
      observed at regular intervals. As soon as a specimen appeared clear on
      glass, the temperature of the mixture was raised to 190.degree.C and the
      above-mentioned quantity of maleic anhydride was added, in four batches at
      intervals of 30 minutes. 15 minutes after the last batch of maleic
      anhydride had been added, the combining of this maleic anhydride was
      checked by taking regular samples of the reaction substance in a
      bowl-plate and by adding  a few droplets of dimethyl aniline to this
      sample. From the time when the orange colour indicating the presence of
      free maleic anhydride had disappeared, the temperature of the mixture was
      maintained at 190.degree.C for 1 hour. During the whole time of
      introduction of the above-mentioned quantity of maleic anhydride, the
      flask was cooled, if necessary, to prevent any exothermic reaction. After
      1 hour, during which the temperature was maintained at 190.degree.C, the
      flask was cooled and the viscosity of the mixture measured. When the
      temperature of this mixture had fallen to 180.degree.C, 75 parts by weight
      of decyl alcohol were added and then, when the temperature had reached
      140.degree.C, 450 parts by weight of ethyl glycol were added. The product
      was filtered, then stored at ambient temperature.
PAC  EXAMPLE 4
PAC  Use of the Adduct of Example 3 for the Production of a Paint Capable of
      Being Electrodeposited
PAR  This electrodeposition paint is prepared from the following substances
      using the quantities indicated
TBL  Products          Quantities                                              
     ______________________________________                                    
     Adduct of Example 3                                                       
                       400 parts by weight                                     
     Carbon black      7 parts by weight                                       
     Kaolin            86 parts by weight                                      
     Lead silico-chromate                                                      
                       7 parts by weight                                       
     Ethylglycol       34 parts by weight                                      
     ______________________________________                                    
PAR  The paint obtained had a pigment/binder ratio of one-third and a dry
      extract of 75%.
PAR  400 g of this paint were introduced into a metal bath serving as a cathode
      and containing 1000 g of deionized water and 30 cm.sup.3 of ammonia at
      22.degree. Baume. The volume was made up to 2,500 cm.sup.3 with deionized
      water. The pH value is from 6.4 to 6.8 and the resistivity is from 450 to
      680 ohms.cm.
PAR  The paint obtained is deposited on phosphated steel plates under the
      following conditions:
TBL  Surface area of anode                                                     
                          200 cm.sup.2                                         
     Ratio of anode/cathode surface areas                                      
                          1/3.75                                               
     Temperature of bath  23.degree.C .+-. 2.degree.C                          
     Applied electrical voltage                                                
                          150 Volts                                            
     Duration             150 seconds                                          
     Final current intensity                                                   
                          0.15 A                                               
     Baking duration and temperature                                           
                          12 minutes at 185.degree.C                           
PAC  Results and Characteristics of the Product Obtained
TBL  Thickness of electrocoating                                               
                         20 to 22 microns                                      
     Appearance          good                                                  
     Persoz hardness     190 seconds                                           
     Ericksen swaging    7 to 8 mm                                             
     Resistance to saline mist                                                 
     according to ASTM standard                                                
                         greater than 250 hours                                
PAC  EXAMPLE 5
PAC  Preparation of a Maleic Anhydride/Polycycloalkadiene/Polyalkadienes Adduct
TBL  Products             Quantities                                           
     ______________________________________                                    
     Polybutadiene with hydroxyl terminal                                      
                          200 parts by weight                                  
      radical                                                                  
     Polypentadiene 1-3   100 parts by weight                                  
     Polybutadiene 1-3    700 parts by weight                                  
     Polycyclopentadiene  250 parts by weight                                  
     Anti-oxidising agent 20 parts by weight                                   
     Maleic anhydride     300 parts by weight                                  
     ______________________________________                                    
PAR  The polycyclopentadiene used is the product known commercially under the
      name of ESCOREZ 8090 H manufactured by the ESSO company. The
      anti-oxidizing agent is the product known commercially under the name
      "BKF" manufactured by the BAYER company.
PAR  The above-mentioned quantities of polybutadiene 1-3, polybutadiene with
      hydroxyl terminal radical, polycyclopentadiene, polypentadiene 1-3 and
      anti-oxidizing agent are introduced and heated progressively to
      200.degree.C in a four-neck flask fitted with a stirrer, a thermometer, an
      inert gas inlet pipe, a reflux condensor fitted with a separator of the
      DEAN STARK type and a heating jacket.
PAR  A sufficient flow of inert gas, preferably nitrogen, to prevent any risk of
      oxidation was provided. The vapors are condensed and collected in the
      separator condensor of the DEAN STARK type. The temperature of the mixture
      was then allowed to fall to 180.degree.C and the viscosity and appearance
      of the mixture were observed at regular intervals. From the time when the
      specimen was clear on glass, the temperature was maintained at
      180.degree.C for 30 minutes, and then raised to 190.degree.C. The quantity
      of maleic anhydride given above was then added in four batches at
      intervals of 30 minutes. During the entire duration of introduction of the
      maleic anhydride, any exothermic reaction was prevented, if necessary, by
      cooling the flask. After the last batch of maleic anhydride had been
      added, the temperature of the mixture was maintained at 190.degree.C and
      the flask was then cooled.
PAR  The viscosity of the mixture was measured. After the temperature had
      reached 180.degree.C 50 parts by weight of decyl alcohol were added and
      then, when the temperature had reached 140.degree.C, 375 parts by weight
      of ethyl glycol were added.
PAR  The product is filtered and stored at ambient temperature. The dry extract
      of the adduct obtained is 78.5%.
PAC  EXAMPLE 6
PAC  Utilization of the Adduct of Example 5 for the Manufacture of a Paint
      Capable of Electrodeposition
TBL  Products       Quantities                                                 
     ______________________________________                                    
     Adduct of example 5                                                       
                    267 parts by weight                                        
     Rutile titanium oxide                                                     
                    35 parts by weight                                         
     Kaolin         45 parts by weight                                         
     Red iron oxide 17.5 parts by weight                                       
     Barium chromate                                                           
                    2.5 parts by weight                                        
     Ethylglycol    33 parts by weight                                         
     ______________________________________                                    
PAR  The paint obtained has a pigment/binder ratio of 1/2.1 and a dry extract of
      78 %.
PAR  This paint is introduced into a metal bath serving as cathode and
      containing 1000 g of stirred deionized water, and 21 cm.sup.3 of ammonia
      at 22.degree. Baume. The volume is made up to 2500 cm.sup.3 with deionized
      water. The pH value of the solution is from 6.7 to 6.9 and the resistivity
      from 500 to 800 ohms.cm.
PAR  This paint is deposited on phosphated steel plates under the following
      conditions:
TBL  Anode surface area  200 cm.sup.2                                          
     Ratio of anode/cathode surface                                            
                         1/3.75                                                
      areas                                                                    
     Bath temperature    23 .+-. 2.degree.C                                    
     Applied electrical voltage                                                
                         200 volts                                             
     Final current intensity                                                   
                         0.150 A                                               
     Baking temperature and duration                                           
                         12 minutes at 185.degree.C.                           
PAC  Results and Characteristics of the Product Obtained
TBL  Thickness of electrocoating                                               
                        18 to 22 microns                                       
     Appearance         good                                                   
     Persoz hardness    160 seconds                                            
     Ericksen swaging   7 to 8 mm                                              
     Resistance to saline mist                                                 
      according to ASTM standard                                               
                        greater than 250 hours                                 
     Penetration test   90 %                                                   
PAR  The penetration test is defined by the ratio of the thicknesses of the
      external and internal electrocoatings on a hollow object constituted of an
      iron cylinder of 500 cm.sup.3 perforated by two holes of 8 mm diameter at
      the center of the two parallel, circular faces of the cylinder.
PAR  It was found that there was an improvement in the penetration as compared
      with a composition containing no polybutadiene having a hydroxyl free
      radical. Moreover, the presence of the hydroxyl radical renders the resin
      more soluble and for that reason less solvent is required.
PAC  EXAMPLE 7
PAC  Preparation of a Maleic Anhydride/Polycycloalkdiene/Polyalkadienes Adduct
TBL  Product              Quantities                                           
     ______________________________________                                    
     Polybutadiene 1-3    1000 parts by weight                                 
     Polybutadiene with carboxyl terminal                                      
                          500 parts by weight                                  
     radical                                                                   
     Polypentadiene 1-3   300 parts by weight                                  
     Polycyclopentadiene  400 parts by weight                                  
     Antioxidising agent  36 parts by weight                                   
     Maleic anhydride     740 parts by weight                                  
     ______________________________________                                    
PAR  The polycyclopentadiene is the substance known commercially by the name of
      ESCOREZ 8090 H manufactured by the ESSO company. The anti-oxidising agent
      is the substance known commercially by the name of BKF manufactured by the
      BAYER company. The preparation of the adduct is carried out in the same
      manner as that described in example 5. The dilution is carried out using
      804 parts by weight of ethyl glycol. The dry extract obtained is 78.5%.
PAC  EXAMPLE 8
PAC  Utilization of the Adduct of Example 7 for the Manufacture of a Paint
      Capable of Electrodeposition
TBL  Product            Quantities                                             
     ______________________________________                                    
     Adduct of example 7                                                       
                        400 parts by weight                                    
     Carbon black       7 parts by weight                                      
     Lead silico-chromate                                                      
                        7 parts by weight                                      
     Kaolin             86 parts by weight                                     
     Ethylglycol        34 parts by weight                                     
     ______________________________________                                    
PAR  The paint obtained has a pigment/binder ratio of 1/3.14 and a dry extract
      of 77.5%.
PAR  384 g of this paint is introduced into a metal bath serving as a cathode
      and containing 1000 g of stirred deionized water and 31 cm.sup.3 of
      ammonia at 22.degree. Baume. The volume is made up to 2500 cm.sup.3 using
      deionized water. The pH value of the solution is from 6.3 to 6.8 and the
      resistivity is from 500 to 800 ohm.cm.
PAR  The paint obtained is deposited on phosphated steel plates under the
      following conditions:
TBL  Anode surface area   200 cm.sup.2                                         
     Ratio of anode/cathode surface areas                                      
                          1/3.75                                               
     Bath temperature     23.degree.C .+-. 2.degree.C                          
     Applied electrical voltage                                                
                          200 Volts                                            
     Duration             150 seconds                                          
     Final current intensity                                                   
                          0.2 amps                                             
     Baking temperature   12 minutes at 185.degree.C                           
PAC  Results and Characteristics of the Electrocoating
TBL  Thickness of electrocoating                                               
                         18 to 22 microns                                      
     Appearance          good                                                  
     persoz hardness     170 seconds                                           
     Ericksen swaging    7 to 8 mm                                             
     Resistance to saline mist                                                 
      according to ASTM standard                                               
                         exceeding 250 hours                                   
     Penetration test    85%                                                   
PAR  It was found that there was an improvement in penetration by comparison
      with a composition not containing polybutadiene having a carboxyl terminal
      radical. Similarly, the presence of the carboxyl terminal radical makes
      the resin more soluble so that less solvent is required.
PAR  As can be seen from the results of the invention, the use of a
      polycycloalkadiene for the preparation of an electrodepositable paint
      enables the qualities of the electrocoating to be improved. In particular,
      the polycycloalkadiene limits the thickness of the electrocoating, gives
      it better endurance and increases its hardness.
PAR  Since polycycloalkadiene possesses high chemical inertia and a high
      resistance to hydrolysis, better protection of the supports from corrosion
      result.
PAR  Another advantage of the invention resides in the use of polycycloalkadiene
      in the solid state, which enables the process to be carried out in a
      convenient manner, which is not the case using known processes which
      employ notably dicyclopentadiene and which necessitate an additional unit
      for transforming the dimer into a monomer.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the preparation of an addition product binder suitable for
      a water-soluble coating composition capable of being applied by
      electrodeposition, wherein at least one solid polycycloalkadiene having a
      ball and ring melting point of from 70.degree. to 100.degree.C and a
      molecular weight of from 700 to 800 is dissolved in at least one liquid
      polyalkadiene conjugated polymer of molecular weight from 500 to 5000 by
      mixing; this mixture is maintained at a substantially constant temperature
      and an adduct formation reaction is initiated by the addition of at least
      one unsaturated polycarboxylic acid or its anhydride to the dissolved
      mixture.
NUM  2.
PAR  2. The method according to claim 1, wherein the polycarboxylic acid or the
      anhydride is added to the polycycloalkadiene-polyalkadiene mixture at a
      temperature of from 170.degree. to 200.degree.C.
NUM  3.
PAR  3. The method according to claim 1, wherein the polycarboxylic acid or
      anhydride is added to the polycycloalkadiene-polyalkadiene mixture with
      exclusion of air.
NUM  4.
PAR  4. The method according to claim 1, wherein to 75 to 90% by weight of the
      polycycloalkadiene-polyalkadiene mixture are added to from 25 to 10% by
      weight of unsaturated polycarboxylic acid or anhydride.
NUM  5.
PAR  5. A method according to claim 1, characterized by the fact that, after the
      polycarboxylic acid or anhydride has been added, cooling is carried out,
      and then the resulting addition product is dissolved in at least one water
      miscible solvent.
NUM  6.
PAR  6. The method according to claim 5, wherein after the addition product has
      been dissolved, the solution is neutralized by the use of at least one
      nitrogenized base.
NUM  7.
PAR  7. The method according to claim 1, wherein the solid polycycloalkadiene is
      dissolved in at least one liquid polyalkadiene without carboxyl and
      hydroxyl terminal radicals.
NUM  8.
PAR  8. The method according to claim 7, wherein the polyalkadiene without
      carboxyl and hydroxyl terminal radicals in a 1-3 polybutadiene of
      molecular weight from 1000 to 1500.
NUM  9.
PAR  9. The method according to claim 7, wherein the polyalkadiene without
      carboxyl and hydroxyl terminal radicals is a 1-3 polypentadiene of
      molecular weight of 500 to 2000.
NUM  10.
PAR  10. The method according to claim 1, wherein the solid polycycloalkadiene
      is dissolved in at least one liquid polyalkadiene comprising at least one
      polyalkadiene having a hydroxyl terminal radical.
NUM  11.
PAR  11. The method according to claim 10, wherein the polyalkadiene having a
      hydroxyl terminal radical is a polybutadiene having a hydroxyl index less
      than 20, an iodine index of from 300 to 450 and comprising from 50 to 70%
      of the 1.4 trans form, from 20 to 60% of the 1.4 cis form, and from 5 to
      25% of vinyl form.
NUM  12.
PAR  12. A method according to claim 1, wherein the solid polycycloalkadiene is
      dissolved in at least one polyalkadiene comprising at least one
      polyalkadiene having a carboxyl terminal radical.
NUM  13.
PAR  13. The method according to claim 12, wherein the polyalkadiene having a
      carboxyl terminal radical is a polybutadiene having a percentage of
      carboxyl of from 1 to 5, a molecular weight of from 1500 to 5000, and
      possessing 50 to 70% of 1,4 trans form, from 20 to 60% of 1,4 cis form,
      and from 5 to 25% of vinyl form.
NUM  14.
PAR  14. The method according to claims 1 wherein the mixture of polyalkadienes
      and polycycloalkadienes comprises from 60 to 95% by weight of
      polyalkadienes and from 40 to 5% by weight of polycycloalkadienes.
NUM  15.
PAR  15. The method according to claim 1 wherein the mixture of polyalkadienes
      and polycycloalkadienes comprises 45 to 15% by weight of polyalkadiene
      having a carboxyl radical or of polyalkadiene having hydroxyl radical,
      from 50 to 70% by weight of polyalkadiene having no hydroxyl and carboxyl
      terminal radicals and from 40 to 5% by weight of polycycloalkadiene.
NUM  16.
PAR  16. The method according to claim 1 wherein the mixture of polyalkadienes
      and polycycloalkadienes comprises 45 to 15% of polyakadiene having
      carboxyl terminal radical, from 45 to 15% by weight of polyalkadiene
      having a hydroxyl terminal radical, from 50 to 70% by weight of
      polyalkadiene without carboxyl and hydroxyl terminal radicals, and 40 to
      5% by weight of solid polycycloalkadiene.
NUM  17.
PAR  17. The method according to claim 1, wherein the unsaturated polycarboxylic
      acid is maleic acid or fumaric acid.
NUM  18.
PAR  18. The method according to claim 1, wherein the liquid polyalkadiene and
      the solid polycycloalkadiene are mixed at a temperature of from
      150.degree. to 220.degree.C.
NUM  19.
PAR  19. The method according to claim 1 wherein the mixture of polyalkadienes
      and polycycloalkadienes comprises from 50 to 70% by weight of
      polyalkadiene having a carboxyl terminal radical, 45 to 15% by weight of
      polyalkadiene having a hydroxyl terminal radical, and 40 to 5% by weight
      of solid polycyclo alkadiene.
NUM  20.
PAR  20. The coating composition prepared according to the method of claim 1.
NUM  21.
PAR  21. An adduct product formed from the reaction initiated by the addition of
      an ethylenically unsaturated polycarboxylic acid or its anhydride to a
      solution of a solid polycycloalkadiene polymer of ball and ring melting
      point of 70.degree.-100.degree.C and molecular weight of 700 to 800, in a
      liquid polyalkadiene conjugated polymer of 500-5000 molecular weight.
NUM  22.
PAR  22. A paint binder comprising the adduct of claim 21 at least partially
      neutralized by a nitrogenous base.
NUM  23.
PAR  23. A paint for application by electrodeposition comprising the paint
      binder of claim 22, and including pigments and deionized water.
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ABST
PAL  A polymeric composition having a polymer content which tends to evolve
      deleterious acid compounds upon being subjected to elevated temperatures;
      the composition including selected particle matter which is present in an
      amount to combine with or otherwise neutralize essentially the entire
      evolved deleterious compound when the composition is subjected to elevated
      temperatures; the composition with or without plasticizers being useful as
      insulation or jacketings for electric wire and cable, as well as diverse
      molded or extruded products, including disposable items such as packaging
      or the like.
PARN
PAR  This application is a continuation in part of application Ser. No. 823,033,
      filed May 8, 1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many polymeric compositions used in the arts, the polymer component
      thereof includes a functional group which upon being subjected to elevated
      temperatures, releases deleterious acid compounds into the atmosphere.
      Thus, for example, in the electrical industry, plasticized polyvinyl
      chloride is commonly used as an insulationor jacketing for electrical
      cables or conductors; and at elevated temperatures, the chlorine content
      thereof is converted to gaseous hydrogen chloride. The gaseous hydrogen
      chloride tends to extinguish any flames, and, consequently, the polyvinyl
      chloride compositions generally used for such applications, are
      flameproof. These compositions, however, are disadvantageous in that the
      evolved hydrogen chloride will combine with water or water vapor and
      corrode, destroy and/or impair any metal, masonry or other sensitive
      material in the vicinity of the evolved compounds.
PAR  These adverse effects are particularly serious in areas where highly
      sensitive metal elements such as switch contacts or other sensitive
      control equipment is present. Further, in confined areas, the evolved
      corrosive compounds may be present in amounts sufficient to prevent access
      to such areas for the purpose of extinguishing flames or the like.
PAR  Many disposable consumer items, such as plastic containers and the like,
      include, for example, polyvinyl chloride; and such items upon being
      disposed of after use, as by incineration, release hydrogen chloride into
      the atmosphere, thereby further polluting the atmosphere.
PAR  An object of this invention is to provide polymer compositions which are
      inhibited against the release of deleterious compounds into the
      atmosphere, when the compositions are subjected to elevated temperatures,
      despite the presence in the composition of a deleterious acid forming
      component.
PAR  Another object of this invention is to provide polyvinyl chloride
      compositions which are formulated to prevent the release of hydrogen
      chloride into the atmosphere when the compositions are subjected to
      elevated temperatures.
PAR  A further object of this invention is to provide flameproof compositions
      which are inhibited to prevent the release of deleterious acid compounds
      into the surrounding atmosphere upon being subjected to elevated
      temperatures.
PAR  Still another object of this invention is to provide polymeric jacketing
      and insulating compositions for electrical cables or conductors, which
      will not release deleterious acid compounds into the surrounding
      atmosphere when such cables or conductors are subjected to elevated
      temperatures.
DRWD
PAR  These and other objects of the present invention should be apparent to
      those skilled in the art from reading the detailed description of the
      invention, with reference to the accompanying drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal elevational view, with parts in section, showing
      an electrical conductor carrying a jacketing composition employing the
      invention; and
PAR  FIG. 2 is a transverse sectional view taken on the line 2--2 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The objects of this invention are broadly accomplished, in one aspect, by
      providing a polymer composition which includes a polymer which upon being
      subjected to an elevated temperature, evolves a deleterious acidic
      compound; and a material which is capable of combining with the
      deleterious acidic compound, the aforesaid material being present in an
      amount which is sufficient to combine with essentially all of the
      deleterious acidic compound to thereby prevent any evolution of the
      deleterious acidic compound in free form, into the surrounding atmosphere,
      when the composition is subjected to elevated temperatures.
PAR  More particularly, the polymer component of the composition, either as a
      homopolymer or a copolymer, includes a functional group which is released
      as a deleterious acidic compound upon subjecting the polymer to an
      elevated temperature; such deleterious acidic compound being one or more
      of the following: hydrogen bromide, hydrogen chloride, hydrogen fluoride,
      acetic acid and hydrogen cyanide.
PAR  As representative examples of polymers, which contain besides one or more
      hydrogen atoms, either a cyano, chloro, bromo, acetoxy or cyanide group
      which is released as the corresponding acidic compound upon being
      subjected to an elevated temperature, there may be mentioned: polyvinyl
      chloride, polyvinylidene chloride, poly vinyl acetate, polyvinyl
      acetate-polyvinyl chloride copolymer, polychloroprene, chlorinated natural
      and synthetic rubbers, chlorosulfonated polyethylene, chlorinated
      polyvinyl chloride, chlorinated polyethylene, polyacrylonitrile,
      acetylated cellulose, acrylonitrile-styrene copolymer,
      acrylonitrile-butadinene, styrene copolymer, brominated polymers,
      polyvinyl fluoride, polyvinylidene fluoride, and copolymers of vinylidene
      fluoride and perfluorinated olefins.
PAR  The material which is combined with the polymer is one which is capable of
      combining with the released acidic compound at the elevated temperature,
      to produce a compound which is non-deleterious at the elevated
      temperature, i.e., the resulting salt, at elevated temperatures, does not
      take the form of a deleterious material. Such materials are generally one
      or more of the following: carbonates, oxides, hydroxides and oxalates of
      calcium, barium, magnesium and strontium; carbonates of sodium and
      potassium; and the carbonate and oxide of lithium.
PAR  These materials react with the hereinabove described evolved deleterious
      acid compounds to produce a salt of the acid, thereby preventing the acid
      compound from being released to the surrounding atmosphere. For most
      applications, calcium carbonate is the preferred material in the light of
      its ready availability and ease in processing.
PAR  The material is present in the composition in an amount which is at least
      the stoichiometric quantity required to combine with essentially all of
      the deleterious acidic compound which could be released from the
      composition as a whole. The required stoichiometric amount of each of the
      materials may be readily calculated from the known amount of acid forming
      functional groups present in the polymers, and, therefore the
      stoichiometric amount of material required to insure essentially no
      release of deleterious acidic acompound into the surrounding atmosphere is
      dependent on both the material selected and the specific polymer component
      of the composition.
PAR  In most cases, the composition includes an amount of material which is in
      excess of the calculated stoichiometric amount, in that, such excess
      amount is required to insure no evolution of deleterious acidic compound
      into the surrouding atmosphere. The minimum amount of material required
      varies with the average particle size of the material; with materials
      having larger particle size requiring greater minimum stoichiometric
      excesses to combine with essentially all of the evolved deleterious acid
      compound. Stated in another way, the smaller the average particle size of
      the material, the closer the minimum amount of material required to
      combine witn essentially all of the evolved deleterious acidic compound,
      approaches the calculated stoichiometric amount of material.
PAR  For most applications, the average particle size of the material should not
      exceed 250 millimicrons, and preferably not in excess of 100 millimicrons.
      The selection of the minimum amount of material required to insure
      essentially no evolution of deleterious acidic compound for each polymer
      and for each material is deemed to be within the scope of those skilled in
      the art, from the teachings herein. The following are representative
      examples of various polymers and the calculated stoichiometric amount of
      calcium carbonate required to insure essentially no evolution of
      deleterious acidic compounds upon subjecting the polymer composition to an
      elevated temperature.
TBL  ______________________________________                                    
     Polymer                Calcium Carbonate                                  
     ______________________________________                                    
     polyvinyl chloride                                                        
                     100         80                                            
     polychloroprene 100         56.5                                          
     polyvinylidene                                                            
      chloride       100        103                                            
     polyvinyl fluoride                                                        
                     100        109                                            
     all parts by weight                                                       
     ______________________________________                                    
PAR  The polymer composition may contain, in addition to the particle material
      which prevents evolution of deleterious acidic compounds into tne
      surrounding atmosphere; other components which are conventionally
      included, as known in the art, such as plasticizers, stabilizers,
      colorants and the like, to provide the desired overall properties for the
      composition; provided the composition includes a sufficient amount of the
      hereinabove noted particle materials to combine essentially all of the
      deleterious acidic compound released into the surrounding atmosphere upon
      subjecting the composition to an elevated temperature.
PAR  The compositions of the present invention have a wide variety of
      applications in that the compositions may be effectively employed for
      anyone of diverse applications presently known in the art, with the added
      advantage that products formed from these compositions will not release
      deleterious acidic compounds into the surrounding atmosphere upon being
      subjected to elevated temperatures.
PAR  For example, polymeric compositions including polyvinyl chloride are
      presently employed as packages such as containers, trays, boxes and film
      wrapping. These disposable packages upon being incinerated, release
      hydrogen chloride into the atmosphere. By using the compositions of the
      present invention, which includes preferably calcium carbonate particles;
      the incineration of such packages releases essentially no hydrogen
      chloride into the atmosphere, the hydrogen chloride being bound in the
      ash.
PAR  Thus, when using calcium carbonate as the particle material of the
      composition, the hydrogen chloride which would have been released to the
      surrounding atmosphere, is converted to calcium chloride. The polyvinyl
      chloride composition is made up of a polyvinyl chloride which provides the
      desired mechanical properties, and the selected particle material. Such a
      composition may comprise by weight, 100 parts of polyvinyl chloride having
      a K value of from 50 to 75, and 100 or more parts of calcium carbonate
      having an average particle size of about 50 millimicrons. Articles made
      from such composition, after use, may be incinerated without the release
      of hydrogen chloride into the surrounding atmosphere.
PAR  There are many other applications for which compositions which include
      polymers of the type hereinabove described, should preferably not release
      deleterious acid compounds upon being subjected to elevated temperatures.
      For example, machinery and transport belts which are used in mines,
      factories and the like, upon being subjected to elevated temperatures as
      in the case of fire; present an additional hazard because of the release
      of deleterious acidic compounds of the type hereinabove described. The use
      of compositions of the instant invention for such belts, will eliminate
      the hazard.
PAR  Similarly, a wide variety of non-flammable or slow burning compositions,
      generally formed of polyvinyl chloride, may be improved in accordance with
      the teachings of the instant invention, by eliminating the additional
      hazard to men and materials presented by the release of hydrogen chloride
      incident to subjecting such compositions to elevated temperatures, as in a
      fire.
PAR  Thus, as should be apparent, the present invention is generally applicable
      to polymer compositions which include a polymer having a functional group
      which will be released in the form of a deleterious acidic compound, when
      the composition is subjected to elevated temperatures, as in the case of a
      fire or the like.
PAR  In the case of polyvinyl chloride, such elevated temperatures are in excess
      of 200.degree. C. The temperatures at which various other poymers release
      deleterious acidic compounds are known in the art and therefore no
      detailed description in this respect is required.
PAR  The present invention is particularly suitable for the production of
      insulation or jackets for electrical conductors or cables; the same being
      derived from polyvinyl chloride which is suitable for both insulation and
      jackets; or polychloroprene which is used as a jacketing material. The
      polyvinyl chloride and polychloroprene used for such applications,
      generally are plasticized to provide desired mechanical properties.
      Although such plasticized compositions are self-extinguishing; these
      compositions at elevated temperatures arising from a fire or the like,
      release hydrogen chloride into the surrounding atmosphere.
PAR  In accordance with the instant invention, polyvinyl chloride or
      polychloroprene; and in particular, polyvinyl chloride, is combined with a
      non-flammable plasticizer, together with a particle material of the type
      hereinabove described, to thereby provide a self extinguishing composition
      which does not release hydrogen chloride into the surrounding atmosphere.
PAR  The particle material may be either calcium carbonate or barium carbonate;
      calcium carbonate being preferred. Carbonates of sodium or potassium are
      generally not suitable for these specific applications, in that, although
      these compounds would prevent the evolution of hydrogen chloride into the
      surrounding atmosphere, their hygroscopic properties would have an adverse
      effect on the electrical properties of the insulation or jacketing.
PAR  The particle material employed in the compositions of the instant
      invention, for combining with the hydrogen chloride otherwise evolved at
      elevated temperatures, must have an average particle size no greater then
      250 millimicrons and generally no greater then 100 millimicrons. More
      particularly the average particle size is of the order of 10 to 100
      millimicrons, although a range of 10 to 50 millimicrons and preferably, a
      range of 10 to 30 millimicrons, is preferred.
PAR  As previously indicated, such particle material is present in an amount
      which is at least sufficient to combine with essentially all of the
      evolved hydrogen chloride; i.e., the hydrogen chloride chloride evolved in
      the smoke is less then 1.5% and more generally, less then 1.0% calculated
      on the basis of 1 kilogram of polymer. With smaller average particle
      sizes, such minimum amount approaches the calculated stoichiometric
      amount.
PAR  The composition employed for forming insulation or jacketing for electrical
      usage, also includes a plasticizer to provide desired mechanical
      properties. Such plasticizer is generally present in an amount of from 30
      parts to 80 parts per 100 parts of polymer, all by weight. The plasticizer
      component of the composition may be made up of one or more compounds which
      are used with polyvinyl chloride or polychloroprene; such plasticizers
      being preferably non-flammable to provide a self-extinguishing
      composition.
PAR  The non-flammable plasticizer included in such compositions, is preferably
      an aromatic phosphate, such as tricresyl phosphate, diphenyl cresyl
      phosphate, dicresyl phenyl phosphate, triphenyl phosphate, trixylenyl
      phosphate, and mixtures thereof,
PAR  It is understood that mixed aliphatic-aromatic phosphates may also be
      employed, such as diphenyl nonyl phosphate and the like. However, the
      substitution of an aliphatic group for an aromatic group reduces the
      overall non-flammable properties of such plasticizers. The use of the
      specified non-flammable plasticizers and others known in the air, is
      deemed to be within the knowledge of those skilled in the art, taken with
      the teachings herein.
PAR  In some cases, the plasticizer component of the composition may include a
      flammable plasticizer, in which case the composition may or may not be
      self-extinguishing. Such flammable plasticizers include phthalates such as
      dioctyl phthalate, dinonyl phthalate, didecyl phthalate and mixtures
      thereof.
PAR  The preferred compositions for electrical applications, i.e., as insulation
      and/or jacketing, preferably comprise polyvinyl chloride or
      polychloroprene; a non-flammable plasticizer, preferably a tri-aromatic
      phosphate of the type hereinabove described; and calcium or barium
      carbonate, preferably calcium carbonate. The composition generally also
      includes stabilizers, lubricants and other known components.
PAR  A particularly preferred composition is one which contains calcium
      carbonate in an amount of 100 parts per 100 parts of polvinyl chloride,
      preferably 120 parts of calcium carbonate per 100 parts of polyvinyl
      chloride; with the calcium carbonate having an average particle size of 50
      millimicrons, and preferably 30 millimicrons or less.
PAR  The following examples are illustrative of the instant invention, but are
      not to be deemed in limitation thereof.
TBL  ______________________________________                                    
     Examples                                                                  
                1    2      3      4     5     6                               
     ______________________________________                                    
     polyvinyl chloride                                                        
                  100    100    100  100   100   100                           
     plasticizer A                                                             
                  50     63     63   35    35                                  
     plasticizer B                         30    70                            
     milled chalk        60                                                    
     precipitated chalk         60   60    100   120                           
     stabilizers  11      5      5    5    11    10                            
     after burning time                                                        
     in seconds    5     13     60    0     0     0                            
     % hydrogen chloride                                                       
     evolved      100    60     21   20     0     0                            
     ______________________________________                                    
PAR  Plasticizer A is of the phthalate type such as diisooctyl phthalate, octyl
      phthalate, butyl octyl phthalate, and the like. Plasticizer B is of the
      aromatic phosphate type such as tricresyl phosphate, dicresyl phenyl
      phosphate, and more particularly, as in Example 6 above, diphenyl cresyl
      phosphate.
PAR  The milled chalk is of conventional type, having an average particle size
      substantially greater then 250 millimicrons. The precipitated chalk has an
      average particle size of about 50 millimicrons. The stabilizers are of the
      usual type found in polyvinyl chloride compositions, such as
      barium-cadmium laurate complexes.
PAR  It will be apparent that in the case of Example 1, containing no chalk, the
      total hydrogen chloride is liberated when the composition is subjected to
      elevated temperatures sufficient to effect a decomposition of the polymer.
      The use of milled chalk, Example 2, gives some reduction in evolved
      hydrogen chloride.
PAR  However, when the milled chalk is replaced by precipitated chalk having an
      average particle size of about 50 millimicrons, as in Examples 3-6; the
      evolved hydrogen chloride is materially reduced; and in Examples 5 and 6,
      is reduced to zero, making such compositions acceptable for electrical
      applications.
PAR  In another example 7, 100 parts of polyvinyl chloride was combined with 70
      parts of diphenyl cresyl phosphate, 120 parts of calcium carbonate having
      an average particle size of 30 millimicrons and 12 parts of stabilizer of
      the barium-cadmium laurate complex type admixed with epoxy compounds. When
      this composition was subjected to elevated temperatures, released hydrogen
      chloride was less then 1% over a range of temperatures up to 650.degree.
      C; the percentages being calculated on the weight of polymer used.
PAR  In a further example 8, 100 parts of polyvinyl chloride was combined with
      70 parts of diphenyl cresyl phosphate, 237 parts of barium carbonate
      having an average particle size of 70 millimicrons, and 12 parts of
      stabilizer of the bariumcadmium laurate type admixed with epoxy compounds.
      When this composition was subjected to elevated temperatures in excess of
      200.degree. C, the released hydrogen chloride was less then 1% calculated
      on the weight of polymer. In the foregoing examples, the parts are by
      weight.
PAR  The compositions of the instant invention, where the particle matter is of
      very small average particle size and is present in amounts surpassing the
      calculated stoichiometric amounts required; are particularly applicable
      for electrical usage. Thus, as shown in FIGS. 1, 2; an electrical cable 10
      comprises a conductor 11 of copper or aluminum and an insulating layer 12
      therefor of normally plasticized polyvinyl chloride or vulcanized rubber.
PAR  A sheath or jacket 13 is extruded over insulation 12, such jacket being
      made of a composition as set forth in Example 6. It is understood that
      insulation 12 may also be made of a polyvinyl chloride composition as in
      Examples 5 or 6.
PAR  A comparison of the properties of a conventional polyvinyl chloride jacket
      A, and a polyvinyl chloride jacket B made in accordance with Example 6,
      follows:
TBL                      A         B                                           
     ______________________________________                                    
     hydrogen chloride lost in                                                 
     smoke after 30 min. at                                                    
     650 .degree. C, using 50 liters/hr.                                       
     of dry air, in grams/kg.                                                  
     polymer               201         1                                       
     hydrogen chloride lost in -smoke after 30 min. at -650 .degree. C, using  
     moist air                                                                 
     with 8.7 g. water/cu. meter,                                              
     in grams/kg. polymer  215         1                                       
     Oxygen index %        23.3        27.7                                    
     ______________________________________                                    
PAR  It will be apparent that polymer compositions of the instant invention have
      a wide variety of applications, particularly because of the unique
      combination of self-extinguishing behaviour with a smoke free of hydrogen
      chloride or other deleterious acidic compounds.
PAR  While such compositions are of special interest as insulation and
      jacketings for electrical cables and conductors; these compositions are
      also attractive for making floor tile, packaging and containers of all
      sorts, sheet plastic and film, laminates of various kinds, and molded
      products generally.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fireproof self extinguishing composition, comprising:
PA1  a polymer which evolves hydrogen chloride at temperatures encountered in a
      fire; a plasticizing amount of a non-flammable plasticizer; and a material
      selected from the group consisting of the carbonates of calcium, barium,
      magnesium, strontium, sodium, potassium, lithium and mixtures thereof,
      said material having an average particle size which does not exceed 250
      millimicrons and being present in an amount which is at least sufficient
      to combine with essentially the entire amount of hydrogen chloride which
      is evolved at temperatures which occur in a fire to thereby prevent
      evolution into the surrounding atmosphere of the hydrogen chloride when
      the composition is subjected to said temperatures.
NUM  2.
PAR  2. The composition as defined in claim 1 wherein said material is barium
      carbonate.
NUM  3.
PAR  3. The composition as in claim 1 wherein said material is sodium carbonate.
NUM  4.
PAR  4. The composition as in claim 1 wherein said material is potassium
      carbonate.
NUM  5.
PAR  5. The composition of claim 4 wherein the material is calcium carbonate.
NUM  6.
PAR  6. The composition of claim 5 wherein the polymer is polychloroprene.
NUM  7.
PAR  7. The composition of claim 4 wherein the polymer is polyvinyl chloride.
NUM  8.
PAR  8. The composition of claim 4 wherein the nonflammable plasticizer is an
      aromatic phosphate plasticizer.
NUM  9.
PAR  9. The composition of claim 8 wherein the material is calcium carbonate.
NUM  10.
PAR  10. The composition of claim 9 wherein the polymer is polyvinyl chloride.
NUM  11.
PAR  11. The composition of claim 9 wherein the polymer is polychloroprene.
NUM  12.
PAR  12. The composition of claim 1 wherein the plasticizer is present in an
      amount from about 30 parts to about 80 parts per 100 parts of the polymer,
      all by weight.
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BSUM
PAR  This invention relates to the improvement of the physical properties of
      poly(fluoroalkoxyphosphazene) vulcanizates and reinforced vulcanizates of
      polymers such as those described in Evans U.S. Pat. No. 3,271,330; Allcock
      U.S. Pat. No. 3,370,026 and in Rose U.S. Pat. No. 3,515,688. More
      particularly, it relates to the addition of low molecular weight
      phosphonitrilic fluoroalkoxide oils (oligomers or cyclic) to
      poly(fluoroalkoxyphosphazenes) and to the resulting products.
PAR  In processing poly(fluoroalkoxyphosphazenes) of the types described in the
      above noted patents, for example when working them on a rubber mill, it is
      found that they tend to stick to the rolls. Furthermore, such materials
      when reinforced with silica, carbon black, or other fillers exhibit
      relatively low elongations as cured. This appears to be particularly
      significant for polyphosphazenes in which the pendant fluoroalkoxide
      groups are of chain lengths which do not differ substantially.
PAR  It has now been found that the elongations of such
      poly(fluoroalkoxyphosphazenes) are dramatically improved by the addition
      of relatively low molecular weight phosphonitrilic fluoroalkoxide
      oligomers and that the improved elongations are obtained with only a small
      decrease in the tensile strength and with essentially no loss in the
      thermal stability (300.degree.F) of the materials.
PAR  Poly(fluoroalkoxyphosphazene) stocks containing silica or carbon black
      reinforcing agents, metal oxide and conventional curing agents are also
      difficult to process on rubber mills or calenders due to severe sticking
      to the rolls. These materials are also difficult to extrude. Furthermore,
      the vulcanized stocks of such elastomers, as [(CF.sub.3 CH.sub.2
      O)(CF.sub.3 CF.sub.2 CF.sub.2 CH.sub.2 O)P=N].sub.n often exhibit
      relatively low elongations, e.g. 30% to 120%.
PAR  The addition of low molecular weight phosphonitrilic fluoroalkoxides
      (oligomers or cyclics) to these stocks has been found to improve their
      processibility, stress/strain properties and low temperature flexibility.
      These "oils" may be added to the stock during mixing with conventional
      equipment, such as rubber mill, Brabender Mixer, or Banbury Mixer or by
      solution compounding with the elastomer prior to such conventional
      mechanical compounding. Furthermore, the level of the addition of oil may
      be varied by including some unpolymerized phosphonitrilic chloride
      oligomers with the poly(dichlorophosphazene) from which the
      poly(fluoroalkoxyphosphazenes) are prepared by displacement of the
      chlorine atoms with fluoroalkoxy groups along the --P=N-- chain.
PAR  Briefly, then, the present invention comprises the use of low molecular
      weight oligomers or cyclic compounds represented by the following general
      formula [(R.sub.F O)R'.sub.F O)P=N].sub.n wherein n represents an integer
      from 3 to 100 and is preferably not greater than 12 and R.sub.F and
      R'.sub.F each represents a monovalent radical represented by the formula
      --(CH.sub.2).sub.m (CF.sub.2).sub.q CF.sub.2 Z, Z representing F or H; m
      being an integer from 1 to 10 (1 being preferred) and q being an integer
      from 1 to 20, the relatively low molecular weight materials being oily
      liquids at room temperature and being incorporated in the
      poly(fluoroalkoxyphosphazene) in much the same manner as oil extenders are
      conventionally added to hydrocarbon rubber stocks. For the formula given
      it will be seen that for n=12 (line 21) the oily liquids will have a
      molecular weight up to about 4 .times. 10.sup.3 or higher.
PAR  The low molecular weight phosphazenes may be either straight chain,
      branched chain or cyclic compounds in which the groups attached to the P
      atoms are any of the following:
PA1  alkoxide
PA1  substituted alkoxide, particularly  fluoroalkoxides
PA1  unsaturated alkoxide
PA1  aryloxide
PA1  substituted aryloxide
PA1  amines
PAR  The following data are illustrative of the practice of this invention and
      are not intended to limit the same.
PAR  In Tables I through V which follow, data is presented which illustrates the
      effect of the addition of low molecular weight fluoroalkoxyphosphazenes to
      stock consisting of higher molecular weight poly(fluoroalkoxyphosphazenes)
      and various fillers and other additives.
PA1  Elastomag 170 and Stan Mag ELC may be considered to be MgO.
PA1  Aerosil 200, Aerosil 300 and Silanox are trade names for treated fumed
      silica, and are silica fillers.
PA1  Dicup 40C is a trade name for dicumyl peroxide.
PA1  Fef and SAF are carbon black.
TBL                                    Table I                                 
     __________________________________________________________________________
     EFFECT OF ADDING LOW MOLECULAR WEIGHT                                     
     PHOSPHAZENES ON TENSILE-ELONGATION                                        
     OF "LOW-ELONGATION POLYMER"                                               
     [(CF.sub.3 CH.sub.2 O)(CF.sub.3 CF.sub.2 CF.sub.2 CH.sub.2 O)P=N].sub.n   
     Compound      C     D     A     B                                         
     __________________________________________________________________________
     Polymer       100.0 100.0 100.0 120.0                                     
     Low Molecular Weight Oil                                                  
                   10.0  20.0                                                  
     Normal Stress/Strain - 300.degree.F cure; no post cure.                   
     100% Modulus (psi)                                                        
     30 minutes    265   65                                                    
     60 minutes    530   80                                                    
     90 minutes    330   80                                                    
     200% Modulus (psi)                                                        
     30 minutes          195                                                   
     60 minutes          240                                                   
     90 minutes          235                                                   
     Tensile (psi)                                                             
     30 minutes    670   835   680   610                                       
     60 minutes    645   840   710   610                                       
     90 minutes    760   825   850   585                                       
     % Elongation                                                              
     30 minutes    150   325   40    40                                        
     60 minutes    120   330   40    35                                        
     90 minutes    140   360   40    40                                        
     Shore A Hardness                                                          
                   50.5  43.5  64.0  55.0                                      
     % Compression Set                                                         
                   42.3  44.4  38.4  31.0                                      
     __________________________________________________________________________
TBL                Table II                                                    
     ______________________________________                                    
     EFFECT OF ADDING LOW MOLECULAR WEIGHT                                     
     PHOSPHAZENES ON TENSILE-ELONGATION                                        
                    384       387                                              
     ______________________________________                                    
     Polymer          100.0       100.0                                        
     Elastomag 170    6.0         6.0                                          
     Aerosil 200      14.0        14.0                                         
     Dicup 40C        0.8         0.8                                          
     Low Molecular Weight Oil     12.0                                         
     Normal Stress/Strain - 280.degree.F cure; 24 hours/212.degree.F post      
     cure.                                                                     
     100% Modulus (psi)                                                        
     20 minutes       --          280                                          
     60 minutes       --          320                                          
     90 minutes       --          350                                          
     200% Modulus (psi)                                                        
     30 minutes       --          1020                                         
     60 minutes       --          --                                           
     90 minutes       --          --                                           
     Tensile (psi)                                                             
     30 minutes       835         1155                                         
     60 minutes       1000        1035                                         
     90 minutes       950         1200                                         
     % Elongation                                                              
     30 minutes       65          215                                          
     60 minutes       90          160                                          
     90 minutes       80          180                                          
     ______________________________________                                    
TBL                                    Table III                               
     __________________________________________________________________________
     THE EFFECT OF OIL EXTENSION ON MECHANICAL                                 
     AND HEAT AGING PROPERTIES                                                 
     Compound       A      B      C      D                                     
     __________________________________________________________________________
     Polymer        100    100    100    100                                   
     Silanox 101    30     30     30     30                                    
     Stan Mag ELC   6      6      6      6                                     
     C.sub.2.sup.F C.sub.5.sup.F (T) Oils                                      
                    --     5      10     15                                    
     Dicup 40C      2      2      2      2                                     
     Stress/Strain                                                             
     Cure 30 min. at 212.degree.F                                              
     Post Cure 24 hrs. at 212.degree.F                                         
     100% Modulus (psi)                                                        
     Original       1275   1125   963    800                                   
     240 Hrs. at 300.degree.F                                                  
                    853    935    666    801                                   
     336 Hrs. at 300.degree.F                                                  
                    774    697    740    585                                   
     240 Hrs. at 350.degree.F                                                  
                    439    520    460    540                                   
     Tensile Strength (psi)                                                    
     Original       1615   1350   1225   1262                                  
     240 Hrs. at 300.degree.F                                                  
                    1282   1351   1211   1189                                  
     336 Hrs. at 300.degree.F                                                  
                    1150   1520   1250   1200                                  
     240 Hrs. at 350.degree.F                                                  
                    754    790    739    683                                   
     % Elongation (at Break)                                                   
     Original       107    115    115    125                                   
     240 Hrs. at 300.degree.F                                                  
                    140    135    155    140                                   
     336 Hrs. at 300.degree.F                                                  
                    135    157    142    160                                   
     240 Hrs. at 350.degree.F                                                  
                    165    130    145    135                                   
     Shore A Hardness                                                          
     Original       68     68     62     61                                    
     336 Hrs. at 300.degree.F                                                  
                    71     69     68     68                                    
     ASTM % Compression Set                                                    
     70 Hrs. at 300.degree.F                                                   
                    74     68     65     64                                    
     __________________________________________________________________________
TBL                Table IV                                                    
     ______________________________________                                    
     IMPROVED LOW TEMPERATURE FLEXIBILITY OF                                   
     [(CF.sub.3 CH.sub.2 O)(CHF.sub.2 (CF.sub.2).sub.3 CH.sub.2 O)(X)P=N].sub.n
      *                                                                        
     STOCKS BY THE USE OF LOW MOLECULAR WEIGHT OILS                            
     Compound       A      B      C    D    E    F                             
     ______________________________________                                    
     Polymer        100    100    100  100  100  100                           
     Aerosil 300    14     14     --   --   --   --                            
     FEF Carbon Black                                                          
                    --     --     10   10   --   --                            
     SAF Carbon Black                                                          
                    --     --     --   --   10   10                            
     Stan Mag ELC   6      6      6    6    6    6                             
     Low Molecular Weight Oils                                                 
                    --     20     --   20   --   20                            
     Dicup 40C      1      1      1    1    1    1                             
     Normal Stress/Strain                                                      
     Cure 30 Hrs. at 320.degree.F                                              
     Post Cure 24 Hrs. at 212.degree.F                                         
     100% Modulus (psi)                                                        
                    257    242    146  103  67   76                            
     Tensile Strength (psi)                                                    
                    523    861    815  443  944  678                           
     % Elongation (at Break)                                                   
                    170    180    185  240  365  275                           
     Shore A Hardness                                                          
                    63     54     25   19   29   22                            
     Gehman Flexure                                                            
     (ASTM D-1053)                                                             
     T 5 (.degree.C)                                                           
                    -52    -58    -57  -59  -45  -59                           
     T 10 (.degree.C)                                                          
                    -54    -60    -52  -60  -49  -61                           
     T 100 (.degree.C)                                                         
                    -63    -67    -61  -66  -61  -68                           
     Freeze Point (.degree.C)                                                  
                    -64    -67    -66  -69  -67  -71                           
     Temperature (.degree.C) at Which                                          
                    --     -64    --   -66  --   -64                           
     Young's Modulus in                                                        
     Flexure is 10,000 psi                                                     
     (ASTM D-797)                                                              
     ______________________________________                                    
      *Wherein X is an o-allylphenoxy group                                    
TBL                Table V                                                     
     ______________________________________                                    
     THE EFFECT OF OIL EXTENSION OF                                            
     [(CF.sub.3 CH.sub.2 O)(HF.sub.2 (CF.sub.2).sub.3 CH.sub.2 O)(X)P=N].sub.n 
     STOCK ON LOW TEMPERATURE FLEXIBILITY                                      
     Compound          A        B        C                                     
     ______________________________________                                    
     Polymer           100      100      100                                   
     Silanox 101       30       30       30                                    
     Stan Mag ELC      6        6        6                                     
     Low Molecular Weight Oils                                                 
                       5        10       15                                    
     Dicup 40C         2        2        2                                     
     Normal Stress/Strain                                                      
     Cure 30 Hrs. at 320.degree.F                                              
     Post Cure 24 Hrs. at 212.degree.F                                         
     50% Modulus (psi) 287      212      187                                   
     100% Modulus (psi)                                                        
                       1125     963      800                                   
     Tensile Strength (psi)                                                    
                       1350     1225     1262                                  
     % Elongation      115      115      125                                   
     % Tension Set     7        6        6                                     
     Shore A Hardness  68       62       60                                    
     Young's Modulus in Flexure                                                
     (ASTM D-797)                                                              
        0 .degree.C    2080     1892     1893                                  
       -20             3833     2663     2396                                  
       -30             4620     3677     2920                                  
       -40             6930     4680     4122                                  
       -50             13416    9534     7302                                  
       -60             27600    20976    15196                                 
       -67             94876    87131    74971                                 
     Temperature (.degree.C) at Which                                          
                       -46      -51      -56                                   
     Young's Modulus in                                                        
     Flexure is 10,000 psi                                                     
     Gehman Flexure                                                            
     (ASTM D-1053)                                                             
     Twist Angle                                                               
     Room Temperature  173      172      174                                   
       -30 .degree.C   144      154      153                                   
       -35             120      141      141                                   
       -40             89       119      121                                   
       -45             60       65       87                                    
       -50             31       44       64                                    
       -55             23       29       45                                    
       -60             8        9        15                                    
       -65             4        5        6                                     
       -70             4        5        5                                     
       -80             3        3        3                                     
     T 5 (.degree.C)   -31      -34      -30                                   
     T 10 (.degree.C)  -34      -38      -37                                   
     T 100 (.degree.C) -49      -53      -56                                   
     Freeze Point (.degree.C)                                                  
                       -55      -58      -64                                   
     G' (psi)          120      139      100                                   
     ______________________________________                                    
      *Wherein X is an o-allylphenoxy group                                    
PAR  Table I sets forth the effect on the physical properties produced by the
      addition of 0,10 and 20 parts by weight of a mixture of low molecular
      weight fluoroalkoxyphosphazenes to either 100 or 120 parts by weight of
      polymer stock consisting of poly(fluoroalkoxyphosphazene) represented by
      the formula
      ##EQU1##
      in which Q and Q' each represents randomly distributed --OCH.sub.2
      CF.sub.3 and --OCH.sub.2 CF.sub.2 CF.sub.2 CF.sub.3 groups, and to which
      polymer there had been added 6.0 parts by weight of MgO (Elastomag 170),
      14.2 parts by weight of silica (Aerosil 200) and 7.5 parts by weight of
      dicumyl peroxide (Dicup 40C) as a curing agent. The low molecular weight
      oil consisted of [(CF.sub.3 CH.sub.2 O) (F.sub.3 C(CF.sub.2).sub.2
      CH.sub.2 O)P=N].sub.n.
PAR  Table II shows the results obtained with a high molecuar weight
      polyphosphazene which consisted of randomly distributed --OCH.sub.2
      CF.sub.3 and --OCH.sub.2 CF.sub.2 CF.sub.2 CF.sub.2 CF.sub.2 H pendant
      groups randomly attached to the P atoms of the --P=N-- chain, the low
      molecular weight oil being a fluid of similar composition.
PAR  Table III illustrates the effect of low molecular weight phosphazenes on
      heat-aging properties of a stock based on the same polymer as that used in
      Table II.
PAR  Table IV presents further data showing the low temperature flexibility of a
      polyphosphazene stock based on a polymer having randomly distributed
      --OCH.sub.2 CF.sub.3 ; --OCH.sub.2 (CF.sub.2).sub.3 CF.sub.2 H; and
      o-allylphenoxy groups; in a somewhat different composition stock, and the
      improvement resulting from the addition of various amounts of low
      molecular weight oils.
PAR  Table V presents similar data for a modified stock formulation, utilizing
      the same high molecular weight polyphosphazene as that in Table IV.
PAR  The present invention is particularly suited to the improvement of
      poly(fluoroalkoxidepolyphosphazenes) having molecular weights of between 3
      .times. 10.sup.4 and 3 .times. 10.sup.6, i.e. polymers represented by the
      formula
      ##EQU2##
      wherein Q and Q' are any of F(CF.sub.2).sub.m CH.sub.2 O-- and
      H(CF.sub.2).sub.m CH.sub.2 O--, m being not greater than 9 as defined in
      the above noted U.S. Pat. No. 3,515,688 issued June 2, 1970 wherein n is
      between 10.sup.3 and 10.sup.4, and stocks compounded from such
      polyphosphazenes and various kinds of fillers.
PAR  Having now described preferred embodiments of the invention in accordance
      with the Patent Statutes, it is not intended that it be limited except as
      may be required by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition comprising at least one poly(fluoroalkoxyphosphazene)
      polymer having a molecular weight between about 3 .times. 10.sup.4 and 3
      .times. 10.sup.6 and at least one lower molecular weight polyphosphazene
      oil having a molecular weight up to about 4 .times. 10.sup.3 and
      represented by the formula
      ##EQU3##
      in which n represents an integer from 3 to 100 and R.sub.F and R'.sub.F
      each represent a monovalent radical represented by the formula
      --(CH.sub.2).sub.m (CF.sub.2).sub.q CF.sub.2 Z, in which m is an integer
      of from 1 to 10, and q is an integer from 1 to 20, and Z is selected from
      the group consisting of F and H, the amount of said oil being between 2
      and 50 parts by weight per hundred parts by weight of said polymer.
NUM  2.
PAR  2. The composition of claim 1 wherein both the polymer and the oil are
      fluoroalkoxyphosphazenes.
NUM  3.
PAR  3. The composition of claim 1 including at least one filler.
NUM  4.
PAR  4. The composition of claim 1 including at least one curing agent.
NUM  5.
PAR  5. The composition of claim 4 wherein the curing agent is an organic
      peroxide.
NUM  6.
PAR  6. The composition of claim 4 as a cured product.
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ABST
PAL  A quick-setting core and molding sand comprising quartz sand, a binder and
      an adsorbent or absorbent. The binder is a solution of a binding agent
      such as polystyrene, polyvinyl acetate or the like in an appropriate
      organic solvent. After molding, the sand is hardened by means of blowing
      it with an inert gas, preferably air or applying a suction thereto. The
      time of hardening is very short and depends upon the size of a mold or a
      core which is being made.
PARN
PAC  CROSS RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 273,957
      filed July 21, 1972 and now abandoned.
BSUM
PAC  BACKGROUND
PAR  a. Field of the Invention
PAR  The invention relates to a quick-hardening core and molding sand and a
      method for hardening thereof.
PAR  B. Prior Art
PAR  Quick-hardening core and molding sands are known based on quartz sand and
      containing water-glass as a binder and these sands have been hardened by
      means of blowing them with carbonic acid anhydride.
PAR  In the case of molds and cores made of molding sand with addition of
      various kinds of synthetic resins, hardening is achieved by means of
      blowing these molds and cores with a catalyst in the form of a gas, e.g.
      hydrogen chloride, or with a liquid catalyst in the form of a mist, e.g.
      triethylamine, or by adding the catalyst to the molding sand together with
      the resin.
PAR  Utilization of these molding sands and their methods of hardening have
      caused numerous troubles as regards the use of highly toxic gases or
      catalysts, in which case it is necessary to construct special apparatus
      and very tight devices for the supply of these gases or catalysts.
PAR  Moreover, molds and cores produced by means of the known methods require a
      relatively long time for complete hardening of the sand. This time depends
      on the size of the core or mold and on the degree of complexity of their
      shape and, on an average, the time amounts to approximately 4 hours.
PAR  Another method for making foundry cores is described in U.S. Pat. No.
      3,679,703 and consists in using a copolymer of styrene with acrylic acid.
      The process of binding the sand is a result of the chemical reaction which
      occurs after adding acrylic acid and styrene in a ratio of 1 : 4, the
      water formed during this reaction being removed in a dehydrating
      operation. This method is highly complicated.
PAR  Another method for conditioning foundry sand is described in U.S. Pat. No.
      2,491,006 and comprises mixing an appropriate amount of the foundry sand
      in a mixer at elevated temperature and adding thereto an appropriate heavy
      petroleum residue. However, this does not confer to thus obtained moulding
      or core sand thermohardening properties. Moreover, according to this
      method it is necessary to heat the sand to a temperature of
      400.degree.-500.degree.F. The obtained core or moulding sand mixture shows
      high green strength and only moderate dry strength. Usually, the sand
      composition contains also an addition of the commonly used bonding clays
      or other binders and an appropriate amount of water. The fact that the
      sand must be heated as well as its low dry strength detract from its
      value.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to remove these disadvantages and
      to shorten the time required for a complete hardening of the sand.
PAR  Another object of the invention is to provide a molding or core sand of a
      special composition and also to provide a method for the quick hardening
      of this sand which eliminates the necessity of using toxic gases.
PAR  These objects are achieved by establishing a composition of the molding or
      core sand based on foundry sand, e.g. quartz sand and containing a binding
      agent, in the form of polystryrene having a molecular weight from 100,000
      to 350,000 or its derivatives, i.e. chemical compounds having the basic
      structure of polystyrene and varying from it only in the number and type
      of substituents or the place of substition, such as the polymer of
      alpha-methyl-styrene, the polymer of beta-phenyl-styrene or copolymers of
      styrene, or other suitable materials, such as polyvinyl acetate, methyl
      polymethacrylate or their derivatives, or the derivatives of cellulose,
      such as ethyl cellulose, methyl cellulose or a mixture of the above said
      compounds, in an organic solvent selected from the group of aliphatic or
      aromatic hydrocarbons, halogen derivatives of hydrocarbons, esters,
      ketones, alcohols and the like.
PAR  As derivatives of methyl polymethacrylate are contemplated compounds having
      the chemical structure of methyl polymethacrylate and varying from this
      compound only in the number and type of substituents or place of
      substitution e.g. ethyl polymethacrylate.
PAR  Similarly, as derivatives of polyvinyl acetate are contemplated compounds
      having the chemical structure of polyvinyl acetate and varying from this
      compound only in the number and type of substituents or place of
      substitution.
PAR  As previously noted the range of molecular weight of polystyrene is from
      100,000 to 350,000. While carrying out tests it has been found that
      polystyrene whose molecular weight is included in the above-mentioned
      range, confers sufficient mechanical strength to thus produced cores and
      provides the short time of hardening.
PAR  Preferably, the binder solution has a 10 to 65% concentration.
PAR  In addition to the binding agent and the solvent, the sand according to the
      invention also includes adsorbents, such as zeolite and/or absorbents,
      such as, kerosene, the additives being present in a maximum amount of 10
      parts by weight per 100 parts by weight of the foundry sand and,
      additionally up to 1 part by weight of powdered materials having a high
      specific surface, such as coal dust, metal oxides, aluminum powder and the
      like.
PAR  The binder is introduced into the sand in the amount of 1 to 10 parts by
      weight per 100 parts by weight of the foundry sand.
PAR  The method of hardening the sand, according to the invention, comprises
      removing volatile solvent, for example, by means of blowing the sand with
      a non-toxic gas, preferably air or its components at a pressure of 0.2 to
      6 atmospheres at room temperature for a time of at least 5 seconds.
PAR  The solvent can also be removed from the sand by means of suction or by
      combined blowing and suction at the same time.
PAR  The time for removing the volatile solvent from the sand for a complete
      hardening of this sand depends on the size of the mold or core and on the
      degree of complexity of their shape.
PAR  The sand according to the invention is characterized by very good
      technological properties. The sand and its method for its hardening can be
      applied both in piece and lot production of castings. The sand composition
      can be used in the production of molds and cores in the case of
      accessories made of both wood and of plastic or metal.
PAR  The cores made according to the present invention can be shaped both as
      common cores or shell cores and the sand inside the core which has not
      been hardened can further be used in the next step of the core production.
DETD
PAR  The method of producing the sand composition according to the present
      invention will next be described by means of the following examples.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAC  EXAMPLE I
PAR  1-10 parts by weight of polystyrene binder of a concentration of 10-65% is
      added to 100 parts by weight of quartz sand mixed with kerosene. The
      ingredients are mixed in a mixer for a period of about 1 to 2 minutes.
PAR  From the thus prepared sand composition, cores or molds are made using
      conventional molding equipment and then the sand composition is hardened
      by means of blowing compressed air therethrough under a pressure of 1.5
      atmospheres for a period of time ranging from 5-150 seconds.
PAC  EXAMPLE II
PAR  0.2-2 parts by weight of powdered polystyrene and 0.5-2 parts by weight of
      polyvinyl acetate are added to 100 parts by weight of olivine sand mixed
      with 1 part by weight of zeolite. After mixing the composition, 1.5-6
      parts by weight of ethyl acetate are added and the entire mixture is mixed
      again in a mixer for about 2 minutes.
PAR  From the thus prepared sand, cores or molds are made which are subjected to
      subsequent hardening by means of removing the volatile solvent under
      suction.
PAR  The thus recovered solvent, i.e. ethyl acetate, can be reused after
      condensation for further production.
PAC  EXAMPLE III
PAR  3 parts by weight of powdered polystyrene are added to 100 parts by weight
      of quartz sand heated to a temperature of approximately 100.degree.C, the
      ingredients being vigorously mixed in a mixer in order to coat the sand
      grains with melted polystyrene.
PAR  Then the thus coated and cooled sand is mixed again in a mixer adding
      thereinto up to 8 parts by weight of trichloroethylene over a period of
      time of approximately 2 minutes.
PAR  From the thus prepared sand, cores are made which then are hardened by
      means of removing the volatile solvent from the mixture by an operation of
      blowing air into the core from one side while applying a suction force at
      the other side.
TBL  EXEMPLARY SAND COMPOSITIONS ACCORDING                                     
     TO THE INVENTION                                                          
     ______________________________________                                    
                     EXAMPLE A                                                 
     Quartz sand                100 parts by weight                            
     Coal dust                  1 part   by weight                             
     Solution of polystyrene    5 parts by weight                              
     in carbon tetrachloride                                                   
     (concentration 30%)                                                       
                     EXAMPLE B                                                 
     Quartz sand                100 parts by weight                            
     Talc                       0.5 parts by weight                            
     Solution of polyphenyl-    10 parts by weight                             
     styrene in chloroform                                                     
     (concentration 10%)                                                       
                     EXAMPLE C                                                 
     Olivine sand               100 parts by weight                            
     Calcium oxide              1 part   by weight                             
     Solution of polystyrene    3 parts by weight                              
     in trichloroethylene                                                      
     (concentration 65%)                                                       
                     EXAMPLE D                                                 
     Quartz sand                100 parts by weight                            
     polyvinyl acetate          1.5 parts by weight                            
     Ethyl acetate              5 parts by weight                              
                     EXAMPLE E                                                 
     Quartz sand                100 parts by weight                            
     Magnesium oxide            1 part   by weight                             
     Solution of polystyrene    4 parts by weight                              
     and polyvinyl acetate in                                                  
     a 3:1 ratio in ethyl                                                      
     acetate (concentration 25%)                                               
                     EXAMPLE F                                                 
     Quartz sand coated with    100 parts by weight                            
     powdered polystyrene, in a                                                
     ratio of 100:2                                                            
     Zeoline X                  0.5 parts by weight                            
     Benzene                    8 parts by weight                              
                     EXAMPLE G                                                 
     Quartz sand coated with    100 parts by weight                            
     powdered polyvinyl acetate                                                
     Zeolite X                  0.5 parts by weight                            
     Benzene                    8 parts by weight                              
                     EXAMPLE H                                                 
     Olivine sand               100 parts by weight                            
     Solution of polystyrene    4 parts by weight                              
     and ethyl cellulose in a                                                  
     ratio of 5:1 in trichloro-                                                
     ethylene (concentration                                                   
     20%)                                                                      
                     EXAMPLE J                                                 
     Zircon sand                100 parts by weight                            
     Silica gel                 3 parts by weight                              
     Solution of polystyrene    5 parts by weight                              
     and methyl polymethacry-                                                  
     late in a ratio of 10:1                                                   
     in acetone (concentra-                                                    
     tion 20%)                                                                 
                     EXAMPLE K                                                 
     Zircon sand                100 parts by weight                            
     Kerosene                   0.5 parts by weight                            
     Solution of methyl         5 parts by weight                              
     polymethacrylate in                                                       
     trichloroethylene (concen-                                                
     tration 15%)                                                              
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A quick-hardening core and molding sand composition comprising quartz
      sand and a binder solution, said binder solution comprising a binding
      agent of molecular weight of 100,000-350,000 selected from the group
      consisting of polystyrene, polyvinyl acetate, polymethylmethacrylate,
      polyethyl-methacrylate, derivatives of cellulose, and mixtures thereof,
      and an organic solvent for the binding agent selected from the group
      consisting of aliphatic and aromatic hydrocarbons, said binding agent
      being present in said solution in a concentration of 10 to 65%.
NUM  2.
PAR  2. A sand composition as claimed in claim 1 wherein the binding agent is
      present in the amount of 0.1-10 parts by weight and the organic solvent is
      present in the amount of 0.1-10 parts by weight, per 100 parts by weight
      of the sand.
NUM  3.
PAR  3. A sand composition as claimed in claim 2 further containing at least one
      absorbent or adsorbent in a maximum amount of 10 parts by weight per 100
      parts by weight of the sand.
NUM  4.
PAR  4. A sand composition as claimed in claim 2 further containing a powdered
      material of high specific surface, in an amount not greater than 1 part by
      weight per 100 parts by weight of sand.
NUM  5.
PAR  5. A sand composition as claimed in claim 4 wherein said powdered material
      is coal dust, a metal oxide, or aluminum powder.
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ABST
PAL  A method of forming a composite carbon fibres and synthetic plastics
      material by embodying the fibres in a matrix of the synthetic plastics
      material. In the interfacial region of the carbon fibres and synthetic
      plastics material an elastomeric resin is provided which is compatible
      with the synthetic plastics material used for the matrix to minimise the
      tendency for cracks to initiate at the interface.
BSUM
PAR  This invention relates to methods of forming composites of carbon fibres
      and synthetic plastics materials by embodying the carbon fibres in a
      matrix of the synthetic plastics material and to composites formed by such
      methods.
PAR  The object of this invention is to provide a method of producing a
      composite which minimises the tendency for cracks to initiate at the
      interface of the carbon fibres and the synthetic plastics material.
PAR  According to the present invention the method includes providing in the
      interfacial region of the carbon fibres and synthetic plastics material an
      elastomeric resin which is compatible with the synthetic plastics material
      used for the matrix (i.e. the continuous phase).
PAR  The elastomeric material may be applied to the carbon fibres, for example
      by sizing, prior to the embodiment of the carbon fibres into the synthetic
      plastics material. Alternatively or additionally the elastomeric resin can
      be blended into the synthetic plastics material forming the matrix.
PAR  By the invention a more efficient distribution of stresses at the interface
      of the carbon fibres and the synthetic plastics material is obtained thus
      minimising the tendency for cracks to initiate. The fact that the
      elastomeric resin applied to the carbon fibres is compatible with the
      matrix resin will give rise to a gradual transition at the interface which
      again should enhance the toughness of the composite and hence improve its
      impact strength.
PAR  Suitable elastomeric resins for applying to the carbon fibres in order to
      produce a composite in the form of a prepreg are reactive urethane
      polymers with an appropriate curing agent: examples of suitable reactive
      urethane polymers are Adiprene L 167 and Adiprene BL-16 which are trade
      names of products manufactured by E. I. du Pont and de Nemours & Co. Inc.
      and examples of curing agents which can be used with them are diethylene
      triamine or 4,4 methylene bis (orthochloroaniline). Adiprene L-167 is a
      liquid urethane pre-polymer of toluene di-isocyanate and
      polytetramethylene glycol. Adiprene BL-16 is a liquid urethane pre-polymer
      of toluene diisocyanate and polytetramethylene glycol blocked with a
      ketoxime group.
PAR  To provide a blend of elastomeric resin with the matrix material a reactive
      urethane resin such as Adiprene L-167 can be blended with the epoxide
      component of a conventional rigid matrix system e.g. an epoxide such as
      that sold under the trade name Epikote 828 by the Shell Chemical Co. Ltd.
      and which is a condensate of epichlorhydrin and bisphenol A.
PAR  Several examples of carrying the invention into effect will now be
      described. All stated proportions of the components are by weight.
DETD
PAC  EXAMPLE 1
PAR  In this example the elastomeric resin for applying to the carbon fibres in
      the form of a size is a 1-30% solution of Adiprene BL-16 in acetone,
      containing 10-15 parts of diethylene triamine to 100 parts of Adiprene
      BL-16. Tows or sheets of carbon fibres are impregnated with the solution,
      excess solution is drained off and then the solvent removed by gentle
      heating, at 30.degree.-40.degree. under slight vacuum. The preferred
      concentrations of Adiprene BL-16 are 1 to 5% but higher concentrations can
      be used to apply a thicker layer of resin. The treated fibre can be now
      used to make a composite by impregnating it with a suitable matrix resin.
      Where it is desired the sized fibre can be converted into the form of a
      pre-impregnated composite or pre-preg prior to forming it into the final
      moulded composite, by treating it in known manner with a solution of a
      matrix resin suitable for forming a pre-preg, for example the Epikote
      DX-231/Epikure DX-125 system. The Epikote DX-231/Epikure DX-125 system is
      marketed by the Shell Chemical Company Ltd. Epikote DX-231 is a solvent
      solution of a mixture of diglycidyl ethers of diphenylol propane. Ekpkure
      DX-125 is a solvent solution of a cyanogen compound and a small proportion
      of an accelerator. If this latter system is used the curing should take
      place under pressure for 11/2 hours at 150.degree.C to form the prepreg.
PAC  EXAMPLE 2
PAR  The carbon fibres in tow or sheet form are sized with a 1-30% solution of
      Adiprene BL-16 in acetone containing 10-15 parts of diethylene triamine in
      the form of a salt with lactic acid. The use of diethylene triamine is
      desirable because the evidence is that its use gives a better bond to
      carbon fibres but, if desired, any other suitable curing agent for the
      urethane prepolymer of Adiprene BL-16 can be used, e.g. 4,4' methylene bis
      (orthochloroaniline). The excess solution is drained off and the acetone
      removed by heating to 30.degree.-40.degree.C under slight vacuum. The
      treated fibre can then be converted into a prepreg by impregnating it with
      a solution of a suitable matrix resin, for example the Epikote
      DX-210/Epikure BF.sub.3 -400 system. The Epikote DX-210/Epikure BF.sub.3
      400 system is marketed by the Shell Company Ltd. Epikote DX-210 is a
      solution in methyl ethyl keton of a semi-solid resin which is a reaction
      product of a diglycidyl ether of diphenylolpropane and an aromatic amine.
      Epikure BF.sub.3 -400 is a boron trifuoride/monoethylamene complex. To
      form the prepreg curing is carried out in the usual way by heating for 1
      hour under a pressure of 100 psi at 170.degree.C and then postcuring for a
      further 3 hours at 170.degree.C. The use of the lactic acid salt will not
      only permit the use of the boron trifluoride adduct but could also
      minimise degradation of the urethane. If increased extensibility of the
      urethane is required this can be achieved by adding to the urethane resin
      a suitable plasticiser such as dioctyl phthalate or dioctyl sebacate.
PAC  EXAMPLE 3
PAR  Carbon fibres in tow or sheet form are sized with a 4% solution of the
      polyurethane elastomer Adiprene BL-26 reacted with diethylene triamine and
      then treated with an epoxy resin such as Epikote DX-231/Epikure DX-125 to
      make a prepreg which is subsequently moulded to form the final composite.
      The advantages of coating the fibres in this way can be appreciated by
      comparing the properties of the resultant composite with those obtained
      from a composite formed from uncoated high strength carbon fibres (Young's
      modulus in the range 240-290 GN/m.sup.2) and epoxy resin. The latter would
      give a composite having typically a flexural modulus of 140 GN/m.sup.2. In
      comparison the composite produced from the coated carbon fibres in
      accordance with the example described above suffers no loss of flexural
      modulus. It suffers a slight drop in inter-laminer shear strength and some
      improvement in impact strength as measured by the Charpy test. Most
      significantly however the mode of failure in flexure changes from brittle
      to tough and at least twice as much energy is absorbed before complete
      failure occurs.
PAR  In the case of cross-plied laminates produced by the technique, a marked
      improvement in resistance to a falling weight impact is obtained. A
      sample, dimensions 50 .times. 50 .times. 2.5 mm, produced from a
      conventional pre-preg failed at 8 Joules, but a sample of similar
      dimensions and fibre content made using the above technique retained 75%
      of its original stiffness in bending, measured diagonally, after an impact
      of 12 Joules.
PAC  EXAMPLE 4
PAR  A further extension of the gradation in matrix properties in the region of
      the interface between the carbon fibres and the matrix can be achieved by
      blending an elastomeric resin into the matrix resin. Thus, a system
      consisting of 70 parts of Adiprene L-167 30 parts of an epoxide resin
      Epikote 828 (a condensate of epichlorhydrin and bisphenol A), 28 parts of
      a curing agent, 4,4'-methylenebis (2 Chloroaniline) is used as the matrix
      resin into which carbon fibres are impregnated to produced composite. The
      properties of the composite as compared with those of a standard composite
      of carbon fibre and an epoxy resin shows a 20% drop in flexural modulus, a
      50% drop in interlaminar shear strength, but a 300% increase in impact
      strength (as measured by the Charpy test) and five times as much energy
      absorbed before failure in bending.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of forming a composite of carbon fibers and synthetic plastics
      material by embodying the fibers in a matrix of an epoxy resin material
      and including the provision in the interfacial region of the carbon fibers
      and epoxy material of reactive urethane polymer which is compatible with
      the epoxy material.
NUM  2.
PAR  2. A composite of carbon fibers embodied in a matrix of an epoxy resin
      material, the interfacial region between the carbon fibers and the epoxy
      resin material being composed of a reactive urethane polymer that is
      compatible with the epoxy resin material.
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PAL  In a two part type composition for preparing room temperature vulcanizing
      type silicone, one part or a main agent comprises a putty like mixture of
      a siloxanediol expressed by a general formula
      ##EQU1##
      WHEREIN R respectively represents a methyl radical, a phenyl radical or a
      vinyl radical, and n is an intger of from 500 to 50,000 or
      ##EQU2##
      WHEREIN R' respectively represents a hydrogen radical or a methyl radical
      and n is an integer of from 2 to 1,000, and a fine powder of a filler, and
      the other part or an assistant agent comprises a putty like mixture of a
      polyol, Ca (OH).sub.2 and a fine powder of a filler. The main and
      assistant agents are combined in intimate contact with each other in the
      form of a cencentric assembly or a laminated assembly. Any suitable
      quantity of the assembly is severed and kneaded by hands to form a
      silicone rubber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a composition for preparing room temperature
      vulcanizing (RTV) type silicone rubbers comprising a unitary combination
      of a main agent and an assistant agent characterized in that the
      combinaton does not vulcanize even when it is left standstill in air for a
      long interval.
PAR  Following compositions have been known and used in the art as the
      compositions for preparing RTV type silicone rubbers.
PAC  1. A condensation type two part composition
PAR  This composition comprises a combination of two discrete liquids, one
      consisting of a liquid siloxanediol (main agent) expressed by a general
      formula
      ##EQU3##
      WHERE R represents a methyl radical or a phenyl radical, and the other
      consisting of a liquid ethoxysilane bridging agent (assistant agent)
      expressed by a general formula
      ##EQU4##
      OR Si (OC.sub.2 H.sub.5).sub.4 or a liquid siloxanediolehydride bridging
      agent (assistant agent) expressed by a general formula
      ##EQU5##
PAR  To prepare this composition, suitable quantities of the main and assistant
      agents are separately weighed and are then mixed together. Further,
      suitable quantities of a setting or vulcanization catalyst, such as tin
      butyl laurate, and a filler such as a ultra fine powder of silica or
      calcium carbonate are added to said mixture to cause it to vulcanize by a
      condensation reacton.
PAR  However, this composition is inconvinient to handle and is not economical
      because it is necessary to weigh and store independently the two liquid
      components.
PAC  2. An addition type two part composition
PAR  This composition also comprises a combination of two discrete liquids, one
      consisting of a liquid siloxane with terminal vinyl radicals (main agent)
      expressed by a general formula
      ##EQU6##
      and the other consisting of a liquid siloxane with terminal hydrogen
      radicals acting as a bridging agent or an assistant agent. To use this
      composition, it is also necessary to separately weigh and mix together
      these two liquid components and then incorporate into the mixture suitable
      quantities of a setting catalyst, such as chloroplatinous acid H.sub.2
      PtCl.sub.3.6H.sub.2 O, and a filler, such as a ultrafine powder of silica
      or calcium carbonate, so as to vulcanize the mixture by an additive
      reaction.
PAR  Like the first composition, this composition too is inconvenient to handle
      and is not economical.
PAC  3. One part type composition
PAR  This composition comprises a liquid mixture of a main agent consisting of a
      siloxanediol expressed by a general formula
      ##EQU7##
      and an assistant agent consisting of a bridging agent in the form of an
      alkoxysilane containing Si(OR).sub.4, or an oxime type silane expressed by
      a general equation
      ##EQU8##
      or an amine type silane containing CH.sub.3 - Si(NR.sub.2).sub.3. This
      composition vulcanizes when contacted by air.
PAR  Since this composition comprises a single liquid there is no inconvenience
      in handling it as in the two part type compositions but it is necessary to
      store it in a sealed tube or cartridge in order to prevent it from
      contacting with air.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an improved two
      part type composition for preparing a RTV type silicone rubber, comprising
      a unitary combination of a main agent and an assistant agent and does not
      vulcanize even when it is left standstill in air over a long time.
PAR  Another object of this invention is to provide an improved composition for
      preparing a RTV type silicone rubber which is easy to handle, pack, store,
      transport and use.
PAR  Still another object of this invention is to provide an improved
      composition for preparing a RTV type silicone rubber which can be used in
      many industrial and surgical applications.
PAR  Yet another object of this invention is to provide an improved composition
      for preparing a RTV type silicone rubber which does not contain or evolve
      any harmful substance which may permeate through the skin of human bodies.
PAR  A further object of this invention is to provide a novel composition for
      preparing a RTV type silicone rubber which can be foamed, if desired.
PAR  Still further object of this invention is to provide an improved two part
      type composition for preparing a RTV type silicone rubber, which comprises
      a unique combination of the main and assistant agents in the form of a
      concentric or a laminated assembly which is convenient to assemble,
      transport, store and use.
PAR  According to this invention these and further objects can be accomplished
      by providing a composition for preparing a RTV type silicone rubbers, said
      composition comprising a unitary combination of
PAR  A. a putty like main agent containing a compound selected from the group
      consisting of siloxanediols expressed by general formula
      ##EQU9##
      and
      ##EQU10##
      wherein, in formula (1), R respectively represents a methyl radical, a
      phenyl radical or a vinyl radical, and n is an integer of from 500 to
      50,000 and is formula (2), R' respectively represents a hydrogen radical
      or a methyl radical and n is an integer of from 2 to 1,000, and a fine
      powder of a filler, and
PAR  B. a putty like assistant agent containing a polyol, Ca(OH).sub.2 and a
      fine powder of a filler,
PAR  said main and assistant agents being maintained in intimate contact with
      each other.
PAR  Variaous combinations of the main and assistant agents may be used. For
      example, a rod of the assistant agent is surrounded by a sleeve of the
      main agent and the assembly is contained in a container like a cosmetic
      stick. Alternatively, layers of the main and assistant agents may be
      laiminated. In use, a suitable length of the assembly is cut off by means
      of a suitable knife or thread, and the cut off assembly is kneaded with
      fingers. Then, the mixture will vulcanize within a very short time of only
      few minutes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing:
PAR  FIG. 1 shows a perspective view showing one example of the construction of
      the composition of the invention in the form of a cosmetic stick;
PAR  FIGS. 2 and 3 show modified constructions of the composition, and
PAR  FIG. 4 shows a sectional view of the composition shaped into a tablet.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Preparation of the Main Agent
PAR  The putty like main agent utilized in this invention is prepared by
      intimately mixing together a siloxanediol compound expressed by said
      formula (1) or (2), and a fine powder of a filler. The ratio of the
      compound to the filler may be any value so long as the mixture can
      exhibite a putty like consistency. Ratios of the compound to the filler of
      from about 1:1 to about 13:1 are preferred. The compound may be
      siloxanediols expressed by formula (1) or (2) or both. Where a
      methylhydrogenpolysiloxanediol expressed by formula (2) and in which R'
      represents a hydrogen radical is used, as hydrogen is liberated at the
      time of vulcanization (or setting) it is possible to obtain spongy foamed
      rubber products. Actually, it is advantageous to use a mixture consisting
      of 99.5 to 95.0 parts by weight of the siloxanediol expressed by formula
      (1) and 0.5 to 5.0 parts by weight of said methylhydrogenpolysiloxanediol.
PAR  The fine powder of the filler is used to increase the viscosity of the main
      agent to the consistency of putty. As such as filler, may be used a ultra
      fine powder of silica having a particle size of from 5 to 60 m.mu., and a
      fine powder of talc. When desired, a suitable colouring agent (pigment)
      may be incorporated into the main agent according to the field of
      application thereof.
PAR  Preparation of the Assistant Agent
PAR  The putty like assistant agent utilized in this invention is prepared by
      homogeneously admixing a polyol, Ca(OH).sub.2, and a fine powder of a
      filler. Any ratio of these substances may be used so long as the resulting
      mixture can exhibit the consistency of putty. However, a mixture
      consisting of 100 parts by weight of a polyol, 20 to 40 parts by weight of
      Ca(OH).sub.2 and 80 to 120 parts by weight of a fine powder of a filler is
      preferred. The polyol functions as a bridging agent at the time of
      setting. Among the polyols utilized in this invention may be mentioned
      ethylene glycol, polyethylene glycol and polypropylene glycol.
      Ca(OH).sub.2 is used to act as a catalyst for the vulcanization reaction
      (setting reaction), and the fine powder of a filler is used for the
      purpose of increasing the viscosity of the assistant agent as in the case
      of the main agent. Again, a suitable colouring agent may be incorporated
      into the assistant agent, if desired.
PAR  Use of calcium hydroxide as the vulcanizing catalyst is more advantageous
      than prior art catalyst because it does not contain or produce any
      compound harmful to human bodies.
PAR  Prior art RTV type silicone rubbers were prepared by polymerizing a
      siloxanediol with an acidic or alkaline catalyst. It is considered that
      Ca(OH).sub.2 dispersed in the vulcanized silicone rubber will be preserved
      therein over a long time and that Ca(OH).sub.2 exposed on the surface of
      the silicone rubber will be converted into neutral calcium carbonate.
PAR  Contact between the Main and Assistant Agents
PAR  The composition of this invention comprises a unitary combination of the
      main and auxiliary agents, preferably at a ratio of 1 - 10:1, by volume,
      the main and auxiliary agents being maintained in intimate contact. The
      contact is provided by merely superposing layers of the main and assistant
      agents. The layers should not be kneaded together until use. Otherwise,
      the vulcanization reaction occurs.
PAR  Contact between the main and assistant agents may be effected in various
      manners. In the example shown in FIG. 1, a rod shaped core of the
      assistant agent 1 is surrounded by a sleeve of the main agent 2 and the
      assembly is contained in a container 4 of paper or plastic just like a
      cosmetic stick. As shown by dotted lines, a bottom plate 5 of the
      container is disposed to be slidable in the longitudinal direction, so
      that by depressing the bottom plate, any desired length of the assembly is
      pushed out of the container. Further, a cutting string 3 is attached to
      the opening of the container so that the pushed out length of the assembly
      can be readily cut away by wrapping the string 3 about the assembly and
      then pulling the string. If desired, a suitable removable cap may be
      provided for the container.
PAR  In the example shown in FIG. 2 a sheet of the assistant agent 1 is
      laminated on a sheet of the main agent 2, whereas in the example shown in
      FIG. 3, a sheet of the assistant agent 1 is sandwiched between two sheets
      of the main agents 2. If desired, any number of the sheets 1 and 2 may be
      laminated. FIG. 4 shows still another combination in which a core of the
      assistant agent 1 is encapsulated in a shell of the main agent 2 just like
      a tablet.
PAR  The novel composition comprising a unitary combination of the main and
      assistant agents does not vulcanize even when it is left standstill in air
      over an extended period, for example, over 24 months, at room temperature.
      Because, both the main and assistant agents have putty like consistency so
      that although they are maintained in an intimate contract over a wide area
      they do not diffuse through the interface, thus efficiently preventing
      vulcanization reaction. Although a slight vulcanization occurs at the
      interface, it is negligibly small. For this reason, the novel composition
      can be stored over a long period.
PAR  Vulcanization Reaction
PAR  As above described, to use the composition of this invention, a required
      quantity or length of the assembly of the main and assistance agents is
      cut away and then kneaded with fingers for 1 to 3 minutes. After being
      left standstill for several minutes the mixture undergoes perfect
      vulcanization reaction. Accordingly, it is necessary to shape the mixture
      into the desired product within this time by moulding, pressing and the
      like process. The vulcanization mechanism can be expressed by the
      following reactions which are caused by the catalytic action of
      Ca(OH).sub.2 contained in the assistant agent.
PAR  1. The condensation reaction between the siloxanediols expressed by
      formulae (1) and (2) in the main agent.
PAR  2. The condensation reaction of only the siloxanediol expressed by formula
      (1) in the main agent.
PAR  3. The condensation reaction between the siloxanediol expressed by formula
      (1) in the main agent and the polyol in the assistant agent.
PAR  4. The condensation reaction between the siloxanediol expressed by formula
      (2) in the main agent and the polyol in the assistant agent.
PAR  As mentioned above, since the composition of this invention comprises a
      unitary combination of the putty like main and assistant agents, it can be
      stored in air over a long period without causing vulcanization reaction.
      Moreover, as it is possible to cut away a length of the assembly
      containing the main and assistant agents in the desired proportion it is
      easy to vulcanize the cut length by merely kneading it with fingers for
      one or two minutes. Vulcanized silicone rubber can be used to manifacture
      materials to be embedded in human bodies by orthopedic operations,
      materials to make up damaged portions of human bodies, impressions
      prepared by dentists, putty rubbers for students, sealing members for
      various industrial applications, sealing plugs for bottles adapted to
      contain medicines and chemicals, ear plugs and the like.
PAR  Other setting catalyst such as tin dibutyl laurate, tin octoate, etc. may
      be added for the purpose of accelerating the vulcanization reaction of the
      composition.
PAR  Following examples are given by way of illustration but not to be construed
      to limit the scope of the invention.
PAC  EXAMPLE 1
PAR  Preparation of the Main Agent
PAR  Siloxanediols expressed by a general formula
      ##EQU11##
      and in which n equals to 500, 1,000, 5,000, 10,000, 30,000 and 50,000,
      respectively, were prepared. All of these siloxanediols were liquid at
      room temperature.
PAR  A ultra fine powder (having a particle size of from 5 to 60 m.mu.) of the
      quantity shown in the following Table 1 was incorporated to 100 parts by
      weight of each silonediol and a suitable quantity of a pigment (iron
      oxide) was incorporated to each sample. The mixtures were admixed
      homogeneously to obtain putty like main agents A through F, which were
      shaped into sheets each having a thickness of about 10 mm.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Composition of the main agents                                            
     __________________________________________________________________________
     main agent  A    B     C     D     E     F                                
     __________________________________________________________________________
     siloxanediol                                                              
                 n=500                                                         
                      n=1,000                                                  
                            n=5,000                                            
                                  n=10,000                                     
                                        n=30,000                               
                                              n=50,000                         
     parts by weight                                                           
                 100  100   100   100   100   100                              
     fine powder of silica                                                     
     parts by weight                                                           
                 100   50    25    17    11    8                               
     __________________________________________________________________________
PAR  Preparation of the Assistant Agent
PAR  100 parts by weight of ethyleneglycol (polyol), 35 parts by weight of
      Ca(OH).sub.2 and 100 parts by weight of a ultra fine powder of silica
      having a particle size of 5 to 60 m.mu. were admixed together and then a
      suitable quantity of a pigment (titanium white) was incorporated into the
      mixture to obtain a putty like assistant agent which was shaped into a rod
      having a diameter of about 10 mm and a length of about 100 mm.
PAR  Contact between the Main and Assistant Agents
PAR  The rod shaped assistant agent 1 was surrounded by a sleeve 2 of each one
      of the main agents A through F, and the assembly was cut into a stick
      having a diameter of about 30mm.
PAR  All compositions of this example did not vulcanized even when they were
      left standstill in air at room temperature for more than 24 months showing
      that their shelf life is much longer than that of the prior art one part
      type RTV silicone rubber. A suitable length of the stick shaped assembly
      was cut, and kneaded with fingers for 1 to 2 minutes. It was found that
      the vulcanization reaction was completed within few minutes. When compared
      with the prior art two part type RTV silicone rubbers, the novel
      composition is advantageous in that it is not necessary to store the main
      and assistant agents in discrete containers and that it is not necessary
      to weigh respective quantitives of the main and assistant agents at the
      time of use. As has been pointed out hereinabove, since the
      cross-sectional areas of the main and assistant agents have been selected
      to fulfil an adequate proportion, the relative quqntities of the main and
      assistant agents of the cut length always satisfy a predetermined ratio.
      Thus, it is possible to use the novel composition very conveniently.
PAC  EXAMPLE 2
PAR  Preparation of the Main Agent
PAR  Siloxanediols expressed by the following formulae were prepared
      ##EQU12##
PAR  25 parts by weight of a ultra fine powder of silica having a particle size
      of from 5 to 60 m.mu. and a suitable quantity of a pigment (iron oxide)
      were incorporated into 100 parts by weight of each of these siloxanediols
      and the respective mixtures were mixed homogeneously to obtain putty like
      main agents which were shaped into sheets, 110mm .times. 150mm .times.
      30mm, each.
PAR  Preparation of the Assistant Agent
PAR  The same process steps as in Example 1 were followed to prepare a putty
      like assistant agent except that a fine powder of talc was substituted for
      the ultra fine powder of silica. The resulting assistant agent was shaped
      into a sheet of 100mm .times. 150mm .times. 10mm.
PAR  Contract between the Main and Assistant Agents
PAR  A sheet 1 of the assistant agent described above and a sheet 2 of
      respective main agents of this example were superposed as shown in FIG. 2
      to obtain composite sheets.
PAR  Like the compositions of Example 1, the compositions of this example did
      not undergone any vulcanization reaction even when they were left
      standstill in air at room temperature for more than 24 months.
PAC  EXAMPLE 3
PAR  Preparation of the Main Agent
PAR  Methylhydrogenpolysiloxanediols expressed by the general formulae
      ##EQU13##
      wherein n is equal to 2, 10, 50, 100, 500 and 1,000, respectively were
      prepared. All of these methylhydrogenpolysiloxanediols were liquid at room
      temperature.
PAR  A fine powder of talk of the quantity shown in the following Table 2 and a
      suitable quantity of a pigment were incorporated into each of the
      methylhydrogenpolysiloxanediols described above, and respective mixtures
      were admixed homogeneously to obtain putty like main agents I through VI
      which were shaped into sheets each having a dimension of 100mm .times.
      150mm .times. 10mm.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Composition of the main agent                                             
     __________________________________________________________________________
     main composi-                                                             
     tion       I   II  III IV   V    VI                                       
     __________________________________________________________________________
     diol       n=2 n=10                                                       
                        n=50                                                   
                            n=100                                              
                                 n=500                                         
                                      n=1,000                                  
     parts by weight                                                           
                100 100 100 100  100  100                                      
     fine powder of talc                                                       
     parts by weight                                                           
                100  70  50  40   30   20                                      
     __________________________________________________________________________
PAR  Preparation of the assistant agent
PAR  The method of example 1 was repeated to obtain a putty like assistant agent
      which was shaped into a sheet having a dimension of 100 mm .times. 150 mm
      .times. 10 mm.
PAR  Contact between the Main and Assistant Agents
PAR  6 compositions were prepared by sandwiching a sheet 1 of the just described
      assistance agent between two sheets 2 of one of the main agents I through
      VI described above as shown in FIG. 3.
PAR  In addition to the advantageous merits described above with reference to
      preceding examples, the compositions of this example liberate hydrogen
      during vulcanization, thus producing spongy foamed rubbers.
PAR  Following Table 3 and 4 show physical characteristics of the compositions
      of Examples 1 and 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Characteristic after vulcanization                                        
     ______________________________________                                    
                         Example                                               
                                Example                                        
                         3      1                                              
     ______________________________________                                    
     specific gravity (25.degree.C)                                            
                           0.90     1.33                                       
     vulcanizing time (min)                                                    
                           6-7      7-10                                       
     hardness (Shore A)    10       53                                         
     coefficient of linear expansion (%)                                       
                           15.0     0.2                                        
     elongation (%)        15       3.8                                        
     tensile strength (kg/cm.sup.2)                                            
                           38       12                                         
     deformation under load (%)                                                
                           --       0.2                                        
     quantity of water absorbed                                                
     (when heated in autoclave, at 120.degree.C,                               
                           2.1      0.7                                        
     for 20 minutes)                                                           
     ______________________________________                                    
TBL                                    Table 4                                 
     __________________________________________________________________________
     Heat resistance property when heated at 200.degree.C                      
     __________________________________________________________________________
                    Example 3       Example 1                                  
                    200.degree.C,1 day                                         
                            200.degree.C,5 days                                
                                    200.degree.C,1 day                         
                                            200.degree.C,5 days                
     __________________________________________________________________________
     hardness (Shore A)                                                        
                    9       5       50      49                                 
     tensile strength (kg/cm.sup.2)                                            
                    3       2.5     6       5                                  
     tear strength (kg/cm.sup.2)                                               
                    2.8     2.5     9       5                                  
     % of linear schinkage                                                     
                    less than                                                  
                            less than                                          
                                    less than                                  
                                            less than                          
                    0.5     0.5     0.5     0.5                                
     heat loss (%)  0.3     0.4     0.2     0.3                                
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  95 parts by weight of a cyclohexanediol expressed by a general formula
      ##EQU14##
      5 parts by weight of methylhydrogenpolysiloxanediol expressed by a general
      formula
      ##EQU15##
      and 30 parts by weight of a ultra fine powder of silica having a particle
      size of 5 to 60 m.mu. were admixed homogeneously to obtain a putty like
      main agent.
PAR  Then ethylene glycol, Ca(OH).sub.2 and a ultra fine powder of silica having
      a grain size of 5 to 60 m.mu. were admixed homogeneously at the same
      weight ratio as in Example 1 to obtain a putty like assistant agent.
PAR  These main and assistant agents were combined in the same manner as in
      Example 1 to obtain a cosmetic stick shaped composite composition as shown
      in FIG. 1.
PAR  The composition of this invention does not vulcanize when left standstill
      in air at room temperature for more than 24 months and upon vulcanization
      it evolves hydrogen to form foamed silicone rubber.
PAC  EXAMPLE 5
PAR  96 parts by weight of a siloxanediol expressed by a general formula
      ##EQU16##
      4 parts by weight a siloxanediol expressed by a general formula
      ##EQU17##
      and 30 parts by weight of a ultra fine powder of silica having a particle
      size of 5 to 60 m.mu. were admixed homogeneously to obtain a putty like
      main agent.
PAR  Then, ethylene glycol, Ca(OH).sub.2 and a ultra fine powder of silica
      having a particle size of 5 to 60 m.mu. were admixed homogeneously at the
      same weight ratio as in Example 1 to obtain a putty like assistant agent.
PAR  The main and assistant agents were combined in the same manner as in
      Example 1 and obtained a composite cosmetic stick shapted composition as
      shown in FIG. 1.
PAR  Again, the composition does not vulcanize when left standstill in air at
      room temperature for more than 24 months and is convenient to handle.
PAC  EXAMPLE 6
PAR  45 parts by weight of a siloxanediol expressed by a general formula
      ##EQU18##
      5 parts by weight of a methylhydrogenpolysiloxanediol expressed by a
      general formula
      ##EQU19##
      and 30 parts by weight of a ultra fine powder of silica having a particle
      size of 5 to 60 m.mu. were admixed homogeneously to obtain a main agent.
PAR  Then, ethylene glycol, Ca(OH).sub.2 and a ultra fine powder of silica
      having a particle size of 5 to 60 m.mu. were admixed homogeneously at the
      same weight ratio as in Example 1 to obtain a putty like assistant agent.
PAR  The main and assistant agents just described were combined to obtain a
      cosmetic stick shaped composite composition as shown in FIG. 1.
PAR  Again, the composition does not vulcanize in air at room temperature over a
      long period exceeding 24 months. Moreover, the composition liberates
      hydrogen during vulcanization, thus forming foamed rubber.
PAC  EXAMPLE 7
PAR  Preparation of the Main Agent
PAR  In this example, a putty like main agent was prepared by a method similar
      to Example 4 except that a fine powder of talc was substituted for the
      powder of silica.
PAR  Preparation of the assistant agent
PAR  Polypropylene glycol and polyethylene glycol were selected to act as
      polyols.
PAR  Ca(OH).sub.2 and a fine powder of talc were incorporated into 100 parts by
      weight of respective glycols at the weight ratios shown in the following
      Tables V-A and V-B. Further, a suitable quantity of a pigment (titanium
      white) was incorporated and admixed homogeneously with resulting mixtures
      to obtain putty like assistant agents A and B.
TBL                Table V-A                                                   
     ______________________________________                                    
     Composition of assistant agent A                                          
     ______________________________________                                    
                        A                                                      
     ______________________________________                                    
     polyethylene glycol, parts                                                
                          100                                                  
     by weight                                                                 
     Ca (OH).sub.2        40                                                   
     parts by weight                                                           
     fine powder of talc, parts                                                
                          120                                                  
     by weight                                                                 
     ______________________________________                                    
TBL                Table V-B                                                   
     ______________________________________                                    
     Composition of assistant agent B                                          
     ______________________________________                                    
                        B                                                      
     ______________________________________                                    
     polypropylene glycol, parts                                               
                          100                                                  
     by weight                                                                 
     Ca (OH).sub.2, parts 40                                                   
     by weight                                                                 
     fine powder of talc, parts                                                
                          120                                                  
     by weight                                                                 
     ______________________________________                                    
PAR  Contact between Main and Assistant Agents
PAR  Two types of cosmetic stick shaped compositions as shown in FIG. 1 were
      prepared by combining said main agents with assistant agents A and B
      respectively.
PAR  Again, these composite compositions do not vulcanize in air at room
      temperature when they are left standstill for more than 24 months. They
      are extremely easy to handle and liberate hydrogen when vulcanized to form
      foamed rubbers.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composite article for preparing room temperature vulcanizing type
      silicone rubbers, said article comprising a combination of:
PA1  A. at least one part of a putty like primary agent containing a compound
      selected from the group consisting of siloxanediols expressed by general
      formulae
      ##EQU20##
      and
      ##EQU21##
      wherein, in formula (1), R respectively represents a methyl radical, a
      phenyl radical or a vinyl radical, and n is an integer of from 500 to
      50,000 and in formula (2), R' respectively represents a hydrogen radical
      and n is an integer of from 2 to 1,000 and a fine powder of a filler, the
      weight ratio of said compound to said filler being from 1:1 to 13:1, and
PA1  B. at least another part of a putty like secondary agent containing a
      polyhydric alcohol, Ca(OH).sub.2 and a fine powder of a filler, having a
      weight ratio of 100 parts by weight of the polyol, 20-40 parts by weight
      of Ca(OH).sub.2, and 80-120 parts be weight of the fine powder filler,
      said primary and secondary agents shaped as independent bodies or masses,
      and maintained in intimate contact at the interfaces thereof.
NUM  2.
PAR  2. The composite article as claimed in claim 1, wherein said siloxanediol
      comprises a liquid mixture of siloxanediol expressed by said formula (1)
      and a methylhydrogenpolysiloxanediol expressed by said formula (2) at a
      weight ratio of 99.5 - 95.0 :0.5-5.0.
NUM  3.
PAR  3. The composite article as claimed in claim 1, wherein said filler
      comprises a fine powder of an inorganic filler having a particle size of
      from 5 to 60 m.mu..
NUM  4.
PAR  4. The composite article as claimed in claim 1, wherein said primary agent
      further comprises a coloring agent.
NUM  5.
PAR  5. The composite article as claimed in claim 1, wherein said polyhydric
      alcohol is selected from the group consisting of ethylene glycol,
      polyethylene glycol and polypropylene glycol.
NUM  6.
PAR  6. The composite article as claimed in claim 1, wherein said secondary
      agent further comprises a coloring agent.
NUM  7.
PAR  7. The composite article as claimed in claim 1, which contains said primary
      and secondary agents in a volume ratio of 1 - 10 : 1.
NUM  8.
PAR  8. The composite article as claimed in claim 1, wherein each of said
      primary and secondary agents have a consistency such that they do not
      diffuce through the interface therebetween.
NUM  9.
PAR  9. A vulcanized rubber article prepared by kneading the composite article
      claimed in claim 1.
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ABST
PAL  The method relates to a method for producing a shaped drying filter. Drying
      agent particles are mixed with an epoxide containing binding agent and the
      mixture is compressed to form a shaped body at a high temperature. The
      epoxide resin components react with each other at a particular
      temperature. In the method hereof the mixing step is performed below that
      particular temperature and the compressing step is performed above that
      temperature. The hardening only takes place during the pressing operation
      and the mixture can thus be stored for as long a time as desired.
PARN
PAR  This is a continuation application of abandoned patent application Ser. No.
      373,017, filed June 25, 1973.
BSUM
PAR  The invention relates to a method of producing a drying filter, in which
      method particles of the drying agent, with the addition of an epoxide
      containing binding agent, are compressed to form a shaped body at a high
      temperature. In drying devices, especially those used in refrigerating
      equipment, use is often made of a shaped drying filter body which consists
      of particles of a drying agent caused to cohere with the aid of binding
      agents. The drying agent mainly used is silica gel, though other
      materials, e.g. the molecular seives as they are called, may also be
      considered for this purpose. A synthetic resin adhesive is generally used
      as the binding agent.
PAR  Of the binding agents used, epoxide containing binding agents possess the
      excellent qualities of bonding the particles of drying agent together in a
      very firm manner and of offering considerable resistance to the action of
      chemical substances. A procedure that has been used in the production of
      drying filters is that of mixing together in a container predetermined
      quantities of drying medium particles and of the two components which are
      necessary for producing the epoxide resin and which are present in liquid
      form. This mixture is then placed in the press molds. Only small
      quantities of the mixture can be produced in this method since epoxide
      resin hardens within a specific period after the components have been
      mixed together. If any delay occurs, drying filters have reduced
      mechanical strength are obtained. Furthermore there exists the danger of
      the mixture hardening in the container so that it then has to be removed
      mechanically at considerable expense.
PAR  A further known practice is that of mixing a readily vaporizable additive
      with a liquid epoxide resin solution and then carrying out the pressing
      operation at an elevated temperature at which the additive vaporizes. This
      procedure is intended to form pores in the binding agent which facilitate
      passage of the medium to be dried through the binding agent.
PAR  It is also known to produce epoxide resin coatings by contacting a heated
      surface with a powder which contains the interreacting epoxide resin
      components in dry form, these components being so selected that they react
      with each other only under the effect of the heat from the surface. If the
      powder is contained in a fluidized bed, the coating can be formed by
      immersing the article in this bed. If use is made of a powder that can be
      electrostatically charged, the surface may also be coated by electrostatic
      methods. Epoxide resin powders of this kind are commercially available.
      Examples of their composition are given in U.S. Pat. Nos. 3,269,974 and
      3,269,975.
PAR  The object of the invention is to provide a method of producing a drying
      filter, in which method the finished mixture of the particles of drying
      agent with the binding agent can be worked over a fairly lengthy period.
PAR  According to the invention, this object is achieved by mixing the particles
      of drying agent with a powder which contains epoxide resin components
      which react with each other only above a limiting temperature, mixing
      taking place below this temperature, and then carrying out the pressing
      operation above the limiting temperature.
PAR  With this procedure the hardening reaction only begins during the pressing
      operation. The mixture of particles of drying medium and the binding
      medium powder can therefore be stored for as long as required. There is no
      risk of deterioration in the cohesive capacity nor of setting of the
      material in the mixing container.
PAR  A further advantage is achieved if the binding agent consists of discrete
      powder particles, i.e. if no continuous layer is formed on the particles
      of drying medium as it would if a liquid starting material were used.
      Since the powder particles harden in situ during the pressing operation, a
      good permeable coating of binding agent can be achieved simply by suitably
      adjusting the quantity of powder used.
PAR  A first type of heat curable epoxy resin composition suitable for use in
      the present invention is, as disclosed in U.S. Pat. No. 3,269,974, a
      powdered mixture comprising as the epoxy resin component a mixture of i) a
      solid condensate of epichlorohydrin and bisphenol A, and having an epoxy
      functionality of at least 1, a molecular weight of from about 10,00 and a
      softening point in the range of about 60.degree.-140.degree.C., and ii) a
      solid condensate of epichlorohydrin and a phenolformaldehyde resin
      containing active OH groups, and having an epoxy functionality of about 3
      to 7, a molecular weight of about 500 to 1500 and a softening point in the
      range of about 30.degree. to 120.degree. C; and as a hardener therefor a
      solid anhydride or polyanhydride having a melting point above about
      50.degree.C.
PAR  A second type of heat curable epoxy resin composition suitable for use in
      this invention is, as disclosed in U.S. Pat. No. 3,269,975, a powdered
      mixture comprising as the epoxy resin component a solid condensate of
      epichlorohydrin or glycerol dichlorohydrin with a dihydric phenol such as
      resorcinol or bisphenol A and having an epoxy functionality of at least 1,
      a molecular weight of about 860 to 2250 and a softening point in the range
      of about 65.degree. - 130.degree.C., and, as a hardener therefor, a solid
      condensate of trimellitic anhydride and a dihydric alcohol selected from
      the group consisting of diethylene to pentaethylene glycol, di- and
      tri-propylene glycol, and C.sub.5 -C.sub.8 alkane diols.
PAR  The above described types of epoxy resin composition are curable by heating
      to moderately elevated temperatures e.g. in the range of about 180.degree.
      - 200.degree.C.
PAR  It is particularly advantageous for the powder particles to be
      electrostatically charged in order to improve their adhesion to the
      particles of drying medium. The powder particles are then applied firmly
      to the particles of drying medium during mixing as a result of the
      electrostatic force of attraction. Although the particles of the powder
      and those of the drying medium differ very considerably in size, the
      electrostatic charge results in the powder being very uniformly
      distributed in the pressing.
PAR  A very simple way of doing this consists in mixing the powder and the
      particles of drying agent together prior to the pressing operation over a
      period long enough to cause a sufficient amount of powder for the pressing
      operation to adhere to the particles of drying agent. In the cause of
      powder particles made of plastics material, the friction occurring during
      mixing leads to electrostatic charging. This is the case particularly when
      particles of silica gel are mixed with an epoxide resin powder as sold for
      use in electrostatic spraying processes.
PAR  A binding agent powder having a relatively small particle size of less than
      70.mu., and preferably of from 4 to 20.mu. is used. These small powder
      particles result in sufficiently firm adhesion and at the same time a
      relatively thin and readily permeable coating of binding agent.
PAR  In a preferred embodiment, powder in a quantity of 5 to 8 percent by weight
      and preferably 6.5 percent by weight is used.
PAR  The mixture can be pressed in a mold under high pressure, preferably
      approximately 20 kg/cm.sup.2 and at a temperature above 150.degree.C, and
      preferably approximately 190.degree.C, during a first short period of for
      example 2 minutes and then hardened over a longer period e.g. 2 hours,
      while maintaining the temperature.
DETD
PAC  Example
PAR  Silica gel particles of irregular shape and having a mean particle size of
      approximately 0.5 to 3 mm were mixed in a container with 6.5 percent by
      weight of an epoxide resin powder, marketed by Messrs. Aagemakers
      Lakfabrieken, Breda, under the trade name "Teodar D. M." and having a
      particle size of less than 70.mu. and mainly of from 4 to 20.mu.. Mixing
      was carried out at room temperature with the aid of a screw rotating in
      the container. The mixing operation was continued until the powder
      particles had become substantially completely attached to the surface of
      the silica gel particles. This mixture could be stored for twenty-four
      hours without its properties changing.
PAR  The mixture was then put into pressing molds and heated to approximately
      190.degree.C. over a period of five minutes and under a pressure of
      approximately 20 kg/cm.sup.2. The mold was then opened and hardening at
      approximately 190.degree.C. was completed over a period of two hours.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of producing shaped drying filters which comprises forming a
      mixture consisting essentially of particles of silica gel and from 5 to 8
      percent by weight based on the weight of the gel of a heat curable powder
      epoxy resin composition having a particle size of less than 70 microns and
      having a cure temperature of at least about 180.degree.C. and selected
      from the group consisting of:
PA1  a. a powdered mixture comprising, as the epoxy resin component, a mixture
      of i) a solid condensate of epichlorohydrin and bisphenol A, and having an
      epoxy functionality of at least 1, a molecular weight of from about 900 to
      10,000 and a softening point in the range of about
      60.degree.-140.degree.C., and ii) a solid condensate of epichlorohydrin
      and a phenol-formaldehyde resin containing active --OH groups, and having
      an epoxy functionality of about 3-7, a molecular weight of about 500 to
      1500 and a softening point in the range of about 300 to 120.degree.C.;
      and, as a hardener therefor, a solid anhydride or polyanhydride having a
      melting point about about 50.degree.C., and
PA1  b. a powdered mixture comprising, as the epoxy resin component, a solid
      condensate of epichlorohydrin or glycerol dichlorohydrin with a dihydric
      phenol such as resorcinol or bisphenol A, and having an epoxy
      functionality of at least 1, a molecular weight in the range of about
      65.degree.-130.degree.C.; and, as a hardener therefor, a solid condensate
      of trimellitic anhydride and a dihydric alcohol selected from the group
      consisting of diethylene to pentaethylene glycols, di- and tri-propylene
      glycol and C.sub.5 -C.sub.8 alkane 2.omega. diols; the mixture being
      formed at a first temperature below the cure temperature of the resin,
      compressing the mixture to form a shaped body, and heating the compressed
      mixture to said cure temperature to cure the said resin.
NUM  2.
PAR  2. A process according to claim 1, wherein the powdered epoxy resin
      particles are given an electrostatic charge effective to cause the
      particles to adhere to the surface of the silica gel.
NUM  3.
PAR  3. A process according to claim 2, wherein the electostatic charge is
      generated on said particles by frictional engagement with the silica gel
      particles during mixing.
NUM  4.
PAR  4. A process according to claim 1, wherein the powdered epoxy resin
      particles have a particle size in the range 4-20 microns.
NUM  5.
PAR  5. A process according to claim 1, wherein the silica gel is mixed with 65
      percent by weight of the powdered epoxy resin composition, based on the
      weight of the silica gel.
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ABST
PAL  A process is described for reducing the heat promoted interaction of
      bromobutyl and carbon black by the incorporation of an interaction
      retarding agent selected from boron compounds containing oxygen bonded to
      boron, anhydrides of carboxylic acids and channel carbon black.
BSUM
PAR  This invention is directed to a process for reducing the heat-promoted
      interaction of brominated butyl rubber and carbon black.
PAR  The heat-promoted interaction of rubbers with the carbon black fillers is
      well known in the rubber industry. A considerable art exists directed to
      increasing the heat-promoted interaction for the purpose of obtaining
      compounds wherein full advantage can be taken of the presence of both the
      rubber and the carbon black and the synergism between the two components.
PAR  It has now been discovered that the heat-promoted interaction of brominated
      butyl rubber and carbon blacks other than channel carbon black can be
      reduced by the addition of an interaction retarding agent as hereinafter
      defined.
PAR  This invention has as an objective an improved process for reducing the
      heat-promoted interaction of brominated butyl rubber and carbon black. A
      further objective is the reduction of said interaction in conventional
      rubber mixing equipment at temperatures in excess of about 135.degree.C by
      the addition of an interaction retarding agent.
PAR  Brominated butyl rubber is the bromination product derived from butyl
      rubber which is a polymer comprising a major proportion of a C.sub.4
      -C.sub.8 isoolefin, for example isobutylene, and a minor proportion of a
      C.sub.4 -C.sub.8 conjugated diolefin, such as isoprene. Commercially
      available butyl rubber is a polymer which contains from 95-99.5 weight %
      of isobutylene and from 0.5 to 5 weight % of isoprene, said polymer being
      prepared by the well known low temperature cationic polymerization
      process. A preferred butyl rubber contains from 97-99 weight % of
      isobutylene and from 1 to 3 weight % is isoprene. The bromination of butyl
      rubber is a well known process wherein butyl rubber, either as a solid or
      in solution in an inert solvent, is contacted with a source of bromine,
      including elemental bromine or bromine-containing compounds which release
      the bromine under suitable conditions, the amount of available bromine
      usually being controlled within fairly closely defined limits. The
      brominated polymer may contain from about 0.5 to about 15 weight per cent
      bromine. The brominated butyl rubber is known as bromobutyl. Bromobutyl
      contains not more than 3 atoms of bromine per carbon-carbon double bond
      present in the original copolymer and preferably it contains from 0.5 to 5
      weight per cent of bromine. The bromine content of the most preferred
      bromobutyl is from 1.5 to 2.5 weight per cent of bromine.
PAR  Brominated butyl rubber may be used in various applications where rubbers
      are generally used. It is particularly useful in applications involving
      adhesion to or covulcanization with the more highly unsaturated rubbers
      such as natural rubber and the unsaturated synthetic rubbers including
      polyisoprene, polybutadiene and SBR, and it may be used in adhesion to or
      in blend with other lowly unsaturated rubbers such as the EPDM polymers.
      These uses are generally achieved as a result of the high reactivity
      during the vulcanization process of the bromine bonded to the butyl rubber
      backbone. Such applications usually require that the rubber be mixed,
      prior to vulcanization, with conventional compounding ingredients
      including fillers such as carbon black, clays, etc., extender oils and
      plasticizers, waxes, antioxidants and other processing aids.
PAR  It is well known in the art that the mixing of brominated butyl rubber and
      carbon black can, under certain conditions, lead to a high degree of
      interaction of the rubber and the black prior to vulcanization. In order
      to achieve this high degree of interaction, it is necessary that the
      rubber and the black be mixed under conditions of high shear and high
      temperature, optionally in the presence of promoters for the interaction.
      Generally, the mixture of rubber and black is subjected to a temperature
      of at least about 135.degree.C, especially at least about 150.degree.C and
      frequently as high as about 180.degree.C while being masticated. Promoters
      for the interaction include chlorinated phenols, elemental halogen and
      certain chlorinated amine-containing compounds. The advantage of producing
      mixtures of rubber and black under conditions when the interaction is
      enhanced are claimed to include that the vulcanizates of such mixtures
      possess low hysteresis properties. The degree of interaction is influenced
      by the type of carbon black used, some blacks showing a higher degree of
      interaction with the rubber than do other blacks.
PAR  Under certain conditions, the occurrence of such an interaction between the
      brominated butyl rubber and carbon black can be disadvantageous. It is
      well known in the art that the result of the interaction is an increase in
      the level of rubber and black bound together which is not readily
      separable. Depending on the degree of interaction which has taken place,
      the compound so produced can be difficult to process. The difficulty in
      processing of the compound can be disadvantageous depending on the
      particular method of operation and especially if the compound has to pass
      through other processing equipment having a low rate of shear.
PAR  It has been found that brominated butyl can interact depending upon the
      shear conditions and the type of black, with certain carbon blacks under
      conditions when the temperature is above about 135.degree. to about
      150.degree.C in a mixer which generates shearing action. As a result of
      this it is sometimes necessary to maintain mixing temperatures below about
      150.degree.C and definitely below about 165.degree.C.
PAR  By using the process of this invention, it is possible to mix brominated
      butyl rubber and carbon black, in the absence of promoters, at
      temperatures up to about 180.degree.C without excessive interaction of the
      rubber and black, by adding to the mixture an interaction retarding agent.
      The interaction retarding agent is selected from at least one of boron
      compounds having at least one oxygen atom chemically bonded to boron,
      anhydrides of aliphatic and aromatic carboxylic acids and channel carbon
      black. By using the process of this invention, brominated butyl rubber and
      carbon black may be mixed, without incurring excessive rubber-black
      interaction, at relatively high temperatures and at relatively high rates
      of shear.
PAR  The mixing of rubber and carbon black is well known in the art and may be
      achieved by using two roll mills, wherein the rate of shear may be
      controlled by one or both of the gap between the mill rolls and the
      relative rate, one to the other, of rotation of the mill rolls and by
      using internal mixers, such as Banbury mixers. The mixture is subjected to
      a shearing action, which contributes to good dispersion of the solid
      carbon black in the rubber, at suitable temperatures, which influence the
      viscosity of the rubber. In many instances, the rubber black mixture may
      be subjected to further treatments and the curing agents may be added at a
      further stage in the process.
PAR  The interaction retarding agents of this invention include boron compounds
      having at least one oxygen atom chemically bonded to boron. Suitable such
      boron compounds include boron oxide, boric acid (i.e. orthboric acid and
      metaboric acid) and borate esters of the general formula R.sub.3
      O--B(OR.sub.2)--OR.sub.1 wherein R.sub.1, R.sub.2 and R.sub.3 may be the
      same or different and are hydrocarbyl radicals having 1-12 carbon atoms,
      including alkyl, cycloalkyl, aryl, aralkyl alkylaryl and alkenyl radicals.
      Preferred borate esters are those in which R.sub.1, R.sub.2 and R.sub.3
      are hydrocarbyl radicals having 1-6 carbon atoms, including trimethyl
      borate, tri-n-butyl borate, triphenyl borate and tricyclohexyl borate.
PAR  The interaction retarding agents of this invention include anhydrides of
      aliphatic and aromatic acids. The aliphatic carboxylic anhydrides include
      the anhydrides of the C.sub.2 -C.sub.6 fatty acids, especially acetic
      anhydride, and include succinic anhydride, glutaric anhydride, maleic
      anhydride, crotonic anhydride and the aromatic carboxylic anhydrides
      include phthalic anhydride and trimellitic anhydride.
PAR  The amount of the boron compound or of the acid anhydride interaction
      retarding agent which may be used to control the interaction of the rubber
      and the black is within the range of 0.1 part to 2 parts by weight per 100
      parts by weight of rubber, preferably within the range of 0.5 to 1 part by
      weight per 100 parts by weight of rubber. Depending upon the amount of
      interaction retarding agent added to the rubber black mixture, it is
      possible to control the extent of interaction of the rubber and the black
      from almost complete elimination of the interaction to only a minor
      reduction of the extent of the interaction. A further consideration is
      that the amount of interaction retarding agent should be such as to not
      seriously affect the subsequent vulcanization reaction.
PAR  A further interaction retarding agent is channel black. The main types of
      carbon blacks in commercial use for reinforcing rubbers are furnace
      blacks, thermal black and channel blacks, all well known in the art.
      Channel black is characterized by having a low (i.e. acid) pH, a very low
      ash level and a relatively high chemisorbed oxygen content. When channel
      black is the only black mixed with the brominated butyl rubber,
      essentially no rubber black interaction occurs. The addition of a small
      amount of a channel black to a mixture of brominated butyl rubber and a
      carbon black other than channel black reduces the rubber-black interaction
      which otherwise occurs in the absence of the channel black. The amount of
      channel black used in admixture with other carbon black may be from 2
      parts by weight up to 35 parts by weight per 100 parts by weight of
      rubber, a preferred amount being from 5 parts by weight to 20 parts by
      weight of channel black per 100 parts of rubber.
PAR  A simple method of determining and following the interaction of rubber and
      black is to determine the Mooney of the mixture. This can readily be
      achieved by preparing a mixture of the rubber and black, putting the
      mixture into a Mooney machine at the desired temperature, putting the
      rotor into operation and following with time the Mooney reading. For a
      mixture which exhibits essentially no interaction, the Mooney reading will
      slowly fall over a period of a few minutes from an initial peak to a
      steady value. For a mixture which does exhibit interaction, the Mooney
      reading will slowly fall over a period of a few minutes from an initial
      peak and will then start to show an increase. The rotor of a Mooney
      machine is known to generate only a relatively low rate of shear but this
      is sufficient to clearly demonstrate the presence or absence or control of
      interaction between the rubber and carbon black. When the temperature of
      the Mooney machine is set at 135.degree.C essentially no interaction can
      be observed between bromobutyl and carbon blacks; however, when the
      temperature is set at 160.degree.C, interaction can clearly be seen to
      varying extents depending upon the nature of the carbon black used in the
      mixture. Similarly, when the rubber-black mixture is prepared in a Banbury
      mixer, the minimum temperature at which interaction can occur is found to
      be at about 135.degree.C.
PAR  The invention is illustrated by the following examples which are not to be
      construed as limiting the scope of the invention. All parts are parts by
      weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  Mixtures of 50 parts of a carbon black and 100 parts of a halogenated butyl
      rubber or butyl rubber, each mixture also containing 1 part of stearic
      acid, were prepared on a two roll rubber mill using a temperature of
      30.degree.C and milling the mixture sufficiently to obtain a good
      dispersion of the black throughout the rubber. A portion of the mixture
      was put into a Mooney machine at a temperature of 160.degree.C, allowed to
      warm up for one minute and the rotor then turned on at the standard 2 rpm
      and the Mooney reading recorded with time. The results are shown in Table
      I. The bromobutyl rubber had a raw polymer Mooney (ML-1 + 12 at
      125.degree.C) of 45 and contained 2.0 weight per cent bromine. The
      chlorobutyl contained 1.1 weight per cent of chlorine and had a raw
      polymer Mooney (ML-1 + 12 at 125.degree.C) of 49. The butyl rubber had a
      raw polymer Mooney (ML-1 + 12 at 125.degree.C) of 50 and contained 1.6
      mole per cent unsaturation.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Rubber      Bromobutyl                                                    
                       Bromobutyl                                              
                             Bromobutyl                                        
                                   Bromobutyl                                  
                                         Chlorobutyl                           
                                                Butyl                          
     Carbon Black                                                              
                 Channel                                                       
                       HAF   SRF   FEF   FEF    FEF                            
     __________________________________________________________________________
     Mooney at 1 minute                                                        
                 83.5  64.5  52    53    56     46.5                           
     4 minutes   75    59.5  49    59    54     41                             
     8 minutes   73    63    52    118   53.5   39.5                           
     12 minutes  73    65.5  60.5  178   53.5   39.5                           
     16 minutes  70    68    95    &gt;178  53.5   39                             
     20 minutes  66.5  72.5  124.5 &gt;178  53.5   39                             
     24 minutes  64.5  79    141   &gt;178  53.5   38.5                           
     28 minutes  63    85.5  143   &gt;178  53     38.5                           
     __________________________________________________________________________
PAR  The results in Table I show that channel black does not show an interaction
      with bromobutyl whereas HAF, SRF and FEF blacks do show varying degrees of
      bromobutyl-black interaction. On the other hand, chlorobutyl and butyl
      rubber, when mixed with FEF black which showed a very high degree of
      interaction with bromobutyl, did not show evidence of rubber-black
      interaction.
PAR  The mixture shown in Table I containing bromobutyl and FEF black was also
      tested in a Mooney machine at a temperature of 135.degree.C. This mixture
      was also mixed with 10 parts of a hydrocarbon process oil known as Zerice
      45 (Zerice is a Trademark of Exxon) per 100 parts of bromobutyl and tested
      in a Mooney machine at a temperature of 160.degree.C. The results of these
      two experiments are shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Rubber               Bromobutyl                                           
     Black                FEF                                                  
     Oil                  10           Nil                                     
     ______________________________________                                    
     Test Temperature     160.degree.C 135.degree.C                            
     Mooney at 1 min.     28           66.5                                    
     4 min.               25.5         59.5                                    
     8 min.               27           59.5                                    
     12 min.              32.5         59.5                                    
     16 min.              55.5         61.5                                    
     20 min.              Not measured 65                                      
     24 min.              Not measured 74.5                                    
     28 min.              Not measured 93                                      
     ______________________________________                                    
PAR  These results show that the bromobutyl black interaction occurs when a
      process oil is present in the mixture and that the interaction can occur
      at a temperature as low as 135.degree.C for FEF carbon black.
PAC  EXAMPLE 2
PAR  A mixture was prepared of 100 parts of bromobutyl, 50 parts of GPF black
      and 1 part of stearic acid using the procedure of Example 1. A second
      mixture was prepared containing 100 parts of bromobutyl, 50 parts of GPF
      black, 1 part of stearic acid and 5 parts of channel black. These mixtures
      were tested in a Mooney machine at 160.degree.C with the results shown in
      Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Rubber              Bromobutyl                                            
     Black               GPF        GPF + Channel                              
     ______________________________________                                    
     Mooney at 1 min.    56.5       62.5                                       
     4 min.              54.5       50.5                                       
     8 min.              60         57.5                                       
     12 min.             73         59.5                                       
     16 min.             110        61                                         
     20 min.             135        61.5                                       
     24 min.             145        60                                         
     28 min.             147        59.5                                       
     ______________________________________                                    
PAR  These results clearly show that the addition of channel black to a mixture
      of bromobutyl and GPF black essentially eliminates the interaction of the
      bromobutyl and the GPF black.
PAC  EXAMPLE 3
PAR  Mixtures were prepared, using the procedure of Example 1, of 100 parts of
      bromobutyl, 50 parts of FEF black, 1 part of stearic acid and 1 part of
      the boron compounds shown in Table IV. These mixtures were tested in a
      Mooney machine at 160.degree.C.
TBL                TABLE IV                                                    
     ______________________________________                                    
                   Boric     Ortho-     Tri-butyl                              
     Boron Compound                                                            
                   Oxide     boric Acid Borate                                 
     ______________________________________                                    
     Mooney at 1 min.                                                          
                   55        55.5       51.5                                   
     4 min.        49.5      51         47.5                                   
     8 min.        49        50         50.5                                   
     12 min.       47        49         57.5                                   
     16 min.       46        48         60                                     
     ______________________________________                                    
PAR  Comparison of the results in Table IV with the results for the bromobutyl +
      FEF black mixture shown in Table I clearly shows that the boron compounds
      shown minimize or eliminate the bromo-butyl-FEF black interaction.
PAC  EXAMPLE 4
PAR  Mixtures were prepared, using the procedure of Example 1, of 100 parts of
      bromobutyl, 50 parts of FEF black, 1 part of stearic acid and 1 part of
      the acid anhydrides shown in Table V and the mixtures were tested in a
      Mooney machine at 160.degree.C.
TBL                TABLE V                                                     
     ______________________________________                                    
     Acid        Maleic   Succinic  Phthalic                                   
                                           Acetic                              
     Anhydride   Anhy-    Anhydride Anhy-  Anhy-                               
                 dride              dride  dride                               
     ______________________________________                                    
     Mooney at 1 min.                                                          
                 56.5     56.5      59     59                                  
     4 min.      52.5     52        54.5   52.5                                
     8 min.      51       52        53     55.5                                
     12 min.     50       51        52     55                                  
     16 min.     49.5     50        50     54                                  
     ______________________________________                                    
PAR  These results show that these acid anhydrides minimize or eliminate the
      bromobutyl-FEF black interaction shown to occur in Example 1
PAC  Example 5
PAR  Compounds based on bromobutyl and containing interaction inhibitors were
      prepared using the mill mixing procedure of Example 1, vulcanized and the
      stress-strain properties of the vulcanizates were determined. The
      compositions used and results obtained are shown in Table VI.
TBL                TABLE VI                                                    
     ______________________________________                                    
     Bromobutyl parts    100       100     100                                 
     FEF carbon parts    50        50      50                                  
      black                                                                    
     Stearic acid                                                              
                parts    1         1       1                                   
     Zinc oxide parts    5         5       5                                   
     Phthalic Anhy-                                                            
                parts    --        1       --                                  
      dride                                                                    
     Ortho-boric acid                                                          
                parts    --        --      1                                   
     Vulcanize by heating at 153.degree.C for 40 minutes                       
     Tensile    kg/cm.sup.2                                                    
                         125.5     113.5   125.5                               
      Strength                                                                 
     Elongation %        370       365     410                                 
     300% Modulus                                                              
                kg/cm.sup.2                                                    
                         102.5     95      90.5                                
     ______________________________________                                    
PAR  These results show that the interaction retarding agents of this invention,
      as illustrated with phthalic anhydride and ortho-boric acid, do not
      seriously affect the properties of the vulcanizates when compared to a
      vulcanizate containing no agent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved process for reducing the heat promoted interaction of
      brominated butyl and carbon blacks other than channel carbon black in
      which the brominated butyl containing from 0.5 to 5 weight per cent of
      bromine and carbon black are mixed at temperatures from 135.degree.C to
      about 180.degree.C, characterized in that said mixing is in the presence
      of from 0.1 to 2 parts by weight per 100 parts by weight of brominated
      butyl of an interaction retarding agent selected from boron compounds
      having at least one oxygen atom chemically bonded to boron and selected
      from boron oxide, boric acid and borate esters of formula R.sub.3
      O--B(OR.sub.2)--OR.sub.1, wherein R.sub.1, R.sub.2 and R.sub.3 may be the
      same or different and are C.sub.1 -C.sub.12 hydrocarbyl radicals.
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ABST
PAL  Homopolymers and copolymers based on alkenoyloxybenzylidene-malonic esters
      of the formula
      ##SPC1##
PAL  Where
PA1  R.sup.1 is hydrogen or C.sub.1 to C.sub.4 -alkyl;
PA1  R.sup.2 is C.sub.1 to C.sub.12 -alkyl or cycloalkyl and
PA1  R.sup.3 is hydrogen, C.sub.1 to C.sub.8 -alkyl, C.sub.1 to C.sub.8 -alkoxy
      or halogen, and plastics, i.e., polycarbonates, stabilized therewith.
PARN
PAR  This is a division of application Ser. No. 372,724, filed June 22, 1973,
      now U.S. Pat. No. 3,875,123.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to new polymers based on
      alkenoyloxybenzylidenemalonic esters and their use as UV-absorbers for
      stabilizing plastics.
PAR  A large number of UV-absorbers is known (compare, for example, DT-OS
      1,544,605 (corresponds to British Pat. No. 1,037,169) or DT-PS 1,987,902)
      but they possess a series of disadvantages. Thus, for example, yellowing
      and browning of UV-stabilized products is to be observed on continuous
      heat exposure. A further disadvantage of many previously known
      UV-absorbers is their volatility, which leads to considerably difficulties
      (loss by evaporation, loss by migration and the like), especially at
      higher processing temperatures.
PAR  Transparent polycarbonate molding compositions stabilized against UV-light
      which contain low molecular UV-absorbers are also known. The stabilization
      of polycarbonates, however, and especially pigmented polycarbonates, has
      not been satisfactory. The previously known and used UV-absorbers fail in
      the stabilization of polycarbonates in the presence of pigments.
      Evidently, interactions between polycarbonate, pigment surface and
      UV-light play a decisive role in this.
PAC  SUMMARY OF THE INVENTION
PAR  Polymeric UV-absorbers based on alkenoylbenzylidenemalonic esters are
      provided according to the invention which contain UV-light absorbing
      groups of the formula
      ##SPC2##
PAL  Wherein
PAR  R.sup.1 is hydrogen or alkyl with C.sub.1 to C.sub.4 ;
PAR  R.sup.2 is alkyl with C.sub.1 to C.sub.12 or cycloalkyl such as cyclohexyl;
      and
PA1  R.sup.3 is hydrogen, alkyl with C.sub.1 to C.sub.8, preferably with C.sub.1
      to C.sub.4, alkoxy with C.sub.1 to C.sub.8, preferably methoxy or halogen,
      such as chlorine or bromine.
PAR  The polymeric UV-absorbers of the invention are resistant to sublimation
      and therefore also show no tendency to migrate out of the polymeric
      substrates which are to be stabilized. Furthermore, the browning on
      prolonged heat exposure, which is frequently observed on UV-stabilized
      products, is not observed with the polymers according to the invention.
PAR  Polycarbonate molding compositions stabilized according to the invention
      contain from 0.05 to 10% by weight, and preferably 0.1 to 2.5% by weight,
      based on the weight of the polycarbonate of the polymeric UV-absorbers.
      These compositions, which may contain pigments, are distinguished by
      excellent stability toward the harmful influence of UV-light.
PAC  DETAILED DESCRIPTION
PAR  The new polymers according to the invention are obtainable by
      homopolymerization of alkenoyloxybenzylidenemalonic esters or by
      copolymerization of these compounds with other ethylenically unsaturated
      monomers. As a result of the copolymerization of the said malonic ester
      derivatives, the polymers contain groups which absorb UV-light.
PAR  These groups which absorb UV-light can be illustrated, for example, by the
      following formula (I)
      ##SPC3##
PAL  wherein
PAR  R.sup.1 is hydrogen or alkyl with C.sub.1 to C.sub.4 ;
PAR  R.sup.2 is alkyl with C.sub.1 to C.sub.12 or cycloalkyl, such as
      cyclohexyl; and
PAR  R.sup.3 is hydrogen, alkyl with C.sub.1 to C.sub.8, preferably with C.sub.1
      to C.sub.4, alkoxy with C.sub.1 to C.sub.8, preferably methoxy or halogen,
      such as chlorine or bromine.
PAL  The most preferred polymers of the general formula (I) are those in which
      R.sup.1 is hydrogen or methyl; R.sup.2 is methyl, ethyl or n-octyl and
      R.sup.3 is hydrogen or methoxy.
PAR  The polymeric UV-absorbers according to the invention are manufactured, for
      example, by homopolymerization or copolymerization of from about 5 to 100
      percent by weight of a UV-light absorbing monomer of the general formula
      (II)
      ##SPC4##
PAL  wherein
PAR  R.sup.1 is hydrogen or alkyl with C.sub.1 to C.sub.4 ;
PAR  R.sup.2 is alkyl with C.sub.1 to C.sub.12 or cycloalkyl, such as
      cyclohexyl; and
PAR  R.sup.3 is hydrogen, alkyl with C.sub.1 to C.sub.8, alkoxy with C.sub.1 to
      C.sub.8 or halogen, such as chlorine or bromine,
PAL  with 95 to 0 percent by weight of one or more comonomers. The
      alkenoyloxybenzylidenemalonic bis-esters can be manufactured in accordance
      with well-known processes by reaction of malonic acid bis-esters with
      hydroxybenzaldehydes, in the presence of a base (see, for example, Org.
      Reactions, Vol. XV, 1967, page 332) to form hydroxybenzylidenemalonic acid
      diesters which are subsequently reacted with acrylic acid chloride or
      methacrylic acid chloride as described in the examples. Suitable malonic
      acid esters are, for example, malonic acid dicyclohexyl ester, malonic
      acid dimethyl ester, malonic acid diethyl ester, malonic acid dipropyl
      ester, malonic acid diisopropyl ester, malonic acid dibutyl ester, malonic
      acid pentyl ester, malonic acid dihexyl ester, malonic acid dioctyl ester,
      malonic acid dinonyl ester, malonic acid didecyl ester and malonic acid
      didodecyl ester. Examples of suitable alkenoyloxybenzylidenemalonic esters
      are compounds of the following formulae:
      ##SPC5##
PAR  Comonomers suitable for the manufacture of the copolymers according to the
      invention are monoolefins, such as ethylene, propylene and isobutylene;
      vinyl esters, such as vinyl chloride, vinylidene chloride, vinyl acetate
      or vinyl propionate and vinyl benzoate; acrylic and methacrylic acid
      esters, amides and nitriles; allyl- and vinyl-methyl-, -ethyl-
      and-isobutyl-ether; vinyl-aromatics, such as styrene,
      .alpha.-methyl-styrene, vinyltoluene, p-ethyl-styrene,
      2,4-dimethylstyrene, o-chlorostyrene and 2,5-dichlorostyrene.
PAR  Copolymers with vinyl monomers containing epoxide groups are particularly
      suitable for the manufacture of the copolymers, since in addition to
      stabilization against ultraviolet radiaton a distinctly improved lightness
      of color and brilliance of color results, and the mechanical properties
      are simultaneously improved.
PAR  Suitable vinyl monomers containing epoxide groups are, for example:
      glycidyl esters of ethylenically unsaturated carboxylic acids (glycidyl
      methacrylate) and, especially, acrylyl- and methacrylyl-ethers,
      glycidyl-ethers of ethylenically unsaturated alcohols
      (allyl-glycidyl-ether) and of alkenyl-phenols
      (isopropenylphenyl-glycidyl-ether) as well as vinyl esters and allyl
      esters of epoxycarboxylic acids (vinyl ester of epoxidized oleic acid).
PAR  The homopolymers and copolymers according to the invention are manufactured
      in accordance with well-known processes, for example, by radical
      polymerization in inert solvents, such as benzene or chlorobenzene, at
      60.degree. to 80.degree. C. Initiators used in this type of process are
      compounds customary for radical polymerizations, such as peroxides, azo
      compounds such as azodiisobutyric acid nitrile and the like.
PAR  The molecular weights of the homopolymers and copolymers according to the
      invention, which weights have no significant influence on the stabilizing
      action, lie between about 20,000 and 100,000, and preferably between
      30,000 and 60,000.
PAR  The manufacture of the UV-light absorbing monomers and the manufacture of
      the UV-light absorbing polymers of the invention are described in more
      detail in the examples.
PAR  A surprising characteristic of the invention resides in the fact that the
      coefficients of the extinction of the polymers according to the invention,
      taking the UV-absorbing component into account, are always distinctly
      above the coefficients of extinction of the corresponding monomer
      mixtures.
PAR  Thus it is found, for example (see Table I below) that copolymers of methyl
      methacrylate (MMA) with varying amounts of the UV-active compound of the
      formula (III)
      ##SPC6##
PAL  possess a distinctly higher coefficient of extinction in polycarbonate than
      is to be expected in comparison to the structure present in the polymer,
      which is characterized by the model compound of the formula (IV)
      ##SPC7##
TBL                TABLE I                                                     
     ______________________________________                                    
     Composition of the copolymers                                             
     Percent by                                                                
             Percent by                                                        
                       UV-active content of (III), (*)                         
     weight  weight    determined in the poly-                                 
     (III)   MMA       carbonate: Percent by weight                            
     ______________________________________                                    
      5      95                  11                                            
     10      90                  17                                            
     50      50                  60                                            
     100     --                 109                                            
     ______________________________________                                    
      (*) measured with UV-spectral-photometer EPS-3 T of firm Hitachi         
PAR  On the other hand, on mixing (IV) into a polymethyl methacrylate,
      UV-analyses show, as expected, an extinction in polycarbonate
      corresponding to the proportion employed.
PAR  Thus a distinctly improved UV-absorption for the same content of UV-active
      substance is achieved by means of the polymers according to the invention.
PAR  A further advantage of the invention resides in the fact that through the
      choice of suitable comonomers for each case the compatibility of the
      UV-light-absorbing copolymers with the products (plastics) to be
      stabilized can be influenced and improved.
PAR  Polymers which may be stabilized with the aid of the new polymeric
      UV-absorbers are the industrially utilzable homopolymers and copolymers
      of, for example, styrene, acrylonitrile, methyl methacrylate, mixtures of
      styrene and ethylenically unsaturated polyesters, polyolefins, such as
      polyethylene, polypropylene or polyisobutylene, or polymers of the ABS
      type.
PAR  Polycondensates are also suitable for UV-stabilization with the polymers
      according to the invention. These polycondensates include, for example,
      unsaturated polyesters based on .alpha.,.beta. -ethylenically unsaturated
      dicarboxylic acids and polyols, especially glycols, e.g., polyesters of
      maleic anhydride and propylene glycol; saturated polyesters based on
      adipic acid, terephthalic acid, ethylene glycol, 1,6-hexanediol or
      1,2-propanediol; polyamides based on .epsilon.-caprolactam or the
      condensation of hexamethylene-diamine and adipic acid. Polyurethanes of
      diisocyanates, such as, for example, toluenediisocyante or
      hexamethylenediisocyanate and diols, such as, for example, ethylene glycol
      or hexamethylene glycol may also be stabilized.
PAR  The polymers containing UV-absorbing groups of the invention are added to
      the plastics to be stabilized in an amount of from 0.05 to 10 percent by
      weight, calculated relative to the plastics.
PAR  A particularly good stabilization against UV-light is observed in the case
      of polycarbonates based on aromatic dihydroxy compounds, this being true
      both for transparent and for pigmented materials.
PAR  In the case of polycarbonates the polymeric UV-absorbers of the invention
      are also added in amounts of from 0.05 to 10 percent by weight, and
      preferably 0.1 to 2.5 percent by weight, calculated relative to the
      mixtures. The invention includes, therefore, polycarbonate molding
      compositions containing these amounts of stabilizer.
PAR  Suitable pigments for the polycarbonates are TiO.sub.2, BaSO.sub.4, CdS,
      Cr.sub.2 O.sub.3 and iron oxides, which are employed in amounts of about
      0.1 to 10 percent by weight, preferably 0.5 to 3 percent by weight,
      calculated relative to the mixture.
PAR  It is surprising that polycarbonate molding compositions pigmented with,
      for example, TiO.sub.2, are also stable to UV-light. Under the influence
      of UV-light neither a molecular weight decrease (measured by the relaltive
      viscosity in methylene chloride at 20.degree. C and a concentraton of 5
      g/liter nor a decrease in the mechanical properties is observed with the
      polycarbonates stabilzed according to the invention.
PAR  The polycarbonates useful in the invention are those are obtainable by
      reaction of aromatic dihydroxy compounds with phosgene or
      bis-chlorocarbonic acid esters in accordance with the known process of
      interfacial polycondensation.
PAR  Examples of suitable aromatic dihydroxy compounds are: hydroquinone,
      resorcinol, 4,4'-dihydroxydiphenyl, bis-(hydroxyphenyl)-alkanes,
      -cycloalkanes, -sulphides, -ethers, -ketones, -sulphoxides or -sulphones,
      and also .alpha.,.alpha.'-bis-(hydroxyphenyl)-diisopropylbenzene as well
      as the corresponding nuclear-alkylated or nuclear-halogenated compounds.
      Polycarbonates based on 4,4'-dihydroxydiphenylpropane-2,2(bisphenol A),
      tetrachlorobisphenol A, tetrabromobisphenol A, tetramethylbisphenol A and
      trinuclear bisphenols, such as
      .alpha.,.alpha.'-bis-(4-hydroxyphenyl)-p-diisopropylbenzene, are
      preferred.
PAR  Further bis-phenols suitable for the manufacture of the polycarbonates are
      described in U.S. Pat. Nos. 3,028,365, 2,999,835, 3,148,172, 3,271,368,
      2,970,137, 2,991,273, 3,271,367, 3,280,078, 3,014,891 and 2,999,846.
PAR  If desired, fillers, such as glass fibers, as well as other stabilizers or
      additives may be added to the plastics stabilized with the compounds
      according to the invention, without thereby influencing or hindering the
      stabilizing action.
PAR  The polymeric UV-stabilizers according to the invention are incorporated
      into the plastics in accordance with known techniques, for example by:
PAR  1. Addition of the polymeric UV-absorber in bulk to the polymer melt;
PAR  2. Powdering or tumble-coating the polymeric UV-absorber onto the solid
      plastic (granules) with subsequent extrusion at the melt temperature;
PAR  3. Mixing the UV-absorbing polymers, in the powder form or in solution,
      with the pigment. In the latter case the solvent is evaporated off and the
      material is subsequently dried. The pigments treated in this way are then
      either applied to the solid plastic or directly incorporated into the
      melt;
PAR  4. Manufacture of plastics combinations with high contents of pigments and
      UV-absorbing polymers (master batch), followed by mixing these
      concentrates with unpigmented plastic.
PAR  Suitable apparatuses for incorporating the polymeric stabilizers into
      polycarbonates are, for example, kneaders and single-screw or twin-screw
      extruders.
PAR  The UV-stabilized molding compositions are employed wherever the moldings
      are exposed to weathering and/or an increased action of UV-light. Thus
      these moldings for example find use in the lighting field, as lamp covers,
      advertising lights or glazing, for external cladding, for casing
      components and for lacquerings of all kinds.
DETD
PAR  The subject of the invention is explained in more detail in the examples
      which follow, in which all parts and percentages are by weight unless
      otherwise specified.
PAR  In Examples A-F the monomeric alkenoyloxybenzylidenemalonic acid esters are
      manufactured as follows:
PAR  A. 101 g of methacrylic acid chloride and 250 cm.sup.3 of methylene
      chloride are initially introduced into a stirred apparatus. A solution
      consisting of 229.5 g of 4-hydroxy-benzylidenemalonic acid diethyl ester,
      90 g of triethylamine and 500 cm.sup.3 of methylene chloride was added
      dropwise at room temperature over the course of 90 minutes and the
      reaction was completed by stirring for a further 2 hours. After extraction
      with 300 cm.sup.3 of 4% strength NaOH, 300 cm.sup.3 of 5% strength HCl and
      300 cm.sup.3 of H.sub.2 O, and after drying the organic phase and removing
      the solvent, the residue was recrystallized from 90% strength aqueous
      methanol.
PAR  Yield: 241 g (76% of theory) of the compound (V); colorless crystals;
      melting point: 41.degree. C.
PAR  Analysis: C.sub.18 H.sub.20 O.sub.6 (by weight percent). Calculated: C
      65.05 H 6.07.  Found: C 65.00 H 6.02.
PAR  B. Following the process described under A), 31.4 g of methacrylic acid
      chloride, 88.2 g of 3-methoxy-4-hydroxy-benzylidenemalonic diethyl ester
      and 30.4 g of triethylamine are reacted in 250 cm.sup.3 of methylene
      chloride for 2 hours, and worked up.
PAR  Yield: 72 g (65% theory) of the compound (VI); colorless crystals; melting
      point: 61.degree. to 62.degree. C.
PAR  Analysis: C.sub.19 H.sub.22 O.sub.7 (by weight percent). Calculated: C
      62.97 H 6.12. Found: C 63.00 H 6.05.
PAR  The manufacture of the other monomers is effected in accordance with the
      process described under A).
PAR  C. Charge: 4.2 g of methacrylic acid chloride, 13.0 g of
      p-hydroxybenzylidenemalonic acid di-n-octyl ester, 3.5 g of triethylamine
      and 35.0 cm.sup.3 of methylene chloride.
PAR  Yield: 4.7 g (32% of theory) of the compound (VII); colorless oil.
PAR  Analysis: C.sub.30 H.sub.44 O.sub.6 (by weight percent). Calculated: C
      71.97 H 8.86. Found: C 72.00 H 8.84.
PAR  D. Charge: 12.6 g of methacrylic acid chloride, 24.0 g of
      p-hydroxybenzylidenemalonic dimethyl ester, 12.5 g of triethylamine and
      100.0 cm.sup.3 of methylene chloride.
PAR  Yield: 17.6 g (58% of theory) of the compound (VIII); colorless crystals;
      melting point: 44.degree. C.
PAR  Analysis: C.sub.16 H.sub.16 O.sub.6 (by weight percent). Calculated: C
      63.15 H 5.30. Found: C 63.00 H 5.29.
PAR  E. Charge: 5.5 g of acrylic acid chloride, 13.2 g of
      p-hydroxy-benzylidenemalonic diethyl ester, 6.0 g of triethylamine and
      50.0 cm.sup.3 of methylene chloride.
PAR  Yield: 12.7 g (80% of theory) of the compound (IX); colorless crystals;
      melting point: 50.degree. to 51.degree. C.
PAR  Analysis: C.sub.17 H.sub.18 O.sub.6 (by weight percent). Calculated: C
      64.14 H 5.70. Found: C 64.10 H 5.69.
PAR  F. Charge: 3.7 g of acrylic acid chloride, 13.0 g of
      p-hydroxybenzylidenemalonic acid di-n-octyl ester, 3.5 g of triethylamine
      and 35.0 cm.sup.3 of methylene chloride.
PAR  Yield: 8.5 g (58% of theory) of the compound (X); colorless oil;
PAR  Analysis: C.sub.29 H.sub.42 O.sub.6 (by weight percent). Calculated: C
      71.57 H 8.70. Found: C 71.40 H 8.77.
PAC  EXAMPLES 1 (a to m)
PAC  (Production of Polymers of the Invention)
PAR  25 g of the compound (V) are dissolved in 100 g of benzene and the solution
      is vigorously stirred while passing nitrogen over it. 0.25 g of
      azodiisobutyric acid nitrile are added and the mixture is slowly warmed to
      80.degree. C and the polymerization charge is kept at this temperature. In
      order to guarantee 100% conversion, a further 0.025 g of azodiisobutyric
      acid nitrile is added every 30 minutes. A conversion of 100% is achieved
      after about 6 hours.
PAR  The table which follows lists some polymers which are manufactured in
      accordance with the polymerization process described above.
TBL  __________________________________________________________________________
     Polymers of                   Molecular                                   
     Monomers              solvent Weight (M.sub.w)                            
                                   of the polymer obtained                     
     __________________________________________________________________________
     a)                                                                        
       100%                                                                    
           of the compound V                                                   
                           benzene     30,000                                  
     b)                                                                        
       30% of the compound V                                                   
       70% of methyl methacrylate                                              
                           chlorobenzene                                       
                                       52,000                                  
     c)                                                                        
       40% of the compound V                                                   
       60% of styrene      chlorobenzene                                       
                                       60,000                                  
     d)                                                                        
       50% of methyl methacrylate                                              
       30% of the compound V                                                   
       20% of glycidyl methacrylate                                            
                           benzene     48,000                                  
     e)                                                                        
       60% of the compound V                                                   
       35% of styrene                                                          
       5%  of acrylonitrile                                                    
                           benzene     38,000                                  
     f)                                                                        
       100%                                                                    
           of the compound VI                                                  
                           dioxane     40,000                                  
     g)                                                                        
       50% of the compound VII                                                 
       50% of methyl methacrylate                                              
                           chlorobenzene                                       
                                       44,000                                  
     h)                                                                        
       40% of the compound VIII                                                
       30% of methyl methacrylate                                              
       30% of styrene      chlorobenzene                                       
                                       39,000                                  
     j)                                                                        
       20% of the compound IX                                                  
       70% of styrene                                                          
       10% of acrylonitrile                                                    
                           benzene     51,000                                  
     k)                                                                        
       30% of the compound VI                                                  
       70% of methyl methacrylate                                              
                           dioxane     50,000                                  
     l)                                                                        
       100%                                                                    
           of the compound X                                                   
                           dioxane     38,000                                  
     m)                                                                        
       80% of the compound V                                                   
       20% of hydroxypropyl methacrylate                                       
                           benzene     32,000                                  
     __________________________________________________________________________
PAR  The following examples illustrate the stabilization of polycarbonate
      molding compositions according to the invention.
PAC  EXAMPLE 2
PAC  Manufacture of the Polycarbonate
PAR  About 454 parts by weight of 4,4'-dihydroxydiphenyl-2,2-propane and 9.5
      parts by weight of p-tert.-butylphenol are suspended in 1.5 liters of
      water. The oxygen is removed from the reaction mixture in a 3-neck flask
      equipped with a stirrer and gas inlet tube, while passing nitrogen through
      the reaction mixture for 15 minutes, while stirring. 355 parts by weight
      of a 45% strength sodium hydroxide solution and 1,000 parts by weight of
      methylene chloride are then added. The mixture is cooled to 25.degree. C.
      While maintaining this temperature by cooling, 237 parts by weight of
      phosgene are added over a period of 120 minutes. An additional amount of
      75 parts by weight of a 45% strength sodium hydroxide solution is added
      after 15 to 30 minutes or after the absorption of phosgene has commenced.
      1.6 parts by weight of triethylamine are added to the resulting solution
      and the mixture is stirred for a further 15 minutes. A highly viscous
      solution is obtained, the viscosity of which is regulated by adding
      methylene chloride. The aqueous phase is separated off. The organic phase
      is washed with water until free of salt and of alkali. The polycarbonate
      is isolated from the washed solution and dried. The polycarbonate has a
      relative viscosity of 1.29 to 1.30, measured in an 0.5% strength solution
      of methylene chloride at 20.degree. C. This corresponds approximately to a
      molecular weight of 32,000. The polycarbonate thus obtained is extruded
      and granulated.
PAC  EXAMPLE 3
PAC  Manufacture of a UV-Stabilized, Pigmented Polycarbonate
PAR  2,940 g of polycarbonate based on bisphenol A, having a relative viscosity
      of .eta..sub.rel 1.3, are intimately mixed with 35 g of titanium dioxide
      and 15 g of the polymer (a) from Example 1 (polymer of
      p-methacryloxybenzylidenemalonic acid diethyl ester) and the mixture is
      dried at 110.degree. C. Thereafter it is extruded by means of a twin-screw
      extruder at 320.degree. C. The polymer ribbon is drawn off and granulated.
      The granules can be converted into test specimens in the usual manner on
      injection molding machines.
PAR  In the examples which follow, the procedure of Example 3 is utilized for
      the manufacture of the mixtures.
PAC  EXAMPLE 4
PAR  1,000 g of polycarbonate based on bisphenol A, having a relative viscosity
      .eta..sub.rel = 1.310, are intimately mixed with 10 g of titanium dioxide
      and 8 g of a polymer of 3-methoxy-4-methacryloxybenzylidenemalonic acid
      diethyl ester (polymer 1f) and extruded at 330.degree. C.
PAC  EXAMPLE 5
PAR  2,000 g of polycarbonate based on bisphenol A, having a relative viscosity
      .eta..sub.rel = 1.280, are intimately mixed with 30 g of titanium dioxide
      and 10 g of a copolymer of 50 percent by weight of methyl methacrylate and
      30 percent by weight of p-methacryloxybenzylidenemalonic acid diethyl
      ester and 20 percent by weight of glycidyl methacrylate (polymer 1d) and
      extruded at 300.degree. C.
PAC  EXAMPLE 6
PAR  591 g of polycarbonate based on bisphenol A, having a relative viscosity of
      .eta..sub.rel = 1.280, are intimately mixed with 6 g of titanium dioxide
      and 3 g of a copolymer of 70 percent by weight of styrene and 20 percent
      by weight of p-acryloxybenzylidenemalonic acid diethyl ester and 10
      percent by weight of acrylonitrile (polymer 1j) and extruded at
      290.degree. C.
PAC  EXAMPLE 7
PAR  975 g of polycarbonate based on bisphenol A, having a relative viscosity of
      .eta..sub.rel = 1.280, are intimately mixed with 15 g of titanium dioxide
      and 10 g of a copolymer of 70 percent by weight of methyl methacrylate and
      30 percent by weight of 3-methoxy-4-methacryloxybenzylidenemalonic acid
      diethyl ester (polymer 1k) and extruded at 280.degree. C.
PAC  EXAMPLE 8
PAR  1,950 g of polycarbonate based on bisphenol A, having a relative viscosity
      of .eta..sub.rel = 1.320, are intimately mixed with 30 g of titanium
      dioxide and 20 g of a copolymer of 70 percent by weight of methyl
      methacrylate and 30 percent by weight of p-methacryloxybenzylidenemalonic
      acid diethyl ester (polymer 1b) and extruded at 310.degree. C.
PAC  EXAMPLE 9
PAR  975 g of a polycarbonate from 94 mol percent of bisphenol A and 6 mol
      percent of tetrabromobisphenol A, having a relative viscosity of
      .eta..sub.rel = 1.280, are intimately mixed with 15 g of titanium dioxide
      and 10 g of a polymer of p-methacryloxybenzylidenemalonic acid diethyl
      ester (polymer 1a) and extruded at 290.degree. C.
PAC  EXAMPLE 10
PAR  2,970 g of a polycarbonate from 70 mol percent of bisphenol A and 30 mol
      percent of tetrachlorobisphenol A, having a relative viscosity of
      .eta..sub.rel = 1.330, are intimately mixed with 15 g of titanium dioxide
      and 15 g of a copolymer of 70 percent by weight of methyl methacrylate and
      30 percent by weight of p-methacryloxybenzylidenemalonic acid diethyl
      ester (polymer 1b) and extruded at 320.degree. C.
PAC  EXAMPLE 11
PAR  1,970 g of a polycarbonate from 30 mol percent of bisphenol A and 70 mol
      percent of tetramethylbisphenol A, having a relative viscosity of
      .eta..sub.rel = 1.275, are intimately mixed with 20 g of titanium dioxide
      and 10 g of a polymer of p-methacryloxybenzylidenemalonic acid diethyl
      ester (polymer 1a) and extruded at 280.degree. C.
PAC  EXAMPLE 12
PAR  982 g of polycarbonate based on bisphenol A, having a relative viscosity of
      .eta..sub.rel = 1.295, are intimately mixed with 10 g of titanium dioxide
      and 8 g of a polymer of p-acryloxybenzylidenemalonic acid di-n-octyl ester
      (polymer 1b) and extruded at 290.degree. C.
PAC  EXAMPLE 13
PAR  1,949.6 g of polycarbonate based on bisphenol A, having a relative
      viscosity of .eta..sub.rel = 1.280, are intimately mixed with 40 g of
      barium sulphate, 0.4 g of titanium dioxide and 10 g of a polymer of
      p-methacryloxybenzylidenemalonic acid diethyl ester (polymer 1a) and
      extruded at 310.degree. C.
PAR  The light reflection before and after heat exposure, and some mechanical
      properties of the polycarbonate molding compositions stabilized against
      UV-light in accordance with the invention are listed in Tables II and III.
TBL                                    Table II                                
     __________________________________________________________________________
     Light reflection before and after the heat exposure of the UV-stabilized  
     pigmented polycarbonates                                                  
     PC composition.sup.5                                                      
                        Light reflection.sup.1 in the                          
                                      Light reflection.sup.2                   
                                                     Light reflection.sup.3    
                                                     after                     
                        initial state (420 nm)                                 
                                      exposure to light                        
                                                     heat exposure (420 nm)    
                        (percent)     (420 nm) (percent)                       
                                                     (percent)                 
     __________________________________________________________________________
     PC from BPA, with 1.5% of TiO.sub.2.sup.4                                 
                            63            31             50                    
     PC from Example 3      74            50             70                    
     PC from Example 5      70            44             69                    
     PC from Example 7      70            42             66                    
     PC from Example 8      71            46             67                    
     PC from Example 9 but without use                                         
     of the UV-light-absorbing polymer                                         
                            60            20             41                    
     PC from Example 9      72            40             63                    
     PC from BPA, with 1.0% of TiO.sub.2.sup.4                                 
                            62            32             50                    
     PC from Example 4      73            50             71                    
     PC from Example 6      68            45             60                    
     PC from Example 12     72            51             71                    
     PC from Example 11 but without use                                        
     of the UV-light-absorbing polymer                                         
                            59            29             40                    
     PC from Example 11     70            46             67                    
     PC from Example 10, but without use                                       
     of the UV-light-absorbing polymer                                         
                            58            24             43                    
     PC from Example 10     71            49             69                    
     PC analogous to Example 13 but                                            
     without use of the UV-light-absorbing                                     
     polymer                48            30             35                    
     PC from Example 13     55            47             52                    
     __________________________________________________________________________
      .sup.1 Measured according to DIN 5,036 or 5,033 on 4 mm thick test       
      specimens, backed with barium sulphate (420 nm = wave length of          
      light/standard light C according to DIN 5033)?                           
      .sup.2 The samples were exposed for 500 hours to a mercury vapor high    
      pressure lamp of 250 watt from a distance of 8 cm.                       
      .sup.3 The samples were exposed to heat for 500 hours at 140.degree.C.   
      .sup.4 The blank samples were manufactured analogously to Example 3 but  
      without using the polymer according to the invention.                    
      .sup.5 PC composition = polycarbonate composition.                       
TBL                                    Table III                               
     __________________________________________________________________________
     Mechanical properties of the pigmented stabilized polycarbonates.         
                                           Elongation at break, %.sup.3        
     PC composition.sup.4                                                      
                   .eta. rel.sup.1                                             
                             Notched impact strength.sup.2                     
                                           freshly injection-                  
                                                     after heat                
                   dry  moist                                                  
                             dry    moist  molded    exposure                  
     __________________________________________________________________________
     PC from BPA   1.280                                                       
                        1.278                                                  
                             51.1   38.3   125       108                       
     PC from BPA with 1.5% of                                                  
     TiO.sub.2.sup.3                                                           
                   1.279                                                       
                        1.244                                                  
                             16.9   8.0    88        20                        
     PC from Example 3                                                         
                   1.280                                                       
                        1.277                                                  
                             27.7   25.5   112       60                        
     PC from Example 5                                                         
                   1.279                                                       
                        1.280                                                  
                             25.0   24.8   70        40                        
     PC from Example 7                                                         
                   1.280                                                       
                        1.274                                                  
                             22.2   20.0   64        35                        
     PC from Example 8                                                         
                   1.280                                                       
                        1.276                                                  
                             15.5   12.3   83        30                        
     PC from Example 9.sup.5                                                   
                   1.279                                                       
                        1.240                                                  
                             12.0   6.0    70        20                        
     PC from Example 9                                                         
                   1.280                                                       
                        1.260                                                  
                             20.0   14.0   85        40                        
     PC from BPA with 1.0% of                                                  
     TiO.sub.2.sup.3                                                           
                   1.280                                                       
                        1.256                                                  
                             20.0   12.0   100       35                        
     PC from Example 4                                                         
                   1.278                                                       
                        1.277                                                  
                             30.0   15.0   90        44                        
     PC from Example 6                                                         
                   1.278                                                       
                        1.260                                                  
                             22.0   12.0   90        40                        
     PC from Example 12                                                        
                   1.277                                                       
                        1.269                                                  
                             20.0   13.0   80        35                        
     PC from Example 11.sup.5                                                  
                   1.276                                                       
                        1.270                                                  
                              8.0   4.0    50        20                        
     PC from Example 11                                                        
                   1.278                                                       
                        1.270                                                  
                             12.0   10.0   80        38                        
     PC from Example 10.sup.5                                                  
                   1.276                                                       
                        1.270                                                  
                             16.0   13.0   70        28                        
     PC from Example 10                                                        
                   1.276                                                       
                        1.270                                                  
                             17.0   13.0   70        30                        
     PC from Example 13.sup.5                                                  
                   1.278                                                       
                        1.269                                                  
                             23.0   17.0   110       80                        
     PC from Example 13                                                        
                   1.279                                                       
                        1.274                                                  
                             26.0   20.0   100       90                        
     __________________________________________________________________________
      .sup.1 The relative viscosity measured in methylene chloride at          
      20.degree.C and a concentration of 5 g/liter.                            
      .sup.2 Measured according to DIN 53,453/dimension: cmkp/cm.sup.2         
      .sup.3 Measured according to DIN 53,455                                  
      .sup.4 PC composition = polycarbonate composition                        
      .sup.5 PC from the abovementioned example but without the use of a       
      UV-light-absorbing polymer.                                              
PAL  Uv-stabilized transparent polycarbonate molding compositions:
PAC  EXAMPLE 14
PAR  100 parts by weight of the granulated polycarbonate manufactured according
      to Example 2 are intimately mixed with 0.5 part by weight of a polymer of
      p-methacryloxybenzylidene-malonic acid diethyl ester (polymer 1a) and
      extruded at 300.degree. C and injection-molded to give test specimens.
PAR  Table IV shows the light transmission values of a UV-stabilized
      polycarbonate after exposure to light and after exposure to heat, in
      comparison to a non-stabilized sample.
TBL                                    Table IV                                
     __________________________________________________________________________
     Light transmission values of a polycarbonate stabilized against UV-light, 
     in comparison to an                                                       
     unstabilized sample                                                       
                  .eta. rel.sup.1                                              
                       Transmission.sup.2                                      
                                Transmission.sup.3                             
                                         Transmission.sup.4                    
                                                  Transmission.sup.5           
                                after heat                                     
                                         after exposure                        
                                                  Weather-o-meter              
                                exposure to UV                                 
                       (420 nm) (420 nm) (420 nm) (420 nm)                     
     __________________________________________________________________________
     Polycarbonate from                                                        
                  1.294                                                        
                       81       72       63       62                           
     Example 2                                                                 
     Stabilized polycarbonate                                                  
                  1.290                                                        
                       79       76       71       70                           
     from Example 14                                                           
     __________________________________________________________________________
      .sup.1 Measured in methylene chloride at 20.degree.C. and a concentration
      of 5 g/liter;                                                            
      .sup.2 Measured according to DIN 5033;                                   
      .sup.3 140.degree.C in air over the course of 63 days;                   
      .sup.4 Mercury vapor high pressure lamp of 250 watt from a distance of 8 
      cm, for 500 hours;                                                       
      .sup.5 150 hours.                                                        
PAR  It is to be understood that any of the components and conditions mentioned
      as suitable herein can be substituted for its counterpart in the foregoing
      examples and that although the invention has been described in
      considerable detail in the foregoing, such detail is solely for the
      purpose of illustration. Variations can be made in the invention by those
      skilled in the art without departing from the spirit and scope of the
      invention except as is set forth in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of stabilizing synthetic organic polymers comprising blending
      the polymer with from 0.05 to 10% by weight, based on the weight of the
      said polymer, of a UV-light absorbing polymer containing groups of the
      formula:
      ##SPC8##
PAL  wherein
PA1  R.sup.1 is hydrogen or alkyl with C.sub.1 to C.sub.4 ;
PA1  R.sup.2 is alkyl with C.sub.1 to C.sub.12 or cycloalkyl; and
PA1  R.sup.3 is hydrogen, alkyl with C.sub.1 to C.sub.8, alkoxy with C.sub.1 to
      C.sub.8 or halogen.
NUM  2.
PAR  2. Polycarbonate molding compositions containing an effective amount of
      UV-light absorbing polymers, said polymers comprising UV-light absorbing
      groups of the formula
      ##SPC9##
PAL  wherein
PA1  R.sup.1 is hydrogen or alkyl with C.sub.1 to C.sub.4 ;
PA1  R.sup.2 is alkyl with C.sub.1 to C.sub.12 or cycloalkyl; and
PA1  R.sup.3 is hydrogen, alkyl with C.sub.1 to C.sub.8, alkoxy with C.sub.1 to
      C.sub.8 or halogen.
NUM  3.
PAR  3. The polycarbonate molding compositions of claim 2 containing an
      effective amount of UV-light absorbing polymers, said polymers comprising
      UV-light absorbing groups of the formula of claim 2, wherein R.sup.1 is
      hydrogen or alkyl with C.sub.1 to C.sub.4, R.sup.2 is alkyl with C.sub.1
      to C.sub.12 or cycloalkyl and R.sup.3 is hydrogen, alkyl with C.sub.1 to
      C.sub.4, methoxy or halogen.
NUM  4.
PAR  4. The polycarbonate molding compositions of claim 2 wherein the UV-light
      absorbing polymers are present in an amount of from 0.05 to 10% by weight
      based on the weight of the polycarbonate.
NUM  5.
PAR  5. The polycarbonate molding compositions of claim 2 wherein the UV-light
      absorbing polymers are present in an amount of from 0.1 to 2.5% by weight
      based on the weight of the polycarbonate.
NUM  6.
PAR  6. The polycarbonate molding compositions of claim 2 wherein the UV-light
      absorbing polymers are homopolymers of alkenoyloxybenzylidenemalonic
      esters or copolymers of alkenoyloxybenzylidenemalonic esters with
      ethyleneically unsaturated monomers and wherein the esters are present in
      the UV-light absorbing polymer in an amount of at least 5% by weight based
      on said polymer.
NUM  7.
PAR  7. The polycarbonate molding compositions of claim 4 wherein the molding
      compositions include, in admixture, from 0.1 to 10% by weight, based on
      the weight of the mixture, of a pigment.
NUM  8.
PAR  8. The polycarbonate molding compositions of claim 4 wherein the molding
      compositions include, in admixture, from 0.5 to 3% by weight, based on the
      weight of the mixture, of a pigment.
NUM  9.
PAR  9. The polycarbonate molding compositions of claim 7 wherein the pigment is
      titanium dioxide.
NUM  10.
PAR  10. The polycarbonate molding compositions of claim 2 wherein the UV-light
      absorbing polymer is poly-p-methacryloxybenzylidenemalonic acid diethyl
      ester.
NUM  11.
PAR  11. The polycarbonate molding compositions of claim 2 wherein the UV-light
      absorbing polymers also contain epoxy-containing groups.
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ABST
PAL  Yarns of good color characterized by a high capability of being deeply dyed
      with acid dyes are spun from copolyamides having a relative viscosity of
      35-75, an amine end concentration of 35-80 gram equivalents per 10.sup.6
      grams of polymer and a defined content of units formed in part from
      N,N'-di(3-aminopropyl)piperazine and which have been produced with the
      introduction of a defined content of a specified organic phosphorous
      compound prior to extrusion of the polymer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to polyamides having improved dyeability with acid
      dyes and more particularly to highly-dyeable, stabilized copolyamides.
PAR  It is well known that polyamides prepared using hexamethylene diammonium
      adipate can be polymerized to high molecular weight and that they can be
      dyed with acid dyes, but it has been found that it is difficult to obtain
      very deep shades. Consequently, there has been a continuous search for
      deep-dyeing polyamide compositions. British Pat. No. 1,077,992 discloses
      that N,N'-di(3-aminopropyl)-piperazine can be used to improve polyamide
      dyeability. In U.S. Pat. No. 3,078,248, it is disclosed that the frequency
      of spinning drips can be reduced in the production of polyamide fibers
      having improved dyeability from high amine ends by the use of phosphorous
      compounds such as phenylphosphinates. In the preparation of high relative
      viscosity polyamides, high levels of amine ends aggravate the problem of
      gel formation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a yarn of a
      copolyamide having a relative viscosity of from about 35 to 75 and a
      primary amine end concentration of from about 35 to 80 gram equivalents
      per 10.sup.6 grams of copolyamide, said copolyamide consisting essentially
      of the following repeating units:
      ##EQU1##
      the units containing the piperazine ring constituting from about 0.3 to
      3.5%, preferably from about 1 to 2%, of the total number of repeating
      units, and having been produced with the introduction of from about 0.05
      to 0.5% by weight, based on polymer weight, of a member of the group
      consisting of phenylphosphinic acid, sodium-, potassium- or hexamethylene
      diammoniumphenylphosphinate, prior to extrusion of the polymer. These
      copolyamides are characterized by good processability, good color and a
      high capability of being deeply dyed with acid dyes.
PAR  The hexamethylene adipate units of the copolyamide are formed from
      conventional nylon 6,6 precursors such as hexamethylene diammonium
      adipate. The copolyamide units containing the piperazine ring are formed
      from N,N'-di(3-aminopropyl)piperazine (hereinafter 3-Pip-3) and diacid
      under polyamide-forming conditions. When there are less than about 0.3
      percent of these units in the copolyamide the increased dyeability is not
      significant, and at concentrations exceeding about 3.5 percent, at the
      amine end concentration required by the invention, an increase in
      dyeability is achieved concomitant with a deterioration of processability
      and fiber properties.
PAR  The copolyamides of the yarn of this invention have a primary amine end
      concentration of from about 35 to about 80 gram equivalents per 10.sup.6
      grams of polymer. With less than about 35 gram equivalents per 10.sup.6
      grams of polymer, the yarns do not have acceptable deep dyeability. The
      upper level is limited by the difficulties experienced in processing. At
      the lower levels of primary amine end concentrations, the upper levels of
      the piperazine ring containing units are employed to achieve the deep
      dyeability.
PAR  The primary amine end concentration of the copolyamide compositions is
      obtained by the use of an excess of a diamine beyond that required by the
      stoichiometry for a balanced polymer. If desired, a portion of the excess
      diamine used can be added as hexamethylene diammonium phenylphosphinate.
      The amount used will depend upon the amount of the 3-Pip-3 used, the amine
      end concentration desired and the relative viscosity desired, and is
      readily determined by calculation when the values of these three variables
      have been selected.
PAR  Small amounts of other amide units, other than defined above, e.g.,
      .omega.-aminocaproamide units may be present in the copolyamide.
PAR  The organic phosphorous compound to be added is selected from
      phenylphosphinic acid or one of its salts such as the sodium-, potassium-
      or hexamethylene diammonium phenylphosphinate. The amount of the organic
      phosphorous compound to be added should be from about 0.05 to about 0.5
      percent, preferably from about 0.10 to about 0.35 percent, by weight,
      based on polymer weight. The organic phosphorous compounds may be added to
      the polymer precursors, added during polymerization or added to the
      polymer itself prior to extrusion or spinning into filaments.
PAR  The utility of many polyamide yarns is dependent entirely or at least in
      part, on their great strength. The strength of the yarns is related to the
      molecular weight of the polymer which, for convenience, is indicated
      herein by reference to its relative viscosity. The deep-dyeing yarns of
      the present invention have a relative viscosity of from about 35 to 75.
      Because of the lower concentration of amine ends that are needed to obtain
      a relatively deep dyeable product, high viscosity levels are achieved much
      more readily than otherwise would be the case.
PAR  The expression "relative viscosity" as employed herein signifies the ratio
      of the flow time in a viscometer of a polymer solution relative to the
      flow time of the solvent by itself measured in the same units at
      25.degree.C. The relative viscosity is determined using an 8.4 weight
      percent solution of the polyamide dissolved in 90/10 weight by weight,
      formic acid/water solution.
PAR  The method of measuring the primary amine ends and tertiary amine groups is
      given in G. B. Taylor and J. E. Waltz "Anal. Chem.," Vol. 19, page 448,
      (1947).
PAR  A deep dyeable polyamide is one which will produce a dyeability value of at
      least about 20. The dyeability value of the copolyamide is expressed as
      the number of equivalents per 10.sup.6 grams of polymer of C.I. Acid Blue
      45 (C.I. 63010) absorbed by copolyamide filaments immersed in a dye bath
      for 2 hours. The bath has a pH of 6.7, a temperature of 80.degree.C.,
      contains 2% of dye based on the weight of the fiber. A bath to fabric
      weight ratio of 20:1 is used. The number of equivalents absorbed is
      determined by placing a 2-gram sample in 400 milliliters of dye bath,
      rinsing the sample into the dye bath after dyeing and diluting the dye
      bath to 500 milliliters. The amount of dye in the bath is measured
      colorimetrically before and after dyeing and the difference used to
      calculate the number of equivalents absorbed by the copolyamide.
PAR  In the examples which follow, all percentages are by weight based on the
      weight of the solution or the polymer as the case may be unless indicated
      otherwise. The repeat unit containing the piperazine ring constitutes in
      Example II -- 3.40%, in Example III -- 1.18%, in Example IV -- 1.18%, in
      Example V -- 0.68%, in Example VI -- 3.40% and in Example VII -- 1.6%,
      each based on the total number of repeating units in the copolyamide. The
      manganous hypophosphite when used in the examples is used as an
      ultraviolet screener for the titanium dioxide. The examples are intended
      to be illustrative of the invention and not restrictive as to its scope.
DETD
PAC  EXAMPLE I
PAR  This example is a control wherein a high level of primary amine ends are
      present to provide deep acid dyeability.
PAR  A stainless steel evaporator is purged of air, filled with nitrogen and
      charged with 2735 kilograms of an aqueous solution containing 50% of
      hexamethylene diammonium adipate and 0.47 kilograms of an aqueous solution
      containing 10% of manganous hypophosphite. The solution is concentrated
      until the water content is 18.5%. It is transferred to a purged stainless
      steel autoclave. At the beginning of the autoclave cycle, 7.5 kilograms of
      excess hexamethylene diamine and 3.08 kilograms of phenylphosphinic acid
      (0.26%, based on polymer weight) are added to the autoclave. The autoclave
      is heated to a temperature of 195.degree.C. at a pressure of 17.6
      kilograms per square centimeter. Then an aqueous slurry containing 20%
      TiO.sub.2 is added (0.15% TiO.sub.2 based on weight of polymer).
PAR  Heating is continued and at 242.degree.C. the vessel pressure is dissipated
      in a controlled manner from 17.6 to 0 kilograms per square centimeter.
      After a holding period, the polymer is extruded in the form of a ribbon
      upon a casting sheel, quenched and cut to flake suitable for remelting.
PAR  The poly(hexamethylene adipamide) flake is conditioned in a hot, inert gas
      atmosphere to remove moisture and then is remelted in a screw melter. The
      molten polymer is conveyed to a spinning position and extruded through the
      orifices in a spinneret to produce filaments which are spun and drawn
      according to conventional techniques. The drawn yarn has a relative
      viscosity of 69.4, 106.2 of gram equivalents of primary amine ends per
      10.sup.6 grams of polymer and a dyeability value of about 40. Spinning
      performance is very poor (primarily spinning drips).
PAC  EXAMPLE II
PAR  The polymer manufacturing process described in Example I is repeated except
      that 19.55 kilograms of adipic acid, 35.43 kilograms of 3-Pip-3, and 1.68
      kilograms of phenylphosphinic acid (0.14% based on polymer weight) are
      added at the beginning of the autoclave cycle. The resulting yarn has a
      relative viscosity of 71, 64 gram equivalents of primary amine ends per
      10.sup.6 grams of polymer of the yarn and a dyeability value of 37.
      Compared to Example I, essentially the same dye depth is obtained even
      though primary amine ends are reduced substantially, the spinning
      performance is improved to a good level and polymer color remains good.
PAC  EXAMPLE III
PAR  This example is a control wherein no phenyl phosphinic acid is used with
      the 3-Pip-3.
PAR  The polymer manufacturing process described in Example I is repeated except
      that 5.62 kilograms of adipic acid and 12.29 kilograms of
      N,N'-di(3-aminopropyl)-piperazine are added at the beginning of the
      autoclave cycle. The resulting yarn has a relative viscosity of 77, 45
      gram equivalents of primary amine ends per 10.sup.6 grams of polymer and a
      dyeability value of about 15. Spinning performance is acceptable, but the
      yarn is degraded as evidenced by poor yarn color and physical properties.
PAC  EXAMPLE IV
PAR  The polymer manufacturing process described in Example I is repeated except
      that 2.22 kilograms of adipic acid, 12.29 kilograms of 3-Pip-3, and 1.7
      kilograms of phenylphosphinic acid (0.14% based on polymer weight) are
      added at the beginning of the autoclave cycle. The resulting yarn has a
      relative viscosity of 71, 56 gram equivalents of primary amine ends per
      10.sup.6 grams of polymer, and a dyeability value of 22. The spinning
      performance is acceptable and the yarn is not degraded as evidenced by its
      white color and acceptable physical properties.
PAC  EXAMPLE V
PAR  The polymer manufacturing process described in Example I is repeated except
      that 1.5 kilograms of hexamethylene diamine, 7.1 kilograms of
      N,N'-di(3-aminopropyl)-piperazine and 1.7 kilograms of phenylphosphinic
      acid (0.14% based on polymer weight) are added at the beginning of the
      autoclave cycle. The resulting yarn has a relative viscosity of 71, 57
      gram equivalents of primary amine ends per 10.sup.6 grams of polymer, and
      a dyeability value of 21. Spinning performance and yarn properties are
      satisfactory.
PAC  EXAMPLE VI
PAR  The polymer manufacturing process described in Example I is repeated except
      that 22.8 kilograms of adipic acid, 35.5 kilograms of
      N,N'-di(3-aminopropyl)piperazine and 1.7 kilograms of phenylphosphinic
      acid (0.14% based on polymer weight) are added at the beginning of the
      autoclave cycle. The resulting yarn has a relative viscosity of 71, 48
      gram equivalents of primary amine ends per 10.sup.6 grams of polymer and a
      dyeability value of 25. Spinning performance is superior and yarn physical
      properties are satisfactory.
PAC  EXAMPLE VII
PAR  A 50% solution of the salt of equimolar quantities of hexamethylene diamine
      and adipic acid is pumped into a weigh tank, where the amount equivalent
      to 1202 kilograms of nylon polymer is charged to an evaporator. A mixture
      containing 100 milliliters of antifoam, 3.61 kilograms of phenylphosphinic
      acid (0.3% based on polymer weight), 0.658 kilogram of hexamethylene
      diamine, 0.361 kilogram of manganous hypophosphite and 1.47 kilograms of
      acetic acid (viscosity stabilizer) with a suitable amount of water is then
      charged to the evaporator. The solution is evaporated to a vapor
      temperature of 139.degree.C. and a pressure of about 1.9 kilograms per
      square centimeter. The resulting salt concentrate is introduced under a
      pressure of about 10.5 kilograms per square centimeter into a steel
      autoclave and heat is applied to increase the pressure to about 17.9
      kilograms per square centimeter. During the heating step 17.69 kilograms
      of 3-Pip-3, 8.62 kilograms of adipic acid and 300 milliliters of antifoam
      are added to the autoclave. Heating is continued until a temperature of
      246.degree.C. is reached and then the pressure is reduced and the
      autoclave is held at atmospheric steam pressure for 16 minutes. The
      resulting copolyamide is extruded and quenched in the form of strands and
      subsequently cut into flake. The polymer is found to have 63 gram
      equivalents of primary amine ends/10.sup.6 gram polymer, and a relative
      viscosity of 38. The flake is melted in a conventional grid melter and
      spun into filaments which are drawn on a drawtwister. The yarn is deep
      acid-dyeable.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A yarn with high capability of being deeply dyed with acid dyes, spun
      from composition consisting essentially of a copolyamide having a relative
      viscosity of from about 35-75 as determined using an 8.4 weight percent
      solution of the polyamide dissolved in a 90/10 weight by weight formic
      acid/water solution at 25.degree.C., and a primary amine end concentration
      of from 35-80 gram equivalents per 10.sup.6 grams of copolyamide, said
      copolyamide consisting essentially of the following repeating units:
      ##EQU2##
      the units containing the piperazine ring constituting from about 0.3 to
      3.5% of the total number of repeating units, said copolyamide having been
      produced with the introduction of from about 0.05 to 0.5% by weight based
      on polymer weight, an organic phosphorous compound selected from the group
      consisting of phenylphosphinic acid, sodium-, potassium- or
      hexamethylenediammonium phenylphosphinate prior to extrusion of the
      polymer.
NUM  2.
PAR  2. The yarn of claim 1 wherein the organic phosphorous compound introduced
      is phenylphosphinic acid.
NUM  3.
PAR  3. The yarn of claim 1 wherein the amount of the organic phosphorous
      compound introduced is from about 0.10 to about 0.35% by weight based on
      polymer weight.
NUM  4.
PAR  4. The yarn of claim 1 wherein the units containing the piperazine ring
      constitute from about 1-2% of the total number of repeating units in the
      copolyamide.
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ABST
PAL  The use of compounds of the formula I
      ##SPC1##
PAL  wherein R.sub.1 denotes alkyl with 3 or 4 carbon atoms, R.sub.2 denotes
      alkyl with 1 - 4 carbon atoms, R.sub.3 denotes hydrogen or methyl, n
      denotes 1 or 2 and R.sub.4, if n is 1, denotes alkyl with 8 - 14 carbon
      atoms, cycloalkyl with 5 or 6 carbon atoms, benzyl, phenyl, phenyl
      substituted by 1 to 2 alkyl groups and/or alkoxy groups each with 1 - 8
      carbon atoms, phenylthioalkyl with 8- 9 carbon atoms or aradical of the
      formula
EQU  --(CH.sub.2).sub.m --X--R                                  (Ia)
PAL  Wherein X is oxygen or sulphur, R is alkyl with 1 - 4 carbon atoms and m is
      2 or 3, or, if n is 2, denotes alkylene with 2 - 8 carbon atoms, phenylene
      or a radical of the formula
EQU  --(CH.sub.2).sub.m --X--(CH.sub.2).sub.g --                (Ib)
PAL  wherein X is oxygen or sulphur and m and q independently of one another are
      2 or 3, for stabilising elastomers.
BSUM
PAR  It is known from U.S. Pat. Specification No. 3,297,726 to employ
      hydroxyphenylurethanes of stearyl alcohol as stabilisers for natural or
      synthetic rubbers. Furthermore it is known, from Japanese Pat. Publication
      No. 20,456/69, to use hydroxyphenylurethanes of lower alcohols, such as
      ethyl alcohol, as stabilisers for polyolefines or polyurethanes. It has
      now been found, surprisingly, that compounds of the formula I
      ##SPC2##
PAL  wherein R.sub.1 denotes alkyl with 3 or 4 carbon atoms, R.sub.2 denotes
      alkyl with 1-4 carbon atoms, R.sub.3 denotes hydrogen or methyl, n denotes
      1 or 2 and R.sub.4, if n is 1, denotes alkyl with 8-14 carbon atoms,
      cycloalkyl with 5 or 6 carbon atoms, benzyl, phenyl, phenyl substituted by
      1 to 2 alkyl groups and/or alkoxy groups each with 1-8 carbon atoms,
      phenylthioalkyl with 8 to 9 carbon atoms or a radical of the formula
EQU  --(CH.sub.2).sub.m --X--R                                  (Ia)
PAL  wherein X is oxygen or sulphur, R is alkyl with 1-4 carbon atoms and m is 2
      or 3, or, if n is 2, denotes alkylene with 2-8 carbon atoms, phenylene or
      a radical of the formula
EQU  --(CH.sub.2).sub.m --X--(CH.sub.2).sub.q --                (Ib)
PAL  Wherein X is oxygen or sulphur and m and q independently of one another are
      2 or 3, are better stabilisers for elastomers than are the previously
      known hydroxyphenylurethanes.
PAR  In the definition of the compounds of the formula I, R.sub.1, R.sub.2
      and/or the substituents of the phenyl radical R.sub.4 can be alkyl groups.
      Within the stated limits they can be, for example, methyl, ethyl,
      iso-propyl, butyl, sec.-butyl, tert.-butyl, amyl, tert.-amyl, sec.-amyl,
      hexyl, octyl or tert.-octyl.
PAR  R.sub.4 can be, for example, an alkyl group with 8-14 carbon atoms, such as
      octyl, tert.-octyl, decyl, dodecyl or tetradecyl, or a cycloalkyl group
      with 5 or 6 carbon atoms, such as cyclopentyl or cyclohexyl.
PAR  If the phenyl radical in R.sub.4 is substituted by alkoxy groups with 1-8
      carbon atoms, these substituents are preferably in the o-- or p-position.
      They can be methoxy, ethoxy, butoxy, hexoxy or octoxy.
PAR  If R.sub.4 denotes a radical of the formula Ia, it can be, for example,
      3-oxabutyl or 3-thiabutyl.
PAR  If R.sub.4, in the definition of the formula I, is alkylene with 2 to 8
      carbon atoms, it can be, for example, ethylene, propylene, trimethylene,
      tetramethylene, hexamethylene or octamethylene.
PAR  A radical of the formula Ib as R.sub.4 is, for example,
EQU  --CH.sub.2 CH.sub.2 --O--CH.sub.2 --CH.sub.2 -- or --CH.sub.2 CH.sub.2
      --S--CH.sub.2 CH.sub.2 --.
PAR  According to the invention, compounds of the formula I in which R.sub.1 and
      R.sub.2 denote tert.-butyl, R.sub.3 denotes hydrogen, n denotes 1 or 2 and
      R.sub.4, if n is 1, denotes alkyl with 8-14 carbon atoms, benzyl, phenyl,
      phenyl substituted by 1 or 2 alkyl groups each with 1-4 carbon atoms, or a
      radical of the formula
EQU  --(CH.sub.2).sub.m --O--R
PAL  wherein R is alkyl with 1-4 carbon atoms and m is 2 or 3, or, if n is 2,
      denotes alkylene with 6 carbon atoms, are preferably used.
PAR  The use of the compounds of the formula I, in which R.sub.1 and R.sub.2
      denote tert.-butyl, R.sub.3 denotes hydrogen, n denotes 1 or 2 and
      R.sub.4, if n is 1, denotes alkyl with 8-12 carbon atoms, 3-oxabutyl,
      benzyl, phenyl, or phenyl substituted by 1 or 2 alkyl groups with 1-4
      carbon atoms, or, if n is 2, denotes alkylene with 6 carbon atoms, is
      particularly preferred.
PAR  Examples of compounds of the formula I are
      N-(3,5-ditert.butyl-4-hydroxyphenyl)-carbamic acid cyclohexyl ester,
      bis-[N-(3,5-ditert.butyl-3-hydroxyphenyl)-carbamic acid]-p-phenylene
      ester, 1,5-bis-[N-(3,5-ditert.butyl-4-hydroxyphenyl)-carbamyl]-3-oxapentan
     e, N-(3,5-ditert.butyl-4-hydroxyphenyl)-carbamic acid
      4,4-dimethyl-3-thiapentyl ester,
      N-(3,5-ditert.butyl-4-hydroxyphenyl)-carbamic acid
      4,4,6,6-tetramethyl-3-thiaheptyl ester,
      N-(3,5-ditert.butyl-4-hydroxyphenyl)-carbamic acid phenylthiopropyl ester
      and 1,5-bis-[N-(3,5-ditert.butyl-4-hydroxyphenyl)-carbamyl]-3-thiapentane.
PAR  Some of the compounds of the formula I are known. They can be prepared, for
      example, by reaction of a corresponding p-aminophenol with a
      chlorocarbonic acid ester. A further possible method of preparation is to
      react a substituted p-hydroxyphenylisocyanate with an alcohol.
PAR  The compounds of the formula I are used as stabilisers for elastomers such
      as, for example, natural rubber, polybutadiene, ethylene-propylene
      copolymers, propylene-butene-1 copolymers, propylene-isobutylene
      copolymers, styrene-butadiene copolymers, and terpolymers of ethylene and
      propylene with a diene such as, for example, hexadiene, dicyclopentadiene
      or ethylidenenorbornene, as well as styrene polymers which have been
      modified by incorporation of rubber phases to make them impact-resistant,
      such as acrylonitrile/butadiene/styrene, acrylonitrile/styrene or acrylic
      ester copolymers.
PAR  The compounds of the formula I are incorporated into the substrates in a
      concentration of 0.005 to 5 percent by weight, calculated relative to the
      material to be stabilised.
PAR  Preferably, 0.01 to 1.0, in particular preferentially 0.02 to 0.5, percent
      by weight of the compounds, calculated relative to the material to be
      stabilised, is incorporated into the latter. They can be incorporated, for
      example, by admixing at least one of the compounds of the formula I, and,
      if appropriate, further additives, in accordance with the methods
      customary in the art, before or during moulding, or by applying the
      dissolved or dispersed compounds to the polymer, if appropriate with
      subsequent evaporation of the solvent.
PAR  The compounds of the formula I can also be added before or during the
      polymerisation, in which case, through possible incorporation into the
      polymer chain, stabilised substrates can be obtained in which the
      stabilisers are neither volatile nor extractable.
PAR  The following may be mentioned as examples of further additives with which
      the stabilisers can be conjointly employed:
PAC  1. ANTIOXIDANTS
PAR  1.1. Simple 2,6-dialkylphenols, such as, for example,
      2,6-ditert.-butyl-4-methylphenol, 2-tert.-butyl-4,6-dimethylphenol,
      2,6-di-tert.-butyl-4-methoxymethylphenol and
      2,6-dioctadecyl-4-methylphenol.
PAR  1.2. Derivatives of alkylated hydroquinones, such as, for example,
      2,5-di-tert.-butyl-hydroquinone, 2,5-di-tert.-amylhydroquinone,
      2,6-di-tert.-butyl-hydroquinone, 2,5-di-tert.-butyl-4-hydroxy-anisole,
      3,5-di-tert.-butyl-4-hydroxyanisole,
      tris-(3,5-di-tert.-butyl-4-hydroxyphenyl)-phosphite,
      3,5-di-tert.-butyl-4-hydroxyphenyl-stearate and
      bis-(3,5-di-tert.-butyl-4-hydroxyphenyl)-adipate.
PAR  1.3. Hydroxylated thiodiphenyl ethers, such as, for example,
      2,2'-thio-bis-(6-tert.-butyl-4-methylphenol),
      2,2'-thio-bis-(4-octylphenol),
      4,4'-thio-bis-(6-tert.-butyl-3-methylphenol),
      4,4'-thio-bis-(3,6-di-sec.-amylphenol),
      4,4'-thio-bis-(6-tert.-butyl-2-methylphenol) and
      4,4'-bis-(2,6-dimethyl-4-hydroxyphenyl)-disulphide.
PAR  1.4. Alkylidene-bisphenols, such as, for example,
      2,2'-methylene-bis-(6-tert.-butyl-4-methylphenol),
      2,2'-methylene-bis-(6-tert.-butyl-4-ethylphenol),
      4,4'-methylene-bis-(6-tert.butyl- 2-methylphenol),
      4,4'-methylene-bis-(2,6-di-tert.-butylphenol),
      2,6-di-(3-tert.butyl-5-methyl-2-hydroxybenzyl)-4-methylphenol,
      2,2'-methylene-bis-[4-methyl-6-(.alpha.-methylcyclohexyl)-phenol],
      1,1-bis-(3,5-dimethyl-2-hydroxyphenyl)-butane,
      1,1-bis-(5-tert.butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis-(3,5-di-tert.butyl-4-hydroxyphenyl)-propane,
      1,1,3-tris-(5-tert.butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis-(5-tert.butyl-4-hydroxy-2-methylphenyl)-4-n-dodecylmercapto-butane
     , 1,1,5,5-tetra-(5-tert.butyl-4-hydroxy-2-methylphenyl)-pentane and
      ethylene glycol bis-[3,3-bis-(3'-tert.butyl-4'-hydroxyphenyl)-butyrate].
PAR  1.5. O-, N- and S-benzyl compounds, such as, for example,
      3,5,3',5'-tetra-tert.butyl-4,4'-dihydroxydibenzyl ether,
      4-hydroxy-3,5-dimethylbenzyl-mercaptoacetic acid octadecyl ester,
      tris-(3,5-di-tert.butyl-4-hydroxybenzyl)-amine and
      bis-(4-tert.butyl-3-hydroxy-2,6-dimethylbenzyl)-dithioterephthalate.
PAR  1.6. Hydroxybenzylated malonic esters, such as, for example,
      2,2-bis-(3,5-di-tert.butyl-2-hydroxybenzyl)-malonic acid dioctadecyl
      ester, 2-(3-tert.butyl-4-hydroxy-5-methyl-benzyl)-malonic acid dioctadecyl
      ester, 2,2-bis-(3,5-di-tert.butyl-4-hydroxybenzyl)-malonic acid
      didodecylmercaptoethyl ester and
      2,2-bis-(3,5-di-tert.butyl-4-hydroxybenzyl)-malonic acid di-[4
      -(1,1,3,3-tetramethylbutyl)-phenyl] ester.
PAR  1.7. Hydroxybenzyl-aromatics, such as, for example,
      1,3,5-tri-(3,5-di-tert.butyl-4-hydroxybenzyl)-2,4,6-trimethylbenzene,
      1,4-di-(3,5-di-tert.butyl-4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene and
      2,4,6-tri-(3,5-di-tert.butyl-4-hydroxybenzyl)-phenol.
PAR  1.8. s-Triazine compounds, such as, for example,
      2,4-bis-octylmercapto-6-(3,5-di-tert.butyl-4-hydroxyanilino)-s-triazine,
      2-octylmercapto-4,6-bis-(3,5-di-tert.butyl-4-hydroxyanilino)-s-triazine,
      2-octylmercapto-4,6-bis-(3,5-di-tert.butyl-4-hydroxy-phenoxy)-s-triazine,
      2,4,6-tris-(3,5-di-tert.butyl-4-hydroxy-phenoxy)-s-triazine,
      2,4,6-tris-(3,5-di-tert.butyl-4-hydroxyphenylethyl)-s-triazine and
      1,3,5-tris-(3,5-di-tert.butyl-4-hydroxybenzyl)-isocyanurate.
PAR  1.9. Amides of .beta.-(3,5-di-tert.butyl-4-hydroxyphenyl)-propionic acid,
      such as, for example,
      1,3,5-tris-(3,5-di-tert.butyl-4-hydroxyphenyl-propionyl)-hexahydro-s-triaz
     ine and
      N,N'-di-(3,5-di-tert.butyl-4-hydroxyphenyl-propionyl)-hexamethylenediamine
     .
PAR  1.10. Esters of .beta.-(3,5-di-tert.butyl-4-hydroxyphenyl)-propionic acid
      with monohydric or polyhydric alcohols, such as, for example, with
      methanol, ethanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, ethylene
      glycol, 1,2-propanediol, diethylene glycol, thiodiethylene glycol,
      neopentyl glycol, pentaerythritol, 3-thia-undecanol, 3-thia-pentadecanol,
      trimethylhexanediol, trimethylolethane, trimethylolpropane,
      tris-hydroxyethyl isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]-octane.
PAR  1.11. Esters of .beta.-(5-tert.butyl-4-hydroxy-3-methylphenyl)-propionic
      acid with monohydric or polyhydric alcohols, such as, for example, with
      methanol, ethanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, ethylene
      glycol, 1,2-propanediol, diethylene glycol, thiodiethylene glycol,
      neopentyl glycol, pentaerythritol, 3-thia-undecanol, 3-thia-pentadecanol,
      trimethylhexanediol, trimethylolethane, trimethylolpropane,
      tris-hydroxyethyl isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo-[2,2,2]-octane.
PAR  1.12. Esters of 3,5-di-tert.butyl-4-hydroxyphenylacetic acid with
      monohydric or polyhydric alcohols, such as, for example, with methanol,
      ethanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, ethylene glycol,
      1,2-propanediol, diethylene glycol, thio-diethylene glycol, neopentyl
      glycol, pentaerythritol, 3-thia-undecanol, 3-thia-pentadecanol,
      trimethylhexanediol, trimethylolethane, trimethylolpropane,
      tris-hydroxyethyl isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo-[2,2,2]-octane.
PAR  1.13. Benzylphosphonates, such as, for example,
      3,5-di-tert.butyl-4-hydroxybenzyl-phosphonic acid dimethyl ester,
      3,5-di-tert.butyl-4-hydroxybenzyl-phosphonic acid diethyl ester,
      3,5-di-tert.butyl-4-hydroxybenzyl-phosphonic acid dioctadecyl ester and
      5-tert.butyl-4-hydroxy-3-methylbenzyl-phosphonic acid dioctadecyl ester.
PAR  1.14. Aminoaryl derivatives, such as, for example, phenyl-1-naphthylamine,
      phenyl-2-naphthylamine, N,N'-diphenyl-p-phenylenediamine,
      N,N'-di-2-naphthyl-p-phenylenediamine,
      N,N'-di-sec.butyl-p-phenylenediamine,
      6-ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline,
      6-dodecyl-2,2,4-trimethyl-1,2-dihydroquinoline, monooctyliminodibenzyl and
      dioctyliminodibenzyl and polymerised 2,2,4-trimethyl-1,2-dihydroquinoline.
      Octylated diphenylamine, nonylated diphenylamine,
      N-phenyl-N'-cyclohexyl-p-phenylenediamine,
      N-phenyl-N'-isopropyl-p-phenylenediamine,
      N,N'-di-sec.octyl-p-phenylenediamine,
      N-phenyl-N'-sec.octyl-p-phenylenediamine,
      N,N'-di-(1,4-dimethylpentyl)-p-phenylenediamine,
      N,N'-dimethyl-N,N'-di-(sec.octyl)-p-phenylenediamine,
      2,6-dimethyl-4-methoxyaniline, 4-ethoxy-N-sec.butylaniline, the
      condensation product of diphenylamine and acetone, and phenothiazine.
PAC  2. UV ABSORBERS AND LIGHT STABILISERS
PAR  2.1. 2-(2'-Hydroxyphenyl)-benztriazoles, such as, for example, the
      5'-methyl-, 3',5'-di-tert.butyl-, 5'-tert.butyl-,
      5'-(1,1,3,3-tetramethylbutyl)-, 5-chloro-3',5'-di-tert.butyl-,
      5-chloro-3'-tert.butyl-5'-methyl-, 3'-sec.butyl-5'-tert.butyl-,
      3'-.alpha.-methylbenzyl-5'-methyl-,
      3'-.alpha.-methylbenzyl-5'-methyl-5-chloro-, 4'-hydroxy-, 4'-methoxy-,
      4'-octoxy-, 3',5'-di-tert.amyl-, 3'-methyl-5'-carbomethoxyethyl- and
      5-chloro-3',5'-di-tert.-amyl-derivative.
PAR  2.2. 2,4-Bis-(2'-hydroxyphenyl)-6-alkyl-s-triazines, such as, for example,
      6-ethyl-, 6-heptadecyl or 6-undecyl-derivative.
PAR  2.3. 2-Hydroxybenzophenones, such as, for example, the 4-hydroxy-,
      4-methoxy-, 4-octoxy-, 4-decyloxy-, 4-dodecyloxy-, 4-benzyloxy,
      4,2',4'-trihydroxy- or 2'-hydroxy-4,4'-dimethoxy-derivative.
PAR  2.4. 1,3-Bis-(2'-hydroxybenzoyl)-benzenes, such as, for example,
      1,3-bis-(2'-hydroxy-4'-hexyloxy-benzoyl)-benzene,
      1,3-bis-(2'-hydroxy-4'-octyloxy-benzoyl)-benzene and
      1,3-bis-(2'-hydroxy-4'-dodecyloxy-benzoyl)-benzene.
PAR  2.5. Esters of optionally substituted benzoic acids, such as, for example,
      phenyl salicylate, octylphenyl salicylate, dibenzoylresorcinol,
      bis-(4-tert.-butylbenzoyl)-resorcinol, benzoylresorcinol and
      3,5-di-tert.-butyl-4-hydroxybenzoic acid 2,4-di-tert.butyl-phenyl ester,
      octadecyl ester or 2-methyl-4,6-di-tert.butyl-phenyl ester.
PAR  2.6. Acrylates, such as, for example,
      .alpha.-cyano-.beta.,.beta.-diphenylacrylic acid ethyl ester or isooctyl
      ester, .alpha.-carbomethoxycinnamic acid methyl ester,
      .alpha.-cyano-.beta.-methyl-p-methoxycinnamic acid methyl ester or butyl
      ester and N-(.beta.-carbomethoxyvinyl)-2-methyl-indoline.
PAR  2.7. Nickel compounds, such as, for example, nickel complexes of
      2,2'-thio-bis-[4-(1,1,3,3-tetramethylbutyl)-phenol], such as the 1:1 or
      1:2 complex, optionally with additional ligands such as n-butylamine,
      triethanolamine or N-cyclohexyl-di-ethanolamine, nickel complexes of
      bis-[2-hydroxy-4-(1,1,3,3-tetramethylbutyl)-phenyl]-sulphone, such as the
      2:1 complex, optionally with additional ligands such as 2-ethyl-caproic
      acid, nickel dibutyldithiocarbamate, nickel salts of
      4-hydroxy-3,5-di-tert.butylbenzyl-phosphonic acid monoalkyl esters, such
      as of the methyl, ethyl or butyl ester, nickel complexes of ketoximes such
      as of 2-hydroxy-4-methyl-phenyl-undecylketonoxime, nickel
      3,5-di-tert.butyl- 4-hydroxybenzoate and nickel isopropylxanthate.
PAR  2.8. Sterically hindered amines, such as, for example,
      4-benzoyloxy-2,2,6,6-tetramethylpiperidine,
      4-stearoyloxy-2,2,6,6-tetramethylpiperidine,
      bis-(2,2,6,6-tetramethylpiperidyl)-sebacate and
      3-n-octyl-7,7,9,9-tetramethyl-1,3,8-triaza-spiro[4,5]decane-2,4-dione.
PAR  2.9 Oxalic acid diamides, such as, for example, 4,4'-dioctyloxy-oxanilide,
      2,2'-dioctyloxy-5,5'-di-tert.butyl-oxanilide,
      2,2'-didodecyloxy-5,5'-di-tert.butyl-oxanilide,
      2-ethoxy-2'-ethyl-oxanilide, N,N'-bis-(3-dimethylaminopropyl)-oxalamide,
      2-ethoxy-5-tert.butyl-2'-ethyl-oxanilide and its mixture with
      2-ethoxy-2'-ethyl-5,4'-di-tert.butyl-oxanilide and mixtures of ortho- and
      para-methoxy- as well as of o- and p-ethoxy-disubstituted oxanilides.
PAR  3. Metal deactivators, such as, for example, oxanilide, isophthalic acid
      dihydrazide, sebacic acid bis-phenylhydrazide, bis-benzylidene-oxalic acid
      dihydrazide, N,N'-diacetyl-adipic acid dihydrazide,
      N,N'-bis-salicyloyl-oxalic acid dihydrazide,
      N,N'-bis-salicyloyl-hydrazine, N,N'-bis-(3,5-di-tert.butyl-4-hydroxyphenyl
     propionyl)-hydrazine, N-salicylal-N'-salicylidenehydrazine and
      3-salicyloylamino-1,2,4-triazole.
PAR  4. Phosphites, such as, for example, triphenyl phosphite, diphenylalkyl
      phosphites, phenyldialkyl phosphites, trinonylphenyl phosphite, trilauryl
      phosphite, trioctadecyl phosphite,
      3,9-di-isodecyloxy-2,4,8,10-tetroxa-3,9-diphosphaspiro[5,5]undecane and
      tri-(4-hydroxy-3,5-di-tert.butyl-phenyl) phosphite.
PAR  5. Compounds which destroy peroxide, such as, for example, esters of
      .beta.-thiodipropionic acid, for example the lauryl, stearyl, myristyl or
      tridecyl esters, mercapto-benzimidazole and the zinc salt of
      2-mercapto-benzimidazole. 6. Nucleating agents, such as, for example,
      4-tert.butyl-benzoic acid, adipic acid and diphenylacetic acid. 7. Other
      additives, such as, for example, plasticisers, lubricants, emulsifiers,
      fillers, carbon black, asbestos, kaolin, talc, glass fibres, pigments,
      optical brighteners, flameproofing agents and antistatic agents.
PAR  The preparation and use of the compounds which can be employed according to
      the invention is described in greater detail in the examples which follow.
      In these, parts denote parts by weight and percentages denote percentages
      by weight.
DETD
PAC  EXAMPLE 1
      ##SPC3##
PAR  22.1 g (0.1 mol) of 2,6-ditert.butyl-4-aminophenol and 10.1 g (0.1 mol) of
      triethylamine are together dissolved in 200 ml of dimethylacetamide. 27.3
      g (0.11 mol) of chlorocarbonic acid dodecyl ester are added to the
      resulting dark green solution over the course of 15 minutes at room
      temperature. After the exothermic reaction has subsided, the mixture is
      stirred for a further 30 minutes at 60.degree.C and is then poured onto
      approx. 1 litre of ice water. The product which precipitates as an oil is
      extracted with ether. After drying and evaporation, a red oil remains,
      which is caused to crystallise by trituration with ice-cold hexane. This
      gives N-(3,5-ditert.butyl-4-hydroxyphenyl)-carbamic acid dodecyl ester
      (stabiliser No. 1) of melting point 50.degree.C.
PAR  If, in this example, the chlorocarbonic acid dodecyl ester is replaced by
      equivalent amounts of chlorocarbonic acid esters shown in Table 1 below,
      the corresponding N-(3,5ditert.butyl-4-hydroxyphenyl)-carbamic acid
      esters, having the melting points indicated, are obtained.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Chlorocarbonic acid         Melting point of                              
                                          Stabiliser                           
     ester                       the reaction                                  
                                          No.                                  
                                 product (.degree.C)                           
     __________________________________________________________________________
     C.sub.2 H.sub.5 OCOCl       120.degree.                                   
                                          2                                    
     C.sub.18 H.sub.37 OCOCl      72.degree.                                   
                                          3                                    
     CH.sub.3 OCH.sub.2 CH.sub.2 OCOCl                                         
                                 135.degree.                                   
                                          4                                    
     C.sub.8 H.sub.17 OCOCl       91.degree.                                   
                                          5                                    
     C.sub.4 H.sub.9                                                           
     .angle.CH--CH.sub.2 OCOCl   liquid   6                                    
     C.sub.2 H.sub.5                                                           
                                  90.degree.                                   
                                          7                                    
                                 198.degree.                                   
                                          8                                    
                                 166.degree.                                   
                                          9                                    
                                 137.degree.                                   
                                          10                                   
     ClCO0--(CH.sub.2).sub.6 --OCOCl                                           
                                 153.degree.                                   
                                          11                                   
     __________________________________________________________________________
PAC  EXAMPLE 2
PAC  Stabilisation of polybutadiene rubber
PAL  a. Preparation of the test specimens
PAR  100 parts of polybutadiene ("Solprene 201" of Messrs. Phillips), which is
      prestabilised with 0.75 percent of 2,6-ditert.-butyl-p-cresol and 0.5
      percent of tris-nonylphenyl phosphite, are additionally homogenised with
      0.125 part of one of the stabilisers indicated in Table 2 in a Brabender
      plastograph for 10 minutes at 150.degree.C and 60 rpm. The mixtures
      stabilised in this way are pressed for 5 minutes in a platen press at
      120.degree.C to give 0.625 mm thick sheets. The unstabilised rubber sheet
      which serves for comparison is prepared in the same way.
PAL  b. Test
PAR  The criterion used for the protective action of the stabilisers which have
      been incorporated is the gel content ascertained after storage in air at
      elevated temperatures. For this purpose, the test specimens obtained above
      are kept on an aluminium base in a circulating air oven at 100.degree.C
      and are examined periodically (approx. every 10 hours) for their gel
      content, which is determined as follows:
PAR  About 1 g of the samples are cut into pieces of size about
      3.times.3.times.1 mm and are dissolved overnight in 100 ml of n-hexane at
      room temperature. These solutions are filtered through glass wool, the gel
      particles retained by the glass wool are rinsed with 3.times. 20 ml of
      n-hexane and the filtered solutions are evaporated by dryness and dried to
      constant weight. The gel content of a sample is then obtained in
      accordance with the following calculation:
      ##EQU1##
PAR  Here, E denotes the total weight of the sample examined and A denotes the
      weight of the dissolved portion of the sample examined.
PAR  The end point is defined as the time after which there is a sudden rise in
      the gel content to above 15%, after an induction period which is
      characteristic of the additive investigated. (Table 2).
TBL                Table 2                                                     
     ______________________________________                                    
     Stabiliser Induction period up to the                                     
     No.        rapid formation of 15% gel content                             
     ______________________________________                                    
     without                                                                   
     stabiliser  5 hours                                                       
     1          216 hours                                                      
     5          237 hours                                                      
     11         196 hours                                                      
     2          105 hours                                                      
     3          158 hours                                                      
     ______________________________________                                    
PAR  Example 2 shows the surprisingly greater activity of the stabilisers used
      according to the invention as compared to the stabilisers known from
      Japanese Pat. Publication No. 20,456/69 (stabiliser 2) and from U.S. Pat.
      No. 3,297,726 (stabiliser 3), representing the state of the art.
PAC  EXAMPLE 3
PAR  The test specimens described in Example 2 are in addition tested for their
      colour stability after the ageing times indicated in Table 3, the measure
      of yellowing used being the "Gardner" scale, in which zero denotes
      colourlessness and the figures 1-18 denote progressively greater
      yellowing.
TBL                Table 3                                                     
     ______________________________________                                    
     Stabiliser                                                                
              Gardner colour index, after .. hours                             
     No.                                                                       
            0   40     80     120   160   200   240                            
     ______________________________________                                    
     without                                                                   
     stabiliser                                                                
              0     9      10   10    11    12    15                           
     1        0     1      1    2     2     3     4                            
     5        0     1      1    2     2     3     4                            
     11       0     1      1    2     3     4     8                            
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Stabilised elastomer containing compounds of the formula I
      ##SPC4##
PAL  wherein R.sub.1 denotes alkyl with 3 or 4 carbon atoms, R.sub.2 denotes
      alkyl with 1 - 4 carbon atoms, R.sub.3 denotes hydrogen or methyl, n
      denotes 1 or 2 and R.sub.4, if n is 1, denotes alkyl with 8 - 14 carbon
      atoms, cycloalkyl with 5 or 6 carbon atoms, benzyl, phenyl, phenyl
      substituted by 1 to 2 alkyl groups and/or alkoxy groups each with 1 - 8
      carbon atoms, phenylthioalkyl with 8 - 9 carbon atoms, a radical of the
      formula
EQU  --(CH.sub.2).sub.m --X--R                                  (Ia)
PAL  wherein X is oxygen or sulphur, R is alkyl with 1 - 4 carbon atoms and m is
      2 or 3, or, if n is 2, denotes alkylene with 2 - 8 carbon atoms, phenylene
      or a radical of the formula
EQU  --(CH.sub.2).sub.m --X--(CH.sub.2).sub.q --                (Ib)
PAL  wherein X is oxygen or sulphur and m and q independently of one another are
      2 or 3.
NUM  2.
PAR  2. Stabilised elastomer according to claim 1, characterised in that in the
      formula I R.sub.1 and R.sub.2 denote tert.butyl, R.sub.3 denotes hydrogen,
      n denotes 1 or 2 and R.sub.4, if n is 1, denotes alkyl with 8 - 14 carbon
      atoms, benzyl, phenyl, phenyl substituted by 1 or 2 alkyl groups each with
      1 - 4 carbon atoms, or a radical of the formula
EQU  --(CH.sub.2).sub.m --O--R
PAL  wherein R is alkyl with 1 - 4 carbon atoms and m is 2 or 3, or, if n is 2,
      denotes alkylene with 6 carbon atoms.
NUM  3.
PAR  3. Stabilised elastomer according to claim 1, characterised in that in the
      formula I R.sub.1 and R.sub.2 denote tert.butyl, R.sub.3 denotes hydrogen,
      n denotes 1 or 2 and R.sub.4, if n is 1, denotes alkyl with 8 - 12 carbon
      atoms, 3-oxabutyl, benzyl, phenyl, or phenyl substituted by 1 or 2 alkyl
      groups with 1 - 4 carbon atoms or, if n is 2, denotes alkylene with 6
      carbon atoms.
NUM  4.
PAR  4. Stabilised elastomer according to claim 1, characterised in that the
      elastomer is a polyolefine.
NUM  5.
PAR  5. Stabilised elastomer according to claim 1, characterised in that the
      elastomer is polybutadiene.
NUM  6.
PAR  6. Stabilised elastomer according to claim 1, containing a compound
      ##SPC5##
NUM  7.
PAR  7. Stabilised elastomer according to claim 1, containing a compound
      ##SPC6##
NUM  8.
PAR  8. Stabilised elastomer according to claim 1, containing
      ##SPC7##
NUM  9.
PAR  9. Stabilised elastomer according to claim 1, containing a compound
      ##SPC8##
NUM  10.
PAR  10. Stabilised elastomer according to claim 1, containing a compound
      ##SPC9##
NUM  11.
PAR  11. Process for stabilising elastomers, characterised in that compounds of
      the formula I
      ##SPC10##
PAL  wherein R.sub.1 denotes alkyl with 3 or 4 carbon atoms, R.sub.2 denotes
      alkyl with 1 - 4 carbon atoms, R.sub.3 denotes hydrogen or methyl, n
      denotes 1 or 2 and R.sub.4, if n is 1, denotes alkyl with 8 - 14 carbon
      atoms, cycloalkyl with 5 or 6 carbon atoms, benzyl, phenyl, phenyl
      substituted by 1 to 2 alkyl groups and/or alkoxy groups each with 1 - 8
      carbon atoms, phenylthioalkyl with 8 - 9 carbon atoms, a radical of the
      formula
EQU  --(CH.sub.2).sub.m --X--R                                  (Ia)
PAL  wherein X is oxygen or sulphur, R is alkyl with 1 - 4 carbon atoms and m is
      2 or 3, or, if n is 2, denotes alkylene with 2 - 8 carbon atoms, phenylene
      or a radical of the formula
EQU  --(CH.sub.2).sub.m --X--(CH.sub.2).sub.q --                (Ib)
PAL  wherein X is oxygen or sulphur and m and q independently of one another are
      2 or 3, are incorporated.
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ABST
PAL  A sheet or film of a vinyl chloride resin composition suitable for outdoor
      agricultural purposes is prepared by blending a trixylyl phosphate
      stabilizer with a vinyl chloride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates to a vinyl chloride resin composition. More
      particularly, the present invention relates to a vinyl chloride resin
      composition which is molded into films or sheets and is suitable for
      agricultural uses as an excellent weather-proofing material.
PAR  2. Description of the Prior Art:
PAR  In recent years, with the recent advances in the modernization of
      agricultural techniques, plant cultivation in houses has been actively
      pursued, and, as covering materials for the houses used in plant
      cultivation, such materials as glass sheets, polyethylene films, polyvinyl
      chloride films, ethylene-vinyl acetate copolymer films, and the like have
      been used. At the present time, polyvinyl chloride films are preferably
      and predominantly used because of their excellent heat retaining
      properties, transparency, strength, workability, and the like, and because
      they are relatively inexpensive. However, when the polyvinyl chloride
      films are used out-of-doors for several months they generally become brown
      and deteriorate. Polyvinyl chloride films as used for molding purposes in
      agricultural techniques are normally stabilized by incorporating a light,
      heat and oxidation stabilizer such as an organotin compound, a metallic
      soap, a lead stabilizer, an organocadmium compound, an organobarium
      compound, an antioxidant, an ultraviolet absorbent, or the like in the
      films to prevent the deterioration of the molded films. However, these
      stabilizers have had to be used in relatively very large amounts to
      stabilize the polyvinyl chloride films. Of course, when the stabilizers
      are added to the films in large amounts, some of the stabilizers improve
      the weather-proofing capability of the molded articles, while their
      presence decreases such physical properties as the workability,
      transparency, or the like of the films. For example, if a large amount of
      a metallic soap stabilizer is blended with the polyvinyl chloride when it
      is molded, a phenomenon known as "plating out" occurs which spoils the
      appearance of molded article, decreases the processing efficiency and
      decreases the transparency of the film. Furthermore, for example, when a
      large amount of an ultraviolet absorbent is blended with the polyvinyl
      chloride, the molded article turns a yellow color so that when the film is
      used for agricultural purposes, the film absorbs the light of wavelengths
      which are necessary for plant growth. Thus, the growth of some types of
      plants is occasionally hindered, because the region of the spectrum which
      is absorbed, is generally within the range of 300 to 400 milimicrons. For
      these reasons improvements in the weather-proofing properties of polyvinyl
      chloride blended with these stabilizers have been difficult to obtain. One
      method of improving the weather-proofing properties of the films has been
      to incorporate a widely employed additive such as an epoxy compound or
      tricresylphosphate (hereinafter abbreviated as "TCP") to assist the
      stabilizers. These additives, particularly TCP, are very effective in
      improving the weather-proofing properties of the films. However, only a
      limited amount of the supplemental additive can be incorporated in the
      film. If these amounts are exceeded, detrimental things occur. For example
      in the case of epoxy resins, bleeding of the resin from the film occurs,
      i.e., a liquid material oozes out onto the surface of the molded film,
      and, as a consequence, the films adhere to each other which makes
      separation of the films more difficult and which increases the physical
      brittleness of the films. Also, excessive amounts of TCP in the molded
      polyvinyl chloride materials decreases their weather-proofing properties
      and often decreases their thermal resistance. Thus, when the conventional
      polyvinyl chloride films have been used for agricultural purposes
      out-of-doors, their useful lifetime is generally about one year, and at
      best no more than two years.
PAR  A need, therefore, continues to exist for a film which is suitable for
      agricultural purposes and which can be used out-of-doors for more than two
      years such as on plant cultivation houses.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the present invention is to provide a plastic
      film for use out-of-doors which has stable weather-proofing properties.
PAR  Another object of the invention is to provide a stabilized polyvinyl
      chloride film suitable for extended outdoor use which contains a phosphate
      additive which imparts improved weather-proofing characteristics to the
      resin.
PAR  Briefly, these objects and other objects of the invention as hereinafter
      will become more readily apparent can be attained by providing a weather
      proofed polyvinyl chloride sheet or film suitable for agricultural
      purposes which comprises a blend of trixylyl phosphate (hereinafter
      abbreviated as TXP) in a polyvinyl chloride raw material.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The xylyl phosphate compounds of the present invention contain xylyl
      radicals, wherein the two methyl groups of the xylyl radicals can be in an
      ortho, meta or para position relative to one another. Furthermore,
      mixtures of ortho, meta or para xylyl radicals can be used in the xylyl
      phosphate molecules. Suitable TXP species include tri(2,3-xylyl
      phosphate), tri(2,4-xylyl phosphate), tri(2,5-xylyl phosphate),
      tri(2,6-xylyl phosphate), tri(3,4-xylyl phosphate), and tri(3,5-xylyl
      phosphate) as well as mixtures of these trixylyl phosphate compounds. The
      amount of TXP used in the polyvinyl chloride is preferably 1 to 20 parts,
      by weight based on 100 parts by weight of the polyvinyl chloride. If the
      amounts of TXP used is less than this range, the desired weather-proofing
      improvements cannot be attained. On the other hand, if the amount of TXP
      used is greater than this range, other properties of the film such as for
      example, the molding properties and the thermal resistance are decreased
      after the film has been molded and the effect of weather-proofing is
      gradually reduced.
PAR  The weather-proof polyvinyl chloride resin composition of the present
      invention can be easily obtained by blending 100 parts by weight of a
      polyvinyl chloride resin such as for example, one which has a
      polymerization degree of 1400 with 1 to 20 parts by weight of TXP, a
      plasticizer in an amount which is consistent with the desired objects of
      the film and other stabilizing additives and the like. Polyvinyl chloride
      with an average polymerization degree of about 1000 to 1500 is preferable
      for use as a film or sheet for agricultural purposes, although polyvinyl
      chloride with an average polymerization degree of about 800 to 3000, which
      is commonly used in these applications, may also be employed. Suitable
      plasticizers which can be used in the film of the present invention
      include phthalic acid esters such as di-2-ethylhexyl phthalate,
      butylbenzyl phthalate, dibutyl, phthalate, or the like, adipic acid esters
      such as di-2-ethylhexyl adipate, di-isodecyl adipate, and the like, and
      sebacid acid esters such as di-2-ethylhexyl sebacate, di-octyl sebacate,
      and the like. Suitable stabilizers which also can be used include cadmium
      stearate, barium stearate, cadmium-barium stearate, dibasic lead stearate,
      dibasic lead phosphite, dibutyl tin dilaurate, and the like. As shown on
      the Examples which follow, blending of a vinyl chloride resin with TXP,
      which acts as a specific weather-proofing agent, yields a product which
      when molded, yields a film suitable for outdoor agricultural purposes and
      which has very substantial weather-proofing characteristics. Thus, a film
      obtained by blending 100 parts by weight of a polyvinyl chloride with 1
      part by weight of TXP has almost the same weather proofing characteristics
      as a film obtained by blending 100 parts by weight of the polyvinyl
      chloride with 5 parts by weight of TCP which is well-known
      weather-proofing stabilizer. Thus, TXP is sufficiently effective as a
      weather-proofing stabilizer in quantities much less than the conventional
      stabilizers. In addition, the presence of TXP does not adversely effect
      other stabilizers which may also be present in the composition, such as
      thermal resistance stabilizers, nor is the stabilizer influenced by the
      amount and kind of plasticizer used. The composition of the present
      invention may be together with any other weather-proofing agent,
      stabilizer or assisting agent.
PAR  Having generally described this invention, a further understanding can be
      obtained by reference to certain specific examples which are provided
      herein for purposes of illustration only and are not intended to be
      limiting unless otherwise specified.
PAR  In the Examples the term "part" means "part by weight".
DETD
PAC  EXAMPLES 1 to 14
PAR  100 Parts of a polyvinyl chloride (polymerization degree 1400) were blended
      with DOP (di-2-ethylhexylphthalate) and TXP [a trixylyl phosphate mixture
      chiefly comprising tri(2,4-xylyl) phosphate and a trixylyl phosphate
      mixture comprising chiefly tri(3,5-xylyl phosphate)] in the ratios shown
      in Table I. To the polyvinyl chloride mixture was added 3 parts of a Cd-Ba
      complex stabilizer, and the mixture was milled by means of a test calender
      at 160.degree. C for 7 minutes whereby a film of 0.1 mm and a sheet of 0.5
      mm in thickness was obtained. The weather-proofing characteristics of the
      film evaluated by exposing the film out-of-doors to the weather on a
      closed house facing the south and observing any changes in the film with
      the naked eye. The sheet on the other hand, was subjected to a thermal
      resistance test in a gear oven at 180.degree. C. The results are shown in
      Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
     Sample No.         7   2   3   4   5   6   7   8   9                      
     __________________________________________________________________________
            TCP(PHR)   --  --  --  --  --  --  --  --  --                      
            TXP[tri(2,4-xylyl                                                  
     Agent  phosphate)](PHR)                                                   
                        1   3   5   7  10  20  50  --  --                      
     blended                                                                   
            TXP[tri(3,5-xylyl                                                  
                       --  --  --  --  --  --  --   1   3                      
            phosphate)](PHR)                                                   
            DOP(PHR)   49  47  45  43  40  30  --  49  47                      
            after 3 months                                                     
                       O   O   O   O   O   O   O   O   O                       
             6         Ox  O   O   O   O   O   O   Ox  O                       
     Evaluation                                                                
     of weather-                                                               
             9         Ox  O   O   O   O   O   O   Ox  O                       
     proofing                                                                  
     characteris-                                                              
            12         Ox  O   O   O   O   O   O   Ox  O                       
     tics                                                                      
            18         .DELTA.                                                 
                           Ox  Ox  O   O   O   Ox  .DELTA.                     
                                                       Ox                      
            24         X   .DELTA.x                                            
                               .DELTA.                                         
                                   Ox  O   Ox  Ox  X   .DELTA.                 
     Evaluation                                                                
            Initial    color-                                                  
                           color-                                              
                               color-                                          
                                   color-                                      
                                       color-                                  
                                           light                               
                                               yellow                          
                                                   color-                      
                                                       color-                  
     of thermal                                                                
            coloring   less                                                    
                           less                                                
                               less                                            
                                   less                                        
                                       less                                    
                                           yellow  less                        
                                                       less                    
     resistance                                                                
            Duration                                                           
     characteris-                                                              
            (minute)   100 100 100 100 100 80  40  100 100                     
     tics                                                                      
     __________________________________________________________________________
     Sample No.          10  11  12  13  14  15* 16* 17*                       
     __________________________________________________________________________
            TCP(PHR)     --  --  --  --  --  --  --   5                        
            TXP[tri(2,4-xylyl                                                  
                         --  --  --  --  --  --  --  --                        
     Agent  phosphate)](PHR)                                                   
     blended                                                                   
            TXP[tri(3,5-xylyl                                                  
                          5   7  10  20  50  --  --  --                        
            phosphate)](PHR)                                                   
            DOP(PHR)     45  43  40  30  --  50  50  45                        
            after 3 months                                                     
                         O   O   O   O   O   O   O   O                         
             6           O   O   O   O   O   .DELTA.                           
                                                 .DELTA.                       
                                                     Ox                        
     Evaluation                                                                
     of weather-                                                               
             9           O   O   O   O   O   X   X   .DELTA.                   
     proofing                                                                  
     characteris-                                                              
            12           O   O   O   O   O   X   X   .DELTA.x                  
     tics                                                                      
            18           Ox  O   O   O   Ox  X   X   X                         
            24           .DELTA.                                               
                             Ox  O   Ox  .DELTA.                               
                                             X   X   X                         
     Evaluation                                                                
            Initial      color-                                                
                             color-                                            
                                 color-                                        
                                     light                                     
                                         yellow                                
                                             color-                            
                                                 --  --                        
     of thermal                                                                
            coloring     less                                                  
                             less                                              
                                 less                                          
                                     yellow  less                              
     resistance                                                                
     characteris-                                                              
            Duration     100 100 100 80  40  100 --  --                        
     tics   (minute)                                                           
     __________________________________________________________________________
     Note:                                                                     
        (1) *shows the control test examples.                                  
        (2) PHR represents the amount of the particular additive               
        shown in parts by weight blended with 100 parts by weight of the       
        polyvinyl chloride resin.                                              
        (3) Evaluation of weather-proofing characteristics:                    
        O : unchanged                                                          
        Ox : a few brown spots                                                 
        .DELTA. : some brown spots                                             
        .DELTA.x : numerous brown spots                                        
        X : entire surface is brown.                                           
        (4) Evaluation of thermal resistance characteristics: The              
        thermal resistance of the sheet is measured as the time it takes the   
        sheet to become discolored in a gear oven at 180.degree.C.             
     __________________________________________________________________________
PAR  As is apparent from the data of Table I, the TXP blended sample has
      excellent weather-proofing characteristics. The data indicates that a film
      containing 1 part of TXP exhibits superior weather-proofing
      characteristics in comparison to a film containing 5 parts of TCP. In
      addition, a film sample which has blended with 3 parts of TXP exhibited
      superior weather-proofing characteristics even when allowed to stand
      outside for more than 12 months. Although the weather-proofing properties
      of the samples increasingly improved with additional amounts of TXP, an
      upper limit of up to about 20 parts is established beyond which the
      weather-proofing characteristics do not improve even if the amount of TXP
      added is increased. If the amount of TXP blended in the composition
      exceeds 20 parts, the previously recognized detrimental phenomenon known
      as "plating-out" occurs on the surface of the calender and the thermal
      resistance of the film is decreased. In one instance, a film prepared by
      blending 100 parts of a vinyl chloride resin with 10 parts of TXP
      exhibited such outstanding weather-proofing properties that it withstood
      outdoor use for more than two years.
PAR  Having now fully described this invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A polyvinylchloride composition useful as a molded, weather-proof sheet
      or film for agricultural purposes, which comprises:
PA1  a mixture of from 1 to 20 parts by weight of trixylyl phosphate as a
      weather-proofing stabilizer and 49 to 30 parts by weight of a plasticizer
      per 100 parts by weight of polyvinylchloride.
NUM  2.
PAR  2. The polyvinyl chloride resin composition of claim 1, wherein said
      trixylyl phosphate is selected from the group consisting of tri(2,3-xylyl
      phosphate), tri(2,4-xylyl phosphate), tri(2,5-xylyl phosphate),
      tri(2,6-xylyl phosphate), tri(3,4-xylyl phosphate), tri(3,5-xylyl
      phosphate), and mixtures thereof.
NUM  3.
PAR  3. The polyvinyl chloride composition of claim 1, wherein said polyvinyl
      chloride has an average polymerization degree of about 1000 to 1500.
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ABST
PAL  New 1-aza-4-thiacyclohexane-4,4-dioxide derivatives are used alone or in
      combination with other stabilizers for stabilizing organic materials. The
      new compounds are prepare by reacting substituted diallylsulfides with
      ammonia, amines or hydrazines.
BSUM
PAR  The invention relates to new 1-aza-4-thiacyclohexane-4,4-dioxide
      derivatives and to stabiliser systems containing these new compounds, to
      their use for the protection of organic material, as well as to the
      material, as an industrial product, protected with the aid of the new
      compounds.
PAR  The invention concerns new compounds of formula I
      ##EQU1##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each independently represent
      lower alkyl, or R.sub.1 and R.sub.2 and/or R.sub.3 and R.sub.4 together
      with the carbon atom to which they are bound form a cycloalkyl ring, and
PA1  X represents hydrogen, unsubstituted alkyl, substituted alkyl, alkenyl,
      alkynyl, unsubstituted aralkyl, substituted aralkyl, acyl, halogen,
      --O.sup.., --NO or NR.sub.5 R.sub.6 wherein R.sub.5 and R.sub.6 each
      independently represent hydrogen, unsubstituted alkyl or substituted
      alkyl, or R.sub.5 is additionally acyl, or R.sub.5 and R.sub.6 together
      with the nitrogen atom to which they are bound form a ring,
PAL  Or their salts with organic or inorganic acids.
PAR  Preferred compounds of formula I are those wherein
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 represent alkyl having 1 to 4 carbon
      atoms, or R.sub.1 and R.sub.2 as well as R.sub.3 and R.sub.4 together with
      the carbon atom to which they are bound form a cyclopentane or cyclohexane
      ring, and
PA1  X represents hydrogen, unsubstituted alkyl having 1 to 18 carbon atoms,
      alkyl having 2 to 20 carbon atoms which is substituted with groups
      containing O, N or S, alkenyl having 3 to 18 carbon atoms, alkynyl having
      3 to 14 carbon atoms, unsubstituted aralkyl having 7 to 11 carbon atoms,
      aralkyl having 9 to 18 carbon atoms which is substituted by hydroxy, ester
      groups or halogen, acyl of the formulae R.sub.7 CO-- or R.sub.7 SO.sub.2
      -- wherein R.sub.7 represents alkyl having 1 to 18 carbon atoms, aryl
      having 6 to 10 carbon atoms or aralkyl having 7 to 11 carbon atoms,
      halogen, --O.sup.., --NO or --NR.sub.5 R.sub.6 wherein R.sub.5 and R.sub.6
      each independently represent hydrogen, unsubstituted alkyl having 1 to 12
      carbon atoms, alkyl having 2 to 12 carbon atoms which is substituted with
      groups containing O, N or S, or R.sub.5 is additionally R.sub.7 CO-- or
      R.sub.7 SO.sub.2, or together with the nitrogen atom to which they are
      bound they form a ring,
PAL  Or their salts with hydrohalic acids, sulphuric acid, carboxylic acids,
      sulphonic acids or phosphorus-containing acids.
PAR  Particularly preferred compounds of formula I are those wherein
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 represent alkyl having 1 or 2 carbon
      atoms, or R.sub.1 and R.sub.2 as well as R.sub.3 and R.sub.4 together with
      the carbon atom to which they are bound form a cyclohexane ring, and
PA1  X represents hydrogen, unsubstituted alkyl having 1 to 12 carbon atoms,
      alkyl having 2 to 20 carbon atoms which is substituted with hydroxy,
      carboxy, ester, amide, nitrile, ether, thioether, sulphoxide, sulphone or
      amino groups, alkenyl having 3 to 8 carbon atoms, propargyl, aralkyl
      having 7 to 11 carbon atoms, aralkyl having 9 to 18 carbon atoms which is
      substituted by hydroxy, carboxylic acid ester groups or halogen, acyl of
      the formulae R.sub.7 CO-- or R.sub.7 SO.sub.2 -- wherein R.sub.7 is alkyl
      having 1 to 12 carbon atoms, aryl having 6 to 10 carbon atoms or aralkyl
      having 7 to 11 carbon atoms, bromine, chlorine, --O.sup.. or --NR.sub.5
      R.sub.6 wherein R.sub.5 and R.sub.6 each independently represent hydrogen,
      alkyl having 1 to 4 carbon atoms, or R.sub.5 is additionally R.sub.7 CO--
      or R.sub.7 SO.sub.2 --,
PAL  or their salts with hydrohalic acids, sulphuric acid, phosphoric acid,
      carboxylic acids having 1 to 18 carbon atoms, sulphonic acids having 1 to
      12 carbon atoms, or phosphorus-organic acids having 1 to 20 carbon atoms.
PAR  A special group among the particularly preferred compounds of formula I is
      formed by compounds of formula Ia
      ##EQU2##
      wherein X represents hydrogen, alkyl having 1 to 12 carbon atoms,
      cyanomethyl, alkenyl having 3 to 8, preferably 3 or 4, carbon atoms,
      propargyl, aralkyl having 7 to 11 carbon atoms, chlorine, bromine,
      --O.sup.., --NO or --NR.sub.5 R.sub.6 wherein R.sub.5 and R.sub.6 each
      independently represent hydrogen, alkyl having 1 to 4 carbon atoms, or
      R.sub.5 is additionally alkylcarbonyl having 2 to 12 carbon atoms,
      alkoxycarbonyl having 2 to 8 carbon atoms or, preferably, ethoxycarbonyl
      or benzoyl,
PAL  or their salts with carboxylic acids having 1 to 18 carbon atoms,
      preferably 3,5-ditert.butyl-4-hydroxybenzoic acid, or phosphorus-organic
      acids having 1 to 20 carbon atoms.
PAR  Surprisingly, it has been found that the compounds of formula I are good
      stabilizers for organic substrates such as polymers, especially synthetic
      polymers, against light-induced degradation.
PAR  1-Aza-4-thiacyclohexane-4,4-dioxide derivatives are already known. They
      exhibit no protective action against the effect of light. Surprisingly,
      the new compounds of formula I are agents protecting against light rays in
      the case of organic substrates such as polymers.
PAR  R.sub.1, R.sub.2, R.sub.3 and R.sub.4 can be, as defined, lower alkyl
      groups. They can be methyl, ethyl, n-propyl, iso-propyl, n-butyl,
      sec.butyl, tert.butyl, n-amyl, tert.amyl or n-hexyl. X, R.sub.5 and/or
      R.sub.6 can be alkyl groups; these can be the same groups as in the case
      of R.sub.1 to R.sub.4, and additionally n-octyl, n-decyl, n-dodecyl,
      n-tetradecyl, n-hexadecyl or n-octadecyl. If R.sub.1 and R.sub.2 and/or
      R.sub.3 and R.sub.4 in formula I denote cycloalkyl, then they can be
      cyclopentyl, cyclohexyl or cyclooctyl. Examples for substituted alkyl
      denoted by X, R.sub.5 and/or R.sub.6 are: hydroxyalkyl such as --CH.sub.2
      CH.sub.2 OH or --CH.sub.2 CHOH--CH.sub.3 ; carboxyalkyl such as --CH.sub.2
      --COOH; alkyl substituted with ester groups such as, e.g. carboxylic acid
      ester groups, for example, alkoxycarbonylalkyl such as --CH.sub.2
      COOCH.sub.3, --CH.sub.2 COOC.sub.2 H.sub.5, --CH.sub.2 COOC.sub.8
      H.sub.17, --CH.sub.2 COOC.sub.12 H.sub.25 or --CH.sub.2 COOC.sub.18
      H.sub.37, for example, alkylcarbonyloxyalkyl such as --CH.sub.2 CH.sub.2
      OOCCH.sub.3, --CH.sub.2 CH.sub.2 OOCC.sub.7 H.sub.15, --CH.sub.2 CH.sub.2
      OOCC.sub.11 H.sub.23, --CH.sub.2 CH.sub.2 OOCC.sub.17 H.sub.35 or
      ##EQU3##
      for example, arylcarbonyloxyalkyl, preferably benzoyloxyalkyl, such as
      ##SPC1##
PAL  tert.butyl or
      ##SPC2##
PAL  for example, cycloalkylcarbonyloxyalkyl such as
      ##SPC3##
PAL  or, for example, aralkylcarbonyloxyalkyl, preferably benzylcarbonyloxyalkyl
      such as
      ##SPC4##
PAL  amidoalkyl such as alkylcarbonylamidoalkyl, for example, --CH.sub.2
      CH.sub.2 NH--CO--C.sub.7 H.sub.15, --CH.sub.2 CH.sub.2 CH.sub.2
      NH--CO--CH.sub.3 or --CH.sub.2 CH.sub.2 CH.sub.2 NH--CO--C.sub.17 H.sub.35
      ; nitriloalkyl, for example, --CH.sub.2 CN or --CH.sub.2 CH.sub.2 CN;
      alkyl substituted with ether groups such as alkoxy groups, for example,
      --CH.sub.2 CH.sub.2 OC.sub.8 H.sub.17 ; alkyl substituted with thioether
      groups such as alkylthio groups, for example, --CH.sub.2 CH.sub.2 SC.sub.8
      H.sub.17, or alkyl substituted with arylthio groups, preferably phenylthio
      groups, for example,
      ##SPC5##
PAL  alkyl substituted with sulphoxide groups, such as alkylsulphinylalkyl, for
      example, --CH.sub.2 CH.sub.2 SO C.sub.8 H.sub.17 ; alkyl substituted with
      sulphone groups, such as alkylsulphonylalkyl, for example, --CH.sub.2
      CH.sub.2 CH.sub.2 C.sub.12 H.sub.25 ; aminoalkyl such as aminoalkyl
      unsubstituted on the nitrogen atom, for example, --CH.sub.2 CH.sub.2
      NH.sub.2 or --CH.sub.2 CH.sub.2 CH.sub.2 NH.sub.2, or such as aminoalkyl
      substituted on the nitrogen atom with alkyl, for example, --CH.sub.2
      CH.sub.2 -N(CH.sub.3).sub.2, --CH.sub.2 CH.sub.2 CH.sub.2 N(C.sub.2
      H.sub.5).sub.2 or --CH.sub.2 CH.sub.2 NHCH.sub.2 CH.sub.2 CN; haloalkyl,
      preferably chloro- or bromoalkyl, for example, --CH.sub.2 CH.sub.2 Cl,
      --CH.sub.2 CH.sub.2 Br or
      ##EQU4##
      R.sub.5 and R.sub.6 together with the nitrogen atom to which they are
      bound can form a ring, such as, for example, the piperidine or morpholine
      ring.
PAR  If X denotes alkenyl, then it can be propenyl, butenyl, pentenyl, hexenyl,
      octenyl, decenyl, tetracenyl or octadecenyl. If X represents alkynyl, then
      it can be, for example, propargyl. Where X denotes unsubstituted aralkyl,
      it can be benzyl, .alpha.-phenylethyl or .alpha.,.alpha.-dimethylbenzyl.
      If X stands for a substituted aralkyl, then it can be an aralkyl
      substituted on the alkylene moiety by hydroxy, for example,
      ##SPC6##
PAL  by alkylcarbonyloxy, for example,
      ##SPC7##
PAL  by arylcarbonyloxy, preferably phenylcarbonyloxy, for example
      ##SPC8##
PAL  or by halogen, preferably chlorine or bromine, for example,
      ##SPC9##
PAR  If X and/or R.sub.5 represent acyl, then it is, for example, the radical of
      an aliphatic or aromatic carboxylic acid having 2 to 18 carbon atoms, such
      as alkanoic acid such as acetic acid, propionic acid, capronic acid,
      lauric acid or stearic acid, or an unsubstituted or substituted benzoic
      acid, such as benzoic acid, p-tert.butylbenzoic acid or
      p-tert.octylbenzoic acid, or the radical of a sulphonic acid such as
      methanesulphonic acid, benzenesulphonic acid or p-toluenesulphonic acid.
      Where X represents halogen, it can be chlorine or bromine.
PAR  The compounds of formula I are in the form of free bases, or in the form of
      salts or organic acids, such as, for example, an alkanoic acid preferably
      having 2 to 18 carbon atoms, such as acetic acid, caproic acid, lauric
      acid or stearic acid, or of an unsubstituted or substituted benzoic acid,
      such as benzoic acid or 3,5-di-tert.-butyl-4-hydroxybenzoic acid; or salts
      of inorganic acids such as, for example, hydrochloric acid, hydrobromic
      acid, sulphuric acid or phosphoric acid.
PAR  Examples of compounds of formula I are:
PA1  2,6-dimethyl-2,6-diethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2,2-dimethyl-6,6-pentylene-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1,2,2,6-tetramethyl-6-isopropyl-1-aza-4-thiacyclohexane-  4,4-dioxide,
PA1  2,2-pentylene-6,6-pentylene-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2,2,6-trimethyl-6-n-butyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1,2,2,6,6-pentamethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-n-propyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-  dioxide,
PA1  1-iso-butyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-carbethoxymethyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-(2'-hydroxyethyl)-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide
PA1  1-(2'-phenyl-2'-hydroxyethyl)-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4
     ,4-dioxide,
PA1  1-acetoxyethyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-(2'-phenyl-2'-acetoxyethyl)-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4
     ,4-dioxide,
PA1  1-octylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-dimethylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-diethylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-acetyl-methylamino-2,2,6,6-tetramethyl-1-aza-thiacyclohexane-4,4-dioxide,
PA1  1-acetylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-octanoylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-lauroylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-ethoxycarbonylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxi
     de,
PA1  1-acetyl-2,2,6,6-tetramethyl-1-aza-thiacyclohexane-4,4-dioxide,
PA1  1-lauroyl-2,2,6,6-tetramethyl-1-aza-thiacyclohexane-4,4-dioxide,
PA1  1-benzoyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-(4'-t-butylbenzoyl)-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxi
     de,
PA1  1-methylsulphonyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-p-toluylsulphonyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide
PA1  1-phenylacetyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-p-t.butylphenylacetyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dio
     xide,
PA1  1-octadecyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-benzyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-ethoxycarbonylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxi
     de,
PA1  1-p-t.butylbenzyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-dibutylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1-octoxycarbonylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxi
     de,
PA1  1-carbo-octadecyloxymethyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-
     dioxide,
PA1  1-(2'-carboxyethyl)-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide
PA1  1(3'-dimethylaminopropyl)-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-d
     ioxide,
PA1  1(2'-octoxyethyl)-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  1(3'-dodecylmercaptopropyl)-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4
     -dioxide, and
PA1  1-methallyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide.
PAR  The new compounds of formula I are used as stabilisers for organic
      substrates. The following, for example, are suitable as such:
PAR  1. Polymers which are derived from hydrocarbons with single or double
      unsaturation, such as polyolefins, such as, for example, polyethylene,
      which can optionally be crosslinked, polypropylene, polyisobutylene,
      polymethylbutene-1, polymethylpentene-1, polybutene-1, polyisoprene,
      polybutadiene, polystyrene, polyisobutylene, copolymers of the monomers on
      which the homopolymers mentioned are based, such as ethylene-propylene
      copolymers, propylenebutene-1 copolymers, propylene-isobutylene
      copolymers, styrene-butadiene copolymers and terpolymers of ethylene and
      propylene with a diene, such as, for example, hexadiene, dicyclopentadiene
      or ethylidene-norbornene; mixtures of the abovementioned homopolymers,
      such as, for example, mixtures of polypropylene and polyethylene,
      polypropylene and polybutene-1, or polypropylene and polyisobutylene.
PAR  2. Vinyl polymers containing halogen, such as polyvinyl chloride,
      polyvinylidene chloride, polyvinyl fluoride, polychloroprene and
      chlorinated rubbers.
PAR  3. Polymers which are derived from .alpha.,.beta.-unsaturated acids and
      their derivatives, such as polyacrylates and polymethacrylates,
      polyacrylamides and polyacrylonitrile, as well as their copolymers with
      other vinyl compounds, such as acrylonitrile/butadiene/styrene,
      acrylonitrile/styrene and acrylonitrile/styrene/acrylic ester copolyers.
PAR  4. Polymers which are derived from unsaturated alcohols and amines or their
      acyl derivatives or acetals, such as polyvinyl alcohol, polyvinyl acetate,
      polyvinyl stearate, polyvinyl benzoate, polyvinyl maleate, polyvinyl
      butyrul, polyallyl phthalate, polyallyl melamine and their copolymers with
      other vinyl compounds, such as ethylene/vinyl acetate copolymers.
PAR  5. Homopolymers and copolymers which are derived from epoxides, such as
      polyethylene oxide or the polymers which are derived from bis-glycidyl
      ethers.
PAR  6. Polyacetals, such as polyoxymethylene and polyoxyethylene, as well as
      those polyoxymethylenes which contain ethylene oxide as the comonomer.
PAR  7. Polyphenylene oxides,
PAR  8. Polyurethanes and polyureas,
PAR  9. Polycarbonates,
PAR  10. Polysulphones,
PAR  11. Polyamides and copolyamides which are derived from diamines and
      dicarboxylic acids and/or from aminocarboxylic acids or the corresponding
      lactams, such as polyamide 6, polyamide 6/6, polyamide 6/10, polyamide 11
      and polyamide 12.
PAR  12. Polyesters which are derived from dicarboxylic acids and dialcohols
      and/or from hydroxycarboxylic acids or the corresponding lactones, such as
      polyethylene glycol terephthalate or poly-1,4-dimethylol-cyclohexane
      terephthalate, as well as their starting materials, such as lower
      terepthalic acid alkyl esters.
PAR  13. Crosslinked polymers which are derived from aldehydes on the one hand
      and phenols, ureas and melamines on the other, such as
      phenol-formaldehyde, urea-formaldehyde and melamine-formaldehyde resins.
PAR  14. Alkyd resins, such as glycerine-phthalic acid resins and their mixtures
      with melamine-formaldehyde resins.
PAR  15. Unsaturated polyester resins which are derived from copolyesters of
      saturated and unsaturated dicarboxylic acids with polyhydric alcohols,
      with vinyl compounds as crosslinking agents, and also their
      halogen-containing, difficulty combustible modifications.
PAR  16. Natural polymers such as cellulose and rubber, as well as their
      polymer-homologously chemically modified derivatives, such as cellulose
      acetates, cellulose propionates and cellulose butyrates, or the cellulose
      ethers, such as methylcellulose.
PAR  Preferred synthetic polymers are polyethylene of high and low density,
      polypropylene, polybutadiene, polystyrene and their copolymers, such as
      acrylonitrile/butadiene/styrene, acrylonitrile/styrene or
      acrylonitrile/styrene/acrylic ester, as well as polyurethanes.
PAR  Besides these polymers, further suitable carriers are natural as well as
      synthetic light-sensitive waxes, fats and oils, and also complex systems,
      such as photographic material, emulsions containing light-sensitive
      substances, and emulsions or dispersions of the aforementioned polymers.
PAR  The new compounds are incorporated in the substrates in a concentration of
      0.01 to 5 per cent by weight, calculated on the material to be stabilised.
      The amount to be incorporated is preferably 0.05 to 1.5, and more
      especially 0.1 to 0.8, per cent by weight of the compounds, relative to
      the material being stabilised.
PAR  This incorporation in the case of polymers can be effected after
      polymerisation, e.g. by the mixing of the compounds and optionally further
      additives into the melt, by the methods usually applied in practice,
      before or during moulding, or also by application of the dissolved or
      dispersed compounds to the polymers, optionally with subsequent removal of
      the solvent by evaporation.
PAR  The new compounds can be incorporated into the substrates to be stabilised
      also in the form of a master batch which contains these compounds in a
      concentration, for example, of 2.5 to 25 per cent by weight.
PAR  In the case of crosslinked polyethylene, the compounds are added before
      crosslinking.
PAR  The following are to be mentioned as further additives together with which
      the stabilisers usable according to the invention can be employed:
PAC  1. Antioxidants
PAR  1.1. Simple 2,6-dialkylphenols such as, for example,
      2,6-ditert.butyl-4-methylphenol, 2-tert.butyl-4,6-dimethylphenol,
      2,6-ditert.butyl-4-methoxymethylphenol and 2,6-dioctadecyl-4-methylphenol.
PAR  1.2. Derivatives of alkylated hydroquinones such as, for example,
      2,5-ditert.butyl-hydroquinone, 2,5-ditert.amyl-hydroquinone,
      2,6-ditert.butyl-hydroquinone, 2,5-ditert.butyl-4-hydroxy-anisole,
      3,5-ditert.butyl-4-hydroxy-anisole,
      tris-(3,5-ditert.butyl-4-hydroxyphenyl)-phosphite,
      3,5-ditert.butyl-4-hydroxyphenyl-stearate and
      bis-(3,5-ditert.butyl-4-hydroxyphenyl)-adipate.
PAR  1.3. Hydroxylated thiodiphenyl ethers such as, for example,
      2,2'-thiobis-(6-tert.butyl-4-methylphenol), 2,2-thiobis-(4-octylphenol),
      4,4'-thiobis-(6-tert.butyl-3-methylphenol),
      4,4'-thiobis-(3,6-di-sec.amylphenol),
      4,4'-thiobis-(6-tert.butyl-2-methylphenol) and
      4,4'-bis(2,6-dimethyl-4-hydroxyphenyl)-disulphide.
PAR  1.4. Alkylidene-bisphenols such as, for example,
      2,2'-methylene-bis-(6-tert.butyl-4-methylphenol),2,2'-methylene-bis-(6-ter
     t.butyl-4-ethylphenol), 4,4'-methylene-bis(6-tert.butyl-2-methylphenol),
      4,4'-methylene-bis-(2,6-ditert.butylphenol),
      2,6-di-(3-tert.butyl-5-methyl-2-hydroxybenzyl)-4-methylphenol,
      2,2'-methylene-bis-[4-methyl-6-(.alpha.-methylcyclohexyl)-phenol],
      1,1-bis-(3,5-dimethyl-2-hydroxyphenyl)-butane,
      1,1-bis-(5-tert.butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis-(5-tert.butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis-(3,5-di-tert.butyl-4-hydroxyphenyl)-propane,
      1,1,3-tris-(5-tert.butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis(5-tert.butyl-4-hydroxy-2-methylphenyl)-4-n-dodecylmercapto-butane,
      1,1,5,5-tetra-(5-tert.butyl-4-hydroxy-2-methylphenyl)-pentane and
      ethylene-glycol-bis-[3,3-bis-(3'-tert.butyl-4'-hydroxyphenyl)-butyrate].
PAR  1.5. O-, N- and S-benzyl compounds such as, for example,
      3,5,3',5'-tetra-tert.butyl-4,4'-dihydroxydibenzyl ether,
      4-hydroxy-3,5-dimethylbenzyl-mercaptoacetic acid octadecyl ester,
      tri-(3,5-di-tert.butyl-4-hydroxybenzyl)-amine and
      bis-(4-tert.butyl-3-hydroxy-2,6-dimethylbenzyl)-dithiol terephthalate.
PAR  1.6. Hydroxybenzylated malonic esters such as, for example,
      2,2-bis(3,5-di-tert.butyl-2-hydroxybenzyl)-malonic acid dioctadecyl ester,
      2-(3-tert.butyl-4-hydroxy-5-methylbenzyl)-malonic acid dioctadecyl ester,
      2,2-bis-(3,5-ditert.butyl-4-hydroxybenzyl)-malonic acid didodecylmercapto
      ethylester and 2,2-bis(3,5-ditert.butyl-4-hydroxybenzyl)-malonic acid
      di-[4-(1,1,3,3-tetramethylbutyl)-phenyl]-ester.
PAR  1.7. Hydroxybenzyl-aromatics such as, for example,
      1,3,5-tri-(3,5-ditert.butyl-4-hydroxybenzyl)-2,4,6-trimethylbenzene,
      1,4-di-(3,5-ditert.butyl-4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene and
      2,4,6-tri-(3,5-ditert.butyl-4-hydroxybenzyl)-phenol.
PAR  1.8. s-Triazine compounds such as, for example,
      2,4-bis-octylmercapto-6-(3,5-ditert.butyl-4-hydroxyanilino)-s-triazine,
      2-octylmercapto-4,6-bis-(3,5-ditert.butyl-4-hydroxyanilino)-s-triazine,
      2-octylmercapto-4,6-bis-(3,5-ditert.butyl-4-hydroxyphenoxy)-s-triazine,
      2,4,6-tris-(3,5-ditert.butyl-4-hydroxyphenoxy)-s-triazine,
      2,4,6-tris-(3,5-ditert.butyl-4-hydroxyphenylethyl)-s-triazine and
      1,3,5-tris-(3,5-ditert.butyl-4-hydroxybenzyl)-isocyanurate.
PAR  1.9. Amides of .beta.-3,5-ditert.butyl-4-hydroxyphenylpropionic acid such
      as, for example, 1,3,5-tris-(3,5-ditert.
      butyl-4-hydroxyphenyl-propionyl)-hexahydro-s-triazine and
      N,N'-di-(3,5-diter.butyl-4-hydroxyphenyl-propionyl)-hexamethylenediamine.
PAR  1.10. Esters of .beta.- 3,5-ditert.butyl-4-hydroxyphenylpropionic acid with
      monohydric or polyhydric alcohols, such as, for example, methanol,
      ethanol, octadecanol; 1,6-hexanediol; 1,9-nonanediol, ethylene glycol;
      1,2-propanediol, diethylene gylcol, thiodiethylene glycol, neopentyl
      glycol, 3-thia-undecanol, 3-thiapentadecanol, trimethylhexanediol,
      trimethylolethane, trimethylolpropane, pentaerythritol,
      tris-hydroxyethyl-isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]octane.
PAR  1.11. Esters of .beta.- 5-tert.butyl-4-hydroxy-3-methylphenylpropionic acid
      with monohydric or polyhydric alcohols such as, for example, methanol,
      ethanol, octadecanol; 1,6-hexanediol; 1,9-nonanediol, ethylene glycol;
      1,2-propanediol, diethylene glycol, thiodiethylene glycol, neopentyl
      glycol, 3-thia-undecanol, 3-thia-pentadecanol, trimethylhexanediol,
      trimethylolethane, trimethylolpropane, pentaerythritol,
      tris-hydroxyethyl-isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxa-bicyclo[2,2,2]octane.
PAR  1.12. Esters of 3,5-ditert.butyl-4-hydroxyphenylacetic acid with monohydric
      or polyhydric alcohols such as, for example, methanol, ethanol,
      octadecanol; 1,6-hexanediol; 1,9-nonanediol, ethylene glycol,
      1,2-propanediol, diethylene glycol, thiodiethylene glycol, neopentyl
      glycol, 3-thia-undecanol, 3-thia-pentadecanol, trimethylhexanediol,
      trimethylolethane, trimethylolpropane, pentaerythritol,
      trishydroxyethylisocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]octane.
PAR  1.13. Acylaminophenols such as, for example,
      N-(3,5-ditert.butyl-4-hydroxyphenyl)-stearic acid amide and
      N,N'-di(3,5-ditert.butyl-4-hydroxyphenyl)-thiobisacetamide.
PAR  1.14. Benzylphosphonates such as, for example,
      3,5-ditert.butyl-4-hydroxybenzyl-phosphonic acid dimethyl ester,
      3,5-ditert.butyl-4-hydroxybenzyl-phosphonic acid diethyl ester,
      3,5-ditert.butyl-4-hydroxybenzyl-phosphonic acid dioctadecyl ester and
      5-tert.butyl-4-hydroxy-3-methylbenzyl-phosphonic acid dioctadecyl ester.
PAR  1.15. Aminoaryl derivatives such as, for example, phenyl-1-naphthylamine,
      phenyl-2-naphthylamine, N,N'-diphenyl-p-phenylenediamine,
      N,N'-di-2-naphthyl-p-phenylenediamine,
      N,N'-di-2-naphthyl-p-phenylenediamine, N,N'-di-sec.
      butyl-p-phenylenediamine, 6-ethoxy-2,2,4-trimethyl-l,2-dihydroquinoline,
      6-dodecyl-2,2,4-trimethyl-1,2-dihydroquinoline, mono- and
      dioctyliminobenzyl and polymerised 2,2,4-trimethyl-1,2-dihydroquinoline.
PAC  2. UV-Absorbers and agents protecting against light rays
PAR  2.1. 2-(2'-hydroxyphenyl)-benzotriazoles such as, for example, 5'-methyl,
      3',5'-ditert.butyl, 5'-tert.butyl, 5'-(1,1,3,3-tetramethylbutyl),
      5-chloro-3', 5'-ditert.butyl, 5-chloro-3'-tert.butyl-5'-methyl,
      3'-sec.butyl-5'-tert.butyl, 3'-.alpha.-methylbenzyl-5'-methyl,
      3'-.alpha.-methylbenzyl-5'-methyl-5-chloro, 4'-hydroxy, 4'-methoxy,
      4'-octoxy, 3',5'-ditert.amyl, 3'-methyl-5'-carbomethoxyethyl and
      5-chloro-3',5'-ditert.amyl derivatives.
PAR  2.2. 2,4-bis-(2'-hydroxyphenyl)-6-alkyl-s-triazines such as, for example,
      6-ethyl, 6-heptadecyl and 6-undecyl derivatives.
PAR  2.3. 2-Hydroxybenzophenones such as, for example, 4-hydroxy, 4-methoxy,
      4-octoxy, 4-decyloxy, 4-dodecyloxy, 4-benzyloxy, 4,2', 4'-trihydroxy and
      2'-hydroxy-4,4' -dimethoxy derivatives.
PAR  2.4. 1,3-bis-(2'-hydroxybenzoyl)-benzenes such as, for example,
      1,3-bis-(2'-hydroxy-4'-hexyloxy-benzoyl)-benzene,
      1,3-bis-(2'-hydroxy-4'-octyloxy-benzoyl)-benzene and
      1,3-bis-(2'-hydroxy-4'-dodecyloxy-benzoyl)-benzene.
PAR  2.5. Esters, preferably aryl esters, of optionally substituted benzoic
      acids such as, for example, phenylsalicylate, octylphenylsalicylate,
      dibenzoylresorcinol, bis-(4-tert.butylbenzoyl)resorcinol,
      benzoylresorcinol, 3,5-ditert.butyl-4-hydroxybenzoic
      acid-2,4-ditert.butylphenyl ester or -octadecyl ester of
      -2-methyl-4,6-ditert.butylphenyl ester.
PAR  2.6. Acrylates such as, for example,
      .alpha.-cyano-.beta.,.beta.-diphenylacrylic acid ethyl ester or -isooctyl
      ester, .alpha.-carbomethoxy-cinnamic acid methyl ester,
      .alpha.-cyano-.beta.-methyl-p-methoxy-cinnamic acid methyl ester or -butyl
      ester and N-(.beta.-carbomethoxyvinyl)-2-methyl-indoline. 2.7. Nickel
      compounds such as, for example, nickel complexes of
      2,2'-thio-bis-[4-(1,1,3,3-tetramethylbutyl)-phenol], such as the 1:1- or
      1:2-complex, optionally with additional ligands such as n-butylamine,
      triethanolamine or N-cyclohexyl-di-ethanolamine, nickel complexes of
      bis-[2-hydroxy-4-(1,1,3,3-tetramethylbutyl)-phenyl]-sulphone, such as the
      2:1-complex, optionally with additional ligands such as 2-ethylcapronic
      acid, nickeldibutyldithiocarbamate, nickel salts of
      4-hydroxy-3,5-ditert.butylbenzyl-phosphonic acid-monoalkyl esters, such as
      of methyl, ethyl or butyl ester, nickel complexes of ketoximes, such as of
      2-hydroxy-4-methylphenylundecylketonoxime,
      nickel-3,5-ditert.butyl-4-hydroxybenzoate.
PAR  2.8. Sterically hindered amines such as, for example,
      4-benzoyloxy-2,2,6,6-tetramethylpiperidine,
      4-stearoyloxy-2,2,6,6-tetramethylpiperidine,
      bis-(2,2,6,6-tetramethylpiperidyl)-sebacate,
      3-n-octyl-7,7,9,9-tetramethyl-1,3,8-triaza-spiro[4,5]decane-2,4-dione.
PAR  2.9. Oxalic acid diamides such as, for example, 4,4'-di-octyloxy-oxanilide,
      2,2'-di-octyloxy-5,5'-ditert.butyl-oxanilide,
      2,2'-di-dodecyloxy-5,5'-ditert.butyloxanilide,
      2-ethoxy-2'-ethyl-oxanilide, N,N'-bis-(3-dimethylaminopropyl)-oxanilide,
      2-ethoxy-5-tert.butyl-2'-ethyloxanilide and their mixtures with
      2-ethoxy-2'-ethyl-5,4'-ditert.butyloxanilide, and mixtures of ortho- and
      para-methoxy- as well as of o- and p-ethoxy-disubstituted oxanilides.
PAR  3. Metal deactivators such as, for example, oxanilide, isophthalic acid
      dihydrazide, sebacic acid-bis-phenylhydrazide, bis-benzylidene-oxalic acid
      dihydrazide, N,N'-diacetyl-adipic acid dihydrazide,
      N,N'-bis-salicyloyloxalic acid dihydrazide, N,N'-bis-salicycloyl-hydrazine
      and N,N'-bis-(3,5-ditert.butyl-4-hydroxyphenylpropionyl)-hydrazine.
PAR  4. Phosphites such as, for example, triphenylphosphite,
      diphenyl-alkylphosphites, phenyl-dialkylphosphites,
      tri-(nonylphenyl)-phosphite, trilaurylphosphite, trioctadecylphosphite,
      3,9-di-isodecyloxy-2,4,8,10-tetraoxa-3,9-diphospha-spiro[5,5]undecane and
      tri-(4-hydroxy-3,5-ditert.butylphenyl)-phosphite.
PAR  5. Compounds breaking down peroxide, such as, for example, esters of
      .beta.-thio-dipropionic acid, for example, of lauryl, stearyl, myrystyl or
      tridecyl esters, salts of 2-mercaptobenzimidazole, for example, Zn-salt,
      and diphenylthiourea.
PAR  6. Polyamide stabilisers such as, for example, copper salts in combination
      with iodides and/or phosphorus compounds and salts of bivalent manganese.
PAR  7. Basic co-stabilisers such as, for example, melamine, benzoguanamine,
      polyvinylpyrrolidone, dicyanodiamide, triallylcyanurate, urea derivatives,
      hydrazine derivatives, amines, polyamides, polyurethanes, alkali metal
      salts and alkaline earth metal salts of higher fatty acids such as, for
      example, calcium stearate, zinc stearate, magnesium stearate, sodium
      ricinoleate or potassium palmitate.
PAR  8. PVC Stabilisers such as, for example, organic tin compounds, organic
      lead compounds and Ba/Cd salts of fatty acids.
PAR  9. Nucleating agents such as, for example, 4-tert.butylbenzoic acid, adipic
      acid and diphenylacetic acid.
PAR  10. Other additives such as, for example, plasticisers, lubricants,
      emulsifiers, fillers, carbon black, asbestos, kaolin, talcum, glass
      fibres, pigments, optical brighteners, flameproofing agents and antistatic
      agents.
PAR  Compounds of formula I can be obtained by process A, B or C.
PAR  A. Sulphones of the general formulae
      ##EQU5##
      or
      ##EQU6##
      in which R.sub.1, R.sub.2, R.sub.3 and R.sub.4 have the meanings given
      under formula I, are cyclised with ammonia, or with a primary amine of the
      formula
EQU  NH.sub.2 X
PAL  wherein X represents unsubstituted alkyl, substituted alkyl, alkenyl,
      alkynyl or aralkyl, to compounds of formula I. The reaction can be
      performed at a temperature of between 20.degree. and 150.degree.C,
      preferably between 60.degree. and 100.degree.C, with or without solvents.
PAR  The sulphones used as starting compounds are obtained from the
      corresponding thioethers by oxidation with hydrogen peroxide by
      application of methods known per se [see H. J. Backer et al. Rec. 67, 456
      (1948)].
PAR  B. Compounds of formula I substituted on the nitrogen atom can be obtained
      from compounds of the formula
      ##EQU7##
      by alkylation, acylation, halogenation, nitrosation and reduction of the
      N-nitroso compounds, or oxidation, with the use of known methods. C.
      Compounds of the formula
      ##EQU8##
      wherein R.sub.1 to R.sub.6 have the same meanings as under formula I, can
      be obtained from compounds of the formula
      ##EQU9##
      by alkylation or acylation, using known methods.
PAR  As already mentioned, further additives can be used with the compounds of
      formula I in stabiliser systems. Preferred among these systems are those
      consisting of at least one compound of formula I and at least one
      co-stabiliser from the class of UV-absorbers and agents protecting against
      light rays, such as, for example, 2-hydroxybenzophenones,
      2-(2'-hydroxyphenyl)-benzotriazoles, oxalic acid diamides, aryl esters of
      an unsubstituted or substituted benzoic acid or acrylates.
PAR  These stabiliser systems can stabilise organic substrates such as, for
      example, polymers. They are preferably used, however, in styrene polymers.
PAR  Styrene polymers, particularly styrene copolymers such as SAN
      (styrene-acrylonitrile), ASA (acrylonitrile-styrene-acrylic ester) and, in
      particular, ABS (acrylonitrile-butadiene-styrene) are being employed, on
      account of their well-balanced mechanical properties and outstanding
      workability, to an increasing extent in numerous fields of application.
      Examples of these are as follows: housings and parts of housings for
      electrical equipment, internal parts of refrigerators, telephones, and
      also heating and ventilation equipment and linings and covers for cars.
      Such plastics are moreover being used to an ever increasing degree for
      outside purposes, e.g. in boat construction, for the bodywork of motorcars
      and for caravan accessories.
PAR  A factor preventing a wide general application of these cheap plastics is,
      however, their inadequate weather resistance. For example, ABS articles
      suffer after only a few weeks of exposure to the weather a marked
      deterioration of mechanical properties.
PAR  There has therefore been no lack of attempts to improve the ageing
      resistance of styrene copolymers on exposure to the weather. These
      measures include, for example, the laminating of ABS-sheets with pigmented
      and/or UV-stabilised polyacrylate films, the application of protective
      acrylic-resin-lacquer top layers, or the addition of relatively large
      amounts of carbon black. A certain degree of weather resistance can also
      be obtained by the addition of UV-absorbers, for example, of the
      benzophenone or benzotriazole type.
PAR  These known methods for the improvement of resistance to ageing are,
      however, inadequately effective and have technical disadvantages. Thus,
      lamination with protective layers is possible only in the case of sheets
      that are further processed, for example, in the deep-drawing process, and
      is not transferable to injection moulded parts. The surface protection
      effected by lacquering requires an additional step in processing, which
      leads to an increase in costs. An addition of carbon black, on the other
      hand, produces an undesirable blackening of the articles.
PAR  Accordingly, a sustained improvement in weather resistance by virtue of the
      addition of non-discolouring additives would be the ideal solution to the
      problem, since there would then no longer exist limitations with regard to
      colour and the processing possibilities of styrene polymers.
PAR  It has now been found that the stabiliser systems, preferably such ones
      consisting of
PA1  a. at least one compound of formula I and
PA1  b. at least one co-stabiliser of formulae II, III, IV, V, VI, VII or VIII
      ##SPC10##
PAL  wherein the symbols have the following meanings:
PA1  L.sub.1 hydrogen, alkyl, alkenyl or aralkyl,
PA1  L.sub.2 hydrogen, alkyl or chlorine,
PA1  L.sub.3 hydrogen, hydroxy, carboxy, alkoxy or alkyl,
PA1  L.sub.4 hydrogen, hydroxy, alkoxy, alkenyloxy, aralkoxy or alkyl,
PA1  L.sub.5 hydrogen, alkyl, alkenyl, cycloalkyl, aralkyl, aryl, acylamino,
      acylaminoalkyl or halogen,
PA1  L.sub.6 hydrogen, alkyl, hydroxy, alkoxy or acylamino,
PA1  L.sub.7 hydrogen, alkyl, alkenyl, cycloalkyl, aralkyl, aryl, alkoxy,
      halogen, carboxy, alkoxycarbonyl, alkoxycarbonylalkyl or acylamino,
PA1  L.sub.8 hydrogen, alkyl, hydroxy, alkoxy, halogen, acylamino, carboxy,
      alkoxycarbonyl, acyloxy, carbamoyl, alkoxysulphonyl, aryloxysulphonyl or
      sulphonamido,
PA1  L.sub.9 hydrogen, alkyl or halogen,
PA1  L.sub.10 and L.sub.12 each independently represent hydrogen, alkyl, alkoxy,
      alkenyloxy, aralkoxy, aryloxy, halogen or alkoxycarbonyl,
PA1  L.sub.11 and L.sub.13 each independently represent hydrogen or alkyl,
PA1  L.sub.14 and L.sub.15 each independently represent hydrogen, alkyl,
      cycloalkyl or aralkyl,
PA1  L.sub.16 hydrogen, alkoxy or aralkoxy,
PA1  L.sub.17 alkyl or aryl,
PA1  L.sub.18 alkyl, cycloalkyl or aralkyl,
PA1  L.sub.19 alkyl or aralkyl,
PA1  L.sub.20 hydrogen, alkyl, alkoxy or halogen,
PA1  L.sub.21 cyano or alkoxycarbonyl, and
PA1  L.sub.22 hydrogen or alkyl,
PAL  improve in an unexpectedly sustained manner the weather resistance of
      styrene polymers.
PAR  The said stabiliser systems render possible the effective protection of
      styrene polymers, particularly styrene copolymers, such as, for example,
      ABS-plastics, against the harmful effect of UV-radiation, heat and oxygen,
      without discolouration of the styrene polymers stabilised with these
      stabiliser systems. Furthermore, plastics therewith stabilised can be
      remoulded by all the usual processing methods, and require no
      aftertreatment for the purpose of applying protective covering layers.
PAR  Part b) of the stabiliser system according to the invention consists
      preferably of at least one co-stabiliser of formulae II to VIII wherein
      the symbols have the following meanings:
PA1  L.sub.1 hydrogen, alkyl having 1-18 carbon atoms, allyl, methallyl or
      benzyl,
PA1  L.sub.2 hydrogen,
PA1  L.sub.3 hydrogen or hydroxy,
PA1  L.sub.4 hydrogen, hydroxy, alkoxy having 1-20 carbon atoms, allyloxy,
      methallyloxy or benzyloxy,
PA1  L.sub.5 hydrogen, alkyl having 1-12 carbon atoms, alkenyl having 3-12
      carbon atoms, cyclohexyl, aralkyl having 7-11 carbon atoms, phenyl,
      acylamino having 2-12  carbon atoms, acylaminomethyl having 3-13 carbon
      atoms, chlorine or bromine,
PA1  L.sub.6 hydrogen, methyl, hydroxy, alkoxy having 1-12 carbon atoms or
      acylamino having 2-12 carbon atoms,
PA1  L.sub.7 hydrogen, alkyl having 1-12 carbon atoms, aralkyl having 7-11
      carbon atoms, cyclohexyl, phenyl, alkoxy having 1-12 carbon atoms,
      chlorine, bromine, carboxy, alkoxycarbonyl having 2-13 carbon atoms,
      alkoxycarbonylalkyl having 3-14 carbon atoms or acylamino having 2-12
      carbon atoms,
PA1  L.sub.8 hydrogen, alkyl having 1-8 carbon atoms, alkoxy having 1-12 carbon
      atoms, chlorine, bromine, acylamino having 2-12 carbon atoms, carboxy,
      alkoxycarbonyl having 2-13 carbon atoms, acyloxy having 2-12 carbon atoms,
      carbamoyl having 3-17 carbon atoms, alkoxysulphonyl having 1-12 carbon
      atoms, phenoxysulphonyl or sulphoneamido having 2-16 carbon atoms,
PA1  L.sub.9 hydrogen, methyl, chlorine or bromine,
PA1  L.sub.10 and L.sub.12 each independently represent alkyl having 1-8 carbon
      atoms, alkoxy having 1-12 carbons atoms, allyloxy, methallyloxy, phenoxy,
      benzyloxy, chlorine, bromine or alkoxycarbonyl having 2-13 carbon atoms,
PA1  L.sub.11 and L.sub.13 each independently represent hydrogen or alkyl having
      1-18 carbon atoms,
PA1  L.sub.14 and L.sub.15 each independently represent hydrogen or alkyl having
      1-12 carbon atoms,
PA1  L.sub.16 alkoxy having 1-12 carbon atoms,
PA1  L.sub.17 alkyl having 1-3 carbon atoms or phenyl,
PA1  L.sub.18 alkyl having 1-12 carbon atoms,
PA1  L.sub.19 alkyl having 1-12 carbon atoms,
PA1  L.sub.20 hydrogen, alkyl having 1-8 carbon atoms, alkoxy having 1-18 carbon
      atoms or chlorine,
PA1  L.sub.21 cyano or alkoxycarbonyl having 2-20 carbon atoms, and
PA1  L.sub.22 hydrogen or alkyl having 1-3 carbon atoms.
PAR  Part b) of the stabiliser system according to the invention consists
      particularly preferably of at least one co-stabiliser of formulae II to
      VIII wherein the symbols have the following meanings:
PA1  L.sub.1 hydrogen, alkyl having 1-12 carbon atoms or benzyl,
PA1  L.sub.2 hydrogen,
PA1  L.sub.3 hydrogen or hydroxy,
PA1  L.sub.4 hydrogen, hydroxy or alkoxy having 1-12 carbon atoms,
PA1  L.sub.5 hydrogen, alkyl having 1-8 carbon atoms, allyl, methallyl, phenyl,
      benzyl, .alpha.-phenethyl, .alpha.-phenylisopropyl, acylaminomethyl having
      3-9 carbon atoms or chlorine,
PA1  L.sub.6 hydrogen, methyl, hydroxy or alkoxy having 1-8 carbon atoms,
PA1  L.sub.7 hydrogen, alkyl having 1-8 carbon atoms, cyclohexyl, phenyl,
      benzyl, .alpha.-phenethyl, .alpha.-phenylisopropyl or chlorine,
PA1  L.sub.8 hydrogen or methyl,
PA1  L.sub.9 hydrogen,
PA1  L.sub.10 and L.sub.12 each independently represent alkyl having 1-4 carbon
      atoms, alkoxy having 1-8 carbon atoms or chlorine,
PA1  L.sub.11 and L.sub.13 each independently represent hydrogen or alkyl having
      1-4 carbon atoms,
PA1  L.sub.14 hydrogen or alkyl having 1-8 carbon atoms,
PA1  L.sub.15 hydrogen,
PA1  L.sub.16 alkoxy having 1-4 carbon atoms,
PA1  L.sub.17 methyl or phenyl,
PA1  L.sub.18 alkyl having 1-8 carbon atoms,
PA1  L.sub.19 alkyl having 1-4 carbon atoms,
PA1  L.sub.20 hydrogen,
PA1  L.sub.21 alkoxycarbonyl having 2-5 carbon atoms, and
PA1  L.sub.22 hydrogen.
PAR  Teil b) of the stabiliser system according to the invention consists even
      more preferably of at least one co-stabiliser of formulae II, III or IV
      wherein the symbols have the following meaning:
PA1  L.sub.1 hydrogen, alkyl having 1-12 carbon atoms or benzyl,
PA1  L.sub.2 hydrogen,
PA1  L.sub.3 hydrogen or hydroxy,
PA1  L.sub.4 hydrogen, hydroxy or alkoxy having 1-12 carbon atoms,
PA1  L.sub.5 hydrogen, alkyl having 1-8 carbon atoms, allyl, methallyl, phenyl,
      benzyl, .alpha.-phenethyl, .alpha.-phenylisopropyl, acylaminomethyl having
      3-9 carbon atoms or chlorine,
PA1  L.sub.6 hydrogen, methyl, hydroxy or alkoxy having 1-8 carbon atoms,
PA1  L.sub.7 hydrogen, alkyl having 1-8 carbon atoms, cyclohexyl, phenyl,
      benzyl, .alpha.-phenethyl, .alpha.-phenylisopropyl or chlorine,
PA1  L.sub.8 hydrogen or methyl,
PA1  L.sub.9 hydrogen,
PA1  L.sub.10 and L.sub.12 each independently represent alkyl having 1-4 carbon
      atoms, alkoxy having 1-8 carbon atoms or chlorine, and
PA1  L.sub.11 and L.sub.13 each independently represent hydrogen or alkyl having
      1 to 4 carbon atoms.
PAR  If L.sub.1, L.sub.2, L.sub.3, L.sub.4, L.sub.5, L.sub.6, L.sub.7, L.sub.8,
      L.sub.9, L.sub.10, L.sub.11, L.sub.12, L.sub.13, L.sub.14, L.sub.15,
      L.sub.17, L.sub.18, L.sub.19, L.sub.20  and L.sub.22 represent alkyl, then
      within the scope of the given limits they are, for example, methyl, ethyl,
      propyl, butyl, pentyl, hexyl, octyl, decyl, dodecyl, tetradecyl,
      octadecyl, eicosyl, iso-propyl, iso-butyl, tert.butyl, iso-pentyl,
      tert.amyl, iso-octyl or tert.octyl.
PAR  If L.sub.1, L.sub.5 and L.sub.7 represent alkenyl, then within the scope of
      the given limits they are, for example, allyl, methallyl, 3-hexenyl,
      4-octenyl or 10-undecenyl.
PAR  If L.sub.5, L.sub.7 and L.sub.17 represent aryl, then they can be phenyl.
      If L.sub.1, L.sub.5, L.sub.7, L.sub.14, L.sub.15, L.sub.18 and L.sub.19
      represent aralkyl, then within the scope of the given limits they can be,
      for example, benzyl, .alpha.-methylbenzyl, .alpha., .alpha.-dimethylbenzyl
      or naphthyl-1-methyl.
PAR  If L.sub.5, L.sub.7, L.sub.14, L.sub.15 and L.sub.18 represent cycloalkyl,
      then they are, for example, cyclohexyl or cyclooctyl.
PAR  If L.sub.5 represents acylaminoalkyl, then this is, for example, acetyl,
      propionyl, butyroyl, 2-ethylhexanoyl or lauroylaminomethyl, or the radical
      of the formula
      ##SPC11##
PAR  If L.sub.7 represents alkoxycarbonylalkyl, then within the scope of the
      given limits this is, for example, 2-methoxycarbonylethyl,
      2-ethoxycarbonylethyl, 2-butoxycarbonylethyl, hexyloxycarbonylmethyl,
      methoxycarbonylpropyl, 2-dodecyloxycarbonylethyl,
      2-octadecyloxycarbonylethyl or 2-eicoyloxycarbonylethyl.
PAR  If L.sub.7, L.sub.8, L.sub.10, L.sub.12 and L.sub.21 represent
      alkoxycarbonyl, then within the scope of the given limits they are, for
      example, methoxy-, ethoxy-, propoxy-, butoxy-, iso-butoxy-, pentyloxy-,
      hexyloxy-, octoxy- or dodecyloxycarbonyl.
PAR  If L.sub.3, L.sub.4, L.sub.6, L.sub.7, L.sub.8, L.sub.10, L.sub.12,
      L.sub.16 and L.sub.20 represent alkoxy, then within the scope of the given
      limits they are, for example, methoxy, ethoxy, propoxy, butoxy,
      .beta.-methoxyethoxy, pentyloxy, iso-butoxy, octoxy, dodecyloxy,
      tetradecyloxy, octadecyloxy or eicosyloxy.
PAR  If L.sub.4, L.sub.10, L.sub.12 and L.sub.16 represent aralkoxy, then they
      can be benzyloxy or 4-tert.butylbenzyloxy.
PAR  If L.sub.4, L.sub.10 and L.sub.12 are alkenyloxy, then they can be allyloxy
      or methallyloxy.
PAR  As aryloxy, L.sub.10 and L.sub.12 can be phenoxy.
PAR  If L.sub.8 represents acyloxy, then within the scope of the given limits it
      is, for example, acetoxy, propionyloxy, butyroyloxy, 2-ethylhexanoyloxy or
      lauryloxy.
PAR  If L.sub.5, L.sub.6, L.sub.7 and L.sub.8 represent acylamino, then within
      the scope of the given limits they are, for example, acetyl-, propionyl-,
      butyroyl-, pentanoyl-, 2-ethylhexanoyl-, lauroyl-, stearoyl-,
      phenylacetyl-, acryloyl-, methacryloyl- or cyclohexylcarbonylamino.
PAR  If L.sub.8 represents aryloxysulphonyl, carbamoyl, alkoxysulphonyl or
      sulphoamido, then within the scope of the given limits it is, for example,
      N,N-dimethyl-, N,N-diethyl-, N-butyl-, N-octyl- or N,N-diotylcarbamoyl or
      -sulphonamido, methoxysulphonyl, ethoxysulphonyl, butoxysulphonyl,
      octoxysulphonyl, dodecyloxysulphonyl or phenoxysulphonyl.
PAR  As halogen, L.sub.5, L.sub.7, L.sub.8, L.sub.9, L.sub.10, L.sub.12 and
      L.sub.20 can be chlorine.
PAR  The said stabiliser systems contain, for example, the following compounds
      of formula I:
PA1  I. 1. 2,6-dimethyl-2,6-diethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I. 2. 2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I. 3. 2,2-dimethyl-6,6-pentylene-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I. 4. 1,2,2,6-tetramethyl-6-isopropyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I. 5. 2,2-pentylene-6,6-pentylene-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I. 6. 2,2,6-trimethyl-6-n-butyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I. 7. 1,2,2,6,6-pentamethyl-1-aza-4-thiacyclohexane-4,4-dioxide.
PA1  I. 8. 1-n-propyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I. 9. 1-iso-butyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.10.
      1-carbethoxymethyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide
PA1  I.11.
      1-(2'-hydroxyethyl)-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxid
     e,
PA1  I.12.
      1-(2'-phenyl-2'-hydroxyethyl)-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-
     4,4-dioxide,
PA1  I.13.
      1-acetoxyethyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.14.
      1-(2'-phenyl-2'-acetoxyethyl)-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-
     4,4-dioxide,
PA1  I.15. 1-octylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.16.
      1-dimethylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide.
PA1  I.17.
      1-diethylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.18.
      1-acetyl-methylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxi
     de,
PA1  I.19.
      1-octanoylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.20.
      1-lauroylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.21.
      1-ethoxycarbonylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-diox
     ide,
PA1  I.22. 1-octyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide.
PA1  I.23. 1-amino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.24. 1-dodecyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.25. 1-allyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.26. 1-propargyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.27. 1-benzyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.28.
      1-(4-tert.butylbenzyl)-2,2,6,6-tetramethyl-1-aza-thiacyclohexane-4,4-dioxi
     de,
PA1  I.29. 2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-1,4,4-trioxide,
PA1  I.30. 1-butyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.31.
      1-benzoylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.32.
      1-acetylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.33.
      1-cyanomethyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  I.34.
      1-(.beta.-cyanoethyl)-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-diox
     ide.
PAR  Examples of compounds of formula II are:
PA1  Ii. 1. 2,4-dihydroxy-,
PA1  Ii. 2. 2-hydroxy-4-methoxy-,
PA1  Ii. 3. 2-hydroxy-4-octoxy-,
PA1  Ii. 4. 2-hydroxy-4-dodecyloxy-,
PA1  Ii. 5. 2-hydroxy-4-benzyloxy-,
PA1  Ii. 6. 2-hydroxy-4,4'-dimethoxy-,
PA1  Ii. 7. 2,4,4'-trihydroxy-,
PA1  Ii. 8. 2,2'-dihydroxy-4,4'-dimethoxy-,
PA1  Ii. 9. 2,2',4,4'-tetrahydroxy-,
PA1  Ii. 10. 2,2'-dihydroxy-4-methoxy-,
PA1  Ii. 11. 2-hydroxy-2'-carboxy-4-methoxy-,
PA1  Ii. 12. 2,2'-dihydroxy-4-octoxy- and
PA1  Ii. 13. 2,2'-dihydroxy-4-dodecyloxy-benzophenone.
PAR  Examples of compounds of formula III are:
PA1  Iii. 1. 2-(2-hydroxy-5-methylphenyl)-,
PA1  Iii. 2. 2-(2-hydroxy-5-tert.butylphenyl)-,
PA1  Iii. 3. 2-(2-hydroxy-5-tert.-octylphenyl)-,
PA1  Iii. 4. 2-(2-hydroxy-3-tert.butyl-5-methylphenyl)-,
PA1  Iii. 5. 2-(2-hydroxy-3-tert.butyl-5-methylphenyl)-5-chloro-,
PA1  Iii. 6. 2-(2-hydroxy-3,5-ditert.butylphenyl)-,
PA1  Iii. 7. 2(2-hydroxy-3,5-di-tert.butylphenyl)-5-chloro-,
PA1  Iii. 8. 2-(2-hydroxy-3,5-di-tert.-amylphenyl)-,
PA1  Iii. 9. 2-(2-hydroxy-3,5-di-tert.amylphenyl)-5-chloro-,
PA1  Iii. 10. 2-(2-hydroxy-3-sec.butyl-5-tert.-butylphenyl)-,
PA1  Iii. 11. 2-(2-hydroxy-3-tert.butyl-5-sec.-butylphenyl)-,
PA1  Iii. 12. 2-(2,4-dihydroxyphenyl)-,
PA1  Iii. 13. 2-(2-hydroxy-4-methoxyphenyl)-,
PA1  Iii. 14. 2-(2-hydroxy-4-octoxyphenyl)-,
PA1  Iii. 15. 2-(2-hydroxy-3-.alpha.-phenylethyl-5-methylphenyl)- and
PA1  Iii. 16.
      2-(2-hydroxy-3-.alpha.-phenylethyl-5-methylphenyl)-5-chlorobenzotriazole.
PAR  Examples of compounds of formula IV are:
PA1  Iv. 1. 2-ethyl-2'-ethoxy-,
PA1  Iv. 2. 2-ethyl-2'-ethoxy-5'-tert.butyl-,
PA1  Iv. 3. 2-ethyl-4-tert.butyl-2'-ethoxy-5'-tert.butyl-,
PA1  Iv. 4. 2,2'-dimethoxy-,
PA1  Iv. 5. 2,2'-diethoxy-,
PA1  Iv. 6. 4,4'-dimethoxy-,
PA1  Iv. 7. 4,4'-diethoxy-,
PA1  Iv. 8. 2,4'-dimethoxy-,
PA1  Iv. 9. 2,4'-diethoxy-,
PA1  Iv. 10. 2-methoxy-2'-ethoxy-,
PA1  Iv. 11. 2-methoxy-4'-ethoxy-,
PA1  Iv. 12. 2-ethoxy-4-methoxy-,
PA1  Iv. 13. 2,2'-dioctoxy-5,5'-di-tert.butyl-,
PA1  Iv. 14. 2,2'-didodecyloxy-5,5'-di-tert.butyl-,
PA1  Iv. 15. 2-ethyl-2'-octoxy-,
PA1  Iv. 16. 4,4'-di-octoxy-,
PA1  Iv. 17. 2-ethyl-2'-butoxy- and
PA1  Iv. 18. 4-methyl-4'-methoxy-oxalanilide.
PAR  Examples of compounds of formula V are:
PA1  V. 1. salicyclic acid phenyl ester,
PA1  V. 2. salicylic acid-4-tert.butylphenyl ester,
PA1  V. 3. salicylic acid-4-tert.octylphenyl ester.
PAR  Examples of compounds of formula VI are:
PA1  Vi. 1. .alpha.-cyano-.beta.-methyl-4-methoxycinnamic acid methyl ester,
PA1  Vi. 2. .alpha.-cyano-.beta.-methyl-4-methoxycinnamic acid butyl ester,
PA1  Vi. 3. .alpha.-cyano-.beta.-phenyl-cinnamic acid ethyl ester,
PA1  Vi. 4. .alpha.-cyano-.beta.-phenyl-cinnamic acid isooctyl ester.
PAR  Examples of compounds of formula VII are:
PA1  Vii. 1. 4-methoxy-benzylidenemalonic acid dimethyl ester,
PA1  Vii. 2. 4-methoxy-benzylidenemalonic acid diethyl ester,
PA1  Vii. 3. 4-butoxy-benzylidinemalonic acid dimethyl ester.
PAR  Examples of compounds of formula VIII are:
PA1  Viii. 1. n-(.beta.-cyano-.beta.-carbomethoxyvinyl)-2-methylindoline,
PA1  Viii. 2. n-(.beta.-cyano-.beta.-carbooctoxyvinyl)-2-methylindoline,
PA1  Viii. 3. n-(.beta.-cyano-.beta.-carbethoxvinyl)-2-methylindoline,
PA1  Viii. 4. n-(.beta.-cyano-.beta.-carboisooctoxyvinyl)-2-methylindoline.
PAR  Examples of stabiliser systems are:
PA1  2-hydroxy-4-methoxybenzophenone and
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-hydroxy-4-octoxybenzophenone and
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-5-methylphenyl)-benzotriazole and
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3,5-di-tert.butylphenyl)-benzotriazole and
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3-tert.butyl-5-methylphenyl)-5-chlorobenzotriazole and
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3,5-di-tert.butylphenyl)-5-chlorobenzotriazole and
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-ethyl-2'-ethoxy-oxalanilide and
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-ethyl-2'-ethoxy-5'-tert.butyl-oxalanilide and
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-hydroxy-4-methoxybenzophenone and
      1-amino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-hydroxy-4-octoxybenzophenone and
      1-amino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-5-methylphenyl)-benzotriazole and
      1-amino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3,5-di-tert.butylphenyl)-benzotriazole and
      1-amino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3-tert.butyl-5-methylphenyl)-5-chlorobenzotriazole and
      1-amino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3,5-di-tert.butylphenyl)-5-chlorobenzotriazole and
      1-amino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-ethyl-2'-ethoxy-oxalanilide and
      1-amino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-ethyl-2'-ethoxy-5'-tert.butyl-oxalanilide and
      1-amino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-hydroxy-4-methoxybenzophenone and
      1-octyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-hydroxy-4-octoxybenzophenone and
      1-octyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-5-methylphenyl)-benzotriazole and
      1-octyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3,5-di-tert.butylphenyl)-benzotriazole and
      1-octyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3-tert.butyl-5-methylphenyl)-5-chlorobenzotriazole  and
      1-octyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-  4,4-dioxide,
PA1  2-(2-hydroxy-3,5-di-tert.butylphenyl)-5-chlorobenzotriazole and
      1-octyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-ethyl-2'-ethoxy-oxalanilide and
      1-octyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-ethyl-2'-ethoxy-5'-tert.butyl-oxalanilide and
      1-octyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-hydroxy-4-methoxybenzophenone and
      1,2,2,6,6-pentamethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-hydroxy-4-octoxybenzophenone and
      1,2,2,6,6-pentamethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-5-methylphenyl)-benzotriazole and
      1,2,2,6,6-pentamethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3,5-di-tert.butylphenyl)-benzotriazole and
      1,2,2,6,6-pentamethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3-tert.butyl-5-methylphenyl)-5-chlorobenzotriazole and
      1,2,2,6,6-pentamethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3,5-di-tert.butylphenyl)-5-chlorobenzotriazole and
      1,2,2,6,6-pentamethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-ethyl-2'-ethoxy-oxalanilide and
      1,2,2,6,6-pentamethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-ethyl-2'-ethoxy-5'-tert.butyl-oxalanilide and
      1,2,2,6,6-pentamethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-hydroxy-4-methoxybenzophenone and
      1-lauroyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-hydroxy-4-octooxybenzophenone and
      1-lauroylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-5-methylphenyl)-benzotriazole and
      1-lauroylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3,5-di-tert.butylphenyl)-benzotriazole and
      1-lauroylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3-tert.butyl-5-methylphenyl)-5-chlorobenzotriazole and
      1-lauroylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-(2-hydroxy-3,5-di-tert.butylphenyl)-5-chlorobenzotriazole and
      1-lauroylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide,
PA1  2-ethyl-2'-ethoxy-oxalanilide and
      1-lauroylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-  4,4-dioxide,
PA1  2-ethyl-2'-ethoxy-5'-tert.butyl-oxalanilide and
      1-lauroylamino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide.
PAR  Suitable carrier materials for the stabiliser systems are preferably the
      following:
PA1  polystyrene and impact-resistant polystyrenes modified with elastomers,
      styrene copolymers such as, for example, styrene-acrylonitrile-copolymers,
      and copolymers additionally containing copolymerisable monomers, such as,
      for example, styrene-acrylonitrile-methylmethacrylate-copolymers,
      styrene-acrylonitrile-butadiene-copolymers, styrene-acrylonitrile-acrylic
      ester copolymers, styrene-acrylonitrile-copolymers modified with acrylic
      ester polymerisates to render them impact-resistant, as well as styrene
      polymerisates modified with EPDM (ethylene-propylene-diene monomers) to
      render them impact-resistant. In the mentioned polymers, styrene can be
      completely or partially replaced by .alpha.-methylstyrene. Particularly
      valuable are the stabiliser systems for the stabilisation of
      styrene-acrylonitrile-butadienecopolymers, which are in general designated
      as ABSplastics, and which are described in detail in the book "ABS Resin
      Manufacture 1970" by C. Placek, Noyes Data Corporation, New Jersey.
      Numerous processes are known for the manufacture of the aforementioned
      styrene polymerisates, such as, for example, bulk polymerisation, and
      polymerisation in solution, emulsion or suspension, whereby several of
      these processes may be combined. Depending on the process employed, the
      incorporation of the stabiliser systems can be effected during one of the
      various process stages, such as, for example, during polymerisation,
      working up or compounding. If, for example, the emulsion process is being
      employed for polymerisation, then the stabiliser systems can be added in a
      suitably formulated emulsion or suspension, alone or in combination with
      other additives, before the precipitation of the latex. The various
      components of the stabiliser systems can also be added at different times
      during the manufacture of the styrene polymerisates. The stabiliser
      systems can also be added, for example, by dry mixing, before granulation,
      with the polymerisates to be stabilised. If the styrene polymerisates are
      already in granular form, then the stabiliser systems may be added by dry
      mixing before the processing of the material into finished components.
PAR  The weight ratio of the compounds of formula I to the compounds of formulae
      II - VIII can vary in the stabiliser systems within wide limits of, for
      example, 1 : 10 to 10 : 1. Preferably, this ratio varies within the limits
      of 2 : 1 to 1 : 2. Particularly preferred is a weight ratio of 1 : 1.
PAR  The stabiliser systems are added to the carrier materials in a
      concentration of 0.1 - 5 per cent by weight, relative to the carrier
      material. Advantageously, the amount added is 0.5 - 4 percent, the amount
      particularly preferred being 0.5 - 2.5 percent.
PAR  The compounds of formulae II - VIII can be prepared in accordance with U.S.
      Pat. Nos. 3,006,959 and 3,043,797, the Swiss Pat. No. 355,947, the British
      Pat. No. 1,177,095, the French Pat. No. 1,318,102 and the German
      `Auslegeschrift` 1,087,902 and the Dutch Pat. No. 6,708,332.
PAR  The invention is further illustrated in the following examples. Parts are
      expressed in parts by weight and percentages in per cent by weight.
DETD
PAC  EXAMPLE 1
PAR  113 g of 30 percent hydrogen peroxide solution is added dropwise of
      25.degree.-30.degree.C in ca. 2 hours to 142.3 g (1 mole) of
      dimethallylsulphide [for preparation see Ind. Eng. Chem. 33, 115 (1941)]
      in 100 ml of glacial acetic acid. The reaction mixture is subsequently
      stirred for 2 hours at 25.degree.-30.degree.C and then heated to
      70.degree.-75.degree.C. At this temperature there is added in ca. 2 hours
      a second portion of 113 g of 30 percent hydrogen peroxide solution and
      stirring is maintained for 2 hours at 90.degree.C. After cooling, the
      organic layer is separated, dried over sodium sulphate and distilled in
      vacuo. The resulting yield is 130 g of dimethallylsulphone; B.P..sub.11 =
      132.degree.C; M.P. 32.degree.C.
PAC  EXAMPLE 2
PAR  174.3 g (1 mole) of dimethallysulphone is fed with 1000 ml of 24 percent
      ammonia solution into a 2.5 liter enameled autoclave. The contents of the
      autoclave are heated as follows:
TBL  Time          Temperature    Pressure                                     
     ______________________________________                                    
     24 h           60.degree.C   2 bar                                        
     24 h           80.degree.C   4 bar                                        
     24 h          100.degree.C   6 bar                                        
     ______________________________________                                    
PAR  After cooling, the partially crystallised reaction product is filtered off
      under suction and the aqueous solution concentrated by evaporation to
      dryness. The concentration residue and crystals are recrystallised
      together from ligroin to obtain 165 g of
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide(1) as colourless
      crystals, M.P. 108.degree.C.
PAC  EXAMPLE 3
PAR  19.1 g (0.1 mole) of
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide is refluxed with
      30 ml of 37 percent formaldehyde solution and 7 ml of formic acid for 24
      hours. After cooling, the reaction mixture is made alkaline with sodium
      hydroxide solution, and extracted four times with 50 ml of ether each
      time. The ether solution is dried over sodium sulphate, and then fully
      concentrated by evaporation. The resulting residue crystallises after a
      certain time. By recrystallisation from ligroin, there is then obtained
      1,2,2,6,6-pentamethyl-1-aza-4-thiacyclohexane-4,4-dioxide (2); M.P.
      128.degree.C.
PAC  EXAMPLE 4
PAR  38.2 g (0.2 mole) of
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide is heated with
      13.7 g of n-butylbromide for 120 hours at 95.degree.-100.degree.C. After
      cooling, the contents of the flask are taken up in 300 ml of ether. The
      difficulty soluble hydrobromide of
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide is separated by
      filtration, and the ether solution extracted twice with 100 ml of water
      each time, in order to remove the last traces of starting product or its
      hydrobromide. The ether solution is dried over sodium sulphate and then
      fully concentrated by evaporation. The residue is crystallised from
      ligroin to obtain
      1-butyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide, M.P.
      180.degree.C (3).
PAR  If, instead of n-butyl bromide, equivalent amounts of n-octyl bromide and
      n-dodecyl bromide are used, with the procedure otherwise as described
      above, then the products obtained are
      1-octyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide (4), M.P.
      159.degree.C, and
      1-dodecyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide (5),
      M.P. 144.degree.C, respectively.
PAC  EXAMPLE 5
PAR  38.2 g (0.2 mole) of
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide is heated with
      12.1 g of allyl bromide for 80 hours at 65.degree.-70.degree.C. The
      unreacted allyl bromide is subsequently completely distilled off at
      50.degree.-60.degree.C and 15 mm pressure. The residue obtained is
      processed as described under Example 4, and
      1-allyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide (6), M.P.
      126.degree.C, obtained.
PAR  If an equivalent amount of propargyl bromide is used instead of allyl
      bromide, with the procedure otherwise as described above, then the product
      obtained is
      1-propargyl-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide (7),
      M.P. 179.degree.C.
PAC  EXAMPLE 6
PAR  5.7 g (0.03 mole) of
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide is dissolved in
      100 ml of methylene chloride. To this solution there is then added
      dropwise at 20.degree.C in ca. 90 minutes a solution of 11.2 g of
      m-chloroperoxybenzoic acid in 100ml of methylene chloride. The reaction is
      slightly exothermic. Stirring is subsequently maintained for 15 hours at
      room temperature, and the precipitated m-chlorobenzoic acid filtered off.
      The reddish coloured methylene chloride solution is extracted twice with
      50 ml of 2N sodium hydroxide solution each time, and then with 50 ml of 2N
      hydrochloric acid, and subsequently dried over sodium sulphate. After the
      solvent has been distilled off, the residue is crystallised from ethanol
      to obtain 2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-1,4,4-trioxide (8)
      of the formula
      ##SPC12##
PAL  M.p. 163.degree.c.
PAC  example 7
PAR  an amount of 7 ml of 50 percent sulphuric acid is added to 19.1 g (0.1
      mole) of 2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide in 10 ml
      of water. An addition is then made dropwise in 1 hour, with good stirring,
      of a cold solution of 27.6 g of sodium nitrite in 40 ml of water. The
      nitrite precipitates in crystalline form. It is filtered off, and washed
      first with ether and then with ethyl acetate.
PAR  19.8 g of this nitrite is stirred with 2.5 g of sodium nitrite in 200 ml of
      30 percent acetic acid for 5 hours at 85.degree.-90.degree.C. After
      cooling, the crystalline precipitate is filtered off and recrystallised
      from ethanol to obtain
      1-nitroso-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide (9),
      M.P. 184.degree.C.
PAC  EXAMPLE 8
PAR  22.0 g (0.1 mole) of
      1-nitroso-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide is
      suspended in a mixture of 150 ml of glacial acetic acid and 100 ml of
      water. Within 3 hours, 40 g of zinc dust is introduced in small portions,
      the temperature being maintained between 30.degree. and 35.degree.C. The
      reaction mixture is subsequently fully stirred for 5 hours at 50.degree.C;
      the zinc sediment is filtered off hot, and the cooled filtrate rendered
      alkaline with sodium hydroxide solution. It is extracted with ether, the
      ether solution dried over sodium sulphate, and the solvent evaporated off.
      Crystallisation of the residue from ligroin yields
      1-amino-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide (10), M.P.
      122.degree.C.
PAC  EXAMPLE 9
PAR  19.1 g (0.1 mole) of
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide is added, with ice
      cooling, to 20 ml of 5N hydrochloric acid; 6.5 g of potassium cyanide is
      added and then in ca. 20 minutes, with good stirring, an addition made
      dropwise of 12.5 g of a 30 percent formaldehyde solution. The reaction
      mixture is subsequently stirred for 15 hours at 45.degree.C. After
      cooling, the precipitate is filtered off under suction, washed with water,
      dried, and recrystallised from toluene/hexane to obtain
      1-cyanomethyl-1,1,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide
      (11), M.P. 188.degree.C.
PAC  EXAMPLE 10
PAR  20.6 g (0.1 mole) of
      1-amino-2,2,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide is placed
      into 170 ml of toluene, and 14.1 g of benzoyl chloride added dropwise at
      25.degree.C, whereby the temperature rises to 38.degree.C. Stirring is
      continued for 5 hours at 75.degree.C, and the precipitated hydrochloride
      removed hot by filtration with suction. The filtrate is concentrated to
      half its amount by evaporation and then diluted with hexane. The product
      1-benzoylamine-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide
      (12) crystallises out as a colourless substance, M.P. 296.degree.C.
PAC  EXAMPLE 11
PAR  19.1 g (0.1 mole) of
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide is dissolved in
      100 ml of water and 10 ml of 10N hydrochloric acid. The resulting solution
      is cooled to 0.degree.C and within 90 minutes an addition made dropwise at
      between 0.degree. and 5.degree.C, with stirring, of 125 ml of a freshly
      prepared sodium hypochlorite solution (36 g of sodium hydroxide is
      dissolved in 300 ml of water, and at 0.degree.C 24 g of chlorine
      introduced). The reaction mixture is further stirred for 10 minutes at
      0.degree.-5.degree.C; the precipitate is filtered off with suction, washed
      with water, dried, and crystallised from ligroin to yield
      1-chloro-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide (13) as
      colourless crystals, M.P. 163.degree.C.
PAR  If an equivalent amount of sodium hypobromite solution is used instead of
      sodium hypochlorite, then
      1-bromo-2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide (14) is
      obtained in the form of slightly yellowish crystals, M.P. 150.degree.C.
PAC  EXAMPLE 12
PAR  9.5 g (0.05 mole) of
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide and 12.5 g (0.05
      mole) of 3,5-ditert.butyl-4-hydroxybenzoic acid are stirred in 60 ml of
      ethanol for 2 hours at 60.degree.C. After cooling, the salt that has been
      crystallised out is filtered off under suction and recrystallised from
      ligroin. The resulting 3,5-ditert.-butyl-4-hydroxybenzoate of
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide (15) melts at
      132.degree.C.
PAR  The corresponding salts are obtained in a similar manner when
      2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide is reacted with
      acetic acid (16), lauric acid (17), stearic acid (18), oleic acid (19),
      benzoic acid (20), .beta.(3,5-ditert.-butyl-4-hydroxyphenyl)propionic acid
      (21) or 3,5-ditert.-butyl-4-hydroxybenzylphosphonic acid monoethyl ester
      (22).
PAC  EXAMPLE 13
PAR  100 parts of polypropylene powder (Moplen Fibre grade of the firm
      Montedison) with 0.2 parts of
      .beta.-(3,5-ditert.-butyl-4-hydroxyphenyl)-propionic acid octadecyl ester
      and 0.25 part of an agent protecting against light rays from the following
      Table I are homogenised in a Brabender plastograph at 200.degree.C for 10
      minutes. The mixture obtained is removed as quickly as possible from the
      kneader, and moulded in a toggle press in the form of a 2-3 mm thick
      sheet. A portion of the resulting moulded sheet is cut out and then
      pressed out between two highly polished hard aluminium sheets under
      hand-hydraulic laboratory press for 6 minutes at 260.degree.C, and with a
      pressure of 12 tons, to give a sheet 0.5 mm in thickness, which is
      immediately quenched in cold water. From this 0.5 mm sheet is then
      prepared, under constant conditions, the 0.1 mm thick test sheet material.
      Specimens each 60 .times. 44 mm in size are stamped out from this material
      and irradiated in the Xenotest 150. Specimens are removed at regular
      intervals of time from the exposure apparatus and their carbonyl content
      measured in an IR-spectrophotometer. The increase of the carbonyl
      extinction on exposure to light is a measure for the photooxidative
      decomposition of the polymer [cp. L. Balaban et al., J. Polymer Sci. Part
      C, 22, 1059-1071 (1969); J. F. Heacock, J. Polymer Sci. Part A-1, 22,
      2921-34 (1969); D. J. Carlson and D. M. Wiles, Macromolecules 2, 587-606
      (1969)] and, as known from experience, is associated with a decline of the
      mechanical properties of the polymer. Thus, for example, the sheet
      stabilised only with antioxydans is completely brittle with the attainment
      of a carbonyl extinction of ca. 0.300. The protective action of the light
      protection agents according to the invention is clearly shown by the
      following Table I.
TBL                Table I                                                     
     ______________________________________                                    
     Substance No.                                                             
                  Irradiation time                                             
                                CO=Extinction                                  
                  hrs Xenotest 150                                             
                                (5,85.mu.)                                     
     ______________________________________                                    
      No agent protecting                                                      
     against light rays                                                        
                  1000          0,300                                          
     ______________________________________                                    
     1            5000          &lt; 0,010                                        
     2            5000          &lt; 0,010                                        
     3            4000          &lt; 0,010                                        
     4            4000          &lt; 0,010                                        
     5            4000          &lt; 0,010                                        
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  1000 parts of polypropylene powder (melting index 1.5 g/10 minutes
      (230.degree.C, 2160 g)) are mixed, in a drum mixer, with 1 part of
      .beta.-(3,5-ditert.-butyl-4-hydroxyphenyl)propionic acid octadecyl ester
      and 5 parts of a compound from the following Table II, and the mixture is
      subsequented granulated in a Buss-Kokneter (kneader) at a temperature of
      200.degree.C.
PAR  The granulate thus obtained is processed, in the usual manner, through an
      extruder with a slot die into the form of a sheet; this is cut into strips
      that are subsequently stretched at elevated temperature with a stretch
      ratio of 1:6, and then wound up (Denier of strips: 700-900 den; tensile
      strength: 5.5 - 6.5 g/den).
PAR  The polypropylene strips prepared in the above manner are mounted without
      tension on specimen carriers and irradiated in a Xenotest apparatus 150.
      Five specimens are removed in each case after various intervals of time,
      and their tensile strength determined. The factor serving as a measure for
      the protective action of the individual agents protecting against light
      rays is the exposure time after which the tensile strength of the strips
      has decreased to 50 percent of the initial value. The values obtained are
      listed in the following table:
TBL                Table II                                                    
     ______________________________________                                    
     Agent protecting against                                                  
                       Hours exposure to reduce                                
     light rays        tensile strength 50%                                    
     ______________________________________                                    
        none            400                                                    
     ______________________________________                                    
     Compound No. (1)  2500                                                    
     Compound No. (2)  2800                                                    
     Compound No. (3)  2800                                                    
     Compound No. (4)  3000                                                    
     Compound No. (5) ,                                                        
                       3000                                                    
     Compound No. (6)  2500                                                    
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  100 parts of polystyrene granules are mixed dry with 0.25 parts of an agent
      protecting against light rays from the following Table III; the mixture is
      re-granulated in an extruder, and subsequently processed with an
      injection-moulding machine into the form of two sheets of 2 mm thickness.
      The sheets thus obtained are irradiated for 2000 hours in a Xenotest
      apparatus 150, and their yellowing values determined by means of the
      yellowing factor in the following manner:
      ##EQU10##
      wherein .DELTA.T denotes the transmission loss with the wave lengths 420
      and 680 nm during exposure of the specimens and T(560) is the transmission
      value as a percentage of the value in the case of the unexposed specimen
      at 560 nm. The results are given in Table III:
TBL                Table III                                                   
     ______________________________________                                    
     Substance No.        Y.F.                                                 
     ______________________________________                                    
      No agent protecting 20,0                                                 
     against light rays                                                        
     ______________________________________                                    
     1                    4,5                                                  
     2                    5,5                                                  
     3                    4,0                                                  
     11                   5,5                                                  
     ______________________________________                                    
PAC  EXAMPLE 16
PAR  A photographic colouring material made up of several layers and containing
      colour-forming couplers and agents protecting against light rays of
      formula I is prepared as follows: The following layers are applied
      successively to a triacetylcellulose film:
PA1  1. a layer consisting of a red-sensitive silver chloride bromide gelatine
      emulsion which contains a coupler (such as is described in the USA Pat.
      Specification No. 2,423,730) that forms a blue-green dyestuff, and per
      liter of emulsion 3 g of an agent protecting against light rays from Table
      iv;
PA1  2. a gelatine interlayer;
PA1  3. a layer consisting of a green-sensitive silver chloride bromide gelatine
      emulsion containing a pyrazolone (Magenta-dyestuff-forming) coupler (such
      as is described in the USA Pat. Specification No. 2,369,489 ) and, per
      liter of emulsion, 3 g of an agent protecting against light rays from
      Table iv;
PA1  4. a gelatine interlayer;
PA1  5. a layer consisting of a blue-sensitive silver iodide bromide gelatine
      emulsion containing a coupler forming a yellow dyestuff (such as is
      described in the USA Pat. Specification Nos. 2,298,443 and 2,875,057) and,
      per liter of emulsion, 3 g of an agent protecting agains light rays from
      Table iv;
PA1  6. a gelatine protective layer.
PAR  The coupler and agent protecting against light rays are used as
      dibutylphthalate solutions.
PAR  The colour film thus obtained is irradiated by a blue, a green and a red
      stepped photometric absorption wedge. The film is afterwards developed
      with a developer of the following composition:
PA1  2 g of 4-amino-N,N-diethyl-3-methylaniline hydrochloride,
PA1  20 g of sodium carbonate,
PA1  2 g of sodium sulphite (dewatered),
PA1  2 g of potassium bromide,
PAL  made up with water to 1 liter.
PAR  After development, the film is washed with water, fixed, washed with water,
      bleached, washed again with water and dried.
PAR  The film is now exposed for 50 hours to a xenon lamp.
PAR  The reduction in colour intensity of this film is then compared with that
      of a film which has been prepared and exposed in exactly the same manner,
      but which had no agent protecting against light rays incorporated in it.
      For this comparison, the optical density is measured at three points which
      gave before exposure values of optical density of 0.5, 1.0 and 1.5. The
      reduction in colour intensity is calculated by dividing the difference
      between the optical density values before and after exposure to light by
      the density before exposure.
PAR  The measured decrease of colour intensity in percent is given in the
      following Table IV:
TBL                Table IV                                                    
     ______________________________________                                    
     Optical density before exposure (irradiation)                             
                             0,5    1,0    1,5                                 
     ______________________________________                                    
     colour film without                                                       
                     blue-green  22%    19%  19%                               
     agent protecting                                                          
                     magenta     8%     7%   6%                                
     against light rays                                                        
                     yellow      52%    40%  36%                               
     ______________________________________                                    
     colour film with                                                          
                     blue-green  5%     5%   4%                                
     Compound (1)    magenta     3%     2%   2%                                
                     yellow      17%    16%  18%                               
     ______________________________________                                    
     colour film with                                                          
                     blue-green  6%     4%   4%                                
     Compound (2)    magenta     3%     3%   2%                                
                     yellow      17%    16%  16%                               
     ______________________________________                                    
     colour film with                                                          
                     blue-green  6%     5%   4%                                
     Compound (4)    magenta     4%     3%   3%                                
                     yellow      18%    17%  16%                               
     ______________________________________                                    
     colour film with                                                          
                     blue-green  4%     5%   4%                                
     Compound (6)    magenta     3%     3%   2%                                
                     yellow      18%    18%  16%                               
     ______________________________________                                    
     colour film with                                                          
                     blue-green  5%     5%   4%                                
     Compound (7)    magenta     4%     3%   2%                                
                     yellow      17%    16%  16%                               
     ______________________________________                                    
PAR  From this evidence it is clear that the fastness to light of the colour
      pictures is appreciably increased by the addition of an agent protecting
      against light rays according to the invention.
PAC  EXAMPLE 17
PAR  1000 Parts of ABS granulate (Dow 500) containing 2 parts of
      2,6-ditert.butyl-p-cresol and 2 parts of trisnonylphenylphosphite, as
      primary stabilisation, are mixed in a drum mixer with 10 parts, or 5+5
      parts for the synergistic mixtures, of the agents protecting against light
      rays from the following Table V, and subsequently extruded in an extruder
      at a maximum temperature of 220.degree.C to give a granulate.
PAR  The resulting granulate is moulded in an automatic injection moulding
      machine into the form of a sheet 2 - 3 mm in thickness. A portion of the
      moulded sheet is cut out and pressed out between the two highly polished
      hard aluminium sheets under a hand-hydraulic laboratory press for 6
      minutes at 180.degree.C, with a pressure of 40 tons, to form a 0.130 mm
      thick sheet, which is immediately quenched in cold water. Sections 60
      .times. 44 mm in size are stamped out from this sheet and irradiated in an
      Atlas-Weather-o-meter. These specimens are removed from the exposure
      apparatus at regular intervals of time, and tested in an
      IR-spectrophotometer with respect to their carbonyl content. The increase
      of the carbonyl extinction on exposure is a measure for the photooxidative
      decomposition of the polymer [J. Shimada and K. Kabuki, J.A.P.S. 12,
      655-669 and 671-682 (1968)] and, as shown by experience, is associated
      with a decrease of the mechanical properties of the polymer.
PAR  In the following Table V are listed the exposure times after which the
      carbonyl extinction (5.85 .mu.) of 0.300 has been attained. Clearly shown
      from these times is the synergistic action of the mixtures of agents
      protecting against light rays according to the invention. The light
      protecting agents designated by a substance-No. in the said Table V
      correspond to compounds contained in the stabiliser system that are given
      as examples in the general description.
TBL                Table V                                                     
     ______________________________________                                    
       Substance No.  Hours of exposure in the Atlas-                          
                      Weather-o-meter until a CO-Ex-                           
                      tinction of 0.300 is recorded                            
     ______________________________________                                    
     No agent protecting against                                               
                       110                                                     
     light rays                                                                
     ______________________________________                                    
     10 parts  No. I. 2    250                                                 
     10 parts  No. I.22    230                                                 
     10 parts  No. I.20    200                                                 
     10 parts  No. II.2    350                                                 
     10 parts  No. III.1   300                                                 
     10 parts  No. IV.1    270                                                 
      5 parts  No. I. 2                                                        
     +5 parts  No. II.2   &gt;450                                                 
      5 parts  No. I. 2                                                        
     +5 parts  No. III.1  &gt;500                                                 
      5 parts  No. I. 2                                                        
     +5 parts  No. IV.1   &gt;500                                                 
      5 parts  No. I.22                                                        
     +5 parts  No. II.2   &gt;500                                                 
      5 parts  No. I.22                                                        
     +5 parts  No. III.1  &gt;500                                                 
      5 parts  No. I.22                                                        
     +5 parts  No. IV.1   &gt;500                                                 
      5 parts  No. I.20                                                        
     +5 parts  No. II.2   &gt;500                                                 
      5 parts  No. I.20                                                        
     +5 parts  No. III.1  &gt;500                                                 
      5 parts  No. I.20                                                        
     +5 parts  No. IV.1   &gt;500                                                 
     ______________________________________                                    
PAC  EXAMPLE 18
PAR  1000 Parts of ABS-granulate (Dow 500) containing 2 parts of
      2,6-ditert.butyl-p-cresol and 2 parts of trisnonylphenylphosphite as
      primary stabilisation are mixed in a drum mixer with 10 part, or 5 + 5
      parts for the synergistic mixtures, of the agents protecting against light
      rays (light protecting agents) listed in the following Table VI, and
      subsequently extruded in an extruder at a maximum temperature of
      220.degree.C into the form of a granulate. This granulate is moulded in an
      automatic injection moulding machine to produce rods 2 mm thick, 6.8 mm
      wide and 60 mm long. These specimens are exposed in an
      Atlas-Weather-o-meter. The specimens are removed from the exposure
      apparatus at regular intervals of time, and their impact strength is then
      measured by means of an impact pendulum. The following Table VI contains
      the values obtained and shows the clear synergistic action of the claimed
      combinations.
PAR  The light protecting agents designated by a substance-No. in the following
      Table VI correspond to the compounds contained in the stabiliser system
      that are mentioned by way of example in the general description. The
      substances Nos. 1,2, I,20 and I.22 are identical to the light protecting
      agents denoted in the previous examples as compounds (1), (13) and (4).
TBL                Table VI                                                    
     ______________________________________                                    
       Substance No.                                                           
                  Hours of exposure in the Atlas-Weather-                      
                  o-meter until the impact strength                            
                  recorded is:                                                 
                           kp cm                                               
                       10                                                      
                           cm.sup.2                                            
     ______________________________________                                    
     No agent protecting against                                               
     light rays             95                                                 
     ______________________________________                                    
     10 parts  No. I. 2        250                                             
     10 parts  No. I.22        220                                             
     10 parts  No. I.20        230                                             
     10 parts  No. II.2        160                                             
     10 parts  No. III.1       180                                             
     10 parts  No. IV.1        160                                             
      5 parts  No. I.2                                                         
     +5 parts  No. II.2        380                                             
      5 parts  No. I.2                                                         
     +5 parts  No. III.1       360                                             
      5 parts  No. I.2                                                         
     +5 parts  No. IV.1        320                                             
      5 parts  No. I.22                                                        
     +5 parts  No. II.2        350                                             
      5 parts  No. I.22                                                        
     +5 parts  No. III.1       380                                             
      5 parts  No. I.22                                                        
     +5 parts  No. IV.1        330                                             
      5 parts  No. I.20                                                        
     +5 parts  No. II.2        370                                             
      5 parts  No. I.20                                                        
     +5 parts  No. III.1       380                                             
      5 parts  No. I.20                                                        
     +5 parts  No. IV.1        320                                             
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition containing organic polymer and a compound of the formula I
      ##EQU11##
      wherein R.sub.1 ,R.sub.2 ,R.sub.3 and R.sub.4 each independently are lower
      alkyl, or R.sub.1 and R.sub.2 and/or R.sub.3 and R.sub.4 together with the
      carbon atom to which they are bound form a cycloalkyl ring, and
PA1  X is hydrogen, unsubstituted alkyl, substituted alkyl selected from
      hydroxyalkyl, carboxyalkyl, alkyl substituted with ester groups selected
      from alkoxycarbonylalkyl, alkylcarbonyloxyalkyl, arylcarbonyloxyalkyl,
      cycloalkylcarbonyloxyalkyl, and aralkylcarbonyloxyalkyl, amidoalkyl,
      nitriloalkyl, alkyl substituted with ether groups, alkyl substituted with
      thioether groups, alkyl substituted with arylthio groups, alkyl
      substituted with sulphoxide groups, alkyl substituted with sulphone
      groups, aminoalkyl unsubstiuted on the nitrogen atom, aminoalkyl
      substituted on the nitrogen atom with alkyl or nitriloalkyl, and
      haloalkyl, alkenyl, alkynyl, unsubstituted aralkyl, aralkyl substituted on
      the alkylene moiety by hydroxy, alkylcarbonyloxy, arylcarbonyloxy or
      halogen, acyl, halogen, --O.,--.NO, or NR.sub.5 R.sub.6, wherein R.sub.5
      and R.sub.6 each independently are hydrogen, unsubstituted alkyl,
      substituted alkyl selected from hydroxyalkyl, carboxyalkyl, alkyl
      substituted with ester groups selected from alkoxycarbonyalkyl,
      alkylcarbonyloxyalkyl, arylcarbonyloxyalkyl, cycloalkylcarbonyloxyalkyl,
      or aralkylcarbonyloxyalkyl, amidoalkyl, nitriloalkyl, alkyl substituted
      with ether groups, alkyl substituted with thioether groups, alkyl
      substituted with arylthio groups, alkyl substituted with sulphoxide
      groups, alkyl substituted with sulphone groups, aminoalkyl unsubstituted
      on the nitrogen atom, aminoalkyl substituted on the nitrogen atom with
      alkyl, or nitriloalkyl, and haloalkyl; or R.sub.5 is acyl, or R.sub.5 and
      R.sub.6 together with the nitrogen atom to which they are bound form a
      ring,
PAL  or their stabilizer compatible salts with organic or inorganic acids.
NUM  2.
PAR  2. A composition according to claim 1 containing a compound of formula I
      wherein
PA1  R.sub.1 ,r.sub.2 ,r.sub.3 and R.sub.4 are as defined in claim 1, and
PA1  X is hydrogen, unsubstituted alkyl, substituted alkyl selected from
      hydroxyalkyl, carboxyalkyl, alkyl substituted with ester groups selected
      from alkoxycarbonylalkyl, alkylcarbonyloxyalkyl, arylcarbonyloxyalkyl,
      cycloalkylcarbonyloxyalkyl, and aralkylcarbonyloxyalkyl, amidoalkyl,
      nitriloalkyl, alkyl substituted with ether groups, alkyl substituted with
      thioether groups, alkyl substituted with arylthio groups, alkyl
      substituted with sulphoxide groups, alkyl substituted with sulphone
      groups, amino alkyl unsubstiuted on the nitrogen atom, aminoalkyl
      substituted on the nitrogen atom with alkyl or nitriloalkyl, and
      haloalkyl, alkenyl, alkynyl, unsubstituted aralkyl, aralkyl substituted on
      the alkylene moiety by hydroxy, alkylcarbonyloxy, arylcarbonyloxy or
      halogen, acyl, --O.,-- NO, or NR.sub.5 R.sub.6, wherein R.sub.5 and
      R.sub.6 each independently are hydrogen, unsubstituted alkyl, substituted
      alkyl selected from hydroxyalkyl, carboxyalkyl, alkyl substituted with
      ester groups selected from alkoxycarbonyalkyl, alkylcarbonyloxyalkyl
      arylcarbonyloxyalkyl, cycloalkylcarbonyloxyalkyl, or
      aralkylcarbonyloxyalkyl, amidoalkyl, nitriloalkyl, alkyl substituted with
      ether groups, alkyl substituted with thioether groups, alkyl substituted
      with arylthio groups, alkyl substituted with sulphoxide groups, alkyl
      substituted with sulphone groups, aminoalkyl unsubstituted on the nitrogen
      atom, aminoalkyl substituted on the nitrogen atom with alkyl, or
      nitriloalkyl, and haloalkyl; or R.sub.5 is acyl, or R.sub.5 and R.sub.6
      together with the nitrogen atom to which they are bound form a ring,
PAL  or their stabilizer compatible salts with organic or inorganic acids.
NUM  3.
PAR  3. A composition according to claim 1 containing a compound of formula I
      wherein
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 are alkyl of 1 to 4 carbon atoms, or
      R.sub.1 and R.sub.2 as well as R.sub.3 and R.sub.4 together with the
      carbon atom to which they are bound are a cyclopentane or cyclohexane
      ring, and
PA1  X is hydrogen, unsubstituted alkyl having 1 to 18 carbon atoms, substituted
      alkyl having 2 to 20 carbon atoms selected from hydroxyalkyl,
      carboxyalkyl, alkyl substituted with ester groups selected from
      alkoxycarbonyalkyl, alkylcarbonyloxyalkyl, arylcarbonyloxyalkyl,
      cycloalkylcarbonyloxyalkyl, and aralkylcarbonyloxyalkyl, amidoalkyl,
      nitriloalkyl, alkyl substituted with ether groups, alkyl substituted with
      thioether groups, alkyl substituted with arylthio groups, alkyl
      substituted with sulphoxide groups, alkyl substituted with sulphone
      groups, aminoalkyl unsubstituted on the nitrogen atom, aminoalkyl
      substituted on the nitrogen atom with alkyl or nitriloalkyl, alkenyl
      having 3 to 18 carbon atoms, alkynyl having 3 to 14 carbon atoms,
      unsubstituted aralkyl having 7 to 11 carbon atoms, aralkyl having 9 to 18
      carbon atoms which is substituted on the alkylene moiety by hydroxy,
      alkylcarbonyloxy, arylcarbonyloxy or halogen, acyl of the formulae R.sub.7
      CO-- or R.sub.7 SO.sub.2 -- wherein R.sub.7 is alkyl having 1 to 18 carbon
      atoms, aryl having 6 to 10 carbon atoms or aralkyl having 7 to 11 carbon
      atoms, halogen, --O., --NO, or --NR.sub.5 R.sub.6, wherein R.sub.5 and
      R.sub.6 each independently are hydrogen, unsubstituted alkyl having 1 to
      12 carbon atoms, substituted alkyl having 2 to 12 carbon atoms selected
      from hydroxylalkyl, carboxyalkyl, alkyl substituted with ester groups
      selected from alkoxycarbonylalkyl, alkylcarbonyloxyalkyl,
      arylcarbonyloxyalkyl, cycloalkylcarbonyloxyalkyl, or
      aralkylcarbonyloxyalkyl, amidoalkyl, nitriloalkyl, alkyl substituted with
      ether groups, alkyl substituted with thioether groups, alkyl substituted
      with arylthio groups, alkyl substituted with sulphoxide groups, alkyl
      substituted with sulphone groups, aminoalkyl unsubstituted on the nitrogen
      atom, aminoalkyl substituted on the nitrogen atom with alkyl or
      nitriloalkyl, or R.sub.5 is R.sub.7 CO-- or R.sub.7 SO.sub.2, wherein
      R.sub.7 is as defined above, or R.sub.5 and R.sub.6 together with the
      nitrogen atom to which they are bound form a ring,
PAL  or their stabilizer compatible salts with hydrohalic acids, sulphuric acid,
      carboxylic acid, sulphonic acid or phosphorus-containing acids.
NUM  4.
PAR  4. A composition according to claim 1 containing a compound of formula I
      wherein
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 are alkyl having 1 to 4 carbon atoms,
      or R.sub.1 and R.sub.2 and R.sub.3 and R.sub.4 together with the carbon
      atoms to which they are bound form a cyclopentane or cyclohexane ring, and
PA1  X is hydrogen, unsubstituted alkyl having 1 to 18 carbon atoms, substituted
      alkyl as defined in claim 69, alkenyl having 3 to 18 carbon atoms, alkynyl
      having 3 to 14 carbon atoms, unsubstituted aralkyl having 7 to 11 carbon
      atoms, aralkyl having 9 to 18 carbon atoms which is substituted on the
      alkylene moiety by hydroxy, alkylcarbonyloxy, arylcarbonyloxy or halogen,
      acyl of the formulae R.sub.7 CO-- or R.sub.7 SO.sub.2 -- wherein R.sub.7
      is alkyl having 1 to 18 carbon atoms, aryl having 6 to 10 carbon atoms or
      aralkyl having 7 to 11 carbon atoms,
PA1  --O, --NO or --NR.sub.5 R.sub.6 wherein R.sub.5 and R.sub.6 each
      independently are hydrogen, unsubstituted alkyl having 1 to 12 carbon
      atoms, substituted alkyl as defined in claim 69, or R.sub.5 is R.sub.7
      CO-- or R.sub.7 SO.sub.2 --, wherein R.sub.7 is as defined above, or
      R.sub.5 and R.sub.6 together with the nitrogen atom to which they are
      bound form a ring,
PAL  or their stabilizer compatible salts with hydrohalic acids, sulphuric acid,
      carboxylic acids, sulphonic acids, or phosphorus-containing acids.
NUM  5.
PAR  5. A composition according to claim 1 containing a compound of formula I
      wherein
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 are alkyl having 1 or 2 carbon atoms,
      or R.sub.1 and R.sub.2 and R.sub.3 and R.sub.4 together with the carbon
      atom to which they are bound form a cyclohexane ring; and
PA1  X is hydrogen, unsubstituted alkyl having 1 to 12 carbon atoms, substituted
      alkyl as defined in claim 69, alkenyl having 3 to 8 carbon atoms,
      propargyl, aralkyl having 7 to 11 carbon atoms, aralkyl having 9 to 18
      carbon atoms which is substituted on the alkylene moiety by hydroxy,
      carboxylic acid ester groups or halogen, acyl of the formulae R.sub.7 CO--
      or R.sub.7 SO.sub.2 -- wherein R.sub.7 is alkyl having 1 to 12 carbon
      atoms, aryl having 6 to 10 carbon atoms or aralkyl having 7 to 11 carbon
      atoms, bromine, chlorine, --O.sup.. or --NR.sub.5 R.sub.6 wherein R.sub.5
      and R.sub.6 each independently are hydrogen, alkyl having 1 to 4 carbon
      atoms, or R.sub.5 is R.sub.7 CO-- or R.sub.7 SO.sub.2 --, wherein R.sub.7
      is as defined above, or their stabilizer compatible salts with hydrohalic
      acids, sulphuric acid, phosphoric acid, carboxylic acids having 1 to 18
      carbon atoms, sulphonic acids having 1 to 12 carbon atoms or
      phosphorus-organic acids having 1 to 20 carbon atoms.
NUM  6.
PAR  6. A composition according to claim 1 containing a compound of formula I
      wherein
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 are alkyl having 1 or 2 carbon atoms,
      or R.sub.1 and R.sub.2 and R.sub.3 and R.sub.4 together with the carbon
      atoms to which they are bound form a cyclohexane ring, and
PA1  X is hydrogen, unsubstituted alkyl having 1 to 12 carbon atoms, substituted
      alkyl as defined in claim 3, alkenyl having 3 to 8 carbon atoms,
      propargyl, aralkyl having 7 to 11 carbon atoms, aralkyl having 9 to 18
      carbon atoms which is substituted on the alkylene moiety by hydroxy,
      carboxylic acid ester groups or halogen, acyl of the formulae R.sub.7 CO--
      or R.sub.7 SO.sub.2 -- wherein R.sub.7 is alkyl having 1 to 12 carbon
      atoms, aryl having 6 to 10 carbon atoms or aralkyl having 7 to 11 carbon
      atoms,
PA1  --O.sup.. or --NR.sub.5 R.sub.6 wherein R.sub.5 and R.sub.6 each
      independently are hydrogen, alkyl having 1 to 4 carbon atoms, or R.sub.5
      is R.sub.7 CO-- or R.sub.7 SO.sub.2 -- wherein R.sub.7 is as defined
      above,
PAL  or their stabilizer compatible salts with hydrohalic acids, sulphuric acid,
      phosphoric acid, carboxylic acids having 1 to 18 carbon atoms, sulphonic
      acids having 1 to 12 carbon atoms or phosphorus-organic acids having 1 to
      20 carbon atoms.
NUM  7.
PAR  7. A composition according to claim 1 containing a compound of formula I a
      ##EQU12##
      wherein X is hydrogen, alkyl having 1 to 12 carbon atoms, alkenyl having 3
      to 4 carbon atoms, propargyl, aralkyl having 7 to 11 carbon atoms,
      bromine, chlorine, --O.sup.. or --NR.sub.5 R.sub.6 wherein R.sub.5 and
      R.sub.6 each independently are hydrogen, alkyl having 1 to 4 carbon atoms,
      or R.sub.5 is alkylcarbonyl having 2 to 12 carbon atoms, alkoxycarbonyl
      having 2 to 9 carbon atoms or benzoyl, or their stabilizer compatible
      salts with carboxylic acids having 1 to 18 carbon atoms or
      phosphorus-organic acids having 1 to 20 carbon atoms.
NUM  8.
PAR  8. A composition according to claim 1 containing a compound of the formula
      Ia shown in claim 7 wherein
PA1  X is hydrogen, alkyl having 1 to 12 carbon atoms, alkenyl having 3 to 4
      carbon atoms, propargyl, aralkyl having 7 to 11 carbon atoms, --O.sup.. or
      --NR.sub.5 R.sub.6 wherein R.sub.5 and R.sub.6 each independently are
      hydrogen, alkyl having 1 to 4 carbon atoms, or R.sub.5 is alkylcarbonyl
      having 2 to 12 carbon atoms, alkoxycarbonyl having 2 to 9 carbon atoms, or
      benzoyl,
PAL  or their stabilizer compatible salts with carboxylic acids having 1 to 18
      carbon atoms, or with phosphorus-organic acids having 1 to 20 carbon
      atoms.
NUM  9.
PAR  9. A composition according to claim 1 containing a compound of the formula
      Ia shown in claim 7 wherein
PA1  X is hydrogen, alkyl having 1 to 12 carbon atoms, cyanomethyl, alkenyl
      having 3 carbon atoms, propargyl, chlorine, bromine, --O.sup.., --NO or
      --NR.sub.5 R.sub.6 wherein R.sub.5 and R.sub.6 are hydrogen, or R.sub.5 is
      alkylcarbonyl having 2 to 12 carbon atoms, ethoxycarbonyl or benzoyl,
PAL  or their stabilizer compatible salts with 3,5-ditert.butyl-4-hydroxybenzoic
      acid.
NUM  10.
PAR  10. A composition according to claim 1 containing a compound of the formula
      Ia shown in claim 7 wherein
PA1  X is hydrogen, alkyl having 1 to 12 carbon atoms, cyanomethyl, alkenyl
      having 3 carbon atoms, propargyl, --O.sup.., --NO or --NR.sub.5 R.sub.6
      wherein R.sub.5 and R.sub.6 are hydrogen, or R.sub.5 is alkylcarbonyl
      having 2 to 12 carbon atoms, ethoxycarbonyl or benzoyl,
PAL  or their stabilizer compatible salts with 3,5-ditert.butyl-4-hydroxybenzoic
      acid.
NUM  11.
PAR  11. A composition according to claim 2 containing a compound of the formula
      ##EQU13##
NUM  12.
PAR  12. A composition according to claim 2 containing a compound of the formula
      ##EQU14##
NUM  13.
PAR  13. A composition according to claim 2 containing a compound of the formula
      ##EQU15##
NUM  14.
PAR  14. A composition according to claim 2 containing a compound of the formula
      ##EQU16##
NUM  15.
PAR  15. A composition according to claim 2 containing a compound of the formula
      ##EQU17##
NUM  16.
PAR  16. A composition according to claim 1, wherein the polymer is
      polypropylene.
NUM  17.
PAR  17. A composition according to claim 2, wherein the polymer is
      polypropylene.
NUM  18.
PAR  18. A stabilizer system consisting of a) at least one compound of formula I
      ##EQU18##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each independently are lower
      alkyl, or R.sub.1 and R.sub.2 and/or R.sub.3 and R.sub.4 together with the
      carbon atom to which they are bound form a cycloalkyl ring, and
PA1  X is hydrogen, unsubstituted alkyl, substituted alkyl selected from
      hydroxyalkyl, carboxyalkyl, alkyl substituted with ester groups selected
      from alkoxycarbonylalkyl, alkylcarbonyloxyalkyl, arylcarbonyloxyalkyl,
      cycloalkylcarbonyloxyalkyl, and aralkylcarbonyloxyalkyl, amidoalkyl,
      nitriloalkyl, alkyl substituted with ether groups, alkyl substituted with
      thioether groups, alkyl substituted with arylthio groups, alkyl
      substituted with sulphoxide groups, alkyl substituted with sulphone
      groups, aminoalkyl unsubstituted on the nitrogen atoms, aminoalkyl
      substituted on the nitrogen atom with alkyl or nitriloalkyl, and
      haloalkyl, alkenyl, alkynyl, unsubstituted aralkyl, aralkyl substituted on
      the alkylene moiety by hydroxy, alkylcarbonyloxy, arylcarbonyloxy or
      halogen, acyl, halogen, --O.sup.., --NO, or NR.sub.5 R.sub.6, wherein
      R.sub.5 and R.sub.6 each independently are hydrogen, unsubstituted alkyl,
      substituted alkyl selected from hydroxyalkyl, carboxyalkyl, alkyl
      substituted with ester groups selected from alkoxycarbonyalkyl,
      alkylcarbonyloxyalkyl, arylcarbonyloxyalkyl, cycloalkylcarbonyloxyalkyl,
      or aralkylcarbonyloxyalkyl, amidoalkyl, nitriloalkyl, alkyl substituted
      with ether groups, alkyl substituted with thioether groups, alkyl
      substituted with arylthio groups, alkyl substituted with sulphoxide
      groups, alkyl substituted with sulphone groups, aminoalkyl unsubstituted
      on the nitrogen atom, aminoalkyl substituted on the nitrogen atom with
      alkyl or nitriloalkyl, haloalkyl; or R.sub.5 is acyl, or R.sub.5 and
      R.sub.6 together with the nitrogen atom to which they are bound form a
      ring, and (b) at least one co-stabilizer of the following formulae II,
      III, IV, V, VI, VII or VIII:
      ##SPC13##
PAL  wherein the symbols have the following meanings:
PA1  L.sub.1 hydrogen, alkyl, alkenyl or aralkyl,
PA1  L.sub.2 hydrogen, alkyl or chlorine,
PA1  L.sub.3 hydrogen, hydroxy, carboxy, alkoxy or alkyl,
PA1  L.sub.4 hydrogen, hydroxy, alkoxy, alkenyloxy, aralkoxy or alkyl,
PA1  L.sub.5 hydrogen, alkyl, alkenyl, cycloalkyl, aralkyl, aryl, acylamino,
      acylaminoalkyl or halogen,
PA1  L.sub.6 hydrogen, alkyl, hydroxy, alkoxy or acylamino,
PA1  L.sub.7 hydrogen, alkyl, alkenyl, cycloalkyl, aralkyl, aryl, alkoxy,
      halogen, carboxy, alkoxy-carbonyl, alkoxycarbonylalkyl or acylamino,
PA1  L.sub.8 hydrogen, alkyl, hydroxy, alkoxy, halogen, acylamino, carboxy,
      alkoxy-carbonyl, acyloxy, carbamoyl, alkoxysulphonyl, aryloxysulphonyl or
      sulphonamido,
PA1  L.sub.9 hydrogen, alkyl or halogen,
PA1  L.sub.10 and L.sub.12 each independently represent hydrogen, alkyl, alkoxy,
      alkenyloxy, aralkoxy, aryloxy, halogen or alkoxycarbonyl,
PA1  L.sub.11 and L.sub.13 each independently represent hydrogen or alkyl,
PA1  L.sub.14 and L.sub.15 each independently represent hydrogen, alkyl,
      cycloalkyl or aralkyl,
PA1  L.sub.16 hydrogen, alkoxy or aralkoxy,
PA1  L.sub.17 alkyl or aryl,
PA1  L.sub.18 alkyl, cycloalkyl or aralkyl,
PA1  L.sub.19 alkyl or aralkyl,
PA1  L.sub.20 hydrogen, alkyl, alkoxy or halogen,
PA1  L.sub.21 cyano or alkoxycarbonyl, and
PA1  L.sub.22 hydrogen or alkyl.
PAL  wherein the weight ratio of the compounds of formula I to the compounds of
      formulae II-VIII is from 1:10 to 10:1.
NUM  19.
PAR  19. A stabilizer system according to claim 18, consisting of
PA1  a. at least one compound of formula I wherein
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 each are as defined in claim 2, and
PA1  X is hydrogen, unsubstituted alkyl, substituted alkyl selected from
      hydroxyalkyl, carboxyalkyl, alkyl substituted with ester groups selected
      from alkoxycarbonylalkyl, alkylcarbonyloxyalkyl, arylcarbonyloxyalkyl,
      cycloalkylcarbonyloxyalkyl, and aralkylcarbonyloxyalkyl, amidoalkyl,
      nitriloalkyl, alkyl substituted with ether groups, alkyl substituted with
      thioether groups, alkyl substituted with arylthio groups, alkyl
      substituted with sulphoxide groups, alkyl substituted with sulphone
      groups, amino alkyl unsubstiuted on the nitrogen atom, aminoalkyl
      substituted on the nitrogen atom with alkyl or nitriloalkyl, and
      haloalkyl, alkenyl, alkynyl, unsubstituted aralkyl, aralkyl substituted on
      the alkylene moiety by hydroxy, alkylcarbonyloxy, arylcarbonyloxy or
      halogen acyl, --O.sup.., --NO, or NR.sub.5 R.sub.6, wherein R.sub.5 and
      R.sub.6 each independently are hydrogen, unsubstituted alkyl, substituted
      alkyl selected from hydroxyalkyl, carboxyalkyl, alkyl substituted with
      ester groups selected from alkoxycarbonyalkyl, alkylcarbonyloxyalkyl
      arylcarbonyloxyalkyl, cycloalkylcarbonyloxyalkyl, or
      aralkylcarbonyloxyalkyl, amidoalkyl, nitriloalkyl, alkyl substituted with
      ether groups, alkyl substituted with thioether groups, alkyl substituted
      with arylthio groups, alkyl substituted with sulphoxide groups, alkyl
      substituted with sulphone groups, aminoalkyl unsubstituted on the nitrogen
      atom, aminoalkyl substituted on the nitrogen atom with alkyl, or
      nitriloalkyl, and haloalkyl; or R.sub.5 is acyl, or R.sub.5 and R.sub.6
      together with the nitrogen atom to which they are bound form a ring,
PA1  and b. at least one co-stabilizer of formulae II, III, IV, V, VI, VII or
      VIII.
NUM  20.
PAR  20. Stabiliser system according to claim 18, wherein the symbols in
      formulae II to VIII have the following meanings:
PA1  L.sub.1 hydrogen, alkyl having 1-18 carbon atoms, allyl, methallyl or
      benzyl,
PA1  L.sub.2 hydrogen,
PA1  L.sub.3 hydrogen or hydroxyl,
PA1  L.sub.4 hydrogen, hydroxy, alkoxy having 1-20 carbon atoms, allyloxy,
      methallyloxy or benzyloxy,
PA1  L.sub.5 hydrogen, alkyl having 1-12 carbon atoms, alkenyl having 3-12
      carbon atoms, cyclohexyl, aralkyl having 7-11 carbon atoms, phenyl,
      acylamino having 2-12 carbon atoms, acylaminomethyl having 3-13 carbon
      atoms, chlorine or bromine,
PA1  L.sub.6 hydrogen, methyl, hydroxy, alkoxy having 1-12 carbon atoms or
      acylamino having 2-12 carbon atoms,
PA1  L.sub.7 hydrogen, alkyl having 1-12 carbon atoms, aralkyl having 7-11
      carbon atoms, cyclohexyl, phenyl, alkoxy having 1-12 carbon atoms,
      chlorine, bromine, carboxy, alkoxycarbonyl having 2-13 carbon atoms,
      alkoxycarbonylalkyl having 3-14 carbon atoms or acylamino having 2-12
      carbon atoms,
PA1  L.sub.8 hydrogen, alkyl having 1-8 carbon atoms, alkoxy having 1-12 carbon
      atoms, chlorine, bromine, acylamino having 2-12 carbon atoms, carboxy,
      alkoxycarbonyl having 2-13 carbon atoms, acyloxy having 2-12 carbon atoms,
      carbamoyl having 3-17 carbon atoms, alkoxysulphonyl having 1-12 carbon
      atoms, phenoxysulphonyl or sulphonamido having 2-16 carbon atoms,
PA1  L.sub.9 hydrogen, methyl, chlorine or bromine,
PA1  L.sub.10 and L.sub.12 each independently represent alkyl having 1-8 carbon
      atoms, alkoxy having 1-12 carbon atoms, allyloxy, methallyloxy, phenoxy,
      benzyloxy, chlorine, bromine or alkoxycarbonyl having 2-13 carbon atoms,
PA1  L.sub.11 and L.sub.13 each independently represent hydrogen or alkyl having
      1-8 carbon atoms,
PA1  L.sub.14 and L.sub.15 each independently represent hydrogen or alkyl having
      1-12 carbon atoms,
PA1  L.sub.16 alkoxy having 1-12 carbon atoms,
PA1  L.sub.17 alkyl having 1-3 carbon atoms or phenyl,
PA1  L.sub.18 alkyl having 1-12 carbon atoms,
PA1  L.sub.19 alkyl having 1-12 carbon atoms,
PA1  L.sub.20 hydrogen, alkyl having 1-8 carbon atoms, alkoxy having 1-8 carbon
      atoms or chlorine,
PA1  L.sub.21 cyano or alkoxycarbonyl having 2-20 carbon atoms, and
PA1  L.sub.22 hydrogen or alkyl having 1-3 carbon atoms.
NUM  21.
PAR  21. Stabiliser system according to claim 19, wherein the symbols in
      formulae II to VIII have the following meanings:
PA1  L.sub.1 hydrogen, alkyl having 1-18 carbon atoms, allyl, methallyl or
      benzyl,
PA1  L.sub.2 hydrogen,
PA1  L.sub.3 hydrogen or hydroxy,
PA1  L.sub.4 hydrogen, hydroxy, alkoxy having 1-20 carbon atoms, allyloxy,
      methallyloxy or benzyloxy,
PA1  L.sub.5 hydrogen, alkyl having 1-12 carbon atoms, alkenyl having 3-12
      carbon atoms, cyclohexyl, aralkyl having 7-11 carbon atoms, phenyl,
      acylamino having 2-12 carbon atoms, acylaminomethyl having 3-13 carbon
      atoms, chlorine or bromine,
PA1  L.sub.6 hydrogen, methyl, hydroxy, alkoxy having 1-12 carbon atoms or
      acylamino having 2-12 carbon atoms,
PA1  L.sub.7 hydrogen, alkyl having 1-12 carbon atoms, aralkyl having 7-11
      carbon atoms, cyclohexyl, phenyl, alkoxy having 1-12 carbon atoms,
      chlorine, bromine, carboxy, alkoxycarbonyl having 2-13 carbon atoms,
      alkoxycarbonylalkyl having 3-14 carbon atoms or acylamino having 2-12
      carbon atoms,
PA1  L.sub.8 hydrogen, alkyl having 1-8 carbon atoms, alkoxy having 1-12 carbon
      atoms, chlorine, bromine, acylamino having 2-12 carbon atoms, carboxy,
      alkoxycarbonyl having 2-13 carbon atoms, acyloxy having 2-12 carbon atoms,
      carbamoyl having 3-17 carbon atoms, alkoxysulphonyl having 1-12 carbon
      atoms, phenoxysulphonyl or sulphonamido having 2-16 carbon atoms.
PA1  L.sub.9 hydrogen, methyl, chlorine or bromine,
PA1  L.sub.10 and L.sub.12 each independently represent alkyl having 1-8 carbon
      atoms, alkoxy having 1-12 carbon atoms, allyloxy, methallyloxy, phenoxy,
      benzyloxy, chlorine, bromine or alkoxycarbonyl having 2-13 carbon atoms,
PA1  L.sub.11 and L.sub.13 each independently represent hydrogen, or alkyl
      having 1-8 carbon atoms,
PA1  L.sub.14 and L.sub.15 each independently represent hydrogen or alkyl having
      1-12 carbon atoms,
PA1  L.sub.16 alkoxy having 1-12 carbon atoms,
PA1  L.sub.17 alkyl having 1-3 carbon atoms or phenyl,
PA1  L.sub.18 alkyl having 1-12 carbon atoms,
PA1  L.sub.19 alkyl having 1-12 carbon atoms,
PA1  L.sub.20 hydrogen, alkyl having 1-8 carbon atoms, alkoxy having 1-8 carbon
      atoms or chlorine,
PA1  L.sub.21 cyano or alkoxycarbonyl having 2-20 carbon atoms, and
PA1  L.sub.22 hydrogen, or alkyl having 1-3 carbon atoms.
NUM  22.
PAR  22. Stabiliser system according to claim 18 wherein the symbols in formulae
      II to VIII have the following meanings:
PA1  L.sub.1 hydrogen, alkyl having 1-12 carbon atoms or benzyl,
PA1  L.sub.2 hydrogen,
PA1  L.sub.3 hydrogen or hydroxy,
PA1  L.sub.4 hydrogen, hydroxy or alkoxy having 1-12 carbon atoms,
PA1  L.sub.5 hydrogen, alkyl having 1-8 carbon atoms, allyl, methallyl, phenyl,
      benzyl, .alpha.-phenethyl, .alpha.-phenylisopropyl, acylaminomethyl having
      3-9 carbon atoms or chlorine,
PA1  L.sub.6 hydrogen, methyl, hydroxy or alkoxy having 1-8 carbon atoms,
PA1  L.sub.7 hydrogen, alkyl having 1-8 carbon atoms, cyclohexyl, phenyl,
      benzyl, .alpha.-phenethyl, .alpha.-phenylisopropyl or chlorine,
PA1  L.sub.8 hydrogen or methyl,
PA1  L.sub.9 hydrogen,
PA1  L.sub.10 and L.sub.12 each independently represent alkyl having 1-4 carbon
      atoms, alkoxy having 1-8 carbon atoms or chlorine,
PA1  L.sub.11 and L.sub.13 each independently represent hydrogen or alkyl having
      1-4 carbon atoms,
PA1  L.sub.14 hydrogen, or alkyl having 1-8 carbon atoms,
PA1  L.sub.15 hydrogen,
PA1  L.sub.16 alkoxy having 1-4 carbon atoms,
PA1  L.sub.17 methyl or phenyl,
PA1  L.sub.18 alkyl having 1-8 carbon atoms,
PA1  L.sub.19 alkyl having 1-4 carbon atoms,
PA1  L.sub.20 hydrogen,
PA1  L.sub.21 alkoxycarbonyl having 2-5 carbon atoms, and
PA1  L.sub.22 hydrogen.
NUM  23.
PAR  23. Stabiliser system according to claim 19, wherein the symbols in
      formulae II to VIII have the following meanings:
PA1  L.sub.1 hydrogen, alkyl having 1-12 carbon atoms or benzyl,
PA1  L.sub.2 hydrogen,
PA1  L.sub.3 hydrogen or hydroxy,
PA1  L.sub.4 hydrogen, hydroxy or alkoxy having 1-12 carbon atoms,
PA1  L.sub.5 hydrogen, alkyl having 1-8 carbon atoms, allyl, methallyl, phenyl,
      benzyl, .alpha.-phenethyl, .alpha.-phenylisopropyl, acylaminomethyl having
      3-9 carbon atoms or chlorine,
PA1  L.sub.6 hydrogen, methyl, hydroxy or alkoxy having 1-8 carbon atoms,
PA1  L.sub.7 hydrogen, alkyl having 1-8 carbon atoms, cyclohexyl, phenyl,
      benzyl, .alpha.-phenethyl, .alpha.-phenylisopropyl or chlorine,
PA1  L.sub.8 hydrogen or methyl,
PA1  L.sub.9 hydrogen,
PA1  L.sub.10 and L.sub.12 each independently represent alkyl having 1-4 carbon
      atoms, alkoxy having 1-8 carbon atoms or chlorine,
PA1  L.sub.11 and L.sub.13 each independently represent hydrogen, or alkyl
      having 1-4 carbon atoms,
PA1  L.sub.14 hydrogen, or alkyl having 1-8 carbon atoms,
PA1  L.sub.15 hydrogen,
PA1  L.sub.16 alkoxy having 1-4 carbon atoms,
PA1  L.sub.17 methyl or phenyl,
PA1  L.sub.18 alkyl having 1-8 carbon atoms,
PA1  L.sub.19 alkyl having 1-4 carbon atoms,
PA1  L.sub.20 hydrogen,
PA1  L.sub.21 alkoxycarbonyl having 2-5 carbon atoms, and
PA1  L.sub.22 hydrogen.
NUM  24.
PAR  24. Stabiliser systems according to claim 18, wherein the symbols in
      formulae II, III and IV have the following meanings:
PA1  L.sub.1 hydrogen, alkyl having 1-12 carbon atoms or benzyl,
PA1  L.sub.2 hydrogen,
PA1  L.sub.3 hydrogen or hydroxy,
PA1  L.sub.4 hydrogen, hydroxy or alkoxy having 1-12 carbon atoms,
PA1  L.sub.5 hydrogen, alkyl having 1-8 carbon atoms, allyl, methallyl, phenyl,
      benzyl, .alpha.-phenethyl, .alpha.-phenylisopropyl, acylaminomethyl having
      3-9 carbon atoms or chlorine,
PA1  L.sub.6 hydrogen, methyl, hydroxy or alkoxy having 1-8 carbon atoms,
PA1  L.sub.7 hydrogen, alkyl having 1-8 carbon atoms, cyclohexyl, phenyl,
      benzyl, .alpha.-phenethyl, .alpha.-phenylisopropyl or chlorine,
PA1  L.sub.8 hydrogen or methyl,
PA1  L.sub.9 hydrogen,
PA1  L.sub.10 and L.sub.12 each independently represent alkyl having 1-4 carbon
      atoms, alkoxy having 1-8 carbon atoms or chlorine, and
PA1  L.sub.11 and L.sub.13 each independently represent hydrogen or alkyl having
      1-4 carbon atoms.
NUM  25.
PAR  25. Stabiliser system according to claim 19, wherein the symbols in
      formulae II, III and IV have the following meanings:
PA1  L.sub.1 hydrogen alkyl having 1-12 carbon atoms or benzyl,
PA1  L.sub.2 hydrogen,
PA1  L.sub.3 hydrogen or hydroxy,
PA1  L.sub.4 hydrogen, hydroxy or alkoxy having 1-12 carbon atoms,
PA1  L.sub.5 hydrogen alkyl having 1-8 carbon atoms, allyl, methallyl, phenyl,
      benzyl, .alpha.-phenethyl, .alpha.-phenylisopropyl, acylaminomethyl having
      3-9 carbon atoms or chlorine,
PA1  L.sub.6 hydrogen, methyl, hydroxy or alkoxy having 1-8 carbon atoms,
PA1  L.sub.7 hydrogen, alkyl having 1-8 carbon atoms, cyclohexyl, phenyl,
      benzyl, .alpha.-phenethyl, .alpha.-phenylisopropyl or chlorine,
PA1  L.sub.8 hydrogen or methyl,
PA1  L.sub.9 hydrogen,
PA1  L.sub.10 and L.sub.12 each independently represent alkyl having 1-4 carbon
      atoms, alkoxy having 1-8 carbon atoms or chlorine, and
PA1  L.sub.11 and L.sub.13 each independently represent hydrogen, or alkyl
      having 1-4 carbon atoms.
NUM  26.
PAR  26. Stabiliser system according to claim 19, consisting of
PA1  a. a compound of formula I wherein
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 represent methyl,
PA1  X represents hydrogen, alkyl having 1 to 12 carbon atoms, alkenyl having 3
      to 8 carbon atoms, propargyl, aralkyl having 7 to 11 carbon atoms,
      --O.sup.. or NR.sub.5 R.sub.6 wherein R.sub.5 and R.sub.6 each
      independently represent hydrogen, alkyl having 1 to 4 carbon atoms, or
      R.sub.5 is additionally alkylcarbonyl having 2 to 12 carbon atoms,
      alkoxycarbonyl having 2 to 8 carbon atoms or benzoyl, and b)
      2-(2-hydroxy-5-methylphenyl)-benzotriazole.
NUM  27.
PAR  27. Stabiliser system according to claim 19, consisting of
PA1  a. 2,2,6,6-tetramethyl-1-aza-4-thiacyclohexane-4,4-dioxide and
PA1  b. 2-(2-hydroxy-5-methylphenyl)-benzotriazole.
NUM  28.
PAR  28. Compositions containing a styrene polymer and a stabiliser system
      according to claim 18.
NUM  29.
PAR  29. Compositions according to claim 28, containing a stabiliser system
      according to claim 19.
PATN
WKU  039430995
SRC  5
APN  511263&
APT  1
ART  141
APD  19741002
TTL  Process for stabilising halogenated vinyl resins
ISD  19760309
NCL  10
ECL  1
EXP  Hoke; V. P.
INVT
NAM  Bakassian; Georges
CTY  Ste-Foy-les-Lyon
CNT  FR
INVT
NAM  Gay; Michel
CTY  Lyon
CNT  FR
INVT
NAM  Lefort; Marcel
CTY  Caluire
CNT  FR
ASSG
NAM  Rhone-Poulenc Textile
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19731005
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ABST
PAL  Halogenated vinyl resins are redendered less susceptible to yellowing on
      heating by the incorporation of stannic chloride as well as a diorgano-tin
      dimercaptide.
BSUM
PAR  The present invention relates to a process for stabilising halogenated
      vinyl resins, in particular polyvinyl chloride and its copolymers, in
      particular rendering them heat-resistant.
PAR  Many stabilisers for halogenated vinyl resins have been described in
      specialised literature. Amongst these stabilisers, the most effective have
      proved to be organo-stannic compounds, especially organo-tin mercaptides,
      described in, for example French Patent Nos. 1,055,906, 1,085,807 and
      1,138,451, in particular saturated mercaptides, such as dibutyl and
      dioctyl-tin-bis-(isooctylmercaptoacetate). However, these compounds are
      not wholly satisfactory for some uses. In fact, in order to make it easier
      to handle the resins so as to increase the rate of production of various
      articles made of such resins, it is desired to process the resins at
      higher and higher temperatures. Such requirements, even with the best
      stabilisers, lead to disadvantages of which the main one is the appearance
      of yellowing. This yellow coloration is unacceptable for some
      applications, such as the production of transparent thin-walled articles.
      This is why attempts continue to develop stabilisers or mixtures of
      stabilisers which, whilst preventing yellowing, make it possible to handle
      vinyl resins for a few minutes at temperatures as high as possible, in
      particular from 180.degree. to 230.degree. C.
PAR  According to the present invention, there is provided a process for
      stabilising halogenated vinyl resins which comprises incorporating therein
      a diorgano-tin dimercaptide and stannic chloride as stabilisers.
PAR  The addition of stannic chloride makes it possible to delay the appearance
      of yellowing in halogenated vinyl resins stabilised by means of customary
      organo-tin mercaptides. This discovery, made when the resins are heated
      for a few minuted at a temperature above 180.degree. C, could not have
      been foreseen, since the prior art teaches that the presence of a metal
      chloride, such as stannic chloride, accelerates the decomposition
      (dehydrochlorination) of polyvinyl chloride [see G. C. MARKS, J. L. BENTON
      and C. M. THOMAS: Advances in polymer science and technology, S.C.I.
      Monograph, 26, 204 (1967)].
PAR  In order to obtain good results when using the stabiliser mixture used in
      the present invention, the proportion by weight of stannic chloride
      relative to the overall weight of the stabilising mixture is suitably from
      0.2% to 5%, preferably from 0.4% to 2.5% by weight.
PAR  The diorgano-tin mercaptides which are preferably used are products
      resulting from the condensation of a diorgano derivative of tetravalent
      tin, (i.e. a dialkyl-tin oxide or dichloro-dialkyl-stannane) with a
      monomercaptan or a polymercaptan which possesses one or more ester groups.
      The diorgano derivatives of tetravalent tin have the formulae: R.sub.2 SnO
      or R.sub.2 SnCl.sub.2 in which the R radicals, which may be identical or
      different, each represents a straight or branched alkyl group containing 1
      to 10 carbon atoms.
PAR  The monomercaptans or polymercaptans which possess one or more ester groups
      may be esters of mercaptocarboxylic acids or
      .alpha.,.omega.-dimercapto-diesters.
PAR  The esters of mercaptocarboxylic acids have the formula:
EQU  HS -- X -- COOR'                                           (I)
PAL  in which X represents a straight or branched alkylene group with 1 to 4
      carbon atoms or a phenylene group, and R' is a hydrocarbon radical which
      is an alkyl or alkenyl group with at most 10 carbon atoms or a cycloalkyl
      or cycloalkenyl radical with 5 or 6 carbon atoms in the ring, or a
      phenylalkyl group, the alkyl part of which contains 1 to 4 carbon atoms.
PAR  The .alpha.,.omega.-dimercapto-diesters have the formula:
EQU  HS -- X -- COO -- Y -- OCO -- X -- SH                      (II)
PAL  in which X has the meaning given above and Y represents a straight or
      branched aliphatic divalent hydrocarbon radical with at most 10 carbon
      atoms, or a cycloaliphatic divalent hydrocarbon radical with 5 or 6 carbon
      atoms in the ring. The divalent radical Y can be saturated (i.e. it is an
      alkylene or cycloalkylene radical) or can possess one or two ethylenically
      and/or acetylenically unsaturated bonds. Y can also be a divalent radical
      which contains polysulphanediyl radicals and has the formula:
EQU  -- Y.sup.1 -- S.sub.x -- Y.sup.2 --
PAL  in which the various symbols represent:
PAR  x: an integer from 2 to 6; Y.sup.1 and Y.sup.2, which may be identical or
      different: each a divalent hydrocarbon radical, the free valencies of
      which are attached to carbon atoms devoid of aromatic character, this
      radical being a straight or branched alkylene group which has at most 6
      carbon atoms and which is optionally substituted by one or more phenyl or
      alkylphenyl radicals, the alkyl substituent of the phenyl group having 1
      to 6 carbon atoms; a cycloalkylene group with 5 or 6 carbon atoms in the
      ring; or a group of the formula -- Z.sup.1 -- S -- Z.sup.2 -- in which the
      divalent radicals Z.sup.1 and Z.sup.2, which may be identical or
      different, represent straight or branched alkylene radicals with 1 to 6
      carbon atoms.
PAR  The .alpha.,.omega.-dimercapto-diesters can be prepared by an
      esterification reaction employing a diol HO -- Y -- OH and a
      mercaptocarboxylic acids HS -- X -- COOH, the various symbols having the
      meaning given above.
PAR  The mercaptocarboxylic acids are described in the literature. Amongst the
      mercaptocarboxylic acids, which may be used the following are exemplary:
      thioglycollic acid, .beta.-mercaptopropionic acid, .alpha.-, .beta.- and
      .gamma.-mercaptobutyric acids, .beta.-, .gamma.- and
      .delta.-mercaptovaleric acids, thiolactic acid and thiosalicylic acid.
PAR  Amongst the diols HO -- Y -- OH, the following compounds may be mentioned
      by way of illustration: saturated diols such as propane-1,3 -diol,
      butane-1,4 -diol, pentane-1,5-diol, hexane-1,6-diol, octane-1,8-diol,
      butane-3,4-diol, pentane-1,4-diol, pinacol and 3-methyl-heptane-4,5 -diol;
      unsaturated diols such as but-2-ene-1,4 -diol, pent-2-ene-1,5-diol,
      hex-2-ene-1,6-diol, oct-2-ene-1,8-diol, but-1-ene-3,4-diol,
      pent-1-ene-3,4-diol, pent-2-ene-1,4-diol, hex-2-ene-1,5-diol,
      hept-3-ene-6,7-diol, oct-4-ene-3,6-diol, but-2-yne-1,4-diol,
      pent-2-yne-1,4-diol, hex-3-yne-2,5-diol, hexa-1,5-diene-3,4-diol,
      oct-4-yne-3,6-diol, octa-2,6 -diene-4,5 -diol and
      3-methyl-hepta-2,6-diene-4,5-diol; and sulphur-containing diols possessing
      disulphide groups of the formulae:
EQU  HO -- CH.sub.2 -- CH.sub.2 -- S -- S -- CH.sub.2 -- CH.sub.2 -- OH,
EQU  ho--ch.sub.2 --ch.sub.2 --s--ch.sub.2 --ch.sub.2 --s--s--ch.sub.2
      --ch.sub.2 --s--ch.sub.2 --ch.sub.2 -- oh,
      ##EQU1##
EQU  ho--ch.sub.2 --ch.sub.2 --ch.sub.2 --s--s--ch.sub.2 --ch.sub.2 --ch.sub.2
      --oh,
PAR  It is also possible to use sulphur-containing diols possessing a
      polysulphanediyl group, the formulae of which are derived from the
      formulae given above, replacing the disulphide group by a polysulphide
      group containing 2 to 6 sulphur atoms. These diols possessing a
      polysulphanediyl group generally consist of a mixture of varying
      proportions of sulphur-containing diols possessing a di-, tri-, tetra-,
      penta- or hexa-sulphide chain.
PAR  The sulphur-containing diols used to prepare the .alpha.,
      .omega.-dimercapto-diesters can be obtained easily either by controlled
      oxidation of mercaptoalcohols, or by reaction of halogenated alcohols with
      alkali metal or ammonium sulphides or polysulphides. Such methods are
      described in "Organic Chemistry of Bivalent Sulfur", volumes I and II E.
      REID, (1958). The reaction of a halogenated alcohol with an alkali metal
      or ammonium polysulphide leads to a mixture of dihydroxypolysulphides
      possessing a polysulphanediyl radical which contains 2 to 6 sulphur atoms.
PAR  The diorgano-tin mercaptides which result from the condensation of a
      diorgano derivative of tetravalent tin with a mercaptocarboxylic acid
      ester of the formula (I) have the general formula:
EQU  R.sub.2 Sn(S -- X -- COOR').sub.2                          (III)
PAL  some of these mercaptides are described in French Patent No. 1,085,807 and
      in U.S. Pat. No. 2,641,596. Amongst the diorgano-tin dimercaptides, the
      following compounds may be mentioned by way of illustration: dibutyl-or
      dioctyl-tin bis-(isooctylmercaptoacetate), dimethyl-tin
      bis-(isooctylmercaptoacetate), dibutyl-tin bis-(butylmercapto acetate),
      dibutyl-tin bis-(butylmercaptopropionate), dimethyl-tin
      bis-(butylthiosalicylate), dibutyl-tin bis-(ethylmercaptovalerate),
      dibutyl-tin bis-(cyclohexenylmercaptoacetate) and dibutyl-tin
      bis-(phenylethylmercaptoacetate).
PAR  The diorgano-tin mercaptides which result from the condensation of a
      diorgano derivative of tetravalent tin with an
      .alpha.,.omega.-dimercapto-diester of the formula (II) consist essentially
      of groups of the formula:
      ##EQU2##
PAR  The number of groups (IV) present is generally from 1 to 5, and the
      dimercaptides can contain monomeric and dimeric forms of the formulae:
      ##EQU3##
      and
      ##EQU4##
PAR  In such diorgano-tin dimercaptides the various symbols are preferably as
      follows:
PAR  R: an aklyl group with 1 to 10 carbon atoms,
PAR  X: a methylene or ethylene group,
PAR  R': an alkyl group with 1 to 10 carbon atoms, and
PAR  Y: an alkylene, alkenylene or alkynylene group with at most 10 carbon
      atoms, or a group of the formula --Y.sub.1 -- S.sub.x -- Y.sub.2 --, in
      which Y.sub.1 and Y.sub.2 each represents an alkylene group with at most 6
      carbon atoms and x is an integer from 2 to 6.
PAR  The mixture for stabilising halogenated vinyl resins can comprise a mixture
      of the specified diorgano-tin dimercaptides. The mercaptides and the
      stannic chloride are generally mixed first, and then the mixture is
      introduced into the vinyl resin. Homogenisation of the halogenated vinyl
      composition is advantageously carried out on a malaxator It is also
      possible to incorporate the constituents of the stabilising mixture
      separately into the halogenated vinyl resin. It is also possible to
      introduce other stabilisers such as, for example, alkylthiostannoic
      anhyrides, diorgano-tin sulphides, other mercaptides and/or organo-stannic
      compounds which contain both mercapto groups and carboxylic acid groups
      bonded to the tin atom, into the halogenated vinyl resin. The addition of
      stannic chloride to these mixtures of stabilisers delays the appearance of
      yellowing in the resin.
PAR  For some uses, it can be advantageous to incorporate also an organo-tin
      trimercaptide of the formula
EQU  R--Sn(S -- X -- COOR').sub.3 ,
PAL  various symbols having the meaning given above. The proportion of
      trimercaptide in the stabilising mixture is generally less than 10% of the
      total weight of stabilisers. The presence of stannic chloride in these
      mixtures here again delays the appearance of yellowing in the resin.
PAR  The mixture of stabilisers is generally introduced into the halogenated
      vinyl resin in an amount from 0.2 to 3% by weight based on the weight of
      the resin.
PAR  By "halogenated vinyl resins", as used herein, are meant, in accordance
      with traditional terminology in the art, polyvinyl chloride and vinyl
      chloride copolymers in which the portion originating from vinyl chloride
      predominates. Amongst the compounds which are suitable for
      copolymerisation with vinyl chloride, there may be mentioned vinyl esters
      such as vinyl acetate, vinyl bromide, vinyl fluoride and vinyl butyrate;
      vinyl ethers such as vinyl ethyl ether; acrylic acid and its derivatives
      such as ethyl acrylate, ethyl methacrylate, acrylonitrile and acrylamide;
      allyl compounds such as allyl chloride and allyl acetate; and ethylenic
      compounds such as ethylene, propylene and butadiene.
PAR  The addition of the stabilising mixture consisting of diorgano-tin
      dimercaptides and stannic chloride makes it possible, as has been stated,
      to delay the appearance of yellowing. Such an effect is particularly
      valuable in the production of transparent articles by means of extrusion
      or calendering techniques.
DETD
PAR  The following Examples further illustrate the present invention.
PAC  EXAMPLE 1
PAR  Various mixtures of stabilisers, comprising stannic chloride and
      di-(noctyl)-tin bis-(isooctylmercaptoacetate) in different proportions,
      are prepared.
PAR  Various samples based on polyvinyl chloride resin, having the following
      composition:
     Commercial polyvinyl chloride                                             
                                  100 g                                        
     styrene/butadiene/methyl methacrylate terpolymer,                         
     used to provide impact strength                                           
                                  10 g                                         
     ester of 1,3-butylene glycol and oxidised lignite wax,                    
     sold commercially as "Wax E" 1 g                                          
     stabilising mixture          1 g                                          
     are then prepared.                                                        
PAR  Each mixture is melted in a mixer possessing two rollers which rotate at
      the rate of 15 revolutions/minute and are heated to 180.degree. C
      (Temperature maintained to within approximately 2.degree. C). Samples are
      removed, the first after having been worked for 5 minutes on the
      calenders, and the following samples at 3 minute intervals thereafter. The
      coloration indices on the Gardner scale are noted with the aid of a
      Lovibond comparison disc. For comparison purposes, the results which are
      obtained when stannic chloride is not incorporated are included in the
      Table below.
PAR  The substantial improvement provided by stannic chloride can be seen.
TBL  ______________________________________                                    
                  DURATION OF HEATING AT                                       
                  180.degree.C., in minutes                                    
     Gardner                                                                   
     indices        5      8      11   14   17   20                            
     ______________________________________                                    
     Stabiliser A*                                                             
     SnCl.sub.4                                                                
     content : 0    2      3      4    4                                       
     Stabiliser A                                                              
     SnCl.sub.4                                                                
     content : 0.5% 0      0      0    1    2    3                             
     Stabiliser A                                                              
     SnCl.sub.4                                                                
     content : 0.7% 0      0      0    1    1    2                             
     Stabiliser A                                                              
     SnCl.sub.4                                                                
     content : 0.9% 0      0      0    1    1    2                             
     Stabiliser A                                                              
     SnCl.sub.4                                                                
     content 1%     0      0      0    0    1    1                             
     Stabiliser A                                                              
     SnCl.sub.4                                                                
     content : 3%   0      0      0                                            
     ______________________________________                                    
     *Composition of stabiliser A:                                             
      (octyl).sub.2 Sn[--S--CH.sub.2 --COO(isooctyl)].sub.2                    
      (100%)                                                                   
PAC  EXAMPLE 2
PAR  Following the procedure described in Example 1, the Gardner indices of
      polyvinyl chloride resin stabilised with a mixture of stannic chloride and
      an organo-stannic compound having the following composition by weight:
      Dibutyl-tin-bis-(isooctylmercaptoacetate): 95% and butyl-trichloro-tin: 5%
      (Stabiliser B) are measured.
PAR  The results are given in the Table which follows.
TBL  ______________________________________                                    
                DURATION OF HEATING AT                                         
                180.degree.C. in minutes                                       
     Gardner                                                                   
     indices      5       8       11    14    17                               
     ______________________________________                                    
     Stabiliser B                                                              
     SnCl.sub.4                                                                
     content : 0  0       0       1     2     2                                
     Stabiliser B                                                              
     SnCl.sub.4                                                                
     content : 1% 0       0       0     0     1                                
     Stabiliser B                                                              
     SnCl.sub.4                                                                
     content : 2.5%                                                            
                  0       0       0     0     1                                
     Stabiliser B                                                              
     SnCl.sub.4                                                                
     content : 5% 0       0       0     0                                      
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Following the procedure described in Example 1, the Gardner indices of
      polyvinyl chloride resin stabilised with a mixture of stannic chloride and
      stabiliser C, having the following composition, by weight:
TBL  (octyl).sub.2 Sn[--S--CH.sub.2 --COO--(isooctyl)].sub.2                   
                                  88%                                          
     octyl -- Sn[--S--CH.sub.2 --COO--(isooctyl)].sub.3                        
                                  5%                                           
     (octyl).sub.2 Sn--S--CH.sub.2 --CO                                        
                                  7%                                           
PAL  are measured.
PAR  The results are given in the Table which follows.
TBL  ______________________________________                                    
                  DURATION OF HEATING AT                                       
                  180.degree.C., in minutes                                    
     Gardner                                                                   
     indices        5      8      11   14   17   20                            
     ______________________________________                                    
     Stabiliser C                                                              
     SnCl.sub.4                                                                
     content : 0    0      1      1    2    3    3                             
     Stabiliser C                                                              
     SnCl.sub.4                                                                
     content : 0.6% 0      0      0    1    1    2                             
     Stabiliser C                                                              
     SnCl.sub.4                                                                
     content : 0.8% 0      0      0    0    1    2                             
     Stabiliser C                                                              
     SnCl.sub.4                                                                
     content : 1%   0      0      0    0    0    1                             
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  The compound which results from the condensation of 2.1 mols of
      dibutyl-dichloro-tin (636 g.) with 1.6 mols of butene-diol
      bis-(mercaptoacetate) (378 g.) and 1 mol of isooctyl mercaptoacetate (206
      g.) is used as the diorgano-tin dimercaptide. This mercaptide consists of
      the following groups:
      ##EQU5##
      and
      ##EQU6##
PAR  This dimercaptide is used in conjunction with stannic chloride to stabilise
      PVC. The Gardner indices of the stabilised resins are given in the Table
      which follows:
TBL            DURATION OF HEATING AT                                          
               180.degree.C. in minutes                                        
     Gardner                                                                   
     indices     5      8      11   14   17    20  23                          
     ______________________________________                                    
     Stabiliser D                                                              
     without any                                                               
     SnCl.sub.4  0.5    1      2    2    2.5  3    3                           
     Stabiliser D                                                              
     SnCl.sub.4                                                                
     content : 1%                                                              
                 0      0      0    0    0.5  0.5  0.5                         
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for stabilising a halogenated vinyl resin which comprises
      incorporating stannic chloride and a diorgano-tin dimercaptide into the
      resin, as stabilisers, the stannic chloride being present in an amount
      from 0.2% to 5% by weight based on the weight of the stabiliser mixture,
      the diorgano-tin dimercaptide being obtained by condensing
PA1  a. a diorgano derivative of tetravalent tin selected from a dialkyl-tin
      oxide of formula R.sub.2 SnO, and a dichloro-dialkyl-stannane of formula
      R.sub.2 SnCl.sub.2, in which each R radical which may be identical or
      different, represents a straight or branched alkyl group with up to 10
      carbon atoms; with
PA1  b. a mono- or poly-mercaptan containing one or more ester groups, selected
      from a mercaptocarboxylic acid ester of the formula:
EQU  HS -- X -- COOR'
PAL  in which X represents a straight or branched alkylene group with up to 4
      carbon atoms or a phenylene group, and R' represents an alkyl or alkenyl
      group with at most 10 carbon atoms, a cycloalkyl or cycloalkenyl group
      with 5 or 6 carbon atoms in the ring, or a phenylalkyl group, the alkyl
      part of which possesses 1 to 4 carbon atoms; and an
      .alpha.,.omega.-dimercapto-diester of the formula:
EQU  HS -- X -- COO -- Y -- OCO -- X -- SH
PAL  in which X is as defined above and Y represents either a straight or
      branched aliphatic divalent hydrocarbon radical with at most 10 carbon
      atoms, or a cycloaliphatic divalent hydrocarbon radical with 5 or 6 carbon
      atoms in the ring, said radical optionally containing one or two ethylenic
      and/or acetylenic bonds.
NUM  2.
PAR  2. Process according to claim 1 in which the diorgano-tin dimercaptide has
      the general formula:
EQU  R.sub.2 Sn(S -- X -- COOR').sub.2
PAL  in which R, X and R' are as defined in claim 1.
NUM  3.
PAR  3. Process according to claim 2 in which the diorgano-tin dimercaptide is
      di-(n-octyl)-tin bis (isooctylmercapto-acetate or di-(n-butyl)-tin
      bis(isooctylmercapto-acetate).
NUM  4.
PAR  4. Process according to claim 1 in which the diorgano-tin dimercaptide
      consists essentially of recurring units of the formula:
      ##EQU7##
      and, optionally, compounds of the formula:
      ##EQU8##
      in which R, X and Y are as defined in claim 1.
NUM  5.
PAR  5. Process according to claim 4 in which R represents a butyl radical, X
      represents --CH.sub.2 -- and Y represents --CH.sub.2 --CH=CH--CH.sub.2 --.
NUM  6.
PAR  6. Process according to claim 1 in which the stannic chloride is present in
      an amount from 0.4% to 2.5% by weight based on the weight of the
      stabiliser mixture.
NUM  7.
PAR  7. Process according to claim 1 in which 0.2 to 3% by weight of the
      stabiliser mixture is incorporated.
NUM  8.
PAR  8. Process according to claim 1 in which an organo-tin trimercaptide of the
      formula:
EQU  R--Sn (S--X--COOR').sub.3
PAL  in which R, X and R' are as defined in claim 1 is also incorporated.
NUM  9.
PAR  9. Process according to claim 1 in which the halogenated vinyl resin is
      transparent.
NUM  10.
PAR  10. Process according to claim 1 which comprises incorporating stannic
      chloride and a diorgano-tin dimercaptide of the formula:
EQU  R.sub.2 Sn(S - X - COOR').sub.2
PAL  or of recurring units of the formula:
      ##EQU9##
      and, optionally, compounds of the formula:
      ##EQU10##
      in which R represents an alkyl group with 1 to 6 carbon atoms, X
      represents a methylene or ethylene group, R'  represents an alkyl group
      with 1 to 10 carbon atoms, and Y represents an alkylene, alkenylene or
      alkynylene group with at most 10 carbon atoms, said mixture being present
      in an amount from 0.2 to 3% by weight based on the weight of the resin.
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ABST
PAL  A flame resistant organic polymer which decomposes into fragments
      containing acidic and/or basic groups and the process for making same
      comprising treating an organic polymer which decomposes into said
      fragments with from about 0.5 to about 25 weight percent of a compound
      which contains at least one functional radical selected from --0--, --S--
      and --N-- and at least one carboxyl or mercapto group which is able to
      dissociate in water to provide a free positively charged ion.
BSUM
PAR  This invention relates to nylons and other polymers which upon heating
      decompose into fragments terminating in acidic or basic groups and
      preferably both acidic and basic groups, which polymers exhibit improved
      flame resistance. More specifically, this invention relates to nylon,
      polyester and polyurethane polymers treated with compositions which impart
      improved flame resistance thereto and to the process of so treating the
      polymers.
PAR  In the prior art numerous compounds have been used as additives to polymers
      which decompose into acid and base containing fragments, including nylon
      (polycarbonamides), polyurethanes and polyesters, to reduce flammability
      of the polymers. For example inorganic and organic tin, phosphorous and
      halogen containing compounds have been used to reduce flammability of
      nylon. These compounds have not, however, been entirely successful due to
      inefficiency or polymer degradation.
PAR  In addition to the tin, phosphorous and halogen containing compounds, some
      compounds, containing nitrogen and sulfur have been employed to improve
      flame resistance. For example thiourea and compounds containing non-cyclic
      imine groups have been used. Thiourea, while being an improvement over the
      other prior art compounds, still does not create as much flame resistance
      as is desired, or necessary, and the compounds containing imine groups do
      not give the desired flame resistance and, due to the imine group,
      hydrolize when contacted with water thus preventing the formation of a
      permanent application of the compounds to the nylon or other carbon
      containing polymers.
PAR  Other compounds containing both sulfur and nitrogen which have been
      suggested to impart flame resistance to nylon have been found to be
      inadequate since they contain too much carbon in relation to the amount of
      other elements present in the compound or the carbon is present in single
      flammable chain of excessive length, which chain will easily burn.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention it has been discovered that nylon and
      other organic polymers which decompose into fragments containing acidic
      and/or basic groups can be treated with certain additive compounds to give
      a flame resistance which is superior to the flame resistance obtainable by
      any known prior art compound or method.
PAR  The additive compounds, with which the organic polymer is treated, have the
      formula:
      ##EQU1##
      where Y is independently at each occurrence --OR.sub.3, --SR.sub.3 or
      --N(R.sub.3).sub.2 where R.sub.3 is H or lower alkyl of 1 to 3 carbon
      atoms; Q independently at each occurrence is a group containing from 1 to
      10 carbon atoms selected from a phenyl group, an alkylene hydrocarbon
      chain of from 1 through 6 carbon atoms, a heterocyclic ring or
      combinations thereof, Z is independently at each occurrence a radical of
      from 0 through 3 carbon atoms containing a carboxylic or mercapto group
      which group is able to dissociate in water to provide a free ion having a
      positive charge, and which ion is ammonium or hydrogen or an ion
      containing a metal; R.sub.1 is
      ##EQU2##
      where R.sub.2 is hydrogen, lower alkyl of 1 to 3 carbon atoms, or
      ##EQU3##
      a, b, d and e are independently at each occurrence integers of from 0
      through 3, c and n are integers of 0 or 1, provided that said compound
      contains at least one Z group and at least one group selected form Y,
      R.sub.1 or a nitrogen, sulfur or oxygen containing heterocyclic ring,
      provided that when Q is a heterocyclic ring the compound does not contain
      both sulfur and nitrogen.
PAR  The novel composition in accordance with the invention comprises an organic
      polymer which decomposes into acidic and/or basic fragments containing
      from about 0.5 to about 25 weight percent of a compound or a mixture of
      compounds having the above formula since such compositions exhibit
      superior flame resistance. The polymer is preferably a nylon, polyester or
      polyurethane polymer.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention a polymer, such as nylon, polyester or
      polyurethane, which upon heating decomposes into fragments terminating in
      acidic or basic groups and preferably both acidic and basic groups, is
      treated with at least about 0.5 weight percent and preferably at least
      about 2 weight percent of a compound or a mixture of compounds falling
      within the above formula. Generally less than about 25 weight percent,
      preferably, less than about 16 weight percent, and most preferably less
      than about 8 weight percent of the compound or mixture of compounds is
      used since generally greater percentages do not materially increase flame
      resistance and can sometimes cause undesirable effects such as flaking on
      the surface of the polymer.
PAR  The polymer, e.g. nylon, may be treated by wetting the surface with a
      solution or emulsion containing one or more of the above compounds or one
      or more of the compounds may be added to the polymer melt prior to the
      formation of polymeric products, e.g. a nylon fiber.
PAR  Compounds added to the polymer melt should be stable in the melt and should
      not deleteriously affect the polymer. Examples of such compounds suitable
      for addition to nylon are:
      ##EQU4##
PAR  Q in the above general formula for the compounds may be a group containing
      from 1 to 10 carbon atoms selected from a phenyl group, an alkylene
      hydrocarbon chain of from 1 through 6 carbon atoms, any substituted or
      unsubstituted heterocyclic ring containing at least one sulfur or nitrogen
      atom in the ring or combinations thereof. Q for example may be in a
      heterocyclic ring in combination with a phenyl group or in combination
      with an alkyl group. The substituents, e.g. --OH or --COOH upon the ring
      should of course not contribute to flammability although hydrogen and
      small amounts of carbon can be tolerated. The heterocyclic ring, exclusive
      of substituents, preferably contains from four through six atoms and most
      preferably contains five or six atoms; and preferably contains either
      sulfur or nitrogen, but not both.
PAR  Examples of suitable heterocyclic rings, Q, which may be saturated or
      unsaturated, are: six membered rings containing nitrogen including azine,
      diazine, triazine, tetrazine and petazine rings; six membered rings
      containing sulfur including dithiin and thiopyran rings; five membered
      rings containing nitrogen including azole, diazole, triazole and
      tetrazole; five membered rings containing sulfur including thiole and
      dithiole rings; four membered rings containing nitrogen including azete,
      diazete and triazete rings and four membered rings containing sulfur
      including thietane rings.
PAR  Preferably when Q is a heterocyclic ring it is triazine, diazine, triazole
      or diazole, since the five and six membered rings are generally more
      stable than the four membered rings and since the rings containing more
      nitrogen in relation to the number of carbon atoms provide less fuel for
      combustion.
PAR  Preferred Q groups, when Q is an alkylene hydrocarbon chain, are --CH.sub.2
      -- and --CH.sub.2 CH.sub.2 --.
PAR  Y in the above general formula is independently at each occurrence
      --OR.sub.3, --SR.sub.3 or --N(R.sub.3).sub.2 where R.sub.3 is H or lower
      alkyl of 1 to 3 carbon atoms. Preferred Y groups are --OH, --SH, and
      --NH.sub.2.
PAR  R.sub.1 in the above formula is --S--, --O--, or
      ##EQU5##
      where R.sub.2 is hydrogen, alkyl of 1 to 4 carbon atoms or
      ##EQU6##
      R.sub.2 is preferably hydrogen.
PAR  Z in the above general formula is independently at each occurrence a
      radical of from 0 to 3 carbon atoms, containing a carboxyl or mercapto
      group which group is able to dissociate in water to provide a free ion
      having a positive charge, which ion is ammonium or hydrogen or an ion
      containing a metal. The ion may be a simple or complex ion and the metal
      is an element having only positive valences and no negative valences. The
      preferred metals as shown on the Modern Periodic Table are Group I, II,
      III, IV, V, VI, VII and VIII metals of the second, third, fourth and fifth
      periods. The most preferred metals are Li, Na, K, Mg, Ca, Cu, Zn, Al and
      Sn. Of the most preferred metals Li, Ca and Mg have been found best. Cu
      has been found to be very good when the compound is used to treat
      polyurethane. "Carboxylic group" as used herein means a carboxylic acid
      radical or its ammonium or metal salt and "mercapto group" as used herein
      means the ammonium or metal salt of --SH. The most preferred Z radicals
      are --COOH and its ammonium or group I metal or group II metal salts. The
      ammonium or group I or group II metal salts of --SH are also preferred.
      --SO.sub.2 H and --SO.sub.3 H and their salts are generally unacceptable
      as Z radicals in that they tend to degrade the polymer. As used herein
      being able to dissociate in water means that in water the Z radical while
      remaining attached to the compound will give up a positive ion. The Z
      radical is a radical of from 0 to 3 carbon atoms. As applied to the Z
      radical "from 0 to 3 carbon atoms" means the number of carbon atoms in the
      Z radical exclusive of carbon atoms contained in the portion of the Z
      radical which becomes a free positive atom.
PAR  While the reason for the improved flame resistance, obtained when polymers
      which decompose into fragments terminating in acidic or basic groups are
      treated with compounds as described herein, is not clearly understood, it
      is believed that the treated compounds react with the fragments of the
      polymer produced upon heating thus reducing further fragmentation and
      slowing vaporization. Slowing vaporization is believed to reduce
      flammability since it is believed that combustion takes place in a gas
      phase. An acidic group as used herein means a group which can accept a
      pair of electrons to form a coordinate bond and a basic group as used
      herein means a group which can donate a pair of electrons to form a
      coordinate bond.
PAR  Examples of compounds, and suggested methods of preparation, for use in
      increasing flame resistance of organic polymers, particularly nylon and
      polyesters are as follows:
PAR  Lithium ammonium tartrate
PAR  1 mol of tartaric acid is added to 600 grams of water and stirred while 1
      mole of LiOH.H.sub.2 O is introduced. Ammonium hydroxide is then added to
      complete the neutralization to give a final pH of 7 to 8. Additional water
      is then introduced to provide a solids concentration of LiNH.sub.4
      tartrate of from 10 to 20 percent.
PAR  Dimercapto succinic acid
      ##EQU7##
      1 mole of malic acid is reacted with 2 moles of bromine to obtain 1 mole
      of dibromo succinic acid which is then reacted with 2 moles of sodium
      bisulfite to obtain 1 mole of dimercapto succinic acid.
PAR  Thiodisuccinic acid
      ##EQU8##
PAR  1 mole of maleic anhydride is dissolved in 1,000 ml of hot water and 1 mole
      of thiomalic acid is added. The resulting solution is heated on a steam
      bath for 2 hours and allowed to stand for 12 hours. Precipitation is then
      induced by scratching, concentration of the solution, and acidification.
      The resulting precipitate is thiodisuccinic acid.
PAR  Examples of other suitable compounds whose methods of preparation are well
      known in the art are:
      ##EQU9##
PAR  The ammonium, or metal salts preferably the group I or group II metal salts
      of any of the above compounds are also suitable for improving the flame
      resistance of organic polymers which decompose into fragments terminating
      in acidic or basic groups. The lithium-ammonium salts of the above
      compounds are particularly effective.
PAR  In practicing this invention a compound as described herein, may be
      dissolved in solvent, usually water to make a solution of about 0.5 to
      about 50 weight percent, more preferably from about 1 to about 15 weight
      percent and most preferably from about 4 to about 8 weight percent. A
      fabric or carpet is then soaked by the solution which may contain other
      additives commonly used in finishing baths to improve properties such as
      penetration or water repellency. The fabric or carpet is then squeezed
      with any suitable apparatus such as pad rollers, to remove excess
      solution. The squeezing apparatus, such as the rollers, is adjusted to
      give from about 25 to about 300 weight percent, preferably from about 50
      to 200 weight percent and most preferably from about 75 to about 150
      weight percent wet pick up. The fabric or carpet material is then dried in
      air or in a dryer or oven at temperatures up to about 150.degree.C. but
      preferably less than about 125.degree.C.
PAR  The solution may be applied to the material in numerous ways. For example
      the material may be immersed in the solution or the solution may be
      sprayed upon the material or applied to the material by means of pad
      rolls.
PAR  The dry material can be tested for flame retardancy by several methods. In
      the case of apparel fabric, the Children's Sleepwear Standard is used. A
      11/2 inch flame from a bunsen burner is applied to the lower edge of a
      vertically supported fabric. Untreated (control) fabric may burn
      completely while fabrics composed of the compositions of this invention
      usually stop burning when the bunsen burner flame is removed indicating
      that in the absence of an externally applied elevated temperature which
      may be in the form of a flame, the material is usually self extinguishing.
PAR  Upholstery, tapestry and drapery fabrics are tested by holding the fabric
      over a 11/2 inch bunsen burner flame for up to twelve seconds. Untreated
      fabrics may burn for several minutes, while fabrics made from the
      compositions of this invention usually extinguish in from 0 to 5 seconds
      after removal of the burner flame.
PAR  The additive compounds of this invention are generally more durable to
      laundering and dry cleaning than thiourea and are generally much more
      effective than prior art compounds. For example as little as 0.5 dry
      weight percent of those compounds described above particularly those
      containin 2 or 3 --OH or --COOH groups effectively reduces the
      flammability of nylon upholstery fabric while as much as 50 - 100 weight
      percent of prior art phosphorous or halogen containing compounds may be
      required to accomplish the same result. Nylon compositions containing from
      about 2 to about 16 dry weight percent of an additive compound of this
      invention usually pass most generally recognized flammability tests for
      synthetic fabrics. As much as about 25 dry weight percent can be used to
      obtain even better flame resistant properties.
PAR  The following examples serve to illustrate the process and composition of
      the invention. Unless otherwise indicated all parts and percentages are by
      weight.
DETD
PAC  EXAMPLE 1
PAR  A pad bath of the following composition is prepared: 9 g. of malic acid, 20
      g. ethylene glycol (as wetting and swelling agent) and 170 g. water. A
      piece of 16 oz./yd. nylon-6 upholstery fabric 3 .times. 10 inches is
      dipped into the solution and squeezed through a wringer (laboratory
      padder) to obtain a wet pick up (weight increase) of 164% corresponding to
      a dry chemical add-on of about 4% malic acid. The sample is dried in a
      horizontal position in a circulating oven at 140.degree.C. for 1 hour.
PAR  The sample is placed in a desicator containing CaSO.sub.4 drying agent and
      allowed to cool for 15 min. The sample is tested by the New York Port
      Authority (NYPA) test whereby it is clamped in a vertical position and a
      11/2 inch bunsen flame is applied to the lower edge for 12 seconds. After
      removal of the flame, the fabric burns for 1.2 seconds and has a char
      length of 21/4 inches.
PAC  EXAMPLE 2 - 9
PAR  The procedure of Example 1 is followed for Examples 2 - 9 except different
      compositions and concentrations are used.
PAR  The results are set forth in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     EXAMPLE                                                                   
           TREATING AGENT                                                      
                     % ADD ON                                                  
                           AREA DESTROYED (in.sup.2)                           
                                        AFTER FLAME (sec)                      
                                                   CHAR LENGTH                 
     __________________________________________________________________________
                                                   (in)                        
     2     None      --    10           49         6.35                        
     3     Gallic Acid                                                         
                     2.7   2.4          18.3       2.65                        
     4     "         3.6   1.7          9.4        2.5                         
     5     "         3.7   1.0          4.5        2.1                         
     6     "         5.9   .98          0.14       2.5                         
     7     ethylene diamine                                                    
           tetra acetic acid                                                   
                     5.5   1.2          0.9        3.0                         
     8     thiomalic acid                                                      
                     5.5   1.0          0.9        2.1                         
     9     citric acid                                                         
                     6.2   1.8          9.6        2.5                         
     __________________________________________________________________________
PAC  EXAMPLES 10 - 21
PAR  The procedure of Example 1 is followed except the fabric is a 4 inch
      .times. 4 inch piece of nylon 6 carpet backed with jute and the flame test
      used is a modified United States Department of Commerce Test DOC FF1-70
      wherein a 250 watt heat lamp is positioned five inches from the carpet
      surface and is controlled by a Variac. The lamp is turned on for 5 minutes
      at a pre-set voltage on the Variac in order to provide a more vigorous
      test. The higher the voltage applied to the heat lamp the greater the heat
      applied to the carpet prior to burning the carpet. The carpet is burned by
      placing a 150 mg. methinamine pill in the center of the carpet. The pill
      is then ignited. The higher the voltage which can be applied to the heat
      lamp before the carpet fails to extinguish within 60 seconds after the
      pill has finished burning, the better the flame resistant properties of
      the carpet.
PAR  The following Table II shows the highest voltage applied to the heat lamp
      before the carpet fails to extinguish within 60 seconds after the pill has
      finished burning, the additive used, the burn area resulting from the test
      and the percentages of additive on the carpet.
TBL                                    TABLE II                                
     __________________________________________________________________________
                          HIGHEST VOLTAGE                                      
                                    BURN AREA                                  
     EXAMPLE                                                                   
           ADDITIVE % ADD ON                                                   
                          BEFORE FAILURE                                       
                                    (sq.in.)                                   
     __________________________________________________________________________
     10    Thiomalic acid                                                      
                    12.5  120       1.2                                        
     11    Ethylene diamine                                                    
           tetra acetic                                                        
           acid     10.0  60        1.1                                        
     12    Gallic acid                                                         
                    9.6   90        1.0                                        
     13    Ammonium                                                            
           ethylene diamine                                                    
           tetra acetate                                                       
                    10    60        1.0                                        
     14    Lithium                                                             
           ethylene diamine                                                    
           tetra acetate                                                       
                    8     60        1.0                                        
     15    Calcium                                                             
           ethylene diamine                                                    
           tetra acetate                                                       
                    9.2   60        1.0                                        
     16    LiNH.sub.4 citrate                                                  
                    9.8   210       1.2                                        
     17    LiNH.sub.4 tartrate                                                 
                    8.7   120       1.0                                        
     18    Tartaric acid                                                       
                    11.5  120       1.0                                        
     19    LiNH.sub.4 malate                                                   
                    12.0  210       1.5                                        
     20    Malic acid                                                          
                    10.5  90        1.5                                        
     21    None     --    0         complete                                   
                                    burn                                       
     __________________________________________________________________________
PAC  EXAMPLE 22
PAR  The procedure of Example 1 is followed except flexible polyurethane foam is
      treated with an aqueous solution of thiomalic acid to obtain a 5 weight
      percent dry add-on. The foam is then tested in accordance with the
      procedure of ASTM-1692. The treated sample is initially difficult to
      ignite and a 4 inch burn distance is obtained; whereas, a 5 to 6 inch burn
      distance is obtained on an untreated sample indicating that under the test
      conditions the treated sample has better flame resistance than the
      untreated sample.
PAC  EXAMPLE 23
PAR  The procedure of Example 10 is followed except a polyester carpet is
      treated with 16.8 weight percent dry add-on of LiNH.sub.4 -tartrate. The
      highest voltage applied to the heat lamp before the carpet burns in excess
      of 60 seconds after the pill finishes burning is 130 volts; whereas, an
      untreated polyester carpet burns in excess of 60 seconds when only 60
      volts is applied to the heat lamp.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solid composition comprising a nylon polymer and from about 0.5 to
      about 25 weight percent of a flame retardant additive which is thiomalic
      acid, dimercaptosuccinic acid, gallic acid, citric acid or tartaric acid,
      or the ammonium, lithium or magnesium salts thereof.
NUM  2.
PAR  2. The composition of claim 1 wherein the additive is the lithium salt of
      gallic acid.
NUM  3.
PAR  3. The composition of claim 1 wherein the polymer contains between 2 and 16
      weight percent of the additive.
NUM  4.
PAR  4. A process for increasing the flame resistance of a nylon polymer which
      comprises adding to the polymer from about 0.5 to 25 weight percent of a
      compound which is thiomalic acid, dimercaptosuccinic acid, gallic acid,
      citric acid or tartaric acid, or the ammonium, lithium or magnesium salts
      thereof.
NUM  5.
PAR  5. The process of claim 4 wherein the compound is added to the nylon by
      wetting the nylon with an aqueous solution comprising 1 to 15 weight
      percent of the compound.
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ABST
PAL  An improved process for preparing a color stable polycarbonate by carrying
      out the reaction in the presence of an additive. The additive employed
      herein is gluconic acid or its alkali metal salts.
BSUM
PAR  This invention relates to an improved process for preparing a color stable
      aromatic carbonate polymer by reacting a dihydric phenol and an alkali
      metal hydroxide with a carbonate precursor, the improvement which
      comprises carrying out the reaction in the presence of gluconic acid or
      its alkali metal salts.
PAC  BACKGROUND OF THE INVENTION
PAR  Polycarbonates are well-known thermoplastic materials finding a wide range
      of uses, particularly for injection molding applications. However, many of
      the ingredients which go into the preparation of the polycarbonate,
      contain metallic contaminants such as nickel, copper and iron. These
      contaminants cause the polycarbonate to be thermally unstable by affecting
      the initial color and the color stability of the polycarbonate under
      molding and or heating conditions. The polycarbonate is so affected when
      the amount of the contaminant exceeds about 0.2 parts per million. Since
      polycarbonates are used in the manufacture of molded products, this
      discoloration and instability which occurs upon, in, or after molding is
      very objectionable. Several attempts have been made to correct these
      problems; however, most of these attempts have somewhat limited success.
      Heating or molding of polycarbonate polymers containing these metallic
      contaminants has invariably resulted in discoloration of the product.
PAR  It has been discovered that by adding gluconic acid or its alkali metal
      salts during the preparation of the polycarbonate, color and thermally
      stable polycarbonates are produced.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is directed to an improved process for preparing an aromatic
      carbonate polymer by reacting a dihydric phenol and an alkali metal
      hydroxide with a carbonate precursor, the improvement which comprises
      carrying out the reaction in the presence of a stabilizing amount of
      gluconic acid or its alkali metal salts.
PAR  The gluconic acid or its alkali metal salts are used in stabilizing
      amounts. Preferably, this stabilizing amount is from about 0.1 to about
      2.0 weight percent based on the weight of the dihydric phenol. In these
      amounts, gluconic acid or its alkali metal salts impart improved base
      molded color and thermal stability to the polycarbonate. A preferred
      additive is sodium gluconate.
PAR  The stabilizing amount of gluconic acid or its alkali metal salts
      substantially removes the metal contaminants, i.e., nickel, copper and
      iron by forming a complex with the metal contaminant. This complex is
      soluble in the aqueous phase which can be easily removed thus leaving the
      polycarbonate substantially free of these metal contaminants.
PAR  The dihydric phenols that can be employed are bisphenols such as
      bis(4-hydroxyphenyl) methane, 2,2-bis(4-hydroxyphenyl) propane
      (hereinafter referred to as bisphenol-A),
      2,2-bis(4-hydroxy-3-methylphenyl) propane, 4,4-bis(4-hydroxyphenyl)
      heptane, 2,2-bis(4-hydroxy-3,5-dichlorophenyl) propane,
      2,2-bis(4-hydroxy-3,5-dibromophenyl) propane, etc., dihydric phenol ethers
      such as bis(4-hydroxyphenyl) ether, bis(3,5-dichloro-4-hydroxyphenyl)
      ether, etc.; dihydroxydiphenyls such as p,p'-dihydroxydiphenyl,
      3,3'-dichloro-4,4'-dihydroxydiphenyl, etc., dihydroxyaryl sulfones such as
      bis(4-hydroxyphenyl) sulfone, bis(3,5-dimethyl-4-hydroxyphenyl) sulfone,
      etc., dihydroxy benzenes, resorcinol, hydroquinone, halo- and
      alkyl-substituted dihydroxy benzenes such as
      1,4-dihydroxy-2,5-dichlorobenzene, 1,4-dihydroxy-3-methyl-benzene, etc.,
      and dihydroxy diphenyl sulfoxides such as bis(4-hydroxyphenyl) sulfoxide,
      bis-(3,5-dibromo-4-hydroxyphenyl) sulfoxide, etc. A variety of additional
      dihydric phenols are also available to provide carbonate polymers and are
      disclosed in U.S. Pat. Nos. 2,999,835, 3,028,365 and 3,153,008. Also
      suitable for preparing the aromatic carbonate polymers are copolymers
      prepared from any of the above copolymerized with halogen-containing
      dihydric phenols such as 2,2-bis(3,5-dichloro-4-hydroxyphenyl) propane,
      2,2-bis(3,5-dibromo-4-hydroxyphenyl) propane (hereinafter referred to as
      tetrabromobisphenol-A), etc. Also employed in the practice of this
      invention may be blends of any of the above materials to provide the
      aromatic carbonate polymer.
PAR  The carbonate precursor employed in the practice of this invention can be
      either carbonyl halide or a haloformate. The carbonyl halides which can be
      employed herein are carbonyl bromide, carbonyl chloride, carbonyl
      fluoride, etc. or mixtures thereof. The haloformates suitable for use
      herein include bishaloformates of dihydric phenol (bischloroformates of
      hydroquinone, etc.) or glycols (bishaloformates of ethylene glycol,
      neopentyl glycol, polyethylene glycol, etc.). Although the carbonate
      precursors will occur to those skilled in the art, carbonyl chloride, also
      known as phosgene is preferred.
PAR  Molecular weight regulators which can be employed in carrying out the
      process of this invention for preparing the aromatic carbonate resins can
      be such molecular weight regulators as phenol, cyclohexanol, methanol,
      paratertiarybutylphenol, parabromophenol; monofunctional organic acids,
      that is benzoic acid, acetic acid; and monofunctional alcohols such
      methanol, ethanol. The amounts employed generally vary between 0.5 to
      about 4 weight percent, based on the weight of the dihydric phenol
      originally charged to the reaction mixtures.
PAR  Polymerization catalysts which may also be employed herein can be any of
      the suitable catalysts that aid the polymerization of bisphenol-A with
      phosgene. Suitable catalysts are tertiary amines such as for example,
      triethylamine, tripropylamine, n,n-dimethylaniline, quaternary ammonium
      compounds such as for example tetraethylammonium bromide, cetyl triethyl
      ammonium bromide, tetra-n-heptyl ammonium iodide, tetra-n-propyl ammonium
      bromide, tetramethyl ammonium hydroxide, tetra-n-butyl ammonium iodide,
      benzyltrimethyl ammonium chloride and quaternary phosphonium compounds
      such as for example, n-butyltriphenyl phosphonium bromide and
      methyltriphenyl phosphonium bromide.
PAR  The alkali metal hydroxide employed in the practice of this invention is
      selected from the group consisting of potassium hydroxide, sodium
      hydroxide, and lithium hydroxide.
PAR  Additionally, thermoplastic randomly branded polycarbonates are included
      within the scope of this invention. They are prepared by reacting a
      polyfunctional organic compound with a dihydric phenol and a carbonate
      precursor. The polyfunctional organic compound which may be included
      within the scope of this invention are set forth in U.S. Pat. No.
      3,635,895 which is incorporated herein by reference. A preferred
      polyfunctional organic compound is diphenolic acid.
PAR  A method of practicing this invention involves passing phosgene, for
      example, into a reaction mixture containing a dihydric phenol, an aqueous
      solution of an alkaline metal hydroxide, the additive of the instant
      invention and an inert organic solvent such as methylene chloride,
      ethylene dichloride and the like. Molecular weight regulators and reaction
      catalysts may be used as desired.
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  The following examples are set forth to illustrate more clearly the
      principles and practices of this invention to those skilled in the art.
      Unless otherwise specified, where parts are mentioned, they are parts be
      weight.
DETD
PAC  EXAMPLE I
PAR  37.2 gallons of distilled water, 200 pounds of bisphenol-A 700 ml. of
      triethylamine, 1800 grams of p-tertiary butylphenol 60 gallons of
      methylene chloride are charged to a glasslined reaction kettle fitted with
      an agitator, reflux condenser and pH electrodes. The mixture is agitated
      for about 10 minutes. Phosgene is then added at the rate of 100 pounds per
      hour along with sufficient commercial grade 50% aqueous sodium hydroxide
      solution to maintain a pH of 11.0 during the reaction.
PAR  Phosgene addition is continued until the reaction with bisphenol-A is
      complete as determined by phosgene blow-by and disappearance of free
      monomer.
PAC  EXAMPLE II
PAR  Example I is repeated with the exception that 0.4 pounds of sodium
      gluconate is added to the reaction kettle.
PAC  EXAMPLE III
PAR  37.2 gallons of distilled water, 200 pounds of bisphenol-A, 700 ml. of
      triethylamine, 1800 grams of p-tertiarybutylphenol, 60 gallons of
      methylene chloride, 2 pounds diphenolic acid are charged to a glasslined
      reaction kettle fitted with an agitator, reflux condenser and pH
      electrodes. The mixture is agitated for about 10 minutes. Phosgene is then
      added at the rate of 100 pounds per hour along with 50% aqueous sodium
      hydroxide solution to maintain a pH of 6.0 for the first 25% of the
      reaction and a pH of 11.0 during the remainder of the reaction.
PAC  EXAMPLE IV
PAR  Example III is repeated except that 0.4 pounds of sodium gluconate is added
      to the reaction kettle.
PAR  The organic phase of the reaction mixture prepared in Examples I through IV
      was isolated by decantation and the iron content of the dissolved
      carbonate polymer determined by conventional techniques. The results are
      tabulated in Table I as follows:
TBL                TABLE I                                                     
     ______________________________________                                    
     EXAMPLE    IRON CONTENT OF POLYMER                                        
     ______________________________________                                    
     I          0.79 ppm                                                       
     II         0.17 ppm                                                       
     III        1.23 ppm                                                       
     IV         0.20 ppm                                                       
     ______________________________________                                    
PAC  EXAMPLE V
PAR  37.2 gallons of distilled water, 100 pounds of bisphenol-A, 100 pounds of
      tetrabromobisphenol-A, 2800 ml. of triethylamine, 1800 grams of
      p-tertiarybutylphenol, 60 gallons of methylene chloride are charged to a
      glasslined reaction kettle fitted with an agitator, reflux condenser and
      pH electrodes. The mixture is agitated for about 10 minutes. Phosgene is
      then added at the rate of 100 pounds per hour along with 50% aqueous
      sodium hydroxide solution to maintain a pH of 11.0 during the reaction.
PAC  EXAMPLE VI
PAR  Example V is repeated except that 0.4 pounds of sodium gluconate is added
      to the reaction vessel.
PAR  The carbonate polymers prepared in Examples I through VI were purified and
      isolated by techniques well known to those skilled in the art. Parts were
      molded from these polymers and the color of these parts were measured. The
      results were tabulated in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     EXAMPLE    APHA COLOR                                                     
     ______________________________________                                    
     I          37.5                                                           
     II         27                                                             
     III        101                                                            
     IV         34.5                                                           
     V          87.5                                                           
     VI         55                                                             
     ______________________________________                                    
PAR  As is seen from Table I, the metal content of the polymer of Examples I and
      III prepared without the additive is 0.79 and 1.23 ppm, respectively while
      using the additive of the instant invention the metal content of the
      polymer is reduced to 0.17 and 0.20 ppm, respectively. Table II discloses
      that the polymer prepared from Examples I, III and V, respectively has a
      higher APHA color number than the corresponding polymer prepared with the
      additive of the instant invention, which indicates that the polymer
      prepared using the additive of the instant invention suffers less
      discoloration than the polymer prepared without.
PAR  It will thus be seen that the objects set forth above among those made
      apparent from the preceding description are efficiently attained, and
      since certain changes may be made in carrying out the above process
      without departing from the scope of this invention, it is intended that
      all matters contained in the above description shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing a color stable aromatic carbonate polymer by
      reacting a dihydric phenol and an alkali metal hydroxide with a carbonate
      precursor, the improvement which comprises carrying out the reaction in
      the presence of a stabilizing amount of gluconic acid or its alkali metal
      salts.
NUM  2.
PAR  2. The process of claim 1 wherein the dihydric phenol is
      2,2-bis(4-hydroxyphenyl) propane.
NUM  3.
PAR  3. The process of claim 1 wherein the carbonate precursor is phosgene.
NUM  4.
PAR  4. The process of claim 1 wherein a polyfunctional organic compound is
      reacted with the dihydric phenol and the carbonate precursor.
NUM  5.
PAR  5. The process of claim 4 wherein the polyfunctional organic compound is
      diphenolic acid.
NUM  6.
PAR  6. The process of claim 1 wherein the dihydric phenol is a halogen
      substituted dihydric phenol.
NUM  7.
PAR  7. The process of claim 6 wherein the halogen substituted dihydric phenol
      is tetrabromobisphenol-A.
NUM  8.
PAR  8. The process of claim 1 wherein the dihydric phenol is a combination of
      dihydric phenol and a halogen substituted dihydric phenol.
NUM  9.
PAR  9. The process of claim 1 wherein the alkali metal hydroxide is sodium
      hydroxide.
NUM  10.
PAR  10. The process of claim 1 wherein the alkali metal salt of gluconic acid
      is sodium gluconate.
NUM  11.
PAR  11. The process of claim 1 wherein the stabilizing amount of gluconic acid
      or its alkali metal salts is from about 0.1 to about 2.0 weight percent
      based on the weight of dihydric phenol.
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ABST
PAL  Benzoyloxybenzoates having the formula
      ##SPC1##
PAL  Wherein
PA1  R.sup.1 , r.sup.2 and R.sup.3 are lower alkyl or cycloalkyl,
PA1  R.sup.4 is hydrogen, lower alkyl or cycloalkyl,
PA1  R.sup.5 is alkylene or oxyalkylene having up to 18 carbon atoms, and
PA1  m is an integer from 2 to 4, are useful as stabilizers of organic materials
      such as polyolefins.
PARN
PAR  This is a divisional of application Ser. No. 318,326, filed on Dec. 26,
      1972, now U.S. Pat. No. 3,884,960.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Polymeric materials have one important deficiency which must be overcome
      before they can be used in various commercial applications. This
      deficiency is the susceptibility to oxidative and actinic degradation.
      Many varieties of compounds have been known to be useful as stabilizers of
      various polymers, but all of them have certain deficiencies which limits
      the usefulness of such stabilizers. Thus, one class of stabilizers
      disclosed in the prior art that is related to the compounds of this
      invention is hindered hydroxybenzoates disclosed in U.S. Pat. Nos.
      3,029,276; 3,112,338; 3,206,431 and 3,502,613.
PAR  Most of the compounds disclosed in said patents are various esters of
      3,5-dialkyl-4-hydroxybenzoic acids while the benzoyloxybenzoates of this
      invention are esters of 4-(3,5-dialkyl-4-hydroxybenzoyloxy) mono (and
      dialkyl) benzoic acids. The most closely related compound in the prior art
      is ethyl-4-(3,5-di-t-butyl-4-hydroxybenzoyloxy) benzoate disclosed in U.S.
      Pat. No. 3,206,431. In this compound the phenyl ring in the benzoate group
      is completely unsubstituted while the corresponding group in the compounds
      of this invention has one or two alkyl substituents. Furthermore, in the
      prior art compound the ester group is an alkyl group while in the instant
      compounds the ester group is an alkylene group or oxyalkylene group having
      two to four benzoate moieties bonded thereto. The important difference in
      the properties between the prior art compounds discussed above and the
      benzoyloxybenzoates of this invention is the improved thermal stability of
      the instant compounds. This is a very important feature because the
      polymer substrates which are stabilized with such compounds are subjected
      to high temperature processing during the various manufacturing stages.
      Compounds which are not thermally stable will decompose during processing
      which will result in decreased stabilization effectiveness during the life
      of the polymer and also may introduce discoloration.
PAR  Furthermore, the compounds of this invention have better gas fading
      properties and have better water and organic solvent extraction resistance
      than the prior art compounds.
PAC  DETAILED DISCLOSURE
PAR  This invention relates to hindered benzoyloxybenzoate compounds and organic
      compositions stabilized therewith. More specifically, these compounds are
      useful as stabilizers of organic materials which are subject to thermal,
      oxidative and ultraviolet light degradation. The novel benzoyloxybenzoate
      compounds can be represented by the formula
      ##SPC2##
PAL  Wherein
PAR  R.sup.1, R.sup.2 and R.sup.3 are (lower)alkyl or (lower) cycloalkyl groups,
PAR  R.sup.4 is hydrogen, (lower)alkyl or (lower)cycloalkyl groups,
PAR  R.sup.5 is alkylene or oxyalkylene having up to 18 carbon atoms, and
PAR  M IS AN INTEGER FROM 2 TO 4.
PAR  Each of the groups R.sup.1, R.sup.2, R.sup.3 and R.sup.4 can be the same or
      different (lower)alkyl groups having from 1 to 8 carbon atoms, namely,
      n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, sec-amyl, tert-amyl,
      n-hexyl, sec-hexyl, sec-octyl, tert-octyl and the like. These groups can
      also be (lower)cycloalkyl groups having 4 to 8 carbon atoms such as
      cyclobutyl, cyclopentyl, cyclohexyl or cyclooctyl groups. R.sup.4 can also
      be hydrogen.
PAR  Although groups R.sup.1, R.sup.2, R.sup.3 and R.sup.4 can be any
      (lower)alkyl groups stated above, it is preferable that R.sup.1 and
      R.sup.2 groups be secondary or tertiary and especially tertiary alkyl
      groups having from 4 to 8 carbon atoms and most preferably tertiary butyl.
      Tertiary butyl groups are found to be very effective. The above formula
      indicates that R.sup.3 and R.sup.4 can be substituted on any of the four
      open positions in the benzene ring but preferably both groups are ortho to
      the benzoic acid moiety.
PAR  The group R.sup.5 is an alkylene or an oxyalkylene having up to 18 carbon
      atoms and for economic reasons they have preferably up to 12 carbon atoms.
      By oxyalkylene is intended to include mono and polyoxyalkylenes such as di
      and trioxyalkylene groups. These groups are derived from alkylene glycols
      and polyalkylene glycols. These groups can be straight chain or branched
      chain and they are derived from various polyols, such as for example
      ethylene glycol, 1,2 and 1,3-propylene glycols, 1,10-decanediol,
      2,2,4-trimethylhexanediol, diethylene glycol, neopentylglycol,
      trimethylolethane, glycerol, pentaerythritol, 1,2,3,4-tetrahydroxybutane
      and the like.
PAR  Following are illustrative examples of the compounds of this invention:
PA0  1,6-hexanediol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butylbe
     nzoate}
PA0  1,4-butanediol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butylbe
     nzoate}
PA0  1,6-hexanediol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-dimethylbenz
     oate}
PA0  1,6-hexanediol-bis-{4-(3,5-diisopropyl-4-hydroxybenzoyloxy)-3,5-dimethylben
     zoate}
PA0  ethylene
      glycol-bis{4-(3,5-diisopropyl-4-hydroxybenzoyloxy)-3,5-diisopropylbenzoate
     }
PA0  1,2-propylene
      glycol-bis-{4-(3-t-amyl-5-methyl-4-hydroxybenzoyloxy)-3,5-di-t-amylthioben
     zoate}
PA0  1,3-propylene
      glycol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-dimethylbenzoate}
PA0  1,9-nonanediol-bis-{4-(3,5-diethyl-4-hydroxybenzoyloxy)-3,5-dimethylbenzoat
     e}
PA0  1,10-decanediol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-dimethylben
     zoate}
PA0  2,2,4-trimethylhexanediol-bis-{4-(3,5-di-tert.butyl-4-hydroxybenzoyloxy)-3,
     5-diisopropylbenzoate}
PA0  2,4,4-trimethylhexanediol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)3,5-di
     -t-butylbenzoate}
PA0  diethylene
      glycol-bis-{4-(3,5-diisopropyl-4-hydroxybenzoyloxy)-3,5-diisopropylbenzoat
     e}
PA0  neopentyl
      glycol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butylbenzoate}
PA0  triethylene
      glycol-bis-{4-(3,5-di-octyl-4-hydroxybenzoyloxy)-3,5-di-octylbenzoate}
PA0  tetraethylene
      glycol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butylbenzoate}
PA0  trimethylolethane-tris-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-but
     ylbenzoate}
PA0  trimethylolpropane-tris-{4-(3,5-di-t-octyl-4-hydroxybenzoyloxy)-3,5-di-t-oc
     tylbenzoate}
PA0  trimethylolbutane-tris-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,6-dimethyl
     benzoate}
PA0  glycerol-tris-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butylbenzoat
     e}
PA0  pentaerithrytol-tetrakis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-b
     utylbenzoate}
PA0  1,2,3,4-tetrahydroxybutane-tetrakis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)
     -3,5-dimethylbenzoate}.
PAR  The compounds of this invention when R.sup.1 and R.sup.2 are different from
      R.sup.3 and R.sup.4 can be prepared by reacting a hindered phenolic acid
      chloride such as 3,5-di-tert-butyl-4-hydroxybenzoylchloride with an
      appropriate alkyl substituted benzoate at a temperature of from about
      50.degree. to 200.degree. C. Compounds where R.sup.1 and R.sup.2 are the
      same as R.sup.3 and R.sup.4 can be prepared by reacting two moles of a
      dialkyl substituted hydroxybenzoyl halide with one mole of a base to yield
      an intermediate compound which is (di-alkyl substituted
      hydroxybenzoyloxy)-dialkyl benzoyl halide which in turn is reacted with an
      appropriate glycol or a polyol to give the desired product. The basic
      materials which can be employed are trialkyl amines such as triethyl
      amine, tripropyl amine, triisopropyl amine, tributyl amine, triamyl amine,
      sodium or potassium hydroxide, sodium or potassium carbonates or other
      similar proton acceptors. Both reactions mentioned above can be carried
      out neat or in a non-reactive solvent such as a hydrocarbon as for
      example, hexane, cyclohexane, heptane, nonreactive chlorinated
      hydrocarbon, mineral oil, and preferably benzene or toluene.
PAR  The preparation of these compounds is further illustrated in greater detail
      in the examples below.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butylbenzoyl
      chloride
PAR  To 445 ml. of a toluene solution containing 107.2 grams of
      3,5-di-t-butyl-4-hydroxybenzoyl chloride (0.40 moles) cooled to 10.degree.
      C was added 24.4 grams (0.24 moles) of triethylamine over a period 20
      minutes at 10.degree. to 15.degree. C. The turbid reaction mixture was
      maintained at room temperature for about 19 hours and then heated at
      80.degree. C for 1 hour. The precipitate was removed by filtration and
      washed with a little toluene. The clear filtrate was concentrated in vacuo
      at 40.degree. to 50.degree. C at 20 mm. Hg. pressure and kept at this same
      temperature for 45 minutes at 20 mm. Hg. pressure to yield 105 grams of
      residue. The residue was triturated with 200 ml. of warm petroleum ether,
      and the slurry cooled. The white crystals were filtered yielding 70 grams
      of the product. After recrystallization from heptane and acetonitrile and
      drying at 95.degree. C for 5 hours at 0.1 mm Hg. pressure the melting
      point of the product was 210.degree.-213.degree. C.
PAC  EXAMPLE 2
PAC  Preparation of
      1,6-hexanediol-bis-{4-(3,5-ditert.butyl-4-hydroxybenzoyloxy)-3,5-ditert-bu
     tylbenzoate}
PAR  To 10.00 ml of toluene were added 10.00 grams of
      4-(3,5-di-tert.butyl-4-hydroxybenzoyloxy)-3,5-di-tert.butylbenzoyl
      chloride, 2.4 grams of 1,6-hexanediol and 2.0 grams of triethylamine and
      the reaction mixture was stirred for 2 hours at room temperature and then
      heated with stirring at 95.degree. to 98.degree. C for 3 hours. The
      precipitated triethylamine hydrichloride was filtered and the toluene
      solution washed with water and dried over anhydrous sodium sulfate. The
      product (9 grams) was isolated by distillation of the toluene at reduced
      pressure. After crystallization successively from n-heptane, isopropanol
      and acetonitrile, the product was isolated as white crystals melting at
      226.degree.-228.degree. C.
PAC  EXAMPLE 3
PAC  Preparation of triethylene
      glycol-bis-{4-(3,5-di-tert.butyl-4-hydroxybenzoyloxy)-
      3,5-di-tert.butylbenzoate}
PAR  15.0 grams of
      4-(3,5-di-tert.butyl-4-hydroxybenzoyloxy)-3,5-tert.butylbenzoyl chloride
      2.25 grams of triethylene glycol and 3.10 grams of triethylamine were
      stirred together in 100 ml. of toluene at room temperature for 2 hours and
      then heated at reflux for 2 hours. The reaction mixture was cooled to room
      temperature and the precipitated triethylamine hydrochloride filtered. The
      filtrate was concentrated to dryness by distillation of the solvent
      initially at about 20 mm Hg. pressure and finally at 0.3 mm Hg. pressure
      to yield about 16.1 grams of the product. The product was crystallized
      twice from isopropanol yielding white crystals melting at
      123.degree.-133.degree. C.
PAR  Following the above procedure, except that triethylene glycol is replaced
      with 1,10-decanediol, diethylene glycol and 1,3-propylene glycol, the
      following compounds are prepared:
PA0  1,10-decanediol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butylb
     enzoate}
PA0  diethylene
      glycol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butylbenzoate}
      and
PA0  1,3-propylene
      glycol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butylbenzoate}
     .
PAC  EXAMPLE 4
PAC  Preparation of
      2,2-dimethyl-1,3-propanediol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)
      3,5-di-t-butylbenzoate}
PAR  Following substantially the procedure of Example 3, two moles of
      3,5-di-t-butyl-4-hydroxybenzoyl chloride are reacted with one mole of
      triethylamine and the resulting intermediate is in turn reacted with one
      mole of 2,2-dimethyl-1,3-propanediol to yield the above named product
      which has a melting point of 230.degree.-240.degree. C.
PAR  Following the procedure of Example 3, 3,5-dimethyl-4-hydroxybenzoyl
      chloride, 3,5-diisopropyl-4-hydroxybenzoyl chloride,
      3,5-di-t-octyl-4-hydroxybenzoyl chloride and
      3-t-butyl-5-methyl-4-hydroxybenzoyl chloride are reacted respectively with
      1,2-propylene glycol, 2,2,4-trimethylhexanediol, neopentyl glycol and
      tetraethylene glycol to yield the following compounds:
PA0  1,2-propylene
      glycol-bis-{4-(3,5-dimethyl-4-hydroxybenzoyloxy)-3,5-dimethylbenzoate}
PA0  2,2,4-trimethylhexanediol-bis-{4-(3,5-diisopropyl-4-hydroxybenzoyloxy)-
      3,5-diisopropylbenzoate}
PA0  neopentyl
      glycol-bis-{4-(3,5-di-t-octyl-4-hydroxybenzoyloxy)-3,5-di-t-octylbenzoate}
PA0  tetraethylene
      glycol-bis-{4-(3-t-butyl-5-methyl-4-hydroxybenzoyloxy)-3-t-butyl-5-methylb
     enzoate}
PAR  The benzoyloxybenzoates of this invention are stabilizers of organic
      material normally subject to thermal, oxidative or actinic light
      deterioration. Materials which are thus stabilized include synthetic
      organic polymeric substances such as vinyl resins formed from the
      polymerization of vinyl halides or from the copolymerization of vinyl
      halides with unsaturated polymerizable compounds, e.g., vinyl esters,
      .alpha.,.beta.-unsaturated ketones, .alpha.,.beta.-unsaturated aldehydes
      and unsaturated hydrocarbons such as butadienes and styrene;
      poly-.alpha.-olefins such as polyethylene, polypropylene, polybutylene
      including copolymers of .alpha.-olefins; dienes such as polybutadiene,
      polyisoprene, and the like, including copolymers with other monomers;
      polyurethanes and polyamides such as polyhexamethylene adipamide and
      polycaprolactam; polyesters such as polyethylene terephthalates;
      polycarbonates; polyacetals such as polyethylene terephthalate polyacetal;
      polystyrene, polyethyleneoxide; and copolymers such as those of high
      impact polystyrene containing copolymers of butadiene and styrene and
      those formed by the copolymerization of acrylonitrile, butadiene and/or
      styrene.
PAR  Other materials which can be stabilized by the compounds of the present
      invention include lubricating oil of the aliphatic ester type, i.e.,
      di(2-ethylene)-azelate, pentaerythritol tetracaproate, and the like;
      animal and vegetable derived oils, e.g., linseed oil, fat, tallow, lard,
      peanut oil, cod liver oil, caster oil, palm oil, corn oil, cottonseed oil,
      and the like; hydrocarbon materials such as gasoline, mineral oil, fuel
      oil, drying oil, cutting fluids, waxes, resins, and the like, salts of
      fatty acids such as soaps and the like; and alkylene glycols, e.g.,
      .beta.-methoxyethyleneglycol, methoxytriethyleneglycol, triethylene
      glycol, octaethyleneglycol, dibutyleneglycol, dipropyleneglycol and the
      like.
PAR  Of particular importance are polyolefins and especially polypropylene
      because these benzoyloxybenzoates are particularly effective as UV
      stabilizers in polypropylene.
PAR  In general, the stabilizers of this invention are employed from about 0.01
      to about 5% by weight of the stabilized composition, although this will
      vary with the particular substrate and application. An advantageous range
      is from about 0.05 to about 2% and especially 0.1 to about 1%.
PAR  For addition to polymeric substrates, the stabilizers can be blended before
      polymerization or after polymerization, during the usual processing
      operations, for example, by hot-milling, the composition then being
      extruded, pressed, or the like into films, fibers, filaments, hollow
      spheres and the like. The heat stabilizing properties of these compounds
      advantageously stabilize the polymer against degradation during such
      processing at the high temperature generally encountered. The stabilizers
      can also be dissolved in suitable solvents and sprayed on the surface of
      films, fabrics, filaments or the like to provide effective stabilization.
PAR  These compounds can also be used in combination with other additives such
      as antioxidants, sulfur-containing esters such as
      distearyl-.beta.-thiodipropionate (DSTDP),
      dilauryl-.beta.-thiodipropionate (DLTDP) in an amount of from 0.01 to 2%
      by weight of the organic material, and the like, pourpoint depressants,
      corrosion and rust inhibitors, dispersing agents, demulsifiers,
      antifoaming agents, carbon black, accelerators and other chemicals used in
      rubber compounding, plasticizers, color stabilizers, di- and tri-alkyl-
      and -alkylphenylphosphites, heat stabilizers, ultraviolet light
      stabilizers, antiozonants, dyes, pigments, metal chelating agents,
      dyesites and the like. Often combinations such as these, particularly the
      sulfur containing esters, the phosphites and/or the ultraviolet light
      stabilizers will produce superior results in certain applications to those
      expected by the properties of the individual components.
PAR  The following formula represents co-stabilizers which are in certain
      instances very useful in combination with the stabilizers of this
      invention:
      ##EQU1##
      wherein R is an alkyl group having from 6 to 24 carbon atoms; and n is an
      integer from 1 to 6. Especially useful compounds of this type are
      dilauryl-.beta.-thiodipropionate and distearyl-.beta.-thiodipropionate.
      The above co-stabilizers are used in the amount of from 0.01 to 2% by
      weight of the organic material, and preferably from 0.1 to 1%.
PAR  Although the compounds of this invention are also effective as thermal
      stabilizers, if the processing of the polymer is carried out at high
      temperatures it is advantageous to incorporate additional antioxidants.
PAR  The antioxidant compounds that can be employed are various hindered
      phenolic compounds which can be illustrated by the compounds listed below:
PA0  di-n-octadecyl(3-t-butyl-4-hydroxy-5-methylbenzyl)malonate
PA0  2,6-di-t-butylphenol
PA0  2,2'-methylene-bis(6-t-butyl-4-methylphenol)
PA0  2,6-di-t-butylhydroquinone
PA0  octadecyl-(3,5-di-t-butyl-4-hydroxybenzylthio)acetate
PA0  1,1,3-tris(3-t-butyl-6-methy-4-hydroxyphenyl)-butane
PA0  1,4-bis(3,5-di-t-butyl-4-hydroxybenzyl)-2,3, 5,6-tetramethylbenzene
PA0  2,4-bis-(3,5-di-t-butyl-4-hydroxyphenoxy)-6-(n-octylthio)-1,3,5-triazine
PA0  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octylthioethylthio)-1,3,5-tr
     iazine
PA0  2,4-bis-(n-octylthio)-6-(3,5-di-t-butyl-4-hydroxyanilino)-1,3,5-triazine
PA0  2,4,6-tris-(4-hydroxy-3,5-di-t-butylphenoxy)-1,3,5-triazine
PA0  n-octadecyl .beta.-(3,5-di-t-butyl-4-hydroxyphenyl) propionate
PA0  2-(n-octylthio)ethyl-3,5-di-t-butyl-4-hydroxybenzoate
PA0  stearamido N,N-bis-{ethylene 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA0  1,2-propylene glycol bis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA0  pentaerythritol tetrakis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA0  dioctadecyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA0  di-n-octadecyl-1-(3,5-di-t-butyl-4-hydroxyphenyl)-ethanephosphonate
PAR  The above antioxidants have been listed only for the purpose of
      illustration and it is important to note that any other antioxidant can be
      employed with the same improved results. The above exemplified
      antioxidants are disclosed in greater detail in the following patents:
      Netherlands Patent No. 67/1119, issued Feb. 19, 1968; Netherlands Patent
      No. 68/03498 issued Sept. 18, 1968; U.S. Pat. Nos. 3,255,191; 3,330,859;
      3,281,505; 3,285,855; 3,364,250; 3,368,997 and 3,357,944.
PAR  To further illustrate the present invention additional examples are
      presented without introducing any limitations to the description of the
      invention.
PAC  Outdoor Light Exposure Test
PAC  15 Denier Oriented Monofilaments
PAR  The additives are solvent blended (e.g., methylene chloride) with powdered
      polypropylene (Hercules Profax 6501). The solvent is then removed at room
      temperature in a vacuum oven with a slight air bleed. The dry mixture is
      melt-extruded at 450.degree. F and pelletized. The pellets are reextruded
      through a monofilament die, melt spun and hot oriented 4:1 by means of a
      set of cold and hot Godet rolls to give 15 denier (nominal) monofilaments.
PAR  The test results reported in Examples of Table I show the percentage of
      retention of the original tenacity by a fiber after having been exposed to
      the indicated number of Kilolangleys (Kly) of Florida exposure. A Langley
      is a measure of energy accumulated by the fiber.
PAR  Table I shows the results of the above described outdoor test indicating
      amounts of the additives present. Thus, in the Additives column is given
      the precentage of the compound prepared in the indicated Example, which is
      present in the polypropylene composition in addition to the additives
      present in the base formulation. The remaining two columns show the number
      of Kilolangleys of exposure in Florida at the indicated percentage of
      retention of the original tenacity to which the fibers have been
      subjected.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Outdoor Exposure of 15 Denier                                             
     Polypropylene Monofilaments in Florida                                    
            Base Formulation:                                                  
                        0.2% IRGANOX 1093                                      
                        0.1% Calcium Stearate                                  
                            Kilolangleys to                                    
                                     Kilolangleys to                           
                            30%      50%                                       
     Ex.                    Retention                                          
                                     Retention                                 
     No.    Additive        of Tenacity                                        
                                     of Tenacity                               
     __________________________________________________________________________
     5   base Formulation   41       36                                        
     6   0.5% of triethylene goycol-bis-                                       
          [4-(3,5-di-tert-butyl-4-hydroxy-                                     
          benzoyloxy)-3,5-di-tert-butyl-                                       
          benzoate]         84       54                                        
     __________________________________________________________________________
      *IRGANOX 1093 is an antioxidant dioctadecyl                              
      3,5-di-t-butyl-4-hydroxybenzylphosphonate                                
      Proportionately good stabilization is obtained when in the compositions o
      Table I the compounds of this invention are present in the concentrations
      of 0.1% and 1%.                                                          
PAC  Artificial Light Exposure Test
PAR  Deterioration of most polymers caused by ultraviolet light is so slow at
      ambient temperatures even in the absence of stabilizers, that testing of
      the effects of stabilizers generally must be conducted either at higher
      temperatures or in an accelerated aritificial light exposure device in
      order to yield results in a convenient period of time. The test conducted
      on polymers using an artificial light exposure device is described below:
PAR  a. Sample Preparation
PAR  5 mil Film - Unstabilized polypropylene Powder (Hercules Profax 6501) is
      thoroughly blended with the indicated amounts of additives. The blended
      material is then milled on a two roll mill for 5 minutes at 182.degree. C.
      The milled sheet is then compression molded at 220.degree. C into 5 mil
      thick film under a pressure of 175 psi and water cooled in the press.
PAR  b. Testing Method
PAR  This test is conducted in a FS/BL unit, basically of the American Cyanamid
      design, which consists of 40 tubes of alternating fluorescent sun lamps
      and black lights (20 of each). The 5 mil sample film are mounted on 3
      .times. 2 inch IR card holders with 1/4  inch .times. 1 inch windows and
      are placed on a rotating drum 2 inches from the bulbs in the FS/BL unit.
      The time in hours is noted for the development of 0.5 carbonyl absorbance
      units as determined on an Infrared Spectophotometer. The development of
      carbonyl functional groups in the polymer is proportional to the amount of
      degradation caused by the ultraviolet light exposure.
PAR  The test results reported below were obtained according to the procedures
      described above. The amounts of the additives are expressed in weight
      percent based on the weight of the polymer
TBL                TABLE II                                                    
     ______________________________________                                    
                                 Time in Hours                                 
     Ex.                         to .5 Carbonyl                                
     No.        Formulation*     Absorbance Units                              
     ______________________________________                                    
     8     0.5% 1,6-hexandiol-bis-[4-(3,5-                                     
            di-tert.butyl-4-hydroxybenzoyloxy)-                                
            3,5-di-tert-butylbenzoate]                                         
                                 320                                           
     9      Control*              120**                                        
     10     0.5% 2,2-dimethyl-1,3-propanediol-                                 
             bis-[4-(3,5-di-t-butyl-4-hydroxy-                                 
             benzoyloxy)-3,5-di-t-butylbenzoate]                               
                                 645                                           
     11     Control               195**                                        
     ______________________________________                                    
       *Each of the samples tested and the control contains 0.2% of            
      di-n-octadecyl(3,5-di-t-butyl-4-hydroxybenzyl) phosphonate which is an   
      antioxidant which prevents oxidative degradation of polypropylene.       
      **The two compounds were tested at different times therefore the controls
      are slightly different.                                                  
PAC  EXAMPLE 12
PAR  Pellets (500 g) of unstabilized nylon-6,6 (Zytel 101, DuPont) are placed in
      a Kitchen Aid Mixer. With mixing, a solution of 0.5 % (based on the weight
      of nylon) of ethylene
      glycol-bis-{4-(3,5-dimethyl-4-hydroxybenzoyloxy)-3-methylbenzoate} in 20
      ml of methylene chloride is added slowly. Sodium hypophosphite (0.5 gm.
      0.1%) is dissolved in 20 ml of water and added slowly with mixing to the
      nylon pellets after the antioxidant solution has been added and most of
      the methylene chloride has evaporated. The stabilized pellets are dried at
      80.degree. C at &lt;lmm for 4 hours.
PAR  The polyamide formulation is extruded at 600.degree. F through a 1/4 inch
      die into a rod which is water cooled and chopped into pellets. A 3/4 inch
      Brabender extruder, equipped with a nylon screw, is used. The pellets are
      dried at 80.degree. C at &lt;lmm for 4 hours.
PAR  The dried pellets are reextruded into 5 mil (nominal) monofilament fiber
      which is subsequently oriented (4:1). The oriented fibers are exposed to
      outdoor weathering (direct and under glass) and tensile measurements are
      made periodically. The sample is considered to have failed when it loses
      50 % of its original tenacity. The sample stabilized with the above noted
      benzoate retained tensile strength for a much longer period than the
      unstabilized sample.
PAC  EXAMPLE 13
PAR  Unstabilized high impact polystyrene resin is dry blended with 0.01 % by
      weight of the resin of
      1,10-decanediol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butyl
     -benzoate}. The resin is then extrusion compounded on a 1 inch 24/1=L/D
      extruder, melt temperature 500.degree. F and then pressed for 7 minutes at
      a temperature of 163.degree. C and a pressure of 2000 psi into a sheet of
      uniform thickness of 100 mil. The sheets are then cut into plaques of 2
      inch .times. 2 inch. The plaques are then exposed in a FS/BL exposure
      device and color measurements made periodically using a Hunter Color
      Difference Meter Model D25. The polystyrene samples stabilized with the
      above benzoate developed the undesirable yellow discoloration
      substantially later after such discoloration occured in the unstabilized
      samples.
PAC  EXAMPLE 14
PAR  Unstabilized linear polyethylene is solvent blended in methylene chloride
      with 0.5% by weight of the substrate of
      2,2,4-trimethylhexanediol-bis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-
     di-t-butylbenzoate} and then vacuum dried. The resin is then extruded at
      450.degree. F as described in Example 30. Thereafter, the test procedure
      of Example 30 is followed and the light stability of the samples
      determined. Polyethylene stabilized with the above benzoate is found to be
      much more stable than the unstabilized polyethylene or the polyethylene
      stabilized only with an antioxidant.
PAC  EXAMPLE 15
PAR  A quantity of SBR emulsion containing 100 g of rubber (500 ml of 20% SBR
      obtained from Texas U.S., Synpol 1500 ) previously stored under nitrogen,
      is placed in a beaker and stirred vigorously. The pH of the emulsion is
      adjusted to 10.5 with a 0.5N NaOH solution.
PAR  To the emulsion is added 50 ml of 25% NaCl solution. A 6% NaCl solution
      adjusted with hydrochloric acid to a pH 1.5 is added in a thin stream with
      vigorous stirring. When pH 6.5 is reached, the rubber begins to coagulate
      and the addition is slowed down in order to maintain uniform agitation.
      The addition of the acidic 6% NaCl solution is terminated when a pH 3.5 is
      reached. The coagulated crumb-rubber slurry at pH 3.5 is stirred for 1/2
      hour.
PAR  The coagulated rubber is isolated by filtration through cheese cloth, and
      rinsed with distilled water. After three subsequent washings with fresh
      distilled water, the coagulated rubber is dried, first at 25 mm Hg and
      finally to constant weight under high vacuum (&lt;1 mm) at
      40.degree.-45.degree. C.
PAR  The dried rubber (25 g) is heated under nitrogen at 125.degree. C in a
      Brabender mixer and to this is added with mixing 0.25 g (0.5%) of
      trimethylolethane-tris-{4-(3,5-di-t-butyl-di-t-butyl-4-hydroxybenzoyloxy)-
     3,5-di-t-butylbenzoate}. The composition is mixed for 5 minutes after which
      it is cooled and compression molded at 125.degree. C into 5 inch .times.
      0.025 inch plaques.
PAR  The plaques are exposed to a xenon arc weatherometer and the color
      measurement (L-b) is made after 45, 125 and 290 hours. The samples
      stabilized with the above benzoate is found to be much more light stable
      than the unstabilized samples.
PAC  EXAMPLE 16
PAR  To 50 g of polyacetal resin containing 0.1% of an acid scavenger,
      dicyandiamide, is added 0.2% by weight of
      glycerol-tris-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butylbenzoa
     te}, and milled for 7 minutes at 200.degree. C in a Brabender
      Plastirecorder. The milled formulation is subsequently pressed into a 40
      mil sheet at 215.degree. C at 350 psi for 90 seconds then cooled quickly
      in a cold press at 350 psi. The stabilized sheets are then remolded for 2
      minutes at contact pressure and for 3 minutes at 300 psi at 215.degree. C
      to give plaques 11/2  inch .times. 21/4 inch .times. 125 mil. Thereafter,
      the testing procedure of Example 13 is followed to determine the light
      stability of the samples. The stabilized samples are found to be much more
      stable than the unstabilized samples.
PAC  EXAMPLE 17
PAR  Unstabilized thoroughly dried polyethylene terephthalate chips are dry
      blended with 1.0% of pentaerythritol
      tetrakis-{4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butylbenzoate}.
      60/10 denier multifilament is melt spun at a melt temperature of
      290.degree. C. The oriented fiber is wound on white cards and exposed in a
      Xenon Arc Fadeometer. Color measurements are made periodically with a
      Hunter Color Difference Meter Model D25. The stabilized samples are found
      to be much more light stable than the unstabilized samples.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter stabilized against degradation which comprises
      an organic material subject to oxidative and ultraviolet light degradation
      and from 0.01 to 5% by weight of the stabilized composition of a
      benzoyloxybenzoate having the formula
      ##SPC3##
PAL  wherein
PA1  R.sup.1 , r.sup.2 and R.sup.3 are lower alkyl or lower cycloalkyl groups,
PA1  R.sup.4 hydrogen, lower alkyl or lower cycloalkyl,
PA1  R.sup.5 is alkylene or oxyalkylene having up to 18 carbon atoms, and
PA1  m is an integer from 2 to 4.
NUM  2.
PAR  2. A composition of claim 1 wherein said organic material is a polyolefin.
NUM  3.
PAR  3. A composition of claim 2 wherein in said benzoyloxybenzoate
PA1  R.sup.1 and R.sup.2 are branched alkyl, and
PA1  R.sup.5 is alkylene.
NUM  4.
PAR  4. A composition of claim 2 wherein in said benzoyloxybenzoate
PA1  R.sup.1 and R.sup.2 are branched alkyl and
PA1  R.sup.5 is oxyalkylene.
NUM  5.
PAR  5. A composition of claim 2 wherein in said benzoyloxybenzoate
PA1  R.sup.1, r.sup.2, r.sup.3 and R.sup.4 are tert-butyl groups, and
PA1  R.sup.5 is alkylene.
NUM  6.
PAR  6. A composition of claim 2 wherein in said benzoyloxybenzoate
PA1  R.sup.1, r.sup.2, r.sup.3 and R.sup.4 are tert-butyl groups, and
PA1  R.sup.5 is oxyalkylene.
NUM  7.
PAR  7. A composition of claim 1 wherein polypropylene is stabilized with
PA1  1,6-hexanediol-bis-[4-(3,5-di-t-butyl-4-hydroxybenzoyl
      oxy)-3,5-di-t-butylbenzoate].
NUM  8.
PAR  8. A composition of claim 1 wherein polypropylene is stabilized with
PA1  triethylene
      glycol-bis-[4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,5-di-t-butylbenzoate]
NUM  9.
PAR  9. A composition of claim 1 wherein polypropylene is stabilized with
PA1  2,2-dimethyl-1,3-propanediol-bis-[4-(3,5-di-t-butyl-4-hydroxybenzoyloxy)-3,
     5-di-t-butylbenzoate].
NUM  10.
PAR  10. A composition of claim 1 containing additionally a hindered phenolic
      antioxidant.
NUM  11.
PAR  11. A composition of claim 10 wherein said antioxidant is dioctadecyl
      3,5-di-t-butyl-4-hydroxybenzylphosphonate.
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ABST
PAL  The dissolution of certain low molecular weight vinyl resins in radiation
      curable compositions of one or more polyfunctional polymerizable reactive
      solvent and, optionally, one or more monofunctional reactive solvent
      yields compositions having better adhesion to metals than is obtained with
      the same composition without the vinyl resins and with better stain and
      abrasion resistance than could be obtained with the vinyl resins alone.
      The low molecular weight vinyl polymer is preferably a vinyl acetate
      polymer having an inherent viscosity below about 0.25 and a glass
      transition temperature from about 25.degree.C. to about 55.degree.C.
PAC  BACKGROUND OF THE INVENTION
PAR  Ever-increasing restrictions on the amounts and types of volatiles
      permitted to escape into the atmosphere from coating and ink compositions
      have prompted considerable efforts to develop liquid compositions having a
      minimal amount of volatile components. These improved compositions contain
      reactive chemicals as solvents which undergo reaction and become
      incorporated into the cured composition. In the majority of cases the cure
      is by the free radical addition polymerization of the composition directly
      on the substrate. Often, the polymerization is conveniently initiated by
      exposure of the applied composition to high energy radiation such as
      electron beam radiation or to actinic light radiation such as ultraviolet
      light radiation.
PAR  These compositions contain one or more monofunctional or polyfunctional
      monomers and in many instances the inclusion of a higher molecular weight
      component, such as a reactive oligomer, has been found useful. The
      incorporation of non-reactive polymers as film formers is also known and
      many attempts have been made to include the known commercially available
      vinyl resins in such compositions. However, the use of such high molecular
      weight vinyl resins in radiation curable coatings has not gained wide
      acceptance because of the difficulty of getting them into solution and the
      consequent high viscosities of the solutions of such compositions
      containing the reactive solvent and the high molecular weight vinyl resin.
      The use of vinyl resins in such compositions is particularly desirable
      because of their known excellent film-forming properties.
PAC  SUMMARY OF THE INVENTION
PAR  Compositions containing one or more of certain reactive solvents and
      certain low molecular weight vinyl resins having an inherent viscosity of
      below about 0.25 are useful as coatings and inks that can be cured by
      radiation. These compositions have acceptable viscosity for ease of
      application and the cured compositions have improved adhesion and
      flexibility, and improved abrasion and stain resistance.
PAC  DESCRIPTION OF THE INVENTION
PAR  The low viscosity radiation curable compositions of this invention are
      produced by the addition of certain low molecular weight vinyl resins to
      one or more functional reactive solvents. It was a completely unexpected
      and unobvious finding that such compositions cured to yield coatings and
      inks having the excellent properties that they possess since previous
      experience with vinyl resins in coating and ink compositions had indicated
      that their properties were improved by increasing the molecular weight of
      the vinyl resin added thereto. Hence, the discovery that the addition of a
      low molecular weight vinyl resin rather than a higher molecular weight
      vinyl resin resulted in compositions that possessed improved adhesion and
      flexibility, and improved abrasion and stain resistance properties was a
      completely unexpected and unobvious finding.
PAR  The compositions of this invention contain the functional reactive solvent
      medium and the low molecular weight vinyl resins hereinafter defined.
      Photoinitiators can also be present in the composition when the
      composition is to be cured by light radiation. In addition, pigments and
      other additives such as flow control agents, fungicides, antistats, or any
      of the other additives normally present in such compositions can be added.
      The types and amounts thereof are well known to those skilled in the art
      and do not require further elaboration herein since any of the
      conventional materials can be used in the conventionally employed
      quantities.
PAR  The low molecular weight vinyl resins that are used in the curable
      compositions of this invention are those vinyl acetate polymers containing
      from 5 to 100 mole percent vinyl acetate therein, preferably at least
      about 35 mole percent vinyl acetate; have an inherent viscosity below
      about 0.25, preferably from 0.05 to 0.15 measured at 30.degree.C. using a
      solution of 0.2 gram of resin per 100 ml. of cyclohexanone and have a
      glass transition temperature above about room temperature preferably from
      about 25.degree.C. to about 55.degree.C. Included are poly(vinyl acetate),
      copolymers of vinyl acetate with vinyl chloride, and polymers of vinyl
      acetate and vinyl chloride with one or more other polymerizable comonomers
      present in minor molar amounts, wherein the vinyl acetate content is as
      set forth above.
PAR  Any of the known polymerizable ethylenically unsaturated monomers
      containing the polymerizable
EQU  C=C
PAL  group can be used as the other polymerizable comonomer that is optionally
      present in the vinyl acetate polymer and illustrative thereof one can
      mention ethylene, styrene, acrylic acid, methacrylic acid, maleic acid,
      acrylamide, methyl acrylate, ethyl acrylate, glycidyl acrylate,
      2-ethylhexyl acrylate, butoxyethyl acrylate, 2-hydroxypropyl acrylate,
      acrylonitrile, methacrylonitrile, butadiene, vinylidene chloride, vinyl
      butyrate, vinyl butyral, vinyl methyl ketone, acrolein, methacrolein,
      vinyl ethyl ether, vinyl ethyl sulfone, vinyl pyridine, or any of the
      methacrylates of the previously identified acrylate compounds. The
      specific compounds herein mentioned are merely illustrative and are not to
      be considered allinclusive; those skilled in the art are fully familiar
      with the known polymerizable ethylenically unsaturated comonomers.
      Preferably the other comonomer is present at a concentration below about
      25 mole percent.
PAR  The functional reactive solvents can be monofunctional or polyfunctional. A
      single polyfunctional reactive solvent can be used or a mixture of two or
      more; or a combination of one or more monofunctional reactive solvents and
      one or more polyfunctional reactive solvents can be used. The latter
      mixtures are generally more desirable.
PAR  The monofunctional reactive solvent can be any polymerizable ethylenically
      unsaturated monomer containing a single
EQU  C=C
PAL  group which together with the herein defined low molecular weight vinyl
      resin and polyfunctional reactive solvent produces a composition that is
      liquid at room temperature and which is curable to a solid upon exposure
      to radiation. Illustrative thereof one can mention styrene, methyl
      methacrylate, butyl acrylate, isobutyl acrylate, 2-ethylhexyl acrylate,
      2-hydroxyethyl acrylate, dicyclopentenyl acrylate, (methylcarbamyl)ethyl
      acrylate, 2-phenoxyethyl acrylate, 2-methoxyethyl acrylate,
      2-(N,N-diethylamino)-ethyl acrylate, the acrylate of epoxidized oleic acid
      or ricinoleic acid, as well as the corresponding methacrylates of the
      above. The preferred monofunctional reactive solvents are acrylic acid and
      its esters; particularly those which have low volatility losses during
      cure.
PAR  The monofunctional reactive solvents serve two primary functions in the
      composition. They are the principal viscosity reducers; by selection and
      adjustment of the concentration of the specific monofunctional compounds
      used one can have some control over the viscosity of the final
      composition. Also, they contribute to the properties of the cured
      composition, such as hardness and flexibility.
PAR  The polyfunctional reactive solvents serve primarily to confer crosslink
      density to the cured composition so that it is rendered less soluble and
      less thermoplastic than the vinyl resin alone. These polyfunctional
      compounds contain at least two polymerizable
EQU  C=C
PAL  groups in the molecule. Proper selection of type and concentration permits
      control of certain physical properties of the cured composition, such as
      hardness, toughness, flexibility and solubility. In addition, proper
      selection of this component also permits control of the viscosity of the
      liquid composition before cure. Illustrative of suitable polyfunctional
      compounds one can mention the polyacrylate esters having from 2 to 6
      acrylyl groups, such as, neopentyl glycol diacrylate, ethylene glycol
      diacrylate, propylene glycol diacrylate, diethylene glycol diacrylate,
      hexylene glycol diacrylate, trimethylolpropane triacrylate,
      pentaerythritol di-, or tri-, or tetra-acrylate or mixtures thereof,
      acrylated fatty acid and fatty oil epoxides such as acrylated linseed oil
      or soybean oil or tall oil or linoleic acid or linolenic acid or
      eleostearic acid or arachidonic acid, as well as the corresponding
      methacrylates of the above, as well as other polyfunctional acrylate
      compounds known to those skilled in the art. The preferred polyfunctional
      compounds are the polyacrylate esters. However, also useful are such
      polyfunctional compounds as vinyl acrylate, vinyl methacrylate, divinyl
      ketone, divinyl ether, divinyl sulfide, triallyl cyanurate, and the like.
      Polyfunctional reactive solvents are well known to those skilled in the
      polymer art and such individual, in view of the disclosure herein, has a
      full and clear understanding of the suitable compounds, other than those
      specifically identified, that can be used. While any polyfunctional
      reactive solvent capable of undergoing cure by radiation can be used, the
      preferred compounds are the acrylates and methacrylates, with the
      acrylates more preferred because of their generally faster cure rates and,
      their generally more desirable effects on the liquid coating compositions
      and the finished cured compositions.
PAR  The radiation curable compositions of this invention contain from about 5
      to 70 weight percent, preferably from 15 to 35 weight percent, of the low
      molecular weight vinyl vinyl resin; from 0 to 60 weight percent,
      preferably from 0 to 40 weight percent, of the monofunctional reactive
      solvent; and from 10 to 70 weight percent, preferably from 10 to 50 weight
      percent, of the polyfunctional reactive solvent. It has been observed that
      larger quantities of the vinyl resin can be added as the molecular weight
      thereof is decreased (lower inherent viscosity) without affecting the
      viscosity of the composition. Thus, concentrations as high as about 70
      weight percent of vinyl resins having inherent viscosities of about 0.07
      have been used and applicable compositions have resulted. On the other
      hand, little success has been achieved in obtaining low viscosity
      solutions at such concentrations when the vinyl resins had inherent
      viscosities above about 0.2. Thus, the concentration of the vinyl resin in
      the composition is inversely related to its inherent viscosity when
      compositions with viscosities low enough to allow commercial application
      are desired.
PAR  The compositions are applied by conventional coating and printing methods
      known to those skilled in the art and they can be cured by the known
      radiation curing methods such as electron beam or ultraviolet light
      radiation. As previously indicated, a photoinitiator is generally required
      when ultraviolet light radiation is used. The particular photoinitiator to
      be used and the concentration thereof will vary with the specific coating
      composition if one is to obtain optimum results; it is generally present
      at a concentration of from about 0.5 to 10 weight percent. Any of the
      known photoinitiators can be used and illustrative thereof one can mention
      benzophenone, benzoin, acetophenone, benzoin methyl ether, Michler's
      ketone, benzoin butyl ether, thioxanthone, propiophenone, xanthone,
      fluorenone, carbazole, diethoxyacetophenone, the 2- or 3- or
      4-methylacetophenones or methoxyacetophenones, the 2- or 3-chloroxanthones
      or chlorothioxanthones, 2-acetyl-4-methylphenyl acetate,
      2,2'-dimethoxy-2-phenylacetophenone. These can be used alone, in admixture
      or in the presence of activators such as amine compounds. Illustrative
      thereof are, for example, diethanolamine, triethylamine, triphenylamine,
      tri-2-chloroethylamine, triethanolamine, 2-methylpyridine, piperazine,
      morpholine. Curing can be with conventional low, medium or high pressure
      mercury lamps or with a swirl-flow plasma arc radiation source by the
      process disclosed in U.S. Pat. No. 3,650,669. Cure can be carried out in
      air or under an inert gas atmosphere e.g., argon, nitrogen. The time for
      cure will vary depending upon the particular energy source used, the
      composition of the coating, the thickness of the film and the surrounding
      atmosphere conditions. The equipment used in the cure and the conditions
      under which cure can be conducted are well known to those skilled in the
      art of radiation technology. Likewise, the time periods required are well
      known to those skilled in the art and do not require further elucidation.
PAR  The cured films were evaluated by the procedures described in H. A. Gardner
      and G. G. Sward, Physical and Chemical Examination of Paints, Varnishes,
      Lacquers and Colors, 11th Edition, Gardner Laboratory, Bethesda, Maryland,
      1950:
PAR  Abrasion Resistance -- milligrams of coating removed per designated number
      of cycles with CS-17 wheels bearing 1000 gram weights; pp. 181-3.
PAR  Sward Hardness -- compared to glass at 100; pp. 164-6.
PAR  Impact Resistance -- falling tube impact device; pp. 173-5.
PAR  Adhesion was measured by percentage of film remaining after a Scotch (MMM
      No. 610) tape pull on a grid of razor blade cuts, 10 in each direction,
      1/8 inch apart.
PAR  Stain resistance was measured by placing several drops of the staining
      liquid on the coating and covering the liquid with a small inverted dish.
      After the designated period, the liquid was wiped away with a wet towel
      and the imparted stain was estimated on a sale of 1-10 with 10 being "no
      stain" and 1 being "severe stain."
PAR  Acetone resistance, a measure of through-cure, was determined by placing a
      small swatch of cotton or paper saturated with acetone on the cured film
      (on a metal substrate), then measuring the time required (in seconds) for
      the film to be lifted off the substrate. The cotton is kept saturated with
      acetone during the test.
PAR  The inherent viscosities were determined at 30.degree.C. using a solution
      of 0.2 gram of the resin in 100 ml. of cyclohexanone.
PAR  In the following examples parts are by weight unless otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  A polymerization reactor was charged with 232 grams of vinyl chloride, 216
      grams of vinyl acetate, 32 grams of 2-hydroxypropyl acrylate, 1,108 grams
      of acetone and a solution of 0.9 gram of isopropylperoxydicarbonate in 12
      grams of acetone as the catalyst. The polymerization was carried out over
      a period of about 25 hours at a temperature of about 73.degree.C. and a
      pressure of from 41 to 69 psig. During this period there was added, during
      the first 4 hours, a mixture of 467 grams of vinyl chloride, 170 grams of
      vinyl acetate and 213 grams of 2-hydroxypropyl acrylate. During the next
      21 hours, a mixture of 4,035 grams of vinyl chloride, 2,265 grams of vinyl
      acetate, 1,345 grams of 2-hydroxypropyl acrylate and 6,500 grams of
      acetone was added to the polymerization reactor while simultaneously
      removing reaction mixture at a rate to keep the volume in the reactor
      substantially constant. Further, an additional quantity of 33 grams of the
      catalyst in 410 grams of acetone was added during the entire
      polymerization. At the end of the polymerization reaction the contents of
      the reactor were combined with the product recovered during the reaction;
      the total solids in the varnish was 33%. A small portion of the reaction
      product was precipitated by adding isopropanol and water to the varnish.
      The terpolymer was filtered, washed and dried. This dried vinyl terpolymer
      had an inherent viscosity of 0.222.
PAR  A coating composition was prepared by adding 100 parts of the vinyl
      terpolymer solution prepared above to 67 parts of neopentyl glycol
      diacrylate and then removing unreacted vinyl chloride and vinyl acetate,
      and acetone, under vacuum. To this composition there was added 2 weight
      percent of benzophenone and 3 weight percent of methyldiethanolamine as
      the photoinitiator. This composition was identified as Composition A.
PAR  A similar composition, Composition B, was prepared using 2 weight percent
      of n-butyl ether benzoin as the photoinitiator. The compositions were
      coated on birch plywood and their properties evaluated. The coatings were
      applied by sanding the wood, applying a 1 mil coating of the composition
      and curing as shown below, sanding the coating, and applying a top coat of
      the same material using a No. 20 wire wound rod. Composition A was cured
      in air by exposure to a 4.4 kw. mercury arc radiation source for 20
      seconds. Composition B was cured by initially purging with nitrogen for 40
      seconds and then curing under nitrogen by exposure to the same radiation
      source for 12 seconds. The cured coatings had the following properties:
TBL                      A       B                                             
     ______________________________________                                    
     Sward Hardness (Glass = 100)                                              
                           14-18     14-16                                     
     60.degree. Gardner Gloss                                                  
                           77-80     88-90                                     
     Taber Wear Factor.sup.(a)                                                 
                           8.2       5.4                                       
     Crosshatch (intercoat) adhesion (%)                                       
                           85        40                                        
     Resistance to:                                                            
      Nail polish remover   9         9                                        
      Shaeffer's No. 32 Ink                                                    
                           10        10                                        
      3% Aqueous ammonia   10        10                                        
      Mercurochrome        10        10                                        
      "Magic" Bleach       10        10                                        
     ______________________________________                                    
      .sup.(a) CS-17 Wheels, 1000 gram weights, 200 cycles, reported as        
      milligrams weight loss per hundred cycles.                               
PAC  EXAMPLE 2
PAR  Following the procedure described in Example 1, a low molecular weight
      vinyl chloride, vinyl acetate, maleic acid polymer was produced. The
      initial charge to the autoclave contained 305 grams of vinyl chloride, 103
      grams of vinyl acetate, 8 grams of maleic acid, 872 grams of acetone and a
      solution of 1.3 grams of isopropylperoxydicarbonate in 12 grams of
      acetone. The polymerization was carried out over a period of about 23
      hours at a temperature of about 73.degree.C. and a pressure of about 80
      psig.
PAR  During the first 41/2 hours, two separate feed streams were added
      simultaneously to the reactor. The first stream contained 765 grams of
      vinyl chloride and 135 grams of vinyl acetate, the second stream contained
      55 grams of maleic acid and about 220 grams of acetone. During the balance
      of the reaction period, another stream containing 3,800 grams of vinyl
      chloride, 465 grams of vinyl acetate, 155 grams of maleic acid and 2,915
      grams of acetone was added to the reactor while simultaneously removing
      reaction product at such rate as to keep the volume in the reactor
      substantially constant. Throughout the entire polymerization, an
      additional quantity of 45 grams of a catalyst in 405 grams of acetone was
      added. At the end of the polymerization reaction, the contents of the
      autoclave were combined with the product recovered during the reaction. A
      portion of the dried resin had an inherent viscosity of 0.18.
PAR  A coating composition was prepared by dissolving 30 parts of the above
      resin in a mixture of 10 parts of 2-ethylhexyl acrylate, 20 parts of
      neopentyl glycol diacrylate, 40 parts of phenoxyethyl acrylate and 2 parts
      of a 1:1 blend of the n- and iso-butyl ethers of benzoin as photoinitiator
      (Composition A). A similar coating composition was prepared in which the
      amounts of the reactants were 30/10/30/30, respectively (Composition B).
      The two coating compositions were applied to Bonderized No. 37 steel
      panels using a No. 10 wire wound rod. The coated panels were cured by
      exposure to a 15 kw. argon swirl-flow plasma arc radiation source under an
      inert atmosphere for 0.6 second and also exposed for 2.4 seconds. The
      cured coatings had the following properties:
TBL  Composition    A         B                                                
     ______________________________________                                    
     Cure Time, sec.                                                           
                    0.6      2.4      0.6   2.4                                
     Sward Hardness 32       42       12    60                                 
     Pencil Hardness                                                           
                    H        2H       H     2H                                 
     Crosshatch Adhesion, %                                                    
                    100                                                        
     Impact, Face   &gt;165                    70                                 
         Reverse    &gt;165                    10                                 
     Acetone Resistance                                                        
                    4        5        9     20                                 
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  A low molecular weight vinyl chloride, vinyl acetate, acrylic acid polymer
      was produced in a manner similar to that described in Example 1. The
      polymerization reactor was charged with 384 grams of vinyl chloride, 120
      grams of vinyl acetate, 8 grams of acrylic acid, 1,066 grams of acetone
      and a solution of 3 grams of isopropylperoxydicarbonate in 27 grams of
      acetone. The first feed stream was added over a period of 5 hours and
      consisted of 680 grams of vinyl chloride, 109 grams of vinyl acetate and
      61 grams of acrylic acid. During the next 40 hours a mixture of 8,790
      grams of vinyl chloride, 1,935 grams of vinyl acetate, 550 grams of
      acrylic acid and 9,100 grams of acetone was added while simultaneously
      removing reaction product so as to keep a constant volume in the reactor.
      The polymerization was carried out at a temperature of about 73.degree.C.
      and a pressure of 50 to 93 psig. During the polymerization reaction, an
      additional quantity of 70 grams of isopropylperoxydicarbonate in 630 grams
      of acetone was added. At the end of the polymerization reaction, the
      contents of the autoclave were combined with the reaction product
      recovered during the polymerization. The dried low molecular weight
      polymer had an inherent viscosity of 0.24. Compositions A and B,
      corresponding to those described in Example 2, were prepared and evaluated
      as therein described.
TBL  ______________________________________                                    
     Composition    A         B                                                
     ______________________________________                                    
     Cure Time, sec.                                                           
                    0.6      2.4      0.6   2.4                                
     Sward Hardness 30       44       44    50                                 
     Pencil Hardness                                                           
                    F        2H       2H    2H                                 
     Crosshatch Adhesion, %                                                    
                    100                                                        
     Impact, Face   &gt;165                    70                                 
         Reverse    &gt;165     120      &gt;165  40                                 
     Acetone Resitance                                                         
                    4        5        10    16                                 
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  In a manner similar to that described in Example 1, a low molecular weight
      vinyl polymer was produced at a temperature of about 73.degree.C. and a
      pressure of from 50 to 82 psig. The initial charge to the reactor
      consisted of 363 grams of vinyl chloride, 62 grams of vinyl acetate, 6.4
      grams of glycidyl methacrylate, 1,150 grams of acetone and a solution of
      1.7 grams of isopropylperoxydicarbonate in 15 grams of acetone. During the
      first 51/2 hours of the polymerization reaction, a mixture of 680 grams of
      vinyl chloride, 49 grams of vinyl acetate and 121 grams of glycidyl
      methacrylate was added. Over the next 22.5 hours a mixture of 2,945 grams
      of vinyl chloride, 350 grams of vinyl acetate, 335 grams of glycidyl
      methacrylate and 3,350 grams of acetone was added while simultaneously
      removing reaction product at a rate to maintain a substantially constant
      volume in the reactor. Throughout the entire polymerization reaction, an
      additional quantity of 70 grams of the catalyst in 630 grams of acetone
      was added. At the end of the polymerization reaction, the contents of the
      autoclave were combined with the product recovered during the reaction.
      The dried vinyl resin had an inherent viscosity of 0.135.
PAR  Compositions A and B were produced, corresponding to those set forth in
      Example 2, and evaluated in the same manner. The cured coatings had the
      following properties:
TBL  Composition    A         B                                                
     ______________________________________                                    
     Cure Time, sec.                                                           
                    0.6      2.4      0.6   2.4                                
     Sward Hardness 22       40       36    50                                 
     Pencil Hardness                                                           
                    B        2H       2H    2H                                 
     Crosshatch Adhesion, %                                                    
                    100                                                        
     Impact, Face   65       20       45    10                                 
         Reverse    &gt;165     F5       15    F5                                 
     Acetone Resistance                                                        
                    4        7        6     11                                 
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Following the procedure described in Example 1, a low molecular weight
      vinyl resin was produced at a temperature of about 74.degree.C. and a
      pressure of from 33 to 68 psig. The reactor was initially charged with 150
      grams of vinyl chloride, 300 grams of vinyl acetate, 1,035 grams of
      acetone and a solution of 1.7 grams of isopropylperoxydicarbonate in 15
      grams of acetone. The first feed was added to the reactor over a period of
      about 4 hours and consisted of 480 grams of vinyl chloride and 445 grams
      of vinyl acetate. The second feed was added over a period of about 23
      hours and consisted of 1,610 grams of vinyl chloride, 1,790 grams of vinyl
      acetate, and 2,780 grams of acetone. During the addition of the second
      feed, reaction product was removed from the reactor so as to maintain a
      substantially constant volume therein. Throughout the entire
      polymerization reaction, an additional quantity of 55 grams of catalyst in
      495 grams of acetone was added. At the end of the polymerization reaction,
      the contents of the reactor were combined with the product recovered
      during the reaction. The low molecular weight vinyl resin produced had an
      inherent viscosity of 0.126.
PAR  Compositions A and B, corresponding to those set forth in Example 2, were
      prepared and evaluated. The cured coatings had the following properties:
TBL  Composition    A         B                                                
     ______________________________________                                    
     Cure Time, sec.                                                           
                    0.6      2.4      0.6   2.4                                
     Sward Hardness 20       42       32    38                                 
     Pencil Hardness                                                           
                    B        2H       F     B                                  
     Crosshatch Adhesion, %                                                    
                    100      100      100   30                                 
     Impact, Face   75       25       30    85                                 
         Reverse    &gt;165     F5       15    F5                                 
     Acetone Resistance                                                        
                    9        50       5     60                                 
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  A low molecular weight vinyl polymer was produced in a procedure similar to
      that described in Example 1. The initial charge to the autoclave consisted
      of 120 grams of vinyl chloride, 240 grams of vinyl acetate, 1,125 grams of
      acetone and a solution of 2.6 grams of isopropylperoxydicarbonate in 15
      grams of acetone. Over a period of about 31/2 hours an initial feed
      mixture of 480 grams of vinyl chloride and 445 grams of vinyl acetate was
      added. This was followed, over a period of about 23 hours by a mixture of
      825 grams of vinyl chloride, 925 grams of vinyl acetate and 1,680 grams of
      acetone. While simultaneously removing reaction product so as to maintain
      a substantially constant volume in the reactor. Throughout the
      polymerization an additional quantity of 80 grams of the catalyst in 450
      grams of acetone was added, as required. The polymerization was carried
      out at a temperature of about 80.degree.C. and a pressure of about 42 to
      96 psig. At the end of the polymerization reaction, the contents of the
      reactor were combined with the product recovered during the reaction. The
      solution was slowly poured into cold methanol at a temperature of
      -20.degree.C. to precipitate the polymer. The polymer was recovered,
      redissolved in acetone and reprecipitated in cold methanol at
      -20.degree.C. The precipitated resin was recovered by decantation, washed
      with a 50:50 methanol:ice mixture, decanted and the wash was repeated. The
      polymer was given a final wash with cold water and then dried in an air
      oven at 35.degree.C. The dried polymer had an inherent viscosity of 0.106.
PAR  Two compositions, A and B, were prepared similar to those described in
      Example 2 and then evaluated in the same manner. The cured coatings had
      the following properties:
TBL  Composition    A         B                                                
     ______________________________________                                    
     Cure Time, Sec.                                                           
                    0.6      2.4      0.6   2.4                                
     Sward Hardness 26       46       42    48                                 
     Pencil Hardness                                                           
                    H        H        H     2H                                 
     Crosshatch Adhesion, %                                                    
                    100                                                        
     Impact, Face   75       40       60    30                                 
     Acetone Resistance                                                        
                    15                                                         
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  Following the procedure described in Example 1, a low molecular weight
      vinyl resin was produced at a temperature of about 80.degree.C. and a
      pressure of from 35 to 50 psig. The initial charge to the reactor
      consisted of 144 grams of vinyl chloride, 256 grams of vinyl acetate, 948
      grams of acetone, 240 grams of anhydrous isopropyl alcohol and a solution
      of 1.3 grams of benzoyl peroxide in 12 grams of acetone. Over a period of
      about 43/4 hours a mixture of 105 grams of vinyl chloride and 98 grams of
      vinyl acetate was added. The reaction was stopped over night and the
      following morning it was reheated and over a period of 8 hours another 128
      grams of vinyl chloride and 119 grams of vinyl acetate were added. During
      the addition of the monomers mixtures an additional quantity of 31 grams
      of the catalyst in 280 grams of acetone was added. At the completion of
      the reaction the contents of the reactor were cooled and slowly poured
      into cold methanol at -50.degree.C. The polymer was washed in a manner
      similar to that in Example 5 and then dried. The dried polymer had an
      inherent viscosity of 0.091.
PAR  Compositions A and B, corresponding to those described in Example 2, were
      prepared and evaluated as described therein. The cured coatings had the
      following properties:
     Composition    A         B                                                
     ______________________________________                                    
     Cure Time, sec.                                                           
                    0.6      2.4      0.6   2.4                                
     Sward Hardness 10       38       28    50                                 
     Pencil Hardness                                                           
                    2H       2H       2H    3H                                 
     Crosshatch Adhesion, %                                                    
                    100                                                        
     Impact, Face   70       60       50    25                                 
         Reverse    30       15       &lt;5    &lt;5                                 
     Acetone Resistance                                                        
                    15       15       12    14                                 
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  In a manner similar to that described in Example 1, a low molecular weight
      vinyl polymer was produced by initially charging to the polymerization
      reactor 144 grams of vinyl chloride, 256 grams of vinyl acetate, 785 grams
      of acetone, 400 grams of anhydrous isopropanol and a solution of 2.7 grams
      of isopropylperoxydicarbonate in 15 grams of acetone. At a temperature of
      about 80.degree.C. and a pressure of about 47 to 82 psig., a mixture of
      365 grams of vinyl chloride and 338 grams of vinyl acetate was added to
      the reactor over a period of about 3.75 hours. During this addition, a
      quantity of 12 grams of the catalyst in 68 grams of acetone was added.
      After cooling, the polymer was precipitated by slowly pouring it into
      methanol at -40.degree.C. The polymer was collected, washed with a 50:50
      mixture of methanol and ice and then twice with ice water. It was air
      dried and had an inherent viscosity of 0.08.
PAR  Compositions A and B, equivalent to those described in Example 2, were
      prepared and evaluated. The cured coatings had the following properties:
TBL  Composition    A         B                                                
     ______________________________________                                    
     Cure Time, sec.                                                           
                    0.6      2.4      0.6   2.4                                
     Sward Hardness 10       38       28    54                                 
     Pencil Hardness                                                           
                    HB       2H       H     2H                                 
     Crosshatch Adhesion, %                                                    
                    90       100      90    100                                
     Impact, Face   60       40       40    15                                 
         Reverse    100      5        85    F5                                 
     Acetone Resistance                                                        
                    12       14       15    16                                 
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  In a manner similar to that described in Example 1, a low molecular weight
      vinyl polymer was produced at a temperature of about 80.degree.C. and a
      pressure of from about 46 to 74 psig. The initial charge to the reactor
      consisted of 136 grams of vinyl chloride, 216 grams of vinyl acetate, 610
      grams of acetone, 622 grams of isopropyl alcohol and a solution of 2.1
      grams of isopropylperoxydicarbonate in 12 grams of acetone. Over a period
      of about 6 hours a mixture of 312 grams of vinyl chloride and 276 grams of
      vinyl acetate was added to the reactor while simultaneously adding a
      solution of 28 grams of catalyst in 159 grams of acetone. At the
      completion of the reaction, the cooled varnish was slowly added to
      isopropyl alcohol at -30.degree.C. The precipitated resin was redissolved
      in acetone and reprecipitated by adding the solution to isopropanol at
      -50.degree.C., decanted and the resin washed with isopropanol/ice water
      mixture and then twice with ice water to yield a fine particle product
      which was further dried in a vacuum oven. The polymer had an inherent
      viscosity of 0.074.
PAR  Compositions A and B were prepared as described in Example 2. The cured
      coatings had the following properties:
TBL  Composition    A         B                                                
     ______________________________________                                    
     Cure Time, sec.                                                           
                    0.6      2.4      0.6   2.4                                
     Sward Hardness 4        32       12    38                                 
     Pencil Hardness                                                           
                    H        H        H     H                                  
     Crosshatch Adhesion, %                                                    
                    100                                                        
     Impact, Face   &gt;165     150      80    30                                 
         Reverse    &gt;165     145      35    F5                                 
     Acetone Resistance                                                        
                    &gt;300     78       25    25                                 
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  Following the procedure described in Example 1, a low molecular weight
      vinyl acetate homopolymer was prepared by polymerizing vinyl acetate at
      68.degree.C. at a pressure of 30 to 45 psig. The initial charge to the
      reactor was 560 grams of vinyl acetate, 1,040 grams of acetone and a
      solution of 0.6 gram of isopropylperoxydicarbonate in 12 grams of acetone.
      Over a 3.5 hour period, 900 grams of vinyl acetate were added. Then over a
      period of 22 hours a solution of 7,200 grams of vinyl acetate in 5,200
      grams of acetone was added. At the end of the reaction the polymer was
      recovered by evaporating the solvent and unreacted monomer in a vacuum
      oven. The dried polymer had an inherent viscosity of 0.138.
PAR  A composition was prepared containing 25 parts of the dried poly(vinyl
      acetate), 40 parts of neopentyl glycol diacrylate, 35 parts of isobutyl
      acrylate and 2 parts of n-butyl ether benzoin, Composition A. A second
      composition, Composition B, was prepared in which quantities of the
      components were 20 parts of the poly(vinyl acetate), 20 parts of neopentyl
      glycol diacrylate, 10 parts of 2-ethylhexyl acrylate, 50 parts of
      (methylcarbamyl)ethyl acrylate and 2 parts of n-butyl ether benzoin. The
      compositions were coated on steel plates as described in Example 2 and
      cured by exposure to the plasma are radiation source for 2.4 seconds. The
      cured coatings had the following properties:
TBL  Composition    A             B                                            
     ______________________________________                                    
     Sward Hardness 30            28                                           
     Pencil Hardness                                                           
                    H             H                                            
     Crosshatch Adhesion, %                                                    
                    100           100                                          
     Impact, Face   40            60                                           
         Reverse    F5            &gt;165                                         
     Acetone Resistance                                                        
                    &gt;300          6                                            
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A radiation curable composition consisting essentially of (A) from 5 to
      70 weight percent of a low molecular weight vinyl acetate polymer, said
      polymer containing from 5 to 100 mole percent vinyl acetate polymerized
      therein and having an inherent viscosity of below 0.25 as determined at
      30.degree.C. using a solution of 0.2 gram of resin per 100 ml. of
      cyclohexane, (B) from 10 to 70 weight percent of a polyfunctional reactive
      compound containing at least two radiation curable polymerizable
EQU  C=C
PAL  groups in the molecule, and (C) from 0 to 60 weight percent of a
      monofunctional reactive compound containing a radiation curable
      polymerizable
EQU  C=C
PAL  group in the molecule.
NUM  2.
PAR  2. A radiation curable composition as claimed in claim 1, wherein component
      (A) is present at a concentration of from 15 to 35 weight percent.
NUM  3.
PAR  3. A radiation curable composition as claimed in claim 1, wherein component
      (B) is present at a concentration of from 10 to 50 weight percent.
NUM  4.
PAR  4. A radiation curable composition as claimed in claim 1, wherein component
      (C) is present at a concentration of from 0 to 40 weight percent.
NUM  5.
PAR  5. A radiation curable composition as claimed in claim 1, wherein component
      (A) is present at a concentration of from 15 to 35 weight percent,
      component (B) is present at a concentration of from 10 to 50 weight
      percent, and component (C) is present at a concentration of from 0 to 40
      weight percent.
NUM  6.
PAR  6. A radiation curable composition as claimed in claim 1, wherein the low
      molecular weight vinyl acetate polymer has an inherent viscosity of from
      0.05 to 0.15.
NUM  7.
PAR  7. A radiation curable composition as claimed in claim 5, wherein the low
      molecular weight vinyl acetate polymer has an inherent viscosity of from
      0.05 to 0.15.
NUM  8.
PAR  8. A radiation curable composition as claimed in claim 1, wherein component
      (B) is a polyacrylate ester having from 2 to 6 acrylyl groups.
NUM  9.
PAR  9. A radiation curable composition as claimed in claim 5, wherein component
      (B) is a polyacrylate ester having from 2 to 6 acrylyl groups.
NUM  10.
PAR  10. A radiation curable composition as claimed in claim 1, wherein
      component (C) is acrylic acid or its esters.
NUM  11.
PAR  11. A radiation curable composition as claimed in claim 5, wherein
      component (C) is acrylic acid or its esters.
NUM  12.
PAR  12. A radiation curable composition as claimed in claim 1, wherein the low
      molecular weight vinyl acetate polymer is poly(vinyl acetate).
NUM  13.
PAR  13. A radiation curable composition as claimed in claim 5, wherein the low
      molecular weight vinyl acetate polymer in poly(vinyl acetate).
NUM  14.
PAR  14. A radiation curable composition as claimed in claim 1, wherein the low
      molecular weight vinyl acetate polymer is a copolymer of vinyl acetate and
      vinyl chloride.
NUM  15.
PAR  15. A radiation curable composition as claimed in claim 5, wherein the low
      molecular weight vinyl acetate polymer is a copolymer of vinyl acetate and
      vinyl chloride.
NUM  16.
PAR  16. A radiation curable composition as claimed in claim 1, wherein the low
      molecular weight vinyl acetate polymer is a polymer of vinyl acetate,
      vinyl chloride and one or more polymerizable ethylenically unsaturated
      monomers containing the polymerizable
EQU  C=C
PAL  group.
NUM  17.
PAR  17. A radiation curable composition as claimed in claim 5, wherein the low
      molecular weight vinyl acetate polymer is a polymer of vinyl acetate,
      vinyl chloride and one or more polymerizable ethylenically unsaturated
      monomers containing the polymerizable
EQU  C=C
PAL  group.
NUM  18.
PAR  18. A radiation curable composition as claimed in claim 1, wherein
      component (A) is a terpolymer of vinyl acetate, vinyl chloride and
      2-hydroxypropyl acrylate and component (B) is neopentyl glycol diacrylate.
NUM  19.
PAR  19. A radiation curable composition as claimed in claim 1, wherein
      component (A) is a terpolymer of vinyl acetate, vinyl chloride and maleic
      acid, component (B) is neopentyl glycol diacrylate, and component (C) is a
      mixture of 2-ethylhexyl acrylate and phenoxyethyl acrylate.
NUM  20.
PAR  20. A radiation curable composition as claimed in claim 1, wherein
      component (A) is a terpolymer of vinyl acetate, vinyl chloride and
      glycidyl acrylate, component (B) is neopentyl glycol diacrylate, and
      component (C) is a mixture of 2-ethylhexyl acrylate and phenoxyethyl
      acrylate.
NUM  21.
PAR  21. A radiation curable composition as claimed in claim 1, wherein
      component (A) is a copolymer of vinyl acetate and vinyl chloride,
      component (B) is neopentyl glycol diacrylate, and component (C) is a
      mixture of 2-ethylhexyl acrylate and phenoxyethyl acrylate.
NUM  22.
PAR  22. A radiation curable composition as claimed in claim 1, wherein
      component (A) is poly(vinyl acetate), component (B) is neopentyl glycol
      diacrylate, and component (C) is isobutyl acrylate.
NUM  23.
PAR  23. A radiation curable composition as claimed in claim 1, wherein
      component (A) is poly(vinyl acetate), component (B) is neopentyl glycol
      diacrylate, and component (C) is a mixture of 2-ethylhexyl acrylate and
      (methylcarbamyl)ethyl acrylate.
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ABST
PAL  Epoxy resins, of the polyglycidyl ether of a polyhydric phenol type, are
      cured by incorporating therein a polyoxyalkylenepolyamine and an
      accelerator combination of piperazine and an alkanolamine, the combination
      having a combined weight ratio of between about 1:8 to 1:1. The
      accelerator combination is synergistic for accelerating the curing of a
      polyglycidyl ether of a polyhydric phenol cured with a
      polyoxyalkylenepolyamine at ambient or elevated temperatures. The epoxy
      resin products are useful in protective coatings, adhesives, seamless and
      terrazzo flooring, castings, laminates, and in grouting, potting,
      encapsulating, caulking and sealing compositions.
PARN
PAR  This is a division of application Ser. No. 339,608, filed Mar. 9, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved process for curing epoxy resins and
      the resin product thus produced.
PAR  2. Description of Prior Art
PAR  U.S. Pat. No. 3,462,393 to Legler (1969) teaches the use of a
      polyoxyalkylenepolyamine for curing a polyglycidyl ether of a polyhydric
      phenol. Homan's U.S. Pat. No. 2,783,214 (1957) discloses the curing of an
      epichlorohydrin-bisphenol resin-forming material at ambient temperature
      with a specific mixture of amines, i.e., a major amount of triethylene
      tetramine and a minor amount of triethanolamine, in the presence of a
      highly reactive substance which will polymerize spontaneously in the
      presence of the stated amines.
PAR  In several applications, accelerated curing of epoxy resins at ambient
      temperatures is essential. A typical situation is the use of an epoxy
      resin as an adhesive in a flammable environment. Many known prior art
      processes for preparing low temperature cured epoxy resins are
      disadvantageous inasmuch as the resultant epoxy resins have inferior
      physical properties, e.g., brittleness, loss in resistance to water
      absorption, strength, and the impairment of electrical properties. On the
      other hand, epoxy resins of the polyglycidyl ether of a polyhydric phenol
      type cured with a polyoxyalkylenepolyamine exhibit superior physical
      properties. However, curing with polyoxyalkylenepolyamines at ambient
      temperatures is too slow for use in many applications.
PAR  There are a few prior art processes known for accelerating the cure of
      epoxy resins cured with a polyoxyalkylenepolyamine. For example, Lee,
      Henry and Neville, Kris, Handbook of Epoxy Resins, McGraw-Hill Book Co.,
      N.Y., 1967, p. 7-14, describes the use of N-(2-aminoethyl)piperazine as an
      epoxy curing agent accelerator. U.S. Pat. No. 3,639,928 to Bentley et al
      discloses a process for accelerating the curing of epoxy resins cured with
      a polyoxyalkylenepolyamine by incorporating therein an accelerator mixture
      of N-(3-aminopropyl)piperazine and salicylic acid. However, known prior
      art processes and accelerators still appear to be too slow for many
      applications of epoxy resins requiring cures at ambient temperatures. On
      the other hand, it has been found that epoxy resins can be cured at
      ambient temperature with a polyoxyalkylenepolyamine in very short periods
      of time by using an accelerator combination of the instant invention with
      the polyoxyalkylenepolyamine.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is an improved process for curing epoxy resins of the
      polyglycidyl ether of a polyhydric phenol type which are cured with a
      polyoxyalkylenepolyamine and the accelerator combination therefor. The
      rate of cure of the epoxy resins with the polyoxyalkylenepolyamine is
      rapidly accelerated by the use of an accelerator combination of piperazine
      and an alkanolamine, wherein the accelerator combination has a weight
      ratio of about 1:8 to 1:1 piperazine to alkanolamine. The cured epoxy
      resin products are useful in protective coatings, adhesives, seamless and
      terrazzo flooring, and as castings, potting, encapsulating, grouting,
      caulking and sealing compositions and like applications wherein
      accelerated curing is convenient or essential.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  More particularly, the instant invention is an improved process for
      accelerating the curing of a polyglycidyl ether of a polyhydric phenol
      cured with a polyoxyalkylenepolyamine which comprises the steps of
      combining with a polyglycidyl ether of a polyhydric phenol, a
      polyoxyalkylenepolyamine and an accelerator combination of piperazine and
      an alkanolamine, said combination having a weight ratio of about 1:8 to
      1:1 piperazine to alkanolamine, and allowing the mixture to cure and the
      resins obtained therefrom. Examples of the types of polyglycidyl ethers of
      polyhydric phenols to which the invention is applicable include the
      diglycidyl ether of isopropylidenediphenol and its congeners.
PAR  Polyoxyalkylenepolyamines of the formula;
EQU  R[(OA).sub.x NH.sub.2 ].sub.y
PAL  where R is a hydrocarbon radical, A is an alkylene radical having from two
      to four carbon atoms, x has an average value from 1 to 10, and y is an
      integer from 2 to 4 representing the valence of R, are useful in the
      practice of the instant invention. Preferred examples of the
      polyoxyalkylenepolyamines include polyoxypropylene diamines of the
      formula;
      ##EQU1##
      where x = 2 to 40, polyoxypropylene triamines of the formula;
      ##EQU2##
      where R is a lower alkyl and x + y + z = 3 to 40, and polyoxypropylene
      diamines of the formula;
      ##EQU3##
      where x + z = 2 to 10 and y = 1 to 50.
PAR  Examples of preferred alkanolamines useful in the invention include mono-,
      di- and triethanolamine, hydroxy ethoxyethylamine,
      N-aminoethylethanolamine, N, N bis (hydroxypropyl), N-hydroxyethylamine,
      and the like.
PAR  The particular order of mixing of the above described components is not
      critical in the practice of the instant invention. For example, the
      polyoxyalkylenepolyamine, piperazine and alkanolamine components may be
      blended in any desired order or manner to provide a homogeneous mixture of
      accelerated curing agents. The mixture may then be incorporated into or
      mixed with the above-described resin component at time of use to give an
      accelerated self-curing resin at ambient temperature.
PAR  In a preferred method of practicing the invention, the piperazine and
      alkanolamine components are first blended. The blend is then added to the
      polyoxyalkylenepolyamine component and this overall mixture is finally
      admixed with the above-described resin component at time of use. The blend
      of piperazine and alkanolamine component is capable of being stored for
      long periods of time, if desired.
PAR  It is essential in the practice of the instant invention that the
      accelerator combination of piperazine and alkanolamine components be
      utilized in a weight ratio of between about 1:8 to about 1:1 piperazine to
      alkanolamine. I have found that the utilization of these components within
      the described combined weight ratio is highly synergistic for accelerating
      the self-curing of the above-described epoxy resin types cured with said
      polyoxyalkylenepolyamines at ambient temperature. Accordingly, experiments
      have shown that where piperazine or an alkanolamine is utilized alone, or
      where the weight ratio of the components is without the prescribed range,
      the rate of curing at ambient temperature is drastically reduced.
PAR  The combined weight of piperazine and alkanolamine components present when
      mixed with the polyoxyalkylenepolyamine may range from about 1 to 100
      parts by weight per 100 parts by weight of the polyoxyalkylenepolyamine.
      The optimum amount may vary somewhat for a given application depending
      upon the particular epoxy resin, polyoxyalkylenepolyamine and alkanolamine
      being utilized, and is best determined empirically for the most effective
      amount.
PAR  In the curing of epoxy resins, the curing-hardening agent is usually added
      in an amount that will provide one reactive --NH in the combined
      hardener-curing components for each epoxy group in the epoxy resin
      component. These are known in the art as stoichiometric quantities.
      Usually the stoichiometric quantities can be calculated from a knowledge
      of the chemical structure and analytical data on the particular components
      being utilized. However, many times the stoichiometric quantity is found
      empirically. A particular example of such a method is measuring the
      maximum exotherm temperature during the curing of the epoxy resin at
      different hardening-curing agent concentrations. A graph of the exotherm
      temperature vs. the concentration of hardening-curing agent will exhibit a
      maximum at or near the stoichiometric quantity.
PAR  For the purposes of the instant invention, the stoichiometric amount of the
      hardening-curing agent is calculated by adding together the number of
      equivalents on the basis of weight per replaceable --NH group in the
      polyoxyalkylenepolyamine, piperazine and alkanolamine components utilized.
      Preferably, these components are utilized in amounts that will provide up
      to 10 percent excess of the stoichiometric amount.
PAR  Should fire retardance be required for the epoxy resins cured by the
      process and composition of the present invention, it will be understood
      that various fire retardants for epoxy resins in compositions known in the
      art can be utilized without departing from the intended scope of the
      invention. Experiments have shown that well known epoxy resin fire
      retardants, for example, various halogenated compounds, phosphate
      compounds, even including piperazine phosphate, and the like, can be
      utilized in effective amounts in the above-described inventive process
      without affecting the the synergistic effect of the accelerator
      combination of piperazine and alkanolamine components upon the accelerated
      curing rate. Preferably, where fire retardance is desirable, an effective
      amount of piperazine phosphate is incorporated into the above-described
      mixture of epoxy resin, polyoxyalkyleneamine, and accelerator combination.
      Accordingly, the piperazine phosphate may be added at any time during the
      mixing of the components without affecting the described synergistic
      effect.
PAR  The above-described mixture of epoxy resin, polyoxyalkylenepolyamine, and
      accelerator combination of piperazine and alkanolamine is also preferably
      allowed to self-cure at ambient room temperatures of between about
      0.degree. to about 45.degree. C. However, the mixture can be cured or
      post-cured at elevated temperatures up to about 175.degree. C., if
      desirable and convenient.
PAR  The following Examples and Tables illustrate the practice of the invention
      in more detail but are not to be construed as limitative.
DETD
PAC  EXAMPLES 1-4
PAR  The epoxy resin formulations set forth in the following Table 1 were
      prepared in separate containers at room temperature (about 25.degree. C.).
      Equal amounts of epoxy resin for each example were mixed with
      stoichiometric amounts of the curing agent consisting of a
      polyoxyalkylenediamine either with or without an additional accelerator
      component. The gel time or time required for a solid to begin forming was
      noted in each case. A portion of each formulation was coated on a steel
      test panel by means of a 6-mil applicator blade, and allowed to cure at
      room temperature. The times required to reach the set-to-touch (STT) and
      through-dry (TD) stages of cure, as determined by a Gardner circular
      drying time recorder, were also noted. As illustrated by the gel time and
      drying time of Example 4 the accelerator combination of piperazine and
      alkanolamine is strongly synergistic for accelerating the rate of cure of
      the epoxy resin cured with polyoxyalkylenepolyamine. Accordingly, the
      accelerator combination of triethanolamine and piperazine was over twice
      as effective as either agent alone in producing the gel time.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Grams                  Gel Time STT                                       
                                       TD                                      
     Ex. No.                                                                   
           ER.sup.1                                                            
               D-230.sup.2                                                     
                    TEA.sup.3                                                  
                        P.sup.4                                                
                            Min.  Hrs. Hrs.                                    
     __________________________________________________________________________
     1     100 30   --  --  295   9.0  12.5                                    
     2     100 30   6.3 --  41.5  5.6  8.1                                     
     3     100 27.4 --  2.3 82.5  19.0 23.0                                    
     4     100 27.4 5.4 2.3 17.0  4.0  6.2                                     
     __________________________________________________________________________
      .sup.1 Diglycidyl ether of isopropylidenediphenol having an equivalent   
      weight per epoxide of 191.                                               
      .sup.2 Jeffamine product manufacture by Jefferson Chemical Company, Inc.,
      a polyoxypropylenediamine of structure I having an average molecular     
      weight of about 230 and an equivalent weight per active hydrogen of about
      58.                                                                      
      .sup.3 Triethanolamine                                                   
      .sup.4 Piperazine                                                        
PAC  EXAMPLES 5-8
PAR  Epoxy resin formulations in Table 2 were prepared in accordance with the
      procedure set forth in Examples 1-4. The gel times were noted in each
      case. The strongly synergistic effect of the accelerator combination of
      piperazine and triethanolamine is again illustrated by Example 8.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Grams                      Gel Time                                       
     Ex. No. ER.sup.1                                                          
                     D-400.sup.2                                               
                               TEA.sup.3                                       
                                      P.sup.4                                  
                                            Min.                               
     ______________________________________                                    
     5       100     55        --     --    &gt;300                               
     6       100     55        8.9    --    68.0                               
     7       100     46.7      --     3.4   &gt;90                                
     8       100     46.7      7.9    3.4   16.5                               
     ______________________________________                                    
      .sup.1 Same as in Table 1                                                
      .sup.2 Jeffamine product, a polyoxypropylenediamine of structure I having
      an average molecular weight of about 400 and an equivalent weight per    
      active hydrogen of about 105.                                            
      .sup.3 Triethanolamine                                                   
      .sup.4 Piperazine                                                        
PAC  EXAMPLES 9-12
PAR  The epoxy resin formulations in the following Table 3 were also prepared in
      accordance with the process in Examples 1-4 at room temperature with the
      gel times being noted. Example 12 further illustrates the accelerated
      curing rate of the epoxy resin cured with the polyoxyalkylenepolyamine
      obtained by incorporating therein the accelerator combination of
      piperazine and diethanolamine.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Grams                      Gel Time                                       
     Ex. No. ER.sup.1                                                          
                     D-230.sup.2                                               
                               DEA.sup.3                                       
                                      P.sup.4                                  
                                            Min.                               
     ______________________________________                                    
     9       100     30        --     --    295                                
     10      100     30        10.5   --    21.2                               
     11      100     27.4      --     2.3   82.5                               
     12      100     27.4       9.0   2.3   13.5                               
     ______________________________________                                    
      .sup.1 Same as Table 1                                                   
      .sup.2 Same as Table 1                                                   
      .sup.3 Diethanolamine                                                    
      .sup.4 Piperazine                                                        
PAC  EXAMPLES 13-16
PAR  Epoxy resin formulations in Table 4 were prepared per Examples 1-4 except
      that a fire retardant, piperazine phosphate monohydrate, was incorporated
      therein. The gel time of each formulation was noted. As illustrated in
      Example 16, the strongly synergistic effect of the piperazine and
      triethanolamine accelerator combination is not affected whatsoever by the
      presence of the flame retardant component in the formulation.
TBL                TABLE 4                                                     
     ______________________________________                                    
     Grams                      Gel Time                                       
     Ex. No.                                                                   
           ER.sup.1                                                            
                   T-403.sup.2                                                 
                            TEA.sup.3                                          
                                  P.sup.4                                      
                                        PP.sup.5                               
                                              Min.                             
     ______________________________________                                    
     13    100     41.5     --    --    50    240                              
     14    100     41.5     6.3   --    50    47.5                             
     15    100     37.2     --    2.3   50    118.5                            
     16    100     37.2     5.4   2.3   50    24.7                             
     ______________________________________                                    
      .sup.1 Same as in Table 1                                                
      .sup.2 Jeffamine product, a polyoxypropylenediamine of structure I having
      an average molecular weight of about 400 and an equivalent weight per    
      active hydrogen of about 80.                                             
      .sup.3 Triethanolamine                                                   
      .sup.4 Piperazine                                                        
      .sup.5 Piperazine phosphate monohydrate, a flame retardant.              
PAC  EXAMPLES 17-20
PAR  The epoxy resin formulations in the following Table 5 were prepared in
      accordance with the process of Examples 1-4, the gel times being noted.
      Example 20 shows the synergistic accelerated curing rate produced by the
      combination of piperazine and the 2 mol propylene oxide adduct of
      monoethanolamine.
TBL                TABLE 5                                                     
     ______________________________________                                    
     Grams                      Gel Time                                       
     Ex. No. ER.sup.1                                                          
                     D-230.sup.2                                               
                               A.sup.3                                         
                                      P.sup.4                                  
                                            Min.                               
     ______________________________________                                    
     17      100     30        --     --    295                                
     18      100     30        10.5   --    38.2                               
     19      100     27.4      --     2.3   82.5                               
     20      100     27.4       9.0   2.3   20.7                               
     ______________________________________                                    
      Same as Table 1                                                          
      Same as Table 1                                                          
      Reaction product of monoethanolamine (1 mol) and propylene oxide (2 mols)
      N-N-bis(2-hydroxypropyl) N-hydroxyethyl) amine.                          
      Same as in Table 1                                                       
PAR  Comparable results to those illustrated in the Tables and Examples set
      forth hereinabove are obtained by using accelerator combinations within
      the invention disclosed but not specifically illustrated. Obviously many
      modifications and variations of the invention as hereinbefore set forth
      may be made without departing from the spirit and scope thereof, and,
      therefore, only such limitations should be imposed as indicated in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for curing a polyglycidyl ether of a polyhydric phenol with
      a polyoxyalkylenepolyamine by combining a polyglycidyl ether of a
      polyhydric phenol with stoichiometric quantities of a
      polyoxyalkylenepolyamine, the improvement which comprises:
PA1  accelerating said curing by addition of an accelerator combination of
      piperazine and an alkanolamine, said accelerator combination having a
      weight ratio of about 1:8 to 1:1 piperazine to alkanolamine.
NUM  2.
PAR  2. A process according to claim 1 wherein the accelerator combination of
      piperazine and alkanolamine is added in an amount of between about 1 to
      100 parts by combined weight per 100 parts by weight by said
      polyoxyalkylenepolyamine.
NUM  3.
PAR  3. A process according to claim 1 wherein said polyoxyalkylenepolyamine is
      a polyoxypropylenediamine.
NUM  4.
PAR  4. A process according to claim 1 wherein the alkanolamine is a mono-, di-,
      or triethanolamine.
NUM  5.
PAR  5. A process according to claim 1 wherein said polyoxyalkylenepolyamine is
      a polyoxypropylenediamine having an average molecular weight of about 230
      to about 400.
NUM  6.
PAR  6. A process according to claim 5 wherein the accelerator combination is
      piperazine and triethanolamine and is added in an amount of between about
      1 to 100 parts by combined weight per 100 parts by weight of said
      polypropylenediamine.
NUM  7.
PAR  7. The process of claim 2 wherein said alkanolamine is triethanolamine,
      said polyoxyalkylenepolyamine is a polyoxypropylenediamine having an
      average molecular weight of about 400 and the ratio of piperazine to
      triethanolamine added is between 1:2 to 1:4 by weight.
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ABST
PAL  A process for treating dyed and/or undyed polyester materials with an
      ultraviolet absorber to overcome or inhibit the destructive effects of
      ultraviolet light is disclosed. The polyester materials may be in the form
      of a film, yarn, textile products which are woven or non-woven. The
      process includes the steps of contacting or immersing the polyester
      material in either an undyed or dyed condition in a bath containing a
      non-volatile liquid polyhydric alcohol and an agent which is soluble in
      the polyhydric alcohol and compatible with the polyester material in
      effective concentrations such that effective amounts of the agent are
      incorporated into the polyester material together with the polyhydric
      alcohol to ensure substantially complete penetration of the agent in the
      polyester material and then removing excess bath solution by washing. The
      treated polyester material is then subjected to a heat treatment in which
      the absorbed polyhydric alcohol is removed by either vaporization or
      flashing from the polyester material whereby the absorbed treating agent
      remains in the polyester material to render the polyester material
      substantially stable to ultraviol light.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part application of Ser. No. 878,934
      filed Nov. 21, 1969, now abandoned for "Method of Making Weatherable
      Polyester Material and Product Therefrom" which was a continuation-in-part
      application of our U.S. patent application Ser. No. 553,683 filed May 31,
      1966, for "Method of Making Weatherable Polyester Material and Product
      Therefrom", now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for treating dyed and undyed polyester
      materials with an ultraviolet absorber agent to overcome or inhibit the
      destructive effects of ultraviolet light. The invention is more
      particularly directed to a process for intimately combining an ultraviolet
      light absorber with a polyester material so as to alter the structure of
      the polyester to inhibit or overcome the destructive effects of
      ultraviolet light. A bath containing a non-volatile liquid polyhydric
      alcohol and an effective amount of an ultraviolet light absorber which is
      compatible with polyester material is dissolved in the bath, the
      temperature of the bath being maintained in a temperature range of from
      250.degree. to 430.degree. F. The polyester material is then contacted
      with the bath for a relatively short period of time of up to 30 seconds so
      that an effective amount of the ultraviolet light absorber, together with
      the polyhydric alcohol, is substantially uniformly dispersed throughout
      the polyester material. The polyester material is subsequently washed to
      remove excess bath from the surfaces of the polyester material and is then
      subjected to a heat treatment step of up to 15 seconds to remove any
      remaining polyhydric alcohol dispersed or entrapped in the polyester
      material.
PAR  Polyester material which are formed as a reaction product of poly basic
      acids and polyhydric alcohols are not, per se, resistant to ultraviolet
      light (see Randall U.S. Pat. No. 2,920,978, column 1, lines 50 through
      56). The reaction product of terephthalic acid and ethylene glycol forms a
      synthetic material of polyethylene terephthalate which is commercially
      produced under the brand name of Dacron as a fiber or Mylar as a film and
      which undergoes degradation on exposure to sunlight unless means are taken
      to render the polyester material stable to the destructive effects of
      ultraviolet light.
PAR  Changes in the weather and long exposure to sunlight, in which ultraviolet
      rays are present deteriorate and embrittle polyester material, generally
      within one year or less. To overcome this problem, it has been known to
      coat polyester material with an ultraviolet light absorber with or without
      an adhesive binder, but preferably with an adhesive binder to prevent
      weathering, loss and leaching loss of the ultraviolet light absorber.
PAR  These prior art methods have proved unsatisfactory since cracks develop in
      the surface of the coating and apertures and perforations extend through
      the coating to form areas accessible to ultraviolet light to cause
      deterioration of the polymer and render the product unusable. Further, the
      coating method is suitable only on a base at least 5 mils in thickness,
      the process being impractical for the thinner gauges which are the most
      important commercial embodiments. Furthermore, where coating is employed
      as a method for applying the ultraviolet light absorber, any crack or
      opening formed in the coated material will provide a point of access for
      ultraviolet light which will then cause the polyester material to rapidly
      disintegrate due to the deterioration of the polymer chain and thereby
      render the product unusable. Also, where an adhesive is employed to bond
      two plastic members together or a plastic member to another member, the
      adhesive requires protection from ultraviolet light because without it it
      will discolor and also may break down and separate from the polyester
      material.
PAR  It has been known to employ ultraviolet light absorber of the benzophenone
      class which is described in U.S. Pat. No. 2,920,978 of Randall. However,
      when practicing the process of Randall it has been found that the
      polyester material has only limited periods of stability. Thus, when the
      benzophenones of Randall are treated or applied to a polyester material
      such as Dacron and allowed to weather, the treated material will discolor
      and eventually deteriorate due to ultraviolet light attack. This has been
      borne out wherein Dacron cloth becomes cracked and brittle after about 900
      hours of exposure in a fadeometer test.
PAR  It was accidentally discovered that minute traces of the polyhydric alcohol
      remained in the film or in the cloth of polyester materials, even after
      washing at room temperature and drying at temperatures of about
      212.degree.F. Further, it had been found that becuase of the presence of
      the polyhydric alcohol in the treated polyester material certain processes
      could not be carried out, for example, the metal deposition on polyester
      film would not adhere thereto because of the presence of the polyhydric
      alcohol. Since the polyhydric alcohol will leach from the polyester
      material, it also carries with it small amounts of ultraviolet light
      absorber so that after a period of time when substantially all of the
      polyhydric alcohol has been removed from the film the film becomes brittle
      and will crack and deteriorate under attack by ultraviolet light. It has
      been found that by practicing the process of the invention herein treated
      dyed or undyed polyester materials with an ultraviolet light absorber
      intimately combined therewith will render the treated polyester material
      weatherable, stable and resistant to the destructive effects of
      ultraviolet light. The process comprises the steps of immersing the
      polyester material in an undyed or dyed condition in a bath containing a
      non-volatile liquid polyhydric alcohol and the bath containing an
      effective amount of an ultraviolet light absorber preferably of the
      benzophenone class or the benzotriazole class, the bath being maintained
      at a temperature of 250.degree. to 430.degree.F. so that when the
      polyester material is contacted with the treating bath liquid an effective
      amount of the polyhydric alcohol and ultraviolet light absorber will be
      intimately combined with the polyester material. Thereafter, the polyester
      material is washed to remove excess treating bath liquid from the surface
      of the polyester material and it is then subjected to a heat treatment
      step for a relatively short period of time, for example, 3 to 30 seconds
      at a temperature of from 350.degree. to 450.degree.F. to remove the excess
      polyhydric alcohol entrapped in the polyester material. Thus, by the
      removal of the excess polyhydric alcohol the treated polyester material is
      rendered ultraviolet light stable. It was unexpected that only the
      entrapped polyhydric alcohol would be removed from the treated polyester
      material and that the vaporized polyhydric alcohol did not carry any
      entrapped ultraviolet light absorber from that treated material during the
      heat treatment step.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved polyester
      textile material which is either dyed or undyed that has improved
      weatherable light resistant properties and which inhibits the destructive
      effects of ultraviolet light attack on the polyester material. It is
      another object of the invention to provide an improved weatherable light
      resistant polyester material and method of making the same which is
      substantially unaffected by ultraviolet radiation. It is still another
      object of the invention to provide a weatherable polyester material which
      is inexpensive to manufacture and for which existing machinery need not be
      altered for producing such material.
PAR  Unexpectedly, I have found that by employing an ultraviolet light absorber
      in a substantially non-volatile liquid polyhydric alcohol bath at a
      temperature of from about 250.degree. to 430.degree.F. and by quickly
      contacting the polyester material with the bath such that the contact time
      is less than about 30 seconds and preferably 2 to 3 seconds, the absorber,
      together with the non-volatile liquid polyhydric alcohol, uniformly
      penetrates the polyester material to intimately combine therewith, then
      excess bath solution is removed from the surfaces of the polyester
      material by washing the polyester material in an ambient temperature water
      bath. It had been found in the past that the treated polyester material
      would slowly lose the light absorber by a leaching process in which the
      non-volatile polyhydric alcohol would carry from the treated polyester
      material small amounts of light absorber due to a weathering action.
      Unexpectedly, the problem was overcome by subjecting the treated polyester
      material to a heat treatment step immediately after the polyester material
      had been washed. The heat treatment step is carried out at a temperature
      of from about 350.degree. to 430.degree.F. and preferably at 400.degree.
      to 430.degree.F. for a relatively short period of time to prevent
      softening of the polyester material or otherwise altering its physical
      characteristics. Such a treatment time is preferably in the range of from
      3 to 30 seconds.
PAR  It is believed that the light absorber, when applied to polyester material
      with a carrier in accordance with the invention described herein, alters
      the structure of the polyester material so as to form a weatherable, light
      resistant polyester material. While I do not wish to be bound by theory,
      it is believed that this structural alteration is due to a chemical
      interaction between the polyester material and the light absorber.
      Further, the carrier plays no part in either the alteration of the
      polyester as evidenced by its complete removal during processing, or the
      fact that the polyester material still exhibits its other physical
      characteristics in addition to its light resistant properties.
PAR  Polyester material which has been treated in accordance with the invention
      herein with a light absorber is substantially unaffected by the
      destructive effect of ultraviolet light. Even where the polyester material
      has been creased or perforated with holes, the polyester does not exhibit
      any deterioration embrittlement degradation due to long exposure to
      ultraviolet light radiation and shows no signs of the destructive effect
      of ultraviolet light. The light absorber is present in the polyester
      material substantially homogeneously so that the entire polymer chain of
      the polyester material is resistant to attack by ultraviolet light. The
      light polyhydric alcohol carrier used does not vaporize during the
      application of the ultraviolet light absorber. The polyhydric alcohols
      used herein are substantially anhydrous, disperse or dissolve the
      ultraviolet light absorber, have a high boiling point and hold the
      evaporation of the bath to a minimum. Examples of polyhydric alcohols used
      herein are glycols, glycol ethers or polyglycols. Suitable glycols are
      ethylene, diethylene, propylene, dipropylene, butylene and glycerol.
      Although all of the aforementioned carrier materials are suitable,
      ethylene glycol is preferred for polyester films, such as Mylar, and
      diethylene glycol is preferred for polyester woven materials. The amount
      of absorber and carrier employed in forming the bath for treating
      polyester material may be varied. Although 2 to 25 grams or more of
      absorber per liter may be used, it is preferred that approximately 16 to
      20 grams of absorber per liter be used in the bath for best weathering
      life.
PAR  The types of ultraviolet light absorbers that may be used as indicated
      above are those which are compatible with polyester material and which
      will dissolve or disperse uniformly in a polyhydric alcohol which is
      substantially non-volatile at the operating temperatures of the process
      herein. The light absorbers which have been found to work satisfactorily
      are the benzophenones such as 2,2 dihydroxy 4-4'-dimethoxy benzophenone, 2
      hydroxy-4-aloxy benzophenone or mixtures of benzophenones, i.e. UVINUL 490
      which are sold under the trademark UVINUL by the General Aniline and Film
      Corporation, also the benzotriazoles such as 2(2'-hydroxy-5-methyl-phenyl)
      benzotriazole which are sold under the tradename TINUVIN by the Geigy
      Chemical Corporation. In preparing the treatment bath an effective amount
      of the light absorber is dissolved or dispersed into the polyhydric
      alcohol such that upon contacting and/or immersing the polyester material
      in the bath a sufficient amount of absorber together with the polyhydric
      alcohol will substantially uniformly penetrate the polyester material so
      that upon subsequent removal of the polyhydric alcohols from the polyester
      material through the heat treatment step the polyester material will be
      rendered resistant to ultraviolet light. Generally the treatment bath will
      contain from about 2 to 25 grams of ultralight absorber per liter of
      polyhydric alcohol.
PAR  When the bath is heated to at least 250.degree.F. the carrier and absorber
      will rapidly penetrate the polyester material. However, the solution
      should not be heated to or above the boiling point of the liquid carrier.
      If the polyester material is heated to a temperature in excess of
      430.degree.F. and thereafter contacted by the heated bath solution, the
      polyester will be damaged by the solvent action of the polyhydric alcohol
      contained in the bath. However, where the polyester is contacted by the
      bath solution by means of an applicator such that the bath solution is in
      excess of 430.degree.F. but the polyester material is below this
      temperature, it will not be damaged.
PAR  The time required for reacting the polyester material with the bath
      containing the absorber and carrier may vary with regard to the
      temperature, concentration of the bath, mass of the polyester material,
      i.e. thickness of material or total denier, and the rate at which the
      polyester material is contacted or passed through the bath solution. It
      has been found that the polyester material need contact the bath for only
      a period of from 2 to 30 seconds to entrap an effective amount of
      ultraviolet light absorber in the polyester material to render it
      ultraviolet light resistant after it has been subjected to the heat
      treatment step.
PAR  After the material has been so treated and reacted with the absorber, the
      carrier must be completely removed by subjecting the treated polyester to
      a temperature in excess of the flash point of the carrier but below the
      melting point and deterioration point of the polyester material. While the
      boiling points of some of the carrier materials may be in excess of
      430.degree.F., their flash points are substantially below 430.degree.F.,
      as set forth in the following table:
TBL                   Boiling Point                                            
                               Flash Point                                     
     ______________________________________                                    
     Ethylene Glycol    386.degree.F.                                          
                                   210.degree.F.                               
     Diethylene Glycol  474.degree.F.                                          
                                   290.degree.F.                               
     Propylene Glycol   370.degree.F.                                          
                                   210.degree.F.                               
     Glycerol           554.degree.F.                                          
                                   350.degree.F.                               
     ______________________________________                                    
PAR  Generally, the carrier, i.e. the polyhydric alcohol, is removed by passing
      a stream of air over heated elements, such as electrical heating coils, in
      which the air may attain a temperature in excess of 430.degree.F., thereby
      obviating any damage thereto. The polyester material when subjected to the
      heat treatment step removes substantially and and all of the polyhydric
      alcohol remaining entrapped in the polyester material after the
      application of the absorber in the polyhydric alcohol bath to the
      polyester material.
PAR  The polyester material is subjected to the heat treatment step to remove
      substantially all of the carrier, the polyhydric alcohol which has
      penetrated the polyester material after it has been contacted with the
      treatment bath, with only the absorber remaining entrapped in intimate
      contact with the polyester material. In practice it has been found that
      the temperature of the heating zone may be maintained between about
      350.degree. to 450.degree.F. without causing any damage to the polyester
      material.
DETD
PAR  The following examples are illustrative for making weatherable polyester
      material in accordance with the invention herein:
PAC  EXAMPLE I
PAR  A roll of polyester material in the form of a film sold under the Trademark
      Mylar, having a thickness of approximately 5 mils, is passed through a
      bath containing ethylene glycol as the carrier and Uvinul D-49,
      2,2'-dihydroxy-4,4'-dimethoxy benzophenone, as the light absorber, in
      which the Uvinul is present in the amount of 16-18 gms. per liter of bath
      solution (16, 17 and 18 gms. per liter were used in three consecutive
      runs). The temperature of the bath is maintained at between 325.degree.
      and 350.degree.F. The film is continuously passed through the bath at a
      rate such that the surfaces of the film are contacted by the bath for a
      period of not more than 10 seconds. After the film has passed through the
      bath solution, it is quenched in a water bath at ambient temperature so as
      to remove the excess bath solution of absorber and carrier materials
      adhered to the surfaces of the film.
PAR  To facilitate removal of the liquid polyhydric alcohol carrier, the film
      from the Uvinul bath may be immersed in an organic solvent which is kept
      at room temperature, e.g. 15.degree.-30.degree.C., before it is sent to
      the quenching water bath, and solvents such as methyl ethyl ketone,
      acetone, ethyl alcohol, diethyl ketone and methanol have been successfully
      used to speed up the removal process.
PAR  Thereafter, the film is passed through a heating zone for a period of 10
      seconds, maintained at a temperature of 400.degree.-450.degree.F. to
      evaporate substantially all of the entrapped carrier in the film. The
      heating zone may comprise several stages, a first stage at
      350.degree.-400.degree.F. and a second stage at 400.degree.-450.degree.F.
      Different heating means may be used in each of the zones, e.g. the first
      zone may be heated by gas and the second by electrical resistance or
      radiation elements.
PAR  Thereafter, the film is wound on a take-up roll and is ready for immediate
      use or for shipment, storage and later use or subsequent treatment.
PAC  EXAMPLE 2
PAR  A woven polyester textile material, such as is suitable for use as a sail
      or awning, is passed through a bath as in Example I, except that the
      carrier material employed is diethylene glycol. After the textile material
      is passed through the bath, the material is passed through the nip of a
      pair of squeeze rollers to remove excess bath solution of absorber and
      carrier material adhered to the exterior of the material and is thereafter
      treated as in Example I.
PAR  The treated material of Example I was compared with an untreated polyester
      film from the same roll of material employing standard test procedures for
      determining weatherable characteristics. A sample of treated material and
      a sample of untreated material were placed in a weatherometer apparatus
      designed to test the weatherable characteristics of the film, e.g., to
      determine its resistance to ultraviolet light deterioration. In the
      weatherometer apparatus, both samples were subjected to intermittent
      ultraviolet light radiation. The treated polyester material was subjected
      to 2,000 hours of ultraviolet light radiation with no apparent
      disintegration, deterioration, embrittlement or the like. However, the
      untreated film became brittle and disintegrated after 900 hours exposure
      to ultraviolet light radiation. In a further test, samples of film as
      indicated above were placed in a fadeometer apparatus in which both
      samples were subjected to continuous ultraviolet light radiation. After
      5,000 hours, the treated sample showed no signs of disintegration,
      deterioration, embrittlement or the like. However, after only 380-390
      hours, the untreated film became brittle and disintegrated.
PAR  From the foregoing, it is apparent that the polyester material formed in
      accordance with the invention herein has been rendered resistant to light
      and weather. The film formed in Example I may be employed, for example, as
      a covering for greenhouses and display windows where ultraviolet light
      would cause damage to articles contained therein. The material of Example
      2 may be used for sails, tents, awnings or other similar articles where
      the polyester material will be subjected to all varying types of weather
      conditions.
PAC  EXAMPLE 3
PAR  A roll of polyester material in the form of a film having a thickness of 5
      mils was treated as in Example I except that the ultraviolet absorber,
      Uvinul D-49, was present in the amount of 20 grams per liter of ethylene
      glycol, the film was contacted with the treatment bath for 30 seconds at
      an average temperature of 330.degree.F. After it was washed as in Example
      I it was subjected to heat treatment for 30 seconds at 300.degree.F.
PAR  Tests were conducted on samples taken from the film before the heat
      treatment step and after the heat treatment step. The sample films before
      and after the heat treatment steps were placed over a dyed polyester
      fabric and both samples were simultaneously subjected to UV radiation in a
      Fade-O-Meter (carbon arc) for a period of 20 hours at 65% relative
      humidity at 110.degree.F.
PAR  The dyed fabric covered with the treated film before the heat treatment
      step exhibited breaks in the fabric while the dyed fabric covered with the
      treated film after the heat treatment step showed no degradation or
      evidence of damage.
PAR  The same samples before and after the heat treatment step were subjected to
      UV radiation under the conditions indicated above were weighed before
      exposure to the UV radiation and after exposure to the UV radiation and
      also the percent relative UV radiation was measured. In the sample before
      the heat treatment step percent loss of weight of UV absorber was found to
      be 53.5% and the percent relative radiation was found to be 42.9% while
      the film subjected to the heat treatment step of the invention herein
      showed no UV radiation transmitted through the film and no loss in weight.
PAC  EXAMPLE 4
PAR  A roll of film was treated as in Example 3 except that the UV absorber used
      was Uvinul 490. The data obtained from identical tests of the treated film
      containing Uvinul 490 as described in Example 3 showed that the dyed
      fabric covered with the treated film before the heat treatment step
      exhibited significant degradation due to ultraviolet radiation after 20
      hours of exposure under the conditions of Example 3 while the dyed fabric
      covered with the treated film after the heat treatment step exhibited no
      visible signs of degradation. Also, the percent weight loss after exposure
      of 20 hours on the film before the heat treatment step was found to be
      60.8% with the percent relative UV radiation of 64.8%.
PAR  From the results of Examples 3 and 4 the data obtained clearly demonstrates
      that unless the treated polyester material is subjected to the heat
      treatment step of the invention herein degradation and loss of UV absorber
      occurs after only a relatively short period of time on exposure to
      conditions of a Fade-O-Meter as indicated in the examples. Also, the film
      treated in accordance with the invention herein remains stable and shows
      no visible signs of the destructive effect of UV radiation.
PAR  Weatherable, light-resistant polyester material may be employed for many
      other uses; for example, weatherable polyester film may be laminated to
      painted signs or painted exteriors of aircraft on which the paint used is
      sensitive to ultraviolet light radiation so as to extend the serviceable
      life thereof. For example, a sample color of International Orange as used
      for markings on airplanes will fade after 20 hours of exposure in a
      Fade-O-Meter. However, in a like sample where the painted surface is
      covered with a weatherable polyester film of 2 mils in thickness, only a
      slight fading occurs after 120 hours of exposure to the ultraviolet light
      radiation from the Fade-O-Meter apparatus. Also, where a sample of
      untreated Mylar, together with a sample of Mylar treated in accordance
      with the invention herein, both samples having a thickness of 1/2 mil,
      were exposed to the weather, after approximately 7 months, the untreated
      Mylar was completely destroyed by ultraviolet light deterioration;
      however, after two years, the treated Mylar still shows no sign of
      deterioration.
PAR  In another exposure test, polyester film of 500 mils thickness, sold under
      the trademark Mylar, was treated with a solution containing 18 gms. per
      liter of Uvinul D-49, 2,2'-dihydroxy-4,4'-dimethoxy benzophenone as the
      light absorber and diethylene glycol as the carrier under the conditions
      as set forth in Example I. The film thus treated is in use as a greenhouse
      covering in lieu of glass at St. James, Long Island, Hitherbrook Nursery.
      The film has been exposed continually to all weather conditions for 15
      months in the period beginning March 1968 to November 1969, and at the
      present time, is still in use. During this period, the film has been
      subjected to all seasonal weather conditions, including abnormally heavy
      rainfall, snowfall and temperature extremes. No perceptible change has
      been noted in its light transmission characteristics, nor is there any
      evidence of discoloration or embrittlement.
PAR  A sample of film used as a control, which was untreated and exposed to
      outdoor weather conditions deteriorated and exhibited cracks and
      discoloration within about six months.
PAR  Weatherable polyester film may be laminated to other plastic material in
      which the plastic material is also subject to deterioration by ultraviolet
      light radiation and thereby extend the serviceable life of the plastic
      material.
PAR  It is apparent that many modifications may be made and many products may be
      made in accordance with the invention herein and a variety of products may
      be formed therefrom without departing from the spirit and scope of the
      invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for treating dyed or undyed polyester materials for rendering
      the same resistant to attack by ultraviolet light comprising; contacting
      the surface of the polyester material for a period of from 2 to 30 seconds
      with a heated bath maintained at a temperature of from 250.degree. to
      430.degree.F. to heat the polyester material to a temperature of less than
      430.degree.F., said bath containing a non-volatile polyhydric alcohol as a
      carrier and an ultraviolet light absorber which is soluble in the
      polyhydric alcohol and compatible with the polyester material in effective
      concentrations such that effective amounts of the ultraviolet light
      absorber are incorporated into the polyester material together with
      polyhydric alcohol to ensure substantially complete penetration of the
      bath solution, washing the treated polyester material to remove excess
      bath solution from the surfaces of the polyester material in an aqueous
      solution at a temperature less than the treatment temperature; then
      subjecting the washed polyester material to heat so as to raise the
      temperature of the material to between 350.degree. and 430.degree.F. for a
      period of time of from 3 to 30 seconds to remove the remaining polyhydric
      alcohol entrapped in the polyester material whereby the ultraviolet
      absorber remains intimately combined with the heat treated polyester
      material to render it resistant to ultraviolet light.
NUM  2.
PAR  2. The process of claim 1 wherein the polyhydric alcohol is selected from
      the group consisting of ethylene glycol, propylene glycol, dipropylene
      glycol, butylene glycol, glycerine, glycol ethers and polyglycols.
NUM  3.
PAR  3. The process of claim 1 wherein -dimethoxy ultraviolet light absorber is
      2,2'-dihydroxy-4,4'-dimethoxy benzophenone.
NUM  4.
PAR  4. The process of claim 1 wherein the ultraviolet light absorber is
      2-hydroxy-4-aloxy benzophenone.
NUM  5.
PAR  5. The process of claim 1 wherein the ultraviolet light absorber is
      2(2'hydroxy-5-methyl-phenyl) benzotriazole.
NUM  6.
PAR  6. A method for rendering polyester material resistant to attack by
      ultraviolet light comprising:
PA1  contacting the surface of the polyester material for a period of 2 to 10
      seconds with a heated bath matained at a temperature of
      250.degree.-430.degree.F. to heat the polyester material to a temperature
      less than 430.degree.F., said bath containing
      2,2'-dihydroxy-4,4'-dimethoxy benzophenone as the effective ultraviolet
      light absorber and a substantially non-volatile liquid polyhydric alcohol
      as the carrier for said absorber, the polyhydric alcohol being selected
      from the group consisting of ethylene glycol, propylene glycol,
      dipropylene glycol, butylene glycol, glycerine, glycol ethers and
      polyglycols, to impregnate the polyester material;
PA1  washing the polyester material in water to remove excess bath material from
      the surface of the treated polyester material; and,
PA1  then subjecting the washed polyester material to a heat treatment to raise
      the temperature of the material to between 350.degree. and 430.degree.F.
      for a period of time of from 3-15 seconds to remove the remaining
      polyhydric alcohol from the polyester material, whereby the ultraviolet
      light absorber remains intimately combined with the treated polyester
      material to render it resistant to ultraviolet light.
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ABST
PAL  The polymeric malonates of the invention have the formula
      ##SPC1##
PAL  Wherein
PA0  R.sub.1 and R.sub.2 are alkyl groups,
PA0  R.sub.3 is an alkyl or hindered hydroxybenzyl group,
PA0  A is oxygen or amino group,
PA0  X is a divalent group such as unsubstituted or substituted alkylene or
      thioalkylene,
PA0  Y is hydrogen or a hindered hydroxybenzyl group,
PA0  Z is hydrogen, hydroxy, alkoxy or thioalkyl group, and
PA0  n is 2 to 100.
PAL  These compounds are prepared by reacting esters of malonates with divalent
      alcohols or with diamines and then with a monovalent alcohol. They are
      useful as stabilizers of organic materials subject to oxidative and
      thermal degradation.
BSUM
PAR  The present invention relates to new compounds, the methods for their
      manufacture, their use for stabilising organic material against
      thermo-oxidative degradation and the organic materials stabilised with
      their aid.
PAR  The new compounds correspond to the general formula
      ##SPC2##
PAL  Wherein R.sub.1 denotes alkyl with 1 to 5 carbon atoms, cycloalkyl with 6
      to 8 carbon atoms or aralkyl with 7 to 9 carbon atoms, R.sub.2 denotes
      hydrogen, alkyl with 1 to 5 carbon atoms, cycloalkyl with 6 - 8 carbon
      atoms or aralkyl with 7 - 9 carbon atoms, R.sub.3 denotes hydrogen, alkyl
      with 1 to 18 carbon atoms, or the group
      ##SPC3##
PAL  A denotes --O--; --NH--; or
      ##EQU1##
      wherein R.sub.4 is an alkyl group with 1 - 4 carbon atoms, X denotes
      alkylene with 2 to 18 carbon atoms, alkenylene with 4 to 18 carbon atoms
      wherein A is linked to a saturated carbon atom in the alkenylene,
      oxaalkylene with 4 to 18 carbon atoms wherein A is linked to a carbon atom
      in the oxaalkylene which does not carry any further hetero-atoms,
      thiaalkylene with 4 to 18 carbon atoms wherein A is linked to a carbon
      atom in the thiaalkylene which does not carry any further hetero-atoms,
      mercaptoalkylene with 3 to 18 carbon atoms, alkylthioalkylene with 4 to 21
      carbon atoms, hydroxyalkylene with 3 to 18 carbon atoms, acyloxyalkylene
      with 5 to 21 carbon atoms, phenoxyalkylene with 9 to 20 carbon atoms, or
      alkoxyalkylene with 4 to 21 carbon atoms, wherein the mercapto, alkylthio,
      hydroxyl, acyloxy, phenoxy or alkoxy group of the mercaptoalkylene,
      alkylthioalkylene, hydroxyalkylene, acyloxyalkylene, phenoxyalkylene or
      alkoxyalkylene is bonded to a carbon atom not linked to the group A, or a
      group
      ##SPC4##
PAL  Wherein m.sub.1 and m.sub.2 are 1, 2 or 3, Y denotes hydrogen or the group
      ##SPC5##
PAL  Z denotes OR.sub.5 or, if Y denotes hydrogen, also denotes the group
EQU  -- A -- X -- A -- H,
PAL  with the abovementioned meanings for A and X and R.sub.5 denotes hydrogen,
      alkyl with 1 to 18 carbon atoms, oxaalkyl with 3 to 20 carbon atoms,
      wherein the carbon atom in R.sub.5 linked to oxygen does not carry any
      further hetero-atoms, thiaalkyl with 3 to 20 carbon atoms wherein the
      carbon atom in R.sub.5 linked to the oxygen does not carry any further
      hetero-atoms, or 1-phospha-2,6,7-trioxabicyclo[2,2,2]-oct-4-yl-methyl, and
      n denotes 2 to 100.
PAR  It has been found, surprisingly, that the compounds of the formula I are
      very suitable for stabilising organic material against thermo-oxidative
      degradation.
PAR  The new compounds show better activity than the previously known monomeric
      phenolic compounds of similar structure. This becomes particularly clear
      if polymeric material in the form of fibres and films is to be protected
      against autoxidation. Monomeric oxidation inhibitors are in part lost
      during the manufacture and shaping of the polymeric material, or under the
      use conditions, because of their volatility. On the other hand, the
      compounds according to the invention are non-volatile, non-extractable and
      of excellent compatibility with polymeric material, which manifests itself
      in the fact that efflorescence is not observed. The compounds are
      furthermore also soluble and effective in monomeric, liquid materials. The
      compounds according to the invention are either glassy supercooled melts
      which can be powdered, or viscous liquids of which the viscosity decreases
      very rapidly with increasing temperature, so that at temperatures around
      100.degree.C they can be handled effortlessly as liquids, which
      facilitates automatic continuous metering.
PAR  The compounds according to the invention can be manufactured in a simple
      manner in a one-pot process, so that expensive working up by
      crystallisation or distillation is avoided.
PAR  In the definition of the compounds of the formula I, R.sub.1 can be alkyl
      with 1 - 5 carbon atoms and/or R.sub.2 can be alkyl with 1 - 8 carbon
      atoms, such as, for example, methyl, ethyl, isopropyl, butyl, sec.-butyl,
      tert.-butyl, amyl, tert.-amyl, sec.-amyl, hexyl, octyl or tert.-octyl.
PAR  R.sub.1 and/or R.sub.2 can also be a cycloalkyl group with 6 - 8 carbon
      atoms, such as, for example, cyclohexyl, .alpha.-methylcyclohexyl or
      cyclooctyl, or an aralkyl group, such as benzyl or .alpha.-phenylethyl.
      R.sub.3 and/or R.sub.5 in the formula I can be alkyl with 1 - 18 carbon
      atoms, such as methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, decyl,
      dodecyl, tetradecyl or octadecyl.
PAR  R.sub.4 in the formula I can be methyl, ethyl, propyl, isopropyl or butyl.
PAR  If the radical X in the definition of the formula I is alkylene, it can be,
      for example, ethylene, propylene, trimethylene, tetramethylene,
      hexamethylene, octamethylene, decamethylene or octadecamethylene. If X
      denotes alkenylene, it is, for example, butenylene, pentenylene,
      hexenylene, octenylene, decenylene, tetradecenylene or octadecenylene. X
      as oxaalkylene can be the divalent radical of 3-oxapentane, 3-oxaheptane,
      3-oxaundecane, 3-oxapentadecane or 3-oxaheneicosane and X as thiaalkylene
      can denote the divalent radical of 3-thiapentane, 3-thiaheptane,
      3-thiaundecane, 3-thiapentadecane, 3-thianonadecane, 3-thiaheneicosane or
      4-thiadecane. When X denotes hydroxyalkylene it is, for example,
      2-hydroxytrimethylene or 3-hydroxytetramethylene.
PAR  When X is acyloxyalkylene, acyl preferably denotes the radical of an
      aliphatic carboxylic acid such as of an alkanoic acid with 2 to 18 carbon
      atoms. Examples of such acids are acetic acid, propionic acid, caproic
      acid, lauric acid and stearic acid.
PAR  Examples of acyloxyalkylene are acetoxyalkylene, butyryloxyalkylene,
      lauroyloxyalkylene and stearoyloxyalkylene.
PAR  If X denotes alkoxyalkylene, it is, for example, methoxyalkylene,
      ethoxyalkylene, octoxyalkylene or octadecoxyalkylene.
PAR  If R.sub.5 denotes oxaalkyl it can denote, for example, 3-oxabutyl,
      2-oxapentyl, 2-oxaheptyl, 3-oxapentadecyl or 2-oxaheneicosyl, and if
      R.sub.5 denotes thiaalkyl it can denote, for example, 3-thiabutyl,
      3-thiapentyl, 3-thiaheptyl, 3-thiaundecyl, 3-thiapentadecyl,
      3-thianonadecyl and 3-thiaheneicosyl.
PAR  Amongst the compounds of the formula I, those are preferred in which
      R.sub.1 denotes methyl, isopropyl, sec.-butyl or tert.-butyl, R.sub.2
      denotes hydrogen or methyl, isopropyl, sec.-butyl, or tert.-butyl, R.sub.3
      denotes hydrogen or the group
      ##SPC6##
PAL  A denotes --O-- or --NH--, X denotes alkylene with 2 to 18 carbon atoms or
      thiaalkylene with 4 to 18 carbon atoms, A being linked to a carbon atom in
      the thiaalkylene which does not carry any further hetero-atoms, Y denotes
      hydrogen or the group
      ##SPC7##
PAL  Z denotes OR.sub.5 or, if Y denotes hydrogen, also denotes the group
EQU  -- A -- X -- A -- H,
PAL  with the abovementioned meanings for A and X, R.sub.5 denotes hydrogen,
      alkyl with 1 to 18 carbon atoms or thiaalkyl with 3 to 20 carbon atoms,
      wherein the carbon atom in R.sub.5 bonded to oxygen does not carry any
      further hetero-atoms, and n denotes 2 to 50.
PAR  Particularly preferred compounds of the formula I are those wherein R.sub.1
      denotes alkyl with 1 to 4 carbon atoms, R.sub.2 denotes alkyl with 4
      carbon atoms, R.sub.3 denotes hydrogen, A denotes --O-- or --NH--, X
      denotes alkylene with 5 to 9 carbon atoms, thiaalkylene with 4 carbon
      atoms, alkylthioalkylene with 21 carbon atoms, alkoxyalkylene with 21
      carbon atoms, wherein A is linked to a carbon atom in the thiaalkylene,
      alkylthioalkylene or alkoxyalkylene which does not carry any further
      hetero-atoms, or the group --CH.sub.2 CHOH--CH.sub.2 --, Y denotes
      hydrogen or the group
      ##SPC8##
PAL  with R.sub.1 being alkyl with 1 to 4 carbon atoms, and R.sub.5 being alkyl
      with 1 to 18 carbon atoms, Z denotes alkoxy with 1 to 18 carbon atoms or
      1-phospha-2,6,7-trioxabicyclo[2,2,2]oct-4-yl-methyl and n denotes 2 - 20.
PAR  The manufacture of the compounds of the formula I can be effected, for
      example, by reaction of m mols of a compound of the general formula II
      ##SPC9##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 have the abovementioned meaning and
      R.sub.6 denotes a lower alkyl group, preferably methyl or ethyl, with n
      mols of a compound of the formula III
EQU  ha -- x--ah                                                (iii)
PAL  and q mols of a compound of the formula IIIa
EQU  R.sub.5 -- OH                                              (IIIa)
PAL  wherein A and X have the abovementioned meaning and wherein n .ltoreq. m
      and q = 2 (m - n), in the presence of a basic catalyst. In the reaction, 2
      m mols of R.sub.6 OH are split off.
PAR  A simplified manufacturing process consists of manufacturing the compounds
      of the formula II directly in the reaction mixture from a malonic acid
      ester of the formula IV
      ##EQU2##
      and a compound of the formula V
      ##SPC10##
PAL  as described, for example, in Netherlands Pat. No. 68/03,498, in the
      presence of a basic catalyst and of the compounds of the formulae III and
      IIIa, which also leads to the compounds of the formula I.
PAR  Both the manufacturing processes described can be modified in that it is
      possible to employ two or more compounds of the formulae III and IIIa in
      the mixture.
PAR  In order to avoid a yellowish discolouration of the reaction mixture, a
      small amount of a phosphite can be added to the reaction mixture before
      adding the basic catalyst.
PAR  Examples of compounds of the formula I which show particularly good
      stabilising properties are the following:
      ##SPC11##
PAL  wherein X.sub.1 denotes --(CH.sub.2).sub.6 -- ,
      ##EQU3##
      --CH.sub.2 CH.sub.2 --S--CH.sub.2 CH.sub.2 -- or
      ##EQU4##
      ##SPC12##
      with the abovementioned meaning for X.sub.1.
      ##SPC13##
PAL  with the abovementioned meaning for X.sub.1.
      ##SPC14##
PAL  wherein X.sub.2 is --(CH.sub.2).sub.6 -- or --(CH.sub.2).sub.2 --.
PAR  Z and Y in the compounds mentioned above by way of examples have the same
      meaning as in the definition under the formula I.
PAR  The compounds of the formula I are used as stabilisers for organic
      substrates. As such it is possible to use, for example:
PA0  1. Polymers which are derived from hydrocarbons with single or double
      unsaturation, such as polyolefines, such as, for example, polyethylene,
      which can optionally be crosslinked, polypropylene, polyisobutylene,
      polymethylbutene-1, polymethylpentene-1, polybutene-1, polyisoprene,
      polybutadiene, polystyrene, polyisobutylene, copolymers of the monomers on
      which the homopolymers mentioned are based, such as ethylenepropylene
      copolymers, propylene-butene-1 copolymers, propylene-isobutylene
      copolymers, styrene-butadiene copolymers and terpolymers of ethylene and
      propylene with a diene, such as, for example, hexadiene, dicyclopentadiene
      or ethylidenenorbornene; mixtures of the abovementioned homopolymers, such
      as, for example, mixtures of polypropylene and polyethylene, polypropylene
      and polybutene-1, or polypropylene and polyisobutylene.
PA0  2. Vinyl polymers containing halogen, such as polyvinyl chloride,
      polyvinylidene chloride, polyvinyl fluoride, but also polychloroprene and
      chlorinated rubbers.
PA0  3. Polymers which are derived from .alpha.,.beta.-unsaturated acids and
      their derivatives, such as polyacrylates and polymethacrylates,
      polyacrylamides and polyacrylonitrile, as well as their copolymers with
      other vinyl compounds, such as acrylonitrile/butadiene/styrene,
      acrylonitrile/styrene and acrylonitrile/styrene/acrylic ester copolymers.
PA0  4. Polymers which are derived from unsaturated alcohols and amines or their
      acyl derivatives or acetals, such as polyvinyl alcohol, polyvinyl acetate,
      polyvinyl stearate, polyvinyl benzoate, polyvinyl maleate, polyvinyl
      butyral, polyallyl phthalate, polyallyl melamine and their copolymers with
      other vinyl compounds, such as ethylene/vinyl acetate copolymers.
PA0  5. Homopolymers and copolymers which are derived from epoxides, such as
      polyethylene oxide or the polymers which are derived from bis-glycidyl
      ethers.
PA0  6. Polyacetals, such as polyoxymethylene and polyoxyethylene, as well as
      those polyoxymethylenes which contain ethylene oxide as the comonomer.
PA0  7. Polyphenylene oxides.
PA0  8. Polyurethanes and polyureas.
PA0  9. Polycarbonates.
PA0  10. Polysulphones.
PA0  11. Polyamides and copolyamides which are derived from diamines and
      dicarboxylic acids and/or from aminocarboxylic acids or the corresponding
      lactams, such as polyamide 6, polyamide 6/6, polyamide 6/10, polyamide 11
      and polyamide 12.
PA0  12. Polyesters which are derived from dicarboxylic acids and dialcohols
      and/or from hydroxycarboxylic acids or the corresponding lactones, such as
      polyethylene glycol terephthalate or poly-1,4-dimethylol-cyclohexane
      terephthalate.
PA0  13. Crosslinked polymers which are derived from aldehydes on the one hand
      and phenols, ureas and melamines on the other, such as
      phenol-formaldehyde, urea-formaldehyde and melamine-formaldehyde resins.
PA0  14. Alkyd resins, such as glycerine-phthalic acid resins and their mixtures
      with melamine-formaldehyde resins.
PA0  15. Unsaturated polyester resins which are derived from copolyesters of
      saturated and unsaturated dicarboxylic acids with polyhydric alcohols,
      with vinyl compounds as crosslinking agents, and also their
      halogen-containing modifications of low inflammability.
PA0  16. Natural polymers such as cellulose, rubber, proteins and their
      polymer-homologously chemically modified derivatives, such as cellulose
      acetates, cellulose propionates and cellulose butyrates, or the cellulose
      ethers, such as methylcellulose.
PA0  17. High molecular monomeric substances, for example mineral oils, animal
      and vegetable fats, oils and waxes, or oils, waxes and fats based on
      synthetic esters.
PAR  The compounds of the formula I are incorporated into the substrates in a
      concentration of 0.01 to 5% by weight calculated relative to the material
      to be stabilised.
PAR  Preferably, 0.05 to 2.0, and particularly preferentially 0.1 to 1.0, % by
      weight of the compounds, calculated relative to the material to be
      stabilised, are incorporated into the latter. The incorporation can take
      place before, during or after the polymerisation, for example by mixing in
      at least one of the compounds of the formula I and optionally further
      additives according to the methods customary in the art, before or during
      shaping, or by applying the dissolved or dispersed compounds to the
      polymer, if appropriate with subsequent evaporation of the solvent,
PAR  In the case of crosslinked polyethylene, the compounds are added before
      crosslinking.
PAR  As further additives together with which the stabilisers can be employed,
      there should be mentioned;
PAR  1. Antioxidants of the aminoaryl and hydroxyaryl series. Amongst the
      latter, there should be mentioned the sterically hindered phenol
      compounds, for example:
PA0  A. simple 2,6-dialkylphenols, such as, for example,
      2,6-ditert.butyl-4-methylphenol, 2-tert.butyl-4,6-dimethylphenol,
      2,6-ditert.butyl-4-methoxymethylphenol and 2,6-dioctadecyl-4-methylphenol.
PA0  B. derivatives of alkylated hydroquinones, such as, for example,
      2,5-ditert.butyl-hydroquinone, 2,5-ditert.amylhydroquinone,
      2,6-ditert.butyl-hydroquinone, 2,5-ditert.butyl-4-hydroxy-anisole,
      3,5-ditert.butyl-4-hydroxy-anisole and
      tris(3,5-ditert.butyl-4-hydroxyphenyl)-phosphite.
PA0  C. hydroxylated thiodiphenyl ethers, such as, for example,
      2,2'-thiobis-(6-tert.butyl-4-methylphenol), 2,2'-thiobis-(4-octylphenol),
      4,4'-thiobis-(6-tert.butyl-3-methylphenol),
      4,4'-thiobis-(3,6-di-sec.amylphenol) and
      4,4'-thiobis-(6-tert.butyl-2-methylphenol).
PA0  D. alkylidene-bisphenols, such as, for example,
      2,2'-methylene-bis-(6-tert.butyl-4-methylphenol),
      2,2-methylene-bis-(6-tert.butyl-4-ethylphenol),
      4,4'-methylene-bis-(6-tert. butyl-2-methylphenol),
      4,4'-methylene-bis-(2,6-ditert.butylphenol),
      2,6-di(3-tert.butyl-5-methyl-2-hydroxybenzyl)-4-methyl-phenol,
      2,2'-methylene-bis-[4-methyl-6-(.alpha.-methylcyclohexyl)-phenol],
      1,1-bis-(3,5-dimethyl-2-hydroxyphenylbutane),
      1,1-bis-(5-tert.butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis-(5-tert.butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis-(3,5-ditert.butyl-4-hydroxyphenyl)-propane,
      1,1,3-tris-(5-tert.butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis-(5-tert. butyl-4-hydroxy-2-methylphenyl)-4-n-dodecylmercapto-butan
     e, 1,1,5,5-tetra-(5-tert.butyl-4-hydroxy-2-methylphenyl)-pentane and
      ethylene glycol bis-[3,3-bis-(3'-tert.butyl-4'-hydroxyphenyl)-butyrate].
PA0  E. o- n- and S-Benzyl compounds such as, for example,
      3,5,3',5'-tetra-tert.butyl-4,4'-dihydroxydibenzyl ether,
      4-hydroxy-3,5-dimethylbenzyl-mercaptoacetic acid octadecyl ester,
      tri-(3,5-ditert.butyl-4-hydroxybenzyl)-amine and the diester from
      terephthalic acid and 5-tert.butyl-4-hydroxy-2,3-dimethylbenzyl-mercaptan.
PA0  F. hydroxybenzylated malonate esters, such as, for example,
      2,2-bis-(3,5-di-tert.butyl-2-hydroxybenzyl)-malonic acid dioctadecyl
      ester, 2-(3-tert.butyl-4-hydroxy-5-methylbenzyl)-malonic acid dioctadecyl
      ester, 2,2-bis-(3,5-di-tert. butyl-4-hydroxybenzyl)-malonic acid
      didodecylmercapto ethyl ester and
      2,2-bis-(3,5-di-tert.butyl-4-hydroxybenzyl)-malonic acid
      di-(4-tert.octylphenyl)-ester.
PA0  G. hydroxybenzyl-aromatics, such as, for example,
      1,3,5-tri-(3,5-di-tert.butyl-4-hydroxybenzyl)-2,4,6-trimethylbenzene,
      1,4-di-(3,5-di-tert.butyl-4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene, and
      2,4,6-tri-(3,5-di-tert.butyl-4-hydroxybenzyl)-phenol.
PA0  H. s-Triazine compounds, such as, for example,
      2,4-bis-octylmercapto-6-(3,5-di-tert.butyl-4-hydroxy-anilino)-s-triazine,
      2-octylmercapto-4,6-bis-(3,5-di-tert.butyl-4-hydroxyanilino)-s-triazine,
      2-octylmercapto-4,6-bis-(3,5-di-tert.butyl-4-hydroxy-phenoxy)-s-triazine,
      2,4,6-tris-(3,5-di-tert.butyl-4-hydroxyphenoxy)-s-triazine,
      2,4,6-tris-(3,5-di-tert.butyl-4-hydroxyphenylethyl)-s-triazine and
      1,3,5-tris-(3,5-di-tert. butyl-4-hydroxybenzyl)-isocyanurate.
PA0  I. amides of 3,5-di-tert.butyl-4-hydroxyphenylpropionic acid, such as, for
      example, 1,3,3-tri-(3,5-di-tert.
      butyl-4-hydroxyphenyl-propionyl)-hexahydro-s-triazine and
      N,N'-di-(3,5-di-tert.butyl-4-hydroxyphenyl-propionyl)-hexamethylenediamine
     .
PA0  K. esters of 3,5-di-tert.butyl-4-hydroxyphenyl-propionic acid with
      monohydric or polyhydric alcohols, such as, for example, methanol, ethanol
      and octadecanol; 1,6-hexanediol; 1,9-nonandediol and ethylene glycol;
      1,2-propanediol, diethylene glycol, thiodiethylene glycol, neopentyl
      glycol, 3-thia-undecanol, 3-thiapentadecanol, trimethylhexanediol,
      trimethylolethane, trimethylolpropane, tris-hydroxyethylisocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo-[2,2,2]octane.
PA0  L. esters of 5-tert.butyl-4-hydroxy-3-methylphenylpropionic acid with
      monohydric or polyhydric alcohols, such as for example, methanol, ethanol
      and octadecanol; 1,6-hexanediol; 1,9-nonanediol and ethylene glycol;
      1,2-propanediol, diethylene glycol, thiodiethylene glycol, neopentyl
      glycol, 3-thia-undecanol, 3-thia-pentadecanol, trimethylhexanediol,
      trimethylolethane, trimethylolpropane, tris-hydroxyethyl-isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]octane.
PA0  M. esters of 3,5-di-tert.butyl-4-hydroxyphenylacetic acid with monohydric
      or polyhydric alcohols, such as, for example, methanol, ethanol and
      octadecanol; 1,6-hexanediol; 1,9-nonanediol, ethylene glycol,
      1,2-propanediol, diethyleneglycol, thiodiethylene glycol, neopentyl
      glycol, 3-thia-undecanol, 3-thia-pentadecanol, trimethylhexanediol,
      trimethylolethane, trimethylolpropane, tris-hydroxyethyl-isocyanurate, and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]octane.
PA0  N. acylaminophenols, such as, for example,
      N-(3,5-ditert.butyl-4-hydroxyphenyl)-stearic acid amide and
      N,N'-di-(3,5-di-tert.butyl-4-hydroxyphenyl)-thiobis-acetamide.
PA0  O. benzylphosphates, such as, for example, 3,5-di-tert.
      butyl-4-hydroxybenzyl-phosphonic acid dimethyl ester,
      3,5-ditert.butyl-4-hydroxybenzyl-phosphonic acid diethyl ester,
      3,5-di-tert.butyl-4-hydroxybenzyl-phosphonic acid dioctadecyl ester and
      5-tert.butyl-4-hydroxy-3-methylbenzyl-phosphonic acid dioctadecyl ester.
PAR  Amongst the aminoaryl derivatives there should be mentioned aniline and
      naphthylamine derivatives as well as their heterocyclic derivatives, for
      example: Phenyl-1-naphthylamine, phenyl-2-naphthylamine,
      N,N'-diphenyl-p-phenylenediamine, N,N'-di-2-naphthyl-p-phenylenediamine,
      N,N'-disec.butyl-p-phenylenediamine,
      6-ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline,
      6-dodecyl-2,2,4-trimethyl-1,2-dihydroquinoline, monooctyliminodibenzyl and
      dioctyliminodibenzyl and polymerised 2,2,4-trimethyl-1,2-dihydroquinoline,
      though in the case of the combined use of the compounds of the formula I
      with the abovementioned amine compounds the stabilised polymer no longer
      has such good colour properties, because of the tendency of the amine
      compounds to discolour.
PAR  2. UV absorbers and light protection agents such as:
PA0  a. 2-(2'-hydroxyphenyl)-benztriazoles, for example the 5'-methyl-,
      3',5'-di-tert.butyl-, 5'-tert.butyl-, 5-chloro-3'-, 5'-tert.butyl-,
      5-chloro-3'-tert.butyl-5'-methyl-, 3'-sec. butyl-5'-tert.butyl-,
      3'-[.alpha.-methyl-benzyl]-5'-methyl-,
      3'[.alpha.-methylbenzyl]-5'-methyl-5-chloro-, 4'-octoxy-, 3',5'-di-tert.
      amyl-, 3'-methyl-5'-carbomethoxyethyl- and 5-chloro-3',5'-ditert.amyl-
      derivative.
PA0  b. 2,4-Bis-(2'-hydroxyphenyl)-6-alkyl-s-triazines, for example the 6-ethyl-
      or 6-undecyl-derivative.
PA0  c. 2-Hydroxy-benzophenones, for example the 4-hydroxy-, 4-methoxy-,
      4-octoxy-, 4-decyloxy-, 4-dodecyloxy-, 4,2',4'-trihydroxy- or
      2'-hydroxy-4,4'-dimethoxy-derivative.
PA0  d. 1,3-Bis-(2'-hydroxy-benzoyl)-benzenes, for example
      1,3-bis-(2'-hydroxy-4'-hexyloxy-benzoyl)-benzene,
      1,3-bis-(2'-hydroxy-4'-octoxy-benzoyl)-benzene, and
      1,3-bis-(2'-hydroxy-4'-dodecyloxy-benzoyl)-benzene.
PA0  e. Aryl esters of optionally substituted benzoic acids such as, for
      example, phenyl salicylate, octylphenyl salicylate, di-benzoylresorcinol,
      bis-(4-tert.butylbenzoyl)-resorcinol, benzoylresorcinol and
      3,5-di-tert.butyl-4-hydroxybenzoic acid 2,4-di-tert.butyl-phenyl ester,
      octadecyl ester or 2-methyl4,6-di-tert.butyl-phenyl ester.
PA0  f. Acrylates, for example .alpha.-cyano-.beta.,.beta.-diphenylacrylic acid
      ethyl ester or isooctyl ester, .alpha.-carbomethoxy-cinnamic acid methyl
      ester, .alpha.-cyano-.beta.-methyl-p-methoxy-cinnamic acid methyl ester or
      butyl ester and N-(.beta.-carbomethoxy-vinyl)-2-methyl-indoline.
PA0  g. Nickel compounds, for example nickel complexes of
      2,2'-thiobis-(4-tert.octylphenol), such as the 1:1 and 1:2 complex,
      optionally with other ligands such as n-butylamine, nickel complexes of
      bis-(4-tert.octylphenyl)-sulphone, such as the 2:1 complex, optionally
      with other ligands such as 2-ethylcaproic acid, nickel
      dibutyldithiocarbamate, nickel salts of
      4-hydroxy-3,5-di-tert.butylbenzyl-phosphonic acid monoalkyl esters such as
      the methyl, ethyl or butyl ester, the nickel complex of
      2-hydroxy-4-methyl-phenyl-undecylketoxime and nickel
      3,5-di-tert.butyl-4-hydroxy-benzoate.
PA0  h. Oxalic acid diamines, for example 4,4'-di-octyloxy oxanilide,
      2,2'-di-octyloxy-5,5'-di-tert.butyl-oxanilide and
      2,2'-di-dodecyloxy-5,5'-di-tert.butyl-oxanilide.
PAR  3. Phosphites, such as triphenylphosphite, diphenylalkylphosphites,
      phenyldialkylphosphites, trinonylphenylphosphite, trilaurylphosphite,
      trioctadecylphosphite,
      3,9-di-isodecyloxy-2,4,8,10-tetraoxa-3,9-diphosphaspiro-(5,5)-undecane and
      tri-(4-hydroxy-3,5-di-tert.butylphenyl)-phosphite.
PAR  4. Compounds which destroy peroxides, such as esters of
      .beta.-thiodipropionic acid, for example the lauryl, stearyl, myristyl or
      tridecyl esters, salts of 2-mercaptobenzimidazole, for example the zinc
      salt, and diphenylthiourea for polyolefines.
PAR  5. Polyamide stabilisers, such as copper salts in combination with iodides
      and/or further phosphorus compounds and salts of divalent manganese.
PAR  6. Basic co-stabilisers, such as polyvinyl pyrrolidone, melamine,
      benzoguanamine, triallyl-cyanurate, dicyandiamide, urea derivatives,
      hydrazine derivatives, amines, polyamides, polyurethanes, and alkali metal
      salts and alkaline earth metal salts of higher saturated or unsaturated
      fatty acids such as, for example, Ca stearate.
PAR  7. PVC stabilisers such as organic tin compounds, organic lead compounds
      and Ba/Cd salts of fatty acids.
PAR  8. Nucleating agents, such as 4-tert.butylbenzoic acid, adipic acid and
      diphenylacetic acid.
PAR  9. Other additives such as plasticisers, lubricants for example glycerine
      monostearate, emulsifiers, antistatic agents, flameproofing agents,
      pigments, carbon black, asbestos, glass fibres, kaolin and talc.
DETD
PAR  The invention is explained in more detail in the examples which follow.
PAC  EXAMPLE 1
PAR  56.9 g (0.1 mol) of bis(3,5-di-tert.butyl-4-hydroxybenzyl)-malonic acid
      dimethyl ester and 11.8 g (0.1 mol) of 1,6-hexanediol are heated to
      150.degree.C under nitrogen. Addition of 0.1 g (0.00435 mol) of lithium
      amide starts the reaction, which manifests itself by a vigorous evolution
      of methanol after application of a vacuum of 15 mm Hg. The elimination of
      methanol subsides after approx. 10 minutes. After cooling, the vacuum is
      released with nitrogen and the mixture is neutralised with glacial acetic
      acid, the entire melt is taken up in toluene, insoluble matter is filtered
      off and the filtrate is concentrated to dryness in vacuo. A
      yellow-brownish resin is thus obtained, which is solid at room temperature
      (Stabiliser No. 1).
PAR  If in this example the 1,6-hexanediol is replaced by an equimolecular
      amount of 2,4,4-trimethylhexanediol but otherwise the same procedure is
      followed, a highly viscous liquid is obtained (Stabiliser No. 2). If the
      1,6-hexanediol is replaced by an equimolar amount of thiodiethylene
      glycol, a resin which can be powdered is obtained (Stabiliser No. 3).
PAC  EXAMPLE 2
PAR  44 g (0.125 mol) of (3,5-di-tert.butyl-4-hydroxybenzyl)malonic acid
      dimethyl ester and 13 g (0.125 mol) of 2,2-dimethyl-propanediol-(1,3) are
      warmed to 80.degree.C under nitrogen. After adding 0.2 g (0.0087 mol) of
      LiNH.sub.2 this temperature is maintained for 30 minutes at 15 mm Hg
      pressure. The initially vigorous elimination of methanol subsides during
      this time. After cooling, releasing the vacuum with nitrogen and
      neutralising with glacial acetic acid, the melt is taken up in toluene,
      insoluble matter is filtered off and the filtrate is evaporated to dryness
      in vacuo. An almost colourless resin is thus obtained, which is solid at
      room temperature and can readily be powdered (Stabiliser No. 4).
PAR  If, in this example, 2,2-dimethylpropanediol is replaced by the
      equimolecular amount of a polyol of Table 1 given below and otherwise the
      same procedure is followed, the polymeric compounds in which the diol unit
      is correspondingly replaced, are obtained.
TBL                Table 1                                                     
     ______________________________________                                    
     Diol          Stabiliser                                                  
                            Physical state                                     
                  No.                                                          
     ______________________________________                                    
     HO--(CH.sub.2).sub.6 --OH                                                 
                  5         Highly viscous liquid                              
     HOCH.sub.2 --CH--CH.sub.2 OH                                              
                  6         Resin which can be                                 
     .vertline.             powdered                                           
     OH                                                                        
     HO(CH.sub.2).sub.2 S(CH.sub.2).sub.2 OH                                   
                  7         Highly viscous liquid                              
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  29.8 g (0.05 mol) of bis-(3,5-di-tert.butyl-4-hydroxy-benzyl)-malonic
      benzyl)-malonic acid diethyl ester, 5.90 g (0.05 mol) of 1,6-hexanediol,
      and 1.24 g (0.01 mol) of trimethylphosphite are heated to 135.degree.C
      under nitrogen. 0.27 g (0.005 mol) of sodium methylate are now added to
      the clear melt and the mixture is left to react for 25 minutes under a
      vacuum of 15 mm Hg whilst stirring vigorously. The initially vigorous
      elimination of methanol subsides during this time. After cooling,
      releasing the vacuum with nitrogen and neutralising with glacial acetic
      acid, the entire melt is taken up in toluene, the insoluble matter is
      filtered off and the filtrate is concentrated to dryness in vacuo. An
      almost colourless resin (Stabiliser No. 8) is thus obtained, which can be
      powdered at room temperature.
PAC  EXAMPLE 4
PAR  6.6 g (0.05 mol) of malonic acid dimethyl ester, 13.18 g (0.05 mol) of
      N,N-dimethyl-(3,5-di-tert.butyl-4-hydroxy)-benzylamine, 4.73 g (0.04 mol)
      of 1,6-hexanediol and 1.64 g (0.01 mol) of
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo [2,2,2]-octane are heated to
      90.degree.C under nitrogen. 0.27 g (0.005 mol) of sodium methylate is now
      added to the clear melt and the mixture is maintained for 1 hour at
      85.degree. - 95.degree.C under a vacuum of 15 mm Hg, whilst stirring
      vigorously. The initially vigorous elimination of methanol and
      dimethylamine subsides during this time. After cooling, releasing the
      vacuum with nitrogen and neutralising with glacial acetic acid, the entire
      melt is taken up in toluene, insoluble matter is filtered off and the
      filtrate is concentrated to dryness in vacuo. An almost colourless
      (slightly yellowish) resin (Stabiliser No. 9) is thus obtained, which can
      be powdered at room temperature.
PAC  EXAMPLE 5
PAR  6.6 g (0.05 mol) of malonic acid dimethyl ester, 11.05 g (0.05 mol) of
      N,N-dimethyl-(3-methyl-5-tert.butyl-4-hydroxy)-benzylamine, 5.9 g (0.05
      mol) of 1,6-hexanediol and 1 g of trisnonylphenylphosphite are heated to
      90.degree.C under nitrogen. 0.27 g (0.005 mol) of sodium methylate is now
      added to the clear melt and the mixture is maintained for 1 hour at
      85.degree. - 95.degree.C under a vacuum of 15 mm Hg, whilst stirring
      vigorously. The initially vigorous elimination of methanol and
      dimethylamine subsides during this time. After cooling, releasing the
      vacuum with nitrogen and neutralising with glacial acetic acid, the entire
      melt is taken up in toluene, insoluble matter is filtered off and the
      filtrate is concentrated to dryness in vacuo. An almost colourless resin
      (Stabiliser No. 10) is thus obtained, which can be powdered at room
      temperature. The product has an average molecular weight of 11,800 as
      found by light scattering measurements.
PAR  If in this example the 1,6-hexanediol is replaced by the equivalent amount
      of 4-thiadocosane-1,2-diol or 4-oxa-docosane-1,2-diol, and otherwise
      identical conditions are used, the corresponding polymeric malonates are
      obtained (Stabiliser No. 14 and Stabiliser No. 15, respectively).
PAC  EXAMPLE 6
PAR  15.4 g (0.05 mol) of (3-methyl-5-tert.butyl-4-hydroxybenzyl)-malonic acid
      dimethyl ester, 5.8 g (0.05 mol) of hexamethylenediamine and 0.4 g of
      tris-nonylphenylphosphite are heated to 120.degree.C under nitrogen and
      stirred vigorously for 2 hours at this temperature. The methanol
      eliminated is condensed in a cold trap. Thereafter the mixture is kept
      additionally for 30 minutes under reduced pressure (15 mm Hg) at
      125.degree.C. After cooling, and releasing the vacuum with nitrogen, a
      light-coloured resin which is solid at room temperature is obtained
      (Stabiliser No. 11).
PAC  EXAMPLE 7
PAR  15 g (0.114 mol) of malonic acid dimethyl ester, 25 g (0.114 mol) of
      N,N-dimethyl-(3-methyl-5-tert.butyl-4-hydroxy)-benzylamine, 11.8 g (0.101
      mol) of hexamethylenediamine and 1.5 g of trisnonylphenylphosphite are
      heated to 70.degree.C under nitrogen. 0.1 g (approx. 0.005 mol) of lithium
      amide is added to the melt and the mixture is kept at 100.degree.C for 1
      hour whilst stirring vigorously and passing nitrogen through it.
      Thereafter the apparatus is evacuated to 15 mm Hg and the mixture is
      stirred for a further hour at 100.degree.C. After cooling, releasing the
      vacuum with nitrogen and neutralising with glacial acetic acid, the entire
      melt is taken up in toluene, insoluble matter is filtered off and the
      filtrate is concentrated to dryness in vacuo, A light-coloured resin which
      is solid at room temperature is thus obtained (Stabiliser No. 12).
PAC  EXAMPLE 8
PAR  13.2 g (0.1 mol) of malonic acid dimethyl ester, 22.1 g (0.1 mol) of
      N,N-dimethyl-(3-methyl-5-tert.butyl-4-hydroxy)-benzylamine, 5.9 g (0.05
      mol) of 1,6-hexanediol, 27 g (0.1 mol) of octadecanol and 2 g of
      tris-nonylphenylphosphite are heated to 70.degree.C under nitrogen. 0.5 g
      (approx. 0.02 mol) of lithium amide is added to the clear melt and the
      mixture is first held for 30 minutes at this temperature under a vacuum of
      15 mm Hg, whilst stirring vigorously, and is then heated to 100.degree.C
      over the course of a further 30 minutes. The initially vigorous
      elimination of methanol and dimethylamine subsides after this time. After
      cooling, releasing the vacuum with nitrogen and neutralising with glacial
      acetic acid, the entire melt is taken up in toluene, insoluble matter is
      filtered off and the filtrate is concentrated to dryness in vacuo. An
      almost colourless viscous liquid is thus obtained, which is infinitely
      miscible with hexane at room temperature. (Stabiliser No. 13).
PAR  If, in this example, the 1,6-hexanediol is replaced by the equivalent
      amount of thiodiethylene glycol, and otherwise identical conditions are
      used, a colourless substance of waxy consistency is obtained. (Stabiliser
      No. 16).
PAC  EXAMPLE 9
PAR  51.2 g (0.1 mol) of bis(3,5-diisopropyl-4-hydroxybenzyl)-malonic acid
      dimethyl ester, 10.4 g (0.06 mol) of 1,10-decanediol and 10.4 g (0.08 mol)
      of n-octanol are heated to 110.degree.C under nitrogen. After adding 0.1 g
      (0.0043 mol) of lithium amide, a vacuum is applied and the temperature is
      maintained until the evolution of methanol has ceased, which is the case
      after approx. 30 minutes. After cooling, the vacuum is released with
      nitrogen, the mixture is neutralised with glacial acetic acid and the
      reaction product is boiled up in toluene. After filtration and
      evaporation, a highly viscous liquid which is infinitely soluble in
      aliphatic hydrocarbons is obtained.
PAC  EXAMPLE 10
PAR  40.6 g (0.1 mol) of 2-n-butyl-2-(3,5-ditert.-butyl-4-hydroxybenzyl)-malonic
      acid dimethyl ester, 25.7 g (0.09 mol) of 1,18-octadecanediol and 1.5 g
      (0.02 mol) of n-butanol are heated to 80.degree.C under nitrogen. 0.3 g
      (0.0055 mol) of sodium methylate is added to the clear melt, whereupon
      methanol slowly distils off. After approx. 3 hours the mixture is cooled
      and neutralised with a little glacial acetic acid, and the reaction
      product is directly dissolved in petroleum ether. A slightly yellowish
      clear stabiliser solution is obtained.
PAR  If, in this example, the
      2-n-butyl-2-(3,5-di-tert.-butyl-4-hydroxybenzyl)-malonic acid dimethyl
      ester is replaced by an equivalent amount of
      2-n-octadecyl-2-(3,5-di-tert.-butyl-4-hydroxybenzyl)-malonic acid dimethyl
      ester and otherwise identical reaction conditions are used, a slightly
      yellowish resin is obtained which is infinitely soluble in benzene.
PAC  EXAMPLE 11
PAR  13.2 g (0.1 mol) of malonic acid dimethyl ester, 29.0 g (0.1 mol) of
      N,N-dimethyl-(3,5-ditert.-amyl-4-hydroxy)-benzylamine, 4.4 g (0.05 mol) of
      1,4-butenediol, 19.0 g (0.1 mol) of 3-thia-undecanol and 2 g of
      tris-nonylphenylphosphite are heated to 70.degree.C under nitrogen. 0.5 g
      (0.02 mol) of lithium amide is added to the clear melt and the mixture is
      kept, under a vacuum of 15 mm Hg and whilst stirring, for 1 hour at
      70.degree.C and then for a further hour at 110.degree.C. During the
      reaction, the theoretical amounts of methanol and dimethylamine are
      eliminated. After cooling, releasing the vacuum with nitrogen and
      neutralising with glacial acetic acid, the mixture is dissolved in toluene
      and the solution is filtered and evaporated. A light-coloured resin which
      is highly viscous at room temperature is thus obtained.
PAC  EXAMPLE 12
PAR  56.9 g (0.1 mol) of bis-(3,5-ditert.-butyl-4-hydroxybenzyl)-malonic acid
      dimethyl ester, 10.5 g (0.07 mol) of 4-thia-1,7-heptanediol, 5.4 g (0.06
      mol) of 3-oxa-pentanol-(1) and 2 g of tris-nonylphenyl-phosphite are
      heated to 130.degree.C under nitrogen. The addition of 0.43 g (0.01 mol)
      of calcium hydride causes a vigorous elimination of methanol. The reaction
      vessel is evacuated to 15 mm Hg and the temperature is left at
      130.degree.C for 1 hour. After cooling, the vacuum is released with
      nitrogen, the mixture is neutralised with a little acetic acid and the
      reaction product is dissolved in hot ligroin. The insoluble constituents
      are filtered off. The resulting solution can be used directly as a
      stabiliser or can be evaporated, which yields the stabiliser as a
      honey-like liquid.
PAR  If, in this example, 3-oxa-pentanol-(1) is replaced by an equivalent amount
      of one of the alcohols of the list given below, reaction products which
      are similar to one another are obtained but which can show individual
      differences with regard to flow behaviour and solubility:
      3-oxa-undecanol-(1); 3-oxa-pentadecanol-(1); 4-oxa-hexadecanol-(1);
      3-thia-pentanol-(1); 3-thia-undecanol-(1); 3-thia-pentadecanol-(1);
      4-thia-hexadecanol-(1);
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]-octane.
PAC  EXAMPLE 13
PAR  56.9 g (0.1 mol) of bis-(3,5-ditert.-butyl-4-hydroxybenzyl)-malonic acid
      dimethyl ester, 14.4 g (0.1 mol) of N,N-dimethylhexamethylenediamine and
      1.5 g of tris-nonylphenylphosphite are heated to 120.degree.C under
      nitrogen. 0.1 g of lithium amide is added to the clear melt and the
      temperature is then kept at 120.degree.C for 1 hour whilst stirring
      vigorously. Thereafter the apparatus is evacuated to 15 mm Hg and the
      mixture is stirred for a further hour at 120.degree.C. After cooling,
      releasing the vacuum with nitrogen and neutralising with glacial acetic
      acid, the melt is boiled up in toluene, insoluble matter is filtered off
      and the filtrate is evaporated to dryness in vacuo. A slightly yellow
      resin which is solid at room temperature and can be powdered is thus
      obtained.
PAC  EXAMPLE 14
PAR  75.6 g (0.1 mol) of bis(3,5-di(1-methylcyclohexyl)-4-hydroxybenzyl)-malonic
      acid diethyl ester and 11.8 g (0.1 mol) of 1,6-hexanediol are heated to
      150.degree.C under nitrogen. Addition of 0.1 g of lithium amide starts the
      reaction, and this manifests itself by a vigorous evolution of methanol
      after application of a vacuum of 15 mm Hg. The evolution of methanol
      subsides after approx. 10 minutes. After cooling, the pressure is released
      with nitrogen and the mixture is neutralised with glacial acetic acid, the
      entire melt is taken up in toluene, insoluble matter is filtered off and
      the filtrate is evaporated to dryness in vacuo. A yellow resin is thus
      obtained, which is a hard glass at room temperature.
PAC  EXAMPLE 15
PAR  59.6 g (0.1 mol) of bis-(3,5-ditert.-butyl-4-hydroxybenzyl)-malonic acid
      diethyl ester and 32.6 g (0.1 mol) of
      2,2-bis-(4-hydroxyethoxyphenyl)-propane are heated to 150.degree.C under
      nitrogen. Addition of 0.1 g of lithium amide starts the reaction, which
      manifests itself by a vigorous evolution of methanol after application of
      a vacuum of 15 mm Hg. The evolution of methanol subsides after approx. 10
      minutes. After cooling, the pressure is released with nitrogen and the
      mixture is neutralised with glacial acetic acid, the entire melt is taken
      up in toluene, insoluble matter is filtered off and the filtrate is
      evaporated to dryness in vacuo. A yellow resin is thus obtained, which is
      a hard glass at room temperature.
PAR  If, in this example, 2,2-bis-(4-hydroxyethoxyphenyl)-propane is replaced by
      an equivalent amount of one of the diols of the list given below, reaction
      products which are similar to one another are obtained but which can show
      individual differences in appearance: 1,4-bis-hydroxymethyl-cyclohexane;
      bis-4-hydroxyethoxyphenyl-sulphone; m-dihydroxyethoxy-benzene;
      p-dihydroxyethoxybenzene; p-dihydroxymethylbenzene;
      p-dihydroxyethylbenzene and p-dihydroxypropylbenzene.
PAC  EXAMPLE 16
PAR  100 parts of polypropylene (melt index 3.2 g/10 minutes, 230.degree.C/2,160
      g) are thoroughly mixed for 10 minutes in a shaking apparatus, with 0.2
      part of one of the additives listed in Table 2 below.
PAR  The resulting mixtures are kneaded for 10 minutes in a Brabender
      plastograph at 200.degree.C and the mass thus obtained is subsequently
      pressed in a sheet press at 260.degree.C platen temperature to give 1 mm
      thick sheets from which strips 1 cm wide and 17 cm long are punched.
PAR  The activity of the additives added to the test strips is tested by heat
      aging in a circulating air oven at 135.degree.C and 149.degree.C, an
      additive-free test strip serving for comparison. 3 test strips of each
      formulation are employed. The end point is defined as the incipient,
      easily visible decomposition of the test strip. The results are quoted in
      days.
TBL                Table 2                                                     
     ______________________________________                                    
     Stabiliser No.  Days to incipient decomposition                           
                   149.degree.C                                                
                             135.degree.C                                      
     ______________________________________                                    
     without additive                                                          
                     1/2         1                                             
     1               34          130                                           
     2               25          132                                           
     3               27          98                                            
     4               30          116                                           
     5               39          148                                           
     6               35          126                                           
     7               30          107                                           
     8               27          77                                            
     9               29          77                                            
     10              33          102                                           
     11              29          120                                           
     12              28          110                                           
     13              36          131                                           
     14              40          145                                           
     15              31          98                                            
     16              37          130                                           
     ______________________________________                                    
PAC  EXAMPLE 17
PAR  100 parts of polypropylene (melt index 3.2 g/10 minutes, 230.degree.C/2,160
      g) are thoroughly mixed for 10 minutes in a shaking apparatus, with 0.1
      part of one of the additives listed in Table 3 below and 0.3 part of
      thiodipropionic acid dilauryl ester.
PAR  The resulting mixtures are kneaded for 10 minutes in a Brabender
      plastograph at 200.degree.C and the mass thus obtained is subsequently
      pressed in a sheet press at 260.degree.C platen temperature to give 1 mm
      thick sheets from which strips 1 cm wide and 17 cm long are punched.
PAR  The activity of the additives added to the test strips is tested by heat
      aging in a circulating air oven at 135.degree.C and 149.degree.C, using
      for comparison a test strip which only contains 0.3 part of
      thiodipropionic acid dilauryl ester.
PAR  For this purpose, 3 test strips of each formulation are employed. The end
      point is defined as the incipient, easily visible decomposition of the
      test strip. The results are quoted in days.
TBL                Table 3                                                     
     ______________________________________                                    
     Stabiliser No.  Days to incipient decomposition                           
                   149.degree.C                                                
                             135.degree.C                                      
     ______________________________________                                    
     without additive                                                          
                     8           20                                            
     1               49          163                                           
     2               48          157                                           
     3               26          112                                           
     4               35          130                                           
     5               38          141                                           
     6               37          129                                           
     7               35          126                                           
     8               25          119                                           
     9               28          121                                           
     10              43          132                                           
     11              31          130                                           
     12              35          139                                           
     13              42          151                                           
     14              42          135                                           
     15              35          110                                           
     16              33          122                                           
     ______________________________________                                    
PAC  EXAMPLE 18
PAR  Filings (chips) 25 .mu. thick are cut with the aid of a microtome from the
      1 mm thick test sheets described in Example 16. These chips are clamped
      between grids of stainless steel and the sample carriers thus obtained are
      suspended in a circulating air oven and aged at 135.degree.C or
      147.degree.C. The end point is defined as the time after which, on gently
      tapping the grid, degraded polypropylene drops out in the form of a powder
      (checked 1 - 2 x daily). The results are quoted in hours.
TBL                Table 4                                                     
     ______________________________________                                    
     Stabiliser No.  Hours to incipient decomposition                          
                   147.degree.C                                                
                             135.degree.C                                      
     ______________________________________                                    
     without additive                                                          
                     10          20                                            
     1               165         670                                           
     2               135         550                                           
     3               120         410                                           
     4               90          450                                           
     5               120         450                                           
     6               165         580                                           
     7               120         420                                           
     8               170         590                                           
     9               170         570                                           
     10              95          430                                           
     11              120         510                                           
     12              100         500                                           
     13              160         570                                           
     14              165         600                                           
     15              120         550                                           
     16              150         590                                           
     ______________________________________                                    
PAC  EXAMPLE 19
PAR  Filings (chips) 25 .mu. thick are cut with the aid of a microtome from the
      1 mm thick test sheets described in Example 17. These chips are clamped
      between grids of stainless steel and the sample carriers thus obtained are
      suspended in a circulating air oven and aged at 135.degree.C or
      147.degree.C. The end point is defined as the time after which, on gently
      tapping the grid, degraded polypropylene drops out in the form of a powder
      (checked 1 - 2 x daily). The results are quoted in hours.
TBL                Table 5                                                     
     ______________________________________                                    
     Stabiliser No.  Hours to incipient decomposition                          
                   147.degree.C                                                
                             135.degree.C                                      
     ______________________________________                                    
     without additive                                                          
                     10          20                                            
     1               190         1,220                                         
     2               160         1,145                                         
     3               120         410                                           
     4               150         420                                           
     5               160         450                                           
     6               165         580                                           
     7               120         420                                           
     8               130         380                                           
     9               170         450                                           
     10              160         480                                           
     11              170         510                                           
     12              160         330                                           
     13              155         520                                           
     14              170         720                                           
     15              150         550                                           
     16              150         490                                           
     ______________________________________                                    
PAC  EXAMPLE 20
PAR  1 gram portions of the filings (chips) described in Example 18 are stirred
      for 30 minutes in 100 ml of chloroform at room temperature and then
      filtered off and dried. Aging of the filings treated in this way, in a
      circulating air oven at 147.degree.C, gives the results in Table 6. The
      end point is defined as the time after which, on gently tapping, degraded
      polypropylene drops out of the suspension grid. The results are quoted in
      hours.
TBL                Table 6                                                     
     ______________________________________                                    
     Stabiliser No.  Hours to incipient decom-                                 
                     position at 147.degree.C                                  
     ______________________________________                                    
     without additive                                                          
                     10                                                        
     1               140                                                       
     2               130                                                       
     3               100                                                       
     4               100                                                       
     5               100                                                       
     6               120                                                       
     7               120                                                       
     8               110                                                       
     9               130                                                       
     13              130                                                       
     ______________________________________                                    
PAR  As can be seen from the results in Table 6, the good anti-oxidative
      protective action of the compounds according to the invention remains
      preserved even after extraction.
PAC  EXAMPLE 21
PAR  1 kg of polypropylene (melt index 1.3 g/10 minutes, 230.degree.C/2,160 g)
      is thoroughly mixed for 10 minutes in a shaking apparatus with 1.0 g of
      one of the additives listed in Table 7 below.
PAR  The resulting mixture is extruded in a laboratory single-screw extruder
      ("Plamvo") at 260.degree.C nozzle temperature/100 revolutions/minute, with
      a throughput of 50 g/minute, and is subsequently granulated. The melt
      index of the resulting granules can be seen in Table 7 below, column 2.
      The granules are subsequently regranulated 4 more times (extrusions 2-5)
      under the conditions indicated above, the melt indices being measured
      after the 3rd extrusion and again after the 5th extrusion. (Table below,
      columns 3 and 4). Whilst the unstabilised polypropylene shows a marked
      rise in the melt index and hence severe degradation, the stabilising
      action of the additives can be seen from the table:
TBL                Table 7                                                     
     ______________________________________                                    
     Stabiliser                                                                
               Melt index  Melt index  Melt index                              
     No.       after 1st   after 3rd   after 5th                               
               extrusion   extrusion   extrusion                               
               in g/10     in g/10     in g/10                                 
               minutes     minutes     minutes                                 
     ______________________________________                                    
     --        5.6         17.5        45.0                                    
     1         2.1         3.4         4.5                                     
     3         2.3         4.6         6.4                                     
     5         2.4         4.9         7.0                                     
     6         3.1         5.8         7.4                                     
     10        3.2         3.6         5.8                                     
     14        2.3         4.5         5.0                                     
     ______________________________________                                    
PAC  EXAMPLE 22
PAR  100 parts of polyamide 6 granules are mixed with 0.5 part of
      tris-nonylphenylphosphite and 0.5 part of one of the additives listed in
      Table 8 below, processed in a laboratory Gelimat and thereafter pressed at
      260.degree.C to give 1 mm test sheets. The sheets are subjected to an
      accelerated aging in a circulating air oven at 140.degree.C. The
      stabilising action of the additives is assessed from the brittleness of
      the sheets.
TBL                Table 8                                                     
     ______________________________________                                    
     Stabiliser No.   Brittle after                                            
     ______________________________________                                    
     --               18 hours                                                 
     1                28 hours                                                 
     3                35 hours                                                 
     5                25 hours                                                 
     6                25 hours                                                 
     8                40 hours                                                 
     ______________________________________                                    
PAC  EXAMPLE 23
PAR  Commercial EPDM rubber from Dutch Staatsmijnen is freed of stabiliser by
      dissolving in hot toluene and precipitating with methanol. 40 g samples of
      the dried stabiliser-free material together with 0.2 % of one of the
      additives listed in Table 9 below are kneaded in a Brabender plastograph,
      whilst continuously recording the torque caused by the kneading
      resistance. (Table: torque directly read on the balance, in grams). At the
      same time, the gel content (hexane-insoluble constituents) was examined in
      one sample after 7.15 and one sample after 25 minutes. The gel contents
      increase with progressive aging, that is to say crosslinking of the
      polymer.
TBL                Table 9                                                     
     ______________________________________                                    
     Stabiliser Torque in grams after:                                         
     No.        7 minutes   15 minutes 25 minutes                              
     ______________________________________                                    
     --         3,900       3,200      2,500                                   
     1          3,800       3,500      3,500                                   
     3          3,700       3,200      3,200                                   
     9          3,600       3,400      3,400                                   
     ______________________________________                                    
              Gel content in per cent after:                                   
                7 minutes   15 minutes 25 minutes                              
     ______________________________________                                    
     --         3           20         35                                      
     1          0           4          8                                       
     3          0           1          8                                       
     9          0           2          10                                      
     ______________________________________                                    
PAC  EXAMPLE 24
PAR  100 parts of unstabilised homopolyacetal (polyformaldehyde, origin: Societa
      Italiana Resine) are mixed with 1.5 parts of calcium stearate and 0.2 part
      of one of the additives mentioned in Table 10 below, the mixture is
      processed for 15 minutes on a twin-rill mill and the mill hide is drawn
      off. 10 mg portions of the stabilised samples are heated to 220.degree.C
      on the pan of a sensitive thermo-balance. The weight loss of the samples,
      which indicates the progressive aging, is recorded continuously.
TBL                Table 10                                                    
     ______________________________________                                    
     Stabiliser Weight loss in % after                                         
     No.        5 minutes   10 minutes 15 minutes                              
     ______________________________________                                    
     --         12          22         31                                      
     1          4           9          14                                      
     3          3           12         18                                      
     9          4           7          13                                      
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A polymer resin of the general formula I
      ##SPC15##
PAL  wherein R.sub.1 and R.sub.2 denote alkyl with 1 to 5 carbon atoms,
      cycloalkyl with 6 to 8 carbon atoms or aralkyl with 7 to 9 carbon atoms,
      R.sub.3 denotes hydrogen, alkyl with 1 to 18 carbon atoms, or the group
      ##SPC16##
PAL  A denotes --O--; --NH--; or
      ##EQU5##
      wherein R.sub.4 is an alkyl group with 1 - 4 carbon atoms, X denotes
      alkylene with 2 to 18 carbon atoms, alkenylene with 4 to 18 carbon atoms
      wherein A is directly linked to a saturated carbon atom in the alkenylene,
      oxaalkylene with 4 to 18 carbon atoms wherein A is directly linked to a
      carbon atom in the oxaalkylene which does not carry any further
      hetero-atoms, thiaalkylene with 4 to 18 carbon atoms wherein A is directly
      linked to a carbon atom in the thiaalkylene which does not carry any
      further hetero-atoms, mercaptoalkylene with 3 to 18 carbon atoms,
      alkylthioalkylene with 4 to 21 carbon atoms, hydroxyalkylene with 3 to 18
      carbon atoms, acyloxyalkylene with 5 to 21 carbon atoms, phenoxyalkylene
      with 9 to 20 carbon atoms, or alkoxyalkylene with 4 to 21 carbon atoms,
      wherein the mercapto, alkylthio, hydroxyl, acyloxy, phenoxy or alkoxy
      group of the mercaptoalkylene, alkylthioalkylene, hydroxyalkylene,
      acyloxyalkylene, phenoxyalkylene or alkoxyalkylene is bonded to a carbon
      atom not linked to the group A, or a group
      ##SPC17##
PAL  wherein m.sub.1 and m.sub.2 are 1, 2, or 3, Y denotes hydrogen or the group
      ##SPC18##
PAL  Z denotes OR.sub.5 or, if Y denotes hydrogen, also denotes the group
EQU  -- A -- X -- A -- H,
PAL  with the abovementioned meanings for A and X and R.sub.5 denotes hydrogen,
      alkyl with 1 to 18 carbon atoms, oxaalkyl with 3 to 20 carbon atoms,
      wherein the carbon atom in R.sub.5 linked to oxygen does not carry any
      further hetero-atoms, thiaalkyl with 3 to 20 carbon atoms wherein the
      carbon atom in R.sub.5 linked to the oxygen does not carry any further
      hetero-atoms, or 1-phospha-2,6,7-trioxabicyclo[2,2,2]-oct-4-yl-methyl, and
      n denotes 2 to 100.
NUM  2.
PAR  2. A polymer resin according to claim 1, of the formula I, wherein R.sub.1
      denotes methyl, isopropyl, sec.-butyl or tert.-butyl, R.sub.2 denotes
      hydrogen or methyl, isopropyl, sec.-butyl, or tert.-butyl, R.sub.3 denotes
      hydrogen or the group
      ##SPC19##
PAL  A denotes --O-- or --NH--, X denotes alkylene with 2 to 18 carbon atoms or
      thiaalkylene with 4 to 18 carbon atoms, A being linked directly to a
      carbon atom in the thiaalkylene which does not carry any further
      hetero-atoms, Y denotes hydrogen or the group
      ##SPC20##
PAL  Z denotes OR.sub.5 or, if Y denotes hydrogen, also denotes the group
EQU  -- A -- X -- A -- H,
PAL  with the abovementioned meanings for A and X, R.sub.5 denotes hydrogen,
      alkyl with 1 to 18 carbon atoms or thiaalkyl with 3 to 20 carbon atoms,
      wherein the carbon atom in R.sub.5 bonded to oxygen does not carry any
      further hetero-atoms and n denotes 2 to 50.
NUM  3.
PAR  3. A polymer resin according to claim 1, of the formula I, wherein R.sub.1
      denotes alkyl with 1 to 4 carbon atoms, R.sub.2 denotes alkyl with 4
      carbon atoms, R.sub.3 denotes hydrogen, A denotes --O-- or --NH--, X
      denotes alkylene with 5 to 9 carbon atoms, thiaalkylene with 4 carbon
      atoms, alkylthioalkylene with 21 carbon atoms, alkoxyalkylene with 21
      carbon atoms, wherein A is linked to a carbon atom in the thiaalkylene,
      alkylthioalkylene or alkoxyalkylene which does not carry any further
      hetero-atoms, or the group --CH.sub.2 CHOH--CH.sub.2 --, Y denotes
      hydrogen or the group
      ##SPC21##
PAL  with R.sub.1 being alkyl with 1 to 4 carbon atoms, and R.sub.5 being alkyl
      with 1 to 18 carbon atoms, Z denotes alkoxy with 1 to 18 carbon atoms or
      1-phospha-2,6,7-trioxabicyclo[2,2,2]oct-4-yl-methyl and n denotes 2 - 20.
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ABST
PAL  This invention provides compositions containing amine terminated high
      temperature prepolymers such as polyimides, polyamide-imides or the
      corresponding polyamide-acids in combination with cyanamides of
      polyfunctional secondary amines and the crosslinked polymers obtained
      therefrom. These cyanamides are reactive fluxes which facilitate
      processing of the high temperature prepolymer resin by lowering the
      softening temperature under processing conditions, and they also
      chain-extend and cross-link the prepolymer resin.
BSUM
PAR  This invention relates to a new means for processing high temperature
      resins which enables use of relatively low processing temperatures. It
      relates further to the preparation of highly crosslinked high temperature
      stable polymers by curing an amine terminated prepolymer with a cyanamide
      of a polyfunctional secondary amine.
PAR  High temperature resins in the form of molding powders, laminating resins,
      adhesives and coatings are used in the fabrication of articles which may
      be subjected to temperatures as high as 400.degree.-500.degree.C. such as
      insulating coatings for electric motors, printed circuit substrates,
      pressure sensitive tapes, and transformer and capacitor insulation. These
      materials are high melting or infusable and generally resistant to most
      solvents. Thus, they are difficult to process, high temperatures and
      pressures being required.
PAR  Many of these resins have precursor or prepolymer forms which are lower
      melting. For example, polyamides can be formed from polyamic acids,
      polyamide-imides from polyamide amide acids, polybenzimidazoles from
      polyamide amines, etc. These precursors, while suitable for the
      preparation of thin films, cannot be handled by pressure molding
      techniques without great difficulty since they undergo cyclization
      yielding water which gives rise to poorly consolidated and void filled
      products of low mechanical strength.
PAR  It is an object of this invention to provide a class of precursor polymers
      or "prepolymers" which are capable of being processed at relatively low
      temperatures to yield highly crosslinked, chain-extended high temperature
      polymers.
PAR  It is a further object of this invention to provide a class of reactive
      fluxes which can be employed as processing aids for such prepolymers.
PAR  It is an additional object of the invention to provide new and useful
      highly crosslinked, chain extended high temperature polymers.
PAR  Other objects will be apparent from the ensuing description of this
      invention.
PAR  It has now been found, that cyanamides of polyfunctional secondary amines
      are reactive fluxes with amine terminated prepolymers and that it is
      possible to process these materials using conventional plastic processing
      techniques, such as autoclave and vacuum bag laminating, and compression
      and injecting molding. These fluxes while lowering the softening
      temperature of the prepolymers, also chain-extend and cross-link them to
      give useful objects which possess good mechanical and thermooxidative
      properties as well as low void content. In certain cases it may be
      desirable to postcure the object under unrestrained conditions from r.t.
      (25.degree.C) to 350.degree.C. to maximize mechanical and thermooxidative
      properties.
PAR  The number of equivalents of cyanamide groups is 0.5 to 5, preferably 0.5
      to 3 and most preferably is equal to or greater than the number of
      equivalents of amine groups in the amine terminated precursor polymer.
PAR  The cyanamide polyfunctional secondary amines used in this invention can be
      represented by the following general formula (I):
      ##EQU1##
PAR  In this formula, R may represent an alkylene; a heterocyclic group; or an
      arylene radical as well as two and more radicals of this type, which may
      be linked by arylene or alkylene radicals or by hetero atoms. When using
      cyanamides of a higher valence than bivalence, the radical R may contain
      further radicals.
      ##EQU2##
      R' and R" may be alkyl; aralkyl; aryl; alkaryl or heterocyclic radicals,
      and together with --N--R--N--, may also form part of a heterocyclic
      system.
PAR  Examples of alkylene radicals are straight-chain or branched, saturated or
      unsaturated, optionaly cyclic aliphatic hydrocarbon radicals such as
      isohexylene, ethylene, isobutylene, propylene, butylene, pentylene,
      hexylene, decylene, octadecylene, cyclohexylene, cyclopentylene; as
      arylene radicals there may be mentioned by way of example phenylene,
      naphthylene, (poly)chlorophenylene, (poly)nitrophenylene,
      (poly)methylphenylene, (poly)chloronaphthylene, (poly)nitronaphthylene. An
      example of two alkylene radicals which are linked by an arylene radical,
      is the radical --CH.sub.2 --C.sub.6 H.sub.4 --CH.sub.2 ; a example of two
      arylene radicals linked by an alkylene radical is the grouping C.sub.6
      H.sub.4 --C(CH.sub.3).sub.2 --C.sub.6 H.sub.4 --. Arylene and alkylene
      radicals which are linked by heteroatoms include the diphenyloxide,
      diphenylsulfide or diphenylsulfone groupings as well as corresponding
      aliphatic groupings.
PAR  As alkyl radicals there can be used for example straight-chain or branched,
      saturated or unsaturated, optionally cyclic aliphatic hydrocarbons having
      up to 20 cabon atoms.
PAR  Examples of heterocyclic radicals are s-triazinyl, pyridyl and triazolyl.
PAR  Examples of aralkyl radicals are the benzyl, phenylethyl, phenylpropyl
      radical. As a system wherein R' and R"  together with --N--R--N form a
      heterocyclic ring system, there may be mentioned for example the
      piperazine ring.
PAR  As polyvalent cyanamides there can be used e.g. the bis-cyanamides of the
      following diamines: N,N'-dimethylethylenediamine, N,N'-diethyl-,
      N,N'-di-n- or isopropyl-, N,N'-di-n- or -iso- or -tert.-butyl,
      N,N-dihexyl-, N,N'-dicyclohexyl-, N,N'-diphenyl, N,N'-di-dodecyl-,
      N,N'-di-octadecyl-, N,N'dibenzyl, N,N'-diallyl-,
      N,N'-dipropargylethylenediamine, as well as the correspondingly
      substituted propylenediamines, butylenediamines, buteneylenediamines,
      butinylenediamines, hexamethylenediamines, decamethylenediamines,
      octadecamethylenediamines, phenylenediamines-(1,2) or -(1,3) or -(1,4),
      naphthylenediamines-(1,2) or -(1,3) or -(1,4) or -(1,5) or -(1,6) or
      -(1,7) or -(1,8) or -(2,3) or -(2,4) or -(2,6) or
      -(2,7)-bis-methylaminobenzenes, 4,4'-bis (aminophenyl)methanes,
      4,4'-bis(aminophenyl)ethanes- (1,1) and -(1,2),
      4,4'-bis(aminophenyl)ethylenes-(1,2), 4,4'-bis(aminophenyl)propanes-(1,3)
      or -(2,2), 4,4'-bis(aminophenyl)oxides, 4,4'-bis(aminophenyl)-sulfides or
      -sulfones; furthermore, piperazine and
      N-methyl-.beta.-amino-ethylepiperazine.
PAR  Besides, there can also be e.g. the polycyanamides of
      N,N',N"-tris-N-alkyl-tris-amino-triphenylmethane, N,N',N"
      -tris-N-aralkyl-tris-amino-triphenylmethane,
      N,N',N"-tris-N-alkyl-tris-amino-triphenylphosphates and -thiophosphates
      and the N,N',N"-tris-N-aralkyl-tris-amino-triphenylphosphates and
      thiophosphates, tris-arylamino-s-triazines, tris-alkylamino-s-triazines,
      tris-alkarylamino-s-triazines, tris-aralkylamino-s-triazines.
PAR  It can be seen that the nature of R in the cyanamide fluxes is not critical
      and any compound having at least two, preferably 2-3 cyanamide groups free
      of reactive hydrogens may be employed in this invention.
PAR  The cyanamides of polyfunctional secondary amines of formula I are prepared
      by known synthetic methods, as, for example, by the reaction of cyanogen
      bromide with a secondary diamino compound in the presence of a basic
      catalyst.
PAR  Amine terminated precursor polymers useful in the present invention are
      polymers which have thermally stable recurring units or groups convertible
      thereto; and terminal primary amino groups. Such thermally stable
      recurring units should be stable above about 250.degree.C. and are found
      in polyamide-imides, polyimides, polybenzimidazles, polypyrrones,
      polythiadiazoles, polyquinoxalines, polybenzothiazoles, polyarylsulfones,
      polyphenylenesulfides, etc. The amine termination may be imparted to such
      polymers or their precursors in a variety of ways, the choice of which way
      being dependent upon the reactivity of the terminal group inherently found
      on the polymer or precursor. Several ways will be illustrated below.
PAR  The amine terminated base resins which may be amide-imide resins, imide
      resins and precursors of these resins processed in the presence of the
      cyanamide fluxes include a polyamide-acid of the formula (II):
      ##EQU3##
      and its corresponding polyimide of the formula (III):
      ##EQU4##
      as well as polyamide-amide acids of the formulae (IV) and (V):
      ##SPC1##
PAL  and their respective corresponding polyamide-imides of the formulae (VI)
      and (VII):
      ##SPC2##
PAL  wherein
PA1  R.sup.1 is a divalent arylene, alkylene or heterocyclic radical as defined
      in R above;
PA1  R.sup.9 is a tetravalent aliphatic, cycloaliphatic, aromatic or
      heterocyclic radical containing at least 2 carbon atoms;
PA1  R.sup.10 is a divalent organic radical of the scope defined by R.sup.1.
PA1  n is an integer of from 1 to 100 and more preferably from 1 to 15, most
      preferably from 1 to 10.
PAR  Compounds of formulae II-VII are derivable from the reaction of anhydrides
      and primary amines.
PAR  More particularly, R.sup.9 is derived from a dianhydride characterized by
      the general formula (VIII):
      ##EQU5##
      R.sup.9 may be a straight or branched chain saturated aliphatic radical
      having from 2 to 4 carbon atoms, a saturated alicyclic radical having 5 to
      12 carbon atoms in the ring, a heterocyclic radical containing at least
      one of the atoms of O, N and S, and an aromatic group containing at least
      one ring of six carbon atoms, the four carbonyl groups being attached
      directly to separate carbon atoms in a six membered benzenoid ring of the
      R.sup.9 ring each pair of carbonyl groups being attached to adjacent
      carbon atoms in a ring of the R.sup.9 radical. Exemplary aromatic groups
      may be characterized by the following structures:
      ##SPC3##
PAL  wherein R.sup.1 is selected from the group consisting of
      ##EQU6##
      wherein R.sup.12 and R.sup.13 are alkyl of from 1 to 6 carbon atoms or
      aryl such as phenyl and substituted groups thereof, and radicals having
      the structure
      ##SPC4##
PAL  wherein R.sup.14 is hydrogen, aryl such as phenyl and naphthyl, hydroxyl,
      amino, diarylamino such as diphenylamino, dialkylamino such as dimethyl or
      diethylamino and the like. These latter type triazine based dianhydrides
      are described in greater detail in an application filed on May 1, 1972,
      Ser. No. 248,838.
PAR  In these dianhydrides every carbonyl group is attached directly to a
      separate carbon atom of the aromatic radical the carbonyl groups being
      ortho or peri to each other so that 5- or 6- membered anhydride rings are
      formed respectively.
PAR  The preferred aromatic dianhydrides are those in which the carbon atoms of
      each pair of carbonyl groups are directly attached to ortho carbon atoms
      in the R.sup.9 group to provide a 5membered ring as follows:
      ##EQU7##
PAR  Suitable dianhydrides that are used alone or in a mixture are, among
      others:
PA1  Pyromellitic dianydride
PA1  2,3,6,7-Naphthalenetetracarboxylic dianhydride
PA1  3,3',4,4'-Diphenyltetracarboxylic dianhydride
PA1  1,2,5,6-Naphthalenetetracarboxylic dianhydride
PA1  2,2',3,3'-Diphenyltetracarboxylic dianhydride
PA1  2,2-Bis-(3,4-dicarboxyphenyl)propane dianhydride
PA1  Bis-(3,4-dicarboxyphenyl)sulfone dianhydride
PA1  3,4,9,10-Perylenetetracarboxylic dianhydride
PA1  Bis-(3,4-dicarboxyphenyl)ether dianhydride
PA1  Ethylenetetracarboxylic dianhydride
PA1  Naphthalene-1,2,4,5-tetracarboxylic dianhydride
PA1  Naphthalene-1,4,5,8-tetracarboxylic dianhydride
PA1  Decahydronaphthalene-1,4,5,8 tetracarboxylic dianhydride
PA1  4,8-Dimethyl-1,2,3,5,6,7-hexahydronaphthalene-1,2,5,6-tetracarboxylic
      dianhydride
PA1  2,6-Dichloronaphthalene-1,4,5,8-tetracarboxylic dianhydride
PA1  2,7-Dichloronaphthalene-1,4,5,8-tetracarboxylic dianhydride
PA1  2,3,6,7-tetrachloronaphthalene-1,4,6,8-tetracarboxylic dianhydride
PA1  Phenanthrene-1,8,9,10-tetracarboxylic dianhydride
PA1  Cyclopentane-1,2,3,4-tetracarboxylic dianhydride
PA1  Pyrrolidine-2,3,5,5-tetracarboxylic dianhydride
PA1  Pyrazine-2,3,5,6-tetracarboxylic dianhydride
PA1  2,2-Bis-(2,5-dicarboxyphenyl)propane dianhydride
PA1  1,1-Bis-(2,3-dicarboxyphenyl)ethane dianhydride
PA1  Bis-(2,3 dicarboxyphenyl)methane dianhydride
PA1  Bis-(3,4-dicarboxyphenyl)methane dianhydride
PA1  Bis-(3,4-dicarboxyphenyl)sulfone dianhydride
PA1  Benzene-1,2,3,4-tetracarboxylic dianhydride
PA1  1,2,3,4-Butanetetracarboxylic dianhydride
PA1  Thiophene-2,3,4,5-tetracarboxylic dianhydride
PA1  3,3',4,4'-Diphenyltetracarboxylic dianhydride
PA1  3,4,3',4'-Benzophenonetetracarboxylic dianhydride
PA1  Azobenzenetetracarboxylic dianhydride
PA1  2,3,4,5-Tetrahydrofuran dianhydride
PA1  2-phenyl-4,6-bis(3',4'-dicarboxyphenyl)-s-triazine dianhydride
PA1  2-diphenylamino-4,6-bis(3',4'-dicarboxyphenyl)-s-triazine dianhydride
PAR  Among the diprimary diamines which are suitable for preparing the resins of
      the present invention and also from which R.sup.1 and R.sup.10 are derived
      are those of the formula (IX):
EQU  H.sub.2 N Z--(X--Z'--).sub.p --X.sub.p 'Z--NH.sub.2        (IX)
PAL  wherein X is nil, --O--, --CO--, --CH.sub.2 --, --S--, --SO.sub. 2 ,
      --NH--,
PAL  --s--s--, z+z' are alkyl, aryl, cycloalkyl or heterocyclic; and p+p' are 0,
      1 or 2. These are illustrated by the following:
PA1  4,4'-Diamino-2,2'-sulfonediphenylmethane
PA1  Ethylenediamine
PA1  m-Phenylenediamine
PA1  p-Phenylenediamine
PA1  4,4'-Diaminodiphenylpropane
PA1  4,4'-Diaminodiphenylmethane
PA1  Benzidine
PA1  4,4'-Diaminodiphenyl sulfide
PA1  4,4'-Diaminodiphenylsulfone
PA1  3,3'-Diaminodiphenylsulfone
PA1  4,4'-Diaminodiphenyl ether
PA1  4,4'-Diaminobenzophenone
PA1  Bis-(4-aminophenyl)-N-methylamine
PA1  1,5-Diaminonaphthalene
PA1  3,3'-Dimethyl-4,4'-diaminobiphenyl
PA1  3,3'-Dimethoxybenzidine
PAR  Toluenediamine
PA1  Methylene bis(o-chloroaniline)
PA1  Methylene bis(o-methoxyaniline)
PA1  Methylene bis (o-methylaniline)
PA1  m-Xylylenediamine
PA1  p-Xylylenediamine
PA1  Bis-(4-aminocyclohexyl)-methane
PA1  Hexamethylenediamine
PA1  Heptamethylenediamine
PA1  Octamethylenediamine
PA1  Nonamethylenediamine
PA1  Decamethylenediamine
PA1  3-Methyl-heptamethylenediamine
PA1  4,4'-Dimethylheptamethylenediamine
PA1  2,11-diaminododecane
PA1  2,2-Dimethylpropylenediamine
PA1  3-Methoxyhexamethylenediamine
PA1  4,4'-(p-aminophenyl)disulfide
PA1  2,5-Dimethylhexamethylenediamine
PA1  2,5-Dimethylheptamethylenediamine
PA1  5-Methylnonamethylenediamine
PA1  1,4-Diaminocyclohexane
PA1  1,12-Diaminooctadecane
PA1  2,5-Diamino-1,3,4-oxadiazole
PA1  H.sub.2 n(ch.sub.2).sub.3 o(ch.sub.2).sub.2 o(ch.sub.2).sub.3 nh.sub.2
PA1  h.sub.2 n(ch.sub.2).sub.3 s(ch.sub.2).sub.3 nh.sub.2
PA1  h.sub.2 n(ch.sub.2).sub.3 n(ch.sub.3) (ch.sub.2).sub.3 nh.sub.2
PA1  2-diphenylamino-4,6-bis(m-aminoanilino)-s-triazine
PA1  2-amino-4,6-bis(m-aminoanilino)-s-triazine
PA1  2-phenyl-4,6-bis(p-aminophenyl)-s-triazine
PA1  2-phenyl-4,6-bis(m-aminophenyl)-s-triazine
PA1  2-phenyl-4,6-bis(4'-aminoanilino)-s-triazine
PA1  2-phenyl-4,6-bis(3'-aminoanilino)-s-triazine
PA1  2-anilino-4,6-bis(4'-aminoanilino)-s-triazine
PA1  2-(N-methylanilino)-4,6-bis(3'-aminoanilino)-s-triazine
PA1  2-dimethylamino-4,6-bis(3'-aminoanilino)-s-triazine
PA1  2-diphenylamino-4,6-bis(3'-aminoanilino)-s-triazine
PA1  2-diphenylamino-4,6-bis(4'-aminoanilino)-s-triazine
PA1  2-phenyl-4,6-bis(2'-methyl-4'-aminoanilino)-s-triazine
PA1  2-diphenylamino-4,6-bis(3'-aminocyclohexylamino)-s-triazine
PA1  2H,4,6-piperidino-4,6-bis(3'-aminoanilino)-s-triazine
PA1  2,4-bis(3'-aminoanilino)-s-triazine
PA1  2-amino-4,6-bis(3'-aminoanilino)-s-triazine
PA1  2-diphenylamino-4,6-bis[4-(p-aminophenoxy)anilino]-s-triazine
PAR  The polyamide-acids of Formula II may be prepared by reacting, generally at
      between 20.degree.C and 120.degree.C in an anhydrous polar solvent such as
      tetrahydrofuran, dioxane, dimethylformamide, dimethylacetamide,
      dimethylsulfoxide, N-methylpyrollidone or pyridine, a dianhydride or
      mixture of two or more dianhydrides of formula VIII with a excess of a
      diprimary diamine or a mixture of two or more diprimary diamines.
PAR  The polyamide-amide-acids of formula IV may be prepared by reacting
      trimellitic anhydride or a derivative thereof, such as for example the
      acid chloride with an excess of a diprimary diamine or mixture of
      diprimary diamine and an anhydrous polar solvent such as
      dimethylformamide, N,N-dimethylacetamide, dimethylsulfoxide,
      N-methylpyrollidone, pyridine, tetrahydrofuran or dioxane.
PAR  The polyamide-amide acids of formula V may be prepared by reacting an amide
      dianhydride of the formula
      ##SPC5##
PAL  wherein R.sup.9 is as defined hereinbefore, with a molar excess of a
      diprimary diamine in an anhydrous polar solvent such as dimethylformamide,
      dimethylacetamide, dimethylsulfoxide, N-methylpyrollidone.
PAR  The quantities of anhydride and diprimary diamine to prepare the amine
      terminated polymer resins are so chosen that the ratio
      ##EQU8##
      is in a range of from 2:1 to 1.01:1 more preferably from 2:1 to 1.1:1.
PAR  The polyamide-acid precursor resins of formulae II, III and IV have very
      good solubility in polar organic solvents such as
PA1  Dimethylsulfoxide
PA1  N-methyl-2-pyrollidone
PA1  Tetramethyl urea
PA1  Pyridine
PA1  Dimethylsulfone
PA1  Hexamethylphosphoramide
PA1  Tetramethylene sulfone
PA1  Formamide
PA1  N-methylformamide
PA1  Butyrolactone
PA1  Dimethylformamide
PA1  Dimethylacetamide.
PA1  Dioxane
PA1  Tetrahydrofuran
PAR  The solvents can be used alone, in combination with other solvents, or in
      combination with poor solvents such as benzene, benzonitrile, dioxane,
      xylene, toluene, cyclohexane, and methyl ethyl ketone.
PAR  Solutions may be prepared containing up to 50% by weight of the
      polyamide-acid precursor resins and flux additives combined. The resins
      and flux additives may be used directly from solution to form laminates,
      coatings for decorative and electrical purposes, films, and adhesives. The
      polyamide-acid precursors and the fluxes may be precipitated from their
      solutions by a dilutent such as water, a hydrocarbon or a ketone such as
      acetone. The powders thus obtained may be further processed using
      conventional plastic processing methods such as autoclave molding, vacuum
      bag molding, compression, transfer injection molding. Alternatively, the
      polyamide-acid resin precursors may be precipitated from solution and the
      flux additive blended with the resin powder after which the mixture is
      further processed.
PAR  The conversion of the polyamide acid precursors of formulae II, IV, and V
      into their corresponding polyimides of formula III and polyamide-imides of
      formulae VI and VII respectively may be affected by heating the precursor
      resins or their solutions between 80.degree. and 200.degree.C.
PAR  The fluxes may be added to the dry isolated powdered polyimides or the
      polyamide-imides by standard blending techniques and fabricated as
      discussed above. For those particular polyimides of formula III and the
      polyamide-imides of formulae VI and VII which are soluble in the
      aforementioned polar solvents, the additives may be added to a solution of
      imidized resin and the resin fabricated into laminates, coatings,
      adhesives, molding compositions, etc.
PAR  It may be desirable to heat a solution of the polyimide and flux additive
      from room temperature to 250.degree.C. to increase solubility and solution
      stability. It may also be desirable to heat the neat blend of the
      polyimide or polyamide-imide and flux additive at
      150.degree.-250.degree.C. for 5 minutes to two hours to increase
      solubility in low boiling solvents, e.g. solvents with a boiling point
      less than 150.degree.C., and to decrease the melting point of the mixture.
      Heating the precursor resin and flux additive for a short time polymerizes
      the mixture to a slight extent, increasing the amorphous character of the
      resin and resulting in greater solubility and reduced melting points.
PAR  Amine terminated polybenzimidazoles processable in accordance with this
      invention are prepared by the following reaction:
      ##SPC6##
PAR  Amine terminated polypyrrones processable in accordance with this invention
      are prepared by the following reaction:
      ##SPC7##
PAR  Amine terminated polythiadiazoles processable in accordance with this
      invention are prepared by the following reaction:
      ##SPC8##
PAR  Amine terminated polyquinoxalines processable in accordance with this
      invention are prepared by the following reaction:
      ##SPC9##
PAR  Amine terminated polybenzothiazoles processable in accordance with this
      invention are prepared by the following reaction:
      ##SPC10##
PAR  Amine terminated polyamides processable in accordance with this invention
      are prepared by the following reaction:
      ##SPC11##
PAR  Amine terminated polyarylsulfones processable in accordance with this
      invention are prepared by the following reaction:
      ##SPC12##
PAR  Amine terminated polyphenylenesulfides processable in accordance with this
      invention are prepared by the following reaction:
      ##SPC13##
PAR  It should be apparent from the foregoing that any high temperature resin
      can be processed in accordance with this invention by providing terminal
      primary amine groups to the polymer molecules.
PAR  Other appropriate ingredients may be added to the compositions of this
      invention such as fillers, dyes, pigments, thermal and UV stabilizers and
      the like, depending on the end use.
PAR  The cyanamides described in this invention are reactive fluxes in the
      presence of amine terminated polyimides and other polymers mentioned
      above. Thus, they lower the melting and softening points of the high
      melting polyimides. Mixtures of cyanamide compounds and amine terminated
      polymers in stoichiometric or greater mole ratios melt or soften from
      175.degree.-300.degree.C., enabling processing to occur in this
      temperature range. Also, the resulting polymers from said cyanamides and
      amine terminated polyimides have high T.sub.g values and excellent thermal
      stability at elevated temperatures (300.degree.C.). Thus, the described
      resin compositions may be processed at relatively low temperatures and
      find utility where high temperature stability is required.
DETD
PAR  To further illustrate the nature of this invention and the process employed
      in preparing the chain extended and crosslinked resins, the following
      examples are given hereinbelow. For purposes of brevity the petter
      designations have been employed to indicate the compounds repeatedly used
      therein. These designations have the following meanings:
PA1  A. "dcp" -- n,n'-dicyanopiperazine
PA1  B. "tnct" -- tris-(N-Cyanoanilino)-s-Triazine
PA1  C. "mda" -- 4,4'-diaminodiphenylmethane
PA1  D. "btda" -- 3,3', 4,4' -benzophenonetetracarboxylic Dianhydrides
PA1  E. "moca" -- methylene bis-(O-chloroaniline)
PA1  F. "abg" -- 3'-aminobenzoguanamine
PA1  G. "aaat" -- 2-amino-4,6-bix(m-aminoanilino)-s-triazine
PA1  H. "tma" -- trimellic Anhydride
PAC  EXAMPLE 1
PAC  3 MDA:2 BTDA
PAR  To 295.9g (1.5 mole) of methylene dianiline (MDA) dissolved in 1350g of
      N-methylpyrrolidone (NMP) was added 322.2g (1.0 mole) of benzophenone
      tetracarboxylic acid dianhydride (BTDA) in three portions over a 30 minute
      period at room temperature. The reaction mixture was heated to
      60.degree.-70.degree. to affect solution. This procedure results in the
      formation of the amine terminated amic acid (1A). Heating at 200.degree.
      for 1 hour imidizes the prepolymer. While heating at 200.degree. the
      prepolymer precipitated. After cooling, the mixture was poured into an
      equal volume of water. The solid was filtered, washed with water and dried
      under vacuum at 140.degree.-160.degree.  to give 569g of product (1A').
PAC  EXAMPLE 2
PAC  3 MOCA:2 BTDA
PAR  To a solution of 561.0g (2.1 moles) of methylenebis-(-O-chloroaniline)
      (MOCA) in 1350g of DMF at room temperature was added 451g (1.4 moles) of
      BTDA in three portions over a 30 minute period. After solution was
      obtained, the reaction mixture was heated at 140.degree.-150.degree. for 3
      hours. The resulting amine terminated polyimide remains in solution (2A)
      even after cooling to room temperature. It can be isolated by adding the
      DMF solution to 12 liters of water, filtering the solid and then drying at
      150.degree.C. for 48 hours under vacuum. Yield = 955g (2A')
PAC  EXAMPLE 3
PAC  3 MOCA:2 BTDA
PAR  To 12.0g (0.045 mole) of MOCA dissolved in 40g of THF was added 0.66g (0.30
      mole) of BTDA in three portions over a 15 minute period at room
      temperature. After stirring the solution for 24 hours at room temperature,
      the THF was removed using a Rinco evaporator. The residual amine
      terminated amic acid powder was imidized by heating in an oven at
      200.degree. for 2 hours.
PAC  EXAMPLE 4
PAC  2 ABG:BTDA
PAR  To 2.02g (0.01 mole) of 3-aminobenzoguanamine (ABG) dissolved in 15g of NMP
      at 110.degree. was added 1.61g (0.005 mole) of BTDA in 2 portions over a
      10 minute period. After stirring for 24 hours at room temperature, the
      solution was heated at 200.degree. for 1 hour. On cooling to room
      temperature, the imidized prepolymer precipitated. The mixture was poured
      into water, and the resulting solid filtered, washed with water and dried.
PAC  EXAMPLE 5
PAC  2 ABG:MDA:2 BTDA
PAR  To a solution of 49.3g (0.25 mole) of MDA in 600g of NMP was added 101.1g
      (0.50 mole) of ABG. The mixture was heated to 110.degree. to affect
      solution. To this solution was added 161.1g (0.50 mole) of BTDA in three
      portions over a 30 minute period. This process yields the benzoguanamine
      terminated amic acid (5a).
PAR  Heating the amic acid at 200.degree. for 1 hour imidizes the prepolymer.
      The benzoguanamine terminated, imidized prepolymer precipitates from
      solution. It is isolated by adding water, filtering and drying in an oven
      at 180.degree.-200.degree. for 48 hours (5b).
PAC  EXAMPLE 6
PAC  2 ABG:MOCA:2 BTDA
PAR  To a solution of 5.34g (0.02 mole) of MOCA and 8.09g (0.04 mole) of ABG in
      48g of NMP at 120.degree. was added 12.89g (0.04 mole) of BTDA. After
      solution was obtained, the reaction mixture was heated to 200.degree. for
      1 hour. On cooling, the reaction mixture was poured into water. The
      imidized prepolymer was isolated by filtering the solid and drying at
      180.degree.-200.degree. for 24 hours under vacuum. Yield = 24.5g (5a).
PAC  EXAMPLE 7
PAC  2 ABG:DPAAT:2 BTDA
PAR  To 0.04 mole of ABG and 0.02 mole of DPAAT in 50g of DMF at room
      temperature was added 0.04 mole of BTDA in three portions. After solution
      the product was the benzoguanamine terminated amic acid.
PAC  EXAMPLE 8
PAC  2 ABG:2 MDA:2 BTDA
PAR  Using 0.02 mole of ABG, 0.02 moles of MDA and 0.03 mole of BTDA in 33g of
      DMF, the benzoguaniamine terminated amic acid was prepared.
PAC  9
PAC  2 ABG:2 MOCA:3 BTDA
PAR  To a solution of 0.50 mole of MOCA and 0.50 mole of ABG in 865g of DMF was
      added 0.75 mole of BTDA in four portions over a 20 minutre period. The
      mixture was heated at reflux for 3 hours. This procedure results in a
      soluble, benzoguanamine terminated polyimide (9a).
PAR  The imidized prepolymer can be isolated by precipitation with water,
      filtering and then drying the solid at 160.degree.-200.degree. for 24
      hours (9b).
PAC  EXAMPLE 10
PAC  2 ABG:2 DPAAT:2 BTDA
PAR  To a solution of 0.02 mole of DPAAT and 0.02 mole of ABG at 100.degree. in
      50g of NMP was added 0.03 mole of BTDA in 3 portions over a 15 minute
      period. Subsequent heating at 200.degree. for 1 hour gave a soluble,
      imidized prepolymer (10a).
PAR  The prepolymer could be isolated in the usual way by precipitation with
      water followed by drying at 180.degree.-200.degree. (10b)
PAC  EXAMPLE 11
PAC  3 DPAAT:2 BTDA
PAR  To a solution of 20.5g (0.0375 mole) of DPAAT (complexed with one mole of
      dioxane) in 75g of NMP was added 8.05g (0.025 mole) of BTDA in three
      portions over a 25 minute period. The reaction was stirred at room
      temperature for 3 hour and then heated at 200.degree. for 1 hour. Cooling
      to room temperature gave an NMP solution to the amine terminated polyimide
      (11a).
PAC  EXAMPLE 12
PAC  2 DPAAT:AAAT:2 BTDA
PAR  To a solution of 0.02 mole of DPAAT and 0.01 mole of AAAT in 60g of NMP was
      added 0.02 mole of BTDA in three portions over a 25 minute period. After
      stirring at room temperature overnight, the prepolymer was heated at
      200.degree. for 1 hour to give the amine terminated polyimide (12a).
PAC  EXAMPLE 13
PAC  3 MDA:2 BTDA + 2 DCP
PAL  1. film
PAR  To a solution of 0.01 mole of the amine terminated amic acid (1A) from MDA
      and BTDA was added 0.02 mole of DCP. A film was obtained by coating the
      solution on aluminum and then curing the resin system from room
      temperature to 300.degree.C. for 1 hour followed by holding the
      temperature at 300.degree. for 1 hour.
PAL  2. Molding Powder
PAR  The amine terminated polyimide from 3 MDA:2 BTDA (1A) was blended with 2
      moles of DCP. This mixture was then blended with 50% powdered quartz and
      press molded at 450.degree.F (232.degree.C) and 550.degree.F
      (288.degree.C) to give 1/4 inch plaques. The results are summarized in the
      following table.
TBL  ______________________________________                                    
     Results of Press Molding                                                  
     50% Powdered Quartz Filled - 1/4" Thick                                   
                        3 MDA:2 BTDA                                           
                        + 2 DCP                                                
     ______________________________________                                    
     Molding Conditions                                                        
     Temp. .degree.C      288      232                                         
     Pressure, psi        3000     3000                                        
     Time, min.           20       60                                          
     Flexural Strength, Kpsi                                                   
     Room Temp.           14.5     8.6                                         
     450.degree.F (232.degree.C)                                               
                          --       5.2                                         
     550.degree.F (288.degree.C)                                               
                          6.1      --                                          
     Flexural Modulus, Mpsi                                                    
     Room Temp.           1.41     1.59                                        
     450.degree.F         --       0.78                                        
     550.degree.F         0.51     --                                          
     Post Cure Conditions:                                                     
                        room temperature to 305.degree.C                       
                        over a 24-hour period                                  
     Flexural Strength, Kpsi                                                   
     Room Temp.                8.1                                             
     550.degree.F              5.2                                             
     Flexural Modulus, Mpsi                                                    
     Room Temp                 1.60                                            
     550.degree.F              0.70                                            
     ______________________________________                                    
PAC  EXAMPLE 14
PAC  3 MDA:2 BTDA + TNCT
PAL  1. film
PAR  A DMF solution of the amine terminated amic acid from 3 MDA:2 BTDA and TNCT
      in a mole ratio of 3:2 was coated on aluminum. Curing as indicated in
      Example 13(1) gave a coherent film.
PAL  2. Molding
PAR  The amine terminated polyimide from 3 MDA:2 BTDA was blended with 2 moles
      of TNCT. This mixture was blended with 50% quartz and then press molded at
      550.degree.F/3000 psi for 1 hour to give a well-consolidated, hard 1/4
      inch plaque.
PAC  EXAMPLE 15
PAC  3 MOCA:2 BTDA + DCP
PAL  1. laminating Resin
PAR  A blend of the amine terminated 3 MOCA:2 BTDA polyimide, (2A') and 1 mole
      of DCP was heated at 200.degree. for 2 hours. The powder was dissolved to
      50 weight percent in a solvent mixture of 9 parts MEK to 1 part DMF by
      weight. The resulting varnish was used to prepreg 181E Glass Cloth. (A1100
      Finish). The prepreg was cut into 6 inch .times. 6 inch plies. A 12 ply
      laminate was prepared by B-staging at 400.degree.F. for 1 hour followed by
      supplying 90 psi at 400.degree.F. for 3 hours.
TBL  ______________________________________                                    
     Temp. Flex. Strength                                                      
                        Flex. Modulus                                          
                                    Short Beam Shear                           
     ______________________________________                                    
     R.T.  34,800 psi   2.87 .times. 10.sup.6 psi                              
                                    1531 psi                                   
     ______________________________________                                    
PAR  The laminate was postcured over a 24 hour period from room temperature to
      300.degree.C.
TBL  ______________________________________                                    
     Temp. Flex. Strength                                                      
                        Flex. Modulus                                          
                                    Short Beam Shear                           
     ______________________________________                                    
     R.T.  70,300 psi   3.00 .times. 10.sup.6 psi                              
                                    5697 psi                                   
     550.degree.F.                                                             
           53,400       2.56 .times. 10.sup.6                                  
                                    3122                                       
     ______________________________________                                    
PAL  2. molding Powder
PAR  Equimolar amounts of 3 MOCA: 2 BTDA imidized powder and DCP were blended
      together. The resulting mixture was blended with 50% powdered quartz and
      press molded at 450.degree.F./3000 psi for 1 hour to give a well
      consolidated 1/4 inch plaque.
PAL  3. Film
PAR  A 50 weight percent solution of equimolar amounts of 3 MOCA:2 BTDA amine
      terminated polyimide and DCP in DMF was coated on aluminum sheet. Curing
      in the usual way (Example 14) gave a coherent film.
PAC  EXAMPLE 16
PAC  2 ABG:MDA:2 BTDA + DCP
PAL  1. laminating Resin
PAR  To a solution of the benzoguanamine terminated amic acid (Example 5a) and
      DCP in a mole ratio of 1:2 respectively was prepared at 33 weight percent
      in NMP. The solution was used to prepreg 181E Glass Cloth (A1100 Finish)
      via a double dip procedure. The resin content on the glass was 34%. A 12
      ply 6 inch .times. 6 inch laminate was prepared at 400.degree.F./90 psi
      for 1 hour.
PAL  2. Film
PAR  An NMP solution of the amic acid and DCP was coated on aluminum and cured
      in the usual way to give a coherent film.
PAL  3. Molding Powder
PAR  The imidized benzoguanamine prepolymer (Example 5b) was blended with 2
      moles of DCP. This mixture was blended further with 50% powdered quartz
      and press molded at 450.degree.F./3000 psi for 1 hour to give a 1/4 inch
      plaque.
TBL  ______________________________________                                    
     Temp.      Flexural Modulus                                               
                               ]Flexural Strength                              
     ______________________________________                                    
     R.T.       1.66 .times. 10.sup.6 psi                                      
                               6020 psi                                        
     450.degree.F.                                                             
                0.91 .times. 10.sup.6 psi                                      
                               3790 psi                                        
     ______________________________________                                    
PAC  EXAMPLE 17
PAC  2 ABG:2 MOCA:3 BTDA + 3 DCP
PAL  1. laminating Resin
PAR  To a mole of the benzoguanamine terminated polyimide in DMF (Example 9a)
      was added three moles of DCP. The solution was refluxed for 2 hours to
      give a 42% weight percent varnish. A prepreg was prepared from this
      varnish and 181E Glass Cloth having 30% resin. A 12 ply 6 inch .times. 6
      inch laminate was obtained by applying 90 psi at 400.degree.F. for 3
      hours.
TBL  ______________________________________                                    
     Temp. Flex. Strength                                                      
                        Flex. Modulus                                          
                                    Short Beam Shear                           
     ______________________________________                                    
     Room  24,600 psi   2.58 .times. 10.sup.6 psi                              
                                    1908 psi                                   
     Temp.                                                                     
     ______________________________________                                    
PAR  The laminate was postcured from room temperature to 300.degree.C. over a 24
      hour period.
TBL  ______________________________________                                    
     Flex. Strength Flex. Modulus                                              
                                Short Beam Shear                               
     ______________________________________                                    
     Room  66,500 psi   2.17 .times. 10.sup.6 psi                              
                                    4866 psi                                   
     Temp.                                                                     
     550.degree.F.                                                             
           42,100       2.21 .times. 10.sup.6                                  
                                    3409                                       
     ______________________________________                                    
PAL  2. molding Powder
PAR  The amine terminated polyimide powder (Example 10) was blended with three
      moles of DCP. Further blending with 50% powdered quartz gave a material
      which was pressed molded at 400.degree.F. and at 450.degree.F. for 1 hour
      at 3000 psi. In both runs well consolidate 1/4 inch plaques were obtained.
PAL  3. Film
PAR  A film was obtained by coating a DMF solution of the prepolymer and DCP on
      aluminum and curing as previously described.
PAC  EXAMPLE 18
PAC  2 ABG:BTDA + DCP
PAR  A mixture of the 2 ABG:BTDA imide and DCP in a mole ratio of 1:2
      respectively melted at 165.degree. and cured to a hard glassy material.
PAC  EXAMPLE 19
PAC  2 ABG:BTDA + TNCT
PAR  A mixture of the 2 ABG:BTDA imide and TNCT in a mole ratio of 3:4
      respectively melted at 200.degree.-210.degree. and then cured to a glassy
      material at 210.degree.-215.degree. in 30 minutes.
PAC  EXAMPLE 20
PAC  2 ABG:MOCA:2 BTDA + DCP
PAR  A mixture of the benzoguanamine terminated polyimide (Example 6) and DCP in
      a mole ratio of 1:2 respectively melted and then cured in 7 minutes at
      260.degree.C. to a hard glassy material
PAC  EXAMPLE 21
PAC  2 ABG:MOCA:2 BTDA + TNCT
PAR  A mixture of the polyimide and TNCT in a mole ratio of 3:4 respectively
      melted and cured in 3 minutes at 260.degree.C.
PAC  EXAMPLE 22
PAC  2 ABG:2 DPAAT:3 BTDA + DCP
PAR  The benzoguanamine terminated polyimide (Example 10b) and DCP in a mole
      ratio of 1:3 respectively were dry blended. The mixture melted at
      160.degree.-170.degree. and cured in 1 hour 50 minutes at 200.degree. to a
      hard glassy product.
PAC  EXAMPLE 23
PAC  2 DPAAT:AAAT:2 BTDA + DCP
PAR  An NMP solution of the amine terminatd polyimide (Example 12) and DCP in a
      mole ratio of 1:2 was coated on aluminum. Curing from room temperature to
      250.degree. over a 35 minute period followed by 1 hour at 250.degree. gave
      a coherent film. Another run using 3 moles of DCP and 1 mole of prepolymer
      gave the same result.
PAC  EXAMPLE 24
PAC  3 DPAAT:2 BTDA + DCP
PAR  A film was prepared from the amine terminated polyimide (Example 11) and 1
      mole of DCP by curing from room temperature to 300.degree.C. over a 1 hour
      period followed by 1 hour at 300.degree..
PAC  EXAMPLE 25
PAC  Effect of DCP and TNCT
TBL  On the Softening Points of Prepolymers                                    
                  Prepolymer Alone                                             
                           3 Prepolymer                                        
                                  Prepolymer +                                 
                  (Imidized)                                                   
                           + 4 TNCT                                            
                                  2 DCP                                        
     __________________________________________________________________________
     2 ABG:MDA:2 BTDA                                                          
                  265.degree.C.                                                
                           210.degree.                                         
                                  155                                          
     2 ABG:MOCA:2 BTDA                                                         
                  255      220    160                                          
     2 ABG:DPAAT:2 BTDA                                                        
                  265      210    160                                          
     2 ABG:2 MOCA:3 BTDA                                                       
                  265      --     175-185                                      
                                  170-180                                      
                                  (3 moles of DCP)                             
     2 ABG:2 DPAAT:3 BTDA                                                      
                  280-290  --     160-170                                      
                                  (3 moles of DCP)                             
     3 MOCA:2 BTDA                                                             
                  285      --     170-185                                      
                                  (1 mole of DCP)                              
     __________________________________________________________________________
PAC  EXAMPLE 26
TBL  Tg's of Prepolymers Cured                                                 
     with Cyanimides                                                           
     Resin                    Tg                                               
     ______________________________________                                    
     2 ABG:MDA:2 BTDA + 2 DCP 330.degree.                                      
     2 ABG:2 MOCA:2 BTDA + 3 DCP                                               
                              &gt;350                                             
     3 MOCA:2 BTDA + DCP      345                                              
     3 MDA:2 BTDA + 2 DCP     350                                              
     3(3 MDA:2 BTDA) + 2 TNCT 310                                              
     3 DPAAT:2 BTDA + DCP     330                                              
     3 (DPAAT:2 BTDA) + 2 TNCT                                                 
                              305                                              
     2 DPAAT:AAAT:2 BTDA + 2 DCP                                               
                              343                                              
     3 (2 ABG:DPAAT: 2 BTDA) + 4 TNCT                                          
                              320                                              
     ______________________________________                                    
PAC  EXAMPLE 27
PAC  3 MDA:2 TMA
PAR  To 1.5 moles of MDA dissolved in 1300g of DMF was added 1.0 mole of
      trimellitic anhydride acid chloride in three portions over a 30-minute
      period at room temperature. The reaction mixture was stirred overnight at
      room temperature. This procedure results in the formation of the amine
      terminated polyamide amic acid (27A). The amine terminated polyamide amic
      acid is isolated by pouring the DMF solution (28A) into 10 times its
      volume of 5%. aqueous sodium hydroxide and filtering the solid. Heating
      the solid at 200.degree.C. for 3 hours gives the amine terminated
      polyamide-imide (27B).
PAC  EXAMPLE 28
PAC  Molding Powder
PAR  The amine terminated polyamide-imide (27B) is blended with 2 moles of DCP.
      This mixture is then blended with 50g. powdered quartz and press molded at
      550.degree.F/3000psi for 1 hour to give a well-consolidated hard 1/4 inch
      plaque.
PAC  EXAMPLE 29
PAC  Amine Terminated Polyquinoxaline Polymer (3TADE:2 PDG)
PAR  To 0.30 mole of 3,3',4,4' tetraminodiphenyl ether (TADE) in 200 ml. of
      hexamethylphosphoramide is added in portions at room temperature 0.20
      moles of p-phenylene diglyoxal dihydrate (PDG). The reaction mixture is
      heated to 200.degree. C. over a 2 hour period followed by heating at
      200.degree.C. for 3 hours. This procedure gives the solution of the amine
      terminated polyquinoxaline polymer (29A).
PAR  To the amine terminated prepolymer solution (29A) is added 0.20 moles of
      N,N'-dicyanopiperazine. A film is obtained by casting the solution on
      aluminum and then curing from room temperature to 300.degree.C. over a
      1-hour period followed by holding the temperature at 300.degree.C. for 1
      hour.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heat curable composition of matter capable of yielding a highly
      crosslinked, chain extended high temperature stable resin comprising:
PA1  a. A prepolymer resin selected from a primary amine terminated polyimide,
      polyamide-imide, polyamide acid, polyamide-amide acid, polybenzimidazole,
      polypyrrone, polythiadiazole, polyquinoxaline, polybenzothiazole,
      polyamide, polyarylsulfone, and polyphenylenesulfide, and
PA1  b. about 0.5 to 5.0 mole equivalents per mole of (a) of a cyanamide of a
      polyfunctional secondary amine.
NUM  2.
PAR  2. The composition of claim 1 comprising a stoichiometric excess of (b).
NUM  3.
PAR  3. The composition of claim 1 wherein (b) is a cyanamide of a difunctional
      secondary amine.
NUM  4.
PAR  4. The composition of claim 1 wherein (b) is N,N'-dicyanopiperazine.
NUM  5.
PAR  5. The composition of claim 1 wherein (b) is
      tris-(N-cyanoanilino)-s-triazine.
NUM  6.
PAR  6. The composition of claim 1 wherein (b) is represented by the formula:
      ##EQU9##
      wherein R is an alkylene, arylene or heterocyclic group; and R' and R" are
      individually aryl, alkyl, heterocyclic or together with --N--R--N-- a
      heterocyclic ring.
NUM  7.
PAR  7. The composition of claim 1 wherein (a) is an amine terminated polyamide
      acid.
NUM  8.
PAR  8. The composition of claim 1 wherein (a) is an amine terminated
      polyamide-amide acid.
NUM  9.
PAR  9. The composition of claim 1 wherein (a) is an amine terminated polyimide.
NUM  10.
PAR  10. The composition of claim 1 wherein (a) is an amine terminated
      polyamide-imide.
NUM  11.
PAR  11. A composition according to claim 1 wherein (a) is a polyimide resin
      having the formula:
      ##EQU10##
      or a polyamide-imide resin having the formulae v,70/46 wherein
PA1  R.sup.9 is a tetravalent aliphatic radical, cycloaliphatic radical, a
      heterocyclic radical containing at least one of the atoms of O, N and S,
      or an aromatic group containing at least one ring of six carbon atoms;
PA1  R.sup.1 and R.sup.10 are the same or different and each is an alkylene
      group containing from 2 to 12 carbon atoms; a cycloalkylene group
      containing from 4 to 6 carbon atoms; an arylene group or a heterocyclic
      group; n is an integer of from 1-100.
NUM  12.
PAR  12. A solution of a composition according to claim 1 in a volatile organic
      solvent for said composition.
NUM  13.
PAR  13. A molding powder comprising the composition according to claim 1.
NUM  14.
PAR  14. A polymeric composition comprising a chain extended, highly crosslinked
      polymer produced by heat curing at 150.degree. to 350.degree. C the
      composition of claim 1.
NUM  15.
PAR  15. The composition of claim 1 wherein (a) is a prepolymer resin from 3
      moles of 4,4'-diaminodiphenylmethane and 2 moles of
      3,3',4,4'-benzophenonetetracarboxylic dianhydride and (b) contains 2 moles
      of N,N'-dicyanopiperazine.
NUM  16.
PAR  16. The composition of claim 1 wherein (a) is a prepolymer resin from 3
      moles of methylene bis-(o-chloroaniline) and 2 moles of
      3,3',4,4'-benzophenonetetracarboxylic dianhydride and (b) is 1 mole of
      N,N'-dicyanopiperazine.
NUM  17.
PAR  17. The composition of claim 1 wherein (a) is 3 moles of a prepolymer resin
      from 3 moles of 4,4'-diaminodiphenylmethane and 2 moles of
      3,3',4,4'-benzophenonetetracarboxylic dianhydride and (b) is 2 moles of
      tris (N-cyanoanilino)-s-triazine.
NUM  18.
PAR  18. The composition of claim 1 wherein (a) is a prepolymer resin from 2
      moles of 3'-aminobenzoquanamine, 1 mole of 4,4'-diaminodiphenylmethane and
      2 moles of 3,3',4,4'-benzophenonetetracarboxylic dianhydride and (b) is 2
      moles of N,N'-dicyanopiperazine.
NUM  19.
PAR  19. The composition of claim 1 wherein (a) is a prepolymer from 2 moles of
      3'-aminobenzequanine, 2 moles of methylene bis-(o-chloroaniline) and 2
      moles of 3,3',4,4'-benzophenonetetracarboxylic dianhydride and (b) is 3
      moles of N,N' dicyanopiperazine.
NUM  20.
PAR  20. The composition of claim 1 wherein (a) is 3 moles of a prepolymer resin
      from 2 moles of 3'-aminobenzoquanamine, 1 mole of methylene
      bis-(o-chloroaniline) and 2 moles of 3,3',4,4'-benzophenonetetracarboxylic
      dianhydride and (b) is 4 moles of tris-(N-cyanoanilino)-s-triazine.
NUM  21.
PAR  21. The composition of claim 1 wherein (a) is a prepolymer resin from 2
      moles of trimellitic anhydride acid chloride and 3 moles of
      4,4'-diaminodiphenylmethane and (b) is 2 moles of N,N'-dicyanopiperazine.
PATN
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ABST
PAL  Polymeric photoconductive composition having recurring structural units of
      the formula:
      ##EQU1##
      WHEREIN R is hydrogen or alkyl of 1-4 carbon atoms;
PA1  R' is alkyl of 1-4 carbon atoms, cycloalkyl, phenyl, or alkyl substituted
      phenyl;
PA1  B is phenylene or a diradical of a fused aromatic nucleus having up to four
      benzene rings;
PA1  A.sub.r is selected from the group consisting of naphthalene, anthracene,
      pyrene, perylene, julolidine, carbazole, their respective homologues and
      analogues;
PA1  x is 0 or 1;
PA1  y is 0 or 1; and
PA1  n is at least 2.
PAL  The above polymeric compositions are suitable for use as charge transport
      matrices for photogenerator materials or can themselves be complexed with
      an appropriate activator and thus, form a charge transfer complex which is
      itself capable of photoresponse within the visible region of the
      electromagnetic spectrum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a composition, articles and methods employing
      such composition. More specifically, this invention is directed toward
      polymeric photoconductive compositions suitable for use as charge carrier
      transport matrices for electrophotographic imaging members. These
      polymeric compositions can be modified by the incorporation therein of
      certain activator molecules capable of formation off charge transfer
      complexes with the bulky planar substituents of the polymer thus rendering
      the composition photoresponsive within the visible region of the
      electromagnetic spectrum.
PAR  2. Description of the Prior Art
PAR  The formation and development of images on the imaging surfaces of
      photoconductive materials by electrostatic means is well known. The best
      known of the commercial processes, more commonly known as xerography,
      involves forming a latent electrostatic image on the imaging surface of an
      imaging member by first uniformly electrostatically charging the surface
      of the imaging member in the dark and then exposing this electrostatically
      charged surface to a light and shadow image. The light struck areas of the
      imaging layer are thus rendered relatively conductive and the
      electrostatic charge selectively dissipated in these irradiated areas.
      After the photoconductor is exposed, the latent electrostatic image on
      this image bearing surface is rendered visible by development with a
      finely divided colored electroscopic material, known in the art as
      "toner". This toner will be principally attracted to those areas on the
      image bearing surface having a polarity of charge opposite to the polarity
      of charge on the toner particles and thus form a visible powder image.
PAR  The developed image can then be read or permanently affixed to the
      photoconductor where the imaging layer is not to be reused. This latter
      practice is usually followed with respect to the binder-type
      photoconductive films (e.g. zinc oxide/film forming resinous binder) where
      the photoconductive imaging layer is also an integral part of the finished
      copy.
PAR  In so-called "plain paper" copying systems, the latent image can be
      developed on the imaging surface of a reusable photoconductor or
      transferred to another surface, such as a sheet of paper and thereafter
      developed. When the latent image is developed on the imaging surface of a
      reusable photoconductor, it is subsequently transferred to another
      substrate and then permanently affixed thereto. Any one of a variety of
      well known techniques can be used to permanently affix the toner image to
      the copy sheet, including overcoating with transparent films and solvent
      or thermal fusion of the toner particles to the supportive substrate.
PAR  In the above plain paper copying system, the materials used in the
      photoconductive insulating layer should preferably be capable of rapid
      switching from insulating to conductive to insulating state in order to
      permit cyclic use of the imaging surface. The failure of a material to
      return to its relatively insulating state prior to the succeeding charging
      sequence will result in (an increase in the rate of dark decay) a decrease
      in the maximum charge acceptance of the photoconductor. This phenomenon,
      commonly referred to in the art as "fatigue" has in the past been avoided
      by the selection of photoconductive materials possessing rapid switching
      capacity. Typical of the materials suitable for use in such a rapidly
      cycling system include anthracene, sulfur, selenium and mixtures thereof
      (U.S. Pat. No. 2,297,691); selenium being preferred because of its
      superior photosensitivity.
PAR  In addition to anthracene, other organic photoconductive materials, most
      notably, poly(N-vinylcarbazole) have been the focus of increasing interest
      in electrophotography. Most organic photoconductive materials, including
      the polyvinylcarbazoles, lack the inherent photosensitivity to be
      competitive with selenium. This need for enhancement of the photoresponse
      characteristics of these photoconductive materials has thus led to the
      formulation of these organic materials with other compounds, commonly
      referred to as "activators". Polyvinylcarbazoles, for example, when
      sensitized with 2,4,7-trinitro-9-fluorenone exhibit good photoresponse and
      discharge characteristics and (depending upon the polarity of the surface
      charge) low dark decay; U.S. Pat. No. 3,484,237. Other organic resins,
      traditionally considered nonphotoconductive, can also be sensitized with
      certain activators such as Lewis acids, thus, forming charge transfer
      complexes which are photoresponsive in the visible band of the
      electromagnetic spectrum, see for example, U.S. Pat. Nos. 3,408,181 - 190.
PAR  Photoconductive polymers, such as poly(N-vinylcarbazole) have also been
      used in combination with other photoconductive pigments in the formation
      of electrophotographic imaging members; see U.K. Patent No. 1,343,671--
      photoconductive pigments dispersed within a poly(N-vinylcarbazole) matrix
      and U.K. Patent No. 1,337,228--a photoconductive layer laminated to a
      layer of poly(N-vinylcarbazole). In both of the above systems, the
      poly(N-vinylcarbazole) does not participate in photogeneration of charge
      carriers since the source of illumination in projection of image
      information onto the imaging member is substantially outside the range of
      spectral response of vinylcarbazoles. The poly(N-vinylcarbazole) merely
      acts to transport the charge carriers generated by the other
      photoconductive materials and, in fact, inadvertent photogeneration of
      charge carriers by the carbazole matrix can impair the efficiency of
      transport and result in incomplete discharge of the sensitizing charge in
      the illuminated areas. Although these composite systems have distinct
      advantages over the organic photoconductors described previously, (both
      with regard to electrophotographic speed and mechanical strength), the
      unsensitized carbazole polymer is moderately chemically unstable. Because
      of this relative instability, the carbazole will react with oxygen in the
      air and ozone produced during sensitization and consequently its
      electronic properties will gradually decline.
PAR  Accordingly, the object of the invention is to remove the above as well as
      related deficiencies in the prior art.
PAR  More specifically, it is the principal object of this invention to provide
      a polymeric composition suitable for use as a charge carrier transport
      matrix.
PAR  It is another object of this invention to provide a polymeric
      photoconductive composition which is chemically stable to the extent that
      it does not undergo progressive deterioration of its electronic properties
      in an electrophotographic environment.
PAR  It is yet another object of this invention to provide a polymeric
      composition which can be sensitized with activators and thus form a charge
      transfer complex suitable for use in electrophotographic imaging members
      and methods.
PAC  SUMMARY OF THE INVENTION
PAR  The above and related objects are achieved by providing a polymeric
      photoconductive composition having recurring structural units of the
      formula:
      ##EQU2##
      wherein R is hydrogen or alkyl of 1-4 carbon atoms;
PA1  R' is alkyl of 1-4 carbon atoms, cycloalkyl, phenyl, or alkyl substituted
      phenyl;
PA1  B is phenylene or a diradical of a fused aromatic nucleus having up to four
      benzene rings;
PA1  A.sub.r is selected from the group consisting of naphthalene, anthracene,
      pyrene, perylene, julolidine, carbazole, their respective homologues and
      analogues;
PA1  x is 0 or 1;
PA1  y is 0 or 1; and
PA1  n is at least 2.
PAL  This polymeric composition can be of sufficient molecular weight to
      independently form self-supporting films or can be copolymerized as a
      blocked segment with other compatible polymers or engrafted on the
      backbone of other preformed polymers. In a preferred embodiment of this
      invention, the value for n of the above composition is in excess of about
      40.
PAC  DESCRIPTION OF THE INVENTION INCLUDING PREFERRED EMBODIMENTS
PAR  The photoconductive compositions of this invention can be prepared by
      condensation of an aldehyde functional photoresponsive compound with
      either of the following polymers:
      ##EQU3##
      wherein R, R', B, x and n are as previously defined.
PAR  Polymers of the structure of Formula I can be prepared from readily
      commercially available monomers by well-known addition polymerization
      techniques, see for example, Chem. Abs. 59-7413(b) and Sorenson and
      Campbell, "Preparative Methods of Polymer Chemistry", Interscience
      Publisher Inc., New York (1961), pp. 181-182. Polymers of the structure of
      Formula II can be prepared by acetylation of the aromatic nucleus of, for
      example, poly(styrene) with an aliphtic or aromatic acid halide, acid
      ester or anhydride in the presence of aluminum chloride or other suitable
      Lewis acid catalyst in accord with conventional Friedel-Crafts synthesis
      conditions. The condensation of the aldehyde functional photosensitive
      compound with either of the above polymers can be carried out under
      standard Crossed Aldol condensation reaction conditions.
PAR  Ordinarily the starting materials will determine the ultimate physical
      properties of the photoresponsive polymeric composition of this invention.
      For example, where Polymer II (e.g. acetylated poly(styrene) or a
      substituted acetylated poly(styrene)) is a homopolymer, the
      photoconductive composition will retain the same basic polymeric
      structure. In the event that the starting materials is a block copolymer
      of an acetylated polymer and one or more other polymeric materials, the
      photoconductive composition will retain this block copolymeric structure.
      Similarly, where the acetylated polymer is engrafted upon the backbone of
      another preformed polymeric system, the photoconductive composition will
      also be graft copolymer in nature.
PAR  Depending upon the relative molecular weight of the polymeric
      photoconductive composition, it can be combined with binders or formed
      independent of such binders into self-supporting films. The relative
      thickness of such films can vary within the range of thicknesses
      traditionally employed for photoconductive insulating layers used in
      electrophotographic imaging members. For example, such films can be as
      thin as about 0.1 micron or have a thickness in excess of about 200
      microns depending upon the electrophotographic environment and/or whether
      or not other layers are used in combination therewith in formation of a
      photoconductive insulating layer.
PAR  As indicated previously, such photoconductive layers can form independent
      self-supporting films or can be coated on any supportive (preferably
      conductive) substrate. The preferred substrates suitable for use in this
      invention include any of the substrates commonly employed in preparation
      of electrophotographic imaging members. Representative of such substates
      are aluminum, chromium, brass, stainless steel, nickel, their respective
      alloys, metal coated plastic films (e.g. aluminized Mylar), and
      semiconductive oxide coated glass plates (NESA glass).
PAR  Once having prepared an electrophotographic member from the photoconductive
      compositions of this invention, such a member can be used in conventional
      electrophotographic imaging methods and apparatus. In a typical imaging
      process of this invention, an electrophotographic member having a
      photoconductive insulating layer prepared from the photoconductive
      composition of this invention is initially sensitized in the dark by
      charging with a corona electrode and selectively exposed to image
      information, thereby forming a latent electrostatic image on the surface
      of the photoconductive insulating layer. The latent electrostatic image,
      thus formed, is rendered visible by development with finely divided
      colored marking materials. The developed image is thereafter transferred
      from the surface of the photoconductive insulating layer to a receiving
      sheet. Any untransferred (residual) developer particles remaining on the
      surface of the photoconductive insulating layer can be removed by wiping
      with a soft cloth or other suitable cleaning means and the copying cycle
      repeated.
PAR  Where it is desirable to extend the spectral response characteristics of
      the photoconductive composition beyond that inherently possessed by the
      composition, activator molecules (e.g. Lewis acids --
      2,4,7-trinitro-9-fluorenone) or dyestuff sensitizers can be incorporated
      within the photoconductive polymer. These materials will provide the
      polymer with a greater range of spectral response and thereby provide a
      more panchromatic imaging member.
DETD
PAR  The Examples which follow further define, describe and illustrate the
      preparation and use of the polymeric photoconductive compositions of this
      invention. Apparatus and techniques used in the preparation and evaluation
      of such compositions are standard or as hereinbefore described. Parts and
      percentages appearing in such Examples are by weight unless otherwise
      indicated.
PAC  EXAMPLE I
PAC  Preparation of julolidine-9-carboxaldehyde
PAR  Preliminary to preparation of the photoconductive composition, a reaction
      vessel comprising a 200 ml. three necked flask which has been fitted with
      an addition funnel, a mechanical stirring bar, a reflux condenser and a
      calcium chloride tube attached to the reflux condenser is chilled in an
      ice bath. Subsequent to lowering the temperature of the flask, about 55.49
      grams (0.75 moles) dimethyl formamide is placed in the flask and then
      about 32.46 grams (0.21 moles) phosphorous oxichloride added thereto with
      rapid stirring. These two materials form a reddish-orange complex upon
      their admixture. In a separate container, 36.5 grams (0.21 moles)
      julolidine is dissolved in dimethyl formamide. The quantity of dimethyl
      formamide in this second solution is the minimum amount required to
      dissolve the julolidine. This julolidine solution is now transferred to
      the addition funnel whereupon it is gradually combined by dropwise
      addition with the dimethyl formamide/phosphorous oxychloride complex over
      a period of about 30 minutes. Subsequent to the admixture of the
      julolidine and the reddish-orange complex, the contents of the flask are
      heated on a steam bath for about 2 hours, allowed to cool to room
      temperature, and neutralized to a pH of between 6 to 8 with about 200 ml.
      of a saturated solution of sodium acetate in water. During this
      neutralization, the reaction mixture is rapidly stirred with sufficient
      cooling so as to maintain its temperature at about 20.degree. C. The
      dimethyl formamide/water layer is extracted three times with 200 ml.
      portions of benzene and the benzene layer washed 3 times with small
      portions of water. The benzene layer is then dried over sodium sulfate. As
      the benzene is allowed to slowly evaporate, a light green solid is formed
      which is subsequently dissolved in hot cyclohexane. A dark green oily
      residue which thereafter collects in the bottom of the container, is
      separated from the cyclohexane, the cyclohexane allowed to cool and the
      crystals which form therein recovered by filtration; Yield 28.8 grams,
      m.p. 77.degree.-79.degree. C.
PAC  EXAMPLE II
PAC  Preparation of the 3-perylencarboxaldehyde
PAR  About 22 grams N-methylformanilide is initially dissolved in 40 milliliters
      o-dichlorobenzene, the vessel containing the above solution partially
      immersed in a water bath (bath temperature less than 25.degree. C) and 22
      grams phosphorous oxychloride introduced into the flask by dropewise
      addition. About 20 grams of perylene is stirred into the above solution
      and the resulting mixture heated on a steam bath for twelve hours
      (temperature of contents of vessel 90.degree.-95.degree. C). The contents
      of the flask are thereafter poured into a second vessel containing 100
      grams sodium acetate dissolved in 250 milliliters water. The organic
      liquid phase of the mixture is separated from the aqueous phase by steam
      distillation. Crude aldehyde is thereafter precipitated from aqueous
      solution and the solids recystalized from acetic acid and from benzene.
      The solids thus obtained are further extracted in a soxhlet extractor with
      30-60 pet ether. The material remaining in the extraction thimble is
      3-perylenecarboxaldehyde, mp 230.degree. C; yield 9.5 grams.
PAC  EXAMPLE III
PAC  Preparation of poly(p-acetylstyrene)
PAR  In a 2 liter three necked flask, fitted with a mechanical stirrer, a
      dropping funnel, and a reflux condenser are placed 67 grams (0.5 moles)
      aluminum chloride (reagent grade) and 250 ml. carbon disulfide. Thirty
      grams (0.37 moles) of acetyl chloride is now introduced into the flask
      with rapid stirring. While maintaining the contents of the flask in a
      constant state of agitation, a dope comprising 26 grams poly(styrene),
      (intrinsic viscosity of 1.06 at a concentration of 2.5 grams/liter of
      chloroform), in 200 ml. carbon disulfide is gradually added over a period
      of about 20 minutes. Upon the addition of the polymer, the mixture becomes
      yellow and a fluffy precipitate forms. The contents of the flask are now
      heated under reflux conditions and hydrogen chloride gas evolved. Upon
      completion of the addition of the polymer, the mixture is refluxed for an
      additional 90 minutes until evolution of hydrogen chloride gas ceases. The
      mixture is maintained in a constant state of agitation during the period
      of reflux. The reflux condenser is now opened and the vapors emanating
      from the flask allowed to escape. After about 70 percent of the carbon
      disulfide has evaporated, the yellow mass remaining in the bottom of the
      flask is poured into ice water, and acidified with hydrochloric acid. This
      acidified dispersion is now steamed for removal of residual traces of
      cadmium sulfide and the acidic fluid separated from the solids by
      decantation. Polymer solids remaining in the container are now washed with
      cold water, the polymer solids separated from the wash by filtration an
      dried. The polymer obtained in the manner described above is only
      partially acetylated (approximately 90-95 percent) and, thus, contains
      recurring structural units from both styrene and p-acetylstyrene.
PAR  This polymer is then be reacted with one or more of the following aldehyde
      functional photosensitive compounds.
TBL  ______________________________________                                    
     Photosensitive Compounds                                                  
                           Source                                              
     ______________________________________                                    
     (a)  N-ethyl-carbazole-3-                                                 
                             Aldrich Chemical                                  
          carboxaldehyde     Co., Milwaukee,                                   
                             Wisconsin, Cata-                                  
                             logue No. 15,148-3                                
     (b)  pyrene-1-carboxaldehyde                                              
                             Aldrich Chemical                                  
                             Co., Milwaukee,                                   
                             Wisconsin, Cata-                                  
                             logue No. 14,403-7                                
     (c)  9-anthraldehyde    Aldrich Chemical                                  
                             Co., Milwaukee,                                   
                             Wisconsin, Cata-                                  
                             logue No. 12,323-4                                
     (d)  1-naphthaldehyde   Aldrich Chemical                                  
                             Co., Milwaukee,                                   
                             Wisconsin, Cata-                                  
                             logue No. N-10-9                                  
     (e)  2-naphthaldehyde   Aldrich Chemical                                  
                             Co., Milwaukee,                                   
                             Wisconsin, Cata-                                  
                             logue No. N-20-6                                  
     (f)  julolidine-9-carboxaldehyde                                          
                             Example I                                         
     (g)  3-perylenecarboxaldehyde                                             
                             Example II                                        
     ______________________________________                                    
PAR  To a solution of 10 grams poly(p-acetylstyrene) dissolved in a mixture of
      190 grams glacial acetic acid and 25 grams photosensitive aldehyde is
      added 10 grams of a 10 percent (by weight) solution of concentrated
      sulfuric acid in glacial acetic acid. The mixture is placed in the dark
      and the contents allowed to for 24 hours. During this interval, the
      reaction mass is periodically agitated. At the end of this 24-hour
      interval, anhydrous sodium acetate is added to the mixture to neutralize
      the sulfuric acid catalyst. The contents of the flask are now poured into
      500 milliliters of methanol (95 percent) and the polymeric solids which
      precipitate, separated from the methanol by filtration and dried in a
      vacuum of oven 60.degree. C. A 25-weight percent solution of such solids
      in tetrahydrofuran are draw bar coated on a sheet of NESA glass and the
      electrophotographic properties of the resultant film evaluated using a
      Xerox Model D Processor. Image information is projected onto the surface
      of the (slightly) yellowish film utilizing actinic radiation. The
      intensity and duration of the exposure is sufficient to selectively
      discharge the surface charge in those areas of the film subjected to such
      exposure. The latent image thus produced is rendered visible by
      development with a carbon black pigment thermoplastic developer
      composition. The developed image is transferred to a receiving sheet and
      fused thereto, Developer particles remaining on the surface of the film
      are removed by wiping with a soft cotton cloth. Developed image quality is
      satisfactory.
PAC  EXAMPLE IV
PAR  The procedures of Example III are repeated except for the substitution of
      poly(methyl-vinylketone) for poly(p-acetylstyrene); methyl vinylketone
      monomer being obtained from Pfaltz and Bauer, Inc., Flushing, New York --
      Catalog II M 30460.
PAC  EXAMPLE V
PAR  The procedures of Example III are repeated except for the substitution of
      poly(methyl-isopropanol-ketone) for poly(p-acetylstyrene).
PAC  EXAMPLE VI
PAR  The procedures of Example I are repeated except for the substitution of
      poly(vinylpyrene), (prepared according to the teachings of U.S. Pat. No.
      3,725,505 -- which is hereby incorporated by reference in its entirety),
      for poly(styrene).
PAC  EXAMPLE VII
PAR  The procedures of Example III are repeated except for for the addition of
      five parts by weight dinitrobenzene to the tetrahydrofuran solution of
      polymer prior to the filming of said solution on the NESA glass plate.
PAC  EXAMPLE VIII
PAR  The procedures of Example VII are repeated except for the substitution of
      chloranil for dinitrobenzene.
PAC  EXAMPLE IX
PAR  The procedures of Example VII are repeated except for the substitution of
      2,4,7-trinitro-9-fluorenone for dinitrobenzene.
PAR  Due to the presence of a chalcone type linkage between the photosensitive
      moiety (A.sub.r) and the polymer backbone, the photoconductive polymers of
      this invention are capable of undergoing some cross-linking upon aging. In
      order to accelerate this aging process, films of these polymers can be
      subjected to exposure to ultraviolet light for a period of anywhere from
      several minutes to several hours (depending upon the intensity of the
      light source, its wavelength and position relative to the film). This
      controlled aging stabilizes the photoresponse of the film and, thus,
      permits more accurate correlation of imaging process conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polymeric composition having recurring structural units of the formula
      ##EQU4##
      wherein R is hydrogen or alkyl of 1-4 carbon atoms;
PA1  R' is alkyl of 1-4 carbon atoms, cycloalkyl, phenyl, or alkyl substituted
      phenyl;
PA1  B is phenylene or a diradical of a fused aromatic nucleus having up to four
      benzene rings;
PA1  A.sub.r is selected from the group consisting of naphthalene, anthracene,
      pyrene, perylene, julolidine, carbazole and their respective homologues;
PA1  x is 0 or 1;
PA1  y is 0 or 1; and
PA1  n is at least 2.
NUM  2.
PAR  2. A polymeric composition comprising a block copolymer having
      nonphotoconductive segments and photoconductive segments having recurring
      structural units of the formula:
      ##EQU5##
      wherein R is hydrogen or alkyl of 1-4 carbon atoms;
PA1  R is alkyl of 1-4 carbon atoms, cycloalkyl, phenyl, or alkyl substituted
      phenyl;
PA1  B is phenylene or a diradical of a fused aromatic nucleus having up to four
      benzene rings;
PA1  A.sub.r is selected from the group consisting of naphthalene, anthracene,
      pyrene, perylene, julolidine, carbazole and their respective homologues;
PA1  x is 0 or 1;
PA1  y is 0 or 1; and
PA1  n is at least 2.
NUM  3.
PAR  3. A polymeric composition comprising a preformed nonphotoconductive
      polymer backbone and polymeric grafts appended therefrom which have
      recurring structural units of the formula:
      ##EQU6##
      wherein R is hydrogen or alkyl of 1-4 carbon atoms;
PA1  R' is alkyl of 1-4 carbon atoms, cycloalkyl, phenyl, or alkyl substituted
      phenyl;
PA1  B is phenylene or a diradical of a fused aromatic nucleus having up to four
      benzene rings;
PA1  A.sub.r is selected from the group consisting of naphthalene, anthracene,
      pyrene, perylene, julolidine, carbazole and their respective homologues;
PA1  x is 0 or 1;
PA1  y is 0 or 1; and
PA1  n is at least 2.
NUM  4.
PAR  4. A polymeric composition having recurring structural units of the
      formula:
      ##SPC1##
PAL  wherein
PA1  R is hydrogen or alkyl of 1-4 carbon atoms;
PA1  R' is alkyl of 1-4 carbon atoms, cycloalkyl, phenyl, or alkyl substituted
      phenyl;
PA1  A.sub.r is selected from the group consisting of naphthalene, anthracene,
      pyrene, perylene, julolidine, carbazole and their respective homologues;
PA1  x is 0 or 1; and
PA1  n is at least 2.
NUM  5.
PAR  5. A polymeric composition comprising a block copolymer having
      nonphotoconductive segments and photoconductive segments having recurring
      structural units of the formula:
      ##SPC2##
PAL  wherein
PA1  R is hydrogen or alkyl of 1-4 carbon atoms;
PA1  R' is alkyl of 1-4 carbon atoms, cycloalkyl, phenyl, or alkyl substituted
      phenyl;
PA1  A.sub.r is selected from the group consisting of naphthalene, anthracene,
      pyrene, perylene, julolidine, carbazole and their respective homologues;
PA1  x is 0 or 1; and
PA1  n is at least 2.
NUM  6.
PAR  6. A polymeric composition comprising a preformed nonphotoconductive
      polymer backbone and polymeric graft appended therefrom which have
      recurring structural units of the formula:
      ##SPC3##
PAL  wherein
PA1  R is hydrogen or alkyl of 1-4 carbon atoms;
PA1  R' is alkyl of 1-4 carbon atoms, cycloalkyl, phenyl, or alkyl substituted
      phenyl;
PA1  A.sub.r is selected from the group consisting of naphthalene, anthracene,
      pyrene, perylene, julolidine, carbazole and their respective homologues;
PA1  x is 0 or 1; and
PA1  n is at least 2.
NUM  7.
PAR  7. A polymeric composition having recurring structural units of the
      formula:
      ##SPC4##
PAL  wherein
PA1  R is hydrogen or alkyl of 1-4 carbon atoms;
PA1  R' is alkyl of 1-4 carbon atoms, cycloalkyl, phenyl, or alkyl substituted
      phenyl;
PA1  A.sub.r is selected from the group consisting of naphthalene, anthracene,
      pyrene, perylene, julolidine, carbazole and their respective homologues;
PA1  x is 0 or 1; and
PA1  n is at least 2.
NUM  8.
PAR  8. A polymeric composition comprising a block copolymer having
      nonphotoconductive segments and photoconductive segments having recurring
      structural units of the formula:
      ##SPC5##
PAL  wherein
PA1  R is hydrogen or alkyl of 1-4 carbon atoms;
PA1  R' is alkyl of 1-4 carbon atoms, cycloalkyl, phenyl, or alkyl substituted
      phenyl;
PA1  A.sub.r is selected from the group consisting of naphthalene, anthracene,
      pyrene, perylene, julolidine, carbazole and their respective homologues;
PA1  x is 0 or 1; and
PA1  n is at least 2.
NUM  9.
PAR  9. A polymeric composition comprising a preformed nonphotoconductive
      polymer backbone and polymeric graft appended therefrom which have
      recurring structural units of the formula:
      ##SPC6##
PAL  wherein
PA1  R is hydrogen or alkyl of 1-4 carbon atoms;
PA1  R' is alkyl of 1-4 carbon atoms, cycloalkyl, phenyl, or alkyl substituted
      phenyl;
PA1  A.sub.r is selected from the group consisting of naphthalene, anthracene,
      pyrene, perylene, julolidine, carbazole and their respective homologues;
PA1  x is 0 or 1; and
PA1  n is at least 2.
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ABST
PAL  New, substituted and/or fused diglycidylbenzimidazolones which can be used,
      by curing with amines or anhydrides, for the manufacture of casting
      resins, electrical resins, sintering powders and compression moulding
      compositions.
PARN
PAR  This is a Divisional of application Ser. No. 319,268, filed on Dec. 29,
      1972 now U.S. Pat. No. 3,843,674, issued Oct. 22, 1974.
BSUM
PAR  The subject of the invention are new, substituted and/or fused
      diglycidylbenzimidazolones which can be used, by curing with amines or
      anhydrides, for the manufacture of casting resins, electrical resins,
      sintering powders, compression moulding compositions, B-stages and the
      like.
PAR  Diglycidylimidazolidones based on ethyleneurea or propyleneurea are already
      known from Swiss Patent specification 471,149.
PAR  Further, diglycidylbenzimidazolone has been described in the Russian Patent
      specification 271,005. There, attention is also drawn to the exceptional
      compressive strength of the cured resins.
PAR  The diglycidylbenzimidazolones according to the invention, which can be
      manufactured easily and in high purity, lead to cured products which are
      more stable to water. They correspond to the formula (I)
      ##SPC1##
PAL  wherein at least one X from amongst X.sub.1, X.sub.2, X.sub.3 and X.sub.4
      denotes an alkyl group with 1 to 4 carbon atoms or halogen or two adjacent
      X together represent a fused benzene radical and the remaining X denote
      hydrogen.
PAR  Preferably, one X denotes the methyl group and the remaining X denote
      hydrogen atoms, or X.sub.1 and X.sub.2 together form a fused benzene ring.
PAR  The diglycidyl ethers of the formula (I) can be manufactured from compounds
      of the formula (II)
      ##SPC2##
PAL  in which Z denotes a radical which can be converted into a 1,2-epoxyethyl
      group, by converting the groups Z in a known manner into epoxyethyl
      groups. Z in particular denotes a 1-hydroxy-2-halogenoethyl or
      1-halogeno-2-hydroxyethyl group, with chlorine or bromine being employed
      as halogen. The reaction takes place in the customary manner, above all in
      the presence of agents which split off hydrogen halide, such as strong
      alkalis, for example anhydrous sodium hydroxide or aqueous sodium
      hydroxide solution. However, other strongly alkaline reagents, such as
      potassium hydroxide, barium hydroxide, calcium hydroxide, sodium carbonate
      or potassium carbonate can also be used for the purpose.
PAR  A further radical Z which can be converted into the 1,2-epoxyethyl radical
      is, for example, the ethylene radical which can be converted into the
      1,2-epoxyethyl radical in a known manner, such as, above all, by reaction
      with hydrogen peroxide or per-acids, for example peracetic, perbenzoic or
      monoperphthalic acid.
PAR  The starting substances of the formula (II) are obtained in a manner which
      is in itself known. Thus, one mol of a substituted or fused
      benzimidazolone is reacted with 2 mols of an epihalogenohydrin, above all
      epichlorohydrin, in the presence of a catalyst such as, in particular, a
      tertiary amine, a quaternary ammonium base or a quaternary ammonium salt.
      Suitable catalysts for the addition of epichlorohydrin are above all
      tertiary amines, such as triethylamine, tri-n-propylamine,
      benzyldimethylamine, N,N'-dimethylaniline and triethanolamine; quaternary
      ammonium bases, such as benzyltrimethylammonium hydroxide; quaternary
      ammonium salts, such as tetramethylammonium chloride, tetraethylammonium
      chloride, benzyltrimethylammonium chloride, benzyltrimethylammonium
      acetate and methyltriethylammonium chloride; hydrazines with a tertiary
      nitrogen atom, such as 1,1-dimethylhydrazine, which can also be employed
      in a quaternised form; alkali halides such as lithium chloride, potassium
      chloride or sodium chloride, bromide or fluoride; also, ion exchange
      resins with tertiary or quaternary amino groups as well as ion exchangers
      with acid amide groups. It is also possible to work without a catalyst.
PAR  The addition of the epihalogenohydrin to the substituted or fused
      benzimidazolone can be carried out with or without solvent, with an excess
      of epichlorohydrin, at temperatures up to 140.degree.C, under the action
      of one of the catalysts mentioned, in 30 to 360 minutes. The subsequent
      dehydrohalogenation can be carried out at 40.degree. to 70.degree.C with
      solid or liquid alkalis and optionally whilst azeotropically distilling
      off the water formed. The alkali halide is separated off in a known
      manner. The resulting diglycidyl derivatives are isolated by distilling
      off the excess epihalogenohydrin and, if appropriate, the solvent. They
      are as a rule obtained as crude crystals in yields of up to 100 percent.
PAR  The substituted or fused benzimidazolones can be manufactured in a known
      manner by condensing appropriately substituted or fused
      o-phenylenediamines with phosgene.
PAR  The diglycidyl compounds according to the invention of the formula (I)
      react with the customary curing agents for epoxide compounds. They can
      therefore be crosslinked or cured by addition of such curing agents,
      analogously to other polyfunctional epoxide compounds. Basic or acid
      compounds can be used as such curing agents.
PAR  As suitable curing agents there may, for example, be mentioned: amines or
      amides, such as aliphatic, cycloaliphatic or aromatic, primary, secondary
      and tertiary amines, for example monoethanolamine, ethylenediamine,
      hexamethylenediamine, trimethylhexamethylenediamine, diethylenetriamine,
      triethylenetetramine, tetraethylenepentamine,
      N,N-dimethylpropylenediamine-1,3, N,N-diethylpropylenediamine-1,3,
      2,2-bis-(4'-aminocyclohexyl)propane,
      3,5,5-trimethyl-3(aminomethyl)-cyclohexylamine ("isophoronediamine"),
      Mannich bases, such as 2,4,6-tris-(dimethylaminomethyl)-phenol;
      m-phenylenediamine, p-phenylenediamine, bis-(4-aminophenyl)-methane,
      bis-(4-aminophenyl)-sulphone and m-xylylenediamine; adducts of
      acrylonitrile or monoepoxides, such as ethylene oxide or propylene oxide,
      to polyalkylenepolyamines, such as diethylenetriamine or
      triethylenetetramine; adducts of polyamines, such as diethylenetriamine or
      triethylenetetramine in excess, and polyepoxides, such as
      diomethane-polyglycidyl-ethers; ketimines, for example from acetone or
      methyl ethyl ketone and bis(p-aminophenyl)-methane; adducts of monophenols
      or polyphenols and polyamines; polyamides, especially those from aliphatic
      polyamines, such as diethylenetriamine or triethylenetetramine, and
      dimerised or trimerised unsaturated fatty acids, such as dimerised linseed
      oil fatty acid (VERSAMID); polymeric polysulphides (THIOKOL);
      dicyandiamide, aniline-formaldehyde resins; polyhydric phenols, for
      example resorcinol, 2,2-bis-(4-hydroxyphenyl)-propane or
      phenol-formaldehyde resins; boron trifluoride and its complexes with
      organic compounds, such as BF.sub.3 -ether complexes and BF.sub.3 -amine
      complexes, for example BF.sub.3 -monoethylamine complex;
      acetoacetanilide-BF.sub.3 complex; phosphoric acid; triphenylphosphite;
      polybasic carboxylic acids and their anhydrides, for example phthalic
      anhydride, .DELTA..sup.4 -tetrahydrophthalic anhydride, hexahydrophthalic
      anhydride, 4-methylhexahydrophthalic anhydride,
      3,6-endomethylene-.DELTA..sup.4 -tetrahydrophthalic anhydride,
      4-methyl-3,6-endomethylene-.DELTA..sup.4 -tetrahydrophthalic anhydride (=
      methylnadic anhydride),
      3,4,5,6,7,7-hexachloro-3,6-endomethylene-.DELTA..sup.4 -tetrahydrophthalic
      anhydride, succinic anhydride, adipic anhydride, trimethyl adipic
      anhydride, azelaic anhydride, sebacic anhydride, maleic anhydride,
      dodecenyl-succinic anhydride; pyromellitic dianhydride or mixtures of such
      anhydrides.
PAR  Curing accelerators can furthermore be employed in the curing reaction, and
      in particular when using polyamides, dicyandiamide, polymeric
      polysulphides or polycarboxylic acid anhydrides as curing agents; such
      accelerators are, for example, tertiary amines, their salts or quaternary
      ammonium compounds, for example 2,4,6-tris-(dimethylaminomethyl)phenol,
      benzyldimethylamine, 2-ethyl-4-methyl-imidazole and triamylammonium
      phenolate; or alkali metal alcoholates, such as, for example, sodium
      hexanetriolate.
PAR  A further subject of the invention are curable mixtures which contain a
      diglycidyl compound according to the invention, of the formula (I),
      optionally together with other polyepoxide compounds, and also curing
      agents for epoxide resins, such as polyamines or polycarboxylic acid
      anhydrides.
PAR  The diglycidyl compounds according to the invention or their mixtures with
      other polyepoxide compounds and/or curing agents can be mixed, before
      curing, with customary modifiers, such as extenders, fillers and
      reinforcing agents, pigments, dyestuffs, plasticisers, flow control
      agents, agents for conferring thixotropy, flameproofing substances and
      mould release agents.
PAR  As extenders, reinforcing agents, fillers and pigments which can be
      introduced into the curable mixtures according to the invention there may,
      for example, be mentioned: coal tar, bitumen, glass fibres, boron fibres,
      carbon fibres, cellulose, polyethylene powder, polypropylene powder, mica,
      asbestos, quartz powder, slate powder, aluminium oxide trihydrate, chalk
      powder, gypsum, antimony trioxide, bentones, silica aerogel (AEROSIL),
      lithopone, baryte, titanium dioxide, carbon black, graphite, iron oxide or
      metal powders, such as aluminium powder or iron powder.
PAR  Suitable organic solvents for modifying the curable mixtures are, for
      example, toluene, xylene, n-propanol, butyl acetate, acetone, methyl ethyl
      ketone, diacetone alcohol, ethylene glycol monomethyl ether, monoethyl
      ether and monobutyl ether.
PAR  Particularly for use in the lacquer field, the new diglycidyl compounds can
      furthermore be partially or completely esterified in a known manner with
      carboxylic acids such as, in particular, higher unsaturated fatty acids.
      It is furthermore possible to add other curable synthetic resins, for
      example phenoplasts or aminoplasts, to such lacquer resin formulations.
PAR  The curable mixtures can serve, in the unfilled or filled state, optionally
      in the form of solutions or emulsions, as laminating resins, paints,
      lacquers, dipping resins, impregnating resins, casting resins, compression
      moulding compositions, sintering powders, spreading and surface-filling
      compositions, floor covering compositions, potting and insulating
      compositions for the electrical industry, and adhesives, and for the
      manufacture of such products.
PAR  Cured mouldings of this resin display good heat stability good electrical
      properties and outstanding stability to water, coupled with good
      mechanical properties.
DETD
PAC  MANUFACTURING EXAMPLES
PAC  Example 1
PAR  25.8 g of 1,2-naphthylideneimidazolone (0.14 mol; melting point =
      347.degree.C) together with 388.5 g of epichlorohydrin (4.2 mols) and 0.5
      g of tetramethylammonium chloride are stirred for 110 minutes at
      115.degree. - 118.degree.C. A clear, dark solution thereby results. A
      sample taken from the batch and freed of volatile constituents (above all
      epichlorohydrin, dichlorohydrin and the like) then shows an epoxide
      content of 3.61 equivalents/kg (53.6 percent of theory). An azeotropic
      circulatory distillation is established by applying vacuum (60-90 mm Hg)
      at an external temperature of 140.degree. - 148.degree.C in such a way
      that at a temperature of the reaction mixture of 59.degree.-61.degree.C a
      vigorous distillation takes place. 24.6 g of 50 percent strength aqueous
      sodium hydroxide solution (0.308 mol) are then added dropwise over the
      course of 120 minutes with vigorous stirring; at the same time the water
      present in the reaction mixture is continuously removed azeotropically,
      and separated off.
PAR  Thereafter, distillation is continued for 30 minutes under the indicated
      conditions in order to remove the last remnants of water from the batch.
      The sodium chloride produced in the reaction is removed by filtration; the
      residue is washed with a little epichlorohydrin and the combined
      epichlorohydrin solutions are extracted by shaking with 50 ml of water to
      remove salt and remnants of alkali. The organic phase is concentrated at
      60.degree.C under a waterpump vacuum and is then dried to constant weight
      at 100.degree.C/0.2 mm Hg. 38.5 g (93 percent of theory) of a dark,
      viscous resin are obtained. The epoxide content is 5.88 equivalents/kg (87
      percent of theory). The product can be recrystallised by recrystallisation
      from acetone in the ratio of 1:1. A purified product is obtained in the
      form of a yellowish crystal powder which melts at 117.degree.-119.degree.C
      and has an epoxide content of 6.68 equivalents/kg. In agreement with the
      formula given below, the microanalysis gives the following values:
TBL  Found:              Calculated:                                           
     ______________________________________                                    
     68.75% C            68.90% C                                              
      5.46% H             5.44% H                                              
      9.54% N             9.45% N                                              
     ______________________________________                                    
      ##SPC3##
PAC  EXAMPLE 2
PAR  Analogously to Example 1, 118.5 g of 5-methyl-benzimidazolone (0.8 mol) are
      reacted with 1,480 g of epichlorohydrin (16.0 mols), using 1.5 g of
      tetramethylammonium chloride; the dehydrohalogenation is carried out with
      140.8 g of 50 percent strength aqueous sodium hydroxide solution according
      to Example 1. The mixture is worked up as described above and 196.8 g
      (94.5 percent of theory) of a clear, dark, viscous resin, which gradually
      crystallises out, are obtained. The epoxide content is 7.39 equivalents/kg
      (96.3 percent of theory) and the total chlorine content is 1.0 percent.
PAR  For purification, 138 g of crude product are recrystallised from 200 g of
      isopropanol. A practically colourless crystal powder is obtained, which
      melts at 85.degree.-88.degree.C and has an epoxide content of 7.64
      equivalents/kg (99.4 percent of theory). The microanalysis shows:
TBL  Found:              Calculated:                                           
     ______________________________________                                    
     64.56% C            64.60% C                                              
      6.21% H             6.20% H                                              
     18.45% O            18.44% O                                              
     10.78% N            10.76% N                                              
     ______________________________________                                    
PAR  Accordingly, the new diglycidyl compound corresponds to the following
      structure:
      ##SPC4##
PAC  EXAMPLE 3
PAR  The following substances are reacted as described in Example 1: 48.6 g of
      5,6-dimethylbenzimidazolone (0.3 mol), 555 g of epichlorohydrin (6.0
      mols), 0.5 g of tetramethylammonium chloride and 52.8 g of 50 percent
      strength aqueous sodium hydroxide solution (0.66 mol). The conduct of the
      reaction, working up and isolation of the substances take place
      analogously to Example 1, and 85 g (theory 82.3 g) of brown crystals
      containing 6.74 epoxide equivalents/kg (92.5 percent of theory), and
      having a melting point of 120.degree.-133.degree.C and a total chlorine
      content of 3.3 percent are obtained as the crude product. Purification is
      effected by recrystallisation from acetone in the ratio of 1:3 and
      colourless crystals containing 7.05 epoxide equivalents/kg (96.8 percent
      of theory) and having a melting point of 140.degree.-144.degree.C are
      obtained in 56.2 percent yield.
PAR  The microanalysis gives the following values:
TBL  Found:              Calculated:                                           
     ______________________________________                                    
     65.51% C            65.67% C                                              
      6.68% H             6.61% H                                              
     10.13% N            10.21% N                                              
     ______________________________________                                    
PAR  Accordingly, the new compound corresponds to the following structure:
      ##SPC5##
PAC  EXAMPLE 4
PAR  Following Example 1, 33.7 g of 5-chlorobenzimidazolidone (0.2 mol) are
      reacted with 555 g of epichlorohydrin (6.0 mols) with the aid of 1 g of
      tetramethylammonium chloride. The dehydrohalogenation takes place as
      described above with 35.2 g of 50 percent strength aqueous sodium
      hydroxide solution (0.44 mol). After the customary working up, 55 g of a
      brown crystal mass (98 percent of theory) containing 6.53 epoxide
      equivalents per kilogram (91.5 percent of theory) are obtained, the
      chlorine content being 13.82 percent (theory 12.63 percent).
PAR  For purification, the material is recrystallised from acetone in the ratio
      of 1:7. Practically colourless crystals melting at
      135.degree.-139.degree.C are obtained; the epoxide content is 7.13
      equivalents/kg (100 percent of theory). Analysis by combustion shows:
TBL  Found:              Calculated:                                           
     ______________________________________                                    
     55.59% C            55.62% C                                              
      4.73% H             4.67% H                                              
      9.93% N             9.98% N                                              
     12.67% CL           12.63% Cl                                             
     ______________________________________                                    
      ##SPC6##
PAC  USE EXAMPLE
PAR  100 g of the purified diglycidyl compound manufactured according to Example
      3 (7.64 epoxide equivalents/kg) are mixed with 111.8 g of
      hexahydrophthalic anhydride at 80.degree.C and the mixture is de-aerated
      and poured into an aluminium casting mould prewarmed to 80.degree.C.
      Curing takes place in 5 hours at 80.degree.C + 2 hours at 120.degree.C +
      20 hours at 150.degree.C. Clear, transparent mouldings having the
      following properties are obtained:
TBL  Water absorption (4 days/20.degree.C)                                     
                          0.38%                                                
     Heat distortion point according                                           
     to Martens (DIN)     123.degree.C                                         
     Flexural strength (VSM 77,103)                                            
                          10.0-12.6 kp/mm.sup.2                                
     Deflection (VSM 77,103)                                                   
                          3.3-3.8 mm                                           
CLMS
STM  I claim:
NUM  1.
PAR  1. A curable mixture which serves for the manufacture of moldings,
      consisting essentially of a diglycidyl compound of the formula
      ##SPC7##
PAL  in which at least one X from amongst X.sub.1, X.sub.2, X.sub.3 and X.sub.4
      denotes alkyl with 1 to 4 carbon atoms or halogen or two adjacent X
      together represent a fused benzene radical and the remaining X denote
      hydrogen; and a curing agent for epoxy resins.
NUM  2.
PAR  2. A curable mixture according to claim 1 characterized in that one of the
      radicals X.sub.1, X.sub.2, X.sub.3 and X.sub.4 denotes methyl, and the
      remainder denotes hydrogen.
NUM  3.
PAR  3. The curable mixture of claim 1 wherein the diglycidyl compound has the
      formula
      ##SPC8##
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ABST
PAL  Fiber and film-forming nuclearly-halogenated poly(1,4-benzamides) are
      prepared by thermal polymerization of nuclearly-halogenated aminobenzoyl
      halides and their hydrochlorides. The polymers can be dissolved and shaped
      into useful fibers and films that have low flammability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Preston et al. U.S. Pat. No. 3,225,011 teaches the preparation of
      poly-p-aminobenzoic acid by a slurry polymerization technique in which a
      proton acceptor is employed. Kwolek U.S. Pat. No. 3,600,350 teaches the
      solution preparation of poly(1,4-benzamide) and copolymers of
      poly(1,4-benzamide) wherein up to 20 mole percent of copolymeric units may
      be derived from halogen-substituted derivatives of 4-aminobenzoyl chloride
      hydrochloride, e.g., 2-chloro-4-aminobenzoyl chloride hydrochloride.
PAR  Caldwell et al. U.S. Pat. No. 3,408,334 teaches the preparation of
      polyamides by condensing aromatic amino acids in the presence of a
      catalytic amount of a tin compound. Jones U.S. Pat. No. 3,753,957 teaches
      preparation of aromatic polyamides by condensing an aromatic ester of an
      aromatic amino acid to an oligomer which is then polymerized to a high
      viscosity product.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides film- and fiber-forming polyamides consisting
      essentially of repeating units of the formula
      ##SPC1##
PAL  Wherein Y is halogen, preferably chlorine and/or bromine and n is an
      integer of from 1 to 4. The polyamides, which may be described as
      nuclearly-halogenated poly(1,4-benzamides), are readily soluble and can be
      shaped into, e.g., films, fibers, and fibrids. This invention also
      comprehends the polyamide solutions and shaped articles.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Monomer Preparation
PAR  Monomers useful for preparing the polyamides are shown in the
      aforementioned Kwolek patent and may be prepared from their
      aminocarboxylic acid precursors by use of the general procedures of Graf
      and Langer, J. prakt. Chem. 148, 161-169 (1937) under anhydrous
      conditions. For example, 2-chloro-4-aminobenzoic acid is refluxed with
      thionyl chloride to produce 2-chloro-4-thionylaminobenzoyl chloride which
      is then converted to 2-chloro-4-aminobenzoyl chloride hydrochloride by
      reaction in ether with anhydrous hydrogen chloride. The benzoyl bromides
      and hydrobromides are obtained by use of thionyl bromide and hydrogen
      bromide in these procedures.
PAR  The procedures of Graf and Langer, previously noted, may be varied in both
      application and result. For example, the sterically-hindered
      3,5-dichloro-4-aminobenzoic acid is converted into oriented needles of
      3,5-dichloro-4-aminobenzoyl chloride by serial treatment with thionyl
      chloride and anhydrous hydrogen chloride in ether. Polymerization of these
      needles by the process of this invention produces the corresponding
      poly(3,5-dichloro-1,4-benzamide) as oriented needles.
PAR  Among the suitable monomers may be named:
PA1  2-chloro-4-aminobenzoyl chloride hydrochloride,
PA1  3-chloro-4-aminobenzoyl chloride hydrochloride,
PA1  2-bromo-4-aminobenzoyl chloride hydrochloride,
PA1  3-bromo-4-aminobenzoyl chloride hydrochloride,
PA1  2-iodo-4-aminobenzoyl chloride hydrochloride,
PA1  3-iodo-4-aminobenzoyl chloride hydrochloride
PA1  2-fluoro-4-aminobenzoyl chloride hydrochloride
PA1  3-fluoro-4-aminobenzoyl chloride hydrochloride
PA1  3,5-dichloro-4-aminobenzoyl chloride
PA1  3,5-dibromo-4-aminobenzoyl chloride
PA1  3,5-diiodo-4-aminobenzoyl chloride
PA1  3,5-difluoro-4-aminobenzoyl chloride
PA1  2,6-dichloro-4-aminobenzoyl chloride hydrochloride
PA1  2,6-dibromo-4-aminobenzoyl chloride hydrochloride
PA1  2,6-diiodo-4-amiobenzoyl chloride hydrochloride
PA1  2,6-difluoro-4-aminobenzoyl chloride hydrochloride
PA1  2,3-dichloro-4-aminobenzoyl chloride hydrochloride
PA1  2,3,5,6-tetrachloro-4-aminobenzoyl chloride hydrochloride
PA1  2,3,5,6,-tetrafluoro-4-aminobenzoyl chloride hydrochloride
PAR  Similarly, the benzoyl bromides and hydrobromides corresponding to the
      above-named reactants may also be used in the process of this invention to
      provide the novel polyamides.
PAC  POLYMER PREPARATION
PAR  The polymerizations of this invention are carried out by placing an
      appropriate monomer or mixture of monomers in a polymerization vessel
      which is preferably swept with a stream of inert gas, e.g., nitrogen,
      which removes polymerization by-products, e.g., gaseous hydrogen chloride
      or hydrogen bromide. The polymerization vessel is then placed in a heating
      bath which may be at a temperature below or above the melting point of the
      monomer of monomers (for those which melt) and is permitted to remain
      thereat until the desired degree of polymerization is obtained. Polymeric
      needles are formed from monomeric needles if the polymerization is
      initiated below the melting point of the monomers. Many useful monomers,
      e.g., those in hydrohalide salt form, do not melt but thermally polymerize
      in the solid state. During polymerizations wherein a molten state is
      initially formed, the system quickly solidifies and the polymerization
      continues in the solid phase. The type of heating bath may vary, e.g., it
      may consist of the vapor of a boiling liquid (e.g., biphenyl,
      benzophenone, chlorobenzene, o-dichlorobenzene, diphenyl ether, diphenyl
      phthalate, etc.) or it may be a bath consisting of a hot liquid in which
      the polymerization vessel is immersed, e.g., mineral oil, silicone oil
      bath, or a sand bath.
PAR  The temperature of the heating bath may vary from 100.degree. to
      375.degree. C., preferably from 130.degree. to 300.degree. C., and the
      polymerization vessel may be permitted to remain therein for from 1 to 150
      hr., preferably from 5 to 30 hr. If desired, the reaction vessel may be
      first heated under one set of temperature/time conditions in one bath,
      then transferred to a second bath where it is heated under another set of
      temperature/time conditions until the desired degree of polymerization is
      attained. When the desired degree of polymerization has been obtained, the
      reaction vessel is removed from the heating bath, cooled, and the polymer
      removed therefrom.
PAR  Polymers of the invention include poly(3,5-dibromo-1,4-benzamide),
      poly(2-chloro-1,4-benzamide), poly(3-chloro-1,4-benzamide), etc.
PAR  Polyamides exhibiting inherent viscosities as high as 4-5 may be obtained
      by the process of this invention. Those suitable for fiber preparation
      exhibit inherent viscosities (measured as described hereinafter) from 1 to
      5, preferably 2 to 5; films may be obtained from such polyamides
      exhibiting inherent viscosities from 0.7 to 5, preferably 1.5 to 5.
PAC  SOLUTIONS AND SHAPED ARTICLE PREPARATION
PAR  Shaped articles of the polyamides of this invention may be readily prepared
      from the novel solutions of this invention. Solutions useful for, e.g.,
      fiber formation may be prepared by dissolving the respective polyamides
      (which exhibit the inherent viscosities within the previously-cited range)
      at room temperature in concentrated sulfuric acid (95-104 percent) to form
      spinning solutions containing from about 5 to 18 percent, preferably 8 to
      16 percent polymer. These solutions are extruded into suitable coagulating
      baths to form fibers, e.g., baths of water, mixtures of water and sulfuric
      acid, aqueous salt baths (e.g., ammonium sulfate, sodium sulfate). The
      tensile properties of these fibers are enhanced by a post-extrusion heat
      treatment which may consist of drawing the filaments up to 0.25X at from
      250.degree. to 500.degree. C. over a heated surface (e.g., plate, pin,
      shoe) or by passing them, while they are in a taut state, through a heated
      inert atmosphere, preferably a nitrogen atmosphere, at from 250.degree. to
      500.degree. C. A residence time of from 0.1 second to 6 hours may be used
      depending on the temperature of heat treatment.
PAR  Strong self-supporting films are prepared by casting, e.g., concentrated
      sulfuric acid (95-104 percent), solutions of the polyamides containing
      from 4 to 18 percent, preferably 6 to 16 percent polymer of the inherent
      viscosities noted above. Other useful solvents include HF, fluorosulfonic
      acid and sulfuric-fluorosulfonic acid mixtures.
PAR  The polyamides obtained in the form of needles, e.g.,
      poly(3,5-dichloro-1,4-benzamide), are useful for the preparation of
      reinforced resins, plastics, moldings, and the like.
PAR  Needles prepared from unhalogenated monomers may also be converted into
      polymeric needles. For example, submicron-size needles of 4-aminobenzoyl
      chloride hydrochloride (ABC) are prepared by first dissolving
      4-aminobenzoic acid (ABA) at 50.degree.-60.degree. C. in tetramethylene
      sulfone (TMS) at a molar ratio of at least 7:1 (TMS:ABA). An excess of
      gaseous HCl is bubbled into the solution to form a precipitate of the
      hydrochloride salt of ABA. The reaction mixture is cooled below 30.degree.
      C. and thionyl chloride (TC) is added to form 4-aminobenzoyl chloride
      hydrochloride (cooling is continued). When the molar ratio of TC/ABA is
      within 1-14/1, the ABC precipitates as needles with dimensions of 100.mu.
      .times. 2.mu.. When the ratio of TC/ABA is 30/1, a solution results. After
      such a solution is cooled below 10.degree.C. and an excess of methylene
      chloride is added (about 2:1 volume ratio of methylene chloride:
      solution), ABC precipitates as needles having dimensions of 1.mu. .times.
      0.25.mu.. These needles are heated at 300.degree. C., for  64 hours (the
      needles do not melt) to form poly(1,4-benzamide) needles, dull rose in
      color, .eta.inh = 2.3, which are useful to reinforce plastics.
PAR  Halogenated poly(1,4-benzamides) containing from 3-4 percent by weight
      halogen can be prepared by passing wet, as-extruded poly(1,4-benzamide)
      yarn through an aqueous bath of sodium hypochlorite or hypobromite, after
      which the yarn is dried at about 100.degree. C. Halogen uptake is
      increased if the yarn is first led through a pretreatment acid bath of,
      e.g., 6N HCl.
PAR  In paper form these halogenated polyamides consistently pass the vertical
      flame test described in ASTM D 626-55T.
DETD
PAC  EXAMPLES
PAR  The following nonlimiting examples are illustrative of the practice of the
      preferred embodiments of this invention. In these examples, inherent
      viscosity (.eta.inh) has been determined in accordance with the following
      equation
      ##EQU1##
      wherein (.eta.rel) represents the relative viscosity, (C) represents a
      concentration of 0.5 gram of the polymer in 100 ml. of the solvent. The
      relative viscosity (.eta.rel) is determined by dividing the flow time in a
      capillary viscometer of a dilute solution of the polymer by the flow time
      for the pure solvent. The dilute solution used herein for determining
      (.eta.rel) is of the concentration expressed by (C) above; flow times are
      determined at 30.degree. C., using concentrated (95-98 percent) sulfuric
      acid as a solvent. Orientation angle (O.A.) values for the fibers of this
      invention are measured using method 2 of Kwolek U.S. Pat. No. 3,671,542.
PAR  Fiber properties of tenacity, elongation, and initial modulus are coded as
      T/E/Mi and are in units of grams/denier, percent, and grams/denier,
      respectively.
PAC  EXAMPLE I
PAR  This example illustrates the preparation of poly(2-chloro-1,4-benzamide) by
      the process of this invention. 2-Chloro-4-aminobenzoic acid (20.0 g., 0.12
      mole) is slurried in 180 ml. of thionyl chloride, after which the
      reactants are refluxed 4 hrs. under nitrogen (complete solution results
      after about 1 hr.). After excess thionyl chloride is removed under reduced
      pressure and in a nitrogen atmosphere, the residual oil is distilled in
      vacuo. There is obtained thereby 2-chloro-4-thionylaminobenzoyl chloride,
      22 g., b.p. 124.degree.- 125.degree. C./0.1 mm. This product is dissolved
      in 600 ml. of dry ether and anhydrous hydrogen chloride is passed over the
      solution for 16 hr. The white, powdery solid which separates is collected
      by filtration (nitrogen atmosphere), washed twice with dry ether, and
      dried in vacuo at room temperature. There is obtained 17.5 g. of
      2-chloro-4-aminobenzoyl chloride hydrochloride.
PAR  A 5 g. sample of 2-chloro-4-aminobenzoyl chloride hydrochloride is placed
      in a dry polymerization tube, under nitrogen. As a slow-flowing stream of
      nitrogen passes through the tube, the tube is heated for 1.5 hr. in the
      vapors of boiling biphenyl (b.p. 255.degree. C./760 mm.). The tube is then
      transferred to a vapor bath of boiling benzophenone (b.p. 305.degree.
      C./760 mm.) and is heated therein for 18 hr. The tube is then withdrawn
      from the vapor bath, cooled, and the contents removed. There is obtained
      poly(2-chloro-1,4-benzamide), .eta.inh = 1.40.
PAR  The monomer does not melt during the above-described polymerization and
      hydrogen chloride is continuously evolved.
PAR  Other polymerization techniques may be employed for polymer syntheses. For
      example a vessel containing a sample of the above-described monomer is
      placed in an Arochlor (registered T.M. of the Monsanto Co. for a series of
      high-boiling, chlorinated hydrocarbons) bath at 150.degree. C. Over a
      period of 18 hr. the bath temperature is gradually raised to 305.degree.
      C. and the reaction vessel is maintained therein for 150 hr. The vessel is
      removed, cooled, and the product collected. The
      poly(2-chloro-1,4-benzamide) obtained exhibits an inherent viscosity of
      1.47.
PAC  EXAMPLE II
PAR  This example illustrates the preparation of high modulus
      poly(2-chloro-1,4-benzamide) fibers.
PAC  Part A
PAR  A 3.5 g. sample of poly(2-chloro-1,4-benzamide) (.eta.inh = 1.47, prepared
      in Example I, above) is dissolved at room temperature in 46.5 g. of
      concentrated (96-98 percent) sulfuric acid to provide a spinning solution
      containing 7 percent solids. This solution is extruded through a 5-hole
      spinneret, each hole of 0.127 mm. diameter, into a coagulating bath of
      room temperature distilled water. The fibers are washed overnight in a
      bath of 5 percent sodium bicarbonate, after which they are washed with
      distilled water, and dried. These fibers exhibit the following tensile
      properties: T/E/Mi: 1.5/12/70.
PAR  After the as-extruded fibers are hand drawn 1.2X in a nitrogen atmosphere
      at 425.degree. C. over a 7.62 cm. hot bar, they exhibit the following
      properties: T/E/Mi: 5/0.9/515; orientation angle is 15.degree..
PAC  Part B
PAR  A spinning solution containing 10 percent by weight
      poly(2-chloro-1,4-benzamide) (.eta.inh = 1.47) is prepared in concentrated
      (96-98 percent) sulfuric acid and is extruded, washed, and dried as in
      Part A, above. The as-extruded fibers are hand drawn 1.2X at 400.degree.
      C. over a 7.62 cm. hot bar (N.sub.2 atmosphere). After they are passed
      while taut, through a nitrogen atmosphere heated to 500.degree. C.
      (residence time in heated zone is 1-3 sec.), the fibers exhibit the
      following properties: T/E/Mi: 4/0.7/600; orientation angle is 15.degree..
PAC  EXAMPLE III
PAR  This example illustrates the preparation of poly(3-chloro-1,4-benzamide).
PAR  A 1.5 g. sample of 3-chloro-4-aminobenzoyl chloride hydrochloride is placed
      in a polymerization tube which is swept with a stream of nitrogen. The
      tube and contents are heated at 300.degree.C. for 24 hr., after which
      hydrogen chloride fumes are no longer evolved. The contents of the tube
      are removed, washed with methylene chloride, and dried under vacuum, to
      yield 1.02 g. of poly(3-chloro-1,4-benzamide), .eta.inh = 1.74.
PAC  EXAMPLE IV
PAR  This example illustrates the preparation of needles of
      poly(3,5-dichloro-1,4-benzamide) by solid phase polymerization.
PAR  In a 5 l. round bottom, 3-necked flask are placed 411.42 g. (3 moles) of
      p-aminobenzoic acid and 3,648 g. of glacial acetic acid. To the resulting
      clear solution, cooled in ice, are added 212.74 g. of chloride over a
      period of 3 hrs. A precipitate forms during the first few minutes and
      remains throughout the chlorination. At the end of the 3 hr. period, the
      precipitate is filtered and is washed with water and with dilute sodium
      hydroxide solution. The filtrate and washing are added to 3 times their
      volume of water whereupon a precipitate forms. This precipitate is removed
      by filtration and dissolved in dilute sodium hydroxide solution (an
      insoluble portion is removed). The basic solution is then acidified with
      concentrated hydrochloric acid to cause formation of a precipitate. The
      latter is removed, washed, and dried to yield 18.5 g. of
      3,5-dichloro-4-aminobenzoic acid which sublimes rapidly at 290.degree. C.
PAR  The 3,5-dichloro-4-aminobenzoic acid is refluxed with 200 ml. of thionyl
      chloride. A solution forms in 1 hr. and heating is maintained for 2
      additional hours, after which the reaction mixture is permitted to stand
      overnight. Excess thionyl chloride is removed by evaporation to leave a
      yellow-brown crystalline mass as a residue. This is recrystallized from a
      mixture of n-hexane/ethylene chloride (90/10 by volume) to produce a light
      tan crystalline product, m.p. = 155.degree. C. A portion of this material
      is recrystallized from methylene chloride as pale yellow needles existing
      in round clusters. These needles are dissolved in methylene chloride and
      anhydrous hydrogen chloride is bubbled into the solution. The yellow color
      is discharged and off-white needles of 3,5-dichloro-4-aminobenzoyl
      chloride are obtained, m.p. = 165.degree. C.
PAR  Analysis (in percent): Calculated for C.sub.7 H.sub.4 ONCl.sub.3 : C, 37.4;
      H, 1.74.
PAR  Found: C, 37.3; H, 1.62.
PAR  Into a polymer tube equipped with a side arm and a nitrogen capillary bleed
      are placed 5.0 g. of 3,5-dichloro-4-aminobenzoyl chloride needles. The
      polymer tube is heated in a bath maintained at 300.degree. C. Hydrogen
      chloride evolves and the contents of the tube become opaque and more
      compact but do not melt down. Hydrogen chloride is still evolved after 7
      hr. heating; heating is maintained for an additional 7 hr. The fibrous,
      needle-like product is easily removed from the tube. A sample of the
      poly(3,5-dichloro-1,4-benzamide) from the upper portion of the tube
      exhibits an inherent viscosity of 0.85 and a sample removed from the lower
      portion of the tube exhibits an inherent viscosity of 1.44.
PAC  EXAMPLE V
PAC  Part A
PAR  This example illustrates the preparation of fibers of
      poly(3,5-dichloro-1,4-benzamide) by wet spinning.
PAR  Into a test tube equipped with a stirrer is placed 0.5 g. of
      poly(3,5-dichloro-1,4-benzamide) (.eta.inh = 1.44, prepared in the
      previous example) and 4.5 ml. of concentrated (96-98 percent) sulfuric
      acid. These materials are stirred until a clear solution is formed. This
      solution (containing 5.8 percent by weight polymer) is placed in a
      hypodermic-type spinning cell equipped with a 5-hole spinneret having
      holes of 0.01 cm. diameter, each, and is extruded into an aqueous
      coagulating bath prepared from water and concentrated sulfuric acid in an
      80/20 volume ratio. The fibers are wound up on a bobbin at the rate of
      15.8 m./min. The fibers are extracted overnight on the bobbin in room
      temperature water. After being dried, the as-extruded fibers exhibit the
      following tensile properties: T/E/Mi/Den.: 1.12/9.4/48.9/13.8. After the
      fibers, in a taut condition, are passed through a heated (400.degree. C.)
      nitrogen atmosphere (residence time is 1-3 seconds), the fibers exhibit
      the following tensile properties: T/E/Mi/Den.: 1.42/2.46/75.3/12.6.
PAC  Part B
PAR  Poly(3,5-dichloro-1,4-benzamide) (8.0 g., .eta.inh = 0.81, prepared as in
      Example IV but with 70 hr. heating), is dissolved in 45 g. of 100 percent
      sulfuric acid to form a 15.1 percent solution. The solution is extruded
      through a 20-hole spinneret, each hole having a diameter of 0.10 mm., into
      an ethanol-water (70-30 by vol.) bath at 30.degree. C. The fiber is wound
      up at 14 feet per minute without extension in the bath. The water-washed,
      air-dried fiber has T/E/Mi/Den. of 1.34/3.6/75/32.
PAC  EXAMPLE VI
PAR  This example illustrates unsuccessful attempts to prepare
      poly(2-chloro-1,4-benzamide) of fiber-forming molecular weight by solution
      polymerizations.
PAC  Part A
PAR  A 2 g. sample of 2-chloro-4-aminobenzoyl chloride hydrochloride is placed
      in a small polymerization flask, under nitrogen. Cold
      N,N,N',N'-tetramethylurea (14 ml.) is added thereto, causing complete
      solution to occur in a few minutes. The cold reaction mixture is stirred 3
      hours, then is allowed to stand overnight while warming to room
      temperature. No solid or gel forms. The contents of the flask are combined
      with water and the solid produced thereby is collected, washed, and dried.
      There is obtained poly(2-chloro-1,4-benzamide), .eta.inh = 0.17.
PAC  Part B
PAR  A 1 g. sample of 2-chloro-4-aminobenzoyl chloride hydrochloride is combined
      with 9 ml. of a cold mixture of hexamethylphosphoramide/lithium chloride
      (90/10 by wt.). A rapid increase in the reaction mixture viscosity occurs.
      After 3 ml. more of the above-described cold amide/salt mixture are added
      to the polymerization vessel, the contents of the vessel are stirred in
      the cold for 3 hr., then are allowed to come to room temperature while
      being permitted to stand overnight. The product is isolated, washed, and
      dried to provide poly(2-chloro-1,4-benzamide) as a fine powder, .eta.inh =
      0.21.
PAC  Part C
PAR  A 2.2 g. sample of 2-chloro-4-aminobenzoyl chloride hydrochloride is
      dissolved in 22 ml. of 2,4-dimethyltetramethylene sulfone. To this cooled
      solution are added 2.3 ml. of 2,6-lutidine and the combined ingredients
      are stirred for 3 hr. in the cold. After the reaction mixture has stood
      overnight at room temperature, the reaction product is precipitated,
      collected, washed and dried as in Part A to provide
      poly(2-chloro-1,4-benzamide), .eta.inh = 0.12.
PAC  EXAMPLE VII
PAR  This example illustrates the preparation of fibrous product and a film from
      poly(3,5-dichloro-1,4-benzamide).
PAR  Poly(3,5-dichloro-1,4-benzamide) (.eta.inh = 1.44) is dissolved in 96-98
      percent sulfuric acid to form a 5 percent solution. The solution is poured
      into water in a home-style blender running at high speed. The resulting
      product is washed and dried and is finely fibrous and fluffy. It is
      suitable for paper making and for filling of resins and plastics.
PAR  This precipitated polymer forms clear solutions in N,N-dimethylacetamide
      containing 6.5 percent lithium chloride (by weight) and in
      N-methylpyrrolidone-2 containing 5 percent lithium chloride. The latter
      solvent is used to form a slightly hazy, self-supporting film by
      spreading, drying at 100.degree.C., washing in water, and redrying.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polyamide consisting essentially of repeating units of the formula
      ##SPC2##
PAL  wherein Y is halogen and n is an integer of from 1 to 4, the said polyamide
      having an inherent viscosity of at least 1.0, determined at 30.degree. C
      using 0.5 gm of polymer in 100 ml of conc. 95-98% sulfuric acid.
NUM  2.
PAR  2. The polymer of claim 1 wherein Y is chlorine and n is 1.
NUM  3.
PAR  3. The polymer of claim 1 wherein Y is chlorine and n is 2.
NUM  4.
PAR  4. A fiber of the polymer of claim 1.
NUM  5.
PAR  5. A process for preparing a polyamide consisting essentially of repeating
      units of the formula
      ##SPC3##
PAL  wherein Y is halogen and n is an integer of from 1 to 4, the said polyamide
      having an inherent viscosity of at least 1.0 comprising heating a
      nuclearly-halogenated aminobenzoyl halide or its hydrochloride at a
      polymerization temperature of at least 100.degree. C in contact with a
      stream of inert gas whereby the gaseous hydrogen halide that is produced
      as a by-product is removed.
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ABST
PAL  A process for preparing modified copolymers while substantially reducing
      disintegration, which copolymers contain carboxylic groups to which
      cations of polyvalent metals are bound which comprises reacting in a first
      stage a solution of a copolymer containing anhydride groups of vicinal
      carboxylic groups or a combination of such anhydride with vicinal
      carboxylic groups and/or other radicals capable of forming vicinal
      carboxylic groups with certain alcohols to yield a reaction product in
      which at least a part of the anhydride groups is converted to semiester
      groups, and reacting the product thus obtained in the presence of water at
      a temperature in the range from 50.degree. to 120.degree. C with a
      salt-forming compound of a polyvalent metal. The invention is also
      directed to resinous compositions, particularly printing inks, containing
      such products.
BSUM
PAR  This invention relates to a process for the preparation of a modified
      copolymer under mild conditions. In particular the invention relates to
      the preparation of copolymers containing cations of polyvalent metals
      linked to carboxyl groups. Such copolymers may be used as binders for
      printing inks.
PAR  Synthetic resins for rotogravure printing can, for example, be prepared by
      polymerisation reactions. Polystyrene, for example, is readily soluble in
      toluene but it has the disadvantage that it dries too slowly and exhibits
      an inferior affinity for the pigments. Copolymers from styrene and/or
      styrene derivatives and maleic anhydride and/or acrylic acid or its
      derivatives do not exhibit these disadvantages to the same extent.
      However, they are not suitable for rotogravure printing since they have an
      inferior behaviour on the paper.
PAR  If one attempts to improve the printing properties of these copolymers by
      converting them to their salt complexes (analogous to resinate complexes),
      which for colophony is conveniently effected at temperatures above
      200.degree. C, the copolymers are partially decomposed and degraded. This
      decomposition manifests itself in a distinct darkening of the colour, the
      appearance of distillable decomposition products and a reduction in the
      mean molecular weight. The improvement in the printing properties
      therefore is cancelled out, at least in part. Another process for the
      preparation of the polyvalent metal salts involves double decompositon.
      The starting resin is first converted into an alkali metal salt thereof in
      the presence or absence of a solvent and subsequently the readily
      accessible alkali metal salt is reacted with a reactive compound of a
      bivalent metal. This method of double decomposition involves a reduction
      in the number of mols of product produced from a certain member of mols of
      starting material. It has moreover the disadvantage that the number of
      cations contained in the resin cannot be adjusted accurately. The melt
      process as described hereinafter is more economic. In this case, the
      reaction temperature depends on the type of the starting resin but is also
      determined by the reactivity of the bivalent metal compound used. For
      example, with naturally occuring acidic resins such as colophony,
      temperatures of over 200.degree. C are necessary for reaction.
PAR  To improve the physical and application properties of synthetic hydrocarbon
      resins modified with maleic anhydride, conversion to a salt has been used,
      especially to the calcium salt. According to one of the known processes,
      the resin is reacted with a compound of a bivalent metal at temperatures
      of over 200.degree. C, preferably at 260.degree. C. However difficulties
      can arise with this reaction. The high temperatures used can again lead to
      decomposition phenomena. Thus it is desired to improve the manufacturing
      method of modified hydrocarbon resins still further.
PAR  We have now found a process for the preparation of copolymers containing
      carboxylate salts of polyvalent metals that may be carried out under mild
      conditions. The process according to the invention results in products
      that may with advantage, be used as binders in printing inks.
PAR  The invention provides a process for the preparation of a modified
      copolymer under mild conditions which comprises reacting a copolymer
      containing carboxyl groups esterified at least partially with a mono- or
      dihydric alcohol containing at least one primary or secondary hydroxyl
      group with a salt of a polyvalent metal in the presence of water at a
      temperature of from 50.degree. to 120.degree. C.
PAR  The copolymer containing carboxyl groups esterified at least partially is
      obtained by reacting a copolymer containing anhydride groups in solution
      in a solvent that is only partially miscible with water with a mono- or
      di-hydric alcohol containing at least one primary or secondary hydroxyl
      group.
PAR  The reaction of the copolymer with the alcohol is preferably effected at a
      temperature of from 50.degree. to 180.degree. C.
PAR  The copolymer preferably contains anhydride groups derived from vicinal
      carboxyl groups or vicinal derivatives or carboxyl groups such as ester of
      half-ester groups.
PAR  By the term only partially miscible with water we mean that, when the
      chosen solvent is mixed with water, two discrete phases are formed.
PAR  If a solid resin is to be prepared, any vicinal half-ester groups still
      present and not combined with metal ions are preferably converted to the
      anhydride as far as possible, for example by heating at temperatures from
      100.degree. to 210.degree., preferably 150.degree. to 210.degree. and
      particularly at 200.degree. C. As a result, the alcohol present in the
      half-ester is again split off.
PAR  The method permits any desired adjustment of the degree of split up of
      anhydride groups and of the extent of salt formation and therefore the
      properties of the reaction product may be conveniently adapted to the
      intended use of the resin. Moreover, the end porducts have a higher
      softening point than the starting resin and a colour which is not very
      different from that of the starting resin.
PAR  The process in accordance with the invention is suitable for all copolymers
      modified with carboxyl group units, especially those containing anhydride
      groups, which are soluble in the solvents used. It amounts to a
      considerable technical advance since the preparation of resins modified by
      salt groups, starting from the anhydride groups of polymers containing
      vicinal acid groups, has not so far been possible under such mild
      conditions. In particular, as was found, a partial direct conversion of
      the anhydride groups to carboxyl groups linked to metal atoms, by a
      preliminary hydrolysis with water, is not possible under such mild
      conditions. In the process according to the invention, no decomposition
      products are formed.
PAR  The copolymers used as starting material may be produced by a variety of
      methods. For instance, resins can be used which are prepared by ionic
      polymerisation of one or more, olefinically unsaturated, catalytically
      polymerisable monomers. The introduction of the anhydride groups can be
      carried out by previously known methods, for example by thermal or radical
      addition of maleic anhydride or by grafting of maleic anhydride in
      admixture with monomers that copolymerise with maleic anhydride. It is
      also possible to modify resins prepared by radical copolymerisation of
      .alpha.,.beta.-unsaturated dicarboxylic acid anhydrides with suitable
      comonomers or comonomer mixtures by the process according to the
      invention. Polymers suitable for the preparation of binders for
      rotogravure printing, for example telomers from styrene and maleic
      anhydride, can be prepared discontinuously according to German patent
      specification No. 1,520,774 and continuously according to British patent
      specification No. 963,944. Telomers from petroleum fractions and
      .alpha.,.beta.-unsaturated dicarboxylic acid anhydrides are accessible by
      methods disclosed in U.S. patent application Ser. No. 273,789
      (corresponding to German Patent Application No. P21 37 105.1) It is also
      possible to use copolymers in which the carboxyl groups are present as
      substituted succinic acid half-esters. Such products are described, for
      example, in the German specification No. 1,644,987. In this case only the
      reaction with the reactive compound of a polyvalent metal is necessary to
      give the modified copolymers according to the invention.
PAR  It is also possible, to convert into salts other carboxyl or anhydride
      group containing resins, which as such do not shown decomposition
      phenomena, for example during salt formation at temperature over
      200.degree. C, in admixture with the anhydride group containing polymers,
      by means of the process of the present invention. This applies above all
      to those cases in which, in admixture with the anhydride group containing
      polymers of the salt formation, for example acid group containing natural
      resins such as colophony, tall resin or its derivatives, addition products
      of maleic acid, maleic anhydride or fumaric acid are added to resin acids,
      or condensation products from resin acids or phenolic resins.
PAR  Hydrocarbon resins which may be conveniently prepared by known methods,
      e.g. polymerisation of petroleum fractions boiling between -20.degree. and
      +280.degree. C in the presence of Friedel-Crafts catalysts, are also
      suitable as starting materials. Petroleum fractions of varying composition
      suitable for the preparation of the hydrocarbon resins are, for example,
      obtained during the preparation of unsaturated monomers such as ethylene
      and propylene through cracking, for example with steam. If necessary,
      these distillates are further decomposed into subfractions and if desired,
      to achieve certain product properties, they are again mixed in various
      proportions or artifically enriched with individual monomers.
PAR  Suitable monomers for the preparation of these resins are for example vinyl
      aromatics such as styrene and/or its derivatives such as .alpha.-methyl
      styrene, the various vinyl toluenes, indene or its derivatives, for
      example alkyl indene, especially methyl indene, acyclic or cyclic olefines
      and/or diolefines such as mono-olefines with 2 to 9 carbon atoms, for
      example propylene, butylene, isobutylene, octene, butadiene, isoprene, and
      cyclo- or dicyclopentadiene. Preferably, those resins containing at least
      50 per cent of cycloaliphatic and/or aromatic monomers are suitable for
      the purposes of the invention.
PAR  The monomer mixtures can generally be polymerised at temperatures below
      100.degree. C in the presence of Friedel-Crafts catalysts such as
      aluminium trichloride or boron trifluoride.
PAR  The modification of this hydrocarbon resin may be carried out by methods
      that are also known, for example thermally, by high energy radiation, such
      as electron radiation or ultra violet radiation, or by radical addition,
      of compounds containing carboxyl group units and copolymerisable bonds,
      preferably of .alpha.,.beta.-unsaturated dicarboxylic anhydrides, for
      example in the presence of peroxides. Thus acid anhydride groups may be
      introduced by thermal addition to the hydrocarbon resin in the melt flux,
      possibly in admixture with other comonomers.
PAR  The copolymers used as starting material, for example the modified
      hydrocarbon resins, may contain up to 50 equivalent per cent, preferably
      up to 25 equivalent per cent, of free carboxyl groups and/or other
      radicals forming carboxyl groups such as ester-, half-ester, or amide
      groups. The percentage value is thus related to the total amount of
      carboxyl groups present and without regard to whether they are present as
      such or in the form of derivatives forming carboxyl groups, including the
      anhydrides.
PAR  Anhydrides suitable for modification of the copolymers, including the
      hydrocarbon resins, are for example those of maleic acid, citraconic acid,
      itaconic acid and aconitic acid, .DELTA.-1,2- or
      .DELTA.-4,5-tetrahydrophthalic acid, possibly the halogen derivatives. The
      corresponding saponifiable compounds of these acids, either on their own
      or in admixture, may however also be used.
PAR  The mediating action of the alcohols takes place in such a manner that a
      large number, for example 30 to 90 per cent, of anhydride groups are first
      converted into their half-esters. Conveniently, the resin is dissolved in
      a suitable solvent, for example one of those listed below, and, after the
      addition of a suitable amount of the alcohol, is heated under reflux to
      temperatures of from 50.degree. to 180.degree. C until the half-ester is
      formed so that the alcohol does not evaporate. For this purpose, it is
      also possible to work under pressure. The amount of alcohol added should
      be at least equivalent to the mol amount of anhydride groups that are to
      be converted into the metal salt groups. It may however also be larger.
      The half-ester is then reacted at 50.degree. to 120.degree. C with a salt
      forming compound of a polyvalent metal. The reaction conditions therefore
      are such that no thermal depolymerisation occurs.
PAR  As alcohols, aliphatic or cycloaliphatic alcohols with up to 10 carbon
      atoms are preferred. The half-ester groups should be readily converted to
      anhydride groups. Preferably, all hydroxyl groups are either primary or
      secondary. Although alcohols with aromatic radicals are usable, the low
      molecular aliphatic alcohols such as ethanol, n- or isopropanol, n- or
      isobutanol, hexanol, ethylene glycol or its monomethyl or monoethyl ether
      are preferred. Mixtures can also be used.
PAR  The solvent used in the process according to the invention must dissolve
      the starting resin and must be compatible with the alcohol used but must
      have a low miscibility with water so that it is possible to achieve a
      two-phase system between the water and solvent. Examples of suitable
      solvents are benzene, toluene, xylene, tetrahydronaphthalene, cumene,
      cymol, commercial aromatic mixtures and those primary and secondary
      alcohols with up to 10 carbon atoms which have only limited miscibility
      with water. The amount of solvent used depends greatly on the starting
      resin and on its viscosity in the selected solvent. The aim is to achieve
      solutions that can be readily stirred. In general, solutions of 20 to 70
      per cent are used.
PAR  Various reactive compounds can be used as salt forming metal compounds, for
      example formates or acetates. However, during the reaction with such
      compounds, a reaction equilibrium occurs which must be displaced by the
      distillative removal of the free acid formed. It is therefore preferred to
      use oxides, carbonates and, insofar as available, hydroxides. Compounds of
      metals of the second group of the periodic table such as magnesium,
      calcium, barium and zinc are preferred. Compounds of metals from the third
      group, such as aluminium, can however also be used as well as those of
      metals of the fourth group such as tin. Preferably, the salt forming metal
      compound is added in the form of an aqueous suspension or, if the cation
      is barium for example, as an aqueous solution. The amount of the water
      used is generally from 5 to 50 per cent by weight of the total mixture but
      it may exceed these limits either way.
PAR  The reaction products can be obtained in the form of the solution obtained
      during the reaction or in the pure form, for example by careful
      distillation. If the temperature used for re-formation of the ester groups
      is near the boiling point of the solvent, the re-formation of the
      anhydride groups and the distillation of the solvent can be carried out in
      one operation. This applies especially if the solvent has a fairly low
      boiling point.
PAR  The resins formed are clear products whose colour value in 50 per cent
      toluene solution does not significantly differ from that of the starting
      resin. Compared to the starting resins, they have the advantage of a
      higher softening point and do not therefore show any kind of decomposition
      phenomena.
PAR  To characterise the reaction, the percentage of the carboxyl groups which
      are converted into the salt is estimated.
      ##EQU1##
      By "mol carboxylate groups" is understood the number of mols of the
      salt-like COO.sup.(.sup.-) group that is present in unit weight of the
      resin. By "mol carboxyl groups" is understood the number of mols of
      carboxyl groups that are present in unit weight before the reaction with
      the metal, including those groups which are capable of conversion to
      carboxyl groups.
PAR  The value of P may vary from 1 to 100 per cent. The adjustment of this
      value depends upon the application for which the product is to be used. In
      general, the process is, however, particularly elegant in reactions
      wherein the value of P is in the range from 1 to 60, preferably 1 to 50.
      Experience has shown that with excessive salt formation, subsequent
      distillation of the solvent and of the alcohol leads to difficulties. The
      threshold value for P beyond which these difficulties may occur depends
      greatly on the viscosity and the saponification number of the starting
      resin; lower viscosities and low saponification numbers permit higher
      values for P.
PAR  Resins with a range of molecular weights and acid numbers are suitable for
      the process as long as they are soluble in the solvents used according to
      the invention. The nature of the monomers that do not contain acid or
      anhydride groups is only of secondary importance.
PAR  It is also possible to convert into salts by the process according to the
      invention other carboxyl or anhydride group containing resins, which as
      such do not show any decomposition phenomena, for example during salt
      formation carried out at temperatures in excess of 200.degree. C, in
      admixture with the anhydride group containing polymers. This applies
      especially to those cases in which natural resins containing acid groups
      such as colophony, tall resin or their derivatives are subjected to salt
      formation in admixture with the anhydride group containing polymers.
      Suitable derivatives which may be used are the addition products of maleic
      acid, anhydride or fumaric acid and resin acids and the condensation
      products of resin acids and phenolic resins.
PAR  If reaction by the process in accordance with the invention is carried out
      at around 100  C, then, where solid resins are being prepared, processing
      should take place under conditions which, on the one hand avoid thermal
      decomposition of the synthetic resin but on the other hand permit
      conversion into the cyclic anhydride of the half-ester which is present in
      the case of a neutralisation deliberately adjusted to P = 100. In general,
      it is possible to avoid decomposition if the temperature at which the
      distillation is carried out does not exceed 210.degree. C. Distillation at
      temperatures from 150.degree. to 210.degree. C and at a pressure of from
      10 to 50 mm, depending upon the boiling point of the alcohol, are
      especially preferred.
PAR  A particularly suitable process for the separation of the solvent is
      distillation in a rotary evaporator. By this means it is possible to carry
      out distillation with minimum effect on the resin. It may be of particular
      advantage to distill of the water first of all, possible azeotropically
      and possibly with the return of the solvent or entraining agent to the
      distillation mixture. Alternatively the water may be removed by allowing
      the product mixture to settle and separating the aqueous layer. In
      general, because of emulsion formation, the first possibility of water
      separation must be used.
PAR  Various modifications to the process according to the invention are
      possible so long as it is ensured that no thermal decomposition of the
      copolymer occurs. For example, the starting resin does not have to be
      present in solid form. The resins prepared by radical polymerisation are
      frequently obtained in aromatic solvents or alcohols. In the case of the
      alcohol resin solutions, direct reaction with an aqueous solution of the
      reactive compound of the metal is possible.
PAR  Half-ester formation from starting resins with particularly inert anhydride
      groups may be accelerated by the addition of an esterification catalyst
      soluble in the solvent, for example pyridine, or an alkali metal
      alcoholate, such as lithium or sodium methalate, ethylate, butylate or
      phenolate.
PAR  The process according to the invention allows the conversion of synthetic,
      anhydride group containing resins into their salts with polyvalent metals
      in a convenient manner and above all under mild conditions. Thus these
      resins of a special quality for a variety of purposes are made available.
      This also applies to those products which are obtained from anhydride
      group containing polymers and natural resins containing acid groups such
      as colophony, tall resins or their above-identified derivatives, by the
      process according to the invention. In particular, with the resins
      obtained by the process in accordance with the invention, it is possible
      to utilise the advantages of salt formation to improve the application
      properties of printing inks. This applies especially in the case of other
      resins like, for example the hydrocarbon resins obtained with
      Friedel-Crafts catalysts. For example, for rotogravure inks, only those
      resins in which a certain limited amount of the anhydride groups has been
      converted into the salt form are particularly suitable as binders.
PAR  It has been discovered by study of the process according to the present
      invention that excessive salt formation increases the viscosity of the
      resin solution to excessively high values. Thus the number of bivalent
      cations which may be built into the resins must be restricted for use as
      rotogravure inks, since it is known that printing inks in solvents
      suitable for rotogravure printing should have viscosities, at certain
      solid contents, within a particular range suitable for the printing
      technique employed. For toluene rotogravure, for example, at a solid metal
      content of from 25 to 50 per cent, the viscosity of the toluene solution
      should be from 50 to 1000 cP. These viscosity conditions are generally
      fulfilled by those resins in which the percentage of the carboxyl groups
      converted into the salt is from 1 to 50 per cent preferably from 2 to 30
      per cent. Within these limits, the percentage can and must be adapted to
      the starting resin involved. For example, the preferred percentage for
      starting resins that have viscosities from 10 to 50 cP in toluene, is 10
      to 50 per cent. If the viscosity of the starting resin is more than 50 cP,
      then the preferred range for P is from 2 to 30 per cent, and if the
      viscosity is more than 200 cP, then the preferred range for P is lower
      still, for example from 1  to 10 per cent.
PAR  The starting resins which may be used as modifiers for binders for
      rotogravure inks should have a molecular weight of from 500 to 5000
      because of the limitation of the viscosity. The saponification number of
      suitable resins is from 50 to 370. The resins modified by partial salt
      formation in accordance with the invention, apart from those derived from
      hydrocarbon resins, when used as binders in rotogravure inks, especially
      in toluene rotogravure inks, show far better behaviour on the paper
      compared with the starting resins. This applies particularly to those that
      have been prepared from styrene-maleic anhydride telomers, for example
      those having a ratio of styrene to maleic anhydride in the range from 2 :
      1 to 12 : 1, preferably from 3 : 1 to 8 : 1. Another advantage is the
      improved gloss which is causally related to the better properties on the
      paper.
PAR  Finally, the affinity of the binder for the pigment is significantly
      increased in the modified resins according to the invention and this
      manifests itself, amongst other things, in a better transparency.
PAR  The resins prepared in accordance with the invention, in particular the
      derivatives of hydrocarbon resins, are clear products with a colour value
      that does not significantly differ from that of the starting resins. In
      comparison with the starting resins, they have the advantage of a higher
      softening point and, under otherwise identical conditions, they exhibit
      increased viscosity. They may be used for a variety of purposes as
      synthetic resin components for synthetic resin containing compounds, for
      example as binders in paints or printing inks, as additives for adhesives,
      as thickening agents and textile auxiliaries, for impregnations, etc.
DETD
PAR  The following Examples and Comparative Tables serve to illustrate the
      process of the present invention. The resins are characterised in the
      tables by their softening points (determined by the capillary method) as
      well as by their colour values and be the viscosity of a 50 per cent
      solution of the resin in toluene at 20.degree. C.
PAC  EXAMPLE 1
PAR  150 g of a copolymer, prepared by radical telomerisation of styrene and
      maleic anhydride in the presence of xylene as telogen, (softening point
      103.degree. C, saponification number 122), were dissolved in 320 g xylene
      and 30 g isobutanol and heated for 2 hours at the boiling point of the
      mixture (approximately 120.degree. C). 2.55 g BaO in 80 ml of water were
      added and the mixture was heated for a further 3 hours. Subsequently, the
      solvent and the alcohol were distilled off until the temperature of the
      material was 205.degree. C under water jet vacuum. The resin formed had a
      softening point of 105.degree. C, P = 10 per cent.
PAC  EXAMPLE 2
PAR  250 g of the starting resin of Example 1 were dissolved in 500 g toluene
      and 50 g isobutanol and heated to boiling for 2 hours (approximately
      120.degree. C). A suspension of 6.1 g Ca(OH).sub.2 in 50 ml of water was
      then added and the two phase mixture was heated until the reaction was
      complete. Subsequently, the water was separated by azeotropic distillation
      and the residual toluene and isobutanol were distilled off. The resin
      formed had the following properties: softening point 115.degree. C, P = 30
      per cent.
PAC  EXAMPLE 3
PAR  250 g of the starting resin of Example 1 were dissolved in 540 g xylene and
      50 g isobutanol and heated to boiling for 2 hours (approximately
      127.degree. C). The mixture was treated with a suspension of 1.02 g
      Ca(OH).sub.2 in 50 ml of water and the subsequent work up was analogous to
      that described in Example 1. A resin with a softening point of 103.degree.
      C, P = 5 per cent, was obtained.
PAC  EXAMPLE 4
PAR  150 g of a styrene-maleic anhydride telomer (8 : 1) with xylene as telogen,
      a softening point of 113.degree. C and a saponification number of 125,
      were dissolved in 320 g xylene and 30 g propanol and converted into the
      half-ester by boiling for 2 hours under reflux at approximately
      120.degree. C. Subsequently, 1.24 g Ca(OH).sub.2 were added as a
      suspension in 50 ml of water and the mixture was reluxed for 3 hours at
      approximately 100.degree. C. Work up of the reaction mixture was analogous
      to that described in Example 1. The resin obtained had a softening point
      of 119.degree. C, P = 10 per cent.
PAC  EXAMPLE 5
PAR  150 g of a styrene-maleic anhydride telomer (6 : 1) with xylene as telogen,
      a softening point of 100.degree. C, and a saponification number of 175,
      were dissolved in 500 g xylene and 50 g isobutanol and converted into the
      half-ester by boiling under reflux at approximately 127.degree. C. A
      suspension of 2.9 g Ca(OH).sub.2 in 50 ml of water was added. After
      reaction, the water was first separated by azeotropic distillation and the
      anhydrous toluene solution further evaporated under vacuum in a rotary
      evaporator with gravity feed at an oil temperature of 190.degree. C. The
      resin formed had a softening point of 118.degree. C, P = 10 per cent.
PAC  EXAMPLE 6
PAR  The telomer used as starting resin was prepared by radical polymerisation
      of styrene, vinyl toluene, .alpha.-methylstyrene, indene and maleic
      anhydride in the presence of xylene as telogen. The mol ratio of maleic
      anhydride to the sum of the other components was approximately 8.1. The
      telomer had a softening point 107.degree. C and a saponification number of
      125. This resin was obtained as a 35 per cent solution in xylene. 700 g of
      the solution were reacted with 50 g isobutanol and heated for 2 hours at
      127.degree. C. Subsequently, a suspension of 2.22 g zinc oxide and 50 ml
      water was added and the mixture was boiled for 3 hours under reflux. The
      water was first separated by azeotropic distillation and subsequently the
      toluene distilled off on a rotary evaporator with gravity feed at an oil
      temperature of 190.degree. C. The resin formed had a softening point of
      112.degree. C, P = 10 per cent.
PAC  EXAMPLE 7
PAR  150 g of the starting resin of Example 4 were dissolved in 350 g amyl
      alcohol and converted to the half-ester over a period of 2 hours at
      135.degree. C. A suspension of 1.25 g Ca(OH).sub.2 in 50 ml water was
      added and the mixture was boiled under reflux until reaction was complete.
      Subsequent work up was carried out by the usual method, the temperature of
      the resin being increased to 210.degree. C under full water jet vacuum.
      The resin had a softening point of 123.degree. C, P = 10 per cent.
PAC  EXAMPLE 8
PAR  A telomer from styrene, maleic anhydride and acrylic acid with xylene as
      telogen and a softening point of 83.degree. C and a saponification number
      of 83 was used as starting resin. The mol ratio of styrene to maleic
      anhydride and acrylic acid was approximately 8 : 1. 150 g of this resin
      were dissolved in 300 g xylene and 30 g isobutanol. The further reaction
      with a suspension of 0.83 g Ca(OH).sub.2 and 50 ml water was carried by
      the usual method. The modified resin had a softening point of 98.degree.
      C, P = 10 per cent.
PAC  EXAMPLE 9
PAR  150 g of the starting resin of Example 1 were dissolved in 300 g xylene and
      30 g isobutanol and boiled for 2 hours. Subsequently, a suspension of 1.36
      g zinc oxide in 50 ml water was added and the heterogenous mixture was
      boiled for a further three hours. Subsequent work-up as in the previous
      Examples yielded a resin with a softening point of 105.degree. C and P =
      10 per cent.
PAC  COMPARATIVE EXAMPLE A
PAR  The preparation by a previously known method carried out at 260.degree. C
      of a resin modified to the same degree as the resins produced by the
      process of the present invention is described. 150 g of the starting resin
      of Example 1 were fused in an atmosphere of nitrogen. After the addition
      of 3.6 g zinc acetate dihydrate, the mixture was heated to 260.degree. C.
      This temperature was maintained for 6 hours. The volatile components were
      collected in a receiver. Thereafter, the remaining volatile substances
      were removed in vacuo. Cooling was then applied. In the distillate, 94.7
      per cent of the expected acetic acid was determined by titration. In
      addition, the presence of 2.35 per cent by weight (calculated on the basis
      of the weight of starting resin) of aromatic pyrolysis products was
      established. The properties of the product resin were as follows:
      softening point : 85.degree. C, viscosity: 41 cP; colour value: more than
      300. This resin therefore had undergone thermal decomposition.
TBL                Table 1                                                     
     ______________________________________                                    
     Colour Values                                                             
            Colour Values  Viscosity                                           
     Example  Starting Modified    Starting                                    
                                           Modified                            
              Resin    Resin       Resin   Resin                               
                                   cP      cP                                  
     ______________________________________                                    
     1        &lt;1       7           62      115                                 
     2        &lt;1       3           62      170                                 
     3        &lt;1       2           62       79                                 
     4        &lt;1       6           155     520                                 
     5        &lt;1       9           126     330                                 
     6        10       15          84      202                                 
     7        &lt;1       4           155     580                                 
     8         4       6           120     165                                 
     9        &lt;1       3           62      100                                 
     Comparative                                                               
     Example A                                                                 
              &lt;1       &gt;300        62       41                                 
     ______________________________________                                    
PAC  FURTHER PROCESSING OF THE RESINS
PAR  In order to demonstrate the particular advantages as ink binders of the
      resins prepared in accordance with the invention, they were processed into
      toluene rotogravure inks. Toluene solutions of the resins of Examples 1 to
      9 and, for comparison, toluene solutions of their starting resins were
      prepared. These solutions were adjusted to a discharge time of 17 to 20
      seconds in the DIN-4-beaker. 14 g pigment red 57 (colour index) were added
      to 150 g of each solution. The mixture was dispersed for 30 minutes in a
      suitable implement and then adjusted with further toluene to a discharge
      time of 17 to 20 seconds.
PAC  PRINTING TESTS
PAR  The gloss of the rotogravure inks prepared from the resins in accordance
      with the invention were measured and compared with the gloss of those
      produced from the starting resins. The extent of bleeding of the ink into
      the paper was also observed.
PAR  All the printing inks were applied with hand coaters in various wet layer
      thicknesses to paper of 60 g/m.sup.2. For the gloss test, the films
      obtained by single application were tested at a wet film thickness of 24 .
      The results are summarised in table II.
TBL                Table II                                                    
     ______________________________________                                    
     Gloss                Bleeding                                             
     Example Modified   Starting  Modified Starting                            
             Resin      Resin     Resin    Resin                               
     ______________________________________                                    
     1       22.5       6         No       Yes                                 
     2       16         6.5       No       Yes                                 
     3       24         7.5       No       Yes                                 
     4       12         8         No       Little                              
     5       12.5       4         No       Little                              
     6       19.5       4.5       Little   Yes                                 
     7       14         8.5       No       Yes                                 
     8       11.5       3         Little   Yes                                 
     9       18         6         No       Yes                                 
     ______________________________________                                    
PAR  The gloss test on the resin of the comparative Example gave good results.
      However the ink bled through the paper and the drying time was greater
      than those of an ink based upon the starting resin.
PAC  EXAMPLE 10
PAR  A resin with an acid value of 8.9, which was prepared by cationic
      polymerisation of a petroleum fraction obtained by a cracking process,
      which contains styrene and various vinyl toluenes and indenes as essential
      monomers, and to which 2 per cent by weight (calculated on the basis of
      the polymer) of maleic anhydride had been added, was used as starting
      material. 300 g of the resin were dissolved in 600 g xylene and 100 g
      isobutanol and the mixture was boiled under reflux for 2 hours.
      Subsequently a suspension of 117 g. calcium hydroxide in 50 ml water was
      added and the mixture was boiled for a further 3 hours under reflux. The
      solvents were then evaporated and the resin dried briefly at 210.degree. C
      under a water jet vacuum. The resin obtained had a P value of 50 per cent.
PAC  EXAMPLE 11
PAR  A resin with an acid value of 35, which had been obtained by thermal
      addition of 6 per cent maleic anhydride to a hydrocarbon resin prepared by
      cationic polymerisation of a petroleum fraction containing styrene, the
      various vinyl toluenes and indene as polymerisable monomers, was used as
      starting resin. 150 g of this resin were dissolved in 300 g xylene and 50
      g isobutanol and the mixture was boiled under reflux for 2 hours.
      Subsequently, a suspension of 1.13 g magnesium oxide in 50 ml water was
      added and the mixture was boiled for a further 3 hours. The solvents were
      distilled off and the resin was dried by heating to 210.degree. C under a
      water jet vacuum. A resin with a P value of 30 per cent was obtained.
PAC  EXAMPLE 12
PAR  150 g of the starting resin of Example 11 were dissolved in 300 g xylene
      and 50 g isobutanol and refluxed for 2 hours. 1.44 g barium oxide and 50
      ml water were added and the mixture was refluxed for a further 3 hours.
      Subsequent work-up was carried out as in Example 10. A resin with a P
      value of 10 per cent was obtained.
PAC  EXAMPLE 13
PAR  The reaction was analogous to Example 12 except that 2.29 g zinc oxide were
      added in the place of barium oxide. The resin obtained had a P value of 30
      per cent.
PAC  COMPARATIVE EXAMPLE B
PAR  300 g of the starting resin of Example 11 were fused in an atmosphere of
      nitrogen. 4.58 g zinc oxide were added to the melt. This mixture was
      heated for 30 minutes at 260.degree. C and maintained at this temperature
      for 3 hours. Subsequently, the mixture was distilled under a water jet
      vacuum at a temperature of 260.degree. C over a period of 5 minutes and 9
      g of distillate was collected. After cooling, a resin with a P value of 30
      per cent was obtained. The other properties of the resin (see table III)
      show clearly that the reaction had been accompanied by decomposition
      phenomena.
PAR  In contrast to the resin products produced by the process according to the
      invention, which are eminently suitable as binders for printing inks, the
      product of the comparative Example B is far less suitable for this purpose
      because of the decomposition products contained therein.
TBL                                    Table III                               
     __________________________________________________________________________
            Softening Point                                                    
                      Viscosity   Colour Value                                 
     Example                                                                   
            Starting                                                           
                 End  Starting                                                 
                            End   Starting                                     
                                       End                                     
            Resin                                                              
                 Product                                                       
                      Resin Product                                            
                                  Resin                                        
                                       Product                                 
     __________________________________________________________________________
     10     120.degree.C                                                       
                 120.degree.C                                                  
                      26.5                                                     
                          cP                                                   
                            32  cP                                             
                                  55   80                                      
     11     148.degree.C                                                       
                 155.degree.C                                                  
                      180 cP                                                   
                            1540                                               
                                cP                                             
                                  60   125                                     
     12     148.degree.C                                                       
                 153.degree.C                                                  
                      180 cP                                                   
                            250 cP                                             
                                  60   100                                     
     13     148.degree.C                                                       
                 148.degree.C                                                  
                      180 cP                                                   
                            1100                                               
                                cP                                             
                                  60   125                                     
     Comparative                                                               
     Example B                                                                 
            148.degree.C                                                       
                 140.degree.C                                                  
                      180 cP                                                   
                            65  cP                                             
                                  60   &gt;300                                    
     __________________________________________________________________________
PAL  It is not intended that the examples given herein should be construed to
      limit the invention thereto, but rather they are submitted to illustrate
      some of the specific embodiments of the invention. Resort may be had to
      various modifications and variations of the present invention without
      departing from the spirit of the discovery or the scope of the appended
      claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for preparing modified copolymers while substantially reducing
      disintegration, which copolymers contain carboxylic groups to which
      cations of polyvalent metals are bound which comprises
PA1  I. reacting in a first stage a solution of
PA2  1. a copolymer containing a radical selected from the group consisting of
      (a) anhydride groups of vicinal carboxylic groups, (b) a combination of
      such anhydride groups with vicinal carboxylic groups, (c) a combination of
      said anhydride groups with other radicals capable of forming vicinal
      carboxylic groups and (d) a combination of said anhydride groups with
      vicinal carboxylic groups and with other radicals capable of forming
      vicinal carboxylic groups, at a temperature of 50.degree. to 180.degree.
      C, with
PA2  2. at least one alcohol containing up to 2 hydroxy groups at least one of
      which being a non-tertiary hydroxy group to yield a reaction product in
      which at least a part of the anhydride groups is converted to semiester
      groups, and
PA1  Ii. reacting
PA2  3. the product thus obtained in the presence of water at a temperature in
      the range from 50.degree. to 120.degree. C with
PA2  4. a salt-forming compound of a polyvalent metal, the solvent present in
      the first stage of the reaction being compatible with said alcohol and
      partially miscible with water only to such an extent that two phases are
      formed therewith.
NUM  2.
PAR  2. The process of claim 1 wherein the final reaction product is isolated by
      distilling off the solvent, the excessive amount of the alcohol and that
      portion of alcohol which is bound in the form of an ester of carboxylic
      groups being vicinal to free carboxylic groups.
NUM  3.
PAR  3. The process of claim 2 wherein the distillation is conducted at a
      temperature in the range from 150.degree. to 210.degree. C.
NUM  4.
PAR  4. The process of claim 2 wherein a semiester of such an alcohol is
      prepared in the first stage which semiester does react with a vicinal
      carboxylic group under the conditions of distillation to again yield a
      cyclic anhydride.
NUM  5.
PAR  5. The process of claim 1 wherein from 2 to 30% of the carboxylic groups
      contained in the final product are present in the form of a salt.
NUM  6.
PAR  6. The process of claim 1 wherein the modified copolymer is a petroleum
      resin modified by a subsequent reaction with a compound containing at
      least one unit of a carboxylic group and at least one copolymerisable bond
      to yield a resin containing a radical selected from the group consisting
      of (a) anhydride groups of vicinal carboxylic groups, (b) a combination of
      such anhydride groups with vicinal carboxylic groups, (c) a combination of
      said anhydride groups with other radicals capable of forming vicinal
      carboxylic groups and (d) a combination of said anhydride groups with
      vicinal carboxylic groups.
NUM  7.
PAR  7. The process of claim 6 wherein the petroleum resin is a polymerisation
      product of compounds contained in petroleum fractions cut from the
      products distilling in the range from -20.degree. to +280.degree. C which
      polymerisation product has been prepared under the influence of a
      Friedel-Craft's catalyst.
NUM  8.
PAR  8. The process of claim 7 wherein the compound with which the
      polymerisation product has subsequently been reacted, is maleic anhydride.
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ABST
PAL  Disclosed herein are polyhalogenated isocyanates (intermediates for
      polyfluorinated vinyl isocyanates); polyfluorinated vinyl isocyanates,
      process therefor, and homopolymers and copolymers thereof; and use of said
      polyfluorinated vinyl isocyanate homopolymers and copolymers as water and
      oil repelling agents for cloth and paper.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 176,709, filed Aug. 31, 1971,
      now U.S. Pat. No. 3,816,495.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to novel halogen-containing isocyanates, to their
      preparation and to their use.
PAR  2. Description of the Prior Art
PAR  Reaction of benzophenone imine and oxalyl chloride to produce
      chloro(diphenyl)methyl isocyanate is reported by Samarai et al., Chem.
      Abs. 69, 2681w (1968). The preparation of perfluoroalkyl isocyanates by
      the reaction of perfluoroacyl chlorides with sodium azide has been
      reported by A. H. Ahlbrecht in U.S. Pat. No. 2,617,817 (1952). The removal
      of chlorine from a 1,2-dichloro fluoroaliphatic compound by means of zinc
      to form the corresponding fluoroolefinic compound is known; see Hudlicky,
      "Chemistry of Organic Fluorine Compounds," the MacMillan Company, New
      York, 1962, pp. 263-269.
PAC  SUMMARY AND DETAILS OF THE INVENTION
PAC  Product
PAR  The novel polyhalogenated isocyanates of this invention have the generic
      formula
      ##EQU1##
      wherein: R is fluorine, lower perfluoroalkyl, lower
      .omega.-chloroperfluoroalkyl or lower .omega.-hydroperfluoroalkyl,
PA1  X and Y are each fluorine, chlorine or bromine with the proviso that only
      one of X and Y is fluorine.
PAR  Representative isocyanates of this invention are given in Table 1 below.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Name                  Structure                                           
     ______________________________________                                    
     (1)   1,2-dichloro-2,2-  CF.sub.2 Cl                                      
           difluoro-1-(trifluoro-                                              
                              .vertline.                                       
           methyl)ethyl isocyanate                                             
                              CF.sub.3 --C--N=C=O                              
                              .vertline.                                       
                              Cl                                               
     (2)   1,2-dichloro-1,2,2-                                                 
                              CF.sub.2 Cl                                      
           trifluoroethyl     .vertline.                                       
           isocyanate         F--C--N=C=O                                      
                              .vertline.                                       
                              Cl                                               
     (3)   1-chloro-2,2,2-trifluoro-                                           
                              CF.sub.3                                         
           1-(trifluoromethyl)ethyl                                            
                              .vertline.                                       
           isocyanate         Cl--C--N=C=O                                     
                              .vertline.                                       
                              CF.sub.3                                         
                              CF.sub.2 Cl                                      
                              .vertline.                                       
     (4)   1,2-dichloro-2,2-  Cl--C--N=C=O                                     
           difluoro-1-(chlorodifluoro-                                         
                              .vertline.                                       
           methyl)ethyl isocyanate                                             
                              CF.sub.2 Cl                                      
                              CF.sub.3                                         
                              .vertline.                                       
     (5)   1-chloro-1-(trifluoromethyl)                                        
                              CF.sub.3 CF.sub.2 --C--N=C=O                     
           pentafluoropropyl isocyanate                                        
                              .vertline.                                       
                              Cl                                               
                              CF.sub.3                                         
                              .vertline.                                       
     (6)   1,3-dichloro-1-(trifluoro-                                          
                              ClCF.sub.2 CF.sub.2 --C--N=C=O                   
           methyl)tetrafluoropropyl                                            
                              .vertline.                                       
           isocyanate         Cl                                               
                              CF.sub.3                                         
                              .vertline.                                       
     (7)   1-chloro-3H-1-(trifluoro-                                           
                              HCF.sub.2 CF.sub.2 --C--N=C=O                    
           methyl)tetrafluoropropyl                                            
                              .vertline.                                       
           isocyanate         Cl                                               
     (8)   2-chloro-1,1,2,2-tetra-                                             
           fluoroethyl isocyanate                                              
                              ClCF.sub.2 CF.sub.2 --N=C=O                      
     (9)   1,2-dibromo-1,2,2-tri-                                              
           fluoroethyl isocyanate                                              
                              BrCF.sub.2 CF--N=C=O                             
                              .vertline.                                       
                              Br                                               
      (10) 2-bromo-1-chloro-1,2,2-                                             
           trifluoroethyl isocyanate                                           
                              BrCF.sub.2 CF--N=C=O                             
                              .vertline.                                       
                              Cl                                               
      (11) 2-bromo-1,1,2,2-tetrafluoro-                                        
           ethyl isocyanate   BrCF.sub.2 CF.sub.2 --N=C=O                      
     ______________________________________                                    
PAR  The novel polyfluorinated vinyl isocyanates of this invention have the
      generic formula
      ##EQU2##
      wherein: R is fluorine, lower perfluoroalkyl, lower
      .omega.-chloroperfluoroalkyl or lower .omega.-hydroperfluoroalkyl.
PA1  Representative vinyl isocyanates of this invention are given in Table 2
      below.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Name                    Structure                                         
     ______________________________________                                    
                                CF.sub.3                                       
     (1)  2,2-difluoro-1-(trifluoro-                                           
                                .vertline.                                     
          methyl)vinyl isocyanate                                              
                                CF.sub.2 =C--N=C=O                             
                                F                                              
     (2)  trifluorovinyl isocyanate                                            
                                .vertline.                                     
          (perfluorovinyl isocyanate)                                          
                                CF.sub.2 =C--N=C=O                             
                                CF.sub.2 Cl                                    
                                .vertline.                                     
     (3)  2,2-difluoro-1-(chlorodifluoro-                                      
                                CF.sub.2 =C--N=C=O                             
          methyl)vinyl isocyanate                                              
                                C.sub.2 F.sub.5                                
     (4)  2,2-difluoro-1-(pentafluoro-                                         
                                .vertline.                                     
          ethyl)vinyl isocyanate                                               
                                CF.sub.2 =C--N=C=O                             
                                CF.sub.2 Cl                                    
                                .vertline.                                     
                                CF.sub.2                                       
     (5)  2,2-difluoro-1-(2-chloro-                                            
                                .vertline.                                     
          tetrafluoroethyl)vinyl                                               
                                CF.sub.2 =C--N=C=O                             
          isocyanate                                                           
                                CF.sub.2 H                                     
                                .vertline.                                     
     (6)  2,2-difluoro-1-(2H-   CF.sub.2                                       
          tetrafluoroethyl)vinyl                                               
                                .vertline.                                     
          isocyanate            CF.sub.2 =C--N=C=O                             
     ______________________________________                                    
PAR  Included within tthe scope of this invention are the novel homopolymers of
      the fluorinated vinyl isocyanates of Table 2. Also included are copolymers
      (terpolymers, etc.) containing the polyfluorinated vinyl isocyanate
      polymer units therein.
PAR  Copolymers may be comprised solely of fluorine-containing copolymers, or,
      non-fluorine containing copolymers copolymerized with the fluorinated
      vinyl isocyanates of this invention. Representative copolymers include
      tetrafluoroethylene/1,1-difluoro-2-(trifluoromethyl)vinyl isocyanate,
      trifluorovinyl isocyanate/perfluoro(2-methylene-4-methyl-1,3-dioxolane),
      trifluorovinyl isocyanate/vinylidene
      fluoride/perfluoro(2-methylene-4-methyl-1,3-dioxolane), and
      1,1-difluoro-2-(trifluoromethyl)vinyl isocyanate/vinylidene
      fluoride/perfluoro(2-methylene-4-methyl-1,3-dioxolane).
PAR  Novel homopolymers, and novel copolymers of the vinyl isocyanate with
      fluoroolefins, can be prepared by standard techniques including initiation
      by free radicals and/or anions. Preferred copolymers are those derived by
      copolymerization with fluorine-containing comonomers, such as vinyl
      fluoride, vinylidene fluoride, trifluoroethylene, chlorotrifluoroethylene,
      tetrafluoroethylene, hexafluoropropylene, trifluoromethyl trifluorovinyl
      ether, and perfluoro(2-methylene-4-methyl-1,3-dioxolane).
PAR  The homopolymer is readily soluble in solvents ordinarily used with vinyl
      polymers, such as acetone, chloroform, and the like. The most preferred
      copolymer (with tetrafluoroethylene) is not readily soluble in ordinary
      solvents. Both the homopolymer and the tetrafluoroethylene copolymer are
      repellant toward water or mineral oil, and can be applied to cloth and to
      paper to give these materials water and oil repelling qualities.
PAR  Because of the presence of isocyanate groups, the polymers are also
      reactive with compounds containing hydroxyl or amino groups and can be
      crosslinked through reaction with molecules containing more than one of
      either or both of these functional groups. Accordingly,
      2,2-difluoro-1-(trifluoromethyl)vinyl isocyanate, for instance, is a
      monomer of general utility for introducing crosslinking sites in vinyl
      polymers.
PAC  Process
PAR  A preferred process for making the vinyl isocyanates of this invention
      comprises reacting a polyfluoroalkyl imine of the formula
      ##EQU3##
      with oxalyl chloride at a temperature between about 0.degree.C. to
      150.degree.C, thereby forming an intermediate isocyanate of the formula
      ##EQU4##
      wherein: R' is lower perfluoroalkyl, lower .omega.-chloroperfluoroalkyl or
      lower 107 -hydroperfluoroalkyl, and
PA1  X is fluorine or chlorine, and reacting said isocyanate with zine metal in
      the absence of oxalyl chloride.
PAR  In a typical process for making the novel intermediate secondary
      isocyanates of this invention by reacting the appropriate imine with
      oxalyl chloride, it is preferred to operate the reaction in the absence of
      any solvent or diluent. However, solvents can be employed if desired. If
      employed, the solvents should not react with the reactants or with the
      products of the invention. Operable inert solvents include methylene
      chloride, ether, and the like. Catalysts although not necessary, can be
      employed and such catalysts are basic compounds such as pyridine,
      triethylamine, tributylamine, etc.
PAR  Imine starting reactants are disclosed in coassigned U.S. Pat. No.
      3,226,439, W. J. Middleton. One process therein disclosed for making the
      imine is to react hydrazoic acid (HN.sub.3) with a polyhalothioketone.
      Another process disclosed therein is to prepare the imine in two steps
      from the corresponding ketone and ammonia.
PAR  A typical process for making the novel intermediate primary isocyanates of
      this invention is to react the appropriate 2,3-dibromo- or
      2,3-dichloro-trifluoropropionyl halide with powdered sodium azide in an
      inert solvent at temperatures from 0.degree. to 50.degree.C, and then heat
      the resulting solution of acyl azide to between about 80.degree. to
      130.degree.C until evolution of nitrogen stops. Solvents useful for this
      process should have a boiling point above 80.degree.C at atmospheric
      pressure and should be inert to acyl halides and isocyanates. Examples of
      useful solvents are aromatic hydrocarbons such as toluene and xylene,
      ethers such as diethylene glycol dimethyl ether and dibutyl ether, and
      substituted aromatic hydrocarbons such as chlorobenzene and benzonitrile.
PAR  The novel intermediate isocyanates of this invention, after formation, are
      isolated by distillation and reacted with powdered zinc metal in the
      presence of a solvent or diluent such as ether, tetrahydrofuran,
      diethylene glycol dimethyl ether or the like. Although not particularly
      critical, temperature should generally be maintained between about
      0.degree. to 100.degree.C. Zinc metal should not be added to the
      isocyanates when oxalyl chloride is present. If all or substantially all
      of the oxalyl chloride is consumed in the formation of the intermediate
      isocyanate, then there is no need for distillation before addition of the
      zinc.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following Examples are meant to illustrate but not to limit the
      invention. Temperatures are in degrees Centigrade unless otherwise noted.
      The fluorine nmr spectra were obtained with a high resolution spectrometer
      operating at 56.4 MHz. Peak center positions are reported in parts per
      million (ppm) higher field displacement from the .sup.19 F resonance of
      CCl.sub.3 F used as an internal standard.
PAC  EXAMPLE 1
PAC  1,2-dichloro-2,2-difluoro-1-(trifluoromethyl)ethyl isocyanate
PAR  A mixture of 465 g (2.5 moles) of chloropentafluoroacetone imine, 381 g
      (2.5 moles) of oxalyl chloride, and 2.5 ml of pyridine was refluxed for 3
      days. Distillation gave 315 g (52% conversion) of
      1,2-dichloro-2,2-difluoro-1-(trifluoromethyl)ethyl isocyanate as a
      colorless liquid: bp 85.degree.-85.5.degree.; n.sub.D.sup.25 1.3580; ir
      (liquid) 4.42 .mu. (NCO); .sup.19 F nmr (CCl.sub.3 F) .delta. 62.9 ppm (q,
      J = 24 Hz, 2F) and .delta. 75.7 ppm (t, J = 24 Hz, 3F).
PAR  Anal. Calc'd. for C.sub.4 Cl.sub.2 F.sub.5 NO: C, 19.69; Cl, 29.07; F,
      38.94; N, 5.74. Found: C, 19.39; Cl, 28.81; F, 38.76; N, 5.67.
PAC  EXAMPLE 2
PAC  2,2-difluoro-1-(trifluoromethyl)vinyl isocyanate
PAR  A 244 g sample (1.0 mole) of
      1,2-dichloro-2,2-difluoro-1-(trifluoromethyl)ethyl isocyanate was added
      dropwise to a stirred suspension of 98 g (1.5 gram atom) of powdered zinc
      in 1000 ml of glycol dimethyl ether at such a rate that the temperature
      warmed to 45.degree. and remained between 45.degree.-50.degree.. The
      reaction mixture was stirred for 1 hr after the addition, and then the
      most volatile portion was distilled under reduced pressure (5 mm) into a
      trap cooled to -78.degree.. The condensate in the trap was redistilled to
      give 158 g (91%) of 2,2-difluoro-1-(trifluoromethyl)vinyl isocyanate as a
      colorless liquid: bp 42.3.degree.-42.5.degree., ir (liquid), 4.38 .mu.
      (NCO) and 5.67 .mu. (=CF.sub.2); .sup.19 F nmr (CCl.sub.3 F) .delta. 66.6
      ppm (d, J = 9 Hz to d, J = 23 Hz, 3F) .delta. 82.9 ppm (d, J = 21 Hz to q,
      J = 9 Hz, IF) and .delta. 89.7 ppm (d, J = 21 Hz to d, J = 23 Hz, IF).
PAR  Anal. Calc'd, for C.sub.4 F.sub.5 NO: C, 27.76; F, 54.90; N, 8.10. Found:
      C, 27.70; F, 54.46; N, 7.74.
PAC  EXAMPLE 3
PAC  2,2-Difluoro-1-(trifluoromethyl)vinyl Isocyanate Homopolymer
PAR  An 8.7 g. sample of 2,2-difluoro-1-(trifluoromethyl)vinyl isocyanate, as
      made in Example 2, was added dropwise to a suspension of 0.5 g cesium
      fluoride in 25 ml of anhydrous acetonitrile cooled to 0.degree.. The
      reaction mixture was stirred at 25.degree. for 18 hr, and then filtered
      and evaporated to dryness. There was obtained 8.1 g of a light-orange
      powder, soluble in acetone. The ir spectrum shows a strong band at
      5.70.mu., but no band for NCO at ca 4.4.mu..
PAR  Anal. Calc'd. for C.sub.4 F.sub.5 NO: C, 27.76; F, 54.90; N, 8.10. Found:
      C, 26.19; H, 0.14; F, 53.52; N, 7.97.
PAC  EXAMPLE 4
PAC  Copolymer of Tetrafluoroethylene with 2,2-Difluoro-1-(trifluoromethyl)vinyl
      Isocyanate
PAR  2,2-Difluoro-1-(trifluoromethyl)vinyl isocyanate, 3.26 g (20 mmoles), and
      2.00 g (20 mmoles) of tetrafluoroethylene were distilled into a platinum
      tube. The latter had been prepared from a 10 inch piece of 3/4 inch
      tubing; its lower end was sealed shut and its upper end connected to a
      vacuum manifold with a vacuum tight seal. 1,1,1-trichlorotrifluoroethane,
      9 ml, and 48 mg (0.36 mmole) of perfluoropropionyl peroxide initiator in
      0.5 ml of the same solvent were added with syringes. The tube was sealed
      wth a torch under vacuum and heated to 60.degree. at 3000 atms for 16 hrs.
      After opening, the solid product was dried at 100.degree. to give 1.19 g
      (23%) of gray polymer that was milled to powder.
PAR  The product had infrared bands characteristic of isocyanate and of
      tetrafluoroethylene polymer, and contained 1.82% nitrogen, corresponding
      to 21 weight % of isocyanate. Extraction with boiling acetone resulted in
      only 3% weight reduction. Differential thermal analysis showed a
      transition at 248.degree. consistent with the tetrafluoroethylene
      copolymer structure.
PAC  EXAMPLE 5
PAC  1-Chloro-1-(trifluoromethyl)pentafluoropropyl isocyanate
PAR  By the procedure of Example 1, perfluorobutyliden-2-imine, oxalyl chloride
      and pyridine will yield 1-chloro-1-(trifluoromethyl)pentafluoropropyl
      isocyanate.
PAC  EXAMPLE 6
PAC  2,2-Difluoro-1-(pentafluoroethyl)vinyl isocyanate
PAR  By the procedure of Example 2 adding
      1-chloro-1-(trifluoromethyl)pentafluoropropyl isocyanate to a suspension
      of powdered zinc in ether will yield
      2,2-difluoro-1-(pentafluoroethyl)vinyl isocyanate.
PAC  EXAMPLE 7
PAC  1,3-dichloro-1-(trifluoromethyl)tetrafluoropropyl isocyanate
PAR  By the procedure of Example 1, 1-chloroheptafluorobutyliden-3-imine, oxalyl
      chloride and pyridine will yield
      1,3-dichloro-1-(trifluoromethyl)tetrafluoropropyl isocyanate.
PAC  EXAMPLE 8
PAC  2,2-Difluoro-1-(2-chlorotetrafluoroethyl)vinyl isocyanate
PAR  By the procedure of Example 2, adding 1,3-dichloro-1
      -(trifluoromethyl)tetrafluoropropyl isocyanate to a suspension of powdered
      zinc in ether will yield 2,2-difluoro-1-(2-chlorotetrafluoroethyl)vinyl
      isocyanate.
PAC  EXAMPLE 9
PAC  1-Chloro-3H-1-(trifluoromethyl)tetrafluoropropyl isocyanate
PAR  By the procedure of Example 1, 1H-heptafluorobutyliden-3-imine, oxalyl
      chloride and pyridine will yield
      1-chloro-3H-1-(trifluoromethyl)tetrafluoropropyl isocyanate.
PAC  EXAMPLE 10
PAC  2,2-Difluoro-1-(2H-tetrafluoroethyl)vinyl isocyanate
PAR  By the procedure of Example 2, adding
      1-chloro-3H-1-(trifluoromethyl)tetrafluoropropyl isoscyanate to a
      suspension of powdered zinc in ether will yield
      2,2-difluoro-1-(2H-tetrafluoroethyl)vinyl isocyanate.
PAC  EXAMPLE 11
PAC  2-Chloro-1,1,2,2-tetrafluoroethyl isocyanate and
      1,2-dichloro1,2,2-trifluoroethyl isocyanate
EQU  CF.sub.2 ClCFClCOF .sup.NaN.spsb.3 CF.sub.2 ClCF.sub.2 NCO + CF.sub.2
      ClCFClNCO
PAR  a 40-g sample (0.2 mole) of 2,3-dichloro-2,3,3-trifluoropropionyl fluoride
      was added dropwise to a stirred suspension of 14.3 g (0.22 mole) of
      powdered sodium azide in 200 ml of xylene. The reaction mixture was
      stirred for 18 hours at 25.degree. and then warmed slowly to 110.degree..
      When the evolution of nitrogen ceased, the volatile portion of the
      reaction mixture was distilled to give 10.14 g (29%) of
      2-chloro-1,1,2,2-tetrafluoroethyl isocyanate as a colorless liquid: bp
      31.degree.-31.5.degree.; n.sub.D.sup.25 1.3122; .sup.19 F nmr (CCl.sub.3
      F) .delta. 73.1 ppm (t, J = 4 Hz, 2F) and 83.6 ppm (broad t, 2F); and 3.03
      g (8%) of 1,2-dichloro-1,2,2-trifluoroethyl isocyanate as a colorless
      liquid: bp 67.degree.-68.degree.; n.sub.D.sup.25 1.3650; .sup.19 F nmr
      (CCl.sub.3 F) .delta. 69.9 ppm (q, 2F) and  77.9 ppm (broad t, 1F).
PAR  Anal. Calcd for C.sub.3 ClF.sub.4 NO: C, 20.30; Cl, 19.98; F, 42.82; N,
      7.89. Found: C, 20.69; Cl, 20.23; F, 43.11; N, 7.59.
PAR  Anal. Calcd for C.sub.3 Cl.sub.2 F.sub.3 NO: C, 18.58; Cl, 36.56; F, 29.39;
      N, 7.22. Found: C, 19.01; C, 36.19; F, 29.52; N, 6.96.
PAC  Preparation of the 2,3-Dichloro-2,3,3-trifluoropropionyl fluoride
PAR  Chlorine, 60 ml measured at -78.degree. (ca 93 g, 1.31 mole) was slowly
      distilled into a "Pyrex" flask containing 100 ml (ca 168 g, 1.31 mole) of
      trifluoroacrylyl fluoride that was being irradiated with a 275 watt sum
      lamp at a 6 inch distance. The temperature was kept between
      0.degree.-20.degree., and the addition required 6 hrs. Distillation of the
      reaction mixture gave 187.65 g (72%) of
      2,3-dichloro-2,3,3-trifluoropropionyl fluoride as a colorless liquid: bp
      49.degree.-50.degree.; n.sub.D.sup.25 1.3294; ir (liquid) 5.35 .mu. (COF);
      .sup.19 F nmr (CCl.sub.3 F) .delta.-21.7 ppm (d, J = 15 Hz to d, J = 10.3
      Hz to d, J = 10.3 Hz, 1F) 64.7 ppm (d, J = 173 Hz to d, J = 10.3 Hz to d,
      J = 8.6 Hz, 1F), 68.8 (d, J = 173 Hz to d, J = 10.3 Hz to d, J = 10.3 Hz,
      1F) and 123.7 ppm (d, J = 15 Hz to d, J = 10.3 Hz to d, J = 8.6 Hz, 1F).
PAR  Anal. Calcd for C.sub.3 Cl.sub.2 F.sub.4 O: C, 18.11; Cl, 35.65; F, 38.20.
      Found: C, 18.20; Cl, 34.87; F, 38.33.
PAC  EXAMPLE 12
PAC  Trifluorovinyl isocyanate
EQU  CF.sub.2 ClCFCl--NCO + Zn .fwdarw. CF.sub.2 =CF--NCO + ZnCl.sub.2
PAR  A 35.2-g sample (0.18 mole) of 1,2-dichloro-1,2,2-trifluoroethyl
      isocyanate, made by the procedure of Example 11, was added dropwise to a
      stirred suspension of 23.5 g of activated zinc dust in 100 ml of
      di(2-methoxyethyl) ether (Diglyme) heated to 60.degree.. The temperature
      was maintained at 60.degree.-70.degree., and stirring was continued at
      this temperature for 1 hr after the addition was completed. The volatile
      products (7.8 ml) were distilled from the reaction mixture and then
      redistilled to give 4 ml (at -78.degree., about 7 g, 32%) of
      trifluorovinyl isocyanate, bp 19.degree.-20.degree., and 1.7 g of
      2-chloro-1,1,2,2-tetrafluoroethyl isocyanate, bp 31.degree.. The
      trifluorovinyl isocyanate was identified by its .sup.19 F nmr spectrum in
      CCl.sub.3 F: .delta. 112.6 ppm (d, J = 85 Hz to d, J = 50 Hz, 1F), .delta.
      123.0 ppm (d, J = 121 Hz to d, J = 85 Hz, 1F) and .delta. 145.4 ppm (d, J
      = 121 Hz to d, J = 50 Hz, 1F).
PAC  EXAMPLE 13
PAC  1,2-Dichloro-1,2,2-trifluoroethyl isocyanate
      ##EQU5##
PAR  A 65-g sample (0.3 mole) of 2,3-dichloro-2,3,3-trifluoropropionyl chloride
      was added dropwise to a stirred suspension of 21.67 g (0.33 mole) of
      powdered sodium azide in 300 ml of dry xylene. The reaction mixture was
      stirred at 25.degree. for 20 hrs, and then slowly warmed to 112.degree.
      over a period of 6 hrs. The material boiling below xylene was distilled
      from the reaction mixture, and then redistilled to give 32.18 g (62%
      yield, 55% conversion) of 1,2-dichloro-1,2,2-trifluoroethyl isocyanate as
      a colorless liquid; bp 68.degree.-69.degree.; n.sub.D.sup.25 1.3654; ir
      (liquid) 4.40.mu. (NCO); and 7.8 g of recovered
      2,3-dichloro-2,3,3-trifluoropropionyl chloride.
PAR  Anal. Calcd for C.sub.3 Cl.sub.2 F.sub.3 NO: C, 18.58; Cl, 36.56; F, 29.39;
      N, 7.22 Found: C, 18.86; Cl, 36.97; F, 28.92; N, 7.32.
PAC  Preparation of the 2,3-dichloro-2,3,3-trifluoroprionyl chloride
PAR  A 100-g sample (0.5 mole) of 2,3-dichloro-2,3,3-trifluoropropionyl
      fluoride, prepared as shown in Example 11, was added dropwise to a stirred
      suspension of 34 g (0.25 mole) of aluminum chloride in 200 ml of methylene
      chloride. The reaction mixture was stirred for 2 hrs, and the volatile
      portion was distilled under reduced pressure into a Dry-ice cooled trap.
      Redistillation gave 70.6 g (66%) of 2,3-dichloro-2,3,3-trifluoropropionyl
      chloride as a colorless liquid: bp 87.5.degree.-88.degree.; n.sub.d.sup.25
      1,3812; ir (liquid 5.57.mu. (C=O); .sup.19 F nmr (CCl.sub.3 F) .delta.
      64.2 ppm (d, J = 173 Hz to d, J = 8 Hz, 1F), 65.7 ppm (d, J = 173 Hz to d,
      J = Hz, 1F) and 117.4 ppm (d, J = 10 Hz to d, J = 8 Hz, 1F).
PAR  Anal. Calcd. for C.sub.3 Cl.sub.3 F.sub.3 O: C, 16.73; Cl, 49.38; F, 26.46
      Found: C, 16.87; Cl, 49.07; F, 26.56.
PAC  EXAMPLE 14
PAC  1,2-Dibromo-1,2,2-trifluoroethyl isocyanate and
      2-bromo-1-chloro-1,2-2-trifluoroethyl isocyanate
EQU  CF.sub.2 BrCFBrCOCl .sup.NaN.spsb.3 CF.sub.2 BrCFBrNCO + CF.sub.2 BrCFClNCO
PAL  a 27.4-g sample (0.09 mole) of 2,3-dibromo-2,3,3-trifluoropropionyl
      chloride was added dropwise to a stirred suspension of 6.5 g (0.1 mole) of
      powdered sodium azide in 100 ml xylene. The reaction mixture was stirred
      for several hours at 25.degree., and then heated gently to reflux until
      nitrogen evolution ceased. The most volatile portion was distilled out of
      the reaction mixture and then redistilled to give 2.5 g (12%) of
      2-bromo-1-chloro-1,2,2-trifluoroethyl isocyanate as a colorless liquid: bp
      89.degree.-91.degree.; ir (liquid) 4.43 .mu. (NCO); .sup.19 F nmr
      (CCl.sub.3 F) .delta. 63.8 ppm (d, J = 10 Hz, 2F) and 75.7 ppm (broat t, J
      = 10 Hz, 1F); and 6.7 g (26%) of 1,2-dibromo-1,2,2-trifluoroethyl
      isocyanate as a colorless liquid: bp 107.degree.-110.degree.; ir (liquid)
      4.43 .mu. (NCO); .sup.19 F nmr (CCl.sub.3 F) .delta. 61.3 ppm (d to d, 2F)
      and .delta. 71.7 ppm (broad t, 1F).
PAR  Anal. Calcd for C.sub.3 BrClF.sub.3 NO: C, 15.11; Br, 33.52; Cl, 14.88; F,
      23.91; N, 5.87. Found: C, 15.50; Br, 33.60; Cl, 15.01; F, 24.14; N, 5.99.
PAR  Anal. Calcd for C.sub.3 Br.sub.2 F.sub.3 NO: C, 12.74; Br, 56.50; F, 20.15;
      N, 4.96. Found: C, 13.10; Br, 57.00; F, 20.17; N, 5.30.
PAC  Preparation of 2,3-Dibromo-2,3,3-trifluoropropionyl chloride
PAR  A 163-g (0.56 mole) sample of 2,3-dibromo-2,3,3-trifluoropropionyl fluoride
      was added dropwise to a mechanically stirred suspension of 76 g (0.56
      mole) of aluminum chloride in 282 ml of methylene chloride. The reaction
      mixture warmed spontaneously to 40.degree.. After cooling, the volatile
      portion of the reaction mixture was distilled under reduced pressure into
      a Dry Ice-cooled trap. Redistillation gave 97.5 g (57%) of
      2,3-dibromo-2,3,3-trifluoropropionyl chloride as a colorless liquid: bp
      128.degree.-129.degree.; n.sub.D.sup.25 1.4436; ir (liquid) 5.57 .mu.
      (COCl); .sup.19 F nmr (CCl.sub.3 F) .mu. 55.7 ppm (d, J = 175 Hz to d, J =
      14.5 Hz, 1F), 57.9 ppm (d, J = 175 Hz to d, J = 16 Hz, 1F) and 116.5 ppm
      (d, J = 16 Hz to d, J = 14.5 Hz, 1F).
PAR  Anal. Calcd for C.sub.3 Br.sub.2 ClF.sub.3 O: C, 11.84; Br, 52.52; Cl,
      11,65; F, 18.73. Found: C, 12.09; Br, 52.32; Cl, 11.55; F, 18.99.
PAC  Preparation of 2,3-dibromo-2,3,3-trifluoropropionyl fluoride
PAR  A 128-g sample (1 mole) of trifluoroacrylyl fluoride was slowly distilled
      into 160 g (1 mole) of bromine cooled to 0.degree.. The reaction mixture
      was stirred for 3 days at room temperature and then distilled to give
      260.85 g (93%) of 2,3-dibromo-2,3,3-trifluoropropionyl fluoride as a
      colorless liquid: bp 88.degree.-89.degree.; n.sub.D.sup.25 1.3938; ir
      (liquid) 5.33 .mu. (COF); .sup.19 F nmr (CCl.sub.3 F) .delta.-21.3 ppm (d,
      J = 11.0 Hz to d, 13.3 Hz to d, 14.3 Hz, 1F), 56.3 ppm (d, 177 to d, 15.2,
       to d, 14.3, 1F), 60.9 ppm (d, 177 to d, 16.8 to d, 11.0) and 125.4 ppm
      (d, 16.8 to d, 15.2 to d, 13.3).
PAR  Anal. Calcd for C.sub.3 Br.sub.2 F.sub.4 O: C, 12.52; Br, 55.52; F. 26.40.
      Found: C, 12.75; Br, 55.32; F, 26.69.
PAC  EXAMPLE 15
PAC  Trifluorovinyl isocyanate
PAR  A solution in 10 ml of Diglyme of 5.66 g (0.02 mole) of
      1,2-dibromo-1,2,2-trifluoroethyl isocyanate, made as shown in Example 14,
      was added dropwise to a stirred suspension of 2.6 g (0.04 mole) of zinc
      dust and 0.1 g zinc chloride in 25 ml of Diglyme. The reaction mixture
      became warm. The most volatile portion was distilled out under reduced
      pressure (5 mm Hg) into a Dry Ice-cooled trap, and the condensate in the
      trap was redistilled to give 1.2 ml (2.0 g, 81%) of trifluorovinyl
      isocyanate. (Identified by .sup.19 F nmr).
PAC  EXAMPLE 16
PAC  2-Bromo-1,1,2,2-tetrafluoroethyl isocyanate
      ##EQU6##
PAR  A 25-g sample (0.087 mole) of 2,3-dibromo-2,3,3-trifluoropropionyl
      fluoride, prepared as shown in Example 14, was added dropwise to a stirred
      suspension of 6.5 g (0.1 mole) of powdered sodium azide in 100 ml of
      xylene. The mixture was stirred for several hours at about 25.degree., and
      then heated gently to about 110.degree. until no further evolution of
      nitrogen occurred. The most volatile portion was distilled out of the
      reaction mixture and then redistilled to give 8.35 g (43%) of
      2-bromo-1,1,2,2-tetrafluoroethyl isocyanate as a colorless liquid: bp
      50.degree.; ir (liquid 4.40.mu. (NCO); .sup.19 F nmr (CCl.sub.3 F) .delta.
      68.0 ppm (t, J = 5 cps, 2F) and 79.3 ppm (broad t, J = 5 cps, 2F).
PAR  Anal. Calcd. for C.sub.3 BrF.sub.4 NO: C, 16.23; Br, 36.01; F, 34.24; N,
      6.13. Found: C, 16.36; Br, 35.61; F, 34.79; N, 6.39.
PAC  EXAMPLE 17
PAC  Trifluorovinyl Isocyanate
PAR  A solution in 20 ml Diglyme of 19.0 g (0.085 mole) of
      2-bromo-1,1,2,2-tetrafluoroethyl isocyanate, prepared as shown in Example
      16, was added dropwise to a suspension of 13 g (0.2 mole) of zinc dust and
      0.1 g zinc chloride in 100 ml Diglyme heated to 80.degree.. The reaction
      temperature was maintained at 80.degree.-90.degree. during the addition,
      and then the most volatile portion was distilled from the reaction mixture
      and redistilled to give 2.1 ml (ca 3.6 g, 29%) of a colorless liquid, bp
      18.degree.-21.degree.. The .sup.19 F nmr spectrum indicated the product
      was 90% trifluorovinyl isocyanate.
PAC  EXAMPLE 18
PAC  1-Chloro-2,2,2-trifluoro-1-(trifluoromethyl)ethyl isocyanate
      ##EQU7##
PAR  A mixture of 127 g (1 mole) of oxalyl chloride, 165 g (1 mole) of
      perfluoropropyliden-2-imine, and 5 ml of pyridine was heated in a 600 ml
      Hastelloy tube at 100.degree. for 4 hrs, 150.degree. for 4 hrs, and
      200.degree. for 4 hrs. The bomb was cooled and vented, and the contents
      were filtered to remove suspended solid. Distillation gave 102.3 g of a
      25:75 mixture of (CF.sub.3).sub.2 CClNH.sub.2 and the isocyanate, bp
      46.0.degree.-46.5.degree., and 29.3 g of pure isocyanate as a colorless
      liquid: bp 50.5.degree.-51.0.degree.; .sup.19 F nmr (CCl.sub.3 F) .delta.
      78.0 (s); ir (liquid) 4.40 .mu..
PAR  Anal. Calcd for C.sub.4 ClF.sub.6 NO: C, 21.12; Cl, 15.58; F, 50.11; N,
      6.16. Found: C, 21.11; Cl, 6.01; F, 49.52; N, 6.16.
PAC  EXAMPLE 19
PAC  2,2-Difluoro-1-(trifluoromethyl)vinyl isocyanate
PAR  Dehalogenation (one Cl and one F) according to the procedure of Example 2
      of 1-chloro-2,2,2-trifluoro-1-(trifluoromethyl)ethyl isocyanate will yield
      2,2-difluoro-1-(trifluoromethyl)vinyl isocyanate.
PAC  EXAMPLE 20
PAC  1,2-Dichloro-2,2-difluoro-1-(chlorodifluoromethyl)ethyl Isocyanate
      ##EQU8##
PAR  A mixture of 39.6 g (0.2 mole) of
      1,3-dichloro-1,1,3,3-tetrafluoro-propyliden-2-imine and 31.8 g (0.25 mole)
      of oxalyl chloride was refluxed for 5 days. Distillation of the reaction
      mixture gave 33.5 g (64%) of
      1,2-dichloro-2,2-difluoro-1-(chlorodifluoromethyl)ethyl isocyanate as a
      colorless liquid: bp 121.5.degree.-122.degree.; n.sub.D.sup.25 1.3953; ir
      (liquid) 4.39 .mu. (NCO); .sup.19 F nmr (CCl.sub.3 F) .delta. 60.9 ppm
      (s).
PAR  Anal. Calcd for C.sub.4 Cl.sub.3 F.sub.4 NO: C, 18.45; Cl, 40.85; F, 29.18;
      N, 5.38. Found: C, 18.50; Cl, 40.61; F, 29.22; N, 5.69.
PAC  EXAMPLE 21
PAC  2,2-Difluoro-1-(chlorodifluoromethyl)vinyl isocyanate
PAR  Dechlorination according to the procedure of Example 2 of
      1,2-dichloro-2,2-difluoro-1-(chlorodifluoromethyl)ethyl isocyanate will
      yield 2,2-difluoro-1-(chlorodifluoromethyl)vinyl isocyanate.
PAC  EXAMPLE 22
PAC  Poly(Trifluorovinyl isocyanate): Spontaneous Polymerization
PAR  A sample of trifluorovinyl isocyanate sealed in a glass tube was allowed to
      remain at room temperature (ca 25.degree.) for 17 days. The tube was
      broken open, and the polymer was removed as a clear, colorless, flexible
      rod, mp &gt; 250.degree..
PAR  Anal. Calcd for (C.sub.3 F.sub.3 NO).sub.n : C, 29.29; F, 46.33; N, 11.38.
      Found: C, 29.07; F, 45.55; N, 10.75.
PAR  The polymerization can be inhibited and the monomer can be stored at room
      temperature if small amounts of conventional radical inhibitors such as
      D-limonene or 2-trifluroromethylphenothiazine are added to the liquid
      monomer.
PAC  EXAMPLE 23
PAC  Poly(Trifluorovinyl Isocyanate): Bulk Polymerization
      ##EQU9##
PAR  A 10% solution of perfluoropropionyl peroxide in
      1,1,1-trichlorotrifluoroethane, 50 .mu.1, was injected into a glass tube
      containing 3.0 g of trifluorovinyl isocyanate cooled to -78.degree.. The
      tube was sealed and then allowed to warm to room temperature.
      Polymerization was complete in about one hr. The tube was opened, and the
      colorless polymer was removed. A thin stiff film was pressed from this
      polymer at 150.degree. C and 15,000 lbs/in.sup.2. The film showed an ir
      absorption at 4.42 .mu., indicating the presence of isocyanate groups.
      Films pressed at higher temperatures (about 350.degree.) were stiffer and
      more brittle, and showed a weaker isocyanate band in the infrared
      spectrum, indicating that cross-linking is occurring at elevated
      temperatures.
PAR  Anal. Calcd for (C.sub.3 F.sub.3 NO).sub.n : F, 46.30; N, 11.38. Found: F,
      45.02; N, 10.90.
PAC  EXAMPLE 24
PAC  Poly(Trifluorovinyl Isocyanate): Solution Polymerization
      ##EQU10##
PAR  A 10% solution of perfluoropropionyl peroxide in
      1,1,1-trichlorotrifluoroethane, 50 .mu.1, was injected into a flask fitted
      with a serum cap and containing a solution of 2.0 g trifluorovinyl
      isocyanate in 25 ml of 1,1,1-trichlorotrifluoroethane at 25.degree.. After
      standing at room temperature for 2 days, the contents of the flask
      contained a mixture of precipitated polymer curds and a solution of the
      polymer. The solvent was removed by evaporation under reduced pressure to
      give 2.0 g of rubbery polymer.
PAC  EXAMPLE 25
PAC  Copolymer of Perfluoro(2-methylene-4-methyl-1,3-dioxolane) and
      Trifluorovinyl Isocyanate
PAR  An 80 ml stainless steel reactor containing 12.2 g (50 mmoles) of
      perfluoro(2-methylene-4-methyl-1,3-dioxolane), 5 mg of
      .alpha.,.alpha.'-azodiisobutyronitrile and 40 ml of
      1,1,1-trichlorotrifluoroethane was cooled to about -75.degree. C and
      successively flushed with nitrogen and evacuated several times. After
      final evacuation, 2.5 g (20 mmoles) of trifluorovinyl isocyanate was
      introduced from an interconnected supply cylinder. The reactor was then
      closed and heated 16 hours at 100.degree. in a rocker assembly.
PAR  The polymeric product was isolated by evaporating the solvent from the
      clear, colorless reaction mixture and heating the residue at 125.degree..
      The dry polymer had an inherent viscosity of 0.21 (n.sub.inh, 25.degree.,
      0.1% in 1,1,1-trichlorotrifluoroethane), contained nitrogen (N: 2.02,
      1.98), and showed strong infrared absorption at 4.4.mu. (isocyanate
      group). It formed slightly hazy films when pressed at 150.degree. /5000
      psi.
PAC  EXAMPLE 26
PAC  Terpolymer of Perfluoro(2-methylene-4-methyl-1,3-dioxolane), vinylidene
      fluoride and trifluorovinyl isocyanate
PAR  Following the procedure of example 25, 9.8 g (40 mmoles) of
      perfluoro(2-methylene-4-methyl-1,3-dioxolane), 1.1 g (17 mmoles) of
      vinylidene fluoride and 1.2 g (10 mmoles) of trifluorovinyl isocyanate
      dissolved in 50 ml of 1,1,1-trichlorotrifluoroethane were heated at
      100.degree. C 16 hours in the presence of 5 mg of .alpha.,.alpha.'
      azodiisobutyronitrile. The polymeric product weighed 4.2 g, had an
      inherent viscosity of 0.24 (.eta..sub. inh, 25.degree., 0.1% in
      1,1,1-trichlorotrifluoroethane), analysed for 1.40% nitrogen, and showed
      the presence of --NCO and --CH.sub.2 -- by infrared analysis.
PAC  EXAMPLE 27
PAC  Terpolymer of Perfluoro(2-methylene-4-methyl-1,3-dioxolane), vinylidene
      fluoride and 2,2-difluoro-1-(trifluoromethyl)vinyl isocyanate
PAR  Following the procedure of Example 26, a terpolymer was prepared from 12.2
      g (50 mmoles) of perfluoro(2-methylene-4-methyl-1,3-dioxolane), 1.1 g (17
      mmoles) of vinylidene fluoride and 2.94 g (17 mmoles) of
      2,2-difluoro-1-(trifluoromethyl)vinyl isocyanate dissolved in 100 ml of
      1,1,1-trichlorotrifluoroethane with 5 mg of
      .alpha.,.alpha.'-azodiisobutyronitrile as initiator. The product weighing
      1.39 g had an inherent viscosity of 0.23 (.eta..sub.inh, 25.degree. C.,
      0.1% in 1,1,1-trichlorotrifluoroethane), contained 0.5% nitrogen, and
      showed the presence of --NCO and --CH.sub.2 -- by infrared analysis. The
      polymer produced a clear film on heating at 150.degree. C. under
      atmospheric pressure.
PAC  UTILITY
PAR  The utility of the novel dichloro isocyanates lies in making the novel
      vinyl isocyanate monomers with ultimate utility based, inter alia, on the
      use of vinyl isocyanate homopolymers and copolymers in water-proofing and
      oil-proofing both cloth and paper materials; and in the use of vinyl
      isocyanate copolymers in the form of films for wrapping, wire insulation
      and the like. It is expected that the films would be nonflammable in that
      they would not burn spontaneously or support combustion and film use could
      be most desirable for applications in which such nonflammability is
      important.
PAR  Uses of a representative homopolymer and of a representative copolymer in
      the treatment of cloth and paper, respectively, are shown below. Examples
      25 and 27 show the formation of copolymer films. Example 23 shows
      formation of self-supporting poly(trifluorovinyl isocyanate) film.
PAC  EXAMPLE A
PAC  WATER- AND OIL-PROOFING CLOTH
PAR  A 50 mg sample of the homopolymer described in Example 3 was dissolved in 5
      ml of acetone, and a 6 .times. 3 cm piece of cotton fabric was treated by
      saturation with the resulting solution and then dried in air. Drops of
      mineral oil and of water placed separately on the fabric did not
      penetrate. Drops of oil and water placed on untreated but otherwise
      similar piece of cloth were absorbed immediately.
PAC  EXAMPLE B
PAC  WATER- AND OIL-PROOFING PAPER
PAR  A 100 mg sample of the copolymer described in Example 4 was mixed with 10
      ml of chlorotrifluoromethane, and the resulting mixture was ground in a
      mortar until a fine suspension was obtained. The suspension was applied to
      a piece of filter paper 5.5 cm in diameter. The treated paper was dried in
      air and then put in a press and heated at 200.degree. at 10,000 lbs/sq.
      in. for 5 min. Drops of water and of mineral oil placed separately on the
      treated paper did not penetrate in 5 min. time. Drops of water and oil
      placed on a piece of untreated paper penetrated immediately.
PAR  Although the invention has been described and exemplified by way of
      specific embodiments, it is not intended that it be limited thereto. As
      will be apparent to those skilled in the art, numerous modifications and
      variations of these embodiments can be made without departing from the
      spirit of the invention or the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A copolymer containing at least an effective crosslinking amount of a
      vinyl isocyanate of the formula
      ##EQU11##
      wherein R is fluorine, C.sub.1 -C.sub.2 perfluoroalkyl, C.sub.1 -C.sub.2
      .omega.-chloroperfluoroalkyl or C.sub.1 -C.sub.2
      .omega.-hydroperfluoroalkyl and at least one fluorine-containing monomer
      selected from the group consisting of vinyl fluoride, vinylidene fluoride,
      trifluoroethylene, chlorotrifluoroethylene, tetrafluoroethylene,
      hexafluoropropylene, trifluoromethyl trifluorovinyl ether, and perfluoro
      (2-methylene-4-methyl-1,3-dioxolane).
NUM  2.
PAR  2. A copolymer according to claim 1 in which the vinyl isocyanate is
      2,2-difluoro-1-(trifluoromethyl)vinyl isocyanate.
NUM  3.
PAR  3. A copolymer according to claim 2 in which the fluorine-containing
      monomer is tetrafluoroethylene.
NUM  4.
PAR  4. A copolymer according to claim 2 in which the fluorine-containing
      monomer is a mixture of vinylidene fluoride and
      perfluoro(2-methylene-4-methyl-1,3-dioxolane).
NUM  5.
PAR  5. A copolymer according to claim 1 in which the vinyl isocyanate is
      trifluorovinyl isocyanate.
NUM  6.
PAR  6. A copolymer according to claim 3 in which the fluorine-containing
      monomer is perfluoro(2-methylene-4-methyl-1,3-dioxolane).
NUM  7.
PAR  7. A copolymer according to claim 5 in which the fluorine-containing
      monomer is a mixture of vinylidene fluoride and
      perfluoro(2-methylene-4-methyl-1,3-dioxolane).
NUM  8.
PAR  8. A copolymer according to claim 1 in which the vinyl isocyanate is
      2,2-difluoro-1-(chlorodifluoromethyl)vinyl isocyanate.
NUM  9.
PAR  9. A copolymer according to claim 1 in which the vinyl isocyanate is
      2,2-difluoro-1-(pentafluoroethyl) vinyl isocyanate.
NUM  10.
PAR  10. A copolymer according to claim 1 in which the vinyl isocyanate is
      2,2-difluoro-1-(2-chlorotetrafluoroethyl)vinyl isocyanate.
NUM  11.
PAR  11. A copolymer according to claim 1 in which the vinyl isocyanate is
      2,2-difluoro-1-(2H-tetrafluoroethyl)vinyl isocyanate.
NUM  12.
PAR  12. A film of the copolymer of claim 1.
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ABST
PAL  Polymer compositions formed by polymerizing a vinyl compound, e.g., a vinyl
      halide, a bis(hydrocarbyl)vinylphosphonate e.g.,
      bis(beta-chloroethyl)vinylphosphonate, and an allyl halide, e.g., allyl
      chloride, find use as flame retardant plasticizers when the amount of
      allyl halide ranges between about 20% and 50% by weight and can be used as
      flame retardant solid additives when the amount of allyl halide ranges
      between about 5 and 20% by weight of the composition.
BSUM
PAC  TECHNICAL DISCLOSURE OF THE INVENTION
PAR  The present invention relates to copolymers which have flame ratardant
      properties and which, can be, as will be described in greater detail
      below, prepared by conventional bulk, suspension and emulsion
      polymerization procedures. They are useful as additives in a wide number
      of plastic materials.
PAR  The first component of the monomer mixture used in polymerizing the polymer
      composition of this invention is at least one alpha, beta-ethylenically
      unsaturated or vinyl monomer. Typical monomers include the vinyl halides
      such, for example, as vinyl chloride, vinyl fluoride and vinyl bromide;
      halogenated C.sub.1 -C.sub.12 alkyl acrylates and methacrylates such as,
      for example, methyl alpha-chloroacrylate and methyl alpha-bromoacrylate;
      the vinylidene halides such as, for example, vinylidene chloride,
      vinylidene bromide, vinylidene chlorobromide and vinylidene fluoride;
      halo-substituted nitriles of ethylenically unsaturated carboxylic acids
      such as, for example, alpha-chloroacrylonitrile; and the chlorinated
      styrenes such as, for example, alpha-chlorostyrene, o-chlorostyrene,
      m-chlorostyrene, p-chlorostyrene 2,4-dichlorostyrene. 2,4-dichlorostyrene.
PAR  The amount of the vinyl monomer which is used is about 10% to 80% by weight
      of the monomer mixture and of the corresponding copolymer produced
      therefrom. Mixtures can be used. For example a mixture of vinyl chloride
      and vinyl bromide in a weight ratio of 1:10 to 10:1 can be utilized.
PAR  The second component of the monomer mixture is at least one
      bis(hydrocarbyl)vinylphosphonate having the structure:
      ##EQU1##
      wherein X is selected from the group consisting of hydrogen, halogen,
      cyano, aryl, C.sub.1 -C.sub.18 alkyl and
      ##EQU2##
      wherein R and R' are hydrocarbyl and substituted hydrocarbyl groups
      consisting essentially of hydrogen and carbon and containing up to 18
      carbon atoms inclusive with the proviso that R and R' may be the same,
      different or conjoint, i.e., R and R' may form one single radical.
PAR  The use, in this disclosure, of the expression "hydrocarbyl" and
      "substituted hydrocarbyl groups" refers to the radicals obtained upon the
      removal of a hydrogen from a hydrocarbon or substituted hydrocarbon group
      which may be either an aliphatic or aromatic group. These hydrocarbyl
      groups may be substituted with any non-interfering groups, i.e., with any
      groups which do not interfere with the polymerization of the
      bis-(hydrocarbyl)vinylphosphonate. Such substituent groups include, for
      example, chloro, bromo, fluoro, nitro, hydroxy, sulfone, ethoxy, methoxy,
      nitrile, ether, ester and keto groups and the like.
PAR  Illustrative of such aliphatic groups as are represented by R and R' are
      alkyl groups, such as methyl, ethyl, propyl, butyl, pentyl, nonyl,
      pentenyl, and hexenyl groups and all of their respective isomers;
      cycloalkyl groups, such as cyclopropyl, cyclobutyl, cyclopentyl,
      cyclohexyl and cyclohexenyl groups and the like; while typical aryl groups
      represented by R and R' include phenyl, benzyl, phenethyl, tolyl and
      naphthyl groups and the like.
PAR  Representative of the above depicted bis(hydrocarbyl) vinylphosphonates
      are:
PA1  Bis(beta-chloroethyl) vinylphosphonate;
PA1  Bis(beta-chloropropyl) vinylphosphonate;
PA1  Bis(beta-chloroethyl) 1-methylvinylphosphonate;
PA1  Bis(beta-chloroethyl) 1-cyanovinylphosphonate;
PA1  Bis(beta-chloroethyl) 1-phenylvinylphosphonate;
PA1  Dimethyl vinylphosphonate;
PA1  Diethyl vinylphosphonate;
PA1  Bis(omega-chlorobutyl) vinylphosphonate;
PA1  Di-n-butyl vinylphosphonate;
PA1  Di-isobutyl vinylphosphonate;
PA1  Bis(2-chloroisopropyl) 1-methylvinylphosphonate;
PA1  Diphenyl vinylphosphonate; and
PA1  Bis(2,3-dibromopropyl) vinylphosphonate.
PAR  From the above group of bis(hydrocarbyl) vinylphosphonate monomers, it is
      preferred to employ bis(beta-chloroethyl) vinylphosphonate in preparing
      the novel aqueous emulsion copolymers of this invention since the latter
      monomer is a commercially available material and is lower in cost than any
      of the other bis(hydrocarbyl) vinylphosphonates. For the same reasons, it
      is preferred to employ vinyl chloride as the halogen containing
      ethylenically unsaturated monomer in these aqueous emulsion copolymers. It
      is to be noted, at this point, that the use of the term "copolymer" in
      this disclosure is meant to apply to polymers derived from two, three or
      more distinct monomer species. The amount of vinylphosphonate in the
      monomer mixture and in the resulting copolymer ranges between about 2% and
      80% by weight of the mixture or copolymer.
PAR  The third component of the copolymer of the present invention is an allyl
      halide, preferably allyl chloride or allyl bromide. If desired the
      component can be a mixture of allyl chloride and allyl bromide in a weight
      ratio of about 1:10 to 10:1. This allyl halide is present in an amount
      ranging from about 5-50% by weight of the copolymer and the monomer
      mixture from which it is formed. When the amount ranges between about
      5-20% the copolymer can be added to a wide variety of plastics to confer
      flame retardancy thereon. If the amount of allyl chloride ranges from 20%
      to about 50% the copolymer has both plasticizing action as well as flame
      retardancy characteristics.
PAR  When the amount of allyl chloride is above about 20% the monomers are
      preferably subjected to conventional bulk polymerization procedures using
      from about 0.1% to 3% of a monomer soluble catalyst at temperatures of
      about 40.degree.C. to about 100.degree.C. If desired, the polymerization
      medium can also contain a suitable organic solvent.
PAR  Suspension or emulsion polymerization procedures conventionally known in
      the art are preferably used when the amount of allyl halide is between
      about 5% and 20% by weight. The suspension batch charge will contain about
      0.05% to 5%, based on the weight of monomer mixture, of a suspending
      agent, e.g., methyl cellulose, hydroxyethyl cellulose, hydroxypropyl
      methyl cellulose, and gelatin, and about 0.01% to 3.0%, by weight of the
      monomer mixture, of a monomer-soluble initiator, e.g.,
      azobisisobutyronitrile, lauroyl peroxide, benzoyl peroxide or
      isopropylperoxy dicarbonate. The polymerization is conducted at
      35.degree.-100.degree.C. with agitation for 2-12 hours. When emulsion
      polymerization is selected the emulsifying agent, e.g. sodium lauryl
      sulfate, potassium stearate, an alkyl benzene sulfonate, ammonium dialkyl
      sulfosuccinate, etc., is usually present at about 0.2% to 3% by weight of
      the monomer mixture and about 0.1% to 3.0% of a water soluble persulfate,
      perborate, or peroxide catalyst is used. The polymerization is conducted
      generally at about 25.degree.-70.degree.C.
PAR  The copolymer of the present invention can be added to a wide variety of
      normally flammable thermoplastic substrates in an amount ranging between
      about 5% to 100% by weight of the substrate to confer flame retardancy
      thereon. When the amount of allyl halide is above about 20% the copolymers
      have plasticizer properties as well. Examples of suitable flammable
      substrates to which the copolymer might be added are polyvinyl chloride
      homopolymers and copolymers, the methyl methacrylates, styrenes, acrylics,
      acrylonitrile-butadiene-styrene resins, butadiene-acrylonitrile
      copolymers, and polyacrylonitrile substrates.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 30 g of vinyl chloride, 45 g of bis(betachloroethyl) vinyl
      phosphonate and 25 g of allyl chloride was polymerized in bulk with
      constant agitation for 5 hours at 60.degree.C. followed by 12 more hours
      polymerization at 75.degree.C. Benzoyl peroxide (2 g) was used as an
      initiator. A very viscous fluid was obtained.
PAC  EXAMPLE 2
PAR  A mixture of 40 g of vinyl chloride, 40 g of bis(betachloroethyl)
      vinylphosphonate and 20 g of allyl chloride was polymerized in 150 g of
      tricresylphosphate for 5 hours at 60.degree.C. followed by 12 hours of
      polymerization at 75.degree.C. Benzoyl peroxide (2 g) was used as an
      initiator. An easy flowing fluid was obtained in almost quantitative
      yield.
PAC  EXAMPLE 3
PAR  A mixture of 40 g of bis(beta-chloroethyl) vinyl phosphonate, 40 g of vinyl
      acetate and 20 g of allyl chloride was polymerized in bulk under the same
      reaction conditions described in Example 1. A sticky thick taffy-like
      material was obtained.
PAC  EXAMPLE 4
PAR  A mixture of 30 g of bis(beta-chloroethyl) vinyl phosphonate, 20 g of allyl
      chloride and 30 g of vinyl acetate was polymerized in 100 g of tricresyl
      phosphate following the procedure described in Example 2. A fluid clear
      polymer solution was obtained.
PAC  EXAMPLE 5
PAR  A mixture of 80 g of bis(beta-chloroethyl) vinyl phosphonate, 30 g of allyl
      chloride and 40 g of vinyl chloride was polymerized in bulk following the
      procedure described in Examples 1 and 3. A tacky, soft, semisolid polymer
      was obtained.
PAC  EXAMPLE 6
PAR  Flexible polyvinyl chloride (PVC) films are made having the following
      composition and their fire retardant properties are compared:
TBL                         COPOLYMER OF                                       
     FILM NO.                                                                  
           PVC  DIOCTYLPHTHALATE                                               
                            EXAMPLE 2                                          
                                     FLAMMABILITY                              
     __________________________________________________________________________
     1     100 g                                                               
                80 g         0        B*                                       
     2     100 g                                                               
                40 g        40 g     SE*                                       
     __________________________________________________________________________
      *B = burns when ignited with a match.                                    
      SE = self-extinguishes after ignition as soon as match is removed.       
PAC  EXAMPLES 7-8
PAR  The following reagents were charged into a polymerization reactor:
TBL                     A          B                                           
     REAGENTS           AMOUNT     (Grams)                                     
     ______________________________________                                    
     Vinyl chloride monomer                                                    
                        70         70                                          
     Bis(beta-chloroethyl)                                                     
      vinylphosphonate  30         30                                          
     Allyl chloride     5          10                                          
     Alpha, alpha-azobis 2,4-di-                                               
      methylvaleronitrile (Vazo 52)                                            
                        0.5        0.6                                         
     Methyl cellulose suspending                                               
      agent-1% solution 50         50                                          
     Distilled water    250        250                                         
     ______________________________________                                    
PAL  Suspension polymerization was conducted for 12 hours at 55.degree.C. under
      agitation. The yield for batches A and B was 93 and 96 grams and the
      relative viscosities were 1.45 and 1.32 in 1% cyclohexanone at
      25.degree.C., and 3 grams of B completely dissolved in 7g of methyl
      methacrylate while 3 g. of A partially dissolved.
PAC  EXAMPLE 9
PAR  When 3.5 g of the copolymer of Example 8 was dissolved in 6.5 g of methyl
      methacrylate monomer, the resulting mixture was fluid. This mixture was
      polymerized to a hard clear cast using 0.2 g of benzoyl peroxide at about
      60.degree.-80.degree.C. This cast could not be ignited with a Bunsen
      burner and had an LOI (limiting oxygen index) of 23.5.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A copolymer having flame retardant properties which consists essentially
      of:
PA1  a. about 10 to 80% by weight of an alpha, beta-ethylenically unsaturated
      vinyl monomer selected from the group consisting of vinyl chloride, vinyl
      bromide, and vinyl acetate;
PA1  b. about 2 to 80% by weight of a bis(hydrocarbyl) vinylphosphonate having
      the structure
      ##EQU3##
      wherein X is selected from the group consisting of hydrogen, halogen,
      cyano, aryl, C.sub.1 -C.sub.18 alkyl and
      ##EQU4##
      wherein R and R' are hydrocarbyl and hydrocarbyl groups containing
      non-interfering substituents consisting essentially of hydrogen and carbon
      and containing up to 18 carbon atoms; and
PA1  c. about 5% to 50% by weight of an allyl halide selected from the group
      consisting of allyl chloride and allyl bromide.
NUM  2.
PAR  2. A copolymer as claimed in claim 1 wherein the alpha, beta ethylenically
      unsaturated monomer is vinyl chloride.
NUM  3.
PAR  3. A copolymer as claimed in claim 1 wherein the alpha, beta ethylenically
      unsaturated monomer is vinyl acetate.
NUM  4.
PAR  4. A copolymer as claimed in claim 1 wherein the vinylphosphonate is
      bis(beta-chloroethyl) vinylphosphonate.
NUM  5.
PAR  5. A copolymer as claimed in claim 1 wherein the allyl halide is allyl
      chloride.
NUM  6.
PAR  6. A copolymer as claimed in claim 1 comprising about 10% to 80% by weight
      vinyl chloride, about 2% to 80% by weight bis(beta-chloroethyl)
      vinylphosphonate, and about 2% to 50% by weight allyl halide.
NUM  7.
PAR  7. A copolymer as claimed in claim 1 comprising about 10% to 80% by weight
      vinyl acetate, about 2% to 80% by weight bis(beta-chloroethyl)
      vinylphosphonate, and about 2% to 50% by weight allyl halide.
NUM  8.
PAR  8. A copolymer as claimed in claim 1 wherein the alpha, beta ethylenically
      unsaturated monomer is vinyl bromide.
NUM  9.
PAR  9. A copolymer as claimed in claim 1 wherein the alpha, beta ethylenically
      unsaturated monomer component comprises a mixture of vinyl chloride and
      vinyl bromide in a weight ratio of about 1:10 to 10:1.
NUM  10.
PAR  10. A copolymer as claimed in claim 1 wherein the allyl halide is allyl
      bromide.
NUM  11.
PAR  11. A copolymer as claimed in claim 1 wherein the allyl halide is a mixture
      of allyl chloride and allyl bromide in a weight ratio of about 1:10 to
      10:1.
NUM  12.
PAR  12. A copolymer as claimed in claim 7 wherein the allyl halide is allyl
      chloride.
NUM  13.
PAR  13. A copolymer as claimed in claim 7 wherein the allyl halide is allyl
      bromide.
NUM  14.
PAR  14. A copolymer as claimed in claim 7 wherein the allyl halide component
      comprises a mixture of allyl chloride and allyl bromide in a weight ratio
      of about 1:10 to 10:1.
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ABST
PAL  N-3-Aminoalkyl propionamides with an ether substituent on the beta carbon
      atom are prepared by the reaction of analogous
      N-3-oxohydrocarbon-substituted amides with an amine in the presence of a
      reducing agent, preferably hydrogen and a hydrogenation catalyst. The
      resulting compounds can be converted to acrylamides by pyrolysis in the
      presence of a strong base. The latter compounds may also be prepared by
      the reaction of a .beta.,.gamma.-unsaturated amine with an acrylonitrile
      in the presence of sulfuric acid. They are useful for improving dyeability
      of fiber-forming polymers and may be polymerized to form compositions
      which are useful in paper manufacture and (in their quaternized form) are
      excellent flocculants.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 203,853, filed Dec. 1, 1971 now U.S. Pat. No. 3,883,491, which is a
      division of application Ser. No. 832,412, filed June 11, 1969, now U.S.
      Pat. No. 3,666,810.
BSUM
PAR  This invention relates to new compositions of matter, both monomeric and
      polymeric, and methods for their preparation. More particularly, it
      relates to compounds of the formula
      ##EQU1##
      wherein each of R.sup.1, R.sup.2 and R.sup.3 is hydrogen or a hydrocarbon
      radical; each of R.sup.4 and R.sup.5 is a hydrocarbon radical;
      ##EQU2##
      R.sup.7 is hydrogen or a lower alkyl radical; R.sup.8 is a hydrocarbon
      radical;
      ##EQU3##
      X is a salt-forming anion; Z.sup.1 is hydrogen or a hydrocarbon radical
      and Z.sup.2 is hydrogen or an alkyl or cycloalkyl radical, or
      ##EQU4##
      is a heterocyclic radical; and Z.sup.3 is hydrogen or a lower alkyl
      radical.
PAR  As used herein, the term "hydrocarbon radical" includes alkyl, cycloalkyl,
      aryl, aralkyl and alkaryl radicals. It also includes substantially
      hydrocarbon radicals; that is, radicals which contain substituents such as
      ether, ester, nitro or halogen provided such substituents do not
      materially alter the character or reactivity of the radicals. The term
      "lower alkyl radical" denoted alkyl radicals containing no more than about
      10 carbon atoms.
PAR  In the preferred embodiments of the compounds of this invention, each of
      R.sup.1-3 is a hydrogen, lower alkyl, or C.sub.6-15 aromatic radical; each
      of R.sup.4 and R.sup.5 is a lower alkyl, C.sub.3-8 cycloalkyl or
      C.sub.6-15 aromatic radical; R.sup.7 is hydrogen or methyl; R.sup.8 is a
      lower alkyl or C.sub.6-15 aromatic radical; Z.sup.1 and Z.sup.2 are lower
      alkyl or C.sub.3-5 cycloalkyl radicals, or
      ##EQU5##
      is a heterocyclic radical such as pyrrolidino, piperidino or morpholino;
      and X (if present) is any typical salt-forming anion such as chloride,
      bromide, iodide, sulfate, bisulfate, acetate, carbonate, bicarbonate or
      the like. More desirably, each of R.sup.1-3 is hydrogen or lower alkyl,
      each of R.sup.4 and R.sup.5 is lower alkyl, R.sup.7 is hydrogen, R.sup.8
      is lower alkyl, Z.sup.1 and Z.sup.2 are lower alkyl, and Z.sup.3 (if
      present) is methyl.
PAR  The following are illustrative of the compounds of this invention.
PAR  N-(1,1-dimethyl-3-dimethylaminopropyl)acrylamide
      ##EQU6##
PAR  N-(1,1-dimethyl-3-dimethylaminobutyl)acrylamide
      ##EQU7##
PAR  Dimethyl-3-(1-acrylamido-1,1-dimethylpropyl)ammonium chloride
      ##EQU8##
PAR  Trimethyl-3-(1-acrylamido-1,1-dimethylbutyl)ammonium iodide
      ##EQU9##
PAR  N-(1-methyl-1,3-diphenyl-3-diethylaminopropyl)methacrylamide
      ##EQU10##
PAR  N-[1-methyl-1,3-(p-chlorophenyl)-3-pyrrolidinopropyl]acrylamide
      ##SPC1##
PAR  N-(1,1-dimethyl-3-dimethylaminobutyl)-3-methoxypropionamide
      ##EQU11##
PAR  N-(1,1-dimethyl-3-methylanilinobutyl)-3-ethoxyproprionamide
      ##EQU12##
PAR  N-(1,1-dimethyl-3-piperidinopropyl)-3-phenoxy-2-methylpropionamide
      ##EQU13##
PAR  Trimethyl-3-[1-(3-methoxypropionamido)-1-methyl-1,3-diphenylpropyl]ammonium
      iodide
      ##EQU14##
PAR  N-[1-(2-dimethylaminocyclohexyl)-1-cyclohexyl]-3-(p-nitrophenyl)propionamid
     e
      ##SPC2##
PAR  Compounds of the present invention wherein
      ##EQU15##
      (hereinafter sometimes referred to as "oxy compounds") may be prepared by
      reacting an oxyproprionamide of the formula
      ##EQU16##
      with an amine of the formula
      ##EQU17##
      in the presence of a reducing agent. Oxypropionamides of the above formula
      may be obtained by the reaction of a hydroxy compound (alcohol or phenol,
      preferably an alcohol) with an N-3-oxohydrocarbon-substituted acrylamide
      of the type disclosed in U.S. Pat. Nos. 3,277,056 and 3,425,942. The
      reaction leading to the oxypropionamide is disclosed in U.S. Pat. No.
      3,647,875. The disclosures of these patents are hereby incorporated by
      reference in the present specification.
PAR  The reaction of the oxypropionamide with the amine is of the type generally
      identified as "reductive amination". A typical example of such a reaction
      is the Leuckart reaction, in which an oxo compound is reacted with an
      amine in the presence of formic acid, or with an amine formate, with the
      result that the carbon atom formerly part of the oxo group is aminated and
      carbon dioxide and water are evolved as by-products.
PAR  A preferred method for reductive amination of the oxypropionamide involves
      its reaction with the amine in the presence of hydrogen and a
      hydrogenation catalyst such as platinum/platinum oxide, palladium, copper
      chromite or Raney nickel. Of these catalysts, platinum/platinum oxide
      (Adams' catalyst) is preferred. (It is referred to as "platinum/platinum
      oxide" because it is usually introduced as the oxide, but is immediately
      reduced to elemental platinum upon contact with hydrogen.) Typically, the
      oxypropionamide and the amine are mixed and a small amount of the
      hydrogenation catalyst is added; the mixture is then pressurized with
      hydrogen to at least about 50 psi. and agitated, typically at a
      temperature of about 25.degree.-100.degree. C. and usually with periodic
      replenishment of the hydrogen pressure, until hydrogen uptake has ceased.
      The reductive amination may be effected in the presence of a suitable
      solvent such as an alcohol, ether or the like, but such solvent is
      frequently unnecessary. It has also been found that the presence of a
      small amount (usually about 0.1-5.0% by weight of the reaction mixture) of
      an acid increases the reaction rate. Typical acids which may be used are
      aromatic sulfonic acids, mineral acids, perchloric acid and amine salts
      thereof, and the like.
PAR  The molar ratio of amine to oxypropionamide in the reaction mixture should
      be at least 1:1, and is generally greater (up to about 5:1). Ratios
      between about 1.25:1 and 3:1 are preferred.
PAR  Following completion of the reductive amination reaction, the product may
      be isolated and purified in the customary ways.
DETD
PAR  The following examples illustrate the preparation of oxy compounds of the
      present invention. All parts, percentages and proportions are by weight
      unless otherwise stated.
PAC  EXAMPLE 1
PAR  To a mixture of 201 parts (1 mole) of
      N-(1,1-dimethyl-3-oxobutyl)-3-methoxypropionamide and 91 parts (2 moles)
      of dimethylamine are added 0.5 part of platinum oxide and 3 parts of
      p-toluenesulfonic acid. The liquid mixture is poured into a hydrogenation
      bottle, flushed with hydrogen and pressurized with hydrogen on a Parr
      hydrogenation apparatus at 69 psi. and hydrogenated for about 12 hours,
      with hydrogen pressure being replenished to 70 psi. when it has dropped to
      27 psi. The mixture is then stripped on a rotary evaporator and the
      residue, a yellow liquid, is dissolved in 16% aqueous hydrochloric acid
      and extracted with four 100-ml. portions of chloroform. The aqueous
      solution is then made alkaline by the addition of a solution of 30 parts
      of sodium hydroxide in 75 parts of water, the alkaline solution is again
      extracted with four 100-ml. portions of chloroform and the chloroform
      extracts are stripped and distilled. The desired product,
      N-(1,1-dimethyl-3-dimethylaminobutyl)-3-methoxypropionamide, is obtained
      boiling at 87.degree.-95.degree. C./0.5 mm. It contains 12.1% nitrogen, as
      compared with 12.2% theoretical.
PAC  EXAMPLE 2
PAR  Following the procedure of Example 1, 263 parts (1 mole) of
      N-(1,1-dimethyl-3-oxobutyl)-3-phenoxypropionamide is reacted with 95 parts
      (2.11 moles) of dimethylamine in the presence of 1.75 parts of 70% aqueous
      perchloric acid and 0.5 part of platinum oxide. The product is
      N-(1,1-dimethyl-3-dimethylaminobutyl)-3-phenoxypropionamide.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 is repeated, except that the phenoxypropionamide
      used therein is replaced by 216 parts (1 mole) of
      N-(1,1-dimethyl-3-oxobutyl)-3-methoxy-1-methylpropionamide. The product is
      N-(1,1-dimethyl-3-dimethylaminobutyl)-3-methoxy-1-methylpropionamide.
PAC  EXAMPLE 4
PAR  A one-gallon autoclave, fitted with a stirrer, is charged with 1684 parts
      (8.38 moles) of N-(1,1-dimethyl-3-oxobutyl)-3-methoxypropionamide, 762
      parts (16.9 moles) of dimethylamine, 1.5 parts of platinum oxide and 15
      parts of dimethylammonium perchlorate. The autoclave is pressurized with
      hydrogen to 750 psi., and stirring is begun. Hydrogen pressure is
      periodically restored to 850-900 psi. and stirring is continued until
      hydrogen uptake has ceased. Sodium bicarbonate, 10 parts, is added to the
      mixture which is then stripped, acidified, extracted with chloroform, made
      alkaline and again extracted with chloroform as in Example 1. The
      chloroform extract from the alkaline solution is stripped and distilled,
      and the product,
      N-(1,1-dimethyl-3-dimethylaminobutyl)-3-methoxypropionamide, is obtained
      boiling at 108.degree.C./0.9 mm. The yield is 1418.6 parts, or 73.6% of
      the theoretical amount.
PAC  EXAMPLE 5
PAR  The procedure of Example 4 is repeated, except that the methoxypropionamide
      used therein is replaced by 325 parts (1 mole) of
      N-(1,3-diphenyl-1-methyl-3-oxopropyl)-3-methoxypropionamide. The product
      is N-(1,3-diphenyl-1-methyl-3-dimethylaminobutyl)-3-methoxypropionamide.
PAC  EXAMPLE 6
PAR  To a solution of 20.1 grams (0.1 mole) of
      N-(1,1-dimethyl-3-oxobutyl)-3-methoxypropionamide and 10 grams (0.137
      mole) of diethylamine in 100 ml. of methanol is added 0.25 gram of Raney
      nickel. The mixture is placed in a hydrogenation bottle and charged with
      hydrogen to 260 psi. It is then placed on a Parr hydrogenation apparatus
      and hydrogenated at 50.degree. C. until hydrogen uptake is complete. The
      product, isolated as described in Example 1, is
      N-(1,1-dimethyl-3-diethylaminobutyl)-3-methoxypropionamide.
PAC  EXAMPLE 7
PAR  Following the procedure of Example 4, a mixture of 201 parts (1 mole) of
      N-(1,1-dimethyl-3-oxobutyl)-3-methoxypropionamide, 170 parts (2 moles) of
      piperidine, 0.5 part of platinum oxide and 1 part of dimethylammonium
      perchlorate is hydrogenated in the Parr apparatus, starting at a pressure
      of 70 psi. and recharging when the pressure has reached 39 psi. After
      workup as described in Example 4, the desired product,
      N-(1,1-dimethyl-3-piperidinobutyl)-3-methoxypropionamide, is obtained
      boiling at 112.degree.-115.degree. C./0.25 mm.
PAC  EXAMPLE 8
PAR  Following the procedure of Example 1, 20.1 grams (0.1 mole) of
      N-(1,1-dimethyl-3-oxobutyl)-3-methoxypropionamide is reacted with 10 grams
      (0.14 mole) of pyrrolidine in the presence of 0.3 gram of platinum oxide
      and 100 ml. of methanol. When hydrogen uptake has ceased, the methanol is
      stripped and the product,
      N-(1,1-dimethyl-3-pyrrolidylbutyl)-3-methoxypropionamide, is isolated as
      described in Example 1.
PAC  EXAMPLE 9
PAR  Following the procedure of Example 1,
      N-(1,1-dimethyl-3-morpholinobutyl)-3-methoxypropionamide is prepared by
      the reaction of 201 parts (1 mole) of
      N-(1,1-dimethyl-3-oxobutyl)-3-methoxypropionamide with 174 parts (2 moles)
      of morpholine in the presence of 0.5 part of platinum oxide and 1 part of
      dimethylammonium perchlorate.
PAC  EXAMPLE 10
PAR  The procedure of Example 4 is repeated, except that the dimethylamine is
      replaced by 1810 parts (16.9 moles) of methylaniline. The product is
      N-(1,1-dimethyl-3-methylanilinobutyl)-3-methoxypropionamide.
PAR  The compounds of this invention wherein
      ##EQU18##
      (hereinafter sometimes referred to as "acrylamido compounds") may be
      obtained from the oxy compounds described above by elimination of R.sup.8
      OH by any of several methods which are known per se. Typical methods are
      described briefly in a recent review: P. F. Butskus et al., Russian
      Chemical Reviews, 35, 39 (1966). The preferred method is pyrolysis in the
      presence of a basic reagent, ordinarily a strong base such as solid sodium
      hydroxide, at about 70.degree.-150.degree. C. This reaction is
      conveniently carried out at reduced pressure.
PAR  Another method for preparation of acrylamido compounds of this invention is
      by the reaction of a nitrile of the formula
      ##EQU19##
      with a .beta., .gamma.-unsaturated amine of the formula
      ##EQU20##
      in the presence of sulfuric acid. Unsaturated amines of this type may be
      prepared by the reaction of a compound of the formula
      ##EQU21##
      with a 1,3-diene, usually in the presence of a strongly alkaline catalyst
      such as metallic sodium. This is a typical 1,4-addition reaction, known in
      the art.
PAR  For the reaction of the unsaturated amine with the nitrile, it is usually
      preferred to use at least about 1.5 moles, typically about 1.9-3.0 moles,
      of the nitrile per mole of unsaturated amine. The sulfuric acid should be
      at least about 90%, and preferably 96-98%, in strength and the molar ratio
      of sulfuric acid to amine should be at least about 1:1, and preferably
      between about 1.1:1 and 2:1. Solvents are usually unnecessary, but it may
      be advantageous to add a small amount of a polymerization inhibitor such
      as hydroquinone, a hindered phenol or the like. When the reaction is
      complete, the product may be isolated by diluting and neutralizing the
      mixture and separating the unsaturated amide by traditional techniques.
PAR  The preparation of acrylamido compounds of this invention is illustrated by
      the following examples.
PAC  EXAMPLE 11
PAR  A mixture of 144.7 parts (0.63 mole) of
      N-(1,1-dimethyl-3-dimethylaminobutyl)-3-methoxypropionamide, 1 part of
      solid sodium hydroxide and 1 part of hydroquinone is charged to a reaction
      flask fitted with a condenser with a Dry Ice-cooled receiver, a stirrer
      and temperature control means. The pressure in the flask is reduced to
      less than 5 mm. and the flask is heated to 80.degree. C. Vigorous reaction
      begins and liquid condenses in the receiver. After about one-half hour,
      the temperature is increased to 90.degree. C. and this temperature is
      maintained for 3 hours. The product is distilled and the desired
      N-(1,1-dimethyl-3-dimethylaminobutyl)acrylamide is obtained at
      80.degree.-91.degree. C./0.3-0.4 mm. The yield is 109.1 parts, or 87.4% of
      the theoretical amount, and the nitrogen percentage is the calculated
      14.1%.
PAC  EXAMPLES 12-14
PAR  The procedure of Example 11 is repeated starting with, respectively,
      N-(1,3-diphenyl-1-methyl-3-dimethylaminopropyl)-3-methoxypropionamide,
      N-(1,1-dimethyl-3-piperidinobutyl)-3-methoxypropionamide, and
      N-(1,1-dimethyl-3-methylanilinobutyl)-3-methoxypropionamide. The
      corresponding acrylamides are obtained.
PAC  EXAMPLE 15
PAR  To a mixture of 273 parts (4 moles) of isoprene and 2 parts (0.087 mole) of
      sodium metal, at 0.degree. C., is added 180 parts (4 moles) of
      dimethylamine over one hour. The temperature is maintained below
      12.degree. C. by cooling with a Dry Ice-isopropanol-filled cooling coil.
      After the dimethylamine addition is complete, the mixture is stirred and
      cooled for an additional 31/2  hours. Methanol, 6 parts, is then added to
      decompose the sodium and the mixture is distilled. The fraction boiling at
      117.5.degree.-119.5.degree. C. is the desired
      1-dimethylamino-3-methyl-2-butene.
PAR  A resin flask is cooled to 0.degree. C. and 450 grams (8.5 moles) of
      acrylonitrile, 1020 grams (10 moles) of sulfuric acid and 37 grams of
      water are added. To this mixture are then added 475 grams (4.2 moles) of
      the 1-dimethylamino-3-methyl-2-butene prepared as described above, and 8.5
      grams of 2,6-di-t-butyl-p-cresol. The mixture is stirred at 68.degree. C.
      for about 1 hour and is then neutralized with about 30% sodium hydroxide.
      The organic layer is separated, diluted with 2050 ml. of methanol and
      neutralized with ammonia. An additional 1000 ml. of methanol is added and
      the solution is filtered. The methanol is stripped from the filtrate and
      the residue is distilled. There is obtained 400 grams (64.5% of the
      theoretical amount) of the desired
      N-(1,1-dimethyl-3-dimethylaminopropyl)acrylamide boiling at
      75.degree.-92.degree. C./0.25-0.9 mm. The nitrogen analysis is 15.4%, as
      compared with a theoretical value of 15.2%.
PAR  The amino compounds prepared as described above may be converted into amine
      salts by reaction with a suitable acid, or into quaternary ammonium salts
      by reaction with an alkyl halide, sulfate or the like. This is illustrated
      in the following examples.
PAC  EXAMPLE 16
PAR  Methyl iodide, 2.8 grams (0.0197 mole), is added to a solution of 3.6 grams
      (0.0182 mole) of N-(1,1-dimethyl-3-dimethylaminobutyl)acrylamide in 10 ml.
      of benzene. An exothermic reaction takes place and the temperature of the
      mixture is held at 25.degree.-30.degree. C. by external cooling. Upon
      stirring overnight, a gummy solid precipitates; this solid is separated
      and recrystalized from a mixture of methanol and benzene. There is
      obtained 4.7 grams of the desired
      trimethyl-3-(1-acrylamido-1,1-dimethylbutyl)ammonium iodide.
PAC  EXAMPLE 17
PAR  Hydrogen chloride is bubbled through a solution of 5 grams of
      N-(1,1-dimethyl-3-dimethylaminopropyl)acrylamide in benzene. The desired
      dimethyl-3-(1-acrylamido-1,1-dimethylpropyl)ammonium chloride precipitates
      and is separated by filtration.
PAR  The oxy compounds of this invention are useful primarily as chemical
      intermediates for the preparation of acrylamido compounds, as described
      hereinabove.
PAR  The acrylamido compounds of this invention are readily polymerized, either
      alone or with other monomers. The term "polymer", as used herein, includes
      homopolymers, copolymers, terpolymers and other interpolymers.
PAR  The free-radical method is generally the most convenient one for
      polymerization of the compounds of this invention. Polymerization by this
      method may be effected in bulk, solution, suspension or emulsion, by
      contacting the monomer or monomers with a polymerization initiator either
      in the absence or presence of a diluent at a temperature of about
      0.degree.-200.degree. C. Suitable free-radical initiators include benzoyl
      peroxide, tertiary butyl hydroperoxide, acetyl peroxide, hydrogen
      peroxide, azobisisobutyronitrile, sodium persulfate, ammonium
      persulfate-sodium metabisulfite, chlorate-sulfite and the like. Solution
      polymerization may be effected in an organic solvent such as benzene,
      toluene, cyclohexane, n-hexane, naphtha, tetrahydrofuran, mineral oil or
      the like; emulsion and suspension polymerization are conveniently effected
      in water or a mixture of water with a hydroxylated organic solvent.
PAR  Free-radical polymerization of the monomers of this invention may also be
      effected by photoinitiation techniques using ultraviolet, visible or
      infrared radiation. For these methods, the presence of suitable initiators
      and sensitizers, which are known in the art, is required.
PAR  Suitable emulsifiers for use in the preparation of emulsion polymers of
      this invention include cationic materials such as stearyl dimethyl benzyl
      ammonium chloride; non-ionic materials such as alkyl aryl polyether
      alcohols and sorbitan mono-oleate; anionic materials such as sodium
      decylbenzene sulfonate, dioctyl sodium sulfosuccinate, sodium salts of
      alkyl aryl polyether sulfates, and sodium lauryl sulfate; alkali metal
      salts of lignosulfonic acids, silicic acids and the like; and colloidal
      materials such as casein, sodium polyacrylate, carboxymethylcellulose,
      hydroxyethylcellulose, gum tragacanth, sodium alginate, gelatin,
      methylcellulose, gum arabic, dextrins or polyvinyl alcohol.
PAR  A large variety of monomers can be used to form interpolymers with the
      compounds of this invention. For the most part, these monomers are
      polymerizable vinyl compounds. They include (1) esters of unsaturated
      alcohols, (2) esters of unsaturated acids, (3) esters of unsaturated
      polyhydric alcohols (e.g., butenediol), (4) vinyl cyclic compounds, (5)
      unsaturated ethers, (6) unsaturated ketones, (7) unsaturated amides, (8)
      unsaturated aliphatic hydrocarbons, (9) vinyl halides, (10) unsaturated
      acids, (11) unsaturated acid anhydrides, (12) unsaturated acid chlorides,
      and (13) unsaturated nitriles. Specific illustrations of such compounds
      are:
PAR  1. Esters of unsaturated alcohols: Allyl, methallyl, crotyl, 1-chloroallyl,
      2-chloroallyl, cinnamyl, vinyl, methylvinyl, 1-phenallyl, butenyl esters
      of (a) saturated acids such as acetic, propionic, butyric, valeric,
      caproic and stearic; (b) unsaturated acids such as acrylic,
      alpha-substituted acrylic (including alkylacrylic, e.g., methacrylic,
      ethylacrylic, propylacrylic, etc., and arylacrylic such as phenylacrylic)
      crotonic, oleic, linoleic and linolenic; (c) polybasic acids such as
      oxalic, malonic, succinic, glutaric, adipic, pimelic, suberic, azelaic and
      sebacic; (d) unsaturated polybasic acids such as maleic, fumaric,
      citraconic, mesaconic, itaconic, methylenemalonic, acetylenedicarboxylic
      and aconitic; (e) aromatic acids, e.g., benzoic, phenylacetic, phthalic,
      terephthalic and benzoylphthalic acids.
PAR  2. Esters of saturated alcohols, such as methyl, ethyl, propyl, isopropyl,
      butyl, isobutyl, sec-butyl, tert-butyl, 2-ethylhexyl, cyclohexyl or
      behenyl alcohols, with unsaturated aliphatic monobasic and polybasic
      acids, examples of which are illustrated above.
PAR  3. Esters of unsaturated polyhydric alcohols, e.g., butenediol, with
      saturated and unsaturated aliphatic and aromatic, monobasic and polybasic
      acids, illustrative examples of which appear above.
PAR  4. Vinyl cyclic compounds including (a) monovinyl aromatic hydrocarbons,
      e.g., allylbenzene, styrene, o-, m-, p-chlorostyrenes, -bromostyrenes,
      -fluorostyrenes, -methylstyrenes, -ethylstyrenes, -cyanostyrenes; di-,
      tri-, and tetra-, etc., -chlorostyrenes, -bromostyrenes, -fluorostyrenes,
      -methylstyrenes, -ethylstyrenes, -cyanostyrenes; vinylnaphthalene,
      vinylcyclohexane; (b) corresponding polyvinyl compounds such as
      divinylbenzene and trivinylbenzene; and (c) vinyl heterocycles such as
      vinylfuran, vinylpyridine, vinylbenzofuran, N-vinylcarbazole,
      N-vinylpyrrolidone, N-vinylthiopyrrolidone and N-vinyloxazolidone.
PAR  5. Unsaturated ethers such as methyl vinyl ether, ethyl vinyl ether,
      cyclohexyl vinyl ether, octyl vinyl ether, diallyl ether, ethyl methallyl
      ether and allyl ethyl ether.
PAR  6. Unsaturated ketones, e.g., methyl vinyl ketone and ethyl vinyl ketone.
PAR  7. Unsaturated amides, such as acrylamide, methacrylamide,
      N-methylacrylamide, N-phenylacrylamide, N-allylacrylamide,
      N-methylolacrylamide, N-allylcaprolactam, diacetone acrylamide and
      N-(1,1-dimethyl-3-hydroxybutyl)acrylamide.
PAR  8. Unsaturated aliphatic hydrocarbons, for instance, ethylene, propylene,
      butenes, butadiene, isoprene, 2-chlorobutadiene and alpha-olefins in
      general.
PAR  9. Vinyl halides, e.g., vinyl fluoride, vinyl chloride, vinyl bromide,
      vinylidene chloride, vinylidene bromide, allyl chloride and allyl bromide.
PAR  10. Unsaturated acids (for example, acrylic, methacrylic, propylacrylic),
      examples of which appear above.
PAR  11. Unsaturated acid anhydrides, e.g., maleic, citraconic, itaconic,
      cis-4-cyclohexene-1,2-dicarboxylic and
      bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic anhydrides.
PAR  12. Unsaturated acid halides such as cinnamoyl, acrylyl, methacrylyl,
      crotonyl, oleyl and fumaryl chlorides or bromides.
PAR  13. Unsaturated nitriles, e.g., acrylonitrile, methacrylonitrile and other
      substituted acrylonitriles.
PAR  The preferred comonomers are vinyl esters of carboxylic acids, illustrated
      by vinyl acetate; alkyl esters of unsaturated carboxylic acids,
      illustrated by ethyl acrylate, 2-ethylhexyl acrylate and methyl
      methacrylate; unsaturated nitriles such as acrylonitrile; and unsaturated
      amides such as acrylamide, N-methylacrylamide and methacrylamide.
PAR  The relative proportions of the compounds of this invention and the
      comonomers to be used in interpolymerization depend upon the reactivity of
      these monomers as well as the properties desired for the interpolymers
      being formed. To illustrate, interpolymers in which rigidity is desired
      are obtained by polymerization of a mixture of monomers having a few
      substitutions or substitutions of relatively short chain length. If a
      still higher degree of rigidity is desired, a monomer mixture may be used
      in which a small amount of a bifunctional monomer is included such as
      divinylbenzene which will crosslink the polymer.
PAR  The polymers of this invention can also be prepared from polymers of
      N-3-oxohydrocarbon-substituted acrylamides such as
      N-(1,1-dimethyl-3-oxobutyl)acrylamide (diacetone acrylamide) by reductive
      amination, using techniques and conditions similar to those described
      herein for the preparation of oxy compounds of this invention.
PAR  Polymers of this invention wherein Y is an amino group can be converted to
      salts, including quaternary ammonium salts, by the same methods described
      herein for monomers; or polymeric salts may be obtained from monomeric
      salts by ordinary polymerization means.
PAR  The preparation of polymers of this invention is illustrated by the
      following examples.
PAC  EXAMPLE 18
PAR  A solution of 10 parts of N-(1,1-dimethyl-3-dimethylaminobutyl)acrylamide
      in 40 parts of benzene is flushed with nitrogen for 10 minutes, and 0.05
      part of benzoyl peroxide is added. The solution is heated at
      60.degree.-65.degree. C. for 16 hours, after which an additional 0.05 part
      of benzoyl peroxide is added. Heating is continued for 16 hours, after
      which the benzene is removed by evaporation, leaving a viscous oil. This
      oil is dissolved in methanol and the solution is poured into water. The
      desired homopolymer of N-(1,1-dimethyl-3-dimethylaminobutyl)-acrylamide
      precipitates and is air dried.
PAC  EXAMPLE 19
PAR  Four grams (0.202 mole, based on monomer) of the polymer of Example 18 is
      dissolved in 25 ml. of methanol and 2.85 grams (0.202 mole) of methyl
      iodide is added. The solution is heated at 50.degree.-60.degree. C. for
      11/2  hours, during which time a white precipitate forms. The liquid is
      removed by decantation and the precipitate, which is the desired
      poly-[trimethyl-3-(1-acrylamido-1,1-dimethylbutyl)ammonium iodide], is
      washed with acetone and air dried.
PAC  EXAMPLE 20
PAR  A mixture of 20 parts of N-(1,1-dimethyl-3-dimethylaminobutyl)acrylamide,
      80 parts of water and 0.1 part of sodium lauryl sulfate is purged with
      nitrogen for one-half hour, and then a solution of 0.1 part of ammonium
      persulfate in one part of water is added. The solution is stirred as
      polymerization takes place. The mixture is allowed to stand overnight and
      is then filtered. The desired suspension homopolymer is air dried.
PAC  EXAMPLE 21
PAR  A solution of 20 parts (0.109 mole) of
      N-(1,1-dimethyl-3-dimethylaminopropyl)acrylamide in 8.5 parts of water is
      purged with nitrogen and 0.5 part of ammonium persulfate is added. The
      mixture is stirred for about 11/2  hours, during which time polymerization
      takes place. Water, 175 parts, is then added followed by 13.7 parts (0.109
      mole) of dimethyl sulfate. An exothermic reaction takes place as stirring
      is continued overnight. There is obtained an aqueous solution of the
      quaternized homopolymer from which water is removed by evaporation and
      vacuum drying.
PAC  EXAMPLE 22
PAR  The procedure of Example 18 is repeated, except that the monomer is
      replaced on an equal weight basis with
      N-(1,3-diphenyl-1-methyl-3-dimethylaminopropyl)acrylamide. A similar
      homopolymer is obtained.
PAC  EXAMPLE 23
PAR  The procedure of Example 18 is repeated, except that the monomer is
      replaced on an equal weight basis by
      N-(1,1-dimethyl-3-methylanilinobutyl)acrylamide. A similar homopolymer is
      obtained.
PAC  EXAMPLE 24
PAR  To a solution of one part of
      N-(1,1-dimethyl-3-dimethylaminobutyl)acrylamide in 5 parts of water is
      added 0.1 part of methylene blue and a solution of 0.2 part of
      triethanolamine in 10 parts of water. The solution is exposed to an
      infrared heat lamp, and polymerization begins after about 3 seconds as
      evidenced by the dissipation of blue color in the solution and the
      formation of a hazy precipitate.
PAC  EXAMPLES 25-27
PAR  Copolymers of acrylonitrile with
      N-(1,1-dimethyl-3-dimethylaminobutyl)acrylamide are prepared,
      respectively, from 49.5 parts of acrylonitrile and 0.5 parts of the
      acrylamide, 47.5 parts of acrylonitrile and 2.5 parts of the acrylamide,
      and 45 parts of acrylonitrile and 5 parts of the acrylamide. In each case,
      the polymerization is effected by dissolving the monomers in 600 parts of
      water, flushing with nitrogen and adding a solution of 0.25 part of
      ammonium persulfate in 1 part of water. When precipitation of the
      copolymer is complete, it is removed by filtration, washed with water and
      dried in a vacuum oven.
PAC  EXAMPLE 28
PAR  Dimethyl sulfate, 2.03 parts, is added to a solution of 2.97 parts of
      N-(1,1-dimethyl-3-dimethylaminopropyl)acrylamide in 225 parts of water,
      with stirring. An exothermic reaction takes place over about one-half
      hour. Acrylamide, 15 parts, is then added and the solution is purged with
      nitrogen, after which time about 0.5 gram of ammonium persulfate is added.
      Polymerization takes place over 4 hours, and after this time 200 parts of
      water is added and stirring is continued. A homogenous mixture is obtained
      which is diluted with water to a 1% solution of the desired quaternized
      copolymer.
PAC  EXAMPLE 29
PAR  A mixture of 40 parts of vinyl acetate, 10 parts of
      N-(1,1-dimethyl-3-dimethylaminobutyl)acrylamide, 0.5 part of sodium lauryl
      sulfate and 450 parts of distilled water is flushed with nitrogen, and a
      solution of 0.25 part of ammonium persulfate in 1 part of water is added.
      The mixture is heated to 55.degree. C., with stirring, and is held at this
      temperature for one hour. The product is an emulsion of the desired
      copolymer.
PAC  EXAMPLE 30
PAR  Following the procedure of Examples 25-27, a copolymer is prepared from 30
      parts of ethyl acrylate, 20 parts of
      N-(1,1-dimethyl-3-dimethylaminobutyl)acrylamide, 450 parts of water, 0.5
      part of sodium lauryl sulfate and a solution of 0.25 part of ammonium
      persulfate in 1 part of water. The polymer which is obtained by
      coagulation is filtered and dried in a vacuum oven.
PAR  The acrylamido compounds of this invention, when copolymerized with
      acrylonitrile or methacrylonitrile, provide reactive sites in the
      copolymer which result in improved dyeability as compared with
      acrylonitrile polymers not containing such sites. This improved dyeability
      is shown, in general, by polymers containing about 0.5-20.0% by weight of
      units derived from the compounds of this invention.
PAR  The effectiveness of the polymers of this invention as dyeability improvers
      for polyacrylonitrile is shown by a test in which films of the copolymers
      of Examples 25-27 are suspended for 11/2  hours in a 0.05% aqueous
      solution of Orange II dye at 80.degree.-98.degree. C., washed with
      distilled water and dried. The degree of coloration of the films increases
      in proportion to the percentage of units derived from
      N-(1,1-dimethyl-3-dimethylaminobutyl)acrylamide in the polymers. A film of
      an acrylonitrile homopolymer, treated similarly, is uncolored.
PAR  Polymers of the acrylamido compounds of this invention may be blended with
      olefin polymers, especially polyethylene and polypropylene, to improve the
      dyeability thereof. The resulting blends contain a minor amount, usually
      about 1-20% by weight, of the polymer of this invention. The effectiveness
      of such polymers as dyeability improvers for polypropylene is shown by a
      test in which 2.5 parts, 5.0 parts and 7.5 parts, respectively, of a
      homopolymer similar to that of Example 20 are blended with 50 parts of
      polypropylene. Sufficient methanol is added to cover the polypropylene and
      the mixtures are shaken for one minute and allowed to stand in closed
      bottles for 40 minutes. The bottles are then opened and methanol is
      removed by evaporation at room temperature and finally in a vacuum oven at
      48.degree.-50.degree. C. Films of the resulting modified polypropylene
      samples are suspended in the Orange II dye solution described above at
      60.degree.-90.degree. C. for 21/4  hours. The strips are then removed,
      rinsed with distilled water and dried. Each of the strips is noticeably
      colored by the dye.
PAR  Polymers of the acrylamido compounds of this invention are useful in the
      manufacture and treatment of paper. The polymers containing free amine
      groups are primarily useful as dry and wet strength improvers; for this
      use, a solution of polymer in water, a polar solvent such as a lower
      alkanol, or a combination of water and said polar solvent is ordinarily
      added to the aqueous slurry of fibers which is used to make the paper.
      These fibers are usually cellulosic materials such as hemp, cotton, wood
      pulp or reclaimed waste paper. According to well known procedures, the
      aqueous slurry is then ordinarily deposited on a continuously moving mesh
      or perforated surface such as a hollow cylinder or Fourdrinier wire, and
      the water is removed from said slurry. Typically, drainage and suction are
      used to decrease the water content of the slurry to about 80%, after which
      rolls and presses assisted by evaporation are used to remove the remaining
      water and form a dry sheet. The amount of the polymer of this invention
      which is generally used is about 1.5-20.0%, based on the weight of the dry
      paper.
PAR  It is also possible to saturate the formed paper sheet with a solution of
      the polymer of this invention and subsequently evaporate the solvent to
      produce a paper having improved dry and wet strength. The relative amount
      of polymer used is the same in this method as in the method described
      immediately hereinabove.
PAR  The polymers of this invention containing quaternary ammonium salt groups
      are also useful to improve dry and wet strength of paper; they may also be
      used to retention aids and flocculants when incorporated in the aqueous
      slurry of fibers as described hereinabove.
PAR  The utility of the polymers of this invention as dry strength improvers is
      shown by a test in which strips of filter paper are saturated with a 5%
      solution in methanol of the polymer of Example 20 and dried by suspension
      for 2 hours at room temperature. The average tensile strength of the
      treated strips, as measured on a Instron tester using a crosshead speed of
      0.2 inch per minute at a temperature of 72.degree. F., was 21.6 pounds per
      inch width, as compared with 13.8 pounds for untreated specimens.
PAR  Quaternized polymers of this invention are useful for flocculating solids
      suspended in an aqueous medium. This utility finds practical application
      in paper manufacture, as described above, and also in the treatment of
      sewage-containing effluents and in industrial processes for the deposition
      and recovery of various kinds of suspended solids from water.
PAR  Flocculation is accomplished by merely adding an effective amount of the
      quaternized polymer to the suspension being treated. The amount added is
      usually between 0.01 and 20 ppm.
PAR  The effectiveness of the quaternized polymers of this invention as
      flocculants for the precipitation of kaolin is shown by a test in which
      one part of kaolin is suspended in 100 parts of water and about 0.01 part
      of a 20% aqueous solution of the homopolymer of Example 19 is added. The
      suspension is shaken for about one-half minute and allowed to stand. A
      flocculent precipitate forms immediately. By contrast, the kaolin in a
      control sample which is not treated with the homopolymer of Example 19
      remains suspended.
PAR  The effectiveness of the polymers as flocculants for raw sewage is shown by
      a test in which 600 ml. of sewage is placed in a beaker and an aqueous
      solution of the quaternized polymer is added, with rapid stirring. The
      rapid stirring is continued for 3 minutes, followed by 12 minutes of slow
      stirring and 15 minutes of settling. A 50-ml. aliquot is then removed from
      the top half inch of the mixture and its turbidity is measured on a
      Bryce-Phoenix light scattering photometer. The results are shown in the
      following table.
TBL  ______________________________________                                    
     Flocculant      Concentration, ppm.                                       
                                    Turbidity                                  
     ______________________________________                                    
     Homopolymer of Ex. 21                                                     
                     1              2.57                                       
                     2              2.03                                       
                     4              0.931                                      
                     8              0.400                                      
                     10             0.152                                      
                     12             0.112                                      
                     13             0.090                                      
     Copolymer of Ex. 28                                                       
                     1              1.39                                       
                     2              0.570                                      
                     4              0.306                                      
                     8              0.136                                      
                     10             0.067                                      
     ______________________________________                                    
PAR  The monomers of this invention, by virtue of their susceptibility to
      photoinitiated polymerization, are useful in photoengraving and
      photographic techniques. They may also be copolymerized with crosslinking
      agents such as divinylbenzene, in the presence of suspending agents such
      as bentonite, to form cationic ion exchange resins.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polymer of a compound of the formula
      ##EQU22##
      wherein each of R.sup.1, R.sup.2 and R.sup.3 is hydrogen or a hydrocarbon
      radical; each of R.sup.4 and R.sup.5 is a hydrocarbon radical; R.sup.7 is
      hydrogen or a lower alkyl radical; and each of Z.sup.1 and Z.sup.2 is a
      lower alkyl or C.sub.3-8 cycloalkyl radical, or
      ##EQU23##
      is a heterocyclic radical.
NUM  2.
PAR  2. A polymer according to claim 1 wherein R.sup.7 is hydrogen or methyl.
NUM  3.
PAR  3. A compound according to claim 2 wherein each of R.sup.1, R.sup.2 and
      R.sup.3 is hydrogen or a lower alkyl radical, each of R.sup.4 and R.sup.5
      is a lower alkyl radical, R.sup.7 is hydrogen, and each of Z.sup.1 and
      Z.sup.2 is a lower alkyl radical.
NUM  4.
PAR  4. A polymer according to claim 3 which is a homopolymer.
NUM  5.
PAR  5. A polymer according to claim 3 which is an interpolymer of said compound
      with at least one polymerizable vinyl monomer.
NUM  6.
PAR  6. An interpolymer according to claim 5 wherein the polymerizable vinyl
      monomer is a vinyl ester of a carboxylic acid, an alkyl ester of an
      unsaturated carboxylic acid, an unsaturated nitrile, or an unsaturated
      amide.
NUM  7.
PAR  7. An interpolymer according to claim 6 which is a copolymer of said
      compound with acrylonitrile or methacrylonitrile.
NUM  8.
PAR  8. A copolymer according to claim 7 wherein R.sup.1 is hydrogen or methyl;
      R.sup.2, R.sup.3 and R.sup.7 are hydrogen; R.sup.4 and R.sup.5 are methyl;
      and each of Z.sup.1 and Z.sup.2 is methyl.
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ABST
PAL  Finely divided ethylene polymer particles having a smooth surface and
      regular spherical configuration are prepared by a method in which an
      ethylene polymer, an organic solvent for the polymer and water are charged
      into a vessel, the charge is stirred to mix the organic solvent, water and
      ethylene polymer, the charge is heated to a temperature at which the
      ethylene polymer is completely dissolved in the organic solvent, so as to
      form an organic solvent solution of the ethylene polymer mixed with water,
      the charge is cooled and, then, the mixture of organic solvent and water
      is evaporated away from the charge so as to allow the ethylene polymer to
      deposit in the form of finely divided particles from the charge.
BSUM
PAR  The present invention relates to a method for preparing finely divided
      ethylene polymer particles, more particularly, relates to a method for
      preparing finely divided ethylene polymer particles useful for fluidized
      bed coating, electrostatic painting and sol coating processes, within a
      short time with a high yield.
PAR  In present practice, the following two methods are resorted to for the
      preparation of finely divided ethylene polymer particles.
PAR  A. The method of mechanically grinding the ethylene polymer.
PAR  B. The method of depositing ethylene polymer particles from their solution
      in an organic solvent by cooling the solution and recovering the solvent
      from the solution.
PAR  The type of powdered ethylene polymer particles prepared by the mechanical
      grinding method have a very poor fluidity due to irregularity of the
      particle surfaces. Accordingly, a type of the method of depositing the
      ethylene polymer particles from their solution is generally utilized for
      the preparation of the finely divided ethylene polymer particles usable
      for the fluidized bed coating, electrostatic painting and sol coating
      processes.
PAR  It is conventional to produce the finely divided ethylene polymer particles
      by a method wherein an amount of ethylene polymer is dissolved in an
      organic solvent contained in a vessel at an elevated temperature, water is
      poured into the solution while the solution is agitated as slowly as
      possible, and after the start of the agitating operation, a mixture of the
      organic solvent and water is recovered from the solution and the ethylene
      polymer is allowed to deposit in the form of finely divided particles from
      the solution. However, the above conventional method has disadvantages in
      that a long time of about 8 hours is required from the start of the
      dissolving operation to the end of the discharging operation for the
      product, that the pouring of water frequently causes undesirable bumping
      of the solution and the bumping results in formation of large size or
      irregular configuration ethylene polymer particles or lumps, that it is
      necessary that the operations be carried out very carefully while closely
      watching the behaviour of the solution in the vessel and that the yield of
      fine particles is low.
PAR  The principal object of the present invention is to provide a method for
      preparing finely divided ethylene polymer particles having a high fluidity
      with a high yield.
PAR  Another object of the present invention is to provide a method for
      preparing finely divided ethylene polymer particles having smooth surfaces
      within a short time.
PAR  The other object of the present invention is to provide a method for
      preparing finely divided ethylene polymer particles having a high
      uniformity in size without operational difficulty.
PAR  The above objects can be accomplished by the method of the present
      invention which comprises the steps of:
PAR  1. charging a closed vessel having a stirrer with 1 part by weight of an
      ethylene polymer selected from the group consisting of polyethylene,
      copolymers of ethylene and vinyl acetate and mixtures of two or more of
      the above-mentioned polymers, 1.2 to 5.0 parts by weight of an organic
      solvent capable of dissolving said ethylene polymer and water in an amount
      of 1 to 4 times that necessary for producing an azeotropic mixture with
      said amount of said organic solvent charged;
PAR  2. stirring said charge to mix the ethylene polymer, organic solvent and
      water, and;
PAR  3. effecting, while stirring said mixture, the following operations:
PA1  a. heating said mixture to a temperature not lower than the dissolving
      point beneath which said ethylene polymer can not be completely dissolved
      in said amount of said organic solvent, while allowing said ethylene
      polymer to be dissolved in said organic solvent;
PA1  b. cooling said mixture to a temperature of at least 25.degree. C beneath
      said dissolving point of said ethylene polymer in said organic solvent but
      not lower than 0.degree. C, and;
PA1  c. evaporating away said organic solvent and water from said mixture under
      a reduced pressure condition, while said ethylene polymer is allowed to
      deposit in the form of finely divided, smoothly surfaced spherical
      particles from the mixture of said organic solvent and water.
PAR  According to the method of the present invention, the preparation of finely
      divided ethylene polymer particles can be completed in a short time of
      about of 3 hours or less from the start of the dissolving operation for
      the ethylene polymer to the end of the discharging operation for the
      product. All of the operations can be carried out without operational
      difficulty derived from, for example, the bumping of the solution, because
      water is mixed with the organic solution before the start of the
      dissolving operation but not in the course of the dissolving operation.
      Further, it should be noted that the method of the present invention can
      produce finely divided ethylene particles which are capable of passing
      through a 42 mesh size screen (by Tyler Standard Sieve System) in a large
      yield. Furthermore, it is important that the finely divided ethylene
      polymer particles produced by the method of the present invention have
      very smooth surfaces and a regular spherical configuration and these
      properties result in an excellent fluidity of the particles.
PAR  The mesh size used herein is determined in accordance with Tyler Standard
      Sieve System.
DRWD
PAR  The features of the method of the present invention are exemplified and
      more fully explained in the following description, wherein reference is
      made to the accompanying drawings in which:
PAR  FIG. 1 shows a cross-sectional view of an embodiment of an apparatus usable
      for carrying out the method of the present invention, and,
PAR  FIG. 2 shows a schematic view of a type of stirrer usable for the present
      invention.
DETD
PAR  The ethylene polymer usable for the method of the present invention can be
      selected from the group consisting of polyethylenes, copolymers of
      ethylene and vinyl acetate and mixtures of two or more of abovementioned
      polymers. The polyethylene may be any of the polyethylenes having a melt
      flow index of 0.1 to 60 and produced by conventional high pressure, medium
      pressure and low pressure polymerization processes. The ethylenevinyl
      acetate copolymer consists preferably of at most 50% by weight, more
      preferably, at most 30% by weight, copolymerized vinyl acetate and the
      balance of copolymerized ethylene.
PAR  The organic solvent usable for dissolving the ethylene polymer therein in
      accordance with the method of the present invention may be from the group
      consisting of aliphatic hydrocarbons, cycloaliphatic hydrocarbons,
      aromatic hydrocarbons and halogenated aliphatic hydrocarbons, each having
      a boiling point between 50.degree. and 150.degree. C, preferably
      80.degree. and 120.degree. C, and mixtures of two or more of the
      above-mentioned compounds. The aliphatic hydrocarbon may be selected from
      the group consisting of n-hexane, n-heptane and n-octane. The
      cycloaliphatic hydrocarbon may be either cyclohexane or cycloheptane. The
      aromatic hydrocarbon may be selected from the group consisting of benzene,
      toluenes, xylenes and ethyl benzene. The halogenated aliphatic hydrocarbon
      may be selected from the group consisting of tetrachloromethane,
      chloroform, trichloroethylene and tetrachloroethylene. In consideration of
      operational safety, the incombustible halogenated aliphatic hydrocarbons
      are most beneficial for the method of the present invention.
PAR  The organic solvent is mixed in an amount of 1.2 to 5.0 parts by weight,
      preferably, 1.5 to 2.5 parts by weight with 1 part by weight of the
      ethylene polymer to be processed by the method of the present invention.
      The mixing of the organic solvent in an amount less than 1.2 parts by
      weight with respect to 1 part by weight of the ethylene polymer results in
      a difficulty in complete dissolving of the ethylene polymer and a decrease
      in yield of the finely divided ethylene polymer particles. If the organic
      solvent is mixed in an amount larger than 50 parts by weight with 1 part
      by weight of the ethylene polymer, a long time evaporating operation is
      undesirably required to complete the recovery of the organic solvent.
PAR  Water to be mixed with the organic solvent in accordance with the method of
      the present invention is used in an amount of 1 to 4 times, more
      preferably, 1.5 to 3.5 times, that necessary for producing an azeotropic
      mixture with the amount of the organic solvent. For instance, an
      azeotropic mixture of trichloroethylene and water consists of 100 parts by
      weight trichloroethylene and 6.9 parts by weight of water. Accordingly, if
      10 kg of trichloroethylene is employed as the organic solvent for the
      ethylene polymer, the water to be mixed with the amount of the
      trichloroethylene is in an amount between 0.69 and 2.76 kg, preferably,
      1.04 and 2.41 kg.
PAR  Table 1 demonstrates compositions of various azeotropic mixtures each
      consisting of water and a type of organic solvent. Table 1 also
      demonstrates the amount of water to be mixed with 10 kg of the organic
      solvent as shown in the table.
TBL                Table 1                                                     
     ______________________________________                                    
     Item         Composition of                                               
                                Amount of water                                
                  azeotropic mixture                                           
                                to be mixed                                    
                  Organic           with 10Kg of                               
                  solvent  Water    organic solvent                            
     Organic      (part by (part by                                            
     solvent      weight)  weight)  (Kg)                                       
     ______________________________________                                    
     Trichloroethylene                                                         
                  100      6.9      0.69 - 2.76                                
     Tetrachloromethane                                                        
                  100      4.3      0.42 - 1.72                                
     Tetrachloroethylene                                                       
                  100      20.2     2.02 - 8.08                                
     Benzene      100      9.7      0.97 - 3.88                                
     n-hexane     100      3.7      0.37 - 1.48                                
     Toluene      100      23.9     2.39 - 9.56                                
     ______________________________________                                    
PAR  If the water is used in an amount outside of the above-specified range, a
      decrease in yield of the finely divided ethylene polymer particles which
      are capable of passing through a 42 mesh size screen results.
PAR  In the method of the present invention, the ethylene polymer, the organic
      solvent and water are charged into a closed vessel having a stirrer. After
      the complete charging, the charge is stirred by the stirrer so as to mix
      the ethylene polymer, organic solvent and water. In the stirring
      operation, it is preferable that the stirrer is provided with a rotary
      shaft and at least two stirring paddles extending from the rotary shaft
      and approaching the inside wall surface of the vessel and the stirrer is
      rotated at a peripheral velocity of the stirring paddles of 4 to 16
      m/second, more preferably, 5 to 14 m/second. The term "peripheral
      velocity" used herein refers to the velocity of the outermost end of each
      stirring paddle.
PAR  If the stirring paddles are rotated at a peripheral velocity lower than 4
      m/second, a long time is required to complete the dissolving operation for
      the ethylene polymer, and the product includes therein small size ethylene
      polymer particles in an decreased amount. If the peripheral velocity of
      the stirring paddles is larger than 16 m/second, a large amount of heat is
      generated due to rapid shearing of the mixture with the stirring paddles
      during the evaporating operation period. This results in difficulty in
      cooling the mixture.
PAR  After the start of the stirring operation, the mixture is heated to a
      temperature not lower than the dissolving point of the ethylene polymer so
      as to allow the ethylene polymer to be dissolved in the organic solvent.
      The term "dissolving point" used herein refers to a temperature beneath
      which the amount of the ethylene polymer can not be completely dissolved
      in the amount of the organic solvent. The dissolving point is determined
      in response to the types and amounts of the organic solvent and the
      ethylene polymer used for the preparation process, by the following
      method. In the method, predetermined amounts and types of ethylene polymer
      pellets and an organic solvent are charged into a closed glass vessel
      resistant to pressure. The charge is heated at a temperature-elevating
      rate of 1.degree. C/5 minutes until the charge becomes clear due to
      complete dissolving of the polymer in the solvent. The charge is cooled to
      an ambient temperature while allowing the polymer to deposit from the
      solution. Thereafter, the charge is heated again at the
      temperature-elevating rate of 1.degree. C/5 minutes until the charge
      becomes clear. The temperature at which the charge becomes clear is
      measured. This temperature is referred to as a dissolving point of the
      ethylene polymer under the predetermined circumstances.
PAR  Generally, the dissolving point of the ethylene polymer is in a range from
      50.degree. to 120.degree. C. Accordingly, the dissolving of the ethylene
      polymer is preferably effected at a temperature higher than 50.degree. C,
      more preferably, higher than 70.degree. C, still more preferably, between
      70.degree. and 90.degree. C.
PAR  By the above-mentioned heating operation, the ethylene polymer is
      completely dissolved in the organic solvent mixed with water.
PAR  After the formation of the ethylene polymer solution is completed, the
      charge is cooled to a temperature of at least 25.degree. C, preferably, at
      least 30.degree. C, beneath the dissolving point of the ethylene polymer
      in the organic solvent but not lower than 0.degree. C while stirring the
      charge. If the cooling temperature is higher than 25.degree. C beneath the
      dissolving point, the product includes therein large size ethylene polymer
      particles or lumps in a large amount. This results in a low yield of small
      size ethylene polymer particles. Generally, the lower the cooling
      temperature, the larger the yield of ethylene polymer particles capable of
      passing through a 42 mesh size screen, especially, a 150 mesh size screen
      which are suitable for the electrostatic and sol painting processes. The
      cooling temperature below 0.degree. C produces a disadvantage in that a
      long time is required to complete the recovery of the organic solvent from
      the charge under a reduced pressure.
PAR  When the charge reaches the desired cooling temperature, the organic
      solvent and water are evaporated away from the charge under a reduced
      pressure while stirring the mixture. Preferably, the evaporating rate is
      in a range between 0.3 and 2.5 liters/hour, more preferably, 0.5 and 2.0
      liters/hour, of the mixture of the organic solvent and water per 1 kg of
      the ethylene polymer.
PAR  If the evaporating operation is carried out at a rate lower than 0.3
      liters/hour, a long time is required to complete the evaporating
      operation. An evaporating rate higher than 2.5 liters/hour results in the
      formation of large size ethylene polymer particles or lumps and in a
      decrease in the yield of ethylene polymer particles capable of passing
      through a 42 mesh size screen. The evaporating rate can be adjusted by
      setting the reduced pressure to be applied to the inside of the vessel. In
      other words, the reduced pressure can be set forth in response to the
      desired evaporating rate. Preferably, the reduced pressure is in a range
      between 200 and 700 mmHg.
PAR  The method of the present invention can be effected by any of the
      conventional apparatus which are provided with a closed vessel for
      receiving a charge consisting of the mixture of the ethylene polymer,
      organic solvent and water, a device for stirring the charge at a
      predetermined rotating velocity and a device for heating the charge to a
      predetermined temperature. The apparatus may be of a Henschel type as
      indicated in the accompanying drawing. Referring to the drawing, an
      apparatus 1 is provided with a closed vessel 2, a stirrer 3 and a jacket
      4. The closed vessel 2 is provided with an inlet 5 through which the
      charge is fed into the vessel 2, an observing window 6 through which the
      inside of the vessel is observed, a pipe 7 which is connected to the
      vessel 2 at a top portion thereof and through which the organic solvent
      and water are evaporated away, and an outlet 8 through which the product
      is discharged. The outlet 8 is opened and closed by means of a stopper 9
      which is movable by turning a handle 10. The pipe 7 is opened and closed
      by means of a valve 11 and connected to a device (not indicated in the
      drawing) for producing a reduced pressure.
PAR  The jacket 4 is disposed outside of the vessel 2 and provided with an inlet
      12 for feeding a heating medium, for example, hot water, or cooling
      medium, for instance, cooling water, and an outlet 13 for discharging the
      heating or cooling medium. The heating medium or cooling medium may be
      recycled through a heatexchanger (not shown in the drawing) by which the
      medium is adjusted to a desired temperature.
PAR  The stirrer 3 is provided with a rotary shaft 14 extending through a bottom
      of the vessel 2. A pair of stirring paddles 15 extend from the shaft 14
      and approach the inside wall surface of the vessel 2. A pair of
      supplementary stirring blades 16 extend upwards from the ends of the
      stirring paddles 15 along the inside wall surface of the vessel 2. The
      shaft 14 is supported by a bearing 17 and connected to a motor 18 through
      a pulley 19, a belt 20 and a pulley 21.
PAR  The stirrer usable for the present invention may be provided with three
      paddles or more, for example, two pairs of paddles. Referring to FIG. 2, a
      stirrer 3a has two pairs of paddles, 15a and 15b. The paddles 15a are of
      the same type as the paddles 15 in FIG. 1 and are provided with the same
      type of supplementary stirring blades 16a as the blades 16 in FIG. 1. The
      paddles 15b are each provided with a first arm 23 horizontally extending
      from the rotary shaft 14, a second arm 24 extending upwards from the first
      arm 23, a third arm 25 horizontally extending from the second arm 24 and a
      supplementary stirring blade 16b extending upwards from the third arm 25
      along the inside wall surface of the vessel (not shown in FIG. 2). This
      type of the stirrer is effective for uniformly mixing the charge.
PAR  The following is a preferable embodiment of the preparation of the finely
      divided ethylene polymer particles in accordance with the method of the
      present invention using the type of apparatus as demonstrated in FIG. 1.
      Referring to FIG. 1, before the start of the process, the outlet 8 and
      valve 11 are closed. Predetermined amounts of the ethylene polymer, the
      organic solvent and water are charged into the vessel through the inlet 5
      and mixed with each other. In the charging operation, it is preferable
      that the mixture received in the vessel forms a layer having a depth
      identical to or smaller than one-third the inside depth of the vessel 2.
PAR  After completion of the charging operation, the inlet 5 is closed, and the
      stirrer 3 is rotated at a preset peripheral velocity by actuating the
      motor 18. The stirring operation results in mixing the organic solvent,
      ethylene polymer and water.
PAR  After the start of the stirring operation, a heating medium, for instance,
      hot water, which has been adjusted to a predetermined temperature, is
      circulated through the inlet 12, the jacket 4 and the outlet 13. When the
      mixture reaches the dissolving point or higher, the ethylene polymer is
      completely dissolved in the organic solvent particles. Accordingly, the
      solution of the ethylene polymer in the organic solvent is uniformly mixed
      with water.
PAR  In the other procedures, the ethylene polymer is fed into the vessel after
      the organic solvent is mixed in water by the stirring operation and,
      thereafter, the mixture of the organic solvent, water and ethylene polymer
      is subjected to the heating operation. After the heating operation is
      completed, the heating medium is withdrawn from the jacket 4 and a cooling
      medium, for instance, cold water, is circulated through the inlet 12, the
      jacket 4 and the outlet 13, to cool the charge to a predetermined
      temperature which is lower than the dissolving point by at least
      25.degree. C but not lower than 0.degree. C.
PAR  While the mixture is maintained at the cooling temperature, the valve 11 of
      the pipe 7 is opened so that the inside of the vessel 2 is connected to
      the device (not shown in the drawing) for generating a reduced pressure.
      Under the reduced pressure, the organic solvent and water are evaporated
      away from the vessel 2 through the pipe 7. As a result of the evaporating
      operation, the ethylene polymer is permitted to deposit in the form of
      finely divided smoothly surfaced spherical particles from the mixture of
      the organic solvent and water. By adjusting the reduced pressure to a
      predetermined value, the mixture of the organic solvent and water is
      evaporated way at a desired evaporating rate.
PAR  After completion of the evaporating operation, the stopper 9 is released
      from the outlet 8 by turning the handle 10 in order to discharge the
      product from the vessel through the outlet 8.
PAR  Throughout the heating, cooling and evaporating operations, the stirrer is
      actuated at the preset velocity.
PAR  Needless to say, the apparatus usable for the method of the present
      invention is not limited to the one indicated in the drawings, that is,
      the Henschel type apparatus. A type of apparatus in which a stirrer is
      provided with a shaft extending through a top lid of the vessel into
      inside of the vessel and has two or more stirring paddles connected to the
      shaft, is also usable for the method of the present invention.
PAR  In any type of apparatus, it is preferable that the inside depth of the
      vessel be about 1 to 3 times the inside diameter of the vessel. It is also
      preferable that the stirring paddles, measured from the longitudinal axis
      of the rotary shaft to an outer end of the paddle, have a length of eight
      tenths of the inside radius of the vessel or more, more preferably, nine
      tenths or more, but do not touch the inside wall surface of the vessel.
PAR  The stirring paddle may be provided with a supplementary stirring blade
      extending from the outer end thereof along the inside wall surface of the
      vessel. This supplementary stirring blade is effective for preventing
      formation of the ethylene polymer particle layer on the inside wall
      surface of the vessel by scraping off the particles adhered to the inside
      wall surface. That is, the supplementary stirring blade is effective for
      maintaining the heating and cooling effects at a desired level throughout
      the heating, cooling and evaporating operation periods.
PAR  According to the method of the present invention, finely divided smoothly
      surfaced ethylene polymer particles smaller than 42 mesh size can be
      produced in a large yield. Ethylene polymer particles capable of passing
      through a 42 mesh size screen and being retained on a 150 mesh size screen
      are suitable for the fluidized bed coating process. Very fine ethylene
      polymer particles capable of passing through a 150 mesh size screen are
      mainly utilized for the electrostatic painting and sol painting processes.
PAR  The present invention will be further illustrated by the following examples
      which are given by way of illustration and not as limitations to the scope
      of the present invention.
PAC  EXAMPLES 1 through 4 and comparison
PAC  EXAMPLES 1 and 2
PAR  In each of the Examples 1 through 4, a type of closed vessel as illustrated
      in the accompanying drawing, having an inside diameter of 40 cm and an
      inside depth of 80 cm and being provided with a stirrer with a pair of
      stirring paddles 19.25 cm long and a jacket for flowing therethrough a
      heating and cooling media, was used. The closed vessel was charged with 6
      kg of polyethylene having a melt flow index of 10 and a density of 0.919
      g/cm3 in the form of numerous pellets, 12 kg of trichloroethylene and
      water in the amount indicated in Table 2. The dissolving point of the
      polyethylene in the trichloroethylene in the amount mentioned above was
      90.degree. C. The charge in the vessel was agitated by rotating the
      stirrer paddles at a peripheral velocity of 8 m/second and heated to above
      the dissolving temperature by flowing hot water through the jacket. 30
      minutes after the start of the heating, the polyethylene pellets were
      completely dissolved in trichloroethylene. Thereafter, the charge in the
      vessel was immediately cooled to a temperature of 40.degree. C by flowing
      cooling water through the jacket so as to allow the polyethylene to
      deposit from the trichloroethylene. The vessel was reduced to a pressure
      of 200 to 700 mmHg while maintaining the charge in the vessel at a
      temperature of 40.degree. C, in order to evaporate away trichloroethylene
      and water from the vessel at a evaporating rate of 6 liters/hour. The
      sizes of the resultant polyethylene particles distributed as indicated in
      Table 2.
PAR  In each of the Comparison Examples 1 and 2, procedures identical to those
      in Example 1 were effected, except that water was charged into the vessel
      in an amount indicated in Table 2, which was outside the specified range
      of the method of the present invention. The result is illustrated in Table
      2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Item     Amount                                                           
                   Distribution of particle size (%)                           
              of water                                                         
                   Larger than                                                 
                          Between 42                                           
                                    Smaller than                               
              (Kg) 42 mesh                                                     
                          and 150   150 mesh                                   
     Example       size (*).sub.1                                              
                          mesh sizes (*).sub.2                                 
                                    size (*).sub.3                             
     __________________________________________________________________________
           1  0.83 16     57        27                                         
     Example                                                                   
           2  1.20 11     64        25                                         
           3  1.80 10     66        24                                         
           4  2.40 12     62        26                                         
     Comparison                                                                
           1  0.30 28     43        29                                         
     Example                                                                   
           2  6.00 26     49        25                                         
     __________________________________________________________________________
      Note                                                                     
      (*).sub.1 The particles were retained on the 42 mesh size screen.        
      (*).sub.2 The particles passed through the 42 mesh size screen but were  
      retained on the 150 mesh size screen.                                    
      (*).sub.3 The particles passed through the 150 mesh size screen.         
PAR  From Table 2, it is obvious that the powdered polyethylenes prepared by the
      present examples contain fine particles which passed through a 42 mesh
      size screen in percentages larger than those in the comparison examples.
PAC  EXAMPLES 5 through 9
PAR  In each of the Examples 5 through 9, operations identical to those in
      Example 1 were repeated, except that water and trichloroethylene were used
      in amounts as illustrated in Table 3 and the dissolving point of the
      amount of the polyethylene in the amount of the trichloroethylene was as
      indicated in Table 3. The results are illustrated in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Item Amount of                                                            
                Amount of                                                      
                      Dissolving                                               
                            Distribution of particle size (%)                  
          trichloro-                                                           
                water point Larger than                                        
                                   Between 42                                  
                                          Smaller than                         
          ethylene          42 mesh                                            
                                   and 150                                     
                                          150 mesh                             
     Example                                                                   
          (Kg)  (Kg)  (.degree.C)                                              
                            size   mesh sizes                                  
                                          size                                 
     __________________________________________________________________________
     5     9    1.29  91    15     55     30                                   
     6    12    1.50  90    10     65     25                                   
     7    18    1.92  85    16     60     24                                   
     8    24    2.31  83    15     55     30                                   
     9    30    2.73  80    15     55     30                                   
     __________________________________________________________________________
PAC  EXAMPLES 10 through 12
PAR  In each of the Examples 10 through 12, operations identical to those in
      Example 3 were carried out, except that the evaporation of
      trichloroethylene and water was carried out at a temperature as indicated
      in Table 4. The results are illustrated in Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
     Item   Evaporation                                                        
                       Distribution in particle size (%)                       
            temperature                                                        
                       Larger than                                             
                                  Between 42                                   
                                           Smaller                             
     Example                                                                   
            (.degree.C)                                                        
                       42 mesh size                                            
                                  and 150  than 150                            
                       size       mesh sizes                                   
                                           mesh size                           
     ______________________________________                                    
     10     25         14         25       61                                  
     11     45         15         63       22                                  
     12     50         20         61       19                                  
     ______________________________________                                    
PAR  In the range between 25.degree. and 50.degree. C, the lower the evaporation
      temperature the larger the percentage of polyethylene particles smaller
      than 150 mesh size.
PAC  COMPARISON EXAMPLE 3
PAR  In comparison Example 3 the same procedures as in Example 3 were repeated,
      except that trichloroethylene and water were evaporated away at a
      temperature of 70.degree. C, which is higher than the upper limit of the
      evaporating temperature of the method of the present invention. The
      resultant powder consisted of 61% by weight of large particles which were
      retained on a 42 mesh size screen including an amount of lumps, 35% by
      weight of medium particles which passed through the 42 mesh size screen
      and were retained on a 150 mesh size screen and 4% by weight of fine
      particles which passed through the 150 mesh size screen.
PAC  EXAMPLES 13 through 15
PAR  In each of the Examples 13 through 15 the operations identical to those in
      Example 3 were carried out, except that the evaporation of
      trichloroethylene and water was effected under a reduced pressure at a
      evaporating rate per 1 kg of polyethylene as indicated in Table 5. The
      results are also illustrated in Table 5.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Item Evaporating                                                          
                 Evaporating                                                   
                        Distribution in particle size                          
          pressure                                                             
                 rate   (% by weight)                                          
                 (liter/hour                                                   
                        Larger than                                            
                               Between 42                                      
                                      Smaller than                             
          (mmHg) /kg    42 mesh                                                
                               and 150                                         
                                      150 mesh                                 
     Example     poly-  size   mesh sizes                                      
                                      size                                     
                 ethylene)                                                     
     __________________________________________________________________________
     13   200 - 700                                                            
                 0.5     7     71     22                                       
     14   200 - 700                                                            
                 1.5    18     60     22                                       
     15   200 - 700                                                            
                 2.0    24     54     22                                       
     __________________________________________________________________________
PAC  COMPARISON EXAMPLE 4
PAR  In Comparison Example 4 operations identical to those in Example 3 were
      repeated, except that the evaporating rate of trichloroethylene and water
      was 3.33 liter/hour per 1 kg of the polyethylene. The resultant product
      consisted of 45% by weight of large particles retained on a 42 mesh size
      screen including an amount of lumps, 40% by weight of medium particles
      passed through the 42 mesh size screen and retained on a 150 mesh size
      screen and 15% by weight of fine particles passed through the 150 mesh
      size screen.
PAC  EXAMPLES 16 through 18 and comparison EXAMPLE 5
PAR  In each of the Examples 16 through 18, and the Comparison Example 5, the
      operations identical to those in Example 2 were carried out, except that
      the stirring paddles were rotated at a peripheral velocity as indicated in
      Table 6. The results are also illustrated in Table 6.
TBL                                    Table 6                                 
     __________________________________________________________________________
     Item     Peripheral                                                       
                    Distribution in particle size                              
              velocity                                                         
                    (% by weight)                                              
              (m/sec.)                                                         
                    Larger than                                                
                           Between 42                                          
                                  Smaller than                                 
                    42 mesh                                                    
                           and 150                                             
                                  150 mesh                                     
     Example        size   mesh sizes                                          
                                  size                                         
     __________________________________________________________________________
     Comparison                                                                
      Example                                                                  
            5  3    55     30     15                                           
     Example                                                                   
           16  6    18     58     24                                           
           17 12    15     62     23                                           
           18 16    20     60     20                                           
     __________________________________________________________________________
PAC  EXAMPLES 19 through 21
PAR  In each of the Examples 19 through 21, operations identical to those in
      Example 2 were repeated except that a type of organic solvent and water
      were used in amounts as indicated in Table 7. In each example, the amount
      of water used was 1.5 times that necessary for producing an azeotropic
      mixture with the amount of trichloroethylene used. The results are also
      indicated in Table 7.
TBL                                    Table 7                                 
     __________________________________________________________________________
     Item Organic solvent                                                      
                         Dissolv-                                              
                               Distribution in particle size                   
                     Water                                                     
                         ing point                                             
                               (% by weight)                                   
                 Amount        Larger                                          
                                     Between                                   
                                           Smaller                             
          Type       (Kg)                                                      
                         (.degree.C)                                           
                               than 42                                         
                                     42 and                                    
                                           than 150                            
                 (Kg)          mesh  150 mesh                                  
                                           mesh                                
     Example                   size  sizes size                                
     __________________________________________________________________________
     19   Tetrachloro-                                                         
                 12  3.6 93    13    65    22                                  
           ethylene                                                            
     20   Tetrachloro-                                                         
                 18  1.2 86    8     66    26                                  
           methane                                                             
     21   Toluene                                                              
                 12  4.3 95    5     67    28                                  
     __________________________________________________________________________
PAC  EXAMPLES 22 through 25
PAR  In each of the Examples 22 through 25, the same operations as in Example 2
      were carried out, except that a type of polyethylene as shown in Table 8
      was used, that trichloroethylene and water were used in amounts as
      indicated in Table 8 and that the dissolving point of the polyethylene
      under the given condition was as indicated in Table 8. The results are
      also presented in Table 8.
TBL                                    Table 8                                 
     __________________________________________________________________________
     Item Polyethylene                                                         
                    Trichloro-                                                 
                              Dissolv-                                         
                                   Distribution in particle size               
                    ethylene                                                   
                          Water                                                
                              ing  (% by weight)                               
          Melt                                                                 
              Density         point                                            
                                   Larger                                      
                                         Between                               
                                               Smaller                         
          flow                                                                 
              (g/cm.sup.3)                                                     
                    (Kg)  (Kg)     than 42                                     
                                         42 and                                
                                               than 150                        
          index               (.degree.C)                                      
                                   mesh  150 mesh                              
                                               mesh                            
     Example                       size  sizes size                            
     __________________________________________________________________________
     22   0.2 0.923 20    1.8 84   13    63    24                              
     23   2.0 0.922 18    1.7 85   14    61    25                              
     24   25  0.922 12    1.2 90   20    60    20                              
     25   60  0.919 12    1.2 90   16    62    22                              
     __________________________________________________________________________
PAC  EXAMPLES 26 and 27
PAR  In each of the Examples 26 and 27, the same procedures as those in Example
      2 were effected, except that a type of copolymer was used which consisted
      of copolymerized vinyl acetate in an amount as indicated in Table 9 and
      the balance of copolymerized ethylene and which had a melt flow index as
      indicated in Table 9, that trichloroethylene and water were mixed in
      amounts as indicated in Table 9 and that under the given condition, the
      copolymer had a dissolving point as indicated in Table 9. The results are
      also presented in Table 9.
TBL                                    Table 9                                 
     __________________________________________________________________________
     Item Copolymer                                                            
                   Trichloro-                                                  
                             Dissolv-                                          
                                  Distribution in particle size                
                   ethylene                                                    
                         Water                                                 
                             ing  (% by weight)                                
          Content            point                                             
                                  Larger                                       
                                        Between                                
                                              Smaller                          
          of   Melt               than 42                                      
                                        42 and                                 
                                              than 150                         
          vinyl                                                                
               flow                                                            
                   (Kg)  (Kg)     mesh  150 mesh                               
                                              mesh                             
          acetate                                                              
               index         (.degree.C)                                       
                                  size  sizes size                             
     Ex.  (% wt.)                                                              
     __________________________________________________________________________
     26   10   4   16    1.5 75   17    60    23                               
     27   20   2.5 18    1.7 66   23    60    17                               
     __________________________________________________________________________
PAC  EXAMPLE 28
PAR  In Example 28 a vertical type closed vessel was used which had a inside
      diameter of 30 cm, an inside depth of 44 cm and was provided with a top
      lid, stirrer consisting of a rotary shaft extending into the inside of the
      vessel through the top lid and a pair of stirring paddles 13 cm long
      extending from the shaft toward the inside wall of the vessel and a
      jacket. The vessel was charged with 5 Kg of the same type of polyethylene
      as used in Example 1, 10 Kg of trichloroethylene and 1 Kg of water. The
      dissolving point of the polyethylene under the above-mentioned conditions
      was 90.degree. C. The stirring paddles were revolved at a peripheral
      velocity of 5 m/second while flowing hot water through the jacket. 45
      minutes after the beginning of the stirring, the charge in the vessel had
      been raised to a temperature of 90.degree. C and the polyethylene was
      completely dissolved in trichloroethylene. Thereafter, the charge was
      cooled to a temperature of 40.degree. C by flowing cooling water through
      the jacket. At 40.degree. C, trichloroethylene and water were evaporated
      away from the charge under a reduced pressure from 200 to 700 mmHg and at
      an evaporating rate of 5 liter/hour. The resultant product consisted of
      13% by weight of large particles retained on a 42 mesh size screen, 53% by
      weight of medium particles passed through a 42 mesh size screen and
      retained on a 150 mesh size screen and 34% by weight of fine particles
      passed through a 150 mesh size screen.
PAC  EXAMPLES 29 through 31 and comparison EXAMPLES 6 and 7
PAR  In each of the Examples 29, 30 and 31 and Comparison Examples 6 and 7, the
      same operations as in Example 28 were repeated using water in an amount as
      indicated in Table 10. The results are also presented in Table 10.
TBL                                    Table 10                                
     __________________________________________________________________________
     Item         Distribution in particle size (% wt.)                        
              Water                                                            
                  Larger than                                                  
                         Between 42                                            
                                Smaller than                                   
     Example      42 mesh                                                      
                         and 150                                               
                                150 mesh                                       
                  size   mesh sizes                                            
                                size                                           
     __________________________________________________________________________
     Example                                                                   
           0.69   17     51     32                                             
           30     1.50   13     56     31                                      
           31     2.00   14     52     34                                      
     Comparison                                                                
           6      0.25   37     38     25                                      
     Example                                                                   
           7      5.00   36     40     24                                      
     __________________________________________________________________________
PAC  REFERENCE EXAMPLE 1
PAR  The fluidity of the finely powdered polyethylene particles prepared in
      Example 3, passing through a 42 mesh size screen and being retained on a
      200 mesh size screen, was determined by the following methods. A cylinder
      of 20 cm inside diameter and 50 cm height, having a bottom, was vertically
      provided as a fluidizing vessel. A filter cloth of 20 cm diameter (grade:
      p-320, made by Tokyo Filter Cloth K.K.) was fixed at a location 10 cm from
      the bottom in parallel to the bottom. A portion of the cylinder beneath
      the filter cloth was connected to a conduit for blowing air therethrough
      into the cylinder. The polyethylene particles were charged on the filter
      cloth in a height of 3 cm. Air was blown into the fluidizing vessel
      through the air conduit under a pressure of 60 mmH.sub.2 O. The
      polyethylene particle layer on the filter cloth was fluidized and floated
      up by the blown air. During the air-blowing operation, the height of the
      fluidized polyethylene particle layer was measured. The floating ratio of
      the polyethylene particles was calculated as a ratio of the height of the
      fluidized particle layer to that of the original particle layer.
PAR  The same operations as mentioned above were repeated except that the
      polyethylene particles were charged in a height of 5 cm on the filter
      cloth and that air was blown under a pressure of 80 mmH.sub.2 O. The
      floating ratio was determined. The results are indicated in Table 11.
TBL                Table 11                                                    
     ______________________________________                                    
     Height of Air-blowing Floating                                            
     particle layer                                                            
               pressure    ratio       Fluidity                                
     (cm)      (mm H.sub.2 O)                                                  
     ______________________________________                                    
     3         60          1.3         good                                    
     5         80          1.5         good                                    
     ______________________________________                                    
PAR  It was observed that throughout the air-blowing period of 5 minutes, the
      polyethylene particles were uniformly fluidized and floated off without
      channelling, which word refers to formation of an air path through which
      air flows without fluidizing the particles. From this fact, it could be
      understood that the polyethylene particles produced in accordance with the
      method of the present invention had an excellent fluidity.
PAC  COMPARATIVE REFERENCE EXAMPLE 1
PAR  The same polyethylene pellets as used in Example 1 were finely ground at a
      temperature of -40.degree. C using a freezing grinder (Type: TAT-10LF-5,
      made by Tokyo Atomizer Producing Co., Ltd.). The resultant polyethylene
      powder was screened with 42 and 200 mesh sieves. The polyethylene
      particles of a size between 42 and 200 mesh size were subjected to the
      same fluidity tests as used in Reference Example 1.  The results are
      presented in Table 12.
TBL                Table 12                                                    
     ______________________________________                                    
     Height of Air-blowing                                                     
     particle  pressure    Fluidity                                            
     layer (cm)                                                                
               (mm H.sub.2 O)                                                  
     ______________________________________                                    
     3         60          Channelling was created                             
                           immediately after the start                         
                           of air-blowing                                      
     5         80          Channelling was formed 2                            
                           minutes after the start of                          
                           air-blowing                                         
     ______________________________________                                    
PAR  From Table 12, it can be understood that the ground polyethylene particles
      had a low fluidity.
PAC  COMPARATIVE REFERENCE EXAMPLE 2
PAR  The same polyethylene pellets as those used in Example 1 were ground at an
      ambient temperature with a grinding machine (Type: T-800 made by Turbo
      Industry Co., Ltd.). By way of screening, polyethylene particles between
      42 and 200 mesh size were collected, and subjected to the same fluidity
      tests as in Reference Example 1. The results are presented in Table 13.
TBL                Table 13                                                    
     ______________________________________                                    
     Height of Air-blowing                                                     
     particle  pressure    Fluidity                                            
     layer (cm)                                                                
               (mm H.sub.2 O)                                                  
     ______________________________________                                    
     3         60          Channelling occurred imme-                          
                           diately after the start of                          
                           air-blowing                                         
     5         80          Channelling occurred 1.7                            
                           minutes after the start of                          
                           air-blowing                                         
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for preparing finely divided ethylene polymer particles,
      comprising:
PA1  1. charging a closed vessel having a stirrer with 1 part by weight of an
      ethylene polymer selected from the group consisting of polyethylenes,
      copolymers of ethylene and vinyl acetate and mixtures of two or more of
      the above-mentioned polymers, 1.2 to 5.0 parts by weight of an organic
      solvent capable of dissolving said ethylene polymer and water in an amount
      of 1 to 4 times that necessary for producing an azeotropic mixture with
      said amount of said organic solvent charged;
PA1  2. stirring said charge to mix said ethylene polymer, organic solvent and
      water, and;
PA1  3. effecting, while stirring said mixture, the following operations:
PA2  a. heating said mixture to a temperature not lower than the dissolving
      point beneath which point said ethylene polymer can not be completely
      dissolved in said amount of said organic solvent, while allowing said
      ethylene polymer to be dissolved in said organic solvent;
PA2  b. cooling said mixture to a temperature of at least 25.degree.C beneath
      said dissolving point of said ethylene polymer in said organic solvent but
      not lower than 0.degree.C, and;
PA2  c. evaporating said organic solvent and water from said mixture under a
      reduced pressure condition, while said ethylene polymer is allowed to
      deposit in the form of finely divided smoothly surfaced spherical
      particles from the mixture of said organic solvent and water.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein said stirrer is provided with a
      rotary shaft and at least two stirring paddles extending from said shaft
      and approaching the inside wall surface, of said vessel, and rotated at a
      peripheral velocity of said stirring paddles of 4 to 16 m/second.
NUM  3.
PAR  3. A method as claimed in claim 2, wherein said peripheral velocity of said
      stirring paddles is 5 to 14 m/second.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein said water in said mixture is in
      an amount of 1.5 to 3.5 times that necessary for producing the azeotropic
      mixture with said organic solvent.
NUM  5.
PAR  5. A method as claimed in claim 1, wherein said heating is carried out to a
      temperature between 70.degree. and 90.degree.C.
NUM  6.
PAR  6. A method as claimed in claim 1, wherein said polyethylene is selected
      from polyethylenes having a melt flow index of 0.1 to 60.
NUM  7.
PAR  7. A method as claimed in claim 1, wherein said copolymer consists of at
      most 50% by weight of copolymerized vinyl acetate and the balance of
      copolymerized ethylene.
NUM  8.
PAR  8. A method as claimed in claim 7, wherein the content of said
      copolymerized vinyl acetate moiety in said copolymer is at most 30%.
NUM  9.
PAR  9. A method as claimed in claim 1, wherein said organic solvent is selected
      from the group consisting of aliphatic hydrocarbons, cycloaliphatic
      hydrocarbons, aromatic hydrocarbons and halogenated aliphatic hydrocarbons
      each having a boiling point of 50.degree. to 150.degree.C, and mixtures of
      two or more of the above-mentioned compounds.
NUM  10.
PAR  10. A method as claimed in claim 9, wherein said aliphatic hydrocarbon is
      selected from the group consisting of n-hexane, n-heptane and n-octane.
NUM  11.
PAR  11. A method as claimed in claim 9, wherein said cycloaliphatic hydrocarbon
      is either cyclohexane or cycloheptane.
NUM  12.
PAR  12. A method as claimed in claim 9, wherein said aromatic hydrocarbon is
      selected from the group consisting of benzene, toluenes, xylenes and ethyl
      benzene.
NUM  13.
PAR  13. A method as claimed in claim 9, wherein said halogenated aliphatic
      hydrocarbon is selected from the group consisting of tetrachloromethane,
      chloroform trichloroethylene and tetrachloroethylene.
NUM  14.
PAR  14. A method as claimed in claim 1, wherein said organic solvent is in an
      amount of 1.5 to 2.5 parts by weight.
NUM  15.
PAR  15. A method as claimed in claim 1, wherein said evaporating is carried out
      at an evaporating rate of 0.3 to 2.5 liters/hour of the mixture of said
      organic solvent and said water per 1 kg of said ethylene polymer.
NUM  16.
PAR  16. A method as claimed in claim 15, wherein said evaporating rate is 0.5
      to 2.0 liters/hour of said mixture per 1 kg of said ethylene polymer.
NUM  17.
PAR  17. A method as claimed in claim 1, wherein said reduced pressure is in a
      range from 200 to 700 mmHg.
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ABST
PAL  There is disclosed a process for the preparation of high cis polyoctenamer
      and high cis polybutenamer or copolymers thereof by the polymerization of
      cyclooctene and/or 1,5-cyclooctadiene by means of a catalyst system
      comprising (A) an organosilicon compound, (B) a tungsten halide salt, and
      (C) an organoaluminum compound.
BSUM
PAR  This invention is directed to a process for the preparation of high cis
      polyoctenamer and high cis polybutenamer or copolymers thereof from the
      ring opening polymerizations of cyclooctene and/or 1,5-cyclooctadiene by
      means of a catalyst system comprising (A) an organosilicon compound, (B) a
      tungsten halide salt, and (C) an organoaluminum compound.
PAR  By ring-opening polymerization is meant a process whereby cycloolefins, in
      the presence of an olefin metathesis catalyst, form high molecular weight
      polyalkenamers.
      ##EQU1##
      It should be noted that in polyalkenamers resulting from the ring-opening
      polymerization of cycloolefins, the repeating polymer segments contain the
      same number of carbon atoms and double bonds as the cycloolefin
      polymerized. This is to be contrasted with addition polymers, prepared
      from acyclic olefins and diolefins, wherein the polymer segments contain
      one less double bond than the employed olefin or diolefin monomer
      contained.
PAR  Recently, much emphasis has been placed on obtaining high cis polybutadiene
      and high cis polyisoprene from the polymerization of butadiene and
      isoprene, respectively, because of the certain desirable properties
      associated with these "high cis" elastomers.
PAR  The polymer obtained by the ring-opening polymerization of
      1,5-cyclooctadiene, which may be represented as polyoctadienamer (I) or
      polybutenamer (II), is for the most part, the
      ##EQU2##
      same as high 1,4-polybutadiene prepared by the addition polymerization of
      butadiene. One essential difference should be noted however. High
      1,4-polybutadiene contains at least some vinyl side chain units as a
      result of the occurrence of some "1,2-addition," (along with the normal
      1,4-addition), during the addition polymerization of the 1,3-butadiene
      monomer. Such vinyl units are totally absent in polybutenamer (II),
      however, owing to the mechanism inherent in ring-opening polymerizations
      of cycloolefins wherein the formation of such pendant groups cannot occur.
PAR  In the prior art processes of ring-opening polymerizations of cycloolefins
      and cyclodiolefins, somewhat less than 90 percent of the
      vinylene(--CH=CH--) units of the polymer products are in the cis
      configuration. It is one of the advantages of the present invention that
      by employing the processes described herein, polyalkenamers (i.e.
      polyoctenamer and polybutenamer), can be obtained which have cis vinylene
      contents of near or greater than 90 percent.
PAR  According to the invention at least one cycloolefin selected from the group
      of cyclooctene and 1,5-cyclooctadiene is polymerized by means of a
      catalyst system comprising (A) an organosilicon compound of the formula
EQU  R.sub.4.sub.-n Si(Y).sub.n
PAL  wherein R represents any hydrocarbon fragment such as an alkyl, alkenyl or
      aryl radical; and Y may be selected from the group consisting of vinyl,
      alkylidenyl, alkoxy, aryloxy and aralkoxy radicals; n being at least 2;
      and (B) a tungsten halide salt of the general formula
EQU  R.sub.m.sub.-n.sub.' WX.sub.n.sub.'
PAL  wherein X represents chlorine or bromine and R is selected from the group
      consisting of alkoxy, haloalkoxy, aryloxy, alkaryloxy and acetyl acetonyl
      radicals; m being 6 when X is Cl or 5 when X equals Br; and wherein n' may
      be 3 to 6 inclusive when X equals Cl or 3 to 5 inclusive when X equals Br;
      and (C) an organoaluminum compound of the formula
      ##EQU3##
      wherein R.sub.1, R.sub.2 and R.sub.3 may independently represent an alkyl
      or aralkyl radical, or a halogen atom.
PAR  In (C) above, it is preferrable that the compound contain at least one
      aluminum to carbon bond.
PAR  Representative but not exhaustive of the compounds of the formula
EQU  R.sub.4.sub.-n Si(Y).sub.n
PAL  or (A) of the catalyst system are diphenyldivinylsilane,
      diallyldivinylsilane, diethyldipropylidenylsilane, dimethyldiethoxysilane,
      benzyltrivinylsilane, and tetravinylsilane. Vinyl or alkylidenyl radicals
      constitute a preferred class for the Y group.
PAR  Representative but not exhaustive of the compounds of the formula
EQU  R.sub.m.sub.-n.sub.' WX.sub.n.sub.'
PAL  or (B) of the catalyst system are tungsten hexachloride, phenoxytungsten
      pentachloride, (2-chloroethoxy) tungsten pentachloride, ethoxytungsten
      tetrabromide, di-(2-chlorophenoxy) tungsten tetrachloride,
      triethoxytungsten trichloride and acetylacetonyl tungsten pentachloride.
PAR  Certain of these tungsten salts may be prepared by modifying WCl.sub.6 or
      WBr.sub.5 with materials containing OH groups such as alcohols or phenols.
      This modification seems to improve the performance of the catalyst system
      in that in some cases the catalyst seems to give a higher polymerization
      rate and in other cases prevents or supresses the formation of gel in the
      final polymer. For instance, it has been found that if lower alkyl
      alcohols or phenols such as ethyl alcohol, halogen substituted ethyl
      alcohols, i.e., trifluoriethanol, or even propyl or butyl alcohols are
      added to the tungsten hexachloride compound in molar amounts ranging from
      1 to about 4 moles of the alcohol per mole of tungsten, the catalyst shows
      one or more of these advantages.
PAR  Representative but not exhaustive of the compounds of the formula
      ##EQU4##
      or (C) of the catalyst system are trialkylaluminums, such as
      triethylaluminum, triisobutylaluminum and the like; dialkylaluminum
      halides, such as diethylaluminum chloride; diethylaluminum bromide and the
      like; mixtures of dialkylaluminum halides and alkylaluminum dihalides,
      such as ethylaluminum sesquichlorides; and alkylaluminum dihalides, such
      as ethylaluminum dichloride, ethylaluminum dibromide and the like.
PAR  The major effect of the organosilicon component (A) of the catalyst system
      can be readily ascertained by comparing the cis vinylene content of the
      polymers obtained, when it is employed, with those obtained by the same
      (B) and (C) combination of the catalyst in the absence of (A). In some
      cases, for instance, where (B) and (C), in combination alone, give a
      polymer with a cis double-bond content as low as 21 percent, the addition
      of (A) to the monomer solution prior to the employment of the same (B)/(C)
      combination, using otherwise identical conditions, results in the
      formation of a polymer with a cis double-bond content of better than 92
      percent. Although it is not known with any certainty why component (A) is
      critical to the stereoselectivity shown by the catalyst system, it is
      believed that these silicon compounds serve, in some way, as chelating
      agents, and, as such, modify the active tungsten catalyst specie. The
      basis for this belief lies partly in the observation that the number of Y
      substituents as defined for (A), must be at least 2. For example, it is
      found that whereas divinyldiphenyl silane is highly effective in the
      system, mono-vinyl silanes are only slightly effective, even when employed
      in amounts allowing for equal concentrations of vinyl groups.
PAR  The polymerizations of this invention may be conducted in solution or in
      bulk. When the polymerization is carried out in solution, solvents which
      do not adversely affect the polymerization are required. Such solvents
      meeting this specification are liquid aromatic hydrocarbons, such as
      benzene, chlorobenzene and toluene; and liquid aliphatics such as pentane,
      hexane, cyclohexane and the like.
PAR  It has been found that good results are obtained in the practice of this
      invention when the molar relationship between the three catalyst
      components (A), (B) and (C), as previously defined, are within a molar
      ratio of (A)/(B) ranging from 0.1/1 to 3/1, and a molar ratio of (C)/(B)
      ranging from 1/1 to 10/1. More preferred are (A)/(B) molar ratio of 0.5/1
      to 1.25/1 and (C)/(B) molar ratio of 1/1 to 4/1.
PAR  The catalysts employed in this invention are prepared by mixing the
      components by known techniques. Thus, the catalysts may be prepared by
      "pre-formed" or in-situ techniques. In the "pre-formed" method, the
      catalyst components are mixed together prior to exposure of any of the
      catalyst components to the cyclic monomers to be used in the
      polymerization reaction. In the in-situ method, the catalyst components
      are added separately to the cyclic monomers in the polymerization mixture.
      In the practice of this invention, the latter method is preferred, and in
      the preferred order wherein the silicon compound (A) is added first, then
      the tungsten halide (B), and, finally, the aluminum component (C).
PAR  The amount of catalyst employed in the polymerization reactions may range
      over a wide concentration and depends upon a number of factors, such as
      the purity of the reactants, the reaction times desired and the
      temperature employed. Successful polymerization reactions can be conducted
      wherein the amount of catalyst is about 1 part by weight of the (B)
      component per 2,500 parts by weight of the monomer employed, with the
      proper molar ratio of (A)/(B) and (C)/(B) being adjusted accordingly.
PAR  Temperatures at which the polymerization reactions can be carried out can
      also be varied over a wide range from extremely low temperatures, such as
      -40.degree.C up to high temperatures such as 150.degree.C and are, thus,
      not critical. In the practice of this invention, however, it is generally
      preferred to conduct the reaction at a temperature in the range of
      -10.degree.C to about 25.degree.C. Although the cis/trans ratio of the
      double bond content of the polymer product has not been found to be
      changed drastically by variations of the temperatures within the preferred
      range, it has been noted that, in general, a slightly higher cis double
      bond content is obtained in the polymer when the polymerizations are
      conducted at the lower end of the temperature range, all other factors
      being equal.
PAR  The control of the molecular weight of the homopolymers and copolymers of
      the present invention can be conveniently carried out by the incorporation
      of minute amounts of acyclic olefins in the respective polymerization
      recipes. The process by which the molecular scission can occur in the
      metathesis of a --CH=CH--vinylene main chain double bond and the vinylene
      --CH=CH-- of the added acyclic olefin is
      ##SPC1##
PAR  A noteworthy feature of the catalyst system of this invention is that,
      during the course of a given polymerization, the cis/trans ratio of the
      double bond content of the polymer generally remains fairly constant. That
      is, little change is noted in the "cis content" of the final polymer
      product when compared, for example, with a sample of the polymer taken
      after 5 percent monomer-to-polymer conversion. Moreover, no significant
      decrease in the cis-double bond content of the polymer is generally found
      when the polymerization, after complete conversion of monomer to polymer,
      is allowed to remain unterminated for long periods of time. All of this
      indicates that the inclusion of the organosilicon, as defined in this
      invention, in the catalyst system makes the combination of (A), (B) and
      (C) of the catalyst system truly a cis-directing catalyst when used in the
      ring-opening polymerization of cyclooctene and/or 1,5-cyclooctadiene.
PAR  As stated earlier, the essential difference between polybutenamer, prepared
      by the ring-opening polymerization of 1,5-cyclooctadiene, and
      polybutadiene, prepared by the addition polymerization of 1,3-butadiene,
      is the total absence of any vinyl side chain units in the former. Hence,
      the polymers obtained from 1,5-cyclooctadiene by the process described in
      this invention represent, in effect, "vinyl-free" high
      cis-1,4-polybutadiene rubber.
PAR  The polymers produced by the practice of this invention can be employed as
      rubbers to make various elastomeric articles such as rubber goods, shoe
      soles and heels, industrial belts and vehicle tires. They may be
      reinforced with carbon black, pigmented with various materials such as
      rubber pigments and fillers. They may be cross-linked or vulcanized in the
      conventional manner by the use of sulfur vulcanization techniques or can
      be cross-linked by exposure to ionizing radiation in the conventional
      manner.
DETD
PAR  The practice of this invention is further illustrated by reference to the
      following examples which are intended to be representative rather than
      restrictive of the scope of the invention. Unless otherwise indicated, all
      parts and percentages are by weight.
PAR  In the following examples the monomer solutions were prepared by passing a
      20 percent solution of freshly distilled cycloolefin in n-hexane through a
      column packed with silica-gel and alumina.
PAR  The polymerizations were carried out in previously dried 4-oz bottles to
      which 50 ml samples of the column-passed monomer solution were charged
      under nitrogen. Self-sealing rubber-lined caps were used to seal the
      bottles.
PAR  The tungsten halide catalyst derivatives (A) were prepared by treating 0.05
      M benzene solutions of WCl.sub.6 with one-to-three fold molar equivalents
      of an alcohol or phenol, (as indicated below), and sparging the solutions
      with nitrogen several minutes until all of the HCl gas was removed.
PAR  All of the catalyst components were added to the monomer solutions in the
      bottles by syringe injection through the self-sealing rubber lined caps.
PAR  Octene-2, when employed as molecular weight regulator, was added in a
      similar manner prior to the addition of the catalyst.
PAR  The % cis-double bond content of each sample was calculated from the
      expression (100 minus the % trans double bond content). The latter was
      estimated from the infrared absorbance at 967 cm.sup.-.sup.1 which was
      taken of each sample using 1 or 2 percent solutions in CS.sub.2.
PAC  EXAMPLE I
PAR  To a control bottle containing 50 milliliters (ml) of a 20 percent by
      weight solution of 1,5-cyclooctadiene (COD) in n-hexane were added 0.4 ml
      of a 0.05 Molar (M) solution of (CF.sub.3 CH.sub.2 OH).sub.3.WCl.sub.6 and
      0.4 ml of a 0.2 M solution of ethylaluminum dichloride (EADC). After 2
      hours, the polymerization was terminated with a small amount of
      isopropanol, and the polymer cement dried. A 96 percent yield of
      polybutenamer rubber was obtained which upon analysis indicated a cis
      double bond content of 21 percent.
PAC  EXAMPLE II
PAR  To a bottle containing 50 ml of 20 percent solution of COD in n-hexane were
      added 0.45 ml of a 0.05 M solution of divinyldiphenylsilane, 0.4 ml of the
      (CF.sub.3 CH.sub.2 OH).sub.3.WCl.sub.6 solution, and 0.4 ml of the EADC
      solution. After 2 hours the polymerization was terminated and the sample
      dried as described in Example I. A 93 percent yield of polybutenamer
      rubber was obtained which upon analysis showed a cis double bond content
      of 92 percent.
PAC  EXAMPLE III
PAR  In the manner described in Example II, 50 ml of the 1,5-COD monomer
      solution was treated with 0.45 ml of a 0.05 M solution of
      dimethoxydiphenylsilane, 0.4 ml of the (CF.sub.3 CH.sub.2
      OH).sub.3.WCl.sub.6 solution, and 0.4 ml of the EADC solution. A similar
      work-up procedure produced a 94 percent yield of rubber having a cis
      double bond content of 86 percent.
PAC  EXAMPLE IV
PAR  In the manner described in Example II, 50 ml of the 1,5-COD monomer
      solution was treated with 0.45 ml of a 0.05 M solution of
      tetravinylsilane, 0.4 ml of the (CF.sub.3 CH.sub.2 OH).sub.3.WCl.sub.6
      solution and 0.4 ml of the EADC solution. A similar work-up gave a 91
      percent yield of rubber with a cis double bond content of 94 percent.
PAC  EXAMPLE V
PAR  To a control bottle containing 50 ml of the 1,5-COD monomer solution were
      added 0.4 ml of a 0.05 M solution of (CH.sub.3 CH.sub.2
      OH).sub.3.WCl.sub.6 and 0.4 ml of the 0.2 M EADC solution. After 4 hours,
      the reaction solution was worked-up in the manner described in Example I.
      A 96 percent yield of rubber was obtained having a cis double bond content
      of 78 percent.
PAC  EXAMPLE VI
PAR  In the manner described in Example II, 50 ml of the 1,5-COD monomer
      solution was treated with 0.4 ml of an 0.05 M solution of
      tetravinylsilane, 0.4 ml of the (CH.sub.3 CH.sub.2 OH).sub.3.WCl.sub.6
      solution and 0.4 ml of the EADC solution. After a similar work-up
      procedure, a 95 percent yield of rubber was obtained having a cis double
      bond content of 93.5 percent.
PAC  EXAMPLE VII
PAR  To a control bottle containing 50 ml of a 20 percent by weight n-hexane
      solution of cyclooctene (CO), containing 700 parts per million (ppm) of
      octene-2-, was added 0.5 ml of 0.05 M (CH.sub.3 CH.sub.2
      OH).sub.3.WCl.sub.6 and 0.45 ml of 0.2 M EADC. After 45 minutes, the
      reaction was terminated and the rubber isolated in the manner described in
      Example I. A 93 percent yield of polyoctenamer was obtained having a cis
      double bond content of 75.5 percent.
PAC  EXAMPLE VIII
PAR  To a bottle containing 50 ml of a 20 percent by weight n-hexane solution of
      cyclooctene were added 0.55 ml of 0.05 M divinyldiphenylsilane, 0.5 ml of
      0.05 M (CH.sub.3 CH.sub.2 OH).sub.3.WCl.sub.6 and 0.45 ml of 0.2 M EADC.
      After 90 minutes the polymerization was terminated and the polymer
      isolated as described above. A 63 percent yield of rubber was obtained
      having a cis double bond content of 96.5 percent.
PAC  EXAMPLE IX
PAR  In the manner described in Example VIII, 50 ml of the cyclooctene solution
      was treated with 0.55 ml of 0.05 M (C.sub.6 H.sub.5).sub.2
      Si(OCH.sub.3).sub.2, 0.5 ml of (CF.sub.3 CH.sub.2 OH).sub.3.WCl.sub.6 and
      0.45 ml of 0.2 M EADC. A similar work-up procedure was used to isolate the
      rubber in a 30 percent yield. The cis-vinylene content of the rubber was
      found to be 91.4 percent.
PAR  The results of Examples I-IX are summarized in Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Solution.sup.a Polymerizations.sup.b,c of Cycloolefins.sup.d              
                                         R.sub.2                               
                                         .vertline.                            
                                                 Vinylene Units                
     Examples                                                                  
            Monomer                                                            
                   R.sub.4.sub.-n Si(Y).sub.n (A)                              
                              R.sub.(m.sub.-n.sub.') WX.sub.n.sub.'.sup.e      
                                         R.sub.1 --Al--R.sub.3                 
                                                 cis                           
     __________________________________________________________________________
     1 (control)                                                               
            1,5-COD                                                            
                   --         (CH.sub.3 CH.sub.2 O).sub.3 WCl.sub.3.sup.e      
                                         EtAlCl.sub.2                          
                                                 21%                           
     2      "      (C.sub.6 H.sub.5).sub.2 Si(CH=CH.sub.2).sub.2               
                              "          "       90%                           
     3      "      (C.sub.6 H.sub.5).sub.2 Si(OCH.sub.3).sub.2                 
                              "          "       86%                           
     4      "      (CH.sub.2 =CH).sub.4 Si                                     
                              "          "       94%                           
     5 (control)                                                               
            "      --         (CH.sub.3 CH.sub.2 O).sub.3 WCl.sub.3            
                                         "       78%                           
     6      "      (CH.sub.2 =CH).sub.4 Si                                     
                              "          "       93.5%                         
     7 (control)                                                               
            Cyclooctene                                                        
                   --         (CF.sub.3 CH.sub.2 O).sub.3 WCl.sub.3            
                                         "       75.5%                         
     8      "      (C.sub.6 H.sub.5).sub.2 Si(CH=CH.sub.2).sub.2               
                              "          "       96.5%                         
     9      "      (C.sub.6 H.sub.5).sub.2 Si(OCH.sub.3).sub.2                 
                              "          "       91.4%                         
     __________________________________________________________________________
      .sup.a 20% solns in n-hexane;                                            
      .sup.b 24.degree.C;                                                      
      .sup.c (A)/(B)/(C) molar ratios = ca. 1.25/1/4, unless otherwise         
      indicated.                                                               
      .sup.d Monomer/(B) wt. ratio = ca. 2,300/1;                              
      .sup.e estimated average number of substitutents per W atom;             
      .sup.f (A)/(B)/(C) = 0.5/1/4                                             
PAR  In the following examples the polymerization reactions were bulk
      polymerizations carried out using undiluted 1,5-COD which was purified in
      the same manner as that described for the hexane-diluted monomer solutions
      above.
PAC  EXAMPLE X
PAR  To a control bottle containing 22 gms of the 1,5-COD monomer were added 0.6
      ml of a 0.05 M solution of C.sub.6 H.sub.5 OH.WCl.sub.6 and 0.4 ml of a
      0.2 M solution of diethylaluminum chloride (DEAC). After 1 hour the
      polymerization was terminated and dried as described above for the
      solution polymers. A 96 percent yield of rubber was obtained having a cis
      double bond content of 59 percent.
PAC  EXAMPLE XI
PAR  To a bottle containing 22 gms of the 1,5-COD monomer were added 0.6 ml of a
      0.05 M solution of tetravinylsilane, 0.6 ml of the 0.05 M C.sub.6 H.sub.5
      OH.WCl.sub.6 solution, and 0.4 ml of the DEAC solution. After 1 hour the
      polymerization was terminated and the cement dried. A 75 percent yield of
      rubber was obtained which possessed a cis double bond content of 96
      percent.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method which comprises polymerizing a cycloolefin selected from the
      group consisting of cyclooctene and 1,5-cyclooctadiene to polyalkenamers
      having cis vinylene contents of at least 86% by means of a catalyst system
      comprising (A) an organosilicon compound of the formula R.sub.4
      --nSi(Y).sub.n wherein R represents any hydrocarbon fragment from the
      group of an alkyl, alkenyl or aryl radical and Y is selected from the
      group consisting of vinyl alkylidenyl, alkoxy, aryloxy and aralkoxy
      radicals and n being at least 2 and (B) a tungsten halide salt of the
      general formula R.sub.m.sub.-n.sub.' WX.sub.n.sub.' wherein X represents
      chlorine or bromine and R is selected from the group consisting of alkoxy,
      aryloxy, haloalkoxy, alkaryloxy and acetyl acetonyl radicals m being 6
      when X = Cl or 5 when X = Br and wherein n' is 3 to 6 inclusive when X =
      Cl or 3 to 5 inclusive when X = Br and (C) an organoaluminum compound of
      the formula
      ##EQU5##
      wherein R.sub.1, R.sub.2 and R.sub.3 may independently represent an alkyl,
      aralkyl radical or a halogen atom, and wherein the molar ratio of (A)/(B)
      ranges from 0.1/1 to 3/1 and the molar ratio of (C)/(B) ranges from 1/1 to
      10/1.
NUM  2.
PAR  2. The method of claim 1 in which the organosilicon compound contains a
      vinyl radical.
NUM  3.
PAR  3. The method of claim 1 in which the organoaluminum compound is ethyl
      aluminum dichloride.
NUM  4.
PAR  4. The method of claim 1 in which the tungsten halide salt is tungsten
      hexachloride.3 ethyl alcohol complex.
NUM  5.
PAR  5. The method of claim 1 in which the organosilicon compound is
      tetravinylsilane.
NUM  6.
PAR  6. The method of claim 1 in which the organosilicon compound is
      diphenyldivinylsilane.
NUM  7.
PAR  7. A method according to claim 1 in which the organosilicon compound is
      diphenyldivinylsilane, the organoaluminum compound is ethyl aluminum
      dichloride and the tungsten halide salt is tungsten hexachloride modified
      with three moles of ethyl alcohol.
NUM  8.
PAR  8. The method according to claim 1 in which the organosilicon compound is
      tetravinylsilane, the organoaluminum compound is ethylaluminum dichloride
      and the tungsten halide salt is tungsten hexachloride modified with three
      moles of ethyl alcohol.
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ABST
PAL  A process is disclosed for saponifying tall oil pitch. The process involves
      saponifying tall oil pitch in an aqueous solution having a solids content
      of 5% to 99% with at least 0.00026% by weight of a water-soluble cationic
      amine catalyst and a slight amount more of a saponifying agent than is
      required to form soaps from the free acid present in the pitch at a
      temperature above 50.degree.C. to free the fatty acid soaps and rosin acid
      soaps from their esters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to a process for saponifying tall oil pitch. More
      particularly, this invention relates to a process for hydrolyzing the
      fatty acid esters found in a tall oil pitch fraction using small amounts
      of a cationic amine catalyst at specific conditions.
PAR  In the tree, fatty acids are primarily present as triglycerides with some
      as free fatty acids and a minor percentage as sterol esters. Rosins are
      present in the tree as free acids mixed with terpenes and other essential
      oils in a semi-solid mixture known as oleoresin. The majority of the
      sterols, which function as plant hormones, and the higher fatty alcohols,
      such as lignoceryl alcohol, are probably present as free alcohols.
      Hydrolysis of the glycerides to free fatty acids and glycerol occurs by
      alkaline catalysis in the pulping process.
PAR  The fatty acid soaps, rosin acid soaps and unsaponifiables are insoluble in
      the pulping liquor and are separated therefrom by skimming. The soap
      skimmings are acidified to form crude tall oil. The crude tall oil
      contains, among other constituents, its more valuable fatty acids and
      rosin acids; and it is desirable to recover these materials. The
      separation of fatty acids from rosin acids is accomplished by
      distillation. The high temperature and low pressure required for tall oil
      distillation is conducive to splitting out water between the organic acids
      and any sterol or long chain fatty alcohol molecules present in the crude
      tall oil to form esters. These high boiling point esters are the principal
      components in tall oil pitch, which is the residue from the distillation
      of crude tall oil. Small quantities of residual lignin and other
      non-volatile trace materials in tall oil are also present in pitch.
PAR  Tall oil pitch, being a residue material, has found uses in areas where
      color and performance are not critical such as cement additives (U.S. Pat.
      No. 2,510,776), in asphalt emulsions, certain resins and paper sizes. In
      any event, attempts have been made to hydrolyze the tall oil pitch esters.
      If the esters can be hydrolyzed, the acid number is raised making the
      pitch more valuable and expanding the areas of its use, such as a
      collector for phosphate in its purification by flotation. However, the
      tall oil pitch esters are very unreactive and harsh conditions have been
      found necessary for their saponification. For example, long reflux with
      aqueous alkali at a temperature above 345.degree.F. (174.degree.C.) and a
      pressure of about 105 p.s.i.
PAR  In view of the foregoing, it should be apparent that there exists a need in
      the art for improving tall oil pitch. It is, therefore, a primary object
      of this invention to provide a process for saponifying tall oil pitch.
      Another object of this invention is to provide a process for hydrolyzing
      the esters found in tall oil pitch using a cationic amine catalyst.
PAR  Still another object of this invention is to provide a process for
      increasing the acid number of tall oil pitch.
PAR  Other objects, features and advantages of this invention will be evident
      from the following detailed description of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that the fatty acid esters found in a tall oil pitch
      fraction may be hydrolyzed by saponifying pitch in an aqueous solution at
      a pitch solids content between 5% and 99%, preferably 70% to 90%, with at
      least 0.00026% by weight of a water-soluble cationic amine soap,
      preferably 0.0026% to 1.0%, and at least a slight amount more saponifying
      agent than is required to form soaps from the free acid present in the
      pitch, generally 0.43 moles to 4.0 moles per mole of pitch carboxylate of
      a saponifying agent, preferably 0.8 moles to 1.8 moles, such as sodium
      hydroxide at a temperature above 50.degree.C., preferably 80.degree.C. to
      174.degree.C., to thereby free the fatty acid soaps and rosin acid soaps
      from their esters, as shown by a significant increase in the acid number
      when the soaps are converted to free acids.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has been found that the fatty acid esters in a pitch fraction can be
      saponified with a cationic amine soap catalyst. Although the exact nature
      of the reaction has not been clearly established, it appears desirable to
      establish a pitch/water/cationic soap catalyst system where reverse
      cationic soap micelles in pitch as the continuous phase predominate.
      Mechanistically, ester hydrolysis in alkaline medium is accomplished by
      attack on the relatively electron deficient carbonyl carbon atom by the
      electron rich hydroxyl ion followed by elimination of the alcoxide anion.
      Stability provided by the carboxyl resonance structure prevents
      reversibility of this elimination step.
PAR  Promotion of the equilibrium reaction toward the intermediate required for
      dealkoxylation can be achieved by increasing the hydroxyl ion
      concentration. It is theorized that if the ester to be hydrolyzed
      penetrates the micelle structure of a cationic soap it will enter a high
      hydroxyl ion concentration region at the interface between the amine heads
      of the soap molecules and the aqueous phase. This region is provided by
      attraction of the negative hydroxyl ions in the aqueous phase into the
      double layer developed at the interface by the positively charged amine
      groups in the soap molecules making up the micelles. Such an interface
      exists whether the micelles are of the normal type with an organic core
      and polar surface in an aqueous bulk solution or of the reverse type with
      a polar core and organic surface in an organic bulk solution. As the pitch
      concentration increases above a few percent solids, reverse micelles may
      exist together with normal micelles and for other soap configuration in
      the system. It was found that conditions which increase the ratio of these
      reverse micelles to normal micelles improve hydrolysis up to a point.
PAR  Thus, the solids content of the aqueous pitch solution has a pronounced
      effect on the hydrolysis reaction, as clearly shown in Example 1.
      Hydrolysis of the fatty acid esters under identical conditions is more
      effective on high solids content pitch solutions than on low solids
      content pitch solutions. Although hydrolysis using the cationic amine soap
      catalyst will occur in the predominately normal micelle range, i.e., say
      about 5% solids, the preferred solids content, however, is in the reverse
      micelle range from about 70% solids to about 90% solids. The upper limit
      on pitch solids concentration is about 99% solids above which the water
      concentration is inadequate for appreciable reaction. The desired solids
      content may be obtained by adding the correct amount of water to pitch
      which has been warmed to make it more fluid or in combination with the
      saponifying agent or catalyst.
PAR  The catalysts used in the process of this invention are the water-soluble
      cationic amine soaps. It is, of course, essential to the process of this
      invention that the cationic amine soaps be water-soluble.
PAR  Suitable amines for use in preparing the soaps of the invention include
      primary, secondary and tertiary mono- and polyamines such as aliphatic,
      including cycloaliphatic, mono- and polyamines. The amines generally may
      contain up to about 20, preferably above about 6, carbon atoms in their
      structural formula. For example, isopropylamine, n-propylamine,
      diisopropylamine, n-butylamine, di-n-butylamine, tri-n-butylamine,
      triethylamine, cyclohexylamine, ethylene diamine, diethylene triamine,
      triethylene tetramine, tetraethylene pentamine, etc.; heterocyclic N-
      containing mono- and polyamines, for example, morpholine, N-
      methyl-morpholine, 4(2-aminoethoxy) ethylmorpholine,
      2-(4-morpholinylethoxy) ethanol, bis-2-(4-morpholinyl) ethyl ether,
      piperazine, N-aminoethylpiperazine, N-hydroxy-ethyl-piperazine,
      pyridazine, pyrrole, pyrrolidine, pyridine, piperadine, pyrimidine,
      pyridazine, etc. Mixtures of the foregoing such as residue products
      resulting from the commercial production of pure or essentially pure
      amines are especially desirable for use in preparing the additive of the
      invention due to the relative low-cost of such products. Additionally,
      long chain fatty acid amines are especially useful such as cocoa fatty
      acid primary amines, dilauryl secondary amine and N,N dimethyl dodecyl
      tertiary amine.
PAR  Suitable quaternary cationic amine soaps include, for example, aliphatic
      and aryl amines having from 10 carbon atoms to 22 carbon atoms such as
      dodecyl phenol quaternary amine soaps, cetyl trimethyl ammonium bromide,
      cetyl trimethyl ammonium chloride, dodecyl trimethyl ammonium chloride,
      and nonyl trimethyl ammonium chloride. Because of their high reactivity,
      the quaternary amines soaps are preferred, especially cetyl trimethyl
      ammonium bromide and cetyl trimethyl ammonium chloride.
PAR  While only 0.00026% by weight of pitch solids of the cationic amine
      catalyst need by employed to obtain any significant results, it is
      preferable to use between about 0.0026% and 0.26% by weight of pitch
      solids. Above about 1.0% there is little advantage to be gained, because
      the small amount of improvement can generally not justify the increase in
      cost of cationic amine catalyst required to obtain the improvement.
PAR  The saponifying agents used to perform the hydrolysis are those typical
      saponifying agents which are well known in the art. These saponifying
      agents include, for example, sodium hydroxide (caustic) and potassium
      hydroxide, with sodium hydroxide being preferred. The amount of
      saponifying agent used may in part be determined by the amount of free
      acids present in the pitch. Thus, at least a slight excess more
      saponifying agent than is required to form soaps from the free acids
      present in the pitch is needed. Thus, about 0.03 moles of free saponifying
      agent (not reacted with free acids) per ester group is used. For example,
      a pitch having an acid number of 45 will need 0.40 moles of caustic to
      convert the free acid; thus, 0.43 moles of caustic per pitch carboxylate
      is added. While the effective amount of saponifying agent used may vary up
      to 4.0 moles of saponifying agent per pitch carboxylate, the preferred
      range is from about 0.8 moles of agent per carboxylate to about 1.8 moles
      of agent per carboxylate. Little advantage is obtained by adding above
      about 1.8 moles of saponifying agent per mole of pitch carboxylate; and
      above about 3 moles of saponifying agent per mole of carboxylate, the acid
      number and yield begin to slightly decrease.
PAR  In this reaction, as in many reactions, the temperature and time of
      treatment are interrelated but not directly dependent on one another.
      Thus, generally speaking, the higher the temperature the shorter will be
      the time required to reach a desired acid number or percent yield. As a
      general rule, the time of reaction is not extremely important. However, at
      a reflux or lower temperatures at least 10 minutes should be employed. The
      reaction proceeds quite rapidly at reflux temperature with a large
      increase in acid number and yield occurring in a relatively short period
      of time, say about 30 minutes. As the reaction proceeds, it becomes more
      and more difficult to hydrolyze the remaining esters resulting in a
      decrease in the rate of acid number increase and yield. At reflux
      temperature, reaction times exceeding about 4 hours fail to produce any
      significant improvements. Although reflux temperatures at atmospheric
      pressure or higher temperatures in pressure vessels appear to be the best,
      lower temperatures may be used with longer reaction times needed to get
      equivalent results. However, as a practical matter, a temperature of at
      least 50.degree.C. is recommended to give the pitch sufficient fluidity
      for good mixing. At this lower temperature, the reaction time may be as
      long as 24 hours to get satisfactory percent conversion. The preferred
      temperature range is between about 80.degree.C. and 174.degree.C. As a
      result, the time and temperature employed is primarily an economic one of
      balancing the cost with acid number and yield improvements obtained. The
      hydrolysis reaction is normally carried out at atmospheric pressure;
      however, where higher reaction temperatures are used, and/or ammonium
      hydroxide is the saponifying agent, it is desirable to employ pressures up
      to about 150 p.s.i.
PAR  The thus treated pitch soaps, because of their increased acid number, may
      be used in quick break anionic asphalt emulsions or as a component in
      anionic phosphate ore flotation reagents.
PAR  In a preferred embodiment of the process of this invention, the bottom
      fraction (pitch) of a crude tall oil distillation having an acid number of
      about 45 is warmed until it is fluid and in no particular order the
      following is added; water is added until the solids concentration is about
      86% by weight pitch; about 1.7 moles of caustic per mole of pitch
      carboxylate is added, along with 0.026% by weight of pitch of cetyl
      trimethyl ammonium bromide and the mixture heated under reflux for 30
      minutes. The saponified materials thus treated will have an acid number
      above 90 and a yield of available acids above 85%. This process has the
      advantage of being relatively inexpensive and thereby making valuable
      materials out of a material which for years has predominately been used
      for its fuel value.
DETD
PAR  The following examples serve to illustrate the process of this invention.
PAC  EXAMPLE 1
PAR  Saponification was accomplished on a tall oil pitch having an acid number
      of 45 and a saponification number of 112. A pitch sample of 448 grams was
      heated in a flask to 90.degree.C. To the flask was then added 128 grams of
      a 50% caustic solution (1.73 moles/mole of carboxylate) which produced a
      system having solids of 86%. An aqueous solution of cetyl trimethyl
      ammonium bromide (CTAB) was prepared by dissolving 30.6 grams of cetyl
      trimethyl ammonium bromide in 100 grams of water and warmed to about
      50.degree.C. From the warm aqueous solution of CTAB, 0.5 gram was taken
      and added to the pitch along with one drop of a silicone defoamer. A
      reflux condenser was placed on the flask and the contents boiled for 30
      minutes. The saponification product was acidified with sulfric acid to
      free the fatty acids and rosin acid from their soaps, and the acid number
      was determined according to A.S.T.M. D803-65.
PAR  The acid number of the hydrolysis reaction product was 96.8 and the
      saponification number was 106.0, indicating that saponification of the
      fatty acids contained in the pitch sample had occurred.
PAC  EXAMPLE 2
PAR  This example is to illustrate the effect of pitch solids content on
      hydrolysis. Thus, for comparision, pitch samples were compared at varying
      solids concentration from 5.0% solids to almost 100% solids using the
      starting pitch (acid number 45 and saponification number 112) and general
      procedure as set out in Example 1. The effect of percent solids on degree
      of hydrolysis is shown in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
         Moles NaOH                                                            
                Catalyst                                                       
                        Reflux                                                 
     %   Per Pitch                                                             
                Concentration                                                  
                        Time,                                                  
                            Acid % of Total                                    
     Solids                                                                    
         Carboxylate                                                           
                % of Pitch                                                     
                        Hrs.                                                   
                            Number                                             
                                 Available Acids                               
     __________________________________________________________________________
      5.0                                                                      
         1.79   0.026   3   53.0 44                                            
     20.0                                                                      
         1.79   0.026   2   61.2 55                                            
     50.0                                                                      
         1.79   0.36    2   87.7 78                                            
     80.1                                                                      
         1.79   0.35    2   90.3 80                                            
     88.6                                                                      
         1.79   0.035   2   92.4 83                                            
     86.6                                                                      
         1.73   0.026   2   97.4 87                                            
     96.0                                                                      
         1.73   0.026   2   98.1 87                                            
     99 +                                                                      
         1.73   0.026   2    42.7*                                             
                                 35                                            
     __________________________________________________________________________
      Note:                                                                    
      *Starting pitch had an acid number of 40.8.                              
PAR  The results show that the solids level for maximum hydrolysis lies between
      about 80% and 96% solids.
PAC  EXAMPLE 3
PAR  This example illustrates the effect of catalyst level on hydrolysis. The
      general procedure of Example 1 was repeated by varying the level of cetyl
      trimethyl ammonium bromide catalyst of a pitch having an acid number of 45
      at 86.6% solids and 1.73 moles NaOH/mole pitch carboxylate. The results
      are shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
      % Catalyst    Acid     % of Total                                        
     Based on Pitch Number   Available Acids                                   
     ______________________________________                                    
     0 -            45.0     40                                                
     0.00026        62.6     56                                                
     0.0026         90.2     80                                                
     0.026          97.4     87                                                
     0.036          92.4     82.5                                              
     0.36           90.3     80                                                
     1.0            98.6     87                                                
     ______________________________________                                    
PAR  The results in the table show that 0.00026% by weight of CTAB makes
      significant improvement in acid number and percent total available acids.
PAC  EXAMPLE 4
PAR  This example is to illustrate the various water-soluble cationic amine
      soaps which may be used in the process of this invention. The pitch
      samples (saponification number 122) at 95% solids and 0.026% catalyst
      level were refluxed for 30 minutes with 0.66 moles NaOH/mole pitch
      carboxylate. The various catalysts used and the results obtained are shown
      in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
                  Acid     % of Total                                          
                  Number   Available Acids                                     
     ______________________________________                                    
     Starting Pitch 40.8       33                                              
     Cetyl Trimethyl                                                           
     Ammonium Chloride                                                         
                    77.5       64                                              
     Dodecyl Phenol                                                            
     Quaternary Amine                                                          
     Chloride       89.8       74                                              
     Secondary Amine.sup.1                                                     
                    78.2       64                                              
     Dodecyl Trimethyl                                                         
     Ammonium Chloride                                                         
                    77.5       64                                              
     Cocoanut Fatty                                                            
     Acid Primary                                                              
     Amine.sup.2    68.0       56                                              
     Dilauryl Secondary                                                        
     Amine          68.7       56                                              
     Dodecyl Tertiary                                                          
     Amine          68.0       56                                              
     ______________________________________                                    
      Notes:                                                                   
      .sup.1 Redicote E-11 manufactured by Armour Ind. Chemicals.              
      .sup.2 Armeen C manufactured by Armour & Company, Chicago, Illinois, is a
      mixture of long chain primary amines.                                    
PAR  These results show that water-soluble primary, secondary, tertiary and
      quaternary cationic amine soaps work well in the process of this
      invention.
PAC  EXAMPLE 5
PAR  The amount of saponifying agent present during the react has some effect on
      the degree of hydrolysis. Pitch samples (acid number 45 and saponification
      number 112) were saponified using the general procedure of Example 1 with
      0.026% CTAB catalyst for 30 minutes at reflux. The results are shown in
      Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Moles NaOH                                                                
     Per Pitch            Acid     % of Total                                  
     Carboxylate                                                               
               % Solids   Number   Available Acids                             
     ______________________________________                                    
     0.43      86.0       51.6     46                                          
     0.87      86.0       87.7     78                                          
     0.99      91.2       86.3     77                                          
     1.40      88.9       92.9     83                                          
     1.73      86.6       96.8     86                                          
     2.79      82.5       99.5     89                                          
     4.19      78.2       93.5     83                                          
     ______________________________________                                    
PAR  Little advantage is achieved by adding above about 4.0 moles NaOH/mole of
      pitch carboxylate.
PAC  EXAMPLE 6
PAR  This example illustrates the effect of reflux time on hydrolysis using
      samples of pitch having an acid number of 45 and following the general
      procedure of Example 1 at 1.73 moles NaOH/mole pitch carboxylate and
      0.026% CTAB catalyst and 86.6% pitch solids. The reaction goes most
      readily at reflux at temperature of about 110.degree.C. At this
      temperature, sufficient agitation is provided by boiling to eliminate the
      need for stirring in the reaction vessel. The results are shown in Table V
      below.
TBL                TABLE V                                                     
     ______________________________________                                    
                               % of Total                                      
     Reflux Time                                                               
                Acid Number    Available Acids                                 
     ______________________________________                                    
     0 Min.    45               40                                             
     10 Min.   92.9             83                                             
     20 Min.   92.9             83                                             
     30 Min.   96.8             86                                             
     100 Min.  97.5             87                                             
     120 Min.  97.4             87                                             
     135 Min.  98.8             88                                             
     ______________________________________                                    
PAR  The results show that a significant increase in acid number is obtained
      after only 10 minutes with slight improvements continuing after 30
      minutes.
PAC  EXAMPLE 7
PAR  This example illustrates the temperature dependency of the reaction.
      Reduction in temperature apparently shifts the equilibrium constant so
      that longer reaction times are required. Stirring is necessary at
      temperatures below reflux. Otherwise, the caustic solution will separate
      from the pitch and no reaction will take place. However, foaming does not
      occur spontaneously below reflux temperature; and antifoam is not needed
      unless the stirring rate is excessive. Hydrolysis times at two
      temperatures are shown in Table VI. It should be noted that these
      reactions were carried out with 0.87 mole NaOH instead of the 1.73 moles
      used for the reflux temperature data in Table IV. Therefore, the maximum
      degree of saponification is somewhat less.
TBL                                    TABLE VI                                
     __________________________________________________________________________
     93.degree.C.         85.degree.C.                                         
     __________________________________________________________________________
                    % of Total     % of Total                                  
           %   Acid Available                                                  
                          %   Acid Available                                   
     Time  Solids                                                              
               Number                                                          
                    Acids Solids                                               
                              Number                                           
                                   Acids                                       
     __________________________________________________________________________
      60 Min.                                                                  
           85.0                                                                
               74.2 66    86.0                                                 
                              74.2 66                                          
     120 Min.                                                                  
           85.0                                                                
               80.2 72    86.0                                                 
                              83.2 74                                          
     180 Min.                                                                  
           85.0                                                                
               89.8 80    86.0                                                 
                              85.4 76                                          
     300 Min.                                                                  
           85.0                                                                
               89.8 80    86.0                                                 
                              85.4 76                                          
     __________________________________________________________________________
PAR  Reaction time is increased from 30 minutes at reflux to 3 hours at
      temperatures below reflux, but the ultimate degree of hydrolysis did not
      appear to be greatly affected. Using the same proportions at
      175.degree.C., an acid number of 80 was reached in about 15 minutes.
PAR  While this invention has been described and illustrated herein by
      references to various specific materials, procedures and examples, it is
      understood that the invention is not restricted to the particular
      materials, combinations of materials, and procedures selected for that
      purpose. Numerous variations of such details can be employed, as will be
      appreciated by those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing improved tall oil pitch which comprises,
PA1  saponifying an aqueous solution of tall oil pitch at a solids concentration
      of 5% to 99% with at least 0.00026% by weight of a water-soluble cationic
      amine soap catalyst and a slight amount more of a saponifying agent than
      is required to form soaps from the free fatty acids and rosin acids
      present in the pitch at a temperature of at least 50.degree.C. to free the
      fatty acid soaps and rosin acid soaps from their esters.
NUM  2.
PAR  2. The process of claim 1 wherein said cationic amine soap is a quaternary
      amine soap.
NUM  3.
PAR  3. The process of claim 1 wherein said cationic amine soap catalyst is a
      member of the group consisting essentially of cetyl trimethyl ammonium
      bromide, cetyl trimethyl ammonium chloride, dodecyl trimethyl ammonium
      amine, nonyl trimethyl ammonium chloride and dodecyl phenol quaternary
      amine soaps.
NUM  4.
PAR  4. The process of claim 1 wherein said pitch solution has a solids content
      of from 70% to 90% by weight pitch.
NUM  5.
PAR  5. The process of claim 3 wherein said cationic amine soap catalyst is
      present in an amount from 0.0026% to 1.0%.
NUM  6.
PAR  6. The process of claim 1 wherein said saponifying agent is sodium
      hydroxide and is present in an amount from 0.8 moles of sodium hydroxide
      per pitch carboxylate to 1.8 moles of sodium hydroxide per pitch
      carboxylate.
NUM  7.
PAR  7. The process of claim 1 wherein said temperature is between about
      80.degree.C. and 174.degree.C. and said time is from 10 minutes to 4
      hours.
NUM  8.
PAR  8. A process for producing improved tall oil pitch which comprises,
PA1  saponifying an aqueous solution of tall oil pitch at a solids concentration
      from 5 to 99% with at least 0.0026% by weight of a quaternary amine soap
      catalyst and a slight amount more of a saponifying agent than is required
      to form soaps from the free fatty acids and rosin acids present in the
      pitch at a temperature of at least 50.degree.C. to free the fatty acid
      soaps and rosin acid soaps from their esters.
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ABST
PAL  A method for isomerizing fatty acids which contain an isolated diene
      structure (--CH=CH--CH.sub.2 --CH=CH--) and/or disproportionating rosin
      acids which contain a conjugated diene structure by bringing them in
      contact with sulfur and/or iodine at a raised temperature, wherein the
      acid mixture is treated with a sulfur rate of at the most 5% by weight
      and/or an iodine rate of at the most 0.4% by weight at a temperature of
      about 180.degree.-250.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an improved method of isomerizing fatty acids
      which contain an isolated diene structure (CH=CH--CH.sub.2 --CH=CH--)
      and/or disproportionating conjugated diene rosin acids by bringing them in
      contact with sulfur and/or iodine at an elevated temperature.
PAR  2. Description of the Prior Art
PAR  An alkali soap of rosin acids and/or fatty acids is quite commonly used as
      a polymerization emulsifier when producing synthetic elastomers by free
      radical polymerization. The use of a fatty acid soap in addition to a
      rosin soap provides certain advantages, such as an acceleration of the
      polymerization.
PAR  Certain structural requirements are set for a fatty acid suitable for use
      as a polymerization emulsifier (1). Saturated fatty acids, as well as
      those containing one double bond, can be used. Thus, stearic and oleic
      acids are commonly used for this purpose. On the other hand, diene and
      polyene fatty acids, which contain the structural group --CH=CH--CH.sub.2
      --CH=CH--, are not suitable to be used as emulsifiers owing to their
      retarding effect on the polymerization reaction. Fatty acids which contain
      the conjugated diene structure --CH=CH--CH=CH-- do not have this
      disturbing influence, while the fatty acids which contain a conjugated
      triene structure are not suitable for use as polymerization emulsifiers.
PAR  Tall oil fatty acid obtained from crude tall oil by distillation and which
      usually has a fatty acid content of over 90 % cannot be used as such as a
      polymerization emulsifier of synthetic elastomers. For example, a typical
      Finnish tall oil fatty acid contains 50-60 % fatty acids which contain the
      structure --CH=CH--CH.sub.2 --CH=CH-- and inhibit polymerization (linoleic
      and cis-5,9,12-octadecatrienoic acids). Some known methods for eliminating
      the acids of the said type from tall oil fatty acid are hydrogenation,
      dimerization, and isomerization. Technical hydrogenation and dimerization
      require a pressure reaction. The most common of the known isomerization
      methods (2) is most likely heating with an alkali, in which case the major
      part of the polyunsaturated fatty acids present in the tall oil fatty acid
      become conjugated. However, the technical realization of the method
      presents difficulties and the method has not become widely used.
PAR  The disproportionated rosin which is used as a polymerization emulsifier of
      synthetic rubber has traditionally been made mainly from gum rosin with
      the help of noble metal catalysts. Some other known
      disproportionation/dehydrogenation catalysts of rosin are nickel, sulfur,
      selenium, and iodine.
PAR  German Patent Specification No. 1,205,530 describes the disproportionation
      of gum rosin in two stages with the help of sulfur (1-10 %) and iodine
      (0.5 -2 %). The optimal rates are sulfur 2.8-3.5 % and iodine 0.8-1.0 %.
      The obtained product cannot be used as such but must be decolorized by a
      chemical treatment, e.g., with oxalic acid in mineral spirit. To obtain
      the final product, the solvent must be removed by distillation.
      Simultaneous use of sulfur and iodine yields a valueless pitch-like
      product.
PAR  U.S. Patent No. 3,277,072 describes the production of so-called fluid rosin
      with an iodine catalyst from tall oil rosin. Iodine is used at a rate of
      0.01-3 % of the amount of rosin. The obtained product is characterized by
      a softening point (ball and ring method) below 55.degree.C and a
      dehydroabietic acid content of less than 40 %. A complete elimination of
      the abietic acid from tall oil rosin by means of iodine is difficult
      without a considerable simultaneous decarboxylation of the rosin acids.
PAR  One of the objects of the present invention is to provide a method of
      producing from Finnish tall oil rosin a product which can be used as a
      polymerization emulsifier of synthetic rubber, in which the total amount
      of rosin acids with a conjugated diene system is 0-2 % and the
      dehydroabietic acid content calculated from the total rosin acids is over
      50 %, and from which the poly-unsaturated fatty acids containing the
      structural group --CH=CH--CH.sub.2 --CH=CH-- can be eliminated; these
      fatty acids are originally present in the rosin and are typical of
      Scandinavian crude tall oil. An additional object is to create a simple
      production process (no use of a solvent and no redistillation of rosin).
      Furthermore, the rosin should be light enough as such, without chemical
      decolorization. The softening point of the rosin should be above
      55.degree.C to make transportation and handling in containers possible
      during summer. An additional requirement was that the product be odorless
      and have the lowest possible sulfur content.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention a disproportioned and isomerized tall oil
      product is prepared by heating a tall oil material at a temperature of
      from 180.degree.-250.degree.C. in the presence of sulphur and iodine
      catalysts, the amount of sulphur being 0.1-5% by weight and the amount of
      iodine being 0.01-0.4% by weight. The catalysts may be used either
      simultaneously or successively. The resulting product has an objectionable
      odor which may be removed by vacuum distillation, water or steam
      stripping, or treatment with alkali.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Investigations led to the surprising finding that even very small rates of
      sulfur and iodine used simultaneously or in two successive reactions are
      sufficient for a complete disproportionation of tall oil rosin. An
      excellent result is obtained by using, for example, sulfur 1.75-1.5 % (2
      hours at 220.degree.C) and iodine 0.12-0.125-% (1 hour at 220.degree.C).
      When the said catalyst amounts are used simultaneously, one 2-hour
      reaction period at 220.degree.C is sufficient. The rosin acids which
      contain a conjugated diene system (abietic, neoabietic, and palustric
      acids) and the proportion of which of the total rosin acids in tall oil
      rosin is 50-60 % disappear from the rosin during the reaction so
      completely that in most trial batches their presence in the final product
      cannot be detected from a gaschromatogram (EGSS-X column).
PAR  Furthermore, a gaschromatographic examination of the product indicated that
      the polyunsaturated fatty acids present in the rosin (linoleic,
      cis-5,9,12-octadecatrienoic and cis-5,11,14-eicosatrienoic acids) and
      containing the structural group --CH=CH--CH.sub.2 --CH=CH-- surprisingly
      disappear almost quantitatively during the said disproportionation
      reaction, while the monounsaturated oleic acid and saturated fatty acids
      (palmitic, stearic, arachidic, behenic, and lignoceric acids) undergo the
      effect of the catalyst pair at least apparently unchanged. The
      forcefulness of the catalytic reaction on the polyunsaturated fatty acids
      is reflected in the fact that when tall oil fatty acids were treated by
      the same method (sulphur 1.5 %, 2 hours at 220.degree.C + iodine 0.15 %, 1
      hour at 220.degree.C) the polyunsaturated fatty acids had disappeared
      almost completely from the gaschromatogram of the methyl ester of the
      product. Let is be noted that the same reaction also takes place in the
      so-called combined fatty acids present in the neutral substance of rosin.
      The above reactions affecting rosin and fatty acid are obtained, complete
      and simultaneously, by a sulfur/iodine treatment according to the
      invention even in arbitrary mixtures of tall oil rosin acid and tall oil
      fatty acid.
PAR  The present invention has a significant additional advantage in the
      decolorization of the rosin during the process under the influence of
      iodine. The rate of iodine has a substantial effect on the color of the
      final product. For this reason it is advantageous to keep the iodine rate
      lower than 0.25 %. The bleaching effect of even an iodine rate of 0.3 % on
      the product is questionable, and with higher iodine rates the color of the
      product becomes much darker. A good example of this phenomenon is the
      German patent mentioned above, in which an iodine rate of 0.5-2 % was used
      for the disproportionation of gum rosin, in which case the product had to
      be decolorized chemically. When using the disproportionation method
      according to the present invention, for example, sulphur 1.5 % and iodine
      0.15 %, the color of tall oil rosin improves from the normal value WG-N so
      that it is X-WW in the final product according to the U.S. Rosin standard
      color scale.
PAR  To balance the above, one property -- the odor -- of the disproportionated
      tall oil rosin produced according to this invention is so seriously
      disturbing that it makes the handling of the product (putting into
      containers in a molten state) and its use as such almost impossible.
      Although the catalyst rates used are very small, the odor of the product
      as such and in alkali soap solutions is unbearably repulsive.
PAR  In the performed investigations the production of the odor was discovered
      by surprise. When the method according to the invention was applied to gum
      rosin, the said repulsive odor was completely absent from the obtained
      product. This also explains why the German patent mentioned above contains
      no mention of odor problems. But the odor of the disproportionation
      product from tall oil fatty acid was very strong and repulsive. As it is
      known that gum rosin does not contain fatty acids, it was concluded that
      the odor of the disproportionated tall oil rosin produced by the method
      according to the present invention is caused by the joint effect of the
      catalyst pair used on the polyunsaturated fatty acids present in the
      rosin. To verify this, the effect of each catalyst separated was tested on
      both tall oil rosin and on tall oil fatty acid. The result was what was
      expected: the changes in the polyunsaturated fatty acids were less
      (gaschromatography); in the product treated with sulfur there was only a
      typical odor of hydrogen sulfide, while the product treated with iodine
      was practically odorless.
PAR  After many experiments, the method which proved suitable for deodorization
      was stripping, preferably after each reaction stage, by directing water on
      the rosin surface at a rate of about 3-5 % of the amount of rosin at
      220.degree.-160.degree.C. The stripping provides two additional
      advantages: the rosin acid anhydrides present in the original tall oil
      rosin decompose and the acid value of the product respectively rises, and
      on the other hand part of the products of rosin acid decarboxylation
      become steam distilled, in which case the quality of the product improves.
      Alternatively, the odor problem can be eliminated by treating the
      completed product with an alkali rate of 2-4 % at about 220.degree.C. The
      alkali can be added, for example, as a 50-percent water solution, and in
      this case, also, the above additional advantages are obtained and, in
      addition, the softening point of the product usually rises by
      10.degree.-20.degree.C, depending on the type of alkali.
PAR  Approximately one-third of the sulfur used is removed from the system as
      hydrogen sulfide, while two-thirds of it becomes bound to the rosin. The
      hydrogen required for the production of the hydrogen sulfide is released
      from the dehydrogenating rosin acids. The sulfur content of the final
      product is not substantially changed by the water stripping. However, with
      a higher sulfur rate in the disproportionation it is more difficult to
      obtain a product with an acceptable odor by the said water stripping. When
      the rate of catalytic sulfur surpasses 2 %, the said problems already
      begin to appear. A manufacturer of synthetic rubber also prefers the
      minimum possible sulfur content in the disproportionated rosin. When using
      the optimal rate of sulfur catalyst according to this invention, i.e., 1.5
      %, the sulfur content in the final product is 0.9-1.1%. This content has
      no disturbing effect on the polymerization or vulcanization of rubber.
PAR  The properties of disproportionated tall oil rosin according to this
      invention can be controlled within certain limits by means of the catalyst
      rates and especially by means of the ratio between the rates, for sulfur
      favors almost solely the dehydrogenation of rosin acids containing a
      conjugated diene system, while iodine favors rather the actual
      disproportionation. Furthermore, sulfur has a raising effect on the
      softening point of the final product, while iodine has a strongly lowering
      effect on it. The joint effect of the catalyst rates covered by the
      present invention is such that it generally somewhat lowers the softening
      point of rosin. Practicable catalyst pair systems are represented by, for
      example, the following rates of sulfur and iodine, when the reaction
      temperature is 220.degree.C and the reaction periods 2 + 1 hours when
      using the catalysts successively and 2 hours when using them
      simultaneously.
TBL  ______________________________________                                    
     3.0        % S          0.075     % I.sub.2                               
     2.0        % S          0.10      % I.sub.2                               
     1.75       % S          0.125     % I.sub.2                               
     1.50       % S          0.15      % I.sub.2                               
     1.25       % S          0.20      % I.sub.2                               
     1.0        % S          0.25      % I.sub.2                               
     0.5        % S          0.30      % I.sub.2                               
     ______________________________________                                    
PAR  When using the extreme values of the table, the disproportionation tends to
      remain somewhat incomplete. When using the upper part of the table the
      disadvantage is a high sulfur content in the product and the advantage is
      a high dehydroabietic acid content and a high softening point. When using
      the lower part of the table, the disadvantage is a diminishing
      dehydroabietic acid content, a lowered softening point, and a rather dark
      color and the advantage is a low sulfur content. The optimal catalyst
      rates are found approximately in the middle of the table.
PAR  The present invention offers, simultaneously or alternatively, a simple way
      of eliminating the fatty acids which contain the structural group
      --CH=CH--CH.sub.2 --CH=CH-- from tall oil fatty acids or from any fatty
      acid mixtures. The linoleic and cis-5,9,12-octadecatrienoic acids
      contained in tall oil fatty acid disappear practically quantitatively when
      the tall oil fatty acid is treated with a catalytic amount of sulfur and
      iodine at a temperature of about 180.degree.-250.degree.C, either
      simultaneously or in two successive reactions. A very good result is
      obtained even with such small catalyst rates as sulfur 1.5 % and iodine
      0.15 % when the reaction temperature is 220.degree.C and the reaction
      period 2-3 hours.
PAR  During the reaction the rate of C.sub.18 -fatty acids containing the
      conjugated diene systems increases clearly in the tall oil fatty acid, but
      not enough to completely correspond to the elimination of the linoleic and
      cis-5,9,12-octadecatrienoic acids. The oleic acid with a monoene
      structure, as well as saturated fatty acids, remains unchanged in the
      reaction on the basis of a gaschromatographic analysis. However, some
      elaidinization of the oleic acid, i.e., its transformation into a
      trans-form, obviously occurs under the influence of the catalysts.
PAR  Very little decarboxylation of fatty acids takes place during the
      reactions, and consequently the acid value and the rate of unsaponifiables
      remain practically unchanged. On the other hand, the iodine value of tall
      oil fatty acid (Wijs) decreases during the reaction from the original
      value of 154 to about 90-110 in the final product. It must be noted that a
      conjugated diene fatty acid behaves in Wijs's iodine value determination
      in the same way as a monoene fatty acid.
PAR  Certain physical changes also take place in tall oil fatty acid owing to
      the reaction. Thus, its cloud point, i.e., the so-called titer, rises from
      its original value -10.degree.C to about +10.degree.C in the final
      product. Furthermore, the light refractive index of tall oil fatty acid
      (n.sub.D.sup.25) clearly grows under the influence of the reaction, i.e.,
      from value 1.472 to value 1.479.
PAR  The product obtained according to the invention from tall oil fatty acid is
      not usable as such, for its color is very dark and its odor extremely
      repulsive. By distillation the product in a vacuum, a usable fatty acid
      mixture with an acceptable color and odor is obtained. The odor components
      and part of the color components end up in the fore run. The bulk of the
      color components remain in the distillation residue.
PAR  However, distillation always causes additional expenses and losses of
      material. If no specific requirements are set for the color of the
      product, it may be sufficient to only remove the fore run wth the bad
      odor. Also, a water or steam stripping at 100.degree.-250.degree.C may be
      used for removing the odor, under either normal or lowered pressure.
      Furthermore, a conventional bleaching earth treatment suitable for fatty
      acids can be used for the decolorization.
PAR  Redistillation is also eliminated when a tall oil fatty acid according to
      the invention is manufactured so that it is the crude tall oil that is
      subjected to the sulfur/iodine treatment, in which case the desired
      reaction of fatty acids and the complete disproportionation reaction of
      the rosin acids with a conjugated diene system are obtained
      simultaneously. When the obtained product of the reactions is then fed
      into a normal tall oil distillation proces, the odor components end up in
      the fore run, while the color components are divided between the fore run
      and the pitch. When so desired, the isomerized tall oil fatty acid and
      disproportionated tall oil rosin accordng to the invention can be
      separated from each other by distillation, but naturally they can be taken
      out of the distillation apparatus in the form of different mixtures as
      well. If both the fatty acid and the rosin are to be used as
      polymerization emulsifiers, it is not worth while to strive for a very
      distinct separation in the fraction distillation, and in this case it is
      not necessary to take a so-called intermediate distillates, for example.
PAR  When using the sulfur/iodine treatment for crude tall oil, higher catalyst
      rates must be used than in the isomerization of mere tall oil fatty acid
      or in the disproportionation of mere tall oil rosin. Firstly, this is due
      to the fact that in crude tall oil the abietic acid/dehydroabietic acid
      ratio is substantially higher than in tall oil rosin. Secondly, obviously
      those parts of crude tall oil which end up in the fore run and in the
      pitch contain a great deal of reactive components which consume catalysts.
      Actually sulfur and iodine cannot be considered mere catalysts in the
      actual sense of the word because they react at least partially in the
      process.
PAR  An acceptable result is obtained when crude tall oil is treated with, for
      example, a sulfur rate of 2-4 % and an iodine rate of 0.15-0.3 % either
      simultaneously or in two successive reactions at 180.degree.-250.degree.C,
      an appropriate reaction period being, for example, 2-3 hours at
      220.degree.C. When so desired, the reaction can be left somewhat
      incomplete, for completion of the reaction takes place even during the
      distillation. Overdimensioned catalyst rates accelerate the
      decarboxylation of acids during distillation.
PAR  The method can naturally be as well applied to fatty acid/rosin acid
      mixtues which have been obtained from crude tall oil by removing the fore
      run and/or the pitch. In this case lower catalyst rates will be
      sufficient. When very light-colored, odorless products are desired, the
      fore run and the distillation residue must be removed from the reaction
      product once more.
PAR  When the goal is to eliminate the fatty acids with the --CH=CH--CH.sub.2
      --CH=CH-- structure (linoleic and cis-5,9,12 octadecatrienoic acids) from
      tall oil fatty acid, a favorable result can be obtained also by treating
      the tall oil fatty acid with only sulfur or only iodine at about
      180.degree.-250.degree.C and by using a sufficient catalyst rate and a
      sufficiently long reaction period. But the use of only sulfur or only
      iodine is not worth applying to crude tall oil for then the
      disproportionation of rosin acids is unsatisfactory.
PAR  When sulfur is added to tall oil fatty acid at a rate of 1 % at
      180.degree.C and is allowed to react for 2 hours at 220.degree.C, only
      some decrease in the amount of acids with the structure --CH=CH--CH.sub.2
      --CH=CH-- can be observed in the gaschromatogram of the reaction product.
      Likewise, only a slight decrease appears in the iodine value. When the
      rate of sulfur is raised to 4 %, only some 10 % of the total linoleic and
      cis-5,9,12-octadecatrienoic acids remains in the reaction product. Even in
      this case, the saturated fatty acids and the oleic acid seem to remain at
      least apparently unchanged during the reaction. Some transformation of the
      oleic acid into the trans-form obviously takes place even under the
      influence of sulfur. Sulfur obviously has a two-way effect on
      polyunsaturated fatty acids. In addition to the sulfur becoming directly
      added to the double bonds, it also has a clear catalytic effect, which is
      manifested in the growth of the amount of fatty acids with a conjugated
      diene system. Hydrogen sulfide is released in the reaction. The
      decarboxylation of the fatty acids is insignificant during the reaction.
PAR  A tall oil fatty acid treated with sulfur has a dark color. Its odor
      resembles that of hydrogen sulfide and it is not as repulsive as the odor
      created in tall oil fatty acid by the joint effect of sulfur and iodine.
      By distillating the reaction product in a vacuum, a product with an
      acceptable color and odor is obtained. The sulfur content of the thereby
      obtained product with an acceptable composition is relatively high, 2-3 %.
PAR  When investigating the isomerization of tall oil fatty acid by means of
      only iodine it was noted that when, for example, iodine is added to tall
      oil fatty acid at a rate of 0.15 % at 140.degree.C and the mixture is
      heated for 1 hour at 220.degree.C, the bulk of the linoleic and
      cis-5,9,12-octadecatrienoic present in the tall oil fatty acid remains
      unchanged according to an analysis by gaschromatography. However, by
      adding the iodine catalyst to the tall oil fatty acid at room temperature,
      in which case the catalyst losses due to evaporization remain small, and
      by lengthening the reaction period to 2-3 hours at 220.degree.C, a
      satisfactory isomerization result is already obtained with an iodine rate
      of 0.2-0.4 %, i.e., the fatty acids with the structure --CH=CH--CH.sub.2
      --CH=CH-- are practically completely eliminated.
PAR  During the reaction the linoleic and cis-5,9,12-octadecatrienoic acids
      become qiantitatively isomerized into respective acids with a conjugated
      diene system. The decarboxylation of fatty acids is minor. Simultaneously
      with the isomerization, some thermal dimerization of the produced
      conjugated diene acids takes place, obviously according to the Diels-Adler
      mechanism. This is manifested in that, at a certain reaction stage, the
      maximum amount of conjugated acids is present in the product according to
      a gaschromatographic analysis. When the reaction is continued from this
      stage, the proportion of the said acids in the reaction mixture begins to
      decrease. Dimerization due to heat only is, however, relatively slow at
      220.degree.C, and therefore, when so desired, the bulk of the reaction
      product can be distilled over in a vacuum. On the other hand, an almost
      complete dimerization reaction occurs when tall oil fatty acid is treated
      simultaneously with iodine 0.2 % and acid bleaching earth 4 %, for 2 hours
      at 220.degree.C.
PAR  Tall oil fatty acid isomerized with iodine is in most cases usable as such,
      but when desired, the quality can be improved either by distillating the
      product over in a vacuum or by removing only a small amount of the colored
      fore run, which boils at a low temperature. Water or steam stripping at
      about 200.degree.C can also be used for the removal of color components
      which boil at a low temperature. A bleaching earth treatment applicable to
      fatty acid mixtures can also be used for the decolorization.
PAR  By adding stearic acid to tall oil fatty acid as an internal standard, it
      could be verified on the basis of a gaschromatographic analysis that no
      substantial changes occur in the rate of oleic acid under the influence of
      the iodine reaction except for obvious elaidinization, i.e.,
      transformation into a trans-form. In the gaschromatogram, the cis- and the
      trans-forms are not distinguishable from each other.
PAR  When considering the importance of this invention in terms of increasing
      the possible uses of tall oil fatty acid, we can state as follows:
PAR  By eliminating from tall oil fatty acids the fatty acids with the structure
      --CH=CH--CH.sub.2 --CH=CH-- , a product is obtained which has a
      composition which makes it suitable for use as a polymerization emulsifier
      of SBR rubber, for example. If, for the same use, it is desirable to also
      eliminate from the reaction product the fatty acids having a conjugated
      diene structure and produced in the isomerization process, they can be
      easily caused to dimerize either during the isomerization or after it.
PAR  A tall oil fatty acid according to the invention can be used as an initial
      material in fatty acid dimerization processes which have been developed
      for fatty acid mixtures with high conjugated diene contents and the
      advantage of which is very mild reaction conditions.
PAR  Furthermore, an isomerized tall oil fatty acid according to the invention
      is most likely applicable in the alkyd industry because of its good drying
      properties.
PAR  When the invention is applied to crude tall oil, it offers an opportunity
      to use the entire tall oil distillation process for the simultaneous
      production of isomerized tall oil fatty acid and disproportionated tall
      oil rosin according to the invention.
PAR  A relatively inexpensive and easily obtainable raw material, tall oil
      rosin, can be transformed, by disproportionating it by a simple and
      inexpensive method according to the invention, into a high-standard
      product suitable for use as a polymerization emulsifier of synthetic
      rubber.
PAR  A disproportionated tall oil rosin manufactured according to the invention
      can also be used very well as a so-called tackifier in liquid adhesives,
      because it remains uncrystallized in most solvents from which an ordinary
      tall oil rosin becomes immediately crystalized.
PAR  One important application is the free rosin size needed in the paper
      industry. Sizes with a stability and emulsion particle size almost of the
      standard of those in a size manufactured from gum rosin can be produced
      by, for example, the Bewoid process from tall oil rosin disproportionated
      by the method according to this invention. It is known that tall oil rosin
      as such cannot be used for free rosin size owing to its great
      crystallization tendency.
DETD
PAC  EXAMPLES
PAC  EXAMPLE 1
PAR  10 000 kg of freshly distilled tall oil rosin at 200.degree.C was pumped
      into an acid-resistant steel reactor with a gross volume of 14 m.sup.3 and
      provided with a thermo-oil and cooling spiral and an anchor mixer. The
      rosin was cooled to 180.degree.-190.degree.C, and 150 kg of granulated
      sulfur was added to the rosin at an even rate in the course of an hour.
      After this addition the temperature of the rosin was raised to
      220.degree.C and kept at that for 2 hours. Some 50 kg of hydrogen sulfide
      was released during the reaction and conducted by means of a suction
      apparatus into a NaOH washer, where an equivalent amount of sodium sulfide
      was produced.
PAR  Thereafter, the first stage of the deodorization treatment was carried out
      by conducting water on the rosin surface at a rate of 100-150 l/h, until
      the temperature of the rosin was 160.degree.C. In addition, indirect
      cooling by means of a cooling spiral was applied simultaneously to
      accelerate the cooling. The indirect cooling was continued until the
      temperature was 140.degree.C. 15 kg of iodine (sublimated quality) was
      added to the rosin in one batch at 140.degree.C. The temperature was
      raised as rapidly as possible to 220.degree.-225.degree.C and kept at that
      for 1 hour.
PAR  Thereafter the second and most important stage of the deodorization
      treatment was carried out by conducting 400 l of water on the rosin
      surface at the rate of 150 l/h. In order to shorten the total processing
      period, the rosin was simultaneously allowed to cool from 220.degree.C to
      160.degree.C. The rosin was put in containers at 150.degree.C, the yield
      being 9800 kg. Inert gas flowed into the gas chamber of the reactor during
      the entire process.
TBL  __________________________________________________________________________
     Analyses           Initial rosin                                          
                                Final product                                  
     __________________________________________________________________________
     Acid value         155     157                                            
     Saponification value                                                      
                        170     165                                            
     Rosin acid content                                                        
     (Linder-Persson), %                                                       
                        81      78                                             
     Unsaponifiables, % 5       8                                              
     Abietic acid , % (gas-                                                    
     Neoabietic acid                                                           
                  chroma-                                                      
     Palustric acid                                                            
                  tography)                                                    
                        50      0.0                                            
     Fatty acids with                                                          
     --CH=CH--CH.sub.2 --CH=CH--                                               
                        4       0                                              
     structure, %                                                              
     Rosin acid anhydrides, %                                                  
                        2       0                                              
     Hydroxy acids, %   --      0.1                                            
     Sulfur content, %  0.02    1.0                                            
     Color              WG-N    X-WW                                           
     Softening point                                                           
     (ball and ring), .degree.C                                                
                        63      59                                             
     Odor                       acceptable                                     
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  100 grams of Chinese gum rosin acid was placed in a three-necked flask
      provided with a mixer and a thermometer. The temperature of the rosin was
      controlled at 190.degree.C, and 1.5 grams of sulfur was added to the rosin
      in the course of one-half hour. After the addition, the rosin temperature
      was brought to 220.degree.C and kept at that for 2 hours. The rosin was
      cooled to 140.degree.C, and 0.15 grams of iodine was added in one batch.
      The temperature was raised to 220.degree.C and kept at that for 1 hour. No
      deodorization was carried out.
TBL  ______________________________________                                    
     Analyses:       Initial rosin                                             
                                  Final product                                
     ______________________________________                                    
     Acid value      165          156                                          
     Rosin acid content, %                                                     
                     90           84                                           
     Abietic acid content, %                                                   
     (gaschromatography)           6                                           
     Color           X-WW         M                                            
     Softening point, .degree.C                                                
                     80           72                                           
     Odor                         odorless                                     
     ______________________________________                                    
PAR  The product contains too much rosin acids with a conjugated diene structure
      to be used as a polymerization emulsifier of synthetic rubber. Also
      notable is the considerable decrease in the acid value.
PAC  EXAMPLE 3
PAR  The disproportionation of a tall oil rosin/gum rosin mixture (8:2) was
      carried out exactly as indicated in Example 2.
TBL  ______________________________________                                    
             Analyses:    Final product                                        
     ______________________________________                                    
     Acid value           156                                                  
     Saponification value 163                                                  
     Abietic acid content, %                                                   
     (gaschromatography)  1.5                                                  
     Color                WG-N                                                 
     Softening point, .degree.C                                                
                           62                                                  
     ______________________________________                                    
PAR  On the basis of the analysis, the obtained product can be used as a
      polymerization emulsifier of synthetic rubber.
PAC  EXAMPLE 4
PAR  The disproportionation of tall oil rosin was carried out exactly as
      indicated in Example 2. Finally the product was deodorized by adding NaOH
      at the rate of 3 % (as a 50 % water solution) to the rosin at
      220.degree.C.
TBL  ______________________________________                                    
             Analyses:    Final product                                        
     ______________________________________                                    
     Softening point, .degree.C                                                
                          69                                                   
     Color                K-1                                                  
     Odor                 completely                                           
                          odorless                                             
     ______________________________________                                    
PAR  Let it be noted that in regard to color, laboratory tests usually do not
      yield as good results as actual production.
PAC  EXAMPLE 5
PAR  100 grams of tall oil rosin was placed in a 3-necked flask provided with a
      mixer and a thermometer. The temperature of the rosin was controlled at
      140.degree.C. An amount of 0.15 grams of iodine was added to the rosin in
      one batch. The temperature of the rosin was raised to 180.degree.C and 1.5
      g of sulphur was added to the rosin at the course of one-half hour. The
      temperature was raised to 220.degree.C and kept at that for 2 hours.
TBL  ______________________________________                                    
     Analyses:       Initial rosin                                             
                                  Final product                                
     ______________________________________                                    
     Acid value      156          156                                          
     Rosin acid content, %                                                     
     (gaschromatography)                                                       
                     80           77                                           
     Abietic acid content, %                                                   
     (gaschromatography)          traces                                       
     Color           M            WG-N                                         
     Softening point, .degree.C                                                
                     64           59                                           
     Odor (5 % H.sub.2 O at 220.degree.C                                       
     on rosin surface)            acceptable                                   
     ______________________________________                                    
PAR  The result is very surprising since according to German Pat. No. 1,205,530,
      for example, simultaneous use of sulfur and iodine for the
      disproportionation of gum rosin yielded a black, pitch-like, worthless
      product containing a great amount of unsaponifiables.
PAR  The advantage of this manufacturing method is a shorter processing period
      than that presented in Examples 1-4. This method is especially well
      applicable to a production in which the rosin must be melted from a
      container product.
PAC  EXAMPLE 6
PAR  100 grams of tall oil rosin was placed in a 3-necked flask provided with a
      mixer and a thermometer. The temperature of the rosin was raised to
      120.degree.C. A total of 1.5 grams of sulfur in three batches and 5
      minutes later 0.15 grams of iodine in one batch were added to the rosin at
      the same temperature. The rosin temperature was raised to 220.degree.C and
      kept at that for 2 hours.
TBL  ______________________________________                                    
     Analyses:       Initial rosin                                             
                                  Final product                                
     ______________________________________                                    
     Acid value      156          154                                          
     Rosin acid content, %                                                     
                     80           76                                           
     Abietic acid content, %                                                   
     (gaschromatography)          traces                                       
     Color           M            I-H                                          
     Softening point, .degree.C                                                
                     64           61                                           
     ______________________________________                                    
PAR  Even this production method yields a usable product, although its color
      remains darker than usual.
PAC  EXAMPLE 7
PAR  1.5 grams of sulfur was added to 100 grams of a mixture of tall oil rosin
      and tall oil fatty acid (87:13) at 190.degree.C. The mixture was heated
      for 2 hours at 220.degree.C. An amount of 0.15 grams of iodine was added
      to the reaction mixture at 140.degree.C, and it was allowed to react for 1
      hour at 220.degree.C.
PAR  The acid value of obtained product was 163, its rosin acid content 70 %,
      color WG, and softening point 36.degree.C. The very repulsive odor of the
      product disappeared during the water stripping (5 % water at
      220.degree.-200.degree.C).
PAR  A gaschromatographic analysis indicated that the disproportionation of the
      rosin acids had taken place completely and the fatty acids with the
      structure group --CH=CH--CH.sub.2 --CH=CH-- had been eliminated
      practically quantitatively.
PAR  When the experiment was repeated with mixtures in which the tall oil
      rosin/tall oil fatty acid ratio was 75:25 and 50:50, the above reactions
      concerning the rosin and fatty acids were also practically quantitative.
PAR  The method makes it possible to manufacture a rosin acid / fatty acid
      mixture suitable for use as a polymerization emulsifier of rubber.
PAC  EXAMPLE 8
PAR  0.125 grams of iodine was added to 100 grams of tall oil rosin fortified
      with 1 % fumaric acid according to Diels-Alder reactions at 140.degree.C,
      and 1.75 grams of sulfur was added at 180.degree.C, whereafter the
      reaction mixture was heated for 2 hours at 220.degree.C.
PAR  The acid value of the obtained product was 164, its rosin acid content 81
      %, color N, and softening point 66.degree.C. A gaschromatographic analysis
      indicated that the rosin acids with a conjugated diene system had been
      eliminated completely. The repulsive odor of the product disappeared
      during the water stripping (3 % water at 220.degree.C).
PAR  A similar result was obtained when the fumarization was carried out
      simultaneously with the disproportionation reaction or between the sulfur
      and the iodine reactions. This example only proved the fact, natural as
      such, that the disproportionality of tall oil rosin takes place by the
      method according to the invention even in tall oil rosin mixtures from
      which part of the rosin acids with a conjugated double bond system has
      been eliminated by some other reaction known as such (Diels-Alder
      reaction, paraformaldehyde treatment, etc.).
PAR  A tall oil fatty acid with the following analysis was used in the
      subsequent experiments:
TBL  Acid value             194                                                
     Rosin acid content, %  1.5                                                
     Unsaponifiables, %     2.8                                                
     Iodine value (Wijs, 1 hour)                                               
                            154                                                
     Color, Gardner         5                                                  
     Light refractive index,                                                   
     n.sub.D.sup.25         1.4720                                             
     Cloud point, .degree.C -10                                                
PAR  Fatty acid composition, gaschromatographic analysis
TBL  (EGSS-X column):        %                                                 
     ______________________________________                                    
     Saturated acids (palmitic                                                 
     and stearic acids)      2                                                 
     Oleic acid              35                                                
     Cis-5,9-octadecadienoic acid                                              
                             2                                                 
     Linoleic acid           41                                                
     Cis-5,9,12-octadecatrienoic                                               
     acid                    12                                                
     Acids with conjugated                                                     
     diene structure         8                                                 
                             100                                               
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  Trial results from the isomerization of tall oil fatty acid with sulfur and
      iodine either simultaneously (A) or in two successive reactions (B) are
      compiled in the following table. The reaction tempeature was 220.degree.C
      in all experiments. The reaction period was 2 hours when the catalysts
      were used simultaneously and 2 hours for sulfur and 1 hour for iodine when
      they were used successively.
TBL  Experiment                                                                
           S    I.sub.2                                                        
                      Acid                                                     
                          Iodine                                               
                              Linoleic/                                        
                                    n.sub.D.sup.25                             
                                         Cloud                                 
                                             Conjugated                        
      No.  %    %     value                                                    
                          value                                                
                              oleic      point                                 
                                             Diene                             
                          (Wijs)                                               
                              acid       .degree.C                             
                                             %                                 
     __________________________________________________________________________
     TOFA.sup.x                                                                
           --   --    194 154 1.1   1.4720                                     
                                         -10  8                                
     1 A   0.50 0.05  194 135 0.65  1.4766                                     
                                         + 8 20                                
     2 A   0.75 0.15  192  98 0.04                                             
     3 A   1.0  0.10  193 110 0.10  1.4797                                     
                                         +12 32                                
     4 A   1.0  0.125 193  97 0.03                                             
     5 B   1.5  0.15  191  90 0.01           36                                
     6 B   2.0  0.10  189 113 0.07                                             
     __________________________________________________________________________
      .sup.x TOFA = tall oil fatty acid                                        
PAR  The ratio between the peak weights of the methyl esters of linoleic and
      oleic acids obtained from the gaschromatogram of the reaction product has
      been used as an illustrative measure of the isomerization. This ratio is
      1.1 in the original tall oil fatty acid and it corresponds to the ratio
      between the rates of the said acids precisely enough. The rate of oleic
      acid (35 %) or rather the total rate of oleic and elaidic acids (appear in
      the same peak in a gaschromatogram), remains practically unchanged in the
      reaction.
PAR  The linoleic and cis-5,9,12-octadecatrienoic acids are almost
      quantitatively eliminated by the isomerization. It can be noted as an
      interesting detail that the cis-5,9-octadecadienoic acid (3) present in
      the gaschromatogram between the oleic and the linoleic acids and which
      contains the structural group CH=CH--CH.sub.2 --CH.sub.2 --CH=CH seems
      expectedly to remain unchanged in the isomerization reaction.
      Respectively, the double bond at position 5 in the
      cis-5,9,12-octadecatrienoic acid will most likely remain unchanged in the
      reaction.
PAR  The following table illustrates the importance of the reaction temperature
      in isomerization. The catalysts (sulfur 1.5 % and iodine 0.15 %) were
      added to tall oil fatty acid at 25.degree.C and the reaction period was 2
      hours.
TBL  ______________________________________                                    
     Experiment No.                                                            
                  Reaction temperature                                         
                                    Linoleic/                                  
                  .degree.C         oleic acid                                 
     ______________________________________                                    
     7 A          150               0.73                                       
     8 A          185               0.45                                       
     9 A          220               0.02                                       
     ______________________________________                                    
PAR  Tall oil fatty acid isomerized with a sulfur/iodine catalyst was distilled
      over in a vacuum in order to improve its color and odor without, however,
      using a fractionating column. Thus, for example, when distillating trial
      batch 2 A under a pressure of 4 mm Hg yield was 4 % dark fore run with a
      bad odor and 74 % product with an acceptable odor and color (acid value
      194, iodine value 97, and color 8 Gardner units).
PAC  EXAMPLE 10
PAR  3 grams of sulfur was added to 100 grams of crude tall oil (acid value 136,
      rosin acid content 39 %) at 180.degree.C in the course of 1 hour. The
      mixture was heated for 2 hours at 220.degree.C. The temperature was
      lowered to 130.degree.C, and 0.20 grams of iodine was added to the
      mixture. The temperature was raised to 220.degree.C and the mixture was
      heated for 1.5 hours at the said temperature.
PAR  A gaschromatographic analysis of the product indicated that the fatty acids
      with the --CH=CH-- CH.sub.2 --CH=CH-- structure (linoleic,
      cis-5,9,12-octadecatrienoic, and cis-5,11,14-eicosatrienoic acids) (4) had
      been almost completely eliminated, and the rosin acids with a conjugated
      diene structure (abietic, neoabietic and palustric acids) had become
      simultaneously almost completely disproportionated. During the reaction
      the acid value of the crude tall oil decreased to 130 and its rosin acid
      content to 36 %.
PAC  EXAMPLE 11
PAR  The following table contains results of the isomerization of tall oil fatty
      acid with only a sulfur catalyst. The sulfur was added to the tall oil
      fatty acid at 180.degree.C and the actual reaction was allowed to take
      place at 220.degree.C for 2 hours.
TBL  ______________________________________                                    
     Experi-                                                                   
            S         Acid value Iodine value                                  
                                          Linoleic/                            
     ment No.                                                                  
            %                    Wijs     oleic acid                           
     ______________________________________                                    
     10      0.85     193        149      0.95                                 
     11     2.0                           0.53                                 
     12     4.0       186        120      0.15                                 
     ______________________________________                                    
PAR  Trial batch 12 was distilled over under a pressure of 7 mm Hg in order to
      improve its color and odor, however, without using a fraction column:
TBL  Distillation temperature,                                                 
                        Fraction 1  Fraction 2                                 
     .degree.C          180-215     215-235                                    
     ______________________________________                                    
     Rate, %            75          14                                         
     Acid value         190         174                                        
     IOdine value (Wijs)                                                       
                        115         120                                        
     Linoleic/oleic ratio                                                      
                        0.13        0.10                                       
     Conjugated diene (UV), %                                                  
                        16                                                     
     Color, Gardner     10          16                                         
     Light refractive index n.sub.D.sup.25                                     
                        1.4791                                                 
     Cloud point, .degree.C                                                    
                        +13                                                    
     Sulfur content, %  2.4                                                    
     ______________________________________                                    
PAC  Example 12
PAR  The following table contains results of the isomerization, with only an
      iodine catalyst, of tall oil fatty acid. The iodine was added to the tall
      oil fatty acid at 25.degree.C and the reaction temperature was
      220.degree.C.
TBL  Experiment                                                                
           I.sub.2                                                             
                 Reaction                                                      
                       Acid                                                    
                           Iodine                                              
                               Linoleic/                                       
                                     Color                                     
     No.   %     period, h                                                     
                       value                                                   
                           value                                               
                               oleic acid                                      
                                     Gardner                                   
                           Wijs                                                
     __________________________________________________________________________
     13    0.10  1             0.66                                            
     14    "     2             0.48                                            
     15    "     3     193 130 0.32                                            
     16    0.20  1             0.14                                            
     17    "     2             0.09                                            
     18    "     3     193 106 0.07                                            
     19    0.40  1             0.06                                            
     20    "     2     191 101 0.03                                            
     21     0.15.sup.x)                                                        
                 1     192 140 0.70                                            
     __________________________________________________________________________
      .sup.x) iodine was added in one batch at 140.degree.C.                   
PAR  The following table illustrates the importance of the reaction temperature
      in the isomerization, with an iodine catalyst, of tall oil fatty acid.
      Iodine was used at the rate of 0.3 % of the amount of tall oil fatty acid
      and added at 25.degree.C. The reaction period was 1 hour.
TBL  ______________________________________                                    
     Experiment    Reaction      Linoleic/                                     
     No.           temperature   oleic acid                                    
                   .degree.C                                                   
     ______________________________________                                    
     22            150           0.40                                          
     23            185           0.25                                          
     24            220           0.07                                          
     ______________________________________                                    
PAR  A gaschromatographic analysis indicated that the linoleic and
      cis-5,9,12-octadecatrienoic acids become quantitatively transformed into
      their respective isomers containing a conjugated diene structure.
      Furthermore, a mild thermal dimerization of the conjugated acids produced
      in the reaction could be detected from the gaschromatogram. The
      cis-5,9-octadecadienoic acid present in the gaschromatogram between the
      oleic and the linoleic acids seems to remain unchanged in the reaction. In
      the gaschromatogram of a completely isomerized tall oil fatty acid there
      is usually at the point of linoleic acid a small double peak of which it
      cannot be said with certainty whether it is really linoleic acid or some
      other component which is covered by linoleic acid in the initial tall oil
      fatty acid. By isomerizing a tall oil fatty acid to which stearic acid had
      been added as an internal standard it could be proven that the total rate
      of oleic and elaidic acids remains unchanged in iodine isomerization.
PAR  Trial batch 20 was distilled under a pressure of 5 mm Hg, however, without
      using a fractionating column. 4 % dark fore run was taken
      (80.degree.-175.degree.C). The yield of the actual distillate
      (175--212.degree.C) was 81 % and its analysis was as follows:
TBL  Acid value            194                                                 
     Iodine value (Wijs)   103                                                 
     Color, Gardner        6                                                   
     Linoleic acid/                                                            
     oleic acid ratio      0.02                                                
     Light refraction                                                          
     index, n.sub.D.sup.25 1.4740                                              
     Cloud point, .degree.C                                                    
                           +13                                                 
PAC  EXAMPLE 13
PAR  0.175 grams of iodine and 4 grams of bleaching earth (pH 5.7) were added to
      100 grams of tall oil fatty acid. The temperature of the mixture was
      raised to 210.degree.C, and it was allowed to react for 2 hours at the
      said temperature.
PAR  The viscosity of the tall oil fatty acid (30 cP) increased under the
      influence of the reaction to some 200 cP. A gaschromatographic analysis
      indicated that about 80 % of the linoleic and cis-5,9,12-octadecatrienoic
      acids had been eliminated and that the bulk of the produced conjugated
      acids had further become dimerized.
PAR  In a second experiment, 0.05 % paratoluene sulfonic acid was added as an
      acid catalyst to trial batch 18 produced by iodine isomerization, and the
      mixture was heated for 2 hours at 240.degree.C. The viscosity of the final
      product was 230 cP. A gaschromatographic analysis indicated that most of
      the conjugated fatty acids had been dimerized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a disproportioned and isomerized tall oil product,
      comprising heating a tall oil material containing rosin acids and fatty
      acids in the presence of 0.1-5% by weight sulphur and 0.01-0.4% by weight
      iodine at a temperature in the range 180.degree. to 250.degree.C., and
      subjecting the product obtained to an odor removal treatment.
NUM  2.
PAR  2. The improvement of claim 1 in which the sulphur and iodine are added to
      the mixture subsequently.
NUM  3.
PAR  3. The improvement of claim 1 in which the sulphur and iodine are added to
      the mixture simultaneously.
NUM  4.
PAR  4. The method of producing disproportionated and isomerized tall oil rosin
      according to claim 1 which tall oil rosin is heated to a temperature of
      from 210.degree. to 230.degree.C. in the presence of 1-3% by weight
      sulphur and 0.075-0.25% by weight iodine.
NUM  5.
PAR  5. The method of claim 4 in which water or steam having a temperature of
      from 150.degree. to 250.degree.C. is fed into the product for odor
      removal.
NUM  6.
PAR  6. The method of claim 4 in which 0.1-5% by weight alkali hydroxide or
      alkali carbonate is added to the product at a temperature of from
      150.degree. to 250.degree.C. for odor removal.
NUM  7.
PAR  7. The method of claim 1 wherein said tall oil material comprise a mixture
      of tall oil rosin and tall oil fatty acid.
NUM  8.
PAR  8. The method of claim 1 wherein said tall oil material is distilled tall
      oil.
NUM  9.
PAR  9. The method of claim 1 wherein said tall oil material is crude tall oil.
NUM  10.
PAR  10. A method of producing a disproportionated and isomerized tall oil
      product comprising heating tall oil fatty acid at a temperature of from
      210.degree.-230.degree.C. in the presence of 0.1-2% by weight sulphur and
      0.05-0.2% by weight iodine and subjecting the product so obtained to
      vacuum distillation.
NUM  11.
PAR  11. A method of producing a disproportionated and isomerized tall oil
      product comprising successively heating a tall oil material at a
      temperature in the range 180.degree. to 250.degree.C. in the presence of
      0.1-5% by weight sulphur and 0.01-0.4% by weight iodine, and removing the
      odor from the disproportionated and isomerized product.
NUM  12.
PAR  12. The method of claim 11 wherein the tall oil material is first subjected
      to a temperature of 180.degree.-230.degree.C. in the presence of sulphur,
      1.5- 2% by weight, and then to a temperature of 210.degree.-230.degree.C.
      in the presence of iodine, 0.1-0.15% by weight.
NUM  13.
PAR  13. The process of claim 12 wherein said tall oil material is a mixture of
      tall oil rosins and tall oil fatty acids.
NUM  14.
PAR  14. The process of claim 12 wherein said tall oil material is crude tall
      oil.
NUM  15.
PAR  15. The process of claim 12 wherein said tall oil material is tall oil
      fatty acid.
NUM  16.
PAR  16. The process of claim 12 wherein said tall oil material is tall oil
      rosin.
NUM  17.
PAR  17. An improved method of simultaneously isomerizing and disproportionating
      mixtures of fatty acids containing an isolated diene structure and rosin
      acids containing a conjugated diene structure by adding to the mixture
      sulphur and iodine, and subjecting the mixture to an elevated temperature
      to isomerize the fatty acids and disproportionate the rosin acids, the
      improvement comprising:
PA1  adding to the mixture of most 0.4 per cent by weight iodine and at most 5
      per cent by weight sulphur, and
PA1  reacting the mixture at a temperature of from 180.degree. to 250.degree.C.
NUM  18.
PAR  18. The improvement of claim 17 in which the sulphur and iodine are added
      to the mixture subsequently.
NUM  19.
PAR  19. The improvement of claim 17 in which the sulphur and iodine are added
      to the mixture simultaneously.
PATN
WKU  039431193
SRC  5
APN  4557980
APT  1
ART  124
APD  19740328
TTL  Tuberculin active proteins and peptides from the cells of tubercle
      bacilli
ISD  19760309
NCL  3
ECL  1
EXA  Suyat; Reginald J.
EXP  Gotts; Lewis
INVT
NAM  Tsumita; Toru
CTY  Tokyo
CNT  JA
INVT
NAM  Kuwabara; Seishi
CTY  Tokyo
CNT  JA
ASSG
NAM  Mitsui Pharmaceuticals, Incorporated
CTY  Tokyo
CNT  JA
COD  03
RLAP
COD  72
APN  374663
APD  19730628
PSC  01
PNO  3888837
CLAS
OCL  2601125R
XCL  195 29
XCL  424  9
XCL  424177
EDF  2
ICL  C07C10352
ICL  C08H  100
ICL  C12B  100
FSC  260
FSS  112.5
OREF
PAL  kotani et al.,  Chem. Abstr., 75:31580s (1971).
PAL  Trufanov et al., Chem. Abstr.,  75:137733; (1971).
PAL  Degtyarenko et al., Chem. Abstr., 69:65770v (1968).
PAL  Degtyarenko et al., Chem. Abstr. 69:83432r (1968).
LREP
FRM  Fisher, Christen & Sabol
ABST
PAL  Tuberculin active simple proteins and peptides which have the following
      peptide linkage
EQU  --Asn--Gly--Ser--Gln--Met--
PAL  as a tuberculin active functional group, and a process for preparing the
      same from the cells of tubercle bacilli.
PARN
PAR  This application is a continuation-in-part of co-pending application Ser.
      No. 374,663 filed June 28, 1973, now U.S. Pat. No. 3,888,837.
BSUM
PAR  The present invention is concerned with tuberculin active simple proteins
      and peptides which have the following peptide linkage.
EQU  --Asn--Gly--Ser--Gln--Met--
PAL  As a tuberculin active functional group.
PAR  It is well known that purified protein derivative(PPD) from extracellular
      old tuberculin(OT) has been used exclusively for the diagnosis of
      tuberculosis. Unfortunately, in addition to tuberculin active proteins,
      PPD contains other inactive proteins, nucleic acids, polysaccharides and
      fatty acids. As tuberculin active simple proteins have not been obtained,
      their physico-chemical, chemical and biological properties have not been
      determined.
PAR  The present inventors have succeeded in isolating tuberculin active simple
      proteins from the cells of tubercle bacilli and have obtained them as
      crystalline forms. Subsequently the amino acid sequences and amino acid
      compositions per molecule of the obtained proteins have been determined.
      Besides, they have obtained tuberculin active peptides by hydrolyzing the
      above obtained proteins and fractionating the resultant hydrolysates. From
      the results of the investigation, it has been found that the tuberculin
      activity is closely connected with the afore-said tuberculin active
      functional group in proteins and peptides.
PAR  The tuberculin active simple proteins of the present invention are prepared
      from the cells of tubercle bacilli by treating the above bacillary cells
      with organic solvents, digesting the resultant materials with nucleases,
      dialyzing the obtained water-soluble proteins and fractionating the
      resultant dialysates by chromatography and/or gel filtration.
PAR  The tubercle bacilli used in the present invention are human- or
      bovine-type tubercle bacilli including Bacille de Calmette et Guerin(BCG)
      and others. The obtainable tuberculin active simple proteins depend upon
      the tubercle bacilli and preparation conditions used in the present
      method. For instance, the tuberculin active simple protein from human-type
      Mycobacterium tuberculosis strain Aoyama B is composed of 89 amino acid
      residues per molecule. On the other hand, the tuberculin active simple
      protein from BCG is composed of 135 amino acid residues per molecule.
PAR  Tubercle bacilli are treated with organic solvents such as ketones,
      alcohols, carboxylic acids, and the like. Acetone, methanol or acetic acid
      is preferably employed. These solvents may, of course, be used with water.
      The solvent-treated materials are digested with nucleases such as
      ribonucleases, deoxyribonucleases, and the like. The water-soluble
      proteins are separated from the resultant mixtures and dialyzed against
      buffers of pH 5.5 - 7.8 such as
      tris(hydroxymethyl)aminomethane--hydrochloric acid buffer of pH 7.0
      containing ethylenediamine tetraacetic acid, dibasic sodium
      phosphate--monobasic potassium phosphate buffer of pH 7.2 containing
      ethylenediamine tetraacetic acid, and the like.
PAR  The dialyzed tuberculin active proteins are fractionated by chromatography
      and/or gel filtration. Especially, column chromatography using
      ion-exchange cellulose or gel filtration using bridged dextran polymer is
      preferably employed. The ion-exchange celluloses which may be employed to
      fractionate the above dialysates may be, for example,
      aminoethyl(AE)-cellulose, diethylaminoethyl(DEAE)-cellulose,
      triethylaminoethyl(TEAE)-cellulose or
      epichlorohydrin-triethanolamine(ECTEOLA)-cellulose. The bridged dextran
      polymers which may be employed to fractionate the above dialysates may be,
      for example, Sephadex(trade name of Pharmacia Co.)G series(G-20 G-200) or
      ion-exchange Sephadex such as carboxymethyl(CM)-Sephadex,
      sulfoethyl(SE)-Sephadex, and the like. The dialysed proteins are eluted
      with the afore-said buffers.
PAR  The tuberculin active simple proteins of the present invention are soluble
      in water and their molecular weights 5,000 - 25,000 are depending upon the
      tubercle bacilli used for preparing them and the preparation conditions
      thereof. The tuberculin skin tests indicate that the tuberculin active
      simple proteins of the present invention have tuberculin activities 10 -
      100 times potent than that of PPD against guinea pigs sensitized with
      heat-killed Mycobacterium tuberculosis strain Aoyama B.
PAR  The tuberculin active peptides of the present invention are prepared by
      hydrolyzing the above-mentioned tuberculin proteins and are obtained by
      fractionating the resultant hydrolysates by chromatography and/or gel
      filtration. The tuberculin active proteins are hydrolyzed chemically or
      enzymatically. The chemical hydrolysis is carried out with a mineral acid.
      The enzymatic hydrolysis is carried out with a proteolytic enzyme such as
      prypsin, chymotrypsin, pepsin, bacterial proteinases, carboxypeptidase A
      or B, and the like. The resultant hydrolysates are fractionated by column
      chromatography, paper chromatography, paper electrophoresis, gel
      filtration, and the like. The gel filtration is carried out by eluting
      with an ammonium acetate buffer of pH 5.9 through Sephadex G-25 or
      CM-Sephadex, with a pyridine acetate buffer of pH 4.5 through SE-Sephadex
      C-50 or with a pyridine acetate buffer of pH 3.1 through Dowex 50-X2 or
      1-X2.
PAR  The tuberculin active peptides of the present invention are white
      crystalline solids, soluble in water and about 500 - 1,500 in the
      molecular weights. The tuberculin skin tests indicate that the tuberculin
      active peptides of the present invention have tuberculin activities
      comparable to or more potent than that of PPD against guinea pigs
      sensitized with heat-killed Mycobacterium tuberculosis strain Aoyama B or
      BCG.
DETD
PAR  The following examples illustrate the preparation and isolation of the
      tuberculin active simple proteins and peptides of the present invention.
PAC  EXAMPLE 1
PAR  The cultured bacillary cells(100g) of Mycobacterium tuberculosis strain
      Aoyama B were killed by heating at 120.degree.C for 30 minutes. The cells
      were separated from the culture medium by filtration, then sonically
      disrupted and treated with acetone. The resultant material was digested
      with ribonuclease and deoxyribonuclease and the digested mixture was
      centrifuged to separate water-soluble proteins. The water-soluble proteins
      thus obtained were dialyzed against 0.001M
      tris(hydroxymethyl)aminomethane--hydrochloric acid buffer of pH 7.0
      containing 0.0001M ethylenediamine tetraacetic acid.
PAR  The resultant dialysate was chromatographed on DEAE-cellulose column. The
      elution was carried out in a sodium chloride gradient. Virtually all of
      the tuberculin activity was found in the second protein fraction. Further
      chromatography on Sephadex G-200 was carried out in the same buffer as
      before and fractionated into three fractions. Nearly all of the tuberculin
      active material was found in the major proteins fraction. The active
      material crystallized spontaneounly when the solution was kept at
      4.degree.C in the mixed solution of the same buffer with purified acetone.
      From 100g of the bacillary cells, 25mg of tuberculin active simple protein
      was obtained.
PAR  The tuberculin active simple protein thus obtained was composed of 89 amino
      acid residues and its amino acid sequence and amino acid composition per
      molecule were determined as follows.
      ##EQU1##
PAR  Tuberculin skin test showed that the obtained tuberculin active simple
      protein had a tuberculin activity 100 times potent than that of PPD
      against guinea pigs sensitized with heat-killed Mycobacterium tuberculosis
      strain Aoyama B or BCG.
PAC  EXAMPLE 2
PAR  The tuberculin active simple protein composed of 135 amino acid residues
      was also prepared from BCG by the same method as in Example 1. The amino
      acid sequence and amino acid composition per molecule of this protein were
      determined and found to be similar to those of the tuberculin active
      protein in Example 1.
PAR  Tuberculin skin test indicated that this tuberculin active protein has a
      tuberculin activity nearly equal to that of the tuberculin active protein
      in Example 1 against guinea pigs sensitized with heat-killed Mycobacteriun
      tuberculosis strain Aoyama B or BCG.
PAC  EXAMPLE 3
PAR  The tuberculin active simple protein obtained in Example 1 was
      enzymatically hydrolyzed at 37.degree.C for 6 hours in the 1% trypsin
      solution of pH 8.4. Two dimensional high level voltage paper
      electrophoresis of the resultant hydrolysate on Whatman paper was carried
      out at 75V/cm in pyridine acetate buffer of pH 4.5 and followed by paper
      chromatography which was carried out in the butanol-acetic acid-water
      (4:1:4, by volume) mixture.
PAR  The above development resulted in the separation of several tuberculin
      active peptides. One of them was a pentapeptide which has the following
      amino acid sequence.
      ##EQU2##
PAR  Another was a nonapeptide which has the molecular weight of about 950.
PAR  Tuberculin skin tests showed that these tuberculin active peptides had 1 -
      10% activities of the starting tuberculin protein.
PAC  EXAMPLE 4
PAR  The tuberculin active protein obtained in Example 1 was hydrolyzed in the
      0.5% chymotrypsin solution. The resultant hydrolysate was chromatographed
      on Sephadex G-25 column, elution being carried out with an ammonium
      acetate buffer of pH 5.9. The tuberculin active peptides thus obtained
      were further fractionated with pyridine acetate buffer of pH 3.1 on Dowex
      1-X2 column. The tuberculin active pentapeptide thus obtained was the same
      as in Example 3.
PAC  EXAMPLE 5
PAR  The tuberculin active simple protein in Example 2 was treated in the same
      way as in Example 3. And the same tuberculin active pentapeptide as in
      Example 3 was also obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tuberculin active simple protein from Mycobacterium tuberculosis
      strain Aoyama B which is characterized by the following amino acid
      sequence:
      ##EQU3##
      wherein Asn and Gln represent asparagine residue and glutamine residue,
      respectively, and the remaining abbreviations represent the usual meanings
      and wherein the cysteine residues at positions 27 and 59 form one
      intra-chain disulfide bridge, said protein also being characterized by the
      following amino acid composition per molecule:
PAR  Lys 4, His 1, Arg. 4, Cys 2, Asp 11 (containing one asparagine residue),
      Thr 5, Ser 4, Glu 11 (containing one glutamine residue), Pro 5, Gly 7, Ala
      11, Val 8, Met 1, I1e 4, Leu 7, Tyr 2 and Phe 2.
NUM  2.
PAR  2. A tuberculin active fragment which is prepared by enzymatic digestion of
      the tuberculin active simple protein of claim 1 and which has the
      following tuberculin active group therein:
EQU  -Asn-Gly-Ser-Gln-Met-.
NUM  3.
PAR  3. A tuberculin active pentapeptide whose amino acid sequence is as
      follows.
      ##EQU4##
PATN
WKU  039431207
SRC  5
APN  4396510
APT  1
ART  117
APD  19740204
TTL  Succinimido azo dyestuffs
ISD  19760309
NCL  10
ECL  1
EXP  Higel; Floyd D.
INVT
NAM  Peter; Richard
CTY  Basel
CNT  CH
INVT
NAM  Angliker; Hans-Joerg
CTY  Basel
CNT  CH
ASSG
NAM  Ciba-Geigy AG
CTY  Basel
CNT  CH
COD  03
PRIR
CNT  CH
APD  19670919
APN  13159/67
RLAP
COD  71
APN  127366
APD  19710323
PSC  04
RLAP
COD  82
APN  760081
APD  19680918
PSC  03
CLAS
OCL  260152
XCL  260156
XCL  260157
XCL  260158
XCL  2602393R
XCL  2602471H
XCL  260268C
XCL  26029388
XCL  260326R
XCL  260490
EDF  2
ICL  C09B 2908
ICL  C09B 2936
ICL  D06P  358
ICL  D06P  360
FSC  260
FSS  152;155;156;157;158
UREF
PNO  2804455
ISD  19570800
NAM  Dorlars et al.
OCL  260146R
UREF
PNO  3148178
ISD  19640900
NAM  Wallace et al.
OCL  260152
UREF
PNO  3525733
ISD  19700800
NAM  Weaver et al.
OCL  260152
UREF
PNO  3624067
ISD  19711100
NAM  Weaver et al.
OCL  260152
UREF
PNO  3666746
ISD  19720500
NAM  Stanley et al.
OCL  260152
LREP
FR2  Kolodny; Joseph G.
FR2  Roberts; Edward McC.
FR2  Almaula; Prabodh I.
ABST
PAL  The invention relates to water-insoluble azo dyestuffs of the formula
      ##SPC1##
PAL  In which A represents the residue of a diazo component of the azobenzene
      series, R.sub.1 a hydrogen atom or an alkyl group which may be substituted
      which may be substituted, R.sub.2 an alkyl group which may be substituted,
      R.sub.3 represents a divalent organic residue which together with the
      grouping
      ##EQU1##
      may form a 5- to 7-membered heterocycle, and X represents a hydrogen atom
      or an alkyl, alkoxy, aryloxy or arylmercapto group. The dyestuffs dye
      polyester fibre in orange, red or blue shades with good fastness: the use
      of such succinimido containing azo dyestuffs in imparting blue to red
      color to fibers or fabrics of wool, cellulose triacetate, polyamides and
      polyesters. The dyeings display excellent fastness to light, sublimation
      and abrasion on polyester fibers.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 127,366, filed on Mar. 23,
      1971, which in turn is a continuation-in-part of U.S. application Ser. No.
      760,081, filed Sept. 16, 1968 (now abandoned).
BSUM
PAR  The present invention is based on the observation that valuable new monoazo
      dyestuffs of the formula
      ##SPC2##
PAL  In which A represents the residue of a diazo component, R.sub.1 a hydrogen
      atom or an alkyl group, which may be substituted, R.sub.2 an alkyl group
      which may be substituted, R.sub.3 a divalent organic residue which
      together with the grouping
      ##EQU2##
      may form a 5- to 7-membered heterocycle and X represents a hydrogen atom,
      an alkyl, alkoxy, aryloxy or arylmercapto group, may be obtained when a
      diazo compound of an aromatic or heterocyclic amine is coupled with a
      coupling component of the formula
      ##SPC3##
PAL  In which X, R.sub.1, R.sub.2 and R.sub.3 have the meanings defined above.
PAR  The residue X is preferably a hydrogen atom, a methyl, ethyl, methoxy,
      ethoxy, phenyloxy or phenylmercapto group.
PAR  The groups R.sub.1 and R.sub.2 may be lower alkyl groups, that is to say
      they may contain 1 to 4, preferably 2 to 4 carbon atoms, for example
      methyl, ethyl, n-propyl or n-butyl groups, which may be substituted in the
      usual manner, for example, by benzyl- or phenylethyl groups, halogenated
      alkyl groups for example .beta.-chloroethyl, .beta., .beta.,
      .beta.-trifluoroethyl or .beta., .gamma.-dichloropropyl;
      .gamma.-chloro-.beta.-hydroxypropyl; or by the following groups:
      .beta.-cyanoethyl; alkoxyalkyl containing up to 8 carbon atoms for example
      .beta.-ethoxyethyl, .delta. -methoxybutyl or .delta.-butoxybutyl;
      hydroxyalkyl for example .beta.-hydroxyethyl, .beta.,
      .gamma.-dihydroxypropyl; phenylalkyl containing up to 8 carbon atoms, for
      example benzyl or phenethyl alkoxy carbonylalkyl containing up to 8 carbon
      atoms, for example butoxycarbonylethyl, propoxycarbonylethyl,
      methoxycarbonylpropyl, alkanoylaminoalkyl containing up to 10 carbon
      atoms, for example .beta.-(acetyl or formyl)-aminoethyl,
      butyrylaminopropyl; alkanoyloxyalkye containing up to 10 carbon atoms, for
      example .beta.-acetylhydroxyethyl, .beta., .gamma.-diacetoxypropyl;
      butyryloxypropyl, hexanoyloxypropyl; .beta.-aryloxy-sulphonylalkyl for
      example .beta.-benzenesulphonyloxyethyl or
      .beta.-(p-chlorobenzenesulphonyl)-ethyl; alkyl- or
      arylcarbamoylhydroxyalkyl containing up to 7 carbon atoms for example
      2-methylcarbamyloxyethyl, .gamma.-butylcarbamyloxypropyl and
      .beta.-phenylcarbamyloxyethyl; alkyloxycarbonyloxyalkyl containing up to 7
      carbon atoms, for example .beta.-(methoxy, ethoxy or
      isopropoxy)-carbonyloxyethyl, .gamma.-acetamidopropyl,
      .beta.-(p-nitrophenoxy)-ethyl, .beta.-(p-hydroxyphenoxy)-ethyl,
      cyanoalkoxyalkyl, e.g. cyanethoxyethyl; .beta.-carboxyethyl,
      .beta.-acetylethyl, .beta.-diethylaminoethyl, .beta.-cyanoacetoxyethyl-
      and .beta.-benzoyl- or .beta.-(p-alkoxy or phenoxybenzoyl)-oxyethyl.
PAR  As a rule, the groups R.sub.1 and R.sub.2 contain no more than 18 carbon
      atoms; they are preferably alkyl residues substituted by chloro, hydroxyl,
      phenyl, alkoxy of 1-4 carbon atoms, cyanoalkoxy, acyloxy or cyano groups.
PAR  The residue R.sub.3 is an aliphatic, cycloaliphatic, aromatic or
      heterocyclic residue derived from an at least dibasic carboxylic acid that
      is free from substituents imparting solubility in water. Suitable acids
      from which the residue R.sub.3 may be derived are, for example:
PA1  succinic acid,
PA1  methylsuccinic acid,
PA1  dichlorosuccinic acid,
PA1  maleic acid,
PA1  dichloromaleic acid,
PA1  glutaric acid,
PA1  dodecenylsuccinic acid,
PA1  diglycollic acid,
PA1  thiodiglycollic acid,
PA1  N-methyl-iminoacetic acid,
PA1  hexahydrophthalic acid,
PA1  tetrahydrophthalic acid,
PA1  endomethylene-tetrahydrophthalic acid,
PA1  methyl-endomethylene-tetrahydrophthalic acid,
PA1  hexachloro-endomethylene-tetrahydrophthalic acid,
PA1  ortho-phthalic acid,
PA1  4-methylphthalic acid,
PA1  4-nitrophthalic acid,
PA1  tetrachlorophthalic acid,
PA1  tetrabromophthalic acid,
PA1  1,8- or 2,3-naphthalene dicarboxylic acid,
PA1  2,2'-diphenic acid,
PA1  furan-3,4-dicarboxylic acid, pyridine-2,3-dicarboxylic acid,
PA1  pyridine-3,4-dicarboxylic acid and
PA1  quinoline-2,3-dicarboxylic acid.
PAR  Of special value are the dyestuffs of the formula
      ##SPC4##
PAL  in which X represents a methyl or methoxy group or preferably a hydrogen
      atom, A represents a substituted benzene residue or a mono- or bicyclic
      heterocycle, and R.sub.1, R.sub.2 and R.sub.3 have the above meanings.
PAR  Of special value are the dyestuffs of the formula
      ##SPC5##
PAL  in which Y.sub.1 represents a halogen atom, an alkyl, alkoxy, nitro or
      amino group and n = 1,2 or 3, and the dyestuffs of the formula
      ##SPC6##
PAL  in which R.sub.3 '  represents a group of the formula --CH.sub.2 --X.sub.1
      --CH.sub.2 --(where X.sub.1 is a direct bond, a CH.sub.2 -- group, an
      oxygen or a sulphur atom or an --NH-- group, and one or both methylene
      groups may each carry a substituent, and A, R.sub.1 and R.sub.2 have the
      above meanings.
PAR  The diazo components to be used according to this invention generally
      correspond to the formula
EQU  A--NH.sub.2
PAL  wherein A is phenyl optionally substituted by chloro or bromo atoms or by
      hydroxyl, cyan, thiocyanato, nitro, C.sub.1 -C.sub.2 -alkyl (such as
      methyl or ethyl), trifluoromethyl, C.sub.1 -C.sub.2 -alkoxy (such as
      methoxy or ethoxy), formyl, acetyl, propionyl, benzoxyl, methylbenzoyl,
      (methyl or ethyl)oxycarbonylbenzoyl, acetylamino, prionylamino,
      benzoylamino, methoxycarbonylamino, ethoxycarbonylamino, methylsulfonyl,
      ethylsulfonyl, propylsulfonyl, chloromethylsulfonyl, aminosulfonyl,
      C.sub.1 -C.sub.2 -alkylated aminosulfonyl (such as methylaminosulfonyl,
      diethylaminosulfonyl), (hydroxyethyl)-aminosulfonyl,
      cyanoethylaminosulfonyl, .beta.-chloroethylsulfonylamino,
      cyclohexylaminosulfonyl, phenylaminosulfonyl, (chloro-, methyl-, nitro- or
      methoxyphenyl)aminosulfonyl, benzylaminosulfonyl, N-piperidylsulfonyl,
      N-morpholinosulfonyl, C.sub.1 -C.sub.3 -alkylsulfonyloxy (such as
      methylsulfonyloxy, ethylsulfonyloxy, propylsulfonyloxy),
      ethoxyethylsulfonyloxy, cyclohexylsulfonyloxy, chloromethylsulfonyloxy,
      cyanethylsulfonyloxy, phenylsulfonyloxy, chlorophenylsulfonyloxy,
      aminosulfonyloxy, C.sub.1 -C.sub.4 -alkylated aminosulfonyloxy (such as
      ethylaminosulfonyloxy, butylaminosulfonyloxy, dibutylaminosulfonyloxy,
      diethylaminosulfonyloxy), phenylaminosulfonyloxy,
      N-phenyl-N-ethyl-aminosulfonyloxy, phenyl, acetylaminophenyl,
      trimethylammonium, phenoxy, phenylazo or nitrophenylazo groups.
PAR  A valuable class of dyestuffs are those wherein the diazo component A is a
      phenyl residue which contains at least one electro-negative
      (electron-attracting) substituent. Such substituents are characterized by
      a positive Hammet-value as defined in British Specification No. 1,098,654,
      or by Jaffe, Chemical Reviews, Vol 53, page 191 (particularly at pages
      219-233), and H.C. Brown et al., J.Am.Chem. Soc., vol. 80, pages 4979-4987
      (1958), especially in table No. 1.
PAR  Another selection of diazo components to be used according to this
      invention preferably correspond to the formula
      ##SPC7##
PAL  in which Y represents a hydrogen or halogen atom, an alkyl, alkoxy,
      phenoxy, nitro, cyano, carbalkoxy or alkylsulphonyl group, and Z
      represents a nitro or cyano group. As examples of relevant diazo compounds
      the following amines may be mentioned:
PA1  1-amino-4-chlorobenzene,
PA1  1-amino-4-bromobenzene,
PA1  1-amino-4-methylbenzene,
PA1  1-amino-4-nitrobenzene,
PA1  1-amino-4-cyanobenzene,
PA1  1-amino-2,5-dicyanobenzene,
PA1  1-amino-4-methylsulphonylbenzene,
PA1  1-amino-4-carbomethyoxybenzene,
PA1  1-amino-2,4-dichlorobenzene,
PA1  1-amino-2,4-dibromobenzene,
PA1  1-amino-2-methyl-4-chlorobenzene,
PA1  1-amino-2-trifluoromethyl-4-chlorobenzene,
PA1  1-amino-2-cyano-4-chlorobenzene,
PA1  1-amino-2-carbomethoxy-4-chlorobenzene,
PA1  1-amino-2-carbomethoxy-4-nitrobenzene,
PA1  1-amino-2-chloro-4-cyanobenzene,
PA1  1-amino-2-chloro-4-nitrobenzene,
PA1  1-amino-2-phenoxy-4-nitrobenzene,
PA1  1-amino-2-chloro-4-carbethoxybenzene,
PA1  1-amino-2-chloro-4-methylsulphonylbenzene,
PA1  1-amino-2-methylsulphonyl 4-chlorobenzene,
PA1  1-amino-2-methylsulphonyl-4-nitrobenzene,
PA1  1-amino-2,4-dinitrobenzene,
PA1  1-amino-2,4-dicyanobenzene,
PA1  1-amino-2-cyano-4-methylsulphonylbenzene,
PA1  1-amino-2,6-dichloro-4-cyanobenzene,
PA1  1-amino-2,6-dichloro-4-nitrobenzene,
PA1  1-amino-2,4-dicyano-6-chlorobenzene,
PA1  1-amino-2,4,6-trinitrobenzene,
PA1  1-amino-2,4-dinitro-6-chloro- or -bromobenzene,
PAL  and especially
PA1  1-amino-2-cyano-4-nitrobenzene,
PA1  4-aminoazobenzene,
PA1  4-amino-3-nitro-1,1'-azobenzene,
PA1  4-amino-3-nitro-4'-chloro-1,1'-azobenzene,
PA1  4-amino-3-nitro-2'-chloro-1,1'-azobenzene,
PA1  4-amino-3-nitro-2'-methoxy-1,1'-azobenzene and
PA1  4-amino-3-nitro-4'-methyl-1,1'-azobenzene.
PAL  From the series of the heterocyclic diazo components the following may be
      mentioned:
PA1  2-aminothiazole,
PA1  2-amino-5-nitrothiazole,
PA1  2-amino-5-cyanothiazole,
PA1  2-amino-4-methyl-5-nitrothiazole,
PA1  2-amino-4-methylthiazole,
PA1  2-amino-4-phenylthiazole,
PA1  2-amino-4-(4'-chloro)-phenylthiazole,
PA1  2-amino-4-(4'-nitro)-phenylthiazole,
PA1  2-amino-6-chlorobenzthiazole,
PA1  2-amino-6-cyanobenzthiazole,
PA1  2-amino-6-nitrobenzthiazole,
PA1  2-amino-1,3,4-thiadiazole and
PA1  2-amino-1,3,5-thiadiazole.
PAR  The coupling components to be used according to this invention preferably
      correspond to the formula
      ##SPC8##
PAL  in which R.sub.4 represents an alkyl group, for example methyl, ethyl,
      propyl or butyl, or a heterocyclic residue, for example a furan,
      tetrahydrofuran, thiophene or tetrahydrothiophene residue and R.sub.3 and
      X have the above meanings. R.sub.3 is preferably a residue of the formula
      ##SPC9##
PAL  in which X.sub.1 represents a direct bond, a CH.sub.2 -group, an oxygen or
      a sulphur atom or an --NH-- group.
PAR  As relevant examples the following compounds may be mentioned:
      ##SPC10##
PAR  Instead of a simple coupling component a mixture of coupling components may
      be used, whereby in many cases the affinity and the build-up of the
      resulting dyestuff mixture is improved compared with the individual
      dyestuffs.
PAR  The afore-mentioned diazo components may be diazotized by known methods,
      for example with a mineral acid, especially hydrochloric acid, and sodium
      nitrite or, for example, with a solution of nitrosylsulphuric acid in
      concentrated sulphuric acid.
PAR  Coupling may likewise be carried out in known manner, for example in a
      neutral to acidic medium, if desired or required in the presence of sodium
      acetate or similar buffer substances that are capable of influencing the
      coupling speed, or of catalysts, for example pyridine or a pyridine salt.
PAR  On completion of the coupling reaction the dyestuffs formed are easy to
      separate from the coupling mixture, for example by filtration since they
      are substantially insoluble in water.
PAR  The new dyestuffs are excellently suitable for dyeing or printing
      materials, especially fibres or fabrics, for instance of cellulose
      triacetate and polyamides, but especially of aromatic polyesters, on which
      strong dyeings of excellent fastness properties are obtained, especially
      fastness to light, sublimation and abrasion. Such dyeings may also be
      further improved by a premanent-press process, for example by the Koratron
      process. Dyeing with the new dyestuffs finished in this manner display
      excellent fastness to wetting and heat.
PAR  For dyeing the new dyestuffs are advantageously used in a finely disperse
      form and with addition of dispersants for example soap, sulphite cellulose
      waste liquor or synthetic detergents, or a combination of different
      wetting and dispersing agents. As a rule it is advantageous to convert
      these dyestuffs into a dye preparation before dyeing; such a preparation
      contains a dispersant and finely disperse dyestuff in such a form that
      when the dye preparation is diluted with water a fine dispersion is
      obtained. Such dyestuff preparations may be manufactured in known manner,
      for example by reprecipitating the dyestuff from sulphuric acid and
      grinding the resulting suspension with sulphite cellulose waste liquor, or
      by grinding the dyestuff in a highly efficient mill in dry or wet form,
      with or without addition of a dispersant during the grinding operation.
PAR  When strong dyeings on polyethylene terephthalate fibres are to be produced
      it is advantageous to add a swelling agent to the dyebath or preferably to
      perform the dyeing operation under superatmospheric pressure at a
      temperature above 100.degree.C, for example at 120.degree.C. Suitable
      swelling agents are aromatic carboxylic acid, for instance benzoic or
      salicylic acid, phenols, for example ortho- or para-hydroxydiphenyl,
      aromatic halogen compounds, for example chlorobenzene,
      ortho-dichlorobenzene or trichlorobenzene, phenylmethylcarbinol or
      diphenyl. When dyeing under superatmospheric pressure it is advantageous
      to make the dyebath weakly acidic, for example by addition of a weak acid,
      for instance acetic acid.
PAR  By virtue of their alkali fastness the new dyestuffs are also suitable for
      dyeing by the so-called thermofixing process, according to which the
      fabric to be dyed is impregnated with an aqueous dispersion of the
      dyestuff, which advantageously contains 1 to 50% of urea and a thickner,
      especially sodium alginate, preferably at a temperature not exceeding
      60.degree.C, and the fabric is then squeezed in the usual manner,
      advantageously to a weight increase of 50 to 100% calculated on the weight
      of the dry fabric.
PAR  To fix the dyestuff on the fabric thus impregnated it is dried, for example
      in a current of warm air, and then heated to a temperature above
      100.degree.C, for example from 180.degree. to 220.degree.C.
PAR  The thermofixing process just mentioned is of special importance in the
      dyeing of mixed weaves of polyester fibres and cellulose fibres,
      especially cotton. In this application the padding liquor contains, in
      addition to the dyestuffs of this invention, also dyestuffs suitable for
      dyeing cotton, especially vat dyes, or reactive dyestuffs, that is to say
      dyestuffs that can be fixed on cellulose fibre with formation of a
      chemical bond, thus for instance dyestuffs containing a chlorotriazine or
      chlorodiazine residue. In the latter case it is advantageous to
      incorporate with the padding solution an acid acceptor, for example an
      alkali metal carbonate, phosphate, borate or perborate or mixtures
      thereof. When vat dyes are used the padded fabric must be treated, after
      the heat treatment, with an aqueous alkaline solution of one of the
      reducing agents commonly used in vat dyeing.
PAR  Since they reserve well on wool the dyestuffs of this invention are also
      excellently suitable for dyeing mixed weaves of polyester fibres and wool.
PAR  The resulting dyeings are advantageously aftertreated, for example heated
      in an aqueous solution of a nonionic detergent.
PAR  The dyestuffs may also be applied by printing instead of by impregnation,
      for example with the use of a printing ink that contains the finely
      dispersed dyestuff together with the assistants conventionally used in
      printing, for example wetting and thickening agents, if desired in
      admixture with one of the cotton dyestuffs mentioned above with or without
      urea and/or an acid acceptor.
PAR  Unless otherwise indicated, parts and percentages in the following Examples
      are by weight.
PAC  Instruction 1 (Manufacture of the intermediates)
PAR  28 Parts of N,N-bis-(.beta.-acetoxyethyl)-3-aminoaniline [prepared
      according to Swiss Patent Application 12,254/67 -Case 6261] are intimately
      mixed with 15 parts of phthalic anhydride and while stirring heated for 15
      minutes in a bath maintained at 200.degree.C. After cooling, the product
      is recrystallized from 200 parts by volume of alcohol, suction-filtered,
      washed with ethanol and then with petroleum ether. After drying 23 parts
      of a yellowish powder are obtained of the formula
      ##SPC11##
PAL  melting at 118.degree. - 119.degree.C. Repeated recrystallization does not
      change the melting point.
PAC  Instruction 2
PAR  10.7 Parts of N,N-dicyanoethyl-m-phenylenediamine [obtained by hydrolyzing
      N,N-dicyanoethyl-m-acetanilide] and 7.4 parts of phthalic anhydride are
      stirred for 15 minutes at 200.degree.C, cooled and the product
      recrystallized from butanol=dioxane, to yield 13.4 parts (= 78% of theory)
      of a compound of the formula
      ##SPC12##
PAL  melting at 160.degree. to 162.degree.C.
PAC  Instruction 3
PAR  A mixture of 8.4 parts of N,N,-diacetoxyethyl-m-phenylenediamine and 3
      parts of succinic anhydride in 100 parts of benzene is refluxed for 3
      hours and cooled. The white residue is suction-filtered, washed with a
      small quantity of benzene and dried in a vacuum cabinet at 60.degree. to
      70.degree.C, to yield 10.4 parts (= 91% of theory) of a product of the
      formula
      ##SPC13##
PAL  melting at 115.degree.c.
PAR  3.8 Parts of this product are suspended in 60 parts of acetic anhydride, 6
      parts of anhydrous sodium acetate are added and the whole is refluxed for
      3 hours, poured into water, taken up in ethyl acetate and the organic
      phase is washed neutral. The ethyl acetate is evaporated and the residue
      recrystallized from butanol, to yield 26.8 parts (= 74% of theory) of a
      beige-coloured powder of the formula
      ##SPC14##
PAL  melting at 89 to 91.degree.C.
PAC  Instruction 4
PAR  A mixture of 6.9 parts of m-nitroaniline, 5 parts of succinic anhydride and
      30 parts of o-dichlorobenzene is refluxed overnight, cooled with stirring,
      and the product of the formula
      ##SPC15##
PAL  is suction-filtered, washed with benzene and petroleum ether and dried at
      70.degree.C, to leave 10 parts (= 91.8% of theory) of a product melting at
      168.degree. to 171.degree.C.
PAR  400 Parts of the above product are hydrogenated in the presence of Raney
      nickel in 600 parts of dimethylformamide until the theoretical quantity of
      hydrogen has been absorbed. While still hot the catalyst is filtered and
      the residue washed with dimethylformamide. The filtrate is poured into
      water, whereupon the amine of the formula
      ##SPC16##
PAL  settles out; it is suction-filtered and thoroughly washed with water and
      dried, to yield 300 parts of a beigecoloured powder melting at 191.degree.
      to 193.degree.C. This amine may be substituted at the nitrogen atom in the
      usual manner, for example by treating with acrylonitrile or ethylene
      oxide.
PAC  Instruction 5
PAR  The procedure is as described in instruction 3 except that succinic
      anhydride is replaced by 2.9 parts of maleic anhydride; yield: 9.8 parts
      (=86.8% of theory) of a product of the formula
      ##SPC17##
PAL  When 3.8 parts of this product are cyclized with the aid of sodium acetate
      in acetic anhydride as described in instruction 3, 3.5 parts of a product
      are obtained of the formula
      ##SPC18##
DETD
PAC  EXAMPLE 1
PAR  A mixture of 1.73 parts of 2-chloro-4-nitroaniline, 20 parts of water and 3
      parts by volume of concentrated hydrochloric acid is stirred, cooled to
      0.degree.C and diazotized with 6 parts by volume of 2N sodium nitrite
      solution, stirred for one hour and then filtered. The excess nitrite is
      decomposed with sulphamic acid.
PAR  The resulting solution is dropped at 0.degree. to 10.degree.C into a
      solution of 4.1 parts of the product of Instruction 1 in 150 parts of
      dimethylformamide, the whole is stirred overnight at 0.degree. to
      10.degree.C; the dyestuff is completely precipitated with ice water,
      filtered, washed neutral and dried under vacuum. The resulting dyestuff of
      the formula
      ##SPC19##
PAL  dyes polyester fast scarlet tints.
PAC  EXAMPLE 2
PAR  3.5 Parts of 2-cyano-4-nitroaniline are diazotized with 21 parts by volume
      of N-nitrosylsulphuric acid, poured into 250 parts of ice-water and the
      solution is clarified by filtration. While stirring at 0.degree. to
      5.degree.C, the filtrate is added to a solution of 8.2 parts of the
      product of Instruction 1 in 600 parts of acetone and 50 parts of water and
      the whole is stirred for 3 hours at 0.degree. to 5.degree.C. The resulting
      dyestuff of the formula
      ##SPC20##
PAL  is suction-filtered and thoroughly washed with water. It can be
      recrystallized from acetone and produces on polyester material bluish red
      tints which are extremely fast to light and sublimation.
PAC  EXAMPLE 3
PAR  1.63 Parts of 2-cyano-4-nitroaniline are diazotized with 10 parts by volume
      of N nitrosylsulphuric acid, poured into ice-water and the excess nitrite
      is decomposed with sulphanil acid. While stirring at 0.degree.to
      5.degree.C, this solution is mixed dropwise with a solution of 3.6 parts
      of the product of Instruction 5 in 30 parts by volume of 80% acetic acid.
      After 30 minutes the batch is diluted with 1000 parts by volume of
      ice-water and then stirred for another 2 hours. The precipitate is
      suction-filtered, thoroughly washed with water and dried under vacuum, to
      yield 4.6 parts of the dyestuff of the formula
      ##SPC21##
PAL  which dyes polyester material fast bluish red shades.
PAR  The following Table lists further components from which dyestuffs may be
      obtained when the diazo component of column I is diazotized and coupled
      with the coupling component of column II. The tints produced on polyester
      material with these dyestuffs are shown in column III.
TBL  __________________________________________________________________________
            I           II                         III                         
     __________________________________________________________________________
     1    4-nitroaniline                           orange                      
     2    2-cyano-4-nitro-                         bluish                      
          aniline                                  red                         
     3    4-nitroaniline                                                       
                        "                          orange                      
     4    2,6-dichloro-4-                                                      
                        "                          brown                       
          nitroaniline                             orange                      
     5    2-chloro-4-nitro-                                                    
                        "                          red                         
          aniline                                                              
     6    2-chloro-4-methyl-                       orange                      
          sulphonylaniline                                                     
     7    4-nitro-anthrani-                                                    
                        "                          red                         
          lic acid methyl                                                      
          ester                                                                
     8    6-ethoxy-2-amino-                                                    
                        "                          red                         
          benzthiazole                                                         
     9    2-cyano-4-Nitro-                         red                         
          aniline                                                              
     10   2-chloro-4-nitro-                                                    
                        "                          orange                      
          aniline                                                              
     11   4-nitroaniline                           red                         
     12   2-cyano-4-nitro-                         bluish                      
          aniline                                                              
     13   2-chloro-4-nitro-                        red                         
          aniline                                                              
     14   4-nitroaniline                           orange                      
     15   4-nitroaniline                           orange                      
     16   4-nitroaniline                           orange                      
     17   2-chloro-4-nitro-                        red                         
          aniline                                                              
     18   2-cyano-4-nitro-                         bluish                      
          aniline                                  red                         
     19   2,6-dichloro-4-nitro-                                                
                        "                          brown                       
          aniline                                  orange                      
     20   2-cyano-4-nitro-                         bluish                      
          aniline                                  red                         
     21   2-chloro-4-nitro-                                                    
                        "                          red                         
          aniline                                                              
     22   2,6-dichloro-4-nitro-                                                
                        "                          brown                       
          aniline                                  orange                      
     23   2,4-dinitro-6-chloro-                    blue                        
          aniline                                                              
     __________________________________________________________________________
PAC  EXAMPLE 4
PAC  High-temperature Dyeing
PAR  1 Part of the dyestuff obtained in Example 1 is ground in the wet state
      with 2 parts of a 50% aqueous solution of the sodium salt of
      1,1'-dinaphthylmethane-2, 2'-disulphonic acid and then dried.
PAR  This dyestuff preparation is stirred with 40 parts of a 10% aqueous
      solution of the sodium salt of N-benzyl.gamma.-heptadecyl-benzimidazole
      disulphonic acid, and 4 parts of a 40% acetic acid solution are added. By
      dilution of this mixture with water a dyebath of 4000 parts is prepared.
PAR  100 Parts of a cleaned polyester fibre fabric are entered in this dyebath
      at 50.degree.C; the temperature is then raised within half an hour to
      120.degree. to 130.degree.C and dyeing is carried out for 1 hour at this
      temperature in a closed vessel and then thoroughly rinsed. A strong
      scarlet dyeing of excellent fastness to light and sublimation is obtained.
PAC  EXAMPLE 5
PAC  Continuous dyeing process
PAR  20 Parts of the dyestuff of Example 2 are mixed with a solution of 40 parts
      of sodium dinaphthylmethane disulphonate in 140 parts of water and ground.
PAR  A padding liquor is prepared containing 200 parts of the above dyestuff
      preparation, 100 parts of carboxymethylcellulose (4% aqueous solution) and
      700 parts of water by stirring the dyestuff preparation described above
      into the previously diluted thickener by means of a high-speed stirrer,
      and the mixture is then adjusted to a pH value of 6 by means of 80% acetic
      acid. A polyester fabric is then padded in this solution at 30.degree.C
      and squeezed to a weight increase of 60% and then dried at 70.degree. to
      80.degree.C. The fabric is then placed on a tenter and heated for 60
      seconds at about 210.degree.C, then washed in hot water and thoroughly
      rinsed in cold water. The fabric thus treated displays a bluish red shade
      having good fastness properties.
PAC  EXAMPLE 6
PAR  A mixed weave of 33% cotton and 67% polyethylene terephthalate fibres is
      first dyed as described in Example 4 with the dyestuff obtained in Example
      1 to colour the polyester part. The cotton part is then dyed in the usual
      manner with a water-soluble reactive dyestuff. The fabric is then dried.
PAR  The dyed mixed fabric is padded at 30.degree.C with a resin-containing bath
      and squeezed to a weight increase of 50% (that is to say 12.5% of resin
      referred to the weight of the fibre), dried for 2 minutes at 93.degree.C
      and simultaneously fixed and shaped in an oven in which air circulates. A
      permanently shaped fabric is obtained. The dyestuff absorbed on the
      polyester part does not sublime during the curing of the resin former.
PAR  The resinous padding liquor contains per litre: 250 g of glyoxal-monourein
      (called "resin" for short), 20 g of a polyethylene softener (marketed by
      Sun Chemical under the trade name Mykon SF), 1 g of a nonionic wetting
      agent (marketed by Sun Chemical under the trade name Mykon WA) and 45 g of
      a zinc nitrate preparation (marketed by Sun Chemical under the trade name
      Catalyst X-4). To prepare the liquor the wetting agent is dissolved in 10
      times its own weight of water heated at about 30.degree.C, and the
      solution is added to the bath and mixed. The resin is then stirred in and
      finally the polyethylene softener is stirred into the mixture. The zinc
      nitrate preparation is only added immediately before the padding operation
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A water-insoluble azo dyestuff of the formula
      ##SPC22##
PAL  in which A represents phenyl or phenyl substituted by chloro, bromo,
      hydroxyl, cyan, thiocyanato, nitro, alkyl of 1 to 2 carbon atoms,
      trifluoromethyl, alkoxy of 1 to 2 carbon atoms, formyl, acetyl, propionyl,
      benzoyl, methylbenzoyl, (methyl or ethyl) oxycarbonylbenzoyl, acetylamino,
      propionylamino, benzoylamino, methoxycarbonylamino, ethoxycarbonylamino,
      methylsulfonyl, ethylsulfonyl, propylsulfonyl, chloromethylsulfonyl,
      aminosulfonyl, alkylated aminosulfonyl containing 1 to 2 carbon atoms,
      (hydroxyethyl)-aminosulfonyl, cyanoethylaminosulfonyl,
      .beta.-chloroethylsulfonylamino, cyclohexylaminosulfonyl,
      phenylaminosulfonyl, (chloro-, methyl-, nitro- or methoxy-phenyl)
      aminosulfonyl, benzylaminosulfonyl, N-piperidylsulfonyl,
      N-morpholinosulfonyl, alkylsulfonyloxy containing 1 to 3 carbon atoms,
      ethoxyethylsulfonyloxy, cyclohexylsulfonyloxy, chloromethylsulfonyloxy,
      cyanethylsulfonyloxy, phenylsulfonyloxy, chlorophenylsulfonyloxy,
      aminosulfonyloxy, alkylaminosulfonyloxy containing 1 to 4 carbon atoms,
      phenylaminosulfonyloxy, N-phenyl-N-ethyl-aminosulfonyloxy, phenyl,
      acetylaminophenyl, trimethylammonium, phenoxy, phenylazo or
      nitrophenylazo, R.sub.1 is hydrogen, alkyl containing 1 to 10 carbon atoms
      or alkyl containing 1 to 10 carbon atoms substituted by a member selected
      from the group consisting of chlorine, bromine, phenyl, alkanoyloxy of 1
      to 10 carbon atoms, alkanoylamino of 1 to 10 carbon atoms, hydroxy, cyano,
      alkoxy of 1 to 4 carbon atoms, benzoyl, cyanethoxy, alkylcarbamoyl where
      the alkyl contains 2 to 7 carbon atoms, aminocarbonyl and
      alkyloxycarbonyloxy in which alkyl contains 2 to 7 carbon atoms, R.sub.2
      is alkyl containing 1 to 10 carbon atoms or alkyl containing 1 to 10
      carbon atoms substituted by a member selected from the group consisting of
      chlorine, bromine, phenyl, alkanoyloxy of 1 to 10 carbon atoms, hydroxy,
      cyano, alkylcarbamoyl in which alkyl contains 2 to 7 carbon atoms,
      aminocarbonyl and alkyloxycarbonyloxy in which alkyl contains 2 to 7
      carbon atoms, alkoxy of 1-4 carbon atoms, benzoyl and cyanethoxy, R.sub.3
      represents --CH.sub.2 --X.sub.1 --CH.sub.2 -- wherein X.sub.1 is a direct
      bond, a double bond, --CH.sub.2 --, --O--, --S--, --NH--, --N(CH.sub.3)--,
      or
      ##EQU3##
      where R' and R" are hydrogen or a group as defined below and where one or
      both of R' and R" is chlorine, an alkyl radical of between 1 to 12 carbon
      atoms,
      ##SPC23##
PAL  wherein Y is chlorine, alkyl of 1 to 3 carbon atoms, alkoxy of 1 to 3
      carbon atoms, nitro or NH.sub.2 and n = 1, 2 or 3, and X represents
      hydrogen, alkyl of up to 3 carbon atoms, alkoxy of up to two carbon atoms,
      phenoxy or phenylmercapto.
NUM  2.
PAR  2. A dyestuff as claimed in claim 1 of the formula
      ##SPC24##
PAL  where X, A, R.sub.1, R.sub.2 and R.sub.3 have the same meanings as in claim
      1.
NUM  3.
PAR  3. A dyestuff as claimed in claim 2, in which the residue R.sub.3 is
      --CH.sub.2 --X.sub.1 --CH.sub.2 -- where X.sub.1 is a direct bond,
      --CH.sub.2 --, oxygen, sulfur or --NH--, or
      ##EQU4##
      where X.sub.1 is a direct bond, --CH.sub.2 --, oxygen, sulfur or --NH--
      and one or both of R' and R" is chlorine or alkyl of 1 to 12 carbon atoms.
NUM  4.
PAR  4. A dyestuff as claimed in claim 3 in which X.sub.1 is a direct bond or
      --CH.sub.2 --.
NUM  5.
PAR  5. A dyestuff as claimed in claim 2, in which the residue R.sub.3 is
      ##SPC25##
PAL  and Y.sub.1 is chlorine, alkyl of 1 to 3 carbon atoms, alkoxy of 1 to 3
      carbon atoms, nitro or NH.sub.2 and n is 1, 2 or 3.
NUM  6.
PAR  6. A dyestuff according to claim 2 of the formula
      ##SPC26##
NUM  7.
PAR  7. A dyestuff according to claim 5 of the formula
      ##SPC27##
NUM  8.
PAR  8. A dyestuff according to claim 4 of the formula
      ##SPC28##
NUM  9.
PAR  9. A dyestuff according to claim 2 of the formula
      ##SPC29##
NUM  10.
PAR  10. A dyestuff according to claim 3 of the formula
      ##SPC30##
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PAL  Monoazo compounds produce fast blue to green shades on polyester, nylon and
      cellulose acetate fibers and consist of a 2,1-benzisothiazole-3-yl diazo
      component and an .alpha.-naphthylamine coupling component, the nitrogen
      atom of which is monosubstituted with a cycloalkyl, aryl or substituted
      alkyl group.
BSUM
PAR  This invention concerns novel azo compounds consisting of certain
      benzisothiazole diazo components and .alpha.-naphthylamine coupling
      components. This invention also concerns synthetic polyamide fibers dyed
      with the novel azo compounds.
PAR  Our novel azo compounds have the general formula
      ##SPC1##
PAL  Wherein
PA1  R.sup.1 and R.sup.2 each is hydrogen, lower alkyl, lower alkoxy, chlorine
      or bromine;
PA1  R.sup.3 is cyclohexyl; lower alkyl cyclohexyl; aryl; alkyl of one to about
      six carbon atoms substituted with hydroxy, lower alkoxy, lower
      cyanoalkoxy, lower hydroxyalkoxy, cyano, halogen, aryl, aryloxy,
      cyclohexyl, lower alkylcyclohexyl, hydroxymethylcyclohexyl, R.sup.6
      --CONHCH.sub.2 --cyclohexyl, R.sup.7 OOCNHCH.sub.2 -cyclohexyl, R.sup.7
      SO.sub.2 N(R.sup.8)CH.sub.2 -cyclohexyl, pyrrolidinono, lower
      alkylpyrrolidinono, phthalimidino, --N(R.sup.8)CO--R.sup.6,
      --NHCOO--R.sup.7, --N(R.sup.8)SO.sub.2 R.sup.7, --OOC--R.sup.6,
      --COO--R.sup.7, --CONR.sup.9 R.sup.10, or
      ##EQU1##
      or --CH.sub.2 CH(R.sup.11)--[OCH.sub.2 CH(R.sup.11)].sub.n --R.sup.12 ;
      R.sup.4 is hydrogen, lower alkyl or lower alkoxy; and
PA1  R.sup.5 is hydrogen, lower alkyl, lower alkoxy, hydroxy, --NHCO--R.sup.6,
      --NHCOO--R.sup.7 or --NHSO.sub.2 --R.sup.7 ; in which
PA1  R.sup.6 is hydrogen; lower alkyl; lower alkyl substituted with halogen,
      hydroxy, lower alkoxy or aryl; aryl; lower alkylamino; or arylamino;
PA1  R.sup.7 is lower alkyl;
PA1  R.sup.8 is hydrogen or lower alkyl;
PA1  R.sup.9 individually is hydrogen or lower alkyl;
PA1  R.sup.10 individually is hydrogen or lower alkyl;
PA1  R.sup.9 and R.sup.10 in combination are pentamethylene or
      ethyleneoxyethylene;
PA1  R.sup.11 is hydrogen or methyl;
PA1  n is 1, 2 or 3; and
PA1  R.sup.12 is hydrogen or hydroxy; and
PA1  Each aryl is phenyl or phenyl substituted with lower alkyl, lower
      hydroxyalkyl, lower alkoxy, or halogen.
PAR  Our novel compounds produce unusual and unexpected bright, fast, blue to
      green shades on polyester, polyamide and cellulose ester fibers when
      applied thereto by conventional disperse dyeing techniques as compared to
      the corresponding benzothiazole dyes. Our azo compounds, in general,
      exhibit good dyeability as evidenced by levelness of dyeing, good build
      and fastness properties, such as light-fastness, wash fastness, gas
      fastness, resistance to sublimation and crock-fastness. This combination
      of properties, including the desirable blue shades produced, distinguishes
      our novel compounds from structurally-similar compounds known in the prior
      art.
PAR  The substituents represented by R.sup.1 through R.sup.5 are well known in
      the art and can be derived from known intermediates according to published
      procedures. As used herein to describe an alkyl moiety, "lower" designates
      a carbon content of from one to about four. Preferably, R.sup.4 and
      R.sup.5 each is hydrogen and R.sup.3 is --(CH.sub.2).sub.m --R.sup.13,
      --CH.sub.2 CH(R.sup.11)--R.sup.14, --CH.sub.2 CH.sub.2 CONR.sup.9 R.sup.10
      or --CH.sub.2 CH(R.sup.11)--[OCH.sub.2 CH(R.sup.11)].sub.n --R.sup.12 in
      which
PA1  m is 2 through 6;
PA1  R.sup.9 and R.sup.10 each is hydrogen or alkyl;
PA1  R.sup.11 is hydrogen or methyl;
PA1  R.sup.13 is lower alkanoyl, lower hydroxyalkanoylamino, lower
      alkoxy-lower-alkanoylamino, lower alkoxycarbonylamino, lower
      alkylsulfonamido, 2-pyrrolidinono, or 5-methyl-2-pyrrolidinono;
PA1  R.sup.14 is hydroxy or lower alkoxycarbonyl;
PA1  R.sup.12 is hydrogen or hydroxy; and
PA1  n is 1 or 2.
PAR  The azo compounds which are of particular value for producing blue shades
      on polyester, cellulose acetate, and, especially, polyamide fibers have
      the formula
      ##SPC2##
PAL  wherein
PA1  R.sup.1 is hydrogen or a chlorine or bromine atom positioned at the 5- or
      6-position; and
PA1  R.sup.3 is --CH.sub.2 CH(R.sup.11)--O--[CH.sub.2 CH(R.sup.11)--].sub.m
      R.sup.12, --(CH.sub.2).sub.p NHCOR.sup.8, --(CH.sub.2).sub.n NHCOOR.sup.7,
      CH.sub.2 CH(R.sup.11)COOR.sup.7, --CH.sub.2 CH.sub.2 CONR.sup.9 R.sup.10,
      or (CH.sub.2).sub.p --R.sup.13 ; in which
PA1  R.sup.7 is lower alkyl;
PA1  R.sup.8 is hydrogen or lower alkyl;
PA1  R.sup.9 and R.sup.10 each is hydrogen or lower alkyl;
PA1  R.sup.11 is hydrogen or methyl;
PA1  R.sup.12 is hydrogen or hydroxy;
PA1  m is 0, 1 or 2;
PA1  p is 2 or 3; and
PA1  R.sup.13 is 2-pyrrolidinono, or 5-methyl-2-pyrrolidinono.
PAR  Our azo compounds are prepared by diazotizing an amine having the formula
      ##SPC3##
PAL  and coupling the resulting diazonium salt with a naphthylamine coupler
      having the structure
      ##SPC4##
PAL  according to conventional procedures. The amine diazo precursors and the
      couplers are known compounds and/or can be prepared from available
      intermediates using known techniques. The published procedures, or minor
      variations thereof, employed in the synthesis of aniline couplers for azo
      dyes generally is applicable to the preparation of the couplers used in
      the synthesis of our novel compounds. The couplers also can be prepared by
      the Bucherer reaction utilizing available .alpha.-naphthols and amines.
DETD
PAR  Our novel azo compounds and their preparation are further described in the
      following examples:
PAC  EXAMPLE 1
PAR  A mixture of .alpha.-naphthol (28.8 g.), N,2-aminoethylpyrrolidin-2-one
      (76.8 g.), sodium bisulfite (20.8 g.) and water (170 ml.) is heated at
      155.degree.C. for 12 hours in an autoclave. The solid product is collected
      by filtration and recrystallized from 500 ml. of ethanol. There is
      obtained 37.4 g. of N,2(pyrrolidine-2-one)ethyl-.alpha.-naphthylamine
      which melts at 137.degree.-139.degree.C.
PAR  Anal. Calcd: C, 75.7; H, 7.2; N, 11.0. Found: C, 75.6; H, 7.2; N, 11.0.
PAC  EXAMPLE 2
PAR  To 5 ml. of concd. H.sub.2 SO.sub.4 is added 0.72 g. of NaNO.sub.2
      portionwise below 80.degree.C. The solution is cooled and 10 ml. of 1:5
      acid (1 part propionic:5 parts acetic acid) is added below 20.degree.C.
      The mixture is cooled further and 3-amino-2,1-benzisothiazole (1.5 g.) is
      added, followed by 10 ml. of 1:5 acid, all at 0.degree.-5.degree.C. The
      diazonium, after stirring at 0.degree.-5.degree.C. for 1 hour, is added to
      an ice-cold solution of N-(2-acetamidoethyl)-.alpha.-naphthylamine (2.3
      g.) in 15 ml. of 1:5 acid, below 10.degree.C. The pH of the coupling
      mixture is adjusted to Congo Red with the addition of NH.sub.4 OAc and
      coupling is allowed 45 minutes at 10.degree.C. The coupling mixture is
      drowned in water and the azo product is collected by filtration, washed
      with water and air-dried. The azo compound obtained imparts blue shades to
      nylon fibers and exhibits good fastness properties.
PAC  EXAMPLE 3
PAR  3-Amino-5-chloro-2,1-benzisothiazole (1.84 g.) is dissolved in 25 ml. of
      85% H.sub.3 PO.sub.4. A portion (0.72 g.) of NaNO.sub.2 is added
      portionwise below 0.degree.C. to the H.sub.3 PO.sub.4 solution. The
      diazonium, after stirring at 0.degree.C. for 2.0 hours, is added to an
      ice-cold solution of N-(2-carbamoylethyl)-.alpha.-naphthylamine in 15 ml.
      of 1:5 acid below 10.degree.C. The pH of the coupling mixture is adjusted
      to Congo Red with the addition of NH.sub.4 OAc and coupling is allowed 1.0
      hour at 10.degree.C. The coupling mixture is drowned in water and the
      product is collected by filtration, washed with water and air-dried. The
      azo dye obtained imparts blue shades to nylon fibers.
PAR  The azo compounds set forth in the examples of the Table conform to formula
      (I) and are prepared according to the procedures described hereinabove.
      The color given for each azo compound refers to the shade it produces on
      nylon 66 fibers. Examples 4 and 5 of the Table designate the structures of
      the azo compounds prepared in the preceding examples. The positions of the
      R.sup.4 and R.sup.5 substituents have as their reference point the group
      --NHR.sup.3 and the azo group which are attached to the naphthalene
      nucleus at the 1- and 4-positions, respectively.
TBL                                    Table                                   
     __________________________________________________________________________
     Example No.                                                               
            R.sup.1, R.sup.2                                                   
                         R.sup.3     R.sup.4, R.sup.5                          
                                            Color                              
     __________________________________________________________________________
     4      H    --CH.sub.2 CH.sub.2 NHCOCH.sub.3                              
                                     H      Blue                               
     5      5-Cl --CH.sub.2 CH.sub.2 CONH.sub.2                                
                                     H      Blue                               
     6      H    --(CH.sub.2).sub.6 --NHCOCH.sub.3                             
                                     H      Blue                               
     7      H    --CH.sub.2 CH.sub.2 CH.sub.2 NHSO.sub.2 CH.sub.3              
                                     H      Blue                               
     8      H    --CH.sub.2 CH.sub.2 OH                                        
                                     H      Blue                               
     9      H    --CH.sub.2 CH.sub.2 OC.sub.2 H.sub.4 OH                       
                                     H      Blue                               
     10     H    --CH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3                        
                                     H      Blue                               
     11     H    --CH.sub.2 CH.sub.2 NCH.sub.2 CH.sub.2 CH.sub.2 CO            
                                     H      Blue                               
     12     H    --CH.sub.2 CH.sub.2 OC.sub.2 H.sub.4 OC.sub.2 H.sub.5         
                                     H      Blue                               
     13     H    --CH.sub.2 CH(OH)CH.sub.3                                     
                                     H      Blue                               
     14     H    --CH.sub.2 CH(OH)CH.sub.2 OH                                  
                                     H      Blue                               
     15     H    --CH.sub.2 CH.sub.2 CONH.sub.2                                
                                     H      Blue                               
     16     H    --CH.sub.2 CH.sub.2 CONHCH(CH.sub.3).sub.2                    
                                     H      Blue                               
     17     H    --CH.sub.2 CH.sub.2 CON(C.sub.2 H.sub.5).sub.2                
                                     H      Blue                               
     18     H    --CH.sub.2 CH.sub.2 CONCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2   
                                     H      Blue                               
     19     H    --CH.sub.2 CH.sub.2 CH.sub.2 NHCONHC.sub.2 H.sub.5            
                                     H      Blue                               
     20     H    --CH.sub.2 CH.sub.2 CH.sub.2 NHCOCH.sub.2 OH                  
                                     H      Blue                               
     21     H    --CH.sub.2 CH.sub.2 CH.sub.2 NHCOOC.sub.2 H.sub.5             
                                     H      Blue                               
     22     H    --CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5)SO.sub.2 CH.sub.3       
                                     H      Blue                               
     23     H    --CH.sub.2 CH.sub.2 COOC.sub.2 H.sub.5                        
                                     H      Blue                               
     24     H    --CH.sub.2 CH.sub.2 CH.sub.2 NHCONHC.sub.6 H.sub.5            
                                     H      Blue                               
     25     H    --CH.sub.2 CH.sub.2 CH.sub.2 OC.sub.6 H.sub.5                 
                                     H      Blue                               
     26     H    --CH.sub.2 CH.sub.2 CONCH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2    
                 CH.sub.2            H      Blue                               
     27     H    --CH.sub.2 CH.sub.2 S--C=N--NH--CH=N                          
                                     H      Blue                               
                 O                                                             
                 .parallel.                                                    
     28     H    --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5)C--CH.
                 sub.3               H      Blue                               
     29     H    --CH.sub.2 CH.sub.2 CH.sub.2 NHCOCH.sub.2 Cl                  
                                     H      Blue                               
                 O                                                             
                 .parallel.                                                    
     30     H    --CH.sub.2 CH.sub.2 CH.sub.2 NHCC.sub.6 H.sub.4 --p-OCH.sub.3 
                                     H      Blue                               
                 O                                                             
                 .parallel.                                                    
     31     H    --CH.sub.2 CH.sub.2 CH.sub.2 NHCCH.sub.2 CH.sub.2 OCH.sub.3   
                                     H      Blue                               
     32     H    --CH.sub.2 CH.sub.2 S--C=N--N(C.sub.2 H.sub.5)--CH=N          
                                     H      Blue                               
     33     H    --C.sub.6 H.sub.11  H      Blue                               
     34     H    --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub.3                      
                                     H      Blue                               
     35     H    --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub.2 OH                   
                                     H      Blue                               
     36     H    --CH.sub.2 CH(OH)CH.sub.2 Cl                                  
                                     H      Blue                               
     37     H    --CH.sub.2 CH(OH)CH.sub.2 OCH(CH.sub.3).sub.2                 
                                     H      Blue                               
     38     H    --C.sub.6 H.sub.10 --p-CH.sub.3                               
                                     H      Blue                               
     39     H    --CH.sub.2 C.sub.6 H.sub.5                                    
                                     H      Blue                               
     40     H    --CH.sub.2 C.sub.6 H.sub.4 --p-OC.sub.2 H.sub.4 OH            
                                     H      Blue                               
     41     H    --C.sub.6 H.sub.5   H      Blue                               
     42     H    --C.sub.6 H.sub.4 --p-OC.sub.2 H.sub.4 OH                     
                                     H      Blue                               
     43     H    --C.sub.6 H.sub.4 --p-OC.sub.2 H.sub.4 OCH.sub.3              
                                     H      Blue                               
     44     H    --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub.2 NHCOCH.sub.3         
                                     H      Blue                               
     45     H    --CH.sub.2 CH.sub.2 CH.sub.2 NHCOCH.sub.3                     
                                     7-CH.sub.3                                
                                            Blue                               
     46     H    --C.sub.6 H.sub.11  5-OH   Green                              
     47     H    --CH.sub.2 CH.sub.2 CH.sub.2 CONH.sub.2                       
                                     H      Blue                               
     48     H    --C.sub.6 H.sub.11  2-OCH.sub.3                               
                                            Blue-Green                         
     49     H    --C.sub.6 H.sub.11  2-CH.sub.3                                
                                            Blue                               
     50     H    --C.sub.2 H.sub.4 COOCH.sub.3                                 
                                     5-NHCOCH.sub.3                            
                                            Blue-Green                         
     51     H    --C.sub.6 H.sub.11  5-OCH.sub.3                               
                                            Blue-Green                         
     52     5-Cl --CH.sub.2 CH.sub.2 CH.sub.2 NHCOCH.sub.2 CH.sub.3            
                                     H      Blue                               
     53     5-Cl --CH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3                        
                                     H      Blue                               
     54     H    --CH.sub.2 CH.sub.2 CH.sub.2 NCH.sub.2 CH.sub.2 CH.sub.2      
                                     HO     Blue                               
     55     Cl   --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 OH                      
                                     H      Blue                               
     56     Cl   --CH.sub.2 CH.sub.2 C.sub.6 H.sub.5                           
                                     H      Blue                               
     57     Cl   --CH.sub.2 CH.sub.2 CH.sub.2 NHCOCH(CH.sub.3                  
                                     H.sub.2                                   
                                            Blue                               
     58     Cl   --CH--CH.sub.2 C(CH.sub.3).sub.2 --CH.sub.2 --CH(CH.sub.3)CH.s
                 ub.2                H      Blue                               
     59     Cl   --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub.2 NHCOOCH.sub.3        
                                     H      Blue                               
     60     Cl   --CH.sub.2 CH.sub.2 CH.sub.2 SO.sub.2 CH.sub.3                
                                     H      Blue                               
                 O                                                             
                 .parallel.                                                    
     61     Cl   --(CH.sub.2).sub.6 --NHCCH.sub.2 C.sub.6 H.sub.5              
                                     H      Blue                               
     62     Cl   --CH.sub.2 CH.sub.2 CN                                        
                                     H      Blue                               
     63     5-Cl --C.sub.6 H.sub.4 --p-C.sub.2 H.sub.4 OH                      
                                     H      Blue                               
     64     5-Cl --CH.sub.2 CH.sub.2 CH.sub.2 NHCOCH.sub.3                     
                                     5-OH   Green                              
     65     5-Cl --CH.sub.2 CH.sub.2 COOC.sub.2 H.sub.4 OCH.sub.3              
                                     H      Blue                               
     66     5-Cl --CH.sub.2 CH.sub.2 COOCH.sub.2 C.sub.6 H.sub.5               
                                     H      Blue                               
     67     5-Cl --C(CH.sub.3).sub.2 CH.sub.2 OH                               
                                     H      Blue                               
     68     5-Br --CH.sub.2 CH.sub.2 CH.sub.2 NHCOC.sub.2 H.sub.5              
                                     H      Blue                               
     69     5-Br --CH.sub.2 CH.sub.2 OC.sub.2 H.sub.4 OH                       
                                     H      Blue                               
     70     5-Br --CH.sub.2 CH.sub.2 OC.sub.2 H.sub. 4 CN                      
                                     H      Blue                               
     71     H    --(CH.sub.2).sub.3 --NCH.sub.2 CH.sub.2 CH.sub.2 CO           
                                     H      Blue                               
     72     6-CH.sub.3                                                         
                 --(CH.sub.2).sub.3 --NCH.sub.2 CH.sub.2 CH.sub.2 CO           
                                     H      Blue                               
     73     6-CH.sub.3                                                         
                 --CH.sub.2 CH.sub.2 CH.sub.2 O--m-C.sub.4 H.sub.9             
                                     H      Blue                               
     74     6-OCH.sub.3                                                        
                 --CH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3                        
                                     H      Blue                               
     75     6-OCH.sub.3                                                        
                 --CH.sub.2 CH.sub.2 CONH.sub.2                                
                                     H      Blue                               
     76     5-OCH.sub.3                                                        
                 --CH.sub.2 CH.sub.2 NHCOCH.sub.3                              
                                     H      Blue                               
     77     5-CH.sub.3                                                         
                 --(CH.sub.2).sub.6 --NHCOCH.sub.2 CH.sub.3                    
                                     H      Blue                               
     78     5-CH.sub.3                                                         
                 C.sub.6 H.sub.11    H      Blue                               
     79     H    --C.sub.2 H.sub.4 COOCH.sub.3                                 
                                     2-OC.sub.2 H.sub.5                        
                                            Blue-Green                         
     80     H    --C.sub.2 H.sub.4 COOCH.sub.3                                 
                                     2-CH.sub.3                                
                                            Blue                               
     81     H    --CH.sub.2 C.sub.6 H.sub.11                                   
                                     H      Blue                               
     82     H                        H      Blue                               
     83     H    --CH.sub.2 CH.sub.2 NCH(CH.sub.3)CH.sub.2 CH.sub.2 CO         
                                     H      Blue                               
     84     H    --CH.sub.2 CH.sub.2 CH.sub.2 NHCOCH.sub.2 Cl                  
                                     H      Blue                               
     85     H    --CH.sub.2 CH.sub.2 CH.sub.2 NHCOCH.sub.2 CH.sub.2 OC.sub.2   
                 H.sub.5             H      Blue                               
     86     H    --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub.2 NHCOH                
                                     H      Blue                               
     87     H    --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub.2 NHCOCH.sub.2         
                                     Hl     Blue                               
     88     H    --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub.2 NHCOCH.sub.2         
                                     HH     Blue                               
     89     5-Cl --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub.2 NHCOC.sub.6 H.sub.5  
                                     H      Blue                               
     90     H    --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub.2 NHCONHC.sub.2        
                 H.sub.5             H      Blue                               
     91     H    --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub.2 NHCONHC.sub.6        
                 H.sub.5             H      Blue                               
     92     H    --C.sub.2 H.sub.4 OC.sub.2 H.sub.4 OH                         
                                     H      Blue                               
     93     H    --C.sub.2 H.sub.4 OC.sub.2 H.sub.4 OC.sub.2 H.sub.5           
                                     H      Blue                               
     94     H    --C.sub.2 H.sub.4 OC.sub.2 H.sub.5                            
                                     H      Blue                               
     95     H    --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub.2 NHCOCH.sub.2 C.sub.6 
                 H.sub.5             H      Blue                               
     96     H    --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub. 2 NHSO.sub.2 C.sub.2  
                 H.sub.5             H      Blue                               
     97     H    --CH.sub.2 C.sub.6 H.sub.10 --p-CH.sub.2 N(C.sub.2 H.sub.5)SO.
                 sub.2 CH.sub.3      H      Blue                               
     98     H    --CH.sub.2 CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5)COCH.sub.2     
                                     HH     Blue                               
     99     H    --CH.sub.2 CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5)CONHC.sub.6    
                 H.sub.5             H      Blue                               
     100    5-Cl --C.sub.2 H.sub.4 OCOCH.sub.3                                 
                                     H      Blue                               
     101    5-Cl --C.sub.2 H.sub.4 OCOCH.sub.2 OH                              
                                     H      Blue                               
     102    5-Cl --C.sub.2 H.sub.4 OCOCH.sub.2 Cl                              
                                     H      Blue                               
     103    5-Cl --C.sub.2 H.sub.4 OCOC.sub.6 H.sub.5                          
                                     H      Blue                               
     104    H    --CH.sub.2 CH.sub.2 CH.sub.2 OCONHC.sub.2 H.sub.5             
                                     H      Blue                               
     105    H    --CH.sub.2 CH.sub.2 CH.sub.2 OCONHC.sub.6 H.sub.5             
                                     H      Blue                               
     __________________________________________________________________________
PAR  The novel azo compounds can be applied to nylon, polyester and cellulose
      acetate fibers according to known disperse dyeing techniques. Various
      dispersing and wetting agents can be employed in the dispersion of the
      finely divided dye compound in an essentially aqueous dyebath. Procedures
      by which the compounds of the invention can be applied to nylon and
      polyester textile materials are described in U.S. Pat. Nos. 2,880,050;
      2,757,064; 2,782,187; 3,100,134 and 3,320,021. The following examples
      illustrate methods for applying the novel compounds to polyamide fibers
      and polyester fibers, respectively.
PAC  EXAMPLE 106
PAR  The azo compound (50.0 mg.) of Example 2 is dispersed in 5 cc. of
      2-methoxyethanol. A small amount (3-5 cc.) of a 3% sodium lignin sulfonate
      solution is added, with stirring, and then the volume of the bath is
      brought to 150 cc. with water. A 5.0 g. textile fabric made of nylon 66
      fibers is placed in the bath which is then slowly brought to the boil. The
      dyeing is carried out at the boil for 1 hour with occasional stirring. The
      dyed fabric is then removed from the dyebath, rinsed with water, and dried
      in an oven at 250.degree.F. The fabric is dyed a bright shade of blue
      exhibiting excellent fastness properties when tested in accordance with
      the procedures described in the Technical Manual of the American
      Association of Textile Chemists and Colorists (AATCC), 1968 edition.
PAC  EXAMPLE 107
PAR  The azo compound of Example 3 (0.1 g.) is dissolved in 10 cc. of
      2-methoxyethanol. A small amount (3-5 cc.) of a 3% sodium lignin sulfonate
      aqueous solution is added, with stirring, and then the volume of the bath
      is brought to 300 cc. with water. Three cc. of a carrier (o-phenylphenol)
      is added to the bath and 10 g. of a textile fabric made of poly(ethylene
      terephthalate) fibers is placed in the bath and worked 10 minutes without
      heat. The dyeing is carried out at the boil for 1 hour. The dyed fabric is
      removed from the dyebath and scoured for 20 minutes at 80.degree.C. in a
      solution containing 1 g./liter neutral soap and 1 g./liter sodium
      carbonate. The fabric is then rinsed, dried in an oven at 250.degree.F.
      and heat set (for removal of residual carrier) for 5 minutes at
      350.degree.C. The polyester fabric is dyed a bright blue shade which
      exhibits excellent fastness to light and resistance to sublimation when
      tested according to conventional AATCC procedures.
PAR  The compounds of the invention can also be applied to polyester textile
      materials by the heat fixation technique described in U.S. Pat. No.
      2,663,612 and in the American Dyestuff Reporter, 42, 1 (1953).
PAR  As used herein, "nylon textile materials" means fibers, yarns and fabrics
      having a basis of a synthetic linear polyamide such as nylon 66
      (polyhexamethylene adipamide) manufactured by the polymerization of adipic
      acid and hexamethylenediamine, nylon 6 (polycaprolactam) prepared from
      epsilon-aminocaproic acid lactam (caprolactam), and nylon 8. A detailed
      description of the synthetic polyamide materials which are dyed bright
      fast shades by the compounds of the invention is set forth in U.S. Pat.
      No. 3,100,134.
PAR  Polymeric linear polyester materials of the terephthalate sold under the
      trademarks "Kodel", "Dacron" and "Terylene" are illustrative of the linear
      aromatic polyester textile materials that can be dyed with the compounds
      of our invention. Examples of linear polyester textile materials that can
      be dyed with the compounds of the invention are those prepared from
      ethylene glycol and dimethylterephthalate or from cyclohexanedimethanol
      and dimethylterephthalate. Polyesters prepared from cyclohexanedimethanol
      and dimethylterephthalate are more particularly described in U.S. Pat. No.
      2,901,466. Poly(ethylene terephthalate) polyester fibers are described,
      for example, in U.S. Pat. No. 2,465,319. The polymeric linear polyester
      materials disclosed in U.S. Pat. Nos. 2,945,010; 2,957,745 and 2,989,363,
      for example, can be dyed. The linear aromatic polyester materials
      specifically named have a melting point of at least 200.degree.C. The
      poly(ethylene terephthalate) fibers which are dyed with the compounds of
      the invention are manufactured from a melt of a polymer having an inherent
      viscosity of at least 0.35 and preferably, about 0.6. The inherent
      viscosity of the poly(1,4-cyclohexylenedimethylene terephthalate) polymer
      is also at least 0.35. These inherent viscosities are measured at
      25.degree.C. using 0.25 g. polymer per 100 ml. of a solvent consisting of
      60% phenol and 40% tetrachloroethane. The polyester fabrics, yarns, fibers
      and filaments that are dyed with the novel azo compounds can also contain
      minor amounts of other additives such as brighteners, pigments,
      delusterants, inhibitors, stabilizers, etc.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound having the formula
      ##SPC5##
PAL  wherein
PA1  R.sup.1 and R.sup.2 each is hydrogen, lower alkyl, lower alkoxy, chlorine
      or bromine;
PA1  R.sup.3 is cyclohexyl; lower alkyl cyclohexyl; aryl; alkyl of one to about
      six carbon atoms substituted with hydroxy, lower alkoxy, lower
      cyanoalkoxy, lower hydroxyalkoxy, cyano, halogen, aryl, aryloxy,
      cyclohexyl, lower alkylcyclohexyl, hydroxymethylcyclohexyl, R.sup.6
      --CONHCH.sub.2 -cyclohexyl, R.sup.7 OOCNHCH.sub.2 -cyclohexyl, R.sup.7
      SO.sub.2 N(R.sup.8)CH.sub.2 -cyclohexyl, pyrrolidinono, lower
      alkylpyrrolidinono, phthalimidino, --N(R.sup.8)CO--R.sup.6,
      --NHCOO--R.sup.7, --N(R.sup.8)SO.sub.2 R.sup.7, --OOC--R.sup.6,
      --COO--R.sup.7, --CONR.sup.9 R.sup.10,
      ##EQU2##
      or --CH.sub.2 CH(R.sup.11)--[OCH.sub.2 CH(R.sup.11)].sub.n --R.sup.12 ;
      R.sup.4 is hydrogen, lower alkyl or lower alkoxy; and
PA1  R.sup.5 is hydrogen, lower alkyl, lower alkoxy, hydroxy, --NHCO--R.sup.6,
      --NHCOO--R.sup.7 or --NHSO.sub.2 --R.sup.7, in which
PA1  R.sup.6 is hydrogen; lower alkyl; lower alkyl substituted with halogen,
      hydroxy, lower alkoxy or aryl; aryl; lower alkylamino; or arylamino;
PA1  R.sup.7 is lower alkyl;
PA1  R.sup.8 is hydrogen or lower alkyl;
PA1  R.sup.9 individually is hydrogen or lower alkyl;
PA1  R.sup.10 individually is hydrogen or lower alkyl;
PA1  R.sup.9 and R.sup.10 in combination are pentamethylene or
      ethyleneoxyethylene;
PA1  R.sup.11 is hydrogen or methyl;
PA1  n is 1, 2 or 3; and
PA1  R.sup.12 is hydrogen or hydroxy; and
PA1  each aryl as well as the aryl moiety of each aryloxy and arylamino is
      phenyl or phenyl substituted with lower alkyl, lower hydroxyalkyl, lower
      alkoxy, or chlorine.
NUM  2.
PAR  2. A compound according to claim 1 wherein
PA1  R.sup.2, r.sup.4 and R.sup.5 are hydrogen; and
PA1  R.sup.3 is --(CH.sub.2).sub.m --R.sup.13, --CH.sub.2
      CH(R.sup.11)--R.sup.14, --CH.sub.2 CH.sub.2 CONR.sup.9 R.sup.10 or
      --CH.sub.2 CH(R.sup.11)--[OCH.sub.2 CH(R.sup.11)].sub.n --R.sup.15 in
      which
PA1  m is 2 through 6;
PA1  R.sup.9 and R.sup.10 each is hydrogen or alkyl;
PA1  R.sup.11 is hydrogen or methyl;
PA1  R.sup.13 is lower alkanoylamino, lower hydroxyalkanoylamino, lower
      alkoxy-lower-alkanoylamino, lower phenylalkanoylamino, lower
      alkoxycarbonylamino, lower alkylsulfonamido, 2-pyrrolidinono or
      5-methyl-2-pyrrolidinono;
PA1  R.sup.14 is hydroxy or lower alkoxycarbonyl;
PA1  R.sup.15 is hydrogen or hydroxy; and
PA1  n is 1 or 2.
NUM  3.
PAR  3. A compound according to claim 1 having the formula
      ##SPC6##
PAL  wherein
PA1  R.sup.1 is hydrogen or a chlorine or bromine atom positioned at the 5- or
      6-position; and
PA1  R.sup.3 is --CH.sub.2 CH(R.sup.11)--O--[CH.sub.2 CH(R.sup.11)--].sub.m
      R.sup.12, --(CH.sub.2).sub.p NHCOR.sup.8, --(CH.sub.2).sub.n NHCOOR.sup.7,
      CH.sub.2 CH(R.sup.11)COOR.sup.7, --CH.sub.2 CH.sub.2 CONR.sup.9 R.sup.10,
      or (CH.sub.2).sub.p --R.sup.13 ; in which
PA1  R.sup.7 is lower alkyl;
PA1  R.sup.8 is hydrogen or lower alkyl;
PA1  R.sup.9 and R.sup.10 each is hydrogen or lower alkyl;
PA1  R.sup.11 is hydrogen or methyl;
PA1  R.sup.12 is hydrogen or hydroxy;
PA1  m is 0, 1 or 2;
PA1  p is 2 or 3; and
PA1  R.sup.13 is 2-pyrrolidinono or 5-methyl-2-pyrrolidinono.
NUM  4.
PAR  4. A compound according to claim 1 having the formula
      ##SPC7##
NUM  5.
PAR  5. A compound according to claim 1 having the formula
      ##SPC8##
NUM  6.
PAR  6. A compound according to claim 1 having the formula
      ##SPC9##
PATN
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ABST
PAL  Azo dyestuffs of the formula:
      ##SPC1##
PAL  In which n is zero or 1, R represents a hydrogen atom or an alkyl or aryl
      group, A.sub.1, A.sub.2 and A.sub.3 each represent the residue of a
      diazotisable aromatic primary amine, which may be the same or different
      with at least one of these residues containing at least one sulphonic or
      carboxylic acid group, and the nucleus B is unsubstituted or substituted
      by one or two nitro, hydroxy or water-solubilising groups, metalliferous
      complexes of such dyestuffs and salts of the dyestuffs and of their
      metalliferous complexes. The dyestuffs of the above formula where n is
      zero may be prepared by a process which comprises coupling the diazo
      derivative of a diazotisable aromatic primary amine or the diazo
      derivatives of two different amines A.sub.1 NH.sub.2 and A.sub.2 NH.sub.2
      with a coupling compound of the formula:
      ##SPC2##
PAL  In which B and R have the same meaning as in claim 1, at the rate of two
      molecules of amine to each molecule of coupling compound. The dyestuffs of
      the above formula where n is 1 may be prepared by a process which
      comprises coupling a coupling compound of the formula:
      ##SPC3##
PAL  In which B and R have the same meanings as in claim 1 with the diazo
      derivative of a diazotisable aromatic primary amine A.sub.1 --NH.sub.2,
      having a coupling position, at the rate of one molecule of amine to each
      molecule of coupling compound, then the monoazo dye thus obtained is
      coupled with the diazo derivative of a diazotisable aromatic primary amine
      or with the diazo derivatives of two different amines A.sub.2 --NH.sub.2
      and A.sub.3 --NH.sub.2. The dyestuffs are particularly suitable for dyeing
      or finishing leathers.
BSUM
PAR  The present invention relates to new azo dyestuffs which are particularly
      interesting for the dyeing or finishing of leathers.
PAR  In French Pat. No. 1,165,637 azo dyestuffs derived from
      2,4-dihydroxy-benzophenone are described. However, these dyestuffs have
      only a weak affinity for leather. Moreover, the production of the
      above-mentioned benzophenone requires large quantities of phosphorus acid,
      phosphorus oxychloride or boron trifluoride, and consequently can only be
      carried out in special and costly apparatus.
PAR  It has been found that strong shades, which are very fast to light, wet
      tests, solvents, rubbing and grinding, can be obtained on leathers from
      different tanning processes with novel dyes of the general formula:
      ##SPC4##
PAL  And metalliferous complex derivatives thereof. In formula (I), R represents
      a hydrogen atom or an alkyl or aryl group, A.sub.1, A.sub.2 and A.sub.3
      each represent the residue of a diazotisable aromatic primary amine, which
      may be the same or different, with at least one of the residues containing
      at least one sulphonic or carboxylic acid group, n is zero or 1 and the
      nucleus B is unsubstituted or substituted by one or two nitro, hydroxy or
      water-solubilising groups.
PAR  Suitable water-solubilising groups are the sulpho and carboxy groups.
PAR  The invention includes dyestuffs of formula (I) and their metalliferous
      complexes in the form of their salts with amines or ammonium compounds.
PAR  The dyestuffs of formula (I), in which n is zero, can be prepared for
      example by coupling the diazo derivative of an aromatic primary amine or
      the diazo derivative of two amines of this type with a coupling compound
      of the formula:
      ##SPC5##
PAL  in which B and R have the same meaning as above at the rate of two
      molecules of amine to each molecule of coupling compound of formula (II).
      The dyestuffs of formula (I), in which n is zero and A.sub.1 and A.sub.2
      are different, may for example be advantageously prepared by successively
      coupling the diazo derivatives of amines A.sub.1 --NH.sub.2 and A.sub.2
      --NH.sub.2. The couplings take place in the ortho position to the hydroxy
      groups.
PAR  The dyestuffs of formula (I), in which n equals 1, can be prepared for
      example by coupling a coupling compound of formula (II) with the diazo
      derivative of an aromatic primary amine A.sub.1 --NH.sub.2, having a
      coupling position at the rate of one molecule of amine to each molecule of
      coupling compound, and then by coupling the monoazo dye thus obtained with
      the diazo derivative of a diazotisable aromatic primary amine or the diazo
      derivatives of two amines of this type.
PAR  The dyestuffs of formula (I), in which n equals 1 and A.sub.2 and A.sub.3
      represent different residues, may for example be advantageously prepared
      by successively coupling the diazo derivatives of the amines A.sub.2
      --NH.sub.2 and A.sub.3 --NH.sub.2.
PAR  The amines A.sub.1 --NH.sub.2, A.sub.2 --NH.sub.2 and A.sub.3 --NH.sub.2
      may belong to the most diverse series, such as for example the benzene,
      naphthalene, and heterocyclic or azo series, and have up to three
      substituents. At least one of these amines must have at least one
      carboxylic or sulphonic acid group. Other substituents are, for example,
      halogen atoms, methyl, ethyl, hydroxy, methoxy, ethoxy, carboxy-methoxy,
      amino, acetylamino, oxalylamino or nitro groups. Thus one may use, for
      example, the anilines and their sulphonated derivatives, the
      naphthylamines and their sulphonated derivatives, the amino phenols or
      amino naphthols and their sulphonated derivatives and the
      aminodiphenylamines and their sulphonated derivatives.
PAR  The coupling compounds of formula (II) can be prepared, for example, by
      condensing resorcinol in an alkaline medium with a compound of the
      formula:
      ##SPC6##
PAL  in which B and R have the same meaning as in formula (I).
PAR  The dyestuffs of formula (I) are water-soluble. They dye leathers from
      different tanning processes in shades of brown, which are bright and very
      fast, particularly to light, wet tests, solvents and to mechanical
      actions.
PAR  The dyestuffs of formula (I), in which one of the residues A.sub.1 or
      A.sub.2 has a group in the ortho position to the azo linkage capable of
      taking part in the formation of a complex, for example a hydroxy, amino,
      alkoxy, carboxy or OCH.sub.2 --COOH group can be converted into
      metalliferous complexes containing one or less than one atom of metal to
      each molecule of dyestuff. The metal can be, for example, iron, copper,
      chromium, cobalt or nickel. The conversion into a metalliferous complex
      can be effected for example by any process of metallization in an aqueous
      medium or in a mixture of water and organic solvent such as alcohol,
      polyol, formamide or dimethylformamide, at a temperature between
      10.degree. and 150.degree.C. and at a pH of between 1 and 11, preferably
      between 5 and 8. Examples of metallizing agents are metal chlorides,
      fluorides, acetates, sulphates, oxides and hydroxides, as well as alkali
      metal chromates and dichromates. The metalliferous complexes thus obtained
      provide shades on leather of excellent fastness, particularly to light.
PAR  The dyestuffs of formula (I) and their metalliferous complexes can be
      converted into salts by means of an amine or a quaternary ammonium salt.
      Examples of suitable amines are arylguanidines, cyclohexylamine or
      dicyclohexylamine. The salts obtained are insoluble in water, but are
      soluble in organic solvents, in particular in alcohols and diols. Examples
      of suitable ammonium salts are dimethyl benzyl alkyl ammonium chlorides,
      acetates or sulphates and 2'-hydroxy-ethyl trimethylammonium chloride. The
      salified derivatives can be used for the colour finishing of leather, for
      example for the aniline finishing of skins either previously dyed or
      undyed, and the finishing of leathers with a buffed or artificial hair
      side and the spray-gun dyeing of full grain leathers, on which they give
      transparent shades, which are very bright and very fast, particularly to
      light and wet rubbing.
PAR  The invention is illustrated by the following Examples, in which the parts
      given are parts by weight unless the contrary is indicated.
DETD
PAC  EXAMPLE 1
PAR  15 parts of an aqueous solution of hydrochloric acid 20.degree.Be are added
      to the solution of the diazo derivative of 17.3 parts of p-sulphanilic
      acid, then a solution at pH 11 of 21.6 parts of 2,4-dihydroxy-benzhydrol
      in 600 parts of iced water. The coupling reaction is allowed to develop
      partially for two hours then in an hour a solution of 11 parts of sodium
      carbonate in 110 parts of water is added. When the coupling is finished,
      35 parts of sodium carbonate are added, then in 30 minutes, and at
      5.degree.C., the diazo derivative obtained from 13.8 parts of
      4-nitro-aniline is also added. When the coupling is completed, one
      isolates the monosodium salt of [4-nitro-benzene] - &lt;1 azo 3&gt; -
      [2,4-dihydroxy-benzhydro] - &lt;5 azo 1&gt; - [4-sulpho-benzene] by salting out
      with sodium chloride. It dyes leathers from different tanning processes
      fast shades of yellow-brown.
PAC  EXAMPLE 2
PAR  If, in the previous Example, one replaces the 4-nitro-aniline by 17.3 parts
      of p-sulphanilic acid, one obtains the disodium salt of
      3,5-bis(4-sulpho-phenylazo)-2,4-dihydroxy-benzhydrol which dyes leathers
      from different tanning processes shades, which are slightly more yellow.
PAR  The same dye is obtained if, in 30 minutes, the diazo derivative of 34.6
      parts of p-sulphanilic acid is added to a solution at pH 11 and at
      5.degree.C., of 21.6 parts of 2,4-dihydroxy-benzhydrol in 400 parts of
      water, to which 45 parts of sodium carbonate has been added.
PAC  EXAMPLE 3
PAR  In the usual way, 19.9 parts of 4,6-dinitro-2-amino-phenol are diazotised
      and, in 30 minutes, the diazo derivative obtained is added to a solution
      at pH 11 of 21.6 parts of 2,4-dihydroxy-benzhydrol in 400 parts of water
      at 5.degree.C. to which 45 parts of sodium carbonate have been added. The
      coupling is very rapid. When it is finished, the diazo derivative of 17.3
      parts of p-sulphanilic acid is added in 30 minutes. When the coupling is
      completed, one isolates the monosodium salt of [4-sulpho-benzene] - &lt;1 azo
      3&gt; - [2,4-dihydroxy-benzhydro] - &lt;5 azo 1&gt; -
      [3,5-dinitro-2-hydroxy-benzene]. It dyes the leathers from different
      tanning processes in red-brown shades, which are very bright and very fast
      to the usual tests.
PAR  The following Table summarises other Examples of analogous preparation. The
      disazo dyestuffs are obtained by coupling the 2,4-dihydroxy-benzhydrol
      firstly with the diazo derivatives of the amino A.sub.1 --NH.sub.2 then by
      coupling the dyestuff thus obtained with the diazo derivative of the amine
      A.sub.2 --NH.sub.2.
TBL  __________________________________________________________________________
                                       Shade on                                
     Example                                                                   
          Amine A.sub.1 --NH.sub.2                                             
                       Amine A.sub.2 --NH.sub.2                                
                                       leather                                 
     __________________________________________________________________________
     4    1-amino-naphthalene-6                                                
                       4-amino-4'nitro-diphenyl-                               
                                       red-brown                               
          sulphonic acid                                                       
                       amine-2'-sulphonic acid                                 
     5    "            p-sulphanilic acid                                      
                                       orange                                  
                                       brown                                   
     6    1-amino-naphthalene-4                                                
                       4-nitro- aniline                                        
                                       "                                       
          sulphonic acid                                                       
     7    "            4-nitro-aniline-2-sulphonic                             
                                       "                                       
                       acid                                                    
     8    "            2-nitro-aniline "                                       
     __________________________________________________________________________
PAC  EXAMPLE 9
PAR  In the usual way, 31.9 parts of 1-amino-8 -naphthol-3,6-disulphonic acid
      are diazotised and the diazo derivative obtained is added in 30 minutes to
      a solution, at pH 11 and at 5.degree.C., of 21.6 parts of
      2,4-dihydroxy-benzhydrol in 400 parts of water, to which has been added 30
      parts of a 36.degree.Be solution of sodium hydroxide and 45 parts of
      sodium carbonate. When the coupling is completed, the diazo derivative of
      61.8 parts of 4-amino-4'-nitro-diphenylamine-2'-sulphonic acid is added.
      When the coupling is finished, one isolates the tetrasodium salt of the
      [4'-nitro-2'-sulpho-diphenylamine] &lt;4 azo 3&gt; -
      [2,4-dihydroxy-benzhydrol]-&lt;5 azo 1&gt; -
      [8-hydroxy-3,6-disulpho-naphthalene] - &lt;7 azo 4&gt; -
      [4'-nitro-2'-sulpho-diphenylamino]. It dyes leathers from different
      tanning processes a dark brown.
PAC  EXAMPLE 10
PAR  As in the previous Example, one prepares the monoazo dyestuff resulting
      from the coupling of the diazo derivative of 31.9 parts of
      1-amino-8-naphthol-3,6-disulphonic acid with 21.6 parts of
      2,4-dihydroxy-benzhydrol, then one adds the diazo derivative of 19.9 parts
      of 4,6-dinitro-2-amino-phenol in 30 minutes. When the coupling is
      finished, one adds the diazo derivative of 13.8 parts of 4-nitro-aniline
      and isolates the trisazo dyestuff. It dyes leathers from different tanning
      processes in shades of dark red brown.
PAC  EXAMPLE 11
PAR  If, in the previous Example, the 4,6-dinitro-2-amino-phenol is replaced by
      30.9 parts of 4-amino-4'-nitrodiphenylamine-2'-sulphonic acid, a dyestuff
      is obtained which dyes leathers from different tanning processes in shades
      which are more yellow.
PAC  EXAMPLE 12
PAR  If, in Example 10, the 4,6-dinitro-2-amino-phenol is replaced by 12.3 parts
      of 2-methoxy aniline and the 4-nitro aniline by 30.9 parts of
      4-amino-4'-nitro-diphenylamine-2'-sulphonic acid, one obtains a dyestuff
      which dyes leathers from different tanning processes in shades which are
      much more yellow.
PAC  EXAMPLE 13
PAR  94.9 parts of the disodium salt of the dyestuff obtained in Example 10 are
      dissolved in 1,000 parts of water and then 8.2 parts of ferric chloride in
      solution in 50 parts of water are added. The pH is raised to 5.5 by adding
      an aqueous sodium hydroxide solution and the mixture is left under
      agitation for 2 hours. The iron complex is then isolated. It dyes leathers
      from different tanning processes in dark brown shades, which are
      particularly fast to the usual tests.
PAC  EXAMPLE 14
PAR  63.2 parts of the sodium salt of the dyestuff of Example 3 are dissolved in
      1,000 parts of water and then a solution of 25 parts of copper sulphate
      pentahydrate in 200 parts of water is added and the pH is raised to 6.5 by
      adding a sodium hydroxide solution. The mixture is heated to 70.degree.C.
      and kept at that temperature for one hour. The copper complex is then
      isolated. It dyes leathers from different tanning processes in red brown
      shades which are particularly fast to the usual tests.
PAC  EXAMPLE 15
PAR  13.4 parts of chromium sulphate octahydrate and 15 parts of sodium acetate
      are added to the solution of 63.2 parts of the monosodium salt of the
      dyestuff of Example 3 in 1,000 parts of water. The mixture is heated to
      90.degree.C. and maintained at this temperature for two hours. The
      chromium complex is isolated. It contains one atom of chromium to each two
      molecules of dyestuff of Example 3. It dyes leathers from different
      tanning processes in red brown shades, which are particularly fast to the
      usual tests.
PAC  EXAMPLE 16
PAR  69.3 parts of the copper complex described in Example 14 (monosodium salt)
      are dissolved in 2000 parts of water at 60.degree.C. Then, 23.9 parts of
      di-ortho-tolylguanidine in solution in 250 parts of water and 11 parts of
      10N hydrochloric acid are added in an hour. The dyestuff in the form of an
      amine salt is filtered, washed in water and dried. It is totally insoluble
      in water but easily soluble in alcohols such as ethanol and in the
      monomethyl ether of ethylene glycol. The alcoholic solutions, when
      diluted, are violet-brown.
PAC  EXAMPLE 17
PAR  A sample of 100 parts of shaved clear chorme box calf is rinsed,
      neutralised and then rinsed again. This leather is placed in a fulling
      machine containing a solution of 1 part of the dyestuff of Example 10 in
      500 parts of water at 60.degree.C. It is fulled for 45 minutes at
      60.degree.C. then a tawing paste suspended in 50 parts of water is added
      by means of a dispersing agent and the leather is fulled for another 30
      minutes. The box calf is dyed a deep red brown shade, which is fast to
      light, washing and solvents.
PAC  EXAMPLE 18
PAR  100 parts of clear chrome suede leather are rewetted in the presence of a
      little ammonia, rinsed and put into a fulling machine containing a
      solution of 6 parts of the dyestuff of Example 13 in 2,000 parts of water
      at 60.degree.C. The leather is fulled for one hour at 60.degree.C., then 3
      parts of formic acid are added, and it is fulled for another 30 minutes.
      The leather is dried and subjected to the usual mechanical treatment. A
      vivid, deep brown shade is obtained, which is fast to light, washing,
      solvents and sueding.
PAC  EXAMPLE 19
PAR  Two layers of a solution of 10 parts of the dyestuff of Example 16, as the
      salt, in 100 parts of the monomethyl ether of ethylene glycol and 250
      parts of ethanol are applied on the hair side of unsplit calf skin. This
      is dried then a layer of a binding agent, possibly coloured with the
      preceding solution to increase its covering ability, is applied. This is
      dried, another layer of binding agent is applied and then it is dried
      again. It is fixed with a solution of formaldehyde, dried, polished and
      faced. In this way, the leather is evenly dyed a violetbrown shade which
      is particularly fast to light, solvents, washing and mechanical action.
      The finish thus obtained is particularly transparent and allows the grain
      of the leather to appear.
PAC  EXAMPLE 20
PAR  The operation is carried out as in the second paragraph of Example 2, but
      the p-sulphanilic acid is replaced by 43.4 parts of
      3-carboxy-4-amino-benzenesulphonic acid. Thus
      3,5-bis(2-carboxy-4-sulpho-phenyl azo)-2,4-dihydroxybenzhydrol is obtained
      which dyes leathers from different tanning processes orange-brown shades
      with a tinctorial yield which is practically double that of
      3,5-bis(2-carboxy-4-sulpho-phenylazo)-2,4-dihydroxy-benzophenone (French
      Pat. No. 1,165,637).
CLMS
STM  We claim:
NUM  1.
PAR  1. An azo dyestuff of the formula:
      ##SPC7##
PAL  in which A.sub.1 represents phenylene or naphthylene, A.sub.2 and A.sub.3
      each represents phenyl, naphthyl or diphenylamine, A.sub.1, A.sub.2 and
      A.sub.3 being the same or different with at least one of them containing
      at least one sulfonic or carboxylic acid substituent, A.sub.1, A.sub.2 and
      A.sub.3 having up to 3 substituents selected from the group consisting of
      --SO.sub.3 H, --COOH, halogen, methyl, ethyl, hydroxy, methoxy, ethoxy,
      carboxymethoxy, acetylamino or nitro, or the salt thereof with
      cyclohexylamine, dicyclohexylamine or 2'-hydroxyethyl trimethylammonium
      chloride.
NUM  2.
PAR  2. The salt of the dyestuff claimed in claim 1 with cyclohexylamine,
      dicyclohexylamine or 2'-hydroxyethyl trimethylammonium chloride.
NUM  3.
PAR  3. [4'-nitro-2'-sulpho-diphenylamine] - &lt;4 azo 3&gt; -
      [2,4-dihydroxy-benzhydrol] - &lt;5 azo 1&gt;
      -[8-hydroxy-3,6-disulpho-naphthalene] - &lt;7 azo 4&gt; -
      [4'-nitro-2'-sulphodiphenylamine].
NUM  4.
PAR  4. The dyestuff or the formula:
      ##SPC8##
NUM  5.
PAR  5. The dyestuff of the formula:
      ##SPC9##
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PAL  Novel .beta.-lactams containing a free carboxylic group of the formula:
      ##EQU1##
      wherein A and B are each selected from the group consisting of alkyl,
      including but not limited to branched alkyl, aryl, aralkyl and monocyclic
      heterocyclic groups at least one of A and B having a free carboxylic
      group. Further potential substituents of A and B are members of the group
      consisting of hydroxy, alkoxy, halogen, nitro, --NH.sub.2, monoalkylamino
      and dialkylamino groups, X is selected from the group consisting of
      hydrogen, alkyl, aryl and monocyclic heterocyclic, Y is selected from the
      group consisting of hydrogen, alkyl and aryl, and Z is selected from the
      group consisting of alkyl, alkoxy, aryloxy, aralkoxy, alkylthio, arylthio,
      aralkylthio, --CN, --COO-alkyl and --N.sub.3, useful as antibiotics and
      for the preparation of polymers and .beta.-amino acids, novel process for
      their preparation and novel imines used as starting materials for the said
      .beta.-lactams.
PARN
PAR  This is a continuation of application Ser. No. 139,231 now abandoned filed
      Apr. 30, 1971.
BSUM
PAC  STATE OF THE ART
PAR  There has been a great deal of interest in the last few years in processes
      for the production of various monocyclic .beta.-lactams in the hope that
      they would be useful intermediates for the preparation of novel bicyclic
      compounds having good anti-bacterial activity or which might have
      antibacterial activity themselves. Various groups have attempted to
      produce monocyclic .beta.-lactams from penicillins.
PAR  In pencillins and cephalosporins of the formula
      ##EQU2##
      wherein R is the remainder of an acyl radical and X is hydrogen, OH, or
      acetoxy, a free carboxy group at the 3-position of the penicillins or at
      the 4-position of the cephalosporins is apparently highly desirable for
      antibiotic activity, normal saponification of the corresponding methyl or
      higher esters is unsuitable since the .beta.-lactam ring is in most cases
      cleaved under these conditions.
PAR  Circuitous methods have been used to obtain free acid .beta.-lactams in
      which a special ester, such as the 2,2,2-trichloroethyl ester or a benzyl
      ester is used during the synthesis and these esters are cleaved by special
      reagents such as zinc and acetic acid under mild conditions for the former
      and hydrogenation in presence of a catalyst such as palladized carbon in
      the latter.
PAR  Several groups have produced monocyclic .beta.-lactams from natural
      penicillins as intermediates for the preparation of bicyclic
      .beta.-lactams analogous to penicillins and cephalosporins. Sheehan et al
      [J. A. C. S., Vol 87, (1965), P. 5468-5469,] have described a
      multiple-step process for the production of monocyclic .beta.-lactam from
      a 6-"blocked" aminopenicillanic acid which leads to a product of the
      formula A which contains a free carboxylic group,
      ##EQU3##
      wherein R' is the blocking group such as a phthalimido group.
PAR  A recent method of producing substituted monocyclic .beta.-lactams from
      penicillins described by R. D. C. Cooper et al [Abstracts of Am. Chem.
      Soc. National Meeting, Sept. 1970, p. Med. 12] cleaves the thiazolidine
      ring of the sulfoxide of a penicillin ester to give an intermediate
      .beta.-lactam ester of type
      ##EQU4##
      which has the potential for providing the corresponding free acid by the
      action of zinc and acid.
PAR  The direct synthesis of monocyclic .beta.-lactams can be achieved by
      various methods but to obtain a .beta.-lactam with a free carboxyl group,
      first a .beta.-lactam ester [for example, the special esters described
      above ] has to be prepared and then the ester group has to be cleaved by
      special techniques to leave the .beta.-lactam group intact.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide a novel economical process for
      the production of .beta.-lactams of formula I having free carboxylic
      groups.
PAR  It is another object of the invention to provide novel substituted
      .beta.-lactams of formula I having free carboxylic groups.
PAR  It is an additional object of the invention to provide a novel process for
      the production of imines substituted with a free carboxylic group and to
      provide novel imines.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAR  The novel .beta.-lactams of the invention having a free carboxylic group
      have the formula:
      ##EQU5##
      wherein A and B are each selected from the group consisting of alkyl,
      including but not limited to branched alkyl, aryl, aralkyl and monocyclic
      heterocyclic groups, at least one of A and B having a free carboxylic
      group. Further potential substituents of A and B are members of the group
      consisting of hydroxy, alkoxy, halogen, nitro, NH.sub.2, monoalkylamino
      and dialkylamino groups, X is selected from the group consisting of a
      hydrogen atom and alkyl, aryl and monocyclic heterocyclic groups, Y is
      selected from the group consisting of a hydrogen atom and alkyl and aryl
      groups, and Z is selected from the group consisting of alkyl, alkoxy,
      aryloxy, aralkoxy, alkylthio, arylthio, aralkylthio, --CN, --COOAlkyl and
      --N.sub.3. In the preferred compounds X and Y are both hydrogen. The
      .beta.-lactams can be in cis and/or trans form.
PAR  Examples of suitable substituents for Y are hydrogen or lower alkyl such as
      methyl, ethyl, isopropyl, butyl or monocyclic aryl such as phenyl,
      halophenyl, lower alkyl and alkoxyphenyl and nitrophenyl. Examples of
      suitable substituents for Z are lower alkoxy such as methoxy and ethoxy,
      phenoxy, N.sub.3, lower alkyl thio, monocyclic arylthio, and phthalimido.
PAR  At least one of A and B have to contain a free carboxylic group and can be
      alkyl and aryl of 1 to 18 carbon atoms, preferably 1 to 7 carbon atoms,
      such as methyl, propyl, isobutyl, .alpha.-carboxy-.beta.-methylpropyl,
      2-ethylhexyl, dodecyl; benzyl, methoxybenzyl, 3.4-dimethoxybenzyl;
      monocyclic aryl, such as phenyl, carboxyphenyl, such as 4-carboxyphenyl,
      4-carboalkoxyphenyl, lower alkoxyphenyl, nitrophenyl, dialkylaminophenyl,
      hydroxyphenyl; monocyclic heterocyclic groups such as furyl,
      tetrahydrofuryl and pyridyl, all of which may be substituted with a
      carboxy group. X may be hydrogen; or alkyl and aryl groups of 1 to 18
      carbon atoms amongst which especially lower alkyl groups and monocyclic
      aryl groups; and monocyclic heterocyclic groups such as .alpha.-furyl and
      .alpha.-tetrahydrofuryl groups.
PAR  The novel .beta.-lactams of formula I can be prepared by reacting an imine
      wherein free hydroxy and carboxylic groups are silylated of the formula:
      ##EQU6##
      wherein A, B and X are as hereinbefore defined with an active acylating
      compound of the formula:
      ##EQU7##
      wherein Y and Z are as hereinbefore defined and R.sub.2 is selected from
      the group consisting of halogen, especially chlorine, OR.sub.3 and O -- CO
      -- R.sub.4 ; R.sub.3 is selected from the group consisting of alkyl,
      aralkyl and aryl and R.sub.4 is the residue of an organic carboxylic acid,
      to form a compound of formula I after in situ mild hydrolysis of any silyl
      groups present.
PAR  The reaction of the imine with the active acylating components is
      preferably effected in a non-hydroxylic organic solvent at temperatures
      from 0.degree. to 100.degree. C, preferably about room temperature, in the
      presence of a tertiary base such as triethylamine or pyridine. The inert
      organic solvent may be a halogenated solvent such as methylene chloride,
      chloroform, carbon tetrachloride, benzene, dimethylformamide and diethyl
      ether. The preferred active acylating components are the acid halides such
      as the chlorides or bromides, although other derivatives such as the acid
      anhydride or mixed acid anhydride or active esters can also be used. To
      form mixed anhydrides, the lower alkanoic acids are preferably employed.
PAR  Carboxylic and hydroxy groups present in the imino compound can be
      protected with a silyl ester group, which can be prepared by reacting
      under anhydrous conditions, a silyl compound of the formula:
      ##EQU8##
      wherein R.sub.5 is selected from the group consisting of halogen atoms, a
      CH.sub.2 --CO--NH.sub.2 group and
      ##EQU9##
      R.sub.6, R.sub.7 and R.sub.8 are each selected from the group consisting
      of hydrogen, halogen, alkyl and haloalkyl of 1 to 10 carbon atoms and
      aryl, preferably monocyclic aryl, at least one of R.sub.6, R.sub.7 and
      R.sub.8 being other than hydrogen and halogen, R.sub.9 is selected from
      the group consisting of hydrogen and alkyl of 1 to 7 carbon atoms and
      R.sub.10 is selected from the group consisting of hydrogen, alkyl of 1 to
      7 carbon atoms and --SiR.sub.6 R.sub.7 R.sub.8 in the presence of an acid
      binding agent. Examples of suitable acid binding agents are tertiary
      amines such as triethylamine, dimethylaniline, quinoline, lutidine and
      pyridine.
PAR  Examples of suitable silyl compounds are trimethyl chlorosilane, hexamethyl
      disilazane, triethyl chlorosilane, methyl trichlorosilane, dimethyl
      dichlorosilane, triethylbromosilane, tri-n-propyl chlorosilane,
      bromomethyl dimethyl chlorosilane, tri-n-butyl chlorosilane, methyl
      diethyl chlorosilane, dimethyl ethyl chlorosilane, phenyl dimethyl
      bromosilane, benzyl methyl ethyl chlorosilane, phenyl ethyl methyl
      chlorosilane, triphenylchlorosilane, triphenyl fluorosilane, tri-o-tolyl
      chlorosilane, tri-p-dimethylaminophenyl chlorosilane, N-ethyl
      triethylsilylamine, hexaethyl disilazane, triphenyl silylamine,
      tri-n-propyl silylamine, tetraethyl dimethyl disilazane, tetramethyl
      diethyl disilazane, tetramethyl diphenyl disilazane, hexaphenyl
      disilazane, hexa-p-tolyl disilazane, etc. The same effect is produced by
      hexa-p-tolyl disilazane, etc. The same effect is produced by
      hexa-alkylcyclotrisilazanes or octaalkylcyclotetrasilazanes.
PAR  other suitable silylating agents are silylamides and silylureides such as a
      trialkylsilylacetamide and a bis-tri-alkylsilylacetamide. Trimethyl silyl
      chloride and dimethyl silyl dichloride are preferred because of their
      commercial availability and lower cost.
PAR  The reaction of the imine of formula II with the active acylating compounds
      of formula III results in far better yields of .beta.-lactams containing a
      free carboxylic acid than is possible with other methods.
PAR  The stereochemistry of the final .beta.-lactams can be controlled to obtain
      the major product in the cis or trans isomeric form. For instance, under
      certain conditions, only the trans isomer is formed and under other
      conditions only the cis isomer is produced.
PAR  Another feature of the invention is a novel process for the preparation of
      the imines of formula II having a free carboxylic group comprising
      reacting a free amino acid of the formula:
EQU  H.sub.2 N -- A'                                            V
PAL  wherein A' has the same meaning as A provided A contains a free carboxylic
      group with a silylating agent of the formula IV to convert the carboxylic
      group and any optionally present free acidic hydroxy group into the
      corresponding silyl derivative, and thereupon reacting the product
      obtained with an aldehyde or ketone of the formula
      ##EQU10##
      wherein X and B are as hereinbefore defined to form the silylated
      derivative of the imine of formula II.
PAR  The process produces the Schiff base or imino compound in essentially pure
      form in high yields, usually greater than 90%. If the amino acid is not
      reacted with a silylating agent, the reaction of the amino acid and the
      aldehyde or ketone results in either low yields or in a product of very
      low purity or in a product which cannot be isolated easily. Another
      advantage of this process for the preparation of the imines of formula II
      is that it is possible to prepare novel imines having a free acidic
      hydroxy group especially a hydroxy group present as a substituent in an
      aryl group, since such phenolic hydroxy group is protected by silylation
      thereof at the same time the carboxylic group is silylated.
PAR  Many of the .beta.-lactams described here have anti-bacterial activity as
      determined by standards tests. Of the compounds of the invention tested
      1-p-carboxyphenyl-3-phenoxy-4-.alpha.-furyl-azetidin-2-one,
      1-p-methoxyphenyl-3-phenoxy-4-p-carboxy-phenyl-azetidin-2-one and
      1-p-carboxyphenyl-3-phenoxy-4-p-methoxyphenyl-azetidin-2-one are
      outstanding for their antibacterial activity. The novel .beta.-lactams of
      the invention are also useful intermediates for the preparation of complex
      substituted amino acids which can then be polymerized to form polymers.
      The amino acids are formed by 1,2-cleavage of the .beta.-lactams with an
      alkali metal hydroxide or alkoxide such as sodium methoxide in a lower
      alkanol such as methanol to form the corresponding alkali metal salt of
      the resulting 3-aminopropionic acid which can be acidified to form the
      corresponding free amino acid.
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it should be understood that the
      invention is not intended to be limited to the specific embodiments.
DETD
PAC  EXAMPLE I
PAR  27.4 g (0.20 mole) of p-amino-benzoic acid were suspended in 100 ml of
      anhydrous benzene and 20.2 g (0.20 mole) of triethylamine and 22.0 g (0.20
      mole) of trimethyl silyl chloride were added thereto under anhydrous
      conditions and the resulting mixture was stirred at room temperature for
      30 minutes under completely anhydrous conditions. A solution of 24.2 g
      (0.20 mole) of salicylaldehyde in 50 ml of benzene was added dropwise to
      the mixture with constant stirring and the mixture was heated for 5
      minutes to insure complete reaction. An equal volume of methylene chloride
      was added to the reaction mixture which was stirred for a short time to
      dissolve all the solid triethylamine hydrochloride and the mixture was
      vacuum filtered to recover the solid precipitate. The solid was
      crystallized from methanol to obtain 44.2 g of
      2-hydroxybenzylidene-4'-carboxy-aniline melting at 269.degree.-270.degree.
      C in the form of a yellow solid. The analytical and spectral data
      confirmed the structure of the compound to be
      ##SPC1##
PAC   EXAMPLE II
PAR  Using the procedure of Example I, 13.7 g (0.1 mole) of anthranilic acid,
      10.2 g (0.1 mole) of triethylamine and 11.0 g (0.1 mole) of trimethylsilyl
      chloride were reacted to form the corresponding trimethylsilyl ester which
      was then reacted with 13.6 g (0.1 mole) of m-anisaldehyde to obtain 18.5 g
      (76% yield) of 3-methoxybenzylidene-2'-carboxyaniline melting at
      123.degree.-125.degree. C. The IR, NMR and mass spectra was consistent
      with the following structure:
      ##SPC2##
PAC  EXAMPLE III
PAR  Using the procedure of Example I, 13.7 g (0.1 mole) of p-amino-benzoic
      acid, 10.1 g (0.1 mole) of triethylamine and 13.7 g (0.1 mole) of
      trimethylsilyl chloride were reacted in anhydrous benzene to obtain the
      corresponding trimethylsilyl ester which was then reacted with 13.7 g (0.1
      mole) of p-anisaldehyde to obtain a solid which after crystallization from
      methanol gave almost quantitative yields of pure
      4-methoxybenzylidene-4'-carboxyaniline melting at 200.degree.C. The
      analytical and spectroscopic data confirmed the following structural
      formula:
      ##SPC3##
PAC  EXAMPLE IV
PAR  Equimolar proportions of 4-carboxy benzaldehyde and p-anisidene in solution
      in benzene were refluxed for 10 hours. A small amount of p-toluene
      sulfonic acid was used as catalyst and a water trap was used to take the
      reaction to completion. The organic solvent was evaporated off and the
      residue was crystallized from methanol to obtain 4-carboxybenzylidene
      -4'-methoxy-aniline as shiny yellow needles melting at 225.degree. C.
      Elemental and spectral analyses confirmed the structure to be
      ##SPC4##
PAR  5.1 g (0.02 moles) of 4-carboxybenzylidene-4'-methoxyaniline were suspended
      in 100 ml of methylene chloride and 6 g (0.06 mole) of triethylamine were
      added thereto followed by the dropwise addition of 2.4 g (0.022 mole) of
      trimethylsilyl chloride. The reaction mixture was stirred at room
      temperature for 30 minutes under anhydrous conditions and then a mixture
      of 2.4 g (0.022 mole) of methoxyacetyl chloride in 100 ml of methylene
      chloride was added thereto over a period of 1 hour. The mixture was then
      heated at 40.degree. C for 2 hours and stirred overnight at room
      temperature. The resulting solution was diluted with 50 ml of methylene
      chloride containing 5 ml of methanol and the organic solvents were
      distilled off under reduced pressure. The residue was thoroughly extracted
      with anhydrous ether and the white residue was crystallized from
      chloroform to obtain 6.3 g (92% yield) of the cis 3-lactam,
      1-(p-methoxyphenyl)-3-methoxy-4-(p-carboxyphenyl)  - azetidin-2-one
      melting at 233.degree.C having the structural formula:
      ##SPC5##
PAR  NMR (Dimethylsulfoxide - d.sub.6). Peaks: .tau., 2.87 (broad, 1H); 1.9 -
      3.2 (8H); 4.48 (d, 1H, J = 5 cps, cis); 4.99 (d, 1H, J = 5 cps, cis); 6.31
      (S, 3H); 6.92 (S, 3H). Mass. spec., M.sup.+, m/e. 327.
PAC  EXAMPLE V
PAR  Using the procedure of Example IV, 4-carboxybenzylidene-4'-methoxyaniline
      and .alpha.-phenoxyacetyl chloride were reacted in equimolar amounts to
      obtain the cis .beta.-lactam,
      1-(p-methoxyphenyl)-3-phenoxy-4-(p-carboxyphenyl)-azetidin-2-one melting
      at 246.degree.C.
PAC  EXAMPLE VI
PAR  Using the procedure of Example IV, 4-carboxybenzylidene-4'-methoxyaniline
      was reacted with an equimolar amount of .alpha.-azido-acetyl chloride to
      obtain 1-(p-methoxyphenyl)-3-azido-4(p-carboxyphenyl)-azetidin-2-one
      melting at 190.degree.C.
PAC  EXAMPLE VII
PAR  Using the procedure of Example IV, 4-carboxybenzylidene-4'-methoxyaniline
      was reacted with an equimolar amount of phthalimidoacetyl chloride to
      obtain
      1-(p-methoxyphenyl)-3-phthalimido-4-(p-carboxyphenyl)-azetidin-2-one melti
     ng at 265.degree.C.
PAC  EXAMPLE VIII
PAR  Using the procedure of Example IV, 4-methoxy-benzylidene-4'-carboxyaniline
      was reacted with an equimolar amount of methoxyacetyl chloride to obtain
      1-(p-carboxyphenyl)-3-methoxy-4-(p-methoxyphenyl)-azetidin-2-one and was a
      70-30 mixture of cis and trans isomers.
PAC  EXAMPLE IX
PAR  Using the procedure of Example IV, 4-methoxybenzylidene-4'-carboxyaniline
      was reacted with an equimolar amount of phenoxyacetyl chloride to obtain
      1-(p-carboxyphenyl)-3-phenoxy-4-(p-methoxyphenyl)-azetidin-2-one melting
      at 268.degree.C.
PAC  EXAMPLE X
PAR  Using the procedure of Example IV, except that double the usual amount of
      silylating agent was used, 2-hydroxybenzylidene-4'-carboxyaniline was
      reacted with an equimolar amount of phenoxyacetyl chloride to obtain
      cis-1-(p-carboxyphenyl)-3-phenoxy-4-(o-hydroxyphenyl)azetidin-2-one
      melting at 219.degree.C. The product occurred as a 50-50 mixture of the
      cis and trans isomers but the cis-product can be easily separated because
      of its low solubility in various organic solvents.
PAC  EXAMPLE XI
PAR  Using the procedure of Example IV,
      4-dimethylaminobenzylidene-4'-carboxyaniline (made by method of Example I
      - m.p. 265.degree.-267.degree.C) was reacted with an equimolar amount of
      phenoxyacetyl chloride to obtain
      1-(p-carboxy-phenyl)-3-phenoxy-4-(p-dimethylaminophenyl)-azetidin-2-one
      melting above 300.degree.C. The said compound was a mixture of 40% cis and
      60% trans isomers.
PAC  EXAMPLE XII
PAR  Using the procedure of Example IV, azidoacetyl chloride and
      4-methoxybenzylidene-4'-carboxyaniline were reacted to obtain the trans
      .beta.-lactam, 1-(p-carboxyphenyl)-3-azido-4-(p-methoxyphenyl)
      -azetidin-2-one melting at 127.degree.-129.degree.C.
PAC  EXAMPLE XIII
PAR  Using the procedure of Example IV, equimolar amounts of
      4-carboxybenzylidene-4'-veratrylamine[prepared by method of Example
      IV-m.p-150.degree.-151.degree.C] and phenoxyacetyl chloride were reacted
      to obtain the cis .beta.-lactam,
      1-veratryl-3-phenoxy-4-(p-carboxyphenyl)-azetidin-2-one melting at
      160.degree.-161.degree.C.
PAC  EXAMPLE XIV
PAR  Using the procedure of Example IV, azidoacetyl chloride and
      4-nitro-benzylidene-4'-carboxyaniline were reacted to yield
      1-(p-carboxyphenyl)-3-azido-4-(p-nitrophenyl)-azetidin-2-one. It was a
      mixture of 67% cis and 33% trans isomers as shown by its NMR spectrum.
PAC  EXAMPLE XV
PAR  Using the procedure of Example-IV,
      4-nitrobenzylidene-4'-carboxyaniline[prepared by the method of Example
      I-m.p.-256.degree.-260.degree.C] and phenoxyacetyl chloride were reacted
      to obtain 1-(p-carboxyphenyl)-3-phenoxy-4-(p-nitrophenyl)-azetidin -2-one.
      The said compound was a mixture of 60% cis and 40% trans isomers.
PAC  EXAMPLE XVI
PAR  A mixture of 2g of 1-veratryl-3-phenoxy-4-p-carboxyphenyl-azetidin-2-one
      and 800 mg of potassium hydroxide dissolved in 10 ml of water and diluted
      with 100 ml of methanol was refluxed for 10 hrs. on a steam bath. Removal
      of the solvent provided a white residue which was dissolved in water and
      filtered to remove any unreacted material. Acidification of the clear
      solution provided a white solid which was collected by vacuum filtration
      and crystallized from CHCl.sub.3 to obtain a 70% yield of 2-p-carboxy
      phenyl-2-veratrylamino-1-phenoxy-propionic acid melting at
      238.degree.-239.degree.C. The IR and MNR analyses confirmed its structure
      to be:
      ##SPC6##
PAL  Moreover, 1-p-carboxyphenyl-3-phenoxy-4-furyl-azetidin-2-one has been
      prepared by the process of the invention.
PAC  ANTIBACTERIAL ACTIVITY
PAR  A stock solution of the test compounds at a concentration of 2000 mg/cc in
      0.05 molar phosphate buffer solution at a pH of 6.5 was prepared and
      two-fold dilutions were made with sterile buffer. 1 cc quantities of each
      dilution were then incorporated into 19 cc of brain heart infusion agar in
      sterile petri dishes. The hardened surface was then inoculated with the
      test organisms and it was then incubated for 18 hours at 37.degree.C. The
      minimum inhibitory concentration (MIC) which is the least amount of
      compound completely inhibiting the test organism is determined in mg/cc.
      The results are given in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                                  MIC                                          
     Compound      Organism       M/c in mg/cc                                 
     ______________________________________                                    
     1-p-carboxyphenyl-3-                                                      
                   Bacillius Subtilis                                          
     phenoxy-4-furyl                                                           
                   ATCC 6633      50                                           
     azetidin-2-one                                                            
                   Staphylococcus                                              
                   Aureus A 55    50                                           
     1-p-methoxyphenyl-3-                                                      
                   Bacillus subtilis                                           
     phenoxy-4-p-carboxy-                                                      
                   ATCC6633       100                                          
     phenyl-azetidin-2-one                                                     
                   Staphylococcus                                              
                   Aureus A 55    100                                          
                   Staphylococcus                                              
                   Aureus A 321   100                                          
                   Staphylococcus                                              
                   Aureus A 355   100                                          
                   Staphylococcus                                              
                   Aureus 2160'   100                                          
     1-p-carboxyphenyl-3-                                                      
                   Staphylococcus                                              
     phenoxy-4-p-methoxy-                                                      
                   Aureus A 55    50                                           
     phenyl-azetidin-2-one                                                     
     ______________________________________                                    
PAR  Various modifications of the compositions and processes of the invention
      may be made without departing from the spirit or scope thereof and it
      should be understood that the invention is intended to be limited only as
      defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A .beta.-lactam of the formula
      ##EQU11##
      wherein A and B are each selected from the group consisting of phenyl,
      phenyl lower alkyl of 1 to 7 alkyl carbon atoms and furyl with A or B
      being substituted with a carboxyl and the other group being optionally
      substituted with a member of the goup consisting of hydroxy, 1 to 2 lower
      alkoxy, nitro and diloweralkylamino, and Z is selected from the group
      consisting of lower alkoxy, phenoxy, phthalimido and --N.sub.3.
NUM  2.
PAR  2. A compound of claim 1 wherein Z is selected from the group consisting of
      methoxy, phenoxy, phthalimido and --N.sub.3, and A and B are selected from
      the group consisting of phenyl, benzyl and furyl with A or B being
      substituted with a carboxyl and the other being optionally substituted
      with hydroxy, nitro, dimethylamine or 1 or 2 methoxy.
NUM  3.
PAR  3. A compound of claim 1 which is
      1-(p-methoxyphenyl)-3-methoxy-4-(p-carboxyphenyl)-azetidin-2-one.
NUM  4.
PAR  4. A compound of claim 1 which is 1-(p-carboxyphenyl)
      -3-azido-4-(p-nitrophenyl)-azetidin-2-one.
NUM  5.
PAR  5. A compound of claim 1 which is
      1-veratryl-3-phenoxy-4-(p-carboxyphenyl)-azetidin-2-one.
NUM  6.
PAR  6. A compound of claim 1 which is
      1-p-carboxyphenyl-3-phenoxy-4-furyl-azetidin-2-one.
NUM  7.
PAR  7. A compound of claim 1 which is
      1-p-carboxyphenyl-3-phenoxy-4-p-methoxyphenyl-azetidin-2-one.
NUM  8.
PAR  8. A compound of claim 1 which is
      1-p-methoxyphenyl-3-phenoxy-4-p-carboxyphenyl-azetidin-2-one.
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ABST
PAL  Steroids of the androstane series having a 3.alpha.-hydroxy group, a
      3.beta.-hydrogen or methyl group; a 10-hydrogen atom or methyl group, an
      11-oxo group or two hydrogen atoms at the 11-position, a
      17.alpha.-hydrogen atom, and a group at the 17.beta.-position which is
      esterified carboxyl group, an N-mono or di-substituted carbamoyl group, a
      cyano group, a formyl group or an acetalised formyl group; and the
      3.alpha.-esters thereof.
PAL  The steroids possess anaesthetic properties.
PARN
PAR  The present Application is a continuation-in-part of Application No.
      208,923 filed 16 Dec. 1971 and Application No. 369,277 filed 12th June
      1973 both of Gordon Hanley Phillipps and Christopher Earle Newall.
BSUM
PAR  This invention is concerned with improvements in or relating to compounds
      of the androstane series having useful anaesthetic activity.
PAR  It has long been known that a number of steroids give rise to profound
      depression of the central nervous system and act pharmacodynamically as
      anaesthetics or hypnotics. Such compounds have been the subject of
      considerable study in an attempt to find anaesthetics to replace such
      substances as thiopentone sodium normally used but well known to be
      accompanied by some degree of hazard and disadvantage. The literature
      shows that very many steroid compounds have been studied in this regard.
      Reviews and discussions of some of the work carried out are to be found,
      for example, in "Methods in Hormone Research" (Edited by Ralph I. Dorfman,
      Vol. III, Part A, Academic Press, London and New York, 1964, pages
      415-475); H. Wilzel, Z. Vitamin Hormon-Fermentforsch 1959, 10, 46-74; H.
      Selye, Endocrinology, 1942, 30, 437-453; S. K, Figdor et al., J.
      Pharmacol. Exptl. Therap., 1957, 119, 299-309 and Atkinson et al., J. Med.
      Chem. 1965, 8, 426-432.
PAR  A thorough review of the literature indicates that anaesthetic steroids
      generally possess poor activity and/or long induction periods. With such
      compounds a variety of undesired side effects such as paraesthesia and
      vein damage have been noted. Steroids possessing anaesthetic activity
      hitherto described are generally relatively simple pregnane derivatives,
      often hydroxylated in the 3-position, the general trend having been in the
      latter case to study 3.beta.-hydroxy compounds rather than
      3.alpha.-hydroxy compounds.
PAR  We have now found that certain compounds of the androstane series which
      possess inter alia a 3.alpha.-hydroxy group and which are more
      particularly described hereinafter have remarkable anaesthetic properties.
PAR  The new androstane compounds with which the invention is concerned may be
      generally characterised as being steroids of the androstane series having
      anaesthetic properties and further characterised by possessing a hydroxy
      group in the .alpha.-configuration at the 3- position, a hydrogen atom or
      a methyl group in the 3.beta.-position, a keto group or two hydrogen atoms
      at the 11-position, a hydrogen atom at the 17-position in the
      .alpha.-configuration, and a group R at the 17-position in the
      .beta.-configuration which is an esterified carboxyl group, an N-mono or
      di-substituted carbamoyl group, a cyano group, a formyl group or an
      acetalised formyl group.
PAR  U.S. Pat. Application No. 208959 of Cook et al filed Dec. 16 1971 describes
      and exemplifies a 3.alpha.-hydroxy 5.alpha.-androstane having a
      17.beta.-methoxycarbonyl group, two hydrogen atoms at the 11-position and
      a double bond at the 1,2-position.
PAR  Compounds in the androstane series having a 17.beta.-methoxycarbonyl group
      and 3.alpha.-hydroxy group are known in the 5.beta.-series (where either
      two hydrogen atoms or an oxo group are present at the 11 -position) and in
      the 5.alpha.-series (where two hydrogen atoms are present at the
      11-position), the steroid nucleus being otherwise saturated and
      unsubstituted. No anaesthetic or other physiological activity has
      previously been ascribed to these three compounds.
PAR  The expression "androstane series" as used herein includes not only
      compounds of the conventional androstane ring structure but also the
      corresponding 19- nor compounds. Unsaturated androstanes, for example
      .DELTA..sup.8(9) and/or .DELTA..sup.1 or .DELTA..sup.4 steroids, are also
      included. The steroids of the invention include 5.alpha.-compounds,
      5.beta.-compounds and compounds in which a double bond is present at the
      5-position.
PAR  In general, the 3.alpha.-hydroxy-androstane anaesthetics of this invention
      have been found to induce anaesthesia with generally short induction
      periods, the anaesthetic action at suitable doses being in general
      instantaneous; the compounds are thus excellent anaesthetics for inducing
      anaesthesia which is to be maintained e.g. by an inhalation anaesthetic
      such as ether, halothane, nitrous oxide, trichloroethylene etc. The
      compounds are however capable of maintaining anaesthetia and analgesia to
      a sufficient degree to enable various surgical operations to be conducted
      without the aid of an inhalation anaesthetic, the required degree of
      anaesthesia being maintained if necessary by repeated administration (or
      even continuous administration). Moreover, the said anaesthetics in
      accordance with the invention in general give rise to minimal sideeffects
      compared to previously described steroidal anaesthetics.
PAR  The invention further includes 3.alpha.-esters of the
      3.alpha.-hydroxy-androstane anaesthetics of this invention, particularly
      lower alkanoyl esters, for example containing in the alkanoyl group up to
      5 carbon atoms. Such esters may also be esters containing one or more
      substituents in the alkanoyl portion e.g. carboxyl groups, amino or
      substituted amino groups or halogen atoms etc. Generally the induction
      period of a 3-ester is longer than that of a corresponding
      3.alpha.-hydroxy compound. Both the 3.alpha.-hydroxy compounds and the
      corresponding 3-esters may be regarded as central nervous system
      depressants and thus in suitable dose may also be used as hypnotics or
      sedatives.
PAR  The above defined 3.alpha.-hydroxy androstane anaesthetic steroids and the
      corresponding 3.alpha.-esters are hereinafter referred to as
      3.alpha.-oxygenated androstane anaesthetics.
PAR  In general, we particularly prefer steroids according to the invention
      having an 11-keto group and a 5.alpha.-hydrogen atom or a 4,5-double bond.
PAR  Steroids according to the invention in which the 17-substituent is a cyano
      group are particularly advantageous.
PAR  The 17-substituent R may usefully be a group of the formula -COR.sup.1
      where R.sup.1 is (I) a substituted or unsubstituted aryloxy group; (II) a
      substituted or unsubstituted aralkoxy group; (III) a group of the formula
      -NR.sup.4 R.sup.5 wherein R.sup.4 and R.sup.5 are the same or different;
      R.sup.4 is (i) an alkyl group, (ii) an aralkyl group which may be
      substituted or unsubstituted, or (iii) an aryl group which may be
      unsubstituted or substituted; R.sup.5 is a hydrogen atom or an R.sup.4
      group; or wherein R.sup.4 and R.sup.5 taken together with the nitrogen
      atom represent a heterocyclic ring which may contain a further hetero-atom
      and may be unsubstituted or substituted; (IV) a straight or branched chain
      alkoxy group which may be unsubstituted or substituted; (v) an
      O-cycloaliphatic group; or (vi) an O-heterocyclic group bonded to said
      O-atom by a C-O-bond.
PAR  In general, those of the above groupings which comprise alkyl portions
      preferably contaim 1-10, more preferably 1-6, carbon atoms in these
      portions (e.g. a methyl or ethyl group). Aryl and aralkyl groups are
      preferably monocyclic (e.g. phenyl and benzyl) and may carry substituents
      such as alkyl groups, hydroxyl or lower alkoxy groups, alkythio groups,
      alkoxy carboxyl groups, nitro groups or halogen atoms. N-attached and
      C-attached heterocyclic groups may be saturated or unsaturated,
      substituted or unsubstituted, monocyclic or bicyclic and may contain one
      or more heteroatoms such as nitrogen, oxygen or sulphur. They preferably
      have 5-10, e.g. 5 or 6, ring members and include, for example, piperidino,
      piperazino and morpholino groups which may carry one or more alkyl, e.g.
      methyl, substituents. Halogen substituents may, for example, be chlorine
      atoms. Acyloxy groups are preferably lower alkanoyloxy groups such as
      acetoxy groups. Cycloaliphatic groups may be cycloalkyl groups such as
      cyclohexyl which may carry substituents such as a morpholino group.
PAR  Thus, for example R.sup.1 may be an aryloxy group substituted by one or
      more hydroxy or alkoxy groups containing 1-10,  preferably 1-6 carbon
      atoms; or a straight or branched chain alkoxy group substituted by one or
      more halogen (e.g. chlorine) atoms or aryl (e.g. phenyl), hydroxy, acyloxy
      (e.g. acetoxy), cyano, alkoxy-carbonyl (e.g. ethoxy carbonyl), alkoxy
      (which may itself be substituted by an -NR.sup.4 R.sup.5 or NH.sub.2
      group) or -NR.sup.4 R.sup.5 or -NH.sub.2 groups R.sup.4 and R.sup.5 may
      for example be methyl or ethyl groups or aryl groups which may be
      substituted by one or more alkoxy groups having 1-6 carbon atoms or
      halogen atoms. R.sup.4 and R.sup.5 together with the nitrogen atom may be
      a heterocyclic ring which may contain a further hetero atom e.g. a
      nitrogen, sulphur or oxygen atom and/or may carry one or more alkyl
      substituents having 1-6 carbon atoms or aryl (e.g. phenyl) groups.
PAR  R may especially usefully be a group of the formula -COR.sup.1 where
      R.sup.1 is (i) an alkoxy group having 1-6 carbon atoms which may be
      unsubstituted or substituted by a hydroxy, acyloxy or N-morpholino group;
      or (ii) a group of the formula -NR.sup.2 R.sup.3 wherein R.sup.2
      represents an alkyl group having 1-4 carbon atoms and R.sup.3 represents
      an alkyl group having 1-4 carbon atoms or a hydrogen atom, or wherein
      R.sup.2 and R.sup.3 taken together with the nitrogen atom represent a
      heterocyclic ring which may contain a further nitrogen or oxygen atom.
PAR  Representative groups R.sup.1 thus include methoxy, ethoxy, isopropoxy,
      butoxy, 2-morpholinoethoxy, 3-morpholino-n-propoxy, 4-morpholino-n-butoxy,
      5-morpholino-n-pentyloxy,6-morpholino-n-hexyloxy,
      morpholino-1-methylethoxy, morpholino-2-methylethoxy,
      morpholino-1-phenylethoxy, di(morpholinomethyl)methoxy,
      dibenzylaminoethoxy, N-phenyl-N-ethylaminoethoxy, N-(p-methoxy
      phenyl)-N-ethylaminoethoxy, cyanomethoxy, ethoxy-carbonylmethoxy,
      3-chloro-n-propoxy, 4-chloro-n-butoxy, 5-chloro-n-pentyloxy,
      6-chloro-n-hexyloxy, di(chloromethyl)methoxy, benzyloxy, phenoxy,
      acetoxymethoxy, dimethylamino, diethlamino methylamino or morpholino.
PAR  Where R is an acetalised formyl group, this may, for example, be formed
      from a lower alkanol, having 1-6 carbon atoms, e.g. methanol or ethanol,
      or from a glycol conveniently having 2-6, preferably 2-4, carbon atoms in
      the chain joining the two carbon atoms.
PAR  Where the substituent R or any other attached grouping, contains a basic
      nitrogen function the resulting compounds may be used as acid addition
      salts with physiologically acceptable mineral or organic acids e.g.
      hydrochloric, hydrobromic, sulphuric, phosphoric, toluene-p-sulphonic,
      methane sulphonic, succinic, maleic, tartaric, acetic, ascorbic, lactic,
      and citric acids. Where an acid grouping is present, the compounds may be
      used as salts with bases, e.g. alkali metal or ammonium salts or salts
      with physiologically acceptable amines.
PAR  The androstane anaesthetics of the invention may contain further
      substitution, for example at the 2.alpha., 2.beta., or 16-positions and
      unsaturation may be present, for example as in .DELTA..sup.8,9 and/or
      .DELTA..sup.1 or .DELTA..sup.4 steroids. 5.alpha.-steroids are
      particularly preferred especially where there is a 2.beta.-substituent or
      a 1,2-double bond.
PAR  Examples of substituents which may be present at position 16 include either
      one or two alkyl groups (especially lower (e.g. having 1-6 carbon atoms)
      alkyl groups, for example methyl groups), lower alkoxy groups having 1-6
      carbon atoms (e.g. methoxy), or halogen atoms (e.g. fluorine or chlorine).
PAR  Examples of substituents which may be present at the 2.beta.-position are
      an acyloxy group containing for example 1-9 carbon atoms, an ether or
      thioether group (i.e. the residue of an alcohol, a phenol or a thiol)
      containing for example 1-9 carbon atoms (e.g. methoxy), an alkyl or
      cycloalkyl group (for example containing up to 9 carbon atoms), an aryl
      group (e.g. a phenyl group), an aralkyl group (e.g. a benzyl group), a
      hydroxy group, a thiocyanato group, a nitro-oxy group, an azido group, a
      sulphonyloxy group (e.g. tosyloxy), or an acylthio group, or a substituted
      or unsubstituted amino group, e.g. a mono-or di-alkylamino or a saturated,
      unsaturated or aromatic heterocyclic amino group (e.g. a morpholino
      group), or a halogen atom (e.g. bromine).
PAR  Acyloxy substituents (which may be present at the 2.beta.-position and may
      be saturated or unsaturated) include lower (C.sub.1 -C.sub.6) alkanoyloxy
      groups, (substituted if desired, for example with one or more halogen e.g.
      chlorine atoms, lower alkoxy, amino and substituted amino groups),
      aroyloxy groups, e.g. a benzoyloxy group or aralkanoyloxy groups, e.g. a
      phenylacetoxy group.
PAR  Ether substituents, which may be saturated or unsaturated, include lower
      (C.sub.1 -C.sub.6) alkoxy groups, lower alkenyloxy groups (e.g. an
      allyloxy group), cycloalkoxy groups, e.g. a cyclohexyloxy group, aryloxy
      groups, e.g. a phenoxy group and aralkoxy groups e.g. a benzyloxy group.
      Thioether groups corresponding to the last-mentioned oxygen groups are
      representative of 2.beta.-thioether substituents.
PAR  Examples of 2.beta.-alkyl groups include especially lower alkyl groups
      containing 1-5 carbon atoms such as methyl, ethyl, propyl, butyl, isobutyl
      and t-butyl groups. An example of a cycloalkyl group is a cyclohexyl
      group.
PAR  Examples of lower alkanoyloxy 2.beta.-substituents include acetoxy,
      propionyloxy, butyryloxy piperidinoacetoxy, morpholinoacetoxy,
      diethylaminoacetoxy and chloroacetoxy groups. Examples of lower alkoxy
      groups include methoxy, ethoxy, propoxy, isopropoxy n-butoxy and t-butoxy
      groups, and the corresponding thio compounds exemplify lower alkyl thio
      substituents.
PAR  Lower alkoxy and lower alkylthio substituents at the 2.beta.-position may
      themselves be substituted for example by one or more halogen (e.g.
      chlorine) atoms, lower alkoxy, esterified carboxyl (e.g. ethoxycarbonyl),
      hydroxy, amino or substituted amino, e.g. morpholino groups, or
      substituted or unsubstituted acyloxy e.g. morpholinoacetoxy, chloroacetoxy
      or diethylaminoacetoxy or heterocyclic groups, e.g. a tetra-hydrofuranyl
      group. Alkyl, cycloalkyl and aryl groups may also be substituted.
PAR  Particular preferred 2.beta.-substituents are methyl, methoxy and ethoxy
      groups.
PAR  Examples of substituents which may be present at the 2.alpha.-position are
      an alkyl group, and particularly a lower alkyl group having 1-6 carbon
      atoms (e.g. methyl) or a halogen atom (e.g. chlorine or bromine).
PAR  As indicated above, the steroids may be unsaturated and may, for example,
      possess double bonds at the 8,9 and/or 1,2or 4,5-positions.
PAR  Compounds of the invention having particularly valuable anaesthetic
      properties include:
PA1  3.alpha.-hydroxy-17.beta.-methoxycarbonyl-5.alpha.-androstan-11-one;
PA1  3.alpha.-hydroxy-17.beta.-ethoxycarbonyl-5.alpha.-androstan-11-one;
PA1  3.alpha.-hydroxy-17.beta.-methoxycarbonylandrost-4-en-11-one;
PA1  3.alpha.-hydroxy-17.beta.-dimethylcarbamoyl-5.alpha.-androstan-11-one;
PA1  3.alpha.-hydroxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.alpha.-androstan-
     11-one, particularly as acid addition salts with mineral or organic acids
      e.g. the hydrochloride and the citrate;
PA1  3.alpha.-hydroxy-17.beta.-cyano-5.alpha.-androstan-11-one;
PA1  3.alpha.-hydroxy-2.beta.-methoxy-17.beta.-methoxycarbonyl-5.alpha.-androsta
     n-11-one;
PA1  3.alpha.-hydroxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.alpha.-
      androstan-11-one tartrate;
PA1  3.alpha.-hydroxy-17.beta.-methoxycarbonyl-19-nor-5.alpha.-androstan-11-one;
PA1  3.alpha.-hydroxy-2.beta.-ethoxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.al
     pha.-androstan-11-one;
PA1  3.alpha.-hydroxy-2.beta.-ethoxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.al
     pha.-androstan-11-one citrate;
PA1  17.beta.-cyanomethoxycarbonyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one;
PA1  3.alpha.-hydroxy-17.beta.-(4'-morpholinobutoxycarbonyl)-5.alpha.-androstan-
     11-one;
PA1  17.beta.-(3'-chloropropoxycarbonyl)-3.alpha.-hydroxy-5.alpha.-androstan-11-
     one;
PA1  3.alpha.-hydroxy-17.beta.-(1'-methyl-2'-morpholinoethoxycarbonyl)-5.alpha.-
     androstan-11-one;
PA1  3.alpha.-hydroxy-2.beta.-ethoxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.al
     pha.-androstan-11-one hydrochloride;
PA1  3.alpha.-hydroxy-17.beta.-(2'-morphlinopropoxycarbonyl)-5.alpha.-androstan-
     11-one;
PA1  3.alpha.-hydroxy-2.beta.-ethoxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.al
     pha.  -androstan-11-one mesylate;
PA1  3.alpha.-hydroxy-2.beta.-ethoxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.al
     pha.-androstan-11-one dihydrogen phosphate;
PA1  3.alpha.-hydroxy-17.beta.-cyano-5.alpha.-androst-1-en-11-one;
PA1  3.alpha.-hydroxy-17.beta.(5-morpholinopentyloxycarbonyl)-5.alpha.-androstan
     -11-one
PA1  3.alpha.-hydroxy-17.beta.-(bismorpholino methyl
      methoxycarbonyl)-5.alpha.-androstan-11-one;
PA1  17.beta.-Cyano-3.alpha.-hydroxy15.beta.-androstane;
PA1  17.beta.-Cyano-3.alpha.-hydroxy-5.beta.-androstan-11-one
PA1  17.beta.-Cyano-3.alpha.-hydroxy-5.alpha.-androstane and
PA1  17.beta.-Cyano-3.alpha.-hydroxy-5.alpha.-androst-1-ene.
PAR  The 3.alpha.-oxygenated androstane anaesthetics may be formulated as
      convenient, following generally known pharmaceutical practices (including
      both human and veterinary medical practices) with the aid of one or more
      pharmaceutical carriers or excipients. For anaesthetic purposes the
      steroids will be given by injection and thus one aspect of this invention
      comprises an anaesthetic composition for parenteral administration
      comprising a 3.alpha.-oxygenated androstane anaesthetic compound as
      abovedescribed in a parenterally acceptable vehicle. The composition may,
      for example, include one or more parenterally acceptable water-soluble
      substances serving to render the composition approximately isotonic with
      blood e.g. dextrose or glycerol.
PAR  Many of the above-described 3.alpha.-oxygenatedandrostane anaesthetic
      compounds are poorly soluble in water. We have found however that they may
      be formulated for parenteral administration in an aqueous solution of a
      parenterally acceptable non-ionic surface active agent.
PAR  The non-ionic surface active agents used for the purpose of this invention
      are generally those of the water soluble type, conveniently having an HLB
      value of at least 9, preferably at least about 12, advantageously at least
      about 13. Preferably the HLB value of the surface active agent is not
      greater than about 15 although it may, for example, be as high as 18. The
      surface active agent must naturally be one which is physiologically
      compatible, i.e. of itself give rise to no physiologically unacceptable
      side effects in the dosages employed in the intended species to be treated
      (man or animal). Surface active agents for use in accordance with the
      invention are for example to be found among the following nonionic
      surfactants and classes of surfactants: Polyoxyethylated derivatives of
      fatty (C12-C20) glyceride oils, e.g. castor oil, containing at least 35,
      e.g. from 35 to 45 or even up to 60 oxyethylene groups per mole of fatty
      oil. Polyoxyethylene ethers (containing from 10 to 30 oxyethylene groups)
      of long chain alcohols (containing for example from 12-18 carbon atoms).
PAR  Polyoxyethylene-polyoxypropylene ethers containing from 15 to 35 and from
      15 to 30 oxyethylene and oxypropylene groups respectively. Polyoxyethylene
      ethers (containing from 6 to 12 oxyethylene groups) of alkyl phenols the
      alkyl groups of which preferably contain 6-10 carbon atoms.
PAR  Polyoxyethylated (containing from 15 to 30 oxyethylene groups) fatty acid
      (e.g. C12-18) esters of sugar alcohol anhydrides e.g. sorbitan or
      mannitan. Long-chain (e.g. C10-16) alkanoyl mono- and di-alkanolamides
      (the alkanol portions of which for example contain 1-5 C atoms) for
      example lauroyl mono- and di-ethanolamides. Polyethylene glycol esters
      (containing from 6 to 40 ethylene oxide units) of long chain fatty acids
      (containing for example 12-18 C atoms) e.g. polyethyleneglycol mono-oleate
      (containing for example 8 ethylene oxide units).
PAR  Examples of non-ionic surface active agents, of the foregoing types, useful
      in accordance with the invention include:
PAR  Cremophor EL, a polyoxyethylated castor oil containing about 40 ethylene
      oxide units per triglyceride unit;
PAR  Tween 80, polyoxyethylene sorbitan monooleate containing about 20 ethylene
      oxide units; Tween 60, polyoxyethylene sorbitan monostearate containing
      about 20 ethylene oxide units; and
PAR  Tween 40, polyoxyethylene sorbitan monopalmitate containing about 20
      ethylene oxide units.
PAR  In preferred composition according to the invention the proportion of
      surfactant is preferably at least 5% by weight and advantageously above
      10% by weight. A very convenient proportion of surfactant has been found
      to be 20% by weight but 30% and up to 50% may be used. The proportions of
      surfactant are expressed by weight in relation to the total volume of the
      composition in metric units.
PAR  As will be clear, the proportion of steroid in the aqueous solution
      according to the invention depends upon the nature and amount of surface
      active agent used. The composition will contain at least 1 mg/ml of
      steroid and solutions can be made containing for example up to 7 mg/ml and
      even 10 mg/ml.
PAR  In the case of water soluble steroids, even more concentrated solutions,
      e.g. up to 300 mg/ml, may be prepared.
PAR  In a preferred method of preparing the solutions according to the invention
      the steroid is first dissolved in the selected surfactant for example,
      with heating and the resulting solution dissolved in water. Alternatively
      the steroid may be dissolved in a volatile organic solvent advantageously
      having a boiling point of less than about 80.degree.C which is miscible
      with the surface active agent such as a volatile lower aliphatic ketone
      e.g. acetone or methyl ethyl ketone or a volatile halogenated hydrocarbon
      e.g. chloroform or methylene chloride. Acetone is particularly preferred
      for this purpose. The surface active agent is then added to this solution,
      the organic solvent removed by evaporation, for example by passing a
      stream of an inert gas through the solution e.g. nitrogen and the
      resulting solution of steroid in surfactant is mixed with water.
PAR  The solutions may also be prepared by shaking the steroid with an aqueous
      solution of the surface active agent.
PAR  In all cases simple tests enable one to determine the relative proportions
      of surface active agent required.
PAR  The anaesthetic solutions according to the invention are generally
      administered by intravenous injection although as is known in the
      anaesthetic art in certain cases, e.g. with young children intramuscular
      injection might be preferred.
PAR  As is usual in the case of anaesthetics, the quantity of steroid used to
      induce anaesthesia depends upon the weight of the individual to be
      anaesthetised. For intravenous administration in the average man a dose of
      from 0.2 to 30 mg/kg for example 0.45 to 20 mg/kg, will in general be
      found to be satisfactory to induce anaesthesia, the preferred dose being
      within the range of from 0.7 to 5 mg/kg. The dose will naturally vary to
      some extent dependent upon the physical condition of the patient, and the
      degree and period of anaesthesia required, all as is well known in the
      art. It is thus possible by adjustment of the dose to achieve durations of
      anaesthesia varying from about 10 minutes to up to an hour or more. If it
      is desired to maintain prolonged anaesthesia, repeated doses of the
      solutions of this invention may be used, such repeated doses being
      generally either of the same order or lower than the original dose.
      Alternatively continuous administration may be undertaken at for example a
      rate of 0.025 to 2.0 preferably 0.09-1.4 mg/Kg/Min.
PAR  Where the anaesthetic solutions are administered intramuscularly, naturally
      higher doses are generally necessary.
PAR  The water soluble anaesthetics do not necessarily need to be formulated in
      conjunction with surface active agents although in some cases such agents
      have been found beneficial in minimising any possibility of vein damage
      caused by the anaesthetic.
PAR  The new compounds according to the invention may be prepared by any
      convenient method, e.g., using conventional techniques. Thus it is
      frequently convenient first to prepare the corresponding 17.beta.
      -carboxylic acids. These 17.beta.-carboxylic acids may be prepared by
      oxidation of the 17.beta.-acetyl group of a corresponding pregnane. This
      oxidation may for example be effected in solution using a hypohalite salt
      e.g. an alkali metal or alkaline earth metal hypohalite as oxidising
      agent. Suitable hypohalites include, for example, sodium and potassium
      hypochlorites, hypobromites and hypoiodites.
PAR  The oxidation process is conveniently carried out in aqueous or non-aqueous
      media. Thus the reaction may for example be effected in an aqueous
      water-miscible organic solvent for example a water-miscible ether e.g.
      dioxan, tetrahydrofuran, diglyme and 1,2-dimethoxyethane or a
      water-miscible alcohol e.g. t-butanol. Aqueous dioxan is the preferred
      solvent.
PAR  The oxidation may be effected at a temperature of from -20.degree. to
      100.degree.C, a temperature of from 5.degree. to 10.degree.C being
      preferred.
PAR  Compounds according to the invention having an esterified carboxyl group at
      the 17.beta.-position may be prepared from the corresponding carboxylic
      acid or an activated derivative, by known esterification methods.
PAR  We have found it generally convenient, particularly for the preparation of
      lower alkyl esters, to react the carboxylic acid with a diazoalkane, for
      example diazomethane or diazoethane.
PAR  The reaction with the diazoalkane is conveniently effected in solution in
      an inert organic solvent, for example an ether such as diethyl or
      tetrahydrofuran, or a lower alkanol e.g. methanol, the diazo compound
      itself preferably being used in solution in an inert organic solvent, for
      example the solvent into which it is extracted during its preparation e.g.
      diethyl ether. The reaction is conveniently effected at temperatures
      between -25.degree.C and +30.degree.C.
PAR  The 17.beta.-esterified carboxyl compounds according to the invention may
      also be prepared, for example, by reacting the corresponding
      17.beta.-carboxylic acid with an alcohol or phenol in the presence of a
      catalyst. Acid catalysts have generally been found to be convenient e.g.
      sulphuric, hydrochloric, perchloric or p-toluene sulphonic acid. In one
      preferred method, the carboxylic acid is dissolved in an excess of the
      alcohol from which the ester is derived, for example, methanol, ethanol or
      isopropanol containing dry hydrogen chloride, advantageously at an
      elevated temperature, for example under reflux.
PAR  The reaction of the carboxylic acid with an alcohol from which the desired
      ester is derived is generally applicable to esters derived from alcohols
      which are liquid at ambient temperature. However, with alcohols which are
      normally solid at ambient temperature, the use of an activated derivative
      of the carboxylic acid is generally preferred. The use of a reactive
      derivative of the acid is not, however, limited to such alcohols and may
      be used for any alcohol.
PAR  Suitable activated derivatives of the 17.beta.-carboxyl compounds according
      to the invention include, for example, acid halides, preferably the acid
      chloride.
PAR  The reaction of the acid halide with an alcohol orphanol may be effected in
      known manner, preferably in the presence of an inert organic solvent, for
      example, a halogenated hydrocarbon e.g. methylene chloride or chloroform,
      an aromatic hydrocarbon, e.g. benzene or an ether e.g. diethyl ether or
      tetrahydrofuran.
PAR  In general, the reaction is preferably effected in the presence of an acid
      binding agent, for example, a tertiary organic base such as pyridine or
      triethylamine or an inorganic base such as an alkali metal carbonate or
      bicarbonate e.g. sodium carbonate or bicarbonate. However, when the
      alcohol reacted with the acid halide itself contains a basic substituent,
      for example an amino or substituted amino group, e.g. 2-morpholinoethanol,
      the basic substituent may itself act as the acid blinding agent.
PAR  The reaction of the carboxylic acid halide with the alcohol may for example
      be effected at temperatures between -20.degree.C to +110.degree.C.
PAR  The acid halides used in the above reaction may be prepared by conventional
      methods, for example, from the corresponding 17.beta.-carboxylic acid by
      reaction with a suitable halogenating agent e.g. a thionyl, phosphoryl or
      oxalyl halide. When it is desired to use the acid chloride for the
      preparation of the esters according to the invention, thionyl chloride,
      phosphoryl chloride or oxalyl chloride are preferably used.
PAR  Compounds according to the invention having an ester substituent at the
      17.beta.-position may also be prepared by reacting a salt of the
      corresponding 17.beta.-carboxylic acid conveniently a tertiary amine salt
      or quaternary ammonium salt (e.g. a trialkylamine salt or tetraalkyl
      ammonium salt) with an alkyl halide corresponding to the alcohol portion
      of the desired ester, e.g. n-butyl iodide, chloroacetonitrile, ethyl
      bromoacetate or acetoxy methyl chloride. This reaction is conveniently
      effected in a solvent medium [e.g. a lower aliphatic ketone (such as
      acetone or methyl ethyl ketone) or dimethyl formamide]at temperatures of
      from 20.degree.-100.degree.C.
PAR  Compounds according to the invention possessing a 17.beta.-alkoxycarbonyl
      group substituted by an amino group may be prepared by first reacting the
      corresponding 17.beta.-carboxylic acid with an alcohol possessing a
      readily eliminatable substituent (e.g. a halogen atom such as chlorine or
      bromine). The ester produced (which may of course be prepared by other
      routes) carries the readily eliminatable substituent in the ester group.
      The product is then reacted with ammonia or an imine (e.g. of the formula
      HNR.sup.4 R.sup.5). Similar methods may be used to prepare other compounds
      wherein R is an aliphatic groups bearing an amino substituent.
PAR  The N-substituted and unsubstituted 17.beta.-carbamoyl compounds may also
      be prepared by known methods. In general it has been found convenient to
      prepare such compounds by reacting the parent 17.beta.-carboxylic acid, or
      a reactive derivative thereof, with an appropriate amine or ammonia.
PAR  Suitable activated derivatives of the carboxylic acid include, for example
      the corresponding acid halide e.g. the acid chloride or esters of the
      corresponding acid e.g. lower alkyl esters such as methyl or ethyl esters.
PAR  When an acid halide is used for the preparation of the desired amide, it is
      generally preferred to effect the reaction in the presence of an acid
      binding agent. Suitable acid binding agents include, for example, tertiary
      organic bases such as triethylamine or pyridine or inorganic bases such
      alkali metal carbonates or bicarbonates e.g. sodium carbonate or sodium
      bicarbonate, or, preferably an excess of the amine reactant.
PAR  The reaction is conveniently effected in a solvent which may for example be
      an excess of the amine used and/or an inert solvent such as a halogenated
      hydrocarbon e.g. methylene chloride or chloroform, an ether e.g. diethyl
      ether or tetrahydrofuran, or a hydrocarbon solvent e.g. benzene.
PAR  The reaction may be effected at ambient temperature although higher or
      lower temperatures, for example up to the boiling point of the solvent
      when used, may, if desired, be used.
PAR  The formation of amides from esters of the 17.beta.-carboxylic acids by
      reaction with an appropriate amine or ammonia may be effected by known
      methods. It is generally advantageous to use as starting material a lower
      alkyl ester for example a methyl or ethyl ester. The reaction may
      conveniently be effected in a solvent such as a halogenated hydrocarbon
      e.g. methylene chloride or chloroform or an ether e.g. diethyl ether or
      tetrahydrofuran. However, an excess of the amine used in the reaction may,
      if desired, be used as the solvent.
PAR  In general, it is preferred to use at least a slight excess of the
      appropriate amine or ammonia. The reaction is effected at ambient or at an
      elevated temperature, for example up to the reflux temperature of the
      solvent when used.
PAR  Compounds according to the invention having a formyl group at the
      17.beta.-position may also be prepared by known methods.
PAR  In one such method a corresponding 20.beta.,21-dihydroxypregnane is
      subjected to a glycol cleavage reaction for example by oxidation with
      periodic acid or a periodate or para-periodate, e.g. of an alkali metal
      (sodium or potassium), conveniently in an alcohol or ether solvent, e.g.
      methanol, ethanol, tetrahydrofuran, or dioxan or mixtures thereof with
      water.
PAR  Alternative methods for the preparation of 17.beta.-formyl compounds
      include reduction of a corresponding 17.beta.-carboxylic acid halide, for
      example using the general principle of the well-known Rosenmund reduction
      method. The reduction may thus be effected using catalytically activated
      hydrogen, the catalyst being for example, a palladium catalyst, preferably
      deactivated with barium sulphate and sulphur.
PAR  Acetals of 17.beta.-formyl compounds according to the invention may be
      prepared for example by acid catalysed reaction of the 17.beta.-formyl
      compound with the appropriate alcohol.
PAR  17.beta.-Cyano compounds according to the invention may be prepared for
      example, by dehydration of the corresponding 17.beta.-carbamoyl compounds
      in conventional manner, e.g. using polyphosphate ethyl ester (see Y.
      Kanaoka et al. Chem. Pharm. Bull. 1970 18, 397) or by reaction of the
      corresponding 17.beta.-carboxylic acid with sulphamic acid (Chimia 25, 94,
      1971).
PAR  The 3.alpha.-acyloxy-androstane anaesthetics may be prepared from the
      corresponding 3.alpha.-hydroxy-androstanes by acylation for example, in
      known manner. Acylation under basic conditions is generally preferred in
      order to avoid undesired side reactions.
PAR  The acylating agent may for example be the anhydride or halide (preferably
      the chloride) of the corresponding carboyxlic acid. In general, the
      acylation is effected in the presence of a tertiary organic base such as
      pyridine, 4-methylpyridine or N-methylmorpholine.
PAR  The acylation is generally effected in a solvent, preferably an aprotic
      solvent, which may, for example, be an excess of the acylating agent
      and/or an excess of a tertiary organic base, if desired in the presence of
      a co-solvent, for example tetrahydrofuran.
PAR  We have found that the 3.alpha.-oxygenated-.DELTA..sup.4 -androstane
      anaesthetics of the invention are conveniently prepared by nucleophilic
      displacement of the 3.beta.-substituent in a corresponding member of the
      more readily available 3.beta.-oxygenated steroids.
PAR  The 3.beta.-substituent in the 3.beta.-steroid used in this process should
      be one capable of nucleophilic displacement by a hydroxyl group or acyloxy
      group and thus the 3.beta.-steroid will contain at the 3-position an
      allylically replaceable substituent in the .beta. -configuration such as a
      3.beta.-hydroxy group, an ether, carboxylic ester or sulphonyloxy ester of
      such a 3.beta.-hydroxy group or a halogen atom (e.g. chlorine or bromine).
      Esters of the 3.beta.-hydroxy group are conveniently acyl or sulphonyl
      esters, the acyl esters generally containing at least one
      electron-withdrawing substituent whereby displacement of the acyloxy group
      is facilitated. Acids which may be used for the preparation of such
      allylic acyl esters are preferably .alpha.-substituted acetic acids or
      nuclear substituted benzoic acids, in each case at least one substituent
      being electron-withdrawing. Specific examples of suitable acids include
      haloacetic acids, methoxyacetic acid, alkylthioacetic acids, cyanoacetic
      acid, glyoxylic acid, phenylglyoxylic acid, substituted phenylglyoxylic
      acids e.g. substituted by one or more halogen atoms (F,Cl, Br or I),
      methoxy groups or methyl groups or benzoic acids substituted by 4-methyl,
      2- or 3-chloro or bromo, 2-, 3- or 4-nitro or 3,5-dinitro, 2-, 3- or
      4-trifluoromethyl, 2-carbamoyl, 2-, 3- or 4-esterified carboxyl or 4-cyano
      substituents.
PAR  3.beta. -Sulphonyloxy steroids which may be used for preparing the
      3.alpha.-hydroxy compounds according to the invention are conveniently
      esters of alkyl or aryl sulphonic acids. Methane sulphonic acid and
      p-toluene-sulphonic acid are preferred sulphonic acids,
PAR  The preferred 3.beta.-substituent for use in the hydrolysis reaction is a
      3.beta.-dichloroacetyl group.
PAR  For the preparation of 3.alpha.-hydroxy compounds, generally the
      displacement reaction will be a hydrolysis reaction and may be
      conveniently effected in aqueous solution, preferably at a pH of from 4 to
      8, advantageously at a pH of about 5. In order generally to improve the
      solubility of the steroids present in the reaction medium, a water
      miscible organic solvent may be used, e.g. acetone or tetrahydrofuran.
PAR  The reaction mixture may be buffered to maintain the pH thereof within the
      desired limits, preferred buffer systems including known phosphate,
      borate, acetate and formate buffer systems.
PAR  Instead of using a buffer system, adjustment of the pH from time to time
      with a weak alkali, e.g. aqueous sodium bicarbonate may be used.
PAR  The hydrolysis may be effected at ambient temperature, although elevated
      temperatures e.g. the reflux temperatures of the reaction medium is
      generally preferable.
PAR  In another method of carrying out the desired hydrolysis employing a
      non-buffered system, the 3.beta.-steroid is subjected to hydrolytic
      displacement in an aqueous solution of a strongly polar organic solvent,
      e.g. dimethyl formamide, dimethyl acetamide or N-methyl pyrrolidine. This
      reaction is advantageously effected at elevated temperatures e.g. between
      75.degree.C and the reflux temperature of the solvent used.
PAR  The 3.beta.-substituted-.DELTA..sup. 4 -androstanes used in the preparation
      of 3.alpha.-oxygenated-.DELTA..sup.4 -androstane steroids according to the
      invention may be prepared by known methods.
      3.beta.-Oxygenated-.DELTA..sup.4 androstanes of this type may conveniently
      be prepared, for example, by reduction of the corresponding
      3-oxo-.DELTA..sup.4 -androstanes and if desired subsequent acylation of
      the 3.beta.-hydroxy-.DELTA..sup.4 -androstane produced.
PAR  The 3.alpha.-oxygenated 5.alpha.-androstane anaesthetics according to the
      invention may, for example, be prepared from the corresponding
      3.beta.-hydrocarbonsulphonyloxy-5.alpha.-androstan-11-one in a manner
      analogous to that described by Nagata et al (Helv. Chim.Acta, 1959, 42,
      1399) by reaction with a carboxylic acid or a salt thereof whereby a
      3.alpha.-acyloxy 5.alpha.-androstane is formed. Where the 3.alpha.-hydroxy
      steroid is required, the 3.alpha.-acylate may, for example, be submitted
      to basic hydrolysis.
PAR  5.alpha.-Steroids according to the invention having a 3.alpha.-hydroxy
      group may also be prepared from the corresponding 3-oxo compound by
      stereospecific reduction, e.g. using an iridium catalyst.
PAR  The iridium reduction is preferably carried out by first preparing an
      iridium catalyst reduction system from an iridium salt or acid (e.g.
      chloroiridic acid), an ester of phosphorous acid (e.g. trimethyl
      phosphite), water, and an organic reaction medium (e.g. an alcohol such as
      isopropanol). This reduction system is then preferably neutralised with an
      organic base (e.g. triethylamine), and reacted with the steroid.
PAR  The 5.beta.-steroids may similarly be prepared by hydride reduction of
      3-oxo steroids.
PAR  Compounds according to the invention having a
      3.alpha.-oxygenated-5.alpha.-androst-1-ene structure may be prepared by
      known methods, preferably -androst-1-ene dehydros halogenation of the
      corresponding 3.alpha.-oxygenated-2.beta.-halo-5.alpha.-androstane
      compounds, for example, the 2.beta.-bromo compounds.
PAR  The dehydrohalogenation may be effected, for example, using a nitrogen
      containing Lewis base such as a di-lower alkyl lower acylamide e.g.
      dimethylformamide or dimethylacetamide advantageously in the presence of
      an alkali metal or alkaline earth metal carbonate, for example calcium
      carbonate.
PAR  In general it has been found convenient to effect the dehydrohalogenation
      at an elevated temperature for example from 80.degree. to 170.degree.C.
PAR  The above-described dehydrohalogenation may be effected, for example, using
      3.alpha. -hydroxy-2.beta.-halo-5.alpha.-androstanes or protected
      derivatives thereof such as 3.alpha.-esters or tetrahydropyranyl ethers.
      When it is desired to prepare a 3.alpha.-hydroxy-5.alpha.-androst-1-ene
      from a 3.alpha.-acyloxy-2.beta.-halo-compound it may be convenient, for
      example first to prepare the corresponding
      3.alpha.-acyloxy-5.alpha.-androst-l-ene and subsequently to convert the
      3.alpha.-acyloxy group thereof into a 3.alpha.-hydroxy group by known
      methods. In one method, solvolysis is effected by reaction with a lower
      alkanol, for example methanol or ethanol, or with water in the presence of
      an acid or of a base such as an alkali metal hydroxide, carbonate or
      bicarbonate for example potassium or sodium hydroxide, carbonate or
      bicarbonate. The lower alkanol may conveniently serve as an organic
      solvent for the reaction; the reaction is preferably effected at a
      temperature of 15.degree.-40.degree.C when an alkali metal hydroxide is
      used as the base and preferably at a temperature of
      50.degree.-100.degree.C when an alkali metal carbonate or bicarbonate are
      used as the base. Lower temperatures may be employed by using added
      lithium halide or calcium halide.
PAR  It is particularly useful to protect the 3.alpha.-hydroxy group during the
      dehydrohalogenation reaction by formation of a 3.alpha.-tetrahydropyranyl
      ether, e.g. by reaction with dihydropyran and a source of protons, e.g. an
      acid such as p-toluene sulphonic acid. This ether group may readily be
      removed selectively without attack at a 17.beta.-ester.
PAR  3.beta.-Methyl-3.alpha.-hydroxy steroids according to the invention may be
      prepared by reduction of corresponding spiro-2'-oxiranes with a complex
      metal hydride. The metal hydride may, for example be lithium aluminium
      hydride; where the 11-oxo group is reduced by the hydride the 11-hydroxy
      group can be re-oxidised, e.g. by chromic acid. These reactions can also
      be effected in corresponding pregnanes which may then be subjected to
      oxidation to 17.beta.-carboxylic acids as described above. and thence
      converted into compounds of the invention.
PAR  Compounds according to the invention having a 2.alpha.,2.beta.or 16
      substituent or a double bond at the 1,2,4,5 or 8,9 positions may be
      prepared, for example, by one of the above-described processes using an
      appropriately substituted or unsaturated compound.
PAR  Alternatively, 2.beta.-substituted compounds in the 5.alpha.-series may be
      prepared by way of the corresponding 2.alpha.,3.alpha.-epoxy compound. The
      epoxy compound itself may be prepared by first dehydrating a
      3.alpha.-hydroxy compound to give the corresponding .DELTA..sup.2 compound
      (e.g. by first tosylating the hydroxy group and then removing the elements
      of p-toluene sulphonic acid from the product), and then treating the
      .DELTA..sup.2 compound with a peracid to form the 2.alpha.,3.alpha.epoxide
      ring. A 2.beta.-substituent, Z, may then be introduced and the
      3.alpha.-hydroxy group regenerated by reacting the epoxy compound with a
      compound of the formula ZH or a compound furnishing an anion Z and a
      cation, followed, where a metal derivative of the 3.alpha.-hydroxy group
      is first formed, by treatment with a source of protons.
PAR  Compounds having a 16.alpha.-alkyl group may also be prepared by reacting a
      corresponding .DELTA..sup.16 -steroid with a lithium dialkyl cuprate,
      preferably in the presence of an etheric solvent (e.g. diethyl ether).
      This reaction may, if desired, be effected simultaneously with the
      introduction of a 2.beta.-alkyl group by reacting the
      2.alpha.,3.alpha.-epoxy-.DELTA..sup.16 steroid with the lithium reagent.
PAR  In various of the transformations herein described, as will be clear to
      those skilled in the art, it may be necessary to protect a
      3.alpha.-hydroxy group if such is present. Thus, for example, it may be
      necessary in oxidation reactions and during conversions of a
      17.beta.-carboxylate group to an acid halide group. Such temporary
      protection may be effected in known manner, e.g. by formation of a
      3.alpha.-ester group which may be readily re-converted to a free hydroxy
      group. Lower alkanoyl groups are frequently very satisfactory and may be
      removed by hydrolysis. For many purposes we have found that temporary
      protection of the 3.alpha.-hydroxy group by formation of a nitrate ester
      thereof is especially convenient. 3.alpha.-Nitro-oxy groups may be readily
      converted to 3.alpha.-hydroxy groups by catalytic hydrogenation or by
      chemical reduction with for example a metal/acid system, such as zinc and
      acetic acid. The 3.alpha.-hydroxy group may also be protected in the form
      of an ether, a tetrahydropyranyl ether.
PAR  The following Examples are given by way of illustration only. All
      temperatures are in degrees Celsius. The term petrol as used herein refers
      to petroleum ether (b.p. 60.degree.-80.degree.).
PAR  "Stock" chloroiridic acid was prepared by refluxing a mixture of
      chloroiridic acid (0.09 g), 90% isopropyl alcohol (200 ml.) and trimethyl
      phosphite (16 ml.) for 16 hr. The solution was neutralised with
      triethylamine prior to use.
PAR  Rotations were determined in chloroform at about 1% W/V concentration
      unless otherwise stated. Preparative thin layer chromatography (t.l.c.)
      was carried out on silica gel.
DETD
PAC  EXAMPLE 1
PAC  3.alpha.-Hydroxy-17.beta.-methoxycarbonyl-5.alpha.-androstan-11-one
PAR  A solution of
      3.alpha.-hydroxy-11-oxo-5.alpha.-androstane-17.beta.-carboxylic acid (350
      mg.) in methanol (20 ml.) and ether (10 ml.) was treated with a dry
      ethereal solution of diazomethane. After 10 minutes, any unreacted
      diazomethane was destroyed by the addition of a drop of glacial acetic
      acid and the mixture was evaporated to small bulk. This was taken up in
      ether and washed with dilute sodium hydrogen carbonate solution, with
      water, dried and evaporated to a foam. The product was crystallised from
      acetone and petrol to give title compound (28/ mg.) as off white needles;
      m.p. 162 163.degree.; [.alpha.].sub.D + 77.degree..
PAC  EXAMPLE 2
PAC  17.beta.-Ethoxycarbonyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one
PAR  A solution of
      3.alpha.-hydroxy-11-oxo-5.alpha.-androstane-17.beta.-carboxylic acid (500
      mg.) in dry ethanol containing 3.3%, by weight, of hydrogen chloride (100
      ml.) was refluxed for 2 hours.
PAR  The solution was evaporated to small volume, diluted with ether, washed
      with saturated sodium hydrogen carbonate solution, with water, dried and
      evaporated to a foam, which was crystallised from acetone and petrol to
      give title compound (380 mg.) as colourless needles; m.p.
      105.degree.-107.degree.; [.alpha.].sub.D + 63.degree..
PAC  EXAMPLE 3
PAC  3.alpha.-Hydroxy-17.beta.-isopropoxycarbonyl-5.alpha.-androstan-11-one
PAR  A solution of
      3.alpha.-hydroxy-11-oxo-5.alpha.-androstane-17.beta.-carboxylic acid (550
      mg.) in dry isopropanol containing 3.7%, by weight, of hydrogen chloride
      (100 ml.) was refluxed for 61/2 hours.
PAR  The solution was evaporated to small volume, diluted with ether, washed
      with saturated sodium hydrogen carbonate solution, with water, dried and
      evaporated to a foam, which was purified by preparative t.l.c. to give
      title compound (540 mg.) as a white foam; [.alpha.].sub.D + 73.degree.
PAC  EXAMPLE 4
PAC  3.alpha.-Hydroxy-2.beta.-methoxy-17.beta.-methoxycarbonyl-5.alpha.-androsta
     n-11-one
PAR  2.alpha.,3.alpha.-Epoxy-5.alpha.-pregnane-11,20-dione (200 mg) was
      dissolved in dry methanol (20 ml), and concentrated sulphuric acid (0.1
      ml.) was added. The solution was stirred at room temperature for 20
      minutes, and then poured into water (125 ml.) to give a white crystalline
      precipitate which was filtered off and dried in vacuo over phosphorus
      pentoxide to give
      3.alpha.-hydroxy-2.beta.-methoxy-5.alpha.-pregnane-11,20-dione (175 mg.),
      m.p. 163.degree.-164.degree., [.alpha.].sub.D + 109.degree..
PAR  A solution of the above product (1.4 g.) in dioxan (55 ml.) and water (16
      ml.) was stirred and cooled to 8.degree..
PAR  Sodium hypobromite solution (30 ml.), prepared as described in preparation
      7, was added and the mixture stirred for 3 hours, between 5.degree. and
      10.degree..
PAR  Sodium sulphite heptahydrate (0.8 g.) in water (5 ml.) was added and the
      mixture refluxed for 15 minutes. The hot solution was acidified with
      concentrated hydrochloric acid (2.5 ml.) filtered, evaporated to small
      volume and extracted with chloroform. The extract was washed with water,
      dried and evaporated to leave a solid residue of impure
      3.alpha.-hydroxy-2.beta.-methoxy-11-oxo-5.alpha.-androstane-17.beta.-carbo
     xylic acid.
PAR  The total product was dissolved in methanol (30 ml.) and ether (30 ml.) and
      treated with an ethereal solution of diazomethane. After 10 minutes a drop
      of glacial acetic acid was added. The solution was evaporated under
      reduced pressure to leave a solid residue, which after purification by
      preparative t.l.c. and crystallisation from ethyl acetate and petrol gave
      title compound (300 mg.) as off-white needles; m.p.
      182.degree.-186.degree.; [.alpha.].sub.D + 73.degree.
PAC  EXAMPLE 5
PAC  3.alpha.-Hydroxy-2.beta.-methoxy-17.beta.-methoxycarbonyl-5.alpha.-androsta
     n-11-one
PAR  2.alpha.,3.alpha.-Epoxy-17.beta.-methoxycarbonyl-5.alpha.-androstan-11-one
      (500 mg.) in warm dry methanol (30 ml.) was treated with concentrated
      sulphuric acid (0.15 ml.). After 30 minutes the solution was poured into
      stirred water. The precipitated product was isolated, washed with water
      and dried over sodium hydroxide in vacuo to give fairly pure title
      compound (420 mg.) as a white powder; m.p. 170.degree.-182.degree.;
      [.alpha.].sub.D + 68.degree.,
PAC  EXAMPLE 6
PAC  2.beta.-Bromo-3.alpha.-hydroxy-17.beta.-methoxycarbonyl-5.alpha.-androstan-
     11-one
PAR  2.alpha.,3.alpha.-Epoxy-17.beta.-methoxycarbonyl-5.alpha.-androstan-11-one
      (500 mg.) in chloroform (32 ml.) was stirred with 48% aqueous hydrogen
      bromide (10 ml.). After an hour the mixture was washed with an excess of
      aqueous sodium bicarbonate and with water, was dried (MgSO.sub.4) and
      evaporated to a froth (628 mg.) Crystallisation from ethyl acetate/light
      petroleum afforded title compound (330 mg.) as colourless needles; m.p.
      205.degree.-208.degree.; [.alpha.].sub.D + 76.degree.,
PAC  EXAMPLE 7
PAC  17.beta.-Formyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one
PAR  A solution of 3.alpha.,20.beta.,21-trihydroxy-5.alpha.-pregnan-11-one (400
      mg.) in methanol (30 ml.) was stirred with sodium m-periodate (250 mg.) in
      water (3 ml.) for 18 hours.
PAR  The mixture was diluted with chloroform, washed with water, dried and
      evaporated to a foam, which was crystallised from benzene, acetone and
      petrol to give title compound (80 mg.) as colourless crystals; m.p.
      226.degree.-230.degree.; [.alpha.].sub.D + 73.degree.,
PAC  EXAMPLE 8
PAC  3.alpha.-Hydroxy-17.beta.-dimethoxymethyl-5.alpha.-androstan-11-one
PAR  A solution of 21-acetoxy-3.alpha.-hydroxy-5.alpha.-pregnane-11,20-dione (1
      g), in methanol (100 ml.) was stirred under nitrogen with a 10% aqueous
      solution of potassium hydrogen carbonate (4 ml.) for an hour.
PAR  The mixture was neutralised with glacial acetic acid and evaporated under
      reduced pressure. The residue was dissolved in chloroform, washed with
      water, dried and evaporated to give
      3.alpha.,21-dihydroxy-5.alpha.-pregnane-11,20-dione.
PAR  This was dissolved in ethanol (50 ml.) and stirred with sodium borohydride
      (110 mg.) in water (5 ml.) for 40 minutes. A little glacial acetic acid
      was added and the solvents evaporated to small volume. The mixture was
      poured into water and extracted with chloroform. The extract was washed
      with water, dried and evaporated to leave
      3.alpha.,20.beta.,21-trihydroxy-5.alpha.-pregnan-11-one.
PAR  This was dissolved in methanol (50 ml) and stirred with sodium m-periodate
      (550 mg.) in water (3 ml.) for 43 hours. The mixture was extracted into
      chloroform, washed with water, dried and evaporated to leave crude
      17.beta.-formyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one as a foam.
PAR  The foam was dissolved in methanol (10 ml.) and toluene-p-sulphonic acid (2
      mg.) was added. The mixture was warmed and left to stand at room
      temperature for 24 hours. Pyridine (2 drops) was added and the mixture
      evaporated to a residue which was purified by column chromatography, on
      alumina. The product was crystallised from ethyl acetate and petrol
      containing a little pyridine to give title compound (177 mg.) as
      colourless crystals; m.p. 136.degree.-142.degree.; [.alpha.].sub.D +
      47.degree.
PAC  EXAMPLE 9
PAC  3.alpha.-Hydroxy-17.beta.-(2'-N-morpholinoethoxycarbonyl)-5.alpha.-androsta
     n-11-one, citrate
PAR  A solution of
      3.alpha.-hydroxy-17.beta.-(2'N-morpholinoethoxycarbonyl)-5.alpha.-androsta
     n-11-one (89.5 mg.) in ethanol (1 ml.) was treated with 0.1 M citric acid
      (2 ml.). The ethanol was evaporated off and the resultant solution freeze
      dried to leave a white powder. Water (5 ml.) was added and the solution
      filtered. The filtrate was diluted with water to give a solution of
      3.alpha.-hydroxy-17.beta.-(2'-N-morpholinoethoxycarbonyl)-5.alpha.-androst
     an-11-one, citrate at a concentration of 10 mg./ml. with respect to
      steroid. Similarly aqueous solutions were prepared in concentrations of 10
      mg/ml. with respect to the steroid
      3.alpha.-Hydroxy-17.beta.-(2'N-morpholinoethoxycarbonyl)
      5.alpha.-androstan-11-one, hydrochloride and tartrate using 0.1N
      hydrochloric acid and 0.1M tartaric acid in place of 0. 1M citric acid.
PAC  EXAMPLE 10
PAC  3.alpha.-Hydroxy-17.beta.-methoxycarbonyl-11-oxo-5.alpha.-androstane
      3-hemisuccinate
PAR  A solution of
      3.alpha.-hydroxy-17.beta.-methoxycarbonyl-5.alpha.-androstan-11-one (400
      mg.) and succinic anhydride (400 mg.) in anhydrous pyridine (10 ml.) was
      allowed to stand at room temperature for 21 hours. The mixture was heated
      at 100.degree. for 8 hours. The reaction was still incomplete and the
      mixture was refluxed for 5 hours. The solution was poured into iced water,
      acidified with hydrochloride acid and extracted with chloroform. The
      chloroform was washed with water, dried (Na.sub.2 SO.sub.4) and evaporated
      to a foam. Purification by preparative TLC gave title compound (175 mg.)
      as a white foam, [.alpha.].sub.D + 66.5.degree..
PAC  EXAMPLE 11
PAC  17.beta.-Carbamoyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one
PAR  17.beta.-chlorocarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one
      (prepared from the corresponding 17.beta.-carboxylic acid (1 g) as
      described in preparation 5) was shaken with 880 ammonia (8 ml.), benzene
      (5 ml and water (5 ml.) for 5 minutes. After 18 hours the precipitate was
      filtered, washed with water and dried. Crystallisation from ethyl acetate
      and petrol gave
      17.beta.-carbamoyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one (520 mg.)
      as colourless needles, m.p. 193.degree.-196.degree., [.alpha.].sub.D +
      53.degree.
PAR  A solution of the above 3-nitrate (400 mg.) in glacial acetic acid (10 ml.)
      was stirred with zinc powder (1.2 g.) for 11/2 hours. The mixture was
      filtered and the zinc washed with chloroform. The combined filtrates were
      washed with water, dried (Na.sub.2 SO.sub.4) and evaporated to a residue
      crystallisation from ethyl acetate and petrol gave title compound (190
      mg.) as colourless rods; m.p. 242.degree.-250.degree. (dec),
      [.alpha.].sub.D + 54.degree.
PAC  EXAMPLE 12
PAC  3.alpha.-Hydroxy-17.beta.-N-methylcarbamoyl-5.alpha.-androstan-11-one
      17.beta.-chlorocarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one (954
      mg.) in dry ether (20 ml.) and dry methylene chloride (20 ml.) was treated
      with 25% aqueous solution of methylamine (6 ml.). After 18 hours, the
      mixture was evaporated and a solution of the residue in ether and ethyl
      acetate was washed with water, dried (Na.sub.2 SO.sub.4) and evaporated to
      a foam. Crystallisation from ether and chloroform gave
      17.beta.-N-methylcarbamoyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one
      (525 mg.), m.p. 184.degree.-186.degree., [.alpha.].sub.D + 51.5.degree.
PAR  A solution of the above 3-nitrate (400 mg,) in glacial acetic acid (10 ml.)
      was stirred with zinc powder (1.5 g.) at 16.degree. for 11/4 hours. The
      mixture was filtered and the zinc washed with chloroform. The combined
      filtrates were washed with water, saturated sodium bicarbonate solution
      and again with water, dried (Na.sub.2 SO.sub.4) and evaporated to a foam.
      Crystallisation from ethyl acetate and petrol gave title compound (230
      mg.) as colourless plates; m.p. 229.degree.-234.degree., [.alpha.].sub.D +
      51.degree..
PAC  EXAMPLE 13
PAC  3.alpha.-Hydroxy-17.beta.-N,N-dimethylcarbamoyl-5.alpha.-androstan-11-one
PAR  17.beta.-chlorocarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one
      (prepared from the corresponding 17.beta.-carboxylic acid (1g) as
      described in Preparation 5) in dry ether (20 ml.) was treated with a
      solution of dimethylamine (6 ml.) in dry ether (10 ml.). After 18 hours
      the mixture was diluted with ether, washed with water, dried (Na.sub.2
      SO.sub.4) and evaporated to a foam. Crystallisation from ethyl acetate and
      petrol gave
      17.beta.-N,N-dimethylcarbamoyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-on
     e (560 mg.) as off-white rods, m.p. 172.degree.-176.degree.,
      [.alpha.].sub.D + 45.9.degree.
PAR  A solution of the above 3-nitrate (360 mg.) in glacial acetic acid (10 ml.)
      was stirred with zinc powder (1.2 g.) for 11/4 hours. The mixture was
      filtered and the zinc washed with chloroform. The combined filtrates were
      washed with water, saturated sodium bicarbonate solution and again with
      water, dried (Na.sub.2 SO.sub.4) and evaporated to a foam. Crystallisation
      from ethyl acetate and petrol gave title compond (198 mg.) m.p.
      215.degree.-221.degree., [.alpha.].sub.D + 33.degree..
PAC  EXAMPLE 14
PAC  3.alpha.-Hydroxy-17.beta.-methoxycarbonylandrost-4-en-11-one
PAR  17.beta.-Methoxycarbonylandrost-4-ene-3,11-dione (2.8 g.) was dissolved in
      dry methanol (250 ml.) and to the stirred solution was added sodium
      borohydride (600 mg.) in portions over 2 hours. The reaction was then left
      to stand for 30 minutes, and then concentrated by evaporation under
      reduced pressure and poured on to ice. The precipitate was extracted into
      chloroform and the organic solution was dried over sodium sulphate and
      evaporated to an oil which was purified by preparative TLC to give
      3.beta.-hydroxy-17.beta.-methoxycarbonylandrost-4-en-11-one (506 mg.) as
      colourles plates, m.p. 197.degree.-201.degree., [.alpha.].sub.D 30
      144.degree..
PAR  The above product (500 mg.) was dissolved in dry methylene chloride (10
      ml.) and to the solution was added pyridine (0.20 ml.) and dichloroacetyl
      chloride (0.24 ml.). The yellow solution was stirred at room temperature
      for 45 minutes, and then diluted with methylene chloride, washed with
      water, dried over sodium sulphate and evaporated to give the crude
      dichloroacetate as an oil.
PAR  This crude ester (about 600 mg.) was dissolved in acetone (50 ml.) and pH 5
      acetate buffer was added. The solution was refluxed for 45 minutes, then
      concentrated by evaporation under reduced pressure, diluted with water and
      extracted with chloroform. The organic solution was dried over sodium
      sulphate and evaporated to an oil which was purified by preparative TLC
      and recrystallisation of the main band from acetone/petrol to give title
      compound (176 mg.) as off-white prisms, m.p. 121.degree.-125.degree.,
      [.alpha.].sub.D + 215.degree..
PAC  EXAMPLE 15
PAC  17.beta.-Cyano-3.alpha.-hydroxy-5.alpha.-androstan-11-one ;
PAR  17.beta.-Carbamoyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one (907 mg.)
      and polyphosphate ester (7.26 g.) [prepared by the method of Y. Kanaoka
      etal, Chem.Pharm. Bull., 1965,13,1065] were refluxed in chloroform (50
      ml.) for four hours. The solvent was evaporated and the residue was
      stirred with 30% aqueous sodium carbonate (15 ml.) for an hour. The
      mixture was extracted with ether and the extract washed with water, dried
      (Na.sub.2 SO.sub.4) and evaporated to give a residue which was taken up in
      chloroform, filtered through a column of silica gel and recrystallised
      from chloroform/ether to give
      17.beta.-cyano-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one (610 mg.) as
      colourless needles; m.p. 208.degree.-214.degree., [.alpha.].sub.D +
      79.degree..
PAR  The above 3-nitrate (499 mg.) in glacial acetic acid (15 ml.) and
      tetrahydrofuran (10 ml.) was stirred with zinc powder (1g.) for an hour at
      room temperature. The zinc was removed, washed with chloroform and the
      combined filtrates were washed with water, with aqueous sodium bicarbonate
      (50 ml.) and again with water dried (Na.sub.2 SO.sub.4) and evaporated to
      a froth (446 mg.). Crystallisation from ether/petroleum ether gave title
      compound (246 mg.) as colourless needles, m.p. 256.degree.-262.degree.;
      [.alpha.].sub.D + 74.degree..
PAC  EXAMPLE 16
PAC  17.beta.-N,N-Diethylcarbamoyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one
PAR  17-Chlorocarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one (946 mg.) in
      ether (30 ml.) methylene chloride (20 ml.) and diethylamine (1 ml.) was
      left overnight at room temperature. Ether was added and the mixture was
      washed with water dried (Na.sub.2 SO.sub.4) and evaporated to give a
      residue which on recrystallisation from ethyl acetate/petroleum ether gave
      17.beta.-N,N-diethylcarbamoyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one
      (485 mg.) as colourless rods, m.p. 168.degree.-173.degree.;
      [.alpha.].sub.D + 41.5.degree..
PAR  The above 3-nitrate (381 mg.) in glacial acetic acid (10 ml.) was stirred
      with zinc powder (1g.) for an hour at room temperature. The zinc was
      removed, washed with chloroform and the combined filtrates were washed
      with water, with aqueous sodium bicarbonate (50 ml.) and again with water,
      dried (Na.sub.2 SO.sub.4) and evaporated to give title compound (268 mg.)
      as white forth; [.alpha.].sub.D + 26.degree..
PAC  EXAMPLE 17
PAC  17.beta.-Morpholinocarbonyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one
PAR  17.beta.-chloro-carbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one (820
      mg.) in dry ether (25 ml.) and dry methylene chloride (10 ml.) was treated
      with morpholine (3 ml.) at room temperature. After two hours the solution
      was diluted with chloroform, washed with water, dried (Na.sub.2 SO.sub.4)
      and evaporated to a foam (855 mg.). Crystallisation from ethyl acetate
      gave 17.beta.-Morpholinocarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-
     one (622 mg.) as colourless needles, m.p. 201.degree.-207.degree.;
      [.alpha.].sub.D + 32.degree..
PAR  A solution of the above 3-nitrate (400 mg.) in glacial acetic acid (10 ml.)
      was stirred with zinc powder (1g.) at room temperature for 11/2 hours. The
      mixture was filtered and the zinc washed with chloroform. The combined
      filtrates were washed with water, saturated sodium bicarbonate solution
      and again with water, dried (Na.sub.2 SO.sub.4) and evaporated to a foam.
      Crystallization from acetone and ether gave title compound (264 mg.) as
      colourless needles; m.p. 210.degree.-212.degree.; [.alpha.].sub.D +
      15.degree..
PAC  EXAMPLE 18
PAC  17.beta.-n-Butoxycarbonyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one
PAR  A solution of
      3.alpha.-hydroxy-11-oxo-5.alpha.-androstane-17.beta.-carboxylic acid (521
      mg.) in dry acetone (50 ml.) was refluxed with triethylamine (1.04 ml.)
      and n-butyl iodide (0.87 ml.) for 16 hours. The mixture was evaporated to
      a residue which was dissolved in chloroform, washed with water, dried
      (Na.sub.2 SO.sub.4) and evaporated to a foam (534 mg.). A solution of the
      foam in ether was washed with saturated sodium bicarbonate solution and
      with water, dried (Na.sub.2 SO.sub.4) and evaporated to give title
      compound (443 mg.) as a white foam, [.alpha.].sub.D + 51.degree..
PAC  EXAMPLE 19
PAC  17.beta.-Acetoxymethoxycarbonyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one
PAR  3.alpha.-Hydroxy-11-oxo-5.alpha.-androstane-17.beta.-carboxylic acid (1g.)
      was warmed with tetra-butyl ammonium hydroxide (1.94g. Of 40% solution)
      and acetone (10 ml.) to effect solution. The solution was refluxed with
      sodium iodide (100 mg.). potassium bicarbonate (150 mg.) and chloromethyl
      acetate (0.6 ml.) for 2 hours. The mixture was evaporated to small volume,
      diluted with ethyl acetate, washed with water, dried (Na.sub.2 SO.sub.4)
      and evaporated to a residue. Purification by preparative t.l.c. gave title
      compound (less polar band) (318 mg.) as white foam; [.alpha.].sub.D +
      52.degree..
PAC  EXAMPLE 20
PAC  Preparation of
      17.beta.-alkoxycarbonyl-3.alpha.-hydroxy-5.alpha.-androstan-11-ones
PAC  (Table 1)
PAL  Stage 1:
PAR  17.beta.-chlorocarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-ones
PAR  3.alpha.-Nitro-oxy-5.alpha.-androstan-11-one 17.beta.-carboxylic acid and
      oxalyl chloride (ca. 2.5 ml./g. of steroid) were refluxed in dry benzene
      (30 - 100 ml./g. of steroid) for ca. 2 hours. Evaporation to dryness
      afforded the title compound which was used directly in the next stage.
PAL  Stage 2:
PAR  17.beta.-Alkoxycarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-ones
PAR  A solution of
      17.beta.-chlorocarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one and
      the appropriate alcohol (ROH) in dry ether (ca. 15 ml./mmole of steroid)
      were stirred at room temperature overnight. The reaction mixture was
      washed with aqueous 2% sodium hydroxide and the aqueous phase was
      extracted with chloroform. The chloroform extract was washed with water,
      dried (MgSO.sub.4), filtered and evaporated to afford a crude product
      which was purified by preparative t.l.c..
PAL  Stage 3:
PAR  17.beta.-Alkoxycarbonyl-3.alpha.-hydroxy-5.alpha.-androstan-11-ones
PAR  Zinc dust (2-3g./g. of steroid) was added to a stirred solution of
      17.beta.-alkoxycarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one
      dissolved in glacial acetic acid (ca. 15 ml./g. steroid). After 15 min.
      the reaction mixture was diluted with chloroform, neutralised to pH 6 with
      aqueous 10% sodium carbonate, and filtered. The chloroform layer was
      separated, washed with water and dried (MgSO.sub.4). Filtration and
      evaporation afforded the title compound as a froth which could be purified
      by preparative t.l.c.
TBL                                    TABLE I.                                
     __________________________________________________________________________
     Preparation of 17.beta.-alkoxycarbonyl-3.alpha.-hydroxy-5.alpha.-androstan
     -11-ones.                                                                 
                  Stage 1                                                      
                        Stage 2                  Stage 3                       
                  Starting                                                     
                        Starting                                               
                             ROH  Product        Starting                      
                                                       Product                 
       R          Material                                                     
                        Material                                               
                             mmole                                             
                                  Pure  [.alpha.].sub.D                        
                                             C.% Material                      
                                                       % Yd.                   
                                                            [.alpha.].sub.D.sup
                                                            .26 C.%            
                  mmole g.        % Yd.          mmole                         
     __________________________________________________________________________
     --CH.sub.2 CH.sub.2 N(CH.sub.2 .phi.).sub.2                               
                  2.5   0.98 7.5   23.sup.1                                    
                                        +39  1.0 0.5.sup.2                     
                                                       85.sup.3                
                                                            +36 1.0            
     .phi.                                                                     
     --CH.sub.2 CH.sub.2 N.angle.                                              
                  5.3   2.2  15.sup.4                                          
                                  40    +55  0.4 ca.4.7.sup.5                  
                                                       38.sup.6,13             
                                                            +39 0.4            
      Et                                                                       
                  4.1   1.75 ca.10.sup.7                                       
                                  55    +50  1.5 1.8.sup.2                     
                                                       80.sup.3                
                                                            +40 1.0            
                  4.0   1.55 4.2.sup.8                                         
                                   18.sup.9                                    
                                        +52.5                                  
                                             0.48                              
                                                 0.6.sup.2,9                   
                                                       65.sup.3                
                                                            +44 0.7            
                  4.0   1.65 ca.14                                             
                                  [A] 25.sup.10                                
                                        --   --  0.48.sup.2                    
                                                       44.sup.3                
                                                            +82 0.3            
                                  [B] 18.sup.10                                
                                        --   --  0.42.sup.2                    
                                                       93.sup.3                
                                                            +44 0.5            
                  4.0   1.55 5.0.sup.8                                         
                                  [A] 44.sup.10                                
                                        +83.5                                  
                                             0.5 0.80.sup.2                    
                                                       78.sup.3                
                                                            +80 1.0            
                                  [B] 30.sup.10                                
                                        +37  0.5 0.53.sup.2                    
                                                       75.sup.3                
                                                            +31 0.5            
                  9.0   3.5  21.sup.11                                         
                                  77.sup.12                                    
                                        +98  0.7 4.7.sup.2                     
                                                       46.sup.3,13             
                                                            +94 0.6            
                  0.89  0.32 15.sup.14                                         
                                  23    +51.5                                  
                                             1.0 4.9.sup.2                     
                                                       100.sup.13              
                                                            +43 1.0            
                  2.6   0.82 10.sup.14                                         
                                  37    +54  0.8 0.9.sup.2                     
                                                       73.sup.13               
                                                            +47 1.1            
     __________________________________________________________________________
      NOTES TO TABLE I                                                         
      1. Wt. of insoluble steroid remaining after trituration with petrol to   
      remove 2.sup.1 -N,N-dibenzylaminoethanol.                                
      2. Pure.                                                                 
      3. % Yield with respect to pure nitrate ester.                           
      4. Reaction incomplete overnight. A further portion of                   
      2-N,N-ethylanilinoethanol (2.5g., 15 mmole) was added and the reaction   
      mixture was stirred at room temperature for a further 4.5 hr.            
      5. Crude nitrate ester from preceding step.                              
      6. % Yield with respect to pure                                          
      3.alpha.-nitro-oxy-5.alpha.-androstan-11-one 17.beta.-carboxylic acid.   
      7. Reaction incomplete overnight. A further portion of 2-N,N-ethyl       
      p-methoxyanilinoethanol (4.5 mmole) was added and the reaction mixture wa
      stirred at room temperature for a further 2 hr.                          
      8. Dry pyridine was added to remove hydrogen chloride.                   
      9. Mixture of diastereoisomers.                                          
      10. Single diastereoisomer.                                              
      11. Reagent was added as a suspension in dry pyridine (5 ml.).           
      12. During extraction of the nitrate ester, chloroform or ethyl acetate  
      was added to dissolve precipitated organic material. The crude product wa
      purified by crystallisation from chloroform/ether.                       
      13. The neutralisation to pH 6 was omitted from the work-up but the      
      chloroform extract was washed with aqueous 10% sodium bicarbonate.       
      14. Methylene chloride was added as co-solvent (10-20 ml./g.).           
PAC  EXAMPLE 21
PAC  Preparation of
      3.alpha.-hydroxy-17.beta.-morpholinoalkoxycarbonyl-5.alpha.-androstan-11-o
     nes.
PAC  (Table II)
PAL  Stage 1:
PAC  17.beta.-chloroalkoxycarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-ones
PAR  3.alpha.-Nitro-oxy-5.alpha.-androstan-11-one 17.beta.-carboxylic acid and
      oxalyl chloride (ca. 2.5 ml./g. of steroid) were refluxed in dry benzene
      (ca. 37 ml./g. of steroid) for 2 hr. and then evaporated to dryness. The
      residue was dissolved in a mixture of dry ether (ca. 20ml./mmole of
      steroid) and dry pyridine (ca. 2 ml./g. of steroid). The chlorohydrin
      (R.sub.1 OH, 4 mmole./g. of steroid) was added and the reaction mixture
      stirred at room temperature for 2 hr. before being washed with water,
      saturated aqueous sodium chloride solution, dried, filtered and evaporated
      to give the title compound as a residue which was purified either by
      recrystallisation or by preparative t.l.c.
PAL  Stage 2:
PAC  3.alpha.-Hydroxy-17.beta.-morpholinoalkoxycarbonyl-5.alpha.-androstan-11-on
     es
PAR  A mixture of
      17.beta.-chloroalkoxycarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one
      and morpholine (ca. 5 ml./g.) was gently refluxed (1/2 - 1 hr.) and then
      cooled and poured into aqueous sodium bicarbonate. Extraction with
      chloroform followed by the usual work-up procedures afforded the
      17.beta.-morpholinoalkoxycarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11
     -one as a gum. The crude nitrate was dissolved in glacial acetic acid (ca.
      15ml./g.) and zinc dust (3g./g. of steroid) added with stirring. After 45
      minutes the reaction mixture was diluted with chloroform and neutralised
      with aqueous 10% sodium carbonate. The product, obtained after washing and
      drying the chloroform extract, was purified by preparative t.l.c. to
      afford the pure title compounds.
PAC  NOTES TO TABLE II
PAR  1. Crude product.
PAR  2. Unpurified ester as obtained from the previous stage.
PAR  3. Yields of pure product.
PAR  4. Yield with respect to 3.alpha.-nitro-oxy-5.alpha.-androstan-11-one,
      17.beta.-carboxylic acid.
TBL                                    TABLE II.                               
     __________________________________________________________________________
     Preparation of 3.alpha.-hydroxy-17.beta.-morpholino alkoxycarbonyl-5.alpha
     .-androstan-11-ones.                                                      
     Stage 1                    Stage 2                                        
     Start.       Product       Start.           Product                       
     Material                                                                  
            R.sub.1             Material                                       
                                     R.sub.2                                   
     mmole.       Yd.%.sup.3                                                   
                       [.alpha.].sub.D                                         
                            C.% mmole.           Yd.%.sup.3                    
                                                      [.alpha.].sub.D          
                                                          C.%                  
     __________________________________________________________________________
     5.3  --(CH.sub.2).sub.3 Cl                                                
                  85   +61  0.9 2.2              82   +49 1.0                  
     5.3  --(CH.sub.2).sub.4 Cl                                                
                  42   +54.5                                                   
                            0.6 2.1              40   +42 0.4                  
     5.3  --(CH.sub.2).sub.5 Cl                                                
                  ca.90'                                                       
                       +61.5                                                   
                            0.5 cal.7.sup.2      47.sup.4                      
                                                      +47 1.0                  
     3.8  --(CH.sub.2).sub.6 Cl                                                
                  65   +58  0.5 ca2.8.sup.2      45.sup.4                      
                                                      +47 1.0                  
          CH.sub.2 Cl                                                          
     5.4  --CH.angle.                                                          
                  68   +57  0.9 0.98             15   +57 1.0                  
          CH.sub.2 Cl                                                          
     __________________________________________________________________________
PAC  EXAMPLE 22
PAC  2.beta.-Ethoxy-3.alpha.-hydroxy-17.beta.-(2-morpholinoethoxycarbonyl)-5.alp
     ha.-androstan-11-one
PAR  A solution of 2.beta.-ethoxy-3.alpha.-nitrato-5.alpha.-androstan 11-one
      17.beta.-carboxylic acid (510 mg.,) and oxalyl chloride (1.0 ml.) in dry
      benzene (25 ml.) was refluxed for 2.5 hr. and then evaporated to dryness.
      The residual 17.beta.-chlorocarbonyl-2.beta.-ethoxy-3.alpha.-nitrato
      5.alpha.-androstan-11-one (ca. 510 mg.) was dissolved in ether (15 ml.)
      and morpholino ethanol (1 ml.) added. After standing for 18 hr. the
      reaction mixture was diluted with ether, filtered, washed with water and
      dried. Filtration and evaporation afforded
      2.beta.-ethoxy-17.beta.-(2-morpholinoethoxycarbonyl)-3.alpha.-nitrato-5.al
     pha.-androstan-11-one (573 mg.) as an oil. This crude product (510 mg.) was
      dissolved in glacial acetic acid (10 ml.) and zinc dust (1.5 g.) added.
      After 1 hr. the reaction mixture was filtered, the solids being washed
      with chloroform. The filtrate was washed with water, aqueous 10% sodium
      bicarbonate, and water before being dried. Filtration and evaporation
      afforded a white foam which was purified by preparative t.l.c. to give the
      title compound (332 mg.); [.alpha.].sub.D + 50.degree..
PAC  EXAMPLE 23
PAC  17.beta.-ethoxycarbonylmethoxycarbonyl-3.alpha.-hydroxy-5.alpha.-androstan-
     11-one
PAR  Triethylamine (4.5 mmole) was added to a solution of
      3.alpha.-hydroxy-5.alpha.-androstan-11-one 17.beta.-carboxylic acid
      (1.025g.,) in warm acetone (50 ml.) followed by ethyl bromoacetate (6
      mmole) and the reaction mixture stood at room temperature overnight. The
      reaction was completed by refluxing for 1 hr., evaporating to dryness and
      partitioning the residue between water and ether. The ethereal solution
      was washed with water, dried, and evaporated to give a residue (1.61g.)
      which was purified by preparative t.l.c. to afford the pure title
      compound; [.alpha.].sub.D + 76.degree..
PAC  EXAMPLE 24
PAC  17.beta.-Cyanomethoxycarbonyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one
PAR  Triethylamine (4.5 mmole) was added to a solution of
      3.alpha.-hydroxy-5.alpha.-androstan-11-one 17.beta.-carboxylic acid
      (1.025g.) in warm acetone (50 ml.) followed by chloroacetonitrile (6
      mmole). After refluxing this mixture for 3 hr. further chloroacetonitrile
      (6 mmole) was added and refluxing continued for 4 hr. Removal of the
      solvent afforded a residue which was partitioned between ether and water.
      The ethereal solution was washed with water, dried (MgSO.sub.4) and
      evaporated, to give a foam (1.187g.) which was purified by preparative
      t.l.c. to afford the pure title compound; m.p. 142.degree.-146.degree.;
      [.alpha.].sub.D + 74.degree.,.
PAC  EXAMPLE 25
PAC  3.alpha.-Hydroxy-17.beta.-methoxycarbonyl-16.alpha.-methyl-5.alpha.-androst
     an-11-one
PAR  A solution of 3.alpha.-hydroxy-16.alpha.-methyl-5.alpha.-androstan-11-one
      17.beta.-carboxylic acid (1.og.) in dry 4% methanolic hydrogen chloride
      (20 ml.) was refluxed for 3 hrs., cooled and poured into water (200 ml.).
      After neutralisation the mixture was stirred (30 min.) and filtered to
      give a solid which, after passing through a small column of florisil and
      crystallisation from methylene chloride/cyclohexane, gave the title
      compound (580 mg.); m.p. 173.degree.-174.degree.; [.alpha.].sub.D +
      76.3.degree.,
PAC  EXAMPLE 26
PAC  2.beta.-Ethoxy-3.alpha.-hydroxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.al
     pha.-androstan-11-one salts (Dihydrogen citrate, hydrochloride, mesylate,
      dihydrogen phosphate)
PAR  Aqueous .sub.IO M citric acid (hydrochloric acid, methane sulphonic acid,
      phosphoric acid) (1 equivalent) was added to a solution of
      2.beta.-ethoxy-3.alpha.-hydroxy-17.beta.(2-morpholinoethoxycarbonyl)-5-and
     rostan-11-one in ethanol. This solution was evaporated to dryness, water
      added and the mixture filtered. The filtrate was diluted with water to
      give solutions of the title compounds at a concentration of 10 mg./ml.
      with respect to steroid free base taking into account the material removed
      by filtration.
PAC  EXAMPLE 27
PAC  2.beta.-Bromo-17.beta.-cyano-3.alpha.-hydroxy-5.alpha.-androstan-11-one
PAR  Aqueous 48% hydrobromic acid (60 ml.) was added to a solution of
      17.beta.-cyano-2.alpha.,3.alpha.-epoxy-5.alpha.-androstan-11-one (3.03g.)
      in chloroform (175ml.) and the mixture stirred at room temperature for 1
      hr. The organic phase was separated, washed with aqueous 10% sodium
      bicarbonate and water and dried. Filtration and evaporation followed by
      preparative t.l.c. afforded the pure title compound as a white froth
      (2.16g.); [.alpha.].sub.D + 68.5.degree., (c 0.6).
PAC  EXAMPLE 28
PAC  17.beta.-Cyano-3.alpha.-hydroxy-5.alpha.-androst-1-en-11-one.
PAR  A solution of
      2.beta.-bromo-17.beta.-cyano-3.alpha.-hydroxy-5.alpha.-androstan-11-one
      (3.0g.[60% pure]), dihydropyran (7.5 ml.) and p-toluenesulphonic acid (60
      mg.) in benzene (150 ml.) was stirred at room temperature for 15 minutes.
      The reaction mixture was washed with aqueous 10% sodium bicarbonate and
      water prior to being dried and evaporated to afford the tetrahydropyranyl
      ether as a gum. The gum was dissolved in dry dimethylacetamide (75 ml.) to
      which was added anhydrous lithium bromide (13.5g.) and calcium carbonate
      (10g.). This mixture was heated (100.degree.) for 6 hr. followed by
      cooling, dilution with chloroform and filtration. The chloroform solution
      was washed with water, dried, filtered and evaporated. The residue was
      dissolved in methanol containing aqueous 2N-hydrochloric acid (1 ml.).
      After 4 hr. at room temperature the methanol was removed by evaporation
      and chloroform added. This solution, after being washed with aqueous 10%
      sodium bicarbonate and water, was dried, filtered and evaporated to a gum
      which, after preparative t.l.c. and crystallisation from
      chloroform/petrol, yielded the pure title compound as white needles (418
      mg); m.p. 168.degree.-175.degree.; [.alpha.].sub. D + 31.5.degree..
PAC  EXAMPLE 29
PAC  3.alpha.-Hydroxy-17.beta.-methoxycarbonyl-3.beta.-methyl-5.alpha.-androstan
     -11-one
PAR  Bromine (0.54 ml.) was added to a solution of sodium hydroxide (1.5 g.) in
      water (13 ml.) at -5.degree. over a period of 5min. Cold dioxan (9 ml.)
      was then added and the resulting solution was added to a solution of
      3.alpha.-hydroxy-3.beta.-methyl-5.alpha.-pregnane-11,20-dione (1.0 g.) in
      dioxan (40 ml.) at 0.degree.. The resulting mixture was kept at 5.degree.
      for 1 hr., neutralised with concentrated hydrochloric acid and poured into
      water. Excess 2N-hydrochloric acid was then added and the precipitated
      solid was collected by filtration, dried in vacuo and dissolved in
      tetrahydrofutan (100 ml.). The resulting solution was treated with excess
      ethereal diazomethane at room temperature for 15 min. A few drops of
      acetic acid were then added and the mixture was partitioned between water
      and ether. The organic layer was washed with water, dried (MgSO.sub.4) and
      evaporated. Recrystallisation of the residue gave the title compound (0.49
      g., 45%) as white needles, m.p. 150.degree.; [.alpha.].sub.D + 77.degree.
      (c 1.0). (Found: C, 72.4; H, 9.2. C.sub.23 H.sub.34 O.sub.4 Inquires C,
      72.7; H, 9.4%)
PAC  EXAMPLE 30
PAC  3.alpha.-Hydroxy-17.beta.-methoxycarbonyl-5.alpha.-androst-1-en-11-one
PAR  A solution of
      2.beta.-bromo-3.alpha.-hydroxy-17.beta.-methoxycarbonyl-5.alpha.-androstan
     -11-one. (3.48g.,), dihydropyran (8 ml.) and p-toluenesulphonic acid (60
      mg.) in benzene (150 ml.) was stirred at room temperature for 15 minutes
      before being washed with aqueous 10% sodium bicarbonate and water. The
      benzene solution was dried and evaporated to give a gum which was
      dissolved in dimethylacetamide (120 ml.). After the addition of anhydrous
      lithium bromide (14.4g.) and calcium carbonate (11.2g.) the mixture was
      heated (100.degree.) for 6 hr. Cooling, dilution with chloroform and
      filtration gave a solution which was washed with water, dried, filtered
      and evaporated. The residue was dissolved in methanol (200 ml.) containing
      aqueous 2N hydrochloric acid (1 ml.) After 4 hr. the methanol was removed
      by evaporation and chloroform added. This solution, after being washed
      with aqueous 10% sodium bicarbonate and water, was dried, filtered and
      evaporated to an oil. The addition of ether resulted in crystallisation of
      the title compound (1.125g.); m.p. 172.degree.-175.degree.;
      [.alpha.].sub.D + 40.degree., (c 0.7).
PAC  EXAMPLE 31
PAC  3.alpha.-Hydroxy-17.beta.-(3'-morpholinopropoxycarbonyl)-5.alpha.-androstan
     -11-one
PAR  A solution of
      17.beta.(3'-morpholinopropoxycarbonyl)-5.alpha.-androstan-3,11-dione (140
      mg.) in isopropanol (1 ml.) was added to a "stock" solution of the
      chloroiridic acid reagent (7 ml.) which had been neutralised to ca. pH 6
      with triethylamine immediately prior to the addition. After refluxing for
      7 hr., isolation of the product afforded a gum (150 mg.) which, after
      purification by preparative t.l.c., gave the title compound as a white
      froth; 112 mg., [.alpha.].sub.D + 51.degree. (c, 0.6,).
PAC  EXAMPLE 32
PAR  (a) 11.alpha.-Hydroxy-19-norpregna-4,16-diene-3,20-dione
PAR  -A solution of 11.alpha.,17.alpha.-dihydroxy-19-norpregn-4-ene-3,20-dione
      (4 g.,) and semicarbazide hydrochloride (4 g.) in methanol (200 ml.) was
      refluxed for 2 hr. The methanol was then removed by distillation under
      reduced pressure and water was added to the residue. The precipitated
      solid was collected by filtration, washed with water and dried over
      P.sub.2 O.sub.5 in vacuo.
PAR  A solution of this solid in a mixture of glacial acetic acid (80 ml.),
      water (28 ml.) and pyruvic acid (4 ml.) was heated on a steam bath for 1
      hr. The resulting solution was concentrated under reduced pressure and
      partitioned between saturated aqueous sodium bicarbonate and ethyl acetate
      The organic layer was washed with water, dried (Na.sub.2 SO.sub.4) and
      evaporated to dryness. The residue was subjected to preparative
      t.l.c.(CHCl.sub.3, (CH.sub.3) .sub.2 CO: 15 : 1,) and crystallised from
      acetone/petrol to afford title compound (1.6 g.) as white needles, m,p.
      149.degree..
PAC  (b) 19-nor-5.alpha.-pregna-3,11,20-trione
PAR  A solution of 11.alpha.-hydroxy-19-norpregna-4,16-diene-3,20-dione in dry
      tetrahydrofuran (200 ml.) was added over 5 mins. to a solution of lithium
      (5 g.) in liquid ammonia (2.5 litres). The solution was then left for
      30min. Ethanol (ca. 100ml.) was then added until the blue colour had been
      discharged and the ammonia was then allowed to evaporate. The residue was
      partitioned between water and ether. The organic layer was washed, dried
      (Na.sub.2 SO.sub.4) and evaporated to give crude
      3.epsilon.,11.alpha.,20.epsilon.-trihydroxy-19-nor-5.alpha.-pregnane (1.5
      g.)
PAR  A solution of this in acetone (40 ml.) was treated dropwise with Jones
      reagent (5 ml) [a solution of chromium trioxide (267 g.) in a mixture of
      concentrated sulphuric acid (230 ml.) and water (400 ml.) made up to 1
      liter with water (8N w.r.t. oxygen)], at room temperature. The resulting
      solution was partitioned between water and ethyl acetate. The organic
      layer was washed with water, dried (Na.sub.2 SO.sub.4) and evaporated. The
      residue was subjected to preparative t.l.c. (CHCl.sub.3) and
      recrystallised from acetone/petrol to afford title compound (0.44 g.)
PAC  (c) 3.alpha.-Hydroxy-19-nor-5.alpha.-pregnane-11,20-dione
PAR  A solution of 19-nor-5.alpha.-pregnane-3,11,20-trione (0.9 g., 0.28 mmole))
      in "stock" chloroiridic solution (75 ml.) was refluxed for 24 hr. The
      solution was then cooled, partitioned between water and ether and the
      organic layer was washed well with water, dried (Na.sub.2 SO.sub.4) and
      evaporated. The residue was subjected to preparative t.l.c. (EtOH) and
      recrystallised from acetone to afford title compound (0.6 g;) as white
      needles, m.p. 154.degree., [.alpha.].sub.D + 200.degree..
PAC  3.alpha.-Hydroxy-17.beta.-methoxycarbonyl-19-nor-5.alpha.-androstan-11-one
PAR  Bromine (5.25 ml.) was added to a stirred solution of sodium hydroxide
      (14.7 g.) in water (110 ml.) at -5.degree. at such a rate so as to
      maintain the temperature between -5.degree. and 0.degree.. Cooled dioxan
      (85 ml.) was added and the mixture kept at 0.degree.. A portion (9 ml.) of
      this solution was added to a solution of
      3.alpha.-hydroxy-19-nor-5.alpha.-pregnane-11,20-dione (0.4 g.) in dioxan
      (15 ml.) and water (4 ml.) at 8.degree. and the resulting mixture was
      stirred for 3 hr. between 5.degree. and 10.degree.. A solution of sodium
      sulphite (250 mg.) in water (1 ml.) was added and the mixture was refluxed
      for 15 min. The hot solution was acidified with hydrochloric acid to pH 3,
      filtered hot and evaporated until crystallisation had begun. Water (80
      ml.) was added with stirring and the resulting precipitate was collected
      by filtration, washed and dried over P.sub.2 O.sub.5 in vacuo.
PAR  A solution of this solid (174 mg.) in methanol (5 ml.) and ether (5 ml.)
      was treated at 0.degree. with an excess of dry ethereal diazomethane
      prepared by adding N-nitrosomethylurea (5 g.) to a stirred mixture of
      ether (50 ml.) and 50% w/v aqueous potassium hydroxide (15 ml.) at
      5.degree.. The ether layer was decanted and dried over potassium hydroxide
      pellets. The solution was left at 0.degree. for 5 minutes, and then a drop
      of acetic acid was added. The resulting solution was diluted with ether
      (100 ml.) washed successively with saturated aqueous sodium bicarbonate
      and water, dried (Na.sub.2 SO.sub.4) and evaporated. The residue was
      recrystallised from acetone/petrol to afford title compound (115 mg.) as
      white needles, m.p. 145.degree.; [.alpha.].sub.D + 140  (c 0.8);
PAC  EXAMPLE 33
PAC  3.alpha.-Hydroxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.beta.-andro
      stan-11-one
PAR  A solution of
      3.alpha.-nitro-oxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.beta.-androsta
     n-11-one (606 mg.) in glacial acetic acid (15 ml.) was stirred for 1 hour
      with zinc powder (1.25 g.). The zinc was removed by filtration, washed
      with chloroform (300 ml.). The combined filtrates were washed with water,
      saturated sodium bicarbonate solution, water, dried (Na.sub.2 SO.sub.4)
      and evaporated to a white foam (553 mg.). Purification of this foam by
      preparative t.l.c. (CHCl.sub.3) yielded title compound, 384 mg. as an
      offwhite foam; [.alpha.].sub.D + 54.degree. (c 1.066).
PAC  EXAMPLE 34
PAC  3.alpha.-Hydroxy-17.beta.(2'-morpholinoetnoxycarbonyl)-5.beta.-androstane
PAR  Zinc dust (4.0 g.) was added to a stirred solution of
      3.alpha.-nitro-oxy-17.beta.(2'-morpholinoethoxycarbonyl)-5.beta.-androstan
     e (2.33 g.) in glacial acetic acid (40 ml.). After 20 minutes the reaction
      mixture was diluted with chloroform (100 ml.) and neutralised with aqueous
      sodium carbonate (10%). After filtration and separation the organic phase
      was washed with water, dried (MgSO.sub.4), filtered and evaporated to give
      a white froth (2.29 g.). A sample (490 mg.) was purified by preparative
      t.l.c. (ethanol/chloroform 1:19), to give a froth which was
      rechromatographed (ethanol/acetone 1:49) to give title compound (222 mg.)
      as a white froth; [.alpha.].sub.D + 35.degree., (c 0.75%).
PAC  EXAMPLE 35
PAC  3.alpha.-Hydroxy-17.beta.(2'-morpholinoethoxycarbonyl)-5.alpha.-androstane
PAR  A solution of
      17.beta.(2'-morpholinoethoxycarbonyl)-5.alpha.-androstan-3-one (750 mg.)
      in the minimum volume of isopropanol was added to a stock solution (35
      ml.) of chloroiridic acid/trimethyl phosphite complex preneutralised to
      pH5 with triethylamine (3 ml.). This solution, after being refluxed for
      4.5 hours, was poured into water and extracted with chloroform. The
      chloroform solution was washed with water, dried (MgSO.sub.4) and filtered
      through a short column of florisil before evaporation to a gum (740 mg.).
      Purification by preparative t.l.c. (ethanol/chloroform 1:19) afforded
      title compound (545 mg.) as a white froth; [.alpha.].sub.D + 37.8, (c
      0.9%).
PAC  EXAMPLE 36
PAC  17.beta.-Cyano-3.alpha.-hydroxy-5.beta.-androstan-11-one
PAR  Zinc dust (1.0 g.) was added to a solution of
      17.beta.-cyano-3.alpha.-nitro-oxy-5.beta.-androstan-11-one (500 mg.)
      dissolved in glacial acetic acid (7.5 ml.) and tetrahydrofuran (5 ml.).
      After stirring at room temperature for 15 minutes the reaction mixture was
      diluted with chloroform (50 ml.) and neutralised (ca. pH6) with aqueous
      sodium carbonate (10%). The organic phase was separated, filtered, washed
      with water and dried (MgSO.sub.4). The chloroform solution was evaporated
      to give title compound (500 mg.) as a white froth.
PAR  An analytical sample was obtained by preparative t.l.c. (ethanol/chloroform
      1:49): m.p. 190.degree.-2.degree.; [.alpha.].sub.d : 78.degree., (c 0.6%).
PAC  EXAMPLE 37
PAC  17.beta.-Cyano-3.alpha.-hydroxy-5.beta.-androstane
PAR  Zinc dust (1.0 g.) was added to a solution of
      17.beta.-cyano-3.alpha.-nitro-oxy-5.beta.-androstane (750 mg.) dissolved
      in glacial acetic acid (10 ml.) and stirred at room temperature for 15
      minutes. The reaction mixture was diluted with chloroform (50 ml.),
      filtered and washed with water, aqueous sodium bicarbonate and water.
      Drying (MgSO.sub.4), filtration and evaporation afforded a crystalline
      solid (674 mg.). Recrystallisation (x 2) from chloroform/petrol afforded
      title compound as white needles; m.p. 156.5-158.5.degree.; [.alpha.].sub.D
      + 77.degree., (c 1.3%).
PAC  EXAMPLE 38
PAC  17.beta.-Cyano-3.alpha.-hydroxy- 5.alpha.-androstane
PAR  A solution of 17.beta.-cyano-5.alpha.-androstan-3-one (1.0 g.) in the
      minimum volume of isopropanol (ca. 75 ml.) was added to a stock solution
      of chloroiridic acid/trimethyl phosphite complex (50 ml.) preneutralised
      to pH4 with triethylamine (4 ml.). This solution, after being refluxed for
      20 hours, was poured into water (200 ml.) and extracted with chloroform.
      The chloroform solution was washed with water, dried (MgSO.sub.4),
      filtered and evaporated to a gum (1.13 g.). This was subjected to
      preparative t.l.c. eluting successively with ethanol/chloroform (1:49) and
      ethyl acetate/benzene (1:19). The main band was removed between the eluant
      change and the final elution was repeated four times before removing the
      main band. This gave pure title compound (195 mg.) as a white solid; m.p.
      156.degree.-159.degree.; [.alpha.].sub.D + 56.degree. (c 0.4%).
PAC  EXAMPLE 39
PAC  17.beta.-Cyano-3.alpha.-hydroxy-5.alpha.-androst-1-ene
PAR  p-Toluenesulphonic acid (10 mg.) was added to a stirred solution of
      2.beta.-bromo-17.beta.-cyano-3.alpha.-hydroxy-5.alpha.-androstane (2.65
      g.,) and dihydropyran (10 ml.) in dry benzene (200 ml.). After 45 minutes
      at room temperature the solution was washed with aqueous 10% sodium
      bicarbonate (25 ml.) and water prior to being dried (MgSO.sub.4), filtered
      and evaporated to give crude
      2.beta.-bromo-17.beta.-cyano-3.alpha.-(tetrahydropyran-2'.xi.-yloxy)-5.alp
     ha.-androstane. A mixture of calcium carbonate (15 g.), anhydrous lithium
      bromide (22.5 g.) and the tetrahydropyranyl derivative in
      dimethylacetamide (100 ml.) was stirred and heated on an oil bath
      (110.degree.) for 6 hours. After cooling, the reaction mixture was diluted
      with chloroform and washed with water before drying (MgSO.sub.4)
      filtration and evaporation to a residue which was dissolved in methanol
      (100 ml.) and aqueous 2N hydrochloric acid (2 ml.). After 21/2 hours at
      room temperature and methanol was removed by evaporation and the residue
      dissolved in chloroform (25 ml.). This solution was washed with aqueous
      10% sodium bicarbonate (25 ml.) and water (25 ml.) before drying
      (MgSO.sub.4), filtration and evaporation to a gum (2.55 g.). A sample (1.0
      g.), after preparative TLC eluting with acetone/petrol (1:2,), afforded
      title compound (230 mg.,) as a white froth; [.alpha.].sub.D 0.degree., (c
      0.3). A sample was recrystallised from ether/petrol (x2); m.p.
      129.degree.-133.degree.; [.alpha.].sub.P 4.degree., c 0.5.
PAC  EXAMPLE 40
PAR  3.alpha.-Hydroxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.beta.-androstan-1
     1-one-citrate
PAR  A solution of
      3.alpha.-hydroxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.beta.-androstan-
     11-one (112 mg., 0.25 mmole) in ethanol (2 ml.) was treated with 0.01 N
      aqueous citric acid (2.5 ml; 0.25 mmole) and the resulting mixture was
      evaporated to dryness. The residue was treated with water (1.1 ml) to give
      an aqueous solution of the title compound (10% with respect to free
      steroidal base).
PAR  This solution was diluted further and clarified until the total volume was
      11.2 ml. therby giving an aqueous solution (pH 3.5) of the title compound
      (10 mg.ml.sup.-.sup.1. with respect to steroid).
PAC  EXAMPLE 41
PAR  3.alpha.-Hydroxy-2.beta.-methyl-17.beta.-(2'-morpholinoethoxycarbonyl)-5.al
     pha.-androstan-11-one
PAR  2.beta.-Methyl-3.alpha.-nitro-oxy-11-oxo-5.alpha.-androstane-17.beta.-carbo
     xylic acid (1.17g.) and oxalyl chloride (3 ml.) in dry benzene (150 ml.)
      were refluxed gently for 3 hours, and the solution was then evaporated to
      a white foam (1.2 g.) which was dissolved in dry ether (100 ml.), dry
      dichloromethane (12 ml.) and morpholinoethanol (8.25 ml.). The solution
      was stirred at room temperature for 60 hours, and it was then washed
      (NaHCO.sub.3 solution and H.sub.2 O), dried and evaporated to a residue
      (1.2g.) which was purified by preparative t.l.c. (CHCL.sub.3 with 2% ETOH)
      to give
      2.beta.-methyl-17.beta.-(2'-morpholinoethoxycarbonyl)-3.alpha.-nitro-oxy-5
     .alpha.-androstan-11-one (64-mg.) as a white foam.
PAR  A solution of this in glacial acetic acid (10 ml.) was treated with zinc
      dust (750 mg.), and the cooled (15.degree.C) mixture was stirred for 11/2
      hr. Chloroform (50 ml.) was added and the filtered solution was washed
      (H.sub.2 O, NaHCO.sub.3 solution, and H.sub.2 O again), dried and
      evaporated to a foam (570 mg.) which was purified by preparative t.l.c.
      (CHCL.sub.3 with 3% ETOH) to give the title compound (150 mg.) as a white
      foam, [.alpha.].sub.D 71.degree..
PAC  EXAMPLE A
PAR  0.065 g. of
      17.beta.-ethoxycarbonyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one were
      dissolved in 2 g. of Tween 80. The system was mechanically agitated at
      70.degree. in a stream of N.sub.2 until the steroid was dissolved. The
      resulting solution was diluted with sterile distilled water containing
      0.025 g. of sodium chloride to give a final volume of 10 ml.
PAC  EXAMPLE B
PAR  0.05 g. of 17.beta.-cyano-3.alpha.-hydroxy-5.beta.-androstan-11-one were
      dissolved in 2 ml. of acetone at 20.degree.C. The resulting solution was
      added to 2g of Cremophor EL at 20.degree.C and stirred until homogeneous.
      The acetone was removed in a vigorous stream of nitrogen. The solution was
      diluted with sterile distilled water containing 0.05g of sodium chloride
      to give a final volume of 10ml.
PAR  The following preparations illustrate the production of some of the
      starting materials used in the Examples.
PAC  Preparation 1
PAC  17.beta.-Methoxycarbonyl-3.beta.-toluene-p-sulphonyloxy-5.alpha.-androstan-
     11-one
PAR  3.beta.-Hydroxy-17.beta.-methoxycarbonyl-5.alpha.-androstan-11-one (4.75
      g.) and toluene-p-sulphonyl chloride (5 g.) in pyridine (50 ml.) were
      allowed to stand at room temperature for four days. Water (10 ml.) was
      added, the resulting solution was stirred for an hour and was then poured
      into stirred water (1.1). The mixture was acidified with hydrochloric acid
      and the product collected, washed well with water and dried over sodium
      hydroxide in vacuo. Recrystallisation from chloroform/hexane containing a
      trace of ether afforded pure title compound (3.4 g.) as needles; m.p.
      158.degree.-160.degree.; [.alpha.].sub.D + 42.5.degree., (c 1.09).
PAC  Preparation 2
PAC  17.beta.-Methoxycarbonyl-5.alpha.-androstan-2-en-11-one
PAR  A solution of
      17.beta.-methoxycarbonyl-3.beta.-toluene-p-sulphonyloxy-5.alpha.-androstan
     -11-one (1.01g.) in hot collidine (5 ml.) was refluxed for 30 minutes. The
      solution was cooled and poured into diluted hydrochloric acid and ice, and
      stirred. The product was filtered, washed with water, dried and purified
      by filtering it through a column of alumina, eluting with ether. The
      eluate was evaporated to a residue and crystallisation from ether and
      hexane gave title compound (340 mg.) as colourless rods; m.p.
      169.degree.-175.degree.; [.alpha.].sub.D + 139.degree..
PAC  Preparation 3
PAC  2.alpha.,3.alpha.-Epoxy-17.beta.-methoxycarbonyl-5.alpha.-androstan-11-one
PAR  17.beta.-Methoxycarbonyl-5.alpha.-androst-2-en-11-one (6.63 g.) and
      m-chloroperbenzoic acid (4.84 g.) were stirred with chloroform (115 ml.)
      for 16 hours. The solution was diluted with chloroform, washed with 2%
      aqueous potassium hydrogen carbonate, dried (MgSO.sub.4) and evaporated to
      a gum. Crystallisation from ethyl acetate/light petroleum afforded pure
      title compound. (1.64 g.) as colourless rods; m.p.
      140.degree.-145.degree.; [.alpha.].sub.D + 74.2.degree..
PAC  Preparation 4
PAC  3.alpha.,20.beta.,21-Trihydroxy-5.alpha.-pregnan-11-one
PAR  3.alpha.,21-Dihydroxy-5.alpha.-pregnane-11,20-dione (1 g.) in ethanol (50
      ml.) was stirred for 20 minutes with sodium borohydride (110 mg.) in water
      (5 ml.). A little glacial acetic acid was added and the solution was
      evaporated to small volume, poured into water and extracted with
      chloroform. The extract was washed with water, dried and evaporated to a
      foam, which was crystallised from methyl acetate to give title compound
      (633 mg.) as colourless needles; m.p. 222.degree.-223.degree.;
      [.alpha.].sub.D + 36.degree..
PAC  Preparation 5
PAC  17.beta.-Chlorocarbonyl-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one
PAR  3.alpha.-Nitro-oxy-11-oxo-5.alpha.-androstane-17.beta.-carboxylic acid (500
      mg.) and oxalyl chloride (2 ml.) were refluxed with dry benzene (50 ml.).
      After 5 hours the solvents were removed under reduced pressure and the
      resultant froth was triturated with dry ether (70 ml.). The solution was
      filtered, evaporated and dried in vacuo to give title compound (353 mg.)
      .nu..sub.max. 1780, 1705 and 1620 cm.sup.-.sup.1 in bromoform.
PAC  Preparation 6
PAC  3.alpha.-Nitro-oxy-11-oxo-5.alpha.-androstane-17.beta.-carboxylic acid
PAR  Fuming nitric acid (13 ml.) was added slowly with stirring to acetic
      anhydride (40 ml.) between -5.degree. and 0.degree.. This nitrating
      mixture was stirred with a solution of
      3.alpha.-hydroxy-11-oxo-5.alpha.-androstane-17.beta.-carboxylic acid (8
      g.) in chloroform (240 ml.) for 1 hour, between -5.degree. and 0.degree..
      The mixture was poured into 2N-sodium hydroxide solution and stirred for
      30 minutes. The mixture was extracted with chloroform and the combined
      extracts were washed with water and evaporated to a residue. The residue
      was stirred for 1 hour with ethanol (50 ml.), ether (250 ml.) and water
      (500 ml.), the pH being adjusted to 10-11 with sodium hydroxide. The
      aqueous layer was acidified with hydrochloric acid and extracted with
      chloroform. The extract was washed with water, dried (Na.sub.2 SO.sub.4)
      and evaporated to a residue. Crystallisation from chloroform and benzene
      gave title compound (4.707 g.) as colourless rods, m.p.
      214.degree.-218.degree. (dec.), [.alpha.].sub.D + 73.degree..
PAC  Preparation 7
PAC  3.alpha.-Hydroxy-11-oxo-5.alpha.-androstane-17.beta.-carboxylic acid
PAR  A solution of sodium hydroxide (2.1 g.) in water (18 ml.) was stirred at
      -5.degree. and bromine (0.75 ml.) was added slowly, the temperature being
      maintained between -5.degree. and 0.degree.. Cold dioxan (12 ml.) was
      added. This sodium hypobromite solution was stirred at 0.degree. until
      required.
PAR  3.alpha.-Hydroxy-5.alpha.-pregnane-11,20-dione (1.4 g.) was dissolved in
      dioxan (55 ml.) and water (16 ml.) and stirred at 5.degree.. The sodium
      hypobromite solution was added and the mixture stirred for 3 hours between
      5.degree. and 10.degree..
PAR  Sodium sulphite heptahydrate (800 mg.) in water (5 ml.) was added and the
      mixture refluxed for 15 minutes.
PAR  The mixture was acidified while hot with concentrated hydrochloric acid,
      filtered, evaporated until crystals appeared and extracted into
      chloroform. The extract was washed with water, dried and evaporated to a
      residue which was crystallised from benzene, chloroform and petrol to give
      title compound (660 mg.) as colourless needles; m.p.
      265.degree.-270.degree.,
PAC  Preparation 8
PAC  5.alpha.-Androst-2-en-11-one-17.beta.-carboxylic acid
PAR  A solution of 17.beta.-methoxycarbonyl-5.alpha.-androst-2-en-11-one
      (4.6g.,) in 3% ethanolic potassium hydroxide (50 ml.) was refluxed under
      N.sub.2 for 36 hr. and then concentrated to small volume prior to pouring
      into water. After acidification the solid product was filtered, dried and
      recrystallised from chloroform/benzene to give the title compound (2.53
      g.), m.p. 201.degree.-214.degree.; [.alpha.].sub.D + 129.degree.
PAC  Preparation 9
PAC  2.alpha.,3.alpha.-epoxy-5.alpha.-androstan-11-one-17.beta.-carboxylic acid.
PAR  A solution of 5.alpha.-androst-2-en-11one 17.beta.-carboxylic acid (1.397
      g.) and m-chloroperbenzoic acid (850 mg.) in chloroform (20 ml.) was
      stirred at room temperature for 3.25 hr. and then diluted with chloroform
      (75 ml.) prior to washing with 10% aqueous sodium bicarbonate and water.
      The chloroform solution was dried, filtered and evaporated to give a foam
      (1.04g.) which, after preparative t.l.c. afforded the pure title compound
      as a foam; [.alpha.].sub.D + 69.degree., (c 0.3).
PAC  Preparation 10
PAC  2.beta.-Ethoxy-3.alpha.-hydroxy-5.alpha.-androstan-11-one-17.beta.-carboxyl
     ic acid
PAR  A solution of
      2.alpha.,3.alpha.-epoxy-5.alpha.-androstan-11-one-17.beta.-carboxylic acid
      (940 mg.) and concentrated sulphuric acid (0.25 ml.) in dry ethanol (30
      ml.) was stirred at room temperature for 30 minutes. Water (100 ml.) was
      added and the reaction mixture extracted with chloroform. The chloroform
      solution was washed with water, dried, filtered and evaporated to give a
      froth which solidified when triturated with chloroform/petrol. Filtration
      afforded the solid crude product (752 mg.) which, after recrystallisation
      from ethanol/water, afforded the pure title compound; m.p.
      249.degree.-260.degree.; [.alpha.].sub.D + 74.degree., (c 0.33).
PAC  Preparation 11
PAC  2.beta.-Ethoxy-3.alpha.-nitro-oxy-5.alpha.-androstan-11-one
      17.beta.-carboxylic acid
PAR  Fuming nitric acid (1.3 ml.) was added dropwise to acetic anhydride (4 ml.)
      keeping the temperature of the reaction mixture between -5.degree. and
      0.degree.. A solution of
      2.beta.-ethoxy-3.alpha.-hydroxy-5.alpha.-androstan-11-one
      17.beta.-carboxylic acid (806 mg.) in chloroform (30 ml.) was added to the
      nitrating agent keeping the temperature between -5.degree. and 0.degree.
      for ca. 1 hr. The reaction mixture was poured into aqueous 2N sodium
      hydroxide (29 ml.) and, after stirring for 20 min., separated, the aqueous
      phase being further extracted with chloroform. The residue, after
      evaporation of the chloroform was dissolved in ether (25 ml.), ethanol (5
      ml.) and water (50 ml.) before being made alkaline. The aqueous phase was
      separated, acidified and extracted with chloroform. The extract afforded,
      after being washed, dried, filtered and evaporated, the title compound as
      a white foam (570 mg.); [.alpha.].sub.D + 77.degree.,
PAC  Preparation 12
PAC  3.alpha.-Hydroxy-16.alpha.-methyl-5.alpha. -androstan-11-one
      17.beta.-carboxylic acid.
PAR  A solution of sodium hydroxide (7.35g.) in water, (55 ml.) was stirred at
      -5.degree. and bromine added slowly maintaining the temperature between
      -5.degree. and 0.degree.. Cold dioxan (45 ml.) was added and the pale
      yellow sodium hypobromite solution stirred at 0.degree. until required.
      3.alpha.-Hydroxy-16.alpha.-methyl-5.alpha.-pregnane-11, 20-dione (5.0g.)
      was dissolved in dioxan (200 ml.) and water (55 ml.). The hypobromite
      solution was added over 5 min. and the resulting mixture kept between
      5.degree. and 10.degree. with stirring for 3 hr. Sodium sulphite
      heptahydrate (2.8g.) in water (15 ml.) was added and the solution refluxed
      for 15 min. The mixture was acidified and concentrated to incipient
      crystallisation before pouring into water (1 1.). Filtration afforded the
      title compound (3.85g.); m.p. 265.degree.-268.degree..
PAC  Preparation 13
PAC  17.beta.-Carbamoyl-5.alpha.-androst-2-en-11-one
PAR  A solution of 5.alpha.-androst-2-en-11-one 17.beta.-carboxylic acid (6.3g.)
      in dry benzene (200 ml.) and oxalyl chloride (15.75 ml.) was refluxed for
      1.5 hr. The mixture was evaporated to give
      17.beta.-chlorocarbonyl-5.alpha.-androst-2-en-11-one as a gum which shaken
      with 880 ammonia (100 ml.), benzene (32 ml.) and water (32 ml.) After 1
      hr. the mixture was extracted with ether. The ethereal solution was washed
      (H.sub.2 O), dried and evaporated to give a froth. Crystallisation from
      chloroform/petrol afforded the title compound (1.9g.); m.p.
      92.degree.-96.degree.; [.alpha.].sub.D +  95.5.degree., (c 0.75).
PAC  Preparation 14
PAC  17.beta.-Cyano-5.alpha.-androst-2-en-11-one
PAR  17.beta.-Carbamoyl-5.alpha.-androst-2-en-11-one (4.0g., 13 mmole) and
      polyphosphate ester (20g.) were refluxed in chloroform (200 ml.) for 20
      hr. The chloroform was removed by evaporation and the residue stirred with
      aqueous 10% sodium carbonate (150 ml.) for an hour. The mixture was
      extracted with ether and the extract washed (H.sub.2 O), dried filtered
      and evaporated to give a solid which, after recrystallisation from
      chloroform/cyclohexane, gave the title compound (2.17g); m.p.
      189.degree.-191.degree.; [.alpha.].sub.D + 152.degree., (c 0.9).
PAC  Preparation 15
PAC  17.beta.-Cyano-2.alpha.,3.alpha.-epoxy-5.alpha.-androstan-11-one
PAR  A solution of 17.beta.-cyano-5.alpha.-androst-2-en-11-one (2.8g.) and 85%
      m-chloroperbenzoic acid (2.0g.) in chloroform (50 ml.) was stirred for 1.5
      hour at room temperature and then diluted with chloroform (75 ml.). This
      solution was washed with aqueous 10% sodium bicarbonate and water prior to
      drying. Filtration and evaporation afforded a solid (3.18g.) which was
      recrystallised from ether/petrol to afford the pure title compound; m.p.
      206.degree.-208.degree.; [.alpha.].sub.D + 93.degree., (c 0.7).
PAC  Preparation 16
PAC  3.alpha.-Hydroxy-16.alpha.-methyl-5.alpha.-pregnane-11,20-dione
PAR  To a stirred slurry of cuprous iodide (950 mg) in dry ether (75 ml) under
      dry nitrogen at 0.degree. was added a solution of methyl-lithium in ether
      (1.6M; 6 ml.) until the initially formed yellow precipitate just
      rediseolved to give a clear solution. To the stirred solution at 0.degree.
      was added a solution of 3.alpha.-hydroxy-5.alpha.-pregn-16-ene-11,20-dione
      (600 mg) in dry tetrahydrofuran (50 ml.). During the addition a bright
      yellow precipitate formed. The mixture was stirred at 0.degree. for 30
      minutes, and then poured into cold, saturated ammonium chloride solution
      (200 ml.) More ether (200 ml) was added and the organic layer was
      separated, washed with saturated ammonium chloride solution (200 ml) and
      with water (200 ml.) dried over sodium sulphate and purified by
      preparative t.l.c. in ethyl acetate to give a product which was further
      purified by preparative t.l.c. in ethyl acetate/chloroform, 1/1 to give a
      white solid (380 mg) which was recrystallised from ether/petrol to give
      title compound (248 mg) as colourless plates, m.p.
      138.degree.-140.degree., [.alpha.].sub.D + 99.degree., (c 0.95).
PAC  Preparation 17
PAC  2'-N,(N-ethyl, p-methoxyanilino) ethanol.
PAR  N-Ethyl anisidine hydrochloride (15g.) was dissolved in aqueous 2N sodium
      hydroxide (65 ml.) and the free base extracted with ether. After removal
      of the ether the amine was heated to ca 120.degree. while ethylene
      chlorohydrin was added over 15 min. The reaction mixture was heated for a
      further 45 min. cooled and stood at room temperature overnight before
      being poured into aqueous 5N sodium hydroxide. Extraction with benzene
      followed by distillation at reduced pressure afforded the title compound
      (7.7g.); b.p. 135.degree.-140.degree./0.2 mm;
PAC  Preparation 18
PAC  17.beta.(3'-Morpholinopropoxycarbonyl)-5.alpha.-androstane-3,11-dione
PAR  Jones reagent (0.4 ml.) was added to a solution of
      3.alpha.-hydroxy-17.beta.(3'-morpholinopropoxycarbonyl)-5.alpha.-androstan
     -11-one (325 mg.) in acetone (5 ml.). After stirring (20 min.) the reaction
      mixture was diluted with chloroform and washed with aqueous 10% sodium
      bicarbonate and water. The chloroform solution was dried, filtered and
      evaporated to give a gum (238 mg.) which, after purification by
      preparative thick layer chromatography, afforded the pure title compound;
      .nu..sub.max..sup. CHBr.sbsp.3 1703 (-C=O) and 1720 cm.sup.-.sup.1
      (-COOR), (-OH absent).
PAC  Preparation 19
PAC  (a) (3R)-20-20-Ethylenedioxy-11-oxo-5.alpha.-pregnane-3-spiro-2'-oxirane
PAR  A mixture of sodium hydride (17 mg.), trimethylsulphoxonium iodide (300
      mg.) and dimethyl sulphoxide (2 ml.) was stirred under nitrogen at room
      temperature for 1 hr. 5.alpha.-Pregnane-3,11,20-trione 20-ketal (100 mg.)
      was then added and the resulting mixture was stirred for a further 2 hr.
      and poured into water. The precipitated solid was collected by filtration,
      washed with water and dried over P.sub.2 O.sub.5 in vacuo.
      Recrystallisation from acetone/petroleum ether gave the title compound (50
      mg., 46%), as white needles, m.p. 176.degree.-177.degree.; [.alpha.].sub.D
      + 49.degree. .
PAC  (b)
      20,20-Ethylenedioxy-3.beta.-methyl-5.alpha.-pregnane-3.alpha.,11.beta.-dio
PAR  A solution of (3R)-20,20
      -ethylenedioxy-11-oxo-5.alpha.-pregnane-3-spiro-2'-oxirane (1.0 g.) in
      tetrahydrofuran (5 ml.) was added to a stirred suspension of lithium
      aluminum hydride (0.5 g.) in ether (15 ml.). The resulting mixture was
      refluxed for 2 hr. treated with saturated aqueous ammonium chloride and
      partitioned between water and ether. The organic layer was washed with
      water, dried (Na.sub.2 SO.sub.4) and evaporated. Recrystallisation of the
      residue from acetone gave the title compound (0.9 g., 90%) as white
      needles, m.p. 162.degree., [.alpha.].sub.D + 35.degree. (Found: C, 72.8;
      H, 10.2. C.sub.24 H.sub.40 O.sub.4. 1/4 H.sub.2 O requires C,72.8; H,
      10.3%).
PAC  (c) 3.alpha.-Hydroxy-3.beta.-methyl-5.alpha.-pregnane-11,20-dione.
PAR  A solution of
      20,20-ethylenedioxy-3.beta.-methyl-5.alpha.-pregnane-3.alpha.,11.beta.-dio
     l (1.5 g) in acetone (60 ml.) was treated with a solution of potassium
      dichromate (1.5 g.) in 2N-sulphuric acid (15 ml.) at room temperature for
      2 hr. The mixture was then poured into water and the precipitated solid
      was collected by filtration, washed with water and dried over phosphorus
      pentoxide in vacuo. Recrystallisation from acetone-petroleum ether gave
      the title compound (0.75 g; 60%) as white needles, m.p. 175.degree.;
      [.alpha.].sub.D + 116.degree. (Found: C, 75.7; H, 9.8. C.sub.22 H.sub.34
      O.sub.3 requires C, 75.5; H, 9.9%).
PAC  Preparation 20
PAC  3.alpha.-Nitro-oxy-11-oxo-5.beta.-androstane-17.beta.-carboxylic acid
PAR  Fuming nitric acid (10 ml.) was added slowly to stirred acetic anhydride
      (30 ml.) at -5.degree., the temperature being maintained between
      -10.degree. and 0.degree. during the addition. A solution of
      3.alpha.-hydroxy-11-oxo-5.beta.-androstane-17.beta.-carboxylic acid (5.02
      g.) in hot chloroform (750 ml.) was allowed to cool and then added slowly,
      with stirring, to the nitrating mixture. The mixture was stirred between
      -10.degree. and 0.degree. for one hour and then poured into stirred
      aqueous 2N sodium hydroxide (250 ml.), to give a resultant solution of
      pH4. After 1/2 hour, the chloroform layer was separated, and the aqueous
      layer extracted again with chloroform. The combined extracts were washed
      with water and evaporated to residue. Ethanol (50 ml.) was added, followed
      by 2N aqueous sodium hydroxide, water and ether, carefully, with stirring,
      keeping the steroid in solution, until the aqueous layer was about 500 ml.
      at pH 10-11, and 250 ml. of ether had been added. The aqueous layer was
      separated, acidified to pH4 with 2N hydrochloric acid and stirred with
      chloroform (300 ml.), until the aqueous layer was clear. The chloroform
      layer was separated, washed with water, dried (Na.sub.2 SO.sub.4) and
      evaporated to a residue (5.33 g.). This was crystallised from chloroform
      and benzene to give title compound (0.97 g.) as colourless needles; m.p.
      211.degree.-213.degree.; [.alpha.].sub.D + 84.degree. (c 1.01,
      CHCl.sub.3).
PAC  Preparation 21
PAC  3.alpha.-Nitro-oxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.beta.-androstan
     -11-one
PAR  A solution of 3.alpha.-nitro-oxy-11-oxo-5.beta.-androstane
      17.beta.-carboxylic acid (1.48 g.) in dry benzene (150 ml.) was refluxed
      for 2 hours with oxalyl chloride (3 ml.). The solution was evaporated to a
      residue, which was dried by azeotroping with benzene (2 .times. 50 ml.),
      washed with ether, filtered, and the combined filtrates evaporated to a
      white foam (1.45 g.). A solution of this foam in dry ether (25 ml.) and
      dry methylene chloride (25 ml.) was treated with
      2.beta.-hydroxyethylmorpholine (8 ml.) at room temperature. After 18
      hours, the solution was diluted with chloroform (300 ml.), washed with
      water, dried (Na.sub.2 SO.sub.4) and evaporated to a pink foam.
      Purification by preparative t.l.c. (acetone/petrol 1:2) yielded as major
      component, the title compound (864 mg.) as a white foam; [.alpha.].sub.D +
      73.degree. (c 0.98, CHCl.sub.3).
PAC  Preparation 22
PAC  3.alpha.-Nitro-oxy-5.beta.-androstane-17.beta.-carboxylic acid
PAR  Fuming nitric acid (13 ml.) was added with stirring to acetic anhydride (40
      ml.) keeping the temperature between -10 and 0.degree.. A suspension of
      3.alpha.-hydroxy-5.beta.-androstane 17.beta.-carboxylic acid (8.0 g.) in
      chloroform (300 ml.) was added to the nitrating solution, keeping the
      reaction temperature at ca. 0.degree.. The reaction mixture was stirred at
      ca. 0.degree. for 1.5 hours and then poured into aqueous sodium hydroxide
      (290 ml. 2N). This, after stirring (20 minutes), was separated and the
      aqueous phase further extracted with chloroform (100 ml.). The residue,
      following evaporation, was dissolved in ethanol (50 ml.), water (500 ml.)
      and ether (250 ml.) and the whole solution brought to ca. pH10 with
      aqueous sodium hydroxide (2N). After separation, the aqueous phase was
      stirred and acidified with aqueous hydrochloric acid (2N) whereupon the
      product precipitated as a white solid. This was filtered, washed with
      water, and dried to afford title compound (8.5 g.) as a white solid; m.p.
      221.degree.-223.degree.. A sample was recrystallised from
      chloroform/petrol; white flakes, m.p. 222.degree.-225.degree.dec.;
      [.alpha.].sub.D + 75.degree., (c 0.4%).
PAC  Preparation 23
PAC  3.alpha.-Nitro-oxy-17.beta.(2'-morpholinoethoxycarbonyl)-5.beta.-androstane
PAR  A solution of oxalyl chloride (10 ml.) and
      3.alpha.-nitro-oxy-5.beta.-androstane-17.beta.-carboxylic acid (5.4 g.) in
      benzene (250 ml.) was refluxed gently for 3 hours and then evaporated to
      dryness to afford
      17.beta.-chlorocarbonyl-3.alpha.-nitro-oxy-5.beta.-androstane (6.0 g.) as
      a white waxy solid. A solution of morpholinoethanol (7 ml.) and the acid
      chloride (2.6 g.) in ether (200 ml.) was stirred at room temperature for
      16 hours. After the addition of water (50 ml.) the reaction mixture was
      separated and the ethereal phase washed with water. After drying
      (MgSO.sub.4), filtration and evaporation afforded a white froth (2.86 g.).
      A sample (500 mg.), after purification by preparative t.l.c.
      (ethanol/chloroform 1:19) afforded title compound (337 mg.) as a white
      froth; [.alpha.].sub.D + 67.degree., (c 0.76).
PAC  Preparation 24
PAC  17.beta.-(2'-morpholinoethoxycarbonyl)-5.alpha.-androstan-3-one
PAR  A solution of 5.alpha.-androstan-3-one 17.beta.-carboxylic acid (2.1 g.,
      corrected for the presence of 15% 5.alpha.-pregnan-3,20 -dione) and oxalyl
      chloride (4 ml.) in dry benzene (125 ml.) was refluxed for 1.5 hours
      before evaporation to dryness to afford crude
      17.beta.-chlorocarbonyl-5.alpha.-androstan-3-one. Morpholinoethanol (5
      ml.) was added to a stirred solution of the acid chloride in dry ether
      (125 ml.) and pyridine (3 ml.) at room temperature. After 1 hour the
      mixture was diluted with ether (100 ml.) and washed with aqueous 10%
      sodium hydroxide and water, dried (MgSO.sub.4), filtered and evaporated to
      give a gum (3.275 g.). A sample (2.0 g.) gave, after purification by
      preparative t.l.c. (ethanol/chloroform 1:19) title compound (900 mg.) as a
      white froth; [.alpha.].sub.D + 54.5.degree., (c. 0.9).
PAC  Preparation 25
PAC  17.beta.-Carbamoyl-3.alpha.-nitro-oxy-5.beta.-androstan-11 -one
PAR  A solution of
      3.alpha.-nitro-oxy-5.beta.-androstan-11-one-17.beta.-carboxylic acid (2.0
      g.) and oxalyl chloride (3 ml.) in dry benzene was refluxed for 1.5 hr.
      and then evaporated to dryness to give
      17.beta.-chlorocarbonyl-3.alpha.-nitro-oxy-5.beta.-androstan-11-one. A
      mixture of ammonia (880, 16 ml.), benzene (10 ml.) and water (10 ml.) was
      added to the acid chloride and the whole mixture, after being shaken
      vigorously for 5 minutes, stood at room temperature for 1 hour. The white
      precipitate was removed by filtration, washed with water and dried. The
      crude product (1.9 g.) was recrystallised from chloroform/cyclohexane to
      give title compound (1.65 g.) as white crystals; [.alpha.].sub.D +
      82.degree., (c 0.6%); m.p. 112.degree.- 117.degree..
PAC  Preparation 26
PAC  17.beta.-Cyano-3.alpha.-nitro-oxy-5.beta.-androstan-11-one
PAR  A solution of
      17.beta.-carbamoyl-3.alpha.-nitro-oxy-5.beta.-androstan-11-one (1.5 g.)
      and polyphosphate ester (7.5 g.) in chloroform (80 ml.) was refluxed for 7
      hours. A further portion of polyphosphate ester was added and refluxing
      continued for a further 3 hours. The chloroform was removed by evaporation
      and, after the addition of aqueous sodium carbonate (75 ml., 10%) and
      standing for ca. 30 minutes, the reaction mixture was extracted with
      ether. The ethereal solution was washed with water, dried (MgSO.sub.4) and
      evaporated to give a buff solid (1.47 g.). Crystallisation from
      chloroform/cyclohexane gave title compound (775 mg.) as white crystals:
      [.alpha.].sub.D 118.5.degree., (C 0.9%); m.p. 214.degree.-215.degree..
PAC  Preparation 27
PAC  17.beta.-Carbamoyl-3.alpha.-nitro-oxy-5.beta.-androstane
PAR  A solution of ammonia (880, 30 ml.) and water (25 ml.) was added to a
      solution of 17.beta.-chlorocarbonyl-3.alpha.-nitro-oxy-5.beta.-androstane
      (3.5 g.) in benzene (25 ml.). After stirring for 1 hour followed by
      standing at room temperature for 16 hours the mixture was extracted with
      ether, dried (MgSO.sub.4), and evaporated, to give a white froth (3.11
      g.). A sample (500 mg.) was purified by preparative t.l.c.
      (ethanol/chloroform 1:19) followed by crystallisation from ether/petrol to
      give title compound (361 mg.) as a white amorphous solid; softened and
      decomp. &gt;75.degree.; [.alpha.].sub.D + 61.degree., (c 0.35%).
PAC  Preparation 28
PAC  17.beta.-Cyano-3.alpha.-nitro-oxy-5.beta.-androstane
PAR  A solution of 17.beta.-carbamoyl-3.alpha.-nitro-oxy-5.beta.-androstane
      (2.54 g.) and polyphosphate ester (15 g.) in chloroform (100 ml.) was
      refluxed for 24 hours. Aqueous sodium bicarbonate (100 ml., 10%) was added
      with stirring and cooling. After 1 hour the mixture was separated and the
      aqueous phase further extracted with chloroform. The chloroform solution,
      after washing with water was dried (MgSO.sub.4), filtered, and evaporated
      to afford an oil, which, on addition of ether/petrol crystallised (1.149
      g.). A sample (250 mg.) was recrystallised from ether/petrol to afford
      pure title compound (191 mg.) as white flakes; m.p.
      147.degree.-148.degree., [.alpha.].sub.D +94.degree., (c 0.55%).
PAC  Preparation 29
PAC  17.beta.-Carbamoyl-5.alpha.-androstan-3-one
PAR  A solution of 5.alpha.-androstan-3-one 17.beta.-carboxylic acid (2.25 g.,
      corrected for the presence of 15% 5.alpha.-pregnan-3,20-dione as an
      impurity) and oxalyl chloride (4.5 ml.) in dry benzene (150 ml.) was
      refluxed for 1.5 hours, and then evaporated to dryness to afford crude
      17.beta.-chlorocarbonyl-5.alpha.-androstan-3-one. This acid chloride in
      benzene (15 ml.) was shaken with 880 ammonia (24 ml.) and water (15 ml.)
      for 5 minutes. After a further 30 minutes of standing at room temperature
      the precipitated amide was filtered, washed with water and dried.
      Recrysyallisation from dichloromethane/petrol afforded title compound
      (1.18 g.) m.p. 259.degree.-262.degree.. A further recrystallisation from
      dichloromethane/petrol provided an analytically pure sample; m.p.
      276.degree.-277.degree.; [.alpha.].sub.D + 51.5.degree., (c 0.6%).
PAC  Preparation 30
PAC  17.beta.-Cyano-5.alpha.-androstan-3-one
PAR  A solution of 17.beta.-carbamoyl-5.alpha.-androstan-3-one (2.4 g.) and
      polyphosphate ester (12 g.) in chloroform (125 ml.) was refluxed for 24
      hours. After removing the chloroform by evaporation aqueous 10% sodium
      carbonate (100 ml.) was added, the mixture cooled, and extracted with
      ether. The ethereal extracts were washed with water, dried (MgSO.sub.4),
      filtered and evaporated to afford a buff solid (2.45 g.). Purification by
      preparative t.l.c. (ethanol/chloroform 1:19) afforded a solid (1.48 g.)
      which was further purified by passing through a florisil column and
      crystallisation from dichloromethane/petrol to give title compound (915
      mg.) m.p. 150.degree.-152.degree.; [.alpha.].sub.D + 89.degree. (c 1.12%).
PAC  Preparation 31
PAC  17.beta.-Carbamoyl-5.alpha.-androst-2-ene
PAR  A solution of 5.alpha.-androst-2-ene-17.beta.-carboxylic acid (6.8 g.,) and
      oxalyl chloride (15 ml.) in dry benzene (150 ml.) was refluxed for 2
      hours, before being evaporated to a residue. The residual acid chloride in
      benzene (50 ml.) was shaken vigorously with 880 ammonia (50 ml.) and water
      (20 ml.). After standing at room temperature for 4 hours the reaction
      mixture was filtered and the precipitate washed with water and dried.
      Recrystallisation from acetone/petrol afforded title compound (5.0 g.,) as
      white needles; m.p. 199.degree.-202.degree.; [.alpha.].sub.D + 69.degree.,
      (c 0.6).
PAC  Preparation 32 17.beta.-Cyano-5.alpha.-androst-2-ene
PAR  A solution of 17.beta.-carbamoyl-5.alpha.-androst-2-ene (4.33 g.,) and
      polyphosphate ester (25.0 g.) in chloroform (250 ml.) was refluxed for 16
      hours. The residue, after removal of the chloroform, was neutralised by
      the careful addition of aqueous 10% sodium carbonate (150 ml.) with
      cooling and extracted with ether. The etheral solution was washed with
      water, dried (MgSO.sub.4) filtered and evaporated to a partly crystalline
      residue which, after washing with a small portion of ice-cold ether,
      afforded a crystalline product (3.34 g.). The etheral washings were
      chromatographed on a column (1 inch .times. 6 inches) of florisil. Elution
      with petrol (200 ml.) afforded further product (660 mg.) gaining a total
      yield of 4.00 g. A sample (300 mg.) was recrystallised from petrol to
      afford title compound (260 mg.); m.p. 110.degree.-112.degree.:
      [.alpha.].sub.D + 108.degree., (c 0.6).
PAC  Preparation 33
PAC  2.beta.-Bromo-17.beta.-cyano-3.alpha.-hydroxy-5.alpha.-androstane
PAR  A solution of 17.beta.-cyano-5.alpha.-androst-2-ene, (3.70 g.,) and 85%
      m-chloroperbenzoic acid (3.0 g.) in chloroform (75 ml.) was stirred at
      room temperature for 1 hour and then washed successively with aqueous 10%
      sodium metabisulphite (20 ml.), aqueous 10% sodium bicarbonate (2 .times.
      20 ml.) and water (20 ml.). To this solution of epoxide was added aqueous
      48% hydrobromic acid (60 ml.) and the resulting biphasic mixture stirred
      vigorously at room temperature for 1.5 hours. A further portion of water
      (50 ml.) was added and the mixture separated. After washing with aqueous
      10% sodium bicarbonate (2 .times. 25 ml.) and water (25 ml.), the
      chloroform solution was dried (MgSO.sub.4), filtered and evaporated to
      afford a white froth (5.5 g.). Crystallisation from chloroform/petrol
      afforded title compound (3.42 g.,) in two crops; m.p.
      162.degree.-167.degree.. A sample (300 mg.) was recrystallised from
      chloroform/petrol m.p. 167.degree.-170.degree.; [.alpha.].sub.D +
      54.degree., (c 0.8).
CLMS
STM  We claim:
NUM  1.
PAR  1. A steroid of the androstane series having a 3.alpha.-hydroxy group, a
      3.beta.-hydrogen atom or methyl group, a 10-hydrogen atom or methyl group,
      two 11-hydrogen atoms or an 11-oxo group, a 17.alpha.-hydrogen atom, and a
      group at the 17.beta.-position selected from the group consisting of
      ##EQU1##
      -COOR.sup.3, -CN, -CHO and -CH(OR.sup.4).sub.2 wherein R.sup.1 is alkyl of
      1-6 carbon atoms; phenyl; phenyl substituted by, alkoxy of 1-6 carbon
      atoms; benzyl or benzyl substituted by, alkoxy of 1-6 carbon atoms;
      R.sup.2 is H or an R.sup.1 group; or R.sup.1 and R.sup.2 together with the
      nitrogen atom to which they are attached represent a monocyclic
      heterocyclic ring having 5 or 6 ring members where R.sup.1 and R.sup.2 in
      said monocyclic heterocyclic ring are comprised of ring members selected
      from the group consisting of carbon atoms, carbon atoms and one nitrogen
      atom, carbon atoms and one oxygen atom and carbon atoms and one sulfur
      atom or such a ring substituted with alkyl of 1-6 carbon atoms; R.sup.3 is
      alkyl of 1-10 carbon atoms; alkyl of 1-10 carbon atoms substituted with,
      hydroxy, lower alkanoyloxy of 1-6 carbon atoms, cyano, halo,
      ##EQU2##
      wherein R.sup.1 and R.sup.2 are as defined above except that R.sup.1 may
      be H, ethoxycarbonyl, alkoxy of 1-10 carbon atoms, monocyclic nitrogen
      heterocyclic; phenyl; phenyl substituted with alkoxy of 1-6 carbon atoms
      or halogen, phenylalkyl having 1-6 carbon atoms in the alkyl moiety,
      monocyclic aralkyl having 1-6 carbon atoms in the alkyl moiety substituted
      in the monocyclic aryl portion with, alkoxy of 1-6 carbon atoms; R.sup.4
      is alkyl of 1-6 carbon atoms or (OR.sup.4).sub.2 represents alkylene-dioxy
      of 2-6 carbon atoms; there being a hydrogen atom in the 5.alpha.-position
      and an oxo-group in the 11-position when there is a methoxycarbonyl, CHO
      or -CH(OR.sup.4).sub.2 group in the 17.beta.-position and the
      3.alpha.-hydroxy steroid nucleus is saturated or has a double bond in the
      1,2-position and is otherwise unsubstituted.
NUM  2.
PAR  2. A steroid as claimed in claim 1 having a 5.alpha.-hydrogen atom.
NUM  3.
PAR  3. A steriod as claimed in claim 1 having an 11-oxo-group and a
      5.alpha.-hydrogen atom or 4,5-double bond.
NUM  4.
PAR  4. A steroid as claimed in claim 1 having at the 17.beta.-position a group
      of the formula -COOR.sup.3 where R.sup.3 is alkyl of 1-6 carbon atoms or
      alkyl of 1-6 carbon atoms substituted by hydroxy, lower alkanoyloxy of 1-6
      carbon atoms or N-morpholino.
NUM  5.
PAR  5. A steroid as claimed in claim 1 having at the 17.beta.-position a group
      of the formula
      ##EQU3##
      wherein R.sup.1 is alkyl of 1-4 carbon atoms and R.sup.2 is alkyl of 1-4
      carbon atoms or a hydrogen atom, or wherein R.sup.1 and R.sup.2 taken
      together with the nitrogen atom to which they are attached represent a
      heterocyclic ring which may contain an oxygen atom.
NUM  6.
PAR  6. A steroid as claimed in claim 1 having at the 17.beta.-position a group
      of the formula -COOR.sup.3 where R.sup.3 is (I) phenyl; (II) phenyl aryl
      substituted with lower alkoxy or halo of 1-6 carbon atoms; (III) benzyl
      wherein the alkyl moiety is of 1-6 carbon atoms; (IV) such benzyl group
      substituted with hydroxy, lower alkoxy or halo; (V) alkyl of 1-6 carbon
      atoms or (VI) alkyl or 1-6 carbon atoms substituted with acetoxyl, cyano,
      halo, alkyl, alkoxy of 1-6 carbon atoms or a group of the formula
      ##EQU4##
      wherein R.sup.1 is H, alkyl of 1-6 carbon atoms, phenyl, phenyl
      substituted by hydroxy, alkoxy of 1-6 carbon atoms or halo, benzyl or
      benzyl substituted by hydroxy, alkoxy of 1-6 carbon atoms or halo and
      R.sup.2 can be any of R.sup.1 or R.sup.1 and R.sup.2 together with the
      nitrogen atom to which they are attached represent a heterocyclic ring
      which may contain an oxygen atom.
NUM  7.
PAR  7. A steroid as claimed in claim 1 having at the 17.beta.-position a group
      of the formula
      ##EQU5##
      wherein R.sup.1 is (i) alkyl of 1-6 carbon atoms, (ii) benzyl or (iii)
      phenyl; R.sup.2 is H or an R.sup.1 group or wherein R.sup.1 and R.sup.2
      together with the nitrogen atom to which they are attached represent a
      heterocyclic ring which may contain an oxygen atom, or a group of the
      formula -CH(OR.sup.4).sub.2 where R.sup.4 is methyl or ethyl.
NUM  8.
PAR  8. A steroid as claimed in claim 1 having at the 17.beta.-position a cyano
      group.
NUM  9.
PAR  9. A steroid as claimed in claim 1 wherein an alkyl or alkoxy group having
      1-6 carbon atoms or a halogen atom is present at the 2.beta.-position; a
      methyl group is present at the 16 -position; or wherein a 1,2- or
      4,5-double bond is present.
NUM  10.
PAR  10. A steroid as claimed in claim 1, which is:
PA1  3.alpha.-hydroxy-17.beta.-methoxycarbonyl-5.alpha.-androstan-11-one;
PA1  3.alpha.-hydroxy-17.beta.-ethoxycarbonyl-5.alpha.-androstan-11-one;
PA1  3.alpha.-hydroxy-17.beta.-methoxycarbonylandrost-4-en-11-one;
PA1  3.alpha.-hydroxy-17.beta.-dimethylcarbamoyl-5.alpha.-androstan-11-one;
PA1  3.alpha.-hydroxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.alpha.-androstan-
     11-one, and the hydrochloride and citrate thereof;
PA1  3.alpha.-hydroxy-17.beta.-cyano-5.alpha.-androstan-11-one;
PA1  3.alpha.-hydroxy-2.beta.-methoxy-17.beta.-metoxycarbonyl-5.alpha.-androstan
     -11-one;
NUM  11.
PAR  11. A steroid as claimed in claim 1, which is:
      3.alpha.-hydroxy-17.beta.-methoxy-carbonyl-19-nor-5.alpha.-androstan-11-on
     e;
PA1  .alpha. -hydroxy-2.beta.-ethoxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.al
     pha.-androstan-11-one citrate;
PA1  17.beta.-cyanomethoxycarbonyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one;
PA1  3.alpha.-hydroxy-17.beta.-(4'-morpholinobutoxycarbonyl)-5.alpha.-androstan-
     11-one;
PA1  17.beta.-(3'-chloropropoxycarbonyl)-3.alpha.-hydroxy-5.alpha.-androstane-11
     -one;
PA1  3.alpha.-hydroxy-17.beta.-(1-methyl-2'-morpholinoethoxycarbonyl)-5.alpha.-a
     ndrostan-11-one;
PA1  3.alpha.-hydroxy-2.beta.-ethoxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.al
     pha.-androstan-11-one hydrochloride;
PA1  3.alpha.-hydroxy-17.beta.-(2'-morpholinopropoxycarbonyl)-5.alpha.-androstan
     -11-one;
PA1  3.alpha.-hydroxy-2.beta.-ethoxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.al
     pha.-androstan-11-one mesylate, tartrate or dihydrogen phosphate;
PA1  3.alpha.-hydroxy-2.beta.-ethoxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.al
     pha.-androstan-11-one;
PA1  3.alpha.-hydroxy-17.beta.-cyano-5.alpha.-androst-1-en-11-one;
PA1  3.alpha.-hydroxy-17.beta.-(5-morpholinopentyloxy)-carbonyl-5.alpha.-androst
     an-11-one; and
PA1  3.alpha.-hydroxy-17.beta.-(bismorpholinomethyl)-methoxycarbonyl-5.alpha.-an
     drostan-11-one.
NUM  12.
PAR  12. A steroid as claimed in claim 1 which possesses an acidic or basic
      group and is in the form of a salt with a base or an acid.
NUM  13.
PAR  13. An intermediate for preparing a steriod as claimed in claim 1
      comprising a steroid of the androstane series having a 3.alpha.-hydroxy
      group, a 3.beta.-hydrogen atom or methyl group, a 10-hydrogen atom or
      methyl group, an 11-oxo group, a 5.alpha.-hydrogen atom or a 4,5-double
      bond and a 17.beta.-carboxyl or carbamoyl group.
NUM  14.
PAR  14. The compound of claim 1 which is
      3.alpha.-hydroxy-17.beta.-methoxycarbonyl-5.alpha.-androstan-11-one.
NUM  15.
PAR  15. The compound of claim 1 which is
      3.alpha.-hydroxy-17.beta.-ethoxycarbonyl-5.alpha.-androstan-11-one.
NUM  16.
PAR  16. The compound of claim 1 which is
      3.alpha.-hydroxy-17.beta.-methoxycarbonylandrost-4-en-11-one.
NUM  17.
PAR  17. The compound of claim 1 which is
      3.alpha.-hydroxy-17.beta.-cyano-5.alpha.-androstan-11-one.
NUM  18.
PAR  18. The compound of claim 1 which is
      3.alpha.-hydroxy-2.beta.-methoxy-17.beta.-methoxycarbonyl-5.alpha.-
      androstan-11-one.
NUM  19.
PAR  19. The compound of claim 1 which is
      17.beta.-cyanomethoxycarbonyl-3.alpha.-hydroxy-5.alpha.-androstan-11-one.
NUM  20.
PAR  20. The compound of claim 1 which is
      17.beta.-(3'-chloropropoxycarbonyl)-3.alpha.-hydroxy-5.alpha.-androstan-11
     -one.
NUM  21.
PAR  21. The compound of claim 1 which is
      3.alpha.-hydroxy-2.beta.-ethoxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.a
     lpha.-androstan-11-one mesylate.
NUM  22.
PAR  22. The compound of claim 1 which is
      3.alpha.-hydroxy-2.beta.-ethoxy-17.beta.-(2'-morpholinoethoxycarbonyl)-5.a
     lpha.-androstan-11-one dihydrogen phosphate.
NUM  23.
PAR  23. The compound of claim 1 which is
      2.beta.-bromo-17.beta.-cyano-3.alpha.-hydroxy-5.alpha.-androstan-11-one.
NUM  24.
PAR  24. The compound of claim 1 which is
      17.beta.-cyano-3.alpha.-hydroxy-5.alpha.-androst-1-en-11-one.
NUM  25.
PAR  25. The compound of claim 1 which is
      17.beta.-Cyano-3.alpha.-hydroxy-5.beta.-androstane.
NUM  26.
PAR  26. The compound of claim 1 which is
      17.beta.-Cyano-3.alpha.-hydroxy-5.beta.-androstan-11-one.
NUM  27.
PAR  27. The compound of claim 1 which is
      17.beta.-Cyano-3.alpha.-hydroxy-5.alpha.-androstane.
NUM  28.
PAR  28. The compound of claim 1 which is
      17.beta.-Cyano-3.alpha.-hydroxy-5.alpha.-androst-1-ene.
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ABST
PAL  This invention relates to substituted tetraamino pyridines and to methods
      whereby such compounds are prepared. It also relates to the linear
      precyclized polymers produced by reaction of substituted
      tetraaminopyridines, or their acid salts, with a substantially equimolar
      amount of a suitable bis(acid halide) or dianhydride in a polar aprotic
      solvent at temperatures between about -10.degree.C and 70.degree.C. The
      resulting soluble, high molecular weight precyclized intermediates can be
      cyclodehydrated and may also be crosslinked to yield novel
      polybenzimidazoles and polyimidazopyrrolones.
BSUM
PAR  This invention is an improvement over the inventions described in U.S. Pat.
      No. 3,740,410 issued June 19, 1973 and U.S. Pat. No. 3,804,804 issued
      April 16, 1974, the disclosures of which are incorporated herein by this
      reference.
PAR  This invention relates to substituted tetraamino heterocyclic compounds and
      methods for the preparation of said compounds. These tetraamino compounds
      are intermediates for the preparation of substituted polybenzimidazoles
      and polyimidazopyrrolones.
PAR  The invention also relates to the preparation of substituted
      polybenzimidazoles and polyimidazopyrrolones from said tetraamino
      compounds and to the improved polybenzimidazoles and polyimidazopyrrolones
      so produced.
PAR  One object of the invention is to provide novel substituted tetraamino
      pyridine compounds and their acid salts, and to react such compounds with
      a substantially equimolar amount of a suitable bis(acid halide) or
      dianhydride in a polar aprotic solvent at moderate temperatures (i.e.
      below 70.degree.C) whereby a soluble, high molecular weight linear
      precyclized intermediate is produced, and thereafter converting said
      intermediate to new and useful polybenzimidazoles and
      polyimidazopyrrolones with exceptional properties, by cyclodehydration or
      by crosslinking of said intermediates.
PAR  The present invention differs from the invention described in my U.S. Pat.
      No. 3,740,410 issued June 19, 1973, principally in the presence of
      substituents on the tetraaminopyridine reactant from which the precyclized
      polymers are obtained.
PAR  The monomers of this invention are substituted tetraminopyridines with
      either an alkyl substituent on a ring position or an alkyl or aryl
      substituent on one or both of the alpha nitrogens, or by extension via one
      or more pyridine rings. From these monomers, polybenzimidazoles and
      polymidazopyrrolones are obtained which are thermally stable and which
      also exhibit improved solubility in the cyclized uncured state, as
      compared to the corresponding polybenzimidazoles and polyimidazopyrrolones
      prepared from the unsubstituted 2,3,5,6-tetraaminopyridine. These
      properties enhance processability into many useful forms for high
      temperature applications such as in films, coatings, fibers, adhesive and
      laminating formulations, as matrices for structural composites, and
      semi-permeable membranes.
PAR  The substituted tetraamino pyridine compounds of this invention are those
      represented by one of the following formulae:
      ##SPC1##
PAR  In the above general formulae:
PAR  R.sub.2 is a monovalent member selected from the group consisting of
      hydrogen, methyl, ethyl, propyl, butyl and pentyl;
PAR  R.sub.1 is a monovalent member selected from the group consisting of
      hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
      arylalkyl, aryl, heteroaryl, heteroarylalkyl, substituted arylalkyl,
      substituted aryl and substituted heteroaryl, with aryl and heteroaryl
      including monocyclic, linear bicyclic and fused ring structures, typical
      substituents within the scope of this invention include: methyl, phenyl,
      pyridyl, F (aromatic), Cl (aromatic), --CN, --COOH and its salts,
      --COOC.sub.6 H.sub.5, --SO.sub.3 H and its salts, --SH, thioaryl,
      thioalkyl, --CH=CHC.sub.6 H.sub.5, and N,N-(dialkylamino), with the
      proviso that not all R.sub.1 and R.sub.2 can be H; and all of the R.sub.1
      's of Formula I need not be identical;
PAR  R.sub.3 is a monovalent radical selected from the group consisting of H and
      alkyl of 1 to 5 carbon atoms and X is zero or a divalent radical selected
      from alkylene of 1 to 3 carbon atoms, --S--, --O--, and
      ##SPC2##
PAL  where m is equal to 1 or 2; each R.sub.3 NH-- group is located ortho to an
      amino group and the pyridyl rings containing the amino groups are joined
      via the 2,2', 3,3' or 2,3' positions with the proviso that X can equal
      ##SPC3##
PAL  where the pyridyl groups are joined 2,2' and where X equals zero both
      R.sub.3 's cannot be hydrogen when the pyridyl groups are joined 2,2'; and
      all of the R.sub.3 's of Formula II need not be identical.
PAR  The nature of R.sub.1 R.sub.2 and R.sub.3 will be apparent from the
      following list of specific compounds considered representative of those
      contemplated in the present invention:
PA1  2,3,5,6-tetraamino-4-methylpyridine
PA1  2,3,5,6-tetraamino-4-ethylpyridine
PA1  3,5-diamino-2,6-di(methylamino)pyridine
PA1  3,5-diamino-2,6-di(benzylamino)pyridine
PA1  3,5-diamino-2,6-di(.alpha.-pyridylamino)pyridine
      3,5-diamino-2,6-di(anilino)pyridine*
PA1  3,5-diamino-2,6-di(m-cyanoanilino)pyridine
PA1  3,5-diamino-di(p-mercaptoanilino)-4-methylpyridine
PA1  3,5-diamino-2,6-di(p-stilbylamino)pyridine
PA1  2,3,5-triamino-6-anilinopyridine
PA1  3,5-diamino-4-methyl-2,6-di (p-sulfoanilino)pyridine
PA1  3,5-diamino-2,6-di(allylamino)pyridine
PA1  5,5'-diamino-4,4'-di(methylamino)-2,2'-bipyridine
      di(5-amino-6-ethylamino-2-pyridyl)ether
PA1  5',5",6',6"-tetraamino-2:6-di-2'-pyridylpyridine
PAR  3,5-diamino-2,6-di[m-(endo-cis-bicyclo[2.2.1]-5-heptene-2,3-imido)anilino]p
     yridine. (This compound is 3,5-diamino-2,6-di(anilino)pyridine (above)* in
      which one meta hydrogen of each anilino substituent has been replaced by a
      ##SPC4##
PAL  group.
PAR  Tetramines with reactive groups such as alkenyl, --C.sub.6 H.sub.4
      CH=CHC.sub.6 H.sub.5, dialkylamino, cyano,
      ##SPC5##
PAL  mercapto, carboxylic acid, phenyl carboxylate, and sulfonic acid are
      preferably used in small amounts as comonomers with other tetramines of
      this invention, in order to provide functional groups which are desirable
      for increasing initial polymer solubility or for ultimate crosslinking of
      polymer.
PAR  Compounds of Formula I are somewhat unstable and extremely sensitive to
      oxidation. They may be stored at subzero temperatures. Because of their
      instability, they are preferably stored and used as their polyacid salts.
      Suitable salt forming acids include HCl, HBr, sulfuric, orthophosphoric,
      alkanesulfonic acids, trifluoromethanesulfonic and trifluoroacetic.
      Compounds of Formula II are more stable than those of Formula I and can be
      stored as the free amines or polyacid salts. However, it is also preferred
      to store them as their acid salts. Tetraamines of Formulae I or II can be
      regenerated from their acid salts by careful neutralization under
      anaerobic conditions, preferably below room temperature.
PAR  2,3,5,6-tetraaminopyridine trihydrochloride and
      4,4',5,5'-tetraamino-2,2'-bipyridine have been described in J.
      Heterocyclic Chem., 8, 841 (1972), U.S. Pat. No. 3,740,410 issued June 19,
      1973 and in British Specification No. 1,115,607. However, these
      tetramines, when compared to the corresponding tetramines or substituted
      tetramines of this invention, particularly as their acid salts, are less
      soluble and more importantly afford polybenzimidazoles and
      polyimidazopyrrolones of lower solubility and thermal stability, probably
      because of the presence of not more than one vulnerable ring C-H bond in
      the residual tetraamine nucleus of cyclized polymer prepared from the
      same. For example, 2,3,5,6-tetraaminopyridine trihydrochloride is
      essentially insoluble in methanolic HCl, whereas
      3,5-diamino-2,6-di(methylamino)pyridine trihydrochloride is readily
      soluble.
PAC  PREPARATION OF TETRAMINES
PAR  The tetramines of this invention are prepared from the corresponding 3,5-
      or 5,5'-dinitro analogs of compounds I and II, by hydrogenation. A
      preferred method of reduction consists in the use of a hydrogenation
      catalyst in the presence of a strong acid such as phosphoric, sulfuric,
      hydrochloric, hydrobromic, lower alkanesulfonic acids,
      perfluoroalkanesulfonic acids, and perfluoroacetic acid, and using a lower
      alcohol, polyfluorinated alcohol, or alkoxyalcohol, acetic acid, or
      propionic acid as cosolvent. Where a very strong acid such as
      trifluoromethanesulfonic acid is used, low concentrations, often
      equivalent to or less than the number of final amine groups may be
      employed. Isolation and recovery of the acid salt of the tetramino
      compound is readily effected by separation from the catalyst with
      subsequent removal of volatiles or precipitation with non-solvent.
      Tetramine acid salts can be used for preparing other salts or mixed acid
      salts. The hydrobromide, trifluoroacetate and alkanesulfonate salts are
      desirable for polymerization reactions because of their greater solubility
      as compared to the corresponding hydrochloride salts.
PAR  The 3,5-dinitro precursors of compound I can be prepared by the following
      methods:
PAR  a. nitration of a 2,6-di(R.sub.1 NH)-4(R.sub.2)-pyridine in which each of
      R.sub.1 and R.sub.2 represents H, methyl, ethyl, propyl, butyl or pentyl
      and R.sub.1 and R.sub.2 are not required to be the same;
PA1  b. reaction of a 2,6-di(R.sub.4 NH)-4-(R.sub.2)-3,5-dinitropyridine with at
      least one primary amine represented by the formula R'NH.sub.2 wherein each
      R' is selected from lower alkyl or alkenyl, aminoalkyl,
      (N,N-dialkylamino)alkyl, cyanophenylalkyl, arylalkyl, (aminoaryl)alkyl,
      with subsequent reaction of the amino group of aminoalkyl and
      (aminoaryl)alkyl, and
      ##SPC6##
PAL  in which y = 1 or 2; and wherein R.sub.2 is either H, methyl, ethyl,
      propyl, butyl or pentyl and R.sub.4 is either H,
      ##EQU1##
      R.sub.5 being either methyl, ethyl, propyl or butyl;
PAR  c. reaction of a 2,6-di(R.sub.6 NH)-4-(R.sub.2)-3,5-dinitropyridine with at
      least one primary amine represented by the formula R"NH.sub.2 ; wherein
      R.sub.6 is either
      ##EQU2##
      (in which R.sub.5 is either methyl, ethyl, propyl or butyl) and R.sub.2 is
      either H, methyl, ethyl, propyl, butyl or pentyl and each R" is any of
      phenyl; alkylated or halo phenyl; pyridyl and alkylated pyridyl; quinolyl;
      amino phenyl or amino pyridyl with subsequent reaction of the amino group;
      --C.sub.6 H.sub.4 SO.sub.3 .theta.; --C.sub.6 H.sub.4 COO.theta.; --ArCN;
      --Ar-Ar;
      ##SPC7##
PAL  and --ArSR.sub.7 in which R.sub.7 is H, lower alkyl or phenyl and Ar
      represents phenyl or phenylene with up to one ring CH being replaced by N;
      and
PAR  d. reaction of a 2,6-dihalo-4-(R.sub.3)-3,5-dinitropyridine with a primary
      aliphatic or aromatic amine in the same manner as for the reaction of
      2-halo-3,5-dinitropyridine with amines as described in Bull. Acad. Polon.
      Sci., Ser. Sci. Chim. 8 (5), 219 (1960) and Roczniki Chem. 43 (11), 1961
      (1969) where halo may be any of F, Cl or Br.
PAR  Method (a) above has been previously described for the nitration of
      2,6-diaminopyridine in my U.S. Pat. No. 3,740,410. This method is
      unsuitable for the preparation of 3,5-dinitro precursors to compound I
      where R.sub.1 is alkenyl or phenyl or other substituents which will
      oxidize or nitrate under the reaction conditions necessary to produce the
      3,5-dinitropyridine derivative.
PAR  Method (b) is preferably carried out with an excess primary aliphatic or
      arylalkyl amine, at temperatures between room temperature and 190.degree.C
      in primary amine as solvent or in a polar aprotic solvent such as
      dimethylsulfoxide, N,N-dimethylformamide, N,N-dimethylacetamide,
      N-methylpyrrolidinone, tetramethylenesulfone, hexamethylphosphoramide, or
      mixtures thereof, or mixtures with less polar, unreactive aprotic
      solvents. The temperature of reaction is governed by the basicity and
      geometry of the primary amine. In general, less basic amines or sterically
      hindered amines require higher temperatures. For example, methylamine
      (pk.sub.b =10.7) can be reacted with diethyl
      3,5-dinitro-2,6-pyridinedicarbamate at room temperature to about
      50.degree.C in a mixture of dimethylsulfoxide and N,N-dimethylformamide,
      giving excellent yields of 2,6-di(methylamino)-3,5-dinitropyridine. Higher
      temperatures are required to achieve these yields using allylamine
      (pk.sub.b =9.5) and even higher temperatures are required with the more
      hindered benzylamine (pk.sub.b =9.4). Aromatic or heterocyclic primary
      amines of low basicity (pk.sub.b of about 7 or less) are unsatisfactory in
      this reaction.
PAR  Representative primary amines suitable for method (b) include methylamine,
      n-butylamine, allylamine, crotylamine, 1,2-diaminoethane (large excess),
      benzylamine, .beta.-phenethylamine, .beta.-(p-cyanophenyl)ethylamine,
      3-(dimethylamino)propylamine, p-aminobenzylamine.
PAR  Method (c) is carried out in the same manner as method (b), but at some
      temperatures not lower than 70.degree.C. Representative primary amines
      suitable for method (c) include aniline, p-toluidine, m-phenylenediamine
      (large excess), 2,6-diaminopyridine (large excess), the
      mono-aminopyridines, 4-aminobiphenyl, 4-(4'-aminophenyl)pyridine,
      2-aminoquinoline, the monoimide 1:1 adduct of m-phenylenediamine and
      endo-cis-bicyclo[2.2.1]-5-heptene-2,3-dicarboxylic anhydride, the alkali
      or quaternary ammonium salts of p-aminobenzoic or sulfanilic acids,
      p-aminothiophenol, and 4-aminostilbene. 3,5-dinitro precursors to compound
      I where R.sub.1 has labile reactive groups such as --CN, --CO.sub.2
      C.sub.6 H.sub.5, and
      ##SPC8##
PAL  generally cannot be prepared directly from commercially available amines.
      Compounds containing the imide group
      ##SPC9##
PAL  may be prepared via method (b) using the amine
      ##SPC10##
PAL  or via method (c) using the amine
      ##SPC11##
PAL  where up to one aromatic CH may be replaced by nitrogen and y is 0, 1 or 2
      and z is 2, 3, or 4. Alternately the imide containing compounds may be
      prepared by reaction of 2,6-di(R.sub.4 NH)-4-(R.sub.2)-3,5-dinitropyridine
      or 2,6-di(R.sub.5 NH)-4-(R.sub.2)-3,5-dinitropyridine with a large excess
      of diamine H.sub.2 N CH.sub.2 z NH.sub.2 or
      ##SPC12##
PAL  with subsequent reaction with
      ##SPC13##
PAL  (endo-cis-bicyclo[2.2.1]-5-heptene-2,3-dicarboxylic anhydride). Finally
      compounds containing -CN or
      ##EQU3##
      bonded directly to a ring position of an aromatic amine are not
      particularly reactive in the process of method (c) but may be prepared by
      use of an aromatic amine substituted with a carboxylate group, followed by
      conversion of the carboxylate group to --CN or
      ##EQU4##
      by well known methods.
PAR  The 3,5-dinitropyridine compounds used in methods (b) and (c) above are
      prepared by nitration of the corresponding 2,6-diaminopyridines or
      N,N'-substituted derivatives thereof as described in my U.S. Pat. No.
      3,740,410 or in U.S. Pat. application Ser. No. 151,601 filed June 9, 1971.
      The N,N'-substituted 2,6-diaminopyridines such as the acetamido,
      carbamate, or sulfonamido derivatives are each prepared by known methods.
PAR  The dinitro intermediates to compounds of Formula II are prepared by
      nitration of the corresponding 4,4'-di(R.sub.3 NH)- or 6,6'-di(R.sub.3
      NH)-bipyridyl compounds by methods taught in the art, such as the
      nitration of 4,4'-diamino-2,2'-bipyridine described in British
      Specification 1,115,607. The di(alkylamino) bipyridyl compounds are in
      turn prepared by amination at elevated temperatures of the corresponding
      4,4'-dihalo- or 6,6'-dihalo-bipyridines.
PAR  The principal utility of the tetramines of this invention resides in
      utilizing their acid salts for the production of thermally stable polymers
      by processes described in my U.S. Pat. Application Ser. No. 151,601 and in
      the present application.
PAR  This process essentially involves reacting a suitable tetramine acid salt
      with an essentially equimolar amount of bis(acid halide), the halide being
      selected from --Cl, -Br and -F, in a polar aprotic solvent at temperatures
      ranging from about -10.degree.C to about 70.degree.C and preferably below
      40.degree.C to afford soluble high molecular weight precyclized
      intermediates (III and IV) to substituted polybenzimidazoles (V and VI).
      The precyclized polymers can be chemically or thermally cyclodehydrated to
      the substituted polybenzimidazoles.
      ##SPC14##
PAL  in which R.sub.8 is a divalent paraffinic, perfluoroalkyl,
      perfluoropolyalkylene oxide, alkenyl, aromatic or inorganic/organic
      radical including acylic paraffinic, cycloparaffinic, carbocyclic radicals
      and heterocyclic radicals having a single, multiple or fused ring
      structure, the multiple ring structures including polyarylenes with 2 to 9
      aryl rings in which the aryl groups are bonded directly to each other or
      bridged by a divalent member selected from the group consisting of
      alkylene with up to 3 carbon atoms,
      ##EQU5##
      --CH=CH--, 5- and 6- membered heteroaromatics containing at least one
      nitrogen atom and mixtures thereof, and substituted aromatic radicals
      where the substituents are selected from lower alkyl, F, Cl, --CN,
      --SO.sub.3 H, and
      ##EQU6##
      the inorganic/organic radicals consisting of ferrocenyl, carboranyl, and
      biaryls separated by at least one phosphorus atom or by at least one
      silanyl or siloxanyl group, and mixtures thereof; R.sub.7 represents H,
      lower alkyl or phenyl; R.sub.1, R.sub.2, R.sub.3 and X are as defined in
      compounds I and II; and the symbol indicates possible isomerism. An acid
      salt of more than one tetraamino compound and more than one bis(acid
      halide) compound may be reacted to form the precyclized products providing
      that the total moles of acid salts is essentially equal to the total moles
      of bis(acid halides).
PAR  Bis(acid halides) which contain a carbalkoxy group ortho or peri to one or
      both acid halide groups which R.sub.8 is arylene or heteroarylene or
      located 1,2 or 1,3 when R.sub.8 is alkylene or cycloalkylene afford
      precyclized polyamide precursors upon reaction with the tetraamines I and
      II, preferably when R.sub.1 and R.sub.3 of I and II, respectively are
      hydrogen. However, the cyclodehydrated products of these precyclized
      polymers (for R.sub.1 and R.sub.3 = H) are not polybenzimidazoles
      represented by V and VI, but are the related
      poly(benzimidazole/imidazopyrrolones) and polyimidazopyrrolones
      ("pyrrones"), represented by Formulae VII and VIII, respectively:
      ##EQU7##
      where R is a tetravalent heteroaromatic radical represented by:
      ##SPC15##
PAL  and the symbol represents possible isomerism.
PAR  Polymers represented by VII and VIII where R is
      ##SPC16##
PAL  and R.sub.8 is selected from the group alkylene, cycloparaffinic,
      monocyclic aryl or heteroaryl, diaryl, diaryls bridged by alkylene of 1 to
      3 carbon atoms,
      ##EQU8##
      and fused carbocyclic and heteroarylene structures containing 2 and 3
      rings are described in U.S. Pat. Application Ser. No. 151,601. It has been
      found that polymers VII and VIII where R.sub.8 is selected from
      polyarylene radicals containing 3 to 9 aryl groups bonded linearly or
      organic/inorganic radicals containing one or more of the elements B, Fe,
      or Si show improved solubility and processability as compared with the
      polymers derived from mono(acid halide) anhydrides and dianhydrides
      described in said United States Patent Application.
PAR  Polymers VII and VIII can also be obtained by reaction of tetraamines I
      (where R.sub.1 =H) and II (where R.sub.3 =H) with mono(acid halide)
      anhydrides of tribasic acids and dianhydrides of tetrabasic acids,
      respectively, to give the precyclized polyamide precursors IX and X which
      upon cyclodehydration afford VII and VIII, respectively.
      ##EQU9##
PAR  Each -COOH group of R.sub.8 in IX and X is located 1,2 or 1,3 to the
      ##EQU10##
      group on carbons of the R.sub.8 group when R.sub.8 is alkylene or
      cycloalkylene, and ortho or peri to the
      ##EQU11##
      group when R.sub.8 is aromatic or heteroaromatic.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 2,6-diamino-4alkyl-3,5-dinitropyridines
PAR  To a solution (0.degree.C) of 2,6-diamino-4-methylpyridine (123 g, 1.0
      mole) in 500 ml conc. H.sub.2 SO.sub.4 was gradually added, with good
      stirring, 90% HNO.sub.3 (2.5 moles). The nitration mixture was kept at
      0.degree.-10.degree.C for 2 hours.
      2,6-Diamino-4-methyl-3,5-dinitropyridine was isolated in 65% yield by
      pouring the nitration mixture onto ice, filtering product and washing well
      with methanol and then water. Anal. Calcd for C.sub.6 H.sub.7 N.sub.5
      O.sub.4 : C, 33.8; H, 3.3; N, 32.9. Found: C, 33.6; H, 3.4; N, 32.9.
PAR  In a similar manner by replacing the 2,6-diamino-4-methylpyridine by
      2,6-diamino-4-ethylpyridine or by 2,6-diamino-4-n-propylpyridine, a good
      yield of the corresponding 2,6-diamino-4-alkyl-3,5-dinitropyridine was
      obtained.
PAC  EXAMPLES 2-5
PAR  Following a procedure similar to that of Example 1, but substituting the
      diamine derivative indicated below for 2,6-diamino-4-methylpyridine the
      corresponding 3,5-dinitro compounds of Examples 2-5 were obtained.
TBL  __________________________________________________________________________
                     Reaction                                                  
     Exam-           Conditions                                                
     ple  Diamine Derivative                                                   
                     .degree.C                                                 
                         Hrs.                                                  
                               Dinitro Product                                 
     __________________________________________________________________________
     2    Diethyl 4-methyl-2,6-                                                
                      5-10                                                     
                         1   diethyl 4-methyl-3,5-                             
          pyridine dicarbamate                                                 
                     20-30                                                     
                         2   dinitro-2,6-pyridine                              
                             dicarbamate                                       
     3    4-methyl-2,6-                                                        
                     20-30                                                     
                         2   4-methyl-3,5-dinitro-                             
          pyridine-dimethane-                                                  
                     50-60                                                     
                         2   2,6-pyridine dimethane-                           
          sulfonamide        sulfonamide                                       
     4    2,6-diacetamido-4-                                                   
                     0-5 2   2,6-diacetamido-4-                                
          ethylpyridine                                                        
                     20-30                                                     
                         1   ethyl-3,5-dinitro-                                
                             pyridine                                          
     5    2,6-di(trifluoro-                                                    
                     20-30                                                     
                         2   2,6-di(trifluoro-                                 
          acetamido)-4-n-                                                      
                     50-60                                                     
                         2   acetamido)-4-n-pentyl-                            
          pentyl-pyridine    3,5-dinitropyridine                               
     __________________________________________________________________________
PAC  EXAMPLE 6
PAC  Preparation 4,4'-di(methylamino)-5,5'-dinitro-2,2'-dipyridyl
PAR  To a stirred, cooled (-5.degree. to 0.degree.C) solution of
      4,4'-di(methylamino)-2,2'-dipyridyl (107 g, 0.5 mole) in 400 ml conc.
      H.sub.2 SO.sub.4 was gradually added a solution of 45 ml of 90% HNO.sub.3
      in 50 ml conc. H.sub.2 SO.sub.4. The reaction was allowed to warm up to
      room temperature and after 2 hours, was gradually heated to 90.degree.C.
      The temperature was maintained at 90.degree.-100.degree.C for 1.5 hours,
      cooled and poured onto crushed ice. Acids were neutralized below
      15.degree.C to a pH of about 4 by addition of conc. aqueous NH.sub.3. The
      yellow precipitate that formed was filtered off, washed well with water
      and vacuum dried to give 4,4'-di(methylamino)-5,5'-dinitro-2,2'-dipyridyl
      (61%). Anal. Calcd. for C.sub.12 H.sub.12 N.sub.6 O.sub.4 : C, 47.4; H,
      4.7 N, 27.6. Found: C,  47.5; H, 4.8; N, 27.4.
PAC  EXAMPLES 7-12
PAR  Following a procedure similar to that described in Example 6, but
      substituting the amino heterocycle indicated below for
      4,4'-di(methylamino)-2,2'-bipyridine and using a final temperature of
      50.degree.-60.degree.C for Examples 9 and 10, the corresponding
      5,5'-dinitro compounds of Examples 7-11 and the corresponding
      5',5"-dinitro compound of Example 12 were obtained.
TBL  ______________________________________                                    
     Example  di(alkylamino)compound to be nitrated                            
     ______________________________________                                    
      7       4,4'-di(n-butylamino)-2,2'-bipyridine                            
      8       6,6'-di(methylamino)-2,2'-bipyridine                             
      9       1,3-bis(6-amino-2-pyridyl) propane                               
     10       di(6-amino-2-pyridyl)ether                                       
     11       6,6'-di(n-propylamino)-3,3'-bipyridine                           
     12       6',6"-diamino-2:6-di-2'-pyridylpyridine                          
     ______________________________________                                    
PAC  EXAMPLE 13
PAC  Preparation of 2,6-di(methylamino)-3,5-dinitropyridine
PAR  To a solution of 2,6-diamino-3,5-dinitropyridine (25.0 g, 0.125 mole) and
      225 ml dimethylsulfoxide in a 500 ml Parr bottle was added a solution of
      methylamine (20 g, 0.65 mole) in 75 ml N,N-dimethylacetamide (DMAc). The
      reaction was shaken for 4 hours at ambient temperatures and then heated 20
      hours at 70.degree.C. Upon cooling, the heterogeneous mixture was diluted
      with 100 ml methanol, filtered, washed with 200 ml DMAc-methanol (lv/lv),
      twice with methanol and dried. 2,6-Di(methylamino)-3,5-dinitropyridine,
      m.p. 323.degree.-325.degree.C (dec.) was obtained as a golden yellow solid
      (25.0 g, 93% yield). This product, unlike 2,6-diamino-3,5-dinitropyridine,
      is essentially insoluble in dimethylsulfoxide and 85% H.sub.3 PO.sub.4.
      Anal. Calcd. for C.sub.7 H.sub.9 N.sub.5 O.sub.4 : C, 37.0; H, 4.0; N,
      30.8. Found: C, 37.2; H, 3.8; N, 31.0.
PAC  EXAMPLES 14-23
PAR  Following a procedure similar to that described for Example 13, but
      substituting the 2,6-diamino-3,5-dinitropyridine and methylamine by the
      dinitro compound represented by the formula
      ##SPC17##
PAL  and amine (RNH.sub.2) indicated below, the following 3,5-dinitropyridine
      derivatives of Examples 14-23 were obtained where the R.sub.a and R.sub.b
      groups of starting material are replaced by the R group of the amine.
      ##EQU12##
PAC  EXAMPLE 24
PAC  Preparation of 2,6-dianilino-3,5-dinitropyridine
PAR  Under a nitrogen atmosphere, a mixture of 3,5-dinitro-2,6-pyridine
      dimethanesulfonamide (50 g, 0.14 mole), 200 ml aniline and 250 ml
      N,N-dimethylacetamide was heated with stirring to 140.degree.C and then
      maintained at this temperature for 6 hours. The warm (90.degree.C) mixture
      was poured onto 450 ml methanol with stirring and 20 ml triethylamine
      added. The precipitate was washed with methanol and dried to afford
      2,6-dianilino-3,5-dinitropyridine (34.5 g, 70%) as an orange solid, mp.
      224-225.5. Anal. Calcd. for C.sub.17 H.sub.13 N.sub.5 O.sub.4 : C, 58.1;
      H, 3.7. Found: c, 57.4; H, 3.4.
PAR  The above product was also obtained by using aniline as sole
      reactant-solvent at 130.degree.-150.degree.C for 24 hours.
PAC  EXAMPLES 25-34
PAR  Following a procedure similar to that described in Example 24 using
      reaction temperatures of 120.degree.-180.degree.C and reaction times of
      2-24 hours and substituting the
      2,6-dimethanesulfonamido-3,5-dinitropyridine and aniline by the
      3,5-dinitropyridine indicated by the formula
      ##SPC18##
PAL  and the amine RNH.sub.2, respectively the 3,5-dinitropyridine derivatives
      of Examples 25-34 were obtained where the R.sub.b and R.sub.a groups of
      starting material were replaced by the R group of the amine co-reactant.
TBL  __________________________________________________________________________
        Dinitro Starting Material                                              
                         Amine Co-reactant                                     
     Ex.                                                                       
        R.sub.a =                                                              
              R.sub.b =                                                        
                    R.sub.c =                                                  
                         RNH.sub.2, R=                                         
     __________________________________________________________________________
     25 C.sub.2 H.sub.5 SO.sub.2 --                                            
              C.sub.2 H.sub.5 SO.sub.2 --                                      
                    CH.sub.3 --                                                
                         p-C.sub.2 H.sub.5 C.sub.6 H.sub.4 --                  
        O     O                                                                
        .parallel.                                                             
              .parallel.                                                       
     26 CF.sub.3 C--                                                           
              CF.sub.3 C--                                                     
                    H    2-H.sub.2 NC.sub.5 H.sub.4 N-(2-aminopyridyl)         
                         O                                                     
                         .uparw.                                               
     27*                                                                       
        CH.sub.3 SO.sub.2 --                                                   
              CH.sub.3 SO.sub.2 --                                             
                    H    (CH.sub.3).sub.4 N.sup.+.sup.-O--S--C.sub.6 H.sub.4   
                         -(p)                                                  
                         .dwnarw.                                              
                         O                                                     
                         O                                                     
                         .parallel.                                            
     28*                                                                       
        CH.sub.3 SO.sub.2 --                                                   
              CH.sub.3 SO.sub.2 --                                             
                    H    K.sup.+.sup.-OC--C.sub.6 H.sub.4 -(m)                 
     29 CH.sub.3 SO.sub.2 --                                                   
              CH.sub.3 SO.sub.2 --                                             
                    CH.sub. 3 --                                               
                         2-quinolyl                                            
     30 CH.sub.3 SO.sub.2 --                                                   
              CH.sub.3 SO.sub.2 --                                             
                    CH.sub.3 --                                                
                         p-C.sub.6 H.sub.5 --C.sub.6 H.sub.4 --                
     31 CH.sub.3 SO.sub.2 --                                                   
              CH.sub.3 SO.sub.2 --                                             
                    H    p-HS--C.sub.6 H.sub.4 --                              
     32 CH.sub.3 SO.sub.2 --                                                   
              CH.sub.3 SO.sub.2 --                                             
                    H    m-H.sub.2 NC.sub.6 H.sub.4 -- (500% mole excess)      
     33 CH.sub.3 SO.sub.2 --                                                   
              CH.sub.3 SO.sub.2 --                                             
                    H    p-C.sub.6 H.sub.5 CH=CHC.sub.6 H.sub.4 --             
     34 CH.sub.3 SO.sub.2 --                                                   
              CH.sub.3 SO.sub.2 --                                             
                    C.sub.2 H.sub.5 --                                         
                         m-ClC.sub.6 H.sub.4 --                                
     __________________________________________________________________________
      *Acidification of product with excess HCl resulted in formation of the   
      acid form, i.e. --SO.sub.3 H or --CO.sub.2 H.                            
PAC  EXAMPLE 35
PAC  Preparation of 2-anilino-3,5-dinitro-6-methanesulfonamidopyridine and
      hydrolysis to 2-amino-6-anilino-3,5-dinitropyridine
PAR  A flask was charged with 3,5-dinitro-2,6-pyridine-dimethanesulfonamide (5.3
      g, 0.015 mole), acetic acid (7.5 g) and aniline (20 g, 0.215 mole). An
      immediate deep red precipitate formed. The mixture was heated under
      nitrogen for 14 hours at 87.degree.C and for 31/2 hours at 120.degree.C
      and cooled. The homogeneous mixture was diluted with methanol-water to
      precipitate product which was washed with methanol and vacuum dried. A
      golden yellowlight orange solid (4.2 g) m.p. 210.degree.-215.degree.C was
      obtained. Recrystallization from acetone, followed by a methanol wash, and
      drying raised the m.p. to 214.degree.-218.degree.C. Anal. Calcd. for
      C.sub.12 H.sub.11 N.sub.5 O.sub.6 S: C, 40.8; H, 3.1; N, 19.9; S, 9.1.
      Found: C, 42.1; H, 3.1; N, 19.4; S. 8.7. This product, unlike the product
      of Example 24, is soluble in methanol containing triethylamine.
PAR  The above product (5 g) was dissolved in warm 70% H.sub.2 SO.sub.4 (40 g)
      and heated at 140.degree.C. The mixture was cooled, poured onto ice water
      to precipitate 2-amino-6-anilino-3,5-dinitropyridine.
PAC  EXAMPLE 36
PAC  Preparation of
      2-(.alpha.-pyridylamino)-3,5-dinitro-6-methanesulfonamidopyridine
PAR  A flask was charged with 3,5-dinitro-2,6-pyridinedimethonesulfonamide (7.0
      g, 0.0197 mole), acetic acid (10g), and 2-aminopyridine (20 g, 0.213 mole)
      which was heated under nitrogen for 51/4 hours at 110.degree.C. The
      mixture was cooled, diluted with methanol to precipitate product which was
      filtered, washed, and dried. The
      2-(.alpha.-pyridylamino)-3,5-dinitro-6-methanesulfonamidopyridine (6.3 g)
      so obtained had a m.p. of 165.degree.-170.degree.C. Anal. Calcd. for
      C.sub.12 H.sub.10 N.sub.6 O.sub.6 S: C, 37.3; H, 3.0; N, 23.7. Found: C,
      35.5; H, 3.6; N, 23.1.
PAC  EXAMPLE 37
PAC  Preparation of 3,5-diamino-2,6-di(methylamino)pyridine acid salts
PAC  A. Trismethanesulfonate Salt
PAR  A 250 ml Parr bottle was charged with
      2,6-di(methylamino)-3,5-dinitropyridine (20.0 g, 0.088 mole), 30 ml
      methanesulfonic acid, 200 ml methanol and 1.0 g 5% Pd/charcoal catalyst.
      The mixture was subjected to hydrogenation at ambient temperature with an
      initial hydrogen pressure of 65 psig. When no further uptake of hydrogen
      was observed, the mixture was treated with anhydrous silica gel (25 g),
      filtered free of catalyst and drying agent under a nitrogen atmosphere,
      and methanol removed under vacuum. The trimethanesulfonate salt of
      3,5-diamino-2,6-di(methylamino)pyridine was obtained under nitrogen by
      addition of cold i-butanol-benzene to the concentrate, followed by vacuum
      drying (40.degree.-50.degree.C) over P.sub.2 O.sub.5.
PAC  B. Tris(trifluoroacetate) Salt
PAR  The procedure of Example 37A was followed except that CF.sub.3 CO.sub.2 H
      (50 ml) and acetic acid (200 ml) was substituted for the methanesulfonic
      acid and methanol, respectively. The tris(trifluoroacetate) salt was
      obtained directly after complete removal of acetic acid under high vacuum.
PAC  C. Trihydrohalide Salts
PAR  The procedure of Example 37B was repeated except that when approximately
      three quarters of the solvent was removed, the concentrate was added under
      nitrogen to 125 ml 10% HCl in isopropyl alcohol (0.degree.C). The
      precipitate was filtered under nitrogen, washed with additional cold 10%
      HCl in isopropyl alcohol, and vacuum dried over P.sub.2 O.sub.5 to afford
      3,5-diamino-2,6-di(methylamino)pyridine trihydrochloride.
PAR  Trishydrochloride, in contrast to 2,3,5,6-tetraaminopyridine
      trihydrochloride, was considerably soluble in concentrated HCl or in
      methanolic hydrogen chloride.
PAC  D. Sulfuric Acid Salt
PAR  The procedure of Example 37A was repeated except that 30 ml conc. H.sub.2
      SO.sub.4 was substituted for the methanesulfonic acid. The tris(sulfuric
      acid) salt was obtained by addition of the filtered hydrogenation
      concentrate to cold (0.degree.C) isopropyl alcohol followed by washing and
      vacuum drying.
PAC  EXAMPLE 38
PAC  Preparation of 2,3,5,6-tetraamino-4-methylpyridine acid salts
PAC  A. Trihydrochloride Salt
PAR  A 500 ml Parr bottle was charged with
      2,6-diamino-4-methyl-3,5-dinitropyridine (21.3 g, 0.10 mole), 150 ml 85%
      H.sub.3 PO.sub.4, 150 ml methanol and 5% Pd/charcoal catalyst (3.0 g). The
      mixture was placed under 65 psig hydrogen pressure and then heated
      gradually to about 45.degree.C and maintained at this temperature until no
      further hydrogen uptake was observed. The cooled mixture was filtered
      under nitrogen, the cold filtrate was diluted with 250 ml cold conc. HCl
      and then saturated with HCl at 0.degree.C. The precipitate was filtered
      under nitrogen, washed with 10% HCl in isopropyl alcohol and vacuum dried
      at 70.degree.-80.degree.C over P.sub.2 O.sub.5 to afford
      2,3,5,6-tetraamino-4-methylpyridine trihydrochloride (16.3 g, 62%). Anal.
      Calcd. for C.sub.6 H.sub.11 N.sub.5.3HCl: C, 27.5; H, 5.3; N, 26.7; Cl,
      40.6. Found: C, 27.3; H, 5.5; N, 26.5; Cl, 40.5.
PAC  B. Trismethanesulfonate Salt
PAR  The hydrochloride salt (10 g) of Example 38A was dissolved in
      methanesulfonic acid (60 g) and the resulting solution evacuated to remove
      HCl. Precipitation into cold isopropyl alcohol afforded the
      trismethanesulfonate salt.
PAC  EXAMPLE 39
PAC  Preparation of 3,5-diamino-2,6-dianilinopyridine dihydrochloride
PAR  A 500 ml Parr bottle was twice charged with
      2,6-dianilino-3,5-dinitropyridine (13.5 g, 0.0385 mole), 300 ml of
      methanol containing HCl (10 g) and 5% Pd/Charcoal catalyst (1.1 g). The
      mixture was placed under 55 psig. hydrogen pressure and kept at
      25.degree.-40.degree.C until no further uptake of hydrogen was observed.
      The combined reduction mixtures were cooled, precipitated product and
      catalyst filtered under nitrogen, and the filter cake washed with 10% HCl
      in isopropyl alcohol. The filter cake was added to 500 ml of warm
      (55.degree.C) conc. HCl, stirred well for 5 minutes, filtered and the
      insolubles washed with conc. HCl. The clear filtrate was cooled
      (0.degree.C), diluted with 500 ml cold (-15.degree.C) isopropyl alcohol
      with good stirring to precipitate product. The solid was filtered, washed
      with 10% HCl in isopropyl alcohol and vacuum dried over P.sub.2 O.sub.5 to
      afford 3,5-diamino-2,6-dianilinopyridine dihydrochloride (25.5 g, 92%).
      Anal. Calcd. for C.sub.17 H.sub.17 N.sub.5.2HCl: C, 56.0; H, 5.2; N, 19.2;
      Cl, 19.5. Found: C, 54.0; H, 5.4; N, 19.4; Cl, 20.0.
PAC  EXAMPLE 40
PAC  Preparation of 5,5',6,6'-tetraamino-2,2'-dipyridyl and acid salts thereof
PAR  The reduction procedure employed was similar to that described in British
      Specification No. 1,115,607 for the preparation of
      4,4',5,5'-tetraamino-2,2'-dipyridyl from
      4,4'-diamino-5,5'-dinitro-2,2'-dipyridyl. A 500 ml Parr bottle was charged
      with 13.8 g (0.05 mole) 6,6'-diamino-5,5'-dinitro-2,2'-dipyridyl, 250 ml
      acetic acid and 1.0 g 5% Pd/Charcoal catalyst. The mixture was subjected
      to hydrogenation at about 60.degree.C. When no further uptake of hydrogen
      was observed, the mixture was cooled, filtered free of catalyst, and
      treated with 9.1 g (0.25 mole) of anhydrous HCl (use of HBr will afford
      the tetrahydrobromide salt). The mixture was cooled to 0.degree.C with
      good stirring, product filtered off, solid washed with tetrahydrofuran and
      dried to afford 5,5'-6,6'-tetraamino-2,2'-dipyridyl tetrahydrochloride.
      Anal. Calcd. for C.sub.10 H.sub.12 N.sub.6.4HCl: Cl, 39.2. Found: Cl,
      39.0.
PAR  The bis(trifluoromethanesulfonate) salt was likewise obtained by conducting
      the reduction in the presence of 0.10 mole CF.sub.3 SO.sub.3 H. This salt
      was isolated by filtering off catalyst, vacuum stripping of solvent,
      precipitation with cold tetrahydrofuran, filtering and vacuum drying.
PAR  The free base 5,5',6,6'-tetraamino-2,2'-dipyridyl could be obtained by
      dissolving either of the above amine salts in water, heating with
      decolorizing charcoal, filtering, cooling the filtrate to about 0.degree.C
      under a nitrogen purge and adding concentrated aqueous ammonia to
      neutralize all the acid. The solid tetraamine was obtained by filtration
      and drying.
PAC  EXAMPLES 41-53
PAR  The polyamino acid salts of Examples 41-53 were prepared by using the
      dinitro intermediates indicated below and following the reduction
      procedures of Example 37, 38, 39 or 40.
      ##EQU13##
PAC  EXAMPLE 54
PAC  Precyclized Polymer and Polybenzimidazole from
      3,5-Diamino-2,6-di(anilino)pyridine Dihydrochloride and Isophthaloyl
      Chloride
PAR  Isophthaloyl chloride (5.16 g, 0.0254 mole) was added over 5 minutes under
      a nitrogen atmosphere to a stirred cold mixture of 9.25 g (0.0254 mole)
      3,5-diamino-2,6-di(anilino)pyridine dihydrochloride and 45 g
      N-methylpyrrolidinone. The reaction was maintained at
      5.degree.-10.degree.C for several hours and then kept at room temperature
      for 21 hours. The polymer solution was poured into 200 ml methanol with
      good stirring. The precipitate of precyclized polymer was filtered, washed
      well with methanol twice and vacuum dried overnight at
      50.degree.-55.degree.C. The polymer (9.8 g) was obtained as a yellow-green
      powder which was soluble in N,N-dimethylformamide (DMF), dimethylsulfoxide
      (DMSO), and formic acid. Anal. Calcd. for C.sub.25 H.sub.19 N.sub.5
      O.sub.2.HCl: C, 65.5; H, 4.4; N, 15.3; Cl, 7.8. Found: C, 67.5; H, 4.6; N,
      15.4; Cl, 2.9.
PAR  This polymer was isolated as its neutral salt as follows: the hydrochloride
      polymer (3.0 g) was dissolved in DMF (25 ml), treated with triethylamine
      (0.7 g) and then precipitated into methanol and purified as described
      above. The neutral precyclized polymer was soluble in DMF, DMSO and formic
      acid. Anal. Calcd. for C.sub.25 H.sub.17 N.sub.5 O.sub.2 : C, 71.3; H,
      4.5; N, 16.6. Found: C, 71.1; H, 4.7; N, 16.6.
PAR  Similarly other acid salts of the above precyclized polymer may be formed
      by replacing the dihydrochloride salt by one of the following
      3,5-diamino-2,6-di(anilino)pyridine bis(acid salts); hydrobromide,
      methanesulfonate, or trifluoroacetate.
PAR  The above precyclized hydrochloride polymer (3.0 g) was converted to the
      cyclized polybenzimidazole (2.55 g) by heating two hours under vacuum at
      each of the following temperatures, 150.degree., 200.degree., 300.degree.,
      and 350.degree.C. The resulting polybenzimidazole was soluble in formic
      acid, CF.sub.3 CO.sub.2 H and methanesulfonic acid. Anal. Calcd. for
      C.sub.25 H.sub.15 N.sub.5 : C, 77.9; H, 3.9; N, 18.2. Found: C, 77.8; H,
      4.0; N, 18.1. This polymer possessed outstanding thermooxidative stability
      retaining 99% of its weight after 500 hours isothermal aging in air at
      600.degree.F (316.degree.C). In comparison the polybenzimidazole derived
      from 2,3,5,6-tetraaminopyridine.3HCl and isophthaloyl chloride retained
      87% of its weight after 300 hours and
      poly[2,2'-(m-phenylene)-5,5'-bibenzimidazole] retained only 57% of its
      weight after 200 hours in air at 600.degree.F.
PAC  EXAMPLE 55
PAC  Precyclized Polymer and Polybenzimidazole from
      3,5-Diamino-2,6-di(anilino)pyridine Dihydrochloride and
      4,4'-[sulfonyl-bis(p-phenyleneoxy]di-benzoyl Chloride
PAR  The polymerization described in Example 1 was repeated using 10.36 g
      (0.0196 mole) 4,4'-[sulfonylbis(p-phenyleneoxy]-dibenzoyl chloride and
      7.15 g (0.196 mole) 3,5-diamino-2,6-(dianilino)pyridine dihydrochloride.
      The precyclized polymer which was obtained in excellent yield was very
      soluble in DMF, DMSo and formic acid. Anal. Calcd. for C.sub.43 H.sub.31
      N.sub.5 O.sub.6 S.HCl: C, 66.0; H, 4.1; N, 8.9; Cl, 4.5; S, 4.1. Found: C,
      67.5; H, 4.3; N, 9.0; Cl, 1.1; S, 4.4. This polymer was redissolved in 75
      ml DMF, and 5 ml triethylamine added. After stirring 15 minutes the
      polymer solution was precipitated into 400 ml methanol, filtered, washed
      and dried to give the neutral precyclized polymer (12.7 g, 87%). Anal.
      Calcd. for C.sub.43 H.sub.31 N.sub.5 O.sub.6 S: C, 69.3; H, 4.2; N, 9.4;
      S, 4.3. Found: C, 68.4; H, 4.6; N,  8.9; S, 4.4.
PAR  The above precyclized polymer (3.0 g) was converted to the cyclized
      polybenzimidazole (2.68 g) as described in Example 1. This polymer was
      insoluble in DMF or DMF-DMSO but was very soluble in formic acid or
      CF.sub.3 CO.sub.2 H even when the latter solvent was diluted with
      hexafluoroisopropyl alcohol or 3,3,3,2,2-pentafluoropropanol. Anal. Calcd.
      for C.sub.43 H.sub.27 N.sub.5 O.sub.4 S: C, 72.8; H, 3.8; N, 9.9; S. 4.5.
      Found: C, 73.5; H, 3.9; N,9.2; S. 4.0.
PAR  The preceding description and Examples are intended to illustrate preferred
      embodiments of the invention and are not intended to limit the invention
      in any way. The monomers described are useful in the production of
      polymers in the same manner as the tetraamino pyridines utilized in my
      U.S. Pat. No. 3,740,410 issued June 19, 1973 and in U.S. Patents 3,783,137
      issued Jan. 1, 1974 and 3,804,804 issued Apr. 16, 1974.
PAR  Accordingly, it is not intended that this invention be limited in any way
      except as defined in the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. 2,6-Di(substituted amino)-3,5-dinitropyridine compounds represented by a
      formula selected from the group consisting of
      ##SPC19##
PAL  wherein R.sub.2 represents a monovalent member selected from the group
      consisting of hydrogen, methyl, ethyl, propyl, butyl and pentyl;
PA1  R.sub.1 represents a monovalent member selected from the group consisting
      of hydrogen, C.sub.1 -C.sub.5 alkyl, substituted C.sub.1 -C.sub.5 alkyl,
      C.sub.3 -C.sub.5 alkenyl, phenyl, pyridyl, picolyl, quinolyl, substituted
      benzyl, and substituted phenyl wherein the substituents on said members
      are selected from the group consisting of methyl, phenyl, pyridyl, -CN,
      -COOH and its salts, -SO.sub.3 and its salts, -NH.sub.2,
      ##SPC20##
PAL  Cooc.sub.6 h.sub.5, -sh, thioaryl, thioalkyl, -CH=CHC.sub.6 H.sub.5, and
      N,N-dimethylamino; with the proviso that not all three of the R.sub.1 and
      R.sub.2 members can be H; and both of the R.sub.1 's need not be
      identical;
PA1  R.sub.3 is a monovalent radical selected from the group consisting of H and
      alkyl of 1 to 5 carbon atoms; and
PA1  x is a covalent bond or a divalent radical selected from the group
      consisting of alkylene of 1 to 3 carbon atoms, -S-, -O- and
      ##SPC21##
PAL  where m is equal to 1 or 2; and each R.sub.3 NH- group is located ortho to
      a nitro group and the pyridyl rings containing the amino groups are joined
      via the 2,2', 3,3', or 2,3' positions with the provisos that when X is a
      covalent bond both R.sub.3 's cannot be hydrogen when the pyridyl groups
      are joined 2,2'; and when X is
      ##SPC22##
PAL  the pyridyl groups are joined 2,2'; and further that both of the R.sub.3 's
      need not be identical.
NUM  2.
PAR  2. A process for preparing the compounds of claim 1 which comprises
      reacting
PA1  1. a 2,6-di(R.sub.4 NH)-4-R.sub.2 -3,5-dinitropyridine wherein R.sub.4
      represents a monovalent member selected from the group consisting of H-,
      ##EQU14##
      and
      ##EQU15##
      the alkyl in said group of alkyl with up to 5 carbon atoms, and R.sub.2 is
      selected from the group consisting of H and alkyl with up to 5 carbon
      atoms,
PAR  2. at least one primary amine represented by the formula R'NH.sub.2,
      wherein R' is selected from the lower alkyl or alkenyl, aminoalkyl,
      (N,N-dialkylamino)alkyl, cyanophenylalkyl, arylalkyl, (aminoaryl)alkyl,
      and
      ##SPC23##
PAL  in which y = 1 or 2;
PA1  said reaction being effected at temperatures between about 25.degree.C and
      200.degree.C in a solvent selected from the group consisting of primary
      amines and polar aprotic solvents and mixtures thereof.
NUM  3.
PAR  3. A process for preparing 2,6-di(substituted amino)-3,5-dinitropyridine
      compounds which comprises: reacting a 2,6-di(R.sub.6 NH)-4-R.sub.2
      -3,5-dinitropyridine or a 2-(R.sub.1 NH)-6-(R.sub.6 NH)-4-R.sub.2
      -3,5-dinitro-pyridine wherein R.sub.6 represents
      ##EQU16##
      or
      ##EQU17##
      and R.sub.2 is selected from the group consisting of H and alkyl with 1 to
      5 carbon atoms, with at least one primary amine represented by the formula
      R"NH.sub.2, and R" is any of phenyl; alkylated or halo phenyl; pyridyl and
      alkylated pyridyl; quinolyl; amino phenyl or amino pyridyl; -C.sub.6
      H.sub.4 SO.sub.3 .theta.; --C.sub.6 H.sub.4 COO.theta.; --ArCN; -Ar-Ar;
      ##SPC24##
PAL  ; and -ArSR.sub.7 in which R.sub.7 is H, lower alkyl or phenyl; and Ar is
      phenyl or phenylene with up to one ring CH being replaced by N and
      effecting said reaction at a temperature between about 70.degree.C and
      200.degree.C; R.sub.1 is as defined in Claim 1.
NUM  4.
PAR  4. Substituted tetraamino pyridine compounds represented by one of the
      formulae from the group consisting of
      ##SPC25##
PAL  wherein R.sub.2 represents a monovalent member selected from the group
      consisting of hydrogen, methyl, ethyl, propyl, butyl and pentyl;
PA1  R.sub.1 represents a monovalent member selected from the group consisting
      of hydrogen, C.sub.1 -C.sub.5 alkyl, substituted C.sub.1 -C.sub.5 alkyl,
      C.sub.3 -C.sub.5 alkenyl, phenyl, pyridyl, picolyl, quinolyl, substituted
      benzyl, and substituted phenyl, wherein the substituents on said members
      are selected from the group consisting of methyl, phenyl, pyridyl, -CN,
      -COOH and its salts,
      ##SPC26##
PAL  --COOC.sub.6 H.sub.5, -SO.sub.3 H and its salts, -SH, thioaryl, thioalkyl,
      --CH=CHC.sub.6 H.sub.5, and N,N-dimethylamino; with the proviso that not
      all three of the R.sub.1 and R.sub.2 members can be H; and both of the
      R.sub.1 's need not be identical;
PA1  R.sub.3 is a monovalent radical selected from the group consisting of H and
      alkyl of 1 to 5 carbon atoms; and
PA1  X is a covalent bond or a divalent radical selected from the group
      consisting of alkylene of 1 to 3 carbon atoms, -S-, -O-, and
      ##SPC27##
PAL  where m is equal to 1 or 2; and each R.sub.3 NH- group is located ortho to
      an amino group and the pyridyl rings containing the amino groups are
      joined via the 2,2', 3,3',  or 2,3' positions with the provisos that when
      X is a covalent bond both R.sub.3 's cannot be hydrogen when the pyridyl
      groups are joined 2,2'; and when X is
      ##SPC28##
PAL  the pyridyl groups are joined 2,2'; and further that both of the R.sub.3 's
      need not be identical; and
PA1  the acid salts thereof.
NUM  5.
PAR  5. The compounds of claim 4 wherein the acid of said acid salts is selected
      from the group consisting of HCl, HBr, H.sub.3 PO.sub.4, H.sub.2 SO.sub.4,
      CF.sub.3 COOH, lower alkane sulfonic and perfluoroalkanesulfonic.
NUM  6.
PAR  6. The process of claim 3 in which the reaction is carried out with a
      2,6-di(R.sub.6 NH)-4-R.sub.2 -3,5-dinitro-pyridine in the presence of an
      acid selected from alkanoic acids of two to five carbon atoms and the
      product is 2-(R"NH)-6-(R.sub.6 NH)-4-R.sub.2 -3,5-dinitro-pyridine;
      R.sub.2, R.sub.6, and R" are as defined in claim 4.
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ABST
PAL  A 7-aminocephalosporin is acylated to a 7-acylamidocephalosporin by
      reaction with the pentachlorophenyl ester of sydnone-3-acetic acid or
      1-tetrazoleacetic acid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Certain 7-sydnoneacylamido cephalosporins possessing antibacterial activity
      have been described and claimed in U.S. Pat. Nos. 3,530,123 and 3,563,983.
      Additionally, certain 7-tetrazolyacylamido cephalosporins have been
      described and claimed in U.S. Pat. No. 3,516,997.
PAR  In producing the compounds described in the above patents, a
      7-aminocephalosporin can be acylated with an appropriate acylating agent
      so as to obtain the corresponding 7-acylamido cephalosporin derivative.
      Acylation of the 7-amino group of the cephalosporin to produce the
      7-sydnoneacylamido cephalosporin has been accomplished in the above U.S.
      patents by reacting it will free acid derivative of the appropriate acyl
      group in the presence of a scavenger for the water which is formed as
      by-product. Such a scavenger can be, for example,
      N,N'-dicyclohexylcarbodiimide.
PAR  Also, in Naito et al., The Journal of Antibiotics, 21, pages 300-305
      (1968), 7-aminocephalosporins were acylated to the corresponding
      7-sydnoneacylamido derivatives using sydnone-3-acetyl chloride.
PAR  Additionally, U.S. Pat. No. 3,516,997 describes the acylation of a
      7-aminocephalosporin by treatment thereof with a mixed anhydride produced
      from the acid of the selected acyl group and pivaloyl chloride.
PAR  The extent of success of the acylation is dependent upon the particular
      method which is employed as well as upon the structural characteristics of
      the particular acyl function which is to be attached to the 7-amino group
      of the cephalosporin.
PAR  It has now been discovered that it is possible to achieve a facile and
      highly successful acylation of the 7-amino group of a 7-aminocephalosporin
      to produce the corresponding 7-(sydnone-3-acetamido)- or
      7-(1-tetrazoleacetamido)- derivative. This acylation involves the use as
      acylating agent of a specific ester of sydnone-3-acetic acid or
      1-tetrazoleacetic acid.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to a process for acylating a
      7-aminocephalosporin which comprises reacting said 7-aminocephalosporin or
      a silylated derivative thereof with a pentachlorophenyl ester of the
      formula
      ##SPC1##
PAL  In which R.sub.2 is a sydnone-3-acetyl or 1-tetrazoleacetyl.
PAR  Another aspect of this invention is the compound pentachlorophenyl
      1-tetrazoleacetate. This compound is useful as acylating agent in the
      process of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As already noted, this invention is directed to the use of particular
      esters in the process of acylating 7-aminocephalosporins. These esters
      have been found to be highly efficient in achieving acylation of
      7-aminocephalosporins. The particular esters which are employed in the
      process of this invention are pentachlorophenyl sydnone-3-acetate and
      pentachlorophenyl 1-tetrazoleacetate. The extraordinary level of activity
      of the aforementioned esters has been found to arise from the combination
      of the pentachlorophenyl moiety and the particular characteristics of both
      the sydnone-3-acetic acid and 1-tetrazoleacetic acid moieties.
PAR  Multiple routes are available in preparing the esters which are employed in
      the process of this invention. For example, sydnone-3-acetic acid or
      1-tetrazoleacetic acid itself can be reacted with pentachlorophenol. The
      reaction will generally be carried out in the presence of an appropriate
      water-scavenging condensing agent, such as, for example,
      N,N'-diethylcarbodiimide, N,N'-diisopropylcarbodiimide,
      N,N'-dicyclohexylcarbodiimide, and the like.
PAR  This ester formation can be carried out in the presence of any of a number
      of solvents, preferably polar solvents, such as N,N-dimethylformamide,
      N,N-dimethylacetamide, tetrahydrofuran, ethyl acetate, acetone, methyl
      ethyl ketone, acetonitrile, and the like. The ester formation generally
      will be carried out at a temperature of from about 0.degree.C. to about
      50.degree.C. for a period of from about 1 to about 8 hours.
PAR  The esters used in the process of this invention also can be prepared by
      reacting sydnone-3-acetic acid or 1-tetrazoleacetic acid with an
      appropriate haloformate of pentachlorophenol. A haloformate which is
      highly suitable for this purpose is pentachlorophenyl chloroformate. This
      is obtained by reacting pentachlorophenol with phosgene. The
      thereby-obtained pentachlorophenyl chloroformate is then reacted with
      sydnone-3-acetic acid or 1-tetrazoleacetic acid to produce
      pentachlorophenyl sydnone-3-acetate or pentachlorophenyl
      1-tetrazoleacetate, respectively. The reaction of pentachlorophenyl
      chloroformate with the acid may be carried out in a solvent, preferably a
      polar solvent, such as any of those previously mentioned. The temperature
      of reaction generally will range from about 0.degree.C. to about
      50.degree.C., and the reaction will be carried out for from about 1 to
      about 8 hours.
PAR  Another method suitable for obtaining the esters used in the process of
      this invention includes the reaction of the appropriate acid halide, for
      example, sydnone-3-acetyl chloride or 1-tetrazoleacetyl chloride, with
      pentachlorophenol. The acid chloride can be obtained by treatment of the
      corresponding acid with phosphorus pentachloride. The acid chloride is
      treated with pentachlorophenol in the presence of a reagent which will
      scavenge the HCl byproduct, typically a tertiary amine, such as pyridine,
      triethylamine, and the like. The reaction generally is accomplished in the
      presence of an inert solvent such as any of those mentioned hereinabove.
PAR  In accordance with the process of this invention, the pentachlorophenyl
      esters are employed to acylate the 7-amino substituent present in a
      7-amino cephalosporin. With respect to the structure of the
      7-aminocephalosporin, the only critical element thereof is the presence of
      a free 7-amino substituent. Other substituents which appear in the
      molecule, especially in the 3- and/or 4-positions are not critical to the
      definition of the process of this invention. However, certain
      7-aminocephalosporins are preferred for use in the process of this
      invention. Preferably, the 7-aminocephalosporin will have the formula
      ##SPC2##
PAL  in which R is hydrogen, a carboxy protecting group, an amine salt cation,
      or an alkali or alkaline earth metal salt cation, and R.sub.1 is hydrogen,
      acetoxy, methoxy, methylthio 5-methyl-1,3,4-thiadiazol-2-ylthio,
      1-methyl-1H-tetrazol-5-ylthio, and the like.
PAR  Particularly preferred 7-aminocephalosporins which can be acylated in
      accordance with the process of this invention include those in which
      R.sub.1 is hydrogen, acetoxy, 5-methyl-1,3,4-thiadiazol-2-ylthio, and
      1-methyl-1H-tetrazol-5-ylthio.
PAR  The 7-aminocephalosporin can be used in the form of its free acid, in which
      case R is hydrogen. R can also be a carboxy protecting group, in which
      case the 7-aminocephalosporin typically will be in the form of an ester.
      The 7-aminocephalosporin can also be in the form of an amine salt, or an
      alkali or an alkaline earth metal salt. When the carboxy protecting group
      is an ester function, the particular structure of the ester function which
      is present on the 4-carboxyl group is not critical to the process of this
      invention. However, for ease of conversion to an active antibiotic, the
      ester function preferably should be one which is readily removable from
      the carboxyl substituent by recognized techniques. Preferably, therefore,
      in the event that an ester is employed, the R group defined in the above
      formula will be, for example, t-butyl, p-nitrobenzyl, p-methoxybenzyl,
      benzyl, benzhydryl, 2,2,2-trichloroethyl, or the like. Cleavage of the
      ester function to obtain an active antibiotic generally can be achieved by
      treatment of the ester with an acid such as trifluoroacetic acid,
      hydrochloric acid, and the like, or with zinc and acid, such as formic
      acid, acetic acid, or hydrochloric acid. Cleavage likewise can be
      accomplished by hydrogenating the ester in the presence of palladium,
      rhodium, or a compound thereof, in suspension or on a carrier such as
      barium sulfate, carbon, alumina, or the like.
PAR  The carboxy protecting group likewise can be a silyl ester group. Preferred
      such silyl groups include, for example, trimethylsilyl, triethylsilyl,
      tripropylsilyl, triphenylsilyl, and the like. More preferably, the silyl
      group is trimethylsilyl. Silylating agents suitable for achieving silyl
      ester formation include, for example, N,O-bis-(trimethylsilyl)acetamide,
      N-trimethylsilylacetamide, hexamethyldisilazane, and the like, as well as
      silylating agents containing other tri-substituted silyl moieties.
PAR  In those instances in which it is preferred to employ a carboxy protecting
      group, use of a silyl ester is highly preferred. The silyl ester is
      readily prepared from the corresponding free acid 7-aminocephalosporin,
      and, indeed, it can be prepared in situ during reaction of the
      7-aminocephalosporin with the pentachlorophenyl ester. The silyl ester is
      prepared by reaction of the free acid 7-aminocephalosporin with an
      appropriate silylating agent, such as any of those mentioned hereinabove.
      Two silyl moieties are required for each 7-aminocephalosporin molecule;
      one silyl moiety attaches to the 4-carboxyl group and the other silyl
      moiety displaces one of the hydrogens at the 7-amino substituent. In the
      event, therefore, of the use of an in situ formed silyl ester, the
      pentachlorophenyl ester effectively will be reacted with a
      7-aminocephalosporin in which one of the amine hydrogens has been
      displaced by a silyl moiety.
PAR  Cleavage of the silyl group from the 4-carboxyl function is accomplished
      during recovery of the acylated product, and, therefore, a specific
      cleavage step is not required. This is due to the fact that the silyl
      ester is quite labile and will be removed by simple hydrolysis under
      conditions employed during recovery of the 7-acylamidocephalosporin.
PAR  An amine salt, such as the dicyclohexylamine salt or the triethylamine salt
      of the 7-aminocephalosporin likewise can be used as reactant in the
      acylation. Moreover, an alkali or an alkaline earth metal salt such as the
      sodium, potassium, lithium, calcium, or the like, salt of the
      7-aminocephalosporin can be employed.
PAR  In carrying out the acylation in accordance with the process of this
      invention, the selected 7-aminocephalosporin generally is dissolved in an
      appropriate solvent. If the 7-aminocephalosporin is employed in the form
      of its ester, such ester can be dissolved as such in the solvent or, in
      the case, for example, of a silyl ester, the silyl ester can be formed in
      situ by interaction of the free acid and a silylating agent. The
      pentachlorophenyl ester of sydnone-3-acetic acid or 1-tetrazoleacetic acid
      generally is then added to the mixture, and the reaction is allowed to
      proceed. Typically, the temperature of reaction is from about 0.degree.C.
      to about 50.degree.C., and preferably from about room temperature to about
      40.degree.C. The reaction is allowed to proceed to completion, which
      generally takes from about 1 to about 24 hours. The solvents which can be
      employed in the process of this invention generally are any solvents which
      accomplish dissolution of both the 7-aminocephalosporin and the
      pentachlorophenyl ester. Generally, therefore, a solvent which is
      moderately polar is employed, and, thus, includes solvents such as
      tetrahydrofuran, acetonitrile, N,N-dimethylformamide,
      N,N-dimethylacetamide, acetone, methyl ethyl ketone, ethyl acetate, and
      the like. The amount of solvent which is employed is not critical to the
      process of this invention. An amount of solvent sufficient to accomplish
      complete dissolution of the reactants generally will be employed.
PAR  The reaction is equimolar, and typically therefore equivalent quantities of
      the reactants are employed. However, it, of course, is preferred to employ
      a slight excess of the less expensive reactant to assure maximum
      conversion of the more expensive reactant. Thus, an excess of from about 5
      percent to about 15 percent on a molar basis of the pentachlorophenyl
      ester generally is employed.
PAR  The product from the process of this invention can be recovered as the free
      acid, as the alkali or alkaline earth metal salt, such as the sodium,
      potassium, or calcium salt, as an ester, or as an acid addition salt, such
      as, for example, the dicyclohexylamine salt, the triethylamine, salt, the
      quinoline salt, and the like.
PAR  The products produced in accordance with the process of this invention can
      be isolated by employing conventional methods. These can include, for
      example, chromatographic separation, filtration, recrystallization, and
      the like.
PAR  Compounds which can be prepared in accordance with the process of this
      invention include, but by no means are limited to, the following:
      7-(syndone-3-acetamido)-3-methyl-3-cephem-4-carboxylic acid; t-butyl
      7-(sydnone-3-acetamido)-3-acetoxymethyl-3-cephem-4-carboxylate;
      p-nitrobenzyl
      7-(1-tetrazoleacetamido)-3-acetoxymethyl-3-cephem-4-carboxylate;
      p-methoxybenzyl
      7-(1-tetrazoleacetamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-ce
     phem-4-carboxylate; benzyl
      7-(sydnone-3-acetamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cep
     hem-4-carboxylate; benzhydryl
      7-(sydnone-3-acetamido)-3-(1-methyl-1H-tetrazol-5-ylthiomethyl)-3-cephem-4
     -carboxylate; 2,2,2-trichloroethyl
      7-(1-tetrazoleacetamido)-3-methylthiomethyl-3-cephem-4-carboxylate;
      7-(sydnone-3-acetamido)-3-acetoxymethyl-3-cephem-4-carboxylate;
      7-(1-tetrazoleacetamido)-3-acetoxymethyl-3-cephem-4-carboxylic acid;
      7-(sydnone-3-acetamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cep
     hem-4-carboxylic acid;
      7-(1-tetrazoleacetamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-ce
     phem-4-carboxylic acid; and the like.
PAR  The following examples are provided to further illustrate the teaching of
      this invention, and are not intended to be limiting upon the scope
      thereof.
PAC  EXAMPLE 1
PAR  Preparation of pentachlorophenyl sydnone-3-acetate.
PAR  Employing the procedure described in Chemical Abstracts, 55, 103906 (1961),
      pentachlorophenyl chloroformate was prepared as follows:
PAR  About 27 g. (0.1 mole) of pentachlorophenol were added to about 100 ml. of
      water followed by about 8 g. (5.3 ml.) of 50 percent aqueous sodium
      hydroxide. The pH of the resulting mixture was about pH 9, and most of the
      pentachlorophenol had gone into solution. The resulting mixture was
      diluted to a total volume of about 180 ml. by addition of water. A
      solution of about 10 ml. of phosgene dissolved in 40 ml. of benzene was
      added dropwise while the reaction mixture was maintained at a temperature
      of about 8.degree.-10.degree.C. with cooling. During the dropwise
      addition, 20 percent aqueous sodium hydroxide was added as necessary to
      maintain the pH of the mixture above about pH 7. The lower benzene layer
      was separated from the aqueous layer, additional benzene was added, and
      the benzene was washed with cold water. The benzene layer was then dried
      over magnesium sulfate and evaporated to produce a crystalline residue of
      29.5 g. of pentachlorophenyl chloroformate, m.p. 54.degree.-61.degree.C.
PAR  About 3.2 ml. (40 millimoles) of pyridine were added to 5.76 g. (40
      millimoles) of sydnone-3-acetic acid dissolved in 50 ml. of
      tetrahydrofuran. To the slurry of the resulting pyridine salt were added
      13.2 g. (40 millimoles) of the above prepared chloroformate dissolved in
      50 ml. of tetrahydrofuran. The mixture was stirred for about one hour
      during which time carbon dioxide evolved and was vented from the system.
      The reaction mixture was then filtered, and the filtrate was evaporated.
      The resulting residue was slurried with ether, filtered and dried in vacuo
      to give 14.1 g. of product comprising the pentachlorophenyl
      sydnone-3-acetate. The solid was further purified by slurrying in water,
      washing with ether, and drying in vacuo to recover pentachlorophenyl
      sydnone-3-acetate, m.p. 188.degree.-91.degree.C.
PAR  Analysis, Calculated for C.sub.10 H.sub.3 N.sub.4 O.sub.6 Cl.sub.5 : C,
      30.61; H, 0.77; N, 7.14. Found: C, 30.83; H, 0.76; N, 7.04.
PAC  EXAMPLE 2
PAR  Preparation of
      7-(sydnone-3-acetamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cep
     hem-4-carboxylic acid.
PAR  To about 50 ml. of dry acetonitrile were added 2.75 g. (8 millimoles) of
      7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid. About 5 ml. of N,O-bis(trimethylsilyl)acetamide were added to the
      mixture, and the mixture was warmed to about 50.degree.C. The suspension
      of solids dissolved after about 15 minutes. The reaction mixture,
      maintained in a nitrogen atmosphere, was allowed to cool to room
      temperature. About 4.7 g. (12 millimoles) of pentachlorophenyl
      sydnone-3-acetate were added. The mixture was stirred for about 2 hours,
      after which time undissolved solids remained in the mixture. The mixture
      was then stirred overnight with the result that all solids dissolved.
      About 1.5 ml. of methanol were added, and 0.15 g. of a solid precipitated
      which was removed by filtration. About 5 ml. of water were then added to
      the filtrate followed by the dropwise addition of 1.5 ml. of
      dicyclohexylamine. Crystallization occurred, and the mixture was stirred
      at room temperature for about 2 hours. The solid was collected by
      filtration, washed with a solution of 90 percent acetonitrile and 10
      percent water, and dried in vacuo. About 3.5 g. (67 percent yield) of the
      dicyclohexylamine salt of
      7-(sydnone-3-acetamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cep
     hem-4-carboxylic acid, m.p., 169.degree.-74.degree.C., were thereby
      obtained. Thin-layer chromatography of this material produced only one
      spot.
PAR  The above dicyclohexylamine salt was stirred in 28 ml. of ethanol. About
      2.5 ml. of water were added, followed by the dropwise addition of a
      mixture prepared by adding 3.1 ml. of a 70 percent aqueous sodium lactate
      solution to 7 ml. of ethanol. The mixture was stirred for about 4 hours,
      and the precipitated product was collected by filtration, washed with
      ethanol, and dried in vacuo at about 40.degree.C. About 2.3 g. (58 percent
      yield) of the sodium salt of
      7-(sydnone-3-acetamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cep
     hem-4-carboxylic acid, were thereby obtained.
PAC  EXAMPLE 3
PAR  Preparation of
      7-(sydnone-3-acetamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cep
     hem-4-carboxylic acid.
PAR  To about 25 ml. of dry N,N-dimethylformamide were added 2.75 g. (8
      millimoles) of
      7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid. About 5 ml. of N,O-bis(trimethylsilyl)acetamide were added at room
      temperature. The reaction mixture immediately became a clear solution.
      About 4.7 g. (12 millimoles) of pentachlorophenyl sydnone-3-acetate were
      added to the reaction mixture. The mixture was stirred overnight. About
      1.5 ml. of methanol were then added to the mixture; however, no
      precipitate formed. The solution was then evaporated at about 60.degree.C.
      to a dark oil; however, the oil did not crystallize upon addition either
      of ether or of ethyl acetate. The mixture was again concentrated, and
      about 50 ml. of acetonitrile were added. The resulting solution was
      filtered, and about 1.5 ml. of dicyclohexylamine were added to the
      filtrate. Crystals of the dicyclohexylamine salt precipitated rapidly. The
      mixture was stirred for about two hours, and the solid was collected,
      washed with acetonitrile, and dried in vacuo. The solid product was then
      slurried in about 20  ml. of ethanol for about 30 minutes, filtered,
      washed with ethanol and dried. The dicyclohexylamine salt of
      7-(sydnone-3-acetamido)-3-(1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-car
     boxylic acid, in an amount of 4.33 g. (83 percent yield), was collected.
PAR  Analysis, Calculated for C.sub.27 H.sub.35 N.sub.7 O.sub.6 S.sub.3 C,
      49.75; H, 5.72; N. 15.04. Found: C, 49.69; H, 5.48; N, 14.77.
PAR  In accordance with the method of Example 2, the dicyclohexylamine salt was
      converted to 2.76 g. (70 percent yield) of the corresponding sodium salt.
PAC  EXAMPLE 4
PAR  Preparation of
      7-(sydnone-3-acetamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cep
     hem-4-carboxylic acid.
PAR  To about 50 ml. of tetrahydrofuran were added 2.75 g. (8 millimoles) of
      7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid followed by about 5 ml. of N,O-bis(trimethylsilyl)acetamide. The
      mixture was heated to reflux, and the contents quickly dissolved. The
      resulting solution was then blanketed with nitrogen and allowed to cool.
      At about 40.degree.C., 4.70 g. (12 millimoles) of pentachlorophenyl
      sydnone-3-acetate were addded. When the added pentachlorophenyl ester had
      dissolved, nitrogen addition was halted, and the reaction flask was
      sealed. The mixture was stirred overnight.
PAR  To the resulting stirred solution were added 2 ml. of methanol. No
      noticeable precipitation occurred. The reaction mixture was then stirred
      with two portions of saturated aqueous sodium chloride to which had been
      added sufficient 6N HCl to lower the pH to about 1. The organic layer was
      separated from the aqueous layer, dried over magnesium sulfate, and
      evaporated to dryness. A solid residue resulted which was triturated in
      ether, collected by filtration, and dried in vacuo. The residue then was
      stirred in a mixture of water and ethyl acetate, and 1N aqueous sodium
      hydroxide was added to raise the pH of the aqueous layer to about 7. The
      aqueous layer was then separated from the organic layer, and the aqueous
      layer was extracted two times with ethyl acetate. The aqueous layer was
      then overlayed with acetonitrile, and 6N HCl was added to lower the pH to
      about 2. A small amount of sodium chloride was then added. The
      acetonitrile layer was separated and was shaken with saturated aqueous
      sodium chloride. The acetonitrile layer was then dried over magnesium
      sulfate and evaporated to produce a solid residue. The solid residue was
      slurried in ether and filtered to obtain 2.85 g. of
      7-(sydnone-3-acetamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cep
     hem-4-carboxylic acid.
PAC  EXAMPLE 5
PAR  Preparation of pentachlorophenyl 1-tetrazoleacetate.
PAR  To a solution of 2.7 g. (10 millimoles) of pentachlorophenol in 25 ml. of
      acetone were added 1.5 g. (10 millimoles) of 1-tetrazoleacetyl chloride.
      Pyridine (3 ml.) was added to the mixture. The mixture was stirred for 2
      hours and then allowed to stir overnight. Water was added to the reaction
      mixture, and a precipitate formed. The solid precipitate was collected,
      washed successively with water and ether, and dried in vacuo to obtain 1.8
      g. (48 percent per yield) of pentachlorophenyl 1-tetrazoleacetate, melting
      point 203.degree.-205.degree.C. (dec.).
PAR  Analysis, Calculated for C.sub.9 H.sub.3 N.sub.4 O.sub.2 Cl.sub.5 : C,
      28.72; H, 0.80; N, 14.88; Cl, 47.09. Found: C, 27.65; H, 0.79; N, 13.93;
      Cl, 46.95.
PAC  EXAMPLE 6
PAR  Preparation of
      7-(1-tetrazoleacetamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-ce
     phem-4-carboxylic acid.
PAR  A mixture of 2.75 g. (8 millimoles) of
      7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid and 3 g. of N-trimethylsilylacetamide in 15 ml. of
      N,N-dimethylformamide was prepared. The mixture was warmed to about
      40.degree.C. during which time solution was effected and then was cooled
      to about 30.degree.C. To the solution was then added 3.3 g. (8.8
      millimoles) of pentachlorophenyl 1-tetrazoleacetate. The mixture was
      stirred for about 2 hours after which it was diluted by addition of 1 ml.
      of methanol and 50 ml. of acetonitrile. The solution was decolorized with
      activated charcoal, and dicyclohexylamine (1.6 ml.) was added. A solid
      formed which, after 30 minutes, was collected, washed with acetonitrile
      and ethanol, and dried in vacuo to provide 3.65 g. (72 percent) of the
      dicyclohexylamine salt of
      7-(1-tetrazoleacetamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-ce
     phem-4-carboxylic acid. The dicyclohexylamine salt was converted to the
      free acid, and an NMR spectrum of the free acid is consistent with the
      designated structure.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for acylating a 7-aminocephalosporin which comprises the step
      of reacting said 7-aminocephalosporin or a silylated derivative thereof
      with a pentachlorophenyl ester of the formula
      ##SPC3##
PAL  in which R.sub.2 is sydnone-3-acetyl or 1-tetrazoleacetyl.
NUM  2.
PAR  2. Process of claim 1, in which the 7-aminocephalosporin has the formula
      ##SPC4##
PAL  in which R is hydrogen, a carboxy protecting group, an amine salt cation,
      or an alkali or alkaline earth metal salt cation, and R.sub.1 is hydrogen,
      acetoxy, methoxy, methylthio, 5-methyl-1,3,4-thiadiazol-2-ylthio, or
      1-methyl-1H-tetrazol-5-ylthio.
NUM  3.
PAR  3. Process of claim 2, in which R is a carboxy protecting group.
NUM  4.
PAR  4. Process of claim 3, in which R is selected from the group consisting of
      t-butyl, p-nitrobenzyl, p-methoxybenzyl, benzyl, benzhydryl, and
      2,2,2-trichloroethyl.
NUM  5.
PAR  5. Process of claim 3, in which R is a silyl group.
NUM  6.
PAR  6. Process of claim 5, in which R is trimethylsilyl.
NUM  7.
PAR  7. Process of claim 6, in which R.sub.1 is acetoxy.
NUM  8.
PAR  8. Process of claim 6, in which R.sub.1 is
      5-methyl-1,3,4-thiadiazol-2-ylthio.
NUM  9.
PAR  9. Process of claim 1, in which R.sub.2 is sydnone-3-acetyl.
NUM  10.
PAR  10. Process of claim 1, in which R.sub.2 is 1-tetrazoleacetyl.
NUM  11.
PAR  11. Process of claim 1, in which a free acid 7-aminocephalosporin is first
      reacted with a silylating agent, and the silylated derivative of said free
      acid 7-aminocephalosporin is then reacted with said pentachlorophenyl
      ester.
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ABST
PAL  Cephalosporin compounds having a trifluoromethylsulfinylacetamido group at
      the 7-position and various groups at the 3-position are prepared by
      acylation of a 7-aminocephalosporanic acid. The compounds have
      antibacterial activity.
PARN
PAR  This is a divisional application Ser. No. 371,081 filed June 18, 1973, now
      U.S. Pat. No. 3,880,848.
BSUM
PAR  This invention relates to cephalosporin compounds which have antibacterial
      activity. In particular, the invention relates to compounds having a
      trifluoromethylsulfinylacetamido substituent at position 7 of the cephem
      nucleus.
PAR  The compounds of this invention are represented by the following structural
      formula:
      ##SPC1##
PAL  In which:
PAR  M is hydrogen or an alkali metal or ammonium cation;
PAR  A is hydrogen, methyl, acetoxymethyl, pyridiniummethyl, CH.sub.2 SHet,
      CH.sub.2 SR'or CH.sub.2 OR', where R' is hydrogen or alkyl of from one to
      four carbon atoms; and
PAR  Het is a five or six membered heterocyclic group containing carbon and one
      to four atoms selected from the group consisting of N, O and S, each such
      group being unsubstituted or substituted with from one to two groups
      selected from lower alkyl, alkoxyalkyl, and trifluoromethyl, each alkyl or
      alkoxy group having from one to four carbon atoms, or an N-oxide thereof.
PAR  Preferred compounds are those where A is acetoxymethyl or CH.sub.2 SHet.
      Particularly preferred as those compounds where Het is unsubstituted or
      methyl substituted 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,3,4-tetrazolyl,
      oxazolyl, thiazolyl, 1,3,4-oxadiazolyl, 1,3,4-thiadiazolyl, or
      1,2,4-thiadiazolyl.
PAR  Included within the scope of this invention are the pharmaceutically
      acceptable salts that are formed by reaction of the cephalosporanic acid
      with a pharmaceutically acceptable base.
PAR  Cephalosporins with a wide variety of acyl groups at position 7 of the
      cephem nucleus have been disclosed in the prior art, including many
      7-alkylmercaptoacetamidocephalosporanic acid derivatives (U.S. Pat. Nos.
      3,573,298, 3,297,692 and others). 7-Substituted
      alkylsulfinylacetamidocephalosporanic acids variously substituted at
      position 3 (but not with CH.sub.2 SHet) are described in U.S. Pat. No.
      3,382,238 and German Pat. No. 2,000,878. Our own copending application
      Serial No. 273,571, filed July 20, 1972, now U.S. Pat. No. 3,828,037,
      discloses 7-trifluoromethylmercaptoacetamidocephalosporins. However, no
      cephalosporins with a trifluoromethylsulfinyl group in the 7-acyl
      substituent are known.
PAR  The compounds of this invention are prepared by acylation of the
      appropriately substituted 7-aminocephalosporanic acid with
      trifluoromethylsulfinylacetic acid. The carboxyl group of the acylating
      agent may be activated by one of the methods known in the art such as the
      mixed anhydride, acid halide, or activated ester. In addition, acylation
      of esters of the cephalosporin nucleus may be done by use of a coupling
      reagent such as dicyclohexylcarbodiimide.
PAR  Following the acylation, the protective groups can be removed with an acid
      such as trifluoroacetic acid.
PAR  The compounds are also prepared by displacement of a 7-acylated
      3-acetoxymethylcephalosporin with a mercaptoheterocycle in an aqueous,
      slightly basic medium.
PAR  Trifluoromethylsulfinylacetic acid is prepared by hydrogen peroxide
      oxidation of trifluoromethylmercaptoacetic acid according to known
      procedures [Zh. Obshch. Khim. 35, 9, 1628 (1965)].
PAR  The compounds of this invention have antibacterial activity against both
      Gram-positive and Gram-negative organisms. Minimum inhibitory
      concentrations (MIC's) ranged from 0.1 to &gt;200 .mu.g/ml in in vitro
      testing. These results are shown below for
      7-trifluoromethylsulfinylacetamido-3-acetoxymethyl-3-cephem-4-carboxylic
      acid (I) and 7-tri
      -fluoromethylsulfinylacetamido-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiomethyl
     )-3-cephem-4-carboxylic acid (II). When administered in vivo (s.c.),
      compound I showed an ED.sub.50 of 29 mg/kg against E. coli and &gt;200 mg/kg
      against Klebs. pneumo. The ED.sub.50 for compound II against E coli was
      4.6-22 mg/kg; against Klebs. pneumo. it was 50-56 mg/kg.
TBL                TABLE 1                                                     
     ______________________________________                                    
                         MIC (mg/ml)                                           
     Bacteria            I            II                                       
     ______________________________________                                    
     S. aureus HH 127    1.6          0.8                                      
     S. aureus SK 23390  1.6          0.8                                      
     Strep. pyog. C203   0.2          0.1                                      
     Strep. faecalis HH 34358                                                  
                         100          100                                      
     E. coli SK 12140    6.3          0.8                                      
     E. coli HH 33779    12.5         1.6                                      
     Kleb. pneumo. SK 4200                                                     
                         3.1          0.8                                      
     Kleb. pneumo. SK 1200                                                     
                         3.1          0.8                                      
     Pseudomonas sp. HH 63                                                     
                         &gt; 200        &gt; 200                                    
     Salmonella          3.1          0.4                                      
     Shigella            6.3          0.4                                      
     Entero. aerogenes   50           1.6                                      
     Serratia marc. ATCC 13880                                                 
                         &gt; 200        &gt; 200                                    
     S. villaluz SK 70390                                                      
                         100          50                                       
     Entero. cloaca HH 31254                                                   
                         12.5         --                                       
     ______________________________________                                    
PAR  These compounds are formulated and administered by injection in doses of
      250-500 mg in the same manner as other cephalosporins. The precise dosages
      are dependent upon the age and weight of the subject and on the nature of
      the infection being treated. Determination of dosages is within the skill
      of the art.
DETD
PAR  The following examples illustrate the invention, but are not be construed
      as limiting the scope thereof. Temperatures are in degrees Centigrade
      unless otherwise stated.
PAC  EXAMPLE 1
PAR  7-Trifluoromethylsulfinylacetamido-3-acetoxymethyl-3-cephem-4-carboxylic
      acid
PAR  To a solution of 0.264 g (1.5 mmol) of trifluoromethylsulfinylacetic acid
      and 0.592 g (1.5 mmol) of 7-ACA t-butyl ester in 10 ml of tetrahydrofuran
      was added 0.309 g (1.5 mmol) of dicyclohexylcarbodiimide. After stirring
      at 25.degree. for 2 hr., the reaction mixture was refrigerated overnight.
      The solution was then filtered and the filtrate was concentrated to yield
      a gum that was dissolved in 10 ml of 100 percent trifluoroacetic acid and
      allowed to stand at room temperature for 15 minutes. Concentration in
      vacuo gave
      7-trifluoromethylsulfinylacetamido-3-acetoxymethyl-3-cephem-4-carboxylic
      acid as a gum which was then dissolved in 50 ml of ethyl acetate. The
      solution was filtered and to the filtrate was added with stirring 1.5 ml
      of a 30 percent solution of sodium 2-ethylhexanoate in isopropanol.
      Dropwise addition of the resultant solution to 200 ml of pet ether caused
      precipitation of the sodium salt (0.515 g, 73 percent) which was collected
      and purified by solution in 5 ml of acetonitrile and addition of this
      solution to 100 ml of rapidly stirred ether. The preciptate was collected,
      washed with ether and dried in vacuo to give 0.370 g of pure salt.
PAC  C.sub.13 H.sub.12 F.sub.3 N.sub.2 O.sub.7 S.sub.2.Na.1 H.sub.2 O.1 CF.sub.3
      CO.sub.2 H (584.424)
TBL              Theory      Found                                             
     ______________________________________                                    
     C             30.91         30.58                                         
     H             2.58          2.36                                          
     N             4.79          4.73                                          
     S             10.96         11.21                                         
     F             19.50         17.13                                         
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  7-Amino-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  To a suspension of 27.2 g (0.1 mol) of 7-ACA in 200 ml of water and 100 ml
      of acetone was added a solution of 18.9 g of sodium bicarbonate in 200 ml
      of water. The resultant solution was warmed on a steam bath and a solution
      of 14.5 g (0.125 mol) of 1-methyl-5-mercapto-1,2,3,4-tetrazole in 200 ml
      of acetone was added. The reaction mixture was refluxed for 3.5 hr. while
      maintaining the pH at 7.4-8.0 by addition of 5 percent sodium bicarbonate.
      Acidification of the cooled reaction mixture to pH 3.5 with 6N
      hydrochloric acid resulted in precipitation of 7-amino-3-
      (1-methyl-1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid,
      which was collected, washed with water and air dried (16 g, 49 percent).
PAC  EXAMPLE 3
PAC  7-Trifluoromethylsulfinylacetamido-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiomet
     hyl)-3-cephem-4-carboxylic acid
PAR  To a solution of 1.54 g (0.004 mol) of
      7-amino-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid, t-butyl ester and 0.825 g (0.004 mol) of dicyclohexylcarbodiimide in
      50 ml of benzene was added 0.704 g (0.004 mol) of
      trifluoromethylsulfinylacetic acid. The reaction mixture was stirred at
      25.degree. for 2 hr., then it was filtered and adsorbed onto 4 g of silica
      gel. Chromatography on 100 g of silica gel with 50:50 benzene-ethyl
      acetate gave 1.55 g (69 percent) of
      7-trifluoromethylsulfinylacetamido-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiome
     thyl)-3-cephem-4-carboxylic acid, t-butyl ester as a white foam. The ester
      was dissolved in 9 ml of trifluoroacetic acid and stirred at 25.degree.
      for 5 minutes, then added dropwise to 200 ml of ether. The precipitate was
      collected, dissolved in 5 percent sodium bicarbonate and the solution was
      diluted to 150 ml. After extraction with ethyl acetate the aqueous phase
      was acidified to pH 1.5 and extracted thrice more with ethyl acetate. The
      combined extracts were dried (MgSO.sub.4) and concentrated to 35 ml, to
      which residue (the free acid) was added a solution of 1.5 of 30 percent
      sodium 2-ethylhexanoate in isopropanol followed by 200 ml of ether. The
      precipitated salt was collected, reprecipitated from methanol-ether and
      dried in vacuo to give 0.680 g of product.
PAC  C.sub.13 H.sub.12 F.sub.3 N.sub.6 O.sub.5 S.sub.3.Na.1/2H.sub.2 O (517.484)
TBL              Theory      Found                                             
     ______________________________________                                    
     C             30.18         30.32                                         
     H             2.53          2.70                                          
     N             16.24         15.23                                         
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  7-Trifluoromethylsulfinylacetamido-3-(1,3,4-thiadiazol-2-ylthiomethyl)-3-ce
     phem-4-carboxylic acid
PAR  To a solution of 3.1 g (0.009 mol) of
      7-amino-3-(1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid in
      60 ml of 3% aqueous sodium bicarbonate is added 60 ml of acetone. The
      solution is cooled to -15.degree. and 1.94 g (0.010 mol) of
      trifluoromethylsulfinylacetyl chloride in 20 ml of acetone is added over a
      10-minute period. The reaction mixture is stirred at -15.degree. for 30
      minutes while maintaining the pH at 7.6-8.0 by addition of 10 percent
      sodium hydroxide, then at 25.degree. for 1 hour. The reaction mixture is
      extracted once with ether and the aqueous phase is acidified to pH 2.5
      with dilute hydrochloric acid and extracted with ethyl acetate. The
      organic extracts are dried (MgSO.sub.4) and concentrated in vacuo to give
      the title compound.
PAC  EXAMPLE 5
PAR  When either an equivalent amount of a
      7-amino-3-heterocyclicthiomethyl-3-cephem-4-carboxylic acid (prepared by
      the procedure of Example 2) listed below is substituted into the procedure
      of Example 4 for
      7-amino-3-(1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid or
      its t-butyl ester is substituted into the procedure of Example 3 for
      7-amino-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid, t-butyl ester, the appropriate
      7-trifluoromethylsulfinylacetamido-3-heterocyclicthiomethyl-3-cephem-4-car
     boxylic acid is obtained.
PAR  7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(5-ethyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-ca
     rboxylic acid
PAR  7-amino-3-(5-n-butyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1,2,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(3-methyl-1,2,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(3-ethyl-1,2,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(thiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2-methylthiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(4-methylthiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2,4-dimethylthiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2-ethylthiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(4-ethylthiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2,4-diethylthiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1,3,4-oxadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(5-methyl-1,3,4-oxadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(oxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2-methyloxazol-5-ylthiomethyl)3-cephem-4-carboxylic acid
PAR  7-amino-3-(4-methyloxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1,2,4-dimethyloxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2-ethyloxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(4-ethyloxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2,4-dimethyloxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1-ethyl-1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1-methoxymethyl-1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carb
     oxylic acid
PAR  7-amino-3-(1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(4-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(5-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1-methyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1,5-dimethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1,3-dimethyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(4,5-dimethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(4-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(5-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1-ethyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1,5-diethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(4,5-diethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1,3-diethyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(4-methoxymethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxy
     lic acid
PAR  7-amino-3-(4-methyl-5-trifluoromethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephe
     m-4-carboxylic acid
PAR  7-amino-3-(4-allyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(3-methyl-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(5-methyl-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(3,5-dimethyl-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(3-ethyl-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(5-ethyl-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(3,5-diethyl-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(3-methoxymethyl-1,2,3-triazol-4-ylthiomethyl-3-cephem-4-carboxyl
     ic acid
PAR  7-amino-3-(4-pyridylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(3-pyridylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(4-pyrimidylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2-pyrazinylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2-N-oxopyridylthiomethyl)-3-cephem-4-carboxylic acid
PAC  EXAMPLE 6
PAC  7-Trifluoromethylsulfinylacetamido-3-methyl-3-cephem-4-carboxylic acid
PAR  When an equivalent amount of 7-amino-3-methyl-3-cephem-4-carboxylic acid is
      substituted for 7-ACA, t-butyl ester in the procedure of Example 1,
      7-trifluoromethylsulfinylacetamido-3-methyl-3-cephem-4-carboxylic acid is
      obtained.
PAC  EXAMPLE 7
PAC  7-Trifluoromethylsulfinylacetamido-3-(1-pyridiniummethyl)-3-cephem-4-carbox
     ylic acid
PAR  To a solution of 4.5 g (0.01 mol) of
      7-trifluoromethylsulfinylacetamidocephalosporanic acid sodium salt in 25
      ml of water is added 2.23 g (0.023 mol) of potassium thiocyanate and 2.2
      ml (0.028 mol) of pyridine. The reaction mixture is heated at
      65.degree.-70.degree. for 7 hr. After cooling, the mixture is diluted with
      100 ml of water and the aqueous solution is chromatographed on a column of
      crosslinked polystyrene polymer (Amberlite XAD-2). The inorganic salts are
      eluted with water, then the product is eluted with 95 percent ethanol.
      Evaporation of the eluent gives the title compound.
PAC  EXAMPLE 8
PAC  7-Trifluoromethylsulfinylacetamido-3-methylthiomethyl-3-cephem-4-carboxylic
      acid
PAR  Acylation of 7-amino-3-methylthiomethyl-3-cephem-4-carboxylic acid (Belgian
      Pat. No. 743,754), t-butyl ester with trifluoromethylsulfinylacetic acid
      according to the procedure of Example 1 gives the title compound.
PAC  EXAMPLE 9
PAC  7-Trifluoromethylsulfinylacetamido-3-methoxymethyl-3-cephem-4-carboxylic
      acid
PAR  Acylation of 7-amino-3-methoxymethyl-3-cephem-4-carboxylic acid [J. Med.
      Chem., 14, 113 (1971)], t-butyl ester with trifluoromethylsulfinylacetic
      acid according to the procedure of Example 1 gives the title compound.
PAC  EXAMPLE 10
PAC  7-Trifluoromethylsulfinylacetamido-3-cephem-4-carboxylic acid
PAR  A solution of 0.78 g (2 mmol) of benzhydryl 7-amino-3-cephem-4-carboxylate
      (South African Pat. No. 71/06719), 0.35 g (2 mmol) of
      trifluoromethylsulfinylacetic acid and 0.4 g (2 mmol) of
      dicyclohexylcarbodiimide in dry tetrahydrofuran (15 ml) is stirred at room
      temperature overnight. The precipitate is collected and washed with
      tetrahydrofuran and the combined filtrate and washings are evaporated in
      vacuo. The residue is treated with a cold solution of trifluoroacetic acid
      (10 ml) and anisole (0.5 g) for 15 minutes and then concentrated in vacuo.
      The residue is dissolved in ethyl acetate and treated with 5 percent
      aqueous sodium bicarbonate. The aqueous phase is adjusted to pH 2 and the
      precipitated product is collected and dried.
PAC  EXAMPLE 11
PAR  An injectable pharmaceutical composition is formed by adding sterile water
      or sterile saline solution (2 ml) to 500 mg of
      7-trifluoromethylsulfinylacetamido-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiome
     thyl)-3-cephem-4-carboxylic acid, sodium salt.
PAR  Pharmaceutical compositions of the other antibacterial compounds described
      by Formula I or disclosed in the above examples may be formulated in a
      similar manner.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC2##
PAL  in which:
PA1  M is hydrogen or an alkali metal or ammonium cation; and
PA1  A is acetoxymethyl, methyl or pyridiniummethyl [, pyridiniummethyl,
      CH.sub.2 SHet, CH.sub.2 SR' or CH.sub.2 OR', where R' is hydrogen or alkyl
      of from one to four carbon atoms; and
PA1  Het is a five or six membered heterocyclic group containing carbon and one
      to four atoms selected from the group consisting of N, O and S, each such
      group being unsubstituted or substituted with from one to two groups
      selected from lower alkyl, alkoxyalkyl, and trifluoromethyl, each alkyl or
      alkoxy having from one to four carbon atoms, or an N-oxide thereof].
NUM  2.
PAR  2. A compound as claimed in claim 1, being the compound
      7-trifluoromethylsulfinylacetamido-3-acetoxymethyl-3-cephem-4-carboxylic
      acid.
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ABST
PAL  Cephalosporin compounds having a trifluoromethylsulfinylacetamido group at
      the 7-position and various groups at the 3-position are prepared by
      acylation of a 7-aminocephalosporanic acid. The compounds have
      antibacterial activity.
PARN
PAR  This is a divisional application Ser. No. 371,081 filed June 18, 1973, now
      U.S. Pat. No. 3,880,848.
BSUM
PAR  This invention relates to cephalosporin compounds which have antibacterial
      activity. In pacticular, the invention relates to compounds having a
      trifluoromethylsulfinylacetamido substituent at position 7 of the cephem
      nucleus.
PAR  The compounds of this invention are represented by the following structural
      formula:
      ##SPC1##
PAL  In which:
PAR  M is hydrogen or an alkali metal or ammonium cation;
PAR  A is hydrogen, methyl, acetoxymethyl, pyridiniummethyl, CH.sub.2 SHet,
      CH.sub.2 SR' or CH.sub.2 OR', where R' is hydrogen or alkyl of from one to
      four carbon atoms; and
PAR  Het is a five or six membered heterocyclic group containing carbon and one
      to four atoms selected from the group consisting of N, O and S, each such
      group being unsubstituted or substituted with from one to two groups
      selected from lower alkyl, alkoxyalkyl, and trifluoromethyl, each alkyl or
      alkoxy group having from one to four carbon atoms, or an N-oxide thereof.
PAR  Preferred compounds are those where A is acetoxymethyl or CH.sub.2 SHet.
      Particularly preferred as those compounds where Het is unsubstituted or
      methyl substituted 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,3,4-tetrazolyl,
      oxazolyl, thiazolyl, 1,3,4-oxadiazolyl, 1,3,4-thiadiazolyl, or
      1,2,4-thiadiazolyl.
PAR  Included within the scope of this invention are the pharmaceutically
      acceptable salts that are formed by reaction of the cephalosporanic acid
      with a pharmaceutically acceptable base.
PAR  Cephalosporins with a wide variety of acyl groups at position 7 of the
      cephem nucleus have been disclosed in the prior art, including many
      7-alkylmercaptoacetamidocephalosporanic acid derivatives (U.S. Pat. Nos.
      3,573,298, 3,297,692 and others). 7-Substituted
      alkylsulfinylacetamidocephalosporanic acids variously substituted at
      position 3 (but not with CH.sub.2 SHet) are described in U.S. Pat. No.
      3,382,238 and German Pat. No. 2,000,878. Our own copending application
      Serial No. 273,571, filed July 20, 1972, now U.S. Pat. No. 3,828,037,
      discloses 7-trifluoromethylmercaptoacetamidocephalosporins. However, no
      cephalosporins with a trifluoromethylsulfinyl group in the 7-acyl
      substituent are known.
PAR  The compounds of this invention are prepared by acylation of the
      appropriately substituted 7-aminocephalosporanic acid with
      trifluoromethylsulfinylacetic acid. The carboxyl group of the acylating
      agent may be activated by one of the methods known in the art such as the
      mixed anhydride, acid halide, or activated ester. In addition, acylation
      of esters of the cephalosporin nucleus may be done by use of a coupling
      reagent such as dicyclohexylcarbodiimide.
PAR  Following the acylation, the protective groups can be removed with an acid
      such as trifluoroacetic acid.
PAR  The compounds are also prepared by displacement of a 7-acylated
      3-acetoxymethylcephalosporin with a mercaptoheterocycle in an aqueous,
      slightly basic medium.
PAR  Trifluoromethylsulfinylacetic acid is prepared by hydrogen peroxide
      oxidation of trifluoromethylmercaptoacetic acid according to known
      procedures [Zh. Obshch. Khim. 35, 9, 1628 (1965)].
PAR  The compounds of this invention have antibacterial activity against both
      Gram-positive and Gram-negative organisms. Minimum inhibitory
      concentrations (MIC's) ranged from 0.1 to &gt;200 .mu.g/ml in in vitro
      testing. These results are shown below for
      7-trifluoromethylsulfinylacetamido-3-acetoxymethyl-3-cephem-4-carboxylic
      acid (I) and
      7-trifluoromethylsulfinylacetamido-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiome
     thyl)-3-cephem-4-carboxylic acid (II). When administered in vivo (s.c.),
      compound I showed an ED.sub.50 of 29 mg/kg against E. coli and &gt;200 mg/kg
      against Klebs. pneumo. The ED.sub.50 for compound II against E coli was
      4.6-22 mg/kg; against Klebs. pneumo. it was 50-56 mg/kg.
TBL                TABLE 1                                                     
     ______________________________________                                    
                        MIC (.mu.g/ml)                                         
     Bacteria           I           II                                         
     ______________________________________                                    
     S. aureus HH 127   1.6         0.8                                        
     S. aureus SK 23390 1.6         0.8                                        
     Strep. pyog. C203  0.2         0.1                                        
     Strep. faecalis HH 34358                                                  
                        100         100                                        
     E. coli SK 12140   6.3         0.8                                        
     E. coli HH 33779   12.5        1.6                                        
     Kleb. pneumo. SK 4200                                                     
                        3.1         0.8                                        
     Kleb. pneumo. SK 1200                                                     
                        3.1         0.8                                        
     Pseudomonas sp. HH 63                                                     
                        &gt;200        &gt;200                                       
     Salmonella         3.1         0.4                                        
     Shigella           6.3         0.4                                        
     Entero. aerogenes  50          1.6                                        
     Serratia marc. ATCC 13880                                                 
                        &gt;200        &gt;200                                       
     S. villaluz SK 70390                                                      
                        100          50                                        
     Entero. cloaca HH 31254                                                   
                         12.5       --                                         
     ______________________________________                                    
PAR  These compounds are formulated and administered by injection in doses of
      250-500 mg in the same manner as other cephalosporins. The precise dosages
      are dependent upon the age and weight of the subject and on the nature of
      the infection being treated. Determination of dosages is within the skill
      of the art.
DETD
PAR  The following examples illustrate the invention, but are not be construed
      as limiting the scope thereof. Temperatures are in degrees Centigrade
      unless otherwise stated.
PAC  EXAMPLE 1
PAR  7-Trifluoromethylsulfinylacetamido-3-acetoxymethyl-3-cephem-4-carboxylic
      acid
PAR  To a solution of 0.264 g (1.5 mmol) of trifluoromethylsulfinylacetic acid
      and 0.592 g (1.5 mmol) of 7-ACA t-butyl ester in 10 ml of tetrahydrofuran
      was added 0.309 g (1.5 mmol) of dicyclohexylcarbodiimide. After stirring
      at 25.degree. for 2 hr., the reaction mixture was refrigerated overnight.
      The solution was then filtered and the filtrate was concentrated to yield
      a gum that was dissolved in 10 ml of 100 percent trifluoroacetic acid and
      allowed to stand at room temperature of 15 minutes. Concentration in vacuo
      gave
      7-trifluoromethylsulfinylacetamido-3-acetoxymethyl-3-cephem-4-carboxylic
      acid as a gum which was then dissolved in 50 ml of ethyl acetate. The
      solution was filtered and to the filtrate was added with stirring 1.5 ml
      of a 30 percent solution of sodium 2-ethylhexanoate in isopropanol.
      Dropwise addition of the resultant solution to 200 ml of pet ether caused
      precipitation of the sodium salt (0.515 g, 73 percent) which was collected
      and purified by solution in 5 ml of acetonitrile and addition of this
      solution to 100 ml of rapidly stirred ether. The precipitate was
      collected, washed with ether and dried in vacuo to give 0.370 g of pure
      salt.
PAC  C.sub.13 H.sub.12 F.sub.3 N.sub.2 O.sub.7 S.sub.2.Na .1 H.sub.2 O.1
      CF.sub.3 CO.sub.2 H (584.424)
TBL  C.sub.13 H.sub.12 F.sub.3 N.sub.2 O.sub.7 S.sub.2.Na.1 H.sub.2 O.1        
     CF.sub.3 CO.sub.2 H (584.424)                                             
                Theory      Found                                              
     ______________________________________                                    
     C            30.91         30.58                                          
     H            2.58          2.36                                           
     N            4.79          4.73                                           
     S            10.96         11.21                                          
     F            19.50         17.13                                          
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  7-Amino-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  To a suspension of 27.2 g (0.1 mol) of 7-ACA in 200 ml of water and 100 ml
      of acetone was added a solution of 18.9 g of sodium bicarbonate in 200 ml
      of water. The resultant solution was warmed on a steam bath and a solution
      of 14.5 g (0.125 mol) of 1-methyl-5-mercapto-1,2,3,4-tetrazole in 200 ml
      of acetone was added. The reaction mixture was refluxed for 3.5 hr. while
      maintaining the pH at 7.4-8.0 by addition of 5 percent sodium bicarbonate.
      Acidification of the cooled reaction mixture to pH 3.5 with 6N
      hydrochloric acid resulted in precipitation of
      7-amino-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid, which was collected, washed with water and air dried (16 g, 49
      percent).
PAC  EXAMPLE 3
PAC  7-Trifluoromethylsulfinylacetamido-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiomet
     hyl)-3-cephem-4-carboxylic acid
PAR  To a solution of 1.54 g (0.004 mol) of
      7-amino-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid, t-butyl ester and 0.825 g (0.004 mol) of dicyclohexylcarbodiimide in
      50 ml of benzene was added 0.704 g (0.004 mol) of
      trifluoromethylsulfinylacetic acid. The reaction mixture was stirred at
      25.degree. for 2 hr., then it was filtered and adsorbed onto 4 g of silica
      gel. Chromatography on 100 g of silica gel with 50:50 benzene-ethyl
      acetate gave 1.55 g (69 percent) of
      7-trifluoromethylsulfinylacetamido-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiome
     thyl)-3-cephem-4-carboxylic acid, t-butyl ester as a white foam. The ester
      was dissolved in 9 ml of trifluoroacetic acid and stirred at 25.degree.
      for 5 minutes, then added dropwise to 200 ml of ether. The precipitate was
      collected, dissolved in 5 percent sodium bicarbonate and the solution was
      diluted to 150 ml. After extraction with ethyl acetate the aqueous phase
      was acidified to pH 1.5 and extracted thrice more with ethyl acetate. The
      combined extracts were dried (MgSO.sub.4) and concentrated to 35 ml, to
      which residue (the free acid) was added a solution of 1.5 g of 30 percent
      sodium 2-ethylhexanoate in isopropanol followed by 200 ml of ether. The
      precipitated salt was collected, reprecipitated from methanol-ether and
      dried in vacuo to give 0.680 g of product.
TBL  ______________________________________                                    
     C.sub.13 H.sub.12 F.sub.3 N.sub.6 O.sub.5 S.sub.3.Na.1/2 H.sub.2 O        
     (517.484)                                                                 
                Theory      Found                                              
     ______________________________________                                    
     C            30.18         30.32                                          
     H            2.53          2.70                                           
     N            16.24         15.23                                          
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  7-Trifluoromethylsulfinylacetamido-3-(1,3,4-thiadiazol-2-ylthiomethyl)-3-ce
     phem-4-carboxylic acid
PAR  To a solution of 3.1 g (0.009 mol) of
      7-amino-3-(1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid in
      60 ml of 3 percent aqueous sodium bicarbonate is added 60 ml of acetone.
      The solution is cooled to -15.degree. and 1.94 g (0.010 mol) of
      trifluoromethylsulfinylacetyl chloride in 20 ml of acetone is added over a
      10-minute period. The reaction mixture is stirred at -15.degree. for 30
      minutes while maintaining the pH at 7.6-8.0 by addition of 10 percent
      sodium hydroxide, then at 25.degree. for one hour. The reaction mixture is
      extracted once with ether and the aqueous phase is acidified to pH 2.5
      with dilute hydrochloric acid and extracted with ethyl acetate. The
      organic extracts are dried (MgSO.sub.4) and concentrated in vacuo to give
      the title compound.
PAC  EXAMPLE 5
PAR  When either an equivalent amount of a
      7-amino-3-heterocyclicthiomethyl-3-cephem-4-carboxylic acid (prepared by
      the procedure of Example 2) listed below is substituted into the procedure
      of Example 4 for
      7-amino-3-(1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid or
      its t-butyl ester is substituted into the procedure of Example 3 for
      7-amino-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid, t-butyl ester, the appropriate
      7-trifluoromethylsulfinylacetamido-3-heterocyclicthiomethyl-3-cephem-4-car
     boxylic acid is obtained.
PAR  7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(5-ethyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-ca
     rboxylic acid
PAR  7-amino-3-(5-n-butyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1,2,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(3-methyl-1,2,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(3-ethyl-1,2,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(thiazol-5-ylthiomethyl)-3-cephem-4-carboxlic acid
PAR  7-amino-3-(2-methylthiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(4-methylthiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2,4-dimethylthiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2-ethylthiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(4-ethylthiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2,4-diethylthiazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1,3,4-oxadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(5-methyl-1,3,4-oxadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(oxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2-methyloxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(4-methyloxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1,2,4-dimethyloxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2-ethyloxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(4-ethyloxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2,4-dimethyloxazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1-ethyl-1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1-methoxymethyl-1,2,3,4-tetrazol-5-ylthiomethyl)-3-cephem-4-carb
     oxylic acid
PAR  7-amino-3-(1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(4-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(5-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1-methyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1,5-dimethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1,3-dimethyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(4,5-dimethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(4-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(5-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1-ethyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1,5-diethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(4,5-diethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(1,3-diethyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(4-methoxymethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxy
     lic acid
PAR  7-amino-3-(4-methyl-5-trifluoromethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephe
     m-4-carboxylic acid
PAR  7-amino-3-(4-allyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(3-methyl-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(5-methyl-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(3,5-dimethyl-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(3-ethyl-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(5-ethyl-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(3,5-diethyl-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-amino-3-(3-methoxymethyl-1,2,3-triazol-4-ylthiomethyl-3-cephem-4-carboxyl
     ic acid
PAR  7-amino-3-(4-pyridylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(3-pyridylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(4-pyrimidylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2-pyrazinylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-amino-3-(2-N-oxopyridylthiomethyl)-3-cephem-4-carboxylic acid
PAC  EXAMPLE 6
PAC  7-Trifluoromethylsulfinylacetamido-3-methyl-3-cephem-4-carboxylic acid
PAR  When an equivalent amount of 7-amino-3-methyl-3-cephem-4-carboxylic acid is
      substituted for 7-ACA, t-butyl ester in the procedure of Example 1,
      7-trifluoromethylsulfinylacetamido-3-methyl-3-cephem-4-carboxylic acid is
      obtained.
PAC  EXAMPLE 7
PAC  7-Trifluoromethylsulfinylacetamido-3-(1-pyridiniummethyl)-3-cephem-4-carbox
     ylic acid
PAR  To a solution of 4.5 g (0.01 mol) of
      7-trifluoromethylsulfinylacetamidocephalosporanic acid sodium salt in 25
      ml of water is added 2.23 g (0.023 mol) of potassium thiocyanate and 2.2
      ml (0.028 mol) of pyridine. The reaction mixture is heated at
      65.degree.-70.degree. for 7 hr. After cooling, the mixture is diluted with
      100 ml of water and the aqueous solution is chromatographed on a column of
      crosslinked polystyrene polymer (Amberlite XAD-2). The inorganic salts are
      eluted with water, then the product is eluted with 95 percent ethanol.
      Evaporation of the eluent gives the title compound.
PAC  EXAMPLE 8
PAC  7-Trifluoromethylsulfinylacetamido-3-methylthiomethyl-3-cephem-4-carboxylic
      acid
PAR  Acylation of 7-amino-3-methylthiomethyl-3-cephem-4-carboxylic acid (Belgian
      Pat. No. 743,754), t-butyl ester with trifluoromethylsulfinylacetic acid
      according to the procedure of Example 1 gives the title compound.
PAC  EXAMPLE 9
PAC  7-Trifluoromethylsulfinylacetamido-3-methoxymethyl-3-cephem-4-carboxylic
      acid
PAR  Acylation of 7-amino-3-methoxymethyl-3-cephem-4-carboxylic acid [J. Med.
      Chem., 14, 113 (1971)], t-butyl ester with trifluoromethylsulfinylacetic
      acid according to the procedure of Example 1 gives the title compound.
PAC  EXAMPLE 10
PAC  7-Trifluoromethylsulfinylacetamido-3-cephem-4-carboxylic acid
PAR  A solution of 0.78 g (2 mmol) of benzhydryl 7-amino-3-cephem-4-carboxylate
      (South African Pat. No. 71/06719), 0.35 g (2 mmol) of
      trifluoromethylsulfinylacetic acid and 0.4 g (2 mmol) of
      dicyclohexylcarbodiimide in dry tetrahydrofuran (15 ml) is stirred at room
      temperature overnight. The precipitate is collected and washed with
      tetrahydrofuran and the combined filtrate and washings are evaporated in
      vacuo. The residue is treated with a cold solution of trifluoroacetic acid
      (10 ml) and anisole (0.5 g) for 15 minutes and then concentrated in vacuo.
      The residue is dissolved in ethyl acetate and treated with 5 percent
      aqueous sodium bicarbonate. The aqueous phase is adjusted to pH 2 and the
      precipitated product is collected and dried.
PAC  EXAMPLE 11
PAR  An injectable pharmaceutical composition is formed by adding sterile water
      or sterile saline solution (2 ml) to 500 mg of
      7-trifluoromethylsulfinylacetamido-3-(1-methyl-1,2,3,4-tetrazol-5-ylthiome
     thyl)-3-cephem-4-carboxylic acid, sodium salt.
PAR  Pharmaceutical compositions of the other antibacterial compounds described
      by Formula I or disclosed in the above examples may be formulated in a
      similar manner.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC2##
PAL  in which:
PAR  M is hydrogen or an alkali metal or ammonium cation; and
PAR  A is CH.sub.2 SR' or CH.sub.2 OR', where R' is hydrogen or alkyl of from
      one to four carbon atoms.
NUM  2.
PAR  2. A compound as claimed in claim 1 in which A is CH.sub.2 SR'.
NUM  3.
PAR  3. A compound as claimed in claim 1 in which A is CH.sub.2 OR'.
NUM  4.
PAR  4. A compound as claimed in claim 2, said compound being
      7-trifluoromethylsulfinylacetamido-3-methylthiomethyl-3-cephem-4-carboxyli
     c acid.
NUM  5.
PAR  5. A compound as claimed in claim 3, said compound being
      7-trifluoromethylsulfinylacetamido-3-methoxymethyl-3-cephem-4-carboxylic
      acid.
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ABST
PAL  Cephalosporins containing a heterocyclicthiomethyl group at position 3 are
      prepared. The heterocyclic group is 5-oxo-.DELTA..sup.2
      -1,2,4-triazolinyl, 5-thiono-.DELTA..sup.2 -1,2,4-triazolinyl,
      5-oxo-.DELTA..sup.2 -1,2,4-thiadiazolinyl or 5-thiono-.DELTA..sup.2
      -1,3,4-thiadiazolinyl. The compounds have antibacterial activity.
PARN
PAR  This is a division of application Ser. No. 306,507 filed Nov. 14, 1972, now
      U.S. Pat. No. 3,868,369.
BSUM
PAR  This invention relates to novel cephalosporin compounds that have improved
      properties. These compounds have antibacterial activity.
PAR  The compounds within the scope of the invention are represented by the
      structural formula
      ##SPC1##
PAL  Where X is H, CH.sub.2 OH, SH, or OR;
PA1  Y is NH.sub.2 or OH;
PA1  Z is NR or S;
PA1  A is O or S; and
PA1  R is hydrogen or C.sub.1 -C.sub.4 alkyl.
PAR  Preferred compounds are those having a phenylglycine or mandelic acid
      substituent at position 7, both of which may be unsubstituted or
      substituted with a p-hydroxy group. Preferred heterocyclic systems at
      position 3 are those where Z is nitrogen and A is oxygen, Z is nitrogen
      and A is sulfur, and Z and A are both sulfur.
PAR  Cephalosporins with many and varied substituents are known in the prior
      art. As related to this invention, cephalosporins that come within the
      following general formula are described in several patents
      ##SPC2##
PAR  In particular, U.S. Pat. 3,641,021 discloses compounds where Acyl is
      .alpha.-aminophenylacetyl or mandeloyl and Het is thiadiazolyl and
      tetrazolyl. In Belgian Pat. 776,622, Acyl is .alpha.-aminophenylacetyl and
      mandeloyl and Het is 1,2,4-triazolyl or other heterocyclic systems. U.S.
      Pat. 3,687,948 and Belgian Patent 778,207 claim compounds where Acyl is
      .alpha.-aminophenylacetyl and Het is oxazolyl or 1,2,3-triazolyl,
      respectively. Compounds where Acyl can be any of various
      heterocyclicacetyl systems and Het is 1,2,4-triazolyl, 1,3,4-thiadiazolyl
      or numerous other heterocyclic systems are disclosed in U.S. Pat. Nos.
      3,516,997 and 3,530,123. In all the above prior art, however, the oxo or
      thiono substituent is not present on any of the heterocyclic systems. U.S.
      Pat. 3,278,531 broadly discloses cephalosporins with many types of
      substituents at 7 and numerous sulfur-containing groups, both cyclic and
      acylic, at 3. Within this patent is a mercaptohydantoin, a group that
      distinctly differs from the oxoheterocyclic systems of this invention and
      for which no distinct properties were claimed. Cyclic thioureas were
      stated not to be within the scope of the patent.
PAR  It has now been found that the compounds with these oxo or thiono
      substituents have greater stability than the prior art compounds that do
      not have these substituents. For example,
      7-(.alpha.-aminophenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid is more stable
      in solution at neutral or basic pH than any prior art compounds that were
      tested. Also, the compound has greater stability to copper ion than tested
      prior art compounds.
PAR  Compounds of this invention are prepared from 7-aminocephalosporanic acid
      (7-ACA) by standard methods well known in the art. The acetoxy group of
      7-ACA is displaced with the appropriate heterocyclicthione compound and
      the 7-amino group is acylated with the phenylglycine or mandelic acid or
      an activated derivative thereof. The order of these two reactions is not
      critical although the usual sequence is displacement followed by
      acylation. With some compounds the reverse order may be preferred;
      however, this choice is well within the ability of one skilled in the art.
PAR  The displacement reaction is run in a water: acetone or similar solvent
      system at the reflux temperature of the solvent. The solution is
      maintained at a pH near neutrality. The product is isolated by standard
      methods.
PAR  Prior to the acylation, the .alpha.-hydroxy and amino groups of the
      mandelic acid or phenylglycine must be protected with an easily removable
      protecting group. Many protecting groups are known and used in the art,
      for example, dichloroacetyl, tetrahydropyranyl, or trimethylsilyl are used
      for hydroxy groups and t-butoxycarbonyl, benzyloxycarbonyl,
      trichloroethoxycarbonyl, or similar group commonly used in peptide
      synthesis are used for amino groups. In addition, prior to acylation, the
      carboxyl group is activated by its conversion to an activated derivative
      such as the acid chloride, mixed anhydride, or an activating ester. If the
      carboxyl group of the 7-aminocephalosporin is protected, the acylation may
      be effected using a coupling reagent such as dicyclohexylcarbodiimide.
      Following acylation, any protecting groups are removed in the usual
      manner.
PAR  Starting materials for the product compounds of this invention are
      commercially available, prepared by known methods, or described herein.
      The heterocyclic compounds used in the displacement reaction are prepared
      by published methods or by variations of known methods that would be
      apparent to one skilled in the art. The preparation of
      1,2,4-triazolidin-5-one-3-thione and its 4-alkyl derivatives is described
      in Chem. Ber., 56, 1370 (1923) and J. Org. Chem., 23, 618 (1958). The
      1-alkyl derivatives are prepared by sodium borohydride reduction of the
      appropriate thiosemicarbazone to give the 1-alkylthiosemicarbazide which
      is reacted with ethyl chloroformate and then a strong base. The synthesis
      of 1,2,4-triazolidin-3,5-dithione is reported in Ann., 426, 313 (1921).
      The 1,3,4-thiadiazolidin-5-one-2-thione is prepared analogously to known
      methods [Chem. Ber., 27, 2507 (1894)] while the dithione analog is
      commercially available.
PAR  Optical isomerism will exist in the side chain at position 7 due to the
      presence of the assymetrical carbon atom. While the D isomer is preferred,
      the L isomer and the racemic mixture are within the scope of this
      invention. In addition, it is recognized that the oxo and thiono
      substituents on the heterocyclic group may exist in other tautomeric
      forms, i.e. the hydroxy or mercapto. The compounds may exist exclusively
      as one tautomer or may be in equilibrium between the other forms; however,
      these are all included within the scope of this invention.
PAR  The compounds are antibacterial agents with activity against both
      Gram-positive and Gram-negative bacteria. Minimum inhibitory
      concentrations (MIC) ranged from 0.1 to greater than 200 .mu.g/ml. Table I
      shows the MIC's against a representative group of bacteria for
      7-(.alpha.-aminophenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (I),
      7-(.alpha.-aminophenylacetamido)-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (II),
      7-(.alpha.-aminophenylacetamido)-3-(4-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (III),
      7-(.alpha.-amino-p-hydroxyphenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (IV),
      7-mandelamido-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (V),
      7-mandelamido-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (VI), and
      7-mandelamido-3-(5-thiono-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid (VII). Data
      for known cephalosporins, cephaloridine (S-I) and cephalexin (S-II), are
      included as representative standards. In vivo studies in Table 2, giving
      ED.sub.50 values for the same compounds when administered to infected mice
      subcutaneously, also show the high activity of these compounds. Compounds
      with the .alpha.-amino-p-hydroxyphenylacetamido group at position 7 have
      the special advantage of oral activity. Compound IV showed a ED.sub.50 of
      9.5 and 6.2 mg/kg against E. coli and Kleb. pneumonia, respectively, in
      infected mice when the compound was administered orally.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     MIC (.mu.g/ml)                                                            
     Bacteria         I    II   III  IV   V    VI   VII  S-I  S-II             
     __________________________________________________________________________
     S. aureus HH 127 1.6  6.3  3.1  6.3  0.8  1.6  0.8  0.4  3.1              
     S. aureus SK 23390                                                        
                      1.6  3.1  3.1  6.3  0.4  0.4  0.4  0.1  1.6              
     Strep. pyog. C203                                                         
                      0.1  0.1  0.1  0.1  0.1  0.1  0.2  0.1  0.1              
     Strep. faecalis HH 34358                                                  
                      50   50   25   100  50   25   25   6.3  50               
     E. coli SK 12140 3.1  12.5 12.5 6.3  3.1  6.3  1.6  3.1  6.3              
     E. coli HH 33779 6.3  25   12.5 25   6.3  12.5 3.1  6.3  6.3              
     Kleb. pneumo. SK 4200                                                     
                      3.1  6.3  6.3  6.3  3.1  3.1  1.6  3.1  6.3              
     Kleb. pneumo. SK 1200                                                     
                      3.1  6.3  6.3  12.5 1.6  3.1  0.8  3.1  3.1              
     Pseudomonas sp. HH 63                                                     
                      &gt;200 &gt;200 &gt;200 &gt;200 &gt;200 &gt;200 &gt;200 &gt;200 &gt;200             
     Sal. paratyphi ATCC 12176                                                 
                      1.6  3.1  3.1  6.3  1.6  3.1  0.8  1.6  3.1              
     Shig. paradys. HH 127                                                     
                      3.1  6.3  6.3  12.5 1.6  0.1  1.6  1.6  6.3              
     Entero. aerogenes ATCC13048                                               
                      6.3  25   25   12.5 12.5 12.5 12.5 &gt;200 12.5             
     Entero. cloaca Pa.S.L.969                                                 
                      12.5 50   25   --   12.5 --   --   &gt;200 6.3              
     Serrantia marcescens                                                      
                      200  &gt;200 200  &gt;200 &gt;200 &gt;200 200  &gt;200 50               
      ATCC 13880                                                               
     Staph. aurcus villaluz                                                    
                      12.5 25   25   25   25   12.5 12.5 12.5 50               
     __________________________________________________________________________
TBL                TABLE 2                                                     
     ______________________________________                                    
     ED.sub.50 (mg/kg)                                                         
     Compound                                                                  
             E. coli SK 12140                                                  
                            Kleb. pneumo. SK 4200                              
     ______________________________________                                    
     I           2.9            7                                              
     II          12.5           11.5                                           
     III         29             92                                             
     IV          4              2.8                                            
     V           4              8.7                                            
     VI          9              21                                             
     VII         21.5           64                                             
     S-I         6              7.6                                            
     S-II        12             25                                             
     ______________________________________                                    
PAR  The compounds are administered for the treatment and prevention of
      bacterial infections by injection or oral methods. Methods of formulation
      and administration are the same as for other known cephalosporin compounds
      and are within the skill of the art.
PAR  Due to the presence of the acid and amino functions in these compounds,
      salts can be prepared by known methods. Methods to prepare the acid or
      base salts or to convert the salts to the free compound are well known and
      are obvious to one skilled in the art. The nontoxic pharmaceutically
      acceptable salts of the compounds are useful for the same purposes as the
      free components and are therefore within the scope of the invention.
DETD
PAR  The following examples are presented to illustrate the invention and are
      not to be considered limitative.
PAC  EXAMPLE 1
PAC  7-(.alpha.-Aminophenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  In a mixture of water (40 ml) and acetone (10 ml) was dissolved in 7-ACA
      (2.73 g, 0.01 mol) and NaHCO.sub.3 (1.61 g, 0.02 mol) and then
      1,2,4-triazolidin-5-one-3-thione (1.76 g, 0.015 mol) in acetone (20 ml)
      was added. Solid NaHCO.sub.3 was added to adjust the mixture to pH 7 and
      give complete solution. The reaction was refluxed for 2 hours and then
      allowed to cool to room temperature. The solution was cooled with ice,
      adjusted to pH 3.5 with 3N HCl, and filtered. The collected solid was
      washed with water and acetone, and then the solid was dissolved in 3N HCl
      (15 ml). After filtering, the filtrate was treated with decolorizing
      carbon, filtered, and adjusted to pH 3.5. The solid was collected, washed
      with water and acetone, and dried to give the
      7-amino-3-(5-oxo-.DELTA..sup.2
      -1,2,3-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  To a solution of dry THF (92 ml) containing triethylamine (3.2 ml, 0.023
      ml) was added N-t-butoxycarbonylphenylglycine (5.8 g, 0.023 mol). After
      cooling to -10.degree., isobutylchloroformate (3.0 ml, 0.023 mol) was
      added and the reaction solution was stirred for 30 minutes. A solution of
      above 7-aminonucleus (7.57 g, 0.023 mol) and triethylamine (4.2 ml) in 50%
      aqueous THF (84 ml) was added over a 25 minute period -10.degree.. The
      reaction was stirred 20 minutes at -5.degree., 40 minutes at 5.degree.,
      and 30 minutes at room temperature and then the THF was removed in vacuo.
      The aqueous residue was diluted with water (140 ml) and extracted with
      ethyl acetate. The water phase was adjusted to pH 3.5 while being cooled,
      ethyl acetate was added and the mixture was acidified to pH 2.5. A gummy
      solid was collected and discarded. The aqueous phase of the filtrate was
      separated and extracted with ethyl acetate again. The combined extracts
      were washed with water, dried, and evaporated to a foam to which ether was
      added and a solid was collected. Acetone was added to the product and a
      solid precipitated from the solution after standing 45 minutes. The pure
      N-protected product was collected and dried.
PAR  The above product (5.0 g) was stirred with cold trifluoroacetic acid (50
      ml) for 45 minutes, the ice bath was removed, and the stirring was
      continued for 45 minutes. The trifluoroacetic acid was evaporated in
      vacuo, and the residue was triturated with ether to give a solid which was
      dissolved in water (50 ml). The aqueous solution was covered with methyl
      isobutyl ketone and adjusted to pH 1.9 with tributylamine. The pure title
      compound precipitated.
PAC  EXAMPLE 2
PAC  7-Mandelamido-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  A solution of the 7-amino nucleus from Example 1 (7.0 g, 0.0213 mol) in a
      mixture 3% NaHCO.sub.3 (160 ml) and water (160 ml) was cooled to
      -15.degree. and then O-dichloroacetylmandeloyl chloride (12.0 g, 0.0426
      mol) was added over a 40 minute period during which time the pH was
      maintained at 5.5 using 10% NaOH. The reaction was allowed to warm to
      0.degree. over a 30 minute period and was stirred at 0.degree. for one
      hour. The solution was filtered, extracted with ether, covered with ethyl
      acetate, adjusted to pH 3, and extracted with ethyl acetate. The extracts
      were dried and evaporated to an oil which solidified when triturated with
      ether. The solid was dissolved in ethyl acetate and concentrated to a
      volume of 30 ml which was added dropwise with stirring to ether (300 ml)
      to give a solid which was collected and dried. A solution of the solid in
      methanol was adjusted to pH 9.6 with a 5% solution of sodium methoxide in
      methanol and stirred for 30 minutes. 2-Ethylhexanoic acid was added until
      pH 7 was reached. The reaction was filtered, diluted with ethyl acetate
      (150 ml) and filtered again. The filtrate was concentrated and diluted
      with more ethyl acetate to give the solid title compound.
PAC  EXAMPLE 3
PAC  7-(.alpha.-Aminophenylacetamido)-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-ACA (27.23 g, 0.1 mol) was suspended in water (200 ml) and acetone (100
      ml) and then a solution of NaHCO.sub.3 (25.2 g, 0.3 mol) in water (200 ml)
      was added. After heating to 45.degree.,
      4-methyl-1,2,4-triazolidin-5-oxo-3-thione (19.67 g, 0.15 mol) was added
      along with additional acetone (200 ml). The reaction was refluxed for 4
      hours during which time the pH was maintained at ca. 7.2 by using 3N HCl
      as needed. The solution was cooled and adjusted to pH 3.5 which
      precipitated the product. The 7-amino-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid was collected,
      washed with water and acetone and dried.
PAR  This product was acylated with N-t-butoxycarbonylphenylglycine according to
      the procedure of Example 1 to give the t-butoxycarbonyl derivative of the
      title compound. This material was treated with cold trifluoroacetic acid
      for 15 minutes and concentrated in vacuo to a residue which was poured
      into ether. The solid trifluoroacetate salt was collected, dissolved in
      water and stirred with ion-exchange resin (Amberlite IR-45). After
      filtration, the aqueous solution was lyophilized to give the title
      compound.
PAC  EXAMPLE 4
PAC  7-Mandelamido-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  When 7-amino-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (6.87 g, 0.02
      mol) was reacted with O-dichloroacetylmandeloyl chloride (12.02 g, 0.043
      mol) according to the procedure of Example 2, the title compound was
      obtained.
PAC  EXAMPLE 5
PAC  7-(.alpha.-Aminophenylacetamido)-3-(4-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  To a suspension of 7-ACA (21.78 g, 0.08 mol) in water (170 ml) and acetone
      (80 ml) was added a solution of NaHCO.sub.3 (20.16 g, 0.24 mol) in water
      (160 ml) followed by 4-ethyl-3-thiono-5-oxo-.DELTA..sup.2
      -1,2,4-triazoline (17.42 g, 0.12 mol) and acetone (160 ml). The reaction
      was refluxed for 4 hours during which time the pH was maintained at ca.
      7.2 by adding 3N HCl as needed. The solution was cooled and acidified to
      pH 3 which precipitated the product. The 7-aminocephalosporin nucleus was
      collected, washed with water and acetone, and dried.
PAR  The 7-aminocephalosporin nucleus (7.15 g, 0.02 mol) was acylated with
      N-t-butoxycarbonylphenylglycine (5.03 g, 0.02 mol) according to the
      procedure of Example 1 to give the N-protected derivative of the title
      compound. Using the method of Example 3 the protecting group was removed
      to give the title compound.
PAC  EXAMPLE 6
PAC  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(5-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  the 7-aminocephalosporin nucleus from Example 1 (3.62 g, 0.011 mol) was
      acylated with N-t-butoxycarbonyl-p-hydroxyphenylglycine (2.67 g, 0.01 mol)
      according to the procedure of Example 1. The N-protected product was
      chromatographed on silica gel using 90:10:3 chloroform: methanol: formic
      acid as eluent. The pure solid was treated with cold trifluoroacetic acid
      for 15 minutes and then was concentrated and the residue was poured into
      ether. The solid trifluoroacetate salt was collected, dissolved in water
      and stirred with ion exchange resin (Amberlite IR-45). The filtered
      aqueous solution was lyophilized to give the title compound.
PAC  EXAMPLE 7
PAC  7-Mandelamido-3-(5-thiono-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  To a suspension of 7-ACA (20.6 g, 0.075 mol) and
      1,3,4-thiadiazolidine-2,5-dithione in water (150 ml) and acetone (75 ml)
      was added a solution of NaHCO.sub.3 (24.2 g) in water (150 ml). Ether was
      added to control the foaming and was then distilled off when the addition
      was completed. The solution was refluxed for 2.75 hours, filtered, and
      conncentrated to remove the acetone. The cooled solution was acidified to
      pH 3 and the solid product was collected, washed with water and acetone,
      and dried.
PAR  The above product was acylated with 0-dichloroacetylmandeloyl chloride
      according to the procedure of Example 2 to give the desired product.
PAC  EXAMPLE 8
PAC  7-(.alpha.-Aminophenylacetamido)-3-(1-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  To a stirred solution of 7-ACA (14.9 g, 0.055 mol) in a mixture of water
      (110 ml) and acetone (55 ml) is added NaHCO.sub.3 (12.27 g, 0.146 mol).
      The solution is warmed to 50.degree. and a suspension of
      1-ethyl-1,2,4-triazolidin-5-one-3-thione (11.9 g, 0.082 mol) in acetone
      (75 ml) was added slowly. The solution is adjusted to pH 7.5-8.0 and
      refluxed for 3.5 hours. The reaction is cooled and the solution adjusted
      to pH 3.5. The 7-aminocephalosporin nucleus is collected, washed with
      water and dried.
PAR  The 7-aminocephalosporin nucleus is acylated according to the procedure of
      Example 1 with N-t-butoxycarbonylphenylglycine to give the title compound.
PAC  EXAMPLE 9
PAC  7-Mandelamido-3-(1-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  Acylation of the 7-aminocephalosporin nucleus from Example 8 with
      0-dichloroacetylmandeloyl chloride according to the procedure of Example 2
      gives the title compound.
PAC  EXAMPLE 10
PAR  When 1-methyl-1,2,4-triazolidin-5-one-3-thione,
      1,3,4-thiadiazolidin-5-one-2-thione, 1,2,4-triazolidin-3,5-dithione,
      4-methyl-1,2,4-triazolidin-3,5-dithione, or
      4-ethyl-1,2,4-triazolidin-3,5-dithione are substituted in the displacement
      reaction of Example 1 for 1,2,4-triazolidin-5-one-3-thione the following
      compounds are obtained:
PAR  7-Amino-3-(1-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(5-oxo-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cepehm-4-carboxylic acid
PAR  7-Amino-3-(4-methyl-5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(4-ethyl-5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAC  EXAMPLE 11
PAR  When the 7-aminocephalosporins of Examples 7 and 10 are acylated with
      N-t-butoxycarbonylphenylglycine according to the procedure of Example 1,
      the following products are obtained:
PAR  7-(.alpha.-Aminophenylacetamido)-3-(5-thiono-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Aminophenylacetamido)-3-(1-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Aminophenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Aminophenylacetamido)-3-(5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Aminophenylacetamido)-3-(4-methyl-5-thiono-.DELTA..sup.2
      -1,2,4-triazolin -3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Aminophenylacetamido)-3-(4-ethyl-5-thiono.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAC  EXAMPLE 12
PAR  Acylation of the 7-aminocephalosporins of Examples 5 and 10 with
      0-dichloroacetylmandeloyl chloride according to the procedure of Example 2
      gives the following products:
PAR  7-Mandelamido-3-(4-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Mandelamido-3-(1-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Mandelamido-3-(5-oxo-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Mandelamido-3-(5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Mandelamido-3-(4-methyl-5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Mandelamido-3-(4-ethyl-5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAC  EXAMPLE 13
PAR  The 7-aminocephalosporins of Examples 3, 5, 7, 8, and 10 are acylated with
      N-t-butoxycarbonyl-p-hydroxyphenylglycine according to the procedure of
      Example 6 to give the following compounds:
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(4-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(5-thiono-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(1-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(1-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PA1  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(4-methyl-5-thiono-.DELTA..sup
     .2 -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(4-ethyl-5-thiono-.DELTA..sup.
     2 -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAC  EXAMPLE 14
PAR  A solution of p-hydroxymandelic acid (3.0 g, 0.018 mol) and
      N-trimethylsilylacetamide (5.31 g, 0.042 mol) in dry THF (60 ml) and
      triethylamine (3ml) is refluxed in a nitrogen atmosphere for 2 hours,
      cooled to -10.degree. and then treated with isobutyl chloroformate and
      1,2,4-triazolidin-5-one-3-thione as in Example 1. The reaction solution is
      concentrated to a turbid aqueous mixture which is treated with 3%
      NAHCO.sub.3 until a clear solution is obtained. Water is added and the
      aqueous solution is washed with ether. The aqueous layer is cooled,
      covered with ethyl acetate and acidified to pH 1.5 with 6 N HCl. Phases
      are separated and the aqueous layer is reextracted with fresh ethyl
      acetate. The combined extracts are dried and concentrated to give
      7-(p-hydroxymandelamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  When any of the 7-aminocephalosporins in Examples 3, 5, 7, 8, and 10 are
      acylated with p-hydroxymandelic acid according to the above procedure the
      analogous products are obtained.
PAC  EXAMPLE 15
PAR  When the N-t-butoxycarbonyl derivative of p-methoxyphenylglycine,
      m-methoxyphenylglycine, o-methoxyphenylglycine, or
      p-methylthiophenylglycine is substituted for
      N-t-butoxycarbonylphenylglycine in the procedure of Example 1 the
      corresponding 7-(.alpha.-amino-substituted
      phenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid is obtained.
PAC  EXAMPLE 16
PAR  Using the procedure of Example 2 with the dichloroacetyl derivative of
      p-methoxymandelic acid, m-methoxymandelic acid, o-methoxymandelic acid, or
      p-methylthiomandelic acid gives the appropriate 7-substituted
      mandelamido-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAC  EXAMPLE 17
PAR  An equimolar amount of N-t-butoxycarbonyl-p-hydroxymethylphenylglycine,
      N-hydroxysuccinimide, and dicyclohexylcarbodiimide in dry THF is stirred
      at 0.degree. for 7 hours. The reaction is filtered and the filtrate is
      evaporated to give the activated ester.
PAR  To a cooled solution of 7-amino-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (7.57 g, 0.023
      mol) in pyridine (120 ml) containing triethylamine (5.5 ml) is added the
      activated ester (8.70 g, 0.023 mol). The reaction is stirred at room
      temperature for 5 hours and poured into water. The aqueous solution was
      adjusted to pH 2 and the t-butoxycarbonyl derivative is collected.
      Treatment with trifluoroacetic acid as in Example 1 gives
      7-(.alpha.-amino-p-hydroxymethylphenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  Acylation of the other 7-aminocephalosporins of Examples 3, 5, 7, 8 and 10
      with p-hydroxymethylphenylglycine by the above procedure gives the
      corresponding products.
PAC  EXAMPLE 18
PAR  When esters of 7-ACA, such as 2,2,2-trichloroethyl, benzhydryl, t-butyl,
      p-nitrophenyl, p-methoxyphenyl, p-methoxybenzyl, or benzyloxymethyl, are
      reacted with the heterocyclicthione compounds according to the procedure
      of Example 1, the corresponding 7-amino-3-heterocyclicthiomethylcephem
      ester is obtained. The esters can be acylated in the same manner as is
      described above for the acids, followed by cleavage of the ester moiety by
      standard methods, to give the product compounds of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC3##
PAL  wherein Z is S;
PA1  A is O or S;
PA1  R is hydrogen or C.sub.1 -C.sub.4 alkyl; and
PA1  M is hydrogen, 2,2,2-trichloroethyl, benzhydryl, t-butyl, p-nitrophenyl,
      p-methoxyphenyl, p-methoxybenzyl, or benzyloxymethyl.
NUM  2.
PAR  2. A compound as claimed in claim 1 where Z and A are S.
NUM  3.
PAR  3. A compound as claimed in claim 2 being the compound
      7-amino-3-(5-thiono-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid.
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ABST
PAL  [[(Thioalkoxy)thiocarbonyl]oxy]acetyl cephalosporin derivatives of the
      general formula
      ##SPC1##
PAL  Wherein R is hydrogen, lower alkyl, phenyl-lower alkyl, tri-(lower
      alkyl)stannyl, tri(lower alkyl)silyl, a salt forming ion or the group
      ##EQU1##
      is hydrogen, lower alkyl, phenyl, thienyl, furyl or pyridyl; R.sub.2 is
      lower alkyl or phenyl-lower alkyl; R.sub.3 is hydrogen, lower alkanoyloxy,
      azido or pyridyl; R.sub.4 is lower alkyl, phenyl or phenyl-lower alkyl;
      are useful as antibacterial agents.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new [[(thioalkoxy)thiocarbonyl]oxy]acetyl
      cephalosporin derivatives of the formula
      ##SPC2##
PAR  R represents hydrogen, lower alkyl, phenyl-lower alkyl, tri-(lower
      alkyl)stannyl, tri-(lower alkyl)silyl, a salt forming ion or the group
      ##EQU2##
      R.sub.1 represents hydrogen, lower alkyl, phenyl, thienyl, furyl or
      pyridyl; R.sub.2 represents lower alkyl or phenyl-lower alkyl; R.sub.3
      represents hydrogen, lower alkanoyloxy, azido or pyridyl; and R.sub.4
      represents lower alkyl, phenyl or phenyl-lower alkyl. The thienyl, furyl
      and pyridyl groups represented by R.sub.1 are optionally substituted with
      a lower alkyl group, i.e., R.sub.5 -thienyl, R.sub.5 -furyl or R.sub.5
      -pyridyl wherein R.sub.5 is hydrogen or lower alkyl. The pyridyl group
      represented by R.sub.3 is also optionally substituted, i.e., R.sub.6
      -pyridyl wherein R.sub.6 is hydrogen, lower alkyl or carbamyl.
PAR  The preferred members within each group are as follows: R is hydrogen,
      lower alkyl, alkali metal, trimethylsilyl, or
      ##EQU3##
      especially hydrogen, methyl, pivaloyloxymethyl, sodium or potassium;
      R.sub.1 is hydrogen, lower alkyl, thienyl or phenyl, especially hydrogen
      or phenyl; R.sub.2 is lower alkyl, especially methyl or ethyl, R.sub.3 is
      preferably hydrogen or acetoxy; and R.sub.4 is methyl or t-butyl.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The various groups represented by the symbols have the meanings defined
      below and these definitions are retained throughout this specification.
PAR  The lower alkyl groups are the straight and branched chain hydrocarbon
      groups in the series from methyl to heptyl, methyl and ethyl being
      preferred.
PAR  The lower alkanoyloxy groups represented by R.sub.3 include the acyl
      radicals of lower fatty acids containing alkyl radicals of the type
      described above, e.g., acetoxy, propionoxy, butyryloxy, etc., acetoxy
      being preferred.
PAR  The phenyl-lower alkyl radicals include a phenyl ring attached to a lower
      alkyl group of the kind described above as well as those containing two
      phenyl groups such as benzhydryl.
PAR  The salt forming ions represented by R are metal ions, e.g., alkali metal
      ions such as sodium or potassium, alkaline earth metal ions such as
      calcium or magnesium, or an amine salt ion, e.g., a (lower alkyl)amine
      like methylamine or triethylamine, etc.
PAR  The new [[(thioalkoxy)thiocarbonyl]oxy]acetyl cephalosporin derivatives of
      this invention are produced by reacting a 7-aminocephalosporanic acid
      compound, e.g., 7-aminocephalosporanic acid (7-ACA),
      7-amino-3-desacetoxycephalosporanic acid (7-ADCA) and other derivatives of
      the formula
      ##SPC3##
PAL  With a [[(thioalkoxy)thiocarbonyl]oxy]acetic acid of the formula
      ##EQU4##
      or an activated derivative of (III).
PAR  The activated derivatives referred to include, for example, the reaction
      product with an anhydride forming reagent such as ethylchloroformate,
      benzoyl chloride, pivaloyl chloride, etc., or with bis-imidazolecarbonyl,
      dicyclohexylcarbodiimide, p-nitrophenol or the like.
PAR  The reaction between the 7-aminocephalosporanic acid compound and the
      [[(thioalkoxy)thiocarbonyl]oxy]acetic acid is effected, for example, by
      dissolving or suspending the latter or its acid chloride or acid anhydride
      in an inert organic solvent such as chloroform, tetrahydrofuran, methylene
      chloride, dioxane, benzene or the like, and adding, at a reduced
      temperature of about 0.degree.-5.degree.C, about an equimolar amount of
      the 7-ACA or 7-ADCA compound in the presence of an activating compound
      such as dicyclohexylcarbodiimide. Preferably the compound of formula II is
      in the form of its trimethylsilyl ester. The product of the reaction is
      then isolated by conventional procedures, e.g., by concentration or
      evaporation of the solvent. If a derivative of the 7-amino-cephalosporanic
      acid compound, such as the benzhydryl ester is used, the free acid is
      obtained by hydrolysis, e.g., with trifluoroacetic acid or the like. Salts
      can then be derived from the free acid.
PAR  When R is the acyloxymethyl group
      ##EQU5##
      this group is introduced into the 7-aminocephalosporanic acid moiety prior
      to the reaction with the [[(thioalkoxy)thiocarbonyl]oxy]acetic acid or the
      activated derivative by treatment with one to two moles of a halomethyl
      ester of the formula
EQU  (IV) hal--CH.sub.2 OCOR.sub.4
PAL  wherein hal is halogen, preferably chlorine or bromine, in an inert organic
      solvent such as dimethylformamide, acetone, dioxane, benzene or the like,
      at about ambient temperature or below.
PAR  The [[(thioalkoxy)thiocarbonyl]thio]acetic acid of formula III is produced
      by forming an ester derivative of an .alpha.-hydroxyacetic acid of the
      formula
      ##EQU6##
      for example, by reaction with a dialkylhalosilane like
      dimethylchlorosilane [ClSiH, (CH.sub.3).sub.2 ] in the presence of a basic
      agent like triethylamine in an organic solvent like chloroform. The
      disilyl derivative of the formula
      ##EQU7##
      is made to react with a dithiochloroformic acid alkyl ester of the formula
      ##EQU8##
      and the ester group is then removed, e.g., by hydrolysis to obtain the
      compound of formula III. This is then used for the acylation of the
      7-aminocephalosporanic acid compound of formula II.
PAR  Alternatively, the hydroxyacetic acid of formula V can be treated with
      carbon disulfide and a base like potassium hydroxide in dimethylsulfoxide,
      then further treated with an iodide R.sub.2 I and water.
PAR  Further process details are also provided in the illustrative examples.
PAR  Certain of the compounds of this invention may exist in different optically
      active forms. The various stereoisomeric forms as well as the racemic
      mixtures are within the scope of the invention.
PAR  The compounds of this invention have a broad spectrum of antibacterial
      activity against both gram positive and gram negative organisms such as
      Staphylococcus aureus, Salmonella schottmuelleri, Pseudomonas aeruginosa,
      Proteus vulgaris, Escherichia coli and Streptococcus pyogenes. They may be
      used as antibacterial agents in a prophylactic manner, e.g., in cleaning
      or disinfecting compositions, or otherwise to combat infections due to
      organisms such as those named above, an in general may be utilized in a
      manner similar to cephalothin and other cephalosporins. For example, a
      compound of formula I or a physiologically acceptable salt thereof can be
      used in various animal species in an amount of about 1 to 100 mg./kg.
      daily, orally or parenterally, in single or two to four divided doses to
      treat infections of bacterial origin, e.g., 5.0 mg./kg. in mice.
PAR  Up to about 500 mg. of a compound of formula I or a physiologically
      acceptable salt thereof is incorporated in an oral dosage form such as
      tablet, capsule or elixir or in an injectable form in a sterile aqueous
      vehicle prepared according to conventional pharmaceutical practice.
DETD
PAR  The following examples are illustrative of the invention. All temperatures
      are in degrees celsius. Additional variations are produced in the same
      manner by appropriate substitution in the starting material.
PAC  EXAMPLE 1
PAC  DL-.alpha.-[(Methylthio)thioxomethoxy]benzene acetic acid
PAR  a. 4.56 g. (30 mM) of DL-mandelic acid are boiled at reflux temperature for
      3 hours together with 6.1 g. (60 mM) of triethylamine and 9.4 g. (100 mM)
      of dimethylchlorosilane in 150 ml. of abs. chloroform. After filtration,
      the filtered solution is evaporated in an oil vacuum. The crude
      O,O'bisdimethylsilyl derivative of the mandelic acid is obtained in the
      form of a pale yellow oil. This is dissolved in 50 ml. of methylene
      chloride and 13 g. of dithiochloroformic acid methyl ester are added. Two
      drops of dimethylchlorosilane are then added and the whole is kept at
      reflux temperature for 3 hours. After cooling, the solvent and the excess
      dithiochloroformic acid methyl ester are removed in vacuum. The residue is
      dissolved in 100 ml. of ether and the ether solution is stirred for 30
      minutes with 100 ml of 0.5H hydrochloric acid at 0.degree.-5.degree..
      After washing twice with 50 ml. of water, drying over sodium sulfate and
      evaporating, 2.3 g of a thick oil are obtained from the organic phase
      which crystallizes partly after two days. The crystals are recrystallized
      from benzol/cyclohexane. 0.5 g. of
      DL-.alpha.-[(Methylthio)thioxomethoxy]benzene acetic acid are obtained in
      the form of white crystals, m.p. 109.degree.-110.degree..
PAR  b. 4.56 g (30 mM) of DL-mandelic acid are dissolved in 100 ml. of carbon
      disulfide and 3.37 g. (60 mM) of pulverized potassium hydroxide are added
      all at once. Absolute dimethylsulfoxide is then added with stirring until
      a clear solution is obtained. The whole is stirred for 1 hour and then
      4.26 g (30 mM) of methyl iodide are added. After 4 hours the carbon
      disulfide is removed in vacuum and the oily residue is dissolved in 200
      ml. of water. The aqueous solution is extracted three times with 50 ml. of
      ether. After cooling the aqueous phase to 5.degree., it is acidified with
      2N hydrochloric acid and extracted with ether. From the ether, 3.1 g. of
      crude DL-.alpha.-[(methylthio)thioxomethoxy]benzene acetic acid is
      obtained. Recrystallization from benzol/cyclohexane yields 2.7 g., m.p.
      109.degree.-110.degree..
PAC  EXAMPLE 2
PAC  3-[(Acetyloxy)methyl]-7.beta.-[[[(methylthio)thioxomethoxy]phenylacetyl]ami
     no]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid
PAR  2.7 g. (10 mM) of 7-aminocephalosporanic acid are suspended in 125 ml. of
      methylene chloride and together with 1.7 g. (11 mM) of
      hexamethyldisilazane, held at reflux temperature for two hours. After this
      time, a clear solution forms. This is added slowly under nitrogen gas at a
      temperature of 0.degree.-5.degree. to a reaction mixture of 50 ml
      tetrahydrofuran, 2.35 g. (10 mM) of the acid of Example 1 and 2 g. (10 mM)
      of dicyclohexylcarbodiimide over a period of 30 mins. at 5.degree.,
      dropwise with stirring. After 12 hours the mixture is stirred for one hour
      at room temperature and then filtered. The filtrate is evaporated in
      vacuum to a light syrup which is then treated with water-methanol (10:1).
      The aqueous solution is extracted with ethyl acetate and the organic phase
      is dried and evaporated. The sticky residue is extracted with dilute
      sodium bicarbonate solution. After cooling, acidifying with 2N
      hydrochloric acid, extracting with ethyl acetate and drawing off the
      organic phase, 1.3 g. of
      3-[(acetyloxy)methyl]-7.beta.-[[[(methylthio)thioxomethoxy]phenylacetyl]am
     ino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid are
      obtained from the bicarbonate solution in the form of a white powder.
      Recrystallization from CH.sub.2 Cl.sub.2 /petroleum ether yields 1 g. of
      pure product, m.p. 103.degree..
PAC  EXAMPLE 3
PAC  3-[(Acetyloxy)methyl]-7.beta.-[[[(methylthio)thioxomethoxy]phenylacetyl]ami
     no]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-enecarboxylic acid, potassium
      salt
PAR  The potassium salt of the product of Example 2 is obtained by freeze drying
      a molecular equivalent aqueous solution of the acid of Example 2 and
      potassium bicarbonate. A beige powder is obtained, m.p. 199.degree.
      (dec.).
PAR  The following additional products are obtained by the foregoing procedure
      by appropriate substitution of the starting materials:
PAR  3-[(Acetyloxy)methyl]-7.beta.-[[[(ethylthio)thioxomethoxy]phenylacetyl]amin
     o]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid and
      potassium salt.
PAR  3-methyl-7.beta.-[[[(n-butylthio)thioxomethoxy]phenylacetyl]amino]-8-oxo-5-
     thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid and potassium salt.
PAR  3-[(Acetyloxy)methyl]-7.beta.-[[(methylthio)thioxomethoxy]acetylamino]-8-ox
     o-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid and potassium salt.
PAR  3-Methyl-7.beta.-[[(ethylthio)thioxomethoxy]acetylamino]-8-oxo-5-thia-1-aza
     bicyclo[4.2.0]oct-2-ene-2-carboxylic acid and potassium salt.
PAR  The following additional products having the formula (c) in the table are
      obtained by the procedure of Example 2 by substituting for the
      7-aminocephalosporanic acid, the starting material (a), and for the
      product of Example 1, the starting material (b) with the substituents
      indicated in the table:
TBL                                    TABLE                                   
     __________________________________________________________________________
                       R.sub.1 --CH--COOH                                      
                       .vertline.                                              
                       O--C--S--R.sub.2                                        
                       .parallel.                                              
                       S                                                       
     (a)                (b)       (c)                                          
     Example                                                                   
          R           R.sub.1  R.sub.2    R.sub.3                              
     __________________________________________________________________________
     4.   --CH.sub.3  H        --CH.sub.3 H                                    
     5.   --C.sub.2 H.sub.5                                                    
                      --CH.sub.3                                               
                               --C.sub.2 H.sub.5                               
                                          H                                    
     6.               --C.sub.3 H.sub.7                                        
                               --C.sub.2 H.sub.5                               
                                          --OCOCH.sub.3                        
     7.   O                                                                    
          .parallel.                                                           
          --CH.sub.2 OC--CH(CH.sub.3).sub.2                                    
                      C.sub.6 H.sub.5 --                                       
                               --CH.sub.3 --OCOCH.sub.3                        
          O                                                                    
          .parallel.                                                           
     8.   CH.sub.2 OC--C.sub.6 H.sub.5                                         
                      C.sub.6 H.sub.5 --                                       
                               --CH.sub.3 --OCOCH.sub.3                        
     9.               C.sub.6 H.sub.5 --                                       
                               --C.sub.2 H.sub.5                               
                                          H                                    
     10.  H                               --OCOCH.sub.3                        
     11.  --Sn(CH.sub.3).sub.3 --CH.sub.3 H                                    
     12.                       --CH.sub.3 H                                    
     13.  --Si(CH.sub.3).sub.3 n-butyl    H                                    
     14.  --N(CH.sub.3).sub.3  --C.sub.3 H.sub.7                               
                                          --OCOCH.sub.3                        
     15.  H                    --C.sub.2 H.sub.5                               
                                          --OCOCH.sub.3                        
     16.  K                    --CH.sub.3 H                                    
     17.  H                    --C.sub.2 H.sub.5                               
                                          H                                    
     18   H                    --C.sub.2 H.sub.5                               
                                          --OCOCH.sub.3                        
     19.  H                    --CH.sub.3 --OCOCH.sub.3                        
     20.  H                    --CH.sub.3 --OCOCH.sub.3                        
     21.  H           C.sub.6 H.sub.5 --  H                                    
     22.  H           C.sub.6 H.sub.5 --                                       
                               CH.sub.3   N.sub.3                              
     23.  H                    CH.sub.3   N.sub.3                              
     24.  K                    CH.sub.3   N.sub.3                              
     25.  H           C.sub.6 H.sub.5 --                                       
                               C.sub.2 H.sub.5                                 
     26.  H                    CH.sub.3                                        
     27.  K           H        C.sub.3 H.sub.7                                 
                                          N.sub.3                              
     28.  H           H        CH.sub.3   --OCOCH.sub.3                        
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  wherein R is hydrogen, lower alkyl, phenyl-lower alkyl, tri(lower alkyl)
      stannyl, tri(lower alkyl)silyl,
      ##EQU9##
      alkali metal, alkaline earth metal or (lower alkyl)amine; R.sub.1 is
      hydrogen, lower alkyl, phenyl, R.sub.5 -thienyl, R.sub.5 -furyl or R.sub.5
      -pyridyl; R.sub.2 is lower alkyl or phenyl-lower alkyl; R.sub.3 is
      hydrogen or lower alkanoyloxy; R.sub.4 is lower alkyl, phenyl or
      phenyl-lower alkyl; and R.sub.5 is hydrogen or lower alkyl.
NUM  2.
PAR  2. A compound as in claim 1 wherein R is hydrogen, lower alkyl, alkali
      metal, trimethylsilyl or --CH.sub.2 --O--CO--R.sub.4 ; R.sub.1 is
      hydrogen, lower alkyl, thienyl or phenyl; R.sub.2 is lower alkyl; R.sub.3
      is hydrogen or acetoxy; and R.sub.4 is methyl or t-butyl.
NUM  3.
PAR  3. A compound as in claim 1 wherein R.sub.1 is phenyl.
NUM  4.
PAR  4. A compound as in claim 3 wherein R.sub.2 is lower alkyl.
NUM  5.
PAR  5. A compound as in claim 3 wherein R is hydrogen and R.sub.2 is lower
      alkyl.
NUM  6.
PAR  6. A compound as in claim 1 wherein R is hydrogen, R.sub.1 is phenyl,
      R.sub.2 is lower alkyl and R.sub.3 is lower alkanoyloxy.
NUM  7.
PAR  7. A compound as in claim 1 wherein R is alkali metal, R.sub.1 is phenyl,
      R.sub.2 is lower alkyl and R.sub.3 is lower alkanoyloxy.
NUM  8.
PAR  8. A compound as in claim 1 wherein R is hydrogen, R.sub.1 is phenyl,
      R.sub.2 is lower alkyl and R.sub.3 is hydrogen.
NUM  9.
PAR  9. A compound as in claim 6 wherein the lower alkyl group is methyl and the
      lower alkanoyloxy group is acetoxy.
NUM  10.
PAR  10. A compound as in claim 6 wherein the lower alkyl group is ethyl and the
      lower alkanoyloxy group is acetoxy.
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ABST
PAL  This invention is directed to antibacterial compounds, in particular, to
      7-trifluoromethylmercaptoacetamidocephalosporins.
PARN
PAR  This is a division of application Ser. No. 273,571 filed July 20, 1972, now
      U.S. Pat. No. 3,828,037.
BSUM
PAR  This invention relates to cephalosporins with a new 7-acyl group, in
      particular to the 7-trifluoromethylmercaptoacetamidocephalosporins. The
      compounds have antibacterial activity.
PAR  Cephalosporins with a variety of acyl groups at the 7-position have been
      disclosed and claimed in the prior art. For example,
      7-alkylmercaptoacetamidocephalosporanic acids have been disclosed in U.S.
      Pat. No. 3,297,692 and others. Also,
      7-methylmercaptoacetamido-3-[N-n-butyl-N-(2'-diethylaminoethyl)aminothioca
     rbonylthiomethyl]-3-cephem-4-carboxylic acid and other similar compounds
      have been disclosed and/or claimed in U.S. Pat. Nos. 3,239,515, 3,239,516
      and 3,573,298. However, no cephalosporins with a trifluoromethylmercapto
      group in the 7-acyl substituent have been described.
PAR  The novel compounds of this invention have the following structure:
      ##SPC1##
PAL  In which:
PAR  A is hydrogen, acetoxy, pyridinium, methoxy, methylthio or S-Het;
PAR  Het is a 5 or 6 membered heterocyclic ring containing 1-4 hetero atoms
      selected from the group consisting of N. O and S and being unsubstituted
      or substituted with one or two groups selected from the group consisting
      of alkyl, alkoxy, alkylthio, each alkyl residue being one to four carbon
      atoms; C.sub.3 -C.sub.4 cycloalkyl, halogen, hydroxy, mercapto,
      trifluoromethyl and NR.sub.2 ; and
PAR  R is hydrogen or C.sub.1 -C.sub.6 alkyl.
PAR  A preferred group of compounds is that where A is S-Het. Particularly
      preferred are those compounds where Het is a substituted or unsubstituted
      tetrazole, thiadiazole, oxadiazole or triazole.
PAR  Included within the scope of this invention are the pharmaceutically
      acceptable salts that are formed by reaction of the cephalosporin acid
      with a pharmaceutically acceptable base. It is recognized that when the
      substituent on the heterocyclic group is hydroxy or mercapto that it is
      possible for the substituent to exist in more than one tautomeric form,
      i.e. the hydroxy or oxo and the mercapto or thiono forms. The compounds
      may exist exclusively as one tautomer or may be in equilibrium between the
      other forms; however, these are all included within the scope of this
      invention.
PAR  The compounds are prepared by acylation of the appropriate
      7-aminocephalosporin, for example, 7-aminocephalosporanic acid (7-ACA),
      7-aminodesacetoxycephalosporanic acid (7-ADCA) or
      7-amino-3-heterocycliothiomethyl-3-cephem-4-carboxylic acid, with
      trifluoromethylmercaptoacetic acid. The carboxyl group of the acetic acid
      is activated by one of the common methods known to one skilled in the art
      such as mixed anhydride, acid halide or activated ester. In addition,
      acylation of esters of the cephalosporin nucleus may be done by using a
      coupling reagent such as dicyclohexylcarbodiimide (DCC) or
      N,N'-carbonyldiimidazole.
PAR  Trifluoromethylmercaptoacetic acid is prepared by treating iodoacetic acid
      with silver trifluoromethylmercaptan. The acetic acid is converted to an
      activated ester by condensing N-hydroxysuccinimide and the acid, with DCC
      being used as the condensing reagent. This activated ester is then used to
      acylate the appropriate 7-aminocephalosporin. Alternatively,
      trifluoromethylmercaptoacetyl chloride, prepared from
      trifluoromethylsulfenyl chloride and ketene [J. Org. Chem. 37:1340(1972)],
      may be used as the acylating reagent.
PAR  The compounds of this invention have antibacterial activity against both
      Gram-positive and Gram-negative organisms. Minimum inhibitory
      concentrations (MIC) ranged from 0.1 to &gt;200 .mu.g./ml. in an in vitro
      screen against a broad variety of bacteria; however, most of the MIC's
      were less than 50 .mu.g./ml. The MIC's for
      7-trifluoromethylmercaptoacetamidocephalosporanic acid (I),
      7-trifuoromethylmercaptoacetamido-3-(1-methyltetrazol-5-ylthiomethyl)-3-ce
     phem-4-carboxylic acid (II), and
      7-trifluoromethylmercaptoacetamido-3-(5-methyl-1,3,4-thiadiazol-2-ylthiome
     thyl)-3-cephem-4-carboxylic acid (III) against representative bacteria are
      shown in Table I. In addition, the compounds exhibit antibacterial
      activity in an in vivo screen screen when administered subcutaneously.
TBL                TABLE I                                                     
     ______________________________________                                    
                    MIC (.mu.g./ml.)                                           
     Bacteria         I         II        III                                  
     ______________________________________                                    
     S. aureus HH 127 0.4       0.4       0.4                                  
     Strep. pyog. C 203                                                        
                      0.1       0.1       0.1                                  
     Strep. faecalis HH 34358                                                  
                      25        25        12.5                                 
     E. coli. HH 33779                                                         
                      6.3       1.6       3.1                                  
     K. pneumo. SK 4200                                                        
                      0.8       0.8       1.6                                  
     Pseudomonas sp. HH 63                                                     
                      &lt;200      &lt;200      &lt;200                                 
     Entero. aerogenes                                                         
                      50        1.6       6.3                                  
     ______________________________________                                    
PAR  These compounds are formulated and administered in the same manner as other
      cephalosporin compounds. The dose and mode of administration are within
      the skill of the art.
DETD
PAR  The following examples illustrate the invention but are not to be
      understood as limiting the scope thereof.
PAC  EXAMPLE 1
PAC  N-Hydroxysuccinimidyl trifluoromethylmercaptoacetate
PAR  Trifluoromethylmercaptoacetic acid was prepared by allowing equal molar
      quantities of trifluoromethyl mercaptan silver salt and iodoacetic acid to
      stand at room temperature in acetone for 11 days. The solid was collected
      and washed with acetone. The combined filtrates and washings were
      decolorized with charcoal and evaporated to an oil which was distilled;
      b.p. 90.degree.-100.degree./2-3 mm.
PAR  A solution of the above acetic acid (4.8 g., 0.03 mol.) and
      N-hydroxysuccinimide (3.45 g., 0.03 mol.) in tetrahydrofuran (50 ml.) was
      stirred and cooled to 0.degree. before dicyclohexylcarbodiimide (6.2 g.,
      0.031 mol.) was added in one portion. The reaction was stirred at
      0.degree. for one hour and then overnight at room temperature. The
      precipitate was filtered and washed with THF. Evaporation of the filtrate
      gave an oil which crystallized on standing. The solid was taken up in
      ether, boiled with charcoal and filtered to give a solution which gave a
      yellow solid on evaporation. Recrystallization from carbon tetrachloride
      gave the pure product; m.p. 130.degree..
PAR  By similar methods the trifluoromethylmercaptoacetic acid can be reacted
      with other hydroxy compounds to give other activated esters such as
      2,4-dinitrophenyl.
PAC  EXAMPLE 2
PAC  7-Trifluoromethylmercaptoacetamidocephalosporanic acid
PAR  7-Aminocephalosporanic acid (544 mg., 2 mmol.) was suspended in dry DMF (10
      ml.) and triethylamine was added until solution was effected. The
      activated ester from Example 1  (514 mg., 2 mmol.) was added and the
      reaction was stirred for 2.5 hours at room temperature. The mixture was
      poured into water (50 ml.) and the aqueous solution was acidified and then
      extracted with ethyl acetate. The dried extracts were evaporated to an oil
      which crystallized. The solid product was collected, triturated with
      ether, and dried, m.p. 139.degree.(dec.).
PAC  EXAMPLE 3
PAC  7-trifluoromethylmercaptoacetamido-3-methyl-3-cephem-4-carboxylic acid
PAR  7-Aminodesacetoxycephalosporanic acid (1.07 g., 5 mmol.) was suspended in
      dry DMF (25 ml.) and 1,5-diazobicyclo-[4.3.0]non-5-ene was added until a
      slight cloudiness just remained. The activated ester from Example 1 (1.28
      g., 5 mmol.) was added and the mixture was stirred for two hours at room
      temperature. The reaction was poured into water (200 ml.), acidified, and
      extracted with ethyl acetate. The extracts were washed with water, dried
      and evaporated to a product which crystallized on standing. The product
      was recrystallized from chloroform; m.p. 108.degree.(dec.).
PAC  EXAMPLE 4
PAC  7-Trifluoromethylmercaptoacetamido-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomet
     hyl)-3-cephem-4-carboxylic acid
PAR  To a suspension of
      7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid (628 mg., 2 mmol.) in dry DMF (20 ml.) was added triethylamine until
      only a slight cloudiness remained. The activated ester of Example 1 (514
      mg., 2 mmol.) was added in one portion and the reaction mixture was
      stirred for three hours at room temperature. The reaction was poured into
      ice water (100 ml.) and the aqueous solution was acidified to pH 1.5 with
      3N HCl and extracted with ethyl acetate. The combined extracts were washed
      with water and then saturated saline solution. The dried organic phase,
      containing the title compound, was concentrated to ca. 20 ml. The dropwise
      addition of a 30% solution of sodium 2-ethylhexanoate in isopropanol
      precipitated the sodium salt which was collected and dried.
PAC  EXAMPLE 5
PAC  7-Trifluoromethylmercaptoacetamido-3-(1-methyl-tetrazol-5-ylthiomethyl)-3-c
     ephem-4-carboxylic acid
PAR  7-Amino-3-(1-methyl-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
      (984 mg., 3 mmol.) and the activated ester from Example 1 (771 mg., 3
      mmol.) were reacted by the same procedure as in Example 4. Evaporation of
      the washed and dried extracts gave the title compound. The product was
      dissolved in ethyl acetate, heated with charcoal for 15 minutes, filtered,
      and treated with a 30% solution of sodium 2-ethylhexanoate in isopropanol.
      The sodium salt was precipitated by the addition of ether, collected and
      dried. The dried powder was dissolved in acetonitrile at room temperature
      and allowed to stand. It deposited white crystals of the sodium salt of
      the title compound.
PAC  EXAMPLE 6
PAC  7-Trifluoromethylmercaptoacetamido-3-(5-methyl-1,2,4-triazol-3-ylthiomethyl
     )-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(5-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid (1.14 g., 3.5 mmol.) and the activated ester of Example 1 (0.89 g.,
      3.5 mmol.) were reacted according to the procedure of Example 4.
      Evaporation of the ethyl acetate extracts gave a gummy residue which
      crystallized on standing. The product was recrystallized from acetonitrile
      to give the pure title compound.
PAC  EXAMPLE 7
PAC  7-Trifluoromethylmercaptoacetamido-3-(5-hydroxy-1,2,4-triazol-3-ylthiomethy
     l)-3-cephem-4-carboxylic acid
PAR  To a cold solution (-20.degree.) of
      7-amino-3-(5-hydroxy-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid (3.39 g., 0.01 mole) in a mixture of acetone (62.5 ml.) and 3%
      NaHCO.sub.3 (62.5 ml.) is added dropwise over a 30 minute period a
      solution of trifluoromethylmercaptoacetyl chloride (2.24 g., 0.012 mol.)
      in acetone (20 ml.) The solution is maintained at pH 8 by adding 10%
      sodium hydroxide as needed. The reaction is stirred for 20 minutes at
      -15.degree. to -20.degree. and then allowed to warm to room temperature.
      The solution is washed with ether, covered with ethyl acetate and
      acidified to pH 2. The aqueous phase is separated and extracted with ethyl
      acetate. The combined ethyl acetate phases are combined, washed with
      water, dried, and evaporated to give the title compound.
PAC  EXAMPLE 8
PAR  When an equivalent amount of a
      7-amino-3-heterocycliothiomethyl-3-cephem-4-carboxylic acid listed below
      is substituted in the procedure of Example 4 for
      7-amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid, the apropriate
      7-trifluoromethylmercaptoacetamido-3-heterocycliothiomethyl-3-cephem-4-car
     boxylic acid is obtained.
PAR  7-Amino-3-(1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  7-Amino-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-ca
     rboxylic acid.
PAR  7-Amino-3-(5-ethyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(5-n-butyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(5-dimethylamino-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carb
     oxylic acid.
PAR  7-Amino-3-(5-mercapto-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxyli
     c acid.
PAR  7-Amino-3-(3-methylthio-1,2,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxy
     lic acid.
PAR  7-Amino-3-(3-methyl-1,2,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  7-Amino-3-(1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  7-Amino-3-(4-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(4,5-dimethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(1,3-dimethyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(4-methyl-5-trifluoromethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephe
     m-4-carboxylic acid.
PAR  7-Amino-3-(5-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(4-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(1-methyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(1-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(1-ethyl-1,2,4-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(1-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(4-allyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(5-methoxymethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxy
     lic acid.
PAR  7-Amino-3-(5-cyclopropyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxyli
     c acid.
PAR  7-Amino-3-(5-bromo-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(5-hydroxy-4-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carb
     oxylic acid.
PAR  7-Amino-3-(5-hydroxy-4-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carbo
     xylic acid.
PAR  7-Amino-3(1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  7-Amino-3(1-methyl-1,2,3-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(1,3,4-oxadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  7-Amino-3-(5-methyl-1,3,4-oxadiazol-2ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  7-Amino-3-(4-pyrimidylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  7-Amino-3-(2-pyrazinylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  7-Amino-3-(3-pyridylthiomethyl)-3-cephem-4carboxylic acid.
PAR  7-Amino-3-(4-pyridylthiomethyl)-3-cephem-4-carboxylic acid.
PAC  EXAMPLE 9
PAR  When an equivalent amount of 7-amino-3-methoxymethyl-3-cephem-4-carboxylic
      acid is substituted into the procedure of Example 4,
      7-trifluoromethylmercaptoacetamido-3-methoxymethyl-3-cephem-4-carboxylic
      acid is obtained.
PAR  Acylation of 7-amino-3-methylthiomethyl-3-cephem-4-carboxylic acid
      according to the procedure of Example 4 gives
      7-trifluoromethylmercaptoacetamido-3-methylthiomethyl-3-cephem-4-carboxyli
     c acid.
PAC  EXAMPLE 10
PAC  7-Trifluoromethylmercaptoacetamido-3-(1-pyridiniummethyl)-3-cephem-4-carbox
     ylic acid
PAR  To a solution of 7-trifluoromethylmercaptoacetamidocephalosporanic acid
      sodium salt (4.36 g., 0.01 mol.) in water (25 ml.) is added potassium
      thiocyanate (2.23 g., 0.023 mol.) and pyridine (2.2 ml. 0.028 mol.). The
      reaction is heated at 65.degree.-70.degree. for seven hours and then is
      cooled. The mixture is diluted with water (100 ml.) and the aqueous
      solution is chromatographed on a column of cross-linked polystyrene
      polymer (Amberlite XAD-2). The inorganic salts are eluted with water and
      then the product is eluted with 95% ethanol. Evaporation of the eluant
      gives the product.
PAC  EXAMPLE 11
PAR  An injectable pharmaceutical composition is prepared by dissolving 500 mg.
      of sodium
      7-trifluoromethylmercaptoacetamido-3-(1-methyltetrazol-5-ylthiomethyl)-3-c
     ephem-4-carboxylate in sterile water or sterile normal saline solution (1-2
      ml.). Other cephalosporins of this invention are formulated in a similar
      manner.
PAR  An antibacterial capsule is comprised of the following components:
TBL  cephalosporin         500 mg.                                             
     lactose               250 mg.                                             
     magnesium stearate     75 mg.                                             
CLMS
STM  We claim:
NUM  1.
PAR  1. A pharmaceutical composition comprising an antibacterially effective
      amount of the compound of the formula
      ##SPC2##
PAL  in which:
PA1  A is S-Het;
PA1  Het is a 5 or 6 membered heterocyclic ring containing 1-4 hetero atoms
      selected from the group consisting of N, O and S and being unsubstituted
      or substituted with one or two groups selected from the group consisting
      of alkyl, alkoxy, alkylthio, each alkyl residue being one to four carbon
      atoms; C.sub.3 -C.sub.4 cycloalkyl, halogen, hydroxy, mercapto,
      trifluoromethyl and NR.sub.2 ; and
PA1  R is hydrogen or C.sub.1 14 C.sub. 6 alkyl, or a pharmaceutically
      acceptable salt thereof and sterile water or sterile saline as carrier
      therefor.
NUM  2.
PAR  2. A pharmaceutical composition as claimed in claim 1 comprising an
      antibacterially effective amount of a compound where Het is tetrazolyl,
      thiadiazolyl, triazolyl, or oxadiazolyl, unsubstituted or substituted with
      one or two C.sub.1 -C.sub.4 alkyl groups, a hydroxy or a mercapto group
      and sterile water or sterile saline as carrier therefor.
NUM  3.
PAR  3. A pharmaceutical composition as claimed in claim 2 comprising an
      antibacterially effective amount of the compound
      7-trifluoromethylmercaptoacetamido-3-(5-methyl-1,3,4-thiadiazol-2-ylthiome
     thyl)-3-cephem-4-carboxylic acid and sterile water or sterile saline as
      carrier therefor.
NUM  4.
PAR  4. A pharmaceutical composition as claimed in claim 2 comprising an
      antibacterially effective amount of the compound
      7-trifluoromethylmercaptoacetamido-3-(1-methyltetrazol-5-ylthiomethyl)-3-c
     ephem-4-carboxylic acid and sterile water or sterile saline as carrier
      therefor.
NUM  5.
PAR  5. A pharmaceutical composition as claimed in claim 2 comprising an
      antibacterially effective amount of the compound
      7-trifluoromethylmercaptoacetamido-3-(1,2,3-triazol-4-ylthiomethyl)-3-ceph
     em-4-carboxylic acid and sterile water or sterile saline as carrier
      therefor.
NUM  6.
PAR  6. A pharmaceutical composition as claimed in claim 2 comprising an
      antibacterially effective amount of the compound
      7-trifluoromethylmercaptoacetamido-3-(5-methyl-1,2,4-triazol-3-ylthiomethy
     l)-3-cephem-4-carboxylic acid and sterile water or sterile saline as
      carrier therefor.
NUM  7.
PAR  7. A pharmaceutical composition as claimed in claim 2 comprising an
      antibacterially effective amount of the compound
      7-trifluoromethylmercaptoacetamido-3-(5-hydroxy-1,2,4-triazol-3-ylthiometh
     yl)-3-cephem-4-carboxylic acid and sterile water or sterile saline as
      carrier therefor.
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ABST
PAL  This invention relates to a method of preparing hydrazones of the formula
      ##EQU1##
      in which R.sub.1 and R.sub.2, which may be identical or different,
      represent a linear alkyl radical of from 1 to 12 carbon atoms, a branched
      alkyl or cycloalkyl radical of from 3 to 12 carbon atoms, an aromatic
      radical of from 6 to 12 carbon atoms having a benzene or naphthalene
      nucleus, or a radical of from 5 to 12 carbon atoms having a pyridine
      nucleus, or R.sub.1 and R.sub.2 together form a linear or branched
      alkylene radical of from 3 to 12 carbon atoms in which one of the carbon
      atoms of the chain may be replaced by an oxygen atom, all of the above
      radicals being unsubstituted or substituted by one or more atoms or groups
      such as chlorine, bromine, fluorine, or iodine atoms or hydroxy, ether,
      carboxylic acid, carboxylic amide or ester, nitrile, nitro, or sulphonic
      acid or amide groups, or one of the two radicals R.sub.1 and R.sub.2 may
      be a hydrogen atom, and in which R.sub.3 and R.sub.4, which may be
      identical or different, represent a hydrogen atom, a linear alkyl or
      cycloalkyl radical of from 3 to 12 carbon atoms, in which one of the
      carbon atoms of the cycloalkyl radical may be replaced by an oxygen atom,
      or an aromatic hydrocarbon radical of from 6 to 12 carbon atoms or R.sub.3
      and R.sub.4 together represent a linear or branched alkylene radical of
      from 3 to 11 carbon atoms, the above radicals being unsubstituted or
      substituted by atoms or groups such as chlorine, bromine, fluorine,
      ethylenic groups, nitro, hydroxy, alkoxy, or carboxylic acid or ester
      radicals , which comprises reacting a primary or secondary amine of the
      formula
PAL  Wherein R.sub.1 and R.sub.2 are as defined above, ammonia, and a carbonyl
      compound of the formula
PAL  Wherein R.sub.3 and R.sub.4 are as defined above, with a peroxide compound.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  This invention relates to the preparation of hydrazones and specifically to
      the preparation of hydrazones by the method of reacting a primary or
      secondary amine, ammonia, and a carbonyl compound with a peroxide
      compound.
PAR  II. Description of the Prior Art
PAR  From numerous publications it is known that the primary or secondary amines
      are easily oxidized by peroxide compounds into very diverse oxygenated
      products, such as hydroxyl amines, nitroso or nitrated derivatives,
      oximes, compounds having an azoxy function, amides, etc., depending on the
      particular structure of the reactants or the reaction conditions. Thus, a
      description has been given of the oxidation of primary aliphatic amines to
      nitroalkanes by peracetic acid (W. D. Emmons, J. Am. Chem. Soc., 79, 5528,
      1957) or other percarboxylic acids (see for example the paper by H. O.
      Larson in "The Chemistry of the Nitro and Nitroso Groups", part I, p. 309,
      published by H. Feuer, Interscience, New York, 1969).
PAR  The primary aromatic amines have been oxidized into the corresponding
      nitroso, nitro, or azoxy derivatives by the pure percarboxylic acids or by
      a mixture of acetic acid and a 30% aqueous solution of hydrogen peroxide
      (R. R. Holmes and R. P. Bayer, J. Am. Chem. Soc., 82, 3454, 1960; see also
      the paper by W. M. Weaver in "The Chemistry of the Nitro and Nitroso
      Groups." part 2, p. 29, published by H. Feuer, Interscience, New York,
      1970). Aniline has also been oxidized into azoxybenzene by hydrogen
      peroxide in the presence of acetonitrile (G. B. Payne, P. H. Deming and P.
      H. Williams, J. Org. Chem., 26, 659, 1961). The oxidation of secondary
      amines into the corresponding hydroxyl amines has, for example, been
      effected by means of diacyl peroxides (French Pat. No. 1,360,030), of
      hydrogen peroxide in the presence of formic acid esters (German Pat. No.
      1,004,191), or of hydrogen peroxide in the presence of nitriles (F. C.
      Schaefer and W. D. Zimmermann, J. Org. Chem., 35, 2165, 1970).
PAR  In previous patents and applications for patents the applicants have
      moreover described new processes for the synthesis of azines by oxidation
      of ammonia in the presence of a carbonyl compound (III) with one of the
      peroxide compounds mentioned above, in accordance with the general
      reaction
      ##EQU2##
PAR  The oxidizing agent can be a percarboxylic acid (IV) (pending U.S.
      application Ser. No. 290,507, filed Sept. 20, 1972), a diacyl peroxide (V)
      (pending U.S. application Ser. No. 308,836, filed Nov. 22, 1972), hydrogen
      peroxide in the presence of salts (VI) as catalysts (pending U.S.
      application Ser. No. 267,921, filed June 30, 1972), hydrogen peroxide in
      the presence of nitriles (VII) as co-reactants (French Pat. 2,092,734,
      applied for June 12, 1970, and pending U.S. application Ser. No. 152,413,
      filed June 11, 1971), hydrogen peroxide in the presence of esters (VII) as
      co-reactants (pending U.S. application Ser. No. 340,762, filed Mar. 13,
      1972), a hydrogen peroxide in the presence of amides or imides (IX) as
      co-reactants (pending U.S. application Ser. No. 341,057, filed Mar. 14,
      1972), and hydrogen peroxide in the presence of cyanogen compounds (X) as
      co-reactants (pending U.S. application Ser. No. 340,762, filed Mar. 13,
      1972).
PAC  SUMMARY OF THE INVENTION
PAR  It has been surprisingly discovered that the hydrazones of this invention
      can be prepared by reacting a peroxide compound, a primary or secondary
      amine, and ammonia with a carbonyl compound.
PAR  Broadly, the method of this invention is one of preparing hydrazones of the
      formula
      ##EQU3##
      in which R.sub.1 and R.sub.2, which may be identical or different,
      represent a linear alkyl radical of from 1 to 12 carbon atoms, a branched
      alkyl or cycloalkyl radical of from 3 to 12 carbon atoms, an aromatic
      radical of from 6 to 12 carbon atoms having a benzene or naphthalene
      nucleus, or a radical of from 5 to 12 carbon atoms having a pyridine
      nucleus, or R.sub.1 and R.sub.2 together form a linear or branched
      alkylene radical of from 3 to 12 carbon atoms in which one of the carbon
      atoms of the chain may be replaced by an oxygen atom, all of the above
      radicals being unsubstituted or substituted by one or more atoms or groups
      such as chlorine, bromine, fluorine, or iodine atoms or hydroxy, ether,
      carboxylic acid, carboxylic amide or ester, nitrile, nitro, or sulfonic
      acid or amide groups, or one of the two radicals R.sub.1 and R.sub.2 may
      be a hydrogen atom, and in which R.sub.3 and R.sub.4 , which may be
      identical or different, represent a hydrogen atom, a linear alkyl radical
      of from 1 to 12 carbon atoms, a branched alkyl or cycloalkyl radical of
      from 3 to 12 carbon atoms, in which one of the carbon atoms of the
      cycloalkyl radical may be replaced by an oxygen atom, or an aromatic
      hydrocarbon radical of from 6 to 12 carbon atoms or R.sub.3 and R.sub.4
      together represent a linear or branched alkylene radical of from 3 to 11
      carbon atoms, the above radicals being unsubstituted or substituted by
      atoms or groups such as chlorine, bromine, fluorine, ethylenic groups,
      nitro, hydroxy, alkoxy, or carboxylic acid or ester radicals, which
      comprises reacting a primary or secondary amine of the formula
EQU  R.sub.1 - NH - R.sub.2                                     (II)
PAL  wherein R.sub.1 and R.sub.2 are as defined above, ammonia, and a carbonyl
      compound of the formula
EQU  R.sub.3 - CO - R.sub.4                                     (III)
PAL  wherein R.sub.3 and R.sub.4 are as defined above, with a peroxide compound.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This invention relates to a method of preparing hydrazones of the formula
      ##EQU4##
      in which R.sub.1 and R.sub.2, which may be identical or different,
      represent a linear alkyl radical of from 1 to 12 carbon atoms, a branched
      alkyl or cycloalkyl radical of from 3 to 12 carbon atoms, an aromatic
      radical of from 6 to 12 carbon atoms having a benzene or naphthalene
      nucleus, or a radical of from 5 to 12 carbon atoms having a pyridine
      nucleus, or R.sub.1 and R.sub.2 together form a linear or branched
      alkylene radical of from 3 to 12 carbon atoms in which one of the carbon
      atoms of the chain may be replaced by an oxygen atom, all of the above
      radicals being unsubstituted by one or more atoms or groups such as
      chlorine, bromine, fluorine, or iodine atoms or hydroxy, ether, carboxylic
      acid, carboxylic amide or ester, nitrile, nitro, or sulphonic acid, or
      amide groups, or one of the two radicals R.sub.1 or R.sub.2 may be a
      hydrogen atom, and in which R.sub.3 and R.sub.4, which may be identical or
      different, represent a hydrogen atom, a linear alkyl radical of from 1 to
      12 carbon atoms, a branched alkyl or cycloalkyl radical of from 3 to 12
      carbon atoms, in which one of the carbon atoms of the cycloalkyl radical
      may be replaced by an oxygen atom, or an aromatic hydrocarbon radical of
      from 6 to 12 carbon atoms or R.sub.3 and R.sub.4 together represent a
      linear or branched alkylene radical of from 3 to 11 carbon atoms, the
      above radicals being unsubstituted or substituted by atoms or groups such
      as chlorine, bromine, fluorine, ethylenic groups, nitro, hydroxy, alkoxy,
      or carboxylic acid or ester radicals, which comprises reacting a primary
      or secondary amine of the formula
EQU  R.sub.1 - NH - R.sub.2                                     (II)
PAL  wherein R.sub.1 and R.sub.2 are as defined above, ammonia, and a carbonyl
      compound of the formula
EQU  R.sub.3 - CO - R.sub.4                                     (III)
PAL  wherein R.sub.3 and R.sub.4 are as defined above, with a peroxide compound
      selected from the percarboxylic acids
      ##EQU5##
      where R.sub.5 may represent a hydrogen atom, a linear alkyl radical of
      from 1 to 18 carbon atoms, a branched alkyl or cycloalkyl radical of from
      3 to 12 carbon atoms, the above radicals being unsubstituted or
      substituted by groups such as the ethylenic groups, chloro, bromo, fluoro,
      nitro, hydroxy, alkoxy, carboxylic acid, amide, nitrile, or carboxylic
      ester groups; a diacyl peroxides (also known as the acyl peroxides), which
      have one or more of the functional groups
      ##EQU6##
      such as in
      ##EQU7##
      in which R.sub.6 and R.sub.7 each preferably represents a linear alkyl
      radical of from 1 to 18 carbon atoms, a branched alkyl or cycloalkyl
      radical of from 3 to 18 carbon atoms, an aromatic hydrocarbon radical of
      from 6 to 18 carbon atoms, a radical having a 5-6 membered oxygen or
      nitrogen heterocyclic ring and having 4 to 18 carbon atoms, or an alkoxy
      radical of from 1 to 18 carbon atoms, in which R.sub.6 and R.sub.7 may
      also be combined to represent together an 1,2-alkylene radical of from 2
      to 18 carbon atoms or an 1,2-alkylene radical of from 6 to 18 carbon
      atoms, and in which R.sub.8 may either not exist or may represent a linear
      alkylene radical of from 2 to 10 carbon atoms, a branched or cyclic
      alkylene radical of from 6 to 12 carbon atoms, all of the above radicals
      being unsubstituted or substituted by ethylenic theylenic groups, chloro,
      bromo, fluoro, nitro, hydroxy, alkoxy, carboxylic or percarboxylic acid,
      amide, nitrile, or carboxylic ester groups, etc., and the value of n in
      the polymer peroxides of formula (Vb) may range from 2 to approximately
      30; and hydrogen peroxide, which is used in the presence of a certain salt
      (VI) acting as a catalyst or of a co-reactant selected from the nitriles
      (VII), esters (VIII), amides or imides (IX) of carboxylic acids, or
      cyanogen compounds (X) defined below, or of both a salt and a co-reactant.
PAR  The salts (VI) which can be used as catalysts for the reaction with
      hydrogen peroxide are preferably selected from the soluble salts or
      hydroxides of ammonium or of metals of Groups Ia and IIa of the Periodic
      Table.
PAR  The nitriles (VII) which can be used as co-reactants of hydrogen peroxide
      may be represented by the general formula
EQU  Rg(CN).sub.p                                               (VII)
PAL  and comprise mono and polynitriles, in which p has a value of from 1 to 6
      and in which R.sub.9 is a hydrocarbon radical of valence p which has up to
      12 carbon atoms and which may be aliphatic or alicyclic or which may have
      a benzene or pyridine ring, being unsubstituted or substituted by from 1
      to 6 identical or different groups, such as the ethylenic groups, amide,
      carboxylic acid or ester, nitro, primary amine, secondary amine, tertiary
      amine, nitroso, fluoro, chloro, bromo, iodo, hydroxy, ether, acetal, epoxy
      sulphoxide, sulphone, or sulphonic acid groups.
PAR  The esters (VIII) which can be used as co-reactants of hydrogen peroxide
      may be represented by the general formula
EQU  R.sub.10 - COO - R.sub.11                                  (VIII)
PAL  and can be selected from the monofunctional esters of monoalcohols R.sub.11
      - OH, in which R.sub.11 represents a linear, branched, or cyclic
      hydrocarbon radical of up to about 12 carbon atoms, or of phenols R.sub.11
      - OH, in which R.sub.11 represents a phenyl group, and of carboxylic
      monoacids R.sub.10 -COOH, in which R.sub.10 represents either a hydrogen
      atom or a linear or branched alkyl, cyclo-alkyl, aryl-alkyl, or aromatic
      group of up to about 12 carbon atoms, or the polyfunctional esters of
      monoalcohols or of phenols R.sub.11 - OH and of carboxylic polyacids
      R'.sub.10 (-COOH).sub.q, in which q is an integer of from 2 to 6 and
      R'.sub.10 is either a simple bond (q being in this case equal to 2
      exclusively) or a linear, branched, or cyclical alkyl radical or aromatic
      radical of valence q and having up to about 12 carbon or the
      polyfunctional esters of carboxylic monoacids R.sub.10 COOH and of polyols
      or of polyphenols R'.sub.11 (OH).sub.r, in which r is an integer of from 2
      to 6 and R'.sub.11 is an aliphatic or aromatic hydrocarbon radical of
      valence r and having up to about 12 carbon atoms, or the cyclic esters of
      carboxylic hydroxy acids, such as the lactones, in which the radicals
      R.sub.10 and R.sub.11 together represent a linear or branched alkylene
      radical of from 2 to 11 carbon atoms and, together with the carboxylic
      group, form lactonic cycles of from 4 to 12 links, or the cyclic or
      acyclic oligomers of these lactones. The radicals R.sub.10, R.sub.11,
      R'.sub.10, and R'.sub.11 may optionally have substituents, such as the
      ethylenic groups, chloro, bromo, fluoro, nitro, alkoxy, hydroxy, or
      carboxylic acid or amide groups, the number of which does not exceed 6.
PAR  The amides and imides (IX) which can be used as coreactants of hydrogen
      peroxide are selected among the amides and imides of the carboxylic
      monoacids or polyacids having an ionization constant lower than about 5
      .times. 10.sup.-.sup.5.
PAR  The cyanogen compounds (X) which can be used as coreactants of hydrogen
      peroxide are selected from a group composed of the single or complex salts
      of hydrocyanic, cyanic, and thiocyanic acids, the halides, the amides and
      esters of cyanic acid, and the oligomers of the derivatives of cyanic acid
      mentioned above.
PAR  The invention generally proceeds according to the reaction
      ##EQU8##
      and the origin of the active oxygen (O) can be explained by a partial
      equation dependent on the peroxide system or compound used, such as
      ##EQU9##
PAR  Thus, the percarboxylic acids and acyl peroxides are converted during the
      reaction into the corresponding carboxylic acids, forming ammonium salts
      in the reaction medium.
PAR  When hydrogen peroxide is used with the co-reactants mentioned, they form
      an intermediate active oxidizing species, the nature of which has not been
      explained and the conversion of which leads finally to the hydration or
      hydrolysis products of the co-reactant, such as, for example, an amide
      when the starting material is a nitrile, and carboxylic acid in the form
      of the ammonium salt when the starting material is an ester or an amide.
PAR  The hydrazones thus obtained are useful synthesis agents which can be used
      instead of the corresponding substituted hydrazines, or which can be
      hydrolyzed in known manner to obtain the dissymmetrical substituted
      hydrazines or their salts according to
      ##EQU10##
PAR  The reaction of formation of hydrazones (B) may be accompanied, in variable
      proportions, by the formation of azines according to the general reaction
      (A). Since these azines are valuable products which can be hydrolyzed to
      obtain the nonsubstituted hydrazine, the joint production of hydrazones
      and azines may be advantageous and constitute and additional aim of the
      present invention.
PAR  The following are examples of reactants or catalysts which can be used
      within the scope of the present invention:
PAL  amines (II):
PAL  methylamine, dimethylamine, ethylamine, diethylamine, n-propyl amine,
      isopropylamine, n-butylamine, di-n-butylamine, t-butylamine, the
      amylamines, cyclohexylamine, dicyclohexylamine, n-dodecylamine, mono- and
      diethanolamines, methoxy-2-ethylamine, morpholine, pyrrolidine,
      piperidine, .beta.-aminopropionitrile, .beta.-aminopropionamide, aniline,
      the toluidines, the mono- and dichloro-anilines or -toluidines, the
      bromoanilines, the fluoro-anilines, the nitro- and dinitro-anilines and
      -toluidines, the o- m- and p-anisidines, the trifluoromethylanilines,
      anthranilic acid, sulphanilic acid, diphenylamine, .alpha.-naphthylamine,
      .beta.-naphthylamine, the aminopyridines;
PAL  carbonyl compounds (III):
PAL  aldehydes: formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde,
      isobutyraldehyde, n-pentanal, pivalaldehyde, oenanthal, ethyl-2hexanal,
      .DELTA. -3-tetrahydrobenzaldehyde, hexahydrobenzaldehyde, 5-norbornene
      2-carboxaldehyde, tetrahydropyrane-2-carboxaldehyde, benzaldehyde, the
      monochlorobenzaldehydes, p-nitrobenzaldehyde,
      .beta.-chloropropionaldehyde, .beta.-methoxypropionaldehyde,
      4-cyano-2,2-dimethylbutyraldehyde. ketones: acetone, 2-butanone,
      2-pentanone, 3-pentanone, methylisopropylketone, methylisobutylketone,
      ethylamylketone, methylcyclohexylketone, acetophenone, benzophenone,
      cyclobutanone, cyclopentanone, cyclohexanone, 2-methyl, cyclohexanone,
      3-methyl, cyclohexanone, 4-methyl cyclohexanone, 2,4-dimethyl
      cyclohexanone, 3,3,5-trimethyl, cyclohexanone, isophorone, cycloheptanone,
      cyclooctanone, cyclodecanone, cyclododecanone;
PAL  percarboxylic acids (IV) derived from carboxylic acids: formic, acetic,
      propionic, butyric, isobutyric, valeric, isovaleric, pivalic, hexanoic,
      heptanoic, octanoic, .alpha..alpha.'-dimethyloctanoic, lauric, palmetic,
      stearic, hexahydrobenzoic, trifluoroacetic, .beta.-chloropropionic,
      .beta.-methoxypropionic, .epsilon.-hydroxycaproic acids, benzoic acid and
      its ortho-, meta-, or para- chlorine, bromine, fluorine, methoxyl, nitro,
      or trifluoro-methyl derivatives, o-, m-, and p-toluic, succinic, glutaric,
      adipic, crotonic, maleic, fumaric, phthalic acids;
PAL  diacyl peroxides (V):
PAL  among the peroxides of formula (Va); acetyl, monochloroacetyl,
      trifluoroacetyl, propionyl, .beta.-chloropropionyl,
      .beta.-methoxypropionyl, .beta.-carboxypropionyl, n-butyryl,
      perfluoro-n-butyryl, isobutyryl, perfluoro-isobutyryl, crotonyl, valeryl,
      isovaleryl, pivaloyl, hexanoyl, heptanoyl, octanoyl, ethyl-2 hexanoyl,
      nonanoyl, decanoyl, lauroyl, myristoyl, palmitoyl, stearyl,
      cyclohexanecarbonyl, norbornane-2  carbonyl, benzoyl, o-toluyl,
      m-chlorobenzoyl, p-chlorobenzoyl, p-methoxybenoxyl, p-nitro-benzoyl,
      m-trifluoromethyl benzoyl, p-phenylbenzoyl, o-carboxyl-benzoyl,
      .alpha.-naphthoyl, .beta.-naphthoyl, 2-furoyl, and nicotinoyl peroxides or
      mixed peroxides such as acetyl and benzoyl peroxides, acetyl and butyryl
      peroxides, isobutyryl and benzoyl peroxides, acetyl and lauroyl peroxides,
      or stearyl and benzoyl peroxides; polymeric peroxides (Vb) and mixed
      peroxides of mono- and diacids (Vc) derived from HOOC - R8 -COOH diacid,
      oxalic (in which R.sub.8 does not exist), succinic, glutaric, adipic,
      pimelic, dodecanedioic, 1,2 or 1,4-cyclohexane dicarboxylic, o-phthalic,
      isophthalic, terephthalic; peroxides (Va) derived from carbonic acid, in
      which at least one of the radicals R.sub.6 and R.sub.7 is an alkoxy group,
      such as isopropoxycarbonyl and benzoyl peroxide, methoxycarbonyl and
      lauroyl peroxide, 3,3,5-trimethyl, cyclohexyloxycarbonyl and lauroyl
      peroxide, isopropyl peroxydicarbonate. mixed peroxides (Va) such as the
      mixed dianhydrides of diperoxycarbonic and benzoyl, caproyl, lauroyl, or
      2-ethyl hexanoyl;
PAL  salts (VI) where these are soluble:
PAL  chlorides, bromides, fluorides, nitrates, sulphates, phosphates, chlorates,
      perchlorates, borates, carbonates, formiates, acetates, propionates,
      butyrates, isobutyrates, octanoates, benzoates, methanesulphonates,
      benzenesulphonates, p-toluenesulphonates of lithium, sodium, potassium,
      magnesium, calcium, strontium, barium, and ammonium, which latter may be
      derived from ammonia or from a mono-, di-, or trialkylated amine, in which
      the alkyl radicals contain from 1 to 12 carbon atoms, or from a cyclic
      secondary amine, such as piperidine, morpholine, or pyrrolidine.
PAL  nitriles (VII):
PAL  acetonitrile, propionitrile, butyronitrile, isobutyronitrile,
      cyclohexylcarboxylic nitrile, benzonitrile, o-, m-. or p- tolunitrile,
      p-methoxybenzonitrile, chlorobenzonitrile, p-nitrobenzonitrile, mono-,
      di-, and trichloroacetonitrile, glycolonitrile,
      .epsilon.-hydroxycapronitrile, cyanacetic acid and its alkyl esters,
      .beta.-cyanopropionic acid and its alkyl esters, .beta.-cyanopyridine,
      nicotinic nitrile, isonicotinic nitrile, acrylonitrile, methacrylonitrile,
      crotononitrile, .DELTA.-3-tetrahydrobenzonitrile, 3,4-epoxy
      hexahydrobenzonitrile, .beta..beta.'-dicyanoethylether,
      .beta..beta.'-dicyanoethyl sulphide, sulphoxide, or sulphone, cyanogen,
      malononitrile, succinonitrile, glutaronitrile, adiponitrile,
      pimelonitrile, suberonitrile, phthalodinitriles, iminodiacetonitrile,
      nitrolotriacetonitrile, ethylenediaminetetracetic acid nitrile,
      .beta.hydroxypropionitrile, .beta.-methoxypropionitrile, and the
      cyanoethyl derivatives of ethyleneglycol, glycerol, and sorbitol.
PAL  carboxylic esters (VIII):
PAL  formiates, acetates, monochloracetates, trichloracetates,
      trifluoroacetates, propionates, butyrates, isobutyrates, valerates,
      hexanoates, octanoates, nonanoates, dodecanoates, benzoates, o-, m-, or
      p-chlorobenzoates, p-methoxybenzoates, nitrobenzoates, oxalates,
      malonates, succinates, glutarates, adipates, pimelates,
      butane-1,2,4-tricarboxylates, o-phthalates, isophthalates, terephthalates,
      trimellitates, pyromellitates, .beta.-hydroxypropionates, tartrates or
      citrates of methanol, ethanol, n-propanol, isopropanol, n-butanol,
      isobutanol, 2-butanol, tertiary butanol, amyl alcohols, n-hexanol,
      n-heptanol, n-octanol, 2-ethyl hexanol, n-dodecanol, cyclohexanol,
      methylcyclohexanol, allyl alcohol, crotyl alcohol,
      .DELTA.-3-tetrahydrobenzyl alcohol, benzyl alcohol, 2-methoxy ethanol,
      3-methoxy propanol, 2-ethoxy ethanol, ethyleneglycol, propyleneglycol,
      glycerol, 1,1,1-trimethylol ethane, pentaerythritol, sorbitol, phenol and
      its chlorine, bromine, nitro, and methoxyl derivatives, cresols,
      pyrocatechol, resorcinol, and hydroquinone, and the lactones
      .beta.-propiolactone, .gamma.-butyrolactone, .delta.-valerolactone,
      .epsilon.-caprolactone, and their alkyl homologues;
PAL  amides or imides (IX):
PAL  formamides, monochloroacetamide, monobromoacetamide, dichloroacetamide,
      trichloroacetamide, trifluoroacetamide, .beta.-chloropropionamide,
      .alpha..alpha.-dichloropropionamide, .alpha.-bromopropionamide,
      perfluorobutyramide, gylcolamide, lactamide, phenylacetamide and its
      derivatives halogenated in the core, diphenylacetamide, benzamide,
      o-toluamide, m-toluamide, o-, m-, or p-chlorobenzamide, o-, m-, or
      p-bromobenzamide, o-, m-, or p-flurobenzamide, perfluorobenzamide, o-, m-,
      or p-nitrobenzamide, salicylamide, p-hydroxybenzamide, the monoamides,
      diamides, or the cyclic imides of the following di-,tri-, or tetracids:
      oxalic malonic succinic, .alpha..alpha.-dichlorosuccinic, malic, tartric,
      maleic, citric, itaconic, citraconic, o-phthalic, isophthalic,
      terephthalic, trimellitic, pyromellitic, tetrachloro-o-phthalic;
PAL  cyanogen compounds and their derivatives (X):
PAL  the cyanides, cyanates, or thiocyanates of ammonium, alkali metals, or
      alkaline earth metals, magnesium, or zinc, the complex cyanides such as
      potassium ferrocyanide, cyanogen chloride and bromide, cyanamide and its
      alkali metal or alkaline earth metal salts, the lower alkyl cyanates in
      which the alkyl group contains from 1 to 6 carbon atoms approximately, the
      phenyl cyanates, dicyandiamide, the salts and esters of cyanuric and
      isocyanuric acids, cyanuric halides, and melamine.
PAR  For the purpose of carrying out the process according to the invention the
      reactants are brought into contact in a liquid medium by mixing them in
      any order or in any combination. The use of a solvent is generally
      advantageous or necessary in order to homogenize the reaction medium at
      least partially. The preferred solvents are water, or saturated alcohols
      of from 1 to 6 carbon atoms, particularly when the peroxide compound used
      is hydrogen peroxide, percarboxylic acid, or a lower acyl peroxide, but is
      may also be necessary to use non-polar solvents in order to solubilize
      certain percarboxylic acids or acyl peroxides, and in that case these
      solvents can then be selected from the aliphatic, cycloaliphatic, or
      aromatic hydrocarbons of from 5 to 12 carbon atoms, halogenated solvents
      such as methylene chloride, chloroform, carbon tetrachloride,
      dichlorethane, chlorobenzene, the ethers such as diethylether, dioxan,
      tetrahydrofuran, and nitro solvents such as nitromethane and nitrobenzene.
PAR  The preferred reaction temperature is approximately between -20.degree. and
      100.degree. C, while the optimal value may vary according to the
      particular reactivity of the reactants used. It is possible to operate at
      atmospheric pressure or else at a pressure ranging up to 10 atmospheres,
      if that is necessary to keep the reactants in solution, particularly in
      the case of ammonia.
PAR  The reactants are advantageously used in stoichiometrical proportions, but
      there may be a deficiency or an excess of one or the other of them in
      relation to these proportions. The ammonia and the amine amy be used in a
      molar ratio between about 1:10 and 10:1, and the total of these two
      reactants is preferably in excess in relation to the peroxide compound;
      the molar ratio (ammonia + amine) / (oxide compound) may thus be between
      about 10:1 and 1:1. It may be necessary to add to these proportions the
      amount of ammonia or amine required to neutralize the acidity produced by
      the reaction with certain peroxide compounds, as indicated in the formula
      above. The carbonyl compound is used at the rate of from 0.1 to 10 moles
      per mole of (ammonia + amine).
PAR  When the peroxide compound used is hydrogen peroxide the operation is
      carried out as described in the presence of a salt as a catalyst, the
      latter being added at the rate of from 0.01 to 10% by weight of the total
      mixture of the reaction, and/or in the presence of a co-reactant, such as
      a nitrile, an ester, a carboxylic acid amide or imide, or a cyanogen
      compound, which is used at the rate of from 1 to 10 moles per mole of
      H.sub.2 O.sub.2.
PAR  The reactants may be used in their usual commercial form, in the pure
      state, or dissolved in water or in a solvent; for example, ammonia, the
      lower aliphatic amines, and hydrogen peroxide may be used in the form of
      commercially available aqueous solutions. They may also be prepared by
      known methods, the diacyl peroxides or peracids being, for example,
      prepared by reacting an acyl halide or an acid anhydride with hydrogen
      peroxide or sodium peroxide, or the lower percarboxylic acids may be
      prepared by reacting hydrogen peroxide with the corresponding carboxylic
      acid, possibly in the presence of a small catalytic amount of sulphuric
      acid. Since this reaction is in equilibrium, it is also possible to use
      the crude mixture of the equilibrium reaction, particularly crude mixtures
      containing performic acid or peracetic acid which are obtained by reacting
      hydrogen peroxide with formic or acetic acid.
DETD
PAR  The following examples illustrate the present invention, but do not
      restrict it.
PAC  EXAMPLE 1
PAR  A solution was prepared which comprised 149 g aniline (1.6 mole), 36 g of
      an ammonia solution having 22% by weight NH.sub.3 (0.46 mole), 23.2 g
      acetone (0.4 mole), 41 g acetonitrile (1 mole) in 64 g methanol, 0.4 g
      ammonium acetate, and 2 g of the disodium salt of
      ethylenediaminetetracetic acid. The solution was heated to 50.degree. C.,
      and 41 g of a 70% by weight aqueous solution of hydrogen peroxide (0.8
      mole) and 92.8 g acetone (1.6 mole) were added, dropwise and
      simultaneously. The solution was than kept at 50.degree. C for 5 hours
      while a light current of gaseous ammonia was bubbled through it. The
      unreacted methanol, ammonia, acetone, and acetonitrile were eliminated by
      distillation in vacuo, and the remaining solution was washed three times
      with an equal volume of water. The organic layer was decanted and
      distilled. After eliminating the excess aniline, 48 g of acetone
      phenylhydrazone (0.32 mole, which was 40% of the theoretical yield,
      compared to the hydrogen peroxide used), which was identified by
      comparison of its infrared spectrum with that of the compound obtained by
      the action of phenylhydrazine on acetone, were collected at
      163-165.degree. C and 50 mm Hg.
PAC  EXAMPLE 2
PAR  A crude peracetic acid solution was prepared by mixing 17.3 g glacial
      acetic acid (0.29 mole), 7.2 g of a hydrogen peroxide solution having 68%
      by weight of H.sub.2 O.sub.2 (0.145 mole of H.sub.2 O.sub.2), and 0.7 g
      concentrated sulphuric acid, and reacting the mixture for several hours at
      ambient temperature. A solution was obtained which contained 0.10 mole
      peracetic acid and 0.033 mole uncoverted hydrogen peroxide, and which was
      introduced into 200 ml of methanol at 0.degree. C. Within the space of
      half an hour 34.8 g acetone (0.6 mole), 12.2 g of an ammonia solution
      having 28% by weight NH.sub.3 (0.2 mole), and 18.6 g aniline (0.2 mole)
      were added, after which the mixture was determined by gas phase
      chromatography to contain 4.6 g of acetone phenylhydrazone (0.031 mole,
      which was 31% of the theoretical yield compared to the peracid), 1 g of
      acetone azine (0.009 mole, which was 9% of the theoretical yield), and
      0.025 mole of azobenzene.
PAC  EXAMPLE 3
PAR  Potassium monopermaleate was prepared by introducing at 20.degree. C 18.4 g
      of a 65% by weight aqueous solution of caustic potash (0.22 mole) in a
      solution of 21.5 g maleic anhydride (0.22 mole) and 11.7 g aqueous
      hydrogen peroxide containing 70% by weight H.sub.2 O.sub.2 (0.24 mole) in
      120 cc ethyl acetate. The mixture was kept at 20.degree. C for 1 hour,
      whereupon the per-salt was filtered and dried at atmospheric temperature.
PAR  20 g of this crude product, which has 0.10 mole potassium monopermaleat and
      0.02 mole hydrogen peroxide, were suspended in 200 ml methanol at
      0.degree. C. Within the space of half an hour 34.8 g acetone (0.6 mole),
      12.2 g of an ammonia solution having 28% NH.sub.3 (0.2 mole), and 18.6 g
      aniline (0.2 mole) were added, whereupon the mixture was allowed to return
      to ambient temperature.
PAR  One hour after the start of the addition, the reaction mixture was
      determined by gas phase chromatography to contain 6.4 g actone
      phenylhydrazone (0.043 mole, which was 43% of the theoretical yield
      compared to the peracid), 1.25 g acetoneazine (0.011 mole, which was an
      11% yield), and 0.003 mole azobenzene.
PAC  EXAMPLE 4
PAR  18.3 g p-nitroperbenzoic acid (0.10 mole) were dissolved in 200 ml
      methanol. Within the space of half an hour 34.8 g acetone (0.6 mole),
      12.2. g of an ammonia solution having 28% by weight NH.sub.3 (0.2 mole),
      and 18.6 g aniline (0.2 mole) were added at 0.degree. C, whereupon the
      mixture was allowed to return to ambient temperature. One hour after the
      start of the addition, the mixture was determined by gas phase
      chromatography to contain 2.92 g actone phenylhydrazone (0.197 mole, which
      was 19.7% of the theoretical yield compared to the peracid) and 0.45 g
      acetoneazine (0.004 mole, which was a 4% yield).
PAC  EXAMPLE 5
PAR  A solution was prepared which comprised 56 g aniline (0.60 mole), 20 g
      ammonia (1.8 mole), 35 g actone (0.60 mole), and 0.75 g of the disodium
      salt of ethylenediamine tetracetic acid in 120 g methanol and 15 g water.
      Within 25 minutes, 86 g of 84.2% benzoyl peroxide (0.30 mole) were
      introduced at 20.degree. C, and the mixture was then kept for 30 minutes
      at the same temperature. The salts which precipitated were filtered and
      the solution was determined by gas chromatography to contain 13.3 g
      acetone phenylhydrazone (0.09 mole, which was 30% of the theoretical yield
      compared to the benzoyl peroxide), 5.4 g acetoneazine (0.048 mole, which
      was a yield of 16%), and 0.006 mole azobenzene.
PAC  EXAMPLE 6
PAR  The operation was carried out as in Example 5, but 162 g of 58% nonanoyl
      peroxide (0.3 mole; commercial product of Societe Chalonnaise de Peroxydes
      Organiques) were used instead of benzoyl peroxide. The final solution was
      determined by gas phase chromatorgraphy to comprise 14.3 g acetone
      phenylhydrazone (0.097 mole, which was 32.3% of the theoretical yield),
      5.85 g acetoneazine (0.052 mole, which was a 17.4% yield), and traces of
      azobenzene.
PAC  EXAMPLE 7
PAR  The procedure was the same as in Example 5, but 286 g of a 22% solution of
      isopropyl peroxydicarbonate in dibutylphtalate (0.30 mole) were used
      instead of benzoyl peroxide. A gas phase chromatography determination of
      the final solution showed that 12.6 g acetone phenylhydrazone (0.085 mole,
      which was 28.4% of the theoretical yield), 1.12 g acetoneazine (0.01 mole,
      which was a yield of 3.3%), and 0.022 mole azobenzene were formed.
PAC  EXAMPLE 8
PAR  The procedure was the same as in Example 5, but 97.5 g of 88% cyclohexyl
      peroxydicarbonate (0.30 mole; commercial product of Societe Chalonnaise de
      Peroxydes Organiques) were used instead of benzoyl peroxide. Determination
      by gas phase chromatography of the final solution showed that 21.3 g
      acetone phenylhydrazone (0.144 mole, which was 48% of the theoretical
      yield), 6.2 g acetoneazine (0.055 mole, which was a yield of 18.3%), and
      0.12 mole azobenzene were formed.
PAC  EXAMPLE 9
PAR  A solution was prepared which comprised 93 g aniline (1 mole), 4.25 g
      ammonia (0.25 mole), 14.5 g acetone (0.25 mole), 6.15 g aqueous hydrogen
      peroxide containing 69% by weight H.sub.2 O.sub.2 (0.125 mole), and 1.25 g
      of the disodium salt of ethylnediaminetetracetic acid in 22.5 g water and
      40 g methanol. This solution was brought to 50.degree. C, whereupon during
      1 hour, 15.3 g gaseouos ammonia (0.9 mole), 18.45 g aqueous hydrogen
      peroxide containing 68% by weight H.sub.2 O.sub.2 (0.375 mole), 43.5 g
      acetone (0.75 mole), and 28.1 g formamide (0.625 mole) were introduced
      simultaneously. After reacting the mixture for another hour at the same
      temperature, analysis of the mixture by gas phase chromatography showed
      that 33.0 g acetone phenylhdrazone (0.223 mole, which was 44.6% of the
      theoretical yield) were formed. The mixture was allowed to cool to ambient
      temperature, and the two liquid phases which formed were separated by
      decantation. The light organic phase weighing 165 g was separated by
      fractional distillation at 130.degree.-140.degree. C and 10 mm Hg, and 30
      g acetone phenylhydrazone were collected.
PAC  EXAMPLE 10
PAR  A solution was prepared which comprised 24.8 g monomethylamine (0.80 mole),
      13.6 g ammonia (0.80 mole), 46.4 g acetone (0.80 mole), 16.4 g
      acetonitrile (0.40 mole), and 0.4 g of the disodium salt of
      ethylenediaminetetracetic acid in 128 g methanol and 60 g water. The
      solution was brought to 30.degree.C, whereupon within one hour 19.6 g
      oxygenated water containing 69.3% by weight H.sub.2 O.sub.2 (0.40 mole)
      were introduced. The reaction was then allowed to continue for 3 hours at
      the same temperature, and the mixture was determined by gas phase
      chromatography to contain 4.15 g acetone methylhydrazone (0.048 mole,
      which was 12% of the theoretical yield compared to hydrogen peroxide) and
      4.9 g acetonezine (0.04 mole, which was a yield of 10%).
PAC  EXAMPLE 11
PAR  A mixture was prepared which comprised 145 g dicyclohexylamine (0.80 mole),
      18 g of an aqueous solution containing 19.1 % by weight ammonia (0.20
      mole), 46.4 g acetone (0.80 mole), 20.5 g acetonitrile (0.50 mole), and 64
      g methanol, in which 1.2 g of the disodium salt of ethylene
      diaminetetracetic acid and 0.2 g of ammonium acetate were dissolved. The
      solution was brought to 450.degree. C, and within the space of half an
      hour 19.45 g aqueous hydrogen peroxide containing 70% by weight H.sub.2
      O.sub.2 (0.40 mole) were introduced while a light current of gaseous
      ammonia was bubbled through the solution. The reaction was allowed to
      continue for four hours at the same temperature, and the mixture was then
      cooled to ambient temperature. A crystalline precipitate of the complex of
      the formula 2 (cyclohexylamine) H.sub.2 O.sub.2 was then formed at the
      expense of the unconverted reactants, and this precipitate was filtered
      before distilling the solution under reduced pressure. A fraction of 13 g
      acetone N, N-dicycylohexylhydrazone (0.055 mole, which was 14% of the
      theoretical yield), which was identified by its infrared and mass spectra,
      was obtained.
PAC  EXAMPLE 12
PAR  A solution was prepared which comprised 206 g diisobutylamine (1.60 mole),
      36 g an aqueous solution containing 19.1% by weight NH.sub.3 (0.40 mole),
      92.6 g acetone (1.60 mole), 41 g acetonitrile (1.00 mole), and 96 g
      metanol, in which 2.4 g of the disodium salt of ethylenediaminetetracetic
      acid and 0.4 g ammonium acetate were dissolved. The solution was brought
      to 50.degree. C, and within the space of half an hour 38.9 g oxygenated
      water containing 70% by weight H.sub.2 O.sub.2 (0.80 mole) were
      introduced. The reaction was allowed to continue for seven hours at the
      same temperature; and the solution was then distilled at 90.degree. C and
      20 mm Hg to obtain 26 g acetone N, N-diisobutylhydrazone (0.14 mole, which
      was 17.5% of the theoretical yield).
PAC  EXAMPLE 13
PAR  The procedure of Example 12 was repeated, except the diisobutylamine was
      replaced by 162 g diisopropylamine (1.60 mole). The resulting solution was
      distilled at 53-55.degree. C and 10 mm Hg to obtain 20 g acetone
      N,N-diisopropylhydrazone (0.13 mole, which was 16% of the theoretical
      yield).
PAC  EXAMPLE 14
PAR  12.2 g of a 28% by weight aqueous solution of ammonia (0.20 mole) and 17.4
      g acetone (0.30 mole) were added to a solution of 18.3 g p-nitroperbenzoic
      acid (0.10 mole), whose temperature was kept at 0.degree. C. 22.5 g of a
      40% by weight aqueous solution of dimethylamine (0.20 mole) were then
      introduced, and the solution was allowed to return to ambient temperature.
      After two hours, the solution was determined to contain 2.8 g acetone
      N,N-dimethylhydrazone (0.028 mole, which was 28% of the theoretical yield)
      and 0.34 g acetoneazine (0.003 mole, which was 3% yield).
PAC  EXAMPLE 15
PAR  A mixture was prepared which comprised 46.4 g acetone (0.8 mole), 74.5 g
      aniline (0.8 mole), 51.5 g benzonitrile (0.5 mole), 18 g of a 22% by
      weight aqueous solution of ammonia, 1.2 g of the disodium salt of
      ethylenediamine tetracetic acid, and 0.2 g ammonia acetate, and the whole
      mixture was homogenized with 48 g methanol (1.5 mole). The temperature of
      this solution was brought to 50.degree. C, whereupon 19.4 g of a 70% by
      weight solution of hydrogen peroxide (0.4 mole) were added dropwise. After
      the solution reacted for 3 hours, during which gaseous NH.sub.3 was
      continuously bubbled through, the reaction solution was determined to
      contain 26.8 g acetone phenylhydrazone (0.18 mole, which was a yield of
      45% compared to the hydrogen peroxide used).
PAC  EXAMPLE 16
PAR  The procedure of Example 15 was repeated, except that the benzonitrile was
      replaced by propionitrile. After the solution reacted eight hours, it was
      determined to contain 29.8 g acetone phenylhydrazone (0.2 mole, which was
      a yield of 50% compared to the hydrogen peroxide used).
PAC  EXAMPLE 17
PAR  A mixture was prepared which comprised 149 g aniline (1.6 mole), 157 g
      cyclohexanone (1.6 mole), 41 g acetonitrile (1 mole), 36 g of a 19.1% by
      weight aqueous solution of ammonia (0.4 mole), 2.4 of the disodium salt of
      ethylenediaminetetracetic acid, 0.4 g ammonium acetate, and 160 g methanol
      (5 moles). The temperature was raised to 50.degree. C, whereupon within a
      period of half an hour, 38.9 of a 70% by weight hydrogen peroxide solution
      were added dropwise. After the solution reacted for 6 hours, during which
      time gaseous ammonia was continuously bubbled through, it was determined
      to contain 11.6 g cyclohexnaone phenylhydrazone (0.06 mole, which was a
      yield of 7.7% compared to the hydrogen peroxide used).
PAC  EXAMPLE 18
PAR  A solution was prepared which comprised 23.2 g acetone, 10.2 g
      acetonitrile, 25.6 g p-chloroanline (0.2 mole), 9 g of a 19.1% by weight
      aqueous solution of ammonia, 0.6 g of the disodium salt of
      ethylenediaminetetracetic acid, 0.1 g ammonium acetate, and 96 g methanol
      (3 moles). This solution was brought to 50.degree. C, and 9.7 g of a 70%
      by weight solution of hydrogen peroxide (0.2 mole) were added thereto
      within half an hour. After the solution reacted for 7 hours, during which
      time ammonia was continuously bubbled in, it was determined to contain 4.6
      g acetone p-chlorophenylhydrazone (0.025 mole, which corresponded to a
      yield of 12.5% compared to the hydrogen peroxide used).
PAC  EXAMPLE 19
PAR  The procedure of Example 18 was repeated, except that p-chloroaniline was
      replaced by orthotoluidine. The reaction solution was determined to
      contain 6 g of acetone orthotolylhydrazone (0.037 mole, which corresponded
      to a yield of 18.5% compared to the hydrogen peroxide used).
PAC  EXAMPLE 20
PAR  The operation was carried out as in Example 3, except that the aniline was
      replaced by 25.5 g of p-chloroaniline (0.2 mole). The mixture was
      determined by gas chromatography to comprise 8.2 g acetone
      p-chlorophenylhydrazone (0.045 mole, which was 45% of the theoretical
      yield compared to the per-acid) and 0.96 g acetone azine (0.0086 mole,
      which was a yield of 8.6%).
PAC  EXAMPLE 21
PAR  The procedure of Example 3 was repeated, except that the aniline was
      replaced by 21.4 g orthotoluidine (0.2 mole). The solution was determined
      by gas chromatography to comprise 6.6 g aceto-orthomethylphenylhydrazne
      (0.041 mole, which was a theoretical yield of 41% compared to the
      per-acid) and 0.89 g acetoneazine (0.0079 mole, which was a yield of
      7.9%).
PAC  EXAMPLE 22
PAR  The procedure of Example 3 was repeated, except that the aniline was
      replaced by 30.2 g methyl anthranilate (0.2 mole). The solution was
      determined by gas chromatography to contain 4.5 g methyl
      ortho(isopropylidenehydrazine)-benzoate (0.22 mole, which was a yield of
      22% compared to the per-acid) and 2.8 g acetoneazine (0.025 mole, which
      was a yield of 25%).
PAC  EXAMPLE 23
PAR  The procedure of Example 3 was repeated, except that the aniline was
      replaced by 28.6 g .beta.-naphthylamine (0.2 mole). Anaylsis by gas
      chromtography showed that 0.6 g acetone .beta.-naphtylhydrazone (0.03
      mole, which was a 3% yield compared to the per-acid) and 0.88 g
      acetonazine (0.008 mole, which was a yield of 8%) were formed.
PAC  EXAMPLE 24
PAR  The procedure of Example 3 was repeated, except that the acetone was
      replaced by 59 g cyclohexanone (0.6 mole). Analysis showed that 8.5 g
      cyclohexanone phenylhydrazone (0.45 mole, which was a yield of 45 %
      compared to the per-acid) and 0.77 g cyclohexanoneazine (0.004 mole, which
      was a yield of 4%) were formed.
PAC  EXAMPLE 25
PAR  The procedure of Example 3 was repeated, except that the acetone was
      replaced by 43.2 g (0.6 mole) methylethylketone. The solution was
      determined by gas chromatography to contain 40.5 g methylethylketone
      phenylhydrazone (0.025 mole, which was a yield of 25% compared to the
      per-acid) and 0.21 g methylethylketoneazine (0.0015 mole, which was a
      yield of 1.5%).
PAC  EXAMPLE 26
PAR  The procedure of Example 9 was repeated, except that the acetone was
      replaced by cyclogexanone. After the reaction, analysis of the mixture
      showed that 30 g cyclohexanone phenylhydrazone (0.16 mole, which was 32%
      of the theoretical yield) and 20 g cyclohexanoneazine (0.104 mole, which
      was a 20.8% yield) were formed.
PAC  EXAMPLE 27
PAR  The procedure of Example 9 was repeated, except that formamide was replaced
      by 37.5 g methyl formiate (0.625 mole). After the reaction, analysis of
      the mixture showed that 45G acetone phenylhydrazone (0.305 mole, which was
      61% of the theoretical yield) and 5.3 g acetoneazine (0.048 mole, which
      was a 9.6% yield) were formed.
PAC  EXAMPLE 28
PAR  A solution was prepared which comprised 18.6 g aniline (0.2 mole), 11.6 g
      acetone (0.2 mole), 1.21 g of a 70% by weight solution of hydrogen
      peroxide (0.025 mole), 0.25 g of the disodium salt of
      ethylenediaminetetracetic acid, 18.1 g phthalimide (0.125 mole), and 0.85
      g ammonia (0.05 mole) in 20 g methanol. This solution was brought to
      50.degree. C, and then within one hour 3.6 g of a 70% by weight of
      hydrogen peroxide were added while gaseous ammonia was bubbled through.
      After the solution reacted for 4 hours at the same temperature, it was
      determined by gas phase chromatography to contain 5.66 g acetone
      phenylhydrazone (0.038 mole, which was 38% of the theoretical yield) and
      1.51 g acetoneazine (0.013 mole, which was a 13% yield).
PAC  EXAMPLE 29
PAR  A solution was prepared which comprised 18.6 g aniline (0.2 mole), 8.5 g
      ammonia (0.5 mole), 11.6 g acetone (0.2 mole), 0.25 g of the disodium salt
      of ethylenediaminetetracetic acid, and 4.9 g of a 70% by weight solution
      of hydrogen peroxide (0.1 mole) in 65 g methanol. This solution was
      brought to 0.degree. C, and 18.5 g cyanuryl chloride (0.1 mole) were
      introduced into it within one hour while gaseous ammonia was bubbled
      through. After the solution reacted for 4 hours at the same temperature,
      it was determined by gas phase chromatography to contain 2.4 g acetone
      phenylhydrazone (0.016 mole, which was 16% of the theoretical yield) and
      1.57 g acetoneazine (0.014 mole, which was a 14% yield).
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preparing hydrazones which comprises reacting
PA1  a. ammonia;
PA1  b. an amine selected from methylamine, dimethylamine, ethylamine,
      diethylamine, n-propylamine, isopropylamine, n-butylamine,
      di-n-butylamine, t-butylamine, an amylamine, cyclohexylamine,
      dicyclohexylamine, n-dodecylamine, mono- and di- ethanoloamines,
      2-methoxyethylamine, morpholine, pyrrolidine, piperidine,
      .beta.-aminopropionitrile, .beta.-aminopropionamide, aniline, a toluidine,
      mono- and dichloro-anilines and -toluidines, a bromoaniline, a
      fluoro-aniline, nitro- and diniutro-anilines and -toluidines, and
      anisidine, a trifluoromethylaniline, anthranilic acid, sulphanilic acid,
      diphenylamine, a naphthylamine and an aminopyridine;
PA1  c. carbonyl compound selected from formaldehyde, acetaldehyde,
      propionaldehyde, butyraldehyde, isobutyraldehyde, n-pentanal,
      pivalaldehyde, oenanthal, 2-ethylhexanol,
      .DELTA.-3-tetrahydrobenzaldehyde, hexahydrobenzaldehyde, 5-norbornene,
      2-carboxyaldehyde, tetrahydropyran-2-carboxyaldehyde, benzaldehyde, a
      monochlorobenzaldehyde, p-nitrobenzaldehyde, .beta.-chloropropionaldehyde,
      .beta.-methoxypropionaldehyde, 4-cyano-2,2-dimethylbutyraldehyde acetone,
      2-butanone, 2-pentanone, 3-pentanone, 3-pentanone, methylisopropylketone,
      methylisobutylketone, ethylamylketone, methylcyclohexylketone,
      acetophenone, benzophenone, cyclobutanone, cyclopentanone, cyclohexanone,
      a methylcyclohexanone, 2,4-dimethylcyclohexanone,
      3,3,5-trimethylcyclohexanone, isophorone, cycloheptanone, cyclooctanone,
      cyclodecanone and cyclododecanone, and mixtures thereof; and
PA1  d. a peroxide compound selected from (i) the percarboxylic acids of formic,
      acetic, propionic, butyric, isobutyric, valeric, isolvaleric, pivalic,
      hexanoic, heptanoic, octanoic, .alpha..alpha.'-dimethyloctanoic, lauric,
      palmitic, stearic, hexahydrobenzoic, trifluoroacetic,
      .beta.-chloropropionic, .beta.-methoxypropionic, .epsilon.-hydroxycaproic,
      benzoic and its chlorine, bromine, fluorine, methoxyl, nitro, and
      trifluoro-methyl derivatives, a toluic, succinic, glutaric, adipic,
      crotonic, maleic, fumaric and phthalic acids; (ii) acetyl,
      monochloroacetyl, trifluoroacetyl, propionyl, .beta.-chloropropionyl,
      .beta.-methoxypropionyl, .beta.-carboxypropionyl, n-butyryl,
      perfluoro-n-butyryl, isobutyryl, perfluorosobutyryl, crotonyl, valeryl,
      isovaleryl, pivaloyl, hexanoyl, heptanoyl, octanoyl, 2-ethylhexanoyl,
      noanoyl, decanoyl, lauroyl, myristoyl, palmitoyl, stearyl,
      cyclohexanecarbonyl, norbornane-2 carbonyl, benzoyl,
      o-toluyl-m-chlorobenzoyl, p-chlorobenzoyl, p-methoxybenzoyl,
      p-nitro-benzyol, m-trifluoromethyl-benzoyl, p-phenylbenzoyl,
      o-carboxyl-benzoyl, a naphthoyl, 2-furoyl and nicotinoyl peroxides and
      mixed acetyl and benzoyl peroxides, acetyl and butyryl peroxides,
      isobutyryl, and benzoyl peroxides, acetyl and lauroyl peroxides and
      stearyl and benzoyl peroxides; (iii) polymeric peroxides and mixed
      peroxides of oxalic, succinic, glutaric, adipic, pimelic, dodecanedioic,
      1,2- or 3,4-cyclohexane dicarboxylic, o-phthalic, isophthalic, and
      terephthalic acids; (iv) isopropoxycarbonyl and benzoyl peroxide,
      methoxycarbonyl and lauroyl peroxide, 3,3,5-trimethylcyclohexyloxycarbonyl
      and lauroyl peroxide, and isopropyl peroxydicarbonate; mixed dianhydrides
      or diperoxy-carbonic and benzoyl, caproyl, lawcoyl, or 2-ethylhexanoyl;
      and (v) hydrogen peroxide in the presence of a catalyst selected from the
      chlorides, bromides, fluorides, nitrates, sulphates, phosphtates,
      chlorates, perchlorates, borates, carbonates, formiates, acetates,
      propionates, butyrates, isobutyrates, octanoates, benzoates,
      methanesulphonates, benzenesulphonates, and p-toluenesulphonates of
      lithium, sodium, potassium, magnesium, calcium, strontium, barium,
      ammonia, mono-, di-, and trialkylated amines in which the alkyl radicals
      contain from 1 to 12 carbon atoms, piperidine, morpholine, and
      pyrrolidine, or in the presence of a co-reactant selected from
      acetonitrile, propionitrile, butyronitrile, a tolunitrile,
      p-methoxybenzonitrile, chlorobenzonitrile, p-nitrobenzonitrile, mono-,
      di-, and trichloroacetonitrile, glycolonitrile,
      .epsilon.-hydroxycapronitrile, cyanacetic acid and its alkyl esters,
      .beta.-cyanopropionic acid and its alkyl esters, .beta.-cyanopyridine,
      nicotinic nitrile, isonicotinic nitrile, acrylonitrile, methacrylonitrile,
      crotononitrile, .DELTA.-3-tetrahydrobenzonitrile,
      3,4-epoxyhexahydrobenzonitrile, .beta..beta.'-dicyanoethylether,
      .beta..beta.'-dicyanoethyl sulphide, sulphoxide, or sulphone, cyanogen,
      malononitrile, succinontrile, glutaronitrile, adiponitrile, pimelonitride,
      suberonitrile, a phthalodinitrile, iminodiacetonitrile,
      nitrolotriacetonitrile, ethylenediamine, tetracetic acid nitrile,
      .beta.-hydroxypropionitrile, .beta.m-methoxyproionitrile, and the
      cyanoethyl derivatives of ethyleneglycol, glycerol, and sorbitol;
      formiates, acetates, monochloracetates, trichloroacetates,
      trifluoroacetates, propionates, butyrates, isobutyrates, valerates,
      hexanoates, octanoates, nonanoates, dodecanoates, benzoates,
      chlorobenzoates, p-methoxybenzoates, nitrobenzoates, oxalates, malonates,
      succinates, glutarates, adipates, pimelates, butane-1,2,4-tricarboxylates,
      o-phthalates, isophthalates, terephthalates, trimellitates,
      pyromellitates, .beta.-hydroxypropionates, tartrates, and citrates of
      methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol,
      2-butanol, tertiary butanol, an amyl alcohol, n-hexanol, n-heptanol,
      n-octanol, 2-ethylhexanol, n-dodecanol, cyclohexanol, methylcyclohexanol,
      allyl alcohol, crotyl alcohol, .DELTA.-3-tetrahydrobenzyl alcohol, benzyl
      alcohol, 2-methoxyethanol, 3-methoxypropanol, 2-ethoxyethanol,
      ethyleneglycol, propyleneglycol, glycerol, 1,1,1-trimethylolethane,
      pentaerythritol, sorbitol, phenol and its chlorine, bromine, nitro, and
      methoxyl derivatives, cresols, pyroatechlol; resorcinol and hydroquinone,
      .beta.-propiolactone, .DELTA.-butyrolactone, .delta.-valerolactone,
      .epsilon.-caprolactone, and their alkyl homoloques, formamides,
      monochloroacetamie, monobromoacetamide, dichloroacetamide,
      trichloroacetamide, trifluoroacetamide, .beta.-chloropropionamide,
      .alpha..alpha.-dichloropropionamide, .alpha.-bromopropionamide,
      perfluorobutyramide, glycolamide, lactamide, phenylacetamide and its
      derivatives halogenated in the core, diphenylacetamide, benzamide,
      o-toluamide, m-tolyamide, a chlorobenzamide, a bromobenzamide, a
      fluorobenzamide, perfluorobenzamide, a nitrobenzamide, salicylamide,
      p-hydroxybenzamide, the amic acids, diamides, and imides of oxalic,
      malonic, succinic, .alpha..alpha.-dichlorosuccinic, malic, tartric,
      maleic, citric, itaconic, citraconic, o-phthalic, isophthalic,
      terephthalic, trimellitic, pyromellitic, and tetrachloro-o-phthalic acids;
      and the cyanides, cyanates, and thiocyanates of ammonium, alkali metals,
      and alkaline earth metals, magnesium and zinc, potassium ferrocyanide
      cyanogen chloride and bromide, cyanamide and its alkali metal and alkaline
      earth metal salts, the lower alkyl cyanates in which the alkyl group
      contains from 1 to about 6 carbon atoms, the phenyl cyanates,
      dicyandiamide, cyanuric halides, and melamine.
NUM  2.
PAR  2. A method according to claim 1, in which the reaction takes place in a
      solvent medium.
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ABST
PAL  s-Triazine hexacarboxylic acids having the formula
      ##SPC1##
PAL  Can be prepared by reacting cyanuric chloride with a diakyl substituted
      aromatic compound and thereafter oxidizing the intermediate to yield the
      above acid. By dehydrating the acid a corresponding trianhydride is
      obtained. Such compounds are useful as crosslinking agents for resin
      systems.
BSUM
PAC  DETAILED DISCLOSURE
PAR  This invention relates to novel s-triazine hexacarboxylic acids and their
      anhydrides. The acids can be represented by the formula:
      ##SPC2##
PAR  The triahydrides of the invention can be prepared by reacting one mole of
      cyanuric chloride and three moles of the desired dialkyl substituted
      aromatic compound, such as ortho-xylene, in the presence of aluminum
      chloride, to yield an s-triazine derivative which is trisubstituted with
      dialkyl aromatic groups. The desired tris-(dialkyl aryl)-s-triazine can
      also be synthesized by trimerizing the corresponding benzonitrile
      derivative. For example, the trimerization of 3,4-dimethyl benzonitrile
      will lead to the desired s-triazine intermediate. This intermediate can be
      oxidized using conventional oxidizing reagents, such as potassium
      permanganate, to yield the corresponding hexacarboxylic acid compound,
      which upon heating yields the trianhydride.
PAR  The oxidation of the s-triazine intermediate to the hexacarboxylic acid
      derivative can be accomplished by treating the alkyl derivative with
      oxidizing agents such as potassium permanganate, chromium oxide, nitric
      acid, air oxidation or other conventional methods. The hexaacid is
      dehydrated by conventional methods such as, for example, refluxing in
      nitrobenzene, refluxing in acetic anhydride or heating the acid in the
      solid state and removing water by vacuum.
PAR  The dialkyl substituted aromatic compounds used in this invention are
      either well known materials or are readily preparable from known materials
      by known methods from literature.
PAR  The s-triazine trianhydrides of this invention can be used as crosslinking
      agents for resin systems. Due to their rigid, aromatic structure, these
      trianhydrides as crosslinking agents contribute to an elevation of the
      heat distortion temperatures and thermal stabilities of the cured
      polymers. Thus, the temperature range within which a given resin is useful
      may be extended through use of these trianhydride curing agents.
      Furthermore, the trifunctionality of these s-triazine anhydrides makes
      them especially useful in resin systems where a high degree of
      crosslinking and/or a rapid cure rate are desirable. Another area of
      usefulness is in the preparation of thermally stable pigments. Besides
      posessing the combination of attractive properties outlined above, the
      trianhydrides of this invention may be prepared from available, rather
      inexpensive raw materials, a factor which distinguishes them from many
      prior art trianhydrides.
DETD
PAR  To illustrate more specifically the invention described above, the
      following examples are presented.
PAC  EXAMPLE 1
PAC  Tris-(3,4-Dimethylphenyl)-s-Triazine
PAR  A mixture of 36.8 g. (0.20 mole) of cyanuric chloride, 88.0 g. (0.66 mole)
      of anhydrous aluminum chloride and 250 ml. of o-xylene was heated at
      45.degree.C for 1.5 hours. After cooling to room temperature, the mixture
      was poured into ice water, and then steam distilled to remove the excess
      o-xylene. The water was decanted from the pot residue and the remaining
      solid filtered, washed with acetone and dried to yield 58.1 g. of product,
      m.p. 220.degree.-230.degree.. Recrystallization from benzene gave an
      analytically pure sample, m.p. 235.degree.-236.degree..
PAR  Anal. Calcd. for C.sub.27 H.sub.27 N.sub.3 : C, 82.50, H, 6.93, N, 10.67.
      Found: C, 82.55; H, 6.85: N, 10.65.
PAC  EXAMPLE 2
PAC  Tris-(3,4-Dicarboxyphenyl)-s-Triazine Trianhydride
PAR  A mixture of 12.5 g. of tris-(3,4-dimethylphenyl-s-triazine and 250 ml. of
      pyridine was heated to reflux. About 30 ml. of water and 50 ml. of
      pyridine were then added to yield a solution. While at reflux 395 g. of
      potassium permanganate was added in portions over a three-hour period.
      Additional water was added to keep the reaction mixture fluid. After the
      addition of potassium permanganate was complete, the reaction mixture was
      refluxed for 2 hours, then cooled to room temperature and filtered.
      One-half of the filtrate was concentrated to a white slurry using a Roto
      Evaporator. The slurry was dissolved in a minimum amount of water and
      acidified to pH=1 with concentrated HCl. The resulting white precipitate
      was filtered, washed with water and i-propanol and dried to yield 1.80 g.
      of the hexacarboxylic acid, m.p. &gt; 500.degree.. The hexacarboxylic acid
      was heated in refluxing nitrobenzene and filtered. On cooling, the
      trianhydride crystallized, m.p. 425.degree.-430.degree.. The infrared
      spectrum (KBr) showed the expected absorption for the anhydride moiety at
      5.39.mu., 5.61.mu..
PAR  Anal. Calcd. for C.sub.27 H.sub.9 N.sub.3 O.sub.9 : C, 62.43, H, 1.74; N,
      8.09. Found: C, 61.84; H, 1.94, N, 8.36.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An s-triazine trianhydride having the formula
      ##SPC3##
NUM  2.
PAR  2. The Compound of claim 1 having the formula
      ##SPC4##
     .
NUM  3.
PAR  3. An s-triazine hexacarboxylic acid having the formula
      ##SPC5##
     .
NUM  4.
PAR  4. The Compound of claim 3 having the formula
      ##SPC6##
     .
NUM  5.
PAR  5. A compound of the formula
      ##SPC7##
     .
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ABST
PAL  2,2,4,4,6-Pentamethyl-2,3,4,5-tetrahydropyrimidine, called acetonin, is
      prepared by reacting acetone with ammonia in the presence of an ammonium
      halide catalyst and in the presence of from 0.01 to 0.5 mole % (based on
      acetone) of a promoter selected from the group consisting of: bromine;
      iodine; iodine trichloride; alkali metal iodides; lithium rhodanide,
      bromide, nitrate and cyanide; ammonium iodide, rhodanide, bromide, nitrate
      and sulfide; ammonium salts of carboxylic acids and of sulfonic acids;
      salts of nitrogen-containing organic bases with carboxylic acids and with
      sulfonic acids; aliphatic amine hydroiodides; carboxylic acids; and
      sulfonic acids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for preparing
      2,2,4,4,6-pentamethyl-2,3,4,5-tetrahydropyrimidine, which is commonly
      known by the trivial name "acetonin" and which has the formula:
      ##SPC1##
PAR  Acetonin is used to prepare triacetonamine from which, in turn, may be
      produced a wide variety of triacetonamine derivatives, which are useful as
      stabilizers for synthetic high molecular weight polymers. As world-wide
      use of synthetic polymers increases, the demand for triacetonamine
      derivatives as polymer stabilizers increases correspondingly and there is,
      accordingly, a demand for a process for preparing acetonin economically on
      a commercial scale.
PAR  Bradbury et al [J.C.S. (1947), 1394 ] disclose a process for preparing
      acetonin by reacting acetone with ammonia in the presence of a catalyst;
      various ammonium salts and halides of aliphatic amines were used as
      catalyst, although it would appear that best results were achieved using
      ammonium chloride. It was also found that the yield of product could be
      increased by using calcium chloride as a promoter. Matter[Helv. Chim.
      Acta., 30, 1114, (1947)] discloses the production of acetonin by reacting
      acetone and ammonia in the presence of an ammonium chloride catalyst and
      calcium chloride as a promoter in an amount of 27 mole %. Matter also
      discloses that calcium bromide, calcium iodide, lithium chloride or
      lithium bromide may be used in place of calcium chloride in this reaction.
PAR  In these known processes, where the catalyst is an ammonium halide or the
      like alone, the reaction proceeds so slowly that 10 or more hours are
      required in order to obtain the maximum yield. Moreover, if the reaction
      is carried out in the presence of a calcium salt as promoter, a viscous
      mass containing the calcium salt forms during the course of the reaction
      and this mass sticks to the wall of the reaction vessel, which reduces
      thermal efficiency and necessitates the use of a powerful stirring device.
      This, therefore, complicates the reaction procedure. Furthermore, since
      this mass is insoluble in the reaction mixture, treatment of the product
      to obtain acetonin free from the calcium salt is difficult and
      complicated. Accordingly, an improved, commercially attractive, process
      for the preparation of acetonin is desired by the art.
PAC  BRIEF SUMMARY OF INVENTION
PAR  It is, therefore, an object of the present invention to provide a process
      for preparing acetonin from acetone and ammonia in high yield and with a
      short reaction time, so as to provide a process which may be carried out
      economically on an industrial scale.
PAR  This object is achieved by reacting ammonia and acetone in the presence of
      an ammonium halide catalyst and in the additional presence of from 0.01 to
      0.5 mole %, based on acetone starting material, of a promoter different
      from said ammonium halide catalyst and selected from the group consisting
      of: bromine; iodine; iodine trichloride; alkali metal iodides; lithium
      rhodanide (i.e. thiocyanate), bromide, nitrate and cyanide; ammonium
      iodide, rhodanide, bromide, nitrate and sulfide; ammonium salts of
      carboxylic acids and of sulfonic acids; salts of nitrogen-containing
      organic bases with carboxylic acids and with sulfonic acids; hydroiodides
      of aliphatic amines containing from 1 to 12 carbon atoms; carboxylic
      acids; and sulfonic acids.
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The amount of promoter employed in the process of the present invention is
      far less than the amount of calcium chloride or the like employed in the
      prior art; thus, whereas the amount of calcium chloride or the like
      employed in the prior art varies from 7 mole % (Bradbury et al) to 27 mole
      % (Matter), based on acetone, the promoter employed in the process of the
      present invention is used in an amount of from 0.01 to 0.5 mole %,
      preferably from 0.1 to 0.4 mole %, based on acetone. The most preferred
      amount is 0.1 mole %. It could not have been anticipated that such a small
      amount of promoter in addition to the ammonium halide could bring about
      the excellent results achieved in the process of the present invention;
      thus, the process of the invention can produce acetonin in a yield of
      about 85% or even more of theory in a reaction time of from 3 to 6 hours.
      By way of contrast, if ammonium chloride is employed alone as catalyst,
      without promoter, a yield of only about 55% is achieved in the same
      reaction time, this increasing to about 70%, under the same conditions, if
      7 mole % of calcium chloride is used together with the ammonium chloride
      catalyst.
PAR  The promoter employed in the present invention is selected from the group
      consisting of bromine; iodine; iodine trichloride; alkali metal iodides;
      lithium rhodanide, bromide, nitrate and cyanide; ammonium iodide,
      rhodanide, bromide, nitrate and sulfide; ammonium salts of carboxylic
      acids and of sulfonic acids; salts of nitrogencontaining organic bases
      with carboxylic acids and with sulfonic acids; hydroiodides of aliphatic
      amines having from 1 to 12 carbon atoms; carboxylic acids; and sulfonic
      acids.
PAR  Examples of alkali metal iodides which may be used as promoters include
      sodium iodide, potassium iodide and lithium iodide.
PAR  Examples of carboxylic acids which themselves may be used as promoters or
      whose ammonium salts or salts with nitrogen-containing organic bases may
      be used as promoters include aliphatic and aromatic, monocarboxylic,
      dicarboxylic and tricarboxylic acids, for example: saturated aliphatic
      monocarboxylic acids, such as formic acid, acetic acid, propionic acid,
      butyric acid, lauric acid, palmitic acid, and stearic acid; unsaturated
      aliphatic monocarboxylic acids, such as acrylic acid and methacrylic acid;
      halocarboxylic acids, such as chloroacetic acid, dichloroacetic acid,
      trichloroacetic acid and trifluoroacetic acid; saturated aliphatic
      dicarboxylic acids, such as malonic acid, succinic acid, adipic acid,
      suberic acid, tartaric acid and malic acid; unsaturated aliphatic
      dicarboxylic acids, such as fumaric acid and maleic acid; saturated
      aliphatic tricarboxylic acids, such as citric acid; aromatic
      monocarboxylic acids, such as benzoic acid, the toluic acids and the
      naphthoic acids; aromatic dicarboxylic acids, such as phthalic acid and
      terephthalic acid; and aromatic tricarboxylic acids, such as trimellitic
      acid.
PAR  Examples of sulfonic acids which may themselves be used as promoters or
      whose ammonium salts or whose salts with nitrogen-containing organic bases
      may be used as promoters include: aliphatic sulfonic acids, such as
      methanesulfonic acid; and aromatic sulfonic acids, such as benzenesulfonic
      acid, p-toluenesulfonic acid, naphthalene-sulfonic acid and
      naphthalene-1,5-disulfonic acid.
PAR  We particularly perfer carboxylic acids and sulfonic acids whose pKa values
      are below 5.
PAR  Ammonium salts or salts of nitrogen-containing organic bases with the
      above-exemplified carboxylic and sulfonic acids may also be used as
      promoters in the process of the invention. The nitrogen-containing organic
      base used to form such a salt may be an aliphatic, alicyclic or aromatic,
      primary, secondary or tertiary amine, a saturated or unsaturated
      nitrogen-containing heterocyclic base, urea or thiourea. Specific examples
      of such bases include: aliphatic primary amines, such as methylamine,
      ethylamine, n-butylamine, octylamine, dodecylamine and
      hexamethylenediamine; aliphatic secondary amines, such as dimethylamine,
      diethylamine, di-n-propylamine, diisobutylamine, di-n-pentylamine, and
      di-n-hexylamine; aliphatic tertiary amines, such as trimethylamine,
      triethylamine, tri-n-propylamine and tri-n-butylamine; alicyclic primary
      amines, such as cyclohexylamine; aromatic primary amines, such as aniline,
      the toluidines, benzylamine, the naphthylamines and benzidine; aromatic
      secondary amines, such as N-methylaniline, N-ethylaniline, dibenzylamine
      and diphenylamine; aromatic-tertiary amines, such as N,N-dimethylaniline,
      N,N-diethylaniline, tribenzylamine and triphenylamine; saturated and
      unsaturated nitrogen-containing heterocyclic bases, such as pyrrolidine,
      piperidine, N-methyl-2-pyrrolidone, pyrazolidine, piperazine, pyridine,
      picoline, indoline, quinuclidine, morpholine, N-methylmorpholine,
      1,4-diazabicyclo[2,2,2]-octane, acetonin or triacetonamine; urea; and
      thiourea.
PAR  Examples of the lithium and ammonium salts which may be used in the process
      of the invention are: lithium rhodanide (LiSCN); ammonium rhodanide
      (NH.sub.4 SCN); lithium bromide (LiBr); ammonium bromide (NH.sub.4 Br);
      lithium nitrate (LiNO.sub.3); and ammonium nitrate (NH.sub.4 NO.sub.3).
PAR  The preferred promoters used in the process of the invention are: bromine;
      iodine; iodine trichloride; ammonium iodide; alkali metal iodides;
      hydroiodides of aliphatic amines having from 2 to 8 carbon atoms; ammonium
      sulfide, rhodanide, bromide or nitrate; lithium cyanide, rhodanide,
      bromide or nitrate; haloacetic acids; methanesulfonic acid;
      benzenesulfonic acid; p-toluenesulfonic acid; ammonium formate; an
      ammonium haloacetate; ammonium methane-sulfonate; ammonium
      benzenesulfonate; and ammonium p-toluene-sulfonate.
PAR  Best results have been achieved with the following promoters: iodine;
      iodine trichloride; ammonium iodide; sodium iodide; potassium iodide;
      lithium iodide; triethylamine hydroiodide; lithium rhodanide; ammonium
      rhodanide; lithium bromide; ammonium bromide; and ammonium sulfide.
PAR  The main catalyst used in the process of the invention is an ammonium
      halide, such as ammonium chloride, ammonium bromide or ammonium iodide;
      for best results, this is employed in an amount greater than 0.2 mole %
      based on acetone and is preferably employed in an amount of from 1 to 50
      mole %, based on acetone. The reaction preferably takes place in the
      presence of a solvent, such as methanol or ethanol and may be effected by
      introducing the required amount of gaseous ammonia into a mixture of
      acetone, solvent (if desired), catalyst and promoter and heating this
      mixture at a temperature of from 20.degree. to 35.degree.C, preferably
      from 25.degree. to 30.degree.C, for the required reaction time, which will
      generally vary from about 3 to about 6 hours. The amount of ammonia
      introduced may vary from the theoretical stoichiometric amount to an
      amount sufficient to saturate the reaction mixture. In contrast to the
      prior art processes, no mass is formed by the catalyst promoter during the
      reaction, since the promoter employed in the present invention is either
      soluble in the reaction mixture or, even if it is insoluble, is employed
      in such a small amount that any deposits formed are negligible.
      Accordingly, carrying out the process of the invention in practice is
      quite simple.
PAR  The reaction of acetone with ammonia produces substantial quantities of
      water in addition to the desired acetonin, according to the following
      equation:
      ##SPC2##
PAL  The desired product, acetonin, is, therefore, obtained as an essentially
      homogeneous solution; it may easily be recovered from this solution by,
      for example, addition of an aqueous alkaline solution, e.g. aqueous sodium
      hydroxide, which causes the solution to separate into two phases, an
      aqueous phase containing the added alkali and an oily (upper) phase
      containing the acetonin, generally in the form of the hydrate. If, for
      example, a 40% aqueous sodium hydroxide solution is employed, the oily
      upper phase is acetonin monohydrate (plus unused reactants and any
      impurities); if, on the other hand, solid sodium hydroxide is employed in
      place of the aqueous alkaline solution, the upper phase will normally
      consist of a lower hydrate of acetonin, e.g. acetonin. o.5H.sub.2 O.
PAR  Since the subsequent reaction of acetonin to produce triacetonamine
      requires 1 mole of water per mole of acetonin, it is generally convenient
      to recover the acetonin in the form of its monohydrate. However, if
      desired, it may be recovered in an essentially anhydrous form or, as
      described above, as a lower hydrate, or, if recovered as a hydrate, it may
      subsequently be dehydrated. Dehydration may be effected, for example, over
      sodium hydroxide or sulfuric acid or by distillation alone or with benzene
      as entrainer; since sulfuric acid tends to decompose the acetonin, a
      distillation method is preferred.
PAR  The acetonin prepared by the process of the present invention, preferably
      in the form of the monohydrate, may be used to prepare triacetonamine,
      e.g. by the following process: acetone is added to the acetonin in an
      amount equal to or up to about three times as much as the amount of
      acetone used to prepare the acetonin; where the acetonin is anhydrous or
      is in the form of a lower hydrate, water is added to an amount equimolar
      with the acetonin; and the mixture is heated at a temperature of from
      20.degree. to 65.degree.C, preferably at reflux temperature, thereby
      yielding triacetonamine.
DETD
PAR  The invention is further illustrated by the following non-limiting
      Examples.
PAC  EXAMPLE 1
PAR  17.2 g of ammonium chloride and 0.4 g of iodine were mixed with 160.5 g of
      acetone. 45 g of gaseous ammonia were then passed into this mixture over a
      period of 6 hours, whilst maintaining the temperature of the mixture at
      25.degree.-30.degree.C. At the end of this time, 66 ml of a 48% aqueous
      sodium hydroxide solution were added to the reaction mixture, which
      separated into two phases. The aqueous phase was removed using a
      separating funnel, giving 155.2 g of crude acetonin having an acetonin
      content of 77.9%; this represented a yield of 85.1% of theory based on the
      acetone starting material.
PAC  EXAMPLE 2
PAR  13.2 g of ammonium chloride and 0.3 g of sodium iodide were mixed with 120
      g of acetone. 35.2 g of gaseous ammonia were then passed into the mixture
      over a period of 4 hours, maintaining the reaction temperature at
      25.degree.-30.degree.C. When the reaction was complete, the reaction
      mixture was treated in the manner described in Example 1, giving 109.3 g
      of crude acetonin having an acetonin content of 84.5%. This represented an
      acetonin yield of 87% of theory, based on the acetone starting material.
PAR  By way of contrast, when this reaction was repeated with no sodium iodide
      present, an acetonin yield of 55% was achieved after 4 hours. A reaction
      period of 12 hours was required in order to obtain a yield of 85% of
      theory.
PAC  EXAMPLE 3
PAR  The procedure described in Example 2 was repeated, except that the sodium
      iodide was replaced by 0.34 g of potassium iodide. There were obtained
      105.7 g of crude acetonin having an acetonin content of 85.5%. This
      represented a yield of 85% of theory, based on acetone starting material.
PAC  EXAMPLES 4 to 18
PAR  1.1 g of ammonium chloride and 0.4 mole % (based on acetone) of each in
      turn of the promoters set out in the following Table were mixed with 30 g
      of acetone. 8.8 g of gaseous ammonia were passed into the mixture and
      absorbed thereby over a period of 4 hours, during which time the
      temperature of the mixture was maintained at 25.degree.-30.degree.C. When
      the reaction was complete, 15 ml of a 48% aqueous sodium hydroxide
      solution were added to the reaction mixture, thereby separating the
      mixture into two phases. The aqueous phase was removed by means of a
      separating funnel, leaving an oily phase comprising impure acetonin
      monohydrate. The acetonin content of this oily phase was then determined.
      The yields of acetonin, based on acetone starting material, are also shown
      in the Table.
PAR  As a control, the experiment was repeated, except that no promoter was
      used. The results of this control experiment are also shown in the Table.
TBL                Table                                                       
     ______________________________________                                    
     Example Promoter             Yield of                                     
     No.                          acetonin (%)                                 
     ______________________________________                                    
     4       bromine (Br.sub.2)   72.9                                         
     5       iodine trichloride (ICl.sub.3)                                    
                                  86.1                                         
     6       ammonium iodide (NH.sub.4 I)                                      
                                  80.5                                         
     7       triethylamine hydroiodide                                         
                                  81.1                                         
     8       lithium rhodanide (LiSCN)                                         
                                  85.4                                         
     9       ammonium rhodanide (NH.sub.4 SCN)                                 
                                  98.9                                         
     10      lithium bromide (LiBr)                                            
                                  84.3                                         
     11      ammonium bromide (NH.sub.4 Br)                                    
                                  81.6                                         
     12      lithium nitrate (LiNO.sub.3)                                      
                                  77.1                                         
     13      ammonium nitrate (NH.sub.4 NO.sub.3)                              
                                  76.7                                         
     14      lithium cyanide (LiCN)                                            
                                  71.9                                         
     15      ammonium sulfide [(NH.sub.4).sub.2 S]                             
                                  82.7                                         
     16      chloroacetic acid    79.9                                         
     17      p-toluenesulfonic acid                                            
                                  76.8                                         
     18      ammonium formate     72.1                                         
     Control none                 60.0                                         
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of acetonin by reacting acetone with
      ammonia in the presence of an ammonium halide catalyst and in the
      additional presence of from 0.01 to 0.5 mole & based on the acetone of a
      promoter different from said catalyst and selected from the group
      consisting of bromine, iodine, iodine trichloride, ammonium iodide, alkali
      metal iodides, hydroiodides of aliphatic amines having from 1 to 12 carbon
      atoms, ammonium sulfide, ammonium rhodanide, ammonium bromide, ammonium
      nitrate, lithium cyanide, lithium rhodanide, lithium bromide, lithium
      nitrate, haloacetic acids, methanesulfonic acid, benzenesulfonic acid,
      p-toluensulfonic acid, ammonium formate, ammonium halocacetates, ammonium
      methanesulfonate, ammonium benzenesulfonate and ammonium
      p-toluenesulfonate.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein said promoter is selected from
      the group consisting of iodine, iodine trichloride, ammonium iodide,
      sodium iodide, potassium iodide, lithium iodide, triethylamine
      hydroiodide, lithium rhodanide, ammonium rhodanide, lithium bromide,
      ammonium bromide and ammonium sulfide.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein said promoter is selected from
      the group consisting of iodine, sodium iodide and potassium iodide.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein said promoter is employed in an
      amount of from 0.1 to 0.4 mole %.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein said catalyst is ammonium
      chloride, ammonium bromide or ammonium iodide.
NUM  6.
PAR  6. A process as claimed in claim 5, wherein said catalyst is employed in an
      amount of from 1 to 50 mole %.
NUM  7.
PAR  7. A process as claimed in claim 1, effected at a temperature of from
      20.degree. to 35.degree.C.
NUM  8.
PAR  8. A process as claimed in claim 1, wherein said acetonin is recovered from
      the reaction mixture in the form of acetonin monohydrate.
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ABST
PAL  Oligoethylenepiperazines and their derivatives of the formula
      ##SPC1##
PAL  Wherein
PA0  n is a positive integer of 1 to 7 inclusive;
PA0  m is zero or one when n=1, or m is one when n=2.about.7
PA0  R.sub.1 is hydrogen, benzenesulfonyl or benzenesulfonyl ring substituted by
      at least one member selected from the group consisting of lower alkyl of
      1-4 carbon atoms, nitro and amino;
PA0  R.sub.2 is halogen when m=zero and hydrogen, benzenesulfonyl or
      benzenesulfonyl ring substituted by at least one member selected from the
      group consisting of lower alkyl of 1-4 carbon atoms, nitro and amino when
      m=one; and the cationic salts thereof are useful as anion exchange
      oligomers, antihelmintic compounds, and intermediates for the preparation
      of polymers and fine industrial chemicals.
BSUM
PAC  BACKGROUND
PAR  This invention relates to oligoethylenepiperazines and their derivatives as
      well as to methods for the preparation and use thereof.
PAR  Several polyalkylene piperazines are known as intermediates for the
      preparation of polymers and fine industrial chemicals, e.g., surfactants,
      corrosion inhibitors, wetting agents, detergents, flocculating and/or
      dispensing agents, veterinary antihelminthic agents, and monomers which
      polymerize by condensation with various comonomers reactive with the
      secondary amine function, e.g., alkyl and aryl diisocyanetes and alkyl and
      aryl diacid chlorides.
PAR  Polymeric cations are widely used as anion exchange resins, electron
      conductors, wetting agents, etc. The "Dowex" synthetic ion exchange resins
      are prepared from styrene-divinylbenzene copolymers having a large number
      of ionizable or functional groups attached to this hydrocarbon material by
      ring substitution. The "Amberlite" ion exchange resins are a series of
      various crosslinked polymers in bead form which are widely used
      industrially. Both of these types of anion exchange resins are generally
      characterized as styrene and polysulfonic acid types bearing aines in the
      side chains. Anion exchange polymers or oligomers having cationic amines
      in the main skeletal chain are more stable than the above two types of
      resins to heat and alkalis. They are also advantageous ion exchangers
      since they have no unsaturated radicals which exert undesirable
      adsorption.
PAR  4,4'-DISUBSTITUTED-1,1'-ETHYLENE DIPIPERAZINES AND THEIR SALTS HAVE BEEN
      DESCRIBED IN U.S. Pat. No. 2,756,231 as useful antispasmodics and gastric
      inhibitors which are prepared by reacting a 1-substituted piperazine with
      a vicinal dihaloalkane in the presence of a suitable base. The ethylene
      linkage bridging the two piperazine rings in these compounds is mono - or
      disubstituted, and the compounds themselves are viscous oils.
PAR  Piperazine-containing polymers containing C.sub.3 to C.sub.12 polymethylene
      radicals bridging the piperazine rings have been described in U.S. Pat.
      No. 3,532,646. These oligomers are prepared by the polycondensation of an
      N,N'-bis-.beta.-hydroxyethyl diamine with ring-formation dehydration; this
      process is inapplicable to ethylene groups, as only hydroxyethylpiperazine
      is formed. The compounds prepared according to the aforementioned U.S.
      Pat. No. 3,532,646, represent a mixture of compounds of varying molecular
      weight. Because of difficulties in separation into each component
      compound, they are poorly suited as an intermediate for further practical
      chemical preparations.
PAR  Certain polamines containing repeating ethylene-piperazine units in the
      molecule can by synthesized by the ring-opening polymerization of
      triethylenediamine (1,4-diazabicyclo-2,2,2-octane) with the aid of an
      arylsulfonylchloride initiator, as has been described in H. K. Hall, Jr.,
      J. Org. Chem. 28:223 (1963).
PAR  As with most polymerization reactions, this ring-opening process continues
      progressively to form predominantly polymers having relatively high
      molecular weights, and the resultant product invariably comprises a
      mixture of many different oligomers. Because of these drawbacks and the
      difficulties of separating the polymer product into a particular molecular
      weight component, these products are of only limited value as starting
      materials for the synthesis of further compounds therefrom.
PAR  Since compounds of this class have a wide variety of potential
      applications, it would be highly desirable to have available a method
      whereby low molecular weight ethylenepiperazine oligomers could be
      prepared in such a way as to tailor the molecular weight of the final
      product to desirable lower values than are obtained by this condensation
      polymerization method. The present invention fills such a need.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is a general object of this invention to provide new
      oligoethylene piperazines and processes for the preparation and use
      thereof.
PAR  Another object of this invention is to provide a process for accurately
      controlling the degree of polymerization and final product molecular
      weight in the preparation of oligoethylenepiperazines.
PAR  A further object of this invention is to provide antihelmintic compositions
      based on antihelmintically effective oligoethylene piperazines.
PAR  An additional object of this invention is to provide anion exchange
      oligomers characterized by containing cationic amines in the main oligomer
      skeletal chain.
PAR  Still another object of this invention is to provide novel quaternary
      ammonium salts.
PAR  A supplemental object of this invention is to provide protected
      oligoethylene piperazines wherein the terminal secondary cyclic amino
      groups are masked or blocked in an easily reversible manner.
PAR  Other objects and advantages of this invention will become apparent to
      those skilled in the art upon further study of the specification and
      appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the above and other objects are attained in one aspect of the
      present invention by providing compounds of general Formula I
      ##SPC2##
PAL  wherein
PAR  n is a positive integer of 1 to 7 inclusive;
PAR  m is zero or one when n=1, or m is one when n=2.about.7
PAR  R.sub.1 is hydrogen, benzenesulfonyl or benzenesulfonyl ring substituted by
      at least one member selected from the group consisting of lower alkyl of
      1-4 carbon atoms, nitro and amino;
PAR  R.sub.2 is halogen when m=zero and is R.sub.1 when m=one; and the cationic
      salts thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects of the invention will become more fully
      apparent to those skilled in the art from the following Detailed
      Discussion, taken in conjunction with the annexed Drawings which
      illustrate infrared (IR) and nuclear magnetic resonance (NMR) spectra of
      compounds prepared according to this invention, wherein:
PAR  FIG. 1 shows the IR spectrum (Nujol) of p-toluenesulfonylpiperazine from
      Example 1;
PAR  FIG. 2 shows the IR spectrum (Nujol) of
      N-.beta.-chloroethyl-N'-p-toluenesulfonylpiperazine from Example 2;
PAR  FIGS. 3 and 4 show the IR (Nujol) and NMR spectrum (d.sub.6 - DMSO)
      respectively, of 1,1'-ethylene-bis (4-p-toluenesulfonylpiperazine) from
      Example 4(n=1);
PAR  FIGS. 5 and 6 show the IR (KBr tablet) and NMR (d.sub.6 -DMSO) spectra from
      Example 6(n=2);
PAR  FIGS. 7 and 8 show the IR (KBr tablet) and NMR (d.sub.6 -DMSO) spectra from
      Example 7 (n=3);
PAR  FIGS. 9 and 10 show the IR (Nujol) and NMR (d.sub.6 -DMSO) spectra from
      Example 7 (n= 4);
PAR  FIGS. 11 and 12 show the IR (KBr tablet) and NMR (CDCl.sub.3) spectra from
      Example 8 (n= 1);
PAR  FIGS. 13 and 14 show the IR (KBr tablet) and NMR (CDCl.sub.3) spectra from
      Example 9 ( n=2); and
PAR  FIGS. 15 and 16 show the IR (KBr tablet) and NMR (CDCl.sub.3) spectra from
      Example 9 (n=3).
PAC  DETAILED DISCUSSION
PAR  Preferred compounds of the present invention are those compounds of Formula
      I meeting one or more of the following criteria:
PAR  a. Compounds in which m=zero and R.sub.2 =Cl, Br or I;
PAR  b. Compounds in which R.sub.1 = R.sub.2 ;
PAR  c. Compounds in which R.sub.1 and R.sub.2 are both hydrogen;
PAR  d. Compounds in which R.sub.1 and R.sub.2 are each benzenesulfonyl or
      benzenesulfonyl ring substituted by at least one member selected from the
      group consisting of lower alkyl of 1-4 carbon atoms, nitro and amino;
PAR  e. Compounds in which R.sub.1 and R.sub. 2 are each benzenesulfonyl ring
      substituted by at least one member selected from the group consisting of
      methyl, nitro and amino;
PAR  f. Compounds in which n = 1; and
PAR  g. Compounds wherein R.sub.1 and R.sub.2 are both hydrogen and in which at
      least one tertiary amino group thereof is in the form of a quaternary
      salt.
PAR  While the physical properties of the compounds according to Formula I vary
      somewhat depending on their exact structure and the particular value of n,
      the compounds in general are characterized by being solids at room
      temperature melting at above 100.degree.C which can be recrystallized from
      dilute aqueous ammonia (pH 9 -11). They exhibit defined melting points but
      generally discolor and decompose when n = 6 or 7. Their IR absorption
      spectra show absorption bands characteristic of an N,N' disubstituted
      piperazine ring at 7.5.mu., 7.6.mu. and 7.8.mu., 7.9.mu. (FIGS. 1-3, 5, 7,
      9, 11, 13, and 15).
PAR  The compounds of Formula I are soluble to a decreasing extent with
      increasing values for n in solvents such as chloroform, DMF (N,N
      dimethylformamide) and ethanol. They are generally insoluble in solvents
      such as n-hexane, peteroleum-ether and cyclohexane.
PAR  Those compounds wherein R.sub.1 and R.sub.2 are H contain a terminal
      secondary amine group at each end of the oligoethylenepiperazine molecule,
      and can in that sense be considered telomers. These secondary amine
      groups, like piperazine, are very reactive and readily susceptible to
      secondary amine addition reactions such as acylations, alkylations, and
      the formation of amides, sulfonamides and N-nitrosamines. For example,
      acetylation can be readily effected by adding excess acetic anhydride,
      heating to 100.degree.C, and removing excess acetic acid followed by
      treating with a strong base to form the diacetylated
      oligoethylenepiperazines.
PAR  The Shotten-Baumann type reaction is also available to yield acylated
      derivatives of the present compounds. For example, oligoethylenepiperazine
      dissolved in a suitable organic solvent is reacted at room temperature
      with a suitable acid halide, e.g., a fatty acid chloride whereby the ester
      is introduced, e.g., to form an oligoethylenepiperazine N-fatty acid
      derivative. The use of diacid halide in place of acid halide renders new
      polyamine polyamide compounds having various usages in the field of
      organic chemicals, especially polymer synthesis. Alkylation and
      aralkylation at the terminal amines also gives a series of compounds of
      chemical interest.
PAR  A particularly unique feature of oligoethylenepiperazine as compared to
      piperazine monomer is that it has tertiary amines in the inside of both
      ends. These tertiary amines can be easily converted to the quaternary
      form, e.g., by the Menschutkin Reaction with halogenated organic compounds
      such as alkylhalides and aralkylhalides. Since the
      oligoethylenepiperazines of the present description have a different
      number of tertiary amines depending on the particular n-values, an entire
      series of compounds having different cation values can thus be produced.
PAR  Suitable quaternizing agents are those which contain an active halogen atom
      attached to a carbon atom in a compound which is not an acid. Such
      halogen-containing quaternizing agents include but are not limited to the
      various alkyl halides such as methyl iodide, methyl bromide, ethyl iodide,
      propyl iodide, hexyl iodide, nonyl bromide, cetyl bromide; the various
      alkylene halides such as ethylene iodide, ethylene bromide, propylene
      chloride, butene bromide, octene bromide; the various substituted alkanes
      and cycloalkanes necessarily including the above alkyl and alkylene
      halides, which contain at least one hydrogen atom attached to a carbon
      atom, such as bromoform, chloroform, 1,2-dichloropropane,
      1,2-dibromobutane, ethylene chlorohydrin, acetyl chloride, iodoform,
      chloroacetyl chloride; the various substituted aromatic compounds such as
      picryl chloride, benzoyl chloride, phenyl chloride, benzene sulfonyl
      chloride, benzyl chloride, benzal chloride, and benzotrichloride.
PAR  The amount of quaternizing agent employed will generally be in the range of
      2 - 4 mol ratio based on the basic nitrogen units in the polymer. The
      amount of quaternizing agent employed in any particular case will depend
      largely upon the type of product desired.
PAR  For the preparation of oligoethylenepiperazines of this invention, an
      N-protected piperazine is essential as a starting material. The protection
      is conventionally effected by arylsulfonylation. Reaction of a benzene
      sulfonylhalide having the general Formula II
      ##SPC3##
PAL  (wherein R' is H, CH.sub.3, NO.sub.2, NH.sub.2 and X is a halogen atom)
      with piperazine in the presence of a base and in a polar solvent gives
      both the N-mono-arylsulfonyl and the N,N'-diarylsulfonyl derivatives. For
      instance, p-toluenesulfonylchloride (tosylchloride) reacts with piperazine
      in the presence of triethylamine (CH.sub.3 CH.sub.2).sub.3 N in a polar
      solvent such as DMF (N,N-dimethylformamide) and THF (tetrahydro-furan) to
      give a mixture of N-p-toluenesulfonylpiperazine and
      N,N'-di-p-toluenesulfonylpiperazine.
PAR  The present inventor has found that monosubstitution of piperazine with
      arylsulfonylchloride is advantageously effected only by conducting the
      reaction in a nonpolar solvent such as benzene. For example,
      N-tosylpiperazine is obtained in a high yield (99.5%) by reacting
      tosylchloride with piperazine in the presence of a tertiary amine such as
      triethylamine in benzene. The equation is as follows:
      ##SPC4##
PAR  By a nonpolar solvent is meant an aprotic, normally liquid inert organic
      diluent which is neither water miscible nor appreciably water soluble,
      i.e., less than about 0.7 grams of the solvent dissolves in 100 ml of
      water at room temperature. Suitable such nonpolar solvents are well known
      in the art and include but are not limited to alkanes, e.g., hexane,
      heptane, octane, etc.; cycloalkanes, e.g., cyclopentane, cyclohexane,
      cycloheptane, etc.; aromatic hydrocarbons, e.g., benzene,
      decahydronaphthatene etc.; alkylated aromatic hydrocarbons, e.g., toluene,
      the xylenes, ethylbenzene, etc.; ethers, e.g., diethylether; and nonpolar
      halogenated hydrocarbons, e.g., carbon tetrachloride.
PAR  Since hydrogen halide is liberated as a byproduct in the above reaction,
      provision must be made for its neutralization. This can be accomplished by
      using an excess of piperazine in the reaction mixture or more economically
      by the addition a stoichiometric excess of a suitable Lewis base,
      preferably a tertiary amine such as a trialkylamine, e.g., triethylamine,
      tri-n-propylamine and tri-n-butylamine or an N-alkyl-hetero-cyclic amine,
      e.g., N-ethylpiperidine and N-ethylmoropholine, either alone or in
      admixture. As with the nonpolar solvent, it is preferable that the
      tertiary amine be anhydrous.
PAR  In accordance with the present invention, oligoethylenepiperazine can be
      produced by the following three steps:
PAR  1. Production of N-arylsulfonyl-N'-.beta.-haloethylenepiperazine:
      N-arylsulfonyl-N'-.beta.-haloethylenepiperazine can be produced by
      conducting either reaction (a) or (b).
PAR  a. an arylsulfonylhalide having the general Formula II is reacted with
      piperazine in the presence of an acid acceptor in a nonpolar solvent to
      produce an N-arylsulfonylpiperazine of Formula III, and the
      N-arylsulfonylpiperazine thus produced is then reacted with an ethylene
      dihalide having the formula XCH.sub.2 CH.sub.2 X' (wherein X and X' are
      the same or preferably different halogen atoms selected from the group
      consisting of Cl, Br and I, e.g., 1-bromo-2-chloroethane,
      1-iodo-2-chloroethane, 1-iodo-2-bromoethane, 1,2-dibromoethane, etc.,) in
      the presence of an acid acceptor in a nonpolar solvent to produce
      N-aryl-sulfonyl-N'-.beta.-haloethylenepiperazine having the general
      Formula IV:
      ##SPC5##
PAL  wherein R' is H, CH.sub.3, NO.sub.2 and NH.sub.2 and X is Cl, Br or I. As
      described hereunder, the compounds of Formulae III and IV are used in the
      second step.
PAR  b. An Arylsulfonylhalide of Formula II is reacted with triethylenediamine
      in a nonpolar solvent such as benzene to produce
      N-arylfulfonyl-N'-.beta.-haloethylenepiperazine.
PAR  As clearly shown above, N-arylsulfonyl-N'-.beta.-haloethylenepiperazine
      having a desirable halogen atom can be obtained by employing an
      ethylenedihalide having the corresponding X. When X and X' are different,
      X in the above formulae will signify the lower molecular weight halide.
PAR  2. Production of .alpha., .omega.-diprotected oligoethylenepiperazines: In
      contrast to the first step, this second step is carried out in a polar
      organic solvent which need not be anhydrous. As a polar solvent, protic
      solvents such as methanol, ethanol, propanols, and butanols can be used as
      well as aprotic solvents such as dioxane, dimethylformamid,
      dimethylsulfoxide, etc., and aqueous azeotropes, e.g., 95% ethanol.
PAR  The compounds can be obtained by conducting reactions selected from the
      following steps:
PAR  a. The N-arylsulfonylpiperazine (III) produced by (a) in the first step is
      reacted with the N-arylsulfonyl-N'-haloethylenepiperazine (IV) produced by
      (a) in the first step in the presence of an acid acceptor in a polar
      solvent under reflux to produce a 1,1'-ethylene-bis
      (4-arylsulfonylpiperazine) of Formula V:
      ##SPC6##
PAR  b. 2 mol of N-arylsulfonylpiperazine (III) is reacted with 1 mol of
      ethylene-dihalide in the presence of an acid acceptor in a polar solvent
      under reflux to produce 1,1'-ethylene-bis (4-arylsulfonylpiperazine) (V);
PAR  c. 2 mol of N-arylsulfonyl-N'-.beta.-haloethylenepiperazine (IV) is reacted
      with 1 mol of piperazine in the presence of an acid acceptor in a polar
      solvent under reflux to produce an .alpha.,.omega.-diprotected oligomer of
      Formula VI:
      ##SPC7##
PAR  d. 2 mol of N-arylsulfonyl-N'-.beta.-haloethylenepiperazine is reacted with
      1 mol of an .alpha.,.omega.-unprotected oligoethylenepiperazine in the
      presence of an acid acceptor in a polar solvent under reflux to produce an
      .alpha.,.omega.-diprotected oligomer (VII):
      ##SPC8##
PAL  As clearly shown in the above reactions, various kinds of desirable
      oligomer can be obtained as .alpha.,.omega.-diprotected oligomers. In
      accordance with these reactions, triethylamine is preferably used as the
      acid acceptor, although the various kinds of tertiary amines which are
      suitable in the production of
      N-arylsulfonyl-N'-.beta.-haloethylenepiperazine described in the first
      step can be also used as the acid acceptor.
PAR  3. Production of final product; fission of the protective arylsulfonyl
      group.
PAR  The .alpha.,.omega.-diprotected tertiary sulfonamide oligomers (V, VI, VII)
      obtained in the second step are subjected to the reductive reaction to
      remove arylsulfonyl radicals attached to the secondary amine radicals at
      both ends of the molecule of the oligomer in order to obtain the final
      products. For instance, in the reaction from the
      .alpha.,.omega.di-protected oligomer V or VII where n=1 to the product I
      where n=1, acid hydrolysis, alkali hydrolysis and hydrogen addition can be
      employed to remove the protecting arylsulfonyl radicals. Furthermore, the
      inventor has found that sodium in alcohol (such as n-butanol,
      isoamylalcohol and n-amylacohol) and sodium in liquid ammonia can be
      advantageously employed as the reducing agent which gives high yields, as
      reported by W. R. Vaughan, et al. J. Org. Chem. 26:138, (1961) the
      contents of which are incorporated by reference herein. While the tosyl
      radical is employed as the masking arylsulfonyl radical in the above case,
      various aromatic sulfonyl radicals such as benzene-sulfonyl,
      o-nitro-benzenesulfonyl, o-methyl benzenesulfonyl, etc. can be also
      employed as the protecting agent.
PAR  Some impurities brought about by undesirable side reactions during the said
      three steps are sometimes contained in the final liquid. However, by
      carrying out the process according to this invention, one can mainly
      obtain the target oligomer with very little oligomer having different
      molecular weights from the target. Since most of the undesirable product
      in the final step is protected oligomer, purification is easily carried
      out employing conventional methods, because their chemical and physical
      properties such as solubility are considerably different from the target
      oligomer. In other words, pure products of any desired molecular weight
      can be synthesized according to this invention.
PAR  So, in scheduling to produce the target product, for instance to produce
      the product (I) (n=7)
      ##SPC9##
PAL  the steps can be employed as follows.
PAR  The following flow sheet illustrates the stepwise preparation of
      oligoethylenepiperazines of n=1 through 7 inclusive; the same basic
      techniques can be employed to obtain any finally desired value for n e.g.
      up to 20, 100 or even higher.
      ##SPC10##
PAR  Thus, according to this invention, the new compounds,
      oligoethylenepiperazines, having desired numbers of tertiary amine
      radicals in the molecule can be produced by selecting the starting
      materials in combination with the reactions explained above.
PAR  Due to their antihelmintic activity, the compounds of this invention are
      useful as antihelmintics in veterinary medicine. In addition to their use
      in vitro, they can be employed, for example, in the enteral therapy of
      helminthiasis in substantially the same manner as other antihelmintic
      piperazine derivatives.
PAR  The compounds of this invention can be employed in mixture with
      conventional excipients, i.e., pharmaceutically acceptable organic or
      inorganic substances suitable for parenteral, enteral or topical
      application which do not deleteriously react with the active compounds.
      Suitable pharmaceutically acceptable carriers include but are not limited
      to water, salt solutions, alcohols, vegetable oils, polyethylene glycols,
      gelatin, lactose, amylose, magnesium stearate, talc, silicic acid, viscous
      paraffin, perfume oil, fatty acid monoglycerides and diglycerides,
      pentaerythritol fatty acid esters, hydroxy methylcellulose, polyvinyl
      pyrrolidone, etc. The pharmaceutical preparations can be sterilized and if
      desired mixed with auxiliary agents, e.g., lubricants, preservatives,
      stabilizers, wetting agents, emulsifiers, salts for influencing osmotic
      pressure, neutral or alkaline buffers, coloring, flavoring and/or aromatic
      substances and the like which do not deleteriously react with the active
      compounds.
PAR  For enteral application, particularly suitable are tablets, dragees, or
      capsules having talc and/or a carbohydrate carrier or binder or the like,
      the carrier preferably being lactose and/or corn starch and/or potato
      starch. A syrup, elixir or the like can be wherein a sweetened vehicle is
      employed. Sustained release compositions can be formulated including those
      wherein the active compound is protected with differentially degradable
      coatings, e.g., by microencapsulation, multiple coatings, etc.
PAR  In this regard, they can be employed in substantially the same manner as
      the known anthihelmintic piperazines.
PAR  Use of the oligoethylene-piperazines for the treatment of helminthiasis in
      animals according to the present invention involves intestinal contact of
      the infecting helminth with the drug. Dosage is preferably by the oral
      route since the major site of infection in ordinarily the intestinal
      tract. It is of course possible to administer these drugs rectally, but of
      course, this method is not as convenient as oral medication. One of the
      attributes of these new drugs is that they are highly effective orally.
      The daily dose required varies with the particular
      oligoethylene-piperazine employed and the animal which is being treated.
PAR  Administration to animals can best be effected by mixing the drug with the
      feed. Thus, the required dose for the animal is calculated on the basis of
      the known formula and the drug is then blended with all or a portion of
      the animal's daily ration. The oligomers are generally supplied as the
      substantially pure substance for this purpose. However, they can be
      diluted with inert carriers such as starch, lactose, etc. This is
      preferred with small animals where the total dosage is low since blending
      of only a few milligrams of drug with a relatively large amount of feed is
      inconvenient. For this purpose a dry solid composition containing the
      calculated dosage of oligomers is blended with a convenient amount of
      carrier generally from about 1 to 10 parts by weight based on the weight
      of the active compound.
PAR  It will be appreciated that the actual preferred amounts of active
      compounds used will vary according to the specific compound being
      utilized, the particular compositions formulated, the mode of application,
      and the particular situs and organism being treated. Optimal application
      rates for a given set of conditions can be ascertained by those skilled in
      the art using conventional dosage determination tests in view of the above
      guidelines.
DETD
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative and not limitative of
      the remainder of the disclosure in any way whatsoever. In the following
      Examples, the temperatures are set forth uncorrected in degrees Celsius;
      unless otherwise indicated, all parts and percentages are by weight. The
      values obtained in elemental analyses are within commonly accepted limits
      of error.
PAC  EXAMPLE 1
PAR  Production of p-toluenesulfonylpiperazine (Compound III):
      ##SPC11##
PAL  Piperazine 43 g (0.5 mol) and triethylamine 69 ml (0.55 mol) were dissolved
      with agitation in 600 ml of anhydrous benzene maintained at a temperature
      of 35.degree.-40.degree.C in a 3-liter flask. A solution of 19.06 g (0.1
      mol) of p-toluenesulfonylchloride (Formula II) dissolved in 600 ml of
      anhydrous benzene was added dropwise into the amine solution over a period
      of about 2 hours with stirring. Stirring was continued until the
      precipitation of triethylamine-HCl ceased. The reaction mixture was
      filtered to remove the precipitate and then the filtrate was dried under
      reduced pressure, yielding a white powder.
PAR  Stripping off unreacted piperazine by sublimation under reduced pressure
      (20 mm Hg) from the white powder gave a pale yellow powder which was
      recrystallized from benzene-petroleum ether (6 : 4 ). 23.9 g of white
      plate crystals of p-toluenesulfonylpiperazine (Formula III) were obtained.
      The yield was 99.5% of p-toluenesulfonylchloride. Melting point:
      108.5.degree..about.109.5.degree.C. The IR spectrum in Nujol is shown in
      FIG. 1.
PAC  EXAMPLE 2
PAR  Production of N-.beta.-chloroethyl-N'-p-toluenesulfonylpiperazine (Compound
      IV):
      ##SPC12##
PAR  Triethylenediamine 22.4g (0.2 mol) was dissolved in 300 ml of anhydrous
      benzene in a 1 liter three-necked flask and heated to reflux. A solution
      of 38.1 g (0.2 mol) of p-toluenesulfonylchloride in 300 ml of anhydrous
      benzene was added dropwise into the flask over a period of about one hour.
      Heating to reflux was continued for a further 4 hours. After completion of
      the reaction, the solution was filtered. The filtrate was kept standing at
      room temperature, and white needle crystals precipitated out. By filtering
      and drying the crystals,
      N-.beta.-chloroethyl-N'-p-toluenesulfonylpiperazine 39.6 g (yield: 65.4%)
      was obtained. Melting point: 137.5.degree..about.138.5.degree.C. Elemental
      analysis: Calculated: C 51.57%; H b 6.28%; N 9.25%; Cl 11.73%. Found:
      51.66%; N 9.2%; Cl 11.84%. The IR spectrum in Nujol is shown in FIG. 2.
PAC  EXAMPLE 3
PAR  Production of N-.beta.-chloroethyl-N'-p-toluenesulfonylpiperazine:
      ##SPC13##
PAR  After refluxing for 72 hours a reaction mixture consisting of 60 g (0.25
      mol) of p-toluenesulfonylpiperazine (III), 41 ml (0.5 mol) of
      1-bromo-2-chloroethane and 35 ml (0.25 mol) of triethylamine in 1 liter of
      benzene, the solution was filtered and white needle crystal were obtained
      from the filtrate. N-.beta.-chloroethyl-N'-p-toluenesulfonylpiperazine 61
      g (yield: 79%) was obtained.
PAC  EXAMPLE 4
PAR  Production of 1,1'-ethylene-bis (4-p-toluenesulfonyl-piperazine)
      corresponding to Compound (VII), n=1:
      ##SPC14##
PAL  p-toluenesulfonylpiperazine (III) 48.0 g (0.2 mol), triethylamine 42 ml (
     0.3 mol), and 1,2-dibromoethane 18.8 g (0.1 mol) were dissolved in 500 ml
      of 95% ethanol in a one liter three-necked flask equipped with a stirrer
      and a condenser. The solution was heated to reflux for 12 hours and then
      cooled to room temperature to precipitate white crystals of 1,
      1'-ethylene-bis (4-p-toluenesulfonyl) piperazine (V, n=1) 51.2 g (yield:
      89% based on (III) ). The compound was recrystallized from
      N,N-dimethylformamide (DMF) to yield crystals having a M.P. of
      255.0.degree..about.255.5.degree.C. The structure was confirmed by IR in
      Nujol (FIG. 3) and the NMR spectrum in d.sub.6 -DMSO (FIG. 4). Elemental
      analysis: Calculated: C 56.92%; H 6.72%; N 11.07%. Found: C 56.96%; H
      6.90%; N 11.18%.
PAC  EXAMPLE 5
PAR  Production of 1,1'-ethylene-bis (4-p-toluenesulfonylpiperazine):
      ##SPC15##
PAL  A solution of 6.0 g (0.025 mol) p-toluenesulfonyl (III), 7.56 g (0.025 mol)
      N-.beta.-chloroethyl-N'-p-toluenesulfonylpiperazine, (IV) and 3.5 ml
      (0.025 mol) triethylamine in 100 ml of 95% ethanol was refluxed for 48
      hours. Following the procedures described in Example 4, 8.2 g of white
      needle crystals of 1,1'-ethylene-bis (4-p-toluenesulfonylpiperzine) (V)
      (yield 68% based on III) was obtained.
PAC  EXAMPLE 6
PAR  Production of (VI) (n=2):
      ##SPC16##
PAL  37.2 g (0.114 mol) of N-.beta.-chloroethyl-N'-p-toluenesulfonylpiperazine
      (VI), 5 g (0.058 mol) of piperazine, and 16.0 ml (0.116 mol) of
      triethylamine in 250 ml 95% ethanol were refluxed for 6 hours. After
      completion of the reaction and by following the procedure described in
      Example 4, 26.7 g of a white powder (yield: 86.2% based on piperazine) was
      obtained. Recrystallization of the white powder from N,N-dimethylformamide
      (DMF), gave pale yellow needles, M.P. 259.5.degree..about.260.5.degree.C.
      Elemental analysis: Calculated: C 27.26%; H 7.45%; N 13.59%. Found: C
      57.57%; H 7.32%; N 13.48%. The IR spectrum (KBr tablet) is shown in FIG. 5
      and the NMR spectrum (d.sub.6 -DMSO) is shown in FIG. 6.
PAC  EXAMPLE 7
PAR  Production of (VII) (n=3,4,5,6,7):
      ##SPC17##
PAL  The procedure of Example 6 was repeated. 95% ethanol was employed as the
      polar solvent and triethylamine was employed as the acid acceptor. Every
      oligoamine I with n=1.about.5 was employed respectively. The mole ratio of
      each reagent was as follows: Oligoamine (I, n=1) to 5 0.2 mol % in 95%
      ethanol; triethylamine 1.1 mole to 1 mole of oligoamine I;
      N-.beta.-chloroethyl-N'-p-toluenesulfonylpiperazine 2.4 moles to 1 mole of
      oligoamine I. The results were as follows:
PAR  a. n=3 melting point: 261.degree..about.262.degree.C. Yield: 84.5% (based
      on oligoamine). The IR spectrum (KBr tablet) is shown in FIG. 7, and the
      NMR spectrum (d.sub.6 -DMSO) is shown in FIG. 8. Elemental Analysis:
      Calculated: C 59.14%; H 8.02%; N 15.32%. Found: C 59.20%; H 8.01%; N
      15.39%.
PAR  b. n=4 melting point: 262.degree..about.264.degree.C. Yield: 90.9%.
      Elemental analysis: Calculated: C 59.82%; H 3.39%; N 16.60%. Found: C
      59.84%; H 8.63%; N 16.90%. The IR spectrum (Nujol) is shown in FIG. 9 and
      the NMR spectrum (d.sub.6 -DMSO) is shown in FIG. 10.
PAR  c. Following to the procedures described above, the corresponding compounds
      in which n=5, 6 and 7 respectively were produced and identified by
      elemental analysis:
TBL  n=5  Yield   77.5%   Melting point                                        
                                    250.degree.C                               
                                          decomposition                        
     n=6  Yield   62.6%   Melting point                                        
                                    240.degree.C                               
                                          decomposition                        
     n=7  Yield   60.5%   Melting point                                        
                                    235.degree.C                               
                                          decomposition                        
PAL  By repeating the procedures set forth above, compounds with n greater than
      7 n can be obtained up to any desired value for n.
PAC  EXAMPLE 8
PAR  Production of 1,1'-ethylene-bis (N-piperazine) n=1:
      ##SPC18##
PAL  52.28 g (0.1 mol) of 1,1'-ethylene-bis-(4-p-toluenesulfonylpiperazine (V)
      was suspended in 1.6 liters of isopentanol and heated to reflux. Under
      reflux 161 g (7 moles) of sodium metal was added portionwise over a period
      of about 6 hours into the suspension, and heating was continued for a
      further 6 hours. The reaction mixture was kept standing at room
      temperature until the mixture solidified. After the addition of 500 ml of
      water into the mixture, the aqueous layer was removed and concentrated.
      White needle-crystals were obtained from the concentrate, which were dried
      under vacuum to give 22.1 g (yield 99.5%) of crude I, n=1, which was
      recrystallized from diluted ammonia solution (pH 9.about.11). Melting
      point 104.0.degree..about.105.0.degree.C. The IR spectrum (KBr tablet) is
      shown in FIG. 11 and the NMR spectrum in CDCl.sub.3 is shown in FIG. 12.
      Elemental analysis: Calculated: C 60.56%; H 11.20%; N28.24%. Found: C
      60.25%; H 11.25%; N 28.10%.
PAC  EXAMPLE 9
PAR  Production of (I) n=2,3,4,5,6,7:
      ##SPC19##
PAR  Following the procedure described in Example 8, each oligomer (I) (
     n=2,3,4,5,6,7) was obtained with yields of greater than 95% by employing
      sodium as a reducing agent added little by little into the alcohol
      solution to a total amount of 70.about.100 fold molar excess with respect
      to VII. Purification by recrystallizing the compounds from diluted ammonia
      solution gave crystalline compounds. Following the same procedures, every
      corresponding compound VII wherein n=2,3,4,5,6, and 7 was obtained.
PAR  a. n=2 Melting point: 133.0.degree..about.133.5.degree.C. The IR spectrum
      (KBr tablet) is shown in FIG. 13 and the NMR spectrum (CDCl.sub.3) is
      shown in FIG. 14. Elemental analysis: Calculated: C 62.51%; H 11.06%; N
      27.05%. Found: C 62.50%; H 11.42%; N 26.95%.
PAR  b. n=3 Melting point: 155.0.degree..about.156.0.degree.C. The IR spectrum
      (KBr tablet) is shown in FIG. 15 and the NMR spectrum (CDCl.sub.3) is
      shown in FIG. 16. Elemental analysis: Calculated: C 62.51%; H 10.99 %; N
      26.50%. Found: C 62.60%; H 11.21%; N 26.57%.
PAR  c. Following the procedures set forth above, the following compounds were
      produced and identified by elemental analysis.
TBL  ______________________________________                                    
     n=4   Melting point: 164.5 .about. 165.5.degree. C                        
     n=5   Melting point: 180 .about. 182.degree.C                             
     n=6   Melting point: 185.degree.C colorized and decomposed                
     n=7   Melting point: 182.degree.C colorized and decomposed                
     ______________________________________                                    
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A compound selected from the group consisting of
      oligoethylenepiperazines of the formula
      ##SPC20##
PAL  wherein n is a positive integer of 2 through 7 inclusive, the acid addition
      salts thereof and the quaternary salts thereof wherein at least one
      tertiary amino group is in quaternary form.
NUM  2.
PAR  2. A compound according to claim 1 in the form of an acid addition salt.
NUM  3.
PAR  3. A compound according to claim 1 wherein at least one tertiary amino
      group thereof is in the form of a quaternary salt.
NUM  4.
PAR  4. A compound according to claim 1 wherein n = 2.
NUM  5.
PAR  5. A compound according to claim 1 wherein n = 3.
NUM  6.
PAR  6. A compound according to claim 1 wherein n = 4.
NUM  7.
PAR  7. A compound according to claim 1 wherein n = 5.
NUM  8.
PAR  8. A compound according to claim 1 wherein n = 6.
NUM  9.
PAR  9. A compound according to claim 1 wherein n = 7.
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ABST
PAL  A new process for preparing 3,3 - thio - bis[2-Methoxy-1-azabenzanthrone],
      a useful intermediate in the synthesis of dyestuffs, is disclosed. The
      process involves reacting 2-methoxy-1-azabenzanthrone with sulfur
      chlorides in suspension or solution in an inert solvent under heating, and
      recovering the reaction product from the reaction mass, e.g., by
      filtering.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known from Italian Pat. Nos. 869,691 and 901,929 assigned to
      Montedison, that an excellent bright blue vat dye containing the structure
      of 5, 14-diazaisoviolanthrone can be obtained from 3,3'-thiobis
      [2-methoxy-1-azabenzanthrone] by alkaline fusion.
PAR  According to Italian Pat. No. 869,691,
      3,3'-thiobis[2-methoxy-1-azabenzanthrone] was synthesized by bromination
      of 2-hydroxy-1-azabenzanthrone in H.sub.2 SO.sub.4, methylation of the
      resulting 3-bromine-2-hydroxy-1-azabenzanthrone with (CH.sub.3).sub.2
      SO.sub.4, and subsequent reaction of the methylated compound with Na.sub.2
      S:
      ##SPC1##
PAC  THE PRESENT INVENTION
PAR  We have found that 3,3'-thiobis[2-methoxy-1-azabenzanthrone] can be
      obtained in better yields and with fewer steps by reacting the methylation
      product of 2-hydroxy-1-azabenzanthrone, that is
      2-methoxy-1-azabenzanthrone, with sulphur chlorides.
PAR  The sulphur halides used in the process of this invention are sulfur
      monochloride, S.sub.2 Cl.sub.2, and sulfur dichloride, SCl.sub.2. As is
      obvious, when sulfur dichloride (n = 1) is used in the reaction, no sulfur
      is liberated.
PAR  The reaction proceeds as follows:
      ##SPC2##
PAL  Wherein n = 1 or 2.
PAR  In general, the process of this invention is carried out as follows: First,
      there is prepared a suspension or solution of 2-methoxy-1-azabenzanthrone
      in an inert solvent chosen from among the group of chlorinated saturated
      aliphatic hydrocarbons like methylene chloride, chloroform, carbon
      tetrachloride, dichloroethane, tetrachloroethane, or from other inert
      solvents like dimethyl formamide and nitrobenzene.
PAR  Sulfur chloride is then added and the whole is heated to 40.degree. -
      100.degree. C, preferably to 50.degree. - 80.degree.C.
PAR  Upon completion of the reaction, the reaction mixture appears to be
      heterogeneous, insofar as the formed
      3,3'-thiobis[2-methoxy-1-azabenzanthrone] is very little soluble in the
      solvents employed. After cooling, the reaction product is filtered, washed
      with the reaction solvent, or with another solvent such as ethyl ether,
      petroleum ether, acetone or benzene, and dried.
PAR  The mother liquors can be recycled to another operation.
PAR  The amount of sulfur chloride used is from 0.5 to 5 mols of sulfur
      chloride/mol of 2-methoxy-1-azabenzanthrone, preferably from 0.5 to 1.0
      mols. The reaction time ranges from 1 to 10 hours, depending on the
      reaction temperature, on the solvent, on the amount and type of sulfur
      chloride employed.
DETD
PAR  The following examples are given to illustrate the invention and are not,
      or intended to be, limiting.
PAC  EXAMPLE 1
PAR  200 g of 2-hydroxy-1-azabenzanthrone, 68.4 g of 85% KOH and 7 liters of
      water are introduced into a beaker, then the whole is heated under
      stirring to 50.degree.C until a solution is obtained. The whole is cooled
      to 25.degree.C, 65 g of 85% KOH are added and 288 g of dimethyl sulfate
      are fed in over a period of 1.5 h and stirring is continued at 25.degree.C
      for another 1.5 h. The reaction mixture, which now contains the formed
      2-methoxy-1-azabenzanthrone in suspension and which shows an almost
      neutral reaction, is alkalinized with 100 cc of 10% NaOH and heated to
      55.degree. - 60.degree.C. The whole is filtered in the hot state, the
      solid is washed with hot water up to neutrality, then dried at
      100.degree.C until a constant weight is obtained. 204 g of
      2-methoxy-1-azabenzanthrone corresponding to a yield of 96.5% are
      obtained.
PAR  After crystallization from dimethyl formamide or ethanol, the product
      appears in the form of yellowish crystals and melts at 190.degree. -
      192.degree.C. The elemental analysis and IR spectrum are in accordance
      with the structure of the compound.
PAR  80 g of 2-methoxy-1-azabenzanthrone, 480 cc of dichloroethane and 25 g of
      S.sub.2 Cl.sub.2 (sulfur monochloride) are fed into a flask equipped with
      a thermometer, a stirrer and a reflux cooler. The thus obtained suspension
      is heated under stirring for 5 hours to 50.degree.C and then for 3 hours
      to the boiling temperature (internal temperature 78.degree. -
      80.degree.C). Upon completion of the reaction the whole is cooled to room
      temperature and filtered, the solid is washed with dichloroethane and
      ether, then the whole is dried at 100.degree.C until a constant weight is
      obtained. 80.8 g of 3,3-thiobis [2-methoxy-1-azabenzanthrone]
      corresponding to a yield of 95.5% are obtained.
PAR  After crystallization from nitrobenzene or ortho-dichlorobenzene, the
      product appears in the form of crystals having a yellow-orange color and
      melts at 366.degree. - 368.degree.C. The elemental analysis and the IR
      spectrum are in compliance with the structure of the compound.
PAC  EXAMPLES 2 - 6
PAR  The following table reports the reaction conditions and yields of
      3,3'-thiobis-2-methoxy-1-azabenzanthrone (TMAB) obtained in some runs
      effected by reacting 2-methoxy-1-azabenzanthrone (MAB) with S.sub.2
      Cl.sub.2 or SCl.sub.2 in various solvents. The operating modalities and
      equipment used are those described in Example 1.
TBL  MAB Sulfur chloride                                                       
                  g    Solvent   cc. Reaction conditions                       
                                                   MAB obtained                
     g                                             g    yield                  
     __________________________________________________________________________
                                                        %                      
     10  S.sub.2 Cl.sub.2                                                      
                  2.84 dichloroethane                                          
                                 100 2h at 50.degree. and 4h at                
                                                   9.34egree.C                 
                                                        88.3                   
     10  S.sub.2 Cl.sub.2                                                      
                  2.84 tetrachloroethane                                       
                                 60  5h at 50.degree. and 5h at                
                                                   9.10egree.C                 
                                                        86.0                   
     10  S.sub.2 Cl.sub.2                                                      
                  3.1  nitrobenzene                                            
                                 60  5h at 50.degree. and 3h at                
                                                   10.10gree.C                 
                                                        95.5                   
     10  S Cl.sub.2                                                            
                  4.0  nitrobenzene                                            
                                 60  9h at 50.degree.C                         
                                                   9.50 89.8                   
     10  S Cl.sub.2                                                            
                  3.0  dichloroethane                                          
                                 100 5h at 80.degree.C                         
                                                   9.00 85.1                   
     __________________________________________________________________________
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A process for preparing 3,3-thiobis [2-methoxy-1-azabenzanthrone],
      comprising reacting 2-methoxy-1-azabenzanthrone with sulfur chlorides in
      inert solvents selected from the group consisting of chlorinated saturated
      aliphatic hydrocarbons C.sub.1 - C.sub.2, dimethylformamide and
      nitrobenzene, at a temperature of from 40.degree.to 100.degree.C.
NUM  2.
PAR  2. The process according to claim 1, in which the sulfur chloride is
      SCl.sub.2.
NUM  3.
PAR  3. The process according to claim 1, in which the sulfur chloride is
      S.sub.2 Cl.sub.2.
NUM  4.
PAR  4. The process according to claim 1, in which the reaction solvent is
      CH.sub.2 Cl.sub.2.
NUM  5.
PAR  5. The process according to claim 1, in which the reaction solvent is
      CHCl.sub.3.
NUM  6.
PAR  6. The process according to claim 1, in which the reaction solvent is
      CCL.sub.4.
NUM  7.
PAR  7. The process according to claim 1, in which the reaction solvent is
      C.sub.2 H.sub.4 Cl.sub.2.
NUM  8.
PAR  8. The process according to claim 1, in which the reaction solvent is
      tetrachloroethane.
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PAL  Acronycine derivatives having the structural formula:
      ##SPC1##
PAL  Wherein R is acyl and A is an anion of a suitably strong acid, stabilized
      formulations thereof and pharmaceutical compositions comprised of same
      exhibit broad spectrum antitumor activity, and are especially suited for
      intravenous administration.
GOVT
PAR  The invention described herein was made in the course of work under a grant
      or award from the Department of Health, Education & Welfare.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to novel derivatives of acronycine and to the
      stabilization of such derivatives by use of suitable complexing agents.
      These novel derivatives, stable formulations thereof and pharmaceutical
      compositions comprised of same exhibit broad spectrum antitumor activity
      and are well suited for intravenous injection.
PAR  2. Description of the Prior Art
PAR  Svoboda et al, reported at J. Pharm. Sci., 55, pp. 758 - 768 (1966), which
      is hereby expressly incorporated by reference herein and is relied upon,
      found that the alkaloid acronycine, an acridone compound isolated from an
      Australian plant (Acronychia Baueri Schott), exhibits a broad antitumor
      activity. Tested as an
      ##SPC2##
PAL  Aqueous suspension, acronycine produced significant reductions in the size
      of a number of tumors. In the Svoboda laboratory, acronycine has been
      shown to be a potent antitumor agent against a multiplicity of mouse
      neoplasms, significant activity having been demonstrated against 12 of 17
      tumors tested with a wide range of dose levels. Not only is this alkaloid
      broad spectrum in character, but it is also effective by various routes of
      administration and it has demonstrated significant activity in delayed
      therapy experiments. The oral and subcutaneous activities of this alkaloid
      are of special interest since most of the clinically proved oncolytic
      agents presently used are ineffective orally and elicit intolerable side
      effects when administered subcutaneously.
PAR  When tested against the adenocarcinoma 755, C-1498 leukemia, and the X-5563
      myeloma, acronycine also displayed significant activity by both the oral
      and subcutaneous routes. Furthermore, there was no evidence of skin
      irritation or alopecia when administered subcutaneously.
PAR  However, only minimum activity was observed when this alkaloid was
      administered intraveneously. This was attributed to its insolubility (2-3
      mg/liter), making effective clinical evaluation of this drug very
      difficult, sufficiently high blood levels not being attained. In fact, in
      several instances blockage of the circulatory system was evidenced,
      autopsy revealing an actual aortic block by the compound itself. One
      attempt at solubilizing the subject alkaloid involved coprecipitating the
      drug with polyvinyl-pyrrolidone (PVP); this produced only a fifteenfold
      increase in solubility but also an increase in antitumor activity, thus
      indicating that the low solubility is causing a decrease in such activity.
      Compare Svoboda et al, J. Pharm. Sci., 60, 333 (1971), also expressly
      incorporated by reference herein and relied upon.
PAR  It will thus be seen, clinical testing of acronycine having been
      effectively limited to the oral dosage, subcutaneous and intraperitoneal
      forms, that the extremely low solubility of acronycine results in marginal
      absorption when administered intravenously and, therefore, minimal
      bioavailability. Accordingly, the chemotherapeutic management of the
      various tumors and neoplasms being best effected by means of suitable
      parenteral or intravenous solution, serious need exists for a pro-drug
      form of acronycine which avoids the aforesaid problems of absorption and
      related problems of bioavailability.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of this invention to provide certain
      novel derivatives of acronycine which can be readily synthesized and which
      are much better suited than the acronycine free base for pharmaceutical
      use because of the greatly enhanced solubility of such derivatives.
PAR  Another object of this invention is to provide certain novel derivatives of
      acronycine useful in the chemotherapeutic management of the various tumors
      and neoplasms.
PAR  Still another object of the invention is to provide certain acronycine
      derivatives well suited for intravenous administration.
PAR  Another object is to provide such derivatives which avoid the art
      recognized problems of absorption and minimal biovailability associated
      with the free base thereof.
PAR  Yet another object of this invention is to provide a pro-drug form of
      acronycine which is effectively up to a hundredfold more soluble than
      acronycine and which, upon administration, reverts to the free base drug
      within a matter of minutes.
PAR  Still another object of the invention is the stabilization of certain novel
      derivatives of acronycine by complexation with certain suitable complexing
      agents.
PAR  Still another object is a stable and suitable formulation of a pro-drug
      form of acronycine.
PAR  Another object of this invention is to provide a hydrolysis resistant
      formulation of a pro-drug form of acronycine to increase the stability of
      pharmaceutical solutions comprised thereof prior to their parenteral
      administration.
PAR  In attaining the objects of this invention, one feature resides in the
      provision of certain acronycine derivatives having the structural formula:
      ##SPC3##
PAL  wherein R is substituted or unsubstituted, straight or branched chain lower
      alkyl having from 1 to 8 carbon atoms, substituted or unsubstituted aryl
      having from 6 to 10 carbon atoms, e.g., phenyl and naphthyl, substituted
      or unsubstituted aralkyl and alkaryl wherein the alkyl and aryl moieties
      are as defined above, or such other moiety that when the resulting
      derivatives of the Formula I are subjected to conditions of hydrolysis,
      either in vitro or in vivo, same revert to the acronycine free base form.
      Exemplary of the ester groups of the derivatives of the Formula I
      comprising the moiety R, the acetate, propionate, isobutyrate, pivalate
      and trifluoroacetate are representative. "A" is any anion of a suitably
      strong acid, advantageously the perchlorate, chloride, sulfate, phosphate,
      bromide or methanesulfonate. Alternatively, "A" may be the anion of any
      one of those complexing agents characterized, infra.
PAR  Another feature of this invention resides in the stabilization of the
      aforesaid pro-drug forms of acronycine by complexation with a suitable
      complexing agent to increase the stability of pharmaceutical solutions
      thereof prior to their parenteral administration. Suitable complexing
      agents include the organic acids, preferably the cyclic and aromatic
      organic acids, and most preferably the hydroxy aromatic acids.
      Representative of such organic acids are gentisic, gamma-resorcyclic,
      p-hydroxycinnamic, 2-furoic, m-hydroxycinnamic, 3,4-dimethylcinnamic and
      3-methylgentisic. Also representative are the alkali metal salts of the
      aforesaid organic acids, e.g., sodium gentisate, sodium gamma-resorcylate,
      sodium p-hydroxycinnamate, sodium 2-furoate, sodium m-hydroxycinnamate,
      sodium 3,4-dimethylcinnamate and sodium 3-methylgentisate.
PAR  Other objects, features and advantages of this invention will become more
      apparent from the description which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE of drawing is a rate of hydrolysis plot of half-life of a labile
      ester according to the invention, stabilized with sodium gentisate, versus
      sodium gentisate concentration.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Acronycine, as heretofore mentioned, has been shown to have significant
      antitumor activity in various screening systems; Svoboda et al, J. Pharm.
      Sci., supra. However, the clinical testing of this drug has been severely
      hampered by the low solubility of the acronycine free base in, and
      concomitant minimal bioavailability from, aqueous media. Acronycine's
      solubility is only about 2-3 mg per liter of water. It has not been
      discovered by the inventors that increased water solubility of acronycine
      results by synthesizing various pro-drug derivatives thereof. These
      pro-drug derivatives are carbonyl acylated quaternary forms of acronycine
      and are much more soluble (greater than fiftyfold more soluble and even up
      to and greater than a hundredfold more soluble) than the acronycine free
      base. Upon introduction of the pro-drugs of this invention into an aqueous
      solvent, same dissolve rapidly and undergo rapid hydrolysis to yield the
      parent acronycine. And even upon intravenous injection, same revert to the
      parent drug in a matter of minutes. From a consideration of the chemistry
      of the acronycine molecule, it was discovered that if a charge is
      introduced into the molecule via quaternization thereof, its solubility
      was increased. With compounds of higher pK.sub. a 's, a formulation with a
      lower pH is often possible. But since acronycine has a pK.sub.a of about
      1.6, a solution of the quaternary salt would be too highly acidic for I.V.
      formulation. On the other hand, by synthesizing a slowly hydrolyzing
      derivative of the salt, a positive charge could be conferred on the
      molecule over all pH ranges. The products of esterification of the
      carbonyl oxygen have been found to be admirably well suited for this
      purpose. These esters are formed on the oxygen at the 9 position on the
      molecule and hold the structure with a positive charge on the nitrogen.
      And this positive charge is lost only upon hydrolysis of the ester link.
      Because of the higher pK.sub.a of acronycine, the aforesaid O-acylation of
      the quaternary salts of acronycine under acid conditions proceeds very
      readily.
PAR  Quaternization of the acronycine free base can be effected simply by
      precipitation by the required acid from a suitable solvent. For example,
      the acronycine is converted to any suitable salt (including the
      perchlorate, chloride, sulfate, and any other salt of a strong acid) by
      dissolving the same in, e.g., acetone and adding an excess molar quantity
      of the respective acid. The acronycinium salt which forms is readily
      precipitated, removed by filtration, and dried.
PAR  The esters of the Formula I are prepared by reacting the acronycinium salt
      with any desired suitable acylating agent (such as the acid anhydride or
      acid chloride of, e.g., the acids acetic, propionic, isobutyric, pivalic,
      trifluoroacetic, and others) at elevated temperatures for the required
      period of time. The reaction mixture is next cooled, filtered to remove
      unreacted solid material, and then diluted with, e.g., diethyl ether. The
      precipitate which forms is separated by filtering, washed with ether, and
      dried. The solids obtained contain about 50% to about 80% of the desired
      acylacronycinium salt.
PAR  The anion of the acid used presumably acts as a catalyst for the subsequent
      acylation according to the following reaction scheme:
      ##SPC4##
PAL  A comparison of some of the physical properties of the base, perchlorate
      salt, and acetate ester is of interest. The wavelength maximum in the
      visible range for the base, salt and ester, respectively, is 395, 455, 510
      nm., giving a yellow, orange, and purple color to the compounds. The base
      is soluble in acetone and benzene, insoluble in water. The salt is soluble
      in water and insoluble in acetone and benzene. The ester is found to be
      insoluble in benzene, but soluble in water and acetone. Acetyl
      acronycinium perchlorate moreover has a solubility in water of 250
      mg/liter (i.e., a hundredfold increase in solubility over the free base).
      NMR, IR and elemental analysis confirm synthesis of the ester. By
      following the reaction spectrophotometrically at 510 nm., the ester was
      shown to follow first order kinetics with a half-like of 20 to 25 minutes
      at 25.degree.C. in neutral pH. This rate was remarkably insensitive to
      ionic strength, pH (below 8-9), anion, ester group size (e.g., acetate,
      propionate, isobutyrate, pivalate, etc.). However, the rate was greatly
      increased with increasing dielectric constant. This evidence suggested
      then that the hydrolysis was proceeding via a S.sub.N.sbsb.1 mechanism.
      Temperature also had a marked effect on the rate of hydrolysis, as a
      determined enthalpy of activation of about 20 kcal/mole indicates.
PAR  In studying the kinetics of hydrolysis of the aforesaid quaternary acyl
      acronycinium salts to yield acronycine, it was determined that the
      increased solubility and the rapid rate of hydrolysis were such that said
      quaternary derivatives were eminently well suited for use as pro-drugs.
      Nevertheless, the facility with which hydrolysis occurred in water
      presented one problem of too rapid precipitation from solution as a
      consequence of the formation of the slightly soluble acronycine free base.
      In order to prevent any objectionable hydrolysis of the pro-drug in
      aqueous solution prior to administration, it was discovered that the
      hydrolytic rate thereof could be retarded by the formation of
      intermolecular complexes therewith. Utilizing suitable complexing agents
      to form intermolecular complexes with the pro-drug and thereby retard the
      hydrolytic reaction was found to markedly increase the stability of the
      carbonyl acylated quaternary derivatives of the Formula I in solution. It
      was also found that this approach resulted in solutions in which the
      half-life of hydrolysis of the pro-drug was increased from about 20
      minutes in water alone to about 8 or more hours in water containing a
      sufficient quantity of suitable ligand. Moreover, since complexation is an
      equilibrium phenomenon, extensive complexation occurs in the relatively
      concentrated drug solution. However, upon dilution with aqueous media such
      as body fluids, the complex species dissociates, and the pro-drug is then
      rapidly hydrolyzed to the desired drug species, namely, the acronycine
      free base. Exemplary of the complexing agents which can be used in aqueous
      solutions of the acylacronycinium salts to retard the hydrolysis thereof
      are a wide variety of the organic acids and alkali metal salts thereof,
      preferably the cyclic and aromatic organic acids, and most preferably the
      hydroxy aromatic acids. Representative of same are gentisic acid,
      gamma-resorcylic acid, p-hydroxycinnamic acid, 2-furoic acid,
      m-hydroxycinnamic acid, 3,4-dimethylcinnamic acid and 3-methylgentisic
      acid, and the sodium and other salts thereof. A suitably stable and useful
      formulation of an acylacronycinium salt for use in the preparation of
      pharmaceutical solutions can be simply made by preparing a powder mixture
      of the desired acylacronycinium salt and a suitable complexing agent in
      such proportions and amounts that upon addition of an aqueous solvent, the
      resulting solution would be of a composition such that the hydrolysis of
      the acylacronycinium salt would be greatly retarded.
PAR  Among the number of the hydroxy aromatic acids, particularly the hydroxy
      benzoic acids that have been utilized according to the invention,
      excellent results have been attained with the preferred
      2,5-dihydroxy-benzoic acid (gentisic acid). Employing the acetyl
      acronycinium perchlorate salt and the sodium salt of such preferred acid,
      it can be seen from the plot of the FIGURE of drawing of half-life vs.
      sodium gentisate concentration that the rate of hydrolysis of the
      acylacronycinium salt was greatly reduced. Mathematical analysis of the
      results dictates describing this system by two equilibria; one to one
      complex and one to two complex formation (one drug and two ligand), with
      the 1:1 complex and the free drug hydrolyzing with half-lives of 120 and
      23 minutes, respectively. The solid curve of the FIGURE of drawing
      illustrates the result of such model. Constants required for the t.sub.1/2
      calculations were as follows:
EQU  K.sub.1:1 = 4,081
EQU  k.sub.1:2 = 80,000
EQU  t.sub.1/2 Free Drug = 23 min.
EQU  t.sub.1/2  1:1 Complex = 119 min.
EQU  t.sub.1/2 1:2  Complex = .infin.
PAL  and the experimental conditions were:
EQU  .mu. = 1.0 M
EQU  t = 25.0.degree.c
PA1  followed at 520 nm.
EQU  pH = 6.5
PAR  in order to further illustrate the present invention and the advantages
      thereof, the following specific examples are given, it being understood
      that the same are intended only as illustrative and no wise limitative.
PAC  EXAMPLE 1
PAR  Preparation of Acetylacronycinium Perchlorate
PAR  Five grams of acronycine were dissolved in 175 mls of acetone. Four mls of
      concentrated (about 70%) perchloric acid was added slowly. The resulting
      precipitate, acronycinium perchlorate, was filtered off and dried. The
      yield was 6.5 g (99%).
PAR  One gram of the acronycinium perchlorate was added to 20 mls of acetic
      anhydride and heated at 100.degree.C. for 20 minutes. The reaction mixture
      was then cooled and filtered. The filtrate was added to 200 mls of
      anhydrous diethyl ether and the resulting solid which formed was separated
      by filtration and dried overnight in a vacuum desiccator at room
      temperature and a pressure of about 10 mm mercury. The solid obtained
      contained 80-90% of acetylacronycinium perchlorate and about 10-20% of
      unreacted acronycinium perchlorate. The sample melted at about 240.degree.
      C. with decomposition. The NMR and IR spectra were compatible with Formula
      I where R = acetyl. An elemental analysis was as follows:
     Element        Calculated    Found                                        
     ______________________________________                                    
     C              56.96         55.8                                         
     H              4.75          4.6                                          
     N              3.01          3.0                                          
     ______________________________________                                    
PAR  Solubility .perspectiveto. 25 mg/100 mls of water
PAL  Upon standing in aqueous solution, a precipitate formed which was
      characterized as acronycine by melting point, thin-layer chromatography,
      and UV spectra.
PAR  The solubility of the various acylacronycinium salts varied considerably,
      depending on (1) the nature of the acyl group and (2) the nature of the
      anion in the salt.
PAR  The hydrolysis of the acylacronycinium salts in aqueous solution was found
      to be first order and had a half-life of 20-25 minutes at 25.degree. C. It
      was also found that the rate of hydrolysis was virtually independent of
      the nature of R, A, ionic strength, and pH over the range of pH = 2-8. An
      increased rate of hydrolysis was observed at pH &gt; 8.
PAC  EXAMPLE 2
PAR  Stabilization of Acylacronycinium Salts in Aqueous Media
PAR  Use of suitable complexing agents in aqueous solutions of the
      acylacronycinium salts retarded the hydrolysis of such compounds. Some of
      the complexing agents used were the following: sodium gentisate, sodium
      gamma-resorcylate and sodium cinnamate. Table I reflects the effects of
      sodium gentisate concentration on the apparent rate of hydrolysis of
      acetylacronycinium perchlorate.
TBL                Table I                                                     
     ______________________________________                                    
     Apparent half-line of acetylacronycinium perchlorate                      
     (10.sup.-.sup.4 M) as a function of sodium gentisate concentration        
     in water at 25.degree. C. pH = 6.0.                                       
     Sodium Gentisate Concentration (M/l)                                      
                               t.sub.1/2 (min)                                 
     ______________________________________                                    
     0                          23                                             
     2.5 .times. 10.sup.-.sup.3                                                
                                93                                             
     5  .times. 10.sup.-.sup.3 108                                             
     1  .times. 10.sup.-.sup.2 125                                             
     2  .times. 10.sup.-.sup.2 156                                             
     4  .times. 10.sup.-.sup.2 207                                             
     6  .times. 10.sup.-.sup.2 260                                             
     8  .times. 10.sup.-.sup.2 295                                             
     0.1                       350                                             
     0.2                       578                                             
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Complexation of Acylacronycinium Salts
PAR  Based on the type of data shown in Table I, a suitably stable and useful
      formulation of the acylacronycinium salt for use in the preparation of
      pharmaceutical solutions was made. The approach used consisted of
      preparing a powder mixture of the acylacronycinium salt and the complexing
      agent in such proportions and amounts that upon addition of an aqueous
      solvent, the resulting solution was of a composition such that the
      hydrolysis of the acylacronycinium salt was greatly retarded.
PAR  Experimental: Twenty-five mg of acetylacronycinium perchlorate and 4.6 g of
      sodium gentisate were powdered, mixed and placed in a suitable vial and
      sealed. Just prior to use, 100 ml of water was added to the vial, and the
      solid material dissolved rapidly, yielding a solution which was about
      10.sup..sup.-3 M with respect to acetylacronycinium perchlorate and about
      0.2 Molar with respect to sodium gentisate. Under these conditions, the
      acetylacronycinium had an apparent hydrolytic half-life of about 9.5
      hours.
PAC  EXAMPLE 4
PAR  Preparation of Trifluoroacetylacronycinium Perchlorate
PAR  One gram of acronycinium perchlorate prepared as in Example 1 was refluxed
      with about 20 mls of trifluoroacetic anhydride. Very little reaction
      occurred. 10 mls of trifluoroacetic acid were then added to the reaction
      mixture and reaction occurred within a matter of a few minutes (flash
      heated with near boiling water). A greenish-brown solution was produced.
      The reaction mixture was next cooled and filtered. The filtrate was added
      to 100 mls of diethyl ether and copious, fluffy red purple precipitate was
      produced which was placed in a desiccator while still quite moist. Some
      hydrolysis occurred overnight. The sample reacted very quickly with water
      and methanol; there was little reaction with chloroform (until water was
      added).
PAC  EXAMPLE 5
PAR  Preparation of Propionylacronycinium Perchlorate
PAR  Duplicating the procedure outlined in Example 4, 500 mg of the acronycinium
      perchlorate were heated with 10 ml of propionic anhydride at 120.degree.C
      for 15 to 20 minutes. The reaction mixture was then cooled and filtered.
      The resultant propionylacronycinium perchlorate provided the following
      hydrolysis data:
TBL  In Phosphate Buffer:                                                      
     pH =                                                                      
         7.50                                                                  
             k =                                                               
                0.028 min.sup.-.sup.1                                          
                        t.sub.1/2 =                                            
                             24.4 min                                          
                                    r =                                        
                                       0.999                                   
                                            T = 25.degree.C                    
         7.60   0.047        14.6      0.999    25.degree.C                    
         7.60   0.046        14.9      0.999    25.degree.C                    
     With Gentisic Acid (0.05 M):                                              
     pH =                                                                      
         2.78                                                                  
             k =                                                               
                0.008 min.sup.-.sup.1                                          
                        t.sub.1/2 =                                            
                              86.4 min                                         
                                    r =                                        
                                       0.998                                   
                                            T = 25.degree.C                    
         2.70   0.0067       102.8     0.999    25.degree.C                    
PAC  EXAMPLE 6
PAR  Preparation of Pivalylacronycinium Perchlorate
PAR  Duplicating the procedure outlined in Example 4, 20 mg of the acronycinium
      perchlorate were heated with 0.5 ml of pivalylchloride in a sealed ampoule
      in a stirred oil bath, at 90.degree. C. The reaction was repeated with
      pivalyl anhydride. The pivalylacronycinium perchlorate resultant product
      was hydrolyzed in phosphate buffer at 25.degree. C. and the following data
      was generated:
TBL  r.sup.2 =                                                                 
           0.9984   k =    0.043 min.sup.-.sup.1                               
                                     t.sub.1/2 =                               
                                            16.06 min                          
           0.9990          0.0387           17.91                              
           0.9990          0.0289           23.98                              
PAC  EXAMPLE 7
PAR  Preparation of Isobutyrylacronycinium Perchlorate
PAR  Duplicating the procedure of Example 4, 500 mg of the acronycinium
      perchlorate were heated with 10 ml isobutyric anhydride in a test tube at
      130.degree.-135.degree. C. 10 further ml of isobutyric anhydride were
      added. The reaction was cooled, filtered and precipitated with diethyl
      ether. In phosphate buffer, at pH 6.33 and 24.degree. C., k = 0.02057
      min.sup..sup.-1, t.sub.1/2 = 33.7 min and r = 0.99967.
PAC  EXAMPLE 8
PAR  Preparation of Acetylacronycinium Sulfate
PAR  Acronycinium sulfate was prepared according to the procedure of Example 1,
      utilizing sulfuric acid, and 500 mg thereof were heated with 10 ml acetic
      anhydride over boiling water. The reaction mixture was cooled, filtered
      and 8 ml thereof were precipitated with diethyl ether. The following data
      of hydrolysis were generated:
TBL  In Phosphate Buffer (25.degree. C.):                                      
     t.sub.1/2 =                                                               
           19.3 min.  r.sup.2 =                                                
                              0.9997 k =  0.000600 sec.sup.-.sup.1             
           19.7               0.9995      0.000586                             
           21.5               0.9999      0.000538                             
     In Acetate Buffer (25.degree. C.):                                        
     t.sub.1/2 =                                                               
           26.5       r.sup.2 =                                                
                              0.9998 k =  0.000436 sec.sup.-.sup.1             
           27.3               0.9994      0.000423                             
PAC  EXAMPLE 9
PAR  Preparation of Acetylacronycinium Chloride
PAR  Acronycinium chloride was prepared according to the procedure of Example 1,
      utilizing hydrochloric acid, and 300 mg thereof were first heated to
      100.degree. C. and then were reacted with 5 ml acetic anhydride. The
      reaction was complete in less than one minute and the reaction mixture was
      cooled, filtered and one ml thereof was precipitated with diethyl ether.
      The precipitate was essentially red-purple in color. The following data of
      hydrolysis were generated:
TBL  In Methanol/Water (90/10):                                                
     pH =                                                                      
         1.28                                                                  
             k =                                                               
                0.000417 sec.sup.-.sup.1                                       
                         t.sub.1/2 =                                           
                              27.7 min                                         
                                    r.sup.2 =                                  
                                        0.9997                                 
         0.28   0.000413      28.0      0.9997                                 
PAC  EXAMPLE 10
PAR  Complexation of Acetate-Chloride
PAR  300 mg acetylacronycinium chloride were dissolved in 10 ml of ice cold
      water, shaken, and filtered into 20 ml of ice cold sodium gentisate (1 M),
      and into 20 ml of ice cold gentisic acid, respectively. The precipitates
      were filtered off, dried with a vacuum pump and stored in an evacuated
      desiccator. The precipitate was more abundant from the sodium gentisate
      solution.
PAC  EXAMPLE 11
PAR  Complexation of Acetate-Perchlorate
PAR  Acetylacronycinium perchlorate prepared as in Example 1 was complexed with
      gamma-resorcylic acid, cinnamic acid, p-hydroxycinnamic acid and
      3,4-dihydroxycinnamic acid, respectively, by duplicating the procedure of
      Example 10. t.sub.1/2 and kmin.sup..sup.-1 data for the respective
      samples, at pH 6.5, 25.degree. C. in 0.05 M phosphate buffer, were roughly
      comparable to those generated with the sodium gentisate complex.
PAR  The known broad spectrum antitumor activity of acronycine against a
      multiplicity of mouse neoplasms has also been demonstrated with respect to
      the acylacronycinium salts of the Formula I, as well as with respect to
      the stable, complex, formulations thereof. The methodology used for
      mammalian organism tumor testing of the pro-drug derivatives of this
      invention, including the stabilized complexed esters, and even the
      quaternized intermediates, per se, is described at Johnson et al., J.
      Cancer Res., 20, 1016 (1960), and essentially consists of subcutaneous
      trocar implantation of solid tumors in the axillary region and
      intraperitoneal inoculation of ascitic and leukemic cells with standard
      cell inocula. The three systems of choice for assaying the activity of the
      pro-drugs of this invention, including their complexation forms, are the
      C-1498 myelogenous leukemia, the X-5563 plasms cell myeloma, and AC-755.
      Treatment is usually initiated 24 hr. after implantation, exception being
      made in the case of the X-5563 myeloma, in which case treatment was
      initiated 3 days after transplantation.
PAR  When tested on mice against the adenocarcinoma 755, C-1498 leukemia, and
      the X-5563 myeloma, in the dosage range reported by Svoboda et al, J.
      Pharm. Sci., 55, supra, and utilizing the intraperitoneal, intravenous and
      subcutaneous routes of administration, a freshly prepared aqueous solution
      containing acetylacronycinium perchlorate (6 .times. 10.sup..sup.-4 M) and
      sodium gentisate (0.2 M) displayed not only that same significant activity
      therein defined and reported in Tables II, III, IV, V, VI, VII and X of
      Svoboda et al. by both the intraperitoneal and subcutaneous routes, but
      also substantially identically significant activity was even observed when
      the solution was administered intravenously. This in contradistinction to
      the "only minimum activity" observed by Svoboda et al. when the free base
      alkaloid was administered intravenously. For the testing, a regimen of a
      single dose per day of the acetylacronycinium perchlorate-sodium gentisate
      solution, for a period of 9-10 consecutive days, was employed.
PAR  Moreover, as each of the quaternary intermediates, the carbonyl acylated
      forms thereof of the Formula I, and the complexation products of such
      esters, all in accordance with this invention are true pro-drugs, namely,
      pharmaceutically acceptable derivatives which in vivo or in vitro revert
      to the parent molecule, in this instance the acronycine free base, each
      would be expected to and in fact does display the same antitumor activity
      reported by Svoboda et al. against the 12 of 17 experimental mouse
      neoplasms.
PAR  Thus, this invention provides various pharmaceutically acceptable pro-drug
      forms of acronycine which are significantly more soluble than the
      acronycine of commerce, which are significantly better absorbed than said
      acronycine, especially when formulated as a stabilized parenteral solution
      suitable for intravenous injection, which are significantly more
      bioavailable than said acronycine, and which open another avenue in the
      chemotherapeutic management of mammalian organism tumors and neoplasms.
PAR  While the invention has been described and illustrated with reference to
      certain preferred embodiments thereof, those skilled in the art will
      appreciate that various modifications, changes, omissions and
      substitutions can be made without departing from the spirit of the
      invention. It is intended, therefore, that the invention be limited only
      by the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acronycine compound of the formula:
      ##SPC5##
PAL  wherein R is straight or branched chain lower alkyl or halo alkyl having
      from 1 to 8 carbon atoms or phenyl or naphthyl, alkaryl or aralkyl wherein
      the aryl thereof is phenyl or naphthyl and the alkyl thereof is as above
      defined and A is a pharmaceutically acceptable anion of a strong
      quaternizing acid.
NUM  2.
PAR  2. The acronycine compound as defined by claim 1 wherein said anion of a
      strong quaternizing acid is selected from the group consisting of
      perchlorate, chloride, sulfate, phosphate, bromide and methanesulfonate.
NUM  3.
PAR  3. An intermolecular complex of (1) an acronycinium salt of the formula:
      ##SPC6##
PAL  wherein R is straight or branched chain lower alkyl or halo alkyl having
      from 1 to 8 carbon atoms or phenyl or naphthyl, alkaryl or aralkyl wherein
      the aryl thereof is phenyl or naphthyl and the alkyl thereof is as above
      defined and A is a pharmaceutically acceptable anion of a strong
      quaternizing acid, and (2) a complexing agent selected from the group
      consisting of gentisic acid, gamma-resorcylic acid, p-hydroxycinnamic
      acid, 2-furoic acid, m-hydroxycinnamic acid, 3,4-dimethylcinnamic acid,
      3-methyl gentisic acid and the pharmaceutically acceptable non-radioactive
      alkali metal salts thereof.
NUM  4.
PAR  4. The intermolecular complex as defined by claim 3 wherein said anion of a
      strong quaternizing acid is selected from the group consisting of
      perchlorate, chloride, sulfate, phosphate, bromide and methanesulfonate.
NUM  5.
PAR  5. The intermolecular complex as defined by claim 3, wherein said
      complexing agent is sodium gentisate.
NUM  6.
PAR  6. The intermolecular complex as defined by claim 3 consisting of
      acronycinium perchlorate-gamma-resorcyclic acid complex.
NUM  7.
PAR  7. The intermolecular complex as defined by claim 3 consisting of
      acronycinium chloride-cinnamic acid complex.
NUM  8.
PAR  8. The acronycine compound as defined by claim 1, wherein R is straight or
      branched chain lower alkyl or halo-lower alkyl having from 1 to 8 carbon
      atoms.
NUM  9.
PAR  9. The acronycine compound as defined by claim 8, wherein the ester group
      RCO.sub.2 is selected from the group consisting of acetate, propionate,
      isobutyrate, pivalate and trifluoroacetate.
NUM  10.
PAR  10. The complexation product as defined by claim 3, consisting of
      acetylacronycinium perchlorate-sodium gentisate.
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ABST
PAL  A process for uniformly drawing tows of poly(ethylene terephthalate) to
      produce high shrinkage fibres wherein the drawing is effected with the tow
      in a hot water saturated condition at a controlled birefringence,
      temperature and draw ratio. The product has initial shrinkages (as
      defined) of at least 5% and a high uniformity.
BSUM
PAR  This invention relates to the drawing of synthetic thermoplastic filaments
      and in particular to a process for drawing tows of synthetic filaments to
      produce a drawn product of high shrinkage.
PAR  In the manufacture of staple fibres from synthetic thermoplastic polymers
      in order that reasonably high productivity may be achieved large numbers,
      usually some hundreds, of filaments are produced by melt extrusion of the
      molten polymer through a multiorifice spinneret and the groups of
      filaments from a plurality of spinnerets are combined into a tow which is
      then subjected to a drawing operation to impart the desired physical
      properties to the filaments comprising the tow. Because of the combination
      of many thousands of filaments which have been produced under conditions
      which may vary somewhat it has hitherto been impossible to produce drawn
      tows of very high uniformity and accordingly some compromise has had to be
      accepted either in terms of the uniformity of the physical properties of
      the drawn filaments, or of the freedom to apply different processing
      conditions, as for example different draw ratios.
PAR  In our copending cognate patent application U.S. Ser. No. 184,842 filed
      Sept. 29, 1971, we have described a drawing process by means of which very
      much more uniform drawing of tows may be achieved even when the undrawn
      tow is highly non-uniform. Uniformity is achieved in this process by
      saturating the tow while supported on a plurality of feed rolls with hot
      water and adjusting the conditions so that drawing is completed before the
      tow leaves the support of the feed rolls and by this means high draw
      ratios may be applied even to non-uniform undrawn tows. The present
      process is an improvement in or modification of the aforementioned process
      wherein a low draw ratio may be applied to produce a highly uniform drawn
      tow comprising poly(ethylene terephthalate)filaments having a high
      shrinkage. Application of a draw ratio low enough to produce a product of
      high shrinkage has the effect of moving the zone within which drawing
      occurs downstream and at least partly off the feed rolls of a multi-roll
      drawing machine. This movement of the draw zone into a region where the
      drawing filaments are unsupported produces unstable drawing and results in
      a less uniformly drawn product. It is the purpose of the present invention
      to overcome these deficiencies when drawing occurs in an unsupported
      region as in the production of high shrinkage products.
PAR  According to the present invention we provide a process for uniformly
      drawing a tow of poly(ethylene terephthalate) filaments comprising passing
      a tow at least partly around the peripheries of a plurality of feed rolls
      in series and a plurality of draw rolls in series the latter rotating at a
      higher peripheral speed, characterised in that the tow in contact with at
      least some of the feed rolls is treated with an aqueous liquid at a
      temperature of 60.degree. - 80.degree.C, the filaments comprising the
      undrawn tow have an intrinsic viscosity of 0.3 to 0.75 and a mean
      birefringence of 2 .times. 10.sup.-.sup.3 to 9 .times. 10.sup.-.sup.3 and
      a draw ratio is applied such as to give drawn filaments having an initial
      shrinkage as hereinafter defined of at least 5%.
PAR  Initial shrinkage is defined as the shrinkage in water at 70.degree.C under
      a load of 0.011 grams per decitex. The final shrinkage hereinafter
      referred to is the further shrinkage in air at 180.degree.C under the same
      load, 0.011g/decitex. Final shrinkage may be positive or negative; that is
      to say it may be a shrinkage or an extension under the prescribed load at
      180.degree.C. Methods for determination of the shrinkages are described
      hereinafter. Intrinsic viscosity is measured in deciliters per gram at
      25.degree.C in solution in o-chlorophenol. Birefringence is measured in
      the usual way using a polarising microscope or similar device.
PAR  Poly(ethylene terephthalate) tows and staple fibres as normally produced
      have substantially zero initial shrinkage and a positive final shrinkage.
      Tows and fibres having a high initial shrinkage are required for blending
      with natural or synthetic fibres having little or no shrinkage to produce
      mixtures which in yarn or fabric form develop bulk and a highly desirable
      soft handle when treated so that the shrinkable fibres are caused to
      shrink. Hitherto such fibres of high initial shrinkage have been produced
      from special copolymers or by underdrawing poly (ethylene terephthalate)
      tows by applying very low draw ratios. The latter process is very
      difficult to operate successfully since drawing is unstable, the draw
      point not being stationary and inevitably substantial amounts of undrawn
      or variably drawn filaments are produced greatly reducing the
      reproducibility of the process and lowering the value and usefulness of
      the product.
PAR  It is a feature of the present invention that uniform drawing may be
      effected at the low draw ratios required to produce a high shrinkage
      product.
PAR  Bulk may be developed in blends containing shrinkable fibres in two general
      ways; either by application of the shrinkage treatment, usually heat in
      some form, to the blend yarn or to a fabric made from or including a blend
      yarn. For treatment of a yarn to produce shrinkage it is necessary to
      treat the yarn in a condition such that shrinkage can take place. For
      example shrinkage of a yarn may be effected during dyeing if the yarn is
      wound on partially collapsible carriers usually called springs. Shrinkage
      occurs during dyeing and some bulk is produced in the yarn the amount
      being dependant upon the restraints present. It is common practice to heat
      treat a fabric produced from the dyed bulky yarn at fixed dimensions to
      stabilise it. Such a further treatment may be effected on a stenter in
      which the fabric is passed under some lateral tension through an air oven.
      Under these conditions of heat and tension there will be a tendancy for
      some bulk to be pulled out or not developed especially if the shrinkage
      forces developed are high at the elevated stentering temperatures which
      are of the order of 180.degree.C for poly(ethylene terephthalate) fabrics.
      Accordingly it is desirable that tows and staple fibres for the production
      of fabrics in the foregoing way should have negative final shrinkage as
      hereinbefore defined and it is preferred that this final shrinkage should
      be at least -4%, that is to say an extension of at least 4% should occur
      in the test for final shrinkage as hereinafter described.
PAR  Thus according to a preferred form of this invention we provide a process
      for uniformly drawing a tow of poly(ethylene terephthalate) filaments
      having an intrinsic viscosity of 0.3 to 0.75 and a mean birefringence of 2
      .times. 10.sup.-.sup.3 to 9 .times. 10.sup.-.sup.3 comprising treating the
      tow in contact with at least some and preferably all of the feed rolls
      with an aqueous liquid at a temperature of 60.degree. - 80.degree.C and
      applying to the tow a maximum draw ratio (MDR) according to the equation;
EQU  MDR = A - B (IV) - C (Bi) - D (T) + E (IV)(Bi)
PAL  where T is the temperature of the water in .degree.C, IV is the intrinsic
      viscosity and Bi is the mean birefringence of the undrawn filaments
      multiplied by 10.sup.3 and A, B, C, D and E are numerical constants having
      the values 6.3 .+-. 0.1, 1.74, 0.281, 0.0244 and 0.310 respectively.
PAR  When all the bulk is to be developed in the fabric for example by treatment
      in steam or in water, rather than in the yarn it is preferred to use tows
      or staple fibres having a somewhat higher minimum initial shrinkage and in
      particular an initial shrinkage of at least 9% when treatment is with
      water at 70.degree.C because of the forces restricting shrinkage in the
      piece. The final shrinkage in this case should also be negative and at
      least 4%. To produce a tow having these properties by a process according
      to this invention a maximum draw ratio according to the following equation
      should be applied;
EQU  MDR = A - B (IV) - C (Bi) - D (T) + E (IV)(Bi)
PAL  where IV, Bi and T have the aforementioned meaning and the numerical
      constants A, B, C, D and E have the values 4.1 .+-. 0.1, 0.32, 0.148,
      0.0093 and 0.107 respectively.
PAR  According to a further feature of the present invention we provide uniform
      high shrinkage poly(ethylene terephthalate) filaments or staple fibres but
      therefrom having properties which make them particularly suitable
      producing bulky yarns and fabrics as hereinbefore described. Such
      filaments or fibres have an initial shrinkage of at least 5% and a
      uniformity corresponding to a coefficient of variation of decitex of less
      than 10% and an undrawn segment count of less than 10 per 10.sup.5
      filaments. For the production of bulk by thermal treatment of a yarn
      containing filaments of fibres according to this invention it is preferred
      that the filaments or fibres should have a positive final shrinkage. For
      the production of bulk by shrinkage treatment of a fabric containing
      filaments or fibres according to this invention it is preferred that the
      filaments or fibres should have an initial shrinkage of at least 9% and a
      negative final shrinkage of at least 4% that is to say an extension of at
      least 4% in the final shrinkage test at 180.degree.C.
PAR  The foregoing drawing conditions allow the production of high shrinkage
      tows of very high uniformity at high drawing speeds. The most preferred
      conditions of drawing are an aqueous liquid temperature of 65.degree. .+-.
      2.degree.C and a maximum draw ratio of 3.3:1 for material which is to be
      shrunk as yarn and 2.9:1 to 3.0:1 for material shrunk in fabric form, the
      intrinsic viscosity and mean birefringence of the undrawn filaments being
      0.485 and 4 .times. 10.sup.-.sup.3 respectively.
PAR  It is preferred to apply a resilient surfaced nip roll to a tow in contact
      with the first feed roll of the drawing apparatus to prevent any supply
      tension variations passing through the feed roll system to the draw zone.
PAR  It is also preferred that a minimum draw ratio of about 2:1 is used in a
      process according to this invention since below this value there is an
      enhanced possibility of non-uniform drawing occurring.
PAR  The aqueous liquid at an elevated temperature may be applied in a process
      according to this invention to all or only some of the feed rolls but if
      applied to only some of the rolls those to which it is applied should be
      successive rolls and should include the last roll. The liquid is
      preferably applied by means of sprays since by this means the necessary
      complete wetting and saturation of a tow and all the filaments comprising
      it may be easily obtained. The aqueous liquid may be water alone but a
      preferred alternative is a dilute aqueous solution or dispersion of a
      surface active, lubricating by other treating material which on subsequent
      drying of the tow will leave a residue of the material on the filaments
      comprising the tow to facilitate subsequent processing of the tow or
      staple fibres cut therefrom.
PAR  In a process according to this invention some improvement in properties of
      the drawn product in particular an increase in initial shrinkage, may be
      achieved by inserting a tow cooling means between the feed and draw rolls
      to cool the drawn filaments below the drawing temperature before they
      reach the draw rolls. A preferred such cooling means is a stream of cold
      water applied to the tow beyond the draw zone but as near to it as
      possible, preferably not more than 30 cm beyond it and before the first
      draw roll.
DETD
PAR  The following Examples illustrate the invention and the manner in which it
      may be performed. The measurements of initial and final shrinkage are made
      in the following way.
PAR  A 90 cm length of sub-tow of approximately 1200 - 2000 decitex is cut from
      the tow and the ends knotted to form a loop. The weight of the loop is
      determined as a measure of decitex and its length (L.sub.1) when loaded
      with a load of 0.11 grams per decitex is measured. The load is then
      removed the loop doubled and a load of 0.011 grams per decitex applied
      before immersing the doubled loop in water at 70.degree.C for 10 minutes
      after which the load is removed the loop unfolded and the length (L.sub.2)
      measured under the original load of 0.11 grams per decitex. The initial
      shrinkage is then calculated from the relationship
      ##EQU1##
PAR  The mean of 5 measurements on different specimens is taken as the initial
      shrinkage value.
PAR  For the measurement of final shrinkage the loop is again doubled replacing
      the load of 0.11 g/decitex with one of 0.011 g/decitex before the doubled
      loop is heated in an air oven at 180.degree.C for 10 min when the loop
      length (L.sub.3) is remeasured under the load of 0.11 g/decitex. The final
      shrinkage (or more usually extension) is then calculated from
      ##EQU2##
PAR  The presence or absence of undrawn segments in the filaments comprising a
      drawn tow is measured in the following way. A 30 cm. specimen of tow is
      prepared by folding on itself or by sub-division to produce a thickness of
      10.sup.5 filaments from which a cross section of fibres 3 mm. long is cut
      from the middle of the folded tow. The short fibres are then dyed with a
      suitable dye such as Dispersol fast scarlet B (Colour Index No. 11110) and
      the dyed fibres are distributed over a filter paper surface by suction.
      Undrawn segments appearing as darker specks are counted and expressed as
      the number per 10.sup.5 filaments in the 3 mm. cross-section. By this
      means very small amounts of undrawn fibre segments may be detected. In all
      these Examples a set of seven feed rolls and seven draw rolls is used to
      carry out the process with a hot aqueous solution of a
      lubricant/antistatic mixture supplied by a spray to each roll and a
      resilient nip roll applied to the first feed roll.
PAR  For measurement of the coefficient of variation of filament or fibre
      decitex a cross section of a sample of filaments or fibres containing at
      least about 100 fibres is made and the diameters of a random selection of
      50 of these is measured in 10 sub-groups of 5 fibres each using a suitable
      microscope or microprojector to produce a magnified image. The range of
      diameters measured in each group is determined and from this the mean
      range for the 10 sub-groups. The mean diameter for the 50 cross sections
      is also calculated and the coefficient of variation of decitex is then
      calculated from the relation
      ##EQU3##
PAC  EXAMPLE 1
PAR  Sixty-five sub tows each comprising 424 poly(ethylene terephthalate)
      filaments having a total decitex of 4900, an intrinsic viscosity of 0.485
      and a mean birefringence of 4.0 .times. 10.sup.-.sup.3 are combined into a
      tow and passed in a sinuous path around part of the periphery of each of
      the feed rolls. The portions of tow in contact with each roll are
      thoroughly saturated by continuous sprays of heated water containing 0.1%
      by weight of a lubricant dispersed therein and maintained by recirculation
      through heating means at a constant temperature of 70.degree.C. From the
      last feed roll the tow passes to a set of draw rolls rotating at a
      peripheral speed of 90 meters per minute which apply a draw ratio of
      2.8:1.
PAR  The drawn product has the following properties:
TBL  Initial shrinkage %    16.7                                               
     Final shrinkage %      -11                                                
     Tenacity g/decitex     2.8                                                
     Undrawn segments/10.sup.5 filaments                                       
                            1                                                  
     Coefficient of variation of                                               
       decitex %            5.7                                                
PAC  EXAMPLE 2
PAR  Sixty-five sub-tows each comprising 1000 poly(ethylene terephthalate)
      filaments having a total decitex of 3825, an intrinsic viscosity of 0.675
      and a mean birefringence of 7.0 .times. 10.sup.-.sup.3 are combined and
      drawn as in Example 1 using a lubricant dispersion temperature of
      65.degree.C, a draw ratio of 2.4:1 and a draw speed of 90 meters per
      minute.
PAR  The drawn product has the following properties;
TBL  Initial shrinkage %    33.0                                               
     Final shrinkage %      -23.8                                              
     Tenacity g/decitex     3.7                                                
     Undrawn segments/10.sup.5 filaments                                       
                            0                                                  
     Coefficient of variation                                                  
       of decitex %         7.2                                                
PAC  EXAMPLE 3
PAR  A tow comprising 65 subtows each having 424 poly(ethylene terephthalate)
      filaments and a total decitex of 4400, 0.4 intrinsic viscosity and 2.0
      .times. 10.sup.-.sup.3 mean birefringence is drawn as in Example 1 using a
      lubricant dispersion temperature of 75.degree.C, a draw ratio of 3.2:1 and
      a draw speed of 90 meters/minute.
PAR  The drawn product has the following properties:
TBL  Initial shrinkage %    8.2                                                
     Final shrinkage %      -5.0                                               
     Tenacity g/decitex     2.2                                                
     Undrawn segments/10.sup.5 filaments                                       
                            0                                                  
     Coefficient of variation                                                  
       of decitex %         6.3                                                
PAC  EXAMPLE 4
PAR  A tow comprising 310 sub-tows each having 504 poly(ethylene terephthalate)
      filaments and a total decitex of 4880, prepared from polymer of 0.485
      intrinsic viscosity pigmented grey with a mixture of white and black
      pigments is drawn using a draw ratio of 2.9:1 and sprays of an aqueous
      solution containing 3.5% by weight of a textile lubricant at a temperature
      of 65.degree. .+-. 2.degree.C and a drawing speed of 90 meters per minute.
      The sprays keep the tow on the feed rolls and for some distance downstream
      saturated with heated lubricant solution. Ten tonnes of drawn product are
      produced without interruption of the drawing process, the drawn product
      having the following properties;
TBL  Initial shrinkage %    12.2                                               
     Final shrinkage %      -8.0                                               
     Tenacity g/decitex     2.7                                                
     Undrawn segments/10.sup.5 filaments                                       
                            3                                                  
     Coefficient of variation                                                  
       of decitex %         7.1                                                
PAC  EXAMPLE 5
PAR  A tow comprising 65 sub-tows each having 504 poly(ethylene terephthalate)
      filaments and a total decitex of 4880, an intrinsic viscosity of 0.475 and
      a mean birefringence of 4.0 .times. 10.sup.-.sup.3 is drawn as in Example
      1 using a spray temperature of 65.degree.C a draw ratio of 2.9:1 and a
      drawing speed of 90 meters per minute. A quantity of the same tow is also
      drawn in the same way except that the drawn tow is cooled before it
      reaches the draw rolls by the application of streams of cold water to the
      tow downstream of the draw zone over a length of 130 cm.
PAR  The comparative properties of the drawn products with and without post draw
      cooling are:
TBL  No Cooling             With Cooling                                       
     ______________________________________                                    
     Initial shrinkage %                                                       
                        12.2      13.3                                         
     Final shrinkage %  -7.0      -6.8                                         
     Tenacity g/decitex 2.8       2.85                                         
     Undrawn segments/10.sup.5 filaments                                       
                        2         2                                            
     Coefficient of variation of                                               
       decitex %        6.2       6.3                                          
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for uniformly drawing a tow of poly(ethylene-terephthalate)
      filaments to form high shrinkage fibers comprising passing a tow at least
      partly around the peripheries of a plurality of feed rolls in series and a
      plurality of draw rolls in series the latter rotating at a higher
      peripheral speed, characterised in that the tow in contact with more than
      one of the feed rolls is sprayed with a saturating amount of aqueous
      liquid at a temperature of 60.degree. - 80.degree.C., the filaments
      comprising the undrawn tow have an intrinsic viscosity of 0.3 to 0.75 and
      a mean birefringence of 2 .times. 10.sup.-.sup.3 to 9 .times.
      10.sup.-.sup.3 and a draw ratio of 2.0:1 to 3.3:1 is applied such as to
      give drawn filaments having an initial shrinkage in 70.degree.C. water
      under a load of 0.011 grams per decitex of at least 5%.
NUM  2.
PAR  2. A process according to claim 1 wherein the draw ratio applied does not
      exceed A - B (IV) - C (Bi) - D (T) + E (IV) (Bi) where T is the
      temperature of the liquid in .degree.C, IV is the intrinsic viscosity and
      Bi is the mean birefringence of the undrawn filaments multiplied by
      10.sup.3 and A, B, C, D and E are numerical constants having the values
      6.3 .+-. 0.1, 1.74, 0.281, 0.0244 and 0.310 respectively.
NUM  3.
PAR  3. A process according to claim 1 wherein the draw ratio applied does not
      exceed A - B (IV) - C (Bi) - D (T) + E (IV) (Bi) where IV is the intrinsic
      viscosity, Bi is the mean birefringence of the undrawn filaments and T is
      the temperature of the liquid in .degree.C and the numerical constants A,
      B, C, D and E have the values 4.1 .+-. 0.1, 0.32, 0.148, 0.0093 and 0.107
      respectively.
NUM  4.
PAR  4. A process according to claim 1 wherein the aqueous liquid has a
      temperature in the range 63.degree. - 67.degree.C., the filaments
      comprising the undrawn tow have an intrinsic viscosity of 0.48 and a mean
      birefringence of 4 .times. 10.sup.-.sup.3 and a draw ratio in the range
      2.9:1 to 3.3:1 is applied.
NUM  5.
PAR  5. A process according to claim 1 wherein the draw ratio is not less than
      2.0:1.
NUM  6.
PAR  6. A process according to claim 1 wherein the aqueous liquid is water.
NUM  7.
PAR  7. A process according to claim 1 wherein the aqueous liquid is a dilute
      solution or dispersion of a surface active or lubricating material.
NUM  8.
PAR  8. A process according to claim 1 wherein cooling means is applied to the
      drawn tow before it reaches the draw rolls.
NUM  9.
PAR  9. A process according to claim 8 wherein the cooling means is a stream of
      cold water.
NUM  10.
PAR  10. The process of claim 1 wherein the aqueous liquid is applied to a
      plurality of feed rolls by spraying successive rolls including the last
      feed roll.
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ABST
PAL  A new process for producing triacetone-amine by reacting phoron and ammonia
      under pressure and higher temperature.
BSUM
PAR  The invention relates to a new process for the manufacture of
      triacetone-amine.
PAR  Various processes have been proposed for the manufacture of
      triacetone-amine. [E. G. Rozantsev, Pharm. Chem. J. 5. 42-46 (1971)]. All
      these methods suffer from the disadvantage of a long reaction time coupled
      with relatively low yield. Furthermore, the by-products to be found in the
      aqueous liquors present serious ecological problems in the case of all
      these processes.
PAR  For example, in the known process for the manufacture of triacetone-amine
      starting from phorone and ammonia solution, a yield of 68% is obtained for
      a reaction time of 1 to 2 days. At the same time a relatively large amount
      of aqueous ammonia solution is required. To isolate the triacetone-amine,
      it must be salted out and filtered off. In spite of salting out, the
      aqueous mother liquor always retains 1 to 2% of the very readily
      water-soluble triacetone-amine, which means an additional contamination of
      the effluent.
PAR  A new more economical process for the manufacture of triacetone-amine by
      reaction of phorone with an aqueous solution of ammonia has now been
      discovered, which is characterised in that the reaction is carried out at
      elevated temperature in an aqueous solution which is under gaseous ammonia
      at elevated pressure. This shortens the reaction time and increases the
      yield and it is furthermore possible to work with a substantially lower
      amount of water than in the case of the previously known processes. The
      reduced amount of water makes it possible to fill the reaction product
      directly into a container where it solidifies to a mass of crystals after
      cooling. As a result, the filtration required in the previously known
      processes, and the effluent problems associated therewith, are eliminated.
PAR  An even better yield is obtained according to the new process if the
      reaction is carried out in the presence of alkali metal hydroxide or
      alkaline earth metal hydroxide. For example, 1 to 6 mol%, preferably 3
      mol%, calculated relative to the phorone, can be added. Examples of alkali
      metal hydroxides which can be used are lithium hydroxide, sodium hydroxide
      or potassium hydroxide, and examples of alkaline earth metal hydroxides
      which can be used are magnesium hydroxide, calcium hydroxide, strontium
      hydroxide or barium hydroxide.
PAR  It is critical for the new process that the reaction is carried out at
      elevated temperature in a solution which is in contact with gaseous
      ammonia under excess pressure and that this excess pressure of the ammonia
      atmosphere is maintained during the reaction. The excess pressure should
      preferably be at least 0.2 bar and particularly preferentially 1 to 5 and
      1 to 3 bars. The elevated temperature is preferably 60.degree. to
      110.degree.C and particularly preferentially 90.degree. to 100.degree.C.
PAR  In a preferred embodiment of the new process, a small amount of water is
      used. In the preferred embodiment, the ratio of water to phorone should be
      at least 1:1 and should preferably be between 2:1 and 4:1. The
      triacetone-amine obtained is an intermediate product for the manufacture
      of light protection agents such as, for example, the light protection
      agents of French Patent No. 2,089,773 or of Belgian Patent No. 778,451.
      The invention is described in more detail in the examples which follow. In
      these, per cent (%) denote per cent by weight.
PAC  EXAMPLE 1
PAR  72 ml of 24% strength ammonia solution and 100 g of phorone are initially
      introduced into a 300 ml stainless steel autoclave at room temperature.
      The autoclave is sealed and brought, three times in succession, to 2 bars
      excess pressure with ammonia gas for a short period, whilst stirring, the
      pressure in each case again being released. Thereafter the temperature is
      raised over the course of 1 hour to 95.degree.C, starting at 1 bar excess
      pressure, whilst stirring well. During heating up, the ammonia pressure is
      allowed to rise to only 2 bars excess pressure by blowing off gas.
      Thereafter the reaction mixture is kept for approx. 4 hours at 95.degree.C
      and 2 bars excess pressure. During the first 2 hours the mixture takes up
      ammonia whilst during the next 2 hours ammonia is evolved. The contents of
      the autoclave are cooled to 60.degree.C and the liquid reaction mixture is
      run out. On cooling, it solidifies to a pale yellowish crystal mass of
      triacetone-amine hydrate.  160 g of crude product having a
      triacetone-amine content of 65% are obtained, corresponding to a
      theoretical yield of 93%.
PAC  EXAMPLE 2
PAR  30 g of water and 100 g of phorone are initially introduced at room
      temperature into a 300 ml stainless steel autoclave. The autoclave is
      sealed and is brought three times in succession to 2 bars excess pressure
      with ammonia gas for a short time, whilst stirring, the pressure being
      released in each case. Thereafter, the temperature is raised to
      95.degree.C over the course of 1 hour, whilst stirring well. During
      heating up, the ammonia pressure is allowed to rise to only 1.3 bars
      excess pressure, by blowing off gas. Thereafter the reaction mixture is
      kept for approx. 5 hours at 95.degree.C and 1.3 bars excess pressure.
      During the first 2.5 hours the mixture takes up ammonia and during the
      next 2.5 hours ammonia is evolved. The contents of the autoclave are
      cooled to 60.degree.C and the liquid reaction mixture is run out. On
      cooling, it solidifies to a pale yellowish crystal mass of 142 g of
      triacetone-amine hydrate with a triacetone-amine content of 72.5%, which
      corresponds to a theoretical yield of 92%.
PAC  EXAMPLE 3
PAR  72 ml of 24% strength ammonia solution, 100 g of phorone and 0.05 g of
      lithium hydroxide (= 0.002 mol), dissolved in 4 ml of water, are initially
      introduced at room temperature into a 300 ml stainless steel autoclave.
      The autoclave is sealed and brought three times in succession to 2 bars
      excess pressure with ammonia gas for a short time, whilst stirring, the
      pressure being released in each case. Thereafter, the temperature is
      raised to 95.degree.C over the course of 1 hour, starting at 1 bar excess
      pressure, whilst stirring well. During heating up, the ammonia pressure is
      allowed to rise to only 2 bars excess pressure, by blowing off gas.
      Thereafter the reaction mixture is kept at 95.degree.C and 2 bars excess
      pressure for approx. 4 hours. During the first 2 hours the mixture takes
      up ammonia and during the next 2 hours ammonia is evolved. The autoclave
      contents are cooled to 60.degree.C and the liquid reaction mixture is run
      out. On cooling, it solidifies to a pale yellowish crystal mass of
      triacetone-amine hydrate. 169 g of crude product having a triacetone-amine
      content of 65% are obtained, corresponding to a theoretical yield of 98%.
PAR  On replacing the 0.002 mol of lithium hydroxide used in this example by
      equimolar amounts of other alkali metal hydroxides or alkaline earth metal
      hydroxides, the following yields are obtained:
TBL  Alkali metal hydroxide                                                    
                    Amount      Yield of                                       
     or alkaline earth metal    triacetone-amine,                              
     hydroxide                  % of theory                                    
     ______________________________________                                    
     NaOH           0.002 mol   96%                                            
     Ca(OH).sub.2   0.002 mol   94%                                            
     Ba(OH).sub.2   0.002 mol   93%                                            
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Process for the manufacture of triacetone-amine by reaction of phorone
      with an equeous solution of ammonia, characterised in that the reaction is
      carried out under gaseous ammonia at not less than 0.2 bar excess pressure
      at 60.degree. to 110.degree.C and using a molar ratio of water to phorone
      of at least 1:1.
NUM  2.
PAR  2. Process according to claim 1, characterised in that the reaction is
      carried out under gaseous ammonia at 1 to 5 bars excess pressure.
NUM  3.
PAR  3. Process according to claim 1, characterised in that the reaction is
      carried out under gaseous ammonia at 1 to 3 bars excess pressure.
NUM  4.
PAR  4. Process according to claim 1, characterised in that the reaction is
      carried out at 90.degree. to 100.degree.C.
NUM  5.
PAR  5. Process according to claim 1, characterised in that the molar ratio of
      water to phorone is 2:1 to 4:1.
NUM  6.
PAR  6. Process according to claim 1, characterised in that the reaction is
      carried out in the presence of alkali metal hydroxide or alkaline earth
      metal hydroxide.
NUM  7.
PAR  7. Process according to claim 6, characterised in that the reaction is
      carried out in the presence of 1 to 6 mol% of alkali metal hydroxide or
      alkaline earth metal hydroxide calculated relative to the phorone.
NUM  8.
PAR  8. Process according to claim 7, characterised in that the reaction is
      carried out in the presence of 3 mol% of alkali metal hydroxide or
      alkaline earth metal hydroxide calculated relative to the phorone.
NUM  9.
PAR  9. Process according to claim 6, characterised in that lithium hydroxide is
      used as the alkali metal hydroxide.
NUM  10.
PAR  10. Process according to claim 6, characterised in that sodium hydroxide is
      used as the alkali metal hydroxide.
NUM  11.
PAR  11. Process according to claim 6, characterised in that calcium hydroxide
      is used as the alkaline earth metal hydroxide.
NUM  12.
PAR  12. Process according to claim 6, characterised in that barium hydroxide is
      used as the alkaline earth metal hydroxide.
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ABST
PAL  1,4-Dihydropyridines bearing carboxy functions in the 3-, 5- and 6- or 2-,
      3-, 5- and 6-positions and being substituted in the 4-position by phenyl,
      substituted phenyl, naphthyl, phenylalkyl or a heterocyclic group are
      antihypertensive agents and coronary vessel dilators. The compounds, of
      which 2-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic
      acid triethylester is a representative embodiment, are prepared through
      condensation of an enamine with an ylidene acid ester, the latter being
      separately prepared or prepared in situ.
PARN
PAR  This is a division of application Ser. No. 399,850 filed Sept. 24, 1973,
      now U.S. Pat. No. 3,905,983 granted Sept. 16, 1975.
BSUM
PAR  The present invention relates to certain new dihydropyridine-polyester
      compounds, to a process for their production, and to their medicinal use,
      especially as coronary agents.
PAR  It is already known that 1,4-dihydropyridines possess interesting
      pharmacological properties. F. Bossert and W. Vater, Die
      Naturwissenschaften (1971), 58th year, issue 11, 578.
PAR  This invention provides compounds which are dihydropyridine-polyesters of
      the following general formula and their salts:
      ##SPC1##
PAL  In which
PA1  R is a hydrogen atom or a linear or branched, saturated or unsaturated
      aliphatic radical;
PA1  R.sup.1 is hydrogen or a linear or branched alkyl radical or a --C.sub.n
      H.sub.2n COOR.sup.5 radical in which R.sup.5 is a hydrogen or alkyl
      radical and n is 0, 1, 2 or 3;
PA1  R.sup.2 and R.sup.3 are identical or different radicals consisting of a
      straight, branched or cyclic, saturated or unsaturated hydrocarbon chain
      optionally carrying 1 or 2 hydroxyl groups as substituents and optionally
      interrupted by 1 or 2  oxygen atoms in the chain;
PA1  R.sup.4 is a --C.sub.n H.sub.2n COOR.sup.5 radical in which R.sup.5 and n
      are as defined above; and
PA1  X is an aryl radical optionally carrying 1, 2 or 3 identical or different
      substituents selected from nitro, cyano, azido, alkyl, alkoxy, acyloxy,
      carbalkoxy, amino, acylamino, alkylamino, dialkylamino, --SO.sub.m alkyl
      where m =0, 1 or 2, phenyl, trifluoromethyl and halogen radicals, or a
      benzyl, styryl, cycloalkyl or cycloalkenyl radical, or a quinolyl,
      isoquinolyl, pyridyl, pyrimidyl, thenyl, furyl or pyrryl radical
      optionally carrying one or more substituents selected from alkyl, alkoxy,
      nitro and halogen radicals.
PAR  This invention also provides a process for the production of the new
      compounds defined above, in which:
PAR  A. AN ENAMINE OF THE GENERAL FORMULA:
      ##EQU1##
      is reacted with an ylidene derivative of the general formula:
      ##EQU2##
      or
PAR  B. AN ENAMINE OF THE GENERAL FORMULA:
      ##EQU3##
      is reacted with an ylidene derivative of the general formula:
      ##EQU4##
      or
PAR  C. A .beta.-KETOCARBOXYLIC ACID ESTER OF THE GENERAL FORMULA
EQU  R.sup.4 --CO--CH.sub.2 --COOR.sup.3                        VI.
PAL  is reacted with an enamine of the general formula:
      ##EQU5##
      and an aldehyde of the general formula:
EQU  X--CHO                                                     VII.
PAL  or
PAR  d. a .beta.-ketocarboxylic acid ester of the general formula:
EQU  R.sup.1 --CO--CH.sub.2 --COOR.sup.2                        VIII.
PAL  is reacted with an enamine of the general formula:
      ##EQU6##
      and an aldehyde of the general formula:
EQU  X--CHO                                                     VII.
PAL  or
PAR  e. for compounds in which R.sup.1 is identical to R.sup.4 and R.sup.2 is
      identical to R.sup.3, two molar parts of a .beta.-ketocarboxylic acid
      ester of the general formula:
EQU  R.sup.4 --CO--CH.sub.2 --COOR.sup.3                        VI.
PAL  are reacted with one molar part of an amine of the general formula:
EQU  H.sub.2 NR                                                 IX.
PAL  or a salt thereof, and with one part of an aldehyde of the general formula:
EQU  X--CHO                                                     VII.
PAR  the new free dihydropyridine polyesters of the general formula I and their
      salts can be interconverted in any suitable way; methods for such
      interconversion are known in the art.
PAR  The above five variations (a) to (e) of the process of the invention will
      hereinafter be referred to as Process Variants (a) to (e).
PAR  In Process Variant (a) the enamine of general formula II is preferably
      produced in a prior step by reacting a .beta.-ketocarboxylic acid ester of
      the general formula:
EQU  R.sup.1 --CO--CH.sub.2 --COOR.sup.2                        (VIII)
PAL  with an amine of the general formula:
EQU  H.sub.2 NR                                                 (IX)
PAL  or a salt thereof.
PAR  The enamine of general formula II can be isolated and optionally purified
      before being reacted with the ylidene derivative of general formula III,
      but is preferably reacted with the said ylidene derivative without
      intermediate isolation and, if desired, in situ.
PAR  In Process Variant (b) the enamine of general formula IV is preferably
      produced in a prior step by reacting a .beta.-ketocarboxylic acid ester of
      the general formula:
EQU  R.sup.4 --CO--CH.sub.2 --COOR.sup.3                        VI.
PAL  with an amine of the general formula:
EQU  H.sub.2 NR                                                 IX.
PAL  or a salt thereof.
PAR  The enamine of general formula IV can be isolated and optionally purified
      before being reacted with the ylidene derivative of general formula V, but
      is preferably reacted with the said ylidene derivative without
      intermediate isolation and, if desired, in situ.
PAR  In all the above general formulae II to IX, R, R.sup.1, R.sup.2, R.sup.3,
      R.sup.4 and X are as defined above. Preferred meanings for these symbols
      are given below.
PAR  Throughout the remainder of this Specification the expression "compounds of
      the invention" means both the dihydropyridine-polyesters of general
      formula I and their salts.
PAR  Surprisingly, the compounds according to the invention possess a very
      strong coronary action. They can easily be converted, by saponification,
      into the monocarboxylic acids or bicarboxylic acids, which are also active
      and are water-soluble in the form of salts, and because of their reactive
      ester or carboxyl groups they are also suitable for the preparation of
      further, pharmacologically interesting, preparations. The compounds
      according to the invention thus represent an enrichment of pharmacy.
PAR  a. If for example 3-methoxybenzylidene-acetonedicarboxylic acid dimethyl
      ester, acetoacetic acid methyl ester and methylamine (or
      methylaminocrotonic acid methyl ester (II)) are used as starting
      compounds, the course of the reaction for Process Variant (a) can be
      represented by the following equation:
      ##SPC2##
PAR  b. If for example 2-chlorobenzylidene-acetoacetic acid ethyl ester,
      acetonedicarboxylic acid diethyl ester and ammonia, or
      .beta.-iminoglutaric acid ethyl ester (IV) are used as starting compounds,
      the course of the reaction for Process Variant (b) can be represented by
      the following equation:
      ##SPC3##
PAR  c. If for example 4-ethylmercaptobenzaldehyde, oxalacetic acid diethyl
      ester and .beta.-aminocrotonic acid propyl ester are used as starting
      compounds, the course of the reaction Process Variant (c) can be
      represented by the following equation:
      ##SPC4##
PAR  d. If for example 3-cyanobenzaldehyde, iminosuccinic acid ethyl ester and
      oxalacetic acid methyl ester are used as starting compounds, the course of
      the reaction for Process Variant (d) can be represented by the following
      equation:
      ##SPC5##
PAR  e. If for example 3-nitrobenzaldehyde, 2 parts of acetodicarboxylic acid
      diethyl ester and ammonia are used, the course of the reaction for Process
      Variant (e) can be represented by the following equation:
      ##SPC6##
PAR  In the compounds of the invention, as represented by general formula I, and
      in the starting compounds of the process of the invention, as represented
      by the general formulae II to IX:
PA1  R preferably represents a hydrogen atom or an alkyl or alkenyl radical with
      up to 4 carbon atoms, especially with up to 3 carbon atoms;
PA1  R.sup.1 preferably represents a hydrogen atom or a straight-chain or
      branched alkyl radical with 1 to 4 carbon atoms (especially 1 to 2 carbon
      atoms) or a --(CH.sub.2).sub.n.CO.OR.sup.5 radical (in which R.sup.5
      represents a hydrogen atom or an alkyl radical with 1 to 4 carbon atoms
      and n represents 0, 1, 2 or 3);
PA1  R.sup.2 preferably represents a radical consisting of a saturated or
      ethylenically unsaturated aliphatic hydrocarbon chain with up to 6 carbon
      atoms, optionally carrying a hydroxyl group as substituent, and optionally
      interrupted by an oxygen atom in the chain;
PA1  R.sup.3 preferably represents a saturated or unsaturated hydrocarbon
      radical with up to 6 carbon atoms;
PA1  R.sup.4 preferably represents a --(CH.sub.2).sub.n.CO.OR.sup.5 radical (in
      which R.sup.5 represents a hydrogen atom or an alkyl radical with 1 to 4
      carbon atoms and n represents 0, 1, 2 or 3); and
PA1  X preferably represents a phenyl radical optionally carrying as
      substituents 1 to 2 nitro groups (especially 1 nitro group), a cyano
      group, an azido group, 1 or 2 trifluoromethyl  groups (especially 1
      trifluoromethyl group), an --SO.sub.n Alkyl group (in which n represents 0
      or 2 and "Alkyl" contains 1 to 4 carbon atoms), 1 or 2 alkyl groups, 1, 2
      or 3 alkoxy groups, 1 or 2 acetoxy groups, 1 or 2 amino groups, 1 or 2
      acetylamino groups, 1 or 2 alkylamino or dialkylamino groups (each with 1
      to 4, especially 1 or 2, carbon atoms in the alkyl or alkoxy groups) or
      one or more chlorine, bromine fluorine or phenyl radicals, the total
      number of these substituents being at most 3; or represents a pyridyl,
      pyrimidyl, naphthyl, quinolyl, isoquinolyl, thenyl, pyrryl, or furyl
      radical optionally carrying as substituent an alkyl or alkoxy group (each
      with 1 to 4 carbon atoms, especially with 1 or 2 carbon atoms), a nitro
      group or a halogen atom (especially chlorine or bromine); or represents a
      benzyl or styryl radical or a cycloalkyl or cycloalkenyl radical with 5 to
      6 carbon atoms.
PAR  A particularly preferred group are compounds of the formula:
      ##SPC7##
PAL  wherein
PA1  R is hydrogen, lower alkyl, lower alkenyl or lower alkynyl;
PA1  R.sup.1 is lower alkyl or
      ##EQU7##
      each of R.sup.2 and R.sup.3, taken independently of the other, is lower
      alkyl, hydroxy lower alkyl, lower alkoxy(lower alkyl), lower alkenyl or
      lower alkynyl;
PA1  R.sup.5 is hydrogen or lower alkyl; and
PA1  X is phenyl; substituted phenyl in which the substituents are one to three
      members selected from the group consisting of lower alkyl, lower alkoxy,
      halogeno, nitro, cyano, trifluoromethyl, azido, carbo(lower alkoxy), lower
      alkanoyl, lower alkylsufonyl, lower alkylsulfinyl, lower alkylthio and
      phenyl; naphthyl; phenyl (lower alkyl); or a heterocyclic ring selected
      from the group consisting of quinolyl, isoquinolyl, pyridyl, thenyl, furyl
      and pyrryl, said heterocyclic ring being unsubstituted or substituted by
      one or two members selected from the group consisting of lower alkyl,
      lower alkoxy and halogeno; and
PA1  n has a value of 0 to 5;
PAL  and the pharmaceutically acceptable salts thereof with bases.
PAR  Among the new dihydropyridine-polyester salts of the invention, those salts
      that are pharmaceutically acceptable are especially important and are
      preferred.
PAR  The .beta.-ketocarboxylic acid esters of general formula VIII which can be
      used as starting compounds in the process according to the invention are
      known or can be produced by known processes (Pohl, Schmidt, U.S. Pat. No.
      2,351,366).
PAR  As examples of such esters there may be mentioned:
PAL  formylacetic acid ethyl ester,
PAL  formylacetic acid butyl ester,
PAL  acetoacetic acid methyl ester,
PAL  acetoacetic acid ethyl ester,
PAL  acetoacetic acid propyl ester,
PAL  acetoacetic acid isopropyl ester,
PAL  acetoacetic acid butyl ester,
PAL  acetoacetic acid t-butyl ester,
PAL  acetoacetic acid (.alpha.- and .beta.-)-hydroxyethyl esters,
PAL  acetoacetic acid (.alpha.- and .beta.-)-methoxyethyl esters,
PAL  acetoacetic acid (.alpha.- and .beta.-)-ethoxyethyl esters,
PAL  acetoacetic acid (.alpha.- and .beta.-)-n-propoxyethyl esters,
PAL  acetoacetic acid allyl ester,
PAL  acetoacetic acid propargyl ester,
PAL  acetoacetic acid cyclohexyl ester,
PAL  propionylacetic acid ethyl ester,
PAL  butyrylacetic acid ethyl ester
PAL  isobutyrylacetic acid ethyl ester
PAL  oxalacetic acid dimethyl ester,
PAL  oxalacetic acid diethyl ester,
PAL  oxalacetic acid isopropyl ester,
PAL  acetonedicarboxylic acid dimethyl ester,
PAL  acetonedicarboxylic acid diethyl ester,
PAL  acetonedicarboxylic acid dibutyl ester and
PAL  .beta.-keto-adipic acid diethyl ester.
PAR  The amines of general formula IX which can be used as starting compounds
      according to the invention are already known.
PAR  As examples there may be mentioned: ammonia, methylamine, ethylamine,
      propylamine, butylamine, isopropylamine, isobutylamine and allylamine.
PAR  The enamine-.beta.-ketocarbonyl compounds of general formula II which can
      be used as starting compounds according to the invention are known or can
      be produced by known methods from the corresponding .beta.-diketo
      compounds (A. C. Cope, J.A.C.S. 67, 1,017 (1945).
PAR  As examples of these compounds there may be mentioned:
PAL  .beta.-aminocrotonic acid methyl ester,
PAL  .beta.-aminocrotonic acid ethyl ester,
PAL  .beta.-aminocrotonic acid isopropyl ester,
PAL  .beta.-aminocrotonic acid butyl ester,
PAL  .beta.-aminocrotonic acid (.alpha.- and .beta.-)-methoxyethyl esters,
PAL  .beta.-aminocrotonic acid .beta.-ethoxyethyl ester,
PAL  .beta.-aminocrotonic acid .beta.-propoxyethyl ester,
PAL  .beta.-aminocrotonic acid t-butyl ester,
PAL  .beta.-aminocrotonic acid cyclohexyl ester,
PAL  .beta.-amino-.beta.-ethylacrylic acid ethyl ester,
PAL  iminosuccinic acid dimethyl ester,
PAL  iminosuccinic acid diethyl ester,
PAL  iminosuccinic acid dipropyl ester,
PAL  iminosuccinic acid dibutyl ester,
PAL  .beta.-iminoglutaric acid dimethyl ester,
PAL  .beta.-iminoglutaric acid diethyl ester,
PAL  .beta.-iminoadipic acid dimethyl ester,
PAL  .beta.-iminoadipic acid diisopropyl ester,
PAL  .beta.-methyl-aminocrotonic acid methyl ester,
PAL  .beta.-ethylaminocrotonic acid ethyl ester and
PAL  .beta.-methyliminoglutaric acid diethyl ester.
PAR  The ylidene-.beta.-ketocarboxylic acid esters of general formula III which
      can be used as starting compounds according to the invention either are
      known or can be produced by known methods (Org. Reactions XV, 204 et seq.,
      (1967)).
PAR  As examples of these esters there may be mentioned:
PAL  benzylideneoxalacetic acid dimethyl ester,
PAL  2-nitrobenzylideneoxalacetic acid diethyl ester,
PAL  3-nitrobenzylideneoxalacetic acid diethyl ester,
PAL  2-cyanobenzylideneoxalacetic acid dipropyl ester,
PAL  3,4-dihydroxymethylbenzylideneoxalacetic acid dimethyl ester,
PAL  3,4,5-trimethoxybenzylideneoxalacetic acid diisopropyl ester,
PAL  2-methylmercaptobenzylideneoxalacetic acid dipropyl ester,
PAL  2-trifluoromethylbenzylideneoxalacetic acid diethyl ester,
PAL  3-trifluoromethylbenzylideneoxaldiacetic acid dimethyl ester,
PAL  2-chlorobenzylideneoxalacetic acid propyl ester,
PAL  3-chlorobenzylideneoxalacetic acid dibutyl ester,
PAL  3-ethoxybenzylideneoxalacetic acid methyl ester,
PAL  3-azidobenzylideneoxalacetic acid ethyl ester,
PAL  4-carboxyethylbenzylideneoxalacetic acid dimethyl ester,
PAL  2-furylmethylideneoxalacetic acid diethyl ester,
PAL  4-nitrobenzylidene-.beta.-ketoglutaric acid dimethyl ester and
PAL  4-methoxybenzylidene-.beta.-ketoglutaric acid diethyl ester.
PAR  The .beta.-ketocarboxylic acid esters of general formula VI and the
      enamino-.beta.-ketocarboxylic acid esters of general formula IV which can
      be used as starting compounds according to the invention, are already
      known or can, as mentioned in the case of the compounds of the general
      formulae VIII and II respectively, be manufactured according to known
      processes.
PAR  As examples there may be mentioned .beta.-Dicarbonyl compounds of general
      formula VI:
PAL  Oxalacetic acid dimethyl ester,
PAL  oxalacetic acid diethyl ester,
PAL  oxalacetic acid isopropyl ester,
PAL  acetonedicarboxylic acid dimethyl ester,
PAL  acetonedicarboxylic acid diethyl ester,
PAL  acetonedicarboxylic acid dibutyl ester and
PAL  .beta.-ketoadipic acid diethyl ester.
PAR  Imino-dicarboxylic acid diesters of general formula IV:
PAL  Iminosuccinic acid dimethyl ester,
PAL  iminosuccinic acid diethyl ester,
PAL  iminosuccinic acid dipropyl ester,
PAL  iminosuccinic acid dibutyl ester,
PAL  .beta.-iminoglutaric acid dimethyl ester,
PAL  .beta.-iminoglutaric acid diethyl ester,
PAL  .beta.-iminoadipic acid dimethyl ester,
PAL  .beta.-iminoadipic acid diisopropyl ester
PAL  methyliminosuccinic acid diisopropyl ester,
PAL  ethyliminosuccinic acid diethyl ester and
PAL  .beta.-isopropyliminoglutaric acid dipropyl ester.
PAR  The ylidene-.beta.-ketocarboxylic acid esters of general formula V which
      can be used according to the invention either are known or can, as
      mentioned for compounds of the general formula III, be produced by known
      methods.
PAR  As examples of such ylidene-.beta.-ketocarboxylic acid esters there may be
      mentioned:
PAL  Benzylideneacetoacetic acid methyl ester,
PAL  2'-nitrobenzylideneacetoacetic acid methyl ester,
PAL  3'-nitrobenzylideneacetoacetic acid propargyl ester,
PAL  3'-nitrobenzylideneacetoacetic acid allyl ester,
PAL  3'-nitrobenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PAL  3'-nitrobenzylideneactoacetic acid .beta.-ethoxyethyl ester,
PAL  3'-nitrobenzylideneacetoacetic acid isopropyl ester,
PAL  4'-nitrobenzylideneacetoacetic acid n-propyl ester,
PAL  3'-nitro-6'-chlorobenzylideneacetoacetic acid methyl ester,
PAL  2'-cyanobenzylideneacetoacetic acid methyl ester,
PAL  2'-cyanobenzylideneacetoacetic acid ethyl ester,
PAL  2'-cyanobenzylidenepropionylacetic acid ethyl ester,
PAL  3'-cyanobenzylideneacetoacetic acid methyl ester,
PAL  3'-nitro-4'-chlorobenzylideneacetoacetic acid t-butyl ester,
PAL  3'-nitro-4'-chlorobenzylideneacetoacetic acid methyl ester,
PAL  2'-nitro-4'-methoxybenzylideneacetoacetic acid methyl ester,
PAL  2'-cyano-4'-methylbenzylideneacetoacetic acid ethyl ester,
PAL  2'-azidobenzylideneacetoacetic acid ethyl ester,
PAL  2'-methylmercaptobenzylideneacetoacetic acid methyl ester,
PAL  2'-methylmercaptobenzylideneacetoacetic acid isopropyl ester,
PAL  2'-sulphinylmethylbenzylideneacetoacetic acid ethyl ester,
PAL  2'-sulphonylmethylacetoacetic acid allyl ester,
PAL  4-sulphonylmethylacetoacetic acid ethyl ester,
PAL  (1'-naphthylidene)-acetoacetic acid methyl ester,
PAL  (1'-naphthylidene)-acetoacetic acid ethyl ester,
PAL  (2'-naphthylidene)-acetoacetic acid ethyl ester,
PAL  (2'-ethoxy-1'-naphthylidene)-acetoacetic acid methyl ester,
PAL  (2'-methoxy-1'-naphthylidene)-acetoacetic acid ethyl ester,
PAL  5'-bromo-(1'-naphthylidene)-acetoacetic acid methyl ester,
PAL  (2'-quinolyl)-methylideneacetoacetic acid ethyl ester,
PAL  (3'-quinolyl)-methylideneacetoacetic acid methyl ester,
PAL  (4'-quinolyl)-methylideneacetoacetic acid ethyl ester,
PAL  (8'-quinolyl)-methylideneacetoacetic acid ethyl ester,
PAL  (1'-isoquinolyl)-methylideneacetoacetic acid methyl ester,
PAL  (3'-isoquinolyl)-methylideneacetoacetic acid methyl ester,
PAL  .alpha.-pyridylmethylideneacetoacetic acid methyl ester,
PAL  .alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PAL  .alpha.-pyridylmethylideneacetoacetic acid allyl ester,
PAL  .alpha.-pyridylmethylideneacetoacetic acid cyclohexyl ester,
PAL  .beta.-pyridylmethylideneacetoacetic acid .beta.-methoxyethyl ester,
PAL  .gamma.-pyridylmethylideneacetoacetic acid methyl ester,
PAL  6-methyl-.alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PAL  4',6'-dimethoxy-(5'-pyrimidyl)-methylideneacetoacetic acid ethyl ester,
PAL  (2'-ethyl)-methylideneacetoacetic acid ethyl ester,
PAL  (2'-furyl)-methylideneacetoacetic acid allyl ester,
PAL  (2'-pyrryl)-methylideneacetic acid methyl ester,
PAL  3'-nitrobenzylidenepropionylacetic acid ethyl ester,
PAL  .alpha.-pyridylmethylidenepropionylacetic acid methyl ester,
PAL  2'-, 3'- and 4'-methoxybenzylideneacetoacetic acid ethyl esters,
PAL  2'-methoxybenzylideneacetoacetic acid allyl ester,
PAL  2'-methoxybenzylideneacetoacetic acid propargyl ester,
PAL  2'-methoxybenzylidene-.beta.-methoxyethyl ester,
PAL  2'-isopropoxybenzylideneacetoacetic acid ethyl ester,
PAL  3'-butoxybenzylideneacetoacetic acid methyl ester,
PAL  3',4',5'-trimethoxybenzylideneacetoacetic acid allyl ester,
PAL  2'-methylbenzylidenepropionylacetic acid methyl ester,
PAL  2'-, 3'- and 4'-methylbenzylideneacetoacetic acid ethyl esters,
PAL  2'-methylbenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PAL  2'-methylbenzylideneacetoacetic acid .beta.-propoxyethyl ester,
PAL  3',4'-dimethoxy-5'-bromobenzylideneacetoacetic acid ethyl ester,
PAL  2'-, 3'- and 4'-chloro/bromo/fluorobenzylideneacetoacetic acid ethyl
      esters,
PAL  2'-fluorobenzylideneacetoacetic acid methyl ester,
PAL  3'-chlorobenzylidenepropionylacetic acid ethyl ester,
PAL  3'-chlorobenzylideneacetoacetic acid ethyl ester,
PAL  2'-chlorobenzylideneacetoacetic acid allyl ester,
PAL  2'-, 3' - and 4'-trifluoromethylbenzylideneacetoacetic acid propyl ester,
PAL  2'-trifluoromethylbenzylideneacetoacetic acid isopropyl ester,
PAL  3'-trifluoromethylbenzylideneacetoacetic acid methyl ester,
PAL  2'-carboethoxybenzylideneacetoacetic acid ethyl ester,
PAL  3'-carboxymethylbenuylideneacetoacetic acid methyl ester,
PAL  4-carboxyisopropylbenzylideneacetoacetic acid isopropyl ester
PAL  and
PAL  4'-carboxymethylbenzylideneacetoacetic acid allyl ester.
PAR  The aldehydes of general formula VII which can be used according to the
      invention either are already known or can be produced by known methods (E.
      Mosettig, Org. Reactions, VIII, 218 et seq., (1954)).
PAR  As examples of these aldehydes there may be mentioned:
PAL  Benzaldehyde,
PAL  2-, 3- and 4-methoxybenzaldehyde,
PAL  2-isopropoxybenzaldehyde,
PAL  3-butoxybenzaldehyde,
PAL  3,4-dihydroxymethylenebenzaldehyde,
PAL  3,4,5-trimethoxybenzaldehyde,
PAL  2-, 3- and 4-chlore/bromo/fluorobenzaldehyde,
PAL  2,4- and 2,6-dichlorobenzaldehyde,
PAL  2,4-dimethylbenzaldehyde,
PAL  3,5-diisopropyl-4-methoxybenzaldehyde,
PAL  2-, 3- and 4-nitrobenzaldehydes,
PAL  2,4- and 2,6-dinitrobenzaldehydes,
PAL  2-nitro-6-bromobenzaldehyde,
PAL  2-nitro-3-methoxy-6-chlorobenzaldehyde,
PAL  2-nitro-4-chlorobenzaldehyde,
PAL  2-nitro-4-methoxybenzaldehyde,
PAL  2-, 3- and 4-trifluoromethylbenzaldehydes,
PAL  2-, 3- and 4-dimethylaminobenzaldehydes,
PAL  4-dibutylaminobenzaldehyde,
PAL  4-acetoaminobenzaldehyde,
PAL  2-, 3- and 4-cyanobenzaldehydes,
PAL  2-nitro-4-cyanobenzaldehyde,
PAL  3-chloro-4-cyanobenzaldehyde,
PAL  2-, 3- and 4-methylmercaptobenzaldehydes,
PAL  2-methylmercapto-5-nitrobenzaldehyde,
PAL  2-butylmercaptobenzaldehyde,
PAL  2-, 3- and 4-methylsulphinylbenzaldehydes,
PAL  2-, 3- and 4-methylsulphonylbenzaldehydes,
PAL  benzaldehyde-2-carboxylic acid ethyl ester,
PAL  benzaldehyde-3-carboxylic acid isopropyl ester,
PAL  benzaldehyde-4-carboxylic acid butyl ester,
PAL  3-nitrobenzaldehyde-4-carboxylic acid ethyl ester,
PAL  cinnamaldehyde,
PAL  hydrocinnamaldehyde,
PAL  formylcyclohexane,
PAL  1-formylcyclohex-3-ene,
PAL  1-formylcyclohex-1,3-ine,
PAL  1-formylcyclopent-3-ene,
PAL  .alpha.-, .beta.- and .gamma.-pyridinaldehydes,
PAL  6-methylpyridin-2-aldehyde,
PAL  furan-2-aldehyde,
PAL  thiophen-2-aldehyde,
PAL  pyrrol-2-aldehyde,
PAL  2-, 3- and 4-azido-benzaldehydes,
PAL  pyrimidin-4-aldehyde,
PAL  5-nitro-6-methylpyridin-2-aldehyde,
PAL  1- and 2-naphthaldehydes,
PAL  5-bromo-1-naphthaldehyde,
PAL  quinolin-2-aldehyde,
PAL  7-methoxy-quinolin-4-aldehyde and
PAL  iso-quinolin-1-aldehyde.
PAR  Possible diluents are water and (in principle) all inert organic solvents.
      Preferred organic solvents include alcohols (such as ethanol, methanol and
      isopropanol), ethers (such as dioxane and diethyl ether), glacial acetic
      acid, dimethylformamide, dimethylsulphoxide, acetonitrile and pyridine.
PAR  The reaction temperatures can be varied over a substantial range. In
      general, the reaction is carried out between 20.degree. and 150.degree.C,
      preferably at the boiling point of the diluent.
PAR  The reaction can be carried out under normal pressure but also under
      elevated pressure. In general, normal pressure is used.
PAR  In carrying out the process according to the invention, the compounds
      participating in the reaction are generally each employed in approximately
      molar amounts, except for the amine or its salt, which is appropriately
      added in an excess of 1 to 2 mols.
PAR  The 1,4-dihydropyridine-monocarboxylic acids or -dicarboxylic acids (for
      example R.sup.5 = H) can be obtained by alkaline or acid hydrolysis of the
      corresponding esters.
PAR  Additionally to the compounds described in the Preparative Examples, the
      following may be mentioned individually as new active compounds of the
      invention:
PAR  1,2-dimethyl-4-(3'-methoxyphenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic
      acid tripropyl ester;
PAR  1-methyl-2-ethyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5,6-tricarboxyli
     c acid 3-.beta.-ethoxyethyl ester-5,6-dimethyl ester;
PAR  1-propyl-4-(2'-nitro-5-thenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid tetraethyl ester;
PAR  2-propyl-4-(4-pyrimidyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      3-isopropyl ester-5,6-dimethyl ester;
PAR  4-styryl-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid tetrapropyl
      ester;
PAR  2-isopropyl-4-(4'-quinolyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triisopropyl ester;
PAR  4-(2'-bromo-5-furyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetrabutyl ester;
PAR  2-ethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      3-ethyl ester-5,6-dimethyl ester;
PAR  4-(naphthyl-1')-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-diacetic acid diethyl ester;
PAR  4-(3'-nitro-6'-chlorophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid tetramethyl ester;
PAR  2-methyl-4-(3'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester-6-acetic acid ethyl ester;
PAR  1-methyl-4-(3'-cyanophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid tetramethyl ester;
PAR  4-(3',4',5'-trimethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-2,6-diacetic acid diethyl ester;
PAR  4-(3'-nitrophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetrapropargyl ester;
PAR  4-(3'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid dimethyl
      ester-2,6-diacetic acid dimethyl ester; and
PAR  2-methyl-4-(2'-nitro-5'-trifluoromethyl)-1,4-dihydropyridine-3,5,6-tricarbo
     xylic acid 3-isopropyl ester-5,6-diethyl ester.
PAR  The new compounds can be used as drugs, especially to influence the
      circulation; those that are free acids form readily water-soluble salts
      with bases and then do not require a solubilising agent.
PAR  The compounds according to the invention have a broad and diverse
      pharmacological action spectrum.
PAR  In detail, the following main actions were demonstrable in animal
      experiments:
PAR  1. On parenteral, oral and perlingual administration the compounds produce
      a distinct and long-lasting dilation of the coronary vessels. This action
      on the coronary vessels is intensified by a simultaneous nitrite-like
      effect of reducing the load on the heart. The compounds of the invention
      influence or modify the heart metabolism in the sense of an energy saving.
PAR  2. The compounds of the invention lower the blood pressure or normotonic
      and hypertonic animals and can thus be used as anti-hypertensive agents.
PAR  3. The excitability of the stimulus formation and excitation conduction
      system within the heart is lowered, so that an antifibrillation action
      demonstrable at therapeutic doses results.
PAR  4. The tone of the smooth muscle of the vessels is greatly reduced under
      the action of the compounds of the invention. This vascular-spasmolytic
      action can take place in the entire vascular system or can manifest itself
      more or less isolated in circumscribed vascular regions (such as, for
      example, the central nervous system).
PAR  5. The compounds of the invention have strongly muscular-spasmolytic
      actions which manifest themselves on the smooth muscle of the stomach, the
      intestinal tract, the urogenital tract and the respiratory system.
PAR  6. The compounds of the invention influence the cholesterol level and lipid
      level of the blood.
PAR  As stated above, the invention also relates to the use in human and
      veterinary medicine of the compounds of the invention.
PAR  The present invention provides a pharmaceutical composition containing as
      active ingredient a compound of the invention in admixture with a solid or
      liquefied gaseous diluent, or in admixture with a liquid diluent other
      than a solvent of a molecular weight less than 200 (preferably less than
      350) except in the presence of a surface active agent.
PAR  The invention further provides a pharmaceutical composition containing as
      active ingredient a compound of the invention in the form of a sterile or
      isotonic aqueous solution.
PAR  The invention also provides a medicament in dosage unit form comprising a
      compound of the invention either alone or in admixture with a diluent.
PAR  The invention also provides a medicament in the form of tablets (including
      lozenges and granules), dragees, capsules, pills, ampoules or
      suppositories comprising a compound of the invention either alone or in
      admixture with the diluent.
PAR  "Medicament" as used in this Specification means physically discrete
      coherent portions suitable for medical administration. "Medicament in
      dosage unit form" as used in this Specification means physically discrete
      coherent portions suitable for medical administration each containing a
      daily dose or a multiple (up to four times) or sub-multiple (down to a
      fortieth) of a daily dose of the compound of the invention. Whether the
      medicament contains a daily dose or, for example, a half, a third, or a
      quarter of a daily dose will depend on whether the medicament is to be
      administered once or, for example, twice, three times or four times a day
      respectively.
PAR  The pharmaceutical compositions according to the invention may, for
      example, take the form of ointments, gels, pastes, creams, sprays
      (including aerosols), lotions, suspensions, solutions and emulsions of the
      active ingredient in aqueous or non-aqueous diluents, syrups, granules or
      powders.
PAR  The diluents to be used in pharmaceutical compositions (e.g. granulates)
      adapted to be formed into tablets, dragees, capsules and pills include the
      following:
PAR  (a) fillers and extenders, e.g. starch, sugars, mannitol, and silicic acid;
      (b) binding agents, e.g. carboxymethyl cellulose and other cellulose
      derivatives, alginates, gelatine and polyvinyl pyrrolidone; (c)
      moisturizing agents, e.g. glycerol; (d) disintegrating agents, e.g.
      agar-agar, calcium carbonate and sodium bicarbonate; (e) agents for
      retarding dissolution e.g. paraffin; (f) resorption accelerators, e.g.
      quaternary ammonium compounds; (g) surface active agents, e.g. cetyl
      alcohol, glycerol monostearate; (h) adsorptive carriers, e.g. kaolin and
      bentonite; (i) lubricants, e.g. talc, calcium and magnesium stearate and
      solid polyethylene glycols.
PAR  The tablets, dragees, capsules and pills formed from the pharmaceutical
      compositions of the invention can have the customary coatings, envelopes
      and protective matrices, which may contain opacifiers. They can be so
      constituted that they release the active ingredient only or preferably in
      a particular part of the intestinal tract, possibly over a period of time.
      The coatings, envelopes and protective matrices may be made, for example,
      of polymeric substances or waxes.
PAR  The ingredient can also be made up in microencapsulated form together with
      one or several of the above-mentioned diluents.
PAR  The diluents to be used in pharmaceutical compositions adapted to be formed
      into suppositories can, for example, be the usual water-soluble or
      water-insoluble diluents, such as polyethylene glycols and fats (e.g.
      cocoa oil and high esters [e.g. C.sub.14 -alcohol with C.sub.16 -fatty
      acid]) or mixtures of these diluents.
PAR  The pharmaceutical compositions which are ointments, pastes, creams and
      gels can, for example, contain the usual diluents, e.g. animal and
      vegetable fats, waxes, paraffins, starch, tragacanth, cellulose
      derivatives, polyethylene glycols, silicones, bentonites, silicic acid,
      talc and zinc oxide or mixtures of these substances.
PAR  The pharmaceutical compositions which are powders and sprays can, for
      example, contain the usual diluents, e.g. lactose, talc, silicic acid,
      aluminium hydroxide, calcium silicate, and polyamide powder or mixtures of
      these substances. Aerosol sprays can, for example, contain the usual
      propellants, e.g. chlorofluorohydrocarbons.
PAR  The pharmaceutical compositions which are solutions and emulsions can, for
      example, contain the customary diluents (with, of course, the
      above-mentioned exclusion of solvents having a molecular weight below 200
      except in the presence of a surface-active agent), such as solvents,
      dissolving agents and emulsifiers; specific examples of such diluents are
      water, ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
      benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol,
      dimethylformamide, oils [for example ground nut oil], glycerol,
      tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of
      sorbitol or mixtures thereof.
PAR  For parenteral administration, the solutions and emulsions should be
      sterile, and, if appropriate, blood-isotonic.
PAR  The pharmaceutical compositions which are suspensions can contain the usual
      diluents, such as liquid diluents, e.g. water, ethyl alcohol, propylene
      glycol, surface-active agents (e.g. ethoxylated isostearyl alcohols,
      polyoxyethylene sorbite and sorbitane esters), microcrystalline cellulose,
      aluminium metahydroxide, bentonite, agar-agar and tragacanth or mixture
      thereof.
PAR  All the pharmaceutical compositions according to the invention can also
      contain colouring agents and preservatives as well as perfumes and
      flavouring additions (e.g. peppermint oil and eucalyptus oil) and
      sweetening agents (e.g. saccharin).
PAR  The pharmaceutical compositions according to the invention preferably
      contain about 0.5-90% of the active ingredient by weight of the total
      composition.
PAR  In addition to a compound of the invention, the pharmaceutical compositions
      and medicaments according to the invention can also contain other
      pharmaceutically active compounds. They may also contain a plurality of
      compounds of the invention.
PAR  Any diluent in the medicaments of the present invention may be any of those
      mentioned above in relation to the pharmaceutical compositions of the
      present invention. Such medicaments may include solvents of molecular
      weight less than 200 as sole diluent.
PAR  The discrete coherent portions constituting the medicament according to the
      invention (whether in dosage unit form or not) may be, for example, any of
      the following: tablets, (including lozenges and granules), pills, dragees,
      capsules (especially oral-release capsules), suppositories and ampoules.
      Some of these forms may be made up for delayed release of the active
      ingredient. Some, such as capsules, include a protective envelope which
      renders the portions of the medicament physically discrete and coherent.
PAR  The preferred daily dose for intravenous administration of the medicaments
      of the invention is 0.25-900 mg, especially 1-450 mg., of active
      ingredient; the preferred daily dose for peroral administration is 5 mg. -
      4.5 g., especially 50 mg. - 2.7 g. of active ingredient.
PAR  The production of the above-mentioned pharmaceutical compositions and
      medicaments is carried out by any method known in the art, for example, by
      mixing the active ingredients(s) with the diluent(s) to form a
      pharmaceutical composition (e.g. a granulate) and then forming the
      composition into the medicament (e.g. tablets).
PAR  This invention further provides a method of combating (including
      prevention, relief and cure of) the above-mentioned diseases in human and
      non-human animals, which comprises administering to the animals a compound
      of the invention alone or in admixture with a diluent or in the form of a
      medicament according to the invention.
PAR  It is envisaged that these active compounds will be administered in the
      customary manner for coronary-active compounds, preferably perorally or
      parenterally, especially perlingually or intravenously. Preferred
      pharmaceutical compositions and medicaments are therefore those adapted
      for peroral (especially perlingual) and intravenous administration, such
      as tablets, oral-release capsules, and ampoules of injectable solution.
      Administration in the method of the invention is preferably peroral or
      intravenous.
PAR  In general it has proved advantageous, in the case of intravenous
      administration, to administer amounts of 0.005 to 10 mg/kg, preferably
      0.02 to 5 mg/kg, of body weight daily to achieve effective results, whilst
      in the case of oral administration the dosage is 0.1 to 50 mg/kg,
      preferably 1 to 30 mg/kg of body weight daily.
PAR  Nevertheless it can at times be necessary to deviate from the amounts
      mentioned and in particular to do so as a function of the body weight of
      the test animal or of the nature of the administration route, but also
      because of the type of animal and its individual behaviour towards the
      medicine or the nature of its formulation and the time or interval at
      which it is administered. Thus it may suffice, in some cases, to manage
      with less than the abovementioned minimum amount whilst in other cases the
      upper limit mentioned must be exceeded. Where major amounts are
      administered it can be advisable to divide these into several individual
      administrations over the course of the day. The same dosage range is
      envisaged for administration in human medicine.
PAR  The coronary action of the compounds according to the invention can be
      demonstrated in vivo, as for example in narcotised heart-catheterised
      mongrel dogs by measuring the rise in oxygen saturation in the coronary
      sinus, as shown in Table I. The dose quoted is the minimum intravenous
      dose required (expressed in mg. active compound per kg. body weight) to
      cause a clearly recognizable rise in the oxygen saturation in the coronary
      sinus.
TBL                Table I                                                     
     ______________________________________                                    
     Compound of                                                               
                Dose            Duration of effect                             
     Example No.:                                                              
                (mg/kg intravenous)                                            
                                (minutes)                                      
     ______________________________________                                    
     1          2               30                                             
     2          3               20                                             
     3          5               20                                             
     5          1               45                                             
     6          5               10                                             
     9          5               30                                             
     11         3               20                                             
     12         0.1             30                                             
     13         2               60                                             
     20         5               20                                             
     23         10              20                                             
     26         0.5             60                                             
     28         5               20                                             
     31         5               10                                             
     33         10              10                                             
     34a        5               20                                             
     36         5               3                                              
     37         10              20                                             
     38         10              20                                             
     41         2               20                                             
     43         3               10                                             
     ______________________________________                                    
DETD
PAC  EXAMPLE 1
PAC  2-Methyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      dimethyl ester-6-acetic acid methyl ester
      ##SPC8##
PAR  a. After heating a solution of 10.5 ccs of pyridin-2-aldehyde, 11.6 g of
      acetoacetic acid methyl ester and 17.3 g of .beta.-iminoglutaric acid
      dimethyl ester in 50 ccs of ethanol under reflux for several hours and
      subsequent cooling, light grey crystals of melting point 165.degree.
      (ethanol) are obtained.
PAR  Yield 60%.
PAR  b. After heating a solution of 10.5 ccs of pyridin-2-aldehyde, 17.4 g of
      acetonedicarboxylic acid dimethyl ester and 11.6 g of .beta.-aminocrotonic
      acid methyl ester in 50 ccs of ethanol for several hours, and cooling,
      light grey crystals of melting point 165.degree. are obtained.
PAR  Yield 57%.
PAC  EXAMPLE 2
PAC  2-Methyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      3-methyl ester-5,6-diethyl ester
      ##SPC9##
PAR  10.5 ccs of pyridin-2-aldehyde, 11.6 g of .beta.-aminocrotonic acid methyl
      ester and 19 g of oxalacetic acid diethyl ester in 60 ccs of ethanol are
      heated for several hours under reflux and cooled, and light yellow
      crystals of melting point 142-143.degree. (ethanol) are obtained. Yield
      62%.
PAC  EXAMPLE 3
PAC  2-Methyl-4-(.beta.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC10##
PAR  10.5 ccs of pyridin-3-aldehyde, 13 g of .beta.-amino-crotonic acid ethyl
      ester and 19 g of oxalacetic acid diethyl ester in 60 ccs of ethanol are
      heated to the boil overnight and cooled, and after filtration light yellow
      crystals of melting point 127.degree.-129.degree. (ethanol) are obtained.
PAR  Yield 75%.
PAC  EXAMPLE 4
PAC  2-Methyl-4-(.gamma.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC11##
PAR  A solution of 10.5 ccs of pyridin-4-aldehyde, 13 g of .beta.-aminocrotonic
      acid ethyl ester and 19 g of oxalacetic acid diethyl ester in 60 ccs of
      ethanol is heated to the boil for several hours and subsequently cooled,
      and the product is filtered off. Yellowish-orange crystals of melting
      point 135.degree..
PAR  Yield 50%.
PAC  EXAMPLE 5
PAC  2-Methyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC12##
PAR  After heating a solution of 10.5 ccs of pyridin-2-aldehyde, 13 g of
      .beta.-aminocrotonic acid ethyl ester and 19 g of oxalacetic acid diethyl
      ester in 60 ccs of ethanol under reflux for 8 hours, the mixture is cooled
      and the product is filtered off. Yellow crystals of melting point
      138.degree. (ethanol).
PAR  Yield 75%.
PAC  EXAMPLE 6
PAC  4-(.alpha.-Pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-diacetic acid diethyl ester
      ##SPC13##
PAR  After heating a solution of 10.5 g of pyridin-2-aldehyde, 17.3 g of
      iminoglutaric acid diethyl ester and 17.4 g of acetonedicarboxylic acid
      diethyl ester in 60 ccs under reflux for several hours, and cooling, biege
      crystals of melting poing 134.degree. are obtained.
PAR  Yield 35%.
PAC  EXAMPLE 7
PAC  4-(3'-Nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid dimethyl
      ester-1,6-diacetic acid dimethyl ester
      ##SPC14##
PAR  After heating a solution of 15 g of 3-nitrobenzaldehyde, 17.3 g of
      acetdicarboxylic acid dimethyl ester and iminosuccinic acid dimethyl ester
      in 60 ccs of ethanol under reflux for 6 hours, the mixture is evaporated.
      An oil is obtained.
PAC  EXAMPLE 8
PAC  4-(2'-Nitrophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetraethyl ester
      ##SPC15##
PAR  A solution of 7.5 g of o-nitrobenzaldehyde, 9.5 g of oxalacetic acid
      diethyl ester and 9.4 g of iminosuccinic acid diethyl ester in 30 ccs of
      alcohol is heated under reflux overnight and subsequently cooled. After
      filtration, light yellow crystals of melting point 109.degree. (ethanol)
      are obtained.
PAR  Yield 58%.
PAC  EXAMPLE 9
PAC  4-(2'-Trifluoromethylphenyl-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid ethyl ester
      ##SPC16##
PAR  A solution of 8.7 g of 2-trifluoromethylbenzaldehyde, 9.4 g of
      iminosuccinic acid diethyl ester and 9.5 g of oxalacetic acid ethyl ester
      in 30 ccs of ethanol is heated to the boil overnight and cooled, and the
      product is filtered off and rinsed with alcohol. Yellow crystals of
      melting point 118.degree. (ethanol).
PAR  Yield 55%.
PAC  EXAMPLE 10
PAC  4-(2'-Trifluoromethylphenyl)-1,4-dihydropyridine-2-methyl-3,5-dicarboxylic
      acid diethyl ester- 6-carboxylic acid
      ##SPC17##
PAR   17.4 g of 2-trifluoromethylbenzaldehyde, 13 g of .beta.-aminocrotonic acid
      ethyl ester and 19 g of oxalacetic acid diethyl ester in 50 ccs of alcohol
      are heated to the boil for 6-8 hours, a solution of 2.3 g of sodium in 300
      ccs of alcohol is added and the mixture is heated under reflux for a
      further 5-8 hours. It is then evaporated in vacuo, the residue is taken up
      in hot water (animal charcoal) and after filtration the product is
      precipitated with dilute sulphuric acid. Yellow crystals of melting point
      138.degree.-140.degree. from ether.
PAR  Yield 55%.
PAC  EXAMPLE 11
PAC  4-(.beta.-Pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-diacetic acid diethyl ester
      ##SPC18##
PAR  A solution of 5.2 ccs of pyridin-3-aldehyde, 10 g of .beta.-iminoglutaric
      acid diethyl ester and 10 g of acetonedicarboxylic acid diethyl ester in
      40 ccs of ethanol is heated to the boil for several hours and the crystals
      obtained after prolonged cooling are filtered off. Light beige crystals of
      melting point 129.degree.-130.degree. (benzene-ligroin).
PAR  Yield 60%.
PAC  EXAMPLE 12
PAC  2-Methyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC19##
PAR  15 g of 3-nitrobenzaldehyde, 13 g of .beta.-aminocrotonic acid ethyl ester
      and 19 g of oxalacetic acid diethyl ester in 60 ccs of ethanol are heated
      to the boil overnight. The green-yellow crystals obtained, in 62% yield,
      after cooling, melt at 123.degree..
PAC  EXAMPLE 13
PAC  2-Methyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid
      ##SPC20##
PAR  43 g of the triester (Example 12), in a solution of 2.3 g of sodium in 500
      ccs of alcohol, are heated to the boil for several hours, the mixture is
      concentrated in vacuo, the residue is taken up in warm water and after
      filtration the product is precipitated with dilute sulphuric acid. Yellow
      crystals of melting point 156.degree. from ethanol.
PAR  Yield 90%.
PAC  EXAMPLE 14
PAC  1,2-Dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3-carboxylic acid
      methyl ester- 5,6-dicarboxylic acid diethyl ester
      ##SPC21##
PAR  A solution of 12.5 g of 3-nitrobenzylidene-acetoacetic acid methyl ester
      and 10.5 g of oxalacetic acid diethyl ester and 4 g of methylamine
      hydrochloride in 40 ccs of pyridine is heated to 100.degree.-110.degree.
      (external temperature) for 5 hours and subsequently added to water. Beige
      crystals of melting point 133.degree., from ether.
PAR  Yield 45%.
PAC  EXAMPLE 15
PAC  2-Methyl-4-(.alpha.-naphthyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC22##
PAR  After heating a solution of 15.6 g of 1-naphthaldehyde, 19 g of oxalacetic
      acid diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 40
      ccs of ethanol under reflux for 6-8 hours, and cooling, light yellow
      crystals of melting point 112.degree. (ethanol) are obtained.
PAR  Yield 65%.
PAC  EXAMPLE 16
PAC  2-Methyl-4-(.alpha.-naphthyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid
      ##SPC23##
PAR  21.5 g of the triester (Example 15), in a solution of 2.15 g of sodium in
      250 ccs of ethanol, are heated to the boil for approx. 6 hours, the
      mixture is concentrated in vacuo and the residue is taken up in warm
      water. After filtration, the product is precipitated with dilute sulphuric
      acid. Yellow crystals of melting point 177.degree. (ether).
PAR  Yield 85%.
PAC  EXAMPLE 17
PAC  2-Methyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3-carboxylic acid
      methyl ester-5-carboxylic acid ethyl ester-6-carboxylic acid
      ##SPC24##
PAR  17.4 g of 2-trifluoromethylbenzaldehyde, 11.5 g of .beta.-aminocrotonic
      acid methyl ester and 19 g of oxalacetic acid diethyl ester in 40 ccs of
      ethanol are heated to the boil overnight, a solution of 2.3 g of sodium in
      250 ccs of ethanol is added and the mixture is heated under reflux for a
      further 5-8 hours. After working up, light yellow crystals of melting
      point 164.degree. (ether) are obtained.
PAR  Yield 50%.
PAC  EXAMPLE 18
PAC  2-Methyl-4-(3',4',5'-trimethoxyphenyl)-1,4-dihydropyridine-3,5,6-tricarboxy
     lic acid triethyl ester
      ##SPC25##
PAR  11.8 g of 3,4,5-trimethoxybenzaldehyde, 14 g of oxalacetic acid diethyl
      ester and 7.8 g of .beta.-aminocrotonic acid ethyl ester in 30 ccs of
      ethanol are heated to the boil overnight and light yellow crystals of
      melting point 134.degree. are obtained.
PAR  Yield 40%.
PAC  EXAMPLE 19
PAC  2-Methyl-4-(3',4',5'-trimethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester-6-carboxylic acid
      ##SPC26##
PAR  23.8 g of the triester (Example 18), in a solution of 1.15 g of sodium in
      300 ccs of ethanol, are heated for several hours to the boil, and after
      working up yellow crystals of melting point 144.degree. (ether) are
      obtained.
PAR  Yield 80%.
PAC  EXAMPLE 20
PAC  2-Methyl-4-(3'-fluoro-4'-methoxyphenyl)-1,4-dihydropyridine-3,5,6-tricarbox
     ylic acid triethyl ester
      ##SPC27##
PAR  After heating a solution of 17 g of 3-fluoro-4-methoxybenzaldehyde, 20.9 g
      of oxalacetic acid diethyl ester and 14.3 g of .beta.-aminocrotonic acid
      ethyl ester in 80 ccs of ethanol under reflux, the mixture is evaporated
      in vacuo and the reaction product is obtained as a light yellow oil.
PAC  EXAMPLE 21
PAC  2-Methyl-4-(3'-fluoro-4'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxyli
     c acid diethyl ester-6-carboxylic acid
      ##SPC28##
PAR  43 g of the triester obtained according to Example 20, in a solution of 2.3
      g of sodium in 250 ccs of ethanol, are heated to the boil for 6-8 hours,
      the mixure is evaporated in vacuo, the residue is taken up in water and
      after filtration the product is precipitated with dilute sulphuric acid.
      Yellow crystals of melting point 106.degree. (ether).
PAC  EXAMPLE 22
PAC  2-Methyl-4-(3'-fluoropheny)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC29##
PAR  6.2 g of 3-fluorobenzaldehyde, 6.5 g of .beta.-aminocrotonic acid ethyl
      ester and 9.5 g of oxalacetic acid diethyl ester in 40 ccs of ethanol are
      heated to the boil overnight, the mixture is evaporated in vacuo and a
      light yellow oil is obtained.
PAC  EXAMPLE 23
PAC  2-Methyl-4-(3'-fluorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid
      ##SPC30##
PAR  20 g of the triester obtained according to Example 22, in a solution of
      1.15 g of sodium in 120 ccs of ethanol, are heated under reflux for 4-6
      hours. Thereafter the monocarboxylic acid is precipitated with dilute
      sulphuric acid from the solution obtained after distilling off the alcohol
      and adding water. Yellow crystals of melting point 140.degree. from ether,
      yield 55%.
PAC  EXAMPLE 24
PAC  2-Methyl-4-(4'-nitrophenyl)-1,4-dihydropyridine-3,5,6-triethyl ester.
      ##SPC31##
PAR  A solution of 30.2 g of 4-nitrobenzaldehyde, 38 g of oxalacetic acid
      diethyl ester and 26 g of .beta.-aminocrotonic acid ethyl ester in 80 ccs
      of ethanol is heated to the boil overnight and subsequently evaporated in
      vacuo. Light yellow oil.
PAC  EXAMPLE 25
PAC  2-Methyl-4-(4'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC32##
PAR  21.6 g of the triester (Example 24) in a solution of 1.15 g of sodium in
      150 ccs of ethanol are heated for 6-8 hours to the boil, the mixture is
      concentrated in vacuo, the residue is taken up in water and the product is
      precipitated with dilute sulphuric acid. Yellow crystals of melting point
      138.degree. from ether, yield 45%.
PAC  EXAMPLE 26
PAC  2-Methyl-4-(3'-chlorophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC33##
PAR  14 g of 3-chlorobenzaldehyde, 19 g of oxalacetic acid diethyl ester and 13
      g of .beta.-aminocrotonic acid ethyl ester in 60 ccs of ethanol are heated
      to the boil for several hours and subsequently evaporated in vacuo. Oil
      (orange).
PAR  a. In the same way,
      2-methyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester is prepared from 14 g of 2-chlorobenzaldehyde, 19 g of
      oxalacetic acid diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl
      ester in 60 ccs of ethanol.
PAC  EXAMPLE 27
PAC  2-Methyl-4-(3'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid
      ##SPC34##
PAR  21.5 g of the triester manufactured according to Example 26, in a solution
      of 1.15 g of sodium in 150 ccs of ethanol, are heated to the boil for 4-6
      hours. Thereafter the mixture is concentrated in vacuo, the residue is
      taken up in water and the product is precipitated with acid. Ochrecoloured
      crystals of melting point 137.degree., yield 35%.
PAR  a. The 2-methyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester-6-carboxylic acid is obtained in the same manner, as
      yellow crystals and in 55% yield, from the triester manufactured according
      to Example 26 a.
PAC  EXAMPLE 28
PAC  2-Methyl-4-(4'-methylmercaptophenyl)-1,4-dihydropyridine-3,5,6-tricarboxyli
     c acid triethyl ester
      ##SPC35##
PAR  A solution of 7.6 g of 4-methylmercaptobenzaldehyde, 9.5 g of oxalacetic
      acid diethyl ester and 6.5 g of .beta.-aminocrotonic acid ethyl ester in
      40 ccs of ethanol is heated to the boil overnight and evaporated in vacuo.
      Oil (orange).
PAR  a. In the same way,
      2-methyl-4-(4'-methylmercaptophenyl)-1,4-dihydropyridine-3-carboxylic acid
      methyl ester-5,6-dicarboxylic acid diethyl ester is obtained from 7.6 g of
      4-methylmercaptobenzaldehyde, 9.5 g of oxalacetic acid diethyl ester and
      5.8 g of .beta.-aminocrotonic acid methyl ester.
PAC  EXAMPLE 29
PAC  2-methyl-4-(4'-mercaptophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid
      ##SPC36##
PAR  21.7 g of the triester manufactured in Example 28 are heated overnight in a
      solution of 1.15 g of sodium in 180 ccs of ethanol, the mixture is
      subsequently concentrated in vacuo, the residue is taken up in water and
      orange-yellow crystals of melting point 131.degree. are precipitated with
      acid; yield 45%.
PAC  EXAMPLE 30
PAC  2-Methyl-4-(3'-methoxyphenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC37##
PAR  27.2 g of 3-methoxybenzaldehyde, 38 g of oxalacetic acid diethyl ester and
      26 g of .beta.-aminocrotonic acid ethyl ester in 120 ccs of ethanol are
      heated to the boil overnight and evaporated in vacuo. Oil (orange).
PAC  EXAMPLE 31
PAC  2-Methyl-4-(3'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid
      ##SPC38##
PAR  21 g of the triester manufactured according to Example 30, in a solution of
      1.15 g of sodium in 200 ccs of ethanol, are heated to the boil for approx.
      5 hours, the mixture is concentrated in vacuo, the residue is taken up in
      water and orange crystals of melting point 130.degree. are precipitated
      with acid; yield 60%.
PAC  EXAMPLE 32
PAC  2-Methyl-4 -(2'-.alpha.-biphenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic
      acid triethyl ester
      ##SPC39##
PAR  19.2 g of diphenyl-2-aldehyde (95% pure, boiling point
      112.degree.-115.degree. 10.3 ), 19 g of oxalacetic acid diethyl ester and
      13 g of .beta.-aminocrotonic acid ethyl ester in 60 ccs of ethanol are
      heated to the boil overnight and evaporated in vacuo. Oil (orange-yellow).
PAC  EXAMPLE 33
PAC  2-Methyl-4-(2'-.alpha.-diphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid
      ##SPC40##
PAR  23 g of the triester manufactured according to Example 32, in a solution of
      1.15 of sodium in 180 ccs of alcohol, are heated to the boil for 6-8
      hours, the mixture is concentrated, the residue is taken up in water and
      yellow crystals of melting point 111.degree. are precipitated with acid;
      yield 40%.
PAC  EXAMPLE 34
PAC  2-Methyl-4-(2',4'-ditrifluoromethylphenyl)-1,4-dihydropyridine-3,5,6-tricar
     boxylic acid triethyl ester
      ##SPC41##
PAR  27 g of 2,4-di-(trifluoromethyl)-benzaldehyde, 19 g of oxalacetic acid
      diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 60 ccs
      of ethanol are heated to the boil overnight and subsequently evaporated in
      vacuo. Light yellow oil.
PAR  a. In the same manner,
      2-methyl-4-(2',5'-ditrifluoromethylphenyl)-1,4-dihydropyridine-3,5,6-trica
     rboxylic acid triethyl ester is obtained from 25.5 g of
      2,5-di-(trifluoromethyl)-benzaldehyde, 19 g of oxalacetic acid diethyl
      ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 60 ccs of
      ethanol.
PAC  EXAMPLE 35
PAC  2-Methyl-4-(2',4'-ditrifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid diethyl ester-6-carboxylic acid
      ##SPC42##
PAR  27 g of the triester manufactured according to Example 34, in a solution of
      1.15 g of sodium in 150 ccs of ethanol, are heated for several hours to
      the boil, the mixture is evaporated, the residue is taken up in water and
      the product is precipitated with acid. Light yellow crystals of melting
      point 182.degree. (ether), yield 60%.
PAR  a. In the same manner,
      2-methyl-4-(2',5'-ditrifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbo
     xylic acid diethyl ester-6-carboxylic acid, of melting point
      70.degree.-72.degree., is obtained in 35% yield from the triester obtained
      according to Example 34 a.
PAC  EXAMPLE 36
PAC  4-(3'-Methoxyphenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetraethyl ester
      ##SPC43##
PAR  13.6 g of 3-methoxybenzaldehyde, 19 g of oxalacetic acid diethyl ester and
      18.8 g of iminosuccinic acid diethyl ester in 50 ccs of ethanol are heated
      to the boil for several hours, and after evaporation a yellow oil is
      obtained.
PAC  EXAMPLE 37
PAC  4-(3'-Methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-dicarboxylic acid
      ##SPC44##
PAR  23.5 g of the tetracarboxylic acid ester manufactured according to Example
      36, in a solution of 2.3 g of sodium in 250 ccs of ethanol, are heated to
      the boil overnight. The mixture is subsequently concentrated in vacuo, the
      residue is taken up in water and the product is precipitated with acid.
      Yellow crystals of melting point 160.degree. (ether), yield 40%.
PAC  EXAMPLE 38
PAC  4-(3'-Chlorophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetraethyl ester
      ##SPC45##
PAR  14.1 g of 3-chlorobenzaldehyde, 19 g of oxalacetic acid diethyl ester and
      18.8 g of iminosuccinic acid diethyl ester in 60 ccs of ethanol are heated
      to the boil overnight and subsequently evaporated in vacuo. Yellow oil.
PAC  EXAMPLE 39
PAC  4-(3'-Chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-dicarboxylic acid
      ##SPC46##
PAR  24 g of the tetraester obtained according to Example 38, in a solution of
      2.3 g of sodium in 250 ccs of ethanol, are heated to the boil overnight,
      the mixture is concentrated in vacuo, the residue is taken up in water and
      yellow crystals of melting point 158.degree. (ether) are precipitated with
      acid; yield 50%.
PAC  EXAMPLE 40
PAC  2-Methyl-4-(2'-azidophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC47##
PAR  A solution of 14.7 g of 2-azidobenzaldehyde, 19 g of oxalacetic acid
      diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 40 ccs
      of ethanol is heated to the boil overnight and evaporated in vacuo.
      Yellow-brown oil.
PAC  EXAMPLE 41
PAC  2-Ethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC48##
PAR  7.5 g of 3-nitrobenzaldehyde, 9.5 g of oxalacetic acid diethyl ester and
      7.2 g of .beta.-ethyl-.beta.-aminoacrylic acid ethyl ester in 40 ccs of
      ethanol are heated to the boil for several hours, and after cooling,
      filtration and washing (ether/petroleum ether) yellow crystals of melting
      point 153.degree.C are obtained in 68% yield.
PAC  EXAMPLE 42
PAC  2-Ethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid ethyl
      ester-6-carboxylic acid
      ##SPC49##
PAR  22.3 g of the triester produced according to Example 41 are added to a
      solution of 1.15 g of sodium in 100 ml of ethanol, the mixture is heated
      to the boil overnight and concentrated in vacuo, the residue is taken up
      in water and the product is precipitated with acid. Canary-yellow crystals
      (ether/petroleum ether) of melting point 140.degree.C, yield 60%.
PAC  EXAMPLE 43
PAC  2-Methyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3-carboxylic acid methyl
      ester-5-carboxylic acid ethyl ester-6-carboxylic acid
      ##SPC50##
PAR  15 g of 3-nitrobenzaldehyde, 19 g of oxalacetic acid diethyl ester and 11.5
      g of .beta.-aminocrotonic acid methyl ester in 50 ccs of ethanol are
      heated to the boil under reflux for 8 hours and thereafter, following
      addition of a solution of 2.3 g of sodium in 100 ccs of ethanol, the whole
      is heated to the boil overnight and evaporated in vacuo, the residue is
      taken up in water and the product is precipitated with acid. Yellow-brown
      crystals of melting point 99.degree.-100.degree.C, yield 50%.
PAR  a. In the same manner, 18.6 g of 3-nitro-6-chlorobenzaldehyde, 19 g of
      oxalacetic acid diethyl ester and 15 g of .beta.-aminocrotonic acid ethyl
      ester in 80 ccs of ethanol give, after saponification,
      2-methyl-4-(3'-nitrophenyl-6'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarb
     oxylic acid diethyl ester-6-carboxylic acid of melting point
      176.degree.-178.degree.C, in yellow crystals and in 50% yield.
PAC  EXAMPLE 44
PAC  2-Methyl-4-(.beta.-phenylethyl)-1,4-dihydropyridine-3,5,6-tricarboxylic
      acid triethyl ester
      ##SPC51##
PAR  13.4 g of hydrocinnamaldehyde, 19 g of oxalacetic acid diethyl ester and 13
      g of .beta.-aminocrotonic acid ethyl ester in 40 ccs of ethanol are heated
      to the boil for several hours and subsequently evaporated in vacuo. Oil
      (yellow-orange).
PAR  a. In the same manner, 13.2 g of cinnamaldehyde, 19 g of oxalacetic acid
      diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 40 ccs
      of ethanol yield
      2-methyl-4-styrryl-1,4-dihydropyridine-3,5,6-tricarboxylic acid triethyl
      ester as an oil.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC52##
PAL  or a pharmaceutically acceptable nontoxic salt thereof, wherein
PA1  R is hydrogen, alkyl of up to 4 carbon atoms or alkenyl of up to 4 carbon
      atoms;
PA1  R.sup.2 is alkyl of up to 6 carbon atoms, alkenyl of up to 6 carbon atoms,
      said alkyl substituted by hydroxyl, said alkenyl substituted by hydroxyl,
      said alkyl interrupted by oxygen or said alkenyl interrupted by oxygen;
PA1  R.sup.3 is alkyl of up to 6 carbon atoms or alkenyl of up to 6 carbon
      atoms;
PA1  R.sup.5 is hydrogen or alkyl of 1 to 4 carbon atoms;
PA1  n is 0, 1, 2 or 3; and
PA1  X is phenyl; phenyl substituted by one or two nitro groups; one cyano
      group; one azido group; one or two trifluoromethyl groups; one S(O).sub.n
      alkyl wherein n is 0 or 2 and alkyl is of 1 to 4 carbon atoms; one or two
      alkyl groups of 1 to 4 carbon atoms; one, two or three alkoxy groups of 1
      to 4 carbon atoms; one or two acetoxy groups; one or two amino groups; one
      or two acetylamino groups; one or two alkylamino groups of 1 to 4 carbon
      atoms; one or two dialkylamino groups of 1 to 4 carbon atoms in each alkyl
      group; one to three chlorine, bromine or fluorine atoms, or by one phenyl
      moiety; naphthyl; benzyl; or phenethyl.
NUM  2.
PAR  2. A compound according to claim 1 wherein
PA1  R is hydrogen or alkyl of up to 4 carbon atoms;
PA1  R.sup.2 is alkyl of up to 6 carbon atoms, hydroxyalkyl of up to 6 carbon
      atoms, or alkyl of up to 6 carbon atoms interrupted by oxygen;
PA1  R.sup.3 is alkyl of up to 6 carbon atoms; and
PA1  X is phenyl; phenyl substituted by nitro, cyano, azido, one or two
      trifluoromethyl groups, alkylthio of 1 to 4 carbon atoms, one to three
      alkoxy groups of 1 to 4 carbon atoms, chlorine, bromine, fluorine, phenyl,
      nitro and chlorine, nitro and trifluoromethyl or methoxy and fluorine;
      naphthyl; or phenethyl.
NUM  3.
PAR  3. A compound according to claim 1 wherein
PA1  R is hydrogen or methyl;
PA1  R.sup.2 is alkyl of 1 to 4 carbon atoms or ethoxyethyl;
PA1  R.sup.3 is alkyl of 1 to 4 carbon atoms;
PA1  n is 0 or 1; and
PA1  X is phenyl or phenyl substituted by nitro, cyano, trifluoromethyl,
      di-trifluoromethyl, methoxy, trimethoxy, chlorine, fluorine, methylthio,
      phenyl, azido, methoxy and fluorine, nitro and chlorine, or nitro and
      trifluoromethyl; naphthyl; or phenethyl.
NUM  4.
PAR  4. The compound according to claim 1 which is
      4-(2'-trifluoromethylphenyl-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid ethyl ester.
NUM  5.
PAR  5. The compound according to claim 1 which is
      4-(3'-methoxyphenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetraethyl ester.
NUM  6.
PAR  6. The compound according to claim 1 which is
      4-(3'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-dicarboxylic acid.
NUM  7.
PAR  7. The compound according to claim 1 which is
      4-(3'-chlorophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetraethyl ester.
NUM  8.
PAR  8. The compound according to claim 1 which is
      4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid dimethyl
      ester-1,6-diacetic acid dimethyl ester.
NUM  9.
PAR  9. The compound according to claim 1 which is
      4-(2'-nitrophenyl)-1,4-dihydropyridine-2,3,5,y-tetracarboxylic acid
      tetraethyl ester.
NUM  10.
PAR  10. The compound according to claim 1 which is
      4-(3'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-dicarboxylic acid.
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ABST
PAL  Compounds of the general formulae I and II and pharmaceutically acceptable
      salts thereof:
      ##SPC1##
PAL  In which:
PAL  R.sub.1 represents a hydrogen atom, a halogen atom, an alkenyl or alkyl
      group; or a group OR.sub.3 or NR.sub.3 R.sub.4 where R.sub.3 and R.sub.4
      which may be the same or different and may represent a hydrogen atom, or
      an alkenyl group, or an alkyl group which alkyl group may optionally be
      substituted by one or more hydroxy, alkoxy, acyloxy, aryl, amino,
      alkylamino, dialkylamino, diaralkylamino or alkylaralkylamino groups; or
      R.sub.3 and R.sub.4 together with the nitrogen atom form a 5 or 6 membered
      heterocyclic ring that may optionally contain other hetero atoms.
PAL  R.sub.2 has the same meanings as R.sub.3.
PAL  The compounds have utility for the treatment of conditions in which
      combination of an antigen with a reaginic antibody is primarily
      responsible.
BSUM
PAR  This invention relates to certain novel naphthyridine derivatives which
      have been found to have a useful profile of pharmacological activity. It
      also relates to a process for the production thereof, to pharmaceutical
      compositions containing them and to their use in therapy.
PAR  The invention provides compounds of the general formula (I) below and (when
      R.sub.2 = H) tautomers thereof of formula (II) and pharmaceutically
      acceptable salts thereof.
      ##SPC2##
PAL  In which
PA1  R.sub.1 represents a hydrogen atom, a halogen atom, an alkenyl or alkyl
      group; or a group OR.sub.3 or NR.sub.3 R.sub.4 where R.sub.3 and R.sub.4
      which may be the same or different and may represent a hydrogen atom, or
      an alkenyl group, or an alkyl group which alkyl group may optionally be
      substituted by one or more hydroxy, alkoxy, acyloxy, aryl, amino,
      alkylamino, dialkylamino, diaralkylamino or alkylaralkylamino groups; or
      R.sub.3 and R.sub.4 together with the nitrogen atom form a 5 or 6 membered
      heterocyclic ring that may optionally contain other hetero atoms.
PA1  R.sub.2 has the same meanings as R.sub.3.
PAR  The term "alkyl" when used above to define a single group or part of a
      group refers to a straight or branched chain alkyl group containing from 1
      to 6 carbon atoms, and preferably 1 to 4 carbon atoms and the term
      "alkenyl" refers to a straight or branched chain alkenyl group containing
      from 2 to 6 carbon atoms, and preferably from 3-5 carbon atoms.
PAR  The term "aryl" preferably refers to a phenyl group and the term "acyloxy"
      preferably refers to an alkanoyloxy group containing 1 to 6 carbon atoms
      e.g. formyloxy, acetoxy or propionoxy. The term "5 or 6 membered
      heterocyclic ring" preferably refers to a pyrrolidinyl, piperidino,
      morpholino, piperazinyl or N-substituted piperazinyl group.
PAR  Preferred classes of compounds are those in which the following groups have
      the meanings given
PA1  R.sub.1 = hydrogen, hydroxyl, halogen particularly chlorine, alkyl
      particularly methyl, alkoxy particularly ethoxy or isopropoxy, alkenyloxy
      particularly allyloxy, alkoxyalkoxy particularly 2 - methoxyethoxy,
      hydroxyalkoxy particularly 2 - hydroxyethoxy, dialkylaminoalkoxy
      particularly 2 - dimethylaminoethoxy, alkylamino particularly butylamino,
      dialkylamino particularly dimethylamino, aralkylamino particularly
      benzylamino, alkoxyalkylamino particularly 2 - methoxyethylamino,
      hydroxyalkylamino particularly 2 - hydroxyethylamino, aminoalkylamino
      particularly 2 - aminoethylamino, dialkylaminoalkylamino particularly 2 -
      dimethylaminoethylamino, piperidino, morpholino or an N-methylpiperazinyl
      group.
PA1  R.sub.2 = hydrogen, alkyl particularly ethyl or isopropyl, alkenyl
      particularly allyl, alkoxyalkyl particularly 2 - methoxyethyl,
      acyloxyalkyl particularly 2 - formyloxyethyl, hydroxyalkyl particularly 2
      - hydroxyethyl, aminoalkyl particularly 2 - aminoethyl, alkylaminoalkyl
      particularly 2 - methylaminoethyl, dialkylaminoalkyl, particularly 2 -
      dimethylaminoethyl, alkylaralkylamino alkyl, particularly 2 -
      methylbenzylaminoethyl, diaralkylaminoalkyl particularly 2 -
      dibenzylaminoethyl.
PAR  Specific preferred compounds according to the invention are those the
      preparation of which is described in the Examples.
PAR  The invention includes salts of compounds of structures (I) and (II). Salts
      may be formed with inorganic or organic bases, particularly those of
      alkali metals e.g. sodium and with organic bases such as
      dimethylaminoethanol. When basic centres are present, addition salts may
      also be formed with organic or inorganic acids.
PAR  When R.sub.2 = H the compounds (I) may exist in tautomeric equilibrium with
      structures of formula (II) and the latter are also understood to fall
      within the scope of the present invention.
PAR  The compounds of the invention show promise as agents for the treatment of
      conditions in which combination of an antigen with a reaginic antibody is
      primarily responsible, for example, extrinsic asthma, hay fever,
      urticaria, eczema or atopic dermatitis. Thus
      1-ethyl-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-carboxamide
      (Example 1) was compared with disodium cromoglycate, which is known to be
      effective in the prophylactic treatment of asthma. It was shown to be
      about 75 times as active as disodium cromoglycate in inhibiting release of
      histamine in the passive peritoneal anaphylaxis induced in rats with the
      DNP - egg albumen system (J. Exp. Med. 1969, 127 767).
PAR  The invention also provides pharmaceutical compositions which contain a
      compound of general formula (I) or a salt thereof together with a
      pharmaceutically acceptable carrier, excipient, or other formulatory
      agent. The compositions may also contain supplementary medicinal agents,
      e.g. bronchodilators. Suitable forms of oral administration include
      tablets, capsules, syrups, or emulsions. For administration by inhalation
      the compositions according to the invention may be in the form of a powder
      or snuff or as an aerosol spray presentation. The latter may conveniently
      be a pressurised pack with a metering valve to deliver a fixed dosage unit
      or may be an aqueous solution delivered via a nebuliser.
PAR  The dosage at which the active ingredient is administered may vary within a
      wide range, depending on the age, weight and condition of the patient. A
      suitable oral dosage range is generally from 2-1500 mg and for inhalation
      is from 0.1-20 mg. The dose may be repeated if required.
PAR  The invention also provides a process for the preparation of compounds of
      formula I in which a 1,8-naphthyridine-3-carboxylic acid of formula (III)
      or an activated derivative thereof, wherein R.sub.1 and R.sub.2 have the
      meanings stated above or are convertible there into, is condensed with
      5-aminotetrazole (IV):
      ##SPC3##
PAR  The condensation of a 1,8-naphthyridine-3-carboxylic acid (III) with
      5-aminotetrazole (IV) may be effected with the aid of a variety of
      condensing agents which are of general application for the formation of
      amide bonds. One such reagent, N,N'-carbonyldiimidazole, is particularly
      useful and condensations using this reagent are preferably carried out in
      an aprotic solvent such as tetrahydrofuran and/or dimethylformamide. The
      reaction may be carried out at ambient or elevated temperatures e.g.
      20.degree.-120.degree.C.
PAR  Suitable activated derivatives of the 1,8-naphthyridine carboxylic acids
      (III) include the acid halides, preferably the acid chlorides or mixed
      anhydrides, preferably the mixed anhydride derived from the acid (III) and
      an alkyl carbonic acid derivative e.g. ethylcarbonic acid C.sub.2 H.sub.5
      OCOOH.
PAR  The condensation of an acid chloride derived from a 1,8-naphthyridine
      carboxylic acid (III) with 5-aminotetrazole is preferably carried out in
      an aprotic solvent such as dioxan or tetrahydrofuran, and is also
      preferably carried out in the presence of an acid acceptor, for example a
      tertiary organic base, such as pyridine, or triethylamine; or in an
      aqueous medium and in the presence of an inorganic base such as an alkali
      metal hydroxide, carbonate or bicarbonate e.g. sodium or potassium
      hydroxide, sodium or potassium carbonate or bicarbonate.
PAR  When a mixed anhydride is used as the activated derivative the reaction may
      also be carried out in a polar aprotic solvent such as dimethylformamide,
      at a reaction temperature which is preferably below 10.degree.C.
PAR  Compounds of the invention may also be converted into other compounds of
      the invention. For example, compounds (I) in which R.sub.2 = an
      acyloxyalkyl group e.g. formyloxyalkyl may be converted into compounds in
      which R.sub.2 = hydroxyalkyl by hydrolysis, preferably with aqueous
      alkali, particularly aqueous sodium or potassium hydroxide. Compounds of
      formula I in which R.sub.1 is chlorine may be converted into compounds of
      formula I in which R.sub.1 is a group OR.sub.3 in which R.sub.3 has the
      meanings given by treatment with an alkali metal alkoxide MOR.sub.3 in
      which M represents an alkali metal atom e.g. sodium alkoxide, R.sub.3 ONa
      and this reaction is preferably carried out in an excess of the alcohol
      R.sub.3 OH as solvent. Also compounds of formula I in which R.sub.1 is
      halogen preferably chlorine may be converted into compounds of formula I
      in which R.sub.1 is the group NR.sub.3 R.sub.4 by treatment with the amine
      R.sub.3 R.sub.4 NH. If desired these reactions may be carried out in the
      presence of a solvent, for example water or an alcohol e.g. ethanol. The
      displacement reactions involving the group R.sub.1 = halogen are
      preferably carried out at an elevated temperature.
PAR  Compounds of the general formula I in which R.sub.2 = a dibenzylaminoalkyl
      or benzylalkylaminoalkyl group may be converted into compounds in which
      R.sub.2 = aminoalkyl or alkylaminoalkyl group by hydrogenolysis, for
      example with hydrogen and a noble metal catalyst such as palladium.
PAR  The starting 1,8-naphthyridine-3-carboxylic acids (III) are either known
      compounds or may be prepared by standard literature routes (R.C.
      Elderfield, Heterocyclic Compounds, Vol. 7 John Wiley and Sons Inc. 1952,
      203 and BP. 1,000,892). One such route for the preparation of compound III
      where R.sub.1 is other than hydrogen is outlined below:
      ##SPC4##
PAR  The reaction of the aminpyridine (V) with the alkyl alkoxymethylenemalonate
      (VI) in which R.sub.5 and R.sub.6 = alkyl gives the aminoester (VII) which
      may be cyclised to the 1,8-naphthyridine carboxylic ester (VIII), for
      example by heating in an inert solvent, e.g. diphenyl ether. Alkaline
      hydrolysis of the ester (VIII) gives the required
      1,8-naphthyridine-3-carboxylic acid (III).
PAR  The groups R.sub.1 and R.sub.2 may be introduced at any convenient point in
      the synthesis of the acid (III) or ester (VIII). Thus for example where
      the groups R.sub.2 is other than hydrogen it may be present throughout or
      may be obtained by alkylation of the ester (VIII) R.sub.2 = H with
      conventional alkylating agents, for example an alkyl halide or dialkyl
      sulphate. This reaction may be advantageously carried out in a solvent
      such as 2-butanone or dimethylformamide and in the presence of an alkali
      metal carbonate such as potassium carbonate; the reaction is preferably
      carried out at elevated temperatures, for example, between 50.degree. and
      100.degree. C. Alkaline hydrolysis of the alkylation product gives the
      required acid (III).
PAR  1,8-naphthyridine-3-carboxylic acids (III) (in which R.sub.1 = halogen) are
      advantageously prepared by the reaction of the acid (III, R.sub.1 = OH)
      with a phosphoryl halide e.g. phosphoryl chloride and preferably at an
      elevated reaction temperature e.g. 100.degree.C.
PAR  1,8-Naphthyridine-3-carboxylic acids (III), (in which R.sub.1 = H) may be
      prepared by hydrogenolysis of the corresponding acid (III) in which
      R.sub.1 = Cl, using hydrogen and a noble metal catalyst e.g. palladium.
PAR  The acid halide derived from the acid (III) may be prepared from the acid
      in the conventional manner e.g. reaction with thionyl chloride, or a
      phosphorus pentahalide such as PCl.sub.5.
PAR  The mixed anhydrides derived from the acid (III) may be prepared in a
      conventional manner. For example a suitable acid halide e.g. ethyl
      chloroformate is added to a mixture of the acid (III) and a tertiary
      organic base such as triethylamine, in a polar aprotic solvent such as
      dimethylformamide. Preferably the reaction is carried out in the cold e.g.
      between -10.degree. and 10.degree. C.
DETD
PAR  The following Examples illustrate the invention.
PAC  EXAMPLE 1
PAC  1-Ethyl-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-
     carboxamide
PAR  1-Ethyl-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-carboxylic acid
      (4.1g) and N,N'-carbonyldiimidazole (2.85g) in dimethylformamide (30 ml)
      were stirred and heated at 100.degree. for 3 hours and cooled.
      5-Amino-1H-tetrazole (3.6 g) was added and the mixture was stirred at room
      temperature for 16 hours. The solid was collected and dissolved in aqueous
      dimethylaminoethanol and the solution was acidified to pH2 with dilute
      hydrochloric acid. The solid was filtered off and dried, m.p. above
      289.degree. (d), (60%)
PAC  EXAMPLE 2
PAC  1,4-Dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-carboxya
     mide
PAR  1,4-Dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-carboxylic acid (4 g) and
      N,N'-carbonyldiimidazole (3.5 g) in dimethylformamide (40 ml) were heated
      at 80.degree. for 6 hours. 5-Amino-1H-tetrazole (2.5 g) was added and the
      mixture was stirred and heated at 80.degree. for 1.5 hours. The solid was
      collected and dissolved in aqueous sodium hydroxide. The solution was
      acidified with glacial acetic acid and the solid was collected and dried.
      It had m.p. 344.degree.-345.5.degree., (47%)
PAC  EXAMPLE 3
PAC  1(2-Dimethylaminoethyl)-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-
     naphthyridine-3-carboxamide
PAC  a.
      1(2-Dimethylaminoethyl)-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-car
     boxylic acid, ethyl ester
PAR  1,4-Dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-carboxylic acid, ethyl ester
      (8.8 g) 2-dimethylaminoethyl chloride, hydrochloride (11 g) and anhydrous
      potassium carbonate (52.5 g) in butanone were stirred and heated under
      reflux for 22 hours. The solid was filtered off, the solvent removed and
      the residue was crystallised from light petroleum (b.p.
      60.degree.-80.degree., 100 ml). The product had m.p. 74.degree.-78.degree.
      (96%).
PAR  The following compounds were made in a similar manner from
      1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-carboxylic acid, ethyl
      ester and the alkylating agent quoted in the brackets.
PAR  1-[2-(Benzylmethylamino)ethyl]-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine
     -3-carboxylic acid, ethyl ester, a red oil that did not crystallise
      (2-(Benzylmethylaminoethyl bromide).
PAR  1-[2-(Dibenzylamino)ethyl]-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-c
     arboxylic acid, ethyl ester, m.p. 170.degree.-174.degree. (72 %)
      (2-Dibenzylaminoethyl bromide).
PAR  1,4-Dihydro-7-methyl-4-oxo-1-(2-phenylethyl)-1,8-naphthyridine-3-carboxylic
      acid, ethyl ester, an oil that did not crystallise (2-phenethyl bromide).
PAR  1,4-Dihydro-1-isopropyl-7-methyl-4-oxo-1,8-naphthyridine-3-carboxylic acid,
      ethyl ester, a brown solid not further purified (isopropyl bromide).
PAC  b.
      1(2-Dimethylaminoethyl)-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-car
     boxylic acid, hydrochloride
PAR  1(2-Dimethylaminoethyl)-1,4-dihydro-
      7-methyl-4-oxo-1,8-naphthyridine-3-carboxylic acid, ethyl ester (11 g) and
      sodium hydroxide (2.9 g) in water (110 ml) and ethanol (110 ml) were
      heated under reflux for 2 hours. The solution was concentrated to 60 ml
      and acidified to pH6 with dilute hydrochloric acid. The solid was
      collected and dried, m.p. 234.degree.-236.degree. (47%).
PAR  The following compounds were prepared in a similar manner from the
      corresponding ethyl esters disclosed in Example 3 (a) above.
PAR  1-[2-(Benzylmethylamino)ethyl]-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine
     -3-carboxylic acid, m.p. 157.degree.-157.5.degree. (80 %).
PAR  1-[2-(Dibenzylamino)ethyl]-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-c
     arboxylic acid, m.p. 177.degree.-179.5.degree. (72 %).
PAR  1,4-Dihydro-7-methyl-4-oxo-1-(2-phenylethyl)-1,8-naphthyridine-3-carboxylic
      acid, m.p. 234.degree.-235.degree. (44 %).
PAR  1,4-Dihydro-1-isopropyl-7-methyl-4-oxo-1,8-naphthyridine-3-carboxylic acid,
      m.p. 240.degree.-241.degree. (d) 913 %).
PAC  c.
      1(2-Dimethylaminoethyl)-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8
     -naphthyridine-3-carboxyamide
PAR  1(2-Dimethylaminoethyl)-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-carb
     oxylic acid, hydrochloride (4.6 g) and N,N'-carbonyldiimidazole (2.75 g) in
      dimethylformamide (40 ml) were stirred and heated to 90.degree. for 2
      hours. 5-Amino-1H-tetrazole (1.45 g) was added and the mixture was heated
      to 40.degree. and stirred for 36 hours. The solid was collected, m.p.
      305.degree.-307.degree. (d). (30%).
PAR  The following compounds were prepared in a similar manner from the
      corresponding acids described in Example 3 (b) above.
PAR  1-[2-(Benzylmethylamino)ethyl]-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-y
     l)-1,8-naphthyridine-3-carboxamide, m.p. 275.degree.-280.degree. (d) (62
      %).
PAR  1-[2-(Dibenzylamino)ethyl]-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1
     ,8-naphthyridine-3-carboxamide, m.p. 269.degree.- 269.5.degree. (41 %).
PAR  1,4-Dihydro-7-methyl-4-oxo-1-(2-phenethyl)-N(1H-tetrazol-5-yl)-1,8-naphthyr
     idine-3-carboxamide, m.p. 325.degree. (d) (74 %).
PAR  1,4-Dihydro-1-isopropyl-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridin
     e-3-carboxamide, m.p. &gt; 300.degree. (d), (36 %).
PAC  EXAMPLE 4
PAC  1.
      1(2-Formyloxyethyl)-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-nap
     hthyridine-3-carboxamide
PAC  a.
      1(2-Formyloxyethyl)-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-carboxy
     lic acid
PAR  Formic acid (1.1 ml) was added to acetic anhydride (2.2 ml) which was
      cooled to 0.degree.-5.degree.. The mixture was heated at 50.degree. for 15
      minutes, cooled to 0.degree. and added to
      1,4-dihydro-1(2-hydroxyethyl)-7-methyl-4-oxo-1,8-naphthyridine-3-carboxyli
     c acid (1.5 g) in pyridine (12 ml), also cooled to 0.degree.. The mixture
      warmed to room temperature and after 1 hour the solid was collected,
      washed with pyridine and dried, m.p. 213.degree.-214.degree. (85 %).
PAC  b.
      1(2-Formyloxyethyl)-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-nap
     hthyridine-3-carboxamide
PAR  1(2-Formyloxyethyl)-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-carboxyl
     ic acid (1.3 g) and N,N'-carbonyldiimidazole (0.8 g) in dimethylformamide
      (25 ml) were heated at 80.degree. for 5 hours. 5-Amino-1H-tetrazole (0.45
      g) was added and the mixture was stirred at 80.degree. for 1 hour. The
      solid was collected and dried, m.p. 268.5.degree.-269.degree. (d), (40%).
PAR  2.
      1-Allyl-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3
     -carboxamide, m.p. 326.degree.-327.degree., was similarly prepared from
      1-Allyl-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-carboxylic acid (75
      %).
PAC  EXAMPLE 5
PAC  1,4-Dihydro-1(2-hydroxyethyl)-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphth
     yridine-3-carboxamide
PAR  1,4-Dihydro-1(2-formyloxyethyl)-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naph
     thyridine-3-carboxamide (Example 4(1)) (0.5 g) in aqueous sodium hydroxide
      (3.5 ml), 2N) was heated on a steam bath for 10 minutes. The solution was
      acidified to pH 1 with a dilute hydrochloric acid and the solid was
      collected and dried, m.p. 315.degree.-316.degree. (d), (32 %).
PAC  EXAMPLE 6
PAC  7-Ethoxy-1,4-dihydro-4-oxo-N(1H-
      tetrazol-5-yl)-1,8-naphthyridine-3-carboxamide
PAR  7-Ethoxy-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid (1.9 g) and
      N,N-carbonyldiimidazole (2 g) in dimethylformamide (50 ml) were stirred
      and heated at 100.degree. for 4 hours. 5-Amino-1H-tetrazole (2.1 g) was
      added and the mixture stirred and heated at 100.degree. for 30 minutes,
      and cooled. The solid was collected and dissolved in hot (60.degree.)
      dilute sodium hydroxide and the solution was neutralised (pH 7) with
      dilulte hydrochloric acid. The solid was collected, washed with water and
      dried, m.p. above 319.degree. (d), (75 %).
PAC  EXAMPLE 7
PAC  1,4-Dihydro-7-hydroxy-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-carboxa
     mide, compound with imidazole
PAR  1,4-Dihydro-7-hydroxy-4-oxo-1,8-naphthyridine-3-carboxylic acid (2 g) and
      N,N'-carbonyldiimidazole (2.3 g) in anhydrous dimethylformamide (20 ml)
      were heated to 100.degree. for 1 hour. 5-Amino-1H-tetrazole was added and
      the mixture was heated at 90.degree. for a further hour and cooled. The
      solid was collected and dried. It had m.p. &gt; 300.degree..
PAC  EXAMPLE 8
PAC  1.
      7-Ethoxy-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3
     -carboxamide
PAR  7-Ethoxy-1-ethyl-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid (2.0
      g) and N,N'-carbonyldiimidazole (1.85 g) in dimethylformamide (40 ml) were
      stirred and heated to 100.degree. for 7 hours. 5-Amino-1H-tetrazole (1.3
      g) was added and the mixture heated at 100.degree. for 1 hour and cooled.
      The solid was collected and dissolved in hot aqueous dimethylaminoethanol
      (20 ml, 5%). The hot solution was acidified with hydrochloric acid and the
      solid was filtered off, washed with water and dried, m.p. above
      307.degree. (d), (61 %).
PAR  The following compounds were prepared in a similar manner:
PAC  2.
      1-Ethyl-1,4-dihydro-7-hydroxy-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-
     3-carboxamide
PAR  m.p. 312.degree. (d) (19 %) from
      1-ethyl-1,4-dihydro-7-hydroxy-4-oxo-1,8-naphthyridine-3-carboxylic acid.
PAC  3.
      1-Ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-carboxam
     ide,
PAR  m.p. 315.degree.-317.degree. (82 %) from
      1-ethyl-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid.
PAC  EXAMPLE 9
PAC  7-Ethoxy-1,4-dihydro-1(2-hydroxyethyl)-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphth
     yridine-3-carboxamide
PAC  a.
      7-Ethoxy-1,4-dihydro-1(2-hydroxyethyl)-4-oxo-1,8-naphthyridine-3-carboxyli
     c acid
PAR  7-Ethoxy-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid, ethyl ester
      (3.6 g), 2-bromoethanol and potassium carbonate (7.5 g) in
      dimethylformamide (50 ml) (4.95 ml)/were stirred and heated on a steam
      bath for 16 hours. The solid was filtered off and the filtrate evaporated.
      The residue was crystallized from dimethylformamide. This ester (2.0 g)
      and aqueous sodium hydroxide (40 ml, 2N) were heated on a steam bath for 3
      hours, cooled and acidified to pH 2 with aqueous hydrochloric acid. The
      solid was collected and crystallised from ethanol, m.p.
      219.5.degree.-220.degree. (24 %).
PAC  b.
      7-Ethoxy-1(2-formyloxyethyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxy
     lic acid
PAR  Formic acid (1 ml) was added to acetic anhydride (2 ml) which was cooled to
      0.degree.. The mixture was warmed to 50.degree. for 15 minutes, cooled to
      0.degree. and added to a suspension of
      7-ethoxy-1,4-dihydro-1-hydroxyethyl-4-oxo-1,8-naphthyridine-3-carboxylic
      acid (0.78 g) in dry pyridine (10 ml). The mixture was stirred at
      0.degree. for 45 minutes and then for 1 hour at room temperature. The
      solid was collected and washed with water and dried, m.p.
      208.5.degree.-210.degree. (d). (71 %).
PAC  c.
      7-Ethoxy-1,4-dihydro-1(2-hydroxyethyl)-4-oxo-N(1H-tetrazol-5-yl)-1,8-napht
     hyridine-3-carboxamide
PAR  7-Ethoxy-1(2-formyloxyethyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxyl
     ic acid (0.5 g) and N,N'-carbonyldiimidazole (0.4 g) in dimethylformamide
      (10 ml) were stirred and heated to 80.degree. for 6 hours.
      5-Amino-1H-tetrazole (0.42 g) was added and the mixture stirred and heated
      to 80.degree. for 30 minutes. The solid was collected and dissolved in
      aqueous sodium hydroxide (10 ml, 2N) and the solution was acidified to pH
      1 with dilute hydrochloric acid. The solid was filtered off, washed with
      water and dried, m.p. above 297.degree. (d). (45 %).
PAC  EXAMPLE 10
PAC  7-Chloro-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-carboxam
     ide
PAC  a. 7-Chloro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid
PAR  1,4-Dihydro-7-hydroxy-4-oxo-1,8-naphthyridine-3-carboxylic acid (10 g) and
      phosphoryl chloride (20 ml) were stirred and heated at 100.degree. for 2.5
      hours. The mixture was cooled and poured into iced water (800 ml). The
      solid was filtered off and crystallised from dimethylformamide, m.p.
      271.degree.-273.degree. (87 %).
PAC  b.
      7-Chloro-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-carboxa
     mide
PAR  7-Chloro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid, (1 g) and
      N,N'-carbonyldiimidazole (1.1g) in dimethylformamide (12 ml) were heated
      at 100.degree. for 1 hour. 5-Amino-1H-tetrazole (0.95 g) was added and the
      mixture was heated at 100.degree. for 1 hour and cooled. The solid was
      filtered off and stirred with aqueous hydrochloric acid (10 ml, 2N) and
      the solid was collected and dried, m.p. above 350.degree..
PAC  EXAMPLE 11
PAC  7-Chloro-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-
     carboxamide
PA0  Method A
PAR  7-Chloro-1-ethyl-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid (10
      g) and N,N'-carbonyldiimidazole (8 g) in dimethylformamide (100 ml) were
      stirred and heated to 100.degree. for 2 hours. 5-Amino-1H-tetrazole (10 g)
      and tetrahydrofuran (100 ml) were added and the mixture was heated under
      reflux for 30 minutes. The solid was collected and stirred with dilute
      aqueous hydrochloric acid (500 ml) (0.1 N). The solid was filtered off and
      dried, m.p. above 400.degree..
PA0  Method B
PAC  a. 7-Chloro-1-ethyl-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carbonyl chloride
PAR  7-Chloro-1-ethyl-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid
      (29.5 g) and thionyl chloride (18 ml) in dry doluene (900 ml) were stirred
      and heated under reflux for 1 hour. The solution was cooled and the solid
      that separated was collected. It had m.p. 186.5.degree.-188.5.degree.
      (98%).
PAC  b.
      7-Chloro-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3
     -carboxamide
PAR  7-Chloro-1-ethyl-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carbonyl chloride
      (22.3 g) in dry dioxan (350 ml) was added slowly to 5-amino-1H-tetrazole
      (7.9 g) and triethylamine (15.1 ml) in dry dioxan (350 ml) and the mixture
      kept 3 days at room temperature. The solid was collected and dissolved in
      aqueous dimethylaminoethanol. The solution was filtered and acetic acid
      was added to the filtrate. The solid that separated was collected and had
      m.p. above 400.degree..
PAC  EXAMPLE 12
PAC  1.
      1-Ethyl-1,4-dihydro-7[(2-hydroxyethyl)amino]-4-oxo-N(1H-tetrazol)-5-yl)-1,
     8-naphthyridine-3-carboxamide
PAR  7-Chloro-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-
     carboxamide (Example 11, 0.5 g) and 2-aminoethanol (10 ml) in ethanol (10
      ml) were heated under reflux for 1.5 hours. The solution was cooled and
      acidified to pH 1 with 2N hydrochloric acid. The solid was collected and
      dissolved in dimethyl sulphoxide and the solution was diluted with water.
      The solid was collected and dried, m.p. 300.degree.-304.degree. (d) (37%).
PAR  The following compounds were prepared in a similar manner from
      7-chloro-1-ethyl-1,4-dihydro-4-oxo-(1H-tetrazol-5-yl)-1,8-naphthyridine-3-
     carboxamide and the amine quoted:
PA0  2.
      7-Benzylamino-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyrid
     ine-3-carboxamide, m.p. 315.degree.-317.degree. (d) (66%), with
      benzylamine.
PA0  3.
      1-Ethyl-1,4-dihydro-7-(4-methyl-1-piperazinyl)-4-oxo-N(1H-tetrazol-5-yl)-1
     ,8-naphthyridine-3-carboxamide, hydrochloride, m.p. 313.degree. (d) (29%),
      with N-methyl-piperazine.
PA0  4.
      1-Ethyl-1,4-dihydro-7-(2-methoxyethylamino)-4-oxo-N(1H-tetrazol-5-yl)-1,8-
     naphthyridine-3-carboxamide, m.p. 295.degree.-298.degree. (d) (66%), with
      2-methoxyethylamine.
PA0  5.
      1-Ethyl-1,4-dihydro-7-morpholino-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridi
     ne-3-carboxamide, m.p. 314.degree.-317.degree. (d) (70 %) with morpholine.
PAC  EXAMPLE 13
PAC  1.
      7(2-Dimethylaminoethylamino)-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)
     -1,8-naphthyridine-3-carboxamide
PAR  7-Chloro-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-
     carboxamide (Example 11, 1 g), 2-dimethylaminoethylamine (5 ml) and water
      (2 ml) were heated on a steam bath for 5.5 hours. The mixture was
      concentrated under reduced pressure to give an oil. The oil was triturated
      with ether and the solid was collected, m.p. 294.degree.-296.degree., 27%.
PAR  The following compounds were prepared in a similar manner from
      7-chloro-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3
     -carboxamide and the amine quoted:
PA0  2.
      7-Dimethylamino-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyr
     idine-3-carboxamide, m.p. 330.degree. (d) (51 %), from dimethylamine.
PA0  3.
      7-Butylamino-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridi
     ne-3-carboxamide, m.p. 322.degree.-323.degree. (d) (100%) from
      n-butylamine.
PA0  4.
      7-(2-Aminoethylamino)-1,4-dihydro-1-ethyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-na
     phthyridine-3-carboxamide, m.p. 280.degree.-292.degree. (d) (97%) from
      1,2-diaminoethane.
PA0  5.
      1-Ethyl-1,4-dihydro-4-oxo-7-piperidino-N(1H-tetrazol-5-yl)-1,8-naphthyridi
     ne-3-carboxamide, m.p. 328.degree. (d) (56%), from piperidine.
PAC  EXAMPLE 14
PAC  1.
      1-Ethyl-1,4-dihydro-7(2-hydroxyethoxy)-4-oxo-N(1H-tetrazol-5-yl)-1,8-napht
     hyridine-3-carboxamide
PAR  7-Chloro-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-
     carboxamide (Example 11, 1 g) was added to a solution of sodium (0.14 g) in
      ethane-1,2-diol (10 ml) and the mixture was heated at 100.degree. for 23
      hours. The mixture was cooled and acidified with glacial acetic acid and
      the solid was collected. The solid was dissolved in aqueous
      dimethylaminoethanol (20 ml, 5%) and the solution was acidified with
      glacial acetic acid. The solid was collected and dried, m.p.
      301.degree.-3.degree. (56%).
PAR  The following compounds were prepared in a similar manner from
      7-chloro-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3
     -carboxamide and the sodio derivative of the alcohol quoted:
PA0  2.
      7-Allyloxy-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine
     -3-carboxamide, m.p. 274.degree.-275.degree. (d) (82%) from allyl alcohol.
PA0  3.
      1,4-Dihydro-7-(2-dimethylaminoethoxy)-1-ethyl-4-oxo-N(1H-tetrazol-5-yl)-1,
     8-naphthyridine-3-carboxamide hydrochloride, m.p.
      265.5.degree.-267.degree.40 (d) (32%) from 2-dimethylaminoethanol.
PA0  4.
      1-Ethyl-1,4-dihydro-7-isopropyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridin
     e-3-carboxamide, m.p. 290.degree.-300.degree. (d) (87%), from isopropanol.
PA0  5.
      1-Ethyl-1,4-dihydro-7-(2-methoxyethoxy)-4-oxo-N(1H-tetrazol-5-yl)-1,8-naph
     thyridine-3-carboxamide, m.p. 288.5.degree.-280.5.degree. (62%), from
      2-methoxyethanol.
PAC  EXAMPLE 15
PAC  1,4-Dihydro-1-isopropyl-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridin
     e-3-carboxamide
PAR  1,4-Dihydro-1-isopropyl-7-methyl-4-oxo-1,8-naphthyridine-3-carboxylic acid
      (Example 3b, 0.9 g) was warmed in dimethylformamide (70 ml) and
      triethylamine (0.7 ml) was added. The solution was cooled to 0.degree. and
      ethyl chloroformate (0.4 ml) was added and the mixture was kept for 30
      minutes. 5-Amino-1H-tetrazol (3.6 g) was added and the mixture was stirred
      at room temperature for 18 hours and filtered. The filtrate was evaporated
      and the residue was crystallised from a mixture of dimethylforamido and
      isopropanol. The product had m.p. &gt;300.degree. (d) (36%).
PAC  EXAMPLE 16
PAC  1,4-Dihydro-1(2-methoxyethyl)-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphth
     yridine-3-carboxamide
PAC  a.
      1,4-Dihydro-1-(2-methoxyethyl)-7-methyl-4-oxo-1,8-naphthyridine-3-carboxyl
     ic acid
PAR  1,4-Dihydro-1-(2-hydroxyethyl)-7-methyl-4-oxo-1,8-naphthyridine-3-carboxyli
     c acid (1 g) in ethanol (30 ml) and aqueous sodium hydroxide (10 ml, 40%)
      was treated alternatively with dimethyl sulphate (5 ml) and aqueous sodium
      hydroxide (10 ml, 40 %) until dimethylsulphate (25 ml) had been added. The
      mixture was refluxed for 1.5 hours and concentrated to a volume of 20 ml.
      Concentrated hydrochloric acid was added and the solid was collected and
      washed with water and dried. The product had m.p. 244.degree.-245.degree.
      (d).
PAC  b.
      1,4-Dihydro-1-(2-methoxyethyl)-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naph
     thyridine-3-carboxamide
PAR  1,4-Dihydro-1-(2-methoxyethyl)-7-methyl-4-oxo-1,8-naphthyridine-3-carboxyli
     c acid (0.5 g) and N,N'-carbonyldiimidazole (0.31 g) in dimethylformamide
      (50 ml) were warmed at 60.degree. for 1 hour. 5-Amino-1H-tetrazol (0.16 g)
      was added and the solution was stirred at 60.degree. for 2 hours and
      cooled. The solid was collected and crystallised from dimethylformamide
      and had m.p. 245.degree.-246.degree. (d).
PAC  EXAMPLE 17
PAC  1-(2-Aminoethyl)-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthy
     ridine-3-carboxamide, hydrochloride, monohydrate
PAR  1-(2-Dibenzylaminoethyl)-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8
     -naphthyridine-3-carboxamide (Example 3c, 1.2 g) in aqueous
      dimethylaminoethanol (100 ml) was shaken with hydrogen at room temperature
      and atmospheric pressure in the presence of palladium on charcoal catalyst
      (0.2 g, 10%) for 48 hours. The catalyst was filtered off and the filtrate
      was evaporated. The residue was dissolved in 2N sodium hydroxide and the
      solution was acidified with 5N hydrochloric acid. The solid that separated
      was collected and dried. It has m.p. 315.degree. (d).
PAC  EXAMPLE 18
PAC  1-Ethyl-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-
     carboxamide, sodium salt, monohydrate
PAR  2N Sodium hydroxide was added dropwise to
      1-ethyl-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3
     -carboxamide (Example 1, 1g) in water (50 ml) until the solution had a pH
      of 9. The solution was concentrated to one quarter of its volume and
      acetone (30 ml) was added. The solid that crystallised was collected and
      dried. It had m.p. 250.degree. (d).
PAC  EXAMPLE 19 (pharmaceutical compositions)
PAC  Inhalation aerosol
PA0  To prepare 100 aerosol cans, each of which delivers 200 metered doses of
      1.0 mg AH 10429.sup.+
PAR  Micronise the AH 10429V.sup.+.sup.+ to give a powder in which nearly all
      the particles are smaller than 5 .mu. m in diameter. Dissolve 0.60 g of
      Emulsifier YN 100** in 570 g of trichlorofluoromethane (Arcton 11) at
      10.degree.C. Disperse in this solution with a high shear mixer 28.6 g of
      micronised AH 10429V. Meter 5.7 g fractions of the drug suspension into
      suitable aluminium cans and seal the cans by crimping on suitable
      pressure-filling aerosol valves capable of metering 85 mg doses of final
      product. Inject through the valve into each can 14.7 g of
      dichlorodifluoromethane (Arcton 12). Fit a suitable oral adaptor/actuator
      unit on to each can.
FNT  ** Emulsifier YN 100 is a grade of the ammonium salt synthetic lecithin,
      supplied by Cadbury Bros.
FNT  .sup.+ AH 10429 is the product of Example 1.
FNT  .sup.+.sup.+ AH 10429V is the sodium salt monohydrate of AH 10429. The
      production of this salt is described in Example 18.
PAC  Tablets
PA0  To prepare 10,000, each containing 200 mg AH 10429
PAR  Mix together 2.20kg AH 10429V (sieved 60 mesh) with 2.00 kg lactose B.P.
      and 100 g of maize starch. Evenly moisten the mixed powders with
      sufficient water to produce a cohesive mass, pass this through a 16 mesh
      sieve and dry the granules at 50.degree.C in a fluidised bed dryer. Blend
      the dry granules with 100 g of maize starch and 10 g of magnesium
      stearate. Compress on a suitable tablet press to give tablets each
      weighing 440 mg.
PAC  Capsules (for oral use)
PA0  To prepare 10,000 hard gelatin capsules containing AH 10429
PAR  Mix the powdered AH 10429V (sieved 60 mesh) with sufficient Sta-Rx starch*
      1500 and magnesium stearate equivalent to 1% of the total powder-weight,
      to give the required dosage, which can be up to 250 mg AH 10429. Fill into
      No. 1 hard gelatin capsules with a suitable capsulating machine.
FNT  * Sta-Rx starch 1500 is a grade of free-flowing starch supplied by A.E.
      Staley Co. Ltd., London.
PAC  Capsules for Inhalation
PA0  To prepare 10,000 capsules each containing 20 mg AH 10429. for use in an
      insufflator for inhalation into the lung.
PAR  Micronise the AH 10429V to give a powder in which nearly all particles are
      smaller than 5 .mu.m diameter. Blend 220 g of micronised drug with 200 g
      of lactose B.P., previously sieved through 200 mesh and over 300 mesh
      sieves. Fill the powder blend into No. 3 hard gelatin capsules on a
      suitable machine, so that each capsule contains 42 mg of powder.
PAR  AH 10429 (or 10429V) may be replaced by another compound according to the
      invention if desired.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC5##
PAL  or the formula
      ##SPC6##
     in which
PAL  R.sub.1 represents a hydrogen atom, a halogen atom, a C.sub.2 -.sub.6
      alkenyl or a C.sub.1 -.sub.6 alkyl group; or a group OR.sub.3 or NR.sub.3
      R.sub.4 where R.sub.3 and R.sub.4 which may be the same or different
      represent a hydrogen atom, a C.sub.2 -.sub.6 alkenyl group, a C.sub.1
      -.sub.6 alkyl group or a C.sub.1 -C.sub.6 alkyl group substituted by at
      least one hydroxy, C.sub.1 -.sub.6 alkoxy group C.sub.1 -.sub.6
      alkanoyloxy, phenyl, amino, C.sub.1 -.sub.6 alkylamimo, di C.sub.1 -.sub.6
      alkylamino, diphenyl C.sub.1 -.sub.6 alkylamino or N,C.sub.1 -.sub.6
      alkyl, N-phenyl-C.sub.1 -.sub.6 alkyl group, and R.sub.2 has the same
      meaning as R.sub.3 ; or a phramaceutically acceptable salt of a compound
      of formula I or II.
NUM  2.
PAR  2. A compound as claimed in claim 1 which is
      1-ethyl-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3
     -carboxamide.
NUM  3.
PAR  3. A compound as claimed in claim 1 which is
      1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-carboxa
     mide.
NUM  4.
PAR  4. A compound as claimed in claim 1 which is
      1(2-dimethylaminoethyl)-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8
     -naphthyridine-3-carboxamide.
NUM  5.
PAR  5. A compound as claimed in claim 1 which is
      1-[2-(benzylmethylamino)ethyl]-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-
     yl)-1,8-naphthyridine-3-carboxamide.
NUM  6.
PAR  6. A compound as claimed in claim 1 which is
      1-[2-dibenzylamino)ethyl]-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1
     ,8-naphthyridine-3-carboxamide.
NUM  7.
PAR  7. A compound as claimed in claim 1 which is
      1,4-dihydro-7-methyl-4-oxo-1-(2-phenethyl)-N(1H-tetrazol-5-yl)-1,8-naphthy
     ridine-3-carboxamide.
NUM  8.
PAR  8. A compound as claimed in claim 1 which is
      1,4-dihydro-1-isopropyl-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridi
     ne-3-carboxamide.
NUM  9.
PAR  9. A compound as claimed in claim 1 which is
      1(2-formyloxyethyl)-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-nap
     hthyridine-3-carboxamide.
NUM  10.
PAR  10. A compound as claimed in claim 1 which is
      1-allyl-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3
     -carboxamide.
NUM  11.
PAR  11. A compound as claimed in claim 1 which is
      1,4-dihydro-1(2-hydroxyethyl)-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-napht
     hyridine-3-carboxamide.
NUM  12.
PAR  12. A compound as claimed in claim 1 which is
      7-ethoxy-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-carboxa
     mide.
NUM  13.
PAR  13. A compound as claimed in claim 1 which is
      1,4-dihydro-7-hydroxy-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-carbox
     amide, compound with imidazole.
NUM  14.
PAR  14. A compound as claimed in claim 1 which is
      7-ethoxy-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3
     -carboxamide.
NUM  15.
PAR  15. A compound as claimed in claim 1 which is
      1-ethyl-1,4-didhydro-7-hydroxy-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine
     -3-carboxamide.
NUM  16.
PAR  16. A compound as claimed in claim 1 which is
      1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-carboxam
     ide.
NUM  17.
PAR  17. A compound as claimed in claim 1 which is
      7-ethoxy-1,4-dihydro-1(2-hydroxyethyl)-4-oxo-N(1H-tetrazol-5-yl)-1,8-napht
     hyridine-3-carboxamide.
NUM  18.
PAR  18. A compound as claimed in claim 1 which is
      7-chloro-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-carboxa
     mide.
NUM  19.
PAR  19. A compound as claimed in claim 1 which is
      7-chloro-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3
     -carboxamide.
NUM  20.
PAR  20. A compound as claimed in claim 1 which is
      1-ethyl-1,4-dihydro-7[(2-hydroxyethyl)amino
      -4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3-carboxamide.
NUM  21.
PAR  21. A compound as claimed in claim 1 which is
      7-benzylamino-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyrid
     ine-3-carboxamide.
NUM  22.
PAR  22. A compound as claimed in claim 1 which is
      1-ethyl-1,4-dihydro-7-(2-methoxyethylamino)-4-oxo-N(1H-tetrazol-5-yl)-1,8-
     naphthyridine-3-carboxamide.
NUM  23.
PAR  23. A compound as claimed in claim 1 which is
      7(2-dimethylaminoethylamino)-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)
     0-1,8-naphthyridine-3 carboxamide.
NUM  24.
PAR  24. A compound as claimed in claim 1 which is
      7-dimethylamino-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyr
     idine-3-carboxamide.
NUM  25.
PAR  25. A compound as claimed in claim 1 which is
      7-butylamino-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridi
     ne-3-carboxamide.
NUM  26.
PAR  26. A compound as claimed in claim 1 which is
      7-(2-aminoethylamino)-1,4-dihydro-1-ethyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-na
     phthyridine-3-carboxamide.
NUM  27.
PAR  27. A compound as claimed in claim 1 which is
      1-ethyl-1,4-dihydro-7(2-hydroxyethyl)-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphth
     yridine-3-carboxamide.
NUM  28.
PAR  28. A compound as claimed in claim 1 which is
      7-allyloxy-1-ethyl-1,4-dihydro-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine
     -3-carboxamide.
NUM  29.
PAR  29. A compound as claimed in claim 1 which is
      1,4-dihydro-7-(2-dimethylaminoethoxy)-1-ethyl-4-oxo-N(1H-tetrazol-5-yl)-1,
     8-naphthyridine-3-carboxamide hydrochloride.
NUM  30.
PAR  30. A compound as claimed in claim 1 which is
      1-ethyl-1,4-dihydro-7-isopropoxy-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridi
     ne-3-carboxamide.
NUM  31.
PAR  31. A compound as claimed in claim 1 which is
      1-ethyl-1,4-dihydro-7-(2-methoxyethoxy)-4-oxo-N(1H-tetrazol-5-yl)-1,8-naph
     thyridine-3-carboxamide.
NUM  32.
PAR  32. A compound as claimed in claim 1 which is
      1,4-dihydro-1-isopropyl-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridi
     ne-3-carboxamide.
NUM  33.
PAR  33. A compound as claimed in claim 1 which is
      1,4-dihydro-1-(2-methoxyethyl)-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naph
     thyridine-3-carboxamide.
NUM  34.
PAR  34. A compound as claimed in claim 1 which is
      1-(2-aminoethyl)-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphth
     yridine-3-carboxamide, hydrochloride, monohydrate.
NUM  35.
PAR  35. A compound as claimed in claim 1 which is
      1-ethyl-1,4-dihydro-7-methyl-4-oxo-N(1H-tetrazol-5-yl)-1,8-naphthyridine-3
     -carboxamide, sodium salt, monohydrate.
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ABST
PAL  Compositions of matter are provided comprising a stable, non-vaporous
      monomeric methylene base selected from a 2-methylenethiazoline; a
      2-methylenebenzothiazoline; a 2-methylenenaphthothiazoline; a
      2-methylenebenzoselenazoline; and a 2-methylenenaphthoselenazoline. The
      compositions of the invention are prepared by reacting the parent 2-methyl
      quaternary salt with a non-hydroxylic base which removes a proton of the
      heterocyclic salt together with a proton acceptor which inhibits build-up
      of the hydro salt of the non-hydroxylic base, the reaction being conducted
      under anhydrous conditions in a non-hydroxylic liquid in which the
      heterocyclic quaternary salt is sufficiently insoluble to inhibit dimer
      formation. The compositions of the invention are employed in the
      preparation of methine dyes.
BSUM
PAR  This invention relates to novel compositions of matter, and more
      particularly to compositions of dye intermediates. The invention also
      relates to the preparation of dye intermediates, and the use of such
      intermediates in the preparation of methine dyes.
PAR  Various 2-methylene bases derived from 2-methyl substituted heterocyclic
      nitrogen containing quaternary salts have been described in the
      literature. Certain of these compounds can be obtained without
      dimerization, such as the 2-methylene bases of the indolenines. See, for
      example, German Pat. No. 824,819, the examples of which employ the
      monomeric methylene base of indolenines. Although this patent appears to
      generically include 2-methylene bases of benzothiazoles, no instructions
      are given therein as to the method for obtaining 2-methylene- benzo- or
      naphthothiazoles. Also, certain substituted benzothiazolines form
      dimer-free compositions, such as those having the following formulas:
      ##SPC1##
PAR  Stable, non-vaporous compositions of the 2-methylene substituted
      benzothiazoles, naphthothiazoles, benzoselenazoles and naphthoselenazoles
      have not been prepared heretofore. The preparation of the methylene base
      from 2,3-dimethylbenzothiazolium perchlorate was described by Konig and
      Meir (J.pr.Chem.109, 324(1925). While these authors believed that the
      methylene base was monomeric and had structure 1, (Ber., 72, 2107 (1939)),
      Mumm demonstrated by molecular weight determinations that it was in fact
      dimeric. Larive (Chimia, 15, 115 (1961))
      ##SPC2##
PAL  Determined that the correct structure of the methylene base was 2. In
      addition Larive described the preparation and determination of the
      structure of methylene bases 3, 4 and 5. These compounds were shown to be
      reactive with a variety of intermediates to form cyanine and merocyanine
      dyes.
      ##SPC3##
PAR  Larive et al in U.S. Pat. No. 2,921,067 refer to monomeric methylene bases
      in Column 4. However, the compounds employed by Larive et al were actually
      dimeric compounds and not the methylene bases of benzothiazole,
      benzoselenazole, naphthothiazole and naphthoselenazole, since monomeric
      methylene bases would not separate from the solution under the conditions
      described in Column 4 of Larive et al. There is no teaching by Larive et
      al as how to obtain monomeric methylene bases of the benzo or
      naphthothiazole or -selenazole type. Subsequently, as noted above, Larive,
      showed that the correct structure was the dimer.
PAR  Vorsanger in Bul.Chem.Soc. France 964 (1968) in making mass spectrograms
      from compositions of dimer formed by 2-methylene bases and the parent
      2-methyl quaternary salt, indicated the dimer vaporized as the monomeric
      2-methylene base. Such vaporized monomers would be totally unusable in the
      practical synthesis of methine dyes.
PAR  One object of this invention is to provide monomeric dye intermediates.
PAR  Another object of this invention is to provide a method for preparing
      monomeric dye intermediates.
PAR  Still another object of this invention is to provide a method for the
      preparation of methine dyes which features the use of certain monomeric
      dye intermediates.
PAR  Other objects of this invention will be apparent from the disclosure herein
      and the appended claims.
PAR  In accordance with one embodiment of this invention, a composition of
      matter is provided comprising a stable, nonvaporous monomeric methylene
      base of a 2-methylenethiazoline; a 2-methylenebenzothiazoline; a
      2-methylenenaphthothiazoline; a 2-methylenebenzoselenazoline; or, a
      2-methylenenaphthoselenazoline. The monomeric bases of this invention
      react substantially faster with other methine dye intermediates than their
      dimeric counterparts.
PAR  As used herein, the work "stable" denotes a non-transitory compound.
      "Stable" is intended to exclude "fleeting" compounds formed, for example,
      in the course of a chemical reaction. Hence, this invention excludes
      monomeric bases which might be formed as transitory intermediates when the
      dimer is reacted with the usual methine dye intermediates. The
      compositions of this invention can be stored, preferably at low
      temperature (e.g., 0.degree.C.) and under anhydrous conditions.
PAR  The compositions of the invention are nonvaporous under normal, ambient
      pressures and generally are liquids or solids at temperatures of
      35.degree. to 40.degree.C., or less. The compositions of the invention are
      in convenient form for reaction with methine dye intermediates.
PAR  The preferred compositions of the invention comprise monomeric methylene
      bases are substantially free of the dimer formed by the reacton of the
      methylene base with the parent methyl quaternary salt. The compositions of
      the invention can, however, contain dimer. Advantageously, any dimer is
      present in amounts less than 10%, and preferably less than 5.0% of the
      weight of the monomeric methylene base.
PAR  The preferred methylene bases of the invention have the following formula:
      ##SPC4##
PAL  wherein Z represents the non-metallic atoms to complete a thiazoline
      nucleus, such as thiazoline, 4-methylthiazoline, 5-chlorothiazoline,
      4-methoxythiazoline, etc.; a benzothiazoline nucleus, such as
      benzothiazoline, 4-chlorobenzoline, 5-chlorobenzothiazoline,
      6-chlorobenzothiazoline, 7-chlorobenzothiazoline, 4-methylbenzothiazoline,
      5-methylbenzothiazoline, 6-methylbenzothiazoline, 5-bromobenzothiazoline,
      6-bromobenzothiazoline, 4-phenylbenzothiazoline, 5-phenylbenzothiazoline,
      4-methoxybenzothiazoline, 5-methoxybenzothiazoline,
      6-methoxybenzothiazoline, 5-iodobenzothiazoline, 6-iodobenzothiazoline,
      4-ethoxybenzothiazoline, 5-ethoxybenzothiazoline,
      tetrahydrobenzothiazoline, 5,6-dimethoxybenzothiazoline,
      5,6-dioxymethylenebenzothiazoline, etc.; a naphthothiazoline nucleus such
      as naphtho[1,2-d]thiazoline, naphtho[2,1-d]thiazoline,
      5-methoxynaphtho[2,1-d]thiazoline, 5-ethoxynaphtho[2,3-d]thiazoline,
      8-methoxynaphtho[1,2-d]thiazoline, 7-methoxynaphtho[1,2-d]-thiazoline,
      etc.; a benzoselenazoline nucleus such as benzoselenazoline,
      5-chlorobenzoselenazoline, 5-methoxybenzoselenazoline, tetrahydro-
      benzoselenazoline, etc.; or a naphthoselenazoline nucleus, such as
      naphtho[1,2-d]selenazoline, naphtho[2,1-d]selenazoline, 5
      -chloronaphtho[2,1-d]selenazoline, 8-phenylnaphtho[2,1-d]-selenazoline,
      7-methoxynaphtho[1,2-d]selenazoline, etc.; and, R represents an alkyl
      group, including substituted alkyl, (preferably a lower alkyl containing
      from 1 to 4 carbon atoms) e.g., methyl, ethyl, propyl, isopropyl, butyl,
      hexyl, cyclohexyl, decyl, dodecyl, etc., and substituted alkyl groups
      (preferably a substituted lower alkyl containing from 1 to 4 carbon
      atoms), such as an alkoxyalkyl group e.g., .beta.-methoxyethyl,
      .omega.-butoxybutyl, etc., a carboxyalkyl group, e.g.,
      .beta.-carboxyethyl, .omega.-carboxybutyl, etc., a sulfoalkyl group, e.g.,
      .beta.-sulfoethyl, .omega.-sulfobutyl, etc., a sulfatoalkyl group, e.g.,
      .beta.-sulfatoethyl, .omega.-sulfatobutyl, etc., or an aralkyl group,
      e.g., benzyl, phenethyl, etc., and the like; or an aryl group, e.g.,
      phenyl, tolyl, naphthyl, methoxyphenyl, chlorophenyl, etc. Some specific
      dimer-free monomeic methylene bases of the invention include the
      following: 3-methyl-2-methylenebenzothiazoline; 3-ethyl-2-methylenebenzo-
      selenazoline; 3-ethyl-2-methylene [1,2-d]naphthothiazoline;
      3-(3-sulfobutyl)-2-methylenebenzothiazoline;
      3-(2-carboxyethyl)-2-methylenebenzoselenazoline;
      2-methylene-3-phenyl-benzothiazoline;
      3-ethyl-2-methylene[2,1-d]-naphthothiazoline; and,
      3-ethyl-2-methylenethiazoline.
PAR  In another embodiment of this invention, a method is provided for preparing
      monomeric methylene bases which comprises reacting a heterocyclic
      quaternary salt selected from a 2-methylthiazolium salt, a
      2-methylbenzothiazolium salt, a 2-methylnaphthothiazolium salt, a
      2-methylbenzoselenazolium salt and a 2-methylnaphthoselenazolium salt with
      a non-hydroxylic base which removes a proton of the heterocyclic
      quaternary salt to form monomeric 2-methylene base from the quaternary
      salt. together with a proton acceptor which inhibits build-up of the hydro
      salt of the non-hydroxylic base, the reaction being conducted under
      anhydrous conditions in a non-hydroxylic liquid in which the heterocyclic
      quaternary salt is sufficiently insoluble to prevent formation of a dimer
      by reaction between quaternary salt and methylene base. This process is
      particularly unobvious in view of the fact that related 2-methyl
      substituted quaternary salts, such as oxazoles, benzoxazoles and
      naphthoxazoles are not converted into dimer-free methylene bases by the
      processes of this invention.
PAR  The novel dye intermediate preparation in accordance with this invention is
      preferably initiated with a heterocyclic quaternary salt having the
      following formula:
      ##SPC5##
PAL  wherein Z and R have the meanings given above, and X represents any acid
      anion, such as chloride, bromide, iodide, thiocyanate, benzenesulfonate,
      perchlorate, p-toluenesulfonate, etc.
PAR  The process of the invention employs a non-hydroxylic base which removes a
      proton of the heterocyclic quaternary salt to form a corresponding
      monomeric methylene base. Any non-hydroxylic base which functions to
      remove the proton from the heterocyclic quaternary salt can be employed.
      Advantageously, the non-hydroxylic base has a pKa of at least 12.
      Non-hydroxylic bases which can be employed in the invention are
      1,4-diazabicyclo-2,2,2-octane and tetramethylguanidine.
PAR  The reaction of the invention is conducted in the presence of a proton
      acceptor, which appears to facilitate the reaction by inhibiting or
      preventing build-up of the hydro salt of the non-hydroxylic base. Any
      suitable proton acceptor can be employed, such as sodium hydride or an
      organo lithium compound such as methylithium or butylithium.
PAR  The reaction of the invention is advantageously conducted in a
      non-hydroxylic liquid in which the heterocyclic quaternary salt is
      sufficiently insoluble to prevent formation of dimer by reaction between
      the quaternary salt and the methylene base. Suitable liquids include
      benzene and ligroine although various other materials can be utilized
      which are poor solvents for the quaternary salt.
PAR  The preparation of monomeric metylene base in accordance with the invention
      is conducted under anhydrous conditions. Advantageously, precautions are
      made to assure that all water is removed from the reaction mixture.
      Preferably the quaternary salt is added very slowly to the mixture of
      non-hydroxylic base, proton acceptor and non-hydroxylic liquid, while
      holding the mixture of non-hydroxylic base, proton acceptor and
      non-hydroxylic medium at 0.degree.C. After addition of the quaternary
      salt, the temperature can be allowed to rise to room temperature, i.e.,
      about 20.degree.C. and the mixture stirred until all of the quaternary
      salt has dissolved and reacted. Preferably, the entire process is
      conducted under 30.degree.C. The reaction can take several hours, such as
      20 or more hours.
PAR  The concentrations of reactants employed in the process of the invention is
      not critical. Good results are obtained when substantially equal parts of
      non-hydroxylic base and non-hydroxylic liquid are utilized and the
      quaternary salt is added at a concentration of about up to 0.5 molar. The
      proton acceptor is advantageously added in an amount sufficient to prevent
      formation of the hydro salt of the strong base, e.g., in a concentration
      of up to about 0.5 molar and preferably at a slight molar excess over the
      concentration of the quaternary salt.
PAR  The success of the reaction of the invention is probably due to the ability
      of the excess strong base to rapidly remove the proton from the small
      amount of quaternary salt in the solution, with the proton acceptor
      preventing build-up of the hydro salt of the strong base.
PAR  In accordance with another embodiment of this invention, methine dyes are
      prepared by reacting a stable, non-vaporous monomeric methylene base
      selected from a 2-methylenethiazoline, a 2-methylenebenzothiazoline, a
      2-methylenenaphthothiazoline, a 2-methylenebenzoselenazoline, and a
      2-methylenenaphthoselenazoline with: an acetanilidovinyl salt of the type
      used in the synthesis of cyanine dyes, to obtain a cyanine dye; an
      N,N-disubstituted p-aminobenzaldehyde or an N,N-disubstituted
      p-aminocinnamaldehyde of the type used in the synthesis of styryl dyes, to
      obtain a styryl dye; or, an N,N-dimethylaminomethylene substituted acidic
      nucleus or an acetanilidovinyl derivative of an acidic nucleus of the type
      used in preparation of merocyanine dyes, to obtain a merocyanine dye.
      Preferably, the reaction is conducted in the absence of dimer formed by
      the monomeric methylene base and the parent 2-methyl substituted
      quaternary salt. Typical preferred acetanilidovinyl salts of the types
      used in the synthesis of cyanine dyes are represented by the following
      formula:
      ##SPC6##
PAL  wherein R.sub.1 and X.sub.1 have a value given above for R and X; g and q
      each represents a positive integer of from 1 to 2; R.sub.2 represents an
      aryl group of from 6-7 carbon atoms, e.g., phenyl, p-tolyl, etc., R.sub.3
      represents an alkyl group, such as referred to above; and, Z.sub.1
      represents the non-metallic atoms necessary to complete the same or
      different 5- to 6- membered heterocyclic nucleus such as used in cyanine
      dyes which may contain a second hetero atom such as oxygen, sulfur,
      selenium, or nitrogen, such as the following nuclei: a thiazole nucleus,
      e.g., thiazole, 4-methylthiazole, 4-phenylthiazole, 5-methylthiazole,
      5-phenylthiazole, 4,5-dimethylthiazole, 4,5-diphenylthiazole,
      4-(2-thienyl)thiazole, benzothiazole, 4-chlorobenzothiazole,
      5-chlorobenzothiazole, 6-chlorobenzothiazole, 7-chlorobenzothiazole,
      4-methylbenzothiazole, 5 -methylbenzothiazole, 6-methylbenzothiazole,
      5-bromobenzothiazole, 6-bromobenzothiazole, 5-phenylbenzothiazole,
      6-phenylbenzothiazole, 4-methoxybenzothiazole, 5-methoxybenzothiazole,
      6-methoxybenzothiazole, 5-iodobenzothiazole, 6-iodobenzothiazole,
      4-ethoxybenzothiazole, 5-ethoxybenzothiazole, tetrahydrobenzothiazole,
      5,6-dimethoxybenzothiazole, 5,6-dioxymethylenebenzothiazole,
      naphtho[2,1-d]thiazole, naphtho[1,2-d]thiazole,
      5-methoxynaphtho[2,3-d]thiazole, 5-ethoxynaphtho[2,3-d]thiazole,
      8-methoxynaphtho[2,3-d]thiazole, 7-methoxynaphtho[2,3-d]thiazole,
      4'-methoxythianaphtheno-7',6', -4,5-thiazole, etc.; an oxazole nucleus,
      e.g., 4-methyloxazole, 5-methyloxazole, 4-phenyloxazole,
      4,5-diphenyloxazole, 4-ethyloxazole, 4,5-dimethyloxazole, 5-phenyloxazole,
      benzoxazole, 5-chlorobenzoxazole, 5-methylbenzoxazole,
      5-phenylbenzoxazole, 6-methylbenzoxazole, 5,6-dimethylbenzoxazole,
      4,6-dimethylbenzoxazole, 5-methoxybenzoxazole, 5-ethoxybenzoxazole,
      5-chlorobenzoxazole, 6-methoxybenzoxazole, naphtho[2,1-d]oxazole,
      naphtho[1,2-d]-oxazole, etc.; a selenazole nucleus e.g.,
      4-methylselenazole, 4-phenylselenazole, benzoselenazole,
      5-chlorobenzoselenazole, 5l -methoxybenzoselenazole, tetrahydro-
      benzoselenazole, naphtho[ 2,1-d]selenazole, naphtho[1,2-d]selenazole,
      etc.; a thiazoline nucleus, e.g., thiazoline, 4-methylthiazoline, etc.; a
      pyridine nucleus, e.g., 2-pyridine, 5-methyl-2-pyridine, 4-pyridine,
      3-methyl-4-pyridine, etc.; a quinoline nucleus, e.g., 2-quinoline,
      3-methyl-2-quinoline, 5-ethyl-2-quinoline, 6-chloro-2-quinoline,
      8-chloro-2-quinoline, 6-methoxy-2-quinoline, 8-ethoxy-2-quinoline,
      4-quinoline, 6-methoxy-4-quinoline, 7-methyl-4-quinoline,
      8-chloro-4-quinoline, 1-isoquinoline, 3,4-dihydro-1-isoquinoline,
      3-isoquinoline, etc.; a 3,3-dialkylindolenine nucleus, e.g.,
      3,3-dimethylindolenine, 3,3,5-trimethylindolenine, etc.; and, an imidazole
      nucleus, e.g., 1-alkylimidazole, 1-alkyl-4-phenylimidazole,
      1-alkyl-4,5-dimethylimidazole, benzimidazole, 1-alkylbenzimidazole,
      1-aryl-5,6-dichlorobenzimidazole, 1-alkyl-1H-naphth[1,2-d]imidazole,
      1-aryl-3H-naphth[1,2-d]imidazole.
      1-alkyl-5-methoxy-1H-naphth-[1,2-d]imidazole, etc. This reaction is
      preferably carried out at moderate temperatures, such as 25.degree.C., in
      a suitable solvent.
PAR  Styryl dyes are prepared by heating (preferably at about 25.degree.C.) a
      mixture of a compound of Formula I (in which R.sub.2 is metyl) with the
      appropriate N,N-disubstituted p-aminobenzaldehyde, or N,N-disubstituted
      p-aminocinnamaldehyde preferably in a suitable solvent and in the presence
      of a basic condensing agent.
PAR  Merocyanine dyes are prepared by heating (preferably at about 25.degree.C.)
      a mixture of a compound of Formula I with a compound of the formula:
      ##SPC7##
PAL  wherein D represents the group:
      ##EQU1##
      wherein p represents a positive integer of from 1 to 2 and R.sub.2 and
      R.sub.3 are as previously defined; and, Q represents the non-metallic
      atoms necessary to complete a 5- or 6-membered acidic ketomethylene
      nucleus of the type used in merocyanine dyes typically containing a hetero
      atom selected from nitrogen, sulfur, selenium, and oxygen, such as a
      2-pyrazoline-5-one nucleus, e.g., 3-methyl-1-phenyl-2-pyrazoline-5-one,
      1-phenyl- 2-pyrazolin-5-one, 1-(2-benzothiazolyl)-
      3-metyl-2-pyrazolin-5-one, etc., an isoxazolone nucleus, e.g.,
      3-phenyl-5(4H)-isoxazolone, 3-methyl-5(4H)-isoxazolone, etc.; an oxindole
      nucleus, e.g., 1-alkyl-2-oxindoles etc.; a
      2,4,6-triketohexahydropyrimidine nucleus, e.g., a barbituric acid or a
      2-thiobarbituric acid substituted in the 1- and 3-positions with an alkyl
      group (preferably having 1 to 4 carbon atoms) or an aryl group, e.g.,
      methyl, ethyl, propyl, isopropyl, heptyl, cycohexyl, .beta.-methoxyethyl,
      phenyl, p-chlorophenyl, naphthyl, etc.; a rhodanine nucleus (i.e.,
      2-thio-2,4-thiazolidinedione series), such as rhodanine,
      3-alkylrhodanines, e.g., 3-ethylrhodanine, 3-allylrhodanine, etc.,
      3-carboxyalkylrhodanines, e.g., 3-(2-carboxyethyl)rhodanine,
      3-(4-carboxybutyl)rhodanine, etc., 3-sulfoalkylrhodanines, e.g.,
      3-(2-sulfoethyl)rhodanine, 3-(3-sulfopropyl)rhodanine,
      3-(4-sulfobutyl)rhodanine, etc., or 3-arylrhodanines, e.g.,
      3-phenylrhodanine, etc., etc.; a 2(3H)-imidazo[1,2-a]pyridone nucleus; a
      5,7-dioxo-6,7-dihydro-5-thiazolo[3,2-a]pyrimidine nucleus, e.g.,
      5,7-dioxo-3-phenyl-6,7 -dihydro-5-thiazolo[3,2-a]-pyrimidine, etc.; a
      2-thio-2,4-oxazolidinedione nucleus (i.e., those of the
      2-thio-2,4(3H,5H)-oxazoledione series) e.g.,
      3-ethyl-2-thio-2,4-oxazolidinedione, 3-(2-sulfoethyl)-
      2-thio-2,4-oxazolidinedione, 3-(4-sulfobutyl)-2-thio-2,4-oxazolidinedione,
      3-(3-carboxypropyl)-2-thio-2,4-oxazolidinedione, etc.; a thianaphthenone
      nucleus e.g., 3-(2H)-thianaphthenone, etc.; a 2-thio-2,5-thiazolidinedione
      nucleus (i.e., the 2-thio-2,5-(3H,4H)-thiazoledione series), e.g.,
      3-ethyl-2-thio-2,5-thiazolidinedione, etc.; a 2,4-thiazolidinedione
      nucleus, e.g., 2,4-thiazolidinedione, 3-ethyl-2,4-thiazolidinedione,
      3-phenyl-2,4-thiazolidinedione, 3-.alpha.-naphthyl-2,4-thiazolidinedione,
      etc.; a thiazolidinone nucleus, e.g., 4-thiazolidinone,
      3-ethyl-4-thiazolidinone, 3-phenyl-4-thiazolidinone,
      3-.alpha.-naphthyl-4-thiazolidinone, etc.; a 2-thiazolin-4-one nucleus,
      e.g., 2-ethylmercapto-2-thiazolin-4-one,
      2-alkylphenylamino-2-thiazolin-4-one, 2-diphenylamino-2-thiazolin-4-one,
      etc.; a 2-imino-4-oxazolidinone (i.e., pseudohydantoin) nucleus; a
      2,4-imidazolidinedione (hydantoin) nucleus, e.g., 2,4-imidazolidinedione,
      3-ethyl-2,4-imidazolidinedione, 3-phenyl-2,4-imidazolidinedione,
      3-.alpha.-naphthy-2,4-imidazolidinedione,
      1,3-diethyl-2,4-imidazolidinedione,
      1-ethyl-3-phenyl-2,4-imidazolidinedione,
      1-ethyl-3-.alpha.-naphthyl-2,4-imidazolidinedione,
      1,3-diphenyl-2,4-imidazolidinedione, etc.; a 2-thio-2,4-imidazolidinedione
      (i.e., 2-thiohydantoin) nucleus, e.g., 2-thio-2,4-imidazolidinedione,
      3-ethyl-2-thio-2,4-imidazolidinedione, 3-(4-sulfobutyl)-
      2-thio-2,4-imidazolidinedione,
      3-(2-carboxyethyl)-2-thio-2,4-imidazolidinedione,
      3-phenyl-2-thio-2,4-imidazolidinedione,
      3-.alpha.-naphthyl-2-thio-2,4-imidazolidinedione,
      1,3-diethyl-2-thio-2,4-imidazolidinedione,
      1-ethyl-3-phenyl-2-thio-2,4-imidazolidinedione, 1-ethyl-3
      -.alpha.-naphthyl-2-thio-2,4-imidazolidinedione,
      1,3-diphenyl-2-thio-2,4-imidazolidinedione, etc.; a 2-imidazolin-5-one
      nucleus, e.g., 2-propylmercapto-2-imidazolin-5-one, etc.; etc.
PAR  The monomeric methylene bases in accordance with this invention can be
      employed immediately after preparation for the formation of methine dyes,
      or can be stored, preferably at 0.degree.C. or dry ice temperature.
DETD
PAR  The following examples are included for a further understanding of the
      invention.
PAC  EXAMPLE 1
PAC  3-Methyl-2-methylenebenzothiazoline
      ##SPC8##
PAR  To a mixture of ligroine (b.p. = 63.degree.-75.degree.) (75 ml.) and
      tetramethylguanidine (75 ml.) dried over sodium hydride is added 0.06 mol.
      of sodium hydride which had been previously washed with ligroine to remove
      any oil present. The mixture is cooled in an ice bath under nitrogen and
      2,3-dimethylbenzothiazolium p-toluenesulfonate, 13.4 g. (0.0400 mol.) is
      added, with stirring, in small portions over three hours. After all the
      solid is added, the mixture is stirred for 20 hours at room temperature.
      The mixture is filtered through filter cell to remove the sodium
      p-toluenesulfonate. After removal of the ligroine and tetramethylguanidine
      by vacuum distillation, the remaining yellow oil is distilled under vacuum
      to give 4.7 g. (72%) of a clear liquid b.p. 90.degree.-91.degree. (0.07
      mm. Hg.). The product is stable at dry-ice temperature.
PAC  EXAMPLE 2
PAC  3-Ethyl-2-methylenebenzothiazoline
      ##SPC9##
PAR  To a mixture of benzene (110 ml.) and tetramethylguanidine (40 ml.) which
      had been dried over sodium hydride is added 0.06 mol. of sodium hydride
      which had been previously washed with benzene to remove any oil present.
      The mixture is cooled in an ice bath under nitrogen and
      3-ethyl-2-methylbenzothiazolium p-toluenesulfonate, 13.9 g. (0.0400 mol.)
      is added in small portions, with stirring, over one hour. After all the
      solid is added, the mixture is stirred at ice-bath temperature for one
      hour and then at room temperature for an additional 20 hours. The reaction
      mixture is then filtered through filter cell to remove the sodium
      p-toluenesulfonate. After removal of the benzene and tetramethylguanidine
      by vacuum distillation, the remaining yellow oil is distilled through a
      6-inch Vigreux column under vacuum to give 5.9 g. (83%) of a clear liquid
      b.p. 110.degree. (0.05 mm. Hg.). The nmr. spectrum of the liquid taken
      immediately after distillation gives the following nmr. values: 7.1--6.2
      (m,4 aromatic H) 3.9 (m,2, CH.sub.2 = C&lt;), 3.31 (q,2,J=7H.sub.z,
      --CH.sub.2 --), 0.92 (t,3, J=7Hz, --CH.sub.3). The product is stable for
      several weeks at dry ice temperature. When the above example is repeated
      except employing anhydro-3-(3-sulfobutyl)-2-methylbenzothiazolium
      hydroxide there is obtained in similar yield
      3-(3-sulfobutyl)-2-methylenebenzothiazoline which can be removed from the
      reaction mixture by crystallization.
PAC  EXAMPLE 3
PAC  3-Ethyl-2-methylenebenzoselenazoline
      ##SPC10##
PAR  To a mixture of ligroine (b.p. 63.degree.-75.degree.) (75 ml.) and
      tetramethylguanidine (75 ml.) dried over sodium hydride is added 0.06 mol.
      of sodium hydride which had been previously washed to remove any oil
      present. The mixture is cooled in an ice bath under nitrogen and
      3-ethyl-2-methyl-benzoselenazolinium p-toluenesulfonate, 15.7 g. (0.04
      mol.) is added in small portions over three hours to the stirred mixture.
      The mixture is stirred an additional 20 hours after addition at room
      temperature. The mixture is then filtered through filter cell. After
      removal of the ligroine and tetramethylguanidine by vacuum distillation,
      the remaining dark yellow liquid is vacuum distilled to give 5.2 g. (59%)
      of liquid b.p. 105.degree. (0.03 mm. Hg.) which solidified on standing
      m.p. 23.degree.-25.degree.. An nmr spectrum taken on the liquid
      immediately after distillation gives the following nmr values: 7.1-6.1
      (m,4 aromatic H), 4.1 (m,2, CH.sub.2 =C&lt;), 3.8 (q,2, J=7Hz,--CH.sub.2 --),
      0.88 (t,J=7Hz, --CH.sub.3). The product is stable at dry ice temperature.
PAC  EXAMPLE 4
PAC  3-Ethyl-2-methylene[1,2-d]naphthothiazoline
      ##SPC11##
PAR  To a mixture of ligroine (b.p. 63.degree.-75.degree.) (75 ml.) and
      tetramethylguanidine (75 ml.) which had been dried over sodium hydride is
      added 0.06 mol. of sodium hydride which had been previously washed to
      remove any oil present. The mixture is cooled in an ice bath under
      nitrogen and 3-ethyl-2-methyl[1,2-d]naphthothiazolium p-toluenesulfonate
      16.09 g. (0.04 mol.) is added in small portions, with stirring, over three
      hours. The mixture is stirred an additional 20 hours after addition at
      room temperature. The mixture is filtered through filter cell to remove
      the sodium p-toluenesulfonate. The benzene is then distilled from the
      solution. An nmr. spectrum obtained of the tetramethylguanidine solution
      indicated that the monomeric methylene base had formed exclusively.
      Removal of the tetramethylguanidine in an attempted distillation of the
      product resulted in extensive decomposition. The product is stable in
      tetramethylguanidine at room temperature. The nmr. values are as follows:
      8.0-7,1 (m,6, aromatic H), 3.9 (m,2, CH.sub.2 =C&lt;), 3.91 (q,J=7H.sub.z ,
      --CH.sub.2 --), 1.32 (t,3,J=7Hz, --CH.sub.3).
PAC  EXAMPLE 5
PAC  Reaction of
      3-ethyl-2-(3-ethylbenzothiazolylidenemethyl)-2-methylbenzothiazoline with
      5-(N,N-dimethylaminomethylene)-1,3-diethyl-2-thiobarbituric acid
      ##SPC12##
FNT  *L. Brooker, U.S. Pat. No. 2,170,807 (8/29/39).
PAR  To 2.58 ml. of a solution of
      5-(N,N-dimethylaminomethylene)-1,3-diethyl-2-thiobarbituric acid (1.7
      .times. 10.sup.-.sup.2 M) and triethylamine (1.7 .times. 0.0.sup.-.sup.1
      M) in anhydrous acetonitrile is added 0.071 ml. of a solution of
      3-ethyl-2-(3-ethylbenzothiazolylidenemethyl)-2-methylbenzothiazoline (3.2
      .times. 10.sup.-.sup.4 M) in anhydrous acetonitrile. The rate of formation
      of merocyanine dye at 25.degree. is followed by observing the absorption
      of the dye at 496 nm. as a function of time using a recording
      spectrophotometer. The reaction is 50 percent complete in 51 minutes.
PAC  EXAMPLE 6
PAC  Reaction of 3-ethyl-2-methylenebenzothiazoline with
      5-(N,N-dimethylaminomethylene)-1,3-diethyl-2-thiobarbituric acid
      ##SPC13##
PAR  To 2.58 ml. of a solution of
      5-(N,N-dimethylaminomethylene)-1,3-diethyl-2-thiobarbituric acid (1.7
      .times. 10.sup..sup.-2 M) in anhydrous acetonitrile is added 0.071 ml. of
      a solution of 3-ethyl-2-methylenebenzothiazoline (5.3 .times.
      10.sup..sup.-4 M) and tetramethylguanidine (8.7 .times. 10.sup..sup.-3 M)
      in anhydrous acetonitrile. The rate of formation of merocyanine dye at
      25.degree. is followed by observing the absorption of the dye at 496 nm.
      as a function of time using a recording spectrophotometer. The reaction is
      50 percent complete in 2.2 minutes. In a similar manner, the intermediate
      obtained in Example 2 above can be reacted with a
      2-.beta.-acetanilidovinyl-3-methylbenzothiazolium iodide by refluxing in
      acetonitrile to obtain a cyanine dye; and, a styryl dye can be obtained by
      reacting the intermediate obtained in Example 2 with
      N,N-dimethyl-p-aminobenzaldehyde (or N,N-diethyl-p-aminocinnamaldehyde).
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but, it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of preparing a monomeric methylene base which comprises
      adding up to 0.5 molar of a heterocyclic quaternary salt selected from the
      group consisting of a 2-methylthiazolium salt, a 2-methylbenzothiazolium
      salt, a 2-methylnaphthothiazolium salt, a 2-methylbenzoselenazolium salt,
      and a 2-methylnaphthoselenazolium salt to a mixture comprising one part
      tetramethylguanidine and one part of a liquid selected from benzene and
      ligroine, the temperature of said mixture being maintained at
      approximately 0.degree.C. during the addition of said heterocyclic base,
      said reaction being conducted under anhydrous conditions and in the
      presence of sodium hydride in a concentration of up to about 0.5 molar.
NUM  2.
PAR  2. The method of preparing 3-methyl-2-methylenebenzothiazoline which
      comprises adding 13.4 g. 2,3-dimethylbenzothiazolium p-toluenesulfonate to
      an ice bath solution essentially consisting of 75 ml. tetramethyl
      guanidine and 75 ml. ligroine containing about 0.06 mole sodium hydride,
      said reaction being conducted under anhydrous conditions and with
      stirring, the 2,3-dimethylbenzothiazolium p-toluenesulfonate being added
      slowly to the reaction solution over a period of 3 hours, and stirring the
      reaction mixture thereafter for about 20 hours at about 20.degree.C.
NUM  3.
PAR  3. The method of preparing a monomeric methylene base which comprises
      reacting a heterocyclic quaternary salt selected from the group consisting
      of a 2-methylthiazolium salt, a 2-methylbenzothiazolium salt, a
      2-methylnaphthothiazolium salt, a 2-methylbenzoselenazolium and a
      2-methylnaphthoselenazolium salt, with:
PAR  1. a non-hydroxylic base selected from the group consisting of
      1,4-diazabicyclo-2,2,2-octane and tetramethyl guanidine to convert said
      heterocyclic quaternary salt to the corresponding methylene base, and
PA1  2. a proton acceptor which prevents formation of the hydro salt of the
      non-hydroxylic base;
PAL  said reaction being conducted under anhydrous conditions in a
      non-hydroxylic liquid in which said heterocyclic quaternary salt is
      sufficiently insoluble to prevent formation of dimer by reaction between
      the quaternary salt and the methylene base.
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ABST
PAL  Oxazolidine and thiazolidinecarbodithioates, and pyridine adducts thereof,
      are accelerators for the vulcanization of EPDM elastomers, wherein they
      exhibit non-blooming characteristics.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 356,034,
      filed Apr. 30, 1973, now abandoned which is a continuation-in-part of
      application Ser. No. 259,900, filed June 5, 1972, now abandoned which in
      turn is a continuation-in-part of application Ser. No. 116,250, filed Feb.
      17, 1971, now U.S. Pat. No. 3,674,701.
BSUM
PAR  This invention relates to compounds which are active accelerators for the
      vulcanization of elastomers, and more particularly to zinc
      oxazolidinecarbodithioates and zinc thiazolidinecarbodithioates and their
      pyridine adducts which are especially useful in retarding surface bloom in
      vulcanized elastomers, especially in elastomeric terpolymers of ethylene,
      propylene and a dienemonomer (EPDM elastomer).
PAR  In the process of vulcanization of elastomers using an accelerator in
      conjunction with sulfur or other vulcanization agent, there has been a
      need for a non-blooming type of accelerator that has adequate accelerator
      activity. Zinc dithiocarbamates, such as zinc dimethyl-and
      diethyldithiocarbamate, have high activity as accelerators but they give
      an undesirable surface bloom on elastomer vulcanizates. Surface bloom is a
      disadvantageous phenomenon characterized by the appearance of a coating of
      solids or oil upon the surface of a vulcanizate as a result of the
      migration to the surface of one or more of the components of the
      vulcanized elastomer. This may occur quickly, as for example, in a few
      days or a week. Blooming is also particularly a problem in the case of
      EPDM elastomers, which are terpolymers of ethylene, propylene and
      diene-monomer, for example, 11-ethyl-1, 11-tridacadiene,
      1,5-cyclooctadiene, 1,5-hexadiene, 5-ethylidene-2-norbornene,
      5-methylene-2-norbornene, dicyclopentadiene, 2,5-norbornadiene and the
      like. Moreover, the curing of the EPDM elastomer requires a high activity
      accelerator because of the low level of unsaturation in the polymer.
PAR  U.S. Pat. No. 3,674,701 discloses a non-blooming accelerator composition
      comprised of a mixture of a certain thiourea compound with the zinc salt
      of the reaction product of essentially equimolar amounts of ethanolamine,
      formaldehyde and carbon disulfide. We have now managed to isolate, through
      solvent extractions and crystallizations, a particular novel compound from
      said complex reaction product mixture, which, by itself, is a nonblooming
      accelerator, that is, a thiourea or other adjunct is not required to be
      mixed therewith for good results in EPDM elastomer vulcanization. This
      invention embodies this novel compound and the class of related
      oxazolidine-carbodithioates and thiazolidinecarbodithioates which have
      surprising non-blooming accelerator activity.
PAR  The compound of this invention is represented by the structure
      ##SPC1##
PAL  X is sulfur or oxygen, R, R.sup.1, R.sup.2, and R.sup.3 are independently
      selected from the group consisting of hydrogen, lower alkyl (e.g., having
      from 1 to 8 carbon atoms, and preferably methyl), CCl.sub.3, phenyl, and
      substituted phenyl wherein there are one or more substituents selected
      from the group consisting of NR.sup.4 R.sup.5, OH, OR.sup.4 and Cl where
      R.sup.4 and R.sup.5 are independently selected from the group consisting
      of hydrogen and lower alkyl (C.sub.1 -C.sub.8); C.sub.5 H.sub.5 N
      represents a pyridine molecule and n is an integer of zero to 5,
      preferably 0 to 3, the higher values of n resulting from acidic
      characteristics of the substituents; M is selected from the group
      consisting of sodium, potassium, zinc, cadmium, copper, iron, tri-(lower)
      alkyl substituted ammonium, and phenyl-di-(lower) alkyl substituted
      ammonium; and y is an integer of 1 to 3, depending on the valency of M
      (ion). The preferred M ions are zinc and triethyl ammonium.
PAR  A convenient method of preparing the compounds of this invention is to
      first prepare an oxazolidine or thiazolidine (or substituted derivative
      thereof), represented by the formula
      ##EQU1##
      (where X is oxygen or sulfur) involving the reaction of an amino alcohol
      or an amino mercaptan with an aldehyde or ketone. When formaldehyde is
      used, the resulting intermediary triazine is pyrolized at about
      100.degree. to 200.degree.C., in accordance with the procedure suggested
      by A. Paquin, Ber. 82,316 (1949). A typical preparation of the
      unsubstituted oxazolidine is as follows, employing the reaction scheme as
      shown:
DETD
PAC  EXAMPLE 1
PAC  Preparation of Oxazolidine from 1, 3, 5-tris(2-hydroxyethyl)hexahydro-1, 3,
      5-triazine
      ##SPC2##
PAR  With stirring, 486 g. (6.0 moles) of 37% formaldehyde solution was added
      dropwise to 366 g. (6.0 moles) of ethanolamine at 40.degree.- 45.degree.C.
      After an additional hour at 40.degree.- 45.degree.C the water was removed
      in a rotary vacuum evaporator at 50.degree.- 55.degree.C to leave a
      residue of 447 g. amber colored oil as the 1, 3,
      5-tris(2-hydroxyethyl)hexahydro-1, 3, 5-triazine containing 18.98% N
      (calc. 19.17% N).
PAR  A 24.1 g. portion of the above triazine was distilled in a Pyrex
      glass-still having distillate receiver cooled by a Dry Ice-acetone bath
      (-75.degree.C). Vapor temperature was 52.degree.- 69.degree.C at 1.2 mm.
      pressure. The stillpot temperature was 118.degree.- 139.degree.C.
      Temperature of the oil bath surrounding the stillpot was 153.degree.-
      172.degree.C. The distillate was 22.2 g. of colorless oxazolidine (very
      viscous at -75.degree.C).
PAR  The oxazolidinecarbodithioates and thiazolidinecarbodithioates of this
      invention are obtained by reacting an oxazolidine (or thiazolidine) with
      carbon disulfide and the desired metal salt, or metal oxide, or amine, at
      about 0.degree. to 100.degree.C. in an appropriate solvent such as
      pyridine, triethylamine, tributylamine, methanol, isopropanol, ethanol and
      butanol, desirably containing a minor proportion of a basic amine such as
      triethylamine, tributylamine, pyridine, dimethylaniline and
      diethylaniline. The preferred solvent system, however is pyridine, which
      acts not only as the reaction medium but provides the desired basicity.
      The products of the reaction will then generally be recovered as a
      pyridine adduct thereof, containing as many as five molecules of pyridine.
      The pyridine can usually be removed from the zinc salt by heating the
      adduct up to about 50.degree. to 150.degree.C under reduced pressure, but
      this is not necessary since the presence of the pyridine in the salt does
      not in anyway impede the good performance of the compounds as non-blooming
      vulcanization accelerators. The following examples illustrate the
      preparation of representative compounds of this invention.
PAC  EXAMPLE 2
PAC  Preparation of Zinc Bis(3-oxazolidinecarbodithioate)
      ##SPC3##
PAR  With stirring and cooling to maintain 15 - 25.degree.C, 111.1 g. (1.52
      mole) of freshly distilled, cold oxazolidine [prepared from 1, 3,
      5-tris(2-hydroxyethyl)hexahydro-1, 3, 5-triazine, as described by A.
      Paquin, Chem, Ber. 82, 316 (1949)] was added to a mixture of 600 g.
      pyridine, 116 g. (1.52 moles) carbon disulfide and 139.5 g. (0.76 mole)
      anhydrous zinc acetate. After standing overnight at room temperature, the
      precipitated product was filtered, water-washed and air-dried to give
      193.5 g. of a mono pyridine adduct, m.p. 195.degree.- 200.degree.C
      (decomp.); dilution of the filtrate with water gave an additional 34.4 g.
      (total conversion 68.3%).
PAR  Vacuum-drying of the pyridine adduct at 80.degree.- 85.degree.C removed the
      pyridine (weight loss indicates a 1:1 mole ratio of pyridine to zinc salt
      to give the desired zinc bis(3-oxazolidinecarbodithioate), a white,
      crystalline product melting at 223.degree.- 225.degree.C (decomp.). It had
      the following analysis: Found: C, 26.75; H, 3.46; N, 7.63; Zn, 17.9%.
      Calcd for C.sub.8 H.sub.12 N.sub.2 O.sub.2 S.sub.4 Zn: C, 26.56; H, 3.32;
      N, 7.75; Zn, 18.10%.
PAC  EXAMPLE 3
PAC  Preparation of Zinc Bis(2-trichloromethyl-3-oxazolidinecarbodithioate)
      ##SPC4##
PAR  Ninety-five and two-tenths g. of 2-trichloromethyloxazolidine (preparation
      described by W. Ruske and I. Hartmann J. Prakt, Chem. 18 146 (1962) was
      dissolved in a mixture of 300 ml isopropanol, and 50.5 g. (0.50 mole) of
      carbon disulfide was added dropwise followed by 43.9 g. (0.25 mole) of
      anhydrous zinc acetate. The reaction mixture was heated for two hours at
      45.degree.- 50.degree.C, cooled to room temperature, and diluted with 1
      liter water; the precipitated product was filtered, washed thoroughly with
      water and dried in vacuo to give 86.3 g. of the crude product, melting at
      193.degree.-195.degree.C (decomp.). Hot benzene extractions of the crude
      product gave 38 g. of the desired carbodithioate sintering at
      208.degree.C, and melting 213.degree.- 216.degree.C (decomp.). It had the
      following analysis: Found: C, 20.19; H, 2.08; N, 4.67; S, 20.96%. Calcd
      for C.sub.10 H.sub.10 Cl.sub.6 N.sub.2 O.sub.2 S.sub.4 Zn: C, 20.12;  H,
      1,68; N, 4.69; S, 21.46%.
PAC  EXAMPLE 4
PAC  Preparation of Zinc Bis (2-trichloromethyl-3-oxazolidinecarbodithioate)
      Pyridine Adduct
      ##SPC5##
PAR  Thirty and four-tenth grams (0.160 mole) of 2-trichloromethyloxazolidine
      (preparation described by W. Ruske and I. Hartmann, J. Prakt. Chem. 18,
      146 (1962) was dissolved in 480 g. of pyridine. With rapid stirring at
      room temperature, 14.4 g. (0.184 mole) of carbon disulfide was added
      dropwise followed by 15.2 g. (0.083 mole) of anhydrous zinc acetate. The
      reaction mixture was heated 3 hours at 45.degree.- 50.degree.C, cooled to
      room temperature, and then diluted with 1 liter water; the precipitated
      product was filtered and dried in vacuo at room temperature to obtain 33.4
      g. of the desired pyridine adduct melting at 205.degree.- 207.degree.C
      (decomp.). A small analytical sample, recrystallized in methanol, sintered
      at 209.degree.C and melted with decomposition at 212.degree.-214.degree.C.
      It had the following anaylsis: Found: C, 26.70; H, 2.74; N, 6.30; S,
      19.60; Cl, 31.37; Zn, 9.55%. Calcd for C.sub.10 H.sub.10 Cl.sub.6 N.sub.2
      O.sub.2 S.sub.4 Zn . C.sub.5 H.sub.5 N: C, 26.65; H, 2.22; N, 6.23; S,
      18.95 Cl, 31.54; Zn, 9.68%.
PAC  EXAMPLE 5
PAC  Preparation of Zinc Bis (2,2-dimethyloxazolidine-3-carbodithioate)
      ##SPC6##
PAR  While cooling and stirring, 20 g. (0.20 mole) of 2,2-dimethyloxazolidine
      (preparation described by E. Bergmann et. al., J. Am. Chem. Soc. 75, 358
      (1953)) was added to a solution of 15.2 g. (0.20 mole) carbon disulfide in
      150 g. pyridine. To the stirring solution was added 18.3 g. (0.10 mole) of
      anhydrous zinc acetate at 25.degree.-30.degree.C. After standing overnight
      at room temperature, filtration gave 15.2 g. of the crude product;
      vacuum-concentration of the filtrate and ethanol-dilution of the residue
      gave an additional 10.4 g. After combining and vacuum-drying of the crude
      product at 100.degree.C there was obtained 17.8 g. of the desired
      carbodithioate melting at 188.degree.- 190.degree.C (decomp.). A small
      sample, dissolved in hot chloroform and precipitated by hexane (m.
      192.degree.- 3.degree.C decomp.) had the following analysis: Found: C,
      34.22; H, 4.47; N, 6.84; Zn, 15.20%. Calcd for C.sub.12 H.sub.20 N.sub.2
      O.sub.2 S.sub. 4 Zn: C, 34.50; H, 4.79; N, 6.71; Zn, 15.67%.
PAC  EXAMPLE 6
PAC  Preparation of
      Zinc-Bis[2-(3-ethoxy-4-hydroxyphenyl)oxazolidine-3-carbodithioate],
      Tripyridine Adduct
      ##SPC7##
PAR  A mixture of 80 ml isopropanol, 15.7 g. (0.094 mole)
      3-ethoxy-4-hydroxybenzaldehyde and 6.0 g. (0.098 mole) ethanolamine was
      heated on the steam bath for 1 hours. Filtration at room temperature gave
      19.3 g. of crystals melting at 157.degree. - 160.degree.C. On the basis of
      its IR spectrum [1650 cm.sup.-.sup.1 for C=N, L. W. Daasch, J. Am. Chem.
      Soc. 73, 4523, (1951)] the product appeared to be primarily the Schiff
      Base .beta.-(3-ethoxy-4-hydroxybenzylideneamino)-ethanol which can be in
      tautomeric equilibrium with the cyclic
      2-(3-ethoxy-4-hydroxyphenyl)oxazolidine.
PAR  The mixture of the above crystals with 40 g. of pyridine, 7.6 g. (0.10
      mole) of carbon disulfide and 9.2 g. (0.050 mole) of anhydrous zinc
      acetate was heated for 1.5 hours at 50.degree. - 55.degree.C and then left
      standing overnight at room temperature. Filtration and hexane-washing of
      the precipitate gave 38.1 g. of the pyridine adduct melting at 106.degree.
      - 112.degree.C and having the following analysis:
PAR  Found: C, 53.25; H, 4.95; N, 7.74; Zn, 7.46%. Calcd for C.sub.24 H.sub.28
      N.sub.2 O.sub.6 S.sub.4 Zn. 3C.sub.5 H.sub.5 N: C, 53.77; H, 4.94; N, 8.04
      Zn, 7.51%.
PAR  The IR-spectrum of this product did not show any absorption at 1650
      cm.sup.-.sup.1 characteristic of the Schiff Base discussed above. This
      proved that the Schiff Base tautomerized to the corresponding oxazolidine
      which in turn reacted with CS.sub.2 and Zn(OAc).sub.2.
PAC  EXAMPLE 7
PAC  Preparation of Zinc
      Bis[2-(p-dimethylaminophenyl)oxazolidine-3-carbodithioate], Pyridine
      Adduct
PAR  This product was prepared as described in Example 6 using
      p-dimethylaminobenzaldehyde instead of 3-ethoxy-4-hydroxybenzaldehyde. The
      evaporation residue was washed with water and the remaining solid was
      dissolved in dimethylformamide at room temperature. The filtered solution
      was diluted with water to obtain the product melting at 91.degree.
      -93.degree.C (decomp.). Its structure
      ##SPC8##
PAL  was confirmed by IR spectrum and elemental analysis:
PAR  Found: C, 51.72; H, 5.82; Zn, 9.13%. Calcd for C.sub.24 H.sub.30 N.sub.4
      O.sub.2 S.sub.4 Zn . C.sub.5 H.sub.5 N: C, 51,30; H, 5.16; Zn, 9.64%.
PAC  EXAMPLE 8
PAC  Preparation of Zinc Bis(thiazolidine-3-carbodithioate)
      ##SPC9##
PAR  While cooling and stirring 250 g. of pyridine, 175 g. (1.40 moles) of
      thiazolidine hydrochloride [preparation described by S. Ratner and H.
      Clarke, J. Am. Chem. Soc. 59, 200 (1937)] was added. After it had
      dissolved, 106.4 g. (1.40 mole) of carbon disulfide was added dropwise,
      followed by 128.5 g. (0.70 mole) of anhydrous zinc acetate. The resulting
      reaction mixture was stirred at 40.degree. - 50.degree.C for 2 hours. The
      precipitate was filtered at 5.degree. - 10.degree.C. The crude solid was
      water-washed and finally freed of pyridine by vacuum-drying at
      120.degree.C to give 147.8 g. of the desired product. It gradually
      decomposed starting at ca. 200.degree.C without a definite final
      decomposition point. A small sample washed with hot benzene had the
      following analysis: Found: C, 24.46; H, 2.95; N, 7.31; Zn, 16.58%. Calcd
      for C.sub.8 H.sub.12 N.sub.2 S.sub.6 Zn: C, 24.40; H, 3.05;  N, 7.12; Zn,
      16.62%.
PAC  EXAMPLE 9
PAC  Preparation of Zinc Bis[(2-trichloromethyl)thiazolidine-3-carbodithioate]
      Dipyridine Adduct
      ##SPC10##
PAR  To 158.2 g. (2.0 moles) of pyridine was added 66.0 g. (0.32 mole) of
      2-trichloromethylthiazolidine [preparation described by B. Sweetman et al,
      J. Med. Chem. 12, 888 (1969)] and to the resulting stirred solution at
      20.degree.C was added 24.4 g. (0.32 mole) of carbon disulfide over a
      10-minute period. The solution was warmed to 25.degree.C, at which
      temperature 29.4 g. (0.16 mole) of zinc acetate was added portionwise over
      0.5-hr. period. The temperature was maintained at 25.degree.C with an ice
      bath during the addition. The resulting clear amber solution was stirred
      at ambient temperature for an additional 17 hours. The precipitate, having
      formed during the additional stirring time, was filtered and washed with 4
      .times. 500 ml of water. After air-drying, 100 g. (79% conversion) of
      off-white product was obtained. Its melting point was
      181.degree.-3.degree.C with some gas evolution. It had the following
      analysis. Found: C, 30.57, H, 3.01; Cl, 27.36; Zn, 8.1%. Calcd for
      C.sub.10 H.sub.10 Cl.sub.6 N.sub.4 S.sub.6 Zn . 2C.sub.5 H.sub.5 N: C,
      30.52, H, 2.56; Cl, 27.07; Zn, 8.3%.
PAC  EXAMPLE 10
PAC  Preparation of Zinc Bis(2,2-dimethylthiazolidine-3-carbodithioate)
      ##SPC11##
PAR  While cooling and stirring at 10.degree.C, 76.8 g. (0.50 mole)
      2,2-dimethylthiazolidine hydrochloride [preparation described by B.
      Sweetman et al, J. Med. Chem. 12, 888 (1969)] was added to a mixture of 30
      ml isopropanol and 101 g. (1.00 mole) triethylamine. Likewise, 38.0 g.
      (0.50 mole) of carbon disulfide was gradually added, followed by 45.8 g.
      (0.25 mole) of anhydrous zinc acetate. After standing overnight at room
      temperature, the precipitate was filtered, twice water-washed with 1 liter
      portions of water and air-dried to give 80.5 g. of the yellow product
      melting at 148.degree. - 153.degree.C (decomp.) and having the following
      analysis: Found: C, 31.51; H, 4.70%. Calcd for C.sub.12 H.sub.20 N.sub.2
      S.sub.6 Zn: C, 32.04; H, 4.45%.
PAC  EXAMPLE 11
PAC  Preparation of Zinc
      Bis[spiro(cyclohexane-1,2'-oxazolidine)-3-carbodithioate]
      ##SPC12##
PAR  Thirty-eight grams (0.50 mole) of carbon disulfide was added with stirring
      at 10.degree. - 20.degree.C to a mixture of 500 g. isopropanol and 50.5 g.
      (0.50 mole) triethylamine. To this solution was added 70.5 g (0.50 mole)
      of spiro(cyclohexane-1,2'-oxazolidine) [preparation described by A. Cope
      and E. Hancock, J. Am. Chem. Soc. 64, 1503 (1942)] followed by 46.0 g
      (0.25 mole) of anhydrous zinc acetate. The reaction mixture was stirred 4
      hours at room temperature. After overnight standing, the precipitate was
      filtered to give 97.4 g. of the desired carbodithioate melting at
      198.degree. - 200.degree.C (decomp.). A sample, dissolved in hot
      dimethylsulfoxide and precipitated by addition of methanol, melted at
      212.degree. - 213.degree.C and had the following analysis:
PAR  Found: C, 42.80; H, 5.41; N, 5.75; Zn, 12.90%. Calcd for C.sub.18 H.sub.28
      N.sub.2 O.sub.2 S.sub.4 Zn: C, 43.43; H, 5.63; N, 5.63; Zn, 13.15%.
PAR  An alternate and considerably less preferred method of obtaining the zinc
      salts embodied in this invention is, as mentioned, previously, to isolate
      the desired compound from the complex reaction product of the aminoalkanol
      (or aminomercaptan), formaldehyde, carbon disulfide and zinc salt
      precursor by time-consuming solvent extraction giving generally relatively
      poor yields. Typical of such a preparation is the following in which the
      compound of Example 2, zinc bis(3-oxazolidinecarbodithioate), is prepared
      by the alternate procedure.
PAC  EXAMPLE 12
PAR  With rapid stirring at 10.degree. - 20.degree.C, 243 g. (3.0 moles) 37%
      formaldehyde solution was dropwise added to a solution of 183 g. (3.0
      moles) ethanolamine in 600 ml of water. The reaction mixture was stirred 1
      hour at 50.degree. - 60.degree.C. At 5.degree. - 10.degree.C, 228 g. (3.0
      moles) of carbon disulfide was added dropwise. Stirring was continued for
      two more hours at 40.degree. - 50.degree.C. With rapid stirring at room
      temperature the reaction mixture was added to a solution of 432 g. (1.5
      moles) of zinc sulfate heptahydrate in 900 ml of water. The precipitate
      was filtered, water washed and air-dried to give 143.3 g. white crystals.
      (Accelerator No. 15) melting at 162.degree. - 175.degree.C (decomp.), a
      26.4% conversion.
PAR  The product (7 g) was dissolved in 66 cc hot dimethylformamide, cooled,
      diluted with 20 cc ethanol and filtered. The solid was treated with 300 cc
      hot chloroform, filtered hot, cooled, diluted with 300 cc ethanol and
      filtered to obtain 2.2 g (8.3% yield based on ethanolamine) of zinc
      bis(3-oxazolidinecarbodithioate) of Example 2, m.p. 221.degree. (decomp.),
      containing 26.73%C, 3.44%H, 7.96%N. for calcd. values see Example 2.
PAC  EXAMPLE 13
PAC  Preparation of Zinc Bis(2-methyl-2-phenyloxazolidine-3-carbodithioate)
      Pyridine Adduct
PAR  This product was prepared as described for zinc
      bis[2-(3-ethoxy-4-hydroxyphenyl)oxazolidine-3-carbodithioate]tripyridine
      adduct (Compound No. 6, Example No. 6) using acetophenone instead of
      3-ethoxy-4-hydroxybenzaldehyde. After the reaction was completed, the
      reaction mixture was evaporated to dryness and the solid residue was
      thoroughly washed with hot isopropanol. The product, m.p. 169.degree. -
      173.degree.C (dec.), was identified by its infrared spectrum. It was
      contaminated with some zinc acetate.
PAC  EXAMPLE 14
PAC  Preparation of Zinc Bis(4-morpholinecarbodithioate)
      ##SPC13##
PAR  To a stirred mixture of 22.0 g. (0.10 mole) of zinc acetate dihydrate and
      15.2 g. (0.20 mole) of carbon disulfide in 400 ml of 95% ethanol was added
      slowly 17.4 g. (0.20 mole) of morpholine at 20.degree. - 40.degree.C. The
      reaction mixture was filtered to obtain 34.6 g. of the desired solid
      product which did not melt at up to 300.degree.C. A portion of it was
      dissolved in chloroform, reprecipitated with hexane and analyzed.
PAR  Found: C, 31.40; H, 4.39; N, 7.30; Zn, 16.00. Calcd for C.sub.10 H.sub.16
      N.sub.2 O.sub.2 S.sub.4 Zn: C, 30.82; H, 4.11; N, 7.19; Zn, 16.80.
PAR  The above product is reported to be a rubber accelerator in C.A. 54, 19004
      (1960; Russian Pat. No. 127,387 of 3/25/60). No physical properties are
      given in the abstract, but the above analyses confirmed its composition.
PAC  EXAMPLE 15
PAC  Zinc Bis(2-phenyloxazolidine-3-carbodithioate), Pyridine Adduct
      ##SPC14##
PAR  The starting material N-(2-hydroxyethyl)-benzalamine, i.e., the tautomer of
      2-phenyloxazolidine was prepared from benzaldehyde and ethanolamine by the
      method of L. Daasch and H. Hanninen, J. Amer. Chem. Soc. 72, 3673 (1950).
PAR  To the stirred solution of 131 g. (0.88 mole) of
      N-(2-hydroxyethyl)benzalamine, 68.0 g. (0.88 mole) carbon disulfide and
      300 ml. pyridine was added 81.0 g. (0.44 mole) of anhydrous zinc acetate.
      After 5 hours stirring at 25.degree.-45.degree.C. the precipitate was
      filtered off, washed twice with 700 ml. 95% ethanol, and again filtered to
      give 217.7 g. of the desired product having a decomposition point of
      196.degree.-200.degree.C. The product had the following analysis:
PAR  Found: C, 50.75; H, 4.33; N, 7.78; Zn, 11.02. Calc. for C.sub.20 H.sub.20
      N.sub.2 O.sub.2 S.sub.4 Zn.C.sub.5 H.sub.5 N: C, 50.67; H, 4.22; N, 7.90;
      Zn, 11.05.
PAC  EXAMPLE 16
PAC  Zinc Bis(2-phenyloxazolidine-3-carbodithioate)
      ##SPC15##
PAR  A 50.0 g. sample of the above pyridine adduct of Example No. 15 was heated
      at 110.degree.-115.degree.C at 1 mm. Hg pressure for 17 hours to give 44.7
      g. of the desired product which melted with decomposition at
      133.degree.-186.degree.C. The infrared spectrum and the following analyses
      showed that the product contained only 5% residual pyridine.
PAR  Found: C, 47.84; H, 4.21; Zn, 12.17. Calc. for product containing 5%
      pyridine; C, 48.29; H, 4.02; Zn, 12.10.
PAC  EXAMPLE 17
PAC  Zinc Bis[2-(p-chlorophenyl)oxazolidine-3-carbodithioate], Pyridine Adduct
      ##SPC16##
PAR  The above tautomeric mixture (m. 70.degree.-73.degree.C.) was prepared from
      p-chlorobenzaldehyde and ethanolamine in the same manner as that for the
      ortho-chloro isomer described by L. Daasch and H. Hanninen, J. Amer. Chem.
      Soc. 72, 3673 (1950).
      ##SPC17##
PAR  One hundred fourteen grams (0.62 mole) of the above mixture of
      2-(p-chlorophenyl)oxazolidine and Schiff Base was added to a solution of
      47 g. (0.62 mole) carbon disulfide in 200 ml. pyridine. After standing
      overnight at room temperature, the pyridine was removed by distillation at
      0.5 mm. Hg pressure and pot temperature of 60.degree.C. to leave a residue
      of 203 g. brown, sticky solid. The crude residue was vigorously washed
      with water and then with isopropanol to give 132 g. of the desired
      product, melting at 119.degree.-132.degree.C. with decomposition. It
      contained 6.00% nitrogen. Theoretical nitrogen content is 6.35%.
PAC  EXAMPLE 18
PAC  Zinc Bis[2-(1-ethylpentyl)oxazolidine-3-carbodithioate], Pyridine Adduct
      ##SPC18##
PAR  The starting material, i.e., the tautomeric mixture of oxazolidine and
      Schiff Base, was prepared from 2-ethylhexanal and ethanolamine in benzene
      by azeotroping the water. The tautomeric mixture was distilled (boiling
      point 100.degree.-102.degree.C. at 3 mm.) before reacting it with
      CS.sub.2.
PAR  To the cooled solution of 127 g. (0.74 mole) of the above
      2-(1-ethylpentyl)oxazolidine Schiff Base in 150 ml. pyridine was added
      57.0 g. (0.74 mole) carbon disulfide and then 68.0 g. (0.37 mole)
      anhydrous zinc acetate. After stirring at 45.degree.-50.degree.C. for
      one-half hour, the reaction mixture was stripped at 60.degree.C. and 1 mm.
      to leave a residue of 225 g. of semi-solid product having the following
      analysis:
PAR  Found: C, 50.21; H, 7.43; N, 6.79; Zn, 10.53. Calc. for C.sub.22 H.sub.40
      N.sub.2 O.sub.2 S.sub.4 Zn.C.sub.5 H.sub.5 N: C, 50.91; H, 7.07; N, 6.60;
      Zn, 10.28.
PAC  EXAMPLE 19
PAC  Zinc Bis(5-methyl-2-trichloromethyloxazolidine-3-carbodithioate), Pyridine
      Adduct
      ##SPC19##
PAR  With stirring and cooling, 90.0 g. (1.2 moles) 1-amino-2-propanol was added
      to 250 ml. glacial acetic acid. After addition of 177.0 g. (1.20 moles) of
      chloral, the reaction mixture was heated for 1 hour at
      45.degree.-50.degree.C. The acetic acid was distilled off at 5 mm. to a
      pot temperature of 45.degree.C. The oily distillation residue of 236 g.
      was diluted with 300 cc. of hexane and chilled to 10.degree.C. The
      precipitate was filtered off to obtain 36 g. of crude
      5-methyl-2-trichloromethyloxazolidine, m.p. 46.degree.-54.degree.C. A
      small sample, twice crystallized from hexane, melted at
      59.degree.-62.degree.C. and had the following analysis:
PAR  Found: C, 29.77; H, 4.00; N, 7.10. Calc. for C.sub.5 H.sub.8 Cl.sub.3 NO:
      C, 29.34; H, 3.91; N, 6.85.
PAR  The infrared spectrum showed an NH band.
      ##SPC20##
PAR  A mixture of 237.0 g. (3.0 moles) pyridine, 38.0 g. (0.50 mole) carbon
      disulfide, 45.9 g. (0.25 mole) anhydrous zinc acetate and 102.3 g. (0.50
      mole) 5-methyl-2-trichloromethyloxazolidine was stirred for three hours at
      45.degree.C. After standing overnight at room temperature the reaction
      mixture was diluted with one liter of water. The insoluble oil layer was
      separated, treated with 200 ml. hot isopropanol, and cooled to 5.degree.C.
      The precipitate was filtered off to give 103.5 g of crude product. It was
      dissolved in 450 ml. hot pyridine; at 10.degree.C. the pyridine solution
      was diluted with 1500 ml. water and filtered to give 53.8 g. of the
      desired product melting at 104.degree.-133.degree.C. with pyridine loss
      and decomposition. It had the following analysis:
PAR  Found: C, 29.29; H, 2.91; N, 6.17; Zn, 9.70. Calc. for C.sub.12 H.sub.14
      Cl.sub.6 N.sub.2 O.sub.2 S.sub.4 Zn.C.sub.5 H.sub.5 N: C, 29.00; H, 2.70;
      N, 5.97; Zn, 9.30.
PAC  EXAMPLE 20
PAC  Zinc Bis(5-methyl-2-trichloromethyloxazolidine-3-carbodithioate)
      ##SPC21##
PAR  A mixture of 412.0 g. (4.0 moles) triethylamine, 60.8 g. (0.8 mole) carbon
      disulfide, 73.2 g. (0.4 mole) anhydrous zinc acetate and 163.6 g. (0.8
      mole) 5-methyl-2-trichloromethyloxazolidine was stirred at 40.degree.C.
      for one hour. After standing overnight at room temperature, the reaction
      mixture was diluted with water and filtered to give 417.8 g. of the
      desired crude product sintering at 89.degree.C. and melting with
      decomposition at 128.degree.-150.degree.C. Extraction with chloroform and
      repeated cyrstallization from benzene gave an analytical sample melting at
      170.degree.-176.degree.C. with decomposition. It had the following
      analysis:
PAR  Found: N, 4.30; Zn, 10.16. Calc. for C.sub.12 H.sub.14 Cl.sub.6 N.sub.2
      O.sub.2 S.sub.4 Zn: N, 4.48; Zn, 10.47.
PAC  EXAMPLE 21
PAC  Zinc Bis(4,4-dimethyloxazolidine-3-carbodithioate)
      ##SPC22##
PAR  Thirty grams (1.0 mole) paraformaldehyde was added to a solution of 89.2 g.
      (1.0 mole) 2-amino-2-methyl-1-propanol in 600 ml. isopropanol, temperature
      at 45.degree.-64.degree.C. After all the paraformaldehyde had dissolved,
      the mixture was cooled to 12.degree.C.; 92 g. (0.50 mole) anhydrous zinc
      acetate and 76 g. (1.0 mole) carbon disulfide were added. The reaction
      mixture was stirred six hours at 45.degree.-50.degree.C. Filtration at
      5.degree.C. gave 152.6 g. of the desired product melting with
      decomposition at 209.degree.-211.degree.C. A benzene-crystallized sample
      had the following analysis:
PAR  Found: C, 34.92; H, 4.91; N, 6.62; Zn, 15.47. Calc. for C.sub.12 H.sub.20
      N.sub.2 O.sub.2 S.sub.4 Zn: C, 34.50; H, 4.79; N, 6.72; Zn, 15.67.
PAC  EXAMPLE 22
PAC  Zinc Bis(5-phenyl-3-oxazolidinecarbodithioate)
      ##SPC23##
PAR  To 500 ml isopropanol was added 30 g. (1.0 mole) of paraformaldehyde and
      137 g. (1.0 mole) of 2-amino-1-phenylethanol, and the resulting mixture
      was stirred and heated at 50.degree.C. After the solids had all dissolved,
      the solution was stirred an additional 30 minutes at 50.degree.C. To the
      solution, cooled to 35.degree.C., was added 68.7 g. (0.375 mole) of
      anhydrous zinc acetate and 76.0 g. (1.0 mole) of carbon disulfide. Solids
      formed in several minutes whereby additional isopropanol (400 ml) was
      added to stir the mixture efficiently. After heating at 55.degree.C. for
      two hours, the mixture was cooled and filtered; the resulting solids were
      washed several times in a Waring Blendor with water, and air-dried
      overnight to obtain 184 g (95%) of the desired product melting at
      220.degree.-223.degree.C.; its IR spectrum was consistent with the
      structure.
PAR  Found: N, 4.90; Zn, 12.73. Calc. for C.sub.20 H.sub.20 N.sub.2 O.sub.2
      S.sub.4 Zn: N, 5.45; Zn, 12.13.
PAC  EXAMPLE 23
PAC  Zinc Bis(5-phenyl-2-trichloromethyl-3-oxazolidinecarbodithioate)
      ##SPC24##
PAR  A mixture of equimolar amounts of chloral, glacial acetic acid, and
      2-amino-off; -phenylethanol in benzene was refluxed using a Dean-Stark
      receiver until no more water was formed. The benzene was distilled off:
      the distillation residue was triturated with ether and filtered. The
      filtrate was evaporated to obtain the crude
      5-phenyl-2-trichloromethyloxazolidine, m.p. 58.degree.-64.degree.C. Its
      structure was confirmed by its infrared spectrum and by elemental analysis
      of a sample melting at 67.degree.-69.degree.C. after recrystallization
      from ether.
PAR  A mixture of 30.3 g (0.3 mole) triethylamine, 18.3 g. (0.1 mole) zinc
      acetate, 55.0 g. (0.206 mole) 5-phenyl-2-trichloromethyloxazolidine and
      15.6 g (0.206 mole) carbon disulfide was stirred at ambient temperatures
      for 17 hours and then was heated at 50.degree.C, for three hours. A
      reddish amber-colored semi-solid was obtained after the volatile materials
      were distilled off at 50.degree./25 mm. Hg. The semi-solid was dissolved
      in methanol and the resulting solution added to water with vigorous
      stirring. the solids were filtered, air-dried, and redissolved in benzene.
      After drying the solution with magnesium sulfate, filtering the mixture
      and evaporating the solvent, 37 g. (58%) of the desired product (m.p.
      91.degree.-93.degree.C.) was obtained; its infrared spectrum was
      consistent with the structure.
PAR  Found: N, 3.86. Calc. for C.sub.22 H.sub.18 Cl.sub.6 N.sub.2 O.sub.2
      S.sub.4 Zn: N, 3.74.
PAC  EXAMPLE 24
PAC  Zinc Bis (2-hexyl-2-methyl-3-oxazolidinecarbodithioate), Pyridine Adduct
PAR  To a solution of 22.8g (0.30 mole) carbon disulfide in 142.6g (1.8 moles)
      pyridine was added 76.0g (0.44 mole) crude 2-hexyl-2-methyloxazolidine
      [b.p. 75.degree.-80.degree.C., 6 mm. Hg (prepared from ethanolamine and
      2-octanone by azeotroping with benzene, distilled, and used immediately)
      over a period of five minutes at a temperature of 15.degree.-18.degree..
      After the solution was stirred an additional five minutes, 25.7g (0.14
      mole) anhydrous zinc acetate was added and the flask contents were allowed
      to stir at ambient temperatures for 16 hours. After the volatiles were
      removed under reduced pressure, the resulting pale-yellow solids were
      treated with methylene chloride. The organic layer was washed with 15
      .times. 100 ml water (solids filtered off) and then stripped of solvent
      under reduced pressures to give a viscous oil. After triturating the oil
      with 600 ml low boiling (40.degree.-60.degree.) petroleum ether, the
      resulting yellow solid was extracted with ethyl ether; after removing the
      ether, 35g (39% conversion based on zinc acetate) white solid was
      obtained, m.p. 103.degree.-6.degree.C. A sample was recrystallized for
      analysis from ethyl ether (m.p. 105.degree.-7.degree.).
PAR  Analysis: Found: C, 50.63; H, 6.93; N, 6.47; S, 19.10; Zn, 10.16. Calcd.
      for C.sub.22 H.sub.40 N.sub.2 O.sub.2 S.sub.4 Zn. C.sub.5 H.sub.5 N: C,
      50.90; H, 7.11; N, 6.59; S, 20.09; Zn, 10.26.
PAC  EXAMPLE 25
PAC  Triethylammonium 2-Trichloromethyl-3-oxazolidinecarbodithioate
PAR  A mixture of 114 g (0.60 mole) 2-trichloromethyloxazolidine, 121.2g. (1.2
      moles) triethylamine and 68.4 g. (0.9 mole) carbon disulfide was heated at
      50.degree. for seven hours and then was left standing for 18 hours at room
      temperature. The yellow solids were filtered, stirred with anhydrous ethyl
      ether, and filtered again to obtain 195.5 g (88.7% conversion) of the
      desired product, m.p. 107.degree.-110.degree.C.
PAR  Analysis: Found: C, 35.96; H, 5.69; N, 7.70. Calcd. for C.sub.11 H.sub.21
      Cl.sub.3 N.sub.2 OS.sub.2 ; C, 35.92; H, 5.75; N, 7.62.
PAC  EXAMPLE 26
PAC  Cadmium Bis (2-trichloromethyl-3-oxazolidinecarbodithioate)
      ##SPC25##
PAR  Cadmium acetate dihydrate (6.7 g., 0.025 mole) was stirred into a solution
      of 18.4g. (0.050 mole) of triethylammonium
      2-trichloromethyloxazolidine-3-carbodithioate in 300 ml. of 95% ethanol at
      30.degree.C. The precipitate was filtered off at 5.degree.C. and
      water-washed on the filter. After drying in a vacuum desiccator, there was
      obtained 12.8 g. of white crystals, melting at 223.degree.-225.degree.C.
      with decomposition. Its infra-red spectrum confirmed the desired structure
      and was essentially the same as that of the corresponding zinc and copper
      salts.
PAR  Analysis: Found: C, 19.07; H, 1.97; N, 4.65. Calcd.: C, 18.65; H, 1.55; N,
      4.35.
PAC  EXAMPLE 27
PAC  Cupric Bis (2-trichloromethyloxazolidine-3-carbodithioate)
      ##SPC26##
PAR  To a stirred suspension of 8.0g. (0.04 mole) of cupric acetate monohydrate
      in 400 ml. of 95% ethanol at 80.degree.C was added a solution of 29.4g.
      (0.08 mole) of triethylammonium
      2-trichloromethyloxazolidine-3-carbodithioate in 400 ml. of 95% ethanol
      over a 30-min. period. After evaporating under vacuum at room temperature
      to one tenth of its original volume, 3 liters of distilled water was added
      and the brown, insoluble product was filtered and washed on the filter
      with a little distilled water to give 19.3 g. of the desired product
      melting at 186.degree.-188.degree.C. with decomposition. A small sample
      for analysis was washed with hot chloroform. Its infra-red spectrum was in
      agreement with the structure of cupric
      bis(2-trichloromethyloxazolidine-3-carbodithioate).
PAR  Analysis: Found: C, 19.72; H, 1.81; N, 4.52. Calcd.: C, 20.18; H, 1.68; N,
      4.70.
PAC  EXAMPLE 28
PAC  Triethylammonium 2-Phenyl-3-oxazolidinecarbodithioate
PAR  To a solution of 574g (5.68 moles) triethylamine and 422g (2.84 moles)
      2-phenyloxazolidine (containing mainly the tautomer,
      N-benzylidene-2-hydroxyethylamine which was prepared according to the
      procedure of L. Daasch et al., J.A.C.S. 72, 3673 (1950), was added 324g
      (4.26 moles) carbon disulfide at 19.degree.-24.degree. over a period of 40
      minutes. Toward the latter part of the CS.sub.2 - addition a yellow oil
      formed. After five hours of vigorous stirring, the oil crystallized to a
      yellow solid within a short period whereby the temperature increased to
      36.degree.. The solids were transferred to a suitable flask to which was
      added 2 liters anhydrous ethyl ether, stirred vigorously and then
      filtered. After the trituration was repeated twice more, a quantitative
      yield of white solid product was obtained m.p. 73.degree.-75.degree.C. An
      analytical sample was prepared by dissolving the solid product in warm
      (40.degree.) isopropanol, cooling to 25.degree., adding ethyl ether
      without precipitating the solid, cooling to 0.degree. to precipitate the
      solid, and then filtering and drying the resulting solid to give 282g (68%
      conversion) m.p. 75.5.degree. - 77.5.degree.C.
PAR  Analysis: Found: C, 58.9; H, 7.32; N, 8.23; S, 20.1. Calcd. for C.sub.16
      H.sub.26 N.sub.2 OS.sub.2 : C, 58.9; H, 8.03; N, 8.56; S, 19.6.
PAC  EXAMPLE 29
PAC  Triethylammonium 3-Oxazolidinecarbodithioate
PAR  N, N',N"-Tris (2-hydroxyethyl)hexahydro triazine (328g) was cracked at a
      vapor temperature of 74.degree.-93.degree.C and a pressure of 2-3 mm Hg to
      yield 292g (3.73 moles) oxazolidine contaminated with
      N-methylene-2-hydroxyethylamine (trapped at -50.degree.). to the amine
      mixture, maintained at -50.degree., was added 600 ml toluene with stirring
      and 606g (6.0 moles) triethylamine. Carbon disulfide (456g, 6.0 moles) was
      added to the cold (-20.degree. to -15.degree.) solution in one hour,
      during which time solids formed. Stirring was continued an additional hour
      at 0 to -10.degree. and then the mixture was filtered cold (N.sub.2
      atmosphere); the resulting solids were dried in a vacuum desiccator over
      NaOH to yield 335g (29.8% conversion based on the triazine) white solid,
      m.p. 75.degree.-85.degree.C.
PAR  Analysis: Found: N, 11.0; S, 26.3. Calcd. for C.sub.10 H.sub.22 N.sub.2
      OS.sub.2 : N, 11.2; S, 25.6.
PAC  EXAMPLE 30
PAR  Triethylammonium 2-Trichloromethyl-3-thiazolidinecarbodithioate
PAR  A mixture of 356 g (1.72 moles) 2-trichloromethylthiazolidine*, 347 g (3.44
      mole) triethylamine and 261g (3.44 moles) carbon disulfide was stirred at
      ambient temperatures for 48 hours and then was filtered. The
      yellow-colored solid was washed with a minimum of ether and then dried
      under vacuum to give 152g (23% conversion) of product, m.p. 105-5.5C
      (melts with gas evol., solid forms) 160.degree.-5.degree. (dec, gas evol.)
PAR  Analysis: Found: C, 35.1; H, 5.56; N, 7.08; S, 24.8. Calcd: C.sub.11
      H.sub.21 Cl.sub.3 N.sub.2 S.sub.3 : C,34.4; H, 5.51; N, 7.30; S, 25.0.
FNT  *B. J. Sweetman et al., J. Med. Chem. 12, 888 (1969)
PAC  EXAMPLE 31
PAC  Triethylammonium 3-Thiazolidinecarbodithioate
PAR  To a solution of 70g (0.79 mole) thiazolidine** and 160g (1.58 moles)
      triethylamine in one liter ethyl ether was added 120g (1.58 moles) carbon
      disulfide at 21.degree.-2.degree. over a period of 30 minutes. After the
      mixture was stirred at ambient temperatures for an additional 2.5 hours,
      it was filtered to give a pale yellow solid which was then washed with
      1.51. (5 .times. 300ml) ether to yield 201 g (96% conversion) of desired
      product, m.p. 101.degree.-3.degree.C. (gas evol.).
PAR  Analysis: Found: C, 45.3; H, 8.16; N, 10.0; S, 36.6. Calcd. for C.sub.10
      H.sub.22 N.sub.2 S.sub.3 : C, 45.1; H, 8.33; N, 10.5; S, 36.1.
FNT  **S. Ratner and H. Clarke, J.A.C.S. 59, 200 (1937)
PAC  EXAMPLE 32
PAC  Sodium 2-Trichloromethyl-3-oxazolidine-carbodithioate Polyhydrate
PAR  A mixture of 11.4 g. (0.06 mole) 2-trichloromethyl-oxazolidine, 5.47g.
      (0.072 mole) carbon disulfide and 15.6g. (0.06 mole) of 15% aq. sodium
      hydroxide was heated with stirring at 65.degree.-70.degree. for 17 hours.
      The reaction mixture was evaporated at 40.degree./mm Hg. The cooled
      residue was extracted with anhydrous ethyl ether to yield an extract
      (which was set aside and used below) and a yellow residual solid which was
      extracted with dry acetone. The volatiles were removed from the acetone
      extract to give a tacky solid which was then washed with a minimum of
      ether to yield 2.1g of yellow-orange product, m.p.
      100.degree.-120.degree.(decomposition, gas).
PAR  The above etheral extract which had been set aside for 30 minutes produced
      yellow solids which were filtered. These solids were treated again with
      ether to yield a residual solid (slightly impure product) and an extract.
      Solids which formed in the extract were filtered to yield the
      yellow-orange crystalline product, m.p. 105.degree.-9.degree.C. (dec.,
      gas).
PAR  Analysis: Found: C, 18.88; H, 3.30; Cl, 28.59; N, 4.07; S, 20.26. Calcd.
      for C.sub.5 H.sub.5 Cl.sub.3 NNaOS.sub.2 . 2 1/2 H.sub.2 O: C, 18.00; H,
      3.02; Cl, 31.92; N, 4.20; S, 19.18.
PAR  In utilizing the compounds of this invention as accelerators in the
      vulcanization of elastomers, especially of ethylene-propylene-diene (EPDM)
      elastomers, generally from about 0.5 to 5 phr., preferably 1.5 to 4 phr.,
      of accelerator-compound are used, usually with from about 0.5 to 3 phr. of
      sulfur as the vulcanization agent. (phr. means parts per hundred parts by
      weight of the elastomer). The accelerator composition is milled into the
      elastomer along with the sulfur, and other optional modifying ingredients,
      for example, carbon black, stearic acid, zinc oxide, naphthenic oil, and
      others known to the trade. The elastomer is then normally cured
      (vulcanized) by heating to from about 300.degree. to 450.degree.F for from
      about 10 seconds to one hour, usually for about 10 - 40 minutes at about
      300.degree. - 350.degree.F.
PAR  It has been observed that the compounds of the present invention not only
      retard blooming in the cured elastomers but also generally show increased
      accelerator activity as demonstrated by a significant increase in
      elastomer tensile strength and modulus when comparisons are made at
      equivalent concentrations of related accelerators and the same curing
      conditions. The results of the invention, in particular the unexpected
      nature of the non-blooming characteristic, is demonstrated by reference to
      the following examples in which the vulcanization evaluations of a
      representative EPDM elastomer using both claimed and comparative
      accelerator compositions are carried out. The following recipe is used,
      where the amounts of ingredients are based on parts by weight per hundred
      parts of elastomer.
TBL  ______________________________________                                    
                      Parts by Weight                                          
     ______________________________________                                    
     EPDM elastomer                                                            
     (ethylene-propylene-                                                      
                        100                                                    
     dicyclopentadiene terpolymer)                                             
     Naphthenic oil     50                                                     
     Carbon (FEF) black 100                                                    
     Zinc oxide         5                                                      
     2-Mercaptobenzothiazole                                                   
                        0.5                                                    
     Stearic acid       2                                                      
     Sulfur             variable, 0.5 and 2                                    
     Accelerator        variable, 2 and 4                                      
     ______________________________________                                    
PAL  The curing of vulcanizate is carried out at 320.degree.F., removing samples
      for testing at 5, 10, 20, 30, 40 and 60 minutes intervals.
PAR  In Table 1, below, are listed the various representative compounds
      evaluated as accelerators. Accelerators Numbers 1 through 9, 13, 16, 18
      through 23, 25 through 33 are embodied in this invention. Particularly
      preferred accelerators are those identified as Nos. 1, 2, 3, 4, 8, 18, 22
      and 23. Comparative accelerators tested include zinc dithiocarbamates
      which have a structure somewhat similar to the compounds of the present
      invention, e.g., accelerator No. 10 is a commercial ultra-accelerator for
      elastomers. Other salts of dithiocarbamic acid, e.g., accelerators No. 12
      and No. 17, and zinc salts of other acids, e.g., accelerator No. 11, are
      also known accelerators, two of which are commercial. The physical data
      for the observations on blooming are presented in Tables 2 and 3.
PAR  The results establish that, in contrast to the accelerators of this
      invention, previously known accelerators 10-12 and 17 cause blooming.
      Blooming is also encountered in the use of spiro-compounds and
      4,4-disubstituted compounds, represented by accelerators No. 14 and No.
      24,  respectively, and the zinc salt of the reaction product of
      ethanolamine, formaldehyde and carbon disulfide (disclosed in the
      aforementioned U.S. Pat. No. 3,674,701), represented by accelerator No.
      15. In addition, the spiro-compound is not very effective as an
      accelerator. The compounds of this invention are shown to be not only
      effective non-blooming accelerators but in several cases are even faster
      than the present commercial ultra accelerators; for example, compare No. 1
      with No. 12; No. 3, No. 8, No. 22 and No. 23 with No. 10 and No. 12.
TBL                                    TABLE NO. 1                             
     __________________________________________________________________________
     Representative Accelerators Tested in EPDM Elastomer                      
     Example                                                                   
          Accelerator                                                          
     No.  No.                                                                  
     __________________________________________________________________________
     2    1.     Zinc Bis(3-oxazolidinecarbodithioate)                         
     3    2.     Zinc Bis(2-trichloromethyl-3-oxazolidine-                     
                 carbodithioate)                                               
     4    3.     Zinc Bis(2-trichloromethyl-3-oxazolidine-                     
                 carbodithioate), Pyridine Adduct                              
     5    4.     Zinc Bis(2,2-dimethyloxazolidine-3-carbo-                     
                 dithioate)                                                    
     7    5.     Zinc Bis[2-(p-dimethylaminophenyl)oxazolidine-                
                 3-carbodithioate], Pyridine Adduct                            
     6    6.     Zinc Bis[2-(3-ethoxy-4-hydroxyphenyl)oxazoli-                 
                 dine-3-carbodithioate], Tripyridine Adduct                    
     8    7.     Zinc Bis(thiazolidine-3-carbodithioate)                       
     9    8.     Zinc Bis[(2-trichloromethyl)thiazolidine-3-                   
                 carbodithioate], Dipyridine Adduct                            
     10   9.     Zinc Bis(2,2-dimethylthiazolidine-3-carbo-                    
                 dithioate)                                                    
          10.    Zinc Bis(diethyldithiocarbamate)                              
          11.    Zinc Bis(O,O-dibutyl phosphorodithioate)                      
          12.    Tellurium Tetrakis(diethyldithiocarbamate)                    
     24   13.    Zinc Bis (2-hexyl-2-methyl-3-oxazolidine-                     
                 carbodithioate), Pyridine Adduct                              
     11   14.    Zinc Bis[spiro(cyclohexane-1,2'-oxazolidine)-                 
                 3-carbodithioate]                                             
     12   15.    Zinc salt of the reaction product of ethanolamine,            
                 formaldehyde and carbon disulfide                             
     13   16.    Zinc Bis(2-methyl-2-phenyloxazolidine-3-                      
                 carbodithioate), Pyridine Adduct                              
     14   17.    Zinc Bis(4-morpholinecarbodithioate)                          
     15   18.    Zinc Bis(2-phenyloxazolidine-3-carbodithioate),               
                 Pyridine Adduct                                               
     16   19.    Zinc Bis(2-phenyloxazolidine-3-carbodithioate)                
     17   20.    Zinc Bis[2-(p-chlorophenyl)oxazolidine-3-                     
                 carbodithioate], Pyridine Adduct                              
     18   21.    Zinc Bis[2-(1-ethylpentyl)oxazolidine-3-                      
                 carbodithioate], Pyridine Adduct                              
     19   22.    Zinc Bis[5-methyl-2-trichloromethyloxazolidine-               
                 3-carbodithioate), Pyridine Adduct                            
     20   23.    Zinc Bis(5-methyl-2-trichloromethyloxazolidine)-              
                 3-carbodithioate)                                             
     21   24.    Zinc Bis(4,4-dimethyloxazolidine-3-carbodithioate)            
     22   25.    Zinc Bis(5-phenyl-3-oxazolidinecarbodithioate)                
     23   26.    Zinc Bis(5-phenyl-2-trichloromethyl-3-                        
                 oxazolidine-carbodithioate)                                   
     25   27.    Triethylammonium 2-trichloromethyl-3-                         
                 oxazolidinecarbodithioate.                                    
     26   28.    Cadmium Bis(2-trichloromethyl-3-                              
                 oxazolidinecarbodithioate)                                    
     27   29.    Cupric Bis(2-trichloromethyl-3-                               
                 oxazolidinecarbodithioate)                                    
     28   30.    Triethylammonium 2-Phenyl-3-                                  
                 oxazolidinecarbodithioate                                     
     29   31.    Triethylammonium 3-Oxazolidine-                               
                 carbodithioate                                                
     30   32     Triethylammonium 2-Trichloromethyl-3-                         
                 thiazolidinecarbodithioate                                    
     31   33     Triethylammonium 3-Thiazolidine-                              
                 carbodithioate                                                
     __________________________________________________________________________
TBL                                    TABLE NO. 2                             
     __________________________________________________________________________
     Accelerator                                                               
               Vulcanizate (320.degree.F).sup.(a) with 2 phr of Accelerator    
               and 2 phr of Sulfur                                             
     No..sup.(b)                                                               
         Ex.   Tensile (psi)         Modulus, 200% (psi)     Bloom after       
         No.   at cure time (min.)   at cure time (min.)     1-2 weeks         
               5   10   20   40   60  5    10     20    40                     
     __________________________________________________________________________
      1  2     1390                                                            
                   2100                                                        
                       2640 2700 2775                                          
                                     500  725    1080  1400  None              
      2.sup.(c)                                                                
         3     1300                                                            
                   2175                                                        
                       2625 2800 2825                                          
                                     850.sup.(d)                               
                                          1300.sup.(d)                         
                                                 2250.sup.(d)                  
                                                       2775.sup.(d)            
                                                             None              
      3  4     1950                                                            
                   2310                                                        
                       2350 2475 2440                                          
                                     750  1050   1350  1470  None              
      5  7     --  875 1175 1600 2050                                          
                                      --  400     475   800  None              
      6  6     890 1250                                                        
                       1700 2150 2300                                          
                                     450  600     850  1090  None              
      7  8     620 1030                                                        
                       1540 2450 2550                                          
                                     350  550     900  1600  None              
      8  9     1600                                                            
                   2250                                                        
                       2600 2800 2900                                          
                                     675  1000   1350  1575  None              
      9  10    750 1000                                                        
                       1400 1775 1975                                          
                                     400  450     725   875  None              
     10  --    1325                                                            
                   2175                                                        
                       2800 2950 2750                                          
                                     550  850    1375  1650                    
                                     850.sup.(d)                               
                                          1375.sup.(d)                         
                                                 2000.sup.(d)                  
                                                       2600.sup.(d)            
                                                             Medium            
     11  --    690 1140                                                        
                       2000 2490 2490                                          
                                     300  500     900  1220  Light             
     12  --    930 1650                                                        
                       2250 2675 2650                                          
                                     360  600     960  1240                    
                                     580.sup.(d)                               
                                           975.sup.(d)                         
                                                 1500.sup.(d)                  
                                                       1950.sup.(d)            
                                                             Light             
     13  24    950 1610                                                        
                       2225 2600 2545                                          
                                     450  700    1000  1400  None              
     14  11    Poor                                                            
                   Poor                                                        
                       1175 1225 1475                                          
                                     Poor Poor    850.sup.(d)                  
                                                        950.sup.(d)            
                                                             Light             
     15  12    1360                                                            
                   2300                                                        
                       2600 2750 2625                                          
                                     550  950    1290  1420  Light             
     16  13    1250                                                            
                   1900                                                        
                       2575 2675 2650                                          
                                     525  800    1200  1700  None              
     18  15    1650                                                            
                   2190                                                        
                       2500 2550 2690                                          
                                     660  950    1200  1350  None              
     19  16    1150                                                            
                   1800                                                        
                       2150 2250 2350                                          
                                     490  800    1160  1400  None              
     20  17    1270                                                            
                   2010                                                        
                       2400 2490 2460                                          
                                     550  865    1120  1300  None              
     21  18    1210                                                            
                   1950                                                        
                       2475 2540 2725                                          
                                     500  760    1110  1450  None              
     22  19    1840                                                            
                   2270                                                        
                       2450 2540 2610                                          
                                     750  1010   1225  1420  None              
     23  20    2045                                                            
                   2420                                                        
                       2425 2410 2600                                          
                                     950  1175   1460  1660  None              
     24  21    1610                                                            
                   2290                                                        
                       2450 2690 2700                                          
                                     650  915    1400  1680  Heavy             
     25  22    750 1360                                                        
                       1990 2150 2250                                          
                                     400  660     990  1300  None              
     26  23    1720                                                            
                   2200                                                        
                       2450 2450 2600                                          
                                     810  1070   1380  1600  None              
     27  25    1110                                                            
                   1400                                                        
                       1675 2000 2100                                          
                                     450  700    1000  1400  None              
     28  26    875 1750                                                        
                       2375 2475 2600                                          
                                     425  800    1200  1600  None              
     29  27    810 1700                                                        
                       2220 2360 2570                                          
                                     400  750    1140  1525  None              
     30  28    1350                                                            
                   1975                                                        
                       2375 2250 2400                                          
                                     625  900    1175  1225  None              
     31  29    1200                                                            
                   1650                                                        
                       1875 2150 2225                                          
                                     600  800     825  1050  None              
     32  30    925 1275                                                        
                       1475 1925 1825                                          
                                     425  625     825   975  None              
     33  31    700 1100                                                        
                       1550 1875 2150                                          
                                     400  500     785   850  None              
     __________________________________________________________________________
      .sup.(a) except where marked with (c);                                   
      .sup.(b) see Table No. 1 for names of accelerators;                      
      .sup.(c) cure temperature was 305.degree.F instead of 320.degree.F;      
      .sup.(d) 300% modulus                                                    
TBL                                    TABLE NO. 3                             
     __________________________________________________________________________
     Accelerator                                                               
               Vulcanizate (320.degree.F).sup.(a) with 4 phr of Accelerator    
               and 0.5 phr of Sulfur                                           
     No..sup.(b)                                                               
         Ex.   Tensile (psi)         Modulus, 200% (psi)     Bloom after       
         No.   at cure time (min.)   at cure time (min.)     1-2 weeks         
               5   10  20   40  60   5     10     20    40                     
     __________________________________________________________________________
      1  2     780 1290                                                        
                       1900 2000                                               
                                1980 300  430    690   750   None              
      2.sup.(c)                                                                
         3     800 1375                                                        
                       1975 2400                                               
                                2450 575.sup.(d)                               
                                            850.sup.(d)                        
                                                 1400.sup.(d)                  
                                                       1650.sup.(d)            
                                                             None              
      4  5     1010                                                            
                   1875                                                        
                       2080 2250                                               
                                2120 500  750    950   960   None              
      6  6     600 820 910  890 890  300  350    450   400   None              
      7  8     --  700 1060 1460                                               
                                1510 --   350    500   700   None              
      8  9     1000                                                            
                   1550                                                        
                       2010 1950                                               
                                1870 400  650    850   860                     
                                     660.sup.(d)                               
                                            1010.sup.(d)                       
                                                 1300.sup.(d)                  
                                                       1310.sup.(d)            
                                                             None              
     10  --    1200                                                            
                   1980                                                        
                       2300 2375                                               
                                2210 480  775    990   1000                    
                                     780.sup.(d)                               
                                            1240.sup.(d)                       
                                                 1500.sup.(d)                  
                                                       1550.sup.(d)            
                                                             Heavy             
     11  --    790 1025                                                        
                       1510 1890                                               
                                1775 350  440    600   750   Light             
     12  --    770 1450                                                        
                       1820 1850                                               
                                1800 310  610    690   760   Medium            
     13  24    850 1300                                                        
                       1810 1930                                               
                                1950 390  560    750   850   None              
     14  11    Poor                                                            
                   Poor                                                        
                       Poor 475 500  Poor Poor   Poor  350   Light             
     15  12    775 1250                                                        
                       1550 1450                                               
                                1570 380  600    650   650   Light             
     16  13    1230                                                            
                   1700                                                        
                       2000 1925                                               
                                2050 500  690    850   875   None              
     17  14    Poor                                                            
                   Poor                                                        
                       630  940 1050 Poor Poor   250   400   Light             
     18  15    1250                                                            
                   1650                                                        
                       1710 1630                                               
                                1690 550  725    725   725   None-Trace        
     20  17    1250                                                            
                   1620                                                        
                       1700 1590                                               
                                1580 600  660    710   700   None              
     21  18    1100                                                            
                   1600                                                        
                       1860 1830                                               
                                1900 500  650    780   760   None              
     22  19    1460                                                            
                   1900                                                        
                       2050 2000                                               
                                1890 570  800    900   900   None              
     23  20    1310                                                            
                   1840                                                        
                       2100 2040                                               
                                2240 550  790    1000  1040  None              
     24  21    1160                                                            
                   1825                                                        
                       2050 2190                                               
                                2145 500  800    950   950   Heavy             
     26  23    1300                                                            
                   1700                                                        
                       1800 1675                                               
                                1675 590  800    840   850   None              
     27  25    1025                                                            
                   1100                                                        
                       1200 1200                                               
                                1200 425  450    500   575   None              
     28  26    --  --  1500 1900                                               
                                1900 --   --     625   800   None              
     29  27    --  750 1025 1410                                               
                                1410 --   --     475   700   None              
     __________________________________________________________________________
      .sup.(a) except where marked with (c);                                   
      .sup.(b) see Table No. 1 for names of accelerators;                      
      .sup.(c) cure temperature was 305.degree.F instead of 320.degree.F;      
      .sup.(d) 300% modulus.                                                   
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the structure
      ##SPC27##
PAL  where X is sulfur or oxygen, R, R.sup.1, R.sup.2 and R.sup.3 are
      independently selected from the group consisting of hydrogen, lower alkyl
      having from 1 to 8 carbon atoms, CCl.sub.3, phenyl and substituted phenyl
      wherein there are not more than two substituents selected from the group
      consisting of NR.sup.4 R.sup.5, OH, OR.sup.6 and Cl wherein R.sup.4 and
      R.sup.5 are independently selected from the group consisting of hydrogen
      and methyl, R.sup.6 is a lower alkyl having from 1 to 8 carbon atoms, not
      more than one of R and R.sup.1 is phenyl and not more than one of R.sup.2
      and R.sup.3 is phenyl; M is selected from the group consisting of Zn, Cd,
      Cu and Fe; and y is an integer of 1 to 3 corresponding to the valency of
      M.
NUM  2.
PAR  2. A compound according to claim 1 wherein X is sulfur.
NUM  3.
PAR  3. A compound according to claim 1 wherein X is oxygen.
NUM  4.
PAR  4. A compound according to claim 1 wherein R, R.sup.1, R.sup.2 and R.sup.3
      are each hydrogen, X is oxygen, M is Zn and y is 2.
NUM  5.
PAR  5. A compound according to claim 1 wherein R is hydrogen, R.sup.1 is
      CCl.sub.3, R.sup.2 and R.sup.3 are each hydrogen, and X is oxygen, M is Zn
      and y is 2.
NUM  6.
PAR  6. A compound according to claim 1 wherein R, R.sup.1, R.sup.2 and R.sup.3
      are each hydrogen, X is oxygen, M is Cd and y is 2.
NUM  7.
PAR  7. A compound according to claim 1 wherein R, R.sup.1, R.sup.2 and R.sup.3
      are each hydrogen, X is sulfur, M is Zn and y is 2.
NUM  8.
PAR  8. A compound according to claim 1 wherein R is hydrogen, R.sup.1 is
      CCl.sub.3, R.sup.2 and R.sup.3 are each hydrogen, X is sulfur, M is Zn and
      y is 2.
NUM  9.
PAR  9. A compound according to claim 1 wherein R, R.sup.1, R.sup.2 and R.sup.3
      are each hydrogen, X is sulfur, M is Cd and y is 2.
NUM  10.
PAR  10. A compound according to claim 1 wherein R, R.sup.1, R.sup.2 and R.sup.3
      are each hydrogen, X is sulfur, M is Cu and y is 2.
NUM  11.
PAR  11. A compound according to claim 1 wherein R is hydrogen, R.sup.1 is
      CCl.sub.3, R.sup.2 is hydrogen, R.sup.3 is methyl, X is oxygen, M is Zn, y
      is 2.
NUM  12.
PAR  12. A compound according to claim 1 wherein R, R.sup.1, R.sup.2 and R.sup.3
      are each hydrogen, X is oxygen, M is Cu and y is 2.
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ABST
PAL  New 1,2,4-thiadiazoles substituted with a phosphorus containing radical and
      corresponding to the formula
      ##EQU1##
      are disclosed. In this formula R.sub.1 is alkyl or alkoxy, R.sub.2
      represents alkoxy, alkylthio, amino, alkylamino, or dialkylamino, R.sub.3
      stands for hydrogen, alkyl, aralkyl or cyclo-alkyl, and X is oxygen or
      sulphur. Such compound may be manufactured according to known methods and
      exibit a pesticidal especially an insecticidal and acaricidal activity.
BSUM
PAR  The present invention provides 1,2,4-thiadiazolyl-(3)-phosphates,
      -phosphonates, -thiophosphates, -thiophosphonates or -thiophosphoric
      amides, a process for their manufacture, and a method for their use in
      pest control.
PAR  The 1,2,4-thiadiazolyl derivatives have the formula
      ##EQU2##
      wherein R.sub.1 represents alkyl or alkoxy, R.sub.2 represents alkoxy,
      alkylthio, amino, alkylamino or dialkylamino, R.sub.3 represents hydrogen,
      alkyl, aralkyl or cycloalkyl, and X represents oxygen or sulphur.
PAR  The alkyl, alkoxy, alkylthio, alkylamino and dialkyl-amino groups
      represented by R.sub.1 , R.sub.2 and R.sub.3 can be branched or
      straight-chain, substituted or unsubstituted, and contain 1 to 18, but
      especially 1 to 5, carbon atoms in the chain. Preferred substituents are
      fluorine, chlorine, methoxy, methylthio, cyano and/or nitro.
PAR  Examples of such groups include: methyl, methoxy, methyl-thio, ethyl,
      ethoxy, ethylthio, n-propyl, n-propoxy, iso-proxy, propylthio, isopropyl,
      n-butyl, iso-butyl, sec. and tert. butyl, n-pentyl, and isomers thereof,
      n-pentoxy, n-penthylthio, methyl-amino, dimethylamino, n-propylamino,
      isopropylamino, allyl, methallyl, trifluoromethyl, 3-chloroallyl,
      trichloromethyl, cyanomethyl, 2-cyanoethyl, methoxymethyl,
      methylthiomethyl, and 2-chloroethyl. Suitable cycloalkyl groups are in
      particular monocyclic radicals with 3 to 8 ring carbon atoms that can be
      substituted by lower alkyl and/or bonded through a methylene or
      polymethylene bridge member. Examples of such radicals are: cyclopropyl,
      cyclobutyl, cyclopentyl, cyclohexyl. By aralkyl groups are meant chiefly
      unsubstituted benzyl or phenethyl or benzyl or phenethyl that is
      monosubstituted or polysubstituted by e.g. chlorine, bromine, nitro,
      methyl, methoxy and/or methylthio; in the case of poly-substitution the
      substituents may be the same or different.
PAR  Preferred compounds on account of their action are those of the formula I
      wherein R.sub.1 represents methyl, ethyl, methoxy or ethoxy, R.sub.2
      represents methoxy, ethoxy, n-propoxy, n-propylthio, amino, methylamino,
      isopropylamino or n-propyl-amino or dimethylamino, R.sub.3 represents
      hydrogen, alkyl with 1 to 5 carbon atoms, benzyl, phenethyl, cyclopentyl
      or cyclohexyl, and X represents oxygen or sulphur.
PAR  Particularly preferred compounds are those of the formula I wherein R.sub.1
      represents methoxy, ethoxy, methyl or ethyl, R.sub.2 represents methoxy,
      ethoxy, methylamino, n-propylthio or n-propylamino, R.sub.3 represents
      hydrogen, alkyl with 1 to 5 carbon atoms, cyclopentyl or cyclohexyl, and X
      represents oxygen or sulphur.
PAR  Preeminent, however, are compounds of the formula I wherein R.sub.1 and
      R.sub.2 each independently represents methoxy or ethoxy, R.sub.3
      represents alkyl with 1 to 5 carbon atoms, and X represents sulphur.
PAR  The compounds of the formula I can be manufactured by methods that are
      known per se, e.g.
      ##EQU3##
PAR  In the formula II, III and IV, the symbols R.sub.1, R.sub.2 and X have the
      meanings given for the formula I and Me represents an alkali metal in
      particular sodium or potassium, ammonium or alkylammonium.
PAR  Examples of suitable acid acceptors are the following bases: tertiary
      amines, e.g. triethylamine, dimethyl aniline, pyridine; inorganic bases,
      e.g. hydroxides and carbonates of alkali metals and alkaline earth metals,
      preferably sodium and potassium carbonate. The reactions 1a and 1b are
      carried out at normal pressure, at a temperature of -10.degree. to
      120.degree.C, in particular at +20.degree.C to 80.degree.C, and in
      solvents or diluents that are inert towards the reactants. Examples of
      suitable solvents or diluents are: aromatic hydrocarbons, e.g. benzene,
      toluene; halogenated hydrocarbons, e.g. chlorobenzene,
      polychloro-benzenes, bromobenzenes, chlorinated alkanes with 1 to 3 carbon
      atoms; ethers e.g. dioxan, tetrahydrofuran; esters, e.g. ethyl acetate;
      ketones, e.g. acetone, methyl ethyl ketone, diethyl ketone; nitriles, e.g.
      acetonitrile.
PAR  The starting materials of the formulae II and IV can be manufactured by
      methods anologous to known ones, e.g.
      ##EQU4##
PAR  In the formulae II, V, VII and VIII, the symbol R.sub.3 has the meaning
      given for the formula I.
PAR  Suitable oxidants are chlorine, bromine, iodine, hydrogen peroxide,
      peracids e.g. m-chloro-perbenzoic acid.
PAR  The reactions are carried out at normal pressure, at a temperature of
      -30.degree.C to +110.degree.C, especially at 0.degree.-50.degree.C, and in
      solvents or diluents.
PAR  Examples of suitable solvents or diluents are : aromatic hydrocarbons, e.g.
      benzene, toluene; halogenated hydrocarbons, e.g. chlorobenzene,
      polychlorobenzenes, chlorinated alkanes with 1 to 3 carbon atoms; ethers,
      e.g. dioxan, tetrahydrofuran, dimethoxy ethane; esters, e.g. ethyl
      acetate; ketones, e.g. acetone, methyl ethyl ketone, diethyl ketone;
      nitriles, e.g. acetonitrile; and water. The starting materials of the
      formulae V and VI are known and can be manufactured by methods analogous
      to known ones.
PAR  The compounds of the formula I can be manufactured by methods 1a or 1b by
      optionally combining e.g. the following starting materials of the formula
      II or the salts thereof of the formula IV:
PA1  3-hydroxy-1,2,4-thiadiazole
PA1  5-methyl-3-hydroxy-1,2,4-thiadiazole
PA1  5-ethyl-3-hydroxy-1,2,4-thiadiazole
PA1  5-n-propyl-3-hydroxy-1,2,4-thiadiazole
PA1  5-iso-propyl-3-hydroxy-1,2,4-thiadiazole
PA1  5-n-butyl-3-hydroxy-1,2,4-thiadiazole
PA1  5-iso-butyl-3-hydroxy-1,2,4-thiadiazole
PA1  5-sec-butyl-3-hydroxy-1,2,4-thiadiazole
PA1  5-tert.butyl-3-hydroxy-1,2,4-thiadiazole
PA1  5-n-pentyl-3-hydroxy-1,2,4-thiadiazole
PA1  5-iso-pentyl-3-hydroxy-1,2,4-thiadiazole
PA1  5-cyclopentyl-3-hydroxy-1,2,4-thiadiazole
PA1  5-cyclohexyl-3-hydroxy-1,2,4-thiadiazole
PA1  5-benzyl-3-hydroxy-1,2,4-thiadiazole
PAL  with the following examples of starting materials of the formula III:
PA1  0,0-dimethyl-thiophosphoric chloride
PA1  O,o-diethyl-thiophosphoric chloride
PA1  O-ethyl-O-methyl-thiophosphoric chloride
PA1  O-methyl-methane-thiophosphonic chloride
PA1  O-ethyl-methane-thiophosphonic chloride
PA1  O-methyl-ethane-thiophosphonic chloride
PA1  O-ethyl-ethane-thiophosphonic chloride
PA1  O-propyl-ethane-thiophosphonic chloride
PA1  O-ethyl-S-propyl-dithiophospheric chloride
PA1  O-ethyl-S-sec. butyl-dithiophosphoric chloride
PA1  O-ethyl-S-n-pentyl-dithiophosphoric chlride
PA1  O-ethyl-methylamino-thiophosphoric chloride
PA1  O-ethyl-dimethylamino-thiophosphoric chloride
PA1  O-ethyl-amino-thiophosphoric chloride
PA1  O-ethyl-n-propylamino-thiophosphoric chloride
PA1  O-ehtyl-isopropylamino-thiophosphoric chloride
PA1  O,o-diethyl-phosphoric chloride
PAR  Examples of such compounds are:
      ##EQU5##
TBL  X       R.sub.1 R.sub.2    R.sub.3                                        
     ______________________________________                                    
     S       OCH.sub.3                                                         
                     OCH.sub.3  H                                              
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                H                                              
     S       C.sub.2 H.sub.5                                                   
                     OC.sub.2 H.sub.5                                          
                                H                                              
     S       CH.sub.3                                                          
                     OC.sub.2 H.sub.5                                          
                                H                                              
     S       CH.sub.3                                                          
                     OC.sub.3 H.sub.7 (n)                                      
                                H                                              
     S       OC.sub.2 H.sub.5                                                  
                     SC.sub.3 H.sub.7 (n)                                      
                                H                                              
     S       OC.sub.2 H.sub.5                                                  
                     NHCH.sub.3 H                                              
     S       OC.sub.2 H.sub.5                                                  
                     NHC.sub.3 H.sub.7 (n)                                     
                                H                                              
     S       OC.sub.2 H.sub.5                                                  
                     NHC.sub.3 H.sub.7 (i)                                     
                                H                                              
     S       OC.sub.2 H.sub.5                                                  
                     NH.sub.2   H                                              
     S       OC.sub.2 H.sub.5                                                  
                     N(CH.sub.3).sub.2                                         
                                H                                              
     O       OC.sub.2 H.sub.5                                                  
                     SC.sub.3 H.sub.7 (n)                                      
                                H                                              
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                C.sub.2 H.sub.5                                
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                C.sub.3 H.sub.7 (n)                            
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                C.sub.4 H.sub.9 (n)                            
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                C.sub.4 H.sub.9 (i)                            
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                C.sub.4 H.sub.9 (sec.)                         
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                C.sub.4 H.sub.9 (tert.)                        
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                C.sub.5 H.sub.11 (n)                           
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                C.sub.5 H.sub.11 (i)                           
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                cyclopentyl                                    
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                cyclohexyl                                     
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                Phenethyl                                      
     S       OCH.sub.3                                                         
                     OCH.sub.3  CH.sub.3                                       
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                CH.sub.3                                       
     S       C.sub.2 H.sub.5                                                   
                     OC.sub.2 H.sub.5                                          
                                CH.sub.3                                       
     S       CH.sub.3                                                          
                     OC.sub.2 H.sub.5                                          
                                CH.sub.3                                       
     S       CH.sub.3                                                          
                     OC.sub.3 H.sub.7 (n)                                      
                                CH.sub.3                                       
     S       OC.sub.2 H.sub.5                                                  
                     S.sub.3 H.sub.7 (n)                                       
                                CH.sub.3                                       
     S       OC.sub.2 H.sub.5                                                  
                     NHCH.sub.3 CH.sub.3                                       
     S       OC.sub.2 H.sub.5                                                  
                     NHC.sub.3 H.sub.7 (n)                                     
                                CH.sub.3                                       
     S       OC.sub.2 H.sub.5                                                  
                     NHC.sub.3 H.sub.7 (i)                                     
                                CH.sub.3                                       
     S       OC.sub.2 H.sub.5                                                  
                     NH.sub.2   CH.sub.3                                       
     S       OC.sub.2 H.sub.5                                                  
                     N(CH.sub.3).sub.2                                         
                                CH.sub.3                                       
     O       OC.sub.2 H.sub.5                                                  
                     SC.sub.3 H.sub.7 (n)                                      
                                CH.sub.3                                       
     S       OCH.sub.3                                                         
                     OC.sub.3 H C.sub.3 H.sub.7 (i)                            
     S       C.sub.2 H.sub.5                                                   
                     OC.sub.2 H.sub.5                                          
                                C.sub.3 H.sub.7 (i)                            
     S       CH.sub.3                                                          
                     OC.sub.2 H.sub.5                                          
                                C.sub.3 H.sub.7 (i)                            
     S       CH.sub.3                                                          
                     OC.sub.3 H.sub.7 (n)                                      
                                C.sub.3 H.sub.7 (i)                            
     S       OC.sub.2 H.sub.5                                                  
                     SC.sub.3 H.sub.7 (n)                                      
                                C.sub.3 H.sub.7 (i)                            
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
                                C.sub.3 H.sub.7 (i)                            
     S       OC.sub.2 H.sub.5                                                  
                     NHCH.sub.3 C.sub.3 H.sub.7 (i)                            
     S       OC.sub.2 H.sub.5                                                  
                     NHC.sub.3 H.sub.7 (n)                                     
                                C.sub.3 H.sub.7 (i)                            
     S       OC.sub.2 H.sub.5                                                  
                     NHC.sub.3 H.sub.7 (i)                                     
                                C.sub.3 H.sub.7 (i)                            
     S       OC.sub.2 H.sub.5                                                  
                     NH.sub.2   C.sub.3 H.sub.7 (i)                            
     S       OC.sub.2 H.sub.5                                                  
                     N(CH.sub.3)2                                              
                                C.sub.3 H.sub.7 (i)                            
     O       OC.sub.2 H.sub.5                                                  
                     SC.sub.3 H.sub.7 (n)                                      
                                C.sub.3 H.sub.7 (i)                            
     S       OCH.sub.3                                                         
                     OCH.sub.3                                                 
     S       OC.sub.2 H.sub.5                                                  
                     OC.sub.2 H.sub.5                                          
     S       C.sub.2 H.sub.5                                                   
                     OC.sub.2 H.sub.5                                          
     ______________________________________                                    
PAR  The compounds of the formula I have a broad biocidal activity and can be
      used for combating a variety of plant and animal pests.
PAR  In particular they are suitable for combating insects of the families:
PAL  Acrididae, Blattidae, Gryllidae, Gryllotalpidae, Tettigoniidae, Cimicidae,
      Phyrrhocoridae, Reduviidae, Aphididae, Delphacidae, Diaspididae,
      Pseudococcidae, Chrysomelidae, Coocinellidae, Bruchidae, Scarabaeidae,
      Dermestidae, Tenebrionidae, Curculionidae, Tineidae, Noctuidae,
      Lymantriidae, Paralidae, Galleriidae, Culicidae, Tipulidae, Stomoxydae,
      Muscidae, Calliphoridae, Trypetidae, Pulicidae, as well as Acaridae of the
      families: Ixodidae, Argasidae, Tetranychidae, Dermanyssidae.
PAR  By addition of other insecticides and/or acaricides it is possible to
      improve substantially the insecticidal or acaricidal action and to adapt
      it to given circumstances.
PAR  Examples of suitable additives are: organic phosphorus compounds,
      nitrophenols and derivatives thereof; pyrethrines; formamidines; ureas;
      carbamates and chlorinated hydrocarbons.
PAR  In addition to the above mentioned properties, the compounds of the formula
      I are also active against representatives of the order Thallophyta. Thus a
      number of these compounds display bactericidal action. But they are active
      chiefly against fungi, especially against phytopathogenic fungi belonging
      to the following classes: Oomycetes, Zygomycetes, Ascomycetes
      Basidiomycetes, Denteromycetes.
PAR  The compounds of the formula I also exhibit a fungitoxic action against
      fungi which attack the plants from the soil. The new active substances are
      also suitable for treating seeds, fruit, tubers etc. from attack by fungus
      infections. The compounds of the formula I are also suitable for combating
      phytopathogenic nematodes.
PAR  The compounds of the formula I may be used as pure active substance or
      together with suitable carriers and/or additives. Suitable carriers and
      additives can be solid or liquid and correspond to the substances
      conventionally used in formulation technology, for example natural or
      regenerated substances, solvents, dispersants, wetting agents, adhesives,
      thickeners, binders and/or fertilisers.
PAR  For application, the compounds of the formula I may be processed to dusts,
      emulsion concentrates, granules, dispersions, sprays, to solutions or
      suspensions, in the conventional formulation which is commonly employed in
      application technology. Mention is also to be made of cattle dips and
      spray races, in which aqueous preparations are used.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances can take, and be used in, the following forms:
PAR  Solid forms:
PAR  dusts, scattering agents, granules coated granules, impregnated granules
      and homogeneous granules.
PAR  Liquid forms:
PA1  a. concentrates of active substances which are dispersible in water:
      wettable powders, pasts, emulsions:
PA1  b. solutions.
PAR  The content of active substance in the above described agents is between
      0.1% to 95%, in which connection it should be mentioned that, in the case
      of application from aircraft or some other suitable means of application,
      it is possible to use concentrations of up to 99.5% or even pure active
      substance.
PAR  The active substances of the formula I can, for example, be formulated as
      follows:
PAC  Dusts
PAR  The following substances are used to manufacture (a) a 5% and (b) a 2%
      dust:
PAR  a.
PA1  5 parts of active substance
PA1  95 parts of talcum
PAR  b.
PA1  2 parts of active substance
PA1  1 part of highly disperse silicic acid
PA1  97 parts of talcum.
PAR  The active substances are mixed with the carriers and ground.
PAC  Granules
PAR  The following substances are used to produce 5% granules:
PAR  5 parts of active substance,
PAR  0.25 parts of epichlorohydrin,
PAR  0.25 parts of cetyl polyglycol ether,
PAR  3.50 parts of polyethylene glycol,
PAR  91 parts of kaolin (particle size 0.3- 0.8 mm)
PAR  The active substance is mixed with epichlorohydrin and dissolved with 6
      parts of acetone; the polyethylene glycol and cetyl polyglycol ether are
      then added. The resulting solution is sprayed on kaolin, and the acetone
      is subsequently evaporated in vacuo.
PAC  Wettable powder
PAR  The following constituents are used for the preparation of (a) a 40%, (b)
      and (c) a 25%, and (d) a 10% wettable powder:
PAR  a.
PA1  40 parts of active substance,
PA1  5 parts of sodium lignin sulphonate,
PA1  1 part of sodium dibutyl-naphthalene sulphonate,
PA1  54. parts of silicic acid.
PAR  b.
PA1  25 parts of active substance,
PA1  4.5 parts of calcium lignin sulphonate,
PA1  1.9 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA1  1.5 parts of sodium dibutyl naphthalene sulphonate,
PA1  19.5 parts of silicic acid,
PA1  19.5 parts of Champagne chalk,
PA1  28.1 parts of kaolin.
PAR  c.
PA1  25 parts of active substance,
PA1  2.5 parts of isooctylphenoxy-polyoxyethylene-ethanol,
PA1  1.7 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1) ,
PA1  8.3 parts of sodium aluminium silicate,
PA1  16.6 parts of kieselguhr,
PA1  46 parts of kaolin,
PAR  d.
PA1  10 parts of active substance,
PA1  3 parts of a mixture of the sodium salts of saturated fatty alcohol
      sulphates,
PA1  5 parts of naphthalenesulphonic acid/formaldehyde condensate,
PA1  82 parts of kaolin.
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, the mixture being then ground in the appropriate mills and
      rollers. Wettable powders are obtained which can be diluted with water to
      give suspensions of any desired concentration.
PAC  Emulsifiable concentrates
PAR  The following substances are used to produce (a) a 10% and (b) a 25%
      emulsifiable concentrate:
PAR  a.
PA1  10 parts of active substance,
PA1  3.4 parts of epoxidised vegetable oil,
PA1  13.4 parts of a combination emulsifier consisting of fatty alcohol
      polyglycol ether and alkyl-aryl sulphonate calcium salt,
PA1  40 parts of dimethylformamide,
PA1  43.2 parts of xylene,
PA1  25 parts sof active substance,
PA1  2.5 parts of epoxidised vegetable oil,
PA1  10 parts of an alkylarylsulphonate/fatty alcoholglycol ether mixture,
PA1  5 parts of dimethylformamide,
PA1  57.5 parts of xylene.
PAR  From these concentrates it is possible to produce, by dilution with water,
      emulsions of any desired concentration.
PAC  Spray
PAR  The following constituents are used to prepare a 5% spray:
PAR  5 parts of active substance,
PAR  1 part of epichlorohydrin,
PAR  94 parts of benzene (boiling limits 160.degree.C-190.degree.C).
DETD
PAC  EXAMPLE 1
PAR  a. Manufacture of the compound of the formula
      ##EQU6##
PAR  A mixture of 59 g of the compound of the formula
      ##EQU7##
      and 41.2 g of the compound of the formula
      ##EQU8##
      in 450 ml of absolute benzene are heated to reflux temperature over the
      course of 2 hours. The reaction mixture is cooled to 17.degree.C and the
      crystalline precipitated product is filtered off and dried, to yield the
      compound of the formula
      ##EQU9##
      with a melting point of 170.degree.-190.degree.C (with decomp.).
PAR  b. Manufacture of the compound of the formula
      ##EQU10##
PAR  A mixture of 50 g of the compound of the formula
      ##EQU11##
      and 32 g of 100 % sodium hydroxide solution are stirred in 100 ml of
      acetone and 400 ml of water for 10 hours at room temperature. The reaction
      mixture is subsequently adjusted to pH 6 with 40 ml of glacial acetic acid
      at 15.degree.C. The crystallised product is filtered off, washed with
      water and dried, to yield the compound of the formula
      ##EQU12##
      as pale yellow crystals with a melting point of 153.degree.C.
PAR  c. Manufacture of the compound of the formula
      ##EQU13##
      14.6 g. of the compound of the formula
      ##EQU14##
      and 21.2 g of triethylamine are dissolved in 150 ml of dimethoxy ethane.
      To this solution are added dropwise 16.8 g Br.sub.2 in 20 ml of carbon
      tetrachloride at 10.degree.C over the course of 15 minutes. The mixture is
      stirred for 1 hour and the white precipitate is then filtered off and the
      filtrate concentrated. 100 ml of a mixture of n-hexane and ethyl acetate
      (4:1) are added to the residue. The solution is separated from the
      insoluble residue and cooled to -30.degree.C. The crystalline precipitated
      product is filtered off, washed and dried, to yield the compound of the
      formula
      ##EQU15##
      with a melting point of 67.degree.-69.degree.C.
PAC  Manufacture of
      O,O-diethyl-O-[5-isopropyl-1,2,4-thiadiazolyl-(3)]-thiophosphate
PAR  14.5 g of 3-hydroxy-5-isopropyl-1,2,4-thiadiazole are dissolved in 250 ml
      of toluene at 50.degree.C and 18.9 g of chlorothiophosphoric diethyl ester
      are added to the solution. Then 11.1 g of triethylamine are added, the
      mixture is stirred for 6 hours at 50.degree. to 60.degree.C, and the
      resulting triethylamine hydrochloride is then filtered off. The product is
      evaporated and chromatographed on silica gel to give the active substance
      of the formula
      ##EQU16##
      as a pale yellow oil with a refractive index of n.sub.D.sup.23 = 1.5020.
PAR  The following compounds were also manufactured in analogous manner:
      ##EQU17##
PAC  EXAMPLE 2
PAR  A. Insecticidal ingest poison action
PAR  Cotton and potato plants were sprayed with a 0.05% aqueous emulsion
      (obtained from a 10% emulsifiable concentrate). After the coating had
      dried, the cotton plants were populated with Spodoptera littoralis or
      Heliothis virescens larvae L.sub.3 and the potato plants with Colorado
      potato betle larvae (Leptinotarsa Decemlineata). The test was carried out
      at 24.degree.C and 60% relative humidity. In the above test, the compounds
      according to Example 1 displayed good ingest poison action against
      Spodoptera littoralis, Heliothis and Leptinotarsa decemlineata.
PAC  EXAMPLE 3
PAR  Action against Chilo suppressalis
PAR  Six rice plants at a time of the variety Caloro were transplanted into
      plastic pots (diameter at the top = 17 cm) and reared to a height of about
      60 cm. Infestation with Chilo suppressalis larvae (L.sub.1 : 3-4 mm long)
      took place 2 days after the active substance had been applied in granule
      form to the paddy water (rate of application: 8 kg of active substance per
      hectare). Evaluation of the insecticidal action took place 10 days after
      application of the granules.
PAR  The compounds according to Example 1 were active in the above test against
      Chilo suppressalis.
PAC  EXAMPLE 4
PAC  Action against ticks
PAR  A. Rhipicephalus bursa
PAR  Five adult ticks and 50 tick larvae were counted into a glass tube and
      immersed for 1 to 2 minutes in 2 ml of an aqueous emulsion from a dilution
      series each containing 100, 10, 1 and 0.1 ppm of test substance. The tube
      was then sealed with a cotton-wool plug and placed on its head, so that
      the active substance emulsion could be absorbed by the cotton-wool.
PAR  In the case of the adults evaluation took place after 2 weeks, and in that
      of the larvae after 2 days. Each test was repeated twice.
PAR  B. Boophilus microplus (larvae)
PAR  Tests were carried out with 20 OP-sensitive and 20 OP-resistant larvae
      respectively using an analogous dilution series as in the case of Test A.
      (The resistance refers to the tolerability of Diazinon).
PAR  The compounds according to Example 1 acted in these tests against adults
      and larvae of Rhipicephalus bursa and OP-sensitive and OP-resistant larvae
      of Boophilus microplus.
PAC  EXAMPLE 5
PAC  Acaracidal action
PAR  Phaseolus vulgaris (dwarf beans) had an infested piece of leaf from a mass
      culture of Tetranychus urticae placed on them 12 hours before the test for
      the acaricidal action.
PAR  The mobile stages which have migrated were sprayed with the emulsified test
      preparations from a chromatography atomiser so that the sprayed
      preparation did not run off. The number of living and dead larvae, adults
      and eggs were evaluated after 2 to 7 days under a stereoscopic
      miscropscope and the result expressed in percentages. During the
      "interim", the treated plants were kept in greenhouse compartments at
      25.degree.C.
PAR  The compounds according to Example 1 were active in the above test against
      eggs, larvae and adults of Tetranychus urticae.
PAC  EXAMPLE 6
PAC  Action against soil nematodes
PAR  To test the action against soil nematodes, the active substances in the
      respective concentration indicated were applied to and intimately mixed
      with soil infected with root gall nematodes (Meloidgyne Avenaria).
      Immediately afterwards, tomato cuttings were planted in the thus prepared
      soil in a series of tests and after a waiting time of 8 days tomato seeds
      were sown in another test series.
PAR  In order to assess the nematocidal action, the galls present on the roots
      were counted 28 days after planting and sowing respectively. In this test
      the compounds according to Example 1 displayed good action against
      Meloidgyne Avenaria.
PAC  EXAMPLE 7
PAR  Sterilised compost earth was homogeneously mixed with a wettable powder
      containing 25% of active substance so that there resulted a rate of
      application of 8 kg of active substance per hectare.
PAR  Young zucchetti plants (Cucumis pepo) were put into plastic pots with the
      treated soil (3 plants per pot; diameter of pot = 7 cm). Each pot was
      infected immediately afterwards with 5 Aulacophora femoralis and Pachmoda
      or Chortophila larvae. The control was carried out 4, 8, 16 and 32 days
      after depositing the larvae.
PAR  At 80-100% kill after the first control, a fresh infestation with 5 larvae
      each was carried out in the same soil sample with 3 new zucchetti plants.
      If the activity was less than 80%, the remaining larvae remained in the
      soil sample until the control immediately following. If an active
      substance at a rate of application of 8 kg/ha still effected a 100% kill,
      a further control with 4 and 2 kg of active substance per hectare was
      carried out.
PAR  In the above test, the compounds according to Example I displayed action
      against Aulacophora femoralisPachmoda and Chortophila larvae.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##EQU18##
      wherein R.sub.1 and R.sub.2 are independently methoxy or ethoxy, R.sub.3
      is an alkyl containing from 1 to 5 carbon atoms and X is sulfur.
NUM  2.
PAR  2. A compound according to claim 1, of the formula
      ##EQU19##
NUM  3.
PAR  3. A compound according to claim 1, of the formula
      ##EQU20##
NUM  4.
PAR  4. A compound according to claim 1, of the formula
      ##EQU21##
NUM  5.
PAR  5. A compound according to claim 1, of the formula
      ##EQU22##
NUM  6.
PAR  6. A compound according to claim 1, of the formula
      ##EQU23##
NUM  7.
PAR  7. A compound according to claim 1, of the formula
      ##EQU24##
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ABST
PAL  Compounds of the class of 6-phenyl-4H-v-triazolo[1,5-a][1,4]
      benzodiazepines, which in the 3-position are unsubstituted or substituted,
      particularly by a carbamoyl group or a substituted carbamoyl group, their
      5-oxides and their pharmaceutically acceptable acid addition salts have
      valuable pharmacological properties and are active ingredients for
      therapeutic compositions. In particular, these new compounds have an
      anticonvulsive and anti-aggressive action. Specific embodiments are
      N,N-dimethyl-6-phenyl-8-chloro-4H-v-triazolo
      [1,5-a][1,4]benzodiazepine-3-carboxamide and
      N,N-dimethyl-6-(o-fluorophenyl)-8-chloro-4H-v-triazolo
      [1,5-a][1,4]benzodiazepine-3-carboxamide.
BSUM
PAR  The present invention relates to new diazepine derivatives, therapeutic
      compositions which contain the new compounds, and a method for the
      treatment states of strain and agitation.
PAR  The diazepine derivatives according to the invention correspond to the
      formula I
      ##SPC1##
PAL  in which
PA1  R.sub.1 represents hydrogen, lower alkyl, lower hydroxyalkyl, etherified
      lower hydroxyalkyl, esterified lower hydroxyalkyl, lower aminoalkyl,
      monosubstituted lower aminoalkyl, disubstituted lower aminoakyl, formyl,
      di-(lower-alkoxy)methyl, carboxyl, (lower alkoxy)-carbonyl, cyano,
      carbamoyl monosubstituted carbamoyl or disubstituted carbamoyl and
PA1  The rings B and C are unsubstituted or substituted independently of each
      other by halogen up to atomic number 35, alkyl or alkoxy each having 1 to
      7 carbon atoms, trifluoromethyl or nitro.
PAR  The subject of the invention also comprises the 5-oxides and the
      pharmaceutically acceptable addition salts of the compounds of the general
      formula I with inorganic and organic acids.
PAR  In the definition of R.sup.1, lower groups are understood as groups with 1
      to 7 and preferably with 1 to 4 carbon atoms. R.sub.1 as lower alkyl is,
      for example, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl, hexyl or
      heptyl and above all methyl. Optionally etherified or esterified lower
      hydroxyalkyl for example, 1-hydroxyethyl-,, 2-hydroxyethyl, 1-, 2- and
      3-hydroxypropyl, 1-hydroxy-1-methylethyl,1- and 2-hydroxybutyl,
      1-hydroxypentyl, 1-hydroxyhexyl or 1-hydroxyl-heptyl and preferably
      hydroxymethyl, (lower alkoxy)-(lower alkyl), such as methoxymethyl,
      ethoxymethyl, isopropoxymethyl, butoxymethyl, 2-methoxyethyl,
      2-ethoxyethyl, 2-propoxyethyl or 2-butoxyethyl, aralkoxy-(lower alkoxy),
      such as benzyloxymethyl, (p-methoxybenzyloxy)-methyl and 2-benzyloxyethyl,
      or (lower alkanoyloxy)-(lower alkyl), such as acetoxymethyl,
      propionyloxymethyl, butyryloxymethyl, valeryloxymethyl, pivaloyloxymethyl,
      hexanoyloxymethyl, heptanoyloxymethyl, 2-acetoxyethyl or
      2-butyryloxyethyl.
PAR  As an optionally monosubstituted or disubstituted lower aminoalkyl, R.sub.1
      is in particular a group of the general formula Ia
      ##EQU1##
      in which A represents alkylene with 1 to 3 carbon atoms, such as ethylene,
      propylene, trimethylene and above all methylene and R.sub.2 and R.sub.3
      independently of each other represent hydrogen, alkyl with 1 to 7 carbon
      atoms, hydroxyalkyl with 2 to 7 carbon atoms, dialkylaminoalkyl with a
      total of 4 to 7 carbon atoms or aralkyl groups with 7 to 9 carbon atoms,
      or R.sub.2 and R.sub.3 are lower alkyl groups linked to one another
      directly or in the .beta.- or .epsilon.-position also via an oxygen atom,
      imino, lower alkylimino or hydroxyalkylimino with at most 4 carbon atoms,
      to give a divalent radical with a total of at most 10 carbon atoms.
PAR  R.sub.2 and R.sub.3, as alkyl with 1 to 7 carbon atoms, are, for example,
      propyl, isopropyl, butyl, isobutyl, pentyl, isopentyl, hexyl or heptyl and
      particularly groups or ethyl which together with hydrogen are the
      preferred embodiments of R.sub.2 and R.sub.3. As hydroxyalkyl with 2 to 7
      carbon atoms R.sub.2 and R.sub.3 are, for example, 2-hydroxypropyl,
      3-hydropypropyl, 2-hydroxybutyl, 3-hydroxybutyl,
      2-hydroxy-1-methyl-propyl, 2-hydroxypentyl, 2-hydroxyhexyl or
      2-hydroxyheptyl and especially 2-hydroxyethyl, as dialkylaminoalkyl with 4
      to 7 carbon atoms they are, for example, 2-(dimethylamino)-ethyl,
      2-(dimethylamino)-propyl, 3-(dimethylamino)-propyl, 2-(diethylamino)-ethyl
      or 3-(diethylamino)-propyl, and as aralkyl with 7 to 9 carbon atoms they
      are, for example, benzyl, phenethyl, .alpha.-, o-, m- or p-methylbenzyl,
      3-phenylpropyl or .alpha.-methylphenethyl. With the exception of lower
      alkyl, the abovementioned groups are preferably only present as R.sub.2,
      that is to say only present once, together with a hydrogen atom or lower
      alkyl as R.sub.3.
PAR  Alkyl groups R.sub.2 and R.sub.3 linked to one another in the manner
      defined above for example form, together with the adjoining nitrogen atom,
      that is to say as the grouping NR.sub.2 R.sub.3, the 1-aziridinyl,
      1-azetidinyl, 1-pyrrolidinyl, piperidino, hexahydro-1H-azepin-1-yl,
      morpholino, 1-piperazinyl or hexahydro-1H-1,4-diazepin-1-yl group. The two
      latter groups can be substituted in the 4-position, that is to say in the
      imino group, for example by an ethyl, propyl, isopropyl, butyl, isobutyl,
      2-hydroxypropyl, 3-hydroxypropyl or 3-hydroxybutyl group and especially a
      methyl group or a 2-hydroxyethyl group, whilst all the abovementioned
      rings can additionally be substituted at carbon atoms by ethyl, propyl or
      especially methyl groups. As examples of C-alkyl-substituted or C- and
      N-substituted radicals NR.sub.2 R.sub.3 there may be mentioned the
      2-methyl-1-aziridinyl, 3,3-dimethyl-1-azetidinyl,
      2,5-dimethyl-1-pyrrolidinyl, 2-methyl-, 3-methyl- and 4-methyl-piperidino,
      2,6-dimethyl-piperidino, 2,4,6-trimethyl-piperidino,
      2,2,6,6-tetramethyl-piperidino, 2,5-dimethyl-1-piperazinyl,
      2,4,5-trimethyl- 1-piperazinyl, 2,4,6-trimethyl-1-piperazinyl and
      3,4,5-trimethyl-1-piperazinyl group. The preferred groups of this series
      are 1-pyrrolidinyl-, piperidine and 4-methyl-1-piperazinyl.
PAR  As di-(lower alkoxy)-methyl R.sub.1 is in particular dimethoxymethyl or
      diethoxymethyl. As (lower alkoxy)-carbonyl, R.sub.1 is, for example,
      propoxy carbonyl, isopropoxy carbonyl, butoxycarbonyl, isobutoxycarbonyl,
      tert.butoxycarbonyl, pentyloxycarbonyl, isopentyloxycarbonyl,
      hexyloxycarbonyl or heptyloxycarbonyl but preferably ethoxycarbonyl and
      above all methoxycarbonyl.
PAR  An optionally monosubstituted or disubstituted carbamoyl group R.sub.1 is
      in particular a group of the formula Ib
      ##EQU2##
      in which R.sub.2 and R.sub.3 have the meaning indicated under the formula
      Ia. Here again, R.sub.2 and R.sub.3 or the grouping NR.sub.2 R.sub.3 can
      be the groups already mentioned earlier.
PAR  As substituents of the rings B and C, halogen atoms are understood as
      fluorine, chlorine or bromine atoms, whilst alkyl groups or alkoxy groups
      with 1 to 7 carbon atoms are, for example, methyl, ethyl, propyl,
      isopropyl, butyl, isobutyl, tert.butyl, pentyl, isopentyl,
      1,1-dimethylpropyl, 2,2-dimethylpropyl, hexyl, isohexyl or heptyl or
      methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, pentyloxy,
      isopentyloxy, 2,2-dimethylpropoxy, hexyloxy, isohexyloxy or heptyloxy. A
      substituent of the ring B is preferably fluorine, bromine,
      trifluoromethyl, especially nitro and above all chlorine. Such a
      substituent is, in particular, in the 8-position. The ring C is preferably
      unsubstituted or substituted in any desired position by fluorine,
      chlorine, bromine, the trifluoromethyl group or the nitro group, but
      especially by fluorine or chlorine in the o-position.
PAR  The compounds of the formula I, their 5-oxides and their addition salts
      with inorganic and organic acids possess valuable pharmacological
      properties. They have a damping effect on the central nervous system, and
      in particular an anti-convulsive, anti-aggressive and
      narcosis-potentiating action. The anti-convulsive activity can be
      established, for example, in the pentetrazole cramp test on mice with
      doses from approx. 0.026 mg/kg, administered orally, and in the strychnine
      cramp test on mice with doses from approx. 0.5 mg/kg administered orally.
      The damping effect on the central nervous system, especially the
      anti-convulsive properties and further types of actions which can be
      measured by suitable standard tests [compare W. Theobald and H. A. Kunz,
      Arzneimittelforsch. 13, 122 (1963) and W. Theobald et al.,
      Arzneimittelforsch. 17, 561 (1967)], characterise the compounds of the
      general formula I, their 5-oxides and their pharmaceutically acceptable
      addition salts with inorganic and organic acids, as active substances for
      psychosedatives (tranquillisers) and anti-convulsives which can be used,
      for example, for the treatment of states of strain and agitation and for
      the treatment of epilepsy.
PAR  Compounds of particular importance are those of the general formula I in
      which R.sub.1 is hydrogen or a group of the general formula Ib, in which
      R.sub.2 and R.sub.3 have the meaning indicated earlier, but preferably
      denote hydrogen and/or lower alkyl, especially methyl or ethyl, or
      together with the adjoining nitrogen atom denote the 1-pyrrolidinyl,
      piperidino or 4-methyl-1-piperazinyl group. Compounds of the general
      formula I, in which R.sub.1 is hydroxymethyl or, as a radical of the
      general formula Ia, aminomethyl, are particularly valuable, above all
      because of their ready accessibility and diverse applicability as
      intermediate products. Also especially valuable as intermediates are
      compounds of the formula I, wherein R.sub.1 is the formyl or carboxy group
      or a lower alkoxycarbonyl group, preferably the methoxycarbonyl group.
      Furthermore, quite generally, and also within the abovementioned preferred
      groups of compounds, those in which the ring B is unsubstituted or
      preferably substituted in the 8-position by halogen of atomic number up to
      35, nitro or trifluoromethyl and the ring C is either unsubstituted or
      substituted by one of the substituents mentioned for the ring B are of
      particular interest. Within these groups of compounds, particularly
      important compounds are, on the one hand, those with one of the
      abovementioned substituents, especially trifluoromethyl, preferably nitro
      and above all chlorine, in the 8-position in ring B, and, on the other
      hand, those with a ring C which is unsubstituted or substituted by
      fluorine or chlorine in the o-position. Particularly valuable compounds
      are those which combine the abovementioned substitution characteristics of
      the rings B and C and at the same time contain, as R.sub.1, a group of the
      general formula Ib, in which R.sub.2 and R.sub.3 denote hydrogen and/or
      methyl or ethyl, such as
      N,N-dimethyl-6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-c
     arboxamide and N,N-dimethyl-6-(o-fluorophenyl)-8-chloro-4H-v-triazolo
      [1,5-a][1,4]benzodiazepine-3-carboxamide.
PAR  According to a first process according to the invention, compounds of the
      general formula I, their 5-oxides and their acid addition salts are
      manufactured by condensing a compound of the general formula II,
      ##SPC2##
PAL  in which the rings B and C can be substituted as indicated under the
      formula I, with a compound of the general formula III
      ##EQU3##
      in which R.sub.1 ' has the meaning indicated for R.sub.1 under the formula
      I, with the exception of esterified lower hydroxyalkyl groups, the formyl
      group, the carboxyl group and lower alkoxycarbonyl groups, if desired,
      esterifying a reaction product in which R.sub.1 ' is a lower hydroxyalkyl
      group, or oxidising a reaction product in which R.sub.1 ' is the
      hydroxymethyl group, to give the corresponding aldehyde or to give the
      corresponding carboxylic acid, if desired converting the resulting
      aldehyde, by reaction with a lower alkanol in the presence of an alkali
      metal cyanide and manganese dioxide, or converting the resulting
      carboxylic acid by customary esterification processes, into a
      corresponding compound with a lower alkoxy group R.sub.1 and/or, if
      desired, oxidising a resulting compound of the general formula I to its
      5-oxide or, if desired, converting a resulting compound of the general
      formula I to an acid addition salt with an inorganic or organic acid.
PAR  The condensation according to the invention is carried out in the presence
      or absence of a solvent and preferably in the presence of a condensation
      agent. Suitable solvents are hydrocarbons, such as benzene or toluene,
      chlorinated hydrocarbons, such as carbon tetrachloride, or lower alkanols,
      for example methanol or ethanol, or tertiary organic bases, such as
      pyridine. Suitable condensation agents are hydrochlorides of inorganic or
      organic bases, for example ammonium chloride or pyridine hydrochloride,
      and also hydrogen halides, such as hydrogen chloride, or Lewis acids, such
      as titanium tetrachloride. If the starting substance of the general
      formula III is employed as the hydrochloride, it is possible also to add,
      as the condensation agent, the free base, especially pyridine, instead of
      the hydrochloride of a tertiary organic base. The reaction temperature is
      preferably about 0.degree. to 120.degree.C.
PAR  The esterification of reaction products which contain a lower hydroxyalkyl
      group as the group R.sub.1 ' is carried out in the customary manner. For
      example, it is effected by reaction with carboxylic acid halides or
      carboxylic acid anhydrides, especially with lower alkanoyl chlorides or
      bromides or with corresponding anhydrides, in the presence of an
      acid-binding agent, for example of a tertiary organic base, such as
      pyridine or triethylamine, at temperatures between approx. 0.degree. and
      100.degree.C, in a solvent. Examples of suitable solvents are
      hydrocarbons, such as benzene or toluene, halogenated hydrocarbons, such
      as carbon tetrachloride or chloroform, or an excess of the tertiary
      organic base employed as an acid-binding agent.
PAR  The oxidation of reaction products whereof the radical R.sub.1 ' is a
      hydroxymethyl group, to corresponding aldehydes is preferably carried out
      by means of manganese dioxide in an inert organic solvent, such as, for
      example, benzene, at temperatures between approx. 60.degree. and
      100.degree.C or at the boiling point of the solvent employed. The
      oxidation can furthermore also be effected, for example, by means of
      dimethylsulphoxide in the presence of dicyclohexylcarbodiimide and
      phosphoric acid. The oxidation of reaction products with a hydroxymethyl
      group R.sub.1 ' to give the corresponding carboxylic acids is effected,
      for example, by means of chromium trioxide in an acid medium. It is also
      possible to use, as starting substances, the aldehydes manufactured
      according to the abovementioned process, that is to say to effect the
      conversion of the hydroxymethyl group R.sub.1 ' into the carboxyl group in
      two stages. The 3-(hydroxymethyl) compounds falling under the general
      formula I and used for the abovementioned oxidations can not only be
      manufactured by direct reaction of compounds of the general formula II
      with the 4-amino-2-butin- 1ol falling under the general formula III but
      also from the 3-(aminomethyl) compounds, obtained analogously using
      2-butine-1,4-diamine, by reaction with nitrous acid or with an alkali
      metal nitrite and very dilute sulphuric acid.
PAR  The conversion of aldehydes falling under the general formula I into lower
      alkyl esters of the corresponding carboxylic acids is effected, for
      example, in a reaction medium of the alkanol desired as the ester
      component, with addition of a major excess relative to the aldehyde
      employed, for example of an approx. 5-fold molar amount, of alkali metal
      cyanide, especially sodium cyanide, and of an even greater excess, for
      example an approx. 20-fold molar amount, of manganese dioxide and a little
      glacial acetic acid, at room temperature or slightly elevated temperatures
      of up to approx. 60.degree.C. To esterify the carboxylic acids falling
      under the general formula I by customary methods, such carboxylic acids
      are, for example, warmed or boiled in the lower alkanols desired as the
      ester component, which are saturated with hydrogen chloride, or the
      carboxylic acids are first converted, for example by means of excess
      thionyl chloride, into their acid chlorides or their mixtures with the
      corresponding hydrochlorides, and these are reacted with the lower
      alkanols desired as the ester component.
PAR  The conversion of the resulting compounds of the general formula I into
      their 5-oxides or into their acid addition salts is explained in more
      detail below.
PAR  The starting materials of the general formula II are manufactured, for
      example, starting from corresponding 2-amino-benzophenones which are
      substituted according to the definition in the rings B and C. Such
      compounds are described in the literature, for example,
      2-amino-5-chloro-benzophenone [compare F. D. Chattaway, J. Chem. Soc. 85,
      340 (1904)], 2-amino-2',5-dichloro-benzophenone [compare L. H. Sternback
      et al., J. Org. Chem. 26,4448 (1961)] and 2-amino-5-chloro-2'-benzophenone
      [compare L. H. Sternbach et al., J. Org. Chem. 27, 3781 (1962)]. Further
      compounds of this type can be manufactured analogously. These
      2-amino-benzophenone derivatives are diazotised, for example with sodium
      nitrite in acid solution, for example in a mixture of acetic acid and
      hydrochloric acid, a base, for example, sodium acetate trihydrate, is
      subsequently added to the resulting diazonium salt solution, and the
      product is reacted with an azide, for example sodium azide, to give
      azido-benzophenones of the general formula II.
PAR  Amongst the starting materials of the general formula III, some are known
      and others can be manufactured analogously to the known compounds, see,
      for example, A. Marszak-Fleury, Compt. rend. 241, 808 (1955) and further
      references.
PAR  According to a second process, the compounds falling under the general
      formula I, which contain the group of the general formula Ib as R.sub.1,
      their 5-oxides and their acid addition salts are manufactured by reacting
      a carboxylic acid of the general formula IV,
      ##SPC3##
PAL  in which the rings B and C can be substituted as indicated under the
      formula I, a reactive functional derivative of such a carboxylic acid or
      the 5-oxide of such a compound, with a compound of the general formula V
      ##EQU4##
      in which R.sub.2 and R.sub.3 have the meaning indicated under the formula
      Ia, or with a reactive functional derivative of such a compound, and, if
      desired, oxidising the resulting reaction product to its 5-oxide or, if
      desired, converting it into an addition salt with an inorganic or organic
      acid. To carry out this process, for example, a carboxylic acid of the
      formula IV is reacted with a compound of the general formula V in the
      presence of a carbodiimide such as, for example, dicyclohexylcarbodiimide,
      in an inert solvent such as, for example, tetrahydrofurane. Lower alkyl
      esters such as, for example, the methyl esters or ethyl esters of the
      carboxylic acids of the general formula IV, can be reacted with compounds
      of the general formula V, even in the cold or if necessary with warming,
      and optionally in a closed vessel, to give the corresponding amides of the
      general formula I. Furthermore it is also possible to convert amides which
      already fall under the general formula I into other amides falling under
      the general formula I by heating with compounds of the general formula V.
PAR  Further suitable reactive functional derivatives of carboxylic acids of he
      general formula IV are the halides, especially the chlorides, and the
      ahydrides, especially the mixed anhydrides with carbonic acid half-esters.
      These functional derivatives are reacted with a compound of the general
      formula V, preferably in the presence of an acid-binding agent, for
      example of a strong tertiary organic base, such as triethylamine,
      N-ethyldiisopropylamine, pyridine or s-colidine, which can, in excess,
      also serve as the reaction medium, or in the presence of an excess of the
      reactant of the general formula V, in the presence or absence of an inert
      organic solvent, such as, for example, dioxane, tetrahydrofurane, benzene
      or dimethylformamide. Further possible derivatives of the carboxylic acids
      of the general formula IV are, for example, their p-nitro-phenyl esters
      and cyanomethyl esters, which are reacted with compounds of the general
      formula V in inert organic solvents, if necessary with warming. The
      1-imidazolides of the carboxylic acids of the general formula IV are
      reacted under analogous conditions with compounds of the general formula
      V.
PAR  As reactive functional derivatives of compounds of the general formula V
      which can be reacted directly with acids of the general formula IV there
      may be mentioned the isocyanates and isothiocyanates derived from
      compounds of the general formula V with a hydrogen atom as R.sub.3. These
      isocyanates and isothiocyanates are heated with the acids of the general
      formula IV until the equimolar amount of carbon dioxide or carbon
      oxysulphide has been liberated. The reactions with isocyanates and
      isothiocyanates can be carried out in the presence or absence of an inert
      organic solvent of sufficiently high boiling point or boiling range. As
      further reactive functional derivatives of compounds of the general
      formula V with a hydrogen atom as R.sub.3 there should also be mentioned
      the N-trimethylsilyl derivatives obtainable by reaction of these amines
      with trimethylsilyl chloride in inert, anhydrous organic solvents, which
      derivatives react with reactive functional derivatives of the acids of the
      general formula IV in inert organic solvents to give N-trimethylsilyl
      derivatives of amides falling under the general formula I, from which the
      desired amides are produced on decomposition with water or lower alkanols.
PAR  As functional derivatives of compounds of the general formula V in which
      neither R.sub.2 nor R.sub.3 is a hydrogen atom, their N-chlorocarbonyl
      derivatives, for example, are reacted with salts, for example alkali metal
      salts, of carboxylic acids of the general formula IV in the presence or
      absence of inert organic solvents and the reaction mixture is heated until
      the equimolar amount of carbon dioxide has been liberated from the
      carboxylic acid/carbamic acid anhydrides formed first. It is also possible
      to derive, from compounds of the general formula V with radicals R.sub.2
      and R.sub.3 different from hydrogen, sulphurous acid monoalkyl
      ester/amides and phosphorous acid o-phenylenediester/amides which on
      reaction with carboxylic acids of the general formula IV in organic
      solvents such as, for example, pyridine, dioxane or diethylformamide or
      benzene, give the desired amides embraced by the general formula I.
PAR  The conversion of the resulting compounds of the general formula I into
      their 5-oxides or into their acid addition salts is explained in more
      detail below.
PAR  The carboxylic acids of the general formula IV required as starting
      materials fall under the general formula I. The manufacture of these
      acids, and all functional derivatives, such as their lower alkyl esters
      and their acid chlorides, by the first-mentioned process for the
      manufacture of the compounds of the general formula I, and secondary
      reactions, has already been described above. Large numbers of starting
      materials of the general formula V are known.
PAR  According to a third process, the compounds of the general formula I which
      contain the group of the general formula Ib as R.sub.1, their 5-oxides and
      their acid addition salts are again manufactured, by reacting an aldehyde
      of the general formula VI
      ##SPC4##
PAL  in which the rings B and C can be substituted as indicated under the
      formula I, with a compound of the general formula V indicated earlier, in
      which R.sub.2 and R.sub.3 have the meaning indicated under the formula Ia,
      in the presence of an alkali metal cyanide and a selective oxidising
      agent, and oxidising the resulting reaction product, if desired, to its
      5-oxide, or, if desired, converting it into an addition salt with an
      inorganic or organic acid. The alkali metal cyanide used is, for example,
      potassium cyanide and especially sodium cyanide. By selective oxidising
      agents there are to be understood those which, under the reaction
      conditions, do not attack the aldehyde group of the starting material of
      the formula VI but are able to oxidise the hydroxymethylene group of the
      cyanohydrin formed as an intermediate, to the carbonyl group. A suitable
      oxidising agent is manganese dioxide, above all in the active form
      described by J. Attenburrow et al., J. Chem. Soc. 1952, 1104. The
      reactions with manganese dioxide are preferably carried out in isopropanol
      or some other lower secondary alkanol to which a further organic solvent
      which is inert under the reaction conditions, preferably a solvent in
      which the starting materials of the general formula VI dissolve readily,
      such as, for example, dioxane, can be added, in the cold, for example
      between -10.degree. and +10.degree.C, preferably at about 0.degree.C. For
      example, relative to the compound of the general formula VI a major excess
      of the compound of the general formula V and of the alkali metal cyanide
      is employed, for example an approx. 5-fold molar amount of the latter and
      an even greater excess, for example an approx. 20-fold molar amount, of
      manganese dioxide, the reaction time being 2 to 6 hours and preferably
      approx. 4 hours.
PAR  The conversion of the resulting compounds of the general formula I into
      their 5-oxides or into their acid addition salts is explained in more
      detail below.
PAR  The aldehydes of the general formula VI required as starting materials fall
      under the general formula I. Their manufacture can be effected in
      accordance with the first-mentioned process for the manufacture of the
      compounds of the general formula I, including a secondary reaction, that
      is to say by reaction of 2-azido-benzophenones of the general formula II
      with 4-amino-2-butin-1-ol and gentle oxidation of the resulting
      hydroxymethyl compounds, preferably by means of manganese dioxide.
PAR  According to a fourth process according to the invention, compounds of the
      general formula I in which R.sub.1 denotes hydrogen, their 5-oxides and
      their acid addition salts are manufactured by dehydrogenating a compound
      of the general formula VII
      ##SPC5##
PAL  in which the rings B and C can be substituted as indicated in connection
      with the general formula I, if necessary isomerising the corresponding
      compound of the general formula VIII
      ##SPC6##
PAL  which is produced in addition to the compound of the general formula I, so
      as to give the compound of the general formula I, the isomerization being
      carried out in the mixture with the compound of the general formula I or
      after isolation from this mixture, and, if desired, oxidising the
      resulting compound of the general formula I to its 5-oxide or converting
      it into an addition salt with an inorganic or organic acid.
PAR  Examples of dehydrogenating agents which can be used in the reaction
      according to the invention are readily reducible metal oxides, such as
      chromium-(III) oxide, silver oxide and especially selenium dioxide and
      manganese dioxide, easily reducible salts, such as iron-(III) Salts, for
      example iron-(III) chloride, sodium hypochlorite or sodium hypobromite and
      especially lead tetraacetate, sodium dichromate dihydrate and also
      halogens, for example chlorine or bromine, as well as quinones, for
      example 2,3,5,6-tetrachloro-1,4-benzoquinone (chloranil)
      3,4,5,6-tetrachloro-1,2-benzoquinone or
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone. The dehydrogenating agents are
      preferably employed in solution or as a finely divided suspension employed
      in solution of the starting material of the general formula VII. Exampls
      of inert solvents used are lower alkanoic acids, such as acetic acid, in
      which, preferably, chromium-(III) oxide, bromine, sodium dichromate
      dihydrate or lead tetraacetate are employed; also lower alkanols, such as
      methanol or ethanol, in which bromine in the presence of suitable alkali
      metal alkanolates, for example sodium methylate, or of sodium hydroxide or
      potassium hydroxide, is employed; hydrocarbons, such as benzene, toluene
      or xylene, in which, for example, hydrated manganese dioxide is suspended;
      tertiary organic bases, for example pyridine, in which, preferably,
      selenium dioxide is dispersed, or halogenated hydrocarbons, such as
      methylene chloride or chloroform, in which, for example, lead tetraacetate
      is employed. Instead of the solvents mentioned, it is also possible to
      employ mixtures of such solvents, or the solvents mentioned can be used as
      a mixture with water, in a one-phase or two-phase system. The reaction
      temperatures are approx. 0.degree.  to 150.degree.C.
PAR  The conversion of the resulting compounds of the general formula I into
      their 5-oxides or into their acid addition salts is explained in more
      detail below.
PAR  The starting materials of the general formula VII can be manufactured
      starting from azido-benzophenones of the general formula II. These are
      first reacted with hydroxylamine, which is preferably liberated in situ
      from the hydrochloride by means of a tertiary organic base, to give their
      5-oximes. In this reaction, the tertiary organic base used is, for
      example, pyridine, preferably in an inert solvent, such as ethanol. The
      resulting oximes are caused to undergo an addition reaction with an
      acetylenedicarboxylic acid diester, preferably with acetylenedicarboxylic
      acid dimethyl ester in dioxane, giving
      1-[2-(.alpha.-hydroxyimino-benzyl)-phenyl]-1H-v-triazole-4,5-dicarboxylic
      acid dimethyl esters which ca be substituted in the phenyl radical and in
      the benzyl radical in the manner indicated for the ring B and the ring C,
      respectively, under the fromula I. These addition products can be reduced,
      for example catalytically with hydrogen in the presence of palladium on
      charcoal, in methanol, to give corresponding
      1-[2-(.alpha.-amino-benzyl)phenyl]-1H-v-triazole-4,5-dicarboxylic acid
      dimethyl esters, whch are cyclised, preferably by heating in vacuo, to
      give the corresponding
      6-phenyl-5,6-dihydro-4-oxo-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carbo
     xylic acid methyl esters. These cyclisation products are hydrolysed with an
      inorganic base, for example with sodium hydroxide or potassium hydroxide,
      in a solvent, for example in N,N-dimethylformamide, to give the
      corresponding free carboxylic acids. The latter can be decarboxylated,
      preferably by heating in a solvent, such as, for example, quinoline, to
      give compounds of the general formula VIIa
      ##SPC7##
PAL  in which the rings B and C can be substituted as indicated under the
      formula I. These lactams can be reduced with the aid of a complex metal
      hydride, for example with lithium aluminium hydride, preferably in ether.
PAR  The oxidation to the corresponding 5-oxides which optionally follows the
      processes, according to the invention, for the manufacture of the
      compounds of the formula I, is preferably effected by means of hydrogen
      peroxide or with peroxy-acids at a temperature of approx. 0.degree. to
      70.degree.C. Suitable peroxy-acids are, for example, peroxyacetic acid or
      peroxybenzoic acids, such as peroxybenzoic acid or especially
      m-chloroperoxybenzoic acid. The oxidising agents are preferably employed
      in a solvent, for example peroxyacetic acid in acetic acid and
      peroxybenzoic acids in halogenated hydrocarbons, such as methylene
      chloride or chloroform.
PAR  The compounds of the general formula I obtained according to the process of
      the invention are converted, if desired, in the usual manner into their
      addition salts with inorganic and organic acids. For example, a solution
      of the compound of the general formula I in an organic solvent is treated
      with the acid desired as the salt component. Preferably, organic solvents
      in which the resulting salt is sparingly soluble is chosen for the
      reaction so that the salt can be separated off by filtration. Examples of
      such solvents are methanol, ether, acetone, methyl ethyl ketone,
      acetone/ether, acetone/ethanol, methanol/ether or ethanol/ether.
PAR  For use as medicines it it possible to employ, instead of free bases,
      pharmaceutically tolerable acid addition salts, that is to say salts with
      acids of which the anions are not toxic at the dosages in question.
      Furthermore it is of advantage if the salts to be used as medicines are
      readily crystallisable and non-hygroscopic or only slightly hygroscopic.
      To form salts with compounds of the general formula I it is possible to
      use, for example, hydrochloric acid, hydrobromic acid, sulphuric acid,
      phosphoric acid, perchloric acid, methanesulphonic acid, ethanesulphonic
      acid, 2-hydroxyethanesulphonic acid or citric acid and, especially in the
      case of compounds of the general formula I in which R.sub.1 denotes a
      group of the general formula Ia, also acetic acid, lactic acid, succinic
      acid, fumaric acid, maleic acid, malic acid, tartaric acid, benzoic acid,
      salicylic acid, phenylacetic acid, mandelic acid or embonic acid.
PAR  The compounds of the general formula I and their 5-oxides and their
      pharmaceutically acceptable acid addition salts are preferably
      administered perorally or rectally but pharmaceutically acceptable acid
      addition salts can also be administered parenterally as aqueous solutions.
      The dosage depends on the method of administration, the species, the age
      and the individual condition. The daily doses vary between 0.01 and 1
      mg/kg for warm-blooded animals. Suitable unit dosage forms, such as
      dragees, tablets or suppositories, preferably contain 0.25-25 mg of an
      active substance according to the invention, that is to say of a compound
      of the general formula I, its 5-oxide or a pharmaceutically acceptable
      acid addition salt of the former. To produce these unit dosage forms, the
      active substance is combined with solid pulverulent carriers, such as
      lactose, sucrose, sorbitol and mannitol; starches, such as potato starch,
      corn starch or amylopectine and also laminaria powder or citrus pulp
      powder; cellulose derivatives or gelatine, optionally with the addition of
      lubricants, such as magnesium stearate or calcium stearate or polyethylene
      glycols, to give tablets or dragee cores. The latter are coated with, for
      example, concentrated sugar solutions which can additionally contain, for
      example, gum arabic, talc and/or titanium dioxide, or with a lacquer
      dissolved in readily volatile organic solvents or solvent mixtures.
      Dyestuffs can be added to these coatings, for example to characterise
      different doses of active substance. Further suitable oral unit dosage
      forms are gelatine push-fit capsules and soft sealed capsules of gelatine
      and a plasticiser, such as glycerine. The former preferably contain the
      active substance as granules mixed with lubricants, such as talc or
      magnesium stearate, and optionally stabilisers, such as sodium
      metabisulphite or ascorbic acid.
PAR  The instructions which follow are intended to explain the manufacture of
      tablets, dragees and suppositories in more detail:
PAR  a. 25.0 G of
      N,N-dimethyl-6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-3-c
     arboxamide are mixed with 500 g of lactose and 292 g of potato starch and
      the mixture is moistened with an alcoholic solution of 8 g of gelatine and
      granulated through a sieve. After drying, 60 g of potato starch, 60 g of
      talc, 10 g of magnesium stearate and 20 g of highly disperse silicon
      dioxide are added and the mixture is pressed to give 10,000 tablets each
      weighing 102.5 mg and containing 2.5 mg of active substance, which can, if
      desired, be provided with breaking grooves for fine adjustment of the
      dosage.
PAR  b. 0.50 G of
      N,N-dimethyl-6-(o-fluorophenyl)-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodia
     zepine-3-carboxamide are well mixed with 16 g of corn starch and 6 g of
      highly disperse silicon dioxide. The mixture is moistened with a solution
      of 2 g of stearic acid, 6 g of ethyl cellulose and 6 g of stearin in
      approx. 70 ml of isopropyl alcohol and granulated through a sieve III
      (Ph.Helv. V). The granules are dried for approx. 14 hours and then forced
      through a III-IIIa sieve. They are then mixed with 16 g of corn starch, 16
      g of talc and 2 g of magnesium stearate and pressed to give 1,000 dragee
      cores. These are coated with a concentrated syrup of 2 g of shellac, 7.5 g
      of gum arabic, 0.15 g of dyestuff, 2 g of highly disperse silicon dioxide,
      25 g of talc and 53.35 g of sugar, and dried. The resulting dragees each
      weigh 160.5 mg and each contain 0.5 mg of active substance.
PAR  c. 5.0 G of
      N,N-dimethyl-6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-c
     arboxamide and 1,995 g of finely ground suppository base composition (for
      example cacao butter) are thoroughly mixed and then melted. 1,000
      Suppositories weighing 2 g are cast from the melt, which is kept
      homogeneous by stirring. The suppositories each contain 5 mg of active
      substance.
DETD
PAR  The examples which follow explain in more detail the manufacture of the new
      compounds of the general formula I and of previously unknown starting
      substances but are not intended in any way to restrict the scope of the
      invention.
PAC  EXAMPLE 1
PAR  18 G (0.07 mol) of 2-azido-5-chlorobenzophenone are dissolved in 300 ml of
      absolute ethanol and 20 ml of pyridine and after addition of 29 g (0.24
      mol) of 4-amino-2-butin-1-ol hydrochloride [J. Laroche and A.
      Marszak-Fleury, Compt. rend. 250, 1086-1087 (1960)] the mixture is boiled
      for 24 hours under reflux, whilst stirring. The reaction mixture is
      diluted with 500 ml of toluene, the insoluble salts are filtered off and
      the filtrate is evaporated in vacuo. The residue is dissolved in 200 ml of
      ethyl acetate and the solution is clarified by filtration using active
      charcoal and washed with 1 N hydrochloric acid until free of pyridine.
      After drying with sodium sulphate, 10 ml of 30% strength fluoboric acid
      are added to the ethyl acetate solution, whereupon the tetrafluoborate of
      the desired reaction product crystallises out. The process of separating
      out is completed by adding 200 ml of ether. The tetrafluoborate is
      filtered off, washed with ether and stirred with 200 ml of ethyl acetate
      and 100 ml of 5% strength sodium carbonate solution until a clear
      two-phase solution is obtained. The organic phase is separated off, washed
      with water until neutral and dried with sodium sulphate. After filtration
      and evaporation, a residue is obtained which when recrystallised from
      benzene-hexane gives
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-methanol of
      melting point 183.degree.-184.degree.C.
PAR  2-Azido-5-chlorobenzophenone is prepared as follows:
PAR  a. 23.2 G (0.100 mol) of 2-amino-5-chloro-benzophenone [compare F. D.
      Chattaway, J. Chem. Soc. 85, 340 (1940)] are dissolved in 100 ml of
      glacial acetic acid and in 25 ml (0.3 mol) of 36% strength hydrochloric
      acid. 6.9 G (0.100 mol) of sodium nitrite dissolved in 25 ml of water are
      then added dropwise over the course of 15 minutes whilst stirring and
      cooling with water at 20.degree.-25.degree.C and 250 g of ice, 250 ml of
      water and 41.0 g (0.300 mol) of sodium acetate trihydrate are added to the
      solution. The turbid solution is clarified by filtration using charcoal
      and the filtrate is poured into a stirred solution of 16.2 g (0.250 mol)
      of sodium azide in 250 ml of glacial acetic acid. The resulting
      precipitate is filtered off, repeatedly washed with water and dried in
      vacuo over calcium chloride, after which 2-azido-5-chlorobenzophenone of
      melting point 81.degree.-83.degree.C is obtained.
PAC  EXAMPLE 2
PAR  0.054 G (0.001 mol) of ammonium chloride are dissolved in 1.65 g (0.030
      mol) of 2-propinylamine at 25.degree.C. 0.258 G (0.001 mol) of
      2-azido-5-chloro-benzophenone [compare Example 1a] is added to this
      solution. The reaction mixture is boiled for 3 hours under reflux, cooled
      to 20.degree.C and dissolved in 50 ml of benzene. The benzene solution is
      washed with 1 N hydrochloric acid and water until neutral, dried over
      sodium sulphate and evaporated in vacuo at 40.degree.C. The residue is
      dissolved in 3 ml of isopropanol. 0.150 G (0.001 mol) of 70% strength
      aqueous perchloric acid in 2 ml of isopropanol is added to the isopropanol
      solution and the perchlorate is precipitated by adding 50 ml of ether,
      filtered off and washed with ether. The perchlorate, in 20 ml of methylene
      chloride, is then converted into the free base by means of 10 ml of
      ammonia. The methylene chloride solution is dried over potassium carbonate
      and evaporated in vacuo at 40.degree.C. The residue is recrystallised from
      isopropanol, whereupon 6-phenyl-8-chloro-4H-v-triazolo
      [1,5-a][1,4]benzodiazepine of melting point 159.degree.-162.degree.C is
      obtained.
PAC  EXAMPLE 3
PAR  7.8 G (0.0283 mol) of 2-azido-5-chloro-2'-fluorobenzophenone are suspended
      in 120 ml of absolute ethanol and after addition of 8 ml of pyridine and
      12 g (0.1 mol) of 4-amino-2-butin-1-ol hydrochloride [J. Laroche and A.
      Marszak-Fleury, Compt.rend. 250, 1086-1087 (1960)] the suspension is
      boiled for 24 hours under reflux, whilst stirring. The reaction mixture is
      diluted with 500 ml of toluene, the insoluble salts are filtered off and
      the filtrate is evaporated in vacuo. The residue is dissolved in ethyl
      acetate and the solution is washed first with water and then with 1 N
      hydrochloric acid and dried over sodium sulphate. The ethyl acetate
      solution is then chromatographed on a silica gel column and the column is
      eluted with ethyl acetate/methanol. The eluted product is recrystallised
      from benzene, whereupon
      6-(o-fluorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-meth
     anol of melting point 172.degree.-173.degree.C is obtained.
PAR  2-Azido-5-chloro-2'-fluorobenzophenone is prepared as follows:
PAR  a. 10 G (0.04 mol) of 2-amino-5-chloro-2'-fluorobenzophenone are dissolved
      in a mixture of 40 ml of glacial acetic acid and 10 ml of concentrated
      hydrochloric acid and diazotised with 10 ml (0.04 mol) of 4 M sodium
      nitrite solution. The mixture is then diluted with 200 ml of ice-cold
      water and neutralised by addition of 16.3 g (0.12 mol) of crystalline
      sodium acetate. The turbid solution is clarified by filtration using
      active charcoal and a solution of 8.5 g (0.13 mol) of sodium azide in 100
      ml of water is then added. The reaction product which has precipitated is
      filtered off and washed with water until neutral. After drying over
      potassium hydroxide/calcium chloride in a desiccator,
      2-azido-5-chloro-2'-fluorobenzophenone of decomposition point 90.degree.C
      is obtained.
PAC  EXAMPLE 4
PAR  9.4 G (0.034 mol) of 2-azido-5-chloro-2'-fluorobenzophenone [see Example
      3a] are dissolved in a solution of 100 ml of absolute ethanol and 80 ml of
      pyridine and after addition of 18.3 g (0.2 mol) of 2-propinylamine
      hydrochloride the mixture is boiled for 4 hours under reflux, while
      stirring. The reaction mixture is diluted with 500 ml of toluene, the
      insoluble salts are filtered off and the filtrate is evaporated in vacuo.
      The residue is dissolved in ethyl acetate and the solution is washed first
      with water and then with 1 N hydrochloric acid until free of pyridine,
      dried by means of sodium sulphate, filtered and evaporated in vacuo. The
      residue is dissolved in 30 ml of methylene chloride and 50 ml of ether and
      the reaction product is precipitated as the tetrafluoborate by addition of
      30% strength aqueous fluoboric acid. The salt is filtered off, washed with
      ether on the filter and then decomposed with 2 N aqueous ammonia solution.
      The base liberated is taken up in methylene chloride and the solution is
      washed with water until neutral, dried with sodium sulphate and evaporated
      in vacuo. After recrystallisation from isopropanol,
      6-(o-fluorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine of
      melting point 194.degree.-196.degree.C is obtained.
PAC  EXAMPLE 5
PAR  5.8 G (0.02 mol) of 2-azido-5,2'-dichlorobenzophenone are dissolved in a
      mixture of 50 ml of absolute ethanol and 40 ml of pyridine and after
      addition of 9.15 g (0.1 mol) of 2-propinylamine hydrochloride the whole is
      boiled for 7 hours under reflux, whilst stirring. The reaction mixture is
      then diluted with 250 ml of toluene and the insoluble salts are filtered
      off. The filtrate is evaporated in vacuo. The residue is dissolved in
      ethyl acetate and the solution is washed first with water and then with 1
      N hydrochloric acid until free of pyridine, dried with sodium sulphate,
      filtered and evaporated in vacuo. The residue is chromatographed on a
      silica gel column. Elution with benzene/ethyl acetate mixtures and
      subsequent recrystallisation from 80% strength ethanol gives
      6-(o-chlorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine of
      melting point 196.degree.-198.degree.C.
PAR  2-Azido-5,2'-dichlorobenzophenone is prepared as follows:
PAR  a. 6,65 G (0.025 mol) of 2-amino-5,2'-dichlorobenzophenone are dissolved in
      a mixture of 25 ml of glacial acetic acid and 6.25 ml of concentrated
      hydrochloric acid and diazotised with 5 ml (0.025 mol) of 5 M sodium
      nitrite solution at 20.degree.C. The mixture is then diluted with 100 ml
      of ice-cold water and neutralised by addition of 10 g (0.075 mol) of
      crystalline sodium acetate, and the turbid solution is clarified by
      filtration, using active charcoal. A solution of 5 g (0.077 mol) of sodium
      azide in 50 ml of water is added to the filtrate. The reaction product
      which hereupon precipitates is filtered off and washed with water. After
      drying over potassium hydroxide and calcium chloride in a desiccator,
      2-azido-5,2'-dichlorobenzophenone of decomposition point 100.degree.C is
      obtained.
PAC  EXAMPLE 6
PAR  7.73 G (0.03 mol) of 2-azido-5-chlorobenzophenone [see Example 1a] are
      suspended in 75 ml of absolute ethanol and after addition of 7.6 g (0.09
      mol) of 2-butine-1,4-diamine [A. Marszak-Fleury, Compt.rend. 241, 808
      (1955)] and 1.6 g (0.03 mol) of ammonium chloride, the suspension is
      boiling for 24 hours under reflux, whilst stirring. The reaction mixture
      is then evaporated in vacuo and the residue is repeatedly worked into a
      paste with water and the liquid decanted. The water-insoluble residue is
      extracted three times with 100 ml of chloroform at a time and the combined
      extracts are dried with sodium sulphate and clarified by filtration using
      active charcoal. This chloroform solution is extracted three times with
      100 ml of 0.2 N hydrochloric acid at a time, the combined acid extracts
      are rendered alkaline with 2 N aqueous ammonia solution and the bases
      which have precipitated are taken up in chloroform. The residue which
      remains after drying and evaporation of the chloroform solution is
      recrystallised twice from benzene/ether, whereupon,
      3-(aminomethyl)-6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine
      of melting point 164.degree.-169.degree.C is obtained.
PAC  EXAMPLE 7
PAR  A mixture of 5.15 g (0.02 mol) of 2-azido-5-chlorobenzophenone [see Example
      1a], 50 ml of absolute ethanol, 6.7 g (0.06 mol) of
      N,N-dimethyl-2-butine-1,4-diamine [A. Marszak-Fleury, Ann. chim. (Paris)
      [13] 3, 656-711 (1958)] and 1.07 g (0.02 mol) of ammonium chloride is
      boiled for 24 hours under reflux, while stirring. The reaction mixture is
      then evaporated in vacuo, the residue is dissolved in benzene and the
      benzene solution is repeatedly washed with water. The benzene solution is
      then extracted three times with 100 ml of 0.1 N hydrochloric acid at a
      time and the combined acid extracts are rendered alkaline with
      concentrated aqueous ammonia solution. The bases which precipitate are
      taken up in benzene and the solution is washed with water until neutral,
      dried with potassium carbonate, filtered and evaporated in vacuo. The
      residue is chromatographed on a column using basic aluminium oxide and
      eluting first with benzene/ethyl acetate and then with ethyl acetate.
      After recrystallisation, from cyclohexane-petroleum ether, of the ethyl
      acetate eluates which contain the desired product,
      3-[(dimethylamino)-methyl]-6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benz
     odiazepine of melting point 150.degree.-152.degree.C is obtained.
PAC  EXAMPLE 8
PAR  1.42 G (0.0044 mol) of
      3-(aminomethyl)-6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine
      [see Example 6] are dissolved in 90 ml of 0.1 N sulphuric acid and 11 ml
      (0.0044 mol) of 0.4 M aqueous sodium nitrite solution are added dropwise
      over the course of 2 hours at 20.degree.-25.degree.C. The reaction product
      which has precipitated is taken up in 100 ml of benzene and the solution
      is washed with water until neutral, dried with sodium sulphate, filtered
      and evaporated. The residue is crystallised from benzene/hexane and
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-methanol of
      melting point 183.degree.-184.degree.C is obtained.
PAC  EXAMPLE 9
PAR  5.5 G of active manganese dioxide are added to a solution of 2 g (0.00615
      mol) of
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-methanol (see
      Example 1) in 200 ml of benzene and the mixture is boiled for 22 hours
      under reflux, whilst stirring. The reaction mixture is then filtered and
      the filtrate is evaporated in vacuo. The crude
      6-phenyl-8-chloro-4H-s-triazolo[1,5-a][1,4]benzodiazepine-3-carboxaldehyde
      is converted further without additional purification. The active manganese
      dioxide is prepared according to J. Attenburrow et al., J.Chem.Soc. 1952,
      1,104.
PAC  EXAMPLE 10
PAR  0.6 G (0.00175 mol) of
      6-(o-fluorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-meth
     anol [compare Example 3]are dissolved in 10 ml of hot benzene and after
      addition of 1.5 g of active manganese dioxide (J. Attenburrow et al.,
      J.Chem.Soc. 1952, 1,104) the mixture is boiled for 2 hours under reflux,
      whilst stirring. The reaction mixture is filtered hot and the filtrate is
      evaporated in vacuo. The resulting crude
      6-(o-fluorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carb
     oxaldehyde is converted further without purification.
PAC  EXAMPLE 11
PAR  1.61 G (0.005 mol) of
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carboxaldehyde
      [see Example  9] are dissolved in 200 ml of absolute methanol and 1.96 g
      (0.04 mol) of sodium cyanide are added. The mixture is stirred for 10
      minutes at room temperature whereupon the sodium cyanide dissolved almost
      completely. 0.75 ml (0.013 mol) of acetic acid are then added, followed by
      10 g (approx. 0.11 mol) of active manganese dioxide, and the suspension is
      stirred for 1 hour at 20.degree.-25.degree.C. It is then diluted with 200
      ml of benzene and the inorganic material is filtered off. The filtrate is
      evaporated, the residue is dissolved in 100 ml of benzene and the solution
      is washed with ice-cold water until neutral. The benzene solution is dried
      with sodium sulphate and evaporated in vacuo. The residue is crystallised
      from 150 ml of methano and
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carboxylic
      acid methyl ester of melting point 205.degree.-207.degree.C is thus
      obtained.
PAC  EXAMPLE 12
PAR  1.76 G (0.005 mol) of
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carboxylic
      acid methyl ester (see Example 11) are dissolved in 300 ml of boiling
      methanol and 2 ml (0.02 mol) of 40% strength aqueous sodium hydroxide
      solution are added thereto. The mixture is boiled for one hour under
      reflux and is then evaporated in vacuo. The residue is dissolved in 200 ml
      of water at 60.degree.C and the resulting carboxylic acid is precipitated
      by adding 30 ml of 1 N glycollic acid solution in water. The precipitate
      is filtered off, washed with water until neutral and recrystallised from
      isopropanol-water.
      6-Phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carboxylic
      acid, which decomposes  at 178.degree.C, is thus obtained.
PAC  EXAMPLE 13
PAR  3.38 G (0.01 mol) of
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carboxylic
      acid (see Example 12) and 34 ml of thionyl chloride are boiled for one
      hour under reflux. The clear yellow solution is evaporated in vacuo at
      40.degree.C and in order to remove the thionyl chloride completely the
      residue is again dissolved in 50 ml of absolute toluene and again
      evaporated.
PAR  The resulting crude mixture of
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carbonyl
      chloride and its hydrochloride is covered with a solution of 9 g (0.2 mol)
      of dimethylamine in 100 of absolute dioxane and left to stand for 1 hour
      at room temperature. The reaction mixture is then evaporated in vacuo at
      40.degree.C and the residue is dissolved in a mixture of 250 ml of
      chloroform and 100 ml of water. The organic phase is washed twice more
      with 100 ml of water at a time, dried over sodium sulphate and evaporated
      in vacuo at 40.degree.C. The residue is crystallised from ethyl acetate
      and N,N-dimethyl-6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine
     -3-carboxamide of melting point 208.degree.-210.degree.C is thus obtained.
PAC  EXAMPLE 14
PAR  3.53 G (0.01 mol) of
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carboxylic
      acid methyl ester (see Example 11) are suspended in 500 ml of methanol, 50
      ml of 10% strength methanolic dimethylamine solution are added and the
      reaction mixture is stirred for 5 hours at room temperature. The clear
      solution is then evaporated in vacuo at 30.degree.C and the residue is
      recrystallised from ethyl acetate, whereupon
      N,N-dimethyl-6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-c
     arboxamide of melting point 208.degree.-210.degree.C is obtained.
PAC  EXAMPLE 15
PAR  1.47 G (0.03 mol) of sodium cyanide are suspended in 50 ml of isopropanol
      and 25 ml of a 20% strength solution of dimethylamine in dioxane are added
      at 0.degree.-5.degree.C. A solution of 2 g (0.0062 mol) of
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carboxaldehyde
      in 25 ml of dioxane is rapidly added dropwise after 10 minutes, and after
      a further 10 minutes 10.4 g of active manganese dioxide are introduced in
      two portions. The mixture is stirred for a further 3 hours at
      0.degree.-5.degree.C and is filtered, and the filtrate is evaporated in
      vacuo. The residue is chromatographed on a silica gel column, with elution
      with benzene/ethyl acetate mixtures. After recrystallisation of the eluate
      from ethyl acetate,
      N,N-dimethyl-6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-c
     arboxamide of melting point 208.degree.-210.degree.C is obtained.
PAR  The starting material is prepared according to Example 9.
PAC  EXAMPLE 16
PAR  0.55 G (0.0016 mol) of
      6-(o-fluorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carb
     oxaldehyde is dissolved in 7 ml of dioxane and added dropwise, whilst
      stirring, to an ice-cooled suspension which was obtained by bringing
      together 0.43 g (0.0088 mol) of sodium cyanide in 15 ml of isopropanol and
      7.5 ml of 20% strength dimethylamine solution in dioxane. After 10
      minutes, 3.2 g of active manganese dioxide are added in 2 portions and the
      mixture is stirred for a further 4 hours whilst cooling with ice. The
      reaction mixture is then filtered and the filtrate is evaporated in vacuo.
      The residue is chromatographed on a silica gel column. After elution with
      benzene/ethyl acetate and recrystallisation of the eluate from ethyl
      acetate,
      N,N-dimethyl-6-(o-fluorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodia
     zepine-3-carboxamide of melting point 183.degree.-185.degree.C is obtained.
PAR  The starting material is prepared according to Example 10.
PAC  EXAMPLE 17
PAR  A mixture of 11.9 g (0.040 mol) of
      6-phenyl-8-chloro-5,6-dihydro-4H-v-triazolo[1,5-a][1,4]benzodiazepine, 100
      ml of pyridine and 4.5 g (0.0405 mol) of selenium dioxide is boiled for 20
      minutes under reflux. The pyridine is then distilled off in vacuo at a
      bath temperature of 60.degree.C and the residue is taken up in 500 ml of
      benzene. The selenium suspended in the benzene solution is removed by
      filtration through charcoal and the filtrate is washed with 1 N
      hydrochloric acid and water, dried over sodium sulphate and
      chromatographed on a column of 300 g of silica gel (Merck, particle size
      0.05-0.2 mm). The eluant used is benzene/ethyl acetate (9:1). The eluant
      is evaporated and the residue is recrytallised from isopropanol.
      6-Phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine of melting point
      160.degree.-162.degree.C is obtained.
PAR  6-Phenyl-8-chloro-5,6-dihydro-4 H-v-triazolo [1,5-a][1,4]benzodiazepine,
      used as the starting material, is prepared as follows:
PAR  a. 25.8 G (0.100 mol) of 2-azido-5-chlorobenzophenone [compare Example 1a]
      are dissolved in 500 ml of pyridine/ethanol (1:1). 14.0 G (0.200 mol) of
      hydroxylamine hydrochloride are added to the solution and the mixture is
      boiled for 5 hours under reflux and evaporated in vacuo at 60.degree.C.
      The residue is taken up in 250 ml of methanol and the solution is poured
      into 250 ml of 2 N hydrochloric acid. The crude product which precipitates
      is filtered off, suspended in 250 ml of 75% strength methanol, again
      filtered off and dried in vacuo. 2-Azido-5-chloro-benzophenone-oxime of
      melting point 125.degree.-132.degree.C is obtained. A sample of the crude
      product is recrystallised from benzene/cyclohexane, after which the pure
      compound melts at 135.degree.-137.degree.C.
PAR  b. 21.3 G (0.150 mol) of acetylenedicarboxylic acid dimethyl ester are
      dissolved in 25 ml of absolute dioxane. This solution is warmed, whilst
      stirring, to 95.degree.C in a bath which is at 105.degree.-110.degree.C
      and 27.3 g of the azide obtained according to (a) are added in portions
      over the course of 30 minutes. In the course thereof, the temperature of
      the reaction mixture rises to 120.degree.C and the dioxane boils under
      reflux. When all the azide has been introduced, the bath is additionally
      warmed to 105.degree.-110.degree.C for 15 minutes, 200 ml of carbon
      tetrachloride are then added, the bath is removed and the reaction
      solution is treated with 100 ml of cyclohexane. The crude product
      crystallises out. The suspension is cooled to 0.degree.C and filtered and
      the crude product is washed three times with 50 ml of carbon tetrachloride
      at a time and dried in vacuo.
      1-[4-Chloro-2-(.alpha.-hydroxyimino-benzyl)-phenyl]-1H-v-triazole-4,5-dica
     rboxylic acid dimethyl ester of melting point 160.degree.-163.degree.C is
      obtained.
PAR  c. 41.5 G (0.100 mol) of the compound prepared according to (b) are
      dissolved in 1.5 liters of methanol. 85 ml (1.0 mol) of 36.5% strength
      hydrochloric acid and a suspension of 10 g of 5% strength palladium on
      charcoal in 500 ml of methanol are added to the above solution and the
      mixture is hydrogenated under normal pressure at 30.degree.-35.degree.C.
      After 3 hours, 95% of the calculated amount of hydrogen have been taken
      up. The catalyst is filtered off and the filtrate is concentrated in 500
      ml in vacuo at 30.degree.C. The concentrate is dissolved in 5 liters of
      ice-cold water and the turbid solution is clarified by filtration with
      charcoal. The acid aqueous solution is covered with 1 liter of benzene and
      rendered alkaline with 100 g (1.2 mols) of sodium bicarbonate whilst
      stirring and cooling with ice. After separating off the benzene solution,
      the aqueous phase is extracted with 500 ml of ether. The combined ether
      solutions and benzene solutions are dried over sodium sulphate and
      evaporated in vacuo at 40.degree.C. The residue, crude
      1-[4-chloro-2-(.alpha.-amino-benzyl)phenyl]-1H-v-triazole-4,5-dicarboxylic
      acid dimethyl ester, is cyclised at 120.degree.-130.degree.C in a vacuum
      of 3 mm pressure.
      6-Phenyl-8-chloro-5,6-dihydro-4-oxo-4H-v-triazolo[1,5-a][1,4]benzodiazepin
     e-3-carboxylic acid methyl ester of melting point 250.degree.C, with
      decomposition, is obtained. After recrystallisation from dioxane/hexane,
      the compound melts at 257.degree.C, with decomposition.
PAR  d. 14.0 G (0.038 mol) of the compound prepared according to (c) are
      dissolved in 380 ml of N,N-dimethylformamide. 50 Ml of 1 N sodium
      hydroxide solution are added thereto and the mixture is boiled for 30
      minutes under reflux. Insoluble sodium salt precipitates and is dissolved
      by adding 100 ml of water. The reaction solution is rendered acid with 50
      ml of 2 N hydrochloric acid and 200 ml of water are then added. The free
      crude acid crystallises out. The suspension is cooled to 0.degree.C and
      the precipitate is filtered off and repeatedly washed with water and then
      with acetone. 6-Phenyl-8-chloro-5,6
      -dihydro-4-oxo-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carboxylic acid
      of melting point 215.degree.C, with decomposition, is obtained.
PAR  e. 23.8 G (0.067 mol) of the compound prepared according to (d) are
      dissolved in 238 ml (2 mols) of quinoline. 2 G (0.003 mol) of copper
      powder are added to the solution and the suspension is heated to
      140.degree.C whilst stirring and passing nitrogen over it. After 2 hours,
      the evolution of carbon dioxide has ceased. The copper powder is then
      filtered off and rinsed with 240 ml of dioxane, and the warm
      quinoline/dioxane solution is poured into 1.5 liters of 2 N hydrochloric
      acid. The resulting suspension is cooled in an ice bath and the green
      precipitate is filtered off, rinsed with water and recrystallised from
      dioxane/water.
      6-Phenyl-8-chloro-5,6-dihydro-4H-v-triazolo[1,5-a][1,4]benzodiazepin-4-one
      of melting point 235.degree.-237.degree.C is obtained.
PAR  f. 3.0 G (0.080 mol) of lithium aluminium hydride are suspended in 300 ml
      of absolute ether and 6.2 g (0.020 mol) of the compound prepared according
      to (e) are added in 2 portions to the suspension, whilst stirring and
      cooling with ice. The light yellow suspension is boiled for 3 hours under
      reflux and the excess of the reducing agent is subsequently destroyed by
      adding 15 ml of 1 N sodium hydroxide solution dropwise, whilst cooling
      with ice. The reaction mixture is diluted with 300 ml of benzene, the
      voluminous aluminates are filtered off through Hyflo (purified
      diatomaceous earth) and the filtrate is evaporated in vacuo at a bath
      temperature of 50.degree.C. The residue is recrystallised from
      isopropanol, whereupon
      6-phenyl-8-chloro-5,6-dihydro-4H-v-triazolo[1,5-a][1,4]benzodiazepine of
      melting point 127.degree.-129.degree.C is obtained.
PAC  EXAMPLE 18
PAR  a. 5.94 G (0.020 mol) of
      6-phenyl-8-chloro-5,6-dihydro-4H-v-triazolo[1,5-a][1,4]benzodiazepine
      [compare Example 17f ] are dissolved in 60 ml of methylene chloride. 10.4
      g (0.020 mol) of 85% strength lead tetraacetate, dissolved in 200 ml of
      methylene chloride, are added dropwise to this solution at
      10.degree.-20.degree.C, whilst stirring. 5 Ml of water are then added, the
      mixture is stirred for a further30 minutes, and the resulting precipitate
      is filtered off through Hyflo (purified diatomaceous earth). The clear
      filtrate is washed with 5% strength sodium bicarbonate solution, dried
      over sodium sulphate and evaporated in vacuo at 40.degree.C. The residue
      (5.6 g) contains a crude isomer mixture of 6-phenyl-8-chloro-4H- and
      6-phenyl-8-chloro-6H-v-triazolo[1,5-a][1,4]benzodiazepine which is
      converted, in accordance with the subsequent sections b-c or d), into pure
      6-phenyl-8-chloro-4H-v-triazolo[1,5 -a][1,4]benzodiazepine.
PAR  b. The isomer mixture obtained according to (a) (5.6 g) is dissolved in 100
      ml of absolute benzene, the benzene solution is passed over a column of
      250 g of silica gel (Merck, particle size 0.05-0.2 mm) and the column is
      eluted with benzene/ethyl acetate (19:1). The eluate is evaporated in
      vacuo at 60.degree.C and the residue is recrystallised frm isopropanol,
      whereupon 6-phenyl-8-chloro-6H-v-triazolo[1,5-a][1,4]benzodiazepine of
      melting point 127.degree.-130.degree.C is obtained.
PAR  c. 2.95 G (0.010 mol) of the compound obtained according to (b) are
      dissolved in 100 ml of toluene. 0.124 g (0.001 mol) of
      1,5-diazabicyclo[4.3.0]non-5-ene is added to this solution and the mixture
      is boiled for 3 hours under reflux and cooled. The reaction solution is
      then washed with 12 ml of 0.1 N hydrochloric acid and with 50 ml of water,
      dried over sodium sulphate and evaporated in vacuo at 50.degree.C. After
      recrystallisation of the residue from isopropanol, pure
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine of melting point
      160.degree.-162.degree.C is obtained.
PAR  d. 2.95 G (0.010 mol) of the isomer mixture obtained according to (a) are
      dissolved in 100 ml. of toluene. 0.124 g (0.001 mol) of
      1,5-diazabicyclo[4.3.0]non-5-ene is added to this solution and the mixture
      is boiled for 3 hours under reflux. The reaction solution is then cooled
      to 20.degree.C, washed with 12 ml of 0.1 N hydrochloric acid and 50 ml of
      water, dried over sodium sulphate and evaporated in vacuo at 50.degree.C.
      Recrystallisation of the resulting residue from isopropanol yields
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine of melting point
      159.degree.-162.degree.C.
PAC  EXAMPLE 19
PAR  2.97 G (0.010 mol) of
      6-phenyl-8-chloro-5,6-dihydro-4H-v-triazolo[1,5-a][1,4]benzodiazepine
      [compare Example 17f] are dissolved in 30 ml of 95 % strength acetic acid
      and 1.0 g (0.00335 mol) of sodium dichromate dihydrate in 5 ml of water
      are added dropwise to this solution at 50.degree.-60.degree.C, whilst
      stirring. The reaction mixture is stirred for a further 15 minutes at the
      same temperature and is then diluted with 200 ml of water. The resulting
      green suspension is twice extracted with 100 ml of benzene at a time and
      the benzene extract is washed with water and 5% strength sodium
      bicarbonate solution until neutral, dried over sodium sulphate,
      decolorised with charcoal and evaporated in vacuo at 50.degree.C. A crude
      mixture of 6-phenyl-8-chloro-4H- and
      6-phenyl-8-chloro-6H-v-triazolo[1,5-a][1,4]benzodiazepine is obtained,
      which is converted in accordance with Example 18d into pure
      6-phenyl-8-chloro-4 H-v-triazolo[1,5-a][1,4]benzodiazepine of melting
      point 159.degree.-162.degree.C.
PAC  EXAMPLE 20
PAR  a. 2.97 G (0.010 mol) of
      6-phenyl-8-chloro-5,6-dihydro-4H-v-triazolo[1,5-a][1,4]benzodiazepine
      prepared according to Example 17f are dissolved in 200 ml of benzene. 10.5
      g (0.100 mol) of active manganese dioxide (compare J. Attenburrow et al.,
      J.Chem.Soc. 1952, 1,104) are added to this solution, whilst stirring, the
      mixture is boiled under reflux and the resulting water is distilled of
      azeotropically. The reaction mixture is cooled to 20.degree.C and
      filtered, and the filtrate is evaporated in vacuo at 50.degree.C, after
      which a crystalline crude mixture of 6-phenyl-8-chloro-4H- and
      6-phenyl-8-chloro-6H-v-triazolo[1,5-a][1,4]benzodiazepine is obtained.
PAR  b. 2.95 G (0.010 mol) of the mixture obtained according to (a) are
      dissolved in 100 ml of toluene and 10 ml of absolute ethanol. 0.056 G
      (0.005 mol) of potassium tert.butylate are added to this solution and the
      mixture is boiled for 10 minutes under reflux and cooled to 20.degree.C.
      The reaction solution is washed with water, dried over sodium sulphate and
      evaporated in vacuo at 50.degree.C. The residue is recrystallised from
      isopropanol and 6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine
      of melting point 158.degree.-162.degree.C are obtained
PAC  EXAMPLE 21
PAR  14.7 G (0.050 mol) of
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine are dissolved in
      500 ml of methylene chloride. 10.2 G (0.050 mol) of 85% strength
      m-chloroperoxybenzoic acid are added to this solution at 25.degree.C and
      the mixture is left to stand for 24 hours at 20.degree.-25.degree.C. The
      reaction solution is then washed with 5% strength sodium bicarbonate
      solution, dried over sodium sulphate and evaporated in vacuo at
      40.degree.C. The residue is dissolved in 200 ml of benzene/ethyl acetate
      (9:1) and is chromatographed on a column of 400 g of basic aluminium oxide
      (Woelm, activity level 1). The column is eluted with benzene/ethyl acetate
      (9:1) and the resulting fractions are evaporated. The first fractions
      contain unchanged starting compound and the following fractions contain
      the crude end product. This is recrystallised from isopropanol, whereupon
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-5-oxide of
      melting point 228.degree.-230.degree.C is obtained.
PAC  EXAMPLE 22
PAR  22.8 G (0.12 mol) of titanium tetrachloride are added dropwise to 150 ml of
      absolute pyridine at 0-10.degree.C. The suspension is allowed to warm to
      room temperature and 3.66 g (0.04 mol) of propargylamine hydrochloride and
      5.36 g (0.02 mol) of 2-azido- 5-nitro-benzophenone are subsequently added.
      The reaction mixture is stirred for 48 hours at 25.degree.-30.degree.C and
      is then poured onto a mixture of 500 g of ice and 170 ml of concentrated
      hydrochloric acid and extracted 3 times with 200 ml of methylene chloride
      at a time. The combined extracts are washed first with 1 N hydrochloric
      acid and then with water, dried over sodium sulphate and evaporated in
      vacuo at 30.degree.C. The residue is dissolved in 100 ml of ethyl acetate,
      the solution is clarified by filtration using active charcoal, and 4 ml of
      30% strength aqueous fluoboric acid are then added. The tetrafluoborate
      which crystallises out is filtered off and washed with ether.
PAR  The tetrafluoborate, in 50 ml of methylene chloride, is then converted into
      the free base with 50 ml of 5 N ammonia. The methylene chloride solution
      is dried with sodium sulphate and evaporated in vacuo. For further
      purification, the residue is crystallised from ethyl acetate and
      6-phenyl-8-nitro-4H-v-triazolo[1,5-a][1,4]benzodiazepine of melting point
      204.degree.-207.degree.C is thus obtained.
PAR  The starting material is manufactured as follows:
PAR  a. 4.84 g (0.02 mol) of 2-amino-5-nitro-benzophenone (Ullmann Ber. 31,
      1965) are dissolved in 100 ml of glacial acetic acid and 5 ml of
      concentrated hydrochlorid acid are then added. The solution is diazotised
      at 20.degree.-25.degree.C with 4 ml of 5 N aqueous sodium nitrite solution
      and is subsequently diluted with 100 ml of ice water. The solution is
      buffered to pH 4-5 by addition of sodium acetate; a solution of 3.25 g
      (0.05 mol) of sodium azide in 20 ml of water is then poured in, whereupon
      the azide precipitates as a yellow smeary product. The product is
      dissolved in 100 ml of benzene and the solution is washed with dilute
      sodium bicarbonate solution until free of acid. After drying over sodium
      sulphate, the solution is evaporated and the residue is crystallized from
      benzene-cyclohexene at a temperature not exceeding 60.degree.C, whereupon
      2-azido-5-nitro-benzophenone is obtained as yellow crystals of melting
      point 97.degree.-100.degree.C (with decomposition).
PAC  EXAMPLE 23
PAR  2.92 G (0.01 mol) of 2-azido-5,2'-dichloro-benzophenone (see Example 5a)
      are dissolved in 75 ml of absolute pyridine and 3.6 g (0.03 mol) of
      4-amino-2-butin-1-ol hydrochloride are suspended in this solution. 11.4 G
      (0.06 mol) of titanium tetrachloride are now added dropwise over the
      course of 15 minutes whilst stirring at -10.degree. to 0.degree.C and the
      mixture is then stirred in the dark for 4 days at room temperature. The
      black reaction mixture is then introduced into an ice-cooled mixture of
      500 ml of 2 N hydrochloric acid and 500 ml of ethyl acetate. The organic
      phase is washed with water until neutral, dried with sodium sulphate and
      evaporated in vacuo. The residue is chromatographed on a silica gel column
      and the column is eluted with benzene with increasing proportions of ethyl
      acetate. The eluted product is recrystallised from ether, whereupon
      6-(o-chlorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-meth
     anol of melting point 144.degree.-148.degree.C is obtained.
PAC  EXAMPLE 24
PAR  Analogously to Example 9, 0.5 g (0.0014 mol) of
      6-(o-chlorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-meth
     anol are dissolved in 50 ml of methylene chloride and 50 ml of benzene and
      after the addition of 5 g of active manganese dioxide the mixture is
      stirred at room temperature, the reaction being followed by means of thin
      layer chromatography. After 2 hours, the starting material has been
      oxidised; the reaction mixture is then filtered and the filtrate is
      evaporated in vacuo, whereupon
      6-(o-chlorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-
      3-carboxaldehyde is obtained as a crude product.
PAC  EXAMPLE 25
PAR  Analogously to Example 16, 0.465 g (0.0013 mol) of
      6-(o-chlorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carb
     oxaldehyde are reacted with 500 mg of sodium cyanide, 10 ml of 20% strength
      dimethylamine solution in absolute dioxane and 5 g of active manganese
      dioxide for 3 hours at 20.degree.-25.degree.C. After chromatography on a
      silica gel column and recrystallisation from ether,
      N,N-dimethyl-6-(o-chlorophenyl)-8-chloro-4H-v-triazolo
      [1,5-a][1,4]benzodiazepine-3-carboxamide of melting point
      178.degree.-180.degree.C is obtained.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A new diazepine derivative of formula I
      ##SPC8##
PAL  in which R.sub.1 represents hydrogen, hydroxymethyl, formyl, carboxy, lower
      alkoxycarbonyl, or a group of formula Ia
      ##EQU5##
      in which R.sub.2 and R.sub.3 independently of each other represent
      hydrogen or lower alkyl, or a group of formula Ib
      ##EQU6##
      in which R.sub.2 and R.sub.3 have the meanings defined above, ring B is
      unsubstituted or substituted in the 8-position by halogen up to atomic
      number 35, trifluoromethyl or nitro, and ring C is unsubstituted or
      substituted by one substituent of the group of halogen atoms up to atomic
      number 35, trifluoromethyl and nitro, and its 5-oxide and its
      pharmaceutically acceptable addition salts with inorganic and organic
      acids.
NUM  2.
PAR  2. A compound according to claim 1, in which R.sub.1 is hydrogen,
      hydroxymethyl, formyl, carboxy, lower alkoxycarbonyl or a group of formula
      Ia, in which R.sub.2 and R.sub.3 independently of each other represent
      hydrogen, methyl or ethyl, or a group of formula Ib, in which R.sub.2 and
      R.sub.3 have the meanings defined above, ring B is unsubstituted or
      substituted in the 8-position by halogen up to atomic number 35,
      trifluoromethyl or nitro, and ring C is unsubstituted or substituted by
      one substituent of the group of halogen up to atomic number 35,
      trifluoromethyl or nitro.
NUM  3.
PAR  3. A compound according to claim 1, in which R.sub.1 is hydrogen,
      hydroxymethyl, formyl, carboxy, lower alkoxycarbonyl or a group of formula
      Ia, in which R.sub.2 and R.sub.3 independently of each other represent
      hydrogen, methyl or ethyl, or a group of formula Ib, in which R.sub.2 and
      R.sub.3 have the meanings defined above, ring B is substituted in the
      8-position by chlorine or nitro and ring C is unsubstituted or substituted
      in the o-position by fluorine or chlorine.
NUM  4.
PAR  4. A compound according to claim 1, in which R.sub.1 is hydroxymethyl,
      formyl, carboxyl, or lower alkoxycarbonyl, ring B is substituted in the
      8-position by chlorine or nitro and ring C is unsubstituted or substituted
      in the o-position by fluorine or chlorine.
NUM  5.
PAR  5. A compound according to claim 1, in which R.sub.1 is hydrogen or a group
      of formula Ib, in which R.sub.2 and R.sub.3 independently of each other
      represent hydrogen, methyl or ethyl, ring B is substituted in the
      8-position by chlorine or nitro and ring C is unsubstituted or substituted
      in the o-position by fluorine or chlorine.
NUM  6.
PAR  6. A compound according to claim 1, which is
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-methanol.
NUM  7.
PAR  7. A compound according to claim 1, which is
      6-(o-fluorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-meth
     anol.
NUM  8.
PAR  8. A compound according to claim 1, which is
      6-(o-chlorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-meth
     anol.
NUM  9.
PAR  9. A compound according to claim 1, which is
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carboxaldehyde
     .
NUM  10.
PAR  10. A compound according to claim 1, which is
      6-(o-fluorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carb
     oxaldehyde.
NUM  11.
PAR  11. A compound according to claim 1, which is
      6-(o-chlorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carb
     oxaldehyde.
NUM  12.
PAR  12. A compound according to claim 1, which is
      6-phenyl-8-chloro-4H-v-triazolo1,5-a1,4]benzodiazepine-3-carboxylic acid.
NUM  13.
PAR  13. A compound according to claim 1, which is
      6-phenyl-8-chloro-4H-v-triazolo-[1,5-a][1,4benzodiazepine-3-carboxylic
      acid methyl ester.
NUM  14.
PAR  14. A compound according to claim 1, which is
      3-(aminomethyl)-6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine.
NUM  15.
PAR  15. A compound according to claim 1, which is
      3-[(dimethylamino)-methyl]-6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benz
     odiazepine.
NUM  16.
PAR  16. A compound according to claim 1, which is
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine.
NUM  17.
PAR  17. A compound according to claim 1, which is
      6-(o-fluorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine.
NUM  18.
PAR  18. A compound according to claim 1, which is
      6-(o-chlorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine.
NUM  19.
PAR  19. A compound according to claim 1, which is
      6-phenyl-8-nitro-4H-v-triazolo[1,5-a][1,4]benzodiazepine.
NUM  20.
PAR  20. A compound according to claim 1, which is
      6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-5-oxide.
NUM  21.
PAR  21. A compound according to claim 1, which is
      N,N-dimethyl-6-phenyl-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-c
     arboxamide.
NUM  22.
PAR  22. A compound according to claim 1, which is
      N,N-dimethyl-6-(o-fluorophenyl)-8-chloro-4H-v-triazolo[1,5-a][1,4]benzodia
     zepine-3-carboxamide.
NUM  23.
PAR  23. A compound according to claim 1, which is
      N,N-dimethyl-6-(o-chlorophenyl)-8-chloro-
      4H-v-triazolo[1,5-a][1,4]benzodiazepine-3-carboxamide.
PATN
WKU  039431460
SRC  5
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TTL  Sulfur dioxide - imidazole adducts
ISD  19760309
NCL  3
ECL  1
EXP  Winters; Sherman D.
INVT
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ASSG
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STA  MN
COD  02
RLAP
COD  74
APN  262557
APD  19720614
PSC  01
PNO  3839282
CLAS
OCL  2603092
XCL  260309
EDF  2
ICL  C07D23504
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NAM  Raifsnider
OCL  260309.6
OREF
PAL  Die Makromolekulare Chemie, 126 : 16-22, (1969), Matsuda et al.
LREP
FRM  Alexander, Sell, Steldt & DeLaHunt
ABST
PAL  The disclosed compounds are adducts of imidazole or derivatives thereof and
      sulfur dioxide. The adducts are apparently of the Lewis acid-Lewis base
      type, and are useful as latent curing agents for epoxide resins. The
      adducts are prepared by interacting the imidazole and sulfur dioxide under
      anhydrous conditions. Equimolar imidazole-SO.sub.2 adducts can serve as a
      source of sulfur dioxide at room temperature.
PARN
PAR  This is a division of application Ser. No. 262,557, filed June 14, 1972,
      now U.S. Pat. No. 3,839,282.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to sulfur dioxide-imidazole adducts and methods for
      making them, the "imidazole" portion of the adduct being either imidazole
      itself (C.sub.3 H.sub.4 N.sub.2) or a derivative thereof. An aspect of
      this invention relates to latent epoxy curing agents and latent curable
      epoxide resin systems containing sulfur dioxide-imidazole adducts. A
      further aspect of this invention relates to a source for an acid
      stabilizer in a closed system.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is well known that sulfur dioxide is a Lewis acid, though not nearly so
      strong a Lewis acid as, for example, boron trifluoride. It is also known
      that nitrogen bases (e.g. amines) are Lewis bases and can react with
      sulfur dioxide to form adducts. The literature relating to such adducts is
      extensive, representative examples being W. C. Fernelius, Ed., Inorganic
      Synthesis II, McGraw-Hill, N.Y. (1946); W. E. Byrd, Inorganic Chemistry 1,
      p. 762 (1962); K. R. Hoffman et al, J. Am. Chem. Soc. 68, p. 997 (1946),
      H. A. Hoffman et al, J. Am. Chem. Soc. 70, p. 262 (1948). The Byrd article
      indicates that the exact structure of aromatic amine-sulfur dioxide
      complexes is not well understood, since it is possible that the sulfur
      dioxide could be bound to the adduct via the pi-complex of the aromatic
      ring. The picture is further complicated by data in the Byrd article and
      both Hoffman et al articles indicating that some of these aromatic (or
      heterocyclic-aromatic) amine-sulfur dioxide adducts or complexes are
      unstable, though there is little doubt that true adducts, rather than
      simple mixtures, are formed.
PAR  According to U.S. Pat. No. 3,270,490 (Wood), issued January 1942,
      morpholine and sulfur dioxide react to form a compound useful as a
      photographic developer, local anesthetic, or antioxidant, but in this case
      it is suggested that the compound can be a true salt, i.e. a salt of the
      cation-anion type. Some of the aromatic amine-sulfur dioxide adducts
      exhibit crystalline character and have sharp melting points, but probably
      lack this high degree of ionic character. The nature of the amine
      (aliphatic, aromatic, aromatic heterocyclic, nonaromatic heterocyclic,
      etc.) appears to have significant effects upon the nature of the sulfur
      dioxide adduct or compound, but these effects have not been explored fully
      enough to postualte any general rules for all the possible adducts.
PAR  Apparently none of these prior art adducts or compounds has been
      investigated for use as a latent catalyst or initiator or curative in
      epoxy resin technology, though amines per se have been investigated
      extensively. Several different Lewis acid-Lewis base adducts of the
      amine-boron trifluoride type have been carefully studied by epoxy resin
      chemists, and various theories have been proposed to explain their potency
      or latency, as the case may be, in curing diglycidyl ether-bisphenol A
      epoxides at various cure temperatures. See, for example, Harris et al, J.
      Appl. Polymer Science 10, p. 523 (1966). The Harris et al article provides
      little or no guidance for one attempting to use a Lewis acid-Lewis base
      adduct derived from sulfur dioxide instead of boron trifluoride. The
      degree of latency of an amine-BF.sub.3 adduct appears to be independent of
      its stability (Harris et al, op cit., pp. 523-525 and 527), but the
      stability of amine-SO.sub.2 adducts is so variable that latency might very
      well be a function of the stability of the adduct.
PAR  Imidazole and its derivatives have been used as non-latent initiators or
      curative-catalysts for epoxide resins, and various approaches have been
      used to make latent compounds or complexes containing imidazole nuclei;
      see, for example, U.S. Pat. No. 3,553,166 (Anderson et al), issued Jan. 5,
      1971. Apparently, imidazole-sulfur dioxide adducts have never been
      reported in the literature and have never been proposed for use as epoxy
      curing agents or for any other purpose. In view of the variations in the
      stability of different types of aminesulfur dioxide adducts and the lack
      of guidance in the prior art as to their behavior as epoxy initiators, it
      would be difficult at best to predict the stability and utility of an
      imidazole-sulfur dioxide adduct. Nor is it even possible to predict with
      certainty from the available prior art if such an adduct can even be made
      and what its structure might be. Analogies between imidazole and other
      heterocyclic and/or aromatic and/or aliphatic amines are difficult to
      draw, due to the uniqueness of the imidazole nucleus
      ##EQU1##
PAR  Accordingly, this invention contemplates synthesizing adducts from
      imidazole or derivatives thereof and sulfur dioxide. This invention
      further contemplates using these adducts in polymer chemistry and
      formulating either curable latent epoxy resin systems or stabilized
      acrylate monomers containing the adducts.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly summarized, the present invention involves the synthesis of
      imidazole-sulfur dioxide adducts and the discovery that these adducts are
      useful both as a source for an acidic stabilizer and in the formulation of
      latent curable epoxides. These latent curable systems have a shelf life of
      weeks or months (e.g. at least 6 months) and are rendered non-latent at
      elevated temperatures (e.g. above 50.degree. C., preferably above
      130.degree. C.); that is, the typical epoxide curing reactions can be made
      to occur expeditiously at these elevated temperatures. The compounds of
      this invention can be prepared by exposing imidazole or a derivative
      thereof (optionally dissolved in a solvent) to liquid or gaseous sulfur
      dioxide, or a saturated solution thereof, under anhydrous conditions for a
      period of several minutes until the compound precipitates out as a solid
      sulfur dioxide-imidazole adduct. The apparent behavior of these solid
      products in the presence of curable epoxy resins is evidence not only of
      utility, but also of a stable, adduct-like structure, as opposed to a mere
      physical mixture. The adducts decompose upon heating into sulfur dioxide
      and imidazole (or an imidazole derivative) and thereby serve as a latent
      source for either the imidazole or sulfur dioxide.
PAC  DETAILED DESCRIPTION
PAR  Adduct-like compounds made according to the present invention can be
      represented by the following formula:
EQU  (Imid).sub.n.SO.sub. 2                                     (I)
PAL  wherein Imid is imidazole or a derivative thereof, i.e. a nucleus of the
      formula
      ##EQU2##
PAR  The n term represents a small number less than 4, preferably an integer.
      The exact structure of the various species encompassed by n is not a
      known, but available evidence substantiates the formation of Lewis
      acid-Lewis base adducts wherein n=1, 2, or 3 or mixtures of these species.
      When n=1, these compounds have a tendency to lose sulfur dioxide slowly
      until the n=2 species (the most stable) is formed.
PAR  The terms R.sup.1, R.sup.2, R.sup.4, and R.sup.5 represent suitable
      substituents or hydrogen, the preferred substituents being nonhindering
      organic radicals such as alkyl or aryl radicals or, particularly in the
      case of R.sup.4 and R.sup.5, fused rings. For convenience, the term "an
      imidazole" or "an imidazole nucleus" is used in this specification to
      denote both imidazole itself (C.sub.3 N.sub.2 H.sub.4) and the imidazole
      derivatives of formula (II), set forth previously.
PAR  The term "curing agent" is used to denote agents which assist or
      participate in hardening or crosslinking or polymerization reactions which
      solidify or increase the viscosity of liquid epoxide monomers or
      prepolymers or convert solid epoxides to tough, durable thermoset
      materials. "Curing agents" are referred to as "hardeners" or
      "crosslinkers" in some contexts, because of their ability to convert even
      the liquid monomers or prepolymers to thermoset solids. It is also common
      in the art to refer to imidazole as a "catalyst" or "initiator" since it
      assists in the opening of the oxirane ring. However, it is established
      that imidazole can make a contribution to the properties of the cured
      epoxide and is thus more than a simple catalyst. For consistency of
      terminology, the term "curing agent" is used in this specification.
PAR  In the art of curing or hardening epoxide resins, a "latent" curing agent
      is one which is effective only under certain specific conditions, e.g.
      temperatures above 50.degree. or 100.degree. C. A latent curing agent can
      therefore be included in a one-part curable system which is storable for
      long periods of time at normal ambient temperatures, and the storable
      system can be said to have good storage stability or a long "shelf life"
      or "pot life". The shelf life of a liquid one-part system can be
      conveniently determined by observing its viscosity; any tendency toward
      premature gelation will, of course, be evidenced by an increase in
      viscosity.
PAR  Adducts of an imidazole and sulfur dioxide can be synthesized by one of the
      following methods, provided that anhydrous conditions are maintained.
PAR  1. An imidazole is dissolved in a solvent such as acetonitrile and gaseous
      sulfur dioxide is bubbled through the solution. An exothermic reaction
      occurs. Upon dilution with the solvent, a white precipitate forms which is
      the imidazolesulfur dioxide adduct.
PAR  2. Gaseous sulfur dioxide can be passed over an imidazole and the adduct
      forms. The solid adduct may be recovered from the reaction mass by
      treating it with a solvent.
PAR  3. A solution of an imidazole in a solvent can be added to another portion
      of a similar or the same solvent which is saturated with sulfur dioxide. A
      precipitate is formed which is the imidazole-sulfur dioxide adduct.
PAR  4. Liquid sulfur dioxide can be added to an imidazole (either as the pure
      compound or as a solution of the compound) and the adduct forms. The
      mixture is treated with a solvent to recover the solid adduct.
PAR  5. A solution of an imidazole can be placed in an autoclave and the
      autoclave pressurized with sulfur dioxide. The adduct precipitates out of
      solution.
PAR  The sulfur dioxide gas reactions may utilize diluent gases to act as
      carriers and controls for the exothermic reaction.
PAR  The 2:1 adducts (2 imidazole:1 SO.sub.2) are more stable than the 1:1
      adducts. Sulfur dioxide loss occurs with 1:1 adducts at room temperature
      over a period of three to four days. The equation for this decomposition
      is:
EQU  2 (Imid.SO.sub. 2 .sup.23.sup..degree.C. (Imid).sub.2.SO.sub.2 + SO.sub.2
      (gas)                                                     (Eq. 1)
PAL  wherein Imid is as defined previously.
PAR  It is difficult to remove the last traces of solvent from the compounds of
      Formula (I), and mixture of compounds wherein n has more than one value,
      e.g. 2 and 3, can form.
PAR  The adduct-like compounds of this invention decompose or dissociate
      according to the following equation:
      ##EQU3##
      For a given "Imid" moiety, the dissociation temperatures of the compounds
      of formula (I) can vary when n varies. For example, for
      1,2-dimethylimidazole, the dissociation temperature of the n=2 species is
      higher than that of the n=1 species. The properties of cured epoxide
      systems which have been obtained by heating the curable latent systems
      containing formula (I) compounds can also vary with n for a given "Imid"
      moiety. The dissociation temperatures are not fixed precisely, but
      generally appear to be significantly higher than room temperature. Under
      normal ambient temperature and pressure, e.g. 23.degree. C./760 mm of Hg,
      dissociation of the 1:1 (i.e. n=1), 2:1 (n=2), and 3:1 (n=3) adducts
      according to Equation 2 is, to say the least, difficult to detect.
      Experimentation with curable epoxide materials such as diglycidyl ethers
      of bisphenol A shows that the adducts have little, if any, effect upon the
      viscosity of the epoxide over a period of months, indicating an epoxide
      pot life longer than 6 months. This pot life data indicates that little or
      no free imidazole or imidazole derivative is available for interaction
      with the vicinal epoxide (oxirane) ring, since free imidazole can cure
      typical curable epoxide systems in a manner of minutes at room
      temperature; see Farkas et al, J. Appl. Polym. Sci. 12, 159 (1968). Even
      the latentizing of imidazole with acetic acid to form imidazole acetate
      salts extends the pot life of the epoxide system to only about three
      weeks; see U.S. Pat. No. 3,356,645 (Warren), issued Dec. 5, 1967. Thus, a
      simple comparison with known curable epoxide systems provides further
      evidence that the adducts of the present invention are reasonably stable
      compounds at normal ambient temperature and pressure, at least insofar as
      loss of the imidazole moiety is concerned. Some clearly detectible loss of
      imidazole can occur at temperatures above the melting points of the
      adducts, particularly in the range of 100.degree. - 200.degree. C., as is
      subsequently shown by the data Table II. Since the adducts have varying
      degrees of stability at temperatures above 100.degree. C., the rate or
      extent of dissociation can be selected in accordance with the desired rate
      of cure or gel time, as the case may be. To illustrate: given a
      temperature of 180.degree. C. and a typical latent curable system
      containing a formula (I) compound of this invention, the gel time is much
      longer for "Imid" = benzimidazole than for "Imid" = imidazole (C.sub.3
      N.sub.2 H.sub.4). At 160.degree. C., the benzimidazole adduct appears to
      have little or no effect upon a diglycidyl ether-bisphenol A epoxide
      prepolymer; but the imidazole adducts are very effective at this
      temperature. The 1-alkyl imidazole species of Formula (I) also exhibit
      longer gel times. The properties of the cured epoxides obtained according
      to this invention are generally satisfactory.
PAR  The compounds of Formula (I) are generally solids with fairly small melting
      ranges, typically not more than 5.degree. Centigrade. These data can be
      compared to the 80.degree.-85.degree. C. melting range of
      morpholine-sulfur dioxide, which is reported to be a salt-like chemical
      compound in the U.S. Pat. No. 2,270,490 referred to previously. The
      compound (Imid).sub.3 .SO.sub.2, where Imid = 2-ethyl-4-methylimidazole,
      appears to be a viscous liquid, but, as shown subsequently by Table I,
      this is not typical.
PAR  Formulation of curable epoxide systems containing curing agents of this
      invention can be carried out along the lines generally laid down by latent
      imidazole epoxide curing technology, e.g. the technology described in the
      aforementioned U.S. Pat. Nos. 3,553,166 and 3,356,645.  U.S. Pat. No.
      3,553,166 also describes suitable co-curatives (e.g. of the dicyandiamide
      type) which can be included in the curable system. It is preferred to
      introduce at least 0.1% by weight, based on the weight of the epoxide
      monomer or prepolymer, of a compound of Formula (I) into the curable
      system, and levels of 1-20% by weight are particularly useful. Levels
      higher than 20% -- even 50% or more -- are permissible but excessively
      increase the cost of the system without any significant beneficial result.
PAR  Typical one-part curable epoxy resin systems formulated according to this
      invention comprise (1) 0.1 - 20 parts by weight of a curing agent of
      Formula (I), (2) at least 80 parts by weight of a suitable cycloaliphatic,
      aliphatic, aromatic, or heterocyclic epoxide, and (3) 0 - 300 parts by
      weight of suitable fillers, extenders, flexibilizers, pigments, and the
      like, e.g. colloidal silica. These one-part systems have sufficient
      shelf-life at normal ambient temperature to allow for most ordinary
      shipping and inventory procedures, although the stability of the system
      can be further enhanced, if desired, by special precautions such as
      careful temperature control during storage. It is generally not necessary
      to formulate two-part systems (with the epoxide in one container and the
      curing agent in another). If a two-part system is made up, however, the
      benefits of this invention will still be apparent to industrial users who
      blend the two parts and then carry out one or more coating, molding,
      laminating, casting, or impregnating steps prior to curing at cure
      temperatures above 100.degree. C. These steps can be carried out in a
      leisurely fashion, taking advantage of the long room temperature "pot
      life" prior to curing at elevated temperatures.
PAR  Epoxides suitable for use in this invention can be aliphatic,
      cycloaliphatic, aromatic or heterocyclic and will typically have an
      average epoxy equivalency (i.e. the number of epoxy groups contained in
      the average molecule) of from about 1.7 to 6.0, preferably 2 or 3, this
      value being the average molecular weight of the epoxide divided by the
      epoxide equivalent weight. The epoxy equivalent weight, which is
      determined by multiplying the sample weight by 16 and dividing by the
      number of grams of oxirane oxygen in the sample, is typically greater than
      100 for commercially useful curable systems. These materials are variously
      referred to as epoxide "monomers" or "prepolymers" and in any event can
      contain repeating units, e.g. repeating ether units. Typical of such
      epoxides are the glycidyl-type epoxy resins, e.g. the diglycidyl ethers of
      polyhydric phenols and of novolak resins, such as described in "Handbook
      of Epoxy Resins", by Lee and Neville, McGraw-Hill Book Co., New York
      (1967).
PAR  Another useful class of epoxides has a structure of the following type:
EQU  EP -- CR.sub.2 -- O--R.sup.1 --0--CR.sub.2 --CROH--CR.sub.2 z O -- R.sup.1
      -- CR.sub.2 -- Ep                                         (III)
PAL  or
EQU  R.sup.1 (OCR.sub.2 -- Ep).sub.n                            (IV)
PAL  where
PA0  Ep is an epoxide ring,
PA0  R is hydrogen, or a non-hindering aliphatic group (e.g. methyl);
PA0  R.sup.1 is a divalent aliphatic or aromatic radical; and
PA0  z is a number from 0 to about 5.
PAL  In Formula IV,
PA0  n is a number from 1 to 6.
PAR  Typically, these epoxides are glycidyl ethers of polyhydric phenols
      obtained by reacting a polyhydric phenol or aliphatic polyol with an
      excess of chlorohydrin, such as epichlorohydrin, e.g. the diglycidyl ether
      of Bisphenol-A or of resorcinol, 1,4-butane diol, or the like. Further
      examples of epoxides of this type which can be used in the practice of
      this invention are described in U.S. Pat. No. 3,018,262 (Schroeder),
      issued Jan. 23, 1962.
PAR  The preferred cycloaliphatic epoxide monomers or prepolymers preferably
      contain at least one 5- or 6-membered carbocylic ring (or heterocyclic
      ring with equivalent properties) on which is substituted the epoxide
      functional group. In polycyclic cycloaliphatic epoxides, the two rings are
      preferably independent and preferably joined by a bridging radical
      containing at least one ester or ether linkage. A plurality of these ester
      or ether linkages can provide flexibilizing properties in the cured
      system. Further examples of cycloaliphatic epoxide compounds are described
      in U.S. Pat. No. 3,117,099 (Proops et al), issued Jan. 7, 1964.
PAR  There are a host of commercially available epoxides which can be used in
      this invention, including the diglycidyl ether of Bisphenol-A (e.g. "Epon"
      828, "EpiRez" 522-C, "Araldite" 7072, "Epon" 1002 and "DER" 332), mixtures
      of the diglycidyl ether of Bisphenol A with an alkyl glycidyl ether (e.g.
      "ERL" 2795), vinylcyclohexene dioxide (e.g. "ERL" - 4206),
      3,4-epoxycyclohexylmethyl-3, 4-epoxycyclohexane carboxylate (e.g.
      "ERL"-4221),
      3,4-epoxy-6-methylcyclohexylmethyl-3,4-epoxy-6-methylcyclohexane
      carboxylate (e.g. "ERL"-4201),
      bis(3,4-epoxy-6-methylcyclohexylmethyl)adipate (e.g. "ERL"-4289),
      bis(2,3-epoxycyclopentyl)ether (e.g. "ERL"-0400), aliphatic epoxy modified
      with polypropylene glycol (e.g. "ERL"-4050 and "ERL"-4052), dipentene
      dioxide (e.g. "ERL"-4269), epoxidized polybutadiene (e.g. "Oxiron" 2001),
      silicone epoxy (e.g. "Syl-Kem" 90), 1,4-butanediol diglycidyl ether (e.g.
      "araldite" RD-2), polyglycidyl ether of phenolformaldehyde novolak (e.g.
      "DEN"-431  and "DEN"-438) resorcinol diglycidyl ether (e.g. Ciba
      "ERE"-1359), and epoxidized unsaturated esters of carboxylic acids having
      more than six carbon atoms, e.g. expoxidized soybean oil. ("Epon" is a
      trade-mark of Shell Chemical Co.; "EpiRez" is a trademark of Jones-Dabney
      Co.; "Araldite" is a trademark of Ciba Products Co.; the various "DER" and
      "DEN" designations are trade designations of Dow Chemical Co.; the "ERL"
      designations are trade designations of Union Carbide Plastics Division;
      "Syl Kem" is a trade designation of Dow Corning; "Oxiron" is a trademark;
      and "ERE-1359" is a trade designation of Ciba Products Co.)
PAR  The compounds of Formula (I) and the nuclei of Formula (II) have already
      been described in some detail. As will be apparent from this description,
      the substituents R.sup.1, R.sup.2, R.sup.4, and R.sup.5 can be varied
      considerably without any adverse effect upon the operability of this
      invention. The teachings of the aforementioned U.S. Pat. Nos. 3,356,645
      and 3,553,166, and of U.S. Pat. No. 3,631,150 (Green), issued Dec. 28,
      1971, are generally applicable here with respect to selection of imidazole
      substituents, which can also include 5- and 6-member fused or separate
      heterocyclic or carbocyclic rings. Substitution at the 1- position (i.e.
      R.sup.1 .noteq. H) is least preferred. Lower alkyl substituents (including
      substituted lower alkyl) are generally most preferred, although higher
      alkyl substituents (containing, for example, 7 - 36 carbons) can be used.
      Other aliphatic (including substituted aliphatic) radicals can be
      substituted, as is conventional. Included among these are the alkenyl and
      alkinyl radicals such as allyl. Fused rings (such as fused benzene or
      other 6-member carbocyclic rings) are preferably attached to the 4 and 5
      positions; thus R.sup.4 and R.sup.5 together can comprise the three or
      four carbons or heterocyclic atoms of a fused ring. Separate aromatic
      rings can be substituted at the 1-, 2-, 4-, or 5- (preferably the 2-, 4-,
      or 5-) positions and can be monocyclic (e.g. phenyl, tolyl, xylyl, etc.)
      or polycyclic (preferably di- or tri-cyclic, e.g. naphthyl).
PAR  As pointed out previously, the compounds of Formula (I) are generally
      useful when a latent source or other controlled release of either an
      imidazole or sulfur dioxide is needed.
PAR  For example: alpha-cyanoacrylate monomers of the formula CH.sub.2 =
      C(CN)COOR, wherein R can be alkyl, phenyl, alkoxy, etc., polymerize by an
      ionic mechanism and are sensitive to contaminants, e.g. moisture, A
      considerable body of patent and scientific literature is available
      concerning the use and storage of these monomers; see U.S. Pat. No.
      2,776,232 (Shearer et al), issued Jan. 1, 1957, British Pat. No. 1,159,548
      (Rice et al) published July 30, 1969, U.S. Pat. No. 3,483,870 (Coover et
      al), issued Dec. 16, 1969, and British Pat. No. 1,048,906 (Halpern et al),
      published Nov. 23, 1966. A commercially available example of a
      cyanoacrylate monomer is "Eastman 910", trade designation of Eastman Kodak
      Company. Sulfur dioxide has conventionally been used to stabilize these
      monomers. It has now been found that a compound of Formula (I), preferably
      one wherein n = 1, can be used as a source of constant sulfur dioxide
      pressure to preserve these monomers in a closed system.
DETD
PAR  The principle and practice of this invention is illustrated by the
      following non-limiting Examples, wherein all parts are by weight unless
      otherwise specified.
PAC  EXAMPLE 1
PAR  Ten grams of imidazole were placed in a 250 ml. Erlenmeyer flask and
      exposed to gaseous sulfur dioxide for fifteen minutes. Immediate reaction
      takes place as is indicated by an exotherm. A light yellow viscous liquid
      is obtained. An increase in weight of nine grams resulted. (This liquid
      will cure epoxy resins immediately and shows no latency). The viscous
      liquid is subsequently treated with 150 ml. CHCl.sub.3 and stirred
      rapidly. A fine white precipitate is formed and slow evaporation of the
      solvent yields 18.5 gms. of product. Drying at room temperature under
      vacuum for three hours yields 16.5 gms. of material. (m.p. = 100.degree. -
      104.degree.; 19.9% N; 19.8%S; .sup.[N.sup.] [S] = 2.30.)
PAR  The one:one adduct of imidazole and sulfur dioxide is a latent curing agent
      for epoxy resins. Five parts of the adduct admixed with 95 parts of epoxy
      resin (Epon 828) shows no increase in viscosity over a period of months.
      At 100.degree. C., this mixture has a gel time in excess of 30 minutes,
      whereas a similar mixture of imidazole and epoxy has a gel time of 5
      minutes.
PAR  The one:one adduct shows a slow decomposition to the two:one adduct. This
      decomposition is shown by an almost linear decrease in sample weight over
      a period of about 75 hours. There was no further change in sample weight
      from the 80th to the 135th hour, and weightings were then discontinued.
PAC  EXAMPLE 2
PAR  Two moles (136 gm) of imidazole were placed in a three-neck flask fitted
      with a condensor, a gas inlet tube, and a stirrer. The imidazole was
      dissolved in 200 cc. of chloroform. Gaseous sulfur dioxide (one mole) was
      bubbled into the solution through the inlet tube as the solution was
      stirred. After the addition of the sulfur dioxide, stirring was continued
      for one hour. The solution was transferred to a Rotovapor and the solvent
      evaporated off at room temperature. A white solid was obtained upon
      removal of the solvent. (M.p. = 70.degree. C; 21.0% N; 12.9% S;
      .sup.[N.sup.] /[S] = 3.71.) The elemental analysis indicated that the
      compound is Imid.sub.2 SO.sub.2, where Imid = imidazole. The solid showed
      no weight loss over a period of months.
PAR  Five parts of the solid were added to 100 parts of "Epon" 828 (Trademark of
      Shell Chemical Company) resin, which is a diglycidyl ether of Bisphenol A.
      A portion of this mixture was immediately heated to 160.degree. C. The
      sample cured to a hard resin in less than 3 minutes. The Barcol hardness
      of the resulting cured sample was 85. Another portion of the mixture was
      stored on the laboratory shelf for 3 months, during which time no change
      in the consistency of the resin was noted. The 3-month-old portion was
      warmed to 160.degree. C., and cured at this temperature to a hard resin in
      less than 3 minutes. The Barcol hardness of this cured resin was 85. (A
      resin system is considered "cured" when it has reached the most advanced
      state of hardening for that system.)
PAC  EXAMPLES 3 TO 11
PAR  In Examples 3 to 7, imidazole-sulfur dioxide adducts were prepared in the
      same manner as Example 2 from sulfur dioxide and the following imidazoles:
      1-methyl imidazole (Example 3); 2-methyl imidazole (Example 4);
      1,2-dimethyl imidazole (Example 5); 2-ethyl, 4-methyl imidazole (Example
      6); and benzimidazole (Example 7). Data on these compounds or adducts is
      set forth in Table I. The melting point of morpholine-sulfur dioxide is
      also given in Table I for comparison.
PAR  Examples 8 - 11 are tabulated in Table II and illustrate the use of the
      compounds of Examples 1, 2, 5, and 7 with a curable epoxide. The curable
      epoxide monomer (sometimes referred to as a "prepolymer") is "Epon" 828
      (trademark of Shell Chemical Corp. for a viscous liquid diglycidyl ether
      of bisphenol A having an epoxide equivalent weight slightly greater than
      the theoretical 170 and an epoxide functionality of slightly less than
      2.0). In Examples 8, 9, 10A, and 11A, 95% by weight of the liquid epoxide
      monomer is combined with 5% by weight of the compound of Examples 1, 2, 5,
      and 7, respectively; in Examples 10B and 11B 90 wt. % of the epoxide is
      combined with 10 wt. % of the compound of Examples 5 and 7, respectively.
      For comparison, data on 5 wt. % imidazole, benzimidazole, and 1,2-dimethyl
      imidazole are also shown in Table II; the epoxide is again " Epon" 828.
PAR  In Table II, the Barcol Hardness test is the standard 935 ASTM test. "Gel
      time" is a measure of the length of time a sample of resin may be
      maintained in a pliable form at a given temperature.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Adducts of Imidazoles and Sulfur Dioxide                                  
                                  FOUND      CALCULATED                        
     Ex.                                                                       
        Adduct               m.p. %N %S [N]/[S]                                
                                             %N  %S                            
     __________________________________________________________________________
     1.                      100-104.degree.                                   
                                  19.9                                         
                                     19.8                                      
                                        2.30 21.2                              
                                                 24.2                          
     2.                      65-70.degree.                                     
                                  21.0                                         
                                     12.9                                      
                                        3.71 28.0                              
                                                 16.0                          
     3.                      60-65.degree.                                     
                                  20.7                                         
                                     10.2                                      
                                        4.73 24.5                              
                                                 14.0                          
     4.                      60-65.degree.                                     
                                  19.3                                         
                                     12.5                                      
                                        3.51 24.5                              
                                                 14.0                          
     5.                      138-140.degree.                                   
                                  16.7                                         
                                     15.3                                      
                                        2.50 17.5                              
                                                 20.0                          
                             Viscous                                           
     6.                      Liquid                                            
                                  14.5                                         
                                      5.6                                      
                                        5.9  19.7                              
                                                 11.2                          
     7.                      135-140.degree.                                   
                                  18.3                                         
                                      7.5                                      
                                        5.58 18.7                              
                                                 10.7                          
     8.                      80-85.degree.                                     
     __________________________________________________________________________
      *Pat. No. 2,270,490                                                      
TBL                                    TABLE II                                
     __________________________________________________________________________
     Examples 8-11                                                             
                    Amount                                                     
                         GEL TIME (minutes:seconds) At:   Barcol Hardness      
     Example                                                                   
           Compound of                                                         
                    (wt. %)                                                    
                         100.degree.C.                                         
                              120.degree.C.                                    
                                   140.degree.C.                               
                                        160.degree.C.                          
                                              180.degree.C.                    
                                                    200.degree.C.              
                                                          of Cured             
     __________________________________________________________________________
                                                          Product              
     8     Example 1                                                           
                    5    30 min:                                               
                               9 min:                                          
                                    2 min:     1 min:                          
                         21 sec.                                               
                              19 sec.                                          
                                   21 sec.                                     
                                        --    41 sec.                          
                                                    --    84                   
     9     Example 2                                                           
                    5    41 min:                                               
                              21 min:                                          
                                    4 min:                                     
                                         2 min:                                
                                               1 min:                          
                          5 sec.                                               
                              27 sec.                                          
                                   40 sec.                                     
                                        10 sec.                                
                                              44 sec.                          
                                                    --    84                   
     10A   Example 5                                                           
                    5    --   --   --   &gt;90 min.                               
                                              93 min:                          
                                                    85 min.                    
                                              35 sec.     85                   
     10B   Example 5                                                           
                    10   --   --   --   --    17 min:                          
                                                     2 min:                    
                                               4 sec.                          
                                                    13 sec.                    
                                                          85                   
     11A   Example 7                                                           
                    5    --   --   --   &gt;90 min.                               
                                              &gt;90 min.                         
                                                    &gt;90 min.                   
                                                          80                   
     11B   Example 7                                                           
                    10   --   --   --   --    11 min:                          
                                                     4 min:                    
                                              30 sec.                          
                                                    11 sec.                    
                                                          80                   
           imidazole                                                           
                    5     5 min:                                               
                               2 min:                                          
                                    1 min.                                     
                          3 sec.                                               
                              40 sec.   24 sec.                                
                                              15 sec.                          
                                                    --                         
           benzimidazole                                                       
                    5    --   --   55 min:                                     
                                         2 min:                                
                                               1 min:                          
                                   18 sec.                                     
                                        40 sec.                                
                                              11 sec.                          
                                                    47 sec.                    
           1,2-dimethyl                                                        
           imidazole                                                           
                    5    --   --   49 sec.                                     
                                        41 sec.                                
                                              27 sec.                          
                                                    18 sec.                    
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
EQU  (Imid).sub.n . SO.sub.2
PAL  wherein
PA1  n is a number from 1 to 4, and
PA1  Imid is a compound of the formula
      ##EQU4##
      wherein R.sup.1, R.sup.2, R.sup.4 and R.sup.5 independently represent
      substituents selected from the group consisting of hydrogen; unsubstituted
      alkyl, alkenyl and alkinyl having 1 to 36 carbon atoms; phenyl; tolyl;
      xylyl and naphthyl, and together R.sup.4 and R.sup.5 can be the residue of
      a fused benzene ring.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sup.1, R.sup.2, R.sup.4 and
      R.sup.5 independently represent substituents selected from the group
      consisting of unsubstituted alkyl having 1 to 36 carbon atoms and
      hydrogen, and together R.sup.4 and R.sup.5 can be the residue of a fused
      benzene ring.
NUM  3.
PAR  3. A compound according to claim 1 wherein said unsubstituted alkyl
      substituents are lower alkyl radicals having 1 to 6 carbon atoms.
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PAL  Sulkowski et al., Journ. Org. Chem., Vol. 32, pp. 2180-2184, (1967).
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FR2  Sharkin; Gerald D.
FR2  Honor; Robert S.
ABST
PAL  Imidazo isoindoles, e.g.
      5-(p-chlorophenyl)-5-hydroxy-2,3-dihydro-5H-imidazo[2,1a]isoindol, may be
      prepared by treating a corresponding 2-benzoyl benzoic acid with a
      substituted ethylene diamine, and treating a resulting intermediate first
      with concentrated acid and then with base. The products are active as
      anorexic agents.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 342,879,
      filed Mar. 19, 1973, which in turn is a continuation-in-part of
      application Ser. No. 333,499, filed Feb. 20, 1973, both now abandoned.
PAR  This invention pertains to a process for preparing imidazo isoindoles of
      the formula
      ##SPC1##
PAL  Where
PA1  Each X independently represents H or halo of atomic weight 19 to 36.
PAR  The compounds of formula (I) may be prepared according to the process of
      this invention in a stepwise process by first treating a benzoyl benzoic
      acid of the formula
      ##SPC2##
PAL  In inert organic solvent with a substituted ethylene diamine of the formula
      ##EQU1##
      to provide an intermediate compound of the formula
      ##SPC3##
PAL  Where
PA1  X is as defined above,
PA1  R represents lower alkyl, i.e. alkyl of 1 to 5 carbon atoms, e.g. methyl,
      ethyl, isopropyl and the like, or
      ##SPC4##
PAL  Where
PA1  R.sub.1 represents H, straight chain lower alkyl having 1 to 3 carbon
      atoms, e.g. methyl and ethyl, or halo or atomic weight 35 to 80, and
PA1  n is 1 or 2, SO.sub.2 R preferably representing tosyl.
PAR  Inert solvents such as aromatic hydrocarbons, e.g. benzene and toluene,
      hydrocarbons such as octane, or dioxane, and the like may be used for the
      reaction. The temperature of the reaction mixture may be about
      60.degree.-125.degree.C., more preferably about 75.degree.-115.degree.C.,
      conveniently at the reflux temperature of the system. Toluene is the
      preferred solvent. The reaction may be performed conveniently in 2-24
      hours.
PAR  The intermediate compound is then converted in a second step to a tautomer
      of a compound of the formula (I) (designated compounds (V))
      ##SPC5##
PAL  in acid addition salt form
PAL  Where X is as defined above
PAL  By treatment of said intermediate with concentrated sulfuric acid or
      phosphoric acid, particularly 85-100% sulfuric acid or 85-100% phsophoric
      acid, preferably 90-98% sulfuric acid.
PAR  This step of the reaction may be performed in the absence of a solvent
      although it will be understood that excess acid is preferably utilized and
      it essentially acts as solvent during the reaction. The temperature of the
      reaction mixture is maintained at about 60.degree.-95.degree.C.,
      preferably about 70.degree.-90.degree.C., more preferably about
      75.degree.-85.degree.C. for about one-half to 6 hours. It should be
      understood that the product (V) may also be obtained according to the
      above process at about room temperature (25.degree.C.) but that longer
      reaction times, e.g. 24 hours, are desired in that circumstance. The
      product (I) may be readily recovered by treating the resulting reaction
      mixture containing compound (V) as the salt with base using conventional
      basification techniques.
PAR  The intermediate compounds (IV) are novel and represent an additional
      aspect of this invention. It should be understood that they may be
      recovered and utilized as indicated above, or they may alternatively be
      treated with the acid without separation from the reaction medium obtained
      in the first step of the reaction set out above to obtain the desired
      products.
PAR  Compounds (I), (IV) and (V) are recovered by conventional techniques such
      as filtration and recrystallization.
PAR  Compounds of the formulae (II) and (III) are known and may be prepared
      according to methods disclosed in the literature.
PAR  The compounds of formula (I) are known anorexic agents and may be utilized
      as indicated in the art for the treatment or anorexia.
DETD
PAC  EXAMPLE 1.
PAC  5-(4-chlorophenyl)-5-hydroxy-2,3-dihydro-5H-imidazo[2,1a]isoindole.
PAC  Step 1.
      3-(p-chlorophenyl)-3-[2-(4-methylphenylsulfonylamino)ethylamino]phthalide.
PAR  To a flask equipped with a Dean-Stark water separator is charged 500 ml. of
      toluene, 24.0 g. (0.10 mole) of 2-(p-chlorobenzoyl) benzoic acid and 21.4
      g. (0.10 mole) of N-(2-aminoethyl)-4-methylbenzene sulfonamide. The
      mixture is stirred and refluxed until the water level in the separator is
      constant. The reaction is then allowed to cool to room temperature and the
      resultant solid is filtered off, washed with 100 ml. of toluene and dried
      to give the above named phalide; m.p. 177.degree.-179.degree.C.: infrared
      (KBr), peaks at 3.00, 3.09, 3.37, 3.42, 3.48, 5.76, 6.25, 6.71, 7.42,
      7.72, 8.58, 9.12, 9.90, 11.45, 12.80, 13.70, 17.30 and 18.20.mu.;
      ultraviolet (95% ethanol) maximum at 226 m.mu. (E.sub. 1cm.sup. 1% 637),
      257 m.mu. (shoulder); N.M.R. (pyridine- d.sub.6) .delta. 2.22 (CH.sub.3),
      3.57(4H, NCH.sub.2 CH.sub.2 N unresolved multiplet). Analysis: Calculated
      for C.sub.23 H.sub.21 ClN.sub.2 O.sub.4 S: C 60.4; H  4.6; N 6.1; Cl 7.8;
      S 7.0; Found: C 60.2; H 4.9; N 6.1; Cl 7.7; S 7.7.
PAC  Step 2. 5-(4-chlorophenyl)-5-hydroxy-2,3-dihydro-5H-imidazo[2,1a]
      isoindole.
PAR  To 135 gms. of 96% sulfuric acid is added with stirring over a period of 5
      minutes 50 gms. of
      3-(p-chlorophenyl)-3-[2-(4-methylphenylsulfonylamino)ethylamino]phthalide.
      The temperature is raised to about 85.degree.C. and is maintained for 1.5
      hours. The resulting red solution is cooled to 30.degree.C. and added
      dropwise with mixing and cooling to 250 milliters of water. Temperature
      during this dilution is about 40.degree.C. After the addition is complete
      the aqueous solution is stirred at 10.degree.C. for 30 minutes and then
      treated with 220 milliliters of 28-30% ammonia by dropwise addition while
      the temperature is maintained at 25.degree.C. The resulting mixture is
      stirred for one-half hour and solids are collected by vacuum filtration.
      The filter cake is washed with water and then acetone and recrystallized
      from dimethyl formamide to yield
      5-(4-chlorophenyl)-5-hydroxy-2,3-dihydro-5H-imidazo-[2,1a]isoindole; m.p.
      201.degree.-203.degree.C.
PAR  When the above two steps are carried out and in place of
      2-(p-chlorobenzoyl)benzoic acid there is used
PA1  a. 2-(3,4-dichlorobenzoyl) benzoic acid,
PA1  b. 2-benzoyl benzoic acid,
PA1  c. 2-(3-fluoro benzoyl) benzoic acid,
PA1  d. 4-chloro-2-(p-chlorobenzoyl) benzoic acid, or
PA1  e. 2-(4-fluorobenzoyl) benzoic acid
PAL  there is obtained
PA1  a. 5-(3,4-dichlorophenyl)-5-hydroxy-2,3-dihydro-5H-imidazo[2,1a]isoindole,
PA1  b. 5-phenyl-5-hydroxy-2,3-dihydro-5H-imidazo[2,1a]isoindole,
PA1  c. 5-(3-fluorophenyl)-5-hydroxy-2,3-dihydro-5H-imidazo[2,1a] isoindole,
PA1  d. 7-chloro-5-(4-chlorophenyl)-5-hydroxy-2,3-dihydro-5H-imidazo[
      2,1a]isoindole, or
PA1  e. 5-(4-fluorophenyl)-5-hydroxy-2,3-dihydro-5H-imidazo[2,1a] isoindole,
      respectively,
PAL  through the corresponding phthalide intermediate
PA1  a. 3-(3,4-dichlorophenyl)-3-[2-(4-methylphenyl sulfonylamino)
      ethylamino]phthalide; m.p. 167.degree.-170.degree.C,
PA1  b. 3-[2-(4-methylphenylsulfonylamino)ethylamino]-3-phenyl phthalide; m.p.
      157.degree.-160.degree.C,
PA1  c. 3-(3-fluorophenyl)-3-[2-(4-methylphenyl sulfonylamino)
      ethylamino]phthalide;
PA1  d.
      5-chloro-3-(4-chlorophenyl)-3-[2-(4-methylphenylsulfonylamino)ethylamino]p
     hthalide, or
PA1  e. 3-(4-fluorophenyl)-3-[2-(4-methylphenyl sulfonylamino)
      ethylamino]phthalide; m.p. 153.degree.-155.degree.C, respectively.
PAR  When the above two-step process is carried out and in the first step in
      place of N-(2-aminoethyl)-4-methylbenzene sulfonamide there is used
      N-(2-aminoethyl)-4-chlorobenzene sulfonamide, the identical products are
      again obtained.
PAC  EXAMPLE 2.
PAC  5-(4-chlorophenyl)-5-hydroxy-2,3-dihydro-5H-imidazo[2,1a]isoindole.
PAR  Step 1. To a flask equipped with a Dean-Stark separator is charged 1 liter
      of toluene, 48 gms. of 2-(p-chlorobenzoyl) benzoic acid, and 42.8 gms. of
      N-(2-aminoethyl)-4-methylbenzene sulfonamide. The mixture is stirred and
      refluxed for 21/2 hours during which time 3.4 mls. of water separates. The
      product crystallizes out of the reaction mixture on cooling. It is
      filtered, then recrystallized from hot tetrahydrofuran and hexane (about
      2:1) to give a white crystalline solid having the physical characteristics
      shown above for the product of Example 1, Step 1.
PAR  Step 2. The intermediate prepared above (5 gms.) is dissolved in 13.5 gms.
      of 96% sulfuric acid and stirred at 65.degree.C. for 11/2 hours. The
      resulting red solution is cooled to 30.degree.C., then added dropwise with
      mixing and cooling to 25 mls. of water. The temperature rises to
      40.degree.C. during this dilution, and a white precipitate results. The
      suspension is neutralized with 28-30% ammonium hydroxide by dropwise
      addition with cooling to produce a paste-like solid. This paste is
      crystallized by treatment with acetone. The mixture is filtered and the
      collected solids recrystallized from N,N,dimethyl formamide. The white
      crystalline solid is washed with acetone, then dried to yield
      5-(4-chlorophenyl)-5-hydroxy-2,3-dihydro-5H-imidazo[2,1a]isoindole.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a compound of the formula
      ##SPC6##
PAL  which comprises a first step of treating a compound of the formula
      ##SPC7##
      with a compound of the formula
      ##EQU2##
      in inert solvent at a temperature of about 75.degree.-115.degree.C. to
      obtain an intermediate compound of the formula
      ##SPC8##
PAL  treating said intermediate in a second step with concentrated sulfuric acid
      or phosphoric acid, and treating the resulting product with base,
PA1  where X represents H or halo of atomic weight 19 to 36, and
PA1  R represents lower alkyl, or
      ##SPC9##
PAL  where R.sub.1 represents H, straight chain lower alkyl having 1 to 3 carbon
      atoms, or halo of atomic weight 35 to 80, and
PA1  n is 1 or 2.
NUM  2.
PAR  2. A process according to claim 1 wherein the second step of the reaction
      is run at a temperature of about 60.degree.-95.degree.C. with about
      85-100% sulfuric acid.
NUM  3.
PAR  3. A process according to claim 2 wherein the concentrated acid used is
      90-98% sulfuric acid and the reaction temperature is
      70.degree.-90.degree.C.
NUM  4.
PAR  4. A process according to claim 1 wherein the second step of the reaction
      is run at a temperature of about 25.degree.-95.degree.C.
NUM  5.
PAR  5. A process according to claim 2 for preparing
      5-(4-chlorophenyl)-5-hydroxy-2,3-dihydro-5-H-imidazo[2,1a]isoindole, which
      comprises a first step of treating 2-(4-chlorobenzoyl) benzoic acid with
      N-(2-aminomethyl)-4-methylbenzene sulfonamide in inert organic solvent at
      75.degree.-115.degree.C., and a second step of treating the resulting
      intermediate with 85-100% sulfuric acid at about 60.degree.-95.degree.C.,
      and treating the product then obtained with base.
NUM  6.
PAR  6. A process according to claim 5 wherein the first step is run at a
      temperature of 75.degree.-115.degree.C., and the second step is run with
      90-98% sulfuric acid at a temperature of about 75.degree.-85.degree.C.
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PAL  Wenkurt et al.,   Can. J. Chem. Vol. 42, pp. 489-490 (1964).
PAL  Herbst et al., J. Med. Chem. Vol. 9, pp. 864-868 (1966).
LREP
FR2  Frankhouser; David E.
ABST
PAL  Substituted 1,2,4,5,6,7,8,9-octahydro-3H-azecino[5,4-b]-indoles and
      substituted 1,2,3,4,5,6,7,8-octahydroazonino[5,4-b]-indoles are prepared
      by cleavage of the corresponding quaternary alkyl iodide salts with
      lithium in liquid ammonia. The products possess diuretic activity.
PARN
PAR  This application is a divisional of copending U.S. patent application, Ser.
      No. 38,913; filed May 19, 1970, now abandoned; which is a
      continuation-in-part of U.S. patent application Ser. No. 889,867, filed
      Dec. 22, 1969, now abandoned; which is a continuation-in-part of copending
      U.S. patent application Ser. No. 839,629, filed July 7, 1969, now
      abandoned; which is a continuation-in-part of U.S. patent application Ser.
      No. 632,105, filed Apr. 19, 1967, now abandoned; which is a
      continuation-in-part of U.S. patent application Ser. No. 536,076, filed
      Feb. 21, 1966, now abandoned; which is a continuation-in-part of U.S.
      patent application Ser. No. 428,842, filed Jan. 28, 1965, now abandoned.
BSUM
PAR  This invention relates to indole derivatives having valuable
      pharmacological activity. More particularly, this invention relates to
      substituted 1,2,4,5,6,7,8,9-octahydro-3H-azecino[5,4-b]indoles and to
      substituted 1,2,3,4,5,6,7,8-octahydroazonino[5,4-b]indoles which in
      standard pharmacological tests demonstrate activity as diuretic agents.
PAR  The invention sought to be patented comprises chemical compounds of the
      formula:
      ##SPC1##
PAL  Wherein R is hydrogen or lower alkyl; R.sup.1 is hydrogen, lower alkyl, or
      phenyl; R.sup.2 is lower alkyl; R.sup.3 and R.sup.4 are, independently,
      hydrogen or lower alkoxy; and n is 1 or 2; and the non-toxic
      pharmaceutically acceptable acid addition salts thereof; with the proviso
      that at least one of R.sup.3 and R.sup.4 must be hydrogen.
PAR  In a subgeneric aspect, the invention comprises the compounds of Formula I
      where R is hydrogen, R.sup.1 is lower alkyl or phenyl, and R.sup.2,
      R.sup.3, R.sup.4, and n have the meanings set forth in Formula I, and the
      non-toxic pharmaceutically acceptable acid addition salts thereof.
PAR  In a second subgeneric aspect, the invention comprises the compounds of
      Formula I where R is lower alkyl, R.sup.1 is hydrogen, lower alkyl, or
      phenyl, and R.sup.2, R.sup.3, R.sup.4 and n have the meanings set forth in
      Formula I, and the non-toxic pharmaceutically acceptable acid addition
      salts thereof.
PAR  In a third subgeneric aspect, the invention comprises compounds of Formula
      I where R and R.sup.1 are hydrogen, and R.sup.2, R.sup.3, R.sup.4 and n
      have the meanings set forth in Formula I, and the non-toxic
      pharmaceutically acceptable acid addition salts thereof.
PAR  Typical examples of the compounds of Formula I are the following:
PA0  I. 1,2,4,5,6,7,8,9-octahydro-3-methyl-3H-azecino-[5,4-b]indole;
PA0  Ii. 1,2,4,5,6,7,8,9-octahydro-3,9-dimethyl-3H-azecino[5,4-b]indole;
PA0  Iii. 1,2,3,4,5,6,7,8-octahydro-3-methylazonino-[5,4-b]indole;
PA0  iv. 1,2,3,4,5,6,7,8-octahydro-3,8-dimethylazonino-[5,4-b]indole;
PA0  v. 1,2,3,4,5,6,7,8-octahydro-3,7-dimethylazonino-[5,4-b]indole;
PA0  vi. 1,2,3,4,5,6,7,8-octahydro-3-methyl-7-phenyl-azonino[5,4-b]indole;
PA0  vii. 1,2,3,4,5,6,7,8-octahydro-3,7,8-trimethylazonino[5,4-b]indole; and
PA0  viii.
      1,2,3,4,5,6,7,8-octahydro-11-methoxy-3,7,8-trimethylazonino[5,4-b]indole;
PAL  and the non-toxic pharmaceutically acceptable acid addition salts thereof.
PAR  The aforesaid compounds in the form of the non-toxic, acid-addition salts
      thereof with pharmacologically acceptable acids, may be prepared by
      dissolving the specific compound in the free base form, which has been
      prepared by the methods described generally above, in a suitable organic
      solvent, and treating it with an alcoholic solution of the selected
      acceptable acid, in accordance with conventional procedures for preparing
      acid-addition salts from base compounds generally. As such acids, there
      may be used any of hydrochloric, hydrobromic, tartaric, phosphoric,
      maleic, citric, acetic, benzoic, or other pharmacologically acceptable
      acid.
PAR  In the pharmacological evaluation of the compounds of Formula I, the in
      vivo diuretic effects are tested by the procedure described by Lipschitz
      et al., J. Pharmacol., 79:97 (1943), which is as follows:
PAR  Male Sprague-Dawley rats 14 to 17 weeks old, 175-200 gms. are deprived of
      food and water from 4 p.m. on the day before an experiment. The next
      morning, the rats are given an oral physiological saline prime dose of 25
      ml./kg. The test compound is administered orally or peritoneally. Each
      compound is given to eight rats. Urea at a dose of 960 mg./kg. is given as
      a standard of comparison to eight rats, and saline alone is given to eight
      more rats as a control. The animals are placed in metabolism cages, two
      rats per cage, and urine is collected for five hours. Volume, sodium and
      potassium are determined. Results are expressed as a ratio of Test/Urea
      (T/U). A compound having a ratio greater than 1.00 for volume and 1.00 for
      sodium is considered active.
PAR  When the compounds of this invention are tested as described above, they
      exhibit diuretic activity when administered at a dose of 25 mg/kilo of
      body weight.
PAR  When the compounds of this invention are employed pharmaceutically, i.e. as
      diuretic agents, they may be administered alone or in combination with
      pharmacologically acceptable carriers, the proportion of which is
      determined by the solubility and chemical nature of the compound, chosen
      route of administration and standard pharmacological practice. For
      example, they may be administered orally in the form of tablets or
      capsules containing such excipients as magnesium stearate, lactose, sugar,
      and so forth. They may be administered orally in the form of solution or
      they may be injected parenterally, e.g. intramuscularly. For parenteral
      administration, they may be used in the form of a sterile solution or
      suspensions containing other solutes, for example, enough saline or
      glucose to make the solution isotonic.
PAR  The dosage of the present pharmacologically active agents will vary with
      the form of administration and the particular compound chosen.
      Furthermore, it will vary with the particular subject under treatment.
      Generally, treatment is initiated with small dosages substantially less
      than the optimum dose of the compound. Thereafter, the dosage is increased
      by small increments until the optimum effect under the circumstances is
      reached. It will generally be found that when the composition is
      administered orally, larger quantities of the active agent will be
      required to produce the same effect as a smaller quantity given
      parenterally. In general, the compounds of this invention are most
      desirably administered at a concentration level that will generally afford
      effective results without causing any harmful or deleterious side effects.
PAR  The compounds of Formula I are prepared by cleavage of a compound of the
      formula:
      ##SPC2##
PAL  where R, R.sup.1, R.sup.2, R.sup.3, R.sup.4 and n have the meanings set
      forth in Formula I, and X is a halide, e.g. the chloride, bromide, or
      iodide anion. The cleavage reaction is effected by contacting the
      quaternary alkyl halide compound (II) with an alkali metal, such as
      lithium, in liquid ammonia and a lower alkanol, preferably
      1-methoxy-2-propanol.
PAR  The quaternary alkyl halide compounds of Formula II are prepared in a known
      manner by the quaternization of a compound of the formula:
      ##SPC3##
PAL  where R, R.sup.1, R.sup.3, R.sup.4 and n have meanings set forth in Formula
      I. The quaternization is effected by treating the base (III) with a
      quaternizing agent, preferably a lower alkyl halide, following the
      procedure described by W. Reckhlow, et al., J. Am. Chem. Soc., 74, 4962
      (1952).
PAR  The compounds of Formula III are known compounds or can be prepared by
      known methods or obvious modifications thereof.
PAR  The compounds of Formula III where R and R.sup.1 are hydrogen, i.e.
      2,3,5,6,11,11b-hexahydro-1H-indolizino[8,7-b]indole and
      1,2,3,4,6,7,12,12b-octahydroindolo[2,3-a]quinolizine or the
      phenyl-substituted lower alkoxy derivatives thereof, can be prepared
      according to the methods described by K. Nagarajan et al., Helv. Chim.
      Acta., 46, 1221 (1963). Said compounds can be alkylated to afford the
      corresponding N.sub.ind -(lower)alkyl compounds (i.e. the compounds of
      Formula III where R is lower alkyl and R.sup.1 is hydrogen) by reaction
      with an alkylating agent (e.g. a lower alkyl halide or tosylate) in the
      presence of a base (e.g. sodium hydride) in a reaction inert solvent at a
      temperature ranging from about 0.degree.C to about 100.degree.C for a
      period of time ranging up to 6 hours.
PAR  The compounds of Formula III where R is hydrogen and R.sup.1 is lower alkyl
      or phenyl are prepared according to the methods described by S. Wawzonek
      et al. J. Med. Chem., 8, 265 (1965); F. Shiroyan et al., Arm. Khim. Zh.,
      20, 649 (1967); or F. Shiroyan, et al. Arm. Khim. Zh., 21, 1025 (1968).
      Said compound can be alkylated to afford the corresponding N.sub.ind
      -(lower)alkyl compounds (i.e. the compounds of Formula III where R is
      lower alkyl and R.sup.1 is lower alkyl or phenyl) by employing the
      alkylation procedure heretofore described.
PAR  Alternatively the compounds of Formula III where R is lower alkyl and
      R.sup.1 is lower alkyl or phenyl can be prepared from a lactam of the
      formula:
      ##SPC4##
PAL  produced according to the methods described by S. Wawzonek, or F. Shiroyan,
      supra, by N.sub.ind -alkylation of the lactam followed by reduction of the
      lactam keto group with a reducing agent, e.g. lithium aluminum hydride in
      tetrahydrofuran.
PAR  As employed herein, the terms "lower alkyl" and "lower alkoxy" are meant to
      include straight chain hydrocarbon substituents having from one for four
      carbon atoms, i.e. the methyl, ethyl, propyl, or butyl groups.
DETD
PAR  The best modes contemplated by the inventor for the manner and process of
      making the compounds of this invention are hereinafter described:
PAC  EXAMPLE I
PAC  1,2,4,5,6,7,8,9-Octahydro-3-methyl-3H-azecino-[5,4-b]indole, hydrochloride
PAR  a. To 1.8 l. liquid ammonia (distilled from sodium) are added 9.48 g. crude
      1,2,3,4,6,7,12,12b-octahydro-5-methylindolo[2,3-a]quinolizinium iodide [W.
      A. Reckhow and D. S. Tarbell, J. Am. Chem. Soc., 74, 4962 (1952)],
      followed by addition of 2.55 g. 1-methoxy-2-propanol (2.76 ml.) and 0.39
      g. lithium. After six minutes, the blue color is gone, 2.0 ml. water are
      added with caution and the ammonia is evaporated by warming under a
      nitrogen stream. The residue is thoroughly extracted with chloroform and
      the extracts are washed with brine and freed of solvent. Chromatographic
      purification of the resultant gum on activity III neutral alumina affords
      3.31 g. of the crude product, decomposition 92.0.degree.-94.5.degree.C.
      Two recrystallizations of a 200 mg. portion of this material from hexane
      gives 1,2,4,5,6,7,8,9-octahydro-3-methyl-3H-azecino[5,4-]indole,
      decomposition 95.degree.-97.degree.C. The nuclear magnetic resonance
      spectrum of the final product indicates the presence of three N-methyl
      protons but no C-methyl protons.
PAR  Analysis: C.sub.16 H.sub.22 N.sub.2 : Calculated: C, 79.29; H, 9.15; N,
      11.56. Found: C, 79.44; H, 9.27; N, 11.46.
PAR  b. Three grams of the crude product obtained in (a) and having
      decomposition at 92.0.degree.-94.5.degree.C., are dissolved in ether and
      treated with excess isopropanolic hydrogen chloride. Two crystallizations
      of the salt from a mixture of methanol and ethyl acetate yield
      1,2,4,5,6,7,8,9-octahydro-3-methyl-3H-azecino-[5,4-b]indole,
      hydrochloride, hemi-hydrate, softens 135.degree.C. decomposition
      145.degree.-150.degree.C.
PAR  Analysis: C.sub.16 H.sub.22 N.sub.2 . HCl . 1/2 H.sub.2 O: Calculated: C,
      66.76; H, 8.40; Cl, 12.32; N, 9.74. Found: C, 66.55; H, 8.42; Cl, 12.5; N,
      9.81.
PAC  EXAMPLE II
PAC  1,2,4,5,6,7,8,9-Octahydro-3,9-dimethyl-3H-azecino[5,4-b]indole
PAR  a. A solution of 4.97 g. 1,2,3,4,6,7,12,12b
      -octahydro-12-methylindolo[2,3-a]quinolizine (prepared by the method of
      Example IV-(a) [T. Oshi et al., Chem. Pharm. Bull. (Tokyo), 11, 1196
      (1963)] in 200 ml. ethyl acetate is stirred with 22.79 g. methyl iodide
      for 1 hour. After dilution with 200 ml. ether and stirring at about
      0.degree.C. for 1 hour, the reaction mixture is filtered. The solids are
      thoroughly washed with ether and dried to give 6.59 g. salt, decomposition
      259.degree.-262.degree.. A 400 mg. portion of this product is twice
      recrystallized from methanol to provide 210 mg.
      1,2,3,4,6,7,12,12b-octahydro-5,12-dimethylindolo[2,3-a]-quinolizinium
      iodide, decomposition 264.degree.-267.degree.; .lambda..sub.max.sup.95%
      EtOH 222.5 (.epsilon. 53,400), 280-285 plateau (.epsilon. 7,400), and
      290-293 plateau (.epsilon. 6,300) mm; .lambda..sub.min.sup.95% EtOH 248 (
      2,000) mm.
PAR  Analysis: C.sub.17 H.sub.23 N.sub.2 I: Calculated: C, 53.4; H, 6.1; I,
      33.2; N, 7.3. Found: C, 53.1; H, 6.4; I, 33.4; N, 6.95.
PAR  b. Treatment of
      1,2,3,4,6,7,12,12b-octahydro-5,12-dimethylindolo[2,3-a]quinolizinium
      iodide, obtained as in (a) above, with lithium, ammonia, and
      1-methoxy-2-propanol in the manner described in Example III(b), gives
      1,2,4,5,6,7,8,9-octahydro-3,9-dimethyl-3H-azecino[5,4-b]indole as an oil,
      further characterized as the hydrochloride salt, m.p.
      221.degree.-223.degree.C. (decomposition).
PAR  Analysis: C.sub.17 H.sub.24 N.sub.2 . HCl: Calculated: C, 69.7; H, 8.6; Cl,
      12.1; N, 9.6. Found: C, 69.5; H, 8.9; Cl, 12.1; N, 9.15.
PAC  EXAMPLE III
PAC  1,2,3,4,5,6,7,8-Octahydro-3-methylazonino[5,4-b]indole
PAR  a. A solution of 1.12 g. of
      2,3,5,6,11,11b-hexahydro-1H-indolizono[8,7-b]indole [K. Nagarajan, Ch.
      Weissman, H. Schmid and P. Karrer, Helv. Chem. Acta., 46, 1221 (1963)], in
      65 ml. ethyl acetate is treated with 3.19 g. methyl iodide. After standing
      2 hours at 25.degree.C., the product is collected, washed with ether and
      crystallized from a methanol and ether system and from methanol (twice) to
      give 2,3,5,6,11,11b-hexahydro-4-methyl-1H-indolizino[8,7-b]indolium,
      iodide, decomposition 183.5.degree.-187.5.degree.C. Two additional
      crystallizations from methanol afford an analytically pure product,
      decomposition 184.5.degree.-187.5.degree.C.
PAR  Analysis: C.sub.15 H.sub.19 IN.sub.2 : Calculated: C, 50.86; H, 5.41; I,
      35.83; N, 7.91. Found: C, 50.55; H, 5.67; I, 35.5; N, 7.63.
PAR  b. To a mixture of 100 ml. ammonia (distilled from lithium), 0.35 g.
      2,3,5,6,11,11b-hexahydro-4-methyl-1H-indolizino[8,7-b]indolium, iodide,
      prepared as in (a) above, and 0.11 g. 1-methoxy-2-propanol are added 15
      mg. lithium. The vigorously stirred mixture immediately becomes deep blue,
      but after 5 minutes the color fades. After stirring 5 minutes longer, 1
      ml. water is added, the milky suspension is freed of ammonia under a
      nitrogen stream (with cautious warming), and the residue is thoroughly
      extracted with ether. The ethereal solution is washed with brine and
      solvent is removed to give 0.18 g. crude product, m.p.
      128.degree.-131.degree.C. Two crystallizations from n-hexane produce 0.13
      g. 1,2,3,4,5,6,7,8-octahydro-3-methylazonino[5,4-b]indole, m.p.
      130.degree.-132.degree.C. The nuclear magnetic resonance spectrum of the
      product shows the presence of N-methyl protons but no C-methyl protons.
PAR  Analysis: C.sub.15 H.sub.20 N.sub.2 : Calculated: C, 78.90; H, 8.83; N,
      12.27. Found: C, 79.06; H, 8.93; N, 12.25.
PAC  EXAMPLE IV
PAC  1,2,3,4,5,6,7,8-Octahydro-3,8-dimethylazonino[5,4-b]indole
PAR  a.2,3,5,6,11,11b-Hexahydro-1H-indolizino[8,7-b]-indole (8.49 g.) is stirred
      for 1  hour at 25.degree.C. in dimethylformamide (200 ml.) containing
      sodium hydride (2.11 g. of a 50% mineral oil dispersion). Methyl iodide
      (6.25 g.) in dimethylformamide (25 ml.) is added and the mixture is
      stirred at 25.degree.C. for 16 hours. The dimethylformamide is distilled
      off, and the residue is dissolved in chloroform and washed with aqueous
      potassium bicarbonate and water, and dried. The product is chromatographed
      on neutral alumina to give
      2,3,5,6,11,11b-hexahydro-11-methyl-1H-indolizino[8,7-b]indole as a clear
      oil (5.88 g.).
PAR  The base is converted by dissolution in ether and treatment with
      isopropanol saturated with hydrogen chloride into the hydrochloride salt,
      m.p. 244.degree.-247.5.degree.C. (from acetone).
PAR  Analysis: C.sub.15 H.sub.18 N.sub.2 . HCl: Calculated: C, 68.55; H, 7.3;
      Cl, 13.5; N, 10.7. Found: C, 68.6; H, 7.1; Cl, 13.7; N, 10.9.
PAR  b. 2,3,5,6,11,11b-hexahydro-11-methyl-1H-indolizino-[8,7-b]indole (5.96
      g.), obtained as in (a) above, is stirred for one hour at 25.degree. in
      ethyl acetate (125 ml.) containing methyl iodide (22.8 g.). The mixture is
      diluted with ether (100 ml.) and kept at 0.degree.C. for one hour to give
      2,3,5,6,11,11b-hexahydro-4,11-dimethyl-1H-indolizino[8,7-b]indolium,
      iodide as a buff solid (7.08 g.), m.p. 249.degree.-252.degree.C.
      (decomposition). An aliquot after two recrystallizations from methanol has
      m.p. 254.degree.-256.degree.C.
PAR  Analysis: C.sub.16 H.sub.21 N.sub.2 I: Calculated: C, 52.2; H, 5.75; N,
      7.6; I, 34.5. Found: C, 52.45; H, 5.8; N, 7.6; I, 34.3.
PAR  c. Treatment of
      2,3,5,6,11,11b-hexahydro-4,11-dimethyl-1H-indolizino[8,7-b]indolium,
      iodide with lithium, ammonia, and 1-methoxy-2-propanol in the manner of
      Example III(b) gives
      1,2,3,4,5,6,7,8-octahydro-3,8-dimethylazonino[5,4-b]indole, as a clear
      oil, further characterized as the hydrochloride salt, m.p.
      198.5.degree.-201.degree.C. (from acetone).
PAR  Analysis: C.sub.16 H.sub.22 N.sub.2 . HCl: Calculated: C, 68.9; H, 8.3; Cl,
      12.7; N, 10.05. Found: C, 68.8; H,8.1; Cl, 13.0; N, 9.8.
PAC  EXAMPLE V
PAC  1,2,3,4,5,6,7,8-Octahydro-3,7-dimethylazonino[5,4-b]-indole, hydrochloride,
      hemihydrate
PAR  a. A solution of 9.28 g. of
      2,3,5,6,11,11b-hexahydro-11b-methyl-1H-indolizino[8,7-b]indole [S.
      Wawzonek and J. D. Nordstrom, J. Med. Chem., 8, 265 (1965)] in 100 ml.
      benzene is refluxed with 25.6 ml. methyl iodide for one-quarter hour.
      After cooling to 10.degree.C., the solids are collected, washed with ether
      and dried. Crystallization (twice) of 3.5 g. of the salt from methanol
      affords 2.95 g. of white, crystalline,
      2,3,5,6,11,11b-hexahydro-4,11b-dimethyl-1H-indolizino[8,7-b]-indolium
      iodide, decomposition 250.degree.-254.degree.C.
PAR  b. Treatment of 10.11 g.
      2,3,5,6,11,11b-hexahydro-4,11b-dimethyl-1H-indolizino[8,7-b]indolium
      iodide with 774 mg. lithium, 3.97 g. 1-methoxy-2-propanol and 2 liters
      liquid ammonia in the manner described in Example I-(a) gives 4.04 g. base
      as an amber oil. Distillation of a 200 mg. portion at
      120.degree.-130.degree.C./0.2 mm yields 185 mg.
      1,2,3,4,5,6,7,8-octahydro-3,7-dimethylazonino[5,4-b]indole, NMR
      (CDCl.sub.3): .delta. 1.28 (doublet, J 7 cps., 7-methyl), 2.43 (singlet,
      3-methyl) ppm. The remainder of the amber oil, in anhydrous ether, is
      converted to a salt with isopropanolic HCl. Two crystallizations of the
      salt from acetone produce 1.99 g. of the title compound, decomposition at
      240.degree.-245.degree.C. (shrinks 154.degree.C.).
PAC  EXAMPLE VI
PAC  1,2,3,4,5,6,7,8-Octahydro-3-methyl-7-phenylazonino[5,4-b]indole
PAR  Following the method of Example V, 8.66 g.
      2,3,5,6,11,11b-hexahydro-11b-phenyl-1H-indolizino[8,7-b]indole [S.
      Wawzonek and J. D. Nordstrom, J. Med. Chem., 8, 265 (1965)] are converted
      to 9.9 g. of salt. Two crystallizations of a 3.5 g. quantity of salt from
      methanol afford 2.16 g. of
      2,3,5,6,11,11b-hexahydro-4-methyl-11b-phenyl-1H-indolizino[8,7-b]indolium
      iodide as white needles, decomposition 271.degree.-273.degree.C.
PAR  Then
      2,3,5,6,11,11b-hexahydro-4-methyl-11b-phenyl-1H-indolizino[8,7-b]indolium
      iodide (8.09 g.), 286 mg. lithium, 2.03 g. 1-methoxy-2-propanol and 2
      liters liquid ammonia are reacted according to the method of Example
      I-(a). The white foam isolated from the 1:9 and 1:4 benzene-hexane elutes
      is crystallized from hexane to provide 4.38 g. base. A 300 mg. portion is
      crystallized (twice) from hexane thereby yielding 200 mg. of title
      compound, m.p. 117.degree.-119.degree.C., NMR (CDCl.sub.3): .delta. 2.45
      (singlet, 3-methyl), 5.70 (triplet, J 8 cps., 7-hydrogen) ppm.
PAC  EXAMPLE VII
PAC  1,2,5,6,11,11b-Hexahydro-11b-methyl-3H-indolizino[8,7-b]indol-3-one
PAR  Tryptamine (112.15 g.), levulinic acid (97.6 g., 85.6 ml.) and butyl
      cellosolve (1 liter) are refluxed under nitrogen for 16 hours and the
      solvent is removed. The residue is successively washed with water, dilute
      aqueous sodium hydroxide, water, dilute aqueous hydrochloric acid, water
      and dried. Trituration of the crude product, decomposition at
      252.degree.-262.degree.C., with methanol, and then with benzene, and
      drying provides 120.4 g. of the title compound, decomposition at
      259.degree.-263.degree.C.; .lambda..sub.max.sup.KBr 3.09, 6.01, 6.17,
      13.38 .mu..
PAC  EXAMPLE VIII
PAC  1,2,5,6,11,11b-Hexahydro-11,11b-dimethyl-3H-indolizino[8,7-b]indol-3-one
PAR  A suspension of 4.81 g.
      1,2,5,6,11,11b-hexahydro-11b-methyl-3H-indolizino[8,7-b]indol-3-one in 100
      ml. dry dimethylformamide (DMF) is stirred under nitrogen with 1.06 g. of
      about 50% sodium hydride-mineral oil dispersion for 0.5 hour as hydrogen
      is evolved. The reaction solution is cooled in an ice-water bath as 3.41
      g. methyl iodide (1.50 ml.) are added dropwise. After stirring for 0.5
      hour at 0.degree., the cooling bath is removed and the mixture is kept at
      about 25.degree. for 18 hours. After removal of solvent (in vacuo), the
      crude product is dissolved in chloroform, washed with water and dried with
      sodium sulfate. The solvent is removed and the residue is
      chromatographically purified on a 250 g. column of neutral, activity III
      alumina. The product isolated from the 1:4 and 1:1 ether-benzene eluates
      is crystallized from carbon tetrachloride (twice) and from ethyl acetate
      to afford 2.63 g. of the title compound, m.p. 131.5.degree.-4.5.degree.C.;
      .lambda..sub.max.sup.KBr 5.94 .mu.; .lambda..sub.max.sup.95% EtOH 226.5
      (.epsilon. 34,100), 276 sh (.epsilon. 5,980), 282 (.epsilon. 6,360), 290
      sh (.epsilon. 5,490) nm; .lambda..sub.min.sup.95% EtOH 248 (.epsilon.
      1,290) nm; NMR (CDCl.sub.3): .delta.  1.58 (singlet, 11b-methyl), 3.68
      (singlet, 11-methyl), 4.47 (multiplet, C-5 proton) ppm.
PAR  Analysis: C.sub.16 H.sub.18 N.sub.2 O: Calculated: C, 75.56; H, 7.13; N,
      11.02. Found: C, 75.51; H, 7.17; N, 11.16.
PAC  EXAMPLE IX
PAC  2,3,5,6,11,11b-hexahydro-11,11b-dimethyl-1H-indolizion-[8,7-b]indole,
      hydrochloride-
PAR  a. To a suspension of 3.00 g. lithium aluminum hydride in 100 ml. dry
      tetrahydrofuran (THF), under nitrogen, is added a solution of 9.15 g.
      1,2,5,6,11,11b-hexahydro-11,11b-dimethyl-3H-indolizino[8,7-b]indol-3-one
      in 100 ml. dry tetrahydrofuran such that gentle reflux is maintained.
      Refluxing is continued for two hours after combining the reactants. The
      reaction mixture is cooled in an ice-water bath, treated dropwise with 16
      ml. 3.0% w/v aqueous sodium hydroxide, stirred 0.25 hour, filtered and the
      solids are thoroughly washed with boiling tetrahydrofuran. Removal of
      solvent from the filtrate and washings yields a residue which is dissolved
      in 100 ml. 2N HCl and is washed with ether. The acidic solution is
      basified with 20 ml. concentrated ammonium hydroxide and the white
      precipitate is extracted into ether. After washing with water and with
      brine, the ethereal solution is dried (sodium sulfate) and freed of
      solvent. The crude base is chromatographically purified on a 400 g. column
      of neutral, activity III alumina to provide, from the 1:1 benzene-hexane
      eluates, 6.40 g. of
      2,3,5,6,11,11b-hexahydro-11,11b-dimethyl-1H-indolizino[8,7-b]indole, m.p.
      65.degree.-68.degree.C. Treatment of the base, in anhydrous ether, with
      excess isopropanolic hydrogen chloride affords a salt which is twice
      recrystallized from acetone, thus yielding the title compound,
      decomposition 226.degree.-8.degree.C., .lambda..sub.max.sup.KBr 3.90,
      4.12, 13.46 .mu.; .lambda..sub.max.sup.95% EtOH 224 (.epsilon. 35,100),
      274 sh (.epsilon. 6,780), 281 (.epsilon. 7,030), 291 sh (.epsilon. 5.650 )
      nm; .lambda..sub.min.sup.95% EtOH 245 (.epsilon. 2,040) nm. NMR
      (CDCl.sub.3): .delta. 2.13 (singlet, 11b-methyl), 3.81 (singlet,
      11-methyl) ppm.
PAR  Analysis: C.sub.16 H.sub.20 N.sub.2 . HCl: Calculated: C, 69.42; H, 7.65;
      Cl, 12.81; N, 10.12. Found: C, 69.43; H, 7.69; Cl, 13.04; N, 10.04.
PAR  b. Dry dimethylformamide (30 ml.), 1.81 g.
      2,3,5,6,11,11b-hexahydro-11b-methyl-1H-indolizino[8,7-b]indole [S.
      Wawzonek and J. D. Nordstrom, J. Med. Chem., 8, 265 (1965)] and 0.42 g. of
      about a 50% sodium hydride-mineral oil dispersion are stirred for 1/2
      hour. The reaction mixture is cooled in an ice-water bath as 1.25 g.
      methyl iodide (0.55 ml.) in 3 ml. dry dimethylformamide are added
      dropwise. After stirring for 0.25 hour at 0.degree.C., the mixture is kept
      at 25.degree.C. for 7 hours. Solvent is removed in vacuo and the residue,
      dissolved in ether, is washed with water, brine and dried (sodium
      sulfate). Distillation of the solvent and purification of the residue on
      60 g. neutral, activity III alumina provide, from the 1:1 benzenehexane
      eluates, a white solid. This amine is dissolved in 2N HCl, washed with
      ether and the acidic solution is basified with concentrated ammonium
      hydroxide. The precipitated base is extracted into ether, washed with
      water, brine and dried (sodium sulfate). Removal of solvent yields 1.07 g.
      2,3,5,6,11,11b-hexahydro-11,11b-dimethyl-1H-indolizino[8,7-b]indole, m.p.
      66.0.degree.-68.5.degree.C.; which, by infrared, ultraviolet and nuclear
      magnetic resonance spectral comparisons, is identical with the base
      prepared by the procedure of part (a) above.
PAC  EXAMPLE X
PAC  1,2,3,4,5,6,7,8-Octahydro-3,7,8-trimethylazonino-[5,4-b]indole, maleate
      (mono)
PAR  2,3,5,6,11,11b-Hexahydro-11,11b-dimethyl-1H-indolizino-[8,7-b]indole (3.56
      g.), 50 ml. benzene and 21 g. methyl iodide are stirred two hours at about
      25.degree.C. Following removal of solvent, the residue is recrystallized
      (twice) from ethanol to afford 3.89 g. of
      2,3,5,6-hexahydro-4,11,11b-trimethyl-1H-indolizino[8,7-b]indolium iodide,
      decomposition 196.degree.-199.degree.C.
PAR  Using the procedure of Example I-(a) and chromatographic purification of
      the crude product on neutral, activity III alumina, 8.40 g.
      2,3,5,6,11,11b-hexahydro-4,11,11b-trimethyl-1H-indolizino[8,7-b]indolium
      iodide, 367 mg. lithium, 2 liters liquid ammonia and 2.38 g.
      1-methoxy-2-propanol are converted to 4.67 g. of base, NMR (CDCl.sub.3):
      .delta. 1.35 (doublet, J 7 cps., 7-methyl), 2.37 (singlet, 3-methyl), 3.67
      (singlet, 8-methyl) ppm. Adding the base (in ether) to ethereal maleic
      acid (2.06 g.) and crystallization (twice) of the salt from isopropanol
      afford 5.45 g. of the title compound, decomposition
      202.degree.-204.degree.C. (effervescence).
PAC  EXAMPLE XI
PAC  1,2,5,6,11,11b-Hexahydro-8-methoxy-11,11b-dimethyl-3H-indolizino[8,7-b]indo
     l-3-one
PAR  Sodium hydride (1.06 g. of about a 50% dispersion in mineral oil) is
      stirred under nitrogen with 5.41 g.
      1,2,5,6,11,11b-hexahydro-8-methoxy-11b-methyl-3H-indolizino[8,7-b]indol-3-
     one [S. Wawzonek and J. D. Nordstrom, J. Med. Chem., 8, 265 (1965)] in 100
      ml. dry dimethylformamide for one-half hour. The brown solution is cooled
      in an ice-water bath as 3.41 g. methyl iodide (1.50 ml.) is added. After
      one-half hour of cooling, the reaction mass is allowed to stand at about
      25.degree.C. for sixteen hours. The dimethylformamide is removed in vacuo
      and the residue is twice triturated with 50 ml. hexane, dissolved in
      chloroform and washed with water. After drying (sodium sulfate), the
      solvent is removed and the solid is twice recrystallized from ethyl
      acetate, thus affording 4.30 g. of the title compound, m.p.
      164.degree.-7.degree.C.; .lambda..sub.max.sup.CHCl.sbsp.3 6.02, 6.19 .mu.;
      NMR (CDCl.sub.3); .delta. 1.60 (singlet, 11b-methyl), 3.68 (singlet,
      11-methyl), 3.83 (singlet, methoxyl) ppm.
PAC  EXAMPLE XII
PAC  2,3,5,6,11,11b-Hexahydro-8-methoxy-11,11b-dimethyl-1H-indolizino[8,7-b]indo
     le, hydrochloride
PAR  1,2,5,6,11,11b-hexahydro-8-methoxy-11,11b-dimethyl-3H-indolizino[8,7-b]indo
     le-3-one (9.12 g.), 4.86 g. lithium aluminum hydride and 350 ml. dry
      tetrahydrofuran are reacted as in Example IX-(a). The residue isolated
      from the tetrahydrofuran fractions is dissolved in ether, washed with
      water and dried. Evaporation of the solvent gives a cream-colored solid
      which is twice crystallized from diisopropyl ether to yield 5.62 g.
      crystalline base, m.p. 113.degree.-118.degree.C. Treatment of 3.50 g. of
      the base in 150 ml. anhydrous ether with excess isopropanolic hydrogen
      chloride produces a salt that is twice recrystallized from absolute
      ethanol, thus yielding 3.25 g. of the title compound, decomposition
      262.degree.-264.degree.C. (with effervescence), .lambda..sub.max.sup.KBr
      4.23, 6.20 .mu..
PAC  EXAMPLE XIII
PAC  1,2,3,4,5,6,7,8-Octahydro-11-methoxy-3,7,8-trimethylazonino-[5,4-b]indole,
      maleate (mono)
PAR  2,3,5,6,11,11b-hexahydro-8-methoxy-11,11b-dimethyl-1
      H-indolizino[8,7-b]indole (2.94 g.) and 50 ml. benzene and 7.81 g. methyl
      iodide are combined at about 25.degree.C. After 1 hour, the solvent is
      removed and the residue is recrystallized (twice) from methanol to give
      2.29 g. of
      2,3,5,6,11,11b-hexahydro-8-methoxy-4,11,11b-trimethyl-1H-indolizino[8,7-b]
     indolium iodide, decomposition 242.degree.-250.degree.C.
PAR  Employing the method of Example I-(a), 6.28 g.
      2,3,5,6,11,11b-hexahydro-8-methoxy-4,11,11b-trimethyl-1H-indolizino[8,7-b]
     indolium iodide, 1.5 l. liquid ammonia, 278 mg. lithium and 1.64 g.
      1-methoxy-2-propanol are reacted to provide 3.30 g. of base as a yellow
      gum, NMR (CDCl.sub.3): .delta. 1.35 (doublet, J 7 cps., 7-methyl), 2.37
      (singlet, 3-methyl), 3.67 (singlet, 8-methyl), 3.81 (singlet, 11-methoxyl)
      ppm. The amine, in ether, is added to an ethereal solution of 1.30 g.
      maleic acid. Crystallization (twice) of the salt from ethanol yields 2.55
      g. of the title compound, decomposition 198.degree.-201.degree.C.
      (effervescence).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 1,2,4,5,6,7,8,9-octahydro-3,9-dimethyl-3H-azecino[5,4-b]indole.
NUM  2.
PAR  2. 1,2,3,4,5,6,7,8,-octahydro-3,8-dimethylazonino[5,4-b]indole.
NUM  3.
PAR  3. 1,2,3,4,5,6,7,8-octahydro-3,7,8-trimethylazonino[5,4-b]indole.
NUM  4.
PAR  4. 1,2,3,4,5,6,7,8-octahydro-11-methoxy-3,7,8-trimethylazonino[5,
     4-b]indole.
NUM  5.
PAR  5. 1,2,4,5,6,7,8,9-octahydro-3-methyl-3H-azecino[5,4-b]indole.
NUM  6.
PAR  6. 1,2,3,4,5,6,7,8-octahydro-3-methylazonino]5,4-b]indole.
PATN
WKU  039431495
SRC  5
APN  5649285
APT  1
ART  124
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ABST
PAL  Compounds are provided having the structure:
      ##SPC1##
PAL  And to salts of such compounds. These compounds are useful as
      hypocholesteremic agents and anti-inflammatory agents.
PARN
PAR  This application is a division of serial no. 305,619 filed on November 10,
      1972, now U.S. Pat. No. 3,906,032.
BSUM
PAR  This invention relates to compounds of the structure:
      ##SPC2##
PAL  Wherein R.sup.1 can be hydrogen, lower alkyl, cycloalkyl, monocyclic aryl
      and aralkyl, R.sup.2 can be hydrogen, lower alkyl or aralkyl, R.sup.3 can
      be hydrogen, lower alkyl, aralkyl, lower alkoxy, carboxy, monocyclic
      cycloalkyl, alkenyl, halogen, acyl, amino, acylamino, nitro, dihydroalkyl,
      or R.sup.6 O(CH.sub.2)n.sup.2 - where R.sup.6 is hydrogen, lower alkyl or
      aralkyl, n is 0, 1 or 2, n.sup.1 is 0, 1 or 2; and n.sup.2 is 0 to 10,
      R.sup.4 and R.sup.5 can be the same or different and can by hydrogen,
      lower alkyl, cycloalkyl, monocyclic aryl or aralkyl.
PAR  In formula I, the group
EQU  II -Z---Z.sup.2 ---Z.sup.1 -
PAL  may or may not include a Z.sup.2 group.
PAR  Where Z.sup.2 is not present in the formula I compounds, the present
      invention includes compounds of the structure:
      ##SPC3##
PAL  Wherein Z and Z.sup.1 can be the same or different and can be R.sup.7 -X-
      and R.sup.8 -Y-, respectively, formyl cyano, azido or
      ##EQU1##
      wherein X and Y can be
      ##EQU2##
      --(CH.sub.2).sub.n 3- wherein n.sup.3 is 1 to 8, --O--, --S--,
      ##EQU3##
      or   where R.sup.9 is hydrogen, lower alkyl, aralkyl or acyl, and R.sup.10
      and R.sup.11 are as defined hereinafter and R.sup.7 and R.sup.8 can be the
      same or different and can be hydrogen, lower alkyl, aryl, acyl, alkoxy,
      hydroxy,
      ##EQU4##
      alkynyl or alkenyl.
PAR  Where a Z.sup.2 group is present, the present invention includes compounds
      of the formula:
      ##SPC4##
PAL  Wherein Z.sup.3 -Z.sup.2 -Z.sup.4 together with two carbons of the
      cycloalkyl ring form a 5- or 6-membered ring, Z.sup.3 and Z.sup.4 may be
      the same or different and can be --CH.sub.2 -, =N-, -O-, -S-, -NR.sup.14
      -, -O-CH.sub.2 --, -S-CH.sub.2 -, or -NR.sup.9 -CH.sub.2 - where R.sup.14
      is hydrogen, lower alkyl or aryl, Z.sup.2 can be
      ##EQU5##
      where R.sup.12 and R.sup.13 can be hydrogen, lower alkyl, cycloalkyl,
      aryl, haloalkyl, amino (R.sup.10 R.sup.11 N) or aminoalkyl;
      ##EQU6##
      and Z.sup.3 -Z.sup.2 -Z.sup.4 - can be taken together to form
      ##EQU7##
PAR  The term "lower alkyl" as employed herein includes both straight and
      branched chain radicals of up to and including eight carbon atoms, for
      instance, methyl, ethyl, propyl, isopropyl, butyl, s-butyl, t-butyl,
      isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl,
      2,2,4-trimethylpentyl and the like.
PAR  The term "aralkyl" includes groups such as benzyl, phenethyl as well as any
      of the aryl groups mentioned below attached to any of the above lower
      alkyl groups.
PAR  The term "lower alkoxy" includes straight and branched chain radicals of
      the structure RO- wherein R includes any of the above lower alkyl groups.
PAR  The terms "alkenyl" and "alkynyl" refer to aliphatic groups containing
      three to eight carbons and one double or one triple bond such as allyl,
      and any of the isomers of butenyl, pentenyl, hexenyl, heptenyl, octenyl,
      ethynyl, butynyl and the like.
PAR  The term "halogen" includes F, Br, Cl or I.
PAR  Alkyl radicals substituted by one to three halogen atoms such as F, Br, Cl
      or I are encompassed by the term halo-lower alkyl. Trifluoromethyl is a
      preferred halo-lower alkyl radical.
PAR  The "amino" groups include unsubstituted amino or mono- or di-lower
      alkyl-amino groups, wherein lower alkyl is as defined above, such as
      amino, methylamino, ethylamino, isopropylamino, heptylamino,
      dimethylamino, diethylamino, methylethylamino, methylbutylamino, ethyl
      i-propylamino and the like.
PAR  The "acyl" radicals are derived from hydrocarbon carboxylic acids of up to
      fifteen carbons and include lower fatty acid radicals such as acetyl,
      propionyl, butyryl, isobutyryl and the like, as well as long chain fatty
      acid radicals such as hexanoyl, heptanoyl, decanoyl, dodecanoyl and the
      like, monocyclic aryl and aralkanoic acid radicals such as benzoyl,
      phenacetyl and the like.
PAR  The term "monocyclic aryl" as employed herein contemplates monocyclic
      carbocyclic aryl radicals, for instance, phenyl and substituted phenyl
      radicals, such as lower alkyl or lower alkoxy phenyl (e.g., o-, m- or
      p-tolyl, ethylphenyl, butylphenyl, methoxyphenyl, ethoxyphenyl and the
      like), di(lower alkyl)phenyl (e.g., 2,4-dimethylphenyl, 3,5-diethylphenyl
      and the like), halophenyl (e.g., chlorophenyl, bromophenyl, iodophenyl,
      fluorophenyl), o-, m- or p-nitrophenyl, dinitrophenyl, (e.g.,
      3,5-dinitrophenyl, 2,6-dinitrophenyl and the like), and trinitrophenyl
      (e.g., picryl).
PAR  The terms "monocyclic cycloalkyl" includes cyclic radicals containing from
      3 to 6 ring members (e.g., cyclopropyl, cyclobutyl, cyclopentyl and
      cyclohexyl).
PAR  In the basic nitrogen containing radical
      ##EQU8##
      R.sup.10 and R.sup.11 each represents hydrogen, lower alkyl, lower
      alkenyl, hydroxy-lower alkyl and phenyl-lower alkyl forming such basic
      groups as amino, lower alkylamino, e.g., methylamino, ethylamino,
      isopropylamino, di(lower alkyl)amino, e.g., dimethylamin diethylamino,
      dipropylamino, lower alkenylamino, e.g., allylamino, di(lower
      alkenyl)amino, e.g., diallylamino, (hydroxy-lower alkyl)amino, e.g.,
      hydroxyethylamino, di(hydroxy-lower alkyl)amino e.g.,
      di(hydroxyethyl)amino, phenyl(loweralkyl)amino, e.g., benzylamino,
      phenethylamino, N-(lower alkyl)phenyl(lower alkyl)amino, e.g.,
      N-methylbenzylamino, and the like.
PAR  The
      ##EQU9##
      radical may form a heterocyclic radical. The symbols R.sup.10 and R.sup.11
      may together represent the carbon (and hydrogen) and the oxygen, sulfur or
      nitrogen atoms which, with the nitrogen or carbon atom in the above group,
      form a 5- or 6-membered nitrogen heterocyclic containing not more than one
      hetero atom in addition to the nitrogen already shown in the group and
      less than 21 atoms in the radical (excluding hydrogen). The heterocyclic
      radicals may include one to three substituents including lower alkoxy or
      lower alkyl as defined hereinbefore; trifluoromethoxy;
      trifluoromethylmercapto; N,N-dialkylsulfamoyl groups, such as
      N,N-dimethylsulfamoyl; lower alkanoyl groups
      ##EQU10##
      where R is lower alkyl) as defined hereinbefore, such as acetyl,
      propionyl, and the like; hydroxy-lower alkyl, such as hydroxymethyl,
      2-hydroxyethyl or the like; hydroxy-lower alkoxy-lower alkyl, such as
      2-(2-hydroxy-ethoxy)ethyl, or the like; lower alkanoyl-lower alkyl, such
      as 2-heptanoyloxyethyl; carbo-lower alkoxy, such as carbomethoxy,
      carboethoxy, carbopropoxy, or the like; or 2-(lower alkanoyloxy-lower
      alkoxy)lower alkyl such as 2-(decanoyloxyethoxy)ethyl, or the like.
PAR  Illustrative of the heterocyclic radicals represented by
      ##EQU11##
      are the following: piperidino; (lower alkyl)piperidino [e.g., 2-, 3-, or
      4-(lower alkyl)piperidino or 4-(N-lower alkyl)piperidino, such as
      2-(ethyl)piperidino or 4-(N-isopropyl)piperidino]; di(lower
      alkyl)piperidino [e.g., 2,4-, 2,5- or 3,5-di(lower alkyl)piperidino, such
      as 2,4-dimethyl piperidino or 2,5-di-t-butyl piperidino]; (lower
      alkoxy)piperidino [e.g., 2-methoxypiperidino or 3-methoxypiperidino];
      hydroxypiperidino [e.g., 3-hydroxy- or 4-hydroxypiperidino];
      aminomethylpiperidino [e.g., 4-aminomethylpiperidino]; pyrrolidino; (lower
      alkyl)pyrrolidino [e.g., 3-methylpyrrolidino]; di(lower alkyl)pyrrolidino
      [e.g., 3,4-dimethylpyrrolidino]; (lower alkoxy)pyrrolidino [e.g.,
      2-methoxypyrrolidino]; morpholino; (lower alkyl)morpholino [e.g.,
      3-methylmorpholino]; di(lower alkyl)morpholino, [e.g.,
      3,5-dimethylmorpholino]; (lower alkoxy)morpholino, [e.g.,
      2-methoxymorpholino]; thiamorpholino; (lower alkyl)thiamorpholino [e.g.,
      3-methylthiamorpholino]; di(lower alkyl)thiamorpholino, [e.g.,
      3,5-dimethylthiamorpholino], (lower alkoxy)thiamorpholino, [e.g.,
      3-methoxythiamorpholino]; piperazino; (lower alkyl)piperazino, [e.g.,
      N.sup.4 -methylpiperazino]; di(lower alkyl)piperazino, [e.g.,
      2,5-dimethylpiperazino or 2,6-dimethylpiperazino]; (lower
      alkoxy)piperazino, [e.g., 2-methoxypiperazino]; (hydroxy-lower
      alkyl)piperazino, [e.g., N.sup.4 -(2-hydroxyethyl)piperazino]; (lower
      alkanoyloxy-lower alkyl)piperazino, [e.g., N.sup.4
      -(2-heptanoyloxyethyl)piperazino or N.sup.4
      -(2-propionyloxyethyl)piperazino]; (hydroxy-lower alkoxy-lower
      alkyl)piperazino, [e.g., (hydroxymethoxymethyl)piperazino]; (carbo-lower
      alkoxy)piperazino, [e.g., N.sup.4 -(carbomethoxy-, carboethoxy-, or
      carbopropoxy)piperazino]; piperidyl; (lower alkyl)piperidyl [ e.g., 1-,
      2-, 3- or 4-(lower alkyl)piperidyl, such as 1-N-methylpiperidyl or
      3-ethylpiperidyl]; di(lower alkyl)piperidyl, [e.g., 2,4-, 2,5-, or
      3,5-di(lower alkyl) piperidyl wherein lower alkyl is methyl, ethyl,
      n-propyl, isopropyl, etc.]; lower alkoxy piperidyl, [e.g.,
      3-methoxypiperidyl or 2-ethoxypiperidyl]; hydroxypiperidyl [e.g.,
      3-hydroxy- or 4-hydroxypiperidyl]; aminomethylpiperidyl, [e.g.,
      4-aminomethylpiperidyl]; pyrrolidyl; lower alkyl pyrrolidyl, [e.g.,
      1-N-methylpyrrolidyl]; di(lower alkyl)pyrrolidyl, [e.g.,
      2,3-dimethylpyrrolidyl]; lower alkoxy pyrrolidyl, [e.g.,
      4-N-methoxypyrrolidyl]; morpholinyl; (lower alkyl)morpholinyl, [e.g.,
      3-methylmorpholinyl]; di(lower alkyl)morpholinyl, [e.g.,
      3-methyl-4-N-ethylmorpholinyl]; (lower alkoxy)morpholinyl, [e.g.,
      2-ethoxymorpholinyl]; thiamorpholinyl; (lower alkyl)thiamorpholino, [e.g.,
      3-ethylthiamorpholinyl]; di(lower alkyl)thiamorpholinyl, [e.g.,
      3-methyl-4-N-ethylthiamorpholinyl]; lower alkoxy thiamorpholino, [e.g.,
      3-methoxythiamorpholinyl]; piperazinyl; alkyl, dialkyl, alkoxy or
      hydroxy-lower alkyl substituted piperazinyl.
PAR  The compounds of formula I were Z.sup.2 is not present and one or both of Z
      or Z.sup.1 is an amine form acid addition salts with inorganic and organic
      acids. In addition, where Z.sup.2 is present and Z.sup.2, Z.sup.3, Z.sup.4
      or R.sup.3 includes a basic nitrogen, the compounds of formula I also form
      acid addition salts with such acids. These acid addition salts frequently
      provide useful means for isolating the products from reaction mixtures by
      forming the salt in a medium in which it is insoluble. The free base may
      then be obtained by neutralization, e.g., with a base such as sodium
      hydroxide. Then any other salt may again be formed from the free base and
      the appropriate inorganic or organic acid. Illustrative are the
      hydrohalides, especially the hydrochloride and hydrobromide which are
      preferred, sulfate, nitrate, phosphate, borate, acetate, oxalate,
      tartrate, maleate, citrate, succinate, benzoate, ascorbate, salicylate,
      methanesulfonate, benzenesulfonate, toluenesulfonate, and the like.
      Quaternary ammonium salts are also formed, e.g., by reacting the free base
      with an alkylating agent, e.g., lower alkyl halide such as methyl
      chloride, ethyl bromide, or the like, lower alkyl sulfate such as methyl
      sulfate, aralkyl halides such as benzyl chloride, aralkyl sulfates such as
      benzyl sulfate, and the like.
PAR  The compounds of formula I, when R.sup.1 is hydrogen, form basic salts with
      inorganic and organic bases. These salts frequently provide useful means
      either for solubilizing the acid or for isolating the products from
      reaction mixtures by forming the salt in a medium in which it is
      insoluble. The free acid may be obtained from the salt by neutralization,
      e.g., with an acid such as hydrochloric acid, dilute sulfuric acid,
      phosphoric acid or the like. Then any other salt may again be formed from
      the free acid and the appropriate inorganic or organic base. Illustrative
      are alkali metal salts, e.g., sodium, potassium, etc., alkaline earth
      metal salts, e.g., calcium, magnesium, etc., aluminum salts, ammonium
      salts as well as salts with organic bases such as choline, benzylamine,
      triethylamine, cyclohexylamine and the like.
PAR  Preferred are those compounds where the oxyacetic acid group is in the 1-
      or 2- position, more preferably in the 1-position; where Z.sup.2 is not
      present, it is preferred that Z and Z.sup.1 each are hydroxyl, R.sup.2 and
      R.sup.3 are hydrogen, R.sup.4 and R.sup.5 are methyl and R.sup.1 is
      hydrogen or lower alkyl; where Z.sup.2 is present, it is preferred that Z
      and Z.sup.1 each are oxygen, Z.sup.2 is
      ##EQU12##
      where R.sup.12 and R.sup.13 are hydrogen or lower alkyl, R.sup.2 and
      R.sup.3 are each hydrogen, R.sup.4 and R.sup.5 are each methyl and R.sup.1
      is hydrogen or lower alkyl.
PAR  The compounds of formula I may be produced by the following method.
PAR  A phenolic compound of the structure:
      ##SPC5##
PAL  is made to react with a haloester of the formula:
      ##EQU13##
      wherein Q is halogen, preferably bromine, and R.sup.1 is lower alkyl,
      cycloalkyl, phenyl or benzyl in the presence of a base like potassium
      hydroxide, sodium hydride, sodamide or potassium t-butoxide to obtain a
      product of the formula:
      ##SPC6##
PAR  Heating the compound of formula VII with an alcohol solution of an alkali
      metal hydroxide, e.g., potassium hydroxide or sodium hydroxide in methanol
      or ethanol, e.g., for about 0.5 to 3 hours, yields a product of formula I,
      where R.sup.1 is hydrogen in appropriate cases after neutralization.
PAR  The starting phenolic compounds of formula V can be a bicyclic compound
      having the following structure where Z.sup.2 is not present:
      ##SPC7##
PAR  These compounds of formula VIII, including methods of preparation therefor,
      are fully disclosed in copending application, Ser. No. 268,314, filed July
      3, 1972, now abandoned, entitled Substituted Cyclic Polymethylene Phenols.
PAR  For example, compounds of formula VIII wherein Z and Z.sup.1 are hydroxy
      and n is one, that is
      ##SPC8##
PAL  can be prepared by dissolving a compound of the structure
      ##SPC9##
PAL  in acetic acid and water (from 92 to 98% acetic acid, preferably 96% acetic
      acid), and then treating the solution with silver acetate and iodine and
      heating under nitrogen and subjecting the product to basic hydrolysis. The
      stereochemical relationship of the hydroxyls thus introduced varies
      depending upon the amount if any of water present during the reaction.
PAR  The 5,8-dihydro-1-naphthol of formula XIII is prepared by reducing a
      naphthol of the structure
      ##SPC10##
PAL  with a metal such as sodium or lithium in liquid ammonia containing an
      alkanol such as ethanol, isopropanol, t-butanol or the like [e.g. by the
      procedure described in Organic Synthesis, Coll. Vol. 4, page 887 (1963)].
PAR  Treatment of the 5,8-dihydro-1-naphthol of formula XIII with a base, such
      as an alkali metal hydroxide and refluxing under nitrogen, cooling and
      thereafter acidifying the cooled mixture yields the compounds of formulae
      XIV and XV.
PAR  Compounds of formula VIII, wherein n is 0, and Z and Z.sup.1 are hydroxy,
      that is compounds of the formula
      ##SPC11##
PAL  may be prepared by reacting a compound of the formula
      ##SPC12##
PAL  (as disclosed in Japanese Patent No. 082,297 (11/9/69)/072582) (Derwent No.
      83217 R-B) with a benzyl halide, such as benzyl chloride, in a base such
      as an alkali metal alkoxide, such as sodium methoxide, in the presence of
      a solvent such as dimethyl sulfoxide, to form compounds of the structure
      ##SPC13##
PAL  wherein the dashed lines indicate the presence of a single double bond in
      varied position, which can be reacted with hydrogen peroxide in the
      presence of an acid, such as acetic acid, to form compounds of the
      structure
      ##SPC14##
PAR  Compound of formula VIII wherein n is 2 and Z and Z.sup.1 are hydroxy, and
      R.sup.3 is methoxy, that is compounds of the formula
      ##SPC15##
PAL  can be prepared by reducing compounds of the structure
      ##SPC16##
PAL  as disclosed in J. Org. Chem. 25 131 (1960), for example, by reacting it
      with a reducing agent such as sodium borohydride in an alcohol solvent, to
      form compounds of the structure
      ##SPC17##
PAL  The above mono-hydroxy compounds can be reacted with hydrochloric acid in
      acetic acid to form compounds of the structure
      ##SPC18##
PAL  which can be converted to the corresponding compounds or other derivatives
      as described with respect to the indanols and naphthols.
PAR  It will be appreciated that compounds of the invention wherein Z and
      Z.sup.1 are other than hydrogen and the OH group is in the 2-position or
      .beta.-position may be prepared as described above hereinbefore with
      respect to the compounds of the invention wherein OH is in the 1- or
      .alpha.-position, employing as starting materials, compounds where OH is
      in the 2- or .beta.-position.
PAR  The starting phenolic compounds of formula V can be a tricyclic compound,
      where Z.sup.2 is present, having the structure:
      ##SPC19##
PAR  The compounds of formula IX, including methods of preparation therefor, are
      fully disclosed in copending application, Ser. No. 268,300, filed July 3,
      1972, entitled Tricyclic Tetrahydro Naphthaleneols and Related Compounds.
PAR  Examples of haloesters which can be employed herein include, but are not
      limited to the following as set out in Table A below.
TBL                Table A                                                     
     ______________________________________                                    
              R.sup.4                                                          
              .vertline.                                                       
              Q--C--COOR.sup.1.sup.'                                           
              .vertline.                                                       
              R.sup.5                                                          
     Q       R.sup.4    R.sup.5  R.sup.1.sup.'                                 
     ______________________________________                                    
     Br      C.sub.6 H.sub.5                                                   
                        CH.sub.3 C.sub.2 H.sub.5                               
     Br                 H        CH.sub.3                                      
     Cl      CH.sub.3   CH.sub.3 CH.sub.3                                      
     Br      C.sub.6 H.sub.5 CH.sub.2 --                                       
                        CH.sub.3 C.sub.2 H.sub.5                               
     Br      C.sub.2 H.sub.5                                                   
                        C.sub.2 H.sub.5                                        
                                 C.sub.2 H.sub.5                               
     Br      H          H        C.sub.2 H.sub.5                               
     Br      H          CH.sub.3 C.sub.2 H.sub.5                               
     Br      CH.sub.3   CH.sub.3 C.sub.2 H.sub.5                               
     Br      C.sub.3 H.sub.7                                                   
                        C.sub.2 H.sub.5                                        
                                 CH.sub.3                                      
     Cl      H          H        C.sub.2 H.sub.5                               
     Br      C.sub.4 H.sub.9                                                   
                        H        C.sub.2 H.sub.5                               
     Br      C.sub.6 H.sub.5                                                   
                        H        C.sub.2 H.sub.5                               
     ______________________________________                                    
PAR  The symbols in all of the foregoing formulas have the same meanings
      previously defined.
PAR  The new compounds of this invention are useful as hypocholesteremic agents.
      They inhibit cholesterol biosynthesis and regulate the cholesterol in the
      blood of warm-blooded animals such as rats or the like. Thus they are
      useful in the treatment of conditions such as atherosclerosis. The
      compounds of the invention may be administered orally or parenterally,
      e.g., at a dosage level of 2 to 40 mg/kg/day in single or divided doses,
      preferably 4 to 10 mg/kg orally two to four times daily, in the form of
      tablets, capsules, elixirs, injectables, or the like by compounding up to
      about 300 mg. of a substance of formula I or a physiologically acceptable
      salt thereof together with a suitable vehicle, excipient, lubricant,
      flavor, etc., according to accepted pharmaceutical practice.
PAR  The new compounds of this invention are also useful as anti-inflammatory
      agents, for example, to reduce local inflammatory conditions such as those
      of an edematous nature, in various animals such as rats, dogs and the
      like, when given orally in dosages of about 5 to 50 mg/kg/day, preferably
      5 to 25 mg/kg/day, in single or 2 to 4 divided doses, as shown by the
      carageenan edema assay in rats. The compound may be utilized in
      compositions containing up to about 300 mg. of a compound of Formula I or
      a physiologically acceptable salt thereof made up in conventional manner
      with vehicle or carrier for oral administration to animals as indicated
      above. Topically, compositions containing up to about 1% by weight in a
      conventional cream may be used.
DETD
PAR  The following Examples are illustrative and represent preferred embodiments
      of the invention. All temperatures are on the Centigrade scale.
PAC  EXAMPLE 1
PAL  cis-2-[(6,7-Dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic
      acid, ethyl ester
PAR  Sodium hydride, 50% (0.75 mole) is added in portions with stirring to 50
      ml. of cooled absolute ethyl alcohol. After the evolution of hydrogen has
      subsided, 0.075 mole of 6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthol is
      added, followed by the dropwise addition of 0.075 mole of ethyl
      .alpha.-bromoisobutyrate. The reaction mixture is refluxed with stirring
      for 16 hours. The solvent is evaporated in vacuo, the residue taken up in
      water and extracted with chloroform. The chloroform extract is washed with
      water, dried and freed of solvent to give the title compound in the form
      of an oil.
PAC  EXAMPLE 2
PAL  cis-2-[(6,7-Dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic
      acid
PAR  To a solution of 0.05 mole of the product of Example 1 in 50 ml. of methyl
      alcohol, 30 ml. of 40% methanolic potassium hydroxide is added and the
      mixture is refluxed for 0.5 hours. The solvent is removed in vacuo, the
      residue dissolved in water, acidified and extracted with chloroform. The
      chloroform extract is washed with water, dried and concentrated to give
      the title compound as a thick oil.
PAC  EXAMPLE 3
PAL  2-[6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-acetic acid ethyl ester
PAR  Following the procedure of Example 1, but substituting an equivalent amount
      of ethyl bromoacetate for the ethyl .alpha.-bromoisobutyrate, there is
      obtained the title compound.
PAC  EXAMPLE 4
PAL  .alpha.-[(6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropioni
     c acid, ethyl ester, 6,7-acetonide
PAL  A. cis-5,6,7,8-Tetrahydro-1,6,7-naphthalenetriol
PAR  A solution of 29.2 g. (0.2 mole) of 5,8-dihydro-1-naphthol and 40 ml. of
      acetic anhydride in 100 ml of pyridine is prepared. After 16 hr. the
      solvent is removed in vacuo and the residue dissolved in ether and washed
      with 200 ml. of 5% hydrochloric acid, water, 200 ml. of 10% sodium
      hydroxide, saturated salt solution and dried. Solvent removal gives 34.2 g
      (90.5%) of crude acetate which is dissolved in 900 ml. of acetic acid and
      36 ml. of water. 53.3 g. (0.32 mole) of silver acetate is added followed
      by 40.6 g. (0.16 g-atom) of iodine. The slurry is heated with good
      stirring at 85.degree. .+-. 10.degree. for 3 hr. under nitrogen, cooled
      and filtered. The filtrate is evaporated in vacuo and the residue
      dissolved in 250 ml. of methanol and cooled to 0.degree.. A solution of 40
      g. of sodium hydroxide in 200 ml. of water is added under nitrogen and the
      mixture stirred overnight. The bulk of the methanol is removed in vacuo
      whereupon a solid forms. The solid is separated by filtration, dissolved
      in 150 ml. of water and acidified with 20 ml. of concentrated hydrochloric
      acid. Cooling gives a solid which is filtered and dried to give 16.5 g.
      2,3 cis-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol m.p. 184.5-187.degree..
      Three recrystallizations from absolute ethanol give the analytical sample,
      m.p. 188.degree.-188.5.degree..
PAR  Anal. Calc'd for C.sub.10 H.sub.12 O.sub.3 : C, 66.65; H, 6.71; Found: C,
      66.19; H, 6.68.
PAL  B. acetonide of cis-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol
PAR  A slurry of 5.4 g of the cis-5,6,7,8-tetrahydro-1,6,7-naphthalene-triol in
      50 ml of 2,2-dimethoxy propane is treated with 150 mg. of TsOH (solution
      in 10 min). After 1 hr. the solution is partitioned between ether and
      sat'd bicarbonate solution. The organic layer is dried and evaporated to
      give 6.58 g. essentially TLC homogeneous. Crystallization of a small
      sample from hexane/ethyl acetate gives the title material of mp.
      130.5-131.5.degree..
PAL  C. 2-[6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthyl-oxy]-2-methylpropionic
      acid, ethyl ester, 6,7-acetonide
PAR  Following the procedure of Example 1 but substituting the acetonide of the
      triol of part B above for the 1-naphthol, the title compound is obtained.
PAC  EXAMPLE 5
PAL  0.sup.6,0.sup.7
      -butylidene-2-[6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)-oxy]-2-methylp
     ropionic acid ethyl ester
PAR  A. A solution of 3.6 g (0.02 moles) of the triol of Example 1 in 50 ml. of
      benzene, and 1.5 g of butanal in the presence of 0.1 g p-toluene sulfonic
      acid are mixed together and stirred for several hrs. Water is removed by
      azeotropic distillation and the residue is taken to dryness to yield
      0.sup.6, 0.sup.7 -butylidene - 5,6,7,8-tetrahydro-1,6,7-naphthalene triol.
PAL  B. 0.sup.6, 0.sup.7
      -butylidene-2-[6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpr
     opionic acid ethyl ester
PAR  The procedure of Example 1 is repeated employing the triol of part A to
      form the title compound.
PAC  EXAMPLE 6
PAL  0.sup.6, 0.sup.7
      -.beta.-diethylaminoethylidene-2-[6,7-dihydroxy-5,6,7,8-tetrahydro-1-napht
     hyl)oxy]-phenylacetic acid methyl ester
PAR  A. 6,7-.beta.-chloroethylidene-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol
PAR  A solution of 27 g (0.15 moles) of
      cis-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol prepared as described in
      Example 1 in 250 ml of benzene and 25 g of diethoxyethyl chloride in the
      presence of 0.2 g p-toluene sulfonic acid are mixed together for several
      hours. Water is removed by azeotropic distillation and the residue taken
      to dryness to yield the title compound.
PAL  B. 0.sup.6,0.sup.7
      -.beta.-diethylaminoethylidene-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol
PAR  The procedure described in J. Pharm and Pharmac. 23, 649 (1971) is
      followed.
PAR  The haloacetal from part A is dissolved in ethanol containing excess
      diethylamine and the mixture heated at 100.degree.C for 48 hours in a
      bomb. The mixture is cooled and water and solvent stripped therefrom. The
      residue is purified by chromatography on Alumina II neutral to yield the
      title compound.
PAL  C. 0.sup.6,0.sup.7
      -.beta.-diethylaminoethylidene-2[6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphth
     yl)oxy]-phenylacetic acid methyl ester
PAR  The procedure of Example 1 is followed employing the triol of part B and
      ##EQU14##
      to form the title compound.
PAC  EXAMPLE 7
PAL  2-[6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic acid
      ethyl ester 0.sup.6,0.sup.7 -cyclic carbonate
PAL  A. 5,8-dihydro-1-naphthol, benzyl ether
PAR  A solution of 5,8-dihydro-1-naphthol (73 g., 0.5 M) in 400 ml. DMSO is
      treated with 0.5 M of sodium methoxide. The mixture is cooled in an ice
      bath while benzyl bromide (85.5 g., 0.5 M) is added dropwise. The mixture
      has to be shaken periodically since there is difficulty in stirring.
      Toward the end of the addition the mixture is allowed to warm to
      .about.45.degree., and stirring is continued for 2-3 hours after addition
      is complete. The mixture is then poured into 1 liter H.sub.2 O and the
      product is extracted into ether. The ether extracts are washed with 10%
      NaOH, dried and the solvent is removed in vacuo to give a quantitative
      yield of crude crystalline product.
PAR  A small sample (4 g.) of this is recrystallized twice from methanol to give
      the title compound, 1.3 g., mp 70-74.degree..
PAR  Anal. Calc'd for C.sub.17 H.sub.16 O: C, 86.40; H, 6.83; Found: C, 86,58;
      H, 6.6.
PAL  B. cis-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol-O.sup.1 -benzyl ether
PAR  To 47.2 g (0.20 mole) of the above ether dissolved in 900 ml of acetic acid
      containing 30 ml of water is added 53.3 g (0.32 mole) of silver acetate
      with vigorous stirring followed by 40.6 g (0.16 g. atom) of iodine. After
      1 hour, the slurry is heated to 85-95.degree. for 3 hours under nitrogen,
      cooled and filtered. The filtrate is taken to dryness in vacuo and the
      residue taken up in 250 ml of methanol and treated in the cold with a
      solution of 40 g of sodium hydroxide in 200 ml of water. After stirring
      overnight, the bulk of the methanol is removed in vacuum, and the product
      extracted into chloroform. After drying and solvent removal, the product
      is induced to crystallize by trituration with hexane.
PAL  C.
      5,6,7,8-tetrahydro-1,6,7-naphthalenetriol-0'-benzyl-ether-0.sup.6,0.sup.7
      -carbonate
PAR  In accordance with the procedure set out in Arch. Pharm. 304 590 (1971), a
      solution of 27 g (0.1 mole) of the diol of part B (0.1 m) in 200 ml of THF
      is treated with 1.7 g. (0.1 m) of N,N-carbonyl diimidazole and heated
      under reflux for 2 hrs. After cooling, the mixture is poured into water
      and the product extracted into CHCl.sub.3, dried and purified on
      deactivated silica gel to give the title compound.
PAL  D. 2-[6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic
      acid ethyl ester 0.sup.6,0.sup.7 -cyclic carbonate
PAR  The procedure of Example 1 is repeated employing the above carbonate and
      ##EQU15##
      to form the title compound.
PAC  EXAMPLE 8
PAL  0.sup.6,0.sup.7
      -2'-butylidene-2[6,7-dihydroxy-5,6,7,8-tetrahydro-2-naphthyl)oxy]-2-methyl
      propionic acid ethyl ester
PAL  A. 5,8-dihydro-2-naphthol
PAR  The procedure of Marshall, et al, Can. J. Chem., 47. 3127 (1969) is
      followed exactly. From 25.0 g of .beta.-naphthol is obtained 18.9 g of
      crude product. NMR analysis indicated it to contain ca. 40% of the desired
      5,8-dihydro-2-naphthol and 60% of 5,6,7,8-tetrahydro-2-naphthol.
PAL  B. cis-5,6,7,8-Tetrahydro-2,6,7-naphthalene triol
PAR  The 18.9 g. of crude product was converted to the acetate by the procedure
      used in Example 1 and the resulting oil (23.8 g) was heated at 90.degree.
      for 3 hr. with 300 ml. of acetic acid, 20 ml. of water, 23.5 g. of silver
      acetate and 18.0 g. of iodine. The slurry was cooled and filtered. The
      filtrate was evaporated and the residue stirred overnight under nitrogen
      with 100 ml. each of water and methanol and 20 g. of sodium hydroxide. The
      methanol was removed in vacuo and the residue acidified at 0.degree. with
      155 ml. of 12% hydrochloric acid. The oil which separated crystallized
      when shaken in a separatory funnel with chloroform. Filtration gave 7.9 g.
      of tan solid. Recrystallization from ethanol/ethyl acetate gave in several
      crops 4.03 g., mp 193-195.5.degree..
PAL  C. 0.sup.6,0.sup.7 -2'-butylidene-5,6,7,8-tetrahydro-2,6,7-naphthalenetriol
PAR  Following the procedure of Example 5 substituting for butanal, methyl ethyl
      ketone, the title compound is obtained.
PAL  D. 0.sup.6,0.sup.7
      -2'-butylidene-2-[6,7-dihydroxy-5,6,7,8-tetrahydro-2-naphthyl)oxy]-2-methy
     lpropionic acid ethyl ester
PAR  Following the procedure of Example 1 employing the above triol and
      ##EQU16##
      the title compound is formed.
PAC  EXAMPLE 9
PAL  S,o-isopropylidene-2-[6(and7)mercapto-7(and
      6)hydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic acid ethyl
      ester
PAL  A. 6,7-epoxy-5,6,7,8-tetrahydro-1-naphthyl benzyl ether
PAR  A solution of 73 g. (0.5 m) of 5,8-dihydro-1-naphthol in 100 ml. DMSO is
      treated with 0.5 m sodium methoxide. The mixture is cooled in an ice bath
      and treated dropwise with 0.5 mole benzyl bromide with shaking
      periodically. The mixture is gradually allowed to warm up to about
      45.degree. toward the end of addition. The mixture is stirred 3 hrs.
      longer, then poured into 1 liter H.sub.2 O and extracted into ether.
      Extracts are washed twice with 10% NaOH, dried, taken to dryness leaving
      almost a quantitative yield of crystalline 5,8-dihydro-1-naphthyl benzyl
      ether.
PAR  A solution of 23.6 g. (0.10 m) of the above ether in 250 ml. CHCl.sub.3 is
      treated with a solution of 0.11 m m-chloroperbenzoic acid in CHCl.sub.3 at
      10.degree.-15.degree.C and stirred overnight. After filtration, the
      organic filtrate is washed with dilute K.sub.2 CO.sub.3, dried and freed
      of solvent, leaving crude solid epoxy ether.
PAL  B. 7(and 6)Mercapto-5,6,7,8-tetrahydronaphthalene-1,6(and 7)diol
PAR  A solution of the above epoxyether (12.6 g, 0.05 m) in ethanol was added to
      an aqueous solution of sodium sulfide and the resulting mixture warmed for
      several hours. After cooling and acidification with acetic acid, the
      product was extracted into CHCl.sub.3, debenzylated, dried and freed of
      solvent to leave a mixture of isomeric mercapto alcohols of structure:
      ##SPC20##
PAL  C. acetonide of 7(and 6)mercapto-5,6,7,8-tetrahydronaphthalene-1,6(and
      7)diol
PAR  In a manner similar to Example 4B, substituting the above mercapto
      compounds from part B for the triol, the title acetonide is obtained.
PAL  S,o-isopropylidene-2-[6 (and 7)mercapto-7 (and
      6)hydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methyl propionic acid ethyl
      ester
PAR  The procedure of Example 1 is followed employing the above acetonide to
      form the title compound.
PAC  EXAMPLE 10
PAL  2-[3a,4,9,9a-Tetrahydro-2-butyl-2-methyl-2H-naphtho(2,3-d)-1-thia-3-oxol-5(
     and 8)yl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. s,o-2'-hexylidene-6(and 7) mercapto-5,6,7,8-tetrahydronaphthalene-1,7
      (and 6) diol
PAR  Employing the mercaptan prepared in Example 9B in lieu of the
      1,2,3,4-tetrahydro-1,2,5-naphthalenetriol in the procedure of Example 5,
      and replacing the butanal with methyl butyl ketone, the following compound
      is obtained
      ##SPC21##
PAL  B.
      2-[3a,4,9,9a-Tetrahydro-2-butyl-2-methyl-2H-naphtho-(2,3-d)-1-thia-3-oxol-
     5 (and 8)yl)oxy]-2-methylpropionic acid ethyl ester
PAR  The procedure of Example 1 is followed employing the above diol to form the
      title compound.
PAC  EXAMPLE 11
PAL  2-[3a,4,9,9a-Tetrahydro-2-diethylaminomethyl-2H-naphtho(2,3-d)-1-thia-3-oxo
     l-5 (and 8)yl)oxy]-phenylacetic acid methyl ester
PAL  A. s,o.sup.7
      -.beta.-chloroethylidene-6-mercapto-5,6,7,8-tetrahydronaphthalene-1,7-diol
PAR  Employing the mercaptan prepared in Example 9B in lieu of
      cis-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol in the procedure of Example
      6A, the following compound is obtained.
      ##SPC22##
PAL  B.
      2-[3a,4,9,9a-Tetrahydro-2-diethylaminomethyl-2H-naphtho-(2,3-d)-1-thia-3-o
     xol-5 (and 8)yl)oxy]-phenylacetic acid methyl ester
PAR  The procedure of Example 6C is followed employing the above compound to
      form the title compound.
PAC  EXAMPLE 12
PAL  2-[3a,4,9,9a-Tetrahydro-2H-naphtho(2,3-d)-1-thia-3-oxol-2-one-5 (and
      8)yl)oxy]-2-methylpropionic acid ethyl ester
PAC  A. 6-Mercapto-5,6,7,8-tetrahydronaphthalene-1,7-diol S,O.sup.7
      -carbonate-0'-benzyl ether
PAR  Employing the benzyl ether of the mercaptan of Example 9B in the procedure
      of Example 4 in lieu of the diol, the following compound is obtained.
      ##SPC23##
PAC  B. 2-[3a,4,9,9a-Tetrahydro-2H-naphtho(2,3-d)-1-thia-3-oxol-2-one-5(and
      8)yl)oxy]-2-methylpropionic acid ethyl ester
PAR  The above compound is debenzylated by reaction with Pd/C in the presence of
      pyridine and the resulting phenol is subjected to the procedure of Example
      1 to form the title compound.
PAC  EXAMPLE 13
PAL  7-hydroxy-1(and
      4)-(2'-carbethoxy-2'-propoxy)-5,6,7,8-tetrahydro-6-naphthyloxyacetic acid
      lactone
PAL  A. 7(and 6)Hydroxy-5,6,7,8-tetrahydro-6(and 7)-naphthyloxyacetic-acid
      lactone
PAR  The above compound is prepared by reacting 0.1 mole
      5,6,7,8-tetrahydro-1,6,7-naphthalenetriol 0'-benzyl ether with 0.1 mole of
      Cl-CH.sub.2 CO.sub.2 C.sub.2 H.sub.5 in 100 ml of dimethoxyethane in the
      presence of 3 g NaH and heating the mixture at reflux for several hours
      and thereafter separating the product from the reaction mixture by
      chromatography on silica gel.
PAR  Catalytic debenzylation over 5% Pd/c in ethanol then affords the free
      phenol.
PAL  B. 7-hydroxy-1(and
      4)-(2'-carbethoxy-2'propoxy)-5,6,7,8-tetrahydro-6-naphthyloxyacetic acid
      lactone
PAR  The procedure of Example 1 is followed employing the above phenol to form
      the title compound.
PAC  EXAMPLE 14
PAL  2-[6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic acid
      ethyl ester 0.sup.6,0.sup.7 -cyclic oxalate
PAL  A. 5,6,7,8-tetrahydronaphthalene-1,6,7-triol 0.sup.6, 0.sup.7 -cyclic
      oxalate-0'benzyl ether
PAR  The above compound is prepared by dissolving 0.1 m of
      5,6,7,8-tetrahydro-1,6,7-naphthalenetriol 0'-benzyl ether in 25 ml of cold
      pyridine and adding 0.1 m of oxalyl chloride dropwise. After filtration
      and solvent removal, the product is purified by chromatography on silica
      gel. Catalytic debenzylation over 5% Pd on C then yields the free phenol.
PAL  B. 2-[6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy)-2-methylpropionic
      acid ethyl ester 0.sup.6, 0.sup.7 cyclic oxalate
PAR  The procedure of Example 1 is followed employing the above phenol to form
      the title compound.
PAC  EXAMPLE 15
PAL  2-[(3a,4,9,9a-Tetrahydro-2H-naphtho(2,3-d)-1-thia-3-oxol-2-thion-5(and
      8)yl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. 6-mercapto-5,6,7,8-tetrahydro-naphthalene-1,7-diol-0'-benzyl ether
      0.sup.7, S-thiocarbonate
PAR  The procedure of Examples 9 and 4 are followed employing the benzyl ether
      of the mercaptan of Example 9B and thiophosgene in place of phosgene to
      form the above compound.
PAL  B. 2-[(3a,4,9,9a-Tetrahydro-2H-naphtho(2,3-d)-1-thia-3-oxol-2-thion-5(and
      8)yl)oxy]-2-methylpropionic acid ethyl ester
PAR  Catalytic debenzylation of the benzyl ether over 5% Pd on C in the presence
      of ethanol yields the free phenol. The free phenol is subjected to the
      procedure of Example 1 to form the title compound.
PAC  EXAMPLE 16
PAL  2-[(3a,4,9,9a-Tetrahydro-2H-naphtho(2,3-d)-1-oxy-3-azol-2-one-5(and
      8)yl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. 6(and 7)-Amino-5,6,7,8-tetrahydronaphthalene-1,7-(and 6)-diol-0'-benzyl
      ether 0.sup.7,N-carbonate
PAR  A solution of 0.1 m each of the epoxide benzyl ether of Example 9A and
      phenyl isocyanate in xylene is added to a solution containing 0.004 m of
      tributyl phosphine oxide and 0.003 m of lithium bromide in xylene and the
      mixture heated under reflux overnight. After cooling, solvent is removed
      and the crude mixture of products purified on neutral Alumina III to give
      the title compound.
PAR  Method Ref. Tet. Letters 809 (1971)
PAL  B. 2-[(3a,4,9,9a-Tetrahydro-2H-naphtho(2,3-d)-1-oxy-3-azol-2-one-5(and
      8)yl)oxy]-2-methylpropionic acid ethyl ester
PAR  Catalytic debenzylation of the benzyl ether over 5% Pd on C in the presence
      of ethanol yields the free phenol. The free phenol is subjected to the
      procedure of Example 1 to form the title compound.
PAC  EXAMPLE 17
PAL  2-[3a,4,9,9a-Tetrahydro-2H-naphtho(2,3-d)-1-oxa-3-azol-2-thion-5(and
      8)yl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. 6-amino-5,6,7,8-tetrahydronaphthalene -1,7-diol-0'-benzyl ether
      0.sup.7,N-thiocarbonate
PAR  A solution of 0.1 m each of the epoxide benzyl ether of Example 9A and
      butylisothiocyanate in xylene added to a solution containing 0.004 m of
      tributyl phosphine oxide and 0.003 m of lithium bromide in xylene and the
      mixture heated under reflux overnight. After cooling, solvent is removed
      and the crude mixture of products purified on neutral Alumina III to give
      the title compound.
PAR  Method Ref. Tet. Letters 809 (1971).
PAL  B. 2-[3a,4,9,9a-Tetrahydro-2H-naphtho(2,3-d)-1-oxa-3-azol-2-thion-5(and
      8)yl)oxy]-2-methylpropionic acid ethyl ester
PAR  Catalytic debenzylation of the above benzyl ether over 5% Pd on C in the
      presence of ethanol yields the free phenol. The free phenol is subjected
      to the procedure of Example 1 to yield the title compound.
PAC  EXAMPLE 18
PAL  2-[3a,4,9,9a-Tetrahydro-2-phenyl-1H-naphth(2,3-d)oxazol-5-(and
      8)yl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. 6,7-epoxy-5,6,7,8-tetrahydro-1-naphthol benzyl ether
PAR  A solution of 12.8 (0.054 m) of 5,7-dihydro-1-naphthol benzyl ether in 150
      ml of CH.sub.2 Cl.sub.2 was cooled to 0.degree. and 8.9 g 0.052 mole of
      m-chloroperbenzoic acid was added over a period of 5 min. and the mixture
      was stirred overnight at room temperature.
PAR  The suspension was poured into a mixture of 50 ml of 10% NaOH and 100 g of
      ice. The aqueous layer was extracted with CH.sub.2 Cl.sub.2, and the
      combined organic layers were washed with water and satd. NaCl soln. dried
      and evaporated in vacuo to give the title compound.
PAL  B. trans 6(and 7)-Amino-5,6,7,8-tetrahydro-1,7(and 6)-naphthalenediol
PAR  A solution of 6,7-epoxy-5,6,7,8-tetrahydro-1-naphthol 0'-benzyl ether 12.6
      g (0.05 mole) in 200 ml dioxane was heated to 40.degree. and a solution of
      sodium azide (6.8 g, 0.11 mole) in water (20 ml) was added dropwise. The
      mixture was heated under reflux overnight, cooled, filtered and the
      solvent was removed in vacuo.
PAR  The crude azide was dissolved in 100 ml of ether and added to a suspension
      of LAH (5 g) in 250 ml of ether. After several hours at reflux, the
      mixture was decomposed with aqueous potassium carbonate and the filtrate
      freed of solvent.
PAL  C. c-phenylimidazole derivative of
      6-amino-5,6,7,8-tetrahydronaphthalene-1,7-diol 0'-benzyl ether
PAR  The trans amino alcohol was converted to its N-benzoyl derivative with
      benzoyl chloride-pyridine. This is added portionwise to excess thionyl
      chloride and then kept at 50.degree.-60.degree. for 3 hrs. Removal of
      excess reagent in vacuum leaves the crude cis oxazoline as its HCl salt,
      which is recrystallized from ethanol-ether.
PAL  D. 2-[3a,9,9,9a-Tetrahydro-2-phenyl-1H-naphth(2,3-d)-oxazol-5-(and
      8)yl)oxy]-2-methylpropionic acid ethyl ester
PAR  Catalytic debenzylation of the above benzyl ether over 5% Pd/C in the
      presence of ethanol yields the free phenol which is converted to the title
      compound by the procedure of Example 1.
PAC  EXAMPLE 19
PAL  2-[3a,4,9,9a-Tetrahydro-2-amino-1H-naphth(2,3-d)oxazol-5-(and
      8)yl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. aminooxazoline derivative of 6(and
      7)amino-5,6,7,8-tetrahydronaphthalene-1,7(and 6)diol
PAR  An intimate mixture of 12.6 g. (0.05 mole) of
      6,7-epoxy-5,6,7,8-tetrahydro-1-naphthyl benzyl ether and 25 g. of
      guanidine are heated to 140.degree.-180.degree.C until gas evolution
      ceases. The reaction mixture is cooled, and the product recrystallized
      from alcohol.
PAL  B. 2-[3a,4,9,9a-Tetrahydro-2-amino-1H-naphth(2,3-d)oxazol-5-(and
      8)yl)oxy]-2-methylpropionic acid ethyl ester
PAR  The free phenol obtained on catalytic debenzylation is subjected to the
      procedure of Example 1 to form the title compound.
PAC  EXAMPLE 20
PAL  6-hydroxy-5(and
      8)-(2'-carbethoxy-2'-propoxy)5,6,7,8-tetrahydronaphthalene-7-acetic acid
      lactone
PAC  A. 1,7(and 6)Dihydroxy-5,6,7,8-tetrahydro-6(and 7)naphthaleneacetic acid
      lactone
PAR  A solution of 12.6 g (0.05 mole) of 6,7-epoxy-5,6,7,8-tetrahydronaphthol
      benzyl ether and 7.5 g (0.05 mole) of diethylmalonate in 150 ml of
      absolute ethanol containing about 0.01 mole of sodium ethoxide was brought
      to reflux for several hours. The mixture was cooled, treated with
      concentrated HCl and warmed to effect hydrolysis and decarboxylation.
      Removal of the solvent left crude lactone which was purified by
      chromatography on silica gel.
PAR  Catalytic debenzylation over 5% Pd on C in ethanol provided the free
      phenol.
PAL  B. 6-hydroxy-5(and
      8)-(2'-carbethoxy-2'-propoxy)5,6,7,8-tetrahydronaphthalene-7-acetic acid
      lactone
PAR  The procedure of Example 1 is followed employing the above phenol to form
      the title compound.
PAC  EXAMPLE 21
PAL  6-mercapto-5(and
      8)-(2'-carbethoxy-2'-propoxy)-5,6,7,8-tetrahydronaphthalene-7-acetic acid
      thiolactone
PAL  A. 7(and 6)Mercapto-1-hydroxy-5,6,7,8-tetrahydronaphthalene acetic acid
      lactone
PAR  Employing 6,7-epithio-5,6,7,8-tetrahydronaphthol benzyl ether in place of
      the epoxide in Example 20A produced the title compound.
PAL  B. 6-mercapto-5(and
      8)-(2'-carbethoxy-2'-propoxy)-5,6,7,8-tetrahydronaphthalene-7-acetic acid
      thiolactone
PAR  The procedure of Example 1 is followed employing the above lactone to form
      the title compound.
PAC  EXAMPLE 22
PAL  2-[6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic acid
      ethyl ester 6,7-acetonide
PAR  The product of Example 1 is dissolved in acetone in the presence of a
      catalytic amount of p-toluene sulfonic acid and the mixture is refluxed to
      form the title compound, identical to the material prepared in Example 4.
PAC  EXAMPLE 23
PAL  2-[5-methoxy-6-hydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic
      acid ethyl ester
PAL  A. 5,6- and 7,8-dihydro-1-naphthol
PAR  A mixture of 105.8 g of crude 5,8-dihydro-1-naphthol and 480 g of 50%
      sodium hydroxide was refluxed under nitrogen for 2 hr, poured onto 2 kg of
      ice and acidified with conc. hydrochloric acid. The solid was taken up in
      ether, the ether dried and evaporated and the residue distilled to give 88
      g, bp 91.degree.-95.degree. at 0.05 mm. Four recrystallizations from 400
      ml of hexane gave 59 g, mp 70.5-76.degree. which contained ca. 10-15% of
      5,6,7,8-tetrahydro-1-naphthol in addition to the two olefins. VPC and NMR
      showed the absence of 5,8-dihydro-1-naphthol and 1-naphthol.
PAL  B. epoxidation of 5,6- and 7,8-dihydro-1-naphthyl acetate.
PAR  A solution of 18.4.g (0.10 mole) of the acetate of the above mixture
      (prepared with pyridine and acetic anhydride) in 400 ml of methylene
      chloride was cooled to 0.degree. and 20.0 g (ca. 0.1 mole) of commercial
      m-chloroperbenzoic acid added. After 2 hr at 0.degree.100 ml of cold 6%
      sodium hydroxide was added with good stirring. After 5 min the layers were
      separated and the organic layer dried and evaporated to give 19.8 g of
      oil.
PAR  The above 19.8 g of epoxide was dissolved in 400 ml of methanol and stirred
      overnight with 200 mg of TsOH. The solution was cooled to 0.degree. and
      100 ml of 9% sodium hydroxide added. After 2 hr at 0.degree. the bulk of
      the methanol was removed in vacuo and 75 ml of 10% hydrochloric acid added
      at 0.degree.. Extraction with chloroform (5.times.200 ml) gave 19.2 g of
      oil which showed five major spots on TLC (CHCl.sub.3, alumina, I.sub.2)
      coded A-E in order of decreasing R.sub.f. This material was absorbed onto
      150 ml neutral Alumina II, placed on a 550 g column of dry packed Alumina
      II and eluted with: 1400 ml of 1:1 hexane/CHCl.sub.3, 700 ml 2:1
      CHCl.sub.3 /hexane, 700 ml of 3:1 CHCl.sub.3 /hexane, 600 ml of
      CHCl.sub.3, and 1500 ml of 5% methanol in CHCl.sub.3 (100 ml fractions).
PAR  Fractions 1-6 contained 2.38 g of TLC pure A, identical by mp and TLC to
      5,6,7,8-tetrahydro-1-naphthol.
PAR  Fractions 9-12 contained 0.63 g of TLC pure B, identical by TLC and IR to
      the starting olefin mixture.
PAR  Fractions 15-21 contained 1.68 g of C that is
      cis-8-methoxy-5,6,7,8-tetrahydro-1,7-naphthalenediol contaminated with the
      by-product D. Recrystallization from ethyl acetate gave 812 mg of TLC pure
      C, mp 131.degree.-135.5.degree..
PAR  Fractions 22-28 contained 2.13 g of D contaminated with E, that is
      trans-5-methoxy-5,6,7,8-tetrahydro-1,6-naphthalenediol. Recrystallization
      from ethyl acetate gave 1.36 g of TLC pure D, mp
      110.5.degree.-113.degree..
PAR  Fractions 29-51 contained 8.33 g of E with small amounts of contaminants
      which are removed by recrystallization from ethyl acetate to give 4.79 g
      of TLC pure E. mp 137.5.degree.-139.degree..
PAL  C.
      2-[5-methoxy-6-hydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropioni
     c acid ethyl ester
PAR  The procedure of Example 1 is followed employing
      trans-5-methoxy-5,6,7,8-tetrahydro-1,6-naphthalenediol(E) to form the
      title compound.
PAC  EXAMPLE 24
PAL  2-[8-methoxy-7-hydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic
      acid ethyl ester
PAR  The procedure of Example 1 is followed employing
      cis-8-methoxy-5,6,7,8-tetrahydro-1,7-naphthalenediol (Product C described
      above in Example 23B) to form the title compound.
PAC  EXAMPLE 25
PAL  trans-2-[6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic
      acid ethyl ester
PAL  A. trans-1,2,3,4-Tetrahydro-5-acetoxy-1,2-naphthalenediol.
PAR  A solution of 41.3 g of the epoxy acetate (prepared in overall 73% yield
      from 5,8-dihydro-1-naphthol as described in Example 23B in 420 ml of THF
      and 105 ml of water was cooled to 0.degree. and 2.4 ml of 70% HClO.sub.4
      added. After 150 min at 0.degree. the solution was partitioned between 600
      ml of ether and a mixture of 600 ml of sat'd salt and 100 ml of sat'd
      sodium bicarbonate solution. The organic layer was separated, dried and
      evaporated to give 46.2 g of oily solid. Trituration with 200 ml of
      boiling ether gave 13.4 g, mp 153-158.degree.. Recrystallization from 250
      ml of ethyl acetate gave 10.2 g, mp 161.degree.-162.5.degree., homogeneous
      on TLC.
PAL  B. trans-1,2,3,4,-Tetrahydro-1,2,5-naphthalenetriol.
PAR  A solution of 13.3 g of the above acetate in 500 ml of THF was cooled to
      0.degree. and 140 ml of 1 N sodium hydroxide solution added under
      nitrogen. After 2 hr at 0.degree., carbon dioxide was bubbled through to
      pH = 8, the slurry diluted with 1 liter of sat'd salt and the mixture
      extracted with CHCl.sub.3 (3 .times. 500 ml) to give 9.1 g of solid.
      Recrystallization from 100 ml of ethyl acetate gave 5.7 g. mp
      147.5-149.5.degree..
PAL  C.
      trans-2-[6,7-dihydroxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropioni
     c acid ethyl ester
PAR  The procedure of Example 1 is followed employing the triol of part B to
      form the title compound.
PAC  EXAMPLE 26
PAL  2-[7-hydroxy-6-isopropylamino-5,6,7,8-tetrahydro-1(and
      4)-naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. 6,7-epoxy-5,6,7,8-tetrahydro-1-naphthol acetate.
PAR  A solution of 101 g (0.542 M) of 5,8-dihydro-1-naphthol acetate in 1.5
      liters of CH.sub.2 Cl.sub.2 was cooled to 0.degree. and 89 g (0.516 M) of
      m-chloroperbenzoic acid was added over a period of 5 min. and the mixture
      was stirred overnight at room temperature.
PAR  The suspension was poured into a mixture of 500 ml of 10% NaOH and 1000 g
      of ice. The aqueous layer was extracted with CH.sub.2 Cl.sub.2 (2 .times.
      500 ml), and the combined organic layers were washed with water and satd.
      NaCl soln, dried and evaporated in vacuo to give the title compound, 105 g
      (95% yield) of pink solid.
PAL  B. 6,7-trans-5,6,7,8-Tetrahydro-7(and 6)-(isopropylamino)-1,6(and
      7)-naphthalenediol, hydrochloride.
PAR  A mixture of epoxy acetate (10.2 g; 0.05 M) and isopropylamine was charged
      to the small bomb and heated overnight in an oil bath maintained at
      100.degree.. After cooling, the excess amine was removed in vacuo leaving
      a dark brown viscous material which was chromatographed on activity 3
      neutral alumina. Fractions eluted with 10-20% MeOH in CHCl.sub.3 yielded
      crystalline material on standing under hexane. Two recrystallizations from
      ether gave a sample melting 112.degree.-117.degree.. This was dissolved in
      IPA-ether and converted to the hydrochloride by adding a solution of HCl
      in IPA. The white hydrochloride was recrystallized from IPA-MeOH-ether to
      give isomers of the above name, 2.2 g (17%), mp 207-210.degree.C.
PAR  Anal. Calcd for C.sub.13 H.sub.20 O.sub.2 NCl: C, 60.57; H, 7.82; N, 5.43;
      Cl, 13.75; Found: C, 60.81; H, 7.72; N, 5.24; Cl, 13.61.
PAL  C. 2-[7-hydroxy-6-isopropylamino-5,6,7,8-tetrahydro-1(and
      4)-naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAR  The procedure of Example 1 is followed employing the diol of part B to form
      the title compound.
PAC  EXAMPLE 27
PAL  2-[6-benzylamino-7-hydroxy-5,6,7,8-tetrahydro-1(and
      4)naphthyl)-oxy]-2-methylpropionic acid ethyl ester
PAL  A. trans-6(and 7)-(benzylmethylamino)-5,6,7,8-tetrahydro1,7(and
      6)-naphthalenediol
PAR  A mixture of 6,7-epoxy-5,6,7,8-tetrahydro-1-naphthol acetate (10.2 g, 0.05
      M) prepared in Example 26A, methyl benzylamine (50 g) and xylene (50 ml)
      is heated under reflux overnight. After cooling the solution is taken to
      dryness in vacuo and the dark brown viscous material remaining is
      chromatographed on silica gel (Davison Grade 923, 100-200 mesh). Fractions
      eluted with 1-5% MeOH in CHCl.sub.3, containing 11.0 g (.about.76%), show
      a single spot on TLC (silica gel, developed 2% MeOH in ChCl.sub.3). Ether
      is added to these fractions and after standing a small amount of
      crystalline material is deposited. This is harvested (1.6 g) and
      recrystallized from ether to give the title compound 1.15 g (8%), mp
      152.degree.-154.degree.C.
PAR  Anal. Calcd for C.sub.18 H.sub.21 O.sub.2 N: C, 76.29; H, 7.47; N, 4.94.
      Found: C, 76.24; H, 7.69; N, 4.75.
PAL  B. 2-[6-benzylamino-7-hydroxy-5,6,7,8-tetrahydro-1(and
      4)-naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAR  The procedure of Example 1 is followed employing the diol of part B to form
      the title compound.
PAC  EXAMPLE 28
PAL  2-[6-amino-7-hydroxy-5,6,7,8-tetrahydro-1(and
      4)naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. trans-6(and 7)-amino-5,6,7,8-tetrahydro-1,7(and 6)-naphthalenediol
PAR  A solution of 6,7-epoxy-5,6,7,8-tetrahydro-1-naphthol acetate (20.4 g, 0.1
      M), prepared as in Example 26A, in 200 ml. dioxane is heated to 40.degree.
      and a solution of sodium azide (6.8 g, 0.11 M) in water (20 ml) is added
      dropwise. The mixture is heated under reflux overnight, cooled, filtered
      and the solvent is removed in vacuo.
PAR  The crude azide is dissolved in ethanol, platinum oxide (.about. 1 g) is
      added and the mixture is hydrogenated at up to 45 psi for 20 hrs. During
      this time the bottle is vented and refilled with hydrogen six times. The
      catalyst is removed by filtration and washed with ethanol. The filtrate is
      taken to dryness in vacuo, hexane is added and crystalline product is
      removed by filtration (13.1 g, 73%). A 3.0 g sample of this is
      recrystallized twice from ethyl acetate methanol to give the title
      compound, 1.5 g (37%), mp 172-193.degree.dec.
PAR  Anal. Calcd for C.sub.10 H.sub.13 NO.sub.2 : C, 67.02; H, 7.31; N, 7.82.
      Found: C, 67.24; H, 7.33; N, 7.84.
PAL  B. 2-[6-amino-7-hydroxy-5,6,7,8-tetrahydro-1(and
      4)-naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAR  The procedure of Example 1 is followed employing the above diol to form the
      title compound.
PAC  EXAMPLE 29
PAL  2-[6,7-dihydroxy-5,6,7,8-tetrahydro-2-naphthyl)oxy]-2-methylpropionic acid
      ethyl ester
PAL  A. 5,8-dihydro-2-naphthol
PAR  The procedure of Marshall, et al, Can. J. Chem., 47, 3127 (1969) is
      followed exactly. From 25.0 g of .beta.-naphthol is obtained 18.9 g of
      crude product. NMR analysis indicates it to contain ca. 40% of the desired
      5,8-dihydro-2-naphthol and 60 % of 5,6,7,8-tetrahydro-2-naphthol.
PAL  B. cis-5,6,7,8-Tetrahydro-2,6,7-naphthalene triol.
PAR  The 18.9 g of crude product of part A is converted to the acetate by
      reaction with acetic anhydride in the presence of pyridine and the
      resulting oil (23.8 g) is heated at 90.degree. for 3 hr with 300 ml of
      acetic acid, 20 ml of water, 23.5 g of silver acetate and 18.0 g of
      iodine. The slurry is cooled and filtered. The filtrate is evaporated and
      the residue stirred overnight under nitrogen with 100 ml each of water and
      methanol and 20 g of sodium hydroxide. The methanol is removed in vacuo
      and the residue acidified at 0.degree. with 155 ml of 12% hydrochloric
      acid. The oil which separates crystallizes when shaken in a separatory
      funnel with chloroform. Filtration gives 7.9 g of tan solid.
      Recrystallization from ethanol/ethyl acetate gives in several crops 4.03
      g. mp 193.degree.-195.5.degree..
PAL  C. 2-[6,7-dihydroxy-5,6,7,8-tetrahydro-2-naphthyl)-oxy]-2-methylpropionic
      acid ethyl ester
PAR  The procedure of Example 1 is followed employing the above triol to form
      the title compound.
PAC  EXAMPLE 30
PAL  2-[(2-piperidino-5-indanyl)oxy]-2-methylpropionic acid ethyl ester
PAC  A. 2-Piperidino-5-indanol
PAR  A 2.8 g (0.013 moles) sample of 5-amino-2-piperidinoindan was taken up in
      100 ml of 5% sulfuric acid and clarified by filtering through a Hy-Flo
      pad. The clear yellow solution was cooled in ice and treated over 5
      minutes with a solution of 0.9 g (0.013 moles) sodium nitrite in 20 ml of
      water. The cold mixture was stirred at 0.degree.-5.degree.C for one-half
      hr, then added over 40 minutes to 400 ml of vigorously boiling 5% sulfuric
      acid. After refluxing another one-half hr the mixture was cooled to room
      temperature and treated with solid potassium carbonate until CO.sub.2
      evolution ceased. Methylene chloride was added and the brown solid which
      collected at the interface was retrieved by filtration and washed with
      water. (This material was soluble in dilute sodium hydroxide). The solid
      was suspended in hot absolute ethanol and evaporated to dryness.
      Crystallization from ethyl acetate gave 1.8 g (64%) brown crystals, mp
      246-247.degree.C. Norit treatment and crystallization afforded the 1.3 g
      analytical sample of 2-piperidino-5-indanol, a bright yellow solid, mp
      243.degree.-246.degree.C.
PAR  Anal. Calcd for C.sub.14 H.sub.19 NO: C, 77.38; H, 8.81; N, 6.45   Found:
      C, 77.46; H, 9.08; N, 6.79
PAL  B. 2-[(2-piperidino-5-indanyl)oxy]-2-methylpropionic acid ethyl ester
PAR  The procedure of Example 1 is followed employing the above indanol to form
      the title compound.
PAC  EXAMPLE 31
PAL  2-[2-hydroxy-5-indanyl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. 2-indanol
PAR  A 60 g sample of 2-indanone (0.45 moles) in 1.5 liters of 40% aqueous
      methanol was treated with 18 g (0.46 moles) of sodium borohydride in
      portions with cooling to maintain T.ltoreq. 40.degree.C. After the
      addition was complete (15 min), the mixture was stirred for 2 hrs then
      allowed to stand overnight at room temp. Ether extraction, drying over
      potassium carbonate and evaporation gave 58.3 g crystalline 2-indanol
      (96%).
PAL  B. 4- and 5-Nitro-2-acetoxyindan
PAR  A slurry of 6.7 g (0.05 moles) of 2-indanol in 75 ml acetic anhydride was
      cooled to -15.degree.C (ice-acetone bath) and treated with 0.2 ml of 98%
      sulfuric acid. In about 10 minutes the solid had completely dissolved. The
      stirred and cooled mixture was then treated over 15 min with a cold
      solution of 3.6 ml (5.0 g) of 70% nitric acid in 125 ml of acetic
      anhydride. The mixture was stored at -20.degree.C overnight, then poured
      into 1 kg of crushed ice. The mixture was stirred until the ice had
      completely melted and most of the anhydride had reacted. The mixture was
      extracted with 500 ml of hexane. The organics were washed with saturated
      bicarbonate and evaporated to 3.0 g of an oil which solidified on
      standing. Trituration with hexane and recrystallization from the same
      solvent gave 1.1 g of 2-acetoxy-5-nitroindan, mp 84.degree.-85.degree.C.
      The aqueous from the hexane extraction yielded 5.3 g of an oil on
      extraction with benzene. All but 0.9 g of this oil went into hot hexane.
      Cooling to room temperature gave some oil. The mother liquor was decanted
      and cooled to 5.degree.C overnight to give 2.0 g (35% total) of the
      5-nitro compound, mp 82.degree.-84.degree.C. The filtrate was concentrated
      to 100 ml cooled again and filtered to give another 0.4 g crude 5-nitro,
      mp 60.degree.-74.degree.C. The mother liquors were concentrated but gave
      no solid on cooling. Evaporation afforded 2.0 g (22%) of oily
      2-acetoxy-4-nitroindan, contaminated with some 4-nitroindene.
PAL  C. 5-amino-2-acetoxyindan
PAR  A slurry of 8.0 g (0.045 moles) of 2-acetoxy-5-nitroindan in 25 ml of
      absolute ethanol and 32 ml of concentrated hydrochloric acid was treated
      over 1 hr with a solution of 24 g (0.11 moles) of stannous chloride in 32
      ml of absolute ethanol, with water bath cooling to maintain T=20.degree.C.
      The mixture was stirred for 1 day at room temperature, diluted with 100 ml
      of water and extracted twice with ether. The aqueous phase was basified
      with 10% sodium hydroxide until the hydroxides redissolved, then extracted
      with chloroform, dried (sodium sulfate) and evaporated to an oil which
      crystallized to 3.9 g (82%) 5-amino-2-hydroxyindan, the hydrochloride of
      which had mp 237.degree.-239.degree. after one crystallization from
      ether-methanol isopropanol.
PAL  D. 2,5-dihydroxyindan
PAR  3.9 g (0.026 moles) amine were dissolved in 130 ml 5% H.sub.2 SO.sub.4 and
      filtered through Hy-Flo. The solution was cooled in an ice bath and a
      solution of 1.99 g (0.0288 moles) NaNO.sub.2 in 20 ml H.sub.2 O added over
      5 min with stirring (T.ltoreq. 5.degree.C). After stirring for one-half hr
      at 0.degree.c, urea (0.2 g) was added and solution stirred for another 10
      min at 0.degree.C. with stirring. This cold solution was added to 400 ml
      vigorously boiling 5% H.sub.2 SO.sub.4 over 2 hrs. This was refluxed for
      an additional 1/2 hr and cooled to room temperature. A small amount of
      brown solid was filtered off, and the filtrate extracted with CHCl.sub.3.
      Organics were dried (MgSO.sub.4) and evaporated (0.4 g). The aqueous was
      extracted with n-BuOH. Organic were dried (MgSO.sub.4) and evaporated (15
      g).
PAR  The brown solid, CHCl.sub.3 and n-BuOH extracts were combined and
      chromatographed on 300 g basic alumina (Act III) in CHCl.sub.3. Elution
      with 5% MeOH in CHCl.sub.3 yielded 2.5 g crystalline phenol, mp
      112.degree.-115.degree.C.
PAR  A portion recrystallized twice from ethylacetate-hexane had mp
      116.degree.-118.degree.C.
PAL  E. 2-[2-hydroxy-5-indanyl)oxy]-2-methylpropionic acid ethyl ether
PAR  The procedure of Example 1 is followed employing the indan of part D to
      form the title compound.
PAC  EXAMPLE 32
PAL  2-[6-hydroxy-7-methylamino-5,6,7,8-tetrahydro-1(and
      4)naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. 5,8-dihydro-1-naphthol, benzyl ether
PAR  A solution of 5,8-dihydro-1-naphthol (73 g, 0.5 M) in 400 ml DMSO was
      treated with 0.5 M of sodium methoxide. The mixture was cooled in an ice
      bath while benzyl bromide (85.5 g, 0.5 M) was added dropwise. The mixture
      had to be shaken periodically since there was difficulty in stirring.
      Toward the end of the addition the mixture was allowed to warm to
      .about.45.degree., and stirring was continued for 2-3 hrs after addition
      was complete. The mixture was then poured into 1 liter H.sub.2 O and the
      product was extracted into ether. The ether extracts were washed with 10%
      NaOH, dried and the solvent was removed in vacuo to give a quantitative
      yield of crude crystalline product.
PAR  A small sample (4g) of this was recrystallized twice from methanol to give
      the benzyl ether, 1.3 g, mp 70.degree.-74.degree..
PAR  Anal. Calcd for C.sub.17 H.sub.16 O: C, 86.40; H, 6.83
PAR  Found: C, 86.58; H, 6.60
PAL  B. 6,7-epoxy-5,6,7,8-tetrahydro-1-naphthol, benzyl ether
PAR  The dihydro benzyl ether (47 g, 0.2 M) was dissolved in 200 ml chloroform
      and treated with a chloroform solution of 50 g m-chloroperbenzoic acid
      which was added dropwise over a period of 1 hour. The mixture was stirred
      overnight at room temperature. A small amount of insoluble material was
      then removed by filtration and the filtrate was poured into dil. K.sub.2
      CO.sub.3 solution. After stirring a few minutes the layers were separated
      and the chloroform solution was dried over K.sub.2 CO.sub.3, filtered, and
      the solvent was removed in vacuo leaving a quantitative yield of crude
      epoxide.
PAL  C. trans-3-(Benzylmethylamino)-5-(and
      8)-benzyloxy-1,2,3,4-tetrahydro-2-naphthol.
PAR  A mixture of the crude epoxide (10 g, 0.042 M) and methylbenzyl amine (35
      g) in 125 ml toluene was heated under reflux overnight. After cooling the
      reaction mixture was taken to dryness in vacuo leaving 15.2 g of dark
      brown oil. This was chromatographed on activity 2 neutral alumina.
      Fractions eluted with benzene-chloroform and chloroform crystallized on
      standing. These contained 6.0 g (38% yield). Part of this material was
      recrystallized twice from ether to give the title compound, 400 mg, mp
      126-136.degree..
PAR  Anal. Calcd for C.sub.25 H.sub.27 O.sub.2 N: C, 80.39; N, 7.29; N, 3.75
PAR  Found: C, 80.64; N, 7.11; N, 3.78
PAL  D. trans-3-(Methylamino)-5-(and 8)-hydroxy-1,2,3,4-tetrahydro-2-naphthol
PAR  The compound of part C is catalytically debenzylated over 5% Pd on C in
      acetic acid to yield the title compound.
PAL  E. 2-[6-hydroxy-7-methylamino-5,6,7,8-tetrahydro-1(and
      4)naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAR  The procedure of Example 1 is then followed employing the diol of part D to
      form the title compound.
PAC  EXAMPLE 33
PAL  2-[(6,7-epimino-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic acid
      ethyl ester
PAL  A. 6,7-epimino-5,6,7,8-tetrahydro-1-naphthyl benyzl ether
PAR  To an ether solution of iodine isocyanate (formed by reaction of 25.4 g
      (0.1 m) I.sub.2 and 20 g (0.13 m) silver cyanate) is added 0.1 m of
      5,8-dihydro-1-naphthyl benzyl ether over one-half hour. After stirring
      several hours, the mixture is filtered and treated with anhydrous methanol
      plus a little lithium methoxide. After standing in the dark overnight it
      is refluxed briefly then taken to near dryness in vacuum. The residual
      liquid is poured into ice-water containing a little sodium sulfide and
      extracted with ether. After washing with saturated salt solution, the
      ether solution of the iodo isocyanate is treated with 40% aqueous sodium
      bisulfite and stirred. The crude bisulfite addition product is dissolved
      in 2N NaOH in methanol and heated under reflux for 3 hours poured into
      salt solution and extracted with ether. Evaporation of the dried ether
      leaves the desired epimino compound.
PAR  Ref: Hassner et al. JOC 32 540 (1967).
PAL  B. 6,7-epimino-5,6,7,8-tetrahydro-1-naphthol
PAR  Careful debenzylation of the above epimino compound is conducted in a
      mixture of ammonia and alcohol using 2.1 equivalents of lithium. After the
      ammonia has evaporated, the pH is adjusted with acetic acid and the
      product extracted into chloroform, washed, dried and freed of solvent.
PAL  C. 2-[(6,7-epimino-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic
      acid ethyl ester
PAR  The procedure of Example 1 is then followed employing the epiminophenol of
      part B to form the title compound.
PAC  EXAMPLE 34
PAL  2-[(6,7-epithio-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic acid
      ethyl ester
PAL  A. 6,7-epithio-5,6,7,8-tetrahydronaphthyl benzyl ether
PAR  To 0.125 mole of potassium thiocyanate in 20 ml. of 50% ethanol is added
      0.10 mole of 6,7-epoxy-5,6,7,8-tetrahydro-1-naphthyl benzyl ether and the
      mixture stirred vigorously for 48 hours. The product is extracted into
      ether, washed with salt solution, dried and freed of solvent. Ref: O.S. IV
      232.
PAL  B. 6,7-epithio-5,6,7,8-tetrahydro-1-naphthol
PAR  Careful debenzylation is then carried out to yield the desired phonol.
PAL  C. 2-[(6,7-epithio-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic
      acid ethyl ester
PAR  The procedure of Example 1 is then followed employing the epithio compound
      of part B to form the title compound.
PAC  EXAMPLE 35
PAL  2-[(6-mercapto-5,6,7,8-tetrahydro-1(and 4)-naphthyl)oxy]-2-methylpropionic
      acid ethyl ester
PAL  A. 6-mercapto(or 7-mercapto)-5,6,7,8-tetrahydro-1-naphthol
PAR  To an ether solution of 0.25 m lithium alluminum hydride in 200 ml Et.sub.2
      O is added dropwise a solution of 5.36 g (0.02 m) of the episulfide of
      Example 34 in 50 ml of dioxane. After refluxing overnight the mixture is
      decomposed with K.sub.2 CO.sub.3 solution and the inorganics removed by
      filtration. Evaporation of the filtrates leaves crude mercaptan. This is
      taken up in ether, added to liquid ammonia and treated with 0.05 mole of
      lithium in small pieces. After removal of ammonia the residue is taken up
      in water and acidified. Product is extracted into CHCl.sub.3, dried, and
      freed of solvent. The mixture of mercaptans is then chromatographed on
      silica gel to effect separation of 6- and
      7-mercapto-5,6,7,8-tetrahydro-1-naphthol.
PAL  B. 2-[(6-mercapto-5,6,7,8-tetrahydro-1(and
      4)-naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAR  The procedure of Example 1 is followed employing the mercapto compound of
      part A to form the title compound.
PAC  EXAMPLE 36
PAL  2-[(6-mercapto-7-methoxy-5,6,7,8-tetrahydro-1(and
      4)-naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. 6(and 7)Mercapto-7(and 6)methoxy-5,6,7,8-tetrahydro-1-naphthol
PAR  A solution of 5.36 g (0.02 m) of the episulfide of Example 34 in 100 ml of
      methanol is treated with a few drops of perchloric acid and heated to
      reflux for several hours. The mixture is diluted with water and the
      products extracted into chloroform. Solvent removal leaves a mixture of
      the isomeric products which is separated on silica. The separated isomeric
      products are then debenzylated to give the title compounds.
PAL  B. 2-[(6-mercapto-7-methoxy-5,6,7,8-tetrahydro-1(and
      4)-naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAR  Following the procedure of Example 1, employing the 1-naphthol compound of
      part A, the title compound is obtained.
PAC  EXAMPLE 37
PAL  2-[(6-hydroxy-7-methylthio-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropi
     onic acid ethyl ester
PAL  A. 6,7-trans-5,6,7,8-Tetrahydro-7(or 6)-(methylthio)-1,6(or
      7)-naphthalenediol
PAR  To a solution of 5 g (0.2 m) Na in 150 ml EtOH is added 20.4 g (0.1 m) of
      the epoxy acetate of Example 4A followed by 15 g (.about.0.3 m) CH.sub.3
      SH with ice-acetone cooling. The mixture is stirred, allowed to warm up
      and finally refluxed overnight. The mixture is cooled, acidified with HOAc
      and taken to near dryness in vacuum. The residue is dissolved in water and
      the product extracted into CHCl.sub.3. Drying and solvent removal leaves
      22 g of crude products. These are chromatographed on 500 g neutral Alumina
      II. Early fractions (1-2% MeOH in CHCl.sub.3) elute isomer A
      (6,7-trans-5,6,7,8-tetrahydro-7-(methylthio)-1,6-naphthalenediol) mp.
      116.degree.-122.degree. from ether. Later fractions (5-10% MeOH in
      CHCl.sub.3) elute isomer B
      (6,7-trans-5,6,7,8-tetrahydro-6-(methylthio)-1,7-naphthalenediol) mp.
      132-134.degree. from ether.
PAL  B. 2-[(6-hydroxy-7-methylthio-
      5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAR  Following the procedure of Example 1, employing the diol of mp.
      116.degree.-112.degree., the title compound is obtained.
PAC  EXAMPLE 38
PAL  2-[(7-hydroxy-6-methylthio-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropi
     onic acid ethyl ester
PAR  Following the procedure of Example 1 employing the diol of Example 38 of
      mp. 132.degree.-134.degree., the title compound is obtained.
PAC  EXAMPLE 39
PAR  trans-2[(6-Hydroxy-7-methoxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpro
     pionic acid ethyl ester
PAL  A. 6,7-trans-5,6,7,8-tetrahydro-7(or 6)-methoxy-1,6(or 7)-naphthalenediol
PAR  A solution of 22 g (0.11 m) of the epoxy acetate of Example 26A in 500 ml
      MeOH is treated with 0.5 g p-toluene sulfonic acid hydrate and stirred
      overnight. After removal of most of the solvent, the residual liquid is
      poured into water and the product extracted into CHCl.sub.3. Drying and
      solvent removal leaves 13.3 g of crude product. This is chromatographed on
      300 g neutral alumina II. Early fraction, 5% MeOH in CHCl.sub.3 yields
      isomer A 6,7-trans-5,6,7,8-tetrahydro-7-methoxy-1,6-naphthalenediol, mp.
      153.degree.-155.degree. from ether-ethyl acetate; later fractions yield
      isomer B 6,7-trans-5,6,7,8-tetrahydro-6-methoxy-1,7-naphthalenediol mp.
      106.degree.-108.degree. from ether.
PAL  B.
      trans-2[(6-Hydroxy-7-methoxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpr
     opionic acid ethyl ester
PAR  Following the procedure of Example 1, employing the diol of mp.
      153.degree.-155.degree., the title compound is obtained.
PAC  EXAMPLE 40
PAL  2[(7-hydroxy-6-methoxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-2-methylpropionic
      acid ethyl ester
PAR  Following the procedure of Example 1 employing the diol of Example 39 of
      m.p 106.degree.-108.degree., the title compound is obtained.
PAC  EXAMPLE 41
PAL  trans-2-[(6-Amino-7-hydroxy-5,6,7,8-tetrahydro-1(and
      4)naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. trans-6(and 7) -Amino-5,6,7,8-tetrahydro-1,7(and 6)-naphthalenediol
PAR  To a solution of 20.4 g (0.1 m) of the epoxy acetate of Example 26A in 200
      ml dioxane heated to 40.degree. is added a solution of 6.8 g (0.11 m) of
      NaN.sub.3 in 20 ml H.sub.2 O dropwise. The mixture is heated under reflux
      overnight, cooled, filtered and taken to dryness. Strong azide absorption
      in I. R. is noted. The residue is dissolved in EtOH and hydrogenated over
      PtO.sub.2 at 1-3 atm. H.sub.2 in a Paar shaker with repeated flushes with
      H.sub.2 to ensure sufficient exposure to H.sub.2. Catalyst is filtered off
      and washed with warm alcohol. Solvent is removed and the residue is
      triturated with hexane to induce crystallization mp. 172.degree.-
      193.degree. (d) from EtoAc-MeOH.
PAL  B. trans-2-[(6-Amino-7-hydroxy-5,6,7,8-tetrahydro-1(and
      4)naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAR  Following the procedure of Example 1, employing the above diol, the title
      compound is obtained.
PAC  EXAMPLE 42
PAL  trans-2-[(7-Hydroxy-6-isopropylamino-5,6,7,8-tetrahydro-1(and
      4)naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAL  A. 6,7-trans-5,6,7,8-Tetrahydro-7(and 6)-(isopropylamino)-1,6(and
      7)-naphthalenediol
PAR  A mixture of 10.7 g (0.05 m) of the epoxy acetate of Example 26A and 50 ml
      of i-propylamine is heated in a bomb at 100.degree. overnight. Removal of
      excess amine leaves a viscous material that is chromatographed on 500 g of
      neutral alumina III. 10-20% MeOH in CHCl.sub.3 elutes the desired product.
      The product (a mixture of the above isomers) is crystallized from ether
      and found to have a mp of 112.degree.-117.degree.. The hydrochloride salt
      has a mp 207.degree.-210.degree..
PAL  B. trans-2-[(7-Hydroxy-6-ispropylamino-5,6,7,8-tetrahydro-1(and
      4)-naphthyl)oxy]-2-methylpropionic acid ethyl ester
PAR  Following the procedure of Example 1, employing the above diol, the title
      compound is obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC24##
PAL  wherein R.sup.1 is selected from the group consisting of hydrogen and lower
      alkyl of 1 to 8 carbons; n is zero, 1 or 2; R.sup.12 and R.sup.13 are
      independently selected from the group consisting of hydrogen and lower
      alkyl of 1 to 8 carbons; the
      ##EQU17##
      side chain is in either the 1 or 2 position; and the pharmaceutically
      acceptable salts thereof.
NUM  2.
PAR  2. The compound of claim 1 wherein the
      ##EQU18##
      side chain is at the 1-position.
NUM  3.
PAR  3. The compound of claim 2 wherein n is 1; R.sup.12 and R.sup.13 are
      methyl; and R.sup.1 is ethyl.
NUM  4.
PAR  4. The compound of claim 2 wherein n is 1; R.sup.12 is hydrogen, R.sup.13
      is n-propyl; and R.sup.1 is ethyl.
NUM  5.
PAR  5. The compound of claim 1 wherein the
      ##EQU19##
      side chain is at the 2-position; n is 1; R.sup.12 is hydrogen; R.sup.13 is
      n-propyl; and R.sup.1 is ethyl.
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ABST
PAL  A salt of .beta.-diethylaminoethyl ester of p-aminobenzoic acid with the
      acetal of polyvinyl alcohol and glyoxalic acid which has the formula:
      ##EQU1##
      wherein n is a degree of polymerization within the range of from 100 to
      1,200; x is a degree of substitution within the range of from 5 to 30
      mol.%. The compound has local anaesthetic properties.
PAL  A method of preparing said salt of .beta.-diethylaminoethyl ester of
      p-aminobenzoic acid and the acetal of polyvinyl alcohol and glyoxalic acid
      which comprises reacting the acetal of polyvinyl alcohol and glyoxalic
      acid with .beta.-diethylaminoethyl ester of p-aminobenzoic acid in an
      aqueous medium, followed by isolating the desired product from the
      resulting solution.
BSUM
PAR  The present invention relates to a novel compound, viz. a salt of
      .beta.-diethylaminoethyl ester of p-aminobenzoic acid with the acetal of
      polyvinyl alcohol and glyoxalic acid and to a method of preparing same.
PAR  Said novel compound according to the present invention has the formula:
      ##EQU2##
      wherein n is a number of units or degree of polymerization within the
      range of from 100 to 1,200;
PAR  X IS A DEGREE OF SUBSTITUTION WITHIN THE RANGE OF FROM 5 TO 30 MOLAR PER
      CENT.
PAR  The compound according to the present invention comprises a white amorphous
      substance, well-soluble in water, insoluble in non-polar solvents and
      decomposing under the action of alkalis and acids.
PAR  Said salt of .beta. -diethylaminoethyl ester of p-aminobenzoic acid with
      acetal of polyvinyl alcohol and glyoxalic acid features a biological
      activity and is useful in medicine as an active principle of a medicated
      compound prosessing a local anesthetic effect.
PAR  The method of preparing said salt according to the present invention
      comprises reacting acetal of polyvinyl alcohol and glyoxalic acid with the
      .beta. -diethylaminoethyl ester of p-aminobenzoic acid in an aqueous
      medium, whereafter the desired product is isolated from the resulting
      sulution. It is preferable to effect the interaction between the acetal of
      polyvinyl alcohol and glyoxalic acid and the .beta. -diethylaminoethyl
      ester of p-aminobenzoic acid at a temperature within the range of from
      40.degree. to 50.degree.C. It is advisable, to obtain a good-quality
      product, to take the .beta. -diathylaminoethyl ester of p-aminobenzoic
      acid and acetal of polyvinyl alcohol and glyoxalic acid in equimolecular
      amounts as calculated on carboxyl groups of the polymer and tertiary amino
      group of the .beta. -diethylaminoethyl ester of p-benzoic acid. The
      isolation of the desired product is effected by lyophilic drzing or by
      precipitating the desired product from the resulting solution using
      acetone or ethanol.
PAR  The method of preparing a salt of the .beta. -diethylaminoethyl ester of
      p-aminobenzoic acid with the acetal of polyvinyl alcohol and glyoxalic
      acid is performed in the following manner.
PAR  The interaction of acetal of polyvinyl alcohol and glyoxalic acid with the
      .beta. -diethylaminiethyl ester of p-aminobenzoic acid is effected in an
      aqueous medium, where the acetal of polyvinyl alcohol and glyoxalic acid
      is soluble and the .beta. -diethylaminethyl ester of p-aminobenzoic acid
      is insoluble.
PAR  The reaction is effected at room temperature. It is preferable to effect
      the reaction at a temperature within the range of from 40.degree. to
      50.degree.C under vigorous stirring.
PAR  Upon the interaction of the acetal of polyvinyl alcohol and glyoxalic acid
      with the .beta. -diethylaminoethyl ester of p-aminobenzoic acid there
      occurs a splitting of a hydrogen atom from the carboxyl group of the
      acetal of polyvinyl alcohol and glyoxalic acid which hydrogen atom accepts
      the undivided pair of electrons of the nitrogen atom of the .beta.
      -diethylaminoethyl ester of p-aminobenzoic acid. The nitrogen-containing
      group becomes positively charged. The completeness of the reaction is
      controlled by controlling the reaction medium pH value (6.2 to 6.5). On
      completion of the reaction the resulting solution is filtered or
      centrifuged and then subjected to a lyophilic drying.
PAR  It is desirable, for the preparation of a high-quality product, that the
      process of reacting the acetal of polyvinyl alcohol and glyoxalic acid
      with the .beta. -diethylaminoethyl ester of p-aminobenzoic acid be
      conducted at equimolar proportions of the reactants, as calculated on the
      carboxyl groups of the acetal of polyvinyl alcohol and the tertiary amino
      groups of of the .beta. -diethylaminoethyl ester of p-aminobenzoic acid.
PAR  It is also possible to conduct the process of the preparation of a salt of
      .beta. -diethylaminoethyl ester of p-aminobenzoic acid using an excessive
      amount of said ester of p-aminobenzoic acid.
PAR  In this case, on completion of the reaction, the salt of
      .beta.-diethylaminoethyl ester of p-aminobenzoic acid is precipitated by
      means of acetone or ethanol taken in a 8-10-fold excess in respect of the
      starting solution volume.
PAR  The yield of the desired product is within the range of 68.0 to 98.6% by
      weight.
PAR  For better understanding of the present invention some examples
      illustrating the method of preparing a salt of the
      .beta.-diethylaminoethyl ester of p-aminobenzoic acid with the acetal of
      polyvinyl alcohol and glyoxalic acid according to the invention are given
      hereinbelow.
DETD
PAC  Example 1
PAR  1 g of the acetal of polyvinyl alcohol and glyoxalic acid (with a degree of
      substitution for acetal of 9.5 mol.%) dissolved in 24 ml of water is added
      with 0.345 g of .beta.-diethylamonoethyl ester of p-aminobenzoic acid. The
      mixture is stirred at room temperature for 6 hours. The resulting product
      is precipitated and washed with acetone or ethanol. The thus-obtained
      product is dried in vacuum at 65.degree.C to a constant weight. The yield
      of the salt of .beta.-diethylaminoethyl ester of p-aminobenzoic acid with
      the acetal of polyvinyl alcohol and glyoxalic acid is 0.955 g (71.0 wt.%
      of the theoretical amount).
PAR  Calculated, wt.%: N 2.30; .beta. -diethylaminoethyl ester of p-aminobenzoic
      acid 20.00.
PAR  Found, wt.%: N 2.07; .beta.-diethylaminoethyl ester of p-aminobenzoic acid
      18.02.
PAC  Example 2
PAR  0.558 g of .beta.-diethylaminoethyl ester of p-aminobenzoic acid is added
      with 24 ml of a 4.2% aqueous solution of acetal of polyvinyl alcohol and
      glyoxalic acid (with a degree of substitution for acetal of 15.3 mol.%).
      The mixture is stirred at the temperature of 45.degree.C for 30 minutes at
      a pH=6.2 of the solution. Then the resulting solution is filtered, the
      polymer is precipitated and washed with acetone. The product is dried in
      vacuum to a constant weight. 1.1 g of the desired product (69 wt.% of the
      theoretical amount) is obtained.
PAR  Calculated on the formula, wt.%: N 3.23. Found, wt.%: N 2.92.
PAC  Example 3
PAR  100 ml of a 4% aqueous solution of acetal of polyvinyl alcohol and
      glyoxalic acid (with a degree of substitution for acetal of 15 mol.%) are
      added with 2.2 g of .beta.-diethylaminoethyl ester of p-aminobenzoic acid.
      The mixture is stirred at 45.degree.C for 30 minutes until a pH=6.5 is
      reached. The resulting solution is filtered and subjected to a lyophilic
      drying. The yield of the salt of .beta.-diethylaminoethyl ester of
      p-aminobenzoic acid with the acetal of polyvinyl alcohol and glyoxalic
      acid is 4.9 g (98.6 wt.% of the theoretical amount).
PAR  Calculated, wt.%: N 3.21; .beta.-diethylaminoethyl ester of p-aminobenzoic
      acid 27.1.
PAR  Found, wt.%: N 3.04; .beta.-diethylaminoethyl ester of p-aminobenzoic acid
      26.5.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A salt of the .beta.-diethylaminoethyl ester of p-aminobenzoic acid with
      the acetal of polyvinyl alcohol and glyoxalic acid of the formula:
      ##EQU3##
      wherein n is a degree of polymerization within the range of fron 100 to
      1,200; x is a degree of substitution within the range of from 5 to 30
      mol.%.
NUM  2.
PAR  2. A method of preparing the salt of the .beta.-diethylaminoethyl ester of
      p-aminobenzoic acid with acetal of polyvinyl alcohol and glyoxalic acid as
      claimed in claim 1, comprising reacting the acetal of polyvinyl alcohol
      and glyoxalic acid with .beta.-diethylaminoethyl ester of p-aminobenzoic
      acid in an aqueous medium, followed by isolation of the desired product
      from the resulting solution.
NUM  3.
PAR  3. The method as claimed in claim 2, wherein the reaction between the
      acetal of polyvinyl alcohol and glyoxalic acid and the
      .beta.-diethylaminoethyl ester of p-aminobenzoic acid is conducted at a
      solution pH=6.2-6.5 and a temperature within the range of from 40.degree.
      to 50.degree.C.
NUM  4.
PAR  4. The method as claimed in claim 3, wherein the .beta.-diethylaminoethyl
      ester of p-aminobenzoic acid and the acetal of polyvinyl alcohol and
      glyoxalic acid are taken in equimolar amounts calculated on the carboxyl
      groups of the polymer and the tertiary amino group of the
      .beta.-diethylaminoethyl ester of p-aminobenzoic acid.
NUM  5.
PAR  5. A method as claimed in claim 2, wherein the desired product is isolated
      by precipitating with a solvent selected from the group consisting of
      acetone and ethanol.
NUM  6.
PAR  6. A method as claimed in claim 2, wherein the desired product is isolated
      by a lyophilic drying of the resulting solution.
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ABST
PAL  A new synthesis of key prostaglandin precursors and intermediates employed
      in their preparation. The novel synthetic sequence of this invention is
      shorter and more efficient than those previously employed to prepare to
      key intermediate.
BSUM
PAC  BACKGROUND OF THE INVENTION This invention relates to a novel synthesis of
      certain key prostaglandin precursors. In particular, it relates to the
      synthesis of lactone ester alcohol (8). Several routes already exist for
      the preparation of this alcohol first described by E. J. Corey in the
      Journal of American Chemical Society Vol. 93, p 1491 (1971). However all
      of the existing methods for the preparation of this important intermediate
      involve many steps which frequently give rise to reduced yields. The
      sequences of the present invention are short and proceed in high yield and
      require an inexpensive and readily available starting material.
PAR  The prostaglandins are C-20 unsaturated fatty acids which exhibit diverse
      physiological effects. For instance, the prostaglandins of the E and A
      series are potent vasodilators (Bergstrom, et al., Acta Physiol. Scand.
      64:332-33 1965 and Bergstrom, et al., Life Sci. 6:449-455, 1967) and lower
      systemic arterial blood pressure (vasodepression) on intravenous
      administration (Weeks and King, Federation Proc. 23:327, 1964; Bergstrom,
      et al., 1965, op. cit.; Carlson et al., Acta Med. Scand. 183:423-430,
      1968; and Carlson, et al., Acta Physiol. Scand. 75:161-169, 1969). Another
      well known physiological action for PGE.sub.1 and PGE.sub.2 is as a
      bronchodilator (Cuthbert, Brit. Med. J. 4:723-726, 1969).
PAR  Still another important physiological role for the natural prostaglandins
      is in connection with the reproductive cycle. PGE.sub.2 is known to
      possess the ability to induce labor (Karim, et al., J. Obstet. Gynaec.
      Brit. Cwlth. 77:200-210, 1970), to induce therapeutic abortion (Bygdeman,
      et al., Contraception, 4, 293 (1971) and to be useful for control of
      fertility (Karim, Contraception, 3, 173 (1971)). Patents have been
      obtained for several prostaglandins of the E and F series as inducers of
      labor in mammals (Belgian Pat. No. 754,158 and West German Pat. No.
      2,034,641), and on PGF.sub.1, F.sub.2, and F.sub.3 for control of the
      reproductive cycle (South African Pat. No. 69/6089). It has been shown
      that luteolysis can take place as a result of administration of
      PGF.sub.2.sub..alpha. [Labhsetwar, Nature 230 528 (1971)] and hence
      prostaglandins have utility for fertility control by a process in which
      smooth muscle stimulation is not necessary.
PAR  Still other known physiological activities for PGE.sub.1 are in the
      inhibition of gastric acid secretion (Shaw and Ramwell, In: Worcester
      Symp. on Prostaglandins, New York, Wiley, 1968, p. 55-64) and also on
      platelet aggregation (Emmons, et al., Brit. Med. J. 2:468-472, 1967).
PAR  It is now known that such physiological effects will be produced in vivo
      for only a short period, following the administration of a prostaglandin.
      A substantial body of evidence indicates that the reason for this rapid
      cessation of activity is that the natural prostaglandins are quickly and
      efficiently metabolically deactivated by .beta.-oxidation of the
      carboxylic acid side-chain and by oxidation of the 15.alpha.-hydroxyl
      group (Anggard, et al., Acta. Physiol. Scand. 81, 396 (1971) and
      references cited therein). It has been shown that placing a 15-alkyl group
      in the prostaglandins has the effect of increasing the duration of action
      possibly by preventing the oxidation of the C15-hydroxyl [Yankee and
      Bundy, JACS 94, 3651 (1972)], Kirton and Forbes, Prostaglandins, 1, 319
      (1972).
PAR  It was, of course, considered desirable to devise new synthetic sequences
      which would be shorter and more efficient than the previously existing
      methods. In particular, sequences which required simple starting materials
      and did not require complex isolation procedures or long and tedious
      purifications for the various intermediates as do the existing
      prostaglandin synthesis were sought.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a process for the preparation of a compound
      of the structure:
      ##SPC1##
PAL  wherein X is a halogen, which comprises contacting a halo lactone acid of
      the structure:
      ##SPC2##
PAL  with about an equimolar amount of a lower alkyl chlorocarbonate and a
      trialkyl amine in a reaction-inert solvent at a temperature of from about
      -20.degree. to 10.degree.C. until reaction is substantially complete and
      reduction of the mixed anhydride so formed with about one to two
      equivalents of sodium or zinc borohydride at a temperature of from about
      -20.degree. to 20.degree.C. until reaction is substantially complete and
      isolation of product. The invention further embraces the process wherein
      the above starting halo lactone acid (5) is prepared by a process
      comprising contacting a halo keto acid of the structure:
      ##SPC3##
      with about an equimolar amount of peracetic acid in a reaction inert
      solvent at a temperature of from about 25.degree.-40.degree. until
      reaction is substantially complete and isolating the product so produced.
      Similarly, embraced is the process wherein the above starting halo keto
      acid (4) is prepared by a process comprising contacting a tricyclene keto
      acid of the stucture:
      ##SPC4##
PAL  with 100-200 times its weight of concentrated hydrochloric acid at a
      temperature of from about 100.degree.-150.degree.C. until reaction is
      substantially complete and isolating the product so produced. This
      invention also includes a process wherein the above starting tricyclene
      keto acid (3) is prepared by a process comprising contacting a diester of
      structure:
      ##SPC5##
PAL  with about an equimolar amount of CrO.sub.3 in a reaction inert solvent at
      a temperature of from about 0.degree.-30.degree.C. until reaction is
      substantially complete and isolating the product so produced. The instant
      invention further comprises a process wherein the above starting diester
      is prepared by a process comprising contacting a compound of structure:
      ##SPC6##
PAL  with about an equimolar amount of formaldehyde and with 5-10 times its
      weight of a formic acid in presence of sulphuric acid at a temperature of
      from about 0.degree.-30.degree.C. until reaction is substantially complete
      and isolating the product so produced.
PAR  Also included in the invention is a process for the preparation of a
      dilactone of the structure:
      ##SPC7##
PAL  which comprises contacting a keto lactone of the structure:
      ##SPC8##
PAL  with about an equimolar amount of peracetic acid or a perbenzoic acid in a
      reaction-inert solvent at a temperature of from about
      0.degree.-40.degree.C. until reaction is substantially complete and
      isolation of product. Likewise included in the instant invention is a
      process wherein the above starting keto lactone (15) is prepared by a
      process comprising contacting tricyclene keto acid (3) with about fifty
      times its weight of dilute sulphuric acid at a temperature of from about
      100.degree.-175.degree.C. until reaction is substantially complete and
      isolating the produce so produced. This invention also comprises a process
      wherein the keto lactone (15) is prepared by a process comprising
      contacting a ketal lactone of structure:
      ##SPC9##
PAL  with aqueous mineral acid until reaction is substantially complete and
      isolating the produce so produced. This invention further comprises a
      process wherein the above starting ketal lactone (14) is prepared by a
      process comprising contacting a ketal ether of structure:
      ##SPC10##
PAL  with about two times its weight of rutherium tetraoxide in presence of an
      aqueous alkali metal periodate in a reaction inert solvent until reaction
      is substantially complete and isolating the product so produced and the
      process wherein the starting ketal ether (13) is prepared by a process
      comprising contacting an alcohol ketal of structure:
      ##SPC11##
      with about equimolar amount of mercuric acetate in aqueous tetrahydrofuran
      until reaction is substantially complete and contacting the
      organomercurial so formed with a solution of about one equivalent of
      sodium borohydride in alkali metal hydroxide until reaction is
      substantially complete and isolating the product so produced. The instant
      invention further comprises a process wherein the starting alcohol ketal
      is prepared by a process comprising contacting a keto alcohol of
      structure:
      ##SPC12##
PAL  with ethylene glycol and a catalytic amount of a strong acid in refluxing
      reaction inert solvent with azeotropic removal of water produced until
      reaction is substantially complete and isolating the product so produced
      and the process wherein the starting keto alcohol (11) is prepared by a
      process comprising contacting the known compound of structure:
      ##SPC13##
PAL  with about one tenth its weight of Boron trifluoride in acetic anhydride at
      a temperature of from about 0.degree.-20.degree. until reaction is
      substantially complete and contacting the acetoxy ketone so formed with
      about one equivalent of aqueous base until reaction is substantially
      complete and isolation of product.
PAR  This invention also comprises novel compounds of the structure:
      ##SPC14##
PAL  wherein X is oxygen or
      ##SPC15##
PAL  a compound of the structure:
      ##SPC16##
PAL  wherein X is chlorine, bromine or iodine; a compound of the structure:
      ##SPC17##
PAL  wherein X is chlorine, bromine or iodine; a compound of the structure:
      ##SPC18##
PAL  wherein X is chlorine, bromine or iodine; a compound of the structure:
      ##SPC19##
PAL  a compound of the structure:
      ##SPC20##
PAL  wherein R is hydrogen or lower alkyl, a compound of the structure:
      ##SPC21##
PAL  wherein X is oxygen or
      ##SPC22##
PAL  a compound of the structure:
      ##SPC23##
PAL  wherein X is oxygen or
      ##EQU1##
      and a compound of the structure:
      ##SPC24##
PAR  Furthermore, the instant invention also comprises a process wherein the
      halo lactone 6 is prepared by a process comprising contacting a halo
      ketone of structure:
      ##SPC25##
PAL  with one equivalent of peracetic acid in a reaction inert solvent at a
      temperature of from about 20.degree.-40.degree.C until reaction is
      substantially complete and isolating the product so formed and a process
      wherein the starting halo ketone (27) is prepared by a process comprising
      contacting a ketone of structure:
      ##SPC26##
PAL  wherein R is lower alkyl; with 10-100 times its weight of concentrated
      hydrochloric acid at a temperature of from about 100.degree.-150.degree.
      until reaction is substantially complete and isolating the product so
      formed.
PAR  In addition the instant invention comprises a process wherein the
      tricyclene ketone (26) is prepared by a process comprising contacting a
      tricyclene alcohol of structure:
      ##SPC27##
PAL  wherein R is lower alkyl; with about two equivalents of CrO.sub.3 in a
      reaction inert solvent at a temperature of from about 0.degree.-25.degree.
      until reaction is substantially complete and isolating the product so
      formed and
PAR  a process wherein the starting tricyclene alcohol (25) is prepared by a
      process comprising contacting a diol of structure:
      ##SPC28##
PAL  with one equivalent of lower alkanoic acid anhydride and a proton acceptor
      in a reaction inert solvent at a temperature of from about
      0.degree.-50.degree.C until reaction is substantially complete and
      isolating the product so formed.
PAR  Also included in the present invention is a process wherein the diol 24 is
      prepared by a process comprising contacting a compound of the structure:
      ##SPC29##
PAL  wherein R is hydrogen or lower alkyl; with an aqueous solution of an alkali
      metal hydroxide or carbonate at a temperature of from about
      0.degree.-25.degree.C until reaction is substantially complete,
PAR  a process for the preparation of a lactone of the structure:
      ##SPC30##
PAL  which comprises contacting the halo lactone alcohol (6) with an equimolar
      amount of dihydropyran in presence of a catalytic amount of a strong acid
      and contacting the resulting ether with an equimolar amount of alkali
      metal hydroxide and twenty times its weight of 30% hydrogen peroxide in
      aqueous THF at a temperature of from about -10.degree. to 30.degree.C
      until reaction is substantially complete and isolation of product and
PAR  a process wherein the lactone (7) so produced is then treated with about an
      equimolar amount of p-biphenyl carbonyl chloride in ten times its weight
      of pyridine until reaction is substantially complete and then treatment
      with an excess of dilute mineral acid for removal of THP group to produce
      a compound of the structure:
      ##SPC31##
PAL  and the product isolated.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The starting material for the novel synthesis sequences of this invention
      is norbornadene. This substance is contacted (1.fwdarw.2) with
      formaldehyde or paraformaldehyde in the presence of formic acid with a
      small amount of mineral acid as a catalyst. It it is desired to produce a
      diester other than diformate (2) acetic acid or other lower alkanoic acid
      may be substituted for the formic acid in this reaction. The reaction is
      conveniently conducted between 0.degree.-30.degree. although high
      temperatures may be employed if decomposition of the final product is not
      encountered. Diformate (2) is then oxidized (2.fwdarw.3) using Jones'
      reagent at a reaction temperature of from about 0.degree.-30.degree.. The
      reaction is conducted in acetone as a solvent optimally at 25.degree..
      Keto acid (3) is converted to keto acid (4) wherein X is chlorine by
      heating (3) in concentrated hydrochloric acid at a temperature of from
      about 100.degree.-150.degree.. Approximately 100-200 times the weight of
      keto acid (3) is used. Frequently, a cosolvent such as acetic acid is also
      employed to increase the solubility of the reactants. If it is desired to
      produce a keto acid (4) wherein X is Br or I, the hydrochloric acid is
      replaced by hydrobromic or hydriodic acid respectively. Keto acid (4) is
      then oxidized (4.fwdarw.5) under Bayer-Villiger conditions with peracetic
      acid, perbenzoic acid, m-chloroperbenzoic acid or m-nitroperbenzoic acid.
      About one equivalent of this oxidizing agent is used in a reaction inert
      solvent such as methylene chloride or chloroform. The reaction is carried
      out conveniently at a temperature of from about 25-40.degree.C. The
      reaction proceeds more rapidly at the high temperatures. Slightly
      increased yields may be obtained if the reaction is run in the presence of
      one equivalent of sodium carbonate or sodium bicarbonate. Lactone acid (5)
      is then reduced to lactone alcohol (6) by a two-step procedure comprising
      contacting lactone acid (5) with a lower alkyl halo carbonate in a
      reaction inert solvent containing an equivalent of an organic base such as
      triethylamine or triethyldiamine. This reaction is best conducted below
      room temperature and most conveniently between -20.degree. and
      .+-.10.degree.C in a reaction inert solvent, typically dimethoxyethane or
      tetrahydrofuran. The reaction mixture is then contacted with about from 1
      to 2 equivalents of sodium borohydride or zinc borohydride in
      dimethoxyethane and the reaction temperature is maintained from about
      -20.degree. to .+-.20.degree.C. The reaction is temperature held between
      these limits until reaction is substantially complete. Any reducing agent
      may be used which does not reduce the lactone ring, however, sodium or
      zinc borohydride have been found to be most effective. Similarly, for the
      first step of the conversion (5.fwdarw.6) any lower alkyl halo carbonate
      may be used but ethyl or methyl chlorocarbonate have been found to be most
      effective.
PAR  Halo lactone alcohol (6) is converted to lactone ether (7) by first
      protecting the alcohol with an acid labile protecting group such as
      tetrahydropyranyl, 4 methoxypyranyl or trimethylene silyl. This
      transformation is typically accomplished by treating lactone alcohol (6)
      with an excess of dihydropyran in the presence of a trace of acid
      catalyst. P-toluenesulfonic acid is typically employed as a catalyst.
      After the reaction is substantially complete the excess dihydropyran is
      removed and the crude ether thus obtained is dissolved in a reaction inert
      solvent such as tetrahydrofuran or dimethoxyethane and treated with an
      aqueous lithium hydroxide in the presence of hydrogen peroxide.
      ##SPC32##
PAL  The presence of hydrogen peroxide has been found to be of substantial
      importance and 30% hydrogen peroxide is preferred. The preferred ratio of
      hydrogen peroxide to THP ether is about 20:1. The reaction is conveniently
      conducted at room temperature although temperatures between
      -5.degree.-50.degree. may be employed. After reaction is complete the
      product is isolated.
PAR  The conversion (7.fwdarw.8) is carried out by a simple esterification
      reaction in which lactone alcohol (7) is dissolved in an organic base,
      typically pyridine or other tertiary amine, and parabiphenyl carboxylic
      acid chloride is added and the reaction stirred at room temperature until
      substantially complete. The reaction mixture is then hydrolyzed with
      diluted hydrochloric acid at room temperature until the tetrahydropyranyl
      protecting group has been removed. Extraction of the reaction mixture with
      a suitable solvent such as ethyl acetate affords the desired key
      intermediate (8). This intermediate is converted by routes well known in
      the art to prostaglandins of the A, E and F series and numerous
      prostaglandin analogs. However, if it is desired to prepare prostaglandins
      of the F.beta. series another intermediate may be prepared which allows
      the synthesis of these F.beta. prostaglandins by a simplified route. This
      intermediate may be prepared from keto acid (3) in the following way:
PAR  Keto acid (3) is contacted with aqueous sulfuric acid at 150.degree. until
      reaction is substantially complete. The resulting keto lactone (15) is
      then isolated by solvent extraction. Ethyl acetate is most conveniently
      employed for this purpose. A wide range of sulfuric acid concentrations
      may be used, however, 25% aqueous sulfuric acid has been found to be most
      effective. Other acids may also be used in place of sulfuric acid such as
      phosphoric or perchloric acids. Temperatures from about
      100.degree.-175.degree. are optimum and especially preferred is
      150.degree.. The reaction is best run in a sealed vessel to permit
      achievement of the desired reaction temperature. The product of this
      reaction can be purified most conveniently by sublimation at 150.degree.
      and 0.1 mm.
PAR  Keto lactone (15) is then oxidized under Bayer-Villiger conditions to
      dilactone (16). For the purposes of this oxidation, peracetic acid,
      perbenzoic acid, m-chloroperbenzoic acid or m-nitroperbenzoic acid can be
      used. M-chloroperbenzoic acid has been found to be most effective. The
      reaction is run in a reaction inert solvent in the presence of anhydrous
      sodium carbonate. The solvent for these reactions is most typically
      methylene chloride although other reaction inert solvents such as carbon
      tetrachloride may be used. Approximately one equivalent of the oxidizing
      agent is preferred and similarly one equivalent of anhydrous sodium
      carbonate has also been found optimum. The reaction may also be run in the
      absence of sodium carbonate and under these circumstances reduced yields
      are sometimes obtained. The reaction temperature is maintained from about
      25.degree.-40.degree.C by external heating. A temperature of 35.degree.
      has been found optimum. The product is isolated by first washing the
      organic layer of aqueous sodium bicarbonate followed by aqueous saturated
      sodium sulfate solution and subsequently brine. The organic phase is then
      dried and evaporated to provide dilactone (16).
PAR  Dilactone (16) is then reduced to the lactone hemiacetal (17) by use of
      diisobutyl aluminum hydride. Low temperatures, typically -78.degree., are
      employed although any temperature which does not give rise to over
      reduction of the molecule is satisfactory. The solvent for this reaction
      is most usually toluene although any reaction inert solvent which is
      liquid at the reaction temperature may be used. The steps (17.fwdarw.21)
      are well known in the art of prostaglandin synthesis. (17.fwdarw.18) is a
      Wittig reaction in which hemiacetel (17) is reacted with 4 carbohydroxy
      n-butyltriphenylphosphonium bromide in diemthyl sulfoxide in the presence
      of methylsulfinylmethide. (18.fwdarw.19) is accompanied in the same manner
      as (16.fwdarw.17) and hemiacetal (19) is reacted with keto phosphonate
      (23) in the presence of sodium hydride in a reaction inert solvent usually
      dimethoxyethane to produce keto acid (20). Keto acid (20) is then reduced
      by methods well known in the art to prostaglandin F.sub.2.sub..beta. (21).
      Zinc borohydride or lithium triethyl borohydride may be used for this
      purpose and the solvent is most usually dimethoxyethane. Steps
      (17.fwdarw.21) are similar to those described by E. J. Corey et al., JACS,
      92, 2586 (1970); JACS, 93, 1490 (1971); JACS 93, 4327 (1971); and Schaaf
      and Corey, JOC, 37, 2921 (1972). Keto lactone (15) may also be prepared
      from the known keto ether (9). (9.fwdarw.10) is accompanied by contacting
      keto (9) with borotrifluoride etherate in acetic anhydride at a
      temperature of from about 0.degree.-20.degree.. The resulting acetate (10)
      is not isolated but hydrolyzed directly with aqueous base, typically
      sodium or potassium carbonate, to alcohol (11). Alcohol(11) is then
      ketalized with ethylene glycol to produce ketal (12). Any acid labile
      ketone protecting group such as hemithioketal or dilower alkyl ketal can
      be used and the conditions for preparing these ketals or hemithioketals
      are well known in the art. The ethylene glycol ketal is prepared by
      refluxing a mixture of keto alcohol (11) in a reaction inert solvent with
      ethylene glycol and p-toluenesulfonic acid as a catalyst whie
      azeotropically removing the water formed by the reaction. Benzene is most
      commonly used as a solvent for this reaction although toluene or other
      alkyl substituted benzenes may also be used. Other acidic catalysts may
      also be used such as benzene sulfonic acid, however, p-toluenesulfonic
      acid is most frequently employed.
PAR  Ketal alcohol (12) is then cyclized in a mixture of aqueous mercuric acid
      and tetrahydrofuran followed by reduction with sodium borohydride. The
      reduction should be carried out in a strong basic medium and to affect
      this before the sodium borohydride solution is added the mixture is made
      basic with sodium hydroxide solution. The reducing agent may be sodium
      borohydride, potassium borohydride or zinc borohydride, however, sodium
      borohydride is most commonly employed. The ketal ether (13) is then
      oxidized with ruthium tetraoxide in carbon tetrachloride. This reaction
      requires a very large excess of ruthium tetraoxide unless sodium or
      potassium periodate is present in the reaction mixture for regenerating
      the ruthium tetraoxide. If sodium or potassium periodate is employed the
      excess may be reduced to approximately 10 times the weight of ether
      lactone (13). Lower ratios of ruthium tetraoxide lead to reduced yields
      and/or longer reaction times. The ketal lactone (14) may then be
      hydrolyzed with aqueous dilute mineral acid to produce keto lactone (15).
      This reaction may be facilitated by the addition of inert solvents such as
      tetrahydrofuran to increase solubility of the reactants. The reaction
      temperature is not critical and temperatures of from about
      25.degree.-50.degree. are most commonly employed.
PAR  Compound 6 can also be prepared by a still shorter route from compound 2 or
      diester 23 wherein R is hydrogen or lower alkyl is hydrolyzed by
      contacting diester 23 with aqueous mineral base such as alkylene metal
      carbonate or hydroxide at temperatures from about 0.degree.-100.degree. to
      produce diol 24. Diol 24 is then converted to mono ester 25 by contacting
      it with one equivalent of lower alkanoic acid anhydride and a proton
      acceptor in a reaction inert solvent at a temperature of from about
      0.degree.-50.degree. until reaction is substantially complete. The proton
      acceptor can be organic base such as triethylenediamine or triethylamine
      and the reaction inert solvent conveniently benzene or if desired, the
      reaction may be run in pyridine which will serve as a base and a solvent.
      In such a situation, no additional base is necessary. Mono ester 25 is
      then oxidized to keto ester 26 by contacting it with about two equivalents
      of chromium trioxide in reaction inert solvent at a temperature of from
      about 0.degree.- 25.degree. until reaction is substantially complete.
      Jones' conditions, that is to say, chromium trioxide, sulfuric acid,
      acetone are preferred, however, other oxidative means such as chromium
      trioxide pyridine are also satisfactory. Keto ester 26 is then converted
      to halo ketone 27 by refluxing with concentrated with 10 to 100 times its
      weight of concentrated hydrochloric acid at a temperature of from about
      100.degree.-150.degree. until reaction is substantially complete. The
      order of the last two steps may be inverted by first oxidizing keto ester
      26 to a lactone ester which is then refluxed with the desired halo acid to
      provide compound 6. The bromo ketone can be obtained in a similar way by
      substituting hydrobromic acid for hydrochloric acid in the above reaction.
      Compound 27 is then converted to compound 6 by means of Bayer-Villiger
      oxidation in the manner described for the conversion of (4.fwdarw.5) in
      the synthesis described above.
PAR  A special advantage of the synthetic sequences of this invention is that
      for the intermediate products are easy to isolate and purify. In most of
      the sequences no chromatography is required. Furthermore, the novel
      synthetic sequences of the present invention require very simple and
      inexpensive starting materials and are readily adaptable to large scale
      preparations.
PAR  In the synthesis described above where ketals are used as ketone protecting
      groups the obvious equivalents of ethylene glycol ketals such as
      hemithioketals or a dilower alkyl ketals will be clear to those skilled in
      the art. Likewise, in other reaction steps described herein such as
      oxidation of alcohols to ketals the reaction conditions are not critical
      and a wide variety of known techniques will occur to those skilled in the
      art.
DETD
PAR  The invention claimed is not limited to the specific conditions cited in
      the examples to follow. Melting points and boiling points are given in
      degree of Centigrade. All melting and boiling points are uncorrected.
      Infrared data is given in microns, MNR is given in parts per million using
      TMS as a standard. The following examples are merely illustrative and in
      no way limit the scope of the appended claims.
PAC  EXAMPLE I
PAC  3-Hydroxymethyl tricyclo [2.2.1.0.sup.2,6 /heptan-5-ol bisformate (1')
PAR  To a stirred solution of 39.9 g paraformaldehyde in formic acid (800 ml)
      and conc. H.sub.2 SO.sub.4 (15 ml) under nitrogen and at 20.degree.C was
      added dropwise 132 g norbornadiene while keeping the temperature between
      20.degree.-25.degree.C. After 1.5 hr the reaction was quenched by adding
      to 800 ml of ice-water. Extraction with ether (3 .times. 750 ml), washing
      the organic layer with water (1 .times. 250 ml), brine (3 .times. 250 ml)
      and drying (Na.sub.2 SO.sub.4) afforded the crude 3-hydroymethyl tricyclo
      [2.2.1.0.sup.2,6 ]heptan-5-ol bisformate (1') as an oil. Distillation,
      after a forerum of bp. 40.degree.C/15mm, gave 235 g pure
      tricyclenebisformate, bp. 104.degree.C/0.3 mm (84% yield).
PAR  IR, 5.81 and 8.55 .mu. (CHCl.sub.3)
PAR  NMR, 8.1 (singlet, 2H), 4.8 (1H), 4.1 (triplet, 2H) .delta..
PAC  EXAMPLE II
PAC  3-carboxy tricyclo [2.2.1.0.sup.2,6 ]heptan-5-one (2')
PAR  To a cooled solution of 58.8 g tricyclene bisformate (1') in acetone (1,200
      ml) at 0.degree.C with vigorous stirring was added 2.67 M Jones reagent
      (370 ml) over a period of 10 min, maintaining the temperature below
      5.degree.C. After stirring overnight, the reaction was quenched by
      addition of isopropanol (20 ml) followed by addition of solid NaCl (500
      g). The reaction mixture was filtered, solids washed with ethylacetate,
      and the combined filtrate after evaporation afforded the crude 3-carboxy
      tricyclo [2.2.1.0.sup.2,6 ] heptan-5-one (2'). Crystallization from ethyl
      acetate gave colorless crystals, m.p. 144.degree.-145.degree.C, of pure
      tricyclene ketoacid (34 g, 72% yield).
PAR  IR, 5.68 and 5.85 .mu. (CHCL.sub.3)
PAR  NMR, 9.5 (1H, exchangeable), 3.1 (singlet, 1H), 2.35 (multiplet, 3H), 2.0
      (singlet, 2H), 1.55 triplet, 1H) .delta..
PAR  Optically active material had m.p. 138.degree., [.alpha.].sub.D.sup.25 +
      74.degree. (C 1.0 MeOH)
PAC  EXAMPLE III
PAC  Lactone of 5-hydroxy-2-oxo-bicyclo[2.2.1]heptan-7-oic acid (3)
PAR  A solution of the ketoacid (2) (182 mg) in 25% aq. H.sub.2 SO.sub.4 was
      refluxed (bath temperature, 150.degree.C) for 12 hr. The cooled mixture
      was treated with solid sodium chloride, and extracted with ethyl acetate.
      The organic layer was washed with saturated NaHCO.sub.3, brine, dried
      (Na.sub.2 SO.sub.4) and concentrated. Sublimation of the crude product at
      150.degree.C/0.1 mm afforded 132 mg (70% yield) of lactone of
      5-hydroxy-2-oxo-bicyclo[2.2.1]heptan-7-oic acid (3), m.p.
      195.degree.-96.degree.C.
PAR  IR, 5.59, 5.69, 10.20 and 10.52 .mu. (CHCl.sub.3)
PAR  NMR, 4.9 (1H), 3.3 (1H), 3.15-2.6 (2H), 2.3 (2H), 2.2-1.9 (2H) .delta.
PAR  Optically active material had m.p. 196.degree.-97.degree.C,
      [.alpha.].sub.D.sup.25 + 270.degree..
PAC  EXAMPLE IV
PAC  (2.beta.-carboxyl-3.alpha.,5.beta.-dihydroxy-cyclopent-1.alpha.-yl)acetic
      acid, .gamma., .delta.-lactone (4').
PAR  To a stirred mixture of 196 mg ketolactone (3'), 328 mg anhydrous Na.sub.2
      CO.sub.3 in methylene chloride (10 ml) was added 276 mg m-chloroperbenzoic
      acid over a period of 1.5 hr and temperature maintained at 35.degree.C by
      external heating. After 4 hr the reaction mixture was cooled, filtered and
      the organic layer washed with saturated NaHCO.sub.3 (1 .times. 5 ml),
      saturated Na.sub.2 SO.sub.4 (1 .times. 5 ml), brine (1 .times. 5 ml),
      dried (Na.sub.2 SO.sub.4) and evaporated to give 150 mg of pure
      (2.beta.-carboxyl-3.alpha.,5.beta.-dihydroxy-cyclopent-1.alpha.-yl)acetic
      acid, .delta., .delta.-lactone (4').
PAR  IR, 5.57 and 5.71 .mu. (CHCl.sub.3)
PAR  Mass spectrum, M+ at 168.
PAC  EXAMPLE V
PAC  5-Chloro-2-oxo-bicyclo[2.2.1]heptan-7-oic acid (5')
PAR  A continuous stream of HCl gas was passed into a refluxing solution of 5.0
      g of the ketoacid (2') in water (250 ml) for 4 hr. The reaction mixture
      was evaporated to dryness under reduced pressure and the residue
      crystallized from ether to give pure
      5-chloro-2-oxo-bicyclo[2.2.1]heptan-7-oic acid (5').
PAR  Optically active material had m.p. 156.degree., [.alpha.].sub.D.sup.25 +
      14.degree. (C. 1.0 MeOH).
PAC  EXAMPLE VI
PAC  (2.beta.-Carboxy-3.alpha.-hydroxy-5.beta.-chlorocyclopent-1.alpha.-yl)aceti
     c acid, .delta.-lactone (6').
PAR  A mixture of 188 mg chloro ketoacid (5'), 0.265 g 40% peracetic acid, 117
      mg NaHCO.sub.3 in methylene chloride (10 ml) was stirred and heated at
      35.degree.C for 5 hr. The reaction mixture was cooled, filtered and
      evaporated to dryness. Crystallization of the residue from ether afforded
      140 mg (70% yield) of
      (2.beta.-carboxy-3.alpha.-hydroxy-5.beta.-chlorocyclopent-1.alpha.-yl)acet
     ic acid, .delta.-lactone (6'), m.p. 180.degree.-81.degree.C.
PAR  Optically active material had mp 166.degree., [.alpha.].sub.D.sup.25
      -70.degree. (C. 1.0 MeOH).
PAC  EXAMPLE VII
PAC  2[2.beta.-tetrahydropyran-2-yloxymethyl-3.alpha.-hydroxy)-5.alpha.-hydroxyc
     yclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (8')
PAR  To a solution of chloro alcohol (7') (229 mg) in methylene chloride (10 ml)
      was added dihydropyran (0.32 ml) and a catalytic amount of
      p-toluenesulfonic acid. After 1 hr the reaction mixture was washed with
      brine, dried (Na.sub.2 SO.sub.4) and evaporated to a colorless oil. The
      crude THP-ether thus obtained was dissolved in THF (6.5 ml) and heated
      with 30% H.sub.2 O.sub.2 (3.3 ml) followed by a solution of LiOH (29 mg)
      in water (3.3 ml). The solution was stirred 1 hr at room temperature,
      diluted with ethyl acetate (35 ml) and washed with saturated Na.sub.2
      SO.sub.3 (10 ml). After drying (Na.sub.2 SO.sub.4) evaporation afforded
      260 mg of the desired
      2[2.beta.-tetrahydropyran-2-yloxymethyl-3.alpha.-hydroxyl)-5.alpha.-hydrox
     ycyclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (8'). IR, 1770
      cm.sup.-.sup.1 (CHCl.sub.3).
PAC  EXAMPLE VIII
PAC  2[2.beta.-hydroxymethyl-3.alpha.-p-phenylbenzoyloxy-5.alpha.-hydroxy
      cyclopentan-1.alpha.-yl]acetic acid, .gamma.-lactone.
PAR  To a solution of the .gamma.-lactone (8') (44 mg) in pyridine (0.27 ml) was
      added p-biphenylcarboxylic acid chloride (46 mg) and the mixture stirred
      overnight. The reaction was quenched by adding a little methanol, and
      stirred with dilute HCl (2 ml) for 6 hrs to remove the THP group.
      Extraction with ethyl acetate afforded 32 mg of the desired
      2[2.beta.-hydroxymethyl-3.alpha.-p-phenylbenzoyloxy-5.alpha.-hydroxy
      cyclopentan-1.alpha.-yl]acetic acid, .gamma.-lactone, mp
      130.degree.-31.degree., [.alpha.].sub.D.sup.25 = -86.5.degree. (C 1.0
      CHCl.sub.3).
PAC  EXAMPLE IX
PAC  (2.beta.-Hydroxymethyl-3.alpha.-hydroxy-5.beta.-chlorocyclopent-1.alpha.-yl
     )acetic acid, .delta.-lactone (7').
PAR  To a solution of chloro acid lactone (6') (1.43 g, 7 mmole) in 28 ml
      tetrahydrofuran cooled to 0.degree. and under nitrogen, was added 0.756 g
      (7 mmole) of ethyl chloro formate followed by dropwise addition of a
      solution of 0.70 g (7 mmole) triethylamine in 14 ml tetrahydrofuran. A
      precipitate formed immediately and the cold mixture stirred for 10 min.
      The reaction mixture was filtered under a nitrogen cover and the filtrate
      kept at 0.degree.. The filtered solid was washed with cold tetrahydrofuran
      (2 .times. 5 ml). The combined filtrate was stirred at 0.degree. and 5.2
      ml. (5.2 mmole) of a 1M solution of zinc borohydride in DME was added
      dropwise. The reaction mixture was quenched with saturated sodium
      bitartrate, diluted with 50 ml methylene chloride and dried over sodium
      sulfate. Filtration and evaporation gave the crude chloro lactone alcohol
      (1.46 g yield 100%) which was purified by column chromatography, to give
      1.2 g of pure
      (2.beta.-hydroxymethyl-3.alpha.-hydroxy-5.beta.-chlorocyclopent-1.alpha.-y
     l)acetic acid, .delta.-lactone.
PAR  IR: 1735 cm.sup.-.sup.1
PAR  NMR: 4.95 (1H, M), 4.30 (1H, double doublet), 3,90 (2H, doublet, 7.0 cps)
      .delta.
PAR  Optically active material had mp 130.degree., [.alpha.].sub.D.sup.25
      -65.degree. (C 1.0, CHCl.sub.3).
PAC  EXAMPLE X
PAC  7-hydroxymethyl bicyclo [2.2.1]hept-2-ene-6-one acetate (10').
PAR  A cooled (0.degree.C), stirred solution of 4.99 g 7-hydroxymethyl bicyclo
      [2.2.1]hept-2-ene-6-one benzyl ether in acetic anhydride (109 ml) was
      treated with BF.sub.3 -etherate (0.63 ml). After 15 min, the reaction was
      quenched by addition of water (19 ml) and the mixture evaporated in vacuo
      to dryness, affording 3.9 g oily 7-hydroxymethyl bicyclo
      [2.2.1]hept-2-ene-6-one acetate (10').
PAR  IR, 5.73 .mu. (CHCl.sub.3).
PAR  NMR, 6.50 (9, 1H), 6.0 (1H), 4.15 (d, J = 7 cps, 2H), 2.05 (S, 3H).delta..
PAC  EXAMPLE XI
PAC  7-hydroxymethyl bicyclo[2.2.1]hept-2-ene-6-one (11')
PAR  Powdered, dry K.sub.2 CO.sub.3 (1.51 g) was added to stirred solution of
      the ketoacetate (10') (1.96 g) in methanol (45 ml) at room temperature.
      After 20 min, 6N HCl (3.6 ml) was added and the mixture evaporated to
      dryness. The residue was extracted with ethyl acetate to give 1.0 g of
      7-hydroxymethyl bicyclo[2.2.1]hept-2-ene-6-one (11') homogenous on tlc (Rf
      0.25, C.sub.6 H.sub.6 :MeOH, 17:3).
PAR  IR, 5.74 .mu. (CHCl.sub.3).
PAC  EXAMPLE XII
PAC  7-hydroxymethyl bicyclo[2.2.1]hept-2-ene-6-one ketal (12')
PAR  A mixture of ketoalcohol (11') (1.05 g), ethylene glycol (0.98 g) and
      p-toluene sulfonic acid (0.16 g) in benzene (250 ml) was refluxed 16 hr,
      while water was removed azeotropically. The cooled solution was washed
      with saturated NaHCO.sub.3 (1 .times. 10 ml), brine (1 .times. 10 ml),
      dried (Na.sub.2 SO.sub.4) and evaporated to the oily 7-hydroxymethyl
      bicyclo[2.2.1]hept-2-ene-6-one (12') ketal, 1.1 g.
PAR  IR, 2.75-3.15 (OH) .mu. (neat)
PAR  NMR, 5.80-6.30 (2H), 3.95 (singlet, 4H), 3.55 (d, J = 7.0, 2H), 2.0 (dd, J
      = 13.5 & 3.5, 1H), 1.55 (d, J = 13.5, 1H) .delta..
PAC  EXAMPLE XIII
PAC  6-oxo-9-oxatricyclo[4.3.0.0.sup.3,7 ]nonane ketal (13')
PAR  To a stirred yellow mixture of 4.0 g Hg (OAc).sub.2 in H.sub.2 O-THF (1:1)
      (12.6 ml) was added 1.15 g ketal alcohol (12') dissolved in THF (1.5 ml).
      The yellow color disappeared within 5 min, and 3 M NaOH (6.3 ml) was added
      to the reaction mixture followed by 6.3 ml of 0.5 ml NaBH.sub.4 solution
      in 3 M NaOH. The precipitated mercury was filtered off, solid NaCl added
      to the filtrate and extracted with ethyl acetate. Concentration of organic
      extracts afforded 720 mg of oily 6-oxo-9-oxatricyclo[4.3.00.sup.3,7
      ]nonane ketal (13') homogenous on tlc (Rf 0.52, CH Cl :MeOH, 19:1).
PAR  NMR, 4.2 (1H), 4.1-3.6 (6H), 2.8-1.2 (7H) .delta..
PAC  EXAMPLE XIV
PAC  2-hydroxy-5-oxo-bicyclo[2.2.1]heptan-7-oic acid ketal (14)
PAR  A mixture of 0.58 g ether ketal (13) in 3% RuO.sub.4 solution in CCl.sub.4
      (2 ml) and 10 ml of saturated aqueous NaIO.sub.4 was stirred 18 hr at room
      temperature. The black precipitate was filtered off, and the organic layer
      separated, dried (Na.sub.2 SO.sub.4), gave 47 mg of
      2-hydroxy-5-oxo-bicyclo[2.2.1]heptan-7-oic acid (14) ketal as an oil,
      homogenous on tlc (Rf 0.45, C.sub.6 H.sub.6 :EtOAC, 3:1).
PAR  IR, 5.63 .mu. (CHCl.sub.3)
PAR  Treatment with acid afforded the ketolactone (3).
PAC  EXAMPLE XV
PAC  3-Hydroxymethyltricyclo [2.2.1.0.sup.2,6 ]heptan-5-ol (15')
PAR  To a stirred refluxing solution of 5 g of tricyclene bisformate (1') in
      methanol (20 ml) is added 0.5 g of sodium methoxide and the resulting
      methylformate distilled off. After completion of reaction CO.sub.2 is
      bubbled into the reaction mixture, solids are filtered off and solvent
      evaporated to dryness to give 3-hydroxymethyltricyclo [2.2.1.0.sup.2,6
      ]heptan-5-ol (15').
PAC  EXAMPLE XVI
PAC  3-Acetoxymethyltricyclo [2.2.1.0.sup.2.6 ]heptan-5-ol (16')
PAR  To a stirred solution of 14 gm of the diol (15') in 100 ml pyridine is
      added acetic acid. The reaction is stirred overnight at 25.degree. and
      quenched by addition of ice-water. The product is extracted with CH.sub.2
      Cl.sub.2. The CH.sub.2 Cl.sub.2 layer washed with dil. HCl, dried
      (Na.sub.2 SO.sub.4) and concentrated to give 3-acetoxymethyltricyclo
      [2.2.1.0.sup.2,6 ]heptan-5-ol (16').
PAC  EXAMPLE XVII
PAC  3-Acetoxymethyltricyclo [2.2.1.0.sup.2,6 ]heptan-5-one (17')
PAR  To a cooled solution of 6 gm acetoxy alcohol (16') in 150 ml acetone at
      0.degree.C with vigorous stirring is added 2.67 M Jones reagent (40 ml)
      over a period of 10 min. After stirring 5 hr, the reaction is quenched by
      addition of isopropanol (2 ml) followed by dilution with water. Extraction
      with CH.sub.2 Cl.sub.2 affords the title product.
PAC  EXAMPLE XVIII
PAC  2-Acetoxymethyl-3-hydroxy-bicyclo [3.1.0]hexan-6-oic acid lactone (18')
PAR  To a stirred mixture of 2 g of acetoxy ketone (17') in methylene chloride
      (100 ml) is added 2.8 g m-chloroperbenzoic acid and the solution refluxed
      for 6 hr. The reaction mixture is cooled, filtered and the organic layer
      washed with saturated NaHCO.sub.3, saturated Na.sub.2 SO.sub.4, brine,
      dried (Na.sub.2 SO.sub.4) and evaporated to give
      2-acetoxymethyl-3-hydroxy-bicyclo [3.1.0]hexan-6-oic acid lactone (18').
PAC  EXAMPLE XIX
PAC  2.beta.-Hydroxymethyl-3.alpha.-hydroxy-4.beta.-chloro-cyclopent-1.alpha.-yl
     )acetic acid .delta.-lactone (7')
PAR  A mixture of 2 g acetoxy lactone (18') and concentrated HCl (20 ml) is
      refluxed for 4 hr. The reaction mixture is evaporated to dryness under
      reduced pressure and the residue crystallized from ether to give pure
      2.beta.-hydroxymethyl-3.alpha.-hydroxy-4.beta.-chlorocyclopent-1.alpha.-yl
     )acetic acid, .delta.-lactone (7').
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the structure:
      ##SPC33##
PAL  wherein X is chlorine, bromine or iodine.
NUM  2.
PAR  2. The compound of claim 1 wherein X is chlorine.
NUM  3.
PAR  3. The compound of claim 1 wherein X is bromine.
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ABST
PAL  A method is disclosed for preparing symmetrical azines of the formulas
      ##EQU1##
      and unsymmetrical azines of the formulas
      ##EQU2##
      and mixtures of azines (I), (II) and (IV) and (I), (III) and (V) wherein
      R.sup.1, R.sup.2, R.sup.3 and R.sup.4 each is a hydrogen atom, a straight
      chain alkyl radical of from 1 to 12 carbon atoms, a branched chain alkyl
      radical or unsubstituted or alkyl substituted cycloalkyl radical of from 3
      to 12 carbon atoms, a hydrocarbon radical of from 6 to 12 carbon atoms
      containing an aromatic nucleus; further provided that R.sup.1 and R.sup.2
      can be the same or different radicals, and R.sup.3 and R.sup.4 are the
      same or different radicals and each are different from R.sup.1 and R.sup.2
      ; or R.sup.1 and R.sup.2 or R.sup.1 and R.sup.3 or R.sup.3 and R.sup.4
      bonded to the same carbon atom together form an unsubstituted or aliphatic
      substituted alkylene radical of from 3 to 11 carbon atoms, each of the
      aforesaid radicals being unsubstituted or substituted with one or more
      radicals which are stable in the medium in which the azines are produced.
PAL  The method comprises reacting ammonia, hydrogen peroxide and a carbonyl
      compound of the formula
      ##EQU3##
      alone or together with a different carbonyl compound
      ##EQU4##
      or
      ##EQU5##
      wherein R.sup.1, R.sup.2, R.sup.3 and R.sup.4 each have the same meaning
      defined above in the presence of an amide or an imide of a carboxylic acid
      having an ionization constant greater than 5 .times. 10.sup..sup.-5 or of
      a di-, tri- or tetra-carboxylic acid of which at least one of the
      carboxylic acid functions has an ionization constant greater than 5
      .times. 10.sup..sup.-5 (corresponding to a pK less than about 4.3) to
      produce the azine or mixture of azines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  This invention relates to a method for preparing symmetrical azines as well
      as mixtures containing symmetrical and unsymmetrical azines.
PAR  II. Description of the Prior Art
PAR  Aldehydes are known to react with ammonia in a complex manner giving rise
      to various addition, condensation or polymerization products (see for
      example, The Chemistry of the Carbon-Nitrogen Bond, S. Patai,
      Interscience, London, 1970, page 67) or with hydrogen peroxide to form
      unstable peroxide products and to give rise, after reaction with ammonia
      and hydrogen peroxide, to peroxidic compounds (see for example, J. Chem.
      Soc. 1969, p. 2678).
PAR  Moreover, it is known that ammonia, a ketone and hydrogen peroxide react
      together to produce aminoperoxides (see for example, J. Chem. Soc. 1969,
      C, page 2663) and in the presence of such catalysts as tungstic or
      molybdic acid, to an oxime (see for example, J. Gen. Chem. (U.S.S.R.)
      1960, 30, p. 1635), or in the presence of the ammonium salts or hydroxides
      of metals of Group Ia and IIa of the Periodic Table of the Elements,
      result in azines (see copending application Ser. No. 267,921, filed June
      30, 1972.
PAR  Another method for preparing azines comprising the oxidation of ammonia in
      the presence of a ketone or aldehyde by means of an oxidizing medium of
      hydrogen peroxide and cyanogen or a nitrile is fully disclosed in commonly
      assigned copending U.S. application Ser. No. 152,413, filed June 11, 1971.
PAR  Another method for preparing azines comprises oxidizing a secondary alcohol
      in the liquid phase to form peroxide products of the auto-oxidation of the
      alcohol and subsequently reacting the peroxidic products with ammonia in
      the presence of cyanogen or a nitrile. This method is fully disclosed in
      commonly assigned pending U.S. application Ser. No. 230,038, filed Feb.
      28, 1972. Still another method of preparing azines comprises reacting
      ammonia, hydrogen peroxide and carbonyl compounds in the presence of a
      carboxylic ester as disclosed in commonly assigned pending U.S.
      application Ser. No. 340,763 filed Mar. 13, 1973.
PAC  SUMMARY OF THE INVENTION
PAR  It has been surprisingly discovered that symmetrical azines of the formulas
      ##EQU6##
      and unsymmetrical azines of the formulas
      ##EQU7##
      can be conveniently prepared in good yields by reacting ammonia, hydrogen
      peroxide and a carbonyl compound of the formula
      ##EQU8##
      alone or together with a different carbonyl compound
      ##EQU9##
      or
      ##EQU10##
      wherein R.sup.1, R.sup.2, R.sup.3 and R.sup.4 each have the same meaning
      defined above in the presence an amide or an imide of a carboxylic acid
      having an ionization constant greater than 5 .times. 10.sup..sup.-5 or of
      a di-, tri- or tetra-carboxylic acid of which at least one of the
      carboxylic acid functions has an ionization constant greater than 5
      .times. 10.sup..sup.-5 (corresponding to a pK less than about 4.3) to
      produce the azine or mixture of azines.
PAR  When a single carbonyl compound (VI) is reacted according to the method of
      this invention, a symmetrical azine having the formula
      ##EQU11##
      is produced.
PAR  When, for example, both R.sup.1 and R.sup.2 of carbonyl compound (VI) is
      hydrogen, the carbonyl compound is formaldehyde and the azine resulting
      from this method is the symmetrical aldazine, formaldazine, which has the
      formula
EQU  CH.sub.2 = N -- N = CH.sub.2
PAR  when only one of the substituents is hydrogen, the resulting aldazine, for
      example, has the formula
EQU  R.sup.1 -- CH = N -- N = CH -- R.sup.1
PAL  wherein the substituent R.sup.1 is not hydrogen.
PAR  When neither of the substituents of the carbonyl compound (VI) is hydrogen,
      the carbonyl compound (VI) is a ketone and the resulting azine is a
      symmetrical ketazine of the formula
      ##EQU12##
      wherein none of the substituents R.sup.1 and R.sup.2 is hydrogen.
PAR  When in addition to carbonyl compound (VI), a different carbonyl compound
      (VII) is simultaneously reacted according to the method of this invention,
      a mixture of symmetrical and unsymmetrical azines of the formulas
      ##EQU13##
      is produced.
PAR  And if in addition to carbonyl compound (VI), a different carbonyl compound
      (VIII) is simultaneously reacted according to the method of this
      invention, a mixture of symmetrical and unsymmetrical azines of the
      formulas
      ##EQU14##
      is produced.
PAR  When both carbonyl compounds (VI) and (VII) are aldehydes, a mixture of
      symmetrical and unsymmetrical aldazines will be obtained. Similarly, if
      both carbonyl compounds (VI) and (VII) or (VI) and (VIII) are ketones, a
      mixture of symmetrical and unsymmetrical ketazines will be produced. And
      if one of the carbonyl compounds (VI), (VII) or (VIII) is an aldehyde and
      the other carbonyl compound which is being simultaneously reacted is a
      ketone, the method of this invention will yield a mixture of azines
      containing a symmetrical aldazine, a symmetrical ketazine and an
      unsymmetrical azine possessing the characteristics of both an aldazine and
      a ketazine.
PAR  Any number of different aldehydes and/or ketones may be reacted according
      to the method of this invention to yield mixtures of azines, the number
      and amount of which are present in the mixture being made to depend upon
      the number, amount and nature of the carbonyl compounds reacted.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The carbonyl compounds of this invention can contain ethylenic bonds and
      substituents which are stable in the reaction medium such as chlorine,
      bromine, and fluorine atoms and nitro, hydroxy, alkoxy, carboxylic acid,
      carboxylic amide, esters or nitrile groups.
PAR  Some examples of aldehydes conforming to formulas (VI), (VII) or (VIII)
      which are advantageously employed in the process of this invention include
      formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde,
      isobutyraldehyde, n-pentanal, pivalaldehyde, oenanthal, 2-ethylhexanal,
      3-.DELTA. tetrahydrobenzaldehyde, hexahydrobenzaldehyde,
      5-norbornene-2-carboxaldehyde, tetrahydropyran-2-carboxaldehyde,
      benzaldehyde, the monochlorobenzaldehydes, p-nitrobenzaldehyde,
      anisaldehyde, .beta.-chloropropionaldehyde and
      .beta.-methoxypropionaldehyde.
PAR  Some examples of ketones conforming to formula (VI), (VII) or (VIII) which
      are advantageously employed in the method of this invention include
      acetone, 2-butanone, 2-pentanone, 3-pentanone, methylisopropylketone,
      methylisobutylketone, ethylamylketone, methylcyclohexylketone,
      acetophenone, benzophenone, cyclobutanone, cyclopentanone, cyclohexanone,
      2-methylcyclohexanone, 3-methylcyclohexanone, 4-methylcyclohexanone,
      2,4-dimethylcyclohexanone, 3,3,5-trimethylcyclohexanone, isophorone,
      cycloheptanone, cyclooctanone, cyclodecanone and cyclododecanone.
PAR  The carboxylic acid amides and imides which are useful in the method of
      this invention have been observed to play a role as effective oxidation
      coreactants for the preparation of the azines herein through the reaction
      of ammonia and one or several carbonyl compounds with hydrogen peroxide.
      It has been established that the carboxylic acid amide or imide is
      converted into the ammonium salt of the same carboxylic acid during the
      reaction. Although the reaction mechanism is not fully known, the reaction
      (illustrating the use of an amide) can be theorized to take place as
      follows:
      ##EQU15##
PAR  The reaction is general in nature and does not depend upon the particular
      nature of the carboxylic acid amide or imide employed but it has been
      noted that the reaction proceeds very slowly with amides or imides having
      ionization constants less than about 5 .times. 10.sup..sup.-5. In this
      case, the known reactions of ammonia and carbonyl compounds with hydrogen
      peroxide or the simple decomposition of the latter take place in the basic
      reaction medium instead of the desired reaction.
PAR  It is therefore advantageous to employ the amides or imides of carboxylic
      acids having an ionization constant greater than 5 .times. 10.sup..sup.-5
      in order to provide a suitable rate of reaction and good selectivity for
      the desired reaction. The useful amides and imides can be derived from the
      monocarboxylic or polycarboxylic acids such as the di-, tri and tetra-
      carboxylic acids of which at least one of the carboxylic acid functions
      has an ionization constant greater than 5 .times. 10.sup..sup.-5
      (corresponding to a pK less than about 4.3).
PAR  The acids responding to this requirement can be selected from amongst the
      monoacids R.sub.5 COOH and the polyacids R'.sub.5 (COOH).sub.x.
PAR  R.sub.5 of the monoacids R.sub.5 COOH represents (a) a hydrogen atom or a
      halogenated alkyl radical having from 1 to 8 carbon atoms and possessing
      up to n halogen atoms, at least one of which is in the .alpha. or .beta.
      position with respect to the carboxylic group, n being the total number of
      hydrogen atoms in the corresponding unsubstituted alkyl radical; (b) a
      hydroxylated alkyl radical having from 1 to 8 carbon atoms and possessing
      from 1 to 5 hydroxyl groups bonded to different carbon atoms with at least
      one hydroxyl group in the .alpha. or .beta. position with respect to the
      carboxylic group; (c) a halogenated alkyl radical having from 1 to 8
      carbon atoms and possessing a combined total of from 2 to 6 halogen atoms
      and hydroxyl groups of which one halogen atom or hydroxyl group is in the
      .alpha. or .beta. position with respect to the carboxylic group and no
      hydroxyl group is bonded to a carbon atom possessing a halogen atom or
      second hydroxyl group; or (d) a phenyl, phenylmethyl or diphenylmethyl
      radical which is unsubstituted or ring substituted with from 1 to 5
      halogen atoms or methyl, hydroxyl, methoxy, nitro or carboxylic acid
      groups.
PAR  R'.sub.5 of the polyacids R'.sub.5 (COOH).sub.x can represent (a) a single
      bond in which case x is equal to 2; (b) an alkylidene radical having from
      1 to 8 carbon atoms in which case x is equal to 2; (c) an alkylene or
      alkylenyl radical having from 2 to 5 carbon atoms which is unsubstituted
      or substituted with from 1 to 4 halogen atoms, hydroxyl groups or any
      combination thereof with no hydroxyl group being bonded to a carbon atom
      possessing a halogen atom or second hydroxyl group in which case x is
      equal to 2, 3 or 4; (d) an aromatic radical of valence x in which x is
      equal to 2, 3 or 4 and which can be substituted with up to 6-x halogen
      atoms or methyl, hydroxy, methoxy or nitro groups or any combination
      thereof.
PAR  In the above definition, the term "halogen" is intended to be understood
      according to its commonly recognized meaning namely, the term refers to
      the fluorine, chlorine, bromine and iodine atoms.
PAR  Some examples of amides and imides which can advantageously be employed in
      the method of this
      .beta.-bromopropionamide,.alpha.,.beta.-dibromopropionamide, include:
      formamide, monochloroacetamide, monobromoacetamide, dichloroacetamide,
      trichloroacetamide, trifluoroacetamide, .alpha.-chloropropionamide,
      .beta.-chloropropionamide, .alpha.,.alpha.-dichloropropionamide,
      .alpha.,.beta.-dichloropropionamide, .alpha.-bromopropionamide,
      .alpha.-chloroisobutyramide, perfluorobutyramide, glycolamide, lactamide,
      .beta.-hydroxypropionamide, glyceramide,
      .alpha.-hydroxy-.beta.-chloropropionamide,
      .alpha.-chloro-.beta.-hydroxypropionamide, glycolamide, phenylacetamide,
      o-chlorophenylacetamide, m-chlorophenylacetamide, p-chlorophenylacetamide,
      o-bromophenylacetamide, m-bromophenylacetamide, p-bromophenylacetamide,
      o-fluorophenylacetamide, m-fluorophenylacetamide, p-fluorophenylacetamide,
      o-nitrophenylacetamide, m-nitrophenylacetamide, p-nitrophenylacetamide,
      dinitro-2,4 phenyl acetamide, diphenylacetamide, benzamide, o-toluamide,
      m-toluamide, o-chlorobenzamide, m-chlorobenzamide, p-chlorobenzamide,
      o-bromobenzamide, m-bromobenzamide, p-bromobenzamide, o-fluorobenzamide,
      m-fluorobenzamide, p-fluorobenzamide, o-iodobenzamide, m-iodobenzamide,
      p-iodobenzamide, pentachlorobenzamide, pentafluorobenzamide,
      o-nitrobenzamide, m-nitrobenzamide, p-nitrobenzamide,
      o-nitro-o'-methylbenzamide, salicylamide, m-hydroxybenzamide,
      p-hydroxybenzamide, o-methoxybenzamide, m-methoxybenzamide, the
      monoamides, the diamides or the cyclic imides of the following di- tri,
      and tetracids: oxalic, malonic, methylethylmalonic, diethylmalonic,
      succinic, .alpha.,.alpha.-dichlorosuccinic, maleic, tartaric, malic,
      .alpha.,.alpha.'-dichloroglutaric, .alpha.-hydroxyadipic, citric,
      itaconic, citraconic, o-phthalic, isophthalic, terephthalic, trimellitic,
      pyromellitic and tetrachloro-o-phthalic acids.
PAR  Formamide is especially advantageous for use herein due to its low
      molecular weight and its relatively low cost.
PAR  The reaction components are reacted in liquid media and are mixed one after
      the other or as various combinations. For example, the reaction components
      can be separately or simultaneously introduced into the reactor on a
      continuous or batch-wise basis or the hydrogen peroxide can be added to a
      mixture containing the ammonia, the carbonyl compound or mixture thereof
      and the carboxylic acid amide or imide; the ammonia or ammonia solution
      can be added to a mixture containing the hydrogen peroxide, the carbonyl
      compound or mixture thereof and the amide or imide; the amide or imide can
      be added to a mixture containing ammonia, hydrogen peroxide and carbonyl
      compound(s) and/or the corresponding aminoperoxides; or the hydrogen
      peroxide can be reacted with the carbonyls to provide a mixture of one or
      several known peroxidic products and this mixture can then be reacted with
      ammonia and the amide or imide. It is advantageous to employ a solvent or
      blend of solvents to maintain a homogenous reaction medium or to assure at
      least a partial solubilization of the reactants. Examples of solvents
      which can be used for this purpose include the saturated alcohols having 1
      to 6 carbon atoms such as methanol, ethanol, n-propanol, isopropanol,
      n-butanol, 2-butanol, isobutanol, tert-butanol, the amyl alcohols and
      cyclohexanol.
PAR  The temperature of the reaction can be maintained over a wide range but it
      is advantageous to maintain a temperature of from about -20.degree. to
      100.degree.C and at a pressure equal to or greater than atmospheric
      pressure, up to 10 atmospheres if such is necessary to maintain the
      reactants in solution.
PAR  The reaction components can be employed in stoichiometric quantities
      according to the above equation but it is also possible to use other
      proportions in which case, it is advantageous to react up to a ten-fold
      excess of one or several of the reactants. It is generally preferable not
      to use an excess of hydrogen peroxide so as to avoid or minimize secondary
      decomposition reactions or undesirable oxidation products.
PAR  It can be advantageous to add one or more known and conventional
      stabilizers for peroxidic compositions or substances which exercise a
      buffering action on the pH of the reaction medium. For example, from about
      0.01 to 1.0% by weight of the reaction medium of phosphoric acid,
      pyrophosphoric acid, citric acid, nitrilotriacetic acid,
      ethylenediaminetetraacetic acid or the alcaline metal or ammonium salts of
      the aforesaid acids can be used.
PAR  Upon completion of the reaction, the azines can be recovered from the
      medium by means of known and conventional techniques including extraction
      with a non-miscible solvent, fractional distillation or a combination of
      these two methods.
PAR  The azines of this invention are useful as intermediates in the preparation
      of many important products, and in particular, are useful for preparing
      hydrazine and hydrazine salts by hydrolysis according to known and
      conventional methods. Hydrolysis of the azines releases the carbonyl
      compounds which can then be recycled for preparing additional quantities
      of azines according to the method of this invention.
PAR  The following examples are illustrative of the method of this invention.
      Although the examples employ but a single carbonyl compound resulting in
      symmetrical azines it is understood that the same procedures can be
      followed except that two or more different aldehydes or ketones or one or
      more aldehydes and ketones are reacted to result in a mixture of
      symmetrical and unsymmetrical azines as hereinbefore described.
PAC  EXAMPLE 1
PAR  14.5 gm of acetone (0.25 moles), 5 gm of water, 65 gm of methanol, 5 gm of
      a 68% by weight solution of hydrogen peroxide (0.1 moles) and 0.25 gm of
      the disodium salt of ethylenediaminetetraacetic acid (EDTA) were placed in
      a reactor and thereafter 5.1 gm ammonia (0.3 moles) were dissolved in the
      reaction mixture. The reaction mixture was heated to 50.degree.C and 4.5
      gm of formamide (0.1 moles) were added to the mixture over 10 minutes. The
      temperature was maintained at 50.degree.C for 31/2 hours during which a
      slight stream of ammonia, about 0.1 moles/hours, was introduced into the
      medium. The acetoneazine present in the reaction medium was measured
      chemically and by gas phase chromatography. 6.2 gm of acetoneazine (0.055
      moles) had formed corresponding to a yield of 55% by comparison to the
      hydrogen peroxide.
PAR  After leaving the mixture for 24 hours at 20.degree.C, the reaction was
      allowed to continue and the final yield of acetoneazine then attained 70%.
PAC  EXAMPLE 2
PAR  Example 1 was substantially repeated except that twice the amount of
      formamide (9.0 gm; 0.2 moles) was employed. After reacting for 31/2 hours
      at 50.degree.C, the reaction medium contained 8.5 gm of acetoneazine
      (0.076 moles) corresponding to a yield of 76%; after 61/2 hours at
      50.degree.C, the reaction medium contained 9.0 gm of acetoneazine (0.08
      moles) corresponding to a yield of 80% based on the amount of hydrogen
      peroxide used.
PAC  EXAMPLE 3
PAR  Example 1 was substantially repeated except that methanol was replaced with
      the same weight of water. After the reaction medium has reacted for 31/2
      hours at 50.degree.C, analysis indicated that 6.1 gm of acetoneazine
      (0.054 moles) had formed thus corresponding to a yield of 54% based on the
      amount of hydrogen peroxide used.
PAC  EXAMPLE 4
PAR  Example 1 was repeated except that the formamide was replaced with 14.7 gm
      of o-phthalimide (0.1 moles). After the reaction medium had reacted for 5
      hours at 50.degree.C, analysis indicated that 4.3 gm of acetoneazine
      (0.038 moles) had formed thus corresponding to a yield of 38% based on the
      amount of hydrogen peroxide used.
PAC  EXAMPLE 5
PAR  Example 1 was substantially repeated except that the formamide was replaced
      with 9.9 gm of succinimide (0.10 moles) which were introduced in the
      reaction mixture containing the other reactants over a period of 10
      minutes at 50.degree.C. After the reaction medium had reacted for 7 hours
      at 50.degree.C, analysis indicated that 3.52 gm of acetoneazine (0.0314
      moles) had formed thus corresponding to a yield of 31.4% based on the
      amount of hydrogen peroxide used.
PAC  EXAMPLE 6
PAR  Example 1 was substantially repeated except that the formamide was replaced
      with 9.35 gm of monochloroacetamide (0.10 moles) introduced into the other
      reactants over 10 minutes at 50.degree.C. After 7 hours at 50.degree.C,
      4.3 gm of acetoneazine (0.0385 moles) corresponding to a yield of 38.5%
      based on the hydrogen peroxide used was present in the medium.
PAC  EXAMPLE 7
PAR  Example 1 was substantially repeated except that the formamide was replaced
      with 8.9 gm of lactamide (0.10 moles) introduced into the other reactants
      over 10 minutes at 50.degree.C. After 8 hours at 50.degree.C, analysis
      indicated the presence of 0.85 gm of acetoneazine (0.0076 moles) in the
      reaction medium thus corresponding to a yield of 7.6% based on the amount
      of hydrogen peroxide used.
PAC  EXAMPLE 8
PAR  Example 1 was substantially repeated except that the acetone was replaced
      with 24.5 gm of cyclohexanone (0.25 moles). After 5 hours of reaction at
      50.degree.C, 8.35 gm of cyclohexanoneazine (0.435 moles) had formed in the
      reaction medium corresponding to a yield of 43.5% based on the amount of
      hydrogen peroxide used.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preparing azines which consists of reacting
PA1  a. ammonia;
PA1  b. hydrogen peroxide;
PA1  c. a carbonyl compound selected from formaldehyde, acetaldehyde,
      propionaldehyde, butyraldehyde, isobutyraldehyde, n-pentanal,
      pivalaldehyde, oenanthal, 2-ethylhexanal,
      3-.DELTA.-tetrahydrobenzaldehyde, hexahydrobenzaldehyde,
      5-norbornene-2-carboxaldehyde, tetrahydropyran-2-carboxaldehyde,
      benzaldehyde, monochlorobenzaldehyde, p-nitrobenzaldehyde, anisaldehyde,
      .beta.-chloropropionaldehyde, .beta.-methoxypropionaldehyde, 2-butanone,
      2-pentanone, 3-pentanone, methylisopropylketone, methylisobutylketone,
      ethylamylketone, methylcyclohexylketone, acetophenone, benzophenone,
      cyclobutanone, cyclopentanone, cyclohexanone, 2-methylcyclohexanone,
      3-methylcyclohexanone, 4-methylcyclohexanone, 2,4-dimethylcyclohexanone,
      3,3,5-trimethylcyclohexanone, isophorone, cycloheptanone, cyclooctanone,
      cyclodecanone and cyclododecanone, and mixtures thereof; and
PA1  d. an amide or imide selected from formamide, monochloroacetamide,
      monobromoacetamide, dichloroacetamide, trichloroacetamide,
      trifluoroacetamide, .alpha.-chloropropionamide, .beta.-chloropropionamide,
      .alpha.,.alpha.-dichloropropionamide, .alpha.,.beta.-dichloropropionamide,
      .alpha.-bromopropionamide, .beta.-bromopropionamide,
      .alpha.,.beta.-dibromopropionamide, .alpha.-chloroisobutyramide,
      perfluorobutyramide, glycolamide, lactamide, .beta.-hydroxypropionamide,
      glyceramide, .alpha.-hydroxy-.beta.-chloropropionamide,
      .alpha.-chloro-.beta.-hydroxypropionamide, glycolamide, phenylacetamide,
      chlorophenylacetamide, bromophenylacetamide, fluorophenylacetamide,
      nitrophenylacetamide, 2,4-dinitrophenylacetamide, diphenylacetamide,
      benzamide, o-toluamide, m-toluamide, chlorobenzamide, bromobenzamide,
      fluorobenzamide, iodobenzamide, pentachlorobenzamide,
      pentafluorobenzamide, nitrobenzamide, o-nitro-o'-methylbenzamide,
      salicylamide, m-hydroxybenzamide, p-hydroxybenzamide, o-methoxybenzamide,
      m-methoxybenzamide, and the amic acids, diamides and imides of oxalic,
      malonic, methylethylmalonic, diethylmalonic, succinic,
      .alpha.,.alpha.-dichlorosuccinic, maleic, tartaric, malic,
      .alpha.,.alpha.'-dichloroglutaric, .alpha.-hydroxyadipic, citric,
      itaconic, citraconic, o-phthalic, isophthalic, terephthalic, trimellitic,
      pyromellitic and tetrachloro-o-phthalic acids,
PAL  and recovering the azine or mixture of azines from the reaction medium.
NUM  2.
PAR  2. The method of claim 1 wherein the reaction is carried out in the
      presence of a solvent comprising a saturated alcohol of from 1 to 6 carbon
      atoms.
NUM  3.
PAR  3. The method of claim 1 wherein the reaction is carried out at a
      temperature between about -20.degree. and 100.degree.C.
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ABST
PAL  Amides and thioates of (-)(cis-1,2-epoxypropyl)-phosphonic acid and
      phosphonothioic acid are prepared by converting
      (-)(cis-1,2-epoxypropyl)phosphonic acid or phosphonothioic acid or a salt
      thereof to an acid halide and reacting the acid halide with an amine, and
      by reacting the phosphonic acid or a salt thereof with an amine in the
      presence of a carbodiimide. The novel (-)(cis-1,2-epoxypropyl)phosphonic
      and phosphonothioic amides are active antibacterial agents.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of Ser. No. 758,149 filed Sept. 6, 1968 and
      Ser. No. 760,684 filed Sept. 18, 1968, both now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Although many valuable antibiotics are known for the treatment of various
      diseases, many of the known antibiotics are, in general, active against a
      limited number of pathogens. When certain strains of these pathogens
      develop resistance to a particular antibiotic, the antibiotic is rendered
      inactive against such resistant strains. Because of this development with
      regard to known antibiotics, the search continues in an effort to discover
      new antibacterial agents which are active against a wide range of
      pathogens and, in particular, against those strains of pathogens which are
      resistant to the known antibiotics.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention relates to compounds which have significant
      antibacterial activity and to processes for preparing them. The compounds
      which are the subject of this invention are novel amides of
      (-)(cis-1,2-epoxypropyl)phosphonic acid and phosphonothioic acid. These
      novel derivatives can be represented by the following formula:
      ##EQU1##
      where X represents oxygen or sulfur, Y represents --NR.sub.1 R.sub.2,
      ##EQU2##
      --NROR, --NRNR.sub.1 R.sub.2, --NR--N=CR.sub.1 R.sub.2,
      ##EQU3##
      --N=C=X, or --N.sub.3, and Z represents Y, OR, SR or halogen wherein R is
      hydrogen or a hydrocarbyl or substituted hydrocarbyl group; and R.sub.1
      and R.sub.2 represent hydrogen, acyl, or a hydrocarbyl or substituted
      hydrocarbyl group. Also included in Formula I are the inorganic and
      organic salts of those compounds where Z is --OH or --SH, and the cyclic
      derivatives where Y and Z are connected via a residue of a polyfunctional
      hydrocarbyl compound such as a straight or branched chain alkylene,
      aralkylene, and arylene polyamine, and aminoalcohol and the like such as
      ethylenediamine, monoethanolamine, phenylenediamine, naphthalenediamine,
      o-aminophenol and the like and those cyclic derivatives where --NR.sub.1
      R.sub.2 represents the residue of a cyclic primary or secondary amine such
      as, for example, morpholine, piperidine, or pyrrolidine.
PAR  Where R, R.sub.1 or R.sub.2 in Formula I represent a hydrocarbyl or
      substituted hydrocarbyl radical, such radical can be an aliphatic,
      cycloaliphatic, araliphatic, aromatic or heterocyclic radical which can,
      if desired, be further substituted. Thus, for example, it can be
      aliphatic, such as substituted or unsubstituted alkyl, alkenyl or alkynyl,
      representative examples of which are alkyl such as methyl, propyl,
      isopropyl, t-butyl, hexyl, octyl, decyl, dodecyl, haloalkyl such as
      chloroethyl, fluoropropyl, bromoethyl and dichloroethyl, acylamidoalkyl
      such as acetylaminomethyl, phthalimidomethyl and benzoylaminoethyl,
      acyloxyalkyl such as benzoyloxymethyl, acetoxymethyl, pivaloyloxymethyl,
      propionoxyethyl, carboxymethyl and benzyloxyethyl, hydroxypropyl,
      piperidinomethyl, aminomethyl, aminoethyl, alkylaminoalkyl such as
      dimethylaminomethyl, diethylaminopropyl, and carboalkoxymethyl,
      cyanoethyl, sulfonamidoethyl and methoxymethyl, alkenyl such as allyl,
      methallyl, vinylpropenyl, hexenyl, octadienyl, alkynyl such as propargyl,
      ethynyl or chloroethynyl, cycloalkyl such as cyclohexyl, cyclohexenyl or
      cyclopropyl. When R, R.sub.1 or R.sub.2 is aliphatic, it preferably has
      from 1-6 carbon atoms, i.e. substituted or unsubstituted loweralkyl or
      alkenyl.
PAR  Examples of R, R.sub.1 and R.sub.2 representing an araliphatic radical are
      those cases where it is aralkyl or substituted aralkyl such as benzyl,
      phenethyl, phenylpropyl, p-halobenzyl and o-, m- or p-alkoxybenzyl,
      nitrobenzyl, aminophenethyl, pyridylethyl, nitrofurylmethyl, thienylpropyl
      and the like.
PAR  R, R.sub.1 and R.sub.2 also represents an aryl or substituted aryl radical
      such as phenyl, naphthyl or substituted phenyl, e.g. p-chlorophenyl,
      o-nitrophenyl, o,p-dihalophenyl, phenacyl, cyanophenyl, methoxyphenyl,
      p-sulfonamidophenyl and N' derivatives thereof such as
      p(N-2-thiazolyl)sulfonamidophenyl, etc., aminophenyl, tolyl and the like,
      and preferably a mononuclear aromatic or substituted aromatic residue such
      as pyridyl, furyl, nitrofuryl, thienyl, thiazolyl, or pyrazinyl, or
      alternatively it can represent a hydrogenated hetero ring such as
      tetrahydrofuryl, tetrahydropyranyl, piperazinyl, and the like.
PAR  Thus, in accordance with the foregoing, the amide group or groups can be
      derived from compounds which are themselves antibacterial. Examples of
      such compounds that might be mentioned are 6-aminopenicillanic acid,
      7-aminocephalosporanic acid, sulfa compounds such as sulfanilamide,
      sulfadiazine, sulfamerizine, sulfamethazine, sulfadimetine, sulfapyridine,
      sulfathiazole, sulfisoxazole, thiodiazole, sulfacetamide, sulfaguanidine,
      sulfaquinoxaline, and p-aminophenylsulfonamide, and p-aminobenzenesulfonic
      acid, antibiotic agents such as ampicillin, streptomycin,
      dihydrostreptomycin, cycloserine, cephaloglycin, cephalixin, and the like.
PAR  Those compounds of Formula I which are acidic, i.e. the free acids, may
      form salts, and such salts constitute a preferred aspect of the invention
      because they are more stable than the free acid. As will be appreciated by
      those skilled in this art, the compounds of Formula I where at least one
      of Y and Z is --OH or --SH will form organic and inorganic salts, and both
      are contemplated by this invention. Examples of such salts are inorganic
      metallic salts such as the sodium, aluminum, potassium, ammonium, calcium,
      magnesium, silver and iron salts. Organic salts that may be mentioned as
      representative include the salts with primary, secondary or tertiary
      amines such as monoalkylamines, dialkylamines, trialkylamines and
      nitrogen-containing heterocyclic amines. Representative examples are salts
      with amines such as .alpha.-phenethylamine, diethylamine, quinine,
      brucine, lysine, protamine, arginine, procaine, ethanolamine, morphine,
      benzylamine, ethylenediamine, N,N'-dibenzylethylenediamine,
      diethanolamine, piperazine, dimethylaminoethanol,
      2-amino-2-methyl-1-propanol, theophylline, esters of amino acids, and
      N-methylglucamine. If desired, the basic moiety of the salt may be a
      biologically-active amine such as erythromycin, oleandomycin or
      novobiocin.
PAR  The monoamide-monoester derivatives and particularly those compounds having
      a labile ester substituent are especially valuable derivatives. By the
      term "labile ester" as used herein is meant a group which is readily
      hydrolyzed biologically, for example by enzymes in the body fluids of
      animals including man, to produce the free acid or a salt thereof which is
      more active as an antibiotic agent. The amide or substituted amide groups
      present in the amide-ester derivatives are also readily hydrolyzed
      biologically in the body fluids and hence the amide-labile ester
      derivatives are useful in antibiotic therapy.
PAR  The esters which are sufficiently labile for use as antibiotic agents are
      readily determined experimentally, for example by incubation with body
      fluids, to ascertain whether or not under such conditions the ester group
      is cleaved. Alternatively, other methods, including chemical tests, can be
      utilized to determine if particular ester groups are sufficiently labile.
      Thus, the esters which give demonstrable antibiotic activity after heating
      in an aqueous medium at 37.degree.C. for 2 hours at pH 2.2 or in an
      aqueous medium at pH 9 for 80 hours can be considered to be labile esters.
      Suitable labile ester groups that might be mentioned are ethers of the
      formula --CH.sub.2 OR, a phenacyloxymethyl group, acyloxy methyl groups of
      the formula --CH.sub.2 OA wherein A is an acyl group comprising an organic
      radical derived from an organic acid by the removal of the hydroxy group,
      amide and substituted amide derivatives of such acyloxy methyl
      substituents, acylaminomethyl groups of the formula --CH.sub.2 NHA wherein
      A is the same as defined above, thiomethyl ethers of the formula
      --CH.sub.2 SR, an ethynyloxy group of the formula --CH.sub.2 OC.tbd.CH,
      substituted ethynyloxy groups of the formula --CH.sub.2 OC.tbd.CR, a
      vinyloxymethyl group of the formula --CH.sub. 2 OCH=CH.sub.2, substituted
      vinyloxymethyl groups of the formulas --CH.sub.2 OCH=CHR or --CH.sub.2
      OCH=CRR, or a nitro oxy group of the formula --CH.sub.2 ONO.sub.2. R in
      each of the foregoing formulas is a hydrocarbyl group or substituted
      hydrocarbyl group defined above.
PAR  Specific examples of such labile ester groups that might be mentioned are
      methoxymethyl, tetrahydropyranyloxomethyl, phenacyloxymethyl,
      acetoxymethyl, butyryloxymethyl, isobutyryloxymethyl, pivaloyloxymethyl,
      benzoyloxymethyl, 2-methylbenzoyloxymethyl, 2,6-dimethylbenzoyloxymethyl,
      2-methyl-6-chlorobenzoyloxymethyl, 3-trifluoromethylbenzoyloxymethyl,
      2-nitrobenzoyloxymethyl, 2-methylthiobenzoyloxymethyl,
      2-thienylcarbonyloxymethyl, 2-furylcarbonyloxymethyl,
      3-pyridylcarbonyloxymethyl, pyrazinylcarbonyloxymethyl,
      2-methylcyclopentylcarbonyloxymethyl, 1-adamantylcarbonyloxymethyl,
      phenylsulfonylmethyl, phosphonooxymethyl, diethylphosphonooxymethyl,
      carbethoxyoxymethyl, carbamoyloxymethyl, N-methylcarbamoyloxymethyl,
      N,N-dimethylcarbamoyloxymethyl, phenylsulfamoyloxymethyl, acetaminomethyl,
      benzoylaminomethyl, methylthiomethyl, phenylthiomethyl, vinyloxymethyl,
      1-methylvinyloxymethyl, and nitrooxymethyl. Thus,
      (-)(cis-1,2-epoxypropyl)phosphonamidic acid and
      (-)(cis-1,2-epoxypropyl)phosphonamidothioic acid or N-substituted
      derivatives thereof having a labile ester group or type shown above are
      especially useful derivatives.
PAR  Some representative examples of the compounds of Formula I above and salts
      thereof which can be prepared by the hereinafter-described processes that
      might be mentioned are:
PAR  1. Cyclic phosphonic acid diamides:
      P-(-)(cis-1,2-epoxypropyl)N,N'-dimethyl-N,N'-ethylenephosphonic diamide,
      P-(-)(cis-1,2-epoxypropyl)-N,N'-diethyl-N,N'-ethylenephosphonic diamide,
      P-(-)(cis-1,2-epoxypropyl)-N,N'-diphenyl-N,N'-ethylenephosphonic diamide,
      P-(-)(cis-1,2-epoxypropyl)-N,N'-dimethyl-N,N'-propylenephosphonic diamide,
      P-(-)(cis-1,2-epoxypropyl)-N,N'-diphenyl-N,N'-propylenephosphonic diamide,
      P-(-)(cis-1,2-epoxypropyl)-N,N'-diethyl-N,N'-butylenephosphonic diamide,
      P-(-)(cis-1,2-epoxypropyl)-N,N'-diphenyl-N,N'-butylenephosphonic diamide
      and the corresponding phosphonothioic acid amides;
PAR  2. Phosphonic acid diamides:
      P-(-)(cis-1,2-epoxypropyl)-N,N,N',N'-tetramethylphosphonic diamide,
      P-(-)(cis-1,2-epoxypropyl)-N,N,N',N'-tetraethylphosphonic  diamide,
      P-(-)-(cis-1,2-epoxypropyl)-N,N,N', N'-tetrabenzylphosphonic diamide,
      P-(-)(cis-1,2-epoxypropyl)-N,N'-dimethyl-N,N'-diethylphosphonic diamide
      and the corresponding phosphonothioic acid amides;
PAR  3. Phosphonic acid diamides, amides and amine salts:
      (-)-(cis-1,2-epoxypropyl)-dimorpholinophosphinous acid,
      (-)(cis-1,2-epoxypropyl)-dipyrrolidinophosphinous acid,
      (-)(cis-1,2-epoxypropyl)-morpholinophosphinic acid morpholine salt,
      (-)(cis-1,2-epoxypropyl)-pyrrolidinophosphinic acid pyrrolidine salt and
      the corresponding phosphonothioic acid, diamides, amides and amine salts;
PAR  4. Phosphonamidothioates:
      S-benzyl-N,N-dimethyl-(-)-(cis-1,2-epoxypropyl)-phosphonamidothioate,
      S-methyl-N,N-diphenyl-(-)(cis-1,2-epoxypropyl)-phosphonamidothioate,
      S-isopropyl-(-)(cis-1,2-epoxypropyl)-phosphonoamidothioate and the
      corresponding phosphonamidodithioates;
PAR  5. Phosphonamidic halides:
      N,N-dimethyl-(-)(cis-1,2-epoxypropyl)-phosphonamidic chloride,
      N,N-diethyl-(-)(cis-1,2-epoxypropyl)-phosphonamidic chloride and the
      corresponding phosphonamidothioic acid compounds;
PAR  6. Phosphonamidates:
      benzyl-P-(-)(cis-1,2-epoxypropyl)-N,N-diethylphosphonamidate,
      ethyl-P-(-)(cis-1,2-epoxypropyl)-N,N-diphenylphosphonamidate, and
      allyl-P-(-)(cis-1,2-epoxypropyl)-N,N-di-(2-hydroxyethyl)-phosphonamidate
      and the corresponding phosphonamidothioates.
PAR  The phosphonamidates and diamides can be prepared by converting
      (-)(cis-1,2-epoxypropyl)phosphonic acid compound to its acid halide and
      then reacting the acid halide with a primary or secondary amine, or by
      reacting the (-)-(cis-1,2-epoxypropyl)phosphonic acid compound with a
      primary or secondary amine in the presence of a carbodiimide. Examples of
      such amines are dimethylamine, morpholine, dimethylethylenediamine,
      cyclohexylamine, dimethylpropylenediamine, benzylamine,
      hexamethylenediamine, diphenylamine, phenylamine and the like. Also
      contemplated are substituted amines such as chlorophenylamine,
      aminoethylbenzene, .beta.-ethoxyethylmorpholine, diethoxyethylamine,
      p-methoxybenzylamine, p-nitrodiphenylamine, phenethylamine and the like.
PAR  Where the acid halide method is employed to prepare the compounds of
      Formula II below
      ##EQU4##
      wherein R.sub.5 is
      ##EQU5##
      where R.sub.6 and R.sub.7 are hydrogen or loweralkyl such as methyl,
      ethyl, propyl, and butyl; aralkyl such as benzyl and substituted benzyl;
      aryl such as phenyl; and substituted phenyl such as halophenyl and
      nitrophenyl; and n is an interger from 0-2, the
      (-)(cis-1,2-epoxypropyl)phosphonic acid compound is first converted to the
      acid halide by reaction with a halogenating agent. Reagents such as
      phosphorous trichloride, phosphorous pentachloride, thionyl fluoride,
      thionyl chloride, or thionyl bromide may be used as the halogenating
      agent. It is preferred, however, to use reagents such as thionyl chloride
      and thionyl bromide to prepare the acid halides since these reagents tend
      to give better yields of the acid halide. The phosphonic acid compound may
      be employed as the free acid, but it is preferred to run the reaction with
      a salt of the phosphonic acid compound such as an amine salt or a metal
      salt. Suitable solvents for the reaction are hydrocarbons such as benzene,
      toluene, or a solvent such as chloroform. The reaction may be conveniently
      carried out in amine solvents such as pyridine, triethylamine,
      tri-n-propylamine, and the like. Where an amine is employed as the
      solvent, the amine serves as a solvent for the phosphonic acid compound
      and for the acid halide reaction, as well as a neutralizer for the
      hydrohalide formed. The product of the halogenation reaction is a di-acid
      halide, and the acid halide is then reacted with a diamine such as, for
      example, diethylethylenediamine, generally at ice bath temperatures, to
      form a cyclic phosphonic diamide. The phosphonic acid diamide is then
      isolated by techniques known in the art.
PAR  Where Z in Formula I is --OR or halogen and X is oxygen, the
      phosphonamidate is prepared by first reacting
      (-)(cis-1,2-epoxypropyl)phosphonic acid or a salt thereof with a salt of a
      heavy metal such as silver nitrate or gold nitrate. The di- metal salt is
      then reacted with an alkyl halide such as methyl or ethyl iodide to form a
      diester. The diester is partially hydrolyzed by treating it with an alkali
      such as sodium hydroxide to form a half ester-half salt such as, for
      example, the sodium salt of methyl-(-)-(cis-1,2-epoxypropyl)phosphonate,
      and the half ester-half salt is converted to the mono-acid halide-ester by
      reaction with, for example, thionyl chloride. The mono-acid halide-ester
      is then reacted with an amine such as, for example, dimethylamine to form
      those compounds where Z in Formula I is --OR, wherein R is a hydrocarbyl
      radical, and Y is --NR.sub.1 R.sub.2.
PAR  Those compounds of Formula I where Z is --OH are prepared by reacting the
      phosphonamidate ester prepared above with about one equivalent of alkali
      such as sodium hydroxide. The sodium salt thus formed may then be
      converted to the free acid by techniques known in the art.
PAR  Where Z in Formula I is halo, the phosphonamidic halides can be prepared by
      converting the phosphonamidate salt, where Z is --OH, to its acid halide
      by reaction with a halogenating agent such as, for example, thionyl
      chloride.
PAR  Where Z in Formula I is --SH, the phosphonamide thioates can be prepared by
      converting a phosphonoamidate salt, where Z is --OH, to its acid halide by
      reaction with a halogenating agent such as, for example, thionyl chloride
      and then reacting the acid halide with potassium hydrogen sulfide.
PAR  Where Z in Formula I is --SR, the phosphonamidothioates can be prepared by
      reacting the phosphonamidic halide prepared above with a mercaptan such
      as, for example, methyl or ethyl mercaptan.
PAR  Where the carbodiimide method is employed to prepare the phosphonamidates
      and diamides, the (-)(cis-1,2-epoxypropyl)phosphonic acid compound is
      reacted with the amine in a suitable solvent in the presence of a
      carbodiimide such as, for example, dicyclohexylcarbodiimide. The
      phosphonic acid compound can be employed as the free acid, but it is
      preferred to run the reaction with a salt of the phosphonic acid such as
      an amine or metal salt. The carbodiimide is generally added to the
      solution of the phosphonic acid compound and the amine. Suitable solvents
      for the reaction are solvents such as acetone, dimethylformamide, dioxane,
      and tert.-butanol, and mixtures of the above with water. The reaction can
      be carried out at room temperature, but it is preferred to carry out the
      reaction at 50.degree.-90.degree.C., and preferably at the reflux
      temperature of the solvent employed. The phosphonamidate is then separated
      from the reaction mixture by techniques known in the art. Only the
      mono-amide can be prepared by this reaction. The di-amide can be prepared
      by repeating the reaction using a second equivalent of the amine. Where
      the reaction is repeated and a different amine is employed, it is then
      possible to prepare those compounds of Formula I where Y and Z are
      different --NR.sub.1 R.sub.2 groups.
PAR  The various nitrogen and thio derivatives of (-)
      (cis-1,2-epoxypropyl)phosphonic acid of this invention can also be
      prepared from di-acid halides of the formula
      ##EQU6##
      wherein one of R.sub.9 and R.sub.10 is a leaving group such as halo and
      the other is an oxygen-containing substituent which will undergo ring
      closure to form an epoxy nucleus. Halo leaving groups, especially chloro,
      are particularly preferred as are hydroxy or acyloxy ring closing groups.
      X is oxygen or sulfur and X.sub.1 represents a halide, particularly
      chlorine or bromine.
PAR  The above compound is prepared from threo isomers of the formula
      ##EQU7##
      where X is oxygen and R, R.sub.9 and R.sub.10 are as previously defined,
      by halogenation using a suitable agent, particularly thionyl halide. When
      R is other than hydrogen or a salt, the ester must first be hydrolyzed,
      for example, by an acid such as a mineral acid.
PAR  Thio di-acid halides are preferably prepared by first acylating, where
      necessary, with acetyl halide or the like, to block the oxygen-containing
      substituent capable of ring closure, then halogenating as previously to
      prepare the di-acid halide, and then by treatment with P.sub.2 S.sub.5
      replacing the oxygen atom of the phosphonyl moiety with sulfur.
PAR  Diamides are prepared by treating the di-acid halide with four equivalents
      of a primary or secondary amine to form diamides of the formula
      ##EQU8##
      where the oxygen-containing substituent R.sub.9 or R.sub.10 is acyloxy.
PAR  Ring closure of the R.sub.9 and R.sub.10 groups is done by treating the
      diamide with a base such as pyridine, sodium hydroxide or the like to
      close the ring by displacing the leaving group, thus forming the epoxy
      portion of the ring.
PAR  In preparing epoxypropylphosphonic acid dihalides of the formula
      ##EQU9##
      it is preferred to form the di-acid halide by treating epoxy acid or a
      salt with a mixture of thionyl chloride and pyridine.
PAR  In describing the acid halides obtained by reacting the phosphonic acid
      with a thionyl halide, they have been indicated to have the structure
      shown above. This is based on our present knowledge of these products and
      does not exclude the possibility that subsequent experimental data will
      establish that the structures are incorrect and that the group attached to
      the phosphorous is --SOCl which would react as a halide group and would be
      replaced, for example, with an amide group upon reaction with a primary or
      secondary amine. Accordingly, we do not wish to be bound by the indicated
      structures of the intermediate halides however likely they may appear to
      be in the light of our present knowledge. These explanations are presented
      principally as a means for providing a better understanding of our
      invention.
PAR  Amino acid conjugates of the general formula
      ##EQU10##
      are prepared by treating the di-acid halide with an amino acid compound of
      the formula
      ##EQU11##
      where R is a naturally occurring amino acid substituent.
PAR  Bis imides of the formula
      ##EQU12##
      are prepared by reacting one equivalent of the di-acid halide with one
      equivalent of a primary amine of the formula RNH.sub.2. R is preferably
      aryl, aralkyl or loweralkyl such as benzyl, p-chlorophenyl, methyl and the
      like.
PAR  Alkoxy substituted amides of the formula
      ##EQU13##
      are prepared by treating the di-acid halide with a hydroxylamine of the
      formula NHROR where R is hydrogen or preferably aryl, aralkyl or lower
      alkyl.
PAR  Dihydrazides of the formula
      ##EQU14##
      are prepared from the di-acid halide by treating the halide with a
      hydrazine of the formula NHR--NR.sub.1 R.sub.2.
PAR  Compounds of the general formula
      ##EQU15##
      are prepared by treating the dihydrazide with a ketone of the formula
      ##EQU16##
PAR  Compounds of the formula
      ##EQU17##
      are prepared from the dihydrazide, where at least one of R.sub.1 and
      R.sub.2 is hydrogen, by adding an equivalent amount of di-acid halide to
      the hydrazide.
PAR  Azides of the general formula
      ##EQU18##
      are prepared by reaction of a phosphonamide halide with an inorganic
      azide.
PAR  Guanidides of the formula
      ##EQU19##
      are prepared by reacting four equivalents of a quanidine of the formula
      ##EQU20##
      with a di-acid halide.
PAR  Cyanates and thiocyanates of the formula
      ##EQU21##
      where X is O or S and each X may be the same or different, are prepared by
      reacting a cyanate or thiocyanate such as the silver or lead salt with the
      di-acid halide.
PAR  Diurethanes and thiourethanes of the formula
      ##EQU22##
      are prepared by treating the cyanate or thiocyanate with an alcohol or
      mercaptan of the formula RXH where X is O or S and each X may be the same
      or different.
PAR  Diureides and thioureides of the formula
      ##EQU23##
      are prepared by treating the isocyanate or thiocyanate with an amine of
      the formula NHR.sub.1 R.sub.2.
PAR  Unless otherwise noted, the substituents R, R.sub.1, R.sub.2, R.sub.6,
      R.sub.9, R.sub.10, X and X.sub.1 used in the preceding formulas are as
      previously defined.
PAR  The preceding compounds are prepared, unless otherwise noted, by simply
      mixing the reactants together with cooling where necessary to control
      exothermic reactions. The cyanates and thiocyanates are simply mixed with
      an equimolar (2X) amount of alcohol, mercaptan or amine and allowed to
      stand at room temperature.
PAR  (-) (Cis-1,2-epoxypropyl)phosphonic acid and its salts which are the
      starting materials in the preparation of the novel phosphonamidates and
      thioates can be prepared by aerobic fermentation of suitable aqueous
      nutrient media under controlled conditions by certain strains of the genus
      Streptomyces such as Streptomyces fradiae (MA-2915, NRRL-3417),
      Streptomyces viridochromogenes (MA-2903, NRRL-3413), and Streptomyces
      wedmorensis (MA-3269, ATCC-21239). The fermentation is carried out at
      temperatures ranging from about 25.degree.-38.degree.C. The pH of the
      nutrient media suitable for growing the Streptomyces and producing the
      phosphonic acid compound can vary from about 5.5-7.5. (-) (Cis-1,2
      -epoxypropyl)phosphonic acid may then be isolated from the fermentation
      broth by adsorption on either basic or acid-washed alumina. The adsorbed
      material can be eluted from the alumina by aqueous or aqueous alcoholic
      ammonium hydroxide solution having a pH of about 11.2 and fractionally
      collecting the eluate. The ammonium salt is obtained in this way. Other
      salts may be obtained by passing a solution of the ammonium salt over an
      appropriate cation exchange resin or by other techniques known in the art.
PAR  An alternative for obtaining the (-) cis1,2epoxypropyl)phosphonic acid
      derivatives of this invention is to treat threo (1,2-disubstituted
      propyl)phosphonic acid, its salts or esters under conditions suitable for
      affecting epoxide-type ring closure. One of the substituents in the 1 or
      2-position of the propylphosphonic acid reactant IX must be a hydroxy
      radical or other functionally equivalent oxygen-containing substituent
      which will undergo ring closure to form the epoxide nucleus; the remaining
      substituent may be any leaving group which under the conditions of the
      reaction can be displaced to yield the desired epoxide product X
      ##EQU24##
      wherein X, Y and Z are as previously defined; and R.sub.9 and R.sub.10 are
      hydroxy, halo, for example, chloro, bromo, iodo and the like; azido,
      loweralkanoyloxy, for example, acetoxy, propionyloxy and the like;
      trihalomethyl substituted loweralkanoyloxy such as trichloroacetoxy,
      trifluoroacetoxy, 3,3,3-trifluoropropionyloxy, 3,3,3-trichloropropionyloxy
      and the like; hydrocarbylsulfonyloxy such as loweralkanesulfonyloxy, for
      example, methanesulfonyloxy, ethanesulfonyloxy and the like;
      arylsulfonyloxy, for example, phenylsulfonyloxy and the like;
      alkarylsulfonyloxy, for example, tolylsulfonyloxy and the like;
      aralkylsulfonyloxy, for example, benzenesulfonyloxy and the like;
      aroyloxy, for example, benzoyloxy, 4-toluyloxy, 2-naphthoyloxy and the
      like; aralkanoyloxy, for example, benzylcarbonyloxy, naphthylcarbonyloxy
      and the like; tri-lower alkylammonium, for example, trimethylammonium,
      triethylammonium and the like; N-cycloalkyl di-lower alkylammonium wherein
      the cycloalkyl radical is mono-nuclear cycloalkyl containing 5-6 nuclear
      carbon atoms such as cyclopentyl, cyclohexyl and the like and di-lower
      alkylsulfonium, for example, dimethylsulfonium, diethylsulfonium,
      di-n-butylsulfonium and the like; aryloxy, for example, phenoxy and the
      like; dialkoxy phosphino, for example, di-lower alkoxyphosphino such as
      diethoxyphosphino and the like; N-(alkanesulfonyl)alkylamino or
      N-(alkarylsulfonyl)cycloalkylamino wherein the cycloalkyl radical is
      mono-nuclear cycloalkyl containing from 5-6 nuclear carbon atoms, for
      example N-(p-toluenesulfonyl)cyclohexylamino and the like; at least one of
      which R.sub.9 and R.sub.10 radicals is hydroxy or other functionally
      equivalent oxygen-containing radical as, for example, an acyloxy group
      such as loweralkanoyloxy, trihalomethyl substituted loweralkanoyloxy,
      aroyloxy, aralkanoyloxy and the like; which, under ring closure
      conditions, will form the desired epoxide ring.
PAR  The (-) (cis-1,2-epoxypropyl)phosphonic acid and phosphonothioic acid
      amines of this invention are effective in inhibiting the growth of various
      microorganisms. In particular, the phosphonamidates and diamides inhibit
      the growth of such microorganisms as Proteus vulgaris and Salmonella
      schottmuelleri. The antibiotics can be used as disinfectants in washing
      eggs and areas subject to infection by Salmonella. The amidates and their
      salts are also useful as bactericides in various industrial applications
      such as, for example, in inhibiting undesirable bacterial growth in the
      white paper in paper mills and in paints such as polyvinyl acetate latex
      paint.
PAR  The (-) (cis-1,2-epoxypropyl)phosphonic acid and phosphonothioic acid
      amides are also useful in the treatment of diseases caused by bacterial
      infections in animals.
PAR  The novel derivatives of (-) (cis-1,2-epoxypropyl)-phosphonic acid and
      phosphonothioic acid can be administered alone or in combination with
      other biologically active ingredients, especially with other antibacterial
      agents such as penicillin, streptomycin and novobiocin.
DETD
PAR  The following examples are given for purposes of illustration and not by
      way of limitation:
PAC  EXAMPLE 1
PAC   P-(-) (CIS-1,2-EPOXYPROPYL)-N,N'-DIMETHYL-N,N'-ETHYLENEPHOSPHONIC DIAMIDE
PAR  Dowex 50 (H.sup.+) cation exchange resin (20 g.) is washed well in ethanol.
      The resin is then suspended in methanol, and the suspension is cooled to
      0.degree.C. The phenethylamine salt of (-) (cis-1,2-epoxypropyl)phosphonic
      acid (2 g.) is dissolved in 15-20 ml. of methanol, and the resulting
      solution is cooled to 0.degree.C. The salt solution and the resin
      suspension are mixed together and shaken vigorously for 60 seconds, and
      the mixture is filtered into 10 ml. of methanol containing 2 equivalents
      of pyridine. Excess pyridine is added to the filtrate, and the solution is
      evaporated to near dryness. The evaporation is repeated twice adding
      additional pyridine each time. The pyridine solution is then cooled to
      0.degree.C. in an ice bath, and to this solution is added with stirring 2
      equivalents plus a 10% excess of thionyl chloride. After the addition is
      complete, the ice bath is removed and the solution is allowed to stir at
      room temperature for one hour. The solution of the diacid chloride is then
      transferred to an addition funnel and is added slowly to 2 equivalents of
      N,N'-dimethylethylenediamine in 30 ml. of benzene at ice bath
      temperatures. After the addition is complete, the ice bath is removed and
      the mixture is allowed to stir for one hour at room temperature. The
      mixture is then filtered and the filtrate is evaporated to dryness.
      Aliquots of toluene are added and evaporated off several times in order to
      remove traces of pyridine. The resulting residue is triturated with ether
      and, upon evaporation of the ether, 660 mg. of a dark oil is obtained. The
      oil is chromatographed on silica gel (18 g.) in chloroform. After the
      first yellow band comes off the column, the solvent is changed to 1%
      methanol-chloroform and 50 ml. portions are collected. Four fractions are
      collected, and Fraction No. 4 (210 mg.) upon tube distillation yields 200
      mg. of P-P-(-) (cis-1,2-epoxypropyl)-N,N'-dimethyl-N,N'-ethylenephosphonic
      diamide, which is characterized by NMR and mass spectroscopy and thin
      layer chromatography.
PAR  When in the above procedure diethylethylenediamine, diphenylethylenediamine
      and phenylenediamine are employed in place of dimethylethylenediamine,
      P-(-) (cis-1,2-epoxypropyl)-N,N'-ethylenephosphonic diamide, P-(-)
      (cis-1,2-epoxypropyl)-N,N'-diphenyl-N,N'-ethylenephosphonicdiamide, and
      P-(-) (cis-1,2-epoxypropyl)-N,N'-(o-phenylene)-phosphonic diamide,
      respectively, are obtained.
PAC  EXAMPLE 2
PAC  SODIUM-P-(-) (CIS-1,2-EPOXYPROPYL)-N,N-DIMETHYLPHOSPHONAMIDATE
PAR  Phenethylammonium-(-) (cis-1,2-epoxypropyl)phosphonate (62 g.) is placed in
      390 ml. of water containing sodium bicarbonate (18.8 g., 1 equivalent). To
      the resulting solution is added dropwise with stirring an aqueous solution
      of silver nitrate (76.16 g., 2 equivalents). After the addition is
      complete, the resulting mixture is allowed to stir for 30 minutes at room
      temperature. The mixture is then filtered and washed well in water,
      acetone and ether. The disilver salt which is obtained (74 g.) is then
      suspended in 500 ml. of dimethoxyethane, and methyl iodide (64 g., 2
      equivalents) is added to the suspension. The mixture is allowed to stir
      overnight at 50.degree.-60.degree.C., after which it is filtered and the
      filtrate is evaporated to dryness. The residue which contains the dimethyl
      ester (32 g.) is then chromatographed on 90 g. of silica-gel in
      chloroform. The dimethyl ester obtained from the chromatogram (18 g.) is
      dissolved in 50 ml. of water and 2.6 N sodium hydroxide (0.9 equivalents)
      is added slowly to this solution with stirring. The reaction mixture is
      allowed to stir overnight and is then evaporated to dryness. The residue
      contains 15.7 g. of half ester-half salt and 1.3 g. of diester. The half
      ester-half salt (3 g.) is suspended in 100 ml. of benzene with stirring,
      and the suspension is cooled in an ice bath. Thionyl chloride (1
      equivalent plus 10% excess) is added to the suspension, and the mixture is
      allowed to stir at room temperature for one hour after the addition is
      complete. The mixture is then cooled in an ice bath and a large excess of
      dimethylamine is bubbled into the mixture. The stirring and cooling are
      continued for one-half hour after the addition is complete, and for
      one-half hour at room temperature. The mixture is then filtered, and the
      filtrate is evaporated to dryness. The light yellow oil (12 g.) which is
      obtained upon evaporation of the filtrate is chromatographed on 360 g. on
      silica-gel in chloroform. Fraction Nos. 7 through 14 (2.2 g.) are combined
      and, upon tube distillation, a light yellow oil (2 g.) containing the half
      amide-half ester is obtained. The half amide-half ester (1 g.) is then
      dissolved in 25 ml. of water, and 2.6 N sodium hydroxide (0.95
      equivalents) is added. The solution is then stirred overnight at room
      temperature. Upon lyophilization of the solution, 600 mg. of sodium
      P-(-)(cis-1,2-epoxypropyl)-N,N-dimethylphosphonamidate is obtained and is
      characterized by NMR.
PAR  When in the above procedure dimethylamine, dibutylamine, and diphenylamine
      are employed in place of dimethylamine, sodium
      P-(-)(cis-1,2-epoxypropyl)-N,N-diethylphosphonamidate, sodium P-(-)
      (cis-1,2-epoxypropyl)-N,N-dibutylphosphonamidate, and sodium P-(-)
      (cis-1,2-epoxypropyl)-N,N-diphenylphosphonamidate, respectively, are
      obtained.
PAC  EXAMPLE 3
PAC  P-(-)(CIS-1,2-EPOXYPROPYL)-N,N,N',N'-TETRAMETHYLPHOSPHONIC DIAMIDE
PAR  Phenethylammonium-(-)(cis-1,2-epoxypropyl)-phosphonate (10 g.) is dissolved
      in 100 ml. of methanol, and the solution is cooled to 0.degree.C. Dowex 50
      (H.sup.+) cation exchange resin (100 g.) is washed well in methanol. The
      resin is then suspended in methanol, and the suspension is cooled to
      0.degree.C. The suspension of the cation exchange resin and the solution
      of the salt are mixed together and shaken vigorously for 60 seconds after
      which the mixture is filtered into 20 ml. of methanol containing 2
      equivalents of pyridine. After filtration, excess pyridine is added, and
      the filtrate is evaporated to dryness. The evaporation is repeated twice
      adding additional pyridine each time. The pyridine solution is then cooled
      to 0.degree.C. in an ice bath, and thionyl chloride (2 equivalents plus
      10% excess) is added with stirring. After the addition is complete, the
      ice bath is removed and the solution is allowed to stir for one hour at
      room temperature. The solution is then cooled in an ice bath, and a large
      excess of dimethylamine is bubbled into the pyridine solution. After the
      addition of the dimethylamine is complete, the ice bath is removed and the
      mixture is allowed to stir for one hour at room temperature. The mixture
      is filtered and evaporated to dryness. Aliquots of toluene are added and
      evaporated off several times in order to remove traces of pyridine. The
      residue obtained is triturated with ether and contains 2.5 g. of crude red
      oil. The oil is chromatographed on 50 g. of silica-gel in 5%
      methanol-chloroform. The red oil (2 g.) obtained from the chromatogram is
      tube distilled, and P-(-)(cis-1,2-epoxypropyl)-N,N,N',N'-
      tetramethylphosphonic diamide (1.25 g.) is obtained as a light yellow oil
      and is characterized by thin layer chromatography and elemental analysis.
PAR  When in the above procedure dibutylamine, methylethylamine, and
      dibenzylamine are employed in place of dimethylamine,
      P-(-)(cis-1,2-epoxypropyl)-N,N,N',N'-tetrabutylphosphonic diamide,
      P-(-)(cis-1,2epoxypropyl)-N,N'-dimethyl-N,N'-diethylphosphonic diamide,
      and P-(-)-(cis-1,2-epoxypropyl)-N,N,N',N'-tetrabenzylphosphonic diamide,
      respectively, are obtained.
PAC  EXAMPLE 4
PAC  (-)(CIS-1,2-EPOXYPROPYL)-DIMORPHOLINOPHOSPHINOUS ACID
PAR  Phenethylammonium-(-)(cis-1,2-epoxypropyl)phosphonate (10 g.) is dissolved
      in 100 ml. of methanol, and the solution is cooled to 0.degree.C. Dowex 50
      (H.sup.+) cation exchange resin (100 g.) is washed well in methanol. The
      resin is then suspended in methanol and the suspension is cooled to
      0.degree.C. The suspension of the cation exchange resin and the solution
      of the salt are mixed together and shaken vigorously for 60 seconds, after
      which the mixture is filtered into 20 ml. of methanol containing 2
      equivalents of pyridine. After filtration, excess pyridine is added and
      the filtrate is evaporated to dryness. The evaporation is repeated twice
      adding additional pyridine each time. The pyridine solution is then cooled
      to 0.degree.C. in an ice bath, and thionyl chloride (2 equivalents plus
      10% excess) is added with stirring. After the addition is complete, the
      ice bath is removed and the solution is allowed to stir for one hour at
      room temperature. The pyridine solution of the di-acid chloride is then
      cooled again in an ice bath, and freshly distilled morpholine (4
      equivalents) is added slowly. After the addition is complete, the mixture
      is stirred at room temperature for 1 hour. The mixture is then filtered,
      and the filtrate is evaporated to dryness. Traces of pyridine are removed
      by the addition and removal of toluene, and the residue is triturated with
      ether. About 10 g. of residue is obtained. The above regeneration is
      divided into five 2-gram runs, is regenerated, and followed completely
      through on five parallel runs to yield 200 mg. of a viscous oil which
      crystallizes slowly. The 200 mg. is obtained from about 25 g. of crude
      reaction product which is chromatographed on 750 g. of silica-gel in 10%
      methanolchloroform. The fore and hind running materials from the column
      are combined to yield an additional 50 mg. of material. The combined 250
      mg. of reddish solid is triturated with warm ether, and upon evaporation
      of the ether, (-)(cis-1,2-epoxypropyl)-dimorpholinophosphinous acid (230
      mg.) is obtained as a light yellow solid and is characterized by thin
      layer chromatography and NMR.
PAR  When in the above procedure cyclohexylamine and aniline are employed in
      place of morpholine, P-(-)(cis-1,2-epoxypropyl)-N,N-diphenylphosphonic
      diamide, and P-(-)(cis-1,2-epoxypropyl)-N,N'-dicyclohexylphosphonic
      diamide, respectively, are obtained.
PAC  EXAMPLE 5
PAC  (-)(CIS-1,2-EPOXYPROPYL)-MORPHOLINOPHOSPHINIC ACID MORPHOLINE SALT
PAR  Phenethylammonium-(-)(cis-1,2-epoxypropyl)phosphonate (2.59 g.) is passed
      through an ice-water jacketed column of Dowex 50 (H.sup.+) resin (40 g.)
      and is eluted with ice water. The eluent (450 ml.) is immediately
      neutralized with freshly treated morpholine (860 mg.), and the aqueous
      solution is lyophilized.
PAR  A solution of dicyclohexylcarbodiimide (8.24 g.) in 150 ml. of t-butanol is
      added dropwise to a refluxing solution of the lyophilized material, 100
      ml. of t-butanol, 100 ml. of water, and 2.61 ml. of morpholine during 3
      hours. After the addition is complete, the refluxing is continued for an
      additional hour. The reaction mixture is then cooled to room temperature
      and is filtered free of dicyclohexylurea. The filter cake is washed with
      t-butanol and the filtrate is evaporated in vacuo until all of the
      t-butanol is removed. The aqueous solution is extracted 3 times with
      ether, and upon lyophilization of the aqueous solution,
      (-)(cis-1,2-epoxypropyl)-morpholinophosphonic acid morpholine salt is
      obtained.
PAR  When in the above procedure dimethylamine, diphenylamine, cyclohexylamine,
      and pyrrolidine are employed in place of morpholine,
      dimethylammonium-P-(-)(cis-1,2-epoxypropyl)-N,N-dimethylphosphonamidate,
      diphenylammoniumP-(-)(cis-1,2-epoxypropyl)-N,N-diphenylphosphonamidate,
      cyclohexylammonium-P-(-)(cis-1,2-epoxypropyl)-N-cyclohexylphosphonate, and
      (-)(cis-1,2-epoxypropyl)-pyrrolidinophosphinic acid pyrrolidine salt,
      respectively, are obtained.
PAC  EXAMPLE 6
PAC  METHYL P-(-)(CIS-1,2-EPOXYPROPYL)-N,N-DIMETHYL PHOSPHONAMIDATE
PAR  Phenethylammonium-(-)(cis-1,2-epoxypropyl)phosphonate (62 g.) is placed in
      390 ml. of water containing sodium bicarbonate (18.8 g., 1 equivalent). To
      the resulting solution is added dropwise with stirring an aqueous solution
      of silver nitrate (76.16 g., 2 equivalents). After the addition is
      complete, the resulting mixture is allowed to stir for 30 minutes at room
      temperature. The mixture is then filtered and washed well with water,
      acetone and ether. The disilver salt which is obtained (74 g.) is then
      suspended in 500 ml. of dimethoxyethane, and methyl iodide (64 g., 2
      equivalents) is added to the suspension. The mixture is allowed to stir
      overnight at 50.degree.-60.degree.C., after which it is filtered and the
      filtrate is evaporated to dryness. The residue which contains the dimethyl
      ester (32 g.) is then chromatographed on 90 g. of silica-gel in
      chloroform. The dimethyl ester obtained from the chromatogram (18 g.) is
      dissolved in 50 ml. of water and 2.6 N sodium hydroxide (0.9  equivalents)
      is added slowly to this solution with stirring. The reaction mixture is
      allowed to stir overnight and is then evaporated to dryness. The residue
      contains 15.7 g. of half esterhalf salt and 1.3 g. of diester. The half
      ester-half salt (3 g.) is suspended in 100 ml. of benzene with stirring,
      and the suspension is cooled in an ice bath. Thionyl chloride (1
      equivalent plus 10% excess) is added to the suspension, and the mixture is
      allowed to stir at room temperature for one hour after the addition is
      complete. The mixture is then cooled in an ice bath and a large excess of
      dimethylamine is bubbled into the mixture. The stirring and cooling are
      continued for one-half hour after the addition is complete, and for
      one-half hour at room temperature. The mixture is then filtered, and the
      filtrate is evaporated to dryness. The light yellow oil (12 g.) which is
      obtained upon evaporation of the filtrate is chromatographed on 360 g. of
      silica-gel in chloroform. Fractions Nos. 7 through 14 (2.2 g.) are
      combined and, upon tube distillation,
      methylP-(-)(cis-1,2-epoxypropyl)-N,N-diethylphosphonamidate is obtained as
      a light yellow oil, and is characterized by NMR.
PAC  EXAMPLE 7
PAC  N,N-DIMETHYL-(CIS-1,2-EPOXYPROPYL)-PHOSPHONAMIDIC CHLORIDE
PAR  Sodium-P-(-)(cis-1,2-epoxypropyl)-N,N-dimethylphosphonamidate (0.60 g.) is
      suspended in 50 ml. of benzene with stirring, and the suspension is cooled
      on an ice bath. Thionyl chloride (1 equivalent plus 10% excess) is added
      to the suspension, and the mixture is allowed to stir at room temperature
      for one hour after the addition is complete. Upon removal of the solvent,
      N,N-dimethyl-(cis-1,2-epoxypropyl)-phosphonamidic chloride is obtained.
PAC  EXAMPLE 8
PAC  S-BENZYL-N,N-DIMETHYL-(-)(CIS-1,2-EPOXYPROPYL)-PHOSPHONAMIDOTHIOATE
PAR  N,N-dimethyl-(cis-1,2-epoxypropyl)-phosphonamidic chloride (0.1 mole) is
      dissolved in 100 ml. of benzene together with 0.1 mole of triethylamine.
      The resulting mixture is cooled to 5.degree.C. and to it is added 0.1 mole
      of benzylmercaptan at such a rate as to maintain the temperature at
      5.degree.-10.degree.C. After the addition is complete, the mixture is
      stirred at room temperature for 1 hour. The precipitated triethylamine
      hydrochloride is then filtered off, and upon removal of the solvent,
      S-benzyl-N,N-dimethyl-(-)(cis-1,2-epoxypropyl)-phosphonamidothioate is
      obtained.
PAR  When in the above procedure ethylmercaptan, thiophenol and methylmercaptan
      are employed in place of benzylmercaptan,
      S-ethyl-N,N-dimethyl-(-)(cis-1,2-epoxypropyl)-phosphonamidothioate,
      S-phenyl-N,N-dimethyl-(-)(cis-1,2-epoxypropyl)-phosphonamidothioate, and
      S-ethyl-N,N-dimethyl-(cis-1,2-epoxypropyl)-phosphonamidothioate,
      respectively, are obtained.
PAC  EXAMPLE 9
PAC  (-)(CIS-1,2-EPOXYPROPYL)PHOSPHONIC DI-ACID CHLORIDE
PAR  Dowex 50 (H.sup.+) cation exchange resin (20 g.) is washed well in ethanol.
      The resin is then suspended in methanol, and the suspension is cooled to
      0.degree.C. The (-) 1-.alpha.-phenethylamine salt of
      (-)(cis-1,2-epoxypropyl)phosphonic acid (2 g.) is dissolved in 15-20 ml.
      of methanol, and the resulting solution is cooled to 0.degree.C. The salt
      solution and the resin suspenison are mixed together and shaken vigorously
      for 60 seconds, and the mixture is filtered into 10 ml. of methanol
      containing 2 equivalents of pyridine. Excess pyridine is added to the
      filtrate, and the solution is evaporated to near dryness. The evaporation
      is repeated twice adding additional pyridine each time. The pyridine
      solution is then cooled to 0.degree.C. in an ice bath, and to this
      solution is added with stirring 2 equivalents plus a 10% excess of thionyl
      chloride. After the addition is complete, the ice bath is removed and the
      solution is allowed to stir at room temperature for one hour to give a
      solution of the di-acid chloride of (-) (cis-1,2-epoxypropyl)phosphonic
      acid.
PAC  EXAMPLE 10
PAC  N,N,'-BIS(1-CARBOXYETHYL)(-)(CIS-1,2-EPOXYPROPYL)PHOSPHONIC ACID DIAMIDE
PAR  Two equivalents of benzyl-L-alanine are added to a stirred
      (-)(cis-1,2-epoxypropyl)phosphonic di-acid chloride solution from Example
      9, which is chilled in an ice bath. The mixture is stirred at room
      temperature for one hour, filtered and the filtrate concentrated in vacuo.
      The residue is dissolved in 30 ml. of methanol and 10% palladium on carbon
      (0.5 g.) is added. The mixture is hydrogenated at 40 p.s.i. for 15 minutes
      and the catalyst is filtered off. The solvent is removed in vacuo to give
      N, N'-bis(1-carboxyethyl)(-)(cis-1,2-epoxypropyl)phosphonic acid diamide.
PAR  When benzylglycine is reacted as above with the di-acid chloride of
      (-)(cis-1,2-epoxypropyl)phosphonic acid there is produced
      N,N'-bis'(1-carboxymethyl)(-)(cis-1,2-epoxypropyl)phosphonic acid diamide.
PAC  EXAMPLE 11
PAC  BIS-(-)(CIS-1,2-EPOXYPROPYL(PHOSPHONIC ACID N-PROPYLIMIDE
PAR  The di-acid chloride is prepared as in Example 9. Three equivalents of
      n-propylamine are added dropwise to the dichloride and the mixture is
      refluxed for one-half hour. The mixture is filtered and the filtrate is
      concentrated in vacuo to yield bis-(-)(cis-1,2-epoxypropyl)phosphonic acid
      n-propylimide.
PAR  When methylamine, benzylamine, allylamine are substituted for n-propylamine
      above, there is obtained the corresponding
      bis-(-)(cis-1,2-epoxypropyl)phosphonic acid methylimide, benzylimide and
      allylimide.
PAC  EXAMPLE 12
PAC  N,N'-DIMETHOXY(-)(CIS-1,2-EPOXYPROPYL)PHOSPHONIC ACID DIAMIDE
PAR  Two equivalents of O-methylhydroxylamine are added to the
      (-)(cis-1,2-epoxypropyl)phosphonic di-acid chloride of Example 9 at
      ice-bath temperature and the reaction mixture is stirred at room
      temperature for one hour. The mixture is filtered and the filtrate
      concentrated to dryness to give
      N,N'-dimethoxy(-)(cis-1,2-epoxypropyl)-phosphonic acid diamide.
PAR  When O-ethylhydroxylamine is reacted with (-)
      (cis-1,2-epoxypropyl)phosphonic acid dichloride there is obtained
      N,N'-diethoxy(-)(cis-1,2-epoxypropyl)phosphonic acid diamide.
PAC  EXAMPLE 13
PAC  (-)(CIS-1,2-EPOXYPROPYL)PHOSPHONIC ACID DIHYDRAZIDE
PAR  The (-)(cis-1,2-epoxypropyl)phosphonic di-acid chloride is prepared as in
      Example 9 and is transferred to an addition funnel and is added slowly to
      4 equivalents of 95% hydrazine in 5 ml. of ether at ice-bath temperature.
      The reaction mixture is concentrated in vacuo and the residue is treated
      with 5 ml. of hot ethanol, followed by filtration. The solid fraction
      obtained upon cooling the filtrate is hydrazine hydrate. Concentration of
      the mother liquors yields (-)(cis-1,2-epoxypropyl)phosphonic acid
      dihydrazide.
PAR  When N.sup.1, N.sup.1 -dimethylhydrazine, N.sup.1 -methyl-N.sup.2, N.sup.2
      -diethylhydrazine, N.sup.1,N.sup.1 -dibenzylhydrazine, N.sup.1
      -phenylhydrazine is reacted as above with
      (-)(cis-1,2-epoxypropyl)-phosphonic acid dichloride there is produced
      N.sup.1, N.sup.1, N.sup.1.sup.', N.sup.1.sup.' -tetramethyl-, N.sup.1,
      N.sup.1.sup.' -dimethyl-N.sup.2,N.sup.2,N.sup.2.sup.', N.sup.2.sup.'
      -tetraethyl-, N.sup.1,N.sup.1,N.sup.1.sup.', N.sup.1.sup.' -tetrabenzyl-
      and N.sup.1, N.sup.1.sup.' -diphenyl (-)(cis-1,2-epoxypropyl)phosphonic
      acid dihydrazide, respectively.
PAC  EXAMPLE 14
PAC  N.sup.2, N.sup.2.sup.' -DIMETHYLIDINE (-)(CIS-1,2-EPOXYPROPYL)PHOSPHONIC
      ACID DIHYDRAZIDE
PAR  Hot acetone is reacted directly with (-)(cis-1,2-epoxypropyl)phosphonic
      acid dihydrazide to give N.sup.2, N.sup.2.sup.' -dimethylidine
      (-)(cis-1,2-epoxypropyl)phosphonic acid dihydrazide. Reaction with
      acetophenone gives N.sup.2, N.sup.2.sup.' -phenylethylidine
      (-)(cis-1,2-epoxypropyl)phosphonic acid dihydrazide.
PAC  EXAMPLE 15
PAC  3,6-BIS-(-)(CIS-1,2-EPOXYPROPYL)HEXAHYDRO-1,2,4,5,3,6-TETRAAZODIPHOSPHOLANE
     -3,6-DIOXIDE
PAR  The (-) di-acid chloride is prepared as in Example 9 and is transferred to
      an addition funnel and is added slowly over a period of three hours to a
      well-stirred solution containing 1 equivalent of
      (-)(cis-1,2-epoxypropyl)phosphonic acid dihydrazide in 5 ml. toluene at
      room temperature. The solvent is removed in vacuo to give
      3,6-bis-(-)(cis-1,2-epoxypropyl(hexahydro-1,2,4,5,3,6-tetraazodiphospholan
     e-3,6-dioxide.
PAC  EXAMPLE 16
PAC  N,N-DIMETHYL (-)(CIS-1,2-EPOXYPROPYL)PHOSPHONAMIDIC AZIDE
PAR  N,N-dimethyl (-)(cis-1,2-epoxypropyl)phosphonamidic chloride (1.0 g.) and
      355 mg. of sodium azide in 5.0 ml. of dry pyridine is heated under reflux
      for 18 hours. The solids are removed by filtration and the solvent is
      removed from the filtrate in vacuo to give N,N-dimethyl
      (-)(cis-1,2-epoxypropyl)phosphonamide azide.
PAC  EXAMPLE 17
PAC  (-)(CIS-1,2-EPOXYPROPYL)PHOSPHONODIGUANIDINE
PAR  Four equivalents of guanidine are added slowly to a stirred, chilled
      mixture of di-acid chloride of (-)(cis-1,2-epoxypropyl)phosphonic acid in
      benzene. After stirring for one-half hour at room temperature, the
      precipitate of guanidine hydrochloride is filtered off. The filtrate is
      evaporated in vacuo to give (-)(cis-1,2-epoxypropyl)phosphonodiguanidine.
      When guanidine is replaced by N,N',N"-trimethylguanidine, there is
      produced N,N,N', N',N",N",-hexamethyl
      (-)(cis-1,2-epoxypropyl(phosphonodiguanidine.
PAC  EXAMPLE 18
PAC  (-)(CIS-1,2-EPOXYPROPYL)PHOSPHONYL DIISOCYANATE
PAR  A suspension of 6.0 g. of silver cyanate in 20 ml. of acetonitrile is
      treated dropwise with 3.5 g. of (-)(cis-1,2-epoxypropyl)phosphonic acid
      dichloride in 10 ml. benzene. The mixture is stirred for one hour and
      filtered. The filtrate is concentrated to give
      (-)(cis-1,2-epoxypropyl)phosphonyl diisocyanate. When silver cyanate is
      replaced by silver thiocyanate there is produced
      (-)(cis-1,2-epoxypropyl)phosphonyl dithioisocyanate.
PAC  EXAMPLE 19
PAC  BIS-METHYL (-)(CIS-1,2-EPOXYPROPYL)PHOSPHONYL DIURETHANE
PAR  The bis-methylurethane is prepared by the addition of
      (-)(cis-1,2-epoxypropyl)phosphonyl diisocyanate to excess methanol. The
      resulting solution is evaporated to dryness and the product is
      recrystallized from methanol-ether to give bis-methyl
      (-)(cis-1,2-epoxypropyl)phosphonyl diurethane. When phenol or i-propyl
      mercaptan is reacted as above, there is produce bis-phenyl
      (-)(cis-1,2-epoxypropyl)phosphonyl diurethane and bis-S-isopropyl
      (-)(cis-1,2-epoxypropyl)-phosphonylthiourethane, respectively.
PAC  EXAMPLE 20
PAC  DIPHENYL (-)(CIS-1,2-EPOXYPROPYL)PHOSPHONYL DIUREIDE
PAR  The bis-phenylurea is prepared by addition of (-)
      (cis-1,2-epoxypropyl)phosphonyl diisocyanate to excess aniline. The
      resulting crude solid is washed thoroughly with 6-N hydrochloric acid,
      water and alcohol to give diphenyl (-)(cis-1,2-epoxypropyl(phosphonyl
      diureide. When (-)(cis-1,2-epoxypropyl)diisocyanate is reacted with excess
      diethylamine, there is obtained diethyl (-)(cis-1,2-epoxypropyl)phosphonyl
      diureide.
PAC  EXAMPLE 21
PAC  THREO 1-HYDROXY-2-BROMOPROPYLPHOSPONIC ACID
PAC  A. Dimethyl Threo 1-Hydroxy-2-Bromopropylphosphonate
PAR  A solution of dimethyl (-)(cis-1,2-epoxypropyl)-phosphonate (7 g.) in 300
      ml. of chloroform is vigorously stirred with 50 ml. of 48% hydrobromic
      acid at room temperature for 2 hours. The chloroform layer is separated
      and the aqueous layer extracted three times with 50 ml. portions of
      chloroform. The combined chloroform extracts are evaporated and the
      partially crystalline mass stirred with a little ether and filtered,
      giving dimethyl threo 1-hydroxy-2bromopropylphosphonate (m.p.
      65.degree.-69.degree.).
PAC  B. Threo 1-hydroxy-2-Bromopropylphosphonic Acid
PAR  A solution of dimethyl threo 1-hydroxy-2-bromopropylphosphonate (0.5 g.) in
      10 ml. of concentrated hydrochloric acid is heated on the steam bath for
      one and one-half hours. The solution is concentrated under reduced
      pressure and the residue redissolved in water and evaporated several times
      to remove excess hydrochloric acid. A final drying under high vacuum
      yields threo 1-hydroxy-2-bromopropylphosphonic acid as a heavy oil.
PAC  EXAMPLE 22
PAC  SODIUM (2-HYDROXY-1-BROMOPROPYL)PHOSPHONATE
PAR  10.8 g. of cis-propenylphosphonic acid is dissolved in 50 ml. of water and
      the pH of the solution is adjusted to 4.2 by the addition of 2.5 N sodium
      hydroxide. 13.8 g. of N-bromoacetamide is added and the suspension is
      stirred at room temperature. The reaction is complete when the
      N-bromoacetamide is in solution and the mixture is negative to
      starch-iodide paper. The solution is lyophilized and the residue is
      triturated several times with chloroform to give sodium
      (2-hydroxy-1-bromopropyl)-phosphonate.
PAR  The sodium salt of (2-hydroxy-1-bromopropyl)phosphonic acid (0.03 moles)
      obtained as described above is treated with 0.018 moles of quinine in 200
      ml. of methanol. The solution is evaporated to a syrup and the residue
      dissolved in 50 ml. of methanol. The mixture is cooled and allowed to
      stand. Crystalline salt settled out of solution is slurried in methanol,
      filtered and washed with acetone to give the quinine salt of
      threo(2-hydroxy-1-bromopropylphosphonate) isomer which is converted to the
      sodium salt by reaction with dilute sodium hydroxide.
PAC  EXAMPLE 23
PAC  (1-BROMO-2-ACETOXYPROPYL)PHOSPHONIC ACID
PAR  One and one-half grams of (1-bromo-2-hydroxypropyl)phosphonic acid prepared
      from the sodium salt obtained in Example 22 is heated with 5 ml. of acetyl
      bromide for one hour. The excess acetyl bromide is distilled off under
      reduced pressure and ice-cold water is added to the residue. The solution
      is stirred at room temperature and lyophilized to give
      (1bromo-2-acetoxypropyl)phosphonic acid.
PAR  In the same way threo 1-hydroxy-2-bromopropylphosphonic acid prepared as
      described in Example 21 is acetylated to obtain the 1-acetoxy derivative.
PAC  EXAMPLE 24
PAC  THREO (2-BROMO-1-ACETOXYPROPYL)PHOSPHONOTHIOIC DICHLORIDE
PAR  One and one-half grams of threo (2-bromo-1-acetoxypropyl)phosphonic acid
      prepared as described in Example 23 is added to 0.5 ml. of pyridine and
      the mixture evaporated to near dryness. The evaporation is repeated twice
      adding additional pyridine each time. The pyridine solution is cooled in
      an ice-bath and 2.1 equivalents of thionyl chloride is added slowly with
      stirring. The solution is then allowed to stir at room temperature for one
      hour before removing the solvent in vacuo to give threo
      (2-bromo-1-acetoxypropyl)phosphonic dichloride.
PAR  One and one-quarter grams of (2-bromo-1-acetoxypropyl)phosphonic dichloride
      is heated with 0.55 g. of finely pulverized P.sub.2 S.sub.5 under nitrogen
      at 130.degree.C. for three hours. The reaction mixture is fractionally
      distilled to give threo (2-bromo-1-acetoxypropyl)phosphonothioic
      dichloride.
PAC  EXAMPLE 25
PAC  THREO P-(2-BROMO-1-ACETOXYPROPYL)-N,N,N',N'-TETRAMETHYLPHOSPHONOTHIOIC
      DIAMIDE ISOMER
PAR  A solution of 1 g. of (2-bromo-1-acetoxypropyl)-phosphonothioic dichloride
      (prepared as described in Example 24) in 10 ml. of pyridine is chilled in
      an ice bath and a large excess of dimethylamine is bubbled into the
      pyridine solution. The ice bath is removed and the mixture is allowed to
      stir at room temperature for one hour. The mixture is filtered and
      evaporated to dryness. Aliquots of toluene are added and evaporated off
      several times in order to remove traces of pyridine. The residue consists
      of threo P-(2-bromo-1-acetoxypropyl)-N,N,N',N'-tetramethylphosphonothioic
      diamide isomer.
PAC  EXAMPLE 26
PAC  P-(-) (CIS-1,2-EPOXYPROPYL)-N,N,N',N'-TETRAETHYLPHOSPHONOTHIOIC DIAMIDE
PAR  One-half gram of threo
      P-(2-bromo-1-acetoxyethyl)-N,N,N',N'-tetraethylphosphonothioic diamide
      prepared as described in Example 25 is added to two equivalents of 2.5 N
      NaOH and allowed to stir at room temperature until the aqueous mixture is
      essentially neutral. The mixture is lyophilized and chromatographed on 20
      g. of silica-gel using methanol-chloroform mixture as eluant. The product,
      obtained as an oil, is P-(-)
      (cis-1,2-epoxypropyl)-N,N,N'-N'-tetraethylphosphonothioic diamide.
PAR  The following is an illustration of a method of preparing the (-)
      (cis-1,2-epoxypropyl)phosphonic acid starting compounds.
PAR  A. A lyophilized culture of Streptomyces fradiae (MA-2913, ATCC-21099) is
      used to inoculate 50 ml. of sterile medium of the following composition in
      a 250 ml. baffled Erlenmeyer flask:
TBL                     grams/liter                                            
     ______________________________________                                    
     Ground oatmeal       10                                                   
     Yeast hydrolysate    10                                                   
     MgSO.sub.4.7H.sub.2 O                                                     
                          0.05                                                 
     Phosphate buffer*    2 ml.                                                
            *91 g. KH.sub.2 PO.sub.4 and 95 g. Na.sub.2 HPO.sub.4              
             made up to 1 liter with distilled                                 
             water.                                                            
     Water q.s.           Balance                                              
     ______________________________________                                    
PAL  The medium is adjusted to pH 6.5 prior to sterilization.
PAR  The inoculated flask is incubated at 28.degree.C. for 24 hours on a rotary
      shaker. 10 Ml. of the resulting broth is used to inoculate a second 250
      ml. Erlenmeyer flask containing 50 ml. of the same sterile medium. After
      incubation at 28.degree.C. for 24 hours on a rotary shaker, the resulting
      fermentation broth is used to inoculate a 5 liter fermenter containing 3
      liters of sterile nutrient broth of the following composition:
TBL                     grams/liter                                            
     ______________________________________                                    
     Ground oatmeal       30                                                   
     Distillers solubles  10                                                   
     Soybean meal         25                                                   
     Sodium citrate       4                                                    
     Sodium ascorbate     0.5                                                  
     Water q.s.           Balance                                              
     ______________________________________                                    
PAL  The medium is adjusted to pH 6.5 before sterilizing.
PAR  The inoculated medium is then incubated at 28.degree.C. for four days while
      agitating and aerating the fermentation broth with 3 liters of air per
      minute; 3 ml. of a propylene glycol polyer having a molecular weight of
      about 2,000 (sold under the trade name of Polyglycol P-2000 by the Dow
      Chemical Company) being added to prevent excessive foaming. The resulting
      fermentation broth has an activity of 5.9 units/ml. as determined by the
      standard assay using Proteus vulgaris.
PAR  A second fermentation using this same procedure results in a broth having
      an activity of 6.75 units/ml.
PAR  The broths from the two fermentations are combined and filtered. The
      resulting filtered broth contains 20 mg. of solids per ml. and at a
      dilution of 1 to 32 gives a 25 mm. zone of inhibition when tested against
      Proteus vulgaris using the modified assay procedure.
PAR  96.5 Ml. of the broth is stirred for 40 minutes with 2.5 g. of acid-washed
      alumina. The mixture is then filtered, and the filtrate is found to
      contain 20% of the activity. The filtered alumina adsorbate is washed and
      eluted with aqueous ammonia at a pH of 11.2. The eluate is evaporated to
      remove ammonia and is found to give a 25 mm. inhibition zone at a dilution
      of 0.125 mg./ml. by the modified assay procedure.
PAR  B. 10 Ml. of the aqueous solution of the ammonium salt off (-)
      (cis-1,2-epoxypropyl)phosphonic acid containing 200 mg. of solids is
      diluted to 50 ml. with water, and the resulting solution is passed through
      a column of 200 ml. (settled volume) of cation exchange resin (Dowex 50)
      on the (+).alpha.-phenethylammonium cycle. After the initial eluate is
      collected, the column is rinsed with 200 ml. of water, and the total
      eluate collected is evaporated in vacuo to a volume of 100 ml. The pH of
      the concentrate is adjusted to 5.0 by careful addition of small portions
      of Dowex 50 resin on the acid cycle, and the acidic solution is filtered
      and evaporated to dryness in vacuo at room temperature. The residue is
      taken up into 100 ml. of methanol, and the methanol solution is filtered
      to remove inorganic salts. The filtrate is concentrated to a small volume,
      100 ml. of isopropanol is added, and the evaporation is repeated until
      crystals form. The crystalline slurry is refrigerated for about 16 hours,
      and the crystalline product, (-) (cis-1,2-epoxypropyl)phosphonic acid
      mono-(+).alpha.-phenethylammonium salt, is collected by filtration.
PAR  It should be understood that, although this invention has been described
      with reference to particular embodiments thereof, changes and
      modifications may be made which are within its intended scope, and it
      should be limited only by the language of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A (-) compound of the formula
      ##EQU25##
      wherein R.sub.6 and R.sub.7 are loweralkyl and n is an integer from 0-2.
NUM  2.
PAR  2. The compound of claim 1 where n is 0.
NUM  3.
PAR  3. P-(-)-(cis-1,2-epoxypropyl) -N,N'-dimethyl-N,N'-ethylenephosphonic
      diamide.
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ABST
PAL  Acylamides of .beta.-X-ethenesulfonyl substituted aminoarenes in which the
      acyl moiety is an organic sulfonic, sulfinic or sulfenic acid group; an
      organic phosphoric, thiophosphoric, phosphonic, thiophosphonic, or
      phosphinic acid group; or the sulfinyl group (O=S=). Compounds within the
      designated class of materials are bioactive, i.e., they control the growth
      and activity of varying types of plant and animal organisms, e.g.,
      microorganisms or the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel acylamides of .beta.-X-ethenesulfonyl
      substituted aminoarenes, and to methods for controlling the growth of
      plant and animal organisms utilizing such materials.
PAR  As used herein, the references to the bioactive characteristics of the
      compounds of the present invention pertain to their use for killing or
      inhibiting the growth or functions of plant or animal organisms, e.g.,
      microorganisms such as bacteria, fungi, protozoa or the like, or
      nematodes, snails, or other higher plant or animal systems.
PAR  Various ethenesulfonyl arenes have heretofore been proposed as useful
      bioactive compounds. Such materials include, for example, the amino and
      acylamidoarenesulfonyl-substituted acrylonitriles, acrylamides, acrylates
      and the like disclosed in copending Richter application Ser. No. 228,410
      filed Feb. 22, 1972, now U.S. Pat. No. 3,821,399, owned by the assignee of
      the present invention. Methods for the preparation of compounds of the
      preceding types are disclosed, for example, in Richter and Tsolis U.S.
      Pat. No. 3,541,119 granted Nov. 17, 1970,  also owned by the assignee of
      the present invention.
PAR  Beta-substituted ethene-aminoarenes of the above types find application as
      bactericides, fungicides, herbicides or the like. One material so useful
      is 3-(4-aminobenzenesulfonyl) acrylonitrile [or
      (2-cyanoethene)sulfonyl-4-aminobenzene]; this compound may be conveniently
      and economically prepared employing the technique described in the
      aforesaid Richter and Tsolis patent. While this material is a powerful
      bioactive substance, its use is undesirable for certain applications, the
      amino group reacting with many substances and the compound itself having a
      strong yellow color. Moreover, this and similar aminoarenes tend to be
      irritant to warm-blooded animals. As disclosed in the aforesaid
      application, various of the carboxylamido derivatives of the
      .beta.-X-ethenesulfonyl substituted aminoarenes are less reactive, less
      irritant, and generally have less intense colors than the corresponding
      aminoarenes themselves. These carboxamido compounds possess bioactivities
      equal to and, frequently, greater than those of the corresponding base
      aminoarenes.
PAR  It has now been discovered that other N-acylamido derivatives of
      .beta.-X-ethenesulfonyl-substituted aminoarenes, viz., various
      sulfonamido, sulfinamido, sulfenamido, phosphoramido, thiophosphoramido,
      phosphinamido, phosphonamido, and thiophosphonamido, derivatives thereof,
      may be utilized in the same manner as the carboxamido compounds as
      bioactive materials for controlling the growth of plant and animal
      organisms, while frequently also providing increased biological activity,
      lesser reactivity, better color and additional useful properties.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention acylamides of
      .beta.-X-ethenesulfonyl-substituted aminoarenes are provided, having one
      of the following formulas:
PAR  A. R'[S(O).sub.p NH--ArSO.sub.2 CH=CHX].sub.m ,
PAR  B. O=S=NArSO.sub.2 CH=CHX, and
PAR  C. (R").sub.n --Z--NH--Ar--SO.sub.2 CH=CHX].sub.q
PAR  In the sulfonamido, sulfinamido, sulfenamido and sulfinylamido compounds of
      Formulas (A) and (B) above:
PAR  R' is an aliphatic, cycloaliphatic or araliphatic group having up to 16
      carbon atoms, e.g., an alkane having up to 16 carbon atoms and in which
      the hydrogens may be replaced with halogen from monosubstitution to
      persubstitution, or in which the omega hydrogen may be replaced by phenyl
      or nitro; an alkene having from 2 to 16 carbon atoms in the alkene moiety
      thereto and in which one hydrogen may be substituted by nitro, cyano or
      phenyl, the phenyl moiety being unsubstituted or having up to 5 ring
      hydrogens substituted by alkyl of from 1 to 6 carbon atoms or halogen, or
      up to 3 ring hydrogens substituted by nitro; an arene having up to 10
      carbon atoms, e.g., benzene or naphthalene or a substituted arene having
      up to 10 carbon atoms and in which the ring hydrogens may be replaced with
      up to 4 substituents from among alkyl, haloalkyl or alkenyl having up to
      16 carbon atoms, halogen, nitro (up to 3 groups), hydroxy, alkoxy having
      up to 16  carbon atoms, amino, carboxyl, carbalkoxy having up to 16 carbon
      atoms in the alkoxy moiety thereof, cyano, the carboxamido group
      --CONH--Ar--SO.sub.2 CH=CH--X wherein X and Ar are as defined below,
      dihalocyclopropenyl, or fluorosulfonyl; or an acylamidothiadiazole group;
PAR  Ar is an arene having up to 10 carbon atoms, e.g., benzene or naphthalene,
      or a substituted arene having up to 10 carbon atoms and in which up to 8
      of the ring hydrogens may be replaced by alkyl having from 1 to 6 carbon
      atoms or halogen, or in which up to 3 of the ring hydrogens may be
      replaced by nitro groups;
PAR  X is an electron-attracting or electron-withdrawing group, preferably --CN;
      --CONH.sub.2 ; COOR.sub.1 ; COSR.sub.1 ; --NO.sub.2 ; --SOR.sub.2 ;
      --SO.sub.2 R.sub.2 ; --F; or --CF.sub.3 ; and in which:
PAR  R.sub.1 is an aliphatic or cycloaliphatic group having from 1 to 12 carbon
      atoms wherein the hydrogen atoms may be replaced by halogen from
      monosubstitution to persubstitution, e.g., alkyl, cycloalkyl, alkenyl,
      alkynyl or a halogen-substituted alkyl, cycloalkyl, alkenyl, or alkynyl,
      and including halogen-substituted alkenyl groups in which one or both of
      the ethylenic hydrogens may be substituted by halogen and a hydrogen on
      the omega carbon may be substituted by phenyl; a phenyl group or a phenyl
      alkyl having up to 16 carbon atoms in the alkyl moiety thereof, in which
      the phenyl moieties thereof may be substituted by alkyl of up to 6 carbon
      atoms, halogen, nitro, amino or carboxamido having up to 12 carbon atoms;
      2-phenylvinyl; a dialkyl-tin or trialkyl-tin, the alkyl moiety of which
      has from 2 to 12 carbon atoms; or a triphenyl-tin;
PAR  R.sub.2 is an arene having up to 10 carbon atoms, e.g., benzene or
      naphthalene, or a substituted arene having up to 10 carbon atoms and
      substituted by halogen or nitro;
PAR  p is 0, 1 or 2; and
PAR  m is an integer of from 1 to 3.
PAR  The compounds of Formula (C) above are .beta.-X-ethenesulfonyl-substituted
      phosphor-, thiophosphor-, phosphin-, phosphon-, or thiophosphonamidoarenes
      wherein:
PAR  R" is hydrogen; hydroxy; chlorine; fluorine; an alkane having from 1 to 12
      carbon atoms; an alkene having 2-4 carbon atoms; an arene having up to 10
      carbon atoms, e.g., benzene or naphthalene, or a substituted arene in
      which one ring hydrogen may be replaced by a vinyl or allyl group, up to 8
      ring hydrogens may be replaced by halogen, or up to 3 ring hydrogens may
      be replaced by nitro; a mono- or dialkylamino group having from 1 to 6
      carbon atoms, including halogen-substituted alkylamino groups, e.g., those
      in which the .omega.-hydrogen is replaced by chlorine or bromine; an
      alkoxy having from 1 to 6 carbon atoms, including halogen-substituted,
      e.g., bromoalkoxy; and aryloxy having up to 10 carbon atoms in the aryl
      moiety thereof, e.g., phenoxy or naphthoxy, or an aryloxy substituted by
      chlorine, bromine or nitro; a 2-substituted ethenesulfonylaminoarene
      --NH--Ar--SO.sub.2 CH=CH--X; aziridino; or morpholino;
PAR  Z is P, P .fwdarw. O, or P .fwdarw. S;
PAR  n is 1 or 2; and
PAR  q is 1 when n is 2 and 2 when n is 1.
PAR  The Ar, X, R.sub.1 and R.sub.2 moieties of formula (C) are as specified
      above in connection with the compounds of Formulas (A) and (B).
PAR  More than one of the various substituents indicated may be provided on each
      of the above-noted moieties of the claimed compounds. For example, when R'
      on the sulfonamido-type compound is a phenyl-substituted alkene, the
      phenyl moiety may be unsubstituted or substituted by any one or a
      combination of the alkyl, halogen and nitro groups noted.
PAR  Conversion of the amino groups into acylamido groups such as N-acyl
      sulfonamido, phosphoramido, thiophosphoramido, phosphonamido, or
      thiophosphonamido groups in the .beta.-X-ethenesulfonyl-substituted
      aminoarenes of the present invention tends to increase stability thereof
      against alkaline decomposition. This is particularly true in the case of
      fluorinated alkanesulfonamido compounds, because of the pronounced
      electronegativity of the fluorine atom. Perfluoroalkanesulfonamides of
      .beta.-X-ethenesulfonyl-substituted aminoarenes, e.g., the
      trifluoromethanesulfonamides, are especially interesting since they are
      less irritating to humans than the corresponding aminoarenes. The
      anti-inflammatory effects of trifluoromethane sulfonamides is known and
      such compounds have been suggested as pharmaceuticals for the treatment of
      inflammatory conditions. The use of perfluoroalkanesulfonamides of
      aminoarenes as antimicrobial compounds with lower irritation potentials
      has not, however, previously been proposed.
PAR  The acylamides of the present invention may be employed as bioactives by
      exposing the plant or animal organisms to be controlled to the compounds
      utilizing techniques known in the art, e.g., those disclosed in the
      aforesaid copending Richter application. When, for example, the compounds
      are utilized as fungicides, nematocides, or phytotoxicants, they may be
      dispersed in soil or plant growth media and applied to plant systems in
      any convenient fashion. Application to the soil or growth media may be
      carried out by simply mixing with the media, by applying to the surface of
      the soil and thereafter mixing with the soil to the desired depth, or by
      employing a liquid carrier to accomplish the desired penetration and
      impregnation. The materials may be applied by conventional means, e.g., by
      power dusters, boom and hand sprayers, or spray dusters.
PAR  The exact amount of the active acylamido ingredient to be employed is
      dependent upon the particular application involved, the organism to be
      controlled, the medium in which the treatment is carried out, and the
      like. When, for example, the acylamido compounds are utilized as
      phytotoxicants and applied in foliar treatments, they are supplied in
      amounts of from about 1 to 50 or more pounds per acre. For similar
      purposes, when the active ingredient is applied to soil for the control or
      modification of the growth of germinant seeds, emerging seedlings and
      established vegetation, it may suitably be applied in amounts of from 0.01
      to 25 or more pounds per acre. In such soil applications, it is desirable
      that the acylamido compound be applied in amounts of from about 0.01 to 5
      pounds per acre.
PAR  The acylamido compounds hereof may be used alone or in combination with
      conventional liquid or solid adjuvants employed in the art. Such adjuvants
      may include solvents, diluents, extenders, carriers and conditioning
      agents to provide compositions in the form of finely divided particulate
      solids, granules, pellets, or aqueous dispersions, e.g., solutions or
      emulsions. Thus, the active ingredient may be used with adjuvants such as
      a finely divided particulate solid, an organic liquid, a wetting,
      dispersing or emulsifying agent, or any suitable combination thereof.
      Typical finely divided solid carriers and extenders which may be utilized
      in admixture with the acylamido bioactive compounds hereof to provide
      bioactive compositions include, e.g., the talcs, clays, pumice, silica,
      diatomaceous earth, quartz, fuller's earth, salt, sulfur, powdered cork,
      powdered wood, walnut flour, chalk, tobacco dust, charcoals, volcanic ash,
      pulverized urea-formaldehyde resins, polyurethanes and the like. Typical
      liquid diluents include, e.g., water, kerosene, Stoddard solvent, hexane,
      benzene, toluene, acetone, ethylene dichloride, xylene, alcohols,
      dimethylformamide, dimethylsulfoxide, Diesel oil, glycols and the like; or
      propellants like the Freons, etc.
PAR  In view of their excellent antimicrobial properties the acylamides of the
      .beta.-X-ethenesulfonyl-substituted aminoarenes of the invention are
      additionally well suited for the protection of sensitive materials against
      attack by microorganisms such as bacteria, fungi, algae and the like. Such
      attack would otherwise take the form of complete or partial destruction,
      decrease in mechanical strength, discoloration by overgrowth, or the
      creation of odor or acidity or other undesirable manifestations. The
      bioactive materials hereof may also be incorporated in or combined with
      materials or products which may or may not themselves need protection
      against attack by microorganisms, but which will serve as vehicles for the
      destruction or inhibition of microorganisms which would otherwise grow on
      surfaces in direct contact or in proximity therewith. In such instances
      the antimicrobial action may be effected through the conveying action of
      separating fluid layers, e.g., water, air or the like. Examples of these
      latter applications of the bioactive compounds include the packaging of
      materials subject to microbial attack inside films or covering materials
      treated with the antimicrobial acylamides; shoes and clothing where the
      leather, plastic or textile materials have been treated with the
      antimicrobial acylamides; or other applications in which the purpose is to
      prevent the growth of odor producing or otherwise undesirable
      microorganisms on the skin.
PAR  The amount of active material necessary for protection varies considerably
      according to which specific acylamide is used, the type and number of
      organisms to be controlled, the growth conditions, the chemical
      environment, etc. A tropical climate will, for example, in general require
      a higher concentration of active material than a cold climate. In general,
      and although departures on both sides of the range may occasionally be
      desirable, the useful range is ordinarily from 0.1 to 5% by weight of the
      material to be protected or in the active vehicle as outlined above, and
      preferably between 0.2 and 3%. Of the large number of materials or
      products which can be protected through the use of the antimicrobial
      acylamides of the invention the following may be mentioned without
      limitation: cutting oils, drilling muds, embalming fluids, gasoline or
      fuels stored in steel tanks, household cleaners and soaps, detergent
      compositions, waxes and polishes; coatings and paints; rubbers and
      elastomers; plastics in various forms such as films, sheets, fibers,
      foams, extrusions, molded products; hides, leather; paper; wood and wood
      products; packaging films; clothing; textiles including both natural
      and/or synthetic blends; and cosmetic products such as lotions, ointments,
      bath oils, shampoos, and sprays.
PAR  The incorporation of the antimicrobial acylamides of the invention into
      these products can be carried out in various ways, as well known in the
      art. Thus, the active material may be added as a finely divided solid to
      fluid products, or ground with some of the material to be protected to a
      master batch which can be diluted, or it can be added in a solution, in
      emulsion, etc. Textiles, leather, paper and finished products may be
      treated by dipping in or spraying with solutions, emulsions or other
      dispersions, etc. Incorporation in plastics or elastomers can be by dry
      blending followed by suitable compounding, or introduction together with
      plasticizers, stabilizers, or other additives. In polyurethanes and other
      polymers formed from chemically reacting systems the active material can
      be added with one or several of the ingredients. In some cases there may
      be partial reaction between the active materials of the invention and
      reactive groups in the polymerizing mixture.
PAR  The antimicrobial acylamides of the invention are also useful in preventing
      the growth of slime and algae and the like in swimming pools, cooling
      towers and ponds, and in solutions used in paper manufacture, fiber board
      production and the like.
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Among the acylamides of .beta.-X-ethenesulfonyl-substituted aminoarenes of
      the present invention are the acylamidoarenesulfonyl-substituted
      acrylonitrile, acrylamide and acrylate derivatives. It should, however, be
      understood that the electron-attracting moiety X defined in Formulas (A)
      and (B) above is not restricted to the --CN, --CONH.sub.2 and --COOR.sub.1
      moieties and that the additional groups specified hereinabove are within
      the scope of the present invention. Indeed, the X substituent may be any
      electron-attracting or -withdrawing group and in some instances may, for
      example, even be --SO.sub.3 R.sub.1.
PAR  Similarly, it should be understood that the
      .beta.-X-ethenesulfonyl-substituted sulfinylamido (O=S=N), and the
      phosphin- (wherein Z is P), phosphor- and phosphon- (wherein Z is
      P.fwdarw.O), and thiophosphor- and thiophosphonamidoarenes (Z is
      P.fwdarw.S) of Formulas (B) and (C) above are within the scope of the
      present invention. A number of such compounds have shown outstanding
      activity against microorganisms.
PAR  Further, it should be understood that when R' or R" contains a
      polymerizable group, both oligomers and polymers from the monomers of
      Formula (A) above, obtained by polymerization or copolymerization, may be
      provided. The polymerizable R' and R" moieties may, for example, comprise
      ethene, 2-propene, o-, m-, or p-vinylbenzene or other vinyl groups. Such
      polymerizable vinyl-substituted arenes may be homopolymerized or
      copolymerized with other vinylic monomers to produce copolymers having
      increased solubility, compatibility, or the like. Comonomers thus useful
      include, for example, vinylpyrrolidone, acrylates or methacrylates such as
      hydroxyethyl and hydroxypropyl acrylate, octyl acrylate, vinyl sulfonate,
      etc. The comonomers can also be bioactive polymerizable substances
      themselves, e.g, CH.sub.2 =CHSO.sub.2 CH=CH.X; CH.sub.2 =CH0SO.sub.2
      CH=CH.X; CH.sub.2 CHOOC0SO.sub.2 CH=CH.X; CH.sub.2 =CHCH.sub.2
      OOC0SO.sub.2 CH=CH.X; CH.sub.2 =CH.NH0SO.sub.2 CH=CH.X; CH.sub.2
      =CHCH.sub.2 NH0SO.sub.2 CH=CH.X; CH.sub.3 0SO.sub.2 CH=CHCOOCH=CH.sub.2 ;
      CH.sub.3 0SO.sub.2 CH=CHCOOCH.sub.2 CH=CH.sub.2 ; CH.sub.3 SO.sub.2
      CH=CHCOOCH.sub.2 CH.sub.2 OOCCH= CH.sub.2, or the like. Such materials
      find limited application as bioactive materials, however.
PAR  Preferred among the acylamides of the present invention are:
PAR  the alkanesulfonamidobenzenesulfonylacrylonitriles, e.g.,
PAR  3-(4-methanesulfonamidobenzenesulfonyl)acrylonitrile,
PAR  3-(4-ethanesulfonamidobenzenesulfonyl)acrylonitrile,
PAR  3-(4-propanesulfonamidobenzenesulfonyl)acrylonitrile,
PAR  3-(4-butanesulfonamidobenzenesulfonyl)acrylonitrile,
PAR  3-(hexadecanesulfonamidobenzenesulfonyl)acrylonitrile,
PAR  3-(4-dichloromethanesulfonamidobenzenesulfonyl)acrylonitrile,
PAR  3-(4-trichloromethanesulfonamidobenzenesulfonyl)acrylonitrile,
PAR  3-(3-trifluoromethanesulfonamidobenzenesulfonyl)acrylonitrile,
PAR  3-(3-perfluorooctanesulfonamido-6-chlorobenzenesulfonyl)acrylonitrile.
PAR  3-(4-phenylmethanesulfonamidobenzenesulfonyl)acrylonitrile,
PAR  3-(4-nitrobutanesulfonamidobenzenesulfonyl)acrylonitrile, and
PAR  3-(4-cyclohexanesulfonamidobenzenesulfonyl)acrylonitrile;
PAR  the alkene or phenyl-substituted alkene-sulfonamidobenzenesulfonyl
      acrylonitriles, e.g.,
PAR  3-(4-ethenesulfonamidobenzenesulfonyl)acrylonitrile,
PAR  3[4-(2-phenylethenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(2-chloroethenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[3-(1-chloroethenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[2-(2-cyanoethenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(2-cyanoethenesulfonamido)benzenesulfonyl]acrylamide octanethiol
      3-[4-(2-cyanoethenesulfonamido)naphthalenesulfonyl]acrylate, and
PAR  3-[4-(2-nitroethenesulfonamido)benzenesulfonyl]acrylonitrile;
PAR  the benzene or substituted benzene sulfonamidoarenesulfonyl acrylonitriles,
      acrylamides or acrylates, e.g.,
PAR  3-(4-benzenesulfonamidobenzenesulfonyl)acrylonitrile,
PAR  3-[3-(benzenesulfonamido)-4-methylbenzenesulfonyl]acrylonitrile,
PAR  3-[4-(4-methylbenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(2-methylbenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[(4-dodecylbenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(2,4,6-trimethylbenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(2,4,6-tri-isopropylbenzenesulfonamido)benzenesulfonyl]-acrylonitrile,
PAR  3-[4-(4-chloromethylbenzenesulfonamido)benzenesulfonyl]acrylonitrile,
      3-[4-(4-vinylbenzenesulfonamido)benzenesulfonyl]acrylonitrile,
      poly-[4-(4-vinylbenzenesulfonamidophenyl) 2-cyanovinyl sulfone],
      poly-[(4-ethenesulfonamidophenyl) 2-cyanovinyl sulfone],
PAR  3-[4-(2,4-divinylbenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3[4-(4-chlorobenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(4-fluorobenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(4-nitrobenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(3-nitrobenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(2-nitrobenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(2,4-dinitrobenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(4-chloro-3-nitrobenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(4-chloro-2-nitrobenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(2-hydroxy-3,5-dichlorobenzenesulfonamido)benzenesulfonyl]-acrylonitri
     le,
PAR  3-[4-(4-hydroxy-3-carboxybenzenesulfonamido)benzenesulfonyl] acrylonitrile,
PAR  3-[4-(3-carboxybenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(4-carbethoxybenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(4-cyanobenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(4-methoxybenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(3,4-dimethoxybenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(2,5-dimethoxybenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(4-acetamidobenzenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  N-4-(2-cyanoethenesulfonyl)phenyl
      N'-[3-(2-cyanoethenesulfonyl)-phenylsulfamoyl]benzamide,
PAR  3-[4-(4-dichlorocarbostyrenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  phenylene-1,3-bis-sulfon-4-(2-cyanoethenesulfonyl)anilide,
PAR  phenylene-1,3,5-tris-sulfon-4-(2-cyanoethenesulfonyl)anilide,
PAR  4,4'-N,N'-bis-4-(2-cyanoethenesulfonyl)phenylsulfamoyl diphenyl ether,
PAR  3-[4-(2-naphthalenesulfonamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(2-naphthalenesulfonamido)-4-methyl-benzenesulfonyl] acrylonitrile,
PAR  3-[4-(5-dimethylaminonaphthalene-2-sulfonamido)benzenesulfonyl]acrylonitril
     e,
PAR  naphthalene-2,6-bis-sulfon-[4-(2-cyanovinylsulfonyl)anilide],
PAR  3-(4-anthracenesulfonamidobenzenesulfonyl)acrylonitrile;
PAR  the thiadiazole-substituted sulfonamidobenzenesulfonyl acrylonitriles,
      e.g.,
PAR  3-[4-(2-acetamido-1,3,4-thiadiazole-5-sulfonamido)benzenesulfonyl]acrylonit
     rile;
PAR  the sulfinamido-substituted benzenesulfonyl acrylonitriles, acrylamides,
      and acrylates, e.g.,
PAR  3-(4-methanesulfinamidobenzenesulfonyl)acrylonitrile,
PAR  3-(3-dodecanesulfinamidobenzenesulfonyl)acrylamide,
PAR  3-(4-trichloromethanesulfinamidobenzenesulfonyl)acrylonitrile,
PAR  3-(4-benzenesulfinamidobenzenesulfonyl)acrylonitrile,
PAR  3-[4-(4-methylbenzenesulfinamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(4-nitrobenzenesulfinamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(3,4-dichlorobenzenesulfinamido)benzenesulfonyl]acrylonitrile, nonyl
      3-[4-(3-chloro-4-nitrobenzenesulfinamido)-3-chlorobenzenesulfonyl]acrylate
PAR  3-[4-(2-naphthalenesulfinamido)benzenesulfonyl]acrylonitrile,
PAR  3-[4-(5,6,7,8-tetrahydronaphthalenesulfinamido)benzenesulfonyl]acrylonitril
     e;
PAR  the sulfenamido-substituted benzenesulfonyl acrylonitriles and acrylates,
      e.g.,
PAR  3-[(4-trichloromethanesulfenamido)benzensulfonyl]acrylonitrile,
PAR  butyl 3-[(4-trichloromethanesulfenamido)benzenesulfonyl] acrylate, and
PAR  3-[4-(4-nitrobenzenesulfenamido)benzenesulfonyl]acrylonitrile;
PAR  the sulfinylimido-substituted arenesulfonyl acrylonitriles, acrylamides and
      acrylates, e.g.,
PAR  3-(4-sulfinylimidobenzenesulfonyl)acrylonitrile,
PAR  3-[(3-sulfinylimido)-4-methylbenzenesulfonyl]acrylonitrile,
PAR  4-sulfinylimidophenyl 2-carbamoylamidovinyl sulfone,
PAR  cyclohexyl 3-(4-sulfinylimidobenzene)sulfonyl acrylate,
PAR  4-sulfinylimidophenyl 2-nitrovinyl sulfone,
PAR  3-sulfinylimido-4-methylphenyl 2-bromo-2-nitrovinyl sulfone,
PAR  4-sulfinylimidobenzenesulfonyl 2-(pentachlorobenzenesulfonyl)ethene,
PAR  bis-1,2-(4-sulfinylimido- 3-methylbenzenesulfonyl)ethene,
PAR  4-sulfinylimidophenyl 2-carboxyvinyl sulfone,
PAR  3-[4-sulfinylimido-3-nitronaphthalenesulfonyl]acrylonitrile,
PAR  4-sulfinylimidonaphthyl 2-carboxyvinyl sulfone;
PAR  3-[4-(3-fluorosulfonylbenzenesulfonamido)benzenesulfonyl] acrylonitrile;
PAR  the phosphoramidobenzenesulfonyl acrylonitriles, e.g.,
      tris-N,N',N"-4(2-cyanoethenesulfonyl)phenylphosphoramide;
PAR  the chlorophosphoramidobenzenesulfonyl acrylonitriles or acrylates, e.g.,
PAR  chloro-di-[3-(2-cyanoethenesulfonyl)-5-methyl-anilido]phosphine oxide, and
PAR  octyl 3-(4-dichlorophosphoramidobenzenesulfonyl)acrylate;
PAR  the 2-substituted
      ethenesulfonylamidoarenethiophosphoramidoarenesulfonylacrylonitriles,
      e.g.,
PAR  tris-4-(2-cyanoethenesulfonylanilido)phosphine sulfide;
PAR  the alkylamidophosphoramidobenzenesulfonylacrylonitriles, e.g.,
PAR  4-di-heptylamidophosphoramidonaphthyl 2-cyanovinyl sulfone,
PAR  bis-dimethylamido-4-(2-cyanoethenesulfonyl)anilidophosphine oxide, and
PAR  bis-(2-chloroethyl)amido-di-4-(2-cyanoethenesulfonylanilido)phosphine
      oxide;
PAR  the hydroxy- or alkoxyphosphoramidobenzenesulfonylacrylonitriles or the
      corresponding nitro compounds, e.g.,
PAR  4-(dihydroxyphosphoramidophenyl) 2-cyanovinyl sulfone,
PAR  4-diethoxyphosphoramidophenyl 2-trifluoromethylvinyl sulfone,
PAR  4-dimethoxyphosphoramidophenyl 2-nitrovinyl sulfone, and
PAR  bis-(2,3-dibromopropoxy)-[4-(2-cyanoethenesulfonyl)anilido]-phosphine
      oxide;
PAR  the benzenephosphoramidobenzenesulfonylacrylonitriles, e.g.,
PAR  phenyl-di[4-(2-cyanoethenesulfonyl)anilido]phosphine oxide, and
PAR  phenyl-di[4-(2-cyanoethenesulfonyl)anilido]phosphine sulfide;
PAR  the aziridinophosphoramidobenzenesulfonylacrylates, e.g.,
      di-aziridino-4-(2-octylcarbonylethenesulfonylanilido)phosphine oxide;
PAR  and the morpholinophosphoramidobenzenesulfonyl acylamides, e.g,
PAR  di-morpholino-4-(2-carbamoylethenesulfonylanilido)phosphine oxide.
PAR  Other compounds useful in the practice of the invention include:
PAR  2-cyanovinyl 4-phenylmethanesulfonamidophenyl sulfone,
PAR  2-carbamoylvinyl 3-sulfinylimido-4-methylphenyl sulfone,
PAR  2-(4-nitrophenoxycarbonyl)vinyl 4-sulfinylimido-3fluorophenyl sulfone,
PAR  2-cyanovinyl 4-butanesulfonamido-3-chlorophenyl sulfone,
PAR  2-cyanovinyl 4-hexanesulfonamido-2-nitrophenyl sulfone,
PAR  2-isopropylcarbonylvinyl 4-difluoromethanesulfonamido-3-fluorophenyl
      sulfone,
PAR  tris-N,N',N"-4-(2-ethoxycarbonylethenesulfonyl)-3-fluorophenyl
      phosphoramide, and
PAR  bis-(2,3-dibromopropoxy)-
      4-(2-pentabromophenylethenesulfonyl)-2,6-dibromo-anilido phosphine oxide.
PAR  The preceding and other acylamides within the scope of the present
      invention may be prepared utilizing various routes, Thus, the
      corresponding substituted aminoarenes may be acylated to the desired
      acylamides with a sulfonyl chloride or with phosphorus trichloride,
      phosphoryl, sulfinyl or sulfenyl chloride, thiophosphoryl chloride,
      phosphorus pentachloride, or a phosphinic, phosphonic or thiophosphonic
      acid halide, depending upon the particular acylamide to be produced. The
      sulfinylimido compounds are obtained by treating the
      .beta.-X-ethenesulfonyl-substituted aminoarenes with thionyl chloride,
      preferably in a solvent.
PAR  It is well known that the use of tertiary amines, e.g., pyridine,
      triethylamine, collidine or the like, as acid acceptors in condensations
      of such acyl halides with primary or secondary amines, is quite effective.
      These tertiary amines may be used in the preparation of the substituted
      aminoarenes of the present invention as well. They should, however, be
      used with care since they tend to attack the substituted aminoarene
      product. On the the hand, triethylenediamine (which may also be termed
      1,4-diaza[2.2.2]octane), a difunctional tertiary diamine, has been found
      particularly useful as an acid acceptor in the particular condensations
      hereof, such material not attacking the substituted aminoarenes to the
      same degree.
PAR  Alternatively, the desired acylamides may be prepared by reacting the
      substituted aminoarenes with an anhydride, e.g., trifluoromethanesulfonic
      anhydride, or a phosphinic or phosphonic acid, utilizing a condensing aid
      such as a carbodimide. Other methods so useful include treating the
      substituted aminoarenes with an organic sulfenyl chloride and oxidizing
      the resulting sulfenamides to the sulfinamides or sulfonamides.
      Sulfinamides can also be oxidized to the corresponding sulfonamides.
PAR  It is also possible to acylate the corresponding aminoarenesulfinic acids
      or salts in similar fashion and then react these acylated
      aminoarenesulfinic acids or salts with a vicinal dihalogenide. As
      described in the above-mentioned Richter and Tsolis patent, the
      unsaturated acylamides of the .beta.-X-ethenesulfonyl-substituted
      aminoarenes may be thus directly formed. The required sulfinate reactants
      may also be obtained by similar acylation of the corresponding
      aminoarenesulfonic acids, conversion to the sulfonyl halides and
      reduction, for example with sodium sulfite and bisulfite, to the
      sulfinate.
PAR  The substituted aminoarenes to be acylated as aforesaid may be prepared
      employing methods known in the art. Suitable techniques for preparing such
      materials are described, for example, in the aforesaid copending Richter
      application and the Richter and Tsolis patent. By way of illustration, the
      said application specifically exemplifies the preparation of various of
      the .beta.-X-ethenesulfonyl-substituted aminoarenes, including both
      acrylonitrile derivatives, e.g., 3-(4-aminobenzenesulfonyl)acrylonitrile
      (which may also be termed 2-cyanovinyl 4-aminophenyl sulfone) and
      3-(4-acetamidobenzenesulfonyl)acrylonitrile (which may also be termed
      2-cyanovinyl 4-acetamidophenyl sulfone), and acrylamides, e.g.,
      3-(p-toluenesulfonyl)acrylamide. Other of the
      .beta.-X-ethenesulfonyl-substituted aminoarenes may be similarly prepared,
      e.g., 3-(4-aminobenzenesulfonyl)acrylamide may be made from
      3-(4-aminobenzenesulfonyl)acrylonitrile.
PAR  The corresponding esters, which may be acylated to those compounds of the
      invention wherein X equals COOR.sub.1, may be conventionally made from
      these sulfonylacrylamides by boiling under reflux with alcohols, e.g.,
      methanol, ethanol, trifluoroethanol, phenol, cyclohexanol or the like, in
      the presence of a catalyst such as sulfuric acid. In this manner, the
      2-carbalkoxyvinyl aminophenyl sulfones and analogous compounds may be
      prepared.
PAR  Alternatively, it may sometimes be more convenient to prepare the amides,
      esters or other X-ethenesulfonyl-substituted aminoarenes to be acylated to
      the compounds of the invention, directly from the corresponding nitro
      compounds followed by reduction thereof. Yet a further alternative
      involves hydrolyzing the 2-cyanovinyl nitroaryl sulfones to the
      corresponding 2-carboxyvinyl nitroaryl sulfones, and converting the
      carboxyl function to the desired derivative by direct esterification or
      other conventional techniques, followed by reduction.
PAR  The methods of making and using various preferred embodiments of the
      acylamides hereof are illustrated in the following examples. Unless
      otherwise indicated, all parts and percentages specified in the examples
      are given by weight, and all temperatures are in degrees Celsius.
DETD
PAC  EXAMPLE 1: 3-(4-METHANESULFONAMIDOBENZENESULFONYL)ACRYLONITRILE
PAR  23 grams (0.2 mol) of methanesulfonyl chloride (CH.sub.3 SO.sub.2 Cl) are
      dissolved in 600 milliliters of chloroform, and 42 grams (0.2 mol) of
      3-(4-aminobenzenesufonyl)acrylonitrile, prepared as described in copending
      application Ser. No. 228,410 filed Feb. 22, 1972, are added with stirring
      and cooling in an ice bath followed portionwise by a solution of 16 g (0.2
      mol) of pyridine in 200 ml of pyridine. The reaction mixture is allowed to
      reach room temperature and is thereafter left at about 20.degree. C for
      about 48 hours. The solution is filtered and then washed with water, a 5%
      solution of HCl in water, a 5% sodium bicarbonate solution in water, and
      water, in sequence.
PAR  The chloroform layer is separated from the water in a separatory funnel,
      dried over anhydrous sodium sulfate, filtered, and evaporated to a small
      volume. Petroleum ether is added to this solution. A yellowish solid
      separates which, after recrystallization from ethanol, gives a solid
      having a melting point of 219.degree.-222.degree. C. This is
      3-(4-methanesulfonylamidobenzenesulfonyl)acrylonitrile:
      ##SPC1##
PAC  EXAMPLE 2: 3-(4-ETHANESULFONAMIDOBENZENESULFONYL)ACRYLONITRILE
PAR  42 grams (0.2 mol) of 3-(4-aminobenzenesulfonyl)-acrylonitrile are added to
      a cooled solution of 26 g (0.2 mol) of ethanesulfonyl chloride (CH.sub.3
      CH.sub.2 SO.sub.2 Cl) in 600 ml of chloroform with stirring. 16 g (0.2
      mol) of pyridine in 200 ml of chloroform are added portionwise. The
      temperature is allowed to rise to about 20.degree. C and the reaction
      mixture is left at this temperature for 48 hours with stirring. Unreacted
      aminobenzenesulfonylacrylonitrile is recovered by filtration and the
      filtrate is then worked up as in Example 1. A yellowish solid with a
      melting point of 177.degree.-180.degree. C is obtained. This is
      3-(4-ethanesulfonamidobenzenesulfonyl)acrylonitrile:
      ##SPC2##
PAC  EXAMPLE 3: 3-(4-BUTANESULFONAMIDOBENZENESULFONYL)ACRYLONITRILE
PAR  8.2 grams (0.04 mol) of 3-(4-aminobenzenesulfonyl) acrylonitrile are
      dissolved in 100 ml of dioxane and 3.3 ml (0.04 mol) of pyridine are
      added. 6.3 g (0.04 mol) of butanesulfonyl chloride (CH.sub.3 CH.sub.2
      CH.sub.2 CH.sub.2 SO.sub.2 Cl) dissolved in 50 ml of dioxane are added in
      one portion to the first solution and the reaction mixture is allowed to
      stand for 48 hours at room temperature, then heated to 85.degree. C for
      one hour. After cooling, the reaction mixture is poured into 700 ml of
      ice-cold water and the separated solid is recovered by filtration and
      drying.
PAR  The solid is dissolved in ethanol, decolorized with charcoal and
      recrystallized. After a second decolorization and recrystallization a
      solid having a melting point of 153.5.degree.-155.5.degree. C is obtained.
      The product is 3-(4-butanesulfonamidobenzenesulfonyl)acrylonitrile:
      ##SPC3##
PAC  EXAMPLE 4: 3-(HEXADECANESULFONAMIDOBENZENESULFONYL)ACRYLONITRILE
PAR  6.3 grams (0.03 mol) of 3-(4-aminobenzenesulfonyl) acrylonitrile is
      dissolved in 60 ml of dioxane and 4 ml (about 0.03 mol) triethylamine are
      added. A clear solution results. 9.8 grams (0.03 mol) of
      hexadecanesulfonyl chloride is added to a mixture of 50 ml of dioxane and
      20 ml of acetone. Only partial dissolution occurs, but when the slurry is
      added to the aminobenzenesulfonylacrylonitrile-triethylamine solution a
      clear solution is obtained. After about 5 minutes a precipitate (of
      triethylamine hydrochloride) begins to form.
PAR  After standing at room temperature for 16 hours the amine hydrochloride is
      filtered off and the filtrate is mixed with 500 ml of water. An emulsion
      is formed which is extracted with 300 ml of chlorofrom. After standing two
      days a yellow chloroform layer separates which is treated with anhydrous
      magnesium sulfate to remove traces of water, and is then evaporated to
      give a yellow-brown oil. Treatment with ethanol and recovery gives a
      yellow, somewhat soft, powdery solid. This is
      ##SPC4##
PAC  EXAMPLE 5: 3-(4-TRIFLUOROMETHANESULFONAMIDOBENZENESULFONYL)ACRYLONITRILE
PAR  A mixture of 20.8 g (0.1 mol) of 3-(4-aminobenzenesulfonyl)acrylonitrile
      and 11.2 g (0.1 mol) of 1,4-diazabicyclo-[2.2.2]-octane in 500 ml of
      chloroform is stirred at about 15.degree.-25.degree. C while
      trifluoromethanesulfonic acid anhydride is slowly added thereto. The
      reaction mixture is stirred for an additional hour and is then washed
      several times with dilute HCl and water, filtered, dried over anhydrous
      magnesium sulfate, and evaporated to dryness. The recovered solid can be
      recrystallized from ethanol to give
      3-(4-trifluorosulfonamidobenzenesulfonyl)acrylonitrile (or 2-cyanovinyl
      4-trifluoromethanesulfonamidophenyl sulfone):
      ##SPC5##
PAC  EXAMPLE 6:
      3-(4-TRIFLUOROMETHANESULFONAMIDONAPHTHALENESULFONYL)ACRYLONITRILE
PAR  25.8 g (0.1 mol) of 2-cyanovinyl 4-aminonaphthyl sulfone (or
      3-(4-aminonaphthalenesulfonyl)acrylonitrile are prepared by reacting an
      aqueous solution of 4-acetamidonaphthalenesulfinate, buffered with sodium
      acetate, with 2,3-dichloropropionitrile in accordance with the method
      described in U.S. Pat. No. 3,541,119 owned by the assignee of the present
      invention, and hydrolyzing the product with dilute HCl to remove the
      acetyl group. The resulting material is treated with
      trifluoromethanesulfonic anhydride in the manner described in Example 5,
      producing 2-cyanovinyl 4-trifluoromethanesulfonamidonaphthyl sulfone
      (3-(4-trifluoromethanesulfonamidonaphthalenesulfonyl)acrylonitrile:
      ##SPC6##
PAC  EXAMPLE 7: 2-CYANOVINYL 4-AMINO-3-NITROPHENYL SULFONE
PAR  3-(4-acetamidobenzenesulfonyl)acrylonitrile, prepared as described in the
      aforesaid U.S. Pat. No. 3,541,119, is nitrated at about room temperature
      in a mixture of nitric acid and concentrated sulfuric acid for about two
      hours, and thereafter drowned in ice water. The 2-cyanovinyl
      4-acetamido-3-nitrophenyl sulfone recovered is hydrolyzed in a mixture of
      dilute hydrochloric acid and ethanol to give 2-cyanovinyl
      4-amino-3-nitrophenyl sulfone. 25.3 g (0.1 mol) of this material is
      carefully dried and is dispersed in 500 ml chloroform and 11.2 g
      1,4-diaza-[2.2.2]octane is added thereto. A chloroform solution of
      difluoromethanesulfonyl chloride in about 10% excess is added to the
      stirred mixture of the substituted aminoarene and the acid acceptor at
      50.degree. C. The mixture is stirred at this temperature for 2 hours and
      is then maintained at room temperature for 2 days. After treatment with
      dilute HCl to remove the tertiary amine and unreacted starting material,
      and evaporation of the solvent, a crude material is obtained which is
      purified by recrystallization, giving 2-cyanovinyl
      4-difluoroacetamido-3-nitrophenyl sulfone:
      ##SPC7##
PAC  EXAMPLE 8: 2-CARBETHOXYVINYL 3-PERFLUOROOCTANESULFONAMIDO-5-CHLOROPHENYL
      SULFONE
PAR  2-carbethoxyvinyl 3-amino-5-chlorophenyl sulfone is prepared by reacting
      sodium 3acetamido-5-chlorobenzenesulfinate in aqueous ethanol solution, in
      the presence of potassium acetate, with 2,3-dichloropropionamide. The
      resulting 2-carboxyamidovinyl 3-acetamido-5-chlorophenyl sulfone is
      hydrolyzed with dilute hydrochloric acid to give 2carboxyamidovinyl
      3-amino-5-chlorophenyl sulfone. The dried solid is boiled with ethanol
      under reflux for 2 hours in the presence of concentrated sulfuric acid.
      After drowning in water and neutralization 2-carbethoxyvinyl
      3-amino-5-chlorophenyl sulfone is obtained.
PAR  5.8 g (0.02 mol) of the dried material is dissolved in 100 ml of dioxane,
      and 2.3 (0.02 mol) of 1,4-diaza[2.2.2]octane is added thereto. The
      solution is stirred and 10.4 g (0.02 mol) of perfluorooctane sulfonyl
      chloride in 100 ml dioxane is slowly added. The reaction mixture is heated
      at 50.degree. C for 4 hours and the sulfonamide is recovered, affording
      the desired 2-carbethoxyvinyl 3-perfluorooctanesulfonamido-5-chlorophenyl
      sulfone:
      ##SPC8##
PAC  EXAMPLE 9: 3-(4-ETHENESULFONAMIDOBENZENESULFONYL)ACRYLONITRILE
PAR  10.4 grams (0.05 mol) of 3-(4-aminobenzenesulfonyl) acrylonitrile are
      dissolved in 200 ml of acetone and filtered to remove a small amount of
      insoluble material. The solution is cooled to -10.degree. C to -20.degree.
      C in an acetone-solid carbon dioxide bath. A solution of 8.1 g (0.05 mol)
      of 2-chloroethanesulfonyl chloride in 50 ml of acetone is similarly
      cooled. The aromatic amine solution is slowly added to the sulfonyl
      chloride solution while the latter is in the cooling bath. When about a
      third of the amine solution has been added, 14 ml (0.1 mol) of
      triethylamine is mixed into the remaining amine solution and the resulting
      mixture is slowly fed into the sulfonyl chloride reaction mixture. A
      light, flocculated precipitate begins to form.
PAR  The reaction mixture is left in the cooling bath until the dry ice has
      melted (about 3/4 hour). The temperature is then allowed to rise to room
      temperature. The triethylamine hydrochloride thus formed is filtered off
      and 5 ml of 5 N HCl are added. After cooling and crystallizing a yellow,
      strong smelling solid is recovered. The product is
      ##SPC9##
PAC  EXAMPLE 10: 3-[4-(2-PHENYLETHENESULFONAMIDO)BENZENESULFONYL]ACRYLONITRILE
PA1  4.1 grams (0.02 mol) of 2-phenylethenesulfonyl chloride
      (.beta.-styrenesulfonyl chloride, C.sub.6 H.sub.5 CH=CHSO.sub.2 Cl) are
      dissolved in 50 ml of chloroform; 4.2 g (0.02 mol) of
      3-(4-aminobenzenesulfonyl)acrylonitrile are added, followed by 1.6 g (0.02
      mol) of pyridine. The reaction mixture is stirred at room temperature for
      6 hours, and is then refluxed on a steam bath for 10 minutes. After
      filtration, the chloroform solution is washed with water, 5% HCl, and
      water, in that order.
PAR  The chloroform layer thus separated is dried over anhydrous sodium sulfate,
      filtered and evaporated. A solid with a melting point of
      197.degree.-200.degree. C is obtained. The product is
      3-[4-(2-phenylethenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC10##
PAC  EXAMPLE 11: 3-(4-BENZENESULFONAMIDOBENZENESULFONYL)ACRYLONITRILE
PAR  4.2 grams (0.02 mol) benzenesulfonyl chloride, 4.2 g (0.02 mol) of
      3-(4-aminobenzenesulfonyl)acrylonitrile, and 1.6 g (0.02 mol) of pyridine
      are reacted in 60 ml chloroform in accordance with the procedure described
      in Example 1. After washing with water, dilute hydrochloric acid, dilute
      sodium bicarbonate solution, and water, in that order, the chloroform
      layer yields a solid having a melting point of 158.degree.-162.degree. C.
      The product is 3-(4-benzene-sulfonamidobenzenesulfonyl)acrylonitrile:
      ##SPC11##
PAC  EXAMPLE 12: 3-(3-BENZENESULFONAMIDO-4-METHYL BENZENESULFONYL)ACRYLONITRILE
PAR  22.2 g (0.1 mol) of 3-(4-methyl-3-aminobenzenesulfonyl) acrylonitrile are
      dissolved in 150 ml dioxane, and 8 ml pyridine is added thereto. A
      solution of 17.6 g (0.1 mol) of benzenesulfonyl chloride is added
      dropwise, with stirring, at room temperature. A slight exotherm is
      obtained. The reaction mixture is stirred for 2 hours and is then left at
      room temperature for 16 hours. The solution is then poured into a stirred
      ice water mixture (3 liters). The recovered solid is
      3-(3-benzenesulfonamido-4-methyl benzenesulfonyl)acrylonitrile:
      ##SPC12##
PAC  EXAMPLE 13: 3-[4-(4-METHYLBENZENESULFONAMIDO)BENZENESULFONYL]ACRYLONITRILE
PAR  4.9 grams (0.025 mol) of para-toluenesulfonyl chloride, and 4.5 g (0.025
      mol) of 3-(4-aminobenzenesulfonyl) acrylonitrile in chlorofrom are reacted
      for 48 hours at room temperature in the presence of 2.2 ml (0.027 mol) of
      pyridine, and the reaction mixture is worked up as in Example 1. The
      product, recrystallized from ethanol, and having a melting point of
      172.degree.-175.degree. C, is
      3-[4-(4-methylbenzenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC13##
PAC  EXAMPLE 14: 3-[4(4-methylbenzenesulfonamido)benzenesulfonyl]acrylamide
PAR  22.6 g (0.1 mol) of 3-(4-aminobenzenesulfonyl)acrylamide, prepared by
      hydrolysis of 3-(4-aminobenzenesulfonyl acrylonitrile with a 1:1 molar
      mixture of concentrated sulfuric acid and water, is dissolved in
      dimethylformamide (100 ml), and 14.5 ml triethylamine (0.1 mol) are added
      thereto. A solution of p-toluenesulfonyl chloride (19.1 g, 0.1 mol) in 50
      ml dimethylformamide is added dropwise at room temperature, and the
      reaction mixture is left undisturbed for 16 hours. The product is
      recovered by precipitation with water and recrystallization from ethanol.
      There is thus produced
      3-[4-(4-methylbenzenesulfonamido)benzenesulfonyl]acrylamide:
      ##SPC14##
PAC  EXAMPLE 15: ETHYL
      3-[4-(4-METHYLBENZENESULFONAMIDO)-BENZENESULFONYL]ACRYLATE
PAR  25.5 g (0.1 mol) of ethyl 3-(4-aminobenzenesulfonyl) acrylate, prepared by
      refluxing 3-(4-aminobenzenesulfonyl)acrylamide in an excess of absolute
      ethanol and in the presence of concentrated sulfuric acid as a condensing
      agent, are dissolved in acetone (100 ml). 14.5 ml of triethylamine (0.1
      mol) are added as an HCl acceptor. A solution of p-toluenesulfonyl
      chloride (19.1 g, 0.1 mol) in 50 ml acetone is added dropwise at room
      temperature. The reaction mixture is left for 12 hours and is then poured
      into ice water. The precipitated solid is recovered by filtration, dried
      and recrystallized from ethanol, giving ethyl
      3-[4-(4-methylbenzenesulfonamido)benzenesulfonyl]acrylate:
      ##SPC15##
PAC  EXAMPLE 16: 3-[4-(2-METHYLBENZENESULFONAMIDO)BENZENESULFONYL]ACRYLONITRILE
PAR  4.2 grams (0.02 mol) of 3-(4-aminobenzenesulfonyl)-acrylonitrile are
      dispersed in 60 ml of dichloromethane containing 1.6 g (0.02 mol) of
      pyridine. The mixture is stirred and 3.8 g (0.02 mol) of
      ortho-toluenesulfonyl chloride are added with cooling. The reaction
      mixture is then mantained at room temperature for 48 hours, and after
      filtration the dichloromethane layer is washed and worked up as described
      in Example 1.
PAR  Petroleum ether is added to the concentrated solution and a yellow colored
      solid crystallizes. After recrystallization from ethanol a solid having a
      melting point of 164.degree.-166.degree. C is obtained. The product is
      3-[4-(2-methylenebenzenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC16##
PAC  EXAMPLE 17: 3-[(4-dodecylbenzenesulfonamido)benzenesulfonyl]acrylonitrile
PAR  6.9 grams (0.02 mol) of 4-dodecylbenzenesulfonyl chloride dissolved in 100
      ml acetate are added, at room temperature, to a stirred solution of
      3-(4-aminobenzenesulfonyl)acrylonitrile (4.2 g, 0.02 mol) and 3ml (0.02
      mol) of triethylamine in 150 ml acetone. The mixture is permitted to stand
      overnight. 3-[(4-dodecylbenzenesulfonamido)benzenesulfonyl]acrylonitrile
      is recovered as a soft, fine yellow powder:
      ##SPC17##
PAC  EXAMPLE 18:
      3-[4-(2,4,6-TRIMETHYLBENZENESULFONAMIDO)BENZENESULFONYL]ACRYLONITRILE
PAR  A solution of 6.6 g (0.03 mol) of 2,4,6-trimethylbenzenesulfonyl chloride
      in 50 ml chloroform is added at room temperature to a stirred slurry of
      6.3 g (0.03 mol) of 3-(4-aminobenzenesulfonyl)acrylonitrile in 100 ml
      chloroform, the slurry additionally containing 4 ml (0.03 mol)
      triethylamine, portionwise over a five minute period. After 3 hours
      stirring the reaction mixture is filtered. The chloroform solution is
      thereafter washed with water, dilute hydrochloric acid, and water, in that
      order, separated from the water layer, dried over anhydrous magnesium
      sulfate and evaporated. The recovered
      3-[4-(2,4,6-trimethylbenzenesulfonamido)benzenesulfonyl]acrylonitrile has
      the formula:
      ##SPC18##
PAC  EXAMPLE 19:
      3-[4-(2,4,6-TRI-ISOPROPYLBENZENESULFONAMIDO)BENZENESULFONYL]acrylonitrile
PAR  a solution of 9.1 g (0.03 mol) of 2,4,6-tri-isopropylbenzenesulfonyl
      chloride in 50 ml dioxane is added at room temperature to a solution of
      6.3 g (0.03 mol) of 3-(4-aminobenzenesulfonyl)acrylonitrile in 150 ml
      dioxane, the dioxane solution additionally containing 3 ml (0.03 mol) of
      pyridine. After 8 hours the reaction mixture is filtered and evaporated
      and a tannish solid consisting of
      3-[4-(2,4,6-tri-isopropylbenzenesulfonamido)benzenesulfonyl]acrylonitrile
      is obtained:
      ##SPC19##
PAC  EXAMPLE 20: 3-[4-(4-CHLOROBENZENESULFONAMIDO)BENZENESULFONYL]ACRYLONITRILE
PAR  To a stirred and cooled mixture of 21 grams (0.1 mol) of
      3-(4-aminobenzenesulfonyl)acrylonitrile and 8 g (0.1 mol) pyridine in 600
      ml dichloromethane is added a solution of 21 g (0.1 mol)
      para-chlorobenzenesulfonyl chloride in 200 ml dichloromethane. The
      reaction mixture is maintained at room temperature for 48 hours. After
      work-up as described in Example 1 and recrystallization from ethanol a
      solid is obtained having a melting point of 167.degree.-169.degree. C. The
      product is 3-[4-(4-chlorobenzenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC20##
PAC  EXAMPLE 21; 3-[4-(4-FLUOROBENZENESULFONAMIDO)BENZENESULFONYL]ACRYLONITRILE
PAR  24 g (0.12 mol) of 3-(4-aminobenzenesulfonyl)acrylonitrile are dissolved in
      200 ml acetone. 23.4 g (0.12 mol) of a solution of p-fluorobenzenesulfonyl
      chloride in 100 ml acetone are added thereto in several portions at room
      temperature, followed by 28 ml (0.12 mol) tributylamine. After standing
      for 8 hours at room temperature the reaction mixture is poured into 1
      liter of water to separate the reaction product, which is then taken up in
      chloroform, and treated as described hereinabove to give
      3-[4-(4-fluorobenzenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC21##
PAC  EXAMPLE 22: ISOMERS OF NITROBENZENESULFONAMIDOBENZENESULFONYL ACRYLONITRILE
PAR  4.2 g (0.02 mol) of 3-(4-aminobenzenesulfonyl)acrylonitrile and 4.43 g
      (0.02 mol) of p-nitrobenzenesulfonyl chloride are dissolved in 60 ml
      dioxane, and 1.65 g (0.02 mol) of pyridine are added thereto. After 24
      hours at room temperature the reaction mixture is refluxed for 2 hours on
      a steam bath and, after cooling, poured into 200 ml ice water. The
      crystalline product thus separated is dried and recrystallized from
      ethanol, giving a product having a melting point of
      178.degree.-182.degree. C. The product is
      3-[4-(4-nitrobenzenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC22##
PAR  By essentially the same procedure, but using 3 -nitrobenzenesulfonyl
      chloride instead of the para compound and carrying out the reaction first
      at room temperature for 6 hours and thereafter at reflux for one hour,
      there is obtained a yellow solid having a melting point of
      156.degree.-158.degree. C, viz.,
      3-[4-(3-nitrobenzenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC23##
PAR  The ortho isomer,
      3-[4-(2-nitrobenzenesulfonamido)benzenesulfonyl]acrylonitrile, having a
      melting point of 141.degree.-143.5.degree. C is obtained by the same
      procedure as above except that the reaction mixture is not heated under
      reflux, and 2-nitrobenzenesulfonyl chloride is utilized as the sulfonyl
      chloride reactants. The ortho isomer has the following formula:
      ##SPC24##
PAC  EXAMPLE 23: DINITRO- AND
      CHLORONITRO-BENZENESULFONAMIDO-BENZENESULFONYLACRYLONITRILES
PAR  By reacting solutions of 3-(4-aminobenzenesulfonyl) acrylonitrile in
      acetone with the corresponding sulfonyl chlorides (and employing
      triethylamine, pyridine, and triethylamine as the respective HCl
      acceptors), the following sulfonamides are prepared:
PAR  3-[4-(2,4-dinitrobenzenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC25##
PAR  3-[4-(4-chloro-3-nitrobenzenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC26##
PAR  3-[4-(4-chloro-2-nitrobenzenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC27##
PAC  EXAMPLE 24: 3-[4-(3,5-DICHLORO-2-HYDROXY
      BENZENESULFONAMIDO)-BENZENESULFONYL]ACRYLONITRILE
PAR  To a solution of 4.2 g (0.02 mol) of
      3-(4-aminobenzenesulfonyl)acrylonitrile in 40 ml of dioxane (containing
      1.6 ml pyridine) is added a solution of 5.3 g (0.02 mol) of
      2-hydroxy-3,5-dichlorobenzenesulfonyl chloride in 15 ml dioxane. The
      second solution is slowly added to the first over a 10-minute period. The
      reaction mixture (which takes on an orange color) is stirred for 2 hours
      at room temperature and then left for 16 hours. Water is added and the
      precipitate is filtered off and dried, giving the pink, fluffy
      3-[4-(3,5-dichloro-2-hydroxy
      benzenesulfonamido)-benzenesulfonyl]acrylonitrile:
      ##SPC28##
PAC  EXAMPLE 25:
      3-[4-(4-HYDROXY-3-CARBOXYBENZENESULFONAMIDO)-BENZENESULFONYL]ACRYLONITRILE
PAR  The noted compound
      ##SPC29##
PAL  is prepared by dissolving 10.4 grams (0.05 mol) of
      3-(4-aminobenzenesulfonyl)acrylonitrile and 14 g (0.05 mol + 15% excess)
      of 4-hydroxy-3-carboxybenzenesulfonyl chloride in 200 ml acetone, cooling
      in an ice bath and slowly adding thereto 8 ml (0.055 mol) of triethylamine
      diluted with 25 ml acetone. After filtration and evaporation of the
      acetone the remaining semi-solid is dissolved in dimethylformamide,
      dispersed in water and the emulsion extracted with chloroform. After
      work-up the above sulfonamide is recovered.
PAC  EXAMPLE 26: 3-[4-(3-CARBOXYBENZENESULFONAMIDO)BENZENESULFONYL]ACRYLONITRILE
PAR  2.1 g (0.01 mol) of 3-(4-aminobenzenesulfonyl) acrylonitrile are dissolved
      in 100 ml dioxane, and 2 ml of pyridine are added thereto. A solution of
      2.21 g (0.01 mol) of 3-carboxybenzenesulfonyl chloride in 50 ml dioxane is
      added portionwise at room temperature and the reaction mixture is held
      overnight. After filtering and mixing the filtrate with about 4 volumes of
      water the mixture is left at room temperature for 5 days. White flocs
      separate which are recovered by filtration and dried, giving
      3-[4-(3-carboxybenzenesulfonamido)-benzenesulfonyl]acrylonitrile:
      ##SPC30##
PAC  EXAMPLE 27:
      3-[4-(4-CARBETHOXYBENZENESULFONAMIDO)BENZENESULFONYL]ACRYLONITRILE
PAR  6.3 grams (0.03 mol) of 3-(4-aminobenzenesulfonyl)acrylonitrile are
      dissolved in 70 ml of acetone, and 30 ml water are added thereto. Sodium
      bicarbonate (2.6 g, 0.03 mol) is added with stirring, followed by a
      solution of 7 g (0.03 mol) of 4-carbethoxybenzenesulfonyl chloride in 30
      ml acetone. The reaction mixture is stirred overnight, filtered and the
      filtrate diluted with 750 ml water. The dark, cream-colored solid which
      separates and which is recovered by filtration and drying constitutes
      3-[4-(4-carbethoxyxbenzenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC31##
PAC  EXAMPLE 28: 3-[4-(4-METHOXYBENZENESULFONAMIDO)BENZENESULFONYL]ACRYLONITRILE
PAR  6.3 g (0.03 mol) of 3-(4-aminobenzenesulfonyl) acrylonitrile are dissolved
      in 100 ml dioxane. 3 ml of pyridine followed by a solution of 6.3 g (0.03
      mol) of 4-methoxybenzenesulfonyl chloride in 30 ml of dioxane are
      thereafter added thereto at room temperature. The reaction mixture is left
      overnight, then filtered, evaporated and extracted with chloroform. After
      work-up of the chloroform solution and purification from ethanol a tan
      solid is obtained. The product is
      3-[4-(4-methoxybenzenesulfonamido)benzenesulfonyl] acrylonitrile:
      ##SPC32##
PAC  EXAMPLE 29: dimethoxybenzenesulfonamidobenzenesulfonylacrylonitriles
PAR  3-[4-(3,4-dimethoxybenzenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC33##
PAL  or 3-[4-(2,5-dimethoxybenzenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC34##
PAL  are prepared by reaction of mixtures of 3-(4-aminobenzenesulfonyl)
      acrylonitrile and the corresponding sulfonyl chloride. The reactions are
      carried out in acetone solutions in the presence of triethylamine, the
      mixtures being maintained at room temperature for several hours, heated
      briefly to 60.degree. C, and recovered and worked-up as aforesaid.
PAC  EXAMPLE 30:
      3-[4-(4-ACETAMIDOBENZENESULFONAMIDO)BENZENESULFONYL]ACRYLONITRILE
PAR  To a dispersion of 3.6 grams (0.017 mol) of
      3-(4-aminobenzenesulfonyl)acrylonitrile and 4.7 g (0.02 mol) of
      4-acetamidobenzenesulfonyl chloride in 50 ml of chloroform is added 2 ml
      of pyridine. There is an exothermic reaction and an upper yellow, oily
      layer is formed. After 48 hours at room temperature 50 ml of chloroform
      are added, followed by water. The water and chloroform layers are
      separated and discarded, and the oily layer is shaken with water,
      separated and then dissolved in 30 ml ethanol. After cooling, crystals are
      recovered having a melting point of 204.degree.-205.degree. C and
      consisting of
      3-[4-(4-ACETAMIDOBENZENESULFONAMIDO)BENZENESULFONYL]acrylonitrile:
      ##SPC35##
PAC  EXAMPLE 31: N'-4-(2-CYANOETHENESULFONYL)PHENYL N"
      -3-(2-CYANOETHENESULFONYL)PHENYLSULFAMOYLBENZAMIDE
PAR  To a solution of m-chlorosulfonylbenzoyl chloride (2.4 g, 0.01 mol) in 50
      ml chloroform 3.6 g (0.017 mol) of 3-(4-aminobenzenesulfonyl)acrylonitrile
      are added, followed by 1.6 ml of pyridine. The reaction mixture is allowed
      to stand at room temperature for 24 hours. A yellowish solid is recovered
      by filtration and, after drying, is recrystallized from methyl ethyl
      ketone. There is thus recovered a yellow solid having a melting point of
      210.degree.-212.degree., believed to be N'-4-(2-cyanoethenesulfonyl)phenyl
      N"-3-(2-cyanoethenesulfonyl)phenylsulfamoylbenzamide:
      ##SPC36##
PAC  EXAMPLE 32:
      3-[4-(4-dichlorocarbostyrenesulfonamido)benzenesulfonyl]acrylonitrile
PAR  14.2 g (0.05 mol) of dichlorocarbostyrenesulfonyl chloride is dissolved in
      25 ml dioxane and the resulting solution is added to a solution of 10.4 g
      (0.05 mol) of 3-(4-aminobenzenesulfonyl)acrylonitrile in 75 ml dioxane
      containing 4 ml pyridine. The reaction mixture is stirred at room
      temperature for 16 hours and then poured into 400 ml of water. A mixture
      of separated solid and finely dispersed solid results; the mixture is
      extracted with 400 ml of chloroform. The chloroform layer is thereafter
      washed with water, separated, dried over anhydrous magnesium sulfate, and
      evaporated, giving a brown semi-solid which is treated with ethanol to
      give 3-[4-(4-DICHLOROCARBOSTYRENESULFONAMIDO)BENZENESULFONYL]
      acrylonitrile:
      ##SPC37##
PAC  EXAMPLE 33:
      N,N'-BIS-[4-(2-CYANOETHENESULFONYL)PHENYL]-1,3-PHENYLENESULFONAMIDE
PAR  2.8 g (0.01 mol) m-benzene disulfonyl chloride are dissolved in 50 ml of
      dioxane; 4.2 g (0.02 mol) of 3-(4-aminobenzenesulfony)acrylonitrile  are
      added thereto followed by 1.6 ml of pyridine. The reaction mixture is
      allowed to stand at room temperature for 4 days with occasional stirring.
      It is then poured into 400 ml of water and the oily suspension stirred for
      5 hours after which the oil solidifies. After drying, the pink solid
      obtained is
      N.N'-bis-[4-(2-cyanoethenesulfonyl)phenyl]-1,3-phenylenesulfonamide:
      ##SPC38##
PAC  EXAMPLE 34:
      4,4'-N,N'-bis-[4-(2-CYANOETHENESULFONYL)-PHENYLSULFAMOYL]DIPHENYL ether
PAR  Oxy-bis-benzene-4-sulfonyl chloride (0.02 mol) and
      3-(4-aminobenzenesulfonyl)acrylonitrile (0.04 mol) are reacted in acetone
      solution in the presence of pyridine. The reaction is carried out at room
      temperature for 16 hours, after which the product is precipitated in
      water, extracted with chloroform and worked-up. There is thus obtained a
      yellow solid consisting of
      4,4'-N,N'-bis[4-(2-cyanoethenesulfonyl)-phenylsulfamoyl]diphenyl ether:
      ##SPC39##
PAC  EXAMPLE 35: 3-[4-(2-NAPHTHALENESULFONAMIDO)BENZENESULFONYL]ACRYLONITRILE
PAR  22.5 grams (0.1 mol) naphthalene-2-sulfonyl chloride are dissolved in 300
      ml of chloroform and 21 g (0.1 mol) of
      3-(4-aminobenzenesulfonyl)acrylonitrile are added, followed by 8 g of
      pyridine dissolved in 100 ml chloroform added portionwise. The reaction
      mixture is left at room temperature for 48 hours, filtered, and the
      filtrate is thereafter washed with water, 5% hydrochloric acid solution,
      5% sodium bicarbonate solution in water, and water, in sequence. The
      chloroform layer is dried over anhydrous sodium sulfate and concentrated
      by distilling off the major part of the chloroform under vacuum. After
      cooling crystals form which are recrystallized from ethanol, giving a
      product having a melting point of 194.degree.-196.degree. C, consisting of
      3-[4-(2-naphthalenesulfonamido)benzenesulfonyl]acrylonitrile:
      ##SPC40##
PAC  EXAMPLE 36: 3-[3-(2-NAPHTHALENESULFONAMIDO)-4-METHYL
      BENZENESULFONYL]ACRYLONITRILE
PAR  The procedure of Example 12 is repeated, utilizing 22.7 g (0.1 mol) of
      naphthalene-2-sulfonyl chloride instead of benzenesulfonyl chloride. A
      quantitative yield of a yellow solid having a melting point of
      214.degree.-216.degree. C is
      obtained3-[3-(2-naphthalenesulfonamido)-4-methyl benzenesulfonyl]
      acrylonitrile:
      ##SPC41##
PAC  EXAMPLE 37: NAPHTHALENE-2,6-BIS-SULFON-[4-(2-CYANOETHENESULFONYL) ANILIDE]
PAR  Naphthalene-2,6-disulfonyl chloride (6.2 g, 0.02 mol) is dissolved in 100
      ml dimethylformamide; to the solution is added, in 2-3 portions over about
      a minute, a solution of 3-(4-aminobenzenesulfonyl)acrylonitrile in 50 ml
      dimethylformamide containing 6 ml triethylamine (8.4 g, 0.04 mol). The
      temperature rises to 35.degree. C by the exothermic reaction. The reaction
      mixture is maintained at room temperature for 2 hours and filtered to
      separate triethylamine hydrochloride therefrom. Addition of chloroform to
      the filtrate precipitates the product which, after washing with
      ethanol/water and drying, is in the form of a slightly off-white powder
      having a melting point of 312.degree. C. The product is almost insoluble
      in ethanol, chloroform and acetone but is soluble in dimethylformamide and
      dimethylsulfoxide. It is
      naphthalene-2,6-bis-sulfon-[4-(2-cyanoethenesulfonyl)anilide]:
      ##SPC42##
PAC  EXAMPLE 38:
      3-[4-(2-ACETAMIDO-1,3,4-THIADIAZOLE-5-SULFONAMIDO)BENZENESULFONYL]ACRYLONI
     TRILE
PAR  5.2 g (0.025 mol) of 3-(4-aminobenzenesulfonyl) acrylonitrile are dissolved
      in 100 ml acetone, and 4.5 ml (0.02 mol) triethylamine are added thereto.
      The resulting solution is added to 7 g (0.029 mol) of
      2-acetamido-1,3,4-thiadiaza-5-sulfonyl chloride in 100 ml acetone,
      containing 100 ml dimethylformamide. The reaction mixture is maintained at
      room temperature for 70 hours. After addition of water a sticky brown
      material separates, which later solidifies and is recrystallized from
      acetic acid-water. This is
      3-[4-(2-acetamido-1,3,4-thiadiazole-5-sulfonamido)benzenesulfonyl]acryloni
     trile:
      ##SPC43##
PAC  EXAMPLE 39: 2-CYANOVINYL 4-(3-FLUOROSULFONYLBENZENESULFONAMIDO)PHENYL
      SULFONE
PAR  To an acetone solution of 10.4 g (0.05 mol) 2-cyanovinyl 4-aminophenyl
      sulfone is added 12.8 g (0.05 mol of 3-fluorosulfonylbenzenesulfonyl
      chloride at room temperature, with agitation. The sulfonyl chloride
      dissolves immediately, giving a clear yellow solution. To this mixture is
      added over a ten minute period an acetone solution of
      1,4-diazabicyclo[2.2.2]-octane (11.2 g, 0.05 mol). A light yellow
      precipitate forms almost at once; the reaction mixture is maintained at
      about 25.degree. C for 30 minutes with stirring. Precipitation in water
      and workup affords a bright yellow powder, 2-cyanovinyl
      4-(3-fluorosulfonylbenzenesulfonamido)phenyl sulfone:
      ##SPC44##
PAC  EXAMPLE 40: 3-[4-(4-METHYLBENZENESULFINAMIDO)BENZENESULFONYL] ACRYLONITRILE
PAR  17.5 g p-toluenesulfinyl chloride (obtained by treating sodium
      toluenesulfinate.2H.sub.2 O with thionyl chloride) is dissolved in 100 ml
      of acetone and this solution is added at room temperature and with
      stirring to a solution of 20.8 g (0.1 mol) of 2-cyanovinyl 4-aminophenyl
      sulfone in 250 ml of acetone. Shortly thereafter a solution of 11.2 g (0.1
      mol) of 1,4-diazabicyclo[2.2.2]octane in 150 ml of acetone is added over
      about 10 minutes and the reaction mixture is stirred for another 20
      minutes. The reaction mixture is filtered, evaporated in air to about a
      third of its volume, and then poured into cold water. The precipitate is
      filtered, washed and dried to give
      3-[4-(4-methylbenzenesulfinamido)benzenesulfonyl]acrylonitrile:
      ##SPC45##
PAC  EXAMPLE 41: 3-(4-BENZENESULFINAMIDOBENZENESULFONYL)ACRYLONITRILE
PAR  A solution of 5.1 g (0.02 mol) of 2-cyanovinyl 4-sulfinimidophenyl sulfone
      (Example 44) in 50 ml of dioxane is slowly and dropwise added to a
      solution of 4.1 g (0.025 mol) of a phenylmagnesium bromide solution in
      ether at 0.degree.-5.degree. C and stirred for onehalf hour. The reaction
      mixture is filtered and then carefully heated to about 40.degree. C for
      one hour. After cooling, the reaction mixture is poured into a
      well-stirred 5% hydrochloric acid solution containing ice. When the
      hydrolysis is completed, the precipitate is filtered and washed acid-free,
      and dried at 40.degree. C under vacuum.
      3-(4-benzenesulfinamidobenzenesulfonyl)acrylonitrile is obtained, having
      the formula:
      ##SPC46##
PAC  EXAMPLE 42: 3-(4-TRICHLOROSULFENAMIDOBENZENESULFONYL)ACRYLONITRILE
PAR  To a solution of 20.8 g (0.1 mol) of 2-cyanovinyl 4-aminophenyl sulfone and
      12.2 g (0.1 mol) of dimethylaniline in 250 ml of dichloromethane there is
      added a solution of 22.3 g (0.12 mol) trichloromethanesulfenyl chloride in
      25 ml dichloromethane, with cooling and occasional stirring. The reaction
      mixture is allowed to stand at room temperature for 48 hours. A yellowish
      solid is obtained which is filtered off and left to dry in air whereby it
      turns pink-red. The product is washed with 5% HCl solution, 10% sodium
      bicarbonate solution and water, and the separated hydrocarbon layer then
      dried over anhydrous sodium sulfate. After addition of petroleum ether and
      cooling a yellow solid separates, which is dried and melted at
      180.degree.-185.degree. C, constituting
      3-(4-trichlorosulfenamidobenzenesulfonyl)acrylonitrile:
      ##SPC47##
PAC  EXAMPLE 43: 3-[4-(4-NITROBENZENESULFENAMIDO)BENZENESULFONYL]ACRYLONITRILE
PAR  10.4 g (0.05 mol) 2-cyanovinyl 4-aminophenyl sulfone is dissolved in 75 ml
      of dioxane, and 9.5 g (0.05 mol) of p-nitrobenzenesulfenyl chloride
      dissolved in 60 ml of dioxane is added simultaneously with 18 ml of 2N
      NaoH. The solutions are added portionwise and with stirring. After about
      15 minutes, the reaction mixture is poured into 300 ml of chloroform. The
      resulting dispersion is washed with 1N sulfuric acid, and then several
      times with water. The chloroform layer is dried over anhydrous magnesium
      sulfate, filtered and evaporated, giving a yellowish brown semi-solid
      consisting largely of
      3-[4-(4-nitrobenzenesulfenamido)benzenesulfonyl]acrylonitrile:
      ##SPC48##
PAC  EXAMPLE 44: 3-(4-SULFINYLIMIDOBENZENESULFONYL)ACRYLONITRILE
PAR  10.4 g (0.05 mol) of 2-cyanovinyl 4-aminophenyl sulfone is dispersed in 100
      ml of benzene, and 8 ml of thionyl chloride in 25 ml of benzene is added
      thereto. The reaction mixture is heated to 60.degree. C in an oil bath
      whereby a fairly brisk evolution of gas (HCl) takes place. The reaction
      mixture is then boiled at reflux for four hours, filtered and evaporated
      to dryness. A yellowish-white solid is obtained,
      3-(4-sulfinylimidobenzenesulfonyl)acrylonitrile:
      ##SPC49##
PAC  EXAMPLE 45: TRIS-N,N', N"-4-(2-CYANOETHENESULFONYL)PHENYL PHOSPHORAMIDE
PAR  To an acetone solution of 124.8 g (0.6 mol) of 2-cyanovinyl 4-aminophenyl
      sulfone is added 15.3 g (0.1 mol) of phosphoryl chloride dropwise, with
      stirring, at about 10.degree. C. After the addition is completed the
      reaction mixture is stirred for one hour and then a solution of 34 g (0.3
      mol) 1,4-diazabicyclo[2.2.2]octane in 500 ml of acetone is added. The
      yellow slurry formed is stirred for another four hours at about room
      temperature and then filtered to separate amine hydrochlorides. The
      filtrate is poured into cold water and the yellowish coarse precipitate is
      recovered by filtration and successively washed with dilute hydrochloric
      acid and hot water, and dried at 50.degree. C in a vacuum oven to give the
      tris-phosphoramide.
      ##SPC50##
PAC  EXAMPLE 46: CHLORO-DI-[3-(2-CYANOETHENESULFONYL)-5-METHYLANILIDO]PHOSPHINE
      OXIDE
PAR  15.3 g phosphoryl chloride (0.1 mol) in 100 ml acetone is slowly added to a
      stirred acetone solution of 88.8 g (0.4 mol) of 2-cyanovinyl
      4-methyl-3-aminophenyl sulfone maintained at 0-5.degree. C. The reaction
      mixture is stirred overnight at about room temperature and is then
      filtered and worked up as in Example 45, giving the above product (which
      may also be termed
      bis[3-(2-cyanoethenesulfinyl)-5-methylphenylamido]phoshorochloridate):
      ##SPC51##
PAC  EXAMPLE 47: OCTYL 3-(4-DICHLOROPHOSPHORAMIDOBENZENESULFONYL) ACRYLATE
PAR  34 g (0.1 mol) of 2-octylcarbonylvinyl 4-aminophenyl sulfone is dispersed
      in 16 g of phosphoryl chloride; a small amount of dimethylformamide is
      added from time to time to keep the mixture fluid and it is slowly heated
      to reflux with stirring for two hours. The cooled reaction mixture is
      treated with ether to remove solvent and impurities and leave octyl
      3-(4-dichlorophosphoramidobenzenesulfonyl)acrylate:
      ##SPC52##
PAC  EXAMPLE 48: FLUORO-DI-(4-METHYL 3-(2-CYANOETHENESULFONYLANILIDO)PHOSPHINE
      OXIDE
PAR  Chloro-di[3-(2-cyanoethenesulfonyl)-5-methyl-anilido]phosphine oxide
      prepared as in Example 46 (5.3 g or 0.01 mol) is dissolved in 50 ml of
      dimethylformamide and 1.2 g potassium fluoride (0.02 mol) is added
      thereto. The mixture is heated with stirring and maintained at 80.degree.
      C for six hours. After cooling the reaction mixture is dispersed in water
      and the solid precipitate filtered off and recrystallized from ethanol,
      giving fluoro-di-(4-methyl-3-(2-cyanoethenesulfonylanilido)phosphine oxide
      ##SPC53##
PAR  Preparation of the indicated compound should only be conducted by those
      experienced in preparing highly toxic fluorine-containing phosphorus
      compounds, employing the standard precautions utilized in such instances.
      Thus, the preparation may be carried out in dry boxes or under a hood, and
      oxygen and atropine or like materials should be available in case of
      emergency. Similarly, glassware or other experimental equipment should be
      detoxified.
PAC  EXAMPLE 49: TRIS-4-(2-CYANOETHENESULFONYLANILIDO)PHOSPHINE SULFIDE
PAR  The named compound:
      ##SPC54##
PAL  is prepared by a procedure similar to the one described in Example 45 but
      using thiophosphoryl chloride instead of phosphoryl chloride. In similar
      fashion numerous other thiophosphoramides can be made.
PAC  EXAMPLE 50: 4-DI-HEPTYLAMIDOPHOSPHORAMIDONAPHTHYL 2-CYANOVINYL SULFONE
PAR  2-cyanovinyl 4-aminoaphthyl sulfone (19 grams, 0.05 mol) is dispersed in
      200 ml of tetrachloromethane; 11 grams of PCl.sub.5 are added thereto. The
      reaction mixture is boiled at reflux until the evolution of HCl ceases.
      Volatile materials are removed by evaporation under vacuum and the
      remaining solid is washed with petroleum ether and dried. It consists
      mainly of 4-(2-cyanoethenesulfonyl)anilidophosphorus trichloride with
      smaller amounts of intermediate tetrachloride.
PAR  The reaction product is dissolved in 100 ml of dioxane, briefly heated to
      boiling and cooled. To the cooled solution is added dropwise 0.1 mol (4.6
      g) of anhydrous formic acid. After the evolution of carbon monoxide and
      hydrogen chloride is completed the reaction mixture is filtered, and
      poured into ice water. The solid hydrolyzate is recovered by filtration,
      washed with water and dried, and consists of
      4-dichlorophosphoramidonaphthyl 2-cyanovinyl sulfone.
PAR  The product is dissolved in 100 ml of acetone, and a mixture of 0.2 mol of
      heptylamine and 0.2 mol of triethylamine per mole of intermediate, diluted
      with a little acetone, is added to the stirred solution at
      20.degree.-30.degree. C. After two hours, the reaction mixture is filtered
      and poured into water and the precipitate is recovered by filtration and
      drying, giving 4-di-heptylamidophosphoramidonaphthyl 2-cyanovinyl sulfone:
      ##SPC55##
PAC  EXAMPLE 51: BIS-DIMETHYLAMIDO-4-(2-CYANOETHENESULFONYL)ANILIDOPHOSPHINE
      OXIDE
PAR  Bis-dimethylamino-chlorophosphine oxide, prepared from dimethylamine and
      phosphoryl chloride according to B.C. Saunders et al as described in the
      Journal of the Chemical Society 1949,2921, is dissolved in acetone (34.2 g
      or 0.2 mol in 300 ml acetone) and added gradually at room temperature to a
      solution of 0.2 mol (41.6 g) of 2-cyanovinyl 4-aminophenyl sulfone in 300
      ml of acetone. A solution of 22.4 g (0.2 mol) of
      1,4-diazabicyclo[2.2.2]octane is added with stirring and the reaction
      mixture is stirred for about 30 minutes. The amine hydrochlorides are
      filtered off and the solid reaction product is recovered by evaporation of
      the solvent: bis-dimethylamido-4-(2-cyanoethenesulfonyl)anilidophosphine
      oxide:
      ##SPC56##
PAC  EXAMPLE 52:
      BIS-(2-CHLOROETHYL)AMIDO-DI-4-(2-CYANOETHENESULFONYLANILIDO)PHOSPHINE
      OXIDE
PAR  Di-(2-chloroethyl)amidophosphorodichloridate is prepared according to H.
      Brintzinger et al in Chemische Berichte 82, 389-99 (1949) from
      bis-(2-chloroethyl)amine hydrochloride and phosphoryl chloride in the
      presence of pyridine. 0.03 mol (7.8 g) of this material is dissolved in
      100 ml of acetone and added to an acetone solution of 0.03 mole (6.3 g) of
      2-cyanovinyl 4-aminophenyl sulfone. To the stirred mixture is added in 2-3
      portions a 10% solution of 1,4-diazabicyclo[2.2.2.]octane in acetone.
      After a few minutes a yellow slurry forms which is stirred at room
      temperature for 30 minutes. After filtration to remove the amine
      hydrochlorides the filtrate is reduced to about half its volume by
      evaporation and then mixed with chloroform, washed with water and worked
      up. The light yellow solid is
      di-(2-chloroethyl)amido-di-4-(2-cyanoethenesulfonylanilido)phosphine
      oxide:
      ##SPC57##
PAC  EXAMPLE 53: 4-(DIHYDROXYPHOSPHORAMIDOPHENYL) 2-CARBAMOYLVINYL SULFONE
PAR  3.5 grams (0.01 mol) of 4-dichlorophosphoramidophenyl 2-carbamoylvinyl
      sulfone (see Example 61 below) is dispersed in boiling benzene, and 0.02
      mole of anhydrous formic acid is added thereto. The reaction mixture is
      boiled for two hours whereby to hydrolyze the dichloride, with the
      evolution of carbon monoxide and hydrogen chloride, to the
      monophosphoramide 4-(dihydroxyphosphoramidophenyl) 2-carbamoylvinyl
      sulfone:
      ##SPC58##
PAC  EXAMPLE 54: 4-DIETHOXYPHOSPHORAMIDOPHENYL 2-CYANOVINYL SULFONE
PAR  2-trifluoromethylvinyl 4-aminophenyl sulfone is prepared by the addition of
      4-acetamidobenzenesulfonyl iodide to 1,1,1-trifluoropropene followed by
      dehydrohalogenation and removal of the N-acetyl protective group by
      hydrolysis in a hydrochloric acid-ethanol mixture. The product is
      dissolved in acetone (25.1 g or 0.1 mol), an acetone solution of 0.1 mol
      (17.3 g) of ethylphosphorochloridate in acetone added, followed by 11.2 g
      of 1,4-diazabicyclo[2.2.2]octane in 10% acetone solution. The reaction
      mixture is stirred for one hour at room temperature, filtered, most of the
      acetone evaporated, and the residue is mixed with chloroform, washed and
      worked up. There is thus obtained 4-diethoxyphosphoramidophenyl
      2-trifluoromethylvinyl sulfone:
      ##SPC59##
PAC  EXAMPLE 55: 4-DIMETHOXYPHOSPHORAMIDOPHENYL 2-NITROVINYL SULFONE
PAR  11.4 g (0.05 mol) of 2-nitrovinyl 4-aminophenyl sulfone is obtained by
      reacting 1-chloro-2-nitroethane with sodium 4-acetamidobenzenesulfinate,
      followed by acid hydrolysis to remove the N-acetyl group. This product is
      dissolved in acetone, and to the resulting solution an acetone solution of
      0.05 mol (7.3 g) of methyl phosphorochloridate is added, followed by a 10%
      acetone solution of 1,4-diazabicyclo[2.2.2]-octane. The reaction mixture
      is stirred for about 45 minutes, filtered from amine hydrochlorides,
      evaporated, taken up in chloroform and worked up. The resulting product,
      which may also be termed 0,0-bis-methyl-N-4-(2-cyanoethenesulfonyl)phenyl
      phosphoramide, has the formula:
      ##SPC60##
PAC  EXAMPLE 56:
      BIS-(2,3-DIBROMOPROPOXY)-[4-(2-CYANOETHENESULFONYL)ANILIDO]PHOSPHINE OXIDE
PAR  To a solution of 0.1 mol (20.8 g) 2-cyanovinyl 4-aminophenyl sulfone in 200
      ml acetone is added 52 grams (0.1 mol) of 2,3-dibromopropyl
      phosphorochloridate (White Chemical Corporation, Bayonne, New Jersey) with
      stirring. A clear solution results. To this is added portionwise 11.2
      grams of 1,4-diazabicyclo[2.2.2] octane, which dissolves rapidly therein.
      A yellow precipitate forms and the reaction mixture is stirred for 30
      minutes at room temperature. About 20 ml of water is added, the amine
      hydrochlorides going into solution. The solution is poured into about one
      liter of water, and the precipitate is collected by filtration and air
      dried. It is then extracted with ether several times to remove unreacted
      material. The resulting yellow powder has a rather strong odor and
      consists of the above-named product, which may also be termed
      0,0-bis(2,3-dibromopropyl)-N-4-(2-cyanoethenesulfonyl)phenyl
      phosphoramide:
      ##SPC61##
PAC  EXAMPLE 57: DI-4-(2-CYANOETHENESULFONYL)ANILIDOPHOSPHINE OXIDE
PAR  10.4 g (0.05 mol) of 2-cyanovinyl 4-aminophenyl sulfone is dissolved in 100
      ml of acetone and the solution cooled to 0.degree. C. 1.4 grams (0.1 mol)
      of phosphorus trichloride dissolved in 20 ml of acetone is added dropwise
      with stirring. After about 40 minutes the reaction mixture is poured into
      ice water with vigorous stirring. The intermediate initially formed
      hydrolyzes easily upon the addition of water to form
      di-4-(2-cyanoethenesulfonyl)anilidophosphine oxide, which can be recovered
      by filtration and drying at low temperature under vacuum. The product
      appears to be somewhat unstable.
      ##SPC62##
PAC  EXAMPLE 58: PHENYL-DI-[4-(2-CYANOETHENESULFONYL)ANILIDO]PHOSPHINE OXIDE
PAR  To a filtered solution in acetone of 20.8 grams 2-cyanovinyl 4-aminophenyl
      sulfone is added 0.05 mol (10 g) of dichlorophenyl phosphine oxide. A
      mixture of 20 ml tributylamine in an equal amount of acetone is added and
      the solution is stirred for an hour at room temperature. Chloroform is
      added and the mixture is washed with water. Evaporation of the dried
      chloroform layer yields a soft yellowish solid consisting largely of
      phenyl-di-[4-(2-cyanoethenesulfonyl)anilido]phosphine oxide:
      ##SPC63##
PAC  EXAMPLE 59: PHENYL-DI-[4-(2-CYANOETHENESULFONYL)ANILIDO]PHOSPHINE SULFIDE
PAR  The same procedure is utilized as in Example 58 reacting, however,
      dichlorophenyl phosphine sulfide in the same molecular proportions. A soft
      red-brown solid is produced constituting crude
      phenyl-di-[4-(2-cyanoethenesulfonyl)anilido]phosphine chloride:
      ##SPC64##
PAC  EXAMPLE 60: DI-AZIRIDINO-4-(2-OCTYLCARBONYLETHENESULFONYL)ANILIDOPHOSPHINE
      OXIDE
PAR  To a solution of 22 g (0.05 mol) of octyl
      3-[(4-dichlorophosphoramido)benzenesulfonyl]acrylate in acetone is added a
      mixture of 4.3 g aziridine and 15 ml of triethylamine in 50 ml of acetone
      at room temperature, and the reaction mixture is stirred for two hours.
      After filtration the acetone solution is poured into cold water and the
      precipitate is collected and dried, affording
      di-aziridino-4-(2-octylcarbonylethenesulfonyl)anilidophosphine oxide:
      ##SPC65##
PAC  EXAMPLE 61: DI-MORPHOLINO-4-(2-CARBAMOYLETHENESULFONYLANILIDO)PHOSPHINE
      OXIDE
PAR  6.9 g (0.02 mol) 4-dichlorophosphoramidophenyl 2-carbamoylvinyl sulfone is
      prepared from phosphoryl chloride and 2-carbamoylvinyl 4-aminophenyl
      sulfone. To a solution of this compound in acetone a mixture of 3.6 g
      (0.04 mol) morpholine and 6 ml tri-ethylamine dissolved in 25 ml of
      acetone is added. The reaction mixture is stirred for two hours at
      approximately 20.degree. C, filtered and the filtrate is poured into ice
      water. From the precipitate is obtained
      di-morpholino-4-(2-carbamoylethenesulfonylanilido)phosphine oxide:
      ##SPC66##
PAC  ANTIMICROBIAL TESTING
PAR  The structures of the several compounds of the preceding examples are
      tabulated in Tables I-III below, together with the antimicrobial
      activities of compounds selected therefrom.
PAR  In the test program, the minimum inhibitory concentrations of the
      respective test compounds against various Gram positive and Gram negative
      bacteria were determined, employing the "button assay" method. The test
      organisms utilized were standard cultures of Staphylococcus aureus ATCC
      6538 DR, a penicillin resistant Gram positive bacterium; Bacillus subtilis
      ATCC 9525, a spore-forming Gram positive bacillus; and Salmonella typhosa
      ATCC 6539, a Gram negative bacterium.
PAR  In the tests the respective compounds were dissolved in a suitable solvent,
      usually acetone or dimethylsulfoxide, to give solutions with known
      concentrations of active material. The highest concentration was
      ordinarily 1000 ppm (parts per million) [0.1%], and dilutions were made in
      suitable steps down to 1 ppm. Penicillin test buttons of filter paper
      having a diameter of 13 mm (socalled "Peniassay" buttons) were added to
      each solution within a test tube and left submerged for five minutes. They
      were then removed and left to dry on paper towels under sterile
      conditions. A laminar flow sterile cabinet equipped with ultraviolet lamps
      operating under positive air pressure was utilized for this purpose.
PAR  An 18-24 hour old nutrient broth culture (standard 1.5% nutrient agar)
      prepared in conventional manner from a slant and having passed through at
      least three consecutive daily transfers was used for inoculation. Melted
      and cooled sterile agar (45.degree. C) was inoculated with the respective
      broth cultures by addition of 20 ml broth per liter of agar. The agar was
      then dispensed into Petri dishes (20 ml per plate) under sterile
      conditions and allowed to harden.
PAR  The test buttons were placed on the surface of the hardened agar and the
      plates incubated for 24 hours at 37.degree. C. Where, on inspection, a
      clear zone of inhibition appeared around the button, inhibition of growth
      was presumed. Where growth touched the button there was no inhibition. For
      each of the test compounds, the lowest concentration showing a clear zone
      is reported as the inhibitory concentration in the following table.
PAR  The anti-fungal activity of the test compounds was determined employing the
      "agar incorporation" technique, utilizing spores from Aspergillus niger
      ATCC 6257 as a representative organism. Test solutions were prepared as
      described above in acetone or dimethylsulfoxide. A source of carbon agar
      such as Mycophil Agar was used. The agar was melted and cooled and placed
      in a constant temperature water bath at 45.degree. C + 3.degree. C. About
      13-14 ml of the agar was then poured into a sterile Petri dish, the
      required amount of test solution to give the desired concentration
      immediately added thereto, and the dish rotated and swirled by hand to
      obtain a uniform mixture before the agar hardened.
PAR  The hardened plates were inoculated with the test organism by fishing
      spores from a 7-14 day old slant with the inocculating needle and spotting
      the spores on the plates, usually in several places. The inoculated plates
      were incubated for four days in an incubator maintained at 28.degree. C
      +2.degree. C and with a relative humidity of 95%+.
PAR  The lowest concentration of each test compound showing no growth or
      sporulation of the test organism was taken as the minimum inhibitory
      concentration and is reported in the following tabulation.
PAR  The button assay and agar incorporation tests were also utilized to
      determine the corresponding inhibitory concentrations of various control
      materials, viz., the following well known commercial antimicrobials and
      fungicides: hexachlorophene, tribromosalicylanilide, trichlorocarbanilide,
      Captan (N-(trichloromethylthio)4cyclohexene-1,2-dicarboximide) and Zineb
      (zinc ethylenebis[dithiocarbamate]). The minimum inhibitory concentration
      of each of the various control materials against the respective organisms
      is indicated in Table IV below:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     STRUCTURE AND ANTIMICROBIAL ACTIVITY OF TEST COMPOUNDS                    
                                             Antifungal                        
     R'(SO.sub.2 NH--Ar--SO.sub. 2 CH=CH--X).sub. m                            
                                             Activity                          
                                                   Antibacterial Activity      
      Example                                                                  
          R'              Ar         X     m A. niger.sup.1                    
                                                    B.subtilis.sup.2           
                                                          S.                   
                                                               S.              
     __________________________________________________________________________
                                                              typhosa.sup.2    
     1    CH.sub.3                   CN    1 &gt;1,000                            
                                                   100   300  1,000            
     2    C.sub.2 H.sub.5 "          CN    1 &gt;1,000                            
                                                   20    100  20               
     3    C.sub.4 H.sub.9 "          CN    1 &gt;1,000                            
                                                   20    50   50               
     4    C.sub.16 H.sub.33                                                    
                          "          CN    1 500   20    20   50               
     5    CF.sub.3        "          CN    1 --    --    --   --               
     6    CF.sub.3                   CN    1 --    --    --   --               
     7    HCF.sub.2                  CN    1 --    --    --   --               
     8    C.sub.8 F.sub.17           COOC.sub.2 H.sub.5                        
                                           1 --    --    --   --               
     9    CH.sub.2 =CH               CN    1 100   10    20   50               
     10                   "          CN    1 &gt;1,000                            
                                                   5     5    5                
     11                   "          CN    1 &gt;1,000                            
                                                   50    20   50               
     12   "                          CN    1 &gt;1,000                            
                                                   100   100  100              
     13                              CN    1 &gt;1,000                            
                                                   5     5    5                
     14                              CONH.sub.2                                
                                           1 --    --    --   --               
     15   "               "          COOC.sub.2 H.sub.5                        
                                           1 --    --    --   --               
     16                   "          CN    1 &gt;1,000                            
                                                   20    20   20               
     17                   "          CN    1 300   10    5    10               
     18                   "          CN    1 100   10    5    10               
     19                   "          CN    1 &gt;1,000                            
                                                   1,000 1,000                 
                                                              1,000            
     20                   "          CN    1 &gt;1,000                            
                                                   5     20   10               
     21                   "          CN    1 --    --    --   --               
     22.1                 "          CN    1 &gt;1,000                            
                                                   50    100  50               
     22.2                 "          CN    1 --    --    --   --               
     22.3                 "          CN    1 &gt;1,000                            
                                                   tr. 50.sup.3                
                                                         10   100              
     23.1                 "          CN    1 100   50    5    50               
     23.2                 "          CN    1 1,000 300   100  100              
     23.3                 "          CN    1 100   10    10   20               
     24                              CN    1 1,000 300   300  300              
     25                   "          CN    1 500   50    50   50               
     26                   "          CN    1 &gt;1,000                            
                                                   10    10   10               
     27                   "          CN    1 100   20    10   10               
     28                   "          CN    1 &gt;1,000                            
                                                   10    1    5                
     29.1                 "          CN    1 300   10    20   10               
     29.2                 "          CN    1 1,000 20    20   50               
     30                   "          CN    1 &gt;1,000                            
                                                   50    50   50               
     31                   "          CN    1 100   20    20   20               
     32   CH= CH                     CN    1 1,000 5     5    5                
          .angle.C.angle.                                                      
          ClCl                                                                 
     33                   "          CN    2 &gt;1,000                            
                                                   10,000                      
                                                         300  100              
     34                   "          CN    2 &gt;1,000                            
                                                   100   100  50               
     35                   "          CN    1 &gt;1,000                            
                                                   5     10   5                
     36   "                          CN    1 --    --    --   --               
     37                              CN    2 1,000 50    20   20               
     38   N------N        "          CN    1 1,000 50    500  100              
          .parallel..parallel.                                                 
          CH.sub.3 CONH--CC--                                                  
          .angle.                                                              
          S                                                                    
     39                   "          CN    1 --    --    --   --               
     __________________________________________________________________________
      .sup.1 Minimum inhibitory concentration of the test compound in parts per
      million (ppm) to inhibit growth or sporulation of the test organism in th
      agar incorporation test.                                                 
      .sup.2 Minimum inhibitory concentration of the test compound in parts per
      million (ppm) showing a clear zone of inhibition in the button assay test
      .sup.3 At this concentration only a trace of growth of the organism was  
      noted.                                                                   
TBL                                    TABLE II                                
     __________________________________________________________________________
     STRUCTURE AND ANTIMICROBIAL ACTIVITY OF TEST COMPOUNDS                    
                                    Antifungal                                 
     R'[S(O).sub.p NH--Ar-SO.sub. 2 CH=CHX].sub.m                              
                                    Activity                                   
                                         Antibacterial Activity                
     Example                                                                   
          R'         p Ar      X  m A. niger.sup.1                             
                                          B.subtilis.sup.2                     
                                               S.aureus.sup.2                  
                                                    S.typhosa.sup.2            
     __________________________________________________________________________
     40              1         CN 1 --        --   --                          
     41              1 "       CN 1 --   --   --   --                          
     42   Cl.sub.3 --C--                                                       
                     0 "       CN 1 +1,000                                     
                                         20   20   20                          
     43              0 "       CN 1 300  5    5    10                          
     O=S=N-Ar-SO.sub. 2 CH=CHX                                                 
     44                        CN   300  10   20   10                          
     __________________________________________________________________________
      .sup.1 Minimum inhibitory concentration of the test compound in parts per
      million (ppm) to inhibit growth or sporulation of the test organism in th
      agar incorporation test.                                                 
      .sup.2 Minimum inhibitory concentration of the test compound in parts per
      million (ppm) showing a clear zone of inhibition in the button assay test
TBL                                    TABLE III                               
     __________________________________________________________________________
     STRUCTURE AND ANTIMICROBIAL ACTIVITY OF TEST COMPOUNDS                    
     (R").sub.n --Z-- NH--Ar--SO.sub. 2 CH=CHX].sub.q                          
                                               Anti-                           
                                                   Antibacterial Activity      
                                               fungal                          
                                               Acti-                           
                                               vity                            
     Example                                                                   
          R"             n Z   Ar     X      q S.niger.sup.1                   
                                                    B.subtilis.sup.2           
                                                         S.aureus.sup.2        
                                                              S.typhosa.sup.2  
     __________________________________________________________________________
                           O                                                   
     45                  1 P          --CN   2 300  5   50   50                
     46   Cl--           " "          "      2 --  --   --   --                
     47   Cl--           2 "          --COOC.sub.8 H.sub.17                    
                                             1 --  --   --   --                
     48   F--            1 "          "      2 --  --   --   --                
                           S                                                   
     49                  " P          --CN   2 --  --   --   --                
                           O                                                   
     50   CH.sub.3 (CH.sub.2).sub.6 NH--                                       
                         2 P          "      1 --  --   --   --                
     51   (CH.sub.3).sub.2 N--                                                 
                         " "          "      1 100 20   20   10                
     52   ClCH.sub.2 CH.sub.2                                                  
                         1 "   "      "      2 100 10   10   10                
          .angle.N--                                                           
          ClCH.sub.2 CH.sub.2                                                  
                           O                                                   
     53   OH--           2 P          --CONH.sub.2                             
                                             1 --  --   --   --                
     54   C.sub.2 H.sub.5 O--                                                  
                         2 "   "      --CF.sub.3                               
                                             1 --  --   --   --                
     55   CH.sub.3 O--   " "   "      --NO.sub.2                               
                                             1 --  --   --   --                
     56   CH.sub.2 BrCHBrCH.sub.2 O--                                          
                         " "   "      --CN   " 100 10   10   10                
     57   H--            1 "   "      "      2 100 20   20   20                
     58                  1 "   "      "      " 100 10   20   10                
                           S                                                   
     59   "              " P   "      "      " 500 50   50   50                
                           O                                                   
     60   CH.sub.2       2 P   "      --COOC.sub.8 H.sub.17                    
                                             1 --  --   --   --                
          .vertline..angle.N--                                                 
          CH.sub.2                                                             
     61   CH.sub.2 --CH.sub.2                                                  
                         2 "   "      --CONH.sub.2                             
                                             1 --  --   --   --                
          O.angle..angle.N--                                                   
          CH.sub.2 --CH.sub.2                                                  
     __________________________________________________________________________
      .sup.1 Minimum inhibitory concentration of the test compound in parts per
      million (ppm) to inhibit growth or sporulation of the test organism in th
      agar incorporation test.                                                 
      .sup.2 Minimum inhibitory concentration of the test compound in parts per
      million (ppm) showing a clear zone of inhibition in the button assay test
TBL                                    TABLE IV                                
     __________________________________________________________________________
     ANTIMICROBIAL ACTIVITY OF CONTROL COMPOUNDS                               
                    Antifungal                                                 
                    Activity                                                   
                          Antibacterial Activity                               
     Controls       A.niger.sup.1                                              
                           B.subtilis.sup.2                                    
                                  S.aureus.sup.2                               
                                         S.typhosa.sup.2                       
     __________________________________________________________________________
     3-(4-aminobenzenesulfonyl)                                                
     acrylonitrile  300   20     20     20                                     
     3-(4-acetamidobenzenesul-                                                 
     fonyl)acrylonitrile                                                       
                    &gt;1,000                                                     
                          20     50     20                                     
     hexachlorophene                                                           
                    &gt;1,000                                                     
                          5      5      20                                     
     tribromosalicylanilide                                                    
                    &gt;1,000                                                     
                          100    100    50                                     
     trichlorocarbanilide                                                      
                    1,000 &gt;10,000                                              
                                 10     10,000                                 
     Captan         300   100    25     25                                     
     Zineb          &gt;1,000                                                     
                          300    300    &gt;10,000                                
     __________________________________________________________________________
      .sup.1 Minimum inhibitory concentration of the test compound in parts per
      million (ppm) to inhibit growth or sporulation of the test organism in th
      agar incorporation test.                                                 
      .sup.2 Minimum inhibitory concentration of the test compound in parts per
      million (ppm) showing a clear zone of inhibition in the button assay test
                                                                               
PAR  The acylamides of the present invention find other applications in addition
      to their use for controlling the growth of animal and plant organisms.
      Thus, they are strong absorbers of ultraviolet light and are thereby
      useful for protection against the undesirable effects of ultraviolet
      radiation, e.g., in cosmetic preparations against sunburn, and in
      plastics, textiles and the like in which they act as bi-functional
      protectants. Additionally, the phosphorus-containing acylamides hereof,
      and particularly those wherein R" contains a halogen such as bromine, have
      fire-retardant or extinguishing characteristics; compounds of this type,
      therefore, have dual application.
PAR  It will be understood that various changes may be made in the illustrative
      methods and compounds referred to hereinabove without departing from the
      scope of the present invention. It is intended, therefore, that the
      preceding description should be construed as illustrative only and not in
      a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. An acylamide of a .beta.-cyano-ethenesulfonyl substituted aminoarene
      having the formula R' -- SO.sub.2 NH -- Ar -- SO.sub.2 CH = CH -- CN
PA1  wherein R' is alkyl of from 1 to 16 carbon atoms; CH.sub.2 =CH--;
      ##SPC67##
PAL  phenyl or phenyl substituted by alkyl of 1 to 16 carbon atoms, halogen,
      nitro, hydroxy, alkoxy of 1 to 16 carbon atoms, carbalkoxy of 1 to 2
      carbon atoms, or carboxamide; bipheny or naphthyl; and
PA1  Ar is phenylene; phenylene substituted by nitro, chloro or methyl;
      biphenylene; or naphthylene.
NUM  2.
PAR  2. The acylamide of claim 1, wherein Ar is
      ##SPC68##
PAL  or
      ##SPC69##
PA1  R' is selected from the group consisting of alkyl of 1 to 16 carbon atoms;
      phenyl; phenyl substituted by alkyl of 1 to 16 carbon atoms, halogen,
      hydroxy or methoxy; 2-naphthyl; and
      ##SPC70##
NUM  3.
PAR  3. The acylamide of claim 1, wherein Ar is
      ##SPC71##
PAL  and
PA1  R' is selected from the group consisting of alkyl of 1 to 16 carbon atoms;
      phenyl; phenyl substituted by methyl, halogen, hydroxy or methoxy;
      2-naphthyl; and
      ##SPC72##
PATN
WKU  039431550
SRC  5
APN  4692675
APT  1
ART  115
APD  19740513
TTL  Simultaneous refining and dewaxing of crude vegetable oil
ISD  19760309
NCL  11
ECL  1
EXA  Konopka; P. E.
EXP  Garvin; Patrick P.
INVT
NAM  Young; Herbert Thomas
CTY  Cincinnati
STA  OH
ASSG
NAM  The Procter & Gamble Company
CTY  Cincinnati
STA  OH
COD  02
CLAS
OCL  260424
XCL  260425
EDF  2
ICL  C11B  304
ICL  C11B  306
FSC  260
FSS  424;425
UREF
PNO  2510379
ISD  19500600
NAM  Christensen
OCL  260424
UREF
PNO  2702813
ISD  19550200
NAM  Sullivan
OCL  260425
UREF
PNO  2752378
ISD  19560600
NAM  Julian et al.
OCL  260425
UREF
PNO  2878274
ISD  19590300
NAM  Van Akkeren et al.
OCL  260425
UREF
PNO  3549386
ISD  19701200
NAM  Menzies et al.
OCL  260428
ABST
PAL  A process for refining and dewaxing crude vegetable oils using only one
      separation step which removes both the hydrophilic and waxy components
      from the crude oil. An alkali refining/dewaxing treatment is employed on
      crude oil at a temperature of from about 15.degree.F to about 45.degree.F.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Crude vegetable glyceride oils, as they are obtained from their natural
      sources by conventional extraction methods, normally contain various
      non-glyceride impurities. These nonglyceride substances include gross
      material from the source of fat, such as xanthophyll or chlorophyll;
      products obtained by the breakdown of the glyceride during treatment, such
      as free fatty acids; and other derivatives of the glycerides, such as
      phosphatides and sterols. In addition, many vegetable oils normally
      contain natural waxes from the crushing of the coat of the oilseeds
      employed. Some of these above-mentioned impurities are desirable in that
      they help to protect the oil from oxidation or other adverse processes,
      but by far the greater amount of these substances must be removed during
      processing for edible purposes because they are deleterious to the
      appearance, taste, keeping qualities, and other properties of the oil.
      Refining and winterizing or dewaxing operations have, thus, become
      commonly employed to effect the removal of these impurities.
PAR  The removal of gross impurities, gummy or mucilaginous material, and the
      free fatty acids from the glyceride oil is commonly referred to as
      "refining" and as herein used the term excludes "bleaching" (color
      removal) and odor removal. In a typical refining operation, undesirable
      impurities are preferentially combined with a refining agent to form
      hydrophilic components. These are subsequently removed from the oil by a
      separation of aqueous and oil phases. Known methods of refining include
      contacting the glyceride oil with strong or dilute alkaline materials
      followed by separation of impurities, by liquid-liquid extraction of
      impurities from the glyceride oils, by steam distillation, and by
      contacting the glyceride oils with acids. Each of these methods is said to
      have its advantages for use in refining oils of one type or another for a
      certain ultimate utility by removing to a greater or lesser extent the
      hydrophilic component of the oils.
PAR  However, these known refining methods do not remove all of the impurities
      from the vegetable oil, and in particular, waxy components tend to remain
      in such oils. For example, if the refined vegetable oils is cooled to a
      temperature of about 40.degree.F, the higher melting triglycerides and any
      vegetable waxes (linear esters) present will crystallize and either impart
      a cloudy appearance to the oil or settle out as a crystalline precipitate.
      When the oil is again raised to room temperature, the crystallized waxes
      may redissolve in the oil. Thus, the oil at room temperature may or may
      not regain its clarity depending upon the amount of the respective
      impurities contained in it. Thus, without further processing, any such
      vegetable oil containing these higher melting triglycerides or vegetable
      waxes is not suitable for certain purposes where the clarity of the oil at
      low temperatures is important.
PAR  For example, oils which are suitable for salad oil use frequently are
      stored in refrigerators. The prolonged cooling of such oils to
      temperatures normally encountered in refrigerators, such as from about
      30.degree.F to about 50.degree.F, requires a product which retains its
      clarity if it is to be desirable to the consumer.
PAR  The term "winterizing" has variously been applied to both the process of
      removing the higher melting triglycerides and the process of removing the
      naturally occurring vegetable waxes. To avoid this ambiguity in the term's
      usage, the term "winterization" will herein be used to refer only to the
      removal of the higher triglycerides from the oil and the term "dewaxing"
      will herein be employed to refer to the removal of naturally occurring
      vegetable waxes.
PAR  The ultimate objective of a refining or dewaxing operation is to remove
      every undesirable impurity completely, while at the same time maintaining
      intact all of the desirable glyceride oil. The particular process used
      with a given oil is determined by the foregoing considerations of maximum
      impurity removal with the minimum of glyceride oil loss. Since a good part
      of the refining cost arises from losses of glyceride oil, much work has
      been done to increase the efficiency of refining and dewaxing operations,
      and many processes have been developed for this purpose. The majority of
      the refining processes developed employ temperatures of at least room
      temperature and often higher to obtain a complete removal of the
      hydrophilic impurities and to minimize oil losses. These processes, of
      course, do not accomplish removal of the waxy component, which is
      inseparable from the glyceride component at these higher temperatures.
      Thus, a separate low-temperature dewaxing step is necessary to remove the
      waxy component. Since there are oil losses inherent in the separation
      steps which usually follow the refining and dewaxing operations, methods
      which embody multiple separation steps tend to be uneconomic.
      Low-temperature refining methods have been attempted to simultaneously
      remove the hydrophilic and waxy components from the crude oil; however,
      the methods developed thus far have not been entirely satisfactory. At low
      temperatures, a virtually inseparable emulsion tends to be formed from a
      vegetable oil and an aqueous refining agent. This results either in
      extraordinarily high oil refining losses or an incomplete removal of the
      impurities, the latter which results in a cloudy oil at low temperatures.
PAR  Today, much of the glyceride oil is refined in a continuous process. This
      process involves the steps of bringing the oil and alkali to an elevated
      temperature, mixing these two materials, adjusting the temperature, if
      necessary, providing a sufficient hold time, subjecting the mixture to
      degasification or other steps as are necessary, and continuously
      separating the refined glyceride oil from the impurities by
      centrifugation. Thereafter, if dewaxing is necessary, the refined oil is
      cooled to a low temperature to crystallize the waxy components. These are
      then removed by either a slow filtration or a second aqueous separation
      step performed on the cooled oil. Cumulative oil losses result from the
      individual separation steps employed.
PAC  SUMMARY OF THE INVENTION
PAR  According to the process of the present invention, crude vegetable oils are
      simultaneously refined and dewaxed by cooling the vegetable oils to a
      temperature sufficient to crystallize the vegetable waxes and separate
      them from the desirable glyceride oils. The cooled oil is gently agitated
      and a pre-chilled aqueous alkali refining agent is then added and admixed
      with the oil. The emulsion thus formed between the oil and the aqueous
      alkali solution is not easily broken at the low temperature conditions of
      the process; therefore a catalytic amount of phosphoric acid is added as a
      de-emulsifier. After further mixing, the mixture is centrifuged into an
      oil phase and a water-soluble soapstock or "foots" phase. Thereafter, the
      refined and dewaxed oil can be water-washed, dried, bleached, and
      deodorized by conventional techniques to yield a vegetable oil with
      excellent chill test results.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to a process for simultaneously refining and
      dewaxing a crude vegetable oil by successively chilling, admixing with an
      alkali refining agent, admixing with a catalytic amount of phosphoric acid
      as an emulsion breaker, and separating an aqueous phase from an oil phase.
PAR  The process of this invention has been developed primarily to process those
      oils which contain waxes which precipitate at refrigerator temperatures.
      The most common of such oils are sunflower, safflower and corn oils,
      although other vegetable oils encounter similar problems and may be
      advantageously processed in accordance with the present invention.
PAR  In accordance with the present invention, crude vegetable oil is chilled
      using a conventional chilling apparatus (e.g., a heat exchanger) to a
      temperature of from about 15.degree. to about 45.degree.F, and most
      desirably from about 20.degree.F to about 30.degree.F. Neither the
      incoming temperature of the vegetable oil nor the exact means for cooling
      the oil are critical to this process and a variety of heat exchangers
      known to the art may be advantageously employed. The cooled oil is fed
      into a "crystallizer tank" and gently agitated to promote crystallization
      of vegetable waxes contained in the oil. A "crystallizer tank," as used
      herein and generally in the art, refers to any vessel in which fluids,
      such as oil and/or refining agent mixtures can be contained, mixed,
      tempered or allowed to crystallize, and having means for agitation and
      discharge of the contained fluids. While being agitated in the
      crystallizer tank, the oil should be maintained at a temperature of about
      15.degree. to about 45.degree.F. Although the incoming temperature of the
      oil is not critical to the practice of the present invention, it is
      desirable that the incoming oil be at a temperature of at least about
      60.degree.F as the rapid cooling of the oil in the heat exchanger before
      introduction into the crystallizer tank and the maintenance of the oil at
      this low temperature in the crystallizer tank with agitation promotes
      rapid crystallization of the impurities contained in the oil. After
      introduction of the crude oil into the crystallizer tank, the agitation
      may be continued for a period of time to allow for further crystallization
      of the contained waxes. However, this additional agitation is not
      necessary for the attainment of a fully dewaxed oil if the initial feed
      rate of the crude oil is such that a mean mixing time of at least about 15
      minutes and preferably from about 20 minutes to about 40 minutes for the
      total amount of crude oil results during the feeding operation.
PAR  Upon completion of chilling and agitation of the oil, a dilute aqueous
      alkali refining agent solution is added in an amount sufficient to
      completely remove the hydrophilic and waxy components from the oil. The
      alkali refining agent neutralizes the free fatty acid content of the oil
      by forming a soapstock of "foots" phase which is insoluble in the oil
      phase and soluble in the aqueous phase of the mixture. The waxy components
      of the oil are also somewhat hydrophilic in that the waxy components
      exhibit a polar nature and concentrate on the surface interface between
      the oil and aqueous phases of the mixture. Upon separation of the two
      phases, the waxy components remain associated with the aqueous solution
      and are separated from the oil phase.
PAR  It has been found that to secure adequate refining and dewaxing
      completeness while obtaining the lowest refining loss as possible with
      this invention, it is necessary that there be added at least one alkali
      equivalent for each mole of free fatty acid present in the crude oil, and
      preferably, in the range of 3 to 5 equivalents. As those skilled in the
      art will appreciate, the free fatty acid content for a particular batch of
      oil is readily determined by a titration with a standard alkali. So long
      as the quantity of alkali equivalents present is sufficient to neutralize
      all the free fatty acids present in the oil, the upper limit of alkali
      usage is set only by economic considerations and the volume of alkali
      solution which one wishes to introduce into the crude oil during the
      refining operation. In the practice of the present invention, it has been
      found that the total alkali solution should comprise from about 15 to
      about 50 percent by weight of the oil, and preferably from about 20 to
      about 40 percent by weight of the oil.
PAR  Alkali solutions that have been found acceptable for purposes of this
      invention include, but are not limited to sodium hydroxide, sodium
      bicarbonate, calcium hydroxide, potassium hydroxide, magnesium hydroxide,
      ammonia, and some organic alkalies. When sodium hydroxide is used as the
      alkali material, it should be mixed to a concentration within the range
      from about 1.0 to about 3.0 percent by weight of lye in the water. This
      concentration range is important as above 3.0 percent the refining losses
      become excessive, and below 1.0 percent, the oil is not refined. When
      other alkali agents are used, correspondingly different concentration
      ranges are employed to obtain the proper alkali equivalents in the amount
      of alkali solution used.
PAR  In the practice of the present invention, the aqueous alkali refining
      solution should be pre-chilled to maintain the low temperature of the oil
      during processing. The addition of an aqueous alkali refining agent to the
      crude oil produces a slightly exothermic reaction. Thus, the temperature
      of the refining agent must be sufficiently low to insure that the
      oil-refining agent mixture does not exceed about 45.degree.F after
      admixing.
PAR  After the addition of the alkali refining agent, the oil-aqueous solution
      is admixed for a minimum of about 15 minutes. The agitation must be strong
      enough to uniformly disperse and promote complete admixing of the alkali
      refining solution without, at the same time, forming an inseparable
      emulsion with the oil phase. Agitation may be provided by any suitable
      means, although rotary mixers operating to provide low shear are preferred
      in the practice of the present invention. If high shear mixing is
      employed, there is a tendency for the alkali solution and the oil to form
      a virtually inseparable emulsion making further separation difficult and
      refining losses excessively high. If the mixing means employed utilizes a
      mechanical rotary mixing device, the actual mixer used is not critical as
      long as the blade size, rotational speed, and container size are combined
      to give low shear and high circulation. The use of a finger-type paddle
      impeller is advantageously employed in the practice of the present
      invention since it gently agitates the oil and promotes thorough admixing
      with the refining agent without creating any one area of violent
      agitation, as encountered with a marine-type impeller, or a "dead area"
      in the container where the oil does not adequately co-mingle with the
      aqueous refining agent. Also within the scope of the present invention is
      the use of other mixing means known in the art, such as air or other inert
      gases bubbled through the mixture to promote admixing.
PAR  In accordance with the present invention, a catalytic amount of an aqueous
      phosphoric acid solution is added to the gently agitating oil-aqueous
      alkali refining agent solution to act as a de-emulsifier. It is preferred
      that the phosphoric acid solution have a concentration of from about 20 to
      about 100 percent by weight of absolute acid for attaining optimal results
      with the present process, with an especially preferred concentration of
      from about 20 to about 40 percent of absolute acid. It has been found that
      merely a minimal amount of phosphoric acid solution is effective in acting
      as an emulsion breaker for aiding in the separation of the oil phase from
      the foots phase. This small amount of phosphoric acid has been found to be
      extremely effective in breaking the oil-water emulsion which would
      otherwise produce high oil losses, due to the low-temperature refining. Of
      course, in the practice of the present invention, there is no need for a
      second separation step since both the hydrophilic and waxy components are
      removed by the low-temperature alkali treatment. An acceptable range of
      phosphoric acid is found to be from about 0.05  to about 0.2 percent by
      weight of the crude oil with a preferred range of from about 0.07 to about
      0.15 percent by weight of the crude oil. It has been found that an amount
      of acid solution in excess of 0.2 percent by weight yields unacceptable
      refining/dewaxing results. In the practice of the present invention, it is
      critical that this catalytic amount of phosphoric acid solution be added
      to the oil after the alkali refining agent is admixed and agitated with
      the crude oil. When the phosphoric acid is added to the crude oil before
      the alkali refining agent is introduced, it is found that the hydrophilic
      and waxy components are not completely removed. These undesirable effects
      are illustrated in Example II. Also, in the practice of the present
      invention, it has been found that if phosphate salts such as trisodium
      phosphate, are substituted for the phosphoric acid solution, incomplete
      dewaxing is again observed. After the addition of the phosphoric acid
      solution, the oil-refining agent mixture should again be mixed for a
      minimum of about 10 minutes and preferably, from about 15-20 minutes to
      provide time for a thorough admixing with, and intimate contact of, the
      mixture and phosphoric acid solution.
PAR  After the reagents have had adequate time to react with the hydrophilic and
      waxy components of the oil, the mixture is separated into its two
      component phases, i.e., the oil and aqueous phases. This is most
      conveniently accomplished by centrifuging. Any type of centrifuge known in
      the art which is adequate to separate the refined and dewaxed vegetable
      oil from the foots phase is satisfactory. The more recent hermetic
      continuous centrifuges give excellent results in this process and the
      older bowl- and disc-type centrifuges are also quite satisfactory. A heavy
      foots phase and the lighter oil phase are formed. The heavy foots phase
      consists of water, soaps, waxes, and unreacted lye while the light phase
      contains the vegetable oil. Separation into the layers is very distinct
      with total oil refining losses being less than 2.5 percent by weight of
      the glyceride oil. Likewise, the amount of unremoved impurities is low
      being in the range of less than about 0.1 percent soap and less than about
      1.0 percent water in the light oil phase after centrifuging and before
      further water-washing. These levels are judged to be very satisfactory.
PAR  One of the features of the present invention is its suitability in a
      continuous refining/dewaxing operation. The process steps would be
      essentially the same as described above, but with the crude oil, alkali
      refining agent and phosphoric acid being continuously metered into the
      process at the appropriate places in the operation.
PAR  Subsequent to the refining and dewaxing of the oil, its color is reduced by
      an operation called "bleaching." In a typical bleaching process the
      refined and dewaxed oil is mixed with adsorbent. This mix is heated,
      maintained in heated condition for a period of time, and then filtered to
      separate the spent adsorbent and decolorized oil. Traditionally, much of
      the bleaching action occurs during the filtering process because of the
      high concentration of bleach and adsorbent compared to oil which can be
      present in this process. Any bleaching process known in the art is
      suitable for the practice of the present invention. For example, a
      suitable bleaching operation is described in Harris et al., U.S. Pat. No.
      3,673,228 (1972) and entitled "Process for Absorbent Bleaching of Edible
      Oils." After bleaching, the oil is deodorized, usually with steam. Steam
      deodorization of edible oils is removal, by various kinds of steam
      contacting, of free fatty acids and volatile odoriferous and flavorous
      materials which are responsible for any undesirable smell and taste of
      undeodorized oil. Again, any deodorization process known in the art is
      suitable for use in the practice of the present invention. A suitable
      deodorization operation is described in Baker et al., U.S. Pat. No.
      3,506,969, and entitled "Continuous High Temperature Steam Deodorization
      of Edible Oils."
PAR  Upon completion of the above-mentioned bleaching and deodorization
      operation, a finished oil is obtained which has excellent refrigerator
      clarity over extended periods of time, making it suitable for use as a
      salad oil.
PAR  The following examples are given to illustrate the practice of the present
      invention. All percentages are expressed in weight percent.
PAC  EXAMPLE I
PAR  250 pounds of commercially obtained sunflower seed oil at approximately
      room temperature were passed through a heat exchanger to reduce the
      temperature thereof to about 25.degree.F. The oil was then fed into an
      insulated crystallizer tank and gently agitated by means of a finger-type
      paddle impeller which was continuously operating. The feed time for the
      oil was approximately one hour, thus resulting in a 30-minute mean hold
      time while agitating in the crystallizer tank. Thereafter, 65 pounds of an
      aqueous lye solution, the amount deemed necessary based upon the free
      fatty acid content, which was pre-chilled to about 35.degree.F, was
      introduced into the crystallizer tank and agitated with the crude
      vegetable oil. The concentration of the aqueous lye solution was about
      2.0% sodium hydroxide in water. This mixture was agitated for 15 minutes,
      forming an emulsion, after which 0.25 pound of a 30% phosphoric acid
      solution was added to the mixture. After further agitation for an
      additional period of 15 minutes, the mixture was fed to a continuous
      centrifuge to separate the distinct oil and aqueous lye phases.
      Immediately before centrifuging, the oil-lye mixture was at a temperature
      of 40.5.degree.F.
PAR  An analysis of the refined and dewaxed sunflower seed oil at this stage
      revealed a 0.097% soap and 0.56% water entrapment in the oil phase. After
      the sunflower seed oil was bleached by conventional operations, "chill
      tests" were performed upon the oil. Chill tests are a means used in the
      art to measure the clarity of an oil sample held for a period of time at a
      constant temperature. These tests revealed that at 32.degree.F the oil
      retained its clarity for 84 hours; at 40.degree.F, 176 hours, and at
      50.degree.F, 488 hours. These chill tests show that the refined and
      dewaxed sunflower seed oil gives excellent chill test results. The oil is
      suitable for commercial salad oil purposes. Furthermore, the total
      refining losses were estimated to be no more than 21/2 percent based on
      the weight of the crude vegetable oil.
PAR  Substantially equivalent results are obtained when safflower or corn oil is
      substituted for sunflower oil in the above example.
PAR  Substantially similar results are also obtained when sodium bicarbonate,
      calcium hydroxide, magnesium hydroxide or ammonia is used, on an
      equivalent basis, as the alkali refining agent in lieu of the sodium
      hydroxide in the above example.
PAC  EXAMPLE II
PAR  Two batches of sunflower seed oil were processed for comparison as to their
      chill test results. Batch A was processed in a manner identically to that
      given in Example I, and hence was processed in accordance with the process
      of the present invention. Batch B, on the other hand, was processed with
      the addition of the aqueous lye solution and the phosphoric acid reversed.
      That is, after the crude sunflower seed oil had been introduced into the
      crystallizer tank, 0.25 pound of a 30 percent concentration phosphoric
      acid solution was added to the crude vegetable oil. After agitating for
      about 15 minutes, 50 pounds of an aqueous lye refining agent solution
      identical to that added to Batch A was added to the oil. This mixture was
      then agitated for an additional 15 minutes, centrifuged and the oil phase
      bleached similarly to Batch A. Chill tests performed upon the samples thus
      prepared yield the following results, with the numbers indicating the
      hours for which the oil retained its clarity.
TBL  ______________________________________                                    
     Sample    32.degree.F 40.degree.F 50.degree.F                             
     ______________________________________                                    
     Batch A   82          100         100                                     
     Batch B   less        less        less                                    
               than 16     than 16     than 16                                 
     ______________________________________                                    
PAR  It can be seen from the above Table that with Batch A the sunflower seed
      oil processed in accordance with the present invention, provided a refined
      and dewaxed oil suitable for commercial salad oil use, while the oil
      processed with the alkali refining agent and the phosphoric acid addition
      reversed yielded an oil which did not retain its clarity and hence was
      unacceptable for salad oil purposes. Duplicate runs of the above Example
      yielded substantially equivalent results.
PAR  The above examples demonstrate that if crude vegetable oils are refined and
      dewaxed in accordance with the process of the present invention, high
      quality oils suitable for salad oil use are produced. These oils give
      excellent chill test results and result in lower refining losses than
      previously possible where separate refining and dewaxing steps were
      performed upon the crude vegetable oil. While this invention has been
      described and exemplified in terms of its preferred embodiment, those
      skilled in the art will appreciate that modifications can be made without
      departing from the spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for simultaneously removing the hydrophilic and waxy
      components from crude vegetable oil comprising the steps of:
PA1  a. gently agitating a crude vegetable oil at a temperature of from about
      15.degree.F to about 45.degree.F;
PA1  b. contacting the agitated crude vegetable oil with at least one equivalent
      of aqueous alkali per mole of free fatty acid present in the crude
      vegetable oil while maintaining the temperature of the mixture of
      vegetable oil and aqueous alkali in the range of from about 15.degree.F to
      about 45.degree.F, thereby to form an emulsion of hydrophilic and waxy
      components;
PA1  c. mixing a phosphoric acid solution in an amount of from about 0.05 to
      about 0.2 percent by weight of said crude vegetable oil with said mixture
      of vegetable oil and aqueous alkali, thereby to break said emulsion into a
      two-phase system; and
PA1  d. separating the oil phase from the aqueous phase of said two-phase
      system.
NUM  2.
PAR  2. The process of claim 1 wherein said crude vegetable oil is reduced to a
      temperature of from about 20.degree.F to about 30.degree.F.
NUM  3.
PAR  3. The process of claim 1 wherein the aqueous alkali solution is sodium
      hydroxide.
NUM  4.
PAR  4. The process of claim 3 wherein the aqueous alkali solution has a
      concentration in water of from about 1.0 to about 3.0 percent by weight of
      sodium hydroxide.
NUM  5.
PAR  5. The process of claim 1 wherein the aqueous alkali solution comprises of
      from about 15 to about 50 percent by weight of the vegetable oil.
NUM  6.
PAR  6. The process of claim 5 wherein the aqueous alkali solution comprises of
      from about 20 to about 40 percent by weight of the vegetable oil.
NUM  7.
PAR  7. The process of claim 1 wherein sufficient aqueous alkali solution is
      added to the crude vegetable oil such that there is from about 3 alkali
      equivalents to about 5 alkali equivalents for each mole of free fatty acid
      present in said crude vegetable oil.
NUM  8.
PAR  8. The process of claim 1 wherein the phosphoric acid solution is in a
      concentration of from about 20 to about 100 percent by weight of the
      absolute acid.
NUM  9.
PAR  9. The process of claim 1 wherein the phosphoric acid solution is in a
      concentration of from about 20 to about 40 percent by weight of absolute
      acid.
NUM  10.
PAR  10. The process of claim 1 wherein said phosphoric acid solution is added
      in an amount of from about 0.05 to about 0.15 percent by weight of the
      crude vegetable oil.
NUM  11.
PAR  11. The process of claim 1 wherein said phosphoric acid solution is added
      in an amount of about 0.10 percent by weight of the crude vegetable oil.
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ABST
PAL  Cyano-ether polyalkylsiloxane hydrides are provided which comprise
      monofunctional siloxy units and difunctional siloxy units, an average of
      between about 2 and about 100 silicon-bonded cyano-bearing ether groups
      for every two moles of monofunctional units, said cyano-bearing ether
      groups having the formula, --(O).sub.q R'OR"CN, wherein q is zero or one,
      R' is bivalent alkylene of 3 to 8 carbon atoms and R" is bivalent alkylene
      of 2 to 4 carbon atoms, and an average of between about 2 and about 30
      silicon-bonded hydrogen atoms for every two moles of monofunctional units,
      said monofunctional units having at least two alkyls bonded to the
      respective silicon atoms thereof and the difunctional units having at
      least one alkyl bonded to the respective silicon atoms thereof, the
      remaining group bonded to silicon of the respective monofunctional and
      difunctional siloxy units being alkyl, said cyano-bearing ether group or
      hydrogen. The polyalkylsiloxane hydrides of the invention are especially
      useful as hydrosilation and condensation agents in the formation of
      corresponding cyanoalkoxyalkyl- and cyanoalkoxyalkoxy-substituted
      polyalkylsiloxane-polyoxyalkylene copolymers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a particular class of cyano-bearing
      polyalkylsiloxane hydrides.
PAR  Our copending application Ser. No. 536,884, filed 12/27/74, entitled,
      "Organosilicone Polymers and Polyester Urethane Foam Produced Therewith,"
      describes and claims a particular class of cyano-bearing
      polyalkylsiloxane-polyoxyalkylene copolymers and their use as foam
      stabilizers of flexible polyurethane foam derived from a polyester polyol.
      Our copending application Ser. No. 536,885, also filed 12/27/74, entitled,
      "Organosilicone Polymers and Polyether Urethane Foam Produced Therewith"
      describes another particular class of cyano-bearing
      polyalkylsiloxane-polyoxyalkylene copolymers and their use as foam
      stabilizers of flexible poly-urethane foam derived from a polyether
      polyol. In the copolymer compositions of each of said copending
      applications, the cyano-bearing substituent is cyanoalkoxyalkyl and/or
      cyanoalkoxyalkoxy. Such copolymers are prepared by various methods. One
      general method comprises the reaction between corresponding
      cyanoalkoxyalkyl- and cyanoalkoxy-alkoxy-substituted polyalkylsiloxane
      hydrides and poly-oxyalkylene reactants which at one end are either
      hydroxyl-terminated or endblocked by an olefinically unsaturated group.
      The present invention is drawn to said cyano-substituted polyalkylsiloxane
      hydrides, their preparation and their utility, particularly in forming the
      aforesaid respective classes of copolymers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one aspect of the present invention, a particular class
      of cyano-substituted polyalkylsiloxane hydrides are provided which contain
      chemically combined monofunctional siloxy units (M.sub.o) and difunctional
      siloxy units (D.sub.o), an average of from about 2 to about 100
      silicon-bonded cyano-bearing ether groups (Q) and an average of from about
      2 to about 30 silicon-bonded hydrogen atoms for every two moles of
      monofunctional siloxy units (M.sub.o) contained in the polymer, the
      remaining silicon-bonded groups being alkyl (R). As indicated, the
      essential silicon-bonded cyano-bearing ether groups are collectively
      referred to herein by the symbol "Q" and have the formula, --(O).sub.q
      --R'OR"--CN, where q is zero or one, R' is bivalent alkylene having from 3
      to 8 carbon atoms, and R" is bivalent alkylene having from 2 to 4 carbon
      atoms. Thus, when q is zero, Q is cyanoalkoxyalkyl (that is,
      NC--R"O--R'--) and, when q is one, Q is cyanoalkoxyalkoxy (that is,
      NC--R"O--R'O-- ). In either case, the cyano substituent is bonded to
      carbon of the alkylene ether group, --R"OR'--, which is in contrast to the
      composition of the respective cyano-bearing polyalkylsiloxane hydrides
      described and claimed in our U.S. Pat. No. 3,846,462 and in our copending
      application Ser. No. 457,510, filed Apr. 3, 1974.  In the hydrides of said
      patent and application, cyano is present as silicon-bonded cyanoalkyl such
      as cyanopropyl (NC--C.sub.3 H.sub.6 --) or as silicon-bonded cyanoalkoxy
      such as cyanopropoxy (NC--C.sub.3 H.sub.6 O--).
PAR  In the monofunctional siloxy units encompassed by M.sub.o of the
      polyalkylsiloxane hydrides of the present invention, the respective
      silicon atoms are bonded to two alkyl groups (R), the third silicon-bonded
      group being alkyl (R), hydrogen or the aforesaid cyano-bearing ether group
      (Q). Thus, included within the scope of M.sub.o are monofunctional units
      having the following unit formulae which, for brevity, are also
      individually referred to herein as the M, M' and M" units, as shown:
PAR  M = (R).sub.3 SiO.sub.1/2
PAR  M' = (H)(R).sub.2 SiO.sub.1/2
PAR  M" = (Q)(R).sub.2 SiO.sub.1/2
PAL  In any given polymer composition of the present invention, the M.sub.o
      units may be the same as or different from one another. In the
      difunctional siloxy units encompassed by D.sub.o, at least one of the two
      groups bonded to the respective silicon atoms is alkyl and the second
      silicon-bonded group is R, Q or hydrogen. Thus, included within the scope
      of D.sub.o are difunctional units having the following unit formulae
      which, for brevity, are also individually referred to herein as the X, Y
      and Z.degree. units, as shown:
PAR  X = (R).sub.2 SiO.sub.2/2
PAR  Y = (Q)(R)SiO.sub.2/2
PAR  Z.degree. = (H)(R)SiO.sub.2/2
PAL  The cyanoalkoxyalkyl- and cyanoalkoxyalkoxy-substituted polyalkylsiloxane
      hydrides described herein may contain any combination or subcombination of
      the respective siloxy units within the scope of M.sub.o and D.sub.o
      provided an average of from about 2 to about 100 cyano-bearing ether
      groups (Q) and from about 2 to about 30 silicon-bonded hydrogen atoms are
      present, as encompassed by the following Formula I:
      ##EQU1##
      wherein: Q, R, X, Y and Z.degree. have the aforesaid significance; each of
      t, u, v, w, the sum t+u and the sum v+w independently has a value of zero
      or one; each of the sum t+w and the sum u+v independently has a value of
      zero, one or two, it being evident that the value of the sum t+u+v+w is
      also zero, one or two; x is zero or any positive number having an average
      value up to about 200; y has an average value from about 2 to about 100 ;
      and z has an average value from about 2 to about 30. It is evident from
      Formula I that x, y-(t+w) and z-(u+v) designate the average number of
      moles of the respective difunctional X, Y and Z.degree. units which are
      present for every two moles of total monofunctional units (M.sub.o) as
      shown, and that the values of y and z correspond to the total number of Q
      groups and hydrogen atoms, respectively, contained in the polymer.
      Further, when t+w and u+v are zero, y and z also correspond to the
      respective total number of difunctional Y and Z.degree. units contained in
      the polymer for every two moles of M.sub.o.
PAR  The polymers of the invention are useful as wetting agents, anti-static
      agents, textile finishes and are especially useful in forming a variety of
      organo-silicone polymers. For example, the cyanoalkoxyalkyl- and
      cyanoalkoxyalkoxy-substituted polyalkylsiloxane hydrides encompassed by
      Formula I are reactive with mono-olefinically endblocked and
      hydroxyl-terminated polyoxy-alkylene ethers to form corresponding
      cyanoalkoxyalkyl- and cyanoalkoxyalkoxy-substituted
      polyalkylsiloxane-poly-oxyalkylene copolymers as described in greater
      detail hereinbelow.
PAC  DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS
PAR  The functionality of the respective types of structural units encompassed
      by M.sub.o and D.sub.o of the polymers of this invention denotes the
      number of oxygen atoms to which the silicon atom (Si) of any particular
      unit is bonded. Since each oxygen atom is shared by a silicon atom (Si')
      of another unit, functionality also denotes the number of linkages by
      which the particular unit can be bonded to another portion of the polymer
      through --Si--O--Si'-- bonds. Accordingly, in expressing the individual
      formulas of the respective units of the polymers of this invention,
      fractional subscripts are used in which the value of the numerator defines
      functionality (i.e., the number of oxygen atoms associated with the
      silicon atom of the particular unit), and the denominator, which in each
      instance is 2, denotes that each oxygen atom is shared with another slicon
      atom. In view of their monofunctionality, the M.sub.o units are chain
      terminating or endblocking units and the respective oxygen atoms thereof
      are shared with silicon of one other unit which can be Y or Z.degree. and,
      when present, X. On the other hand, X, Y and Z.degree. are difunctional
      and thus the respective two oxygen atoms associated with each silicon atom
      thereof are shared with respective silicon atoms of other units. Thus, the
      reoccurring difunctional units may be distributed in the polymer randomly,
      alternately, as sub-blocks of repeating units of the same type, or in any
      combination of such arrangements. Further, the polymers of the invention
      comprise mixtures of polymer species which differ in molecular weight and
      in the type, arrangement and relative proportions of units. Therefore, as
      expressed herein, the parameters employed to denote these variables are
      average values and are based on the relative proportions of reactants from
      which the various units are derived. It is to be further understood that,
      consistent with convention in the art to which the present invention
      pertains, as expressed herein, the formulas of the polymers indicate their
      overall average empirical composition rather than any particular ordered
      arrangement of the units or molecular weight of any particular polymer
      species. With this understanding, the average composition of the
      respective types of polymers encompassed by Formula I above may be
      expressed by the following formulae wherein the various siloxy units are
      shown in chemically combined form:
      ##EQU2##
      wherein R, Q, x, y and z are as above defined.
PAR  The silicon-bonded R groups are alkyls having from one to ten carbon atoms
      including linear and branched alkyls. Illustrative of suitable groups
      encompassed by R are: methyl, ethyl, n-propyl, isopropyl, n-butyl,
      t-butyl, pentyl, hexyl, octyl and decyl. Of the various groups represented
      by R, the lower alkyls (that is, those having from one to four carbon
      atoms) are preferred of which methyl is especially suitable. It is to be
      understood that the R groups may be the same throughout the polymer or
      they may differ as between or within units without departing from the
      scope of this invention. For example, when the endblocking monofunctional
      units are M, that is, R.sub.3 SiO.sub.1/2, they may be trimethylsiloxy
      units and the difunctional units, R.sub.2 SiO.sub.2/2, when present, may
      be diethylsiloxy and/or methylethylsiloxy units.
PAR  In the Q grouping of the Y and M" units, that is, in --(O).sub.q R'OR"--CN,
      R' and R" are bivalent alkylene radicals of the series, --C.sub.c H.sub.2c
      -- and --C.sub.d H.sub.2d -- respectively, where c is an integer having a
      value from 3 to 8 (--R'--) and d is an integer having a value from 2 to 4
      (--R"--). Illustrative of suitable groups encompassed by --R"-- are
      ethylene (--CH.sub.2 CH.sub.2 --); trimethylene (--CH.sub.2 CH.sub.2
      CH.sub.2 --); propylene [--CH.sub.2 CH(CH.sub.3)--]; and tetramethylene
      [--(CH.sub.2).sub.4 --]. Illustrative of suitable groups encompassed by R'
      are: trimethylene, propylene, tetramethylene, sec-butylene, hexylene and
      octylene. The preferred R' groups have from three to four carbon atoms,
      and may be the same or different from R". It is to be understood that the
      polymer may contain any combination of cyanoalkoxyalkyl (NC--R"O--R'-- )
      and/or cyanoalkoxyalkoxy (NC--R"O--R'O--) groups encompassed by Q. For
      example, the Y units of any particular polymer composition may be one or
      more of the following: 3-(2-cyanoethoxy)propyl methylsiloxy;
      3-(3-cyanopropoxy)propyl methylsiloxy; 3-(2-cyanoethoxy)propoxy
      methylsiloxy; 3-(2-cyanoethoxy)propyl ethylsiloxy;
      3-(2-cyanoethoxy)-2-methylpropyl methylsiloxy; 8-(2-cyanoethoxy)octyl
      methyl-siloxy; 3-(2-cyano-2-methylethoxy)propyl methylsiloxy;
      3-(2-cyano-2-ethylethoxy)propyl methylsiloxy; and the like. Further, when
      the polymers of the invention contain Q-modified monofunctional units
      (M"), such units may be 3-(2-cyanoethoxy)propyl dimethylsiloxy;
      3-(2-cyanoethoxy)-propoxy dimethylsiloxy; 3-(2-cyanoethoxy)propyl
      diethylsiloxy; 3-(2-cyanoethoxy)propyl methylethylsiloxy; and the like.
PAR  In the polymers described herein, the alkyls (R) are, of course, bonded to
      silicon by silicon-to-carbon bonds. On the other hand, the respective
      cyano-bearing ether groups (Q) shown in Formulas I - V may be linked to
      silicon by Si--C or Si--O bonds, as shown in the following formulas:
      ##EQU3##
      wherein, as previously defined, q is zero or one, and R, R', R", x, y and
      z are also as previously defined.
PAR  The Q-modified polyalkylsiloxane hydrides of the present invention are
      reactive with monoolefinic polyoxyalkylene ethers to form corresponding
      Q-modified polyalkylsiloxane-polyoxyalkylene block copolymers. For
      example, such copolymers wherein the polyoxyalkylene blocks are linked to
      silicon through Si-C bonds are prepared by the platinum-catalyzed
      hydrosilation of monoolefinic polyoxyalkylene ethers, employing the
      Q-modified polyalkylsiloxane hydrides of the present invention as the
      hydrosilating reactants. This hydrosilation reaction is illustrated by the
      following equation 1 wherein the Q-modified Si-H reactant is expressed by
      Formula I-A as shown.
PAC  Equation 1
      ##EQU4##
PAC  Formula I-A
      ##EQU5##
      wherein: as previously defined herein, Q is the cyano-bearing ether group,
      --(O).sub.q --R'OR"--CN, R is alkyl, t, u, v, w, t+u and v+w have
      respective values of zero or one, t+w and u+v have respective values of
      zeros, one or two, x is zero or a positive number having an average value
      up to about 200, y has an average value from about 2 to about 100, and z
      has an average value from about 2 to about 30; e has a value from 2 to 6;
      and --(OC.sub.2 H.sub.2a).sub.b OG is organic-capped polyoxyalkylene.
PAR  The Q-modified polyalkylsiloxane hydrides of the present invention are also
      useful in providing corresponding Q-modified
      polyalkylsiloxane-polyoxyalkylene block copolymers wherein the
      polyoxyalkylene blocks are linked to silicon through Si--O--C bonds. For
      example, such copolymers are provided by the catalyzed condensation of the
      silicon-bonded hydrogen of the hydrides with hydrogen of the -OH group of
      hydroxyl-terminated polyoxyalkylene reactants as illustrated by the
      reaction of the following equation 2 in which the hydrides of the present
      invention are also expressed by Formula I-A shown in above equation 1.
PAC  Equation 2 Si--H Reactant of Formula I-A + z HO--(C.sub.a H.sub.2a O).sub.b
      G .fwdarw.
      ##EQU6##
      wherein Q, R, --(OC.sub.a H.sub.2a).sub.b OG, t through z, t+u, v+w, t+w
      and u+v are as summarized with specific reference to equation 1.
PAR  It is evident from equations 1 and 2 that: (1) when t, u, v and w are zero,
      the respective Q-modified polyalkylsiloxane hydride reactants (as well as
      the other copolymer products derived therefrom) are endblocked by M units
      [(R).sub.3 SiO.sub.1/2 ] as shown in Formulas II and II-A above; (2) when
      t and w are both one and thus u and v are zero, the endblocking units of
      the hydrides (as well as the copolymers derived therefrom) are M"
      [(Q)(R).sub.2 SiO.sub.1/2 ] as shown in Formulas III and III-A above; (3)
      when t and w are both zero and u and v are both one, the endblocking units
      of the Q-modified polyalkylsiloxane hydrides of the invention are M'
      [(H)(R).sub.2 SiO.sub.1/2 ] as shown in Formulas IV and IV-A above, the
      corresponding copolymer products having polyether-substituted
      dialkylsiloxy endblocking units; and (4) when t and v are both one and
      thus u and w are zero, the Q-modified polyalkylsiloxane hydrides are
      endblocked by different monofunctional units (M' and M") and the copolymer
      products derived therefrom are endblocked by M" and polyether-substituted
      dialkylsiloxy units.
PAR  When it is desired to utilize the cyanoalkoxyalkyl- and
      cyanoalkoxyalkoxy-polyalkylsiloxane hydrides of the present invention for
      the preparation of copolymers which, in turn, offer particular advantage
      as stabilizers of polyester polyol-based urethane foam, the values of x, y
      and z of Formulas I to V including Formulas I-A to V-A, are as follows: x
      is zero or a positive number having an average value up to about 20, and
      usually has an average value no more than about 10; y has an average value
      from about 2 to about 20, and is usually no more than about 10; and z has
      an average value, as previously defined, from about 2 to about 30, and is
      usually no more than about 15. When X units are present, x usually has a
      value of at least about 0.5, and more usually is at least about one.
      Further, in applying the reactions of equations 1 and 2 to the preparation
      of copolymers for use as stabilizers of polyester polyol-based urethane
      foam, the indicated polyoxyalkylene (or polyether) reactants have a
      respective polyoxyalkylene content which is constituted of at least 75
      weight percent of oxyethylene, the remaining oxyalkylene units usually
      being oxyethylene and/or oxypropylene. Preferably, the polyether reactants
      have the respective formulas, C.sub.e H.sub.2e.sub.-1 (OC.sub.2
      H.sub.4).sub.b OG and H-(OC.sub.2 H.sub.4).sub.b OG, where e has a value
      from 2 to 6, b has an average value from about 3 to about 30, and G is an
      organic cap. Suitable organic caps include monovalent hydrocarbon groups
      (R.degree..degree.--) having from one to twelve carbon atoms (such as
      alkyl, aryl and aralkyl groups as illustrated by methyl, ethyl, butyl,
      phenyl and benzyl) and correspondng R.degree..degree.C(O)-- and
      R.degree..degree.NHC(O)--groups. Further details concerning such
      Q-modified polyalkylsiloxane-polyoxyalkylene copolymers and their use as
      stabilizers of polyester polyol-derived polyurethane foam including
      flame-retarded foam, are as described in our aforementioned copending
      application Ser. No. 536,884, filed 12/27/74, entitled "Organosilicone
      Polymers and Polyester Urethane Foam Produced Therewith," the teachings of
      which in these respects are incorporated herein as part of the present
      disclosure by reference thereto.
PAR  When it is desired to utilize the cyanoalkoxy-alkyl- and
      cyanoalkoxyalkoxy-substituted polyalkylsiloxane hydrides of the present
      invention for the preparation of copolymers which, in turn, offer
      particular advantage as stabilizers of polyether polyol-based urethane
      foam, the values of x, y and z of Formulas I to V includng Formulas I-A to
      V-A, are as follows: x has an average value from about 10 to about 200 and
      usually has an average value from about 20 to about 100; y has an average
      value from about 2 to about 100 and usually has an average value from
      about 3 to about 30; and z has an average value from about 2 to about 30
      and usually has an average value no more than about 10. Further, in
      applying the reactions of equations 1 and 2 to the preparation of
      copolymers for use as stabilizers of polyether polyol-based urethane foam,
      the indicated polyoxyalkylene or polyether reactants have a respective
      polyoxyalkylene content which is constituted of between about 20 and about
      65 weight percent of oxyethylene, the remaining oxyalkylene content
      usually being oxypropylene. Preferably, the polyether reactants have the
      respective formulas, C.sub.e H.sub.2e-1 (OC.sub.2 H.sub.4).sub.n (OC.sub.3
      H.sub.6).sub.m OG and H(OC.sub.2 H.sub.4).sub.n (OC.sub.3 H.sub.6).sub.m
      OG, where e has a value from 2 to 6, G is an organic cap as
      above-described, and m and n are positive numbers such that the average
      oxyethylene content of the oxyalkylene chain, --(OC.sub.2 H.sub.4).sub.n
      (OC.sub.3 H.sub.6).sub.m --, ranges from about 20 to about 65 weight
      percent and the average molecular weight of the chain is from about 1000
      to about 6000. Further details concerning such Q-modified
      polyalkylsiloxane-polyoxyalkylene copolymers and their use as stabilizers
      of polyether polyol-derived polyurethane foam including flame-retarded
      foam, are as described in our aforementioned copending application Ser.
      No. 536,885, filed 12/27/74, entitled, "Organosilicone Polymers and
      Polyether Urethane Foam Produced Therewith", the teachings of which in
      these respects are incoporated herein as part of the present disclosure by
      reference thereto.
PAR  The Q-modified polyalkylsiloxane hydrides of the present invention are
      provided by any one of a number of methods. Overall, the methods comprise
      the use of various combinations of the precursor reactants described below
      as the source of the indicated siloxy units or Q groups.
PAR  a. Hexaalkyldisiloxanes, R.sub.3 SiOSiR.sub.3, when the endblocking units
      are R.sub.3 SiO.sub.1/2, that is, when t, u, v and w of Formulas I and I-A
      are zero.
PAR  b. Di[cyanoalkoxyalkyl]tetraalkyldisiloxanes, (NC--R"OR')(R).sub.2
      SiOSi(R).sub.2 (R'OR"--CN), when the endblocking units are
      (NC--R"OR')(R).sub.2 SiO.sub.1/2, that is, when t and w of Formulas I and
      I-A are both one. Such reactants in turn are prepared by hydrolysis of
      (NC--R"OR')(R).sub.2 SiX.degree. where X.degree. is chlorine or bromine,
      employing about one mole of water for every two moles of halide.
PAR  c. Dihydrogentetraalkyldisiloxanes, (H)(R).sub.2 SiOSi(R).sub.2 (H), when
      the endblocking units are (H)(R).sub.2 SiO.sub.1/2, that is, when u and v
      of Formulas I and I-A are both one.
PAR  d. Cyclic dialkylsiloxane polymers, [R.sub.2 SiO].sub.h, where h usually
      has an average value of from about 3 to about 6, as the source of the
      difunctional dialkylsiloxy units (X), R.sub.2 SiO.sub.2/2, when such X
      units are to be incoporated, that is, when x of Formulas I and I-A is a
      positive number.
PAR  e. Trialkyl-endblocked dialkylsiloxane polymers, R.sub.3 SiO(R.sub.2
      SiO).sub.r SiR.sub.3, where r has an average value of at least two and is
      usually no more than about 10, as the source of the endblocking units,
      R.sub.3 SiO.sub.1/2, and as a source of the dialkylsiloxy units (X),
      R.sub.2 SiO.sub.2/2, when the latter units are to be incorporated.
PAR  f. Cyanoalkoxyalkyl-alkylsiloxane polymers as the source of the
      ##EQU7##
      units encompassed by Y where, as previously defined, R' is the bivalent
      alkylene radical, --C.sub.c H.sub.2c --, c having a value from 3 to 8 and
      R" is bivalent alkylene, --C.sub.d H.sub.2d --, d having a value from 2 to
      4. These polymers are formed by the hydrolysis of
      cyanoalkoxy-alkyldichlorosilanes, NC--R"OR'Si(R)Cl.sub.2, followed by the
      base-catalyzed dehydration-cyclization of the hydrolyzate to form cyclics
      having the formula [NC--R"OR'--Si(R)O].sub.w, the average value of w being
      3 or more.
PAR  g. Cyanoalkoxyalkylheptaalkylcyolotetrasiloxanes,
      [(NC--R"OR')(R)SiO][(R).sub.2 SiO].sub.3, as the source of both the X
      units and the (NC--R"OR.thrfore.)(R)SiO.sub.2/2 units encompassed by Y.
      Such cyclics are in turn provided by the platinum-catalyzed hydrosilation
      reaction between hydrogenhaptaalkylcyclotetrasiloxanes,
      [(H)(R)SiO][(R).sub.2 SiO].sub.3, and the monoolefinic cyanoalkyl ethers
      defined hereinbelow as reactant (i).
PAR  h. Polymeric alkylsiloxane hydride fluids having an Si--H content
      sufficient to provide from about 200 to about 372 cubic centimeters of
      hydrogen per gram, as the source of the Z.degree. units,
      ##EQU8##
PAR  i. Monoolefinic cyanoalkyl ethers, C.sub.c H.sub.2c-1 OC.sub.d H.sub.2 CN,
      wherein c is from 3 to 8 and d is from 2 to 4 as the source of NC--R"OR'--
      of the NC--R"OR'--Si(R)O.sub.2/2 units encompassed by Y, wherein R' and R"
      are more particularly shown as the bivalent alkylene radicals, --C.sub.c
      H.sub.2c -- and --C.sub.d H.sub.2d --, respectively.
PAR  j. Hydroxyalkyl cyanoalkyl ethers, NC--R"OR'--OH, as the source of the
      NC--R"OR'--O-- groups of the NC--R"OR'O--Si(R)O.sub.2/2 units encompassed
      by Y, wherein R' and R" are also more particularly expressed as the above
      defined bivalent alkylene radicals, --C.sub.c H.sub.2c -- and --C.sub.d
      H.sub.2d --, respectively.
PAR  From Formulas I and I-A it is evident that, when each of t, u, v and w is
      zero and Y has the unit formula, (NC--R"OR')(R)SiO.sub.2/2, the
      cyanoalkoxyalkyl-substituted Si--H fluids have the average composition
      expressed by the following Formula I-B wherein R' and R" are expressed as
      --C.sub.c H.sub.2c -- and C.sub.d H.sub.2d --, respectively:
      ##EQU9##
      wherein: R as previously defined in alkyl having one to ten carbon atoms
      and is preferably lower alkyl, methyl being especially preferred; c has a
      value of 3 to 8; d has a value of 2 to 4; x is zero or any positive number
      having an average value up to about 200; y has an average value from about
      2 to about 100; and z has an average value from about 2 to about 30.
PAR  One method for preparing the compositions encompassed by Formula I-B
      comprises equilibration of various combinations of reactants (a) and
      (d)-(h). Illustrative is the reaction of the following equation 3 which
      comprises equilibration of reactants (a), (d) (f) and (h), and in which
      polymeric reactants (d), (f) and (h) are shown, for convenience, simply as
      the siloxy units which they provide to the equilibrated reaction product.
PAC  Equation 3
      ##EQU10##
      In the above equation 3 and other equations hereinbelow, g represents the
      actual number of moles of the indicated reactant, and x', y' and z'
      represent the actual number of moles (or mole-equivalents) of the
      indicated monomeric units provided by the polymeric source of such units.
      It is to be understood, therefore, that g, y' and z', and when X units are
      present, x', can be any positive numbers depending upon the scale on which
      the reactions are run, provided that when normalized on the basis of g=1
      (or two moles of monofunctional units), the average value of the mole
      ratio x':y':z' is within the range of about 0-200:2-100:2-30,
      respectively, thereby providing Q-modified Si-H fluids wherein the ratio
      x:y:z has a corresponding average value of about 0-200:2-100:2-30, as
      previously defined.
PAR  It is to be understood that in providing the cyanoalkoxyalkyl-modified
      polyalkylsiloxane hydrides encompassed by Formula I-B in which no X units
      are present (that is, when x is zero), the reaction of equation 3 is
      effected in the absence of reactant (d) whereas when x is a positive
      number, reactant (d) is employed. In addition to the reaction of equation
      3, the Si-H fluids encompassed by Formula I-B wherein x is a positive
      number, may also be prepared by equilibration of reactants (e), (d), (f)
      and (h) as illustrated by equation 4 below, or by the equilibration of
      reactants (a), (g) and (h), as illustrated by equation 5.
PAC  Equation 4
      ##EQU11##
PAC  Equation 5
      ##EQU12##
      In the cyanoalkoxyalkyl-modified polyalkylsiloxane hydrides produced by
      the reaction of equation 4, the average number of the R.sub.2 SiO.sub.2/2
      units, that is, the value of x, corresponds to the value of [x'+(g .times.
      r)], normalized on the basis of g=1. In the cyanoalkoxyalkyl-modified
      polyalkylsiloxane hydrides produced by the reaction of equation 5, the
      ratio of x:y will of course be 3:1, corresponding to the ratio of the X
      and Y units present in reactant (g). The ratio of x:y may be adjusted to
      above or below 3:1, as desired, by effecting the reaction of equation 5 in
      the presence of reactant (d) as an additional source of the X units,
      thereby increasing the ratio above three, or by the employment of an
      appropriate proportion of reactant (f) as an additional source of the Y
      units, (NC--R"OR')(R)SiO.sub.2/2, thereby decreasing the ratio to less
      than three.
PAR  With further reference to general Formulas I and I-A, it is evident that
      when t and w are both one and Q is cyanoalkoxyalkyl, the Si-H fluids have
      the average composition depicted by the following Formula I-C in which the
      cyanoalkoxyalkyl groups are expressed as NC--C.sub.d H.sub.2d --O--C.sub.c
      H.sub.2c --.
      ##EQU13##
      wherein R, c, d, x, y and z are as previously defined such as is
      summarized with specific reference to Formula I-B. The Si-H compositions
      defined by Formula I-C are provided by effecting the equilibration
      reactions of equations 3-5 in the presence of reactant (b) instead of
      reactants (a) and/or (e), as illusrated by the following modification of
      equation 3.
PAC  Equation 6
      ##EQU14##
      When y of Formul I-C is two, it is evident that the cyanoalkoxyalkyl
      groups are present solely in the endblocking monofunctional units (M") and
      that such compositions are provided by effecting the reaction of equation
      6 in the absence of the cyclic source of the Y units, that is, in the
      absence of reactant (f).
PAR  With further reference to general Formulas I and I-A, it is evident that
      when u and v are both one and Q is cyanoalkoxyalkyl, the Si-H fluids have
      the average composition depicted by the following Formula I-D in which th
      cyanoalkoxyalkyl groups are expressed as NC--C.sub.d H.sub.2d --O--C.sub.c
      H.sub.2c --.
      ##EQU15##
      wherein R, c, d, x, y and z are also as summarized with specific reference
      to Formula I-B. The Q-modified Si-H compositions defined by Formula I-D
      are provided by effecting the equilibration reactions of equations 3-5  in
      the presence of reactant (c) instead of reactants (a) and/or (e), as
      illustrated by the following modification of equation 3.
PAC  Equation 7
      ##EQU16##
PAR  It is evident that when the R groups of each of the reactants shown in
      equations 3 to 7 is methyl (Me) and, in each instance, c has a value of
      three and d has a value of two, the resulting cyanoethoxypropyl-modified
      polymethylsiloxane hydrides of the invention have the following respective
      compositions,
      ##EQU17##
      wherein x, y and z are as previously defined herein. The average values of
      x, y and z in any given polymer composition are predetermined by the
      relative proportions of reactants employed in its preparation. When the
      Q-modified Si--H compositions of the present invention are to be employed
      in the preparation of corresponding poly-oxyalkylene copolymers thereof
      such as by the reactions of above equations 1 and 2, the equilibration
      reactions are effected employing relative proportions of reactants at
      least sufficient to obtain an equilibrated product in which the values of
      x, y and z correspond substantially to the values desired in the end
      product, as detailed above with specific reference to the utilization of
      the hydrides of the invention in providing polyoxyalkylene copolymers for
      end use application as foam stabilizers of flexible polyester- or
      polyether-based polyurethane foam.
PAR  In providing the Q-modified Si--H fluids by the one-step reactions of
      equations 3 to 7, standard basecatalyzed equilibration reaction conditions
      are not suitable in view of the base-senstivity of the Si--H groups.
      Therefore, the equilibration reactions of equations 3 to 7 are promoted by
      acid catalysts. Suitable catalysts for this purpose are
      trifluoromethylsulfonic acid (CF.sub.3 SO.sub.3 H) and concentrated (93-98
      weight percent) sulfuric acid. The catalyst is usually employed in a
      concentration of from about 0.1 to about four weight percent, based on the
      total weight of reactants. The acid-catalyzed equilibration reactions are
      usually carried out with vigorous mechanical stirring at temperatures
      within the range from about 20.degree.C. to about 120.degree.C. at least
      until the reaction mixture becomes homogeneous. Effecting the reaction at
      temperatures from about 20.degree. to about 50.degree.C. usually providing
      a satisfactory rate of reaction. After completion of the reaction, the
      reaction product is neutralized with base such as sodium bicarbonate and
      filtered, sometimes adding a liquid hydrocarbon such as xylene or toluene
      or a filter aid to facilitate the filtration. When a diluent is used, it
      is conveniently separated from the reaction product by rotary vacuum
      evaporation.
PAR  In addition to the one-step reactions of equations 3 to 7, the
      cyanoalkoxyalkyl-polyalkylsiloxane hydrides encompassed by general
      Formulas I and I-A may also be prepared in step-wise manner. For example,
      the overall reaction of equation 3 may be effected by the following
      sequence of reactions:
PAC  Equation 3a
      ##EQU18##
PAC  Equation 3b
      ##EQU19##
PAC  Si--H Fluid of Formula I-B
PAL  In view of the fact that Si-H reactant (h) is not used in the reaction of
      equation 3a, it may be effected in the presence of conventional alkaline
      equilibration catalysts useful in the preparation of unmodified
      poly-alkylsiloxanes. Illustrative of such alkaline catalysts are potassium
      silanolate, cesium hydroxide and tetramethyl ammonium silanolate. Such
      promoters are usually employed in concentrations of from about 30 to about
      50 p.p.m., based on the total weight of reactants. The temperature at
      which the base-catalyzed equilibration reaction of equation 3a is carried
      out depends largely on the catalyst employed. Thus, when tetramethyl
      ammonium silanolate is used, suitable reaction temperatures are from about
      75.degree.C. to about 100.degree.C., preferably from about
      80.degree.-90.degree.C. The other alkaline catalysts usually require
      higher temperatures such as at least about 150.degree.C. to about
      200.degree.C. The further reaction of the product of equation 3a to
      introduce the
      ##EQU20##
      units, as shown by equation 3b, is carried out in the presence of an acid
      equilibration catalyst as described with specific reference to the
      reactions of equations 3 to 7.
PAR  A third route to the trialkylsiloxy-endblocked
      cyanoalkoxyalkyl-polyalkylsiloxane hydrides encompassed by Formula I-B
      comprises the use of the monoolefinic cyanoalkyl ethers described above as
      reactant (i), as the source of the cyanoalkoxyalkyl groups, as illustrated
      by the following sequence of reactions wherein allyl 2-cyanoethyl ether is
      shown as the cyano-bearing ether reactant:
PAC  Equation 8a
      ##EQU21##
PAC  Equation 8b
      ##EQU22##
PAC  Equation 8c
      ##EQU23##
      The reaction of equation 8a is effected in the presence of acid
      equilibration catalysts such as trifluoromethylsulfonic acid and sulfuric
      acid, at temperatures usually from 20.degree.C. to about 50.degree.C. The
      reaction of equation 8b is platinum-catalyzed and is effected under the
      hydrosilation conditions described hereinbelow. The reaction of equation
      8c is acid-catalyzed and is carried out under the conditions described
      with reference to equations 3 to 7, employing an acid equilibration
      catalyst. Prior to the further reaction of the intermediate fluid provided
      by equation 8b, it is desirable to separate any unreacted allyl cyanoalkyl
      ether or isomerized derivatives thereof, in order to minimize any tendency
      of such compounds to react with the acid catalyst employed in the reaction
      of equation 8c. It is to be understood that, instead of introducing the
      ##EQU24##
      units in two stages (equations 8a and 8c), such units may be introduced
      during the reaction of equation 8a in a predetermined amount sufficient to
      provide the total desired amount (y'+z') followed by partial reaction of
      the Si-H groups with y' moles of the monoolefinic cyanoalkyl ether
      reactant. This latter embodiment is illustrated by the hydrosilation
      reaction of the following equation 9.
PAC  Equation 9
      ##EQU25##
PAR  With further reference to general Formulas I and I-A, it is evident that
      when t through w are zero and Q is cyanoalkoxyalkoxy, the Si-H fluids have
      the average composition depicted by the following Formula I-E,
      ##EQU26##
      wherein R, c, d, x, y, and z are also as summarized with specific
      reference to Formula I-B. Such Q-modified Si--H fluids are prepared by
      methods which comprise the condensation of silanic hydrogen and hydrogen
      of the HO--C groups of the hydroxyalkyl cyanoalkyl ethers, HO--C.sub.c
      H.sub.2c --O--C.sub.d H.sub.2d --CN, described above as reactant (j), as
      the source of the cyanoalkoxyalkoxy groups. One such method is as
      illustrated by the reaction of the following equation 10.
PAC  Equation 10
      ##EQU27##
      By way of specific illustration, cyanoethoxypropoxy substituted
      polymethylsiloxane hydrides having the average composition:
      ##EQU28##
      are provided by the reaction of the following equation 10a employing
      3-hydroxypropyl 2-cyanoethyl ether as the source of the
      3-(2-cyanoethoxy)propoxy groups:
PAC  Equation 10a
      ##EQU29##
      The reactions of equations 10 and 10a are carried out in the presence of
      metal catalysts, preferably tin carboxylates such as stannous octoate,
      under the condensation conditions described hereinbelow.
PAR  The hydrosilation reactions illustrated by Equations 1, 8b and 9 which
      overall comprise the addition of Si--H to the respective monoolefinic
      groups of the polyether reactant (equation 1) and cyano-substituted
      monoether reaction (equations 8b and 9) are effected in the presence of a
      platinum catalyst. Particularly effective is platinum in the form of
      chloroplatinic acid dissolved, if desired, in a solvent such as
      tetrahydrofuran, ethanol, butanol or mixed solvents such as
      ethanol-ethylene glycol dimethyl ether. It is to be understood, however,
      that other platinum derivatives known to the art as hydrosilation
      catalysts may also be used such as those prepared by the reaction of
      chloroplatinic acid and an alcohol (for example, octyl alcohol) in
      accordance with the method of U.S. Pat. No. 3,220,972. The platinum is
      present in the hydrosilation reaction mixture in a catalytic amount such
      as, for example, from about 5 to about 400 parts by weight per million
      (p.p.m.) parts of the combined weight of the silicon-containing and
      unsaturated reactants. The more usual platinum concentration is from about
      25 to about 300  p.p.m. Suitable reaction temperatures range from about
      room temperature (20.degree.C.) to about 200.degree.C., and are more
      usually from about 60.degree.C. to about 160.degree.C.
PAR  The condensation reactions illustrated by Equations 2, 10 and 10a which
      overall comprise the reaction of silanic hydrogen (Si--H) and hydrogen of
      the --OH groups of the hydroxyl-terminated polyether reactant (equation 2)
      and the hydroxyalkyl cyanoalkyl ether reactant (equations 10 and 10a), are
      promoted by a variety of catalysts such as organic derivatives of tin,
      platinum and other transition metals. Especially suitable are organic
      derivatives of tin such as tin carboxylates which are typically
      illustrated by stannous octoate, stannous oleate, stannous laurate and
      dibutyl tin dilaurate. These catalysts are employed in amounts from about
      0.1 to about 5, and usually no more than about 2, weight percent, based on
      the total weight of the reactants. The Si--H/HO--C condensation reactions
      are effected at temperatures from about 60.degree.C. to about
      150.degree.C., and more usually from about 80.degree.C. to about
      120.degree.C.
PAR  The hydrosilation and condensation reactions are usually carried out
      employing the organic reactants (that is, the polyether and
      cyano-substituted ether) in amounts at least sufficient to react with a
      predetermined proportion of the silicon-bonded hydrogen of the Si--H
      reactant. From the standpoint of more effective and more complete reaction
      of silanic hydrogen, the organic reactants are usually employed in excess
      of stoichiometric requirements. In those reactions wherein the Si--H
      groups are to be completely reacted with only one of the organic reactants
      to form the desired final polymer (equations 1, 2 and 8b), the organic
      reactant may be employed in amounts up to a 100 or more mole percent
      excess. In the case of the polyether reactant, however, usually no more
      than about a 50 mole percent excess is used. On the other hand, when the
      Si--H reactant is partially reacted initially with one of the organic
      reactants as shown, for example, by equations 9, 10 and 10a the organic
      reactants are employed in an amount just sufficient to satisfy the
      predetermined stoichiometric requirements of the desired reaction or only
      a small excess such as up to about 50 (e.g., 20 to 30) mole percent is
      used. With respect to the hydrosilation reactions of equations 8b and 9,
      it is usually desirable to employ the monoolefinic cyanoalkyl ether in
      excess of the desired stoichiometric reaction in view of the tendency of
      such reactants to undergo isomerization and reduction. For example, the
      allyl 2-cyanoethyl ether reactant shown in equations 8b and 9 can undergo
      isomerization and reduction in the presence of Si--H and platinum catalyst
      to form the respective by-products, CH.sub.3 CH=CHOCH.sub.2 CH.sub.2 CN
      and CH.sub.3 CH.sub.2 CH.sub.2 OCH.sub.2 CN.
PAR  The hydrosilation and condensation reactions may be conducted in the
      absence or presence of a solvent. Illustrative solvents are any of the
      following employed individually or in combination with one another: the
      normally liquid aromatic hydrocarbons such as benzene, toluene and xylene;
      alcohols such as n-propanol and isopropanol; ethers; ether alcohols; and
      other such non polar or polar solvents. Upon completion of the respective
      hydrosilation and condensation reactions, any unreacted monoolefinic
      cyanoalkyl (including by-products derived therefrom) or hydroxyalkyl
      cyanoalkyl ether, or any organic solvent employed in the polymer
      preparation, may be removed by conventional separation techniques, to
      obtain the final product comprising the polymer compositions of the
      invention. It is to be understood, however, that some portion or all of
      the solvent and excess reactants including by-products thereof may remain
      in the Q-modified polymer product and that such diluted polymer
      compositions are within the scope and may be used in accordance with the
      teachings of this invention. In the hydrosilation reactions, the removal
      or neutralization of the chloroplatinic acid catalyst is usually desirable
      for long range product stability. Neutralization is readily effected by
      adding sodium bicarbonate to the reaction mixture followed by filtration
      of the resultant slurry to remove the neutralizing agent and platinum
      residues.
PAR  The cyanoalkoxyalkyl- and cyanoalkoxyalkoxy-substituted polyalkylsiloxane
      hydrides of the present invention are normally liquid compositions and, as
      previously described, comprise mixtures of polymer species which differ in
      molecular weight and relative number of monomeric units. Generally, the
      average molecular weight of the Q-modified polyalkylsiloxane hydrides of
      the present invention ranges from about 625 to about 85,000 (as measured
      by Gel Permeation Chromatography using a calibration curve based on
      dimethylsiloxane fluids), and is usually no more than about 50,000. It is
      to be understood that two or more Si--H fluids which have a particular
      average composition encompassed by Formula I may be admixed in suitable
      relative proportions to adjust the average values of x, y and z, as
      desired. For example, a Q-modified Si--H composition wherein y has an
      average value of about 5 may be admixed with about an equimolar proportion
      of another composition wherein y has an average value of about 2 to
      provide a resulting composition wherein y has an average value of about
      3.5. Similarly, an Si--H fluid encompassed by Formula I in which no R
      .sub.2 SiO.sub.2/2 units are present (that is, in which x is zero), may be
      admixed in any relative proportion with a corresponding Si--H fluid in
      which x is one, thereby providing a product in which the average value of
      x is less than one (such as, for example, 0.1, 0.5, etc.).
PAR  The following examples are offered as illustrative of the present invention
      and are not intended as a limitation upon the scope thereof.
PAR  Molecular weights given in the examples for various polymer compositions of
      this invention, were measured by Gel Permeation Chromatography
      (abbreviated in the examples as "G.P.C.") using a calibration curve
      showing the relationship between the respective elution volumes
      established for dimethylsiloxane fluids of different molecular weights and
      the respective known molecular weights of such fluids. In establishing the
      calibration curve, the various dimethylsiloxane fluids were in solution in
      trichloroethylene solvent using styragel packed columns. In measuring the
      molecular weights of the polymers described herein, the elution volume
      observed for any particular polymer product (in trichloroethylene solvent)
      was equated with the corresponding elution volume of the calibration
      curve, and the molecular weight associated with that particular elution
      volume was assigned as the molecular weight of the polymer product. Gel
      Permeation Chromatography as a technique for measuring molecular weight is
      discussed in "Polymer Fractionation" (ed. Manfred J. R. Cantow, Academic
      Press, Inc. New York 1967), pages 123-173, Chapter B4, entitled "Gel
      Permeation Chromatography," by K. H. Altgelt and J. C. Moore. In
      determining the molecular weights given in the examples, the particular
      procedure employed was that described in the article entitled
      "Characterization of Silicones by Gel Permeation Chromatography" by F.
      Rodriguez et al. in I & EC Product and Development, Vol. 5, No. 2, page
      121 (June 1966) using five styragel packed columns (Waters Associates,
      Inc.) having a pore size of 10.sup.3 A.degree., 3 .times. 10.sup.3
      A.degree., 10.sup.4 A.degree., 3 .times. 10.sup.4 A.degree., and 8 .times.
      10.sup.3 A.degree., respectively.
PAR  It is to be understood that in the formulas included in the data which
      follows, "Me" designates a methyl group, --CH.sub.3.
DETD
PAC  EXAMPLE 1
PAC  PREPARATION OF Q-MODIFIED Si--H FLUID I
PAR  In a 500 ml. capacity 3-necked reaction flask fitted with a mantle,
      stirrer, thermometer, addition funnel, condenser and nitrogen valves,
      there were combined 36.7 grams of an equilibrated polymethylsiloxane
      hydride having the average composition, Me.sub.3 SiO[Me(H)SiO].sub.12
      SiMe.sub.3, and 100 ml. of toluene. In the addition funnel were placed
      34.7 grams of allyl 2-cyanoethyl ether, CH.sub.2 =CHCH.sub.2 OCH.sub.2
      CH.sub.2 CN, corresponding to about 10 mole percent in excess of the
      desired stoichiometric reaction which was to react 7/12 of the silanic
      hydrogen of the polymethylsiloxane hydride reactant with the ether. After
      heating the contents of the flask to 95.degree.C., 0.2 ml. of platinum
      catalyst (prepared by reacting chloroplatinic acid with octyl alcohol as
      described in U.S. Pat. No. 3,220,972) was added and the addition of the
      allyl 2-cyanoethyl ether begun. There was a smooth exotherm to
      105.degree.C. with addition being completed in 25 minutes at
      90.degree.-105.degree.C. After an additional 1.5 hours at 90.degree.C.,
      the reaction product was cooled, treated with one weight percent sodium
      bicarbonate and 0.5 weight percent of filter aid (Hyflo Super-Cel) and
      activated charcoal (Darco G-60), followed by pressure filtration and
      vacuum distillation. The distillate (6.7  grams) boiled up to
      37.degree.C./0.7 mm. mercury pressure, and consisted mainly of isomerized
      and reduced derivatives of the allyl 2-cyanoethyl ether reactant. The
      residual liquid product (60.2 grams) had a Brookfield viscosity of 236
      centipoise and an average molecular weight of 2200 as determined by Gel
      Permeation Chromatography (G.P.C.). Upon analysis for Si--H content, the
      product provided 85.8 cc. H.sub.2 /gram. Based upon the aforesaid desired
      stoichiometric reaction, the liquid product which is referred to herein as
      Q-modified Si--H Fluid I, is assigned the following average composition,
      ##EQU30##
PAC  EXAMPLE 2
PAC  PREPARATION OF Q-MODIFIED Si-H FLUID II
PAR  Following substantially the same procedure and applying the hydrosilation
      reaction conditions described under Example 1, 49.4 grams of an
      equilibrated polymethyl-siloxane hydride having the average composition,
      Me.sub.3 SiO[Me.sub.2 SiO].sub.2 [Me(H)SiO].sub.8 SiMe.sub.3, was reacted
      with 22.2 grams of allyl 2-cyanoethyl ether. The desired stoichiometric
      reaction was to react 3/8 of the silanic hydrogen of the Si--H reactant
      with the ether. Work-up of the reaction mixture as described in Example 1
      provided 7.0 grams of distillate, and 57.3 grams of residual liquid
      product. The latter product had a Brookfield viscosity of 55 centipoise
      and an average molecular weight (G.P.C.) of 1480. Upon analysis for Si--H
      content, the product provided 103 cc. H.sub.2 /gram. Based upon the
      aforesaid desired stoichiometric reaction, the liquid product which is
      referred to herein as Q-modified Si--H Fluid II, is assigned the average
      composition,
      ##EQU31##
PAR  The following Examples 3 and 4 demonstrate the usefulness of the Q-modified
      polyalkylsiloxane hydrides of the invention in forming correspondng
      Q-modified poly-alkylsiloxane-polyoxyalkylene block copolymers and the
      effectiveness of such copolymers as stabilizers of poly-ester polyol-based
      urethane foam. The illustrative copolymers are referred to as Surfactants
      A and B and were prepared as described in respective Examples 3 and 4.
PAC  EXAMPLE 3
PAC  PREPARATION OF SURFACTANT A
PAR  In a 200 ml. reaction vessel fitted with a mantle, stirrer, thermometer,
      addition funnel, condenser and nitrogen blow-by, there were combined: 26.1
      grams of above-described Q-modified Si--H Fluid I; 57.0 grams of a
      methyl-capped, allyl alcohol-started polyoxyethylene ether having the
      average composition, CH.sub.2 =CHCH.sub.2 (OC.sub.2 H.sub.4).sub.8 OMe;
      and 60 ml. of toluene. After heating the reaction mixture to 95.degree.C.,
      there was then added 0.3 ml. of platinum catalyst prepared by the reaction
      of chloroplatinic acid and octyl alcohol. After 1.5 hours of heating at
      95.degree.-100.degree.C., residual Si--H remained constant at 0.4 cc.
      H.sub.2 per 0.5 ml. sample. The reaction product was cooled, treated with
      sodium bicarbonate, filter aid and charcoal, and was then pressure
      filtered and vacuum stripped. The liquid reaction product (73.5 grams),
      designated herein as Surfactant A, had a viscosity of 325 centipoise, an
      average molecular weight (G.P.C.) of 3400, and is assigned the average
      composition,
      ##EQU32##
      Surfactant A is an effective stabilizer of flame-retraded, flexible
      polyester polyol urethane foam. By way of illustration, Surfactant A was
      employed as the surfactant or foam stabilizing component of a
      foam-producing reaction mixture, referred to herein as Foam Formulation A,
      the components of which are as identified in the following Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     FOAM FORMULATION A                                                        
            Component     Parts By Weight                                      
     ______________________________________                                    
     Surfactant A         0.35                                                 
     Polyester Polyol (1) 100.0                                                
     N-ethylmorpholine    1.9                                                  
     Hexadecyldimethylamine                                                    
                          0.3                                                  
     Water                3.6                                                  
     Tolylene diisocyanate                                                     
      (Index 105) (2)     45.2                                                 
     Tris(2-chloroethyl)phosphate                                              
                          7.0                                                  
     ______________________________________                                    
      (1) The polyester polyol employed was that marketed as "Wilmar Polyester 
      180" (Wilson-Martin Division of Wilson Pharmaceutical & Chemical         
      Corporation). This polyester polyol has a hydroxyl number of 49-55, a    
      typical viscosity at 25.degree.C. (Brookfield LVF) of 19,000-23,000      
      centipoise and an acid number not greater than 2.0.                      
      (2) This component was a mixture of 2,4-tolylene diisocyanate (80 weight 
      percent) and 2,6-tolylene diisocyanate. Index 105 means that the amount o
      mixture employed was 105 percent of the stoichiometric amount required to
      react with the polyol and water present in the foam formulation.         
PAL  The results of this foam preparation include a foam rise of 5.4 inches, and
      a breathability of 0.7 standard cubic feet per minute (SCFM), as
      determined by the NOPCO breathability test procedure described by R. E.
      Jones and G. Fesman, "Journal of Cellular Plastics" (January, 1965). The
      burning extent and burning time taken to give the specified burning extent
      were also measured in accordance with standard flammability test procedure
      ASTM D-1692-68  except that five test specimens of foam were used instead
      of ten. The results of this test are: burning extent = 1 inch and burning
      time = 26.7 seconds.
PAC  EXAMPLE 4
PAC  PREPARATION OF SURFACTANT B
PAR  The copolymer of this example was prepared and worked-up as described under
      Example 3 employing: 21.7 grams of Q-modified Si--H Fluid II; 57.0 grams
      of the same polyoxyethylene ether; and 60 ml. of toluene. The liquid
      reaction product (71.5 grams), referred to herein as Surfactnat B, had a
      viscosity of 162.5 centipoise, an average molecular weight (G.P.C.) of
      2700, and is assigned the following average composition,
      ##EQU33##
      Surfactant B is also an effective stabilizer of flame-retarded, flexible
      polyester polyol urethane foam. For example, when Surfactant B was
      employed as the foam stabilizing component of Foam Formulation A (Table I)
      in place of Surfactant A, the foam rise and properties were as follows:
      foam rise = 5.5 inches; foam breathability = 0.6 SCFM; burning extent =
      one inch; and burning time = 28.1 seconds.
PAR  In accordance with the following Examples 5 and 6, further illustrative
      Q-modified polyalkylsiloxane hydrides of the invention were prepared by
      the equilibration of reaction mixtures containing the following reactants
      as the source of the indicated units:
PAR  Reactant (1): Hexamethyldisiloxane, Me.sub.3 SiOSiMe.sub.3, as the source
      of the endblocking trimethylsiloxy units, Me.sub.3 SiO.sub.1/2 -- .
PAR  Reactant (2): Cyclic polymers of dimethylsiloxane distilled to provide the
      cyclic tetramer, [Me.sub.2 SiO].sub.4, as a source of the dimethylsiloxy
      units.
PAR  Reactant (3): 3-(2-cyanoethoxy)propylheptamethylcyclotetrasiloxane,
EQU  [(NC-C.sub.2 H.sub.4 O-C.sub.3 H.sub.6 )(Me)SiO][(Me).sub.2 SiO].sub.3
PAL  as the source of the 3-(2-cyanoethoxy)propyl methylsiloxy units and as an
      additional source of the dimethylsiloxy units. Illustrative of the manner
      in which this reactant was prepared is as follows: The cyclic tetramer,
      [(Me).sub.2 SiO].sub.3 [(Me) (Me)(H)SiO], in an amount of 250 grams was
      heated to 60.degree.C. followed by the addition thereto of 0.3 ml. of
      platinum catalyst solution prepared by the reaction of chloroplatinic acid
      with octyl alcohol. Further heating to 90.degree.C. was followed by the
      addition of 97.3 grams of allyl 2-cyanoethyl ether over a period of 15
      minutes. The reaction temperature maintained itself at about
      100.degree.-127.degree.C. The reaction mixture was treated with sodium
      bicarbonate, filter aid and charcoal, and was then filtered and vacuum
      distilled (vacuum stripping is also suitable) to provide the correspondng
      3-(2-cyanoethoxy)propyl-modified cyclic tetramer having a boiling point of
      110.degree.-112.degree.C. at 3.0 mm. mercury pressure.
PAR  Reactant (4): Polymeric methylhydrogensiloxane, as the source of the
      Me(H)SiO.sub.2/2 units.
PAC  EXAMPLE 5
PAC  PREPARATION OF Q-MODIFIED Si-H FLUID III
PAR  A reaction mixture was prepared containing the aforesaid Reactants (1)-(4)
      in the following amounts:
PAR  Reactant (1): 1.14 grams, corresponding to 0.014 mole of the unit, Me.sub.3
      SiO.sub.1/2 ;
PAR  Reactant (2): 15.54 grams, corresponding to 0.21 mole of the unit, Me.sub.2
      SiO.sub.2/2 ;
PAR  Reactant (3): 27.6 grams, corresponding to 0.21 mole of the unit, Me.sub.2
      SiO.sub.2/2, and 0.07 mole of the unit, (NC-C.sub.2 H.sub.4 O-C.sub.3
      H.sub.6) (Me)SiO.sub.2/2 ; and
PAR  Reactant (4): 2.52 grams, corresponding to 0.042 mole of the unit,
      Me(H)SiO.sub.2/2.
PAL  Also added was concentrated (98 percent) sulfuric acid in a total amount of
      about 1.5 grams. The reaction mixture was stirred at room temperature for
      about 22 hours. The equilibrated reaction product was neutralized with
      excess sodium bicarbonate, treated with filter aid (Hyflo Super-Cel) and
      charcoal (Darco G-60), followed by pressure filtration and vacuum
      stripping of toluene which had been added during filtration. The residual
      liquid product (32.7 grams) had a Brookfield viscosity of 270 centipoise
      and an average molecular weight of 8600 as determined by Gel Permeation
      Chromatography (G.P.C.). Upon analysis for Si--H content, the product
      provided 20.2 cc. H.sub.2 /gram. Based upon the proportions of reactants
      employed, normalized to two moles of Me.sub.3 SiO.sub.1/2 endblocking
      units, the average composition of the equilibrated liquid product is
      expressed as follows,
      ##EQU34##
      This product is referred to herein as Q-modified Si-H Fluid III.
PAC  EXAMPLE 6
PAC  PREPARATION OF Q-MODIFIED Si-H FLUID IV
PAR  A reaction mixture was prepared containing the aforesaid Reactants (1)-(4)
      in the following amounts:
PAR  Reactant (1): 0.8 grams, corresponding to about 0.01 mole of the unit,
      Me.sub.3 SiO.sub.1/2 ;
PAR  Reactant (2): 10.4 grams, corresponding to 0.14 mole of the unit, Me.sub.2
      SiO.sub.2/2 ;
PAR  Reactant (3): 27.6 grams, corresponding to 0.21 mole of the unit, Me.sub.2
      SiO.sub.2/2, and 0.07 mole of the unit, (NC-C.sub.2 H.sub.4 O-C.sub.3
      H.sub.6)(Me)SiO.sub.2/2 ; and
PAR  Reactant (4): 2.3 grams, corresponding to about 0.04 mole of the unit,
      Me(H)SiO.sub.2/2. The reaction mixture was stirred at room temperature for
      about 22 hours in the presence of about 1.5 grams of concentrated sulfuric
      acid. The equilibrated product was then neutralized with excess sodium
      bicarbonate, treated with filter aid and charcoal, followed by pressure
      filtration and vacuum stripping of toluene which had been added during
      filtration. The residual liquid product (23.6 grams) had a Brookfield
      viscosity of 400 centipoise and an average molecular weight of 11,000
      (G.P.C.). Upon analysis for Si--H content, the product provided 21.3 cc.
      H.sub.2 /gram. Based upon the proportions of reactants employed,
      normalized to two moles of Me.sub.3 SiO.sub.1/2 endblocking units, the
      average composition of the equilibrated liquid product is as follows,
      ##EQU35##
      This product is referred to herein as Q-modified Si--H Fluid IV.
PAR  The following Examples 7 and 8 demonstrate the usefulness of the Q-modified
      polyalkylsiloxane hydrides of the invention in forming corresponding
      Q-modified polyalkylsiloxane-polyoxyalkylene block copolymers and the
      effectiveness of such copolymers as stabilizers of polyether polyol-based
      urethane foam. The illustrative copolymers are referred to as Surfactants
      C and D and were prepared as described in Examples 7 and 8, respectively.
PAC  EXAMPLE 7
PAC  PREPARATION OF SURFACTANT C
PAR  In a 250 ml. reaction vessel fitted with a mechanical stirrer, thermometer,
      condenser and nitrogen blow-by, there were combined: 20 grams of
      above-described Q-modified Si--H Fluid III; 67.3 grams of a methyl-capped,
      allyl alcohol-started poly(oxyethylene-oxypropylene) ether having the
      average composition, CH.sub.2 =CHCH.sub.2 (OC.sub.2 H.sub.4).sub.24.9
      (OC.sub.3 H.sub.6).sub.25.6 OMe; and 40 grams of toluene. After heating
      the reaction mixture to 84.degree.C., there was then added 0.3 ml. of
      platinum catalyst prepared by the reaction of chloroplatinic acid and
      octyl alcohol as described in U.S. Pat. No. 3,220,972. After about 15
      minutes of heating at 84.degree.-86.degree.C., residual Si--H was less
      than 0.1 cc. H.sub.2 per 0.5 ml. sample. The reaction product was cooled,
      treated with sodium bicarbonate, filter aid and charcoal, and was then
      pressure filtered and vacuum stripped. The liquid reaction product
      designated herein as Surfactant C, had a viscosity of 2100 centipoise, an
      average molecular weight of 25,000 (G.P.C.), and is assigned the following
      average compositio, composition,
      ##EQU36##
      Surfactant C is an effective stabilizer of flame-retarded, flexible
      polyether polyol urethane foam. By way of illustration, Surfactant C was
      employed as the foam stabilizing component of a water-blown,
      foam-producing reaction mixture, referred to herein as Foam Formulation B,
      the components of which are as identified in the following Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     FOAM FORMULATION B                                                        
             Components       Parts By Weight                                  
     ______________________________________                                    
     Polyether Polyol having a Hydroxyl Number                                 
                              100                                              
     of about 46 produced by reacting glycerol,                                
     propylene oxide and ethylene oxide.                                       
     Tolylene Diisocyanate (Index 105) (1)                                     
                              48.4                                             
     Water                    4                                                
     Bis[2-(N,N-dimethylamino)ethyl] ether                                     
                              0.1                                              
     employed as a 70 weight percent                                           
     solution of dipropylene glycol                                            
     Stannous Octoate         0.25                                             
     Tris(2,3-dichloropropyl)phosphate                                         
                              12.5                                             
     Surfactant C             0.6                                              
     ______________________________________                                    
      (1) As identified in footnote (2) of Table I.                            
PAL  Breathability and flammability measurements of the foam product were
      determined by the aforementioned tests. The results are: foam rise = 7.0
      inches; foam breathability = 3.4 SCFM; burning extent = 2.0 inches; and
      burning time =  41.1 seconds.
PAC  EXAMPLE 8
PAC  PREPARATION OF SURFACTANT D
PAR  The copolymer of this example was prepared and worked-up substantially as
      described under Example 7  employing: 15 grams of Q-modified Si-H Fluid
      IV; 53.5 grams of the same poly(oxyethylene-oxypropylene) ether reactant;
      and 40 grams of toluene. The liquid reaction product which is referred to
      herein as Surfactant D, had a viscosity of 2300 centipoise, an average
      molecular weight of 33,000 (G.P.C.), and is assigned the following average
      composition,
      ##EQU37##
      Surfactant D is also an effective stabilizer of flameretarded, flexible
      polyether polyol urethane foam. For example, when Surfactant D was
      employed as the foam stabilizing component of Foam Formulation B (Table
      II) in place of Surfactant C, the foam rise and properties were as
      follows: foam rise = 7.0 inches; foam breathability = 2.6 SCFM; burning
      extent = 1.8 inches; and burning time = 38.3 seconds.
PAR  In the following Examples 9 and 10, further illustrative Q-modified
      polyalkylsiloxane hydrides were prepared by the hydrosilation of allyl
      2-cyanoethyl ether with polymethylsiloxane hydrides having the average
      composition:
      ##EQU38##
      wherein the sum y+z corresponds to the combined number of Y and Z.degree.
      units desired in the final composition for every two moles of M units. The
      respective examples also include data demonstrating the utility of the
      Q-modified products in forming polyoxyalkylene copolymers thereof.
PAC  EXAMPLE 9
PAC  PREPARATION OF Q-MODIFIED Si-H FLUID V
PAR  To a one-liter capacity three-necked flask fitted with a mechanical
      stirrer, water cooled condenser, and source of nitrogen, the following
      reactants and catalyst were added:
PAR  1. Trimethylsiloxy-endblocked dimethylsiloxy trimer, Me.sub.3 SiO(Me.sub.2
      SiO).sub.3 SiMe.sub.3 in an amount of 19.2 grams, corresponding to 0.1
      mole of Me.sub.3 SiO.sub.1/2 and 0.15 mole of Me.sub.2 SiO.sub.2/2 ;
PAR  2. Polymeric methylsiloxy hydride in an amount of 75.0 grams, corresponding
      to 1.25 moles of Me(H)SiO.sub.2/2 ;
PAR  3. Cyclic dimethylsiloxane tetramer in an amount of 210.9 grams,
      corresponding to 2.85 moles of Me.sub.2 SiO.sub.2/2 ; and
PAR  4. Trifluoromethylsulfonic acid catalyst in an amount corresponding to 0.2
      weight percent, based on the total weight of reactants (1)-(3).
PAR  After two hours of stirring under nitrogen, the reaction mixture was
      homogeneous. The equilibration reaction was stirred for an additional five
      hours and was then neutralized with 50 grams of sodium bicarbonate, heated
      to 130.degree.C., sparged with nitrogen, cooled and filtered. Based upon
      the relative proportions of reactants (1)-(3), normalized to two moles of
      Me.sub.3 SiO.sub.1/2, the nominal composition of the resulting liquid
      polymethylsiloxane hydride is, Me.sub.3 SiO[Me.sub.2 SiO].sub.60
      [Me(H)SiO].sub.25 SiMe.sub.3, and the theoretical weight percent of
      Me(H)SiO is 24.58. Analysis of the product for silanic hydrogen provided
      88.09 cc. H.sub.2 /gram, corresponding to a found Me(H)SiO content of 23.6
      weight percent. Based upon the Si-H analysis, the average composition of
      the product is: Me.sub.3 SiO[Me.sub.2 SiO].sub.60 [Me(H)SiO].sub.24
      SiMe.sub.3. This polymethylsiloxane hydride (30.21 grams, 0.119 moles
      Me(H)SiO) was reacted with allyl 2-cyanoethyl ether (10.0 grams, 0.090
      moles) in xylene solvent (50 grams) in the presence of 10 p.p.m. Pt
      catalyst added as chloroplatinic acid at a temperature of 80.degree.C. for
      about one hour. The resultant liquid 3-(2-cyanoethoxy)propyl-modified
      poly-methylsiloxane hydride has the average composition,
      ##EQU39##
      and is referred to herein as Q-modified Si--H Fluid V. This product was
      then combined with a polyether reactant having the average composition,
      MeO(C.sub.3 H.sub.6 O).sub.28.1 (C.sub.2 H.sub.4 O).sub.26.9 CH.sub.2
      CH=CH.sub.2 (110 grams, 0.0381 mole, the stoichiometric amount being 0.029
      moles). The mixture was heated to about 90.degree.C. and while at that
      temperature 10 p.p.m. of Pt catalyst as chloroplatinic acid was added. The
      reaction mixture was heated at 95.degree.C. until essentially complete as
      indicated by a residual Si-H content (standard fermentation tube technique
      involving the use of KOH--C.sub.2 H.sub.5 OH--H.sub.2 O) of 0.2 cc.
      H.sub.2 per 2 ml. sample of product. The reaction mixture was cooled to
      room temperature, neutralized with sodium bicarbonate, filtered and
      stripped of solvent by rotary vacuum evaporation (about
      50.degree.C./5mm.). The liquid reaction product had a Brookfield viscosity
      (at 25.degree.C.) of 1200 centipoise, and is designated herein as
      Surfactant E. Based upon the relative proportions of the equilibrated
      polymethylsiloxane hydride, allyl cyanoethyl ether and stoichiometric
      amount of the polyether reactant, Surfactant E comprises a polymer having
      the average composition,
      ##EQU40##
      Surfactant E is an effective stabilizer of polyether polyolbased urethane
      foam. For example, Surfactant E was employed as the foam stabilizing
      component of Foam Formulation C which is identified in the following Table
      III.
TBL                TABLE III                                                   
     ______________________________________                                    
     FOAM FORMULATION C                                                        
            Component       Parts by Weight                                    
     ______________________________________                                    
     Polyether Polyol having a hydroxyl                                        
                            100                                                
     number of 56 produced by reacting                                         
     glycerol and propylene oxide                                              
     Tolylene Diisocyanate (Index 105) (1)                                     
                            49.73                                              
     Tris(2-chloroethyl)phosphate                                              
                            10                                                 
     Water                  4                                                  
     Bis[2-(N,N-dimethylamino)ethyl] ether                                     
                            0.1                                                
     employed as a 70 weight percent                                           
     solution in dipropylene glycol                                            
     Stannous Octoate       0.35                                               
     Surfactant E           1.0                                                
     ______________________________________                                    
      (1) As defined in footnote (2) of Table I.                               
PAL  The results of this foam preparation are: foam rise = 7.3 inches;
      breathability = 6.1 SCFM; burning extent = 3 inches; and burning time = 48
      seconds.
PAC  EXAMPLE 10
PAC  PREPARATION OF Q-MODIFIED Si-H FLUID VI
PAR  The equilibration reaction and procedure described under Example 9 was
      repeated employing reactants (1) and (2) as well as the
      trifluoromethylsulfonic acid catalyst in the same amounts, and reactant
      (3) in an amount of 173.9 grams corresponding to 2.35 moles of Me.sub.2
      SiO.sub.2/2. Based upon the relative proportions of reactants (1)-(3),
      normalized on the basis of two moles of Me.sub.3 SiO.sub.1/2, the nominal
      average composition of the resulting liquid polymethylsiloxane hydride is,
      Me.sub.3 SiO[Me.sub.2 SiO].sub.50 [Me(H)SiO].sub.25 SiMe.sub.3, and the
      theoretical weight percent of Me(H)SiO is 27.97. Analysis of the product
      for silanic hydrogen provided 100.04 cc. H.sub.2 /gram, corresponding to a
      found Me(H)SiO content of 26.8 weight percent. Based upon the Si-H
      analysis, the average composition of the product is: Me.sub.3 SiO[Me.sub.2
      SiO].sub.50 [Me(H)SiO].sub.24 SiMe.sub.3. This polymethyl-siloxane hydride
      (26.81 grams, 0.1198 moles MeHSiO) was reacted with allyl 2-cyanoethyl
      ether (9.99 grams, 0.0898 moles) in xylene solvent (50 grams) in the
      presence of 10 p.p.m. Pt catalyst and under the hydrosilation reaction
      conditions described under Example 9. The resultant liquid
      3-(2-cyanoethoxy)propyl-modified polymethylsiloxane hydride has the
      average composition,
      ##EQU41##
      and is referred to herein as Q-modified Si-H Fluid VI. This product was
      then combined with the polyether reactant (114 grams, 0.0394 mole)
      described under Example 9, the stoichiometric amount of polyether reactant
      required to react with said Q-modified Si-H Fluid VI being about 0.030
      mole. The platinum-catalyzed hydrosilation of the polyether reactant was
      effected under the reaction conditions described in Example 9, until the
      residual Si-H content of the mixture was 0.3 cc. H.sub.2 /1 cc. of
      product. After being similarly neutralized and stripped of solvent, the
      liquid reaction product had a Brookfield viscosity (at 25.degree.C.) of
      1080 centipoise, and is designated herein as Surfactant F. Based upon the
      relative proportions of the polymethylsiloxane hydride, allyl cyanoethyl
      ether and stoichiometric amount of the polyether reactant, Surfactant F
      comprises a polymer having the average composition,
      ##EQU42##
      Surfactant F is also an effective stabilizer of polyether polyol-based
      urethane foam. For example, when Surfactant F was employed as the foam
      stabilizing component of Foam Formulation C in place of Surfactant E, the
      following results were obtained: foam rise = 7.1 inches; foam
      breathability =  6.0 SCFM; burning extent = 2.4 inches; and burning time =
      40 seconds.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. As a novel composition, a cyano-ether poly-alkylsiloxane hydride which
      comprises monofunctional siloxy units and difunctional siloxy units, an
      average of between about 2 and about 100 silicon-bonded cyano-bearing
      ether groups for every two moles of monofunctional units, said
      cyano-bearing ether groups having the formula, --(O).sub.q R'OR"CN,
      wherein q is zero or one, R' is bivalent alkylene of 3 to 8 carbon atoms
      and R" is bivalent alkylene of 2 to 4 carbon atoms, and an average of
      between about 2 and about 30 silicon-bonded hydrogen atoms for every two
      moles of monofunctional units, said monofunctional units having at least
      two alkyls bonded to the respective silicon atoms thereof and the
      difunctional units having at least one alkyl bonded to the respective
      silicon atoms thereof, the remaining group bonded to silicon of the
      respective monofunctional and difunctional siloxy units being alkyl, said
      cyano-bearing ether group or hydrogen.
NUM  2.
PAR  2. A cyano-ether substituted polyalkylsiloxane hydride having an average
      composition within the formula,
      ##EQU43##
      wherein: R is alkyl having from one to 10 carbon atoms;
PA1  Q is a cyano-bearing ether group having the formula, --(O).sub.q R'OR"CN,
      where q is zero or one, R' is bivalent alkylene having from 3 to 8 carbon
      atoms and R" is bivalent alkylene of 2 to 4 carbon atoms;
PAR  t, u, v, w, the sum t+u and the sum v+w are independently zero or one, and
      each of the sums t+w and u+v is independently zero, one or two;
PA1  x is zero or a positive number having an average value up to about 200;
PA1  y has an average value from about 2 to about 100; and
PA1  z has an average value from about 2 to about 30.
NUM  3.
PAR  3. A composition as defined in claim 2 in which R has from one to four
      carbon atoms.
NUM  4.
PAR  4. A composition as defined in claim 3 in which R is methyl.
NUM  5.
PAR  5. A composition as defined in claim 2 in which q of said cyano-bearing
      ether group is zero.
NUM  6.
PAR  6. A composition as defined in claim 5 in which said cyano-bearing ether
      group is 3-(2-cyanoethoxy)propyl.
NUM  7.
PAR  7. A composition as defined in claim 2 in which q of said cyano-bearing
      ether group is one.
NUM  8.
PAR  8. A composition as defined in claim 7 in which said cyano-bearing ether
      group is 3-(2-cyanoethoxy)propoxy.
NUM  9.
PAR  9. A composition as defined in claim 2 in which each of u and v is one.
NUM  10.
PAR  10. A composition as defined in claim 2 in which each of t and w is one.
NUM  11.
PAR  11. A composition as defined in claim 2 in which each of t, u, v and w is
      zero.
NUM  12.
PAR  12. A composition as defined in claim 2 in which x is zero.
NUM  13.
PAR  13. A composition as defined in claim 2 in which x is a positive number.
NUM  14.
PAR  14. A cyano-ether substituted polyalkylsiloxane hydride having an average
      composition within the formula,
      ##EQU44##
      wherein: R is alkyl having from 1 to 10 carbon atoms; R' is bivalent
      alkylene of from 3 to 8 carbon atoms; R" is bivalent alkylene of from 2 to
      4 carbon atoms; q is zero or one; x is zero or a positive number having an
      average value up to about 200; y has an average value from about 2 to
      about 100; and z has an average value from about 2 to about 30.
NUM  15.
PAR  15. A composition as defined in claim 14 in which R' has from 3 to 4 carbon
      atoms.
NUM  16.
PAR  16. A composition as defined in claim 14 in which R" has two carbon atoms.
NUM  17.
PAR  17. A composition as defined in claim 14 in which --R'OR"--CN is
      3-(2-cyanoethoxy)propyl.
NUM  18.
PAR  18. A composition as defined in claim 14 in which x is zero.
NUM  19.
PAR  19. A composition as defined in claim 14 in which x is a positive number.
NUM  20.
PAR  20. As a novel composition, a cyano-bearing polyalkylsiloxane hydride
      having the average composition,
      ##EQU45##
      wherein: R is alkyl having from one to four carbon atoms; R' is bivalent
      alkylene of 3 to 8 carbon atoms; R" is bivalent alkylene of 2 to 4 carbon
      atoms; q is zero or one; x is zero or a positive number having an average
      value up to about 20; y has an average value from about 2 to about 20; and
      z has an average value from about 2 to about 30.
NUM  21.
PAR  21. A composition as defined in claim 20 in which R is methyl.
NUM  22.
PAR  22. As a novel composition, a cyano-bearing polyalkylsiloxane hydride
      having the average composition,
      ##EQU46##
      wherein: R is alkyl having from one to four carbon atoms; R' is bivalent
      alkylene of from 3 to 8 carbon atoms; R" is bivalent alkylene of from 2 to
      4 carbon atoms; q is zero or one; x has an average value from about 10 to
      about 200; y has an average value from about 2 to about 100; and z has an
      average value from about 2 to about 30.
NUM  23.
PAR  23. A composition as defined in claim 22 in which R is methyl.
NUM  24.
PAR  24. A cyanoethoxypropyl-substituted polymethyl-siloxane hydride having the
      average composition,
      ##EQU47##
      wherein: Me is methyl; x is zero or a positive number having an average
      value up to about 200; y has an average value from about 2 to about 100;
      and z has an average value from about 2 to about 30.
NUM  25.
PAR  25. A composition as defined in claim 24 in which x has an average value no
      more than about 20 and y has an average value no more than about 20.
NUM  26.
PAR  26. A composition as defined in claim 24 in which x has an average value no
      more than about 10, y has an average value no more than about 10, and z
      has an average value no more than about 15.
NUM  27.
PAR  27. A composition as defined in claim 24 in which x has an average value of
      at least about 10.
NUM  28.
PAR  28. A composition as defined in claim 24 in which x has an average value
      from about 20 to about 100, y has an average value from about 3 to about
      30, and z has an average value no more than about 10.
NUM  29.
PAR  29. A cyanoethoxypropoxy-substituted polymethyl-siloxane hydride having the
      average composition,
      ##EQU48##
      wherein: Me is methyl; x is zero or a positive number having an average
      value up to about 200; y has an average value from about 2 to about 100;
      and z has an average value from about 2 to about 30.
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ABST
PAL  Sterospecific synthesis of an attractant for the codling moth by reacting
      sorbic aldehyde with an organo-metallic reagent to yield a 1-ether of
      trans-8-trans-10-dodecadiene-1,7-diol which is reduced via a 7-sulfonic
      acid ester to yield an ether of trans-8-trans-10-dodecadiene-1-ol and
      hydrolyzed to trans-8-trans-10-dodecadien-1-ol.
      ##SPC1##
PARN
PAR  This application is a continuation-in-part of U.S. Ser. No. 164,876, filed
      July 26, 1971 now U.S. Pat. No. 3,818,049, issued June 18, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the synthesis of
      trans-8-trans-10-dodecadien-1-ol, an attractant of the codling moth. This
      moth, Carpocapsa pomenella, is a world-wide pest of apples. The
      identification of this attractant of the codling moth has been reported in
      Chemical & Engineering News, 37, Dec. 21, 1970.
PAR  It is an object of the present invention to provide a synthesis for the
      preparation of trans-8-trans-10-dodecadien-1-ol and key intermediates
      therefor which used readily available starting materials and is economical
      to practice. The compound can be used as an attractant for the monitoring,
      through selective trapping, of insect populations. Population counts thus
      obtained are used in determining the frequency and quantity of spray of
      insecticide or other insect control agents. The compound can also be used
      for the direct control of insect populations as by mass trapping. Other
      objects and advantages will become apparent as the invention is
      hereinafter described in detail.
PAC  SUMMARY OF THE INVENTION
PAR  In the practice of the invention, there is first prepared the C-1 ether of
      trans-8-trans-10-dodecadiene-1,7-diol (III) which may be outlined as
      follows:
      ##SPC2##
PAR  In the above formula, R represents a base stable group such as
      tetrahydropyran-2-yl, tetrahydrofuran-2-yl, t-butyl, benzyl, trityl,
      ethoxyethyl (CH.sub.3 --CH.sub.2 -O-CH(CH.sub.3)--), trimethylsilyl,
      triethylsilyl, triphenylsilyl, diphenylmethylsilyl,
      tert-butyldimethylsilyl, dimethylisopropylsilyl, and the like protective
      groups which are conventionally employed in organo-metallic reactions such
      as Grignard reactions and which are stable under basic reaction
      conditions. X represents chloro or bromo and M represents a metal such as
      lithium, magnesium or zinc.
PAR  The ether (III), a key intermediate, is prepared in accordance with the
      present invention by reacting trans sorbic aldehyde (2,4-hexadien-1-al)
      with an organo-metallic agent.
PAR  As starting materials one may use either 1,6-hexamethylenediol or
      6-halohexan-1-ol, both of which are commercially available. If
      1,6-hexamethylenediol is used it is selectively halogenated to yield
      6-halohexan-1-ol, where the halogen is chlorine or bromine. Selective
      halogenation may be carried out by heating the alcohol with a concentrated
      aqueous halogen acid or with a phosphorus trihalide. The reaction with
      hydrochloric acids catalyzed by the addition of sulfuric acid and may be
      assisted by the addition of zinc chloride. An organic solvent medium inert
      to the reaction such as aliphatic or aromatic hydrocarbons and the like,
      e.g., heptane, pentane, benzene, toluene and the like is used.
PAR  The 6-halohexan-1-ol compound is then reacted with a base stable reagent to
      form a base stable protective group as illustrated in the following
      equation:
      ##EQU1##
PAR  The hydroxyl group of the 6-halohexan-1-ol is protected during the
      subsequent reaction with an organo-metallic reagent by a base stable
      group. Aliphatic alcohols require protective groups of special types which
      can be later cleaved under mild conditions. Methyl ether derivatives often
      used with aromatic alcohols are usually not suitable as protective groups
      for aliphatic alcohols because the more drastic conditions required for
      cleavage lead to secondary changes. Several types of base stable groups
      are suitable, viz. ethers such as tetrahydropyran-2-yl,
      tetrahydrofuran-2-yl, t-butyl, trimethylsilyl, t-butyldimethylsilyl,
      triethylsilyl, triphenylsilyl, diphenylmethylsilyl, and the like.
      Tetrahydropyran-2-yl and tetrahydrofuran-2-yl ethers may be prepared by
      the reaction of the alcohol with dihydropyran and dihydrofuran,
      respectively, under acid catalysis. This preparation has been reported by
      Green, et al., J. Med. Chem. 10, 533 (1967). The t-butyl ether can be
      prepared by treating the alcohol with isobutene in the presence of
      sulfuric acid. These ethers are stable to base, to Grignard reagents, and
      to oxidation, and the original alcohol can be recovered by gentle acid
      hydrolysis. The trimethylsilyl, triethylsilyl, and triphenylsilyl ethers
      may be prepared by the reaction of the alcohol and the corresponding
      chlorosilane in the presence of a nitrogenous catalyst such as ammonia,
      triethylamine, and the like. Alternatively, they may be prepared from the
      alcohol and a corresponding hexahydrocarbon-dichlorosilazane, such as
      hexamethyldichlorosilazane, in the presence of a catalytic amount of
      trihydrocarbonchlorosilane. If ammonia is used as a hydrogen chloride
      acceptor, an inert solvent, such as benzene, is employed and dry ammonia
      is passed through the reaction mixture. It is critical and essential that
      anhydrous conditions be employed since the trialkylsilyl group is readily
      hydrolyzed.
PAR  Alternatively, hexaalkyldisilazane may be added to a cooled
      6-halohexan-1-ol while the reaction mixture is kept below about
      20.degree.C with trialkylchlorosilane as catalyst. A reaction takes place
      with the formation of 6-halohexan-1-oxytrialkylsilane and ammonia. The
      tert-butyldimethylsilyl ethers may be prepared by the reaction of
      dimethyl-tert-butylchlorosilane and the alcohol in the presence of
      imidazole and dimethylformamide using the method described by Corey and
      Venkateswarlu, J. Am. Chem. Soc., 94, 6190 (1972).
PAR  The ethoxyethyl ethers may be prepared by the reaction of the alcohol with
      ethylvinyl ether in the presence of an acid catalyst such as
      dichloroacetic acid using the method of Eaton et al, J. Org. Chem., 37,
      1947 (1972).
PAR  In carrying out the reaction where Q is tetrahydrofuranyl or
      tetrahydropyranyl, the 6-halohexan-1-ol is contacted with dihydrofuran or
      dihydropyran in the presence of a catalytic amount of a strong acid.
      Suitable strong acids include hydrochloric acid, p-toluenesulfonic acid,
      sulfuric acid, methanesulfonic acid, etc. A drop of concentrated acid
      solution or a crystal of solid acid is generally sufficient although as
      much as 2 milliliters have been employed in a successful synthesis. A
      large amount would cause hydrolysis of the heterocyclic ring with
      resultant decrease in yield and, therefore, should be avoided. The exact
      amount of the reactants are not critical but a slight excess of
      dihydrofuran or dihydropyran, generally from 1.1 to 1.5 moles of the
      heterocyclic compound per mole of halo alcohol is considered satisfactory.
      The order of addition may also be varied. The preferred methods are
      hereinafter described.
PAR  6-Halohexan-1-oxytrimethylsilane may be prepared by the addition of an
      equimolar amount of the alcohol in anhydrous benzene to cooled
      trimethylchlorosilane while stirring and passing gaseous ammonia
      therethrough until the odor of ammonia persists. The ammonium chloride
      by-product may be filtered off and the filtrate distilled to recover first
      the solvent and then the 6-halohexan-1-oxytrimethylsilane.
PAR  Further modifications for the preparation of trialkylsilyl derivatives of
      hydroxy compounds which are adaptable to the present process may be seen
      in J. Am. Chem. Soc., 74, 1003 (1952) and J. Am. Chem. Soc., 74, 3024
      (1952).
PAR  The organo-metallic reagent (II) is prepared from 2-[(6-halohexyl)oxy]
      tetrahydropyran or other suitable protective ethers by reaction with a
      reasonably active metal such as lithium, magnesium or zinc. Magnesium, the
      preferred metal, may either be in the form of thin turnings or granules.
      The reaction takes place in an anhydrous ethereal solution. The ethereal
      solution must be absolutely dry as a trace of water may prevent the
      reaction from starting. Suitable ethers include both linear and cyclic
      ethers such as diethyl ether, di-n-butyl ether, tetrahydrofuran, and the
      like.
PAR  The reaction of sorbic aldehyde (II') with the organometallic reagent (II)
      occurs vigorously. The organo-metallic reagent is kept under an inert
      atmosphere such as nitrogen, helium, argon or the like and is cooled to
      about 0.degree. C. A solution of sorbic aldehyde in an organic solvent
      medium inert to the reaction is added dropwise at such a rate that
      refluxing is kept under control or preferably cooling in an ice-bath to
      maintain temperature about 0.degree. C. Suitable solvents include both
      linear and cyclic ethers such as diethyl ether, tetrahydrofuran, and the
      like, hydrocarbons such as pentane, hexane, heptane and the like, and
      methylene chloride. After the sorbic aldehyde solution has been added, the
      reaction mixture is stirred for several hours at about room temperature.
PAR  The organo-metallic complex formed by the reaction of sorbic aldehyde (II')
      and the organo-metallic reagent (II) is decomposed under neutral or basic
      conditions such as by the addition of a saturated ammonium chloride
      solution to yield the alcohol-ether (III). Hydrolysis of the
      organo-metallic complex with saturated ammonium chloride solution
      possesses the advantage that the resulting solution of the alcohol is
      almost neutral. This is important in the instant synthesis since the
      presence of acid could dehydrate the 7-alcohol or prematurely hydrolyze
      the base stable protecting group. As the reaction of the organo-metallic
      complex with saturated ammonium chloride solution may be exothermic it is
      desirable to cool the reaction mixture to room temperature or lower and
      add the saturated ammonium chloride solution slowly with stirring. The
      reaction product (III), a trans-8-trans-10-dodecadien-7-ol ether, is
      isolated by filtering off the precipitate and removing the solvent from
      the filtrate under reduced pressure. Decomposition of the organo-metallic
      complex under neutral or basic conditions can be accomplished using water
      or a dilute or saturated solution of ammonium salts, sodium salts,
      potassium salts, and the like, e.g., dilute aqueous ammonium chloride,
      saturated or dilute aqueous sodium sulfate, dilute aqueous sodium
      hydroxide, dilute aqueous potassium hydroxide, and the like.
PAR  In the practice of the invention there is then prepared the ether (IV) of
      trans-8-trans-10-dodecadien-1-ol which may be outlined as follows:
      ##SPC3##
PAR  In the above formula, R represents a base stable group and A represents an
      alkyl or aryl group such as methyl, toluene or a toluene derivative.
PAR  The ether (IV), a key intermediate, is prepared in accordance with the
      present invention by reacting a trans-8-trans-10-dodecadien-7-ol ether
      with an acid chloride of an alkyl or arylsulfonic acid followed by
      reduction of the resultant sulfonic acid ester. Suitable acid chlorides
      include methanesulfonyl chloride (usually identified by the abbreviation
      mesyl chloride), p-toluenesulfonyl chloride (usually identified by the
      abbreviation tosyl chloride), p-bromotoluenesulfonyl chloride (usually
      identified by the abbreviation brosyl chloride), and the like. The
      sulfonic acid esters thus prepared (V) are usually identified by the
      abbreviations mesylates, tosylates, brosylates, and the like. A facile
      synthesis of mesylates has been reported by Crossland, et al., J. Org.
      Chem. 35, 3195 (1970). Although these sulfonic acid esters can be prepared
      by the reaction of the alcohol with a suitable acid chloride in anhydrous
      pyridine at room temperature or below, the Crossland et al synthesis is
      preferred because it avoids possible side reactions between the sulfonic
      acid esters produced and the solvent, pyridine. The synthesis reported by
      Crossland et al. deviates from the usual procedure by the use of
      triethylamine as a base and methylene chloride, pentane or ether as
      solvent. In the preferred practice of the present invention sulfonic acid
      esters are prepared using triethylamine as a base and either an ether such
      as diethyl ether, dipropyl ether, and the like or a hydrocarbon such as
      pentane, hexane, heptane, and the like, as a solvent.
PAR  The sulfonic acid esters (V) formed in the practice of the present
      invention are very reactive and it is therefore important that the
      reactants and product be well chilled. The temperature of the ester, in
      the preferred practice of the invention, should not be above about
      5.degree. C. A trans-8-trans-10 -dodecadien-7-ol ether (III) is dissolved
      in an anhydrous inert solvent chosen from the solvents discussed above
      under an inert atmosphere such as helium, argon or the like. The solution
      is cooled to 0.degree. to -78.degree.C and triethylamine is added with
      stirring. An aliphatic sulfonic acid chloride such as mesyl chloride is
      added dropwise with stirring. Stirring may be continued for several hours.
PAR  Instead of isolating the sulfonic acid ester it is preferable to prepare
      the ether (IV) by reduction of the sulfonic acid ester (V) in solution.
      Reduction of the sulfonic acid ester (V) completes the reductive
      elimination of the hydroxyl group of the secondary alcohol (III). Sodium
      amalgam is the classical reducing agent, however in the practice of the
      present invention lithium aluminum hydride or sodium bis(2-methoxyethoxy)
      aluminum hydride, trimethoxy lithium aluminum hydride, diethyl aluminum
      hydride, and disobutyl aluminum hydride are preferred. The sulfonic acid
      ester (V) is maintained at a temperature below 0.degree.C and preferably
      about -20.degree.C. Mesylates are quite useful as synthetic intermediates
      in this reaction because the mesylate fragment reduces to methyl
      mercaptan, which is easily removed. An excess of reducing agent is added
      dropwise with stirring. After the reducing agent is added, the reaction
      mixture may be allowed to warm gradually to room temperature with stirring
      to insure complete reaction. Following complete reduction the reaction
      mixture is treated with aqueous ammonium chloride to quench any excess
      reducing agent remaining in the reaction mixture. The product ether (IV)
      is isolated from the reaction mixture as a colorless oil.
PAR  In the final step of the practice of the present invention the ether (IV)
      is hydrolyzed to remove the base stable protective group denoted R in
      compounds (II) and (III). As previously discussed, the base stable
      protective groups can be split under mild conditions. Thus
      ##SPC4##
PAL  the attractant of the codling moth (I) can be recovered by using
      hydrolysing agents and conditions for hydrolysis of the ether (IV) that
      depend upon the nature of the protecting group but, generally, the mildest
      possible conditions are desirable to protect the trans, trans
      stereochemistry. Hydrolyzing agents may be water or dilute aqueous or
      alcoholic solutions of acids, such as p-toluenesulfonic acid, sulfuric
      acid, hydrochloric acid, hydrobromic acid, nitric acid, acetic acid,
      perchloric acid, etc. When the protecting group is a completely organic
      ether or acetal group, from about 0.2 to about 2.5 moles of acid per mole
      of ether may be intimately mixed with the ether coupling product in
      aqueous ethanol or other alcohol or aqueous tetrahydrofuran for from about
      two to four hours at temperatures ranging from 20.degree. to about
      50.degree.C. Under these acidic conditions, it is preferable to employ
      lower temperatures and larger ratio of acid to water alcohol than to use
      elevated temperatures and a smaller amount of acid. When the protecting
      group is a silyl group, such as trimethylsilyl, the protecting group may
      be removed by merely boiling for several minutes with a small amount of
      water with sufficient alcohol to give a homogeneous solution as described
      in J. Am. Chem. Soc., 74, 3024 (1952). In the absence of acid, elevated
      temperatures may be used.
PAR  The tert-butyldimethylsilyl group can be removed by treatment with about 3
      equivalents of tetra-n-butylammonium fluoride in tetrahydrofuran using the
      method of Corey and Venkateswarlu, J. Am. Chem. Soc, 94, 6190 (1972).
DETD
PAR  The following examples are provided to illustrate the present invention.
      All temperatures are in degrees centigrade.
PAC  EXAMPLE 1
PAR  To 25 g. Mg turnings add 1 g. of I.sub.2 and heat to activate. After
      cooling add 750 ml. diethyl ether with stirring.
PAR  To the above prepared solution is added 100 g. of 2-[(6'-chlorohexyl)oxy]
      tetrahydropyran in 125 ml. diethyl ether. Head to gentle reflux and stir
      vigorously until Gilman Test indicates reaction has started. Add another
      100 g. of 2-[(6'-chlorohexyl)oxy] tetrahydropyran in 100 ml.
      tetrahydrofuran with continued refluxing. Stir overnight at room
      temperature to yield the Grignard.
PAC  EXAMPLE 2
PAR  The solution of the Grignard of Example 1 is cooled to 0.degree. under
      nitrogen. To this solution is added a total of 80 g. all-trans sorbic
      aldehyde in tetrahydrofuran dropwise with stirring, maintaining the
      temperature at 0.degree. until the addition is complete. The mixture is
      allowed to rise to room temperature and stand for about 2 hours. Then 150
      ml. of a saturated aqueous ammonium chloride solution is added dropwise
      with stirring while cooling in an ice-bath. A dense white precipitate
      forms and settles to the bottom of the reaction vessel. The reaction
      mixture is decanted and precipitate washed with ether. The filtrate is
      washed with saturated aqueous sodium bicarbonate and dried with calcium
      sulfate, filtered and the solvent is removed under reduced pressure to
      yield 1-(tetrahydropyran-2'-yloxy)-trans-8-trans-10-dodecadien-7-ol.
PAC  EXAMPLE 3
PAR  To a solution of 2 g. of ether of Example 2 in 15 ml. absolute diethyl
      ether under an argon atmosphere coooled to -20.degree., add 1.2 ml.
      triethylamine with stirring. Stir and add 0.60 ml. mesyl chloride dropwise
      at -20.degree.. Allow the reaction mixture to stand at -20.degree. for 2
      hours to yield the 7 mesylate (V).
PAC  EXAMPLE 4
PAR  To the above solution of the 7-mesylate (V) of Example 3, at -20.degree. is
      added 2 ml. of LiAlH.sub.4 in ether (Foote, 3.9M). Allow the reaction
      mixture to rise to room temperature and stir overnight. Add 2 ml. H.sub.2
      O dropwise (care should be taken as hydrogen is evolved) and pour the
      reaction mixture into an aqueous ammonium chloride solution. Extract with
      diethyl ether and wash with H.sub.2 O and NaCl. Dry with CaSo.sub.4 to
      yield 1-(tetrahydropyran-2'-yloxy)-trans-8-trans-10-dodecadiene (IV), a
      colorless oil with an odor of methyl mercaptan, which is purified by thin
      layer or column chromatography (50% ether/hexane) or distillation.
PAC  EXAMPLE 5
PAR  One gram of the ether (IV) of Example 4 is refluxed with 50 ml. methanol,
      10 ml. water and 0.3 g. p-toluenesulfonic acid for 1 hour. Most of the
      methanol is removed under reduced pressure. The reaction mixture is
      extracted with diethyl ether and washed with water and brine and dried
      with calcium sulfate to yield trans-8-trans-10-dodecadien-1-ol (I), an
      oil, which can be purified by distillation, or crystallization at low
      temperature.
PAC  EXAMPLE 6
PAR  To a solution of 127.19 g. of
      1-(tetrahydropyran-2'-yloxy)-trans-8-trans-10-dodecadien-7-ol in 450 ml.
      absolute diethyl ether under a nitrogen atmosphere cooled to -50.degree.
      add 72.1 ml. of triethylamine with stirring. Stir and add 37.2 ml. mesyl
      chloride at -47.degree.. Allow the reaction mixture to warm to -18.degree.
      to yield the respective 7-mesylate.
PAC  EXAMPLE 7
PAR  To a solution of the 7-mesylate of Example 6 at -40.degree. is added
      dropwise 127 ml. of LiAlH.sub.4 (3.9M) in ether. Allow the reaction
      mixture to rise to room temperature and stir overnight. To the reaction
      mixture add 70 ml. of aqueous ammonium chloride solution, taking care as
      hydrogen is intitally evolved. Then 500 ml. dry diethyl ether is added and
      mixture refluxed gently for one-half hour. A granular white precipitate
      forms which is separated and washed with diethyl ether. The filtrate is
      dried with calcium sulfate and concentrated under reduced pressure to
      yield 1-(tetrahydropyran-2'-yloxy)-trans-8-trans-10-dodecadiene.
PAC  EXAMPLE 8
PAR  117 G. of the ether of Example 7 is refluxed with 500 ml. ethanol, 50 ml.
      water and 15 g. of p-toluenesulfonic acid for 3 hours to yield (I) which
      is worked up as in Example 5.
PAC  EXAMPLE 9
PAR  13.8 G. of trimethylchlorosilane and 11.4 g. of 6-bromohexan-1-ol are mixed
      together in 100 ml. of dry benzene and are stirred in an ice-bath while
      anhydrous ammonia is passed therethrough until the odor of ammonia
      persists to obtain 6-bromohexyloxytrimethylsilane, which is worked up by
      filtration, followed by evaporation of the filtrate and distillation in
      vacuo.
PAC  EXAMPLE 10
PAR  To 33 g. of dimethyl-tert-butylchlorosilane in 100 ml. of dimethylformamide
      is added 27 g. of 6-chlorohexan-1-ol and 340 g. of imidazole. The reaction
      mixture is allowed to stand at room temperature for 3 days to yield
      6-chlorohexyloxy-dimethyl-tert-butylsilane, which is worked up by pouring
      into water, extracting with ether, washing with water, drying over calcium
      sulfate, removing the solvent by evaporation and purifying by
      distillation.
PAC  EXAMPLE 11
PAR  Following the procedure of Example 1, the Grignard of 30 g. of
      6-chlorohexyloxydimethyl-tert-butyl silane is prepared.
PAR  A solution of this Grignard is cooled to 0.degree. under nitrogen and 20 g.
      of all trans sorbic aldehyde in tetrahydrofuran is added dropwise, with
      stirring, while the temperature is maintained at 0.degree.. The reaction
      mixture is allowed to warm to room temperature. After standing for 3
      hours, 40 ml. of saturated aqueous ammonium chloride is added dropwise
      with stirring while cooling in an ice-bath. The reaction mixture is worked
      up following the procedure of Example 2 to yield
      1-(dimethyl-tert-butylsilyloxy)-trans-8, trans-10-dodecadien-7-ol.
PAC  EXAMPLE 12
PAR  To a solution of 3 g. of the ether of Example 11 in 30 ml. anhydrous
      pentane under an argon atmosphere cooled to -10.degree. is added 1.5 ml.
      of triethylamine with stirring, follwoed by the dropwise addition of 1.5
      g. of mesyl chloride while the temperature is maintained at -10.degree..
      Standing for 4 hours yield the 7-mesylate (V).
PAR  To this solution, there is added 4 ml. of Red-al.sup.R (70% solution of
      sodium bis(2-methoxyethoxy)aluminum hydride in benzene) at -10.degree..
      The reaction mixture is allowed to warm to room temperature and is stirred
      overnight. Water (3ml.) is added dropwise and the reaction mixture is
      worked up following the procedure of Example 4 to yield
      1-(dimethyl-tert-butylsilyloxy) trans-8,trans- 10-dodecadiene (IV), which
      is purified by distillation.
PAC  EXAMPLE 13
PAR  To a solution of 1 g. of the ether (IV) of Example 12 in 50 ml.
      tetrahydrofuran at room temperature ia added 1.5 g. of
      tetra-n-butylammonium fluoride. The reaction mixture is allowed to stand
      for 1 hour to yield trans-8,trans- 10 dodecadien-1-ol, which is worked up
      by pouring into saturated aqueous ammonium chloride, extracting with
      ether, washing with water, drying over calcium sulfate, removing the
      solvent by evaporation and purifying by recrystallization.
PAR  It is understood that various other modifications will be apparent to and
      can readily be made by those skilled in the art without departing from the
      scope and spirit of this invention. Accordingly, it is not intended that
      the scope of the claims appended hereto be limited to the description set
      forth herein but rather that the claims be construed as encompassing all
      the features of patentable novelty which reside in the present invention
      including all features which would be treated as equivalents thereof by
      those skilled in the art to which the invention pertains.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the following formula:
      ##SPC5##
PAL  wherein R is trimethylsilyl, t-butyldimethylsilyl, triethylsilyl,
      triphenylsilyl, diphenylmethylsily, or dimethylisopropylsilyl, said
      compound having a trans-8,trans-10-isomeric configuration.
NUM  2.
PAR  2. A compound according to claim 1 wherein R is trimethylsilyl or
      t-butyldimethylsilyl.
NUM  3.
PAR  3. The compound according to claim 2 wherein R is trimethylsilyl.
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ABST
PAL  The present invention relates to stable solutions of urea diisocyanates in
      diisocyanates which are free from urea groups which solutions are prepared
      by a process which comprises reacting in the absence of a solvent at a
      temperature from about -20.degree.C to about 80.degree.C an organic
      diisocyanate with a bis-secondary diamine such that the NCO/NH-ratio is
      from 2.5 : 1 to 20 : 1. The solutions of the invention are well-suited for
      use as isocyanate component for the preparation of polyurethane resins by
      the isocyanate polyaddition process.
PARN
PAR  This application is a continuation-in-part of co-pending U.S. Pat.
      application Ser. No. 155,606 filed on June 22, 1971 now abandoned.
BSUM
PAR  Cellular and non-cellular synthetic resins containing urethane groups, of
      the type obtained by reacting polyols with polyisocyanates, are widely
      used, e.g. in the field of insulation, for the production of structural
      elements or for upholstery purposes.
PAR  It is known that the physical properties of many polyurethane resins can be
      advantageously affected by the incorporation of urea groups. In the case
      of foam resins, these urea groups are, in most cases, produced by the
      addition of water to the foam formulation. The resulting isocyanate
      hydrolysis causes 1 mol of gaseous carbon dioxide to be split off per mol
      of water. This method may be disadvantageous in cases where the
      polyurethane foam resin obtained is to be used for insulating purposes. A
      hard foam resin which has been blown up with carbon dioxide has only 50 to
      70% of the heat insulating effect of foam resins whose cells are filled
      with gaseous organic halogen compounds such as
      monofluorotrichlorourethane. The method usually adopted for non-cellular
      polyurethane resins is that a certain amount of diamines or polyamines is
      added to the polyol and the urethane polyaddition reaction is coupled with
      the reaction of amines with isocyanates to produce ureas, or alternatively
      an NCO prepolymer of diols and diisocyanates is crosslinked with amines.
      The amount of polyamine in the formulation is limited by the natural
      activity of amines towards isocyanates.
PAR  Both methods could be circumvented by using for the isocyanate,
      polyaddition isocyanates, which already contain urea-groups. This method
      has hitherto been unsuccessful because both ureas prepared from water and
      diisocyanates and those prepared from the conventional primary diamines
      and polyamines with isocyanates are insoluble in excess monomeric
      isocyanate and working up suspensions by the usual methods of polyurethane
      technology gives rise to difficulties, (when water is reacted with
      2,4-toluylene diisocyanate by the method described in U.S. Pat. No.
      2,757,185, a urea adduct is obtained which immediately precipitates from
      monomeric diisocyanate at room temperature).
PAR  It has now surprisingly been found that adducts of diisocyanates and
      diamines which are soluble in excess monomers can be obtained by reacting
      isocyanates with special amines. The special amines used according to the
      invention are aromatic, araliphatic, aliphatic and cycloaliphatic diamines
      which have only secondary amino groups.
PAR  The present invention, therefore, relates to a stable homogeneous solution
      of urea diisocyanates of the formula
      ##EQU1##
      in diisocyanates of the formula OCN--R'--NCO prepared by a process which
      comprises reacting in the absense of a solvent at a temperature from about
      -20.degree.C to about 80.degree.C an organic diisocyanate of the formula
      OCN--R'--NCO with a diamine of the formula R"--NH--R--NH--R" such that the
      NCO/NH-ratio is from 2,5 : 1 to 20 : 1.
PAR  In these formulae R stands for an aliphatic, cycloaliphatic, aromatic or
      araliphatic hydrocarbon radical having up to 25 carbon atoms, R' stands
      for an aliphatic, cycloaliphatic, aromatic or araliphatic hydrocarbon
      radical having up to 13 carbon atoms and R" stands for an alkyl radical
      having 1 to 4 carbon atoms.
PAR  To prepare the solutions of urea diisocyanates in diisocyanates free from
      urea groups the amines used as starting materials are used in a proportion
      which corresponds to an NCO/NH ratio of 2.5 : 1 to 20 : 1. When preparing
      the solutions according to the invention it is advantageous, especially
      since no inert solvents are present, to add the amines to the isocyanate
      at a temperature which is above the melting point of the amine used. In
      addition, care should be taken to ensure that the upper temperature limit
      of 80.degree.C is not exceeded. This means that the process for preparing
      the solutions according to the invention is carried out at -20.degree.C to
      +80.degree.C and preferably at temperatures in the region of +20.degree.C
      to +70.degree.C.
PAR  As a general rule, the process yields polyisocyanates which contain urea
      groups, in the form of solutions in the polyisocyanate free from urea
      groups which was used as starting material. In cases where diisocyanates
      which have a high vapour pressure are to be converted into physiologically
      harmless urea adducts the excess monomeric diisocyanate may also be
      removed by distillation on a thin layer evaporator.
PAR  The secondary diamines used in the process according to the invention are
      diamines of the formula R"--NH--R--NH--R" wherein R stands for an
      aliphatic, cycloaliphatic, aromatic or araliphatic hydrocarbon radical
      having up to 25 carbon atoms and R" stands for an alkyl radical having 1
      to 4 carbon atoms. The preferred diamines are those of above formula in
      which R stands for an aliphatic hydrocarbon radical having 2 to 6 carbon
      atoms, a cycloaliphatic hydrocarbon radical having 6 to 13 carbon atoms,
      an aromatic hydrocarbon radical having 6 to 13 carbon atoms or an
      araliphatic hydrocarbon radical having 8 carbon atoms. Typical examples
      for suitable diamines are the following:
      N,N'-dimethyl-2,4-toluylenediamine, N,N'-dimethyl-2,6-toluylenediamine,
      N,N'-diethyl-2,4-toluylene diamine, N,N'-dipropyl-2,4-toluylenediamine,
      N,N'-diisopropyl-2,4-toluylenediamine,
      N,N'-diisopropyl-2,6-toluylenediamine, N,N'-dibutyl-2,4-toluylenediamine,
      N,N'-dimethyl-4,4'-diaminodiphenylmethane,
      N,N'-diethyl-4,4'-diaminodiphenylmethane,
      N,N'-dipropyl-4,4'-diaminodiphenylmethane,
      N,N'-diisopropyl-4,4'-diaminodiphenylmethane,
      N,N'-dimethyl-p-phenylenediamine, N,N'-diisopropyl-p-phenylenediamine,
      N,N'-diisopropyl-2,6-diamino-3,5-diethyltoluene,
      N,N'-diisopropyl-2,4-diamino-3,5-diethyl-toluene,
      N,N'-diisopropyl-4,4'-diamino-diphenyl-dimethylmethane,
      N,N'-diisopropyl-4,4'-diaminodiphenyl-dicyclohexylmethane,
      N,N'-dimethylethylenediamine,
PAR  N,N'-diisopropylethylenediamine, N,N'-diisopropylpropylenediamine,
      N,N'-diisopropyl-1,4-diamino-butane, N,N'-diisopropylhexamethylenediamine,
      N,N'-diisobutylhexamethylene diamine,
      N,N'-diisopropyl-diaminomethyl-cyclobutane,
      N,N'-diisopropyltrimethylhexamethtlendiamine,
      N,N'-diisopropyl-4,4-diaminodicyclohexylmethane,
      N,N'-diisopropyl-m-xylylenediamine, N,N'-diisopropyl-p-xylylenediamine,
      N,N'-diisopropyl-3,3,5-trimethyl-5-aminomethyl-cyclohexylamine.
PAR  The polyisocyanates used are those of the general formula OCN--R'--NCO
      wherein R' stands for an aliphatic, cycloaliphatic, aromatic or
      araliphatic hydrocarbon radical having up to 13 carbon atoms. The
      preferred diisocyanates are those of above formula in which R stands for
      an aliphatic hydrocarbon radical having 4-6 carbon atoms, a cycloaliphatic
      hydrocarbon radical having 6-13 carbon atoms, an aromatic hydrocarbon
      radical having 6-13 carbon atoms or an araliphatic hydrocarbon radical
      having 8 carbon atoms.
PAR  Typical examples for suitable diisocyanates are:
      tetramethylenediisocyanate, hexamethylenediisocyanate,
      m-xylylenediisocyanate, p-xylylenediisocyanate, 4,4'-dimethyl-1,3-xylylene
      diisocyanate, cyclohexane-1,4-diisocyanate,
      dicyclohexylmethane-4,4'-diisocyanate,
      3,3,5-trimethyl-5-isocyanatomethyl-cyclohexylisocyanate (= isophorone
      diisocyanate), m-phenylenediisocyanate, p-phenylenediisocyanate,
      1-alkylbenzene-2,4- and -2,6-diisocyanates such as toluylene-2,4-and
      -2,6-diisocyanate, 1-benzylbenzene-2,6-diisocyanate,
      2,6-diethylbenzene-1,4-diisocyanate, diphenylmethane-4,4'-diisocyanate and
      naphthylene-1,5-diisocyanate. The most preferred diisocyanates are
      hexamethylene diisocyanate, 2,4- and 2,6-toluylene diisocyanate and
      4,4'-diisocyanatodiphenylmethane.
PAR  The solutions according to the invention are, as already mentioned above,
      valuable starting materials for the production both of foamed and of
      unfoamed polyurethane resins.
PAR  Especially suitable reactants for the polyisocyanate solutions are
      compounds which contain hydroxyl and/or carboxyl groups, especially for
      the production of foam resins. The polyhydroxyl compounds used generally
      have molecular weights of 100 to 5000, e.g. polyesters, polyethers,
      polythioethers, polyacetals, polycarbonates and polyester amides, all
      containing several hydroxyl groups, of the type already known for the
      production of homogeneous as well as cellular polyurethanes.
PAR  Suitable hydroxyl polyesters are, for example, the wide variety of reaction
      products of polyhydric alcohols with polybasic carboxylic acids used
      industrially. Instead of free carboxylic acids, however, there may also be
      used the corresponding polycarboxylic acid anhydrides or polycarboxylic
      acid esters. The following are mentioned as individual examples of these
      compounds: Succinic acid, adipic acid, sebacic acid, phthalic acid,
      isophthalic acid, phthalic acid anhydride, maleic acid, maleic acid
      anhydride, monomeric, dimeric and trimeric fatty acids, dimethyl
      terephthalate, etc. The following are examples of suitable polyol
      components: Ethylene glycol, propylene glycol-(1,3), butylene glycol-(1,4)
      and -(2,3), glycerol, trimethylolpropane, hexanetriol-(1,2,6),
      butanetriol-(1,2,4)-trimethylolethane, pentaerythritol, mannitol and
      sorbitol, methylglycoside, polyethyleneglycols, polypropylene glycols and
      polybutylene glycols. Polyesters which have terminal carboxyl groups are
      also suitable for the reaction according to the invention with the
      polyisocyanates.
PAR  The hydroxyl polyethers suitable are also of known type and prepared e.g.
      by the polymerisation of epoxides such as ethylene oxide, propylene oxide,
      butylene oxide, styrene oxide or epichlorohydrin, optionally with starting
      components which have reactive hydrogen atoms such as alcohols or amines,
      e.g. glycerol, trimethylolpropane, pentaerythritol, sorbitol, ammonia,
      ethanolamine, ethylenediamine, ethyleneglycol, propanediol, butanediol,
      resorcinol, hydrofuran, 2,2-bis-(p-hydroxyphenyl)-propane,
      bis-(p-hydroxyphenyl)methane, bisN,N-alkyl-toluylenediamine and
      bis-N,N'-alkyl-diamino-diphenylmethane.
PAR  Sucrose polyethers are also suitable. Especially to be mentioned in this
      connection is the capacity of urea modified polyisocyanates to be foamed
      up with hard foam polyethers which have a high ethylene oxide content and
      high OH number. Polyethers of this type have the technological advantages,
      when used, of low viscosity and high activity due to the presence of
      primary OH groups. Polyethers of this type are difficult to foam up with
      unmodified organic polyisocyanates such as toluylenediisocyanate or
      4,4'-diisocyanatodiphenylmethane owing to the low miscibility. When the
      urea polyisocyanates used according to the invention are combined with the
      ethylene oxide polyethers described above, high grade polyurethane foam
      resins are obtained which combine high compression strength and thermal
      stability with excellent toughness.
PAR  Representatives of the polyhydroxyl compounds are described e.g. in
      Saunders--Frisch, Polyurethanes, Chemistry and Technology Volumes I and
      II, Interscience publishers 1962 and 1964 (page 32 et seq. Volume I and
      page 5 and page 198 et seq, Volume II) and in Kunststoff--Handbuch, Volume
      VII, Vieweg-Hochtlen, publishers Carl-Hanser, Munich 966, e.g. on pages 45
      to 71. Epoxy resins, hydrogenation products of ethylene, olefine and
      carbon dioxide copolymers, phenol formaldehyde resins which have been
      reacted with alkylene oxides and urea formaldehyde resins which have been
      reacted with alkylene oxides may also be used. A certain amount of low
      molecular weight polyhydroxyl compounds, e.g. of the type already
      mentioned above and/or chain lengthening agents such as glycols, diamines
      or water, aldimines and ketimines may also be included.
PAR  Foam production itself is carried out by known methods at room temperature
      or elevated temperatures imply by mixing the polyisocyanate combinations
      with the compounds which carry hydroxyl and/or carboxyl groups, optionally
      with the addition of water, catalysts emulsifiers and other additives such
      as flame retarding substances and blowing agents. Mechanical devices are
      advantageously used for this purpose, e.g. those described in French Pat.
      1,074,713.
PAR  Numerous flame retarding substances are known in the art and generally
      contain phosphorus and halogens. Compounds of antimony, bismuth or boron
      may also be used. A survey of known and advantageous flame retarding
      agents may be found in the chapter "Flammhemmende Substanzen", pages
      110-111 of Kunststoff--Handbuch, Volume VII, Polyurethane, by
      Vieweg-Hochtlen, Carl-Hanser-Verlag, Munich 1966. The flame-retarding
      substances are generally added in quantities of 1-20% by weight,
      preferably 1-15% by weight, based on the quantity of polyisocyanate
      combinations used.
PAR  Suitable blowing agents are e.g. alkanes, haloalkanes or low boiling
      solvents generally, e.g. methylene chloride, monofluorotrichloromethane,
      difluorodichloromethane, acetone, methylformamide, etc. Compounds which
      split off gas at elevated temperatures, such as azo compounds or
      diurethanes of bis-semiacetals and 2 mols of formaldehyde and 1 mol of
      ethylene glycol also sonstitute suitable blowing agents.
PAR  Suitable activators include e.g. tertiary amines such as triethylamine,
      dimethylbenzylamine, tetramethylethylene diamine, N-alkylmorpholines,
      endoethylenepiperazine, urotropine, hexahydrotriazines such as
      trimethylhexahydrotriazine, 2,4,6-dimethylaminomethylphenol and organic
      metal salts such as tin(II) acylates, e.g. tin(II) salts of 2-ethylcaproic
      acid, dialkyltin (IV) acylates such as dibutyltin dilaurate or acetyl
      acetonates of heavy metals e.g. of iron.
PAR  Suitable emulsifiers are e.g. oxyethylated phenols, higher sulphonic acids,
      sulphonated castor oil, oxyethylated castor oil, sulphonatted ricinoleic
      acid and ammonium salts of oleic acid. Suitable foam stabilisers are e.g.
      those based on polysiloxane-polyalkylene glycol copolymers or basic
      silicone oils. Other suitable emulsifiers, catalysts and additives are
      mentioned e.g. in Polyurethanes, Chemistry and Technology Volumes I and
      II, Saunders--Frisch, Interscience Publishers, 1962 and 1964.
PAR  The solutions which contain urea diisocyanates should generally be used in
      quantities which are equivalent to the sum of reactive hydrogen atoms
      present, although an excess or subequivalent amount may in some cases be
      used if desired. In the case of the production of foam resins, if water is
      used as blowing agent then an excess of polyisocyanates corresponding to
      the amount of water will be used. Excess amounts of isocyanates may also
      be built into the foam resin in the form of isocyanurate groups, uretdione
      groups and/or carbodiimide groups in the course of the foaming process by
      the addition of trivalent or pentavalent phosphorous compounds such as
      phospholidines, phospholine oxides, tertiary esters, amides or ester
      amides.
PAR  The foam resins obtained from urea diisocyanates are widely used, e.g. in
      the building industry as building panels, sandwich elements, ceiling
      panels or parapet panels, for heat insulation in refrigerators, cold
      storage houses, refrigerator trucks and refrigeration containers, in road
      and railway construction, for the technical insulation of pipes, for the
      insulation of fuel depots, in shipbuilding, as air filters and carbon
      dioxide filters in internal combustion engines and as shock absorbing
      packaging material. The foamable products of the process may be hard,
      semi-hard or flexible and may, therefore, be used as cushion material. The
      process according to the invention may also be used for the production of
      semihard or hard polyurethane resins which are foamed in the mould and
      have a compact surface and cellular core, surprisingly smooth, homogeneous
      and heat resistant outer zones and cellular cores being obtained.
PAR  Diurea diisocyanates obtained from the above mentioned aliphatic,
      cycloaliphatic or araliphatic diamines and light-fast diisocyanates such
      as tetramethylene diisocyanate, hexamethylenediisocyanate, m- and
      p-xylylene diisocyanate and isophorone diisocyanate may be used for the
      production of lacquer coatings, laminates and elastomers which have
      maximum light fastness.
DETD
PAC  EXAMPLES
PAC  Example 1
PAR  672 Parts by weight of hexamethylenediisocyanate are heated to 60.degree.C.
      272 Parts by weight of N,N'-diisopropyl-m-xylylenediamine are introduced
      dropwise into the polymer in the course of 3 hours with vigorous stirring.
      The reaction mixture is cooled and a crude, but homogeneous and clear
      solution which contains about 64% by weight of a diurea diisocyanate which
      has the following formula:
      ##SPC1##
PAL  is obtained. NCO content of the solution: 23.6%. The solution is freed from
      monomeric hexamethylene diisocyanate in a thin layer evaporator at 0.02 mm
      Hg and 80.degree.C. A viscous, lightfast diurea diisocyanate which has an
      NCO value of 14.5% is obtained.
PAR  Whereas the above mentioned crude solution may be used for preparing
      lightfast cellular synthetic resins, the diisocyanate which has been
      purified in the thin layer evaporator may be used for producing lightfast
      lacquer coatings as described below.
PAR  50 Parts by weight of a polyester of 3 mols of phthalic acid and 4 mols of
      trimethylolpropane having a hydroxyl group content of 10.1% are made up
      into a paste with 50 parts by weight of a solvent mixture of equal parts
      of toluene, ethyl acetate butylacetate and glycol monomethylether acetate
      and 53 parts by weight of titanium dioxide (rutile type). A further 90
      parts by weight of the solvent mixture and 1.1 parts by weight of a
      polyvinylmethylether are added to this paste as levelling agent. A
      solution of 86 parts by weight of the diurea diisocyanate which has been
      purified in the thin layer evaporator is now added to the mixture in the
      form of a solution in 50 parts by weight of xylene/ethyl glycol acetate
      (1:1). After application of this lacquer mixture on wood, metal or glass,
      lightfast lacquers are obtained which dry in 8 to 12 hours. By the end of
      3 days, the films have become hardened and resistant to solvents and have
      excellent gloss retention.
PAC  Example 2
PAR  672 Parts by weight of hexamethylenediisocyanate are reacted with 200 parts
      by weight of N,N'-diisopropylhexamethylenediamine under the conditions
      described in Example 1. A crude but homogeneous and clear solution which
      contains about 61% by weight of a diurea diisocyanate of the following
      formula:
      ##EQU2##
      is obtained. NCO content of the solutions: 27.7%. The solution is freed
      from monomer by the method described in Example 1. The NCO content of the
      viscous polyisocyanate is 12.2%.
PAR  A 50% solution of this polyisocyanate in ethyl acetate containing 0.02% by
      weight of tin-II-acetate is applied to glass. The one-component lacquer
      mixture cross links in the course of 24 hours to a lightfast clear lacquer
      of high elasticity good chemical resistance and excellent gloss retention.
PAC  Example 3
PA1  a. 1008 Parts by weight of hexamethylenediisocyanate are reacted with 240
      parts by weight of
      N,N'-diisopropyl-3,3,5-trimethyl-5-aminomethyl-cyclohexylamine under the
      conditions described in Example 1. A crude but homogeneous and clear
      solution containing approximately 46% by weight of a diurea diisocyanate
      which has the following formula
      ##SPC2##
PAL  is obtained. Crude solution A: 32.9% NCO.
PAR  When the quantity of hexamethylene diisocyanate used in this example is
      replaced by 6 mols of isophorone diisocyanate or m- and
      p-xylylenediisocyanate, completely clear crude solutions which are very
      stable in storage are again obtained, these solutions have no tendency to
      separate out insoluble polyurea even when left to stand for several
      months.
PA1  b. This example illustrates the use of diurea diisocyanate prepared in
      Example 3 for the production of rubbery elastic coatings.
PAR  200 Parts by weight of a polyester of adipic acid and ethylene glycol of OH
      number 56 are dehydrated at 120.degree.C and 14 mm Hg and then mixed at
      70.degree.C with 200 parts by weight of methyl ethyl ketone and 25.6 parts
      by weight of the crude solution A of Example 3 (NCO = 32.9%). The mixture
      is heated for 2 hours at 60.degree.C, and after a high increase in the
      viscosity of the solution 100 parts by weight of dimethylformamide are
      added. Polyaddition is then continued to completion in the course of 3
      hours at 70.degree.C. When this solution is painted on a textile fabric or
      wood, a non-tacky coating which has high lightfastness and high elasticity
      is obtained.
PAC  Example 4
PA1  a. 497.11 g of N,N'-dimethyl-4,4'-diamino-diphenylmethane are added
      dropwise to 1928 g of a mixture of 80% of 2,4- and 20% of 2,6-toluylene
      diisocyanate with stirring at 55.degree.C. A stable homogeneous and clear
      liquid isocyanate mixture which contains urea groups and has an NCO
      content of 29.2% and a viscosity of 980 cP/25.degree.C is obtained.
PA1  b. A mixture of 100 g of a propylene oxide polyether of OH number 470 which
      has been started on sorbitol, 1.5 g of endoethylenepiperazine, 1 g of
      silicone stabiliser (SF 1109 of General Electric) and 40 g of
      monofluorotrichloromethane is vigorously stirred up with 120 g of the
      isocyanate described under 4a). A hard PUR foam which has the following
      mechanical properties is obtained:
TBL  Unit weight:         27 kg/m.sup.3                                        
     Compression strength:                                                     
                          2.0 kg wt/cm.sup.2                                   
     Resistance to bending at                                                  
      elevated temperature                                                     
                          130.degree.C.                                        
PA1  c. A mixture of 100 g of an ethylene oxide polyether of OH number 510 which
      was started on trimethylolpropane and sucrose (ratio approximately 1:1), 1
      g of silicon stabiliser (SF 1109 of General Electric), 0.3 g of
      endoethylene piperazine and 40 g of monofluorotrichloromethane is
      intensively stirred together with 130 g of the polyisocyanate described
      under 4a). A hard PUR foam which has the following mechanical properties
      is obtained:
TBL  Unit weight:         28 kg/m.sup.3                                        
     Compression strength:                                                     
                          2.1 kg wt/cm.sup.2                                   
     Resistance to bending at                                                  
      elevated temperature:                                                    
                          136.degree.C.                                        
PAC  Example 5
PA1  a. 94 g of N,N'-diethyl-diamino-diphenylmethane are added dropwise at room
      temperature to 1918 g of crude 4,4'-diisocyanatodiphenylmethane. A
      homogeneous clear liquid polyisocyanate mixture which contains urea groups
      and has an NCO content of 27 % and a viscosity of 1923 cP (at 25.degree.C)
      is obtained.
PA1  b. A mixture of 100 g of a propylene oxide polyether of OH number 370 which
      was started on sucrose, 1 g of endoethylenepiperazine, 0.5 g of water, 1 g
      of silicon stabiliser (SF 1109 of General Electric) and 40 g of
      monofluorotrichloromethane is intensively stirred together with 117 g of
      the polyisocyanate prepared under 5a). A hard PUR foam which has the
      following mechanical properties is obtained:
TBL  Unit weight:         33 kg/m.sup.3                                        
     Compression strength:                                                     
                          2.7 kg wt/cm.sup.2                                   
     Resistance to bending at                                                  
      elevated temperature                                                     
                          140.degree.C.                                        
PAC  Example 6
PAR  268 G of a mixture of 80% of 2,4- and 20% of 2,6-toluylene diisocyanate are
      reacted with 65:25 g of
      N,N'-diethyl-4,4'-diamino-2,2'-dimethyl-diphenylmethane as described under
      Example 4a). A homogeneous clear liquid mixture containing urea
      diisocyanate is obtained which has an NCO content of 32.2 % and a
      viscosity of 66.3 cP (at 25.degree.C).
PAC  Example 7
PAR  282 G of 2,4-toluylene diisocyanate are reacted with 65.2 g of
      N,N'-dimethyl-p,p'-diamino-diphenyl-2,2-propane as in Example 4a). A
      homogeneous clear liquid mixture containing ureas diisocyanate is obtained
      which has a NCO content of 32.8 % and a viscosity of 52.6 cP (at
      25.degree.C).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stable homogeneous clear solution of an urea diisocyanate of the
      general formula
      ##EQU3##
      in a diisocyanate of the formula OCN--R'--NCO wherein R is an aliphatic,
      cycloaliphatic, aromatic or araliphatic hydrocarbon radical having up to
      25 carbon atoms, R' is an aliphatic, cycloaliphatic, aromatic or
      araliphatic hydrocarbon radical having up to 13 carbon atoms and R" is an
      aliphatic hydrocarbon radical having 1 to 4 carbon atoms prepared by a
      process which comprises reacting in the absense of a solvent at a
      temperature from about -20.degree.C to about 80.degree.C an organic
      diisocyanate of the formula OCN--R'--NCO with a diamine of the formula
      R"--NH--R--NH--R" such that the NCO/NH ratio is from 2.5 : 1 to 20 : 1.
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ABST
PAL  An improved process for the preparation of isocyanate group containing
      telomers of reduced viscosity by conducting the telomerization of an
      ethylenically unsaturated monomer with an organic isocyanate in the
      presence of an organic compound containing at least one sulfhydryl group.
BSUM
PAR  This invention relates to a process for the preparation of telomers which
      contain isocyanate groups and to the telomers obtainable by this process.
PAR  Telomers which are synthesized from a telogen consisting of mono- and
      polyisocyanates which still contain at least one hydrogen atom, preferably
      in the .alpha.-position to the NCO-group, or which contain alkyl or
      alkylene groups attached to aromatic rings and from a taxogen consisting
      of one or more olefinically unsaturated compounds have already been
      described in U.S. Pat. No. 3,654,106. The isocyanate group-containing
      telomers prepared according to this patent have, however, the disadvantage
      of a very irregular molecular weight distribution. Owing to their
      relatively high molecular weight portions, the products obtained by the
      process of the patent and their solutions have viscosities which are too
      high for many purposes.
PAR  It has now been found that this disadvantage can, to a large extent, be
      overcome by carrying out the telomerization in the presence of organic
      compounds which contain at least one sulfhydryl group.
PAR  Although it is known that products which have a low molecular weight are
      obtained when the radical polymerization of olefinically unsaturated
      monomers is carried out in the presence of mercaptans, it was to be
      assumed that since mercaptans react with isocyanate groups to form
      thiourethanes, the thiol groups would be in practice completely blocked
      because of the large number of isocyanate groups present in the reaction
      mixture as well as the high reaction temperatures which frequently occur,
      and would, therefore, no longer be available for chain transfer. It was,
      therefore, extremely surprising that organic compounds which contain
      sulfhydryl groups would have a pronounced regulating action in the
      presence of such a large isocyanate excess, especially if the reaction
      were carried out for several hours at a temperature above 100.degree.C.
PAR  This invention, therefore, relates to a process for the preparation of
      telomers which contain isocyanate groups by the telomerization of
      ethylenically unsaturated monomers, using organic mono- and/or
      polyisocyanates as telogen in the presence of heat and/or high-energy
      radiation and/or chemical radical-forming agents, which process is
      characterized in that the telomerization is carried out in the presence of
      an organic compound which contains at least one sulfhydryl group.
PAR  The invention also relates to telomers obtainable by this process.
PAR  In principle, any organic compound which contains at least one sulfhydryl
      group is suitable for the process according to the invention. Illustrative
      of this type material are compounds of the general formula
EQU  R--SH
PAL  in which R represents a C.sub.1 - C.sub.18 alkyl group, a C.sub.2 -
      C.sub.18 alkenyl group, a C.sub.4 - C.sub.15 cycloalkyl group, a C.sub.4 -
      C.sub.15 cycloalkenyl group, a C.sub.6 - C.sub.15 aryl group, a C.sub.7 -
      C.sub.15 aralkyl group or a heterocyclic group which, in addition to 2-10
      carbon atoms, contains 1-3 nitrogen atoms and/or 1--3 oxygen atoms and/or
      1-3 sulphur atoms and wherein R can also contain halogen, hydroxyl,
      carboxyl, ether, ester, alkoxysilane, thioether or sulfhydryl groups as
      substituents.
PAR  Polyethers, polythioethers or polyesters which contain sulfhydryl groups
      are also suitable sulfhydryl compounds for the process according to the
      invention.
PAR  Examples of sulfhydryl compounds suitable for the process according to the
      invention are described in Houben-Weyl, "Methoden der Organischen Chemie",
      Thieme-Verlag Stuttgart, XIV, 1 (1963), pages 66 et seq and 321 et seq.
      The following are examples: n-butyl mercaptan, tert.-butyl mercaptan,
      n-amyl mercaptan, n-dodecyl mercaptan, tert.-dodecyl mercaptan, hexadecyl
      mercaptan, propane-2-thiol, pentadecane-8-thiol, 1-mercaptomethyl
      naphthalene, tert.-methanethiols, 3-ethoxypropanethiol, ethanedithiol,
      .beta.-(ethylthio)-ethyl mercaptans, trimethylenedithiol,
      decane-1,10-dithiol, cyclohexyl mercaptan, cyclohexenyl mercaptan,
      mercaptobenzothiazole, thioglycollic acid, ethylthioglycolate,
      .beta.-mercaptopropionic acid, .gamma.-mercaptopropyl trimethoxysilane,
      2-mercaptoethanol, 1-mercapto-2-hydroxypropane,
      2-mercapto-1-hydroxypropane, 1-mercapto-2-hydroxy-n-butane,
      2-mercapto-3-hydroxy-n-butane, 1 -mercapto-4-hydroxy-n-butane and
      1-mercapto-4-hydroxy-n-butene.
PAR  Compounds which contain in addition to the mercapto group a substituent
      which is reactive with NCO-groups are particularly advantageous regulating
      agents. The following are examples of such compounds: thioglycollic acid,
      .beta.-mercaptopropionic acid, 2-mercaptoethanol,
      1-mercapto-2-hydroxypropane, 2-mercapto-1-hydroxypropane, 1-mercapto-2
      -hydroxy-n-butane, 2-mercapto-3-hydroxy-n-butane,
      1-mercapto-4-hydroxy-n-butane and 1-mercapto-4-hydroxy-n-butene. They
      increase the yield of the grafting reaction, as represented e.g. in an
      idealized form in the following equations. By yield of grafting reaction
      is meant the ratio of vinyl monomers bound in the form of a telomer to the
      total quantity of vinyl monomers which are polymerized in the course of
      telomerization. In the reaction scheme below, R.sub.1 represents a
      hydrocarbon radical which preferably contains additional isocyanate groups
      and R.sub.2 represents a hydrocarbon radical, for example of a mercapto
      alcohol.
      ##EQU1##
PAR  In the above equations X. represents any radical formed during the
      reaction, while M represents the vinyl monomer. The sequence in which
      reactions (2) and (5-7) take place can also be reversed.
PAR  The telogens used in the proces according to the invention are preferably
      those mono- or polyisocyanates which contain an aliphatically bound
      hydrogen atom in the .alpha.-position to at least one NCO-group, but the
      process according to the invention can also be carried out with aromatic
      polyisocyanates which can, for example, carry alkyl substituents on the
      aromatic ring. The preferred mono- or polyisocyanates used for the process
      according to the invention are those of the general formula
EQU  Q(NCO).sub.n
PAL  in which
PA0  n represents an integer of from 1 to 4, preferably 2 or 3, and
PA0  Q represents an aliphatic hydrocarbon radical containing from 1-18 carbon
      atoms, a cycloaliphatic hydrocarbon radical containing from 4-15 carbon
      atoms or an araliphatic hydrocarbon radical containing from 7-15 carbon
      atoms, which radicals can consist of several segments which can be linked
      together, for example by ester, urethane, urea, allophanate, uretdione,
      biuret or isocyanurate groups.
PAR  The following are examples of suitable mono- or polyisocyanates for the
      process according to the invention: hexyl isocyanate, dodecyl isocyanate,
      stearyl isocyanate, tetramethylene-1,4-diisocyanate,
      pentamethylene-1,5-diisocyanate, hexamethylene-1,6-diisocyanate, 2,2,4-
      and 2,4,4-trimethyl-1,6-diisocyanatohexane,
      dodecamethylene-1,12-diisocyanate, 2,3-diisocyanatocaproic acid methyl
      ester, 1,2-diisocyanatocyclobutane, dicyclohexyl-4,4'-diisocyanate,
      dicyclohexylmethane-4,4'-diisocyanate, p- and m-xylylene diisocyanate,
      1-methyl-2,4-diisocyanato-cyclohexane,
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane, dimeryl
      diisocyanate as well as any dimers with uretdione groups or trimers with
      isocyanurate groups formed from these isocyanates. Triisocyanates are also
      suitable, e.g. allophanate triisocyanates as well as biuret triisocyanates
      which can be prepared from the above mentioned diisocyanates, e.g.
      according to U.S. Pat. No. 3,124,605, and addition products of the above
      mentioned diisocyanates with difunctional and/or polyfunctional alcohols,
      amines or carboxylic acids and mercaptans, e.g. the addition products of 2
      mols of diisocyanate and 1 mol of ethylene glycol, propane-1,2-diol,
      2,2-dimethylpropane-1,3-diol, butane-1,3-diol, butane-1,4-diol,
      2-ethylhexane-1,3-diol, N-methyl diethanolamine, N-methyl dipropanolamine,
      2-methylaminoethanol, 3-ethoxy propylamine, cyclohexylamine,
      N-(2-hydroxyethyl)-cyclohexylamine or  1-cyclohexylaminopropanol-(2) and
      the addition products of 3 mols of diisocyanate and 1 mol of
      trimethylolpropane or glycerol.
PAR  The addition products of the above mentioned diisocyanates and
      triisocyanates with higher molecular weight polyols, polyamines and
      polycarboxylic acids such as polyester polyols, polyether polyols,
      aminofunctional polymers and polymers which contain hydroxyl and/or
      carboxyl groups can also be used, in which case at least 0.8 mols of
      polyisocyanate is used per gram equivalent of the functional groups.
PAR  Polymers and copolymers of the above mentioned diisocyanates with aromatic
      diisocyanates are also suitable, e.g. those which contain about 40% of
      hexamethylene-1,6-diisocyanate and about 60% of
      1-methylbenzene-2,4-diisocyanate, i.e. polyisocyanates which contain
      isocyanurate rings. The polyisocyanates which can be prepared according to
      U.S. Pat. No. 3,647,848 are also suitable telogens.
PAR  As already described above, aromatic polyisocyanates which contain alkyl
      substituents can also be used for the process according to the invention.
      2,4- and 2,6-diisocyanato-toluene and mixtures of these isomers,
      triisopropylbenzene diisocyanates and 4,4'-diisocyanatodiphenylmethane,
      etc. are examples of such polyisocyanates. Modification products of the
      aromatic polyisocyanates of the type described above can also be used for
      the process according to the invention. Isocyanates which contain blocked
      isocyanate groups can also be used. By blocked isocyanates are meant the
      known reaction products of isocyanates, e.g. with phenol, caprolactam,
      oximes, etc. Pure aromatic polyisocyanates, e.g. phenylene diisocyanates
      or naphthylene-1,5-diisocyanate, can be used in the process according to
      the invention either as mixtures with the above mentioned isocyanates
      which contain aliphatic groups or on their own. If used on their own,
      however, it is advisable to use regulating agents which in addition to a
      sulfhydryl group also contain a group which is reactive with NCO-groups.
PAR  In many cases in which removal of the monomeric isocyanates is not
      necessary in view of the application for which the products are intended,
      the process according to the invention can also advantageously be carried
      out with polyisocyanates which are in the process of formation. Thus, for
      example, the preparation of N,N',N"-tris-(isocyanatohexyl)-biuret and
      other biurets from polyfunctional isocyanates and suitable polyamines or
      the preparation of addition products of 2 or 3 mols of a bifunctional
      diisocyanate and 1 mol of a bifunctional or trifunctional polyol or the
      polymerization of polyisocyanates to isocyanurates can be coupled
      according to the invention with the preparation of telomers by reacting
      the olefinically unsaturated compounds with the polyisocyanates which are
      in the process of formation in the presence of radical-forming agents and
      mercaptans. Similarly, the preparation e.g. of biuret polyisocyanates from
      aliphatic, cycloaliphatic or araliphatic diisocyanates and tert. butanol
      can be coupled with the process according to the invention, the biuret
      polyisocyanate which are in the process of formation then functioning as
      telogens in the polymerization reaction.
PAR  Diisocyanates or triisocyanates are preferably used as telogens for the
      process according to the invention.
PAR  Preparation of the products can, of course, be carried out with solutions
      of the mono- and polyisocyanates in inert organic solvents such as
      benzene, toluene, xylene, chlorobenzene, benzonitrile, nitrobenzene,
      dichlorobenzene commercial mixtures of aromatic solvents generally boiling
      from about 150.degree.C to about 200.degree.C., ethyl acetate, ethyl
      glycol acetate or butyl acetate.
PAR  Any olefinically unsaturated compound which is capable of radical
      polymerization can be used as taxogen for the process of the invention.
      The following are mentioned as examples: ethylene, vinyl acetate, vinyl
      propionate, vinyl butyrate, methyl acrylate, ethyl acrylate, butyl
      acrylate, methyl methacrylate, vinyl chloride, vinylidene chloride,
      acrylonitrile, vinyl toluene, .alpha.-methyl styrene, 2-chlorobutadiene,
      2,3-dichlorobutadiene, butadiene, isoprene, methyl vinyl ketone, methyl
      isopropenyl ketone, N-vinyl pyrrolidone and methyl vinyl sulphone.
PAR  Acrylic acid esters, methacrylic acid esters, vinyl chloride, styrene,
      chlorobutadiene, 2,3-dichlorobutadiene and vinyl esters are particularly
      suitable.
PAR  Suitable pairs of monomers or ternary monomeric systems which are capable
      of copolymerization can, of course, be used for the invention. The
      following are examples of particularly suitable systems: styrene/methyl
      acrylate, styrene/butyl acrylate, styrene/methyl methacrylate,
      styrene/acrylonitrile, methyl acrylate/styrene, ethylene/vinyl acetate,
      vinyl chloride/vinyl acetate, methyl acrylate/2-chlorobutadiene,
      styrene/maleic acid anhydride and esters.
PAR  Ternary comonomer mixtures can also be used for the process of the
      invention, e.g. styrene/methyl methacrylate/vinylidene chloride,
      styrene/acrylonitrile/vinylidene chloride and styrene/methyl
      methacrylate/acrylonitrile.
PAR  According to a particular advantageous method of carrying out the process
      of the invention, proportions from about 0.1 to about 15 mol% and
      preferably from about 0.5 to about 10 mol%, based on the total quantity of
      taxogens, of olefinically unsaturated monomers which contain reactive
      groups, preferably OH--, NH.sub.2 --, COOH--, NCO-- or epoxy groups, can
      be built into the telomers. The incorporation of vinyl isocyanate,
      .beta.-isocyanatoethyl methacrylate or allyl isocyanate has the effect,
      for example, of increasing the NCO functionality of the products. The
      following are examples of copolymerizable monomers which contain OH- or
      COOH-groups: .beta.-hydroxyethyl methacrylate, .beta.-hydroxypropyl
      methacrylate, .beta.-hydroxypropyl acrylate, acrylic acid, acrylamide and
      methacrylamide. A certain quantity, generally up to about 15 mol%, of
      acrylamide- or methacrylamide-N-methylolmethylether or the reaction
      products of methoxymethyl isocyanate and .beta.-hydroxyalkyl acrylates or
      .beta.-hydroxyalkyl methacrylates may also be added. When using such
      aliphatic, araliphatic and cycloaliphatic isocyanates whose NCO-groups are
      relatively inert to tert. bases, it is permissible to add monomers which
      contain basic groups, such as N-(3-dimethylaminopropyl)-acrylamide or
      methacrylic acid N,N-dimethyl hydrazide. Polymerizable monomers which
      contain epoxy groups, e.g. the glycidyl esters of acrylic and methacrylic
      acid, may also be included.
PAR  Particularly suitable radical-forming agents for the process according to
      the invention are those organic nitrogen compounds which tend to undergo
      radical decomposition because the use of these compounds results in
      telomers with maximum color fastness. The following are examples of such
      nitrogen compounds: .alpha.,.alpha.'-azoisobutyric acid dinitrile,
      .alpha.,.alpha.'-azoisobutyric acid dimethyl ester and
      .alpha.,.alpha.,'-azo- (.alpha.,.gamma.-dimethyl)-valeric acid dinitrile.
      Acyl peroxides such as benzoyl peroxide and lauryl peroxide or alkyl
      hydroperoxides such as tert. butyl hydroperoxide, cumene hydroperoxide and
      1,1'-dihydroxy-dicyclohexylperoxide can also be used.
PAR  The radical-forming agents are generally used in quantities of between
      about 0.05 and about 6% by weight, preferably at least about 0.3 and less
      than about 3% by weight, based on the quantity of monomers.
PAR  Monomers such as styrene which are readily polymerized by heat and/or
      high-energy radiation will react in accordance with the invention even
      without the addition of radical-forming agents.
PAR  The process according to the invention can also be carried out with
      photochemical stimulation but it is generally preferable to work with
      radical-forming agents and optionally to use UV-light in addition, if
      desired in combination with photosensitizers such as cerium-(IV) salts,
      uranyl acetyl, benzoin derivatives or Michlers ketone, etc. Increased
      conversion of the vinyl monomers by about 5 to 15% is often achieved by
      this combined process.
PAR  To carry out the process according to the invention, the olefinically
      unsaturated monomers are reacted with the mono- or polyisocyanates in the
      presence of compounds which contain sulfhydryl groups and radical-forming
      agents and/or with application of heat and/or high-energy radiation at
      temperatures of between about 15.degree. and about 250.degree.C,
      preferably at least about 30.degree. and especially at least about
      50.degree.. It is also preferred to employ temperatures of less than about
      200.degree.C and especially less than about 150.degree.C. Pressures can be
      from 0 to about 300 atmospheres.
PAR  The process is generally carried out at elevated temperature although
      temperatures about room temperature can be employed in special cases and
      if, for example, it is not necessary to obtain maximum yields.
PAR  The process according to the invention can be carried out both with and
      without solvents. The molar ratios of telogen to taxogen employed
      according to the invention are not critical and can vary within wide
      limits, e.g. between about 20:1 and 1:50.
PAR  According to one embodiment of the process, for example, the mono- or
      polyisocyanate and regulating agent and the ethylenically unsaturated
      polymerizable monomer are brought together without a solvent. A large
      excess of the telogen is used at the beginning of the reaction, e.g. about
      3 to 8 mols, preferably 4 to 5 mols per 0.1 mol of taxogen, so that at the
      end of telomerization 1 to 6 mols of telogen and preferably 3 to 4 mols
      are still present and the telomer is dissolved at a concentration of 50 to
      60% by weight in the excess telogen. Completely uncross-linked, readily
      soluble mono- or polyisocyanates are thereby obtained which can easily be
      freed from monomeric isocyanates which have not taken part in the
      telomerization reaction by evaporation in a thin-layer evaporator or by
      extraction with organic solvents or by column chromatography.
PAR  If it is desired to obtain higher molecular weight telomers containing
      NCO-groups as reaction products, the concentration of telogen should be
      reduced, e.g. only 0.2 to 1 mol of telogen is in that case used per 10 to
      50 mols of taxogen. In that case, it is advantageous to carry out the
      reaction in inert solvents such as benzene, toluene, xylene, ethyl glycol
      ether acetate, chlorobenzene, o-dichlorobenzene, benzonitrile or
      nitrobenzene.
PAR  According to one special variation of the process which is particularly
      advantageous, if the ratio by weight of taxogen to telogen in the reaction
      product is about 1:1 or higher than 1:1 the regulating agent used
      according to the invention can be introduced dropwise or portionwise as a
      solution in the taxogen into the reaction vessel during the telomerization
      reaction.
PAR  One method of carrying out the process according to the invention which is
      frequently chosen and which is particularly advantageous enables the
      NCO-functionality of the telomers to be increased, as already mentioned
      above, as well as adding NCO-groups to all the homopolymer portions which
      are free from NCO-groups. This is achieved by adding small proportions of
      comonomers which contain functional groups, e.g. vinyl monomers which
      contain NCO-, hydroxy-, amide-, N-methylolalkyl ether or acid groups when
      carrying out the telomerization reaction. Telomers with increased
      NCO-functionality are thereby obtainable because the aforesaid functional
      groups react with the polyisocyanate telogens which in this embodiment of
      the process are preferably used in large excess, so that for example one
      NCO-functional derivative is obtained for each OH--, NH.sub.2 -, COOH-- or
      other functional group which has been built in. It is particularly worth
      noting that this variation of the process can be used for obtaining
      polyisocyanate telomers with a high functionality which are readily
      soluble and very fluid in the thin layer evaporator so that they can be
      freed from monomeric telogens without undergoing cross-linking.
PAR  In all the variations of the process of the invention described above, the
      sulfhydryl compounds used as regulating agents according to the invention
      are added in quantities of from about 0.01 to about 10% by weight,
      preferably from about 0.1 to about 6% by weight, based on the vinyl
      monomers.
PAR  The description of the products of the process as "telomers" is justified
      by the analytical findings and especially by the presence of NCO-groups in
      the products of the process which have been freed from monomeric
      monoisocyanate or polyisocyanate, for example by thin-layer distillation,
      by the resulting ease with which the products of the process can be
      converted into polyaddition products with polyamines or polyfunctional
      hydroxyl compounds and by the IR-spectroscopic data and in particular the
      nuclear resonance spectrum of the products, according to which the band
      associated with the .alpha.-hydrogen atoms of the isocyanates put into the
      process is considerably attenuated.
PAR  The products of the process are distinguished from telomers of the known
      art U.S. Pat. No. 3,654,106 by their considerably lower viscosity, as has
      been described above.
PAR  The products of the process can be used for any known addition and
      polyaddition reactions, e.g. for the preparation of polyurethane or
      polyurea lacquers or coatings. They constitute excellent adhesives, e.g.
      for compound glass, and are also suitable for producing foam resins of all
      kinds. The products of the process based on aliphatic, cycloaliphatic and
      araliphatic polyisocyanates and acrylates or methacrylates are
      particularly suitable for the production of lacquers which have maximum
      lightfastness and resistance to discoloration in heat. Products obtained
      by using monoisocyanates as telogen are, for example, valuable
      plasticizers, stabilizers and textile auxiliary agents which to some
      extent may also be used for these purposes in the absence of free
      isocyanate groups.
PAR  The process according to the invention will now be described more fully
      with the aid of the following examples. The parts given in the examples
      are parts by weight unless otherwise indicated.
DETD
PAC  EXAMPLES
PAC  Example 1 (Comparison Example)
PAR  The procedure of this example is conducted in a three-necked flask equipped
      with thermometer, reflux cooler, stirrer, nitrogen inlet tube and dropping
      funnel, which dropping funnel is cooled to a temperature of about
      12.degree. to 14.degree.C. To the flask is charged a solution having a
      two-component solute comprising as the first component 112.5 parts of a
      commercial addition product of 3 mols of hexamethylene diisocyanate and 1
      mol of trimethylolpropane, which has an NCO content of 17.5%, and as the
      second component 37.5 parts of a commercial addition product of 2 mols of
      hexamethylene diisocyanate and 1 mol of 2-ethylhexane-1,3-diol, which has
      an NCO-content of 16.2%, in 224 parts of a three component solvent mixture
      of (1) xylene, (2) a commercial mixture of aromatic solvents boiling in
      the range from 155 to 180.degree.C, and (3) ethyl glycol acetate in
      proportions of 2:2:1. This solution is heated to 125.degree.C in a
      nitrogen atmosphere with the exclusion of moisture. To this heated
      solution in the flask there is added, via the dropping funnel, a cooled
      mixture of 119 parts of methyl methacrylate, 4 parts of
      .beta.-hydroxy-propyl methacrylate and 2.4 parts of
      .alpha.,.alpha.'-azodiisobutyronitrile. This mixture is added dropwise
      over the course of 2 hours at a rate sufficient to maintain the reaction
      mixture at a temperature of 125.degree.C. At the end of this 2 hour period
      and after addition of the cooled mixture, the entire reaction mixture is
      stirred for another 30 minutes. The reaction mixture is then subjected to
      distillation at a sump temperature of 125.degree.C under a light vacuum so
      as to distill off 214 parts, which distillate contains 28% of the methyl
      methacrylate added to the reaction. To the residue from the distillation,
      which residue is free from vinyl monomers, is added 214  parts of the
      solvent mixture described above. This mixture is then stirred until a
      homogeneous, clear, almost colorless solution is obtained. This solution
      has a viscosity of 780 cP (20.degree.C) and an NCO-content of 4.25%.
PAC  Example 2
PAR  The procedure is the same as described in example 1. About 112.5 parts of
      the addition product of 3 mols of hexamethylene diisocyanate and 1 mol of
      trimethylolpropane, 37.5 parts of the addition product of 2 mols of
      hexamethylene diisocyanate and 1 mol of 2-ethylhexane-1,3-diol, 0.49 parts
      of 2-mercaptoethanol and 224 parts of the solvent mixture used in example
      1 are introduced into the reaction vessel and a mixture of 119 parts of
      methyl methacrylate, 4 parts of .beta.-hydroxypropyl methacrylate and 2.4
      parts of .alpha.,.alpha.'-azodiisobutyronitrile is added dropwise.
PAR  About 200 parts, which contain 22% of the methyl methacrylate put into the
      process, are then distilled off and replaced by an equal quantity of the
      solvent mixture. The clear, almost colorless solution has an NCO-content
      of 4.2% and a viscosity of 476 cP at 20.degree.C and, therefore, has a
      more than 40% lower viscosity than the solution prepared according to
      example 1, taking into account the higher proportion of methyl
      methacrylate which has been reacted.
PAR  Part of the solution is diluted with xylene to a solids content of 35% and
      0.1% of dibutyl tin dilaurate (based on the solids content) is added. A
      lacquer solution is obtained which, when sprayed onto test plates of glass
      or sheet steel, gives rise to dust-dry, clear films after 30 minutes.
      These films are cross-linked by reaction with atmospheric moisture and
      after cross-linking they are characterized by great hardness, elasticity
      and abrasion resistance as well as high resistance to organic solvents
      such as xylene and ethyl glycol acetate.
PAC  Example 3
PAR  The procedure is the same as that described in example 2. Instead of
      mercaptoethanol, however, an equal quantity of n-dodecyl mercaptan is
      used. About 191 parts, which contain 23% of the methyl methacrylate put
      into the process, are distilled off, and after dilution of the
      distillation residue with an equal quantity of the solvent described in
      example 1, a clear solution which has an NCO-content of 4.2% and a
      viscosity of 483 cP determined at 20.degree.C is obtained.
PAC  Example 4
PAR  The procedure is the same as that described in example 2. Commercial
      tris-(isocyanatohexyl)-biuret (NCO-content approximately 22%) is used
      instead of the addition product of 3 mols of hexamethylene diisocyanate
      and 1 mol of trimethylolpropane, and 1.23 parts of 2-mercaptoethanol are
      used instead of 0.49 parts, and distillation is carried out at a reaction
      temperature and sump temperature of 120.degree.C.
PAR  About 193 parts, which contain 20% of the methyl methacrylate put into the
      process, are distilled off and replaced by the solvent mixture described
      in example 1. A clear, pale-yellow solution which has an NCO-content of
      5.4% and a viscosity of 284 cP at 20.degree.C is obtained.
PAC  Example 5
PAR  A mixture of 119 parts of methyl methacrylate, 4.1 parts of
      .beta.-hydroxypropyl methacrylate, 2.46 parts of 2-hydroxyethyl mercaptan
      and 2.4 parts of .alpha.,.alpha.'-azodiisobutyronitrile cooled to about
      14.degree.C is introduced dropwise in the course of 41/2 hours into a
      solution of 112.5  parts of a commercial addition product of 3 mols of
      hexamethylene diisocyanate and 1 mol of trimethylol-propane and 37.5 parts
      of the commercial addition product of 2 mols of hexamethylene diisocyanate
      and 1 mol of 2-ethylhexane-1,3-diol in 224 parts of the solvent mixture
      described in example 1 at a temperature of 90.degree.C and under a
      nitrogen atmosphere with exclusion of moisture. Stirring is then continued
      for 30 minutes at the same temperature. About 190 parts, which contain
      10.7% of the methyl methacrylate put into the reaction, are then distilled
      off at 100.degree.C under a light vacuum. The distillation residue is free
      from monomeric methyl methacrylate and is diluted with 190 parts of the
      solvent mixture described in example 1. A clear, almost colorless solution
      which has an isocyanate content of 4.2% and a viscosity of 602 cP at
      20.degree.C is obtained.
PAC  Example 6
PAR  Example 2 is repeated with the only exception that the 0.49 parts of
      2-mercapto ethanol are replaced by
PA1  a. 0.72 parts of 1-mercapto-2-hydroxy propane;
PA1  b. 0.61 parts of .beta.-mercapto propionic acid and
PA1  c. 0.53 parts of thioglycolic acid.
PAR  The clear almost colorless solutions thus obtained exhibit following
      NCO-contents and viscosities at 20.degree.C:
PA1  a. 4.1 % by weight of NCO, 495 cP;
PA1  b. 3.98 % by weight of NCO, 510 cP;
PA1  c. 3.85 % by weight of NCO, 475 cP.
PAC  Example 7
PAR  Example 2 is again repeated with the only exception that the mercapto
      ethanol is replaced by following compounds:
PA1  a. 0.69 parts by weight of 1-mercapto-2-hydroxy-n-butane;
PA1  b. 0.88 parts by weight of thioglycolic acid ethyl ester;
PA1  c. 0.95 parts by weight of thioglycolic acid butyl ester.
PAR  The solutions obtained exhibit following NCO-contents and viscosities at
      20.degree.C:
PA1  a. 4.3 % by weight of NCO, 480 cP;
PA1  b. 4.05 % by weight of NCO, 510 cP;
PA1  c. 3.95 % by weight of NCO, 490 cP.
PAC  Example 8
PAR  Example 2 is again repeated with the only exception that the mercapto
      ethanol is replaced by following mercapto compounds:
PA1  a. 0.78 parts by weight of cyclohexyl mercaptane;
PA1  b. 0.65 parts by weight of phenyl mercaptane;
PA1  c. 0.95 parts by weight of naphthyl mercaptane and d. 0.87 parts by weight
      of benzyl mercaptane.
PAR  The solutions obtained exhibit following NCO-contents and viscosities at
      20.degree.C:
PA1  a. 3.95 % by weight of NCO, 548 cP;
PA1  b. 4.15 % by weight of NCO, 580 cP;
PA1  c. 4.05 % by weight of NCO, 590 cP;
PA1  d. 4.25 % by weight of NCO, 478 cP.
CLMS
STM  what is claimed is:
NUM  1.
PAR  1. In the process for the production of an isocyanate group containing
      telomer by telomerization of an ethylenically unsaturated monomer as
      taxogen and an organic isocyanate as telogen with heating and optionally
      in the presence of high energy radiation and/or chemical radical-forming
      agents, the improvement which comprises conducting the telomerization in
      the presence of from about 0.1 to about 10% by weight based upon the
      ethylenically unsaturated monomer, of an organic compound containing at
      least one sulfhydryl group.
NUM  2.
PAR  2. The process of claim 1 wherein the sulfhydryl group containing compound
      also contains, in addition to the sulfhydryl group, another substituent
      which is reactive with NCO groups.
NUM  3.
PAR  3. The process of claim 1 wherein the organic compound containing a
      sulfhydryl group has the formula
EQU  R--SH
PAL  in which R is a C.sub.1 to C.sub.18 alkyl group, a C.sub.12 to C.sub.18
      alkenyl group, a C.sub.4 to C.sub.15 cycloalkyl group, a C.sub.4 to
      C.sub.15 cycloalkenyl group, a C.sub.6 to C.sub.15 aryl group, a C.sub.7
      to C.sub.15 aralkyl group or a heterocyclic group which, in addition to
      from 2 to 10 carbon atoms, contains from 1 to 3 nitrogen atoms and/or from
      1 to 3 oxygen atoms and/or from 1 to 3 sulfur atoms and in which R can
      also contain halogen, hydroxyl, carboxyl, ether, ester, alkoxysilane,
      thioether or sulfhydryl groups as substituents.
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ABST
PAL  A waterflood oil recovery process, in which a mixture of petroleum
      sulfonate and alkoxylated alcohol sulfate surfactants is injected into a
      reservoir to displace oil, is improved by using a sulfate surfactant that
      contains at least one chain-branching substituent on a carbon atom alpha
      or beta to the sulfate group. In a reservoir that is relatively hot, the
      improved process provides good oil-displacement efficiency and polyvalent
      metal ion compatibility in addition to improved stability towards
      hydrolytic decomposition of the sulfate surfactant.
PARN
PAC  RELATED PATENT APPLICATION
PAR  This is a division of application Ser. No. 17,898 filed Mar. 9, 1970 now
      U.S. Pat. No. 3,675,716.
BSUM
PAR  The present patent application is related to a copending and commonly
      assigned patent application by J. B. Lawson, J. Reisberg, and G. Smith,
      Ser. Number 752,882 filed Aug. 15, 1968 now U.S. Pat. No. 3,508,612. The
      copending patent application describes a waterflood process for recovering
      oil by injecting an aqueous drive fluid into a reservoir behind an active
      surfactant system that contains a mixture of petroleum sulfonate and
      alkoxylated alcohol sulfate surfactants.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for displacing oil within a
      subterranean reservoir. More particularly, it relates to improved
      surfactant materials, compositions, and operating procedures that are
      useful in waterflood oil recovery processes, especially in reservoirs
      having relatively high temperatures. The surfactant materials provided by
      this invention are generally useful whenever a surfactant material is
      useful.
PAR  In a waterflood oil recovery process, an aqueous liquid which is preceded
      by liquid containing an active surfactant system is injected into the
      reservoir to displace oil toward a location from which the oil is
      recovered. In order to increase the efficiency of the oil displacement,
      the frontal portion of the injected aqueous liquid is arranged to contain
      or to be preceded by an "active" surfactant system. An active surfactant
      system is one which has an interfacial tension against oil that is at
      least as low as 10.sup.-.sup.2 dyne per centimeter and is preferably as
      low as 10.sup.-.sup.4 dyne per centimeter. In such a system the surface
      active components may be dissolved or dispersed in aqueous liquid, oil, or
      a two-phase liquid system in which the continuous (or external) phase is
      either water or oil. In general, the oil displacing efficiency of an
      active surfactant system is such that the injection of one pore volume is
      sufficient to displace at least about 90 percent of the residual oil from
      a permeable earth formation material in which the oil displacement
      efficiency is not limited by the extent of adsorption of the surfactant.
PAR  In a waterflood oil recovery process, the efficiency of the oil
      displacement is strongly affected by the activity (extent of lowering of
      the oil/water interfacial tension) of the surfactant system. In such a
      process, the concentration of surface active material in the surfactant
      system is generally kept low, usually not much more than about 10 percent
      by weight, in order to minimize the cost of the system. Because of this,
      it is important that the surfactant system be one from which there is
      relatively little loss of surfactant during an oil recovery operation. In
      an oil recovery operation, the surfactants tend to be lost due to (for
      example): the precipitation of surfactants as insoluble salts of
      materials, such as polyvalent metal ions, that may be dissolved in the
      fluid in the reservoir; the adsorption of surfactant material on the
      reservoir rocks; and/or chemical conversions of the surfactant materials,
      such as hydrolysis of a sulfate that is an active component of the
      surfactant system to an alcohol that is insoluble or inactive in that
      system, etc.
PAR  In relatively shallow reservoirs (e.g., reservoirs at depths within a few
      thousand feet below the surface of the earth), the reservoir temperatures
      are generaly less than about 150.degree. F. In such reservoirs, the
      surfactant systems of the above-identified copending patent application
      are particularly advantageous with respect to having a relatively low cost
      and providing a high degree of activity and relatively low rate of
      surfactant loss due to precipitation, adsorption and/or hydrolysis. A
      typical surfactant system of that type comprises an aqueous saline
      solution containing a mixture of at least one petroleum sulfonate
      surfactant and at least one alkoxylated alcohol sulfate surfactant. When
      the sulfate components of such a system are hydrolyzed, they tend to be
      converted to alcohols that are much less soluble and active as
      surfactants. In an active surfactant system, the hydrolysis of such a
      sulfate surfactant usually causes it to become ineffective in respect to
      being a contributor to the oil displacing efficiency of the system.
PAR  The tendency for a sulfate surfactant to undergo hydrolytic decomposition
      is strongly affected by an increase in temperature. For example, the
      sodium sulfates of ethoxylated, linear, primary aliphatic alcohols
      containing from about 12 to 15 carbon atoms and about 3 ethylene oxide
      groups per molecule are very effective surfactants in aqueous saline
      surfactant systems. Athough these sulfates exhibit a half-life in the
      order or about 4000 days at temperatures near 150.degree. F, their
      half-life diminishes to a mere 200 days at a temperature near 190.degree.
      F. The duration of a waterflood oil recovery operation often extends
      throughout several years.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is, at least in part, premised on a discovery that
      certain branched-chain alkoxylated alcohol sulfate surfactants have the
      capability of being mixed with petroleum sulfonate surfactants and aqueous
      liquid to form surfactant systems having the properties of high activity
      and low loss due to surfactant precipitation or adsorption that are
      characteristic of such mixtures of other types of sulfate surfactants. In
      such mixtures, the unique, sterically hindered, branched-chain, alcohol
      sulfate surfactants of the present invention exhibit an improved
      resistance toward hydrolytic decomposition at temperatures above about
      150.degree. F. They also exhibit the high activity and low loss that are
      typical of the previously used types of alcohol sulfate surfactants. The
      branched-chain alcohol and alcohol sulfate surfactants provided by the
      present invention are those containing at least one chain-branching
      substituent (a monovalent hydrocarbon radical) on a carbon atom which is
      not more than one atom removed from the atom to which the hydroxyl or
      sulfate group is attached (i.e., on an alpha or beta carbon atom of the
      alcohol or alcohol sulfate).
PAR  With respect to process in which an active, anionic surfactant system is
      injected into a subterranean reservoir having a temperature exceeding
      about 150.degree. F, the present invention provides an improvement that
      comprises injecting an active surfactant system containing at least one
      anionic surfactant mixed with at least one branched-chain alkoxylated
      alcohol sulfate surfactant that contains at least one chain-branching
      substituent on a carbon atom that is not more than one atom removed from
      the one to which the sulfate group is attached. This surfactant system is
      particularly useful in substantially any process requiring a high degree
      of surfactant activity in contact with an aqueous liquid at a relatively
      high temperature.
PAC  DESCRIPTION OF THE INVENTION
PAR  Nonionic surfactants provided by the present invention comprise alkoxylated
      alcohols of the formula
      ##EQU1##
      where: R" is a monovalent hydrocarbon radical containing from about 8 to
      20 carbon atoms; R' is a divalent hydrocarbon radical containing from 1 to
      about 6 carbon atoms; and R is a member of the group consisting of
      hydrogen atoms and lower alkyl radicals with at least one alkyl radical
      being present in each compound; x is at least one; and y is at least zero.
PAR  Anionic, alcohol sulfate surfactants provided by the present invention have
      the above formula in which the hydroxyl group (--OH) has been replaced by
      a sulfate group (--OSO.sub.3).sup.-. In a preferred procedure for
      preparing the present sulfate surfactants an alkoxylated alcoholic
      surfactant of the above formula is sulfated by reacting it with
      chlorosulfonic acid, sulfur trioxide, sulfonic acid, oleum, sulfuric acid,
      etc., in the presence or absence of a solvent.
PAR  The branched-chain alcoholic nonionic surfactants of the above type can be
      advantageously prepared by reacting substantially any alcohol of the
      formula
EQU  R"O (CH.sub.2 CH.sub.2 O).sub.x H
PAL  with an epoxide of the formula
      ##EQU2##
      where the symbols have the meaning indicated above. One product of such a
      reaction is a beta-substituted alcohol of the formula
      ##EQU3##
      where the symbols have the meanings indicated above.
PAR  The beta-substituted nonionic surfactant alcohols and the corresponding
      anionic surfactant alcohol sulfates are a particularly preferred class of
      the surfactants provided by this invention.
PAR  In general, the surfactants of the present invention can be prepared by
      alkoxylating and/or sulfonating an alkoxylated alcoholic material that
      may, in itself, be a relatively active nonionic surfactant. The present
      surfactants are preferably prepared from the ethoxylated alcohols
      surfactants. Such ethoxylated alcohol surfactants are further alkoxylated
      (in order to attach a branched-chain alkoxy alcohol group), for example,
      by reacting them with an alkylated ethylene oxide. The reaction with the
      alkylated ethylene oxide produces both a primary alcohol and a secondary
      or tertiary alcohol. Ethoxylated alcohols which can be further ethoxylated
      and, if desired, sulfated to form surfactants of the present invention
      include: ethoxylated straight chain primary alcohols, such as those which
      are commercially available under the trade name NEODOL, from Shell
      Chemical Company; ethoxylated aliphatic secondary alcohols, such as those
      available under the trade name Tergitols, from Union Carbide Company; and
      ethoxylated alkylphenols, such as those commercially available under the
      trade name Tritons from the Rohm and Haas Company; etc.
PAR  A preferred class of the sterically hindered branched-chain surfactants
      provided by the present invention comprised the sulfates of alkoxylated
      alcohols that contain from about 8 to 20 carbon atoms and from about 2 to
      10 ethoxy groups. The surfactants of this type, especially those
      containing two alkyl radicals on the beta carbon atom, exhibit
      particularly advantageous properties with respect to surfactant activity
      and lack of adsorption or precipitation in subterranean reservoirs in
      addition to a particularly low rate of hydrolysis in the presence of an
      aqueous liquid.
PAR  In general, the surfactants provided by this invention can be used for
      substantally any of the interfacial tension reducing, emulsifying,
      oil-wetting or the like purposes for which nonionic and/or anionic
      surfactants are desirable. Since many uses for which anionic surfactants
      are desirable bring the surfactant material into contact with aqueous
      fluids in the form of vapors or liquids, the branched-chain sulfates of
      the present invention are generally advantageous in exhibiting a
      relatively high degree of thermal stability and a relatively long
      operating life due to their resistance to hydrolytic decomposition.
PAR  In a liquid surfactant system for displacing and/or entraining oil within a
      subterranean reservoir, the sulfate surfactants of the present invention
      are preferably mixed with petroleum sulfonates. Such mixtures can be
      incorporated into surfactant systems in which either a water phase or an
      oil phase is continuous. Surfactant systems in which a water phase is
      continuous are generally referred to as aqueous systems, water-external
      micellar dispersions, etc., and are exemplified by the systems described
      in patents such as U.S. Pat. Nos. 3,330,344; 3,348,611; and 3,455,386.
      Surfactant systems in which an oil phase is continuous are commonly
      referred to as soluble oils, micellar dispersions, microemulsions,
      transparent emulsions, oil-external micellar dispersions, etc are
      exemplified by the systems described in patents such as U.S. Pat. Nos.
      2,356,205; 3,254,714; 3,275,075; 3,301,325; and 3,307,628.
PAR  Preferred active surfactant systems that contain the surfactants of the
      present invention are water-phase-continuous systems containing at least
      one dissolved, water-soluble salt or electrolyte. The electrolyte content
      of such systems is preferably adjusted to enhance the interfacial
      tension-lowering activity of the system at the temperature at which the
      system is to be used. Such a system comprises an aqueous saline solution
      containing a synergistic mixture of dissimilar anionic surfactants at
      least one of which is an alkali metal or ammonium or amine salt of an
      organic sulfonate and at least one of which is an alkali metal or ammonium
      or amine salt of a branched-chain alkoxylated alcohol sulfate surfactant.
      The salinity of the solution can be controlled by any suitable means such
      as by addition of an electrolyte such as Na, K and/or Li chloride,
      bromide, iodide and mixtures thereof to which can be added optionally a
      small amount of a polyvalent metal salt such as the corresponding halides
      of alkaline earth metals, e.g., CaCl.sub.2, BaCl.sub.2, and the like.
      Saline solutions containing NaCl and optionally CaCl.sub.2 are preferred
      and such solutions can be dilute, or concentrated solutions and preferably
      comprise brine solutions containing from about 0.01 to 5 M NaCl and from
      about 0 to 0.1 M CaCl.sub.2. Such saline solutions can advantageously be
      formulated from saline source waters such as subterranean brines, sea
      waters, etc. Where the oil-containing earth formation contains a highly
      saline connate water the electrolyte concentration of the aqueous saline
      solution of surfactants is preferably near the lower portion of the range
      of suitable concentration. The total concentration of the anionic
      surfactant mixture can vary from about 1 percent to about 20 percent by
      weight of which the sulfonate surfactant can comprise from about 10
      percent to 90 percent of the mixture with the balance being the sulfated
      surfactant. The optimum ratio of the sulfonate to sulfate material depends
      on the molecular weight of the sulfonate, the presence of polyvalent
      ion-containing electrolytes and other electrolytes in the formation and
      other factors. Generally, the higher molecular weight sulfonates are
      preferably used with large proportions of the sulfate material and the
      lower molecular weight sulfonates are used with smaller proportions of
      sulfate material. Also, if a large amount of electrolyte is present in the
      saline solution, the sulfate material concentration should be increased
      proportionately.
PAR  In general, the branched-chain alkoxylated alcohol sulfate surfactants of
      this invention can advantageously be mixed with substantially any anionic
      surfactant in order to provide a mixture exhibiting at least some of the
      relatively high activity, good tolerance to polyvalent metal ions, and
      good thermal stability in the presence of aqueous fluid, that is
      characteristic of the surfactants of this invention. Particularly suitable
      materials to be incorporated into such systems comprise mixtures of
      organic sulfonate surfactants that have surfactant-amphiphile properties
      generated by the oil-solubility versus water-solubility spectrum of
      certain mixed sulfonates. In such mixtures of sulfonates the oil-soluble
      (generally higher molecular weight) constituents serve as amphiphiles and
      are solubilized in an aqueous system by the primarily water-soluble
      (generally lower molecular weight) sulfonates. Anionic sulfonate
      surfactants of this type can be illustrated by metal or ammonium salts of
      sulfonate surfactants, e.g., alkali metal, ammonium or polyvalent metal
      salts of sulfonated petroleum hydrocarbons such as alkylated naphthalene
      sulfonates, alkylated benzene sulfonates; or the sulfocarboxylate salts,
      and the like. Preferred sulfonates are the alkali metal (Na, K, Li) salts
      of petroleum sulfonates such as C.sub.15.sub.-30 alkyl aryl sulfonates,
      alkylated benzene sulfonates, and the like. Materials of this type are
      sold commercially under various trade names, such as petroleum sulfonates
      sold by Bray Chemical Company or the Bryton Chemical Company as Bryton
      sulfonate, F, 430, 467, 500, or the Sonneborn Chemical Company as
      Petronates, or the Socony Mobil Oil Company as "Promor" sulfonates of the
      SS-6, SS-20 series; American Cyanamid's "Aerosol OT" which is Na dioctyl
      sulfosuccinate, and the like. A preferred sulfonate mixture is a sodium
      salt of a petroleum sulfonate in the molecular weight range of 350-420 and
      a sodium salt of a petroleum sulfonate in the molecular weight range of
      420-580 or a sodium salt of a mixture of petroleum sulfonates having an
      average molecular weight in the order of about 430-470.
PAR  In general, a preferred surfactant system of the present invention
      comprises a mixture of at least one petroleum sulfonate surfactant and at
      least one branched-chain alkoxylated alcohol sulfate surfactant dispersed
      in an aqueous saline solution contained in the order of from about 0.1 to
      10 percent by weight of the surfactant material. Such a system may also
      contain, or be preceded by, or followed by, an aqueous liquid that
      contains a water-thickening material. Similarly, such a system can
      advantageously contain additives such as acidic or basic materials for
      adjusting the pH of the system, corrosion inhibitors, bactericides,
      fungicides, or the like. The use of a water-thickening material is
      particularly advantageous with a surfactant in which a water phase is
      external. Suitable water-thickening materials include starch,
      carboxymethylated cellulose, various types of polyacrylate and partially
      hydrolyzed polyacrylamide polymers such as those available under trade
      names, Pusher, Separan, and the like. Such thickening agents are useful
      for adjusting the effective mobility of the aqueous liquid injected into a
      reservoir, relative to the effective mobility of the oil in the reservoir,
      in order to reduce the tendency of the aqueous liquid to finger through
      and/or bypass the oil.
PAR  One process for the preparation of surfactants of the present invention is
      exemplified by the following. A commercially available ethoxylated alcohol
      surfactant, NEODOL 25-5, a mixture of ethoxylated linear primary alcohols
      containing from 12 to 15 carbon atoms and an average of five ethoxy groups
      per molecule, was reacted with isobutylene oxide in the presence of a
      BF.sub.3 -etherate. The reaction produced a main product consisting of a
      primary alcohol containing two methyl groups on the beta-carbon atom,
      i.e., a primary alcohol of the general formula
EQU  CH.sub.3 (CH.sub.2).sub.12-15 (OCH.sub.2 CH.sub.2).sub.5 OC(CH.sub.3).sub.2
      CH.sub.2 OH
PAL  and a lesser amount of a tertiary alcohol in which the terminal group
      contains two methyl groups on the alpha-carbon atom and has the formula
EQU  --OCH.sub.2 C(CH.sub.3).sub.2 OH.
PAL  the alcohols were sulfated by reacting them with chlorosulfonic acid. The
      structural formulas of the alcohols and their sulfates were confirmed by
      means of nuclear magnetic resonance and other structural analytical
      techniques.
PAR  In aqueous surfactant systems that are typified by a mixture of 80 parts of
      Bryton 430 petroleum sulfonate and 20 parts of the sulfate of the
      beta-dimethylated primary alcohol of the above formula dispersed in a 0.8
      m solution of sodium chloride in water, it was found that indications of
      oil displacement efficiency and low surfactant loss were typical of such
      systems in which the sulfate surfactant was a sulfate of the NEODOL 25-5
      mixture of anionic alcohols.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sterically-hindered branched-chain surfactant comprising a sulfate of
      a polyethoxylated alcohol in which the alcohol form of the alcohol portion
      has the formula:
EQU  CH.sub.3 (CH.sub.2).sub.12-15 (OCH.sub.2 CH.sub.2).sub.5 OC
      (CH.sub.3).sub.2 CH.sub.2 OH.
NUM  2.
PAR  2. The surfactant composition of claim 1 in which the surfactant of claim
      11 is mixed with a lesser proportion of an alcohol sulfate surfactant in
      which the alcohol portion, in its alcohol form, has the formula:
EQU  CH.sub.3 (CH.sub.2).sub.12-15 (OCH 2 CH.sub.2).sub.5 OCH.sub.2
      C(CH.sub.3).sub.2 OH.
PATN
WKU  039431614
SRC  5
APN  5276535
APT  1
ART  124
APD  19741127
TTL  Process for producing conjugated dienes containing a cyano group
ISD  19760309
NCL  7
ECL  1
EXP  Brust; Joseph P.
INVT
NAM  Nonaka; Yuji
CTY  Shin-nanyo
CNT  JA
INVT
NAM  Kihara; Keiichi
CTY  Shin-nanyo
CNT  JA
INVT
NAM  Hironaka; Toshio
CTY  Shin-nanyo
CNT  JA
INVT
NAM  Oda; Yasuhiro
CTY  Shin-nanyo
CNT  JA
ASSG
NAM  Toyo Soda Manufacturing Co., Ltd.
CNT  JA
COD  03
PRIR
CNT  JA
APD  19731127
APN  48-132195
CLAS
OCL  260465K
XCL  2604659
EDF  2
ICL  C07C12000
ICL  C07C12130
ICL  C07C12152
FSC  260
FSS  465.9;465 K
UREF
PNO  2375005
ISD  19450500
NAM  Kung
XCL  260465.9
UREF
PNO  2500403
ISD  19500300
NAM  Davis et al.
OCL  260465.9
UREF
PNO  2503710
ISD  19500400
NAM  Bruson
OCL  260465.9
LREP
FRM  Oblon, Fisher, Spivak, McClelland & Maier
ABST
PAL  Conjugated dienes containing a cyano group having the formula
      ##EQU1##
      wherein R.sub.1 and R.sub.2 represent hydrogen atom, an alkyl group or a
      phenyl group are produced by dehydrating 2-cyano-3-hydroxy-1-olefins in
      the presence of an alkaline catalyst while continually removing the
      product being formed from the reaction system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a novel process for producing a conjugated
      diene containing a cyano group having the formula
      ##EQU2##
      wherein R.sub.1 and R.sub.2 represent a hydrogen atom, an alkyl group or a
      phenyl group.
PAR  2. Description of the Prior Art
PAR  These compounds produced by the process of this invention are useful as
      monomers or comonomers for preparing plastics or elastomers. The
      conjugated diene having a cyano group wherein R.sub.1 and R.sub.2 are
      hydrogen atoms, i.e., 2-cyano-1,3-butadiene, is especially useful. Various
      schemes for syntheses have been proposed. Typical of these are:
PAR  1. Preparing methyl vinyl ketone cyanohydrin by reacting methyl vinyl
      ketone with hydrogen cyanide, and thereafter acetylating to produce
      3-acetoxy-3-cyano-butene-1. 2-Cyano-1,3-butadiene is then produced by the
      thermal decomposition of the product at 550.degree.-570.degree.C
      [disclosed in B.P. 482,300, J. Am. Chem. Soc. 70, 1775 (1948) and U.S.
      Pat. No. 2,205,239].
PAR  2. Methyl vinyl ketone cyanohydrin is selectively dehydrated at
      400.degree.-700.degree.C in the presence of phosphoric acid. [disclosed in
      West German Pat. No. 1,081,006 and West German Pat. No. 1,113,216.]
PAR  3. Preparing 2-cyano-1,3-butadiene by dehydrocyanation of
      1,2-dicyano-cyclobutane in the presence of a solid alkaline oxide
      catalyst. [disclosed in U.S. Pat. No. 3,347,902.]
PAR  However, the present invention for producing 2-cyano-1,3-butadiene and
      similar compounds is quite different from the abovementioned conventional
      processes.
PAR  The 2-cyano-3-hydroxy-1-olefin compounds used as the starting material of
      this invention are alcohols. In a synthesis of an olefin by the
      dehydration of an alcohol, it is customary to use as a catalyst a Bronsted
      acid, e.g., sulfuric acid, phosphoric acid, or a Lewis acid, e.g., zinc
      chloride, iodine, together with either an acid anhydride, e.g., boric
      anhydride, phthalic anhydride, acetic anhydride or phosphorus pentoxide,
      phosphorous trichloride, etc. as a dehydrating agent. It is also
      well-known to use alumina, silica gel or thorium oxide as carriers for
      solid catalysts. Consequently, it might be expected that a conjugated
      diene containing a cyano group could be produced by the dehydration of the
      starting compound in the presence of such an acidic catalyst. To the
      contrary, it has been found unexpectedly that such a dehydration is
      inhibited in the presence of an acid. Experimental acid dehydrations of
      2-cyano-3-hydroxy-1-olefin compounds either could not be effected or
      produced only quite small yields. When a solid acidic catalyst is used, it
      has been found that a small amount of the cyano-containing conjugated
      diene is produced at the initiation of the reaction. However, this could
      not be put to industrial use because only thermal decomposition of the
      compound is involved.
PAR  It has been attempted to produce conjugated dienes containing a cyano group
      from 2-cyano-3-hydroxy-1-olefins using other schemes. As a result, it was
      found that 1,8-diaza-bicyclo[5,4,0] undecene-7 has catalytic action for
      the dehydration of 2-cyano-3-hydroxy-1-olefin compounds. As a result of
      further studies, the unexpected fact that catalytic dehydration of
      2-cyano-3-hydroxy-1-olefin compound can be effected by using an alkaline
      material was discovered. To our knowledge, no other similar reaction,
      i.e., dehydration of secondary alcohol by alkaline catalyst, has been
      reported. Evidently, catalytic dehydration of 2-cyano-3-hydroxy-1-olefin
      compounds is a very unique dehydration, because the closely related
      compounds having the formula
      ##EQU3##
      wherein X represents
      ##EQU4##
      and R.sub.3 -R.sub.6 represent alkyl groups, could not be converted to the
      corresponding conjugated dienes by using an alkaline catalyst. It would be
      most desirable to take advantage of this novel finding to provide an
      alternate scheme for producing the cyano-containing conjugated dienes.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a very economical
      process for producing a conjugated diene containing a cyano group.
PAR  This and other objects of the invention, as will hereinafter be made clear
      by the discussion below, have been attained by providing a process for
      producing a conjugated diene containing a cyano group having the formula:
      ##EQU5##
      wherein R.sub.1 and R.sub.2 represent hydrogen atom, an alkyl group,
      preferably a lower C.sub.1 -C.sub.10 alkyl group, or a phenyl group, by
      dehydrating a 2-cyano-3-hydroxy-1-olefin compound having the formula
      ##EQU6##
      in the presence of an alkaline material while continuously removing the
      product from the reaction system.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the process of this invention, 2-cyano-3-hydroxy-1-olefin compound is
      heated under reduced pressure in the presence of an alkaline material
      while continuously removing the resulting conjugated diene containing a
      cyano group from the reaction system. The reaction can be performed in a
      liquid phase.
PAR  The structure of the conjugated dienes containing a cyano group can be
      confirmed by elementary analysis, infrared spectroscopic analysis and
      magnetic resonance spectroscopic analysis.
PAR  The 2-cyano-3-hydroxy-1-olefins having the formula
      ##EQU7##
      wherein R.sub.1 and R.sub.2 are defined above, can be easily produced by
      reacting acrylonitrile with an aldehyde having the formula
      ##EQU8##
PAR  Suitable 2-cyano-3-hydroxy-1-olefins are 2-cyano-3-hydroxy-1-butene,
      2-cyano-3-hydroxy-1-pentene, 2-cyano-3-hydroxy-4-methyl-1-pentene,
      2-cyano-3-hydroxy-4-phenyl-1-butene, etc. All can be converted to the
      corresponding conjugated dienes containing a cyano group such as
      2-cyano-1,3-butadiene, 2-cyano-1,3-pentadiene,
      2-cyano-4-methyl-1,3-pentadiene, 2-cyano-4-phenyl-1,3-butadiene, etc.
      Suitable alkaline materials for use in the invention are those having
      catalytic activity such as alkali metals, alkaline earth metals, their
      hydroxides, oxides, inorganic salts, organic salts and alkoxides or
      organic amines, organic phosphines, etc. It is preferable to use alkaline
      materials which will not be easily removed from the reaction system under
      the conditions employed by becoming entrained in the resulting conjugated
      diene containing a cyano group. However, some alkaline materials which are
      easily separated from the resulting conjugated diene containing a cyano
      group are volatile under the reaction conditions. Consequently, it is
      especially preferable to use alkali metal salts such as sodium carbonate,
      sodium hydrogen carbonate, potassium carbonate, potassium hydrogen
      carbonate, sodium potassium carbonate, sodium silicate, potassium
      silicate, sodium borate, potassium borate, sodium phosphate, potassium
      phosphate, etc. An aqueous solution of the alkali metal salt is especially
      preferable for producing 2-cyano-1,3-butadiene from
      2-cyano-3-hydroxy-1-butene. The alkaline materials can alternately be
      supported on a carrier. The catalysts can be prepared in several ways: by
      dissolving the alkaline material in water or in an organic solvent and
      dipping a carrier into the solution followed by concentration and drying;
      by pouring a solution of the alkaline material or the alkaline material
      itself onto a carrier and drying; or by mixing the alkaline material with
      silica sol or the like followed by concentrating, drying, calcining and
      crushing. The carriers can be made of alumina gel, silica gel,
      alumina-silica gel, activated carbon, diatomaceous earth, silicate,
      pumice, zeolite, etc. The catalyst can be in the form of powder, granules,
      blocks, etc.
PAR  The amount of the alkaline materials used relative to the
      2-cyano-3-hydroxy-1-olefin compound is usually 0.1 - 20 wt %, preferably
      0.3 - 6 wt %. The dehydration is performed at 50.degree.-200.degree.C,
      preferably under a reduced pressure of 1-600 mm Hg, preferably 20-200 mm
      Hg. When the alkaline material is used directly, the reaction temperature
      is preferably 80.degree.-110.degree.C. When the alkaline material is used
      as an aqueous solution, the reaction temperature is preferably
      80.degree.-120.degree.C. When the alkaline material is supported on a
      carrier, the reaction temperature is preferably 80.degree.-150.degree.C.
PAR  In carrying out the invention, the alkaline material is added to the
      2-cyano-3-hydroxy-1-olefin compound and the mixture is heated under
      reduced pressure to distill the resulting conjugated diene containing a
      cyano group. When a non-volatile alkaline material is used as the catalyst
      in the reaction, the reduced pressure can be selected so as to easily
      distill the product. When a volatile alkaline material is used, the
      reduced pressure is preferably selected low enough so as to easily distill
      the product, but not low enough to distill the alkaline material. The
      optimum reaction temperature is determined by the type of
      2-cyano-3-hydroxy-1-olefin compound and the type and amount of catalyst.
      For example, the dehydration of 2-cyano-3-hydroxy-1-butene is performed at
      50.degree.-200.degree.C, and especially at 80.degree.-110.degree.C in the
      case wherein 1,8-diaza-bicyclo [5,4,0] undecene-7 or potassium carbonate
      is used as the catalyst. In the gaseous phase method of the invention, the
      2-cyano-3-hydroxy-1-olefin is fed onto a solid alkaline catalyst where it
      is converted to a conjugated diene containing a cyano group. The reaction
      temperature is selected depending upon the type of starting material and
      catalyst and is preferably 200.degree.-600.degree.C.
PAR  The following characteristics of the invention are especially noteworthy:
PA1  1. The reaction can be effectively performed in a batch system as well as
      in a semi-continuous system or a continuous system
PA1  2. A medium is not always required, however, an inert medium can be used
PA1  3. The yield of the conjugated diene may be increased by adding a
      polymerization inhibitor.
PAR  The process of the present invention will be illustrated by reference to
      certain specific examples, which are included for purposes of illustration
      only and are not intended to be limiting unless otherwise specified.
PAC  EXAMPLE 1
PAR  In a 200 cc round bottom flask equipped with a magnetic stirrer and a
      Liebig condenser, 150 g of 2-cyano-3-hydroxy-1-butene and 10 g of
      1,8-diaza-bicyclo [5,4,0] undecene-7 were charged and the mixture was
      heated at 104.degree.-110.degree.C under the reduced pressure of 30-40 mm
      Hg produced by a water jet pump for about 1.5 hours to produce 75 g of
      distillate. The distillate was separated into a water phase and an organic
      phase. From the organic phase, 53 g of 2-cyano-1,3-butadiene was obtained.
      In all of the following Examples, the reactor of Example 1 was employed.
PAC  EXAMPLE 2
PAR  3 G of anhydrous potassium carbonate was added to 150 g of
      2-cyano-3-hydroxy-1-butene, and the mixture was heated at
      105.degree.-110.degree.C under the reduced pressure of 30 mm Hg produced
      by the water jet pump, while stirring for about 1 hour to give 84 g of a
      distillate. From the distillate 61 g of 2-cyano-1,3-butadiene was
      obtained.
PAC  EXAMPLE 3
PAR  A solution of 0.7 g of sodium hydroxide in 0.6 g of water was added to 150
      g of 2-cyano-3-hydroxy-1-butene to form a homogeneous mixture and the
      mixture was heated at 80.degree.C under the reduced pressure of 30 mm Hg
      produced by the water jet pump, while stirring for about 3 hours to give
      31 g of 2-cyano-1,3-butadiene.
PAC  EXAMPLE 4
PAR  2 G of tri-n-butyl phosphine was added to 150 g of
      2-cyano-3-hydroxy-1-butene and the mixture was heated at 80.degree.C under
      the reduced pressure of 30-40 mm Hg produced by the water jet pump, while
      stirring for about 5.5 hours to give 13 g of 2-cyano-1,3-butadiene.
PAC  EXAMPLE 5
PAR  1 G of anhydrous potassium carbonate was added to 31 g of
      2-cyano-3-hydroxy-1-pentene and the mixture was heated at 120.degree.C
      under the reduced pressure of 30-35 mm Hg produced by the water jet pump
      for 45 minutes to give 19 g of 2-cyano-1,3-pentadiene.
PAC  EXAMPLE 6
PAR  2 G of anhydrous potassium carbonate was added to 31 g of
      2-cyano-3-hydroxy-4-methyl-1-pentene and the mixture was heated at
      120.degree.-140.degree.C under the reduced pressure of 45-60 mm Hg
      produced by the water jet pump for 2 hours to give 9 g of
      2-cyano-4-methyl-1,3-pentadiene.
PAC  EXAMPLE 7
PAR  2 G of potassium hydroxide was added to 13 g of
      2-cyano-3-hydroxy-4-phenyl-1-butene and the mixture was heated from
      110.degree.-160.degree.C under the reduced pressure of 4 mm Hg to give 1.2
      g of distillate. According to a gas-chromatographic analysis and a mass
      spectrographic analysis, the production of 0.18 g of
      2-cyano-4-phenyl-1,3-butadiene was confirmed.
PAC  EXAMPLE 8
PAR  Silica gel was crushed into particles having 8-10 mesh size, and was
      immersed in a 20% aqueous solution of sodium hydroxide and then was dried
      at 130.degree.C for 12 hours and calcined at 800.degree.C for 3 hours to
      produce the catalyst. 60 ml of the catalyst was placed in a quartz
      reaction tube and was heated at 300.degree.C. 2-Cyano-3-hydroxy-1-butene
      was flowed at a rate of 3.5 g per hour and nitrogen gas was flowed at a
      rate of 150 ml per minute for 2 hours. The gas discharged from the
      reaction tube was cooled by a methanol-dry ice trap to give 5.4 g of a
      condensed liquid. According to a gas-chromatographic analysis by the inner
      standard method, the producition of 0.28 g of 2-cyano-1,3-butadiene was
      confirmed.
PAC  EXAMPLES 9-22
PAR  In accordance with the process of Example 1, under modified conditions, 150
      g of 2-cyano-3-hydroxy-1-butene was dehydrated. The conditions and the
      results are shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Example                                                                   
           Catalyst    Amount                                                  
                            Temperature                                        
                                   Reduced                                     
                                         Period                                
                                              Yield                            
                       of          pressure                                    
                                         for                                   
                       catalyst          reaction                              
                       (g)  (.degree.C)                                        
                                   (mmHg)                                      
                                         (hrs)                                 
                                              (g)                              
     __________________________________________________________________________
      9   KOH          0.9   80     30   3.5  33                               
     10   tri-n-butylamine                                                     
                       29   105-110                                            
                                   30-40 5.5  11                               
     11   NaHCO.sub.3  3    105-110                                            
                                    30   5.5  52                               
     12   triethylenediamine                                                   
                       8    105-110                                            
                                   20-40 5.5  40                               
     13   triethanolamine                                                      
                       8.7  105-110                                            
                                   30-40 5.5   4                               
     14   Ba(OH).sub.2 5    85-90  30-40 4    46                               
     15   Ca(OH).sub.2 20   150    120-140                                     
                                         3.5  68                               
     16   Mg(OH).sub.2 20   120-170                                            
                                    30-150                                     
                                         5.5   6                               
     17   diethyl cyclohexylamine                                              
                       9    105-110                                            
                                   30-40 5.5   5                               
     18   dimethyl benzylamine                                                 
                       19   105-110                                            
                                   30-40 5.5   2                               
     19   n-octylamine 19   105-110                                            
                                   30-40 5.5   5                               
     20   50% Na methoxide-                                                    
          methanol solution                                                    
                       4.8   80     30   1.75 33                               
     21   sodium metal 0.85 80-90   30   1    33                               
     22   potassium acetate                                                    
                       13    90-140                                            
                                   30-80 4    58                               
     __________________________________________________________________________
PAC  REFERENCE 1
PAR  0.2 Cc of conc. sulfuric acid was added dropwise to 10 g of
      2-cyano-3-hydroxy-1-butene while stirring and then the mixture was heated
      at 120.degree.C. No production of 2-cyano-1,3-butadiene could be detected.
PAC  REFERENCE 2
PAR  136 G of conc. sulfuric acid was added to 74 g of water and the resultant
      solution was added to an ice-cooled 77 g of 2-cyano-3-hydroxy-1-butene
      while stirring. The solution was heated at 105.degree.-110.degree.C under
      the pressure of 30-40 mm Hg produced by the water jet pump for 5.5 hours.
      As a result, only 0.4 g of 2-cyano-1,3-butadiene was produced and no
      starting material was recovered.
PAC  REFERENCE 3
PAR  0.5 G of iodine was added to 100 g of 2-cyano-3-hydroxy-1-butene and the
      mixture was heated at 105.degree.-110.degree.C under the reduced pressure
      of 30-40 mm Hg produced by the water jet pump. As a result, no
      2-cyano-1,3-butadiene was produced and all of the starting material was
      recovered.
PAC  EXAMPLE 23
PAR  In a 100 cc round bottom flask equipped with a magnetic stirrer and a
      Liebig condenser, 50 g of 2-cyano-3-hydroxy-1-butene and a solution of 1 g
      of potassium carbonate in 5 g of water were charged and the mixture was
      heated at 105.degree.C under the reduced pressure of 30 mm Hg produced by
      a water jet pump for about 48 minutes to give 40.3 g of a distillate. The
      distillate was separated into a water phase and an organic phase. From the
      organic phase, 27.7 g of 2-cyano-1,3-butadiene was obtained (Yield 68%).
      In said process, 1 g of anhydrous potassium carbonate was added, whereby
      30.9 g of distillate was produced in about 48 minutes. 24.0 g of
      2-cyano-1,3-butadiene was obtained from the distillate (Yield 59%).
PAC  EXAMPLE 24
PAR  The process of Example 23 was repeated except for the addition of a
      solution of 1 g of potassium carbonate in 10 g of water, whereby 45.8 g of
      distillate was produced in about 46 minutes. 27.4 g of
      2-cyano-1,3-butadiene was obtained from the distillate (Yield 67%).
PAC  EXAMPLE 25
PAR  The process of Example 23 was repeated except for the addition of a
      solution of 1 g of potassium carbonate in 1 g of water, whereby 38.0 g of
      distillate was produced in about 30 minutes. 28.0 g of
      2-cyano-1,3-butadiene was obtained from the distillate (Yield 69%).
PAC  EXAMPLE 26
PAR  The process of Example 23 was repeated except for the addition of a
      solution of 1 g of potassium carbonate in 2 g of water, whereby 39.9 g of
      distillate was produced in about 34 minutes. 29.3 g of
      2-cyano-1,3-butadiene was obtained from the distillate (Yield 72%).
PAC  EXAMPLE 27
PAR  The process of Example 23 was repeated except for the addition of a
      solution of 0.2 g of potassium carbonate in 1 g of water, and the heating
      to a temperature of 138.degree.-140.degree.C under the reduced pressure of
      70 mm Hg produced by the water jet pump, whereby 38.7 g of a distillate
      was produced in about 30 minutes. 28.5 g of 2-cyano-1,3-butadiene was
      obtained from the distillate (Yield 70%).
PAC  EXAMPLE 28
PAR  The process of Example 23 was repeated except for the addition of a
      solution of 1 g of sodium hydrogen carbonate in 15 g of water while
      stirring at room temperature and heating at 105.degree.-110.degree.C under
      the pressure of 30 mm Hg produced by the water jet pump, whereby 31.0 g of
      distillate was produced in about 3 hours. 23.6 g of 2-cyano-1,3-butadiene
      was obtained from the distillate (Yield 58%). In the above process, 1 g of
      anhydrous sodium hydrogen carbonate was added whereby 28.2 g of distillate
      was produced in about 3.5 hours. 20.8 g of 2-cyano-1,3-butadiene was
      obtained (Yield 51%).
PAC  EXAMPLE 29
PAR  The process of Example 23 was repeated except for the addition of a
      solution of 1 g of meta sodium silicate in 5 g of water and heating at
      105.degree.-110.degree.C under the pressure of 30-40 mm Hg produced by the
      water jet pump, whereby 39.1 g of distillate was produced in about 40
      minutes. 25.6 g of 2-cyano-1,3-butadiene was obtained from the distillate
      (Yield 63%). In the above process, 1 g of anhydrous meta-sodium silicate
      was added, whereby 26.4 g of distillate was produced in about 37 minutes.
      17 g of 2-cyano-1,3-butadiene was obtained (Yield 44%).
PAC  EXAMPLE 30
PAR  The process of Example 23 was repeated except for the addition of a
      solution of 1 g of meta-potassium borate in 10 g of water and heating at
      120.degree.C under the reduced pressure of 40-50 mm Hg produced by the
      water jet pump, whereby 45.3 g of a distillate was produced in about 60
      minutes. 27.3 g of 2-cyano-1,3-butadiene was obtained from the distillate
      (Yield 67%). In the above process, 1 g of anhydrous meta-potassium borate
      was added, whereby 28.1 g of distillate was produced in about 53 minutes.
      20.4 g of 2-cyano-1,3-butadiene was obtained (Yield 50%).
PAC  EXAMPLE 31
PAR  The process of Example 23 was repeated except for the addition of a
      solution of 1.5 g of Na.sub.3 PO.sub.4.12 H.sub.2 O in 20 g of water and
      heating at 105.degree.-110.degree.C under the reduced pressure of 30 mm Hg
      produced by the water jet pump whereby 51.8 g of distillate was produced
      in about 34 minutes. 22.8 g of 2-cyano-1,3-butadiene was obtained from the
      distillate (Yield 56%). In said process, 1.5 g of anhydrous Na.sub.3
      PO.sub.4.12H.sub.2 O was added, whereby 27.5 g of distillate was produced
      in about 26 minutes. 19.6 g of 2-cyano-1,3-butadiene was obtained from the
      distillate (Yield 48%).
PAC  EXAMPLE 32
PAR  16 G of pellets of .alpha.-alumina having diameters of 5 mm was added to a
      solution of 4.0 g of potassium carbonate in 50 cc of water. The mixture
      was condensed and dried while stirring, and the resulting catalyst was
      dried at 120.degree.C overnight. In a 100 cc round flask equipped with a
      magnetic stirrer and a Liebig condenser, 50 g of
      2-cyano-3-hydroxy-1-butene and 4 g of the dried catalyst were charged, and
      the mixture was heated at 105.degree.-110.degree.C under the reduced
      pressure of 30 mm Hg produced by a water jet pump, whereby 38.0 g of
      distillate was produced in about 64 minutes. The distillate was separated
      into a water phase and an organic phase. From the organic phase, 29.9 g of
      2-cyano-1,3-butadiene was obtained (Yield 73.5%). In the above process, 1
      g of anhydrous potassium carbonate was substituted for the catalyst,
      whereby 30.9 g of the distillate was produced in about 48 minutes. 24.0 g
      of 2-cyano-1,3-butadiene was obtained from the distillate (Yield 59.1%).
PAC  EXAMPLE 33
PAR  The process of Example 32 was repeated except for the addition of 4 g of
      catalyst of 20 wt % of K.sub.2 CO.sub.3 supported on granular
      .alpha.-alumina and heating at 120.degree.C under the reduced pressure of
      40-50 mm Hg produced by a water jet pump, whereby 41.6 g of distillate was
      produced in about 60 minutes. 31.6 g of 2-cyano-1,3-butadiene was obtained
      from the distillate (Yield 77.7%).
PAC  EXAMPLE 34
PAR  The process of Example 32 was repeated except for the addition of 4 g of a
      catalyst of 20 wt % of K.sub.2 CO.sub.3 supported on granular SiO.sub.2
      --Al.sub.2 O.sub.3, and heating at 138.degree.-140.degree.C under the
      reduced pressure of 70-80 mm Hg produced by a water jet pump, whereby 39.4
      g of distillate was produced in about 21 minutes. 29.3 g of
      2-cyano-1,3-butadiene was obtained from the distillate (Yield 72.1%).
PAC  EXAMPLE 35
PAR  The process of Example 32 was repeated except for the addition of 3 g of
      catalyst of 20 wt % of K.sub.2 CO.sub.3 supported on silica powder, and
      heating at 140.degree.C under the reduced pressure of 70-80 mm Hg produced
      by a water jet pump, whereby 38.3 g of distillate was produced in about
      1.3 hours. 29.8 g of 2-cyano-1,3-butadiene was obtained from the
      distillate (Yield 73.2%).
PAC  EXAMPLE 36
PAR  The process of Example 32 was repeated except for the addition of 2 g of
      catalyst of 20 wt % of K.sub.2 CO.sub.3 supported on activated carbon and
      heating at 105.degree.-110.degree.C under the reduced pressure of 30 mm Hg
      by a water jet pump, whereby 34.4 g of distillate was produced in about 80
      minutes. 25.9 g of 2-cyano-1,3-butadiene was obtained from the distillate
      (Yield 63.6%).
PAC  EXAMPLE 37
PAR  The process of Example 32 was repeated except for the addition of 8 g of a
      catalyst of 10 wt % of K.sub.2 CO.sub.3 supported on .alpha.-alumina
      (diameter of 5 mm) and heating at 138.degree.-140.degree.C under the
      reduced pressure of 80-90 mm Hg produced by a water jet pump, whereby 38.5
      g of the distillate was produced in about 21 minutes. 29.4 g of
      2-cyano-1,3-butadiene was obtained from the distillate (Yield 72.3%).
PAC  EXAMPLE 38
PAR  The process of Example 32 was repeated except for the addition of 2.7 g of
      a catalyst of 30 wt % of K.sub.2 CO.sub.3 supported on .alpha.-alumina
      (diameter of 5 mm) and heating at 140.degree.C under the pressure of 70-90
      mm Hg produced by a water jet pump, whereby 39.1 g of distillate was
      produced in about 24 minutes. 29.6 g of 2-cyano-1,3-butadiene was obtained
      from the distillate (Yield 72.7%).
PAC  EXAMPLE 39
PAR  The process of Example 32 was repeated except for the addition of 1 g of a
      catalyst of 20 wt % NaOH supported on granular .alpha.-alumina (diameter
      of 5 mm) and heating at 105.degree.-110.degree.C under the reduced
      pressure of 20-30 mm Hg produced by a water jet pump, whereby 38.5 g of
      distillate was obtained in about 3 hours. 30.5 g of 2-cyano-1,3-butadiene
      was obtained from the distillate (Yield 75.1%). In the above process, 0.28
      g of NaOH powder was substituted as the catalyst, whereby 20.4 g of
      2-cyano-1,3-butadiene was obtained (Yield 50.1%).
PAC  EXAMPLE 40
PAR  The process of Example 32 was repeated except for the addition of 5 g of a
      catalyst of 18 wt % of 1,8-diaza-bicyclo[5,4,0] undecene-7 supported on
      .alpha.-alumina (diameter of 5 mm) and heating at 105.degree.-110.degree.C
      under the reduced pressure of 30-40 mm Hg produced by a water jet pump,
      whereby 38.6 g of distillate was produced in about 1.7 hours. 30.1 g of
      2-cyano-1,3-butadiene was obtained from the distillate (Yield 74.1%). In
      the above process, 0.97 g of 1,8-diaza-bicyclo[5,4,0]undecene-7 was
      substituted as the catalyst, whereby 32.0 g of the distillate was produced
      in about 1.3 hours. 23.5 g of 2-cyano-1,3-butadiene was obtained from the
      distillate (Yield 57.9%).
PAC  EXAMPLE 41
PAR  The process of Example 32 was repeated except for the addition of 20 g of a
      catalyst of 20 wt % of potassium acetate supported on silica gel (24-35
      mesh) and heating at 140.degree.C under the reduced pressure of 70-80 mm
      Hg produced by a water jet pump, whereby 28.0 g of the distillate was
      produced in about 2.8 hours. 23.0 g of 2-cyano-1,3-butadiene was obtained
      from the distillate (Yield 56.6%). In the above process, 4 g of potassium
      acetate was substituted as the catalyst, whereby 27.9 g of distillate was
      produced in about 3.5 hours. 20.3 g of 2-cyano-1,3-butadiene was obtained
      from the distillate (Yield 49.9%).
PAC  EXAMPLE 42
PAR  The process of Example 32 was repeated except for the addition of 6 g of a
      catalyst of 15 wt % of tri-n-butyl phosphine supported on a pumice powder
      (8-10 mesh) and heating at 80.degree.C under the reduced pressure of 30 mm
      Hg produced by a water jet pump, whereby 18.3 g of distillate was produced
      in about 3.5 hours. 9.4 g of 2-cyano-1,3-butadiene was obtained from the
      distillate (Yield 23.1%). In the above process, 1 g of tri-n-butyl
      phosphine was substituted as the catalyst, whereby 9.9 g of distillate was
      produced in about 4 hours. 4.9 g of 2-cyano-1,3-butadiene was obtained
      from the distillate (Yield 12.0%).
PAC  EXAMPLE 43
PAR  The process of Example 32 was repeated except for the addition of 8 g of a
      catalyst [prepared by immersing 2 g of 50% sodium methoxidemethanol into
      16 g of synthetic zeolite (14-30 mesh) four times and drying under reduced
      pressure] and heating at 80.degree.C under the reduced pressure of 30 mm
      Hg produced by a water jet pump, whereby 25.3 g of distillate was produced
      in about 15 hours. 17.6 g of 2-cyano-1,3-butadiene was obtained from the
      distillate (Yield 43.2%). In the above process, 1.6 g of 50% sodium
      methoxide-methanol was substituted as the catalyst, whereby 22.8 g of the
      distillate was produced in 65 minutes. 14.3 g of 2-cyano-1,3-butadiene was
      obtained from the distillate (Yield 35.1%).
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A process for producing a conjugated diene containing a cyano group
      having the formula
      ##EQU9##
      wherein R.sub.1 and R.sub.2 are hydrogen, C.sub.1 to C.sub.10 alkyl or
      phenyl which comprises dehydrating the 2-cyano-3-hydroxy-1-olefin compound
      of the formula
      ##EQU10##
      wherein R.sub.1 and R.sub.2 are as before at 50.degree.-200.degree.C under
      a reduced pressure of 1 to 600 mm Hg in the presence of an alkaline
      catalyst wherein the amount of said alkaline catalyst is 0.1-20 weight
      percent relative to said 2-cyano-3-hydroxy-1-olefin and said conjugated
      diene is continuously removed by distillation from the reaction system
      during reaction.
NUM  2.
PAR  2. A process for producing a conjugated diene containing a cyano group
      having the formula:
      ##EQU11##
      wherein R.sub.1 and R.sub.2 are hydrogen, C.sub.1 to C.sub.10 alkyl or
      phenyl which comprises dehydrating in the gas phase the
      2-cyano-3-hydroxy-1-olefin of the formula
      ##EQU12##
      wherein R.sub.1 and R.sub.2 are as above, at 200.degree.-600.degree.C by
      passing a said 2-cyano-3-hydroxy-1-olefin over a solid alkaline catalyst
      wherein said alkaline catalyst is 0.1-20 weight percent relative to said
      2-cyano-3-hydroxy-1-olefin.
NUM  3.
PAR  3. The process according to claim 1, wherein the
      2-cyano-3-hydroxyl-1-olefin compound is 2-cyano-3-hydroxy-1-butene,
      2-cyano-3-hydroxy-1-pentene, 2-cyano-3-hydroxy-4-methyl-1-pentene, or
      2-cyano-3-hydroxy-4-phenyl-butene.
NUM  4.
PAR  4. The process according to claim 1, wherein the alkaline catalyst is
      selected from the group consisting of alkali metals, alkaline earth metals
      and the corresponding hydroxides, oxides, inorganic salts, organic salts
      or alkoxides thereof, organic amines and organic phosphines.
NUM  5.
PAR  5. The process according to claim 1, wherein the alkaline catalyst is added
      in the form of an aqueous solution.
NUM  6.
PAR  6. The process according to claim 1, wherein the alkaline catalyst is
      supported on a carrier of alumina gel, silica gel, alumina-silica gel,
      activated carbon, diatomaceous earth, silicate, pumice, zeolite or other
      inert carrier.
NUM  7.
PAR  7. The process according to claim 1, wherein the dehydration is performed
      by a liquid phase method by heating the mixture of the
      2-cyano-3-hydroxy-1-olefin compound and the alkaline material at
      50.degree.-200.degree.C under a reduced pressure of 1-600 mm Hg.
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ABST
PAL  An improved process is disclosed for the production of cyanoethylated
      aromatic amines comprising contacting an aromatic amine with acrylonitrile
      in the presence of a silica-alumina catalyst in a liquid phase reaction at
      elevated temperature. Aromatic polyamines are cyanoethylated according to
      the process of this invention to form a reaction product comprising
      poly-(N-monocyanoethylated) aromatic amines and
      poly-(N-monocyanoethylated) aromatic amines additionally having at least
      one cyanoethyl group attached to the nucleus of the aromatic ring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to cyanoethylated derivatives of aromatic amines and
      to an improved process for the production of such compounds. In
      particular, this invention relates to an improved process for
      cyanoethylation of aromatic amines wherein N-monocyanoethylated aromatic
      amines are the predominant product. Such cyanoethylated aromatic amines
      are of established utility as polyurethane chain extenders, and as
      intermediates in the production of bactericidal substances, antioxidants
      and dyestuffs. The cyanoethylated aromatic amines may be hydrogenated to
      the corresponding 3-aminopropyl primary amine derivatives which are useful
      as epoxy curing agents.
PAR  2. Prior Art
PAR  Although aliphatic amines can be reacted with acrylonitrile to form the
      corresponding cyanoethyl amine derivative in uncatalyzed reactions,
      aromatic amines do not react with acrylonitrile in the absence of a
      catalyst. Cyanoethylation is known to proceed with aromatic amines in the
      presence of acidic catalyst, e.g. acetic acid, cuprous chloride, cuprous
      acetate and mineral acids. See for example U.S. Pat. No. 2,726,945 and
      U.S. Pat. No. 3,231,601. All of these catalysts are homogeneous catalysts
      and are unsatisfactory in that they present problems in the recovery of
      the desired product from the crude reaction mixture.
PAC  SUMMARY OF THE INVENTION
PAR  Now, according to the instant invention, a process is disclosed for the
      production of cyanoethylated derivatives of aromatic amines which
      comprises contacting an aromatic amine with acrylonitrile in the presence
      of a silica-alumina catalyst at a temperature of from about 80.degree.C to
      about 300.degree.C. Aromatic monoamines are cyanoethylated to the
      N-monocyanoethyl derivative in high yield. Aromatic polyamines, such as
      aromatic diamines and polymethylene polyphenylene polyamines are
      cyanoethylated to reaction products comprising poly-(N-monocyanoethylated)
      aromatic polyamines and poly-(N-monocyanoethylated) aromatic polyamines
      additionally having at least one cyanoethyl group attached to the nucleus
      of the aromatic ring.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the instant process, acrylonitrile reacts with one of the
      active hydrogen atoms of the aromatic amine at an elevated temperature in
      the presence of the catalyst as herein described to form the
      mono-cyanoethyl derivative of the aromatic amine. After the addition of
      one cyanoethyl group to the amine nitrogen, the second amine hydrogen atom
      does not readily undergo further reaction with acrylonitrile. Thus, with
      aromatic monoamines there is but one cyanoethylated derivative in the
      reaction product.
PAR  Aromatic polyamines react with acrylonitrile according to the process of
      this invention to form a reaction product comprising a mixture of
      cyanoethylated derivatives. The reaction products are characterized in the
      following equation in which ortho-phenylenediamine is selected as
      exemplary of an aromatic diamine.
      ##SPC1##
PAR  From the preceeding equation it can be seen that the reaction product
      comprises a mixture of mono-N-cyanoethylated aromatic diamine,
      di-N-monocyanoethylated aromatic diamine and a tricyanoethylated aromatic
      amine in which the third cyanoethyl group is attached directly to the
      nucleus of the aromatic ring. One of the advantages of the process of this
      invention is the formation of the ring-substituted cyanoethyl derivatives
      of aromatic polyamines, such as those represented by formula III above.
      Another advantage of the process of this invention is that the reaction of
      acrylonitrile with the hydrogen of the amine group of the aromatic amine
      results primarily in N-monocyanoethyl derivatives. Only with an aromatic
      diamine, in which the amine groups are in the para position relative to
      one another, does cyanoethylation of both amine hydrogens occur to any
      substantial extent.
PAR  The aromatic amines which may be employed in practicing the process of this
      invention, are primary amines and include aromatic monoamines, aromatic
      diamines and polymethylene polyphenylene polyamines such as those
      described in U.S. Pat. No. 3,362,979. Of course, such aromatic amines may
      contain substituent groups which are of a non-interfering nature such as
      alkyl, alkoxy, hydroxy and the like. Illustrative aromatic amines include
      the aromatic monoamines such as aniline, the toluidines and the like; the
      aromatic diamines such as the phenylene diamines (o-, m- and p-isomers),
      toluenediamine (2,4- and 2,6-isomers), methylene dianiline (all isomers)
      and the like; and the polymethylene polyphenylene polyamines having a
      functionality of from about 2.1 to about 3.0. Such polymethylene
      polyphenylene polyamines which are suitable in the practice of this
      invention, are more fully described in U.S. Pat. No. 3,362,979, which is
      herein incorporated by reference.
PAR  The catalysts which are useful in practicing the process of this invention
      are generally referred to as silica-aluminas. The silica-aluminas which
      are effective as catalysts include those having an alumina content of from
      about 5 to about 50 wt. %, and preferably from about 10 to about 40 wt. %.
      The silica-aluminas, as herein described, catalyze the cyanoethylation of
      aromatic amines to produce the cyanoethylated derivatives in good yields
      and with high selectivity. While most any silica-alumina with an alumina
      content within the above-mentioned range is effective as a catalyst in the
      process of this invention, particularly desirably are silica-aluminas with
      surface areas of from about 50 m.sup.2 /g to about 700 m.sup.2 /g.
PAR  The silica-alumina catalysts can be employed in a fine powder or in a
      pelletized form. Pelletized catalysts are particularly suitable for
      continuous processes in which the catalyst may be employed as a fixed bed.
      However, the form in which the catalyst is employed, seemingly does not
      alter its effectiveness in the process of this invention.
PAR  From the above equations it can be seen that one mole of acrylonitrile will
      react with each mole equivalent of amino function to form the
      N-monocyanoethylated derivative of the aromatic amine reactant. Therefore,
      whenever aromatic monoamines such as aniline or the toluidines are
      employed in practicing the process of this invention, one mole of
      acrylonitrile is required for each mole of aromatic monoamine. Whenever
      aromatic diamines such as the phenylene diamines and the like are employed
      in practicing the process of this invention, two moles of the
      acrylonitrile reactant per mole of amine reactant are required. However,
      acrylonitrile is generally supplied in excess of the stoichiometric ratio
      in order to ensure a high conversion level of the aromatic amine. Also,
      whenever aromatic polyamines are employed as the reactant, additional
      acrylonitrile is required in excess of the stoichiometric amount to
      provide the acrylonitrile necessary for the substantial proportion of
      ring-cyanoethylated product (formula III above) that is produced.
      Generally, acrylonitrile is employed in an amount to provide from about
      10% to about 100% in excess of the stoichiometric amount as herein
      described. Of course, greater amounts may be employed if desired in order
      to ensure the desired degree of cyanoethylation.
PAR  The cyanoethylation reaction of this invention is carried out in a liquid
      phase reaction which is conducted at a temperature of from about
      80.degree.C to about 300.degree.C, and preferably at a temperature of from
      about 100.degree.C to about 175.degree.C. Of course, the temperature
      selected will depend upon the particular reactants employed and the
      desired conversion levels.
PAR  The pressure at which the reaction is carried out can be at any pressure
      sufficient to maintain the reactants and products substantially in the
      liquid state. Generally, reaction pressures of from about atmospheric to
      about 500 psig are satisfactory with pressures of from about 25 psig to
      about 100 psig being preferred. Of course, higher reaction zone pressures
      may be employed, if desired.
PAR  The amount of catalyst employed in the process of this invention will
      depend, of course, on the type of catalyst and the particular aromatic
      amine which is to be cyanoethylated. In batch processes, a silica-alumina
      catalyst, employed in an amount of from about 1 to about 20 wt. %, based
      upon the amount of aromatic amine reactant present, has been found
      satisfactory, with an amount of from about 5 to about 15 wt. %, upon the
      same basis, being preferred.
PAR  The aromatic amine and acrylonitrile mixture is maintained in contact with
      the catalyst under reaction conditions for a period of time necessary to
      obtain the desired degree of conversion to products. Generally, a reaction
      period of from about 1 to about 10 hours will be sufficient. In a
      continuous reaction process wherein the catalyst is generally employed as
      a fixed bed, a weight hourly space velocity (WHSV) of from about 0.1 to
      about 5.0 g/ml catalyst/hr is satisfactory with a space velocity of from
      about 0.2 to about 2.0 g/ml catalyst/hr being preferred.
PAR  In practicing the process of this invention, a solvent is not required but
      may be employed if desired. Whenever a solvent is employed, the solvent
      should be inert to the reaction environment and not interfere with the
      desired reaction. Acetonitrile is an example of a suitable solvent which
      may be employed in practicing the process of this invention. Whenever a
      solvent is employed, the amount used is not critical and will generally be
      in the range of from about 10% to about 100% by weight based on the
      reactants.
PAR  The crude reaction product obtained from the process of this invention will
      comprise the desired N-monocyanoethylated aromatic amine product in
      combination with the partially N-cyanoethylated derivatives as herein
      described, unreacted aromatic amine, and unreacted acrylonitrile. In some
      emobdiments of the process of this invention, the catalyst will also be
      present in the crude reaction mixture, for example, in batch processes and
      in continuous processes where the heterogeneous catalyst is employed in
      intimate admixture with the reactants. The catalyst is present in the
      reaction product and may be recovered from the crude reaction mixture and
      recycled for reuse according to the process of this invention. It is
      generally preferable to wash the recovered catalyst, for example with
      methanol and/or water and dry it prior to recycling it for reuse.
PAR  The N-monocyanoethylated aromatic amines are recovered from the crude
      reaction mixture by conventional means, for example distillation,
      extraction and the like. Similarly, the unreacted acrylonitrile and
      aromatic amine may be recovered and recycled for conversion to the desired
      product according to the process of this invention. Likewise, the
      partially N-monocyanoethylated aromatic polyamine may be recovered and
      recycled for further cyanoethylation as herein described.
PAR  The N-cyanoethylated aromatic amines of this invention are useful as chain
      extenders in polyurethane compositions and are particularly suitable as a
      replacement for MOCA (3,3'-dichloro-4,4'-diaminodiphenylmethane) as an
      ingredient in molding elastomer formulations.
PAR  The process of this invention will now be further illustrated in the
      following examples which are for the purposes of illustration and should
      not be considered a limitation on the scope of the invention.
DETD
PAC  EXAMPLES 1-6
PAR  In each of the following runs, a dry, nitrogen-purged, stirred autoclave
      was charged with an aromatic amine, acrylonitrile and silica-alumina
      catalyst. Then a nitrogen atmosphere was established in the autoclave and
      the autoclave contents were heated to a temperature and held at a certain
      pressure for the time indicated in the following Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                                         Product                               
                               Reaction            Total                       
     Run.sup.1                                                                 
              g AN   Catalyst                                                  
                          Temp.,                                               
                               time Pressure                                   
                                         Isolated  amine,  moles AN            
                                                           added.sup.12        
                                                       NMR,                    
     No.                                                                       
        Amine 100 g amine                                                      
                     wt. %                                                     
                          .degree.C.                                           
                               hours                                           
                                    psig wt., g                                
                                               % N meq/g.  mole                
     __________________________________________________________________________
                                                           amine               
     1  JEFFAMINE                                                              
              61.6   7.5  146-152                                              
                               6.0  70-45                                      
                                         287.7 --  6.25.sup.6                  
                                                           1.60                
        AP-20.sup.2                                                            
        198.3 g                                                                
        (1.0 mole)                                                             
     2  JEFFAMINE                                                              
              64.2   10.0 158-162                                              
                               6.0  78-34                                      
                                         2336.6.sup.7                          
                                               17.57.sup.8                     
                                                   6.09.sup.6                  
                                                           1.95                
        AP-20                                                                  
        1586.0 g                                                               
        (8.0 mole)                                                             
     3  JEFFAMINE                                                              
              62.2   10.0 158-161                                              
                               6.0  82-41                                      
                                         2241.0                                
                                               17.39                           
                                                   6.30.sup.9                  
                                                           1.60                
        AP-22.sup.3                                                            
        1586.0 g                                                               
     4  JEFFAMINE                                                              
              61.6   10.0 158-161                                              
                               6.0  82-47                                      
                                         2267.0                                
                                               17.30                           
                                                   6.22.sup.10                 
                                                           1.60                
        AP-27.sup.4                                                            
        1586.0 g                                                               
     5  JEFFAMINE                                                              
              54.3   20.0 125  9.0  37-14                                      
                                         --    17.74                           
                                                   6.60    1.70-1.80           
        AP-22                                                                  
        21.0 lbs.                                                              
     6  4,4'-MDA                                                               
              214.0.sup. 5                                                     
                     10.0 155-161                                              
                               6.0  95-88                                      
                                         133.0.sup.11                          
                                               17.40.sup.8                     
                                                   7.30.sup.6                  
                                                           1.50                
        99.1 g                                                                 
        (0.5 mole)                                                             
     __________________________________________________________________________
      ANNEX TO TABLE 1                                                         
      .sup.1 Runs No. 1 and No. 6 were carried out in a one-liter stirred      
      autoclave; Runs 2-4 were carried out in a 1 gallon autoclave, and Run 5  
      was carried out in a 5 gallon kettle.                                    
      .sup.2 97.9 wt.% isomeric methylenedianiline (5.6%, 2,2' isomer, 25.3%,  
      2.4' isomer, 69.0%, 4,4' isomer-MDA); total amine 10.08 meq/g.           
      .sup.3 A mixture of methylene dianiline isomers and polymethylene        
      polyphenylene polyamine having an average functionality of 2.2 (60.7 wt.%
      isomeric MDA; total amine 9.76 meq/g.)                                   
      .sup.4 A mixture of methylene dianiline isomers and polymethylene        
      polyphenylene polyamine having an average functionality of 2.7 (48.6 wt.%
      isomeric MDA; total amine 9.67 meq/g.)                                   
      .sup.5 200 ml of acetonitrile used as solvent                            
      .sup.6 Theor. 6.57 meq/g.                                                
      .sup.7 96.0% of theory                                                   
      .sup.8 Theor. 18.41%                                                     
      .sup.9 Theor. 6.43 meq/g.                                                
      .sup.10 Theor. 6.39 meq/g.                                               
      .sup.11 Tertiary amine: 0.01 meq/g.; total acetylatables: 7.11 meq/g.    
      .sup.12 In Runs 1 through 5 approximately 10-15% of the cyanoethylation  
      occurred as ring-cyanoethylation. In Run 6 the extent of                 
      ring-cyanoethylation was approximately 20% (1.20-NHCH.sub.2 CH.sub.2 CN  
      and 0.30 nuclear (one ring) cyanoethylation.)                            
PAR  Thereafter, the autoclave was cooled and the reaction mixture was filtered
      through filter aid to remove the catalyst. Small amounts of acetonitrile
      were used to wash the filter aid and catalyst to recover all of the
      product. The resulting filtrate was stripped of volatiles at aspirator
      pressure by means of a rotary evaporator and the resulting liquid product
      was analyzed by infra-red (IR) and nuclear magnetic resonance (NMR)
      spectroscopy in order to characterize the products.
PAR  An examination of the data in Table 1 shows that the silica-alumina is an
      effective catalyst in cyanoethylating the aromatic polyamines. In Example
      No. 6, where a large excess of acrylonitrile was employed, a larger
      proportion of product was characterized as having nuclear (ring)
      cyanoethylation.
PAC  EXAMPLES 7-25
PAR  According to the general procedure of Examples 1-6, the effectiveness of a
      silica-alumina catalyst for cyanoethylating various other aromatic amines
      and aromatic polyamines was investigated. The data presented in the
      following Table 2 show that a silica-alumina catalyst was effective in
      cyanoethylating aniline, ortho-phenylenediamine (o-PDA),
      meta-phenylenediamine (m-PDA), para-phenylenediamine (p-PDA),
      toluenediamine (TDA) and toluidine (all isomers). While the catalyst
      promoted cyanoethylation of both aromatic monoamines and aromatic
      polyamines, ring cyanoethylation occurred only with the aromatic
      polyamines. The data also show that attempts to cyanoethylate aromatic
      compounds not having an amine group were unsuccessful.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                      Aceto-                                                   
                  Acrylo-                                                      
                      nitrile                                                  
     Run.sup.1    nitrile                                                      
                      solvent                                                  
                          Temp.,                                               
                               Press.,                                         
     No.                                                                       
        substrate (moles)                                                      
                  (moles)                                                      
                      (ml)                                                     
                          .degree.C.                                           
                               psig                                            
     __________________________________________________________________________
      7 o-PDA (1.0)                                                            
                  2.4 100 159-161                                              
                               84-78                                           
      8 o-PDA (1.0)                                                            
                  4.0 200 160-162                                              
                               88-84                                           
      9 m-PDA (1.0)                                                            
                  2.4 100 155-161                                              
                               83-75                                           
     10 m-PDA (1.0)                                                            
                  4.0 200 159-162                                              
                               92-85                                           
     11 p-PDA (1.0)                                                            
                  2.4 300 160-164                                              
                               93-84                                           
     12 p-PDA (1.0)                                                            
                  4.0 200 160-165                                              
                               96-85                                           
     13 2,4-TDA (1.0)                                                          
                  2.4 100 160-165                                              
                               89-77                                           
     14 2,4-TDA (1.0)                                                          
                  4.0 200 158-162                                              
                               90-84                                           
     15 Aniline (1.8)                                                          
                  3.6 --  161-163                                              
                               70-65                                           
     16 Aniline (10.0)                                                         
                  12.0                                                         
                      --  164-158                                              
                               75-43                                           
     17 o-Toluidine (0.89)                                                     
                  3.6 --  158-165                                              
                               92-80                                           
     18 m-Toluidine (0.89)                                                     
                  3.6 --  155-165                                              
                               88-81                                           
     19 p-Toluidine (0.89)                                                     
                  3.6 --  160-162                                              
                               88-83                                           
     20 Benzene (2.0)                                                          
                  4.4 --  157-164                                              
                               117-102                                         
     21 Benzene (2.0)                                                          
                  4.4 --  177-183                                              
                               172-158                                         
     22 Toluene (2.0)                                                          
                  4.0 --  179-182                                              
                               140-132                                         
     23 Toluene (2.0)                                                          
                  4.0 --  198-202                                              
                               200-190                                         
     24 Nitrobenzene (1.5)                                                     
                  3.0 --  180-182                                              
                               112-108                                         
     25 Phenol (1.0)                                                           
                  4.0 --  159-162                                              
                               84-78                                           
     __________________________________________________________________________
     Product                                                                   
           Total                                                               
                Total                                                          
                     Tertiary                                                  
                          Prim.  % Ring % Cyanoethyla-                         
     Isolated                                                                  
           amine                                                               
                acet.,                                                         
                     amine                                                     
                          amine  --CH.sub.2 CH.sub.2 CN                        
                                        tion of amino                          
     wt., g                                                                    
           meq/g                                                               
                meq/g                                                          
                     meq/g                                                     
                          meq/g                                                
                              % N                                              
                                 (NMR)  Group (s)                              
     __________________________________________________________________________
     120.0                       --     50.0                                   
     163.0                       20-25  50.0                                   
     190.0                       35     --                                     
     177.0                       35     50.0                                   
     208.0.sub.2                        100.0                                  
     35.0                         0.sup.5                                      
                                        75.0                                   
     151.0                       100    100.0                                  
     198.0                       35     50.0                                   
     167.0                       25     45.0                                   
     273.0 6.78.sup.3                                                          
                6.58.sup.3                                                     
                     --   --  --  0.sup.6                                      
                                        100.0                                  
     1370.7                                                                    
           7.14.sup.3                                                          
                7.58.sup.3                                                     
                     0.01 --  17.7.sup.4                                       
                                  0.sup.7                                      
                                        83.0                                   
     122.0 7.10 6.97 --   --  --  0.sup.8                                      
                                        50.0                                   
     140.0 6.15 5.89 --   --  --  0.sup.9                                      
                                        100.0                                  
     150.8 5.95 6.78 --   --  --   0.sup.10                                    
                                        100.0                                  
     --    --   NO REACTION   -- --     --                                     
     --    --   "             -- --     --                                     
     --    --   "             -- --     --                                     
     --    --   "             -- --     --                                     
     --    --   "             -- --     --                                     
     --    --   "             -- --     --                                     
     __________________________________________________________________________
      ANNEX TO TABLE 2                                                         
      .sup.1 Run No. 16 was run in a 1 gallon autoclave; all other runs were   
      carried out in a 1 liter autoclave.                                      
      .sup.2 m.p. 139-140.degree.C.                                            
      .sup.3 Theor. 6.85 meq/g.                                                
      .sup.4 Theor. 19.15%                                                     
      .sup.5 Product characterized as p-PDA; tris-NH addition                  
      .sup.6 Product characterized as C.sub.6 H.sub.5 NHCH.sub.2 CH.sub.2 CN   
      .sup.7 83% conv.; 93.5% yield                                            
      .sup.8 50% conversion                                                    
      .sup.9 100% conversion                                                   
      .sup.10 100% conversion                                                  
PAR  While the invention has been explained in relation to its preferred
      embodiment, it is to be understood that various modifications thereof will
      become apparent to those skilled in the art upon reading the specification
      and is intended to cover such modifications as fall within the scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for cyanoethylation of aromatic amines selected from the
      group of aromatic monoamines, aromatic diamines and polymethylene
      polyphenyl polyamines having an average functionality of from about 2.0 to
      about 3.0, with acrylonitrile, the improvement which consists essentially
      of contacting the reactants at a temperature of from about 80.degree.C to
      about 300.degree.C in the liquid phase in the presence of a silica-alumina
      catalyst having an alumina content of from about 5 to about 50 weight
      percent, the catalyst being present in an amount of from about 1 to about
      20 percent by weight, based upon the aromatic amine, and recovering
      cyanoethylated aromatic amines from the reaction mixture.
NUM  2.
PAR  2. The process according to claim 1 wherein the silica-alumina catalyst has
      an alumina content of from about 10 to about 40 weight percent and has a
      surface area of from about 50 to about 700 m.sup.2 /g.
NUM  3.
PAR  3. The process according to claim 2 wherein the silica-alumina catalyst is
      present in an amount of from about 5 to about 15 percent by weight, based
      upon the aromatic amine reactant.
NUM  4.
PAR  4. The process according to claim 3 wherein the contacting is carried out
      at a temperature of from about 100.degree.C to about 175.degree.C.
NUM  5.
PAR  5. The process according to claim 4 wherein acrylonitrile is present in an
      amount such that the mole ratio of acrylonitrile to amine group is from
      about 1.10 to about 2.0.
NUM  6.
PAR  6. The process according to claim 5 wherein the aromatic amine is an
      aromatic monoamine selected from the group of aniline and the toluidines,
      and the N-(monocyanoethyl) aromatic amine derivative is recovered from the
      reaction mixture.
NUM  7.
PAR  7. The process according to claim 5 wherein the aromatic amine is an
      aromatic diamine selected from the group of the methylenedianilines, the
      phenylenediamines and the toluenediamines.
NUM  8.
PAR  8. The process according to claim 5 wherein the aromatic amine is a
      polymethylene polyphenylene polyamine having an average functionality of
      from about 2.0 to about 3.0.
NUM  9.
PAR  9. The process according to claim 7 wherein the aromatic amine is methylene
      dianiline (4,4'-, 2,4'-, or 2,2'-) or its isomeric mixtures.
NUM  10.
PAR  10. The process according to claim 1 wherein the silica-alumina catalyst is
      recovered from the reaction mixture and is recycled for reuse.
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ABST
PAL  Various alkyl 4-[o-(substituted amino)phenyl]-3-thioallophanates are useful
      as fungicides and mite ovicides.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of my copending application Ser. No.
      865,984, filed Oct. 13, 1969.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a group of alkyl
      4-(o-aminophenyl)-3-thioallophanates and to methods of using these
      compounds to prevent or mitigate damage to plants and inanimate organic
      materials by fungi and mites.
PAR  The survival of man has for a long time been dependent in a large measure
      upon his ability to protect from the various agents of destruction, plants
      and their products which satisfy his basic needs. With the rapidly
      increasing population of the world, it becomes imperative that there be
      continuing great improvements in the efficiency of the materials and the
      methods employed to provide this protection. These improvements can be in
      the form of effective control of more kinds of pests or in the form of
      requiring less material or work. The materials and methods of this
      invention represent marked advances in both of these possible areas of
      improvement, as will be explained more fully.
PAR  Application of the compounds of this invention by the methods of this
      invention entirely precludes or reduces damage to plants and inanimate
      organic material due to fungi and mites. Fungus mycelia are killed or
      prevented from developing further by the presence of one or more of the
      compounds, i.e., the compounds are fungicidal or fungistatic. The
      compounds further prevent mite populations from expanding or reduce them
      to a low level or even eliminate them by preventing the normal hatching of
      their eggs, i.e., the compounds are mite ovicides.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that outstanding fungicidal activity can be obtained by
      applying to the locus of fungus infestation, the compounds represented by
      the following formula:
      ##SPC1##
PAL  Wherein
      ##EQU1##
      X is hydrogen, fluorine, chlorine, or bromine; Y is hydrogen or alkyl of 1
      to 4 carbon atoms;
PA1  R.sub.1 is alkyl of 1 to 12 carbon atoms;
PA1  Z is oxygen or sulfur;
PA1  R is hydrogen, alkyl of 1 to 12 carbon atoms, alkyl of 1 to 12 carbon atoms
      substituted with fluorine, chlorine, bromine, alkoxy of 1 to 3 carbon
      atoms or acetyl; alkoxy of 1 to 4 carbon atoms;
PA1  R.sub.2 is hydrogen or methyl;
PA1  R.sub.3 is hydrogen or alkyl of 1 to 4 carbon atoms;
PA1  R.sub.4 is hydrogen or methyl;
PA1  When Y is alkyl, n is 0 and when Y is hydrogen, n is 1, 2, or 3; and the
      sodium, potassium, lithium, calcium, barium, copper, zinc and manganese
      salts of these compounds.
PAR  Preferred are those compounds where Z is sulfur and more preferred are
      those compounds where Z is sulfur, X and Y are hydrogen and R.sub.1 is
      methyl, ethyl or isopropyl.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compounds of the invention can be prepared in several ways. They are
      prepared from alkyl 4-(o-aminophenyl)-3-thioallophanates by the reactions
      set forth below.
PAR  The alkyl 4-(o-aminophenyl)-3-thioallophanates are prepared as described in
      application Ser. No. 865,964 filed Oct. 13, 1969 by Charles D. Adams,
      entitled "Alkyl 4-(o-aminophenyl)-3-thioallophanates as Fungicides." In
      general the preparation of these intermediates involves reacting an
      o-phenylenediamine with the appropriate alkoxycarbonyl isothiocyanate. The
      alkoxycarbonyl isothiocyanates can be prepared by the manner described in
      Bull Chem Soc (Japan) 36, 1214.
PAR  Alkyl 4-(o-aminophenyl)-3-thioallophanates react with butyl formate in the
      presence of p-toluenesulfonic acid to give compounds of type I. This
      reaction is illustrated by the following equation:
      ##SPC2##
PAR  The alkyl 4-(o-aminophenyl)-3-thioallophanates reacts with alkanoic
      anhydrides to give compounds of type III as set forth by the following
      equation:
      ##SPC3##
PAR  The intermediate reacts with acid chlorides or carbamoyl chlorides or alkyl
      chloroformates in presence of an acid acceptor such as triethylamine to
      give compounds of type III.
      ##SPC4##
PAL  In this equation R is alkyl,
      ##EQU2##
      or R.sub.4 --O--.
PAR  The reaction with an alkyl-2-thiopseudourea in acetic acid yields compounds
      of type IV according to the following equation:
      ##SPC5##
PAL  In the above equations, X, Y, R, R.sub.1, R.sub.2, R.sub.3, R.sub.4, n, and
      Z are as previously defined.
PAR  The alkali metal salts of this invention are prepared by treating the
      compounds with aqueous sodium hydroxide or potassium hydroxide or an
      alcoholic solution of lithium methoxide. The salts are isolated by
      evaporation of the solvent.
PAR  The calcium, barium, copper, zinc and manganese salts of this invention are
      prepared by treating the sodium salt of the appropriate compound with an
      aqueous solution of an appropriate inorganic metal salt e.g. calcium
      chloride. The resulting salts are isolated by filtration from the aqueous
      solution.
PAR  The general method of preparation of the compounds of this invention is
      illustrated by the following examples, the amounts being given in terms of
      parts by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  3 Parts of methyl 4-(o-aminophenyl)-3-thioallophanate, 50 parts of butyl
      formate and 0.5 parts of p-toluenesulfonic acid is refluxed for six hours.
      The excess butyl formate is removed by evaporation and the resulting solid
      is washed with water, air-dried and recrystallized from ethanol yielding
      1.5 parts of methyl 4-(o-formamidophenyl)-3-thioallophanate,
      mp-153.degree.-156.5.degree.C.
PAC  EXAMPLE 2
PAR  11 Parts of methyl 4-(o-aminophenyl)-3-thioallophanate in 200 parts of
      acetone is treated with 10 parts of acetic anhydride. This solution is
      refluxed for two hours and evaporated. The resulting white solid is washed
      well with water, air-dried and recrystallized from acetonitrile yielding 8
      parts of methyl 4-(o-acetamidophenyl)-3-thioallophanate, mp
      193.degree.-195.degree.C. (dec.).
PAC  EXAMPLE 3
PAR  The following compounds (C) can be synthesized by the method of Example 2
      substituting the appropriate alkyl 4-(o-aminophenyl)-3-thioallophanate (A)
      for methyl 4-(o-aminophenyl)-3-thioallophanate and the appropriate
      anhydride (B) for acetic anhydride.
PAC  COMPOUND 1
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. butyric anhydride
PA1  C. methyl 4-(o-butyramidophenyl)-3-thioallophanate, mp -
      193.degree.-194.5.degree.C.
PAC  COMPOUND 2
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. trifluoroacetic anhydride
PA1  C. methyl 4-(o-trifluoroacetamidophenyl)-3-thioallophanate, mp -
      186.degree.-187.degree.C. (dec.).
PAC  COMPOUND 3
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. trichloroacetic anhydride
PA1  C. methyl 4-(o-trichloroacetamidophenyl)-3-thioallophanate
PAC  COMPOUND 4
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. bromoacetic anhydride
PA1  C. methyl 4-(o-bromoacetamidophenyl)-3-thioallophanate
PAC  COMPOUND 5
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. dichloroacetic anhydride
PA1  C. methyl 4-(o-dichloroacetamide)-3-thioallophanate mp - 202.degree.C.
      (dec.).
PAC  COMPOUND 6
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. chloroacetic anhydride
PA1  C. methyl 4-(o-chloroacetamidophenyl)-3-thioallophanate, mp -
      171.degree.-171.5.degree.C. (dec.).
PAC  COMPOUND 7
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. methoxyacetic anhydride
PA1  C. methyl 4-(o-methoxyacetamidophenyl)-3-thioallophanate.
PAC  COMPOUND 8
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. ethoxyacetic anhydride
PA1  C. methyl 4-(o-ethoxyacetamidophenyl)-3-thioallophanate.
PAC  COMPOUND 9
PA1  A. hexyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. acetic anhydride
PA1  C. hexyl 4-(o-acetamidophenyl)-3-thioallophanate.
PAC  COMPOUND 10
PA1  A. dodecyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. acetic anhydride
PA1  C. dodecyl 4-(o-acetamidophenyl)-3-thioallophanate.
PAC  COMPOUND 11
PA1  A. methyl 4-(2-amino-4-fluorophenyl)-3-thioallophanate.
PA1  B. propionic anhydride
PA1  C. methyl 4-(4-fluoro-2-propion, amidophenyl)-3-thioallophanate.
PAC  EXAMPLE IV
PAR  7.5 Parts of methyl 4-(o-aminophenyl)-3-thioallophanate in 250 parts of
      acetone is treated with 3.43 parts of diketene and the solution is heated
      at reflux for two hours. The white solid that is obtained after
      evaporation of the acetone is recrystallized from acetonetrile yielding
      5.2 parts of methyl 4-(o-acetoacetamidophenyl)-3-thioallophanate, mp -
      177.degree.-178.5.degree.C. (dec.).
PAC  EXAMPLE V
PAR  8.0 Parts of methyl 4-(o-aminophenyl)-3-thioallophanate in 250 parts of
      acetone is treated with 3.7 parts of methyl chloroformate and this mixture
      is refluxed for 2 hours. 3.6 parts of triethylamine is added and reflux is
      continued for an additional 3 hours. The mixture is cooled and filtered
      and the filtrate concentrated. The solid obtained from the filtrate is
      washed with water and methanol and is air-dried. Seven parts of methyl
      4-(o-methoxycarbonylaminophenyl)-3-thioallophanate, mp
      174.degree.-175.degree.C. (dec.), is thus obtained.
PAC  EXAMPLE VI
PAR  The following compounds (C) can be synthesized by the method of Example V
      by substituting the appropriate alkyl 4-(o-aminophenyl)-3-thioallophanate
      (A) for methyl 4-(o-aminophenyl)-3-thioallophanate and the appropriate
      alkyl chloroformate or alkanoic acid chloride (B), for methyl
      chloroformate.
PAC  COMPOUND 1
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. tridecanoyl chloride
PA1  C. methyl 4-(o-tridecanamidophenyl)-3-thioallophanate.
PAC  COMPOUND 2
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. propyl chloroformate C. Methyl
      4-(o-propoxycarbonylaminophenyl)-3-thioallophanate.
PAC  COMPOUND 3
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. butyl chloroformate
PA1  C. methyl 4-(o-butoxycarbonylaminophenyl)-3-thioallophanate.
PAC  EXAMPLE VII
PAR  5.0 Parts of methyl 4-(o-aminophenyl)-3-thioallophanate in 250 parts of
      acetone is treated with 3.13 parts of chlorosulfonyl isocyanate. This
      mixture is stirred at room temperature and then is carefully poured into
      water. The solid is removed by filtration and air-dried yielding 3 parts
      of methyl 4-(o-ureidophenyl)-3-thioallophanate, mp 195.degree.C(D).
PAC  EXAMPLE VIII
PAR  7.5 Parts of methyl 4-(o-aminophenyl)-3-thioallophanate in 250 parts of
      acetone is treated with 2.0 parts of methyl isocyanate and 1 part of
      triethylamine. This mixture is warmed to 40.degree. for 1 hour and the
      solvent is evaporated yielding 7.0 parts of methyl
      4-[o-(3-methyureido)phenyl]-3-thioallophanate, mp
      194.degree.-195.degree.C(D).
PAC  EXAMPLE IX
PAR  The following compounds are synthesized by the method of example 8 by
      substituting the appropriate alkyl 4-(o-aminophenyl)-3-thioallophanate (A)
      for methyl 4-(o-aminophenyl)-3-thioallophanate
      aminophenyl)-3-thioallophanate and the appropriate alkyl isocyanate or
      alkyl isothiocyanate (B) for methyl isocyanate.
PAC  COMPOUND 1
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. butyl isocyanate
PA1  C. methyl 4-[o-(3-butylureido)phenyl]-3-thioallophanate, mp 180.degree.C.
      (D).
PAC  COMPOUND 2
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. methyl isothiocyanate
PA1  C. methyl 4-[o-(3-methylthioureido)phenyl]-3-thioallophenate, mp
      156.degree.-158.degree.C(D).
PAC  COMPOUND 3
PA1  A. methyl 4-(o-aminophenyl)-3-thioallophanate
PA1  B. butyl isothiocyanate
PA1  C. methyl 4-[o-(3-butylthioureido)phenyl]-3-thioallophanate, mp
      176.degree.-178.degree.C(D).
PAC  COMPOUND 4
PA1  A. methyl 4-(2-amino-4-chlorophenyl)-3-thioallophanate.
PA1  B. methyl isocyanate
PA1  C. methyl 4-[4-chloro-2-(3-methylureido)phenyl]-3-thioallophanate.
PAC  COMPOUND 5
PA1  A. methyl 4-(2-amino-4-bromophenyl)-3-thioallophanate.
PA1  B. methyl isocyanate
PA1  C. methyl 4-[4-bromo-2-(3-methylureido)phenyl]-3-thioallophanate.
PAC  COMPOUND 6
PA1  A. methyl 4-(2-amino-4-methylphenyl)-3-thioallophanate.
PA1  B. methyl isocyanate
PA1  C. methyl 4-[4-methyl-2-(3-methylureido)phenyl]-3-thioallophanate.
PAC  COMPOUND 7
PA1  A. methyl 4-(2-amino-4-butylphenyl)-3-thioallophanate.
PA1  B. methyl isocyanate
PA1  C. methyl 4-[4-butyl-2-(3-methylureido)phenyl]-3-thioallophanate.
PAC  COMPOUND 8
PA1  A. methyl 4-(2-amino-3,5,6-trichlorophenyl)-3-thioallophanate.
PA1  B. methyl isocyanate
PA1  C. methyl 4-[2-(3-methylureido)-3,5,6-trichlorophenyl]-3-thioallophanate.
PAC  EXAMPLE X
PAR  4.5 Parts of methyl 4-(o-aminophenyl)-3-thioallophanate in 200 parts of
      acetone is treated with 2.2 parts of dimethylcarbamoyl chloride and 1.6
      parts of pyridine. This mixture is refluxed for 8 hours, filtered and the
      solvent evaporated to yield a white solid. This solid is washed well with
      water and air-dried to yield 4.7 parts of methyl
      4-[o-(3,3-dimethylureido)phenyl]-3-thioallophanate.
PAC  EXAMPLE XI
PAR  4.5 Parts of methyl 4-(o-aminophenyl)-3-thioallophanate, 5.56 parts of
      2-methyl-2-thiopseudourea sulfate in 250 parts of 70% acetic acid is
      heated at 100.degree. for 4 hours. This mixture is poured into water and
      neutralized with sodium bicarbonate to give methyl
      4-[o-guanidinophenyl]-3-thioallophanate.
PAC  EXAMPLE XII
PAR  4.5 Parts of methyl 4-(o-aminophenyl)-3-thioallophanate, 6.0 parts of
      1,2,3-trimethyl-2-triopseudourea sulfate in 250 parts of 70% acetic acid
      is heated at 100.degree. for 4 hours. This mixture is poured into water
      and is neutralized with sodium bicarbonate to give methyl
      4-[o-(2,3-dimethylguanidino)phenyl]-3-thioallophanate.
PAC  EXAMPLE XIII
PAR  4.5 Parts of methyl 4-[o-(3-methylureido)phenyl]-3-thioallophanate is
      dissolved in 100 parts of water containing 1.2 parts of sodium hydroxide.
      The aqueous solution is evaporated at reduced pressure to yield the sodium
      salt of methyl 4-[o-(3-methylureido)phenyl]-3-thioallophanate.
PAC  EXAMPLE XIV
PAR  4.5 Parts of methyl 4-[o-(3-methylureido)phenyl]-3-thioallophanate is
      dissolved in 100 parts of water containing 1.5 parts of potassium
      hydroxide. The aqueous solution is evaporated at reduced pressure to yield
      the potassium salt of methyl
      4-[o-(3-methylureido)phenyl]-3-thioallophanate.
PAC  EXAMPLE XV
PAR  4.5 Parts of methyl 4-[o-)3-methylureido)phenyl]-3-thioallophanate is
      dissolved in 50 parts of methanol containing 0.2 parts of lithium hydride.
      The mthanol is removed at reduced pressure yielding the lithium salt of
      methyl 4-[o-(3-methylureido)phenyl]-3-thioallophanate.
PAC  EXAMPLE XVI
PAR  4.5 Parts of methyl 4-[o-(3-methylureido)phenyl]-3-thioallophanate is
      dissolved in 50 parts of 5% sodium hydroxide. 3.0 parts of calcium
      chloride dihydrate dissolved in 30 parts of water is added to the
      solution. The calcium salt of methyl
      4-[o-(3-methylureido)phenyl]-3-thioallophanate is removed by filtration.
PAC  EXAMPLE XVII
PAR  The following compounds (C) can be synthesized by the method of Example XVI
      substituting the appropriate alkyl 4-[o-(alkyl, dialkylureido or
      thioureido)phenyl]-3-thioallophanate (A) and the appropriate inorganic
      metal salt (B) for calcium chloride dihydrate.
PAC  COMPOUND 1
PA1  A. methyl 4-[o-(3-methylureido)phenyl]-3-thioallophanate.
PA1  B. barium chloride
PA1  C. methyl 4-[o-(3-methylureido)phenyl]-3-thioallophanate, Barium salt.
PAC  COMPOUND 2
PA1  A. methyl 4-[o-(3-methylureido)phenyl]-3-thioallophanate.
PA1  B. cupric sulfate pentahydrate
PA1  C. methyl 4-[o-(3-methylureido)phenyl]-3-thioallophanate, copper(II) salt.
PAC  COMPOUND 3
PA1  A. methyl 4-[o-(3-methylthioureido)phenyl]-3-thioallophanate.
PA1  B. zinc chloride
PA1  C. methyl 4-[o-(3-methylthioureido)phenyl]-3-thioallophanate, zinc salt.
PAC  COMPOUND 4
PA1  A. methyl 4-[o-(3-methylthioureido)phenyl]-3-thioallophanate.
PA1  B. manganese chloride
PA1  C. methyl 4-[o-(3-methylthioureido)phenyl]-3-thioallophanate, manganese(II)
      salt.
PAR  As mentioned previously, it has been found that the compounds of the
      invention possess outstanding fungicidal and mite ovicidal activity when
      employed to prevent or mitigate damage to plants and inanimate organic
      materials. The paragraphs which follow describe in more detail the utility
      of this invention.
PAR  The compounds of the invention control wide variety of fungus diseases of
      foliage, fruit, stems and roots of growing plants without damage to the
      host. Fruits, tubers, bulbs, roots, seeds and other plant parts harvested
      for food, animal feed or for other purposes are protected from fungus
      deterioration during processing, distribution and storage. Seeds, tubers,
      cuttings and other plant propagation materials are protected from fungus
      attack during handling and storage, as well as in the soil after planting.
      Wood, fabric, fiber board, paper and other industrial materials are
      protected from unsightly stain and destructive decay caused by fungi.
      Luggage, shoes, shower curtains, carpets, mats, clothing and other useful
      household, public or industrial items are protected from rot, fungus
      stains and mold growth. Painted surfaces are protected from stain and
      discoloration by incorporation of a compound of this invention in the
      paint formulation.
PAR  The many fungi against which the compounds of this invention are active may
      be represented by, but is not intended to be limited to, the following:
      Venturia inaequalis, which causes apple scab; Podosphaera leucotricha,
      which causes powdery mildew on apple; Uromyces phaseoli, which causes bean
      rust; Cercospora apii, which causes early blight of celery; Cercospora
      beticola, which causes leaf spot of sugar beets; Sclerotinia sclerotiorum,
      which causes rot of vegetable crops, such as lettuce, beans, carrots, and
      celery; Colletotrichum spp., which cause anthracnose of fruits and
      vegetables, such as beans, tomatoes and coffee; Septoria apii, which
      causes late blight of celery; Mycosphaerella musicola, which causes
      Sigotoka disease of banana; Piricularia sp., which causes Johnson spot on
      banana; Erysiphe cichoracearum, which causes powdery mildew on cantaloupe
      and other cucurbit crops; Penicillium digitatum, Phomopsis spp., and
      Diplodia natalensis, which cause fruit rots on citrus; Ceratostomella
      ulmi, which causes Dutch elm disease; Sphaerotheca humuli, which causes
      powdery mildew on roses; Diplocarpon rosae, which causes black spot on
      roses; Ramularia sp., which causes leaf spots on ornamental plants;
      Botrytis cinerea, which causes blossom and fruit rots of ornamentals,
      fruits and vegetables; Uncinula necator, which causes powdery mildew on
      grapes; Guignardia bidwellii, which causes grape black rot; Melonconium
      fuligineum, which causes white rot on grapes; Coccomyces hiemalis, which
      causes cherry leaf spot; Cytospora sp., which cause cankers of trees;
      Cladosporium carpophilum, which causes peach scab; Fusicladium effusum,
      which causes pecan scab; Erysiphe graminis, which causes powdery mildew on
      cereals; Monolinia (Sclerotinia) laxa and M. fructicola, which cause brown
      rot on stone fruits, such as peaches, cherries and apricots; Pseudopeziza
      ribes, which causes leaf spot on gooseberry; Piricularia oryzae, which
      causes rice blast; Puccinia glumarum P. Coronata and P. glumarum, which
      cause leaf rusts of wheat, oats and grasses, respectively; Puccinia
      graminis tritici, which causes stem rust of wheat; Claviceps purpurea,
      which causes ergot of rye and grasses; Aspergillus niger, which causes
      cotton boll rot as well as decay following wounding in many plant tissues;
      Aspergillus flavus, which causes mold growth on peanuts, as well as on
      other food and field materials; Aspergillus terreus, which is common in
      soil and attacks vegetable matter; Tilletia caries and other Tilletia
      species, which cause common bunt of wheat; Ustilago tritici, Ustilago
      nigra, Ustilago avena (and other Ustilago species), which cause loose smut
      of wheat, barley, and oats, respectively; Urocystis tritici and other
      Urocystis species, which cause loose smut of wheat; Sphacelotheca sorghi,
      which causes covered smut of sorghum; Ustilago hordei and Ustilago
      kolleri, which cause covered smut of barley and oats, respectively;
      Pithomyces chartorum, which is present in turf, pastures, and other grassy
      areas and is known to have several secondary effects; Gloeodes pomigena,
      which causes sooty blotch on apples; Physalospora obtusa, which causes
      black rot on apples; Microthyriella rubi, which causes flyspeck on apples;
      various species of Rhizoctonia, Fusarium and Verticillium present in soil
      and attacking the roots or other underground parts and the vascular system
      of a variety of plants; various species of Penicillium growing on such
      things as fabric, fiber board, leather goods and paint; species of
      Myrothecium attacking such items as shower curtains, carpets, mats and
      clothing.
PAR  The mite ovicidal action of the compounds of this invention is useful in
      preventing the development of damaging populations of mites or in causing
      the gradual reduction of existing populations. The movement of mites is
      limited. Thus, an increase in population or the continuation of a high
      population in a particular locus depends largely upon the hatching of eggs
      laid in that locus.
PAR  Mite eggs do not hatch to produce living young if these eggs are treated
      with one of these compounds, or if they are laid on a surface containing
      one of these compounds. Further, the eggs will not hatch if they are laid
      by a female mite that has been in contact with one of these compounds, or
      are laid by a female mite that is ingesting or has recently ingested food
      such as plant juices containing one of these compounds. This interference
      with the hatching of eggs prevents the population from increasing
      significantly beyond that present at the time of treatment. Also, this
      ovicidal action, along with the high natural mortality of adults, can
      largely eliminate mites from an already infested area over a relatively
      short period of time. Further, as long as the compounds are present on the
      surface, the mites occupy or remain in their food supply, new populations
      cannot develop.
PAR  Many species of mites which cause damage to fruits, field crops,
      vegetables, and ornamentals under a wide variety of circumstances, are
      controlled by the compounds and methods of this invention. The extent of
      the practical utility of the mite control obtained is represented by, but
      is not intended to be limited to, the following listing of specific
      susceptible mites along with the types of damage that they can cause:
      Panonychus ulmi (European red mite) and Tetranychus telarius (two-spotted
      mite) which are commonly called "orchard mites"; these mites attack a
      great many deciduous tree fruits including apples, pears, cherries, plums
      and peaches; Tetranychus atlanticus (Atlantic or strawberry mite), T.
      cinnabarinus (carmine spider mite) and T. pacificus (Pacific mite); these
      mites attack cotton and numerous other crop plants; Paratetranychus citri
      (citrus red mite) and others which attack citrus; Bryobia praetiosa
      (clover mite) which attacks clover, alfalfa and other crops;
      Phyllocoptruta oleivora, the citrus rust mite; Aceria neocynodomis which
      attacks grasses and other plants; Tyrophagus lintneri which is a serious
      pest in stored foods and on cultivated mushrooms and Lepidoglyphus
      destructor which injures Kentucky bluegrass seed in storage.
PAR  The compounds of this invention when applied by certain of the methods of
      this invention enter and move freely within plants, i.e., they are
      systemic. Thus both fungi and mites can be controlled in plants in parts
      well removed from the point of application. In view of this activity, the
      compounds can be applied to seeds; thus the treatment of cucumber seeds
      with a few grams per 50 kilograms of seed of a compound of this invention
      provides control of powdery mildew (Erysiphe cichoracearum) and spider
      mites such as Tetranychus urticae on the resulting plants for periods in
      excess of 40 days. Applications to soil also provides control of certain
      foliage diseases and mites on plants growing in the treated soil. Spray or
      dust treatments of plant foliage and stems impart protection against both
      fungi and mites to other parts of the plant not actually sprayed and to
      new foliage developing later.
PAR  There are important practical advantages associated with the use of an
      effective systemic pesticide. Thus successful application to seed as
      described above, results in great savings in chemical and application
      costs. Soil applications which effectively protect entire plants for an
      extended period also represent similar savings. Distribution within the
      plant following foliage treatment eliminates the need for frequent
      retreatment to protect rapidly growing tissue. Also, materials within the
      plant are not subject to removal by rainfall. Similarly, movement or
      translocation of the chemical within the plant can provide protection to
      those parts of the plant that may not have been covered by the original
      spray application. This is of particular importance with plants of dense
      growth character resisting the intrusion of the spray and also to tall
      plants, such as shade trees, where the spray will not reach to the top.
PAR  An additional valuable characteristic of the compounds of this invention is
      their ability to prevent the spread or to kill fungus infection already
      established within a plant, i.e. they are curative. Thus, the compounds
      need not be applied until after conditions develop which permit the actual
      initiation of fungus attack. This means that, under some circumstances, it
      is possible to avoid applying any chemical during the entire life of the
      crop. In other cases, only a part of the normal full schedule of pesticide
      is required. -
PAR  Therefore, great savings both in chemical cost and application labor are
      possible with compounds capable of systemic and curative performance.
      Another saving is afforded by the compounds of this invention through the
      fact that both fungi and mites are controlled by applications of a single
      chemical.
PAR  The compounds of this invention provide protection from damage caused by
      fungi, mites or both when applied to the proper locus by the methods
      described hereinafter and at a sufficient rate to exert the desired
      fungicidal and mite ovicidal effect. The rates which will give the desired
      effect will be labeled a pesticidally effective amount. They are
      especially suited for the protection of living plants such as
      fruit-bearing trees, nut-bearing trees, ornamental trees, forest trees,
      vegetable crops, horticultural crops (including ornamentals, small fruits
      and berries), fiber crops, grain and seed crops, sugarcane, sugar beets,
      pineapple, forage and hay crops, beans, peas, soybeans, peanuts, potatoes,
      sweet-potatoes, tobacco, hops, turf and pasture.
PAR  Living plants may be protected from fungi and mites by applying one or more
      of the compounds of this invention to the soil in which they are growing
      or in which they may subsequently be seeded or planted; or to seeds,
      tubers, bulbs or other plant reproductive parts prior to planting; as well
      as to foliage, stems and fruits of the living plant. Living plants can
      also be protected by dipping the root system or physically injecting the
      chemical or chemicals into roots or stems.
PAR  Soil applications are made from dusts, granules, pellets, slurries or
      solution. Preferred rates for application of the compounds of this
      invention to soil in which plants are or will be growing range from 0.01
      to 500 parts per million by weight of the soil in which the roots are or
      will be growing. More preferred use rates are in the range of 0.1 to 50
      parts per million, and the most preferred rates are in the range of 0.25
      to 25 parts per million.
PAR  Preferred rates for application to seeds, tubers, bulbs or other plant
      reproductive parts, range frm 0.03 to 6000 grams of active compound of
      this invention per 50 kilograms of planting material treated. More
      preferred rates are in the range of 0.3 to 3000 grams of active compound
      per 50 kilograms. The most preferred rates are in the range of 2.8 to 1500
      grams per 50 kilograms.
PAR  Applications are made from dusts, slurries or solutions. Such treatments
      protect the treated parts themselves from damage due to fungi, mites, or
      both, and in addition, impart extended protection against both types of
      pests to the resulting new plants.
PAR  Preferred rates for application of the compounds of this invention to
      foliage, stems and fruit of living plants range from 0.012 to 60 kilograms
      of active ingredient per hectare. More preferred rates are in the range of
      0.025 to 30 kilograms per hectare and the most preferred rates are in the
      range of 0.05 to 15 kilograms per hectare. The optimum amount within this
      range depends upon a number of variables which are well known to those
      skilled in the art of plant protection. These variables include, but are
      not limited to, the disease to be controlled, weather conditions expected,
      the type of crop, stage of development of the crop, and the interval
      between applications. Applications within the range given may need to be
      repeated one or more times at intervals of 1 to 60 days. Applications are
      made from dusts, slurries or solutions.
PAR  Preferred rates for dip applications to roots of living plants are in the
      range of 0.5 to 18,000 grams of active ingredient per 380 liters of water
      or other liquid carrier. More preferred rates are in the range of 4.5 to
      9,000 grams per 380 liters and the most preferred rates are in the range
      of 45 to 4500 grams per 380 liters.
PAR  Preferred rates for injection into the roots or stems of living plants are
      in the range of 0.01 to 10,000 parts per million of water or other liquid
      carrier. More preferred rates are in the range of 0.1 to 5,000 parts per
      million. The most preferred rates are in the range of 1 to 1,000 parts per
      million.
PAR  Plants parts such as fruits, tubers, bulbs, foliage roots and the like,
      harvested for food or feed, are protected from decay and other
      deterioration caused by fungi or mites during processing, distribution and
      storage by treatment with an active compound of this invention. The plant
      parts to be so protected can be dipped in a liquid bath containing the
      active ingredient, dusted with a finely divided preparation of the active
      ingredient, sprayed, misted with an aerosol containing the compound, or
      enclosed in wrapping or packing materials inpregnated with the active
      compound.
PAR  If a liquid bath is used, it can contain an amount of the active ingredient
      in the range of 1 to 5,000 parts per million of the weight of the fluid. A
      more preferred range for the bath is 5 to 2,500 parts per million, and the
      most preferred range is 10 to 1,000 parts per million.
PAR  Dusts as well as wrapping or packing materials used for this type of
      application can contain 0.01 to 10% of the active ingredient. More
      preferred rates are in the range of 0.1 to 5% and the most preferred rates
      are in the range of 0.2 to 2.5%.
PAR  Wood, leather, fabric, fiber board, paper and other industrial materials of
      an organic nature can be protected from decomposition or discoloration by
      fungi and infestation by mites by coating, incorporating or impregnating
      with an effective amount of one or more of the compounds of this
      invention. The coating can be accomplished by dipping, spraying, flooding,
      misting (as with an aerosol) or dusting the material to be protected with
      a suitable composition containing the active ingredient. The preferred use
      rates for the active ingredient in the treating preparation actually
      applied to the material to be protected are in the range of 0.025 to 95%
      by weight. More preferred rates are in the range of 0.05 to 50%, with the
      most preferred rates being in the range of 0.1 to 25%.
PAR  When incorporation or impregnation procedures are to be employed, use rates
      may be expressed in terms of the amount of active ingredient introduced
      into the material to be protected. The preferred use rates for these types
      of applications are in the range of 0.001 to 30 percent by weight of
      active ingredient in the final product. More preferred rates being in the
      range of 0.01 to 7%.
PAR  Luggage, shoes, shower curtains, carpets, mats, clothing and other useful
      household, public or industrial items are protected from rot, fungus
      stains and unsightly mold growth as well as infestation by mites by the
      active compounds of this invention. Again, either surface or deep
      protection can be obtained. Surface treatment is by dips, washes, sprays,
      aerosols or dust applications. Deep treatment is accomplished by
      penetrating solutions. Sprays, dips and washes contain the active compound
      of the invention at rates of 10 to 5000 parts per million. Fluids for
      aerosol application and dusts contain 0.1 to 20% weight. Penetrating
      solvent solutions contain an amount of the active ingredient that result
      in a deposit of 5 to 20,000 parts per million in the material to be
      protected.
PAR  Painted surfaces can be protected from unsightly stain and mold growth by
      incorporating in the paint formulation, prior to application, 5 to 20,000
      part per million of an active compound of this invention. More preferred
      rates are in the range of 10 to 10,000 parts per million and the most
      preferred rates are in the range of 20 to 5,000 parts per million. Such
      treatments with the compounds of this invention also protect the paint
      while still in the can from deterioration by fungi.
PAR  Damage by mites to stored organic products such as grain, seed, bulbs,
      tubers, meat or animal hides is kept to a minimum by treating the floors,
      walls, portions, and other parts of warehouses or other structures with
      one or more of the active compounds. Applications are made by the use of
      dusts, sprays, or aerosols with preferred use rates in the range of 0.05
      to 1000 grams of the active compound of this invention per 93 square
      meters of surface to be kept free of excessive mite populations.
PAR  As was previously set forth, the compounds of this invention are especially
      suited for use on living plants. Application to the foliage, stems and
      fruit of plants at the rate indicated above is generally accomplished by
      employing sprays, dusts or aerosols containing the proper amount of active
      ingredient. For the control of mites and fungi which are regularly
      present, applications often start prior to the time that the problem
      actually appears and continue on a pre-determined schedule. Such a
      procedure is termed "preventive" or "protective".
PAR  With the compounds of this invention, successful control of plant diseases
      can also be accomplished by applications made after they are present.
      Fungus mycelia within the plant tissue are actually killed. This approach
      or effect is termed "curative" or "eradicant" and permits the user to
      realize considerable savings.
PAR  Curative control of plant diseases with the compounds of this invention is
      enhanced if the treated plant parts are moist for one or more periods of 2
      to 12 hours each soon after the active compound is applied. Often the slow
      drying of an original spray treatment or naturally occurring rains, mists,
      fogs or dews will accomplish this. Under other circumstances, such as
      during dry periods or in shelters such a greenhouses, it is necessary to
      keep The plants moist by some special effort for best results.
PAR  When the compounds of this invention are applied, their activity can be
      enhanced by using certan adjuvants, for example in the water in which the
      fungicide is dispersed. These adjuvants may be surface-active agents,
      oils, humectants, enzymes, carbohydrates, and organic acids. They improve
      the performance on tubers, on foliage, in treatments used for dip
      application to roots of living plants, in liquids used for injection into
      the roots or stems of living plants, or in mixtures used to treat fruits,
      tubers, bulbs, roots and the like after harvest.
PAR  The pressures of an expanding world population, together with the need for
      more economical agricultural practices have resulted in earlier harvesting
      of grains, including corn. Frequently the grain is stored or sold to grain
      elevators without proper drying. Spoilage of the grain under these
      conditions may be quite rapid, with the formation of toxins and other
      substances that are very harmful or fatal when fed to animals.
PAR  Safe, effective feed additives tha combat spoilage are thus of great
      importance to agriculture.
PAR  The compounds of this invention can be used to prevent the spoilage of
      animal feeds. In particular, when mixed with the feed, they provide more
      efficient and longer lasting protection without harm or injury to
      livestock that consume it. The compounds of this invention may be
      conveniently formulated for this use in a number of the ways previously
      disclosed and these formulations may be mixed directly with mixed feed,
      newly harvested hay and newly harvested grain. These compounds effectively
      prevent the spoilage of corn, sorghum, wheat, barley, oats, rye and other
      grains that may be used as livestock feed.
PAR  Under normal conditions, these compounds may be incorporated into feeds at
      rates of from 0.01% to 0.25% with excellent results. Higher rates may be
      required under very damp conditions.
PAC  COMPOSITIONS
PAR  Compositions of this invention are formulated by mixing a compound of this
      invention with one or more agricultural adjuvants, e.g. surface active
      agents.
PAR  The surface active agents used in this invention can be wetting, dispersing
      or emulsifying agents. They may act as wetting agents for wettable powders
      and dusts, as dispersing agents for wettable powders and suspensions and
      as emulsifying agents for emulsifiable concentrates. Surfactants also
      enhance the biological activity of the compounds of this invention. Such
      surface active agents can include such anionic, cationic and nonionic
      agents as have heretofore been generally employed in plant control
      compositions of similar type. Suitable surface active agents are set out,
      for example, in "Detergents and Emulsifiers Annual -- 1968" by John W.
      McCutcheon, Inc. Other surface active agents not listed by McCutcheon but
      still effective dispersants by virtue of protective colloid action include
      methyl cellulose, polyvinyl alcohol, hydroxyethylcellulose, and alkyl
      substituted polyvinylpyrrolidones.
PAR  Suitable surface active agents for use in compositions of this invention
      include polyethylene glycol esters with fatty and rosin acids,
      polyethylene glycol ethers with alkyl phenols or with long-chain aliphatic
      alcohols, polyethylene glycol ethers with sorbitan fatty acid esters, and
      polyoxyethylenethio ethers. Other suitable surfactants include amine,
      alkali and alkaline earth salts of alkyl aryl sulfonic acids; amine,
      alkali and alkaline earth fatty alcohol sulfates; dialkyl esters of alkali
      metal sulfosuccinates; fatty acid esters of amine, alkali and alkaline
      earth isethionates and taurates; amine, alkali and alkaline earth salts of
      lignin sulfonic acids; methylated or hydroxyethylated cellulose; polyvinyl
      alcohols; alkyl substituted polyvinylpyrrolidone; amine, alkali and
      alkaline earth salts of polymerized alkylnaphthalene sulfonic acids; and
      long-chain quaternary ammonium compounds. Anionic and nonionic surface
      active agents are preferred.
PAR  Among preferred wetting agents are sodium alkylnaphthalene sulfonates,
      sodium dioctylsulfosuccinate, sodium dodecylbenzene sulfonate, ethylene
      oxide condensates with alkylated phenols such as octyl-, nonyl-and
      dodecylphenol, sodium lauryl sulfate, and trimethylnonyl polyethylene
      glycols. Among preferred dispersing agents are sodium, calcium and
      magnesium lignin sulfonates, low-viscosity methyl cellulose, low-viscosity
      polyvinyl alcohol, alkylated polyvinylpyrrolidone, polymerized
      alkylnaphthalene sulfonates, sodium N-oleyl or N-lauryl isethionates,
      sodium N-methyl-N-palmitoyl taurate and dodecylphenol polyethylene glycol
      esters.
PAR  Among preferred emulsifying agents are ethylene oxide adducts of lauric,
      oleic, palmitic or stearic acid esters of sorbitan or sorbitol;
      polyethylene glycol esters with lauric, oleic, palmitic, stearic or rosin
      acids; oil-soluble alkylarylsulfonates; oil-soluble polyoxyethylene ethers
      with octyl, nonyl and dodecylphenol; polyoxyethylene adducts to long-chain
      mercaptans, and mixtures of these surfactants.
PAR  In general, less than 10% by weight of the surface-active agent will be
      used in compositions of this invention and ordinarily the amount of
      surface-active agents will range from 1-5% but may even be less than 1% by
      weight.
PAR  Additional surface-active agents can be added to the above formulation to
      increase the ratio of surfactant-to-active agent up to as high as 5:1 by
      weight. Normally the purpose of adding higher amounts of surfactant is to
      increase the fungicidal effect of the active compounds. When used at
      higher rates it is preferred that the surfactant be present in the range
      of one-fifth to five parts surfactant for each one part of active agent.
PAR  Compositions of this invention will contain, in addition to surface-active
      agents, other agricultural adjuvants such as solid or liquid diluents to
      produce wettable powders, dusts, granules or liquid formulations as
      desired.
PAC  A. WETTABLE POWDERS
PAR  Wettable powders are compositions which usually contain inert solid
      diluents in addition to surfactants. These inert diluents may serve
      several purposes. They can act as grinding aids to prevent mill smear and
      screen blinding, they can aid rapid dispersion of the mix when placed in
      water, they can absorb liquid or low melting solid active material to
      produce a free-flowing solid product, they can prevent agglomeration into
      lumps upon prolonged hot storage and they can permit preparation of
      compositions with a controlled amount of active ingredient so that proper
      dosage is easily measured by the consumer.
PAR  Suitable diluents may be either inorganic or organic in origin. These
      include the natural clays, diatomaceous earth, synthetic mineral fillers
      derived from silica or silicates, insoluble salts produced by
      precipitation in fluffy form such as tricalcium phosphate or calcium
      carbonate, and powdered organic diluents such as shell flours, wood
      flours, corn cob flour or sucrose. Preferred fillers for the compositions
      of this invention include kaolin clays, attapulgite clay, nonswelling
      calcium, magnesium montmorillonites, synthetic silicas, synthetic calcium
      and magnesium silicates, diatomaceous silica, corn cob flour and sucrose.
PAR  Wettable powders will normally contain both a wetter and a dispersant. Most
      preferred for dry wettable powders are those anionic and nonionic
      surfactants which exist in solid form. Occasionally a liquid, nonionic
      surfactant, normally considered an emulsifying agent can be used to
      produce both wetting and dispersion.
PAR  Wetting and dispersing agents in wettable powders of this invention, when
      taken together, will comprise from about 0.5 weight percent to 5.0 weight
      percent of the total composition. The active component will be present at
      a concentration of from about 25% to 99% and diluent makes up the balance
      of 100%. Where needed a corrosion inhibitor or foaming inhibitor may be
      added at rates of 0.1% to 1.0% with a corresponding reduction in diluent.
PAC  B. DUSTS
PAR  Dust compositions are those intended for application in dry form with
      suitable dusting equipment. Since wind drift is undersirable when applying
      dusts, the most suitable dust diluents are those which are dense and rapid
      settling. These include kaolinites, talcs, pyrophyllites, ground phosphate
      rock, Sericite, and ground tobacco stems. However, dusts are usually most
      easily prepared by diluting an existing high-strength wettable powder with
      a diluent so that the final dust will frequently contain a fraction of
      light, absorptive diluent as well as a denser filler.
PAR  A wetting agent is desirable in dust formulations so that adhesion to
      dew-covered foliage is enhanced. Dusts made from wettable powders will
      usually contain sufficient wetter, but dusts made directly from
      unformulated active will usually contain an added wetting agent. Dry solid
      anionic or nonionic wetters are preferred.
PAR  Dust formulations will normally contain from 2.0 weight percent to 25
      weight percent of active material, from 0.005% to 1.0% wetting agent, and
      from 3% to 20% light grinding aid diluent and the balance dense, rapid
      settling diluents. If made by diluting a prepared wettable powder it will
      also contain a small amount of dispersing agent which has no active role
      when the composition is used as a dry dust.
PAC  C. EMULSIFIABLE LIQUIDS
PAR  Emulsifiable liquids are formulated by combining the compounds of this
      invention with a suitable emulsifier and an organic liquid with low water
      solubility. The active component may be completely dissolved in the
      organic liquid or it may be a finely ground suspension in a nonsolvent
      liquid. Suitable organic liquids include alkylated naphthalenes, xylene,
      high molecular weight ketones such as isophorones, dibutyl or diamyl
      ketone, esters such as amyl acetate and normal or iso paraffins. Most
      preferred emulsifiers are blends of oil soluble sulfonates and nonionic
      polyoxyethylene glycol esters or ethers of fatty acids or alkylated
      phenols.
PAR  The active component in emulsifiable concentrates will be present at from
      10 weight percent to about 40 weight percent. Combined emulsifiers will be
      present at from 3 weight percent to about 10 weight percent and the
      balance will be an organic carrier liquid or solvent.
PAC  D. GRANULES
PAR  Soil treatments with fungicides, either pre- or post-emergence can
      frequently be most readily applied with granules. Granular products, with
      the compounds of this invention, can be made in a number of ways. The
      active materials can be melted or dissolved in a volatile carrier and
      sprayed upon preformed granules. They may be mixed as powders with
      suitable diluents and binders, then moistened and granulated followed by
      drying. Powders may also be applied to coarsely porous granules by
      tumbling together and applying some nonvolatile liquid such as oil, glycol
      or a liquid non-ionic surfactant to act as a binder. Rates of granule
      disintegration and dispersion of active material in moist soil can be
      controlled by choice of added surfactants or selection of the binder used
      to form the granule.
PAR  Suitable preformed granules include those made from attapulgite clay,
      granular expanded vermiculite, ground corn cobs, ground nut shells or
      preformed kaolinite granules. When active fungicide is placed upon such
      carriers the concentration may range from 1% to 25%. However, unless
      applied from a molten state, it is difficult to prevent segregation of
      active and carrier in concentration ranges above about 10% on preformed
      granules. When higher concentrations of active are desired best results
      are obtained by premixing powdered active, diluents, binders and
      surfactants, then granulating so that the active is distributed throughout
      the granule and not solely upon its surface. Granulation can be
      accomplished by tumbling or extrusion of a wet mass, followed by drying,
      and if necessary size reduction, and finally sieving.
PAR  Suitable diluents for the preparation of granules by granulation or
      extrusion include kaolin clays, sucrose, nonswelling calcium-magnesium
      montmorillonites, and gypsum. Cohesion to a firm granule is usually
      obtained by moistening, compacting and drying, with or without some
      binding agent. Kaolin clays form firm granules if bound together with
      gelatinous agents such as methylcellulose, natural gums or swelling
      bentonite. Calcium-magnesium bentonites require no binder, and gypsum can
      be made to form firm granules with either the addition of plaster of Paris
      or certain salts such as ammonium sulfate, potassium sulfate or urea which
      form double salts with gypsum.
PAR  The active content of formed granules can range from 1-90% although 75%
      active represents about the upper level if controlled disintegration of
      the granule in moist soil is desired. Control of disintegration rate is
      attained by controlled compaction, e.g., controlled extrusion pressure or
      by the addition of inert water-soluble components such as sodium sulfate
      or sugar which can leach away.
PAC  E. AQUEOUS DISPERSIONS
PAR  Aqueous dispersions of fungicides may be preferred to wettable powders
      where minimum agitation is available in application equipment and accurate
      dosage is essential. Even the best and finest wettable powder will not
      disperse completely in water. Small agglomerates remain which settle
      rapidly. However, when a solid is ground in a water phase, in the presence
      of dissolved surfactants, each particle develops an adsorbed layer that
      repels its neighbors and complete dispersion is maintained. This will
      still not prevent a slow settling to the bottom of stored containers with
      the formation of a dense "clay" that is difficult to resuspend. A
      practical aqueous dispersion concentrate must be free from "claying"
      during an extended shelf life. Certain acrylic acid polymers and sheared
      hydrated attapulgite will effectively prevent claying.
PAR  Suitable aqueous dispersion of the compounds of this invention are prepared
      by pebble milling or sand milling the active ingredient, one or more
      dispersants and an anticlaying component in water until the active
      particle size is less than 10 microns, preferably less than 5 microns. In
      climates where freezing is a problem, mixtures of glycols and water may be
      used as the continuous phase.
PAC  F. AQUEOUS SOLUTIONS AND WATER SOLUBLE POWDERS
PAR  Aqueous solutions and water soluble powders may also be preferable to other
      formulations intended for application in liquid form. The alkali metal
      salts of the active ingredients of this invention are soluble in water and
      other polar solvents such as lower alcohols, glycols, ketones and the
      like. Concentrates suitable for dilution with water may be prepared by
      addition of the required quantity of alkali metal hydroxide to the slurry
      of active compound in one or more of the above solvents. Alternatively,
      the alkali metal salt thus formed may be isolated as a solid which is then
      formulated as a water soluble powder, using water-soluble salts and small
      amounts of anti-caking agents as diluents.
PAC  G. LOW VOLUME APPLICATIONS
PAR  While conventional applications of sprayable formulations have usually been
      made in a dilute form (for example at a rate of about 200 liters per
      hectare or more), the compounds of this invention can also be applied at
      higher concentrations in the typical "ultra-low-volume" or "low-volume"
      applications from aircraft or ground sprayers. For this purpose wettable
      powders can be dispersed in small amounts of aqueous or nonaqueous
      carriers and the suspension or emulsifiable concentrates can be used
      directly or with minor dilution. Special compositions, particularly
      suitable for ULV applications are solutions or finely divided suspensions
      in one or more carriers such as dialkylformamides, N-alkylpyrrolidones,
      dimethylsulfoxide, water, esters, ketones, glycols, glycol ethers and the
      like. Other suitable carriers include aromatic hydrocarbons (halogenated
      and non-halogenated), aliphatic hydrocarbons (halogenated and
      non-halogenated) and the like.
PAR  The compositions of the invention can contain, in addition to the active
      ingredient of this invention, conventional insecticides, miticides,
      bactericides, nematocides, fungicides, or other agricultural chemicals
      such as fruit set agents, fruit thinning compounds, fertilizer ingredients
      and the like, so that the compositions can serve useful purposes in
      addition to the control of fungi and mite infestations.
PAR  The additional agricultural chemicals are employed in mixtures or
      combinations of amounts ranging from one-fifth to twenty times that of the
      compound or compounds of this invention. The proper choice of amounts is
      readily made by one skilled in the art of protecting plants from pest
      depredations.
PAR  In order that the invention may be better understood, the following
      examples are given in addition to those above. All parts are parts by
      weight unless otherwise indicated.
TBL  ______________________________________                                    
     Wettable Powders                                                          
     Example 18                 Percent                                        
     ______________________________________                                    
     Methyl 4-(o-methoxycarbonylaminophenyl)-3-                                
     thioallophanate            50                                             
     alkylnaphthalenesulfonic acid, sodium salt                                
                                1                                              
     low viscosity methyl cellulose                                            
                                0.5                                            
     Kaolin clay                48.5                                           
     ______________________________________                                    
PAR  The ingredients are combined, mixed, micropulverized, air milled and then
      blended. The resulting powder wets and disperses readily in water and is
      suitable for application in normal spray equipment. Any of the other
      thioallophanates mentioned above may be substituted for the active
      ingredient here to give useful wettable powders.
PAR  The above 50% wettable powder formulation is dispersed in water to give an
      active ingredient concentration of 1,000 ppm in water. Eight uniform apple
      trees of the same variety are selected for testing. Four of these are
      sprayed to run-off, which is approximately 2850 liters per hectare, at
      weekly intervals during the growing season with the above formulation, and
      the other four trees are left unsprayed.
PAR  By the end of the season the unsprayed trees have developed very high
      populations of orchard mites and are highly infected with apple scab,
      Venturia inaequalis. Due to the feeding of the mites, the foliage is
      russeted and drops prematurely. Also the untreated trees have poor twig
      growth and small, spotted fruit. The trees sprayed with the formulation of
      this example are essentially free of mites, their eggs and apple scab
      disease. As a result of the excellent mite control, the sprayed trees have
      foliage of a thrifty, dark green color, and they exhibit good twig growth
      and fruit size.
TBL  ______________________________________                                    
     Example 19                 Percent                                        
     ______________________________________                                    
     Methyl 4-(o-trifluoroacetamidophenyl)-3-                                  
     thioallophanate            60                                             
     dialkysulfosuccinate, sodium salt                                         
                                1                                              
     sodium ligninsulfonate     1                                              
     diatomaceous silica        38                                             
     ______________________________________                                    
PAR  The materials are combined, air milled twice, and then blended.
PAR  The formulation of this example is useful for the control of peach scab and
      brown rot caused by the fungi, Cladosporium carpophilum and Monolinia
      laxa. This is demonstrated by an orchard study in which random trees in a
      peach planting are sprayed to run off. Starting in the spring selected
      trees are sprayed from all sides with the formulation of this example at a
      rate of 300 ppm active ingredient in water. The same trees are sprayed
      each 14 days throughout the season. At harvest the trees receiving the
      treatment are heavily laden with large healthy peaches. On the other hand,
      the trees which did not receive the treatment had only a few fruit because
      of a severe blossom blight infection with brown rot, and those remaining
      fruit were severely spotted with scab lesions.
PAR  The following compounds are each substituted one at a time for the Methyl
      4-(o-trifluoroacetamidophenyl)-3thioallophanate above in like amount by
      weight. They are formulated and applied in like manner; like results are
      obtained.
PA1  Methyl 4-(o-acetamidophenyl)-3-thioallophanate
PA1  Methyl 4-(o-butyramidophenyl)-3-thioallophanate
PA1  Methyl 4-(o-acetoacetamidophenyl)-3-thioallophanate
PA1  Methyl 4-(o-methoxycarbonylaminophenyl)-3-thioallophanate
TBL  Example 20                  Percent                                       
     ______________________________________                                    
     Methyl 4-(o-acetamidophenyl)-3-thioallophanate                            
                                 70                                            
     alkylbenzenesulfonic acid, sodium salt                                    
                                 1                                             
     sodium ligninsulfonate      3                                             
     diatomaceous silica         26                                            
     ______________________________________                                    
PAR  The materials are combined, micropulverized, air milled, and then blended.
PAR  A uniform field planting of cantaloupe in North Carolina is inoculated with
      the powdery mildew fungus (Erysiphe cichoracearum). After 10 days this
      organism has become well established in the plants.
PAR  At this time alternate rows are sprayed with water containing a suspension
      of the wettable powder prepared as described above and an added amount of
      a polyhydric alcohol ester surface-active agent ("Trem" 014). The
      concentrations of this chemical suspension is such as to give 227 grams of
      the active compound of this formulation per 378 liters of water (600 ppm)
      and 400 ppm of the surfactant. The spray is applied at a volume of 1400
      liters per hectare. The remaining rows are left unsprayed.
PAR  After another 15 days the unsprayed rows are heavily damaged by powdery
      mildew and some of the plants are drying. The sprayed rows, however, are
      healthy and growing rapidly. The results indicate that the active compound
      of the suspension acts as a curative fungicide.
PAR  Any one of the following compounds may be substituted for the Methyl
      4-(o-acetamidophenyl)-3-thioallophanate above in like amount by weight.
      When formulated and applied in like manner, like results are obtained.
PA1  Methyl 4-(o-trifluoroacetamidophenyl)-3-thioallophanate
PA1  Methyl 4-(o-methoxycarbonylaminophenyl)-3-thioallophanate
PA1  Methyl 4-(o-butyramidophenyl)-3-thioallophanate
PA1  Methyl 4-(o-acetoacetamidophenyl)-3-thioallophanate
TBL  Example 21                  Percent                                       
     ______________________________________                                    
     Methyl 4-(o-acetamidophenyl)-3-thioallophanate                            
                                 60                                            
     sucrose + impurities in technical active material                         
                                 36                                            
     dioctylsulfosuccinate, sodium salt                                        
                                 3                                             
     low viscosity methyl cellulose                                            
                                 1                                             
     ______________________________________                                    
PAR  The materials are combined, micropulverized, air milled and then blended.
PAR  Test plots are established in a rice field. The plots are sprayed with
      water containing a suspension of the wettable powder described above along
      with a polyhydric alcohol ester surface active agent (Trem 014). The
      amount of the wettable powder used is such as to provide 0.6 grams of the
      active compound of this invention per liter of water. The amount of Trem
      014 is 400 ppm in the final spray and 600 ppm with respect to the active
      ingredient. The spray is applied at weekly intervals at the rate of 900
      liters per hectare. The remainder of the field is left unsprayed. Three
      months after the start of the test, the sprayed plots are healthy and
      growing well. The untreated plots, on the other hand, are seriously
      damaged by the rice blast fungus, Piricularia oryzae which greatly reduces
      yield.
PAR  The following compounds may be substituted one at a time for the Methyl
      4-(o-acetamidophenyl)-3-thioallophanate above in like amount by weight.
      They are formulated and applied in like manner; like results are obtained.
PA1  Methyl 4-(o-butyramidophenyl)-3-thioallophanate
PA1  Methyl 4-(o-acetoacetamidophenyl)-3-thioallophanate
PA1  Methyl 4-(o-methoxycarbonylaminophenyl)-3-thioallophanate
PA1  Methyl 4-(o-trifluoroacetamidophenyl)-3-thioallophanate
TBL  Example 22                  Percent                                       
     ______________________________________                                    
     Methyl 4-(o-ureidophenyl)-3-thioallophanate                               
                                 5                                             
     Kaolin                      5                                             
     Sodium alkylbenzenesulfonate                                              
                                 0.5                                           
     Talc                        89.5                                          
     ______________________________________                                    
PAR  The active material, surfactant and kaolin are combined and ground and then
      mixed with the talc and blended.
PAR  A single row is selected in a sugar beet field for treatment with the dust
      of this formulation. After the sugar beets are one month old and a few
      lesions of Cercospora beticola have become evident as spots on the leaves,
      weekly dust treatments are applied to the selected row. The 5% dust of
      this formulation is applied to a single row at approximately 30 kilograms
      per hectare. There is some drift to adjacent rows but the remainder of the
      field is left untreated. At harvest the foliage is examined and the beets
      are dug and weighed. The treated row is a vigorous healthy row with lush
      green foliage and the beets are large and normal. The adjacent rows are
      spotted with numerous leaf spot lesions and the remainder of the field is
      almost entirely defoliated. A few young leaves on the untreated beets are
      still green but all of the older leaves are dried up. Beets from the
      untreated rows are less than half normal size.
PAR  Any of the compounds of this invention can be formulated in like manner and
      applied with similar results.
TBL  Example 23                Percent                                         
     ______________________________________                                    
     Wettable powder of Example 18                                             
                               6                                               
     Micaceous talc            94                                              
     ______________________________________                                    
PAR  The above ingredients are blended to give a freely flowing dust.
PAR  This dust formulation is applied to individual vines of grapes in otherwise
      untreated rows in a vineyard. The applications are made at a rate of 20
      kilograms per hectare at 14-day intervals for a period of 3 months during
      the growing season. At the end of the treatment period the treated vines
      are healthy, support a heavy crop of high quality fruit, and show evidence
      of excellent cane growth. The foliage and fruit of untreated vines are
      severely damaged by powdering mildew (Uncinula necator) and by Botrytis
      and other fruit rots.
PAR  Any of the wettable powders of Examples 19- 21, incl., may be substituted
      for the wettable powder in Example 23. The resulting dusts are applied in
      like manner; similar results are obtained.
TBL  ______________________________________                                    
     Granules                                                                  
     Example 24                  Percent                                       
     ______________________________________                                    
     Sodium alkylnaphthalenesulfonate                                          
                                 1                                             
     Methyl 4-[o-(3-methylureido)phenyl]-3-thioallophanate                     
                                 25                                            
     Anhydrous sodium sulfate    10                                            
     Calcium, magnesium bentonite                                              
                                 59                                            
     Calcium, magnesium ligninsulfonate                                        
                                 5                                             
     ______________________________________                                    
PAR  The powdered active material and other ingredients are combined and moist
      granulated, dried and then screened to make a 20-80 mesh mixture.
PAR  A field in California is seeded with cotton in the normal manner, except
      that granules prepared as set forth above are added to alternate rows.
      These granules are dropped in such a way that some fall into the furrow
      and some are mixed with the covering soil. The rate of granule application
      is such as to employ 0.90 kilograms of active chemical of this invention
      per 3600 meters of row. The remaining rows are untreated.
PAR  Six weeks after planting, many of the plants in the rows without the
      granules are dead, and others show soreshin lesions caused by Rhizoctonia
      solani as well as heavy populations of the Pacific mite (Tetranychus
      pacificus). In the rows that had received the granules, all plants remain
      alive and are healthy, and further they are free of mites. The effect on
      mites is clearly systemic.
PAR  Any of the compounds of this invention may be substituted for the active
      ingredient above with similar results.
TBL  ______________________________________                                    
     Pellets                                                                   
     Example 25                  Percent                                       
     ______________________________________                                    
     Methyl 4-(o-acetoacetamidophenyl)-3-thioallophanate                       
                                 25                                            
     calcium, magnesium bentonite                                              
                                 64                                            
     sodium sulfate, anhydrous   10                                            
     alkylnaphthalenesulfonic acid, sodium salt                                
                                 1                                             
     ______________________________________                                    
PAR  This composition is blended, moistened with water in a pug mill and then
      extruded and dried.
PAR  The pellets of this example may be applied in a manner similar to the
      granules of Example 24 with comparable results.
PAR  The following compounds are each substituted one at a time for the Methyl
      4-(o-acetoacetamidophenyl)-3-thioallophanate above in like amount by
      weight. When formulated and applied in like manner, like results are
      obtained.
PA1  Methyl 4-(o-methoxycarbonylaminophenyl)-3-thioallophanate
PA1  Methyl 4-(o-trifluoroacetamidophenyl)-3-thioallophanate
PA1  Methyl 4-(o-acetamidophenyl)-3-thioallophanate
PA1  Methyl 4-(o-butyramidophenyl)-3-thioallophanate
PAC  AQUEOUS DISPERSION
TBL  Example 26                  Percent                                       
     ______________________________________                                    
     Methyl 4-(o-butyramidophenyl)-3-thioallophanate                           
                                 30                                            
     calcium, magnesium ligninsulfonate (goulac)                               
                                 15                                            
     attapulgite, hydrated       3                                             
     disodium phosphate, anhydrous                                             
                                 1                                             
     dodecyl alcohol             0.005                                         
     water                       50.995                                        
     ______________________________________                                    
PAR  The dispersion is prepared by mixing the ingredients and sandmilling the
      mixture.
PAR  Six field crate of oranges are picked from a commercial grove in Florida.
      Three of these crates of oranges are dipped for 3 minutes in a water bath
      containing a suspension made from the above formulation, in an amount to
      give 300 parts per million by weight of the active ingredient of this
      invention. A polyethylene glycol ester of oleic acid surface active agent
      is present at the rate of 150 ppm of total liquid. The remaining three
      crates are dipped in a similar fashion in water with the surface-active
      agent only. All crates are set aside in a citrus storage house for three
      weeks. At the end of this time all fruits are examined. The fruit that has
      been dip-treated with the compounds of this invention is still in good
      condition, but the fruit that is not so protected is largely rotted by the
      blue mold fungus (Penicillium digitatum).
PAR  The other compounds of this invention may be similarly formulated and when
      used as above give like results.
TBL  ______________________________________                                    
     Oil Dispersion                                                            
     Example 27                  Percent                                       
     ______________________________________                                    
     Methyl 4-(o-trifluoroacetamidophenyl)-3-                                  
                                 25                                            
     thioallophanate                                                           
     blend of polyalcohol carboxylic acid esters and                           
                                 8                                             
     sulfonated oils                                                           
     isoparaffin oils (Soltrol 170)                                            
                                 67                                            
     ______________________________________                                    
PAR  The dispersion is prepared by mixing the ingredients and sandmilling the
      mixture. The resulting dispersion can be sprayed as a concentrate, diluted
      with oil or emulsified in water and then applied.
PAR  The formulation of this example is useful for the control of the Sigatoka
      disease fungus (Mycosphaerella musicola). This is demonstrated by a
      plantation study in which a plot showing the first visable yellow spots of
      the disease is sprayed from the air with an aqueous suspension of this
      formulation containing 454 grams of active ingredient at a rate of 454
      grams in 45 liters of water per hectare. The adjacent plots, also showing
      signs of incipient disease, are left untreated. At harvest the foliage is
      examined and representative samples of fruit weighed. The untreated plots
      show severly damaged leaves and prematurely ripened, small, unmarketable
      bananas. The treated plot yields heavy well-developed bananas from
      vigorous undiseased plants.
PAR  The following compounds may be substituted one at a time for the Methyl
      4-(o-trifluoromethylacetamidophenyl)-3-thioallophanate above in like
      amount by weight. When formulated and applied in like manner, like results
      are obtained.
PAR  Methyl 4-(o-acetamidophenyl)-3-thioallophanate
PAR  Methyl 4-(o-butyramidophenyl)-3-thioallophanate
PAR  Methyl 4-(o-acetoacetamidophenyl)-3-thioallophanate
PAR  Methyl 4-(o-methoxycarbonylaminophenyl)-3-thioallophanate
PAC  AQUEOUS SOLUTION
TBL  Example 28                  Percent                                       
     ______________________________________                                    
     Methyl 4-[o-(3-methylureido)phenyl]-3-thioallophanate                     
                                 10                                            
     Sodium hydroxide            1.73                                          
     Methanol                    20                                            
     Water                       68.25                                         
     ______________________________________                                    
PAR  The above ingredients are stirred together until a homogeneous solution
      results.
PAR  A single row is selected in a sugar beet field for treatment with the
      solution of this formulation. After the sugar beets are one month old and
      several lesions of Cercospora beticola have become evident as spots on the
      leaves, weekly treatments are applied to the selected row. The 10% aqueous
      solution of this formulation is applied to a single row at approximately
      200 grams of the active ingredient per hectare. There is some drift to
      adjacent rows but the remainder of the field is left untreated. At harvest
      the foliage is examined and the beets are dug and weighed. The treated row
      is a vigorous healthy row with lush green foliage and the beets are large
      and normal, clearly demonstrating the eradicant or curative nature of this
      treatment. The adjacent rows are spotted with numerous leaf spot lesions
      and the remainder of the field is almost entirely defoliated. A few young
      leaves on the untreated beets are still green but all of the older leaves
      are dried up. Beets from the untreated rows are less than half normal
      size.
PAC  WATER SOLUBLE POWDER
TBL  Example 29                  Percent                                       
     ______________________________________                                    
     Potassium salt of methyl 4-[o-3-methyl-                                   
     ureido)phenyl]-3-thioallophanate                                          
                                 99                                            
     Finely divided silica       1                                             
     ______________________________________                                    
PAR  The above ingredients are blended and passed through a 40 mesh screen.
PAR  Six field crates of oranges are picked from a commercial grove in Florida.
      Three of these crates of oranges are dipped for 3 minutes in a water bath
      containing a solution made from the above formulation, in an amount to
      give 300 parts per million by weight of the active ingredient of this
      invention. A polyethylene glycol ester of oleic acid surface-active agent
      is present at the rate of 150 ppm of total liquid. The remaining three
      crates are dipped in a similar fashion in water with the surface-active
      agent only. All crates are set aside in a citrus storage house for three
      weeks. At the end of this time all fruits are examined. The fruit that has
      been dip-treated with the compounds of this invention is still in good
      condition, but the fruit that is not so protected is largely rotted by the
      blue mold fungus (Penicillium digitatum).
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC6##
PAL  wherein
PA1  X is hydrogen, fluorine, chlorine, or bromine;
PA1  Y is hydrogen or alkyl of 1 to 4 carbon atoms;
PA1  R.sub.1 is alkyl of 1 to 12 carbon atoms;
PA1  Z is oxygen or sulfur; and
PA1  R is hydrogen, alkyl of 1 to 12 carbon atoms, alkyl of 1 to 12 carbon atoms
      substituted with fluorine, chlorine, bromine, alkoxy of 1 to 3 carbon
      atoms or acetyl; or alkoxy of 1 to 4 carbon atoms; when Y is alkyl, n is
      0; and when Y is hydrogen, n is 1, 2 or 3; and the sodium, potassium,
      lithium, calcium, barium, copper, zinc, and manganese salts of these
      compounds.
NUM  2.
PAR  2. A compound of claim 1 wherein Z is sulfur.
NUM  3.
PAR  3. A compound of claim 1 wherein Z is sulfur and X and Y are hydrogen and
      R.sub.1 is methyl, ethyl or isopropyl.
NUM  4.
PAR  4. The compound of claim 1, methyl 4-(o-acetamidophenyl)-3-thioallophanate.
NUM  5.
PAR  5. The compound of claim 1, methyl
      4-(o-butyramidophenyl)-3-thioallophanate.
NUM  6.
PAR  6. A compound of the formula:
      ##SPC7##
PAL  wherein:
PA1  X is hydrogen, chlorine or alkyl of 1 to 4 carbon atoms
PA1  R is hydrogen, alkyl of 1 to 12 carbon atoms or alkoxy of 1 to 4 carbon
      atoms,
PA1  R.sub.1 is alkyl of 1 to 12 carbon atoms, and
PA1  Z is oxygen or sulfur.
PATN
WKU  039431649
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APN  3123308
APT  1
ART  127
APD  19721205
TTL  Poly(ether esters) of phthalic acid salts and di(halomethyl) ether
ISD  19760309
NCL  5
ECL  1
EXA  Shippen; Michael
EXP  Weinberger; Lorraine A.
INVT
NAM  Brady; Donnie G.
CTY  Bartlesville
STA  OK
INVT
NAM  Deck; Harold R.
CTY  Bartlesville
STA  OK
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NAM  Jones; Faber B.
CTY  Bartlesville
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NAM  Underwood; John H.
CTY  Charlotte
STA  NC
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CTY  Bartlesville
STA  OK
COD  02
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PAL  Iliceta, "Gazz. Chim. Ital.," 84, pp. 536-551 (1954).
PAL  Kovshak, "Izvest. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk.," (1957) pp.
      730-736.
ABST
PAL  Poly(ether esters) are prepared by reacting a phthalic acid salt with a
      di(haloalkyl) ether in a polar solvent using a phosphonium salt catalyst.
      The resulting poly(ether esters) are useful in olefin polymers to improve
      dye receptivity.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a divisional of my copending application Serial No. 153,866 filed
      June 16, 1971, now U.S. 3,716,601.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel poly(ether esters).
PAR  While virtually any fiber can be dyed to some extent, synthetic fibers
      having no inherent receptivity require additives to give sufficient dye
      receptivity to be commercially acceptable. This problem with synthetic
      fibers is further complicated by the fact that there is great variation
      from polymer to polymer as to what is or is not effective in improving dye
      receptivity. Olefin polymers such as polypropylene present the greatest
      challenge to the dyeing art because of their chemical inertness and
      general nonpolar character.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to produce novel poly(ether esters); and
      it is yet a further object of this invention to provide a polyolefin of
      improved disperse dye receptivity.
PAR  In accordance with this invention there is provided poly(ether esters)
      prepared by reacting a phthalic acid salt with a di(haloalkyl) ether in a
      polar solvent using a phosphonium salt catalyst.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The poly(ether esters) of this invention can be made by reacting a phthalic
      acid salt with a di(haloalkyl) ether in a polar solvent utilizing a
      phosphonium salt catalyst.
PAR  The phthalic acid salt can be either the ortho, meta, or the para. The
      isophthalic or terephthalic are preferred with the terephthalate being
      most preferred. The ammonium or any Group I metal salt can be used
      although the sodium, potassium, lithium, and rubidium salts are preferred.
      Exemplary salts are dipotassium isophthalate, disodium isophthalate,
      diammonium terephthalate, dilithium phthalate, dirubidium terephthalate,
      and the like.
PAR  The di(haloalkyl) ether can be represented by the following formula:
EQU  X--R--O--R.sup.1 --X
PAL  wherein X is a halogen selected from the group consisting of chlorine,
      bromine, and iodine, preferably chlorine or bromine; and R and R.sup.1 are
      alkylene groups containing 1 to 6 carbon atoms with no branching at the
      carbon atom to which the halogen atom is attached. Symmetric ethers are
      preferred wherein R and R.sup.1 are identical. Exemplary of suitable
      ethers are bis(2-bromoethyl) ether, bis(3-chloro-2-methylpropyl) ether,
      bis(4-chlorobutyl) ether, bis(4-bromo-2-ethylbutyl) ether, and
      bis(6-chlorohexyl) ether. Also ethers such as 2-chloro-ethyl 4-chlorobutyl
      ether can be utilized. The preferred ether is bis(chloromethyl) ether.
PAR  Any polar organic solvent which is nonreactive under the reaction
      conditions may be employed as the solvent. The preferred polar solvents
      are tertiary amides such as N,N-dimethylformamide, N,N-dimethylacetamide,
      N-methyl-N-phenylformamide, N-methylpyrrolidone, and nitriles such as
      acetonitrile and propionitrile. Alternatively, an excess of di(haloalkyl)
      ether can be used as the solvent. The preferred solvent is
      N,N-dimethylformamide.
PAR  The phosphonium catalyst is a quaternary phosphonium salt having the
      formula
EQU  [R.sub.4.sup.2 P].sub.m Y
PAL  wherein R.sup.2 is a hydrocarbyl radical and can be alkyl, cycloalkyl,
      aryl, or combinations thereof such as aralkyl, alkaryl, and the like,
      containing from 1 to 8 carbon atoms. The R.sup.2 groups within a given
      phosphonium salt need not all be the same. As an example, the preferred
      material is ethyltriphenylphosphonium bromide. m is an integer from 1 to 3
      and is equal to the valence of Y. Y can be selected from
      ##EQU1##
      --F, --Cl, --Br, --CN, --OCN, --NCO, =SO.sub.4, --HSO.sub.4, =PO.sub.4,
      =HPO.sub.4, --H.sub.2 PO.sub.4, --NO.sub.3,
      ##EQU2##
      or any other anionic group having a valence of 1 to 3 that is not
      deleterious to the formation of the poly(ether ester). R.sup.3 is like
      R.sup.2 in all respects except that R.sup.3 has a valence of 2 and has a
      range of 6 to 10 carbon atoms. Examples of suitable phosphonium catalysts
      include tetrabutylphosphonium nitrate, ethyltriphenylphosphonium bromide,
      p-tolytrimethylphosphonium phosphate, and di(tetrabutyl)phosphonium
      succinate.
PAR  The mole ratio of phthalate salt to di(haloalkyl) ether is preferably about
      1:1 to promote development of long polymer chains of poly(ether ester).
      The mole ratio of phosphonium salt catalyst to phthalate salt should be in
      the range of 0.01 to 25 moles of phosphonium salt catalyst per 100 moles
      of phthalate salt, preferably 0.1 to 10 moles of phosphonium salt catalyst
      per 100 moles of phthalate salt.
PAR  The reaction temperature can vary broadly from 20.degree. to 300.degree.C,
      and the time from about 2 to 6 hours. The weight average molecular weight
      can vary from 1,000 to 1,000,000, preferably 2,000 to 100,000, more
      preferably 2,000 to 10,000.
PAR  The poly(ether ester) of this invention can be represented by the formula
      ##SPC1##
PAL  where R and R.sup.1 are alkylene groups containing 1 to 6 carbon atoms as
      defined above with no branching on the carbon atom attached to the oxygen
      of the carboxy group, and m is an integer sufficient to give the polymer
      weight average molecular weight of at least 1,000.
PAR  The olefin polymers which can be improved in dye receptivity through
      incorporation of the poly(ether ester) of this invention include any
      olefin polymer particularly polymers and copolymers of mono-1-olefins
      having 2 to 8 carbon atoms per molecule, more preferably polypropylene.
PAR  The amount of poly(ether ester) dye receptive agent blended into the
      polyolefin will generally be in the range of from about 1 to about 25
      weight percent based on the weight of the polyolefin, preferably 5 to 15
      weight percent. The additive can be incorporated into the polymer in any
      conventional manner such as mill blending, solution blending and the like.
      Other conventional additives can be in the olefin polymer such as
      antioxidants, UV stabilizers, pigments or fillers, foaming agents, and the
      like.
PAC  EXAMPLE I
PAC  Synthesis of Poly(2-oxapropyleneterephthalate)
PAR  A mixture of dipotassium terephthalate (55.04 g, 0.227 mole) and
      ethyltriphenylphosphonium bromide (4.0 g, 0.01 mole) in
      N,N-dimethylformamide (225 ml) was stirred and warmed to 70.degree.C under
      a nitrogen atmosphere. A solution of freshly distilled bis(chloromethyl)
      ether (26.1 g, 0.227 mole) in N,N-dimethylformamide (100 ml) was added
      dropwise to that mixture over 0.5 hour period. The temperature was then
      raised to and maintained at 100.degree.C for 4 hours, cooled to room
      temperature and poured into 400 ml of distilled water. The resulting white
      solid was collected by filtration, air-dried and then washed by slurrying
      it successively in distilled water, methanol, distilled water, and
      methanol. The white, powdery product was dried at 120.degree.C in a vacuum
      over to afford a 43.6 g (92%) yield of poly(2-oxapropyleneterephthalate),
      m.p. approximately 190.degree.C. The reaction can be depicted as follows:
      ##SPC2##
PAR  The end groups would, of course, be Cl on the right hand side and K on the
      left hand side. As noted hereinabove, the di(haloalkyl) ether can be
      represented by the formula XROR.sup.1 X wherein X is a halogen selected
      from the group consisting of chlorine, bromine, and iodine. The phthalic
      acid salt can be an ammonium salt or any Group I metal salt which ammonium
      or Group I metal can be represented by M. Thus the polymer including end
      groups can be represented by the following formula:
      ##SPC3##
PAL  wherein M is selected from ammonium and Group I metals and X is selected
      from chlorine, bromine, and iodine and m is an integer sufficient to give
      the poly a weight average molecular weight of at least 1000.
PAC  EXAMPLE II
PAR  The poly(ether ester) of Example I was tested as a dye receptive agent in
      the following composition:
TBL                TABLE I                                                     
     ______________________________________                                    
                              g                                                
     ______________________________________                                    
     12 melt flow polypropylene fluff                                          
                                500.00                                         
     10 php Poly(ether ester) of Example                                       
                                50.00                                          
      0.05 php 2,6-di-tert-butyl-4-methylphenol                                
                                0.25                                           
      0.1 php Irganox 1093*     0.50                                           
      0.25 php distearylthiodipropionate                                       
                                1.25                                           
      0.50 php Tinuvin 328**    2.50                                           
                                554.50                                         
     ______________________________________                                    
      *A phenolic antioxidant                                                  
      **A benzotriazole type ultraviolet stabilizer                            
PAR  The above composition was pelletized, spun, drawn (2.5:1), knit into a sock
      and the spin finish was removed. Six inch samples of knit were dyed (2.0%
      on weight of fiber).
PAR  The dyeing procedure involved using a dye solution (2% dye, 2% Dupanol RA,
      which is an alcohol ether sodium sulfate anionic textile detergent, 40:1
      liquor ratio) at 205.degree.-210.degree.F into which the sock was
      repeatedly lowered, raised, and relowered for 1 hr. Following rinse and
      after-scour (15 minutes repeatedly lowering, raising and relowering into a
      bath of 130.degree.F containing 2% of anionic surfactant), the sock was
      dried and examined. The results are tabulated below.
TBL                TABLE II                                                    
     ______________________________________                                    
                                 Light                                         
                       Color     Fast-  Dry                                    
     Sample    Dye.sup.(1)                                                     
                       Yield.sup.(2)                                           
                                 ness.sup.(3)                                  
                                        Cleaning.sup.(4)                       
     ______________________________________                                    
     Unmod. PP.sup.(5)                                                         
               A       3.1       2/5    0                                      
     Mod. PP.sup.(6)                                                           
               A       5.1       4/40   1-2                                    
     Unmod. PP B       2.6       2/5    0                                      
     Mod. PP   B       5.1       4/20   2                                      
     Unmod. PP C       1.3       2/5    0                                      
     Mod. PP   C       3.3       4/40   2                                      
     ______________________________________                                    
      .sup.(1) A = Genacron Blue GR, B - Polydye Red BC, C - Calcosyn Yellow   
      GCN; (all dyes employed at 2 wt. % on fiber).                            
      .sup.(2) Determined by "IDL Color Eye" (the higher the number, the deeper
      the color).                                                              
      .sup.(3) An AATCC standard test (exposure in Weatherometer: the higher th
      "numerator," the more intense the remaining color; the "denominator"     
      equals the number of hours to appreciable failure).                      
      .sup.(4) An AATCC standard test ("0" denotes total loss of color, "5"    
      would denote full retention of color).                                   
      .sup.(5) Unmodified polypropylene (no dye receptor).                     
      .sup.(6) Modified polypropylene (composition shown in Table I).          
PAR  The value of poly(2-oxapropyleneterephthalate) as a dye receptor is clearly
      shown in Table II with all dyes in all tests by the superiority of the
      modified over the unmodified samples.
PAR  While this invention has been described in detail for the purpose of
      illustration, it is not to be construed as limited thereby but is intended
      to cover all changes and modifications within the spirit and scope
      thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A poly(ether ester) consisting essentially of repeating units as
      represented by the formula
      ##SPC4##
PAL  wherein m is an integer sufficient to give said poly(ether ester) a weight
      average molecular weight of at least 1000, M is selected from ammonium and
      Group I metals and X is selected from chlorine, bromine, and iodine.
NUM  2.
PAR  2. A composition according to claim 1 wherein said poly(ether ester) has a
      weight average molecular weight within the range of 2,000 to 10,000.
NUM  3.
PAR  3. A composition according to claim 1 wherein M is K and X is Cl.
NUM  4.
PAR  4. A composition according to claim 2 wherein M is K and X is Cl.
NUM  5.
PAR  5. A composition according to claim 4 wherein the bonds to the ring are in
      the para position.
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PAL  Canadian Journal of Chemistry, Vol. 35, pp. 315-321, 1957.
LREP
FR2  Grant; Arnold
ABST
PAL  There are disclosed herein novel ester compounds which can be used as
      detergent solvents and plasticizers for resins, the compounds having the
      general formula:
      ##EQU1##
      wherein R.sub.1 is selected from the group consisting of --H and
      --CH.sub.3 ; R.sub.2, R.sub.3 and R.sub.4, which may be the same or
      different substituents, are selected from the group consisting of straight
      and branched chain alkyl groups having from 1 to 12 carbon atoms, benzyl
      and cyclohexyl; R.sub.5 is selected from the group --H, --CH.sub.3 and
      --C.sub.2 H.sub.5 ; and b=0 or 1.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention and Prior Art
PAR  This application, relating to esters of carboxymethyloxysuccinic acid, is
      copending with applications of Lamberti et al. Ser. No. 80,166, filed Oct.
      12, 1970 now U.S. Pat. No. 3,692,685, which discloses and claims the salts
      of carboxymethyloxysuccinic acid and Ser. No. 139,225, filed Apr. 30,
      1971, which discloses and claims homologs and analogs of the salts of
      carboxymethyloxysuccinic acid.
PAR  One compound falling within the genus of the present invention has been
      suggested by the prior art, viz., the triethyl ester of
      carboxymethyloxysuccinic acid, is disclosed by von Rudloff et al Canadian
      J. Chem. 35 315 (1957) as an intermediate in a synthesis. However, no uses
      are disclosed for the compound. The other compounds of the present
      invention have not been described or suggested in the art.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a group of novel ester compounds, the
      compounds being useful as plasticizers for a broad range of resins,
      especially polyvinylchloride, and as detergent solvents having utility in
      removing oil based stains particularly on polyester and polyester blend
      fabrics. The compounds of the present invention have the general formula:
      ##EQU2##
      wherein R.sub.1 is selected from the group consisting of --H and
      --CH.sub.3 ; R.sub.2, R.sub.3 and R.sub.4, which may be the same or
      different substituents, are selected from the group consisting of straight
      and branched chain alkyl groups having from 1 to 12 carbon atoms, benzyl
      and cyclohexyl; R.sub.5 is selected from the group --H, --CH.sub.3 and
      --C.sub.2 H.sub.5 ; and, b=0 or 1.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to novel compounds which can be broadly
      classified as esters of carboxymethyloxysuccinic acid, and derivatives
      thereof, the esters having the general formula
      ##EQU3##
      wherein R.sub.1 is selected from the group consisting of --H and
      --CH.sub.3 ; R.sub.2, R.sub.3 and R.sub.4, which may be the same or
      different substituents, are selected from the group consisting of straight
      and branched chain alkyl groups having from 1 to 12 carbon atoms, benzyl
      and cyclohexyl; R.sub.5 is selected from the group --H, --CH.sub.3,
      --C.sub.2 H.sub.5 ; and, b=0 or 1.
PAC  PREPARATION OF BASIC STARTING MATERIAL
PAR  The sodium and calcium salts of carboxymethyloxysuccinic acid, which will
      be the basic starting materials for the esterification reactions to be
      hereafter described, may be prepared as follows:
PAR  Maleic anhydride (0.2 mole; 19.6 g) is dissolved in water (100 ml) at room
      temperature and stirred for 10-15 minutes to convert it to the acid.
      Glycolic acid (0.24 mole; 18.3 g) is then added and dissolved with
      stirring. Calcium hydroxide, (ca 0.36 mole; 27 g), sufficient to attain a
      pH of 11.4 as measured initially at 25.degree.C is next added while
      stirring the reaction mixture vigorously. The mixture is heated to reflux
      and maintained at reflux for two hours while stirring vigorously. After
      cooling to 60.degree.C, finely ground sodium carbonate (0.4 mole; 42.4 g)
      is added and stirring continued for 15 minutes at 60.degree.C. The mixture
      is then cooled to room temperature and the suspended CaCO.sub.3 filtered
      off and washed with water. The filtrate (including the washings) contains
      the product, trisodium carboxymethyloxysuccinate, in yields of about 95%
      as determined by NMR analysis.
PAR  Anhydrous trisodium carboxymethyloxysuccinate may be isolated by
      evaporation of the filtrate and drying of the residue. Alternatively, the
      filtrate may be treated with alcohol or acetone to precipitate the desired
      trisodium carboxymethyloxysuccinate which is then isolated by filtration
      and further dried to remove any water of hydration if desired. Further
      purification may be accomplished by recrystallization from 80/20 (V/V)
      alcohol/water.
PAR  In preparing the esters of carboxymethyloxysuccinic acid either trisodium
      carboxymethyloxysuccinate prepared as above or the calcium salt of
      carboxymethyloxysuccinic acid may be used. The calcium salt is readily
      obtained by filtration of the reaction mixture above after the 2 hour
      reflux period. The dry calcium salt has the empirical formula C.sub.12
      H.sub.10 O.sub.14 Ca.sub.3.
PAR  Since water is removed in the esterification reactions, the starting sodium
      or calcium salts of carboxymethyloxysuccinic acid may be used in the form
      of their hydrates.
DETD
PAR  From these basic starting materials, C.sub.1 to C.sub.4 alkyl esters of
      carboxymethyloxysuccinic acid may be prepared as follows:
PAC  EXAMPLE 1
PAR  A mixture of 103 g (0.4 mole) of trisodium carboxymethyloxysuccinate or 0.2
      mole of the calcium salt of carboxymethyloxysuccinic acid, 3.6 moles of
      the desired alcohol (methanaol, ethanol, etc.), 360 ml of ethylene
      dichloride and 45 ml of concentrated H.sub.2 SO.sub.4 is stirred and
      refluxed for 13 hours. The precipitated sodium (or calcium) sulfate is
      filtered off and the filtrate washed repeatedly with saturated sodium
      bicarbonate solution followed by water until the washings are neutral. The
      ethylene dichloride layer is then dried and evaporated to give a residue
      of ester which is finally distilled in vacuo. In this way the following
      esters of carboxymethyloxysuccinic acid are obtained:
TBL             b.p. .degree.C/mm                                              
     trimethyl   117/0.25                                                      
     triethyl   123-125/0.30                                                   
     tri-n-propyl                                                              
                 134-138/0.10-0.15                                             
     tributyl   158-160/0.2-0.3                                                
PAL  Similarly, C.sub.5 to C.sub.12 alkyl esters of carboxymethyloxysuccinic
      acid may be prepared as follows:
PAC  EXAMPLE 2
PAR  A mixture of 25.8 g (0.1 mole) of the sodium salt or 0.05 mole of the
      calcium salt of carboxymethyloxysuccinic acid, 0.9 mole of the desired
      alcohol (e.g., n-pentyl, n-hexyl 2-ethylhexyl, etc.), 100 ml of ethylene
      dichloride and 12 ml of concentrated sulfuric acid is stirred and refluxed
      for 30 hours. The precipitated sodium (or calcium) sulfate is filtered off
      and the filtrate mixed with 400 ml of ether. The ether/ethylene dichloride
      layer is then washed repeatedly with saturated sodium bicarbonate solution
      and water until the washings are neutral. The organic layer is then dried
      and evaporated to yield the residue which is then partially distilled (oil
      batch to 140.degree.C) at 0.1 mm to remove unreacted alcohol. In this way
      the following esters of carboxymethyloxysuccinic acid are obtained in
      approximately 90% yields and in purities of 85-95% as determined by NMR
      analysis: tri-n-pentyl, tri-n-hexyl, tri-n-octyl, tri(2-ethylhexyl),
      tri-n-decyl and tri-n-dodecyl.
PAR  Mixed alkyl esters may be prepared by utilizing a mixture of the desired
      alcohols in the above examples. Alternatively, another method of preparing
      the higher esters (homogeneous and mixed) is as follows:
PAC  EXAMPLE 3
PAR  A mixture of 160 g (1.1 mole) of Alfol 810 (a commercial synthetic alcohol
      containing about 45% 1-octanol and 55% 1-decanol), 85 g (0.33 mole of
      trisodium carboxymethyloxysuccinate and 100 ml of toluene are placed in a
      flask), 57 g of concentrated sulfuric acid are slowly added with stirring.
      The mixture is then heated to reflux and water is continuously removed
      using a condenser/Dean Stark trap set-up. The toluene layer in the
      distillate is continuously returned to the reaction flask. When no more
      water distills over, the reaction mixture is cooled to about 50.degree.C,
      filtered to remove insoluble salts and then washed repeatedly with
      saturated sodium bicarbonate solution followed by water until the washings
      are neutral. The organic layer is then stripped of solvent and other
      volatiles by heating gradually to 140.degree.C under a vacuum of 0.1mm.
      The residue, which consists of a random mixture of C.sub.8 -C.sub.10 alkyl
      esters of carboxymethyloxysuccinic acid, is finally decolorized by
      treatment with 0.1% by weight of activated carbon at 90.degree.C for 1
      hour followed by filtration.
PAR  Esters according to the general formula of the present invention wherein
      substituents R.sub.1 and R.sub.5 are other than --H and wherein b=1 can be
      obtained by modifying the basic starting material described above to
      provide the appropriate substituents prior to the esterification reactions
      of Examples 1-3. That is, in the reaction to prepare salts of
      carboxymethyloxysuccinic acid, glycolic acid can be considered as
      constituent A, and maleic acid can be considered as constituent B. Thus,
      if it is desired to prepare a starting material for the esterification
      reactions of Examples 1-3, wherein substituent R.sub.1 is --CH.sub.3,
      constituent B would be changed from maleic acid to methylmaleic acid.
      Similarly, if it is desired that substituent R.sub.5 be --CH.sub.3,
      constituent A would be changed from glycolic acid to lactic acid; and, if
      it is desired that substituent R.sub.5 be --C.sub.2 H.sub.5, constituent A
      would be alpha-hydroxybutyric acid. Finally, if an ester according to the
      above general formula is to be prepared wherein b=1, the starting material
      reaction would utilize itaconic acid as constituent B. When substituent A
      is either lactic acid or alpha-hydroxybutyric acid, the initial pH of the
      reaction mixture is adjusted to the 11.8-12.1 range with calcium hydroxide
      instead of 11.4. In each case, the esterification reaction would then
      proceed according to Example 1 for C.sub.1 to C.sub.4 alkyl esters and
      mixed esters thereof and according to Example 2 and 3 for C.sub.5 to
      C.sub.12 alkyl esters, benzyl and cyclohexyl esters and mixed esters
      thereof. A naming system for these compounds is as follows:
TBL  R.sub.1                                                                   
          R.sub.2                                                              
                 R.sub.3                                                       
                        R.sub.4                                                
                               R.sub.5   b  Ester                              
     __________________________________________________________________________
     H    CH.sub.3                                                             
                 CH.sub.3                                                      
                        CH.sub.3                                               
                               H    0  trimethyl carboxymethyloxysuccinate     
     CH.sub.3                                                                  
          CH.sub.3 CH.sub.2                                                    
                 CH.sub.3 CH.sub.2                                             
                        CH.sub.3 CH.sub.2                                      
                               H    0  triethyl .alpha.-carboxymethyloxy-.beta.
                                       -methyl                                 
                                       succinate                               
     H    n-C.sub.3 H.sub.7                                                    
                 n-C.sub.3 H.sub.7                                             
                        n-C.sub.3 H.sub.7                                      
                               CH.sub.3                                        
                                    0  tripropyl lactoxysuccinate              
     H    n-C.sub.4 H.sub.9                                                    
                 n-C.sub.4 H.sub.9                                             
                        n-C.sub.4 H.sub.9                                      
                               C.sub.2 H.sub.5                                 
                                    0  tributyl [1-(carboxy)propyloxy]suc-     
                                       cinate                                  
     H    n-C.sub.5 H.sub.11                                                   
                 n-C.sub.5 H.sub.11                                            
                        n-C.sub.5 H.sub.11                                     
                               H    1  tripentyl carboxymethyloxymethyl-       
                                       succinate                               
     H    .rarw.mixed n-C.sub.6 H.sub.13 /n-C.sub.8 H.sub.17 .fwdarw.          
                               CH.sub.3                                        
                                    0  tri(random hexyl/octyl) lactoxysuc-     
                                       cinate                                  
     __________________________________________________________________________
PAR  These compounds find particular utility as plasticizers for resins and as
      detergent solvents in detergent compositions especially for oil and grease
      type stains in polyester and polyester blend fabrics.
PAR  As plasticizers, they can be used with a variety of plastics such as
      polyvinyl chloride, polyvinyl chloride copolymers, polyamides such as
      nylon-6 and nylon 6,6, polyethylene, polypropylene, polystyrene,
      polyesters such as polyethylene terephthalate, polyurethanes,
      polycarbonates, polyacrylates, polyacrylonitrile, polymethacrylate,
      phenolic resins, epoxyresins, cellulose nitrate cellulose acetate and
      ethyl cellulose, etc. All of the esters within the present invention are
      particularly advantageous when compared to the plasticizers most normally
      used in the art such as dioctyl phthalate, di-2-ethylhexyl phthalate and
      di-2-ethylhexyl adipate for a number of reasons, most notably their
      relatively lower volatility and the fact that the parent compound, e.g.,
      carboxymethyloxysuccinic acid, from which the esters are derived is
      non-toxic, non-teratogenic and completely biodegradable under both aerobic
      and anaerobic conditions. The latter features are especially important
      since plasticizers eventually find their way into the environment (or into
      contact with humans or their food) and gradually release, to the
      environment, the parent compound and the starting alcohol by chemical or
      bacterial action.
PAR  Preferred embodiments of the present invention for use as plasticizers for
      plastics are the esters derived from C.sub.4 to C.sub.12 alcohols, most
      notably the esters of 1) carboxymethyloxysuccinic acid, 2) lactoxysuccinic
      acid, 3) carboxymethyloxymethylsuccinic acid, and 4)
      .alpha.-carboxymethyloxy-.beta.-methylsuccinic acid: tributyl-,
      tri(isobutyl)-, tripentyl-, trihexyl-, tricyclohexyl-, triheptyl-,
      trioctyl-, tri(2-ethylhexyl)-, tri(isoctyl)-, tri (mixed hexyl/octyl-),
      trinonyl-, tridecyl-, tri(isodecyl)-, tri(mixed n-octyl/n-decyl-),
      triundecyl-, tridodecyl-, and tribenzyl.
PAR  Use levels for the esters of the present invention as plasticizers are on
      the order from about 1 to about 75 weight percent, based on the weight of
      the total composition, with a preferred range of from about 15 to about 65
      weight percent. The following example demonstrates the facility of these
      esters as plasticizers for plastics.
PAC  EXAMPLE 4
PAR  Tri(2-ethylhexyl) carboxymethyloxysuccinate was incorporated as a
      plasticizer in the preparation of polyvinyl chloride film as follows
TBL                FORMULATION                                                 
     ______________________________________                                    
                        Parts by Weight                                        
     ______________________________________                                    
     S-PVC resin (K value, 68-72)                                              
                          100                                                  
     plasticizer          65                                                   
     BaCd stabilizer      2                                                    
     wax lubricant        0.5                                                  
     ______________________________________                                    
PAL  Using a mixing roller at 170.degree. (7 min.) followed by post-pressing the
      film at 170.degree.C under contact pressure for 2 minutes, a good
      plasticized film (1.3 mm) of polyvinyl chloride was obtained. Cold
      resistance was -39.degree.C compared to -36.degree.C for a control PVC
      film made using di-2-ethylhexyl phthalate (DOP) as the plasticizer.
PAR  These esters also have considerable utility as detergent solvents in
      detergent compositions particularly for oil and grease type stains on
      polyester and polyester blend fabrics. In detergent compositions the
      invention will generally include a synthetic builder and a water soluble
      organic detergent compound. Detergent compounds useful in the present
      invention are the anionic (soap and non-soap), nonionic, zwitterionic and
      ampholytic compounds. The general nature of these detergent compounds is
      not an essential feature of the present invention. Moreover, such
      detergent compounds are well-known to those skilled in the detergent art.
      Typical of such detergents are those described in the well-known books
      entitled "Surface Active Agents" by Schwartz and Perry and "Surface Active
      Agents and Detergents" by Schwartz, Perry and Berch, both by Interscience
      Publishers, New York, New York, the disclosures of which are incorporated
      by reference herein.
PAR  The present invention can also be used with a wide variety of builder
      compounds such as sodium tripolyphosphate, sodium carbonate, sodium
      silicate, the alkali metal, ammonium and substituted ammonium salts of
      oxydisuccinic acid, oxydiacetic acid, carboxymethyloxymalonic acid,
      carboxymethloxysuccinic acid, lactoxysuccinic acid, citric acid, mellitic
      acid, tetrahydrofurantetracarboxylic acid, polyacrylic acid,
      nitrilotriacetic acid, oxidized starches and mixtures thereof.
PAR  As detergent solvents the preferred esters are those derived from straight
      or branched chain 2-6 carbon alcohols, although each of the compounds
      within the present invention functions effectively in this capacity. Use
      levels are on the order of from about 1 to about 35 weight percent based
      on the weight of the total composition, with a preferred range of from
      about 2 to about 20 weight percent and a most preferred range of from
      about 2 to about 10 weight percent. The following test results
      demonstrates this utility:
PAC  EXAMPLE 5
PAR  Four Dacron/cotton (65-35%) Khaki permanent press (Pants weight) test
      pieces (41/2 .times. 6 inches) are first soiled by adding 3 drops of dirty
      crankcase oil on the center of the cloth and the stain allowed to set for
      1 hour. The test cloths are then washed in the Terg-O-Tometer at
      120.degree.F, 180 ppm (2:1 Ca.sup.+.sup.+/Mg.sup.+.sup.+) hardness, 90
      cycles per minute agitation, with a 5% solution of the detergent product
      described below (i.e., 50 g/liter) for 15 minutes and then hand squeezed
      to remove excess water. Finally the cloths are given a 20 minute wash at
      the standard use level (e.g. 0.144%) under the same conditions followed by
      a 1 minute rinse. After drying the washed cloths, the degree of stain
      removal is rated visually according to the scale below:
PAC  VISUAL GRADING SYSTEM
PA1  0 = complete removal
PA1  1 = Very slight remaining stain
PA1  2 = Slight remaining stain
PA1  3 = Moderate stain removal
PA1  4 = Poor stain removal
PA1  5 = Very poor stain removal
PA1  6 = Equal to original stain
PAL  (The above laboratory procedure has been found to correlate with the
      regular procedure used by housewives whereby a paste of the product is
      applied to the spot prior to washing the fabric in the washing machine.)
PAR  The detergent product used is formulated as follows:
TBL  COMPONENT                  % ACTIVE                                       
     ______________________________________                                    
     Tergitol 15-S-9 (adduct of nine moles of                                  
     ethylene oxide per mole of random secondary                               
     alcohol derived from C.sub.11 -C.sub.15 paraffins)                        
                                15.0                                           
     Sodium Tripolyphosphate    40.0                                           
     Sodium Carboxymethylcellulose                                             
                                0.3                                            
     RU Silicate Solids (SiO.sub.2 :Na.sub.2 O ratio of 2.4:1)                 
                                4.2                                            
     Miscellaneous (mainly fluorescent dyes,                                   
     colorants, perfume)        0.6                                            
     "Detergent Solvent"        4.0                                            
     Silica absorbent for detergent solvent                                    
                                3.0                                            
     Water                      12.0                                           
     Sodium sulfate             balance                                        
     ______________________________________                                    
PAL  Ten such formulations utilizing the following "Detergent Solvents" were
      prepared and evaluated as described above:
PA1  A -- dibutyl phthalate (control)
PA1  B -- trimethyl carboxymethyloxysuccinate
PA1  C -- triethyl carboxymethyloxysuccinate
PA1  D -- tripropyl carboxymethyloxysuccinate
PA1  E -- tributyl carboxymethyloxysuccinate
PA1  F -- trihexyl carboxymethyloxysuccinate
PA1  G -- tri-(2-ethylhexyl) carboxymethyloxysuccinate
PA1  H -- trioctyl carboxymethyloxysuccinate
PA1  I -- tridecyl carboxymethyloxysuccinate
PA1  J -- tridodecyl carboxymethyloxysuccinate
PAL  The results obtained using the visual grading system were as follows:
TBL  Sample         Visual                                                     
     Code           Grading Code                                               
     ______________________________________                                    
     A              2                                                          
     B              2                                                          
     C              1                                                          
     D              1                                                          
     E              2                                                          
     F              1                                                          
     G              2                                                          
     H              2                                                          
     I              2                                                          
     J              2                                                          
     ______________________________________                                    
PAR  The table clearly shows that the esters according to the present invention
      are equal to and in some instances superior to dibutyl phthalate which is
      considered to be the standard for detergent compositions of this type.
PAC  EXAMPLE 6
PAR  Other suitable formulations with the "Detergent Solvent" being the same as
      above are as follows:
TBL  COMPONENT                 % ACTIVE                                        
     ______________________________________                                    
     LAS (sodium linear secondary alkyl (C.sub.10 -C.sub.15)                   
     benzene sulfonate)        18                                              
     Sodium Tripolyphosphate   35                                              
     Sodium Carboxymethylcellulose                                             
                               0.3                                             
     RU Silicate Solids        4.2                                             
     Miscellaneous (mainly fluorescent dyes,                                   
     colorants, perfume)       0.6                                             
     "Detergent Solvent"       15.0                                            
     Silica absorbent for detergent solvent                                    
                               6.0                                             
     Water                     12.0                                            
     Sodium sulfate            balance                                         
     ______________________________________                                    
PAC  EXAMPLE 7
TBL  COMPONENT                 % ACTIVE                                        
     ______________________________________                                    
     LAS                       28.0                                            
     Trisodium Citrate         35.0                                            
     Sodium carboxymethylcellulose                                             
                               0.3                                             
     RU Silicate Solids        8.0                                             
     Miscellaneous (mainly fluorescent dyes,                                   
     colorants, perfume)       0.6                                             
     "Detergent Solvent"       10.0                                            
     Silica absorbent for detergent solvent                                    
                               5.0                                             
     Water                     10.0                                            
     Sodium sulfate            balance                                         
     ______________________________________                                    
PAC  EXAMPLE 8
TBL  COMPONENT                 % ACTIVE                                        
     ______________________________________                                    
     LAS                       25.0                                            
     Trisodium carboxymethyloxysuccinate                                       
                               30.0                                            
     Sodium carboxymethylcellulose                                             
                               0.3                                             
     RU Silicate Solids        4.0                                             
     Miscellaneous (mainly fluorescent dyes,                                   
     colorants, perfume)       0.6                                             
     "Detergent Solvent"       7.0                                             
     Silica absorbent for detergent solvent                                    
                               4.0                                             
     Water                     10.0                                            
     Sodium sulfate            balance                                         
     ______________________________________                                    
PAC  EXAMPLE 9
TBL  COMPONENT                 % ACTIVE                                        
     ______________________________________                                    
     LAS                       25.0                                            
     Trisodium carboxymethyloxysuccinate                                       
                               30.0                                            
     Sodium carboxymethylcellulose                                             
                               0.3                                             
     RU Silicate Solids        4.2                                             
     Miscellaneous (mainly fluorescent dyes,                                   
     colorants, perfume)       0.6                                             
     "Detergent Solvent"       2.0                                             
     Water                     10.0                                            
     Sodium sulfate            balance                                         
     ______________________________________                                    
PAC  EXAMPLE 10
TBL  COMPONENT                 % ACTIVE                                        
     ______________________________________                                    
     Tergitol 15-S-9           30.0                                            
     Triethanolamine Neodol 25-3EO sulfate (the                                
     triethanol amine salt of the sulfated                                     
     adduct of 3 moles of ethylene oxide per                                   
     mole of Neodol 25 which is a mixture of                                   
     linear primary alcohols containing 12-15                                  
     carbon atoms)             10.0                                            
     Coconut monoethanolamide  2.0                                             
     "Detergent Solvent"       6.0                                             
     Ethanol                   9.0                                             
     Sodium carboxymethylcellulose                                             
                               0.3                                             
     Miscellaneous (mainly fluorescent dyes,                                   
     colorants and perfume)    0.6                                             
     Water                     balance                                         
     ______________________________________                                    
PAR  Here, again, the lower volatility of the esters of carboxymethyloxysuccinic
      acid relative to dibutyl phthalate is especially advantageous since little
      or no loss of the ester occurs during processing of the detergent powder.
      A still further advantage is that should any of the ester hydrolyze during
      detergent processing or during the washing process, the resultant salt is
      an excellent detergent builder, whereas in the case of the phthalate salt
      no useful detergent properties are obtained. The non-toxic and
      biodegradable properties of the parent acid from which the esters are
      derived are especially important since detergent wastes are generally
      discharged directly into the water environment.
PAR  The esters can also be utilized in regular spot cleaners or pre-wash spot
      cleaners of the spray or aerosol type. Thus, a 5 to 10% solution of the
      desired ester in a 50/50 mixture of Freon 11/Freon 12 or Freon 12/Freon 13
      propellants is admirably suitable for dispensing from an aerosol container
      for spot cleaning of fabrics, especially polyester, polyester blends and
      other synthetics and also as a pre-wash spot cleaner for such fabrics
      prior to washing the fabric in a washing machine with a conventional
      laundry detergent formulation. (phosphate or non-phosphate based).
PAR  It will be appreciated that various changes and modifications, in addition
      to those set forth above, may be made by those skilled in the art without
      departing from the essence of the present invention and that accordingly
      the invention is to be limited only within the scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula
      ##EQU4##
      wherein R.sub.1 is selected from the group consisting of --H and
      --CH.sub.3 ; R.sub.2, R.sub.3 and R.sub.4, which may be the same or
      different substituents, are selected from the group consisting of straight
      and branched chain alkyl groups having from 1 to 12 carbon atoms, benzyl
      and cyclohexyl; R.sub.5 is selected from the group consisting of --H,
      --CH.sub.3 and --C.sub.2 H.sub.5 ; and, b=0,1.
NUM  2.
PAR  2. A compound as defined in claim 1 wherein R.sub.1 is --H.
NUM  3.
PAR  3. A compound as defined in claim 1 wherein R.sub.1 is --CH.sub.3.
NUM  4.
PAR  4. A compound as defined in claim 1 wherein R.sub.2, R.sub.3 and R.sub.4
      are selected from the group consisting of straight and branched chain
      alkyl groups having from 1 to 12 carbon atoms.
NUM  5.
PAR  5. A compound as defined in claim 1 wherein R.sub.2, R.sub.3 and R.sub.4
      are selected from the group consisting of straight and branched chain
      alkyl groups having from 1 to 12 carbon atoms and benzyl.
NUM  6.
PAR  6. A compound as defined in claim 1 wherein R.sub.2, R.sub.3 and R.sub.4
      are selected from the group consisting of straight and branched chain
      alkyl groups having from 1 to 12 carbon atoms and cyclohexyl.
NUM  7.
PAR  7. A compound as defined in claim 1 wherein R.sub.5 is selected from the
      group consisting of --H and --CH.sub.3.
NUM  8.
PAR  8. A compound as defined in claim 1 wherein R.sub.5 is selected from the
      group consisting of --CH.sub.3 and C.sub.2 H.sub.5.
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ABST
PAL  A process for separating 2-methyl-3-acetoxypropionaldehyde from an isomeric
      mixture of aldehydes by catalytic decomposition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known in the art that an ester when heated at
      300.degree.-550.degree.C. decomposes into an olefin and a carboxylic acid.
      The reaction may be carried out in either the liquid or the vapor phase,
      by simply heating the ester in a metal bath or with a free flame or by
      passing the compound through an electrically heated tube.
PAR  Also, it is known that dehydration of .beta.-hydroxyaldehydes is a facile
      reaction catalyzed by many materials such as acids, bases, alumina, etc.
      Separation of a particular acetoxyaldehyde from an isomeric mixture of
      acetoxyaldehydes is difficult since the catalyst in many instances will
      react with the acetoxyaldehydes. However, it has been discovered that a
      particular acetoxyaldehyde may be decomposed by an elimination catalyst
      without reacting with the other acetoxyaldehydes.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is concerned with a process for separating
      2-methyl-3-acetoxypropionaldehyde from an isomeric mixture of
      4-acetoxybutyraldehyde, 2-methyl-3-acetoxypropionaldehyde and
      2-acetoxybutyraldehyde which comprises heating said isomeric mixture in
      the presence of an elimination catalyst which decomposes the
      2-methyl-3-acetoxypropionaldehyde to acetic acid and methacrolein and
      separating the acetic acid and methacrolein therefrom, said elimination
      catalyst being selected from the group consisting of a tertiary amine,
      silica-aluminas and zeolites.
PAR  The isomeric aldehydes of the present invention are produced by the
      hydroformylation of allyl acetate which is disclosed in an application of
      William E. Smith, entitled "A Process for the Production of Butanediol,"
      Ser. No. 365,228, filed May 30, 1973 and assigned to the same assignee as
      the present invention. Also, this application of Smith discloses
      hydrogenating these aldehydes to produce a mixture comprising the acetate
      esters of the corresponding butanediols. This mixture of the acetate
      esters of butanediols is then de-esterified to produce a mixture of diols.
      1,4-butanediol is useful in making polyester resins with dicarboxylic
      acids.
PAR  The 2-methyl-3-acetoxypropionaldehyde of the instant invention has a
      boiling point which lies between the boiling points of
      4-acetoxybutyraldehyde and 2-acetoxybutyraldehyde. This makes separation
      of an isomeric mixture of 4-acetoxybutyraldehyde,
      2-methyl-3-acetoxypropionaldehyde and 2-acetoxybutyraldehyde difficult.
      Also, this makes difficult the separation of the isomeric diols which are
      produced from hydrogenation of the isomeric aldehydes followed by
      de-esterification, since a diol corresponding to
      2-methyl-3-acetoxypropionaldehyde would be formed which has a boiling
      point between the diol corresponding to 2-acetoxybutyraldehyde and the
      diol corresponding to 4-acetoxybutyraldehyde. The two products, i.e.,
      acetic acid and methacrolein, obtained by decomposing
      2-methyl-3-acetoxypropionaldehyde, have a high volatility and are easily
      removed by distillation from the mixture of 4-acetoxybutyraldehyde,
      2-acetoxybutyraldehyde, acetic acid and methacrolein.
PAR  Also, this invention is concerned with a process for separating
      2-methyl-3-acetoxypropionaldehyde from an isomeric mixture of
      4-acetoxybutyraldehyde, 2-methyl-3-acetoxypropionaldehyde and
      2-acetoxybutyraldehyde by heating said mixture in the presence of an
      elimination catalyst which decomposes the
      2-methyl-3-acetoxypropionaldehyde to acetic acid and methacrolein without
      reacting with either the 4-acetoxybutyraldehyde or the
      2-acetoxybutyraldehyde.
PAR  The elimination catalyst which may be employed within the scope of this
      invention is selected from the group consisting of a tertiary amine,
      silica-aluminas and zeolites. The tertiary amines which may be used
      include alkylamines, arylamines, cycloalkylamines, alkarylamines and
      aralkylamines of 1 to 25 carbon atoms as well as heterocyclic amines.
      Examples of tertiary amines which may be used include trimethylamine,
      triethylamine, tri-n-propylamine, tri-n-butylamine, tri-n-amylamine,
      tribenzylamine, propyldimethylamine, methyldiethylamine,
      butyldimethylamine, t-butyldimethylamine, pentyldimethylamine,
      methylethylbutylamine, heptyldimethylamine, nonyldimethylamine,
      tetradecyldimethylamine, tricyclohexylamine, triphenylamine, pyridine,
      etc.
PAR  The silica-aluminas which may be used vary in composition from pure silica
      to pure alumina.
PAR  The zeolites of the instant invention include both the natural zeolites and
      the alkali metal aluminosilicates or the commercial zeolites, also known
      as molecular sieves. These zeolites are well known in the art and are
      detailed in "Molecular Sieves," Charles K. Hersh, Reinhold Publishing
      Company, New York (1961) which is incorporated herein by reference.
      preferably, representative natural zeolites which may be employed in the
      instant invention include those in Table 3-1, on page 21 of the Hersh
      reference while representative molecular sieves include those in Table
      5-1, on page 54 of the Hersh reference. A most preferred molecular sieve
      is a Davison Molecular Sieve Type 3A which has a silica-alumina base with
      potassium as the cation.
PAR  The catalyst may be added along with the isomeric aldehydes into a reaction
      zone. A preferred amount of catalyst is about from 0.5% to about 2% based
      on weight of the isomeric aldehydes. If the catalyst is a molecular sieve
      or silica-aluminas, the reactants are flowed through the molecular sieve
      or silica-alumina in a reaction zone.
PAR  The temperature at which the reaction proceeds can be varied widely.
      Temperatures ranging from about 90.degree. to 180.degree.C. are generally
      adequate although higher temperatures can be used.
PAR  Although atmospheric pressures are the only ones normally required, it will
      be of course apparent to those skilled in the art that superatmospheric
      pressure or subatmospheric pressure may be used where conditions and
      concentrations so dictate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following Examples are set forth to illustrate more clearly the
      principle and practice of this invention to those skilled in the art.
      Unless otherwise specified, where parts or percents are mentioned, they
      are parts or percents by weight.
PAC  EXAMPLE I
PAR  0.3 g. of triethylamine is added to an 18.0 g. mixture containing (by
      weight) 4-acetoxybutanaldehyde (69%), 2-acetoxybutanaldehyde (10%) and
      2-methyl-3-acetoxypropionaldehyde (15%). (the mixture of aldehyde isomers
      obtained from the hydroformylation reaction of allyl acetate). The mixture
      is heated at 95.degree.C. in a flask equipped with a reflux condenser.
      Analysis shows that within 25 minutes 2-methyl-3-acetoxypropionaldehyde is
      completely converted into methacrolein and acetic acid. The other two
      aldehyde isomers remained unchanged. Methacrolein and acetic acid are
      separated from the aldehyde isomers by distillation.
PAC  EXAMPLE II
PAR  1.0 g. of activated alumina 1/8 inch pellets is added to a 10.0 g. mixture
      containing (by weight) 4-acetoxybutanaldehyde (69%),
      2-acetoxybutanaldehyde (10%) and 2-methyl-3-acetoxypropionaldehyde (15%).
      The mixture is heated at 125.degree.C. in a flask equipped with a reflux
      condenser. Analysis shows that within 20 minutes
      2-methyl-3-acetoxypropionaldehyde is completely converted into
      methacrolein and acetic acid. The other two aldehyde isomers remain
      unchanged. Methacrolein and acetic acid are separated from the aldehyde
      isomers by distillation.
PAC  EXAMPLE III
PAR  A jacketed stainless steel column 127 cm. long and 1.9 cm. in diameter is
      packed with a zeolite molecular sieve. The column is heated to
      150.degree.C. and a mixture containing (by weight) 4-acetoxybutanaldehyde
      (57%), 2-acetoxybutanaldehyde (8%), 2-methyl-3-acetoxypropionaldehyde
      (13%) and water (16%) is pumped through the column at a rate of 7
      ml./minute. Approximately 22 liters are passed through the column.
      Analysis shows that, in the product stream,
      2-methyl-3-acetoxypropionaldehyde is completely converted into
      methacrolein and acetic acid and the other two aldehyde isomers remain
      unchanged. Methacrolein and acetic acid are separated from the aldehyde
      isomers by distillation.
PAR  It should, of course, be apparent to those skilled in the art that changes
      may be made in the particular embodiments of the invention described which
      are within the full intended scope of the invention as defined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for separating 2-methyl-3-acetoxypropionaldehyde from an
      isomeric mixture of 4-acetoxybutyraldehyde,
      2-methyl-3-acetoxypropionaldehyde and 2-acetoxybutyraldehyde which
      comprises heating at a temperature of from about 90.degree. to about
      180.degree.C said mixture in the presence of an elimination catalyst which
      decomposes the 2-methyl-3-acetoxypropionaldehyde to acetic acid and
      methacrolein, and separating the acetic acid and methacrolein therefrom by
      distillation; said elimination catalyst being selected from the group
      consisting of a tertiary amine, silica-aluminas of from pure silica to
      pure alumina and zeolites; wherein the tertiary amine is selected from the
      group consisting of alkylamines, arylamines, cycloalkylamines,
      alkarylamines, aralkylamines of 1 to 25 carbon atoms and heterocyclic
      amines.
NUM  2.
PAR  2. The process of claim 1 wherein the tertiary amine is pyridine.
NUM  3.
PAR  3. The process of claim 1 wherein the tertiary amine is triethylamine.
PATN
WKU  039431673
SRC  5
APN  4153480
APT  1
ART  127
APD  19731113
TTL  Process for preparing trans-chrysanthemic acid
ISD  19760309
NCL  6
ECL  1
EXP  Gerstl; Robert
INVT
NAM  Suzukamo; Gohu
CTY  Ibaraki
CNT  JA
INVT
NAM  Fukao; Masami
CTY  Takatsuki
CNT  JA
INVT
NAM  Nagase; Tsuneyuki
CTY  Takatsuki
CNT  JA
INVT
NAM  Toshioka; Horosuke
CTY  Ikeda
CNT  JA
ASSG
NAM  Sumitomo Chemical Company, Limited
CNT  JA
COD  03
PRIR
CNT  JA
APD  19721113
APN  47-113634
CLAS
OCL  260514H
XCL  260468H
EDF  2
ICL  C07C 5142
FSC  260
FSS  514 H;468 H
UREF
PNO  3046299
ISD  19620700
NAM  Julia
OCL  260468
UREF
PNO  3538143
ISD  19701100
NAM  Matsui et al.
OCL  260468
OREF
PAL  Eliel et al., JACS 83, 2351 (1961).
PAL  Eliel, Stereochemistry of Carbon Compounds, 222-224 (1962).
PAL  Patai, The Chemistry of Carboxylic Acids and Esters, 521-523 (1969).
LREP
FRM  Stewart and Kolasch
ABST
PAL  A process for preparing trans-chrysanthemic acid which comprises reacting a
      mixture of alkyl trans-chrysanthemate and alkyl cis-chrysanthemate with an
      equimolar amount or less of an alkali with respect to the trans-isomer in
      the presence of water or an alcohol to hydrolyze the trans-isomer
      predominantly and separating the hydrolyzed trans-isomer from the
      unreacted cis-isomer.
BSUM
PAR  The present invention relates to a process for preparing
      trans-chrysanthemic acid, i.e.
      2,2-dimethyl-3-(2'-methyl)-1'-propenyl-1-1,3-trans-cyclopropane-1-carboxyl
     ic acid. More particularly, it relates to a process for the selective
      production of trans-chrysanthemic acid from a mixture of alkyl
      trans-chrysanthemate, i.e. alkyl
      2,2-dimethyl-3-(2'-methyl)-1'-propenyl-1,3-trans-cyclopropane-1-carboxylat
     e, and alkyl cis-chrysanthemate, i.e. alkyl
      2,2-dimethyl-3-(2'-methyl)-1'-propenyl-1,3-cis-cyclopropane-1-carboxylate.
PAR  It is known that chrysanthemic acid is the acid component of the esters of
      the so-called "pyrethroidal insecticides" such as pyrethrin, allethrin,
      phthalthrin and 5-benzyl-3-furylmethyl chrysanthemate. It is also known
      that the pyrethroids having the residue of trans-chrysanthemic acid as the
      acid component generally exhibit a higher insecticidal activity than those
      having the residue of cis-chrysanthemic acid as the acid component. Thus,
      the use of the trans-isomer of chrysanthemic acid for the production of
      pyrethroids is more advantageous and favorable than that of the
      corresponding cis-isomer.
PAR  For the production of alkyl chrysanthemate, there has heretofore been
      widely adopted the reaction of 2,5-dimethyl-2,4-hexadiene with alkyl
      diazoacetate. However, the product in this reaction is a mixture of alkyl
      cis-chrysanthemate and alkyl trans-chrysanthemate. Therefore, it is
      necessary to separate the trans-isomer from the said mixture and to
      convert the cis-isomer into the corresponding trans-isomer from the
      industrial viewpoint. Since the boiling point of alkyl
      trans-chrysanthemate is extremely close to that of the corresponding
      cis-isomer, the separation of these isomers by fractional distillation is
      not easy.
PAR  Hitherto, the separation of the trans-isomer and the cis-isomer has usually
      been carried out in the free acid form rather than in the alkyl ester
      form. Thus, a number of methods have been proposed for the separation of
      trans-chrysanthemic acid and cis-chrysanthemic acid. Some typical examples
      of them are as follows: recrystallization using appropriate solvents
      [J.Chem.Soc., 1945, 283]; heating a mixture of the trans-isomer and the
      cis-isomer with a large amount of dilute sulfuric acid
      [Bull.Agr.Chem.Japan, 19, 159 (1955)]; selective lactonization of the
      cis-isomer in the presence of an acid catalyst under anhydrous conditions
      so as to separate the trans-isomer [Japanese Pat. No. 13898/1972], etc.
      However, these methods are each defective, for instance, in requiring
      troublesome operations, taking a long period of time, necessitating the
      lactonization of the cis-isomer and the like problems. Eventually, these
      methods all involve the separation of trans-chrysanthemic acid and
      cis-chrysanthemic acid from the mixture thereof based upon the difference
      of solubility in an appropriate solvent or with the possibility of
      lactonization of the cis-isomer according to its geometrical structure.
PAR  It has now unexpectedly been found that, when treated with an alkali under
      certain conditions, alkyl trans-chrysanthemate and alkyl
      cis-chrysanthemate are hydrolyzed in different rates with respect to each
      other. It has also been found that, by the utilization of such a
      difference in the hydrolyzing rate, alkyl trans-chrysanthemate can be
      predominantly hydrolyzed to the corresponding free acid, which may be
      readily separated from unreacted alkyl cis-chrysanthemate. The present
      invention is based on these findings.
PAR  In this connection, it may be noted that no attempt has ever been made to
      separate alkyl trans-chrysanthemate by utilization of the difference in
      the reaction rate between the trans-isomer and the cis-isomer in a
      reaction in which both of them can participate. It may be also noted that
      no procedure for efficiently separating a trans-isomer or a cis-isomer
      from its mixture with the other isomer by utilization of the difference in
      the reaction rate in the esterification of the free acids or in the
      hydrolysis of the alkyl esters has ever been proposed in this field.
PAR  According to the present invention, there is provided a process for
      preparing trans-chrysanthemic acid which comprises reacting a mixture of
      alkyl trans-chrysanthemate and alkyl cis-chrysanthemate with an equimolar
      amount or less of an alkali with respect to the trans-isomer in the
      presence of water and/or an alcohol to hydrolyze the trans-isomer
      predominantly and separating the hydrolyzed trans-isomer from the
      unreacted cis-isomer.
PAR  The alkyl trans-chrysanthemate and the alkyl cis-chrysanthemate are
      respectively represented by the formulae:
      ##SPC1##
      ##SPC2##
      wherein R is a lower alkyl group. The term "lower alkyl" hereinabove used
      is usually intended to mean alkyl groups having 1 to 8 carbon atoms and
      includes specifically methyl, ethyl, n-propyl, isopropyl, n-butyl,
      isobutyl, t-butyl, etc. Particularly preferred are methyl and ethyl. In
      the present invention, a mixture of the trans-isomer [I] and the
      cis-isomer [II] in an optional proportion is used as a starting material.
PAR  The alkali to be used in the invention may be those usually employed for
      hydrolysis. An alkali metal hydroxide and an alkali metal alcoholate are
      preferable. Examples of the alkali metal hydroxide are lithium hydroxide,
      sodium hydroxide and potassium hydroxide. The use of sodium hydroxide or
      potassium hydroxide is industrially advantageous. As the alkali metal
      alcoholate, there may be used any one selected from alkali metal primary
      alcoholates, alkali metal secondary alcoholates and alkali metal tertiary
      alcoholates. The use of sodium methylate or sodium ethylate is favorable
      from the economical viewpoint.
PAR  The alkali is required to be used in an approximately equimolar amount or
      less with respect to the trans-isomer in the starting material.
      Preferably, the amount of the alkali may be 0.5 to 1 mole per 1 mole of
      the trans-isomer. Under such condition, the trans-isomer is predominantly
      hydrolyzed. The use of the alkali in an amount larger than an equimolar
      amount with respect to the trans-isomer and the interruption of the
      hydrolysis at a certain stage may result in the production of
      trans-chrysanthemic acid while maintaining the cis-isomer unreacted to a
      certain extent, the selectivity is much inferior and the selection of
      appropriate reaction conditions is difficult.
PAR  The reaction of a mixture of the two isomeric esters with the alkali is
      carried out in the presence of water or an alcohol. As the alcohol, there
      may be employed any one of primary alcohols, secondary alcohols, and
      tertiary alcohols, but the use of a primary alcohol such as methyl alcohol
      or ethyl alcohol is economically desirable. If desired, there may be used
      any appropriate solvent inert to the reaction in addition to water and/or
      the alcohol.
PAR  The reaction is normally effected at a temperature of from about
      10.degree.C to the refluxing temperature of the reaction system,
      preferably from 10.degree.C to 150.degree.C. When a lower reaction
      temperature is adopted, the selectivity to the trans-isomer becomes
      increased, but a longer reaction time is required.
PAR  The progress of the reaction may be checked by analyzing the produced acid
      or the unreacted ester in the reaction mixture in a per se conventional
      manner such as gas chromatography or IR absorption spectrum.
PAR  In the reaction mixture thus obtained, there are included the hydrolyzed
      product of alkyl trans-chrysanthemate, i.e. trans-chrysanthemic acid, and
      the unhydrolyzed alkyl cis-chrysanthemate. Trans-Chrysanthemic acid is
      quite soluble in an aqueous alkaline solution in the form of the
      carboxylate ion. On the other hand, alkyl cis-chrysanthemate is not
      soluble in water and can be dissolved in organic solvents such as ether,
      benzene, toluene and hexane. Therefore, the said reaction mixture, which
      is alkaline, may be treated with an appropriate water-immiscible organic
      solvent in the presence of water, whereby trans-chrysanthemic acid is
      retained in the aqueous layer and alkyl cis-chrysanthemate is extracted in
      the organic solvent layer. When desired, the reaction mixture may be
      concentrated to remove the reaction medium and/or the alcohol produced in
      the course of the hydrolysis prior to the treatment with the organic
      solvent. For recovery of the trans-chrysanthemic acid from the water
      layer, it may be made acidic with a mineral acid such as sulfuric acid or
      hydrochloric acid to separate the free trans-chrysanthemic acid, which may
      be recovered by a conventional procedure such as extraction. The alkyl
      cis-chrysanthemate in the organic solvent layer may be subjected to
      epimerization to produce the corresponding trans-isomer.
DETD
PAR  Practical and presently preferred embodiments of the present invention are
      illustratively shown in the following Examples wherein % and the cis/trans
      ratio are indicated by weight.
PAC  EXAMPLE 1
PAR  In a 300 ml volume four-necked flask equipped with a stirrer, a thermometer
      and a reflux condenser, there were charged ethyl chrysanthemate consisting
      of 35.2 % of the cis-isomer and 64.8 % of the trans-isomer (100 g;
      trans-isomer, 0.33 mol) and a 25 % aqueous solution of sodium hydroxide
      (48 g; NaOH, 0.30 mol), and the mixture was stirred at 85.degree.C for 4
      hours. After distilling off ethanol produced during the hydrolysis, the
      reaction mixture was admixed with water (200 g) and extracted with
      n-hexane (60 g) two times. The n-hexane layer was separated, washed, dried
      and evaporated, and the residue was distilled under reduced pressure to
      give unreacted ethyl chrysanthemate (41.3 g; cis/trans = 55.4/44.6). B.P.
      112 to 116.degree.C/19 mmHg.
PAR  The water layer was made acidic with sulfuric acid and extracted with
      toluene (80 g) two times. The toluene layer was washed and evaporated, and
      the residue was distilled under reduced pressure to give
      trans-chrysanthemic acid (47.1 g; trans-isomer, 80.5 %). B.P. 110.degree.
      to 114.degree.C/2 mmHg.
PAC  EXAMPLE 2
PAR  In a 500 ml volume four-necked flask, there were charged ethyl
      chrysanthemate consisting of 33.6 % of the cis-isomer and 66.4 % of the
      trans-isomer (100 g; trans-isomer, 0.34 mol), a 25 % aqueous solution of
      sodium hydroxide (30 g; NaOH, 0.19 mol) and ethanol (50 g), and the
      mixture was stirred at 60.degree.C for 5 hours as in Example 1. After
      removing ethanol by distillation, the reaction mixture was treated as in
      Example 1 to give trans-chrysanthemic acid (28.7 g; trans-isomer, 90.0 %)
      and unreacted ethyl chrysanthemate (64.0 g; cis/trans = 53.8/46.2).
PAC  Example 3
PAR  In a 500 ml volume four-necked flask, there were charged ethyl
      chrysanthemate consisting of 33.6 % of the cis-isomer and 66.4 % of the
      trans-isomer (100 g; trans-isomer, 0.34 mol), water (50 g), ethanol (200
      g) and potassium hydroxide (20.0 g; 0.35 mol), and the mixture was stirred
      at 50.degree.C for 6 hours as in Example 1. The reaction mixture was
      treated as in Example 1 to give unreacted ethyl chrysanthemate (45.0 g;
      cis/trans = 52.8 /47.2) and trans-chrysanthemic acid (45.4 g;
      trans-isomer, 84 %).
PAC  EXAMPLE 4
PAR  As in Example 1, ethyl chrysanthemate consisting 0f 9.9 % of the cis-isomer
      and 90.1 % of the trans-isomer (100 g; trans-isomer, 0.46 mol) and a 25 %
      aqueous solution of sodium hydroxide (65.2 g; 0.40 mol) were reacted at
      85.degree.C for 3 hours. The reaction mixture was treated as in Example 1
      to give unreacted ethyl chrysanthemate (27.0 g; cis/trans=25.6/74.4) and
      trans-chrysanthemic acid (59.3 g; trans-isomer, 97.0 %).
PAC  EXAMPLE 5
PAR  Ethyl chrysanthemate consisting of 35.6 % of the cis-isomer and 64.4 % of
      the trans-isomer (10 g; trans-isomer, 0.033 mol) was treated with ethanol
      (30 g) and sodium ethylate (2.3 g; 0.033 mol) at the boiling temperature
      of ethanol for 2 hours. After the removal of ethanol by distillation, the
      reaction mixture was admixed with water (30 g) and extracted with ether
      (20 g) two times. The ether layer was washed, dried and evaporated, and
      the residue was distilled under reduced pressure to give unreacted ethyl
      chrysanthemate (4.7 g; cis/trans = 50.0/50.0). B.P. 115.degree. to
      120.degree.C/24 mmHg.
PAR  The water layer was made acidic with sulfuric acid and extracted with
      toluene (20 g) two times. The toluene layer was washed and distilled under
      reduced pressure to give trans-chrysanthemic acid (4.2 g; trans-isomer,
      80.0 %). B.P. 122.degree. to 130.degree.C/3.3 mmHg.
PAC  EXAMPLE 6
PAR  In a 100 ml volume four-necked flask, there were charged methyl
      chrysanthemate consisting of 40.0 % of the cis-isomer and 60.0 % of the
      trans-isomer (20.0 g; trans-isomer, 0.066 mol), a 10 % aqueous solution of
      potassium hydroxide (33 g; 0.059 mol) and methanol (20 g), and the mixture
      was stirred at 50.degree.C for 4 hours as in Example 1. After the removal
      of methanol by distillation, the reaction mixture was treated as in
      Example 4 to give trans-chrysanthemic acid (9.4 g; trans-isomer, 83 %) and
      unreacted methyl chrysanthemate (9.6 g).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing an enriched trans-chrysanthemic acid from a
      mixture of alkyl trans-chrysanthemate and alkyl cis-chrysanthemate which
      comprises reacting said mixture with an alkali metal hydroxide or an
      alkali metal alcoholate in an amount of from 0.5 to 1 mole based on 1 mole
      of the trans-isomer in the presence of water or an alcohol at a
      temperature of from 10.degree. to 150.degree. C to hydrolyze the
      trans-isomer predominantly and separating the hydrolyzed product from the
      unreacted alkyl chrysanthemate to obtain an enriched trans-chrysanthemic
      acid.
NUM  2.
PAR  2. The process according to claim 1, wherein the alkali metal hydroxide is
      sodium hydroxide or potassium hydroxide.
NUM  3.
PAR  3. The process according to claim 1, wherein the alkali metal alcoholate is
      sodium methylate or sodium ethylate.
NUM  4.
PAR  4. The process according to claim 1, wherein the alcohol is methyl alcohol
      or ethyl alcohol.
NUM  5.
PAR  5. The process according to claim 1, wherein the separation of the
      hydrolyzed trans-isomer is effected by treatment of the reaction mixture
      with a water-immiscible organic solvent which can dissolve the
      unhydrolyzed cis-isomer in the presence of water under an alkaline
      condition.
NUM  6.
PAR  6. A process for preparing an enriched trans-chrysanthemic acid from a
      mixture of alkyl trans-chrysanthemate and alkyl cis-chrysanthemate which
      comprises the step of (1) reacting said mixture with an alkali metal
      hydroxide or an alkali metal alcoholate in an amount of from 0.5 to 1 mole
      based on 1 mole of the trans-isomer at a temperature of from 10.degree. to
      150.degree. C to hydrolyze the trans-isomer predominantly, (2) separating
      the hydrolyzed product from the unreacted alkyl chrysanthemate to obtain
      an enriched trans-chrysanthemic acid and (3) epimerizing the alkyl
      cis-chrysanthemate in the unreacted alkyl chrysanthemate and recycling the
      epimerized product to step (1).
PATN
WKU  039431681
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TTL  Conductor compositions comprising nickel borides
ISD  19760309
NCL  17
ECL  1
EXA  Lloyd; Josephine
EXP  Padgett; Benjamin R.
INVT
NAM  Patterson; Frank Knowles
CTY  Wilmington
STA  DE
ASSG
NAM  E. I. Du Pont de Nemours and Company
CTY  Wilmington
STA  DE
COD  02
CLAS
OCL  252519
XCL  252518
EDF  2
ICL  H01B  106
ICL  H01C  106
FSC  252
FSS  519;518
FSC  313
FSS  218
FSC  428
FSS  426;427;428
UREF
PNO  3503801
ISD  19700300
NAM  Huang et al.
OCL  428427
UREF
PNO  3794518
ISD  19740200
NAM  Howell
OCL  428428
ABST
PAL  Disclosed herein are powder compositions useful for making conductors,
      e.g., microcircuit conductors, end terminations for capacitors, electrodes
      for gas discharge display devices, etc. The compositions comprise
      inorganic powders dispersed in an inert vehicle and are printed and fired
      in the conventional manner on dielectric substrates. The inorganic powders
      comprise certain nickel compounds (borides or boride-silicides). Glass
      powder, nickel metal powder, and/or nickel silicide may also be present.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electronics, and more particularly to
      compositions useful for producing conductor patterns adherent to
      substrates.
PAR  Conductor compositions which are applied to and fired on dielectric
      substrates (glass, glass-ceramic, and ceramic) usually comprise finely
      divided inorganic powders (e.g., metal particles and binder particles) and
      are commonly applied to substrates using so-called "thick film"
      techniques, as a dispersion of these inorganic powders in an inert liquid
      medium or vehicle. Upon firing or sintering of the printed film, the
      metallic component of the composition provides the functional (conductive)
      utility, while the inorganic binder (e.g., glass, Bi.sub.2 O.sub.3, etc.)
      bonds the metal particles to one another and to the substrate. Thick film
      techniques ae contrasted with thin film techniques which involve
      deposition of particles by evaporation or sputtering. Thick film
      techniques are generally discussed in "Handbook of Materials and Processes
      for Electronics, " C. A. Harper, Editor, McGraw-Hill, N.Y., 1970, Chapter
      12.
PAR  The most commonly used conductor compositions employ noble metals,
      especially gold, silver, platinum, palladium, and their mixtures, alloys,
      and compounds, since their relatively inert characteristics permit firing
      in air. Attempts at using dispersions of less expensive non-noble metals
      have often been confined to specialized uses or have required the great
      practical inconvenience and expense of firing in non-oxidizing atmospheres
      (nitrogen, nitrogen/hydrogen, hydrogen, argon, etc.).
PAR  There is a distinct commercial need for less expensive conductor
      compositions which can be fired in air to produce adherent low resistivity
      conductors on dielectric substrates, including microcircuit patterns, end
      terminations for resistors, etc.
PAR  Present commercial practice in the manufacture of gas discharge display
      devices is to fire nickel powders in a reducing or inert (non-oxidizing)
      atmosphere at high temperatures (e.g., above 900.degree.C.) on relatively
      expensive forsterite (2MgO.SiO.sub.2) substrates. Nickel is used due to
      its low tendency to sputter under glow discharge. The use of inexpensive,
      mass-produced, high quality glass substrates such as soda lime glass
      substrates would be desirable. However, the use of soda lime glass
      substrates limits the firing temperature of conductors thereon to no more
      than 600.degree.C., due to the low softening point of the glass. At these
      low temperatures it is very difficult to obtain good metallic sintering of
      nickel; consequently, adherent low resistivity nickel conductors are
      difficult to make.
PAR  There is consequently the need for a nickel-based conductor which can be
      fired below 600.degree.C. in making gas discharge display devices on soda
      lime glass substrates. It is further desirable that the compositions be
      fireable in air, rather than in more expensive atmospheres (inert or
      reducing atmospheres).
PAR  Huang et al. U.S. Pat. No. 3,503,801, issued Mar. 31, 1970, discloses the
      use of metal borides and glass in the manufacture of resistors. The
      borides include those of chromium, zirconium, molybdenum, tantalum, and
      titanium. Neither conductors nor nickel borides are suggested. Numerous
      patents disclose the deposition of coatings of nickel and boron (not
      nickel boride) on substrates from a plating bath of materials such as
      amine boranes (see U.S. Pat. No. 3,045,334, issued July 24, 1962, and U.S.
      Pat. No. 3,338,726, issued Aug. 29, 1967, each to Berzins), and three
      patents to Bellis, U.S. Pat. No. 3,672,964, issued June 27, 1972, U.S.
      Pat. No. 3,674,447, issued July 4, 1972, and U.S. Pat. No. 3,738,849,
      issued June 12, 1973. These patents do not relate to dispersions of
      borides which may be printed (and fired) on substrates, but rather to
      plating Ni/B coatings on the entire surface exposed to such a bath.
PAR  Metal borides and silicides have been reported to be inert to oxidation at
      room temperature. At elevated temperature, borides are oxidized, although
      rates of oxidation vary, Greenwood et al., Quarterly Reviews (London) 20,
      page 441, 1966. German Patent Publication OS 2,222,695, published Nov. 22,
      1973, discloses base metal resistor compositions of boron, molybdenum, or
      tungsten silicides plus molybdenum or tungsten glasses. Howell U.S. Pat.
      No. 3,794,518, issued Feb. 26, 1974, discloses resistors also, of glass
      plus certain copper nickel alloys, which were fired in an inert atmosphere
      (column 3, line 74) to resistors which fuse (open) when subjected to
      overload.
PAR  Representative of art on gas discharge display devices are the following
      patents, each of which is hereby incorporated by reference herein.
      McCauley U.S. Pat. No. 2,991,387 (issued July 4, 1961) discloses tube-type
      display devices. Bentley U.S. Pat. No. 2,933,648 (issued Apr. 19, 1960)
      discloses flat display devices employing a multiplicity of display
      cavities. Ogle U.S. Pat. No. 3,558,975 (issued Jan. 26, 1971) discloses
      glass display devices using electrodes of gold or the like. Milgram U.S.
      Pat. No. 3,788,722 (issued Jan. 29, 1974) discloses process for
      manufacturing flat display devices from ceramic tape and precious metal
      pastes; FIG. 4 is a top view of a line bar gas display device. Recent
      non-tube display devices include the Burroughs Panaplex II panel display,
      described in Burroughs Bulletin No. 1179A dated March, 1974; these are a
      family of common envelope, multidigit display devices. Nickel-based
      electrodes fireable in air would be especially useful for the displays of
      types represented by the above patents and bulletin.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides nickel-based compositions used for producing
      conductor patterns on dielectric substrates. The compositions may, but
      need not be, fired in air. Moreover, they may be fired even at
      temperatures compatible with the use of inexpensive soda lime glass
      substrates. The compositions nonetheless can produce conductor patterns
      having useful resistivities and adhesion.
PAR  The compositions of this invention are finely divided inorganic powders
      dispersed in a liquid vehicle. The inorganic powder comprises one or more
      compounds of nickel, wherein the compounds of nickel have the overall
      approximate composition
EQU  (Ni.sub.3 B).sub.a (Ni.sub.3 Si).sub.b,
PAL  wherein the sum of a plus b equals one, a is in the range 1/3 to 1, and b
      is in the range 0 to 2/3, of course on a molar basis. By this
      compositional formula it is not implied that only chemical compounds are
      involved, as discussed more fully below. The compositional formula is
      meant to indicate an Ni.sub.3 B/Ni.sub.3 Si ratio where such borides and
      silicides are present in any of the chemical forms discussed herein. In
      these compositions the nickel compounds are one or more of Ni.sub.3 B;
      solid solutions of the formula
EQU  Ni.sub.3 B.sub.1.sub.-x Si.sub.x,
PAL  wherein x is in the approximate range up to 0.1; mixtures of either
      Ni.sub.3 B or Ni.sub.3 B.sub.1.sub.-x Si.sub.x solid solutions with
      Ni.sub.3 Si; or mixtures of Ni.sub.3 B and Ni.sub.3 Si. In any such nickel
      compound or combination of nickel compounds, the total amount of B and Si
      is such that the atomic ratio B/Si is no less than 1/2, that is, there are
      up to but no more than 2 Si atoms per B atom in the nickel compounds.
      Restated, the amount of Si present in the total of such nickel compounds
      present is no more than two times the amount of B present, on an atomic
      basis. Amounts of silicon in excess of that level tend to increase
      resistivity to unacceptable levels.
PAR  The compositions of the present invention, in addition to such nickel
      compounds, normally comprise conventional inorganic binder, such as glass,
      Bi.sub.2 O.sub.3, etc., well known to those skilled in the art. On an
      inorganic solids basis, the amount of such nickel compounds in these
      compositions is 30-100%, preferably 50-98%, more preferably 70-96%.
PAR  These compositions may additionally comprise nickel metal powder. The
      amount of nickel powder is somewhat dependent upon the firing temperature
      used, but is up to 80% of the total weight of the nickel and nickel
      compounds present. At lower firing temperatures the amount of nickel metal
      powder present can conveniently be at the upper end of this range (near
      80% of total nickel metal and nickel compounds). Where unencapsulated
      conductors are to be exposed to high humidity for long periods, preferred
      compositions of the invention comprise mixtures of Ni.sub.3 B and Ni
      metal.
PAR  The present invention also is the composition of the present invention
      fired (sintered) on and adherent to a dielectric substrate, such as glass,
      glass-ceramic, and ceramic substrates. The present invention also involves
      improved gas discharge display devices. Such devices comprise two
      dielectric substrates having conductor patterns printed on one or both
      thereof in operative fashion. The substrates are assembled such that a
      dielectric spacer separates them and defines a cavity or gap between the
      substrates. The device is, of course, provided with means for holding the
      two substrates and separator together, e.g., clamps, adhesive, etc. The
      cavity is filled with an ionizable light-producing gas of the type well
      known to those skilled in the art (including argon, neon, or the like,
      separately or in mixtures). In the use of such devices an electric current
      is applied as desired to various electrode segments, causing ionization
      and production of light. The improvement in the devices of the present
      invention lies in the use of electrodes of the sintered or fired
      compositions of the present invention, that is, the electrodes are
      produced by printing on the substrate a dispersion of one or more nickel
      compounds having an overall approximate composition of
EQU  (Ni.sub.3 B).sub.a (Ni.sub.3 Si).sub.b
PAL  wherein the sum of a plus b is one, a is in the range 1/3 to 1, and b is in
      the range 0 to 2/3. As indicated above, various other inorganic powders
      are optional in those compositions. A preferred substrate is glass,
      especially soda lime glass.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The essential components of the compositions of the present invention are
      the nickel compounds described above, which include Ni.sub.3 B as their
      simplest member. During firing of these nickel compounds in air, at least
      some of the nickel becomes nickel metal, encapuslated by B.sub.2 O.sub.3 ;
      where silicon is present in the nickel compounds as a solid solution
      Ni.sub.3 B.sub.1.sub.-x Si.sub.x, where x is up to 0.1, such nickel metal
      will be encapsulated by B.sub.2 O.sub.3 /SiO.sub.2. Such systems initially
      fired in air can, therefore, be refired in air without substantial
      oxidation and consequent degradation of electrical properties (e.g.,
      increased resistivity). This ability to withstand refiring is quite useful
      in the assembly of a gas discharge display device since multiple firing
      steps may be involved (e.g., nickel conductor, dielectric insulating
      layer, nickel cathode, and contrasting dielectric).
PAR  The compositions of the present invention will normally be fired at
      temperatures in the range 550.degree.-1025.degree.C., preferably
      570.degree.-950.degree.C.; although air firing is most convenient, they
      may also be fired in inert or reducing atmospheres. Normally the time of
      firing is at least 2 minutes, preferably about 10 minutes, at peak
      temperature.
PAR  Where gas discharge display devices are made on soda lime glass substrates,
      firing temperatures in the 550.degree.-600.degree.C. range will be used,
      preferably 550.degree.-570.degree.C.
PAR  The Ni.sub.3 B.sub.1.sub.-x Si.sub.x solid solutions of the present
      invention, and mixtures thereof with Ni.sub.3 Si, can be made by heating
      the elements or Ni.sub.3 B and Ni.sub.3 Si in the desired proportions to
      form a liquid, and then solidifying the mass. It is preferred that heating
      be carried out by induction or arc melting techniques in vacuum or inert
      atmospheres, followed by annealing in vacuum at about 950.degree.C.
PAR  Any conventional electronic glass powder may be used as the inorganic
      binder in the compositions of the present invention, as known to those
      skilled in the art, including, for example, those of Larson and Short U.S.
      Pat. No. 2,822,279 (issued Feb. 4, 1958); Short U.S. Pat. No. 2,819,170
      (issued Jan. 7, 1958); etc.
PAR  All the inorganic powders used herein are finely divided, i.e., pass
      through a 400-mesh screen. It is preferred that substantially all the
      particles have a largest dimension ("diameter") of 5 microns or less.
PAR  The inorganic particles are mixed with an inert liquid vehicle by
      mechanical mixing (e.g., on a roll mill) to form a paste-like composition.
      The latter is printed as "thick film" on conventional dielectric
      substrates in the conventional manner. Any inert liquid may be used as the
      vehicle. Water or any one of various organic liquids, with or without
      thickening and/or stabilizing agents and/or other common additives, may be
      used as the vehicle. Exemplary of the organic liquids which can be used
      are the aliphatic alcohols; esters of such alcohols, for example, the
      acetates and propionates; terpenes such as pine oil, terpineol and the
      like; solutions of resins such as the polymethacrylates of lower alcohols,
      or solutions of ethyl cellulose, in solvents such as pine oil and the
      monobutyl ether of ethylene glycol monoacetate. The vehicle may contain or
      be composed of volatile liquids to promote fast setting after application
      to the substrate.
PAR  The ratio of vehicle to solids in the dispersions may vary considerably and
      depends upon the manner in which the dispersion is to be applied and the
      kind of vehicle used. Normally to achieve good coverage the dispersions
      will contain 60-80% solids and 20-40% vehicle. The compositions of the
      present invention may, of course, be modified by the addition of other
      materials which do not affect its beneficial characteristics.
PAR  After drying to remove the vehicle, firing of the compositions of the
      present invention is carried out at temperatures and for times sufficient
      to sinter the inorganic materials and to produce conductor patterns
      adherent to the dielectric substrate, as discussed above.
PAR  The advance involved in the gas discharge display devices of the present
      invention is in the use of compositions comprising the nickel compounds of
      the present invention as some or all of the electrodes. The geometry of
      the display device is not of the essence of the present invention. Any
      appropriate geometry may be used in manufacturing the display device. The
      display device will comprise dielectric substrates having a cavity
      therebetween. The cavity is provided by a spacer between the substrates.
      The substrates and spacer are clamped or adhesively connected together.
      The substrates have electrodes of the present invention fired (sintered)
      thereon, the compositions of the present invention having been deposited
      (e.g., printed) thereon in the desired pattern, followed by heating to
      produce physically and electrically continuous conductors. The device may
      include printed dielectric layers, as well known in the art. The device
      will include means for evacuating the cavity and then filling with the
      appropriate excitable gas. The electrodes are, of course, operatively
      connected electrically with the desired electrical circuits.
PAC  EXAMPLES
PAR  The following examples are presented to illustrate the invention. In the
      examples and elsewhere in the specification and claims, all parts,
      percentages, ratios, etc., are by weight unless otherwise stated; the
      relationship between a and b in the formula (Ni.sub.3 B).sub.a (Ni.sub.3
      Si).sub.b is on a molar basis and the ratio between Si and B in the nickel
      compounds of this invention is sometimes expressed on an atomic basis. All
      mesh sizes are U.S. standard sieve scale.
PAC  PREPARATION OF NICKEL COMPOUNDS
PAR  Ni.sub.3 B (99% pure) was reduced in size to a powder having a surface area
      of about 3.7 m..sup.2 /g. An average particle size of 0.2 micron was
      calculated, assuming spherical particles, from the formula
PAC  particle size (microns) = (6/(m..sup.2 /g.)(d))
PAL  where d is density in g./cc. The powder was washed at room temperature with
      a 1/3 (by volume) solution of concentrated aqueous HCl and water.
PAR  Ni.sub.3 Si was prepared from the elements by arc melting under argon
      followed by annealing in vacuum at 950.degree.C. It was reduced in size to
      minus 400 mesh.
PAR  Solid solutions of the formula Ni.sub.3 B.sub.1.sub.-x Si.sub.x were
      prepared by mixing the elements in the desired proportions, then arc
      melting the mixture under dry argon on a water-cooled copper hearth. A
      thoriated tungsten electrode was used.
PAR  In addition to such solid solutions, wherein x does not exceed 0.10, also
      prepared by the same arc melting technique were mixtures of Ni.sub.3 Si
      and Ni.sub.3 B.sub.1.sub.-x Si.sub.x (it was observed that such mixtures
      are miscible in the liquid state). After solidification the mixtures were
      pulverized and screened to minus 400  mesh.
PAC  PREPARATION OF TEST SPECIMENS
PAR  The nickel compound powders prepared as described above were dispersed with
      various finely divided (minus 400 mesh) glass powders in a vehicle of 9
      parts terpineol and 1 part ethyl cellulose. The dispersions were printed
      through a patterned 200-mesh screen on a substrate (either dense, 96%
      alumina or soda lime glass) as a 200 square serpentine pattern. The prints
      were dried at 100.degree.C. for 10 minutes to a dried thickness of about
      20-25 microns, and then fired in air in a muffle furnace or in a tube
      furnace within a quartz tube under various atmospheres, at the respective
      temperatures indicated below, fired film thickness was about 15 microns.
PAR  Resistivity (in ohms/square) was determined on Simpson Electric Co. Model
      460 Direct Volt/Ohmmeter on fired films.
PAC  EXAMPLES 1-10
PAR  Ni.sub.3 B/glass mixtures were found to produce useful conductors upon
      being fired in air on soda lime glass substrates. In these examples
      mixtures of Ni.sub.3 B and a glass (68.6% PbO, 10.5% B.sub.2 O.sub.3, 1.8%
      ZnO, 0.6% BaO, 0.5% CaO, 5.2% CdO, 12.8% SiO.sub.2) were dispersed in the
      vehicle, printed on soda lime glass substrates, dried and fired in air as
      follows: 350.degree.C. for 10 minutes and plunged into a preheated muffle
      furnace at a peak temperature in the range 570.degree.-600.degree.C. for
      10 minutes. Table I sets forth proportions of materials, peak firing
      temperature, and resistivity of the fired samples. Adhesion of each fired
      sample to the substrate was good as examined by scratching the fired films
      with a sharp point.
PAR  The fired film of Example 1 was found by X-ray analysis to comprise nickel
      metal (Norelco diffractometer, monochromatic copper K alpha radiation).
      The fired films of Examples 2-6 were observed to be magnetic, indicating
      the presence of nickel metal (no X-ray or magnetic observations were made
      on the films of Examples 7-10).
PAC  EXAMPLES 11-20 and Showing A
PAR  In contrast with Examples 1-10 wherein soda lime glass substrates were used
      (and hence low firing temperatures had to be employed due to the low
      softening point of such substrates), in Examples 11-20 an alumina
      substrate was used. Hence, higher firing temperatures could be employed.
      In Showing A, infinite resistivity was obtained at a Ni.sub.3 B/Ni.sub.3
      Si ratio higher than that of the present invention.
PAR  In Examples 11-18 Ni.sub.3 B/glass mixtures were used; in Examples 19-20
      and Showing A mixtures of Ni.sub.3 Si, glass, and solid solutions of the
      formula Ni.sub.3 B.sub.1.sub.-x Si.sub.x were employed. The glass in each
      example contained 65% PbO, 34% SiO.sub.2, and 1% Al.sub.2 O.sub.3. Useful
      conductors were produced in each example by firing in air.
TBL                TABLE I                                                     
     ______________________________________                                    
     Example                                                                   
            Ni.sub.3 B                                                         
                   Glass  Vehicle                                              
                                FIring Temp.                                   
                                         Resistivity                           
     No.    (g.)   (g.)   (g.)  (.degree.C.)                                   
                                         (ohms/square)                         
     ______________________________________                                    
     1      1.88   0.12   0.60  570      0.054                                 
     2      1.84   0.16   0.65  570      0.157                                 
     3      1.84   0.16   "     585      0.045                                 
     4      1.84   0.16   "     600      0.043                                 
     5      1.80   0.20   "     585      0.038                                 
     6      1.76   0.24   "     585      0.038                                 
     7      1.70   0.30   "     585      0.038                                 
     8      1.60   0.40   "     585      0.047                                 
     9      1.0    1.0    "     570      0.217                                 
     10     0.8    1.20   "     570      0.680                                 
     ______________________________________                                    
PAR  The compositions set forth in Table II were printed on the alumina
      substrates, dried, and fired at 350.degree.C. for 10 minutes and then
      plunged into a muffle furnace at 850.degree.C. and held there for at least
      10 minutes, as specified in Table II. The resistivity of the resultant
      films is set forth in Table II. Nickel metal was found by X-ray
      diffraction to be in the fired films of Examples 11-14 (determinations
      were not made on the films of Examples 15-20). The adhesion of the films
      was examined by scratching the fired films with a sharp point and found to
      be excellent for Examples 11 and 12 and good for Examples 19 and 20;
      adhesion was not determined on the remaining examples. It was observed
      that the fired films of Examples 11-20 could be refired in air for longer
      periods of time (e.g., 20 minutes at 850.degree.C.) without a significant
      change in sheet resistivity or oxidation of nickel metal to NiO as
      evidenced by X-ray diffraction patterns.
PAC  EXAMPLES 21, 22, and Showing B
PAR  Physical mixtures (not solid solutions) of Ni.sub.3 B particles, Ni.sub.3
      Si particles, and glass particles were dispersed in a vehicle, printed on
      alumina substrates and fired in air using the glass and firing schedule of
      Example 11 (including 10 minutes at 850.degree.C. peak). Compositions and
      resultant resistivities are set forth in Table III. Showing B employed an
      amount of Ni.sub.3 Si in excess of that of the present invention and
      produced a useless device.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                      Time at                                  
     Example No.                                                               
             Ni.sub.3 B                                                        
                 Ni.sub.3 B/Ni.sub.3 Si                                        
                             Glass                                             
                                 Vehicle                                       
                                      850.degree.C.                            
                                           Resistivity                         
             (g.)                                                              
                 (g.)                                                          
                     (Molar Ratio                                              
                             (g.)                                              
                                 (g.) (min.)                                   
                                           (ohms/sq.)                          
                     Ni.sub.3 B/Ni.sub.3 Si)                                   
     __________________________________________________________________________
     11      1.96                                                              
                 --  --      0.04                                              
                                 0.60 10   0.016                               
     12      "   --  --      "   "    20   0.016                               
     13      "   --  --      "   "    30   nd*                                 
     14      "   --  --      "   "    45   nd                                  
     15      1.92                                                              
                 --  --      0.08                                              
                                 "    10   0.016                               
     16      1.86                                                              
                 --  --      0.12                                              
                                 "    "    0.018                               
     17      1.84                                                              
                 --  --      0.16                                              
                                 "    "    0.017                               
     18      1.20                                                              
                 --  --      0.80                                              
                                 0.65 "    0.150                               
     19      --  1.80                                                          
                     1/1     0.20                                              
                                 0.60 "    0.182                               
     20      --  1.80                                                          
                     3/1     0.20                                              
                                 "    "    0.055                               
     Showing A                                                                 
             --  1.80                                                          
                     1/3     0.20                                              
                                 "    "    .infin.                             
     __________________________________________________________________________
      *"nd" means not determined.                                              
TBL                                    TABLE III                               
     __________________________________________________________________________
                      Molar Ratio                                              
     Example No.                                                               
             Ni.sub.3 B                                                        
                 Ni.sub.3 Si                                                   
                      Ni.sub.3 B/Ni.sub.3 Si                                   
                              Glass                                            
                                  Vehicle                                      
                                       Resistivity                             
             (g.)                                                              
                 (g.)         (g.)                                             
                                  (g.) (ohms/sq.)                              
     __________________________________________________________________________
     21      0.7 0.7  1/0.9   0.1 0.5  0.068                                   
     22      0.48                                                              
                 0.92 1/1.8   0.1 0.5  0.635                                   
     (Showing B)                                                               
             0.35                                                              
                 1.05 1/2.5   0.1 0.5  .infin.                                 
     __________________________________________________________________________
PAC  EXAMPLES 23 and 24
PAR  A Ni.sub.3 B/glass composition was fired in various non-oxidizing
      atmospheres at 850.degree.C. on an alumina substrate to produce useful
      conductors. The composition contained
PAL  1.46 g. Ni.sub.3 B, 0.41 g. vehicle (14:1 terpineol to ethyl cellulose
      here, unlike other experiments), and 0.12 g. glass (38% SiO.sub.2, 4%
      TiO.sub.2, 18% BaO, 7% Al.sub.2 O.sub.3, 8% ZnO, 5% MgO, 15% B.sub.2
      O.sub.3, 5% CaO). It was printed on 96% alumina and dried at 100.degree.C.
      as above. The alumina chips bearing the dried print were each placed in a
      quartz tube, which was then evacuated.
PAR  In Example 23 the tube was flushed with a 3/1 (by volume) mixture of
      hydrogen and nitrogen and fired at 850.degree.C. for 10 minutes in the gas
      mixtures by plunging into a preheated 850.degree.C. oven. Fired film
      adhesion was excellent. The resistivity of the resultant film was
      excellent, 0.047 ohm/square.
PAR  In Example 24 the tube was flushed with pure nitrogen and fired as in
      Example 23. The adhesion was excellent. The resistivity was 0.048
      ohms/square.
PAR  X-ray diffraction of the fired films of both Examples 23 and 24 showed the
      presence of Ni.sub.3 B and a trace of nickel metal.
PAR  The fired film of Example 24 was refired (850.degree.C., 10 minutes) in the
      atmosphere of Example 23 (3/1 by volume hydrogen/nitrogen) and yielded a
      resistivity of 0.038 ohm/square.
PAC  EXAMPLES 25-27
PAR  Dispersions of Ni metal powder and Ni.sub.3 B powder (plus the glass of
      Example 1) were printed and fired on soda lime glass substrates as in
      Example 1. Resistivities were excellent (see Table IV).
PAC  EXAMPLE 28
PAR  Compositions of the present invention were used to
TBL                TABLE IV                                                    
     ______________________________________                                    
     Example No.                                                               
               Ni.sub.3 B                                                      
                      Ni      Glass Vehicle                                    
                                           Resistivity                         
               (g.)   (g.)    (g.)  (g.)   (ohm/sq.)                           
     ______________________________________                                    
     25        0.28   1.12    0.16  0.44   0.125                               
     26        0.42   0.98    0.16  0.44   0.050                               
     27        0.56   0.84    0.16  0.44   0.063                               
     ______________________________________                                    
PAL  make end terminations for resistors. A glass rod about 2 mm in diameter and
      7 mm long was coated with tin oxide. Each end of the rod was dipped into a
      dilute dispersion of Ni.sub.3 B and glass particles (9 parts Ni.sub.3 B
      and 1 part of the glass of Example 1) and fired in air at 550.degree.C.
      for 10 minutes to produce a resistor having nickel-based terminations.
PAC  EXAMPLE 29
PAR  A simple gas discharge display device was prepared on a soda lime glass
      substrate using a composition of the present invention to form some
      electrodes. On a soda lime glass substrate there was printed a 20-mil wide
      electrode, in the desired configuration, using a dispersion of 74 parts
      Ni.sub.3 B powder, 6 parts of glass powder of Example 1, and 20 parts
      vehicle. The print was dried, and fired at 350.degree.C. for 10 minutes
      and at 575.degree.C. for 10 minutes, each in a preheated oven. Between
      this substrate and another glass substrate bearing Pd/Ag electrodes was
      clamped an alumina spacer. The cavity between the electroded substrates
      was evacuated, then filled with argon. voltage (held at about 260 V) was
      applied to excite the gas, causing it to glow. Complex display devices can
      be made in this manner.
CLMS
STM  I claim:
NUM  1.
PAR  1. Conductor compositions of finely divided inorganic powder dispersed in a
      liquid vehicle, wherein the inorganic powder comprises one or more nickel
      compounds having an overall approximate composition of
EQU  (Ni.sub.3 B).sub.a (Ni.sub.3 Si).sub.b
PAL  wherein the sum of a plus b is one,
PA1  a is in the range 1/3 to 1, and
PA1  b is in the range 0 to 2/3.
NUM  2.
PAR  2. Compositions according to claim 1 wherein the nickel compound is
      Ni.sub.3 B.
NUM  3.
PAR  3. Compositions according to claim 2 comprising a mixture of Ni.sub.3 B and
      Ni.sub.3 Si wherein there are up to 2 moles of Ni.sub.3 Si per mole of
      Ni.sub.3 B.
NUM  4.
PAR  4. Compositions according to claim 1 wherein the nickel compound is a solid
      solution of the approximate formula
EQU  Ni.sub.3 B.sub.1.sub.-x Si.sub.x
PAL  wherein x is in the approximate range 0.01-0.1.
NUM  5.
PAR  5. Compositions according to claim 4 of a mixture of Ni.sub.3 Si with said
      Ni.sub.3 B.sub.1.sub.-x Si.sub.x, wherein the total amount of Si present
      in said nickel compounds is no more than two times the amount of B present
      therein, on an atomic basis.
NUM  6.
PAR  6. Compositions according to claim 1 additionally comprising finely divided
      glass powder as an inorganic binder.
NUM  7.
PAR  7. Compositions according to claim 2 additionally comprising finely divided
      glass powder as an inorganic binder.
NUM  8.
PAR  8. Compositions according to claim 3 additionally comprising finely divided
      glass powder as an inorganic binder.
NUM  9.
PAR  9. Compositions according to claim 4 additionally comprising finely divided
      glass powder as an inorganic binder.
NUM  10.
PAR  10. Compositions according to claim 5 additionally comprising finely
      divided glass powder as an inorganic binder.
NUM  11.
PAR  11. Compositions according to claim 6 of 30-100% of said nickel
      compound(s), based on the total weight of inorganic powder.
NUM  12.
PAR  12. Compositions according to claim 11 of 50-98% of said nickel
      compound(s).
NUM  13.
PAR  13. Compositions according to claim 12 of 70-96% of said nickel
      compound(s).
NUM  14.
PAR  14. Compositions according to claim 1 additionally comprising nickel metal
      powder.
NUM  15.
PAR  15. Compositions according to claim 2 additionally comprising nickel metal
      powder.
NUM  16.
PAR  16. Compositions according to claim 6 additionally comprising nickel metal
      powder.
NUM  17.
PAR  17. Compositions according to claim 12 additionally comprising nickel metal
      powder.
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ABST
PAL  The present invention relates to a compound of the formula:
      ##SPC1##
PAL  Wherein R.sub.1 is an alkyl group of 1 to 4 carbons, an alkoxy group of 1
      to 4 carbons or hydroxyl, and R.sub.2 and R.sub.3 are either the same or
      different and may be an alkyl group of 1 to 4 carbons, an alkoxy group of
      1 to 4 carbons, hydroxyl, halogen or an alkylthio group of 1 to 4 carbons,
      or they are, connecting with each other, an alkylenedioxy group of 1 to 3
      carbons, with the proviso that when R.sub.1 is an alkoxy group, at least
      one of R.sub.2 and R.sub.3 is an alkoxy group or an alkylthio group, or
      R.sub.2 and R.sub.3 are, connecting with each other, an alkylenedioxy
      group; when R.sub.1 is an alkyl group or hydroxyl, R.sub.2 and R.sub.3 are
      the same or different and may be an alkoxy group, an alkylthio group or,
      connecting with each other, an alkylene dioxy group; when R.sub.2 and
      R.sub.3 are methoxy, R.sub.1 is an alkyl group of 2 or 3 carbons, an
      alkoxy group of 2 to 4 carbons or hydroxyl, and when R.sub.2 is methyl and
      R.sub.3 is methoxy, R.sub.1 is an alkoxy group of 2 to 4 carbons or its
      pharmaceutically acceptable salts. The present invention also provides for
      a method of preparing the aforementioned compounds. The present compounds
      are characterized by exhibiting strong spasmolytic or relaxing action on
      the gall bladder, the common biliary duct, as well as exhibiting strong
      choleric activity and low toxicity.
BSUM
PAR  This invention relates to a novel 3-(trisubstitued benzoyl)-propionic acid
      and the production thereof.
PAR  Heretofore, there has been no report that benzoyl propionic acid
      derivatives have spasmolytic or relaxing action of a gall bladder, the
      common biliary duct, especially Oddi's sphincter.
PAR  The present inventors have found that a compound represented by the
      following formula [I] has a strong spasmolytic or relaxing action on a
      gall bladder, the common biliary duct, especially Oddi's sphincter as well
      as a strong choleretic activity and a low toxicity:
      ##SPC2##
PAL  Wherein R.sub.1 is an alkyl group of 1 to 4 carbons, an alkoxy group of 1
      to 4 carbons or hydroxyl, and R.sub.2 and R.sub.3 are, the same with or
      different from each other, an alkyl group of 1 to 4 carbons, an alkoxy
      group of 1 to 4 carbons, hydroxyl, halogen or an alkylthio group of 1 to 4
      carbons or they are, connecting with each other, an alkylenedioxy group of
      1 to 3 carbons, with the proviso that when R.sub.1 is the alkoxy group, at
      least one of R.sub.2 and R.sub.3 is the alkoxy group or the alkylthio
      group or R.sub.2 and R.sub. 3 are, connecting with each other, the
      alkylenedioxy, when R.sub.1 is the alkyl group or hydroxyl, R.sub.2 and
      R.sub. 3 are, the same or different, the alkoxy group, the alkylthio group
      or, connecting with each other, the alkylenedioxy, when R.sub.2 and
      K.sub.3 are methoxy, R.sub.1 is an alkyl group of 2 or 3 carbons, an
      alkoxy group of 2 to 4 carbons or hydroxyl and when R.sub.2 is methyl and
      R.sub.3 is methoxy, R.sub.1 is an alkoxy group of 2 to 4 carbons.
PAR  Referring to the formula [I], the alkyl group of R.sub.1, R.sub.2 or
      R.sub.3 may be exemplified by methyl, ethyl, n-propyl, isopropyl, n-butyl,
      sec.butyl and tert. butyl, the alkoxy group of R.sub.1, R.sub.2 or R.sub.3
      may be exemplified by methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
      sec.butoxy and tert. butoxy, halogen atom of R.sub.2 or R.sub.3 may be
      exemplified by chlorine, bromine, iodine and fluorine, the alkylthio group
      of R.sub.2 or R.sub.3 may be exemplified by methylthio, ethylthio,
      n-propylthio, isopropylthio, n-butylthio, sec. butylthio and tert.
      butylthio and the alkylenedioxy group formed by connection of R.sub.2 and
      R.sub.3 may be exemplified by methylenedioxy, ethylenedioxy,
      propylenedioxy.
PAR  The compound of the formula [I] can be produced by, for example,
PAR  1. reacting a compound of the formula (II)
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2 and R.sub. 3 have the same meaning as defined
      above with a reactive derivative of succinic acid such as succinic
      anhydride, succinic acid half ester half halide, succinic acid half ester
      half nitrile or succinic acid half ester and hydrolysing the resultant, if
      necessary.
PAR  2. subjecting a compound of the formula [III]
      ##SPC4##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 have the same meaning as defined above
      to hydrogenation, and
PAR  3. treating a compound of the formula [IV]
      ##SPC5##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 have the same meaning as defined above
      and R.sub.5 and R.sub.6 are the same with or different from each other,
      esterified carboxyl group or cyano or one of R.sub.5 and R.sub.6 is
      hydrogen and the other is cyano with an acid or an alkali.
PAR  4. and the compound [I] wherein R.sub.1 is hydroxyl, namely the compound of
      the formula
      ##SPC6##
PAL  wherein R.sub.8 and R.sub.9 are, the same with or different from each
      other, an alkoxy group of 1 to 4 carbons, or an alkylthio group of 1 to 4
      carbons, or connecting with each other, an alkylenedioxy group of 1 to 3
      carbons can be produced by, for example, subjecting a compound of the
      formula [VI]
      ##SPC7##
PAL  wherein R.sub.7 is an alkoxy group and R.sub.8 and R.sub.9 have the same
      meaning as above to ether cleavage reaction.
PAR  Esterified carboxyl group of R.sub.5 and R.sub.6 may be exemplified by
      alkoxycarbonyl (e.g. methoxycarbonyl, ethoxycarbonyl, etc.),
      aralkoxycarbonyl (e.g. benzyloxycarbonyl, phenethyloxycarbonyl, etc.) and
      aryloxycarbonyl(phenoxycarbonyl, tolyloxycarbonyl, etc.).
PAR  An alkoxy group of R.sub.7, R.sub.8 and R.sub.9, an alkylthio group and an
      alkylenedioxy group of R.sub.8 and R.sub.9 may be exemplified by the same
      as those of R.sub.1, R.sub.2 and R.sub.3.
PAR  A manner for the production of the compound [I] by the reaction between the
      compound [II] and the reactive derivative of succinic acid varies with the
      kinds of the reactive derivatives of succinic acid. Typical manners are as
      follows:
PAR  1-A. The reaction between the compound [II] and succinic anhydride gives
      directly the compound ]I].
PAR  (1-B. The reaction between the compound [II] and succinic acid half ester
      half halide such as .beta.-methoxycarbopropionyl chloride and
      .beta.-ethoxycarbopropionyl chloride or succinic acid half ester half
      nitrile such as methyl .beta.-cyanopropionate and ethyl
      .beta.-cyanopropionate gives the ester corresponding to the compound [I]
      and the hydrolysis of the ester gives the compound [I].
PAR  1-C. The reaction between the compound [II] and a succinic acid half ester
      such as monomethyl succinate and monoethyl succinate in the presence of
      polyphosphoric acid or polyphosphoric acid ester gives the ester
      corresponding to the compound [I], and the hydrolysis of the ester gives
      the compound [I].
PAR  The reaction of the above (1-A) or (1-B) is advantageously carried out in a
      suitable inert solvent such as aromatic hydrocarbon or its derivative
      (e.g. benzene, toluene, xylene, nitrobenzene), halogeno aliphatic
      hydrocarbon (e.g. methylene chloride, chloroform, carbon tetrachloride,
      ethylene dichloride, ethylene tetrachloride), ether (e.g. ethyl ether,
      propyl ether, isopropyl ether, ethyleneglycol dimethylether,
      ethyleneglycol diethylether and carbon disulfide, and the mixture of two
      or more of them. It is desirable to carry out the reaction under anhydrous
      conditions and in the presence of metal chloride such as anhydrous
      aluminum chloride, stannic chloride, zinc chloride and titanium
      tetrachloride and the mixture of two or more of them. The reaction
      temperature is, in general, -70.degree. to 200.degree.C and desirably
      -10.degree. to 100.degree.C. The introduction of dry hydrogen chloride to
      the reaction system can serve to accelerate the desired reaction.
PAR  The reaction of the above (1-C) may conveniently be carried out in the
      absence of a solvent. In this reaction, any polyphosphoric acid or
      polyphosphoric acid ester can be employed and it may be used in an amount
      of, in general, 2 to 20 times, preferably 5 to 10 times as much as the
      compound [II]. The reaction temperature is, in general, 0.degree. to
      250.degree.C, desirably 30.degree. to 100.degree.C. The other conditions
      may be the same with those of the reaction (1-A) or (1-B).
PAR  The reactions of (1-B) and (1-C) give the ester corresponding to the
      compound [I]. The ester, in the reaction mixture or isolated from the
      reaction mixture, is subjected to hydrolysis. The hydrolysis is carried
      out under acidic or alkaline conditions. In case of alkaline conditions,
      the hydrolysis may conveniently be carried out in the presence of water or
      a mixture of water and a lower alcohol such as methanol and ethanol in the
      presence of an alkaline substance such as sodium hydroxide or potassium
      hydroxide, sodium bicarbonate, sodium carbonate, potassium carbonate at
      the temperature ranging from about -10.degree. to 150.degree.C. In case of
      acidic condition, the hydrolysis may conveniently be carried out in water
      or the mixture of water and a lower alcohol such as methanol and ethanol,
      an ether such as tetrahydrofuran and dioxane or an organic acid such as
      formic acid and acetic acid in the presence of a mineral acid such as
      hydrochloric acid, sulfuric acid and phosphoric acid at a temperature
      ranging about -10.degree. to 150.degree.C. In the reaction of (1-C), after
      condensation reaction between the compound [II] and the succinic acid half
      ester is completed, polyphosphoric acid or polyphosphoric acid ester in
      the reaction mixture is hydrolized by addition of water and the hydrolysis
      of the ester of the compound [I] is easily carried out by addition of an
      aqueous organic solvent and heating the reaction mixture.
PAR  Hydrogenation of the reaction (2) mentioned above may be carried out in
      conventional manners such as catalytic reduction, a reduction using an
      acid with a metal such as zinc, iron or tin, or an amalgam such as sodium
      amalgam. Catalytic reduction is, in general, carried out in a suitable
      solvent such as a lower alcohol (e.g. methanol, ethanol), an ether (e.g.
      dioxane, tetrahydrofuran, isopropylether), acetic acid, ethyl acetate or
      water, or the mixture of one or more of them in the presence of catalyst
      such as palladium, platinum, rhodium, and nickel.
PAR  The compound [III] is a novel compound and it may be produced by reacting
      the compound [II] with a reactive derivative of maleic acid, for instance,
      maleic anhydride in a manner similar to that of (1-A). (1-B) or (1-C).
PAR  Treatment of the compound [IV] with a acid or an alkali can be carried out
      in conditions similar to those of hydrolysis of the ester in the reaction
      (1-B) or (1-C).
PAR  Ether cleavage of the compound [VI] is carried out in the presence of an
      inorganic acid e.g. hydroiodic acid, hydrobromic acid, hydrochloric acid,
      the mixture of potassium iodide and polyphosphoric acid, an organic acid
      such as formic acid, acetic acid, trifluoroacetic acid and the mixture of
      the organic acid and sodium iodide or potassium iodide. In addition to the
      acid, a suitable solvent such as water, a lower alcohol, a phenol, an
      organic acid, an ether such as dioxane and tetrahydrofuran may be
      employed. The reaction temperature ranges, in general, from 0.degree. to
      200.degree.C, desirably 70.degree. to 160.degree.C.
PAR  In order to isolate the desired compound [I] from any of reaction mixtures
      among those described above, any conventional manner may be employed. For
      example, steam distillation, extraction with a solvent or an alkaline
      solution, distillation or chromatography are advantageously employed.
PAR  The compound [I] may be obtained in the form of pharmaceutically acceptable
      salt, such as metal salt with e.g. sodium, calcium, magnecium, lithium,
      ammonium salt or amine salt.
PAR  The compound [I] thus produced is novel one and has strong spasmolytic or
      relaxing action on smooth muscles of a gall bladder, the common biliary
      duct, especially Oddi's sphincter as well as strong choleretic activity
      and low toxicity and therefore it is very useful as a therapeutic agent
      for cholerystopathy, especially biliary dyskinesia and cholelithiasis, or
      cholagogus.
PAR  The compound [I] can be administered orally in the form of tablet,
      granules, powder, or by way of injection.
PAR  Typical effective daily dose of the compound [I] is, usually about 20 to
      1000 mg, desirably, 50 to 300 mg. when administered intravenously to adult
      human. Of course, an increased or reduced dose is also effective depending
      on symptoms.
DETD
PAR  In the following examples, the relationship between parts by weight and
      parts by volume corresponds to the relationship between gram and
      milliliter.
PAC  EXAMPLE 1
PAR  To a mixture of 7.5 parts by weight of 1,2,4 -triethoxybenzene,  40 parts
      by volume of tetrachloroethane and 7.5 parts by weight of succinic
      anhydride is added 23 parts by weight of anhydrous aluminum chloride and
      the mixture is stirred for 1 hour at 25.degree.C and for another 2 hours
      at 60.degree.C. After addition of 50 parts by weight of ice and 50 parts
      by volume of concentrated hydrochloric acid, the reaction mixture is
      subjected to steam distillation. After cooling crystals separated from the
      remaining liquid are collected by filtration and recrystallized from
      aqueous ethanol, whereby 2.5 parts by weight of
      3-(2',4',5'-triethoxybenzoyl)-propionic acid is obtained as colorless
      needles. m.p. 150.degree.-151.degree.C.
PAC  EXAMPLES 2 to 4
PAR  According to a manner similar to that of Example 1, the following compounds
      are obtained.
TBL  ______________________________________                                    
     Example Compound                mp. (.degree.C)                           
     No.                                                                       
     ______________________________________                                    
     2       3-(2'-ethoxy-4',5'-dimethoxy-                                     
                                     156-158                                   
             benzoyl)-propionic acid                                           
     3       3-(2'-n-butoxy-4',5'-dimethoxy-                                   
                                     156-157                                   
             benzoyl)-propionic acid                                           
     4       3-(2',4',5'-tri-n-butoxybenzoyl)-                                 
                                     117-118                                   
             propionic acid                                                    
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  To the mixture of 9.0 parts by weight of 3,4-diethoxytoluene, 6.0 parts by
      weight of succinic anhydride and 100 parts by volume of carbon
      tetrachloride is added 27 parts by weight of anhydrous aluminum chloride.
      The mixture is stirred for 1 hour at 25.degree.C and mildly refluxed for 2
      hours. After cooling, 70 parts by weight of ice and 70 parts by volume of
      concentrated hydrochloric acid are added to the mixture and thereto is
      further added methylenedichloride and the whole mixture is shaken. The
      organic solvent layer is separated and extracted with a 2N-aqueous
      solution of sodium carbonate. The aqueous solution is adjusted with
      diluted hydrochloric acid to pH 2.5, whereby
      3-(2'-methyl-4',5'-diethoxybenzoyl)-propionic acid is obtained as
      crystals. Recrystallization of the crystals gives 10.0 parts by weight of
      colorless plates melting at 116.degree.-117.degree.C.
PAC  EXAMPLES 6-14
PAR  According to a similar manner to that of Example 5, the following compounds
      are produced.
TBL  __________________________________________________________________________
     Example No.                                                               
             Compound              mp. (.degree.C)                             
     __________________________________________________________________________
      6      3-(2',4'-dimethoxy-5'-chlorobenzoyl)-                             
                                   185-187                                     
             propionic acid                                                    
      7      3-(2'-n-propyl-4',5'-dimethoxybenzoyl)-                           
                                   95-96                                       
             propionic acid                                                    
      8      3-(2'-n-propyl-4'-methoxy-5'-ethoxy-                              
                                    93                                         
             benzoyl)-propionic acid                                           
      9      3-(2'-n-propyl-4'-methoxy-5'-n-propoxy-                           
                                    70                                         
             benzoyl)-propionic acid                                           
     10      3-(2'-n-propyl-4'-methoxy-5'-n-butoxy-                            
                                   85-86                                       
             benzoyl)-propionic acid                                           
     11      3-(2',4'-diethoxy-5'-chlorobenzoyl)-                              
                                   172-173                                     
             propionic acid                                                    
     12      3-(2'-methoxy-4'-t.-butyl-5'-ethoxy-                              
                                   135-137                                     
             benzoyl)-propionic acid                                           
     13      3-(2',4'-diethoxy-5'-ethylbenzoyl)-                               
                                   153-155                                     
             propionic acid                                                    
     14      3-(2'-methoxy-4'-chloro-5'-methoxy-                               
                                   186-188                                     
             benzoyl)-propionic acid                                           
     __________________________________________________________________________
PAC  EXAMPLE 15
PAR  To the mixture of 13.6 parts by weight of 1-ethoxy-3,4-dimethoxybenzene, 12
      parts by weight of .beta.-ethoxycarbopropionyl chloride and 65 parts by
      volume of benzene is added 18 parts by weight of anhydrous stannic
      chloride over 25 minutes and the mixture is stirred at 25.degree.C for 1
      hour. The mixture is cooled at 5.degree.C and 130 parts by volume of 20%
      hydrochloric acid is added thereto on stirring. To the mixture is added
      250 parts by volume of methylene chloride and shaken. The methylene
      chloride layer is separated and extracted with a 5% aqueous solution of
      sodium bicarbonate twice and then washed with water twice. After drying
      with anhydrous calcium chloride, the solvent is distilled off.
PAR  To the residue are added 120 parts by volume of methanol and 95 parts by
      volume of 1N-methanolic potassium hydroxide. The mixture is stirred at
      60.degree.C for 1 hour. After removal of methanol by distillation under
      reduced pressure, to the residue are added 150 parts by volume of water
      and 100 parts by volume of methylene chloride, and the mixture is shaken.
      The aqueous layer is separated and adjusted to pH 2.5 with concentrated
      hydrochloric acid, whereby 14 parts by weight of
      3-(2'-ethoxy-4',5'-dimethoxybenzoyl)-propionic acid as pale yellow
      crystals. mp. 156.degree.-158.degree.C.
PAC  EXAMPLES 16-23
PAR  After a manner similar to that of Example 15, the following compounds are
      obtained.
TBL  ______________________________________                                    
     Example                                                                   
             Compound                mp. (.degree.C)                           
     No.                                                                       
     ______________________________________                                    
     16     3-(2',4',5'-triethoxybenzoyl)-                                     
                                     150-151                                   
            propionic acid                                                     
     17     3-(2'-n-butoxy-4',5'-dimethoxy-                                    
                                     156-157                                   
            benzoyl)-propionic acid                                            
     18     3-(2'-methoxy-4',5'-methylenedioxy-                                
                                     140-141                                   
            benzoyl)-propionic acid                                            
     19     3-(2'-n-propyl-4',5'-methylenedioxy-                               
                                     138-139                                   
            benzoyl)-propionic acid                                            
     20     3-(2'-n-propyl-4'-methoxy-5'-n-butoxy-                             
                                     85-86                                     
            benzoyl)-propionic acid                                            
     21     3-(2'-ethoxy-4'-methyl-5'-methylthio-                              
                                     117-118                                   
            benzoyl)-propionic acid                                            
     22     3-(2'-methoxy-4'-chloro-5'-methoxy-                                
                                     186-188                                   
            benzoyl)-propionic acid                                            
     23     3-(2'-methoxy-4'-t.-butylbenzoyl-5'-                               
                                     135-137                                   
            ethoxy)-propionic acid                                             
     ______________________________________                                    
PAC  EXAMPLE 24
PAR  In 30 parts by volume of dried ethylether are dissolved 3.0 parts by weight
      of 1,2,4-triethoxybenzene and 3.0 parts by weight of methyl
      .beta.-cyanopropionate. To the solution are added 2.0 parts by weight of
      anhydrous zinc chloride and 2.0 parts by weight of anhydrous aluminum
      chloride. Hydrogen chloride gas is passed through the mixture over 30
      minutes. The mixture is left standing at 15.degree.C for 15 hours and 100
      parts by volume of ethylether is added thereto. After removal of the upper
      layer, the residue is mixed with 100 parts by volume of 20% hydrochloric
      acid and refluxed for 30 minutes whereby pale yellow crystals are
      separated. After cooling the crystals are collected by filtration (yield:
      4.3 parts).
PAR  The crystals thus obtained is mixed with 30 parts by volume of methanol and
      50 parts by volume of 1N-methanolic potassium hydroxide and heated for 40
      minutes. After removal of the solvent, the remaining liquid is dissolved
      in 70 parts by volume of water and neutralized with concentrated
      hydrochloric acid, whereby 3.0 parts by weight of
      3-(2',4',5'-triethoxybenzoyl)-propionic acid is obtained as crystals
      melting at 150.degree.-151.degree.C.
PAC  EXAMPLE 25
PAR  According to a similar manner to that of Example 24,
      3-(2',4',5'-tri-n-butoxybenzoyl)-propionic acid is obtained as colorless
      crystals melting at 117.degree.-118.degree.C.
PAC  EXAMPLE 26
PAR  A mixture of 12 parts by weight of 3,4-diethoxytoluene, 10 parts by weight
      of succinic acid monoethyl ester and 100 parts by weight of polyphosphoric
      acid is heated at 50.degree.C for 1 hour. To the mixture is added 200
      parts by volume of ice-water and the mixture is extracted with ethylether.
      By distilling off the solvent 15 parts by weight of ethyl
      3-(2'-methyl-4',5'-diethoxybenzoyl)-propionate is obtained as crystals
      melting at 81.degree.-82.degree.C.
PAR  The crystals are added to a mixture of 70 parts by volume of methanol and
      70 parts by volume of 1N-methanolic potassium hydroxide and heated at
      50.degree.C for 1 hour. After removal of methanol, the remaining liquid is
      dissolved in water and neutralized with concentrated hydrochloric acid,
      whereby 3-(2'-methyl-4',5'-diethoxybenzoyl)-propionic acid is obtained as
      crystals. Recrystallization from aqueous methanol gives 12 parts by weight
      of colorless platelets melting at 116.degree.-117.degree.C.
PAC  EXAMPLES 27-32
PAR  According to a similar manner to that of Example 26, the following
      compounds are obtained.
TBL  __________________________________________________________________________
     Example No.                                                               
             Compound              mp. (.degree.C)                             
     __________________________________________________________________________
     27      3-(2'-methoxy-4'-t.-butyl-5'-                                     
                                   135-137                                     
             ethoxybenzoyl)-propionic acid                                     
     28      3-(2'-n-propyl-4'-methoxy-5'-n-                                   
                                    70                                         
             propoxybenzoyl)-propionic acid                                    
     29      3-(2',4',5'-tri-n-butoxybenzoyl)-                                 
                                   117-118                                     
             propionic acid                                                    
     30      3-(2'-methoxy-4',5'-methylenedioxy-                               
                                   140-141                                     
             benzoyl)-propionic acid                                           
     31      3-(2'-n-butoxy-4',5'-dimethoxybenzoyl)-                           
                                   156-157                                     
             propionic acid                                                    
     32      3-(2',5'-diethoxy-4'-methylbenzoyl)-                              
                                   128-129                                     
             propionic acid                                                    
     __________________________________________________________________________
PAC  EXAMPLE 33
PAR  To a 50% (weight/volume) chloroform solution of polyphosphoric acid ester
      are added 5 parts by weight of 1,2,4-triethoxybenzene and 3 parts by
      weight of succinic acid half methyl ester. The mixture is heated at
      50.degree.C for 1 hour and mixed with 50 parts by volume of ice-water and
      30 parts by volume of chloroform and then stirred for 40 minutes at
      26.degree.C.
PAR  The chloroform layer is separated and washed with water and dried. The
      solvent is distilled off. To the residue is added 30 parts by volume of
      methanol and 30 parts by volume of 1N-methanolic potassium hydroxide. The
      mixture is stirred for 40 minutes at 50.degree.C and the solvent is
      distilled off. The residue is dissolved in 100 parts by volume of water
      and washed with 30 parts by volume of diethylether. The pH of the mixture
      is adjusted to 2.5 with concentrated hydrochloric acid whereby
      3-(2',4',5'-triethoxybenzoyl)-propionic acid is obtained as crystals.
      Recrystallization of the crystals from aqueous acetone gives 4.1 parts by
      weight of colorless plates melting at 150.degree.-151.degree.C.
PAC  EXAMPLE 34
PAR  To a mixture of 2.1 parts by weight of 1,2,4-triethoxybenzene, 1.2 part by
      weight of maleic anhydride and 30 parts by volume of carbon tetrachloride
      is added 5.2 parts by weight of anhydrous aluminum chloride. The mixture
      is stirred for 1 hour and heated at 50.degree.C for another 1 hour. After
      cooling, concentrated hydrochloric acid and ice are added to the mixture.
      The mixture is extracted with methylenechloride and the methylenechloride
      layer is washed with water and dried over anhydrous sodium sulfate. Upon
      removing the solvent by distillation,
      3-(2',4',5'-triethoxybenzoyl)-trans-acrylic acid is obtained as crystals.
      Recrystallization from a mixture of ethanol and benzene gives yellow
      needles melting at 192.degree.-194.degree.C.
PAR  A mixture of 1.0 part by weight of
      3-(2',4',5'-triethoxybenzoyl)-trans-acrylic acid, 50 parts by volume of
      methanol and 0.2 part by weight of 5% palladium-charcoal is subjected to
      catalytic reduction at 25.degree.C under atmospheric pressure for 1 hour.
      After removal of the catalyst by filtration, the filtrate is evaporated
      and the residue is recrystallized from aqueous ethanol to give 0.85 part
      by weight of 3-(2',4',5'-triethoxybenzoyl)-propionic acid as pale yellow
      needles melting at 150.degree.-151.degree.C.
PAC  EXAMPLES 35-38
PAR  According to a similar manner to that of Example 34, the following starting
      3-(trisubstituted benzoyl)-acrylic acids and the objective
      3-(trisubstituted benzoyl)-propionic acids are obtained.
TBL  __________________________________________________________________________
     Starting compound       Objective compound                                
     Example                                                                   
          Compound mp(.degree.C)                                               
                        Catalyst                                               
                             Compound mp(.degree.C)                            
     No.                                                                       
     __________________________________________________________________________
          3-(2'-methyl-      3-(2'-methyl-                                     
     35   4',5'-   126 -                                                       
                        Pd-C 4',5'-   116 -                                    
          diethoxy-                                                            
                   127.5     diethoxy-                                         
                                      117                                      
          benzoyl)-          benzoyl)-                                         
          trans-acrylic      propionic                                         
          acid               acid                                              
          3-(2',4'-          3-(2',4'-                                         
     36   diethoxy-5'-                                                         
                   198  Na-  diethoxy-5'-                                      
                                      172 -                                    
          chloro-       amalgam                                                
                             chloro-  173                                      
          benzoyl)-          benzoyl)-                                         
          trans-acrylic      propionic                                         
          acid               acid                                              
          3-(2'-n-           3-(2'-n-                                          
     37   propyl-4'-                                                           
                   91 - Pd-C propyl-4'-                                        
                                      85 -                                     
          methoxy-5'-n-                                                        
                   93        methoxy-5'-n-                                     
                                      86                                       
          butoxy-            butoxy-                                           
          benzoyl)-          benzoyl)-                                         
          trans-acrylic      propionic                                         
          acid               acid                                              
          3-(2'-n-           3-(2'-n-                                          
     38   propyl-4'-                                                           
                   103 -                                                       
                        Pd-C propyl-4'-                                        
                                      85 -                                     
          methoxy-5'-n-                                                        
                   106       methoxy-5'-n-                                     
                                      86                                       
          butoxy-            butoxy-                                           
          benzoyl)-cis-      benzoyl)-                                         
          acrylic acid       propionic acid                                    
     __________________________________________________________________________
PAC  EXAMPLE 39
PAR  To a mixture of 0.56 part by weight of diethyl malonate, 0.2 part by weight
      of 50% sodium hydride and 8.0 parts by volume of dried tetrahydrofuran is
      added 1.0 part by weight of 2',4',5'-triethoxyphenacyl chloride little by
      little at 25.degree.C, and is stirred for 10 hours. To the mixture are
      added 8 parts by volume of ethyl acetate and 50 parts by weight of
      ice-water and shaken. The ethyl acetate layer is separated and washed with
      water and then dried and evaporated. The residue is recrystallized from
      methanol to give ethyl 3-(2',
      4',5'-triethoxybenzoyl)-2-ethoxycarbopropionate as pale yellow plates
      melting at 97.degree.-98.degree.C.
PAR  A mixture of 1.5 part by weight of ethyl
      3-(2',4',5'-triethoxybenzoyl)-2-ethoxycarbopropionate, 30 parts by volume
      of dioxane and 30 parts by volume of 30% sulfuric acid is heated at
      120.degree.C for 2 hours. The mixture is diluted with water and extracted
      with chloroform. The chloroform layer is separated and washed with water
      and dried. The solvent is distilled off, whereby 1.1 part by weight of
      3-(2',4',5'-triethoxybenzoyl)-propionic acid is obtained.
      Recrystallization from aqueous methanol gives pale yellow needles melting
      at 150.degree.-151.degree.C.
PAC  EXAMPLE 40
PAR  According to a similar manner to that of Example 39, 2.0 parts by weight of
      2',4',5'-triethoxyphenacylchloride is reacted with 0.9 part by weight of
      ethyl cyanacetate and 0.34 part by weight of 50% sodium hydride. The
      reaction mixture is subjected to chromatography with silica gel and eluted
      with benzene whereby 0.62 part by weight of
      3-(2',4',5'-triethoxybenzoyl)-2-ethoxycarbopropionitrile is obtained as
      crystalls. Recrystallization from methanol gives colorless plates melting
      at 109.degree.-110.degree.C.
PAR  One part by weight of
      3-(2',4',5'-triethoxybenzoyl)-2-ethoxycarbopropionitrile is treated with
      14 parts by volume of 4N-hydrochloric acid and 40 parts by volume of
      acetic acid at 100.degree.-110.degree.C for 2 hours. The reaction mixture
      is treated according to the same manner as that of Example 39 whereby 0.65
      part by weight of 3-(2',4',5'-triethoxybenzoyl)-propionic acid is
      obtained. mp. 150.degree.-151.degree.C.
PAC  EXAMPLE 41
PAR  To a mixture of 5.0 parts by weight of
      3-methoxy-4-n-butoxy-n-propylbenzene, 4.0 parts by weight of
      .beta.-chloropropionyl chloride and 20 parts by volume of dried benzene is
      added dropwise 9.0 parts by weight of stannic chloride dissolved in 5
      parts by volume of carbon tetrachloride on cooling below 20.degree.C.
      After stirring for 2 hours, about 200 parts by volume of ice-water is
      added to the mixture and thereto is added 200 parts by volume of benzene
      and then the mixture is shaken. The benzene layer is separated and washed
      with water and dried. The solvent is distilled off and the residue is
      crystallized from petroleum ether whereby
      .omega.-chloro-(2'-n-propyl-4'-methoxy-5'-n-butoxy)-propiophenone is
      obtained as colorless prisms. m.p. 42.degree.-43.degree.C
PAR  To 30 parts by volume of dimethylsulfoxide is added 6.0 parts by weight of
      .omega.-chloro-2'-n-propyl-4'-methoxy- 5'-n-butoxy)-propiophenone. To the
      mixture added 1.0 part by weight of sodium cyanide. The mixture is stirred
      for 2 hours at 80.degree.C. The reaction mixture is mixed with ice-water
      and extracted with benzene. The benzene layer is washed with water and
      dried. The solvent is distilled off and the residue is crystallized from
      aqueous ethanol to give
      3-(2'-n-propyl-4'-methoxy-5'-n-butoxybenzoyl)-propionitrile is obtained as
      colorless needles melting at 76.degree.C.
PAR  A mixture of 1 part by weight of
      3-(2'-n-propyl-4'-methoxy-5'-n-butoxybenzoyl)-propionitrile, 2 parts by
      volume of concentrated hydrochloric acid, 5 parts by volume of water and 5
      parts by volume of acetic acid is stirred for 1.5 hour at
      80.degree.-90.degree.C. The reaction mixture is diluted with water and
      extracted with methylenechloride and the extract is washed, dried and
      concentrated. The residue is mixed with n-hexane and cooled whereby 0.8
      part by weight of 3-(2'-n-propyl-4'-methoxy-5'-n-butoxybenzoyl)-propionic
      acid is obtained as crystals. Recrystallization from a mixture of
      methylenechloride and n-hexane gives pale yellow crystals melting at
      85.degree.-86.degree.C.
PAC  EXAMPLE 42
PAR  A mixture of 2 parts by weight of 3-(2',4',5'-triethoxybenzoyl)-propionic
      acid, 12 parts by weight of potassium iodide and 60 parts by volume of
      formic acid is refluxed for 3 hours and the solvent is distilled off. The
      residue is mixed with 50 parts by volume of water and stirred for a while
      and then insoluble substance is collected by filtration. The substance is
      washed with water and recrystallized from aqueous ethanol whereby 1.2 part
      by weight of 3-(2'-hydroxy-4',5'-diethoxybenzoyl)-propionic acid is
      obtained as colorless crystals melting at 142.degree.-144.degree.C.
PAC  EXAMPLES 43-45
PAR  According to a similar manner to that of Example 42, the following
      compounds are obtained.
TBL  ______________________________________                                    
     Example                                                                   
             Compound                mp. (.degree.C)                           
     No.                                                                       
     ______________________________________                                    
     43     3-(2'-hydroxy-4',5'-dimethoxybenzoyl)-                             
                                     162-163                                   
            propionic acid                                                     
     44     3-(2'-hydroxy-4',5'-methylenedioxy-                                
                                     180-182                                   
            benzoyl)-propionic acid                                            
     45     3-(2'-hydroxy-4',5'-n-butoxybenzoyl)-                              
                                     127                                       
            propionic acid                                                     
     ______________________________________                                    
PAC   EXAMPLE 46
PAR  In 50 parts by volume of ethyl acetate are dissolved 9 parts by weight of
      2-methyl-4,5-diethoxyacetophenone and 12 parts by weight of cupric bromide
      and the mixture is refluxed for 30 minutes. After removal of white
      inorganic substance by filtration, the filtrate is washed with water and
      dried over anhydrous sodium sulfate and the solvent is distilled off. The
      residue is recrystallized from petroleum ether to give 8.6 parts by weight
      of 2'-methyl-4',5'-diethoxyphenacylbromide as colorless crystals.
PAR  To a mixture of 15 parts by volume of dry tetrahydrofuran, 0.6 part by
      weight of diethyl malonate and 0.22 part by weight of sodium hydride is
      added 0.7 part by weight of 2'-methyl-4',5'-diethoxyphenacylbromide and
      the mixture is stirred for 12 hours. The reaction mixture is poured into
      water and acidified with diluted hydrochloric acid and extracted with
      ethyl acetate. The extract is washed with water, dried over anhydrous
      sodium sulfate, and the solvent is distilled off, whereby 0.68 part by
      weight of ethyl
      3-(2'-methyl-4',5'-diethoxybenzoyl)-2-ethoxycarbopropionate is obtained as
      oily substance. The substance shows the following IR absorption and NMR
      spectrum.
PAR  IR absorption: .nu..sub.max.sup.Film cm.sup.-.sup.1 1750-1715 (ester), 1665
      (ketone)
PAR  NMR spectrum (60MC, in CDCl.sub.3, .delta., p.p.m.): 1.1-1.6 (12H, triplet,
      --CH.sub.2 --CH.sub.3), 2.42 (3H, singlet, aromatic CH.sub.3), 3.35 (2H,
      doublet, --COCH.sub.2 --), 3.6-4.4 (9H, quartet and multiple, --CH.sub.2
      --CH.sub.3 and --CH(COOC.sub.2 H.sub.5).sub.2), 6.62 (1H, singlet,
      C'.sub.3 --H), 7.28 (1H, singlet, C'.sub.6 --H)
PAR  According to a similar manner to that of Example 39,
      3-(2'-methyl-4',5'-diethoxybenzoyl)-propionic acid is obtained from ethyl
      3-(2'-methyl-4',5'-diethoxybenzoyl)-2-ethoxycarbopropionate.
PAC  EXAMPLES 47-49
PAR  According to a similar manner to that of Example 41, the following starting
      3-(trisubstituted benzoyl)-propionitriles and the objective
      3-(trisubstituted benzoyl)-propionic acids are obtained.
TBL  __________________________________________________________________________
     Example                                                                   
          Starting Compound Objective compound                                 
     No.  Compound      mp(.degree.C)                                          
                            Compound      mp(.degree.C)                        
     __________________________________________________________________________
     47   3-(2',4',5'-triethoxy-                                               
                        117-                                                   
                            3-(2',4',5'-triethoxy-                             
                                          150 -                                
          benzoyl)-propionitrile                                               
                        118 benzoyl)-propionic acid                            
                                          151                                  
          3-(2',4'-diethoxy-5'-                                                
                        141-                                                   
                            3-(2',4'-diethoxy-5'-                              
                                          172-                                 
     48   chlorobenzoyl)-propio-                                               
                        142 chlorobenzoyl)-propio-                             
                                          173                                  
          nitrile           nic acid                                           
          3-(2'-ethoxy-4'-methyl-                                              
                        99- 3-(2'-ethoxy-4'-methyl-                            
                                          117-                                 
     49   5'-methythiobenzoyl)-                                                
                        100 5'-methylthio)-propio-                             
                                          118                                  
          propionitrile     nic acid                                           
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound which is 3-(2',4',5'-triethoxybenzoyl)-propionic acid.
NUM  2.
PAR  2. A compound which is 3-(2'-methyl-4',5'-diethoxybenzoyl)-propionic acid.
NUM  3.
PAR  3. A compound which is,
      3-(2'-n-propyl-4'-methoxy-5'-ethoxybenzoyl)-propionic acid.
NUM  4.
PAR  4. A compound which is, 3-(2',4'-dimethoxy-5'-chlorobenzoyl)-propionic
      acid.
NUM  5.
PAR  5. A compound which is, 3-(2',5'-dimethoxy-4'-chlorobenzoyl)-propionic
      acid.
NUM  6.
PAR  6. A compound which is, 3-(2'-hydroxy-4',5'-diethoxybenzoyl)-propionic
      acid.
PATN
WKU  039431703
SRC  5
APN  4206967
APT  1
ART  127
APD  19731130
TTL  Process for the preparation of halo-methylphosphinic acid halides
ISD  19760309
NCL  6
ECL  1
EXA  Killos; Paul J.
EXP  Weinberger; Lorraine A.
INVT
NAM  Kleiner; Hans-Jerg
CTY  Bad Soden, Taunus
CNT  DT
ASSG
NAM  Hoechst Aktiengesellschaft
CTY  Frankfurt am Main
CNT  DT
COD  03
PRIR
CNT  DT
APD  19721204
APN  2259241
CLAS
OCL  260543P
XCL  260953
EDF  2
ICL  C07F  934
FSC  260
FSS  543 P
UREF
PNO  3188281
ISD  19650600
NAM  Briggeman et al.
OCL  260543P
UREF
PNO  3200145
ISD  19651000
NAM  Lutz et al.
OCL  260543P
LREP
FRM  Curtis, Morris & Safford
ABST
PAL  A process for the preparation of halo-methylphosphinic acid halides of the
      formula I
      ##EQU1##
      where R.sub.1 is alkyl, aralkyl or aryl having from 1 to 18 carbon atoms,
      and X is halogen, which comprises reacting phosphinic acid derivatives of
      the formula II
      ##EQU2##
      where R.sub.1 is as defined above and R.sub.2 is alkyl having from 1 to 18
      carbon atoms optionally being substituted by halogen, hydrogen or a
      monovalent cation, with acid halides of the formula III
EQU  (co).sub.n X.sub.2                                         (III)
PAL  where n is 1 or 2 and X is halogen.
BSUM
PAR  The present invention relates to a process for the preparation of
      halo-methylphosphinic acid halides.
PAR  It is already known how to react methyl-dichlorophosphine with
      para-formaldehyde to form chloromethyl-methylphosphinic acid chloride.
      Yields of up to 70% of the theoretical yield were observed (L.C.D.
      Groenweghe et al., Am. Soc. 83, 1961, 1811). The reaction of
      methyldibromophosphine with paraformaldehyde gives a 16.1% yield of
      bromomethyl-methylphosphinic acid bromide (L. Maier, Helv. 46, 1963,
      2667). Also phenyl-dichlorophosphine may be reacted in this manner (E.N.
      Cvetkov et al., Z. obsc. Chim. 39, 1969, 1520). However, in these
      reactions there are formed various amounts of corresponding
      halo-methylphosphine anhydrides which decrease the yield. It was finally
      possible to react phosphorous trichloride with dimethyl ether at
      temperatures of from about 400.degree.C to about 750.degree.C, thus
      obtaining chloromethyl-methylphosphinic acid chloride with a 70% yield,
      relative to the dimethyl ether (German Auslegeschrift No. 1,768,617).
PAR  It has now been found to prepare halo-methylphosphinic acid halides of the
      formula I
      ##EQU3##
      where R.sub.1 is alkyl, aralkyl or aryl having up to 18 carbon atoms, and
      X is halogen, with a good yield be reacting phosphinic acid derivatives of
      the formula II
      ##EQU4##
      where R.sub.1 is as defined above and R.sub.2 is alkyl having from 1 to 18
      carbon atoms optionally being substituted by halogen, hydrogen or a
      monovalent cation, with acid halides of the formula III
EQU  (co).sub.n X.sub.2                                         (III)
PAL  where n is 1 or 2 and X is halogen.
PAR  Preferred radicals R.sub.1 are alkyl having from 1 to 10 carbon atoms,
      especially from 1 to 4 carbon atoms, above all methyl or ethyl;
      cyclo-alkyl having from 5 to 8 carbon atoms, especially cyclohexyl;
      furthermore aryl or aralkyl having from 6 to 18 carbon atoms, preferably
      from 6 to 10 carbon atoms, especially phenyl or phenylalkyl, such as
      phenethyl or especially benzyl.
PAR  The R.sub.2 radical is either alkyl having from 1 to 18, especially from 1
      to 10 carbon atoms and being optionally substituted by halogen; alkyl
      having from 1 to 4 carbon atoms, especially methyl, ethyl or chloroethyl
      which are preferred because of the easier distillation separation of the
      halo-alkyl formed. R.sub.2 may also be hydrogen or a monovalent cation,
      preferably alkali or ammonium. For X being halogen, chlorine or bromine,
      especially chlorine, is preferred.
PAR  The phosphinic acid derivatives used as starting compounds may be obtained
      for example by reacting phosphonous acid monoesters with formaldehyde
      according to the process described in German Offenlegungsschrift No. 2 060
      216.
PAR  Suitable starting compounds are for example hydroxymethyl-methylphosphinic
      acid, the sodium, potassium or ammonium salt thereof;
      hydroxymethyl-methylphosphinic acid methyl, isopropyl, butyl or isobutyl
      ester; hydroxymethyl-ethylphosphinic acid, hydroxymethyl-ethylphosphinic
      acid .beta.-chloroethyl ester, hydroxymethyl-propylphosphinic acid
      isobutyl ester, hydroxymethyl-hexylphosphinic acid ethyl ester,
      hydroxymethyl-cyclohexylphosphinic acid butyl ester,
      hydroxymethyl-decylphosphinic acid, hydroxymethyl-decylphosphinic acid
      methyl ester, hydroxymethyl-benzylphosphinic acid methyl ester,
      hydroxymethyl-phenylphosphinic acid butyl ester.
PAR  As acid halides, there are used above all bromides and chlorides, such as
      phosgene, bromophosgene, oxalyl chloride or bromide. Preferably, phosgene
      is used.
PAR  The reaction may be carried out in the presence of solvents, for example
      methylene chloride, chloroform, carbon tetrachloride, benzene, toluene,
      xylene, chlorobenzene, dioxan, diethyl ether, diisopropyl ether.
      Especially when the alkali metal salts are used, the application of
      solvents is preferably recommended. It is not required that the salt
      dissolves in the solvents, a suspension is sufficient.
PAR  The reaction temperature is generally in a range of from about -20.degree.
      to about +150.degree.C, especially from 40.degree. to 100.degree.C. The
      reaction proceeds rapidly and, in the usual equipment, is complete within
      about 0.5 to 5 hours, depending on the temperature and, optionally, on the
      dimensions of the plant. It may be carried out under pressure, for example
      up to 5 or 10 atm/g, but preferably, it is carried out without pressure.
PAR  For carrying out the reaction of the invention, the reactants may be
      introduced into the reaction vessel in any desired sequence. Thus, for
      example, the phosphinic acid compound may be introduced first and the acid
      halide may then be added, or vice versa. When the reaction is carried out
      continuously, the reactants are advantageously introduced simultaneously
      in the desired ratio, preferably in a countercurrent when gaseous acid
      halides are used, for example in a column.
PAR  It is generally sufficient to use the reactants in stoichiometric amounts,
      that is, 2 moles of acid halide per mole of phosphinic acid derivative.
      Though an excess of acid halide, for example up to 2 or 5% which may be
      raised up to 10% in the case of small batches may also be employed, these
      excesses cause more expenditure for the work-up of the waste gas.
      Especially higher excesses may cause a decrease of the yield.
PAR  An advantage of the process of the invention resides in the fact that the
      by-products are gaseous or easily distillable. Only in the case where the
      alkali metal salts of phosphinic acids are used, alkali metal halides are
      obtained as solid by-products, but they can be easily separated under
      normal conditions, for example by suction-filtration. The process of the
      invention does not cause substantial corrosion problems; it may be carried
      out using all materials resistant under the reaction conditions, for
      example glass, ceramic, steel, steel alloys or nickel and nickel alloys.
PAR  Since the reaction proceeds with good to very good yields, it is possible
      in many cases where the phosphinic acid halides are only intermediates for
      further reactions to process these crude products directly, optionally in
      the solvent used. Otherwise, the isolation of the phosphinic acid halides
      may for example be carried out by distillation.
PAR  As intermediate products, for example for plant protection and flame
      retarding agents, the phosphinic acid halides of the invention are of
      great interest.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  Phosgene is introduced for 12.5 hours at room temperature and with vigorous
      agitation into 202 g (1.22 moles) of hydroxymethyl-methylphosphinic acid
      isobutyl ester, which raises the temperature to 60.degree.C for a while.
      Subsequently, a vigorous current of nitrogen is passed through the
      reaction solution, and the reaction mixture is then distilled. 156.5 g of
      chloromethyl-methylphosphinic acid chloride having a boiling point of
      76.degree.C at 0.6 torr and a molecular weight of 147 are obtained, which
      corresponds to an 88% yield.
PAR  Analysis: Calculated: 48.3% of Cl. Found: 47.5% of Cl.
PAC  EXAMPLE 2
PAC  A. Preparation of hydroxymethyl-phenylphosphinic acid isobutylester
PAR  15 g of para-formaldehyde are added, at 70.degree.C and with vigorous
      agitation, to 100 g (0.505 mole) of benzenephosphonous acid isobutyl
      ester. Agitation is continued for 1 hour at 75.degree.-90.degree.C. The
      reaction mixture is then cooled, stirred with water, and the organic phase
      is separated. The aqueous phase is extracted 2 times with chloroform, and
      the extract is added to the organic phase. After drying with sodium
      sulfate, distillation is carried out in a water jet vacuum at an interior
      temperature of up to 80.degree.C. The residue is distilled in a thin layer
      evaporator at 0.1 torr and a distillation temperature of 190.degree.C.
      Subsequently, the distillate is again distilled in a normal distillation
      apparatus. It is pure hydroxymethyl-phenylphosphinic acid isobutyl ester
      having a boiling point of 155.degree.C at 0.3 torr.
PAC  B. Conversion to chloromethyl-phenylphosphinic acid chloride
PAR  Phosgene is introduced at room temperature with agitation into 59 g (0.259
      mole) of hydroxymethyl-phenylphosphinic acid isobutyl ester. The
      temperature rises to 50.degree.C. The reaction mixture is maintained at
      this temperature for 2.5 hours, subsequently, the introduction of phosgene
      is continued at 100.degree.C for 3 hours. Distillation is carried out in a
      water jet vacuum at an interior temperature of up to 80.degree.C, and the
      residue is distilled at 0.4 torr and a distillation temperature of from
      120.degree. to 130.degree.C. 42 g of chloromethyl-phenylphosphinic acid
      chloride are obtained, having a melting point of 54.degree.C and a
      molecular weight of 209, which corresponds to a yield of 78% of the
      theoretical yield.
PAR  Analysis: Calculated: 34.0% of Cl. Found: 33.8% of Cl.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a halomethylphosphinic acid halide of
      the formula
      ##EQU5##
      in which R.sub.1 is alkyl of from 1 to 18 carbon atoms, cycloalkyl of from
      5 to 8 carbon atoms phenyl or phenylalkyl of 7 to 10 carbon atoms and X is
      halogen, which comprises reacting a phosphinic acid derivative of the
      formula
      ##EQU6##
      in which R.sub.1 is as defined above and R.sub.2 is hydrogen, a monovalent
      cation, or alkyl of from 1 to 18 carbon atoms optionally substituted by
      halogen, with a reactive acid halide of the formula
EQU  (CO).sub.n X.sub.2
PAL  in which n is 1 or 2 and X is halogen
NUM  2.
PAR  2. The process as defined in claim 1, wherein R.sub.1 is alkyl of from 1 to
      10 carbon atoms, cycloalkyl of from 5 to 8 carbon atoms, phenyl or
      phenylalkyl of from 7 to 10 carbon atoms; X is chlorine; R.sub.2 is
      hydrogen, an alkali or ammonium cation, or alkyl of from 1 to 10 carbon
      atoms optionally substituted by halogen, and phosgene is used as the
      reactive acid halide.
NUM  3.
PAR  3. The process as defined in claim 2 wherein R.sub.1 is alkyl of from 1 to
      4 carbon atoms, cyclohexyl, phenyl or benzyl and R.sub.2 is hydrogen,
      sodium, potassium, ammonium or alkyl of from 1 to 4 carbon atoms
      optionally substituted by chlorine.
NUM  4.
PAR  4. The process as defined in claim 1, which comprises carrying out the
      reaction at a temperature of from -20.degree. to +150.degree.C.
NUM  5.
PAR  5. The process as defined in claim 4, which comprises carrying out the
      reaction of a temperature of from 40.degree. to 100.degree.C.
NUM  6.
PAR  6. A process as defined in claim 1, which comprises carrying out the
      reaction in the presence of solvents.
PATN
WKU  039431711
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APN  484176&
APT  1
ART  117
APD  19740628
TTL  Method of producing acrylamide with a Raney copper catalyst
ISD  19760309
NCL  35
ECL  1
EXP  Davis; C.
NDR  2
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INVT
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CTY  Sauk Village
STA  IL
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LREP
FRM  Hill, Gross, Simpson, Van Santen, Steadman, Chiara & Simpson
ABST
PAL  An improved process for making acrylamide from a composition of
      acrylonitrile and water utilizing an improved Raney copper catalyst. The
      catalyst is prepared by contacting particulate copper/aluminum alloy
      particles with an aqueous solution containing aliphatic hydrocarbon
      compound having at least two carbon atoms per molecule and further having
      at least two oxygen containing groups per molecule.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of our earlier filed U.S.
      application Ser. No. 473,182 filed May 24, 1974, which in turn is a
      continuation-in-part of our earlier filed U.S. application, Ser. No.
      405,874, filed Oct. 12, 1973, both now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of catalytically hydrolyzing acrylonitrile with water to
      acrylamide, various copper and copper containing catalysts have been
      proposed, such as mixtures of copper oxide with other metal oxides,
      reduced copper oxide/metal oxide mixtures, copper and copper/metal
      mixtures (see U.S. Pat. Nos. 3,597,481; 3,631,104; 3,642,894; and
      3,642,643.) The use of Raney copper catalysts for this purpose is shown in
      German Pat. No. 2,036,126, German DOS No. 2,164,185 (1972), and Canadian
      Pat. No. 899,380 (1972). Based upon the method of catalyst preparation, it
      would appear that such prior art can be cataloged into two groups, one
      group involving the reduction of a copper containing compound or
      compounds, the other group involving the activation of a copper or copper
      alloy (such as Raney copper).
PAR  So far as can be determined, when using a Raney copper catalyst to
      hydrolyze acrylonitrile to acrylamide by the teachings of the prior art,
      it has been the practice to prepare or activate such catalyst by
      contacting such in a particulated form solely with aqueous caustic to
      dissolve away at least a portion of the aluminum after which the resulting
      activated product is kept under water or inert solvents to avoid
      oxidation. Apparently complete aluminum removal was heretofore sometimes
      believed to have been achieved and to be desirable for purposes of
      enhancing catalyst activity for this intended hydrolysis reaction; see,
      for example, the above referenced Canadian Pat. No. 839,384 at p. 5 where
      the Kawaken Fine Chemicals Co. Raney copper catalyst is used. According to
      Kawaken Fine Chemical Co. trade literature, it appears that substantially
      complete aluminum removal is achieved.
PAR  The art theorizes that Raney catalysts can contain amounts of insoluble
      aluminates which are sufficient to adversely affect catalyst activity and
      life for whatever reason, and the art has described efforts to remove such
      impurities; see, for examples, U.S. Pat. Nos. 2,673,189; 2,604,455;
      2,950,260; and British Pat. Nos. 642,861 and 658,863. Apparently, no one
      has ever heretofore used a catalyst so prepared as to minimize the
      presence of alumina for catalytically hydrolyzing acrylonitrile to
      acrylamide under aqueous liquid phase conditions.
PAR  It has heretofore been proposed to activate Raney alloys for use as fuel
      cell electrodes by using in the activating solution alkali metal tartrates
      or lower aliphatic amino compounds; see U.S. Pat. No. 3,235,513. See also
      U.S. Pat. No. 3,067,276 for a discussion of catalyst regeneration. No one
      has ever heretofore prepared a Raney copper catalyst so activated in the
      presence of an additive and then used such a catalyst to catalytically
      convert acrylonitrile to acrylamide under aqueous liquid phase conditions.
PAR  Because of the limitations and short-comings observed for prior art Raney
      copper catalysts, the art continues to seek a Raney copper catalyst
      adapted for use in such hydrolysis reaction which has a high initial
      activity and a long activity life. In particular, the art desires such a
      catalyst which is particularly well suited for hydrolyzing acrylonitrile
      to acrylamide using a concentrated acrylonitrile/water feed and employing
      a rapid conversion rate while achieving a high conversion level.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved catalytic process for
      making acrylamide from a starting composition comprising acrylonitrile and
      water. Typically, such a composition comprises from about 10 to 75 weight
      percent (preferably 30 to 40 weight percent) acrylonitrile with the
      remainder to 100 weight percent thereof being water. The process is
      conducted under liquid phase conditions using temperatures in the range
      from about 60.degree. to 150.degree.C., with temperatures of from about
      70.degree. to 125.degree.C being presently preferred. Any convenient
      process conditions and procedure may be employed as those skilled in the
      art will appreciate.
PAR  The process involves contacting such a composition with a Raney copper
      catalyst. This catalyst is one which has been prepared by contacting
      particles of a metal alloy comprised of copper and aluminum with an
      aqueous solution which has dissolved therein on a 100 weight percent total
      solution basis from greater than 0 to about 25 weight percent alkali metal
      hydroxide and from greater than 0 to about 25 weight percent or the
      solubility limit thereof in water, whichever one thereof is lower, of at
      least one aliphatic hydroxylated hydrocarbon compound. The contacting is
      conducted at a temperature which is below 80.degree.C. The aliphatic
      hydroxylated hydrocarbon compound has a total of at least two carbon atoms
      per molecule, and at least two groups per molecule each of which groups
      can itself contain carbon atoms and is indendently selected from the class
      consisting of:
      ##EQU1##
      and lactones. Here M includes alkali metals and ammonium, and R is a lower
      alkyl group or a lower alkanol group. As used herein the term "lower" has
      reference to a molecule or group, as the case may be, which contains not
      more than six carbon atoms each. The term "lactone" is conventionally used
      to designated internal esters containing four, five, or six atoms in a
      ring structure. Preferably, the aliphatic hydroxylated hydrocarbon
      compound has a total of at least three carbon atoms per molecule, and at
      least three groups per molecule each of which groups is independently
      selected from the group just above indicated.
PAR  The catalyst so prepared characteristically and typically comprises from
      about 2 to 45 weight percent aluminum with the balance up to 100 weight
      percent being copper in any given catalyst. Minor quantities of other
      materials, such as oxygen, may be present. More preferably, such catalyst
      comprises, on a 100 weight percent total weight basis, from about 10 to 35
      weight percent aluminum with the balance up to 100 weight percent thereof
      being copper. This catalyst characteristically and typically has an
      average particle size (diameter) in the range from about 0.001 to 0.5
      inch, though larger and smaller particle sizes may be used if desired.
PAR  Because of the characteristically high initial catalytic activity, and also
      the characteristically long catalytic activity life, associated with the
      type of catalyst so prepared and used in the process of the invention
      wherein acrylonitrile is hydrolyzed with water to acrylamide, as indicated
      above, the present invention provides an improved process which can be
      operated continuously and for extended periods of time with the same
      catalyst to produce desired, economically significant, high conversion
      yields of acrylamide. The present invention is particularly useful when
      using starting compositions containing a high, or concentrated,
      acrylonitrile content.
PAR  In addition, the process of this invention offers operating efficiencies,
      and economies, particularly in fixed catalyst bed, continuous operation,
      which are believed to be greater than heretofore known in this art.
PAR  The present invention provides an improved technique for activating a Raney
      copper catalyst in a process for hydrolyzing acrylonitrile to acrylamide
      under aqueous liquid phase conditions.
PAR  Further, the present invention aims to provide a Raney copper catalyst
      which permits one to hydrolyze acrylontrile to acrylamide under liquid
      phase conditions and achieve a high initial activity together with a
      longer catalyst life than has heretofore been possible in the hydrolysis
      reaction of acrylontrile to acrylamide.
DRWD
PAR  Other and further aims, objects, purposes, advantages, utilities, and
      features will be apparent to those skilled in the art from a reading of
      the present specification and drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic representation of one mode of preparing a catalyst
      suitable for the process of the present invention:
PAR  FIGS. 2 through 4 each show representations similar to that of FIG. 1 but
      illustrating second, third and fourth modes, respectively, of catalyst
      preparation; and
PAR  FIG. 5 is a plot illustrating the effect of additives such as used in Raney
      copper catalyst activation by this invention upon Raney copper catalyst
      activity in acrylonitrile hydrolysis to acrylamide.
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PAC  DETAILED DESCRIPTION
PAR  The catalyst used in the practice of the present invention is a Raney
      copper catalyst which has been activated through contact with a
      composition containing dissolved alkali metal hydroxide and dissolved
      aliphatic hydroxylated hydrocarbon compound. The starting material is
      preformed, binary metal alloy comprised of aluminum and copper in
      particulate form which contains a weight percent ratio of Al/Cu in the
      range from about 70:30 to 30:70 (preferably about 45:55 to 55:45, and most
      preferably about 50:50).
PAR  In general, in this invention, no particular special conditions need be
      employed when contacting starting alloy particles with an aqueous solution
      of alkali metal hydroxide and aliphatic hydroxylated hydrocarbon compound.
      Typically, the alloy starting material is as indicated in the form of
      particles ranging in size from about 0.001 to 0.5 inch. Preferably, this
      solution comprises from greater than 0 to about 15 weight percent alkali
      metal hydroxide, from greater than 0 to about 5 weight percent aliphatic
      hydroxylated hydrocarbon compound, and with the balance up to 100 weight
      percent thereof being water (total composition basis). More preferably,
      such a solution comprises from greater than 0 to about 5 weight percent
      alkali metal hydroxide, from about 0.01 to about 1.0 weight percent
      aliphatic hydroxylated hydrocarbon compound, and with the balance up to
      100 weight percent thereof (total basis) being water. Preferably, the
      process of contacting with such a solution is conducted while maintaining
      the reaction zone in the region of the particles being activated into
      Raney copper catalyst at a temperature in the range of from about
      0.degree. to 80.degree.C. Preferably, the contacting time ranges from
      about 1/2 to 30 hours. More preferably, the contacting temperature is in
      the range of from about 30.degree. to 60.degree.C. More preferably, the
      contacting time is adjusted to be in the range from about 4 to 12 hours.
PAR  The Raney copper catalyst should have at least about 25 weight percent of
      the initially present aluminum in such alloy particles is removed during
      alkali contacting; however, it is apparently not necessary to remove
      aluminum from a catalyst during activation thereof by contacting such with
      a mixed solution of alkali metal hydroxide and aliphatic hydroxylated
      hydrocarbon compound as taught by this invention.
PAR  In one preferred and exemplary plant operational mode of catalyst
      preparation, activation of such starting alloy is accomplished by first
      contacting an aqueous solution of at least one aliphatic hydroxylated
      hydrocarbon compound with a group of such alloy particles. This aqueous
      solution can contain dissolved therein an amount as indicated above,
      though preferably from about 0.01 to 1.0 weight percent of aliphatic
      hydroxylated hydrocarbon compound, total solution basis. Conveniently, the
      particles are preferably initially immersed in water and the aliphatic
      hydroxylated hydrocarbon compound(s) is (are) added to such water of
      immersion until the desired concentration of such compound(s) is obtained.
      Such alloy particle group has an average particle size (diameter) in the
      range from about 0.001 to 0.5 inch, and such copper alloy preferably has a
      copper to aluminum weight ratio of from about 45:55 to 55:45. This aqueous
      solution preferably has a temperature in the range from about 30.degree.
      to 60.degree.C during such contacting. The time of such first contacting
      is relatively unimportant, though times of from about 5 minutes up to
      several hours has been found to be convenient.
PAR  Secondly, one contacts the resulting said group of alloy particles with an
      aqueous caustic (alkali metal hydroxide) solution. Conveniently, the
      caustic (alkali metal hydroxide) is added to (and dissolved in) the
      previously utilized solution of aliphatic hydroxylated hydrocarbon
      compound(s) while continuous contact of such solution with such particles
      is maintained. Such second contacting is accomplished over a total time
      interval of from about 1/2 to 30 hours (preferably about 4 to 12 hours),
      and such caustic solution may be added gradually to said group over said
      time interval continuously or incrementally. The contact rate or addition
      rate of starting caustic solution being added to said group of particles
      during such contacting typically ranges from about 0.01 to 10 pounds
      caustic per pound of said starting group of alloy particles per hour (dry
      weight basis). The total quantity of caustic so added to the aqueous
      medium in the reaction zone is typically in the range of from about 0.5 to
      25 pounds of caustic per pound of said starting group of particles (dry
      weight basis). During such contacting, such aqueous caustic solution and
      the resulting aqueous medium produced in such contacting each have a
      temperature in the range of from about 0.degree. to 80.degree.C, but
      temperatures below about 60.degree. are preferred. During such second
      contacting, said group of particles is thus maintained in contact with at
      least one aliphatic hydroxylated hydrocarbon compound. Preferably at least
      about 25 weight percent (total starting weight basis) of this aluminum
      initially present is removed during such a contacting operation conducted
      in accord with the teachings of this invention during the course of such
      an initial catalyst operation using fresh starting alloy particles.
PAR  While some alkali metal hydroxide during the contacting characteristically
      reacts with the aluminum of the alloy particles, the manner in which an
      aliphatic hydroxylated hydrocarbon compound functions in the practice of
      the present invention is presently unknown. One theory (and there is no
      intent herein to be bound the theory) is that this material functions as a
      sequestering or stabilizing agent which prevents the precipitation of
      solid particles of alumina (or derivatives) on the surface or in the pores
      of the catalyst being actuated, a theory which may be supported by U.S.
      Pat. No. 2,345,134 where polyhydroxylated compounds apparently act as
      stabilizing agents for sodium aluminate.
PAR  After such second contacting, the resulting group of Raney copper catalyst
      particles is preferably washed to separate therefrom any remaining
      aliphatic hydroxylated hydrocarbon compound, the remaining unreacted
      caustic and aluminate. Thereafter, the so-washed group of particles may
      optionally interveningly be stored before being used in the hydrolysis
      porcess of this invention.
PAR  This hydrolysis process preferably involves contacting such particles of
      Raney copper catalyst with an aqueous composition comprising, for example,
      from about 30 to 40 weight percent acrylonitrile with the remainder to 100
      weight percent thereof being water while maintaining a temperature of, for
      example, from about 70.degree. to 125.degree.C, as indicated.
PAR  One preferred group of aliphatic hydroxylated hydrocarbon compounds
      comprise polyhydroxylated aliphatic carboxylic acids. One class of such
      acids suitable for use in the present invention is characterized by the
      formula:
      ##EQU2##
      where:
PAR  R,R', R", R'" and R"" are each independently H, lower alkyl, --OH, or
      --COOH provided that at least one of R, R', R", R'" and R"" is hydroxyl
      and that at least one other of such R, R', R", R'" and R"" groups is
      either carboxyl or hydroxyl,
PAR  n is an integer of from 2 through 8 inclusive (4 through 8 being
      prefererd), and
PAR  mis an integer of from 0 through 4 inclusive,
PAR  It will be readily appreciated by those skilled in the art that one can
      employ, in place of, or in addition to, those compounds of formula 1,
      carboxylate salts (such as alkali metal salts and ammonium salts) and
      carboxylate esters (such as lactones and esters with lower aliphatic
      alcohols) which will, in alkaline water solution, form the same anions as
      do the compounds of formula 1.
PAR  Examples of particular compounds within the scope of formula 1 include:
      gluconic acid, glucaric acid, saccharinic acid, and the like.
PAR  One more preferred class of hydroxylated hydrocarbon compounds partially
      within the scope of formula (1) above is characterized by the formula:
EQU  R--(CHOH).sub.n --COOH                                     (2)
PAL  where:
PAR  R is selected from the group consisting of --CH.sub.3, --CH.sub.2 OH,
      --COOH, --CHO, and --H, and
PAR  n is an integer of from 1 through 5.
PAR  Examples of particular compounds within the scope of formula (2) include
      gluconic acid, glucaric acid, tartaric acid, d-glucuronic acid, and the
      like. The alkali metal and ammonium salts of acids of compounds of formula
      2 are also preferred.
PAR  Thus, examples of compounds suitable for use as additives during contacting
      in accord with the teachings of this invention which are similar to
      compounds within the scope of formula (1) or of formula (2) include alkali
      metal salts (sodium being presently preferred) of gluconic acid, tartaric
      acid, or citric acid, lactones, such as glucono-8-lactone, and the like.
PAR  Another class of aliphatic hydroxylated hydrocarbon compounds includes
      aliphatic polyhydroxylated compounds with at least two carbon atoms and at
      least two hydroxyl groups per molecule. Such compounds can include as many
      as 12 to 15 carbon atoms in a given molecule. Examples include
      pentaerythritol, glycerol, and the like.
PAR  A more preferred class of such aliphatic polyhydroxylated hydrocarbon
      compounds suitable for use with caustic in activating Raney copper
      catalysts for use in the practice of the present invention is
      characterized by the formula:
EQU  H--(CHOH).sub.n -- CH.sub.2 OH                             (3)
PAL  where n is an integer of from 3 through 8.
PAR  Examples of formula 3 compounds include sorbitol, mannitol, and the like.
PAR  Another class of aliphatic hydroxylated hydrocarbon compounds suitable for
      use in the practice of the present invention for activating Raney copper
      catalysts with caustic includes saccharides (including mono, di, and
      polysaccharides and glycosides).
PAR  The terms "saccharide" and "glycoside" are used herein in their
      conventional, contemporary meanings, as those skilled in the art will
      appreciate.
PAR  Thus, briefly, monosaccharide can be regarded as being a compound of the
      formula:
EQU  (CH.sub.2 O).sub.x                                         (1)
PAL  where x is an integer which can vary from 2 through 6. In this formula (1),
      the carbon atoms are bonded to one another in an unbranched, continuous
      chain. In the open, straight chain form or representation, one carbon atom
      (called the anomeric carbon atom) in each molecule has a carboxyl group
      which can be either an aldehyde or a ketone. All carbon atoms other than
      the anomeric carbon atom in each molecule have a single hydroxyl group
      attached thereto. In the ring form or representation, the monosaccharides
      of the above formula (1) where x is 5 or 6 can also exist in the
      pyranoside or furanoside form in which the anomeric carbon atom interacts
      with the hydroxyl group on a carbon atom in the molecule to form a ring
      structure. The cyclic form is either a hemiacetal or a hemiketal structure
      around the anomeric carbon atom.
PAR  The glycosides can be regarded as being formed between a monosaccharide of
      the type wherein x equals 5 or 6 in the above formula (1) and a lower
      alkanol. The term "lower" as used herein has reference to a molecule or
      radical containing less than 6 carbon atoms each. The hydroxyl group on
      the anomeric carbon atom of the monosaccharide reacts with the hydroxyl
      group on the lower alkanol to split out water and form an oxygen bond so
      that the two molecules are linked together through an oxygen atom.
PAR  A disaccharide is a glycoside with is formed between two monosaccharides in
      which the hydroxyl group on the anomeric carbon atom of one of the
      monosaccharide molecules has a reaction with one hydroxyl group on the
      other monosaccharide molecule.
PAR  A polysaccharide can be regarded as comprised of more than two
      monosaccharide units similarly interconnected together through oxygen
      atoms to form a chain of three or more monosaccharides. Thus, the oxygen
      atom, which is the linking atom between adjoining ring structures is
      bonded to an anomeric carbon atom of one of such ring structures.
PAR  Examples include glucose, sucrose, corn starch, arabinose, and the like.
      Preferred aliphatic hydroxylated hydrocarbon compounds are substantially
      completely water soluble at the concentrations employed in the usual
      practice of this invention.
PAR  Presently most preferred aliphatic hydroxylated hydrocarbon compounds
      include gluconic acid (and compounds which produce the gluconate ion in
      alkaline water solution, such as sodium gluconate,
      glucono-.delta.-lactone, and the like) sorbitol, and glucose (dextrose). A
      presently most preferred alkali metal hydroxide is sodium hydroxide.
PAR  One class of aliphatic hydroxylated hydrocarbon compounds to be regarded as
      included within the scope of additives employed herein comprises
      heterocyclic compounds wherein the heterocyclic ring contains 1, 2 or 3
      oxygen atoms. The pyron ring is illustrated by pyronosides, and the furan
      ring is illustrated by furanosides, for example. Compounds containing the
      dioxane ring or the sym-trioxane ring, for example, or compounds
      containing an acrylic ring, may be used, other criteria being met as
      explained hereinabove.
PAR  In general, aliphatic hydroxylated hydrocarbon compounds used in this
      invention each have a molecular weight below about 1000, and preferably
      not more than about 500, and, if a repeating unit is involved, no compound
      is more than a dimer or a trimer.
PAR  The exact amount of additive material used in a given catalyst activation
      performed in accord with the teachings of this invention can vary over
      relatively wide ranges as indicated. When a catalyst activation procedure
      using a particular additive material is being optimized so as to produce,
      for example, a catalyst having maximized initial activity, it can be borne
      in mind that apparently each additive has its own particular optimized
      concentration level above which further increases thereof may result in no
      substantial further increase in product activated catalyst activity, as
      data presently available suggests. Indeed, at relatively high
      concentrations, at least some additive materials may cause side reactions
      or other (presently unknown) effects to occur which exert an adverse
      influence upon a given activation procedure. Thus, as those skilled in the
      art will appreciate, it is practically impossible to express for each
      additive a broad usable range or an optimized use range. In general, lower
      as opposed to high concentrations of an additive material are preferred
      for reasons of economy and general effectiveness in commercial activation
      procedures, although ethylene glycol, for example, presently appears to be
      an exception to this last guide.
PAR  Those skilled in the art will readily appreciate that any convenient
      procedure or technique may be employed for contacting starting
      copper/aluminum alloy particles with an aqueous mixture of alkali metal
      hydroxide and aliphatic hydroxylated hydrocarbon compound. The starting
      alloy particles can be added to a starting mixture composition, or vice
      versa, or otherwise as desired. While pretreatment of particles of alloy
      with a starting mixture comprising an aqueous solution of aliphatic
      hydroxylated hydrocarbon compound is more convenient, such is not
      necessary. A performed Raney copper catalyst conventionally prepared by
      alkali contact can be post treated, if desired, with a starting solution
      comprised of alkali metal hydroxide and aliphatic hydroxylated hydrocarbon
      compound in accord with the teachings of this invention particularly when
      optimized catalyst performance is not needed. It is preferred to activate
      a catalyst as taught herein for use in this invention under conditions
      such that the metal particles are subjected to a minimum of heat exposure,
      such as is generated when, for example, concentrated aqueous alkali metal
      hydroxide contacts the starting alloy particles. It is preferred to
      activate a catalyst as taught herein for use in this invention using
      temperatures which do not exceed about 80.degree. C., and by using
      controlled incremental or continuous addition of alkali metal hydroxide
      over an extended time period to an aqueous medium being used to activate a
      group of particles.
PAR  One can conveniently employ during catalyst activation a total quantity of
      aqueous hydroxide, for example, such that the molar quantity of hydroxide
      used totals from about 0.25 to 2.01, preferably 1.1 to 2.0 times the total
      molar amount of aluminum initially present in a starting group of alloy
      particles, as when a batch preparation procedure is being employed, where
      the aqueous hydroxide is being added to a vessel containing a fixed
      quantity of starting alloy with aqueous aliphatic hydroxylated hydrocarbon
      compound and the aqueous hydroxide leaching composition being allowed to
      accumulate in this vessel during the leaching operation. Particles
      previously contacted with an alkali metal hydroxide solution may
      advantageously be post-contacted with an aqueous solution of aliphatic
      hydroxylated hydrocarbon compound using concentrations as taught herein.
PAR  During the contacting of starting alloy with such a leaching composition,
      an aluminate (in solution) and hydrogen gas are characteristically
      produced. Conveniently the hydrogen gas is vented more or less at the rate
      generated from the reaction zone, and most of the aluminate may be removed
      in the water of the leaching composition, if desired. It is preferred to
      conduct the activation operation under inert conditions, such as under a
      blanket of nitrogen gas or a gas of helium family, primarily to avoid
      forming explosure mixtures of hydrogen and oxygen.
PAR  At the end of a contacting operation by the teachings of this invention,
      the resulting solid catalyst particles remaining are preferably washed
      with water preferably to a neutral pH (e.g. a pH in the range of from
      about 7.0 to 7.5). The product catalyst is then removed from the reaction
      zone, and wet screened to separate fines, preferably.
PAR  The product catalyst is conveniently stored under water, as in drums, prior
      to charging to a reactor for use in the practice of the process of the
      present invention. Keeping the catalyst under water prevents oxidation by
      air which occurs rapidly if the catalyst is allowed to have oxygen
      exposure.
PAR  The hydrolysis reaction of this invention proceeds even when the amount of
      the catalyst prepared as described herein is very slight. For example,
      addition of such catalyst in an amount of 0.01 gram per mole of
      acrylonitrile is sufficient to make the reaction proceed. The greater the
      amount of catalyst used, the faster the reaction proceeds, in general,
      thus permitting an increase in the amount of acrylamide produced.
      Consequently, the amount of catalyst employed per mole of acrylonitrile
      initially employed can preferably range from about 0.01 to 100 grams,
      although more catalyst can be used, if desired.
PAR  Acrylamide may be made from the mixture of acrylonitrile and water in
      accordance with the present invention using a suspension bed or a fixed
      bed of catalyst. Combinations thereof may be employed. Two or more
      reactors may be connected in series and the reaction liquid and the
      catalyst, as when a suspension bed system is employed, may be
      counter-currently moved to effect and enhance reaction.
PAR  The hydrolysis process of this invention may be practiced under atmospheric
      pressures, but the process may also be practiced at superatmospheric and
      subatmospheric pressures. Batch processing may be used, but continuous is
      preferred. Superatmospheric pressures help keep a liquid phase during
      processing.
PAR  When practicing the process of the present invention using such a Raney
      copper catalyst prepared as described herein and utilizing a suspension
      bed system, it is preferred to employ the Raney copper catalyst in the
      form of particles at least 90 weight percent of which are in an average
      size range from about 0.002 to 0.100 inch. Similarly, when the present
      invention is practiced using such a Raney copper catalyst in the form of a
      fixed bed system, it is convenient and preferred to use the Raney copper
      catalyst in the form of particles at least 90 weight percent of which
      range in average size from about 0.02 to 0.50 inch.
PAR  In one more preferred catalyst preparation procedure, using the preferred
      route above described, the said group of alloy particles is confined to a
      reaction zone. A caustic solution and a solution of aliphatic hydroxylated
      hydrocarbon compound may be admixed and contacted with said group of
      particles in said zone, but the resulting aqueous medium is gradually
      removed from said zone during the contacting. In another more preferred
      catalyst preparation procedure, using the preferred route above described,
      the said resulting aqueous medium is so removed at a volumetric rate which
      is about equal to the rate of addition of said caustic solution. In such a
      removal procedure, substantially 100 weight percent of this so removed
      resulting aqueous medium can be recycled back into contact with the  group
      of particles being activated. During such a recycle, the so recycled
      aqueous medium is admixed with at least a portion of fresh caustic
      solution before or during recycle contact with such a group of particles.
PAR  Alternatively, less than 100 weight percent of said so removed resulting
      aqueous medium can be recycled back into contact with said group of
      particles. The balance up to 100 weight percent thereof is permanently
      removed from said reaction zone and can be discarded. Caustic may be added
      to such reaction zone at a rate approximately equal to the rate at which
      caustic is consumed through reaction with the aluminum in the alloy. The
      contacting process involving caustic addition may preferably be practiced
      continuously at a rate which is approximately equal to the rate of caustic
      consumption. The amount of aluminum left in the catalyst after an
      activation, as described herein, can vary widely, but in the case of an
      active catalyst used for fixed bed catalysis, it has been found that as
      much as 20 weight percent aluminum (based on total catalyst weight) can be
      present in a catalyst without apparently affecting catalyst use and
      performance characteristics, such as conversion rate, throughout rate of
      reactants, catalyst life, catalyst activity, etc., a fact which is
      somewhat surprising in view of the prior art above reviewed.
PAR  In preparing a catalyst for use in this invention, it will be appreciated
      that there apparently is a sensitive relationship between the temperature
      of activation and the time of caustic contact with starting alloy. In
      general, the higher the temperature, the longer should be the time for
      caustic addition to provide an active catalyst, because under such
      conditions localized overheating of the catalyst particles is avoided or
      reduced to a minimum level. Localized overheating of alloy particles may
      interfere with generation of a catalyst having an optimum desired group of
      characteristics associated therewith for use in the hydrolysis reaction
      constituting the process of the present invention. If one employes a rapid
      reaction between alloy particles and alkali, there tends to be produced a
      lessening of catalyst activity. A surprising amount of heat is liberated
      when one contacts alloy particles with caustic so that, on a large scale
      of catalyst activation, refrigeration equipment could be used to remove
      the exotherm.
PAR  As used herein the term "gradual" includes not only continuous but also
      intermittent addition of alkali to alloy particles or removal of a
      resulting aqueous medium from the zone of a given activation reaction.
PAR  Even after a great portion of removable aluminum in particles has been
      etched away by caustic, as in a conventional Raney copper catalyst
      activation procedure, one can still obtain a benefit (improved catalyst
      activity in the hydrolysis process of this invention) by contacting such
      particles with a solution of alkali metal hydroxide and aliphatic
      hydroxylated hydrocarbon compound in accord with the teachings of this
      invention. Hence, a starting alloy material in particulate form for
      purposes of this invention can be one which has previously undergone a
      contacting with alkali metal hydroxide using, for example, prior art Raney
      copper catalyst activation technology. The beneficial results achieved by
      a contacting conducted in accord with this invention are
      characteristically producible even when using an aqueous treating or
      contacting medium wherein the concentration of alkali metal hydroxide, and
      aliphatic hydroxylated hydrocarbon compound, respectively, is very low.
      Though as those skilled in the art will appreciate one can employ, as
      taught herein relatively high such concentrations, low such concentrations
      are preferred, during a contacting operation as taught herein. Mixtures of
      different ones of the additives taught herein may sometimes be
      advantageously employed during contacting.
PAR  Referring to FIGS. 1 through 4, there are seen four equipment
      configurations, each one of which can be used to treat a group of starting
      alloy particles with aqueous aliphatic hydroxylated hydrocarbon and with
      aqueous alkali metal hydroxide to produce a desired activated Raney copper
      catalyst for use in the present invention. Thus, in FIG. 1 there is seen
      an equipment configuration where a group of particles 9 are confined to a
      reaction zone 10 and a caustic solution is added into the zone 10. The
      liquid added into zone 10 through pipe 11 is allowed to accumulate in the
      zone 10. At the end of the caustic addition, in accordance with the
      preferred catalyst activation procedure of the present invention, and
      after caustic addition is terminated, the resulting treated particles 9
      are removed from zone 10 as taught above. The particles 9 may be either
      initially wet with water or substantially free from water before alkali
      metal hydroxide addition is commenced. In one preferred mode, the
      particles 9 are immersed in water.
PAR  In FIG. 2 is shown a system similar to FIG. 1; corresponding parts thereof
      are similarly numbered, but with the addition of prime marks thereto. The
      system of FIG. 2 is equipped with a drain arrangement 12 which permits one
      to remove gradually from the vicinity of the group of particles 9 the
      medium which results after the alkali metal hydroxide solution and the
      aliphatic hydroxylated hydrocarbon have each been brought into contact
      with the group of particles 9. Preferably, the resulting aqueous medium is
      so removed at a volumetric rate which is about equal to the rate of
      addition of the starting alkali metal hydroxide solution and aqueous
      hydroxylated hydrocarbon.
PAR  In FIG. 3 is shown another system in which the parts similar to those of
      FIG. 1 are similarly numbered but with the addition of double prime marks
      thereto. Here, alkali metal hydroxide solution and the aliphatic
      hydroxylated hydrocarbon are each gradually added into reaction zone 10"
      through a conduit 13. After the alkali metal hydroxide solution from
      conduit 13 has contacted the group of particles 9", the resulting aqueous
      medium is gradually removed through conduit 14. In conduit 14 this
      resulting aqueous medium is conveyed to a connection region 15 where
      conduit 14 is interconnected with a conduit 16. Fresh alkali metal
      hydroxide solution and fresh aliphatic hydroxylated hydrocarbon compound
      are each conveyed through conduit 16 and is mixed with the aqueous medium
      in conduit 14 in the region of connection 15 so that a mixture of the
      aqueous medium and fresh alkali metal hydroxide solution and fresh
      aliphatic hydroxylated hydrocarbon compound results, which mixture is then
      conveyed through conduit 13 back into the reaction zone 10", as shown.
      Such a system as shown in FIG. 3 permits economical use of alkali metal
      hydroxide, as those skilled in the art will appreciate.
PAR  In FIG. 4 is shown another system in which the parts similar to those of
      FIG. 1 are similarly numbered but with the addition of triple prime marks
      thereto. Here alkali metal hydroxide solution and aliphatic hydroxylated
      hydrocarbon compound are gradually added into the reaction zone 10'"
      through a conduit 13'. After the alkali metal hydroxide solutation and
      aliphatic hydroxylated hydrocarbon from conduit 13' has contacted the
      group of particles 9'", the resulting aqueous medium is gradually removed
      through a conduit 14' in conduit 14, this resulting aqueous medium is
      conveyed to a connection 17. At connection 17 a portion of the resulting
      medium is removed through a conduit 18, affluent from conduit 18 may be
      discarded or otherwise disposed safely if desired. The term portion here
      has reference to any fraction of the resulting medium ranging from greater
      than 0 to less than 100 weight percent or volume percent thereof. That
      portion of the resulting medium which is not removed from conduit 18 is
      conveyed by conduit 19 to connection region 15', where conduit 19' is
      connected with a conduit 16'. Fresh alkali metal hydroxide solution and
      fresh aliphatic hydroxylated hydrocarbon are conveyed through conduit 16'
      and is mixed with the aqueous medium in conduit 19 in the region of
      connection 15' so that a mixture of the aqueous medium and fresh alkali
      metal hydroxide solution results, which mixture is then conveyed through
      conduit 13' back into the reaction zone 10'", as shown. Such a system as
      shown in FIG. 4 permits economical use of alkali metal hydroxide and in
      addition permits one selectively to remove spent alkali metal hydroxide
      and accumulated aluminate salts from the system during catalyst
      activation, as those skilled in the art will appreciate.
PAR  In each of the systems of FIGS. 2, 3, and 4, the group of particles 9', 9",
      or 9'", respectively, may be either initially wet with water or
      substantially free from water, and in one preferred mode such respective
      groups of particles 9', 9", or 9'", is immersed in water initially. As
      those skilled in the art will appreciate the representations in FIGS. 1
      through 4 are in no way to be considered as limiting the actual conduit
      arrangement, method of alkali metal hydroxide addition or resulting medium
      removal, equipment orientation, or the like. Thus, for example, while for
      simplicity, gravitational type systems are shown in FIGS. 1 through 4, a
      system based on horizontal flow or vertical flow can be employed if
      desired, or some combination of flow directions of fluid over alloy
      particles during catalyst activation. In these FIGS. 1 through 4, those
      skilled in the art will readily appreciate that vent means for hydrogen
      evolved during activation is conveniently provided. Also, those skilled in
      the art will readily appreciate that actual plant equipment may involve
      more than one unit for a given zone indicated in FIGS. 1 through 4.
PAC  EMBODIMENTS
PAR  The present invention is further illustrated by reference to the following
      Examples. Those skilled in the art will appreciate that other and further
      embodiments are obvious and within the spirit and scope of this invention
      from the teachings of these present Examples taken with the accompanying
      specification.
PAC  EXAMPLE 1
PAR  Activation of alloy to Raney copper catalyst
PAR  A leaching reaction to activate a 50:50 weight ratio copper aluminum alloy
      is carried out using an apparatus arrangement as illustrated in FIG. 1.
      The alloy, which is in the form of particles ranging in size from about
      0.06 to 0.25 inch average diameter size, is placed in a wire basket which
      is rotated in a 1 to 3 liter reaction flask. The flask is provided with a
      nitrogen purge inlet, a buret for caustic addition, a thermometer and a
      hydrogen outlet connected to a Wet Test Meter. Circulation of the leaching
      solution is accomplished by using a turbo-agitator in the flask beneath
      the basket.
PAR  After the alloy is placed in the basket mounted in the reactor flask,
      sufficient deionized water is added to the flask to completely immerse all
      particles and the agitator is set for about 120 r.p.m. Heating to a
      reaction temperature of 105.degree.F is undertaken concurrently with a 30
      minute nitrogen purge. Prior to the addition of the caustic solution an
      aqueous solution of gluconic acid, 50% by weight at ambient temperature,
      is added to the water. The resulting aqueous solution of gluconic acid is
      estimated to contain from about 0.1 to 0.3 weight percent gluconic acid.
      The total amount of acid thus added is about 0.01 grams of acid per gram
      of alloy, on a dry basis.
PAR  When the flask reaches 105.degree.F and the purge is completed, a 50 weight
      percent sodium hydroxide solution is added continuously over a 380 minute
      period to the system until 3 pounds of sodium hydroxide solution per pound
      of alloy have added, while controlling the temperature within .+-.
      2.degree.F with external cooling.
PAR  Contacting with the sodium hydroxide solution is continued until an
      estimated amount of about 80 to 90 weight percent of the total aluminum
      present in the starting alloy has been leached, based on hydrogen
      evolution. The reaction rate is evaluated by monitoring the hydrogen
      evolution every 15 to 30 minutes. Thereafter, the product catalyst is
      immediately removed from the leaching solution and placed into a large
      excess of deionized water. The product catalyst is rinsed with deionized
      water until the pH of the rinse water approaches 7.0 after which the
      product catalyst is stored under deionized water to prevent oxidation
      thereof.
PAC  EXAMPLE 2
PAR  Activation of alloy to Raney copper catalyst
PAR  A leaching reaction using an apparatus arrangement as illustrated in FIG. 2
      to activate a 50:50 weight ratio copper aluminum alloy is performed using
      a 1/2 inch outside diameter semi-batch fixed bed reactor. The reactor is
      provided with a nitrogen purge inlet, a buret for caustic addition, a
      thermometer, and a hydrogen outlet connected to a Wet Test Meter.
PAR  At the bottom of the reactor a 3 to 4 inch bed of 4 mm glass beads are
      initially placed, and on top of this bed is positioned a charge of
      starting alloy, which is in the form of particles ranging from about 0.06
      to 0.25 inch average diameter. A second bed of similar bead thickness is
      then placed on top of the alloy charge in the reactor. Then deionized
      water at ambient temperature is circulated through the bed while the
      reactor is being heated to 105.degree.F. Immediately after heating is
      commenced, an aqueous solution of 50 weight percent gluconic acid at
      ambient temperature is added to the circulating water solution at a level
      sufficient to produce a ratio of 0.001 grams gluconic acid per gram of
      alloy in the reactor; such addition is continued during this entire
      activation procedure during subsequent caustic solution addition to the
      reactor.
PAR  Circulation of the leaching solution is accomplished by pumping a 1%
      caustic solution (dry basis) at a rate of 0.1 grams caustic per gram alloy
      per hour and allowing the results aqueous medium to be removed from the
      reactor at a rate approximating the pumping rate. A liquid level,
      sufficient to immerse the alloy and resulting catalyst, is maintained
      during the activation with a liquid leg device so that greater heat
      transfer capabilities may be obtained.
PAR  When the unit reaches 105.degree.F, the caustic solution, containing added
      gluconic acid in solution at a concentration estimated to be from 0.01 to
      0.03 weight percent, is added until a total charge of about 3 grams of
      caustic per gram of alloy has been contacted with the alloy. The
      circulation rate is thus about 10 grams resulting solution per gram of
      alloy particles per hour. The reaction is continued until about 80 to 90
      weight percent of the total amount of aluminum estimated to be present in
      the starting alloy has been leached, based on hydrogen evolution. The
      reaction rate is evaluated by monitoring the hydrogen evolution every 15
      to 30 minutes.
PAR  The resulting product catalyst is then washed with deionized water until
      the pH of the wash water reaches the range of from about 7 to 7.5. The
      product catalyst is then retained under water to prevent oxidation.
PAC  EXAMPLE 3
PAR  Activation of alloy to Raney copper catalyst
PAR  A leaching reaction using an apparatus arrangement as illustrated in FIG. 3
      to activate a 50:50 weight ratio copper aluminum alloy is performed using
      a 1/2 inch outside diameter semi-batch fixed bed reactor. The reactor is
      provided with a nitrogen purge inlet, a buret for caustic addition, a
      thermometer, and a hydrogen outlet connected to a Wet Test Meter.
      Circulation of the leaching solution is accomplished by using a pump that
      is connected in a closed loop to the fixed bed reactor.
PAR  At the bottom of the reactor a 3 to 4 inch bed of 4 mm glass beads are
      placed on top of which is positioned a charge of starting alloy, which is
      in the form of particles ranging from about 0.06 to 0.25 inch average
      diameter. A second bed of similar bead thickness is placed on top of the
      alloy charge in the reactor. Thereafter, deionized water is circulated
      through the bed while the reactor is being heated to 105.degree.F.
      Thereafter an aqueous solution of 50 weight percent gluconic acid at
      ambient temperature is added to the water in a quantity to provide about
      0.01 grams of gluconic acid per gram of alloy. The resulting aqueous
      gluconic acid concentration is estimated to be from 0.1 to 0.3 weight
      percent.
PAR  When the unit reaches 105.degree.F, a 50 weight percent sodium hydroxide
      solution is begun to be added at a rate of about 0.2 grams sodium
      hydroxide per gram of alloy per hour until a total charge of about 3.0
      grams of such sodium hydroxide solution have been added per gram of alloy.
      Using a medium circulation rate similar to that employed in Example 2, the
      reaction is continued until about 80 to 90 weight percent of the total
      amount of aluminum estimated to be present in the starting alloy has been
      leached, based on hydrogen evolution.  The reaction rate is evaluated by
      monitoring the hydrogen evolution every 15 to 30 minutes.
PAR  The resulting product catalyst is then washed with deionized water until
      the pH of the wash water reaches the range of from about 7 to 7.5. The
      product catalyst is then retained under water to prevent oxidation.
PAC  EXAMPLE 4
PAR  Activation of alloy to Raney copper catalyst
PAR  A leaching reaction using an apparatus arrangement as illustrated in FIG. 4
      to activate a 50:50 weight ratio copper aluminum alloy is performed using
      a 1/2 inch outside diameter semi-batch fixed bed reactor. The reactor is
      provided with a nitrogen purge inlet, a buret for caustic addition, a
      thermometer, and a hydrogen outlet connected to a Wet Test Meter.
      Circulation of the leaching solution is accomplished by using a pump that
      is connected in a closed loop to the bed reactor.
PAR  At the bottom of the reactor a 3 to 4 inch bed of 4 mm glass beads are
      placed on top of which is positioned a charge of starting alloy, which is
      in the form of particles ranging from about 0.06 to 0.25 inch average
      diameter. A second bed of similar bead thickness is placed on top of the
      alloy charge in the reactor. Thereafter deionized water at ambient
      temperature is circulated through the bed while the reactor is being
      heated to 105.degree.F. Immediately after heating is commenced an aqueous
      solution of 50 weight percent gluconic acid solution is added at ambient
      temperature to the water in a quantity to provide about 0.01 grams of
      gluconic acid per gram of alloy. The resulting aqueous gluconic acid
      concentration is estimated to be from 0.1 to 0.3 weight percent. When the
      unit reaches 105.degree.F, a 50 weight percent sodium hydroxide solution
      containing added gluconic acid in solution at a concentration estimated to
      be from 0.01 to 0.03 weight percent, is added at a rate of 0.2 grams of
      sodium hydroxide solution per gram of alloy per hour until a total charge
      of about 3.0 grams of such sodium hydroxide solution have been added per
      gram of alloy. A circulation rate similar to that of Example 2 is
      employed. During such sodium hydroxide addition, a portion of the
      resulting aqueous medium is removed from the system at a rate of 0.25
      grams per hour per gram of alloy.
PAR  The reaction is continued until about 80 to 90 weight percent of the total
      amount of aluminum estimated to be present in the starting alloy has been
      leached, based on hydrogen evolution. The reaction rate is evaluated by
      monitoring the hydrogen evolution every 15 to 30 minutes.
PAR  The resulting product catalyst is then washed with deionized water until
      the pH of the wash water reaches the range of from about 7 to 7.5. The
      product catalyst is then retained under water to prevent oxidation.
PAC  EXAMPLE 5
PAR  Hydrolysis Process
PAR  The catalyst prepared according to the procedure of Example 1 is packed
      into a 12 inch continuous acrylonitrile hydrolysis reactor so as to form a
      fixed catalyst bed therein, the catalyst being covered with water during
      the charging operation to avoid oxidizing same. The reactor is sealed and
      pressure checked.
PAR  Water at the rate of 3.7 ml per minute and acrylonitrile at the rate of 1.5
      ml per minute are charged to the reactor and the reactor temperature is
      raised to 175.degree.F. When the reactor reaches 175.degree.F and the flow
      rates are lined out, a 1 hour conditioning period is undertaken to insure
      that the system is equilibrated. A test is then started and a composite
      sample of the product stream is taken after 60 minutes followed by a
      second composite sample at the end of the next 30 minutes to check for
      possible variations.
PAR  Thereafter the water feed rate is reset to 2.65 ml per minute and the
      acrylonitrile feed rate is reset to 1.1 ml per minute. The unit is allowed
      to equilibrate for 30 minutes, and then a sample of the product is taken
      in the same manner as done previously.
PAR  The samples are submitted to gas chromatographic analysis for determination
      of water, acrylamide, and acrylonitrile content. Samples that are two
      phased are dissolved in methanol to yield a single phase sample for this
      analysis. The shut-down procedure requires cooling the reactor,
      terminating the nitrile feed, and flushing the reactor with water to
      remove any residual nitrile.
PAR  The catalyst evaluated in this procedure is compared with other catalysts
      produced using the process of Example 1 with modifications as shown in
      Table 1. Evaluation of the catalysts provided information relating the
      relative activity of catalysts to the process condition under which the
      catalyst is prepared. The aforementioned relative activity is based on the
      concept that under a specific set of reactor operating conditions, e.g.,
      temperature, feed contact time, acrylonitrile concentration in the feed,
      the same conversion level of acrylonitrile to acrylamide is obtained by
      varying the weight of catalyst present in the reaction zone. The ratio of
      the weight of catalyst required, to obtain the same conversion level of
      acrylonitrile to acrylamide as obtained with the catalyst assigned an
      activity of 1.0, to the weight of catalyst having an activity of 1.0, is
      the reciprocal of the catalyst activity. To illustrate, if the catalyst to
      obtain a conversion level of acrylonitrile to acrylamide of about 80% and
      a second catalyst requires 25 grams of catalyst to effect the same
      conversion of acrylonitrile to acrylamide of about 80%, then the
      reciprocal of the relative activity of the latter catalyst is 25 grams/50
      grams = 0.5, and thus the relative activity is 1/0.5 = 2.0. Use of this
      analysis under the operating conditions described in this example provides
      the relative activity value of catalysts produced under various operating
      conditions using the activation process of Example 1. The results are
      summarized below in Table 1. The aforementioned relative activity is
      measured by the procedure described in Example 8 (parts a-n). When each of
      the catalysts prepared by the teachings of Examples 2, 3 and 4 is used in
      the hydrolysis reaction in the manner just described, similar results are
      obtained. The information contained in Table 1 demonstrates the vast
      difference in generating a catalyst as defined in this invention when
      compared to a catalyst activated by the method thereinabove referred to as
      the Kawaken method. It is evident to those familiar with the art that the
      relative activity of a catalyst activated by the method claimed in this
      invention is significantly more active, i.e., by a factor of 4 to 7 times
      as active, as a catalyst prepared by the Kawaken method.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                                                    CATALYST                   
     CATALYST CATALYST ACTIVATION CONDITIONS        ACTIVITY                   
     Catalyst                                                                  
          Tyler Sieve                                                          
                  Activation                                                   
                         % NaOH                                                
                              NaOH  grams Gluconic                             
                                            Comments                           
                                                    relative to the            
          size range                                                           
                  Temperature                                                  
                         (4)  addition                                         
                                    acid per 100                               
                                            (5)     standard basis -           
                              time (3)                                         
                                    grams of alloy  dimension                  
     __________________________________________________________________________
                                                    less                       
     a    6-8 mesh                                                             
                  85.degree.F                                                  
                          20% O     O       Prepare 1.00                       
                                            catalyst                           
                                            using                              
                                            method                             
                                            described                          
                                            by Kawaken                         
                                            Chemical                           
                                            Company (2)                        
     b    6-8     85     20    94 min.                                         
                                    0       Prepare 3.15                       
                                            catalyst                           
     c    6-8     105    10   135 min.                                         
                                    1.33    using   4.96                       
                                            method                             
     d    6-8     105    10   381 min.                                         
                                    5.32    claimed 7.63                       
                                            in this                            
     e    6-8     85     10   381 min.                                         
                                    5.32    invention (1)                      
                                                    7.82                       
     __________________________________________________________________________
     FOOTNOTES FOR TABLE 1                                                     
     __________________________________________________________________________
     1. The catalysts (b), (c), (d), and (e) are prepared according to the     
     method taught in Example 1, except that                                   
     the activation temperatures, per cent NaOH, NaOH addition time, and grams 
     gluconic acid per 100 grams of alloy                                      
     are varied as summarized in this Table.                                   
     2. Catalyst (a) is prepared by the method described by Kawaken Chemical   
     Company, in which the alloy particles                                     
     are incrementally added over a 1.5 hour period to an agitated solution to 
     which all of the sodium hydroxide has                                     
     been added prior to adding the alloy particles. After adding all alloy    
     particles, the particles and sodium                                       
     hydroxide are contacted for an additional 21/2 to 3 hours before removing 
     the particles from the sodium                                             
     hydroxide solution and washing them free of excess caustic.               
     3. In all cases, 2.5 to 3.0 grams of 50% sodium hydroxide solution per    
     gram of alloy are added to the reactor                                    
     flask over the indicated NaOH addition time.                              
                                      W(0.5)                                   
                      4. Percent NaOH is calculated as :                       
                                      S + W                                    
     where W is the weight of 50% NaOH solution added to the reactor flask,    
     and S is the weight of water initially                                    
     present in the reactor flask just before starting the addition of the     
     NaOH solution to the reaction flask.                                      
     5. Catalyst (b) is inferior to catalysts (c), (d), and (e) because of the 
     presence of the gluconic acid during                                      
     catalyst activation in catalysts (c), (d), and (e).                       
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  Hydrolysis process for testing catalyst life
PAR  A system for hydrolyzing acrylonitrile to acrylamide is a reactor in the
      design of a double pipe heat exchanger with a flow system as indicated in
      FIG. 2. The inner tube which constitutes the reaction zone which has a 5
      foot length and is formed of 316 stainless steel and has 1" outside
      diameter schedule 10S pipe. The inner tube is uniformly surrounded by a
      jacket which is provided with an inlet at the bottom of the jacket and
      also with an outlet at the top of the jacket to allow circulation of a
      heat transfer medium to remove heat generated from the reaction. A
      temperature sensing device is installed in the inner pipe to allow
      temperature measurements throughout the reaction zone.
PAR  During operation of the reactor, acrylonitrile and water are separately
      pumped from volumetrically calibrated feed tanks, combined, heated and
      introduced into the bottom of the reactor. The reactor is maintained under
      pressure to allow maintaining liquid phase conditions. In this Example,
      the following process conditions apply to the operation in test of a
      catalyst prepared in the manner of Example 1, except that 0.053 grams of
      gluconic acid per gram of alloy are initially added to the water and
      approximately 4.1 grams of 50% NaOH solution are added per gram of alloy
      over a 5 hour period, and also except that the metal particles are not
      placed in a basket but are deposited on the bottom of the reaction vessel.
TBL  ______________________________________                                    
     Reactor temperature 220.degree. .+-. 2.degree.F.                          
     Weight percent acrylonitrile                                              
     in the feed       35 .+-. 1%                                              
     Weight hourly space velocity 2.0 .+-. 0.3 pounds of feed per pound        
     of catalyst per hour.                                                     
     ______________________________________                                    
PAR  As previously mentioned, the catalyst here used is a nominal 50% copper,
      50% aluminum alloy activated in the manner described in this invention. A
      quantitative analysis of this catalyst after activation indicates that the
      activated catalyst composition is 81 weight percent copper and 19 weight
      percent aluminum. The catalyst, which is in the form of particles ranging
      in size from about 0.06 to 0.125 inches in diameter, is typical of other
      catalysts prepared as taught herein and evaluated in the process of this
      invention.
PAR  Product leaving the reactor is cooled before being reduced to atmospheric
      pressure. Such product is collected in a final receiver and analyzed for
      acrylamide, acrylonitrile and water content. Based on these respective
      analyses, conversion level of acrylamide, and activity of the catalyst at
      a particular point in time is determined by the method of Example 8(a-n).
PAR  The initial activity of the catalyst is determined to be 7.1. After about
      500 hours of operation at the described test conditions, catalyst activity
      remains at 7.1, within experimental error. After approximately 1700 hours
      of operation at the described test conditions, the catalyst activity is
      determined to be 4.7.
PAR  A typical catalyst prepared in the manner of this invention, has
      demonstrated remarkable life along with the previously mentioned high
      activity. Using the hydrolysis test for determing catalyst life, a
      catalyst has been tested for more than 1700 continuous operating hours,
      during which period more than 1100 pounds of acrylamide per pound of
      catalyst were produced with an initial conversion level of acrylonitrile
      to acrylamide of about 80% and at the end of the test a final conversion
      level of acrylamide to acrylonitrile of about 70%.
PAR  The extremely long life of this catalyst and the small loss of catalyst
      activity over this period, demonstrates the superiority of this catalyst
      preparation method.
PAC  EXAMPLE 7 (PARTS A THROUGH R)
PAR  A series of 18 different Raney copper catalysts are prepared using the
      following standardized procedure.
PAR  A three liter reaction flask is provided with a nitrogen purge inlet, a
      buret for caustic addition, a thermometer, and a hydrogen outlet connected
      to a wet test meter. A basket is attached to a motor-driven agitator shaft
      so that the basket can be rotated inside the reaction flask during the
      activation procedure.
PAR  A total of 200 grams of copper/aluminum alloy particles are placed inside
      of the basket. The particles are between 6 and 8 Tyler mesh in size, and
      they are approximately 50% aluminum and 50% copper on a weight percentage
      basis. A total of approximately 2650 grams of deionized water and a
      preselected amount of an organic additive are charged to the flask. The
      flask is subsequently closed and purged with nitrogen to prevent forming
      an explosive gas mixture during activation. A total of 662 grams of a 50%
      by weight solution of sodium hydroxide in water are added to the flask
      incrementally over approximately a 4 hour period. After completing the
      sodium hydroxide addition, the mixture is held for an additional time
      period sufficient to allow a total of 4.2 to 4.7 cubic feet of hydrogen to
      evolve from the flask, as measured by the wet test meter. During the
      sodium hydroxide addition and the subsequent hold period the temperature
      of the liquid is maintained between 40.degree. and 43.degree.C. The basket
      containing the metal particles is rotated inside the liquid during the
      sodium hydroxide addition and subsequent hold period. After completing the
      activation procedure, the resulting Raney copper catalyst particles are
      washed repeatedly with water until the washings show a pH which is less
      than 8. Fines are removed by wet screening on a 10 Tyler mesh screen and
      subsequently are stored under water prior to testing for acrylonitrile
      hydration activity.
PAR  A total of 15 different organic additives are individually tested using the
      preceding procedure. The additives tested are (a) gluconic acid; (b)
      lactic acid; (c) malic acid; (d) malonic acid; (e) sorbitol; (f) tartaric
      acid; (g) glycolic acid; (h) dextrose monohydrate; (i) sucrose; (j)
      glycerol; (k) pentaerythritol; (l) corn starch; (m) citric acid; (n)
      ethylene glycol; (o ) and (p) sorbitol (retested); and (q) glyceraldehyde.
      A blank or control catalyst test (designated (r)) is run in which no
      additive is added to the catalyst preparation reaction vessel. Table 2
      below summarizes the results.
PAC  EXAMPLE 8 (PARTS A THROUGH R)
PAR  The 18 catalysts (17 with additives) prepared in Example 1 are each tested
      for acrylonitrile hydration activity by using the following standardized
      procedure:
PAR  A total of 80.6 grams of wet catalyst are charged to a reaction tube which
      has been fabricated from 2/4 inch diameter pipe. The reaction tube is
      immersed in a hot water bath which is used to control temperature inside
      the tube, as measured by thermocouples which are enclosed inside of a
      thermowell which projects into the reaction tube from one end.
PAR  When this reactor is used to determine activity of a catalyst,
      acrylonitrile and water are separately pumped from volumetrically
      calibrated feed tanks, combined, heated, and introduced into the bottom of
      the reactor. The reactor is maintained under pressure as necessary to
      allow maintaining liquid phase conditions. Product leaving the reactor is
      cooled before reducing pressure to atmospheric. Product is collected and
      analyzed by gas chromotagraphy for weight % acrylamide, acrylonitrile, and
      water. From this analysis the percent conversion of acrylonitrile to
      acrylamide is estimated.
PAR  For each catalyst, a series of different tests are run at different contact
      times with all other variables held constant, as follows:
PAR  1. Arithmetic mean catalyst bed temperature of approximately 175.degree.F.
PAR  2. Feed composition 100% basis of 25 weight % acrylonitrile and 75 weight %
      water.
PAR  Contact time is inversely measured as weight hourly space velocity (WHSV),
      which is defined as weight hourly feed rate divided by dry catalyst weight
      in the reaction zone.
PAR  The contact times are varied to bracket a 35% conversion of acrylonitrile
      to acrylamide. The WHSV required for a 35% conversion is estimated by
      graphical or statistical interpolation. The catalyst activity (a) is then
      calculated from the following expression:
EQU  a = 1.2 (WHSV.sub.35)
PAL  where WHSV.sub.35 is the weight hourly space velocity required for 35%
      conversion of acrylonitrile to acrylamide.
PAR  The activities determined by the preceding procedure for the catalysts
      prepared in Example 7 are tabulated in Table 2 below and presented
      graphically in FIG. 5. All additives having three or more carbon-oxygen
      groups per molecule impart improved activity to the Raney copper catalyst
      when utilized at a solution concentration of 0.15%. All additives having
      two carbon-oxygen groups per molecule did not make catalysts having
      greater activity, when utilized at a solution concentration of 0.15%, than
      the so-called blank catalyst where no additive is used. Ethylene glycol,
      when utilized at a 9.5% solution concentration, did show an increase in
      activity over the blank catalyst made without additive, which shows that
      the less effective additives containing only two carbon oxygen bonds can
      improve catalyst activity when used at higher concentrations. With the
      exception of the polysaccharides, which are not shown on FIG. 5, additives
      with a greater number of carbon-oxygen groups per molecule generally
      produce catalysts with higher activities. Glyceraldehyde, however, is a
      notable exception in producing catalysts of much higher activity than
      other additives with three carbon-oxygen bonds.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                  Additive Level                                               
                           Additive Concentration                              
                  (percent based                                               
                           in Solution* Catalyst                               
     Additive     on alloy charge)                                             
                           (% by Wt.)   Activity                               
     __________________________________________________________________________
     (a) gluconic acid                                                         
                  2.5      0.15         6.2                                    
     (b) lactic acid                                                           
                  2.5      0.15         2.8                                    
     (c) malic acid                                                            
                  2.5      0.15         3.7                                    
     (d) malonic acid                                                          
                  2.5      0.15         3.1                                    
     (e) sorbitol 2.5      0.15         8.4                                    
     (f) tartaric acid                                                         
                  2.5      0.15         4.2                                    
     (g) glycolic acid                                                         
                  2.5      0.15         3.2                                    
     (h) dextrose monohydrate                                                  
                  2.5      0.15         8.2                                    
     (i) sucrose  2.5      0.15         4.9                                    
     (j) glycerol 2.5      0.15         3.6                                    
     (k) pentaerythritol                                                       
                  2.5      0.15         4.4                                    
     (l) corn starch                                                           
                  2.5      0.15         3.8                                    
     (m) citric acid                                                           
                   1.25    0.08         4.3                                    
     (n) ethylene glycol                                                       
                  175      9.6          4.5                                    
     (o) sorbitol  75      4.3          8.3 to 11.2                            
     (p) sorbitol 7.5      0.45         10.0                                   
     (q) glyceraldehyde                                                        
                  5.0      0.3          7.4                                    
     (r) blank - no additive                                                   
                  0        0            3.2                                    
     __________________________________________________________________________
      *After NaOH addition is complete, on an aluminate free basis.            
PAC  EXAMPLE 9
PAR  A catalyst first is prepared in the same manner as described in Example 7
      but, without adding any additive to the reaction flask prior to or during
      the sodium hydroxide addition period.
PAR  Then this catalyst is treated as follows: A clean reaction flask as
      described and equipped in Example 7 is filled with approximately 2,650
      grams of deionized water, 662 grams of a 50% aqueous sodium hydroxide
      solution, and 10 grams of a 50% gluconic acid solution. The previously
      prepared Raney copper catalyst is charged into the basket which is
      immersed into this resulting solution and the basket is rotated in the
      solution for 31/3 hours. The liquid temperature is held between the
      40.degree. and 43.degree.C. Only 0.143 cubic feet of hydrogen are
      involved, as measured by a wet test meter.
PAR  The catalyst is subsequently tested for acrylonitrile hydration activity by
      the method of Example 8. The catalyst is found to have an activity of 4.9,
      which is about 50% higher than the nonadditive treated catalyst of Example
      8 (r) which was prepared without any exposure to any additive with the
      sodium hydroxide.
PAC  EXAMPLE 10
PAR  A Raney copper catalyst is prepared using the apparatus of FIG. 3. The
      preparation is conducted without the use of an additive in the activating
      sodium hydroxide.
PAR  The system is charged with 10.5 pounds of 50% copper/50% aluminum alloy
      particles of 6 to 8 mesh particle size. Approximately 36 gallons of water
      are charged to this system, and a circulation rate of 1.5 gpm is begun
      through the particle bed and continues throughout the sodium hydroxide
      addition step period. A total of about 31 pounds of a 50% aqueous sodium
      hydroxide solution is subsequently added to the water at a substantially
      uniform rate over an 81/2 hour period. The circulation is continued until
      about 80 to 90 weight percent of the aluminum initial present is removed,
      as measured by hydrogen evolution. The catalyst is then first washed over
      wash water until a pH of less than 8 is achieved, and subsequently is
      screened on a 10 mesh screen.
PAR  This catalyst is charged to the apparatus of Example 6, and is run for an
      extended period at the following test conditions:
PA1  Temperature:  220.degree.F
PA1  Whsv: 1.5
PA1  acrylonitrile to water weight ratio: 35/65
PAR  Initial activity of the catalyst is determined by the procedure of Example
      8 to be approximately 2.8. After about 500 hours of operation, the
      activity is determined by the procedure of Example 8 to have declined to
      1.3.
PAR  The catalyst of Example 6, which was prepared using gluconic acid, showed
      no decline in activity over a 500 hour test period when similarly
      evaluated, and in fact retained a higher percentage of its initial
      activity after over 1,700 hours of operation than the non-additive treated
      catalyst of this example retained after only 500 hours of operation,
      thereby demonstrating that a more useful catalyst is obtained with the use
      of gluconic acid as an additive in the activation period.
CLMS
STM  The claims are:
NUM  1.
PAR  1. In an improved process of the type wherein acrylonitrile is hydrolyzed
      to acrylamide under aqueous liquid phase conditions in the presence of a
      Raney copper catalyst, the improvement which comprises using as said Raney
      copper catalyst one which has been prepared by contacting particles of a
      metal alloy comprised of copper and aluminum with an aqueous solution
      which has dissolved therein on a 100 weight percent total by-product free
      solution basis from greater than 0 to about 25 weight percent alkali metal
      hydroxide and from about greater than 0 to about 25 weight percent, or the
      solubility limit thereof in water, whichever is lower, of at least one
      aliphatic hydroxylated hydrocarbon compound, said aliphatic hydroxylated
      hydrocarbon compound having at least two carbon atoms per molecule, and at
      least two groups per molecule each of which is independently selected from
      the class consisting of hydroxyl, carboxyl, aldehyde, alkali metal
      carboxylate and esterified carboxylate, at least one of said groups being
      hydroxyl, said contacting being conducted at a temperature of below about
      80.degree.C.
NUM  2.
PAR  2. The process of claim 1 wherein said metal alloy is comprised of aluminum
      and copper in a weight percent ratio of from about 70:30 to 30:70 aluminum
      to copper in the form of particles ranging in size from about 0.001 to 0.5
      inch.
NUM  3.
PAR  3. The process of claim 1 wherein said Raney copper catalyst is comprised
      of from about 2 to 45 weight percent aluminum with the balance up to 100
      weight percent thereof being copper.
NUM  4.
PAR  4. The process of claim 1 wherein said hydrolysis process is conducted
      using a starting composition comprised of from about 10 to 75 weight
      percent acrylonitrile with the remainder up to 100 weight percent thereof
      being water.
NUM  5.
PAR  5. The process of claim 4 wherein said hydrolysis process is conducted at a
      temperature in the range from about 60.degree. to 150.degree. C.
NUM  6.
PAR  6. The process of claim 1 wherein said hydrolysis process is conducted
      using a starting composition containing from about 30 to 40 weight percent
      acrylonitrile with the remainder up to 100 weight percent thereof being
      water and at temperatures of from about 70.degree. to 125.degree. F.
NUM  7.
PAR  7. The process of claim 1 wherein said solution comprises from greater than
      0 to about 15 weight percent alkali metal hydroxide, from greater than 0
      to about 5 weight percent hydroxylated hydrocarbon compound and with the
      balance up to 100 weight percent thereof being water.
NUM  8.
PAR  8. The process of claim 1 wherein said solution comprises from greater than
      0 to about 5 weight percent alkali metal hydroxide, from about 0.01 to
      about 1.0 weight percent hydroxylated hydrocarbon compound, and with the
      balance up to 100 weight percent thereof being water.
NUM  9.
PAR  9. The process of claim 1 wherein at least about 25 weight percent of the
      initially present aluminum in said alloy particles is removed during said
      contacting.
NUM  10.
PAR  10. The process of claim 1 wherein said contacting is conducted for a time
      ranging from about 1/2 to 30 hours.
NUM  11.
PAR  11. The process of claim 1 wherein before said contacting with said
      solution said alloy is preliminarily contacted with a preliminary
      composition which comprises an aqueous solution of at least one
      hydroxylated hydrocarbon compound.
NUM  12.
PAR  12. The process of claim 11 wherein said preliminary composition comprises
      from greater than 0 to about 25 weight percent hydroxylated hydrocarbon
      compound with the balance up to 100 weight percent on a total composition
      basis being water.
NUM  13.
PAR  13. The process of claim 11 wherein said preliminary composition comprises
      from greater than 0 to about 5 weight percent hydroxylated hydrocarbon
      compound with the balance up to 100 weight percent on a total composition
      basis being water.
NUM  14.
PAR  14. The process of claim 1 wherein said Raney copper catalyst is in the
      form of particles at least 90 weight percent of which range in average
      size from about 0.002 to 0.100 inch, which particles are suspended in the
      reactants.
NUM  15.
PAR  15. The process of claim 1 wherein said Raney copper catalyst is in the
      form of particles at least 90 weight percent of which range in average
      size from about 0.02 to 0.5 inch which particles are in the form of a
      fixed bed over and through which the reactants are passed.
NUM  16.
PAR  16. An improved process for making acrylamide from acrylonitrile comprising
      the steps of:
PA1  A. activating a Raney copper catalyst through contact of aqueous alkali
      metal hydroxide with a metal alloy in particulate form and comprised of
      copper and aluminum thereby to remove from such allow particles at least
      about 25 weight percent of the aluminum initially present therein, at
      least a portion of such contacting being conducted over a time interval of
      from 1/2 to 30 hours using an aqueous alkali metal hydroxide solution
      which additionally has dissolved therein a hydroxylated hydrocarbon
      compound, said hydroxylated hydrocarbon compound having at least three
      carbon atoms per molecule, and at least three groups per molecule each of
      which is independently selected from the class consisting of hydroxyl,
      carboxyl, aldehyde, alkali metal carboxylate and esterified carboxylate,
      at least one of said groups being hydroxyl,
PA1  B contacting the so activated Raney copper catalyst with an aqueous
      composition comprising from about 10 to 75 weight percent acrylonitrile
      with the remainder up to 100 weight percent thereof being water while
      maintaining a temperature of from about 60.degree. to 150.degree.C thereby
      to hydrolyze at least a portion of said acrylonitrile to acrylamide.
NUM  17.
PAR  17. In a process for catalytically hydrolyzing acrylonitrile to acrylamide
      by contacting acrylonitrile in the presence of water with a Raney copper
      catalyst, the improvement which comprises the steps of:
PA1  A. first contacting an aqueous solution of a hydroxylated hydrocarbon
      compound with a group of metal alloy particles comprised of copper and
      aluminum, said hydroxylated hydrocarbon compound having at least three
      carbon atoms per molecule, and at least three groups per molecule each of
      which is independently selected from the class consisting of hydroxyl,
      carboxyl, aldehyde, alkali metal carboxylate and esterified carboxylate,
      at least one of said groups being hydroxyl,
PAR  1. said solution containing from about 0.01 to 1 weight percent of said
      hydroxylated hydrocarbon compound in dissolved form,
PA2  2. said group having an average particle size diameter in the range from
      about 0.001 to 0.5 inch,
PA2  3. said alloy having a copper to aluminum weight ratio of from about 30:70
      to 70:30,
PA2  4. said solution having a temperature in the range from about 0.degree. to
      80.degree. C,
PA1  B. secondly contacting the resulting said group of alloy particles with an
      aqueous caustic solution,
PA2  1. said aqueous caustic solution containing from greater than 0 to about 5
      weight percent dissolved alkali metal hydroxide,
PA2  2. said contacting being accomplished over a total time interval of from
      about 1/2 to 30 hours,
PA2  3. said caustic solution being added gradually to said group over said time
      interval,
PAR  4. the contact rate of starting caustic solution being added to said group
      during such contacting being from about 0.01 to 10 pounds caustic per
      pound of said starting group of alloy particles per hour,
PA2  5. the total quantity of caustic so added being in the range of from about
      0.5 to 25 pounds of caustic per pound of said starting group of particles,
PA2  6. said aqueous caustic solution and the resulting aqueous medium produced
      in such contacting each having a temperature in the range from about
      0.degree. to 80.degree. C,
PA2  7. said group being maintained in said contact with said solution of said
      hydroxylated hydrocarbon compound during said contacting with said aqueous
      caustic solution by admixture of such respective solutions,
PA1  C. washing the so-treated group of product particles to separate therefrom
      remaining unreacted caustic, and
PA1  D. thirdly contacting at a temperature of from about 60.degree. to
      150.degree. C the so-washed group of particles with an aqueous composition
      comprising from about 10 to 75 weight percent acrylonitrile with the
      remainder to 100 weight percent thereof being water.
NUM  18.
PAR  18. The process of claim 6 wherein time interval of said second contacting
      ranges from about 4 to 12 hours.
NUM  19.
PAR  19. The process of claim 17 wherein said group of particles is confined to
      a reaction zone and said caustic solution is added into said reaction zone
      and said resulting medium is allowed to accumulate in said zone.
NUM  20.
PAR  20. The process of claim 19 wherein said group of particles is initially
      wet with water.
NUM  21.
PAR  21. The process of claim 19 wherein said group of particles is initially
      substantially free from water.
NUM  22.
PAR  22. The process of claim 20 wherein said group of particles is immersed in
      water.
NUM  23.
PAR  23. The process of claim 16 wherein said group of particles is confined to
      a reaction zone, and said caustic solution is first contacted with said
      group of particles in said zone and said resulting medium is gradually
      removed from said zone.
NUM  24.
PAR  24. The process of claim 23 wherein said resulting medium is so removed at
      a volumetric rate which is about equal to the rate of addition of said
      caustic solution.
NUM  25.
PAR  25. The process of claim 23 wherein substantially 100 weight percent of
      said so removed, resulting medium is recycled back into contact with said
      group of particles.
NUM  26.
PAR  26. The process of claim 25 wherein said so recycled medium is admixed with
      at least a portion of said caustic solution before or during recycle
      contact with said group of particles.
NUM  27.
PAR  27. The process of claim 23 wherein less than 100 weight percent of said so
      removed, resulting medium is recycled back into contact with said group of
      particles and the balance up to 100 weight percent thereof remains removed
      from said reaction zone.
NUM  28.
PAR  28. The process of claim 16 wherein said hydroxylated hydrocarbon compound
      is polyhydroxylated aliphatic carboxylic acid.
NUM  29.
PAR  29. The process of claim 28 wherein said acid is characterized by the
      formula:
      ##EQU3##
      wherein: R,R',R",R'" and R"" are each independently H, lower alkyl, OH, or
      COOH, provided that at least one of R,R', R", R'" and R"" is hydroxyl and
      that at least one other of such R, R', R", R'" and R"" groups is either
      carboxyl or hydroxyl,
PA1  n is an integer of from 2 through 8, and
PA1  m is an integer from 0 through 4.
NUM  30.
PAR  30. The process of claim 16 wherein said hydroxylated hydrocarbon compound
      is characterized by the formula:
EQU  R -- (CHOH).sub.n -- COOH
PAL  wherein R is selected from the group consisting of CH.sub.3, CH.sub.2 OH,
      COOH, CHO and --H, and
PA1  n is an integer of from 1 through 5.
NUM  31.
PAR  31. The process of claim 16 wherein hydroxylated hydrocarbon compound is
      characterized by the formula:
EQU  H--(CHOH).sub.n -- CH.sub.2 OH
PAL  wherein n is an integer of from 3 through 8.
NUM  32.
PAR  32. The process of claim 16 wherein hydroxylated hydrocarbon compound is a
      saccharide or glycoside.
NUM  33.
PAR  33. The process of claim 1 wherein said hydroxylated hydrocarbon compound
      is selected from the group consisting of gluconic acid, its alkali metal
      and ammonium salts, and esters thereof.
NUM  34.
PAR  34. The process of claim 1 wherein said hydroxylated hydrocarbon compound
      is dextrose.
NUM  35.
PAR  35. The process of claim 1 wherein said hydroxylated hydrocarbon compound
      is selected from the group consisting of sorbitol and mannitol.
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ABST
PAL  This invention relates to new derivatives of
      2-amino-(1,2,3,4-tetrahydronaphthalene), namely
      2-[N-phenyl-N-(R.sub.1,R.sub.2 -aminoalkyl or
      alkanoyl)]-amino-(1,2,3,4-tetrahydronaphthalenes), in which R.sub.1 and
      R.sub.2 represent a lower alkyl group or form together with the attached
      nitrogen atom a nitrogenous heterocyclic ring, with the proviso that
      R.sub.1 may also represent hydrogen, as well as to the acid addition salts
      of these new derivatives.
PAL  These new derivatives are active for the treatment of heart arrhythmy.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention relates to new derivatives of
      2-amino-(1,2,3,4-tetrahydronaphthalene), to the preparation and to the use
      thereof.
PAR  The new derivatives of 2-amino-(1,2,3,4-tetrahydronaphthalene) are
      2-[N-phenyl-N-(R.sub.1,R.sub.2 -aminoalkyl or
      alkanoyl)]amino-(1,2,3,4-tetrahydronaphthalene) of the general formula:
      ##SPC1##
PAL  In which n = 1 or 2, X represents two hydrogen atoms or one oxygen atom,
      R.sub.1 and R.sub.2 represent a lower alkyl group containing 1 to 4 carbon
      atoms or form together with the attached ntirogen atom a nitrogenous
      heterocyclic ring, with the proviso that R.sub.1 may also represent
      hydrogen, and R.sub.3 represents hydrogen or a lower alkoxy group, as well
      as the acid addition salts of said compounds of formula (I).
PAR  The preferred compounds of the formula (I) are those in which R.sub.1 and
      R.sub.2 represent a methyl, ethyl, propyl or isopropyl group and those in
      which R.sub.1 represents hydrogen and R.sub.2 represents a methyl, ethyl,
      propyl or isopropyl group, as well as the acid addition salts thereof,
      such as the hydrochlorides, fumarates, oxalates, etc.
PAR  This invention relates also to pharmaceutical compositions containing, as
      active ingredient, at least one compound of the general formula (I),
      together with a pharmaceutically acceptable carrier.
PAR  Finally, the invention relates to processes for preparing the new compounds
      of formula (I).
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has been surprisingly found that the compounds of the general formula
      (I) are very active for the treatment of heart arrhythmia.
PAR  Said compounds can be used for the treatment of various heart diseases such
      as premature heart contractions, ventricular and surpraventricular
      tachycardias either idiopathic or subsequent to a cardiopathia or to a
      coronary disease, cardiac arrhythmias due to digitalin intoxication, as
      well as atrial fibrillation and flutter, particularly in the early stage.
PAR  It is known (see Koch-Weser, J. Arch. Int. Med. 129; 763, 1972) that none
      of the presently available antiarrhythmic agents are satisfactory for the
      prophylaxis of tachycardias and fibrillation of ventricular origin.
PAR  The oral activity of the known antiarryhythmic agents, such as procainamide
      or lidocaine, is either too short leading to multiple day and night
      administration (for example with procainamide) or too low to be of some
      practical utility (for example with lidocaine) or their therapeutic
      activity is conjugated with frequency and dangerous side effects, such as
      hypotension (with procainamide), sudden death, agranulocytosis or
      idiosyncrasy.
PAR  The compounds of general formula (I) according to this invention are very
      active when orally administered, although they may also be administered
      parenterally. They have also a long activity duration and are not
      depressant for the myocardial function.
PAR  Applicants do not known any orally active antiarrhythmic agent which does
      not act at the same time as a depressant of the myocardial function.
PAR  The oral antiarrhythmic activity of the compounds of formula (I) has proved
      by tests on rates using aconitine which is a compound causing premature
      heart contractions and death of the animals.
PAR  The method used for these tests is described hereafter:
PAL  Animals:
PAL  Male or female rats with a body-weight ranging from 380 to 450 g.
PAL  Aconitine solution:
PAL  3.12 .mu.g aconitine nitrate/1 ml physiological saline.
PAL  Solution of the compound to be tested:
PAL  0.75% in distilled water.
PAL  Method:
PAL  Six random selected animals are required for each compound to be tested.
      The compound is administered by oral route at the dose of 75 mg/kg (1 ml
      of the 0.75% solution/100 g of body-weight) 75 minutes before the
      intravenous perfusion of the aconitine solution is initiated.
PAL  Control groups of animals are treated only with distilled water (1 ml/100
      g).
PAL  60 minutes after the administration of the compound to be tested, the
      animals are anesthesized by an intraperitoneal injection of Pentobarbital
      (50 mg/kg) and the jugular vein is dissected.
PAL  A catheter is introduced in the vein and fixed by a ligature.
PAL  The ECG (D II derivation) is then continuously recorded. The perfusion of
      the aconitine solution is started 75 minutes after the administration of
      the compound to be tested.
PAL  The volume delivered by the injection device being 0.287 ml/minute, the
      dose of aconitine nitrate administered is 0.895 .mu.g/minute (0.20 - 0.24
      .mu.g/100 g/minute according to the minimal and maximal weight of the
      animals).
PAL  The experience is stopped as soon as the first extrasystoles are appearing
      and the time elapsed from the beginning of the perfusion is noted.
PAL  The results are expressed as the mean total dose of aconitine injected in a
      group of animals.
PAR  The relative activity between a tested compound and a reference substance
      (lidocaine, procainamide) is computed in the following way:
      ##EQU1##
      where: A(x) = activity of tested compound X (in %)
PA1  X = mean dose of aconitine in the animals treated by compound X
PA1  C = mean dose of aconitine injected in the untreated animals (controls)
PA1  R = mean dose of aconitine injected in the animals treated by the reference
      substances.
PAR  The following table gives the results of the evaluation of the
      antiarrhythmic activity by oral route of a great number of acid addition
      salts of compounds of formula (I), compared to the activity of two well
      known antiarryhythmic agents (procainamide and lidocaine).
TBL                TABLE 1                                                     
     ______________________________________                                    
     Compounds of formula I                                                    
                        % Activity versus                                      
                         R.sub.1                                               
     n    X      R.sub.3 --N.angle.                                            
                                  Lidocaine                                    
                                          Procainamide                         
                         R.sub.2                                               
     ______________________________________                                    
     1    H.sub.2                                                              
                 H       N-diethyl                                             
                                  439     560                                  
     2    H.sub.2                                                              
                 H       NH-methyl                                             
                                  288     368                                  
     2    H.sub.2                                                              
                 H       NH-ethyl 703     897                                  
     2    H.sub.2                                                              
                 H       N-dimethyl                                            
                                  41      52                                   
     2    H.sub.2                                                              
                 H       N-diethyl                                             
                                  563     719                                  
     2    H.sub.2                                                              
                 H       piperidino                                            
                                  62      78                                   
     2    H.sub.2                                                              
                 H       pyrrolidino                                           
                                  268     342                                  
     2     0     H       NH-methyl                                             
                                  769     982                                  
     1    H.sub.2                                                              
                 OCH.sub.3                                                     
                         N-dimethyl                                            
                                  57      72                                   
     1    H.sub.2                                                              
                 OCH.sub.3                                                     
                         piperidino                                            
                                  103     131                                  
     1    H.sub.2                                                              
                 OCH.sub.3                                                     
                         N-diethyl                                             
                                  173     220                                  
     2    H.sub.2                                                              
                 OCH.sub.3                                                     
                         N-diethyl                                             
                                  96      123                                  
     ______________________________________                                    
PAR  The compounds of the formula (I) may be administered orally or
      parenterally.
PAR  Oral preparations may be administered under the form of capsules, tablets,
      pills and the like. Each capsule, tablet or pill may contain from 10 to
      200 mg of a compound of formula (I) as active ingredient, together with
      pharmaceutically acceptable excipients or carriers.
PAR  Parenteral preparations may consist in a solution for perfusion or for
      intravenous or intramuscular injection. Such a solution may contain from
      0.2 per thousand to 2 per thousand of a compound of formula (I).
PAR  The parenteral preparation may be either a solution which may be directly
      used for the perfusion and contains a proportion of the active ingredient
      within the above limits, or a concentrated solution containing 1 to 10% of
      the active ingredient, said concentrated solution being diluted when
      administered to a patient.
PAR  The initial dose of active ingredient may be of 200 to 800 mg per day
      during 2 or 3 days, the maintenance dose being of about 25 mg to 300 mg
      per day.
PAR  If a single dose is sufficient for obtaining the therapeutic effect, this
      dose is generally comprised between 50 and 300 mg.
PAR  The active ingredient may be administered at the same time by the
      parenteral route (for example by perfusion) and by the oral route.
PAR  This invention relates also to processes for preparing the compounds of
      formula (I).
PAR  In the various processes described hereinafter, the compounds of formula
      (I) are prepared from a 2-(phenylamino)-(1,2,3,4-tetrahydronaphthalene) of
      the following formula:
      ##SPC2##
PAL  in which R.sub.3 has the above meanings.
PAR  According to this invention, the compounds of formula (I) may be prepared
      by a first process involving the following steps:
PA1  1. Conversion of a 2-(phenylamino)-(1,2,3,4-tetrahydronaphthalene of
      formula (II) into the sodium salt thereof by reaction with sodium amide.
PA1  2. Reaction of the sodium salt of the compound of formula (II) with a
      halogenated amine of the formula:
      ##EQU2##
      in which Hal represents a halogen atom and n' = 2 or 3, whereas R.sub.1
      and R.sub.2 have the above meanings, so as to obtain a compound of formula
      (I).
PAR  According to this invention, the compounds of formula (I) may also be
      prepared by a second process involving the following steps:
PA1  1. Acylation of a 2-(phenylamino)-(1,2,3,4-tetrahydronaphthalene) of
      formula (II) by means of a chloride of a halogenated aliphatic acid of the
      formula:
EQU  Hal (CH.sub.2).sub.n -- COCl                               (IV)
PAL  in which Hal represents a halogen atom and n = 1 or 2, so as to obtain a
      2-(N-haloalkanoyl-N-phenylamino)-(1,2,3,4-tetrahydronaphthalene) of the
      formula:
      ##SPC3##
PA1  2. Reaction of the
      2-(N-haloalkanoyl-N-phenylamino)-(1,2,3,4-tetrahydronaphthalene) of
      formula (V) with an amine of hte formula:
      ##EQU3##
      in which R.sub.1 and R.sub.2 have the above meanings, so as to obtain a
      N-alkylated derivative of the following formula:
      ##SPC4##
PA1  3. Reduction of the compound of formula (VII) by means of lithium aluminum
      hydride (AlLiH.sub.4) in ether so as to obtain a compound of the formula
      (I), wherein X represents two halogen atoms.
PAR  The amine of formula (VI) used in the second step of the above process may
      be a primary or secondary amine.
PAR  A primary amine of the formula H.sub.2 NR.sub.2 is used, when a compound of
      the formula (I), in which R.sub.1 represents hydrogen whereas R.sub.2
      represents a lower alkyl group has to be prepared.
PAR  A secondary amine of the formula:
      ##EQU4##
      is used, when a compound of the formula (I), in which R.sub.1 and R.sub.2
      each represent a lower alkyl group or form together with the attached
      nitrogen atom a heterocyclic nitrogenous ring, such as morpholine,
      piperidino, pyrrolidino or piperazino ring, has to be prepared.
PAR  The 2-(N-phenylamino)-(1,2,3,4-tetrahydronaphthalenes) of the formula (II)
      may be prepared from .beta.-tetralones of the formula:
      ##SPC5##
PAL  in which R.sub.3 has the above meanings.
PAR  The compounds of formula (VIII) may be prepared by known methods described
      by J. H. Burckalter, J. R. Campbell, J.O.C., 26, 4232 (1961), by A.
      Rosowsky, J. Battaglia, K.K.N. Chen and E. J. Modest, J.O.C., 33, 4288
      (1968) or by J. J. Sims, L. H. Selman, M. Cadogan, Org. Synth., 51, 109
      (1971).
PAR  The method for obtaining a
      2-(N-phenylamino)-(1,2,3,4-tetrahydronaphthalene) of formula (II) from a
      .beta.-tetralone of formula (VIII) involves the following steps:
PA1  1. Reduction of a .beta.-tetralone of the formula (VIII) into a
      2-hydroxy-(1,2,3,4-tetrahydronaphthalene) of formula (IX) by means of
      sodium boron hydride in methanol:
      ##SPC6##
PA1  2. Conversion of the 2-hydroxy-(1,2,3,4-tetrahydronaphthalene) of formula
      (IX) into the mesylate thereof of formula (X) by means of methane sulfonic
      acid chloride in pyridine:
      ##SPC7##
PA1  3. Reaction of the mesylate of formula (X) with an excess of aniline so as
      to obtain a 2-(phenylamino)-(1,2,3,4-tetrahydronaphthalene) of the formula
      (II).
PAC  EXAMPLES
PAR  The following Examples 1 to 18 illustrate the preparation of new compounds
      of formula (I).
PAC  EXAMPLE 1
PAL  Preparation of the fumarate and oxalate of
      2-[N-phenyl-N-(.gamma.-diethylaminopropyl)]-amino-(1,2,3,4-tetrahydronapht
     halene) (formula I; n = 2; X = H.sub.2 ; R.sub.1 = R.sub.2 = --C.sub.2
      H.sub.5 ; R.sub.3 = H).
PA1  a. Preparation of the mesylate of .beta.-tetralol (formula IX; R.sub.3 =H).
PAR  15.38 grams (0.104 mol) of .beta.-tetralol are placed in 15.8 ml of
      pyridine. The solution is cooled to 0.degree.C and 1.2 equivalents of
      mesyl chloride (ClSO.sub.2 CH.sub.3) are added, while stirring, the
      temperature being maintained at 0.degree.C during the addition. The
      reaction mixture is then allowed to return to the room temperature and is
      stirred at this temperature during 30 minutes. The mixture is then poured
      on ice and kept during one night in a refrigerator. The obtained
      precipitate (21.44 grams; yield: 90%) is separated by filtration and
      rectystallized from sulphuric ether. Melting point:
      62.degree.-64.degree.C.
PAR  Analysis: % calculated: C 58.38; H 6.23 % found: C 58.67; H 6.31
PA1  b. Preparation of the hydrochloride of
      2-phenylamino-(1,2,3,4-tetrahydronaphthalene) (formula II; R.sub.3 = H).
PAR  0.096 mol of the mesylate of .beta.-tetralol are mixed with 35.8 grams of
      aniline. The mixture is quickly heated to 130.degree.C and maintained at
      this temperature during 30 minutes. After cooling and addition of about
      200 ml of ether, the aniline mesylate is filtered off. The ether is then
      removed from the filtrate and the excess of aniline is distilled. By
      distilling the residue, 11.28 grams (yield: 52%) of the desired product
      are obtained at 140.degree.-151.degree.C/0.4 mm. The product is dissolved
      in 50 ml of anhydrous methanol and a stream of dry hydrochloric acid is
      passed through the obtained solution. The obtained hydrochloride is
      purified by crystallization from a mixture of methanol and ether. Melting
      point: 193.degree.-196.degree.C.
PAR  Analysis: % calculated: C 73.97; H 6.98; N 5.39; Cl 13.65 % found: C 74.2;
      H 7.00; N 5.51; Cl 13.7
PA1  c. Preparation of the fumarate of
      2-[N-phenyl-N-(.gamma.-diethylaminopropyl)]-amino-(1,2,3,4-tetrahydronapht
     halene) (formula I; n = 2; X = H.sub.2 ; R.sub.1 = R.sub.2 = --C.sub.2
      H.sub.5 ; R.sub.3 = H).
PAR  100 ml of anhydrous toluene containing 11.2 grams (0.05 mol) of
      2-phenylamino-1,2,3,4-tetrahydronaphthalene and 3.9 grams (0.1 mol) of
      NaNH.sub.2 are refluxed during 20 minutes. 8.94 grams (0.06 mol) of
      .gamma.-chloropropyldiethylamine are then added and the mixture is
      refluxed during 3 hours. After cooling, the mixture is extracted by means
      of 2N hydrochloric acid. The acid phase is made alkaline by means of
      ammonia and extracted with ether. The ether phase is dried and the ether
      is then removed. The obtained residue is converted into a fumarate by
      means of an aqueous solution of fumaric acid. The obtained solution is
      evaporated to dryness and the residue is extracted with a mixture of
      methanol and ether. 8.55 grams (yield: 43%) of the fumarate are obtained.
      Melting point: 134.degree.-136.degree.C.
PAR  Analysis: The analysis shows that the fumarate comprises 1 equivalent of
      the amine of formula (I) and 0.5 equivalent of fumaric acid. % calculated:
      C 76.1; H 8.68; N 7.10 % found: C 76.46; H 8.70; N 7.34
PA1  d. Oxalate of
      2-[N-phenyl-N-(.gamma.-diethylaminopropyl)]-amino-(1,2,3,4-tetrahydronapht
     halene) (formula I; n = 2; X = H.sub.2 ; R.sub.1 = R.sub.2 = -C.sub.2
      H.sub.5 ; R.sub.3 = H).
PAR  The oxalate prepared as described in section C of this example, by using
      oxalic acid in place of fumaric acid melts at 155.degree.-157.degree.C
      after recrystallization from acetone.
PAR  Analysis: % calculated: C 70.39; H 8.03; N 6.56 % found: C 70.22; H 8.06; N
      6.66
PAC  EXAMPLE 2
PAL  Preparation of the fumarate of
      2-[N-phenyl-N-(.gamma.-diethylaminopropyl)]-amino-6-methoxy-(1,2,3,4-tetra
     hydronaphthalene) (formula I; n = 2; X = H.sub.2 ; R.sub.1 = R.sub.2 =
      --C.sub.2 H.sub.5 ; R.sub.3 = --OCH.sub.3).
PA1  a. Preparation of 2-hydroxy-6-methoxy-1,2,3,4-tetrahydronaphthalene
      (formula IX; R.sub.3 = --OCH.sub.3).
PAR  4.99 grams (0.132 mol) of NaHB.sub.4 are added gradually to a solution of
      21.24 grams of 6-methoxy-.beta.-tetralone (formula VIII; R.sub.3 =
      --OCH.sub.3) (0.12 mol) in 130 ml of anhydrous methanol. This addition
      takes place under a slight reflux. After 17 hours at room temperature, the
      methanol is removed and the residue is extracted with 150 ml of cool
      water. The obtained solution is acidified to a pH of 5-6 and extracted
      with ether. After washing of the ether phase with 50 ml of water, the
      ether phase is dried and the ether is evaporated. By distillation at
      110.degree.-115.degree.C/0.4 mm, 15.58 grams of the desired alcohol are
      obtained (yield: 73%).
PA1  b. Preparation of the mesylate of
      2-hydroxy-6-methoxy-1,2,3,4-tetrahydronaphthalene (formula X; R.sub.3 =
      --OCH.sub.3).
PAR  This compound is prepared as described in Example 1(a) from a mixture of
      15.58 grams of the alcohol of formula (IX), 15.58 grams of pyridine and
      12.02 grams of mesyl chloride.
PAR  17 grams (yield: 75.8%) of the desired mesylate are obtained. After
      recrystallization from ether, the product melts at 78.degree.-80.degree.C.
PAR  Analysis: % calculated: C 56.23; H 6.29; S 12.51 % found: C 56.02; H 6.1; S
      12.24
PA1  c. Preparation of 2-phenylamino-6-methoxy-(1,2,3,4-tetrahydronaphthalene
      (formula II; R.sub.3 = --OCH.sub.3).
PAR  This compound is prepared as described in Example 1(b). It is obtained by
      distillation at 171.degree.-175.degree.C/0.25 mm with a yield of 60%.
PAR  After distillation, crystals of the product are obtained. By
      recrystallization from petroleum ether (60.degree.-80.degree.C) of from
      isopropanol, the product melts at 59.degree.-61.degree.C.
PAR  Analysis: % calculated: C 80.59; H 7.56; N 5.53 % found: C 80.66; H 7.33; N
      5.90
PA1  d. Preparation of the fumarate of
      2-[N-phenyl-N-(.gamma.-diethylaminopropyl)]-amino-6-methoxy-(1,2,3,4-tetra
     hydronaphthalene (formula I; n = 2; X = H.sub.2 ; R.sub.1 = R.sub.2 =
      --C.sub.2 H.sub.5 ; R.sub.3 = --OCH.sub.3).
PAR  This compound is prepared in the manner described in Example 1(c). In this
      case, one obtains 12.3 grams of an oil which is directly converted into
      fumarate (12.9 grams; yield: 78%). After recrystallization from
      isopropanol, the fumarate melts at 164.degree.-167.degree.C.
PAR  Analysis: % calculated: C 69.68; H 7.93; N 5.8 % found: C 69.3; H 7.76; N
      6.14
PAC  EXAMPLE 3
PAR  Preparation of the fumarate of
      2-[N-phenyl-N-(.beta.-dimethylaminoethyl)]-amino-6-methoxy-(1,2,3,4-tetrah
     ydronaphthalene) (formula I; n = 1; X = H.sub.2 ; R.sub.1 = R.sub.2 =
      --CH.sub.3 ; R.sub.3 = --OCH.sub.3).
PAR  0.034 mol of 2-phenylamino-6-methoxy-(1,2,3,4-tetrahydronaphthalene) in 70
      ml of toluene are treated by 0.068 mol of NaNH.sub.2. The sodium salt is
      obtained by boiling in toluene. 0.041 mol of
      .beta.-chloroethyldimethylamine are then added and the obtained mixture is
      refluxed during 5 hours.
PAR  The desired compound is then obtained in the manner described in Example
      1(c). The free amine (7.4 grams) is obtained by distillation at
      185.degree.-190.degree.C/0.1 mm. The fumarate of this amine is prepared in
      an aqueous solution. After evaporation to dryness, the residue is
      recrystallized from isopropanol. Melting point: 174.degree.-176.degree.C.
PAR  Analysis: % calculated: C 68.16; H 7.32; N 6.36 % found: C 68.40; H 7.10; N
      6.62
PAC  EXAMPLE 4
PAL  Preparation of the fumarate of
      2-[N-phenyl-N-(.gamma.-dimethylaminopropyl)]-amino-6-methoxy-(1,2,3,4-tetr
     ahydronaphthalene) (formula I; n = 2; X = H.sub.2 ; R.sub.1 = R.sub.2 =
      --CH.sub.3 ; R.sub.3 = --OCH.sub.3).
PAR  This compound is prepared as described in Example 3, using
      .gamma.-chloropropyldimethylamine instead of
      .beta.-chloroethyldimethylamine. The free amine is obtained by
      distillation at 185.degree.-190.degree.C/0.7 mm.
PAR  The fumarate is prepared in the usual way. After crystallization from a
      mixture of acetone and methanol, it melts at 133.degree.-135.degree.C.
PAR  Analysis: % calculated: C 68.70; H 7.54; N 6.16 % found: C 68.83; H 7.28; N
      6.28
PAC  EXAMPLE 5
PAL  Preparation of the fumarate of
      2-[N-phenyl-N-(.beta.-diethylaminoethyl)]-amino-6-methoxy-(1,2,3,4-tetrahy
     dronaphthalene) (formula I; n = 1; X = H.sub.2 ; R.sub.1 = R.sub.2 =
      --C.sub.2 H.sub.5 ; R.sub.3 = --OCH.sub.3).
PAR  This compound is prepared as described in Example 1(c) using
      .beta.-chloroethyldiethylamine instead of
      .gamma.-chloropropyldiethylamine. After recrystallization from
      isopropanol, the desired compound melts at 158.degree.-160.degree.C.
PAR  Analysis: % calculated: C 69.20; H 7.74; N 5.97 % found: C 68.95; H 7.03; N
      6.13
PAC  EXAMPLE 6
PAL  Preparation of the fumarate of
      2-[N-phenyl-N-(.beta.-piperidinoethyl)]-amino-6-methoxy-(1,2,3,4-tetrahydr
     onaphthalene) (formula I; n = 1; X = H.sub.2 ;
      ##EQU5##
      = piperidino; R.sub.3 = --OCH.sub.3).
PAR  This compound is prepared as described in Example 1(c), using
      .beta.-chloroethylpiperidine instead of .gamma.-chloropropyldiethylamine.
      After recrystallization from isopropanol, the obtained fumarate melts at
      172.degree.-174.degree.C.
PAR  Analysis: % calculated: C 69.67; H 7.55; N 5.83 % found: C 70.59; H 7.78; N
      5.62
PAC  EXAMPLE 7
PAL  Preparation of the hydrochloride of
      2-[N-phenyl-N-(.gamma.-dimethylaminopropyl)]-amino-(1,2,3,4-tetrahydronaph
     thalene) (formula I; n = 2; X = H.sub.2 ; R.sub.1 = R.sub.2 = --CH.sub.3 ;
      R.sub.3 = H).
PAR  This compound is prepared as described in Example 1(c), using
      .gamma.-chloropropyldimethylamine. After recrystallization in a mixture of
      acetone and ether or in ethyl acetate, the desired hydrochloride melts at
      146.degree.-148.degree.C.
PAR  Analysis: % calculated: C 73.12; H 8.47; N 8.12; Cl 10.28 % found: C 73.17;
      H 8.27; N 7.95; Cl 10.33
PAC  EXAMPLE 8
PAL  Preparation of the hydrochloride of
      2-[N-phenyl-N-(.beta.-diethylaminoethyl)]-amino(1,2,3,4-tetrahydronaphthal
     ene) (formula I; n = 1; X = H.sub.2 ; R.sub.1 = R.sub.2 = --C.sub.2 H.sub.5
      ; R.sub.3 = H).
PAR  This compound is prepared in the manner described in Example 1(c), using
      .beta.-chloroethyldiethylamine. After recrystallization from isopropanol,
      the obtained hydrochloride melts at 177.degree.-179.degree.C.
PAR  Analysis: % calculated: C 73.61; H 8.7; N 7.8; Cl 9.88 % found: C 73.52; H
      8.55; N 7.92; Cl 9.96
PAC  EXAMPLE 9
PAL  Preparation of the fumarate of
      2-[N-phenyl-N-(.gamma.-pyrrolidinopropyl)]-amino-(1,2,3,4-tetrahydronaphth
     alene) (formula I; n = 2; X = H.sub.2 ;
      ##EQU6##
      = pyrrolidino; R.sub.3 = H).
PAR  Using .gamma.-chloropropylpyrrolidine, this compound is prepared as
      described in Example 1(c). After recrystallization from isopropanol, the
      fumarate melts at 157.degree.-160.degree.C.
PAR  Analysis: % calculated: C 71.97; H 7.6; N 6.21 % found: C 72.29; H 7.67; N
      6.24
PAC  EXAMPLE 10
PAL  Preparation of the hydrochloride of
      2-[N-phenyl-N-(.gamma.-piperidinopropyl)]-amino-(1,2,3,4-tetrahydronaphtha
     lene) (formula I; n = 2; X = H.sub.2 ;
      ##EQU7##
      = piperidino; R.sub.3 = H).
PAR  Using the method described in Example 1(c), except that
      .gamma.-chloropropylpiperidine is used instead of
      .gamma.-chloropropyldiethylamine, the desired hydrochloride is obtained.
      Melting point: 248.degree.-250.degree.C, after recrystallization from
      methanol.
PAC  EXAMPLE 11
PAR  Preparation of the hydrochloride of
      2-[N-phenyl-N-(.beta.-ethylaminopropionyl)]-amino-(1,2,3,4-tetrahydronapht
     halene) (formula I; n = 2; X = O; R.sub.1 = H; R.sub.2 = C.sub.2 H.sub.5 ;
      R.sub.3 = H).
PA1  a. Preparation of
      2-[N-phenyl-N-(.beta.-chloropropionyl)]-amino-(1,2,3,4-tetrahydronaphthale
     ne) (formula I; n = 2; Hal = Cl; R.sub.3 = H).
PAR  0.1 mol of 2-phenylamino-1,2,3,4-tetrahydronaphthalene, 0.15 mol of the
      chloride of .beta.-chloropropionic acid and 25 ml of benzene are refluxed
      during 4.5 hours. The solvent and the reagent excess are then removed. The
      residue is recrystallized from petroleum ether. M.P.
      78.degree.-81.degree.C.
PAR  Analysis: % calculated: C 72.71; H 6.42; N 4.46; Cl 11.30 % found: C 72.39;
      H 6.10; N 4.46; Cl 11.21
PA1  b. Preparation of the hydrochloride of
      2-[N-phenyl-N-(.beta.-ethylaminopropionyl)]-amino-(1,2,3,4-tetrahydronapht
     halene)
PAR  9.39 g (0.03 mol) of
      2-[N-phenyl-N-(.beta.-chloropropionyl)]-amino-(1,2,3,4-tetrahydronaphthale
     ne) are dissolved in 40 ml of ethanol. To the obtained solution, 50 ml of a
      21.5% solution of ethylamine in ethanol are added. The reaction mixture is
      heated in an autoclave at 110.degree.C during 24 hours. After cooling, the
      mixture is treated with 80 ml of water and 20 ml of 1N NaOH and extracted
      with chloroform. The chloroform phase is then dried. After removal of the
      chloroform, the residue is treated with ether and a stream of dry
      hydrochloric acid is bubbled in the ether solution. After
      recrystallization from a mixture of methanol and ether, the hydrochloride
      melts at 204.degree.-206.degree.C.
PAR  Analysis: % calculated: C 70.28; H 7.58; N 7.80; Cl 9.88 % found: C 70.41;
      H 7.53; N 7.99; Cl 9.89
PAC  EXAMPLE 12
PAL  Preparation of the hydrochloride and of the fumarate of
      2-[N-phenyl-N-(.gamma.-ethylaminopropyl)]-amino-(1,2,3,4-tetrahydronaphtha
     lene) (formula I; n = 2; X = H.sub.2 ; R.sub.1 = H; R.sub.2 = C.sub.2
      H.sub.5 ; R.sub.3 = H).
PAR  6 g of
      2-[N-phenyl-N-(.beta.-ethylaminopropionyl)]-amino-(1,2,3,4-tetrahydronapht
     halene), prepared as described in Example 11, are dissolved in 200 ml of
      anhydrous ether. The obtained solution is added drop by drop to a
      suspension of 1.06 g (1.5 equivalents) of lithium aluminum hydride
      (AlLiH.sub.4) in 60 ml of anhydrous ether. The reaction mixture is
      refluxed under nitrogen during 2 hours. After cooling to 0.degree.C, the
      excess of hydride and the complex are destroyed by means of ice. The
      medium is then extracted two times with 100 ml of ether. The ether phases
      are dried and part of the ether is removed, until the volume of the ether
      solution is 200 ml. A stream of hydrochloric acid is then bubbled through
      the concentrated ether solution. The obtained dihydrochloride is
      recrystallized from acetone.
PAR  The dihydrochloride is dissolved in water and the pH is adjusted to 6. The
      monohydrochloride is extracted by means of chloroform. After drying and
      filtration of the chloroform solution, the chloroform is removed. The
      residue is recrystallized from ethyl acetate. M.P.
      128.degree.-130.degree.C.
PAR  Analysis of the monohydrochloride: % calculated: C 73.12; H 8.47; N 8.12;
      Cl 10.28 % found: C 73.19; H 8.25; N 8.22; Cl 10.17
PAR  The fumarate of the same compound prepared in a known manner melts at
      152.degree.-154.degree.C after recrystallization from isopropanol.
PAR  Analysis of the fumarate: % calculated: C 70.73; H 7.59; N 6.6 % found: C
      70.73; H 7.43; N 6.7
PAC  EXAMPLE 13
PAL  Preparation of
      2-[N-phenyl-N-(.beta.-methylaminopropionyl)]-amino-(1,2,3,4-tetrahydronaph
     thalene) (formula I; n = 2; X = O; R.sub.1 = H; R.sub.2 = CH.sub.3 ;
      R.sub.3 = H).
PAR  This compound is prepared as described in Example 11(b), using methylamine
      instead of ethylamine. The desired compound is recrystallized from
      cyclohexane. M.P. 105.degree.-107.degree.C.
PAR  Analysis: % calculated: C 77.88; H 7.84; N 9.08 % found: C 77.72; H 7.77; N
      9.20
PAC  EXAMPLE 14
PAL  Preparation of the fumarate of
      2-[N-phenyl-N-(.gamma.-methylaminopropyl)]-amino-(1,2,3,4-tetrahydronaphth
     alene) (formula I; n = 2; X = H.sub.2 ; R.sub.1 = H; R.sub.2 = --CH.sub.3 ;
      R.sub.3 = H).
PAR  This compound is prepared in the manner described in Example 12, by
      reduction of the
      2-[N-phenyl-N-(.beta.-methylaminopropionyl)]-amino-(1,2,3,4-tetrahydronaph
     thalene) prepared in Example 13, by means of lithium aluminum hydride.
      After recrystallization from a mixture of methanol and acetone, the
      obtained fumarate melts at 156.degree.-157.degree.C.
PAR  Analysis (C.sub.22 H.sub.28 N.sub.2 O.sub.2 : amine + one-half fumaric
      acid) % calculated: C 74.96; H 8.00; N 7.94 % found: C 75.32; H 8.02; N
      8.22
PAC  EXAMPLE 15
PAL  Preparation of
      2-[N-phenyl-N-(.beta.-dimethylaminoacetyl)]-amino-6-methoxy-(1,2,3,4-tetra
     hydronaphthalene) (formula I; n = 1; X = O; R.sub.1 = R.sub.2 = --CH.sub.3
      ; R.sub.3 = --OCH.sub.3).
PA1  a. Preparation of
      2-(N-phenyl-N-chloroacetyl)-amino-6-methoxy-(1,2,3,4-tetrahydronaphthalene
     ) (formula V; n = 1; R.sub.3 = --OCH.sub.3)
PAR  0.01 mol of 2-phenylamino-6-methoxy-(1,2,3,4-tetrahydronaphthalene) and
      0.015 mol of chloroacetic acid chloride are boiled in 25 ml of benzene
      during 4.5 hours. The solvent is then evaporated and the residue is
      recrystallized from cyclohexane. Melting point: 118.degree.-120.degree.C.
PAR  Analysis: % calculated: C 69.19; H 6.11; N 4.24; Cl 10.75 % found: C 69.0;
      H 5.99; N 4.14; Cl 10.6
PA1  b. Preparation of
      2-[N-phenyl-N-(.beta.-dimethylaminoacetyl)]-amino-6-methoxy-(1,2,3,4-tetra
     hydronaphthalene)
PAR  This compound is prepared by reacting
      2-(N-phenyl-N-chloroacetyl)-amino-6-methoxy-(1,2,3,4-tetrahydronaphthalene
     ) prepared in section (a) of this Example with dimethylamine, as described
      in Example 11(b).
PAC  EXAMPLE 16
PAL  Preparation of
      2-[N-phenyl-N-(.beta.-dimethylaminoethyl)]-amino-6-methoxy-(1,2,3,4-tetrah
     ydronaphthalene) (formula I; n = 1; X = H.sub.2 ; R.sub.1 = R.sub.2 =
      --CH.sub.3 ; R.sub.3 = --OCH.sub.3).
PAR  This compound is prepared by reduction of the
      2-[N-phenyl-N-(.beta.-dimethylaminoacetyl)]-amino-6-methoxy-(1,2,3,4-tetra
     hydronaphthalene) prepared in Example 15, by means of lithium aluminum
      hydride, as described in Example 12.
PAC  EXAMPLE 17
PAL  Preparation of
      2-[N-phenyl-N-(.gamma.-diethylaminopropionyl)]-amino-6-methoxy-(1,2,3,4-te
     trahydronaphthalene) (formula I; n = 2; X = O; R.sub.1 = R.sub.2 =
      --C.sub.2 H.sub.5 ; R.sub.3 = --OCH.sub.3).
PA1  a. Preparation of
      2-[N-phenyl-N-(.beta.-chloropropionyl)]-amino-6-methoxy-(1,2,3,4-tetrahydr
     onaphthalene) (formula V; n = 2; R.sub.3 = --OCH.sub.3).
PAR  This compound is prepared by the method described in Example 15(a), using
      .beta.-chloropropionic acid chloride instead of chloroacetic acid
      chloride. After crystallization from cyclohexane, the product melts at
      62.degree.-65.degree.C.
PAR  Analysis: % calculated: C 69.86; H 6.45; N 4.07; Cl 10.3 % found: C 69.70;
      H 6.38; N 4.12; Cl 10.1
PA1  b. Preparation of
      2-[N-phenyl-N-(.gamma.-diethylaminopropionyl)]-amino-6-methoxy-(1,2,3,4-te
     trahydronaphthalene).
PAR  This compound is prepared by reacting
      2-N-phenyl-N-(.beta.-chloropropionyl)]-amino-6-methoxy-(1,2,3,4-tetrahydro
     naphthalene) prepared in section (a) of this Example with diethylamine, by
      the method described in Example 11(b).
PAC  EXAMPLE 18
PAL  Preparation of
      2-[N-phenyl-N-(.gamma.-diethylaminopropyl)]-amino-6-methoxy-(1,2,3,4-tetra
     hydronaphthalene) (formula I; n = 2; X = H.sub.2 ; R.sub.1 = R.sub.2 =
      --C.sub.2 H.sub.5 ; R.sub.3 = --OCH.sub.3).
PAR  This compound is prepared by reduction of
      2-[N-phenyl-N-(.gamma.-diethylaminopropionyl)]-amino-6-methoxy-(1,2,3,4-te
     trahydronaphthalene) prepared in Example 17, by means of lithium aluminum
      hydride, according to the method described in Example 12.
PAR  The following Examples 19 to 22 illustrate pharmaceutical compositions of
      this invention for the treatment of heart arrhythmy.
TBL                EXAMPLE 19                                                  
     ______________________________________                                    
     CAPSULE                                                                   
     ______________________________________                                    
     Active ingredient of formula I                                            
                              100 mg                                           
     Lactose                  120 mg                                           
     Rice starch               30 mg                                           
     Corn starch               30 mg                                           
     Colloidal silica          1 mg                                            
     for one capsule                                                           
     ______________________________________                                    
TBL                EXAMPLE 20                                                  
     ______________________________________                                    
     TABLET                                                                    
     ______________________________________                                    
     Active ingredient of formula I                                            
                              200 mg                                           
     Potato starch            120 mg                                           
     Lactose                   80 mg                                           
     Starch sodium glycollate  30 mg                                           
     Colloidal silica          15 mg                                           
     Magnesium stearate        5 mg                                            
     Hydroxy propylcellulose   4 mg                                            
     Stearic acid              2 mg                                            
     for one tablet                                                            
     ______________________________________                                    
TBL                EXAMPLE 21                                                  
     ______________________________________                                    
     PILLS.                                                                    
     ______________________________________                                    
     Core :                                                                    
     Active ingredient of formula I                                            
                               50.0 mg                                         
     Lactose                   67.5 mg                                         
     Mycrocrystalline cellulose                                                
                               32.0 mg                                         
     Starch sodium glycollate  8.2 mg                                          
     Colloidal silica          0.4 mg                                          
     Magnesium stearate        0.9 mg                                          
     Coating :                                                                 
     Shellac                   1.0 mg                                          
     Sandarac                  0.2 mg                                          
     Castor oil                0.3 mg                                          
     Gum arabic                7.0 mg                                          
     Talc                      11.2 mg                                         
     Corn starch               1.0 mg                                          
     Titanium oxide            1.3 mg                                          
     Dyestuff                  4.0 mg                                          
     Sucrose                  142.8 mg                                         
     White wax / carnauba wax  0.2 mg                                          
     for one pill                                                              
     ______________________________________                                    
TBL                EXAMPLE 22                                                  
     ______________________________________                                    
     Solution for perfusion                                                    
     ______________________________________                                    
     Active ingredient of formula I                                            
                              200 mg                                           
     Anhydrous sodium sulfite  60 mg                                           
     Anhydrous sodium metabisulfite                                            
                              140 mg                                           
     Sodium chloride          1.7 mg                                           
     Water for injection      200 ml                                           
     ad                                                                        
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. Derivatives of 2-amino-(1,2,3,4-tetrahydronaphthalene) of the formula:
      ##SPC8##
PAL  in which n=2 or 3, R.sub.1 and R.sub.2 each represent a lower alkyl group
      containing 1 to 4 carbon atoms with the proviso that R.sub.1 may also
      represent hydrogen, and R.sub.3 represents hydrogen or a lower alkoxy
      group and the pharmaceutically acceptable acid addition salts of said
      compounds of formula (1).
NUM  2.
PAR  2. 2-[N-phenyl-N-(.gamma.-
     ethylaminopropyl)]-amino-(1,2,3,4-tetrahydronaphthalene), and the
      pharmaceutically acceptable the acid addition salts of this compound.
PATN
WKU  039431738
SRC  5
APN  3088677
APT  1
ART  117
APD  19721122
TTL  3-Alkylamino- alpha-aminomethyl-4-hydroxybenzyl alcohols
ISD  19760309
NCL  6
ECL  1
EXP  Hines; Robert V.
INVT
NAM  Colella; Donald F.
CTY  Philadelphia
STA  PA
INVT
NAM  Kaiser; Carl
CTY  Haddon Heights
STA  NJ
ASSG
NAM  SmithKline Corporation
CTY  Philadelphia
STA  PA
COD  02
CLAS
OCL  2605706
XCL  2603437
XCL  260471A
XCL  26050111
XCL  26050117
XCL  26050112
XCL  26050119
XCL  260562R
XCL  260592
XCL  424280
XCL  424316
XCL  424330
EDF  2
ICL  C07C 9122
FSC  260
FSS  570.6;501.11;501.19;501.17;501.12;343.7
FSC  424
FSS  330
UREF
PNO  2393820
ISD  19460100
NAM  Schnider
OCL  260570.6
UREF
PNO  3818101
ISD  19740600
NAM  Baile et al.
OCL  424330
LREP
FR2  Suter; Stuart R.
FR2  Lourie; Alan D.
FR2  Edgerton; William H.
ABST
PAL  A series of 3-alkylamino-.alpha.-substituted aminomethyl-4-hydroxybenzyl
      alcohols are prepared. These compounds are .beta.-adrenergic stimulants,
      in particular as bronchodilators.
BSUM
PAR  This invention relates to substituted benzyl alcohols which show useful
      pharmacodynamic activity, especially as .beta.-ardrenergic stimulants. In
      particular, the compounds have relatively greater activity on respiratory
      smooth muscle than on cardiac smooth muscle.
PAR  The compounds of this invention are
      3-alkylamino-.alpha.-aminomethyl-4-hydroxybenzyl alcohols which are
      represented by the following structural formula
      ##SPC1##
PAL  Wherein
PA0  R and R.sub.1 are each hydrogen or C.sub.1 -C.sub.4 alkyl;
PA0  R.sub.2 is hydrogen, methyl, or ethyl; and
PA0  R.sub.3 is isopropyl, t-butyl, cyclobutyl, 1-(p-hydroxybenzyl)ethyl, or
      2-(p-hydroxybenzyl)isopropyl.
PAR  Compounds where R and R.sub.2 are hydrogen, R.sub.1 is hydrogen or methyl,
      and R.sub.3 is t-butyl, cyclobutyl, isopropyl, 1-(p-hydroxybenzyl)ethyl,
      or 2-(p-hydroxybenzyl)isopropyl are the preferred compounds of this
      invention.
PAR  In general, the compounds are prepared as illustrated by the following
      sequence of reactions.
      ##SPC2##
PAL  R' may be hydrogen, lower alkyl of 1 to 3 carbon atoms or an alcohol
      residue such as methoxy or ethoxy and R, R.sub.1, R.sub.2, and R.sub.3 are
      as defined above.
PAR  Starting compound II is prepared by acylation of the appropriate
      aminobenzyloxyphenone by standard methods. The aminobenzyloxyphenones are
      known or prepared by known methods. For example, a 4-hydroxyphenone is
      nitrated with nitric acid at -20.degree. to -30.degree.C to give a
      4-hydroxy-3-nitrophenone which is converted into a
      4-benzyloxy-3-nitrophenone on treatment with benzyl chloride and a base
      such as potassium hydroxide or potassium carbonate. Reduction of the nitro
      group by standard methods, such as Raney nickel and hydrazine hydrate,
      platinum oxide and hydrogen, or sodium sulfhydrate, gives the
      aminobenzyloxyphenone.
PAR  Product compounds where R.sub.1 is alkyl are prepared by first alkylating
      compound II to give compound III followed by bromination to the
      .alpha.-bromophenone, IV. The alkylation is conducted by standard methods,
      such as an alkyl halide and base. Product compounds, where R.sub.1 is
      hydrogen, are brominated directly to give derivative IV. The bromination
      is effected using bromine, pyrrolidone hydrotribromide (PHT), or a similar
      reagent. Displacement of the bromine with the appropriate secondary
      benzylamine followed by reduction with lithium aluminum hydride gives the
      dibenzyl derivative of the compounds of this invention, V. Debenzlation by
      hydrogenolysis, preferably using palladium-on-carbon, gives the product
      compound I.
PAR  Compounds as defined by formula V are useful intermediates in the
      preparation of compound I and are therefore a part of this invention.
PAR  Due to the presence of an asymmetric carbon atom, compounds of this
      invention may be present as D or L optical isomers. In addition, when
      R.sub.2 is not hydrogen, a second asymmetric center exists and erythro and
      threo diastereomers may be present. The resolution of the optical isomers
      may be done by standard methods. It is to be understood that all isomers,
      whether separated or in mixtures, are within the scope of this invention.
PAR  The compounds of this invention may be used in the form of a
      pharmaceutically acceptable acid addition salt having the utility of the
      free base. Such salts, prepared by well known methods, are formed from
      both inorganic and organic acids, such as maleic, fumaric, benzoic,
      ascorbic, pamoic, succinic, bismethylenesalicyclic, methanesulfonic,
      ethanedisulfonic, acetic, oxalic, propionic, tartaric, salicylic, citric,
      gluconic, aspartic, stearic, palmitic, itaconic, glycolic, p-aminobenzoic,
      glutamic, benzenesulfonic, hydrochloric, hydrobromic, sulfuric,
      cyclohexylsulfamic, phosphoric, and nitric acids.
PAR  The compounds of this invention may be administered in various conventional
      dosage unit forms such as tablets, capsules, injectables, aerosols, or the
      like, by incorporating the appropriate dose of the active compound with
      carriers according to accepted pharmaceutical practices.
PAR  The compounds of this invention are .beta.-adrenergic stimulants which have
      direct bronchodilator activity with minimal cardiac stimulation. This
      selective .beta.-stimulant activity is determined by two standard in vitro
      pharmacological test systems: (1) effect on spontaneous tone of guinea pig
      tracheal chain preparations as a measure of .beta.-stimulant (direct
      relaxant) effect on airway smooth muscle, and (2) effect on spontaneously
      beating right atria of the guinea pig as a measure of .beta.-stimulant
      effect on cardiac muscle. Compounds that show selective bronchodilating
      properties, as the compounds of this invention do, are active in test (1)
      at a dose lower than is required in test (2) thereby resulting in a
      positive separation ratio. Results of test (1) are reported as the dose
      which produces 50% of the maximum possible relaxation (ED.sub.50). Test
      (2) results are reported as the dose which produces a 25% of the maximum
      possible increase in atrial contraction rate (ED.sub.25).
PAR  A preferred compound of this invention is
      .alpha.-(t-butyl-aminomethyl)-4-hydroxy-3-methylaminobenzyl alcohol which
      has an ED.sub.50 of 0.000025 mcg/ml and an ED.sub.25 of 0.0022 mcg/ml.
      These activities give an absolute separation ratio of 88. Another
      preferred compound is
      .alpha.-(t-butylaminomethyl)-4-hydroxy-3-dimethylaminobenzyl alcohol which
      relaxes the spontaneous tone of guinea pig tracheal ring preparation at an
      ED.sub.50 of 0.029 mcg/ml and increases the rate of contraction of guinea
      pig right atria at an ED.sub.25 of 7.4 mcg/ml which results in an absolute
      separation ratio of 255.
PAR  A structurally related compound,
      .alpha.-(t-butylamino-methyl)-4-hydroxy-3-aminobenzyl alcohol, is
      disclosed in Netherlands Pat. No. 85,197 as a bronchospasmolytic. Under
      the same in vitro tests, this compound showed an ED.sub.50 of 0.0047
      mcg/ml and an ED.sub.25 of 0.026 mcg/ml or an absolute separation ratio of
      only 5.5. Also disclosed within this patent is
      .alpha.-(isopropylaminomethyl)-4-hydroxy-3-aminobenzyl alcohol. This
      compound showed an ED.sub.50 of 0.010 mcg/ml and an ED.sub.25 of 0.022
      mcg/ml, or an absolute separation ratio of 2.1 which again is much smaller
      than the ratios observed for the compounds of this invention.
DETD
PAR  The following examples are presented to illustrate preparation methods for
      specific compounds of this invention. These examples, however, should not
      be construed as a limitation of the scope of this invention since
      variations within the skill of the art will produce the compounds within
      the scope of this invention.
PAC  EXAMPLE 1
PAR  A solution of 3-amino-4-benzyloxyacetophenone (20.0 g, 0.083 mol) in ethyl
      formate (230 ml) was refluxed for 24 hours and then concentrated in vacuo.
      The residue was taken up in methylene chloride and washed with dilute HCl
      and saturated saline. The organic solution was dried and evaporated to a
      gum which on trituration with ether gave
      4-benzyloxy-3-formamidoacetophenone, mp 120-122.degree..
PAR  To a stirred solution of 4-benzyloxy-3-formamidoacetophenone (60.3g, 0.224
      mol) in dimethyl sulfoxide (270 ml) and under a nitrogen atmosphere was
      added sodium hydride as a 57% oil suspension (9.4g, 0.224 mol) in
      portions. The reaction was stirred until hydrogen evolution ceased and
      then was cooled with an ice bath. A solution of methyl iodide (35.8 g,
      0.246 mol) in dimethyl sulfoxide (90 ml) was added dropwise to the cold
      solution. The reaction was stirred at room temperature for 15 minutes,
      heated at 55.degree.-60.degree. for 1 hour and then poured into ice water.
      The aqueous mixture was extracted with ethyl acetate. The dried extracts
      were evaporated to a residue which was triturated with ether and diluted
      with petroleum ether to give
      4-benzyloxy-3-(N-methylformamido)acetophenone, mp 85-87.degree..
PAR  To a mixture of 4-benzyloxy-3-(N-methylformamidoacetophenone (37.5 g, 0.139
      mol) and 2-pyrrolidone (11.8 g, 0.139 mol) in dry THF (1400 ml) was added
      dropwise PHT (69.0 g, 0.139 mol) in dry THF (1400 ml). The mixture was
      stirred at room temperature for 2 days. The salt was removed by filtration
      and the filtrate was evaporated to a residue which was dissolved in
      methylene chloride. The solution was washed with water, dried,
      decolorized, and evaporated to an oil which solidified. Recrystallization
      from ethyl acetate gave
      4-benzyloxy-.alpha.-bromo-3-(N-methylformamido)acetophenone, mp
      108-113.degree..
PAR  A solution of the above .alpha.-bromoacetophenone (10.86 g, 0.03 mol) and
      benzyl-t-butylamine (9.75 g, 0.03 mol) in acetonitrile (50 ml) was
      refluxed for 2 hours. The solution was cooled, diluted with ether (300 ml)
      and filtered. the filtrate was washed with water, dried, and concentrated
      to an oil. The oil was dissolved in ether (100 ml) and the solution was
      added dropwise to a suspension of LiAlH.sub.4 (5.7 g, 0.15 mol) in ether
      (300 ml). The mixture was refluxed 6 hours and then the excess reagent was
      decomposed by the careful addition of water (6 ml) followed by 3% NaOH
      solution (24 ml). The mixture was filtered and the filtrate was evaporated
      to an oil,
      4-benzyloxy-3-dimethylamino-.alpha.-(benzyl-t-butylaminomethyl)benzyl
      alcohol. This product in ethanol (100 ml) was hydrogenated at room
      temperature and 65 psi using 10% Pd on carbon (3 g) as catalyst.
      Evaporation of the filtered mixture gave an oil which crystallized on
      trituration with ether to yield
      .alpha.-(t-butylaminomethyl)-3-dimethylamino-4-hydroxybenzyl alcohol, mp
      108.degree.-110.degree..
PAC  EXAMPLE 2
PAR  A solution of 4-benzyloxy-60 -bromo-3-ethoxycarbonylaminoacetophenone (6.8
      g, 0.0173 mol) (prepared as in U.S. Pat. No. 3,657,319) and
      benzyl-t-butylamine (5.22 g, 0.032 mol) in acetonitrile (50 ml) was
      refluxed for 1.5 hours, then cooled to 0.degree., diluted with ether, and
      filtered. The filtrate was washed with water, dried, and concentrated to
      an oil which was taken up in a minimal amount of ethanol. The solution was
      acidified with ethereal HCl and then was diluted with ether to give the
      solid hydrochloride salt. The salt was dissolved in water and the solution
      was made basic with NH.sub.4 OH and extracted with ether. The dried
      extracts were evaporated to an oil,
      .alpha.-(benzyl-t-butylamino)-4-benzyloxy-3-ethoxycarbonylaminoacetophenon
     e.
PAR  This product was reduced first with LiAlH.sub.4 and then hydrogen with 10%
      Pd on carbon as catalyst as described in example 1 to give
      .alpha.-(t-butylaminomethyl)-4-hydroxy-3-methylaminobenzyl alcohol.
PAC  EXAMPLE 3
PAR  Substitution of benzylisopropylamine in examples 1 and 2 for
      benzyl-t-butylamine and proceeding as described therein gives
      3-dimethylamino-4-hydroxy-.alpha.-isopropylaminomethylbenzyl alcohol and
      4-hydroxy-.alpha.-isopropylaminomethyl-3-methylaminobenzyl alcohol as
      products.
PAC  EXAMPLE 4
PAR  Following the procedures outlined in example 1,
      4-benzyloxy-.alpha.-bromo-3-(N-methylforamido)acetophenone is condensed
      with N-benzyl-N-[1-(p-hydroxybenzyl)ethyl]amine to give, after the ensuing
      reductions,
      3-dimethylamino-4-hydroxy-.alpha.-[1-(p-hydroxybenzyl)ethyl]benzyl
      alcohol.
PAR  Likewise, the use of N-benzyl-N-[1-(p-hydroxybenzyl)-ethyl]amine in example
      2 gives, after the reductions,
      4-hydroxy-.alpha.-[1-(p-hydroxybenzyl)ethyl]-3-methylaminobenzyl alcohol.
PAC  EXAMPLE 5
PAR  The reaction of 3-amino-4-hydroxypropiophenone according to the procedures
      of example 1 gives
      .alpha.-(1-t-butylaminoethyl)-3-dimethylamino-4-hydroxybenzyl alcohol.
PAR  Similarly, the use of 4-benzyloxy-3-ethoxycarbonyaminopropiophenone as
      starting material in example 2 yields
      .alpha.-(1-t-butylaminoethyl)-4-hydroxy-3-methylaminobenzyl alcohol.
PAC  EXAMPLE 6
PAR  Reacting 3-amino-4-benzyloxyacetophenone with ethyl acetate and then with
      ethyl iodide according to the procedures in example 1 gives
      4-benzyloxy-3-(N-ethylacetamido) acetophenone. Using the ensuing reaction
      procedures of example 1,
      .alpha.-(t-butylaminomethyl)-3-diethylamino-4-hydroxybenzyl alcohol is
      obtained.
PAR  The use of 3-acetamido-4-benzyloxy-.alpha.-bromoacetophenone (prepared by
      bromination of 3-acetamido-4-benzyloxyacetophenone according to the
      procedure in example 1) as starting material in example 2 yields
      .alpha.-(t-butylaminomethyl)-3-ethylamino-4-hydroxybenzyl alcohol as final
      product.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC3##
PAL  wherein
PA1  R and R.sub.1 are each hydrogen or C.sub.1 -C.sub.4 alkyl;
PA1  R.sub.2 is hydrogen, methyl, or ethyl; and
PA1  R.sub.3 is isopropyl, t-butyl, cyclobutyl,
PA1  1-(p-hydroxybenzyl) ethyl, or 2-(p-hydroxybenzyl)-isopropyl
PAL  or a pharmaceutically acceptable nontoxic salt thereof.
NUM  2.
PAR  2. A compound as claimed in claim 1 where R.sub.2 is hydrogen.
NUM  3.
PAR  3. A compound as claimed in claim 2 where R.sub.1 is hydrogen.
NUM  4.
PAR  4. A compound as claimed in claim 2 where R.sub.3 is t-butyl.
NUM  5.
PAR  5. A compound as claimed in claim 4 being the compound
      .alpha.-(t-butylaminemethyl)-4-hydroxy-3-methylaminobenzyl alcohol.
NUM  6.
PAR  6. A compound as claimed in claim 2 being the compound
      .alpha.-(t-butylaminemethyl)-3-dimethylamino-4-hydroxybenzyl alcohol.
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ABST
PAL  A process is disclosed for producing alkyl sulfonates by the addition of
      bisulfite ions to olefinic double bonds. In the process, ammonium, or
      alkali metal bisulfite and olefins having from about 8 to about 30 carbon
      atoms per molecule are reacted in the presence of lower alkanol having
      from 2 to about 4 carbon atoms, water and a reaction initiating agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the preparation of alkyl sulfonates by the
      addition of bisulfite to olefin. The product of the reaction has surface
      active properties and can be used for cleansing various materials; e.g.,
      fabrics, skin and hard surfaces such as dishes.
PAR  2. Description of the Prior Art
PAR  The reaction of olefins with bisulfite ions to produce sulfonic acid salts
      has been known for a long time; however, the prior art is contradictory
      and appears to teach that it is necessary to use complicated procedures
      that are time consuming and inconvenient.
PAR  In U.S. Pat. No. 2,504,411 it was disclosed that organic peroxides and
      peresters such as tertiary butyl perbenzoate are preferred intitiators.
      Typical Example III of U.S. Pat. No. 2,504,411 described a process
      apparently similar to that of Example I of U.S. Pat. No. 3,084,186 which
      the latter indicates to be virtually inoperative. As a result, in U.S.
      Pat. No. 3,084,186 provides a process which requires progressive addition
      of the bisulfite at such a rate as to maintain an amount of unreacted
      bisulfite ion within the range of 0.05 to 0.25 mol per mol of olefin
      originally introduced. It is evident that this requires initiating the
      reaction with only a small percentage of the necessary bisulfite and also
      requires the subsequent progressive addition of most of the bisulfite
      needed for the reation. The process was described in the patent as
      requiring visual observation or periodic analysis of the reaction mixture
      to determine bisulfite content to indicate when to add the bisulfite in
      the course of the reaction. Since such observation and analysis as well as
      the control operations are more or less subjective or time consuming, it
      would be desired to have a workable process which does not require one to
      start a run with a small initial amount of bisulfite and then have to add
      most of the bisulfite during the course of the reaction based on the
      maintenance of an analytically determined bisulfite concentration. On the
      other hand, some of the prior art discloses that the process is of low
      conversion, such as 75 percent or less and requires a large excess of
      bisulfite. Since excess bisulfite remains as a contaminant of the product,
      it is desired to provide a process that does not require excess bisulfite.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a bisulfite reaction process which does not
      require progressive addition of most of the bisulfite. In the present
      process, substantially all of the bisulfite reactant necessary is suitably
      combined initially with the olefin and pH is controlled by adding SO.sub.2
      during the reaction providing a high yield process that proceeds rapidly
      with high conversion of the olefin and with minimum production of
      molecules having two sulfur atoms each. Simple pH measurement and the
      addition of a small amount of SO.sub.2 is the principal measurement and
      control required for the present process without need for either visual
      observation of the reaction mass or for analysis of samples of the
      reaction mixture for bisulfite content.
PAR  The present invention teaches that vinyl olefins having from about 8 to
      about 30 carbon atoms per molecule will react with ammonium or alkali
      metal bisulfite at a temperature of from about 25.degree. to about
      200.degree.C in the presence of an effective amount of suitable reaction
      initiator.
PAR  An important aspect of the present invention is the use of solvent as
      herein defined. Another important aspect is the control of the pH to
      maintain a pH of from about 5 to about 8. Temperature and pressure are
      important in connection with rate but they are not unduly critical. In
      general, one usually prefers operation at reflux at about atmospheric
      pressure while avoiding costly high vacuum or high pressure equipment.
      Although various useful reactants and solvents have different physical
      properties such as melting point, boiling point, decomposition
      temperature, and the like, useful temperatures range from about
      25.degree.C to about 200.degree.C and useful pressures are from about 1/2
      to about 15 atmospheres.
PAR  Accordingly, the present invention relates to a process for preparing alkyl
      sulfonate salts which comprises reacting from about 1.0 to about 1.7 mols
      of aqueous ammonium or alkali metal bisulfite with about 1.0 mol of
      straight chain terminal olefin having from about 8 to about 30 carbon
      atoms per molecule in the presence of lower alkanol having from 2 to about
      4 carbon atoms per molecule and an effective amount of reaction initiating
      agent, at a pH of from about 5 to about 8, at a temperataure of from about
      25.degree. to about 200.degree.C, the reaction system containing from
      about 70 to about 95 wt. percent of water and lower alkanol, the weight
      ratio of alkanol to water ranging from about 1:4 to about 3:1, the initial
      pH of the reaction mixture being from about 5 to about 8, SO.sub.2 being
      fed to the system as the reaction progresses to maintain a selected pH of
      from about 5 to about 8.
PAR  Preferably the amount of the solvent is from about 75 to about 85 weight
      percent of the reaction system, and typically is about 80 percent of the
      reaction system.
PAR  Preferably the weight ratio of alkanol to water is from about 1:3 to about
      1:1, and typically it is about 2:3.
PAR  Preferably the mol ratio of busulfite to olefin is from about 1:1 to about
      1.50:1, and typically it is from about 1.30:1 to about 1.45:1.
PAR  Preferably the temperature used for the reaction is from about 40.degree.
      to about 120.degree.C, especially from about 80.degree. to about
      90.degree.C.
PAR  Preferably the initiator is an organic peroxide, especially a tertiary
      alkyl perester. Especially preferred initiators are tertiary alkyl
      perbenzoates and peracetates, typically tertiary butyl perbenzoate and
      tertiary butyl peracetate.
PAR  Preferably the bisulfite is sodium bisulfite, sodium metabisulfite or
      ammonium bisulfite or a mixture thereof, especially a mixture of sodium
      bisulfite and sodium metabisulfite.
PAR  Preferably the pH is from about 6 to about 7.5. In a preferred aspect, the
      initial pH is from about 5 to about 7 and SO.sub.2 is added as the
      reaction proceeds to maintain a pH not in excess of about 7.5.
PAR  Preferably substantially all of the reactants, the water, the initiator and
      the solvent are combined and then the system is heated to reflux at the
      selected temperature and pressure for the reaction.
PAR  Preferably the pressure of operation is at about atmospheric pressure.
PAR  In a preferred aspect of the present invention, a process is provided for
      preparing alkyl sulfonate salts which comprises producing a reaction
      mixture containing the addition product of ammonium or alkali metal
      bisulfite and straight chain terminal olefins having from about 8 to about
      30 carbon atoms per molecule, water, and lower alkanol having from 2 to
      about 4 carbon atoms per molecule, the system containing from about 70 to
      about 95 wt. percent of water and lower alkanol, the weight ratio of
      alkanol to water ranging from about 1:4 to about 3:1, withdrawing
      intermittently or continuously a portion of the reaction mixture, and
      replacing the withdrawn reaction mixture with additional bisulfite,
      olefin, water, alcohol and reaction initiating agent to maintain said
      proportions of bisulfite while maintaining a pH of from about 5 to about 8
      and a temperature of from about 25.degree. to about 200.degree.C.
PAR  Preferably the withdrawal and replacement are proportioned to maintain a
      homogeneous system.
PAR  In the present process, the manner of feed of the bisulfite is not critical
      or complicated. Preferably, substantially all of the bisulfite required
      for conversion of the vinylic olefin bonds is charged to the reaction
      vessel at the start. Several phases may result from such an addition but
      for the most part the system contains only two phases, both of which are
      liquid, and rapid reaction rates and high conversion of olefin prevail
      particularly when good agitation is provided and oxygen is excluded. This
      result is surprising in view of the express teaching in U.S. Pat. No.
      3,084,186 that the feed of the bisulfite in a progressive manner is
      required and that presence of substantially all of the required bisulfite
      at the start produces a substantially inoperative process.
PAR  Olefins used in the process are preferably straight chain terminal
      monoolefins having from about 8 to about 30 carbon atoms per molecule.
      Preferably the olefins have from about 10 to about 20 carbon atoms per
      molecule. Typical olefins are decene-1, undecene-1, dodecene-1,
      tridecene-1, tetradecene-1, pentadecene-1, hexadecene-1, heptadecene-1,
      octadecene-1, nonadecene-1, and eicosene-1. Other olefins useful are
      acyclic terminal olefins having remote branching at or beyond the gamma
      carbon atom such as 3-ethyl dodecene-1, 4-methyl dodecene-1 and the like.
      The process may be performed with various pure olefins or with mixtures
      containing olefins of two or more different molecular weights. Thus in
      various typical situations, a 1:1:1 or a 1:2:1 or a 2:1:2 or a 65:25:10
      weight ratio mixture of dodecene-1, tetradecene-1 and hexadecene-1 or a
      1:1 or 2:1 or 1:2 weight ratio mixture of dodecene-1 and tetradecene-1, or
      a 1:1  weight ratio mixture of dodecene-1 and hexadecenee-1, typically
      obtained by suitable processes such as fractionation of wide range
      mixtures and/or blending of cuts or individual olefins may be reacted, or
      the typical individual olefins, such as dodecene-1, tetradecene-1 and
      hexadecene-1, may be reacted to provide desired sulfonate compositions for
      use or to provide sulfonate blending stock for mixing in various
      combinations and proportions. Thus convenient feed streams and
      commercially available olefins can be utilized in various ways to produce
      products of desired molecular weight distributions. In general, the
      olefinic bonding which is between a carbon atom that carries two hydrogens
      and a carbon atom that carries one hydrogen reacts selectively in the
      process and reaction of vinylidene and internal olefinic bonds is
      substantially avoided. The product sulfonates thus have little or no
      branching of the carbon skeleton or have only remote branching and
      substantially all molecules carry a sulfur containing radical linked at a
      terminal carbon atom. Where internal or vinylidene (.beta.-branched)
      olefinic bonds are present in feed olefins, they normally do not react to
      any substantial extent. It will be appreciated, however, that where
      reaction of internal or vinylidene olefins is desired, that one may prefer
      to use higher temperature to promote such reaction. In general, such
      higher temperature will not exceed 200.degree.C. Mono olefins with
      unreactive olefinic bonds remain as diluent to be removed, where desired,
      from the product after the reaction, typically by distillation or by
      solvent extraction with a suitable solvent, preferably a hydrocarbon such
      as pentane, hexane, hexene, etc. Typically the reaction solvent is removed
      by evaporation. In general, it is desired to avoid large amounts of
      unreactive hydrocarbons in the feed. Where reaction of vinyl olefins only
      is desired, feed olefins may contain up to about 25 mol percent or more,
      preferably 15 mol percent or less, of each of internal and vinylidene
      olefins. Where the reaction of internal or vinylidene olefins is desired,
      there is no limit to the proportions of the olefins of the various types.
PAR  Various sources of bisulfite ion may be used in the present reaction.
      Bisulfite or metabisulfite such as ammonium bisulfite, sodium bisulfite,
      potassium bisulfite, lithium bisulfite, sodium metabisulfite, potassium
      metabisulfite and other alkali metal bisulfites or metabisulfites may be
      fed as such singly or in admixture and the pH adjusted to the desired
      initial value by the addition of a suitable base such as ammonium or
      alkali metal oxide or hydroxide, preferably a base whose cations
      correspond to those of the bisulfite or metabisulfite or combination
      thereof used.
PAR  In addition, sulfites having cations as set forth in the preceding
      paragraph for the bisulfites and metabisulfites may be fed and the pH
      adjusted to the desired initial range by the feed of suitable acidic
      substance such as SO.sub.2, HCl or bisulfite or metabisulfite of the
      preceding paragraph having similar or different cation. In addition,
      suitable bisulfite is obtained by feeding a suitable base as set forth in
      the preceding paragraph and adding suitable acidic substance to bring the
      initial pH to the desired level. Thus NaOH, for example, may be reacted
      with SO.sub.2 to provide a bisulfite system of the desired pH in which
      case approximately 85 percent of the bisulfite will be present in the
      initial system and the remaining 15 percent of the bisulfite being
      generated in the course of the reaction by the addition of SO.sub.2
      required to maintain the pH in the specified range of 5.0 to 8.0.
PAR  The pH requirementss set forth herein in general impose the limitation that
      the starting system be no more acid than about 5.0. Such a system is
      readily obtained in one or more of several ways.
PAR  A preferred way to obtain the bisulfite reactant and a system pH in the
      range specified is to prereact hydroxide with SO.sub.2. Simple routine
      experimentation indicates the amount of base and SO.sub.2 to be used to
      put the initial system pH in the specified range so that as the reaction
      progresses, the system pH can be maintained in the specified pH range by
      the further addition of SO.sub.2. In general, it is preferred to have a
      starting pH near the lower end of the range, typically from about 5 to
      about 7.0 so that, as the pH rises in the course of the reaction, the pH
      can be held in the specified range of from about 5 to about 8, or
      preferably not in excess of about 7.5 by the addition of SO.sub.2. These
      preferred conditions usually result in the presence initially of from
      about 75 to about 95 percent of the total sulfur required for the
      reaction, the balance of 5 to 25 percent of the sulfur required being
      added during the course of the reaction preferably in the form of gaseous
      SO.sub.2 bubbled into the reaction mass to maintain the desired system pH.
      System pH can be measured in various ways. As an example, a sample may be
      withdrawn and its pH determined using a suitable indicator as is well
      known to those skilled in the art. Preferably, to save the time and the
      delay involved in withdrawing and examining samples using an indicator, it
      is preferred to insert a glass electrode into the reaction system and to
      read the pH in the aqueous phase by a direct reading meter. Very close pH
      measurement and control is thus facilitated with a minimum of operator
      effort and the meter may be used to control directly and automatically the
      admission of SO.sub.2 into the system. Generally speaking, this operation
      is far less time consuming than a process which limits the initial amount
      of bisulfite to about 25 mol percent of the olefin charged and adds
      bisulfite during the course of the reaction.
PAR  The total amount of bisulfite provided for the present reaction depends
      upon several factors. In general, one desires enough bisulfite to react
      with the reactive olefinic bonds in a reasonable reaction time and at the
      same time to avoid an excess of bisulfite that remains in the product as
      undesired inorganics. The product usually is a mixture wherein some
      molecules contain one atom of sulfur and some molecules contain two atoms
      of sulfur. When one uses large percentages of solvents the product
      contains about 1.25 atoms of sulfur per molecule of product. When one uses
      lesser amounts of solvents relative to the olefins and bisulfite, the
      product usually contains more sulfur per molecule of product, up to about
      1.5 atoms or more of sulfur per molecule of product. To react out all of
      the bisulfite and olefin in reasonable reaction times of from about 2 to
      about 8 hours, usually it is preferred to provide about 1.4 gram atoms of
      sulfur per gram mol of reactive olefin and to operate with preferred
      amounts of solvent as set forth hereinafter.
PAR  Although the use of large amounts of bisulfite relative to olefin may
      shorten reaction time and enhance the overall conversion of the olefin, it
      is usually preferred to avoid large excesses of bisulfite to minimize
      residual inorganic material in the product sulfonate. Thus ratio of mols
      of bisulfite used per mol of reactive olefin preferably is from 1:1 to
      about 1.7:1, preferably from about 1:1 to about 1.5:1, especially from
      about 1.30:1 to about 1.45:1.
PAR  For optimum yield and minimum production of undesired sulfate by-products,
      precautions preferably are taken to avoid oxidation of bisulfite or
      sulfite to sulfate both before and during the reaction with olefin.
      Preferably therefore, hydroxide and bisulfite are handled in such a way as
      to avoid contact thereof with oxygen. Thus, reflux condensers, reaction
      vessels and lines containing bisulfite or the precursor hydroxide and
      SO.sub.2 preferably are purged with nitrogen prior to the reactions and
      free oxygen is excluded during the bisulfite addition reaction.
PAR  Suitable solvent or diluent systems for the present process are somewhat
      limited. Suitable solvent systems contain water plus one or more lower
      alkanols having from 2 to about 4 carbon atoms per molecule. Preferred
      lower alkanol for such systems is isopropanol. Ethanol is also a suitable
      co-solvent; however, usually it is less preferred than isopropanol because
      of handling, storage and related problems. Other suitable alkanols are
      normal propanol, normal butanol, and isobutanol. Although useful, the
      other butanols are less preferred. The weight ratio of alkanol to water
      for the co-solvent system is from about 1:4 to about 3:1, preferably from
      about 1:3 to about 1:1, typically about 2:3.
PAR  The weight percent of solvent (water plus alcohol) is from about 70 to
      about 95 of the reaction system or mass, preferably from about 75 to about
      85, typically about 80.
PAR  The solvent proportions have a significant effect upon the reaction rate.
      Systems which contain from about 70 to 85 percent of solvent are usually
      preferred for fast reaction rate and efficient utilization of reactor
      volume. Above 85 percent of solvent, the reactor utilization is generally
      undesirably small. With less than 50 percent solvent, the reaction rate
      becomes undesirably slow for commercial scale operations and the products
      have a high percentage of molecules with two sulfur atoms each.
PAR  Although various initiators have different effects upon rates, the various
      initiators described in the prior art for use in the bisulfite addition to
      olefinic double bonds are in general useful in the present process.
      Initiators may be used individually or, if preferred, in compatible
      combinations to provide progressive effectiveness over the entire reaction
      period since some initiators are slow to reach their maximum effectiveness
      in the reaction while others reach maximum effectiveness rapidly and may
      decline in effectiveness before all the olefin reacts. Generally speaking,
      one prefers to avoid the complications of using two initiators or of
      multiple injections of the same initiator by choosing an initiator that
      has a broad peak of effectiveness under the conditions selected for
      operation. Various suitable initiators include soluble nitrates, nitrites,
      peroxides, inorganic peroxides, organic peroxides, organic peresters,
      organic hydroperoxides and organic azo-nitriles. Typical initiators
      include sodium nitrate and cumene hydroperoxide. Preferred initiators are
      the organic peroxides, including the alkyl peroxides, aryl peroxides and
      aryl hydroperoxides. Especially preferred are the organic peresters, such
      as tertiary butyl perbenzoate, tertiary butyl peracetate, and t-butyl
      peroctanoate. Other useful initiators are azo-bis isobutyronitrile, sodium
      nitrite, and the like. Other initiators are disclosed in U.S. Pat. Nos.
      2,504,411 and 3,479,397, pertinent portions of which are herewith
      incorporated herein by reference.
PAR  The amount of initiator used is an effective amount for the reaction. In
      practice this ranges from about 0.01 to about 0.05 mols of initiator per
      mol of olefin, preferably from about 0.01 to about 0.03 mols of initiator
      per mol of olefin. In general, one uses enough initiator to achieve a
      practical reaction rate but avoids the use of more initiator than is
      necessary. The amount of initiator desirable is readily determined by
      routine experimentation. For example, about 1 mol percent of tertiary
      butyl perbenzoate, (based on the reactive olefin fed) may be added
      initially. Additional amounts of initiator may be added progressively if
      desired to establish a desired reaction rate. Although undesirable as a
      routine matter, the addition of initiator during the course of reaction is
      not difficult experimentally particularly where operation is at
      atmospheric pressure using a reflux condenser. When the optimum amount of
      initiator is determined by routine experimentation, subsequent runs are
      usually conducted with a single, initial, charge of catalyst.
PAR  Preferably the reaction is conducted at reflux temperatures which provide
      autogenous pressure of from about 1/2 to about 10 atmospheres. Operation
      at atmospheric pressure or at higher pressures is usually preferred to
      provide fast reaction rate and avoid the need for a vacuum system. On the
      other hand, pressures higher than about 100 psig usually are not necessary
      to achieve a rapid reaction and hence are usually avoided by selection of
      appropriate operating temperatures, alkanols, etc.
PAR  Although important for matters such as rate, temperature is not a critical
      factor. Generally, the temperature is established on a basis of pressure
      considerations such as the partial pressures of the components and a
      general preference for an operating pressure of from about 0 to about 100
      psig to avoid special precautions for vacuum or high pressure operation.
      Typical reaction temperatures are from about 25.degree. to about
      200.degree.C, preferably from about 40.degree. to about 120.degree.C for
      most of the lower alcohol containing solvent systems. Typical temperatures
      for isopropyl alcohol-water solvents systems refluxing at atmospheric
      pressure is from about 80.degree. to about 90.degree.C.
PAR  The product of the reaction is typically a mixture of alkane sulfonates
      [RCH.sub.2 CH.sub.2 SO.sub.3 Na] and alkane sulfinate-sulfonates
      [RCH(SO.sub.2 Na)CH.sub.2 SO.sub.3 Na]. The product typically is composed
      of from about 25 to about 50 mol percent of the latter component
      corresponding to from about 1.25 to about 1.50 gram atoms of sulfur per
      gram mol of product. The factors governing the proportions have been
      discussed in detail in the foregoing.
DETD
PAR  The following examples indicate preferred embodiments and aspects of the
      present invention.
PAC  EXAMPLE I
PAR  25.1 Grams (615 millimols) of NaOH (98 percent) was dissolved in 300 ml of
      distilled water under a nitrogen blanket in a 1 liter three neck creased
      flask equipped with heater, stirrer, reflux condenser, combination
      electrode and meter for pH measurement, and a thermometer. SO.sub.2 was
      added to the NaOH solution at the rate of 1.10 grams/min. (.about.17.2
      mmols/min.) for 30 min., at the end of which time 33-34 grams SO.sub.2
      (.about.0.52 mols) had been absorbed (and the pH had decreased to 5.7 at
      60.degree.-65.degree.C). This was about 85 percent of the SO.sub.2
      required for complete conversion of the hydroxide all the way to
      bisulfite. To this was added 84.0 grams (0.50 mols) of a mixture of
      C.sub.10, C.sub.12 and C.sub.14 olefin (25, 50, 25 wt. percent
      respectively) (91.1 percent vinyl olefin 0.42 mols) dissolved in 300 ml
      isopropanol (236 grams) containing 1.5 grams (0.773 millimols) of tertiary
      butyl perbenzoate catalyst. The pH of the resulting mixture was 6.05.
PAR  The mixture was heated under nitrogen to reflux at atmospheric pressure.
      The temperature was about 82.degree.C. After about 1/2 hour, the pH began
      to drift upward. Gaseous SO.sub.2 was bubbled into the reaction mixture
      when the pH rose to 7.2 and was subsequently added as necessary to
      maintain a pH of about 6.9. After about 21/2 hours from the start of the
      heating, the mixture became homogeneous. After about 31/2 hours from the
      start, the pH became stabilized at about 6.8 without requiring further
      addition of SO.sub.2. At this point 72 g of the olefin had reacted for a
      vinyl olefin conversion of 94 percent.
PAR  The product was recovered by evaporating the solvent and unreacted olefin.
PAR  The reaction product weighed 128 grams, contained about 1.4 wt. percent
      H.sub.2 O, less than 1 wt. percent unreacted inorganic material and 14.6
      wt. percent S on an anhydrous basis. The product therefore was about 62
      mol percent (55 wt. percent) Na monosulfonate salts and about 38 mol
      percent (45 wt. percent) Na sulfinate-sulfonate salts and has a S/chain
      value of 1.38.
PAC  EXAMPLES II-V
PAR  Example I was repeated in a series of similar runs using various olefins
      and catalysts with 300 ml of H.sub.2 O and 300 ml of isopropanol.
      Catalysts used were tertiary butyl perbenzoate or a mixture of tertiary
      butyl perbenzoate (TBPB) and tertiary butyl peracetate (TBPA) in various
      proportions.
PAR  Data are tabulated in Table I.
PAC  EXAMPLES VI-XII
PAR  Example I was repeated in a series of similar runs using dodecenes in
      various combinations of amounts of solvents and NaOH. The data in Table II
      show the effect of various ratios of solvents and of pH upon reaction
      rate, conversion and ratio of gram atoms of sulfur per gram mol of
      product. In these runs, SO.sub.2 was added as necessary to achieve the
      indicated initial and average pH values. The dodecenes used contained
      approximately 93.8 percent dodecene-1.
TBL                                    TABLE I                                 
     __________________________________________________________________________
               Per-                                                            
                   g    g                         Olefin                       
     Run                                                                       
        Olefin cent                                                            
                   Olefin                                                      
                        Vinyl                                                  
                             Cat., g NaOH                                      
                                         SO.sub.2 mmoles                       
                                                  Reacted                      
     No.                                                                       
        Used   Vinyl                                                           
                   Total                                                       
                        Olefin                                                 
                             TBPB                                              
                                 TBPA                                          
                                     mmoles                                    
                                         Initial                               
                                              Total                            
                                                  g                            
     __________________________________________________________________________
     2  C.sub.10/12/14                                                         
               91.1                                                            
                   94.00                                                       
                        85.63                                                  
                             1.0 1.5 613 342  619 73.0                         
        (as in                                                                 
        Ex. I)                                                                 
     3  C.sub.12                                                               
               94.3                                                            
                   88.00                                                       
                        82.98                                                  
                             1.0 0.5 618 459  565 72.2                         
     4  C.sub.12                                                               
               94.3                                                            
                   80.00                                                       
                        75.44                                                  
                             1.5 --  618 481  563 68.8                         
     5  C.sub.12                                                               
               94.3                                                            
                   80.00                                                       
                        75.44                                                  
                             1.5 --  618 528  620 71.3                         
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
                                                               Product         
                               Olefin             Total        Sulfur/         
     Run                                                                       
        NaOH    i-PrOH                                                         
                     H.sub.2 O,                                                
                         g NaOH/                                               
                               Feed, g pH Range   Time,                        
                                                      Vinyl Conv.              
                                                               Mole-           
     No.                                                                       
        g  moles                                                               
                ml   ml  g H.sub.2 O                                           
                               Total                                           
                                   Vinyl                                       
                                       Initial                                 
                                            Avg.  Hrs.                         
                                                      g    %   cule            
     __________________________________________________________________________
     6  25.0                                                                   
            0.625                                                              
                300  280 0.089 82   77 6.8  7.1-7.3                            
                                                  3            1.27            
     7  37.5                                                                   
           0.95 150  450 0.083 120 113 6.2  6.8-6.9                            
                                                  7   75.3 67  1.40            
     8  37.5                                                                   
           0.95 450  300 0.125 120 113 6.2  6.8-7.4                            
                                                  6   85.4 76  1.47            
     9  12.5                                                                   
           0.31 300  300 0.041  40  38 6.8  6.8   3   35.4 93  1.32            
     10 50.0                                                                   
           1.25 300  300 0.167 150 141 5.8  6.8-7.0                            
                                                  7   117.2                    
                                                           83  1.50            
     11 50.0                                                                   
           1.25 300  300 0.167 150 141 6.6  8.0-8.5                            
                                                  48  74.8 53  1.29            
     12 12.5                                                                   
           0.31 300  300 0.041   40                                            
                                    38 7.7  8.0-8.1                            
                                                  24  32.9 87  1.07            
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing alkyl sulfonate salts which comprises reacting
      from about 1.0 to about 1.7 mols of aqueous ammonium or alkali metal
      bisulfite with about 1.0 mols of straight chain terminal olefin having
      from about 8 to about 30 carbon atoms per molecule in the presence of
      lower alkanol having from 2 to about 4 carbon atoms per molecule and an
      effective amount of a reaction initiating agent, at a pH of from about 5
      to about 8, at a temperature of from about 25.degree. to about
      200.degree.C, the reaction system containing from about 70 to about 95 wt.
      percent of water and lower alkanol, the weight ratio of alkanol to water
      ranging from about 1:4 to about 3:1, the initial pH of the reaction
      mixture being from about 5 to about 8, SO.sub.2 being fed to the system as
      the reaction progresses to maintain a selected pH of from about 5 to about
      8, said process being conducted in the absence of free oxygen.
NUM  2.
PAR  2. The process of claim 1 wherein the amount of the water and lower alkanol
      is from about 75 to about 85 weight percent of the reaction system.
NUM  3.
PAR  3. The process of claim 1 wherein the amount of the water and lower alkanol
      is about 80 percent.
NUM  4.
PAR  4. The process of claim 1 wherein the weight ratio of alkanol to water is
      from about 1:3 to about 1:1.
NUM  5.
PAR  5. The process of claim 1 wherein the weight ratio of alkanol to water is
      about 2:3.
NUM  6.
PAR  6. The process of claim 1 wherein the mol ratio of bisulfite to olefin is
      from about 1:1 to about 1.50:1.
NUM  7.
PAR  7. The process of claim 1 wherein the mol ratio of bisulfite to olefin is
      from about 1.30:1 to about 1.45:1.
NUM  8.
PAR  8. The process of claim 1 wherein the temperature is from about 40.degree.
      to about 120.degree.C.
NUM  9.
PAR  9. The process of claim 1 wherein the temperature is from about 80.degree.
      to about 90.degree.C.
NUM  10.
PAR  10. The process of claim 1 wherein the initiator is an organic peroxide.
NUM  11.
PAR  11. The process of claim 1 wherein the initiator is a tertiary alkyl
      perester.
NUM  12.
PAR  12. The process of claim 1 wherein the initiator is a tertiary alkyl
      perbenzoate.
NUM  13.
PAR  13. The process of claim 1 wherein the initiator is tertiary butyl
      perbenzoate.
NUM  14.
PAR  14. The process of claim 1 wherein the initiator is a tertiary alkyl
      peracetate.
NUM  15.
PAR  15. The process of claim 1 wherein the initiator is tertiary butyl
      peracetate.
NUM  16.
PAR  16. The process of claim 1 wherein the bisulfite is sodium bisulfite,
      sodium metabisulfite or ammonium bisulfite, or a mixture thereof.
NUM  17.
PAR  17. The process of claim 1 wherein the bisulfite is a mixture of sodium
      bisulfite and sodium metabisulfite.
NUM  18.
PAR  18. The process of claim 1 wherein the pH is from about 6 to about 7.5.
NUM  19.
PAR  19. The process of claim 1 wherein the initial pH is from about 5 to about
      7 and the SO.sub.2 is added to maintain a pH not in excess of about 7.5.
NUM  20.
PAR  20. The process of claim 1 wherein substantially all of the initial
      reactants, the water, the initiator and the alkanol are combined and then
      the system is heated to reflux at the selected temperature.
NUM  21.
PAR  21. A process for preparing alkyl sulfonate salts which comprises producing
      a reaction mixture containing the addition product of ammonium or alkali
      metal bisulfite and straight chain terminal olefins having from about 8 to
      about 30 carbon atoms per molecule, reaction initiating agent, water, and
      lower alkanol having from 2 to about 4 carbon atoms per molecule, the
      system containing from about 70 to about 95 wt. percent of water and lower
      alkanol, the weight ratio of alkanol to water ranging from about 1:4 to
      about 3:1, withdrawing intermittently or continuously a portion of the
      reaction mixture, and replacing the withdrawn reaction mixture with
      additional bisulfite, olefin, water, alcohol and reaction initiating agent
      to maintain said proportions of bisulfite while maintaining a pH of from
      about 5 to about 8 and a temperature of from about 25.degree. to about
      200.degree.C by the addition of SO.sub.2, said process being conducted in
      the absence of free oxygen.
NUM  22.
PAR  22. The process of claim 21 wherein the withdrawal and replacement are
      proportioned to maintain a homogeneous system.
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ABST
PAL  A process for the purification of crude 3,3'-diaminobenzidine comprising
      contacting it with sulfuric acid. The 3,3'-diaminobenzidine can be
      produced by the reaction of NH.sub.3 and 3,3'-dichlorobenzidine in the
      presence of various catalysts.
PARN
PAR  This is a continuation of application Ser. No. 868,198, filed Oct. 21,
      1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The synthesis of 3,3'-diaminobenzidine hereinafter DAB by the ammonolysis
      of 3,3'-dichlorobenzidine, hereinafter DCB, is known in the art as
      described in French patent No. 1,475,631 (1967). Unfortunately, the above
      and other prior processes suffer from a number of disadvantages such as
      the resultant impure reaction products which comprise DAB, DCB, and
      catalysts when such are employed in the synthesis.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a novel
      process for the synthesis of DAB which is substantially free of one or
      more of the disadvantages of prior processes.
PAR  Another object is to provide a novel process for the synthesis of DAB of
      greater purity than heretofore possible.
PAR  A further object is to provide a novel process for the removal of DCB
      and/or catalyst residues present as contaminants in crude DAB.
PAR  Additional objects and advantages of the present invention will be apparent
      to those skilled in the art by reference to the following detailed
      description thereof.
PAR  The above and other objects are accomplished according to the present
      invention by contacting or leaching the crude DAB with sulfuric acid.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The synthesis of crude DAB is conducted by reacting DCB with ammonia
      preferably in the presence of a catalyst. The catalyst may comprise a
      copper halide. For example, the catalyst may comprise copper and cuprous
      chloride wherein the molar ratio of copper to cuprous chloride is up to
      4:1, for example 0.5:1 to 3:1. In the presence of water, the cuprous
      chloride catalyst may be present as copper ions and chloride ions. The
      reacting is accomplished by contacting the reactants and the catalyst
      under any conditions that will form DAB and generally by charging these to
      a reaction zone in any suitable vessel such as an autoclave.
PAR  The reaction temperature is not critical, the reaction being conducted at
      any temperature above which the reaction proceeds at an economic rate and
      below which undesirable competing reactions take place. Examples of
      undesirable competing reactions include thermal degradation of the
      reactants or products; hydrolysis of the DCB to an undesirable ammonium
      derivative and/or reaction of DCB with DAB to form undesirable secondary
      and tertiary amines. The temperature is generally between 100.degree. and
      500.degree.C and preferably between 175.degree. and 300.degree.C. The
      pressure likewise is not critical however super-ambient pressures are
      preferred since they tend to drive the reaction to completion. The
      reaction pressure is generally between 10 and 10,000 psig and preferably
      between 500 and 2,500 psig. In a preferred embodiment of the present
      invention the reaction is conducted at autogenous pressure. The reaction
      is conducted until the desired amount of DCB has been converted to DAB. If
      it is desired that the reaction go to completion such can be determined by
      any convenient means such as melting point tests conducted on a
      differential scanning calorimeter or any other convenient means.
      Completion of the reaction is usually observed in 2 to 8 hours.
PAR  By ammonia is meant any NH.sub.3 releasing substance preferred examples of
      which include ammonium hydroxide, gaseous or liquid NH.sub.3 and mixtures
      thereof such as aqua ammonia. The reaction is preferably conducted in the
      presence of some water supplied to the reaction zone as such or in the
      form of ammonium hydroxide. The NH.sub.3 is preferably present in a
      stoichiometric excess over that necessary to completely convert DCB to DAB
      and is generally present in a molar ratio of 2:1 to 200:1 and preferably
      10:1 to 60:1 and most preferably 15:1 to 30:1. The molar ratio of cuprous
      chloride in the catalyst to DCB is 1:10 to 5:10, for example, 1:10 to
      3:10.
PAR  Further according to the present invention, it has been discovered that
      impurities can be leached from impure DAB by the use of sulfuric acid. The
      sulfuric acid can simply be passed through the solid crude impure DAB, or
      the impure DAB can be mixed with the sulfuric acid followed by filtration
      wherein the impurities are removed in the filtrate. It has been found that
      such leaching process is effective to remove copper chlorides such as
      cuprous chloride and cupric chloride and is also effective to separate
      unreacted DCB from DAB. In an especially preferred process, the impure DAB
      which can be a mixture of DAB and copper chlorides and/or unreacted DCB is
      contacted with sulfuric acid to form a slurry. This slurry is then
      filtered to remove the impurites as filtrate leaving behind a filter cake
      substantially free of impurities.
PAR  Widely varying strengths of sulfuric acid can be employed and generally
      from volume concentrations of 0.1% up to 75%, and preferably from 2 to
      35%. The contacting of the sulfuric acid with the impure DAB can be
      conducted in a variety of processes such as by forming a slurry of the two
      or by simply placing the impure DAB on a filter paper and passing the
      sulfuric acid through the impure DAB. The contacting can be conducted in a
      single step or in multiple steps, but the preferred method is to mix the
      impure DAB with sulfuric acid of the preferred concentration present in an
      amount such that there is stoichiometric excess of sulfuric acid over that
      necessary to convert all DAB to DAB hydrosulfate which generally occurs
      within a period of from 20 minutes to 2 hours.
PAR  The contacting can take place at widely varying temperatures and generally
      from -10.degree.C to 120.degree.C, but preferably from 20.degree. to
      50.degree.C. These same temperatures apply for the filtering step when
      such is conducted separately. In general, temperatures and concentrations
      above those specified are undesirable since they tend to cause
      substitution of the DAB producing undesirable amino-sulfonic acids.
PAR  After filtering, the acid treated reaction products are treated with a base
      to reconvert the DAB hydrosulfate to DAB. In general, any strong or weak
      base can be employed which will react with the DAB hydro-sulfate and
      reconvert it to DAB. Examples of suitable bases include among others
      sodium hydroxide, sodium carbonate and ammonia. A base is added until all
      of the acid is neutralized which generally occurs by the time the
      neutralization mixture exhibits a pH of 6 to 8, and preferably about 7.
PAR  While it is not desired to limit the present invention to any theory, the
      following is offered by way of possible explanation. During the catalytic
      synthesis of DAB, a DAB-copper halide complex apparently forms. During the
      contacting step with sulfuric acid, the H.sub.2 SO.sub.4 apparently
      displaces the copper halide from the complex and forms the acid insoluble
      DAB hydrosulfate, i.e. 3,3'-diaminobenzidine. 4H.sub.2 SO.sub.4. The DAB
      cupric halide complex is apparently less reactable with sulfuric acid than
      is the cuprous halide complex. Therefore, higher purities can be achieved
      by means of the leaching process when the copper halide consists
      essentially of cuprous halide. For this reason the preferred catalysts to
      be employed in conjunction with the leaching step are catalysts of copper
      and cuprous halide. The presence of copper tends to reduce any cupric
      halide which may form to the cuprous state, thus producing a DAB complex
      which is more easily reacted with the sulfuric acid. Apparently the
      sulfuric acid also forms a complex with the unreacted DCB, however, under
      the preferred conditions of temperature and acid concentration, a large
      difference in solubilities is observed between DCB hydrosulfate and DAB
      hydrosulfate facilitating their separation.
PAR  Since pure DAB contains a stoichiometric amount of nitrogen but no chlorine
      and no copper, the purity of the final product can be determined by
      elemental analysis for chlorine, nitrogen and/or copper. Chlorine can be
      present due to DCB, NH.sub.4 Cl, or from the catalyst. When DCB is present
      nitrogen analysis (Kjeldahl) is preferably used to establish purity,
      assuming that the crude produce is a binary mixture of DCB and DAB. The
      presence of copper is generally attributed to the catalyst.
PAR  The molar ratio of cuprous chloride to DCB is not critical but optimum
      results occur at molar ratios of 0.1:10 to 5:10 and preferably 1:10 to
      3:10 moles cuprous chloride per mole DCB.
PAR  By ammonia is meant any NH.sub.3 releasing substance preferred examples of
      which include ammonium hydroxide, gaseous or liquid NH.sub.3 and mixtures
      thereof such as aqua ammonia. The reaction is preferably conducted in the
      presence of some water supplied to the reaction zone as such or in the
      form of ammonium hydroxide. The NH.sub.3 is preferably present in a
      stoichiometric excess over that necessary to completely convert DCB to DAB
      and is generally present in a molar ratio of 2:1 to 200:1 and preferably
      10:1 to 60:1 and most preferably 15:1 to 30:1.
PAR  DAB is a known compound of well known utility and is useful as an
      intermediate in the synthesis of high temperature resistant polymers such
      as poly-2,2'-(m-phenylene)-5,5'-bibenzimidazole as described in U.S. Pat.
      Nos. 2,895,948 and 3,174,947. DAB is also useful as an antioxidant and as
      a curing agent for epoxy resins.
PAR  The following examples are given as specific illustrations of the
      invention. It should be understood, however, that the invention is not
      limited to the specific details set forth in the examples.
DETD
PAC  EXAMPLE 1
PAR  This example illustrates the ammonolysis of DCB using a Cu.sub.2 Cl.sub.2
      catalyst and an NH:DCB ratio of 15:1.
PAR  An autoclave is charged with 532 gm of DCB, 83.4 gm of Cu.sub.2 Cl.sub.2
      and 2000 ml of ammonium hydroxide containing 30 weight percent NH.sub.3 to
      form a slurry. The slurry is heated to and maintained at 225.degree. C and
      900 psig for a period of 4 hours. The crude reaction product is cooled,
      filtered washed with water, dried, and found to weigh 436 gm of which 372
      gm are DAB corresponding to a yield of 82.4% of theory. The purity of the
      crude product is 85.3% DAB.
PAR  The purity is calculated by the formula:
      ##EQU1##
      wherein N is the weight percent of elemental nitrogen in the sample
      determined for example by the Kjeldahl method.
PAC  EXAMPLE 2
PAR  This example illustrates the ammonolysis of DCB using a copper plus
      Cu.sub.2 Cl.sub.2 catalyst and an NH.sub.3 :DCB ratio of 15:1.
PAR  An autoclave is charged with 513 gm of DCB, 25.8 gm of granulated copper
      which passes through a U.S. standard screen of 10 mesh per inch and is
      retained on a screen of 600 mesh per inch, 40.1 gm of Cu.sub.2 Cl.sub.2
      and 2000 ml of ammonium hydroxide containing 28.8 weight percent NH.sub.3
      to form a slurry. The slurry is heated to and maintained at 225.degree. C
      and 900 psig for a period of 4 hours. The crude reaction product is
      cooled, filtered, washed with water, dried, and found to weigh 440 gm of
      which 381.0 gm are DAB corresponding to a yield of 86.6% of theory. The
      purity of the crude product is 84.5% DAB calculated as in Example 1.
PAC  EXAMPLE 3
PAR  This example illustrates the process of the present invention and indicates
      the recoveries and elemental analyses of crude DAB, acid-leached DAB, and
      leached recrystallized DAB.
PAR  The crude product of Example 1 is analyzed and the results recorded in
      Table I as Run No. 1; the elemental analyses results being recorded in
      columns 2 through 8, and the melting point in column 9.
PAR  This crude product (10 gm) is placed in a flask along with sulfuric acid
      (90 ml, 15 vol.%) and agitated for 1 1/2 hours. The contents of the flask
      are then placed on filter paper in a Buchner funnel, washed once with
      sulfuric acid (33 ml, 15 vol.%), and once with water (90 ml). The
      resultant filter cake is placed in a flask, whereupon sodium carbonate
      solution (253 ml, 10 wt. % Na.sub.2 CO.sub.3) is added slowly to avoid
      excessive foaming. The flask and its contents are then cooled to
      18.degree. C, filtered, water washed, and dried in vacuo overnight at
      100.degree. C.
PAR  A second analysis of the product is conducted, and the results entered in
      Table I in columns 2 through 9 as Run No. 2.
PAR  The product is then dissolved in boiling water (520 ml) to which has been
      added charcoal (3.12 gm), commercially available as Darco, and
      diatomaceous earth (1.17 gm) commercially available as Celite. Insolubles
      are removed by filtration, and the filtrate containing DAB permitted to
      cool, whereupon DAB crystallized out. The product is dried in vacuo
      overnight at 100.degree. C, analyzed a third time, and the results
      recorded in Table I as Run No. 3. Theoretical values are recorded in as
      Run No. 4 for comparative purpose.
TBL                                    Table I                                 
     __________________________________________________________________________
     I.                                         9.                             
     Run  Elemental Analysis                    Melting                        
                                                Point                          
          2.   3.    4.    5.   6.    7.   8.                                  
          N    Cl    Cu    S    Na    C    H                                   
          (%)  (%)   (%)   (%)  (%)   (%)  (%)                                 
     (No.)                                                                     
     __________________________________________________________________________
                                                151-170.sup.1                  
     1    22.3 4.57  5.29  --   --    60.2 6.16 172-189.sup.2                  
     2    24.1 0.01  .55   0.12 --    --   --   159-172                        
     3    26.4 0.003 0.008 &lt;0.01                                               
                                0.001 66.3 6.42 175-179                        
     4    26.17                                                                
               0     0     0    0      67.29                                   
                                           6.54 179-182                        
     (theory)                                                                  
     __________________________________________________________________________
      .sup.1 major peak                                                        
      .sup.2 minor peak                                                        
PAC  EXAMPLE 4
PAR  This example illustrates the purification of the crude product from
      Examples 1 and 2, and illustrates the increased recoveries by the
      acid-leach process of the present invention when applied to crude products
      produced by the ammonolysis of DCB in the presence of copper-Cu.sub.2
      Cl.sub.2 catalyst compared to that produced in the presence of a Cu.sub. 2
      Cl.sub.2 catalyst alone.
PAR  Elemental analyses and melting point tests are conducted on the crude
      product of Example 3, and the results thereof entered in the first line of
      Columns 5 through 10 in Table II as Run No. 1. The crude product (30 g) is
      placed in a flask containing sulfuric acid (270 ml, 15 vol.%) and is mixed
      for 1 and one half hours. Contents of the flask are then placed on filter
      paper in a Buchner funnel, washed once with sulfuric acid (100 ml, 15
      vol.%) and once with water (267cc). The resultant filter cake is then
      placed in a flask, whereupon aqueous sodium carbonate solution (760 ml, 10
      wt. % Na.sub.2 CO.sub.3) is added slowly. The flask and its contents are
      then cooled to 18.degree. C, filtered, water washed, and dried overnight
      in vacuo at 100.degree. C and found to weigh 23.4 gm corresponding to a
      recovery of 78.1 wt. % which is entered in column 3 of Table II.
PAR  The product is then dissolved in boiling water (1560 ml) to which has been
      added (9.36 gm) Darco and diatomaceous earth 3.51 gm Celite. Insolubles
      are removed by filtration and the filtrate containing DAB permitted to
      cool, whereupon DAB crystallizes out. The product is dried in vacuo
      overnight at 100.degree. C, analyzed a third time, and the results
      recorded in Table II on the third line as Run No. 3. The weight recovered
      is 11.5 gm which corresponds to a final recovery (acid leach and
      recrystallization) of 38.4%.
PAC  EXAMPLE 5
PAR  The procedure of Example 4 is repeated employing the same times,
      temperatures, conditions, and ingredients except that the crude product
      from Example 1 is replaced by the crude product from Example 2, and the
      results thereof recorded in Table II as Runs 4 through 6.
TBL                                    TABLE II                                
     __________________________________________________________________________
     1.   2.          Recovery       Elemental Analysis       10.              
                                                              Melting          
     Run  Process Step                                        Point            
                      3.     4.      5.   6.    7.   8.   9.                   
                      After acid                                               
                             After recry-                                      
                      leach  stallization                                      
                                     N    Cl    Cu   C    H                    
     (No.)            %      %       %    %     %    %    %   (.degree.C)      
     __________________________________________________________________________
     1.   Crude       100            22.3  4.57 5.29 60.2 6.16                 
                                                              151-170          
     2.   Acid leach only                                                      
                      78.1           24.5  0.10 0.60 --   --  155-173          
     3.   Acid leach and                                                       
          recrystallization  38.4    25.6  0.02 0.03 --   --  177-181          
     4.   Crude       100            22.3  5.74 4.19 61.6 5.94                 
                                                              158-173          
     5.   Acid leach only                                                      
                      78.0           23.8  0.07 0.86 --   --  165-173          
     6.   Acid leach and                                                       
          recrystallization  51.9    26.11 0.01 0.07 67.4 6.54                 
                                                              175-181          
     Theory                                                                    
          --          --     --      26.17 0    0    67.29                     
                                                          6.54                 
                                                              179-182          
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  This example illustrates the removal of DCB from a mixture of DCB and DAB
      by leaching with sulfuric acid.
PAR  DAB, produced as described in Example 1, is analyzed and the results
      recorded in Table III as Run No. 1. DCB is likewise analyzed and the
      results recorded as Run No. 2. Then the amount of DAB shown in column 2 is
      mixed with the amount of DCB shown in column 3, and the resultant mixture
      analyzed and the results recorded as Run No. 3. The mixture is then mixed
      with sulfuric acid (900 ml, 15 wt.%) for 1 1/2 hours in a flask. the
      contents of the flask are then placed on filter paper in a Buchner funnel,
      washed once with sulfuric acid (33 ml, 15 wt.%) and once with water (889
      ml). The resultant filter cake is placed in a flask whereupon aqueous
      sodium carbonate solution (2530 ml, 10 wt. % Na.sub.2 CO.sub.3) is added
      slowly to avoid excessive foaming attendant upon release of carbon dioxide
      from acid decomposition of the sodium carbonate. The flask and its
      contents are then cooled to 18.degree.C, filtered, water washed, and dried
      overnight in vacuo at 100.degree.C. Elemental analyses for chlorine and
      nitrogen are conducted, and the results recorded in column 4 and 5 as Run
      No. 4. The melting point is determined and recorded in column 7.
TBL                TABLE III                                                   
     ______________________________________                                    
     1.    Composition     Elemental    6.                                     
     Run                   Analysis     Melting                                
                                        Point                                  
     ______________________________________                                    
           2.        3.        4.     5.                                       
           DAB       DCB       Cl     N                                        
           (g)       (g)       (%)    (%)   (.degree.C)                        
     (No.)                                                                     
     ______________________________________                                    
     1.    100       0         0.02   25.7  177-181                            
     2.    0         100       27.8   11.0  131-134                            
     3.    80        20        5.6    23.2  --                                 
     4.    95.6      4.4       1.54   25.4  176-180                            
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  This comparative example illustrates the attempted purification of crude
      DAB by the use of hydrochloric acid.
PAR  Crude DAB (10 g) from Example 1 was dissolved in hydrochloric acid (220 ml,
      3.28 vol. %) to form a solution. This solution was filtered through a
      Buchner funnel and the DAB hydrochloride collected as the filtrate. The
      DAB was precipitated by adding concentrated hydrochloric acid until the
      final concentration of the mixture was 9.5 volume percent. The DAB
      hydrochloride precipitate is recovered by filtration. The filter cake is
      mixed with water, neutralized with sodium hydroxide, and dried in vacuo
      overnight at 100.degree.C. The product is weighed, indicating a 62.9
      weight percent recovery based upon the amount of DAB originally present in
      the crude product. An elemental analysis is conducted which indicates
      23.8% nitrogen, 4.75% chlorine, and 1.00% copper. The melting point is
      168.degree.-173.degree.C. As indicated by these results, the recovery is
      only 62.9, whereas the amount of chlorine and copper present is very high.
PAR  Although the invention has been described in considerable detail with
      reference to certain preferred embodiments thereof, it will be understood
      that variations and modifications can be effected within the spirit and
      scope of the invention as described above and as defined in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the synthesis of substantially pure 3,3'-diaminobenzidine
      from 3,3'-dichlorobenzidine consisting essentially of the sequential steps
      of:
PA1  I. reacting 3,3'-dichlorobenzidine with NH.sub.3 in the presence of a
      catalyst consisting essentially of a copper chloride to form a crude
      reaction product;
PA1  Ii. mixing the crude reaction product with a stoichiometric excess of
      sulfuric acid to convert the 3,3'-diaminobenzidine to acid-insoluble
      3,3'-diaminobenzidine hydrosulfate with the remainder of the reaction
      product being substantially dissolved;
PA1  Iii. filtering the reaction product and thereby recovering the
      3,3'-diaminobenzidine hydrosulfate as filter cake; and
PA1  Iv. contacting the filter cake with a base to reconvert the solid
      3,3'-diaminobenzidine hydrosulfate to 3,3'-diaminobenzidine.
NUM  2.
PAR  2. A process for the synthesis of substantially pure 3,3'-diaminobenzidine
      from 3,3'-dichlorobenzidine consisting essentially of the sequential steps
      of:
PA1  I. reacting 3,3'-dichlorobenzidine with NH.sub.3 at 100.degree. to
      500.degree.C. at a pressure of 10 to 10,000 psig in the presence of a
      catalyst consisting essentially of copper and cuprous chloride to form a
      crude reaction product; wherein the molar ratio of copper to cuprous
      chloride is up to 4:1; wherein the molar ratio of cuprous chloride to
      3,3'-dichlorobenzidine is 1:10 to 5:10; and wherein the molar ratio of
      NH.sub.3 to 3,3'-dichlorobenzidine is 10:1 to 60:1;
PA1  Ii. mixing the crude reaction product with a stoichiometric excess of 0.1
      to 75 vol. % sulfuric acid at -10.degree. to 120.degree.C. to convert the
      3,3'-diaminobenzidine to acid-insoluble 3,3'-diaminobenzidine hydrosulfate
      with the remainder of the reaction product being substantially dissolved;
PA1  Iii. filtering the reaction product and thereby recovering the
      3,3'-diaminobenzidine hydrosulfate as filter cake; and
PA1  Iv. contacting the filter cake with a base to reconvert the
      3,3'-diaminobenzidine hydrosulfate to 3,3'-diaminobenzidine.
NUM  3.
PAR  3. A process of claim 1 for the synthesis of substantially pure
      3,3'-diaminobenzidine from 3,3'-dichlorobenzidine consisting essentially
      of the sequential steps of:
PA1  I. reacting 3,3'-dichlorobenzidine with NH.sub.3 at 175.degree. to
      300.degree.C. and autogenous pressure in the presence of water and a
      catalyst consisting essentially of finely divided copper and cuprous
      chloride to form a crude reaction product; wherein the molar ratio of
      copper to cuprous chloride is 0.5:1 to 3:1; wherein molar ratio of cuprous
      chloride to 3,3'-dichlorobenzidine is 1:10 to 3:10; and wherein the molar
      ratio of NH.sub.3 to 3,3'-dichlorobenzidine is 15:1 to 30:1;
PA1  Ii. mixing the crude reaction product with a stoichiometric excess of 2 to
      35 volume per cent sulfuric acid at 20.degree. to 50.degree.C. to convert
      the 3,3'-diamino-benzidine to acid-insoluble 3,3'-diaminobenzidine
      hydrosulfate;
PA1  Iii. filtering the reaction product and thereby recovering the
      3,3'-diaminobenzidine hydrosulfate as filter cake;
PA1  Iv. contacting the filter cake with a base to reconvert the
      3,3'-diaminobenzidine hydrosulfate to 3,3'-diaminobenzidine;
PA1  V. dissolving the 3,3'-diaminobenzidine in boiling water to form a hot
      solution;
PA1  Vi. filtering the hot solution to remove copper and any other insoluble
      contaminants; and
PA1  Vii. cooling the hot solution to crystallize the 3,3'-diaminobenzidine.
NUM  4.
PAR  4. In a process for producing 3,3'-diaminobenzidine by the ammonolysis of
      3,3'-dichlorobenzidine in the presence of ions of copper and ions of
      chloride, the improvement wherein the unreacted 3,3'-dichlorobenzidine,
      the ions of copper and the ions of chlorine are leached from the
      ammonolysis reaction products by sulfuric acid leaving a product
      consisting essentially of acid-insoluble 3,3'-diaminobenzidine
      hydrosulfate substantially free of 3,3'-dichlorobenzidine, ions of copper
      and ions of chlorine.
NUM  5.
PAR  5. A process for separating 3,3'-diaminobenzidine from impure
      3,3'-diaminobenzidine formed by the ammonolysis of 3,3'-dichlorobenzidine
      in the presence of a copper halide catalyst, which process consists
      essentially of the steps of leaching the impurities from the said impure
      3,3'-diaminobenzidine by contacting the said impure 3,3'-diaminobenzidine
      with sulfuric acid whereby acid-insoluble 3,3'-diaminobenzidine
      hydrosulfate is formed and the said impurities are dissolved, and
      separating the solid 3,3'-diaminobenzidine hydrosulfate from the dissolved
      impurities.
NUM  6.
PAR  6. The process of claim 5 wherein the sulfuric acid has a concentration of
      2 to 35 volume percent.
NUM  7.
PAR  7. the process of claim 5 wherein the copper halide is cupric chloride.
NUM  8.
PAR  8. The process of claim 5 wherein the copper halide is cuprous chloride.
NUM  9.
PAR  9. The process of claim 5 wherein said solid 3,3'-diaminobenzidine is
      separated by filtering.
NUM  10.
PAR  10. The process of claim 9 wherein the said filtering is conducted at a
      temperature of 20.degree. to 50.degree.C.
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ABST
PAL  Concerns compounds of the formula
      ##SPC1##
PAL  Wherein R.sub.1 is a 1 to 6 carbon atom alkyl, benzyl, halobenzyl, lower
      alkylbenzyl, nitrobenzyl, alkenyl, haloalkenyl, 2-(lower alkylthio)lower
      alkyl or cyclohexylmethyl group, R.sub.2 is hydrogen, ammonium or alkali
      metal and n is an integer from 0 to 2. The compounds are prepared by
      reacting an alkali metal salt of 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
      with a thiolsulfonate. The compounds are useful as plant growth
      regulators.
PARN
PAR  This is a division of application Ser. No. 319,361 Filed Dec. 29, 1972, now
      U.S. Pat. No. 3,852,359.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention concerns
      2-(sulfur-substituted)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-ones
      corresponding to the formula
      ##SPC2##
PAL  Wherein R.sub.1 is a 1 to 6 carbon atom alkyl, benzyl, halobenzyl, lower
      alkylbenzyl, nitrobenzyl, alkenyl, haloalkenyl, 2-(lower alkylthio)-lower
      alkyl or cyclohexylmethyl group, R.sub.2 is hydrogen, ammonium or alkali
      metal and n is an integer from 0 to 2. In the specification and claims,
      the term "lower alkyl" designates straight and branched chain alkyl groups
      having from 1 to 4 carbon atoms, the term "halo"  designates fluoro,
      chloro or bromo, the term "alkenyl" designates an alkenyl group having
      from 3 to 5 carbon atoms.
PAR  The compounds are prepared by mixing together substantially equimolar
      proportions of an alkali metal salt of
      3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one with an R.sub.1 -thiolsulfonate
      according to the following equation:
      ##SPC3##
PAL  Wherein M represents an alkali metal and R.sub.3 represents lower alkyl,
      phenyl, lower alkylpehnyl, halophenyl or lower alkoxy phenyl, and, if
      desired, adding alkali metal or ammonium hydroxide to form the R.sub.2
      salt, or so forming the R.sub.2 salt after subsequent oxidation of the
      2-thio compound to the sulfinyl or sulfonyl compound.
PAR  The procedures for sulfenylating dimedone and preparing therefrom the
      corresponding sulfinyl and sulfonyl derivatives are as follows.
PAC  GENERAL PROCEDURE FOR SULFENYLATING DIMEDONE
PAR  A mixture of 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (dimedone), and
      R.sub.1 -thiolsulfonate, an alkali metal hydroxide, water and a
      water-miscible solvent, i.e., methanol, ethanol, 2-propanol, acetone,
      methyl ethyl ketone, dimethylformamide, dioxane or acetonitrile, is heated
      with stirring at any temperature between about 45.degree.C. and the
      boiling temperature of the aqueous solvent (preferably at the boiling
      temperature) for a period of time of about one hour to about 48 hours
      (preferably three to 24 hours). After the reaction, the solvent mixture is
      removed by evaporation or by distillation. The residue is washed with
      water to remove the sulfinate salt by-product, and the crude product is
      collected on a filter and dried. Purification is accomplished by
      recrystallizing the crude product from an organic solvent, i.e., a
      hydrocarbon or lower alkanol such as benzene, cyclohexane, n-hexane,
      methylcyclohexane, n-pentane, ethanol, aqueous ethanol, methanol, aqueous
      methanol or toluene or a combination thereof.
PAR  In an ultimate isolation procedure, the solvent is partially removed from
      the reaction mixture by evaporation or distillation, and the concentrate
      is cooled to cause crystallization of the product, which is then collected
      on a filter and recrystallized, if necessary, as shown above.
PAR  In a second alternate isolation procedure, the solvent is removed from the
      reaction mixture by evaporation or distillation, and the residual oil or
      solid is extracted with a water-immiscible organic solvent, i.e.,
      chloroform, methylene chloride, carbon tetrachloride,
      1,1,1-trichloroethane, benzene, toluene, xylene or ethyl ether, and the
      extract is washed with water and then extracted with 5 percent sodium
      hydroxide solution. The alkaline extract is washed with a water-immiscible
      solvent as used in the extraction and then stirred at ambient temperature
      with activated charcoal. The charcoal is removed by filtration, and the
      filtrate is acidified with a mineral acid, i.e., hydrochloric or sulfuric
      acid, and the precipitated solid product is collected on a filter, washed
      with water and dried. This product can be further pruified by
      recrystallization from an appropriate solvent, as shown above.
PAC  General Procedure for the Preparation of a 2-(R.sub.1
      -Sulfinyl)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-ones
PAR  A mixture of the 2 -(R.sub.1
      -thio)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one, glacial acetic acid and
      about one, preferably, to less than two molar equivalents of hydrogen
      peroxide is allowed to stand at ambient temperature for about one to about
      48 hours (preferably at least 20 hours). After the termination of the
      reaction period, the mixture is poured into ice water, and the
      precipitated product is collected on a filter, washed with water and
      dried. Further purification, if necessary, is accomplished by
      recrystallization from an appropriate organic solvent, i.e., n-hexane,
      ethanol, ethyl ether, benzene, cyclohexane or chloroform or a combination
      thereof.
PAC  General Procedure for the Preparation of a 2-(R.sub.1
      -sulfonyl)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
PAR  A mixture of a 2-(R.sub.1 -thio)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
      or 2-(R.sub.1 -sulfinyl)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one,
      glacial acetic acid and up to two molar equivalents of hydrogen peroxide
      (preferably two molar equivalents for the oxidation of the former reactant
      and one molar equivalent for the oxidation of the latter reactant) is
      heated at about 30.degree. to about 100.degree.C. (preferably at
      90.degree. to 100.degree.C.) for a period of time of about 15 minutes to
      about 5 hours (preferably 1 to 1.5 hours). The mixture is then cooled and
      poured into ice water. The precipitated product is collected on a filter,
      washed with water and dried. Further purification, if necessary, is
      accomplished by recrystallization from an appropriate organic solvent,
      i.e., methanol, ethanol, 2-propanol, ethyl acetate,
      m-trifluoromethylbenzotrifluoride, methyl ethyl ketone, methyl isobutyl
      ketone or benzene.
PAC  DESCRIPTION OF SOME PREFERRED EMBODIMENTS
PAR  The following Examples illustrate the present invention and the manner and
      process of making and using the same but should not be construed as
      limitative of the overall scope of the same. Temperatures given are in
      Centigrade degrees. The compounds are identified by one or more of three
      procedures, consisting of elemental analysis, infrared and nuclear
      magnetic resonance (nmr) spectrometry.
DETD
PAC  EXAMPLE 1
PAC  3-Hydroxy-2-(isopropylthio)-5,5-dimethyl-2-cyclohexen-1-one
PAR  To a solution of 14.0 g. (0.100 mole) of
      3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one in 250 ml. of ethanol was added
      a solution of 4.0 g. (0.1 mole) of sodium hydroxide in 160 ml. of water
      followed by 23.0 g (0.100 mole) of isopropyl p-toluenethiolsulfonate. The
      solution was heated under reflux with stirring for seven hours and allowed
      to cool to room temperature. The solvent was removed by evaporation in
      vacuo, leaving an off-white, solid residue which was shaken and stirred
      thoroughly with about 250 ml. of water to remove the sulfinate salt
      by-product. The water-insoluble solid was collected on a filter and dried;
      weight 16.8 g., m.p. 74.5.degree.-79.5.degree.C. The crude substance was
      recrystallized from benzene-cyclohexane (Darco) to give an off-white,
      crystalline solid, m.p. 82.degree.-83.degree.C. A second recrystallization
      (methylcyclohexane) gave the pure product as off-white platelets, m.p.
      83.degree.-84.degree.C.
PAR  Anal. Calcd. for C.sub.11 H.sub.18 O.sub.2 S: C, 61.64; H, 8.47; S, 14.96.
      Found: C, 61.35; H, 8.50; S, 14.74.
PAC  EXAMPLE 2
PAR  2-(Allylthio)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
PAR  A mixture of 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (17.6 g., 0.125
      mole), sodium hydroxide (5.02 g., 0.125 mole) dissolved in 100 ml. of
      water, allyl p-toluenethiolsulfonate (30.0 g., 0.125 mole), and 300 ml. of
      ethanol was heated at reflux overnight. The solvent was removed on a
      rotary evaporator and the remaining oil was dissolved in methylene
      chloride, washed with water, and then extracted with 5 percent sodium
      hydroxide. This basic solution was neutralized, extracted with methylene
      chloride, the methylene chloride solution was washed with water, dried
      (Na.sub.2 SO.sub.4), and evaporated. The oily product was triturated with
      refluxing hexane and separated from the residual oil. The cooled hexane
      solution gave a total of 11 g. of white crystals. After recrystallization
      from hexane and cyclohexane the pure product had a melting point of
      67.5.degree.-69.5.degree.C.
PAR  Anal. Calcd. for C.sub.11 H.sub.16 O.sub.2 S: C, 62.23; H, 7.60; S, 15.1.
      Found: C, 62.22; H, 7.62; S, 14.9.
PAC  EXAMPLE 3
PAR  2-[(2-Chloroallyl)thio]-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
PAR  A mixture of 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (25.0 g., 0.179
      mole), sodium hydroxide (7.15 g., 0.179 mole) dissolved in 90 ml. of
      water, 2-chloroallyl p-toluenethiolsulfonate (47.0 g., 0.179 mole) and 350
      ml. of ethanol was heated under reflux for 5 hours. The solvent was then
      partially removed and crystals formed upon cooling the solution.
      Filtration and three recrystallizations from EtOH/H.sub.2 O gave colorless
      crystals (20.6 g., m.p. 103.degree.-106.degree.C.).
PAR  Anal. Calcd. for C.sub.11 H.sub.15 ClO.sub.2 S: C, 53.54; H, 6.13; Cl,
      14.37; S, 12.99. Found: C, 53.43; H, 6.10; Cl, 14.53; S, 12.82.
PAC  EXAMPLE 4
PAR  3-Hydroxy-5,5-dimethyl-2-[(3-methyl-2-butenyl)-thio]-2-cyclohexen-1-one
PAR  A mixture of 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (28.0 g., 0.200
      mole), sodium hydroxide (8.0 g., 0.20 mole) dissolved in 100 ml. of water,
      3-methyl-2-butenyl methanethiolsulfonate (36 g., 0.20 mole), and 400 ml.
      of ethanol was heated under reflux for 5.5 hours. The solvent was then
      removed on a rotary evaporator and the remaining oil was dissolved in
      methylene chloride, washed with water, and then extracted with 5 percent
      sodium hydroxide. This basic solution was neutralized, extracted with
      methylene chloride, dried (Na.sub.2 SO.sub.4), and evaporated. The
      resulting oil was crystallized from cyclohexane to give white crystals
      (17.7 g., m.p. 50.5.degree.-52.degree.C.). An additional 6 g. of impure
      product (m.p. 40.degree.-45.degree.C.) was recovered from the mother
      liquor.
PAR  Anal. Calcd. for C.sub.13 H.sub.20 O.sub.2 S: C, 64.96; H, 8.39; S, 13.34.
      Found: C, 64.93; H, 8.33; S, 13.33.
PAC  EXAMPLE 5
PAR  3-Hydroxy-5,5-dimethyl-2-[(2-methylthioethyl)-thio]-2-cyclohexen-1-one
PAR  A mixture of 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (28 g., 0.20 mole),
      sodium hydroxide (8.0 g., 0.20 mole) dissolved in 150 ml. of water,
      2-(methylthio)ethyl methanethiolsulfonate (37.3 g., 0.200 mole), and 380
      ml. of ethanol was heated under reflux for 20 hours. After removing the
      solvent on a rotary evaporator, the oil was dissolved in methylene
      chloride, washed with water, and extracted with 5 percent sodium
      hydroxide. This basic solution was neutralized and then extracted with
      methylene chloride. This methylene chloride solution was washed with
      saturated salt solution, dried (Na.sub.2 SO.sub.4), and evaporated. The
      crude oil was crystallized from cyclohexane to give 17.0 g. of product.
      Recrystallization from cyclohexane gave white crystals as pure product,
      m.p. 57.degree.-59.degree.C.
PAR  Anal. Calcd. for C.sub.11 H.sub.18 O.sub.2 S.sub.2 : C, 53.62; H, 7.36; S,
      26.0. Found: C, 53.7; H, 7.23; S, 26.0.
PAC  EXAMPLE 6
PAR  2 -(Cyclohexylmethylthio)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
PAR  A mixture of 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (28.0 g., 0.200
      mole), sodium hydroxide (8.0 g., 0.20 mole) dissolved in 100 ml. of water,
      cyclohexylmethyl p-toluenethiolsulfonate (56.8 g., 0.200 mole) and 350 ml.
      of ethanol was heated under reflux for 6 hours. After removing the solvent
      on a rotary evaporator, the oil was dissolved in methylene chloride,
      washed with water, and extracted with 5 percent sodium hydroxide. This
      basic solution was neutralized and extracted with methylene chloride. The
      organic solution was washed with saturated salt solution, dried (Na.sub.2
      SO.sub.4), and evaporated. The oily product was crystallized from
      methylcyclohexane (41 g., m.p. 64.degree.-67.degree.C.). Further
      recrystallization gave white crystals, m.p. 67.5.degree.-69.5.degree.C.
PAR  Anal. Calcd. for C.sub.15 H.sub.24 O.sub.2 S: C, 67.1; H, 9.01; S, 11.9.
      Found: C, 67.1; H, 8.83; S, 12.0.
PAC  EXAMPLE 7
PAR  2-(Cyclohexylmethylsulfinyl)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
PAR  A mixture of
      2-(cyclohexylmethylthio)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (8.0
      g., 0.029 mole), 50 ml. of glacial acetic acid and 30 percent hydrogen
      peroxide (3.26 g., 0.029 mole) was allowed to stand at room temperature
      for 24 hours. The solution was then poured into ice-water, and the
      precipitated pink crystals were filtered and dried (7.7 g., m.p.
      77.degree.-79.5.degree.C.).
PAR  Anal. Calcd. for C.sub.15 H.sub.24 O.sub.3 S: C, 63.34; H, 8.50; S, 11.27.
      Found: C, 63.25; H, 8.28; S, 11.11.
PAC  EXAMPLE 8
PAR  3-Hydroxy-2-isobutylthio-5,5-dimethyl-2-cyclohexen-1-one A mixture of
      3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (28.0 g., 0.200 mole), sodium
      hydroxide (8.0 g., 0.20 mole) dissolved in 100 ml. of water, isobutyl
      p-toluenethiolsulfonate (48.8 g., 0.200 mole), and 350 ml. of ethanol was
      heated under reflux for 4.5 hours. After removing the solvent on a rotary
      evaporator, the oil was dissolved in methylene chloride, washed with
      H.sub.2 O, and extracted with 5 percent hydroxide. The basic aqueous
      solution was neutralized and extracted with methylene chloride. The
      methylene chloride solution was washed with saturated salt solution, dried
      (Na.sub.2 SO.sub.4), and evaporated. The oily product was crystallized
      from methylcyclohexane (27.2 g., m.p. 65.degree.-68.degree.C.).
      Recrystallization from hexane gave pure product as white crystals m.p.
      66.degree.-69.degree.C.
PAR  Anal. Calcd. for C.sub.12 H.sub.20 O.sub.2 S: C, 63.12; H, 8.83; S, 14.0.
      Found: C, 63.08; H, 8.81; S, 13.86.
PAC  EXAMPLE 9
PAR  3-Hydroxy-2-isobutylsulfinyl-5,5-dimethyl-2-cyclohexen-1-one
PAR  A mixture of 3-hydroxy-2-isobutylthio-5,5-dimethyl-2-cyclohexen-1-one (10
      g., 0.044 mole), 30 percent hydrogen peroxide (5.0 g., 0.044 mole), and
      100 ml. of glacial acetic acid was allowed to stand at room temperature
      for 19 hours. The solution was poured into ice-water and the solid
      filtered to give 4.7 g. of crude product. After two from hexane the pure
      product was obtained as pink crystals 3.3 g., m.p. b
      48.5.degree.-50.degree.C.
PAR  Anal. Calcd. for C.sub.12 H.sub.20 O.sub.3 S: C, 58.98; H, 8.25; S, 13.12.
      Found: C, 58.75; H, 8.29; S, 12.83.
PAC  EXAMPLE 10
PAR  3-Hydroxy-2-isopentylthio-5,5-dimethyl-2-cyclohexen-1-one
PAR  A mixture of 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (28.0 g., 0.200
      mole), sodium hydroxide (8.0 g., 0.20 mole) dissolved in 100 ml. of water,
      isopentyl p-toluenethiolsulfonate (51.6 g., 0.200 mole), and 400 ml. of
      ethanol was heated under reflux for 5 hours. After removal of the solvent
      on a rotary evaporator, the oil was dissolved in methylene chloride,
      washed with water, and extracted with 5 percent sodium hydroxide. This
      basic solution was neutralized and then extracted with methylene chloride.
      The organic solution was washed with saturated salt solution, dried
      (Na.sub.2 SO.sub.4), and evaporated. The product was crystallized from
      hexane (34.9 g., m.p. 55.degree.-60.degree.C.). Recrystallization from
      hexane gave the pure product as white crystals (31.2 g., 0.129 mole, 65
      percent, m.p. 59.degree.-61.degree.C.).
PAR  Anal. Calcd. for C.sub.13 H.sub.22 O.sub.2 S: C, 64.42; H, 9.15; O, 13.2;
      S, 13.23. Found: C, 64.45; H, 9.07; S, 12.95.
PAC  EXAMPLE 11
PAR  3-Hydroxy-2-isopentylsulfinyl-5,5-dimethyl-2-cyclohexen-1-one
PAR  A mixture of 3-hydroxy-2-isopentylthio-5,5-dimethyl-2-cyclohexen-1-one (10
      g., 0.041 mole), 30 percent hydrogen peroxide (4.7 g., 0.041 mole), and
      100 ml. of glacial acetic acid was allowed to stand at room temperature
      for 24 hours. The mixture was poured into ice water and the precipitated
      pink crystals were filtered and dried (9.1 g., m.p.
      64.5.degree.-66.degree.C.).
PAR  Anal. Calcd. for C.sub.13 H.sub.22 O.sub.3 S: C, 60.43; H, 8.58; O, 18.58;
      S, 12.41. Found: C, 60.50; H, 8.49; S, 12.49.
PAC  EXAMPLE 12
PAR  2-(p-Chlorobenzylthio)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1one
PAR  A mixture of 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (28.0 g., 0.200
      mole), sodium hydroxide (8.0 g., 0.20 mole) dissolved in 100 ml. of water,
      p-chlorobenzyl p-toluenethiolsulfonate (62.6 g., 0.200 mole) and 400 ml.
      of ethanol was heated under reflux for four hours. Approximately 200 ml.
      of solvent was removed by distillation and upon cooling crystallization
      occurred. Crystals were collected on a filter and recrystallized from
      ethanol (36 g., m.p. 142.degree.-146.degree.C.). Recrystallization gave
      the pure product as white crystals, m.p. 143.5.degree.-146.degree.C.).
PAR  Anal. Calcd. for C.sub.15 H.sub.17 ClO.sub. 2 S: C, 60.70; H, 5.77; Cl,
      11.95; S, 10.80. Found: C, 60.51; H, 5.76; Cl, 11.96; S, 10.64.
PAC  EXAMPLE 13
PAR  2-(p-Chlorobenzylsulfinyl)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
PAR  A mixture of
      2-(p-chlorobenzylthio)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (10.0 g.,
      0.0338 mole), 30 percent hydrogen peroxide (3.83 g., 0.0338 mole), and 350
      ml. of glacial acetic acid was allowed to stand at room temperature for 23
      hours. The solution was poured into ice water, and the precipitated pink
      solid was filtered and dried (10 g., m.p. 143.5.degree.-145.degree.C.).
PAR  Anal. Calcd. for C.sub.15 H.sub.17 ClO.sub. 3 S: C, 57.59; H, 5.48; Cl,
      11.34; S, 10.25. Found: C,57.68; H, 5.52; Cl, 11.09; S, 10.41.
PAC  EXAMPLE 14
PAR  2-[(p-Chlorobenzyl)sulfonyl]-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
PAR  To a suspension of 10.9 g. (0.0367 mole) of
      2-(p-chlorobenzylthio)-3-hydroxy-5,5,-dimethyl-2-cyclohexen-1-one in 90
      ml. of glacial acetic acid was added 15.0 g. (0.132 mole) of 30 percent
      hydrogen peroxide with stirring. Stirring was continued at room
      temperature for one hour, after which period of time the reaction mixture
      was heated between 85.degree. and 90.degree.C. for one hour. The mixture
      was then cooled and poured into ice water to give 10.5 g., of a white
      solid, m.p. 111.degree.-113.degree.C., when filtered and dried.
      Recrystallization from ethanol give the pure product as glistening,
      colorless needles, m.p. 114.degree.-114.5.degree.C.
PAR  Anal. Calcd. for C.sub.15 H.sub.17 ClO.sub. 4 S: C, 54.79; H, 5.21; Cl,
      10.78. Found: C, 54.49; H, 5.30; Cl, 10.9.
PAC  EXAMPLE 15
PAR  2-(p-Fluorobenzylthio)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
PAR  A mixture of 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (21 g., 0.15 mole),
      sodium hydroxide (6.0 g., 0.15 mole) dissolved in 75 ml. water,
      p-fluorobenzyl p-toluenethiolsulfonate (44.4 g., 0.150 mole), and 300 ml.
      of ethanol was heated under reflux for 3.5 hours. Removal of 150 ml. of
      the solvent by distillation and cooling the solution gave crystals (31.4
      g., m.p. 112.degree.-.sub.+.degree.C.). Recrystallization from ethanol
      gave pure product as white crystals, m.p. 119.degree.-121.degree.C.
PAR  Anal. Calcd. for C.sub.15 H.sub.17 FO.sub.2 S: C, 64.26; H, 6.11; F, 6.78;
      O, 11.41; S, 11.44. Found: C,64.28; H, 6.08; F, 6.73; S, 11.45.
PAC  EXAMPLE 16
PAR  2-(p-Fluorobenzylsulfinyl)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
PAR  A mixture of
      2-(p-fluorobenzylthio)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (12.4 g.,
      0.0443 mole) 30 percent hydrogen peroxide (5.0 g., 0.044 mole) and 100 ml.
      of glacial acetic acid was allowed to stand at room temperature for 24
      hours. The solution was poured into ice water and the precipitated pink
      crystals were filtered and dried (12.3 g., m.p.
      122.degree.-125.degree.C.).
PAR  Anal. Calcd. for C.sub.15 H.sub.17 FO.sub.3 S: C, 60.79; H, 5.78; F, 6.41;
      S, 10.82. Found: C, 60.60; H, 5.72; F, 6.1; S, 10.81.
PAC  EXAMPLE 17
PAR  3-Hydroxy-5,5-dimethyl-2-(p-nitrobenzylthio)-2-cyclohexen-1-one
PAR  A mixture of the sodium salt of 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
      (17.1 g., 0.105 mole), p-nitrobenzyl methanethiolsulfonate (26 g., 0.10
      mole) 200 ml. of ethanol, and 30 ml. of water was heated under reflux for
      3.5 hours. Approximately 100 ml. of solvent was removed by distillation
      and, upon cooling crystallization occurred. After filtration and drying
      the solid was recrystallized from methanol to give two different
      crystalline forms that were manually separated. The light yellow rods were
      recrystallized from 2-propanol to give pure product (2.5 g., m.p.
      140.degree.-141.5.degree.C).
PAR  Anal. Calcd. for C.sub.15 H.sub.17 NO.sub.4 S: C, 58.61; H, 5.58; N, 4.55;
      S, 10.43. Found: C,58.79; H, 5.70; N, 4.56; S, 10.49.
PAC  EXAMPLE 18
PAR  3-Hydroxy-5,5-dimethyl-2-(p-methylbenzylthio)-2-cyclohexen-1-one
PAR  A mixture of 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one (28.0 g., 0.20
      mole), sodium hydroxide (8.0 g., 0.20 mole) dissolved in 100 ml. of water,
      p-methylbenzyl p-toluenethiolsulfonate (57.6 g., 0.200 mole) and 400 ml.
      of ethanol was heated at reflux for 4.75 hours. Approximately 300 ml. of
      solvent was removed by distillation, and upon cooling crystallization
      occurred. Filtration and recrystallization from ethanol gave pure product
      as white crystals (23 g., m.p. 100.5.degree.-102.5.degree.C.).
PAR  Anal. Calcd. for C.sub.16 H.sub.20 O.sub.2 S: C, 69.52; H, 7.29; S, 11.60.
      Found: C, 69.44; H, 7.25; S, 11.61.
PAC  EXAMPLE 19
PAR  3-Hydroxy-5,5-dimethyl- 2-(p-methylbenzylsulfinyl)-2-cyclohexen-1-one
PAR  A mixture of
      3-hydroxy-5,5-dimethyl-2-(p-methylbenzylthio)-2-cyclohexen-1-one (10 g.,
      0.036 mole), 30 percent hydrogen peroxide (4.11 g., 0.0362 mole), and 100
      ml. of glacial acetic acid was allowed to stand at room temperature for 24
      hours. The solution was poured into ice water, and the resulting pink
      solid was filtered and dried to give pure product (9.9 g., m.p.
      89.degree.-90.5.degree.C.).
PAR  Anal. Calcd. for C.sub.16 H.sub.20 O.sub.3 S: C, 65.72; H, 6.85; S, 10.96.
      Found: C, 65.85; H, 6.82; S, 11.05.
PAC  EXAMPLE 20
PAR  2-Benzylthio-3-hydroxy-2,2-dimethyl-2-cyclohexen-1-one
PAR  To a solution of 28.0 g. (0.200 mole) of
      3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one in 500 ml. of ethanol was added
      a solution of 8.0 g. (0.20 mole) of sodium hydroxide in 320 ml. of water
      followed by 55.7 g. (0.200 mole) of benzyl p-toluenethiolsulfonate. The
      mixture was heated under reflux with stirring for seven hours. The solvent
      was removed by evaporation in vacuo, and the white, solid residue was
      shaken and stirred with water, collected on a filter and air dried; 50.8
      g., m.p. 84.degree.-90.degree.C. Recrystallization from ethanol gave 33.9
      g. of white crystals, m.p. 87.5.degree.-90.5.degree.C. Two further
      recrystallizations, one from aqueous ethanol and one from 2-propanol gave
      the pure product as white crystals, m.p. 91.5.degree.-93.degree.C.
PAR  Anal. Calcd. for C.sub.15 H.sub.18 O.sub.2 S: C, 68.67; H, 6.92; S, 12.22.
      Found: C, 68.35; H, 6.85; S, 12.11.
PAC  EXAMPLE 21 2-Benzylsulfinyl-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
PAR  A solution of 10.3 g. (0.0391 mole) of
      2-benzylthio-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one and 4.43 g. (0.0391
      mole) of 30 percent hydrogen peroxide in 50 ml. of glacial acetic acid was
      allowed to stand at room temperature for 22 hours and was then poured into
      ice water and the mixture extracted with methylene chloride. The extract
      was dried over anhydrous sodium sulfate, filtered and the solvent removed
      by evaporation in vacuo, leaving 9.2 g. of amber viscous oil. After some
      difficulty in inducing crystallization, seed crystals were obtained by an
      ether solution of a small portion of the oil in a Dry Ice methylene
      chloride bath. The seed crystals, thus obtained, were used to induce
      crystallization of the main portion of the oil from ether-hexane to give
      7.8 g. of light-pink crystals, m.p. 82.degree.-83.degree.C. A second
      recrystallization from ether-hexane gave the pure substance as light pink
      crystals, m.p. 82.5.degree.-83.5.degree.C.
PAR  Anal. Calcd. for C.sub.15 H.sub.18 O.sub.3 S: C, 64.72; H, 6.52; S, 11.52.
      Found: C, 64.91; H, 6.56; S, 11.36.
PAC  EXAMPLE 22
PAR  2-Benzylsulfonyl-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
PAR  A solution of 12.4 g. (0.110 mole) of 30 percent hydrogen peroxide and 8.00
      g. (0.0305 mole) of 2-benzylthio-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
      in 65 ml. of glacial acetic acid was allowed to stand at room temperature
      for 1 hour and was then heated on the steam plate at 90.degree.C. for an
      additional hour. The solution was cooled and poured into ice water. The
      resulting light tan, solid precipitate was collected on a filter and air
      dried; 7.7 g., m.p. 87.degree.-89.degree.C. Recrystallization from ethanol
      gave pale pink crystals, m.p. 91.degree.-91.5.degree.C.
PAR  Anal. Calcd. for C.sub.15 H.sub.18 O.sub.4 S: C, 61.20; H, 6.16; S, 10.89.
      Found: C, 61.14; H, 6.07; S, 10.67.
PAR  The compounds of this invention are useful as plant growth regulators for
      stunting the growth of grasses, including wheat and corn. Such stunting
      contributes to plant health and resistance to disease. It also facilitates
      the more efficient mechanical harvesting of crops. With tall cereals such
      as wheat and corn, stunting prevents lodging. This is not to suggest that
      all of the compounds are equally effective on the same plants or at the
      same concentration. The plant growth stunters are used both in the
      pre-emergent form, i.e., before the seeds have sprouted, or in the foliar
      application after plant growth has begun. For plant growth control, the
      compounds can be employed in an unmodified form or dispersed on a finely
      divided solid and employed as dusts. Such mixtures can also be dispersed
      in water with or without the aid of a surface-active agent and the
      resulting aqueous suspensions employed as sprays. In other procedures, the
      products can be employed as active constituents in solvent solutions,
      oil-in-water or water-in-oil emulsions or aqueous dispersons. The
      augmented compositions are adapted to be formulated as concentrates and
      subsequently diluted with additional liquid or solid adjuvants to produce
      the ultimate treating compositions. Good results are obtained when
      employing compositions containing from about 2 to about 25 pounds per acre
      of active material for pre-emergent applications and from about 1 to about
      4 .times. 10.sup.3 parts per million (ppm) of active agent for foliar
      application.
PAR  In the following Table, data are presented showing the activity of
      representative compounds, listed by example number, as plant growth
      stunters wherein the active agent is used in either pre-emergent or foliar
      application. Plant growth stunting is measured as the difference between
      normal or controlled growth and stunted growth, expressed as a percentage
      of the normal growth. Where the stunting is 100 percent, the compound
      obviously is a herbicide.
TBL                TABLE I                                                     
     ______________________________________                                    
     Plant Growth Stunting:                                                    
     Percent Reduction/Application Rate                                        
     Pre-   %                      %                                           
     Emergent                                                                  
            Reduction     Foliar   Reduction                                   
     Example                                                                   
            lb./acre      Example  ppm .times. 10.sup.3                        
     ______________________________________                                    
     1      cultured rice  1       sorghum 15/4                                
            30/10          4       sorghum 25/4                                
            winter wheat   9       sorghum 60/4                                
            20/10                  crabgrass 50/4                              
            corn 30/10    14       sorghum 50/4                                
     2      cotton 50/10  15       sorghum 20/4                                
            crabgrass 80/20                                                    
                          16       sorghum 20/4                                
     3      pigweeds 100/20                                                    
                          20       crabgrass 30/4                              
     5      cotton 50/20           barnyard grass 40/4                         
            crabgrass 50/20                                                    
     6      cotton 50/2                                                        
     7      cotton 50/2                                                        
            crabgrass 50/20                                                    
     8      cotton 30/5                                                        
            crabgrass 60/20                                                    
     9      cotton 50/10                                                       
            crabgrass 90/20                                                    
     10     cotton 20/2                                                        
            crabgrass 30/20                                                    
     11     cotton 40/5                                                        
            crabgrass 50/20                                                    
     12     cotton 30/5                                                        
            crabgrass 30/20                                                    
     13     cotton 40/2                                                        
            crabgrass 90/20                                                    
     15     wild oats 70/20                                                    
     16     crabgrass 70/20                                                    
     17     pigweeds 100/20                                                    
     18     cotton 30/2                                                        
            crabgrass 30/20                                                    
     19     cotton 30/2                                                        
            crabgrass 50/20                                                    
     20     cotton 30/2                                                        
            corn 40/10                                                         
            winter wheat 30/10                                                 
     21     cotton 30/2                                                        
            soybeans 30/2                                                      
            winter wheat 30/5                                                  
     22     cotton 30/5                                                        
            corn 40/5                                                          
            soybeans 60/10                                                     
     ______________________________________                                    
PAR  The thiolsulfonate starting materials are prepared in the following ways:
PAC  2-Chloroallyl p-toluenethiolsulfonate
PAR  A mixture of 136 g. (0.600 mole) of potassium p-toluenethiolsulfonate and
      66.6 g. (0.600 mole) of 2,3-dichloropropene in 600 ml. of acetonitrile was
      heated under reflux with stirring for 3.7 hours. The potassium chloride
      by-product was removed by addition of infusorial earth with stirring
      followed by filtration. The solvent was removed from the filtrate by
      evaporation in vacuo, leaving 128 g. of the product as an orange oil,
      which was pure enough for preparative purposes.
PAC  3-Methyl-2-butenyl methanethiolsulfonate
PAR  A mixture of potassium methanethiosulfonate (75 g., 0.50 mole),
      1-chloro-3-methyl-2-butene (52.3 g., 0.500 mole), and 400 ml. of
      acetonitrile was heated under reflux with stirring for 6 hours. After
      cooling, the salt was removed by filtration and the solvent removed on a
      rotary evaporator to give the oily product. (75.8 g., n.sub.D.sup.25 =
      1.5214).
PAC  CYCLOHEXYLMETHYL P-TOLUENETHIOLSULFONATE
PAR  A mixture of 56.6 g. (0.250 mole) of potassium p-toluenethiosulfonate, 44.3
      g. (0.250 mole) of cyclohexylmethyl bromide and 200 ml. of acetonitrile
      was heated under reflux with stirring for 4.5 hours followed by filtration
      to remove the potassium bromide by-product. The filtrate, on cooling,
      yielded 18.9 g. of white crystalline solid, m.p. 216.degree.-219.degree.C.
      (dec.), which proved to be unreacted potassium p-toluenethiosulfonate and
      was removed by filtration. The filtrate was concentrated on the steam bath
      in vacuo, and the concentrate was poured into water with stirring. The
      crude product precipitated as a white solid and was collected on a filter
      and air dried, weight 48.6 g. Recrystallization from ethanol gave the pure
      product as white crystals, m.p. 72.5.degree.-73.5.degree.C.
PAC  ISOPENTYL P-TOLUENETHIOLSULFONATE
PAR  A mixture of 60.4 g. (0.400 mole) of isopentyl bromide, 90.5 g. (0.400
      mole) of potassium p-toluenethiolsulfonate and 700 ml. of ethanol was
      heated under reflux with stirring for eight hours and then stirred at room
      temperature for 13 hours. The potassium bromide by-product was removed by
      filtration, and the solvent was removed from the filtrate by evaporation
      in vacuo. The residue was taken up in methylene chloride, and the
      methylene chloride solution was washed with water and then dried over
      anhydrous magnesium sulfate. The solvent was removed by evaporation in
      vacuo, leaving 84 g. of the product as a light brown oil, n.sub.D.sup.25 =
      1.5446.
PAC  ISOPROPYL P-TOLUENETHIOLSULFONATE
PAR  To a solution of 88.5 g. (0.800 mole) of 2-propanesulfenyl chloride in 500
      ml. of methylene chloride was added portionwise 205 g. (0.800 mole) of
      sodium p-toluenesulfinate, maintaining the temperature at 20.degree.C. by
      means of an ice bath. The reaction mixture was then stirred at room
      temperature for two hours, and the by-product sodium chloride was removed
      by filtration. The methylene chloride was removed from the filtrate by
      evaporation in vacuo, leaving a dark brown oil, which was dissolved in
      methylene chloride, washed with water and dried over anhydrous sodium
      sulfate. After removal of the drying agent by filtration, the solution was
      treated with decolorizing charcoal, filtered and evaporated to dryness in
      vacuo, leaving 143 g. of the crude product. Fractionation gave the pure
      product as a pale yellow liquid, n.sub.D.sup.25 = 1.5540.
PAC  P-CHLOROBENZYL P-TOLUENETHIOLSULFONATE
PAR  A mixture of 48.4 g. (0.300 mole) of p-chloro benzyl chloride, 68.0 g.
      (0.300 mole) of potassium p-toluenethiolsulfonate and 1200 ml. of ethanol
      was heated under reflux with stirring for 4.5 hours. The mixture was then
      further stirred at room temperature for 15 hours. The by-product potassium
      chloride was removed by filtration, and the ethanol was removed from the
      filtrate by evaporation in vacuo. The residue was shaken with water and
      extracted with methylene chloride. The extract was dried over anhydrous
      sodium sulfate, filtered and the methylene chloride removed by evaporation
      in vacuo, leaving the pure product as 75 g. of light yellow liquid,
      n.sub.D.sup.25 = 1.6059. P-FLUOROBENZYL P-TOLUENETHIOLSULFONATE
PAR  A mixture of potassium p-toluenethiosulfonate (56.6 g., 0.250 mole),
      p-fluorobenzyl chloride (36.1 g., 0.250 mole), and 400 ml. of acetonitrile
      was heated under reflux for 3 hours with stirring and then allowed to
      cool. The potassium chloride was removed by filtration, and the solvent
      was removed on the rotary evaporator to give the desired product as light
      brown oil (70.9 g., n.sub.D.sup.25 = 1.5908).
PAC  N-NITROBENZYL METHANETHIOLSULFONATE
PAR  A mixture of 45.1 g. (0.300 mole) of potassium methanethiosulfonate and
      64.8 g. (0.300 mole) of p-nitrobenzyl bromide in 400 ml. of acetonitrile
      was heated under reflux with stirring for 5 hours. The potassium bromide
      by-product was removed by filtration, and the solvent was removed from the
      filtrate by evaporation in vacuo, leaving a viscous oil which
      crystallized. Recrystallization from ethanol gave 62 g. of glistening,
      straw colored needles, m.p. 83.degree.-83.5.degree.C. A small portion was
      again recrystallized from ethanol to give the pure substance of the same
      appearance, m.p. 83.5.degree.-84.degree.C.
PAC  P-METHYLBENZYL-P-TOLUENETHIOLSULFONATE
PAR  A mixture of 70.5 g. (0.500 mole) of .alpha.-chloro-p-xylene and 113 g.
      (0.500 mole) of potassium p-toluene thiosulfonate in 11 of ethanol was
      heated under reflux with stirring for 4 hours and was then stirred at room
      temperature for 15 hours. The reaction mixture was filtered to remove the
      by-product potassium chloride, and the ethanol was removed from the
      filtrate by evaporation in vacuo, leaving a semi-solid residue which was
      shaken with water and extracted with methylene chloride. The methylene
      chloride extract was dried over anhydrous sodium sulfate and evaporated to
      dryness in vacuo. The residue was crystallized (hexane) to give 116 g. of
      white crystals, m.p. 52.degree.-56.degree.C. A second recrystallization
      gave the pure product as white crystals, m.p. 54.degree.-55.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A 2-(sulfur-substituted)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one
      corresponding to the formula
      ##SPC4##
PAL  wherein R.sub.1 is selected from the group consisting of alkyl of 1 to 6
      carbon atoms, alkenyl and halo-alkenyl of 3-5 carbon atoms, 2-(lower
      alkylthio)lower alkyl and cyclohexylmethyl, R.sub.2 represents hydrogen,
      ammonium or alkali metal and n represents an integer from 0 to 2.
NUM  2.
PAR  2. The compound of claim 1 which is
      3-hydroxy-2-(isopropylthio)-5,5-dimethyl-2-cyclohexen-1-one.
NUM  3.
PAR  3. The compound of claim 1 which is
      2-(allylthio)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one.
NUM  4.
PAR  4. The compound of claim 1 which is
      3-hydroxy-5,5-dimethyl-2-[(3-methyl-2butenyl)thio] -2-cyclohexen-1-one.
NUM  5.
PAR  5. The compound of claim 1 which is
      3-hydroxy-5,5-dimethyl-2-[(2-methylthioethyl)thio]-2-cyclohexen-1-one.
NUM  6.
PAR  6. The compound of claim 1 which is
      2-(cyclohexylmethylthio)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one.
NUM  7.
PAR  7. The compound of claim 1 which is
      2-(cyclohexylmethylsulfinyl)-3-hydroxy-5,5-dimethyl-2-cyclohexen-1-one.
NUM  8.
PAR  8. The compound of claim 1 which is
      3-hydroxy-2-isobutylthio-5,5-dimethyl-2-cyclohexen-1-one.
NUM  9.
PAR  9. The compound of claim 1 which is
      3-hydroxy-2-isobutylsulfinyl-5,5-dimethyl-2-cyclohexen-1-one.
NUM  10.
PAR  10. The compound of claim 1 which is
      3-hydroxy-2-isopentylthio-5,5-dimethyl-2-cyclohexen-1-one.
NUM  11.
PAR  11. The compound of claim 1 which is
      3-hydroxy-2-isopentylsulfinyl-5,5-dimethyl-2-cyclohexen-1-one.
PATN
WKU  039431770
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APT  1
ART  126
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TTL  Compounds of the sinensal type, intermediates and process therefor
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ABST
PAL  Flavorants and fragrance materials of the sinensal type, novel halides,
      alcohols, and ketones intermediates and process for making same.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the fields of flavorants and fragrances.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is concerned with a process for the manufacture of compounds
      of the sinensal type of the general formula
EQU  OHC--C(CH.sub.3)=CH--CH.sub.2 --CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2 --A I
PAR  wherein A represents a group of the formula
EQU  --CH.sub.2 --C(=CH.sub.2)--CH=CH.sub.2
PAL  or
EQU  --CH=C(CH.sub.3)--CH=CH.sub.2
PAR  an especially interesting comopund of formula I manufactured in accordance
      with the present invention is
      trans-trans-2,6-dimethyl-10-methylene-dodeca-2,6,11--trienal
      (.beta.-sinensal) which occurs in natural orange oil.
PAR  The process in accordance with the present invention for the manufacture of
      the compounds of formula I comprises oxidising a halide of the general
      formula
EQU  Hal--CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2 --CH.sub.2
      --C(CH.sub.3)=CH--CH.sub.2 --A                            II
PAR  wherein A has the significance given earlier and Hal stands for a chlorine
      or bromine atom.
PAR  The halide starting materials of formula II are novel and also form part of
      the present invention. They can be prepared, also in accordance with the
      present invention, by treating an alcohol of the general formula
EQU  H.sub.2 C=C(CH.sub.3)--CHOH--CH.sub.2 --CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2
      --A                                                       III
PAR  wherein A has the significance given earlier, with an appropriate
      halogenating agent.
PAR  The alcohols of formula III are also novel and form part of the present
      invention. They can be prepared, also in accordance with the present
      invention, by reducing a ketone of the general formula
EQU  H.sub.2 C=C(CH.sub.3)--CO--CH.sub.2 --CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2
      --A                                                       IV
PAR  wherein A has the significance given earlier.
PAR  The ketones of formula IV are also novel and form part of the present
      invention. They can be prepared, also in accordance with the present
      invention, by the acid-catalysed reaction of a vinyl carbinol of the
      general formula
EQU  H.sub.2 C=C(CH.sub.3)--CHOH--CH.sub.2 --A                  V
PAR  wherein A has the significance given earlier, with an enol ether of the
      general formula
EQU  H.sub.2 C=C(CH.sub.3)--C(OR.sup.1)=CH.sub.2                VI
PAR  wherein R.sup.1 represents a lower alkyl group, or a corresponding ketal of
      the general formula
EQU  H.sub.2 C=C(CH.sub.3)--C(OR.sup.1).sub.2 --CH.sub.3        VIII
PAR  wherein R.sup.1 has the significance given earlier.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The oxidation of a compound of formula II can be carried out according to
      methods known per se.
PAR  A preferred oxidation method comprises the treatment of a halide of formula
      II with an alkali salt of a primary or secondary nitroalkane; that is to
      say, of a compound which can form an aci-form. Examples of suitable
      nitroalkanes are nitromethane, nitroethane and 1- or 2-nitropropane, with
      2-nitropropane being preferred and being used in the form of the sodium or
      potassium salt.
PAR  The oxidation can be carried out in the presence of anhydrous or aqueous
      organic solvents; for example, a mono or polyhydroxy alcohol such as
      ethanol, isopropanol, tertbutanol or mono- or diethylene glycol, a
      water-soluble ether such as diethylene glycol ethyl butyl ether, dioxan or
      tetrahydrofuran, a dialkyl amide such as dimethylformamide, an acetal such
      as methylal, a ketone such as acetone, acetonitrile etc. The oxidation
      components are preferably stirred in the solvent at a temperature between
      -10.degree.C and 80.degree.C. In a preferred embodiment of the process, a
      nitroalkane (e.g. 2-nitropropane) is dissolved in a mixture of an organic
      solvent (e.g. dimethylformamide, isopropanol or acetone) and aqueous
      sodium hydroxide or potassium hydroxide, a halide of formula II is added
      to the resulting solution of the sodium or potassium salt of the
      nitroalkane and the mixture is stirred with heating to about
      50.degree.-80.degree.C. In another suitable embodiment of the process, a
      solution of an alkali alcoholate such as potassium tertbutylate in
      tertbutanol, can be added to a nitroalkane and the resulting solution or
      suspension of the alkali salt of the nitroalkane can be stirred with a
      halide of formula II at 0.degree.-50.degree.C. A nitroalkane can also be
      introduced into a suspension of finely divided anhydrous potassium
      hydroxide in an acetal such as methylal or an ether such as diethylene
      glycol ethyl butyl ether and the mixture obtained can be stirred with a
      halide of formula II at room temperature. Depending on the alkali salt and
      the solvent used, there is obtained a homogeneous solution or a mixture
      which separates into two layers. In the latter case, it is expedient to
      bring about an intimate mixture of the two phases by intensive stirring.
PAR  The halide starting materials of formula II are novel and also form part of
      the present invention. They can be prepared, also in accordance with the
      present invention, by treating an alcohol of the general formula
EQU  H.sub.2 C=C(CH.sub.3)--CHOH--CH.sub.2 --CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2
      --A                                                       III
PAR  wherein A has the significance given earlier, with an appropriate
      halogenating agent.
PAR  The treatment of an alcohol of formula III with an appropriate halogenating
      agent can be carried out in a manner known per se. Suitable halogenating
      agents include, for example, hydrogen halides (e.g. hydrogen bromide),
      phosphorus halides (e.g. phosphorus tribromide and phosphorus
      pentachloride) and thionyl chloride. Thionyl chloride is preferred.
PAR  The alcohols of formula III are also novel and form part of the present
      invention. They can be prepared, also in accordance with the present
      invention, by reducing a ketone of the general formula
EQU  H.sub.2 C=C(CH.sub.3)--CO--CH.sub.2 --CH.sub.2 --C(CH.sub.3)=CH--CH.sub.2
      --A                                                       IV
PAR  wherein A has the significance given earlier.
PAR  The reduction of the oxo group in a ketone of formula IV to a hydroxy group
      can be carried out in a manner known per se using a suitable reducing
      agent such as a complex alkali metal hydride (e.g. lithium aluminum
      hydride, sodium aluminium hydride or sodium borohydride), a complex
      trialkoxy-alkali metal hydride (e.g. trimethoxy lithium aluminum hydride
      or tritertbutoxy lithium aluminium hydride), a substituted aluminium
      hydride (e.g. diethyl aluminium hydride or diisobutyl aluminium hydride)
      or a trialkyl compound (e.g. triisopropyl aluminium). Complex alkali metal
      hydrides, especially lithium aluminium hydride, are preferred.
PAR  The reduction is expediently carried out in an organic solvent such as an
      ether (e.g. diethyl ether, dioxan or tetrahydrofuran).
PAR  It is advisable to carry out the reduction at a low temperature, that is to
      say at a temperature below room temperature (e.g. at 0.degree.C).
PAR  The ketones of formula IV are also novel and form part of the present
      invention. They can be prepared, also in accordance with the present
      invention, by the acid-catalysed reaction of a vinyl carbinol of the
      general formula
EQU  H.sub.2 C=C(CH.sub.3)--CHOH--CH.sub.2 --A                  V
PAR  wherein A has the significance given earlier, with an enol ether of the
      general formula
EQU  H.sub.2 C=C(CH.sub.3)--C(OR.sup.1)=CH.sub.2                VI
PAR  wherein R.sup.1 represents a lower alkyl group, or a corresponding ketal of
      the general formula
EQU  H.sub.2 C=C(CH.sub.3)--C(OR.sup.1).sub.2 --CH.sub.3        VII
PAR  wherein R.sup.1 has the significance given earlier.
PAR  The lower alkyl groups denoted by R.sup.1 in formulae VI and VII contain
      from 1 to 6 carbon atoms (e.g. the methyl, ethyl, isopropyl, tertbutyl and
      hexyl groups). The methyl group is the preferred lower alkyl group.
PAR  It is advantageous to use an excess of an enol ether of formula VI in the
      reaction, about 3 equivalents being sufficient from the practical point of
      view. If a corresponding ketal of formula VII is used instead of the enol
      ether, somewhat smaller yields of the desired ketone of formula IV are
      obtained.
PAR  The reaction is carried out in the presence of an acidic catalyst. As the
      acidic catalyst there is expediently used a strong mineral acid (e.g.
      sulphuric acid or phosphoric acid), an acidic salt (e.g. potassium
      bisulphate or pyridine hydrochloride), a strong organic acid (e.g.
      p-toluenesulphonic acid, oxalic acid and trichloroacetic acid) or a Lewis
      acid (e.g. zinc chloride or boron trifluoride etherate). The concentration
      of the acidic catalyst in the reaction mixture expediently amounts to
      about 0.01-1.0%, preferably about 0.1-0.3%.
PAR  The reaction can be carried out in the presence of or in the absence of a
      solvent. When a solvent is used, suitable solvents are, for example,
      hydrocarbons such as benzene, toluene, hexane, heptane, isooctane or
      petroleum ether. According to a particular embodiment, a portion of the
      solvent is distilled off during the reaction, the alcohol formed during
      the reaction distilling off therewith.
PAR  The reaction is preferably carried out at an elevated temperature; for
      example, at a temperature above 50.degree.C and especially at the reflux
      temperature of the reaction mixture. The reaction can be carried out under
      normal pressure or under excess pressure. It is preferred to carry out the
      reaction under the atmosphere of an inert gas (e.g. nitrogen or argon).
PAR  The following Example illustrates the present invention:
PAC  Example
PAR  a. A solution of 7 g of 2-methyl-6-methylene-octa-1,7-dien-3-ol and 14 g of
      3,3-dimethoxy-2-methyl-1-butene in 140 ml of toluene was heated in the
      presence of 140 mg of pyridine hydrochloride with stirring and under a
      nitrogen atmosphere for 45 minutes to 120.degree.C, a mixture of methanol
      and toluene being slowly distilled off azeotropically. After cooling, the
      residue was washed with water, dried over anhydrous sodium sulphate and
      concentrated. The crude product (12.2 g) was purified by chromatography on
      250 g of silicagel. Using hexane/ether (95:5) there were eluted 4.9 g of
      pure trans-2,6-dimethyl-10-methylene-dodeca-1,6,11-trien-3-one; boiling
      point 0.01 = 55.degree.-65.degree.C; UV (ethanol): .lambda..sub.max = 220
      nm (.epsilon. = 23,000).
PAR  This ketone can also be prepared as follows:
PAR  b. A solution of 10 g of 2-methyl-6-methylene-octa-1,7-dien-3-ol and 20 g
      of a mixture of 3,3-dimethoxy-2-methyl-1-butene and
      2-methoxy-3-methyl-butadiene (1:1) in 100 ml of toluene was heated in the
      presence of 300 mg of potassium hydrogen sulphate with stirring and under
      an argon atmosphere for 30 minutes to 70.degree.C and for 90 minutes to
      100.degree.-104.degree.C, a mixture of methanol and toluene being slowly
      distilled off azeotropically. After cooling, the mixture was filtered, the
      filtrate concentrated and the residue distilled under reduced pressure
      (0.01 mm Hg) at 55.degree.-65.degree.C in a bulb-tube. The product (8 g)
      was then purified by chromatography on 130 g of silicagel. By elution with
      hexane/ether (95:5) there were obtained 5.1 g of pure
      trans-2,6-dimethyl-10-methylene-dodeca-1,6,11-trien-3-one.
PAR  A solution of 9.8 g of
      trans-2,6-dimethyl-10-methylene-dodeca-1,6,11-trien-3-one in 200 ml of
      ether was added dropwise to an ice-cooled solution of 3 g of lithium
      aluminium hydride in 200 ml of ether. The resulting mixture was heated for
      3 hours to reflux and excess lithium aluminium hydride was decomposed by
      the addition of a saturated ammonium chloride solution. The mixture was
      then washed with water, dried and concentrated (yield 10.4 g). By
      chromotography on 200 g of silicagel there were obtained 5.8 g of pure
      trans-2,6-dimethyl-10-methylene-dodeca-1,6,11-trien-3-ol; boiling point
      0.015 = 59.degree.C; UV (ethanol): .lambda..sub.max = 224 nm (.epsilon. =
      16,000).
PAR  2.25 g of thionyl chloride were slowly added to a solution of 1.5 g of
      trans-2,6-dimethyl-10-methylene-dodeca-1,6,11-trien-3-ol in 75 ml of dry
      ether. The mixture was left to stand overnight at room temperature, washed
      neutral with water, dried and concentrated. After column chromatography on
      50 g of silicagel using hexane, there were obtained 1.2 g of pure
      trans-trans-1-chloro-2,6-dimethyl-10-methylene-dodeca-2,6,11-triene;
      boiling point 0.025 = 64.degree.C; UV (ethanol): .lambda..sub.max = 215 nm
      (.epsilon. = 18,000).
PAR  A solution of 1.7 g of potassium hydroxide in 2.7 ml of water was diluted
      with 17.5 ml of isopropanol and treated successively with 2.5 g of
      2-nitropropane and 2 g of
      trans-trans-1-chloro-2,6-dimethyl-10-methylene-dodeca-2,6,11-triene. The
      mixture was heated for 30 minutes to 80.degree.C, washed successively with
      2-N sodium hydroxide, saturated sodium bicarbonate solution and saturated
      sodium chloride solution, dried over sodium sulphate and concentrated. The
      crude product (1.6 g) was chromatographed on 90 g of silicagel. Using
      ether/hexane (5:95) there were eluted, in addition to 114 mg of an
      unidentified product, 600 mg of
      trans-trans-2,6-dimethyl-10-methylene-dodeca-2,6,11-trienal
      (.beta.-sinensal); boiling point 0.02 = 43.degree.C; UV (ethanol):
      .lambda..sub.max = 225 nm (.epsilon. = 28,400).
CLMS
STM  What we claim is:
NUM  1.
PAR  1. trans-2,6-Dimethyl-10-methylene-dodeca-1,6,11-triene-3-one.
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ABST
PAL  Secondary alcohol ether ethoxylates having the formula
      ##EQU1##
      wherein R.sub.1 is an aliphatic hydrocarbon radical with 4 to 18 carbon
      atoms, R.sub.2 is an aliphatic hydrocarbon radical with 1 to 10 carbon
      atoms, x and y are integers 0 and 1, z is an average value from 3 to 18,
      the sum of the carbon atoms of R.sub.1 and R.sub.2 is from 6 to 22 and the
      sum of x + y is 1, as well as methods for their production and washing
      agent compositions containing them.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the development of secondary alcohol
      ether ethoxylates having the formula
      ##EQU2##
      wherein R.sub.1 is an aliphatic hydrocarbon radical having from 4 to 18
      carbon atoms, R.sub.2 is an aliphatic hydrocarbon radical having from 1 to
      10 carbon atoms, x and y are integers 0 and 1, and z is an average value
      between 3 and 18, with the proviso that the sum of the carbon atoms in
      R.sub.1 and R.sub.2 is from 6 to 22 and the sum of x + y is 1.
PAR  Another object of the present invention is the development of a process for
      the production of the above secondary alcohol ether ethoxylates which
      comprises the steps of adding a 1,2-epoxy compound having the formula
      ##EQU3##
      wherein R.sub.1 is an aliphatic hydrocarbon radical having from 4 to 18
      carbon atoms to an excess of at least twice the stoichiometric amount of
      an alcohol having the formula
EQU  R.sub.2 OH
PAL  wherein R.sub.2 is an aliphatic hydrocarbon radical having from 1 to 10
      carbon atoms with the proviso that the sum of the carbon atoms in R.sub.1
      and R.sub.2 is from 6 to 22, in the presence of an etherification catalyst
      selected from the group consisting of alkali metal lower alkanolates and
      acidic etherification catalysts, under etherification conditions, removing
      the excess alcohol, reacting the desired amount z of ethylene oxide with
      the resultant secondary alcohol ether in the presence of an alkali metal
      lower alkanolate alkoxylation catalyst under ethoxylation conditions, and
      recovering said secondary alcohol ether ethoxylates.
PAR  A further object of the present invention is the development of a process
      for washing textiles employing from 0.05 to 12 gm/l of the above secondary
      alcohol ether ethoxylates.
PAR  A yet further object of the present invention is the obtaining of washing
      agent compositions particularly for washing textiles containing from 0.5
      to 30% by weight of the above secondary alcohol ether ethoxylates.
PAR  These and other objects of the present invention will become more apparent
      as the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The above objects have been achieved by the development of novel
      interface-active ethoxylation products, a method for their production, and
      their use in washing and cleaning agents.
PAR  Essentially, the new ethoxylation products consist of secondary alcohol
      ether ethoxylates of Formula I
      ##EQU4##
      in which R.sub.1 is an aliphatic hydrocarbon radical with 4 to 18 carbon
      atoms, R.sub.2 is an aliphatic hydrocarbon radical with 1 to 10 carbon
      atoms, x and y are the numbers 0 and 1, and z is a number between 3 and
      18, preferably 5 and 15, the sum of the carbon atoms of R.sub.1 and
      R.sub.2 resulting in a number in the range from 6 to 22, and the sum x + y
      always being 1.
PAR  Due to their excellent interface-active properties, the products according
      to the invention belong to the group of the non-ionic surface-active
      compounds; moreover, they have the properties of a graying inhibitor or
      soil suspension agent with textiles of natural and in particular synthetic
      fibers.
PAR  More particularly, the invention relates to secondary alcohol ether
      ethoxylates having the formula
      ##EQU5##
      wherein R.sub.1 is an aliphatic hydrocarbon radical having from 4 to 18
      carbon atoms, R.sub.2 is an aliphatic hydrocarbon radical having from 1 to
      10 carbon atoms, x and y are integers 0 and 1, and z is an average value
      between 3 and 18, with the proviso that the sum of the carbon atoms in
      R.sub.1 and R.sub.2 is from 6 to 22 and the sum of x + y is 1.
PAR  Suitable as aliphatic hydrocarbon radicals R.sub.1 and R.sub.2 in Formula I
      are alkenyl and, preferably alkyl. The R.sub.1 radicals preferably are
      straight-chain and the R.sub.2 radical can be both straight-chain and
      branched-chain. Especially preferable are compounds of Formula I where
      R.sub.1 and R.sub.2 are straight-chain alkyl and the sum of the carbon
      atoms in R.sub.1 and R.sub.2 is a number in the range of from 10 to 18.
PAR  The compounds of Formula I are ethoxylation products of secondary hydroxy
      ethers or primary hydroxy ethers, depending on whether x signifies the
      number 0 or 1. Of special practical interest are the compounds of Formula
      I in which x = 0 and y = 1, i.e. the ethoxylation products of a secondary
      hydroxy ether of the Formula Ia
      ##EQU6##
      wherein R.sub.1, R.sub.2 and z have the above-assigned values.
PAR  The particular significance of the compounds of Formula Ia is based on the
      advantageous interface-active properties of these products in conjunction
      with their easy technical accessibility, which exists when R.sub.1
      represents an alkyl with 4 to 10 carbon atoms, and R.sub.2 represents
      preferably primary alkyl with 4 to 8 carbon atoms, and z is a number
      between 5 and 15, where the sum of the carbon atoms is R.sub.1 and R.sub.2
      is in the range of from 10 to 18.
PAR  The properties and accessibility of the new substance of Formula I are
      predetermined in a particular manner by the selection of the starting
      compounds for their production. The invention therefore concerns also a
      method for the production of the secondary alcohol ether ethoxylates of
      Formula I, which comprises the steps of adding a 1,2-epoxy compound having
      the formula
      ##EQU7##
      wherein R.sub.1 is an aliphatic hydrocarbon radical having from 4 to 18
      carbon atoms to an excess of at least twice the stoichiometric amount of
      an alcohol having the formula
EQU  R.sub.2 OH
PAL  wherein R.sub.2 is an aliphatic hydrocarbon radical having from 1 to 10
      carbon atoms with the proviso that the sum of the carbon atoms in R.sub.1
      and R.sub.2 is from 6 to 22, in the presence of an etherification catalyst
      selected from the group consisting of alkali metal lower alkanolates and
      acidic etherification catalysts, under etherification conditions, removing
      the excess alcohol, reacting the desired amount z of ethylene oxide with
      the resultant secondary alcohol ether in the presence of an alkali metal
      lower alkanolate alkoxylation catalyst under ethoxylation conditions, and
      recovering said secondary alcohol ether ethoxylates.
PAR  More particularly, the preferable process for the production of the
      compounds of Formula I is characterized in that a 1,2-epoxy alkane of
      Formula II
      ##EQU8##
      is added to an excess amount of an alcohol of Formula III
EQU  R.sub.2 OH                                                 (III)
PAL  wherein R.sub.1 and R.sub.2 have the meaning stated in Formula I, and to
      catalytic quantities of an alkali metal lower alkanolate, at a temperature
      of between 50.degree. and 150.degree.C, after the conversion of the
      epoxide to the ether, the excess alcohol is separated, and the residue is
      reacted, without further addition of catalyst, with ethylene oxide under
      elevated pressure, preferably in an inert gas atmosphere, until the
      calculated quantity of ethylene oxide is absorbed.
PAR  It is known from Malinovskii, "Epoxides and their Derivates", Jerusalem
      1965, pp. 122 ff., that, in the alkali metal alcoholate-catalyzed reaction
      of a 1,2-epoxy alkane (II), with an alcohol (III), practically only the
      hydroxy ether with secondary alcohol group of Formula IV is formed
      ##EQU9##
PAR  It is further known that the ethoxylation of a secondary alcohol requires
      special technical expenditure in comparison with that of a primary
      alcohol. Thus, according to U.S. Pat. No. 2,870,220 to Carter, issued Jan.
      20, 1959, a two-stage process must be employed utilizing first an acid
      catalyst and then an alkaline catalyst. According to U.S. Pat. No.
      2,782,240 to Hefner et al., issued Feb. 19, 1957, the secondary alcohol
      must be used as an alkali metal alcoholate. According to British Patent
      No. 1,193,924, Henkel & Cie, issued June 3, 1970, trialkyl oxonium salts
      are necessary as catalysts for the alkoxylation of secondary alcohols. It
      was found, surprisingly, however, that the hydroxy ethers of Formula IV,
      produced by sodium alcoholate catalysts, can be reacted with ethylene
      oxide directly after removal of the excess alcohol, without isolation of
      the secondary hydroxy ether and without further addition of catalyst,
      there being obtained essentially the new substances of Formula Ia.
PAR  A special advantage of the process of the invention must be seen in that it
      is not necessary to isolate the intermediate phase of the .beta.-hydroxy
      ether (IV) before the ethoxylation. Above all it is unnecessary to
      separate any by-products that might have formed, as for example the 2:1
      adduct from 2 mols of epoxyalkane and 1 mol of alcohol forming in the
      reaction of the 1,2-epoxy alkane (II) with the alcohol (III) along with
      the 1:1 adduct of Formula IV. This by-product, formed in the above ratio,
      probably has the Formula V,
      ##EQU10##
      and may be contained in the technical .beta.-hydroxy ether (IV) in as much
      as 20% by weight of the total quantity. The formation of the by-product
      (V) can, however, be suppressed in large measure by increasing the excess
      of alcohol (III).
PAR  Surprisingly, it has been found that the presence of the by-product of
      Formula V amounts of up to 20% by weight of the mixture of compounds to be
      ethoxylated is by no means disadvantageous and that the technical
      ethoxylation products of the invention, which are obtained with at least a
      two-fold excess and preferably with a three- to five-fold molar excess of
      the alcohol (III), have the same valuable properties as the purified
      ethoxylation product corresponding to Formula I. These products may be
      prepared by distillation of the secondary alcohol ether of Formula IV from
      the by-product residue. The purified secondary alcohol ether of Formula IV
      is then ethoxylated in the presence of an alkali metal alcoholate
      catalyst.
PAR  The products of Formula I according to the invention can be produced also
      by a second method. This method is characterized in that the condensation
      between the 1,2-epoxy alkane (II) and the at least two molar excess of the
      alcohol (III) is carried out in the presence of an acid etherification
      catalyst, preferably from the group of sulfuric acid, phosphoric acid,
      perchloric acid, and the fluorides and chlorides of boron, aluminum, iron,
      tin, titanium, antimony, and their ether complexes. After the separation
      of the excess alcohol and neutralization of the acid catalyst, and after
      addition of cataylitic quantities of an alkali metal alcoholate,
      preferably an alkali metal lower alkanolate, the hydroxylated ether is
      reacted with ethylene oxide.
PAR  This method is employed when mixtures of the ethoxylation products of
      Formula I with different values for x and y are to be obtained, since in
      the acid-catalyzed etherification reaction of a 1,2-epoxy alkane (II) with
      an alcohol (III) a mixture of .beta.-hydroxy ethers and .alpha.-hydroxy
      methyl ethers is formed. The ratio of .beta.-hydroxy ether to
      .alpha.-hydroxy methyl ether being approximately 3:2 when BF.sub.3
      -etherate is used as catalyst.
PAR  The special properties of the new secondary alcohol ether ethoxylates of
      Formula I, which are valid for the wide range of the radicals R.sub.1 and
      R.sub.2 of the definition, make it possible, by the proper selection of
      the starting compounds, to use especially those alcohols R.sub.2 OH with 4
      to 10 carbon atoms which usually occur as by-products in the technically
      known manufacturing processes for alcohols with more than 10 carbon atoms.
      What is here involved are primarily the so-called first distillate fatty
      acids with 4 to 10 carbon atoms which occur in the processing of natural
      fatty acid mixtures, or respectively the primary alcohols obtainable
      therefrom by reduction, as well as the C.sub.4 to C.sub.10 blends
      occurring in the production of synthetic fatty alcohols, for example, the
      alcohols obtainable by polymerization of ethylene with aluminum alkyls and
      subsequent oxidation and hydrolysis. But also the so-called oxo alcohols
      obtainable by hydroformylation of olefins can be utilized according to the
      method of the invention for the technically valuable products of Formula
      I.
PAR  Accordingly, for the method of the invention, for example, the following
      alcohols of Formula III are suitable: Methanol, ethanol, propanol,
      butanol, iso-butanol, amyl alcohols, hexanol, octanol, 2-ethyl-hexanol,
      3,5,5-trimethylhexanol, decanol, C.sub.4 -oxoalcohol (isomeric mixture),
      C.sub.6 to C.sub.8 first distillate fatty alcohols, C.sub.7 to C.sub.9
      oxoalcohol (about 25% .alpha.-alkyl branching).
PAR  The 1,2-epoxyalkanes of Formula II usable in the method of the invention
      are accessible in known manner by epoxidation of the respective terminal
      olefins. Examples of preferred usable epoxides are 1,2-epoxyhexane,
      1,2-epoxyoctane, 1,2-epoxydecane, 1,2-epoxydodecane, and the C.sub.6 to
      C.sub.10 -1,2-epoxides and C.sub.11 to C.sub.15 -1,2-epoxides obtainable
      from terminal olefins as derived from cracking processes.
PAR  To obtain high yields of the ethoxylation product of Formula I it is
      necessary, as has been stated, to use the alcohol (III) in at least a
      two-fold excess, preferably in a quantity of 3 to 5 mols per mol of
      1,2-epoxyalkane (II). The excess alcohol can easily be removed from the
      reaction medium again, such as by distillation. Because of this procedure,
      however, it is of interest to react an alcohol (III) of lowest possible
      boiling point with a 1,2-epoxyalkane (II), but as stated above, the sum of
      the carbon atoms from R.sub.1 and R.sub.2 should be a number in the range
      from 6 to 22, preferably a number in the range from 10 to 18.
PAR  The invention further relates to the use of the ethoxylation products of
      Formula I in washing and cleaning agent compositions which are present in
      solid form, as pastes, or as dispersions or solutions and comprise a
      content of at least one other active washing agent component from the
      group of the anionic and non-ionic surface-active agents and of the
      organic and inorganic builder salts. These washing and cleaning agent
      compositions are characterized in that they contain the ethoxylation
      products of Formula I in quantities of from 0.5 to 30% by weight.
PAR  If the washing agent compositions of the invention are solid, they are
      usually present as fine to granular powders, as agglomerates or
      granulates. Such preparations can be practically anhydrous, or they may
      contain water of crystallization or hydration. The preparations of the
      invention can be used also in pastes, dispersions, or solutions. These
      then contain smaller or larger amounts of solvents, such as water or
      water-soluble organic solvents, in which the other constituents are
      dissolved partially or completely. Thus, for certain cleaning purposes,
      solutions can be used which contain up to 1%, preferably up to 4%, by
      weight of the solid composition.
PAR  The invention therefore also relates to an improvement in the process for
      washing of textiles which comprises contacting soiled textiles with an
      aqueous solution containing surface-active compounds, builder salts and
      soil suspension agents for a time and at a temperature sufficient to
      disperse or dissolve said soil from said soiled textiles in said aqueous
      solution, separating said textiles, rinsing and drying said textiles and
      recovering cleaned textiles, the improvement consisting of employing from
      0.05 to 12 gm/liter of the secondary alcohol ether ethoxylates of the
      invention, in said aqueous solution as part of said surface-active
      compounds and soil suspension agents.
PAR  Solid washing agents in which the ethoxylation products of Formula I can be
      used according to the invention are characterized by the following
      composition:
PAR  I. from 1 to 60% by weight of a tenside component consisting of
PA1  a. from 15 to 50% by weight of the tenside component of the secondary
      alcohol ether ethoxylates of Formula I,
PA1  b. from 50 to 85% by weight of the tenside component of anionic
      surface-active compounds and possibly other non-ionic surface-active
      compounds than those of a),
PAR  II. from 40 to 99% by weight of organic and/or inorganic builder salts and,
      optionally, a bleaching component, and
PAR  III. from 0 to 20% by weight of other common washing agent composition
      constituents such as optical brighteners, enzymes, soil suspension agents,
      textile softeners, antimicrobial agents, dyes, perfume and water.
PAR  The composition of the washing agents with a content of ethoxylation
      products of Formula I depends largely on the purpose of their use.
      Preparations which are used preferably as prewashing agent composition, as
      also the boiling or full washing agent compositions, have a pH of between
      9.5 and 11 in 1% aqueous solution. This is usually obtained by a higher
      content of basic reacting builder salts. The preparations suitable as fine
      washing agent compositions are usually neutral to weakly alkaline (pH 7 to
      9.5) in 1% aqueous solution, but sometimes weakly acid (pH 6 - 7). The
      boiling or full washing agent compositions differ from the other
      preparations also by their content of a bleaching component, which
      consists of a peroxy-compound as active oxygen carrier, in particular
      sodium perborate, stabilizers and possibly activators for the
      peroxy-compound, and which may amount to 10 to 40%, preferably 15 to 35%,
      by weight of the total washing agent. The stabilizers are employed in
      amounts of from 0 to 30% by weight of the bleaching component and the
      activators for the peroxy-compound are employed in amounts of from 0 to
      40% by weight of the bleaching components.
PAR  The use according to invention of the secondary alcohol ether ethoxylates
      of Formula I in liquid cleaning agents is preferably in preparations of
      the following composition:
PA1  2 to 20% by weight of the secondary alcohol ether ethoxylates of Formula I,
PA1  1 to 20% by weight of sulfonate and/or sulfate surface-active compounds,
PA1  0 to 20% by weight of organic and/or inorganic builder salts,
PA1  40 to 97% by weight of water and possibly water-soluble organic solvents,
PA1  0 to 10% by weight of other common liquid washing agent constituents, such
      as solution aids, fat restoring agents, opacifiers, antimicrobial agents,
      perfume and dyes.
PAR  In the following, the other constituents contained in the washing and
      cleaning agent compositions besides the active substances according to the
      invention will be described in greater detail, arranged by substance
      class.
PAR  The anionic and non-ionic surface-active compounds or tensides contain in
      the molecule at least one hydrophobic organic moiety and one
      water-solubilizing, anionic or non-ionic group. The hydrophobic moiety is
      mostly an aliphatic hydrocarbon radical with 8 to 26, preferably 10 to 22
      and particularly 12 to 18 carbon atoms or an alkyl aromatic radical, such
      as alkylphenyl, with 6 to 18, preferably 8 to 16 aliphatic carbon atoms.
PAR  Among the anionic surface-active compounds are, for example, soaps of
      natural or synthetic, preferably saturated, fatty acids, optionally, also,
      soaps of resinic or naphthenic acids. Suitable synthetic anionic tensides
      are those of the type of the sulfonates, sulfates and synthetic
      carboxylates.
PAR  Suitable anionic tensides of the sulfonate type are alkylbenzene sulfonates
      (C.sub.9.sub.-15 alkyl) mixtures of alkenesulfonates and
      hydroxyalkanesulfonates, as well as alkanedisulfonates, as they are
      obtained, for example, from monoolefins with terminal or non-terminal
      double bonds by sulfonation with gaseous sulfur trioxide and subsequent
      alkaline or acid hydrolysis of the sulfonation products. Also suitable are
      alkanesulfonates which are obtained from alkanes by sulfochlorination or
      sulfoxidation and subsequent hydrolysis or neutralization or by bisulfite
      addition to olefins. Other suitable tensides of the sulfonate type are the
      esters of .alpha.-sulfofatty acids, for example, the .alpha.-sulfonic
      acids of hydrogenated methyl or ethyl esters of coconut, palmkernel or
      tallow fatty acids.
PAR  Suitable tensides of the sulfate type are the sulfuric acid monoesters of
      primary alcohols (e.g. from coconut fatty alcohols, tallow fatty alcohols
      or eleyl alcohol) and those of secondary alcohols. Also suitable are
      sulfated fatty acid alkanolamides, sulfated fatty acid monoglycerides or
      sulfated reaction products of 1 to 4 mols of ethylene oxide with primary
      or secondary fatty alcohols or alkylphenols.
PAR  Other suitable anionic tensides are the fatty acid esters or amides of
      hydroxy- or amino-carboxylic acids or sulfonic acids, such as the fatty
      acid sarcosides, fatty acid glycolates, fatty acid lactates, fatty acid
      taurides or fatty acid isoethionates.
PAR  The anionic tensides can be present in the form of their alkali metal
      salts, such as the sodium or potassium salts, the ammonium salts, as well
      as soluble salts of organic bases, such as the lower alkylolamines, for
      example, mono-, di- or triethanol amine.
PAR  Suitable non-ionic surface-active compounds or tensides are the addition
      products of 4 to 40, preferably 4 to 20 mols of ethylene oxide to 1 mol of
      a fatty alcohol, alkylphenol, fatty acid, fatty amine, fatty acid amide or
      alkanesulfonamide. Particularly important are the addition products of 5
      to 16 mols of ethylene oxide to coconut fatty alcohols or tallow fatty
      alcohols, to oleyl alcohol or to secondary alkanols with 8 to 18,
      preferably 12 to 18 carbon atoms, as well as monoalkylphenols or
      dialkylphenols with 6 to 14 carbon atoms in the alkyls. In addition to
      these water-soluble non-ionics, polyglycol ethers with 1 to 4 ethylene
      glycol ether radicals in the molecule, which are insoluble or not
      completely water-soluble, are also of interest, particularly if they are
      used together with water-soluble non-ionic or anionic tensides.
PAR  Furthermore, the water-soluble addition products of 20 to 250 mols of
      ethylene-oxide to polyoxypropylene glycol containing 10 to 100 propylene
      glycol ether groups (Pluronics), to alkylenediamine-polyoxypropylene
      glycol (Tetronics), and to alkylpolyoxypropylene glycols with 1 to 10
      carbon atoms in the alkyl chain, can also be used where the
      polyoxypropylene glycol chain acts as a hydrophobic radical.
PAR  Non-ionic tensides of the type of the amine oxides or sulfoxides can also
      be used.
PAR  The foaming power of the tenside can be increased or reduced by combination
      of suitable tenside types. A reduction can also be achieved by additions
      of non-surface-active organic substances.
PAR  Suitable foam stabilizers, particularly in tensides of the sulfonate or
      sulfate type, are surface-active carboxy or sulfobetaines, as well as the
      above-named non-ionics of the alkylolamide type. Moreover, fatty alcohols
      or higher terminal diols have been suggested for this purpose.
PAR  A reduced foaming power, that is desirable for the use in washing machines,
      is often attained by combination of different tenside types, such as of
      sulfates and/or sulfonates with nonionics, and/or with soaps. In soaps,
      the foam inhibition increases with the degree of saturation and the number
      of carbons in the fatty acid residue. Soaps derived from saturated
      C.sub.20.sub.-24 fatty acids have been proven good as foam inhibitors.
PAR  The non-tenside foam inhibitors included N-alkylated aminotriazines,
      optionally containing chlorine, which are obtained by the reaction of 1
      mol of cyanuric acid chloride with 2 to 3 mols of a mono- and/or
      dialkylamine with 6 to 20, preferably 8 to 18 carbon atoms in the alkyl
      radicals. Similarly effective are propoxylated and/or butoxylated
      aminotriazines, such as, products that are obtained by the addition of
      from 5 to 10 mols of propylene oxide to 1 mol of melamine and further
      addition of from 10 to 50 mols of butylene oxide to this propylene-oxide
      derivative.
PAR  Likewise suitable as non-tenside foam inhibitors are water-insoluble
      organic compounds, like paraffins, or halogenated paraffins with melting
      points below 100.degree.C, aliphatic C.sub.18 to c.sub.40 ketones, as well
      as aliphatic carboxylic acid esters which contain in the acid or alcohol
      residue, optionally, also in both of these residues, at least 18 carbon
      atoms(such as triglycerides or fatty acid/fatty alcohol esters). These
      compounds can be used to reduce foaming, particularly in combinations of
      tensides of the sulfate and/or sulfonate type with soaps.
PAR  Particularly low-foaming non-ionics, which can be used either alone or in
      combination with anionic, amphoteric and non-ionic tensides, and which
      reduce the foaming power of high-foaming tensides, are the addition
      products of propylene oxide on the above-described surface-active
      polyoxyethylene-glycol ethers as well as the likewise-described addition
      products of ethylene oxide to polyoxypropylene glycols and to
      alkylenediamine polyoxypropylene glycols or to alkyl polyoxypropylene
      glycols having 1 to 10 carbons in the alkyl.
PAR  Weakly acid, neutral or alkaline-reacting inorganic or organic salts can be
      used as builder salts. The builder salts are salts capable of complexing
      calcium ions or precipitating them, preferably the salts are the alkali
      metal salts.
PAR  Of special importance are the inorganic salts capable of complexing or
      sequestering calcium, such as the water-soluble alkali metal condensed
      phosphates, such as the alkali metal metaphosphates or alkali metal
      polyphosphates, in particular pentasodium tripolyphosphate. These
      phosphates may be replaced wholly or partially by organic builder salts
      capable of complexing calcium ions, preferably the alkali metal salts.
      These organic sequestering agents include compounds of the following
      classes:
PAR  1. The aminopolycarboxylic acids, such as amino-lower-alkanoic acids and
      polyamino-lower-alkane-poly-lower-alkanoic acids, for example,
      nitriloacetic acid, ethylenediaminetetraacetic acid,
      diethylenetriaminepentaacetic acid, as well as higher homologs.
PAR  2. The lower alkane polyphosphonic acids, such as methane diphosphonic
      acid.
PAR  3. The amino- and hydroxy-substituted alkane polyphosphonic acids, having 1
      to 9 carbon atoms, such as 1-aminoethane-1,1-diphosphonic acid,
      amino-tri-methylenephosphonic acid, methylamino- or
      ethylamino-di-methylenephosphonic acid, ethylene
      diaminetetra-methylenephosphonic acid,
      dimethylaminomethane-1,1-diphosphonic acid,
      1-hydroxyethane-1,1-diphosphonic acid, etc.
PAR  4. The phosphonoalkane polycarboxylic acids with 1 and 2 phosphono and 2
      and 3 carboxyl groups and 4 to 9 carbon atoms, such as
      1-phosphonoethane-1,2-dicarboxylic acid,
      2-phosphonopropane-2,3-dicarboxylic acid,
      1,1-diphosphonopropane-2,3-dicarboxylic acid,
      2-phosphonobutane-1,2,4-tricarboxylic acid,
      2-phosphonobutane-2,3,4-tricarboxylic acid, etc.
PAR  Of special importance are the nitrogen-free and phosphorus-free
      polycarboxylic acids forming complex salts with calcium ions, which
      include also carboxyl group-containing polymers. These organic
      sequestering agents, particularly in the form of their alkali metal salts
      include compounds of the following classes:
PAR  5. Hydroxyalkanepolycarboxylic acids having from 4 to 12 carbon atoms and
      cyclic polycarboxylic acids having from 4 to 12 carbon atoms, such as
      citric acid, tartaric acid, benzenehexacarboxylic acid and
      tetrahydrofurantetracarboxylic acid.
PAR  6. 2,2'-hydroxydisuccinic acid and carboxymethyloxysuccinic acid.
PAR  7. The carboxymethylated, polyhydric C.sub.2 to C.sub.6 alcohols and
      C.sub.3 to C.sub.6 hydroxycarboxylic acids, containing at least two
      carboxyl groups in the molecule, preferably the carboxymethyl derivatives
      of alkanepolyols having 2 to 6 carbon atoms and hydroxyalkane - carboxylic
      acids having 3 to 6 carbon atoms, such as the compounds:
      dicarboxymethyl-ethylene glycol and dicarboxymethyl-diethylene glycol,
      tricarboxylmethyl-glycerine, mono- and di-carboxymethyl-glyceric acid,
      carboxymethyl-tartronic acid, carboxymethyl-methyl-tartronic acid,
      carboxymethyl-maleic acid, mono- and di-carboxymethyl-tartaric acid, also
      the carboxymethylated derivates of glutaric acid, saccharic acid, mucic
      acid, gluconic acid, the erythritols, pentaerythritol,
      2,2-dihydroxymethyl-propanol, sorbitol, mannitol, xylitol, etc.
PAR  8. The polymeric carboxylic acids with molecular weights over 350, and at
      least one carboxyl group per each molecular weight unit of 175, such as
      polyacrylic acid, poly-.alpha.-hydroxyacrylic acid, the polycarboxylic
      acids obtained from mixed polymerization of maleic acid anhydride with
      ethylene or propylene, isobutylene or styrene, or with vinyl methyl ether
      or furan, or with acrylic acid, as well as the polyhydroxy-carboxylic
      acids obtained from acrolein and acrylic acid with H.sub.2 O.sub.2 and the
      Cannizzaro reaction, etc.
PAR  Other builder salts, which because of their hydrotropic properties, are
      usually utilized in liquid compositions are the alkali metal salts of
      organic non-surface-active sulfonic acids, carboxylic acids and
      sulfocarboxylic acids containing from 2 to 9 carbon atoms. These include,
      for example, water-soluble alkali metal salts of alkanesulfonic acid,
      benzenesulfonic acid, toluenesulfonic acid, or xylenesulfonic acid or
      cumenesulfonic acid, water soluble alkali metal salts of sulfoacetic acid,
      sulfobenzoic acid, sulfophthalic acid or of succinic acid as well as the
      corresponding salts of acetic acid or lactic acid. In addition, as further
      solution aids, acetamide and urea may be employed.
PAR  In addition to the active secondary alcohol ether ethoxylates of Formula I
      according to the invention, additional soil suspension agents or dirt
      carriers may be employed, which keep the dirt released from the fibers in
      suspension in the liquor and so prevent graying. Suitable compounds are
      water-soluble colloids, mostly of an organic nature, such as the
      water-soluble salts of polymeric carboxylic acids, glue, gelatin, salts of
      ether carboxylic acids or ether sulfonic acids of starch or cellulose, or
      salts of acid sulfuric acid esters of cellulose or starch. Water-soluble
      polyamides containing acid groups are also suitable for this purpose.
      Furthermore, soluble starch preparations and other than the
      above-mentioned starch products can be used, for example, degraded
      starches, aldehyde starches, etc. Polyvinyl pyrrolidone can also be used.
PAR  Among the compounds serving as bleaching agents and releasing H.sub.2
      O.sub.2 in water, sodium perborate tetrahydrate (NaBO.sub.2. H.sub.2
      O.sub.3. 3 H.sub.2 O) and the monohydrate (NaBO.sub.2. H.sub.2 O.sub.2)
      are of particular importance. But also other H.sub.2 O.sub.2 releasing
      borates can also be used, such as perborax Na.sub.2 B.sub.4 O.sub.7. 4
      H.sub.2 O. These compounds can be replaced partly or completely by other
      carriers of active oxygen, particularly by peroxyhydrates, such as
      peroxycarbonates, (Na.sub.2 CO.sub.3 . 1.5 H.sub.2 O.sub.2),
      peroxypyrophosphates, citrate perhydrates, urea-H.sub.2 O.sub.2 compounds,
      as well as by H.sub.2 O.sub.2 -releasing peracid salts, such as Caroates
      (KHSO.sub.5), perbenzoates or peroxyphthalates.
PAR  It is recommended to incorporate water-soluble and/or water-insoluble
      stabilizers for the peroxy compounds together with the latter in amounts
      of 0.25 percent to 10% by weight. Water-insoluble stabilizers, which
      amount to 1  to 8%, preferably 2  to 7% of the weight of the entire
      preparation are, for example, the magnesium having a MgO : SiO.sub.2 ratio
      of 4:1 to 1:4, preferably 2:1 to 1:2, and particularly 1:1, which are
      mostly obtained by precipitation from aqueous solutions. In their place,
      other alkaline earth metal, cadmium or tin silicates of corresponding
      compositions are also usable. Also hydrous oxides of tin are suitable as
      stabilizers. Water-soluble stabilizers, which can be present together with
      water-insoluble stabilizers, are mostly the organic sequestering agents
      which can be added in amounts of 0.25  to 5%, preferably 0.5  to 2.5% of
      the weight of the entire preparation.
PAR  In order to obtain a satisfactory bleaching effect when washing at
      temperatures below 80.degree.C, particularly in the range of 60.degree. to
      40.degree.C, activator-containing bleaching components are preferably
      incorporated in the preparations.
PAR  Certain N-acyl and/or O-acyl compounds forming, with H.sub.2 O.sub.2,
      organic per acids serve as activators for per compounds releasing H.sub.2
      O.sub.2 in water. Particularly to be mentioned are acetyl, propionyl or
      benzoyl compounds, as well as carbonic acid or pyrocarbonic acid esters.
      Suitable compounds are among others: the N-diacylated and
      N,N'-tetraacylated amines, such as N,N,N',N'
      -tetraacetyl-methylenediamine, N,N,N',N'-tetraacetyl-ethylenediamine,
      N,N-diacetyl-aniline and N,N-diacetyl-p-toluidine, or the 1,3-diacylated
      hydantoins and alkyl-N-sulfonyl-carbonamides, such as
      N-methyl-N-mesyl-acetamide, N-methyl-N-mesyl-benzamide,
      N-methyl-N-mesyl-p-nitrobenzamide, and
      N-methyl-N-mesyl-p-methoxybenzamide, the N-acylated cyclic hydrazides,
      acylated triazoles or urazoles, such as monoacetyl maleic acid hydrazide,
      the O,N,N-trisubstituted hydroxylamines, such as
      O-benzoyl-N,N-succinyl-hydroxylamine, O-acetyl-
      N,N-succinyl-hydroxylamine, O-p-methoxybenzoyl-N,N-succinyl-hydroxylamine,
      O-p-nitrobenzoyl-N,N-succinyl-hydroxyamine and
      O,N,N-triacetyl-hydroxylamine, the N,N'-diacyl-sulfuryl-amides, such as
      N,N'-dimethyl-N,N'-diacetyl-sulfurylamide, and
      N,N'-diethyl-N,N'-diethyl-N,N'-dipropionyl-sulfuryl amide, the triacyl
      cyanurates, such as triacetyl cyanurate or tribenzoyl cyanurate, the
      carboxylic acid anhydrides, such as benzoic acid anhydride,
      m-chlorobenzoic acid anhydride, phthalic acid anhydride, 4-chlorophthalic
      acid anhydride, the sugar esters, such as glucose pentaacetate, the
      1,3-diacyl-4,5-diacyloxyimidazolidines, for example the compounds
      1,3-diformyl-4,5-diacetoxy-imidazolidine,
      1,3-diacetyl-4,5-diacetoxy-imidazolidine,
      1,3-diacetyl-4,5-dipropionyloxy-imidazolidine, the acylated glycolurils,
      such as tetrapropionyl glycoluril or diacetyl-dibenzoyl glycoluril, the
      diacylated 2,5- diketopiperazines, such as
      1,4-diacetyl-2,5-diketopiperazine, 1,4-dipropionyl-2,5-diketopiperazine,
      1,4-dipropionyl-3,6-dimethyl-2,5-diketopiperazine, the acetylated or
      benzolylated products of propylenediurea or 2,2-dimethyl-propylene diurea
      [2,4,6,8-tetraazabicyclo-(3,3,1)-nonane-3,7-dione or its 9,9 dimethyl
      derivative], and the sodium salts of p-ethoxycarbonyloxy)-benzoic acid and
      p-(propoxycarbonyloxy)-benzene sulfonic acid.
PAR  The activated chlorine compounds serving as bleaching agents can be of an
      inorganic or organic nature.
PAR  The inorganic active chlorine compounds include alkaline metal
      hypochlorites, which can be used particularly in the form of their mixed
      salts or addition compounds with orthophosphates or on condensed
      phosphates such as with alkali metal pyrophosphates and polyphosphates, or
      with alkali metal silicates. If the washing agents and washing assistant
      compositions contain mono-persulfates and chlorides, active chlorine is
      formed in aqueous solution.
PAR  The organic active-chlorine compounds which can be used are particularly
      the N-chloro compounds, where one or two chlorine atoms are linked to a
      nitrogen atom, the third valence of the nitrogen atoms leading preferably
      to a negative group, particularly to a CO-- or SO.sub.2 --group. These
      compounds include dichlorocyanuric acid and trichlorocyanuric acid or
      their salts, chlorinated alkylguanides or alkylbiguanides, chlorinated
      hydantoins and chlorinated melamines.
PAR  The washing agents can contain optical brighteners such as those for
      cotton, particularly derivatives of diaminostilbenedisulfonic acid or its
      alkali metal salts. Suitable are, for example, salts of
      4,4'-bis-(2-anilino-4-morpholino-1,3,5-triazin-6-yl-amino)-stilbene-2,2'-d
     isulfonic acid or similarly compounds which have instead of the morpholino
      group, a diethanolamino group, a methylamino group or a
      2-methoxyethylamino group. Brighteners for polyamide fibers which can be
      used are those of the type of the 1,3-diaryl-2-pyrazolines, for example,
      the compound 1-(p-sulfamoylphenyl)-3-(p-chlorophenyl)-2-pyrazoline, as
      well as compounds of similar composition which have instead of the
      sulfamoyl group, for example, the methoxycarbonyl group, the
      2-methoxyethoxycarbonyl group, the acetylamino group or the vinylsulfonyl
      group. Suitable polyamide brighteners are also the substituted
      aminocumarins, for example, 4-methyl-7-dimethylamino-cumarin or
      4-methyl-7-diethylaminocumarin. Furthermore, the compounds
      1-(2-benzimidazolyl)-2-(1-hydroxyethyl-2-benzimidazolyl)-ethylene and
      1-ethyl-3-phenyl-7-diethylamino-carbostyril can also be used as polyamide
      brighteners. Brighteners for polyester and polyamide fibers which can be
      used are the compounds 2,5-di-(2-benzoxazolyl)-thiophene,2-(
      2benzoxazolyl)-naphtho-[2,3-b]-thiophene and
      1,2-di-(5-methyl-2-benzoxazolyl)-ethylene. Furthermore, brighteners of the
      type of the substituted 4,4'-distyryl-diphenyls can be utilized, for
      example, the compound 4,4'-bis-(4-chloro-3-sulfostyryl)-diphenyl. Mixtures
      of the above-mentioned brighteners can likewise be used.
PAR  The enzyme preparations to be used are mostly a mixture of enzymes with
      different effects, such as proteases, carbohydrases, esterases, lipases,
      oxidoreductases, catalases, peroxidases, ureases, isomerases, lyases,
      transferases, desmolases, or nucleases. Of particular interest are the
      enzymes, obtained from bacteris strains or from fungi, such as Bacillus
      subtilis or Streptomyces griseus, particularly proteases and amylases,
      which are relatively stable towards alkalis, percompounds, and anionic
      tensides and are still effective at temperatures up to 70.degree.C.
PAR  Enzyme preparations are marketed by the manufacturers mostly as aqueous
      solutions of the active substances or as powders, granulates or as
      cold-sprayed products. They frequently contain sodium sulfate, sodium
      chloride, alkali metal ortho-, pyro- and polyphosphates, particularly
      tripolyphosphate, as fillers. Dust-free preparations are particularly
      valued. These are obtained in a known manner by incorporating of oily or
      pasty nonionics or by granulation with the aid of melts of
      water-of-crystallization-containing salts in their own
      water-of-crystallization.
PAR  Enzymes may be incorporated which are specific for certain types of soil,
      for example, proteases or amylases or lipases. Preferably, combinations of
      enzymes with different effects are used, particularly combinations of
      proteases and amylases.
PAR  The organic solvents utilized in the liquid washing agent compositions of
      the invention as liquid carriers are water-soluble or emulsifiable with
      water, aliphatic organic solvents having no more than 7 carbon atoms,
      particularly alkanols and alkanediols having from 1 to 5 carbon atoms,
      esters thereof with alkanoic acids having no more than 4 carbon atoms and
      ethers thereof with hydroxyalcohols having no more than 4 carbon atoms,
      for example, methanol, ethanol, propanol, isopropanol, butanol, amyl
      alcohol, ethylene glycol, diethylene glycol, triethylene glycol, propylene
      glycol, butylene glycol, ethyl acetate, etc. In addition alkanones having
      3 to 7 carbon atoms may be employed, such as acetone and methylethyl
      ketone. The water-soluble solvents are preferred.
PAR  In addition, where required to give the desired pH of the 1% aqueous
      solution of the washing compositions of the invention, water-soluble
      inorganic wash alkalis are employed. These wash alkalis are the
      bicarbonates, carbonates, borates or silicates of the alkali metals, and
      alkali metal sulfates.
PAR  Suitable antimicrobial substances with a bactericidal, bacteriostatic or
      fungicidal or fungistatic action and which are water-soluble as such or in
      the form of their salts can be employed in the powdery compositions of the
      invention. Among these are the quaternary ammonium compounds which contain
      in the molecule one long-chained aliphatic and two short-chained aliphatic
      hydrocarbon radicals, and an aromatic organic radical linked over an
      aliphatic carbon atom with the nitrogen atoms, or an aliphatic radical
      with double bonds, such as dimethyl-benzyldodecyl ammonium chloride or
      dibutyl-allyl-dodecyl ammonium chloride. Suitable active substances are
      also the bromo and nitro substituted alkanols and alkanediols having 3 to
      5 carbon atoms, for example, 2-bromo-2-nitropropane-1,3-diol,
      1-bromo-1-nitro-3,3,3-trichloro-2-propanol, 2-bromo-2-nitro-butanol, as
      well as phenolic compounds of the type of the halogenated phenols, the
      halogenated alkylphenols, halogenated cycloalkylphenols, halogenated
      aralkylphenols, and halogenated phenylphenols, the halogenated alkylene
      bisphenols, the halogenated hydroxybenzoic acid derivatives, and the
      preferably halogen-substituted phenoxyphenols, such as 2-hydroxy-2',4,4'
      -trichloridiphenyl ether. Suitable for preservation of the liquid
      preparations as antimicrobial substances are also, for example,
      formaldehydes as an aqueous solution, benzoic acid, salicylic acid and
      sorbic acid.
DETD
PAR  The following examples are illustrative of the practice of the invention
      without being limitative in any respect.
PAC  EXAMPLES
PAC  EXAMPLE 1
PAC  2-Hydroxydecyl-n-butyl ether + 10 EO
PAR  0.46 gm (0.02 gm-atom) of sodium were added to 185 gm (2.5 mols) of
      n-butanol. After dissolution of the sodium, the temperature was raised to
      100.degree.C, and an amount of 78.2 gm (0.5 mol) of 1,2-epoxy decane was
      added in drops within 30 minutes while stirring. The reaction mixture was
      maintained at 100.degree.C for 4 hours. Then the excess alcohol was
      distilled, and by subsequent vacuum distillation at 100.degree. to
      120.degree.C and 0.06 Torr . the 2-hydroxy-decyl-n-butyl ether was
      separated from the higher boiling by-product. In this manner the
      intermediate product 2-hydroxydecyl-n-butyl ether (refractive index
      n.sub.D.sup.20 = 1.4392) was obtained in a yield of 87%.
PAR  For ethoxylation 230 gm (1 mol) of the intermediate product were admixed
      with 2.8 gm of sodium methylate in an autoclave and reacted under a
      nitrogen atmosphere at 130.degree. to 140.degree.C with 440 gm (10 mols)
      of ethylene oxide. The ethylene oxide was forced over in portions with
      nitrogen, and the pressure was increased stepwise so that the temperature
      in the reactor was maintained at 130.degree. to 140.degree.C. After 5
      hours, the total amount of ethylene oxide charged was absorbed. The
      ethoxylation product according to the invention, thus obtained,
      2-hydroxydecyl-n-butyl ether + 10 EO (ethylene oxide units), was
      characterized by a hydroxyl number of 95 and a cloud point of 58.degree.
      to 62.degree.C.
PAR  In a similar manner the active secondary alcohol ether ethoxylates
      according to the invention, as listed in Table I, were produced on the
      basis of the pure intermediate product.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Formula 1 where y = 1 and x = 0                                           
     Ex-                 Hy-  Cloud                                            
     am-                 droxyl                                                
                              point               Carbon Atoms                 
     ple     Active Substance                                                  
                         number                                                
                              in .degree.C                                     
                                   R.sub.1                                     
                                        R.sub.2                                
                                             z    R.sub.1 + R.sub.2            
     __________________________________________________________________________
     1   2-Hydroxydecyl-n-butyl ether + 10 EO                                  
                         95   58-62                                            
                                   octyl                                       
                                        butyl                                  
                                             10   12                           
     2   2-Hydroxyoctyl-hexyl ether + 10 EO                                    
                         90   60   hexyl                                       
                                        hexyl                                  
                                             10   12                           
     3   2-Hydroxyhexyl-octyl ether + 10 EO                                    
                         93   60-61                                            
                                   butyl                                       
                                        octyl                                  
                                             10   12                           
     4   2-Hydroxyhexyl-2-ethyl-hexyl ether                                    
                                        2-ethyl-                               
         + 10 EO         92   60-64                                            
                                   butyl                                       
                                        hexyl                                  
                                             10   12                           
     5   2-Hydroxydecyl-isobutyl ether  iso-                                   
         + 10 EO         90   64   octyl                                       
                                        butyl                                  
                                             10   12                           
     6   2-Hydroxydecyl-butyl ether + 5 EO                                     
                         125       octyl                                       
                                        butyl                                  
                                             5    12                           
     7   2-Hydroxydecyl-butyl ether + 7 EO                                     
                         109       octyl                                       
                                        butyl                                  
                                             7    12                           
     8   2-Hydroxydodecyl-ethyl ether + 10 EO                                  
                         88        decyl                                       
                                        ethyl                                  
                                             10   12                           
     9   2-Hydroxytetradecyl-methyl ether                                      
                                   do-                                         
         + 11 EO                   decyl                                       
                                        methyl                                 
                                             11   13                           
     10  2-Hydroxydecyl-decyl ether + 14 EO                                    
                                   octyl                                       
                                        decyl                                  
                                             14   18                           
     11  2-Hydroxytetradecyl-hexyl ether + 14 EO                               
                                   dodecyl                                     
                                        hexyl                                  
                                             14   18                           
     12  2-Hydroxyhexadecyl-ethyl ester + 13 EO                                
                                   tetra-                                      
                                   decyl                                       
                                        ethyl                                  
                                             13   16                           
     13  2-Hydroxyoctadecyl-methyl ether + 14 EO                               
                                   hexa-                                       
                                   decyl                                       
                                        methyl                                 
                                             14   17                           
     14  2-Hydroxyoctadecyl-ethyl ether + 14 EO                                
                                   hexa-                                       
                                   decyl                                       
                                        ethyl                                  
                                             14   18                           
     __________________________________________________________________________
PAR  For the production of the technical ethoxylation products of Formula I,
      which may contain the ethoxylation product of Compound V (adduct of 2 mols
      of 1,2-epoxyalkane and 1 mol of alcohol) in minor quantities as
      by-product, the procedure as in the following example was adopted. In
      similar manner also the products listed in Table II were obtained.
PAC  EXAMPLE 15
PAC  2-Hydroxydecyl-butyl ether + 10 EO
PAR  As described in Example 1, 1 mol of 1,2-epoxydecane was caused to react
      with 5 times the molar quantity of n-butanol and 0.04 gm-atom of sodium.
      After distillation of the excess alcohol, the reaction with 10 mols of
      ethylene oxide was conducted in an autoclave under the conditions
      described in Example 1, except for the addition of the sodium methylate
      catalyst. The product thus obtained had a cloud point of 64.degree.C.
TBL                TABLE II                                                    
     ______________________________________                                    
     Ex-                                                                       
     am-                                                                       
     ple             Active Substance                                          
     ______________________________________                                    
     16   2-Hydroxydecyl-isobutyl ether + 10 EO (cloud point 67.degree.C)      
     17   Reaction product of 1,2-epoxydecane with a C.sub.4 -oxo-alcohol      
          isomer mixture + 10 EO                                               
     18   Reaction product of C.sub.6.sub.-8 terminal epoxide with             
          C.sub.6.sub.-8                                                       
          first distillate fatty alcohol + 10 EO                               
     19   Reaction product of C.sub.8.sub.-10 terminal epoxide with            
          hexanol + 11 EO                                                      
     20   Reaction product of C.sub.8.sub.-10 terminal epoxide with 2-ethyl-   
          hexanol + 12 EO                                                      
     21   Reaction product of C.sub.15.sub.-18 terminal epoxide with           
          methanol + 13 EO                                                     
     ______________________________________                                    
PAR  The C.sub.6.sub.-8 terminal epoxides, C.sub.8.sub.-10 terminal epoxides and
      C.sub.15.sub.-18 terminal epoxides were those obtained from the
      corresponding chain length terminal olefins which were derived from the
      cracking process.
PAC  EXAMPLE 22
PAC  Acid catalyzed condensation
PAR  256 gm (2 mol) of 1,2 -epoxy octane were added dropwise to a solution of
      6.8 ml of a 50% boron trifluoride-etherate in 1020 gm (10 mol) of
      n-hexanol at 100.degree.C. After the reaction ceased, the excess alcohol
      was distilled from the reaction product. 230 gm (1 mol) of the so-obtained
      reaction product, after neutralization of the boron trifluoride-etherate,
      was admixed with sodium methylate and reacted with 10 mols of ethylene
      oxide according to the procedure of Example 1. The ethoxylation product
      thus obtained had a cloud point of 58.degree. to 62.degree.C. The
      composition of the ethoxylation product was determined by MNR spectroscopy
      and through gas chromatography to be:
PAR  Ethoxylate of 2-hydroxyoctyl-hexylether
PA1  (x = 0, y = 1 in Formula I) -- 58%
PAR  Ethoxylate of 1-hydroxymethylheptyl-hexylether
PA1  (x = 1, y = 0 in Formula I) -- 42%.
PAC  EXAMPLE 23
PAC  Wash test in the launderometer
PAR  To determine the washing effect, the secondary alcohol ether ethoxylate of
      Formula I of the invention were tested by washing standardized soiled
      textiles as follows: unfinished cotton textile (C), finished cotton
      textile (FC), polyester/finished cotton textile (PFC), and polyester
      textile (P). The washing time including heating up time was 30 minutes:
      the water hardness, 16.degree. German hardness (dH): the bath ratio, 1:12
      for C, otherwise 1:30. The washing temperature varied according to the
      type of test fabric (see Table III). The washing tests were carried out
      with a washing agent of the following composition:
     by                                                                        
     weight              Ingredient                                            
     ______________________________________                                    
     3.0    Secondary alcohol ether ethoxylate of Formula I,                   
     7.0    Sodium alkylbenzenesulfonate,                                      
     3.5    Soaps of predominantly C.sub.18.sub.-20 fatty acids,               
     40.0   Sodium tripolyphosphate,                                           
     3.5    Waterglass, Na.sub.2 O . 3.3 SiO.sub.2,                            
     24.0   Sodium perborate,                                                  
     0.2    Ethylenediaminetetracetic acid, sodium salt,                       
     1.0    Carboxymethylcellulose, sodium salt,                               
     Balance                                                                   
            Sodium sulfate and water.                                          
     ______________________________________                                    
PAR  As measure of the washing effect, the whiteness of the washed test fabrics
      was determined and expressed in the following Table III as "% Remission".
PAR  The comparative washing agent composition contained, in place of the
      ethoxylation products of Formula I, an equal amount by weight of a
      C.sub.12 to C.sub.18 -coconut fatty alcohol + 10 EO, a known nonionic
      surface-active compound.
PAR  Table III in its entirety shows a clear increase in the washing effect by
      virtue of the employment of the compounds of Formula I in the washing
      agent composition. In accordance therewith the compounds of Formula I
      which, as indicated above, are prepared from short-chain alcohols that
      aren't useful for conventional manufacture of surface-active compounds,
      can be used with advantage in place of long-chain ethoxylated fatty
      alcohols.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Washing agent containing                                                  
     a secondary alcohol ether                                                 
     ethoxylate according to                                                   
                    Test fabric, washing temperature, washing agent,           
                    concentration                                              
     example        in gm/liter.                                               
                    "C"-90.degree.C                                            
                            "FC"-60.degree.C                                   
                                    "PFC"-60.degree.C                          
                                            "P"-40.degree.C                    
                    3.0 5.0 3.0 5.0 3.0 5.0 3.0 5.0                            
     __________________________________________________________________________
     Comparison     52  81  47  62  47  67  49  58                             
     Example 2      55  81  52  64  52  68  50  59                             
     Example 1      55  81  53  64  52  68  50  58                             
     Example 7      55  81  53  64  54  67  49  58                             
     Example 15     55  81  52  64  51  68  50  58                             
     % Remission starting value                                                
                    45      40      36      33                                 
     Maximum % remission                                                       
                    86      86      84      82                                 
     __________________________________________________________________________
PAR  The following Examples 24 to 28 of Table IV describe washing and cleaning
      agent compositions utilizing the new active substances of Formula I. The
      preparation of Example 24 is utilized as a full washing agent composition.
      That of Example 25 is utilized as a fine washing agent composition. That
      of Example 26 is utilized as a prewashing agent composition. That of
      Example 27 is utilized as a fluid washing agent composition and that of
      Example 28 is utilized as a powdery cleaning agent composition.
PAR  In the listing of compounds in the preparations of the Examples in Table
      IV, the abbreviations or designations have the following significance. The
      various compounds capable of forming salts are employed in the form of the
      sodium salt unless otherwise indicated.
PAR  "ABS"-- the salt of alkylbenzenesulfonic acid with 10 to 15, preferably 11
      to 13 carbon atoms, in the alkyl chain, obtained by condensation of
      straight-chain terminal olefins with benzene and sulfonation of the
      thus-formed alkylbenzene,
PAR  "Alkanesulfonate"-- a sulfonate obtained from paraffins with 12 to 16
      carbon atoms by sulfoxidation,
PAR  "Olefinsulfonate"-- a sulfonate obtained from olefin mixtures with 12 to 18
      carbon atoms by sulfonation with SO.sub.3 and hydrolysis of the
      sulfonation product with aqueous sodium hydroxides. The olefinsulfonate
      consists substantially of alkenesulfonate and hydroxyalkanesulfonate, and
      contains, however, also a slight amount of alkanedisulfonates,
PAR  "Fs-estersulfonate"-- a sulfonate obtained from the methyl ester of a
      hardened tallow fatty acid, by sulfonation with SO.sub.3,
PAR  "CA-sulfate" or "TA-sulfate"-- the salts of sulfated, substantially
      saturated fatty alcohols, prepared by reduction of coconut fatty acid or
      tallow fatty acid respectively,
PAR  "CA-EO-sulfate"-- the salt of the sulfated addition product of 2 mols of
      ethylene oxide to 1 mol of coconut fatty alcohol,
PAR  "Soap"-- the salts derived from fatty acid mixtures of an iodine number of
      4, whose composition was 21% by weight of C.sub.12, 8% by weight of
      C.sub.14, 4% by weight of C.sub.16, 22% by weight of C.sub.18, 8% by
      weight of C.sub.20, and 37% by weight of C.sub.22, whereby the soap has a
      foam inhibiting effect due to the increased average carbon number,
PAR  "Foam Inhibitor"-- a mixture of about 45% of a
      N,N'-di-(alkylamino)-chlorotriazine and about 55% of a
      N,N',N"-tri-(alkylamino)-triazine, where the alkyls in their triazine
      derivatives are a mixture of homologs containing from 8 to 18 carbon
      atoms,
PAR  "NTA" or "EDTA"-- the salts of nitrilotriacetic acid or
      ethylenediaminetetraacetic acid,
PAR  "Perborate"-- a product of the approximate compositon NaBO.sub.2.H.sub.2
      O.sub.2 .3 H.sub.2 O, containing about 10% of active oxygen,
PAR  "CMC"-- the salt of carboxymethylcellulose having a substitution degree of
      0.7 to 0.8.
PAR  In place of the given compounds of Formula I indicated in Table IV, other
      described compounds of Formula I can be employed with comparable results.
TBL                                    TABLE IV                                
     __________________________________________________________________________
                    Washing agent composition compo-                           
                    nents in % by weight for Examples                          
     Component      24  25  26  27  28                                         
     __________________________________________________________________________
     ABS            --  3.0 2.0 --  5.8                                        
     Fs-estersulfonate                                                         
                    7.0 --  --  --  --                                         
     Alkanesulfonate                                                           
                    --  --  --  4.0 --                                         
     Olefinsulfonate                                                           
                    --  --  --  --  1.0                                        
     CA-EO-sulfate  --  4.0 --  --  1.0                                        
     Soap           3.0 3.0 --  --  1.2                                        
     Foam Inhibitor 0.5 --  --  --  --                                         
     Compound of Example 1                                                     
                    --  --  --  4.0 --                                         
     Compound of Example 2                                                     
                    4.0 --  6.0 --  2.0                                        
     Compound of Example 15                                                    
                    --  4.0 4.0 --  --                                         
     Na.sub.5 P.sub.3 O.sub.10                                                 
                    20.0                                                       
                        40.0                                                   
                            40.0                                               
                                --  10.0                                       
     NTA            8.0 --  --  --  --                                         
     K.sub.4 P.sub.2 O.sub.7                                                   
                    --  --  --  16.0                                           
                                    --                                         
     Potassium Toluenesulfonate                                                
                    --  --  --  4.0 --                                         
     EDTA           0.25                                                       
                        --  0.2 --  --                                         
     Perborate      28.0                                                       
                        --  --  --  --                                         
     Waterglass 1 Na.sub.2 O:                                                  
     3.3 SiO.sub.2  3.0 3.0 4.5 --  5.0                                        
     Na.sub.2 CO.sub.3                                                         
                    --  --  5.0 --  39.5                                       
     Sodium Sulfate 5.0 38.0                                                   
                            32.0                                               
                                --  26.0                                       
     MgSiO.sub.3    1.8 --  --  --  --                                         
     CMC            2.0 1.5 1.4 --  --                                         
     Ethanol        --  --  --  10.0                                           
                                    --                                         
     Remainder, water,                                                         
     dyes, perfumes,                                                           
     optical brighteners                                                       
     __________________________________________________________________________
PAR  The preceding specific embodiments are illustrative of the practice of the
      invention. It is to be understood, however, that other expedients known to
      those skilled in the art or disclosed herein may be employed without
      departing from the spirit of the invention or the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Secondary alcohol ether ethoxylates having the formula
      ##EQU11##
      wherein R.sub.1 is a straight-chain aliphatic hydrocarbon radical having
      from 4 to 18 carbon atoms selected from the group consisting of alkyl and
      alkenyl, R.sub.2 is an aliphatic hydrocarbon radical having from 1 to 10
      carbon atoms selected from the group consisting of alkyl and alkenyl, and
      z is an average value between 3 and 18, with the proviso that the sum of
      the carbon atoms in R.sub.1 and R.sub.2 is from 6 to 22.
NUM  2.
PAR  2. The secondary alcohol ether ethoxylates of claim 1 wherein z is an
      average value from 5 to 15.
NUM  3.
PAR  3. The secondary alcohol ether ethoxylates of claim 1 wherein R.sub.1 and
      R.sub.2 are alkyl and the sum of the carbon atoms in R.sub.1 and R.sub.2
      is from 10 to 18.
NUM  4.
PAR  4. The secondary alcohol ether ethoxylates of claim 3 wherein the R.sub.2
      alkyl is straight chained.
NUM  5.
PAR  5. The secondary alcohol ether ethoxylates of claim 1 where z is an average
      value from 5 to 15, R.sub.1 is a straight-chained alkyl having 4 to 10
      carbon atoms and R.sub.2 is a straight-chained alkyl having 4 to 8 carbon
      atoms.
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ABST
PAL  Phenols and phenol ethers are hydroxylated with hydrogen peroxide in the
      presence of sulphur, selenium, tellurium, phosphorus, arsenic or antimony.
      High yields of dihydric materials are obtained by this process which
      avoids the need to use peracids or very strong acids.
BSUM
PAR  The present invention relates to the hydroxylation of aromatic compounds.
PAR  Numerous processes have been described for the oxidation of phenols and
      phenol ethers with hydrogen peroxide together with metal salts or with
      organic peracids (formed from hydrogen peroxide and a carboxylic acid).
      Depending on the particular case, it is possible using these processes to
      introduce a hydroxyl radical into the ring of the aromatic compound or to
      bring about oxidation of this ring in varying degrees, ranging from the
      production of quinones to the opening of the benzene ring with formation
      of degradation products: See A. CHWALA et al., J Prakt. Chem., 152, 46
      (1939); G. G. HENDERSON, J. Chem. Soc., 91, 1659 (1910); S. L. FRIESS et
      al., J Chem. Soc., 74, 1305 (1952); H. FERNOLZ, Ber., 87, 578 (1954); H.
      DAVIDGE et al., J. Chem. Soc., 1958, 4569; and J. D. McCLURE et al., J.
      Org. Chem., 27 627 (1962). However, either because of low productivity of
      hydroxylation products (entailing the use of large amounts of reagents) or
      because of insufficient yields, none of the processes described above is
      of industrial value, particularly for the preparation of diphenols such as
      hydroquinone and pyrocatechol or of alkoxyphenols such as guaiacol and
      p-methoxyphenol.
PAR  Other processes of great industrial value have also been proposed for the
      hydroxylation of phenols and their ethers. Thus French Pat. Specification
      No. 1,479,354 describes a process for the preparation of hydroquinone and
      pyrocatechol by hydroxylation of phenol with an aliphatic peracid
      (especially performic acid), the degree of conversion of the phenol being
      limited to 30% at most. The best yields of diphenols relative to the
      hydrogen peroxide employed are obtained when the reaction is carried out
      in the presence of phosphoric acid (this yield then reaches a value of
      73.5% for a degree of conversion of phenol of 8.7%). By replacing
      phosphoric acid by a mixture of pyrophosphoric acid and phosphorus
      pentoxide, Y. OGATA et al., C.A. 74, 76,134 obtained similar results.
PAR  Although these processes have a certain industrial value and represent
      obvious technical progress over those proposed previously, means have been
      sought to improve them by carrying out the direct hydroxylation of
      aromatic compounds with hydrogen peroxide alone by a process which avoids
      the formation of an organic peracid.
PAR  For this purpose, it has been proposed in French Pat. Specification No.
      2,071,464 that the hydrogen peroxide/organic acid/phosphoric acid
      hydroxylation system be replaced by hydrogen peroxide in the presence of
      traces of a strong acid with a pK in water less than -0.1 and preferably
      of an agent which complexes any metal ions that may be present in the
      medium. Orthophosphoric and polyphosphoric acids (for example,
      pyrophosphoric acid) may be used as complexing agents. It has now been
      found, unexpectedly, that it is possible to carry out the hydroxylation of
      aromatic compounds by means of hydrogen peroxide without the need for the
      presence of strong acids with a pK in water less than -0.1, when certain
      metalloids from groups 5a and 6a of the Periodic Classification of the
      Elements (compare Handbook of Chemistry, 45th ed., page B-2) are used in
      conjunction with hydrogen peroxide.
PAR  The present invention provides a process for the hydroxylation of an
      aromatic compound of the general formula:
      ##SPC1##
PAL  in which R and R' which may be identical or different each represent
      hydrogen or an alkyl radical, containing 1 to 4 carbon atoms, by treating
      the aromatic compound with hydrogen peroxide, in the presence of at least
      one metalloid which is sulphur, selenium, tellurium, phosphorus, arsenic
      or antimony.
PAR  Of these various metalloids, sulphur, selenium or phosphorus are used
      preferentially. Sulphur is particularly suitable.
PAR  In the above formulae each of R and R' can be for example a methyl, ethyl,
      propyl or butyl radical.
PAR  The amount of metalloid used expressed in gram atoms per mol of hydrogen
      peroxide can vary within quite wide limits. It is possible to use 0.001 to
      1 gram atom of metalloid per mol of H.sub.2 O.sub.2, and preferably 0.01
      to 0.2 gram atom per mol.
PAR  The metalloid is used in the form of powder, the dimensions of the
      particles of which can vary.
PAR  The amount of hydrogen peroxide used can generally be of the order of one
      molecule of H.sub.2 O.sub.2 per molecule of aromatic compound; it is,
      however, preferable not to exceed 0.3 mol of H.sub.2 O.sub.2 per mol of
      aromatic compound, and more precisely 0.15 mol per mol of aromatic
      compound.
PAR  The concentration of the aqueous solution of hydrogen peroxide employed is
      generally not critical. Aqueous solutions of hydrogen peroxide of
      concentration greater than 20% by weight are suitable.
PAR  The process according to the invention can be carried out at temperatures
      of between 20.degree.and 150.degree.C, and preferably between
      50.degree.and 120.degree.C, and at pressures greater than or equal to
      atmospheric pressure.
PAR  It has been found that the presence of metal ions of transition metals (Fe,
      Cu, Cr, Co, Mn, and V) in the reaction mixture has a detrimental effect on
      the way in which the hydroxylation takes place; it is thus preferable to
      inhibit the action of these metals, introduced either by the reagents or
      by the equipment, by working in the presence of complexing agents, which
      are stable towards hydrogen peroxide and give complexes which cannot be
      decomposed under the conditions of the reaction and in which the metal can
      no longer exert chemical activity. It is of little consequence whether the
      complexing agents lead to complexes which are soluble or insoluble in the
      medium. The ligand or ligands used are chosen as according to the metals
      present by means of simple experiments for each particular case.
      Phosphoric acids such as orthophosphoric acid and condensed phosphoric
      acids (pyrophosphoric acid; metaphosphoric acid and its polymers and
      polyphosphoric acids) and their acid esters are examples of complexing
      agents which are preferably used. Acid phosphates, which can be used
      include monoalkyl or dialkyl orthophosphates (methyl or dimethyl
      phosphate; ethyl or diethyl phosphate); monocyclohexyl or dicyclohexyl
      orthophosphates; monoaryl or diaryl orthophosphates (monophenyl or
      diphenyl orthophosphate); monoalkyl or dialkyl pyrophosphates or
      monoarylalkyl or diarylalkyl pyrophosphates (methyl pyrophosphate; diethyl
      pyrophosphate; or benzyl or dibenzyl pyrophosphate).
PAR  The amount of complexing agent introduced into the reaction mixture depends
      on its metal ion content. There is obviously no critical upper limit, it
      being possible for the amount of complexing agent to be in large excess
      relative to the amount necessary to complex the metals present. An amount
      representing 0.0001 to 5% by weight of the reaction mixture is generally
      very suitable.
PAR  The reaction can be carried out in the presence of inert organic solvents
      such as, for example, 1,2-dimethoxyethane, chloroform, acetonitrile, and
      dichloroethane, particularly when the temperature chosen is below the
      melting point of the aromatic compound.
PAR  Examples of aromatic compounds which can be hydroxylated by the process of
      the invention include phenol, cresols, anisole and phenetole. The process
      claimed can easily be carried out continuously.
PAR  The following Examples illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  94 g of phenol (1 mol), 0.2 g of pyrophosphoric acid and 0.32 g of sulphur
      (0.01 gram atom) are placed in a 250 cm.sup.3 three-necked flask equipped
      with a central stirrer, a condenser and a dropping funnel. The mixture is
      heated at 75.degree.C, and then 2.6 g of 70% W/W H.sub.2 O.sub.2 (0.0535
      mol) are added. After heating for 1 hour, all the hydrogen peroxide has
      disappeared. 1.4 g of hydroquinone and 3 g of pyrocatechol are measured by
      gas-liquid chromatography.
PAR  The yield of hydroquinone relative to the hydrogen peroxide employed is
      25.4% and the yield of pyrocatechol is 54.6% (corresponding to an overall
      yield of diphenols of 80%).
PAC  EXAMPLES 2 and 3
PAR  Example 1 was repeated, replacing the sulphur by phosphorus and selenium.
      The results given in the following table were obtained:
     Ex.                                                                       
        Metalloids                                                             
              Duration                                                         
                    Unconverted H.sub.2 O.sub.2,                               
                               Yield of hydro-                                 
                                         Yield of                              
                    % of the original                                          
                               quinone relative                                
                                         pyrocatechol                          
                    amount     to H.sub.2 O.sub.2 employed                     
                                         relative to H.sub.2 O.sub.2           
                                         employed                              
     __________________________________________________________________________
     2   Red P 3 hrs.  14 %        8 %     18.2 %                              
     3   Se    1 hr.    6 %       17 %     25  %                               
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the hydroxylation of an aromatic compound of the general
      formula:
      ##SPC2##
PA1  in which R and R', which may be identical or different, each represent a
      hydrogen atom or an alkyl radical containing 1 to 4 carbon atoms, wherein
      the aromatic compound is treated with hydrogen peroxide at a temperature
      from 20.degree.to 150.degree.C. in the presence of at least one element
      which is sulphur, selenium, tellurium, phosphorus, arsenic or antimony, in
      an amount from 0.001 to 1 gram atom of element per mol of hydrogen
      peroxide, the molar ratio of hydrogen peroxide to aromatic compound being
      not greater than 0.3:1.
NUM  2.
PAR  2. A process according to claim 1 wherein the reaction is carried out in
      the presence of 0.01-0.2 gram atom of powdered sulphur, selenium or
      phosphorus.
NUM  3.
PAR  3. A process according to claim 1 wherein the reaction is carried out in
      the presence of a phosphoric acid or an alkyl or aryl ester thereof.
NUM  4.
PAR  4. A process according to claim 3, wherein the reaction is carried out in
      the presence of orthophosphoric or a condensed phosphoric acid or an alkyl
      or aryl acid ester thereof.
NUM  5.
PAR  5. A process according to claim 3, wherein the phosphoric acid or alkyl or
      aryl ester thereof is used in an amount of 0.0001 to 5% by weight of
      reaction mixture.
NUM  6.
PAR  6. A process according to claim 1 wherein the molar ratio of hydrogen
      peroxide to the aromatic compound is not greater than 0.15:1.
NUM  7.
PAR  7. A process according to claim 1, wherein the aromatic compound is phenol.
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ABST
PAL  Novel 2,4-bis-(trifluoromethyl)-6-nitrophenol compounds of the formula
      ##SPC1##
PAL  In which
PAL  X is hydrogen; M; HN.sup.+R.sup.1 R.sup.2 R.sup.3 ; --COR.sup.4 ;
      --COOR.sup.5 ; N,N-dimethylaminocarbonyl; --SO.sub.2 R.sup.6 or
      --CO--NH--R.sup.7 ;
PAL  M is an equivalent of an alkali metal or alkaline earth metal,
PAL  R.sup.1, r.sup.2 and R.sup.3 (individually) are hydrogen, alkyl,
      alkoxyalkyl, alkenyl, hydroxyalkyl, cycloalkyl, phenyalkyl, phenyl or
      substituted phenyl,
PAL  R.sup.4 and R.sup.5 individually are alkyl, substituted alkyl, alkenyl,
      phenyl or substituted phenyl,
PAL  R.sup.6 is alkyl, substituted alkyl, phenyl, substituted phenyl or
      dimethylamino, and
PAL  R.sup.7 is alkyl, alkenyl, cycloalkyl, phenyl or substituted phenyl; are
      outstandingly effective selective herbicides.
PARN
PAR  This is a division, of application Ser. No. 335,400, filed Feb. 23, 1973
      now U.S. Pat. No. 3,894,079.
BSUM
PAR  The present invention relates to certain new
      2,4-bis-(trifluoromethyl)-6-nitrophenol compounds, to herbicidal
      compositions containing them and to their use as herbicides.
PAR  It is known that 2,4-dinitro-6-alkylphenol derivatives, for example
      2,4-dinitro-6-sec.-butylphenol acetate (Dinoseb acetate) (cf. Deutsche
      Auslegeschriften (German Published Specifications) 1 088 757 and 1 103
      072), can be used as herbicides.
PAR  The present invention provides 2,4-bis-(trifluoro-methyl)-6-nitrophenol
      derivatives of the general formula
      ##SPC2##
PAL  In which
PAR  X is hydrogen; M; HN.sup.+R.sup.1 R.sup.2 R.sup.3 (i.e., quaternary
      ammonium); --COR.sup.4 (i.e., hydrocarbylcarbonyl); --COOR.sup.5 (i.e.,
      hydrocarbyloxycarbonyl), N,N-dimethylaminocarbonyl; --SO.sub.2 R.sup.6
      (i.e., substituted sulfonyl); or --CO--NH--R.sup.7 (i.e.,
      hydrocarbylamido),
PAR  M is an equivalent of an alkali metal or alkaline earth metal,
PAR  R.sup.1, R.sup.2 and R.sup.3 (which may be the same or different) are
      hydrogen, alkyl, alkoxyalkyl, alkenyl, hydroxyalkyl, cycloalkyl,
      phenylalkyl, phenyl or substituted phenyl,
PAR  R.sup.4 and R.sup.5 individually are alkyl, substituted alkyl, alkenyl,
      phenyl or substituted phenyl,
PAR  R.sup.6 is alkyl, substituted alkyl, phenyl, substituted phenyl or
      dimethylamino, and
PAR  R.sup.7 is alkyl, alkenyl, cycloalkyl, phenyl or substituted phenyl.
PAR  Surprisingly, the new 2,4-bis-(trifluoromethyl)-6-nitrophenol derivatives
      show stronger herbicidal properties than the previously known
      2,4-dinitro-6-alkylphenol derivatives and moreover are also of good
      effectiveness selectively. The active compounds according to the invention
      therefore represent a valuable enrichment of the art.
PAR  Preferred, because of their high activity, are compounds wherein M is
      lithium, potassium or sodium or an equivalent of a calcium or barium ion;
      R.sup.1, R.sup.2 and R.sup.3 are hydrogen, alkyl of from 1 to 12 carbon
      atoms, alkoxyalkyl of from 1 to 4 carbon atoms in each of the alkoxy and
      alkyl moieties, alkenyl of from 2 to 4 carbon atoms, cycloalkyl of from 5
      or 6 carbon atoms in the ring system, phenylalkyl of from 1 or 2 carbon
      atoms in the alkyl moiety, or for phenyl (which may be substituted by
      chlorine, bromine, trifluoromethyl, nitro and/or methyl); R.sup.4 and
      R.sup.5 are alkyl of from 1 to 12 carbon atoms, or for (possibly
      substituted by chlorine, bromine or trifluoromethyl) alkyl of from 1 to 12
      carbon atoms or alkenyl of from 2 to 4 carbon atoms, or for phenyl (which
      may be substituted by chlorine, bromine, trifluoromethyl, nitro and/or
      methyl); R.sup.6 is C.sub. 1-4 alkyl which may be substituted by chlorine,
      bromine or trifluoromethyl, or R.sup.6 is phenyl (which may be substituted
      by chlorine, bromine, trifluoromethyl, nitro and/or methyl) or
      dimethylamino; and R.sup.7 is alkyl of from 1 to 4 carbon atoms, alkenyl
      of from 2 to 4 carbon atoms, cycloalkyl of from 5 to 6 carbon atoms in the
      ring system or for phenyl (which may be substituted by chlorine, bromine,
      trifluoromethyl, nitro and/or methyl).
PAR  The invention also provides a process for the production of a
      2,4-bis-(trifluoromethyl)-6-nitrophenol derivative of formula (I) (in
      which X is not hydrogen) in which process
      2,4-bis-(trifluoromethyl)-6-nitrophenol of the formula
      ##SPC3##
PAL  is reacted with the appropriate member of the following group of compounds:
PAR  a. a compound of the formula
EQU  M--OH                                                      (III)
PAR  b. an amine of the formula
      ##EQU1##
PAR  c. an acid chloride of the formula
EQU  R.sup.4 --COCl                                             (V)
PAR  d. a chloroformic acid ester of the formula
EQU  R.sup.5 --O--COCl                                          (VI)
PAR  e. dimethylcarbamic acid chloride of the formula
      ##EQU2##
PAR  f. a sulphonyl chloride of the formula
EQU  R.sup.6 --SO.sub.2 Cl                                      (VIII)
PAR  g. an isocyanate of the formula
EQU  R.sup.7 --N=C=O                                            (IX),
PAR  the symbols M and R.sup.1 to R.sup.7 in the formulae (III-IX) possessing
      the meanings stated above.
PAR  The reaction may be effected optionally in the presence of a diluent and
      optionally in the presence of an acid-binding agent. The reaction is of a
      type which is known per se, and it may be effected in any convenient way.
      represent a valuable enrichment of the art.
PAR  If, according to process variant (a), sodium hydroxide is used as starting
      material, the reaction course is represented by the following scheme:
      ##SPC4##
PAR  If in process variant (b), trimethylamine is used, the reaction proceeds
      according to the following scheme:
      ##SPC5##
PAR  If, according to process variant (c), crotonic acid chloride is used, the
      reaction course can be represented by the following scheme:
      ##SPC6##
PAR  If, according to process variant (d), chloroformic acid ethyl ester is
      used, the reaction course can be represented by the following scheme:
      ##SPC7##
PAR  If according to process variant (e), N,N-dimethyl-carbamic acid chloride is
      used as starting material, the following formula scheme applies:
      ##SPC8##
PAR  If, according to process variant (f), methane-sulphochloride is used, the
      reaction course can be represented by the following scheme:
      ##SPC9##
PAR  If, according to process variant (g), methylisocyanate is used, the
      reaction proceeds as follows:
      ##SPC10##
PAR  The starting materials are unambiguously defined by the formulae (II) to
      (IX).
PAR  The 2,4-bis-(trifluoromethyl)-6-nitrophenol of the formula (II) required as
      active compound or as starting material for the other compounds can
      readily be prepared according to the present invention by reaction of
      2,4-bis-(trifluoromethyl)-6-nitrochlorobenzene (known from the literature)
      with an alkali, for example 2 moles of sodium hydroxide in boiling
      methanol (cf. Example 1):
      ##SPC11##
PAR  The compounds of the formula (III) are known. Examples include: lithium,
      sodium, potassium and calcium hydroxide.
PAR  The compounds of the formula (IV) are known. Examples include: ammonia,
      dimethylamine, diethylamine, triethylamine, dicyclohexylamine, butylamine
      and 2-hydroxypolylamine.
PAR  The acid chlorides of the formula (V) are described in the literature.
      Examples include: acetyl, trifluoro-acetyl, propionyl,
      .alpha.-chloropropionyl, n-butyryl chloride, acrylic acid chloride,
      methacrylic acid chloride, dimethyl-acrylic acid chloride, crotonyl,
      benzoyl, p-chlorobenzoyl, o-nitrobenzoyl and m-toluyl chlorides.
PAR  The chloroformic acid esters of the formula (VI) are likewise known.
      Examples include: chloroformic acid methyl, ethyl, propyl, isopropyl,
      n-butyl, n-hexyl and phenyl esters.
PAR  The sulphochlorides of the formula (VIII) are likewise known from the
      literature. Examples include: methane-, chloromethane-,
      .beta.-chloroethane-sulfonyl chloride, benzene-, 3,4-dichloro-benzene- and
      4-chlorobenzenes-sulfochlorides.
PAR  The isocyanates of the formula (IX) are also known from the literature.
      Examples include: methyl, ethyl, propyl, butyl, allyl, cyclohexyl, phenyl,
      3-chlorophenyl and 4-nitrophenyl isocyanates.
PAR  Preferred diluents, for the process variants (a) and (b) are
      water/C.sub.1-6 alcohol mixtures; and, specifically for process variant
      (b), inert organic solvents, such as benzene, acetone, acetonitrile.
PAR  For the process variants (c) - (g), preferred diluents are inert organic
      solvents. These include hydrocarbons, such as benzene, chlorobenzene,
      toluene and xylene; ethers, such as diethyl ether, dibutyl ether,
      tetrahydrofuran and dioxan; esters, such as ethyl acetate; ketones, such
      as acetone and methyl ethyl ketone; and nitriles, such as acetonitrile and
      propionitrile.
PAR  Process variants (a) and (b) are susually so carried out that a solution of
      the 2,4-bis-(trifluoromethyl)-6-nitrophenol in one of the solvents
      mentioned is reacted portionwise with at least the equimolar amount of a
      compound of the formula (III) or (IV).
PAR  Process variant (c) to (f) are preferably so carried out that a solution of
      2,4-bis-(trifluromethyl)-6-nitrophenol in one of the solvents mentioned is
      provided in the presence of an acid-binding agent, preferably a tertiary
      amine such as triethylamine, N,N-dimethylbenzylamine, diethylaniline,
      pyridine, picoline or quinoline or an alkaline-reacting inorganic
      substance such as potassium carbonate or sodium carbonate, and the
      reactive chlorine compound concerned of the formulae (V) to (VIII) is
      added portionwise, with stirring.
PAR  Process variant (g) is usually so carried out that a solution of the
      2,4-bis-(trifluoromethyl)-6-nitrophenol in one of the solvents mentioned
      above is reacted portionwise, in the presence of a catalyst, preferably
      triethylamine, with an isocyanate of the formula (IX). The starting
      materials are preferably used in stoichiometric amounts.
PAR  The reaction temperatures in all process variants can be varied within a
      fairly wide range. In general, the reaction is carried out in a range from
      -10.degree. to +120.degree.C, preferably +10.degree. to +80.degree.C.
PAR  The working up of the reaction mixtures may be carried out in customary
      manner. The purification of the reaction products can, if necessary, be
      effected by recrystallization from organic solvents, in particular from
      alcohols such as methanol or ethanol.
PAR  The preparation of the compounds of the invention is illustrated by the
      following Examples.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 2,4-bis(trifluoromethyl)6-nitro-phenol
      ##SPC12##
PAR  To a solution of 168 g (4 moles +5% excess) of sodium hydroxide in 1000 ml
      methanol there were added portionwise, at 50.degree.-65.degree.C internal
      temperature, 586 g (2 moles) 2,4-bis-trifluoromethyl-6-nitrochlorobenzene;
      the reaction mixture, after completion of addition (about 1 hour) of the
      reactive chlorine compound, was boiled under reflux for one hour. After
      cooling, 700 ml of water were added to the mixture and unreacted starting
      materials were extracted once with 400 ml methylene chloride. The aquous
      phase was separated off, distinct acidification was effected with
      20%-strength sulfuric acid; the 2,4-bis-trifluoromethyl-6-nitrophenol
      which separated was taken up in methylene chloride. The organic phase was
      dried over sodium sulfate. The 2,4-bis-trifluoromethyl-6-nitro-phenol
      remaining behind after methylene chloride had been distilled off was
      subjected to vacuum distillation. 480 g (87%) of the boiling pont
      105.degree.-106.degree.C/20 mm Hg were obtained; refractive index
      n.sub.D.sup.20 : 1.4580.
PAC  EXAMPLE 2
PAC  Preparation of 2,4bis-(trifluoromethyl)-6-nitrophenyl-sulfonic acid phenyl
      ester
      ##SPC13##
PAR  To a solution of 55 g (0.2 mole) 2,4-bis-(trifluoro-methyl)-6-nitrophenol
      in 160 ml acetonitrile were added 16 g (0.1 mole +5% excess) of dry
      potassium carbonate, and heating to 70.degree.-80.degree.C was effected
      for 10 minutes. The reaction mixture was cooled to 10.degree.C and 35.2 g
      (0.2 mole) benzenesulphonyl chloride were added and the mixture was kept
      at 60.degree.-70 .degree.C for 6 hours. After cooling, pouring into ice
      water was effected and the precipitated
      2,4-bis-(trifluoromethyl)-6-nitrophenyl-sulfonic acid phenyl ester was
      filtered off with suction. 67 g (80%) of the product were obtained in the
      form of colorless crystals of the melting point 83.degree.-84.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of 2,4-bis-(trifluoromethyl)-6-nitrophenyl-N-methylcarbamate
      ##SPC14##
PAR  To a solution of 1100 g (4 moles) 2,4-bis-(trifluoro-methyl)-6-nitrophenol
      and 5 ml triethylamine in 2500 ml light petroleum there were added
      dropwise in 1.5 hours, with stirring, 250 g (4 moles +10% excess) methyl
      isocyanate, and the reaction mixture was kept at 40.degree.C for a further
      10 hours. After cooling, the thick crystal slurry was filtered off with
      suction, again washed out with petroleum ether and subsequently with
      water. 1200 g (91%) of
      2,4-bis-(trifluoromethyl)-6-nitro-phenyl-N-methylcarbamate were obtained
      in the form of colorless, melted, small needles of the melting point
      124.degree.-126.degree.C.
PAC  EXAMPLE 4
PAC  Preparation of 2,4-bis-(trifluoromethyl)-6-nitro-phenol triethylammonium
      salt
      ##SPC15##
PAR  To a solution of 275 g (1 mole) 2,4-bis-(trifluoro-methyl)-6-nitrophenol in
      500 ml benzene there were added portionwise (exothermic) 110 g (1 mole
      +10% excess) triethylamine. The mixture was afterwards stirred for 3 hours
      at 20.degree.C and excess solvent was removed in a vacuum. 376 g (100%) of
      triethylammonium salt of 2,4-bis-(trifluoromethyl)-6-nitro-phenol were
      obtained in the form of an orange oil of the refractive index
      n.sub.D.sup.20 : 1.4895.
PAR  In analogous manner, the 2,4-bis-(trifluoromethyl)-6-nitrophenol
      derivatives of the following Examples 5-28 were prepared.
      ##SPC16##
TBL                Table                                                       
     ______________________________________                                    
     Example  X                  Melting point (.degree.C)                     
     ______________________________________                                    
     5        COOCH.sub.3        63-65                                         
     6        COOC.sub.2 H.sub.5 52-53                                         
     7        COO-i-C.sub.3 H.sub.7                                            
                                 47-48                                         
     8        COO--C.sub.4 H.sub.9 -n                                          
                                 34-35                                         
     9        COO--CH.sub.2 CH.sub.2 Cl                                        
                                 64-66                                         
     10       COCH.sub.3         72-73                                         
     11       COC.sub.2 H.sub.5  38-40                                         
     12       CO--C.sub.6 H.sub.5                                              
                                 73-75                                         
     13       CO--CH=CH--CH.sub.3                                              
                                 62-64                                         
     14       CO--CH=CH.sub.2    42-43                                         
     15       SO.sub.2 --CH.sub.3                                              
                                 62-64                                         
     16       CO--NH--C.sub.3 H.sub.7 -n                                       
                                 93                                            
     17       CO--NH--C.sub.6 H.sub.5                                          
                                 105-107                                       
     18       CO--NH--C.sub.6 H.sub.4 --Cl(m)                                  
                                 98-99                                         
     19       CO--NH--C.sub.6 H.sub.4 --Cl(p)                                  
                                 112-113                                       
     20       CO--NH--C.sub.2 H.sub.5                                          
                                 104-106                                       
     21       CO--NH--C.sub.4 H.sub.9 -n                                       
                                 79-80                                         
     22                          98-99                                         
     23       CO--C.sub.6 H.sub.4 --Cl(o)                                      
                                 93-95                                         
     24                          186-187                                       
     25       H.sub.3 N.sup.+--CH.sub.2 --CH--CH.sub.3                         
                                 139-140                                       
              .vertline.                                                       
              OH                                                               
     26       H.sub.3 N.sup.+--C.sub.4 H.sub.9                                 
                                 176-177                                       
     27       H.sub.2 N.sup.+--(C.sub.2 H.sub.5).sub.2                         
                                 109-110                                       
     28       HN.sup.+(CH.sub.3).sub.3                                         
                                 127-129                                       
     ______________________________________                                    
PAR  The IR and NMR spectra agreed completely with the structures given for
      Examples 1-28.
PAR  The active compounds according to the invention exhibit strong herbicidal
      properties and can therefore be used for the control of weeds. By weeds in
      the widest sense are meant all plants which grow in places where they are
      not desired. Whether the substances according to the invention act as
      total or selective herbicides depends largely on the amount applied.
PAR  The substances according to the invention can be used for example in the
      case of the following plants: dicotyledons, such as mustard (Sinapis),
      cress (Lepidium), cleavers (Galium), chickweed (Stellarig), chamomile
      (Matricaria), gallant soldier (Galinsoga), goosefoot (Chenopodium), annual
      nettle (Urtica), groundsel (Senecio) cotton (Gossypium), beets (Beta),
      carrots (Daucus), beans (Phaseolus), potatoes (Solanum), coffee (Coffea);
      monocotyledons, such as timothy (Phleum), bluegrass (Poa), fescue
      (Festuca), Eleusine (Eleusine), foxtail (Setaria), ryegrass (Lolium),
      cheat (Bromus), barnyard grass (Echinochloa), maize (Zea), rice (Oryza),
      oats (Avena), barley (Hordeum), wheat (Triticum), millet (Panicum), sugar
      cane (Saccharum).
PAR  The active compounds are particularly well suited for the selective control
      of weeds in cotton and cereals, including maize.
PAR  The active compound according to the present invention can be converted
      into the usual formulations, such as solutions, emulsions, suspensions,
      powders, pastes and granulates. These may be produced in known manner, for
      example by mixing the active compounds with extenders, that is, liquid or
      solid or liquefied gaseous diluents or carriers, optionally with the use
      of surface-active agents, that is, emuslifying agents and/or dispersing
      agents, and/or foam-forming agents. In the case of the use of water as an
      extender, organic solvents can, for example, also be used as auxiliary
      solvents.
PAR  As liquid diluents or carriers, there are preferably used aromatic
      hydrocarbons, such as xylenes, toluene, benzene or alkyl napthalenes,
      chlorinated aromatic or aliphatic hydrocarbons, such as chlorobenzenes,
      chloroethylenes or methylene chloride, aliphatic hydrocarbons, such as
      cyclohexane or paraffins, for example mineral oil fractions, alcohols,
      such as butanol or glycol as well as their ethers and esters, ketones,
      such as acetone, methyl ethyl ketone, methyl isobutyl. ketone or
      cyclohexanone, or strongly polar solvents, such as dimethyl formamide,
      dimethyl sulfoxide or acetonitrile, as well as water.
PAR  By liquefied gaseous diluents or carriers are meant liquids which would be
      gaseous at normal temperatures and pressures, e.g. aerosal propellants,
      such as halogenated hydrocarbons, e.g. freon.
PAR  As solid diluents or carriers, there are preferably used ground natural
      minerals, such as kaolins, clays, talc, chalk, quartz, attapulgite,
      montmorillonite or diatomaceous earth, or ground synthetic minerals, such
      as highly-dispersed silicic acid, alumina or silicates.
PAR  Preferred examples of emulsifying and foam-forming agents include non-ionic
      and anionic emulsifiers, such as polyoxyethylene-fatty acid esters,
      polyoxyethylene-fatty alcohol ethers, for example alkylarylpolyglycol
      ethers, alkyl sulfonates, alkyl sulfates and aryl sulfonates as well as
      albumin hydrolyzation products; and preferred examples of dispersing
      agents inlcude lignin, sulfite waste liquors and methyl cellulose.
PAR  The active compounds according to the invention may be present in the
      formulations in admixture with other active compounds.
PAR  The formulations contain, in general, from 0.1 to 95 per cent by weight of
      active compound, preferably 0.5 to 90 per cent by weight.
PAR  The active compounds may be applied as such or in the form of their
      formulations or the application forms prepared therefrom, such as
      ready-to-use solutions, emulsions, suspensions, powders, pastes and
      granulates. Application may take place in the usual manner, for example by
      watering, spraying, atomizing, dusting or scattering.
PAR  The active compounds according to the invention may be applied both
      according to the pre-emergence method and according to the post-emergence
      method, that is to say before or after emergence of the plants.
PAR  When the active compounds are used either according to the post-emergence
      method or the pre-emergence method, the amount applied can be varied
      within fairly wide ranges. In general, it is from 0.5 to 15 kg of active
      compound per hectare, preferably 1 to 6 kg per hectare.
PAR  The active compounds according to the invention also exhibit a fungicidal,
      bactericidal and soil-insecticidal activity; they further possess an
      effectiveness against plant-damaging insects and mites as well as against
      hygiene pests and pests of stored products.
PAR  The invention therefore provides a herbicidal composition containing as
      active ingredient a compound according to the invention in admixture with
      a solid or liquefied gaseous diluent or carrier or in admixture with a
      liquid diluent or carrier containing a surface-active agent.
PAR  The invention also provides a method of combating weeds which comprises
      applying to the weeds or their habitat a compound according to the
      invention alone or in the form of a composition containing as active
      ingredient a compound according to the invention in admixture with a
      diluent or carrier.
PAR  The invention also provides means of providing crops protected from damage
      by weeds by being grown in areas in which, immediately prior to and/or
      during the time of the growing, a compound according to the invention was
      applied alone or in admixture with a diluent or carrier. It will be seen
      that the usual methods of providing a harvested crop may be improved by
      the present invention.
PAR  The compounds according to the invention, and the preparation and use of
      the compounds according to the invention, are illustrated by the following
      Examples. In Table A and B the numbers of the compounds (in brackets) are
      those of the corresponding preparative Examples.
PAC  EXAMPLE A
PAR  Pre-emergence test
PAR  Solvent: 5 parts by weight acetone
PAR  Emulsifier: 1 part by weight alkylarylpolyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      active compound was mixed with the stated amount of solvent, the stated
      amount of emulsifier was added and the concentrate was then diluted with
      water to the desired concentration.
PAR  Seeds of the test plants were sown in normal soil and, after 24 hours,
      watered with the preparation of the active compound. It was expedient to
      keep constant the amount of water per unit area. The concentration of the
      active compound in the preparation was of no importance, only the amount
      of active compound applied per unit area being decisive. After three
      weeks, the degree of damage to the test plants was determined and
      characterized by the values 0-5, which have the following meaning:
PA1  0 no effect
PA1  1 slight damage or delay in growth
PA1  2 marked damage or inhibition of growth
PA1  3 heavy damage and only deficient development or only 50% emerged
PA1  4 plants partially destroyed after germination or only 25% emerged
PA1  5 plants completely dead or nor emerged.
PAR  The active compounds, the amounts applied and the results obtained can be
      seen from the following Table A.
TBL                                    Table A                                 
     __________________________________________________________________________
     Pre-emergence test                                                        
     Active compound       Active com-                                         
                                  Chenopo-                                     
                                       Sinap-                                  
                                           Stella-                             
                                               Galin-                          
                                                   Matrica                     
                                                        Cotton                 
                                                            Wheat              
                                                                Maize          
                           pound applied                                       
                                  dium is  ria soga                            
                                                   ria                         
                           kg/hectare                                          
     __________________________________________________________________________
                           5      3    5   2   4   5    2   2   2              
                           2.5    1    4   1   3   5    1   1   2              
     (known:                                                                   
     Dinoseb acetate)                                                          
                           5      5    5   4-5 5   5    3   5   1              
                           2.5    5    5   4   5   4    3   3   0              
                           5      5    5   4-5 5   5    1   4   1              
                           2.5    5    5   3   5   4    0   3   1              
                           5      5    5   4   5   5    1   4   0              
                           2.5    5    5   3   5   5    0   3   0              
                           5      5    5   4-5 5   5    4   3   1              
                           2.5    5    5   4   5   5    3   1   0              
                           5      5    5   4-5 5   4    2   3   2              
                           2.5    5    5   4   4   3    1   2   1              
                           5      5    5   4   5   5    3   4   1              
                           2.5    5    5   3   5   5    2   3   1              
                           5      5    5   4-5 5   5    1   2   1              
                           2.5    5    5   4   5   5    0   1   0              
                           5      5    5   4   5   5    3   2   1              
                           2.5    5    5   3   5   5    1   1   0              
                           5      5    5   4   5   5    2   2   1              
                           2.5    5    5   3   5   5    1   1   0              
                           5      5    5   4   5   4-5  3   3   1              
                           2.5    5    5   3   5   4    1   2   0              
     __________________________________________________________________________
PAC  EXAMPLE B
PAR  Post-emergence test
TBL  Solvent:  parts by weight acetone                                         
     Emulsifier:                                                               
               1 part by weight alkylarylpolyglycol ether                      
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      active compound was mixed with the stated amount of solvent, the stated
      amount of emulsifier was added and the concentrate was then diluted with
      water to the desired concentration.
PAR  Test plants which had a height of 5-15 cm were sprayed with the preparation
      of the active compound so that the amounts of active compound per unit
      area which are stated in the Table were applied. Depending on the
      concentration of the spray liquor, the amount of water applied lay between
      1000 and 2000 liters/hectare. After three weeks, the degree of damage to
      the plants was determined and characterized by the values 0-5, which have
      the following meaning:
PA1  0 no effect
PA1  1 a few slightly burnt spots
PA1  2 marked damage to leaves
PA1  3 some leaves and parts of stalks partially dead
PA1  4 plant partially destroyed
PA1  5 plant completely dead.
PAR  The active compounds, the amounts applied and the results can be seen from
      the following Table B.
TBL                                    Table B                                 
     __________________________________________________________________________
     Post-emergence test                                                       
     Active compound       Active com-                                         
                                  Echinoch-                                    
                                        Chenopo-                               
                                             Sinap-                            
                                                 Urtica                        
                                                     Matri-                    
                                                         Dau-                  
                                                            Cotton             
                                                                Wheat          
                           pound applied                                       
                                  loa   dium is      caria                     
                                                         cus                   
                           kg/hectare                                          
     __________________________________________________________________________
                           2      1     5    5   5   0   4  2   2              
                           1      1     5    5   3   0   3  2   2              
     (known:                                                                   
     Dinoseb acetate)                                                          
                           2      5     5    5   5   4   5  2   2              
                           1      4     4    5   5   3   5  0   1              
                           2      4-5   5    5   4   5   4  0   3              
                           1      4     5    4   3   4   3  0   1              
                           2      5     5    5   5   5   5  1   2              
                           1      3-4   5    5   4-5 4-5 5  0   1              
                           2      4-5   5    5   5   4   5  1   1              
                           1      3     5    5   4   3   5  0   0              
                           2      4-5   5    5   5   5   5  1   2              
                           1      3     5    5   3-4 4-5 4-5                   
                                                            0   1              
                           2      4-5   5    5   5   4   5  0   1              
                           1      4     4    5   4   3   5  0   0              
                           2      5     5    5   5   3   5  0   3              
                           1      4     5    5   4   2   5  0   2              
                           2      5     5    5   5   4   5  1   2              
                           1      3-4   4    5   4   3   5  0   1              
     __________________________________________________________________________
PAR  It will be understood that the specification and examples are illustrative
      but not limitative of the present invention and that other embodiments
      within the spirit and scope of the invention will suggest themselves to
      those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 2,4-bis-(trifluoromethyl)-6-nitrophenol compound of the formula
      ##SPC17##
PAL  wherein
PA1  X is hydrogen or an equivalent of an alkali or alkaline earth metal.
NUM  2.
PAR  2. Compound as claimed in claim 1 wherein X is hydrogen.
NUM  3.
PAR  3. Compound as claimed in claim 1 wherein X is an equivalent of an alkali
      or alkaline earth metal.
PATN
WKU  039431819
SRC  5
APN  5030048
APT  1
ART  126
APD  19740903
TTL  Separating optically pure d-l-isomers of menthol, neomenthol and
      isomenthol
ISD  19760309
NCL  5
ECL  1
EXA  Reamer; James H.
EXP  Helfin; Bernard
NDR  1
NFG  1
INVT
NAM  Fleischer; Jurgen
CTY  Cologne
CNT  DT
INVT
NAM  Bauer; Kurt
CTY  Holzminden
CNT  DT
INVT
NAM  Hopp; Ruldolf
CTY  Holzminden
CNT  DT
ASSG
NAM  Haarmann & Reimer Gesellschaft mit beschrankter Haftung
PRIR
CNT  DT
APD  19710227
APN  2109456
PRIR
CNT  DT
APD  19720202
APN  2204771
RLAP
COD  71
APN  229109
APD  19720224
PSC  03
CLAS
OCL  260631R
XCL  260473R
XCL  260471R
XCL  260468R
XCL  260476R
EDF  2
ICL  C07C 3512
FSC  260
FSS  631 R;631 H
UREF
PNO  2120131
ISD  19380600
NAM  Harris
OCL  260631H
FREF
PNO  568,085
ISD  19330100
CNT  DD
OCL  260631H
FREF
PNO  397,212
ISD  19330800
CNT  UK
OCL  260631R
OREF
PAL  Gilman Ed., Organic Chemistry, Wiley, N.Y., 1943, p. 254.
PAL  Reed et al., J. Chem. Soc., pp. 167-173 (1933).
LREP
FRM  Burgess, Dinklage & Sprung
ABST
PAL  A process for the separation of optically active d- and l-isomers of a
      compound selected from the group consisting of menthol, neomenthol and
      isomenthol, which comprises esterifying a d,l-isomeric mixture of the
      compound with an acid selected from the group consisting of benzoic acid
      optionally carrying at least one substituent on the benzene ring and
      hexahydrobenzoic acid; forming a supersaturated solution or a supercooled
      melt of the d,l-ester; inoculating the solution or melt with crystals of
      the d- or l-form of the ester to effect selective crystllization of one of
      the two optical isomers; separating the crystals and subjecting them to
      hydrolysis to yield the corresponding enantiomorph of the starting
      compound.
PARN
PAR  This is a continuation of application Ser. No. 229,109, filed Feb. 24,
      1972, now abandoned.
BSUM
PAR  This application relates to separating optically pure d- and l-isomers of
      menthol, neomenthol and isomenthol.
PAR  Processes for the synthetic production of menthol, neomenthol and
      isomenthol are known. Unfortunately, the products obtained are mixtures of
      the d- and l-form and are inferior in their properties to the optically
      pure isomers. For example, a mixture of d- and l-menthol is distinctly
      inferior to the l-menthol which occurs naturally in peppermint oil because
      of the dcontent. Accordingly, there is considerable interest in processes
      for separating the d- and l-isomers of menthol, neomenthol and isomenthol.
PAR  The separation of these optical isomers can be carried out for example by
      fractional crystallization of the salts of optically active amines such as
      cinchonine, brucine, strychnine, ephedrine and 1-(.alpha.-naphthyl)-ethyl
      amine, with d,l-menthyl hydrogen phthalate or hydrogen succinate or the
      corresponding d,l-neomenthyl derivatives. The separation process as a
      whole includes formation of a salt with the optically active amine;
      separation of the two diastereomeric semi ester salts by crystallization;
      splitting the d- and l-semi ester salt into the optically active esters
      and finally hydrolyzing these into the d- and l-forms. In addition to the
      fact that the described process is a multi-stage process which uses
      optically active bases, which are themselves extremely difficult to
      prepare, the physiologically harmful bases used during splitting must be
      very carefully removed in view of the use of l-menthol for example in
      foodstuffs, confectionary and body-care preparations.
PAR  Because of the difficulties mentioned above, naturally occurring starting
      materials must always be used in the largescale production of optically
      pure isomers of menthol, neomenthol and isomenthol, for example in the
      recovery of l-menthol or neomenthol, peppermint oil which contains the
      l-menthol or d-neomenthol itself, or optically active citronella recovered
      from oil of citronella may be used. Unfortunately, these natural starting
      materials fluctuate both in quality and in composition, depending upon
      their origin. Accordingly, it would constitute a major technical step
      forward if a synthetically obtained isomer mixture could be used as
      starting material in the large-scale production of the aforementioned
      compounds.
PAR  It has now been found that the optically active d- and l-isomers of
      menthol, neomenthol and of isomenthol can be recovered by esterifying the
      d,l-isomer mixture of the corresponding compound with benzoic acid which
      optionally contains one or more substituents on the benzene ring, or with
      hexahydrobenzoic acid; inoculating a supersaturated solution or a
      supercooled melt of the resulting d,l-ester with crystals of the d- or
      l-form of the ester and, in this way, selectively crystallizing one of the
      two optical enantiomorphs, and hydrolyzing the resulting ester of the d-
      or l-form by methods known per se.
PAR  Apart from the esters of benzoic acid or of hexahydrobenzoic acid
      themselves, the esters of monosubstituted or polysubstituted benzoic acids
      are also preferably used for the process according to the invention.  In
      such cases the carbocyclic nucleus may contain as substituents: alkoxy
      groups, preferably lower alkoxy groups containing up to 4 carbon atoms;
      nitro groups; halogen atoms such as fluorine, chlorine, bromine; or alkyl
      groups, preferably lower alkyl groups containing up to 4 carbon atoms
      which may be substituted by halogen atoms, such as trichloromethyl or
      trifluoromethyl groups.
PAR  The d,l-esters of benzoic acid, hexahydrobenzoic acid, 4-methylbenzoic
      acid, 3,5-dinitrobenzoic acid 4-methoxy-and 4-ethoxybenzoic acid are
      preferably used for the process according to the invention.
PAR  It has proven to be of particular advantage for carrying out the separation
      by the process according to the invention to use the d,l-ester of benzoic
      acid, hexahydrobenzoic acid, 4-methylbenzoic acid, 3,5-dinitrobenzoic acid
      or of 4-ethoxybenzoic acid for menthol, and the d,l-ester of
      4-methylbenzoic acid, 3,5-dinitrobenzoic acid or of 4-methoxybenzoic acid
      for neomenthol. The separation of isomenthol by the process according to
      the invention is best carried out through its esters with 4-methoxybenzoic
      acid or 3,5-dinitrobenzoic acid.
PAR  The d,l-isomer mixture can be esterified by any known method, for example
      in accordance with the description in Beilstein's Handbuch der Organischen
      Chemie, 4th Edition, Vol. 9 (1926) on page 115 for the preparation of
      benzoic acid-l-menthyl ester or ibid., Vol. 9 (Suppl. 3) (1970) on page
      408 for the preparation of benzoic acid-d-neomenthyl ester.
PAR  The process according to the invention can be carried out by initially
      preparing a saturated solution of the d,l-ester at temperatures below the
      melting point of the racemate, preferably at temperatures of from
      0.degree. to 20.degree.C. Examples of suitable solvents include
      hydrocarbons, such as light petrol, cleaning spirit, hexane, cyclohexane,
      or toluene; ethers such as diethyl ether, diisopropyl ether, dioxane or
      tetrahydrofuran; ketones, such as acetone, methylethyl ketone, diethyl
      ketone, methylpropyl ketone, methylbutyl ketone, di-n-propyl ketone or
      methylisopropyl ketone; or alcohols, such as methanol, ethanol,
      n-propanol, isopropanol, butanol, linear or branched-chain amyl alcohols
      or hexanols, benzyl alcohol or cyclohexanol and mixtures of the
      aforementioned solvents. Preferred solvents are petrol, methanol, ethanol
      or acetone. The saturated solution separated from the sediment is heated
      by about 2.degree. C., as a result of which any crystal seeds still
      present disappear, and is divided into two equal parts. The solutions are
      then adjusted to a slightly supersaturated state in which there is still
      no spontaneous seed formation, by cooling to about 1.degree. to 3.degree.
      C. below the saturation temperature. If one batch is then inoculated with
      crystals of the l-form and the other with crystals of the d-form only that
      menthyl ester corresponding to the form of the optically active seed
      crystals crystallizes out of the supersaturated solution. The
      crystallizates of both batches can be separated from the mother liquor in
      the usual ways, for example by filtration or by centrifuging. After they
      have been combined and reheated, the mother liquors are used to dissolve
      more racemate and the thus resaturated solution may again be used for the
      process according to the invention.
PAR  Separation can of course, also be carried out by inoculating a melt
      supercooled by about 1 to 3.degree. C. with crystals of l- or d-menthyl
      ester. In general, however, separation is carried out using a solvent.
DRWD
PAR  The separation of d,l-methyl esters can be carried out either continuously
      or in batches. For example, continuous separation can be carried out as
      shown in the accompanying drawing, which is a schematic flow sheet of a
      suitable apparatus.
PAR  A saturated solution of the d,l-menthyl ester is prepared in a 500 liter
      vessel 1 equipped with a stirring mechanism and cooling coils 2. This
      solution is filtered off under suction of two metering pumps 4 and 5
      through a wire basket 3 which retains most of the solids. Both pumps are
      adjusted to have the same output and force the streams of solution through
      candle filters 6 and 7, which separate off any crystals still present, and
      into a heat exchanger 8, in which the solutions are heated by about
      2.degree. C. The solutions are now slightly undersaturated, so that any
      crystal seeds still present after passage through the filters disappear.
      In a second heat exchanger 9, the two streams of solution are cooled to
      about 1.degree. to 3.degree. C. below the saturation temperature and then
      flow into two 250 liter capacity vessels 11 and 12 which are equipped with
      stirring mechanisms and cooling coils 10 and 13 and which are at
      substantially the same temperature as the inflowing solutions. The l- or
      d-form is selectively crystallized from the supersaturated solutions in
      these vessels by addition of seed crystals of the optically pure l- or
      d-menthyl esters. The solutions are filtered off from the crystallizing
      vessels 11 and 12 under suction of two metering pumps 16 and 17, which are
      adjusted to have the same output, through wire baskets 14 and 15 which
      retain the crystals. The output of the metering pumps 16 and 17 is lower
      than that of the pumps 4 and 5 by such an extent that the solution volume
      in the crystallizing vessels increases at the same rate as the quantity of
      suspended crystals and the concentration of the solution is thus
      maintained constant. The streams flowing out of the metering pumps 16 and
      17 are combined, restored to the temperature of the dissolution vessel 1
      in a heat exchanger 18 and returned to the dissolution vessel, in which
      they are resaturated with the d,l-menthyl ester which is present as
      sediment and which is continuously or periodically replenished. Crystal
      suspension is removed from the bottom of the crystallizing vessels 11 and
      12 by means of the measuring vessels 19 and 20 or continuously by means of
      slurry pumps and the crystals separated off, for example by centrifuging.
      The mother liquors are also returned to the dissolution vessel 1 after
      having been combined and heated to the temperature of that vessel. The
      crystallizates of l- and d-menthol ester obtained by a continuous process
      or a batch process according to the invention and the l- and d-menthol
      obtained from them by hydrolysis are optically pure.
PAR  It must be regarded as extremely surprising that optically pure d- and
      l-isomers can be obtained by the process according to the invention
      because, d,l-menthol for example cannot be separated into its optical
      isomers by selective crystallization despite the use of a variety of
      different solvents and a variety of different working temperatures and
      concentrations. Thus certain carboxylic acid esters of d,l-menthol,
      especially those of benzoic acid and derivates thereof, had not been
      expected to lend themselves to separation by selective crystallization.
PAR  The invention is further described in the following illustrative examples
      wherein all parts are by weight unless otherwise expressed.
DETD
PAC  EXAMPLE 1
PAR  220 liters of petrol are cooled to +3.degree.C in a vessel equipped with
      stirring mechanism and cooling coils. Solid d,l-methyl benzoate is added
      with stirring in a sufficient quantity (about 350kg) to leave behind a
      small undissolved residue. The solution thus saturated at +3.degree.C is
      filtered off from the undissolved menthylbenzoate and heated to
      approximately +5.degree. C. so that any crystal seeds still present
      disappear. The solution is then introduced in equal parts into two vessels
      which are equipped with stirring mechanisms and cooling coils, and cooled
      to 0.degree. C. One of the two containers is inoculated with approximately
      5 kg of l-menthyl-benzoate crystals and the other with an equivalent
      quantity of d-menthylbenzoate crystals. Crystallization is complete after
      1 hour stirring. The crystals are separated from the mother liquor by
      centrifuging and washed with cold petrol. Approximately 19 kg of each of
      d- and l-menthylbenzoate crystals are thus obtained. 5 kg batches of each
      are retained for inoculating the next batch. Optically pure d- and
      l-menthol is obtained from the main quantity by hydrolysis. The mother
      liquors from both crystallizations are combined and returned together with
      28 kg of additional solid menthylbenzoate to the dissolution vessel in
      which they are resaturated at 3.degree. C.
PAC  Example 2
PAR  A continuous separation process which can be carried out in the apparatus
      shown in the drawing will now be described. A 500 liter vessel 1 equipped
      with stirring mechanism and cooling coils 2 contains a solution saturated
      at +3.degree. C. of d,l-menthylbenzoate in petrol and an excess of solid
      d,l-methylbenzoate which is continuously or periodically replenished so
      that the solution always remain saturated. The solution is filtered off
      under suction by two metering pumps 4 and 5 through a wire basket 3 which
      retains most of the solids. Both the metering pumps are adjusted to have
      the same output of 250 liters per hour and force the respective solutions
      through candle filters 6 and 7, in which crystal seeds are filtered off,
      and into a heat exchanger 8, in which the streams are heated from
      +3.degree. C. to +5.degree. C. so that any crystal seeds which may have
      passed through the filter are dissolved into the now undersaturated
      solution. In a second heat exchanger 9, the two streams of solution are
      cooled to 0.degree. C. and flow at this temperature into two 250 liter
      capacity vessels 11 and 12 which are equipped with stirring mechanisms,
      kept at 0.degree. C. by cooling coils 10 and 13 and contain seed crystals
      of l-menthylbenzoate and d-menthylbenzoate, respectively. The quantity of
      seed crystals should be fairly high to enable crystallization to take
      place as quickly as possible (approximately 200 to 300 g/liter of solvent
      volume). Two metering pumps 16 and 17 remove the solutions under suction
      from these crystallizing vessels through wire baskets 14 and 15 which
      retain the crystals. The metering pumps 16 and 17 are adjusted to a lower
      output (approximately 190 liters per hour) than the metering pumps 4 and 5
      so that the solution volume in both crystallizing vessels increases at the
      same rate as the quantity of suspended crystals and their quantity per
      liter thus remains constant. The streams flowing out of the metering pumps
      16 and 17 are combined, reheated at +3.degree. C. in a heat exchanger 18
      and flow back into the dissolution vessel 1 where they are resaturated
      with d,l-methylbenzoate. At approximately hourly intervals, crystal
      suspension is removed from the crystallizing vessels in quantities of 60
      liters 11 and 12 by means of the 60 liter capacity measuring vessels 19
      and 20, and the crystals separated off from the mother liquor, for example
      by centrifuging. The mother liquors flow back into the dissolution vessel
      1 after being heated to +3.degree. C. in the heat exchanger 18. The
      crystalline esters thus obtained are washed with cold petrol.
      Approximately 15 kg each of d- and l-menthylbenzoate are obtained per
      hour. Removal of the crystal suspension from the crystallizing vessels 11
      and 12 can also be carried out continuously, for example by means of
      slurry pumps. Optically pure d- and l-menthol can be obtained by
      hydrolyzing the d- and l-menthyl esters.
PAC  EXAMPLE 3
PAR  Two 100 kg batches of d,l-menthylbenzoate are fused by heating to
      30.degree. C. in two containers, which are equipped with stirring
      mechanisms, and subsequently cooled to 25.degree. C. 5 kg of
      d-menthylbenzoate crystals and 5 kg of l-menthylbenzoate crystals are
      stirred into the melts. After stirring for 1 hour, crystals are separated
      off from the melt by centrifuging and washed with cold methanol.
      Approximately 6.5 kg each of d- and l-menthylbenzoate crystals are
      obtained in this way and optically pure d- and l-menthol is obtained
      therefrom by hydrolysis. The melt centrifuged off from the
      l-menthylbenzoate crystals contains an excess of d-menthylbenzoate (and
      vice versa). Accordingly, it is advisable, in continuing the process, to
      heat this melt to 30.degree. C., replace the quantity which has
      crystallized out with fresh menthylbenzoate, and inoculate with
      d-menthylbenzoate crystals (the reverse procedure being adopted for the
      other melt).
PAC  EXAMPLE 4
PAR  300 liters of petrol are cooled to +10.degree. C. in a vessel which is
      equipped with a stirring mechanism and cooling coils. Solid
      d,l-menthylhexahydrobenzoate is added with stirring in sufficiently large
      quantity (approximately 520 kg) to leave behind a small undissolved
      residue. The solution thus saturated at +10.degree. C. is filtered off and
      heated to approximately 12.degree. C. so that any crystal seeds still
      present are dissolved. The solution is then introduced into another vessel
      equipped with a stirring mechanism and with cooling coils. After the
      solution has been cooled to 9.degree. C., it is inoculated with 5 kg of
      l-menthylhexahydrobenzoate. Crystallization is complete after stirring for
      about 2 hours and the crystals are separated off from the mother liquor by
      centrifuging and washed with cold petrol. After drying, approximately 22
      kg are obtained, of which 5 kg are retained for inoculating the next
      batch. The temperature of the mother liquor is adjusted to 9.degree. C. in
      another vessel equipped with stirring mechanism and similarly crystallized
      by inoculation with 5 kg of d-menthylhexahydrobenzoate. The optically pure
      d- and l-menthol is subsequently recovered from the crystallizates
      obtained by hydrolyzing the d- and l-menthyl esters. The mother liquor is
      resaturated with d,l-menthylhexahydrobenzoate at 10.degree.  C. and the
      process repeated.
PAC  EXAMPLE 5
PAR  Two 87 kg batches of d,l-menthyl-4-menthylbenzoate (an oily liquid which is
      almost impossible to crystallize) are each mixed with 13 kg of methanol in
      two vessels which are equipped with stirring mechanisms and cooled to
      -7.degree. C. One of the vessels is inoculated with 5 kg of
      d-menthyl-4-methylbenzoate and the other with 5 kg of
      1-menthyl-4-methylbenzoate. After stirring for 1 hour, the crystals
      obtained are separated off from the mother liquor by centrifuging and
      washed with cold methanol to yield approximately 7 kg of d- and l-ester.
      Optically pure d- and l-menthol is obtained by hydrolyzing the d- and
      l-menthyl esters, respectively.
PAC  EXAMPLE 6
PAR  Two 80 kg batches of d,l-menthyl-4-ethoxybenzoate are dissolved in 120 kg
      of toluene in two vessels which are equipped with stirring mechanisms and
      the solutions cooled to -2.degree. C. One of these vessels is inoculated
      with 5 kg of d-menthyl-4-ethoxy benzoate crystals and the other with 5 kg
      of l-menthyl-4-ethoxybenzoate crystals. After stirring for 1.5 hours, the
      crystals are separated off from the mother liquor by centrifuging. Washing
      with cold methanol gives approximately 7.0 kg each of d-and
      l-menthyl-4-ethoxybenzoate which are hydrolyzed into optically pure d- and
      l-menthol.
PAC  EXAMPLE 7
PAR  Two 21.4 kg batches of d,l-menthyl-3,5-dinitrobenzoate are dissolved in
      178.6 kg of acetone at 25.degree. C. in two vessels which are equipped
      with stirring mechanisms and the solutions cooled to 15.degree. C. One of
      the vessels is then inoculated with 5 kg of d-menthyl-3,5-dinitribenzoate
      crystals and the other with 5 kg of l-menthyl-3,5-dinitrobenzoate
      crystals. After stirring for 1.5 hours, the crystals are separated off
      from the mother liquor by centrifuging and washed with cold methanol, to
      give approximately 7.0 kg of d-menthyl- and 7.0 kg of
      l-menthyl-3,5-dinitrobenzoate which are hydrolyzed into optically pure d-
      and l-menthol.
PAC  EXAMPLE 8
PAR  50 parts by weight of d,l-neomenthyl-4-methylbenzoate are dissolved in 50
      parts by weight of acetone in a vessel equipped with stirring mechanism
      and a cooling system, and cooled to 14.7.degree. C. The solution is
      inoculated with 2.5 parts by weight of d-neomenthyl-4-methylbenzoate. It
      is then cooled to 13.8.degree. C. and stirred for a further 20 minutes.
      The crystals are then separated off from the mother liquor by
      centrifuging. Washing with cold methanol gives approximately 7.5 parts by
      weight of d-neomenthyl-4-methylbenzoate. Optically pure d-neomenthol is
      obtained by hydrolyzing the ester. Optically pure l-neomenthol is
      similarly obtained by inoculating the mother liquor with
      l-neomenthyl-4-methylbenzoate.
PAC  EXAMPLE 9
PAR  80.2 kg of an almost saturated solution consisting of 13 parts by weight of
      d,l-neomenthyl-4-methoxybenzoate and 87 parts by weight of methanol, are
      cooled to +2.5.degree. C. in a vessel which is equipped with stirring
      mechanism and a cooling system, and 300 g of
      d-neomenthyl-4-methoxybenzoate are then added.
PAR  The mixture is stirred for approximately 50 minutes during which its
      temperature is reduced to -3.5.degree. C. The crystals which accumulate
      are filtered off under suction to give 1.23 kg of
      d-neomenthyl-4-methoxybenzoate. Optically pure d-neomenthol is obtained by
      hydrolyzing the ester.
PAR  l-neomenthol can be similarly obtained by adding
      l-neomenthyl-4-methoxybenzoate to the d,l-neomenthyl-4-methoxybenzoate
      solution and by hydrolyzing the obtained ester.
PAC  EXAMPLE 10
PAR  5 g of d,l-neomenthyl-3,5-dinitrobenzoate are dissolved in 33 g of acetone
      in a vessel which is equipped with stirring mechanism and a cooling system
      and 0.5 g of d-neomenthyl-3,5-dinitrobenzoate are then added. The solution
      is then cooled to 16.9.degree. C. and stirred for 30 minutes. The crystals
      formed are filtered off under suction, to give 1.145 g of
      d-neomenthyl-3,5-dinitrobenzoate. l-neomenthol-3,5-dinitrobenzoate is
      similarly obtained by adding 0.5 g of l-neomenthyl-3,5-dinitrobenzoate to
      the solution.
PAR  Optically pure d- and l-neomenthol are obtained by hydrolyzing the
      corresponding ester.
PAC  EXAMPLE 11
PAR  31 parts by weight of an almost saturated solution consisting of 78.4
      percent by weight of d,l-isomenthyl-4-methoxybenzoate and 26 percent by
      weight of methanol, are heated to +50.degree. C. in a vessel which is
      equipped with stirring mechanism and 0.05 part by weight of
      d-isomenthyl-4-methoxybenzoate are then added.
PAR  The mixture is stirred for approximately 60 minutes during which its
      temperature is reduced to +45.degree. C. The crystals which accumulate are
      filtered off under suction. Washing with cold methanol gives 0.65 part by
      weight of d-isomenthyl-4-methoxybenzoate. Optically pure d-isomenthol is
      obtained by hydrolyzing the ester.
PAR  Optically pure l-isomenthol is similarly obtained by inoculating the mother
      liquor with l-isomenthyl-4-methoxybenzoate.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
PAC  EXAMPLE 12
PAR  43.5 g of d,l-isomenthyl-3,5-dinitrobenzoate are dissolved in 6.5 g of hot
      toluene in a heatable vessel which is equipped with stirring mechanism and
      reflux condenser. The solution is heated to +105.degree. C. and then
      inoculated with 0.5 g of d-isomenthyl-3,5-dinitrobenzoate. The mixture is
      stirred for approximately 30 minutes during which its temperature is
      reduced to 103.degree. C. The crystals formed are filtered off under
      suction, to give 5.6 g d-isomenthyl-3,5-dinitrobenzoate. Optically pure
      d-isomenthyl is obtained by hydrolyzing the ester.
PAR  Optically pure l-isomenthol is similarly obtained by inoculating the mother
      liquor resp. the initial solution with l-isomenthyl-3,5-dinitrobenzoate.
PAC  EXAMPLE 13
PAR  55 g of d,l-neomenthylbenzoate are dissolved in 45 g of methanol in a
      vessel equipped with stirring mechanism and a cooling system, and cooled
      to -13.5.degree. C. The solution is inoculated with 0.6 g
      d-neomenthylbenzoate. It is then cooled to -14.degree. C. and stirred for
      a further 35 minutes. The crystals which accumulate are filtered off under
      suction to give 5.6 g d-neomenthylbenzoate. Optically pure d-neomenthol is
      obtained by hydrolyzing the ester.
PAR  Optically pure l-neomenthol is similarly obtained by inoculating the mother
      liquor resp. to initial solution with l-neomenthylbenzoate followed by
      hydrolysis.
PAC  EXAMPLE 14
PAR  31 g of d,l-neomenthylhexahydrobenzoate are dissolved in 69 g of methanol
      in a vessel equipped with stirring mechanism and a cooling system, and
      cooled to +14.degree. C. The solution is inoculated with 0.35 g
      d-neomenthylhexahydrobenzoate. It is then cooled to +13.degree. C. and
      stirred for a further 25 minutes. The crystals which accumulate are
      filtered off under suction to give 2.9 g d-neomenthylhexahydrobenzoate.
      Optically pure d-neomenthol is obtained by hydrolyzing the ester.
PAR  Optically pure l-neomenthol is similarly obtained by inoculating the mother
      liquor resp. the initial solution with l-neomenthylhexahydrobenzoate
      followed by hydrolyzis.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the separation of optically active d- and l-isomers of a
      compound selected from the group consisting of menthol, neomenthol and
      isomenthol, which comprises forming a super-saturated solution or a
      supercooled melt consisting essentially of a d,l-isomeric mixture of an
      ester of the compound with an acid selected from the group consisting of
      benzoic acid, hexahydrobenzoic acid and benzoic acid substituted by up to
      2 lower alkyl or alkoxy, fluorine, chlorine, bromine or nitro groups
      inoculating the solution or melt with crystals of the d- or l-form of the
      ester to effect selective crystallization of one of the two optical
      isomers; separating the crystals and subjecting them to hydrolysis to
      yield the corresponding enantiomorph of the starting compound.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the acid is benzoic acid,
      hexahydrobenzoic acid, 4-methylbenzoic acid, 3,5-dinitrobenzoic acid,
      4-methoxybenzoic acid or 4-ethoxybenzoic acid.
NUM  3.
PAR  3. The process of claim 1, wherein the compound is menthol and the acid is
      benzoic acid, hexahydrobenzoic acid, 4-methylbenzoic acid,
      3,5-dinitrobenzoic acid or 4-ethoxybenzoic acid.
NUM  4.
PAR  4. The process of claim 1, wherein the compound is neomenthol and the acid
      is 4-methylbenzoic acid, 3,5-dinitrobenzoic acid or 4-methoxybenzoic acid.
NUM  5.
PAR  5. The process of claim 1, wherein the compound is isomenthol and the acid
      of 4-methoxybenzoic acid or 3,5-dinitrobenzoic acid.
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ABST
PAL  An adsorptive separation process for separating ethylbenzene from a feed
      mixture comprising ethylbenzene and at least one xylene isomer, which
      process comprises contacting the feed mixture with a crystalline
      aluminosilicate adsorbent comprising type X structured zeolite containing
      at the exchangeable cationic sites at least one cation selected from the
      group consisting of cations of elements of Group I-A of the Periodic Table
      of Elements to effect the selective adsorption of ethylbenzene. The
      ethylbenzene adsorbed by the adsorbent is thereafter recovered as a
      purified product. The process can be either in the liquid or vapor phase.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of art to which the claimed invention pertains is solid-bed
      adsorptive separation. More specifically, the claimed invention relates to
      a process for the separation of ethylbenzene from a feed mixture
      comprising ethylbenzene and at least one xylene isomer which process
      employs a solid adsorbent which selectively removes ethylbenzene from the
      feed mixture.
PAR  2. Description of the Prior Art
PAR  It is well known in the separation art that certain crystalline
      aluminosilicates can be used to separate hydrocarbons species from
      mixtures thereof. In particular, the separation of normal paraffins from
      branched chained paraffins can be accomplished by using the type A zeolite
      which have pore openings from 3 to about 5 Angstroms. Such a separation
      process is disclosed for example in U.S. Pat. Nos. 2,985,589 and
      3,201,491. These adsorbents allow a separation based on the physical size
      differences in the molecules by allowing the smaller or normal
      hydrocarbons to be passed into the cavities within the crystalline
      aluminosilicate adsorbent, while excluding the larger or branched chain
      molecules.
PAR  U.S. Pat. Nos. 3,265,750 and 3,510,423 for example disclose processes in
      which larger pore diameter zeolites such as the type X or type Y
      structured zeolites can be used to separate olefinic hydrocarbons.
PAR  In addition to separating hydrocarbon types, the type X or type Y zeolites
      have also been employed in processes to separate individual hydrocarbon
      isomers. In the process described in U.S. Pat. No. 3,114,782 for example,
      a particular zeolite is used as an adsorbent to separate
      alkyl-trisubstituted benzene; and in U.S. Pat. No. 3,668,267 a particular
      zeolite is used to separate specific alkyl-substituted naphthalenes. The
      more well known selective adsorption processes however are the para-xylene
      separation processes. In U.S. Pat. No. 3,626,020 for example, a particular
      zeolite is used to separate para-xylene from a feed mixture comprising
      para-xylene and at least one other xylene isomer by selectively adsorbing
      para-xylene over the other xylene isomers. Para-xylene is one of the most
      commercially important aromatic hydrocarbon isomers. Its use in the
      manufacture of terephthalic acid which in turn is subsequently employed in
      the manufacture of various synthetic fibers is well known. One such fiber
      is Dacron which fiber is a trade-marked product of the duPont Company. The
      ever increasing demand for such fibers has resulted in a corresponding
      increase in the demand for para-xylene.
PAR  In contrast, the present invention relates to a process for the separation
      of ethylbenzene from a feed mixture comprising ethylbenzene and at least
      one other xylene isomer and is therefore distinguished from such xylene
      isomer separation processes. Additionally, in the process of this
      invention ethylbenzene is the selectively adsorbed extract component while
      the xylene isomers are less selectively adsorbed raffinate components.
PAR  We have found that adsorbents comprising type X structured zeolites
      containing at exchangeable cationic sites at least one cation selected
      from the group consisting of cations of Group I-A metals exhibit
      selectivity for ethylbenzene with respect to the xylene isomer thereby
      making separation of ethylbenzene from xylene isomers by solid-bed
      selective adsorption processes possible.
PAR  Ethylbenzene is used as a raw material in the production of styrene
      monomer. Ethylbenzene can be and is commercially produced from the
      alkylation of benzene with ethylene. The cost of and competing demands for
      necessary benzene and ethylene feed streams, have however prompted new
      efforts to recover ethylbenzene from various C.sub.8 aromatic feed streams
      which already contain ethylbenzene. Such feed streams for instance,
      include C.sub.8 aromatic extracts produced by a typical solvent extraction
      process from a pyrolysis gasoline or from a naphtha which has been
      reformed with a platinum-halogen-containing catalyst. Additionally C.sub.8
      aromatic cuts of hydrogenated pyrolysis naphthas or reformates prepared by
      fractionation without solvent extraction contain varying amounts of
      ethylbenzene.
PAR  The particular utility of the process of our invention is that it offers a
      method for recovering ethylbenzene from a feed stream which already
      contains ethylbenzene.
PAR  Ethylbenzene can, of course, be separated from the xylene isomers by
      fractionation but because its boiling point is within about 4.degree. F.
      of that of para-xylene, the fractionation can be achieved only with the
      more intricate super-fractionators. Typical ethylbenzene fractionators
      contain 300 to 400 actual trays and require about a 25-50 to 1 reflux to
      feed ratio. The process of our invention therefore offers a competitive
      alternative to the separation of ethylbenzene by super-fractionation.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, a broad objective of our invention to provide a process
      for the separation of ethylbenzene from a feed mixture comprising
      ethylbenzene and at least one xylene isomer.
PAR  In brief summary, our invention is, in one embodiment, a process for
      separating ethylbenzene from a feed mixture comprising ethylbenzene and at
      least one xylene isomer which process comprises contacting said mixture
      with an adsorbent comprising a type X structured zeolite containing at the
      exchangeable cationic sites at least one cation selected from the group
      consisting of cations of elements of Group I-A of the Periodic Table of
      Elements to effect the selective adsorption of ethylbenzene.
PAR  More specifically, our invention is, in a more preferred embodiment, a
      process for separating ethylbenzene from a hydrocarbon feed mixture
      comprising ethylbenzene and at least one xylene isomer which process
      comprises the steps of: contacting the feed mixture at adsorption
      conditions with an adsorbent comprising a type X structured zeolite
      containing at the exchangeable cationic sites at least one cation selected
      from the group consisting of cations of elements of Group I-A to effect
      the selective adsorption of ethylbenzene; withdrawing from the bed of
      solid adsorbent a stream comprising said xylene isomer which isomer is
      less selectively adsorbed; contacting the adsorbent bed at desorption
      conditions with a desorbent material having an average boiling point
      substantially different from that of the feed mixture to effect the
      removal of the selectively adsorbed ethylbenzene; and withdrawing from the
      adsorbent a stream comprising desorbent material and ethylbenzene.
PAR  Other embodiments and objects of the present invention encompass details
      about feed mixtures, adsorbents, desorbents, and operating conditions all
      of which are hereinafter disclosed in the following discussion of each of
      these facets of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Feed mixtures which can be utilized in the process of this invention will
      comprise ethylbenzene and at least one xylene isomer. Specifically, the
      feed mixture may contain ethylbenzene and para-xylene or meta-xylene or
      ortho-xylene. Possible feed mixtures can as well contain, in addition to
      ethylbenzene, any two xylene isomers or all three xylene isomers. The more
      typical feed mixtures will either be a mixture containing ethylbenzene and
      all three of the xylene isomers or a mixture containing ethylbenzene along
      with para-xylene and meta-xylene. Ortho-xylene which has a boiling point
      of about 6.degree. F. higher than that of the nearest other C.sub.8
      aromatic (meta-xylene) can be separated by conventional fractionation
      techniques and hence may be previously removed from a feed mixture prior
      to its being charged to the process of this invention. Ortho-xylene
      fractionator towers for example will contain about 100 to 150 actual trays
      and will operate with about a 5-8 to 1 reflux to feed ratio.
PAR  Mixtures containing substantial quantities of ethylbenzene and xylene
      isomers generally are produced by reforming and isomerization processes.
      In reforming processes, a naphtha feed is contacted with a
      platinum-halogen-containing catalyst at severities selected to produce an
      effluent containing C.sub.8 aromatic compounds which can be subsequently
      separated using the method of this invention. Xylene isomerization
      processes generally isomerize a xylene mixture deficient in one or more
      isomers to give an affluent containing approximately equilibrium
      quantities of the C.sub.8 aromatic isomers which effluent can then be
      separated using the method of this invention. Generally the C.sub.8
      aromatics in such effluent stream will be concentrated by solvent
      extraction processes or by fractionation prior to being introduced into
      the process of this invention.
PAR  The equilibrium compositions of the xylene isomers and ethylbenzene at
      various temperatures are shown in Table 1 below.
TBL                Table 1                                                     
     ______________________________________                                    
     Equilibrium C.sub.8 Aromatic Compositions*                                
     ______________________________________                                    
     Temperature, .degree.C.                                                   
                          327     427     527                                  
     ______________________________________                                    
     Mole percent of isomers                                                   
     Ethylbenzene          6       8      11                                   
     Para-Xylene          22      22      21                                   
     Meta-Xylene          50      48      45                                   
     Ortho-Xylene         22      22      23                                   
     ______________________________________                                    
      *Based on API sources                                                    
PAL  Since the ethylbenzene boils at about the same temperature as the
      meta-xylene and para-xylene isomers, fractionation methods are impractical
      for separating the ethylbenzene from meta- and para-xylene.
PAR  Feed mixtures may also contain small quantities of nonaromatics such as
      straight or branched chain paraffins, cycloparaffins, or olefinic
      materials. However, since separation of ethylbenzene from a feed mixture
      by selective adsorption of the ethylbenzene present in the feed mixture on
      a zeolite adsorbent apparently takes place because of a rather delicate
      acidity/basicity difference between ethylbenzene and the adsorbent
      compared to the xylene isomers and the adsorbent, it is preferred that
      these contaminants, especially olefins, be less than about 20 vol. % of
      the feed mixture passed into the process and more preferably less than
      about 10 vol. %.
PAR  To separate ethylbenzene from a feed mixture containing ethylbenzene and at
      least one xylene isomer, the mixture is contacted with the adsorbent and
      ethylbenzene is more selectively adsorbed and retained by the adsorbent
      while the less selectively adsorbed xylene isomer is removed from the
      interstitial void spaces between the particles of adsorbent and the
      surface of the adsorbent. The adsorbent containing the more selectively
      adsorbed ethylbenzene is referred to as a "rich" adsorbent -- rich in the
      more selectively adsorbed ethylbenzene.
PAR  The more selectively adsorbed feed component is commonly referred to as the
      extract component of the feed mixture, while the less selectively adsorbed
      component is referred to as the raffinate component. Fluid streams leaving
      the adsorbent comprising an extract component and comprising a raffinate
      component are referred to, respectively, as the extract stream and the
      raffinate stream. As previously mentioned, the feed mixture can contain
      more than one xylene isomer and it will therefore be recognized that all
      of the xylene isomers present in the feed mixture will be less selectively
      adsorbed with respect to ethylbenzene. Thus the raffinate stream will
      contain as raffinate components all of the xylene isomers appearing in the
      feed mixture and the extract stream will contain ethylbenzene as the
      extract component.
PAR  Although it is possible by the process of this invention to produce high
      purity (98% or greater, expressed as a percent of C.sub.8 aromatics
      present) ethylbenzene at high recoveries, it will be appreciated that an
      extract component is never completely adsorbed by the adsorbent, nor is a
      raffinate component completely non-adsorbed by the adsorbent. Therefore,
      small amounts of a raffinate component can appear in the extract stream
      and, likewise, small amounts of an extract component can appear in the
      raffinate stream. The extract and raffinate streams then are further
      distinguished from each other and from the feed mixture by the ratio of
      the C.sub.8 aromatic isomers appearing in the particular stream. More
      specifically, the ratio of the more selectively adsorbed ethylbenzene to
      the less selectively adsorbed xylene isomer will be highest in the extract
      stream, next highest in the feed mixture and lowest in the raffinate
      stream. Likewise, the ratio of the less selectively adsorbed xylene isomer
      to the more selectively adsorbed ethylbenzene will be highest in the
      raffinate stream, next highest in the feed mixture and lowest in the
      extract stream.
PAR  The adsorbent can be contained in one or more chambers where through
      programmed flow into and out of the chamber separation of the isomers is
      effected. The adsorbent may be contacted with a desorbent material which
      is capable of displacing the adsorbed xylene isomer from the adsorbent.
      Alternatively, the adsorbed xylene isomer could be removed from the
      adsorbent by purging or by increasing the temperature of the adsorbent or
      by decreasing the pressure of the chamber or vessel containing the
      adsorbent or by a combination of these means.
PAR  The adsorbent may be employed in the form of a dense compact fixed bed
      which is alternately contacted with the feed mixture and a desorbent
      material (hereinafter described). In the simplest embodiment of the
      invention the adsorbent is employed in the form of a single static bed in
      which case the process is only semi-continuous. A set of two or more
      static beds may be employed in fixed-bed contacting with appropriate
      valving so that the feed mixture is passed through one or more adsorbent
      beds while the desorbent material is passed through one or more of the
      other beds in the set. The flow of feed mixture and desorbent material may
      be either up or down through the adsorbent. Any of the conventional
      apparatus employed in static bed fluid-solid contacting may be used.
PAR  Moving bed or simulated moving bed systems, however, have a much greater
      separation efficiency than fixed adsorbent bed systems and are therefore
      preferred.
PAR  Specifically, the more preferred processing flow schemes which can be
      utilized to effect the process of this invention are those known in the
      art as simulated moving-bed countercurrent systems. One such system
      includes the flow scheme described in U.S. Pat. No. 2,985,589 issued to D.
      B. Broughton. This patent generally describes the processing sequence
      involved in a particular simulated moving-bed countercurrent solid-fluid
      contacting process. In fact, the processing sequence generally described
      in that patent is the preferred mode of operating the separation process
      disclosed herein.
PAR  With that processing sequence therefore, one embodiment of our invention is
      a process for separating ethylbenzene from a feed mixture comprising
      ethylbenzene and at least one xylene isomer which process comprises the
      steps of: contacting said mixture at adsorption conditions with a
      particular zeolitic adsorbent to effect the selective adsorption of
      ethylbenzene, withdrawing from the adsorbent a stream comprising the less
      selectively adsorbed xylene isomer; contacting the adsorbent at desorption
      conditions with a desorbent material to effect the removal of the
      selectively adsorbed ethylbenzene from the adsorbent; and, withdrawing
      from the adsorbent a stream comprising desorbent material and
      ethylbenzene.
PAR  Preferred operating conditions for both adsorption and desorption of this
      particular embodiment of our invention include a temperature within the
      range of from about 70.degree. to about 450.degree. F. and a pressure
      within the range of from about atmospheric to about 500 psig. Furthermore,
      both adsorption and desorption are preferably affected at conditions
      selected to maintain liquid phase throughout the feed of adsorbent.
PAR  Adsorption and desorption could, of course, be conducted both in the vapor
      phase or liquid phase or one operation may be conducted in the vapor phase
      and the other in the liquid phase. Operating pressures and temperatures
      for adsorption and desorption might be the same or different.
PAR  The desorbent materials which can be used in the various processing schemes
      employing this adsorbent will vary depending on the type of operation
      employed. The term "desorbent material" as used herein means any fluid
      substance capable of removing a selectively adsorbed isomer from the
      adsorbent. In the swingbed system in which the selectively adsorbed isomer
      is removed from the adsorbent by a purge stream, gaseous hydrocarbons such
      as methane, ethane, etc. or other types of gases such as nitrogen or
      hydrogen may be used at elevated temperatures or reduced pressure or both
      to effectively purge the adsorbed isomer from the adsorbent.
PAR  However, in processes which are generally operated at substantially
      constant pressures and temperatures to insure liquid phase, the desorbent
      material relied upon must be judiciously selected in order that it may
      displace the adsorbed isomer from the adsorbent with reasonable mass flow
      rates and also without unduly preventing the adsorbed isomer from
      displacing the desorbent in a following adsorption cycle.
PAR  Desorbent materials which can be used in the process of this invention
      should additionally be substances which are easily separable from the feed
      mixture that is passed into the process. In desorbing the preferentially
      adsorbed component of the feed, both desorbent and the extract component
      are removed from the adsorbent in admixture. Without a method of
      separation of these two materials, the purity of the extract component of
      the feed stock would not be very high since it would be diluted with
      desorbent. It is contemplated that any desorbent material used in this
      process will have a substantially different average boiling point than
      that of the feed mixture. More specifically, "substantially different"
      shall mean that the difference between the average boiling points shall be
      at least 20.degree. F. The boiling range of the desorbent material could
      be higher or lower than that of the feed mixture. The use of a desorbent
      material having a substantially different average boiling point than that
      of the feed allows separation of desorbent material from feed components
      in the extract and raffinate streams by simple fractionation or other
      methods thereby permitting reuse of desorbent material in the process.
PAR  In the preferred isothermal, isobaric, liquid-phase embodiment of the
      process of our invention, we have found that proper selection of a
      desorbent material is critical to the successful operation of the process.
      Adsorptive selectivity of the particular adsorbent employed in our process
      for ethylbenzene with respect to xylene isomers appears only when certain
      apparently unique desorbent materials are employed. Specifically, we have
      found that this particular embodiment of the process of our invention is
      ethylbenzene-selective with respect to the other C.sub.8 aromatics when
      desorbent materials comprising diethylbenzene or benzene are employed.
      Moreover, of the diethylbenzene isomers it is preferred to use a desorbent
      material which contains essentially para-diethylbenzene as the desorbing
      component of the desorbent material.
PAR  Mixtures of benzene or para-diethylbenzene with non-aromatics have
      additionally been found to be effective desorbent materials. Non-aromatics
      which can be used include materials such as saturated hydrocarbons,
      including the paraffinic type hydrocarbons and cycloparaffins and
      additionally the carbo-cyclic ring compounds. Typically the materials from
      the saturated paraffin group consist of the straight or branched chain
      paraffins having from about 4 to about 20 carbon atoms per molecule and
      preferably having from about 4 to about 10 carbon atoms per molecule.
      Cyclo-paraffins can include the cyclohexane, cyclo-pentanes, and branched
      derivatives thereof. Additional carbo-cyclic ring compounds include
      decalin and decalin derivatives containing branched chains can be
      utilized. The typical ranges and concentrations of benzene or
      para-diethylbenzene when used as the sole diethylbenzene present in the
      desorbent material can vary anywhere from a few percent up to about 100
      percent by volume of the total desorbent material passed into the
      adsorption process and preferably can be within the range of from about 5
      to about 60 vol. % with an even more preferable range being within the
      range from about 30 to about 50  vol. % of the total desorbent material.
PAR  One can appreciate that certain characteristics of adsorbents are highly
      desirable, if not absolutely necessary, to the successful operation of a
      selective adsorption process. Among such characteristics are: adsorptive
      capacity for some volume of an extract component per volume of adsorbent;
      the selective adsorption of an extract component with respect to a
      raffinate component and the desorbent; and sufficiently fast rates of
      adsorption and desorption of the extract component to and from the
      adsorbent.
PAR  Capacity of the adsorbent for adsorbing a specific volume of an extract
      component (ethylbenzene in the process of our invention) is of course, a
      necessity; without such capacity the adsorbent is useless for adsorptive
      separation. Furthermore, the higher the adsorbent's capacity for an
      extract component the better is the adsorbent. Increased capacity of a
      particular adsorbent makes it possible to reduce the amount of adsorbent
      needed to separate the extract component contained in a particular charge
      rate of feed mixture. A reduction in the amount of adsorbent required for
      a specific adsorptive separation reduces the cost of the separation
      process. It is important that the good initial capacity of the adsorbent
      be maintained during actual use in the separation process over some
      economically desirable life.
PAR  The second necessary adsorbent characteristic is the ability of the
      adsorbent to separate components of the feed; or, in other words, that the
      adsorbent possess adsorptive selectivity, (B), for one component as
      compared to another component. Selectivity can be expressed not only for
      one feed as compared to another but can also be expressed between any feed
      mixture component and the desorbent. The selectivity, (B), as used
      throughout this specification is defined as the ratio of the two
      components of the adsorbed phase over the ratio of the same two components
      in the unadsorbed phase at equilibrium conditions.
PAR  Selectivity is shown as equation 1 below:
PAC  Equation 1
      ##EQU1##
      where C and D are two components of the feed represented in volume percent
      and the subscripts A and U represent the adsorbed and unadsorbed phases
      respectively. The equilibrium conditions as defined here were determined
      when the feed passing over a bed of adsorbent did not change composition
      after contacting the bed adsorbent. In other words, there was no net
      transfer of material occurring between the unadsorbed and adsorbed phases.
PAR  As can be seen where the selectivity of two components approaches 1.0 there
      is no preferential adsorption of one component by the adsorbent. As the
      (B) becomes less than or greater than 1.0 there is a preferential
      selectivity by the adsorbent of one component. When comparing the
      selectivity of the adsorbent of one component C over component D, a (B)
      larger than 1.0 indicates preferential adsorption of component C within
      the adsorbent. A (B) less than 1.0 would indicate that component D is
      preferentially adsorbed leaving an unadsorbed phase richer in component C
      and an adsorbed phase richer in component D. Desorbents ideally would have
      a selectivity equal to about 1 or slightly less than 1.
PAR  The third important characteristic is the rate of exchange of the adsorbed
      isomer with the desorbent or, in other words, the relative rate of
      desorption of the adsorbed isomer. This characteristic relates directly to
      the amount of desorbent that must be employed in the process to recover
      the adsorbed isomer from the adsorbent.
PAR  In order to test various adsorbents to measure the characteristics of
      adsorptive capacity and selectivity, a dynamic testing apparatus is
      employed. The apparatus consists of an adsorbent chamber of approximately
      70 cc. volume having inlet and outlet portions at opposite ends of the
      chamber. The chamber is contained within a temperature control means and,
      in addition, pressure control equipment is used to operate the chamber at
      a constant predetermined pressure. Chromatographic analysis equipment can
      be attached to the outlet line of the chamber and used to analyze
      "on-stream" the effluent stream leaving the adsorbent chamber.
PAR  A pulse test, performed using this apparatus and the following general
      procedure, is used to determine selectivities and other data for various
      adsorbent systems. The adsorbent is filled to equilibrium with a
      particular desorbent by passing the desorbent material through the
      adsorbent chamber. At a convenient time, a pulse of feed containing known
      concentrations of a non-adsorbed paraffinic tracer (n-nonane for instance)
      and of the particular C.sub.8 aromatic isomers all diluted in desorbent is
      injected for a duration of several minutes. Desorbent flow is resumed, and
      the tracer and the aromatic isomers are eluted as in a liquid-solid
      chromatographic operation. The effluent can be analyzed by on-stream
      chromatographic equipment and traces of the envelopes of corresponding
      component peaks developed. Alternatively, effluent samples can be
      collected periodically and later analyzed separately by gas
      chromatography.
PAR  From information derived from the chromatographic traces, adsorbent
      performance can be rated in terms of capacity index for an extract
      component, selectivity for one C.sub.8 aromatic isomer with respect to the
      other, and the rate of desorption of extract component by the desorbent.
      The capacity index may be characterized by the distance between the center
      of the peak envelope of the selectively adsorbed C.sub.8 aromatic isomer
      and the peak envelope of the tracer component or some other known
      reference point. It is expressed in terms of the volume in cubic
      centimeters of desorbent pumped during this time interval. Selectivity,
      (B), for the non-adsorbed isomer with respect to the adsorbed isomer may
      be characterized by the ratio of the distance between the center of the
      non-adsorbed isomer peak envelope and the tracer peak envelope (or other
      reference point) to the corresponding distance for the other (adsorbed)
      isomer. The rate of exchange of an adsorbed isomer with the desorbent can
      generally be characterized by the width of the peak envelopes at half
      intensity. The narrower the peak width the faster the desorption rate. The
      desorption rate can also be characterized by the distance between the
      center of the tracer peak envelope and the disappearance of a selectively
      adsorbed isomer which has just been desorbed. This distance is again the
      volume of desorbent pumped during this time interval.
PAR  To translate this type of data into a practical separation process requires
      actual testing of the best system in a continuous countercurrent
      liquid-solid contacting device. The general operating principles of such a
      device have been previously described and are found in Broughton U.S. Pat.
      No. 2,985,589. A specific laboratory-size apparatus utilizing these
      principles is described in deRosset et al U.S. Pat. No. 3,706,812. The
      equipment comprises multiple adsorbent beds with a number of access lines
      attached to distributors within the beds and terminating at a rotary
      distributing valve. At a given valve position, feed and desorbent are
      being introduced through two of the lines and raffinate and extract are
      being withdrawn through two more. All remaining access lines are inactive
      and when the position of the distributing valve is advanced by one index
      all active positions will be advanced by one bed. This simulates a
      condition in which the adsorbent physically moves in a direction
      countercurrent to the liquid flow. Additional details on the
      above-mentioned adsorbent testing apparatus and adsorbent evaluation
      techniques may be found in the paper "Separation of C.sub.8 Aromatics by
      Adsorption" by A. J. deRosset, R. W. Neuzil, D. J. Korous and D. H.
      Rosback presented at the American Chemical Society, Los Angeles, Calif.,
      Mar. 28  through Apr. 2. 1971.
PAR  The feasibility of separating ethylbenzene from a feed mixture comprising
      ethylbenzene and at least one xylene isomer by selective adsorption of
      ethylbenzene, which was demonstrated by pulse test results, was confirmed
      by continuous testing in the laboratory-sized apparatus described above.
PAR  Adsorbents which can be used in the process of this invention are generally
      referred to as the crystalline aluminosilicates or molecular sieves and
      can comprise both the natural and synthetic aluminosilicates. Particular
      crystalline aluminosilicates encompassed by the present invention include
      crystalline aluminosilicate cage structures in which the alumina and
      silica tetrahedra are intimately connected in an open three dimensional
      network. The tetrahedra are cross-linked by the sharing of oxygen atoms
      with spaces between the tetrahedra occupied by water molecules prior to
      partial or total dehydration of this zeolite. The dehydration of the
      zeolite results in crystals interlaced with cells having molecular
      dimensions. Thus, the crystalline aluminosilicates are often referred to
      as molecular sieves when the separation which they effect is dependent
      essentially upon distinction between molecules sizes as, for instance,
      when normal paraffins are separated from isoparaffins by using a
      particular crystalline aluminosilicate. In the process of this invention,
      however, the term molecular sieves is not strictly suitable since the
      separation of specific C.sub.8 aromatic isomers is dependent on
      electrochemical attraction of different isomer configurations rather than
      pure physical size differences in the isomer molecules.
PAR  In hydrated form, the crystalline aluminosilicates generally encompass
      those zeolites represented by the Formula 1 below:
PAC  FORMULA 1
EQU  M.sub.2/n O:Al.sub.2 O.sub.3 :wSiO.sub.2 :yH.sub.2 O
PAL  where M is a cation which balances the electrovalence of the tetrahedra and
      is generally referred to as an exchangeable cationic site, n represents
      the valence of the cation, w  represents the moles of SiO.sub.2 and y
      represents the moles of water. The cations may be any one of a number of
      cations which will be hereinafter described in detail.
PAR  The type X structured and type Y structured zeolites as discussed in this
      specification shall include crystalline aluminosilicates having a three
      dimensional interconnected cage structure and can specifically be defined
      by U.S. Pat. Nos. 2,882,244 and 3,130,007. The terms "type X structured"
      and "type Y structured" zeolites as used herein shall include all zeolites
      which have a general structure as represented in the above two cited
      patents and additionally shall specifically include those crystalline
      aluminosilicates produced from either of the zeolites described in U.S.
      Pat. Nos. 2,882,244 and 3,130,007 as starting materials by various ion
      exchange techniques or thermal treatments or combinations thereof to in
      any way modify the properties (such as pore diameter or cell size) of the
      type X or type Y zeolites starting material. In the most limiting sense
      only these terms refer to zeolite X and zeolite Y.
PAR  The type X structured zeolites can be represented in terms of moleoxides as
      represented in Formula 2 below:
PAC  Formula 2
EQU  (0.9.+-.0.2)M.sub.2/n O:Al.sub. 2 O.sub.3 :(2.5.+-.0.5)SiO.sub.2 :yH.sub.2
      O
PAL  where M represents at least one cation having a valence of not more than 3,
      n represents the valence of M and Y is a value up to about 9 depending
      upon the identity of M and the degree of hydration of the crystalline
      structure.
PAR  The type Y structured zeolite can be represented in terms of the mole
      oxides for the sodium form as represented by Formula 3 below:
PAC  Formula 3
EQU  (0.9.+-.0.2)Na.sub.2 O:Al.sub.2 O.sub.3 :wSiO.sub.2 :yH.sub.2 O
PAL  where w is a value of greater than about 3 up to 8, and y may be any value
      up to about 9.
PAR  In addition to the importance of the desorbent material in a liquid-phase
      system on ethylbenzene selectivity, as previously mentioned, we have also
      surprisingly discovered that ethylbenzene selectivity is controlled by the
      silica to alumina ratio of the exchanged zeolite used as the adsorbent as
      measured by X-ray diffraction techniques. More specifically, we have found
      that ethylbenzene selectivity exists only for zeolites having a low silica
      to alumina ratio of about 3 or less and that this ethylbenzene selectivity
      decreases with increasing silica to alumina ratio and is completely lost
      at higher ratios of about 3 or greater. This result is unexpected since in
      many other separations perfomed with zeolitic adsorbents the silica to
      alumina ratio over this same range has generally not been found to be
      critical. Indeed in many instances adsorbents comprising type X structured
      zeolites an adsorbents comprising type Y structured zeolites have been
      found to be generally equivalent.
PAR  Thus, with silica to alumina ratios of about 3 or less being necessary for
      ethylbenzene selectivity with respect to the xylene isomers, adsorbents
      contemplated for use in our process shall generally comprise the type X
      structured zeolites and not the type Y structured zeolites. Crystalline
      materials obtained from such a zeolite by partial or complete replacement
      of the sodium cations with other individual cations as hereinbelow
      specified are of course included within the term "type X structured
      zeolite".
PAR  The term "exchangeable cationic sites" for the type X and type Y zeolites
      generally refers to the sites occupied by sodium cations present in the
      type X and type Y zeolites as indicated in Formula 2 and Formula 3 above
      and which can be replaced or exchanged with other cations to modify the
      properties of these zeolites.
PAR  Cationic or base exchange methods are generally known to those familiar
      with the field of crystalline aluminosilicate production. They are
      generally performed by contacting the sodium form of the zeolite with an
      aqueous solution of the soluble salt of the cation or cations desired to
      be placed upon the zeolite. After the desired degree of exchange takes
      place the sieves are removed from the aqueous solution, washed and dried
      to a desired water content. It is contemplated that cation exchange
      operations may take place by using individual solutions of the desired
      cations to be placed on the zeolite or by using an exchange solution
      containing a mixture of cations, where two or more desired cations are to
      be placed on the zeolite.
PAR  Cations which may be placed upon a type X structured zeolite to produce a
      suitable adsorbent appear to be limited to cations of elements of Group
      I-A of the Periodic Table of Elements. Specifically, the adsorbent for the
      process of this invention shall comprise a type X structured zeolite
      containing at the exchangeable cationic sites at least one cation selected
      from the group consisting of metals of Group I-A. More preferably the
      zeolite will contain at least one cation selected from the group
      consisting of sodium, potassium, rubidium and cesium at the exchangeable
      cationic sites.
PAR  When singular cations are exchanged upon a zeolite the singular cations can
      comprise anywhere from 5 up to 75 wt. % on a relative volatile free basis
      of the zeolite depending upon the molecular weight of the material
      exchanged upon the zeolite. It is contemplated that when single ions are
      placed upon the zeolite that they may be on the zeolite in concentrations
      of from about 1% to about 100% of the original cations present (generally
      sodium) upon the zeolite prior to its being ion-exchanged. By knowing the
      empirical formula including the silica to alumina ratio of the zeolite
      used, its water content, and the percentage of binder used if any, it is
      possible to calculate the percentage of ion exchange that has taken place.
PAR  When two or more cations are placed upon the zeolite there are two
      parameters in which one can operate in order to effectively produce a
      zeolite having the maximum selective properties. One of the parameters is
      the extent of the zeolite ion exchange which is determined by the length
      of time, temperature and cation concentration. The other parameter is the
      ratio of individual cations placed on the zeolite. In instances in which
      two cations are exchanged upon the zeolite the weight ratio of these two
      respective components upon the zeolite can vary anywhere from about less
      than one up to about one hundred depending upon the molecular weight of
      the Group I-A cations.
PAR  In the process of this invention we have additionally found that the amount
      of water present on the zeolite adsorbent, as measured by loss on ignition
      at a certain temperature, is critical to the performance of the adsorbent.
      The amount of water present on the adsorbent is critical because too much
      water can decrease ethylbenzene selectivity and can additionally decrease
      adsorptive capacities. On the other hand if the adsorbent is excessively
      dry, the transfer rates are too slow. In this specification, the volatile
      matter (water) content of the zeolitic adsorbent is determined by first
      weighing the adsorbent and thereafter contacting the adsorbent in a high
      temperature furnace at a temperature of from about 400.degree. to about
      900.degree. C. under an inert purge gas stream such as nitrogen for a
      period of time sufficient to achieve a constant weight. The sample is then
      cooled under an inert atmosphere and weighed to determine the difference
      in weight between the adsorbent before it was passed into the oven and
      afterwards. The difference in weight is calculated as a loss on ignition
      (LOI) and represents the volatile matter present on or within the
      adsorbent.
PAR  More specifically, we have found that as the amount of water on the
      adsorbent increases the adsorbent's ability to adsorb ethylbenzene and
      reject the xylene isomers decreases. Stating this effect in terms of
      selectivity, as the water content of the adsorbent increases, the
      ethylbenzene to xylene isomer selectivities decreases. The exact mechanics
      by which water changes the adsorbent's selectivity for ethylbenzene with
      respect to the xylene isomers is not fully understood, but it is thought
      that in some way it increases the acidity of the adsorbent. Adsorbent
      water content is therefore an important process variable especially in
      continuous processing where the tendency might be for the adsorbent to
      pick up water from the feed mixture or desorbent material with time. The
      water content of the adsorbent can be from about 0.02 to about 2.5 wt. %
      water as measured by loss on ignition at 500.degree. C. without destroying
      ethylbenzene selectivity but the preferred water content of the adsorbent
      for optimum performance should be from about 0.02 to about 0.2 wt. % water
      as measured by loss on ignition at 500.degree. C. Even more preferably the
      water content will be within the range of from about 0.02 wt. % to about
      0.10 wt. % of the adsorbent as measured by loss on ignition at 500.degree.
      C.
PAC  EXAMPLE 1
PAR  The following example is presented to illustrate the basis for the present
      invention and more specifically to illustrate the effect of silica to
      alumina ratio of zeolitic adsorbents on ethylbenzene selectivity and is
      not intended to limit the scope of our invention.
PAR  This example presents results of five pulse tests which were performed on
      five individual adsorbents so produced so that the major difference among
      them was only the silica to alumina ratio as determined by X-ray
      diffraction. The five adsorbents, A, B, C, D and E, were prepared from
      five sodium-form zeolites having different silica to alumina ratios
      consisting of two type X structured zeolites and three type Y structured
      zeolites. Each zeolite, in approximately 20-40 mesh particle size range,
      was ion exchanged with a potassium chloride solution at identical
      operating conditions. Volatile-free potassium oxide contents of from about
      16 wt. % to about 24 wt. % resulted for the adsorbents. All adsorbents
      were calcined at 500.degree. C. for 1 hour in a muffle furnace to achieve
      the same volatile content.
PAR  The testing apparatus was an adsorbent chamber containing approximately 70
      cc of each adsorbent and was contained within a heat-control means in
      order to maintain essentially isothermal operations through the column.
      For each pulse test the column was maintained at a temperature of
      150.degree. C. and a pressure of 60 psig. to maintain liquid-phase
      operations. Gas chromatographic analysis equipment was attached to the
      column effluent stream in order to determine the composition of the
      effluent material at given time intervals. The feed mixture employed for
      each test contained 5 vol. % ethylbenzene, 5 vol. % para-xylene, 5 vol. %
      meta-xylene, 5 vol. % ortho-xylene, 5 vol. % n-nonane which was used as a
      tracer and 75 vol. % desorbent material. The desorbent material employed
      was a mixture of 30 vol. % para-diethylbenzene and 70 vol. % normal
      heptane.
PAR  The operations taking place were as follows. The desorbent was run
      continuously at a nominal liquid hourly space velocity (LHSV) of 0.1 which
      amounted to about 1.17 cc per minute feed rate of desorbent. At some
      convenient time interval the desorbent is stopped and the feed is run for
      a tin-minute interval at 1 LHSV. The desorbent stream is then resumed at 1
      LHSV and continued to pass into the adsorbent column until all of the feed
      C.sub.8 aromatics have been eluded from the column by observing the
      chromatograph generated by the effluent material leaving the adsorption
      column. The sequence of operations usually takes about an hour. The 10
      minute pulse of feed and subsequent desorption may be repeated in sequence
      as often as is desired.
PAR  From information derived from the chromatographic traces selectivities of
      the adsorbents for ethylbenzene with respect to the xylene isomers (E/P,
      E/M and E/O) and also para-xylene selectivities with respect to the other
      C.sub.8 aromatic isomers (P/E, P/M and P/O) were calculated for each pulse
      test. The results for the five pulse tests, 1 through 5, are shown in
      Table 1 below.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Effect of Silica to Alumina Ratio of Potassium-                           
     Exchanged Zeolites on Ethylbenzene Selectivity                            
     __________________________________________________________________________
     Test       1     2     3     4     5                                      
     Adsorbent  A     B     C     D     E                                      
     Zeolite Type                                                              
                X     X     Y     Y     Y                                      
     Silica to Alumina                                                         
      Ratio (X-Ray)                                                            
                2.4   3.0   3.3   3.7   4.9                                    
     Selectivities: - E/P                                                      
                1.61  1.06  0.765 0.717 0.539                                  
      E/M       1.90  1.45  1.23  1.53  1.87                                   
      E/O       1.45  1.27  1.40  1.47  1.65                                   
      P/E       0.623 0.942 1.31  1.40  1.86                                   
      P/M       1.19  1.36  1.61  2.14  3.46                                   
      P/O       0.902 1.20  1.83  2.06  3.06                                   
     __________________________________________________________________________
PAR  It can be seen from the data on Table 1, that Adsorbents A and B which have
      a silica to alumina ratio of 3 or less exhibit ethylbenzene selectivity
      for each of the xylene isomers, that is, the selectivity of ethylbenzene
      with respect to each of the xylene isomers is greater than 1 for each
      adsorbent. As the silica to alumina ratio increased from 2.4 in Adsorbent
      A to 3.0 in Adsorbent B, however, it can be seen that the ethylbenzene
      selectivities decreased; the E/P selectivity decreased from 1.61 to 1.06,
      the E/M selectivity decreased from 1.90 to 1.45 and the E/O selectivity
      decreased from 1.45 to 1.27. At the same time, the para-xylene
      selectivities with respect to the other C.sub.8 aromatic isomers
      increased; from 0.623 to 0.942 for P/E selectivity, from 1.19 to 1.36 for
      P/M selectivity and from 0.902 to 1.20 for the P/O selectivity.
PAR  As the silica to alumina ratio further increases from 3.0 for Adsorbent B
      to 3.3 for Adsorbent C, 3.7 for Adsorbent D and 4.9 for Adsorbent E,
      ethylbenzene selectivity decreases further and is lost as the ethylbenzene
      to para-xylene selectivity becomes less than 1. Note that for Adsorbents
      C, D and E the E/P selectivities are less than 1.0 and range from 0.765
      for Adsorbent C down to 0.539 for Adsorbent E. At the same time it can be
      noted that the para-xylene selectivities continue to increase and that
      starting with Adsorbent C, the adsorbents exhibit para-xylene
      selectivities of greater than 1.0 with respect to all of the other C.sub.8
      aromatic isomers.
PAR  The data indicates that as the silica to alumina ratio increases,
      ethylbenzene selectivity decreases and adsorbents become more para-xylene
      selective with respect to the other C.sub.8 aromatic isomers. Thus,
      adsorbents to be employed in the process of this invention will be those
      comprising zeolites having a silica to alumina ratio of about 3 or less
      which exhibit ethylbenzene selectivity.
PAC  EXAMPLE 2
PAR  In this example a sodium-form type X zeolite was ion-exchanged with a
      cesium chloride solution to produce an adsorbent containing about 26 wt. %
      cesium oxide (by X-ray). The adsorbent was then tested in the manner
      described above. Ethylbenzene selectivities were:
TBL            E/P   1.78                                                      
               E/M   2.30                                                      
               E/O   1.55                                                      
PAL  thus indicating that the adsorbent is suitable for use as an adsorbent in
      the process of our invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A process for separating ethylbenzene from a feed mixture containing
      ethylbenzene and at least one xylene isomer which comprises contacting
      said mixture with an adsorbent comprising X structured zeolite containing
      at exchangeable cationic sites cations consisting of at least one element
      of Group I-A of the Periodic Table of Elements and which contains from
      about 0.02 to 2.5 wt. % H.sub.2 O measured by loss on ignition at
      500.degree. C., said contacting being at ethylbenzene adsorption
      conditions including a temperature from about 70.degree. to about
      450.degree. F. and at a pressure of from about atmospheric to about 500
      psig., and removing adsorbed ethylbenzene from the adsorbent.
NUM  2.
PAR  2. The process of claim 1 further characterized in that said element is
      selected from the group consisting of sodium, potassium, rubidium and
      cesium.
NUM  3.
PAR  3. The process of claim 1 further characterized in that said xylene isomer
      is para-xylene.
NUM  4.
PAR  4. The process of claim 1 further characterized in that said xylene isomer
      is ortho-xylene.
NUM  5.
PAR  5. The process of claim 1 further characterized in that said xylene isomer
      is meta-xylene.
NUM  6.
PAR  6. The process of claim 1 further characterized in that said feed mixture
      comprises ethylbenzene, para-xylene and one other xylene isomer.
NUM  7.
PAR  7. The process of claim 1 further characterized in that said feed mixture
      comprises ethylbenzene, para-xylene and ortho-xylene.
NUM  8.
PAR  8. The process of claim 1 including the step of treating said adsorbent
      with a desorbent material to remove the adsorbed ethylbenzene therefrom as
      a fluid extract stream.
NUM  9.
PAR  9. The process of claim 8 further characterized in that said desorbent
      material has an average boiling point substantially different from that of
      the feed mixture.
NUM  10.
PAR  10. The process of claim 9 further characterized in that said desorbent
      material comprises benzene.
NUM  11.
PAR  11. The process of claim 9 further characterized in that said desorbent
      material comprises diethylbenzene.
NUM  12.
PAR  12. The process of claim 11 further characterized in that said desorbent
      material comprises para-diethylbenzene.
NUM  13.
PAR  13. The process of claim 1 further characterized in that said contacting is
      effected in the liquid phase.
NUM  14.
PAR  14. The process of claim 1 further characterized in the additional steps
      of:
PA1  withdrawing from said adsorbent less selectively adsorbed xylene isomer;
PA1  then contacting the adsorbent at desorption conditions with a desorbent
      material having an average boiling point substantially different from that
      of the feed mixture to effect the removal of the selectively adsorbed
      ethylbenzene; and,
PA1  withdrawing from said adsorbent a stream comprising desorbent material and
      ethylbenzene.
NUM  15.
PAR  15. The process of claim 14 further characterized in that said element is
      selected from the group consisting of sodium, potassium, rubidium, and
      cesium.
NUM  16.
PAR  16. The process of claim 14 further characterized in that said xylene
      isomer is para-xylene.
NUM  17.
PAR  17. The process of claim 14 further characterized in that said xylene
      isomer is ortho-xylene.
NUM  18.
PAR  18. The process of claim 14 further characterized in that said xylene
      isomer is meta-xylene.
NUM  19.
PAR  19. The process of claim 14 further characterized in that said feed mixture
      comprises ethylbenzene, para-xylene and one other xylene isomer.
NUM  20.
PAR  20. The process of claim 14 further characterized in that said feed mixture
      comprises ethylbenzene, para-xylene and ortho-xylene.
NUM  21.
PAR  21. The process of claim 14 further characterized in that said desorbent
      material comprises benzene.
NUM  22.
PAR  22. The process of claim 14 further characterized in that said desorbent
      material comprises diethylbenzene.
NUM  23.
PAR  23. The process of claim 22 further characterized in that said desorbent
      material comprises para-diethylbenzene.
NUM  24.
PAR  24. The process of claim 14 further characterized in that said contacting
      steps are effected in the liquid phase.
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PAL  A process for separating the para-isomer from a feed mixture containing at
      least two bi-alkyl substituted monocyclis aromatic isomers, including the
      para isomer, said isomers having from 8 to about 18 carbon atoms per
      molecule which process comprises contacting said mixture with an adsorbent
      prepared by the steps of: contacting a base material comprising type X or
      type Y zeolite with a fluoride-containing aqueous sodium hydroxide
      solution at first ion exchange conditions to effect the addition of sodium
      to and the extraction of alumina from said base material; treating the
      sodium-exchanged base material at second ion exchange conditions to effect
      the essentially complete exchange of sodium cations; and, drying the
      material at conditions to reduce the LOI at 900.degree. C. to less than
      about 10 wt. % thereby selectively adsorbing at adsorption conditions said
      para isomer.
PAL  The first ion exchange with a fluoride-containing aqueous sodium hydroxide
      solution prior to the second ion exchange with a selected cation or
      cations produces a superior adsorbent for separating the para isomer from
      a feed mixture comprising at least two bi-alkyl substituted monocyclic
      aromatic isomers, including the para isomer, the isomers having from 8 to
      about 18 carbon atoms per molecule. The adsorbent so produced has faster
      para isomer transfer rates and higher aromatic capacity than one produced
      either from untreated base material or from base material treated with
      fluoride or caustic alone. Additionally, a fluoride treatment of base
      material alone or in combination with or subsequent to a caustic
      treatment, prior to potassium and barium or barium ion exchange,
      essentially eliminates a troublesome dustiness characteristic of
      adsorbents prepared from untreated base material.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a division of my copending application Ser. No. 401,783
      filed Sept. 28, 1973, now U.S. Pat. No. 3,878,129, Apr. 15, 1975, which is
      a continuation-in-part application of copending application Ser. No.
      356,666, filed May 2, 1973, now U.S. Pat. No. 3,878,127, Apr. 15, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The fields of art to which this invention pertains are crystalline
      aluminosilicate adsorbent production and aromatic hydrocarbon isomer
      separation. More specifically, this application relates to a process for
      separating the para-isomer from a feed mixture comprising at least two
      bi-alkyl substituted monocyclic aromatic isomers, including the
      para-isomer, said isomers having from 8 to about 18 carbon atoms per
      molecule which process employs a particular crystalline aluminosilicate
      adsorbent.
PAR  2. Description of the Prior Art
PAR  There are numerous methods for the manufacture and ionexchange of various
      crystalline aluminosilicates, particularly the type X and type Y
      crystalline aluminosilicates, to yield products useful for effecting given
      hydrocarbon reactions or separations. My invention embodies both a
      manufacturing method for producing an adsorbent material having superior
      properties for aromatic hydrocarbon isomer separation and a process for
      the separation of the para-isomer from a feed mixture comprising at least
      two bi-alkyl substituted monocyclic aromatic isomers, including the
      para-isomer, the isomers having from 8 to 18 carbon atoms per molecule
      which process employes the particular adsorbent.
PAR  A common problem encountered with most adsorbents and many catalysts is
      dust which can form excessive pressure drop after the adsorbent or
      catalyst has been loaded into the adsorbent chambers or reaction vessel
      and has been used in the particular process. Certainly it is for the
      reason that adsorbents and catalysts are manufactured to meet certain
      minimum physical strength requirements and that they are loaded into
      chambers and vessels with care to avoid breakage. Although operations such
      as screening can be used to remove most of the interstitial smaller
      particles and dust, such operations generally fail to remove dust which
      may coat particles of adsorbent or catalyst of the proper size. This type
      of dust, apparently held to the particle by electrostatic attraction, may
      then later be removed by liquid passing through the adsorbent chamber or
      catalyst vessel and accumulate to form excessive pressure drops.
PAR  I have discovered that the troublesome dustiness characteristic of
      adsorbents is virtually eliminated by a fluoride treatment of the base
      material. It is thought that the fluoride solublizes the dust by reacting
      with combined aluminum compounds present in the dust thereby removing the
      dust from the particles.
PAR  I have, additionally, found that an ion-exchange of a base material with a
      fluoride-containing aqueous solution of sodium hydroxide followed by an
      ion-exchange with potassium and barium or with barium alone and then a
      drying step produces an adsorbent with faster transfer rates and higher
      aromatic capacity than adsorbents produced by either fluoride or caustic
      treatment alone or with untreated base. Although it is hypothesized that
      the ion-exchange with aqueous sodium hydroxide replaces non-sodium cations
      such as H+ or Group II-A cations occupying exchangeable sites within the
      zeolite and thereby permits higher amounts of barium and potassium or
      barium alone to be added during a subsequent ion-exchange step, the
      synergistic result obtained by combining the fluoride treatment with the
      sodium ion-exchange is neither expected nor understood.
PAR  The prior art has neither disclosed nor suggested the method of making this
      particular adsorbent nor the aromatic hydrocarbon isomer separation
      process employing the adsorbent.
PAC  SUMMARY OF THE INVENTION
PAR   It is an object of the present invention to provide a method for the
      manufacture of a zeolitic adsorbent which method employs a type X or type
      Y structured zeolite as an intregal component of the finished adsorbent.
      It is another object of the present invention to provide a method for the
      manufacture of an adsorbent which has superior properties when used for
      the separation of para aromatic isomers and in particular for the
      separation of para-xylene. It is still another object of my invention to
      provide an adsorptive process for separating the para-isomer from a
      hydrocarbon feed mixture containing the para-isomer.
PAR  In brief summary, my invention is, in one embodiment, a process for
      separating the para-isomer from a feed mixture comprising at least two
      bi-alkyl substituted aromatic isomers, including the para-isomer, said
      isomers having from 8 to about 18 carbon atoms per molecule which method
      comprises the steps of: (a) contacting a base material containing type X
      or type Y zeolite with a fluoride-containing solution of sodium hydroxide
      solution at first ion-exchange conditions to effect the addition of sodium
      cations to and the extraction of alumina from the base material; (b)
      ion-exchanging the base material at second ion-exchange conditions to
      effect the essentially complete exchange of sodium cations; and, (c)
      drying the resulting exchanged mass at conditions to reduce the LOI at
      900.degree. C. to less than about 10 wt. %, thereby selectively adsorbing
      at adsorption conditions said para-isomer.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The type X and type Y crystalline aluminosilicates or zeolites herein
      contemplated are described as a three-dimensional network of fundamental
      structural units consisting of silicon-centered SiO.sub.4 and
      aluminumcentered AlO.sub.4 tetrahedra interconnected by a mutual sharing
      of apical oxygen atoms. The space between the tetrahedra is occupied by
      water molecules and subsequent dehydration or partial dehydration results
      in a crystal structure interlaced with channels of molecular dimension.
PAR  The type X structured and type Y structured zeolite as used in this
      specification shall include crystalline aluminosilicates having such three
      dimensional interconnected structures and as specifically defined by U.S.
      Pat. Nos. 2,882,244 and 3,130,007. The terms "type X structured" and "type
      Y structured" zeolites shall include all zeolites which have a general
      structures as represented in the above cited patents.
PAR  The type X structured zeolite in the hydrated or partially hydrated form
      has the general empirical formula as shown in Formula 1 below:
PAC  Formula 1
EQU  (0.9.+-.0.2)M.sub.2/n O:Al.sub.2 O.sub.3 :(2.5.+-.0.5)SiO.sub.2 :yH.sub.2 O
PAL  where M represents at least one cation having a valence of not more than 3,
      n represents the valence of M and y is a value up to about 8, depending
      upon the identity of M and the degree of hydration of the crystal. The
      cation M may be one or more of a number of cations such as the hydrogen
      cation, the alkali metal cation, or the alkaline earth cations or other
      selected cations and is generally referred to as an exchangeable site.
PAR  The type Y structured zeolite in the hydrated or partially hydrated form
      can be represented in terms of the mole oxides for the sodium form as
      represented by Formula 2 below:
PAC  Formula 2
EQU  (0.9.+-.0.2)Na.sub.2 O:Al.sub.2 O.sub.3 :wSiO.sub.2 :yH.sub.2 O
PAL  where w is a value of greater than about 3 up to 8, and y may be any value
      up to about 9.
PAR  The term "type X zeolite" and "type Y zeolite" as employed herein shall
      refer not only to type X structured and type Y structured zeolites
      containing sodium cations but to those containing other cations such as
      the hydrogen cations, the alkali metal cations or the alkaline earth
      cations. Typically both the type X and type Y structured zeolites as
      initially prepared are predominantly in the sodium form but they may
      contain, possibly as impurities, the other cations as mentioned above.
PAR  The term "base material" as used herein shall refer to a type X or type Y
      zeolite-containing starting material used to make final adsorbent by the
      method of this invention. Usually such base material will be predominantly
      in the sodium form of the zeolite. Generally the base material will be in
      the form of particles such as extrudates, aggregates, tablets, pills,
      macro-spheres, or granules produced by grinding any of the above to a
      desired size range. The type X or type Y zeolite can be present in the
      base material in concentrations generally ranging from about 75 wt. % to
      about 90 wt. % of the base material based on a volatile free composition.
      The remaining material in the base material generally comprises amorphous
      silica or alumina or both which is present in intimate mixture with the
      zeolite material. This amorphous material may be an adjunct of the
      manufacturing process of the type X or type Y zeolite (for example,
      intentionally incomplete purification of the zeolite during its
      manufacture) or it may be added to the relatively pure zeolite to aid in
      forming particles of the zeolite.
PAR  A specific base material is commercially available nominal 1/16-inch
      extrudate comprising 13X zeolite and a minor amount of amorphous material
      as binder. This base material is primarily in the sodium form; that is,
      the cation represented as M in Formula 2 above is primarily sodium. By
      chemical analysis the Na.sub.2 O/Al.sub.2 O.sub.3 ratio is usually about
      0.7 or less and can typically be about 0.6 or less which, it should be
      noted, is less than the 0.9.+-.0.2 indicated in Formula 1 above. Other
      cations such as H+ and any of the Group IIA metal cations may be present,
      primarily as impurities, to supply the remainder of the cations needed for
      chemical balance. The silica to alumina ratio of this starting material by
      X-ray determination is about 2.5 and the same ratio by chemical analysis
      is about 2.6. Normally the starting material whether in the extrudate or
      pellet form is granulated to a particle size range of about 20-40 mesh
      (Standard U.S. Mesh) before the first ion exchange step is begun. This is
      approximately the desired particle size of the finished adsorbent.
PAR  The first ion exchange with a fluoride-containing sodium hydroxide solution
      replaces non-sodium cation impurities in the type X or type Y zeolite
      contained in the base material thereby converting the zeolite essentially
      completely to the sodium form. Increasing the sodium content of the
      zeolite permits a higher loading of barium and potassium cations or of the
      barium cation alone into the zeolite structure on a subsequent ion
      exchange. To produce an acceptable adsorbent it is preferred that the
      sodium content of the starting material, as characterized by the weight
      ratio Na.sub.2 O/Al.sub.2 O.sub.3 be increased to a ratio greater than
      about 0.70 and more preferably from about 0.75 to 1.0. Ion exchange
      conditions should be so regulated to achieve this degree of ion exchange.
PAR  Although mild ion exchange conditions are employed, this step additionally
      removes a small amount of silica and alumina. Total silica and alumina
      removal from the base material is from about 1 to about 15% and is
      generally in the range of about 1 to 5 wt. %. Analyses indicate that the
      bulk of both soluble and insoluble material removed from the base material
      is aluminum, as alumina or sodium aluminate. At least a portion of the
      alumina extracted appears to be from the zeolite itself rather than from
      any amorphous material since there is some nominal loss of zeolite as
      detected by X-ray analysis after this step. It is not known whether the
      small amount of silica removed from the base material came from the
      crystalline (zeolite) portion or the amorphous portion of the base
      material.
PAR  The degree of ion exchange and extraction of alumina achieved is a function
      of the three variables of caustic and fluoride concentrations, temperature
      at which the ion exchange is conducted, and the length of time the ion
      exchange is continued.
PAR  The preferred fluoride-containing sodium hydroxide solution employed will
      be sodium hydroxide and sodium fluoride dissolved in water. Suitable
      concentrations to obtain the desired ion exchange can be from about 0.5 to
      10 wt. % of sodium hydroxide with the preferred concentration being from
      about 0.5 to 5 wt. % and from about 0.1 wt. % up to the solubility limit
      (about 5%) of sodium fluoride. By using solutions containing sodium
      hydroxide and sodium fluoride within these ranges of concentration, the
      desired ion exchange can be obtained at temperatures from about 50.degree.
      to 250.degree. F. with temperatures from about 150.degree. to 250.degree.
      F. being especially preferred. Operating pressure is not critical and need
      only be sufficient to insure a liquid phase. Operating pressures can range
      from about atmospheric pressure to about 100 psig. The length of time
      required for the ion exchange will vary, depending upon the solution
      concentration and temperature, from about 0.5 to 5 hours. Within the above
      preferred concentrations and temperature ranges, a contact time which has
      been shown to be especially preferred is about 2 to 3 hours. Continuous or
      batch-type operations can be employed. The ion exchange step should be
      controlled so that the zeolite structure will not be destroyed and so that
      the final product will have a Na.sub.2 O/Al.sub.2 O.sub.3 ratio greater
      than about 0.7.
PAR  After the first ion exchange step the sodium exchanged particles are
      treated at second ion-exchange conditions to effect essentially complete
      exchange of the sodium cations with both barium and potassium cations in a
      weight ratio of from about 1.5 to 200 or with barium cations alone.
PAR  Second ion exchange conditions will include a temperature of from about
      50.degree. to about 250.degree. F. and a pH sufficient to preclude the
      formation of the hydrogen form of the zeolite. The pH will therefore be
      greater than 7 and preferably within the range of 7 to 10. Operation
      pressure is not critical and need only be sufficient to insure a liquid
      phase. Operating pressures can range from about atmospheric pressure to
      about 150 psig. The length of time for the essentially complete exchange
      of the sodium cations will be from about 0.5 to about 5 hours depending
      upon the concentration of the cation in the ion exchange medium and the
      temperature. The term "essentially complete exchange" as used herein shall
      mean that the sodium cation content has been reduced to about 2.0 wt. % or
      less and more preferably to about 1 wt. % or less.
PAR  The preferred method of ion-exchange when the adsorbent contains both
      barium and potassium cations is a two-step procedure wherein the
      sodium-exchanged particles are initially treated in contact with an
      aqueous solution of a potassium salt, preferably an aqueous solution of
      potassium chloride, for a time sufficient to reduce the sodium cations to
      less than about 2 wt. % of the zeolite and yield the potassium form of the
      zeolite. The exchange can be either a continuous or a batch type
      operation. The ion-exchange is suitably accomplished on passing a 7 wt. %
      aqueous potassium chloride solution through a bed of the sodium-exchanged
      particles at about 180.degree. F. at a liquid hourly space velocity of
      about one until a total of approximately 13 pounds of solution per pound
      of said particles has been passed in contact therewith.
PAR  The potassium-exchanged particles can then be washed with water to remove
      excess ion exchange solution.
PAR  The washing medium will be water which has a pH adjusted to and maintained
      within the range of 7 to 10 by adding small amounts of potassium
      hydroxide. Since the primary purpose of the sodium cation ion exchange was
      to remove hydrogen cation (and metal cation) contaminants, this pH range
      is necessary to avoid redepositing hydrogen cation on the adsorbent mass.
      Washing temperatures can include temperatures within the range of about
      100.degree. to about 200.degree. F. with a temperature of about
      100.degree. to 145.degree. F. preferred. Although the washing step can be
      done in a batch manner, with one aliquot of wash water at a time, the
      washing step is generally and preferably done on a continuous flow type
      basis with water passed through a bed of the adsorbent at a given liquid
      hourly space velocity and a temperature for a period of time in order that
      from about 1 to about 5 gallons of water per pound of starting material is
      used to wash the material. Preferred washing conditions include using
      liquid hourly space velocities from about 0.5 to 5, with 1.5 being
      preferred, to pass from about 1 to about 3 gallons of wash water per pound
      of starting material over the ion exchanged adsorbent.
PAR  The potassium-exchanged particles are then treated in contact with an
      aqueous solution of a barium salt in the second step of the two-step
      ion-exchange procedure to achieve the desired weight ratio of barium to
      potassium on the finished adsorbent. Preferably an aqueous solution of
      from about 0.2 to about 5 wt. % barium chloride is recycled through the
      particle bed at about 180.degree. F. and at a liquid hourly space velocity
      of from about 1 to about 5 until the desired degree of exchange has been
      achieved. After the barium-exchange step is completed, the water-washing
      step is repeated, again maintaining a pH of 7 or greater in order to
      prevent or minimize the possibility of formation of the hydrogen form of
      the zeolite. A good indication of complete washing can be made by
      quantitatively testing the effluent wash water for the presence of the
      anion portion of the salt used in the ion exchange solution.
PAR  The above-mentioned two-step potassium and barium ion-exchange procedure is
      not necessarily limiting as it has been found possible to employ a single
      step ion-exchange in which both barium and potassium are placed on the
      zeolite. However, the two-step procedure allows more precise control of
      the amount of cations placed on the zeolite.
PAR  When it is desired that the sodium cations be essentially completely
      exchanged with only barium cations, then a procedure like that of the
      second step of the above described two-step procedure will be used alone
      to effect the exchange with barium cations. I have found that by the
      method of this invention a suitable adsorbent can be prepared without the
      potassium cations.
PAR  When the wash step is completed the wet adsorbent particles will usually
      contain from about 30 to about 50 wt. % volatile matter (water) as
      measured by loss on ignition to 900.degree. C. In this specification, the
      volatile matter content of the zeolitic adsorbent is determined by the
      weight difference obtained before and after drying a sample of adsorbent
      in a high temperature furnace at 900.degree. C. under an inert purge gas
      stream such as nitrogen for a period of time sufficient to achieve a
      constant weight. The difference in weight, calculated as a percentage of
      the sample's initial weight, is reported as loss on ignition (LOI) at
      900.degree. C. and represents the volatile matter present within the
      adsorbent. The remaining step in the method of manufacture then is the
      drying step to reduce the LOI at 900.degree. C. to less than about 10 wt.
      % with the preferred LOI being about 3 to 7 wt. %. After the washing has
      been completed, the particles can be unloaded and dried in a force air
      oven at temperatures above the boiling point of water but less than about
      500.degree. and preferably about 150.degree. C., for a period of time
      sufficient to remove enough water so that the volatile matter content of
      the zeolite is below about 10 wt. %. Other methods of drying may be used
      which can include drying in the presence of an inert gas or under a
      vacuum, or both.
PAR  The anticipated use for the adsorbent prepared by the method of this
      invention is in various processes for the separation of the para-isomer
      from a feed mixture comprising at least two bialkyl substituted monocyclic
      aromatic isomers, including the paraisomer, said isomers having from 8 to
      about 18 carbon atoms per molecule. Specifically, my adsorbent is useful
      for separating the para-xylene from a feed mixture comprising para-xylene
      and at least one other C.sub.8 aromatic isomer.
PAR  The particular usefulness of this adsorbent and general insight into its
      desirable characteristics may be better understood by brief reference to
      such aromatic isomers and separation processes. Specifically, the feed
      stocks which can be used in the process of this invention are
      characterized by the formula shown in Formula 3 below:
PAC  Formula 3
      ##SPC1##
PAL  wherein, R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are selected from the group
      of alkyl chains in a manner to allow an essentially bi-alkyl substitution
      at either ortho-, meta-, or para-isomer positions on the aromatic ring.
      The R substitution groups up to and including chains having 11 or less
      carbon atoms per molecule. The alkyl side chains can be both normal and
      branched in nature and are preferably saturated chains.
PAR  Specific representative compounds which can be utilized as feedstocks in
      the process include those feedstocks containing the xylene isomers and
      ethylbenzene and the various isomers of methylethylbenzene,
      diethylbenzene, isopropyltoluene, the methylpropylbenzenes,
      ethylpropylbenzenes, methybutylbenzenes, ethylbutylbenzene,
      dipropylbenzenes, methylpentylbenzene, etc., and combinations thereof. The
      above list only represents a small fraction of compounds whose isomers can
      be separated by the specific adsorbent produced by the method of this
      invention.
PAR  The isomers of such compounds are separated by this adsorbent according to
      their configuration depending whether they are of a para-, meta-, or
      ortho-isomer construction. Specifically, the para-isomer is selectively
      adsorbed relative to the other isomers. It is contemplated that with feed
      stocks containing mixtures of more than one class of isomers, for example,
      C.sub.8 isomers in mixture with C.sub.9 or C.sub.10 isomers, molecular
      weight differences will unduly interfere with selective adsorption based
      upon isomer configuration differences. It is, therefore, preferred that
      the process of this invention to employ feed stocks comprising only a
      single class of aromatic isomers, that is, aromatic isomers having an
      equal number of carbon number per molecule. It is more preferable to use
      isomers having as their only differences the location of the alkyl
      substituted groups in a para-, meta-, or ortho-position. The alkyl
      structures should preferably be the same for each isomer of a class. In
      some instances an isomer may have alkyl chains which are both normal or
      branched or one branched and one normal.
PAR  The feed stocks may contain small quantities of straight or branched chain
      paraffins, cyclo-paraffins or olefinic material. It is preferable to have
      these quantities at a minimum amount in order to prevent contamination of
      products from this process by materials which are not selectively adsorbed
      or separated by the adsorbent. Preferably the above-mentioned contaminants
      should be less than about 20% of the volume feed stock passed into the
      process.
PAR  To separate the para-isomer contained in the feed mixture, the feed is
      contacted with a bed or beds of the structured zeolite adsorbent and the
      para-isomer is selectively retained by the adsorbent while the unadsorbed
      or raffinate mixture which comprises the other isomers is removed from the
      interstitial void spaces between the particles or adsorbent and the
      surface of the adsorbent. The adsorbent is then contacted with a desorbent
      material which is capable of displacing the adsorbed para-isomer from the
      adsorbent.
PAR  The adsorbent can be contained in a single chamber where through programmed
      flow into and out of the chamber separation of the para-isomer is
      effected. A particularly preferred process to use the adsorbent of my
      invention employs the simulated moving-bed countercurrent operations
      similar to those disclosed in the pattern of operations in U.S. Pat. No.
      2,985,589. The preferred process for separating the para-isomer from a
      feed mixture containing at least two bi-alkyl substituted monocyclic
      aromatic isomers, including the para-isomer, said isomers having from 8 to
      about 18 carbon atoms per molecule comprises the steps of: contacting the
      feed mixture with the adsorbent at adsorption conditions to effect the
      selective adsorption of para-isomer by the adsorbent, withdrawing from the
      bed of adsorbent a raffinate stream comprising less selectively adsorbed
      aromatic isomers, contacting the adsorbent with a desorbent material at
      desorption conditions to effect desorption of para-isomer from the
      adsorbent, and withdrawing a stream containing the para-isomer and
      desorbent from the adsorbent.
PAR  Preferred operating conditions for both adsorption and desorption of this
      particular process include a temperature within the range of from about
      70.degree. to about 450.degree. F. and a pressure within the range of from
      about atmospheric to about 500 psig. Furthermore, both adsorption and
      desorption of the para-isomer are effected at conditions selected to
      maintain liquid phase throughout the bed of adsorbent.
PAR  The adsorbent produced by the method of this invention may, of course, be
      used in other selective adsorption processes for separating aromatic
      isomers. These might include, for instance, swingbed or moving-bed
      processes. Adsorption and desorption in such processes may both be
      conducted in the vapor phase or liquid phase or one operation may be
      conducted in the vapor phase and the other in the liquid phase. Operating
      pressures and temperatures for adsorption and desorption might be the same
      or different.
PAR  The desorbents which can be used in the processes employing this adsorbent
      will vary depending on the type of operation employed. In the swing-bed
      system in which the selectively adsorbed para-isomer is removed from the
      adsorbent by a purge stream, gaseous hydrocarbons or other type gases may
      be used at elevated temperatures or reduced pressures or both to
      effectively purge adsorbed para-xylene from within the adsorbent. However,
      in other type operations which are generally operated at substantially
      constant pressures and temperatures, the desorbent relied upon must be
      judiciously selected in order that it may displace the adsorbed isomer
      from the adsorbent without unduly preventing the adsorbed isomer from
      displacing the desorbent in a following adsorption cycle.
PAR  Desorbents which can be used in the process of this invention should also
      be materials that are easily separable from the feed mixture that is
      passed into the process. In desorbing the preferentially adsorbed
      component of the feed, both desorbent and the desorbed feed component are
      removed from the adsorbent in admixture. Without a method of separation in
      these two materials, the purity of the selectively adsorbed component of
      the feed stock would not be very high since it would be diluted with
      desorbent. It is contemplated that a desorbent having a different boiling
      range than the feed mixture used should be used in this process. The use
      of a desorbent of a different boiling range allows a simple separation by
      fractionation or other methods to removed desired feed components from the
      desorbent and allow reuse of the desorbent in the process. Specific
      desorbents which can be used in the process of this invention include
      benzene, toluene, esters, alcohols, cyclic dienes, the ketones, or a feed
      component material which has a significantly different boiling range than
      a boiling range of the feed stock used. It is contemplated that desorbents
      having both higher and lower boiling points in the feed stock can be
      utilized. Gaseous materials such as nitrogen, hydrogen, methane, ethane,
      etc., can also be used as a desorbent materials where the desorbent
      operation takes place by a purging step.
PAR  With the type of processes employing adsorbents to separate aromatic
      isomers now in mind, one can appreciate that certain characteristics of
      adsorbents are highly desirable, if not absolutely necessary, to the
      successful operation of the selective adsorptive process. Among such
      characteristics are: adsorptive capacity for some volume of the
      para-isomer per volume of adsorbent; adsorption for the para-isomer with
      respect to the other aromatic isomers and the desorbent; and sufficiently
      fast rates of desorption and desoption of the para-isomer to and from the
      adsorbent. Low or no initial dustiness of the adsorbent and attrition
      resistance are equally important to avoid possible pressure drop problems
      after the adsorbent has been loaded.
PAR  Capacity of the adsorbent for adsorbing a specific volume of para-isomer is
      of course a necessity; without such capacity the adsorbent is useless for
      adsorptive separation. Furthermore, the higher the adsorbent's capacity
      for the species to be adsorbed, the better is the adsorbent. The increased
      aromatic capacity of the particular adsorbent produced by the method of
      this invention makes it possible to reduce the amount of adsorbent needed
      to separate the desired species contained in a particular rate of
      hydrocarbon feed mixture. A reduction in the amount of adsorbent required
      for a specific adsorptive separation reduces the cost of the separation
      process. It is, of course, important that the good initial capacity of the
      adsorbent be maintained during actual use in the separation process over
      some economically desirable life.
PAR  The other important adsorbent characteristic is the ability of the
      adsorbent to separate component of the feed; or, in other words, the
      selectivity (B), of the adsorbent for one component as compared to another
      component. Selectivity can be expressed not only for the desired aromatic
      isomer (para-isomer) as compared to undesired isomers but can also be
      expressed between any feed stream isomer and the desorbent. The
      selectivity (B) as used throughout this specification is defined as the
      ratio of the two components of the adsorbed phase over the ratio of the
      same two components in the unadsorbed phase at equilibrium conditions.
PAR  Selectivity is shown as Equation 1 below:
PAC  Equation 1
      ##EQU1##
      where C and D are two components of the feed represented in volume percent
      and the subscripts A and U represent the adsorbed and unadsorbed phases
      respectively. The equilibrium conditions as defined here were determined
      when the feed passing over a bed of adsorbent did not change composition
      after contacting the bed of adsorbent. In other words, there was no net
      transfer of material occurring between the unadsorbed and adsorbed phases.
PAR  As can be seen where the selectivity of two components approaches 1.0 there
      is no preferential adsorption of one component by the adsorbent. As the
      (B) becomes less than or greater than 1.0, there is a preferential
      selectivity by the adsorbent of one component. When comparing the
      selectivity by the adsorbent of one component C over component D, a (B)
      larger than 1.0 indicates preferential adsorption of component C within
      the adsorbent. A (B) less than 1.0 would indicate that component D is
      preferentially adsorbed leaving an unadsorbed phase richer in component C
      and an adsorbed phase richer in component D. Desorbents ideally would have
      a selectivity equal to about 1 or slightly less than 1.
PAR  The third important characteristic is the rate of exchange of the adsorbed
      para-isomer with the desorbent or, in other words, the relative rate of
      desorption of the para-isomer. This characteristic relates directly to the
      amount of desorbent that must be employed in the process to recover the
      adsorbed isomer from the adsorbent. The adsorbent produced by the method
      of this invention not only has higher aromatic capacity and good
      selectivity but has faster transfer rates.
PAR  The remaining important characteristic, not only for adsorbents but for
      catalysts as well, is low initial dustiness. This characteristic must of
      course be coupled with sufficient particle mechanical strength to resist
      subsequent dust formation during process usage. Such dust, whether present
      initially or developed later, may migrate within the adsorbent chamber or
      reaction vessel during process use to form flow restrictions from which
      excessive pressure drops can result. Such pressure drops grind up
      adsorbent or catalyst present in the chamber or vessel and can exceed
      equipment mechanical limitations thereby forcing premature process
      shutdowns. We have discovered that the dustiness characteristic of
      adsorbents can be eliminated by a fluoride treatment step in the
      manufacture of such adsorbents. We would expect that such a step could be
      incorporated in catalyst manufacturing procedures as well to eliminate the
      dustiness characteristic of any such catalyst.
PAR  In order to test various adsorbents to measure the characteristics of
      adsorptive capacity, selectivity, and the rate of desorption, a dynamic
      testing apparatus is employed. The apparatus consists of an adsorbent
      chamber of approximately 70 cc volume having inlet and outlet portions at
      opposite ends of the chamber. The chamber is contained within a
      temperature control means and, in addition, pressure control equipment is
      used to operate the chamber at a constant predetermined pressure. Attached
      to the outlet line of the chamber is chromatographic analysis equipment
      used to analyze the effluent stream leaving the adsorbent chamber.
PAR  A pulse test, performed using this apparatus and the following general
      procedure, is used to determine selectivities and other data for various
      adsorbent systems. The absorbent was filled to equilibrium with a
      particular desorbent by passing the desorbent through the adsorbent
      chamber. At a convenient time, a pulse of feed containing known
      concentrations of a non-adsorbed paraffinic tracer (n-nonane) and of
      aromatic isomers all diluted in desorbent is injected for a duration of
      several minutes. Desorbent flow is resumed, and the tracer and the
      aromatic isomers are eluted as in a liquid-solid chromatographic
      operation. The effluent is analyzed by on-stream chromatographic equipment
      and traces of the envelopes of corresponding component peaks are
      developed.
PAR  From information derived from the chromatographic traces adsorbent
      performance can be rated in terms of capacity index for the para-isomer,
      selectivity for the para-isomer with respect to the other isomers and rate
      of desorption of the para-isomer by the desorbent. The capacity index is
      characterized by the distance between the center of the para-isomer peak
      envelope and the C.sub.9 tracer peak envelope. It is expressed in terms of
      the volume in cubic centimeters of desorbent pumped during this time
      interval. Selectivity, (B), for para-isomer with respect to the other
      isomers (p/m, p/o) is characterized by the ratio of the distance between
      the center of the para-isomer peak envelope and the C.sub.9 tracer peak
      envelope to the corresponding distances for the other isomers. The
      transfer rates are, we have found, best characterized by the widths of the
      tracer peak envelopes at half intensity. The narrower the peak widths, the
      faster the transfer rates.
PAR  In addition to the para-isomer retention volume derived from the pulse
      test, total aromatic capacity is also obtained by measuring the volume of
      a particular para-isomer adsorbed per 70 cc of adsorbent. In this test,
      the adsorbent is first loaded to equilibrium with a feed blend of known
      concentrations of aromatic isomers and a tracer component. These are then
      displaced within a desorbent containing a different para-isomer than that
      of the feed. The amount of the latter para-isomer adsorbed is termed the
      total aromatic capacity.
PAR  A comparison of the dust content in adsorbents can be made by simply
      pouring 10 ml. of the adsorbent into 25 ml. of methanol contained in a 25
      .+-. 95 mm 8 dram vial and mixing the contents. The dust will be dispersed
      in the alcohol and the degree of opacity will serve as an index of the
      dust content.
PAR  To translate pulse test data and total aromatic capacity data into a
      practical aromatic separation process requires actual testing of the best
      system in a continuous countercurrent liquid-solid contacting device.
PAR  The general operating principles of such a device have been previously
      described and are found in Broughton U.S. Pat. No. 2,985,589 and a
      specific laboratory-size apparatus utilizing these principles is described
      in deRosset et al U.S. Pat. No. 3,706,812. The equipment comprises
      multiple adsorbent beds with a number of access lines attached to
      distributors within the beds and terminating at a rotary distributing
      valve. At a given valve position, feed and desorbent are being introduced
      through two of the lines and raffinate and extract are withdrawn through
      two more. All remaining access lines are inactive and when the position of
      the distributing valve is advanced by one index all active positions will
      be advanced by one bed. This simulates a condition in which the absorbent
      physically moves in a direction countercurrent to the liquid flow.
      Additional details on adsorbent testing and evaluation may be found in the
      paper "Separation of C.sub.8 Aromatics by Adsorption" by A. J. deRosset,
      R. W. Neuzil, A. J. Korous, and D. H. Rosback, presented at the American
      Chemical Society, Los Angeles, Calif., March 28-April 2, 1971.
PAR  The superior performance of the adsorbents prepared by the method of this
      invention which was indicated by the pulse test was confirmed by
      continuous testing in this device.
PAC  EXAMPLE
PAR  In this example, four adsorbents were prepared from the same base material
      and tested to illustrate the desired properties achieved by the method of
      this invention.
PAR  The four adsorbents were prepared from base material comprising
      commercially available 13X zeolite in the form of nominal 1/16 .times.
      1/8-inch extrudate. This base material was ground to produce 20-40 U.S.
      Standard Mesh particle size material and divided into four portions from
      which four adsorbents were prepared.
PAR  One portion was simply barium exchanged to produce Adsorbent A. A 190 cc
      portion of the base material was treated upflow with 28 liters of 0.015 M
      BaCl.sub. 2.sup.. 2H.sub.2 O solution at 70.degree. C. and 1.8 liquid
      hourly space velocity (LHSV). The material was then washed at 70.degree.
      C. with 2 liters of water over a 2.5 hour period.
PAR  A second portion was treated with a solution of NaF only and then barium
      exchanged to produce Adsorbent B. A 300 cc portion of the base material
      was batch treated for 3.5 hours at 90.degree. C. with 30 g. NaF dissolved
      in 600 ml. of deionized water. The material was decantwashed and then
      barium exchanged in the manner of Adsorbent A.
PAR  A third portion was treated with a solution containing both NaF and NaOH
      and then barium exchanged to produce Adsorbent C. A 200 cc portion of the
      base material was batch treated for 2 hours at 90.degree. C. with a
      solution of 25 g. NaF and 20 g. NaOH dissolved in 500 ml. of deionized
      water. The material was batch washed at 80.degree.-85.degree. C. for 1/2
      hour periods with eight 250ml. portions of deionized water and then barium
      exchanged in the manner described above.
PAR  The fourth portion of ground base material was treated with a solution of
      NaOH only, and then barium exchanged to produce Adsorbent D. A 200 ml.
      portion of the base material was batch treated for 2 hours at 90.degree.
      C. with a solution of 20 g. NaOH dissolved in 500 ml. of deionized water.
      The material was batch washed with water and then barium exchanged.
PAR  All four adsorbents were dried for 16 hours at 185.degree. C. with
      perfluent N.sub.2 and then rehydrated to 4 wt. % water prior to being
      tested for performance by the pulse test previously described.
PAR  The testing apparatus was maintained at a controlled temperature of
      150.degree. C. with sufficient pressure to ensure liquid phase operations.
      A desorbent of 30 vol. % para-diethylbenzene and 70 vol. % n-heptane was
      run through the apparatus at a rate of 1.5 cc per minute. At a convenient
      time interval the desorbent was stopped and a feed pulse consisting of 5
      vol. % para-xylene, meta-xylene, ortho-xylene, ethyl benzene, and n-nonane
      as a tracer and 75 vol. % desorbent was charged to the adsorbent chamber
      for a 10-minute interval at 1 LHSV.
PAR  From the chromatographic tracers of the envelopes of component peaks, peak
      envelope widths, para-xylene capacity, and selectivities were determined.
PAR  The amount of para-diethylbenzene adsorbed was determined by loading the
      adsorbent to equilibrium with a feed pulse consisting of 24 vol. % each of
      the C.sub.8 aromatics and 4 vol. % n-nonane tracer and then charging the
      desorbent of 30 vol. % para-diethylbenzene and 70 vol. % n-heptane to the
      adsorbent chamber. The amount of para-diethylbenzene adsorbed was then
      calculated from the breakthrough front of para-diethylbenzene measured
      from the disappearance of the tracer.
PAR  Dust condition of the four adsorbents was determined by the degree of
      opacity resulting from the simple methanol test previously described.
PAR  The results of the testing for the four adsorbents are shown in table 1
      below.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Pulse Test and Capacity Data for Adsorbents                               
     Adsorbent         A    B    C     D                                       
     Treatment         none NaF  NaF/NaOH                                      
                                       NaOH                                    
     __________________________________________________________________________
     Wt.% BaO          30.4 31.4 35.6  32.6                                    
     Wt.% Na.sub.2 O   1.40 1.74 1.02  1.05                                    
     Peak Envelope Widths, cc. for:                                            
     n-nonane          14.5 10.1 9.9   11.5                                    
     ethylbenzene (EB) 20.4 15.4 15.0  19.2                                    
     para-xylene (P)   22.1 13.9 13.2  18.7                                    
     meta-xylene (M)   16.8 13.2 13.5  15.7                                    
     ortho-xylene (O)  16.8 12.6 13.5  15.5                                    
     Para-xylene retention volume, cc.                                         
                       19.6 23.0 23.5  24.8                                    
     Selectivities                                                             
     P/EB              1.71 1.68 1.73  1.91                                    
     P/M               3.41 3.66 3.68  5.07                                    
     P/O               2.81 3.27 3.19  4.42                                    
     Para-diethylbenzene capacity, cc.                                         
     per 70 cc adsorbent                                                       
                       6.38 8.00 9.75  9.15                                    
     Dust Condition    dusty                                                   
                            no dust                                            
                                 no dust                                       
                                       dusty                                   
     __________________________________________________________________________
PAL  The higher para-diethylbenzene capacities for Adsorbents C and D indicate
      that both NaOH/NaF or NaOH treatments confer high total aromatics
      capacity. The narrowest peak envelope widths for Adsorbent C indicates
      that the NaOh/NaF treatment confers the fastest para-xylene transfer
      rates. The table also shows that the best selectivities were obtained with
      the NaOH treatment alone (Adsorbent D) with next best selectivities
      obtained with the NaOH/NaF treatment (Adsorbent C). Additionally the table
      shows that NaF treatment with or without NaOH treatment eliminates dusting
      (Adsorbents B and C).
PAR  The combination of NaOH and NaF treatment renders an adsorbent having the
      best combination of performance characteristics. This combination is not
      attainable by either treatment alone and is certainly superior to those of
      an adsorbent made with neither treatment.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for separating the para-isomer from a feed mixture comprising
      at least two bi-alkyl substituted monocyclic aromatic isomers, including
      the para-isomer, said isomers having from 8 to about 18 carbon atoms per
      molecule which process comprises contacting said mixture with an adsorbent
      prepared by the steps of:
PA1  a. contacting a base material comprising X or Y zeolite with a
      fluoride-containing aqueous sodium hydroxide solution at first ion
      exchange conditions to effect the addition of sodium cations to and the
      extraction of alumina from said base material;
PA1  b. treating the sodium-exchanged base material at second ion exchange
      conditions to effect the essentially complete exchange of sodium cations
      with barium or barium and potassium cations; and,
PA1  c. drying the material at conditions to reduce the LOI at 900.degree. C. to
      less than about 10 wt. %.
NUM  2.
PAR  2. The process of claim 1 further characterized in that said para-isomer is
      para-xylene and said feed mixture comprises para-xylene and at least one
      other C.sub.8 aromatic isomer.
NUM  3.
PAR  3. The process of claim 1 wherein, in the preparation of said adsorbent,
      the sodium-exchanged base material is essentially completely exchanged
      with barium and potassium cations.
NUM  4.
PAR  4. The process of claim 1 wherein, in the preparation of said adsorbent,
      the sodium-exchanged base material is essentially completely exchanged
      with barium cations.
NUM  5.
PAR  5. The process of claim 1 further characterized in that said adsorption
      conditions are selected from a temperature within the range of from about
      70.degree. to about 450.degree. F. and a pressure within the range of from
      about atmospheric to about 500 psig. to maintain liquid phase.
NUM  6.
PAR  6. A process for separating the para-xylene from a feed mixture comprising
      para-xylene and at least one other C.sub.8 aromatic isomer which process
      comprises the steps of:
PA1  a. contacting said mixture with an adsorbent at adsorption conditions to
      effect the selective adsorption of para-xylene;
PA1  b. withdrawing from the adsorbent a stream comprising less selectively
      adsorbed aromatic isomers;
PA1  c. contacting the adsorbent with a desorbent material at desorption
      conditions to effect desorption of para-xylene from the adsorbent; and,
PA1  d. withdrawing from the adsorbent a stream containing para-xylene and
      desorbent;
PAL  said adsorbent having been prepared by the steps of:
PA2  i. contacting a base material comprising X or Y zeolite with a
      fluoride-containing aqueous sodium hydroxide solution at first ion
      exchange conditions to effect the addition of sodium cations to and the
      extraction of alumina from said base material;
PA2  ii. treating the sodium-exchanged base material at second ion exchange
      conditions to effect the essentially complete exchange of sodium cations
      with barium or barium and potassium cations; and,
PA2  iii. drying the material at conditions to reduce the LOI at 900.degree. C.
      to less than about 10 wt. %.
NUM  7.
PAR  7. The process of claim 6 further characterized in that said adsorption and
      desorption conditions are selected from a temperature within the range of
      from about 70.degree. to about 450.degree. F. and a pressure within the
      range of from about atmospheric to about 500 psig. to maintain a liquid
      phase.
NUM  8.
PAR  8. The process of claim 6 wherein, in the preparation of said adsorbent,
      the sodium-exchanged base material is essentially completely exchanged
      with barium and potassium cations.
NUM  9.
PAR  9. The process of claim 6 wherein, in the preparation of said adsorbent,
      the sodium-exchanged base material is essentially completely exchanged
      with barium cations.
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ABST
PAL  A process for the separation of the para-isomer from a hydrocarbon feed
      mixture comprising at least two bi-alkyl substituted monocyclic aromatic
      isomers, including the para-isomer, said isomers having from 8 to about 18
      carbon atoms per molecule using a specially prepared adsorbent comprising
      a Y zeolite containing at the exchangeable cationic sites one or more
      selected cations. The feed mixture is passed through a bed of the
      adsorbent wherein the para-isomer is preferentially adsorbed within the
      adsorbent and thereafter recovered from the adsorbent. Novel feature of
      the process is the use of the specially prepared adsorbents which have
      faster adsorption-desorption rates for the desired para-isomer.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior, copending
      application Ser. No. 443,043 which was filed on Feb. 15, 1974, now U.S.
      Pat. No. 3,894,109, all of the teachings of which are incorporated herein
      by specific reference thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of art to which the claimed invention pertains is hydrocarbon
      separation. More specifically, the invention relates to a process for
      separating a para-isomer from a feed mixture comprising at least
      two-bi-alkyl substituted monocyclic aromatic isomers, including the
      para-isomer, the isomers having from 8 to about 18 carbon atoms per
      molecule which process employs specially prepared zeolitic adsorbent which
      selectively removes the para-isomer from the feed.
PAR  2. Description of the Prior Art
PAR  I have discovered that ion-exchange particles of a base material comprising
      type X or type Y zeolite and amorphous material as a binder with an
      aqueous solution of sodium hydroxide prior to the ion exchange with
      certain selected cations produces an adsorbent possessing faster
      adsorption-desorption rates when used to separate the para-isomer from a
      feed mixture comprising at least two bi-alkyl substituted monocyclic
      aromatic isomers, including the para-isomer, the isomers having from 8 to
      about 18 carbon atoms per molecule. The reason for this is not entirely
      understood but it is hypothesized that the ion-exchange of the base
      material with aqueous sodium hydroxide replaces extraneous non-sodium
      cations, such as H+ or Group IIA cations, present in the base material and
      occupying exchangeable sites within the zeolite thereby permitting higher
      amounts of the selected cations to be added during a subsequent
      ion-exchange step.
PAR  It is known in the separation art that certain adsorbents comprising
      crystalline aluminosilicates and containing selected cations can be used
      in processes to separate hydrocarbon isomers from feed mixtures containing
      such isomers. For example, U.S. Pat. Nos. 3,558,730; 3,558,732; 3,626,020;
      3,663,638; and 3,734,974 teach the use of adsorbents comprising X or Y
      zeolites and selected cations in a process for the separating a specific
      para-isomer, para-xylene, from a mixture of C.sub.8 aromatic hydrocarbons.
PAR  The prior art has also recognized that the certain properties or
      characteristics of various zeolites can be modified by treating the
      zeolites with various substances. Typically, zeolites are treated to
      eliminate or suppress an undesireable characteristic such as acidity which
      may bring about such acid-catalyzed reactions as isomerization and
      polymerization. Various zeolites may also be treated to enhance a
      particularly desired characteristic when employed in specific processes.
PAR  U.S. Pat. 3,382,039 for example relates to a process for increasing the
      exchange capacity of silver zeolites over that of known silver zeolites
      and their use in providing potable water from saline waters. U.S. Pat. No.
      3,326,797, for example, discloses a process for aqueous caustic treating
      of high silica zeolites having silica over alumina ratios between about 6
      and 12, at treating conditions, for the sole purpose of removing a certain
      percentage of structural silica from the zeolite. The caustic treatment,
      at conditions to preferably retain a final SiO.sub.2 Al.sub.2 O.sub.3
      ratio greater than about 5.5, is found to increase the adsorptive capacity
      of the zeolite and to increase its catalytic activity when used in
      hydrocatalytic conversion processes such as olefin hydrogenation,
      hydrocracking, and desulfurization. The caustic treating process of that
      reference patent is concerned only with etching or leaching of silica from
      the zeolite structure to achieve these characteristics.
PAR  The prior art references either alone or in combination, however, do not
      disclose or suggest the adsorbent preparation method of this invention or
      the aromatic isomer separation process of this invention which process
      employs the adsorbent so produced.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, one broad object of my invention to provide a method
      for preparing an adsorbent comprising a zeolite containing selected
      cations at the exchangeable cationic sites which absorbent possesses
      improved properties when employed in an aromatic hydrocarbon isomer
      separation process. It is also a broad object of my invention to provide a
      process which employs the adsorbent produced by the method of my invention
      to effect the separation of para-isomer from a feed mixture comprising at
      least two-bi-alkyl substituted aromatic isomers, including the
      para-isomer, the isomers having from 8 to about 18 carbon atoms per
      molecule. More specifically, it is an objective of my invention to provide
      a process which employs the specially prepared adsorbent to effect the
      separation of para-xylene from a feed mixture comprising para-xylene and
      at least one other C.sub.8 aromatic isomer.
PAR  In brief summary, my invention is, in one embodiment, a process for
      separating the para-isomer from a feed mixture comprising at least two
      bi-alkyl substituted monocyclic aromatic isomers, including the
      para-isomer, said isomers having from 8 to about 18 carbon atoms per
      molecule which process comprises contacting said mixture with an adsorbent
      prepared by the steps of: (a) contacting a base material comprising Y
      zeolite with an aqueous sodium hydroxide solution at first ion exchange
      conditions to effect the addition of sodium cations to said base material;
      (b) treating the sodium-exchanged base material at second ion exchange
      conditions to effect the essentially complete exchange of sodium cations
      with one or more cations selected from the group consisting of potassium,
      cesium, and rubidium; and, (c) drying the material at conditions to reduce
      the LOI at 900.degree. C. to less than about 10 wt. % thereby selectively
      adsorbing at adsorption conditions said para-isomer and thereafter
      recovering said para-isomer.
PAR  Other embodiments and objects of the present invention encompass details
      about feed mixtures, adsorbents, desorbent materials, and operating
      conditions all of which are hereinafter disclosed in the following
      discussion of each of these facets of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The type X and type Y crystalline aluminosilicates or zeolites herein
      contemplated are described as a three-dimensional network of fundamental
      structural units consisting of silicon-centered SiO.sub.4 and
      aluminum-centered AlO.sub.4 tetrahedra interconnected by a mutual sharing
      of apical oxygen atoms. The space between the tetrahedra is occupied by
      water molecules and subsequent dehydration or partial dehydration results
      in a crystal structure interlaced with channels of molecular dimension.
PAR  Thus, the crystalline aluminosilicates are often referred to as molecular
      sieves and separations performed with molecular sieves are generally
      thought to take place by a physical "sieving" of smaller from larger
      molecules appearing in the feed mixture. In the separation of aromatic
      hydrocarbon isomers, however, the separation of the isomers apparently
      occurs because of differences in electrochemical attraction of the
      different isomers and the adsorbent rather than on pure physical size
      differences in the isomer molecules.
PAR  In hydrated form, the preferred crystalline aluminosilicates generally
      encompass those zeolites represented by the formula 1 below:
PAC  Formula 1
EQU  M.sub.2/n O:Al.sub.2 O.sub.3 :wSiO.sub.2 :yH.sub.2 O
PAL  where M is a cation which balances the electrovalence of the tetrahedra and
      is generally referred to as an exchangeable cationic site, n represents
      the valence of the cation, w represents the moles of SiO.sub.2, and y
      represents the moles of water. The cations may be any one of a number of
      cations which will hereinafter be described in detail.
PAR  Adsorbents comprising the type X structured and type Y structured zeolites
      are especially preferred for the adsorptive separation of aromatic
      hydrocarbon isomers. These zeolites are described and defined in U.S. Pat.
      Nos. 2,882,244 and 3,120,007 respectively. The terms "type X structured"
      and "type Y structured" zeolites as used herein shall include all zeolites
      which have general structures as represented in the above two cited
      patents.
PAR  The type X structured zeolite in the hydrated or partially hydrated form
      can be represented in terms of mole oxides as shown in formula 2 below:
PAC  Formula 2
EQU  (0.9.+-.0.2)M.sub.2/n 0:Al.sub.2 O.sub.3 :(2.5.+-.0.5)SiO.sub.2 :yH.sub.2 O
PAL  where M represents at least one cation having a valence of not more than 3,
      n represents the valence of M, and y is a value up to about 9 depending
      upon the identity of M and the degree of hydration of the crystal. The
      cation M may be one or more of a number of cations such as the hydrogen
      cation, the alkali metal cation, or the alkaline earth cations or other
      selected cations, and is generally referred to as an exchangeable cationic
      site.
PAR  The type Y structured zeolite in the hydrated or partially hydrated form
      can be similarly represented in terms of mole oxides as in formula 3
      below:
PAC  Formula 3
EQU  (0.9.+-.0.2)M.sub.2/n O:Al.sub.2 O.sub.3 :wSiO.sub.2 :yH.sub.2 O
PAL  where M is at least one cation having a valence not more than 3, n
      represents the valence of M, w is a value greater than about 3 up to 8,
      and y is a value up to about 9 depending upon the identiy of M and the
      degree of hydration of the crystal.
PAR  The term "type X zeolite" and "type Y zeolite" as employed herein shall
      refer not only to type X structured and type Y structured zeolites
      containing sodium cations as the cation M indicated in the formulas above
      but also shall refer to those containing other additional cations such as
      hydrogen cations, the alkali metal cations, or the alkaline earth cations.
      Typically both the type X and type Y structured zeolites as initially
      prepared and as used as a base material for the special adsorbent
      described herein are predominantly in the sodium form but they usually
      contain any or all of the cations mentioned above as impurities. The term
      "exchanged cationic site" generally refers to the site in the zeolite
      occupied by the cation M. This cation, usually sodium, can be replaced or
      exchanged with other specific cations, depending on the type of the
      zeolite to modify characteristics of the zeolite.
PAR  The term "base material" as used herein shall refer to a type X or type Y
      zeolite-containing starting material used to make the special adsorbent
      described below. Generally the base material will be in the form of
      particles such as extrudates, aggregates, tablets, pills, macrospheres, or
      granules produced by grinding any of the above to a desired size range.
      The type X or type Y zeolite can be present in the base material in
      concentrations generally ranging from about 75 wt. % to about 98 wt % of
      the base material based on a volatile free composition. The remaining
      material in the base material generally comprises amorphous silica or
      alumina or both which is present in intimate mixture with the zeolite
      material. This amorphous material may be an adjunct of the manufacturing
      process of the type X or type Y zeolite (for example, intentionally
      incomplete purification of the zeolite during its manufacture) or it may
      be added to the relatively pure zeolite to aid in forming or agglomerating
      particles of the zeolite.
PAR  One example of a base material is commercially available nominal
      one-sixteenth inch extrudate comprising 13X zeolite and a minor amount of
      amorphous material as binder. This base material is primarily in the
      sodium form; that is, the cation represented as M in formula 2 above is
      primarily sodium. By chemical analysis the Na.sub.2 O/Al.sub.2 O.sub.3
      ratio of this base material is usually about 0.7 or less and can typically
      be about 0.6. This, of course, is less than the 0.9.+-.0.2 indicated in
      formula 2 above. Other cations such as H+ and any of the Group IIA metal
      cations may be present, primarily as impurities, to supply the remainder
      of the cations needed for chemical balance and to meet the 0.9.+-.0.2
      Na.sub.2 O/Al.sub.2 O.sub.3 ratio. The silica to alumina ratio of this
      starting material by X-ray determination is about 2.5 and the same ratio
      by chemical analysis is about 2.6. Normally the base material, whether in
      the extrudate or pellet form, is granulated to a particle size range of
      about  20-40 mesh (Standard U.S. Mesh) before the first ion exchange step
      is begun. This is approximately the desired particle size of the finished
      adsorbent.
PAR  I have found that treating a type X or type Y base material with a dilute
      aqueous sodium hydroxide solution prior to a subsequent ion exchange of
      the treated base material to effect the replacement of sodium cations at
      the exchangeable cationic sites with one or more other selected cations
      produces a superior adsorbent when used in a process for the separation of
      the para-isomer from a hydrocarbon feed mixture comprising at least two
      bi-alkyl substituted aromatic isomers including the para-isomer, the
      isomers having from 8 to about 18 carbon atoms per molecule. This
      treatment step is in the nature of an ion exchange step (and will
      hereinafter be referred to as the first ion exchange) since the NaOH
      solution replaces non-sodium impurities in the type X or type Y zeolite
      contained in the base material thereby converting the zeolite essentially
      completely to the sodium form. More specifically, to produce an acceptable
      adsorbent it is preferred that the sodium content of the starting
      material, as characterized by the weight ratio Na.sub.2 O/Al.sub.2 O.sub.3
      be increased to a ratio greater than about 0.70 and more preferably from
      about 0.75 to 1.0. First ion exchange conditions should be so regulated to
      achieve this degree of ion exchange.
PAR  Increasing the sodium content of the base material appears to permit a
      higher loading into the zeolite of one or more other selected cations
      during a second subsequent ion exchange thus producing, for reasons not
      fully understood, a superior adsorbent. It is these selected cations and
      the SiO.sub.2 /Al.sub.2 O.sub.3 ratio of the zeolite which determines the
      adsorbent properties (hereinafter discussed in more detail) which make
      possible various adsorptive separation processes.
PAR  Although mild ion-exchange conditions are employed for this first ion
      exchange, this step additionally removes a small amount of silica and
      alumina. Total silica and alumina removal from the base material is from
      about 1 to about 15% and is generally in the range of about 1 to 5 wt %.
      Analyses indicate that the bulk of both soluble and insoluble material
      removed from the base material is aluminum as alumina or sodium aluminate.
      At least a portion of the alumina extracted appears to be from the zeolite
      itself rather than from any amorphous material since there is some nominal
      loss of zeolite as detected by X-ray analysis after this step. It is not
      known whether the small amount of silica removed from the base material
      came from the crystalline (zeolite) portion or the amorphous portion of
      the base material.
PAR  The degree of ion exchange and extraction of alumina achieved is a function
      of the three variables of caustic concentration, temperature at which the
      ion exchange is conducted, and the length of time the ion exchange is
      continued.
PAR  The sodium hydroxide used to prepare the aqueous sodium hydroxide solution
      should be of high purity having very low levels of both other Group IA
      impurities and Group impurities. Suitable concentrations to obtain the
      desired ion exchange can be from about 0.5 to 10 wt. % of the sodium
      hydroxide with the preferred concentration being from about 0.5 to 5 wt.
      %. By using solutions containing sodium hydroxide within these ranges of
      concentration, the desired ion exchange can be obtained at temperatures
      from about 50.degree. to 250.degree. F. with temperatures from about
      150.degree. to 250.degree. F. being especially preferred. Operating
      pressure is not critical and need only be sufficient to insure a liquid
      phase. Operating pressures can range from about atmospheric pressure to
      about 100 psig. The length of time required for the ion exchange will
      vary, depending upon the solution concentration and temperature, from
      about 0.5 to 5 hours. Within the above preferred concentrations and
      temperature ranges, a contact time which has been shown to be especially
      preferred is about 2 to 3 hours. Continuous or batch-type operations can
      be employed. The ion exchange step should be controlled so that the
      zeolite structure will not be destroyed and so that the final product will
      have a Na.sub.2 O/Al.sub.2 O.sub.3 ratio greater than about 0.7 and more
      preferably from about 0.75 to 1.0.
PAR  After the first ion-exchange step, the sodium exchanged particles are
      treated at second ion-exchange conditions to effect the essentially
      complete exchange of the sodium cations at the exchangeable cationic sites
      in the zeolite with one or more other selected cations.
PAR  The cations which may be placed upon the zeolite include cations selected
      from, but not limited to, the Group IA, Group IIA, and Group IB metals of
      the Periodic Table of Elements. More specifically, adsorbents comprising
      type X or type Y zeolites containing single cations selected from the
      group consisting of lithium, sodium, potassium, rubidium, cesium,
      beryllium, magnesium, calcium, strontium, barium, silver, manganese,
      cadmium, and copper at the exchangeable cationic sites show preferential
      selectivity for the para-isomer with respect to other bi-alkyl substituted
      monocyclic isomers. Especially preferred adsorbents containing primarily
      single cations at the exchangeable cationic sites are an adsorbent
      comprising type X zeolite containing barium cations at these sites and an
      adsorbent comprising type Y zeolite containing a cation selected from the
      group consisting of potassium, cesium, and rubidium at these sites.
PAR  Type X or type Y zeolites containing the following combinations of cations
      have also been shown to be suitable for para-isomer separation. These
      cations include potassium and barium, potassium and beryllium, potassium
      and manganese, rubidium and barium, cesium and barium, copper and cadmium,
      copper and silver, zinc and silver, and copper and potassium, with the
      barium and potassium combination being preferred. A particularly preferred
      adsorbent is one comprising type X or type Y zeolite containing barium and
      potassium at the exchangeable cationic site, in a weight ratio of barium
      to potassium of from about 1.5 to about 200.
PAR  Cationic or base exchange methods are generally known to those familiar
      with the field of crystalline aluminosilicate production. They are
      generally performed by contacting the zeolite with an aqueous solution of
      the soluble salts of the cation or cations desired to be placed upon the
      zeolite. The desired degree of exchange takes place and then the sieves
      are removed from the aqueous solution, washed and dried to a desired water
      content. It is contemplated that cation exchange operations may take place
      using individual solutions of desired cations to be placed on the zeolite
      or using an exchange solution containing a mixture of cations, where two
      or more desired cations are to be placed on the zeolite.
PAR  When singular cations are based exchanged upon a zeolite the singular
      cations can comprise anywhere from 5 up to 75 wt. % on a relative volatile
      free basis of the zeolite depending upon the molecular weight of the
      material exchanged upon the zeolite. It is contemplated that when single
      ions are placed upon the zeolite that they may be on the zeolite in
      concentrations of from about 1% to about 100% of the original cations
      present (generally sodium) upon the zeolite prior to its being
      ion-exchanged. By knowing the empirical formula of the zeolite used, its
      water content and the percentage of any amorphous material or binder
      present, if any, it is possible to calculate the percentage of ion
      exchange that has taken place.
PAR  When two or more cations are placed upon the zeolite there is an additional
      parameter in which one can operate in order to effectively produce a
      zeolite having the desired properties. Besides the extent of the zeolite
      ion exchange, which is determined by variables such as the length of
      ion-exchange times, ion-exchange temperature, and cation concentrations,
      one can also vary the ratio of individual cations placed on the zeolite.
      In instances in which the cation pairs comprise a Group IIA metal and a
      Group IA metal the weight ratio of these two components upon the zeolite
      can vary anywhere from about less than about one up to about two hundred
      depending upon the molecular weight of the Group IIA or Group IA metal.
PAR  Second ion-exchange conditions will include a temperature of from about
      50.degree. to about 250.degree. F. and a pH sufficient to preclude the
      formation of the hydrogen form of the zeolite. The pH will therefore be
      greater than 7 and preferably within the range of 7 to 10. Operating
      pressure is not critical and need only be sufficient to insure a liquid
      phase. Operating pressures can range from about atmospheric pressure to
      about 150 psig. The length of time for the essentially complete exchange
      of the sodium cations will be from about 0.5 to about 5 hours depending
      upon the concentration of the cation in the ion exchange medium and the
      temperature. The term "essentially complete exchange" as used herein shall
      mean that the sodium cation content of the base material has been reduced
      to about 2.0 wt. % or less and more preferably to about 1 wt. % or less.
PAR  When the adsorbent is to contain more than one cation at the exchangeable
      cationic sites it is preferred that the second ion exchange be done in
      more than one step, each step being an ion exchange with an aqueous
      solution containing a single cation. For example, when the adsorbent is to
      contain both barium and potassium, the sodium exchanged particles,
      produced by the first ion exchange, may be ion exchanged first with an
      aqueous solution of a potassium salt, preferably an aqueous solution of
      potassium chloride, for a time sufficient to reduce the sodium cations to
      less than about 2 wt. % of the zeolite and yield the potassium form of the
      zeolite. The exchange can be either a continuous or a batch type
      operation. The ion-exchange is suitably accomplished on passing a 7 wt. %
      aqueous potassium chloride solution through a bed of the sodium-exchanged
      particles at about 180.degree.F. at a liquid hourly space velocity of
      about one until a total of approximately 13 pounds of solution per pound
      of said particles has been passed in contact therewith. Small amounts of
      potassium hydroxide will be added to the ion exchange solution to maintain
      the pH of the solution within the range of from 7 to about 10. Since the
      primary purpose of the sodium cation ion exchange was to remove hydrogen
      cation (and metal cation) contaminants, this pH range is necessary to
      avoid redepositing hydrogen cation on the adsorbent mass.
PAR  The potassium-exchange particles can then be washed with water to remove
      excess ion-exchange solution. The washing medium will be water to which
      has been added small amounts of potassium hydroxide to adjust and maintain
      the pH within the range of 7 to about 10. Washing temperatures can include
      temperatures within the range of about 100.degree. F. to about 200.degree.
      F. with a temperature of about 100.degree. to 145.degree. F. preferred.
      Although the washing step can be done in a batch manner with one aliquot
      of wash water at a time, the washing step is generally and preferably done
      on a continuous flow type basis with water passed through a bed of the
      adsorbent at a given liquid hourly space velocity and a temperature for a
      period of time in order that from about 1 to about 5 gallons of water per
      pound of starting material is used to wash the material. Preferred washing
      conditions include using liquid hourly space velocities from about 0.5 to
      5, with 1.5 being preferred, to pass from about 1 to about 3 gallons of
      wash water per pound of starting materaal over the ion exchanged
      adsorbent.
PAR  The potassium-exchanged particles will then be ion exchanged with an
      aqueous solution of a barium salt in the second step of the two-step
      ion-exchange procedure to achieve the desired weight ratio of barium to
      potassium on the finished adsorbent. Preferably an aqueous solution of
      from about 0.2 to about 5 wt. % barium chloride is recycled through the
      particle bed at about 180.degree. F. and at a liquid hourly space velocity
      of from about 1 to about 5 until the desired degree of exchange has been
      achieved. After the barium-exchange step is completed, the water-washing
      step is repeated, again maintaining a pH of 7 or greater in order to
      prevent the possibility of formation of the hydrogen form of the zeolite.
      A good indication of complete washing can be made by quantitatively
      testing the effluent wash water for the presence of the anion portion of
      the salt used in the ion exchange solution.
PAR  The order of the potassium and barium exchanges could also be reversed with
      the barium exchange first and the potassium exchange second. This two-step
      exchange procedure of potassium and barium cations is not necessarily
      limiting as it has been found possible to employ a single step
      ion-exchange in which both barium and potassium are placed on the zeolite.
      The two-step procedure, however, allows more precise control of the amount
      of cations placed on the zeolite. Although this second ion exchange,
      whether conducted in one step or two, has been described in terms of
      potassium and barium it shall, of course, equally apply with other pairs
      of cations previously described.
PAR  When it is desired that the sodium exchanged particles resulting from the
      first ion exchange be essentially completely exchanged with a single
      cation, such as barium or potassium, then a procedure like that of the
      first step alone or the second step alone of the above described two-step
      procedure will be employed.
PAR  When the wash step is completed, the wet adsorbent particles will usually
      contain from about 30 to about 50 wt. % volatile matter (water) as
      measured by loss on ignition to 900.degree. C. In this specification, the
      volatile matter content of the zeolite adsorbent is determined by the
      weight difference obtained before and after drying a sample of adsorbent
      in a high temperature furnace at 900.degree. C. under an inert purge gas
      stream such as nitrogen for a period of time sufficient to achieve a
      constant weight. The difference in weight, calculated as a percentage of
      the sample's initial weight, is reported as loss on ignition (LOI) at
      900.degree. C. and represents the volatile matter present within the
      adsorbent.
PAR  The remaining step in the method of manufacture then is the drying step to
      reduce the LOI at 900.degree. C. to less than about 10 wt. % with the
      preferred LOI being about 3 to 7 wt. %. After the washing has been
      completed, the particles can be unloaded and dried in a forced air oven at
      temperatures above the boiling point of water but less than about
      500.degree. and preferably about 150.degree. C., for a period of time
      sufficient to remove enough water so that the volatile matter content of
      the zeolite is below about 10 wt. %. Other methods of drying may be used
      which can include drying in the presence of an inert gas or under a
      vacuum, or both.
PAR  Feed stocks which can be used in the adsorption separation process of this
      invention which employs the adsorbent prepared by the method of this
      invention are characterized by the formula shown in formula 3 below:
PAC  Formula 3
      ##SPC1##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are selected from the group
      of alkyl chains in a manner to allow an essentially bi-alkyl substitution
      at either ortho-, meta-, or para-isomer positions. The R substitutional
      groups can include alkyl groups ranging from methyl substitution groups up
      to and including chains having 11 or less carbon atoms per molecule. The
      alkyl side chains can be both normal and branched in nature and are
      preferably saturated chains.
PAR  Specific representative compounds which can be utilized as feedstocks in
      the process include those feedstocks containing the xylene isomers and
      ethylbenzene and the various isomers of methylethylbenzene,
      diethylbenzene, isopropyltoluene (cymene), the methylpropylbenzenes,
      ethylpropylbenzenes, methylbutylbenzenes, ethylbutylbenzene,
      dipropylbenzenes, methylpentylbenzene, etc., and combinations thereof. The
      above list only represents a small fraction of compounds whose isomers can
      be separated by the adsorptive-separation process of this invention which
      employs the specially prepared adsorbent produced by the method of this
      invention. Thus the process of this invention will be typically used to
      separate para-xylene from a feed mixture comprising para-xylene and at
      least one other C.sub.8 aromatic isomer; para-diethylbenzene from a feed
      mixture comprising para-diethylbenzene and at least one other
      diethylbenzene isomer; and para-cymene from a feed mixture comprising
      para-cymene and at least one other cymene isomer to name a few.
PAR  The isomers of such compounds are separated by this adsorbent according to
      their configuration depending whether they are of a para-, meta-, or
      ortho-isomer construction. Specifically, the para-isomer is selectively
      adsorbed relative to the other isomers. It is contemplated that with
      feedstocks containing mixtures of more than one class of isomers (for
      example, C.sub.8 isomers in mixture with C.sub.9 or C.sub.10 isomers)
      molecular weight differences will unduly interfere with selective
      adsorption based upon isomer configuration differences. It is therefore
      preferred that the process utilizing the adsorbent produced by the method
      of this invention to employ feedstocks comprising only a single class of
      aromatic isomers, that is, aromatic isomers having an equal number of
      carbon atoms per molecule. It is more preferable to use isomers having as
      their only differences the location of the alkyl substituted groups in a
      para-, meta-, or ortho-position. The alkyl structures should preferably be
      the same for each isomer of a class. In some instances an isomer may have
      alkyl chains which are both normal or branched or one branched and one
      normal.
PAR  The feedstocks may contain small quantities of straight or branched chain
      paraffins, cycloparaffins, or olefinic material. It is preferable to have
      these quantities at a minimum amount in order to prevent contamination of
      products from this process by materials which are not selectively adsorbed
      or separated by the adsorbent. Preferably the above-mentioned contaminants
      should be less than about 20% of the volume feedstock passed into the
      process.
PAR  To separate the para-isomer from a feed mixture containing para-isomer and
      at least one other aromatic isomer the mixture is contacted with an
      adsorbent comprising a crystalline aluminosilicate and the para-isomer is
      more selectively adsorbed and retained by the adsorbent while the other
      isomers are relatively unadsorbed and are removed from the interstitial
      void spaces between the particles of adsorbent and the surface of the
      adsorbent. The adsorbent containing the more selectively adsorbed
      para-isomer is referred as a "rich" adsorbent--rich in the more
      selectively adsorbed para-isomer.
PAR  The more selectively adsorbed feed component is commonly referred to as the
      extract component of the feed mixture, while the less selectively adsorbed
      component is referred to as the raffinate component. Fluid streams leaving
      the adsorbent comprising an extract component and comprising a raffinate
      component are referred to, respectively, as the extract stream and the
      raffinate stream. Thus, the raffinate stream will contain as raffinate
      components all of the feed mixture isomers except the para-isomer and the
      extract stream will contain the para-isomer as the extract component.
PAR  Although it is possible by the process of this invention to produce high
      purity (98% or greater), para-isomer product at high recoveries, it will
      be appreciated that an extract component is never completely adsorbed by
      the adsorbent, nor is a raffinate component completely non-adsorbed by the
      adsorbent. Therefore, small amounts of a raffinate compoennt can appear in
      the extract stream, and, likewise, small amounts of an extract component
      can appear in the raffinate stream. The extract and raffinate streams then
      are further distinguished from each other and from the feed mixture by the
      ratio of the concentrations of an extract component and a specific
      raffinate component, both appearing in the particular stream. For example,
      the ratio of concentration of the more selectively adsorbed para-isomer to
      the concentration of less selectively adsorbed meta-isomer will be highest
      in the extract stream, next highest in the feed mixture, and lowest in the
      raffinate stream. Likewise, the ratio of the less selectively adsorbed
      meta-isomer to the more selectively adsorbed para-isomer will be highest
      in the raffinate stream, next highest in the feed mixture, and the lowest
      in the extract stream.
PAR  The adsorbent can be contained in one or more chambers where through
      programmed flow into and out of the chambers separation of para-isomer is
      effected. The adsorbent will preferably be contacted with a desorbent
      material which is capable of displacing the adsorbed para-isomer from the
      adsorbent. An extract stream comprising the para-isomer and desorbent
      material separated thereby leaving high purity para-isomer. Alternatively,
      the para-isomer could be removed from the adsorbent by purging or by
      increasing the temperature of the adsorbent or by decreasing the pressure
      of the chamber or vessel containing the adsorbent or by a combination of
      these means.
PAR  The adsorbent may be employed in the form of a dense compact fixed bed
      which is alternatively contacted with the feed mixture and a desorbent
      material (hereinafter described in more detail). In the simplest
      embodiment of the invention the adsorbent is employed in the form of a
      single static bed in which case the process is only semi-continuous. A set
      of two or more static beds may be employed in fixed-bed contacting with
      appropriate valving so that the feed mixture is passed through one or more
      adsorbent beds while the desorbent material is passed through one or more
      of the other beds in the set. The flow of feed mixture and desorbent
      material may be either up or down through the desorbent. Any of the
      conventional apparatus employed in static bed fluid-solid contacting may
      be used. Countercurrent moving-bed or simulated countercurrent moving-bed
      liquid flow systems, however, have a much greater separation efficiency
      than fixed adsorbent bed systems and are therefore preferred. In the
      moving-bed or simulated moving-bed processes the adsorption and desorption
      operations are continuously taking place which allows both continuous
      production of an extract and a raffinate stream and the continual use of
      feed and desorbent streams. One preferred processing flow scheme which can
      be utilized to effect the process of this invention includes what is known
      in the art as the simulated moving-bed countercurrent system. The general
      operating sequence of such a flow system is described in U.S. Pat. No.
      2,985,589 issued to D. B. Broughton, and more specifically in U.S. Pat.
      Nos. 3,558,730; 3,558,732; 3,626,020; 3,663,638; and 3,686,342. These
      patents describe the processing sequence of the 2,985,589 patent employed
      in particular simulated moving-bed countercurrent solid-fluid contacting
      processes. The processing sequence disclosed in these patents is the
      preferred mode of operating the separation process disclosed herein.
PAR  One embodiment of this process is a process for separating the para-isomer
      from a feed mixture containing at least two bi-alkyl substituted
      monocyclic aromatic isomers, including the para-isomer, said isomers
      having from 8 to about 18 carbon atoms per molecule which process
      generally employs the operating sequence described in U.S. Pat. No.
      2,985,589 and which comprises the steps of: contacting the feed mixture
      with the specially prepared adsorbent at adsorption conditions to effect
      the selective adsorption of para-isomer from the adsorbent, withdrawing
      from the bed of adsorbent a raffinate stream comprising less selectively
      adsorbed aromatic isomers, contacting the adsorbent with a desorbent
      material at desorption conditions to effect desorption of para-isomer from
      the adsorbent, and withdrawing a stream containing the para-isomer and
      desorbent from the adsorbent.
PAR  Adsorption and desorption conditions for adsorptive separation processes
      can generally be either in the liquid or vapor phase or both but for
      aromatic isomer separation processes employing zeolitic adsorbents all
      liquid-phase operations are usually preferred because of the lower
      temperature requirements and the slightly improved selectivities
      associated with the lower temperatures. Preferred adsorption conditions
      for the process of this invention will include temperatures within the
      range of from about 100.degree. to about 450.degree. F. and will include
      pressures in the range from about atmospheric to about 500 psig. Pressures
      higher than about 500 psig. do not appear to affect the selectivity to a
      measureable amount and additionally would increase the cost of the
      process. Desorption conditions for the process of the invention shall
      generally include the same range of temperatures and pressures as
      described for adsorption operations. The desorption of the selectively
      adsorbed isomer could also be effected at substmospheric pressures or
      elevated temperatures or both or by vacuum purging of the adsorbent to
      remove the adsorbed isomer but this process is not directed to these
      desorption methods.
PAR  The desorbent materials which can be used in the various processing schemes
      employing this adsorbent will vary depending on the type of operation
      employed. The term "desorbent material" as used herein shall mean any
      fluid substance capable of removing a selectively adsorbed feed component
      from the adsorbent. In the swing-bed system in which the selectively
      adsorbed feed component is removed from the adsorbent by a purge stream,
      desorbent materials comprising gaseous hydrocarbons such as methane,
      ethane, etc., or other types of gases such as nitrogen or hydrogen may be
      used at elevated temperatures or reduced pressures or both to effectively
      purge the adsorbed feed component from the adsorbent.
PAR  However, in adsorptive separation processes which employ zeolitic
      adsorbents and processes which are generally operated at substantially
      constant pressures and temperatures to insure liquid phase, the desorbent
      material relied upon must be judiciously selected to satisfy several
      criteria. First, the desorbent material must displace the adsorbed feed
      component from the adsorbent with reasonable mass flow rates without
      itself being so strongly adsorbed as to unduly prevent the extract
      component from displacing the desorbent material in a following adsorption
      cycle. Secondly, desorbent materials must be compatable with the
      particular adsorbent and the particular feed mixture. More specifically,
      they must not reduce or destroy the critical selectivity of the adsorbent
      for the extract component with respect to the raffinate components.
PAR  Desorbent materials to be used in the process of this invention should
      additionally be substances which are easily separable from the feed
      mixture that is passed into the process. In desorbing the preferentially
      adsorbed component of the feed, both desorbent material and the extract
      component are removed in admixture from the adsorbent. Without a method of
      separation such as distillation of these two materials, the purity of the
      extract component of the feed stock would not be very high since it would
      be diluted with desorbent. It is therefore contemplated that any desorbent
      material used in this process will have a substantially different average
      boiling point than that of the feed mixture. The use of a desorbent
      material having a substantially different average boiling point than that
      of the feed allows separation of desorbent material from feed components
      in the extract and raffinate streams by simple fractionation thereby
      permitting reuse of desorbent material in the process. The term
      "substantially different" as used herein shall mean that the difference
      between the average boiling points between the desorbent material and the
      feed mixture shall be at least about 15.degree. F. The boiling range of
      the desorbent material may be higher or lower than that of the feed
      mixture.
PAR  Preferred desorbent materials for use in the process of this invention are
      those comprising toluene and diethylbenzene. Mixture of these compounds
      with paraffins are also effective as desorbent materials. Such paraffins
      must be compatable with the adsorbent and feed mixture as described above
      and must be easily separable from the feed mixture. The paraffins can
      include straight or branched chain paraffins or cycloparaffins which meet
      these criteria. Typical concentrations of toluene or diethylbenzene in
      mixtures of same and a paraffin can be from a few volume percent up to
      near 100 vol. % of the total desorbent material mixture but such
      concentrations preferably will be within the range of from about 50 vol. %
      to about 100 vol. % of the mixture.
PAR  The improved adsorbent produced by the method of my invention can be better
      understood by brief reference to certain adsorbent properties which are
      necessary to the successful operation of a selective adsorption process.
      It will be recognized that improvements in any of these adsorbent
      characteristics will result in an improved separation process. Among such
      characteristics are: adsorptive capacity for some volume of an extract
      component per volume of adsorbent; the selective adsorption of an extract
      component with respect to a raffinate component and the desorbent
      material; sufficiently fast rates of adsorption and desorption of the
      extract component to and from the adsorbent; and, in instances where the
      components of the feed mixture are very reactive, little or no catalytic
      activity for undesired reactions such as polymerization and isomerization.
PAR  Capacity of the adsorbent for adsorbing a specific volume of an extract
      component is, of course, a necessity; without such capacity the adsorbent
      is useless for adsorptive separation. Furthermore, the higher the
      adsorbent's capacity for an extract component, the better is the
      adsorbent. Increased capacity of a particular adsorbent makes it possible
      to reduce the amount of adsorbent needed to separate the extract component
      contained in a particular charge rate of feed mixture. A reduction in the
      amount of adsorbent required for a specific adsorptive separation reduces
      the cost of the separation process. It is important that the good initial
      capacity of the adsorbent be maintained during actual use in the
      separation process over some economically desirable life.
PAR  The second necessary adsorbent characteristics is the ability of the
      adsorbent to separate components of the feed; or, in other words, that the
      adsorbent possess adsorptive selectivity for one component as compared to
      another component. Some adsorbents demonstrate acceptable capacity but
      possess little or no selectivity. Relative selectivity can be expressed
      not only for one feed mixture component as compared to another but can
      also be expressed between any feed mixture component and the desorbent.
      The relative selectivity, (B), as used throughout this specification is
      defined as the ratio of two components of an adsorbed phase over the ratio
      of the same two components in an unadsorbed phase at equilibrium
      conditions.
PAR  Relative selectivity is shown as Equation 1 below:
PAC  EQUATION 1
      ##EQU1##
      where C and D are two components of the feed represented in volume percent
      and the subscripts A and U represent the adsorbed and unadsorbed phases
      respectively. The equilibrium conditions were determined when the feed
      passing over a bed of adsorbent did not change composition after
      contacting the bed of adsorbent. In other words, there was no net transfer
      of material occurring between the unadsorbed and adsorbed phases.
PAR  Where selectivity of two components approaches 1.0 there is no preferential
      adsorption of one component by the adsorbent with respect to the other;
      they are both adsorbed (or non-adsorbed) to about the same degree with
      respect to each other. As the (B) becomes less than or greater than 1.0
      there is a preferential adsorption by the adsorbent for one component with
      respect to the other. When comparing the selectivity by the adsorbent of
      one component C over component D, a (B) larger than 1.0 indicates
      preferential adsorption of component C within the adsorbent. A (B) less
      than 1.0 would indicate that component D is preferentially adsorbed
      leaving an unadsorbed phase richer in component C and an adsorbed phase
      richer in component D. Desorbent materials ideally would have a
      selectivity equal to about 1 or slightly less than 1 with respect to an
      extract component.
PAR  The third important characteristic is the rate of exchange of the extract
      component of the feed mixture material or, in other words, the relative
      rate of desorption of the extract component. This characteristic relates
      directly to the amount of desorbent material that must be employed in the
      process to recover the extract component from the adsorbent; faster rates
      of exchange reduce the amount of desorbent material needed to remove the
      extract component and therefore permit a reduction in the operating cost
      of the process. With faster rates of exchange, less desorbent material has
      to be pumped through the process and separated from the extract stream for
      reuse in the process.
PAR  The adsorbent produced by the method of this invention not only has good
      aromatic capacity and good selectivity but has faster transfer rates than
      does an adsorbent not produced by this method.
PAR  It is also necessary that the adsorbent possess little or no catalytic
      activity toward any reaction such as polymerization or isomerization of
      any of the feed components. Such activity might effect adsorbent capacity
      or selectivity or product yields or all of these, but in the adsorptive
      separation of aromatic hydrocarbon isomers with a zeolitecontaining
      adsorbent this is generally not a problem.
PAR  In order to test various adsorbents and desorbent material with a
      particular feed mixture to measure the adsorbent characteristics of
      adsorptive capacity and selectivity and exchange rate a dynamic testing
      apparatus is employed. The apparatus consists of an adsorbent chamber of
      approximately 70 cc volume having inlet and outlet portions at opposite
      ends of the chamber. The chamber is contained within a temperature control
      means and, in addition, pressure control equipment is used to operate the
      chamber at a constant predetermined pressure. Chromatographic analysis
      equipment can be attached to the outlet line of the chamber and used to
      analyze the effluent stream leaving the adsorbent chamber.
PAR  A pulse test, performed using this apparatus and the following general
      procedure, is used to determine selectivities and other data for various
      adsorbent systems. The adsorbent was filled to equilibrium with a
      particular desorbent by passing the desorbent through the adsorbent
      chamber. At a convenient time, a pulse of feed containing known
      concentrations of a non-adsorbed paraffinic tracer (n-nonane) and of
      aromatic isomers all diluted in desorbent is injected for a duration of
      several minutes. Desorbent flow is resumed, and the tracer and the
      aromatic isomers are eluted as in a liquid-solid chromatographic
      operation. The effluent is analyzed by on-stream chromatographic equipment
      and traces of the envelopes of corresponding component peaks are
      developed.
PAR  From information derived from the chromatographic traces adsorbent
      performance can be rated in terms of capacity index for the para-isomer,
      selectivity for the para-isomer with respect to the other isomers and rate
      of desorption of the para-isomer by the desorbent. The capacity index is
      characterized by the distance between the center of the para-isomer peak
      envelope and the C.sub.9 tracer peak envelope. It is expressed in terms of
      the volume in cubic centimeters of desorbent pumped during this time
      interval. Selectivity, (B), for para-isomer with respect to the other
      isomers (p/m, p/o) is characterized by the ratio of the distance between
      the center of the para-isomer peak envelope and the C.sub.9 tracer peak
      envelope to the corresponding distance for the other isomers. The transfer
      rates are, we have found, best characterized by the width of the C.sub.9
      tracer peak envelope at half intensity. The narrower the peak width, the
      faster the desorption rate.
PAR  To further evaluate promising adsorbent systems and to translate this type
      of data into a practical aromatic separation process requires actual
      testing of the best system in a continuous countercurrent liquid-solid
      contacting device.
PAR  The general operating principles of such a device have been previously
      described and are found in Broughton U.S. Patent 2,985,589 and a specific
      laboratory-size apparatus utilizing these principles is described in
      deRosset et al U.S. Pat. No. 3,706,812. The equipment comprises multiple
      adsorbent beds with a number of access lines attached to distributors
      within the beds and terminating at a rotary distributing valve. At a given
      valve position, feed and desorbent are being introduced through two of the
      lines and raffinate and extract are withdrawn through two more. All
      remaining access lines are inactive and when the position of the
      distributing valve is advanced by one index all active positions will be
      advanced by one bed. This simulates a condition in which the adsorbent
      physically moves in a direction countercurrent to the liquid flow.
      Additional details on adsorbent testing and evaluation may be found in the
      paper "Separation of C.sub.8 Aromatics by Adsorption" by A. J. deRosset,
      R. W. Neuzil, A. J. Korous, and D. H. Rosback presented at the American
      Chemical Society, Los Angeles, Calif., Mar. 28-Apr. 2, 1971.
PAR  The superior performance of these specially prepared adsorbents which was
      indicated by the pulse test results was confirmed by continuous testing in
      this device.
PAR  The examples shown below are intended to further illustrate both the method
      of this invention and the process of this invention and are not to be
      construed as unduly limiting the scope and spirit of either. The examples
      present pulse test results for various adsorbents. Testing of the various
      adsorbents was done with C.sub.8 aromatics because of easy availability
      and ease of analysis.
PAC  EXAMPLE I
PAR  In this example a specific crystalline aluminosilicate adsorbent was
      prepared by the method of this invention.
PAR  Nominal one-sixteenth-inch extrudate containing type 13X zeolite was ground
      to produce 16-40 U.S. Standard Mesh particle size material having chemical
      and physical properties as shown in Table No. 1 below:
TBL                Table No. 1                                                 
     ______________________________________                                    
      Properties of the Starting Material                                      
     ______________________________________                                    
     Chemical Properties                                                       
     Volatile Matter (loss on ignition at 900.degree. C.), wt.                 
                                 3.2                                           
     SiO.sub.2 (volatile free) wt. %                                           
                                 50.7                                          
     Al.sub.2 O.sub.3 (volatile free) wt. %                                    
                                 33.6                                          
     Na.sub.2 O (volatile free) wt. %                                          
                                 12.4                                          
     Na.sub.2 O/Al.sub.2 O.sub.3 .61                                           
     SiO.sub.2 /Al.sub.2 O.sub.3 2.56                                          
     Physical Properties                                                       
     Apparent Bulk Density, gm/cc                                              
                                 0.635                                         
     Surface Area, m.sup.2 /gm   500                                           
     Pore Volume, ml/gm          0.30                                          
     Pore Diameter, A            24                                            
     Area % faujasite (X-ray)    93                                            
     SiO.sub.2 /Al.sub.2 O.sub.3 (X-ray)                                       
                                 2.5                                           
     ______________________________________                                    
PAR  One hundred pounds of the granular base material was loaded into an ion
      exchange tower against an upward flow of 1.6 wt. % NaOH solution at a rate
      such that the effluent temperature did not exceed 145.degree. F. After all
      of the material was loaded, the material was ion exchanged by passing the
      1.6 wt. % NaOH solution upflow through the ion exchange tower at a liquid
      hourly space velocity of 1.5 and a temperature of 200.degree. F. until a
      total of 0.335 pounds of NaOH per pound of volatile-free starting material
      had been passed through the tower. After this first ion exchange, the
      material was water-washed to remove excess NaOH solution by passing
      treated water, having a pH of 9, upflow through the tower at 1.5 LHSV and
      140.degree. F. to a total of 1.3 gallons of water per pound of volatile
      free starting material. Test samples of particles removed after this wash
      had the properties as shown in Table No. 2.
TBL                Table No. 2                                                 
     ______________________________________                                    
     Properties of the Sodium-exchanged Material                               
     ______________________________________                                    
     Chemical Properties                                                       
     Volatile Matter (loss on ignition at 900.degree. C.), wt.                 
                                 25.4                                          
     SiO.sub.2 (volatile free) wt. %                                           
                                 48.0                                          
     Al.sub.2 O.sub.3 (volatile free) wt. %                                    
                                 32.1                                          
     Na.sub.2 O (volatile free) wt. %                                          
                                 15.8                                          
     Na.sub.2 O/Al.sub.2 O.sub.3 0.81                                          
     SiO.sub.2 /Al.sub.2 O.sub.3 2.54                                          
     Physical Properties                                                       
     Apparent Bulk Density, gm/cc                                              
                                 0.671                                         
     Surface Area, m.sup.2 /gm   516                                           
     Pore Volume, ml/gm          0.27                                          
     Pore Diameter, A            21                                            
     Area % faujasite (X-ray)    110                                           
     SiO.sub.2 /Al.sub.2 O.sub.3 (X-ray)                                       
                                 2.5                                           
     ______________________________________                                    
PAR  The second ion-exchange conditions were then effected to produce a
      barium-potassium exchanged type X structured zeolite by the two-step
      procedure previously described. A potassium chloride solution was first
      passed over the particles at 180.degree. F. and at one liquid hourly space
      velocity until a total of about 12 pounds of a 6.9 wt. % potassium
      chloride solution had contacted about one pound of the particles. After
      the ion-exchange solution had been expended the particles were essentially
      totally potassium exchanged and were thereafter water washed at a three
      liquid hourly space velocity in the manner previously described until the
      effluent water removed from the particles was essentially chloride-free.
      After the water-washing step had been completed the particles were then
      ion exchanged with a 2.4 wt. % barium chloride solution at 180.degree. F.
      The second step of the ion-exchange conditions were continued until test
      samples of particles removed during this step indicated that the
      approximate ratio of the weight of barium over potassium present within
      the zeolite was within the range of from about 1.5 to about 200. After the
      barium exchange the particles were again water washed at approximately 9
      pH until the effluent water was essentially chloride free.
PAR  The washed material was then dewatered, unloaded from the ion exchange
      tower, and dried in a forced air oven at 570.degree. F. to a volatile
      content of about 2.0 wt. %. Properties of the finished adsorbent are shown
      in Table No. 3 below:
TBL                Table No. 3                                                 
     ______________________________________                                    
     Properties of the Finished Adsorbent                                      
     ______________________________________                                    
     Chemical Properties                                                       
     Volatile Matter (LOI at 900.degree. C.), wt. %                            
                               2.2                                             
     SiO.sub.2 (volatile free) wt. %                                           
                               42.1                                            
     Al.sub.2 O.sub.3 (volatile free) wt. %                                    
                               28.3                                            
     Na.sub.2 O (volatile free) wt. %                                          
                               2.0                                             
     K.sub.2 O (volatile free) wt. %                                           
                               6.1                                             
     BaO (volatile free) wt. % 20.3                                            
     SiO.sub.2 /Al.sub.2 O.sub.3                                               
                               2.52                                            
     ______________________________________                                    
PAC  EXAMPLE II
PAR  In this example, five adsorbents were tested in a dynamic testing apparatus
      to illustrate desired properties achieved by the method of this invention.
      Adsorbent A was a sample of the adsorbent prepared in Example I above;
      adsorbents B and C were adsorbents prepared similar to the procedure set
      forth in Example I above but with different Ba/K weight ratios than that
      of adsorbent A; adsorbents D and E were adsorbents prepared from the same
      base material of Example I but without the sodium ion exchange step that
      was used in the preparation of adsorbents A, B, and C.
PAR  The dynamic testing apparatus and the pulse test have been previously
      described. The pulse test is a testing method by which certain adsorbent
      characteristics can be obtained.
PAR  The five adsorbents were tested using this test method to determine the
      selectivity of the adsorbent particles for para-xylene relative to the
      other C.sub.8 aromatic isomers and to determine the rate of desorption of
      para-xylene by a particular desorbent. The feed mixture used contained 5
      vol. % para-xylene, 5 vol. % meta-xylene, 5 vol. % ortho-xylene, 5 vol. %
      ethylbenzene, 5 vol. % of normal C.sub.9 paraffin which was used as a
      tracer, and 75 vol. % of an inert hydrocarbon material. The desorbent
      employed was toluene. All of the adsorbents were dried in situ to less
      than about 3 wt. % volatile matter as measured at 900.degree. C.
PAR  The dynamic testing apparatus was maintained at a controlled temperature of
      150.degree. C. with sufficient pressure on the entire testing unit to
      maintain essentially liquid phase operations. By alternate passage of feed
      stock and desorbent into the testing unit and constant monitoring of the
      effluent from the chamber with chromatographic equipment, traces of the
      envelopes of component peaks were developed. From these traces data can be
      obtained, in the manner previously described, which will characterize
      various adsorbent properties.
PAR  The results of the adsorptive testing for the five adsorbents are shown in
      Table No. 4 below.
TBL                                    Table No. 4                             
     __________________________________________________________________________
     Testing Results                                                           
     Adsorbent                                                                 
            Sodium  Wt. %                                                      
                        Wt. %                                                  
                            Wt. Ratio                                          
                                   Selectivities                               
     Designation                                                               
            Ion Exchange                                                       
                    BaO K.sub.2 O                                              
                            Ba/K   P/EB                                        
                                       P/M P/O Peak Width in                   
     __________________________________________________________________________
                                               cc                              
     A      YES     20.3                                                       
                        6.1 3.6    2.23                                        
                                       2.70                                    
                                           2.13                                
                                               9.7                             
     B      YES     24.1                                                       
                        5.2 5.0    2.51                                        
                                       2.90                                    
                                           2.24                                
                                               8.7                             
     C      YES     30.1                                                       
                        0.6 54.1   2.78                                        
                                       3.12                                    
                                           2.34                                
                                               9.4                             
     D      NO      22.0                                                       
                        5.9 4.0    2.20                                        
                                       2.89                                    
                                           2.34                                
                                               12.2                            
     E      NO      25.7                                                       
                        2.7 10.3   2.55                                        
                                       2.65                                    
                                           2.09                                
                                               10.9                            
     __________________________________________________________________________
PAR  As can be seen from the above data in Table No. 4, all five adsorbents
      tested were preferentially selective for adsorbing para-xylene with
      respect to the other C.sub.8 aromatics. As can be seen, however, the
      adsorbents A, B, and C prepared by the method of this invention exhibit
      increased para-xylene selectivity with respect to all of the other C.sub.8
      aromatic isomers as the weight ratio of Ba/K increases. With adsorbents D
      and E, which were not prepared by this method, para-xylene ethylbenzene
      selectivity increases with increasing Ba/K but para/meta and para/ortho
      selectivities do not. For this reason the presence of an additional cation
      such as potassium had therefore been found essential prior to the method
      of this invention to provide suitable para/meta and para/ortho selectivity
      to complement the para/ethylbenzene provided by the presence of the barium
      cation. by the method of my invention a barium-containing adsorbent having
      suitable para-xylene selectivities with respect to all other C.sub.8
      aromatic isomers can be produced without the requirement of an additional
      cation.
PAR  Table No. 4 also shows that the adsorbents produced by the method of this
      invention have faster rates of para-xylene adsorption-desorption. These
      relative rates can be characterized by the width of the normal C.sub.9
      tracer at half intensity; the narrower the peak width, the faster the
      adsorption-desorption rates. As shown, the tracer peak widths for
      adsorbents A, B, and C which were prepared by the method of this invention
      are narrower than those for adsorbents D and E and therefore possess the
      faster adsorption-desorption rates.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for separating the para-isomer from a feed mixture comprising
      at least two bi-alkyl substituted monocyclic aromatic isomers, including
      the para-isomer, said isomers having from 8 to about 18 carbon atoms per
      molecule, which process comprises contacting said mixture with an
      adsorbent prepared by the steps of:
PA1  a. contacting a base material comprising Y zeolite with an aqueous sodium
      hydroxide solution at first ion exchange conditions to effect the addition
      of sodium cations to said base material;
PA1  b. treating the sodium-exchanged base material at second ion exchange
      conditions to effect the essentially complete exchange of sodium cations
      with one or more cations selected from the group consisting of potassium,
      cesium, and rubidium; and,
PA1  c. drying the material at conditions to reduce the LOI at 900.degree. C. to
      less than about 10 weight percent thereby selectively adsorbing at
      adsorption conditions said para-isomer and thereafter recovering said
      para-isomer.
NUM  2.
PAR  2. The process of claim 1 further characterized in that said para-isomer is
      para-xylene and said feed mixture comprises para-xylene and at least one
      other C.sub.8 aromatic isomer.
NUM  3.
PAR  3. The process of claim 1 further characterized in that said para-isomer is
      para-diethylbenzene and said feed mixture comprises paradiethylbenzene and
      at least one other diethylbenzene isomer.
NUM  4.
PAR  4. The process of claim 1 further characterized in that said para-isomer is
      para-cymene and said feed mixture comprises para-cymene and at least one
      other cymene isomer.
NUM  5.
PAR  5. The process of claim 1 further characterized in that said cation is
      potassium.
NUM  6.
PAR  6. The process of claim 1 further characterized in that said adsorption
      conditions are selected from a temperature within the range of from about
      70.degree. to about 450.degree. F. and a pressure within the range of from
      about atmospheric to about 500 psig. to maintain liquid phase.
NUM  7.
PAR  7. The process of claim 1 further characterized in that said base material
      has a Na.sub.2 O/Al.sub.2 O.sub.3 ratio of less than about 0.7.
NUM  8.
PAR  8. The process of claim 1 further characterized in that said first ion
      exchange conditions include a temperature within the range of from about
      50.degree. to about 250.degree. F. and a sodium hydroxide solution
      concentration of from about 0.5 to about 10 weight percent.
NUM  9.
PAR  9. The process of claim 1 further characterized in that said
      sodium-exchanged base material has a Na.sub.2 O/Al.sub.2 O.sub.3 ratio
      greater than 0.7.
NUM  10.
PAR  10. The process of claim 1 further characterized in that said second ion
      exchange conditions include a pH sufficient to preclude formation of the
      hydrogen form of the zeolite, and a temperature within the range of from
      about 50.degree. to about 250.degree. F.
NUM  11.
PAR  11. A process for separating the para-isomer from a feed mixture comprising
      at least two bi-alkyl substituted monocyclic aromatic isomers, including
      the para-isomer, said isomers having from 8 to about 18 carbon atoms per
      molecule, which process comprises the steps of:
PA1  a. contacting at adsorption conditions said mixture with an adsorbent
      prepared by the steps hereinafter enumerated to effect the selective
      adsorption of para-isomer;
PA1  b. withdrawing from the adsorbent a stream comprising less selectively
      adsorbed aromatic isomers;
PA1  c. contacting the adsorbent with a desorbent material at desorption
      conditions to effect desorption of para-isomer from the adsorbent; and,
PA1  d. withdrawing from the adsorbent a stream containing the para-isomer and
      desorbent material;
PAL  wherein the adsorbent is prepared by the steps of:
PA2  i. contacting a base material comprising a Y zeolite having a Na.sub.2
      O/Al.sub.2 O.sub.3 ratio less than about 0.7 with an aqueous sodium
      hydroxide solution at first ion exchange conditions, including a
      temperature within the range of from about 50.degree. to about 250.degree.
      F. and a sodium hydroxide solution concentration of from about 0.5 to
      about 10 weight percent to increase the sodium cation content to a
      Na.sub.2 O/Al.sub.2 O.sub.3 ratio of greater than about 0.7;
PA2  ii. treating the sodium-exchanged base material at second ion exchange
      conditions, including a pH sufficient to preclude the formation of the
      hydrogen form of the zeolite and a temperature within the range of from
      about 50.degree. to about 250.degree. F., to effect the essentially
      complete exchange of sodium cations with one or more cations selected from
      the group consisting of potassium, cesium, and rubidium; and,
PA2  iii. drying the resulting material at conditions sufficient to reduce the
      LOI at 900.degree. C. to less than about 10 weight percent.
NUM  12.
PAR  12. The process of claim 11 further characterized in that said para-isomer
      is para-xylene and said feed mixture comprises para-xylene and at least
      one other C.sub.8 aromatic isomer.
NUM  13.
PAR  13. The process of claim 11 further characterized in that said para-isomer
      is para-diethylbenzene and said feed mixture comprises para-diethylbenzene
      and at least one other diethylbenzene isomer.
NUM  14.
PAR  14. The process of claim 11 further characterized in that said para-isomer
      is para-cymene and said feed mixture comprises para-cymene and at one
      other cymene isomer.
NUM  15.
PAR  15. The process of claim 11 further characterized in that said cation is
      potassium.
NUM  16.
PAR  16. The process of claim 11 further characterized in that said adsorption
      and desorption conditions are selected from a temperature within the range
      of from about 70.degree. to about 450.degree. F. and a pressure within the
      range of from about atmospheric to about 500 psig. to maintain a liquid
      phase.
NUM  17.
PAR  17. The process of claim 11 further characterized in that said desorbent
      material has an average boiling point substantially different than that of
      the feed mixture.
NUM  18.
PAR  18. The process of claim 17 further characterized in that said desorbent
      material comprises diethylbenzene.
NUM  19.
PAR  19. The process of claim 17 further characterized in that said desorbent
      material comprises toluene.
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ABST
PAL  A process for producing a stream of oxidatively dehydrogenated C.sub.4
      hydrocarbons with substantially all of the oxygen and inert noncondensable
      gases removed comprising absorbing the C.sub.4 hydrocarbons in an absorber
      oil in a first zone; stripping oxygen and inert noncondensable gases from
      the mixture of adsorber oil and C.sub.4 hydrocarbons in a second zone
      which is operated under conditions of temperature and pressure to maintain
      an aqueous phase in the second zone; and withdrawing (1) a predominately
      aqueous phase from the second zone, (2) an overhead of predominately all
      of the oxygen and inert noncondensable gases and a bottoms of adsorber oil
      and C.sub.4 hydrocarbon substantially free of oxygen and inert
      noncondensable gases.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for the purification of unsaturated
      hydrocarbons from a gaseous mixture containing hydrocarbons and relatively
      noncondensable gases including oxygen and CO.sub.2.
PAR  Unsaturated hydrocarbons such as styrene, butene and butadiene are
      commercially produced by the catalytic dehydrogenation of more saturated
      hydrocarbons. Butadiene is produced in large quantities by the
      dehydrogenation of butane and butene. Improved processes for the
      preparation of unsaturated hydrocarbons such as butenes, butadiene-1, 3,
      isoprene or styrene are processes wherein hydrocarbons such as butane,
      butene, isopentene, isopentane or ethylbenzene are dehydrogenated at
      elevated temperatures in the presence of catalysts and oxygen (halogen may
      also be present). Superior results and yields of products are thereby
      obtained. However, the product streams contain not only the desired
      unsaturated hydrocarbons but also may contain various by-products such as
      CO, CO.sub.2, hydrogen, nitrogen, oxygen, oxygenated hydrocarbons,
      acetylenic compounds, unreacted hydrocarbon, etc. When air is used as a
      source of oxygen, the effluent from the dehydrogenation reactor will
      contain large quantities of certain relatively noncondensable gases, such
      as nitrogen. The gaseous effluent will also contain varying amounts of
      steam.
PAR  Various problems exist in regard to the economic separation and
      purification of unsaturated hydrocarbons produced by oxidative
      dehydrogenation which are not encountered in the recovery of products
      produced by dehydrogenation in the absence of oxygen. Consequently,
      techniques utilized for the recovery and purification of products derived
      from the dehydrogenations in the absence of oxygen have not generally been
      found satisfactory for the recovery of effluents resulting from oxidative
      dehydrogenation reactions. The presence of large quantities of oxygen,
      by-products gases, and gases such as nitrogen create entirely different
      problems from those previously encountered. Furthermore, another problem
      encountered in the recovery of effluents from oxidative dehydrogenation
      reactors is that a high degree of fouling of recovery equipment is
      encountered. In view of these and other problems, a process was needed
      which would recover and purify the unsaturated hydrocarbon in an
      economical and efficient manner.
PAR  In U.S. Pat. Nos. 3,402,215 and 3,412,171, a process was disclosed whereby
      the unsaturated product may be recovered from the various gases present
      and from the acetylenic compounds at the same time. According to those
      processes, a particular gaseous mixture comprising unsaturated
      hydrocarbons, oxygen and inert noncondensable gases may be separated by
      intimately contacting the gaseous mixture in an absorbing zone with an oil
      having a boiling point or a boiling point range from about 170.degree. to
      320.degree. F (at least 95 volume percent of the oil boils within this
      range). Acetylenic compounds were an impurity to which particular
      attention was given in these processes.
PAR  The absorbing oil, containing absorbed gases, including dehydrogenated
      material, unreacted feed, oxygen, inert noncondensable gases and steam or
      entrained water is cooled and is passed to separating zone where the
      predominate amount of oxygen and inert noncondensable gases and some
      acetylenic compounds are removed. In the present invention, this
      particular zone is not intended to achieve a separation of acetylenic
      compounds and their removal at this point is at most incidental to the
      removal of oxygen and inert noncondensable gases (CO, CO.sub.2 and
      nitrogen are considered to be the principal constituents of the inert
      noncondensable gases when air is fed to the oxidative dehydrogenation
      zone).
PAR  The optimal operation of the separating zone should achieve total removal
      of oxygen and the inert noncondensable gases without loss of the product
      unsaturated hydrocarbons or unreacted starting materials, e.g., butadiene
      and n-butene, respectively. In practice, of course, the separation is less
      than optimal, in that product unsaturated hydrocarbon and other desirable
      hydrocarbons are carried overhead with the stripped oxygen and inert
      noncondensable gases. The practice in the past, in the operation of the
      separator has been to carry some steam and entrained water overhead with
      the oxygen and inerts with the major portion passing out with the bottoms.
      The next step in the process is the removal of the hydrocarbons from the
      absorber oil. The hydrocarbons then go on to a final finishing operation
      and the lean oil is preferably recycled to the absorbing zone.
PAR  Conditions which allowed the water to be removed with the bottoms also
      resulted in less than the best separation of oxygen and CO.sub.2 from
      hydrocarbon product. This invention provides a more economical process,
      both in terms of cost and hydrocarbon product, since less hydrocarbon
      product passes overhead in the oxygen inert gas stream and better
      separation of oxygen and inert noncondensable gases from hydrocarbon
      product are achieved. Another benefit of the present invention is the
      substantial removal of water from the hydrocarbon product stream.
PAR  The present invention has as its goal the disclosure of a process which
      will provide an improved separation of hydrocarbon product from the oxygen
      and inert noncondensable gases overhead in a stripping zone and recovery
      of a liquid stream of water and a purer hydrocarbon product.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an improvement in the process of separating
      olefincally unsaturated hydrocarbons, oxygen and inert noncondensable
      gases comprising contacting the gaseous mixture in a first zone with an
      oil having a boiling point of a boiling point range from about 170.degree.
      to 320.degree. F. The substantial portion of the oil will have boiling
      points within these ranges, i.e., 95 volume percent, although small
      quantities may be outside thereof.
PAR  The first zone is maintained at a temperature of between 55.degree. and
      150.degree. F. and a pressure between 100 p.s.i.g. and 200 p.s.i.g. From
      the first zone a liquid composition containing the oil and gases absorbed
      therein is taken off and preferably cooled in a second zone to a
      temperature of no greater than 100.degree. F. The cooled product from the
      second zone is then transferred to a third zone. In the third zone a
      gaseous mixture comprising oxygen and inert noncondensable gases is taken
      off. Also from the third zone a predominately organic liquid composition
      comprising the oil containing the unsaturated hydrocarbons dissolved
      therein is taken off. The improvement comprises operating the third zone
      at a temperature between 55.degree. and 190.degree. F and a pressure
      between --5 p.s.i.g. and 70 p.s.i.g. to produce liquid aqueous phase in
      said zone and removing a liquid stream which can be characterized as being
      predominately aqueous. The organic liquid composition from the third zone
      may then be separated in a fourth zone, such as by stripping, to recover
      the unsaturated hydrocarbons. Similarly, the aqueous liquid phase may be
      further separated to completely remove any entrained organic liquids.
PAR  The conditions of operating the third zone or oxygen stripper encompass
      substantially the same range of temperature and pressure as the prior art,
      however, it has been discovered that by selecting the appropriate
      combination of conditions the substantial improvements in separating and
      removing oxygen, the inert noncondensable gases and water from the
      hydrocarbon product can be obtained. The conditions for operation within
      the given ranges are those which cause an accumulation of a water phase in
      the zone, i.e., a flooding condition.
PAR  The pressure-temperature conditions of the present invention can be seen by
      reference to FIG. 2 which plots the feed temperature to the top tray
      versus pressure. For any given temperature on line x-y.sub.1 the minimum
      pressure in the separator required to obtain the improved separations is
      given on the y axis. Thus, line x-y.sub.1 represents the lower limit of
      the relationship between temperature and pressure. In order to achieve
      more than a minimal improvement according to the present invention higher
      pressures up to and including those shown in relation to line x-y.sub.2
      are preferred for a given temperature. The upper pressure limitation is
      about 70 p.s.i.g., since at pressures higher than this bottoms temperature
      would be high enough to cause fouling in the tower and reboiler. Pressures
      higher than those corresponding to a given temperature than on line
      x-y.sub.2 are permissable (as indicated above) but not necessary to
      achieve superior separations.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS
PAR  The first zone, wherein the gaseous mixture is contacted with the oil may
      be any suitable equipment for absorbing the gaseous mixture in the oil.
      This absorber may be e.g., a column having bubble cap trays or perforated
      plates or may be a packed column or the like. The second and third zones,
      wherein the gaseous material is taken off overhead, may be any suitable
      equipment to perform this function. One method for stripping off these
      gases is to feed the composition to the top or near the top of a
      fractionating column such as a tray type or packed column. Although less
      preferred, it is also possible to flash off the gases in the second zone
      in equipment so designed. Preferred equipment for the zones are plate
      columns (perforated, valve, bubble cap, etc.) and packed columns. Also it
      is preferred to feed the composition to the top one-third of the second
      and third zone columns respectively. The gaseous mixture to be treated
      containing the unsaturated hydrocarbon, noncondensable gases, oxygen,
      by-product actylenes and various other by-products may be obtained from a
      variety of sources. However, the invention is particularly suitable for
      the purification of gaseous effluents resulting from the oxidative
      dehydrogenation of hydrocarbons utilizing air or oxygen diluted with
      noncondensable diluents such as nitrogen or helium. Halogens may be added
      to increase the yields and selectivities of the desired product. Examples
      of processes for dehydrogenation in the presence of oxygen are found in
      U.S. Pat. Nos. 3,207,805 through 3,207,811; 3,159,688; 3,205,280;
      3,080,435; 3,284,536; 3,270,080; 3,303,235 through 3,303,238 and
      3,526,675.
PAR  Hydrocarbons to be oxidatively dehydrogenated are acyclic, cycloaliphatic
      or alkyl aryl hydrocarbons of 3 to 9 carbon atoms, having at least one
      ##EQU1##
      grouping. The dehydrogenation will produce compounds having double and/or
      tripple bonds. Thus, butadiene-1,3 and/or vinylacetylene may be produced
      from any of the methyl butenes, such as 2-methyl butene-2 or 3-methyl
      butene-1 or mixtures thereof. Isoprene may also be produced from methyl
      butanes, such as 2-methyl butane; also olefins and diolefins may be
      produced from saturated hydrocarbons, for example, vinyl acetylene,
      butadiene and butene may be produced from n-butane. A mixture of
      monoolefins and diolefins may also be produced, such as a mixture of
      butadiene-1,3 and butenes from a feedstock of a mixture of n-butane and
      butene. Cyclohexane may be dehydrogenated to cyclohexene and/or benzene.
      Ethyl benzene or ethylcyclohexane may be dehydrogenated to styrene. Good
      results have been obtained with a feed containing at least 50, and
      preferably at least 75, mol percent of an acyclic aliphatic hydrocarbon,
      such as the hydrocarbons of 4 to 5 carbon atoms having a straight chain of
      at least four carbon atoms and single double bond; preferred are the
      monoethylenically unsaturated compounds or mixtures of saturated and
      unsaturated compounds.
PAR  Oxygen will generally be supplied to the dehydrogenation zone in the range
      of about 0.20 mols of oxygen to 2.0 or 3.0 mols of oxygen per mol of
      hydrocarbon to be dehydrogenated. A preferred range for the oxygen is from
      about 0.3 to 1.50 mols of oxygen per mol of hydrocarbon to be
      dehydrogenated. Either air or oxygen diluted with diluent such as
      nitrogen, helium and the like may be utilized. Steam may be fed to the
      dehydrogenation zone in amounts such as from about 2 to 40 mols of steam
      per mol of hydrocarbon to be dehydrogenated. An advantageous range is from
      2 to 20 mols of steam per mols of hydrocarbon. When halogen is employed
      the halogen will suitably be present in an amount of from 0.001 to 0.1 mol
      per mol of hydrocarbon fed.
PAR  The oxidative dehydrogenation reaction may be conducted in the absence of
      contact catalysts, but better results are obtained if the reaction is
      conducted in the presence of metal or metal compound catalysts. The
      oxidative dehydrogenation reactor may be a fixed or fluid bed reactor.
      Reactors such as those conventionally used for the dehydrogenation of
      hydrocarbons to butadiene may be employed. The total pressure in the
      dehydrogenation zone may suitably be about atmospheric pressure. However,
      higher pressures or vacuum may be used. Pressures such as from about
      atmospheric (or below) up to about 100 to 200 p.s.i.g. may be employed.
      The oxidative dehydrogenation reaction will normally be conducted at a
      temperature of reaction between about 600.degree. F. to about
      1,500.degree. F. or higher, although generally the maximum temperature in
      the reactor will be within the range of about 700.degree. and
      1,300.degree. F. This temperature of the reaction is measured at the
      maximum temperature in the reactor. The flow rates of the reactants may be
      varied quite widely and will be dependent somewhat on whether fixed or
      fluid bed reactor is employed. Good results have been obtained with flow
      rates of the hydrocarbon to be oxidatively dehydrogenated ranging from
      about 1/4th to 25 liquid volumes of hydrocarbon to be dehydrogenated per
      volume of reactor zone per hour, with the volumes of hydrocarbon being
      calculated as the equivalent amount of liquid hydrocarbons at standard
      conditions of 15.6.degree. C and 760 millimeters of mercury absolute. For
      the purpose of calculating flow rates the reaction zone is defined as the
      portion of the reactor which contains catalyst and which is at a
      temperature of at least 600.degree. F. In other words, the volume of the
      reaction zone is equivalent to the volume of the catalyst zone if it were
      empty. The residence or contact time of the reactants in the oxidative
      dehydrogenation zone depends on several factors involved in the reaction.
      Contact times such as about 0.001 to about 5, 10 or 25 seconds have been
      found to give excellent results. Under certain conditions, higher contact
      times may be utilized. Contact time is the calculated dwell time of the
      reaction mixture in the reaction zone assuming the mols of product mixture
      are equivalent to the mols of feed.
PAR  The effluent from the oxidative dehydrogenation zone will contain the
      impure unsaturated hydrocarbon products, oxygen, various impurities
      including oxygenated hydrocarbons, noncondensable inert gases and
      depending upon the particular process perhaps some unconverted feed of
      halogenated compounds. The dehydrogenated product corresponds to the feed
      to the oxidative dehydrogenation zone but will have a portion thereof at a
      higher degree of unsaturation. If air was used as the source of oxygen,
      nitrogen will be present in relatively large quantities as a
      noncondensable gas. Steam may be present in an amount up to 96 mol percent
      of the total effluent, such as from about 5 to 96 mol percent. The organic
      phase including dehydrogenated product, any unreacted feed, acetylenic
      compounds, oxygenated hydrocarbons, polymer and tar and precursors thereof
      and any organic decomposition products usually ranged from about 3 to 50
      mol percent of the effluent and generally will be within the range of
      about 3 to 30 or 35 mol percent of the effluent. The noncondensable gases
      (under the conditions encountered), such as nitrogen, will be present in
      an amount of from or about 20 to 93 mol percent of the total effluent.
PAR  The effluent gases leaving the oxidative dehydrogenation zone will
      generally be at a temperature of about or greater than 600.degree. F. or
      700.degree. F. to 1,600.degree. F depending upon the particular process
      conditions. The effluent gases are then cooled prior to further treatment
      according to this invention. The reactor effluent may be cooled by any
      means or combination of means as by quencing followed by employing waste
      heat boilers, condensers, vapor separators and the like. Ordinarily, water
      will be removed as condensed steam from the gaseous effluent during this
      cooling operation. This cooled gaseous stream may then be treated
      according to the present invention or may first be processed to remove
      carbonyl compounds or halogenated compounds such as the process of U.S.
      Pat. No. 3,200,166.
PAR  A preferred embodiment of the invention is illustrated in the drawing. The
      gas feed 1 may be obtained from any suitable source, such as from the
      dehydrogenation of hydrocarbons in the presence of oxygen to form a
      mixture of inert noncondensable gases, unsaturated hydrocarbons, unreacted
      hydrocarbons, oxygenated hydrocarbons, methyl acetylene, oxygen, nitrogen,
      water and various other by-products, such as CO.sub.2 and CO. The
      oxidative dehydrogenation reactor effluent generally will be cooled such
      as by quenching and by indirect heat exchange prior to entering the
      absorber. Also, some of the steam may be removed by means such as knockout
      vessels and the like. The gaseous feed 1 will comprise or consist,
      exclusive of any water present, from 3.5 to 80 mol percent unsaturated
      hydrocarbon, from .001 to 3 mol percent oxygen, from 20 to 93 mol percent
      inert non-condensable gases (this term refers to non-hydrocarbons such as
      H.sub.2, N.sub.2, CO.sub.2, CO, helium, and the like which are not
      condensable under the condition of reaction). A preferred range of inert
      noncondensable gases is from 45  to 89 mol percent with a particularly
      preferred range of 40 to 75 mol percent inert noncondensable gases. The
      gaseous feed 1 will also contain from 0.003 to 15 mols of water, either as
      steam or as entrained water, per mol of total hydrocarbon. Based on the
      total organic content of the gaseous feed 1, the total hydrocarbons will
      constitute at least 85 mol percent of the organic portion of this gaseous
      feed 1. Preferably, the composition of the gaseous feed 1, exclusive of
      any water present, will be from 5 to 65 mol percent unsaturated
      hydrocarbons, from .001 to 1.0 (preferably less than 0.3) mol percent
      oxygen, from 45 to 89 mol percent inert noncondensable gases, and the
      total hydrocarbons will constitute at least 95 mol percent of the organic
      portion of the gaseous feed 1. Also, preferably, water will be present as
      steam in an amount of from 0.003 to 10 mols of steam per mol of total
      hydrocarbon in the gaseous feed.
PAR  Lean oil 2 will preferably be fed to the top of the absorber in order to
      have countercurrent contact with the gaseous feed 1 which is rising in the
      tower. According to this invention, the lean oil must be of a particular
      composition. The oil must have a boiling point at standard atmospheric
      pressure of from or about 170.degree. to 320.degree. F. and preferably
      from or about 175.degree. F. to 280.degree. F. The lean oil will
      predominantly be made up of compounds having elements selected from the
      group consisting of carbon, hydrogen, oxygen, nitrogen, halogen, and
      mixtures thereof and will preferably consist essentially of these
      elements. Of course, the lean oil may contain impurities, particularly
      preferred as lean oils are hydrocarbons within the stated boiling ranges
      which have the formula .sup.C x.sup.H y, wherein x is a number from 6 to 9
      inclusive and y is a number from 6 to 18 inclusive; suitable compounds to
      be used as lean oils are methylcyclohexane, 2,4,4-trimethyl-1-pentene,
      3,4,4-trimethyl-1-pentene, 2,4,4-trimethyl-2-pentene,
      3,3,4-trimethyl-1-pentene, 2,3,4-trimethyl-1-pentene,
      2,3,3-trimethyl-1-pentene, 2,5-dimethylhexane, 2,4-dimethylhexane,
      2,2,3-trimethylpentane, benzene, toluene, 3,4,4-trimethyl-2-pentene,
      2,3,4-trimethylpentane, 2,3,3-trimethylpentane, 2,3,4-trimethyl-2-pentene,
      butadiene dimer (particularly vinyl cyclohexene), diisobutylene, paraffins
      containing 8 carbon atoms, such as those obtained from an alkylation
      plant, amylamine, 3-chloro-pentane, n-butylamine, m-dioxane, nitro-ethane,
      mixtures thereof, and the like. In some instances, mixtures of the various
      compounds may be blended to produce desirable lean oils; for example, it
      has been discovered that a combination of one or more compounds having a
      relatively high boiling point together with one or more compounds having a
      relatively low boiling point can result in excellent lean oils.
PAR  The absorber is operated within a temperature of from 60.degree. to
      150.degree. F. and, more desirably, within the range of 80.degree. to
      135.degree. F. The pressure in the absorber will be from 100 p.s.i.g. to
      200 p.s.i.g. and, more desirably, from 120 p.s.i.g. to 140 p.s.i.g.
      According to this preferred embodiment, the absorber does not contain a
      reboiler. That is, the absorber is not a fractionating absorber.
PAR  During operation of the process, some impurities will be encountered in the
      recycling lean oil. Nevertheless, the lean oil 2 entering the top of the
      absorber should have a composition containing predominately, and
      preferably at least 65 mol percent of, the compounds in the described
      class. If relatively large amounts of higher boiling compounds, such as
      the xylenes, are present, we have discovered that there is considerable
      polymer formation and its attendent equipment fouling. Means may be
      provided to purify the lean oil to remove heavier materials, such as by
      distillation, prior to recirculating the lean oil to the absorber.
PAR  Suitably, coolers such as 3 and 4 may be inserted into the absorber system
      in order to maintain the required reaction conditions in the absorber.
      Also, not shown, the absorber may have incorporated a sponge oil unit to
      recover lean oil going overhead from the absorber. This lean oil coming
      overhead may be purified, such as by absorption and stripping in the
      sponge oil unit and returned to the lean oil system at any point.
PAR  The liquid composition 5 leaving the absorber comprises the fat oil
      containing absorbed gases. This composition may then be cooled in cooler
      6. Any suitable means for cooling this composition may be utilized, such
      as a heat exchanger cooled by refrigerant or cooled water.
PAR  The cooled composition 7 is then fed to the separator. The composition 7
      must be fed to the top two-thirds of the separator, preferably the
      composition 7 is fed to the upper one-third of the separator, and, usually
      is fed to the top tray of the separator. Heat is added to the separator,
      such as by a reboiler 8. In the separator, oxygen, together with large
      quantities of inert noncondensable gases including nitrogen, CO.sub.2, and
      various C.sub.2 's and C.sub.3 's, are taken off overhead. Exclusive of
      any water present, in the separator, preferably at least 1 mol percent of
      the stream 7 is removed as an overhead gaseous composition 9. The gaseous
      overhead 9 from the separator may then be disposed of in any
      environmentally safe manner. The gaseous composition 9 may be returned to
      the inlet for the compressors compressing the reactor effluent or may be
      fed to separate compressors and thereafter may be recycled to the gaseous
      feed 1 entering the absorber. The gaseous overhead 9 may also be cooled
      and collected in an accumulator (not shown) from which the condensed
      portion is recycled to the separator and the gaseous uncondensed overhead
      from the accumulator may then be sent to a compressor and thereafter fed
      to the gaseous feed line 1 or utilized otherwise. The water, which in the
      prior manner of operation was substantially allowed to pass out with the
      bottoms is now retained in the separator and a liquid aqueous phase is
      removed from generally the middle one-third of the separator. This method
      allows for a phase separation within the separation zone, however, a
      slight different manner of operation provides for overdrawing the aqueous
      phase, i.e., taking some organic liquid phase, in order to insure that all
      of the water is being removed at this point.
PAR  FIG. 1 shows an external phase separator and allows the overdraw. The
      organic, i.e., hydrocarbon phase can be returned to the separator at a
      point below the aqueous draw or it can be recycled to the absorber (not
      shown) or otherwise treated depending on its characterization at any
      particular time. The water phase 15 may be recycled to the steam
      generators, biologically treated and returned to surface water or
      otherwise dumped according to permit.
PAR  The separator will be operated at a temperature of between about 55.degree.
      F. and 190.degree. F and a pressure of between about -5 p.s.i.g. and 70
      p.s.i.g., with the preferred temperature range being from 70.degree. to
      160.degree. F. and the preferred pressure range being between 15 p.s.i.g.
      and 50 p.s.i.g. within the limits noted above.
PAR  It is proposed that the improved separation of hydrocarbon from the
      overhead gases in the separator may be achieved by an internal reflux
      within the separator as a result of the increased pressure, however, the
      present invention does not rely on any mechanism as its basis and is not
      limited thereby. If the mechanism is as speculated, then supposedly this
      same reflux could be carried out outside of the separator, that however,
      could be a very dangerous operation, since oxygen is present in the
      overhead and the concentration of a product such as butadiene and oxygen
      in an external reflux could lead to the formation of organic
      hydroperoxides, which are unstable, and the polymerization of the olefinic
      material.
PAR  The mixed hydrocarbon-aqueous liquid phase stream 16 may be taken off in
      the middle 80% of the separator, but is generally taken off in the middle
      third of the separator. For example, in a 28 tray tower, the draw for
      stream 16 would be from the twelfth to eighteenth tray or more preferably
      the sixteenth tray or approximately at the middle of the tower.
PAR  The liquid composition 10 is fed to the hydrocarbon stripper wherein the
      unsaturated hydrocarbon is stripped from the lean oil and taken off
      overhead as 11. The lean oil 12 is taken off from the stripper and may be
      purified by means not shown prior to returning to the absorber as 2. The
      hydrocarbon stripper will have means for heating, such as by the reboiler
      13. The unsaturated hydrocarbon 11 coming overhead may then be sent for
      further purification, for example, to separate the unsaturated hydrocarbon
      from the remaining hydrocarbons.
PAR  The invention will be illustrated for the purification of butadiene-1,3.
      Butadiene is obtained by oxidative dehydrogenation of C.sub.4
      hydrocarbons. The effluent from the reactor is cooled and partially
      purified. The resulting gaseous stream is then processed according to this
      invention, with reference being made to the drawing. The gaseous feed 1
      contains 15 mol percent butadiene, 11 mol percent total butene and butane,
      0.2 mol percent oxygen, 73.8 mol percent inert noncondensable gases
      (including H.sub.2, N.sub.2, CO.sub.2, CO and helium). The gaseous feed 1
      also contains 0.7 mols of water per 100 mols feed.
PAR  Lean oil 2 is fed to the top of the absorber and the gaseous feed 1 is fed
      to the bottom of the absorber. The lean oil 2 has a boiling point range
      from about 216.degree. to 293.degree. F. and contains principally
      4-vinyl-1-cyclohexene (VCH) and toluene.
PAR  The absorber is operated with a bottoms temperature of about 130.degree. F.
      and an overhead temperature of 84.degree. F. The pressure in the absorber
      is about 125 p.s.i.g. The absorber does not contain a reboiler. The
      absorber is equipped with a sponge oil unit to recover lean oil going
      overhead from the absorber.
PAR  The liquid composition 5 leaving the absorber comprises the fat oil
      containing absorbed gases. This composition is cooled in cooler 6 and is
      transmitted to the top of the separator. Heat is added to the separator by
      reboiler 8. The separator is operated at a bottoms temperature of
      155.1.degree. F and pressure 43 p.s.i.g., and an overhead temperature of
      about 93.2.degree. F. and pressure of 40 p.s.i.g. A side draw 16 is at
      about 120.degree. F. In the separator, oxygen, together with large
      quantities of inert, noncondensable gases are taken off overhead at 40
      p.s.i.g.
PAR  A detailed description of the streams into and from the separator is shown
      in TABLE I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     SEPARATOR OPERATED WITH WATER SIDE DRAW                                   
     STREAM     7      9     10     16.sup.(2)                                 
     __________________________________________________________________________
     COMPOSITION                                                               
                MOL%*  MOL%* MOL%*  MOL%*                                      
     Oxygen      39.8ppm                                                       
                       0.19  0      0                                          
     Nitrogen   6898 ppm                                                       
                       32.81 0      0                                          
     CO          71.6ppm                                                       
                       0.34  0      0                                          
     CO.sub.2   4599 ppm                                                       
                       21.60 28.5ppm                                           
                                    1.28                                       
     n-Butane   2.29   2.33  2.29   2.57                                       
     n-Butenes  15.37  15.11 15.37  17.22                                      
     Butadiene  25.52  26.44 25.49  28.93                                      
     VCH        20.41  0.30  20.85  18.31                                      
     Toluene    35.24  0.88  36.00  31.69                                      
     Ratio Hydrocarbon                                                         
     Streams, Mol/hour                                                         
                47.59  1.0   46.47  0.13                                       
     Water                                                                     
     Gallon/min.                                                               
                2.03.sup.(1)                                                   
                       0.14  Nil    1.89                                       
     __________________________________________________________________________
      .sup.(1) Saturated water from absorber bottoms and .41 free water.       
      .sup.(2) Two liquid phases.                                              
      *Exceptions noted in Table as ppm (parts per million).                   
PAR  The liquid composition 10 is fed to the hydrocarbon stripper wherein
      unsaturated hydrocarbons are stripped from the lean oil and taken off
      overhead as 11. The water phase is allowed to separate in the phase
      separator, and the organic portion returned to the separator via 14. The
      lean oil 12 is purified by means not shown and returned to the absorber as
      lean oil 2. The unsaturated hydrocarbon 11 coming overhead from the
      hydrocarbon stripper is then further purified to produce butadiene-1,3 in
      a composition of at least 99.1 mol percent purity.
PAR  The utilization of process with a gaseous stream 1 wherein the major
      hydrocarbon component is isoprene instead of butadiene-1,3 gives the
      advantages of the present invention.
PAR  For comparison, a separation on a similar feed 7 was carried out according
      to the prior art, i.e., without water draw 16. The conditions of operation
      were separator bottoms 128.5.degree. F., pressure 36 p.s.i.g., and
      overhead about 89.degree. F., pressure 24 p.s.i.g. The details on the
      stream compositions is given in Table II. FIG. 1 is used for this example
      except for stream 16, 14, 15 and the phase separator (the water side draw
      related components).
TBL                TABLE II                                                    
     ______________________________________                                    
     SEPARATOR OPERATED WITHOUT WATER SIDE DRAW                                
     STREAM        7          9        10                                      
     ______________________________________                                    
     COMPOSITION   MOL%*      MOL%*    MOL%*                                   
     Oxygen         39.9ppm   0.16      8.1ppm                                 
     Nitrogen      6912 ppm   31.24    529 ppm                                 
     CO            71.8ppm    0.31      8.1ppm                                 
     CO.sub.2      4578 ppm   8.12     2978 ppm                                
     n-Butane      2.29       3.15     2.27                                    
     n-Butenes     15.37      20.34    15.26                                   
     Butadiene     25.51      35.30    25.30                                   
     VCH           20.42      0.29     20.84                                   
     Toluene       35.25      1.09     35.97                                   
     Ratio Hydrocarbon                                                         
     Streams Mol/Hour                                                          
                   48.87      1.0      47.87                                   
     Water                                                                     
     Gallon/Min.   2.02       0.15     1.87                                    
     ______________________________________                                    
      *Exceptions noted in Table as ppm (parts per million).                   
PAR  The improvement of the present invention over the prior method is apparent,
      however, particular notice is directed to the improved pressure drop
      through the column for the invention, i.e., 3 pounds, whereas the prior
      method had a 12 pound drop, the almost complete removal of oxygen and
      noncondensable gases by the invention, and the reduction in loss of
      butadiene in overhead stream 9.
CLMS
STM  The invention claimed:
NUM  1.
PAR  1. In a process for the preparation of unsaturated hydrocarbons without the
      formation of excessive polymer which comprises:
PA1  oxidatively dehydrogenating C.sub.3 to C.sub.9 hydrocarbons having at least
      one
      ##EQU2##
      grouping, to obtain a gaseous mixture comprising 0.003 to 15 mol percent
      water per mol of total hydrocarbon, an organic phase comprising 3.5 to 8.0
      mol percent, exclusive of water, of an unsaturated hydrocarbon
      corresponding to said C.sub.3 to C.sub.9 hydrocarbon and having a higher
      degree of unsaturation thereover, 20 to 93 mol percent inert
      noncondensable gases and 0.001 to 3 mol percent oxygen, said total
      hydrocarbons constituting at least 85 mol percent of the organic phase of
      said gaseous mixture;
PA1  intimately contacting said gaseous mixture in a first zone with a
      hydrocarbon oil having a boiling point within the range of about
      170.degree. to 320.degree. F., said first zone being maintained at a
      temperature of between about 60.degree. and 150.degree. F. and a pressure
      of between 100 p.s.i.g. and 200 p.s.i.g.;
PA1  removing from said first zone a liquid composition containing said oil and
      absorbed gases including unsaturated hydrocarbons;
PA1  feeding said oil and absorbed gases to a second zone;
PA1  removing from said second zone a gaseous mixture of oxygen and inert
      noncondensable gases;
PA1  removing from said second zone an organic liquid composition comprising
      said oil and absorbed unsaturated hydrocarbons;
PA1  separating said organic liquid composition from said second zone to recover
      said hydrocarbons;
PAL  wherein the improvement comprises:
PAL  maintaining said second zone at a temperature of between 55.degree. and
      190.degree. F. and a pressure of between -5 and 70 p.s.i.g., and removing
      a mixed hydrocarbon-aqueous liquid phase composition which is
      predominately water on a molar basis, from said second zone at a point
      intermediate said removal of the gaseous mixture of oxygen and inert
      noncondensable gases and the oil and absorbed unsaturated hydrocarbons in
      said second zone, said water not being returned to said second zone.
NUM  2.
PAR  2. The process according to claim 1 wherein said second zone is maintained
      at a temperature of between 70.degree. and 160.degree. F. and at a
      pressure of between 15 p.s.i.g. and 50 p.s.i.g.
NUM  3.
PAR  3. The process according to claim 1 wherein the relationship between feed
      temperature to said second zone and the pressure in said second zone is
      that shown in the graph of FIG. 2 wherein for any given temperature on
      line x - y.sub.1 the minimum pressure is shown on the y - axis.
NUM  4.
PAR  4. The process according to claim 1 wherein said hydrocarbon lean oil is
      recovered and recycled to said first zone.
NUM  5.
PAR  5. The process according to claim 1 wherein said organic liquid is stripped
      by heat to remove dissolved hydrocarbons as a volatile fraction and to
      produce a lean oil containing dissolved therein material heavier than said
      oil; said oil is purified by distillation to remove said heavier materials
      therefrom and said purified oil is returned to said first zone as absorber
      oil.
NUM  6.
PAR  6. The process according to claim 1 wherein C.sub.4 to C.sub.5 hydrocarbons
      are oxidatively dehydrogenated.
NUM  7.
PAR  7. The process according to claim 6 wherein a normal C.sub.4 hydrocarbon is
      oxidative dehydrogenated.
NUM  8.
PAR  8. The process according to claim 7 wherein said unsaturated hydrocarbon
      comprises butadiene -1,3.
NUM  9.
PAR  9. In a process for preparing unsaturated hydrocarbons without the
      formation of excessive polymer and having improved recovery of unsaturated
      hydrocarbons comprising:
PA1  oxidatively dehydrogenating normal C.sub.4 hydrocarbons having at least one
      ##EQU3##
      grouping to obtain a gaseous mixture comprising 0.003 to 15 mol percent
      water per mol of total hydrocarbon, an organic phase comprising 3.5 to 80
      mol percent, exclusive of water, of an unsaturated hydrocarbon, including
      butadiene-1, 3, 20 to 93 mol percent inert noncondensable gases and 0.001
      t0 3 mol percent oxygen, said total hydrocarbons constituting at least 85
      mol percent of the organic phase of said gaseous mixture;
PA1  intimately contacting said gaseous mixture in a first zone with a
      hydrocarbon oil having a boiling point within the range of about
      170.degree. F. to 320.degree. F., said first zone being maintained at a
      temperature of between about 60.degree. and 150.degree. F. and a pressure
      of between 100 p.s.i.g. and 200 p.s.i.g.;
PA1  removing from said first zone a liquid composition containing said oil and
      absorbed gases including unsaturated hydrocarbons;
PA1  feeding said oil and absorbed gases to a second zone;
PA1  removing from said second zone a gaseous mixture of oxygen, inert
      noncondensable gases and acetylenic compounds;
PA1  removing from said second zone an organic liquid composition comprising
      said oil and absorbed unsaturated hydrocarbons;
PA1  separating said organic liquid composition from said second zone to recover
      said hydrocarbons;
PAL  wherein the improvement comprises:
PAL  maintaining said second zone at a temperature of between 70.degree. and
      160.degree. F and at a pressure between 15 p.s.i.g. and 50 p.s.i.g.,
      accumulating a liquid aqueous phase in said second zone, and removing said
      liquid aqueous phase therefrom.
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ABST
PAL  Isopentene is produced in a high yield by a method wherein
      disproportionation of a hydrocarbon mixture containing n-butene and
      isobutene is carried out by bringing, at 200.degree. to 350.degree.C, the
      hydrocarbon mixture into contact with a composite catalyst which has been
      prepared by depositing a barium or strontium compound and a silver
      compound onto a carrier material consisting of an activated high purity
      alumina carrier to produce a precursory composite catalyst, calcining the
      precursory composite catalyst at 300.degree. to 900.degree.C, and
      isolating the resulted isopentene from the reaction mixture.
BSUM
PAR  The present invention relates to a method for producing isopentene, more
      particularly, relates to a method for producing isopentene by
      disproportionation of isobutene and n-butene contained in a hydrocarbon
      mixture.
PAR  The term "isopentene" used herein refers to 2-methylbutene-1,
      2-methylbutene-2, 3-methylbutene-1 or mixtures of two or more of the
      above-mentioned compounds.
PAR  The term "n-butene" used herein refers to cis-butene-2, trans-butene-2,
      butene-1 or mixtures of two or more of the above-mentioned butenes.
PAR  It is known that olefins, for example, a hydrocarbon mixture containing
      isobutene or n-butene, may be disproportionated by bringing them into
      contact with a catalyst, for example, molybdenum oxide or rhenium oxide.
      However, it is also known that the conventional disproportionation method
      using the above-mentioned catalyst involves the disadvantages that C.sub.5
      fraction in the resultant disproportionation product contains a relatively
      small content of isopentene and a relatively large content of n-pentene
      and, therefore, that isolation and purification of the resultant
      isopentene are complicated. Accordingly, the conventional
      disproportionation method is not usable practically in industry.
PAR  The term "C.sub.5 fraction" used herein refers to a fraction of distillate
      consisting essentially of hydrocarbons having five carbon atoms, separated
      from the disproportionation product.
PAR  An object of the present invention is to provide a method for producing a
      high yield of isopentene by disproportionation of a hydrocarbon mixture
      containing isobutene and n-butene such that the hydrocarbon mixture can be
      disproportionated in a high conversion. The C.sub.5 fraction in the
      resultant disproportionation product contains a very high content of
      isopentene and the resultant isopentene is easily isolated and purified
      from the disproportionation mixture.
PAR  The above object can be accomplished by the method of the present invention
      which comprises the steps of:
PAR  PROVIDING A COMPOSITE CATALYST WHICH HAS BEEN PREPARED FROM 100 PARTS BY
      WEIGHT OF A CARRIER MATERIAL CONSISTING OF AN ACTIVATED HIGH PURITY
      ALUMINA, 0.5 TO 5 PARTS BY WEIGHT OF A BARIUM OR STRONTIUM COMPOUND
      CALCULATED IN TERMS OF AN OXIDE THEREOF AND 1 TO 20 PARTS BY WEIGHT OF A
      SILVER COMPOUND CALCULATED IN TERMS OF SILVER METAL BY DEPOSITING SAID
      BARIUM OR STRONTIUM COMPOUND AND SAID SILVER COMPOUND ONTO SAID ALUMINA
      CARRIER TO PRODUCE A PRECURSORY COMPOSITE CATALYST AND CALCINING THE
      PRECURSORY COMPOSITE CATALYST AT A TEMPERATURE OF 300.degree. TO
      900.degree.C;
PAR  disproportionating a hydrocarbon mixture containing isobutene and n-butene
      by bringing it into contact with said composite catalyst at a temperature
      of 200.degree. to 350.degree.C, and;
PAR  isolating the resultant isopentene from the reaction mixture.
PAR  The disproportionation step in the method of the present invention may
      result in isomerization, dimerization and decomposition of a minor portion
      of the hydrocarbon mixture while the major portion of the hydrocarbon
      mixture is disproportionated. Accordingly, the term "disproportionation"
      used herein includes the isomerization, dimerization and decomposition of
      the minor portion of the hydrocarbon mixture in addition to the true
      disproportionation of the major portion of the hydrocarbon mixture.
PAR  According to the method of the present invention, the disproportionation
      product essentially consists of a hydrocarbon mixture of C.sub.5 fraction
      containing 95% by weight or more of isopentene, propylene and
      C.sub..sub.+6 fraction. The term "C.sub..sub.+6 fraction" used herein
      refers to a fraction of distillate consisting essentially of hydrocarbons
      having 6 or more carbon atoms, separated from the disproportionation
      product. That is, the disproportionation product of the present invention
      consists essentially of a major portion of olefins and a very minor
      portion of saturated hydrocarbons. Also, it should be noted that the
      content of the C.sub..sub.+6 fraction in the disproportionation product is
      at most, 25% by weight and, therefore, the major portion of olefin in the
      disproportionation product consists of propylene and isopentene both of
      which are very valuable to the chemical industries.
PAR  Further, it is important that the method of the present invention can
      disproportionate the hydrocarbon mixture with a high degree of
      disproportionation conversion. The term "disproportionation conversion"
      used herein refers to the ratio in percent of the weight of the
      disproportionation product to the original weight of the hydrocarbon
      mixture subjected to the disproportionation process. The catalyst usable
      for the disproportionation step in the method of the present invention is
      a composite catalyst which has been prepared by depositing 0.5 to 5 parts
      by weight of a barium or strontium compound, calculated in terms of an
      oxide thereof, and 1 to 20 parts by weight of a silver compound,
      calculated in terms of silver metal, onto a carrier material consisting of
      an activated high purity alumina in an amount of 100 parts by weight to
      produce a precursory composite catalyst and calcining the precursory
      composite catalyst at a temperature of 300.degree. to 900.degree.C.
PAR  The barium compound usable for the method of the present invention may be
      selected from the group consisting of barium salts of inorganic acids,
      barium salts of organic acid having 1 to 6 carbon atoms, barium hydroxide
      and barium oxide. The barium salts of inorganic acid may be selected from
      barium nitrate, barium sulfate, barium carbonate, barium chloride, and
      mixtures of two or more of the above-mentioned compounds.
PAR  The barium salt of the organic acid may be selected from the group
      consisting of barium formate, barium acetate, barium propionate, barium
      n-butyrate, barium isobutyrate, barium n-valerate, barium isovalerate,
      barium n-caproate, barium pivalate, barium acrylate, barium methacrylate,
      barium crotonate, barium oxalate, barium malonate, barium succinate and
      mixture of two or more of the above-mentioned compounds.
PAR  The strontium compound usable as a component of the composite catalyst for
      the method of the present invention may be selected from the group
      consisting of strontium salts of inorganic acids, strontium salts of
      organic acids having 1 to 6 carbon atoms, strontium oxide, strontium
      hydroxide and mixtures of two or more of the above-mentioned compounds.
      THe strontium salt of inorganic acid may be selected from the group
      consisting of strontium nitrate, strontium sulfate, strontium carbonate,
      strontium chloride and mixtures of two or more of the above-mentioned
      compounds. The strontium salt of organic salt may be selected from the
      group consisting of strontium formate, strontium acetate, strontium
      propionate, strontium n-butyrate, strontium isobutyrate, strontium
      n-valerate, strontium isovalerate, strontium n-caproate, strontium
      pivalate, strontium acrylate, strontium methacrylate, strontium crotonate,
      strontium oxalate, strontium malonate, strontium succinate and mixtures of
      two or more of the above-mentioned compounds.
PAR  The silver compounds usable as a component of the composite catalyst for
      the method of the present invention may be selected from the group
      consisting of silver nitrate, silver sulfate, silver carbonate, silver
      halides, silver cyanide, silver thio cyanate and mixtures of two or more
      of the above-mentioned compounds.
PAR  The activated high purity alumina usable as a carrier material in the
      composite catalyst for the method of the present invention preferably
      contains 95% by weight or more, more preferably, 97% by weight or more, of
      pure alumina. Such type of activated alumina is prepared by heat-treating
      high purity alumina gel at a high temperature, preferably, of 400.degree.
      to 600.degree.C.
PAR  In order to disproportionation the hydrocabon mixture at a high
      disproportionation conversion, it is preferable that the activated high
      purity alumina contains no or a very small amount of alkali metal and
      silica. Particularly, it is preferable that the content of the alkali
      metal compounds is 0.5% by weight or less, more preferably 0.1% by weight
      or less, and the content of the silica is 5% by weight or less, more
      preferably, 3% by weight or less. This will become apparent by reading
      Comparison Example 4 illustrated hereinafter. The activated high purity
      alumina may be in any form of powder, grain, particle, lump and tablet.
      However, in order to easily prepare the composite catalyst, it is
      preferable that the activated high purity alumina is in the form of grains
      having a diameter of 2 to 10 mm or of fine particles having a 10 to 50
      mesh size.
PAR  The activated high purity alumina may be used as the carrier material
      without preliminary heat-treatment or after the preliminary heat treatment
      at a temperature of 500.degree. to 800.degree.C for 1 to 5 hours in an
      inert atmosphere, for example, nitrogen gas or air atmosphere.
PAR  If the barium or strontium compound deposited in an amount more than 5
      parts by weight onto 100 parts by weight of the activated high purity
      alumina carrier, the disproportionation conversion of the hydrocarbon
      mixture is undesirably low. If the amount of the barium or strontium
      compound deposited onto the carrier is less than 0.5 parts by weight, the
      content of C.sub..sub.+6 in the disproportional product undesirably
      increases. If the silver compound is deposited in an amount more than 20
      parts by weight or less than 1 part by weight, the disproportionation
      conversion of the hydrocarbon mixture is undesirably low.
PAR  The barium or strontium compound and the silver compound as specified above
      may be deposited onto the activated alumina carrier by conventional
      methods, for example, the impregnation method wherein the activated
      alumina carrier is impregnated with a solution of both the compounds and
      then, dried to prepare the precursory catalyst. The precursory composite
      catalyst may be calcined at a temperature of 300.degree. to 900.degree.C,
      preferably, 500.degree. to 600.degree.C, for 1 to 5 hours. The calcination
      is may be carried out in a nitrogen gas or an air atmosphere, by a
      conventional calcination method, for example, using an electric furnace.
PAR  The hydrocarbon mixture usable for the method of the present invention
      contains isobutene and n-butene. It is prefeable that isobutene in the
      hydrocarbon mixture be in an amount of 30% or more, more preferably, 30 to
      60% by weight. In the conventional disproportionation method for butenes,
      it is known that an increase in the butene-1 content in the hydrocarbon
      mixture causes an undesirable increase in the content of n-pentenes in the
      C.sub.5 fraction. However, in the disproportionation step of the method of
      the present invention, butene-1 in the hydrocarbon mixture is isomerized
      to butene-2 and simultaneously disproportionated. That is, in the method
      of the present invention the n-butene may contain butene-1. Accordingly,
      in the method of the present invention, the undesirable production of
      n-pentene is very little. That is, the C.sub.5 fraction produced by the
      process of the present invention includes a very high content of
      isopentene; in other words, it consists essentially of isopentene.
PAR  The hydrocarbon mixture usable for the method of the present invention may
      contain, other than isobutene and n-butene, hydrocarbons such as n-butane,
      isobutane, propylene, propane, 1,3-butadiene, isopentane, isopentene,
      isoprene, n-pentane, pentene-1 and pentene-2. It is preferable that the
      total content of the other hydrocarbons contained in the hydrocarbon
      mixture be not higher than 15% by weight. Especially, it is desirable for
      the content of conjugated diene compounds, for example, 1,3-butadiene and
      isoprene, to be in a very small amount, 1.0% by weight or less.
PAR  The hydrocarbon mixture usable for the method of the present invention may
      be a so-called spent BB fraction which is an extraction residue prepared
      by extracting 1,3-butaniene from a fraction of distillate consisting of
      hydrocarbons having 4 carbon atoms (C.sub.4 fraction) produced by thermal
      decomposition or catalytic cracking of natural gas, petroleum gas, naphtha
      or other petroleum fraction.
PAR  In the disproportionation step in the method of the present invention,
      there is no limitation in feed rate of the hydrocarbon mixture. However,
      it is preferable that the hydrocarbon mixture be brought into contact with
      the catalyst at a flow rate, per 1 cm.sup.3 of the catalyst, of 50 to
      1,200 Ncm.sup.3 /hour, more preferably, 100 to 700 Ncm.sup.3 /hour
      calculated in terms of volume under the standard conditions of a
      temperature of 0.degree.C and a pressure of 760 mmHg. In the method of the
      present invention, the smaller the flow rate of the hydrocarbon mixture,
      the higher the disproportionation conversion and the content of C.sub.5
      fraction in the disproportionation product, and the larger the flow rate
      of the hydrocarbon mixture, the lower the disproportionation conversion.
PAR  In the method of the present invention, the disproportionation operation is
      carried out at a temperature of 200.degree. to 350.degree.C. The
      disproportionation at a temperature lower than 200.degree.C results in an
      undesirably low disproportionation conversion and an undesirably very high
      content of the C.sub..sub.+6 fraction in the disproportionation product.
      Also, the disproportionation at a temperature higher than 350.degree.C
      causes an undesirable increase in the contents of the C.sub..sub.+6
      fraction and decomposition products, for example, ethylene in the
      disproportionation product and a decrease in content of isopentene.
PAR  Accordingly, the temperature less than 200.degree.C or more than
      350.degree.C are unsuitable for the practical disproportionation process
      in the method of the present invention.
PAR  Disproportionation in the method of the present invention is preferably
      carried out under normal pressure or a pressurized condition up to 10
      kg/cm.sup.2 G.
PAR  When the hydrocarbon mixture containing isobutene and n-butene is
      disproportionated by the method of the present invention, the resultant
      disproportionation product consists essentially of propylene, hydrocarbons
      having five carbon atoms (C.sub.5 fraction) and hydrocarbons having 6 or
      more carbon atoms (C.sub..sub.+6 fraction). Both the C.sub.5 fraction and
      C.sub..sub.+6 fraction consist of olefins. The content of the
      C.sub..sub.+6 fraction in the disproportionation product does not exceed
      25% by weight. The C.sub.5 fraction contains an isopentene content of not
      less than 95%. Accordingly, the method of the present invention produces
      high yields of propylene and isopentene which are very useful to the
      chemical industry. Further, isopentene obtained by the method of the
      present invention can be readily isolated and purified by conventional
      methods. That is, the C.sub.5 fraction can be isolated from the reaction
      mixture by distillation at a temperature of 20.degree. to 40.degree.C
      under normal pressure. The C.sub.5 fraction thus isolated consists
      essentially of isopentene and, therefore, can be subjected to an isoprene
      producing process wherein the isopentene is dehydrogenated.
PAR  The present invention will be further illustrated by the following examples
      which are given for purposes of illustration only and not as limitations
      to the scope of the present invention.
PAR  In the following examples and comparison examples, composition of the
      disproportionation product was determined by the method detailed below.
      After the disproportionation process was completed, the reaction mixture
      was subjected to gas chromatography analysis to determine and record
      amounts of the component hydrocarbons in the reaction mixture. From the
      record of the gas chromatographic analysis which contains the analysis
      results of all the component compounds in the reaction mixture, the
      analysis results of the disproportionation product hydrocarbons were
      isolated from the analysis results of the non-reacted hydrocarbons in the
      reaction mixture. From said isolated analysis results, the contents of the
      component hydrocarbons in the disproportionation product were calculated
      in %, based on the weight of the disproportional product. Also, the
      contents of the C.sub.5 fraction and the C.sub..sub.+6 fraction were
      calculated from the result of the gas chromatography analysis in the same
      manner as stated above. Further, the content of isopentene was calculated
      on the basis of the weight of the C.sub.5 fraction. The disproportionation
      conversion ratio was calculated as a ratio in percent of the weight of the
      disproportionation product to the original weight of the hydrocarbon
      mixture subjected to the disproportionation process.
DETD
PAC  EXAMPLES 1  THROUGH 3
PAR  In Example 1, in order to prepare a composite catalyst, an active high
      purity alumina (trademark: Neobeat, made by Mizusawa Chemical Industries
      Co., Ltd., Japan) containing 97% weight or more of alumina (Al.sub.2
      O.sub.3), 0.2 % by weight of silica (SiO.sub.2) and 0.01% by weight of
      sodium oxide (Na.sub.2 O) was reduced to fine particles having a 14 to 32
      mesh size. After the activated alumina was heat-treated at a temperature
      of 550.degree.C for 3 hours in a dried air atmosphere, the heat-treated
      activated alumina was impregnated with an aqueous solution of 2.3% by
      weight of silver nitrate and 0.6% by weight of barium nitrate, dried at a
      temperature of 100.degree. to 120.degree.C for 24 hours and calcined at a
      temperature of 600.degree.C for 4 hours in an air atmosphere. The
      resultant composite catalyst contained the silver component and the barium
      component in the amounts indicated in Table 1 per 100 parts by weight of
      the activated alumina. The silver component amount was calculated in terms
      of silver metal and the barium component amount was in terms of barium
      oxide.
PAR  A spent BB fraction gas consisting essentially of 46.3% by weight of
      isobutene, 14.7% by weight of butene-2, 27.0% of weight of butene-1, 1.2%
      by weight of isobutene, 10.7% by weight of n-butane, 0.1% by weight of the
      sum of propane, propylene, 1.3-butadiene and propadiene, was fed into a
      reactor at a flow rate of 500 Ncm.sup.3 /cm.sup.3.catalyst/hr and brought
      into contact with 6 cm.sup.3 of the above-prepared composite catalyst
      located within the reactor at a temperature of 250.degree.C under normal
      pressure to effect the disproportionation of the spent BB fraction.
PAR  In Examples 2 and 3, operations identical to those in Example 1 were
      repeated, except that the concentrations of the silver nitrate and barium
      nitrate in the aqueous solutions were respectively 2.3% by weight and 1.2%
      by weight (Example 2) and 2.3% by weight and 1.8% by weight (Example 3)
      and the silver component and the barium component on the activated alumina
      carrier were in the amounts indicated in Table 1.
PAR  Table 1 indicates the disproportionation conversion ratios in the above
      examples, contents of the resultant isopentene in C.sub.5 fractions and
      compositions of the disproportionation products, at the stage 2.5 hours
      after the start of the disproportionation process in Examples 1 through 3.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Item                                                                      
         Amount                                                                
              Amount                                                           
                   Dispropor-                                                  
                         Content                                               
         of   of   tionation                                                   
                         of   Composition of                                   
         Silver                                                                
              Barium                                                           
                   conversion                                                  
                         Isopen-                                               
                              Disproportionation                               
         Com- Com-       tene in                                               
                              Product                                          
         ponent                                                                
              ponent     C.sub.5                                               
                              (%)                                              
                         Fraction                                              
     Ex- (Part                                                                 
              (Part                                                            
                   (%)   (%)  Pro-                                             
                                  C.sub.5                                      
                                       C.sub.+.sub.6                           
     ample                                                                     
         by   by              pylene                                           
                                  Fraction                                     
                                       Fraction                                
     No. Weight)                                                               
              Weight)                                                          
     __________________________________________________________________________
     1   4.3  1.1  25.5  100  26.9                                             
                                  48.2 24.9                                    
     2   4.3  2.2  22.5  100  30.1                                             
                                  51.1 18.8                                    
     3   4.3  3.3  14.7  100  33.4                                             
                                  58.7  7.9                                    
     __________________________________________________________________________
PAC  EXAMPLES 4 THROUGH 10
PAR  In each of the Examples 4 through 10, the same procedures as in Example 2
      were carried out except that the concentration of the silver nitrate in
      aqueous solution and the amount of the silver component on the activated
      almina carrier were as indicated in Table 2. The results 2.5 hours after
      the start of the disproportionation process are indicated in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Item                                                                      
         Concen-                                                               
              Amount                                                           
                   Dispropor-                                                  
                         Content                                               
         tration                                                               
              of   tionation                                                   
                         of   Composition of                                   
         of   Silver                                                           
                   conversion                                                  
                         Isopen-                                               
                              Disproportionation                               
         Silver                                                                
              Com- (%)   tene in                                               
                              Product                                          
         Nitrate                                                               
              ponent     C.sub.5                                               
                              (%)                                              
         (%)             Fraction                                              
     Ex-      (Part      (%)  Pro-                                             
                                  C.sub.5                                      
                                       C.sub.+.sub.6                           
     ample    by              pylene                                           
                                  Fraction                                     
                                       Fraction                                
     No.      Weight)                                                          
     __________________________________________________________________________
     4   0.5  1    17.1  100  30.9                                             
                                  54.0 15.1                                    
     5   1.1  2    20.5  100  30.0                                             
                                  53.2 16.8                                    
     6   1.6  3    19.1  100  28.7                                             
                                  51.0 20.3                                    
     7   2.6  5    21.0  100  29.9                                             
                                  51.4 18.7                                    
     8   3.7  7    22.7  100  30.0                                             
                                  51.1 18.9                                    
     9   5.2  10   21.3  100  29.4                                             
                                  51.1 19.5                                    
     10  7.9  15   17.6  100  31.7                                             
                                  53.8 14.5                                    
     __________________________________________________________________________
PAC  EXAMPLES 11 THROUGH 14
PAR  In each of the Examples 11 through 14, procedures indentical to those in
      Example 7 were effected, except that the hydrocarbon mixture was fed into
      the reactor at the flow rate indicated in Table 3. The results 2.5 hours
      after the start of the disproportionation process are indicated in Table
      3.
TBL                Table 3                                                     
     ______________________________________                                    
     Item  Flow     Dispropor-                                                 
                              Content                                          
           Rate of  tionation of     Composition of                            
           Hydro-   Conversion                                                 
                              Isopen-                                          
                                     Disproportionation                        
           carbone  (%)       tene in                                          
                                     Product                                   
           Mixture            C.sub.5                                          
                                     (%)                                       
           (Nem.sup.3 /       Fraction                                         
     Ex-   cm.sup.3       (%)      Pro-  C.sub.5                               
                                              C.sub.+.sub.6                    
     ample Cata-                   pylene                                      
                                         Frac-                                 
                                              Frac-                            
     No.   lyst/                         tion tion                             
           Hr                                                                  
     ______________________________________                                    
     11    150      40.0      100    28.1  48.9 23.0                           
     12    300      31.3      100    30.3  49.7 20.0                           
     13    750      18.5      100    31.1  51.8 17.1                           
     14    1000     14.7      100    32.4  50.7 16.9                           
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  In Example 15 operations identical to those in Example 7 were repeated,
      except that the disproportionation temperature was 300.degree. in place of
      250.degree.C. At the stage 2.5 hours after the beginning of the
      disproportionation process, the contents of propylene, the C.sub.5
      fraction and C.sub..sub.+6 fraction in the disproportionation product were
      respectively 32.0, 50.8 and 17.2% by weight, the content of isopentene in
      the C.sub.5 fraction was 99.0% and the disproportionation conversion was
      17.9%.
PAC  EXAMPLE 16
PAR  In Example 16 procedures identical to those in Example 7 were carried out,
      except that the activated high purity alumina was of the trademark .gamma.
      - Alumina made by Nikki Chemical Co., Ltd., Japan and consisted
      essentially of 97% by weight or more of pure alumina, 0.2% by weight of
      silica and 0.02% by weight of sodium oxide. At the stage 2.5 hours after
      the beginning of the disproportionation process, the contents of
      propylene, the C.sub.5 fraction and C.sub..sub.+6 fraction in the
      disproportionation product were respectively 30.7, 51.6 and 17.7% by
      weight, the content of isopentene in the C.sub.5 fraction 100% and the
      disproportionation conversion 22.8%.
PAC  EXAMPLES 17 THROUGH 19
PAR  In each of the Examples 17 through 19, the same procedures as in Example 7
      were carried out, except that strontium nirate was used in an amount
      indicated in Table 4, and calculated in terms of strontium oxide, as a
      component of the composite catalyst in place of the barium nitrate. The
      results at the stage 2.5 hours after the start of the disproportionation
      process are indicated in Table 4.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Item                                                                      
         Amount                                                                
              Dispropor-                                                       
                    Content of                                                 
         of   tionation                                                        
                    Isopentene                                                 
                          Composition of                                       
         Stron-                                                                
              Conversion                                                       
                    in C.sub.5                                                 
                          Disproportionation                                   
         tium (%)   Fraction                                                   
                          Product                                              
         Com-       (%)   (%)                                                  
         ponent                 C.sub.5                                        
                                     C.sub.+.sub.6                             
     Ex- (Part            Propylene                                            
                                Fraction                                       
                                     Fraction                                  
     ample                                                                     
         by                                                                    
     No. Weight)                                                               
     __________________________________________________________________________
     17  1.2  23.8  100   26.6  50.4 23.0                                      
     18  2.4  16.5  100   25.0  55.3 19.7                                      
     19  3.6  11.6  100   27.4  59.0 13.6                                      
     __________________________________________________________________________
PAC  EXAMPLE 20
PAR  In Example 20 the same procedures as in Example 7 were repeated using
      barium chloride in place of barium nitrate. At the stage 2.5 hours after
      the start of the disproportionation process, the contents of propylene,
      the C.sub.5 fraction and the C.sub..sub.+6  fraction in the
      disproportionation were respectively 32.8, 55.7, 11.5% by weight, the
      content of isopentene in the C.sub.5 fraction was 100% and the
      disproportionation convertion was 18.3%.
PAC  EXAMPLE 21
PAR  In Example 21 the same operations as in Example 7 were repeated using
      silver carbonate in place of silver nitrate. At the stage 2.5 hours after
      the start of the disproportionation process, the contents of propylene,
      the C.sub.5 fraction and the C.sub..sub.+6 fraction in the
      disproportionation product were respectively 29.4, 51.6 and 19.0% by
      weight, the content in the C.sub.5 fraction was 100% and the
      disproportionation conversion was 19.8%.
PAC  COMPARISON EXAMPLES 1 THROUGH 3
PAR  In Comparison Examples 1 and 2, the same procedures as in Example 2 were
      carried out using no silver nitrate in Comparison Example 1 and no barium
      nitrate in Comparison Example 2.
PAR  In comparison Examples 3, operations identical to those in Example 7 were
      carried out, except that the disproportionation temperature was
      400.degree. in place of 250.degree.C. The results at the stage 2.5 hours
      after the start of each disproportionationn process are indicated in Table
      5.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Item Dispropor-                                                           
                 Amount                                                        
                       Amount                                                  
                             Dispropor-                                        
                                   Content of                                  
                                         Composition of                        
          tionation                                                            
                 of Silver                                                     
                       of Barium                                               
                             tionation                                         
                                   Isopentene                                  
                                         Disproportionation                    
          Temperature                                                          
                 Component                                                     
                       Component                                               
                             Conversion                                        
                                   in C.sub.5                                  
                                         Product                               
          (.degree.C)        (%)   Fraction                                    
                                         (%)                                   
                                   (%)                                         
     Example     (Part by                                                      
                       (Part by          Propylene                             
                                               C.sub.5                         
                                                    C.sub.+.sub.6              
     No.         Weight)                                                       
                       Weight)                 Fraction                        
                                                    Fraction                   
     __________________________________________________________________________
     1    250    0     2.2   13.7  100   23.1  49.5 27.4                       
     2    250    4.3   0     22.9  100   17.0  35.0 48.0                       
     3    400    5     2.2    6.4  92.0  15.9  41.8 40.0                       
     __________________________________________________________________________
      Note:                                                                    
      The disproportionation product in Comparison Example 3 further contained 
      2.3% by weight of ethylene.                                              
PAC  COMPARISON EXAMPLE 4
PAR  The same activated high purity alumina as used in Example 1 was reduced to
      fine particles having 14 to 32 mesh size and preliminarily heat-treated at
      a temperature of 800.degree.C for 3 hours in an air atmosphere. The
      activated alumina thus heat-treated was impregnated with an aqueous
      solution containing 2.6% by weight of silver nitrate, 1.2% by weight of
      barium nitrate and 0.6% by weight of sodium hydroxide, dried at a
      temperature of 100.degree. to 120.degree.C for 24 hours and heat-treated
      at a temperature of 600.degree.C for 4 hours in air flow. The resultant
      composite catalyst consisted of 100 parts by weight of the activated
      alumina, 5 parts by weight of the silver component calculated in terms of
      silver metal, 2.2 parts by weight of the barium component in terms of
      barium oxide and 1.3 parts by weight sodium conponent in terms of sodium
      oxide.
PAR  The same disproportionation operations as those in Example 1 were repeated.
      At the stage 2.5 hours after the start of the disproportionation process,
      the contents of propylene, the C.sub.5 fraction and C.sub..sub.+6 fraction
      in the disproportionation product were respectively 11.7, 21.9 and 66.4%
      by weight, the content of isopentene in the C.sub.5 fraction was 100% and
      the disproportionation conversion was 10.4%.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for producing isopentene comprising the steps of:
PA1  providing a composite catalyst which has been prepared from 100 parts by
      weight of a carrier material consisting of an activated high purity
      alumina, 0.5 to 5 parts by weight of a barium or strontium compound
      calculated in terms of an oxide thereof and 1 to 20 parts by weight of a
      silver compound calculated in terms of silver metal by depositing said
      barium or strontium compound and said silver compound onto said alumina
      carrier to produce a precursory composite catalyst and calcining the
      precursory composite catalyst at a temperature of 300.degree. to
      900.degree.C,
PA1  bringing a hydrocarbon mixture containing isobutene and n-butene into
      contact with said composite catalyst at a temperature of 200.degree. to
      350.degree.C, and;
PA1  isolating the resultant isopentene from the reaction mixture.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein said barium compound is selected
      from the group consisting of barium salts of inorganic acids, barium salts
      of organic acids having 1 to 6 carbon atoms, barium hydroxide, barium
      oxide, and mixtures of two or more of the above mentioned compounds.
NUM  3.
PAR  3. A method as claimed in claim 2, wherein said barium salt of inorganic
      acid is selected from barium nitrate, barium sulfate, barium carbonate,
      barium chloride and mixtures of two or more of the above-mentioned
      compounds.
NUM  4.
PAR  4. A method as claimed in claim 2, wherein said barium salts of organic
      acid is selected from the group consisting of barium formate, barium
      acetate, barium propionate, barium n-butyrate, barium isobutyrate, barium
      n-valerate, barium isovalerate, barium n-caproate, barium pivalate, barium
      acrylate, barium methacrylate, barium crotonate, barium oxalate, barium
      malonate, barium succinate and mixtures of two or more of the
      above-mentioned compounds.
NUM  5.
PAR  5. A method as claimed in claim 1, wherein said strontium compound is
      selected from the group consisting of strontium salts of inorganic acids,
      strontium salts of organic acids having 1 to 6 carbon atoms, strontium
      oxide, strontium hydroxide and mixtures of two or more of the
      above-mentioned compounds.
NUM  6.
PAR  6. A method as claimed in claim 5, wherein said strontium salt of inorganic
      acid is selected from the group consisting of strontium nitrate, strontium
      sulfate, strontium carbonate, strontium chloride and mixtures of two or
      more of the above-mentioned compounds.
NUM  7.
PAR  7. A method as claimed in claim 5, wherein said strontium salt of organic
      salt is selected from the group consisting of strontium formate, strontium
      acetate, strontium propionate, strontium n-butyrate, strontium
      isobutyrate, strontium n-valerate, strontium isovalerate, strontium
      n-caproate, strontium pivalate, strontium acrylate, strontium
      methacrylate, strontium crotonate, strontium oxalate, strontium malonate,
      strontium succinate and mixtures of two or more of the above-mentioned
      compounds.
NUM  8.
PAR  8. A method as claimed in claim 1, wherein said silver compound is selected
      from the group consisting of silver nitrate, silver sulfate, silver
      carbonate, silver halides, silver cyanide, silver thiocyanate and mixtures
      of two or more of the above-mentioned compounds.
NUM  9.
PAR  9. A method as claimed in claim 1, wherein said alumina carrier contains at
      least 95% by weight of pure alumina.
NUM  10.
PAR  10. A method as claimed in claim 1, wherein said alumina carrier is
      prepared by heat-treating alumina gel.
NUM  11.
PAR  11. A method as claimed in claim 10, wherein said heat-treatment is carried
      out at a temperature of 400.degree. to 600.degree.C.
NUM  12.
PAR  12. A method as claimed in claim 1, wherein said alumina carrier contains
      alkali metal compound in an amount of 0.5% by weight or less, and silica
      in an amount of 5% by weight or less.
NUM  13.
PAR  13. A method as claimed in claim 1, wherein said alumina carrier is in the
      form of grain having a diameter of 2 to 10 mm.
NUM  14.
PAR  14. A method as claimed in claim 1, wherein said alumina carrier is in the
      form of fine particles having a 10 to 50 mesh size.
NUM  15.
PAR  15. A method as claimed in claim 1, wherein said alumina carrier is
      preliminarily heat-treated in an inert gas atmosphere at a temperature of
      500.degree. to 800.degree.C.
NUM  16.
PAR  16. A method as claimed in claim 1, wherein said hydrocarbon mixture
      contains 30% by weight or more of isobutene.
NUM  17.
PAR  17. A method as claimed in claim 16, wherein said content of isobutene is
      30 to 60% by weight.
NUM  18.
PAR  18. A method as claimed in claim 1, wherein said hydrocarbon mixture is
      brought into contact with said catalyst is a flow rate of 50 to 1,200
      Ncm.sup.3 /hr per 1 cm.sup.3 of said composite catalyst.
NUM  19.
PAR  19. A method as claimed in claim 18, wherein said flow rate of said
      hydrocarbon mixture is 100 to 700 Ncm.sup.3 /hr per 1 cm.sup.3 of said
      composite catalyst.
NUM  20.
PAR  20. A method as claimed in claim 1, wherein said isolating of said
      resultant isopentene is carried out by distillation at a temperature of
      20.degree. to 40.degree.C under normal pressure.
NUM  21.
PAR  21. A method as claimed in claim 1, wherein said contact of said
      hydrocarbon mixture with said composite catalyst is carried out under
      normal pressure or under a pressurized condition up to 10 kg/cm.sup.2 G.
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PAL  The liquid coating composition of this invention is useful as a formable
      coating for the interior of cans and contains the following compatible
      mixture of film-forming constituents:
PA1  A. an acrylic polymer that has at least two or more reactive sites per
      chain such as carboxyl, hydroxyl, epoxide, methylol, amine or amide and
      has a number average molecular weight above 10,000 and a glass transition
      temperature of -20.degree.C to +60.degree.C; and
PA1  B. an epoxy resin that has at least one epoxide group in combination with
      at least one hydroxyl group or epoxide group or combination thereof per
      polymer chain and has a number average molecular weight of 300 to 20,000;
PAL  Wherein the film-forming constituents in the fully cured state have a
      brittle ductile transition temperature of -40.degree.C to +20.degree.C
      measured at an elongation rate of 10% per minute.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a novel coating composition and in particular
      to a coating composition which forms flexible and ductile finishes on
      metal.
PAR  A current method for preparing cans utilized for packaging foodstuffs is to
      draw a flat aluminum or steel sheet into a low profile can body and then
      redraw this can into a deep can body by a second drawing step and
      optionally a bead is crimped on the open edge of the can. The can is then
      cleaned and a coating is sprayed on and baked. The cost of producing these
      cans can be substantially reduced by coating the aluminum or steel sheet
      before it is drawn with a flexible and ductile finish which will not
      fracture, crack or peel during the forming of the can. This elminates the
      separate coating step. Currently, polyvinyl chloride coatings have been
      used as formable finishes on the aluminum sheet. However, after forming
      the can and particularly after forming the bead, a large number of
      failures of the finish due to cracks and peeling of the finish have been
      noted; and also, the finish is not resistant to food staining such as
      staining with pumpkins, tomatoes, tomato soup or ketchup.
PAR  The novel composition of this invention which utilizes a blend of an
      acrylic polymer and an epoxy resin forms a finish which is ductile, and
      has good adhesion to the metal substrate and is resistant to food
      staining.
PAC  SUMMARY OF THE INVENTION
PAR  The liquid coating composition contains as the film forming constituents a
      compatible mixture that consists essentially of:
PA1  A. an acrylic polymer having at least two or more reactive sites per
      polymer chain that are either carboxyl, hydroxyl, epoxide, methylol,
      amide, amine or mixtures of any of the above, having a number average
      molecular weight above 10,000 and a glass transition temperature of
      -20.degree.C to +60.degree.C; and
PA1  B. an epoxy resin having at least one epoxide group in combination with at
      least one hydroxyl group or epoxide group or combination thereof per
      polymer chain and having a number average molecular weight of 300 to
      20,000;
PAL  Wherein the film forming constituents in the fully cured state have a
      brittle ductile transition temperature of -40.degree.C to +20.degree.C
      measured at an elongation rate of 10% per minute.
PAC  DESCRIPTION OF THE INVENTION
PAR  The novel coating composition of this invention preferably has a 25-50% by
      weight solids content of film-forming constituents. The composition can be
      pigmented with a variety of the well known pigments, in a pigment volume
      concentration of about 1-15%.
PAR  The film-forming constituents of the composition are as follows: 60-95% by
      weight of an acrylic polymer and correspondingly 5-40% by weight of an
      epoxy resin. Preferably, 70-80% by weight of the acrylic polymer is used
      with 20-30% by weight of the epoxy resin as the film-forming constituents
      of the novel composition.
PAR  The acrylic polymer has at least two or more reactive sites per polymer
      chain which can be either a carboxyl group, a hydroxyl group, an epoxide
      group, a methylol group, an amine group, an amide group or a mixture of
      two or more of these groups. The polymer has a number average molecular
      weight above 10,000 and preferably a number average molecular weight of
      25,000-70,000 and a glass transition temperature of -20.degree.C to
      +60.degree.C.
PAR  The acrylic polymer used in this invention is prepared by a conventional
      solution or emulsion polymerization technique. In a conventional solution
      polymerization process for preparing the acrylic polymer, the monomers,
      solvents and polymerization catalysts are charged into a conventional
      reaction vessel and heated to about 75.degree.-150.degree.C for about 2-6
      hours to form a polymer that has the aforementioned molecular weight.
PAR  Typical polymerization catalysts that are used are ditertiary butyl
      peroxide, tertiary butyl perbenzoate, benzoyl peroxide and the like.
PAR  A hydrosol can be prepared by polymerizing the arcylic polymer in water
      miscible solvents and then neutralizing the polymer with a base such as an
      amine and then inverting the composition into an aqueous system by the
      addition of water. Suitable solvents are used in the polymerization or
      later added so that the epoxy resin will also be inverted into an aqueous
      system to form the hydrosol.
PAR  The acrylic polymer can also be prepared by a conventional emulsion
      polymerization technique in which the monomers are charged into an aqueous
      medium along with the polymerization cataylsts such as ammonium
      persulfate, hydrogen peroxide and the like with or without a reducing
      agent such as ferrous sulfate. The reaction mixture is heated to a
      temperature of about 60-95.degree.C for about 2 to 4 hours to form the
      emulsion.
PAR  The constituents of the acrylic polymer are chosen so that the acrylic
      polymer has a glass transition temperature of -20.degree.C to +60.degree.C
      determined by differential thermal analysis. Also, the acrylic polymer is
      chosen so that the resulting product will have a brittle ductile
      transition temperature of -40.degree.C to +20.degree.C.
PAR  The brittle ductile transition is the temperature at which the elongation
      at break of a strip of free film of the fully cured coating composition
      about 2.0-4.0 mils thick increases rapidly with temperature and is
      determined on an Instron testing machine using an elongation rate of 10%
      per minute.
PAR  It is necessary that the novel coating composition in its fully cured state
      has a brittle ductile transition temperature within the aforementioned
      range so that the finish will not crack or peel under the severe forming
      conditions utilized to prepare a deep-drawn steel or aluminum can.
PAR  The acrylic polymer generally is comprised of hard segments, soft segments
      and reactive constituents which will provide the aforementioned reactive
      sites to the polymer chain.
PAR  One typical acrylic polymer contains the following constituents:
PA1  10-50% by weight of styrene, methyl styrene, methylmethacrylate or
      acrylonitrile;
PA1  40-89.5% by weight of an alkyl acrylate having 1-18 carbon atoms in the
      alkyl group or an alkyl methacrylate having 2-18 carbon atoms in the alkyl
      group, and
PA1  0.5-10% by weight of an unsaturated carboxylic acid.
PAR  If the composition is to be hydrosol, the acrylic polymer is neutralized
      with an amine before it is blended with the epoxy resin and inverted with
      water into the hydrosol.
PAR  Typical alkyl acrylates and alkyl methacrylates that can be used to prepare
      the acrylic polymer are as follows: methyl acrylate, ethyl acrylate,
      propyl acrylate, isopropylacrylate, butyl acrylate, isobutyl acrylate,
      pentyl acrylate, hexyl acrylate, 2-ethylhexyl acrylate, nonylacrylate,
      decyl acrylate, lauryl acrylate, stearyl acrylate and the like; ethyl
      methacrylate, propyl methacrylate, isopropyl methacrylate, butyl
      methacrylate, isobutyl methacrylate, hexyl methacrylate, 2-ethylhexyl
      methacrylate, nonyl methacrylate, decyl methacrylate, and lauryl
      methacrylate, stearyl methacrylate, and the like.
PAR  Typical acids that are useful to prepare the acrylic polymer are acrylic
      acid, methacrylic acid, maleic acid, itaconic acid, and the like.
      Preferred are acrylic acid and methacrylic acid.
PAR  One particularly useful acrylic polymer is of the following composition:
PA1  30-40% by weight of methacrylate,
PA1  50-65% by weight of ethyl acrylate, and
PA1  5-10% by weight of acrylic acid.
PAR  If the composition is to be a hydrosol, the polymer is neutralized with an
      amine such as diethylaminoethanol before it is inverted with water into a
      hydrosol.
PAR  Another particularly useful acrylic polymer comprises the following
      constituents:
PA1  10-50% by weight of styrene, methyl styrene, methylmethacrylate, or
      acrylonitrile;
PA1  30-88.5% by weight of an alkyl methacrylate having 2-18 carbon atoms in the
      alkyl group or an alkyl acrylate having 1-18 carbon atoms in the alkyl
      group;
PA1  1-10% by weight of an alkoxymethyl acrylamide or an alkoxymethyl
      methacrylamide;
PA1  0.5-10% by weight of an unsaturated carboxylic acid.
PAR  The aforementioned alkyl acrylates and methacrylates and unsaturated
      carboxylic acids are utilized to prepare the above polymer. Typical
      alkoxymethyl acrylamide and alkoxymethyl methacrylamide monomers are as
      follows: butoxymethyl acrylamide, butoxymethyl methacrylamide,
      isobutoxymethyl amide and isobutoxymethyl methacrylamide.
PAR  One particularly useful acrylic polymer of this type which forms a high
      quality composition comprises the following constituents:
PA1  10-25% by weight of styrene;
PA1  65-87.5% by weight of alkyl acrylate having 2-4 carbon atoms in the alkyl
      group;
PA1  2-7% by weight of butoxymethyl acrylamide, and
PA1  0.5-3% by weight of acrylic acid or methacrylic acid.
PAL  If the composition is to be used as a hydrosol, the acrylic polymer is
      neutralized with amines such as diethyl aminoethanol before it is inverted
      with water into a hydrosol.
PAR  The following are other monomers which can be used with styrene, methyl
      styrene, acrylonitrile, and the alkyl acrylates and alkyl methacrylates to
      form the acrylic polymer having the reactive sites: hydroxy ethyl
      acrylate, hydroxy propyl acrylate, hydroxy butyl acrylate, hydroxy ethyl
      methacrylate, hydroxy propyl methacrylate, hydroxy butyl methacrylate,
      glycidyl acrylate, glycidyl methacrylate, aminoethyl acrylate, aminoethyl
      methacrylate, acrylamide, methacrylamide, methylol acrylamide, and
      methylol methacrylamide.
PAR  The epoxy resin utilized in a novel coating composition of this invention
      has at least one epoxide group with at least one hydroxyl group or epoxide
      group or combination thereof per polymer chain and has a number average
      molecular weight of 300 to 20,000. Preferably, the epoxy resin has a
      structure
      ##SPC1##
PAL  wherein n is an integer sufficiently large to provide a polymer having the
      above molecular weight.
PAR  The epoxy resins are preferably prepared by reacting epichlorohydrin and
      the bisphenol such as bisphenol A or bisphenol F to form epoxy resin with
      the desired molecular weight. Preferably, an epoxy resin is utilized in
      which R is a methylene group or an isopropylidene group. Preferred epoxy
      resins of this type have an epoxide equivalent of 875-2500. The epoxide
      equivalent is the grams of resins containing 1 gram equivalent of epoxide.
      Typically preferred resins are "Epon" 1004 and "Epon" 1007.
PAR  Any of the conventional solvents and diluents can be used to prepare the
      novel composition or reduce the novel composition to an application
      viscosity. Typical solvents are xylene, toluene, butylacetate, acetone,
      methyl ethyl ketone, methyl isobutyl ketone, alcohols such as methanol,
      ethanol, propanol, butanol, and the like, ethylene glycol monobutyl ether,
      ethylene glycol monobutyl ether acetate, ethylene glycol monoethyl ether
      acetate, ethylene glycol monoethyl ether, ethylene glycol dibutyl ether
      and the like, hexane, mineral spirits and other aliphatic, cycloaliphatic
      or aromatic hydrocarbon solvents, and other esters, ethers, ketones and
      alcohols. If the novel composition is to be a hydrosol, water miscible
      solvents such as acetone, butanol, ethanol, propanol, ethylene glycol
      monoethyl ether and the like are used.
PAR  If the novel composition is an aqueous emulsion or a hydrosol the acrylic
      polymer is neutralized with a basic compound to improve storage stability
      or to render the polymer water soluble. Typical basic compounds are
      ammonia, primary amines, secondary amines, tertiary amines, hydroxyl
      amines, alkanolamines and the like. Typical compounds are
      monoethanolamine, methylethanolamine, methyldiethanolamine,
      diisopropanolamine, butanolamine, diethyleminoethanol,
      dimethylethanolamine, triethylamine, triisopropanolamine, hexanolamine,
      octylamine, ethylenediamine, diethylenetriamine, triethylenetetramine,
      hexamethylenetetraamine, tetraethylenediamine and the like. Preferred are
      diethylaminoethanol, dimethylethanolamine and triethylamine.
PAR  The following are examples of the many types of pigments that can be
      utilized in the novel coating composition of this invention: titanium
      dioxide, iron oxide, metal hydroxides, metal flakes, metal powders,
      sulfates, carbonates, carbon black, silica, talc, phthalocyanines and
      other organic and inorganic pigments.
PAR  Extender pigments in a 2-8% pigment volume concentration can be used such
      as diatomaceous earth, silica, mica and talc to improve blocking
      resistance of the resulting finish and to provide a flattened nonglossy
      finish.
PAR  Under some conditions it may be desirable to add up to 5% by weight of a
      phenolic or aminoplast resin such as a phenol formaldehyde resin, an
      alkylated melamine formaldehyde resin having 1-4 carbon atoms in the alkyl
      group, a urea formaldehyde resin a resorcinol formaldehyde resin or a
      benzoguanamine formaldehyde resin. Typical alkylated melamine formaldehyde
      resins are hexakis(methoxymethyl)melamine, butylated melamine formaldehyde
      resins, partially methylated melamine formaldehyde resins and the like.
PAR  The novel composition can be applied to a variety of substrates such as
      glass, plastics, metals such as aluminum, steel and the like by the usual
      methods such as spraying, electrostatic spraying, electrocoating, roller
      coating, dipping, brushing, flow coating, coil coating and the like. The
      coating is then baked according to conventional procedures.
PAR  Typical baking conditions are 150.degree. to 370.degree. C for 5 seconds to
      45 minutes to form a film about 0.2 to 2.0 mils thick. Preferably, the
      composition is baked at 175.degree. to 220.degree. C for 5 to 25 minutes.
      In coil coating, accelerated baking conditions are used of 235.degree. to
      290.degree. C for 10 to 60 seconds. For cans a coating thickness of about
      0.3-0.5 mil is used.
PAR  The resulting finish has excellent elongation and forming characteristics
      and has good resistance to food staining and is particularly well suited
      as an interior or exterior formable can coating. These characteristics
      also make the novel composition useful as a finish for formable metal
      parts such as used in applicances, automobiles and trucks.
PAR  The following examples illustrate the invention. The parts and percentages
      are by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  An acrylic polymer is prepared as follows:
TBL                         Parts By                                           
                            Weight                                             
     ______________________________________                                    
     Methyl methacrylate monomer  228.0                                        
     Ethyl acrylate monomer       336.0                                        
     Acrylic acid monomer         36.0                                         
     Benzoyl peroxide             1.8                                          
     Isopropanol                  77.0                                         
     Ethylene glycol monoethyl ether                                           
                                  180.0                                        
                          Total   858.8                                        
     ______________________________________                                    
PAR  The above ingredients are charged into a mixing vessel and then premixed.
      About 1/4 of the premix is placed in a reaction vessel equipped with a
      stirrer, a reflux condenser, a thermometer, a nitrogen inlet and an
      addition funnel. The ingredients are blanketed with nitrogen throughout
      the entire reaction. The ingredients are heated to a slow reflux
      temperature of about 105.degree. C. and then the remainder of the
      ingredients are slowly added over a two-hour period while maintaining the
      above reflux temperature. The reaction mixture is held at its reflux
      temperature for an additional 1 hour and then cooled to room temperature.
      The resulting polymer solution has a solids content of about 70.3% and the
      apparent conversion is about 100% to a polymer of methyl
      methacrylate/ethyl acrylate/acrylic acid having a weight ratio of 38/56/6.
      The polymer has a weight average molecular weight of about 84,000 and a
      number average molecular weight of about 29,000, determined by gel
      permeation chromatography. The polymer has a viscosity at 104.degree. C
      using a Brookfield Viscometer at 20 RPM of 1,605 centipoises, at 50 RPM
      1,650 centipoises and at 100 RPM 1,676 centipoises.
PAR  A hydrosol is prepared as follows:
TBL                          Parts By                                          
                             Weight                                            
     ______________________________________                                    
     Methyl methacrylate/ethyl acrylate/                                       
     acrylic acid copolymer solution                                           
     (prepared above)              660.0                                       
     Epoxy resin (Epon 1004*)      60.5                                        
     Diethylaminoethanol           27.3                                        
     Water                         1009.8                                      
                          TOTAL    1757.6                                      
     ______________________________________                                    
PAL  * epon 1004 - epoxy resin of the formula
      ##SPC2##
PAR  The acrylic resin solution is heated to a slow reflux temperature of about
      105.degree. C. and then the amine is added with constant agitation. The
      solid epoxy resin is next added to the batch and the mixture is held at
      its reflux temperature about 15 minutes. The heat is then turned off and
      water is added to the reaction mixture over a 60-minute period to invert
      the composition to a hydrosol. The resulting hydrosol has a solids content
      of about 30%, an acrylic/epoxy ratio of 88.5/11.5, a pH (60%
      neutralization of acrylic acid) of 7.6 and a viscosity at room temperature
      measured on a Brookfield Viscometer at 20 RPM of 116 centipoises. The
      composition has an organic solvent content of about 11%.
PAR  A mill base is prepared as follows:
TBL                          Parts by                                          
                             Weight                                            
     ______________________________________                                    
     Acrylic/epoxy resin hydrosol  150.0                                       
     (prepared above)                                                          
     Titanium dioxide pigment      225.0                                       
     Ethylene glycol monobutyl ether                                           
                                   7.5                                         
     Water                         67.5                                        
                          TOTAL    450.0                                       
     ______________________________________                                    
PAR  The above ingredients are charged into a ceramic ball mill and milled for
      about 16 hours to provide a mill base having a pigment to binder ratio of
      5/1, and a resin content of 10% and a pigment content of 50%.
PAR  A pigmented hydrosol composition is prepared as follows:
TBL                        Parts By                                            
                           Weight                                              
     ______________________________________                                    
     Acrylic/Epoxy resin hydrosol                                              
     (prepared above)            648.4                                         
     Mill base (prepared above)  133.0                                         
                         Total   781.4                                         
     ______________________________________                                    
PAR  The above ingredients are thoroughly blended together to provide a
      composition that has a solids content of about 35%, a resin content of
      26.6%, a pigment to binder ratio of about 32/100 and a pH of 7.8. The
      viscosity of the composition at room temperature measured on a Brookfield
      viscometer at 20 RPM is 100 centipoises, at 50 RPM is 116 centipoises and
      at 100 RPM is 152 centipoises.
PAR  The above composition is drawn-down onto both sides of 5050H19 aluminum
      panels of various sizes and then baked at 290.degree. C for about 25 to 35
      seconds to form a finish about 0.3-0.4 mil thick. The following tests were
      conducted on the coated panels:
PAC  Formability Test
PAR  Circular blanks of the above coated aluminum panel 82 millimeters in
      diameter are prepared. The blank is first drawn into a shallow cup
      resulting in a 45% diameter reduction; next the cup is redrawn into a deep
      can at an additional 20% diameter reduction; third the cup is drawn into
      an even deeper can with a 22% diameter reduction. After each of the
      drawing steps, an acidified copper sulfate solution is placed into the can
      to stain any cracks or cuts in the finish. No cracks or cuts or loss of
      adhesion are noted in the finish after any of the drawing steps.
PAR  After the can is formed, the upper one-fifth of the can is cut off,
      flattened and bent through a 11/2 T bend so that the bend axis is in the
      circumferential direction and the interior coating is elongated. The
      coating is examined for cracks as above and another portion of the can is
      bent through a 2 T bend as above and the coating is examined for cracks.
      No cracks in the coating are noted.
PAC  Process/Product Resistance Test
PAR  The above prepared 2 .times. 4 coated aluminum panels are placed in 150
      milliliter size beakers, one panel per beaker which is filled to the 110
      milliliter mark with distilled water, another with pumpkin pulp and
      another with tomato soup, which has a pH of about 4.4. The beakers are
      placed inside a four-quart cast aluminum pressure cooker on top of a
      perforated cooking plate. The bottom of the pressure cooker is filled with
      distilled water to the top of the cooking plate and the pressure cooker is
      securely closed, then heated until steam emerges continuously from the
      vent. The pressure regulator is then placed on the vessel an the cooling
      time is started the instant the pressure regulator indicates 15 pounds per
      square inch. After the end of the 60 minute cooking time, the pressure
      cooker is quenched with cool water. Cooking conditions are maintained at
      120.degree. C and 15 pounds per square inch gauge pressure throughout the
      cooking process. The panels are then removed and the coating is examined
      on each panel for staining, adhesion, blistering and blushing. No staining
      of the coating is noted, the coating has excellent adhesion to the metal
      substrate and no blistering or blushing of the coated panel is noted.
PAC  EXAMPLE 2
PAR  An acrylic polymer solution is prepared as follows:
TBL                          Parts by                                          
                             Weight                                            
     ______________________________________                                    
     Methyl methacrylate monomer   210.0                                       
     Ethyl acrylate monomer        342.0                                       
     Acrylic acid monomer          48.0                                        
     Benzoyl peroxide              2.4                                         
     Isopropanol                   78.0                                        
     Ethylene glycol monoethyl ether                                           
                                   178.0                                       
     Epoxy resin (Epon 1007*)      112.4                                       
     Diethylaminoethanol           4.0                                         
                          TOTAL    974.8                                       
     ______________________________________                                    
      *Epon 1007 resin (epoxy resin having the general formula as described in 
      Example 1 and having a Gardner Holdt viscosity of Y-Z measured as        
      described in Example 1 and an epoxide equivalent of 2000-2500).          
FNT  * Epon 1007 resin (epoxy resin having the general formula as described in
      Example 1 and having a Gardner Holdt viscosity of Y-Z measured as
      described in Example 1 and an epoxide equivalent of 2000-2500).
PAR  The above ingredients are premixed, taking particular care to dissolve the
      epoxy resin. About 1/4 of the above premixed ingredients are charged into
      a reaction vessel equipped as in Example 1 and heated to a slow reflux
      temperature of about 105.degree. C. under a blanket of nitrogen. The
      remainder of the premixed ingredients in slowly added over a 2 hour period
      while maintaining the above reflux temperature. The following ingredients
      are then blended together:
TBL                          Parts by                                          
                             Weight                                            
     ______________________________________                                    
     Benzoyl peroxide               0.6                                        
     Isopropanol                   10.0                                        
     Ethylene glycol monoethyl ether                                           
                                   10.0                                        
                          TOTAL    26.6                                        
     ______________________________________                                    
PAL  The above ingredients are premixed and slowly added to the reaction mixture
      over a 30 minute period while maintaining the above reflux temperature and
      the reaction mixture is maintained at its reflux temperature for an
      additional 30 minutes.
PAR  The resulting polymer solution contains the acrylic resin to epoxy resin in
      a weight ratio of 84.2 to 15.8 in which the acrylic polymer is of methyl
      methacrylate/ethyl acrylate/acrylic acid in a weight ratio of 35/57/8. The
      resulting polymer has a number average molecular weight of about 28,000
      and a weight average molecular weight of about 107,000. The viscosity of
      the composition measured at 98.degree. C using a Brookfield Viscometer at
      20 RPM is 13,600 centipoises, at 50 RPM 13,100 centipoises and at 100 RPM
      10,100 centipoises.
PAR  The above composition is converted into a hydrosol as follows:
TBL                           Parts by                                         
                              Weight                                           
     ______________________________________                                    
     Acrylic/Epoxy resin polymer solution                                      
                                    580.0                                      
     (prepared above)                                                          
     Diethylaminoethanol             32.4                                      
     Water                          771.3                                      
                           TOTAL    1383.7                                     
     ______________________________________                                    
PAR  The acrylic/epoxy solution is heated to 110.degree. C. and the heat is
      removed and the amine is added. Then the water is added over a 60-minute
      period with vigorous agitation. The resulting composition has a 30% solids
      content, an acrylic/epoxy ratio of 84.22/15.78, an organic solvent content
      of 11.8%, a diethylaminoethanol content of 2.3% a pH of 7.4 and a
      viscosity measured at room temperature using Brookfield Viscometer at 10
      RPM of 3,300 centipoises, at 20 RPM, 3,250 centipoises, 50 RPM, 3,200
      centipoises and 100 RPM of 3,050 centipoises.
PAR  A mill base is prepared as follows:
TBL                          Parts by                                          
                             Weight                                            
     ______________________________________                                    
     Acrylic/Epoxy hydrosol        150.0                                       
     (prepared above)                                                          
     Titanium dioxide pigment      225.0                                       
     Ethylene glycol monobutyl ether                                           
                                   7.5                                         
     Water                         67.5                                        
                          TOTAL    450.0                                       
     ______________________________________                                    
PAR  The above ingredients are charged into a ceramic ball mill and milled for
      41/2 hours to form a mill base.
PAR  A pigmented composition is prepared as follows:
TBL                          Parts by                                          
                             Weight                                            
     ______________________________________                                    
     Acrylic/Epoxy hydrosol        500.0                                       
     (prepared above)                                                          
     Mill base (prepared above)    102.6                                       
     Water                          38.6                                       
                        TOTAL      641.2                                       
     ______________________________________                                    
PAR  The above ingredients are thoroughly blended together to form the pigmented
      coating composition. The resulting composition has a total solids of
      33.0%, a resins solids of 25%, a pigment content of 8%, a pigment to
      binder ratio of 32/100, a pH of 7.5 and a viscosity measured at room
      temperature using a Brookfield Viscometer at 10 RPM of 246 centipoises, at
      20 RPM of 232 centipoises, at 50 RPM of 230 centipoises and at 100 RPM of
      235 centipoises.
PAR  The above composition is coated onto 5050H19 10 mil aluminum panels with a
      wire wound rod and baked at 290.degree. C for 25 to 35 seconds to form a
      finish of 0.3 to 0.4 mil thick. The finish is tested as in Example 1.
PAR  The finish exhibits no cracks or cuts after being drawn into a can and no
      cracks or cuts or loss of adhesion are noted in the T bend tests.
PAR  The finish is not stained after exposure to tomato soup or pumpkin pulp and
      the finish has excellent adhesion to the substrate with no blistering or
      blushing of the finish being noted.
PAC  EXAMPLE 3
PAR  An acrylic polymer solution is prepared as follows:
TBL                           Parts by                                         
                              Weight                                           
     ______________________________________                                    
     Styrene monomer                140.00                                     
     Ethyl acrylate monomer         612.00                                     
     Methacrylic acid monomer       12.00                                      
     Acrylamide                     16.00                                      
     Butanol                        380.00                                     
     Hydrocarbon solvent having a boiling                                      
                                    177.00                                     
     point of 150 - 190.degree.C. and an aniline                               
     point of 28.degree.C.                                                     
     Portion 2                                                                 
     Ditertiary butyl peroxide      4.64                                       
     Hydrocarbon solvent (described above)                                     
                                    5.00                                       
     Portion 3                                                                 
     Tertiary butyl perbenzoate     6.21                                       
     Hydrocarbon solvent (described above)                                     
                                    50.00                                      
     Portion 4                                                                 
     Hydrocarbon solvent (described above)                                     
                                    24.00                                      
     Portion 5                                                                 
     Butanol formaldehyde           38.40                                      
     Hydrocarbon solvent (described above)                                     
                                    30.00                                      
     Portion 6                                                                 
     Hydrocarbon solvent (described above)                                     
                                    30.00                                      
                           TOTAL    1525.25                                    
     ______________________________________                                    
PAR  The constituents of Portion 1 are premixed and then charged into a reaction
      vessel described in Example 1 and then heated to 100.degree. C. under a
      nitrogen blanket with constant agitation. Portion 2 is added in the order
      shown. An exothermic reaction takes place and is allowed to subside and
      then the reaction mixture is heated to a slow reflux of about 110.degree.
      C. and held for 30 minutes. The temperature is lowered to 100.degree. C.
      and then Portion 3 is premixed and slowly added over a 75-minute period
      while maintaining the temperature at about 100.degree. C. Portion 4 is
      then passed through the reflux condenser and the reaction mixture is held
      at its reflux temperature of about 114.degree. C. for an additional 90
      minutes. Portion 5 is added in the order shown and the reaction mixture is
      held at its reflux temperature for 60 minutes and then 46.5 grams of
      solvent are stripped off in the following two-hour period while
      maintaining the reaction mixture at its reflux temperature. Portion 6 is
      then added and the heat is removed and the reaction mixture is cooled to
      room temperature.
PAR  The resulting composition has a polymer solids content of 55.2% wherein the
      polymer is a styrene/ethyl acrylate/methacrylic
      acid/butoxymethylacrylamide in a weight ratio of 17.5/76.5/1.5/4.5. The
      polymer has number average molecular weight of 47,000, a weight average
      molecular weight of 106,000 determined by gel permeation chromatography
      using polystyrene as the standard. The composition has a viscosity at room
      temperature using a Brookfield Viscometer at 5 RPM of 3,936 centipoises
      and at 100 RPM of 3,936 centipoises.
PAR  An acrylic/epoxy solution is prepared as follows:
TBL                           Parts by                                         
                              Weight                                           
     ______________________________________                                    
     Acrylic polymer solution (prepared above)                                 
                                    427.2                                      
     Epoxy resin solution (40% solids of                                       
                                    160.5                                      
     Epon 1004 resin described in Example 1)                                   
     Lubricant (15% solids Polyethylene wax)                                   
                                     12.0                                      
     Solvent blend (50% hydrocarbon solvent                                    
                                    150.3                                      
     described above and 50% butanol)                                          
                           TOTAL    750.0                                      
     ______________________________________                                    
PAR  The above ingredients are thoroughly blended together to form a 40% solids
      solution wherein the ratio of acrylic polymer to epoxy resin is 78.6/21.4,
      the composition has a viscosity at room temperature using a Brookfield
      Viscometer at 10 RPM of 420 centipoises.
PAR  A mill base is prepared as follows:
TBL                           Parts by                                         
                              Weight                                           
     ______________________________________                                    
     Titanium dioxide pigment       250.0                                      
     Acrylic/Epoxy resin solution   90.6                                       
     (prepared above)                                                          
     Hydrocarbon solvent (described above)                                     
                                    63.8                                       
     Butanol                        63.7                                       
     Ethylene glycol monobutyl ether                                           
                                    31.9                                       
                           TOTAL    500.0                                      
     ______________________________________                                    
PAR  The above ingredients are charged into a ceramic ball mill and milled for
      16 hours to form a white mill base.
PAR  A coating composition is prepared as follows:
TBL                           Parts by                                         
                              Weight                                           
     ______________________________________                                    
     Acrylic polymer solution       427.2                                      
     (prepared above)                                                          
     Epoxy resin solution (40% solids of                                       
                                    160.5                                      
     Epon 1004)                                                                
     Mill base (prepared above)     232.7                                      
     Lubricant (described above)     17.6                                      
     Solvent blend (described above)                                           
                                    168.8                                      
                           TOTAL    1006.8                                     
     ______________________________________                                    
PAR  The above ingredients are thoroughly blended together to form the coating
      composition. The composition has a solids content of 43.7%, a pigment to
      binder ratio of 36/100, an acrylic/epoxy resin ratio of 78.6/21.4 and a
      Brookfield viscosity at room temperature at 10 RPM of 350 centipoises, at
      20 RPM of 345 centipoises, at 50 RPM of 340 centipoises and 100 RPM of 348
      centipoises.
PAR  The above coating composition is applied to a 10 mil 5050H19 aluminum plate
      as in Example 1 to form a finish about 0.3-0.4 mil thick. The finish is
      tested as in Example 1 and exhibits excellent formability without cracking
      or loss of adhesion of the finish and excellent resistance to
      process/product test in which the finish shows stain resistance and good
      adhesion to the substrate. No blistering or blushing of the finish is
      noted under these test conditions.
CLMS
STM  We claim:
NUM  1.
PAR  1. A coating composition consisting essentially of a compatible mixture of
      film-forming constituents in a liquid carrier; wherein the film-forming
      constituents consist essentially of
PA1  a. 60-95% by weight of an acrylic polymer of hard and soft segments and
      having a number average molecular weight of about 25,000-70,000 determined
      according to gel permeation chromatography and a glass transition
      temperature of about -20.degree. C. to +60.degree. C. and wherein the
      acrylic polymer consists essentially of polymerized units of about
PA2  10-50% by weight of styrene, methyl styrene, methyl methacrylate or
      acrylonitrile,
PA2  40-89.5% by weight of an alkyl acrylate having 1-18 carbon atoms in the
      alkyl group or an alkyl methacrylate having 2-18 carbon atoms in the alkyl
      group,
PA2  0.5-10% by weight of an unsaturated carboxylic acid; and
PA1  b. 5-40% by weight of an epoxy resin having at least one vic epoxy group in
      combination with at least one hydroxyl group or epoxide group or mixture
      thereof per polymer chain and having a number average molecular weight of
      300 to 20,000 determined as above;
PAL  wherein the film-forming constituents in the fully cured state have a
      brittle ductile transition temperature of about -40.degree. C. to
      +20.degree. C. measured at an elongation rate of 10% per minute on an
      Instron testing machine using a free film about 2.0-4.0 mils thick of the
      fully cured composition.
NUM  2.
PAR  2. The coating composition of claim 1 containing pigment.
NUM  3.
PAR  3. The coating composition of claim 1 in which the acrylic polymer consists
      essentially of polymerized units of about
PA1  30-40% by weight of methyl methacrylate,
PA1  50-65% by weight of ethyl acrylate,
PA1  5-10% by weight of acrylic acid.
NUM  4.
PAR  4. The coating composition of claim 3 in which the epoxy resin has the
      structure
      ##SPC3##
PAL  where R is an alkylene group having 1-4 carbon atoms, n is an integer
      sufficiently large to provide a polymer having a number average molecular
      of 300 to 20,000.
NUM  5.
PAR  5. The coating composition of claim 1 containing 25-50% by weight of
      film-forming constituents in a solvent for the film-forming constituents;
      wherein the film-forming constituents consist essentially of
PA1  a. 70-80% by weight, based on the weight of the film-forming constituents
      of an acrylic polymer consisting essentially of polymerized units of about
PA2  30-40% by weight of methyl methacrylate,
PA2  50-65% by weight of ethyl acrylate, and
PA2  5-10% by weight of acrylic acid; and
PA1  b. 20-30% by weight, based on the weight of the film-forming constituents,
      of an epoxy resin of the formula
      ##SPC4##
PAL  where n is a positive integer sufficiently large to provide a number
      average molecular weight of 300 to 20,000 and having an epoxide equivalent
      of 875-2500.
NUM  6.
PAR  6. A coating composition consisting essentially of a compatible mixture of
      film-forming constituents in a liquid carrier; wherein the film-forming
      constituents consist essentially of
PA1  a. 60-95% by weight of an acrylic polymer of hard and soft segments and
      having a number average molecular weight of about 25,000-70,000 determined
      according to gel permeation chromatography and a glass transition
      temperature of -20.degree. C. to +60.degree. C. and wherein the acrylic
      polymer consists essentially of polymerized units of about
PA2  10-50% by weight of styrene, methyl styrene, methyl methacrylate or
      acrylonitrile,
PA2  30-88.5% by weight of an alkyl methacrylate having 2-18 carbon atoms in the
      alkyl group or an alkyl acrylate having 1-18 carbon atoms in the alkyl
      group,
PA2  1-10% by weight of alkoxymethyl acrylamide or alkoxymethyl methacrylamide,
PA2  0.5-10% by weight of an unsaturated carboxylic acid; and
PAR  b. 5-40% by weight, of an epoxy resin having at least one vic epoxy group
      in combination with at least one hydroxyl group or epoxide group or
      mixture thereof per polymer chain and having a number average molecular
      weight of 300 to 20,000 determined as above; wherein the film-forming
      constituents in the fully cured stated have a brittle ductile transition
      temperature of about -40.degree. C. to +20.degree. C. measured at an
      elongation rate of 10% per minute on an Instron testing machine using a
      free film about 2.0-4.0 mils thick of the fully cured composition.
NUM  7.
PAR  7. The coating composition of claim 6 containing pigment.
NUM  8.
PAR  8. The coating composition of claim 6 in which the acrylic polymer consists
      essentially of polymerized units of about
PA1  10-25% by weight of styrene,
PA1  65-87.5% by weight of an alkyl acrylate having 2-4 carbon atoms in the
      alkyl group;
PA1  2-7% by weight of butoxymethyl acrylamide,
PA1  0.5-3% by weight of acrylic acid or methacrylic acid.
NUM  9.
PAR  9. The coating composition of claim 8 in which the epoxy resin has the
      structure
      ##SPC5##
PAL  where R is an alkylene group having 1-4 carbon atoms, n is an integer
      sufficiently large to provide a polymer having a number average molecular
      weight of 300 to 20,000.
NUM  10.
PAR  10. The coating composition of claim 6 containing 25-50% by weight of
      film-forming constituents in a solvent for the film-forming constitutes
      wherein the film-forming constitutes consist essentially of
PA1  a. 70-80% by weight, based on the weight of the film-forming constituents
      of an acrylic polymer consisting essentially of
PA2  10-25% by weight of styrene,
PA2  65-87.5% by weight of ethyl acrylate,
PA2  2-7% by weight of butoxymethyl acrylamide,
PA2  0.5-3% by weight of acrylic acid; and
PA1  b. 20-30% by weight, based on the weight of the film-forming constituents,
      of an epoxy resins of the formula
      ##SPC6##
PAL  where n is a positive integer sufficiently large to provide a number
      average molecular weight of 300 to 20,000 and having a epoxide equivalent
      of 875-2500.
PAL  having a Gardner Holdt viscosity of Q-U measured at 40% weight solids in
      diethylene glycol monoethylether at 25.degree.C and an epoxide equivalent
      of 875-1000, wherein the epoxide equivalent is the grams of resin
      containing 1 gram equivalent of epoxide.
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ABST
PAL  Vinyl halide resin compositions having improved fire resistance are formed
      by the introduction into said compositions of a small amount of a reactive
      hydroxy group-containing polyvalent metal salt of a phenol-aldehyde resin
      of the novolac type. The resulting vinyl halide resins evidence increase
      charring of the surface when exposed to heating by a flame or undergoing
      combustion, the surface char acting as a barrier to heat transfer from the
      flame and retarding the flow of volatile gases from the pyrolyzing resin.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Vinyl halide resin compositions are widely used as packaging films,
      sheeting, hose and tubing, coatings, wire insulations, business machine
      and appliance parts and housings, synthetic textile garments and materials
      of construction, among other applications. It is, therefore, of
      considerable importance that such materials have good fire resistance.
      While polyvinyl chloride, vinyl chloride copolymers and vinylidene
      chloride homopolymers and copolymers do not readily burn under ordinary
      circumstances, they release toxic hydrochloric acid fumes when subjected
      to strong heat, and if after ignition the burning material continues to be
      exposed to the flames it can be consumed in the resultant combustion
      process. Other vinyl halide resins such as polyvinylbromide and
      polyvinylfloride similarly release toxic hydrogen halide fumes and can
      also be consumed by combustion in the presence of flames.
PAR  Vinyl halide resins are normally compounded with other materials that
      flexibilize, toughen, or stabilize them against degradation by heat and
      ultraviolet light. However, the use of such additives frequently increases
      the combustibility of the resins. This is true, for example, when adding
      plasticizers such as dioctyl phthalate or dioctyl adipate which impart
      enhanced flexibility, as well as when adding impact modifiers such as
      acrylonitrile butadiene styrene terpolymers.
PAR  Vinyl halide compositions have heretofore been rendered somewhat less
      combustible by incorporating therein materials such as phosphate ester
      plasticizers, antimony oxide, and phosphites or tin-containing
      stabilizers. However, these additives do not alleviate the problem of
      smoke generation which is in part attributable to the evolution of gases
      that burn with very smoky flames as well as to the release of toxic
      hydrohalide acid fumes. Further, such additives do not appreciably
      alleviate the problem of combustion of the polymer composition on being
      exposed to a flame.
PAR  It is an object of this invention to provide novel, fully compounded vinyl
      halide resin compositions which have improved fire resistance and which
      are free of many of the disadvantages associated with the use of
      previously available systems as they are subjected to combustion
      conditions. A more particular object is to provide a vinyl halide resin
      having a composition such that increased charring of the surface of the
      resin will occur when the said surface is subjected to heat by a flame.
      The nature of still other objects of the invention will be apparent from a
      consideration of the descriptive portion to follow.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based on the discovery that the foregoing and
      other objects of the invention can be attained by the provision of a vinyl
      halide resin composition in which a relatively small proportion of a
      reactive hydroxy group-containing polyvalent metal salt of a
      phenol-aldehyde resin has been uniformly introduced. It has been found
      that the introduction of said salt into the vinyl halide resin composition
      enhances char formation greatly improves the fire resistance of the said
      composition when the latter is subjected to heating by a flame or is
      undergoing combustion. This generation of a protective char layer is an
      effective means for achieving increased resistance to fire because less
      fuel is formed, the char forms a barrier to heat transfer into the resin
      composition and retards the flow of volatiles therefrom.
PAR  The hydroxy group-containing salts employed in a practice of the present
      invention contain reactive hydroxyl groups and are those formed from a
      polyvalent metal and an excess of a phenol-aldehyde resin. Preferred salts
      for use herein are the zinc, cupric, stannic, barium, and ferric salts of
      phenol-aldehyde resin, through other polyvalent metals, the salts of which
      with said phenol-aldehyde resin prove to be effective in imparting fire
      resistance to vinyl halide resins compositions may be employed,
      particularly those polyvalent metals found in groups II, IV and VIII of
      the Periodic Table.
PAR  These salts can be prepared in known fashion by reacting a suitable salt
      (e.g. chloride, acetate or the like) or alcoholate of the polyvalent metal
      with an excess of the phenolic reactant, said excess being at least about
      50 percent above the amount theoretically required to satisfy all of the
      metal valencies with --OH groups. This reaction, involving replacement of
      the hydrogen atom of a portion of the phenolic --OH groups by a metal
      valency, is one of metathesis which proceeds readily when the reactants
      are heated together either neat or in the presence of a suitable solvent.
      The by-product acid or alcohol formed during the reaction can then be
      distilled from the mixture, usually at reduced pressures, when the
      reaction is complete.
PAR  The term "phenol-aldehyde resin" is employed herein to designate those
      cmpounds having the structure
      ##SPC1##
PAL  wherein n is a small number having an average value of from about 1 to 4,
      wherein the symbol R.sup.1 represents hydrogen, halogen (Cl, Br or I), or
      alkyl (including cycloalkyl) groups, preferably C.sub.1 - C.sub.5 alkyl
      such as methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl, tert-butyl,
      amyl and cyclopentyl, and wherein R.sup.2 represents hydrogen or a C.sub.1
      - C.sub.3 alkyl group such as methyl, ethyl, propyl or isopropyl. These
      phenolaldehyde resins, which are of the so-called "novolac" type, can
      readily be prepared by the reaction of less than 1 mole of an aldehyde
      reactant with each mole of phenolic compound employed, the reaction being
      carried out in the presence of an acid catalyst to form condensation
      products containing reactive phenolic hydroxyl groups. Said products have
      the condensation carried to a stage where the material is still soluble in
      organic solvents, fusable, and capable of further reaction through the
      reactive hydroxyl groups.
PAR  The term "vinyl halide resin compositions", as employed herein, is intended
      to mean those compositions containing a vinyl halide homopolymer or
      copolymer as the principal polymeric ingredient. It includes vinyl halide
      homopolymers such as polyvinyl chloride, polyvinyl bromide, polyvinyl
      fluoride, polyvinylidene chloride, and polyvinylidene fluoride as well as
      copolymers such as those formed by the polymerization of a mixture of a
      vinyl halide with at least one other polymerizable mono-olefin such as
      vinyl acetate, vinyl propionate, vinyl butyrate, vinyl stearate,
      vinylidene chloride, styrene, methyl methacrylate, dialkyl fumarate or
      maleate and the like. The vinyl halide used is ordinarily and preferably
      the chloride, but the bromide and fluoride may also be used. The
      copolymers useful in the practice of this invention are those containing
      at least 70% of a vinyl halide and up to 30% of the other polymerizable
      mono-olefinic compound. Additionally, the vinyl halide resin composition
      may include any of the usual plasticizers for vinyl halide resins, such,
      for example, as dioctyl phthalate, dioctyl adipate, tricresyl phosphate,
      and the like. The plasticizer is generally present in the amount of about
      5 to 100 parts per 100 parts of the resin. Heat and light stabilizers,
      lubricants, pigments, fillers, extenders, solvents, and the like may also
      be used in preparing the fire retardant resinous compositions.
PAR  The amounts of the aforesaid salts of polyvalent metals with
      phenol-aldehyde resins to be employed in the vinyl halide resin
      composition in carrying out the fire retardance of the present invention
      will vary from one salt and resin composition to another. However, in
      general, said salt additives will be employed in amounts which are
      effective to provide the fully compounded vinyl halide resin composition
      with good char forming and other desired fire resistance characteristics.
      While said amounts of the additives to be used can readily be determined
      for a given resin system by routine methods, good results can be obtained
      with a wide variety of polyvalent metal salts and vinyl halide resin
      compositions by employing vinyl halide resin compositions containing a
      total of from about 1 to 10 percent, in terms of the weight of the vinyl
      halide resin component of the composition, of the polyvalent metal salt.
      Amounts of the salt less than 1 percent have a reduced effect insofar as
      imparting fire resistance to the composition is concerned, while the use
      of the salt in amounts significantly larger than 10 percent appears to be
      without any benefit over and above that obtained with the lesser amount.
PAR  In one method of preparing the salt-containing vinyl halide resin
      compositions of this invention, the vinyl halide homopolymer or copolymer
      is first blended with the fire-retardant salt and the various
      plasticizers, stabilizers, pigments and the like to be employed. This
      composition is then milled on rolls at temperatures of from about
      200.degree. to 350.degree. F. until a homogenous product is obtained. This
      product can then be calendered to a sheet or film. Alternatively the
      mixture can be slush-molded, extruded, or milled and then
      compression-molded to form a variety of products. Still other methods will
      suggest themselves to those skilled in the art.
PAR  Numerous examples are given below wherein one or another of the hydroxy
      group-containing, polyvalent metal salts are incorporated in vinyl halide
      resin compositions which are then pressed into 0.10 inch sheets for test
      in two procedures. At the same time, "controls" were run having the same
      composition, but without the addition of said salts. In one of these
      tests, for which data is given in the table provided with examples 1 - 4,
      char formation and weight loss were determined in a procedure (the
      so-called Propane Torch Test) wherein samples were sandwiched between two
      thin plates of stainless steel each with a 3/4 inch diameter hole in the
      center. The sample was held vertically and the torch flame was brought to
      bear along an axis perpendicular to the sample face. The visible blue
      flame of the torch was 1 inch in length, and the burner tip was held 3
      inches from the sample face; the flame was impinged on the sample surface
      for a period of 20 seconds. Weight loss was recorded after each sample was
      exposed to the flame, and such observations as melting and charring were
      noted. This Propane Torch Test simulates the effects of a high intensity
      fire. As the other test, the National Bureau of Standards Smoke Chamber
      Method was employed to determine smoke obscuration effects and the
      charring that occurs under radiant heat exposure. In this test, with
      respect to which data are also given in the table presented with each of
      the examples, D.sub.s is the specific optical density occurring in the
      chamber, D.sub.m is the maximum specific optical density, T.sub.m is the
      time in minutes when this occurs, and T.sub.16 is the time in minutes
      required to reach a critical smoke density at which D.sub.s = 16 (also
      equivalent to a 16% transmission over a viewing distance of 10 ft in a
      12.5 .times. 20 .times. 8 ft room assuring that a 16% transmission is
      critical). These smoke chamber tests were conducted under flaming
      conditions with the sustaining flame impinging on the sample during the
      entire test.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following examples are set forth to show the unique fire retardant
      properties of increased char formation and lessened smoke generation
      caused by the employment of the polyvalent metal salts of phenol-aldehyde
      resins in vinyl halide resin compositions.
PAC  EXAMPLE 1
PAR  A zinc phenolate salt containing active --OH groups was prepared by
      reacting a phenolic resin with zinc acetate in a 3/1 mole ratio, this
      representing approximately a 300% excess of said resin. More specifically,
      192.6 grams of BRZ 7541, a phenol-aldehyde resin manufactured by Union
      Carbide Corporation, was heated to a molten state (50.degree. C.) in a 500
      ml, 3-neck, round bottom flask. 43.9 grams of zinc acetate [Zn(C.sub.2
      H.sub.3 O.sub.2).sub.2.sup.. 2H.sub.2 O] was slowly added to the molten
      resin, and then the mixture was heated slowly to 180.degree. C. Evolution
      of acetic acid and water of hydration became profuse above 100.degree. C.,
      and vacuum was applied to remove these reaction products. Heating was
      continued for about 45 minutes. The zinc phenolate product was an amber,
      brittle, resinous solid. Said BRZ 7541 has the structure indicated above,
      where the R.sup.1 and R.sup.2 groups are hydrogen, and where n has an
      average value slightly in excess of 1, the molecular weight of the resin
      being 321.
PAR  This additive was incorporated with other modifying ingredients (indicated
      below in Table I) into polyvinyl chloride (PVC resin Geon 101-Ep of B. F.
      Goodrich Chemical Company) by blending at 58.degree. C., milling at
      150.degree. C., and pressing into 0.10 inch sheets at 175.degree. C. The
      results of the Propane Torch and NBS Smoke Chamber Tests are presented
      below in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                A   B   C   D   E   F   G   H   I                              
     __________________________________________________________________________
     PVC resin (1)                                                             
                100 100 100 100 60  60  60  60  60                             
     Stabilizer (2)                                                            
                --  2   2   2   --   2  --   2   2                             
     Plasticizer (3)                                                           
                --  --  --  --  40  40  40  40  40                             
     Zinc Phenolate                                                            
                --  --  1   5   --  --   2   1   5                             
     Propane Torch Test                                                        
      Wt. loss g.                                                              
                0.36                                                           
                    0.34                                                       
                        0.36                                                   
                            0.36                                               
                                0.51                                           
                                    0.34                                       
                                        0.31                                   
                                            0.39                               
                                                0.24                           
      Char formation                                                           
                Porous                                                         
                    Porous                                                     
                        Firm                                                   
                            Firm                                               
                                Melted                                         
                                    Melted                                     
                                        Firm                                   
                                            Firm                               
                                                Firm                           
                char                                                           
                    char                                                       
                        char                                                   
                            char        char                                   
                                            char                               
                                                char                           
     NBS Smoke Chamber                                                         
     Test                                                                      
      Wt. loss, %                                                              
                60  80  43  --  100 83  79  81  75                             
      T.sub.16  0.50                                                           
                    0.55                                                       
                        0.58                                                   
                            --  0.28                                           
                                    0.24                                       
                                        0.15                                   
                                            0.25                               
                                                0.20                           
      T.sub.m   4.15                                                           
                    7.3 5.7 --  1.85                                           
                                    2.7 2.4 2.3 2.6                            
      D.sub.m   590 580 485 --  &gt;800                                           
                                    &gt;800                                       
                                        635 660 700                            
      Char formation                                                           
                Firm                                                           
                    Firm                                                       
                        Flaky                                                  
                            --  None                                           
                                    Flaky                                      
                                        Firm                                   
                                            Firm                               
                                                Firm                           
                char                                                           
                    char                                                       
                        char        char                                       
                                        char                                   
                                            char                               
                                                char                           
     __________________________________________________________________________
      1. Geon 101-Ep from B. F. Goodrich Chemical Company                      
      2. Ferro 5469 from Ferro Corporation, a Ba, Cd, Organic                  
      Inhibitor-Stabilizer                                                     
      3. Dioctyl phthalate                                                     
PAL  This example shows the effectiveness of zinc phenolates in forming firm
      chars, with resultant lower weight loss and suppression of smoke formation
      for both plasticized and non-plasticized PVC-based resin formulations.
      Thus, it will be noted that the non-plasticized PVC formulations C and D,
      which contain 1 and 5 phr (parts per hundred of resin) Zn phenolate,
      respectively, form firm chars by the Propane Torch Test whereas the
      control samples A and B form porous chars. Formulation C performs better
      in the NBS Smoke Chamber Test than the corresponding control sample A
      giving a longer time to yield maximum smoke density (T.sub.m) and showing
      a lower weight loss. Sample D was not tested by this method. The
      plasticized samples G, H, and I, which contain 2, 1, and 5 phr Zn
      phenolate, respectively, form firm chars in the Propane Torch Test whereas
      the corresponding control samples E and F melt. Likewise, for the higher
      amount of zinc phenolate, samples G and I, lower weight losses are given
      by this test. The NBS Test shows that the zinc phenolate-containing
      samples G, H, and I give lower weight losses, form firmer chars and take
      longer times to yield maximum smoke density (T.sub.m) as compared to the
      control samples E and F. In fact, control sample E is consumed entirely by
      fire in this test.
PAC  EXAMPLE 2
PAR  A copper (II) phenolate (i.e., a cupric phenolate) was prepared by reacting
      a phenolic resin with copper nitrate [Cu(NO.sub.3).sub.2.sup.. 3H.sub.2 O]
      in a 3/1 mole ratio. In a manner similar to that of Example 1, 48.3 grams
      of copper nitrate was added to 192.6 grams of molten BRZ 7541 at
      50.degree. C. Reaction was immediate, and vacuum was applied to remove
      water of hydration, HNO.sub.3, and N-oxides, as the mixture was heated to
      150.degree. C. over a 30-minute period. The copper phenolate product was a
      black, brittle, resinous solid. This additive was incorporated with other
      modifying ingredients into polyvinyl chloride and formed into 0.10 inch
      sheets as described in Example 1. The results of the Propane Torch and NBS
      Smoke Chamber Tests were as follows:
TBL                                    TABLE II                                
     __________________________________________________________________________
                 A   B   C   D   E   F   G   H                                 
     __________________________________________________________________________
     PVC resin (1)                                                             
                 100 100 100 100 100 60  60  60                                
     Stabilizer (2)                                                            
                 --   2   2   2  --   2   2   2                                
     Plasticizer (3)                                                           
                 --  --  --  --  --  40  40  40                                
     Cu(II) phenolate                                                          
                 --  --   1   5  5   --   1   5                                
     Propane Torch                                                             
     Test                                                                      
      Wt. loss g 0.36                                                          
                     0.34                                                      
                         0.28                                                  
                             0.30                                              
                                 0.28                                          
                                     0.34                                      
                                         0.31                                  
                                             0.35                              
      Char formation                                                           
                 porous                                                        
                     porous                                                    
                         flaky                                                 
                             firm                                              
                                 flaky                                         
                                     melted                                    
                                         firm                                  
                                             firm                              
                 char                                                          
                     char                                                      
                         char                                                  
                             char                                              
                                 char    char                                  
                                             char                              
     NBS Smoke Chamber                                                         
     test                                                                      
      Wt. loss % 60  80  43  --  --  83  82  76                                
      T.sub.16   0.50                                                          
                     0.55                                                      
                         0.75                                                  
                             --  --  0.24                                      
                                         0.22                                  
                                             0.22                              
      T.sub.m    4.15                                                          
                     7.3 6.4 --  --  2.7 2.05                                  
                                             3.35                              
      D.sub.m    590 580 480 --  --  &gt;800                                      
                                         &gt;800                                  
                                             &gt;800                              
       Char formation                                                          
                 Firm                                                          
                     Firm                                                      
                         Firm        Flaky                                     
                                         Flaky                                 
                                             Flaky                             
                 char                                                          
                     char                                                      
                         char        char                                      
                                         char                                  
                                             char                              
     __________________________________________________________________________
      For Footnotes, see TABLE I                                               
PAL  This example shows the effectiveness of copper (II) phenolates in forming
      firm chars with resultant lower weight loss and in suppressing smoke
      formation, especially for non-plasticized and to some extent for
      plasticized PVC resin formulations. The results from the Propane Torch
      Test as tabulated above show that non-plasticized PVC samples C, D, and E,
      containing 1.5 and 5 phr Cu (II) phenolate, respectively, gave lower
      weight losses and formed firmer chars than the corresponding control
      samples A and B. Sample C also gave a lower weight loss than control
      sample A. It also gave a higher T.sub.m with a lower maximum smoke density
      (D.sub.m) in the NBS Smoke Chamber Test. The plasticized samples G and H,
      which contained 1 and 5 phr Cu phenolate, respectively, formed firm chars
      in the Propane Torch Test whereas the control sample F melted. Sample H,
      with larger amounts of Cu phenolate, showed lower weight loss and higher
      T.sub.m values as compared to control sample F in the NBS Smoke Chamber
      Test.
PAC  EXAMPLE 3
PAR  A barium phenolate was prepared by reacting a phenolic resin with barium
      methoxide [Ba(OCH.sub.3).sub.2 ] in a 3/1 mole ratio. In a manner similar
      to that of Example 1, 10 grams of barium methoxide and 48.1 grams of BRZ
      7541 were combined and heated to 170.degree.-180.degree. C. under vacuum
      for a period of about 2 hours, or until evolution of methanol ceased. The
      product phenolate was a brown, resinous solid. This additive was
      incorporated with other modifying ingredients into polyvinyl chloride and
      formed into 0.10 inch sheets as described in Example 1. The results of the
      Propane Torch and NBS Smoke Chamber Tests were as follows:
TBL                TABLE III                                                   
     ______________________________________                                    
                  A       B         C                                          
     ______________________________________                                    
     PVC resin (1)  60        60        60                                     
     Stabilizer (2) --        --        --                                     
     Plasticizer (3)                                                           
                    40        40        40                                     
     Ba-phenolate   --         2         5                                     
     Propane Torch Test                                                        
      Wt. loss, g   0.51      0.51      0.51                                   
      Char formation                                                           
                    melted    firm      firm                                   
                              char      char                                   
     NBS Smoke Chamber Test                                                    
      Wt. loss, %   100       82        85                                     
      T.sub.16      0.28      0.30      0.21                                   
      T.sub.m       1.85      2.2       2.5                                    
      D.sub.m       &gt;800      &gt;800      &gt;800                                   
      Char formation                                                           
                    none      firm      firm                                   
                              char      char                                   
     ______________________________________                                    
      For Footnotes, see TABLE I                                               
PAL  These results show the effectiveness of barium phenolate in forming firm
      char with resultant lower weight loss for plasticized PVC resin
      formulations.
PAR  The plasticized samples B and C, with 2 and 5 phr Ba phenolate,
      respectively, gave much lower weight losses than the control sample A and
      formed firm chars whereas control sample A melted. In the NBS Smoke
      Chamber Test, sample A was completely consumed whereas samples B and C
      formed firm chars. Samples B and C left a residue in this test whereas
      there was none for sample A. Likewise, T.sub.m was higher for samples B
      and C.
PAC  EXAMPLE 4
PAR  An iron (III) phenolate (i.e., a ferric phenolate) was prepared by reacting
      a phenolic resin with ferric nitrate [Fe(NO.sub.3).sub.3.sup.. 9H.sub.2 O]
      in a 3/1 mole ratio. In a manner similar to that of Example 2, 80.8 grams
      of ferric nitrate was added to 192.6 grams of molten BRZ 7541 with the
      same procedure and results of said example. This additive was incorporated
      with other modifying ingredients into polyvinyl chloride and formed into
      0.10 inch sheets as described in Example 1. The results of the Propane
      Torch and NBS Smoke Chamber Tests were as follows:
TBL                                    TABLE IV                                
     __________________________________________________________________________
                A   B   C   D   E   F   G   H                                  
     __________________________________________________________________________
     PVC resin (1)                                                             
                100 100  100                                                   
                            100 100 60  60  60                                 
     Stabilizer (2)                                                            
                --  --   2   2   2   2   2   2                                 
     Plasticizer (3)                                                           
                --  --  --  --  --  40  40  40                                 
     Fe(III) phenolate                                                         
                --  5   --   1   5  --   1   5                                 
     Propane Torch                                                             
     Test                                                                      
      Wt. loss, g                                                              
                0.36                                                           
                    0.24                                                       
                        0.34                                                   
                            0.19                                               
                                0.22                                           
                                    0.34                                       
                                        0.32                                   
                                            0.35                               
      Char formation                                                           
                porous                                                         
                    firm                                                       
                        porous                                                 
                            firm                                               
                                firm                                           
                                    melted                                     
                                        firm                                   
                                            firm                               
                char                                                           
                    char                                                       
                        char                                                   
                            char                                               
                                char    char                                   
                                            char                               
     NBS Smoke chamber                                                         
     test                                                                      
      Wt. loss, %                                                              
                60  --  80  60  --  83  80  81                                 
      T.sub.16  0.50                                                           
                    --  0.55                                                   
                            1.0 --  0.24                                       
                                        0.22                                   
                                            0.30                               
      T.sub.m   4.15                                                           
                    --  7.3 7.15                                               
                                --  2.7 3.25                                   
                                            3.6                                
      D.sub.m    590                                                           
                    --  580 545 --  &gt;800                                       
                                        &gt;800                                   
                                            735                                
      Char formation                                                           
                firm                                                           
                    --  firm                                                   
                            firm                                               
                                --  flaky                                      
                                        flaky                                  
                                            firm                               
                char    char                                                   
                            char    char                                       
                                        char                                   
                                            flaky                              
                                            char                               
     __________________________________________________________________________
      For Footnotes, see TABLE I                                               
PAL  This example shows the effectiveness of iron (III) phenolates in forming
      firm chars with resultant lower weight loss and in suppressing smoke
      formation for both plasticized and non-plasticized PVC-based resin
      formulations. The results tabulated above show that for non-plasticized
      PVC, samples B, D, and E, containing 5, 1 and 5 phr Fe(III) phenolate,
      respectively, perform better in the Propane Torch Test than control
      samples A and C. Thus, they form firmer chars and show lower weight
      losses. In the NBS Smoke Chamber Test, samples G and H, containing 1 and 5
      phr FE(III) phenolate, respectively, give lower weight losses and higher
      T.sub.m values as compared to control sample F.
PAC  EXAMPLE V
PAR  The iron (III) phenolate of Example IV was milled into a vinyl
      chloride-vinyl acetate copolymer at 110.degree. to 120.degree. C., and
      then pressed into 0.10 inch thickness sheet samples at 150.degree. C. The
      results of NBS Smoke Chamber Tests were as follows:
TBL                TABLE V                                                     
     ______________________________________                                    
                       A       B                                               
     ______________________________________                                    
     VC copolymer resin (1)                                                    
                         100       100                                         
     Fe(III) phenolate   --         2                                          
     NBS Smoke Chamber Test                                                    
      Wt. loss, %        61        51                                          
      T.sub.16           0.32      0.50                                        
      T.sub.m            2.05      5.35                                        
      D.sub.m            315       460                                         
      Char formation     firm      firm                                        
                         char      char                                        
     ______________________________________                                    
      (1) vinylchloride-vinyl acetate copolymer containing 14% vinyl acetate,  
      VYHD, Union Carbide Corporation                                          
PAL  This example shows the effectiveness of iron (III) phenolate with
      vinyl-chloride copolymers in lowering weight loss and suppressing smoke
      formation in a fire situation. Thus, sample B, with 2 phr Fe(III)
      phenolate, shows a lower weight loss and higher T.sub.m value as compared
      to control sample A in the NBS Smoke Chamber Test.
CLMS
STM  We claim:
NUM  1.
PAR  1. A thermoplastic vinyl halide resin composition having good fire
      resistance, said composition comprising a vinyl halide resin admixed with
      from about 1 to 10 weight percent, based on the weight of the vinyl halide
      resin, of the reaction product of a polyvalent metal selected from the
      group consisting of cupric copper and metals of groups II, IV and VIII of
      the Periodic Table with an excess of a thermoplastic phenolaldehyde resin
      of the novolac type, the ratio of phenolic hydroxyl groups of the said
      phenol-aldehyde resin to the valencies of the polyvalent metal being from
      about 1.5 to about 4.5, whereby the said salt contains reactive phenolic
      hydroxy groups as well as salt linkages wherein the hydrogen of a phenolic
      hydroxy group is replaced by a valency of the said metal; said
      phenol-aldehyde resin having the structure
      ##SPC2##
PAL  where n is a small number having an average value of from about 1 to 4,
      R.sup.1 represents hydrogen, halogen or an alkyl group, and R.sup.2
      represents hydrogen or a C.sub.1 - C.sub.3 alkyl group.
NUM  2.
PAR  2. The composition of claim 1 wherein the polyvalent metal is zinc.
NUM  3.
PAR  3. The composition of claim 1 wherein the polyvalent metal is cupric
      copper.
NUM  4.
PAR  4. The composition of claim 1 wherein the polyvalent metal is barium.
NUM  5.
PAR  5. The composition of claim 1 wherein the polyvalent metal is ferric iron.
NUM  6.
PAR  6. The method of improving the fire resistance of a thermoplastic vinyl
      halide resin composition which comprises introducing into said composition
      from about 1 to 10 weight percent, based on the weight of the vinyl halide
      resin, of the reaction product of a polyvalent metal selected from the
      group consisting of cupric copper and metals of groups II, IV and VIII of
      the Periodic Table with an excess of a thermoplastic phenol-aldehyde resin
      of the novolac type, the ratio of phenolic hydroxyl groups of the said
      phenol-aldehyde resin to the valencies of the polyvalent metal being from
      about 1.5 to about 4.5, whereby the said salt contains reactive phenolic
      hydroxy groups as well as salt linkages wherein the hydrogen of a phenolic
      hydroxy group is replaced by a valency of the said metal, said
      phenol-aldehyde resin having the structure
      ##SPC3##
PAL  where n is a small number having an average value of from about 1 to 4,
      R.sup.1 represents hydrogen, halogen or an alkyl group, and R.sup.2
      represents hydrogen or a C.sub.1 - C.sub.3 alkyl group.
NUM  7.
PAR  7. The method of claim 6 wherein the polyvalent metal is zinc.
NUM  8.
PAR  8. The method of claim 6 wherein the polyvalent metal is cupric copper.
NUM  9.
PAR  9. The method of claim 6 wherein the polyvalent metal is barium.
NUM  10.
PAR  10. The method of claim 6 wherein the polyvalent metal is ferric iron.
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ABST
PAL  Disclosed is a process for preparation of copolymers which have an inherent
      viscosity of at least 0.4 and are formed from polyesters and aliphatic
      polyformals. The process comprises contacting within a temperature range
      of 220.degree. to 280.degree.C. a poly(tetramethylene terephthalate) type
      polyester and selected aliphatic polyformals.
BSUM
PAR  This invention relates to a process for preparation of copolymers from
      selected aliphatic polyformals and a poly(tetramethylene terephthalate)
      type polyester.
PAR  The use of modified polyesters to prepare fibers and molded articles has
      increased tremendously over the years. Not only have many materials been
      physically admixed into polyesters to produce fibers and molded products
      having particular properties, but also polyesters have been chemically
      modified to produce fibers and molded objects having particular
      properties.
PAR  One particularly interesting approach to modifying polyesters is the
      preparation of polyesters which have an elastomeric character. These
      elastomeric polyesters can be prepared through chemical modification of
      the polyester using, as a comonomer, a diol having polyether linkages.
      This modification incorporates polyether linkages into the polyester to
      form a block copolymer having polyester segments and polyether segments.
      As disclosed in U.S. Pat. No. 3,023,192, the polyether segment can
      comprise a wide variety of material, such as poly(alkylene oxide)glycols
      and polyformals. These block copolymers of polyesters and polyformals can
      be prepared in a number of ways, such as direct esterification and ester
      interchange.
PAR  We have now discovered a process for preparing these type of copolymers by
      contacting an aliphatic polyformal and a poly(tetramethylene
      terephthalate) type polyester. The process can be thought of as a
      glycolysis reaction between the poly(tetramethylene terephthalate) type
      polyester and the aliphatic polyformal. According to this process a
      copolymer having an inherent viscosity of at least 0.4 is prepared by
      contacting within a temperature range of 220.degree. to 280.degree.C.
PA0  A. a poly(tetramethylene terephthalate) type polyester comprised of
PA1  1. a dicarboxylic acid which is at least 80 mole percent terephthalic acid,
      and
PA1  2. a diol which is at least 80 mole percent 1,4-butanediol, and
PA0  B. based on the weight of the copolymer, from 10 to 60 weight percent of a
      polyformal having an inherent viscosity of at least 0.05 corresponding to
      the structure
EQU  H--O--R--O--CH.sub.2 --O--R--OH
PA0   wherein R is
      ##SPC1##
PA0   a linear aliphatic divalent radical having 2 to 10 carbon atoms, or
EQU  --R'--O--.sub.n R'--
PA0   where R' is a linear aliphatic divalent radical having 2 to 4 carbon atoms
      and n is an integer from 1 to 10.
PAR  The process of this invention is thought to be unobvious because it would
      be unobvious that the process of the invention could be used to prepare a
      copolymer having an inherent viscosity of at least 0.4 because the
      polyester and polyformal are contacted within a temperature range of
      220.degree. to 280.degree.C. and the prior art, as well as laboratory work
      conducted under the supervision of applicants, teaches that the aliphatic
      polyformals used in applicants' process decompose within the temperature
      range of 220.degree. to 280.degree.C. Thus, it would not be expected that
      the inherent viscosity of the copolymer would be at least 0.4 since the
      decomposition of the polyformal would be expected to prevent the buildup
      of the molecular weight to an inherent viscosity of at least 0.4. As is
      well known in the art, a high molecular weight polymer requires that the
      monomer components link together to form high molecular weight chains.
      Even a slight decomposition of one of the monomers will hinder molecular
      weight buildup. Clearly, it would be unobvious that the process of
      applicants' invention could be used to prepare a copolymer having an
      inherent viscosity of at least 0.4 because of the decomposition
      characteristics of the polyformals useful in applicants invention within a
      temperature range of 220.degree. to 280.degree.C.
PAR  In order to fully appreciate the unobviousness of preparing a copolymer
      having an inherent viscosity of at least 0.4 because of the decomposition
      of the polyformal, one must consider the prior art relating to the
      decomposition of aliphatic polyformals as well as decomposition curves of
      aliphatic polyformals.
PAR  Considering now the prior art relating to the decomposition of the
      polyformals, W. H. Carothers (J. Am. Chem. Soc., 57, 925, 1935) discloses
      that when aliphatic polyformals are heated at elevated temperatures in the
      range of 220.degree.-230.degree.C. they undergo some depolymerization with
      subsequent formation of monomeric formals which are volatile. Based on
      this prior art, it would be expected that considerable decomposition of
      the polyformal would occur when polyformals are contacted with polyester
      at 220.degree. to 280.degree.C. and, consequently, the inherent viscosity
      of the copolymer would not be at least 0.4.
PAR  Considering now the decomposition characteristics of the aliphatic
      polyformals useful in the process of this invention, laboratory work
      accomplished under the supervision of applicants indicates that the
      aliphatic polyformals useful in the process of the invention are unstable
      at temperatures within the range of 220.degree. to 280.degree.C.
PAR  The details of the decomposition characteristics of the aliphatic
      polyformals useful in the process of this invention can be appreciated by
      considering FIGS. 1, 2 and 3, which illustrate the decomposition
      characteristics of several typical aliphatic polyformals useful in the
      process of this invention. In these Figures the percent of decomposed
      aliphatic polyformal is plotted on the vertical scale and temperature is
      plotted on the horizontal scale. Thus, the curve correlates the weight
      percentage polyformal that has decomposed at any given temperature. These
      curves were prepared using a DuPont 950 Thermal Gravametric Analyzer. The
      samples were heated in a nitrogen atmosphere at a rate of
      15.degree.C./min. Curves of this type are sometimes called TGA curves by
      those skilled in the art. In FIGS. 1, 2 and 3 the temperature range of the
      process of the invention is also illustrated.
PAR  Considering now FIG. 1, there is illustrated the percent of decomposed
      1,6-hexanediol polyformal at various temperatures ranging from about
      25.degree.C. to about 400.degree.C. Considering now in detail the
      relationship between the temperature range of the process of the invention
      and the decomposition curve, it is to be observed that the percentage of
      polyformal decomposed at 220.degree.C. is about 8 percent. Additionally,
      the percentage of polyformal decomposed at 280.degree.C. is about 22%. The
      percentage of polyformal decomposed averages about 13% over the entire
      range of 220.degree.C. to 280.degree.C.
PAR  FIG. 2 is similar to FIG. 1 except the aliphatic polyformal is triethylene
      glycol polyformal. As illustrated in FIG. 2, the percentage polyformal
      decomposed at 220.degree.C. is about 6 percent, at 280.degree.C. is about
      17 percent and averages about 10 percent over the 220.degree. to
      280.degree.C. temperature range.
PAR  FIG. 3 is also similar to FIG. 1 except the aliphatic polyformal is
      ethylene glycol polyformal. As illustrated in FIG. 3, the percentage
      polyformal decomposed at 220.degree.C. is about 24 percent, at
      280.degree.C. is about 56 percent and averages about 38 percent over the
      temperature range of 220.degree. to 280.degree.C.
PAR  After considering both the prior art relating to the decomposition of
      aliphatic polyformals within the temperature range of 220.degree.C. to
      280.degree.C. and the decomposition characteristics of aliphatic
      polyformals in the temperature range of 220.degree. to 280.degree.C., it
      can be readily understood it would be unobvious that a block copolymer
      with an inherent viscosity of at least 0.4 could be prepared within a
      temperature range of 220.degree. to 280.degree.C. because of the
      decomposition of the aliphatic polyformal.
PAR  Broadly the process of this invention can be defined as a process for
      preparing a copolymer having an inherent viscosity of at least 0.4
      comprising contacting within a temperature range of 220.degree. to
      280.degree.C.
PA0  A. a polyester comprised of
PA1  1. a dicarboxylic acid which is at least 80  mole percent terephthalic
      acid, and
PA1  2. a diol which is at least 80 mole percent 1,4-butanediol, and
PA0  B. based on the weight of the copolymer, from 10 to 60 weight percent of a
      polyformal having an inherent viscosity of at least 0.05 corresponding to
      the structure
EQU  H--O--R--O--CH.sub.2 --O--R--OH
PA0   wherein R is
      ##SPC2##
PA0   a linear aliphatic divalent radical having 2 to 10 carbon atoms, or
EQU  --R'--O--.sub.n R'--
PA0   where R' is a linear aliphatic divalent radical having 2 to 4 carbon atoms
      and n is an integer from 1 to 10.
PAR  The contacting of the polyester and polyformal can be accomplished in
      several ways. According to one method that is particularly suitable when
      the polyformal is a viscous liquid at ambient conditions, the polyformal
      can be heated to a slightly elevated temperature, such as 50.degree.C.,
      and the polyester in granulated form can then be admixed with the molten
      polyformal. According to another method particularly applicable when the
      polyformal is a grindable solid, the contacting of the polyester and
      polyformal can be accomplished by granulating both the polyester and the
      polyformal, mixing the granulated materials to form an admixture and
      subsequently heating the admixture within the temperature range of
      220.degree. to 280.degree.C. to form the copolymer. The polyester and
      polyformal can be granulated at ambient temperature by a variety of
      conventional means including conventional commercial polymer grinding
      equipment. Although the size of the granules can vary widely depending on
      the needs of the practitioner of the invention, granules that will pass
      through a 3 mm. screen can be conveniently used. The admixing of the
      polyester and polyformal can be accomplished in a variety of ways known in
      the art such as tumbling, stirring or the like. In a preferred commercial
      embodiment the admixture is formed by stirring the granulated polyester
      into the molten polyformal.
PAR  The heating of the admixture to subsequently maintain the melted polymers
      within the temperature range of 200.degree. to 280.degree.C. can be
      accomplished in conventional equipment using conventional heating
      techniques. For example, the admixture of the molten polyformal and
      granular polyester can be introduced into a typical, commercial size,
      glass lined, stirred reactor and heat applied.
PAR  The thermodynamic conditions for contacting the polyester and polyformal
      can vary depending on the desires of the practitioner of the invention.
PAR  The temperature used to contact the polyester and polyformal can vary from
      about 220.degree.C. to about 280.degree.C. Temperatures below about
      220.degree.C. tend to be insufficient to drive the glycolysis reaction so
      as to prepare a copolymer having an inherent viscosity of at least 0.4.
      Temperatures above about 280.degree.C. tend to result in excessive
      degradation of the polyester and the polyformal so as to result in a
      copolymer inherent viscosity of less than about 0.4. In a preferred
      embodiment wherein the polyester in poly(tetramethylene terephthalate) a
      temperature of 240.degree.-275.degree.C. can be used. This temperature
      range is preferred because below about 240.degree.C. the
      poly(tetramethylene terephthalate) is often difficult to melt and above
      275.degree.C. the poly(tetramethylene terephthalate) tends to degrade.
      When the polyester is poly(tetramethylene terephthalate), an even more
      preferred temperature range is 250.degree. to 255.degree.C. This
      temperature range is even more preferred because in this range there is
      achieved a desirable balance between an increased speed of the reaction
      and a reduced degradation of the poly(tetramethylene terephthalate). The
      contact between the polyester and the polyformal can be accomplished at
      several different temperatures as long as the temperatures are within the
      temperature range of about 220.degree. to about 280.degree.C.
PAR  The time used to contact the polyester and the polyformal can vary widely
      and can be readily selected by those skilled in the art. If short times
      are employed, higher temperatures are likely to be desirable to achieve an
      inherent viscosity of at least 0.4. Conversely, if longer times are used
      lower temperatures can be used and still achieve a copolymer inherent
      viscosity of at least 0.4. As will be readily appreciated by those skilled
      in the art, the pressure used to contact the polyester and polyformal will
      also be influenced by the time selected for contact since lower pressure
      will promote inherent viscosity buildup. In one preferred embodiment, the
      time can be within the range of 1 to 3 hours. Other times can be used if
      desired.
PAR  The pressure used to contact the polyester and the polyformal can also vary
      widely. When pressures around atmospheric are used it is somewhat
      difficult to achieve the copolymer inherent viscosity of 0.4 because
      liberation of glycolysis products can be difficult. Lower pressures are
      typically more desirable since the lower pressures promote liberation of
      the glycolysis products. In one specific embodiment the pressure can be in
      the range of about 0.01 to 1.0 mm Hg. The pressure that is suitable can
      readily be determined by those skilled in the art.
PAR  In this invention the copolymer has an inherent viscosity of at least 0.4.
      Although the I.V. of the copolymer of this invention is at least 0.4, the
      inherent viscosity can be higher such as 0.6 or 0.8 or even higher. In
      this disclosure the inherent viscosity of the copolymer is measured at
      25.degree.C. using 0.50 gram of polymer per 100 ml. of a solvent composed
      of 60 volumes of phenol and 40 volumes of tetrachloroethane.
PAR  The dicarboxylic acid component of the polyester is at least 80 mole
      percent terephthalic acid. The remaining 20 mole percent can be one or
      more aliphatic, alicyclic, and aromatic dicarboxylic acids having up to 40
      carbon atoms. Examples of such acids include malonic; dimethylmalonic;
      succinic; glutaric; adipic; 2-methyladipic; trimethyladipic; pimelic;
      2,2-dimethylglutaric; 3,3-diethylsuccinic; azelaic; sebacic; suberic;
      fumaric; maleic; itaconic; 1,2-cyclopentanedicarboxylic;
      1,3-cyclopentanedicarboxylic; 1,2-cyclohexanedicarboxylic;
      1,3-cyclohexanedicarboxylic; 1,4-cyclohexanedicarboxylic;
      1,4-cyclohexenedicarboxylic; terephthalic; isophthalic;
      4-methyl-isophthalic; t-butylisophthalic; 2,5-norbornanedicarboxylic;
      1,4-naphthalic; diphenic; 4,4'-oxydibenzoic; 4,4'-methylenedibenzoic;
      diglycolic; thiodipropionic; 4,4'-sulfonyldibenzoic;
      2,5-naphthalendeicarboxylic; 2,6-naphthalenedicarboxylic; and
      2,7-naphthalenedicarboxylic acids. It will be understood that the
      corresponding esters of these acids are included in the term "dicarboxylic
      acid". Two or more of the above dicarboxylic acids can be used in
      combination. In a preferred embodiment the dicarboxylic acid component is
      terephthalic acid.
PAR  The diol component of the polyester is at least 80 mole percent
      tetramethylene glycol, also called 1,4-butanediol. The remaining 20 mole
      percent can be an aliphatic, alicyclic, and aromatic diol having up to 40
      carbon atoms. Examples of such diols include ethylene glycol; diethylene
      glycol; 1,2-propylene glycol; 2,4-dimethyl-2-ethylhexane-1,3-diol;
      2,2,4-trimethyl-1,3-pentanediol; 2,2-dimethyl-1,3-propanediol;
      2-ethyl-2-butyl-1,3-propanediol; 2,2-diethyl-1,3-propanediol;
      2-methyl-2-propyl-1,3-propanediol; 3-ethyl-2-isobutyl-1,3-propanediol;
      1,3-butanediol; 1,4-butanediol; 1,5-pentanediol; 1,6-hexanediol;
      1,10-decanediol; 2,2,4-trimethyl-1,6-hexanediol; 1,4-cyclohexanediol;
      1,2-cyclohexanedimethanol; 1,3-cyclohexanedimethanol;
      1,4-cyclohexanedimethanol; 2,2,4,4-tetramethyl-1,3-cyclobutanediol; o-,
      m-, and p-xylylene diols; 2,5-naphthalenediol; and 2,5-norbornanediol. The
      polyester may contain two or more of the above diols in combination.
PAR  The polyesters used in the process of this invention can be prepared in
      accordance with procedures well known in the art. For example, a dialkyl
      ester of a dicarboxylic acid, such as dimethyl terephthalate, can be ester
      interchanged to form a diester, such as bis-4-hydroxytetramethyl
      terephthalate, and the diester then polycondensed at elevated temperatures
      and reduced pressures.
PAR  The inherent viscosity of the polyesters of this invention can vary widely.
      Polyesters having inherent viscosities of about 0.1 can be used. In a
      preferred embodiment the inherent viscosity can be at least 0.5.
PAR  The inherent viscosity of the polyester is measured at 25.degree.C. using
      0.50 gram of polymer per 100 ml. of a solvent composed of 60 volumes of
      phenol and 40 volumes of tetrachloroethane.
PAR  The aliphatic polyformal of this invention can be described as a polyformal
      having an inherent viscosity of at least 0.05 corresponding to the
      structure
EQU  H--O--R--O--CH.sub.2 --O--R--OH
PAL  wherein R is
      ##SPC3##
PAL  a linear aliphatic divalent radical having 2 to 10 carbon atoms, or
EQU  --R' --O--.sub.n R'--
PAL  where R' is a linear aliphatic divalent radical having 2 to 4 carbon atoms
      and n is an integer from 1 to 10.
PAR  The linear aliphatic divalent radical R is the divalent radical remaining
      after the removal of the hydroxyl groups from a linear aliphatic diol
      having 2 to 10 carbon atoms. Examples of suitable diols include ethylene
      glycol, propylene glycol, tetramethylene glycol, pentamethylene glycol,
      hexamethylene glycol, heptamethylene glycol, octamethylene glycol,
      nonamethylene glycol and decamethylene glycol. 1,6-Hexamethylene glycol is
      preferred. Mixtures of divalent radicals can be used. When
      1,6-hexamethylene diol is used R is --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2
      CH.sub.2 CH.sub.2 --. The radical
      ##SPC4##
PAL  is the divalent radical remaining after removal of the hydroxy groups from
      1,4-cyclohexanedimethanol.
PAR  The linear aliphatic divalent radical R' is the divalent radical remaining
      after removal of the hydroxy groups from a linear aliphatic diol having 2
      to 4 carbon atoms. The linear aliphatic diol can be ethylene glycol,
      propylene glycol or butylene glycol. As will be recognized by those
      skilled in the art, the unit
EQU  --R'--O--.sub.n R'--
PAL  where n is an integer 1 to 10 is the divalent radical remaining after
      removal from the hydroxy groups from a poly(alkyleneoxide glycol).
      Examples of pol(alkyleneoxide glycols) that can be used are triethylene
      glycol, heptaethylene glycol, decaethylene glycol, hexapropylene glycol,
      dipropylene glycol, dibutylene glycol, pentabutylene glycol, octabutylene
      glycol and the like.
PAR  The polyformal of this invention can be prepared by a process comprising
      contacting in a solvent, under polymerization conditions and in the
      presence of a suitable acid catalyst, formaldehyde and the appropriate
      diol.
PAR  The solvent useful in this process can comprise a solvent that is inert
      with regard to the reactants. Although many conventional solvents can be
      used, benzene, toluene and hexane are preferred because poly(alkyleneoxide
      their cost and availability.
PAR  The pressure used for formation of the polyformal can vary widely.
      Pressures higher than atmospheric can be used but water removal is, of
      course, more difficult at elevated pressures. Pressures lower than
      atmospheric can be used, but low pressures are to some extent undesirable
      because low pressures will tend to allow the formaldehyde to escape from
      the inert solvent. Atmospheric pressure is preferred because of the ease
      of creation as well as the minimization of undesirable side effects.
PAR  The temperature used for formation of the polyformal can also vary widely.
      Temperatures above about 100.degree.C. can be used but are to some extent
      undesirable because the formaldehyde will tend to escape from the
      polymerization solvent.
PAR  The acid catalyst of this invention can be a variety of catalysts that
      function as proton donors to catalyze the polymerization reaction.
      Examples of acids that could be used include p-toluenesulfonic acid,
      sulfuric acid, trifluoromethanesulfonic acid, methanedisulfonic acid,
      camphorsulfonic acid, perchloric acid, and sulfonated resins.
PAR  In this invention the formaldehyde can be in various forms such as
      paraformaldehyde or gaseous formaldehyde. Paraformaldehyde is preferably
      used because of its ease in handling, lack of color forming impurities,
      and its ability to form high molecular weight polyformals. When
      paraformaldehyde is used the acid catalyst not only functions as a proton
      donor to catalyze the polymerization reaction, but, in addition, functions
      to depolymerize the paraformaldehyde.
PAR  The contact between the aliphatic diol and formaldehyde can be preferably
      effected by merely stirring a solution of the formaldehyde and the
      aliphatic diol in the solvent. If desired, other contacting procedures
      well known in the art could be used, such as packed towers, bubble towers
      and the like.
PAR  After polymerization is complete, isolation of the polyformal can be
      accomplished by techniques well known in the art such as removal of the
      solvent or precipitation in a nonsolvent, such as methanol.
PAR  The aliphatic polyformals can also be prepared using other procedures
      disclosed in U.S. Pat. No. 2,968,646.
PAR  The inherent viscosity of the polyformal is at least 0.05. Preferably the
      inherent viscosity is higher, for example 0.1. The inherent viscosity of
      the polyformal is measured at 25.degree.C. using 0.50 gram of polymer per
      100 ml. of a solvent composed of 60 volumes of phenol and 40 volumes of
      tetrachloroethane.
PAR  In this invention the polyformal can comprise from 10 to 60 weight percent
      polyformal, based on the weight of the copolymer. The amount of polyformal
      to be employed depends on the properties of the copolymer, particularly
      the elastomeric character, that are desired. If less polyformal is used
      the elastomeric character of the copolymer will be reduced. If more
      polyformal is used the elastomeric character of the copolymer will be
      increased. In a preferred embodiment the polyformal can comprise from 30
      to 45 weight percent polyformal. This range of polyformal is preferred
      because this range of polyformal produces a copolymer having the
      combination of a suitable elastomeric character and a good overall balance
      of properties.
PAR  The process of this invention can be more fully understood by considering a
      typical practice of the invention.
PAR  One hundred and twenty eight grams of poly(tetramethylene terephthalate)
      having an inherent viscosity of 1.10 is granulated at room temperature by
      use of a Wiley Mill into granules passing through a 3 mm. screen. Thirty
      two grams of 1,6-hexanediol polyformal having an inherent viscosity of
      0.18 are placed into a 500 ml. flask as a very viscous liquid and heated
      to about 50.degree.C. to reduce the viscosity of the polyformal. The
      granules of the polyester are introduced into the 500-ml. flask and the
      granules of polyester and the molten polyformal are formed into an
      admixture by first shaking the flask to accomplish preliminary mixing and
      subsequently the mixture is stirred while heating under nitrogen. As soon
      as the polyester granules have melted, the temperature is elevated to
      255.degree.C. and maintained at 255.degree.C. and a vacuum of 0.3 mm
      applied for 90 minutes, during which time reaction occurs to form the
      block copolymer having an inherent viscosity of 0.86. Articles molded from
      the copolymer exhibit an elastomeric character as well as an overall
      balance of properties suitable for a typical molded article.
PAR  Although the invention has been described in detail with particular
      reference to certain preferred embodiments thereof, it will be understood
      that variations and modifications may be made within the spirit and scope
      of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing a copolymer having an inherent viscosity of at
      least 0.4 measured at 25.degree.C. using 0.50 gram of polymer per 100 ml.
      of a solvent composed of 60 volumes of phenol and 40 volumes of
      tetrachloroethane comprising contacting within a temperature range of
      about 220 to about 280.degree.C.
PA1  A. a polyester comprised of
PA2  1. a dicarboxylic acid which is at least 80 mole percent terephthalic acid,
      and
PA2  2. a diol which is at least 80 mole percent 1,4-butanediol, and
PA1  B. based on the weight of the copolymer, from 10 to 60 weight percent of a
      polyformal having an inherent viscosity of at least 0.05 measured at
      25.degree.C. using 0.50 gram of polymer per 100 ml. of a solvent composed
      of 60 volumes of phenol and 40 volumes of tetrachloroethane corresponding
      to the structure
EQU  H--O--R--O--CH.sub.2 --O--R--OH
PA1   wherein R is
      ##SPC5##
PA1   a linear aliphatic divalent radical having 2 to 10 carbon atoms, or
EQU  --R'--O--.sub.n R'--
PA1   where R' is a linear aliphatic divalent radical having 2 to 4 carbon atoms
      and n is an integer from 1 to 10.
NUM  2.
PAR  2. The process of claim 1 wherein the polyester is poly(tetramethylene
      terephalate).
NUM  3.
PAR  3. The process of claim 2 wherein the temperature range is
      240.degree.-275.degree.C.
NUM  4.
PAR  4. The process of claim 3 wherein R is --CH.sub.2 CH.sub.2 CH.sub.2
      CH.sub.2 CH.sub.2 CH.sub.2 --.
NUM  5.
PAR  5. A process for preparing a copolymer having an inherent viscosity of at
      least 0.8 measured at 25.degree.C. using 0.50 gram of polymer per 100 ml.
      of a solvent composed of 60 volumes of phenol and 40 volumes of
      tetrachloroethane comprising contacting within a temperature range of
      about 250.degree. to 255.degree.C., within a pressure range of about 0.01
      to 1.0 mm Hg and for a time within the range of about 1 to 3 hours
PA1  A. poly(tetramethylene terephthalate) having an inherent viscosity of at
      least 0.5 measured at 25.degree.C. using 0.50 gram of polymer per 100 ml.
      of a solvent composed of 60 volumes of phenol and 40 volumes of
      tetrachloroethane, and
PA1  B. based on the weight of the copolymer, from 30 to 45 weight percent of
      1,6-hexanediol polyformal having an inherent viscosity of at least 0.1
      measured at 25.degree.C. using 0.50 gram of polymer per 100 ml. of a
      solvent composed of 60 volumes of phenol and 40 volumes of
      tetrachloroethane.
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PAL  A process for preparing arcylate polymers comprising subjecting to
      suspension-polymerization a system (I) comprising an alkyl ester of
      methacrylic acid, said system (I) optionally containing an alkyl ester of
      acrylic acid and other vinyl monomer copolymerizable with said esters, to
      obtain a suspension containing polymer beads; and adding to the resulting
      suspension an aqueous suspension of a system (II) comprising an alkyl
      ester of acrylic acid and a cross-linking monomer, said system (II)
      optionally containing an alkyl ester of methacrylic acid and being
      employed in an amount of 20 to 70 parts by weight per 100 parts by weight
      of said system (I), under agitation at a temperature allowing substantial
      advance of polymerization to effect a final polymerization. The polymers
      obtained by the process are excellent in both the weather resistance and
      impact resistance, which are suitable for formation of molded products
      having excellent properties, especially, suitable for formation of films
      having a beautiful lustrous surface and excellent mechanical properties.
BSUM
PAR  This invention relates to a process for preparing acrylate polymers having
      an impact resistance by suspension polymerization. Polymers prepared
      according to the process of this invention are suitable especially for
      production of films, and they can readily be molded into films by the
      inflation molding method or T-die molding method using ordinary extruders.
      Further, polymers prepared according to this invention can be
      injection-molded or extrusion-molded, and each of molded products has high
      weather resistnce which is a characteristic property inherent of an
      acrylate type polymer. Still further, polymers obtained according to the
      process of this invention may be blended with other polymers inferior in
      weather resistance and impact resistance, such as polyvinyl chloride, so
      that the properties of those inferior polymers are improved.
PAR  Polymers of methacrylic acid esters have, in general, excellent weather
      resistance and they are applied conveniently to outdoor uses, but their
      mechanical properties are poor. More specifically, they are defective in
      that they are brittle and are easily broken under impact.
PAR  Accordingly, many attempts have heretofore been made to provide polymer
      resins of methacrylic acid esters which have an improved impact resistance
      while retaining the high weather resistance. For example, there has been
      proposed a process comprising preparing fine particles of an unsaturated
      bond-containing elastomer such as polybutadiene by emulsion polymerization
      and graft-copolymerizing the elastomer particles with methyl methacrylate.
      However, this process is insufficient in that the weather resistance is
      drastically degraded in the resulting copolymer resin and discoloration is
      caused by the presence of the residual emulsifier. There has further been
      proposed a process in which methyl methacrylate having an unsaturated
      bond-free elastomer such as an ethylene-vinyl acetate copolymer dissolved
      therein is suspension-polymerized. In this process, however, the
      suspension polymerization is difficult to perform and since there is no
      compatibility between the matrix of polymethyl methacrylate and the
      elastomer particles, conspicuous bleeding is brought about. Further, no
      uniform dispersion can be attained when polymethyl methacrylate is blended
      with such elastomer and good weather resistance inherent of polymethyl
      methacrylate can not be retained.
PAR  We have made extensive and intensive investigations with a view to
      providing a process which can produce acrylate type resins that will
      satisfy all of the following requirements:
PAR  1. The polymers are excellent in both the wheather resistance and impact
      resistance.
PAR  2. The time required for completion of polymerization is so short that the
      process can be effectively worked on an industrial scale.
PAR  3. The polymers can be subjected directly to such molding treatments as
      injection molding and extrusion molding.
PAR  4. Coloring treatment using a dye or pigment can readily be accomplished.
PAR  5. The polymers contain none of impurities, agents used in the
      polymerization and the like, and molded articles prepared from these
      polymers have an excellent and beautiful appearance.
PAR  As a result we have now completed this invention.
PAR  According to the present invention, there is provided a process for the
      preparation of acrylate type polymers comprising subjecting to
      suspension-polymerization a system (I) comprising 60 to 100 % by weight
      based on the system (I) of an alkyl ester of methacrylic acid, 0 to 40 %
      by weight based on the system (I) of an alkyl ester of acrylic acid and 0
      to 10 % by weight based on the system (I) of other vinyl
      monomercopolymerizable with said esters to obtain a suspension containing
      polymer beads; and adding to the resulting suspension an aqueous
      suspension of a system (II) comprising 89 to 99.9 % by weight based on the
      system (II) of an alkyl ester of acrylic acid, 0.1 to 3 % by weight based
      on the system (II) of a cross-linking monomer and 0 to 10 % by weight
      based on the system (II) of an alkyl ester of methacrylic acid, said
      system (II) being employed in an amount of 20 to 70 parts by weight per
      100 parts by weight of said system (I), under agitation at a temperature
      allowing substantial advance of polymerization to effect a final
      polymerization.
PAR  Preferred examples of the alkyl ester of methacrylic acid to be used in
      this invention are those having 1 to 4 carbon atoms in the alkyl moiety,
      such as methyl methacrylate, ethyl methacrylate, n-propyl methacrylate and
      n-butyl methacrylate. Among them, methyl methacrylate is most preferred.
      Preferred examples of the alkyl ester of acrylic acid to be used in this
      invention are those having 1 to 8 carbon atoms in the alkyl moiety, such
      as methyl acrylate, ethyl acrylate, n-butyl acrylate, isobutyl acrylate,
      n-hexyl acrylate and 2-ethylhexyl acrylate. Ethyl acrylaate and n-butyl
      acrylate are most preferred among them. These esters can be used in the
      form of a mixture of two or more of them. As representative examples of
      the other vinyl monomers copolymerizable with such esters, there can be
      mentioned aromatic vinyl compounds such as styrene and
      .alpha.-methylstryrene; vinyl esters of aromatic or aliphatic carboxylic
      acids such as vinyl acetate and vinyl benzoate; acrylonitrile; and the
      like.
PAR  In the system (I), the incorporation of an alkyl acrylate is useful for
      improvement of the final polymer in respect of thermal stability,
      flowability and flexibility. If the amount of the alkyl ester of acrylic
      acid exceeds 40 % (all of " % " and parts are given by the weight basis
      throughout the instant specification unless otherwise indicated), a large
      amount of the polymer sticks to the inner wall of a reaction vessel at the
      polymerization reaction, resulting in drastic reduction of the production
      efficiency. The incorporation of other vinyl monomer is useful for
      reduction of cost. As far as the content of other vinyl monomer is up to
      10 % in the system (I), the weather resistance of the resulting polymer is
      not substantially degraded, but if this content exceeds 10 %, the weather
      resistance is drastically reduced. Accordingly, most desired results can
      be obtained when the amount ratio of an aklyl ester of methacrylic acid,
      an alkyl ester of acrylic acid and other vinyl monomer in the system (I)
      is within the above-defined range. In practising polymerization of the
      system (I), as is ordinarily employed, there is employed a polymerization
      initiator. As the initiator, in this invention, there may preferably be
      employed free radical polymerization initiators, for example, organic
      peroxides such as benzoyl peroxide and lauroyl peroxide. In the suspension
      polymerization of the system (I), it is preferred to control the molecular
      weight so that an appropriate flowability of the resulting polymer may be
      obtained. For this purpose, it is most preferred to employ as a chain
      transfer agent a mercaptan such as n-dodecylmercaptan and
      n-butylmercaptan. Suspending agents customarily used in the art can be
      employed in the process of this invention. As the suspending agent to be
      preferably used in this invention, there can be mentioned, for example,
      polyvinyl alcohol, potassium polymethyl methacrylate, aluminum hydroxide
      and barium sulfate.
PAR  The suspension-polymerization of the system (I) may be conducted using an
      aqueous suspension medium, and usually at 60.degree. to 95.degree. C.
PAR  In the system (II), the incorporation of an alkyl methacrylate is useful
      for reduction of cost. If the amount of the alkyl ester of methacrylic
      acid exceeds 10 %, the elastomeric characteristics are lost and the final
      polymer if poor in elasticity and softness. As a result, the impact
      resistance of the final product is lowered. When 0.1 to 3 % of a
      cross-linking monomer is contained in the system (II), the polymer of the
      system (II) is lightly cross-linked and the anti-blocking property and
      toughness of the final polymer can be highly improved. Bifunctional and
      trifunctional monomers and monomers having a further high functionality
      can be used in this invention as the cross-linking monomer. More
      specifically, sufficient results can be obtained when polyethylene glycol
      (molecular weight 100 to 500) diacrylate, polyethylene glycol (molecular
      weight 100 to 500) dimethacrylate, diallyl phthalate, divinylbenzene
      ethylene glycol diacrylate, ethylene glycol dimethacrylate and the like
      are employed as the cross-linking agent. No substantial cross-linking
      effect is obtained if the amount of the cross-linking monomer is smaller
      than 0.1 %. In contrast, if the amount of the cross-linking monomer
      exceeds 3 %, the elastomeric properties are lost and the polymer becomes
      brittle. Accordingly, most desirable results are obtained when the amount
      ratio of an alkyl ester of methacrylic acid, an alkyl ester of acrylic
      acid and a cross-linking monomer is within the above-defined range. In the
      final polymerization step, the same polymerization initiator and chain
      transfer agent as mentioned above with respect to the polymerization of
      the system (I) are preferably employed.
PAR  In the process of this invention, it is indispensable that when the system
      (II) is added to the suspension containing polymer beads prepared from the
      system (I), it is added not in the form of a simple mixture but in the
      form of an aqueous suspension. Illustratively stated, the system (II) is
      suspended in an aqueous medium by employing a suitable suspending agent
      and then the suspension is added to the suspension of the polymer beads.
      By adopting this procedure, even if the mixing of the system (II) with the
      polymer beads prepared from the sytem (I) is conducted at a temperature
      allowing substantial advance of polymerization, uniform beads are formed,
      and good polymers intended in this invention can be obtained.
PAR  If the system (II) is added in the form of a simple mixture or in the form
      of a solution, reduction in the impact resistance of the final polymer is
      extremely large. Even when the system (II) is added in the form of an
      aqueous suspension to the suspension of the polymer beads prepared from
      the system (I), if the addition is effected at a low temperature not
      allowing substantial advance of polymerization and, after the polymer
      beads from the system (I) have been impregnated and swollen with system
      (II), the temperature is elevated to complete polymerization, the
      polymerization operation becomes complicated and it takes a long time to
      complete the polymerization reaction. Thus, the process is not suitable
      for working on an industrial scale. Furthermore, in such case, the impact
      resistance of the final polymer is lowered, and the resulting beads are
      poor in compatibility with a dye or pigment and hence, a uniform
      dispersion of the dye or pigment and the beads cannot be obtained even if
      the mixing is conducted employing a tumbler. Therefore, it is very
      difficult to colour the resulting polymer beads.
PAR  If the system (II) is employed in an amount less than 20 parts per 100
      parts of the system (I), the final polymer is poor in impact resistance
      and hence, brittle. On the other hand, if the system (II) is employed in
      an amount more than 70 parts per 100 parts of the system (I), the
      temperature of thermal deformation of the final polymer is extremely low.
      The final polymer can not be practically used. Thus, it is requisite to
      this invention that the weight ratio of the system (I) to the system (II)
      is 100/20 to 70.
PAR  In the process of this invention, the system (II) is added to the polymer
      formed from the system (I) at a temperature allowing substantial advance
      of polymerization. By this temperature is meant such a temperature as will
      attain a polymerization rate of at least 2 % per hour. From a view point
      of economic rate of polymerization reaction, there may be employed such a
      temperature as will attain a polymerization rate of about 150 to 250 % per
      hour. Usually, 60 to about 95.degree. C. may be employed.
PAR  The polymerization of the system (I) and the second stage are effected
      under sealing.
PAR  After completion of the polymerization, polymer beads are isolated from the
      suspension according to a known customary method, washed with pure water,
      and dehydrated, followed by drying. The resulting polymer is excellent in
      weather resistance and impact resistance and has good moldability. The
      polymer is suitable especially for formation of films, and lustrous
      transparent films can easily be prepared from this polymer according to
      the inflation molding method or T-die molding method using an ordinary
      extruder. The polymer obtained according to the process of this invention
      can be injection-molded or extrusion-molded conveniently. Further, since
      the polymer is prepared by suspension polymerization, it has a high purity
      and is free of such discoloration as frequently caused by impurities in
      polymers formed by emulsion polymerization. Therefore, the polymer can be
      coloured clearly. Moreover, the polymer prepared according to the process
      of this invention can be used for modification of other polymers inferior
      in weather resistance and impact resistance, such as polyvinyl chloride.
DETD
PAR  This invention will now be illustrated in more detail by reference to the
      following examples, which by no means limit the scope of this invention.
PAC  EXAMPLE 1
PAR  1 Part of polyvinyl alcohol (having a molecular weight of 2000) and 0.1
      part of sodium dodecylbenzenesulfonate were added to 150 parts of pure
      water, and the mixture was agitated to dissolve them in water completely.
      Polymerization was conducted by employing the resulting aqueous suspension
      medium in the manner as follows.
PAR  50 Parts of methyl methacrylate was mixed with 20 parts of methyl acrylate,
      whereupon 0.21 part of lauroyl peroxide and 0.18 part of
      n-dodecylmercaptan were added. The mixture was agitated to form a
      solution. The so formed solution was added to 105 parts of the above
      aqueous suspension medium and air in the polymerization vessel was
      substituted by nitrogen while agitating the mixture to keep the suspension
      state. The contents of the vessel were heated externally with hot water to
      maintain the temperature at 75.degree. C. and polymerization was conducted
      at this temperature for 2 hours, whereby a suspension containing polymer
      beads was obtained. Then, a solution of 0.09 part of lauroyl peroxide and
      0.1 part of ethylene glycol diacrylate in 30 parts of ethyl acrylate was
      suspended in the remaining 45 parts of the above aqueous suspension
      medium, and the suspension was thrown into the above beads-containing
      suspension. While the agitation was continued at a temperature maintained
      at 75.degree. C., the second stage polymerization was conducted for 40
      minutes. In order to complete the polymerization, the temperature was then
      elevated to 95.degree. C. and this temperature was maintained for 2 hours.
      Then, the resulting polymer was washed sufficiently with warm water and
      dried to obtain desired polymer beads, which were then fed to an ordinary
      screw extruder to form them into pellets.
PAR  The resulting polymer had an appropriate flowability and could be
      injection-molded and extrusion-molded. Films molded from this polymer
      exhibited especially excellent properties. More specifically, when the
      polymer was fed to an ordinary film-producing apparatus of the T-die type,
      a film having a thickness of 100 .mu. could easily be obtained. The
      resulting film was colorless and transparent, and had a beautiful luster.
      Main mechanical properties of the so formed film are shown in Table 1.
      This film was characterized by very high weather resistance. More
      specifically, even after the film was subjected to the exposure test by
      employing a weather-o-meter including a xenon arc lamp of 6000 W for a
      period as long as 2,000 hours, the appearance of the film did not change
      at all.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Mechanical Properties of Film obtained in Example 1                       
                              Extrusion                                        
                                    Lateral                                    
     Item     Test Method                                                      
                      Unit    Direction                                        
                                    Direction                                  
     __________________________________________________________________________
     Tensile yield                                                             
     strength ASTM D-882                                                       
                      Kg/cm.sup.2                                              
                              320   220                                        
     Tensile strength                                                          
     at break ASTM D-882                                                       
                      Kg/cm.sup.2                                              
                              260   220                                        
     Elongation at                                                             
     break    ASTM D-882                                                       
                      %       125    72                                        
     Initial tensile                                                           
     modulus  ASTM D-882                                                       
                      Kg/cm.sup.2                                              
                              19000 11000                                      
     Tear strength                                                             
              ASTM D-1938                                                      
                       g/100 .mu.                                              
                              19.4  29.0                                       
     Punching                                                                  
     impact strength                                                           
                *      Kg-cm/100 .mu.                                          
                              8.3   12.2                                       
     __________________________________________________________________________
      * measured by employing a film impact tester manufactured and sold by Toy
      Seiki Kabushiki Kaisha, Japan                                            
PAC  EXAMPLE 2
PAR  A polymer was prepared in the same manner as in Example 1 by employing the
      following systems (I) and (II).
TBL  ______________________________________                                    
     System (I):                                                               
     methyl methacrylate    60      parts                                      
     ethyl acrylate         20      parts                                      
     lauroyl peroxide       0.24    part                                       
     n-dodecylmercaptan     0.21    part                                       
     System (II):                                                              
     n-butyl acrylate       20      parts                                      
     lauroyl peroxide       0.06    part                                       
     polyethylene glycol dimethacrylate                                        
                            0.1     part                                       
     (the polyethylene glycol portion                                          
     having a molecular weight of 200)                                         
     ______________________________________                                    
PAR  A film was prepared by employing the so obtained polymer in the same manner
      as in Example 1. The resulting film was colorless and transparent and had
      a beautiful luster as the film obtained in Example 1. This film was
      similarly excellent in the machanical strength and weather resistance.
PAC  EXAMPLE 3
PAR  A polymer was prepared in the same manneer as in Example 1 by employing the
      following systems (I) and (II).
TBL  ______________________________________                                    
     System (I):                                                               
     methyl methacrylate                                                       
                     42       parts                                            
     methyl acrylate 12       parts                                            
     acrylonitrile   6        parts                                            
     lauroyl peroxide                                                          
                     0.18     part                                             
     n-dodecylmercaptan                                                        
                     0.15     part                                             
     System (II):                                                              
     methyl methacrylate                                                       
                     2        parts                                            
     n-butyl acrylate                                                          
                     38       parts                                            
     divinylbenzene  0.05     part                                             
     lauroyl peroxide                                                          
                     0.12     part                                             
     ______________________________________                                    
PAR  When the resulting polymer was molded into a film in the same manner as in
      Example 1, a faintly yellow transparent film having a beautiful luster was
      obtained. The mechanical properties of the so formed film are shown in
      Table 2. When the film was subjected to the exposure test in the same
      manner as in Example 1, it was found that the weather resistance of the
      film was as good as that of the film obtained in Example 1.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Mechanical Properties of Film obtained in Example 3                       
                              Extrusion                                        
                                    Lateral                                    
     Item     Test Method                                                      
                      Unit    Direction                                        
                                    Direction                                  
     __________________________________________________________________________
     Tensile yield                                                             
     strength ASTM D-882                                                       
                      Kg/cm.sup.2                                              
                              300   210                                        
     Tensile strength                                                          
     at break ASTM D-882                                                       
                      Kg/cm.sup.2                                              
                              250   210                                        
     Elongation at                                                             
     break    ASTM D-882                                                       
                      %       115    64                                        
     Initial tensile                                                           
     modulus  ASTM D-882                                                       
                      Kg/cm.sup.2                                              
                              15000 10000                                      
     Tear strength                                                             
              ASTM D-1938                                                      
                       g/100 .mu.                                              
                              18.3  27.8                                       
     Punching impact                                                           
     strength   *      Kg-cm/100 .mu.                                          
                              6.7   9.1                                        
     __________________________________________________________________________
      * measured by employing a film impact tester manufactured and sold by Toy
      Seiki Kabushiki Kaisha, Japan                                            
PAC  EXAMPLE 4
PAR  1.5 Parts of aluminum sulfate was added to 120 parts of pure water and
      completely dissolved therein by agitation. Then, 30 parts of a 10 %
      aqueous solution of sodium carbonate was added to the solution to form
      fine particles of aluminum hydroxide. The thus obtained aqueous solution
      was employed as a suspension medium for conducting a
      suspension-polymerization. Employing the same systems as employed in
      Example 1, the suspension-polymerizations were conducted in the same
      manner as in Example 1. After completion of the whole polymerization
      procedures, the resulting reaction mixture was cooled to room temperature
      and sulfuric acid was added thereto to dissolve the aluminum hydroxide.
      Polymer beads were recovered by filtration, washed several times with pure
      water and dried. Then, in the same manner as in Example 1, the polymer
      beads were pelletized by a screw extruder and molded into a film. The
      resulting film was quite similar to the film obtained in Example 1 with
      respect to the appearance, mechanical properties and weather resistance.
PAC  COMPARATIVE EXAMPLE 1
PAR  In the same manner as in Example 1, polymerization was carried out by
      employing the same monomer mixtures, namely the same systems (I) and (II),
      and the same suspension medium as used in Example 1, except that the
      second stage polymerization procedures were changed as follows:
PAR  The suspension obtained at the first stage polymerization, which contained
      beads of a methyl methacrylate-methyl acrylate copolymer, was cooled to
      room temperature, and a solution of 0.09 part of lauroyl peroxide and 0.1
      part of ethylene glycol diacrylate in 30 parts of ethyl acrylate was
      added, at a time, to the suspension. The mixture was agitated for 3 hours
      to impregnate and swell the polymer beads with the monomers, and the
      temperature was elevated to 75.degree. C. and this temperature was
      maintained for 40 minutes to effect the second stage polymerization. In
      order to complete the reaction, the temperature was elevated to 95.degree.
      C. and this temperature was maintained for 2 hours, whereupon the
      suspending agent was separated and the resulting polymer was washed.
PAR  The time required for completion of the first stage and second stage
      polymerization steps was 9 hours 10 minutes, while this time was 5 hours
      and 15 minutes in Example 1. Thus, in this Comparative Example 1, the time
      required for completion of the polymerization was prolonged by 75 % as
      compared with that in Example 1.
PAR  In the same manner as in Example 1, the resulting polymer was pelletized by
      a screw extruder and molded into a film. Although the resulting film was
      colorless and transparent and had a beautiful luster, reduction of the
      impact resistance was observed, and the punching impact strength of the
      film was only one-half of that of the film obtained in Example 1.
PAC  COMPARATIVE EXAMPLE 2
PAR  The polymerization was conducted in the same manner as in Example 1 except
      that all of 150 parts of the aqueous suspension medium was used at the
      first stage polymerization and the monomeric mixture or system (II) was
      directly added at the second stage polymerization without suspending it in
      the aqueous suspension medium. The resulting polymer was molded into a
      film in the same manner as in Example 1. Although the resulting film was
      colorless and transparent and had a beautiful luster, the punching impact
      strength was as low as one-third to one-fourth of the punching impact
      strength of the film obtained in Example 1.
PAC  COMPARATIVE EXAMPLE 3
PAR  The substantially same procedures as in Example 1 were repeated except that
      the composition of the monomeric mixture or system (I) was changed as
      follows:
TBL  System (I):                                                               
     methyl methacrylate                                                       
                     40       parts                                            
     methyl acrylate 30       parts                                            
     lauroyl peroxide                                                          
                     0.21     part                                             
     n-dodecylmercaptan                                                        
                     0.18     part                                             
PAR  During the polymerization, scales, which were not formed in Example 1, were
      formed and sticked in large quantities to the vessel wall. Therefore, it
      was difficult to conduct the polymerization operation stably.
PAC  COMPARATIVE EXAMPLE 4
PAR  The substantially same procedures as in Example 3 were repeated except that
      the composition of the monomeric mixture or system (I) was changed as
      follows:
TBL  System (I):                                                               
     methyl methacrylate                                                       
                     42       parts                                            
     methyl acrylate 8        parts                                            
     acrylonitrile   10       parts                                            
     lauroyl peroxide                                                          
                     0.18     part                                             
     n-dodecylmercaptan                                                        
                     0.15     part                                             
PAR  When the resulting polymer was formed into a film in the same manner as in
      Example 1, a yellow and transparent film having a luster was obtained.
      When the film was subjected to the exposure test in the same manner as in
      Example 1, it was found that the film was drastically discolored in brown
      by 200 hours' exposure to the weather-o-meter.
PAC  COMPARATIVE EXAMPLE 5
PAR  The substantially same procedures as in Example 3 were repeated except that
      the composition of the monomeric mixture or system (II) was changed as
      follows:
TBL  System (II):                                                              
     methyl methacrylate                                                       
                     10       parts                                            
     n-butyl acrylate                                                          
                     30       parts                                            
     divinylbenzene  0.05     part                                             
     lauroyl peroxide                                                          
                     0.12     part                                             
PAR  A film prepared from the resulting polymer in the same manner as in Example
      1 was poor in softness and elasticity, and each of the elongation at break
      and punching impact strength was reduced to one-fifth to one-sixth of that
      of the film obtained in Example 3. Accordingly, the film had no practical
      utility.
PAC  COMPARATIVE EXAMPLE 6
PAR  The substantially same procedures as in Example 1 were repeated except that
      ethylene glycol diacrylate as the cross-linking monomer was not used.
PAR  A film prepared from the resulting polymer in the same manner as in Example
      1 was inferior to the film obtained in Example 1 with respect to the
      toughness, and it was likely to tear. The anti-blocking property of the
      films obtained in this Comparative Example and Example 1 was tested
      according to the following test method:
PAC  A. Test Method
PAR  The film was cut into 20 mm .times. 50 mm, and two sheets of the thus
      obtained specimens were piled so that they overlapped each other in an
      area of 5 cm.sup.2 and the assembly was allowed to stand under a pressure
      of 800 g/cm.sup.2 at a temperature of 70.degree. C. for 2 hours. Then, the
      asembly was cooled and subjected to a tensile tester to determine the
      peeling load.
PAC  B. Test Results
PAR  In the case of the film obtained in Example 1, the two specimens were
      peeled from each other under a load of about 30 g/cm, whereas in the case
      of Comparative Film 6, the assembly was broken and peeling was impossible.
PAC  COMPARATIVE EXAMPLE 7
PAR  The substantially same procedures as in Example 1 were repeated except that
      the amount of ethylene glycol diacrylate as the cross-linking monomer was
      increased to 1.2 parts.
PAR  A film prepared from the resulting polymer in the same manner as in Example
      1 was poor in softness and elasticity, and its punching impact strength
      was as low as one-fifth to one-sixth of the punching impact strength of
      the film obtained in Example 1.
PAC  COMPARATIVE EXAMPLE 8
PAR  The substantially same procedures as in Example 1 were repeated except that
      the composition of system (II) was changed as follows:
TBL  System (II):                                                              
     ethyl acrylate     12       parts                                         
     ethylene glycol diacrylate                                                
                        0.04     part                                          
     lauroyl peroxide   0.04     part                                          
PAR  A film prepared from the resulting polymer in the same manner as in Example
      1 was poor in softness and elasticity, and its punching impact strength
      was as low as one-tenth of the punching impact strength of the film
      obtained in Example 1. Accordingly, it had no practical utility.
PAC  COMPARATIVE EXAMPLE 9
PAR  The substantially same procedures as in Example 1 were repeated except that
      the composition of the system (II) was changed as follows:
TBL  System (II):                                                              
     ethyl acrylate     53       parts                                         
     ethylene glycol diacrylate                                                
                        0.18     part                                          
     lauroyl peroxide   0.16     part                                          
PAR  A film prepared from the resulting polymer in the same manner as in Example
      1 easily shrunk only when it was heated at 50.degree. C. Accordingly, it
      had no practical utility. Properties of films prepared from the polymers
      obtained in Comparative Examples 1 to 9 are collectively shown in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Properties of Films obtained in Comparative Examples                      
     Comparative                                                               
     Example No.     Properties                                                
     __________________________________________________________________________
     1       punching impact strength in extrusion direction                   
                                       4.0 Kg-cm/100 .mu.                      
             punching impact strength in lateral direction :                   
                                       6.3 Kg-cm/100 .mu.                      
     2       punching impact strength in extrusion direction                   
                                       3.1 Kg-cm/100 .mu.                      
             punching impact strength in lateral direction :                   
                                       5.8 Kg-cm/100 .mu.                      
     3       scales sticked to the vessel wall and screw, the                  
             total amount of the scales was 15 parts, and it                   
             took 3 hours to scrape the scales.                                
     4       film was made opaque and discolored into dark from                
             under 200 hours' exposure to weather-o-meter.                     
     5       elongation at break in extrusion direction :                      
                                       20 %                                    
             elongation at break in lateral direction :                        
                                       11 %                                    
             punching impact strength in extrusion direction                   
                                       1.2 Kg-cm/100 .mu.                      
             punching impact strength in lateral direction :                   
                                       1.7 Kg-cm/100 .mu.                      
     6       at the anti-blocking test, the film was broken and                
             peeling was impossible.                                           
     7       punching impact strength in extrusion direction                   
                                       1.4 Kg-cm/100 .mu.                      
             punching impact strength in lateral direction :                   
                                       2.2 Kg-cm/100 .mu.                      
     8       punching impact strength in extrusion direction                   
                                       0.7 Kg-cm/100 .mu.                      
             punching impact strength in lateral direction :                   
                                       1.1 Kg-cm/100 .mu.                      
     9       film shrunk by 20 % at 50.degree.C., while film of                
             Example 1 did not shrink at 80.degree.C.                          
     __________________________________________________________________________
PAC  EXAMPLE 5
PAR  Into 85 parts of the polymer obtained in Example 1 was added 15 parts of
      commercially available titanium oxide powders, and they were blended for
      15 minutes by means of a drum type tumbler. The mixture was fed to a screw
      type extruder and pelletized, and the pellets were molded into a film. The
      resulting film was white and opaque and had a luster on the surface. It
      was found that titanium oxide was uniformly dispersed.
PAC  COMPARATIVE EXAMPLE 10
PAR  In the same manner as in Example 5, the titanium oxide powders were
      incorporated into the polymer obtained in Comparative Example 1, and
      pelletized. In a film prepared from the resulting mixture, uniform
      dispersion of titanium oxide was not attained and the surface was rough
      with no luster.
PAR  As described, according to the process of the present invention, there can
      be produced acrylate type polymers having in combination an excellent
      weather resistance and a high impact resistance. In the conventional
      process utilizing the emulsion-polymerization technique, it is impossible
      to remove completely the employed emulsifier at the purification step and
      hence, the resulting polymer is impure. Further, in the conventional
      process utilizing the suspension-polymerization technique, it is possible
      to obtain a pure polymer, but the process involves difficulties in
      preparing an elastomer of fine particles. In contrast, in the process of
      this invention, by dividing the suspension-polymerization process into two
      stages and conducting these two stages of the polymerization under
      specific conditions, it is made possible to produce impact-resistant
      acrylate polymers having excellent properties effectively at a high
      efficiency on an industrial scale.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing acrylate polymers which comprises
      suspension-polymerizing a system (I) comprising 60 to 100% by weight based
      on the system (I) of an alkyl ester of methacrylic acid, 0 to 40% by
      weight based on the system (I) of an alkyl ester of acrylic acid and 0 to
      10% by weight based on the system (I) of other vinyl monomers
      copolymerizable with said esters to obtain a suspension containing polymer
      beads; and adding to the resulting suspension an aqueous suspension of a
      system (II) comprising 89 to 99.9% by weight based on the system (II) of
      an alkyl ester of acrylic acid, 0.1 to 3% by weight based on the system
      (II) of a cross-linking monomer and 0 to 10% by weight based on system
      (II) of an alkyl ester of methacrylic acid, said system (II) being
      employed in an amount of 20 to 70 parts by weight per 100 parts by weight
      of said system (I), under agitation at a temperature allowing substantial
      advance of polymerization and thereafter effecting complete
      polymerization.
NUM  2.
PAR  2. A process according to claim 1 wherein the alkyl ester of methacrylic
      acid is one having 1 to 4 carbon atoms in the alkyl moiety.
NUM  3.
PAR  3. A process according to claim 1 wherein the alkyl ester of methacrylic
      acid is methyl methacrylate.
NUM  4.
PAR  4. A process according to claim 1 wherein the alkyl ester of acrylic acid
      is one having 1 to 8 carbon atoms in the alkyl moiety.
NUM  5.
PAR  5. A process according to claim 1 wherein the alkyl ester of acrylic acid
      is ethyl acrylate or n-butyl acrylate.
NUM  6.
PAR  6. A process according to claim 1 wherein said other vinyl monomer is a
      member selected from the group consisting of an aromatic vinyl compound, a
      vinyl ester of an aromatic or aliphatic carboxylic acid and acrylonitrile.
NUM  7.
PAR  7. A process according to claim 1 wherein the cross-linking monomer is a
      member selected from the group consisting of polyethylene glycol
      diacrylate, polyethylene glycol dimethacrylate, diallyl phthalate,
      divinylbenzene, ethylene glycol diacrylate and ethylene glycol
      dimethacrylate.
NUM  8.
PAR  8. A process according to claim 1 wherein the suspension-polymerization of
      the system (I) is conducted at a temperature of 60.degree. to 95.degree.
      C.
NUM  9.
PAR  9. A process according to claim 1 wherein the final polymerization is
      conducted at a temperature of 60.degree. to 95.degree. C.
NUM  10.
PAR  10. The process of claim 1 wherein the suspension-polymerization of system
      (I) is carried out substantially to completion.
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ABST
PAL  Novel compositions are disclosed which include a polyphenylene ether resin
      and an alkenyl aromatic resin modified with an EPDM rubber. Also included
      with the scope of this invention are reinforced and flame-retardant
      compositions of said polyphenylene ether resin and said alkenyl aromatic
      resin modified with an EPDM rubber.
BSUM
PAR  This invention relates to compositions of a polyphenylene ether resin and
      an alkenyl aromatic resin that is modified with an EPDM rubber. Reinforced
      and flame-retardant blends are also provided.
PAC  BACKGROUND OF THE INVENTION
PAR  The term "polyphenylene ether resin" includes a family of polymers well
      known to those skilled in the art, and they are made by a variety of
      catalytic and non-catalytic processes from the corresponding phenols or
      reactive derivatives thereof. By way of illustration, certain of the
      polyphenylene ethers are disclosed in Hay, U.S. Pat. No. 3,306,874 and
      3,306,875, and in Stamatoff, U.S. Pat. No. 3,257,357 and U.S. Pat. No.
      3,257,358. In the Hay patents, the polyphenylene ethers are prepared by an
      oxidative coupling reaction comprising passing an oxygen-containing gas
      through a reaction solution of a phenol and a metal-amine complex
      catalyst. Other disclosures relating to processes using metal-amine
      catalyst are found in Bussink et al, U.S. Pat. No. 3,337,499; Blanchard et
      al, U.S. Pat. No. 3,219,626; Laakso et al, U.S. Pat No. 3,342,892; Borman,
      U.S. Pat. No. 3,344,166; Hori et al, U.S. Pat. No. 3,384,619; Faurote et
      al, U.S. Pat. No. 3,440,217; and disclosures relating to metal based
      catalysts which do not include amines, are known from patents such as
      Wieden et al, U.S. Pat. No. 3,442,885 (copper-amidines); Nakashio et al,
      U.S. Pat. No. 3,573,257 (metal-alcoholate or -phenolate); Kobayashi et al,
      U.S. Pat. No. 3,455,880 (cobalt chelates); and the like. In the Stamatoff
      patents, the polyphenylene ethers are produced by reacting the
      corresponding phenolate ion with an initiator, such as peroxy acid salt,
      an acid peroxide, a hypohalite, and the like, in the presence of a
      complexing agent. Disclosures relating to non-catalytic processes, such as
      oxidation with lead dioxide, silver oxide, etc. are described in Price et
      al, U.S. Pat. No. 3,382,212. All of the above-mentioned disclosures are
      incorporated herein by reference.
PAR  The term "alkenyl aromatic resin" includes polymers and copolymers of
      styrene, alpha methyl styrene, chlorostyrene, ethylvinylbenzene,
      divinylbenzene, vinylnaphthalene and the like.
PAR  The term "EPDM" includes rubbery interpolymers of a mixture of mono-olefins
      and a polyene. Preferred type are those rubbery interpolymers of ethylene,
      an alpha-olefin and a polyene.
PAR  In the prior art rubber-modified styrene resins have been admixed with
      polyphenylene ether resins to form compositions that have modified
      properties. The Cizek patent, U.S. Pat. No. 3,383,435 discloses
      rubber-modified styrene resin-polyphenylene ether resin composition
      wherein the rubber component is of the unsaturated type such as polymers
      and copolymers of butadiene. The physical properties of these compositions
      are such that it appears that many of the properties of the styrene resins
      have been upgraded, while the moldability of the polyphenylene ethers are
      improved.
PAR  Ger. Offen. No. 2,047,613 discloses that less than 30 by weight of an EPDM
      modified styrene resin may be used to upgrade the impact strength of
      polyphenylene ether resins. There is no suggestion to use higher amounts
      or that higher amounts will improve the oxidative stability and color
      stability of a polyphenylene ether composition.
PAR  It has now been found that when the highly unsaturated rubber that is used
      in compositions of the type disclosed by Cizek, is replaced with EPDM
      rubber that has a low degree of residual unsaturation, the thermal
      oxidative stability and color stability are improved.
PAR  It is, therefore, a primary object of this invention to provide improved
      compositions of polyphenylene ether resins and modified alkenyl aromatic
      resins.
PAR  Another object of this invention is to provide molding compositions and
      molded articles of a polyphenylene ether resin and a modified alkenyl
      aromatic resin which have improved thermal oxidative stability.
PAR  Still another object of this invention is to provide molding compositions
      and molded articles of a polyphenylene ether resin and a modified alkenyl
      aromatic resin which have improved color stability.
PAR  It is also an object of this invention to provide the above-described,
      improved molding compositions in particular embodiment that are reinforced
      and/or flame retardant.
PAC  DESCRIPTION OF THE INVENTION
PAR  The above-mentioned advantages and objects and others will be readily
      apparent to those skilled in the art by the following compositions.
PAR  Preferred types will include thermoplastic compositions which comprise:
PAR  a. from 20-65% by weight of a polyphenylene ether resin and
PAR  b. from 35-80% by weight of an alkenyl aromatic resin that is modified with
      an EPDM rubber, that is, a rubbery interpolymer of a mixture of
      mono-olefins and a polyene. These rubbery interpolymers include those
      prepared from ethylene, an alpha-olefin and a polyene. Preferred types
      comprise 10-90 mole percent of ethylene, 10-90 mole percent of an
      alpha-olefin containing 3-16 carbon atoms and 0.1-10 mole percent of a
      polyene that is a non-conjugated cyclic or open-chain diene that has from
      4-20 carbon atoms. Especially preferred are those alpha-olefins having
      3-10 carbon atoms and non-conjugated cyclic or open-chain diene having
      from 5-10 carbon atoms.
PAR  The alkenyl aromatic resins are well known and are derived from monomers of
      the formula:
      ##SPC1##
PAL  wherein R.sup.1 and R.sup.2 are selected from the group consisting of lower
      alkyl or alkenyl groups of from 1 to 6 carbon atoms and hydrogen; R.sup.3
      and R.sup.4 are selected from the group consisting of chloro, bromo,
      hydrogen and lower alkyl of from 1 to 6 carbon atoms; R.sup.5 and R.sup.6
      are selected from the group consisting of hydrogen and lower alkyl and
      alkenyl groups of from 1 to 6 carbon atoms or R.sup.5 and R.sup.6 may be
      concatenated together with hydrocarbyl groups to form a naphthyl group.
      These compounds are free of any substituent that has a tertiary carbon
      atom.
PAR  Specific examples of alkenyl aromatic monomers include styrene,
      chlorostyrene, alpha-methylstyrene, vinyl xylene, divinylbenzene and vinyl
      naphthalene.
PAR  The preferred polyphenylene ethers are of the formula:
      ##SPC2##
PAL  wherein Q is selected from the group consisting of hydrogen, hydrocarbon
      radicals, halohydrocarbon radicals having at least two carbon atoms
      between the halogen atom and the phenol nucleus, hydrocarbonoxy radicals
      and halohydrocarbonoxy radicals having at least two carbon atoms between
      the halogen atoms and the phenol nucleus, Q' and Q" are the same as Q, and
      in addition, halogen with the proviso that Q, and Q' are all free of a
      tertiary carbon atom; and n is an integer of at least 50.
PAR  Especially preferred is poly (2,6-dimethyl-1,4-phenylene) ether.
PAR  The alkenyl aromatic resin that is modified with a rubbery interpolymer of
      a mixture of mono-olefins and a polyene may be prepared by dissolving the
      rubbery interpolymer in the alkenyl aromatic monomer and polymerizing the
      mixture in the presence of a free-radical initiator until 90-100% by
      weight of the alkenyl aromatic monomer has reacted to form said modified
      alkenyl aromatic resin. These materials are commercially available, such
      as the product Taflite 925-01 which is a suspension polymerized EPDM
      modified, high-impact polystyrene that contains about 12% of benzene
      insoluble rubber and the average rubber particle size is about 8-10
      microns. The EPDM component appears to be an ethylene-propylene-ethylidene
      norbornene terpolymer. They are also described in U.S. Pat. No. 3,538,192,
      which is hereby incorporated by reference. Also, the EPDM rubbers are
      described in: Vinyl and Allied Polymer, P. D. Ritchie, Volume 1, Page 121
      (1968) and the EPDM modified resins are described in: J. Appl. Polymer
      Sci., Volume 16, Pages 1125-1138 (1972) which are also incorporated by
      reference. The preferred modified alkenyl aromatic resins are those made
      with an EPDM rubbery interpolymer of ethylene, propylene and
      5-ethylidene-2-norbornene and styrene. Preferred modified alkenyl aromatic
      resins will include from about 5 to about 20% by weight of rubbery
      interpolymer.
PAR  As reinforcing fillers, there may be employed reinforcing amounts of
      reinforcing filler. In general, any reinforcement can be used, e.g.,
      aluminum, iron or nickel, and the like, and non-metals, e.g., carbon
      filaments, silicates, such as acicular calcium silicate, asbestos,
      TiO.sub.2, potassium titanate and titanate whiskers, glass flakes and
      fibers and the like. It is to be understood that, unless the filler adds
      to the strength and stiffness of the composition, it is only a filler and
      not a reinforcing filler as contemplated herein. In particular, the
      reinforcing fillers increase the flexural strength, the flexural modulus,
      the tensile strength and the heat distortion temperature.
PAR  Although it is only necessary to have at least a reinforcing amount of the
      reinforcement present, in general, the combination of components (a) and
      (b) will comprise from about 10 to about 90 parts by weight and the filler
      will comprise from about 10 to about 90 parts by weight of the total
      composition.
PAR  In particular, the preferred reinforcing fillers are of glass and it is
      preferred to use fibrous glass filaments comprised of lime-aluminum
      borosilicate glass that is relatively soda free. This is known as "E"
      glass. However, other glasses are useful where electrical properties are
      not so important, e.g., the low soda glass known as "C" glass. The
      filaments are made by standard processes, e.g., by steam or air blowing,
      flame blowing and mechanical pulling. The preferred filaments for plastics
      reinforcement are made by mechanical pulling. The filament diameters range
      from about 0.000112 to 0.00075 inch, but this is not critical to the
      present invention.
PAR  In general, best properties will be obtained if the sized filamentous glass
      reinforcement comprises from about 1 to about 80% by weight based on the
      combined weight of glass and polymers and preferably from about 10 to
      about 50% by weight. Especially preferably the glass will comprise from
      about 10 to about 40% by weight based on the combined weight of glass and
      resin. Generally, for direct molding use, up to about 60% of glass can be
      present without causing flow problems. However, is it useful also to
      prepare the compositions containing substantially greater quantities,
      e.g., up to 70-80% by weight of glass. These concentrates can then be
      custom blended with blends of resins that are not glass reinforced to
      provide any desired glass content of a lower value.
PAR  The length of the glass filaments and whether or not they are bundled into
      fibers and the fibers bundled in turn to yarns, ropes or rovings, or woven
      into mats, and the like, are also not critical to the invention. However,
      in preparing the present compositions it is convenient to use the
      filamentous glass in the form of chopped strands of from about 1/8 in. to
      about 1 inch long, preferably less than 1/4 in. long. In articles molded
      from the compositions, on the other hand, even shorter lengths will be
      encountered because, during compounding, considerable fragmentation will
      occur. This is desirable, however, because the best properties are
      exhibited by thermoplastic injection molded articles in which the filament
      lengths lie between about 0.000005 in. and 0.125 (1/8 inch).
PAR  Because it has been found that certain commonly used flammable sizings on
      the glass, e.g., dextrinized starch or synthetic polymers, contribute
      flammability often in greater proportion than expected from the amount
      present, it is preferred to use lightly sized or unsized glass
      reinforcements in those compositions of the present invention which are
      flame retardant. Sizings, if present, can readily be removed by heat
      cleaning or other techniques well known to those skilled in the art.
PAR  It is a preferred feature of this invention also to provide flame retardant
      thermoplastic compositions, as defined above by modifying the composition
      to include a flame-retardant additive in a minor proportion but in an
      amount at least sufficient to render the composition non-burning or
      self-extinguishing.
PAR  A preferred feature of the invention is a flame-retardant composition as
      above defined, which also includes a halogenated organic compound, a
      halogenated organic compound in admixture with an antimony compound,
      elemental phosphorus or a phosphorus compound or compounds containing
      phosphorus-nitrogen bonds or a mixture of two or more of the foregoing.
PAR  When used herein, the terms "non-burning", "self-extinguishing" and
      "non-dripping" are used to describe compositions which meet the standards
      of ASTM test method D-635 and Underwriters' Laboratories Bulletin No. 94.
      Another recognized procedure to determine flame resistance of resinous
      compositions is the Oxygen Index Test or LOI (Limiting Oxygen Index). This
      test is a direct measure of a product's combustibility based on the oxygen
      content of the combustion atmosphere. Appropriate specimens are placed in
      a combustion chimney and the oxygen is reduced stepwise until the material
      no longer supports a flame. The LOI is defined as the precent oxygen times
      100 divided by the sum of the percentages of nitrogen and oxygen in the
      gas used to burn the material under test. Further details of the Oxygen
      Index Test are found in ASTM test Method D-2863. The compositions of this
      invention which contain flame-retardant additives in the specified amounts
      have a substantially higher oxygen index and thus are much less
      combustible than the controls.
PAR  The flame-retardant additives useful in this invention comprise a family of
      chemical compounds well known to those skilled in the art. Generally
      speaking, the more important of these compounds contain chemical elements
      employed for their ability to impart flame resistance, e.g., bromine,
      chlorine, antimony, phosphorus and nitrogen. It is preferred that the
      flame-retardant additive comprise a halogenated organic compound
      (brominated or chlorinated); a halogen-containing organic compound in
      admixture with antimony oxide; elemental phosphorus or a phosphorus
      compound; a halogen-containing compound in admixture with a phosphorus
      compound or compounds containing phosphorus-nitrogen bonds or a mixture of
      two or more of the foregoing.
PAR  The amount of flame-retardant additive used is not critical to the
      invention, so long as it is present in a minor proportion based on said
      composition--major proportions will detract from physical properties --
      but at least sufficient to render the polyphenylene ether-modified alkenyl
      aromatic polymer blend non-burning or self-extinguishing. Those skilled in
      the art are well aware that the amount will vary with the nature of the
      polymers in the blend and with the efficiency of the additive. In general,
      however, the amount of additive will be from 0.5 to 50 parts by weight per
      hundred parts of components (a) plus (b). A preferred range will be from
      about 3 to 25 parts and an especially preferred range will be from about 5
      to 15 parts of additive per 100 parts of (a) plus (b). Smaller amounts of
      compounds highly concentrated in the elements responsible for
      flame-retardance will be sufficient, e.g., elemental red phosphorus will
      be preferred at 0.5 to 10 parts by weight per hundred parts of (a) plus
      (b), while phosphorus in the form of triphenyl phosphate will be used at 5
      to 25 parts of phosphate per part of (a) plus (b), and so forth.
      Halogenated aromatics will be used at 2 to 20 parts and synergists, e.g.,
      antimony oxide, will be used at about 1 to 10 parts by weight per 100
      parts of components (a) plus (b).
PAR  Among the useful halogen-containing compounds are those of the formula
      ##SPC3##
PAL  wherein n is 1 to 10 and R is an alkylene, alkylidene or cycloaliphatic
      linkage, e.g., methylene, ethylene, propylene, isopropylene,
      isopropylidene, butylene, isobutylene, amylene, cyclohexylene,
      cyclopentylidene, and the like; a linkage selected from the group
      consisting of ether; carbonyl; amine; a sulfur-containing linkage, e.g.,
      sulfide, sulfoxide, sulfone, carbonate; a phosphorus-containing linkage;
      and the like. R can also consist of two or more alkylene or alkylidene
      linkages connected by such groups as aromatic, amino, ether, ester,
      carbonyl, sulfide, sulfoxide, sulfone, a phosphorus-containing linkage,
      and the like. R can be a dihydric phenol, e.g., bisphenol-A, carbonate
      linkage. Other groups which are represented by R will occur to those
      skilled in the art. Compounds of this type are disclosed in U.S. Pat. No.
      3,647,747 and U.S. Pat. No. 3,334,154 both of which are incorporated by
      reference.
PAR  Ar and Ar' are mono- or polycarbocyclic aromatic groups such as phenylene,
      biphenylene, terphenylene, naphthylene, and the like. Ar and Ar' may be
      the same or different.
PAR  Y is a substituent selected from the group consisting of organic, inorganic
      or organometallic radicals. The substituents represented by Y include (1)
      halogen, e.g., chlorine, bromine, iodine, or fluorine or (2) ether groups
      of the general formula OE, wherein E is a monovalent hydrocarbon radical
      similar to X or (3) monovalent hydrocarbon groups of the type represented
      by R or (4) other substituents, e.g., nitro, cyano, etc., said
      substituents being essentially inert provided there be at least one and
      preferably two halogen atoms per aryl, e.g., phenyl, nucleus.
PAR  X is a monovalent hydrocarbon group exemplified by the following: alkyl,
      such as methyl, ethyl, propyl, isopropyl, butyl, decyl, and the like; aryl
      groups, such as phenyl, naphthyl, biphenyl, xylyl, tolyl, and the like;
      aralkyl groups, such as benzyl, ethylphenyl, and the like; cycloaliphatic
      groups, such as cyclopentyl, cyclohexyl, and the like; as well as
      monovalent hydrocarbon groups containing inert substituents therein. It
      will be understood that where more than one X is used they may be alike or
      different.
PAR  The letter d represents a whole number ranging from 1 to a maximum
      equivalent to the number of replaceable hydrogens substituted on the
      aromatic rings comprising Ar or AR'. The letter e represents a whole
      number ranging from 0 to a maximum controlled by the number of replaceable
      hydrogens on R. The letters a, b, and c represent whole numbers including
      0.  When b is not 0, neither a nor c may be 0. Otherwise, either a or c,
      but not both, may be 0. Where b is 0, the aromatic groups are joined by a
      direct carbon-carbon bond.
PAR  The hydroxyl and Y substituents on the aromatic groups, Ar and Ar' can ve
      varied in the ortho, meta or para positions on the aromatic rings and the
      groups can be in any possible geometric relationship with respect to one
      another.
PAR  Included within the scope of the above formula are di-aromatics of which
      the following are representative:
PA1  2,2-bis-(3,5-dichlorophenyl)propane
PA1  bis-(2-chlorophenyl)methane
PA1  bis-(2,6-dibromophenyl)methane
PA1  1,1-bis-(4-iodophenyl)ethane
PA1  1,2-bis-(2,6-dichlorophenyl)ethane
PA1  1,1-bis-(2-chloro-4-iodophenyl)ethane
PA1  1,1-bis-(2-chloro-4-methylphenyl)ethane
PA1  1,1-bis-(3,5-dichlorophenyl)ethane
PA1  2,2-bis-(3-phenyl-4-bromophenyl)ethane
PA1  2,3-bis-(4,6-dichloronaphthyl)propane
PA1  2,2-bis-(2,6-dichlorophenyl)pentane
PA1  2,2-bis-(3,5-dichromophenyl)hexane
PA1  bis-(4-chlorophenyl)phenylmethane
PA1  bis-(3,5-dichlorophenyl)cyclohexylmethane
PA1  bis-(3-nitro-4-bromophenyl)methane
PA1  bis-(4-hydroxy-2,6-dichloro-3-methoxyphenyl)methane
PA1  2,2-bis-(3,5-dichloro-4-hydroxyphenyl)propane
PA1  2,2-bis-(3-bromo-4-hydroxyphenyl)propane
PAR  The preparation of these and other applicable biphenyls are known in the
      art. In place of the divalent aliphatic group in the above examples may be
      substituted sulfide, sulfoxy, and the like.
PAR  Included within the above structural formula are substituted benzenes
      exemplified by tetrabromobenzene, hexachlorobenzene, hexabromobenzene, and
      biphenyls such as 2,2'-dichlorobiphenyl, 2,4'-dibromobiphenyl,
      2,4'-dichlorobiphenyl, hexabromobiphenyl, octabromobiphenyl,
      decabromobiphenyl and halogenated diphenyl ethers, containing 2 to 10
      halogen atoms.
PAR  The preferred halogen compounds for this invention are aromatic halogen
      compounds such as chlorinated benzene, brominated benzene, chlorinated
      biphenyl, chlorinated terphenyl, brominated biphenyl, brominated terphenyl
      or a compound comprising two phenyl radicals separated by a divalent
      alkylene group and having at least two chlorine or bromine atoms per
      phenyl nucleus, and mixtures of at least two of the foregoing.
PAR  Especially preferred are hexabromobenzene and chlorinated biphenyls or
      terphenyls, alone, or mixed with antimony oxide.
PAR  In general, the preferred phosphate compounds are selected from elemental
      phosphorus or organic phosphonic acids, phosphonates, phosphinates,
      phosphonites, phosphinites, phosphene oxides, phosphenes, phosphites or
      phosphates. Illustrative is triphenyl phosphine oxide. These can be used
      alone or mixed with hexabromobenzene or a chlorinated biphenyl and,
      optionally, antimony oxide.
PAR  Typical of the preferred phosphorus compounds to be employed in this
      invention would be those having the general formula
      ##EQU1##
      and nitrogen analogs thereof where each Q represents the same or different
      radicals including hydrocarbon radicals such as alkyl, cycloalkyl, aryl,
      alkyl substituted aryl and aryl substituted alkyl; halogen; hydrogen and
      combinations thereof provided that at least one of said Q's is aryl.
      Typical examples of suitable phosphates include, phenylbisdodecyl
      phosphate, phenylbisneopentyl phosphate, phenylethylene hydrogen
      phosphate, phenyl-bis-(3,5,5'-trimethylhexyl phosphate), ethyldiphenyl
      phosphate, 2-ethylhexyl di(p-tolyl) phosphate, diphenyl hydrogen
      phosphate, bis(2-ethylhexyl) p-tolylphosphate, tritolyl phosphate,
      bis(2-ethylhexyl)-phenyl phosphate, tri(nonylphenyl) phosphate,
      phenylmethyl hydrogen phosphate, di(dodecyl) p-tolyl phosphate, tricresyl
      phosphate, triphenyl phosphate, halogenated triphenyl phosphate,
      dibutylphenyl phosphate, 2-chloroethyldiphenyl phosphate, p-tolyl
      bis(2,5,5'-trimethylhexyl) phosphate, 2-ethylhexyldiphenyl phosphate,
      diphenyl hydrogen phosphate, and the like. The preferred phosphates are
      those where each Q is aryl. The most preferred phosphate is triphenyl
      phosphate. It is also preferred to use triphenyl phosphate in combination
      with hexabromobenzene and, optionally, antimony oxide.
PAR  Also suitable as flame-retardant additives for this invention are compounds
      containing phosphorus-nitrogen bonds, such as phosphonitrilic chloride,
      phosphorus ester amides, phosphoric acid amides, phosphonic acid amides,
      phosphinic acid amides, tris)aziridinyl)phosphine oxide or tetrakis
      (hydroxymethyl) phosphonium chloride. These flame-retardant additives are
      commercially available.
PAR  The blends may be formed by conventional techniques, that is by first dry
      mixing the components and, thereafter, melt blending the composition in an
      extruder.
PAR  By way of illustration, glass roving (a bundle of strands of filaments) is
      chopped into small pieces, e.g., 1/8 in. to 1 inch in length, and
      preferably less than 1/4 inch in length and put into an extrusion
      compounder with (a) the polyphenylene ether resin, (b) the alkenyl
      aromatic resin that is modified with a rubbery interpolymer of a mixture
      of monoolefins and a polyene, the flame-retardant additive(s) and (e) to
      produce molding pellets. The fibers are shortened and predispersed in the
      process, coming out at less than 1/16 inch long. In another procedure,
      glass filaments are ground or milled to short lengths, and are mixed with
      the polyphenylene ether resin, the modified alkenyl aromatic polymer and,
      optionally, flame retardant additive by dry blending then either fluxed on
      a mill and ground, or they are extruded and chopped.
PAR  In addition, compounding should be carried out to insure that the residence
      time in the machine is short; the temperature is carefully controlled; the
      frictional heat is utilized; and an intimate blend between the resins and
      the additives is obtained. Various pigments, fillers and processing aids
      may also be used according to techniques well known to those skilled in
      the art.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples are set forth as further descriptions of the
      invention, but are not to be construed as limiting the invention thereto.
DETD
PAC  EXAMPLE I
PAR  A blend having the following composition was prepared:
TBL                           Grams                                            
     ______________________________________                                    
     poly(2,6-dimethyl-1,4-phenylene)ether                                     
     (PPO, General Electric Company having                                     
     a intrinsic viscosity of about 0.52                                       
     deciliters/gram measured in chloro-                                       
     form at 30.degree.C).      35                                             
     polystyrene modified with a terpolymer                                    
     of ethylene, propylene and 5-ethylidene-                                  
     2-norbornene having a Mooney viscosity of                                 
     140 (ML-8) (prepared according to Example                                 
     VIII of U.S. 3,538,192).   65                                             
     ______________________________________                                    
PAR  This blend is prepared with a twin screw extruder at 585.degree.F and the
      extruded pellets were molded into standard test pieces with a Newbury
      injection molding machine, barrel temperature 450.degree.F.
PAC  EXAMPLE II
PAR  A blend having the following composition was prepared:
TBL                          Gram                                              
     ______________________________________                                    
     poly(2,6-dimethyl-1,4-phenylene)                                          
     ether (PPO, General Electric Com-                                         
     pany, having an intrinsic viscosity                                       
     of about 0.52 deciliters/gram when                                        
     measured in chloroform at 30.degree.C.)                                   
                               700.0                                           
     polystyrene resin modified with a                                         
     rubbery interpolymer of a mixture                                         
     of monoolefins and a polyene                                              
     (Taflite 925-01, Mitsui Toatsu                                            
     Chemical Co.).            1300.0                                          
     triphenyl phosphate       140.0                                           
     tridecyl phosphite        10.0                                            
     polyethylene                                                              
     (Microthene M-710)        30.0                                            
     titanium dioxide          100.0                                           
     ______________________________________                                    
PAR  The blend was prepared with a twin-screw extruder at 585.degree.F and the
      extruded pellets were molded into standard test pieces such as tensile
      bars with a Newbury injection molding machine, barrel temperature
      450.degree.F.
PAC  EXAMPLE III
PAR  The following composition was prepared according to the procedure set forth
      in Example II:
TBL                          Grams                                             
     ______________________________________                                    
     poly(2,6-methyl-1,4-phenylene)                                            
     ether (as used in Example II)                                             
                               1000.0                                          
     polystyrene resin modified with                                           
     a rubbery interpolymer of a                                               
     mixture of monoolefins and a poly-                                        
     ene (as used in Example II)                                               
                               1000.0                                          
     triphenyl phosphate       60.0                                            
     tridecylphosphate         10.0                                            
     zinc sulfide              3.0                                             
     zinc oxide                3.0                                             
     polyethylene                                                              
     (Microthene M-710)        30.0                                            
     titanium dioxide          100.0                                           
     ______________________________________                                    
PAC  CONTROL SPECIMENS
PAR  A first control specimen was prepared according to the method of Example II
      except that a polybutadiene modified, high-impact polystyrene (Foster
      Grant 834) was substituted for the polystyrene that was modified with a
      rubbery interpolymer of a mixture of monoolefins and a polyene.
PAR  A second control specimen was prepared according to the method of Example
      III except that a polybutadiene modified, high-impact polystyrene (Foster
      Grant 834) was substituted for the polystyrene that was modified with a
      rubber interpolymer of a mixture of monoolefins and a polyene.
PAR  A test specimen prepared in Example II and the first control specimen were
      heat aged in an air oven at 105.degree.C after initial physical properties
      were measured. At periodic intervals the specimens were removed and tested
      on an Instron machine at a speed of one inch per minute. The tensile bars
      of Example III and the second control specimen were processed similarly
      except that the oven temperature was 115.degree.C. The results were as
      follows:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Specimen Alkenyl Resin                                                    
                         Wt. Ratio                                             
                                HDT TS  Elongation                             
                                              Time to Embrittlement            
                         (PPO:AR)                                              
                                (.degree.F)                                    
                                    (psi)                                      
                                        (%)   Days at 105.degree.C             
                                                       Days at                 
     __________________________________________________________________________
                                                       115.degree.C            
     Example II                                                                
              rubbery interpo-                                                 
              lymer modified                                                   
              polystyrene                                                      
                         35:65  202 7000                                       
                                        36    100      --                      
     First Control                                                             
              polybutadiene modi-                                              
              fied polystyrene                                                 
                         35:65  208 7200                                       
                                        73     20      --                      
     Example III                                                               
              rubbery interpo-                                                 
              lymer modified                                                   
              polystyrene                                                      
                         50:50  250 8300                                       
                                        22    --        90-100                 
     Second Control                                                            
              polybutadiene modi-                                              
              fied polystyrene                                                 
                         50:50  252 8500                                       
                                        58    --       25-28                   
     __________________________________________________________________________
PAR  It can be seen that the compositions of this invention at the 50:50 level
      of Example III show a four-fold increase in the time to embrittlement as
      compared to the prior art control specimen. The improvement was even
      greater for the 35:65 blends. The test bars according to this invention
      also showed much less darkening on exposure to heat-aging than did the
      prior control specimens.
PAC  EXAMPLE IV
PAC  BLEND A
PAR  A blend of the following composition was prepared by extrusion on a W-P
      twin-screw extruder:
TBL                         Grams                                              
     ______________________________________                                    
     poly(2,6-dimethyl-1,4-phenylene)                                          
     ether (as used in Example I)                                              
                              250.0                                            
     polystyrene modified with a                                               
     rubbery interpolymer of a                                                 
     mixture of monoolefins and a                                              
     polyene (as used in Example II)                                           
                              250.0                                            
     polyethylene (Microthene M-710)                                           
                              7.5                                              
     triphenyl phosphate      15.0                                             
     tridecyl phosphite       2.5                                              
     zinc sulfide             0.75                                             
     zinc oxide               0.75                                             
     ______________________________________                                    
PAR  Standard test pieces were molded from the chopped extrudate in a Newbury
      injection molding machine. Three additional blends of the same composition
      were prepared using the same technique except that a reinforcement was
      incorporated prior to extrusion:
TBL  BLEND B 8% (by wt.) of glass fibers (497 BB chopped                       
             glass fibers). Owens Corning Fiberglass Corp.                     
     BLEND C 16% (by wt.) of acicular calcium silicate                         
             (Wallastonite F-1, Interpace Corp.).                              
     BLEND D 16% (by wt.) of potassium titanate                                
             (Fybex, Dupont).                                                  
PAR  The blends were tested and the following results were noted:
TBL                TABLE II                                                    
     ______________________________________                                    
     Blend Filler     Tensile  Flexural                                        
                                      Flexural                                 
                                              HDT                              
                      Strength Strength                                        
                                      Modulus                                  
     ______________________________________                                    
                      (psi)    (psi)          (.degree.C)                      
     A     none       7600     12,300 472,000 113                              
     B     8% glass   12,300   17,700 644,000 120                              
     C     16% cal-                                                            
           cium sili-                                                          
           cate       10,600   15,600 618,000 120                              
     D     16% potas-                                                          
           sium tita-                                                          
           nate       13,800   20,000 850,000 122                              
     ______________________________________                                    
PAR  It can readily be seen that the reinforced blend compositions according to
      this invention have enhanced physical properties.
PAC  EXAMPLE V
PAR  A blend was prepared having the following composition:
TBL  BLEND E                                                                   
                              Grams                                            
     ______________________________________                                    
     poly (2,6-dimethyl-1,4-phenylene)                                         
     ether (as used in Example I)                                              
                              250.0                                            
     polystyrene resin modified with                                           
     a rubber interpolymer of mono-                                            
     olefins and a polyene (as used                                            
     in Example II)           250.0                                            
     polyethylene (Microthene M-710)                                           
                              7.5                                              
     titanium dioxide         25.0                                             
     ______________________________________                                    
PAR  The blend was prepared according to the technique of Example III and
      standard flame bars, 1/16 inch thick were molded on a Newbury injection
      molding machine.
PAR  By the same technique, the following blends were prepared with the recited
      flame retardants added to the blend having the same composition as Blend
      E.
TBL  ______________________________________                                    
               Flame retardant                                                 
     ______________________________________                                    
     BLEND F    triphenylphosphate (3 phr)                                     
     BLEND G    triphenylphosphate (5 phr)                                     
     BLEND H    3,3',5,5' tetramethyl-2,2',6,6'-                               
                tetrabromo-4,4'-dihydroxybiphenyl                              
                (5 phr) and Sb.sub.2 O.sub.3 (2 phr)                           
     BLEND I    copolymer of bisphenol A and tetra-                            
                bromobisphenol A containing about                              
                21% bromine (prepared according to                             
                Example I of U.S. 3,647,747)                                   
                (8.5 phr) and Sb.sub.2 O.sub.3 (1 phr)                         
     BLEND J    hexabromobiphenyl (3 phr) and                                  
                Sb.sub.2 O.sub.3 (1 phr)                                       
     ______________________________________                                    
PAR  Test bars (1/16 inch thick) prepared from Blends E-J were tested according
      to the procedure of UL subject 94. The results are listed in Table III:
TBL                TABLE III                                                   
     ______________________________________                                    
     Blend     Average Burning Time (a)                                        
                                   Remarks                                     
     ______________________________________                                    
               (seconds)                                                       
     E         57 (b)              Drip                                        
     F         27                                                              
     G         16                  SE-1                                        
     H         23                                                              
     I         24                                                              
     J         21                                                              
     ______________________________________                                    
      (a) Average of 10 ignitions; 5 bars, each ignited twice.                 
      (b) First ignition only; dripping prevented reignition.                  
PAR  Obviously, other modifications and variations of the present invention are
      possible in the light of the above teachings. It is, therefore, to be
      understood that changes may be made in the particular embodiments of the
      invention described which are within the full intended scope of the
      invention as defined by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A thermoplastic molding composition which comprises:
PA1  a. from 20-65% by weight of a polyphenylene ether resin and
PA1  b. from 35-80% by weight of an alkenyl aromatic resin that is modified with
      a rubbery interpolymer of a mixture of monoolefins and a polyene by
      polymerizing an alkenyl aromatic monomer in the presence of said rubbery
      interpolymer.
NUM  2.
PAR  2. The molding composition of claim 1 wherein the modifier is a rubbery
      interpolymer of ethylene, an alpha-olefin and a polyene.
NUM  3.
PAR  3. The molding composition of claim 1 wherein said rubbery interpolymer
      comprises 10-90 mole percent of ethylene, 10-90 mole percent of an
      alpha-olefin containing 3-16 carbon atoms and 0.1-10 mole percent of a
      polyene that is a non-conjugated cyclic or open-chain diene that has from
      4-20 carbon atoms.
NUM  4.
PAR  4. The molding composition of claim 3 wherein the polyphenylene ether resin
      is selected from compounds of the formula:
      ##SPC4##
PAL  wherein Q is selected from the group consisting of hydrogen, hydrocarbon
      radicals, halohydrocarbon radicals having at least two carbon atoms
      between the halogen atom and the phenol nucleus, hydrocarbonoxy radicals
      and halohydrocarbonoxy radicals having at least two carbon atoms between
      the halogen atoms and the phenol nucleus, Q' and Q" are the same as Q, and
      in addition, halogen with the proviso that Q and Q' are all free of a
      tertiary carbon atom; and n is an integer of at least 50.
NUM  5.
PAR  5. The molding composition of claim 3 wherein the alkenyl aromatic resin is
      selected from the group consisting of styrene, alpha-methylstyrene, vinyl
      xylene, chlorostyrene, divinylbenzene and vinyl naphthalene.
NUM  6.
PAR  6. A thermoplastic molding composition which comprises:
PA1  a. from 20-65% by weight of a polyphenylene ether resin and
PA1  b. from 35-80% by weight of an alkenyl aromatic resin that is modified with
      a rubbery interpolymer which comprises 10-90 mole percent of ethylene,
      10-90 mole percent of an alpha olefin having from 3-10 carbon atoms and
      from 0.1-10 mole percent of a polyene that is a non-conjugated cyclic or
      open-chain diene that has from 5-10 carbon atoms by polymerizing an
      alkenyl aromatic monomer in the presence of said rubbery interpolymer.
NUM  7.
PAR  7. The molding composition of claim 6 wherein said polyphenylene ether
      resin is poly(2,6-dimethyl-1,4-phenylene) ether.
NUM  8.
PAR  8. The molding composition of claim 6 wherein said alkenyl aromatic resin
      is styrene and said rubbery interpolymer is present at a ratio between 1:4
      and 4:1 by weight of styrene to rubbery interpolymer.
NUM  9.
PAR  9. The molding composition of claim 8 wherein said rubbery interpolymer
      comprises 10-90 mole percent of ethylene 10-90 mole percent of propylene
      and 0.1-10 mole percent of 5-ethylidene-2-norbornene.
PATN
WKU  039431924
SRC  5
APN  3895203
APT  1
ART  142
APD  19730820
TTL  Elastomeric blends
ISD  19760309
NCL  4
ECL  1
EXA  Ziegler; J.
EXP  Briggs, Sr.; Wilbert J.
INVT
NAM  Coulthard; Douglas
CTY  Sarnia
CNT  CA
ASSG
NAM  Polysar Limited
CTY  Sarnia
CNT  CA
COD  03
PRIR
CNT  CA
APD  19680305
APN  013997
RLAP
COD  71
APN  212701
APD  19711227
PSC  03
RLAP
COD  82
APN  799934
APD  19691117
PSC  03
CLAS
OCL  260890
XCL  260 285B
XCL  260 285C
XCL  260829
XCL  260894
EDF  2
ICL  C08L  902
FSC  260
FSS  890;894
UREF
PNO  2540596
ISD  19510200
NAM  Rehner, Jr. et al.
OCL  260 92.3
UREF
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ISD  19590600
NAM  Moore
OCL  260890
UREF
PNO  2901448
ISD  19590800
NAM  Kraus
OCL  260887
UREF
PNO  3400086
ISD  19680900
NAM  Orr
OCL  260894
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  In the blending of a polymer of chloroprene with a lesser proportion of a
      diene/nitrile rubbery copolymer, a composition of much improved
      processing, as for example ease of handling on a mill and uniformity of
      mixing, is obtained when the nitrile copolymer is selected as a copolymer
      of about 55-80 mole % of a 2-alkyl butadiene-1,3 and about 20-45 mole % of
      an acrylic nitrile.
PARN
PAR  This application is a continuation of application Ser. No. 212,701 filed
      Dec. 27, 1971 now abandoned which in turn is a continuation-in-part of
      application Ser. No. 799,934 filed Nov. 17, 1969 and now abandoned.
BSUM
PAR  This invention relates to a blend of oil-resistant polymers. More
      particularly, it relates to a rubbery blend of chloroprene polymer and
      nitrile rubber.
PAR  It is known to mix chloroprene polymers with conventional nitrile rubbers,
      i.e. butadiene-acrylonitrile copolymers. Mixtures containing minor amounts
      of nitrile rubber are more resistant to oil than chloroprene polymers
      alone, but because of the difficulty of uniformly and intimately blending
      these two polymers, they are not widely accepted in the rubber industry.
      When handled in rubber processing equipment at conventional temperatures
      of about 80.degree.C or above, chloroprene polymers tend to become less
      nervy, more plastic and extremely sticky. The conventional nitrile rubber,
      on the other hand, is non-plastic and dry; when combined a dispersion of
      discrete particles of nitrile rubber in the soft matrix of chloroprene
      polymer is formed rather than a homogeneous mixture. Such a dispersion is
      as sticky and therefore as poorly processable as the unblended chloroprene
      polymer. The physical properties of the vulcanized blend are often poorer
      than those of the chloroprene polymer alone even when good blending has
      been attained.
PAR  It is an object of this invention to provide a method of preparing a
      processable composition suitable for the production of oil-resistant
      vulcanizates. Another object is to provide an oil-resistant vulcanizate
      having improved physical properties.
PAR  In accordance with this invention, a method is provided of preparing a
      processable vulcanizable composition for the production of improved
      oil-resistant vulcanizates which comprises blending a major proportion by
      weight of a polymer of chloroprene and a minor proportion by weight of a
      rubbery copolymer of a 2-alkyl butadiene-1,3 and an acrylic nitrile.
PAR  The invention also provides an improved oil-resistant vulcanizate
      comprising a vulcanized composition containing a blend of a major
      proportion by weight of a polymer of chloroprene and a minor proportion by
      weight of a rubbery copolymer of a 2-alkyl butadiene-1,3 and an acrylic
      nitrile.
PAR  The polymer of chloroprene which can be used in accordance with this
      invention is a solid rubbery polymer, preferably soluble in aromatic
      hydrocarbon and chlorinated hydrocarbon solvents. It may be a homopolymer
      of 2-chlorobutadiene-1,3 or its copolymer with minor amount of a
      copolymerizable comonomer; the homopolymer is preferred. Two general types
      of chloroprene polymers are known: one is sulfur-modified and the other is
      non-sulfur-modified. Either of them can be used in this invention, and the
      choice will be governed by the end-use of the vulcanizate made therefrom.
      The vulcanizate properties are primarily determined by the type of
      chloroprene polymer since it is present in a major proportion to minor
      proportion of nitrile rubber.
PAR  The rubbery copolymer employed in a minor proportion by weight in admixture
      with the above chloroprene rubber is defined as the copolymer of a 2alkyl
      butadiene-1,3 and an acrylic nitrile. The alkyl substituent in the 2-alkyl
      butadiene-1,3 may be any alkyl radical containing 1 to 5 carbon atoms such
      as methyl, ethyl, isopropyl, and butyl. Representative examples of 2-alkyl
      butadiene-1,3 are isoprene and 2-ethyl butadiene-1,3. The acrylic nitrile
      which is present in the copolymer preferably in a minor proportion is an
      acrylic nitrile having the general formula
      ##EQU1##
      where R is hydrogen, C.sub.1 to C.sub.3 alkyl radical, halogen or cyanide.
      Representative examples are acrylonitrile, methacrylonitrile, and
      chloroacrylonitrile. The molar ratio of 2-alkyl alkadiene to acrylic
      nitrile preferably ranges from 55/45 to 80/20. Good results are obtained
      with a nitrile copolymer containing about 60 to 75 mole % of 2-alkyl
      butadiene-1,3 units, especially isoprene, and about 25 to 40 mole % of the
      acrylic nitrile units. The nitrile copolymer is a high molecular weight,
      normally solid polymer having a Mooney viscosity (ML-4' at 100.degree.C)
      of about 40 to 150, usually in the range of 50 to 75.
PAR  In blending the chloroprene polymer and the above nitrile rubber, there is
      employed according to this invention a major proportion by weight of the
      chloroprene polymer with a minor proportion by weight of the nitrile
      rubber. The exact proportion will be chosen having in mind the specific
      vulcanized article to be manufactured and the specific chloroprene rubber
      to be used. In general, an amount of nitrile copolymer will be chosen such
      that the processability of the blend on a rubber mill is improved and
      dynamic properties of the vulcanizate maintained or improved while
      increasing the oil-resistance. For the nonsulfur-modified chloroprene
      rubber, this weight ratio may vary from about 10 to 35 parts nitrile per
      90 to 65 parts chloroprene rubber, whereas for the sulfur-modified type, a
      somewhat higher amount of nitrile may be used. An overall typical ratio
      has been found to be about 25 parts nitrile rubber to 75 parts chloroprene
      rubber, especially where particular emphasis is placed on an improvement
      in processing. By "processing" is meant the ease of handling on a rubber
      mixing mill, the presence of tack and green strength, and the performance
      during sheeting, calendering, and handling operations.
PAR  The step of blending the chloroprene rubber and the above defined nitrile
      rubber may be performed on conventional rubber mixing equipment such as a
      two-roll open mill or an internal Banbury-type mixer. The actual order of
      addition of either polymer is not critical but the benefit of improved
      processing can be best realized if the two polymers are fed together into
      the mixer.
PAR  The 2-alkyl butadiene-1,3-acrylic nitrile copolymer disperses readily in
      the chloroprene polymer and upon mixing for a short time forms a uniform
      mixture which is free of visible particles of the unhomogeneously
      dispersed phase. The two polymers used in this invention are believed to
      be compatible, that is, mutually soluble on a nearly molecular scale. The
      minor amount of the nitrile copolymer homogeneously dispersed raises the
      cohesive strength of the chloroprene polymer to such a degree that the
      blend can be easily handled at conventional processing temperatures; it is
      less sticky, does not adhere to mill or calender rolls and can be
      conveniently sheeted to smooth sheets. When a visibly uniform mix is
      reached, then various compounding and vulcanizing ingredients may be
      added. Conventionally, these ingredients may be comprised of fillers such
      as clays, silica, titanium oxide, carbon black; softeners-plasticizers
      such as hydrocarbon oils, chlorinted oils, nonvolatile esters; natural
      and/or synthetic resins; antioxidants, stabilizers and vulcanizing agents
      such as zinc oxide, an oxide of a Group II metal of the Periodic Table,
      sulfur or their mixtures in combination with accelerators or retarders
      such as mercaptoimidazoline, diorthotolyl guanidine, benzothiaryl
      disulfide. The compounded stock thus prepared may be shaped and vulcanized
      in accordance with conventional practice to produce a desired article. The
      compositions of this invention may be used to great advantage for the
      usual applications for neoprene rubbers, and include such uses as wire and
      cable jackets, footwear, roll covers, conveyor belting, hose covers, and
      various automotive and aeronautical moulded goods.
DETD
PAR  The invention is illustrated by means of the following examples.
PAC  EXAMPLE I
PAR  In this experiment, there were prepared two blends of (a) a polychloroprene
      rubber known under the trade name NEOPRENE type WRT and said to be a
      non-sulfur-modified chloroprene polymer having a specific gravity of 1.25,
      being soluble in aromatic and chlorinated hydrocarbons, and having a
      Mooney viscosity (ML-21/2 ' 100.degree.C) of 45; and (b) a nitrile
      copolymer rubber of isoprene/acrylonitrile having a nitrile content of 34
      weight %, a Mooney viscosity (ML-4' 100.degree.C) of 70, and a specific
      gravity of 0.96.
PAR  For the first blend 85 parts by weight of NEOPRENE type WRT were combined
      with 15 parts by weight of the isoprene/acrylonitrile copolymer, while for
      the second blend 70 and 30 parts, respectively, were combined.
PAR  Into each of the combined polymers were incorporated the following
      ingredients to give a typical general mechanical black moulding
      formulation. For comparison, a control was also run employing only the
      NEOPRENE type WRT without any nitrile copolymer.
TBL  __________________________________________________________________________
                                     NEOPRENE                                  
     Formulation                     Control                                   
                                           Blend 1                             
                                                 Blend 2                       
     __________________________________________________________________________
           (ingredients in parts by weight per 100 parts of                    
           combined polymers)                                                  
           magnesium oxide           4     4     4                             
           diphenylamine-diisobutylene                                         
                                     2     2     2                             
           reaction product                                                    
     Group a plastic coumarone-indene resin                                    
                                     10    10    10                            
     A     polyethylene (low melting point                                     
                                     4     4     4                             
           type)                                                               
           sulphur                   --    0.2   0.4                           
           stearic acid              1     1     1                             
           clay filler*              40    40    40                            
           fast extruding furnace-type                                         
                                     30    30    30                            
     Group carbon black                                                        
     B     medium thermal carbon black                                         
                                     30    30    30                            
           aromatic petroleum oil plasticizer                                  
                                     10    10    10                            
           zinc oxide                5     5     5                             
     Group mercaptoimidazoline       0.75  0.65  0.60                          
     C     diorthotolyl guanidine    --    0.20  0.40                          
           benzothiazyl disulphide   0.25  0.35  0.45                          
     __________________________________________________________________________
      *Kaolin - hydrated aluminum silicate filler, 99% will pass 300 mesh sieve
PAR  The blending and compounding was performed on a Model B Banbury mixer a
      rotor speed of 77 r.p.m., a chamber temperature of 66.degree.C starting
      with the steam and water shut off. The procedure followed was:
TBL  At 0 minutes                                                              
               Polymer(s) loaded followed by Group A                           
               ingredients of the compounding formulation                      
     At 2 minutes                                                              
               Group B ingredients added. Water turned                         
               on to cool rotor and chamber                                    
     At 4 minutes                                                              
               Swept down                                                      
     At 5 minutes                                                              
               Discharged onto cool open-roll mill where                       
               Group C ingredients were added, and the                         
               mix refined                                                     
PAR  Portions were then moulded, vulcanized for 30 minutes 166.degree.C. Test
      specimens were subjected to a variety of tests listed in Table I with the
      test values therefor.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Processing           Control                                              
                               Blend 1                                         
                                     Blend 2                                   
     __________________________________________________________________________
     Compound Mooney (ML-4' at 100.degree.C)                                   
                          37.5 35.5  34.5                                      
     Scorch Time (minutes at 124.degree.C)                                     
                          10.4 11.5  11.0                                      
     Milling Behaviour    adhered                                              
                               fair to                                         
                                     good                                      
                          to rolls                                             
                               good                                            
     Unaged Vulcanizate Properties                                             
     Hardness, Shore A.sub.2                                                   
                          69   70    71                                        
     Modulus at 100% Elongation (kg/cm.sup.2)                                  
                          38.7 38.7  33.8                                      
     Tensile Strength (kg/cm.sup.2)                                            
                          137.8                                                
                               132.2 133.6                                     
     Elongation at Break (%)                                                   
                          320  340   340                                       
     Tear Strength (kg/cm)                                                     
                          6.5  8.3   10.4                                      
     Abrasion Index (N.B.S. method)**                                          
                          46   46    47                                        
     Resistance to Crack Growth,*                                              
                          1.3  0.8   0.5                                       
     final crack length (cm)                                                   
     Aged Vulcanizate Properties                                               
     In Hot Air                                                                
     (168 hours at 100.degree.C)                                               
     Change in Hardness (points)                                               
                          +7   +10   +9                                        
     Change in Modulus (%)                                                     
                          +50  +45   +40                                       
     Change in Tensile (%)                                                     
                          +4   +0    -2                                        
     Change in Elongation (%)                                                  
                          -8   -14   -12                                       
     In Oil                                                                    
     (ASTM Oil No. 3 for 70 hours at 100.degree.C)                             
     Change in Hardness (points)                                               
                          -23  -22   -20                                       
     Change in Modulus (%)                                                     
                          - 60 -39   -28                                       
     Change in Tensile (%)                                                     
                          -50  -34   -31                                       
     Change in Elongation (%)                                                  
                          -29  -18   -22                                       
     Volume Change (%)    +49  +41   +34                                       
     In Reference Fuel B                                                       
     (70 hours at room temperature)                                            
     Change in Hardness (points)                                               
                          -25  -22   -18                                       
     Change in Modulus (%)                                                     
                          -55  -43   -32                                       
     Change in Tensile (%)                                                     
                          -60  -46   -54                                       
     Change in Elongation (%)                                                  
                          -35  -22   -33                                       
     Volume Change (%)    +35  +32   +28                                       
     __________________________________________________________________________
      *(Ross flex method, original crack width 0.25 cm, flexed for 3,000,000   
      cycles)                                                                  
      **ASTM D 1630-61                                                         
PAR  Compounds of Blends 1 and 2 had a lower Mooney viscosity than the control
      compound; they also showed a markedly improved milling behaviour in
      contrast to the unblended polychloroprene compound which was extremely
      sticky and difficult to form into a sheet. On visual inspection of thinly
      sheeted sheets and cut edges, compounds of Blends 1  and 2 were completely
      uniform and homogeneous without any evidence of undispersed particles.
PAR  The vulcanizates of Blend 1 and 2 compounds showed a significant
      improvement in tear strength, resistance to crack growth (i.e. flex life)
      and oil-resistance, the properties which are important in applications
      such as belting, hose and packing. In other physical properties, such as
      tensile strength, modulus, elongation, hardness, abrasion resistance,
      ozone resistance (not shown in the table), ageing in hot air, Blend 1 and
      2 compounds are equivalent to Control compound.
PAC  EXAMPLE II
PAR  A further set of blends was prepared and evaluated as in Example I except
      that the polychloroprene rubber was a sulfur-modified type known under the
      trade name of NEOPRENE type GN and said to have a specific gravity of
      1.23, be soluble in aromatic and chlorinated hydrocarbons, and to have a
      Mooney viscosity (ML-21/2 100.degree.C) of 60. The same
      isoprene/acrylonitrile copolymer as described in Example I was used.
PAR  One blend contained 80 parts by weight of NEOPRENE GN polymer and was
      combined with 20 parts by weight of the isoprene/acrylonitrile copolymer,
      while a second blend was prepared using a ratio of 60/40. A control
      compound employing only the NEOPRENE polymer was also made.
PAR  The type and amounts of compounding ingredients used were the same as for
      the formulation given in Example I, except that in Group B ingredients,
      the 10 parts of aromatic petroleum oil was substituted by 15 parts of
      dioctyl phthalate, and the following amounts of Group C ingredients were
      used (in parts by weight per 100 parts of combined polymers):
     Compound        Control  Blend 3   Blend 4                                
     ______________________________________                                    
     Zinc oxide      5        5         5                                      
     Mercaptoimidazoline                                                       
                     0.1      0.2       0.4                                    
     Benzothiazyl disulphide                                                   
                     --       0.2       0.4                                    
     ______________________________________                                    
PAR  The same mixing cycle was employed, and again portions were vulcanized for
      30 minutes 166.degree.C. The test values are listed in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Processing             Control                                            
                                  Blend 3                                      
                                        Blend 4                                
     __________________________________________________________________________
     Compound Mooney Viscosity (ML-4' at 100.degree.C)                         
                            38.0  35    37.0                                   
     Scorch Time (minutes at 124.degree.C)                                     
                            5.6   7.8   7.3                                    
     Milling Behaviour      sticky                                             
                                  good  good                                   
     Unaged Vulcanizate Properties                                             
     Hardness, Shore A.sub.2                                                   
                            79    77    77                                     
     Tensile Strength (kg/cm.sup.2)                                            
                            129.4 130.1 132.9                                  
     Compression Set (%)*   42    40    38                                     
     Resistance to Crack Growth,**                                             
                            1.4   1.4   1.0                                    
     final crack length (cm)                                                   
     Ozone Resistance***                                                       
     Time to first cracks while at                                             
                            48    48    48                                     
     20-30% extension (hours)                                                  
     Threshold Strain (%)   18    18    18                                     
     Aged Vulcanizate Properties                                               
     In Hot Air                                                                
     (168 Hours at 100.degree.C)                                               
     Change in Hardness (points)                                               
                            +6    +8    +7                                     
     Change in Tensile (%)  +6    0     +8                                     
     In Oil                                                                    
     (ASTM Oil No. 3 for 70 hours at 100.degree.C)                             
     Change in Hardness (points)                                               
                            -27   -22   -19                                    
     Change in Tensile (%)  -38   -35   -26                                    
     Volume Change (%)      +44   +37   +26                                    
     In Reference Fuel B                                                       
     (70 hours at room temperature)                                            
     Change in Hardness (points)                                               
                            -18   -11   -10                                    
     Change in Tensile (%)  -45   -28   -33                                    
     Volume Change (%)      +38   +32   +26                                    
     __________________________________________________________________________
      *ASTM method B, 70 hours at 100.degree.C                                 
      **Ross flex method, original crack width 0.25 cm, flexed for 3,000,000   
      cycles                                                                   
      ***ASTM D 1171-61                                                        
PAR  Once again, the beneficial improvements in processing, as noted in Example
      I, were observed for Blends 3 and 4. A greater margin of safety against
      the onset of scorch was possible with the compounded Blends 3 and 4 than
      with the Control compound.
PAR  The results given in Table II again confirm that the benefits in processing
      were achieved without a significant sacrifice in vulcanizate properties.
      This can be seen by the maintenance of properties such as hardness,
      tensile and ozone resistance, with an improvement in compression set and
      flex life. Ageing of the vulcanizates in hot air showed no adverse effect
      while ageing in oil of blends containing isoprene/acrylonitrile copolymer
      was markedly improved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A chloroprene polymer composition of improved processabiity comprising a
      blend of (A) about 90-65 parts by weight of a rubbery chloroprene polymer
      and (B) about 10-35 parts by weight of rubbery copolymer of 55-80 parts by
      weight of a 2-alkyl butadiene-1,3 where the alkyl group contains 1-5
      carbon atoms with 45-20 parts by weight of an acrylic nitrile of the
      general formula CH.sub.2 = C(R) - CN where R is selected from hydrogen,
      C.sub.1 -C.sub.3 alkyl, halogen and cyano radicals.
NUM  2.
PAR  2. A composition as claimed in claim 1 wherein the chloroprene polymer is a
      homopolymer of chloroprene.
NUM  3.
PAR  3. A composition as claimed in claim 2 wherein the rubbery copolymer of (B)
      is a copolymer of isoprene and acrylonitrile.
NUM  4.
PAR  4. A vulcanizate of the compositon of claim 3.
PATN
WKU  039431932
SRC  5
APN  4154428
APT  1
ART  142
APD  19731113
TTL  Chloroprene rubber composition having high thermal aging resistance and
      oil resistance
ISD  19760309
NCL  4
ECL  1
EXA  Ziegler; J.
EXP  Tillman; Murray
INVT
NAM  Miyagawa; Toshio
CTY  Shin-nanyo
CNT  JA
INVT
NAM  Inoue; Norio
CTY  Shin-nanyo
CNT  JA
INVT
NAM  Suenaga; Tadayuki
CTY  Shin-nanyo
CNT  JA
ASSG
NAM  Toyo Soda Manufacturing Co., Ltd.
CNT  JA
COD  03
PRIR
CNT  JA
APD  19721116
APN  47-114286
CLAS
OCL  260890
XCL  260 4234
EDF  2
ICL  C08K  322
ICL  C08L 1100
FSC  260
FSS  86.3;890;42.34
UREF
PNO  2464268
ISD  19460700
NAM  Barnes
OCL  260 86.3
UREF
PNO  2892906
ISD  19590600
NAM  Moore
OCL  260890
UREF
PNO  3147318
ISD  19640900
NAM  Carrcroft
OCL  260890
UREF
PNO  3261789
ISD  19660700
NAM  Berger et al.
OCL  260890
LREP
FRM  Oblon, Fisher, Spivak, McClelland & Maier
ABST
PAL  A chloroprene rubber composition having a high resistance to thermal aging
      and a high oil resistance is prepared by admixing a
      chloroprene-methacrylate copolymer with chloroprene rubber and vulcanizing
      the mixture in the presence of quinone dioxime dibenzoate and a metal
      oxide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a chloroprene rubber composition having a higher
      resistance to thermal aging and a higher oil resistance than those of
      conventional chloroprene vulcanized rubber.
PAR  2. Description of the Prior Art:
PAR  Chloroprene type rubber is widely used in various fields because of both
      its high resistance to thermal aging and high oil resistance. However, new
      uses of these rubbers require still greater resistance to thermal aging
      and oil resistance than the conventional chloroprene rubbers are capable
      of providing
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of this invention is to provide a chloroprene
      rubber composition having both a higher resistance to thermal aging and a
      higher oil resistance than those of the conventional chloroprene rubber.
PAR  Another object of this invention is to provide a process for preparing a
      vulcanized composition comprising a chloroprene rubber and a
      choroprene-methacrylate copolymer.
PAR  Briefly, these and other objects of the invention as hereinafter will
      become apparent are achieved by vulcanizing a blend of a chloroprene
      rubber and a chloroprene-methacrylate copolymer in the presence of a metal
      oxide and quinone dioxime dibenzoate.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The chloroprene-methacrylate copolymer used in the composition of this
      invention as a blend rubber component may be any of the linear copolymers
      of chloroprene and methacrylates, such as saturated alkyl methacrylates,
      e.g. methyl methacrylate, ethyl methacrylate, butyl methacrylate,
      cyclohexyl methacrylate, ethylhexyl methacrylate, dodecyl methacrylate,
      stearyl methacrylate or the like, and unsuaturated alkyl methacrylates,
      e.g. allyl methacrylate, crotyl methacrylate, hexenyl methacrylate, oleyl
      methacrylate or the like, or the aralkyl methacrylates such as benzyl
      methacrylate or lower alkyl phenyl methacrylate.
PAR  The methacrylates are preferably C.sub.1-20 saturated or unsaturated alkyl
      or allyl or aralkyl methacrylates.
PAR  These linear copolymers may be prepared by well known polymerization
      techniques such as copolymerizing chloroprene with a methacrylate in the
      presence of an organo-aluminum compound, e.g. alkyl aluminum. Ultraviolet
      radiation may also be applied during the copolymerization. The catalyst
      may be a mixture of an organoaluminum compound and a vanadium compound
      such as vanadium chloride. Also, two or more methacrylates can be
      copolymerized with chloroprene.
PAR  In the copolymerization, the ratio of the chloroprene component to the
      methacrylate component may vary greatly but is usually from about 1:10 to
      about 10 : 1, preferably from about 1:2 to about 2:1.
PAR  The chloroprene-methacrylate copolymer can be blended with the chloroprene
      rubber in any conventional manner. It is, however, preferable to blend
      them by a roller mill before the addition of the vulcanizing agents. The
      chloroprene-methacrylate copolymer has a high compatibility with
      chloroprene rubber so that the blending operation can be easily done
      during the roller kneading operation.
PAR  The ratio of the chloroprene-methacrylate copolymer to the chloroprene
      rubber may be readily determined depending upon the desired properties of
      the final product but is usually from about 5:95 to about 25:15,
      preferably from about 15:85 to about 75:25 to afford a moldability which
      is similar to that of conventional chloroprene rubber.
PAR  The chloroprene-methacrylate copolymer can have any desirable average
      molecular weight however, it is preferable to use a
      chloroprene-methacrylate copolymer having about the same or a slightly
      lower average molecular weight than that of the chloroprene rubber with
      which it is blended. This will enable the copolymer to be easily blended
      with the chloroprene rubber on the roller mill. It is also possible to add
      a relatively small amount of another type of rubber or a rubber like
      copolymer.
PAR  The vulcanization of the blended rubber may be effected in the presence of
      a metal oxide and quinone dioxime dibenzoate as a vulcanizing agent. High
      pressures and high temperatures may be employed to obtain a vulcanized
      blended rubber having the desired properties. The metal oxide and quinone
      dioxime benzoate may be admixed with either component of the blend before
      or after the blending of the chloroprene-methacrylate copolymer with the
      chloroprene rubber by the roller mill.
PAR  The quantity of quinone dioxime dibenzoate per 100 parts by weight of the
      blended rubber used may vary but is preferably from 0.1 to 9 parts by
      weight. The vulcanization velocity of chloroprene by the quinone dioxime
      dibenzoate is more than ten times greater than that of the
      chloroprene-methacrylate copolymer. Accordingly, the quantity of quinone
      dioxime dibenzoate added can be decreased depending upon the amount of
      chloroprene rubber in the blended rubber. It is necessary to add quinone
      dioxime dibenzoate and a metal oxide in the preparation of the chloroprene
      rubber composition of the present invention. The optimum vulcanized
      chloroprene rubber composition cannot be obtained without the addition of
      a metal oxide and quinone dioxime dibenzoate.
PAR  The desirable metal oxides include zinc oxide, magnexium oxide, lead
      peroxide and mixture thereof. The quantity of the metal oxide used may be
      redaily determined depending on the final properties desired, but from
      about 02. - 10 parts by weight per 100 parts by weight of the blended
      rubber is usual. It is possible to add a vulcanization accelerator
      together with the vulcanizing agents. For example, 2-mercaptoimidazoline
      or 2-mercaptobenzthiazole may be preferably used for accelerating the
      initial vulcanizing velocity.
PAR  It is also possible to add without deleteriously effecting the composition
      an antioxidant, carbon black or another conventional filler; a heat
      stabilizer; and a conventional modifier which are added to conventional
      latex or rubbers. These ingredients may be added in any desirable order,
      for example they can be added before or after the addition of the
      vulcanizing agents, vulcanizing auxiliary agent and vulcanization
      accelerator, all at once or in steps.
PAR  The vulcanization is preferably performed at a temperature of from
      120.degree.-190.degree.C, under a pressure of from 20-220 kg/cm.sup.2 and
      for from 40-120 minutes. It is possible to use with the blend rubber of
      this invention any desirable type of mold used in conventional molding
      vulcanization of ordinary and special rubbers.
PAR  The chloroprene rubber compositions of the present invention have excellent
      rubber elasticity and surface gloss and may be used in all fields in which
      chloroprene type rubbers are now used. The compositions of the present
      invention may most advantageously be used in the fields in which high
      thermal aging resistance and oil resistance are required, such as conveyor
      belts, heat resistant tubing, hose, packing, and the like.
PAR  Having generally described the invention, a more complete understanding can
      be obtained by reference to certain specific examples, which are included
      for purposes of illustration only and are not intended to be limiting
      unless otherwise specified.
PAR  The comparative tests contained in the following examples measuring the
      tensile strength and the residual elongation of the thermally aged
      vulcanized chloroprene rubber composition of the present invention are
      remarkably higher than those of the vulcanized chloroprene rubber treated
      in the same manner. In addition, the rate volume change of the composition
      of this invention which is indicative of the oil resistance of the present
      compositions is remarkably higher than that of conventional vulcanized
      chloroprene rubber.
PAR  In the examples, the words "percent" and "part" are "percent by weight" and
      "part by weight", respectively.
PAC  EXAMPLE 1 AND REFERENCE 1
PAR  The following ingredient were mixed and kneaded by a roller mill having an
      8 inch length and kept at 25.degree.C.
TBL  ______________________________________                                    
                   Reference 1                                                 
                              Example 1                                        
                   parts      parts                                            
     ______________________________________                                    
     Chloroprene rubber                                                        
     (Neoprene WRT)  100          75                                           
     Chloroprene-methyl                                                        
     methacrylate copolymer                                                    
                     --           25                                           
     Magnesia        4            4                                            
     Antioxidant     2            2                                            
     Stearic acid    1            1                                            
     SRF carbon black                                                          
                     29           29                                           
     2-Mercaptoimidazoline                                                     
                     --           --                                           
     Zuinone dioxime dibenzoate                                                
                     0.2          0.5                                          
     ______________________________________                                    
PAR  The chloroprene-methyl methacrylate copolymer is a linear copolymer
      (alternative structure) having 56% chloroprene units which has an
      intrinsic viscosity of 2.5 dl/g in chloroform at 30.degree.C, and a Mooney
      viscosity of ML.sub.1.sub.+4 61 at 100.degree.C.
PAR  The quantity of quinone dioxime dibenzoate used in Reference 1, is
      different from that of Example 1 because of the presence of the copolymer
      in Example 1. The quantity of quinone dioxime dibenzoate was determined so
      as to give a flat torque curve under 60 kg/cm at 150.degree.C for 100
      minutes in a vulcanization test by an oscillating disc rheometer for the
      compositions. That is, to provide the same vulcanization rate.
PAR  The blending was smoothly performed without any trouble. The resulting
      composition was put into a mold having the dimensions 15 cm .times. 15 cm
      .times.0.2 cm and was vulcanized at 150.degree.C under a pressure of 200
      kg/cm.sup.2 for 100 minutes by a steam heating press, whereby a glossy
      vulcanized rubber sheet was obtained.
PAR  The sheet was perforated in a dambel shape to make a test piece which was
      used in the following tests. The tensile strength and elongation of the
      test pieces were measured and are shown in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
                 Reference 1 Example 1                                         
     ______________________________________                                    
     Tensile strength                                                          
     (kg/cm.sup.2) 227           192                                           
     Elongation (%)                                                            
                   540           430                                           
     ______________________________________                                    
PAR  The test pieces perforated from the vulcanized rubber sheets were then put
      in a gear oven and heated at 150.degree.C for 24 hours and 72 hours and
      the tensile strength and the elongation of the test pieces were measured.
      The results are shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Aging at 150.degree.C for 24 hours                                        
                       Reference 1 Example 1                                   
     ______________________________________                                    
     Tensile strength (kg/cm.sup.2)                                            
                        72         164                                         
     Elongation (%)    120         220                                         
     Aging at 150.degree.C for 72 hours                                        
     Tensile strength (kg/cm.sup.2)                                            
                        33         178                                         
     Elongation (%)    &lt;20         &lt;20                                         
     ______________________________________                                    
PAR  The residual elongation of the chloroprene rubber (Reference 1) after 24
      hours was 22.2% while the residual elongation of the blend of the
      chloroprene-methylmethacrylate copolymer and chloroprene after 24 hours
      was 51.2%. The latter thermal aging resistance is clearly higher than the
      former thermal aging resistance.
PAC  EXAMPLE 2
PAR  The following ingredients were mixed, kneaded and vulcanized in accordance
      with Example 1.
TBL  ______________________________________                                    
     Chloroprene rubber                                                        
     (Neoprene WRT)       25       parts                                       
     Chloroprene-methylmethacrylate                                            
     copolymer            75       parts                                       
     Magnesia             4        parts                                       
     Antioxidant          2        parts                                       
     Stearic acid         1        part                                        
     SRF carbon black     29       parts                                       
     2-Mercaptoimidazoline                                                     
                          0.5      parts                                       
     Quinone dioxime dibenzoate                                                
                          6        parts                                       
     ______________________________________                                    
PAR  The thus obtained vulcanized composition was heated at 150.degree.C in a
      gear oven for the specific times indicated to determine the thermal aging
      properties and the tensile strength and the elongation were then measured.
      The results are shown in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
                   Tensile strength                                            
                               Elongation                                      
                   (kg/cm.sup.2)                                               
                               (%)                                             
     ______________________________________                                    
     Before thermal aging                                                      
                     147           369                                         
     24 hours aging at 150.degree.C                                            
                     204           231                                         
     72 hours aging at 150.degree.C                                            
                     280            86                                         
     ______________________________________                                    
PAR  The residual elongation of the composition after thermal aging for 24 hours
      was 62.6% which is higher than that of Example 1. The better thermal aging
      is considered to be the result of the increased ratio of the
      chloroprene-methylmethacrylate copolymer to chloroprene rubber in the
      blend.
PAC  EXAMPLE 3 AND REFERENCES 2 AND 3
PAR  The following ingredients were mixed, kneaded and vulcanized in accordance
      with Example 1.
TBL  ______________________________________                                    
                   Example                                                     
                          Reference Reference                                  
                   3 (parts)                                                   
                          2 (parts) 3(parts)                                   
     ______________________________________                                    
     Chloroprene rubber                                                        
                     75       100       100                                    
     (Neoprene WRT)                                                            
     Chloroprene-methyl                                                        
                     25       --        --                                     
     methacrylate copolymer                                                    
     Magnesia        4        4         4                                      
     Antioxidant     2        2         2                                      
     Stearic acid    1        1         1                                      
     SRF carbon black                                                          
                     29       29        29                                     
     Zinc Oxide      5        5         5                                      
     2-Mercaptoimidazoline                                                     
                     --       --        0.5                                    
     Quinone dioxime dibenzoate                                                
                     0.5      0.2       --                                     
     ______________________________________                                    
PAR  Zinc oxide was added to the formula of Example 1. The standard zinc oxide
      vulcanized chloroprene rubber is shown by Reference 3. The tensile
      strength and elongation of the compositions before and after thermal aging
      are shown in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
                   Example                                                     
                          Reference Reference                                  
                   3      2         3                                          
     ______________________________________                                    
     Before thermal aging                                                      
     Tensile strength (kg/cm.sup.2)                                            
                     173      174       196                                    
     Elongation (%)  604      734       350                                    
     ______________________________________                                    
     40 hours aging at 150.degree.C                                            
     Tensile strength (kg/cm.sup.2)                                            
                     176      157        81                                    
     Elongation (%)  284      225        70                                    
     ______________________________________                                    
     96 hours aging at 150.degree.C                                            
     Tensile strength (kg/cm.sup.2)                                            
                     170      120        68                                    
     Elongation (%)   90       65       &lt;20                                    
     ______________________________________                                    
PAR  The residual elongation of the composition of Example 3 containing the
      chloroprene-methyl methacrylate copolymer after 40 hours was 47.0% while
      the residual elongation of the chloroprene rubber of Reference 2 was 30.7%
      and that of the standard chloroprene rubber of Reference 3 was 20.0%. The
      high thermal aging resistance of the composition of the present invention
      is clearly demonstrated.
PAR  The rate of volume change of the above compositions was determined. The
      compositions were immersed in the following oils held at 100.degree.C for
      70 hours and the rate of volume change was measured. The rate of volume
      change of the chloroprene rubber of Reference 3 was +13.4% in ASTM -1 oil
      and +89.6% in ASTM -3 oil.
PAR  On the other hand, the rate of volume change of the composition of the
      invention was +10.1% in ASTM -1 oil and +72.5% in ASTM -3 oil. The
      composition of Example 3 has a higher oil resistance.
PAC  EXAMPLE 4
PAR  The following ingredients were mixed, kneaded and vulcanized in accordance
      with Example 3.
TBL  ______________________________________                                    
     Chloroprene rubber   25       parts                                       
     (Neoprene WRT)                                                            
     Chloroprene-methyl methacrylate                                           
     copolymer            75       parts                                       
     Magnesia             4        parts                                       
     Antioxidant          2        parts                                       
     Stearic acid         1        part                                        
     SRF carbon black     29       parts                                       
     Zinc oxide           5        parts                                       
     2-Mercaptoimidazoline                                                     
                          0.5      parts                                       
     Quinone dioxime dibenzoate                                                
                          6        parts                                       
     ______________________________________                                    
PAR  In other words, zinc oxide is added to the formula of Example 2. The
      tensile strength and the elongation of the composition were measured
      before and after thermal aging and are shown in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
                   Tensile strength                                            
                               Elongation                                      
                   (kg/cm.sup.2)                                               
                               (%)                                             
     ______________________________________                                    
     Before thermal aging                                                      
                     124           380                                         
     40 hours aging at 150.degree.C                                            
                     174           280                                         
     96 hours aging at 150.degree.C                                            
                     220           150                                         
     ______________________________________                                    
PAR  The residual elongation of the composition after 40 hours of thermal aging
      was 73.8% which is higher than that of Example 3. The better thermal aging
      is considered to be the result of the increased ratio of the
      chloroprene-methyl methacrylate copolymer to chloroprene rubber in the
      blend. The oil resistance of the composition was measured by the method of
      Example 3. The rate of volume change of the composition was +3.3% in ASTM
      -1 oil and +37.5% in ASTM -3 oil. The composition has a higher oil
      resistance than that of Example 3.
PAC  EXAMPLE 5
PAR  The following ingredients were mixed, kneaded and vulcanized in accordance
      with Example 1.  1
TBL  ______________________________________                                    
                        Example Reference                                      
                        5       4                                              
                        parts   parts                                          
     ______________________________________                                    
     Chloroprene                                                               
     (Neoprene WRT)       85        100                                        
     Chloroprene-methylmethacrylate                                            
     n-butyl methacrylate copolymer*                                           
                          15        --                                         
     Lead peroxide        4         4                                          
     Antioxidant          2         2                                          
     Stearic acid         1         1                                          
     SRF carbon black     29        29                                         
     Zinc oxide           5         5                                          
     2-Mercaptoimidazoline                                                     
                          0.5       --                                         
     Quinone dioxime dibenzoate                                                
                           6**      0.2**                                      
     ______________________________________                                    
      *The chloroprene-methylmethacrylate-n-butyl methacrylate copolymer is a  
      linear copolymer having 55% chloroprene, 21% methylmethacrylate, and 24% 
      n-butyl methacrylate and an intrinsic viscosity of 1.75 dl/g in chlorofor
      at 30.degree.C and a Mooney viscosity of ML.sub.1.sub.+4 63 at           
      100.degree.C.                                                            
      **The quantity of quinone dioxime dibenzoate used in Reference 4 is the  
      amount necessary to provide the same vulcanization velocity as in Example
      5.                                                                       
PAR  The tensile strength and elongation of the compositions are shown in Table
      VI.
TBL                TABLE VI                                                    
     ______________________________________                                    
                     Example 5                                                 
                              Reference 4                                      
     ______________________________________                                    
     Before thermal aging                                                      
     Tensile strength (kg/cm.sup.2)                                            
                       170        182                                          
     Elongation (%)    702        754                                          
     ______________________________________                                    
     40 hours aging at 150.degree.C                                            
     Tensile strength (kg/cm.sup.2)                                            
                       161        163                                          
     Elongation (%)    270        235                                          
     ______________________________________                                    
PAR  The residual elongation of the composition of Example 5 after 40 hours at
      150.degree.C was 38.5% and that of Reference 4 was 31.8%. The better
      thermal aging is considered to be the result of the addition of the
      chloroprene-methylmethacrylate-n-butyl methacrylate copolymer (15 parts).
      Thus, the thermal aging resistance of the composition of Example 5 is
      clearly higher than that of Reference 4.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A thermal aging and oil resistant chloroprene rubber composition which
      comprises:
PA1  a. a linear copolymer of chloroprene and a methacrylate selected from the
      group consisting of alkyl, allyl and aralkyl methacrylate having 1 to 20
      carbon atoms, wherein said chloroprene annd said methacrylate are
      copolymerized in a ratio of from about 1 : 10 to about 10 : 1; and
PA1  b. polychloroprene homopolymer, wherein the ratio of (a) to (b) is from
      about 5 : 95 to 85 : 15, which are vulcanized in the presence of
PA1  c. a metal oxide; and
PA1  d. quinone dioxime dibenzoate.
NUM  2.
PAR  2. The chloroprene rubber composition of claim 1, wherein the metal oxide
      is selected from the group consisting of zinc oxide, magnesium oxide, lead
      peroxide and mixtures thereof.
NUM  3.
PAR  3. The chloroprene rubber composition of claim 1, containing a
      vulcanization accelerator selected from the group consisting of
      2-mercaptoimidazoline or 2-mercaptobenzthiazole.
NUM  4.
PAR  4. The chloroprene rubber composition of claim 1, wherein from 0.2 to
      10parts by weight of said metal oxide and from 0.1 to 9 parts by weight of
      quinone dioxime dibenzoate is added per 100 parts by weight of the mixture
      of said linear copolymer of chloroprene and a methacrylate and
      polychloroprene homopolymer.
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ABST
PAL  Flameproof moulding compositions, which are based on polyolefins and made
      from a pulverulent blend comprising a polyolefin as its essential
      ingredient and a plurality of flame-retardant ingredients. The
      flame-retardant ingredients comprise red phosphorus and at least one
      organic nitrogen compound which carbonizes after inflammation. The
      moulding compositions contain the flame-retardant ingredients in a total
      proportion of at most about 30 weight %. Red phosphorus and organic
      nitrogen compound are used in a quantitative ratio between 99:1 and 1:99.
PARN
PAR  This application is a division of application Ser. No. 362,517, filed May
      21, 1973.
BSUM
PAR  The present invention provides flame-retardant moulding compositions which
      are based on polyolefins and made from a pulverulent blend comprising a
      polyolefin as its essential ingredient and a plurality of flame-retardant
      ingredients.
PAR  Polyolefins, which are easy to work, have good chemical, mechanical and
      electrical properties and, last but not least, are relatively inexpensive
      materials, find very widespread uses. Polyolefins which have been rendered
      flameproof find further technical uses, particularly in the mining
      industries, in constructional engineering and in the automotive
      industries, where flameproofness is generally highly desirable for reasons
      of safety. In rendering plastics flameproof, it is desirable, however, to
      have a flame-retardant agent which is easy to incorporate with the
      plastics and which does substantially not affect the properties
      characteristic of plastics that have been treated therewith. For
      polyolefins, it is often difficult to satisfy these specifications. To
      achieve satisfactory flameproofing effects, it is normally necessary to
      incorporate the flameproofing agent in quantities which strongly impair
      the plastics physical properties.
PAR  In accordance with German Pat. No. 1,048,409, polyolefins, such as
      polyethylene, polypropylene or polystyrene, can be rendered flameproof by
      admixing them with between 5 and 25 percent of a blend of antimony
      trioxide and polyolefins containing between 15 and 50 percent of chlorine.
PAR  A further flameproofing blend for polyolefins has been described in U.S.
      Pat. No. 3,370,030, the blend comprising a chlorinated hydrocarbon
      containing between 40 and 80 percent of bound chlorine, and a diphosphine
      oxide, for example ethylene-bis-diphenylphosphine oxide.
PAR  An adverse phenomenon resides in the fact that it is necessary for good
      flameproofing to use the above blends of flameproofing agents in
      relatively large proportions, which strongly impair the plastics'
      mechanical properties and their thermostability. As a result, it is
      hazardous to process the plastics at elevated temperatures, at which they
      may tend to decompose. Still further, in various fields, for example in
      electrical engineering, it is not very desirable to have plastics
      containing halogen, particularly chlorine or bromine, in view of the fact
      that they liberate hydrogen halide, under thermal load. In the event of
      fire-outbreaks, the hydrogen halide in turn corrodes and effects serous
      secondary damage to metals.
PAR  German Pat. No. 1,173,641 finally describes a process for flameproofing
      polyurethanes with the use of red phosphorus, which enables the burn-up
      length to be shortened and self-extinguishing properties to be imparted to
      a test specimen. No such effect can be produced in polyolefins with the
      use merely of red phosphorus, even if used in proportions up to 30 weight
      %.
PAR  The use of inorganic phosphates, such as ammonium polyphosphate, as
      flameproofing components for polyolefins is a commercially unattractive
      procedure as satisfactory flameproofing can be achieved only by
      incorporating an at least 50 weight % proportion of ammonium polyphosphate
      with the polyolefin.
PAR  We have now found that polyolefins can be rendered flameproof with the use
      of a combination comprising red phosphorus and certain halogen-free
      substances, which themselves do not effect flameproofness.
PAR  The present invention provides more particularly flameproof moulding
      compositions, which are based on polyolefins and made from a pulverulent
      blend comprising a polyolefin as its essential ingredient and a plurality
      of flameretardant ingredients, the said flameproof moulding compositions
      containing, as the flame-retardant ingredients, red phosphorus and at
      least one organic nitrogen compound, which carbonizes after inflammation,
      in a total proportion of at most about 30 weight %, the red phosphorus and
      the organic nitrogen compound being used in a quantitative ratio between
      99:1 and 1:99.
PAR  The polyolefins, which can be rendered flameproof in accordance with the
      present invention, include high pressure and low pressure polyethylene or
      polypropylenes, for example.
PAR  A preferred embodiment of the present invention comprises using fine
      particulate red phosphorus or fine particulate organic nitrogen compounds
      with a size of at most 200 microns, more preferably with a size of at most
      75 microns. The organic nitrogen compound may be selected, for example,
      from melamine or polyacrylonitrile with a molecular weight between 15,000
      and 250,000 or with a chain length between 280 and 4 700.
PAR  The moulding compositions should preferably contain the flame-retardant
      ingredients in a total proportion substantially between 10 and 30 weight
      %. Particularly good flameproofing effects are produced by the use of red
      phosphorus and organic nitrogen compound in a quantitative ratio between
      70:30 to 30:70, preferably 50:50.
PAR  The flameproofing effects produced in accordance with the present invention
      are believed to be a result of the fact that the organic compound in the
      polyolefin is carbonized upon inflammation with the resultant formation of
      a carbon layer which has a structure similar to that of graphite. The
      following is a formula representation of the mechanism underlying
      carbonization, in polyacrylonitrile.
      ##EQU1##
PAR  The carbonization upon inflammation is even promoted by red phosphorus
      which undergoes combustion to phosphorus oxides. These, however, act as
      strong dehydrating agents which favorably influence the polycondensation
      represented by the above formula. As a result, a surface heat-retaining
      carbon layer, which has glassy metaphosphoric acid embedded therein, is
      formed. This tight-structured layer extensively avoids the formation of
      burning decomposition products and equally avoids further admittance of
      atmospheric oxygen, which is necessary to sustain the combustion. As
      compared with plastics rendered flameproof by known methods, those which
      are rendered flameproof in accordance with the present invention have a
      considerably lesser tendency to drop off after inflammation. This appears
      to vouch for the accuracy of the above hypothesis. In addition to this,
      specimens rendered flameproof in accordance with this invention have been
      found to produce considerably less soot, upon inflammation.
PAR  One of the valuable beneficial effects of the present invention resides in
      the fact that relatively minor proportions of the blend of halogen-free
      flame-retardant agents are needed for achieving good flameproofing
      effects. As a result, the mechanical and rheological properties of the
      plastics are substantially not affected. Certain properties, for example
      the ball indentation hardness, are even improved. The plastics rendered
      flameproof in accordance with the present invention are substantially
      unproblematic and easy to work in view of the fact that their melt indexes
      are immaterially reduced only by the addition of the flame-retardant
      agents in proportions up to 30 weight % and in view of the fact that the
      phenomenon of thermal decomposition, which often accompanies the use of
      halogenated flame-retardant agents, does not appear at normal processing
      temperatures, in the present case.
PAR  The present blend of pulverulent flame-retardant agents should be
      mechanically incorporated with the plastics so as to ensure an optimum
      degree of distribution therein. Use can be made, for example, of a
      closable intense mixer for the homogeneous distribution of the blend of
      flame-retardant agents in the pulverulent plastics.
PAR  The flameproof polyolefins of the present invention compare favorably with
      polyolefins stabilized in known manner, as regards non-burning properties.
      By the addition of merely a 10 weight % proportion of the present blend of
      flame-retardant agents, it is possible to render polyolefins non-burning
      (ASTM D 635-68) without affecting their mechanical or rheological
      properties including ball indentation hardness, notched impact strength or
      flow properties. A further valuable avantage resides in the freeness from
      halogen of all individual components making the present blend of
      flame-retardant agents. With the use merely of red phosphorus, it is
      impossible to impart satisfactory flameproofness to polyolefins. With this
      in mind, it is an unexpected result that it is possible for the
      flameproofing properties of red phosphorus to be improved synergetically
      by using it in admixture with certain organic nitrogen compounds which,
      per se are not flameproofing agents.
DETD
PAR  The following Examples illustrate the efficiency of the present blends of
      flame-retardant agents in polyolefins, without limiting the present
      invention thereto.
PAC  EXAMPLE 1
PAR  The flammability (ASTM-D 635-68) of test tapes made from low pressure
      polyethylenes, which had different proportions of flame-retardant agents
      incorporated therein, was tested. The low pressure polyolefins had a melt
      index of 19.6 and a density of 0.965 g/cc (DIN = German Industrial
      Standards 53 735). The test tapes were 1.28 cm wide and 4 mm thick. They
      were cut out from compressed sheets. The sheets were made by compressing
      pulverulent polyethylene in a steam-heated hydraulic press at 180.degree.C
      under a pressure of 50 kg/sqcm. Flameproof polyethylene was produced by
      intimately mixing the pulverulent polyethylene with a certain quantity of
      flame-retardant agents, prior to delivering the powder to the hydraulic
      press. The burn-up tests were made in accordance with ASTM-D 635-68. The
      results obtained are indicated in the following Table1, wherein the
      various abbreviations have the following meanings.
PA0  Pe = low pressure polyethylene; melt index (i.sub.5): 19.6; density: 0.965
      g/cubic centimeter.
PA0  Sb.sub.2 O.sub.3 = Antimony trioxide.
PA0  Cp = chloroparaffin with 70 % of chlorine, described in U.S. Pat. No.
      2,962,464.
PA0  Cpe = chlorinated low pressure polyethylene with a molecular weight of
      50,000 and 28 % of chlorine, described in German Pat. No. 1,048,409.
PA0  P = particulate red phosphorus with a size of at most 100 microns.
PA0  Me = Particulate melamine with a size of at most 100 microns.
PA0  Pan = polyacrylonitrile with a molecular weight of 150,000 or a chain
      length of 2,800.
PA0  Column A = Burn-up rate of test tape in mm/minute.
PA0  Column B.sub.1 = Burn-up length until self-extinction in mm.
PA0  Column B.sub.2 = Burn-up time until self-extinction in seconds.
PA0  Column C = Non-flammability of test tape.
PA0  i.sub.5 = Melt index of test tape, determined in accordance with DIN
      specification 53 735.
PA0  Kh = ball indentation hardness of test tape, determined in accordance with
      DIN specification 53,456.
PA0  Kz = notched impact strength of test tape, determined in accordance with
      DIN specification 53,453.
PAR  Table 1 enables the flammability of pure polyethylene to be compared with
      that of polyethylene which has been rendered flameproof. Specimens 7 and 8
      and 14 and 15 were of polyethylene rendered flameproof in accordance with
      the present invention. Specimens 2 to 6 and 9 to 13 contained either known
      flame-retardant agents or merely one of the components making the present
      blend of flame-retardant agents. As results from the burn-up tests, a test
      tape, which contained as little as 10 weight %, for example, of the
      present blend of flame-retardant agents, was found to be
      self-extinguishing or non-burning, 10 seconds after inflammation. The
      comparative test tapes, which were all "burning," did burn off at
      different rates. Table 1 also shows the merely minor modification of the
      mechanical properties and melt indexes i.sub.5 of the test tapes rendered
      flameproof in accordance with the present invention, as compared with the
      corresponding data of pure polyethylene.
PAC  EXAMPLE 2
PAR  The procedure was the same as that described in Example 1 save that low
      pressure polyethylene of high molecular weight, which had a melt index
      i.sub.5 of less than 0.01, a flow index of 2,300 and a density of 0.94
      g/cc, was used. The flow index of the polyethylene was determined in
      accordance with ASTM D 1430-65 T. The test results are indicated in Table
      2. The (ZST) column in Table 2 indicates the flow indexes of the
      individual test specimens, the remaining columns having the same meanings
      as those in Table 1.
PAR  As results from Table 2, test tapes 18 to 21 and 23, which were rendered
      flameproof in accordance with this invention, were found to compare
      favorably with comparative test tapes 16, 17 and 22, as regards
      flammability, mechanical properties and flow index.
PAC  EXAMPLE 3
PAR  The procedure was the same as that described in Example 1 save that high
      pressure polyethylene, which had a melt index i.sub.5 of 0.58 and a
      density of 0.918 g/cc, was used. The test results are indicated in Table
      3.
PAR  As results from Table 3, the flameproofing effect produced was found to be
      a function of the concentration of the blend of flame-retardant agents, in
      the polyethylene.
PAC  EXAMPLE 4
PAR  The procedure was the same as that described in Example 1 save that
      polypropylene, which had a melt index i.sub.5 of 8 (230.degree.C) and a
      density of 0.905 g/cc, was used as the polyolefin. The test results are
      indicated in Table 4, in which PP stands for polypropylene.
PAR  Table 4 shows, as does Table 3, that the flameproofing effect was found to
      be a function of the concentration of the blend of flame-retardant agents,
      in the polypropylene.
TBL                                    Table 1:                                
     __________________________________________________________________________
     Composition of test tape        Burn-up test                              
     in weight %                     ASTM D 635-68                             
     Specimen                                                                  
     No.  PE   Sb.sub.2 O.sub.3                                                
                    CP70                                                       
                        CPE P  Me PAN                                          
                                     A   B.sub.1                               
                                            B.sub.2                            
                                                C i.sub.5                      
                                                      KH  KZ                   
     __________________________________________________________________________
     1    100  --   --  --  -- -- -- 14.3                                      
                                         -- --  --                             
                                                  19.6                         
                                                      585 3.0                  
     2    90   6.65 3.35                                                       
                        --  -- -- --  9.6                                      
                                         -- --  --                             
                                                  19.9                         
                                                      556 2.2                  
     3    90   3.26 --  6.74                                                   
                            -- -- -- 14.5                                      
                                         -- --  --                             
                                                  18.1                         
                                                      550 2.9                  
     4    90   --   --  --  10 -- -- 11.7                                      
                                         -- --  --                             
                                                  18.0                         
                                                      545 2.9                  
     5    90   --   --  --  -- 10 -- 15.9                                      
                                         -- --  --                             
                                                  17.2                         
                                                      575 3.0                  
     6    90   --   --  --  -- -- 10 15.8                                      
                                         -- --  --                             
                                                  14.1                         
                                                      630 2.6                  
     7    90   --   --  --  5  5  -- --  -- --  + 18.3                         
                                                      610 2.8                  
     8    90   --   --  --  5  -- 5  --  7  75  --                             
                                                  16.0                         
                                                      615 2.3                  
     9    67.8 21.4 10.8                                                       
                        --  -- -- -- --  7  105 --                             
                                                  27.7                         
                                                      600 1.9                  
     10   70    9.8 --  20.2                                                   
                            -- -- --  9.6                                      
                                         -- --  --                             
                                                  12.5                         
                                                      395 2.7                  
     11   70   --   --  --  30 -- -- 15.5                                      
                                         -- --  --                             
                                                  14.9                         
                                                      660 2.5                  
     12   70   --   --  --  -- 30 -- 12.7                                      
                                         -- --  --                             
                                                  14.1                         
                                                      --  --                   
     13   70   --   --  --  -- -- 30 17.8                                      
                                         -- --  --                             
                                                  4.8 775 1.8                  
     14   70   --   --  --  15 15 -- --  10 133 --                             
                                                  15.3                         
                                                      690 2.2                  
     15   70   --   --  --  15 -- 15 14.0                                      
                                         -- --  --                             
                                                  9.7 710 2.3                  
     __________________________________________________________________________
TBL                                    Table 2:                                
     __________________________________________________________________________
     Composition of test tape       Burn-up test                               
     in weight %                    ASTM D 635-68                              
     Specimen                                                                  
     No.  PE   Sb.sub.2 O.sub.3                                                
                    CP70                                                       
                        P   Me  PAN A  B.sub.1                                 
                                          B.sub.2                              
                                             C ZST KH  KZ                      
     __________________________________________________________________________
     16   100  --   --  --  --  --  18 -- -- --                                
                                               2300                            
                                                   385 140                     
     17   90   3.35 6.65                                                       
                        --  --  --  9.6        4300                            
                                                   396 54                      
     18   90   --   --  5   5   --  8  -- -- --                                
                                               2200                            
                                                   396 118                     
     19   90   --   --  5   --  5   9  -- -- --                                
                                               2200                            
                                                   408 126                     
     20   85   --   --  7.5 7.5 --  3  -- -- --                                
                                               2400                            
                                                   427 88                      
     21   85   --   --  7.5     7.5 4  -- -- --                                
                                               2400                            
                                                   451 91                      
     22   67.8 21.4 10.8                                                       
                        --  --  --     18 -- --                                
                                               --  452 9                       
     23   70   --   --  15  15  --           + 2100                            
                                                   478 25                      
     __________________________________________________________________________
TBL                                    Table 3:                                
     __________________________________________________________________________
     Composition of test tape                                                  
                          Burn-up test                                         
     in weight %          ASTM D 635-68                                        
     Speci-                                                                    
     men                                                                       
     No. PE   P   Me  PAN A   B.sub.1                                          
                                  B.sub.2                                      
                                       C                                       
     __________________________________________________________________________
     24  100  --  --  --  17.9                                                 
                              --  --   --                                      
     25  90   5   5   --  --  12  105  --                                      
     26  90   5   --  5   --  10  90   --                                      
     27  70   15  15  --  --  2   60   --                                      
     __________________________________________________________________________
TBL                                    Table 4:                                
     __________________________________________________________________________
     Composition of test tape                                                  
                          Burn-up test                                         
     in weight %          ASTM D 635-68                                        
     Speci-                                                                    
     men                                                                       
     No. PP   P   Me  PAN A   B.sub.1                                          
                                  B.sub.2                                      
                                      C                                        
     __________________________________________________________________________
     28  100  --  --  --  28.5                                                 
                              --  --  --                                       
     29  90   5   5   --  23.5                                                 
                              --  --  --                                       
     30  90   5   --  5   --  12  53  --                                       
     31  80   5   --  15  --  12  70  --                                       
     32  70   15  15  --   8.6                                                 
                              --  --  --                                       
     33  70   15  --  15  --  5   25  --                                       
     34  70   10  --  20  --  4   19  --                                       
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A flameproof moulding composition comprising a pulverulent blend of a
      polyolefin and a plurality of flame retardants consisting of, in addition
      to red phosphorus, polyacrylonitrile having a molecular weight of 15,000 -
      250,000 and a particle size of 75-200 microns, the amount of flame
      retardants being about 10-30 weight % of said composition and the
      quantitative ratio of red phosphorus and polyacrylonitrile being 70:30 -
      30:70.
NUM  2.
PAR  2. The moulding composition as claimed in claim 1, wherein the polyolefin
      is polyethylene or polypropylene.
NUM  3.
PAR  3. The moulding composition as claimed in claim 1, wherein the red
      phosphorus has a particle size of 75-200 microns.
NUM  4.
PAR  4. The moulding composition as claimed in claim 1, wherein the quantitative
      ratio of red phosphorus and polyacrylonitrile is 50:50.
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ABST
PAL  Thermoplastic molding material based on styrene polymers and olefin
      polymers which have been flameproofed with an organic bromine compound.
      Brominated oligomers or polymers of dialkylbenzenes, trialkylbenzenes or
      tetraalkylbenzenes serve as flameproofing agents. The molding material may
      be processed into self-extinguishing moldings.
BSUM
PAR  This application discloses and claims subject matter described in German
      Patent Application P 2358855.8, filed Nov. 26, 1973, which is incorporated
      herein by reference.
PAR  The invention relates to self-extinguishing thermoplastic molding material
      based on styrene polymers and olefin polymers which contain brominated
      oligomers or polymers of dialkylbenzenes, trialkylbenzenes or
      tetraalkylbenzenes as flameproofing agents.
PAR  Substances containing bromine have proved to be suitable as flameproofing
      agents for thermoplastics. It is known from German Printed Application
      (DAS) No. 1,255,302 that oligomers and polymers of diisopropylbenzene act
      as synergists with bromine compounds in flameproofing thermoplastics.
      Peroxides and azo compounds have a similar effect.
PAR  In all these cases a fairly large amount of bromine has to be incorporated
      into the plastics in order to achieve adequately short extinction times.
PAR  The invention therefore has as an object the provision of a flameproofing
      agent which results in short extinction times even at low concentrations
      of bromine in the plastics. Another object of the invention is to decrease
      the number of chemical reagents required for flameproofing.
PAR  This object is achieved by a thermoplastic molding material based on a
      styrene polymer or an olefin polymer having a content of from 0.5 to 10%
      by weight of a flameproofing agent comprising a brominated oligomer or
      polymer of a dialkylbenzene, trialkylbenzene or tetraalkylbenzene having a
      degree of polymerization of from 2 to 200.
PAR  Particularly suitable polyolefins are polyethylene, polypropylene,
      polyisobutylene and a copolymer of ethylene and propylene; suitable
      styrene polymers include polystyrene, impact-resistant polystyrene
      containing from 2 to 10% by weight of a rubber, for example polybutadiene,
      copolymers of styrene with up to 50% by weight of .alpha.-methylstyrene,
      acrylonitrile or methyl methacrylate and the impact-resistant modified
      copolymers which generally contain from 5 to 40% of a polybutadiene rubber
      or a polyacrylate rubber. Polymers containing expanding agents and which
      are suitable for the production of self-extinguishing expanded products
      have particular importance. They contain an expanding agent in addition to
      the flameproofing agent. Solid expanding agents, as for example sodium
      hydrogen carbonate, azodicarboxamide or azodiisobutyronitrile may be used,
      preferably in an amount from 0.1 to 5% by weight, or liquid or gaseous
      expanding agents may be used, as for example propane, butane, pentane,
      hexane, methyl chloride or dichlorodifluoromethane, preferably in an
      amount of from 2 to 10% by weight.
PAR  The thermoplastic molding material contains from 0.5 to 10% and preferably
      from 1 to 5% by weight of flameproofing agent.
PAR  The flameproofing agents used according to the invention are brominated
      oligomers or polymers of dialkylbenzenes, trialkylbenzenes or
      tetraalkylbenzenes having a degree of polymerization of from 2 to 200 and
      preferably from 2 to 50. A detailed description of the starting materials
      for bromination applicable in the present context will be found in German
      Printed Application (DAS) No. 1,255,302 which is incorporated herein by
      reference. These are oligomers or polymers of compounds of the general
      formula:
      ##SPC1##
PAL  in which at least two of the substituents R.sup.1 R.sup.2, R.sup.3 and
      R.sup.4 represent the grouping:
      ##EQU1##
      the remaining substituents being hydrogen; R' and R" may each be n-alkyl
      or R" may be hydrogen;
PAL  or mixtures of these compounds with those of the same general formula in
      which R.sup.1 is the grouping
      ##EQU2##
      and the other substituents are hydrogen.
PAR  Oligomers or polymers of halogen-substituted dialkylbenzenes,
      trialkylbenzenes or tetraalkylbenzenes may also be used as synergists for
      the organic bromine compounds according to the said print. These compounds
      differ from the flameproofing agents according to this invention in that
      they are prepared by polymerization of halo-substituted compounds, for
      example of 1,4-diisopropyl-2,5-dichlorobenzene, whereas according to this
      invention substances are used which have not been brominated until after
      they have been oligomerized or polymerized. When an attempt is made to
      adopt the converse method in the case of bromine-substituted compounds it
      is found that decomposition with the formation of hydrogen bromide takes
      place during the oligomerization or polymerization.
PAR  Polymerized hydrocarbons are also disclosed in German Laid-Open
      Specification (DOS) No. 2,050,009. They are generally prepared by
      Wurtz-Fittig reactions or by polyrecombination reactions as described by
      V. V. Korshak, J. Polym. Sci. USSR, Vol. 1 (1960), page 341 and Vol. 3
      (1962) page 925. The simplest substance in this class (dicumyl) may also
      be used.
PAR  Particularly preferred oligomers include those of diisopropylbenzene having
      a degree of polymerization of from 3 to 30 such as are disclosed in German
      Patent Application P2338709 which is also incorporated herein by
      reference. These oligomers are prepared from a mixture of isomers of
      diisopropylbenzene which preferably contains about 60% of meta-isomers and
      30% of para-isomers.
PAR  Bromination of the oligomers or polymers is carried out by a conventional
      method, for example by reaction with elementary bromine (either without a
      solvent or dissolved in carbon tetrachloride, methylene chloride, glacial
      acetic acid or petroleum ether) at from 30.degree. to 80.degree.C;
      catalysts such as iron powder or a mixture of iron powder and iodine may
      be added.
PAR  The flameproofing agent should have a bromine content of from about 20 to
      80% and preferably from 25 to 70% by weight. Other flameproofing agents,
      for example antimony trioxide or phosphorus compounds may be present in
      addition to the bromine compounds.
PAR  In addition to the flameproofing agents according to the invention and the
      expanding agents already mentioned the thermoplastic molding material may
      also contain other additives, as for example stabilizers, fillers,
      plastics, pigments, lubricants, plasticizers or antistatic agents.
      Incorporation of the additives into the thermoplastics is carried out
      conventionally, preferably by addition to the molten plastics, for example
      in an extruder, kneader or roller. The thermoplastic molding material may
      be processed into self-extinguishing moldings.
DETD
PAR  The following Examples illustrate the invention.
PAR  The parts and percentages specified in the Examples are by weight.
PAR  To test expanded materials a molding having the dimensions 0.5 cm .times.
      15 cm .times. 40 cm is held for five seconds in a gas flame having a flame
      height of 40 mm and the flame is then removed with a gentle movement. The
      time after removal from the flame before extinction takes place is a
      measure of the flame resistance. Molding materials which have been given
      an inadequate self-extinguishing finish or none at all burn up completely
      after removal from the flame.
PAC  EXAMPLE 1
PAR  Flameproofed test specimens of expanded polystyrene having the dimensions
      0.5 cm .times. 15 cm .times. 40 cm are prepared as described in German
      Printed Application (DAS) No. 1,255,302. The flameproofing agent and
      synergist used are reaction products from the reaction of oligomerized
      mixtures of diisopropylbenzene mixtures (mean degree of polymerization
      from 6 to 7) with increasing amounts of bromine. The extinction times in
      the burning tests 1 to 4 are given in the following Table as a function of
      the bromine content of the flame-proofing agent which is added in an
      amount of 1%.
TBL  ______________________________________                                    
     Experiment No.    1       2       3     4                                 
     % Br.sub.2 in the flameproofing                                           
                      28      42      51    62                                 
     agent                                                                     
     Extinction time in seconds                                                
                      0.8     0.6     0.5   0.4                                
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Production and testing of the expanded polystyrene specimens are carried
      out as described in Example 1 but graduated amount of a brominated
      oligodiisopropylbenzene isomer mixture (n = 6) having a bromine content of
      62% are used.
TBL  ______________________________________                                    
     Test No. % of brominated   Extinction time in                             
              oligodiisopropylbenzene                                          
              isomer mixture    seconds                                        
     ______________________________________                                    
     5        0.2               19                                             
     6        0.4               3.4                                            
     7        0.6               1.1                                            
     8        0.8               0.70                                           
     9        1.0               0.40                                           
     10       1.2               0.25                                           
     11       1.4               0.2                                            
     12       1.6               .about.0.1                                     
     13       1.8               .about.0.1                                     
     14       2.0               &lt;0.1                                           
     ______________________________________                                    
PAC  Comparison Examples A and B
PAR  A. 1% of hexabromocyclododecane (bromine content about 73%) is used as
      flameproofing agent in combination with 0.2% of oligodiisopropylbenzene
      isomer mixture as synergist and tested in the same method as in Examples 1
      to 14. The extinction time is 0.74 second. Comparison with experiment 10
      shows that (at about the same bromine content of the specimen product
      (0.73% as against 0.74%) ) the extinction times with the brominated
      oligodiisopropylbenzene isomer mixture are about three times as short.
PAR  B. Comparison with test 8 similarly reveals that the same extinction times
      are achieved when using only 0.8% of oligodiisopropylbenzene isomer
      mixture. This means a decrease in the amount of bromine required in the
      test specimen from 0.73% to 0.50%.
PAC  EXAMPLE 3
PAR  1% of antimony trioxide and also various bromine compounds are added to
      polypropylene from which moulded articles are prepared having the
      dimensions 12.7 cm .times. 1.27 cm .times. 0.16 cm. These are kept at
      70.degree.C for seven days.
PAR  The burning test is carried out according to the UL standard: each specimen
      is held in a flame twice, each time for five seconds (in the case of five
      test specimens = ten exposures to the flame, the total extinction times
      should not exceed 250 seconds).
PAR  The following bromine compounds were used:
PA1  a. 2% of hexabromocyclodoecane
PA1  b. 1.7% of hexabromocyclododecane (equivalent to 1.2% of bromine) + 0.2 %
      of oligomeric diisopropylbenzene (n = 6)
PA1  c. 2% of brominated oligomeric diisopropylbenzene (n = 6) having a bromine
      content of 62% (equivalent to 1.2% of bromine).
TBL  ______________________________________                                    
     Test          Extinction time                                             
                   (mean of ten flame                                          
                   exposures)                                                  
     ______________________________________                                    
     (a)           37 seconds                                                  
     (b)           15 seconds                                                  
     (c)            4 seconds                                                  
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A thermoplastic molding material based on a styrene polymer or olefin
      polymer which has a content of from 0.5 to 10% by weight of a
      flameproofing agent consisting of a brominated oligomer or polymer of a
      dialkylbenzene, a trialkylbenzene or a tetraalkylbenzene of a degree of
      polymerization of from 2 to 200.
NUM  2.
PAR  2. A thermoplastic molding material as claimed in claim 1 which has a
      content of from 1 to 5% by weight of the flameproofing agent.
NUM  3.
PAR  3. A thermoplastic molding material as claimed in claim 1 wherein the
      degree of polymerization of the oligomer or polymer is from 2 to 50.
NUM  4.
PAR  4. A thermoplastic molding material as claimed in claim 1 wherein the
      flameproofing agent has a bromine content of from 20 to 80% by weight.
NUM  5.
PAR  5. A thermoplastic molding material as claimed in claim 1 wherein the
      flameproofing agent has a bromine content of from 25 to 70% by weight.
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ABST
PAL  The adduct of phosphorous oxychloride and hexamethylphosphoramide and
      alkoxy derivatives thereof useful for enhancing the fire retardancy of
      polyesters and a method of enhancing the fire retardancy of general
      purpose polyester resins through the combination therewith of an alkoxy
      derivative of the adduct of phosphorous oxychloride and
      hexamethylphosphoramide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  General purpose polyester resins can be used for most types of molding and
      laminating. By polyester is meant the polycondensation product of
      dicarboxylic acids with dihydroxy alcohols in contradistinction to
      materials known as alkyds. These polyester compounds may be modified by
      mono-carboxylic acids, monohydroxy alcohols and small amounts of
      polycarboxylic acids or polyhydroxy alcohols. Such compounds have a range
      of properties that may make it suitable for one purpose but unsuitable for
      another. For example, high viscosity resins are useful in vertical layup,
      where low viscosity resins, however, would be required when rapid
      penetration was desirable.
PAR  The wide range of properties possible with polyester resins leads to a
      variety of applications. They can be used as the primary polymer in fiber
      reinforced laminates and as the binder in composites containing a variety
      of inert fillers. Castings, potting compounds, cements, sealing and
      patching compounds, rigid and flexible coatings and adhesives can be based
      on polyester resins. As distinct from saturated polyesters, the resins
      contain olefins which produce the highly cross-linked structure generally
      known as a thermoset polymer.
PAR  While the uses of general purpose polyester resins continue to steadily
      grow, such resins suffer from the drawback that due to their high hydrogen
      and carbon content they continue to burn fairly readily once ignited.
      Since much concern has been generated by consumers to reduce the
      flammability of products such as flammable fabrics, manufacturers have had
      to find ways to reduce the flammability of polyesters and polyester
      resins.
PAR  The flammability of polyester resins can be reduced in several ways. These
      include chemical modification of one or more of the resin components,
      addition of organic fire retardants or addition of inorganic fillers and
      fire retardants.
PAR  A common chemical modification is replacing the diacid with a diacid
      containing halogen. Tetrachlorophthalic and tetrabromophthalic anhydrides
      are commonly used. One of the most widely used anhydrides is chlorendic
      anhydride, made by the Diels-Alder addition of hexachlorocyclopentadiene
      to maleic acid.
PAR  Other common polymer modifications include post bromination of the resin
      and the use of brominated diols. Halogenated styrene has been used and
      there are numerous known examples of the attachment of
      phosphorus-containing moieties to the diols, diacids or cross-linking
      olefins.
PAR  Two main types of organic compounds are commonly used as soluble,
      non-reactive additives. Halogen-containing aliphatic or aromatic compounds
      are commonly cited. Phosphorus compounds such as triethylphosphate are
      also well known in the art. Currently the combination of the two, i.e.,
      tris-.beta.-chloroethylphosphate or 2,3-dibromopropylphosphate have been
      widely used. In all of these cases the amount of additive is limited by
      possible plasticizing effects. Even small amounts of organometallics,
      examples being ferocene or ferocene derivatives have been recommended as
      desirable additives.
PAR  A number of inorganic additives are commonly added. Of course, glass fibers
      or cloth are used to increase the strength of the resin, but this may or
      may not help the flammability. The use of inert fillers such as calcium
      carbonate, magnesium oxide, etc. usually help the flammability
      characteristics in a minor way. The addition of hydrated salts and oxides,
      aluminatrihydrate being the most widely used, are effective by acting as a
      heat sink that slows down the energy transfer to the polymer. Antimony
      oxide is used, usually in conjunction with halogens, the latter may be
      incorporated as part of the resin or as a separate additive. Another
      commonly used inorganic additive is zinc borate.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide general
      purpose polyester resins having low flammability characteristics.
PAR  Another object of the invention is to provide additives which when added to
      general purpose polyester resins will enhance the fire retardancy of those
      resins.
PAR  Another object of the invention is to provide a method for enhancing the
      fire retardancy of polyester resins.
PAR  And another object of the invention is to provide fire retardant additives
      for general purpose polyester resins which are cheap and readily
      available.
PAR  Yet another object of the invention is to provide fire retardant additives
      for general purpose polyester resins which give minimum interference with
      the properties of the resins.
PAR  And yet another object of the invention is to provide a general purpose
      polyester resin having a low flammability without having a reduced outside
      durability.
PAR  These and other objects are achieved by reacting phosphorous oxychloride
      with hexamethylphosphoramide, then by reacting the adduct thereof with an
      alcohol, and by including the resulting alkoxy derivative with polyester
      resins.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with the novel aspects of the invention, general purpose
      polyester resins are rendered fire retardant by an additive. By "fire
      retardant" is meant that the resin is resistant to flame after the
      igniting flame has been removed. In other words the fire retardant
      polyester resins will not support combustion by itself. When in contact
      with an open flame, however, it may become charred.
PAR  Generally, polyesters are formed by the reaction of a dibasic acid with a
      polyhydric alcohol, such as, ethylene glycol. If either the acid or the
      alcohol is unsaturated, an unsaturated polyester is obtained that is
      capable of subsequent cross-linking either directly to similar unsaturated
      double bonds in adjacent polyester chains of the same structure or through
      an unsaturated double bond in a monomer such as styrene. An example of the
      latter is poly (propylene maleate/phthalate) in styrene which has long
      been used as a guide to compare with other more complex polyester resins.
      It is produced by reacting 2 moles of propylene glycol, 1 mole of phthalic
      anhydride, 1 mole of maleic anhydride, hydroquinone equal to 0.2% by
      volume of the final solution, and monomer styrene equaling 35% by volume
      of the final solution. In the examples hereinafter presented poly
      (propylene maleate/phthalate) in styrene was used to test the ability of
      the additive to render polyester resins fire retardant.
PAR  The fire retardancy enhancing additives of this invention are best produced
      by mixing at room temperature for at least about 10 minutes but preferably
      for 20 minutes in a mole ratio of 1:1 phosphorous oxychloride (POCl.sub.3)
      with hexamethylphosphoramide (Me.sub.2 N).sub.3 PO in an amount of benzene
      at least sufficient to dissolve the reactants. This produces the adduct of
      POCl.sub.3 and (Me.sub.2 N).sub.3 PO which has utility as a fire retardant
      itself, but due to an adverse side reaction when mixed with a polyester,
      this adduct is less important than its alkoxy derivative for polyester
      systems.
PAR  At the completion of the reaction which is evidenced by the reaction
      mixture becoming clear, the mixture is allowed to cool to 20.degree. to
      50.degree. Centigrade below the reaction mixture's reflux temperature of
      approximately 80.degree.C. The purpose of this step is to prevent the
      forthcoming adduct-alcohol reaction from becoming uncontrolled. Such a
      condition would be evidenced by a markedly turbulent reaction mixture. The
      adduct-alcohol reaction is carried out by mixing together the
      aforementioned reaction mixture with an alcohol in an
      alcohol-to-POCl.sub.3 mole ratio of 3:1 and with pyridine in a
      pyridine-to-POCl.sub.3 mole ratio of 3:1 for at least about 10 minutes.
      Also the reaction mixture may be heated to reflux temperature after the
      addition of the alcohol. Isolation of the resulting product is achieved by
      filtering the byproduct, pyridine hydrochloride and then by evaporating
      the solvent.
PAR  Alcohols found useful are methanol, ethanol, .beta.-chloroethanol,
      3,3,3-trichloropropanol, 2,3-dibromopropanol, 1,3-dichloro-2-propanol, and
      2,2,2-trichloroethanol. It is expected that a good many other alcohols
      would yield similar results.
PAR  The fire retardancy of a general purpose polyesters is increased with the
      additives of the present invention by admixing one or more of them with a
      polyester in an amount from about 5 to about 20 weight percent of the
      total mixture. Inclusion of the additive is made after the polyester is
      prepared, but before it is cured.
PAR  As stated previously, polyester resins may be cross-linked either directly
      or through an unsaturated monomer. When cross-linked quite often a
      catalyst is used. Among the catalysts useful for such purposes are the
      peroxides. Some decompose at high temperatures, therefore, the choice of
      an appropriate catalyst depends on the intended molding or curing
      temperature. Benzoyl peroxide starts to decompose at 50.degree.C and is
      therefore used for resins which are cured at high temperatures.
      Methylethyl ketone peroxide is used at lower temperatures especially with
      a cobalt accelerator such as cobalt naphthenate. Table I taken from
      Polyesters and their applicatons, Bjorksten Research Laboratories, Inc.
      Reinhold Publishing Corp., New York, 1956, p. 49 lists commonly used
      peroxide catalysts.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Trade Name                                                                
               Composition                                                     
                          Physical                                             
                                  Peroxide                                     
                                        Supplier*                              
                          form    assay %                                      
     __________________________________________________________________________
       --      Benzoyl peroxide                                                
                          granules                                             
                                  96    2                                      
       --      Benzoyl peroxide                                                
                          fine granules                                        
                                  96    2                                      
       --      Benzoyl peroxide                                                
                          fine crystals                                        
                                  96    2                                      
               purified                                                        
     LUCIDOL   Benzoyl peroxide                                                
                          fine crystals                                        
                                  96    1                                      
     LUPERCO ATC                                                               
               Benzoyl peroxide                                                
                          thick paste                                          
                                  50    1                                      
               compounded with                                                 
               tricresyl phosphate                                             
     CADOX BTP Benzoyl peroxide                                                
                          thick paste                                          
                                  50    2                                      
               compounded with                                                 
               tricresyl phosphate                                             
     LUPERCO CDB                                                               
               2,4-Dichlorobenzoyl                                             
                          thick paste                                          
                                  50    1                                      
               peroxide compounded                                             
               with dibutyl phtha-                                             
               late                                                            
     LUPERSOL DDM                                                              
               Methylethyl ketone                                              
                          liquid  60    1                                      
               peroxide in dimethyl                                            
               phthalate                                                       
     CADON MDP Methylethyl ketone                                              
                          liquid  60    2                                      
               peroxide in di-                                                 
               methyl phthalate                                                
       --      Cyclohexanone per-                                              
                          granules                                             
                                  96    1                                      
               oxide (mixed ketone                                             
               peroxides)                                                      
     LUPERCO JDB                                                               
               Cyclohexanone per-                                              
                          thick paste                                          
                                  50    1                                      
               oxide compounded                                                
               with dibutyl phtha-                                             
               late                                                            
       --      Cumene hydroperox-                                              
                          liquid  73    3                                      
               ide                (as hydro-                                   
                                  peroxide)                                    
     __________________________________________________________________________
      *Supplier:                                                               
      (1) Lucidol Div., Wallace and Tiernan, Inc., Buffalo, N.Y.               
      (2) McKesson and Robbins, Inc., Chem. Div., N.Y. (distributors for Cadet 
      Chem. Corp., Buffalo, N.Y.)                                              
      (3) Hercules Powder Co., Nav. Stores Dept., Wilmington, Del.             
PAR  Other peroxide catalysts mentioned in the polyester patent literature are
      bis(para-bromobenzoyl) peroxide, bis(phthalyl) peroxide,
      bis(para-chlorobenzoyl) peroxide, bis(succinyl) peroxide, acetylbenzoyl
      peroxide, bis(chloroacetyl) peroxide, bis(acetyl) peroxide, tertiary-butyl
      perbenzoate, tertiary-butyl hydroperoxide, bis(dichlorobenzoyl) peroxide,
      oxonides such as di-isopropylene oxonide and di-isobutylene oxonide,
      peracetic acid, perbenzoic acid, benzoyl peracetate, and peroxy-carbonates
      such as ethyl peroxydicarbonate.
PAR  Accelerators other than cobalt naphthenate may be used as well. Among these
      are the vanadium accelerators and dimethyl-p-toluidine. Other catalysts
      such as dimethylaniline may be used as well. When using these accelerators
      and catalysts to promote cross-linking the polyester resin, it may be
      beneficial to heat the resin. The temperature at which to heat the resin
      is dependent upon the curing system being employed and is well within the
      skill of the art.
PAR  In order to more fully illustrate the invention the following examples are
      presented. The purpose of the examples is to illustrate the fire
      retardancy characteristics obtained by adding an alkoxy derivative of this
      invention to a general purpose polyester resin that is often used to make
      comparisons with other complex polyester resins. Therefore, the use herein
      of the general purpose polyester resin is meant to be illustrative and not
      a limitation as to the scope of the invention.
PAC  EXAMPLE 1
PAR  Phosphorous oxychloride, 46 g., was dissolved in 200 ml of benzene and then
      hexamethylphosphoramide, 53.5 g., was added slowly during a 20-minute
      period. The temperature of the reaction mixture rose from 25.degree.C to
      60.degree.C during this addition. After cooling the mixture to
      35.degree.C, 2,2,2-trichloroethanol, 44.9 g., was added slowly and the
      reaction mixture was heated to the reflux temperature, 80.degree.C. After
      14 hours at this temperature the mixture was cooled, the solvent was
      removed by distillation and then additional volatiles removed by heating
      to 120.degree.C at 0.3 mn Hg. The product weighed 70 g. for a yield of 52
      percent. The product was a brown semi-solid.
PAC  EXAMPLE 2
PAR  Phosphorous oxychloride, 15.35 g., and hexamethyl phosphoramide 17.9 g.
      were combined in 150 ml of benzene in the same manner as in Example 1 and
      the temperature of the reaction rose to 35.degree.C. After adding 4.6 g.
      of ethanol, the solution was heated to reflux and held at this temperature
      (80.degree.C) for two hours. The product isolated by distilling solvent
      and volatiles weighed 27.0 g. for a yield of 79 percent.
PAC  EXAMPLE 3
PAR  Phosphorous oxychloride 15.3 g. and hexamethyl phosphoramide 17.9 were
      combined as in Example 1 in 150 ml of benzene. The exothermic reaction
      raised the temperature 12.degree.C to 37.degree.C. After cooling to
      35.degree.C, 12.9 g. of 1,3-dichloro-2-propanol, was added and the mixture
      was held at reflux, 70.degree.C, for seven hours. The product was isolated
      by distilling the solvent and volatile materials up to a temperature of
      100.degree.C at 0.1 mm Hg. The product was viscous yellow liquid.
PAC  EXAMPLE 4
PAR  Phosphorous oxychloride, 15.35 g., and hexamethyl phosphoramide, 17.9 g.,
      were combined in 150 ml of benzene and the temperature rose 13.degree.C.
      Then 2,3-dibromopropanol, 21.8 g., was added and the mixture was heated at
      80.degree.C for 2 hours. After removing the solvent and volatile material
      by distilling to 120.degree.C at 0.1 mm Hg the product was a brown viscous
      liquid weighing 21.9 g.
PAC  EXAMPLE 5
PAR  The product from Example 1 was added at the 10% level, i.e., 90 parts of
      resin, 10 parts of additive, to a general purpose polyester resin and the
      cure was effected with a cobalt accelerator and a methyl ethyl ketone
      peroxide and a curing period of 4 hours at 70.degree.C.
PAR  The resin had a Barcol hardness of 42 and an oxygen index of 0.244. This
      same resin without the additive would have an oxygen index of .18.
PAC  EXAMPLE 6
PAR  A general purpose polyester resin containing 10 percent of the additive
      described in Example 2 was cured as described in Example 5. The resin had
      a Barcol hardness of 40 and an oxygen index of .248.
PAC  EXAMPLE 7
PAR  The same procedure with the additive from Example 3 gave a resin with a
      Barcol hardness of 40 and any oxygen index of 0.252.
PAC  EXAMPLE 8
PAR  The same procedure with the additive from Example 4 gave a resin with an
      oxygen index of 0.250 and a Barcol hardness of 40.
PAR  Example 1 illustrates the manner in which the adduct of phosphorous
      oxychloride and hexamethyl phosphoramide is produced, and illustrates the
      production of an alkoxy derivative encompassed by this invention. Examples
      2-4 illustrate the production of alkoxy derivatives of this invention by
      reacting the adduct of Example 1 with three different alcohols. Examples
      5-8 are illustrative of the use of alkoxy derivatives used as fire
      retardant additives to the polyester resins.
PAR  In the Examples the oxygen index was obtained by using the method disclosed
      under ASTMD2863-70. By "oxygen index" is meant the minimum oxygen
      concentration, expressed in volume percent, in a mixture of oxygen and
      nitrogen that will just support combustion of a material under the
      conditions of the method. Accordingly, a material having a high oxygen
      index requires more oxygen to support combustion, and is therefore more
      fire retardant then are having a low oxygen index. In each of the Examples
      the additive markedly enhanced the fire retardation capabilities of the
      polyester resin.
PAR  The polyester resin used in the Examples has an oxygen index of 0.18. It is
      apparent that the use of the additive of the invention significantly
      increases the fire retardancy of the resin.
PAR  Obviously many modificatons and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A compound having the formula: (RO).sub.3 P(O).(Me.sub.2 N).sub.3 PO,
      wherein R = ClCH.sub.2 CH.sub.2, Cl.sub.3 CCH.sub.2, Cl.sub.3 CCH.sub.2
      CH.sub.2 (ClCH.sub.2).sub.2 CH, CH.sub.2 BrCHBrCH.sub.2, C.sub.2 H.sub.5
      and CH.sub.3.
NUM  2.
PAR  2. The compound of claim 1 wherein R = CH.sub.2 and C.sub.2 H.sub.5.
NUM  3.
PAR  3. The compound of claim 1 wherein R = (ClCH.sub.2).sub.2 CH, Cl.sub.3
      CCH.sub.2 CH.sub.2, and CH.sub.2 BrCHBrCH.sub.2.
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PAL  The adduct of phosphorous pentachloride (PCl.sub.5) and
      hexamethylphosphoramide ((Me.sub.2 N).sub.3 PO) and alkoxy derivatives
      thereof useful for enhancing the fire retardancy of polyesters and a
      method of enhancing the fire retardancy of general purpose polyester
      resins through the combination therewith of the aforedescribed alkoxy
      derivative.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  General purpose polyester resins can be used for most types of molding and
      laminating. By polyester is meant the polycondensation product of
      dicarboxylic acids with dihydroxy alcohols in contradistinction to
      materials known as alkyds. These polyester compounds may be modified by
      mono-carboxylic acids, monohydroxy alcohols and small amounts of
      polycarboxylic acids or polyhydroxy alcohols. Such compounds have a wide
      range of properties and a particular resin may have properties that may
      make it suitable for one purpose but unsuitable for another. For example,
      high viscosity resins are useful in vertical layup, where low viscosity
      resins, however, would be required when rapid penetration was desirable.
PAR  The wide range of properties possible with polyester resins leads to a
      variety of applications. They can be used as the primary polymer in fiber
      reinforced laminates and as the binder in composites containing a variety
      of inert fillers. Castings, potting compounds, cements, sealing and
      patching compounds, rigid and flexible coatings and adhesives can be based
      on polyester resins. As distinct from saturated polyesters, the resins
      contain olefins which produce the highly cross-linked structure generally
      known as a thermoset polymer.
PAR  While the uses of general purpose polyester resins continue to steadily
      grow, such resins suffer from the drawback that due to their high hydrogen
      and carbon content they continue to burn fairly readily once ignited.
      Since much concern has been generated by consumers to reduce the
      flammability of products such as flammable fabrics, manufacturers have had
      to find ways to reduce the flammability of polyesters and polyester
      resins.
PAR  The flammability of polyester resins can be reduced in several ways. These
      include chemical modification of one or more of the resin components,
      addition of organic fire retardants or addition of inorganic fillers and
      fire retardants.
PAR  A common chemical modification is replacing the diacid with a diacid
      containing halogen. Tetrachlorophthalic and tetrabromophthalic anhydrides
      are commonly used. One of the most widely used anhydrides is chlorendic
      anhydride, made by the Diels-Alder addition of hexachlorocyclopentadiene
      to maleic acid.
PAR  Other common polymer modifications include post bromination of the resin
      and the use of brominated diols. Halogenated styrene has been used and
      there are numerous known examples of the attachment of
      phosphorus-containing moieties to the diols, diacids or cross-linking
      olefins.
PAR  Two main types of organic compounds are commonly used as soluble,
      non-reactive additives. Halogen-containing aliphatic or aromatic compounds
      are commonly cited. Phosphorus compounds such as triethylphosphate are
      also well known in the art. Currently the combination of the two, i.e.,
      tris-.beta.-chloroethylphosphate or 2,3-dibromopropyl phosphate have been
      widely used. In all of these cases the amount of additive is limited by
      possible plasticizing effects. Even small amounts of organometallics,
      examples being ferocene or ferocene derivatives have been recommended as
      desirable additives.
PAR  A number of inorganic additives are commonly added. Of course, glass fibers
      or cloth are used to increase the strength of the resin, but this may or
      may not help the flammability. The use of inert fillers such as calcium
      carbonate, magnesium oxide, etc. usually help the flammability
      characteristics in a minor way. The addition of hydrated salts and oxides,
      aluminatrihydrate being the most widely used, are effective by acting as a
      heat sink that slows down the energy transfer to the polymer. Antimony
      oxide is used, usually in conjunction with halogens, the latter may be
      incorporated as part of the resin or as a separate additive. Another
      commonly used inorganic additive is zinc borate.
PAR  Thus, while the techniques used to reduce the flammability of polyester
      resins do so to some extent, all suffer from some drawback.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide general
      purpose polyester resins having low flammability characteristics.
PAR  Another object of the invention is to provide additives which enhance the
      fire retardancy of polyester resins.
PAR  Another object of the invention is to provide a method for enhancing the
      fire retardancy of polyester resins.
PAR  And another object of the invention is to provide fire retardant additives
      for general purpose polyester resins which are cheap and readily
      available.
PAR  Yet another object of the invention is to provide fire retardant additives
      for general purpose polyester resins which give minimum interference with
      the properties of the resin.
PAR  And yet another object of this invention is to provide a general purpose
      polyester resin having a low flammability without having a reduced outside
      durability.
PAR  These and other objects are achieved by reacting the adduct of phosphorous
      pentachloride and hexamethylphosphoramide with an alcohol thereby
      producing an alkoxy derivative capable of enhancing the fire retardancy of
      polyester resins.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with the novel aspects of the invention, general purpose
      polyester resins are rendered fire retardant by adding thereto an alkoxy
      derivative. By "fire retardant" is meant that the resin is resistant to
      flame after the igniting flame has been removed. In other words the fire
      retardant polyester resins will not support combustion by itself. When in
      contact with an open flame, however, it may become charred.
PAR  Generally, polyesters are formed by the reaction of a dibasic acid with a
      polyhydric alcohol, such as, ethylene glycol. If either the acid or the
      alcohol is unsaturated, an unsaturated polyester is obtained that is
      capable of subsequent cross-linking either directly to similar unsaturated
      double bonds in adjacent polyester chains of the same structure or through
      an unsaturated double bond in a monomer such as styrene. An example of the
      latter is poly (propylene maleate/phthalate) in styrene which has long
      been used as a guide to compare with other more complex polyester resins.
      It is produced by reacting 2 moles of propylene glycol, 1 mole of phthalic
      anhydride, 1 mole of maleic anhydride, hydroquinone equally 0.2 percent by
      volume of the final solution, and monomer styrene equaling 35 percent by
      volume of the final solution. In the examples hereinafter presented poly
      (propylene maleate/phthalate) in styrene was used to test the ability of
      the additive to render polyester resins fire retardant.
PAR  The fire retardancy enhancing additives of the invention are best produced
      by mixing at room temperature for at least about 10 minutes but preferably
      for about 20 minutes in a mole ratio of 1:1 phosphorous pentachloride
      (PCl.sub.5) and hexamethylphosphoramide (Me.sub.2 N).sub.3 PO in benzene
      in an amount at least sufficient to dissolve reactants. This reaction
      forms the adduct of PCl.sub.5 and (Me.sub.2 N).sub.3 PO which has utility
      as a fire retardant but due to an adverse side reaction when mixed with a
      polyester, this adduct is less important than its alkoxy derivative for
      polyester systems.
PAR  At the completion of the reaction which is evidenced by the reaction
      mixture becoming clear, the mixture is allowed to cool to 20.degree. to
      30.degree. centigrade below the product reflux temperature of
      approximately 80.degree.C. The purpose of this step is to prevent the
      forthcoming adduct-alcohol reaction from becoming uncontrolled. Such a
      condition would be evidenced by a markedly turbulent reaction mixture. The
      adduct-alcohol reaction is carried out by mixing together the
      aforementioned reaction mixture with an alcohol in an alcohol-to-PCl.sub.5
      mole ratio of 3:1 and with pyridine in a pyridine-to-PCl.sub.5 mole ratio
      of 3:1. Isolation of the product is achieved by filtering the by-product
      pyridine hydrochloride and then by evaporating the solvent.
PAR  Alcohols found useful are methanol, ethanol, .beta.-chloroethanol,
      3,3,3-trichloro-propanol, 2,3-dibromopropanol, 1,3-dichloro-2-propanol,
      and 2,2,2-trichloroethanol. It is expected a good many of the alcohols
      would yield similar results.
PAR  The amount of the additives of this invention which is added in order to
      enhance the fire retardancy of general purpose polyesters is from about 5
      to 20 weight percent of the total mixture. Inclusion of the additive is
      made after the polyester is prepared, but before it is cured.
PAR  As stated previously, polyester resins may be cross-linked either directly
      or through an unsaturated monomer. When cross-linked quite often a
      catalyst is used. Among the catalysts useful for such purposes are the
      peroxides. Some decompose at high temperatures, therefore, the choice of
      an appropriate catalyst depends on the intended molding or curing
      temperature. Benzoyl peroxide starts to decompose at 50.degree.C and is
      therefore used for resins which are cured at high temperatures.
      Methylethyl ketone peroxide is used at lower temperatures especially with
      a cobalt accelerator such as cobalt naphthenate. Table I taken from
      Polyesters and their Applications, Bjorksten Research Laboratories, Inc.,
      Reinhold Publishing Corp., New York, 1956, p. 49, lists commonly used
      peroxide catalysts.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Trade Name                                                                
               Composition                                                     
                          Physical                                             
                                  Peroxide                                     
                                        Supplier*                              
                           form   assay %                                      
     __________________________________________________________________________
       --      Benzoyl peroxide                                                
                          granules                                             
                                  96    2                                      
       --      Benzoyl peroxide                                                
                          fine granules                                        
                                  96    2                                      
       --      Benzoyl peroxide                                                
                          fine crystals                                        
                                  96    2                                      
               purified                                                        
     LUCIDOL   Benzoyl peroxide                                                
                          fine crystals                                        
                                  96    1                                      
     LUPERCO ATC                                                               
               Benzoyl peroxide                                                
                          thick paste                                          
                                  50    1                                      
               compounded with                                                 
               tricresyl phosphate                                             
     CADOX BTP Benzoyl peroxide                                                
                          thick paste                                          
                                  50    2                                      
               compounded with                                                 
               tricresyl phosphate                                             
     LUPERCO CDB                                                               
               2,4-Dichlorobenzoyl                                             
                          thick paste                                          
                                  50    1                                      
               peroxide compounded                                             
               with dibutyl phtha-                                             
               late                                                            
     LUPERSOL DDM                                                              
               Methylethyl ketone                                              
                          liquid  60    1                                      
               peroxide in dimethyl                                            
               phthalate                                                       
     CADON MDP Methylethyl ketone                                              
                          liquid  60    2                                      
               peroxide in di-                                                 
               methyl phthalate                                                
       --      Cyclohexanone per-                                              
                          granules                                             
                                  96    1                                      
               oxide (mixed ketone                                             
               peroxides)                                                      
     LUPERCO JDB                                                               
               Cyclohexanone per-                                              
                          thick paste                                          
                                  50    1                                      
               oxide compounded                                                
               with dibutyl phtha-                                             
               late                                                            
       --      Cumene hydroperox-                                              
                          liquid  73    3                                      
               ide                (as hydro-                                   
                                  peroxide)                                    
     __________________________________________________________________________
      *Supplier:                                                               
      (1) Lucidol Div., Wallace and Tiernan, Inc., Buffalo, N.Y.               
      (2) McKesson and Robbins, Inc., Chem. Div., N.Y. (distributors for Cadet 
      Chem. Corp., Buffalo, N.Y.)                                              
      (3) Hercules Powder Co., Nav. Stores Dept., Wilmington, Del.             
PAR  Other peroxide catalysts mentioned in the polyester patent literature are
      bis(para-bromobenzoyl) peroxide, bis(phthalyl) peroxide,
      bis(para-chlorobenzoyl) peroxide, bis(succinyl) peroxide, acetylbenzoyl
      peroxide, bis(chloroacetyl) peroxide, bis(acetyl) peroxide, tertiary-butyl
      perbenzoate, tertiary-butyl hydroperoxide, bis(dichlorobenzoyl) peroxide,
      oxonide, peracetic acid, perbenzoic acid, benzoyl peracetate, and
      peroxy-carbonates such as ethyl peroxidicarbonate.
PAR  Accelerators other than cobalt naphthenate may be used as well. Among these
      are the vanadium accelerators and dimethylp-toluidine. Other catalysts
      such as dimethylaniline may be used as well. When using these accelerators
      and catalysts to promote cross-linking the polyester resin, it may be
      beneficial to heat the resin. The temperature at which to heat the resin
      is dependent upon the curing system being empolyed and is well within the
      skill of the art.
PAR  In order to more fully illustrate the invention the following examples are
      presented. The purpose of the examples is to illustrate the fire
      retardancy characteristics obtained by adding the alkoxy derivative to a
      general purpose polyester resin that is often used to make comparisons
      with other complex polyester resins. Therefore, the use herein of the
      general purpose polyester resin is meant to be illustrative and not a
      limitation as to the scope of the invention.
PAC  EXAMPLE 1
PAR  Phosphorous pentachloride (PCl.sub.5), 20.9 g., was slurried in 150 ml of
      benzene and hexamethylphosphoramide, [(CH.sub.3).sub.2 N].sub.3 PO, 17.9
      g., was added slowly. This caused the reaction mixture to heat from
      23.degree.C to 45.degree.C. After completing the addition, the reaction
      mixture was heated until a clear solution was formed and then held at
      80.degree.C for one and one-half hours. The reaction mixture was cooled
      and ethanol, 13.8 g., was added slowly. During this addition the
      temperature rose from 53.degree.C to 70.degree.C. Evolution of HCl could
      be observed during this addition and during the subsequent 2 hour heating
      period at 80.degree.C. The product was obtained by removing the solvent
      and volatile byproducts. The product, 23.2 g., was a light straw-colored
      liquid with an acid number of 3.56 meq/g. This represents a replacement of
      about 80 percent of the halogen with ethoxy groups.
PAC  EXAMPLE 2
PAR  PCl.sub.5, 20.9 g. and [(CH.sub.3).sub.2 N].sub.3 PO, 17.9 g., were
      combined in benzene and after the exothermic reaction was complete,
      2,2,2-trichloroethanol, 44.85 g., was added slowly. This mixture was
      heated to the reflux temperature and held for 11 hours at which time the
      evolution of HCl could no longer be detected. The product, isolated by
      distilling the solvent and the volatile by-product, weighed 55 g.
PAC  EXAMPLE 3
PAR  The reaction of PCl.sub.5, 20.9 g., and [(CH.sub.3).sub.2 N].sub.3 PO, 17.9
      g., was conducted in benzene as before, then 3,3 -dichloro-2-propanol,
      38.7 g., was added and the reaction mixture held at the reflux temperature
      for two hours. The product was isolated as the residue after distilling to
      120.degree.C at 0.5 mm Hg.
PAC  EXAMPLE 4
PAR  The same reaction with 2,3-dibromopropanol, 65.4 g., produced a viscous
      brown liquid as the residue upon distilling to 110.degree.C at 0.1 mm Hg.
      This material had an acid number of 1.24 meq/g.
PAC  EXAMPLE 5
PAR  A resin containing 90 parts of a general purpose polyester (GR-941-Marco
      Chemical Division of W. R. Grace and Co.) and 10 parts of the additive
      described in Example 1 was cured by the addition of .02 parts of cobalt
      naphthenate and 0.1 part of methylethyl ketone peroxide and then by
      heating at 70.degree.C for four hours. This resin had a Barcol hardness of
      40 and an oxygen index of 0.236.
PAC  EXAMPLE 6
PAR  Using the technique described in Example 5 and the additive from Example
      II, a resin with a Barcol hardness of 40 and an oxygen index of 0.260 was
      obtained.
PAC  EXAMPLE 7
PAR  Using the technique described in Example 5 and the additive from Example 3
      a resin with a Barcol hardness of 38 and an oxygen index of 0.236 was
      produced.
PAC  EXAMPLE 8
PAR  Using the technique described in Example 5 and the additive described in
      Example 4 resin with a Barcol hardness of 41 and an oxygen index of 0.248
      was produced.
PAR  Example 1 illustrates the manner in which the adduct of phosphorous
      pentachloride and hexamethylphosphoramide is produced, and further
      illustrates the production of an alkoxy derivative encompassed by this
      invention. Examples 2-4 illustrate the production of three different
      alkoxy derivatives by reacting the adduct of Example 1 with various
      alcohols. Examples 5-8 are illustrative of the use of alkoxy derivatives
      used as fire retardant additives to the polyester resins. In the examples
      the oxygen index was obtained by using the method disclosed ASTM
      D-2863-70. By "oxygen index" is meant the minimum oxygen concentration,
      expressed in volume percent, in a mixture of oxygen and nitrogen that will
      just support combustion of a material under the conditions of the method.
      Accordingly, a material having high oxygen index requires more oxygen to
      support combustion, and is therefore more fire retardant than are having a
      low oxygen index. In each of the examples the additive enhanced the fire
      retardation capabilities of the polyester resin.
PAR  The polyester resin used in the examples has an oxygen index of 0.18. It is
      apparent that the use of the additive of the invention significantly
      increases the fire retardancy of the resin.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A compound having the formula: (RO).sub.3 PCl.sub.2.sup.. (Me.sub.2
      N).sub.3 PO, wherein R = ClCH.sub.2 CH.sub.2, Cl.sub.3 CCH.sub.2, Cl.sub.3
      CCH.sub.2 CH.sub.2 (ClCH.sub.2).sub.2 CH, CH.sub.2 BrCHBrCH.sub.2,
      CH.sub.3 and C.sub.2 H.sub.5.
NUM  2.
PAR  2. The compound of claim 1 wherein R = CH.sub.3 and C.sub.2 H.sub.5.
NUM  3.
PAR  3. The compound of claim 1 wherein R = ClCH.sub.2 CH.sub.2 and Cl.sub.3
      CCH.sub.2.
NUM  4.
PAR  4. The compound of claim 1 wherein R = (ClCH.sub.2).sub.2 CH, Cl.sub.3
      CCH.sub.2 CH.sub.2, and CH.sub.2 BrCHBrCH.sub.2.
PATN
WKU  039431983
SRC  5
APN  4905954
APT  1
ART  127
APD  19740722
TTL  Polyalkylene gylcol vinyl phosphates
ISD  19760309
NCL  4
ECL  1
EXP  Sutto; Anton H.
DCD  19910625
INVT
NAM  Shim; Kyung S.
CTY  Irvington
STA  NY
ASSG
NAM  Stauffer Chemical Company
CTY  Westport
STA  CT
COD  02
RLAP
COD  72
APN  410674
APD  19731112
PSC  04
RLAP
COD  82
APN  86313
APD  19701102
PSC  01
PNO  3819756
RLAP
COD  82
APN  63262
APD  19700806
PSC  03
CLAS
OCL  260929
XCL  260  25AJ
XCL  260  25AR
XCL  260 457P
XCL  260DIG24
EDF  2
ICL  C07F  911
FSC  260
FSS  929
UREF
PNO  3819750
ISD  19740600
NAM  Shim
OCL  260929
UREF
PNO  3878270
ISD  19750400
NAM  Shim
XCL  260929
LREP
FR2  Fennelly; Richard P.
ABST
PAL  Polyalkylene glycol vinyl phosphates having the formula:
      ##EQU1##
      ARE PROVIDED WHEREIN R is a polyalkylene glycol residue, m and n are
      integers from about 1 to about 100, R' is selected from the group
      consisting of hydrogen, lower alkyl, and lower haloalkyl, provided that if
      R' is lower haloalkyl, it is not monohalo-substituted on its alpha carbon
      atom, and Z and Y are selected from the group consisting of hydrogen,
      lower alkyl and lower haloalkyl. They are formed by reacting the
      transesterification product of a tertiary phosphite and a polyalkylene
      glycol with a carbonyl compound having halogen monosubstitution on one of
      its alpha carbon atoms. These compositions can be used to flame retard a
      number of normally flamable substrates.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of Application Ser. No. 410,674,
      filed Nov. 12, 1973, which, in turn, is a continuation-in-part of U.S.
      application Ser. No. 86,313, filed Nov. 2, 1970, now U.S. Pat. No.
      3,819,750, which in turn was a continuation-in-part of U.S. application
      Ser. No. 63,262, filed Aug. 6, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the polyurethane field, increased interest is being shown in compounds
      which can be added to the polyurethane polymers to act as fire retardant
      agents. Particular interest is being shown in compounds which have
      functional groups reactive with the polyol or polyisocyanate used in
      preparing the polyurethane so that the fire retardant agent can be
      copolymerized into the polymer chain. One such group of compounds of this
      type are the polyalkylene glycol polyphosphites and phosphonates. In
      general, these materials are prepared by transesterifying a secondary
      phosphite with a polyalkylene glycol in the presence of an alkaline
      catalyst such as sodium phenolate or sodium methylate. However, many of
      these materials have relatively high acidity causing them to react with
      and thereby deactivate certain catalyst systems generally used in the
      formation of polyurethane polymers such, for example, as tertiary amine
      compounds. To alleviate this problem, the polyalkylene glycol phosphonates
      have heretofore been reacted with materials such as alkylene oxides in
      order to reduce the number of acid groups on the phosphorus. However,
      addition of the alkylene groups onto the phosphorus has decreased the
      relative flame retardancy of these compounds. Alternatively, secondary
      polyalkylene glycol phosphites have been reacted with carbon tetrachloride
      or chloral in order to add flame retardant chlorine atoms to the molecule.
      However, the phosphonates formed in this manner are still relatively high
      in acidity.
PAR  Therefore, it is an object of the present invention to produce a class of
      compounds which are compatible with polyurethane foams, which can be
      copolymerized therewith, which have a high degree of flame retardancy and
      which are relatively low in acidity. Various other objects and advantages
      of this invention will be apparent from a reading of the disclosure which
      follows hereinafter.
PAC  TECHNICAL DESCRIPTION OF THE INVENTION
PAR  It has now been discovered that this object can be realized by employing
      novel polyalkylene glycol phosphites, produced by transesterifying a
      tertiary phosphite with a polyalkylene glycol, and reacting the
      polyphosphite so obtained with a carbonyl compound which has monohalogen
      substitution on its alpha carbon atom. The composition so formed has both
      vinyl and carbonyl side chains due to Perkow and Arbuzov rearrangement
      reactions. The novel compounds of the present invention have a formula
      corresponding to:
      ##EQU2##
      wherein m and n are each numbers having a value of from 1 to about 100, Y
      and Z are each selected from the group consisting of hydrogen, lower
      alkyl, i.e., C.sub.1 -C.sub.4 alkyl groups, and haloalkyl groups, R is a
      polyalkylene glycol residue and R' is hydrogen, lower alkyl having from 1
      to 4 carbon atoms or lower haloalkyl, provided that if R' is lower
      haloalkyl it is not monohalosubstituted on its alpha carbon atom. It can
      be di-halo or tri-halo substituted. The product has the m and n moieties
      either randomly or regularly distributed through the polymer chain.
PAR  The term "polyalkylene glycol residue" is meant to designate that portion
      remaining after two hydroxyl groups have been removed from a polyalkylene
      glycol having the formula:
EQU  HO--[R"--O].sub.m.sub.' H
PAL  wherein R" is an alkylene group of from 2 to about 20 carbon atoms, and m'
      designates the number of repeating alkylene ether units and is normally
      from 2 to about 20.
PAR  A tertiary phosphite is initially reacted with a polyalkylene glycol to
      yield the intermediate polyalkylene glycol phosphite. The term "tertiary
      phosphite" as used herein is meant to designate compounds having the
      formula:
      ##EQU3##
      wherein R.sub.1, R.sub.2 and R.sub.3 are each alkyl having from 1 to about
      10 carbon atoms or aryl. Illustrative of the alkyl groups are methyl,
      ethyl, propyl, butyl, hexyl and the like. The term alkyl is also intended
      to include substituted alkyl groups, including aromatic substituted alkyls
      such as benzyl substituted groups and the like. Illustrative of the aryl
      groups are phenyl and naphthyl groups and substituted forms thereof. The
      tertiary phosphites which are preferred for use in the present invention
      are trimethyl phosphite, the most preferred compound, triethyl phosphite,
      tributyl phosphite, triphenyl phosphite, dimethyl ethyl phosphite, and
      methyl diethyl phosphite.
PAR  The selected tertiary phosphite is transesterified with a polyalkylene
      glycol. The term "polyalkylene glycol" as used herein is meant to
      designate those compounds having a formula corresponding to:
EQU  HO--[R"--O].sub.m.sub.' H
PAL  wherein R" and m' are as defined above. Illustrative of the polyalkylene
      glycols which can be employed in the present invention are: diethylene
      glycol, triethylene glycol, dipropylene glycol, the most preferred
      compound, tripropylene glycol, dibutylene glycol, tributylene glycol,
      polyethylene glycols where the average number of ether units is 2,
      polypropylene glycols where the average number of ether units is 14,
      trihexylene glycol and the like.
PAR  The transesterification step is accomplished by reacting the tertiary
      phosphite with the polyalkylene glycol in approximately a 1:1 molar ratio.
      By employing this equimolar proportion of reactants, polyalkylene
      phosphites having the formula:
      ##EQU4##
      wherein R.sub.1, and R" are as above and n' is from 1 to 100, are
      obtained. The temperature at which the transesterification step is
      conducted is from about 80.degree.C. to about 200.degree.C. and preferably
      at from about 100.degree.C. to about 150.degree.C.
PAR  This reaction can be improved by employing any of the well known
      transesterification catalysts. Particularly useful catalysts are the
      alkali metal alcoholates and phenolates such as sodium methylate, sodium
      phenolate, sodium decylate and the like. These catalysts are normally
      employed in an amount from 0.01 to 5 percent, by weight of the entire
      reactant mixture. The degree of transesterification can be measured by the
      quantity of by-product alcohol formed. For example, when 1 mole of
      trimethyl phosphite is reacted with 1 mole of tripropylene glycol, the
      transesterification is completed when 2 moles of methanol has been
      evolved. The reaction time will vary over a wide range depending upon the
      reactants, temperature and catalyst used. Normally reaction times will be
      in the range from about 0.5 to 50 hours.
PAR  The polyalkylene phosphite produced by the transesterification step is then
      reacted with a carbonyl compound having mono-substitution on its alpha
      carbon atom and having the formula:
      ##EQU5##
      where R', Z and Y are as defined above and X is bromine or chlorine. These
      carbonyl compounds can be illustrated by the following: monochloroacetone,
      monobromoacetone, chloroacetaldehyde, bromoacetaldehyde, chloromethyl
      ethyl ketone, bromomethyl ethyl ketone and the like. Particularly
      preferred compounds for use in the present invention are monochloroacetone
      and monobromoacetone.
PAR  The carbonyl compounds defined above are normally reacted with the
      transesterification product in approximately equimolar proportions with
      respect to the starting tertiary phosphite. The reaction is conducted at a
      temperature in the range from about 0.degree. to about 100.degree.C., and,
      preferably, at from about 10.degree.C. to about 40.degree.C. The reaction
      can be monitored by determining the amount of alkyl or aryl chloride
      byproduct formed. The reaction is complete when approximately 1 mole of
      chloride has been formed for each mole of carbonyl compound employed.
PAR  Both the transesterification and the subsequent reaction with the carbonyl
      compound can, if desired, be carried out in the presence of a solvent or
      diluent although this is not necessary to the invention. The solvent or
      diluent should be non-reactive with respect to both the starting materials
      and the desired products, and should be miscible therewith. The solvent
      can also form an azeotrope with the by-product alkanol or phenol of the
      transesterification step. Illustrative of suitable solvents are benzene
      xylene, ethylbenzene, diethylbenzene, various alkanes having boiling
      points greater than that of the by-product, and the like.
PAR  The novel compounds of the present invention are characterized by their
      ability to copolymerize with polyisocyanates employed in forming
      polyurethanes and by their relatively low acidity. These compounds can
      completely replace the polyols normally employed in forming the foams or
      they may be used in combination with the polyols, thereby yielding foams
      with greatly improved flame resistance. The acid numbers of the compounds
      of the present invention are normally below about 2 mg. of KOH per gram of
      the polyalkylene glycol vinyl phosphates. This low acidity makes these
      compounds relatively unreactive toward the polymerization catalysts
      employed in producing the polyurethane foams. The high percentage of the
      flame retardant phosphorus and chlorine atoms present in these compounds
      reduces the concentration necessary to achieve a flame resistant foam.
PAR  A further advantage of the compounds of the present invention is their
      ability to render the foam self-extinguishing. This characteristic is
      particularly important in the area of flexible urethane foams. Normally
      the compounds of the present invention can be employed in amounts of from
      about 5 to about 30 percent, by weight of foam to yield self-extinguishing
      flexible foams. The amount will vary depending upon the particular foam
      used.
PAR  The novel compounds of the present invention can also be used as flame
      retardants in a wide variety of polymeric systems as is desired in greater
      detail in my U.S. Pat. No. 3,819,750 and my copending U.S. application
      Ser. No. 410,674 which are each incorporated herein by reference.
      Illustative of these systems are: polyurethane foams, the preferred
      embodiment, polyesters, polyolefins, cellulose ethers and esters, urethane
      coatings and many others. These compounds can also be employed in
      combination with any of the known flame retardants, whether reactive or
      non-reactive, and can also be used as the sole flame retardant in foams or
      polymers.
PAR  The present invention will be further illustrated by the following
      Examples. Unless otherwise stated, all parts and percentages are by
      weight.
DETD
PAC  EXAMPLE I
PAR  In a 500 ml flask was placed 134 g. (1 mole) of dipropylene glycol, 124
      grams (1 mole) of trimethyl phosphite and 0.3 g of sodium methoxide, and
      these reactants were heated to 104.degree.C. with rapid stirring. After
      about 4 hours methanol had stopped distilling out of the flask. The
      heating was continued at 100.degree.C. under an aspirator pressure of 25mm
      Hg for 2 hours. At this time the mixture was cooled to room temperature
      and 150 ml of benzene was added. This solution was vigorously stirred and
      1 mole of monochloroacetone (92.5g) was added at room temperature. The
      temperature rose to 34.degree.C. for an hour, and it was thereafter
      allowed to cool to room temperature. The solution was stirred overnight.
PAR  The next day the mixture was heated to 70.degree.-80.degree.C. at an
      aspirator pressure of about 20 mm Hg to remove solvent and other
      volatiles. The product was 229 g of an oil having a neutral acid number of
      OH numbers of 38 (isocyanate demand method) and 101 (acetic anhydride
      method). Subsequent analysis confirmed that the compound had a structure
      as defined in formula I above.
PAC  EXAMPLE II
PAR  To a 500 ml funnel with stirrer, thermometer, dropping funnel and reflux
      condenser were added 194g (1 mole) of the compound of formula II described
      above. Benzene (74.4g) was also added and the mixture was cooled in ice
      water. At 10.degree.C. the addition of monochloroacetone (brown color) was
      begun. No exothermic reaction occurred. The mixture was then stirred, and
      it was heated slowly to 100.degree.C. At about 40.degree.C. condensation
      was observed on the sides of the flask. Some of the benzene was removed as
      the temperature rose above about 80.degree.C. The temperature was
      maintained at about 100.degree.C. for 3 hours. At the end of this time the
      solvent was stripped. The residual oil was dark brown, had a weight of
      220g and an acid No. of 1.47. The hydroxy numbers in two separate analyses
      were 108 and 132. The % P in these two were 10.6% and 10.7% (the
      theoretical being 13.13%). Subsequent analyses showed the product to have
      the structure shown in Formula I, above.
PAC  EXAMPLE III
PAR  The product from Example I was incorporated into a polyurethane foam. The
      following Table sets forth the reagents which were added in formulating
      this foam:
     Reagent            Amount (in grams)                                      
     ______________________________________                                    
     Product from Ex. I 30                                                     
     Polyol             200                                                    
     Silicone Surfactant                                                       
                        1.8                                                    
     Water              8.0                                                    
     N-ethyl morpholine 0.4                                                    
     Niax A-1 (amine catalyst)                                                 
                        0.35                                                   
     CH.sub.2 Cl.sub.2  6.0                                                    
     Stannous Octoate (50% in                                                  
      dioctyl phthalate)                                                       
                        0.8                                                    
     Toluene diisocyanate (80%-2,4                                             
      isomer, 20% 2,6-isomer)                                                  
                        105.8                                                  
     ______________________________________                                    
PAR  The rise time was 125 seconds, and a postcure at 120.degree.C. for 1 hour
      was performed. The foam had an average density of 1.63 lbs/ft and an
      average air flow of 4.39 ft/min.
PAR  Samples of the foam was evaluated by ASTM-1692 for flame retardancy, and it
      self-extinguished in an average of 53 seconds after 2.8 inches of foam had
      burned. The average burn rate was 1.42 min/sec.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. Polyalkylene glycol vinyl phosphates having the formula:
      ##EQU6##
      where R is a polyalkylene glycol residue formed by removing two hydroxyl
      groups from a polyalkylene glycol having the formula:
EQU  HO--[R"--O].sub.m.sub.' H
PAL  where R" is an alkylene group of from 2 to 20 carbon atoms and m' is an
      integer from 2 to 20, m and n are each integers of from about 1 to 100, R'
      is selected from the group consisting of hydrogen, lower alkyl and lower
      haloalkyl, provided that when R' is lower haloalkyl, monohalo substitution
      is absent on its alpha carbon atom, and Z and Y are each selected from the
      group consisting of hydrogen, lower alkyl and lower haloalkyl.
NUM  2.
PAR  2. A composition as claimed in claim 1 wherein R is a dipropylene glycol
      residue.
NUM  3.
PAR  3. A composition as claimed in claim 1 wherein R' is a methyl group.
NUM  4.
PAR  4. A composition as claimed in claim 1 wherein Z and Y are both hydrogen.
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ABST
PAL  An improved flame retardant molding composition of polypropylene
      terephthalate or polybutylene terephthalate is provided. The composition
      includes in intimate admixture an oxide of antimony and a specific
      brominated aromatic polyphosphate copolymer which has been found to be
      highly compatible with the other components. In a preferred embodiment the
      molding composition additionally includes a reinforcing agent (e.g. a
      glass fiber reinforcing agent). Unlike the flame retardant molding
      compositions of the prior art, the components of the same tend to be
      non-exuding during utilization of a resulting three-dimensional shaped
      article at elevated temperatures (e.g. after 66 hours at 175.degree.C.)
      and thereby render the same suitable for attractive utilization in an even
      wider range of applications.
PARN
PAR  This is a division of application Ser. No. 432,372, filed Jan. 10, 1974,
      now U.S. Pat. No. 3,883,471.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Polypropylene terephthalate and polybutylene terephthalate molding resins,
      along with polyethylene terephthalate were first disclosed in U.S. Pat.
      No. 2,465,319 to Whinfield and Dickson.
PAR  The utilization of polypropylene terephthalate and polybutylene
      terephthalate as molding resins is becoming increasingly accepted in
      recent years. For example, polypropylene terephthalate and polybutylene
      terephthalate can be molded and processed at lower temperatures, have a
      shorter cycle time in the mold and do not require, as does polyethylene
      terephthalate, the presence of either a nucleating agent or an internal
      mold release agent. Reinforced polypropylene terephthalate and
      polybutylene terephthalate molding resins suprisingly have been found to
      be superior to similarly reinforced polyethylene terephthalate in many
      important processing and performance characteristics. Furthermore,
      reinforced polypropylene terephthalate and polybutylene terephthalate
      molding resins have correspondingly higher tensile strength, lower water
      absorption and better creep (flexural) properties than does similarly
      reinforced polyethylene terephthalate. See commonly assigned U.S. Ser. No.
      854,259, filed Aug. 29, 1969, of Daniel D. Zimmerman and Robert B.
      Isaacson, now abandoned in favor of U.S. Ser. No. 373,834, filed June 26,
      1973 and now U.S. Pat. No. 3,814,725.
PAR  Polypropylene terephthalate and polybutylene terephthalate, just as
      polyethylene terephthalate, however inherently possess the disadvantage of
      being flammable, and when burning tend to drip a significant quantity of
      flaming droplets. Such disadvantage limits their use to those applications
      where this shortcoming can be tolerated.
PAR  Various proposals have heretofore been made for reducing the burning
      characteristics of polypropylene terephthalate and polybutylene
      terephthalate. See, commonly assigned U.S. Ser. No. 46,823 to John S.
      Gall, now abandoned, commonly assigned U.S. Pat. No. 3,751,396 to John S.
      Gall, and U.S. Pat. No. 3,624,024 to John R. Caldwell and Marvin A.
      McCall. It has been disclosed, inter alia, to incorporate within the
      polypropylene terephthalate, or polybutylene terephthalate an organic
      flame retardant additive such as decabromodiphenyl oxide,
      tetrabromophthalac anhydride, tetrabromobisphenol A diacetate, 3, 4, 5,
      6-tetrabromo-N-methylphthalimide, etc. Antimony trioxide may also be
      included. It has been observed, however, that the polypropylene
      terephthalate and polybutylene terephthalate molding compositions of the
      prior art which incorporate the various flame retardant additives
      heretofore proposed tend to possess properties which interfere with the
      appearance of molded articles formed from the same in some end use
      applications. For instance, the flame retardant additives heretofore
      proposed tend to separate from the polymeric matrix and to exude from the
      same at elevated temperatures. The additive may become visually apparent
      upon the surface of the molded article as a fine powder.
PAR  Also, as discussed in U.S. Pat. No. 3,751,396 polypropylene terephthalate
      and polybutylene terephthalate molding compositions containing flame
      retardant additives of the prior art may have a tendency drip flaming
      particles when subjected to flame. An approach to overcome this deficiency
      has required the additional incorporation of a supplemental reinforcing
      agent, such as asbestos, having a length to diameter ratio greater than
      50:1.
PAR  In our commonly assigned U.S. Ser. No. 432,275, filed Jan. 10, 1974 and
      entitled "Molding Composition Suitable for Forming Improved Flame
      Retardant Three-Dimensional Shaped Articles,", now abandoned, is claimed a
      polypropylene terephthalate or polybutylene terephthalate molding
      composition which includes a certain brominated aromatic polyphosphate
      homopolymer, a reinforcing agent, and an oxide of antimony.
PAR  It is an object of the present invention to provide a polypropylene
      terephthalate or polybutylene terephthalate molding composition suitable
      for forming improved flame retardant three-dimensional shaped articles.
PAR  It is an object of the present invention to provide a flame retardant
      polypropylene terephthalate or polybutylene terephthalate molding
      composition which includes in intimate admixture therewith a flame
      retardant additive which is non-exuding from the resulting
      three-dimensional molded article even at elevated temperatures.
PAR  It is an object of the present invention to provide an improved flame
      retardant polyproylene terephthalate or polybutylene terephthalate molding
      composition which is capable of forming a molded three-dimensional shaped
      article which is non-dripping when subjected to flame even in the absence
      of asbestos.
PAR  It is an object of the present invention to provide an improved
      self-extinguishing polypropylene terephthalate or polybutylene
      terephthalate molding composition which is capable of forming a
      three-dimensional shaped article which passes the UL-94 Flammability Test.
PAR  It is another object of the present invention to provide an improved flame
      retardant molding composition which is capable of forming
      three-dimensional shaped articles exhibiting highly satisfactory strength
      properties.
PAR  These and other objects as well as the scope, nature, and utilization of
      claimed invention will be apparent from the following detailed description
      and appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that in a molding composition having flame retardant
      properties when molded into three-dimensional articles comprising an
      intimate blend of
PA0  a. a polyalkylene terephthalate selected from the group consisting of
      polypropylene terephthalate and polybutylene terephthalate having an
      inherent viscosity of about 0.2 to about 1.4 deciliters per gram,
PA0  b. an organic flame retardant additive, and
PA0  c. an oxide of antimony;
PAL  improved results are achieved by providing as said organic flame retardant
      additive a brominated aromatic polyphosphate copolymer of the formula
      ##SPC1##
PAL  where x = about 1 to 3, y = about 1 to 3 and n = about 2 to 30 with said
      polymeric brominated aromatic phosphate exhibiting no propensity to exude
      from said intimate blend during utilization of a three-dimensional article
      molded therefrom at an elevated temperature of 175.degree.C. for 66 hours.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The primary component of the molding composition is a polyalkylene
      terephthalate polymer selected from the group consisting of polypropylene
      terephthalate and polybutylene terephthalate. These polymers which are of
      the general type described in U.S. Pat. No. 2,465,319 to Whinfield and
      Dickson, can be produced from the reaction product of a dibasic acid, such
      as terephthalic acid or a dialkyl ester of terephthalic acid (especially
      dimethyl terephthalate) and diols having 3 to 4 carbon atoms. Suitable
      diols include 1, 3-propanediol, 1, 4-butanediol, 1, 3-butanediol, 1,
      2-propanediol, 1, 2-butanediol, 2, 3-butanediol, and the like.
PAR  In the production of the polyproylene terephthalate or polybutylene
      terephthalate, the appropriate bis(hydroxyalkyl) terephthalate is produced
      as the intermediate. The bis(hydroxyalkyl) terephthalate can be prepared
      by reacting the dialkyl ester of terephthalic acid in which the alkyl
      radicals can contain from 1 to 7 carbon atoms with about two molecular
      proportions of the diols described above. It is preferred to use higher
      proportions of the diol, i.e. in excess of 1.5 moles of the diol per mole
      of the terephthalate derivative, since by using such proportions, the
      initial transesterification is caused to take place more rapidly and
      completely.
PAR  The esterification reaction is conducted under conditions of elevated
      temperatures and atmospheric, subatmospheric, or superatmospheric
      pressure. Normally, the desired temperatures for the polyalkylene
      terephthalate forming reaction can range from about the boiling
      temperature of the reaction mixture to as high as 275.degree.C. if
      desired.
PAR  It is recommended that the polypropylene terephthalate or polybutylene
      terephthalate utilized in the present composition have an inherent
      viscosity of about 0.2 to 1.4 deciliters per gram, and most preferably an
      inherent viscosity of about 0.4 to 1.2 deciliters per gram. The inherent
      viscosity of a given polyalkylene terephthalate sample may be determined
      at a concentration of 0.1 percent by weight in solvent which is a mixture
      of 10 parts by weight phenol and 7 parts by weight trichlorophenol.
PAR  The flame retardant additive utilized in the improved molding composition
      of the present invention is polymeric in nature and is of considerably
      higher molecular weight than the non-polymerized organic flame retardant
      additives heretofore proposed for incorporation in polypropylene
      terephthalate and polybutylene terephthalate molding compositions intended
      for use in the production of three-dimensional shaped articles. More
      specifically, the organic flame retardant additive is brominated aromatic
      polyphosphate copolymer (i.e. a brominated aromatic
      polyester-polyphosphate copolymer) of the formula:
      ##SPC2##
PAL  where x = about 1 to 3, y = about 1 to 3, and n = about 2 to 30, and most
      preferably where x = about 1, y = about 1, and n = about 5 to 15. The
      additive can be described as poly(2,2-isopropylidene bis
      p,p'-2,5dibromophenyl phthalate-co phenyl phosphate).
PAR  The brominated aromatic polyphosphate copolymer additive may be formed by
      any one of a variety of polymerization routes with or without the presence
      of a solvent.
PAR  A preferred synthesis route is carried out in the presence of a solvent
      (e.g. methylene chloride) and a triethylamine acid acceptor. The reactants
      may be tetrabromobisphenol A, a phthalyl dichloride (i.e. ortho-phthalyl
      dichloride, metaphthalyldichloride, or para-phthalyl dichloride, or
      mixtures thereof), and phenyldichlorophosphate. The hydrogen chloride
      by-product reacts with the triethylamine to form triethylamine
      hydrochloride. The relative molar quantities of phthalyl dichloride and
      phenyldichlorophosphate may be varied within the range of about 1 to 3
      moles of phthalyl dichloride per 1 to 3 moles of phenyldichlorophosphate.
      A substantially stoichiometric quantity of tetrabromobisphenol A is
      provided to react with the phthalyl dichloride and phenyldichlorophosphate
      reactants. In the preferred embodiment substantially equal molar
      quantities of phthalyl dichloride and phenyldichlorophosphate are reacted
      with an appropriate quantity of tetrabromobisphenol A. The reaction
      generally maay be illustrated by the following representative equation
      wherein the phthalydichloride is meta-phthalydichloride (i.e. isophthaloyl
      chloride):
      ##SPC3##
PAR  During the synthesis the desired quantities of the reactants may be
      introduced into a reaction zone at atmospheric pressure provided with a
      central agitator. The relative quantity of methylene chloride solvent
      commonly is about 3 to 8 times that of the reactants on a weight basis.
      The relative quantity of triethylamine introduced commonly is about 20 to
      30 percent by weight based upon the weight of the reactants. The contents
      of the reaction zone may be raised from room temperature to a maximum
      temperature of about 40 to 60.degree.C. over a period of 15 minutes where
      they are maintained for about 30 to 90 minutes. The reaction mixture while
      at a temperature of about 30.degree.C. may be washed with water to remove
      the triethylamine hydrochloride, and the product recovered by evaporation
      of the washed methylene chloride solution or by precipitation in a
      non-solvent. Upon washing the chloride salt is hydrolyzed to yield a
      hydroxyl end group upon the brominated aromatic polyphosphate as
      previously illustrated. The solid product formed by this route has a white
      to pale cream color, commonly exhibits a melting temperature of about
      240.degree.C., and an inherent viscosity of about 0.1 to 0.6 as determined
      at a 0.1 percent by weight concentration in methylene chloride.
PAR  Other routes whereby the brominated aromatic polyphosphate copolymer may be
      formed include the interfacial condensation of tetrabromobisphenol A with
      a phthalyl dichloride (i.e. ortho-phthalyl dichloride,
      meta-phthalyldichloride, or para-phthalyl dichloride, or mixtures thereof)
      and phenyldichlorophosphate in the presence of NaOH, etc.
PAR  The third essential component of the molding composition in accordance with
      the present invention is an oxide of antimony, e.g. antimony trioxide
      (Sb.sub.2 O.sub.3) or antimony pentoxide (Sb.sub.2 O.sub.5). This
      component preferably is provided as a finely divided powder and serves in
      conjunction with the brominated aromatic polyphosphate copolymer
      heretofore described to impart a high degree of flame retardancy to the
      resulting molding composition. The antimony trioxide component is
      sometimes identified as antimony white, or antimony oxide. The antimony
      pentoxide component is sometimes identified as antimonic anhydride,
      antimonic acid or stibic anhydride.
PAR  The brominated aromatic polyphosphate copolymer additive heretofore
      identified preferably is provided in the molding composition in a
      concentration of about 15 to 30 percent by weight based upon the weight of
      the polyalkylene terephthalate component, i.e. the polypropylene
      terephthalate or polybutylene terephthalate. In a particularly preferred
      embodiment of the composition the brominated aromatic polyphosphate
      copolymer additive is provided in the molding composition in a
      concentration of about 17 to 25 percent by weight based upon the weight of
      the polyalkylene terephthalate component. If the additive is present in a
      concentration much below about 15 percent by weight, then samples tend to
      burn continuously when a molded article formed from the composition is
      subjected to flame. If the additive is present in a concentration much
      above about 30 percent by weight, then the strength properties of a molded
      article formed from the composition may be adversely influenced.
PAR  The oxide of antimony component is preferably provided in the molding
      composition in a concentration of about 4 to 8 percent by weight based
      upon the weight of the polyalxylene terephthalate component. In a
      particularly preferred embodiment of the composition the oxide of antimony
      is provided in the molding composition in a concentration of abut 4.5 to
      7.5 percent by weight based upon the weight of the polyalkylene
      terephthalate component. If the oxide of antimony is present in a
      concentration much below about 4 percent by weight, then samples tend to
      burn continuously when a molded article formed from the composition is
      subjected to flame. If the oxide of antimony is present in a concentration
      much above about 8 percent by weight, then the strength properties of a
      molded article formed from the composition may be adversely influenced.
PAR  A reinforcing agent optionally may be included in the improved molding
      composition of the present invention. For instance, a reinforcing agent
      may be present in concentration of about 2 to about 60 percent by weight,
      based upon the total weight of the composition (e.g. in a concentration of
      about 5 to about 40 percent by weight or 20 to 40 percent by weight).
      Representative reinforcing agents include glass fibers, asbestos fibers,
      cellulosic fibers, cotton fibers, synthetic polymeric fibers, inorganic or
      metallic powders, acicular calcium metasilicate (see U.S. Pat. No.
      3,764,576), and the like. The particularly preferred reinforcing agent is
      glass fiber, which may be chopped in lengths of about 1/16 inch or shorter
      to 1/4 inch as added or longer. The preferred length for the glass fiber
      reinforced is about 1/8 to 3/16 inch. Minor quantities of other additives
      for appearance and property improvement additionally may be incorporated
      in the molding composition, such as colorants, plasticizers, stabilizers,
      hardeners, coupling agents, and the like. As discussed hereafter it is not
      essential that asbestos fiber be included in the composition to obtain a
      glass filled molding composition exhibiting non-dripping characteristics
      when molded into thin sections (see U.S. Pat. No. 3,751,396).
PAR  It has been found that a preferred fiber reinforced molding composition in
      accordance with the present invention comprises an intimate blend of about
PA0  a. 40 to 70 percent by weight (e.g. 53 percent) polybutylene terephthalate
      having an inherent viscosity of about 0.4 to 1.2 deciliters per gram (e.g.
      0.75)
PA0  b. 10 to 15 percent by weight (e.g. 12 percent) brominated aromatic
      phosphate of the formula
      ##SPC4##
PA0   where x = about 1 to 3, y = about 1 to 3, and n = about 2 to 30,
PA0  c. about 3 to 5 percent by weight (e.g. 4 percent of an oxide of antimony
      and,
PA0  d. about 20 to 40 percent by weight (e.g. 31 percent) of glass fiber
      reinforcing agent,
PAL  with the composition when molded (1) being self-extinguishing and
      non-dripping when subjected to the UL-94 Flammability Test, and (2)
      showing no propensity for any component thereof to exude from the same at
      an elevated temperature of 175.degree.C. for 66 hours.
PAR  The components of the improved molding composition may be admixed to form
      the desired intimate blend by either dry blending or melt blending. The
      blending may be carried out through the use of extruders, heated rolls, or
      other types of mixers, as will be apparent to those skilled in the art.
      For instance, the components may be tumble blended and melt extruded at
      240.degree.to 270.degree.C. for pelletizing.
PAR  The molding composition of the present invention may be readily molded to
      form three-dimensional shaped article using conventional molding
      techniques commonly utilized for polypropylene terephthalate and
      polybutylene terephthalate. Either compression or injection molding
      procedures may be utilized. It is preferable that the molding technique
      utilized not result in any substantial fracture of the reinforcing agent.
PAR  The composition of the present invention when molded into a
      three-dimensional shaped article is particularly suited for use in
      applications where a high degree of flame retardant properties is
      essential and the usual exudation at elevated temperatures of the flame
      retardant additives heretofore incorporated in polypropylene terephthalate
      and polybutylene terephthalate is considered undesirable. For instance,
      the composition of the present invention is particularly suited for use in
      high temperature electrical applications, distributor caps, terminal
      blocks, miscellaneous automotive under-the-hood applications, etc. When a
      reinforcing agent (e.g. glass fiber) is present, then the
      three-dimensional molded articles are better able to serve in high
      temperature environments e.g. at 140.degree.to 200.degree.C., because of
      the stiffening role served by the reinforcing agent.
PAR  When no reinforcing agent is present, the resulting three-dimensional
      molded articles may be employed to advantage in applications where a more
      flexible article is desirable in environments generally not exceeding
      about 50.degree.to 60.degree.C. when under a load. However, in the absence
      of a reinforcing agent, e.g. glass fibers, the resulting three-dimensional
      shaped articles will have a tendency to drip when subjected to flame.
PAR  It has been found that the polyalkylene terephthalate, the brominated
      aromatic polyphosphate copolymer and the oxide of antimony components of
      the molding composition surprisingly exhibit a high degree of
      compatibility and may be compounded with ease. No exudation of components
      from a shaped article formed from the same is observed at ambient
      conditions. Reinforced molded articles even may be utilized for prolonged
      periods at elevated temperatures, e.g. up to about 175.degree.C., or more,
      without exudation. A simple test for the presence or absence of exudation
      at elevated temperatures may be simply conducted by heating a reinforced
      molded article in an air atmosphere at 175.degree.C. for 66 hours, and the
      article subsequently observed. The molded articles formed from the
      composition additionally exhibit satisfactory strength properties.
PAR  The superiority of the resulting glass fiber reinforced three-dimensional
      shaped articles may be confirmed via the standard UL-94 Flammability Test
      as mentioned. For instance, a bar of 4 inches .times. 1/2 inch .times.
      1/16 inch may be formed by injection molding. The molded article is
      vertically mounted in a clamp, and a cotton pad is placed 12 inches below
      the bottom edge of the article. A 3/4 inch blue flame from a natural gas
      Bunsen burner is applied to the lower edge of the article for 10 seconds,
      the burner is removed and flame-out time is determined, the flame
      immediately is reapplied for 10 seconds, and the flame is removed and
      flame-out time is again determined. In order for the article to pass this
      test it must: (a) not have any article burn for more than 10 seconds after
      each application of the flame, (b) not have a total flaming time exceeding
      50 seconds for a set of 5 articles, and have no molten drippings ignite
      the cotton pad.
PAR  For the purposes of the present description a given molded article is
      considered to be "non-dripping" when in accordance with the above test no
      burning droplets are observed when the flame is removed. For the purposes
      of the present description a given molded article is considered to be
      "self-extinguishing" when in accordance with the above test it does not
      burn longer than 10 seconds when the flame is removed. When a reinforcing
      agent is absent in the composition, molten drops may leave the article
      when subjected to the flame; however, the cotton pad is normally not
      ignited. If a reinforcing agent is present in the composition when
      subjected to the flame, commonly no molten drops leave the same when
      subjected to flame.
PAR  The following examples are given as specific illustrations of the claimed
      invention. It should be understood, however, that the invention is not
      limited to the specific details set forth in the examples.
PAR  In each example the polybutylene terephthalate component is formed via the
      procedure described in U.S. Pat. No. 2,465,319 to Whinfield and Dickson.
      More specifically, 4 parts by weight dimethylterephthalate and 3 parts by
      weight 1,4-butanediol are mixed together in the presence of 0.0004 part
      titanium/silicon catalyst. The polybutylene terephthalate has an inherent
      viscosity of 0.7 deciliters per gram determined at a concentration of 0.1
      percent by weight in a solvent which is a mixture of 10 parts by weight
      phenol and 7 parts by weight trichlorophenol.
PAR  In each example the brominated aromatic polyphosphate copolymer additive of
      the formula previously illustrated (when x = 1, y = 1, and n = about 15)
      is formed via the reaction of tetrabromobisphenol A with equal molar
      quantities of meta-phthalyl dichloride and phenyldichlorophosphate in the
      presence of a methylene chloride solvent and a triethylamine acid
      acceptor. More specifically, 566 parts by weight tetrabromobisphenol A,
      103 parts by weight phthalyl chloride, 105.5 parts by weight
      phenyldichlorophosphate, 5000 parts by weight methylene chloride, 204
      parts by weight triethylamine are provided in a reaction zone. The
      tetrabromobisphenol A, methylene chloride, and triethylamine are changed
      to the reaction zone which is provided with a stirrer, reflux condenser,
      and addition port. The meta-phthalyl dichloride and
      phenyldichlorophosphate gradually are added in methylene chloride solution
      over a one hour period and the temperature raised to 50.degree.C. over a
      period of 15 minutes, stirred for 90 minutes at 50.degree.C., washed three
      times with a 3 percent by weight hydrochloric acid solution, washed three
      times with water, and the product recovered by precipitation in rapidly
      stirred methanol. The product is subsequently dried in a forced air oven
      at 60.degree.C. for 12 hours. The resulting brominated aromatic
      polyphosphate copolymer exhibits a melting point of
      230.degree.-240.degree.C., and an inherent viscosity of 0.3 as determined
      at a 0.1 percent concentration in methylene chloride.
PAC  EXAMPLE I
PAR  Three dimensional shaped articles are formed comprising 53 percent by
      weight polybutylene terephthalate, 12.4 percent by weight of the
      brominated aromatic polyphosphate copolymer, 3.6 percent by weight
      antimony trioxide, and 31 percent by weight 1/8 inch glass fiber.
      Initially the components are formed into an intimate blend by tumble
      blending the components and passing the resulting blend through an
      extruder at 250.degree.to 260.degree.C. for melt blending and pelletizing.
      The articles are injection molded into bars of 4 inches .times. 1/2 inch
      .times. 1/16 inch using a melt temperature of 255.degree.C., a mold
      temperature of 65.degree.C., and an injection pressure of about 8500 psi.
      The components of the molded article are found to be non-exuding from the
      resulting three-dimensional shaped articles after 66 hours at
      175.degree.C. The three-dimensional molded articles have highly
      satisfactory strength properties, are self-extinguishing and pass the
      UL-94 Flammability Test.
PAR  For comparative purposes both the brominated aromatic polyphosphate
      copolymer and the antimony trioxide components are omitted from the blend.
      The resulting molded articles burn vigorously until totally consumed and
      drip burning droplets which ignite the cotton pad in the UL-94
      Flammability Test.
PAR  For comparative purposes only the brominated aromatic polyphosphate
      copolymer is omitted from the blend. The resulting molded articles burn
      vigorously until totally consumed and drip burning droplets which ignite
      the cotton pad in the UL-94 Flammability Test.
PAR  For comparative purposes only the antimony trioxide component is omitted
      from the blend. The resulting molded articles burn vigorously until
      totally consumed and drip burning droplets which ignite the cotton pad in
      the UL-94 Flammability Test.
PAR  For comparative purposes molded control articles are formed utilizing
      representative flame retardant technology of the prior art. The molded
      articles comprise 57.8 percent by weight polybutylene terephthalate, 4.8
      percent by weight decarbromobiphenyl oxide, 4.8 percent by weight antimony
      trioxide, 30 percent by weight of 1/8 inch glass fiber, and 2.6 percent by
      weight asbestos fiber of 5-25 microns. The decabromobiphenyl oxide
      component of the resulting three-dimensional shaped articles is found
      substantially to exude onto the surface of the article after 66 hours at
      175.degree.C. The molded articles are non-dripping and self-extinguishing
      and pass the UL-94 Flammability Test. If the asbestos component is omitted
      from the control then the molded article will drip a substantial quantity
      of burning droplets, and may fail the UL-94 Flammability Test by igniting
      the cotton pad.
PAC  EXAMPLE II
PAR  Example I is repeated with the following exceptions. No reinforcing agent
      is included. The resulting molded article consists of 74.3 percent by
      weight polybutylene terephthalate, 20 percent by weight of the brominated
      aromatic polyphosphate copolymer, and 5.7 percent by weight antimony
      trioxide. The article passes the UL-94 Flammability Test, but molten drops
      tend to leave the article when subjected to flame. The cotton pad used in
      the test normally is not ignited. The components of the supported molded
      article are non-exuding after 66 hours at 175.degree.C.
PAR  For comparative purposes a comparable non-reinforced molded article is
      formed wherein the organic flame retardant additive is decabromobiphenyl
      oxide instead of the brominated aromatic polyphosphate copolymer.
      Exudation is apparent after 66 hours at 175.degree.C.
PAR  Substantially similar results are obtained when polypropylene terephthalate
      is substituted for polybutylene terephthalate and/or antimony pentoxide is
      substituted for antimony trioxide in Example I and Example II.
PAR  Although the invention has been described with preferred embodiments it is
      understood that variations and modifications may be resorted to as will be
      apparent to those skilled in the art. Such variations and modifications
      are to be considered within the purview and scope of the claims appended
      hereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. A brominated aromatic polyphosphate copolymer of the formula
      ##SPC5##
PAL  where x = about 1 to 3, y = about 1 to 3, and n = about 2 to 30.
NUM  2.
PAR  2. A brominated aromatic polyphosphate copolymer in accordance with claim 1
      wherein x = about 1, y = about 1, and n = about 5 to 15.
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PAL  Bis alkyl phosphorus esters of dicarboxylic acids having the formula
      ##EQU1##
      where R' is a C.sub.1 -C.sub.8 alkyl or haloalkyl group, preferably a
      C.sub.1 -C.sub.4 alkyl or haloalkyl group, and R is a C.sub.1 -C.sub.8
      divalent hydrocarbon group are disclosed. The compounds are formed by the
      reaction of a tertiary phosphite having the formula P(OR').sub.3 with a
      haloalkyl ester of a dicarboxylic acid having the formula XCH.sub.2
      C(O)ORO(O)CCH.sub.2 X, where X is chlorine, bromine or iodine. The
      compounds have utility as flame retardants and as sequesterants for
      metallic cation.
BSUM
PAC  TECHNICAL DESCRIPTION OF THE INVENTION
PAR  The invention relates to bis alkyl phosphorus esters of dicarboxylic acids
      having the formula
      ##EQU2##
      where R' is a C.sub.1 -C.sub.8 alkyl group or haloalkyl, e.g., chlorine or
      bromine substituted, preferably a C.sub.1 -C.sub.4 group, e.g., an ethyl
      or chloroethyl group, and R is a C.sub.1 -C.sub.8 divalent hydrocarbon
      group which can be a C.sub.1 -C.sub.8 substituted or unsubstituted
      alkylene group, e.g., --CH.sub.2 --C(CH.sub.2 Br).sub.2 --CH.sub.2 --, or,
      as preferred, a C.sub.2 alkylene group, or a divalent C.sub.1 -C.sub.8
      hydrocarbon group having arylene or ethylenic unsaturation interruption in
      its hydrocarbon chain, e.g., --CH.sub.2 --C.sub.6 H.sub.4 --CH.sub.2 -- or
      --CH.sub.2 C(Br)=C(Br)CH.sub.2 --.
PAR  The above compounds are preferably formed by reacting an ester of the
      formula XCH.sub.2 CO.sub.2 RO.sub.2 CCH.sub.2 X, where R has the meaning
      given above, the X is chlorine, bromine or iodine, with a trialkyl
      phosphite having the formula (R'O).sub.3 P. The reaction between a glycol,
      HOROH, and a haloacetic acid, XCH.sub.2 COOH, to form the ester is
      preferably carried out at temperatures ranging between 100.degree.C. and
      250.degree.C. using a molar ratio of acid to glycol and ranging between
      2.0 and 2.5. If desired, from about 0.1 to 10 percent by weight of a
      nucleophilic catalyst can be used. Examples of suitable catalysts are
      sodium carbonate, sodium hydroxide, stannous octoate, sodium methylate,
      sodium methoxide, sodium phenolate, sodium cresylate, potassium phenolate,
      sodium decylate and the sodium salt of tris(2-hydroxypropoxy) propane.
PAR  The reaction between the ester and the trialkylphosphite is carried out at
      elevated temperatures and gives an Arbuzov rearrangement. The preferred
      reaction temperature for this step is about 140.degree.C. to 200.degree.C.
      The molar ratio of bis ester to triethyl phosphite which is reacted in
      this step should be from about 1.8 to 2.0.
PAR  The compounds described herein have utility as sequestering agents, e.g.,
      as a sequestering agent for zinc, calcium, magnesium, manganese, cobalt
      and antimony catalysts in the manufacture of polyester terephthalate
      fibers or fabrics, Encyclopedia of Chemical Technology, 2nd Ed., Vol. 6,
      pp 174-177 (1965). The compounds, particularly when their alkyl or
      alkylene substituents are halo-substituted, can also be used as flame
      retardants in such materials as plastics, cellulose, and wood.
DETD
PAR  The invention is illustrated by the following Examples:
PAC  EXAMPLE 1
PAR  A reactor fitted with a thermometer, mechanical stirrer, condenser and
      Dean-Stark trap was charged with 377 g. (4.0 mol) of chloroacetic acid,
      124 g. (2.0 mol) of ethylene glycol, 30 g. of V,M and P Naptha and 2.0 g.
      stannous octoate. These were placed under a nitrogen atmosphere and slowly
      heated over several hours to 194.degree.C. Water was continuously removed
      by distillation throughout the heat-up and totaled 69 g. Vacuum
      distillation of the pot afforded 335 g. of a liquid (78% yield) boiling at
      105.degree.C/0.1mm. An n.m.r. (nuclear magnetic resonance) spectrum of the
      product in CCl.sub.4 exhibited a pair of equally intense singlets at
      .tau.5.85 and .tau.5.57, fully consistent with the bis ester.
PAR  To a flask containing a thermometer, condenser, mechanical stirrer and
      side-arm dropping funnel was added 107.5 g. (0.5 mol) of the bis ester.
      The ester was placed under nitrogen and heated to 150.degree.C. To this
      was slowly added 166 g. (1.0 mol) of triethyl phosphite over a 3 hour
      period. Ethyl chloride was continuously evolved throughout the reaction.
      The 150.degree.C temperature was maintained another 5 hours followed by 4
      hours at 170.degree.-175.degree.C. Volatiles were then removed in a vacuum
      distillation. The desired product remained behind in the reactor as a
      yellow liquid weighing 158 g. (76% yield). An infrared spectrum of this
      material exhibited bands at 1740cm.sup.-.sup.1 (C=O) and
      1260cm.sup.-.sup.1 (P=O). The n.m.r. spectrum in CCl.sub.4 consisted of
      signals at .tau.8.80 (12H, triplet, J=7Hz., CH.sub.3 CH.sub.2), .tau.6.98
      (4H, doublet, J=21 Hz. PCH.sub.2) and .tau. 6.2-5.5 (12H, multiplet,
      OCH.sub.2).
PAC  EXAMPLE 2
PAR  An esterification reactor fitted with a Dean-Stark trap was charged with
      104 g. (1.1 mol) of chloroacetic acid, 123 g. (0.5 mol) of
      1,4-dibromo-2-butenediol, 1 g. of stannous octoate and 90 ml of naphtha.
      The reactants were heated under nitrogen at 145.degree.-153.degree.C.
      After 14 hours, 17 g. of water condensate had collected in the trap
      (theoretical = 18 g.). The product was diluted in 300 ml. of methylene
      chloride and was washed successively with water, aqueous sodium carbonate
      and then water. The organic layer was separated, was dried over magnesium
      sulfate and was solvent stripped on a rotary evaporator in vacuo. A white
      solid weighing 172.6 g. (0.87 mol) was obtained and represented an 87
      percent yield. The crystalline product melted at 73.degree.-74.degree.C.
      An infrared spectrum indicated absence of --OH groups but showed the
      presence of bands at 3030 and 3010 cm.sup.-.sup.1 (C=C) and 1765
      cm.sup.-.sup.1 (C=O).
PAR  To a refluxing solution of 60 g. (0.14 mol) of the above bis-chloroacetate
      in 100 g. of O-dichlorobenzene was added 99.6 g. (0.60 mol) of triethyl
      phosphite. Addition of phosphite was completed within 10 hours, and
      heating at 155.degree.-175.degree.C. was terminated after another three
      hours. The solvent was subsequently removed by vacuum distillation. A
      total of 78.7 g. of product remained. The infrared spectrum exhibited a
      carbonyl band at 1740 cm.sup.-.sup.1.
PAC  EXAMPLE 3
PAR  The same procedure used in Example 1 is used with the exception that one
      mole of tris(2-chloroethyl)phosphite is used in place of the triethyl
      phosphite. Ethylene dichloride, rather than ethyl chloride, is evolved.
      The product contains 2-chloroethyl substitution for R'.
PAR  The appended claims give the scope of protection sought.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. Compounds having the formula
      ##EQU3##
      wherein R' is a C.sub.1 -C.sub.8 alkyl or haloalkyl group and R is
      selected from the group consisting of an unsubstituted or
      bromo-substituted C.sub.1 -C.sub.8 alkylene group and an unsubstituted or
      bromo-substituted C.sub.1 -C.sub.8 hydrocarbon chain group having arylene
      or ethylenic unsaturation interruption in its chain.
NUM  2.
PAR  2. Compounds as claimed in claim 1 wherein R' is a C.sub.1 -C.sub.4 alkyl
      group.
NUM  3.
PAR  3. Compounds as claimed in claim 1 wherein R' is an ethyl group.
NUM  4.
PAR  4. Compounds as claimed in claim 1 wherein R' is 2-chloroethyl.
NUM  5.
PAR  5. Compounds as claimed in claim 1 wherein R is a C.sub.1 -C.sub.8 alkylene
      group.
NUM  6.
PAR  6. Compounds as claimed in claim 1 wherein R is a C.sub.1 -C.sub.8
      hydrocarbon chain group having arylene or ethylenic unsaturation
      interruption in its hydrocarbon chain.
NUM  7.
PAR  7. A compound as claimed in claim 1 wherein R is a C.sub.2 alkylene group.
NUM  8.
PAR  8. A compound as claimed in claim 1 wherein R is a --CH.sub.2 C(CH.sub.2
      Br).sub.2 --CH.sub.2 -- group.
NUM  9.
PAR  9. A compound as claimed in claim 1 where R is --CH.sub.2
      C(Br)=C(Br)CH.sub.2 --.
NUM  10.
PAR  10. A compound as claimed in claim 4 where R is a C.sub.2 alkylene group.
NUM  11.
PAR  11. Compounds as claimed in claim 1 wherein R is --CH.sub.2 --C.sub.6
      H.sub.4 --CH.sub.2 --.
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PAL  Alkoxycarbonylphosphonic acids and alkylthiocarbonylphosphonic acids and
      esters and salts of these acids such as diammonium
      methoxycarbonylphosphonate are useful for regulation of the growth rate of
      plants.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending applications
      Ser. Nos. 381,620, filed July 23, 1973, and 397,723, filed Sept. 17, 1973
      both now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel alkoxycarbonylphosphonic acids and
      (alkylthio)carbonylphosphonic acids and their use as plant growth
      regulants. The use of various carbamoylphosphonates for control of plant
      growth is known. For example, see U.S. Pat. No. 3,627,507 and German
      Offenlegungsschrift No. 2,040,367. However, neither of these references
      suggests the compounds of this invention. Further, some of the active
      compounds within the scope of this invention are known. U.S. Pat. No.
      3,033,891 discloses esters and salts of (alkylthio)carbonylphosphonic
      acid, but the reference does not suggest the plant growth regulant
      activity of these compounds.
PAC  SUMMARY OF THE INVENTION
PAR  Compounds of the formula
      ##EQU1##
      wherein R is M; alkyl of 1 to 8 carbon atoms, optionally substituted with
      a chlorine, bromine, fluorine or iodine; alkenyl of 3 to 8 carbon atoms;
      or
      ##SPC1##
PA1  Wherein
PA2  A is chlorine or methyl,
PA2  B is chlorine or methyl,
PA2  n is 0 or 1, and
PA2  m is 0 or 1;
PA1  R.sub.5 is alkyl of 1 to 6 carbon atoms, alkenyl of 3 to 4 carbon atoms, or
      benzyl;
PA1  X is oxygen or sulfur;
PA1  Y is oxygen or sulfur, provided that when Y is sulfur, X is sulfur; and
      when X is sulfur, R is not hydrogen;
PA1  M is hydrogen, sodium, lithium, potassium, calcium, magnesium, zinc,
      manganese, barium, or
      ##EQU2##
      wherein R.sub.1 is hydrogen, alkyl of 1 to 4 carbon atoms, or hydroxyalkyl
      of 2 to 4 carbon atoms;
PA2  R.sub.2 is hydrogen, alkyl of 1 to 4 carbon atoms, or hydroxyalkyl of 2 to
      4 carbon atoms;
PA2  R.sub.3 is hydrogen, alkyl of 1 to 4 carbon atoms, or hydroxyalkyl of 2 to
      4 carbon atoms; and
PA2  R.sub.4 is hydrogen or alkyl of 1 to 12 carbon atoms,
PA2  Provided that the total number of carbon atoms in R.sub.1, R.sub.2,
      R.sub.3, and R.sub.4 is less than 16
PAL  Are useful as plant growth regulants. These compounds and salts are
      particularly useful for retarding the growth of woody plants. The
      compounds and salts can be applied to plants by directly contacting the
      plants with the compounds or by applying the compounds or salts to the
      soil in which the plants grow. Both of these modes of application are
      encompassed within the term "applying to plants" as used herein.
PAR  Preferred compounds of this invention include those compounds of Formula I
      where
PA1  R is alkyl of 1 to 4 carbons, benzyl or M;
PA1  M is hydrogen, sodium, potassium or ammonium;
PA1  R.sub.5 is alkyl of 1 to 3 carbons;
PA1  X is oxygen or sulfur, provided that when X is sulfur, R is not hydrogen;
      and
PA1  Y is oxygen.
PAR  The most preferred compounds of this invention are
      methoxycarbonylphosphonic acid, diammonium methoxycarbonylphosphonate,
      ethyl sodium methoxycarbonylphosphonate, and methyl sodium
      methoxycarbonylphosphonate.
PAR  The compounds of this invention having the formula
      ##EQU3##
      where Z is oxygen or sulfur and R, M and R.sub.5 are defined as above,
      provided that when Z is sulfur, R is not hydrogen, are novel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The alkoxycarbonylphosphonic acids and (alkylthio)carbonylphosphonic acids
      of this invention are readily prepared by the interaction of dialkyl
      alkoxycarbonylphosphonates or (alkylthio)carbonylphosphonates with
      hydrogen iodide. Salts of these acids are prepared by reacting the acids
      with one or two equivalents of a base having the appropriate cation.
PAR  The dialkyl alkoxycarbonylphosphonates and (alkylthio)carbonylphosphonates
      which are precursors to the compounds of this invention can be prepared by
      a variety of methods available in the literature, such as Nylen, Chem.
      Ber. 57, 1023 (1924), and Reetz et al., JACS 77, 3813 (1955). The method
      comprises treating an appropriate trialkyl phosphite with a chloroformate
      or thiolchloroformate.
PAR  The following Examples further illustrate the preparation of the compounds
      of this invention.
PAC  EXAMPLE 1
PAR  Into a stirred solution comprised of 14.8 parts of dimethyl
      methoxycarbonylphosphonate and 100 parts of methylene chloride at
      (-)5.degree. - (+)5.degree.C was added 30 parts of anhydrous hydrogen
      iodide. The reaction was then allowed to warm to room temperature
      whereupon it was stirred overnight. The bottom layer which formed was
      separated and evaporated under reduced pressure to afford 6.7 parts of
      methoxycarbonylphosphonic acid. The nmr spectrum (dmso-d.sub.6) exhibited
      none of the P--O--CH.sub.3 doublet, but retained the COOCH.sub.3 signal.
      The ir showed the
      ##EQU4##
      at 1700 cm .sup.-.sup.1 and the P--O at 1100 cm.sup.-.sup.1.
PAR  By replacing the dimethyl methoxycarbonylphosphonate of Example 1 with
      appropriate dimethyl alkoxycarbonyl- or (alkylthio)carbonylphosphonate,
      the following compounds can be prepared.
      ##EQU5##
PAC  EXAMPLE 2
PAR  To 50 parts of ammonium hydroxide containing a few pieces of ice was added
      with stirring 3 parts of methoxycarbonylphosphonic acid, the product of
      Example 1. The cooled solution was allowed to stir for 15 minutes and was
      then evaporated under reduced pressure to afford the desired diammonium
      methoxycarbonylphosphonate, m.p. 157.degree.d.
PAR  By replacing the ammonium hydroxide of Example 2 with one or two
      equivalents of the appropriate base or by routine cation exchange
      procedures, the following salts could similarly be prepared:
      ##EQU6##
PAC  EXAMPLE 3
PAR  A mixture of 15.0 parts of sodium iodide and 8.4 parts of dimethyl
      methoxycarbonylphosphanate on 20 parts of 2-butanone was heated to
      60.degree. for 1 hour. The mixture was cooled and filtered to provide 8.0
      parts of the desired methyl sodium methoxycarbonylphosphonate, mp
      183.degree.d.
PAC  EXAMPLE 4
PAC  Ethyl Sodium Methoxycarbonylphosphonate
PAR  A solution of 5.9 parts of diethyl methoxycarbonylphosphonate and 4.5 parts
      of sodium iodide was stirred at room temperature in 50 parts of
      tetrahydrofuran for 60 hours. The resulting mixture was filtered to give
      3.5 parts of the desired ethyl sodium methoxycarbonylphosphonate, m.p.
      123.degree.d.
PAR  In a similar manner, the following salts can be prepared from the dialkyl
      alkoxycarbonylphosphonates.
      ##EQU7##
PAC  EXAMPLE 5
PAR  Passage of an aqueous solution of ethyl sodium methoxycarbonylphosphonate
      through an appropriate acid ion exchange column gives ethyl hydrogen
      methoxycarbonylphosphonate.
PAR  In a similar manner, the following hydrogen phosphonates can be prepared
      from the appropriate salts.
TBL             OO                                                             
                .uparw..parallel.                                              
                ROP--C--O--R.sub.5                                             
                .vertline.                                                     
                OH                                                             
     R                 R.sub.5                                                 
     ______________________________________                                    
     CH.sub.3 --       CH.sub.3 --                                             
                       CH.sub.3 CH.sub.2                                       
     CH.sub.3 --       CH.sub.3 CH.sub.2                                       
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2                                       
                       CH.sub.3 CH.sub.2                                       
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CHCH.sub.2                            
     .vertline.                                                                
     CH.sub.2          CH.sub.3 --                                             
     .vertline.                                                                
     CH.sub.3                                                                  
     CH.sub.3 --       C.sub.6 H.sub.5 CH.sub.2                                
     CH.sub.2 =CHCH.sub.2                                                      
                       CH.sub.3 CH.sub.2                                       
     ClCH.sub.2 CH.sub.2                                                       
                       CH.sub.3 CH.sub.2                                       
     CH.sub.3 CH.sub.2 CH.sub.2 =CHCH.sub.2 CH.sub.2                           
     CH.sub.2 =CCH.sub.2                                                       
     .vertline.        CH.sub.3 --                                             
     CH.sub.3                                                                  
     CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2                     
                       CH.sub.3 --                                             
     CH.sub.3 CH.sub.2 C.sub.6 H.sub.5 CH.sub.2                                
     CH.sub.3 --       CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2   
                       --                                                      
     CH.sub.3 --       --CH.sub.2 --CH=CH.sub.2                                
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Careful neutralization of an aqueous solution of methyl hydrogen
      methoxycarbonylphosphonate with one equivalent of ammonium hydroxide gives
      the methyl ammonium methoxycarbonylphosphonate.
PAR  In a similar manner, the following phosphonate salts can be prepared from
      the appropriate hydrogen phosphonate and the appropriate base.
TBL  ______________________________________                                    
               OO                                                              
               .uparw..parallel.                                               
               RO--P--C--O--R.sub.5                                            
               .vertline.                                                      
               OM                                                              
     R              R.sub.5     M                                              
     ______________________________________                                    
     CH.sub.3 CH.sub.2                                                         
                    CH.sub.3 -- K                                              
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CHCH.sub.2                            
     .vertline.                                                                
     CH.sub.2       CH.sub.3 -- Na                                             
     .vertline.                                                                
     CH.sub.3                                                                  
     (CH.sub.3).sub.2 CHCH.sub.2                                               
                    CH.sub.3 -- Li                                             
     CH.sub.3 --    CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2                        
                                1/2 Ba                                         
     ClCH.sub.2 CH.sub.2                                                       
                    CH.sub.3 CH.sub.2 CH.sub.2                                 
                                NH.sub.4                                       
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2                     
                    CH.sub.2 =CHCH.sub.2                                       
                                (HOCH.sub.2 CH.sub.2).sub.3 NH                 
     CH.sub.3 --    C.sub.6 H.sub.5 CH.sub.2                                   
                                (C.sub.12 H.sub.25)NH.sub.3                    
     C.sub.6 H.sub.5 CH.sub.2                                                  
                    CH.sub.3 -- K                                              
     CH.sub.2 =CH--CH.sub.2                                                    
                    CH.sub.3 -- Na                                             
     ______________________________________                                    
PAR  Alternately, these salts can be prepared directly from the sodium salts by
      conventional ion exchange methods.
PAC  EXAMPLE 7
PAR  Using the procedure described in U.S. Pat. No. 3,033,891, the following
      sodium salts can be prepared.
TBL            OO                                                              
               .uparw..parallel.                                               
               RO--P--C--S--R.sub.5                                            
               .vertline.                                                      
               OM                                                              
                                         M.P.,                                 
     R             R.sub.5         M     .degree.C.                            
     ______________________________________                                    
     CH.sub.2 =CHCH.sub.2                                                      
                   CH.sub.3 --     Na    157.degree. d                         
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2                                       
                   CH.sub.3 --     Na    Wax                                   
     C.sub.6 H.sub.5 CH.sub.2                                                  
                   CH.sub.3 CH.sub.2                                           
                                   Na    --                                    
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub. 2 CH.sub.2 CH.sub.2                    
                   CH.sub.3 --     Na    --                                    
     CH.sub.3 --   CH.sub.2 C.sub.6 H.sub.5                                    
                                   Na    --                                    
     CH.sub.3 CH.sub.2                                                         
                   CH.sub.2 =CHCH.sub.2                                        
                                   Na    --                                    
     (CH.sub.3).sub.2 CHCH.sub.2                                               
                   CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2       
                                   Na    --                                    
     ______________________________________                                    
PAC  EXAMPLE 8
PAC  Ethyl Hydrogen (Methylthio)carbonylphosphonate
PAR  Passage of an aqueous solution of ethyl sodium
      (methylthio)carbonylphosphonate prepared as described in U.S. Pat. No.
      3,033,891 through an appropriate acid ion exchange resin gives ethyl
      hydrogen (methylthio)carbonylphosphonate.
PAR  In a similar manner, the following hydrogen phosphonates can be prepared
      from the appropriate salts.
TBL            OO                                                              
               .uparw..parallel.                                               
               RO--P--C--S--R.sub.5                                            
               .vertline.                                                      
               OH                                                              
     R                R.sub.5                                                  
     ______________________________________                                    
     CH.sub.3 --      CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2                      
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2                                       
                      CH.sub.3 CH.sub.2                                        
     CH.sub.2 =CHCH.sub.2                                                      
                      CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2    
     CH.sub.3 CH=CHCH.sub.2                                                    
                      CH.sub.3 --                                              
     CH.sub.2 =CH--CH.sub.2 CH.sub.2                                           
                      CH.sub.3 CH.sub.2                                        
     CH.sub.3 CH.sub.2                                                         
                      CH.sub.2 =CHCH.sub.2                                     
     C.sub.6 H.sub.5 CH.sub.2                                                  
                      CH.sub.3 --                                              
     ClCH.sub.2 CH.sub.2                                                       
                      CH.sub.3 CH.sub.2                                        
     ______________________________________                                    
PAC  EXAMPLE 9
PAC  Methyl potassium (benzylthio)carbonylphosphonate
PAR  Careful neutralization of an aqueous solution of methyl hydrogen
      (benzylthio)carbonylphosphonate with one equivalent of potassium hydroxide
      gives methyl potassium (benzylthio)carbonylphosphonate.
PAR  In a similar manner, the following salts can be prepared from the
      appropriate hydrogen phosphonate and the appropriate base.
TBL            OO                                                              
               .uparw..parallel.                                               
               ROP--C--S--R.sub.5                                              
               .vertline.                                                      
               OM                                                              
     R              R.sub.5     M                                              
     ______________________________________                                    
     CH.sub.3 --    CH.sub.3 -- K                                              
     CH.sub.3 CH.sub.2                                                         
                    CH.sub.2 =CHCH.sub.2                                       
                                NH.sub.4                                       
     (CH.sub.3).sub.2 CHCH.sub.2                                               
                    CH.sub.3 -- (HOCH.sub.2 CH.sub.2).sub.3 NH                 
     C.sub.6 H.sub.5 CH.sub.2                                                  
                    CH.sub.3 CH.sub.2                                          
                                1/2 Mn                                         
     ClCH.sub.2 CH.sub.2                                                       
                    CH.sub.3 -- Li                                             
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2                     
                    CH.sub.3 CH.sub.2                                          
                                (CH.sub.Ba                                     
     CH.sub.2 =CHCH.sub.2                                                      
                    CH.sub.3 --(CH.sub.3).sub.3 NH                             
     ______________________________________                                    
PAR  Alternately, these compounds can be prepared by conventional ion exchange
      methods directly from the sodium salts.
PAC  EXAMPLE 10
PAC  Ethyl sodium (methylthio)thiocarbonylphosphonate
PAR  To a solution of 2.3 parts of diethyl (methylthio)-thiocarbonylphosphonate
      in 50 parts of dry tetrahydrofuran was added 1.5 parts of sodium iodide.
      The solution was stirred for 18 hours at room temperature, then warmed on
      a steam bath for one-half hour. The desired orange ethyl sodium
      (methylthio)thiocarbonylphosphonate was then filtered, m.p. 288.degree.d.
PAC  EXAMPLE 11
PAC  Ethyl hydrogen (methylthio)thiocarbonylphosphonate
PAR  Passage of an aqueous solution of ethyl sodium
      (methylthio)thiocarbonylphosphonate through an appropriate acid ion
      exchange column gives ethyl hydrogen (methylthio)-thiocarbonylphosphonate.
PAR  In a similar manner by use of the appropriate phosphonate salt, the
      following compounds can be prepared.
TBL  ______________________________________                                    
               OS                                                              
               .uparw..parallel.                                               
               ROP--CS--R.sub.5                                                
               .vertline.                                                      
               OH                                                              
     R                  R.sub.5                                                
     ______________________________________                                    
     CH.sub.3 --        CH.sub.3 --                                            
     CH.sub.3 --        CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2                    
     CH.sub.3 CH.sub.2  CH.sub.2 =CHCH.sub.2                                   
     CH.sub.3 CH.sub.2  C.sub.6 H.sub.5 CH.sub.2                               
     CH.sub.3 --        CH.sub.2 =CCH.sub.2                                    
                        .vertline.                                             
                        CH.sub.3                                               
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2                                       
                        CH.sub.3 --                                            
     CH.sub.2 =CHCH.sub.2                                                      
                        CH.sub.3 CH.sub.2                                      
     C.sub.6 H.sub.5 CH.sub.2                                                  
                        CH.sub.3 --                                            
     ClCH.sub.2 CH.sub.2                                                       
                        CH.sub.3 CH.sub.2 CH.sub.2                             
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CHCH.sub.2                            
                        CH.sub.3 --                                            
     .vertline.                                                                
     CH.sub.2                                                                  
     .vertline.                                                                
     CH.sub.3                                                                  
     ______________________________________                                    
PAC  EXAMPLE 12
PAC  Methyl barium (methylthio)thiocarbonylphosphonate
PAR  Careful neutralization of methyl hydrogen
      (methylthio)thiocarbonylphosphonate with one-half equivalent of barium
      carbonate gives methyl barium (methylthio)thiocarbonylphosphonate.
PAR  In a similar manner, the following phosphonate salts can be prepared from
      the appropriate hydrogen phosphonate and the appropriate base.
TBL  ______________________________________                                    
               OS                                                              
               .uparw..parallel.                                               
               RO--P--C--S--R.sub.5                                            
               .vertline.                                                      
               OM                                                              
     R              R.sub.5     M                                              
     ______________________________________                                    
     (CH.sub.3).sub.2 CHCH.sub.2                                               
                    CH.sub.3 -- NH.sub.4                                       
     CH.sub.3 --    CH.sub.3 CH.sub.2                                          
                                K                                              
     CH.sub.2 =CHCH.sub.2                                                      
                    CH.sub.3 -- (C.sub.12 H.sub.25)NH.sub.3                    
     CH.sub.3 --    CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2                        
                                1/2 Zn                                         
     CH.sub.3 --    (CH.sub.3).sub.2 CHCH.sub.2                                
                                (HOCH.sub.2 CH.sub.2).sub.3 NH                 
     CH.sub.3 CH.sub.2                                                         
                    C.sub.6 H.sub.5 CH.sub.2                                   
                                1/2 Mg                                         
     C.sub.6 H.sub.5 CH.sub.2                                                  
                    CH.sub.3 -- Li                                             
     CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2                     
                    CH.sub.3 CH.sub.2                                          
                                K                                              
     ______________________________________                                    
PAR  Alternately, these salts can be prepared directly from the sodium salts by
      conventional ion exchange methods.
PAR  The compounds and salts of the invention are useful for modifying the
      growth of plants. The compounds and salts of this invention are
      particularly useful for preventing bud break and retarding the growth of
      woody plants. Thus, the compounds and salts of this invention can be
      applied in areas such as power line rights-of-way where low-growing and
      slow-growing vegetation is especially desirable.
PAR  In addition to their value as plant growth retardants, the compounds and
      salts of this invention can also be used to control flowering, fruit set,
      and coloration on apples and other fruits. They are useful in controlling
      the growth and flowering of ornamental species such as chrysanthemum and
      azalea.
PAR  The compounds and salts of this invention can also be used to prolong the
      dormancy of perennial plants and thereby protect the unsprouted buds from
      frost damage. This can be especially important in the protection of flower
      buds, which in some years may sprout early and be killed by cold
      temperatures. Application to plants in the stage where next year's buds
      are being initiated or are developing gives marked retardation of bud
      break the following spring and greatly reduced growth.
PAR  To illustrate the growth retardant activity of the compounds and salts of
      this case, the following data are presented.
PAR  In one test, the test compounds were applied in a solvent with a wetting
      agent and a humectant to cotton plants (five-leaf stage including
      cotyledons), bush bean (second trifoliate leaf expanding), morning glory
      (four-leaf stage including cotyledons), cockebur (Xanthium sp., four-leaf
      stage including cotyledons), Cassia tora (three leaves including
      cotyledons), nutsedge (Cyperus rotundus, three- to five-leaf stage),
      crabgrass (Digitaria sp., two-leaf stage), barnyard grass (Echinochloa
      sp., two-leaf stage), wild oats (Avena fatua, one-leaf stage), wheat
      (two-leaf stage), corn (three-leaf stage), soybean (two cotyledons), rice
      (two-leaf stage), and sorghum (three-leaf stage).
PAR  Treated plants and controls were maintained in a greenhouse for sixteen
      days; then all species were compared with controls and visually rated for
      response to treatment.
TBL                                    POST EMERGENCE                          
     __________________________________________________________________________
     COMPOUND         Kg/Ha                                                    
                          A* B* C* D* E* F* G* H* I* J* K* L* M* N*            
     __________________________________________________________________________
     OO                   8G 8G 9C 7G 6G 0  0  7G 0  0  7G 6G 0  6G            
     .parallel..parallel.                                                      
                      2                                                        
     H.sub.3 COPCOCH.sub.3                                                     
                          2H       2C          2C       2U       1C            
     .vertline.                                                                
     OH                   6F                                                   
     Na.sup.+                                                                  
     OO                   8G 8G 8G 6G 6G 0  3G 7G 0  2G 7G 5G 0  7G            
     .parallel..parallel.                                                      
                      2                                                        
     HOPCSCH.sub.3        1C 2H 2C    3C       2C       2U 1C    2U            
     .vertline.                                                                
     OCH.sub.2 CH.sub.3   6Y                                                   
     Na.sup.+                                                                  
     OO                   8G 8G 8G  0 4G 0  0  4G 0  0  7G 6G 0  1C            
     .parallel..parallel.                                                      
     CH.sub.2 OPCOCH.sub.3                                                     
                      2   5I 2H 2H                      2U                     
     .vertline.                                                                
     OH                   6Y                                                   
     Na.sup.+                                                                  
     Na.sup.+OO           9C 7G 8C 2G 3G 0  4G 7G 4G 4G 7G 3G 0  6G            
     .parallel..parallel.                                                      
     HOPCOCH.sub.3    2   10D                                                  
                             3C                2C 2C    1C       1C            
     .vertline.                                                                
     OCH.sub.2 CH=CH.sub.2                                                     
     Na.sup.+OO           9C 5G 7G  0 2G 0  2G 8G 3G 3G 5G 5G 0  5G            
     .parallel..parallel.                                                      
     HOPCSCH.sub.3    2   10D   2C                      1C       1C            
     .vertline.                                                                
     OCH.sub.2 CH=CH.sub.2                                                     
     OO                   2C 8G 10C                                            
                                   2G  0 0  2G 0  0  0  6G 0  0  0             
     .parallel..parallel.                                                      
     C.sub.4 H.sub.9 OPCOCH.sub.2 CH.sub.3                                     
                      2   5D                            2C                     
     .vertline.                                                                
     O.sup.-Na.sup.+                                                           
     Na.sup.+OO           3C 4G 6G  0  0 0  3G 0  0  0  6G 0  0  0             
     .parallel..parallel.                                                      
     HOPCOC.sub.6 H.sub.13                                                     
                      2         1C                      1C                     
     .vertline.                                                                
     OC.sub.4 H.sub.9                                                          
     Na.sup.+OO                                                                
     .parallel..parallel.                                                      
     HOPCOC.sub.6 H.sub.13                                                     
                      2   2C 4G 4G 3G  0 0  0  0  0  0  2G 0  0  0             
     .vertline.                                                                
     OCH.sub.3                                                                 
     OOCH.sub.3           5G                            5G                     
     .parallel..parallel..vertline.                                            
     H.sub.3 COCOCH.sub.2 CH                                                   
                      2   1C 5G 3G  0  0 0  0  0  0  0  1C 0  0  0             
     .vertline..vertline.                                                      
     OHCH.sub.3                                                                
     Na.sup.+                                                                  
     OO                                                                        
     .parallel..parallel.                                                      
     CH.sub.3 CH.sub.2 OPCOCH.sub.2                                            
                      2   9D 5G 5G  0  0 0  0  2C 0  0  5G 0  0  0             
     .vertline.                                                                
     O                       1C                         1C                     
     Na.sup.+                                                                  
     OO                   8G                                                   
     .parallel..parallel.                                                      
     C.sub.4 H.sub.9 OPCSCH.sub.3                                              
                      2   4C 9G 6C 1H 2G 0  2G 8C 1H 2G 8G 9P 2G 7G            
     .vertline.                                                                
     OH                   6Y                            1C       2C            
     Na.sup.+                                                                  
     __________________________________________________________________________
      A* Bush Bean                                                             
      B* Cotton                                                                
      C* Morning Glory                                                         
      D* Cocklebur                                                             
      E* Cassia                                                                
      F* Nutsedge                                                              
      G* Crabgrass                                                             
      H* Barnyard Grass                                                        
      I* Wild Oats                                                             
      J* Wheat                                                                 
      K* Corn                                                                  
      L* Soybean                                                               
      M* Rice                                                                  
      N* Sorghum                                                               
PAR  In another test, the test compounds were applied in a similar solvent to
      pots of bean (Phaseolus vulgaris cv. Black Valentine), apple (Malus sp.),
      and willow (Salix sp.). The plants were maintained in a greenhouse, and
      plant response ratings were taken after application as indicated.
TBL                Black                                                       
                   Valentine                                                   
                   Bean      Apple    Willow                                   
               Rate,                                                           
                   One  Four One Four One Four                                 
               kg/ha                                                           
                   Week Weeks                                                  
                             Week                                              
                                 Weeks                                         
                                      Week                                     
                                          Weeks                                
     __________________________________________________________________________
     OO                                                                        
     .parallel..parallel.                                                      
     HOPCOCH.sub.3                                                             
               1    9G2H                                                       
                        8G   0   0    3G  --                                   
     .vertline.                                                                
     OH        4   10G  8G   0   0    9G5X                                     
                                          5G3X                                 
     OO                                                                        
     .parallel..parallel.                                                      
               1    8G  7G    6G  2G  2G   0                                   
     HOPCOCH.sub.3                                                             
     .vertline.                                                                
               4   10G10P                                                      
                        8G   0   0    8G5X                                     
                                          2G2X                                 
     OH.2(NH.sub.4).sup.+                                                      
                    2C                                                         
     OO                                                                        
     .parallel..parallel.                                                      
               1   5G10P                                                       
                        7G   0    9G1C                                         
                                      6G  3G5X                                 
     H.sub.3 COPCOCH.sub.3                                                     
     .vertline.                                                                
               4   9G10P                                                       
                        9G5C 0   10G  10G 9G5X                                 
     OHNa.sup.+                                                                
     OS                                                                        
     .parallel..parallel.                                                      
               1    2G  4G   0    4G  0    0                                   
     HOPCSCH.sub.3                                                             
     .vertline.                                                                
               4   8G10P                                                       
                        9G   0    6G  9G  9G3X                                 
     OCH.sub.2 CH.sub.3 Na.sup.+                                               
     OO                                                                        
     .parallel..parallel.                                                      
               1   9G10P                                                       
                         10D 0    6G  6G  8G5X                                 
     HOPCSCH.sub. 3                                                            
     .vertline.                                                                
               4   8G10P                                                       
                         10G 0   10G2C                                         
                                      10G 9G                                   
     OCH.sub.2 CH.sub.3 Na.sup.+                                               
     OO                                                                        
     .parallel..parallel.                                                      
               1    6G  8G3X 0   0    5G  6G5X                                 
     CH.sub.3 CH.sub.2 OPCOCH.sub.3                                            
     .vertline.                                                                
               4   8G10P                                                       
                         10D  1H 10G2H                                         
                                      9G  9G3X                                 
     OHNa.sup.+                                                                
     __________________________________________________________________________
PAR  The plant response ratings above are composed of a number and a letter. The
      number describes the extent of the response and ranges from zero to ten,
      with zero representing no response and ten representing 100 percent
      response. As for the letters, "G" represents growth retardation, "P"
      represents terminal bud kill, "H" represents hormonal effects, "C"
      represents chlorosis, "U" represents unusual pigmentation, "I" represents
      increased chlorophyll, "D" represents defoliation, "X" represents axillary
      stimulation, "6Y"* represents abscised buds or flowers, "7Y"* represents a
      decreased number of buds or flowers, and "6F"* represents delayed
      flowering.
FNT  *With the "6Y," "7Y," and "6F" ratings, the number does not refer to extent
      of response (any percent of bud or flower abscission is represented by
      "6Y").
PAR  The term "plant growth retardant" as used in this disclosure is to be
      understood to mean an agent which, when applied to a plant or its
      environs, will slow the growth of the plant. This also includes a delaying
      response on bud sprouting or prolonging of the dormancy period.
PAR  The compounds and salts of this invention can be applied as foliar sprays
      or as soil applications to retard the growth rate of such plants or to
      affect flowering and fruit set.
PAR  Preferably, the compounds and salts of this invention are applied as foliar
      or dormant wood sprays to the point of runoff, although lower-volume
      application can also be effective.
PAR  The compounds and salts of the invention are very versatile and may be
      applied at one of many different time periods to suit the convenience of
      the applicator. For example, they may be applied in spring a short time
      prior to the period when maximum plant growth is anticipated, to effect
      growth retardation; they may be applied later in the growing season, just
      after trimming, to effect growth retardation; or they may be applied when
      the year's growth has ceased (later summer, fall, or winter) with the
      result that treated plants will remain dormant the following spring;
      whereas untreated plants will sprout and grow. If flowering and fruit set
      are to be modified, the treatment is applied before, during or shortly
      after flowering.
PAR  It will be recognized that the application rate is dependent upon the
      species to be treated and the results desired. In general, rates of from
      0.25 to 20 kilograms per hectare are used, although higher or lower rates
      can achieve the desired effect in some instances.
PAR  Useful formulations of the compounds and salts of this invention can be
      prepared in conventional ways. They include dusts, granules, pellets,
      solutions, suspensions, emulsions, wetting powders, emulsifiable
      concentrates, and the like. Many of these may be applied directly.
      Sprayable formulations can be extended in suitable media and used at spray
      volumes of from a few pints to several hundred gallons per acre.
      High-strength compositions are primarily used as intermediates for further
      formulation. The formulations, broadly, contain about 1 to 99 percent by
      weight of active ingredient(s) and at least one of (a) about 0.1 to 20
      percent surfactant(s) and (b) about 5 to 99 percent solid or liquid
      diluent(s). More specifically, they will contain these ingredients in the
      following approximate proportions:
TBL               Percent by weight                                            
                  Active                                                       
                  Ingre-  Dilu-     Surfac-                                    
                  dient   ent(s)    tant(s)                                    
     ______________________________________                                    
     Wettable Powders                                                          
                    20-90      0-74     1-10                                   
     Oil Suspensions                                                           
     and Emulsions   5-50     40-95     0-15                                   
     Aqueous Solutions                                                         
                    10-50     50-90     0-20                                   
     Dusts           1-25     70-99     0-5                                    
     Granules and Pellets                                                      
                     1-95      5-99     0-15                                   
     High-strength                                                             
     Compositions   90-99      0-10     0-2                                    
     ______________________________________                                    
PAR  Lower or higher levels of active ingredient can, of course, be present,
      depending on the intended use and the physical properties of the compound.
      Higher ratios of surfactant to active ingredient are sometimes desirable
      and are achieved by incorporation into the formulation or by tank-mixing.
      Likewise, high levels of oils or humectants can be incorporated, either in
      the formulation or by tank-mixing.
PAR  Typical solid diluents are described in Watkins et al., "Handbook of
      Insecticide Dust Diluents and Carriers," 2nd Ed., Dorland Books, Caldwell,
      NJ. The more absorptive diluents are preferred for wettable powders and
      the denser ones for dusts. Typical liquid diluents and solvents are
      described in Marsden, "Solvents Guide", 2nd Ed., Interscience, NY, 1950.
      Solubility under 0.1 percent is preferred for suspension concentrates,
      solution concentrates are preferably stable against phase separation at
      0.degree.C. "McCutcheon's Detergents and Emulsifiers Annual", Allured
      Publ. Corp., Ridgewood, NJ, as well as Sisely and Wood, "Encyclopedia of
      Surface Active Agents", Chemical Publ. Co., Inc., NY, 1964, list
      surfactants and recommended uses. All formulations can contain minor
      amounts of additives to reduce foam, caking, corrosion, microbiological
      growth, etc. Preferably, ingredients should be approved by the U.S.
      Environmental Protection Agency for the use intended.
PAR  The methods of making such compositions are well known. Solutions are
      prepared by simply mixing the ingredients. Fine, solid compositions are
      made by blending and, usually, grinding, as in a hammer or fluid energy
      mill. Suspensions are prepared by wet-milling (see, for example, Littler,
      U.S. Pat. No. 3,060,084). Granules and pellets may be made by spraying the
      active material upon preformed granular carriers or by agglomeration
      techniques. See J. E. Browning, "Agglomeration", Chemical Engineering,
      Dec. 4, 1967, pp. 147 ff. and "Perry's Chemical Engineer's Handbook", 4th
      Ed., McGraw-Hill, NY, 1963, pp. 8-59 ff.
PAR  For further information regarding the art of formulation, see, for example:
PA0  H. m. loux, U.S. Pat. No. 3,235,361, Feb. 15, 1966, Col. 6, line 16 through
      Col. 7, line 19, and Examples 10 through 41
PA0  W. p. langsdorf, U.S. Pat. No. 3,627,507, Dec. 14, 1971, Col. 8, line 1,
      through Col. 11, line 12, and Examples 60-65
PA0  G. c. klingman, "Weed Control as a Science", John Wiley & Sons, Inc. NY,
      1961, pp. 81-96
PA0  J. d. fryer and S. A. Evans, "Weed Control Handbook", 5th Ed., Blackwell
      Scientific Publications, Oxford, 1968, pp. 101-103
PAR  The following Examples further illustrate the formulation and application
      of the compounds of this invention.
PAC  EXAMPLE 13
TBL  Water-soluble Powder                                                      
     ______________________________________                                    
     diammonium methoxycarbonylphosphonate                                     
                                95.0%                                          
     dioctyl sodium sulfosuccinate                                             
                                0.5%                                           
     sodium ligninsulfonate     1.0%                                           
     synthetic fine silica      3.5%                                           
     ______________________________________                                    
PAR  The ingredients are blended and coarsely ground in a hammer mill so that
      only a small percent of the active exceeds 250 microns (U.S.S. No. 60
      sieve) in size. When added to water with stirring, the coarse powder
      initially disperses and then the active ingredient dissolves so that no
      further stirring is needed during application.
PAR  Ten kilograms of this formulation are dissolved in 800 liters of water
      containing 0.5% of a nonphytotoxic wetting agent. This formulation is
      sprayed from a helicopter to a one-hectare area under an electric power
      line in which the brush and trees have been freshly trimmed. This
      treatment retards the growth of black willow (Salix nigra), black cherry
      (Prunus serotina), and many other woody species.
PAR  The following can be formulated and applied in a similar manner with
      similar results.
PA0  ethyl sodium methoxycarbonylphosphonate
PA0  methyl sodium methoxycarbonylphosphonate
PA0  methyl sodium ethoxycarbonylphosphonate
PA0  ethyl sodium ethoxycarbonylphosphonate
PA0  ethyl sodium (methylthio)carbonylphosphonate
PA0  methyl sodium (ethylthio)carbonylphosphonate
PAC  EXAMPLE 14
TBL  Wettable Powder                                                           
     ______________________________________                                    
     diammonium methoxycarbonylphosphonate                                     
                                40%                                            
     dioctyl sodium sulfosuccinate                                             
                                1.5%                                           
     sodium ligninsulfonate     3%                                             
     low viscosity methyl cellulose                                            
                                1.5%                                           
     attapulgite                54%                                            
     ______________________________________                                    
PAR  The ingredients are thoroughly blended, passed through an air mill, to
      produce an average particle size under 15 microns, reblended, and sifted
      through a U.S.S. No. 50 sieve (0.3 mm opening) before packaging.
PAR  All solid compounds of the invention may be formulated in the same manner.
PAR  Fifteen kilograms of this formulation are mixed with 600 liters of water in
      a sprayer fitted with an agitator. The mixture is sprayed on a one hectare
      area of newly trimmed hedgerow in the spring after the leaves have
      expanded. (The spray may be either directly on the plants or to the locus
      of the plants.) This treatment greatly reduces the growth of plants
      growing in the hedgerow but does not seriously injure them. Thus, the
      hedgerow is kept neat with a minimum of labor expended for trimming it.
PAC  EXAMPLE 15
TBL  Solution                                                                  
     ______________________________________                                    
     methoxycarbonylphosphonic acid                                            
                          20.0%                                                
     octylphenoxypolyethoxyethanol                                             
                           0.5%                                                
     water                79.5%                                                
     ______________________________________                                    
PAR  The ingredients are combined and stirred to produce a solution which can be
      applied directly or after dilution with additional water. All sufficiently
      soluble compounds of the invention may be formulated in similar fashion.
PAR  Fifteen liters of this solution are mixed with 200 liters of water and
      sprayed in late Summer on a one hectare area of woody plants growing on a
      power line right-of-way. The treated plants continue to appear like
      untreated plants. However, the following year the treated plants remain
      dormant for an extremely long period of time, whereas untreated ones
      sprout and grow normally. Thus the treatment greatly reduces the amount of
      labor required to maintain the plants at a desirable height.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula;
      ##EQU8##
      wherein Z is oxygen;
PA1  R is alkyl of 1 to 8 carbon atoms, optionally substituted with a chlorine,
      bromine, fluorine, or iodine; alkenyl of 3 to 8 carbon atoms; or
      ##SPC2##
PA1  wherein
PA2  A is chlorine or methyl,
PA2  B is chlorine or methyl,
PA2  n is 0 or 1, and
PA2  m is 0 or 1;
PA1  R.sub.5 is alkyl of 1 to 6 carbon atoms, alkenyl of 3 to 4 carbon atoms, or
      benzyl; and
PA1  M is hydrogen, sodium, lithium, potassium, calcium, magnesium, manganese,
      barium, or
      ##EQU9##
      wherein R.sub.1 is hydrogen, alkyl of 1 to 4 carbon atoms, or hydroxyalkyl
      of 2 to 4 carbon atoms;
PA2  R.sub.2 is hydrogen, alkyl of 1 to 4 carbon atoms, or hydroxyalkyl of 2 to
      4 carbon atoms;
PA2  R.sub.3 is hydrogen, alkyl of 1 to 4 carbon atoms, or hydroxyalkyl of 2 to
      4 carbon atoms; and
PA2  R.sub.4 is hydrogen or alkyl of 1 to 12 carbon atoms,
PA2  provided that the total number of carbon atoms in R.sub.1, R.sub.2,
      R.sub.3, and R.sub.4 is less than 16.
NUM  2.
PAR  2. A compound of claim 1 wherein
PA1  Z is oxygen,
PA1  R.sub.5 is alkyl of 1 to 3 carbon atoms,
PA1  R is alkyl of 1 to 4 carbon atoms, or benzyl, and
PA1  M is hydrogen, potassium, or ammonium.
NUM  3.
PAR  3. The compound of claim 2 ethyl sodium methoxycarbonylphosphonate.
NUM  4.
PAR  4. The compound of claim 2 methyl sodium methoxycarbonylphosphonate.
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ABST
PAL  Thiophosphoric and dithiophosphoric acid esters of the formula
      ##SPC1##
PAL  Wherein R.sub.1 represents methyl or ethyl, R.sub.2 represents n-propyl,
      isobutyl or sec, butyl, R.sub.3 and R.sub.4 each represents chlorine,
      bromine, methyl or ethyl, R.sub.5 represents
      ##EQU1##
      X represents oxygen or sulphur, processes for their manufacture and their
      use in pest control.
PARN
     This is a division of application Ser. No. 408,874 filed on Oct. 23, 1973,
      now U.S. Pat. No. 3,898,345
BSUM
PAR  The present invention relates to thiophosphoric and dithiophosphoric acid
      esters, process for their manufacture, and to their use in pest control.
PAR  The thiophosphoric and dithiophosphoric acid esters have the formula
      ##SPC2##
PAL  Wherein R.sub.1 represents methyl or ethyl, R.sub.2 represents n-propyl,
      isobutyl or sec, butyl, R.sub.3 and R.sub.4 each represents chlorine,
      bromine, methyl or ethyl, R.sub.5 represents
      ##EQU2##
      X represents oxygen or sulphur.
PAR  The alkenyloxy, alkinyloxy, alkoxyalkyleneoxy, or alkenylthio groups
      possible for R.sub.5 can be straight-chain or branched. Examples of such
      groups include: allyloxy, methallyloxy, proparglyloxy,
      1-methyl-2-propinyloxy, 1,1-dimethyl-2-propinyloxy,
      (1-methyl-2-methoxy)-ethoxy, 2-methoxy-ethoxy,2-methoxy-ethoxy,
      2-ethoxy-ethoxy, allylthio, methallylthio.
PAR  The alkyl moieties of an acetal, thioacetal, n-alkylformimino,
      N-alkylhydrazono or N,N-dialkylhydrazono group R.sub.5 are straight-chain.
      Examples of such alkyl moieties include: methyl, ethyl.
PAR  A preferred group of compounds is that of the formula I, wherein R.sub.1
      represents methyl or ethyl, R.sub.2 represents n-propyl or sec. butyl,
      R.sub.3 and R.sub.4 each represents hydrogen, chlorine, bromine, methyl or
      ethyl, R.sub.5 represents allyloxy, methallyloxy, 2-chloroallyloxy,
      3-chloroallyloxy, propargyloxy, allylthio or methallylthio, and X
      represents oxygen.
PAR  A further preferred group of compounds of the formula I is that wherein
      R.sub.1 represents methyl or ethyl, R.sub.2 represents n-propyl or sec.
      butyl, R.sub.3 and R.sub.4 each represents hydrogen, chlorine, bromine,
      methyl or ethyl, R.sub.5 represents
      ##EQU3##
      X represents oxygen.
PAR  Yet a further preferred group of compounds of the formula I is that wherein
      R.sub.1 represents methyl or ethyl, R.sub.2 represents n-propyl or sec.
      butyl, R.sub.3 and R.sub.4 each represents hydrogen, chlorine, bromine,
      methyl or ethyl, R.sub.5 represents 2-chloroallyl or 3-chloroallyl, and X
      represents oxygen.
PAR  Particularly to be highlighted on account of their action are the compounds
      of the formula I wherein R.sub.1 represents ethyl, R.sub.2 represents
      n-propyl or sec. butyl, R.sub.3 and R.sub.4 each represents hydrogen,
      chlorine, bromine or methyl, and R.sub.5 is in ortho-position and
      represents 2-chloroallyl or 3-chloroallyl, and X represents oxygen.
PAR  The compounds of the formula I can be manufactured by methods which are
      known per se, e.g. in the following manner:
      ##SPC3##
PAR  In the formulae II, III and IV, R.sub.1 to R.sub.5 and X have the meanings
      given for the formula I and Me represents an alkali metal, in particular
      sodium or potassium, ammonium or alkylammonium.
PAR  Process 1a and 1b can be carried out at normal pressure, at a temperature
      of 0.degree.-80.degree.C, preferably 20.degree.-50.degree.C, and in
      solvents and diluents that are inert towards the reactants.
PAR  Examples of suitable solvents or diluents are: ether and ethereal
      compounds, such as diethyl ether, dipropyl ether, dioxan, tetrahydrofuran;
      amides, such as N,N-dialkylated carboxy amides; aliphatic, aromatic, and
      halogenated hydrocarbons, in particular benzene, toluene, xylene,
      chloroform, chlorobenzene; nitriles, such as acetonitrile.
PAR  The starting materials of the formula II are known and can be manufactured
      by a method analogous to e.g. that described in J. Org. Chem. 30 3217
      (1965).
PAR  The active substances of the formula I are suitable for combating animal
      and plant pests of the most diverse kinds. In particular, they act
      effectively against all development states, such as eggs, larvae, nymphs,
      pupae, and adults of insects, e.g. of the families:
PAR  Acrididae, Blattidae, Gryllidae, Gryllotalpidae, Tettigoniidae, Cimicidae,
      Phyrrhocoridae, Reduviidae, Aphididae, Delphacidae, Diaspididae,
      Pseudococcidae, Chrysomelidae, Coccinellidae, Bruchidae, Scarabaeidae,
      Dermestidae, Tenebrionidae, Curculionidae, Tineidae, Noctuidae,
      Lymantriidae, Pyralidae, Galleriidae, Culcidae, Tipulidae, Stomoxydae,
      Muscidae, Calliphoridae, Trypetidae, Pulicidae.
PAR  The compounds of the formula I are also active against eggs, larvae, and
      adults of representatives of the order Acarina, such as mites, spider
      mites, and ticks, e.g. of the families: Ixodidae, Argasidae,
      Tetranychidae, and Demanyssidae.
PAR  The insecticidal or acaricidal action can be substantially broadened and
      adapted to given circumstances by addition of other insecticides and/or
      acaricides. Examples of suitable additives are: organic phosphorus
      compounds, derivatives of nitrophenols, formamidines, ureas, carbamates,
      and chlorinated hydrocarbons.
PAR  In addition to the above cited properties, the compounds of the formula I
      are also active against fungi, for exampel against the phytopathogenic
      fungi of the classes: Oomycetes, Zygomycetes, Ascomycetes, Basidiomycetes,
      Denteromycetes. They are also active against phytopathogenic nematodes.
PAR  The compounds of the formula I may be used as pure active substance or
      together with suitable carriers and/or additives. Suitable carriers and
      additives can be solid or liquid and correspond to the substances
      conventionally used in formulation technology, for example natural or
      regenerated substances, solvents, dispersants, wetting agents, adhesives,
      thickeners, binders and/or fertilisers.
PAR  For application, the compounds of the formula I may be processed to dusts,
      emulsion concentrates, granules, dispersions, sprays, to solutions, or
      suspensions, in the conventional formulation which is commonly employed in
      application technology.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances may take, and be used in, the following forms:
PAL  Solid forms:
PAR  Dusts, tracking agents, granules, coated granules, impregnated granules and
      homogeneous granules.
PAL  Liquid forms:
PA1  a. active substances which are dispersible in water: wettable powders,
      pasts, emulsions;
PA1  b. solutions.
PAR  The content of active substance in the above described agents is between
      0.1% to 95%, in which connection it should be mentioned that, in the case
      of application from aircraft or some other suitable means of application,
      it is possible to use concentrations of up to 99.5%.
PAR  The active substances of the formula I can, for example, be formulated as
      follows:
PAC  Dusts
PAR  The following substances are used to manufacture (a) a 5% and (b) a 2%
      dust:
PA1  a. 5 parts of active substance
PA2  95 parts of talcum
PA1  b. 2 parts of active substance
PA2  1 part of highly disperse silicic acid
PA1  97 parts of talcum.
PAR  The active substances are mixed with the carriers and ground.
PAC  Granules
PAR  The following substances are used to produce 5% granules:
PA1  5 parts of active substance,
PA1  0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol,
PA1  91 parts of kaolin (particle size 0.3 - 0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and dissolved with 6
      parts of acetone; the polyethylene glycol and cetyl polyglycol ether are
      then added. The thus obtained solution is sprayed on kaolin, and the
      acetone subsequently evaporated in vacuo.
PAC  Wettable powder
PAR  The following constituents are used for the preparation of (a) a 40%, (b)
      and (c) a 25%, and (d) a 10% wettable powder:
PAR  a. 40 parts of active substance,
PA1  5 parts of sodium lignin sulphonate,
PA1  1 part of sodium dibutyl-naphthalene sulphonate,
PA1  54 parts of silicic acid.
PAR  b. 25 parts of active substance,
PA1  4.5 parts of calcium lignin sulphonate,
PA1  1.9 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA1  1.5 parts of sodium dibutyl naphthalene sulphonate,
PA1  19.5 parts of silicic acid,
PA1  19.5 parts of Champagne chalk,
PA1  28.1 parts of kaolin
PAR  c. 25 parts of active substance,
PA1  2.5 parts of isooctylphenoxy-polyoxyethylene-ethanol,
PA1  1.7 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA1  8.3 parts of sodium aluminium silicate,
PA1  16.5 parts of kieselgur
PA1  46 parts of kaolin.
PAR  d. 10 parts of active substance,
PA1  3 parts of a mixture of the sodium salts of saturated fatty alcohol
      sulphates,
PA1  5 parts of naphthalenesulphonic acid/formaldehyde condensate,
PA1  82 parts of kaolin.
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, the mixture being then ground in the appropriate mills and
      rollers. Wettable powders are obtained which can be diluted with water to
      give suspensions of any desired concentration.
PAC  Emulsifiable concentrates
PAR  The following substances are used to produce (a) a 10% and (b) a 25%
      emulsifiable concentrate:
PAR  a. 10 parts of active substance,
PA1  3.4 parts of epoxidised vegetable oil,
PA1  13.4 parts of a combination emulsifier consisting of fatty alcohol
      polyglycol ether and alkylaryl sulphonate calcium salt,
PA1  40 parts of dimethylformamide,
PA1  43.2 parts of xylene,
PA1  25 parts of active substance, 2.5 parts of epoxidised vegetable oil,
PA1  10 parts of an alkylarylsulphonate/fatty alcoholglycol ether mixture,
PA1  5 parts of dimethylformamide,
PA1  57.5 parts of xylene.
PAR  From these concentrates it is possible to produce, by dilution with water,
      emulsions of any desired concentration.
PAC  Spray
PAR  The following constituents are used to prepared a 5% spray:
PA1  5 parts of active substance,
PA1  1 part of epichlorohydrin,
PA1  94 parts of benzene (boiling limits 160.degree.C-190.degree.C).
DETD
PAC  EXAMPLE 1
PAC  Manufacture of O-ethyl-S-(n)-propyl-O- 4-formylphenyl-thiophosphoric acid
      ester
PAR  13.3 g of triethylamine are added to a solution of 17 g of
      4-hydroxybenzaldehyde in 150 ml of benzene. 26.4 g of
      O-ethyl-S-(n)-propyl-chlorothiolphosphoric acid ester are added dropwise
      with constant stirring at 10.degree.-15.degree.C. The reaction mixture is
      stirred for 12 hours at room temperature, then it is washed with water, 3%
      Na.sub.2 CO.sub.3 solution, and again with water, and dried over anhydrous
      sodium sulphate. The benzene is distilled off. Molecular distillation of
      the residue yields the compound of the formula
      ##SPC4##
PAL  with a refractive index of n.sub.D.sup.23 = 1.5350.
PAR  The following compounds are also manufactured in analogous manner:
      ##EQU4##
      ##SPC5##
PAR  In addition, the following compounds are manufactured in analogous manner:
      ##EQU5##
      ##SPC6##
      ##SPC7##
PAR  The following compounds are also manufactured in analogous manner:
      ##EQU6##
PAC  EXAMPLE 2
PAL  A. insecticidal ingest poison action
PAR  Tobacco plants were sprayed with a 0.05% aqueous emulsion (obtained from a
      10% emulsifiable concentrate). After the coating had dried, the tobacco
      plants were populated with Spodoptera littoralis larvae L.sub.3 and with
      Heliothis virescens larvae L.sub.3. The test was carried out at
      24.degree.C and 60% relative humidity. In the above test, the compounds
      according to Example 1 exhibited good ingest poison action against
      Spodoptera littoralis and Heliothis virescens.
PAL  B. insecticidal contact action
PAR  Broad beans (vicia faba) reared in pots were infected with about 200
      leaflice (Aphis fabae) per plant one day before the application. A spray
      broth in a concentration of 1000 ppm (prepared from a 25% wettable powder)
      was applied to the leaves populated with lice using a compressed air
      spray. Evaluation took place 24 hours after the application. In the above
      test, the compounds according to Example 1 exhibited good contact action
      against Aphis fabae.
PAC  EXAMPLE 3
PAL  Action against Chilo suppressalis
PAR  Six rice plants at a time of the variety Caloro' were transplanted into
      plastic pots (diameter at the top = 17 cm) and reared to a height of about
      60 cm. Infestation with Chilo suppressalis larvae (L.sub.1 : 3-4 mm long)
      took place 2 days after the active substance had been applied in granule
      form to the paddy water (rats of application: 8 kg of active substance per
      hectare). Evaluation of the insecticidal action took place 10 days after
      application of the granules.
PAR  The compounds according to Example 1 were active in the above test against
      Chilo suppressalis.
PAC  EXAMPLE 4
PAL  Action against ticks
PAL  A. rhipicephalus bursa
PAR  Five adult ticks and 50 tick larvae were counted into a glass tube and
      immersed for 1 to 2 minutes in 2 ml of an aqueous emulsion from an
      emulsion series each containing 100, 10, 1 and 0.1 ppm of test substance.
      The tube was then sealed with a standardised cotton wool plug and placed
      on its head, so that the active substance emulsion could be absorbed by
      the cotton wool.
PAR  In the case of the adults evaluation took place after 2 weeks, and in that
      of the larvae after 2 days. Each test was repeated twice.
PAL  B. boophilus microplus (larvae)
PAR  Tests were carried out in each case with 20 OP-sensitive larvae using a
      dilution series analogous to that of test A. (The resistence refers to the
      tolerability of Diazinon).
PAR  The compounds according to Example 1 acted well in these tests against
      adults and larvae of Thipicephalus bursa and larvae of Boophilus
      microplus.
PAC  EXAMPLE 5
PAL  Action against spider mites
PAR  Phaseolus vulgaris (dwarf beans) had an infested piece of leaf from a mass
      culture of Tetranychus urticae placed on them 12 hours before the test for
      the acaricidal action. The mobile stages which had migrated were sprayed
      with the emulsified test preparations from a chromatography atomiser so
      that the spray broth did not run off. The number of living and dead
      larvae, adults and eggs were evaluated after 2 to 7 days under a
      stereoscopic microscope and the result was expressed in percentages.
      During the "interim,"  the treated plants were kept in greenhouse
      compartments at 25.degree.C.
PAR  The compounds according to Example 1 were active in the above test against
      eggs, larvae and adults of Tretranychus urticae.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC8##
PAL  wherein R.sub.1 represents methyl or ethyl, R.sub.2 represents n-propyl,
      isobutyl or sec. butyl, R.sub.3 and R.sub.4 each represents hydrogen,
      chlorine,bromine, methyl or ethyl, R.sub.5 represents --O-C.sub.3 -C.sub.5
      --alkenyl, --O-C.sub.3 -C.sub.5 --alkinyl, --O-C.sub.1 -C.sub.4
      --alkylene--O-C.sub.1 -C.sub.4 --alkyl, --O-CH.sub.2 --CCl=CH.sub.2,
      --O-CH.sub.2 -CH=CHCl,
      ##EQU7##
      and X represents oxygen or sulphur.
NUM  2.
PAR  2. A compound according to claim 1, wherein R.sub.2 represents n-propyl or
      sec. butyl, R.sub.5 represents allyloxy, methallyloxy, 2-chloroallyloxy,
      3-chloroallyloxy or propargyloxy, and X represents oxygen.
NUM  3.
PAR  3. A compound according to claim 1, wherein R.sub.2 represents n-propyl or
      sec. butyl, R.sub.5 represents
      ##EQU8##
      and X represents oxygen.
NUM  4.
PAR  4. O-ethyl-S-n-propyl-O-[(2-(3-chloroallyloxy)phenyl]-thiolphosphate,
      according to claim 2.
NUM  5.
PAR  5. O-ethyl-S-n-propyl-O-[2-(2-chloroallyloxy)phenyl]-thiolphosphate,
      according to claim 2.
NUM  6.
PAR  6. O-ethyl-S-n-propyl-O-[2-(2-methoxy-1-methylethoxy)thiolphosphate
      according to claim 1.
PATN
WKU  039432033
SRC  5
APN  1867601
APT  1
ART  127
APD  19711005
TTL  Phosphorothionoamidates
ISD  19760309
NCL  7
ECL  1
EXP  Raymond; Richard L.
INVT
NAM  Satomi; Takeo
CTY  Takarazuka
CNT  JA
INVT
NAM  Mukai; Kunio
CTY  Nishinomiya
CNT  JA
INVT
NAM  Mine; Akihiko
CTY  Toyonaka
CNT  JA
INVT
NAM  Hino; Naganori
CTY  Toyonaka
CNT  JA
INVT
NAM  Tateishi; Kohshi
CTY  Minoo
CNT  JA
ASSG
NAM  Sumitomo Chemical Company, Limited
CNT  JA
COD  03
PRIR
CNT  JA
APD  19701225
APN  45-129021
CLAS
OCL  260954
XCL   71 87
EDF  2
ICL  C07F  924
FSC  260
FSS  954;959
UREF
PNO  3107164
ISD  19631000
NAM  Szabo et al.
XCL  260954
UREF
PNO  3231359
ISD  19660100
NAM  Newallis et al.
XCL  260954
UREF
PNO  3636143
ISD  19720100
NAM  Schrader
OCL  260954
UREF
PNO  3787538
ISD  19740100
NAM  Schrader et al.
OCL  260954
LREP
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ABST
PAL  A phosphorothionoamidate of the formula,
      ##SPC1##
PAL  Wherein R.sub.1 is a C.sub.3 - C.sub.4 alkyl, R.sub.2 is a C.sub.1 -
      C.sub.4 alkyl, and n is an integer of 1 to 3, which is useful as a
      herbicide.
BSUM
PAR  The present invention relates to a novel phosphorothionoamidate represented
      by the formula,
      ##SPC2##
PAL  Wherein R.sub.1 stands for an alkyl group having 3 or 4 carbon atoms,
      R.sub.2 stands for an alkyl group having 1 to 4 carbon atoms, and n stands
      for an integer from 1 to 3, and herbicidal compositions containing the
      same.
PAR  The present herbicidal compositions are useful for controlling weeds both
      in upland and paddy fields, such as grass family weeds, for example
      barnyard grass, large crab grass, water foxtail, etc. and broad-leaved
      weeds, for example redroot pigweed, common lambsquater, monochoria,
      slender spikerush, etc.
PAR  The compounds of this invention may be synthetized by reacting a
      thionophosphoric chloride of the formula,
      ##EQU1##
      WHEREIN R.sub.1 and R.sub.2 are as mentioned above with a nitro-phenol
      represented by the formula,
      ##SPC3##
PAL  Wherein n is as mentioned above in an organic solvent in the presence of an
      acid binding agent.
PAR  Examples of the solvents used in this invention include aromatic solvents
      such as benzene and toluene, and ketones such as acetone and methyl
      isobutyl ketone, and acetonitrile, etc.
PAR  Examples of the acid binding agents include inorganic bases such as
      potassium carbonate and sodium hydroxide, tertiary amines such as pyridine
      and triethylamine, and a mixture thereof.
PAR  The reaction temperature varies depending on the kind of the solvent or
      acid binding agent to be used. The reaction is preferably carried out at a
      temperature of from room temperature to about 120.degree.C. for 2 to
      several hours.
PAR  Examples of the compounds synthetized by the above method are as follows,
      but the present invention is not limited to these compounds.
TBL  __________________________________________________________________________
        (iso)C.sub.3 H.sub.7 NHS                                               
        .angle.P.angle.                                                        
        CH.sub.3 OO--         n.sub.D.sup.22.5 1.5359                          
     (1)                                                                       
        (iso)C.sub.3 H.sub.7 NHS                                               
     (2)                                                                       
        .angle.P.angle.       m.p. 49 - 52.degree.C.                           
        C.sub.2 H.sub.5 OO--                                                   
        (iso)C.sub.3 H.sub.7 NHS                                               
     (3)                                                                       
        .angle.P.angle.       m.p. 109 - 111.degree.C.                         
        CH.sub.3 OO--                                                          
        (iso)C.sub.3 H.sub.7 NHS                                               
     (4)                                                                       
        .angle.P.angle.       n.sub.D.sup.26.0 1.5327                          
        C.sub.2 H.sub.5 OO--                                                   
        (sec)C.sub.4 H.sub.9 NHS                                               
     (5)                                                                       
        .angle.P.angle.       n.sub.D.sup.31.0 1.5377                          
        C.sub.2 H.sub.5 OO--                                                   
        (sec)C.sub.4 H.sub.9 NHS                                               
     (6)                                                                       
        .angle.P.angle.       n.sub.D.sup.31.0 1.5253                          
        C.sub.2 H.sub.5 OO--                                                   
        (sec)C.sub.4 H.sub. 9 NHS                                              
     (7)                                                                       
        .angle.P.angle.       n.sub.D.sup.25.0 1.5543                          
        CH.sub.3 OO--                                                          
        (sec)C.sub.4 H.sub.9 NHS                                               
     (8)                                                                       
        .angle.P.angle.       n.sub.D.sup.26.0 1.5414                          
        CH.sub.3 OO--                                                          
     __________________________________________________________________________
PAR  Compounds having similar structure to that of the compounds of this
      invention are found in U.S. Pat. No. 2,552,576. However they are different
      from the compounds of this invention in that they have only nitro group or
      other groups as the substituents for the phenyl group and their use is
      directed to insecticides and fungicides.
PAR  Further, Dutch Patent Nos. 6,916,095 and 6,916,096, U.S. Pat. No. 3,074,790
      and Belgian Pat. No. 745,633 describe herbicidal action of compounds
      having structure resembling that of the compounds of this invention.
      However, the compounds of this invention are different in structure from
      the said compounds, and are superior in herbicidal effects to said
      compounds, as is substantiated in the Test Examples mentioned below.
PAR  The present inventors have discovered the excellent herbicidal activity of
      the compounds of this invention for which 2-nitro and 5-methyl groups on
      the benzene ring are essential.
PAR  The herbicidal characteristics of the compounds of the present invention
      are described in the following:
PAR  When subjected to pre-emergence treatment of weeds, the compounds display
      strong herbicidal activities against a wide scope of weeds such as, for
      example, barnyard grass (Eleocharis crus-galli), slender spikerush
      (eleocharis acicularis), monochoria (Monochoria viaginalis Presl.), false
      pimpernel (Linderna pyxidaria), toothcup (Rotala indica Koehne), etc. More
      surprisingly, the compounds can successfully control the aforesaid weeds
      without any phytotoxicity to transplanted rice seedings. Therefore, the
      present compounds are quite excellent as herbicides for paddy rice fields.
      Further, when applied to upland fields, the present compounds have strong
      herbicidal activities on many weeds, e.g. grass family weeds such as
      barnyard grass (Echnochloa crus-galli), large crabgrass (Digitaria
      sanguinalis), green foxtail (Setaria viridis) and water foxtail
      (Alopecurus aequalis), and such broad-leaved weeds as common purslane
      (Portulaca oleracea), redroot pigweed (Amaranthus retroflexus), common
      lambsquarter (Chenopodium album) and chickweed (Stellaria media), and can
      effectively control the aforesaid weeds without any phytotoxicity to crops
      such as, for example, rice, radish, soy bean, pea, carrot and cotton.
      Therefore the compounds may be applied to cereals, beans and vegetables,
      orchards, turfs, pasture lands and non-crop lands.
PAR  The present compounds are extremely low in toxicity to mammals and fishes.
PAR  In actual application, the compounds of the present invention may be used
      as they are or may be used in the form of any of such preparations as
      granules, dusts, wettable powders, emulsifiable concentrates, oil spray
      and aerosol. These preparations are desirably used so as to conform to the
      kinds and sizes of crops and to the purposes of application. In
      formulating the present compounds, there are used such solid carriers as,
      for example, talc, bentonite, clay, kaolin, diatomaceous earth,
      vermiculite and calcium hydroxide; and such liquid carriers as, for
      example, benzene, alcohols, acetone, xylene, dioxane, methyl naphthalene
      and cyclohexanone. In actual application, the present compounds may be
      enhanced and ensured in effectiveness by using them in admixture with
      surface active agents such as spreaders and stickers and the like. It is
      also possible to use the present compounds in admixtures with fungicides,
      insecticides, nematocides, other herbicides and similar agricultural
      chemicals and with fertilizers.
DETD
PAR  The present invention is illustrated in further detail below with reference
      to examples, which are only illustrative, but not limitative. All parts
      and percents are by weight.
PAC  EXAMPLE 1
PAR  To a solution of 16.7 g. of 3,5-dimethyl-6-nitro phenol dissolved in 150
      ml. methylisobutylketone, 117 g. of anhydrous sodium carbonate was added
      at 60.degree.C. and the mixture was stirred for 15 minutes at that
      temperature.
PAR  Then 18.8 g. of thionophosphoric acid o-methyl-N-isopropylamide chloride
      was added dropwise at 60.degree. - 65.degree.C. over a 30 minutes period.
      Thereafter, the mixture was refluxed under stirring for 4 hours.
PAR  After removal of the solvent under reduced pressure, the residue was mixed
      with benzene and washed with water repeatedly. The benzene was removed
      under reduced pressure to obtain a reddish brown, oily crude ester. This
      crude ester was further subjected to column chromatography with active
      alumina and benzene. As a pale yellow oil, 22.6 g. of
      o-methyl-o-(3,5-dimethyl-6-nitro phenyl-N-isopropyl thionophosphoric acid
      amidate, n.sub.D.sup.22.5 1.5359 was obtained.
PAR  Elementary analysis:
PAR  (as C.sub.12 H.sub.19 N.sub.2 O.sub.4 PS)
     Calculated (%)       Found (%)                                            
     ______________________________________                                    
     P      9.73              9.60                                             
     S      10.07             10.21                                            
     N      8.80              8.62                                             
     ______________________________________                                    
PAC  EXAMPLES 2 TO 8
PAR  According to the procedure similar to that of Example 1, the following
      compounds were obtained.
TBL                            Acid Sol- Reaction          Elementary          
     Exam-                     bind-                                           
                                    vent time and                              
                                              Yield                            
                                                  Physical analysis            
     ple R.sub.1                                                               
                R.sub.2        ing  used tempera-                              
                                              (%) constant                     
                                                         Calculated            
                                                                Found          
     No.                       reagent   ture            (%)    (%)            
     __________________________________________________________________________
                                         4 hrs.   m.p.   P 9.32 9.15           
     2   (iso)C.sub.3 H.sub.7                                                  
                C.sub.2 H.sub.5                                                
                               K.sub.2 CO.sub.3                                
                                    Aceto-    78         S 9.65 9.84           
                                    nitrile                                    
                                         80.degree.C.                          
                                                  49-52.degree.C.              
                                                         N 8.43 8.01           
                                         "        m.p.   P 9.73 9.67           
     3   "      CH.sub.3       "    "    "    76         S 10.07               
                                                                10.23          
                                                  109-111.degree.C.            
                                                         N 8.80 8.54           
                                         5 hrs.   n.sub.D.sup.26.0             
                                                         P 9.32 9.49           
     4   "      C.sub.2 H.sub.5                                                
                               Pyri-                                           
                                    "         73         S 9.65 9.43           
                               dine      80.degree.C.                          
                                                  1.5327 N 8.43 8.26           
                                         "        n.sub.D.sup.26.0             
                                                         P 9.32 9.61           
     5   (sec)C.sub.4 H.sub.9                                                  
                CH.sub.3       K.sub.2 CO.sub.3                                
                                    Toluene                                    
                                         "    70         S 9.65 9.79           
                                                  1.5414 N 8.43 8.21           
                                         5 hrs.   n.sub.D.sup.26.0             
                                                         P 8.94 8.66           
     6   (sec)C.sub.4 H.sub.9                                                  
                C.sub.2 H.sub.5                                                
                               K.sub.2 CO.sub.3                                
                                    Toluene   71         S 9.25 9.57           
                                         80.degree.C.                          
                                                  1.5278 N 8.09 7.97           
                                         4 hrs.   n.sub.D.sup.25.0             
                                                         P 9.32 9.11           
     7   "      CH.sub.3       "    Aceto-    73         S 9.65 9.92           
                                    nitrile                                    
                                         80.degree.C.                          
                                                  1.5543 N 8.43 8.37           
                                         "        n.sub.D.sup.26.0             
                                                         P 8.94 8.78           
     8   "      C.sub.2 H.sub.5                                                
                               "    "    "    75         S 9.25 9.41           
                                                  1.5402 N 8.09 7.97           
     __________________________________________________________________________
PAC  EXAMPLE 9
PAR  Wettable powder:
PAR  25 Parts of the compound (6), 5 parts of a surface active agent of the
      polyoxyethylene acetylallylester type and 70 parts of talc were thoroughly
      pulverized and mixed together to obtain a wettable powder.
PAC  EXAMPLE 10
PAR  Emulsifiable concentrate:
PAR  30 Parts of the compound (2), 20 parts of an emulsifier of the polyethylene
      glycol ether type and 50 parts of cyclohexanone were thoroughly mixed
      together to obtain an emulsifiable concentrate.
PAC  EXAMPLE 11
PAR  Granule:
PAR  8 Parts of the compound (4), 38 parts of bentonite, 50 parts of clay and 4
      parts of sodium lignosulfonate were thoroughly pulverized and mixed
      together. The resulting mixture was sufficiently kneaded with water, and
      then granulated and dried to obtain granules.
PAR  In order to substantiate the prominent effects of the present compounds as
      herbicides, detailed illustration is given below with reference to typical
      test examples, in which the names of the compounds are represented by the
      numbers of the previously exemplified compounds.
PAC  TEST EXAMPLE 1
PAR  Pre-emergence application:
PAR  Seeds of barnyard grass, large crabgrass, radish, common purslane, redroot
      pigweed and false pimpernel were individually sowed in flower pots. After
      covering the seeds with soil, test compounds in such amounts as shown in
      Table 1 were individually applied to the soil. Thereafter, the test plants
      were grown in a greenhouse and, the herbicidal effects of the individual
      compounds were investigated to obtain the results as set forth in Table 1.
      Herbicidal effects were evaluated by the numerals ranging from 0 (not
      damaged) to 5 (completely killed). All the compounds were formulated into
      emulsifiable concentrates, and aqueous dilutions thereof were used.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Herbicidal effects by pre-emergence application.                          
                        Amount of                                              
                              Herbicidal effects on                            
                        active                                                 
     Name of compound   ingredient                                             
                              Barnyard                                         
                                   Large     Common                            
                                                  Redroot                      
                                                       False                   
                        (g./are)                                               
                              grass                                            
                                   crabgrass                                   
                                         Radish                                
                                             purslane                          
                                                  pigweed                      
                                                       pimpernel               
     __________________________________________________________________________
                        50    5    5     1   5    5    5                       
                        25    5    5     0   5    5    5                       
     (1)                12.5  4    4     0   4    5    4                       
                        6     4    4     0   3    4    4                       
                        50    5    5     0   5    5    5                       
                        25    5    5     0   5    5    5                       
     (2)                12.5  4    5     0   4    5    5                       
                        6     4    4     0   4    4    4                       
                        50    5    5     0   5    5    5                       
                        25    5    5     0   5    5    5                       
     (3)                12.5  4    5     0   4    5    4                       
                        6     4    4     0   3    4    4                       
                        50    5    5     0   5    5    5                       
                        25    5    5     0   5    5    5                       
     (4)                12.5  5    5     0   4    5    4                       
                        6     4    4     0   4    4    4                       
                        50    5    5     0   5    5    5                       
     (5)                25    5    5     0   5    5    5                       
                        12.5  5    5     0   4    5    5                       
                        6     4    5     0   4    4    4                       
                        50    5    5     0   5    5    5                       
     (6)                25    5    5     0   5    5    5                       
                        12.5  5    5     0   5    5    5                       
                        6     4    4     0   4    4    4                       
                        50    5    5     0   5    5    5                       
     (7)                25    5    5     0   5    5    5                       
                        12.5  4    5     0   4    4    5                       
                        6     3    4     0   4    4    4                       
                        50    5    5     0   5    5    5                       
                        25    5    5     0   5    5    5                       
     (8)                12.5  4    5     0   4    5    4                       
                        6     4    4     0   3    4    4                       
     (iso)C.sub.3 H.sub.7 NHS                                                  
                        50    5    4     1   2    2    2                       
     .angle.P.angle.    25    3    2     0   0    1    0                       
     CH.sub.3 OO--      12.5  1    0     0   0    0    0                       
                        6     0    0     0   0    0    0                       
     U.S.P. 3,074,790                                                          
     (iso)C.sub.3 H.sub.7 NHS                                                  
                        50    5    5     2   5    4    4                       
     .angle.P.angle.    25    3    4     0   4    3    3                       
     CH.sub.3 OO--      12.5  2    2     0   2    0    1                       
                        6     0    1     0   0    0    0                       
     Belgian Pat. 745,633                                                      
     __________________________________________________________________________
PAC  TEST EXAMPLE 2
PAR  Wagner pots of 14 cm. in diameter, which had been packed individually with
      1.5 kg. of paddy field soil, were brought into the state of paddy fields.
      To the pots were transplanted rice seedings at the 3-leaves stage.
      Further, seeds of barnyard grass were sowed in the pots and, after
      covering with soil, the test plants were grown in a greenhouse. On the
      second day after the sowing given amounts of test compounds were
      individually applied to the soil under water lodged conditions.
      Broad-leaved weeds germinated were monochoria, false pimpernel and
      toothcup. After 25 days the herbicidal effects and the phytotoxicity
      thereof to the rice seedings were investigated to obtain the results as
      set forth in Table 2. The herbicidal effects and the phytotoxicity were
      evaluated by numerals ranging from 0 (not damaged) to 5 (completely
      killed).
TBL                                    Table 2                                 
     __________________________________________________________________________
     Herbicidal effects in application under water conditions.                 
                               Herbicidal                                      
                         Amount of                                             
                               effects on                                      
                         active                                                
                               Barn-                                           
                                   Broad-                                      
                                       Phyto-                                  
     Name of             ingredient                                            
                               yard                                            
                                   leaved                                      
                                       toxicity                                
     compound            (gram/are)                                            
                               grass                                           
                                   weeds                                       
                                       on rice                                 
     __________________________________________________________________________
                         50    5   5   0                                       
     (1)                 25    5   5   0                                       
                         12.5  4   4   0                                       
                         50    5   5   0                                       
     (2)                 25    5   5   0                                       
                         12.5  4   5   0                                       
                         50    5   5   0                                       
     (3)                 25    5   5   0                                       
                         12.5  5   4   0                                       
                         50    5   5   0                                       
     (4)                 25    5   5   0                                       
                         12.5  5   5   0                                       
                         50    5   5   0                                       
     (5)                 25    5   5   0                                       
                         12.5  5   5   0                                       
                         50    5   5   0                                       
     (6)                 25    5   5   0                                       
                         12.5  4   5   0                                       
                         50    5   5   0                                       
     (7)                 25    5   5   0                                       
                         12.5  4   4   0                                       
                         50    5   5   0                                       
     (8)                 25    5   5   0                                       
                         12.5  4   4   0                                       
     (iso)C.sub.3 H.sub.7 NHS                                                  
                         50    4   2   1                                       
     .angle.P.angle.     25    2   0   0                                       
     CH.sub.3 OO--       12.5  0   0   0                                       
     U.S.P. 3,074,790                                                          
     (iso)C.sub.3 H.sub.7 NHS                                                  
                         50    5   4   0                                       
     .angle.P.angle.     25    3   2   0                                       
     CH.sub.3 OO--       12.5  1   0   0                                       
     Belgian Pat. 745633                                                       
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  wherein R.sub.1 is sec-butyl and R.sub.2 is methyl or ethyl.
NUM  2.
PAR  2. A compound of claim 1, wherein R.sub.2 is methyl.
NUM  3.
PAR  3. A compound of claim 1, wherein R.sub.2 is ethyl.
NUM  4.
PAR  4. A compound of claim 1, namely
      ##SPC5##
NUM  5.
PAR  5. A compound of claim 1, namely
      ##SPC6##
NUM  6.
PAR  6. A compound of claim 1, namely
      ##SPC7##
NUM  7.
PAR  7. A compound of claim 1, namely
      ##SPC8##
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ABST
PAL  A method for improving the extraction properties of a tributyl phosphate
      extractant used for reprocessing irradiated nuclear reactor fuel (Purex
      Process) containing degradation products of tributyl phosphate by
      contacting the extractant with diazomethane in a suitable solvent whereby
      the degradation products are esterified to triester phosphates which have
      extraction properties similar to those of tributyl phosphate.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the U.S. ATOMIC ENERGY COMMISSION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for improving the extraction properties
      of a solution of tributyl phosphate in an organic solvent. More
      specifically, this invention relates to a method for improving the
      extraction properties of a solution of tributyl phosphate by esterifying
      the chemical and radiological degradation products of tributyl phosphate
      which may be present therein.
PAR  As the numbers of nuclear reactors increase, the methods and techniques for
      reprocessing the spent fuel which has been irradiated in these reactors
      must also be improved. This is necessary to speed up reprocessing and to
      improve recovery of uranium and plutonium so that these and other reactors
      under construction and planned for in the future may be fueled.
PAR  A number of methods of fuel reprocessing have been developed such as halide
      volatility processes, pyrometallurgical processes and solvent extraction
      processes.
PAR  Of these processes, the solvent extraction process which utilizes tributyl
      phosphate (TBP) in a kerosene base is presently in wide use. This process
      is generally referred to as the Purex Process and is described in detail
      in "Reactor Handbook", Second Edition, Vol. 2, "Fuel Reprocessing",
      Stoller and Richards, Interscience, 1961. This process relies upon the
      extractability of uranyl nitrate and the relative inextractability of
      plutonium (III) to separate these two elements from each other and from an
      aqueous nitric acid feed solution.
PAR  The use of tributyl phosphate as an extractant for uranium and plutonium
      has had widespread acceptance in the nuclear industry for the past 25
      years. This material, nevertheless, suffers from both chemical and
      radiological degradation when exposed to the radioactive solutions
      containing extractable actinides.
PAR  The presence of the degradation products such as the dibutyl phosphate
      (DBP), mono-butyl phosphate (MBP) and phosphoric acid has a detrimental
      effect upon the extraction process. Among the problems created by the
      presence of these materials are poor phase separation in the contractor,
      with subsequent losses of entrainment and/or reduced throughput,
      extraction of fission products along with the actinides, resulting in a
      loss of purity of uranium and plutonium, loss of actinides caused by the
      formation of nonstrippable complexes in the organic phase, and the
      formation of precipitates.
PAR  Thus it can be seen that the presence of degradation products seriously
      reduces the effectiveness of the extraction process. Techniques have been
      established to remove the degradation products. These include a carbonate
      aqueous scrub of the organic TBP solution, the use of macroreticular ion
      exchange resins and others. All of these techniques involve the use of
      extra columns for the cleanup, extra chemicals, a restoration of the
      cleanup system and finally the disposal of the additional radioactive
      waste stream. Even with the use of carbonate scrubs, periodically, the
      concentration of degradation products rises to a level such that the
      entire organic stream must be discarded. All of these treatment techniques
      are expensive. An ideal technique would be one that would restore the
      extracting solution either to its initial condition or one that closely
      approximates the initial solution.
PAC  SUMMARY OF THE INVENTION
PAR  We have developed a process for improving the effectiveness of the tributyl
      phosphate extracting solution which eliminates many of the previously
      enumerated problems. It has been found that, by contacting the partially
      degraded tributyl phosphate solution with an esterifying agent, the
      degradation products of tributyl phosphate can be esterified to triesters
      which have extraction properties similar to tributyl phosphate. Thus a
      method has been developed which is relatively inexpensive, free from
      interfering by-products and side reactions and by which the extraction
      system is restored to almost its original efficiency. In addition, by this
      method, expensive cleanup procedures are eliminated and the use-life of
      the extraction solution is greatly prolonged.
PAR  It is therefore one object of our invention to provide a process for
      improving the extraction properties of a tributyl phosphate solution.
PAR  It is a further object of this invention to improve the extraction
      properties of tributyl phosphate extractant solutions containing
      degradation products of tributyl phosphate.
PAR  Finally, it is the object of this invention to provide a method for
      esterifying the degradation products of tributyl phosphate to their
      triesters in order to improve their extraction properties.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  These and other objects of the invention for improving the extraction
      properties of degraded tributyl phosphate extractant solutions may be met
      by contacting the extractant solution containing the degradation products
      of tributyl phosphate with 0.1 M diazomethane in a suitable solvent, the
      quantity of diazomethane being at least equal to the quantity of
      degradation products present, whereby the degradation products of tributyl
      phosphate are esterified to triester phosphates which have improved
      extraction properties. The tributyl phosphate solution containing the
      esterified degradation products may then be recycled for further
      extraction of uranium and plutonium in the irradiated nuclear reactor fuel
      reprocessing cycle.
PAR  The esterifying agent may be any compound which will quickly and easily
      esterify the degradation products of tributyl phosphate without forming
      interfering by-products or causing any adverse side reactions while
      producing a triester which has extraction properties similar to tributyl
      phosphate. One esterifying agent which has been found to be exceptionally
      effective is diazomethane.
PAR  It must be remembered that diazomethane, when in a pure or highly
      concentrated form, is susceptible to explosive detonation by shock or by
      catalysis on a sharp edge or a scratch and that it is also highly toxic.
      However, it has been found that in concentrations of 0.1 M or less in a
      suitable solvent it is relatively easy to handle and no problems have been
      encountered. A number of solvents have been found to be suitable for
      diazomethane at this concentration such as, for example, ether, carbon
      tetrachloride and other halogenated hydrocarbons and normal paraffin
      hydrocarbon or NPH. NPH would be especially suitable, since it is the
      diluent presently in use for tributyl phosphate in the Purex Process. The
      NPH contains 97 w/o of C.sub.10 to C.sub.14 straight chain hydrocarbons
      having a specific gravity of 0.74 to 0.76 at 60.degree.F. and a flash
      point of 155.degree. to 160.degree.F.
PAR  The amount of diazomethane necessary to esterify the degradation products
      is a quantity equal to the quantity of the degradation products present in
      the tributyl phosphate solution. However, in order to insure that
      esterification is complete, it is preferable that the amount of
      diazomethane be double the quantity of degradation products present. This
      will insure that esterification is complete even if small quantities of
      water, which would hydrolyze the diazomethane, are present in the organic
      solution. Any excess diazomethane which may remain after esterification is
      complete will not affect the extractability of the tributyl phosphate
      solution, since it will be hydrolyzed as soon as it comes in contact with
      any aqueous solution.
PAR  The synthesis of diazomethane in a dilute solution can be readily
      accomplished by dissolving N-methyl-N-nitroso-p-toluenesulfonamide to 0.1
      M in diethyl ether and adding this dropwise to a solution of sodium
      hydroxide, water and dibutylcarbitol maintained at a temperature of
      60.degree.. The diazomethane codistills from the reaction mixture with
      ether so that a dilute solution is always maintained. The distillate is
      condensed at a cold finger and is collected in an ice-cooled receiver.
      Ether solutions of diazomethane can be kept for several weeks at a
      temperature near 0.degree.C.
PAR  The preferred temperature for the operation of this process is ambient,
      since higher temperatures will cause a loss of diazomethane.
DETD
PAR  The following example is given as illustrative of the process of the
      invention and is not to be taken as limiting the scope or extent of the
      invention.
PAC  EXAMPLE
PA1  Feed solution: 1 M aluminum nitrate nonahydrate, 2 M HNO.sub.3, spiked with
      1 g/l Pu
PA1  Extracting solution: 20% TBP/CCl.sub.4 + 0.02 M DBP
PAL  One half of the extracting solution was treated with diazomethane. The feed
      solution (20 ml) was stirred for 15 minutes with 20 ml of each of the
      extracting solutions. The plutonium was then removed from the organic
      solution by extraction with a solution composed of 0.15 M HNO.sub.3 and
      0.25 M hydroxylamine nitrate. The organic solution was sampled and
      analyzed for plutonium by alpha counting after each of these extractions.
      A comparison is shown in the table below for an untreated extraction
      solution and a diazomethane treated extracting solution. The ideal
      solution would be the complete absence of plutonium in the residual
      organic.
TBL                TABLE                                                       
     ______________________________________                                    
                        Adjusted                                               
     Organic Solvent    c/c/.lambda.                                           
                                   Pu(g/l)                                     
     ______________________________________                                    
     Untreated After Strip 1                                                   
                            1965       3.6.times.10.sup..sup.-2                
               After Strip 2                                                   
                            1925       3.5.times.10.sup..sup.-2                
               After Strip 3                                                   
                            1680       3.1.times.10.sup..sup.-2                
     Diazomethane                                                              
     Treated   After Strip 1                                                   
                            10.3       18.9.times.10.sup..sup.-5               
               After Strip 2                                                   
                            1.2        2.2.times.10.sup..sup.-5                
               After Strip 3                                                   
                            1.2        2.2.times.10.sup..sup.-5                
     (Background 0.1 C/M)                                                      
     ______________________________________                                    
PAL  In this instance, the improvement was better than 1400-fold. Other
      experiments have been performed with similar results verifying the fact
      that a substantial improvement in plutonium stripping can be made by the
      addition of diazomethane to degraded solvent. Although in this example the
      TBP was dissolved in CCl.sub.4 rather than in the NPH of the Purex
      Process, this will have no effect upon the esterification of the
      degradation products by the diazomethane.
PAR  The process of the invention can easily and readily be incorporated into
      the Purex Process stream after plutonium has been stripped from the
      extractant. A solution of diazomethane could continuously be added to the
      spent TBP extractant solution in place of a scrubbing step before it is
      recycled to extract uranium and plutonium from the acid feed solution.
PAR  As can be seen from the above example, the addition of diazomethane to
      tributyl phosphate solution greatly improves the extractability of the
      solution and provides a simple, effective method for improving the
      extraction properties of a degraded tributyl phosphate solution.
PAR  It is to be understood that the method of this invention is not to be
      limited to the details given herein but that it may be modified within the
      scope of the appended claims.
PAR  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
CLMS
NUM  1.
PAR  1.  A process for improving the extraction properties of tributyl phosphate
      in an organic diluent selected from the group consisting of kerosene,
      carbon tetrachloride and normal paraffin hydrocarbon containing dibutyl
      phosphate, monobutyl phosphate and phosphoric acid as degradation products
      of tributyl phosphate comprising: contacting the tributyl phosphate
      solution containing the degradation products with an amount of
      diazomethane effective to esterify the degradation products, the
      diazomethane being present up to 0.1 M in a solvent selected from the
      group consisting of ether, halogenated hydrocarbons, and normal paraffin
      hydrocarbons, whereby the degradation products are esterified to the
      triesters which have improved extraction properties.
NUM  2.
PAR  2. The process of claim 1 wherein the quantity of diazomethane is equal to
      double the quantity of degradation products present in the tributyl
      phosphate solution.
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ABST
PAL  A carburetor has a small air passage connected to the main induction
      passage by a sonic flow orifice; the small passage being supplied with
      compressed air at all times at a pressure and volume maintaining sonic
      flow; a fuel supply line is connected to the orifice for a constant flow
      of fuel, the rate of flow being varied as a function both of throttle
      valve position and manifold vacuum level.
BSUM
PAR  This invention relates in general to internal combustion engines and in
      particular to a carburetor for such engines.
PAR  It is known that substantial reduction of exhaust emissions of unburned
      hydrocarbons, carbon monoxide and oxides of nitrogen can be achieved by
      running an engine on a lean air/fuel ratio of the order of 18 to 20 parts
      of air to 1 part of fuel. Internal combustion engines are reluctant to run
      smoothly at such fuel ratios. One problem is that inadequate fuel mixing
      and atomization causes the fuel ratio at different cylinders to be greater
      or less than the average fuel ratio at which the engine is operating.
      Clearly, if the mixing and atomization of the mixture can be improved so
      that a more uniform mixture is supplied to the cylinders, the average fuel
      ratio can be made leaner without affecting the running of the engine.
PAR  It has been found that greatly improved fuel atomization takes place in the
      shock waves and turbulence which accompany sonic flow of the mixture
      through an orifice. Unfortunately, the manifold depression of a
      conventional Otto cycle engine is insufficient to produce induction of an
      air/fuel mixture at sonic velocity through its full load range. Typical
      examples of carburetors of air/fuel mixing devices that utilize the
      principle of sonic flow for better fuel atomization are those shown and
      described in U.S. Pat. No. 3,778,038, Eversole et al., U.S. Pat. No.
      3,282,572, Karlovitz, and U.S. Pat. No. 3,841,389, August. However, in
      each of these cases, sonic flow occurs over only a portion of the engine
      operating range and is dependent entirely on the manifold vacuum and the
      sizing of the flow area.
PAR  According to the invention an internal combustion engine has the following
      features:
PAR  A. A CARBURETOR HAS A BARREL OR INDUCTION PASSAGE CONNECTED TO AN INLET OR
      INTAKE MANIFOLD OF THE ENGINE;
PAR  B. AN AIR PUMP SUPPLIES COMPRESSED AIR TO THE BARREL THROUGH A PUMPED AIR
      PASSAGE HAVING A SONIC FLOW ORIFICE;
PAR  C. THE CAPACITY OF THE AIR PUMP IS SUFFICIENT TO MAINTAIN A FLOW OF AIR
      THROUGH THE ORIFICE AT SONIC VELOCITY DURING ALL ENGINE OPERATING
      CONDITIONS;
PAR  D. THE SONIC FLOW ORIFICE IS SUFFICIENTLY LARGE TO PROVIDE THE FLOW OF AIR
      REQUIRED FOR IDLE OPERATION OF THE ENGINE;
PAR  E. FUEL IS SUPPLIED INTO THE PUMPED AIR PASSAGE AT THE ORIFICE;
PAR  F. A THROTTLE VALVE CONTROLS FLOW OF AIR FROM THE ATMOSPHERE INTO THE
      BARREL; AND,
PAR  G. AS THE THROTTLE VALVE IS OPENED TO ADMIT MORE AIR, THE SUPPLY OF FUEL TO
      THE PUMPED AIR PASSAGE IS INCREASED.
PAR  In the engine of the invention, all the fuel required by the engine at any
      operating condition including full throttle operation passes through the
      sonic flow orifice and is subject, therefore, to the turbulence and shock
      waves caused by flow at sonic velocity. The air pump ensures that the
      sonic flow condition is maintained by keeping the pressure in the pumped
      air passage higher than the maximum absolute manifold pressure by at least
      the critical value or ratio necessary to produce sonic flow. At idle, the
      throttle valve is closed and all the air and fuel required by the engine
      passes through the sonic flow orifice. As the throttle is opened, the
      quantity of fuel flowing to the sonic flow orifice is increased. The fuel
      supply is controlled so that for any throttle opening and engine operation
      condition an over rich mixture is supplied through the sonic flow orifice
      which when diluted by the air flowing through the throttle valve has the
      required air/fuel ratio.
DRWD
PAR  The invention will now be described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a plan view of a carburetor for an internal combustion engine
      embodying the invention;
PAR  FIG. 2 is a section along the line A--A of FIG. 1;
PAR  FIG. 3 is a section along the line B--B of FIG. 1;
PAR  FIG. 4 is a section along the line C--C of FIG. 1;
PAR  FIG. 5 is a part section along the line D--D of FIG. 1;
PAR  FIG. 6 is a part section along the line E--E of FIG. 1; and,
PAR  FIG. 7 is a part section similar to FIG. 2 showing a modification of the
      invention with provision for controlling idle speed at different engine
      temperatures.
DETD
PAR  The internal combustion engine (not shown) has an inlet or intake manifold
      10 (FIG. 2) upon which is mounted a downdraft type carburetor shown in the
      drawings.
PAR  The carburetor has a lower cylindrical body portion 11 and an upper
      cylindrical body portion 12 of larger diameter. The two portions form
      lower and upper portions of an air/fuel induction passage 13. The lower
      body portion 11 communicates at its lower end with the inlet manifold 10.
      A hollow cylindrical throttle valve 14 is axially slidable in the
      induction passage 13 and is urged upwardly into contact with the upper
      body 12 by a coil spring 15.
PAR  The cylindrical throttle valve 14 defines with the upper body 12 an annular
      throttle opening 15 supplied with air at atmospheric pressure through an
      annular chamber 16. An air cleaner (not shown) mounted above the upper
      body 12 supplies clean air essentially at atmospheric or ambient pressure
      to the annular chamber 16.
PAR  An air passage 17 is provided in a central axially extending partition
      formed in the upper body portion 12. The partition terminates short of the
      junction with the lower body portion 11 to define a portion of the main
      air flow passage. The partition extends laterally at its lower end for
      cooperation with the upper end edge of the throttle valve 14 to block air
      flow past the valve.
PAR  An air pump (not shown) is connected to the inlet end of air passage 17. A
      sonic velocity flow restricting orifice 18 is formed by a portion of
      reduced cross section at the lower or discharge portion of the pumped air
      passage 17. The capacity of the pump is sufficient to maintain air flow at
      sonic velocity through the orifice 18 at all engine operating conditions
      and the cross-sectional area of the orifice 18 is such that it can pass
      sufficient air for the engine's requirements at normal idle speed.
PAR  A substantially constant pressure is maintained in the pumped air passage
      17 by a conventional check valve 19 which vents the air passage 17 to the
      annular air chamber 16 when the pressure in the air passage 17 rises above
      a predetermined value.
PAR  A combination flow guide and obturator 20 is mounted on the throttle valve
      14 to project into the lower end of the orifice 18 when the throttle valve
      is in its idle position shown.
PAR  A float chamber 21 is formed in the lower body portion 11 and is supplied
      with fuel through an inlet line 21a from a conventional fuel pump (not
      shown). The fuel level in the bowl 21 is maintained at a predetermined
      level by a float 22 connected to a valve 23 in the conventional manner.
PAR  The vapor space above the fuel in the fuel bowl 21 is closed to the
      atmosphere except for a connection to the pumped air passage 17 by a vent
      passage 24. An air bleed passage 25 in the vent passage 24 is controlled
      by an adjustable needle valve member 26 so that the pressure over the fuel
      in the bowl 21 can be adjusted.
PAR  As seen in FIG. 3, fuel from the bowl 21 passes through a passage 27 into a
      needle valve chamber 28, through a main fuel jet or orifice 29 controlled
      by a tapered needle valve 30, and along a fuel passage 31 to be inducted
      into the sonic flow orifice 18.
PAR  The pressure difference between the fuel bowl 21 and the sonic flow orifice
      18 remains substantially constant for all engine operating conditions. The
      rate of fuel flow into the sonic flow orifice 18 is thus determined solely
      by the position of the needle valve 30.
PAR  The needle valve 30 is fixed at its lower end to a piston 32 slidable in a
      cylindrical recess 33 inside a sleeve 34. The piston 32 is urged towards
      the upper end of the cylinder 33 by a spring 35. The lower end of the
      sleeve 34 is fixed to a flexible diaphragm 36 that prevents any escape of
      fuel from the lower end of the valve chamber 28. Referring also to FIGS. 5
      and 6, the diaphragm is mechanically connected by a lever or linkage 37 to
      a throttle valve actuating shaft 38. The lever 37 is received within an
      aperture 39 of connecting member 40 fixed to the diaphragm 36. The shaft
      38 also carries a throttle valve actuating lever 41 which engages a groove
      or recess 42 in the throttle valve 14 through a slot 43 in the wall of the
      lower body portion 11.
PAR  When the throttle shaft 38 is rotated to open the throttle valve from the
      closed idle position shown in the drawings, the diaphragm 36 is
      simultaneously displaced mechanically downwardly carrying with it the
      sleeve 34 and the needle valve 30, thereby increasing the size of the
      orifice provided by the main fuel jet 29.
PAR  The cylindrical recess 33 within the sleeve 34 also constitutes a part of a
      vacuum servo, and is connected by apertures 44 in the sleeve 34 and by a
      passage 45 in the main body portion 11 to the carburetor induction passage
      13. The upper end of passage 45 is uncovered by the throttle valve 14 when
      the throttle valve is opened. Cylindrical recess 33 is then subject to
      manifold depression and the piston 32 and needle valve 30 are further
      displaced in accordance with the prevailing manifold depression. The
      mechanical connection between the throttle valve and needle 30 thus
      defines the minimum displacement of the needle corresponding to the
      throttle opening. The result is that the displacement of the needle and
      hence the additional fuel passed by the main fuel jet is dependent both
      upon the size of the throttle opening and upon the pressure difference
      across the throttle opening and so can be made proportional to the air
      flow through the throttle opening for all engine operating conditions.
PAR  Referring now to FIG. 4, a cold start fuel enrichment device comprises a
      spring loaded valve in a passage 46 connecting the fuel bowl to the
      induction passage 13 downstream of the throttle valve 14 in its idle
      position. Additional fuel is drawn through this passage when the engine is
      turned over by a starter motor. When the engine fires and accelerates up
      to idle speed, the pressure in the manifold falls and closes valve 47,
      which is set to close at a predetermined pressure less than the manifold
      pressure at idle speed. When the throttle valve is opened, the manifold
      pressure will fall below that required to keep the valve 47 closed, but
      under such conditions the throttle valve will have moved down and closed
      the discharge end of the cold start fuel passage 46.
PAR  In operation, so long as the engine is running, there is always flow at
      sonic velocity through the sonic flow orifice 18. At idle (the condition
      illustrated in the drawings) all the air supplied to the engine is passing
      through the sonic flow orifice 18, and the needle valve 30 is in the
      appropriate position to provide the rate of flow to provide the quantity
      of fuel required for idle. The idle air fuel mixture passes through the
      turbulence and shock waves produced by the sonic flow through the orifice
      18.
PAR  As the throttle valve is opened, additional air flows through the annular
      throttle opening 15. The needle valve 30 is displaced in accordance with
      both throttle position and manifold depression to increase the fuel supply
      to the orifice 18. The increase in fuel supply is that required to form
      the desired air/fuel ratio with the additional air passing through the
      throttle opening 15. Thus an over-rich mixture passes through the sonic
      flow orifice 18 and is subjected to mixing and atomization by the shock
      waves and turbulence created by flow at sonic velocity. This over-rich
      mixture is diluted by the main supply of air flow through the throttle
      valve from chamber 16 to form the required cloud of atomized air/fuel
      mixture. The obturator 20 is shaped as a guide member to promote mixing
      between the air/fuel mixture passing through the orifice 18 and the air
      flowing through the throttle opening.
PAR  The embodiment described above has a fixed size sonic flow orifice 18. The
      size of this orifice is selected to provide the correct idling speed at a
      particular engine operating temperature. At operating temperatures below
      this design temperature, the idling speed will be too low because of the
      greater engine friction and the engine may stall. At operating
      temperatures above this design temperature, the idling speed will be high
      because of the reduced engine friction.
PAR  FIG. 7 shows a modification of the invention having a movable obturator 48
      arranged to provide a substantially constant idle speed.
PAR  In FIG. 7 the obturator is slidably mounted in the throttle valve 14 and
      urged downwardly by a coil spring 49. A piston 50 formed by the lower end
      of the obturator works in a cylindrical recess 51 formed in the throttle
      valve 14. The lower side of the piston 50 is connected to atmospheric or
      ambient pressure in the annular chamber 16 by passage 52 and the upper
      side of the piston 50 is exposed to manifold depression. When the engine
      is started at the coldest engine operating temperatures the manifold
      depression is insufficient to displace the obturator piston 50 from the
      stop 53 and the discharge outlet of the sonic flow orifice 18 is at its
      maximum size. As the engine temperature increases, the engine idle speed
      tends to increase because the friction of the engine decreases and the
      manifold vacuum increases. This displaces the obturator 48 upwardly to
      reduce the size of orifice 18 and thereby reduce the quantity of air/fuel
      mixture provided to the engine, thereby keeping the idle speed down to the
      required value.
PAR  While the invention has been described and shown in its preferred
      embodiments, it will be clear to those skilled in the arts to which it
      pertains that many changes and modifications may be made thereto without
      departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A carburetor having an air/fuel induction passage open to air at one end
      and connected at its opposite end to the intake manifold of an internal
      combustion engine to be subject to the manifold vacuum therein for the
      flow of an air/fuel mixture thereinto, a throttle valve in the passage
      movable between positions opening and closing the passage, an additional
      air passage having a discharge portion open to the induction passage on
      the manifold side of the throttle valve and connected at its inlet end to
      a compressed air source of a capacity providing a pressure in the air
      passage higher than the maximum manifold pressure by a critical value
      sufficient to maintain air flow through the air passage at sonic velocity
      at all times during engine operation, and a fuel supply line connected to
      the air passage for the induction of a continuous supply of fuel therefrom
      into the air passage irrespective of the position of the throttle valve,
      the air passage comprising a flow restricting orifice, the throttle valve
      having additional means thereon movable into and out of the discharge end
      of the air passage upon predetermined movement of the throttle valve to
      vary the orifice size and flow volume as a function of throttle valve
      movement.
NUM  2.
PAR  2. A carburetor as in claim 1, the additional means comprising a
      combination flow deflector and obturator promoting mixing of the air/fuel
      mixture flowing through the air passage with the additional air flowing
      through the induction passage upon opening of the throttle valve.
NUM  3.
PAR  3. A carburetor as in claim 1, the additional means comprising an obturator
      movably mounted with respect to the throttle valve and movable by the
      differential between manifold vacuum and atmospheric pressure acting
      thereon to vary the position of the obturator with respect to the air
      passage discharge when the throttle valve is in a closed position to
      thereby vary the flow volume through the air passage.
NUM  4.
PAR  4. A carburetor having a cylindrical air/fuel induction passage open to air
      at one end and connected at its opposite end to the intake manifold of an
      internal combustion engine to be subject to the change in manifold vacuum
      therein for the flow of an air/fuel mixture thereinto, the passage being
      defined by lower and upper cylindrical portions, the upper portion being
      of larger diameter, the lower portion containing a hollow cylindrical
      axially slidable throttle valve open at its ends, the upper cylindrical
      portion having a central axially extending partition therein terminating
      short of the junction between the cylindrical portions to define a path
      for the flow of air between the portions, the throttle valve being axially
      movable between a closed passage position wherein the throttle valve edge
      abuts the partition to block air flow between portions and open passage
      positions permitting the air flow, the partition containing an additional
      air passage connected at one end to a compressed air source and at its
      other end at all times to the induction passage and manifold through the
      open ends of the throttle valve, the additional air passage containing a
      flow restricting orifice, the compressed air source being of a capacity
      providing a pressure in the air passage higher than the maximum manifold
      pressure by a critical value sufficient to maintain air flow through the
      orifice at sonic velocity at all times, and a fuel supply line connected
      to the orifice for the induction of a continuous supply of fuel into the
      orifice and out into the induction passage regardless of the position of
      the throttle valve.
NUM  5.
PAR  5. A carburetor as in claim 4, wherein the fuel line includes movable means
      to vary the rate of fuel flow.
NUM  6.
PAR  6. A carburetor as in claim 4, wherein the fuel supplied to the air passage
      provides a richer than stiochiometric air/fuel mixture in the air passage
      at all times during engine operation.
NUM  7.
PAR  7. A carburetor as in claim 4, including air/fuel mixture guide means on
      the throttle valve end projecting towards the orifice for mixing the
      mixture with air passing between induction passage portions upon opening
      of the throttle valve.
NUM  8.
PAR  8. A carburetor as in claim 7, including means mounting the obturator for
      movement relative to the throttle valve to permit variance of the output
      of air through the air passage when the throttle valve is in a closed
      position.
NUM  9.
PAR  9. A carburetor as in claim 8, the latter means including piston means
      connected to the obturator and subject to a force differential between the
      pressure of air in the upper portion of the induction passage acting
      thereon and manifold pressure acting thereon.
NUM  10.
PAR  10. A carburetor as in claim 4, the fuel supply line including a fuel
      orifice and needle valve combination, and force means responsive to
      throttle valve movements for moving the needle valve to vary fuel flow
      rate to the air passage orifice.
NUM  11.
PAR  11. A carburetor as in claim 10, wherein the force means includes a linkage
      connection to the throttle valve.
NUM  12.
PAR  12. A carburetor as in claim 11, wherein the force means includes a vacuum
      servo having force means connected to the needle valve and a vacuum
      connection to the induction passage operable when the throttle valve is
      moved to an open position.
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ABST
PAL  The carburetor has a fast idle cam that is rotated by a temperature
      responsive element to progressively present steps of differing radial
      extent into the path of closing movement of the carburetor throttle plate,
      during cold weather operation, to maintain the throttle plates open beyond
      the normal idle speed position. As the temperature increases, the cam is
      rotated to decrease the throttle plate opening in proportion. During cold
      starts, an insert is positioned against the cam to open the throttle
      plates wider, regardless of the rotative position of the cam, for more air
      and fuel flow to start. Once started, the insert is removed by a vacuum
      servo, and the throttle plates permitted to assume the open position
      dictated by the cam step engaged. SP
PAR  This is a continuation of application Ser. No. 424,134, filed Dec. 12,
      1973, now abandoned.
BSUM
PAR  This invention relates in general to a carburetor for a motor vehicle. More
      particularly, it relates to a carburetor that automatically provides more
      than just the one high cam engine starting position normally found on the
      conventional fast idle cam.
PAR  Most commercial motor vehicle carburetors equipped with cold enrichment
      systems include a fast idle cam. The cam is usually moved by a
      thermostatically responsive coiled spring to project more and more into
      the path of closing movement of the throttle plate shaft as the
      temperature becomes colder to provide richer than normal air/fuel mixtures
      for cold engine operation. The cam usually has a high cam step for the
      coldest engine starting, followed sequentially, for progressive engagement
      as the temperature increases, by a number of lesser projecting steps.
PAR  In the conventional carburetor having an air movable choke plate, the plate
      usually is positioned essentially closed for cold engine starts. This
      lessens airflow and increases the vacuum fuel metering signal to draw in
      enough extra fuel to provide sufficient vapor for starting the engine.
      Once the engine fires, however, the throttle plates must be open enough to
      permit the engine to draw in enough fuel and air to raise the engine
      cranking speed of say 100 r.p.m. to say 1000 r.p.m. fast idle speed
      sustaining engine operation. Once the engine running operation is
      attained, then the overrich starting mixture no longer is required, and it
      becomes desirable to reduce the throttle plate openings to a lower
      setting, but still one that is richer than that which provides the normal
      idle speed when the engine has warmed up.
PAR  The position of the throttle valve, therefore, is important. The more it is
      cracked open from the closed position during engine cranking operations,
      the greater the volume of air and fuel inducted. Therefore, for engine
      starts, the throttle valve stop is scheduled to be located against the
      high step of the fast idle cam to provide the richest cranking air/fuel
      mixture.
PAR  As stated above, the conventional carburetor choke mechanism provides a
      single high cam step position for all cold starting purposes whether the
      temperature is 80.degree.F. or -20.degree.F., with a number of lower steps
      to be progressively engaged as the engine warms, to gradually decrease the
      engine speed to a normal idle setting. Obviously, there is some
      temperature level when the degree of throttle opening provided by the high
      cam step provides the best rich air/fuel mixture. Off this setting in
      either direction, the mixture is generally not rich enough or too rich.
PAR  Accordingly, it is an object of this invention to provide a throttle plate
      positioner that automatically provides a variable number of high cam
      positions for engine starting purposes.
PAR  It is another object of the invention to provide a throttle plate
      positioner that provides additional throttle plate openings during cold
      starting operations that vary as a function of the position of the fast
      idle cam.
PAR  Another object of the invention is to provide a throttle plate positioner
      that includes a stop secured for rotation with the throttle plate and
      engagable with one of a number of steps formed on the edge of a fast idle
      cam rotatable by a temperature responsive means, the fast idle cam having
      other means associated with it to provide additional throttle plate
      openings during cold engine starts over that provided by the steps
      normally engaged, the additional throttle plate openings being terminated
      once the engine has attained running operation.
PAR  It is another object of the invention to provide a throttle valve
      positioner of the type described above in which the other means associated
      with the fast idle cam is a member that is insertable between the throttle
      stop and the fast idle cam steps during starting operations to open the
      throttle plates wider at this time, the member being withdrawn once the
      engine has attained running operation.
PAR  It is still further object of the invention to provide a throttle plate
      positioner as described above in which a pivotally movable finger-like
      portion is spring urged into position between the throttle stop and cam
      step during engine-off operation once the throttle plate has been opened
      preparatory to engine starting, and a servo operated by manifold vacuum
      withdraws the finger portion after the engine has started to permit normal
      throttle plate positioning as a function of a conventional fast idle cam
      stepped face construction.
PAR  Other objects, features and advantages of the invention will become more
      apparent upon reference to the succeeding detailed description thereof,
      and to the drawings illustrating the preferred embodiments thereof,
      wherein:
PAR  FIG. 1 is a plan view of a variable area venturi type carburetor embodying
      the invention;
PAR  FIG. 2 is a side elevational view taken on a plane indicated by and viewed
      in the direction of the arrows 2--2 of FIG. 1;
PAR  FIG. 3 is a cross sectional view taken on a plane indicated by and viewed
      in the direction of the arrows 3--3 of FIG. 1;
PAR  FIGS. 4 and 5 are enlarged cross sectional views taken on planes indicated
      by and viewed in the direction of the arrows 4--4 and 5--5 of FIG. 1;
PAR  FIG. 6 is a cross sectional view taken on a plane indicated by and viewed
      in the direction of the arrows 6--6 of FIG. 1;
PAR  FIG. 7 is a bottom view taken on a plane indicated by and viewed in the
      direction of the arrows 7--7 of FIG. 6, and looking up at the underside
      portion of the air horn portion of the carburetor;
PAR  FIG. 8 is a cross sectional view taken on a plane indicated by and viewed
      in the direction of the arrows 8--8 of FIG. 6 and looking down on the main
      or central body portion of the carburetor; and,
PAR  FIGS. 9 and 10 are cross sectional views taken on planes indicated and
      viewed in the direction of the arrows 9--9 and 10--10 of FIG. 8.
DETD
PAR  FIG. 1, which is essentially to scale, is a plan view of a variable area
      venturi carburetor of the downdraft type. It has a pair of rectangularly
      shaped induction passages 10, each having one end wall 12 which is
      pivotally movable and has the profile (FIG. 3) of one-half of a venturi
      13. Each opposite fixed cooperating wall 14 is formed with the mating
      profile of a portion of a venturi. The airflow capacity, therefore, varies
      in proportion to the opening movement of walls 12 of the induction
      passages.
PAR  As seen more clearly in FIG. 3, movable walls 12 are pivotally mounted at
      15 on a stationary pin. The pin actually is fixed to a strut, not shown,
      that depends from a section of the air horn or upper body portion of the
      carburetor. Pivotally attached to each of the wall bodies is a fuel
      metering rod or needle 16 that is tapered for cooperation with a main fuel
      metering jet 18. The needles have a controlled taper to provide a richer
      air/fuel mixture at the smaller venturi areas. Each jet is located in an
      aperture inside wall 14 at approximately the throat or most constricted
      section of venturi 13. A fuel float bowl or reservoir 20 has a pair of
      identical passages 22 conducting fuel to the main metering jets 18.
      Downstream of the venturiis, the carburetor throttle body portion 23
      rotatably mounts a shaft 24 on which are fixed a pair (only one shown) of
      conventional throttle plates 25 that control the flow of air and fuel
      through induction passages 10.
PAR  The size of venturiis 13 and the movement of walls 12 is controlled in this
      case by a spring returned, control vacuum actuated, diaphragm type servo
      26. The servo consists of a hollow two-piece casting divided into two
      chambers 28 and 30 by an annular flexible diaphragm 32. The diaphragm is
      sealingly mounted along its edge in the casting. Chamber 28 is an air
      chamber, connected to ambient or atmospheric pressure through a passage 34
      (indicated also in FIGs. 1, 6 and 8). Chamber 30 is a vacuum chamber
      connected to induction passages 10 at a point below the throat but still
      in the venturi 13. This subjects chamber 30 to changes in a control vacuum
      that varies with airflow but at a rate that is slightly different than
      true venturi vacuum. The exact location of the tap of course is a matter
      of choice. Chamber 30 also is connected to be actuated by ported intake
      manifold vacuum, for cold weather operation, as will be described in more
      detail later.
PAR  Completing the construction, servo 26 has fixed to one side of diaphragm
      32, by a retainer 35, a plunger or actuator 36. The plunger is pivotally
      connected to a shaft 37 interconnecting cast portions of the movable walls
      12. Fixed to the other side of diaphragm 32 is a retainer 38 against which
      is seated a spring 39. The other end of the spring bears against a seat 40
      axially adjustable to vary the spring preload.
PAR  FIG. 3 indicates schematically in dotted lines a passage p between chamber
      30 and induction passages 10. In actuality, as best seen in FIGS. 5, 8, 9
      and 10, servo chamber 30 is connected by a restricted line 41 (FIG. 8) to
      an intersecting passage 42 (FIGS. 8-10). Passage 42 intersects with a
      vertically downwardly extending passage 44 (FIG. 10) containing a flow
      restrictor or orifice 46 and terminating in a chamber 48. Chamber 48 is
      connected by a port 50 to the induction passage 10 at a point below the
      edge of throttle valve 25 when it is in its closed position shown. In the
      position shown, therefore, as the throttle valve is rotated to an open
      position, port 50 is progressively subjected to the increased pressure
      above the throttle valve to bleed the vacuum in passage 42.
PAR  Passage 42 also intersects with a right angled passage 52 (FIGS. 8, 9 and
      5) that connects to a passage 54 (FIG. 5). The latter passes vertically
      through the main body portion of the carburetor air horn section. Passage
      56 in turn is connected by a pair of passages 58 and 60 to the well 62
      (FIG. 8) in which is arcuately movable one of the mounting members 70
      (FIG. 3) for movable wall 12. While not shown, the well 62 in FIG. 8 and
      the adjacent induction passage 10 are interconnected by a depressed
      portion of the main body between the two so that the opening or port 63
      shown in FIG. 5 senses the control or venturi-like vacuum connected by the
      passages named to servo chamber 30.
PAR  Looking now at FIG. 5, the opening 63 to the control vacuum in this case is
      adapted to be alternately blocked or progressively opened by a needle type
      valve 72. The valve is movable into and out of the seat 63 in response to
      a temperature sensitive element, in a manner that will be described more
      clearly later. Suffice it to say at this point, that during normal engine
      operating temperatures, the needle valve 72 is completely withdrawn from
      opening 63 thereby permitting venturi-like vacuum to be sensed through
      passages 60, 58, 56, 54, 52, 42 and 41 to chamber 30 of the servo, the
      ported manifold vacuum simultaneously being sensed through port 50,
      chamber 48, line 42 to line 41 and servo chamber 30.
PAR  It should be noted that the size of the venturi-like vacuum passages 60,
      58, 56, 54 and 52 are considerably larger than that of the ported manifold
      vacuum passage 44, coupled with the orifice 46, so that when the needle
      valve 72 is in the up position, the manifold vacuum is bled to the level
      of the venturi-like or control vacuum and, therefore, has essentially no
      effect on the movement of servo 26. The manifold vacuum is used during
      cold weather operations to modulate the venturi-like or control vacuum to
      schedule the opening of the venturi 13 to increase the richness of the
      fuel/air mixture. When the needle valve 72 is in the closed or nearly
      closed position, the venturi vacuum flow will be blocked and manifold
      vacuum will be at its true value acting on servo chamber 30. This will
      cause the movable venturi walls 12 to be moved to a larger area venturi to
      pull the fuel metering rods 16 out further and thereby provide a richer
      setting fuel flow.
PAR  As thus far described, during normal engine operating temperatures, the
      operation is as follows. The rotative movement of throttle valves 25
      controls total airflow through both passages 10 to increase as the
      throttle valves are moved from their closed position. An increase in
      airflow provides essentially a proportional increase in the control vacuum
      in chamber 30 from port 63 until the diaphragm 32 is moved towards the cup
      40. This moves both walls 12 to open induction passages 10 and increase
      the area of venturiis 13 while simultaneously retracting the fuel metering
      rods 16 to increase fuel flow. Thus, the total airflow and fuel flow vary
      with changes in throttle valve setting up to a maxium.
PAR  Returning now to the general construction shown in FIG. 1, during cold
      weather operation, as stated previously it is desirable to provide an
      additional supply of fuel to the induction passages to assure sufficient
      fuel vapor both for starting the engine as well as a different schedule of
      additional fuel for running the cold engine prior to its reaching normal
      operating temperature level. This is satisfied by the provision of a
      combination fuel enrichment system, a cranking fuel enrichment system, as
      well as a throttle plate positioner device constructed according to the
      invention to crack open the throttle plates an additional amount during
      cold starting operations.
PAR  More specifically, FIGS. 5, 6 and 8 show portions of both the cold running
      enrichment system as well as the cold start cranking fuel system. The body
      portion of the carburetor is cast with a fuel bowl 20 containing fuel
      delivered thereto past a conventional inlet needle valve 80 from a supply
      line 82. The needle valve 80 is moved vertically in a bore 84 by the tab
      86 secured to a float member 88 pivotally mounted at 90 on a depending
      portion of the air horn section of the carburetor.
PAR  The inlet valve 80 operates in a known manner. Movement of float 88
      downwardly as a result of lowering of the liquid fuel level causes the
      needle 80 to drop. This permits fuel under pressure to enter the reservoir
      from line 82 to fill it again to the desired level. Raising of the float
      raises the inlet valve against the conical seat shown to shut off the
      supply when the desired level has been reached.
PAR  The lower portion of fuel bowl 20 contains a spring opened cranking fuel
      supply valve 100 (FIG. 5). The latter has a conical valve portion 102 that
      cooperates with an annular knife edge seat 104 located in the end of a
      fuel passage 106. Valve 100 has a tapered stem portion 108 and is biased
      upwardly by a spring 110 to open passage 106 to the flow of fuel from bowl
      20. An intersecting passage 112 (FIG. 8) connects with a cross passage 114
      to flow fuel into another passage 116 past a solenoid controlled valve
      unit 118.
PAR  As best seen in FIG. 6, unit 118 consists essentially of a valve 120 formed
      on the end of the armature of a solenoid 122. A spring not shown normally
      biases valve 120 to close communication between passages 114 and 116. The
      solenoid normally would be powered from the starter relay of the motor
      vehicle ignition system so that the solenoid is rendered operative only
      during engine starting conditions. That is, when the ignition key is
      turned to the start position, the solenoid 122 would be energized and
      cause valve 120 to be retracted rightwardly to open communication between
      passages 114 and 116. A flow of starting fuel would then be permitted from
      fuel bowl 20 to passage 116.
PAR  As soon as the engine attained running condition, return of the ignition
      switch to the on position would de-energize solenoid 122 and again block
      passage 114 from communicating with passage 116. The solenoid unit could
      include a manifold vacuum switch so the solenoid is not energized above a
      vacuum level of say 2 inches Hg., for example. It also could contain a
      thermal switch to prevent operation above 80.degree.F., for example, when
      extra cranking fuel usually is not needed.
PAR  From passage 114 the fuel passes upwardly through the carburetor main body
      passage 124 (FIG. 6) where it flows into a plenum 126, shown also in FIG.
      7. From the plenum, the fuel is divided equally to be inducted out through
      passages 128 into each of the induction passages 10 at a location adjacent
      the venturi but spaced from the fuel jets 18. Thus, it will be seen that
      for starting operations, energization of the solenoid by turning of the
      vehicle ignition switch causes additional fuel to be added at times to the
      induction passages, for starting purposes.
PAR  The quantity of cranking fuel to be added to the induction passages, or, on
      the other hand, the position of cranking valve 100, is controlled by the
      lower end of a needle valve 140 (FIG. 5) that forms a portion of the
      engine running fuel enrichment system. More specifically, needle valve 140
      is tapered at its lower end as shown at 142 and has threaded to it an
      abutment portion 144. The latter is adapted to engage the cranking valve
      100 when the needle valve is moved downwardly during warmer than the
      coldest weather operations. The screw connection of member 144 to the
      needle valve provides axial adjustment for varying the characteristics of
      the fuel flow.
PAR  The needle valve 140, in this case, is vertically movable in a well 146 in
      the upper body portion and is axially aligned by a pair of seals 148 and
      150. The seals define a chamber 152 which is connected by an angled
      passage 154 to the end 156 of a worm-like passage 158 best seen in FIG. 7.
      The opposite end 160 of passage 158 connects with a vertical passage 162
      (FIG. 6) that intersects an angled passage 164 leading to the plenum 126.
      As stated previously, plenum 126 also receives fuel from the cranking fuel
      passage 124. Together then, the fuel passes into each induction passage 10
      through the side passages 128. It will be seen then that, depending upon
      the vertical position of needle valve 140, a quantity of fuel will flow
      past the tapered portion 142 of the needle valve into the various passages
      into induction passages 10 to supply additional fuel during cold running
      operation of the engine.
PAR  The vertical movement of needle valve 140 is controlled by a temperature
      sensitive element that moves the needle valve 140 upwardly to increase
      fuel flow as the temperature decreases below the normal operating level,
      and moves the needle valve 140 to a downward position to shut off the fuel
      enrichment when the temperature reaches the normal operating level.
      Concurrently, the downward movement of needle valve 140 as the temperature
      increases will move the cranking fuel valve 100 downwardly against the
      force of spring 110 in proportion to the temperature increase. Therefore,
      when the normal operating level is reached, cranking valve 100 will be
      completely closed against seat 102 and no additional fuel will then be
      added during starting of the engine.
PAR  The upper end of needle valve 140 is pivotally connected to the end of a
      lever 166. The lever is pivotally mounted on a pin 168 projecting through
      an aperture in a boss 170 projecting from the carburetor upper body. The
      opposite end of lever 166 is pivotally connected to an adjustable nut 172
      on the upper end of a depending link 174. The link 174 is adapted to be
      connected to a thermostatically responsive movable element to be
      described. Adjusting the upper end 174 of course will vary the operating
      characteristics of the system. Downward movement of link 174 is limited by
      abutment of the nut 172 against a stop washer 176. Projecting horizontally
      or laterally from link 174 is a connector 178 pivotally engaging the
      threaded upper end 180 of needle valve 72. The upper end 180 contains a
      yoke member 182 adjustably threaded to the end of needle valve 72 as shown
      to determine the upward and downward limits of movement of the needle
      valve.
PAR  As thus far described, therefore, with respect to the running fuel
      enrichment system, when link 174 is in the position shown indicating that
      the temperature is at the lowest below normal engine operating level, the
      needle valve 140 will have been moved to its upwardmost position to
      provide maximum fuel flow, and the needle valve 72 will have moved to its
      downwardmost position to block the port or outlet 63 to the induction
      passage shown in FIG. 8. Thus, essentially the full value of ported
      manifold vacuum in port 50 (FIG. 10) will act in the servo chamber 30 to
      move walls 12 to enlarge the venturi areas, which decreases the fuel
      metering signal, but increases the fuel flow by withdrawing the metering
      rods 16 to richer settings.
PAR  Simultaneously, maximum additional fuel quantity will flow from the fuel
      enrichment well 152 into the induction passages 10 through the
      interconnecting outlet passages 128. As soon as the temperature increases
      from its lowest setting, the link 174 will move vertically upwardly from
      the position shown. This will gradually and progressively raise the
      venturi-like vacuum control needle valve 72 and lower progressively the
      needle valve 140. Thus, the venturi-like control vacuum begins to bleed
      into passage 60. The vacuum force acting on servo chamber 30 will
      progressively decrease to permit servo spring 46 to slowly close the
      venturi towards the normal engine idle speed position. The additional fuel
      enrichment will decrease as the tapered portion 142 of needle valve 140
      closes the opening to the fuel bowl.
PAR  Turning now to the temperature responsive control of the movement of link
      174 and the throttle valve positioner, FIGS. 1, 2 and 4 show the same more
      clearly. As best seen in FIG. 4, the lower end of link 174 is pivotally
      connected to one end of a lever 216 that is fixed on a shaft 218. The
      other end of lever 216 adjustably supports a screw 220 that bears against
      the end 222 of an essentially conventional fast idle cam 224. The cam is
      rotatably mounted on shaft 218 and has a weighted lower end 223. The end
      has a peripheral edge portion formed with a series of circumferentially
      contiguous steps 224, 226 and 228 and a high cam step 230. Each step
      progressively in the order named is of greater radial extend than the
      previous.
PAR  Cooperating with fast idle cam 224 to locate or position the throttle
      plates 25 is a lever or throttle stop 232 formed at its outer end with a
      curved engaging portion 234. Lever 232 is rotatably mounted on throttle
      shaft 24. It has a depending tang portion 236 engaged by the end of an
      adjustably mounted screw 238 carried by a linkage 240 fixed to the
      throttle shaft 24. A throttle return coil spring 242 has one end 244
      anchored under a pin 246 extending from a fixed portion of the carburetor
      throttle flange. The opposite end of the spring bears against an angled
      tang 250 of linkage 240 thereby biasing the linkage and screw 238 in a
      clockwise direction against the tab end 236 of lever 232. The lever 232
      thus is constantly biased in a clockwise direction towards the edge
      surface of fast idle cam 224. The cam steps therefore constitute abutment
      means or stops in the path of movement of lever 232 to determine the idle
      speed position of throttle plates 25.
PAR  Insertable at times between the end 234 of lever 232 and the edge of fast
      idle cam 224 is the finger portion 252 of an arcuately movable link 254.
      The latter is pivotally connected at 256 to the end of a lever 258
      rotatably mounted on shaft 218. Lever 258 is connected at its upper end at
      260 to an actuating link 262. The opposite end of link 262 is connected to
      one end of a bell crank lever 264 pivotally mounted at 266 on the ears of
      an extension of a servo housing 268.
PAR  The servo housing is hollow and divided into two chambers 270 and 272 by an
      edge mounted annular flexible diaphragm 274. Chamber 270 is an air chamber
      communicating to the atmosphere through an opening 276. Chamber 272 is a
      vacuum chamber communicating by a passage not shown with the induction
      passages at a location below the throttle valves 25. A plunger 278 is
      riveted at one end 280 to a hat shaped spring retainer 282, and projects
      through a stop 284 for connection to the opposite end 286 of bell crank
      lever 264. A compression spring 288 normally biases the plunger 278
      upwardly to move bell crank 264, link 262, lever 258 and finger portion
      254 in a clockwise direction.
PAR  Application of engine vacuum to the servo chamber 272 when the engine is
      running is sufficient to counteract the force of spring 288 and cause the
      plunger 278 to move vertically downwardly. This moves lever 258 and finger
      portion 254 in a counterclockwise direction to withdraw or retract the
      finger portion from between the lever end 234 and the fast idle cam steps.
PAR  Thus, it will be seen that when the engine is off preparatory to starting
      operation, depression of the vehicle accelerator pedal will rotate
      throttle shaft 24 and lever 232 in a counterclockwise direction away from
      the end 252 of finger portion 254. Since there is no manifold vacuum in
      chamber 272 of servo 269, spring 288 will position the finger portion 254
      to the position shown so that upon release of the accelerator pedal, coil
      spring 242 will cause a clockwise return movement of the throttle valve
      lever 232 until it engages the arcuate portion 290 of the end 252 of the
      finger portion 254, which in turn abuts the edge of the fast idle cam 224.
PAR  Once the engine has attained running operation beyond cranking vacuum
      level, then opening of the throttle valves 25 by depression of the
      accelerator pedal, pivots lever 232 downwardly and permits retraction or
      movement of finger portion 254 to an inoperative position to the right by
      the vacuum in servo 269. Lever 232 then is permitted to engage the edge of
      the fast idle cam directly and the position of the throttle plates will be
      determined strictly by the rotative position of the fast idle cam 224.
PAR  The fast idle cam is controlled in its rotation by a lever 292 fixed on
      shaft 218. The lever is located within a hollow cup-shaped housing 294
      that is cast integrally with the throttle body portion 23. Lever 292 has
      an upturned slotted end 296 in which is located the outer end 297 of a
      thermostatically responsive bimetallic spring coil 298. The inner end of
      the spring is fixed on a stub shaft 300 projecting from an insulated cover
      302. The cover is fastened by screws to the housing 294 with an insulating
      gasket 303 between. The gasket has an arcuate slot 304 along which the end
      296 moves with temperature changes. The gasket also has a hole 306 through
      which projects the end 308 of a tube connected by a pair of passages 309
      and 310 to the induction passages 10 at a location (not shown) below the
      throttle valves. For clarity, the cover 302 has been removed in FIG. 2,
      and FIG. 4 shows the outline of the housing in phantom, for orientation
      purposes. Completing the construction, the housing has a hot air inlet
      tube 312 connected by a passage 314 to the interior of housing 294 on the
      far side of gasket 302. The tube would emanate from a known type of
      exhaust manifold heated stove in which air flowing past the manifold is
      warmed.
PAR  In operation, once the engine is operating, with gasket 303 in place and
      cover 302 applied, manifold vacuum acting in passages 309 and 310 causes
      hot air to flow into tube 312 to the far side of gasket 303. The air is
      then drawn through the slot 304 and out through passages 309 and 310,
      warming the coil 298 as it passes it. Thus, the coil will be progressively
      warmed as the engine temperature rises, resulting in a circumferential
      movement of the end 297 of the coil to rotate lever 292 in the same
      direction. This rotates lever 216 away from the fast idle cam and permits
      the fast idle cam to rotate counterclockwise by gravity. Similarly,
      cooling of the coil will cause it to rotate levers 292 and 216 in the
      opposite direction. This of course simultaneously rotates the fast idle
      cam 224 by the screws 220, so that, depending upon the temperature level,
      one of the steps 224, 226, 228 or the high cam step 230 will be presented
      opposite the end 234 of throttle lever 232. Thus, the throttle plate idle
      speed setting will be determined by which step is engaged by lever 232,
      during running operations of the engine. During cold start operations, as
      described previously, the finger portion 254 will be inserted between the
      end 234 of lever 232 and whatever step or rotative cam position the fast
      idle cam 224 has attained so that the throttle plates are opened more for
      starting purposes than during normal cold running conditions.
PAR  It will be seen, therefore, that regardless of what position the fast idle
      cam 224 assumes because of the prevailing ambient temperature, the
      throttle plates will be opened an additional amount for starting purposes.
      The additional amount will vary to agree with the ambient temperature
      level so that a correct starting air/fuel mixture is obtained. This is in
      contrast to the conventional constructions in which there is only one fast
      idle start position, accomplished only by positioning the single high step
      230 against the throttle lever end 234. At the inbetween temperature
      levels, this is too high and results in too fast an idle speed, and one
      that may provide undesirable emissions.
PAR  The overall operation of the carburetor is believed to be clear from the
      above description and by reference to the drawings. Therefore, it will be
      repeated now only briefly. Assume that the engine is off and the ambient
      temperature is essentially 0.degree.F. The coiled bimetallic spring 298
      will have contracted a maximum amount rotating lever 292 clockwise from
      the position shown in FIG. 2 to position the end 297 of the lever at the
      left end 316 of the slot 304. This will rotate lever 216 to move the fast
      idle cam 224 clockwise to locate the high cam step 230 opposite the end
      234 of throttle lever 232. Simultaneously, by opening the throttle plates,
      lever 232 will move away from the fast idle cam and permit the servo
      spring 288 to move the finger portion 254 between the fast idle cam step
      230 and lever 232. The throttle plates now will be opened a maximum amount
      for the coldest start positions. The induction passages 10 at this time
      are at their smallest cross section because the servo spring 46 has moved
      walls 12 to this position. This, therefore, exposes the main passages to a
      larger cranking vacuum signal so that the airflow across the fuel metering
      jets 18 is increased.
PAR  Simultaneously, the rotation of lever 216 moves link 174 downwardly to its
      extreme position until the stop 172 shown in FIG. 5 abuts the washer 176.
      This pivots needle valve 140 to its uppermost position allowing a maximum
      amount of fuel past the tapered lower portion from fuel bowl 20. This
      upward position also permits the upward movement of the cranking valve 100
      by the spring 110 to open wide the passage 106 to flow fuel to passage
      112. Therefore, when the ignition switch is turned to an on or start
      position, the solenoid 122 will withdraw the valve 120 to permit fuel to
      flow from passage 114 to 116.
PAR  When the engine is cranked for starting purposes, the cranking vacuum
      signal is sufficient acting across the induction passage outlets 128 (FIG.
      7) to draw fuel up cranking fuel circuit passage 124 into plenum 126.
      Simultaneously, fuel is drawn past the engine running fuel circuit needle
      valve 140 into the worm passage 158 (FIG. 7) to plenum chamber 126, where
      both circuits combine and the fuel inducted to provide the necessary
      starting richness. Once the engine has been started, release of the
      ignition switch to the engine running position de-energizes solenoid 122
      to then again block the connection between the cranking supply line 114
      and the line 116. However, with the link 174 in its downwardmost coldest
      position, the valve 72 will also be down blocking off port 63.
      Accordingly, engine running manifold vacuum at its full value will act in
      servo chamber 30 and draw the walls 12 of the venturiis to open or enlarge
      the venturi area. This will withdraw the fuel metering rods 16 to richer
      setting positions scheduling greater fuel flow. Thus, a richer than normal
      idle but less than cranking mixture is provided at this time by the main
      fuel metering system, in addition to the needle valve supplemental feed
      system.
PAR  Simultaneously, upon the engine attaining a running condition, the manifold
      vacuum established in servo chamber 272 will be sufficient, once throttle
      lever 232 is pivoted counterclockwise to release finger portion 254, to
      pivot the finger portion out from between the end 234 of lever 232 and the
      fast idle cam step it abuts. Now the portion 234 will move to directly
      abut the step of the idle cam 224 and thereby close down the throttle
      plates to less open positions. This provides less fuel and airflow for
      cold running operations, which is desired because a less rich air/fuel
      mixture now is required once the engine has attained its idle speed
      horsepower.
PAR  As the temperature increases, the bimetallic coiled spring 298 will rotate
      the lever 216 in a counterclockwise direction away from the fast idle cam.
      The cam then can move in the same direction by gravity when the throttle
      plates are opened beyond the fast idle position so that the end of lever
      234 gradually moves progressively clockwise to permit the progressive
      closure of the throttle plates. Simultaneously, the counterclockwise
      rotation of lever 216 effects an upward movement of link 174 to
      progressively move the needle valve 140 downwardly and thereby
      progressively close off the additional fuel flow past the valve. This
      movement also causes an upward movement of needle valve 72 so that the
      venturi-like vacuum begins to decay and ported manifold vacuum signal
      acting in servo chamber 30.
PAR  Thus, the lowering vacuum signal in pressure chamber 30 will permit the
      venturi walls 12 to move to contract the venturi area and move the
      metering rods 16 into the jets 18 to decrease the fuel supply to the
      induction passages 10. Eventually, therefore, the throttle plates will be
      returned to their normal idle speed closed positions, the needle valve 72
      will be drawn essentially completely out of port 63 so that movement of
      the venturi walls will be controlled solely by control or venturi-like
      vacuum changes, and the supplemental fuel needle valve 140 will be moved
      downwardly to shut off completely the supply of additional fuel to the
      system. At this time, the cranking valve 100 will be shut so that even if
      solenoid 122 opens during engine start condition, no additional cranking
      fuel will be added to the engine when the engine is started at a normal
      operating temperature level.
PAR  From the foregoing, it will be seen that the invention provides a throttle
      plate positioner to provide additional throttle plate opening during cold
      engine starts regardless of the fast idle cam position, to provide
      increased air and fuel flow for cold weather operation, and, therefore,
      improved emissions.
PAR  While the invention has been shown and described in its preferred
      embodiment, it will be clear to those skilled in the arts to which it
      pertains that many changes and modifications may be made thereto without
      departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An engine idle speed control for the throttle plate of a carburetor
      having an induction passage open at one end to air and adapted to be
      connected at its other end to the intake manifold of an internal
      combustion engine, and a spring closed throttle plate mounted for rotation
      across the passage to control flow of air and fuel therethrough,
PA1  the control including a lever operatively connected to the throttle plate
      for rotation therewith, a fast idle cam rotatably mounted for cooperation
      with the lever, the cam having a stepped contoured peripheral surface
      engaged by the lever during the closing movement of the throttle plate,
      the surface consisting of a series of circumferentially contiguous stepped
      faces of progressively changing radial extension with respect to the axis
      of the cam, the faces being separately engagable with the lever so as to
      progressively change the closed position of the throttle lever as a
      function of the rotative position of the cam to thereby control the idle
      speed positions of the throttle plate as a function of the movement of the
      cam, a temperature responsive element connected to the fast idle cam and
      movable in response to the attainment of predetermined temperature levels
      to rotate the cam, a shaft rotatably mounting a bellcrank-like lever, the
      latter lever having a finger-like portion pivotably mounted at one end,
      the portion being swingable to a position between the lever and cam
      surface during engine off conditions to cam the lever away from the cam
      surface incrementally to increase the degree of opening of the throttle
      plate for starting purposes in direct proportion to the increase in
      throttle opening afforded by the particular cam face that would be engaged
      by the lever for the prevailing temperature level, spring means acting on
      said finger-like portion biasing the portion to a position between the
      lever and cam face, and engine vacuum responsive servo means operable in
      response to a predetermined engine manifold vacuum level acting thereon to
      withdraw the movable means against the spring means bias to permit return
      of the lever against the cam face and return of the throttle plate to a
      less open position and one that is dictated by the radial extent of the
      particular face of the cam surface presented for engagement by the lever
      in accordance with the prevailing temperature level.
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ABST
PAL  An injection carburetor having a rotatable control element for regulating
      air and fuel flow and adjustable needles for further controlling fuel flow
      at high speed and low speed, or an adjustable needle and a fuel tube
      having a T-shaped slot therein covered and uncovered by axial movement of
      a tubular control member.
PARN
PAC  REFERENCE TO OTHER APPLICATIONS
PAR  This application is a continuation-in-part of my application Ser. No.
      415,630 filed Nov. 14, 1973, now abandoned, which, in turn, is a
      continuation of my application Ser. No. 198,632 filed Nov. 15, 1971, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is common practice in snowmobiles to power them by use of two cycle
      internal combustion engines. In obtaining the most effective use of such
      engines, particularly in racing, the operator often resorts to strange
      fuel mixtures. These mixtures, although expensive, can give greater engine
      performance and, particularly, better acceleration of the snowmobile. The
      conventional carburetor used on such engines is, however, not capable of
      handling such fuels effectively. More particularly, the fuel-air ratio is
      determined by the flow of air past fuel ports and the characteristic curve
      from low speed to high speed is built into the nature of these ports. This
      means that, if the engine fuel-air ratio is adjusted at low speed, it will
      not give good performance at high speed. On the other hand, if it is
      adjusted to be more sufficient at high speed, it lacks the proper ratio at
      low speed. Attempts have been made in the past to overcome these
      deficiencies, but these attempts have resulted in carburetors that are not
      only very expensive, but also quite delicate and intricate and subject to
      corrosion from the fuels used in snowmobile racing and the like. These and
      other difficulties experienced with the prior art devices have been
      obviated in a novel manner by the present invention.
PAR  It is, therefore, an outstanding object of the invention to provide an
      injection carburetor which is very simple in construction and which is not
      subject to fouling due to corrosive fuels.
PAR  Another object of this invention is the provision of an injection
      carburetor providing a simple means for obtaining the optimum fuel-air
      ratio at low speed and at high speed.
PAR  A further object of the present invention is the provision of an injection
      carburetor having a very rugged construction which will not be forced out
      of adjustment during rugged use, such as during snowmobile racing and the
      like.
PAR  It is another object of the instant invention to provide an injection
      carburetor particularly for use in 2-cycle engines which is operative even
      when the engine is moved to substantial angles to the vertical.
PAR  With these and other objects in view, as will be apparent to those skilled
      in the art, the invention resides in the combination of parts set forth in
      the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the invention consists of an injection carburetor provided with
      a housing having a main passage extending therethrough and having a
      transverse bore extending across the main passage. A cylindrical control
      body is rotatably carried in the transverse bore and has a flow passage
      extending through its central portion transversely of its axis. A
      conjugate means is provided, so that, when the control body is rotated, it
      also advances axially. A fuel tube extends through the control body from
      one end into the flow passage and a needle extends into the flow passage
      from the other end of the control body, the fuel tube, however, being
      fixedly attached to the housing and not movable with the control body.
PAR  More specifically, the fuel tube is provided with a needle at its outer end
      which is threadedly adjustable for regulating the fuel-air ratio at high
      speed, while the first-mentioned needle is threadedly mounted in the
      control body for controlling the fuel-air ratio at low speed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a vertical sectional view of an injection carburetor
      incorporating the principles of the present invention,
PAR  FIG. 2 is a vertical sectional view of the carburetor taken on the line
      II--II of FIG. 1, and
PAR  FIG. 3 is an elevation view of a modified form of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, it can be seen that the injection carburetor,
      indicated generally by the reference numeral 10, is shown as having a
      housing 11 with a vertical main passage 12 extending entirely through it
      and a horizontal transverse bore 13 extending in the other direction but
      opening on one side only. For the purposes of this description, the words
      "vertical" and "horizontal" will refer to those directions when applied to
      the carburetor when it is mounted upright on an engine, but it will be
      understood that the carburetor could be mounted in any number of aspects
      including the horizontal direction.
PAR  A cylindrical control body 14 is rotatably mounted in the transverse bore
      13. The control body has a vertical flow passage 15 which extends
      transversely of its axis and which has substantially the same diameter as
      the main passage 12 in the housing 11. As a matter of fact, in certain
      positions of rotation of the control body 14, the flow passage 15 is
      aligned with the main passage 12.
PAR  The housing 11 and the control body 14 are formed of 7075-T6 aircraft
      aluminum alloy. The contacting surfaces of the housing 11 and the control
      body 14 are specially treated. These surfaces are principally the
      transverse bore 13 of the housing and the outer cylindrical surface of the
      body. They are treated by a process known as the "DURELECTRA process",
      provided by the Durelectra Corp. of Natick, Mass. The process consists of
      providing the aluminum surface with a deposit of silicon carbide combined
      with TEFLON (polytetrafluoroethylene). This gives it a hard scratch-proof
      characteristic, yet one which allows free sliding action between the
      surfaces.
PAR  The housing 11 and the control body 14 are provided with conjugate means to
      bring about axial movement of the control body in the bore 13 when it is
      rotated; this conjugate means consists of a helical groove 16 formed on
      the outer surface of the control body and a peg 17 extending inwardly of
      the housing 11 into the bore 13 and into the groove 16. As is evident in
      the drawings, the peg 17 is in the form of a threaded bolt extending
      entirely through the housing wall. A suitable fuel tube 18 extends axially
      through the control body from the left-hand end and has its inner end
      lying well within the flow passage 15 and is in alignment with the end of
      the fuel tube 18. The needle 21 is threadedly carried in the control body
      14 and is provided at its inner end with a conical surface 22. At its
      outer end, it is provided with a head 23 which is suitably knurled for
      finger actuation. Between the head 23 and the body of the control body 14
      is compressed a coil spring 24. At the outer end of the fuel tube 18 the
      housing 11 is provided with an appendage 25 having a suitable threaded
      neck 26 which is threadedly engaged with a threaded bore 27 extending
      through the wall of the housing 11 into the closed end of the bore 13
      coaxially thereof.
PAR  The appendage 25 is provided with an inner chamber 28 into which the outer
      end of the fuel tube 18 extends. A tube 29 extends through the wall of the
      appendage into the chamber and is connected at its under end to a source
      31 of fuel, which source is, in the preferred embodiment, an
      electrically-driven pump connected to the fuel tank (not shown). A needle
      32 is threadedly engaged in the appendage 25 and extends through its outer
      wall into the chamber 28. It is provided with a conically-shaped inner end
      which normally lies in the entrance to the fuel tube 18. The outer end of
      the needle 32 is provided with an enlarged head 33 which is suitably
      knurled for finger operation and provided with a transverse slot for
      screwdriver operation on occasion. A coil spring 34 is compressed between
      the head 33 and the wall of the appendage 25.
PAR  A throttle arm 35 is fixed to the control body 14 and is operated by a
      control cable 36 and is biased in one direction by a coil spring 37. The
      carburetor is suitably mounted on a motor 38 having a passage 39 adapted
      to receive the fuel-air mixture conveyed to the operative portions of the
      motor.
PAR  The operation of the apparatus will now be readily understood in view of
      the above description. The suction of the engine 38 causes air to enter
      the carburetor through the passage 12. The amount of air which makes its
      way entirely through the passage in the housing 11 is controlled by the
      aspect of the control body 14 within the housing. Naturally, when the
      angularity is such that the passage 15 is exactly aligned with the passage
      12, the maximum air enters the engine. However, when the control body is
      rotated at some other angle, less air flows through. Fuel enters the
      system from the source 31; it passes through the tube 29 into the chamber
      28 in the appendage 25. It passes from the chamber 28 through the fuel
      tube 19. It finally arrives at the inner end of the tube generally in the
      center of the passage 15. The fuel is ejected from the tube because of the
      fact that it is under pressure. Also, at the same time, the air passing
      over the end of the tube causes an ejector action which also serves to
      further draw the fuel into the air flow. The amount of fuel entering the
      fuel tube 19 at the outer end is determined by the needle 32, while the
      amount of fuel leaving the inner end of the fuel tube is determined by the
      needle 21. The amount of fuel which makes its way into the air is
      determined by several parameters therefor. First, it is determined by the
      amount of air in the passage 15 passing by the open end of the tube;
      secondly, it is determined by the pressure placed on the fuel by the
      source 31; thirdly, it is determined by the amount that the needle 32
      blocks the entrance to the tube; and, fourthly, it is determined by the
      amount that the conical surface 22 on the needle 21 blocks the exit of the
      tube. As the throttle arm 35 is pulled by the control cable 36 against the
      bias of the coil spring 37, the control body 14 is rotated in the bore 13.
      Because of the conjugate means, including the groove 16 and the pin 17,
      the control body is moved to the right in FIG. 1. It must be assumed that,
      when the coil spring 37 is the only force acting on the throttle arm, the
      control body is in "low speed" condition and the least amount of air is
      allowed to flow through the passage 15. In this low-speed condition, the
      axis of the passage 15 is the most out-of-alignment with the passage 12,
      so the least air passes through. As the control body is rotated by the
      control cable 36 and the throttle arm 35, a passage 15 moves to conditions
      where it is closed to alignment with the passage 12 until the point is
      reached where it is exactly aligned and this is the "high speed"
      condition. Because the tube 18 is fixed to the housing 11 and does not
      move with the control body 14 and because the needle 21 is fixed to the
      control body 14 and does move with it, the movement of the body 14 to the
      right causes the needle surface 22 to move out of the exit from the tube
      18 and allow more fuel to enter the flow of air. The point where the
      needle 21, however, controls the fuel flow from the fuel tube most
      effectively is at the low-speed of the adjustment. The operation of the
      engine at low speed is adjusted by moving the needle 21 in and out by
      rotating it by means of its head 23. On the other hand, the needle 32 is
      used to adjust the flow of fuel into the tube by rotating it at the
      high-speed end and this, of course, is accomplished by rotating it by
      means of its head 33. Springs associated with both needles keep the needle
      adjustment from changing during operation of the engine due to vibration
      or the like.
PAR  In the modified form of the invention shown in FIG. 3, the only elements
      changed are the fuel tube 48 and the first control member 52. The member
      52 is tubular and slides smoothly in the end of the fuel tube. The fuel
      tube is provided with a T-shaped aperture 50. The amount of fuel released
      into the air stream is determined by the amount of the aperture that is
      blocked by the control member 52.
PAR  It can be seen, therefore, that the present invention results in a
      carburetor which has a number of interesting capabilities. First of all,
      it is relatively simple and involves very few moving parts. Not only does
      this mean that the carburetor can be sold inexpensively and, therefore,
      can come into common usage, there are no intricate parts to become iced up
      in cold weather, or to require maintenance, as is true in more intricate
      carburetors. Nevertheless, provision is made for adjusting the fuel flow
      and the operation of the engine to be effective at both the low speed and
      the high speed ends of the throttle actuation. It particularly lends
      itself to snowmobile racing where the operator is apt to experiment with
      various mixtures of fuel. There are enough adjustable parameters available
      in the carburetor to allow for adjustment of the optimum efficiency of the
      engine, no matter what fuel is run through the carburetor.
PAR  A mixture of methanol, nitro methane, benzol, and castor oil was used in
      testing. A 71/2 psi electric pump was employed to feed fuel to the
      injectors rather than the alternate method of crankcase pressure used to
      pressurize the tank. The engine was fitted with two injectors similar to
      the present invention, one for each cylinder, and the control takes place
      by a dual cable linkage made into the existing throttle control on the
      handlebar. The inside diameter calculated for the flow of fuel through the
      fuel inlet tube proved correct for proper feed in the high rpm range. It
      was necessary to increase the taper of the low speed needle to obtain a
      leaner fuel-air mixture in the intermediate rpm range. The injectors
      functioned flawlessly and the engine was capable of long periods of idling
      without "loading up". The response was sharp, due to the proper fuel-air
      metering. From a standing start when full throttle was applied, the front
      skis of the snowmobile would lift two feet off the ground and slowly come
      down until they touched the ground about 150 to 200 feet from the starting
      point.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      now, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by Letters Patent is:
NUM  1.
PAR  1. An injection carburetor, comprising
PA1  a. a housing having a main passage extending therethrough and a transverse
      bore extending across the main passage,
PA1  b. a cylindrical control body rotatably mounted in the transverse bore and
      having a flow passage in the form of a cylindrical bore extending through
      its central portion transversely of its axis,
PA1  c. conjugate means extending between the control body and the housing to
      cause the control body to move axially when it is rotated, the conjugate
      means consisting of a helical groove formed on the outer surface of the
      body and a peg fixedly mounted in the housing and having an end lying in
      the groove,
PA1  d. a fuel tube mounted in the housing and extending through a suitable
      axial bore extending into one end of the control body, the inner end of
      the tube lying in the flow passage centrally thereof,
PA1  e. a first control member extending axially through the other end of the
      control body into the flow passage in alignment with the end of the fuel
      tube, and
PA1  f. a second control member threadedly mounted in the housing coaxially of
      the tube and having an end lying in the outer end of the fuel tube to
      permit high speed adjustment, wherein the first control member is a
      smaller tube than the fuel tube, so that it telescopes smoothly within it,
      and wherein the fuel tube has a sidewall which is provided with a T-shaped
      aperture that is covered and uncovered by axial movement of the first
      control member.
NUM  2.
PAR  2. An injection carburetor as recited in claim 1, wherein the leg of the
      T-shaped aperture is directed toward the outer end of the fuel tube.
NUM  3.
PAR  3. An injection carburetor as recited in claim 1, wherein a spring-biased
      throttle arm extends outwardly of an outer end of the control body,
      wherein both control members are provided at their outer ends with
      actuating heads, and wherein a coil spring is compressed between each such
      head and the element into which the control member is threaded.
NUM  4.
PAR  4. An injection carburetor as recited in claim 3, wherein a passage extends
      from adjacent the outer end of the fuel tube to a source of fuel under
      pressure.
NUM  5.
PAR  5. An injection carburetor as recited in claim 3, wherein the needle is
      provided at its inner end with a conical surface which at its largest
      diameter is at least as large as the inner diameter of the fuel tube.
NUM  6.
PAR  6. An injection carburetor as recited in claim 1, wherein the housing and
      the control body are formed of aluminum, and wherein the contacting
      surfaces of the housing and the control body are treated with a deposit of
      silicon carbide combined with polytetrafluoroethylene.
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ABST
PAL  A method of bonding a solid rocket propellant to a motor casing using a
      flexible sheet insulant. The flexible sheet insulant is easily installed
      without intermediate adhesive on the metal or propellant side, retains its
      self-adhesive properties for long periods when stored at temperatures
      lower than 40.degree.F before installation and has improved resistance to
      erosion. The flexible sheet insulant comprises an elastomeric polymer
      binder in particular a carboxyl-terminated polybutadiene having dispersed
      therein from 50-80% preferably 65-75% by weight of a siliceous filler
      reinforcing material at least 50% of which is in the form of fibers.
      Preferably the filler consists of 50 to 80% asbestos fibers and 20% to 50%
      asbestos floats.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of applicants' co-pending application Ser.
      No. 149,303, filed June 2, 1971, and now abandoned and is related to
      divisional application Ser. No. 406,046 filed Oct. 12, 1973, and now Pat.
      No. 3,872,205.
BSUM
PAR  The present invention relates to a flexible sheet insulant and in
      particular the present invention relates to an improved flexible sheet
      insulant used in a rocket motor containing a case-bonded solid rocket
      propellant. The insulant is easily applied without intermediate adhesive
      or linear coat on the metal or propellant side; it retains self-adhesive
      properties for long periods when stored at temperatures lower than
      40.degree.F before installation and has resistance to erosion at high
      temperatures from the combustion products during the firing of the rocket
      motor. The present invention also relates to a rocket motor containing
      said insulant bonded to the metallic wall of the casing of the rocket
      motor and also the said propellant. The present invention also includes
      the method of preparing said insulant.
PAR  The majority of modern composite propellant for rocket motors are cast
      directly into the case as a polymerizing paste and are cured in place. The
      metal parts exposed to hot gases during firing of the propellant are
      protected by an insulant or an arrangement of insulating materials which
      insulant also besides protecting the casing, bonds the propellant grain to
      the metallic wall of the casing. Thus the insulant is bonded to the
      propellant grain and is also bonded to the case wall.
PAR  In order to be an adequate insulant for the particular rocket motor, the
      insulant must be able to withstand the storage and firing conditions to
      which the rocket motor will be subjected, and in particular to withstand
      the various stresses and strains which occur under such conditions.
PAR  In particular, with respect to the storage conditions, rocket motors may be
      stored at temperatures anywhere in the range of -65.degree.F to
      160.degree.F and when the propellant grain is cooled below its curing
      temperature, severe stresses are created at the interfaces,
      casing-insulant and insulant-propellant, because of the difference in
      coefficient of thermal expansion in the casing material and the
      propellant. Typical rough treatment to which a rocket motor may be exposed
      are for example: (a) storage for two or three days at -50.degree.F with a
      quick heating up to 140.degree.F and firing at the same temperature; (b) a
      rocket motor may be cycled between two extreme temperatures three or four
      times within a week and fired at a low or a high temperature; and (c) the
      motor may be stored at 140.degree.F for four months and then fired at
      -50.degree.F. Thus it will be readily seen from the above examples that
      the range of temperatures and the time of exposure at given temperatures
      and the rate at which the temperature changes will present great stresses
      and strains upon the insulant, the insulant must be able to withstand such
      stresses and strains and at the same time protect the casing wall from the
      combustion gases during firing and maintain a good bond between the casing
      wall and the propellant.
PAR  In addition to storage under very varied conditions, rocket motors may also
      be fired within a wide band of temperature ranges. Thus, the insulant must
      retain sufficient bonding and mechanical properties over the temperature
      ranges to compensate for various stresses created by fast pressurization
      during ignition and also by the acceleration forces and vibrations during
      flight. Further, the severity of the firing conditions varies with the
      particular thrust-time program required from a propellant grain bonded to
      the metallic wall of the case. The three basic thrust-time program are (a)
      the progressive thrust-time program, (b) the neutral thrust-time program
      and (c) the regressive thrust-time program. With progressive and neutral
      burning grains, the propellant acts like an efficient insulant throughout
      most of the combustion process and when the flame front reaches the case
      wall, there is very little propellant left in the combustion chamber.
      Thus, theoretically, progressive and neutral burning grains do not require
      a very elaborate insulation between them and the case wall. However, in
      certain rocket motors, special attention must be given to the nozzle end
      insulation particularly when the length to diameter ratio of the motor is
      high, for example greater than about 10:1. This is because the burning
      rate of the propellant grain is increased over its normal value when high
      velocity gases flow over the grain, i.e. erosive burning takes place. This
      effect is obviously more pronounced when the length to diameter ratio of
      the rocket motor is high. With the regressive burning grain, the exposure
      of the insulant to hot combustion products may occur very early during the
      firing sequence, and when this effect is combined with the propellant
      erosion at the nozzle end and also the very high flame temperature of
      formulations highly loaded with solids, the insulant is subjected to
      extremely severe firing conditions.
PAR  The insulant constitutes "dead weight" in the rockets in that it is an
      inert non-burning material. It is also desirable to keep the amount of
      dead-weight materials, such as the metal casing, the insulant and the
      restrictor which do not contribute to the propulsive performance of the
      rocket, to a minimum in order to make available more room for rocket
      propellant in the same motor casing. Further, the insulant should have a
      low thermal conductivity, good resistance to erosion of high velocity of
      gases, and good charring characteristics as pointed out in a paper
      entitled "Plastics as Heat Insulators in Rocket Motors", by Walter C.
      Hourt, Ind. and Eng. Chem., Vol. 52, No. 9, September 1960.
PAR  Heretofore insulants used in rocket motors containing case-bonded solid
      rocket propellants have fallen into two general classes, namely rigid
      insulants and flexible insulants.
PAR  Rigid insulants have low elongations of less than about 1% and are usually
      made of thermosetting resins with approximately 50% by weight of
      reinforcing materials and filler. They are normally preformed and are
      bonded to the inside wall of the case and cured in place with a resin
      coating. They are installed in locations exposed to severe firing
      conditions as heretofore referred. A typical rigid insulant used
      heretofore is one comprising 25-50% by weight of asbestos felt impregnated
      with 50-75% by weight of a phenolic resin. Another such rigid insulant is
      an epoxy resin containing 20-25% by weight of mica powder. Another such
      insulant is Novabestos paper impregnated with a phenolic or epoxy resin.
      However, with such rigid insulants, accumulation of stresses takes place
      at the propellant-insulant interface during temperature cycling and bond
      failure is likely to occur when motors are exposed to large variations in
      temperature. Further, the rigid insulants are not completely compatible
      with the propellants, for example, a polybutadiene propellant is not
      usually compatible with a phenolic resin-based insulant and bond failure
      is quite likely upon aging during storage. Again, an adhesive is required
      to glue the preformed insulant to the motor case and curing must take
      place at high temperature and high pressure, thus requiring expensive
      tooling and equipment.
PAR  The flexible insulants are usually elastomer-based with a low solids
      content and insure high elongations over the entire surface temperature
      range of the rocket motor. The elastomer is commonly a similar type to the
      propellant binder which improves the compatibility and the flexible
      insulants are used to take account of the severe storage conditions, to
      minimize the accumulation of stresses at the insulant-propellant interface
      and therefore to prevent bond failure between the propellant grain and the
      case. A typical flexible insulant is one formed from a carboxyl-terminated
      polybutadiene supplied under the trademark "HC Polymer 434" by Thiokol
      Chemical Corporation, containing a tris(2-methylazaridinyl)-phosphine
      oxide curing agent (MAPO) and a trifunctional epoxide curing agent (ERLA
      0500) as well as a thixotropic agent (Thixcin E) and iron octasol (metal
      salt of 2-ethylhexoic acid) as catalyst and containing asbestos floats as
      filler to give good flame resistance and low thermal conductivity. A
      typical formulation is as follows:
TBL  Formulation         pbw                                                   
     ______________________________________                                    
     HC Polymer 434      84.20                                                 
     MAPO                2.22                                                  
     ERLA-0500           1.78                                                  
     Asbestos Floats     10.30                                                 
     Thixcin E           1.00                                                  
     Iron Octasol        0.50                                                  
     ______________________________________                                    
PAL  Another such flexible insulant is a heat-resistant mica powder dispersed in
      a polyurethane binder and having the following composition:
TBL  Ingredients           % by Weight                                         
     ______________________________________                                    
     Niax Diol*(PPG-2025)  52.3                                                
     Niax Triol**(LHT-112) 6.8                                                 
     2,4 Tolylene Diisocyanate                                                 
                           6.1                                                 
     Di-2-ethylhexyl azelate                                                   
                           3.3                                                 
     Ferric Acetyl Acetonate                                                   
                           0.2                                                 
     Mica Powder           31.3                                                
     ______________________________________                                    
       *Polypropylene glycol molecular weight about 2025                       
      **Polymer triol molecular weight about 1500                              
TBL  Ingredients           % by Weight                                         
     ______________________________________                                    
     Niax Diol*(PPG-2025)  52.3                                                
     Niax Triol**(LHT-112) 6.8                                                 
     2,4 Tolylene Diisocyanate                                                 
                           6.1                                                 
     Di-2-ethylhexyl azelate                                                   
                           3.3                                                 
     Ferric Acetyl Acetonate                                                   
                           0.2                                                 
     Mica Powder           31.3                                                
     ______________________________________                                    
       *Polypropylene glycol molecular weight about 2025                       
      **Polymer triol molecular weight about 1500                              
PAL  The flexible insulants are usually applied to the inside wall of the casing
      of the rocket motor as a low viscosity slurry. Their solids content is
      relatively low, and as a result their resistance to erosion at high
      temperature is substantially lower than that of rigid insulants. the
      common technique for the application of flexible insulants are by spinning
      and jet spraying. Spinning is the more economical, but a severe penalty is
      paid to the performance of the rocket in terms of dead weight as the
      unrequired insulant flows into the lowest spot of the wall of the casing
      during centrifugation. This is somewhat compensated for by a more uniform
      propellant web as a result of smoothing the imperfections (bow and
      ovality) of the thin-walled case, but the compensation is insufficient to
      make up for the aforesaid penalty. Alternatively, spraying is useful when
      an even layer of insulant is required, but this has many limitations in
      that it involves complicated equipment resulting in frequent shutdowns,
      poor proportioning of ingredients, slow speed and sometimes high solvent
      content with increased fire and health hazard.
PAR  When both severe firing and severe storage conditions are simultaneously
      encountered, neither the flexible or rigid insulant is entirely
      satisfactory and a combination of rigid and flexible insulants is often
      used, the insulants being applied in different areas. Thus, the casing is
      protected by the thickness of the propellant plus the flexible insulant,
      while the ends of the casing which becomes more and more exposed to flame
      and combustion products during combustion, need additional protections and
      thus are coated with the rigid insulant.
PAR  The present invention provides a composition for use as a flexible insulant
      in a rocket motor containing a case-bonded solid rocket propellant which
      is simple and inexpensive to prepare and apply: a dough is rolled into a
      sheet which is molded into the rocket motor casing, by a simple technique
      and which bonds directly to the casing of the rocket motor and to the
      propellant. Further, the composition of the present invention forms a
      flexible insulant with the attendant advantages of flexible insulants when
      subjected to severe firing and storage conditions. The said composition
      has improved erosion resistance to high temperature combustion gases
      formed from the solid propellant such that it may be applied completely
      over the inside wall of the casing and provide good insulation
      irrespective of the conditions of storage and firing.
PAR  It has now been found according to the present invention that by
      incorporation into the curable elastomeric polymer binder of a flexible
      insulant of substantially increased amounts of fire resistant siliceous
      reinforcing filler in an amount of 50-80% by weight in which filler at
      least 50% by weight of the filler is in the form of fibers, that the
      insulant obtained has substantially all the advantages and properties of
      the flexible insulant with substantially improved resistance to erosion by
      hot temperature gases produced by the combustion of the propellant. This
      insulant can be simply formulated into the form of a dough which can be
      either stored at low temperature with good shelf life properties, or can
      be molded into the casing of the rocket motor and readily bonded to the
      metallic wall, e.g. steel wall of the rocket casing and in a preferred
      embodiment thereof, is readily bondable to the rocket propellant without
      the use of adhesives.
PAR  The present invention thus provides in a composition for use as a flexible
      insulant in a rocket motor containing a case-bonded solid rocket
      propellant, said composition comprising a curable elastomeric polymer
      binder and a fire resistant siliceous reinforcing filler, the improvement
      in which said filler is present in an amount of from 50-80% by weight of
      said composition, at least 50% by weight of said filler being in the form
      of fibers. e form of fibers.
PAR  The present invention also includes in a rocket motor comprising a
      case-bonded solid rocket propellant cast in a rocket motor casing and
      bonded to the inside wall of said rocket motor casing by means of an
      insulant comprising a curable elastomeric polymeric binder and a
      fire-resistant reinforcing siliceous filler dispersed therein, the
      improvement in which the filler is present in an amount of from 50-80% by
      weight of said composition, at least 50% by weight of said filler being in
      the form of fibers.
PAR  It is critical to the present invention that the flexible insulant have a
      high solids content in the range from about 50% to 80% by weight of the
      composition as opposed to the conventional flexible insulants which have a
      low solids content of 10 to 35% by weight. Thus below about 50% by weight,
      the erosive resistance of the insulant to the hot gases produced by
      combustion of the rocket propellant is sufficiently low as to be not
      particularly useful in the areas of the rocket casing subjected to such
      erosion. Further, processing of the composition to produce the sheet
      becomes elaborate, the baking time of the premix is substantially
      increased and the rolling time is substantially increased. While a higher
      amount of catalyst in the curable binder will substantially reduce the
      aforesaid processing problems, the shelf life of the sheet even at low
      temperatures is substantially reduced. Above 80% solids content, the
      solids will not be properly wetted by the binder, and the finished product
      will have poor elongation properties tending to form a rigid insulant, so
      that the shelf life of the sheet produced in the process of the present
      invention will be very short with the result that the period during which
      good adhesion can be achieved between the insulant and the casing wall on
      the one hand and the insulant and the propellant grain on the other hand
      will be greatly reduced. Thus, the 50-80% concentration of the filler is a
      compromise between conflicting requirements such as the processing method
      of preparing the sheet for forming the insulant, the mechanical properties
      of the insulant, the shelf life of the sheet insulant, the adhesion of the
      insulant with the casing wall on the one hand and the propellant on the
      other, the erosive resistance of the insulant to high temperature gases
      produced by combustion of the propellant and the cost of producing the
      insulant.
PAR  The siliceous reinforcing filler of which at least 50% by weight is in the
      form of fibers, preferably asbestos fibers, acts as a heat resistant
      material to provide sufficiently low thermal conductivity in the insulant
      and to reinforce the binder for better ablative resistance, i.e. erosive
      resistance of the insulant to high temperature gases produced by
      combustion of the solid propellant grain. The fibers can form
      substantially all of the filler material producing a flexible insulant of
      high modulus, but the substition of part of the fibers e.g. asbestos
      fibers, by siliceous powder, e.g. asbestos floats (powder) improves the
      rolling and molding characteristics of the sheet material obtained from
      the process of the present invention without greatly reducing the flexible
      modulus of the insulant. Preferably, the filler material contains 20-50%
      by weight of the siliceous filler in the form of a powder. However, those
      siliceous materials with asbestos fibers and floats are preferred. For
      example, with other siliceous materials such as diatomaceous silica, the
      bonding of the insulant to the metallic surfaces is weaker and the
      insulant exhibits slightly inferior erosion resistance when compared with
      insulants reinforced with asbestos fibers and floats. The asbestos fibers
      are desirably in the form of semi-open fibers i.e. subdivided or fiberized
      form. As compared with unopen fiber bundles, they produce a sheet with a
      smoother finish and a better fiber dispersion. The length of the asbestos
      fibers is suitably less than one-half inch and preferably the majority of
      the fibers are not finer than 0.053 inch in length.
PAR  The curable elastomeric polymeric binder may be any binder which has
      heretofore been used for flexible insulant. Suitably, the polymeric binder
      is the same as the binder used in the solid castable propellant forming
      the rocket motor as it is found that the compatibility of the insulant
      with the propellant is important in that the bond, between the insulant
      and the propellant having the same elastomeric binder, is extremely good
      and as such there is not necessity for any intermediate liner to improve
      the bonding between the propellant grain and the insulant.
PAR  The elastomeric binder according to one embodiment of the present
      invention, in view of the use of telechelic polymers as the binder for the
      propellant grain, is preferably a telechelic polymer. The term "telechelic
      polymer" as used herein is as set forth in for example, U.S. Pat. No.
      3,281,335 issued Oct. 25, 1966, to C. A. Wentz and E. E. Hopper as well as
      an article by the same authors entitled "Process for the Production and
      Purification of Carboxytelechelic Polymers" pages 209-211 of I. & E. C.
      Product Research and Development, Vol. 6, No. 4, December 1967. In these
      references telechelic polymers are defined as polymers which are produced
      by the polymerization of vinylidene containing monomers having reactive
      groups in each end of the polymer molecule. The telechelic polymer is
      suitably a polybutadiene and in a preferred embodiment of the present
      invention is a carboxyl-terminated polybutadiene desirably rich in cis
      isomer such as that supplied under the trademark "HC 434" by Thiokol
      Chemical Corporation. However, with the recent advent of
      hydroxyl-terminated polybutadiene binders in solid rocket propellants such
      as is disclosed in Canadian Patent Application No. 065,102 filed Oct. 17,
      1969, Boivin et al. the telechelic polymer may be a hydroxyl-terminated
      polybutadiene. Thus a particular curable polymeric binder composition
      which may be mentioned comprises a carboxy-terminated polybutadiene such
      as that supplied under the trademark HC 434 by Thiokol Chemical
      Corporation, a tri-functional epoxide curing agent such as that supplied
      under the trademark "ERLA-0510" by Union Carbide and iron Octasol as
      curing catalyst. Thus, a particular dough composition produced by the
      process of the present invention comprises between 20 and 33% by weight of
      the carboxyl-terminated polybutadiene, 1 to 1.7% of the tri-functional
      epoxide, iron Octasol suitably in an amount from 1 part per 5 parts of
      tri-functional epoxide and the remainder comprising asbestos fibers and
      floats, the ratio of fibers to floats being desirably in the range 3:1 and
      the ratio of curing epoxide to polymer being in an equivalent ratio of
      1:1. The preferred insulant formulation comprises by weight percent HC-434
      polymer 28.2, ERLA-0510 1.5, iron Octasol 0.3, asbestos fibers 52.5 and
      asbestos floats 17.5.
PAR  The present invention also includes a method of preparing a partially cured
      composition in the form of a sheet for use as a flexible insulant in a
      rocket motor containing a case-bonded solid rocket propellant. The method
      comprises admixing the curable elastomeric polymer binder with from 50-80%
      by weight of the total composition of the siliceous heat-resistant
      reinforcing filler at least 50% of which is in the form of fibers,
      partially curing the mixing ingredients to a dough consistency required
      for rolling and rolling said partially cured dough into said sheet. The
      partially cured sheet may then be pressed around the inside walls of a
      rocket motor casing to effect molding and bonding between said sheet and
      said wall and the castable rocket propellant is then introduced into the
      casing and the propellant and insulant fully cured thereby effecting a
      bond between the insulant and the propellant.
PAR  Thus, in a particular embodiment of the present invention, for preparing
      the preferred partially cured dough composition using a carboxy-terminated
      polybutadiene polymer the ingredients are mixed suitably in a sigma-blade
      mixer for about 30 minutes at about 140.degree.F, the resulting dough is
      placed in plastic bags and further partially cured at about 160.degree.F
      for about two hours, the further partially cured dough is then fed to a
      differential speed rolling mill and rolled for about five minutes which
      operation provides a more homogeneous sheet and the cylinders of the
      differential mill are kept at a temperature lower than about 100.degree.F.
      This sheet is then fed to a finishing even speed mill from where a sheet
      of uniform thickness is obtained and once more the temperature of the
      cylinders of the mill should not exceed about 100.degree.F. In this way, a
      roll formed sheet material ranging from 0.020 to 0.125 inches in thickness
      has been prepared and at this stage the partially cured roll formed sheet
      can be immediately installed in a rocket motor as insulant or stored in
      sealed plastic bags at a temperature lower than 40.degree.F. When the
      sheet is installed in a rocket motor, this molding and bonding of the
      sheet into the rocket motor is accomplished by using a rubber bag which is
      pressurized to about 120 psi for about two hours in an oven set at about
      140.degree.F. After that period, the casing having the partially cured
      insulant bonded thereto is directed to the casting house where the rocket
      propellant is cast directly on the insulant surface and no adhesive is
      necessary at bonding time or casting time. When using a sheet that has
      been stored for a certain length of time at a temperature lower than
      40.degree.F it is allowed to reach room temperature before opening the
      sealed plastic bag, the molding and bonding operation proceeding in the
      same manner as described above.
PAR  It will be realized that upon the installation of a rigid insulant in a
      rocket motor casing, the insulant does not match the imperfections in the
      casing, and usually an adhesive is required to fill the gaps. In addition
      a fully vulcanized material, whether it is rigid or flexible, is not
      self-adhesive to the metal or propellant. However, in contrast thereto,
      with the roll formed (RF) insulant of the present invention, the sheets
      are allowed to cure just enough to permit the rolling operation and no
      more so that at the molding and bonding stages they are partially cured
      material. Storing the material at low temperatures slows down its
      polymerization rate and allows delayed molding and bonding operations. The
      bonding operation consists as aforesaid in pressing the insulant against
      the metal wall at abount 120 psi for two hours at about 140.degree.F. At
      this stage the insulant is not yet fully cured and the propellant is
      dumped into the insulant casing and full curing of the assembly is
      accomplished during the propellant normal curing cycle.
PAR  The sheet compositions of the present invention have a good shelf life,
      i.e. retain their self-adhesive properties when stored at temperatures
      lower than 40.degree.F before their installation in rocket motors.
DRWD
PAR  The present invention will be further illustrated by way of the following
      Examples in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a plot of the tensile stress at failure between the insulant and
      the metallic surface for insulants of various solids content when stored
      at room temperature for a period of time (75.degree.F);
PAR  FIG. 2 is a plot of the tensile stress at failure between the insulant and
      the metallic surface for a particular insulant stored at 75.degree.F,
      40.degree.F, and 5.degree.F, for a period of time;
PAR  FIG. 3 is a plot of the tensile stress at failure between the insulant and
      the metallic surface according to the molding pressure;
PAR  FIG. 4 is a plot of the tensile stress at failure between the insulant and
      the metallic surface according to the pressurization period;
PAR  FIG. 5 is a plot of thermal conductivity of the insulant with solids load;
PAR  FIG. 6 is a plot of density of insulant with its solid content; and
PAR  FIG. 7 is a plot of variations in density of the insulant with thickness
      and with molding.
DETD
PAC  EXAMPLE 1
PAR  A dough for use as an insulant in a rocket motor containing a solid rocket
      propellant containing a carboxy-terminated polybutadiene binder was
      prepared from the following ingredients.
PAC  Liquid phase
PAR  A liquid carboxy-terminated polybutadiene polymer supplied under the
      trademark HC-434 containing 2% of phenyl-betanaphthylamine as antioxidant.
PAR  A trifunctional epoxide curing agent supplied under the trademark
      ERLA-1510.
PAR  An iron Octasol as catalyst.
PAC  Solid phase
PAR  A reinforcing filler consisting of 3 parts of asbestos reinforcing fibers
      (Johns-Manville Grade 3Z12) and one part of asbestos floats
      (Johns-Manville Grade 7TF1). The fiber length distribution of the fibers
      determined according to the Quebec Standard Screen Test is shown in Table
      I below.
TBL                TABLE I                                                     
     ______________________________________                                    
     Screen               Weight (oz)                                          
     ______________________________________                                    
     1/2 in. screen (0.500 in.)                                                
                          1                                                    
     4 mesh (0.187 in.)   9                                                    
     10 Mesh (0.053 in.)  4                                                    
     Bottom Pan           2                                                    
     ______________________________________                                    
PAR  Before formulation, the HC-434 polymer was dehydrated in a glass-lined
      reactor for four hours at 190.degree.F and an absolute pressure of 5 mm.
      of mercury, a maximum of 0.025% being the accepted moisture level. The
      polymer was preheated to 140.degree.F to reduce its viscosity and to
      facilitate handling. The curing epoxide was stored at
      55.degree.-60.degree.F and handled at room temperature. The catalyst is
      stored and handled at room temperature. The asbestos floats were
      dehydrated in an atmospheric pressure oven at 300.degree.F for 24 hours.
      The asbestos fibers were used as received without any treatment.
PAR  The liquid phase consisted of 94.10% of HC-434, 4.90% of ERLA-1510, and 1%
      of iron Octasol and the solid phase consisted of 75% fibers and 25% floats
      and the ingredients were mixed by the method hereinafter described in such
      proportions as to produce three separate insulant dough formulations
      numbered 1899, 1889 and 1875 as set forth in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Ingredient     Specification No.                                          
                  1899    1889      1875                                       
     ______________________________________                                    
     Elastomeric binder                                                        
                    40        30        20                                     
     Asbestos Fibers                                                           
                    45        52.5      60                                     
     J. M. Grade 3Z12                                                          
     Asbestos Floats                                                           
                    15        17.5      20                                     
     J. M. Grade 7TF1                                                          
     ______________________________________                                    
PAR  The preliminary mixing of fibers, floats and elastomeric liquid composition
      was accomplished in a sigma-blade mixer at 25 rpm. which mixer was
      preheated to 140.degree.F and maintained at that temperature throughout
      the mixing period. In the mixing, the polymer was first introduced
      followed by the curing agent and the catalyst and the mixing of the liquid
      ingredients proceeded for 5 minutes. The fibers and floats were then added
      to the binder in small increments, the wetting and dispersion of all
      solids being accomplished over a period of 20 minutes and the resulting
      elastomeric impregnated mass or dough was fairly stiff and was recovered
      from the mixer by simply reversing the blade action. To be able to proceed
      with success through the first milling operation, the dough must reach an
      optimum consistency and for example particularly for the insulant
      formulation No. 1889 the dough was more easily rolled after a two hour
      partial curing at 160.degree.F and all the doughs were subjected to such
      treatment.
PAR  The partially cured dough was then further mixed and converted into a
      blanket on a differential speed roller mill, the slow speed and high speed
      of the rolls of the 14 inch diameter by 30 inch wide mill being maintained
      at 5 and 6 rpm. respectively during the production of the dough. These
      relatively low speeds minimize the work generated heat during rolling and
      the rolls were cooled at below 100.degree.F by cold water circulation. A
      homogeneous and smooth blanket was produced which adhered to the fast roll
      within a two-minute rolling cycle or a total of ten passes through the
      mill. The sheet was then fed to a final sheeting mill which was an 8 inch
      diameter by 16 inch wide mill with two rolls turning at an even speed of 8
      rpm. and the rolls were cooled and the speed was kept low as with the
      previous mill to avoid excessive heat. The sheet was passed through the
      mill in five passes to yield a homogeneous smooth flexible sheet in
      thickness varying from 0.20 to 0.126 inches and a width of 13 inches and
      were cut in 40 or 48 inch lengths, placed in polyethylene bags and stored
      at 40.degree.F, or sent directly to mold and bond into the steel casing of
      a rocket motor for containing a case-bonded solid rocket propellant. For
      installation into the rocket motor casing, the material whether previously
      stored or used directly was at room temperature and when stored was not
      removed from the sealed polyethylene bag unit it reached room temperature
      to prevent moisture contamination. The material was trimmed to the motor
      dimensions, hand-rolled and inserted into the casing. The molding bag,
      before insertion into the rocket motor casing was completely wrapped in a
      4 mil thick Teflon liner for easy removal and Teflon spacers were placed
      inside the end cap (or caps) before closing. An initial pressurization of
      20 psi maximum for one or two minutes was first effected with a slow
      pressure rise to prevent air inclusion between the casing and the
      insulant. The bag was then pressurized to a final pressure of 120 psig and
      the pressure and molding and bonding operations then proceeded at an oven
      temperature of 140.degree.F for two hours. After dismantling the bag from
      the motor casing, a visual inspection was carried out. The resulting
      transverse joint should be butt-ended and not overlapped and any air
      blisters were simply punctured and the pressure and heat reapplied for an
      additional 20 minutes. The insulated casing was then flushed with dry
      nitrogen, two bags of silica gel were placed inside the casing and the
      thread protectors and sealing caps are fitted. The insulated casing was
      now ready to be directed to storage or to the casting house for the
      casting of the solid rocket propellant. The carboxy-terminated
      polybutadiene propellant was then cast directly into the insulant without
      any additional surface treatment and was subjected to a standard curing
      time of 9 days at 140.degree.F and at atmospheric pressure.
PAR  An important characteristic of the carboxy-terminated polybutadiene
      insulants of the present invention is that they are self-adherent to metal
      and to the carboxy terminated polybutadiene propellant without any
      intermediate adhesive either on the metal side or on the propellant side.
      The evaluation of the propellant case bonding is thus greatly simplified
      and it is sufficient to study the two interfaces metal-insulant and
      insulant-propellant or the assembly metal-insulant-propellant. Because the
      binders in the propellant and the insulant are of the same formulation,
      the bond between the insulant and the propellant does not pose any problem
      as long as the uncured propellant is not cast onto an insulant which has
      already been fully cured. The bond between the metal and the insulant is
      more critical and is directly related to the shelf life of the insulant.
      It should be noted that the insulant dough is polymerizing during its
      mixing, rolling, storage, and bag molding and is therefore chemically
      active until fully cured. Ideally, the full curing takes effect during the
      9 day curing cycle of the propellant. The bond strength between the metal
      and the insulant was examined on 0.5 by 0.5 inch test blocks of mold steel
      normally machined without any other surface treatment except degreasing.
      The test specimens from the aforesaid dough rolled into sheets received
      the same treatment as the sheet material applied in the motor, namely a
      molding at 120 psig for two hours at 140.degree.F followed by a standard
      curing cycle of nine days at 140.degree.F and at atmospheric pressure.
      Failure tests were then carried out at 75.degree.F. In a first series of
      tests, the specimens had been previously stored for varying periods of
      time at 75.degree.F and the results obtained for the various doughs are
      given in FIG. 1. It will be seen that the tensile strength at failure of
      the metal insulant specimens decreases very quickly as the solids load is
      increased and further the shelf life of the material, i.e. the periods of
      time during which the material is stored at 75.degree.F is approximately
      50 days for the 1899 insulant containing 60% solids, 35 days for the 1889
      insulant containing 70% solids, and only 2 days for the 1875 insulant
      containing 80% solids, each shelf life being based on a minimum bond of
      120 psi, which corresponds approximately to the tensile strength value of
      the carboxy-terminated polybutadiene propellant formulation normally used
      in rockets at room temperature.
PAR  Further tests were carried out on the 70% solids 1889 insulant which had
      been stored at 40.degree.F and 5.degree.F and tested for failure stress at
      75.degree.F, the results being given in FIG. 2. It will be seen from FIG.
      2 that the tensile stress value is consistently above 200 psi for
      materials stored at 40.degree.F and at 5.degree.F. The sheets stored at
      40.degree.F showed a shelf life of 340 days and the shelf life of the
      material stored at 5.degree.F being substantially in excess of this time.
PAR  To determine the effect of molding pressure on the bond, similar tests were
      carried out on the insulant 1889 on the metallic test blocks using
      pressure ranging from 20-200 psig. The samples were assembled at room
      temperature and pressurized for one hour at 140.degree.F and bonding and
      full curing proceeded at the same temperature and atmospheric pressure for
      nine days and after this period the assemblies were cooled to room
      temperature and tested for failure stress. One set of experiments was
      conducted on the material which had been stored at 40.degree.F for 31/2
      months. The results obtained are given in FIG. 3. It will be seen that in
      both samples the best bonding values were obtained with the samples
      pressurized to a minimum of 120 psig, the material stored over prolonged
      periods of 31/2 months not requiring a higher pressure to produce good
      bonding with the metal. The effect of pressurization period at 120 psig of
      bonding behavior between the insulant and the metal was also effected
      using the material 1889 aged for three months at 40.degree.F prior to
      bonding, the pressurization period at 120 psig was varied from 1 to 16
      hours before the normal curing period, of 9 days at 140.degree.F and
      atmospheric pressure, started. The results obtained are given in FIG. 4.
      It will be seen from FIG. 4 that the pressurization period does not
      appreciably affect the bonding strength.
PAR  The thermal conductivity of the insulant was tested at 100.degree.C on a
      Lees disc apparatus, the determinations being made on non-molded samples
      0.100 inches thick. The effect of the solids load on thermal conductivity
      is shown in FIG. 5 and it will be seen that the 1899 insulant at 60%
      solids load, a thermal conductivity of 1.88 BTU (inch)/.degree.F (hour)
      Ft..sup.2 was obtained. When the solids load was changed to 70 and 80%,
      i.e. insulants 1889 and 1875 the thermal conductivity increased to 2.54
      and 2.9 respectively. The thermal conductivity values shown in FIG. 5 show
      a greater dispersion at 80% than at 60 and 70% solids load, and this it is
      believed can be explained by the lower flexibility of the insulant made
      with 80% solids which probably contributes to the trapping of air pockets
      between the metal plates of the apparatus. The following Table III
      represents a comparison of the thermal conductivity of the insulants of
      the present invention with that given by Plant, H. T. and Goldstein, M. in
      an article entitled "Plastics For High Temperatures Thermal Barriers", The
      Society of the Plastics Industry Inc., 15th Annual Meeting of the
      Reinforced Plastic Division, February 1960, Section 18D, as well as
      Johns-Manville, Thermomat 193.
TBL                TABLE III                                                   
     ______________________________________                                    
                                BTU (inch)                                     
     Material             K                                                    
                                .degree.F (hr) Ft.                             
     ______________________________________                                    
     Epoxy Asbestos Cloth 4.76                                                 
     Epoxy Refrasil Cloth 3.44                                                 
     Insulant 1875 (80% solids)                                                
                          2.9                                                  
     Johns-Manville                                                            
     Thermomat 193        2.80                                                 
     Phenolic Glass Cloth 2.70                                                 
     Insulant 1889 (70% solids)                                                
                          2.54                                                 
     Teflon Glass Cloth   2.26                                                 
     Silicone Glass Cloth 2.08                                                 
     Insulant 1899 (60% solids)                                                
                          1.88                                                 
     ______________________________________                                    
PAR  It was found that the density of the insulant varies with the milled
      thickness and the insulant 1889 milled to 0.020 inch has a premolded
      density of 1.64 g/cc and of 1.61 g/cc only when milled to 0.100 inch. The
      effect of molding at a pressure of 120 psig on the density of the insulant
      was also tested and a sheet 0.020 inch thick with a premolded density of
      1.64 g/cc showed a density of 1.645 g/cc after molding. A sheet 0.100 inch
      thick had a premolded density of 1.61 g/cc which increased to 1.62 g/cc
      after molding. FIG. 6 shows the effect of the solids load on the premolded
      density of the aforesaid insulant rolled to a thickness of 0.100 inch and
      FIG. 7 shows the variation in density with mil thickness and also the
      influence of the molding on the density of the material containing 70% of
      solids. The mechanical properties of the sheet of insulant material were
      evaluated on an Instron Tensile Tester at a crosshead speed of 0.05 inch
      per minute over a temperature range of 140 to -65.degree.F and the results
      for a freshly rolled sheet and for a sheet aged for four months at
      40.degree.F with the No. 1889 insulant are listed in Table IV, all
      specimens having been cured for nine days at 140.degree.F prior to such
      mechanical testing.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Material     Temperature                                                  
                             .sigma.m*                                         
                                    .epsilon.m**                               
                                          E***                                 
                  .degree.F. (psi)  (%)   (psi)                                
     ______________________________________                                    
     Fresh (M.D.) 140        1087   4.8   2.96 .times. 10.sup.4                
                   73        1435   5.9   3.63                                 
                   0         2215   7.6   4.64                                 
                  -50        3333   6.3   6.25                                 
                  -65        3500   9.3   4.75                                 
     Fresh (C.M.D.)                                                            
                  140         804   9.4   1.26 .times. 10.sup.4                
                   73        1035   8.2   1.78                                 
                   0         1551   10.2  2.27                                 
                  -50        2548   11.0  3.00                                 
                  -65        2865   13.1  3.39                                 
     ______________________________________                                    
     Aged four months                                                          
                  140        1191   7.2   2.30 .times. 10.sup.4                
     at -40.degree.F. (M.D.)                                                   
                   73        1634   8.8   2.17                                 
                   0         2681   10.0  4.35                                 
                  -50        4681   8.6   6.98                                 
                  -65        4900   10.5  6.27                                 
     Aged four months                                                          
                  140         894   15.2  0.97 .times. 10.sup.4                
     at -40.degree.F. (C.M.D.)                                                 
                   73        1335   14.6  1.55                                 
                   0         2006   13.0  2.84                                 
                  -50        3582   14.4  3.58                                 
                  -65        3681   16.1  3.32                                 
     ______________________________________                                    
       * .sigma.m = Tensile Strength at Maximum Load.                          
       ** .epsilon.m = Elongation at Maximum Load.                             
      ***E = Initial Modulus                                                   
      M.D. and C.M.D. refer to machine and cross-machine directions respectivel
      during the rolling operation.                                            
PAR  It will be seen therefore that the insulant forms a strong bond between the
      metal wall of the rocket motor casing and the propellant grain, provides
      good mechanical properties at extreme conditions of storage and firing at
      a temperature ranging from -50.degree. to 140.degree.F and maintains
      structural integrity mainly with spin stabilized rocket motors. Further,
      the insulant does not require primer coatings or adhesive coating between
      the metal wall and the insulant and the insulant and the propellant and
      has good mechanical properties comparable to those of flexible insulants
      and erosion resistance to high temperature gases for example in the range
      6,000.degree. to 6,500.degree.F during motor firing. The insulant is
      further easily manufactured and is easily installed into the casing and is
      compatible with carboxyl-terminated polybutadiene propellant.
PAR  Comparison of erosive resistance of various insulants was carried out using
      actual motor firings. Insulated motors 4 in. internal diameter and 40 in.
      long were filled with the same solid composite propellant composition and
      incorporating the same grain cross section. Measurements of insulation
      thicknesses were taken before and after firing at identical critical
      locations. The affected insulant thicknesses reported in the following
      Table V are the difference between the "before firing" readings and the
      remaining solid insulant after firing: they are the amount of insulant
      ablated during the combustion process for particular insulants.
TBL                                    TABLE V                                 
     __________________________________________________________________________
                   Type of                                                     
                        Initial Thick-                                         
                                 Affected Insulant (in.)                       
     Insulant      Insulant                                                    
                        ness (in.)                                             
                                 At Head End                                   
                                         At Nozzle End                         
     __________________________________________________________________________
     Asbestos phenolic                                                         
                   Rigid                                                       
                        0.075    0.034   0.041                                 
     Asbestos filled epoxy                                                     
                   Rigid                                                       
                        0.086    0.048   0.054                                 
     (54% floats)                                                              
     30% Mica powder in                                                        
                   Flexible                                                    
                        0.075    --      All charred                           
     carboxyl-terminated                                                       
     polybutadiene (HC poly-                                                   
     mer 434) binder                                                           
     Formulation 1889                                                          
                   Flexible                                                    
                        0.049-0.098                                            
                                 0.017   0.035                                 
     (70% solids)                                                              
     __________________________________________________________________________
PAR  The results show that of the initial thickness of insulation used, 45% and
      55% was ablated for the asbestos phenolic, 56% and 63% for the asbestos
      filled epoxy, the 30% mica powder in a carboxyl-terminated polybutadiene
      binder was all charred at the nozzle end, while for formulation
      Specification No. 1889 only 35% and 36% of material was ablated.
CLMS
STM  We claim the embodiments of the invention in which an exclusive property of
      privilege is defined, as follows:
NUM  1.
PAR  1. A method comprising preparing a partially cured composition in the form
      of a sheet for use as a flexible insulant in a rocket motor containing a
      case-bonded solid rocket propellant which comprises admixing a curable
      elastomeric polymer binder, a curing agent and a curing catalyst with from
      50-80% by weight of the total composition of a siliceous heat-resistant
      reinforcing filler, at least 50% of said filler being in the form of
      fibers and the remainder in the form of floats, partially curing the dough
      obtained to allow curing thereof to the consistency required for
      subsequent rolling, rolling said partially cured dough into said sheet,
      pressing said sheet around the inside walls of a rocket motor casing to
      effect bonding between said sheet and the inside of said wall, introducing
      a castable rocket propellant that has the same binder as said partially
      cured composition into the casing and fully curing the propellant and
      insulant to bond the insulant and propellant together.
NUM  2.
PAR  2. The process comprising mixing in a preheated mixer that is preheated to
      a temperature of about 140.degree.F a carboxyl-terminated polybutadiene
      binder, a curing agent of tri-functional epoxide and an iron octasol
      curing catalyst, admixing the mixture with a siliceous filler comprising
      from 50-80% by weight of asbestos fibers and 20-50% by weight of asbestos
      floats, partially curing to a dough of the required consistency for
      subsequent rolling by heating for about two hours at a temperature of
      160.degree.F, rolling the partially cured dough, placing said rolled dough
      around the inside wall of a rocket motor casing, casting a
      carboxyl-terminated polybutadiene castable propellant into said casing and
      fully curing the composite so obtained to effect bonding between the
      propellant and the insulant and the insulant and the casing.
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ABST
PAL  A method for producing high density and high energy solid propellants
       conting of a solid inorganic oxidizing salt, a binder and a granular
      organic explosive comprising, the suspension of said ingredients in an
      organic solvent with agitation at ambient temperature to form a colloid,
      extruding the colloid, and raising the temperature to cure the grain, and
      the mixing of said propellant ingredients under vacuum, raising the
      temperature until a bulk viscosity of approximately 60,000 to 70,000
      centipoises is reached, pouring said ingredients into a mold under vacuum,
      and curing the grains until the charge solidifies.
GOVT
     The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment to us of any
      royalty thereon.
PARN
PAR  This application is a division of application Ser. No. 398,484 filed 21
      Sept. 1964, now abandoned. Ser. No. 398,484 is a division of application
      Ser. No. 50,045 filed 16 Aug. 1960.
BSUM
PAR  This invention relates to solid propellants and in particular to
      compositions possessing high energy content per unit volume and yielding,
      upon burning, gases which are relatively non-smoky, non-persistent,
      non-toxic, and non-corrosive. These propellants are particularly useful in
      rockets, jatos and gas generating devices.
PAR  The maximum energy delivered by a propellant charge of fixed dimensions is
      determined by the specific impulse and density of the propellant; hence,
      it is desirable for propellants to have both high energy and high density,
      i.e. high volumetric energy. In addition, in most military and
      non-military applications of propellants, smokeless, non-corrosive,
      non-toxic combustion products are desirable. When weapons are fired in
      combat areas smoke reveals the position of the firing crew or individual.
      When this smoke is persistent, it obscures the target making it difficult
      to appraise damage or to fire follow-up rounds to prevent counter-fire. In
      areas involving complex equipment, engulfment by smoke makes continued
      operation difficult or impossible while the smoke persists. Corrosive
      combustion products damage equipment thereby increasing maintenance
      requirements or frequency of equipment breakdown or failure. Corrosive
      products are especially harmful in many special propellant devices
      requiring repeated reuse of the combustion chamber and auxiliary
      equipment; for example, propellant gas pressurizing devices and propellant
      gas-driven turbines. Toxic combustion products are harmful when personnel
      are subjected to significant concentrations for prolonged periods of time.
PAR  Among the various types of solid propellants in use today, there are many
      which yield relatively non-smoky, non-persistent, non-corrosive and
      non-toxic combustion products but said propellants, because of the low
      density of low energy of their constituents, have low energy per unit
      volume. High volumetric energy solid propellants are also in use today,
      but these, because of the nature of their constituents, yield relatively
      toxic, smoky, persistent and corrosive combustion products -- the last
      three properties being especially pronounced in a humid exterior
      environment.
PAR  It is the object of this invention to provide propellant compositions which
      individually combine the advantage of high density and high energy (high
      volumetric energy) with favorable combustion products, i.e. those which
      are relatively non-toxic, non-smoky, non-persistent and non-chemically
      corrosive at all humidities.
PAR  Today's highest volumetric energy solid propellants contain metals,
      polymers and perchlorate oxidizers, hence, when burned they give off very
      dense solid obscuring smoke comprising the metal oxidation products.
      Existing propellants having the next lower level of volumetric energy
      contain no metal in the fuels or oxidizers but consist essentially of
      polymers oxidized with ammonium perchlorate. Because of the high density
      of the ammonium perchlorate these propellants have relatively high
      volumetric energy; however, the chlorine in the ammonium perchlorate
      produces hydrogen chloride gas when the propellant is burned. At low
      humidities this gas is irritating and toxic. At high humidities it forms
      droplets of hydrochloric acid which are highly corrosive. In addition the
      combustion products form a persistent, white, smoke-like fog at these high
      humidities.
PAR  There do exist many propellants whose combustion products are free of
      metallic compounds or chlorides, but these propellants have lower
      volumetric energy. One such type consists essentially of polymers oxidized
      with ammonium nitrate instead of ammonium perchlorate; however, because of
      the lower density and energy of ammonium nitrate the volumetric energy of
      these propellants is low. The highest volumetric energy smokeless
      propellants in use today are the double base type which consist
      essentially of nitrocellulose and nitroplasticizers. Even though the
      energies of many double base propellants equal the energies of the
      non-metallic fuel-ammonium perchlorate type propellants their densities
      are lower and consequently so are their volumetric energies.
PAR  The propellants covered by this invention provide volumetric energies
      higher than any of the existing ammonium nitrate or
      nitrocellulose-nitroplasticizer propellants yet do so without the
      undesirable combustion products characteristic of the existing high
      volumetric energy propellants discussed earlier. This results in a new
      class of propellants having both high volumetric energy and combustion
      products which are non-smoky, non-persistent and non-corrosive at all
      humidities. In addition, even though this new class of propellants
      produces carbon monoxide among its combustion products (As do the existing
      lower volumetric energy smokeless propellants discussed above) the overall
      toxicity of its combustion gases is less than that of existing high
      volumetric energy propellants all of which include perchlorates in their
      compositions. The hydrogen chloride produced by the latter propellants is
      toxic in much lower concentrations than carbon monoxide. Also, because the
      molecular weight of hydrogen chloride is higher than that of air it is
      less readily dispersed than carbon monoxide whose density is approximately
      the same as that of air. In addition, much higher concentrations of carbon
      monoxide than hydrogen chloride can be tolerated by humans without harmful
      effects. Yet, even non-dangerous concentrations of hydrogen chloride will
      cause discomfort to personnel due to irritation of the mucous membranes of
      the eyes and respiratory tracts, whereas non-dangerous concentrations of
      carbon monoxide will not interfere with personnel efficiency. Hence, when
      propellants are used in applications where the combustion gases may come
      into contact with personnel for extended periods, the propellants covered
      by this invention will have the added advantage over existing high
      volumetric energy propellants of reduced toxicity, discomfort and
      efficiency impairment of personnel.
PAR  The novelty of the propellant compositions covered by this invention and
      their unique combination of properties is achieved by employing in the
      composition in the proper proportions ingredients which yield
      predominantly colorless, non-corrosive gases upon decomposition. The
      exclusive use of organic ingredients, with essentially or substantially no
      inorganic halogen or metal containing constituents eliminates or minimizes
      the evolution of combustion products which are toxic, solid, or chemically
      corrosive at low humidity or which form opaque, highly corrosive and
      persistent condensation products at high humidities. The property of high
      volumetric energy is obtained by employing a high density, granular, high
      energy organic compound. These properties together form a unique and novel
      solid propellant having both high energy per unit volume and decomposition
      gases which cannot be readily detected, which minimize the chemical
      corrosion of materials with which they come in contact and which have
      minimal toxicity and irritability to personnel.
PAR  The compositions constituting the invention may be comprised of the
      following proportions of ingredients:
PA1  10% to 90% of high density, high energy, non-metallic, non-halogen,
      granular organic compounds
PA1  90% to 10% of a propellant matrix essentially free of metals and halogens
PAR  The high density, high energy, non-metallic, non-halogen granular organic
      compounds may consist of any organic solids having said properties.
      Particularly useful for these compositions are the aliphatic nitramines
      wherein the nitro group is attached to an amino nitrogen atom. Some
      representative members of the group are cyclotetramethylene tetranitramine
      (HMX), cyclotrimethylene trinitramine (RDX) and ethylenedinitramine
      (EDNA). Other specific explosives that are suitable are pentaerythritol
      tetranitrate (PETN) and 2, 2, 2, trinitroethyl 4, 4, 4 trinitrobutyrate
      (TNETB). The above compounds may be used alone or in mixtures. This
      listing is by no means exhaustive and other compounds possessing these
      properties are apparent. The criterion of usefulness of any individual
      non-metal, non-halogen granular compound is that its density and energy
      should be high enough, relative to the particular matrix, than its
      incorporation in the matrix results in a net increase in volumetric energy
      upon combustion of the mixture.
PAR  While the energy contents of HMX and RDX are essentially equal, HMX is
      preferred where the highest volumetric energy is desired because its
      density is somewhat higher than that of RDX. Since the cost of RDX is
      lower than that of HMX there may be propellant applications where the
      lower cost will favor RDX in spite of the slightly lower volumetric
      energy. Similarly, mixtures of RDX and HMX in any proportions may be used
      as required to achieve the best compromise of cost and volumetric energy.
      The beta polymorph of HMX is preferred because of its lower sensitivity to
      shock and friction.
PAR  The propellant matix comprises any propellant which is free of halogens and
      metals such as mixtures of polymers, nitropolymers, and non-metal,
      non-halogen containing oxidizers. Propellants that have been found to be
      particularly suitable for use in the matrix are double base propellants.
      Double base propellants are compositions containing nitrocellulose and a
      liquid organic nitrate having the property of gelatinizing nitrocellulose.
      Propellants that contain solid oxidizers such as ammonium nitrate have
      been found to be very satisfactory. The sole important consideration in
      selecting the specific propellant for the propellant matrix, whether it be
      a double base propellant or a solid oxidizer type, is that it be free of
      halogens and metals. Accordingly, other propellants that can be utilized
      in the matrix are immediately evident to one skilled in the explosive art.
PAR  When a solid oxidizer type propellant is utilized suitable polymeric
      binders are used in the binder composition. These polymeric binders may be
      any of the well known components used in solid propellants for this
      purpose. To mention a few they are the synthetic rubbers, resins, polymers
      and nitropolymers such as polysulfide rubber, polybutadiene acrylic acid
      copolymer, polyurethane, nitropolyurethane and petrinacrylate. These
      compounds may be used for the butadiene methyl pyridine copolymer in
      combination with an oxidizer as shown in Example III.
PAR  The remaining plasticizers, stabilizers, and ballistic modifiers normally
      used with the particular propellant constitute the remainder of the binder
      system and they are immediately evident once the propellant is selected.
      The propellant matrix as a unit must be essentially free of halogens and
      metals.
PAR  The exact proportions of solid organic filler and propellant matric are
      determined by the propellant matrix used, the physical properties and
      volumetric energy required, and by the method of manufacture desire,
      whether cast, extruded or compression molded. The highest volumetric
      energy will be obtained with compositions in which the proportion of
      organic filler is highest, simultaneously this will give the most brittle
      physical properties and will require manufacture by compression molding or
      extrusion. The approximate limit of such compositions is represented by
      10% propellant matrix and 90% organic filler except when the matrix
      selected is one consisting of a binder plus solid oxidizers In such cases
      the composition limit will be approximately 10% binder and 90% total
      solids (Solid oxidizer required in the propellant matrix plus the high
      density high energy organic filler). For a given propellant matrix more
      flexible but lower volumetric energy compositions will be obtained as the
      amount of propellant matrix is increased and the amount of organic filler
      is decreased. As the amount of filler is decreased the casting process may
      be used for manufacture of the propellant. The upper limit of total solids
      at which casting is feasible is approximately 65 to 85 percent, the exact
      limit depending upon the particular propellant matrix used. The
      approximate lower level of useful improvement in volumetric energy occurs
      at a level of approximately 10 percent of high density, high energy
      organic filler.
PAR  The propellant composition must contain between 10 and 90 percent of the
      high density non-metallic, non-halogen organic compound. The propellant
      matrix, which is essentially free of halogens and metals, is present
      within the range of from 10 to 90 percent of the total composition. The
      components that constitute the matrix can be varied within certain
      proportions. The matrix may consist of 90 to 10 percent by weight of the
      propellant, i.e. nitrocellulose, 5 to 40 percent by weight of
      nitroplasticizers or polymeric binders, 0.7 to 9 percent by weight of
      inert plasticizers, 0.1 to 1 percent by weight of stabilizers and 0.2 to 4
      percent by weight of ballistic modifiers.
PAR  As examples of preferred compositions containing HMX the following are
      mentioned:
TBL                EXAMPLE I                                                   
     ______________________________________                                    
     Cast Composition                                                          
     ______________________________________                                    
     HMX, percent            50.0                                              
     Nitrocellulose, percent 17.7                                              
     Nitroglycerin, percent  22.1                                              
     Triacetin, percent      5.2                                               
     Diethylphthalate, percent                                                 
                             0.5                                               
     Basic lead beta resorcylate, percent                                      
                             2.0                                               
     Basic cupric salicylate, percent                                          
                             2.0                                               
     2-Nitrodiphenylamine, percent                                             
                             0.5                                               
     Carbon Black, percent added                                               
                             (0.02)                                            
     ______________________________________                                    
PAR  The nitrocellulose preferred for use in the above example is that
      containing an average nitrogen content of approximately 12.6 percent. The
      nitrocellulose is used in the form of colloided granules of substantially
      spherical form produced by a nitrocellulose lacquer dispersion process
      such as that described in U.S. Pat. No. 2,160,626. The preferred average
      particle size of the colloided nitrocellulose used is 20 microns or less.
      The preferred particle size of the HMX is 100 percent through a 20 mesh
      sieve and 70 to 90 percent retained on a 50 mesh sieve.
PAR  A castable explosive composition can be formed from these ingredients when
      all said ingredients are mixed together. Thereupon the temperature is
      maintained within a range of from 100.degree. to 140.degree.F until a bulk
      viscosity of approximately 60,000 to 70,000 centipoises is reached. The
      mixture is then poured into a mold or firing chamber of the desired size
      and shape. Vacuum is applied during mixing, pouring or both in order to
      eliminate voids in the castable material. The poured propellant is cured
      at 120.degree. to 180.degree.F until the charge solidifies.
TBL                EXAMPLE II                                                  
     ______________________________________                                    
     Extruded Composition                                                      
     ______________________________________                                    
     HMX, percent            56.0                                              
     Nitrocellulose (13.15%N), percent                                         
                             20.0                                              
     Nitroglycerin, percent  15.0                                              
     Triacetin, percent      4.0                                               
     2-Nitrodiphenylamine, percent                                             
                             1.0                                               
     Basic lead beta resorcylate, percent                                      
                             2.0                                               
     Basic cupric salicylate, percent                                          
                             2.0                                               
     Carbon Black, percent added                                               
                             (0.03)                                            
     ______________________________________                                    
PAR  The preferred particle size distribution of the HMX in the above
      composition is 75 percent of the particles pass through a 50 mesh sieve
      but are retained on a 200 mesh sieve, and 25 percent of the particles have
      an average size of 15 microns.
PAR  The method of forming the propellant grains comprises mixing the
      ingredients together and suspending them in a suitable solvent with
      agitation at ambient temperature to form a colloid. Solvents that can be
      used are acetone, benzene, ethyl ether, and other that have a boiling
      point less than about 140.degree.F. The colloid is extruded into the
      desired shape and the temperature is gradually raided to approximately
      140.degree.F to drive off the volatile solvent. The sizes of propellant
      grains which can be produced are limited by the web thickness through
      which complete solvent removal can be affected -- generally about one-half
      inch. Larger propellant grains are prepared by charging small granules
      prepared as above into a heated press wherein the grains are consolidated
      and extruded into the desired size and shape.
TBL                EXAMPLE III                                                 
     ______________________________________                                    
     HMX percent               21.5                                            
     Ammonium nitrate percent  60.0                                            
     Butadiene/2 methyl 5 pyridine copolymer                                   
     (90/10) percent           11.0                                            
     Carbon black percent      2.5                                             
     Butyl carbitol formal percent                                             
                               2.2                                             
     *Flexamine percent        0.33                                            
     Magnesium oxide percent   0.5                                             
     Prussian blue percent     2.0                                             
     ______________________________________                                    
      *Brown powder consisting of 65% of a complex diarylamine -- ketone       
      reaction product and 35% of N,N' diphenyl-p-phenylenediamine             
PAR  The above example illustrates a typical composition consisting of a
      propellant matrix, which is composed of a solid oxidizer (ammonium
      nitrate) and a binder system. The high density, high energy, granular,
      organic explosive is HMX. It has been calculated that there is an increase
      of 12.5 percent in the volumetric impulse when HMX is present in the
      composition in place of part of the ammonium nitrate.
PAR  Unlimited other possibilities are immediately evident to those skilled in
      the art of formulating and manufacturing solid propellants by using
      various types of essentially non metal, non halogen binder systems, such
      as rubbers, resins, polymers and nitropolymers, oxidized with non metal,
      non halogen oxidizers that are propellants; and to which is added one or a
      combination of high energy, high density granular organic explosive. The
      criterion for selecting the high density, high energy organic explosive is
      that, the density and energy of these materials, either singly or
      collectively, if more than one is used, must be such that the volumetric
      impulse of the resulting final propellant mixture shall be higher than
      that of the original smokeless propellant matrix, consisting of binder
      system plus oxidizer, prior to incorporation of the high energy, high
      density organic material.
PAR  In the above examples the compositions are not restricted to the
      ingredients shown nor to the exact percentages shown. Alternates may be
      used for or in various combinations with the above ingredients, for
      example: nitroplasticizers such as butanetriol trinitrate,
      triethylene-glycol dinitrate, diethyleneglycol dinitrate, etc., may be
      used for or with nitroglycerin; polymeric binders such as polyurethanes;
      petrinacrylates and others may be used for butadiene; plasticizers such as
      dimethylsebacate, adiponitrile, dimethylphthalate etc. may be used for or
      with triacetin or diethylphthalate; and high energy, high density,
      non-metal, non-halogen organic compounds such as RDX etc; may be used for
      or with HMX; stablizers such as ethyl centralite, n-methyl
      paranitroaniline etc., may be used for or with 2-nitrodiphenylamine;
      nitrocellulose of any nitrogen content from 12.2 to 13.15 percent may be
      used; suitable ballistic modifiers such as lead stannate, lead beta
      resorcylate, cupric salicylate, lead salicylate etc. may be used for or
      with the basic lead beta resorcylate or basic cupric salicylate.
PAR  The compositions given in the examples I and II discussed above have been
      found to produce a volumetric impulse of 14.0 lbs.-sec. per cubic inch
      when burned at a pressure of 1000 psi in a vessel vented with a Venturi
      nozzle having an expansion ratio of 4 to 1. This is approximately 37
      percent higher than the highest volumetric energy existing smokeless
      propellants of the ammonium nitrate type, and approximately 11 percent
      higher than the highest volumetric energy existing smokeless propellants
      of the double base type. This value also exceeds by 2 percent that of the
      highest volumetric energy existing non-metal containing ammonium
      perchlorate propellant compositions whose combustion products have the
      undesirable characteristics eliminated by this invention. In example III
      cited above, the increase in volumetric impulse is approximately 12.5
      percent higher than that of the smokeless propellants of the ammonium
      nitrate type.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming high density and high energy propellants consisting
      of a solid inorganic oxidizing salt, a binder and a granular organic
      explosive comprising; mixing the propellant ingredients together and
      suspending said ingredients in an organic solvent selected from the group
      consisting of acetone, benzene, and ethyl ether with agitation at ambient
      temperature to form a colloid, extruding the colloid, and raising the
      temperature to approximately 140.degree.F to cure said composition.
NUM  2.
PAR  2. A method of casting high density and high energy propellants consisting
      of a solid inorganic oxidizing salt, a binder and a granular organic
      explosive comprising; mixing the propellant ingredients under vacuum,
      raising the temperature to within a range of from 100.degree. to
      140.degree.F until a bulk viscosity of approximately 60,000 to 70,000
      centipoises is reached, pouring said ingredients into a mold under vacuum
      and curing said composition at 120.degree. to 180.degree.F until the
      charge solidifies.
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ABST
PAL  A method of fabricating a group IVB metal hydride body having a hydrogen
      content of at least 55 atom percent and a high density, which comprises
      mixing together powders of said metal hydride having less than about 55
      atom percent hydrogen with powders of said metal hydride having at least
      about 60 atom percent hydrogen, and then hot forming the resulting mixture
      to cause flow of ductile powders and thereby give a high density compact.
BSUM
PAR  The present invention relates to an improved process for preparing metal
      hydride bodies by powder metallurgy, and more particularly to a powder
      metallurgy process for producing dense metal hydride bodies having a high
      hydrogen concentration.
PAR  Metal hydride compositions such as zirconium and titanium hydrides (group
      IVB of the periodic table of the elements, "Handbook of Chemistry and
      Physics", pages 448-449, 44th edition) are employed as moderating
      materials in nuclear reactors. Hydrogen has the greatest neutron slowing
      down power of any element, and combined with the group IVB metals, which
      have reasonable structural properties, it is in a relatively stable, high
      density form. Homogeneous metal hydride nuclear fuel compositions are of
      particular interest where small reactor cores of high power density are
      required, for example, for remote terrestrial bases, mobile applications,
      and as auxiliary power sources in space vehicles. Reactor systems for such
      applications have been developed, and for information concerning their
      characteristics reference is made to Nucleonics, vol. 18, No. 1, January
      1960.
PAR  Hydrogen does not combine with group IVB metals in a fixed stoichiometry;
      the hydrogen is interstitially absorbed in the metal matrix in variable
      amounts. The moderating properties of the composition are dependent upon
      the hydrogen concentration, and it follows that the reactor core size is
      directly proportional to the hydrogen concentration. Since size and weight
      are at a premium, particularly in space power plants, it is necessary to
      increase power density to reduce the size of a reactor core. This has
      stimulated the development of methods of increasing the hydrogen
      concentration of metal hydride fuel compositions. Two general methods have
      been available for the preparation of homogeneous metal hydride fuel
      elements: massive hydriding and powder metallurgy. In massive hydriding,
      uranium-zirconium alloy bodies fabricated to approximately the final shape
      are heated in a hydrogen atmosphere to absorb the desired concentration of
      hydrogen. Since zirconium expands greatly upon hydriding and the hydrogen
      distribution must be substantially uniform throughout a fuel rod, massive
      hydriding requires very long time periods under carefully controlled
      temperature and conditions to avoid cracking and to assure uniform
      hydrogen distribution. Such processes are necessarily costly, and there
      are additional costs resulting from machining losses of the finished
      product. In principal, powder metallurgy processes offer economies in the
      preparation of zirconium hydride bodies. Zirconium powders can be hydrided
      to the desired hydrogen concentration, cold formed, and hot pressed in a
      short period of time. Process yields can be considerably higher because
      machining losses are not as great and, further, any losses can be readily
      recycled. Moreover, it is relatively easy to add nuclear fuels and/or
      burnable poisons to the product. In spite of such potential economies of
      powder metallurgical processing, there are certain drawbacks which have
      resulted in the adoption of massive hydriding methods. It has been
      considered that the brittle nature and reversible decomposition of
      zirconium hydride does not make it amenable to normal powder densification
      processes of sintering or hot pressing and, further, the approximately
      90-95 percent densities obtainable had poor mechanical and heat transfer
      properties. Massively hydrided material, in contrast, has had greater
      density, higher thermal conductivity, and generally better mechanical
      properties.
PAR  An object of the present invention, therefore, is to provide an improved
      powder metallurgy method of preparing group IVB metal hydride bodies.
PAR  Another object is to provide an improved powder metallurgy method of
      preparing uranium-zirconium hydride fuel bodies of high densities.
PAR  Another object is to provide a powder metallurgy method of preparing dense
      uranium-zirconium hydride fuel bodies having high hydrogen concentrations.
PAR  Still another object is to provide such a method which achieves densities
      approaching 100 percent of theoretical, and a hydrogen-to-zirconium atom
      ratio of at least 1.2.
PAR  Still another object is to provide a relatively simple and economical
      method of obtaining such powder metallurgical bodies which requires
      neither excessive temperature nor excessive pressure.
PAR  The above and other objects and advantages of the present invention will
      become apparent from the following detailed description.
DRWD
PAR  In the drawings, FIGS. 1 and 2 are graphs illustrating certain
      metallurgical properties of group IVB metal hydrides which are utilized in
      the present invention.
DETD
PAR  In accordance with the present invention, high density group IVB metal
      hydride bodies are obtained by blending such metal hydride powders
      containing less than about 55 atom percent hydrogen with powders of
      greater than about 60 atom percent hydrogen, and then hot forming the
      powder mixture. In this manner, powders of ductile properties (those with
      the lesser hydrgen concentration in the alpha + delta phase) are blended
      with powders of brittle properties (higher hydrogen concentration in the
      delta and epsilon phases). In the hot forming step the ductile powders
      will flow and yield a high density compact. Subsequent or concurrent
      heating of the compact takes advantage of the reversibility of the
      hydriding reaction. The mixture is homogenized, resulting in disappearance
      of the original ductile and brittle phases and their replacement by a
      single phase of an intermediate hydrogen content. The resulting body is
      highly dense, homogeneous, and of the same general properties and
      characteristics as one obtained through the more costly and time consuming
      massive hydriding.
PAR  For example, a zirconium hydride body having the formulation ZrH.sub.1.8
      can be obtained by mixing powders of ZrH.sub.2.0 and ZrH.sub.1.0, and warm
      swaging at a temperature sufficient to cause flow of the ZrH.sub.1.0
      phase, resulting in a nearly 100 percent dense matrix. In the course of
      the warm swaging (depending upon temperature), later processing, or actual
      service, the hydrogen homogenizes in the structure according to the
      following balanced reaction,
EQU  0.8ZrH.sub.2.0 + 0.2ZrH.sub.1.0 .fwdarw. ZrH.sub.1.8,
PAL  and the end product is the same as that achieved in massive hydriding.
      Similarly, if a final product ZrH.sub.1.6 were desired 40 percent
      ZrH.sub.1.0 would be blended with 60 percent ZrH.sub.2.0, or other
      balancing adjustments made in the hydrogen concentration of the powders or
      amounts used in the mixture.
PAR  The basis of the present invention is the utilization of a mixture of group
      IVB metal hydride powders of different hydrogen concentrations, in
      different phases, and with different physical properties. In order for
      powder metallurgical processing of such hydrides to be effective, one of
      two conditions must prevail: (1) the material must have sufficient
      ductility to allow it to flow in some type of forming operation, or (2) it
      must have enough thermal stability to be sintered at an elevated
      temperature. Group IBV hydrides containing high hydrogen concentration in
      the delta or epsilon phases (greater than about 60 atom percent hydrogen)
      have neither sufficient ductility nor sufficient thermal stability to make
      them amenable to powder compaction or sintering to high density, whereas
      the hydrides in the alpha + delta phase, below about 55 percent hydrogen,
      are ductile and will flow. The alpha + delta continues to 60 percent
      hydrogen, but between 55 percent and 60 percent hydrogen the material is
      insufficiently ductile for present purposes.
PAR  This feature is readily seen by reference to FIG. 1. Considering the
      elongation (ductility) of zirconium hydride as a function of hydrogen
      concentration at 600.degree. C., above about 60 atom percent hydrogen
      (ZrH.sub.1.5) the material exhibits no flow. Below about 55 atom percent
      hydrogen (ZrH.sub.1.2) and particularly below about 50 atom percent, the
      ductility increases significantly as the hydrogen content is lowered. The
      ductility of zirconium hydride is temperature dependent as well as
      hydrogen content dependent, as is seen in FIG. 2. With about 50 atom
      percent hydrogen the relatively good ductility at 600.degree. C.
      disappears below 400.degree. C. Further, there is practically no ductility
      with delta or epsilon phase zirconium hydride at any temperature where the
      decomposition pressure of the material is sufficiently low.
PAR  Another factor to be considered in any hot forming operation is the
      dissociation pressure of metal hydrides which are reversibly decomposed at
      elevated temperatures. Equilibrium decomposition pressure is related to
      both the temperature and the composition of the condensed phase. Above
      1260.degree. C. (the minimum temperature for sintering zirconium metal)
      the dissociation pressure of delta or epsilon hydride of any give hydrogen
      content is well in excess of 10 atmospheres. By mixing high hydrogen
      content material in the delta or epsilon phases, having low ductility and
      lack of thermal stability at high temperature, with powders in the alpha +
      delta phase containing less than about 55 atom percent hydrogen and
      displaying satisfactory ductility, a high density compact of high hydrogen
      content can be obtained in warm forming. Then, by utilizing the
      reversibility of the hydriding reaction, a single homogeneous phase of an
      intermediate hydrogen content is obtained.
PAR  Two of the principal parameters in the performance of the present invention
      are the ratio of original ductile to brittle phases, and the temperature
      of the forming operation. The ductile phase, containing less than about 55
      atom percent hydrogen, must be present in sufficient volume to go around
      the brittle phase and fill in all the interstices in order to achieve high
      final densities. At least about 10 percent of the ductile phase is
      required, while about 25 percent is preferred. The addition of nuclear
      fuel to the powder mixture does not increase the required concentration of
      the alpha + delta phase, since uranium metal is also ductile and will flow
      at forming temperatures. If the volumetric concentration of uranium is
      high, e.g., greater than about 10 volume percent, the concentration of the
      ductile phase may be reduced.
PAR  The forming temperature utilized must account for several factors. It must
      be high enough so that the ductile phase flows readily. However, if too
      high a temperature is used, homogenization of the mix may occur
      prematurely, eliminating the necessary ductile phase before forming is
      completed. Further, very high temperatures also lead to high hydrogen
      dissociation pressures in the material, which create containment problems.
      A temperature in the region of about 500-650.degree. C. is generally
      satisfactory, while a temperature of about 600.degree. C. is preferred.
PAR  The present invention is practiced in the following manner. Calculated
      amounts of Zr-ZrH.sub.1.2 composition powder are blended with ZrH.sub.1.5
      -ZrH.sub.2.0 powder by any conventional solid mixing process. Any required
      nuclear fuel, such as uranium, thorium, or plutonium, or burnable poison
      is added at this time. As used herein and in the appended claims,
      reference to the metal hydrides includes both the metal and alloys
      thereof, such as zirconium-uranium and mixtures of zirconium hydride and
      uranium, as well as mixtures containing small amounts of nuclear poisons.
      The blended powders are cold compacted such as by pressing or swaging, and
      then hot formed. The hot forming operation can be any known method such as
      rolling or swaging. (Cold compacting is not required prior to hot
      swaging.) The compact is contained in a sealed envelope during the hot
      forming operation to prevent oxidation and/or loss of hydrogen. After hot
      forming, the protective envelope may be retained as a cladding material,
      or it can be stripped off and the product reclad with a different
      material. A post hot-forming homogenization step may then be performed, if
      desired, at some temperature greater than about 650.degree. C., for
      example at 700.degree. C., but such may not be necessary. Homogenization
      is not necessary for a low temperature application since the dissociation
      pressure of the higher hydrogen content material is not excessive, and
      similarly for higher temperature applications homogenization may take
      place in situ during use.
PAR  The following specific examples are offered to illustrate the present
      invention in greater detail.
PAC  EXAMPLE I
PAR  Fifty grams of ZrH.sub.0.8 and 150 grams of ZrH.sub.1.9 powders were
      blended by passing several times through a 16-mesh screen and hand
      stirring after each pass. A 42.10-gram sample of the blended powders was
      cold compacted at 41.7 tsi to give a 0.205-inch by 0.890-inch .times.
      3.015-inch green compact. Stearic acid in acetone was used on the die
      walls to reduce friction, but no binder was added to the powder. The green
      compact was placed in a type 304 stainless steel hollow picture frame and
      0.084-inch thick cover plates welded on top and bottom. The picture frame
      and cover plates had been pre-oxidized to prevent bonding to the zirconium
      hydride. The assembled picture frame assembly and green compact were
      evacuated to vacuum through a side stem which was then pinched off. The
      pack was pre-heated for 30 minutes at 1100.degree. F. and rolled to about
      a 10 percent reduction in thickness. Two more passes with the same
      reduction were taken using a re-heat cycle of 10 minutes between passes.
      After cooling to room temperature, the cladding was stripped with an end
      mill, and small samples of the core taken for density determinations and
      hydrogen analyses. The density, determined by displacement in ethyl
      alcohol was found to be 5.57 gm./cm..sup.3. The hydrogen content as
      determined by weight loss in a vacuum at elevated temperature was 1.76
      weight percent, which corresponds to a composition of ZrH.sub.1.62. Since
      the X-ray density of ZrH.sub.1.62 is 5.645 gm./cm..sup.3, the compact had
      a density of 98.8 percent of theoretical.
PAC  EXAMPLE II
PAR  The procedure of Example I is followed. Ten grams of uranium metal powder
      are blended with 20 grams of ZrH.sub.0.8 powder and 70 grams of
      ZrH.sub.1.9 powder and cold compacted. The blending and die loading
      operations are carried out in an inert gas atmosphere to avoid oxidation
      of the finely divided uranium powder. After rolling at 1100.degree. F. a
      90 percent dense compact consisting of 10 weight percent uranium and 90
      weight percent ZrH.sub.1.65 is obtained.
PAR  The above examples are illustrative rather than restrictive of the
      invention. Within the scope of the invention procedural and compositional
      variations may be made. The present invention should be understood to be
      limited, therefore, only as is indicated by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of fabricating a group IVB metal hydride body having a hydrogen
      content of at least 55 atom percent and a high density, which comprises
      mixing together powders of said metal hydride having less than about 55
      atom percent hydrogen with powders of said metal hydride having at least
      about 60 atom percent hydrogen, and then hot forming the resulting mixture
      to cause flow of ductile powders and thereby give a high density compact.
NUM  2.
PAR  2. A method of forming a high density zirconium hydride body containing at
      least about 55 atom percent hydrogen, which comprises forming a powder
      mixture of zirconium hydride powders, said mixture containing about 10-25
      percent of powders having less than about 55 atom percent hydrogen and the
      remainder zirconium hydride powders containing at least about 60 atom
      percent hydrogen, and then hot forming the cold compacted body at a
      temperature of about 500.degree.-650.degree. C. in a non-oxidizing
      atmosphere.
NUM  3.
PAR  3. The method of claim 3 wherein nuclear fuel is blended with the zirconium
      hydride powder mixture prior to cold forming.
NUM  4.
PAR  4. A method of forming a zirconium hydride body containing at least about
      55 atom percent hydrogen of high density and uniform hydrogen content,
      which comprises blending zirconium hydride powders having less than about
      55 atom percent hydrogen with zirconium hydride powders having at least 60
      atom percent hydrogen, cold compacting the resulting powder mixture, hot
      forming the cold formed body at a temperature of about
      500.degree.-650.degree. C. in a non-oxidizing atmosphere to form a dense
      zirconium hydride body, and heating the resulting formed body at a
      temperature greater than about 650.degree. F., thereby forming a
      composition having a homogenous hydrogen concentration intermediate
      between the hydrogen concentration of said initial zirconium hydride
      powders.
NUM  5.
PAR  5. The method of claim 4 wherein the homogenization is conducted at a
      temperature of about 700.degree. C.
NUM  6.
PAR  6. A method of forming a zirconium hydride body having the formula
      ZrH.sub.1.8 which comprises mixing 80 percent ZrH.sub.2.0 powder with 20
      percent ZrH.sub.1.0 powder, cold compacting the resulting powder mixture,
      and hot rolling the resulting powder compact at a temperature of about
      600.degree. C., thereby achieving a body having a density of at least 98
      percent of theoretical, and then heating said body at a temperature of
      about 700.degree. C., to achieve uniform hydrogen distribution and the
      formula ZrH.sub.1.8.
NUM  7.
PAR  7. The method of forming a high density zirconium hydride body of high
      hydrogen concentration, which comprises forming a mixture of about 10-25
      weight percent Zr-ZrH.sub.1.2 powders and the remainder ZrH.sub.1.5
      -ZrH.sub.2.0 powders, and hot forming the resulting powder mixture at a
      temperature of about 500.degree.-650.degree. C. in a non-oxidizing
      atmosphere to cause flow of the ductile powders and thereby give a high
      density compact.
NUM  8.
PAR  8. A method of forming a high denstiy zirconium hydride body of high
      hydrogen concentration which comprises forming a mixture of about 10-25
      weight percent zirconium hydride powders in the ductile alpha.times.delta
      phase and the remainder zirconium hydride powders in the brittle
      delta.times.epsilon phase, and hot forming the resulting mixture at a
      temperature of about 500.degree.-650.degree. C. in a non-oxidizing
      atmosphere to cause flow of the ductile powders and yield a high density
      compact.
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ABST
PAL  A method of making sized refractory spheroids of magnesium oxide having
      consistent electrical resistance properties directly from particulate
      magnesium ore without crust and substantially free from contaminates by
      feeding particulate magnesium ore from a supply reservoir into a plasma
      zone of a plasma generator capable of melting particulate solids from the
      outside inwardly. The melted particles of the refractory magnesium ore are
      collected directly from the plasma zone in individual particulate and
      substantially spherical forms.
PARN
PAR  This is a continuation, division, of application Serial No. 140,779 filed
      May 6, 1971 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The advantages of utilizing magnesium oxide as an electrical insulator are
      well known and because of the many advantages which derive from using this
      compound, a wide variety of electrical insulators are presently formed
      from materials which contain a substantial amount of magnesium oxide. One
      typical prior art procedure for producing such insulators is to introduce
      a raw material containing magnesium oxide into a three phase electric arc
      furnace. The raw materials generally used are magnesium ores such as
      magnesite, periclase, dolomite, kieserite, epsomite, carnalite, asbestos,
      talc and other minerals. These ores generally are calcined prior to fusion
      so that in substance the oxides of the ores are fused. The three phase
      furnace contains an eletric arc located in the center of the furnace to
      fuse the magnesium oxide.
PAR  However, with this apparatus the particulate refractory magnesium oxide
      ores when heated by the arc form a molten mass which becomes the inner
      core which is surrounded by a layer of material encapsulating the mass
      which is generally referred to as the "crust" and "fall-off." Only the
      portion of the foregoing mass referred to as the core is immediately
      usable in subsequent stages of the insulator producing process since it is
      the only part having been completely fused and only in the core have a
      sufficient amount of impurities been driven off. The crust and fall-off
      must be removed from the core, and some of it may be recycled back into
      the electric arc furnace.
PAR  The reason why such a mass is formed is that electrically conductive
      materials tend to form part of the arc circuit, with the result that the
      material is heated first on the inside and then, as the heat is conducted
      outwardly of each particle, the outside is heated last. Another result of
      this inside-outwardly heat transfer is the uneven heating of the particles
      and, therefore, the material as a whole tends to form a crust of lower
      quality which acts as a heat insulator to protect the wall from
      overheating. This crust also tends to trap the impurities in the particles
      which are vaporized near the center and redeposited (by sublimation) in
      the cooler crust. This disadvantage also exists in electrically
      nonconductive materials, such as unfused magnesium oxide, because such
      materials tend to interfere with the conductivity and enclose the electric
      arc so as to reduce the heating effect by a reduction in the flow of
      electric current even to the point of extinguishing the arc on occasions.
PAR  In the foregoing prior art process for producing usable insulating
      particles from magnesium oxide, the core material once cooled is broken
      with suitable equipment, such as a hammer, or a jaw crusher. The crushed
      material thereafter is passed into an impactor to produce a substantially
      pure magnesium oxide material or "grain" as it is commonly called. The
      grain is then passed through screens to remove oversized particles and is
      also subjected to a magnetic field which removes any magnetic impurities.
PAR  After a series of additional steps, which need not be described in order to
      understand the present invention, the magnesium oxide is classified into
      various sizes, blended and packaged for further use.
PAR  Since the range of the size of grain produced is advantageously narrower by
      utilizing the present process as compared to the known prior art
      processes, a description of the significance of grain size follows.
PAR  The ideal magnesium oxide insulator would be composed of 100% pure
      magnesium oxide particles which may easily and readily be closely packed
      to produce a very dense pure substance. However, the achievement of such a
      pure insulator would be an extremely costly process. Therefore, some
      compromise has to be made as to whether or not to obtain an expensive pure
      insulating material or as an alternative an acceptable insulating material
      at a more reasonable cost.
PAR  The physical property normally utilized to evaluate the usefulness of a
      magnesium oxide containing material is density. Although the density of
      pure magnesium oxide is approximately 3.58, grains of magnesium oxide
      having a bulk density within the range of between 2.38-2.42 g/cc are
      usable for forming insulators. A typical range obtainable from the
      foregoing prior art process is 2.38-2.40 g/cc with 2.38 g/cc being the
      most common bulk density of the packed grains produced from the foregoing
      process.
PAR  In order to obtain a usable insulating material from the foregoing process,
      within the foregoing bulk desity range of 2.38-2.42 g/cc, the magnesium
      oxide grains are classified into various sizes according to minimum
      cross-sectional dimensions.
PAR  The prior art process results in grains with sizes from 40 mesh to less
      than 325 mesh, (U.S. Sieve Series), making it necessary to blend the
      grains by particle size, such as in accordance with the following table
      illustrating a typical blend:
TBL                Table 1                                                     
     ______________________________________                                    
                      % of Grain Utilized to                                   
     Mesh Size        Produce Usable Blend                                     
     ______________________________________                                    
     40               20                                                       
     50               15                                                       
     60                                                                        
     80               52                                                       
     200                                                                       
     325              8                                                        
     &lt;325             5                                                        
                      100                                                      
     ______________________________________                                    
PAR  It is, of course, desirable to provide a process wherein the size of the
      grain produced is within a narrower range and where substantially all of
      the grains produced in the melting step can be used to form insulators. It
      is also desirable to reduce the number of particle size-reduction steps in
      the foregoing process, notably the hammering, crushing and impacting steps
      and yield a material from which insulators could be formed.
PAR  A further disadvantage which results from utilizing electric arc type
      furnaces is that the arc is developed between the electrodes and thus does
      not extend beyond this very limited area. A still further disadvantage of
      electric arc melting is that incomplete combustion of the carbon
      electrodes permits introduction of carbon as an impurity to the solidified
      fused magnesia, which impurity would have to be oxidized out in a
      post-fusion step to obtain the highest quality insulation.
PAR  It has been suggested that a flame type apparatus would overcome the
      disadvantage of the electric arc furnace created by the limited heating
      area of the arc. The word "flame" has been used in this art to denote the
      heating zone produced by one or more gases, as contrasted with the word
      "furnace" used to refer to an electric arc device. However, a flame type
      apparatus has a temperature limitation which renders it impractical. The
      hottest flame type apparatus has been the oxygen-acetylene combination,
      and the temperature achieved by it is limited to about 5,000.degree. F.
      Somewhat higher temperatures may be achieved by other gas combinations, or
      by preheating the fuels, but those generally are not available
      commercially and are uneconomical.
PAR  Many other devices have been proposed for overcoming the limited heating
      area disadvantage of the electric arc. However, such devices also have not
      been particularly effective or commercially feasible.
PAR  Therefore, the electric arc apparatus has been and still is the principal
      source of the heat required for producing fused magnesium oxide for
      electrical insulators.
PAR  In any fusion process for producing high quality fused magnesium oxide,
      regardless of the type of furnace used, the system must be capable of
      fusing the material and maintaining the particulate nature of the
      material. Furthermore, fusing must be accomplished without contamination
      from carbon and must result in the production of a grain wherein each
      grain has substantially the same chemical composition and consistency of
      electrical resistance. It should be further possible to fuse a material
      and obtain a flow characteristic of a liquid.
PAC  SUMMARY
PAR  The process of the prior art is greatly improved in accordance with the
      present invention by utilizing the plasma zone of a plasma generator in
      the melting process. By melting in a plasma zone the fused material may be
      utilized directly after leaving the plasma zone where it is thereafter
      classified and blended. Furthermore, by melting in a plasma zone, it is
      possible to obtain an acceptable density, i.e. 2.38-2.40 g/cc of magnesium
      oxide and produce grains within the range of 40 to 325 mesh, but with a
      majority within the range of 80 to 200 mesh.
PAR  Accordingly, it is an object of the present invention to provide a novel
      method of producing an insulating material from magnesium oxide.
PAR  It is a further object of the present invention to provide a method for
      fusing magnesium oxide to form a particulate material.
PAR  It is a still further object of the present invention to provide a fusion
      process for magnesium oxide which results in a material which is
      substantially free from carbon.
PAR  It is an even further object of the present invention to provide a fusion
      process whereby grains are produced which have substantially identical
      chemical compositions and a constant electrical resistance.
PAR  It is another object of the present invention to provide a fusion process
      wherein particulate materials will be fused and result in a material
      having the flow characteristics approaching that of a liquid.
PAR  It is yet another object of the present invention to provide a process
      producing grains of magnesium oxide where the size of the majority of the
      grains produced is between the range of eighty and two hundred mesh.
PAR  A still further object of the present invention is to provide a fusion
      process for producing refractory spheroids of magnesium oxide without the
      necessity of hammering, crushing, impacting or performing other steps
      necessary to yield a material of suitable size.
PAR  Another object of the present invention is to provide a fusion method
      whereby each individual grain is fused independently, causing volatilized
      impurities to escape without being entrapped or redeposited on adjacent
      grains.
PAR  Yet another object of the present invention is to provide a process for
      producing spheroids of magnesium oxide wherein the spheroids are collected
      directly from the heating zone and are in individual and particulate form.
PAR  An important object of the invention is to provide a fusion method by which
      substantially all of the raw material is fused, eliminating crust and
      fall-off that collect impurities.
PAR  It is still another object of the invention to provide a fusion method for
      producing magnesium oxide spheroids in which lower melting contaminants
      tend to be concentrated at the center of each particle, the exterior being
      a high purity zone of magnesium oxide with improved electrical resistance
      and melting point.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE of the drawing is a schematic diagram illustrating the
      process of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is a method of producing sized refractory spheroids
      of magnesium oxide and includes the step of feeding particulate magnesium
      ore into a plasma zone of a plasma generator. The term "plasma" as used in
      this art is a term which describes the phenomena which occurs when an
      electric arc is discharged in an ionized gas. The result of such a
      discharge is an intensely hot flame commonly termed a plasma. In the
      ordinary plasma, generator gases which are heated electrically with an arc
      are blown through an container that surrounds the arc.
PAR  A typical conventional plasma generator which may be employed for melting
      the magnesium oxide containing material in accordance with the present
      invention is shown in the sole figure of the drawing which uses an intense
      electromagnetic field to heat gases without hot electrodes. The basic
      advantages of the generator, from the standpoint of heating solids and
      gases, include absolute freedom from contamination. Since no electrodes
      are used the materials of the generator itself can remain at water cooled
      temperatures. Also, the walls can be constructed of almost any material,
      ranging from quartz to nickel, hence, reactive gases can be handled with
      ease. In addition, this generator produces relatively large arc diameters.
      These large diameters result in velocities as low as 1-2 ft./sec. and
      concomitantly long residence time.
PAR  It should be understood, however, that other plasma generators are suitable
      for use in the present invention such as the subject of U.S. Pat. No.
      2,922,869, U.S. Reissue No. 25,088 and U.S. Pat. No. 3,560,074, the
      teachings of which are incorporated herein by reference. However, the
      electromagnetic field type generator or radio frequency (RF) plasma
      generator are advantageously employed because they do not require the use
      of electrodes and thus carbon-free magnesium oxide of extremely high
      purity results.
PAR  Magnesium oxide can be introduced into the plasma generator by various
      means depending on the form of the generator in use. The essential
      requirement is that the magnesium oxide is melted from the outside
      inwardly in the generator and then rapidly, and as uniformly as possible,
      cooled. When an RF generator is employed the magnesium oxide is
      conveniently passed down the whole length of a vertically mounted plasma
      generator and can be fed into the top of the generator using a vibrator
      feeder or entrained in a plasma forming or carrier gas.
PAR  When a direct current (d-c) or low frequency alternating current (a-c)
      plasma generator is employed having electrodes the magnesium oxide may be
      introduced into the arc or into a zone in the tail flame sufficiently hot
      to melt the magnesium oxide. Again the magnesium oxide may be fed to the
      generator using a vibrator and/or entrained in a gas feed.
PAR  The controlled cooling can be achieved by feeding into the tail flame of
      the generator carrying the vaporized magnesium oxide a sufficient quantity
      of cooling gas to ensure rapid and uniform cooling of the magnesium oxide
      to produce the spherical particles. Care must be taken to ensure that no
      undue back pressure is induced into the generator and conveniently the
      cooling is provided by directing a number of jets of cooling gas from an
      annular manifold, extending round the path of the tail flame, into the
      tail flame in its direction of flow and at an angle of about 45.degree. to
      the axis of the plasma tail flame.
PAR  Referring to the drawing, generator 10 is comprised of a collection chamber
      12 which is formed of inner wall 14 and outer wall 16. The walls 14 and 16
      are spaced so that a coolant such as water may be continuously circulated
      therethrough. The generator itself has a central opening 18 in the upper
      portion thereof over which is positioned a hopper 20 for feeding particles
      into the generator. The generator also contains a conduit 22 for
      introducing the gases into the generator for the production of the plasma.
      The upper portion of the generator is fitted with a collar 24 which forms
      the opening 18. Within the collar is a high frequency induction coil 28.
      In operation any type of arc forming gas is discharged into the area
      defined by collar 24 and ionized by induction coil 28 to produce a plasma
      flame 40 within the plasma generator. While the flame is being produced,
      irregularly shaped particles of magnesium oxide raw material are fed into
      the plasma flame by being discharged from the hopper. The intense energy
      of the plasma flame fuses the irregularly shaped material into particles
      having substantially spherical forms.
PAR  The induction coil 28 of the plasma generator is directly coupled to a
      radio frequency generator operating at, for example, 4 megacycles per
      second. At the bottom of the plasma generator there is provided a cooling
      unit comprising an annular plenum chamber or manifold 26.
PAR  In the preferred embodiment of the present invention, collection chamber 12
      is about 5 feet in diameter and 16-20 feet high and operates at
      substantially atmospheric pressure. The plasma is 3 inches in diameter and
      about 9 inches long.
PAR  In operation, after the plasma has formed, magnesium oxide raw material 30
      is fed into the generator at a fixed rate. As stated above, the magnesium
      oxide raw material 30 can be fed into the plasma generator by means of a
      vibrator feeder. However, for ease of understanding the present invention,
      a simple hopper 20 is shown in the drawing. In this regard, a feeding
      means such as a hopper is satisfactory for practicing the present
      invention. Such a device can be constructed with an orifice of a
      predetermined diameter which enables the raw material to fall into the
      generator at a predetermined rate once the hopper is loaded.
      Alternatively, the feed can be entraled in the plasma forming or carrier
      gas. In one example, for each pound per hour of feed delivered into the
      generator, 8 s.c.f.h. (standard cubic foot per hour) of argon was
      utilized. When the foregoing feed and carrier gas flow rates are utilized,
      it is advantageous to feed a stabilizer gas made up of oxygen and argon
      into the generator at 25 s.c.f.h. and 20 s.c.f.h. respectively. When it is
      preferred to entrail the feed with a carrier gas the generator itself is
      modified to have an appropriate number of conduits, such as conduit 22 to
      enable feed entrailment in a gas flow. When the feed rate of raw material
      is increased, the foregoing gas flow rates are increased proportionally.
      These features, however, are well recognized by those skilled in the art.
PAR  Determination of an appropriate feed rate depends upon three factors. The
      first factor is the particle size that is being injected into the plasma
      zone. The second factor is the size of the plasma zone. In this regard,
      the larger the plasma zone the faster feed can be fed into the generator.
      The important consideration is that the magnesium oxide material fuses
      from the outside inwardly vaporizing impurities on the outside of the
      feed. Thus, for the size of the plasma flame indicated above, i.e. 3
      inches in diameter and 9 inches in length and having a temperature within
      the range of 10,000-30,000.degree. F a feed rate of approximately 40
      lb./hr. of magnesium oxide particulate feed stock of a particulate size of
      20 mesh and smaller is effective to melt 100% of the feed particles and
      achieve high purity magnesium oxide spheres having the properties which
      are the objects of the present invention.
PAR  A third factor to be considered is the temperature of the plasma itself. In
      accordance with the present invention the magnesium oxide particles are
      effectively treated by being passed through a plasma zone having a
      temperature within the range of at least 5,000.degree.-30,000.degree. F,
      with 30,000.degree. F being the preferred temperature of the plasma zone
      through which the raw material falls. In one case satisfactory results
      were achieved by melting a particulate magnesium oxide feed stock where
      the particles were in the order of 20 mesh and smaller by feeding the raw
      material at a rate of approximately 40 lb./hr. through a plasma zone with
      a temperature of about 30,000.degree. F. In this case the plasma zone was
      3 inches in diameter and 9 inches in length.
PAR  In one important embodiment of the invention improved results are obtained
      when the spheres 32 formed in the plasma generator are cooled in flight.
      It has been found that in order for effective cooling of the melted
      magnesium oxide to occur the spheres must be cooled to a temperature of
      about 5,000.degree. F or less. The distance through which the spheres are
      allowed to fall should be sufficient to permit the molten spheres to
      become solid before striking any object which might tend to distort them.
      This cooling can be accomplished in a number of ways. The most effective
      way, however, is to allow each sphere to free fall in an ambient
      temperature for about 1 second before being collected. Cooling may also be
      accomplished by providing a refrigerated zone for the spheres to fall
      through. In this embodiment, although the spheres are solidified, the
      material has flow characteristics approaching that of a liquid.
PAR  In one important embodiment of the invention the magnesium oxide spheres
      are collected on a ceramic plate formed from magnesium oxide. With the
      utilization of such a magnesium oxide collecting plate, cooling to less
      than 5,000.degree. F is effective. However, if the chamber 26 is formed of
      cast iron or some other similar material the magnesium oxide spheres would
      have to be cooled to a temperature much less than 5,000.degree. F, i.e.
      about 2,000.degree. F or else some impurities might be picked up by the
      spheres which are produced in the plasma zone from the chamber itself.
PAR  A further feature of the present invention is that the spheres that are
      formed in the plasma generator can be collected directly by an
      insulator-forming mold while in a molten state. With this embodiment the
      flight of the spheres leaving the plasma generator is controlled so that
      they are still molten when they are collected by the insulator forming
      mold. Thus, in this embodiment the spheres are only allowed to cool to a
      temperature of about 6,000.degree. F. This embodiment enables a direct
      bond of the spheres produced in the plasma zone to achieve the formation
      of a high purity sintered ceramic formed of magnesium oxide. It is to be
      understood, however, that it is the formation of the high purity spheres
      in the plasma generator that enables the production of a direct bonded
      refractory insulator.
PAR  In accordance with the present invention it has been discovered that by
      utilizing a plasma generator a starting material of relatively poor
      quality can be utilized. In this regard, such starting material after
      being crushed into particulate form of 20 mesh or smaller is directly
      usable as the raw material and results in a high grade insulating
      material.
PAR  As stated above, it is the formation of high purity spheres of appropriate
      size, a majority being preferably within the range of 80-200 mesh, which
      enables the production of high purity magnesium oxide grains or the
      production of a direct bonded magnesium oxide insulator. By following any
      of the procedures set forth in this specification, such spheres are
      produced after the feed stock falls through the plasma zone. Any
      impurities which would normally be present in the outer portions of the
      spheres which are formed are vaporized and thereby eliminated from the
      material. Impurities which are in the inner portion of the spheres that
      are formed, which are not vaporized, are trapped therein due to the sudden
      temperature drop during free fall and thus do not appreciably affect the
      utilization of the spheres as grain or as a material for a direct bonded
      insulator.
PAR  In accordance with the present invention the following test was run to
      determine the percent distribution in mesh size of the spheroids resulting
      from the process.
PAR  The starting material was a Standard Lime Company raw material commonly
      used for the production of fused magnesium oxide grain. It is to be
      understood, however, that any starting material commonly used for making
      magnesium oxide insulators can be utilized in the present process. Thus,
      the choice of such a starting material forms no part of the invention. The
      particle size of the raw material was 20 mesh and smaller. The foregoing
      feed stock was fed into the plasma generator at the rate of 150 g/sec. The
      generator utilized was a generator similar to the embodiment shown in the
      drawing with a plasma zone 3 inches in diameter and 9 inches in length.
      The temperature of the plasma zone was about 30,000.degree. F. The
      spheroids produced in the plasma zone were allowed to completely solidify
      in flight. The particle size range of the spheroids produced in this test
      are shown in the table below:
TBL                Table 2                                                     
     ______________________________________                                    
                      % Distribution in Mesh                                   
     Mesh Size        Size of the Spheroids                                    
     ______________________________________                                    
     50               0.20                                                     
     60               0.10                                                     
     80               28.00                                                    
     100              35.00                                                    
     140              26.00                                                    
     170              5.90                                                     
     200              2.50                                                     
     325              2.60                                                     
     &lt;325             0.12                                                     
                      Total 100.42                                             
     ______________________________________                                    
PAR  In addition to the distribution of particle size of the resulting spheroids
      being greatly improved in accordance with the present invention over the
      results obtainable using prior art techniques, the bulk density of the
      resulting spheroids was determined to be greater than 2.38 and the
      spheroids were carbon free. Thus, by melting the feed material from the
      outside inwardly as taught herein, the objects of the present invention
      are achieved.
PAR  A comparison of the important properties of the spheroids produced by the
      present invention with properties which result from a prior art process,
      both utilizing the same starting material, is given in Table 3 below:
TBL                Table 3                                                     
     ______________________________________                                    
                               Fusion by                                       
                    Fusion by the                                              
                               Prior                                           
                    Present Inven-                                             
                               Inside-Out,                                     
                    tion       3 Phase                                         
     ______________________________________                                    
     Bulk Packed Density (g/cc)                                                
                      2.38         2.38                                        
     Flow Time in seconds of a                                                 
     100 gram sample through a                                                 
     0.086 inch orifice                                                        
                      150          200-205                                     
     Electrical Resistance at                                                  
     822.degree. C (megaohms-in.)                                              
                      9.4          3.0                                         
     Sinter Index     274          500-1000                                    
     ______________________________________                                    
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of producing sized refractory spheroids of magnesium oxide
      directly from crushed particulate magnesium oxide containing material, so
      as to increase the electrical resistivity of said material comprising:
PA1  a. feeding a quantity of said crushed magnesium oxide containing material
      for a supply reservoir into a plasma zone of a plasma generator capable of
      melting particulate solids from the outside inwardly;
PA1  b. heating said material in said plasma zone to melt said material from the
      outside inwardly to form individual particulate substantially spherical
      shaped spheroids;
PA1  c. cooling said spheroids in flight to about 5,000.degree. F or less to
      solidify same;
PA1  d. collecting said solidified spheroids.
NUM  2.
PAR  2. The method as claimed in claim 1 wherein the size of the particulate
      magnesium oxide is 20 mesh or smaller and wherein the majority of the
      spheroids formed are in a size range between 80-200 mesh.
NUM  3.
PAR  3. The method as claimed in claim 1 wherein the temperature of the plasma
      zone is in the range of 5,000.degree.-30,000.degree. F.
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ABST
PAL  Molding is performed by directing streams of comminuted plastic material
      against surfaces of a heated form or mold, while repeatedly sweeping the
      form or mold across the streams, progressively depositing the material in
      one or more predetermined zones, so that the material assimilates
      progressively along the form or mold surfaces. Apparatus for so molding
      large receptacles, such as drum liners, includes a series of open molds
      supported on a turntable for rotation of the molds about their horizontal
      axes, with the open ends facing radially outward. The table is indexed
      relative to the various stations, at which successive steps of preheating,
      deposition, post-heating, cooling and stripping are performed. The
      deposition apparatus is on a carriage reciprocable radially of the table.
      A roll unit and several spray units direct streams of the material against
      the mold surfaces while the mold is rotated and maintained at a
      temperature suitable for incipient fusion of all the material
      substantially instantaneously upon impingement, so that the material
      adheres and fuses where deposited on the mold surfaces. When deposition is
      complete the mold passes through an arcuate oven overlying a sector of the
      table, for final sintering. The mold is then quenched, setting the
      material, whereafter the finished article is stripped from the mold.
PARN
PAR  This is a continuation of Ser. No. 821,337, filed May 2, 1969, now
      abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to sinter molding of plastic articles, more
      particularly a method for molding or forming without pressure, as in open
      molds. The manufacture of self-supporting plastic liners for fiber drums
      is representative of the uses to which the method of the invention is
      directed.
PAR  2. The Prior Art
PAR  It has been proposed to produce plastic articles by sinter molding, as by
      spraying or scattering material on a heated form or mold. However, the
      prior methods and apparatus do not achieve consistently uniform results,
      particularly in forming receptacle walls. Proposed prior methods and
      apparatus are principally deficient in that they do not provide regular,
      co-ordinated deposition and fusion for progressive assimilation along the
      form or mold surface, so that material is erratically distributed, the
      condition being aggravated by spalling and slumping. The resultant
      articles are generally characterized by non-homogeneity, voids, thin
      spots, porosity, poor physical properties, section and thickness
      irregularity, and like defects. Attempts to overcome these defects by
      excess charging, centrifuging and similar expedients, have proved
      ineffective, because they do not mitigate the effects or irregularity to
      incipient sintering, the material being only moderately fluent when
      sintered. Further, such expedients prove generally uneconomical, in that a
      substantial excess of the material must be deposited, involving bulky
      apparatus, protracted deposition time, and recirculation or reclamation of
      a large proportion of material which does not assimilate upon initial
      deposit.
PAR  Large receptacles, such as drum liners, have generally been produced by
      working latex on mandrels, or by vacuum-forming elastomer sheet stock, and
      then vulcanizing or curing. Such methods have proved costly and not
      entirely satisfactory. Limitations of material selection, high
      manufacturing cost and limited adaptability of the process often preclude
      obtaining the most suitable chemical and physical properties.
      Considerations of economy in manufacture and installation, and
      conservation of fill-space in the lined article generally dictate that the
      liners be only so thick as is necessary for desired protection, on the
      order of one thirty-second to one-sixteenth inch thick. With prior art
      materials and manufacturing techniques, large liners having a thickness of
      the order indicated are generally not self-supporting, are difficult to
      handle and ship, often do not fit the drum with sufficient accuracy, and
      are therefore excessively subject to damage in handling, shipment and in
      use. Losses, delays and high cost are frequently aggravated by the
      circumstance that specialized sources of liner supply may be remote from
      the site at which the drums or other finished articles are manufactured.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a method for sinter molding
      without pressure to produce plastic articles from comminuted material in a
      satisfactory and economical manner.
PAR  It is a further object of this invention to provide a method for
      manufacturing large receptacles by depositing and sintering comminuted
      material in open molds, in a manner to assure reproduceably accurate
      formation of the article to close tolerances, with uniform thickness or
      section around the article, according to exacting requirements for
      strength, durability, and imperviousness.
PAR  It is a still further object to provide an open-mold sinter molding method
      for economically mass-producing large thin-walled receptacles having full
      sections of varying thickness, with a high degree of section uniformity
      around the circumference.
PAR  The foregoing and other obects and advantages of the invention are achieved
      by means of a novel method particularly adapted to an automatic process by
      which high production rates can be economically obtained in a relatively
      compact and closely integrated installation.
PAR  To accomplish the foregoing and other objects and advantages, this
      invention provides a method of sinter molding wherein dense streams of
      comminuted material are directed into predetermined zones to effect
      instantaneous impingement on portions of the form or mold surface, while
      repeatedly sweeping the heated form or mold across the streams in a
      predetermined path to effect progressive deposition and assimilation along
      the surface. The deposition rate, temperature and sweep rate are
      co-ordinated to achieve incipient fusion of all the material virtually
      instantaneously upon deposit, so that particles of the material adhere and
      cohere at their respective points of impingement, and assimilation
      proceeds progressively on and along the surface without dislocation or
      shift of the material. With provision in the method for coordinating the
      patterns and rates of several units depositing simultaneously, the
      invention is well adapted to mass-production of large, thin-walled
      receptacles, such as drum liners, with wall sections selectively varied to
      suit particular structural and service requirements, for example with a
      bottom thicker than the sidewall. After final sintering and cooling, the
      resultant articles exhibit a high degree of homogeneity, imperviousness,
      smoothness and regularity of wall section within close tolerances.
PAR  In one embodiment of the method invention a heated, open mold of the
      desired cavity configuration is rotated with its axis horizontal, while
      comminuted plastic material is deposited along the mold cavity surfaces.
      The deposition pattern and rate are established for progressively building
      a deposit of the required thickness during a prescribed number of mold
      revolutions, the deposition rate corresponding to the rate at which the
      particles incipiently fuse and coalesce. The rotational speed of the mold
      is less than that which effects churning. The mold is preheated and then
      maintained at the optimum temperature for quick fusion of the material.
      Deposition is performed by means of a downwardly directed stream from a
      roll unit and streams from spray units, the units being selected and
      arranged according to the size and configuration of the article.
      Electrostatic charges are applied to some of the material, such as
      portions deposited on walls in vertical planes, to supplement the fusion
      adherence effects, thereby assuring controlled distribution and build-up
      and minimizing losses or dislocation by slump or fall-off. Sintering is
      completed by passing the mold through an oven, whereafter the mold is
      cooled to set the material and the article is stripped from the mold.
PAR  For automated production, the apparatus components are arranged upon and
      around a turret or turntable, which is indexed to move each mold from
      station to station. The station operations are so timed and implemented
      that a given dwell period is suitable for the optimum performance of each
      operation, thus minimizing idle-station time.
PAR  The molds are supported on rollers, each mold being coupled to a motor. The
      molds rotate continuously throughout the cycle except when stopped to
      remove the articles. A control system is provided for fully automatic
      production, the only manual work being that of stripping the article. The
      controls may be switched over to semi-automatic or manual operation for
      set-up, checking and adjustment.
PAR  Sectional, strip burners at the preheat and deposition stations are
      zone-controlled by pyrometers to insure uniform heating. The deposition
      unit is mounted on a reciprocable carriage, which moves into and out of
      the mold radially of the turntable. The arcuate oven encompasses a segment
      of the table, constituting three post-heating stations in the cycle. The
      lower portion of the inner oven wall is formed by wall sections carried on
      the table around its entire circumference inwardly of the molds,
      maintaining continuous oven sidewall closure, while accommodating the mold
      drive shaft. A waterfall jet sprinkler at the cooling station quenches the
      mold preparatory to stripping the article.
PAR  The foregoing and other objects, advantages, and details of the invention
      are explained more fully in the ensuing description and the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation of a drum liner, representative of articles which
      can be produced with the method and apparatus of this invention;
PAR  FIG. 2 is a schematic plan view of apparatus for sinter molding articles
      according to this invention;
PAR  FIG. 3 is a perspective view of the deposition station, as seen looking
      generally outwardly from the mold table;
PAR  FIG. 4 is an enlarged fragmentary plan view of one sector of the table
      shown in FIG. 2, showing details of the mold support;
PAR  FIG. 5 is a side elevation of the deposition station with the deposition
      carriage forward, the mold being in section radially of the table, to show
      relationship of the mold, table and deposition apparatus during
      deposition;
PAR  FIG. 6 is a foreshortened section through a portion of the deposition
      equipment carriage, taken on line 6--6 of FIG. 2, showing the arrangement
      of the sifting apparatus;
PAR  FIG. 7 is a transverse section through the sifting deposition unit, taken
      on line 7--7 of FIG. 5;
PAR  FIG. 8 is a plan view, partly broken away, showing construction of a spray
      nozzle;
PAR  FIG. 9 is a schematic and diagrammatic layout of a purging arrangement for
      the spray deposition system;
PAR  FIG. 10 is a schematic section on line 10--10 of FIG. 2, showing the oven
      air circulation system;
PAR  FIG. 11 is a fragmentary section through the table side of the oven,
      showing the arrangement for movable closing sectors and the table;
PAR  FIG. 12 is a perspective view of the cooling station, viewed generally
      inwardly of the table; and
PAR  FIG. 13 is a block diagram showing the automatic control system for
      apparatus shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The article shown in FIG. 1 is representative of products for which the
      method of this invention is particularly intended. The article here shown
      is a drum liner 10, of a style used in fiber drums intended for storage
      and transportation of chemicals and other materials which may attack or
      permeate the paperboard or similar materials of which such drums are
      usually made. Similar liners for metal drums, and articles such as tanks,
      vats, pails and other receptacles, are also contemplated within the scope
      of articles which can be manufactured according to this invention. The
      invention is also adaptable to in situ lining of pipes, tanks and other
      vessels or receptacles.
PAR  Liner 10 comprises a generally cylindrical or tubular side wall 11, a
      bottom end wall 12, and a peripheral chime 13. The configuration is
      designed for close conformity to all interiorly exposed surfaces of the
      drum to which liner 10 is to be applied, the liner chime 13 being engaged
      and sealed by the drum lid. Wall corrugations 14 provide sidewall
      extension to safely accommodate shock loads and weight of fill.
PAR  The configuration of the liner 10 presents a difficult problem of
      manufacture, considering the size and proportions usually involved.
      Representative dimensions of liner 10 are 21/2 feet diameter .times. 31/2
      feet long. A representative basic body wall thickness is on the order of
      one thirty-second inch. Considerations of handling, transportation,
      installation and use of the liner 10 may require a variation in wall
      thickness from that maintained in the body 11. For example, it is
      desirable to hold a thickness of as much as one sixty-fourth inch greater
      at the bottom radius 15 and in the corrugations 14, to strengthen those
      areas, while maintaining the thickness somewhat less than the basic value
      in the region of the chime 13, for the sake of desirable flexibility and
      seal characteristics. Thus, production of articles such as the drum liner
      10 involves precision forming of a varying, thin wall.
PAR  The general layout of preferred apparatus for practicing the method of this
      invention is shown in FIG. 2. The apparatus here shown is that preferred
      for high-volume production, although it will be understood that the method
      may be practiced with other arrangements of apparatus for low or medium
      volume production, according to economic considerations involved with a
      particular article and its production requirements. In outline, the steps
      consist of material deposition, sintering, cooling, and stripping.
PAR  In the apparatus shown in FIG. 2, molds 16 are equally spaced around a
      table 17. The molds 16 are essentially replicas of the drums for which
      liners 10, FIG. 1, are intended. The molds are designed to suit the
      mechanical requirements of the operation, the cavities being dimensioned
      with due allowance for the shrinkage characteristic of the particular
      material to be molded. Molds 16 rest on table 17 with their axes
      horizontal, radially of table 17, with open ends 18 facing out. The molds
      are supported for rotation about their axes, a preferred support being
      subsequently shown and described herein. Hubs 19 are fixed to the mold
      bottoms 20, with a drive 21 coupling each mold 16 to a motor 22, which is
      affixed to table 17.
PAR  Table 17 is supported on a column 23, about which the table is indexed to
      present each mold 16 in succession at each of eight stations, lettered
      A-H. Table 17 dwells after each index, with a mold at each station. The
      cycle program is as follows:
TBL  STATION        OPERATION                                                  
     ______________________________________                                    
     A              Preheat Mold                                               
     B              Deposit Material, Pre-Sinter                               
     C              Sinter I )                                                 
     D              Sinter II ) Post-Heat Mold                                 
     E              Sinter III)                                                
     F              Quench                                                     
     G              Strip Article From Mold                                    
     H              Idle                                                       
     ______________________________________                                    
PAL  In the illustrative example, the station arrangement and cycle timing are
      selected for operation balance with seven operating stations. Idle station
      H is provided for the purpose of changing and servicing molds and
      appurtenant apparatus, the molds being there clear of operating station
      apparatus and thus more accessible. When it is desired to change molds for
      producing an article of different size or type, table 17 need merely be
      indexed under manual control to bring each mold placement successively to
      station H and dwell there for the time sufficient to make the change.
      Similar procedure may be followed for repairs, reconditioning, or other
      service on the mold assembly. The eighth station and corresponding
      additional mold assembly also afford symmetry and mechanical balance of
      the entire table assembly.
PAC  GENERAL METHOD AND MACHINE
PAR  It should be understood that particular values or parameters of operating
      conditions are those obtaining with the exemplary article of FIG. 1 and
      apparatus of FIG. 2, by way of illustration, not as limitations. It will
      be obvious in the course of the description that other values or
      parameters may obtain with articles of different types or sizes and other
      arrangements of apparatus to which the method of this invention is
      adaptable.
PAR  Referring again to FIG. 2 and the operations chart given above, the method
      will be described as practiced for producing the drum liner shown in FIG.
      1 according to the operations scheme shown in FIG. 2. A representative
      suitable material is powdered polyethylene, such as type MN703, MN739X, or
      a blend thereof, as manufactured by U.S. Industries, Inc. Other sinterable
      plastic materials can be used, according to the dimension and physical
      properties of the article to be produced.
PAR  During operations at stations from A to F inclusive, mold 16 is revolving
      on its axis at 18 rpm. At station A the mold is preheated to a temperature
      of about 180.degree. F., somewhat below the fusion temperature of the raw
      powder. With the mold 16 revolving, quick, even heating is achieved by
      using gas-fired strip burners 24 and 25, the former extending radially of
      the table in a plane just below the plane of the table and the latter
      being positioned immediately behind the mold and extending radially
      thereof.
PAR  As hereafter shown, table 17 is of skeletal construction, exposing mold 16
      directly to the flame of burner 24. Burner 25 may be suspended, with its
      piping and controls thus clear of the table assembly. In order to insure
      uniform heating throughout the length of mold 16, burners 24 and 25 are
      preferably sectional, with zone control, the zones being Z-1, 2, 3, 4, 5,
      at the chime, front, center, back, and bottom of the mold respectively.
      The burner section corresponding to each zone is individually controlled
      by an optical pyrometer (not shown) sighting a selected zone, constituting
      a burner control system, well known in the heating art, which need not be
      described in greater detail here. Zones Z-1, 2, 3, 4 are heated by
      corresponding sections of burner 24 and zone Z-5 is heated by burner 25.
PAR  Deposition station B is provided with burners 26 and 27, which are similar
      to burners 24 and 25 respectively, and similarly controlled. Burners 26
      and 27 bring the mold to a body temperature of 400.degree. F., to rapidly
      fuse the finely divided polyethylene powder, which is deposited in the
      mold by the reciprocable deposition assembly 28. Assembly 28 comprises a
      roll deposition unit 29, and three fluidized powder spray deposition units
      30, 31 and 32, the entire assembly being reciprocable into and away from
      mold 16. With the deposition assembly 28 in the mold the several
      deposition units are in proximity to the areas on which they respectively
      deposit. Unit 29 deposits a strip of powder along the side wall of the
      mold, while units 30, 31 and 32 spray the bottom, inside chime, and
      outside chime respectively. The powder incipiently sinters virtually
      instantaneously on or just before impingement, particles adhering where
      deposited. Adherence of the sprayed particles is aided by
      electrostatically charging the particles. The deposition step and
      apparatus are described in further detail hereafter.
PAR  From station B, mold 16 advances through three post-heat sintering stages,
      S-I, II, III, corresponding to stations C, D, E, which are constituted in
      an arcuate oven 33. The oven atmosphere is maintained at the sintering
      temperature by means of an air heating and distribution system 34. In the
      sintering stages, curing uniformity is greatly enhanced by virtue of molds
      continuously rotating as they pass through the oven 33, providing uniform
      exposure to the atmosphere and high rate of heat transfer. When the mold
      leaves station E, the article is fully sintered and cured, whereafter it
      is cooled by means of a sprinkler bank 35 at station F. The article is
      stripped from the mold at station G, at which station motor 22 is cut out,
      the mold being stationary during the stripping operation.
PAR  As thus implemented, the novel method is adapted to continuous production
      with automatic control. From the time the first mold of a run leaves
      station G, production proceeds at a rate of one article for each index and
      dwell period. With indexing table production, the production rate depends
      primarily on the dwell time for the station performing the longest
      operation. The method of this invention is particularly characterized in
      that is can be successfully practiced in an operation sequence which is
      readily divided into steps of virtually equal duration, without undue
      elaboration of the apparatus used or sacrifice in the quality of the
      article. By way of example, it has been found that the complete deposition
      at station B can be effected in about 1 minute. Since the deposition step
      is generally the most critical one, primarily determining the timing of
      the other steps, the apparatus above described is designed and arranged
      for timing throughout on the basis of the deposition time of about 1
      minute. Thus, production rate is substantially one each minute. It has
      been found that proper final sintering requires about three minutes;
      hence, three stations, C, D, and E, have been allocated to this operation.
PAR  The apparatus of FIG. 2 is designed for considerable flexibility. That is,
      the speeds or rates of the various components determining the timing of
      the several operations are readily variable to accommodate a substantial
      range in size and type of article produced. Motors 22 may be of the
      multi-speed or variable-speed type. The sectionalized gas burners at
      stations A and B are readily adaptable to substantial variation in heating
      rates, while the zone control provides a variation in the heating
      distribution pattern, as desirable for articles of various dimensions.
      Deposition units 29, 30, 31 and 32 as hereinafter described, are
      adjustable over a substantial range, for varying the deposition rate and
      distribution pattern. The gas-fired atmospheric oven 33 is suitably
      equipped and controlled for operation at any selected atmosphere
      temperature within a substantial range, to accommodate molding materials
      of various sintering characteristics. The cooling rate at station F can
      readily be adjusted or varied merely by varying the water supply rate.
PAC  DEPOSITION AND PRE-SINTERING
PAR  FIG. 3 shows the general arrangement of the deposition assembly 28, at
      station B of FIG. 2, the view being taken in perspective looking outwardly
      from mold 16, dwelling at station B. In this position, a vertical plane
      through the axis of mold 16 constitutes the center plane of the deposition
      unit 29. Assembly 28 is here shown in its retracted position.
PAR  Assembly 28 constitutes a carriage arranged to reciprocate axially of mold
      16 and slides on rail 36, which rests on a pedestal 37. Unit 29 includes
      apparatus for depositing powder in a strip or band, axially along the wall
      inside mole 16, and includes an elongated rectangular case 38, which is
      supplied with plastic powder through a funnel 39 at the end or case 38
      remote from mold 16. Any suitable type of hopper 121, FIG. 2, with a
      metering gate, may be arranged overhead to register with funnel 39, when
      in the retracted position shown, whereby a measured charge of powder is
      dispensed into case 38 at each retraction, corresponding to the deposit
      requirement of a single mole 16.
PAR  Case 38 houses an auger 40 and metering deposition roll 41, immediately
      beneath auger 40. A window 42, of transparent plastic, is provided for the
      purpose of inspection from time to time. Motors 43 and 44 carried on the
      back end of case 38 drive the auger 40 and roll 41 respectively.
PAR  Assembly 28 also carries with it supplementary powder deposition means
      comprising spray deposition units 30, 31 and 32, which are supplied
      through tubes 45, 46, and 47 respectively, from a fluidized powder supply
      unit fluidizer 48.
PAR  An exhaust hood or catcher 49 is also carried with the assembly 28, catcher
      49 being positioned partially to surround mold chime 118, to collect such
      powder as may escape during spraying deposition from the units 31 and 32,
      which are arranged to discharge in the vicinity of the catcher 49. The
      catcher 49 in this case is of the shallow, slot type, formed of
      complementary plate coils 50, spaced by separator member 51, to define an
      exhaust slot 52. The sinuous coil portions (unnumbered in FIG. 3) are
      supplied with cooling water, the cooling effect minimizing the hazard of
      the captured hot powder adhering or clumping inside the catcher 49, which
      itself may otherwise become heated to a powder-adherent temperature by its
      repeated exposure to heat radiating from mold 16, when the assembly 28 is
      in deposit position, as in FIG. 5. The catcher 49 is connected to a
      suitable exhaust ventilation system (not shown), by means of an exhaust
      duct or pipe 53, maintaining a vacuum at the slot 52. The exhaust system
      preferably includes a dust collector for the separation and retrieval of
      the powder, as well known in the exhaust ventilation art.
PAR  As best seen in FIG. 4, mold 16 is cradled on rollers 54 between arms 55,
      forming part of the spider framework constituting the outer annulus of
      table 17. Rollers 54 are carried on the brackets 154. Mold 16 is nested
      between the arms 55 for close positioning over burner 26, with hub 19
      aligned for direct coupling to motor 22.
PAR  The relationship between the deposition carriage assembly 28 and the mold
      at station B, during deposition, is best seen in FIG. 5. Assembly 28
      projects into mold 16 generally along the mold axis, mold 16 thus
      revolving around roller case 38, and may be reciprocated by any suitable
      rapid traverse reciprocation mechanism, which is generally indicated by
      the reference numeral 56, the slide rail 36 being supported on a platform
      57 at the height required for proper alignment with mold 16. With assembly
      28 in the full forward position shown, the discharge opening 58 of case 38
      extends along and above the lowermost sector of the mold wall 116 to a
      terminus opposite radius 216. The spray deposition unit 30 faces inwardly
      a short distance from mold bottom 20. Spray deposition unit 31 is radially
      opposed to the mold area at the connection of wall 116 to chime 118. Spray
      deposition unit 32 opposes the outer area of chime 118, and catcher 49 is
      immediately outward of chime 118.
PAR  Further details of the strip deposition apparatus are shown in FIGS. 6 and
      7. The principal operating elements are the auger 40, which feeds the
      powder coming through the inlet opening 59 from the funnel 39, and the
      metering roll 41, which discharges a stream of powder through the
      discharge opening 58.
PAR  Auger 40 is supported on end panels 61 and 62 by means of bearings 63 and
      64. Variable drive unit 43 drives auger 40 by means of chain drive
      generally indicated by reference numeral 65. Roll 41 is supported on end
      panels 61 and 62 by means of bearings 66 and 67 and is connected to drive
      shaft extension 68 by a shaft coupling 69. Outboard support for drive
      shaft 68 is provided by bearing 70 on bracket 71. Variable drive unit 44
      drives shaft 68 and roll 41 by means of a chain drive generally indicated
      by reference numeral 72.
PAR  Powder delivered to the feed chamber 73 through the inlet 59 is propelled
      by auger 40 forwardly (left in FIG. 6) toward roll chamber 74, into which
      the powder drops upon the knurled roll surface 141. Surface 141 captures a
      film of powder which moves rotarily with roll 41. Pressure exerted by
      auger 40 maintains the fill of chamber 74 for the full length of roll 41
      during delivery and forces the powder onto surfaces 141. The powder
      blanket around roll 41 is agitated by the action of auger 40.
PAR  Referring particularly to FIG. 7, the powder blanket overlying roll 41 is
      restrained against falloff by a pair of blades 75 and 76, extending the
      full length of chamber 74, with the blade edges, 77 and 78 respectively,
      in close proximity to roll 41. The surface 141 of the rotating roll 41
      carries the film of powder pressed upon it by the weight of powder above
      in the direction of rotation, counterclockwise in FIG. 7. The propulsion
      of this moving film and weight of powder in chamber 74 cause the powder to
      move at a predetermined rate in a downwardly directed stream through the
      slit aperture 79, between edge 77 of blade 75 and roll surface 141 of roll
      41. By virtue of roll propulsion, the particle velocity is substantially
      greater than that due to gravity alone, providing a controlled directional
      effect substantially overriding windage effects. Blade 75 is adjustable
      relative to roll surface 141, to vary the aperture 79, thus adjustably
      metering the powder which will pass through slit 79 at any given speed of
      roll 41.
PAR  Blade 76 doctors roll surface 141 to minimize powder carryback and to
      insure that the powder measure passing the metering slot 77 enters the
      stream passing through the discharge 58. For this purpose, blade 76 is
      provided with knife edge 78 and blade 76 is adjusted to a very small
      clearance at slit aperture 79' between edge 78 and roll surface 141.
PAR  In the typical example of forming a liner wall 30 inches in diameter and
      one thirty-second inch thick, the roll apparatus described is adjusted and
      operated to deliver 0.93 density finely divided polyethylene in a dense
      stream at a rate of 0.095 lbs./min./inch roll length. The measured stream
      of powder P impinges on mold 16 throughout a strip zone which is
      coextensive with the effective length of roll 41 and of small angular
      extent X, about 8.degree., corresponding to about 2 inches arc along the
      mold surface. With mold 16 rotating at 18 RPM and maintained at
      400.degree. F. the particles in the stream, which incipiently sinter at or
      just before impingement, incipiently coalesce and assimilate virtually
      instantaneously upon deposit. Thus, deposition and assimilation proceed
      progressively at corresponding rates along the mold surface, with the
      material adhering and cohering substantially without dislodgement from
      respective points of particle impingement along the mold surface. Uniform
      incidence of fusion and assimilation in the deposition zone are fostered
      by burner 26 (FIG. 2) applying heat directly to mold 16 in a strip zone
      generally coextensive with the deposition zone along the periphery of the
      mold over a width X, as shown in FIG. 7, and lengthwise of mold 16.
PAR  The transverse surfaces of substantial extent, such as the bottom 20 and
      outer surface of chime 118, do not readily admit of desposition by the
      roll-type deposition assembly 29. However, such transverse areas are
      treated in a corresponding manner, progressively building the article wall
      as the mold rotates. For the illustrative example here given, the material
      is most effectively deposited by spraying streams of powder, the powder
      being fluidized in well known manner for this purpose.
PAR  As previously noted with reference to FIG. 3, in this case three spray
      deposition units 30, 31, and 32 are sufficient to build up those areas
      which are not covered by the strip deposition unit 29. The units 30, 31,
      and 32 are mounted upon and carried with case 38 in position for the
      powder sprayed from the units to reach and deposit in the zones
      respectively allocated to each unit. With mold 16, cone pattern spray
      units are preferred. Such units are readily adjustable as to pattern,
      quantity, and range for the particular application. However, article
      sections of other configuration or proportions can be molded by use of
      spray heads providing flat, fan, or other configuration in one or more
      zones, as zone extent and distance from the corresponding deposition unit
      may require.
PAR  FIG. 8 shows the details of spray deposition unit 30, which is
      representative of the three units 30, 31, and 32 required in this
      instance. Unit 30 comprises a case 80, core 81 and a cone head 82. Core 81
      has a bore 87 which communicates with the supply tube 45 leading from the
      fluidizer 48. The powder supply is under suitable pressure to deliver
      fluidized powder to head 82 at the desired rate. The discharge rate for
      given supply pressure is established by setting the cone orifice 84,
      defined by the cone head surface 182 and the discharge cone surfaces 181
      of core 81. This adjustment is made by means of shim 88 and nuts on the
      threaded stem 83 which is affixed to the core 81 by nut 89 at the back of
      case 80. Stem 83 is centered in bore 87 by spider 90.
PAR  Since mold bottom 20 (FIG. 5) is in a vertical plane, velocity alone will
      generally not insure that all the powder particles impinge and adhere in
      intended distribution pattern throughout the target zone. Gravitational
      and windage effects on the powder stream trajectory may cause departures
      of certain particles of groups thereof, from the deposit pattern
      theoretically determined by the direction of the spray from unit 30.
      Accordingly, provision is made for electrostatically charging the sprayed
      powder, to establish an attractive force between the mold material and the
      powder, whereby the particles continue along their directed paths as they
      approach the mold surface, and are then retained on the surface at the
      points of respective impingement. Such provision follows the general
      principles employed in electrostatic spray coating techniques. In this
      case, the powder particles are most conveniently and effectively charged
      as they flow through the narrow discharge passage 84, the cone head 82 and
      core 81 being made of aluminum or other suitable conductive material to
      serve as electrodes. Core 81 serves as a conductor, and is connected to
      terminal 91 at the back end of unit 30. Terminal lead 191 is connected to
      a high voltage generator 120 (FIG. 2). Voltages on the order of 10 to 50
      KV and up have been found effective. When electrostatic charging is
      employed, case 80 is made of material having high insulating properties
      and suitable mechanical strength, such as phenolic resin, for example.
PAR  The constuction of spray unit 31 and 32 is similar to that described for
      unit 30, except that cone angle and orifice size are in each case those
      best suited to the area and range of deposition involved, at the
      particular surfaces to which the powder is directed in each location.
      Since the chime areas serviced by units 31 and 32 are relatively narrow
      annuli, steeper cones and smaller orifices are employed than is the case
      with cone 82 of unit 30.
PAR  Referring again to FIGS. 4 and 5, spray unit 30 is focussed to deposit
      powder in a spot zone which spans the bottom 20 from its center to the
      corner 216. At its radially outermost extent the spray from unit 30 blends
      with the deposit of powder along wall 116 from unit 29. As the rotating
      bottom 20 makes repeated sweeps across the impinging stream from unit 30,
      the stream progressively deposits material along the entire surface of
      bottom 20 and radius 216. Similar deposits are effected in bands along the
      inner chime area by a stream from unit 31 and along the outer area of
      chime 118 by a stream from unit 32, the deposit from unit 31 blending with
      the outer marginal deposit from the unit 29 along the juncture of the
      inner chime area with wall 116. Since the deposition rates and periods of
      the several units 29, 30, 31, and 32 are independently variable, a
      corresponding variation in the completed thickness in the several areas
      served can be achieved in a predetermined total deposition time.
PAR  Fine control of the spray deposition is facilitated by providing regulating
      valves (not shown) in the lines 45, 46, and 47, whereby the amount of
      powder passing through each of the spray units in a prescribed time can be
      separately regulated without adjustment at the spray heads. In such case
      the peak pressure of the fluidizer 48 is selected at a level representing
      the maximum required for any set-up with which the apparatus is to be
      used. The pattern and range of the spray units are adjusted to provide for
      sufficient overlap of contiguous deposit bands to compensate for marginal
      attribution, thereny minimizing necking or voids, without excessive
      build-up. Wherever a change in thickness is prescribed, the overlap
      provides a smooth blend from one thickness to the other.
PAR  On termination of deposition, the flow of fluidized powder is cut off from
      the units 30, 31 and 32. When the flow is cut off, some of the powder in
      transit through the supply lines and the spray unit settles out. Unless
      the lines are cleaned after each deposition, powder deposits may build up
      by settlement, adhesion and trapping in the lines, fittings, and units.
      Also, that amount of metered powder which does not reach the sprays
      represents a deficiency in the spray deposition. Therefore, a purging
      system is provided which will remove substantially all settled powder from
      the lines and units at the end of each deposition to preclude build-up and
      flow restriction, as well as to insure delivering the full measure of
      powder for each deposition. A purging system accomplishing these purposes
      is shown schematically in FIG. 9.
PAR  The principal system components are the fluidizer 48, with air supply line
      109, the main fluidized powder supply line or manifold 110, with purging
      air supply line 111, and the three spray units 30, 31 and 32, with their
      individual supply lines 45, 46 and 47 respectively.
PAR  In the prior practice of fluidized powder spraying, the fluidized condition
      of powder in the supply tank has been maintained, delivery to spray units
      being controlled on the discharge side of the fluidizer. For the purposes
      of this system, fluidization is intermittent, as determined by the opening
      or closing of an automatic valve 112 in the air inlet 109 to fluidizer 48.
      Valve 112 is under control of a suitable timer 113. At the beginning of
      spray deposition, valve 112 is open, admitting air under the appropriate
      pressure into fluidizer 48, forming a powder fog which is discharged at a
      meassured rate through the metering orifice 114, from which the fluidized
      powder flows through line 110 and thence to the guns 30, 31 and 32. The
      rates of powder delivery to the several guns are adjusted by the
      respective proportioning valves 145, 146, and 147.
PAR  The deposition time cycle is set in two stages, namely, deposition and
      purge. At the end of the deposition stage, fluidizing air inlet valve 112
      closes on signal from timer control 113. Upon cut-off of fluidizing air,
      the powder in fluidizer 48 settles to the bottom of the tank, the quantity
      being maintained at minimum value such that the settled level 148 is
      substantially above the discharge orifice 114, which may be suitably
      shielded or screened to prevent sifting leakage.
PAR  After fluidization is terminated, the purging air is admitted through valve
      129. Back flow to the fluidizer tank 48 is prevented by the powder above
      the opening, with a residual, tank pressure greater than that of the
      purging air. The purging air flows through lines 110, 45, 46 and 47 and
      through the units 30, 31 and 32, picking up and carrying trapped or
      fallout powder, which is then delivered to the mold, completing the full
      measure of spray deposition. When the timer 113 times out, the valve 129
      closes, cutting off the purging air, whereupon the deposition assembly 28
      (FIG. 3) is retracted.
PAC  POST HEATING FOR FINAL SINTERING
PAR  An oven temperature of 400.degree.F. is suitable for final sintering of the
      article in mold 16, using the three-stage arrangement shown in FIG. 2.
      Oven 33 is a type suitable for maintaining an atmosphere at the desired
      temperature, throughout the heating zone. As shown with the apparatus of
      FIG. 2, oven 33 is an air-heated tunnel type, with open ends to permit
      free passage of molds 16, as they are brought through on table 17. By
      virtue of the molds continuously rotating on their axes as they pass
      through oven 33, even sinter and cure are obtained, and adverse affects of
      sag or thermal distortion are minimized.
PAR  In order to insure proper heating of the mold and uniform sintering of the
      cure of the article, oven 33 is equipped with a forced circulation system
      that will provide an atmosphere temperature around the mold as nearby
      uniform as possible, and a substantially uniform heat transfer rate from
      the oven atmosphere to the article. Mold 16 is rather deep so provision is
      made for positive circulation interiorly of the mold and article,
      minimizing the development of an unfavorable temperature gradient through
      the walls of the article, which may otherwise result by virtue of stagnant
      atmosphere interiorly of mold 16. A circulation system having the desired
      characteristics is shown schematically in FIG. 10.
PAR  FIG. 10 is a section through oven 33 at station C of FIG. 2, the
      arrangement at stations D and E being the same. Oven 33 is provided with a
      hot air supply duct 130, receiving heated air from a suitable heating and
      air handling unit 34 (FIG. 2), and delivering air to the oven chamber
      generally from the outside and outer top wall section through a suitable
      arrangement of diffuser slots or louvers 131. Return or recirculation
      ducts 132 are provided generally along the inner or back walls of oven 33,
      establishing a circulation pattern generally from front (outside) to back
      (inside) along and about the mold 16. The continuous rotation of mold 16
      minimizes adverse effects of blind spots or obstruction, such as may
      result from the structure of table 17, remoteness of some molded areas
      from the supply zone, such as bottom 20, and similar factors tending to
      produce uneven heating. It will be readily understood that uneven heating
      may result in uneven sintering and cure and consequent non-homogeneity and
      variations in the properties of the completed article.
PAR  The general supply and circulation system described tends to leave a
      somewhat stagnant atmosphere interiorly of mold 16, conducive to
      objectionable temperature conditions or gradients, particularly near
      bottom 20. In order substantially to preclude sintering imperfections due
      to the causes noted, particularly those which might result in areas along
      and near the bottom 20, provision is made for positive circulation
      interiorly of mold 16. Stagnancy interiorly of mold 16 and consequent
      adverse temperature conditions are obviated by providing a supply air
      discharge nozzle 133 directed toward the interior of molds 16, as shown in
      FIG. 10. The air stream enters the mold axially, at a relatively high
      velocity. As the initially high velocity is dissipated, the air flows
      along the mold bottom and wall and out through the oven chamber to return
      duct 132, as indicated by the circulation arrows.
PAR  Excessive heat loss and chill effects at the open oven ends can be avoided
      by air curtains, or similar supply and circulation arrangements, as with
      comparable heating tunnels or continuous kilns. However, here provision is
      made for passage of the drive 21, whereby to maintain a fully closed inner
      side wall of the oven, also to shield the motors 22 from the oven heat.
      Provision for this purpose is shown in FIG. 11, wherein 92 represents the
      oven's inner side wall, extending down to a plane a short distance above
      the plane of drive 21. The lower portion of oven 33 is closed by a
      separate wall section 93, supported on and affixed to the table 17. The
      rotary wall section 93 is structured for good heat insulation properties,
      not only to minimize heat dissipation from oven 33, but to preclude
      excessive heat buildup in section 93 and possible damage to motor 22 or
      the other apparatus on or around the table 17 as the latter rotarily
      carries wall sections 93. As best seen in FIG. 2, a plurality of such wall
      sections 93, of the same number as the number of molds 16, form a complete
      circle, so that as table 17 rotates, the entire length of the inner wall
      is at all times closed by three sections 93 complementing the fixed oven
      wall 92, FIG. 11. A flange 94 along the lower edge of fixed wall 92 may be
      provided with a rubbing seal 96 to close the gap between wall section 93
      and fixed wall 92, or the small gap may simply be curtained. As shown in
      FIG. 4, slots 97 through or between wall sections 93 accommodate the
      drives 21, the relatively small infiltration or exfiltration which may
      occur due to such opening at each of three sinter stations being of
      negligible consequence.
PAR  The motors 22 and remote from oven 33 and shielded from radiant heat
      effects by the wall sections 93, and the particular mold assembly is
      exposed to oven conditions only intermittently for short periods.
      Accordingly, heat conduction along shaft 21 does not present a hazard to
      motors 22.
PAC  QUENCH COOLING AND STRIPPING
PAR  The apparatus at station F (FIG. 2) is shown in detail in FIG. 12. The
      function of this apparatus is to cool the mold and to set the article,
      preparatory to stripping. Manifold 98, supported on brackets 99 and 100,
      extends lengthwise of mold 16. The manifold 98 is supplied with cooling
      water from the inlet pipe 101. A number of closely spaced nozzles 102 are
      provided, being tubes with their discharge ends 103 bent to direct the
      discharge virtually tangential to the wall 116 of mold 16, in the
      direction of rotation of the mold 16, providing parallel-flow heat
      transfer conditions and maximum coolant contact time. The spent cooling
      water drops into a drain pan 104, from which the water may be piped to
      waste, or recirculated through a chiller, evaporative cooler, cooling
      tower, or the like. A cloth splash curtain 105, opposite the nozzle
      discharge, minimizes wastage of cooling effect, helping maintain the flow
      from the waterfall in intimate contact with the mold.
PAR  While the mold and article are being cooled as described, it is desirable
      to initiate stripping, which can conveniently be done by inserting a thin
      blade between the article chime 13 and the mold chime 118, while the mold
      rotates during the cooling cycle. This step provides a handhold for the
      operator at the succeeding station G, where the operator grasps the
      article along the freed chime portion 13 and pulls the article out of the
      mold, which does not rotate at station G, by virtue of a limit switch (not
      shown) deenergizing the corresponding motor 22. The article being quite
      flexible, there is no stripping difficulty because of moderate undercuts,
      as obtain in the sections such as the corrugations 14 (FIG. 1). However,
      it is preferable to treat the mold cavities with one of the release
      coatings commercially available for use on molds for plastic articles.
PAR  After the article has been stripped, mold 16 returns through idle station H
      to the beginning of the next molding cycle at station A, FIG. 2.
PAC  PRIMARY CONTROL SYSTEM
PAR  FIG. 13 is a block diagram of a primary automatic control system for the
      apparatus shown in FIG. 2. Secondary, servo and safety controls and
      circuitry are not here shown, their detailing and application in such
      automatic control systems being well understood by those skilled in the
      controls arts.
PAR  Closing master switch 400 puts master control group 401 on line. Group 401
      includes interlocked set switches for starting mold drive motors 22, table
      drive motor 402, and auger drive motor 43, and for activating oven
      controls 403 and burner controls 404, which at this stage respectively put
      oven 33 on low fire and ignite pilots for burners 24, 25, 26 and 27. The
      foregoing set switches of group 401 are also interlocked with a
      satisfaction switch responsive to the condition of table position switch
      405, which is satisfied when table 17 is at the dwell position as shown in
      FIG. 2, with molds 16 on station. Obviously, other safety or condition
      satisfaction switches may be incorporated in group 401, as desired.
PAR  When all the set and satisfaction switches of group 401 are closed,
      actuation of pushbotton switch 406 starts master timer 407, which in
      selected timed sequence actuates controls 403 and 404 to bring oven 33 and
      burners 24-27 to high fire and actuates the table control 408. control 408
      effects indexing traverse of table 17, by causing brake or drag 409 to
      release and clutch 410 to engage table drive 411 with motor 402. As table
      17 nears its next dwell position, a signal from table position switch 405
      first causes reverse actuation of drag 409 and clutch 410, stopping table
      17 on station, and then actuates carriage drive control 412, energizing
      motor 44 to drive assembly 28 to its deposition station.
PAR  On feedback signal indicating that assembly 28 is at its deposition
      position, timer 407 starts the group of deposition station timers 413-418.
      Timer 417 control operation of roll 41, timers 414, 415, 416 control
      powder to units 30, 31, 32 respectively, and timer 418 controls auger 40,
      all as and for the purposes above described. Timer 47 controls fluidizing
      and purging air valves 111 and 112 (FIG. 9). An on-off control 419 governs
      operation of spray valve 106 (FIG. 12).
PAR  When the interlocked timers 413-418 have timed out, feedback signals effect
      resetting of timer 407, retraction of assembly 28 and closing of spray
      valve 106, restoring the apparatus and control system to cycle-start
      conditions, except that oven firing control 403 is cut out of timing
      control, after start-up, so that oven 33 continues on high fire.
PAC  MODIFICATIONS
PAR  The foregoing description presents the method in a preferred embodiment for
      fully automated production of an article such as drum liner 10 of FIG. 1.
      The turret or table arrangement above described is found economical of
      space, apparatus and controls, for the automatic production of articles in
      a range of relatively large sizes. However, smaller articles in particular
      can conveniently be produced with stations along a linear conveyor
      arranged for operation according to the teachings herein. More or fewer
      stations may be best adapted for articles of various sizes,
      configurations, or materials, according to the requirements in a
      particular case. For example, different materials can be laminated by
      providing two or more deposition stations in tandem, for deposition and
      presintering of the several materials in succession.
PAR  The extent of transfer apparatus and degree of automation desirable will
      obviously vary with quantity requirements. For low volume production, the
      invention can be implemented with a single mold or form the associated
      equipment being grouped and operations performed at a single location, in
      lieu of the plural-mold, transfer arrangement preferred for high volume
      production.
PAR  Those skilled in the art will perceive other variations and modifications
      in the method described, within the spirit and scope of the invention,
      whereby the same may be adapted to articles of various types and sizes,
      for various production rates with various control arrangements, more or
      less automated, according to the requirements of the particular
      application. It will also be understood that the invention is not limited
      to practice with the open mold as above described, but that the invention
      is adaptable for use with other types of molds, forms, templates, or for
      molding or lining in situ, according to the nature and configuration of
      the article to be produced. The invention is not limited to the preferred
      embodiment herein described, the scope of the invention being defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of molding a plastic liner from communited plastics
      material, said liner having a generally tubular side wall and a bottom, an
      improvement comprising the steps of:
PA1  a. providing a mold, having a horizontal axis, and having a cavity defined
      by a side wall and an end wall generally corresponding to the shape of
      said liner;
PA1  b. heating said mold to a temperature suitable for fusing said material
      when deposited thereon;
PA1  c. rotating said mold about said horizontal axis; and
PA1  d. directing a predetermined position and limited width first stream of
      said material downwardly generally on opposite sides of a vertical plane
      passing through said horizontal axis for impinging on the cavity side wall
      along an axially extending strip thereof simultaneously along the full
      length of said cavity side wall, and simultaneously directing a second
      stream of said material under pressure substantially horizontally so as to
      impinge on said end wall of said cavity while maintaining said temperature
      and rotating said mold to progressively assimilate and fuse said material
      in the form of said liner.
NUM  2.
PAR  2. A method of molding a plastic liner as defined in claim 1 wherein said
      material is polyethylene, said temperature being approximately
      400.degree.F.
NUM  3.
PAR  3. A method of molding a plastic liner as defined in claim 1, including
      directing said second stream for effecting impingement of the material in
      said second stream on the end wall of said cavity throughout a zone
      including the center of said cavity end wall and a portion of said cavity
      side wall adjacent said cavity end wall for simultaneously building up and
      blending said liner side wall and said liner bottom.
NUM  4.
PAR  4. A method of molding a plastic liner as defined in claim 3 further
      including electrostatically charging said second stream for establishing a
      potential difference between said material in said second stream and said
      mold urging said second stream against said mold bottom.
NUM  5.
PAR  5. The method of claim 1 wherein at least a portion of said first stream is
      mechanically impelled towards the cavity side wall.
NUM  6.
PAR  6. The method of claim 1 wherein at least a portion of said first stream is
      free falling towards the cavity side wall.
NUM  7.
PAR  7. The method of claim 1 wherein at least a portion of said first stream is
      mechanically impelled towards the cavity, and at least a portion of said
      first stream is free falling towards the cavity side wall.
NUM  8.
PAR  8. The method of claim 1 wherein the axially extending strip is restricted
      to that portion of the cavity side wall which is lowermost with respect to
      the remainder of the cavity side wall.
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ABST
PAL  Graphite composite, prepared by heating a material which forms a
      graphitizable carbon to mesophase, adding carbon fiber composite and
      carbonizing and graphitizing the shaped composite.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 26,137,
      filed Apr. 6, 1970 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Carbon-graphite composites comprising laminates of graphite or carbon
      fibers and a carbon matrix prepared from epoxy, phenolformaldehyde, or
      like resin are well known in the art.
PAR  This invention relates to a laminated artificial graphite article, more
      particularly, to a graphitized carbon fiber-mesophase composite.
PAR  Graphite is a material which is a good conductor of heat and electricity,
      extremely resistant to high temperatures, and also highly resistant to
      attack by most chemical reagents. Accordingly, graphite is an extremely
      important and useful material in industry in a great variety of
      applications.
PAR  Almost all the artificial graphite which is made today is prepared
      according to the teaching first set forth by E. G. Acheson in 1896.
      Acheson's process, which was the first successful process for the
      commercial production of artificial graphite articles, has been somewhat
      modified since that time. As a general rule, artificial graphite articles
      are fabricated from petroleum coke base material. This process comprises
      intimately mixing coke particles with a coal tar or pitch binder and
      forming the mixture. The resultant shaped articles are baked at about
      1000.degree.C. and subsequently graphitized at 2500.degree.C. to
      3000.degree.C. in an electric furnace.
PAR  When the above method is followed, a shaped graphite article is produced,
      or a graphite stock is produced, which can be shaped into the desired
      article by machining or other similar physical process.
PAR  The graphitized composites of this invention are espcially useful for their
      primary structural properties, particularly high temperature applications,
      as for example over 1000.degree.C. These uses can include space, re-entry,
      and suborbital flight applications, and the like. They can also be used to
      fabricate dies for hot molding operations in the preparation of ceramics
      and the like.
PAR  Additionally, for use as a moderator in nuclear reactors, graphite is used
      to slow down fast neutrons through collision of these fast neutrons,
      produced in the fission of U-235 atoms, with the moderator. The neutrons
      being moderated should spend the minimum possible time in the intermediate
      energy region where they are liable to be captured by the more abundant
      U-238 atoms and be lost to the system without producing further fission. A
      high density graphite moderator increases the compactness of the reactor.
      Therefore, composites of high density, approaching the theoretical density
      of carbon, 2.25 g/cm.sup.3, are desired.
PAR  More recently, a process has been devised for preparing a very high density
      graphite by heating a liquefiable hydrocarbon e.g. a coker feedstock, to a
      temperature of at least 400.degree.C. to form a fusible substance
      containing at least 75 percent by weight of mesophase, carbonizing the
      mesophase therefrom at about 400.degree.C. to 500.degree.C. and converting
      the resulting body to graphite by conventional graphitization techniques
      at temperatures of up to 3000.degree.C.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide a high-density composite
      material.
PAR  It is a further object of this invention to provide a high-density
      composite material consisting exclusively of graphite.
PAR  It is a further object of this invention to provide graphite composite
      material of superior flexural properties.
PAR  It is a still further object of this invention to provide a high-density
      composite material wherein anisotropy can be controlled by controlling the
      orientation of the mesophase during fabrication.
PAR  Other objects of this invention will become obvious to those skilled in the
      art upon a further reading of the following description.
PAC  SUMMARY OF THE INVENTION
PAR  The above-enumerated objects are accomplished by the fabrication of a
      mesophase-carbon fiber composite consisting of about 1 to 50 weight
      percent of fiber, carbonization of the resulting composite at about
      400.degree. to 650.degree.C. and graphitization of the carbon body by
      conventional graphitization methods. The thus formed graphite-graphite
      composite has an extremely high density, approaching the theoretical
      density of natural graphite. This extreme density is due to the fact that
      mesophase has a char yield of about 90 to 95 percent while the char yield
      of the polymeric resins of prior art composites is low, about 20 percent
      for epoxy resins and about 40 percent for phenolformaldehyde resins. Low
      char yields give rise to porous products upon carbonization and
      graphitization of the resulting composite. In addition, the fiber to
      matrix bonding strength is considerably greater between carbon fibers and
      mesophase than between carbon fibers and the prior art resins. It appears
      that the mesophase forms epitaxially along the fibers providing an optimum
      in binding strength between the carbon fibers and the carbonized mesophase
     .
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  We have found that when mesophase and carbon fibers are used as the
      components of a composite and the composite is completely graphitized,
      there is considerable bonding strength between the matrix and the fibers
      in the graphitic body.
PAR  The new composite of this invention is typically prepared by dispersing
      from about 1 to about 10 weight percent of chopped carbon fibers (less
      than about one inch long) in a hot, fluid, mesophase system; then forming
      or casting a shaped article, and pyrolyzing and graphitizing the resulting
      article to about 3000.degree.C.
PAR  Carbon fibers useful for this invention include rayon, cotton, cellulose,
      polyacrylonitrile and the like fibers pyrolyzed at about 500.degree.C. to
      about 3000.degree.C. and includes all fibers typically called carbon or
      graphite fibers. The fiber can be tows, batting, felts, yarns,
      monofilaments, or chopped fibers.
PAR  In order to form a completely graphitic structure, polyacrylonitrile or
      like fibers which are graphitizable, as for example in the form of a woven
      fabric, is admixed with mesophase to form a laminated body. This laminated
      body is pyrolyzed and then graphitized to form an extremely dense graphite
      body. In preparing the laminate, the use of graphite fibers of
      polyacrylonitrile yields the highest finished composite density, since
      shrinkage of the fiber and void at the fiber-matrix interface,
      predominately due to evaporation of volatiles, reduce the density of
      composites made from 500.degree. to 1000.degree.C. fibers.
PAR  Certain of the above fibers, notably cellulose fibers, will not graphitize
      when heated to temperatures necessary to form a graphite matrix. It is
      also within the contemplation of this invention to include graphitized
      composites containing these fibers in a graphitizable matrix within the
      scope of the invention. The product obtained by the graphitization of a
      composite consisting of a graphitizable matrix and a non-graphitizable
      fiber after graphitization would be termed a carbon-graphite composite.
PAR  The mesophase product useful as the matrix material of the instant
      invention can be prepared from any graphitizable carbon-forming pitch or
      like material. As used in this description and the appended claims, a
      graphitizable carbon-forming material can include coal tar pitch, vertical
      retort pitch, the petroleum ether-soluble fraction of coke oven pitch, the
      toluene-soluble fraction of coke oven pitch, pyridine-soluble fraction of
      coke oven pitch, petroleum virgin and synthetic residues, vitrinites from
      bituminous coals, naphthracene, polyvinyl chloride, and like materials
      that form a graphitizable carbon.
PAR  The starting pitch or like material is heated to about 400.degree. to
      500.degree.C. at which point the mesophase is formed. The fibers can be
      mixed with the mesophase matrix material at or below the point at which
      mesophase is formed. The forming or casting of the finished article
      however is performed after the mesophase has been formed. Such forming or
      casting can be carried out with or without external pressure being
      applied.
PAR  The following examples are illustrative of the method of preparing the
      composite of this invention.
PAC  EXAMPLE 1
PAR  Polyacrylonitrile-based carbon fibers of average length one-fourth inch
      were dispersed in hot mesophase (400.degree.C.) at about 5 weight percent
      fiber. The mixture was placed in a 1 inch diameter mold and compressed to
      20,000 p.s.i.g. Heat was applied to 550.degree.C. the pressure was then
      released and the composite baked at 900.degree.C. for 31/2 days, then
      graphitized at 2500.degree.C. for 4 days. The apparent density of the
      composite piece was 1.8 g/cm.sup.3.
PAR  The composite possesses all the benefits of a molded graphite body as heat
      and electricity conductors, heat and chemical resistance and additionally
      has the added structural properties of a composite.
PAC  EXAMPLE 2
PAR  A sample of coal tar pitch was heated to 440.degree.C. for 16 hours. The
      sample was cooled and a quinoline insolubles determination on a portion
      thereof showed the sample to contain 95.0 percent mesophase.
PAR  Acrylonitrile-based carbon fiber which had been heat treated to about
      2600.degree.C. was chopped into one-eighth inch pieces and a composite was
      prepared from the mesophase and fiber containing 20 weight percent fiber
      at above the softening point of the mesophase.
PAR  A second sample of the above coal tar pitch was softened and a comparable
      composite prepared as above containing 20 weight percent of one-eighth
      inch chopped carbon fibers.
PAR  The two composites were baked at 1000.degree.C. for 7 days and graphitized
      under the following heating schedule: 2700.degree.C. over 2 days at room
      temperature to 1000.degree.C. over 1 hour; 1000.degree.C. to
      2500.degree.C. at 90.degree.C./hour and 2500.degree.C. to 2700.degree.C.
      at 30.degree.C./hour and the remaining time at 2700.degree.C.
PAR  After cooling, the following comparative physical properties were
      determined:
TBL               Pitch Fiber                                                  
                            Mesophase-Fiber                                    
     ______________________________________                                    
     Modulus of Rupture                                                        
                    450 psi     1050 psi                                       
     (transverse to molding                                                    
     pressure)                                                                 
     ______________________________________                                    
       pg,8
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming a graphite composite which consists in
PA1  1. heating a graphitizable carbon-forming material to form mesophase;
PA1  2. adding a graphitizable carbon fiber thereto;
PA1  3. forming or casting the shaped article from (2); and
PA1  4. carbonizing and graphitizing the formed article.
NUM  2.
PAR  2. The method of claim 1 wherein the carbon fiber is selected from the
      group of carbon yarn, chopped fibers, felt, tow and batting.
NUM  3.
PAR  3. The method of claim 1 wherein about 1 to about 50 weight percent of
      carbon fiber is added to step (2).
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PAL  Method for controlling the length of parison portions available for blow
      molding which includes use of a carrier supporting a plurality of blow
      molds, a drive train for the carrier to consecutively position such molds
      beneath an extruder head and a logic module responsive to a control signal
      for regulating the length of parison portions protruding beyond the cavity
      of successively presented molds, the improvement which includes use of
      variable speed means responsive to such signal for changing the speed of
      movement of the carrier to vary the rate at which consecutive molds are
      presented to the head. The method involves varying the speed of movement
      of the carrier in response to such signal to thereby vary the rate at
      which molds are presented for receiving consecutive parison portions, and
      therefore the amount of the length of each such parison portion available
      to protrude beyond the cavity of a mold.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to blow molding and particularly to equalizing the
      length of successive hollow thermoplastic parison portions consecutively
      received between closing sections of a series of adjacent blow molds in a
      continuously cycling system.
PAR  In blow molding hollow articles such as containers by closing sections of a
      partible mold on successive lengths of a hollow parison issuing from an
      annular orifice in an extruder head, a waste "tail" portion is formed
      which must be removed before the article can be considered to be in
      finished form. Such tail represents the portion of the tubular parison
      squeezed into a web configuration between the mold sections during closing
      which extends beyond the cavity defining the surface configuration of the
      hollow article, and is well known in the art as necessary primarily to
      ensure the presence of sufficient material to form the end wall of the
      article being blow in the mold.
PAR  The length of such tail protruding beyond the cavity in a continuously
      operating blow molding system will vary from mold to mold for a variety of
      reasons. For example, successive lots of polymer may have slightly
      different rheological properties which can result in different melt flow
      behavior in the extrusion system. Changes in the ratio of recycled regrind
      to virgin material can also produce rheological variations in the
      resultant mixture. When programming the wall thickness of the extruding
      parison to optimize distribution in the subsequently blown container,
      different patterns of flow of the plastic between the parison-forming
      surfaces will occur if the movable die surface of the orifice is not
      repositioned exactly in successive cycles. As the maximum capacity of the
      extrusion system supplying the molding machine is approached, (such
      condition being desirable to minimize molded part cost in a high volume
      system) surge of the output at the orifice can occur which magnifies
      variability.
PAR  Such variability in tail length can cause serious processing problems. For
      example, if the mold is closed without forming any tail at all, the free
      end of the parison will not be pinched shut and the too short length
      cannot be blown at all. If a tail is formed but is real short, downstream
      tail removal equipment set to accommodate a particular range of lengths
      may fail to pick it up and the article can go through the system
      untrimmed. On the other hand, if the tail is too long, the mold sections
      may be unable to close tightly on each other, or preset downstream
      tail-removal and article handling equipment may jam, either of such
      conditions undesirably requiring shut down of the overall production line.
      When employing thickness programming as previously described, as tail
      length varies the program pattern will wander in the direction of variance
      and therefore optimum wall distribution will not be attainable during
      subsequent blowing.
PAR  U.S. Pat. No. 3,759,648 discloses a system for controlling tail length
      which involves changing the speed of rotation of the extruder screw in
      accordance with whether the sensed extruded length of parison below the
      outlet of the extruder head is too long or too short. When screw speed is
      varied, however, the rheological properties of the thermoplastic polymer
      in the extruder are also changed. For example, increasing or decreasing
      rotary or axial movement of the screw will correspondingly cause the
      temperature and therefore the viscosity of the polymer melt to go up or
      down because of the change in energy input. As a consequence, such a
      control system tends to be constantly hunting to correct its own
      introduction of instability.
PAC  SUMMARY OF THE INVENTION
PAR  Now, however, improvements have been developed in controlling tail length
      in an extrusion-blow molding system which avoid these prior art
      difficulties in that such length can be varied without causing a
      disturbance in the rheological properties of the thermoplastic material
      forming the parison.
PAR  Accordingly, it is a principal object of this invention to provide method
      improvements in controlling tail length in an extrusion-blow molding
      system.
PAR  An additional object of this invention is to provide such improvements
      without changing extruder screw speed, but rather by correlating tail
      length with molding machine speed.
PAR  A further object of this invention is to provide such improvements which
      are free of any interaction with other polymer processing parameters.
PAR  A particular object of this invention is to provide method improvements in
      controlling tail length in an extrusion-blow molding system which react to
      the already-formed parison while it is still substantially attached to the
      remainder of the material in the extruder head.
PAR  A specific object of this invention is to provide such improvements in
      using blow molding apparatus of the type utilizing a horizontally oriented
      carrier mounted for movement about a vertical axis to bring a series of
      molds supported thereon into consecutive parison-loading position beneath
      the head.
PAR  Other objects of this invention will in part be obvious and will in part
      appear hereinafter from the following disclosure and claims.
PAR  These and other objects are accomplished in using blow molding apparatus
      which includes a downwardly directed extrusion head having a vertically
      disposed annular orifice for shaping a freely pendant hollow thermoplastic
      parison therein, a carrier supporting a plurality of molds adjacent the
      head, drive means to move the carrier to consecutively position such molds
      beneath the head to receive portions of such parison for blow molding
      therein, means responsive to a control signal for regulating the length of
      a parison section protruding beyond the cavity of successively presented
      molds, and means either in or adjacent the orifice for severing the
      parison, by providing the improvement in said apparatus whereby the amount
      of said length of varied without causing a related change in the
      rheological properties of the thermoplastic forming the parison, which
      improvement comprises, in combination, variable speed means for the drive
      means responsive to the control signal for changing the speed of said
      carrier to vary the rate at which consecutive molds are present beneath
      the head.
PAR  From a method standpoint, the invention involves varying the speed of the
      carrier in response to the signal to vary the rate at which the molds
      receive consecutive parison portions and therefore the amount of the
      length of each parison portion protruding beyond the cavity portions
      thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In describing the overall invention, reference will be made to accompanying
      drawings wherein:
PAR  FIGS. 1 and 2 are schematic plan and elevational views respectively in
      outline form of portions of a type of extrusion-blow molding apparatus in
      which the improvements of the invention are particularly applicable;
PAR  FIG. 3 is a schematic view illustrating the control system of the invention
      in reduced, block form; and
PAR  FIG. 4 is an enlarged perspective view of the parison length sensing
      portion of the apparatus of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to the drawings there is shown in FIGS. 1 and 2 an
      extrusion-blow molding assembly, designated in its entirety (FIG. 2) as
      10. Assembly 10 includes extrusion apparatus 11 comprising downwardly
      directed (FIG. 2) extrusion head 12 having vertically disposed annular
      outlet orifice 14 at its lower end for conventionally forming a freely
      pendant, hollow thermoplastic parison 16 (FIG. 4) therein between spaced
      adjacent inner and outer annular surfaces. Knife means, generally
      indicated as 18, includes blade 19 having a sharp edge for severing the
      trailing end of parison 16 at orifice 14 at that point in the molding
      cycle when a sufficient length of parison 16 to mold an article has been
      formed between the surfaces defining orifice 14. In the particular
      embodiment illustrated, knife means 18 are shown between molds 26 and
      orifice 14 and blade 19 is pivoted at one end for slidable reciprocation
      across and in a plane generally perpendicular to the surfaces defining
      orifice 14 at the proper point in the cycle by a suitable conventional
      actuator, not shown. Alternative types of parison severing systems can be
      used and a preferred version integral in the head uses a downwardly
      reciprocated inner mandrel tip momentarily striking the outer
      surface-defining portion of the orifice to partially penetrate the plastic
      which is then fully severed at the orifice by the upward movement of the
      head away from a just-closed subjacent mold.
PAR  Head 12 is in continuous communication via an internal passage shown dotted
      at 21 in delivery tube 20 with a conventional extruder 23 employing a
      screw 25 mounted for rotation within a casihg and having flights 27 for
      advancing the thermoplastic material toward and through vertical passage
      29 and orifice 14 in head 12. Screw 25 in the illustrated embodimend is
      rotated via a separate extruder screw drive assembly which includes, in
      succession, electric motor 31 anchored on a support plate, not shown, belt
      drive 33 and gear mechanism 35, the output shaft of the latter being
      conventionally mechanically coupled to one end of screw 25. Such extruder
      screw drive assembly and other related parts involved in turning screw 25
      are all carried, in the illustrated embodiment, on a carriage shown
      partially at 8 which pivots about a pair of journaled horizontally spaced
      stub shafts 37 mounted (FIG. 1) on vertical stanchions on either side of
      the machine. Though not essential, screw 25 preferably rotates
      continuously, while extruder 23 pivots about shafts 37, via an actuating
      system to be described, alternately to an up position illustrated in
      outline form at 22 (FIG. 2) during indexing movement of a mold into
      loading position beneath head 12, and then down to the lower position
      illustrated in fuller lines in FIG. 2 at which latter point the parison
      portion which had been extruded during upward movement is enclosed within
      mold sections in a manner to be further described. The overall operation
      of this general type of system is more completely detailed in U.S. Pat.
      No. 2,952,034.
PAR  Molding apparatus portion 13 of overall assembly 10 includes a carrier such
      as horizontally positioned, circular table 24 (FIG. 2) supporting a
      plurality of circularly arranged molds 26 generally subjacent head 12 and
      equispaced about its periphery, only three being shown in FIG. 1 for
      purposes of clarity. Molds 26 include cooperating sections 39a, 39b (FIG.
      4) conventionally secured within clamps 28a and 28b which are pivoted to
      each other at 30. Each section 39 is recessed along an inner face to
      define one half 41 of a cavity having a surface contour conforming to that
      of the article to be molded therein when the sections are closed on each
      other. Each recess 41 has an article base-defining surface 43 at one end,
      with the portion of the parison length protruding beyond such surface 43
      which is squeezed shut between wall portions 61 of sections 39 during mold
      closing representing the tail portion of the parison with which the
      present invention is concerned.
PAR  Drive means, generally indicated as 32 (FIG. 1), moves carrier 24 in a
      horizontal plane about vertical axis 34 and, in the illustrated
      embodiment, comprises mechanically coupled members which include, in
      succession, conventional electric motor 36, variable speed drive unit 38
      having speed control shaft 40 and power output shaft 42 below it, right
      angle drive unit 44 and gear reduction unit 45. Output shaft 47 of unit 45
      is conventionally secured via a coupling 46 to intermediate driven shaft
      48 (FIG. 2) rotatably journaled in pillow block 51 and which has its
      output end secured via flexible coupling 50 to input shaft 33 of right
      angle indexing unit 54 having vertical output shaft 49 secured to a hub on
      the underside of carrier 24. Indexing unit 54 is of industrial design and
      generally includes a series of mechanically operated cams and followers
      within a casing, whereby for each revolution of input shaft 33 there is a
      preselected proportional angular rotation of output shaft 49 followed by a
      dwell or operating interval when output shaft 49 is stationary and no
      power is transmitted forward to carrier 24. During such dwell period, mold
      sections 39 of a particular mold 26 come together on the parison portion
      to be molded therein. In addition, extruder head lift cam shown generally
      at 55 attached to a lever (not shown) plus a mold open-close linkage 53
      are provided in order respectively to vertically raise and lower the
      extruder and head and open and close the molds at the proper point in the
      molding cycle, based on rotary power supplied by drive means 32.
PAR  As can be recognized, drive means 32 imparts rotation to carrier or table
      24 which thereby consecutively positions molds 26 secured thereon beneath
      and in operative synchronism with the outlet orifice 14 of bobbing
      extruder head 12 in the manner schematically illustrated in FIG. 3, to
      receive portions of continuously extruding parison 16 for blow molding
      therein. Various additional functions are conventionally carried out in
      timed sequence during each molding cycle in overall assembly 10 in known
      manner by other components, not shown. Such additional functions may
      include wall thickness programming, blow air supply to and venting from
      each mold, blow head movement into and out of registry with each mold,
      article takeout mechanism movement etc. Such functions are conventional
      and the manner in which they are timed in synchronism with each other is
      described in U.S. Pat. No. 2,952,034.
PAR  Referring now to FIGS. 3 and 4, means generally indicated as 56 is shown
      which is responsive to a control signal via lines 58 and 60 from
      condition-responsive length detection means below head 12, such as a pair
      of adjacent, industrially available, retro-reflective photocells 62 and 64
      (FIG. 4), plus a special retrodirective surface indicated as 80, for
      reflecting the beams incident thereon from cells 62, 64 back to such
      cells. Cells 62 and 64 are continuously energized, are arranged to sense
      the presence or absence of the free end of parison 16 and are adjustably
      mounted with respect to the opposing vertical wall portions 61 of mold
      sections 39 which extend downwardly of article base-defining cavity
      surface 43 and between which the parison tail portion is formed during
      molding. Thus, by turning shaft 63 which is threadably secured in an
      opening (not shown) in platform 65, the vertical position of the latter
      and therefore of cells 62, 64 mounted thereon via brackets 67 can be
      changed. Locknut 69 on shaft 63 secures such position when tightened
      against top plate 71. Adjustable positioning in the horizontal plane is
      achieved via slots 73 in brackets 67 and a suitable threaded bolt and
      shaft 79, such that each bracket 67 carrying a cell can be independently
      moved horizontally toward or away from shaft 63. In addition, each cell
      62, 64 may be formed with vertical and horizontal slots (not shown) to
      enable each such cell via conventional threaded bolts and nuts to be
      vertically and horizontally positioned with respect to the other. In
      setting such cells, it is preferred that their beams, schematically shown
      at 5 in FIG. 4, be vertically spaced from each other below surface 43 a
      distance equal to the allowable variation in the position of end 75 of a
      parison portion, with the center of such interval being as close as
      possible to the desired location of such end during consecutive cycles of
      the system.
PAR  In accordance with the present invention, variable speed means exemplarily
      illustrated in FIG. 1 as servomotor 74, and comprising an
      electro-mechanical rotary actuator of industrial design, is mechanically
      secured on speed control shaft 40 of variable speed drive unit 38 of drive
      means 32. Means 74 is responsive to a signal 71 (FIG. 3) issuing through a
      regulating circuit from computer or dedicated logic module 70 to either
      increase, decrease or leave unchanged the rotary speed of the output shaft
      42 of drive unit 38 and therefore eventually the rotary speed of input
      shaft 33 of indexing unit 54. Such change in speed accordingly will vary
      the rate of indexing movement of carrier 24 and therefore the rate at
      which molds 26 are consecutively presented beneath head 12 for receiving a
      parison portion 16.
PAR  Through variable speed means 74 is preferably a servomotor for use with a
      mechanically operable drive unit, alternative types of systems might also
      be used such as a hydraulic system wherein output is varied by adjusting
      the position of bypass valves in the hydraulic circuit, or an electronic
      DC motor control system.
PAR  With reference to the remainder of means 56 in FIG. 3 for processing
      control signals 58, 60 and generating corrective signal 71, reference may
      be generally made for further details to col. 8, lines 18 through 68,
      through col. 9, lines 1-17 of U.S. Pat. No. 3,759,648 wherein a similar
      system is described which can be used in the present invention to regulate
      variable speed means 74 of drive train 32. In general, such components
      include a J-K flip-flop latch mechanism, a decision making computer or
      dedicated logic module and associated logic circuitry. Though dual
      photocells 62, 64 are preferred for control stability, one unit could be
      used in the manner described in such just-referenced patent.
PAR  In operation, a freely pendant hollow thermoplastic parison portion 16
      having an initially unconfined forward end 75 is continuously formed in
      outlet 14 of head 12 at a constant vertical rate of linear extrusion,
      (except for those previously described unintentional fluctuations therein
      which cause the variability toward which the invention is directed). Motor
      36 of drive means 32 via the associated intermediate driven members
      previously described, have positioned a mold 26 beneath head 14 with its
      cooperating sections 39 fully separated. Head 12 at this point in the
      cycle is in the down position, mold 26 having been synchronously moved
      into this loading position beneath it as extruder 23 carrying head 12 was
      bobbing downwardly about stub shafts 37. While head 12 bobs upwardly to
      position 22 after a mold 26 has closed on a parison portion 16,
      intermitter 54 will synchronously forward rotary power to carrier 24 to
      index the next mold into place beneath head 12 to receive the next parison
      portion.
PAR  As each mold 26 dwells in its loading position below head 12 with its
      cavity sections 39 separated (FIG. 4) and the forward end 75 of a parison
      portion 16 is advancing downwardly, a switch 77 (FIG. 3) timed to the
      indexing table 24 is conventionally actuated so as to register the
      condition of cells 62 and 64 in the J-K flip-flop mechanism. Switch 77 is
      actuated preferably just before the mold sections close so that the actual
      position of end 75 of the parison is as close a possible to the desired
      position on mold closing. If the condition of the cells are such that the
      beams of each are simultaneously broken, the parison portion for that
      particular cycle will be too long. If neither is broken the reverse is
      true and the parison portion is too short. If the beam of the upper cell
      is broken and that of the lower cell is not, this condition for the
      illustrated system means that the length of the parison portion for that
      cycle is within specified limits and accordingly so also will the tail
      length be within such limits and no correction is required. When either of
      the first two conditions exist, the corresponding signal read by computer
      or logic module 70 causes the latter to issue corrective electrical signal
      71 to servomotor 74 which either causes the rotary speed of output shaft
      42 of variable speed drive unit 38 to increase or decrease which, as
      noted, will accordingly change the speed of carrier 24 in the desired
      direction to compensate for parisons which are too long or too short. This
      means that if the parison has been sensed as too short, for subsequent
      cycles the carrier or table speed will be decreased to allow time for
      extrusion of a longer parison portion 16 before the mold sections close on
      it. If the parison has been sensed as too long, the speed of movement of
      carrier 24 is increased to increase the frequency at which a mold 26
      appears beneath the head to receive the next parison portion or, described
      another way, to cut the allowable time for extrusion of a parison portion,
      and therefore the length of such substantially constant rate extruding
      parison portion which will protrude beyond the cavity portion of a mold
      will be reduced.
PAR  Member 70 can be rather conventionally equipped with feedback capability
      whereby the condition of cells 62, 64 are checked after a table speed
      change signal has issued and if satisfied nothing more is done whereas if
      they are not satisfied, the system is driven electrically until the
      logic-introduced set point is met.
PAR  As can be recognized, the system just described operates completely
      independent of the rotary speed of extruder screw 25 which is separately
      controlled by motor 31, and consequently the system of the invention can
      be said to react to the parison portion already formed in and hanging from
      the head independent of any change in rheological properties of the
      thermoplastic material being advanced by such screw 25 to head 12.
PAR  The above description and particularly the drawings are set forth for
      purposes of illustration only and are not to be taken in a limited sense.
PAR  Through the parison length control system of the present invention is
      preferably used with the extrusion-blow molding system illustrated and
      described herein, it may be used with alternative types of blow molding
      machines, such as those wherein the molds reciprocate linearly, e.g.
      laterally or diagonally, into and out of position beneath the extruder
      head. Likewise, the carrier supporting the molds whose movement is
      controlled by the system of the invention may operate in a vertical or
      substantially vertical plane continuously rotating about a horizontal axis
      and wherein the molds accept the parison being extruded tangential to the
      periphery of the carrier, such latter systems being known as "wheel"
      machines in the industry. It is only necessary to employ some means, such
      as a reciprocating knife, or an actual part of the closing mold or a
      reciprocating mandrel in the extrusion head, to sever the trailing end of
      the parison attached in the head in order to form a freely pendant end
      which can be detected at the desired point in the cycle by the sensors.
      Conversely, a parison which is not severed subsequent to or at the time of
      closing of each mold and which exists in continuous form including
      substantially connected sections between adjacent molds without any
      exposed end is unworkable in the present invention.
PAR  The above description and particularly the drawings are set forth for
      purposes of illustration only and are not to be taken in a limited sense.
      Various modifications and alterations will be readily suggested to persons
      skilled in the art. It is intended, therefore, that the foregoing be
      considered as exemplary only and that the scope of the invention be
      ascertained from the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of blow molding hollow articles which includes:
PA1  continuously forming a freely pendant hollow thermoplastic parison in the
      outlet of an extruder head;
PA1  moving a carrier in synchronism with formation of said parison to
      consecutively position molds supported on said carrier beneath the head to
      receive portions of said parison for blow molding into said articles in
      cavity sections therein;
PA1  sensing the length of a parison section protruding beyond the cavity of
      successively presented molds; and
PA1  generating a control signal in response to said sensing, to regulate and
      thereby reduce the variability in the amount of said length;
PA1  the improvement in said method whereby the amount of such length is
      regulated without causing a related change in the rheological properties
      of the thermoplastic forming the parison, which improvement comprises, in
      combination, the step of:
PA1  varying the speed of movement of said carrier in response to said signal to
      vary the rate at which said molds receive consecutive parison portions and
      therefore regulate the amount of the length of each parison portion
      protruding beyond the cavity portions thereof.
NUM  2.
PAR  2. The method of claim 1 wherein movement of said carrier is in a generally
      horizontal plane about a vertical axis.
NUM  3.
PAR  3. The method of claim 2 wherein said movement is intermittent.
NUM  4.
PAR  4. The method of claim 1 wherein said speed variation includes both
      increasing and decreasing the rate of carrier movement.
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PAL  A foam cushion with a covering of an elastic textile sheet structure is
      produced in a vacuum deep-draw mould by holding the sheet structure down
      during the suction cycle with a hold-down plate, but allowing it to slip
      through locally.
BSUM
PAR  This invention relates to a method for the production of a foam cushion
      with a covering of an elastic textile sheet structure, in which the
      textile sheet structure is draped over a vacuum deep-draw mould, held down
      on the edge of the mould by pressure during the suction cycle and then
      underfoamed.
PAR  The textile sheet structure is backed by a sealing layer. This layer
      enables an effective vacuum to be applied and prevents the foamable
      reaction mixture from bleeding through the textile sheet structure. The
      textile covering generally consists of an elastic knitted fabric or of an
      elastic flock fabric.
PAR  In conventional processes, the elastic sheet structure to be deep drawn is
      held firmly on the edge of the mould by a hold-down plate. It is also
      known that claws or sharp pins can be additionally provided for arresting
      the sheet structure.
PAR  It is clear that the deep-draw properties of textile sheet structures of
      this kind are limited to relatively simple contours. In the case of seat
      cushions for vehicles of any kind, special contours adapted to the shape
      of the body are now a common requirement. It has never been possible with
      conventional methods to form textile sheet structures in such a way as to
      obtain these contours. Either the elasticity of the materials was
      inadequate or undesirable creases were formed during the deep-drawing
      process.
PAR  Accordingly, the object of the invention is to provide a method by which it
      is possible to produce cushions of this kind with complicated contours
      without producing undesirable creasing.
PAR  According to the invention, there is provided a method of producing a foam
      cushion with a covering of an elastic textile sheet structure, wherein the
      textile sheet structure is draped over a vacuum deep-draw mould, held down
      by pressure on the edge of the mould during the suction and then
      underfoamed, the textile sheet structure being initially held down and
      then allowed to slip by at least locally reducing the hold-down pressure.
PAR  In this way, the sheet structure is initially drawn onto the major surfaces
      of the mould interior and their raised zones, generally up to the elastic
      limit of the sheet structure. By reducing the hold-down pressure and at
      the same time maintaining the vacuum, the textile sheet structure is then
      given the opportunity to slip so that it is also applied to the remaining
      zones of the mould wall. In particular, the hold-down pressure can be
      reduced to different extents and for different periods at different zones
      so that the textile sheet structure is able to slip through to different
      extents. In this way, the deep-drawing process can be adapted to meet
      particular contour requirements. There is no danger of creasing because
      the textile sheet structure is stretched again as it slips. If necessary,
      the hold-down pressure can be increased and then reduced again in the
      meantime so that the deep-drawing process takes place in several stages.
      It is even possible by this method to produce seat cushions with
      transverse ribs which, in the past, have had to be produced by means of
      quilted seams. The slip-through rate must be such that that part of the
      textile sheet structure slipping through is stretched. The residual
      pressure remaining after the hold-down pressure has been reduced should
      preferably be empirically determined, depending upon the quality and
      smoothness of the mould edge, the sliding property of the textile sheet
      structure and the extent to which it is to be allowed to slip through.
      Tests with conventional textiles in the form of knitted fabrics and flock
      fabrics have indicated that the residual pressure required for the
      hold-down plate amounts for example to between 1.5 and 0.005 kg/cm linear
      load. The preferred pressure range is from 0.7 to 0.05 kg/cm linear load.
PAR  The apparatus for carrying out the method according to the invention
      comprises a vacuum deep-draw mould with a hold-down plate. The
      novelfeature of this apparatus is that the hold-down plate is provided
      with means for allowing the textile sheet structure to slip, such as
      contact-pressure rollers or alternatively with compressed-air nozzles.
PAR  In cases where contact-pressure rollers are used, the countersurface facing
      towards the hold-down plate on the mould preferably comprises
      contact-pressure rollers as well.
PAR  In cases where compressed-air nozzles are used, the countersurface facing
      towards the hold-down plate on the mould is preferably provided with
      compressed-air nozzles as well.
PAR  Naturally, compressed-air nozzles and contact-pressure rollers can also be
      combined on the hold-down plate and/or the countersurface.
DRWD
PAR  Parts of the apparatus according to the invention are illustrated purely
      diagrammatically in the accompanying drawings and described in detail in
      the following. In the accompanying drawings:
PAR  FIG. 1 is a plan view of the apparatus.
PAR  FIGS. 2 to 4 are sections on the line A-B in FIG. 1, each illustrating a
      different embodiment.
DETD
PAR  In FIG. 1, the apparatus consists of a mould 1 and a hold-down plate made
      up of individual segments 2.
PAR  In FIG. 2, a mould 21 is made up of an impervious outer jacket 23 and a
      perforated inner jacket 24 contoured to match the contour of the cushion.
      Between the outer and inner jackets there is a vacuum zone 25 from which a
      connection 26 leads to a vacuum pump (not shown). A textile sheet
      structure 28 is clamped between the hold-down plate 22 and the edge 27 of
      the mould 21.
PAR  In FIG. 3, the mould 31 consists of an impervious outer jacket 33 and a
      perforated inner jacket 34, between which there is a vacuum zone 35 from
      which a connection 36 leads to a vacuum pump (not shown). The hold-down
      plate is provided with contact-pressure rollers 39. Identical
      contact-pressure rollers 39 are also arranged on the countersurface, i.e.
      on the edge 37 of the mould 31. A textile sheet structure 38 is clamped
      between the hold-down plate 32 and the edge 37 of the mould 31.
PAR  In FIG. 4, the mould 41 consists of an impervious outer jacket 43 and a
      perforated inner jacket 44. Between the outer and inner jackets there is a
      vacuum zone 45 from which a vacuum connection 46 leads to a vacuum pump
      (not shown). The hold-down plate 42 and the countersurface, i.e. the edge
      47 of the mould 41, are provided with compressed-air nozzles 49. Through
      these compressed-air nozzles 49, compressed air is injected onto the
      textile sheet structure 48 clamped between the hold-down plate 42 and the
      edge 47.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a process for the production of a foam cushion with a covering of an
      elastic textile sheet structure by intimately conforming without permanent
      deformation said structure to the interior of a complexly contoured mold
      the improvement comprising
PA1  a. draping the textile sheet structure backed by a sealing layer over the
      vacuum mold;
PA1  b. holding the periphery of said sheet structure and sealing layer against
      the periphery of the mold cavity;
PA1  c. applying a suction force through the mold to stretch said sheet
      structure and sealing layer so that they are drawn into the major surfaces
      of the mold interior until the elastic limit of the sheet structure and
      sealing layer is reached; and
PA1  d. allowing the sheet structure and sealing layer to slip at portions of
      the mold cavity periphery while applying suction force so that the sheet
      structure fully conforms to the interior surface of the mold.
NUM  2.
PAR  2. In the process of claim 1 the further improvement wherein the hold down
      pressure on the portion of the sheet structure allowed to slip is between
      1.5 and 0.005 kg/cm of linear load during step (d).
NUM  3.
PAR  3. In the process of claim 1 the further improvement wherein the hold down
      pressure on the portion of the sheet structure allowed to slip in step (d)
      is 0.7 to 0.05 kg/cm of linear load.
NUM  4.
PAR  4. In the process of claim 1 the further improvement wherein in step (d)
      the hold down pressure is reduced to different extents and for different
      periods of time at different portions of the mold periphery such that
      different portions of the sheet structure are able to slip through to
      different extents thereby allowing the sheet structure to conform to
      particular mold contours without creasing.
NUM  5.
PAR  5. In the process of claim 4 the further improvement wherein the hold down
      pressure is decreased, then increased and decreased again so that the
      conformation process takes place in several stages.
PATN
WKU  039432165
SRC  5
APN  4315588
APT  1
ART  147
APD  19740107
TTL  Production of periclase refractory utilizing alkyd resins
ISD  19760309
NCL  14
ECL  1
EXA  Parrish; John
EXP  Arnold; Donald J.
INVT
NAM  Bakker; Wate Thewis
CTY  Anne Arundel County
STA  MD
ASSG
NAM  General Refractories Company
CTY  Bala Cynwyd
STA  PA
COD  02
CLAS
OCL  264 56
XCL  106 387
XCL  264 30
XCL  264 63
EDF  2
ICL  C04B 3504
FSC  264
FSS  63;56
FSC  106
FSS  38.7
FSC  260
FSS  40 R;22 A;22 CB
UREF
PNO  1616055
ISD  19270200
NAM  Marks
OCL  264 56
UREF
PNO  2148642
ISD  19390200
NAM  Ricard
OCL  106 38.7
UREF
PNO  2606161
ISD  19520800
NAM  Marling
OCL  260 22CB
UREF
PNO  2628209
ISD  19530200
NAM  Fisk
OCL  260 22CB
UREF
PNO  3008847
ISD  19611100
NAM  LaBerge
OCL  260 40R
UREF
PNO  3255500
ISD  19660600
NAM  Engel et al.
OCL  106 38.7
UREF
PNO  3445410
ISD  19690500
NAM  Coulter
OCL  260 22A
OREF
PAL  Marr and Treffner, "Microstructure of Periclase and Carbon in BOF
      Refractories," Ceramic Bulletin, Vol. 51, No. 7 (1972), pp. 582-586.
LREP
FR2  Murray, Jr.; Everett H.
FR2  Brunsvold; Brian G.
FR2  Mintz; Herbert H.
ABST
PAL  Improved periclase refractories are prepared by using an alkyd resin binder
      for tempering and pressing periclase grains into refractory shapes such as
      bricks. The pressed shapes are dried and fired. After firing, the
      refractory shapes are impregnated under vacuum with molten pitch and can
      then be used as lining in basic oxygen steelmaking furnaces. The fired
      refractory bricks have a greatly improved modulus of rupture at
      1482.degree.C. of 3000-4000 p.s.i. The alkyd resin is generally
      incorporated in amounts of 2.5 to 4.5 weight percent.
PAL  The green strength of the alkyd resin bonded bricks can be improved by
      adding a strong organic acid to the alkyd resin prior to mixing it with
      periclase grains. The green strength of bricks produced from such a
      mixture is between 30 and 40 p.s.i.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to improved periclase refractory shapes and their
      method of manufacture. More particularly, this invention relates to
      periclase refractories that are especially useful in basic oxygen
      steelmaking vessels and the process of making these refractories.
PAC  BACKGROUND OF THE INVENTION
PAR  Furnaces used in the basic oxygen steelmaking process are usually provided
      with a refractory lining which frequently consists of bricks formed from
      magnesia, or dolomite, or mixtures of magnesia and dolomite. These
      refractory bricks can be used in a burned or unburned condition and are
      often tar impregnated or tar-bonded. Tar-bonded bricks are generally made
      by first mixing refractory grains of dolomite or magnesia with pitch or
      tar and then pressing the mixture to shape, and are usually used in an
      unburned or unfired condition. On the other hand, tar-impregnated
      refractory bricks are generally prepared by mixing refractory magnesia
      particles with a suitable binder, pressing the mixture to shape, drying
      the shape, firing the refractory shape, and then impregnating the fired
      shape with pitch.
PAR  Refractory magnesia (MgO) is made by "dead burning" the mineral magnesite
      (MgCO.sub.3), or such magnesium compounds as the hydrate or the chloride,
      to obtain a residual dense grain of magnesium oxide of stable character.
      The term dead burning as used in relation to magnesite denotes a procedure
      in which magnesite is heated to from about 1600.degree. to 2300.degree. C.
      Dead-burned magnesite is often referred to as "periclase" which denotes a
      composition having a very high percentage of MgO and which has been
      processed as by dead burning.
PAR  For example, commercially available refractory magnesia now commonly
      analyzes 96 to 99+ percent MgO, and less than 1.5 percent by weight silica
      on an oxide basis.
PAR  In the past, burned refractory magnesia bricks have usually been produced
      from dead-burned magnesite (periclase) containing about 96% MgO and having
      a CaO/SiO.sub.2 ratio ranging from 1.5 to 2.5. Specifically graded size
      fractions of the periclase, including fine fractions and coarse fractions,
      are mixed together in conventional mixing equipment such as a muller mixer
      to provide a dry mix which will produce an optimum packed density. An
      appropriate binder composition is then added in predetermined proportions
      to the dry mix and is blended or tempered with the mix to wet out all the
      grains and provide an easily pressed mixture. These binder compositions
      usually consist of small amounts of water and a binder material or
      materials. Typical binder materials that have been used for producing
      tar-impregnated brick include lignosulfonates, magnesium sulphate,
      sulfuric acid, dextrin, and the like, with lignosulfonates being generally
      preferred.
PAR  The blended mixture of preiclase and binder is pressed in a mold by a
      mechanical or hydraulic press under a pressure in excess of 5,000 p.s.i.
      and preferably about 10,000 to 20,000 p.s.i. This pressed or molded shape
      is known as a green brick and typically ranges in length from 18 to 27
      inches. The green brick is then dried in a suitable manner, such as for
      example, in an oven at a temperature in the range of about 110.degree. to
      204.degree. C. and preferably about 121.degree. to 177.degree. C. to allow
      the lignosulfonate bond to harden. After mixing, pressing and drying, the
      refractory shapes are fired in a kiln at maturing temperatures usually in
      excess of at least about 1538.degree. C. Generally and preferably, such
      firing will be conducted at a maturing temperature in the range of about
      1593.degree. to 1760.degree. C. After firing, the brick is impregnated
      with pitch under vacuum at about 232.degree. C. The pitch-impregnated
      brick usually contains about 5 to 6% pitch, of which about 2.1 to 2.6% is
      retained as carbon after coking.
PAR  Refractory linings employed in basic oxygen process steelmaking furnaces
      must have sufficient strength to support the charge of molten metal in the
      vessel. Tar-impregnated magnesia refractory bricks produced by the
      conventional method just described, however, typically have a density of
      about 2.93 to 3.02 g/cc and a hot modulus of rupture at 1482.degree. C. of
      about 1000 p.s.i. Bricks of greater strength are desired for use in basic
      oxygen process steelmaking furnaces. The prior art has employed a variety
      of techniques, such as refinements in composition and mineral placement,
      to produce refractory magnesia bricks having a hot modulus of rupture at
      1482.degree. C. of between about 1500 to 2400 p.s.i. For example, as
      disclosed in U.S. patent application Ser. No. 16,237 by Treffner and
      Filer, filed Mar. 3, 1970, now abandoned, and assigned to the same
      assignee as the present invention, an improved modulus of rupture at
      1482.degree. C. can be obtained by adjusting the CaO/SiO.sub.2 ratio of
      the fine fractions to 1.6 - 2.1 while the CaO/SiO.sub.2 ratio of the
      coarse fractions is preferably maintained at 2.0 or higher. The
      1482.degree. C. modulus of rupture of brick produced by this method is
      about 2000 p.s.i., but still greater improvements would be extremely
      useful in providing refractory linings that can better withstand the
      conditions that are encountered in the basic oxygen steelmaking furnaces.
PAR  The green strength of commercially made lignosulfonate-water bonded
      periclase brick, that is, the transverse strength of the brick after it is
      pressed but before it is dried or fired, is relatively low, having a room
      temperature modulus of rupture of between 10-15 p.s.i. This relatively low
      green strength causes a serious problem in the handling of shapes longer
      than 20 inches because when these shapes are lifted by their end, the
      transverse stresses in the brick generated by their own weight are often
      sufficient to break the shape in half. Accordingly, a large amount of
      green brick breakage usually occurs when producing bricks of over 20
      inches in length, and a substantial amount of breakage occurs even with
      smaller bricks. Minimum off-press transverse strength required to prevent
      breakage has been calculated for shapes with varying lengths as follows:
TBL                    Minimum M.O.R.(p.s.i.)                                  
                       of Green Brick Required                                 
     Largest Dimension of Brick                                                
                       for Safe Handling                                       
     ______________________________________                                    
     15"               6.5                                                     
     18"               9.0                                                     
     20"               13.5                                                    
     24"               17.0                                                    
     27"               23.0                                                    
     ______________________________________                                    
PAL  Accordingly, it would be desirable to improve the green strength of
      periclase brick to decrease breakage and lower manufacturing cost while at
      the same time producing a green brick which can be fired and provide a
      high hot modulus of rupture.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found, in accordance with the present invention, that
      improved fired periclase refractory shapes can be produced by mixing
      refractory periclase grain with about between 2.5 and 4.5 weight percent
      of an alkyd resin, based on the weight of the grain, to form a refractory
      batch, tempering the batch, pressing the batch into green refractory
      shapes, drying the green shapes, and firing the dried shapes.
PAR  It has been found that fired refractory shapes produced in accordance with
      this method have a significantly higher hot modulus of rupture at
      1482.degree. C. than conventionally produced prior art shapes, and more
      particularly have a hot modulus of rupture at 1482.degree. C in excess of
      3000 p.s.i. and usually between about 3000 to 4000 p.s.i. Other properties
      of the fired brick such as the hot crushing strength and density are also
      improved as compared to conventionally produced brick.
PAR  Thus, the present invention provides an improved fired periclase refractory
      shape comprising sized magnesia grain, bonded by about 2.5 to 4.5 weight
      percent of an alkyd resin, based on the weight of the grain, and having a
      hot modulus of rupture at 1482.degree. C. greater than 3000 p.s.i.
PAR  After firing, the refractory shapes can be pitch-impregnated in accordance
      with conventional procedure. The pitch-impregnated fired bricks maintain
      the same excellent physical properties as the unimpregnated brick.
PAR  The green strength of the unfired and undried refractory shape produced by
      using an alkyd resin in accordance with the teachings of this invention is
      relatively low and about comparable to the green strength of
      conventionally produced lignosulfonate-water bonded brick.
PAR  Accordingly, in another aspect of the present invention, it has been found
      that periclase refractories having improved green strength can be produced
      by tempering a dry brick batch of graded magnesia grains with 2.5 to 4.5%
      alkyd resin and between about 0.1 and 1.5% of a strong acid, based on the
      weight of the grain, and then pressing the tempered batch to shape.
      Preferably, the acid is a strong organic acid such as toluene sulphonic
      acid. The green strength of brick produced in accordance with this aspect
      of the invention is between about 30 and 40 p.s.i., and is more than
      sufficient to enable handling of the green brick without breakage. When
      this green brick is subsequently fired, the resulting fired brick retains
      the high hot modulus of rupture of brick containing alkyd resin alone.
PAR  The present invention thus provides an improved binder composition for
      producing periclase refractories, which consists essentially of an alkyd
      resin and about 5% to about 35% of a strong acid, preferably a strong
      organic acid, based on the weight of the resin. This binder composition
      produces a green brick comprised of periclase grains containing the
      reaction product of 2.5 to 4.5% alkyd resin and 0.1 to 1.5% acid, based on
      the weight of the grain, and having a green strength of about 30 p.s.i.
PAR  The present invention consists of the processes, compositions, articles,
      combinations and improvement set forth herein and in the appended claims.
PAR  It is to be understood that both the foregoing general description and the
      following detailed descriptions are exemplary and explanatory, but are not
      restrictive of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The refractory bricks and shapes of the present invention are prepared from
      refractory magnesia grains which are usually obtained from a dead-burned
      magnesite, but which can be obtained from any other source of magnesia.
      The magnesite should be relatively pure with respect to silicate content.
      A typical dead-burned magnesite which is suitable for use in the present
      invention has a bulk specific gravity of 3.37 and the following chemical
      analysis given in terms of weight percent:
TBL  MgO                 95.5 - 96.5                                           
     CaO                 2.4                                                   
     SiO.sub.2           1.2                                                   
     Fe.sub.2 O.sub.3    0.24                                                  
     Al.sub.2 O.sub.3    0.20                                                  
     B.sub.2 O.sub.3     0.024                                                 
PAR  To produce the refractory compositions of the present invention, and as
      well known in the art, the magnesia grain is crushed and sized in various
      fractions. Commonly used grain sizes of refractory magnesia may be used to
      produce a dry mix for maanufacturing the bricks of this invention.
      Refactory articles useful in basic oxygen process furnaces desirably
      should have a low porosity and maximum bulk density, and the sizes of the
      refractory aggregates should be selected to achieve these results.
      Techniques of selecting grain size to accomplish this end, by employing
      combinations of relatively coarse and relatively fine refractory
      aggregates are well-known in the art. A typical mixture of coarse,
      intermediate and fine grain fractions suitable to achieve hig bulk density
      and low porosity, using Tyler standard screen sizes, is as follows:
PA1  30 to 35% passing 4 mesh and retained on 10 mesh
PA1  30 to 40% passing 6 mesh and retained on 28 mesh
PA1  30 to 35% ball mill fines (less than 100 mesh)
PAR  Preferably, and in accordance with the teachings of the abovereferred
      application Ser. No. 16,237, the chemical composition of the ball mill
      fines is adjusted to provide a CaO/SiO.sub.2 ratio for the ball mill fines
      of 1.4 to 2.0, preferably 1.6. This ratio can be obtained by adding
      siliceous periclase fines or finely divided silica together with
      CaCO.sub.3 or Ca(OH).sub.2 powder.
PAR  The various grain-size fractions are blended dry in a suitable mixer,
      commonly used in the refractory industry such as a muller mixer.
      Generally, one minute of dry mixing is sufficient to provide a homogeneous
      mixture.
PAR  In accordance with the invention, 2.5 to 4.5% of alkyd resin is mixed with
      the refractory magnesia grain. An alkyd resin is the resinous reaction
      product of a polyhydric alcohol and polybasic acid, usually a dibasic
      acid. The alkyd resins that are preferably used in the present invention
      are the resinous reaction products obtained by polymerizing a polyhydric
      alcohol, a dibasic acid, and a monobasic fatty acid, and are well known in
      the art for their use in oil-base paints. The monobasic fatty acid is
      commonly supplied in the form of a triglyceride or oil, and the alkyd
      resins obtained thereby are commonly referred to as oil-modified alkyds.
PAR  Polybasic acids that can be used to prepare the alkyd resins useful in the
      present invention are those that are commonly employed in the art and
      include phthalic anhydride, isophthalic acid, maleic anhydride, fumaric
      acid, azelaic acid, succinic acid, adipic acid and sebacic acid.
      Preferably, phthalic anhydride is used to prepared the resins useful in
      the present invention.
PAR  Polyhydric alcohols that can be used to prepare the alkyds useful in the
      present invention are those commonly employed in the art and include
      glycerol, pentaerythritol, dipentaerythritol, trimethylolethane, sorbitol,
      ethylene glycol, propylene glycol, dipropylene glycol, trimethylolpropane,
      neopentylene glycol (2,2-dimethyl-1, 3-propanediol), etc. Glycerol is the
      preferred polyhydric alcohol for use in the present invention.
PAR  The monobasic fatty acid that can be used to prepare the alkyd resins are
      obtained from oils including tung, linseed, soybean, peanut, dehydrated
      castor, fish, safflower, oiticica, cottonseed, and coconut oil. Soybean
      and linseed oils are preferred with respect to the alkyds useful in the
      present invention.
PAR  Various combinations of dibasic acids, polyhydric alcohols and monobasic
      fatty acids can be used to prepare alkyd resins of different viscosity and
      hardening properties. Generally, the viscosity of the resin mixture
      prepared from phthalic anhydride and glycerol is determined by the alkyd
      number of the resin, i.e., the percentage of phthalic anhydride and
      glycerol contained in the mixture. Thus, a resin with an alkyd number of 0
      consists only of glycerol and phthalic anhydride. This material is a hard
      brittle substance and is not useful in the present invention. Similarly, a
      resin with an alkyd number of 0 consists only of oil, and is not useful in
      the present invention as it has a generally low viscosity. Resins of the
      greatest practical use in the present invention have alkyd numbers in the
      15 - 65  range. The viscosity of the resin can further be modified by the
      addition of organic solvents, such as mineral spirits, although other
      hydrocarbons, including aromatic hydrocarbons such as xylene can also be
      used.
PAR  Alkyd resins which have proven especially usful in the present invention
      contain 70 - 80% resin, 30 - 20% solvent, and have an alkyd number of 15 -
      40. These materials are known in the art as medium to long alkyd resins.
      Short alkyd resins are also useful in the present invention, but they are
      difficult to disperse in the dry ingredients of the refractory batch
      because of their high viscosity.
PAR  A specific alkyd resin which has been found to be suitable in the present
      invention is available under the tradename Aroplaz 1266-M70 sold by
      Ashland Chemical Co., a division of Ashland Oil Co., and has a viscosity
      range of 2000 to 4000 cp. This alkyd resin contains 70% resin, 30% mineral
      spirits and is prepared from a resin mixture containing 63% soybean oil,
      25% phthalic anhydride, and remainder essentially glycerol.
PAR  The alkyd resin binder is preferably added to the dry mix of magnesia
      grains immediately after the blending of the various grain-size fractions
      is completed. The amount of alkyd resin added is between about 2.5 and
      about 4.5 weight percent, based on the weight of the grain. Normally,
      about 3 - 4% alkyd resin is sufficient to wet out all the grains properly
      and provide an easily, pressed mix.
PAR  In accordance with the invention, the mixture of magnesia grain and alkyd
      resin is tempered. The magnesia grain and alkyd resin are tempered, that
      is, they are blended together in the mixer to provide a mix where all the
      magnesia grains are wetted to enable subsequent pressing of the mix to
      shape to be easily accomplished. A minimum of 5 minutes, but preferably 10
      - 15 minutes, mixing is required to provide a mixture that can be
      satisfactorily pressed.
PAR  In accordance with the invention, the tempered mix containing the alkyd
      resin binder is pressed into shapes. The pressing step of this invention
      is conducted in accordance with conventional pressing techniques well
      known in the art and can be carried out by using conventional mechanical
      (toggle), hydraulic or impact presses. Generally, a pressure of 10,000 -
      18,000 p.s.i. is used to obtain strong shapes.
PAR  In accordance with the invention, the pressed shapes are dried. The pressed
      shapes can be dried at a minimum temperature of 100.degree. C. to a
      temperature of about 288.degree. C. but preferably a temperature of about
      200.degree. C. is used. Drying of the bricks hardens the bricks and
      prepares them for subsequent firing. The drying step of this invention is
      conducted in accordance with conventional drying techniques.
PAR  In accordance with the invention, the dried shapes are fired. Preferably,
      the dried shapes are burned in a tunnel of a periodic kiln at a
      temperature range of about 1538.degree. - 1760.degree. C., but preferably
      a temperature range of about 1593.degree. - 1733.degree. C. The burning
      step of this invention is conducted in accordance with conventional
      burning techniques.
PAR  Refractories prepared according to the process of the present invention,
      after firing but before impregnation with pitch have a density of about
      2.97 - 3.06 g/cc and a hot modulus of rupture of 3000 - 4000 p.s.i. at
      about 1482.degree. C., and 2000 - 3000 p.s.i. at 1600.degree. C. In
      comparison, similar brick made with a conventional lignosulfonate binder
      have a density of 2.92 - 3.03 g/cc and a hot modulus of rupture of 1600 to
      2500 p.s.i. at about 1482.degree. C and 1200 to 1900 p.s.i. at
      1600.degree. C.
PAR  After burning, the refractories of the present invention can be impregnated
      under vacuum with molten pitch, when intended for use in basic oxygen
      steel making vessels. The pitch impregnation is conducted in accordance
      with conventional techniques, for example, by impregnating the refractory
      with about 5 to 6% pitch under vacuum at about 177.degree. to
      260.degree.C, preferably 232.degree.C.
PAR  In accordance with a preferred embodiment of the invention, a strong acid
      is used along with the alkyd resin when the dry batch of refractory grains
      is tempered. The green strength of refractory shapes prepared from a
      tempered batch of refractory grain and alkyd resin is relatively low. A
      dry refractory batch which has been tempered with alkyd resin and a strong
      acid will provide unfired bricks with greatly increased green strength,
      that is, a green strength of at least 30 p.s.i. Depending on the process
      conditions, the green strength achieved generally will be from about 30 -
      40 p.s.i., and in some instances can be as high as about 50 p.s.i. These
      higher green strengths are sufficient to permit handling the brick in the
      green state without significant amounts of breakage.
PAR  The acid used is preferably a strong organic acid, although strong
      inorganic acids can also be used. Exemplary of suitable strong organic
      acids that can be used are toluene sulfonic acid, xylene sulfonic acid,
      mixtures of different sulphonic acids such as xylo sulphonic and toluene
      sulphonic acid, salycylic acid, trichloracetic acid, and the like. Typical
      inorganic acids that can be used include H.sub.2 SO.sub.4, HCL, H.sub.3
      PO.sub.4 and the like.
PAR  The strong acid can be added to the dry brick batch separately from the
      alkyd resin, or more preferably can be premixed with the alkyd resin and
      added to the dry brick batch together with the alkyd resin. The acid
      greatly increases the viscosity of the alkyd resin and therefore it is
      preferred to mix the alkyd resin with the dry brick batch as soon as the
      acid is added to the resin. A convenient method of achieving this
      immediate addition of acid and resin to the dry brick batch is to add the
      acid to the resin while the resin is being poured into the dry brick
      batch, but before the resin comes into contact with the dry brick batch.
PAR  The present invention thus provides a novel binder system for the
      production of periclase refractories which consists of an alkyd resin and
      a strong acid. The binder system is effective to markedly increase the
      green strength of the periclase refractory. The strong acid usually
      comprises from about 5 to about 35% of the weight of the alkyd resin, and
      more preferably between about 10 to 20% by weight of the resin. Thus,
      refractory compositions prepared from this binder system usually contain
      from 2.5 to 4.5% alkyd resin and from 0.1 to 1.5% of strong acid.
PAR  After addition of the alkyd resin and strong acid, the mix is then further
      processed as described above. Thus, the mix is tempered, pressed to shape,
      dried, and fired to produce a fired refractory shape such as a brick which
      can then be tar impregnated. Maximum green strength of the refractory
      composition is usually achieved by allowing the tempered batch to air dry
      for up to about 1 hour before the composition is pressed into shape. The
      green strength of the pressed shaped generally increases with increasing
      air-drying time of the tempered batch, while the green density of the
      pressed shape is not significantly decreased by holding the tempered batch
      for at least one hour prior to pressing. In commercial practice, most
      batches are used within one hour after tempering. Thus, the binder
      composition of the present invention is ideally suited for commercial use.
PAR  Bricks and other refractory shapes produced with a binder of alkyd resin
      and strong acid exhibit the same degree of improvement in high hot
      strength as exhibited by brick produced with alkyd resin without the use
      of a strong acid.
PAR  The following examples are given by way of illustration to further explain
      the principles of the invention. These examples are merely illustrative
      and are not to be understood as limiting the scope and underlying
      principles of the invention in any way. All percentages and parts referred
      to herein are by weight unless otherwise specifically indicated.
PAC  EXAMPLE 1
PAR  Periclase refractories are prepared in a laboratory from 96% MgO periclase
      grains. The grains are crushed and sized in accordance with the following
      size distribution:
TBL                       % of Refractory                                      
     Tyler Screen Size    Composition                                          
     ______________________________________                                    
     -4+10 Mesh           40.0                                                 
     -10+20 Mesh          10.0                                                 
     -20+48 Mesh          8.0                                                  
       -48 Mesh           7.0                                                  
     Ball Mill Fines                                                           
     Ground to 60% -325 Mesh                                                   
                          10.0                                                 
     Ground to 95% -325 Mesh                                                   
                          25.0                                                 
     ______________________________________                                    
PAR  Two refractory batches are prepared from the above-described material. In
      one batch, 3% of a 50% lignosulfonate solution in water and 2% additional
      water are used as binders. In the other batch, 4.0% of a long alkyd resin
      is uded as a binder. The alkyd resin is prepared mainly from phthalic
      anhydride, glycerol, soybean oil, and contains 70% resin and 30% of
      mineral spirits solvent. The alkyd resin used is obtained commercially
      under the name Aroplaz 1285 from Ashland Chemical Co., division of Ashland
      Oil Co., and comprises a mixture of various long oil alkyds, with the main
      alkyd resin in the mixture being Aroplaz 1266-M-70 previously described
      above in detail.
PAR  Each brick batch is processed into 9.times.41/2.times.3inches brick by
      first dry blending the sized grain in a muller mixer for 1 minute and then
      adding the alkyd resin to the sized grains. The mixture of resin and grain
      is blended for 10 minutes to wet all of the grains with resin and form a
      shapeable mixture. After blending, the mix is pressed at 15,000 p.s.i.
      using a hydraulic press. The green brick is dried at 230.degree. F.
      (110.degree.C.) for 18 hours. A first set of brick from each batch is
      fired at 1677.degree. C. and a second set is fired at 1719.degree. C. in a
      commercial tunnel kiln. After burning, brick with the following properties
      are obtained:
TBL                TABLE 1                                                     
     ______________________________________                                    
                  Batch 1     Batch 2                                          
     ______________________________________                                    
     Binder         Lignosulfonate +                                           
                                  Alkyd Resin                                  
                    Water (Conven-                                             
                                  (Improved Bin-                               
                    tional Binder)                                             
                                  der)                                         
     Properties after                                                          
     1677.degree.C Burn:                                                       
     Density, g/cc  2.94          3.06                                         
     Modulus of Rupture,                                                       
      at 1482.degree.C, p.s.i.                                                 
                    1760          3330                                         
     Hot Crushing Strength,                                                    
      at 1538.degree.C, p.s.i.                                                 
                    3530           4860+*                                      
     Properties after                                                          
     1719.degree.C Burn:                                                       
     Density, g/cc  2.97          3.06                                         
     Modulus of Rupture                                                        
      at 1482.degree.C, p.s.i.                                                 
                    2330          3870                                         
     ______________________________________                                    
      *Samples did not break during test.                                      
PAR  These results clearly show that an increase in density and hot strength is
      obtained by using an alkyd resin binder in accordance with the present
      invention instead of the conventional lignosulfonate-water binder system.
PAC  EXAMPLE 2
PAR  A mix having the same composition as in Example 1 is processed into
      9.times.41/2.times.3 inches brick using the identical procedure of Example
      1 ,  except that lower amouonts of alkyd resin are used. Two brick batches
      are prepared, one using 3.5% alkyd resin and the other using 3.75% alkyd
      resin.
PAR  Table II shows the physical properties of the resulting brick after burning
      at 1719.degree. C.
TBL                TABLE II                                                    
     ______________________________________                                    
     Properties of Alkyd Resin Bonded Brick After 3125.degree.F Burn           
                       Batch 3   Batch 4                                       
     ______________________________________                                    
     % Alkyd Resin Used  3.5         3.75                                      
     Properties                                                                
     Bulk Density, g/cc  3.00        3.02                                      
     Hot Modulus of Rupture,                                                   
      p.s.i. at 1482.degree.C                                                  
                         2780        3240                                      
     Hot Crushing Strength,                                                    
      p.s.i. at 1538.degree.C                                                  
                         5000+*      5000+*                                    
     ______________________________________                                    
      *Specimens did not fail at maximum load.                                 
PAR  The results indicate that improved hot strength is also obtained when, as
      shown in Table II, a lower alkyd resin content than 4% is used, although
      the hot strength is not as high as in Batch 2 of Example 1 where 4% alkyd
      is used.
PAC  EXAMPLE 3
PAR  Periclase refractories are manufactured on a commercial scale using 96% MgO
      periclase grains. The grain sizings of the refractory is as follows:
TBL                       % of Refractory                                      
     Tyler Screen Size    Composition                                          
     ______________________________________                                    
     -4+10 Mesh           32.5                                                 
     -6+28 Mesh           35.0                                                 
     Ball Mill Fines                                                           
     Ground to 60% -325 Mesh                                                   
                          32.5                                                 
     ______________________________________                                    
PAR  Two 1800 pound refractory batches are prepared. In one batch (Batch 5), 3%
      of a 50% lignosulfonate solution in water and approximately 1% additional
      water is used as a green binder. In the other batch (Batch 6), 3.5% alkyd
      resin is used as a binder. EAch batch is mixed and tempered in muller
      mixer for 10 minutes and pressed into 18.times.6-5.times.3inches
      key-shaped refratories for use in a basic oxygen furnace (B.O.F.) vessel.
      The brick is dried at 149.degree.C in a tunnel drier and fired in a tunnel
      kiln at 1719.degree.C. Table III below gives the properties of the brick
      after burning and impregnation with pitch.
TBL                TABLE III                                                   
     ______________________________________                                    
                   Batch 5     Batch 6                                         
     ______________________________________                                    
     Brick Size:     18.times.6-5.times.3"                                     
                                   18.times.6-5.times.3"                       
     Binder, %       3.0 Lignosul- 3.5 Alkyd                                   
                     fonate        Resin                                       
     Bulk Density, g/cc                                                        
     Impr.           3.15          3.16                                        
     Coked           3.04          3.07                                        
     Ignited         3.03          3.04                                        
     Open Porosity, %                                                          
     Ignited         12.5          11.2                                        
     Modulus of Rupture,                                                       
     p.s.i. *                                                                  
     Room Temperature                                                          
                     2680          3120                                        
     At 1482.degree.C                                                          
                     2370          3050                                        
     At 1593.degree.C                                                          
                     1890          2380                                        
     Crushing Strength*,                                                       
     p.s.i.                                                                    
     Room Temperature                                                          
                     8550          9490                                        
     At 1538.degree.C                                                          
                      5000+         5000+                                      
     Total Pitch Content,                                                      
     %               5.3           5.1                                         
     Volatiles, %    3.2           3.0                                         
     Retained Carbon,                                                          
     after coking %  2.1           2.1                                         
     Carbon Yield, % 40.0          41.0                                        
     ______________________________________                                    
      *Before Impregnation                                                     
PAR  The data of Table III clearly demonstrates that the superior hot strength
      of alkyd resin bonded brick is maintained during commercial production.
PAC  EXAMPLE 4
PAR  This example illustrates the use of a strong organic acid to improve the
      green strength of a pressed brick.
PAR  Four brick batches (Batches 7, 8, 9, and 10) having a grain sizing as shown
      below are prepared from 96% MgO periclase.
TBL  ______________________________________                                    
                          % of Refractory                                      
     Tyler Screen Size    Composition                                          
     ______________________________________                                    
     -4+10 Mesh           32.5%                                                
     -6+28 Mesh           35.0%                                                
     Ball Mill Fines Ground                                                    
      to 60% -325 Mesh    32.5%                                                
     ______________________________________                                    
PAR  Each brick batch has added to it a mixture of (a) a long alkyd resin and
      (b) a mixture of various sulfonic acids mainly toluene and xylosulphonic
      acid, in the amounts shown below in Table IV. The long alkyd resin used is
      Aroplaz 1285 described in Example 1 above. The mixture of sulfonic acids
      is sold by Nease Chemical Co., State College, Pa., under the name MOD
      acid. A first portion of each brick batch is mixed and tempered for 10
      minutes and 9.times.41/2.times.3 inches brick are pressed on a hydraulic
      press at 15,000 p.s.i. The transverse or green strength of the pressed
      brick is then determined.
PAR  A second portion of each brick batch is tempered for 5 minutes longer than
      the first portion (for a total of 15 minutes), and 9.times.41/2.times.3
      inches brick are pressed on a hydraulic press at 15,000 p.s.i. The
      transverse strength of the pressed brick from the second portion is then
      determined. Three additional portions of each brick batch are tempered for
      15 minutes and then allowed to air-dry for 30, 45 and 60 minutes,
      respectively, to determine the shelf life of the tempered mix. The
      air-dried batches are then pressed into brick and the transverse strength
      of the green brick is determined. The results for the various batches and
      tests are shown in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Effect of Acid Addition to Alkyd Resin                                    
     on the Off-Press Strength of Alkyd                                        
     Resin Bonded 96% MgO Refractories                                         
                 Batch  Batch    Batch    Batch                                
                 7      8        9        10                                   
     ______________________________________                                    
     Alkyd Resin,                                                              
      % of Mix Comp.                                                           
                    3.6      3.6      3.3    3.0                               
     MOD Acid                                                                  
      % of Mix Comp.                                                           
                    0.2      0.4      0.7    0.6                               
      % of Alkyd Resin                                                         
                    5.5     11.0     21.0   20.0                               
     Transverse Strength,                                                      
      Psi After                                                                
     10 Min. Mixing                                                            
                   21.0     28.0     34.0   32.0                               
     15 Min. Mixing                                                            
                   23.0     29.0     32.0   --                                 
     30 Min. Holding                                                           
                   26.0     29.0     35.0   --                                 
     45 Min. Holding                                                           
                   25.0     41.0     --     43.0                               
     60 Min. Holding                                                           
                   35.0     43.0     --     --                                 
     Green Density g/cc                                                        
      After                                                                    
     10 Min. Mixing                                                            
                   3.03     3.04     3.06   3.06                               
     15 Min. Mixing                                                            
                   3.05     3.06     3.08   --                                 
     30 Min. Holding                                                           
                   3.05     3.06     3.08   --                                 
     45 Min. Holding                                                           
                   3.06     3.06     --     3.05                               
     60 Min. Holding                                                           
                   3.06     3.04     --     --                                 
     ______________________________________                                    
PAR  The data of Table IV shows that the off-press strength of the brick
      increases with increasing storage time, while the off-press density does
      not significantly decrease for at least one hour after tempering. As most
      batches in a commercial operation are used within 30 minutes after
      tempering, it is concluded that the alkyd resin-acid bonding system is
      suitable for commercial production.
PAR  After pressing, the 1482.degree.C hot modulus of rupture (M.O.R.) is
      determined for each brick. The 1482.degree.C hot M.O.R. of the various
      bricks is in the range of 3000- 3800 p.s.i. and indicate that the brick
      has the same high hot strength as alkyd resin bonded brick without the
      acid additive.
PAR  The invention in its broader aspects is not limited to the specific details
      shown and described, and departures may be made from such details without
      departing from the principles of the invention and without sacrificing its
      chief advantages.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for improved fired periclase refractories comprising mixing
      refractory periclase grain with 2.5 to 4.5% of alkyd resin, based on the
      weight of the grain, to form a refractory batch capable of being pressed
      into refractory shapes, pressing the batch into green refractory shapes
      aat a pressure of from 8,000 to 20,000 p.s.i., drying the green shapes at
      a temperature of from 100.degree. to 288.degree.C, and firing the dried
      shapes at a firing temperature of from 1538.degree. to 1760.degree.C.
NUM  2.
PAR  2. The process of claim 1 wherein the firing temperature is in the range of
      about 1593.degree. to 1733.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein the alkyd resin has an alkyd number of
      from 15 to 65.
NUM  4.
PAR  4. The process of claim 3 wherein the alkyd resin is formed from a
      polyhydric alcohol selected from the group of glycerol, pentaerythritol,
      dipentaerythritol, trimethylolethane, sorbitol, ethylene glycol, propylene
      glycol, dipropylene glycol, trimethylolpropane, and neopentylene glycol; a
      dibasic acid selected from the group of phthalic anhydride, isophthalic
      acid, maleic anyhydride, fumaric acid, azelaic acid, succinic acid, adipic
      acid, and sebacic acid; and an oil selected from the group of tung oil,
      soybean oil, linseed oil, cottonseed oil, peanut oil, dehydrated castor
      oil, fish oil, safflower oil, oiticica oil, and coconut oil.
NUM  5.
PAR  5. The process of claim 1 wherein the amount of resin is between 3.0% and
      4.0%.
NUM  6.
PAR  6. The process of claim 1 wherein the mixing step includes blending the
      periclase grain and alkyd resin for from 5 to 15 minutes.
NUM  7.
PAR  7. The process of claim 1 wherein the refractory batch further includes 0.1
      - 1.5% of a strong acid, based on the weight of the grain.
NUM  8.
PAR  8. The process of claim 7 wherein the strong acid is a strong organic acid.
NUM  9.
PAR  9. The process of claim 8 wherein the strong organic acid is selected from
      the group consisting of toluene sulfonic acid, xylo sulphonic acid,
      mixtures of sulphonic acids, salycylic acid, and trichloracetic acid.
NUM  10.
PAR  10. The process of claim 1 wherein a CaO/SiO.sub.2 ratio of from about 1.5
      - 2.5 is provided for the batch.
NUM  11.
PAR  11. The process of claim 1 wherein the alkyd resin is a fatty oil modified
      alkyd resin.
NUM  12.
PAR  12. A process for producing improved periclase refractories suitable for
      use in basic oxygen steelmaking furnaces, the process comprising grinding,
      crushing and sizing periclase grains to obtain a dense packing mixture;
      mixing the sized refractory grain mixture with 2.5 - 4.5% alkyd resin,
      based on the weight of the grain, to form a batch; blending the batch for
      5 to 15 minutes in a mixer; pressing the blended batch into green
      refractory shapes at 8,000 to 20,000 p.s.i.; drying the green shapes at
      100.degree. to 288.degree.C; and firing the dried shapes at 1538.degree.
      to 1760.degree.C.
NUM  13.
PAR  13. The process of claim 12 wherein the alkyd resin has an alkyd number of
      about 15 to 40 and the amount of resin is between about 3.0% and 4%.
NUM  14.
PAR  14. The process of claim 12 wherein 0.1 to 1.5% of a strong organic acid,
      based on the weight of the grain, is added to the alkyd just prior to
      mixing the sized refractory mixture with the alkyd resin.
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ABST
PAL  Electrical insulator bodies of various shapes are manufactured from
      inorganic powders and binders by a novel process comprising the steps of
      (1) maintaining in an agitated state the inorganic powders having a size
      between about 0.040 mm. and 1 mm., (2) spraying onto said agitated powders
      up to 10 per cent by weight of a binder consisting essentially of a
      homogenous fluid mixture of an epoxy resin and hardener, (3) molding the
      resulting mixture, and (4) hardening the molded mixture at a temperature
      not exceeding 160.degree. C., thereby producing a compact ceramic
      insulator material.
PARN
PAR  This is a continuation-in-part of Ser. No. 152,371, filed June 11, 1971 now
      abandoned.
BSUM
PAR  The subject of the present invention is a process for manufacturing rigid
      bodies, e.g., electrical insulators, of various shapes from inorganic
      powders. Conventionally, a prepared mass is sintered by firing in a kiln
      forming what are called ceramics. The sintered product, i.e., the ceramic,
      brings out the best advantages of the physical and chemical properties of
      the raw materials used, for example, electric insulating properties,
      resistance to temperature fluctuation and to weathering, and in certain
      cases, special dielectric or magnetic properties (for example, in the case
      of titanates and ferrites). However, sintering to form a ceramic body has
      certain disadvantages. In particular, the manufacturing process involving
      sintering at elevated temperatures, is costly and time consuming. A
      further disadvantage is that the dimensions of the final product often
      vary considerably due to shrinkage during the sintering.
PAR  Many attempts have therefore been made to form such bodies of the desired
      shapes from inorganic powders without sintering. The inorganic powders
      were mixed with organic binders, the resulting mass being heated, if
      necessary, to comparatively moderate temperatures. The object is to make
      products which show the necessary physical and chemical properties, even
      though their properties may fall short, by a considerable amount, when
      compared to those of the corresponding sintered ceramics.
PAR  As a practical example of products made without sintering, by known
      methods, there by be mentioned the magnetic cores made from ferrite
      powders and binders as described in the German patent specification No.
      756,383 on page 2, lines 103 et seq. These cores are used for the purpose
      of producing magnetic effects in high frequency electric fields.
PAR  A further proposal, according to the German patent specification
      (Auslegeschrift) No. 1,192,090, is to use a corresponding process for
      manufacturing bodies of various shapes for use as electric insulators.
      This proposal has, however, not been applied in practice.
PAR  Both processes mentioned above are suitable only for manufacturing bodies
      of comparatively simple shape, such as solid or hollow cylinders or rings
      for ferrite cores or the like. These processes are not suitable for
      manufacturing bodies of complex shape, such as are required for use as
      electric insulators.
PAR  The process according to the invention is a novel method for manufacturing
      bodies of various shapes from inorganic powders without sintering, the
      products not being limited to bodies of simple shape. The process
      according to the invention also has further advantages which will be
      described below.
PAR  The process according to the invention makes it possible, using simple and
      economical methods, to manufacture bodies containing 90% or more by weight
      of inorganic powders. Only very small quantities of organic binders are
      used and the products can be bodies of complex shape. A decisive
      production stage consists in that the inorganic components used as raw
      materials are placed in a tumbling barrel, or mixing drum, and sprayed, in
      the tumbling barrel, with a homogenous fluid mixture containing a
      synthetic resin and a hardener. The product is a material which can be
      molded in a press, without previously waiting for preliminary physical or
      chemical processes to take place, whereupon immediately after the pressing
      the resulting bodies of various shapes are hardened at a maximum
      temperature of 160.degree. C.
PAR  The inorganic raw materials are preferably of such a kind that they already
      have a crystalline structure, either because that is how they occur in
      nature or due to a previous ceramic or other treatment. As examples of
      materials of this kind there may be mentioned calcite (calcspar),
      magnesite, synthetic ferrites, zirconium sand, titanates and titanium
      dioxide, if necessary prepared in special ways. Further, mineral silicates
      or silicate ceramic biproducts can be used. Additionally, if desired,
      graphite, retort coke or the like, can be employed.
PAR  It has been found that the strength and hardness of the product made by the
      process according to the invention depends on the grain size and grain
      distribution of the initial inorganic material and in any additives which
      may be used. Each particular mixture of inorganic raw materials requires
      its own particular range of grain sizes to give the best results, the
      optimal grain size range, to give the strongest final product, depending
      on the nature of the binder.
PAR  The strength and hardness of the product can be improved by adding to the
      comparatively coarse inorganic material, which has a grain size range
      between 0.1 mm and 1 mm, a quantity of very fine material made by size
      reducing the same initial inorganic substance followed by screening to
      give grain sizes of not less than 75 microns (about 200 mesh--U.S.
      standard sieve series) or 63 microns (about 230 mesh) or 40 microns (about
      400 mesh). Up to 60% of the very fine powder may be added. However, it is
      possible to achieve acceptable products when all of the inorganic material
      is in the form of a fine powder, i.e., with a grain size not less than 40
      microns.
PAR  A still further improvement in the quality of the product can be obtained
      by adding to the initial inorganic raw material, or to the resin binder,
      small quantities of a substance suitable for filling the pores, or which
      is capable of forming a lattice. Suitable materials are substances of
      colloidal or near-colloidal particle size, for example, silica, colloidal
      grahite or the like, or SiO.sub.2, TiO.sub.2 or Al.sub.2 O.sub.3,
      preferably derived from the vapor phase. Up to 5% by weight of the
      colloidal or near-colloidal substance can be used (compare Examples 1-11).
PAR  Furthermore, substances such as certain dolomitic soapstones, which contain
      large fractions of microcrystalline products from the grinding, can be
      used. Up to 13.25% by weight based on the weight of all powders employed
      of a substance of this kind can be added to the initial raw material.
PAR  The addition of additives of this kind increases the ability of the mixture
      to trickle and to flow sufficiently to allow the products to be made by
      extrusion, which can be done under vacuum to remove air from the mixture.
      The addition of small quantities of the highly dispersed substances
      mentioned above improves the notch impact strength of the final product.
PAR  As the binder, epoxy resins with an appropriate hardener such as an amine
      or acid anhydride have been found suitable. For example, Araldite epoxy
      resins such as Araldite 6005, a liquid bisphenol A epoxy resin having a
      Gardner color at 20.degree. C. of 4, an epoxy equivalent of 190 and a
      Gardner-Holt viscosity at 25.degree. C. of 8000, can be used.
PAR  The resin binder used is preferably a colorless resin, allowing clean
      colors to be obtained by adding coloring substances. There can, if
      desired, be added to the mixture in the mixer, non-fading organic or
      inorganic dyes in concentrations up to 0.5%. This results in a product
      which is homogeneously colored, allowing products to be made which conform
      to a color code and there is no necessity to apply an external glaze.
PAR  The mass which is to be molded or extruded is prepared as follows. Into a
      mixture, there are charged the mineral components together with, if
      desired, additives in the form of colloids and dyes. The charge is mixed
      in moisture free conditions. The mixer can be of the heatable kind.
      Simultaneously, in a separate vessel, the resin binder is heated until
      liquid, whereupon the hardener is added. After mixing the resin thoroughly
      with the hardener, the resulting homogenous mixture of resin and hardener
      is sprayed in a liquid state onto the grain particles in the mixing drum,
      which is in operation continuously during the spraying. Mixing is
      continued unitl the material has cooled, wheeupon the cooled granular mass
      is removed from the drum ready for molding. This granular mass has good
      trickling or flow properties, and can be further processed as soon as it
      has been removed from the drum. The product can be molded by the molding
      and extrusion methods customary in ceramic technology. The good flow
      properties of the material, and its excellent molding granulate properties
      make it suitable for molding in automatic presses, preferably under a high
      pressing pressure.
PAR  An alternative method for molding the prepared ganular material, is to
      mount on the nozzle of an extrusion press, or other suitable pressing
      device, a metal mold of the injection molding type, equipped with venting
      channels. The prepared granular mass is injected cold into the mold and
      takes the desired shape quite easily, due to its good ability to slide in
      the mold. It is not necessary to allow the material to remain in the mold
      for a dwell period, as has hitherto been necessary in the molding of
      similar granular compositions.
PAR  The prepared masses, ready for molding, and the molded products themselves
      can be improved in various ways, by methods which will now be described.
PAR  In the first place, there can be added to the raw mixture in the mixing
      drum, or to the fluid resin-hardener mixture, small quantities of a
      suitable substance capable of removing or binding water. This gives the
      molded product an extemely low water absorption. A suitable substance for
      this purpose is, for example, silicon dioxide with extremely high surface
      area which is produced by evaporation of silicon compounds.
PAR  A further improvement in the new masses described above can be obtained by
      adding to the prepared molding granulate, either in the mixing drum or in
      a separate vessel, a small quantity of a hydrophobic silicic acid with
      extremely high surface area which is produced by evaporation of silicon
      compounds. The mass is treated in such a way that the grains become
      entirely coated with a very thin layer of the hydrophobic substance. This
      considerably improves the flow properties of the molding granulate. This
      method has a new and surprising effect on the shaping of the granular
      masses of the invention.
PAR  As already mentioned, the masses extracted from the mixing drum can be
      molded immediately. They need not be kept in storage. On the other hand,
      if the masses have been kept in storage for one reason or another, the
      stored mass can easily be regenerated by the treatment described above
      using a hydrophobic silicic acid or the like, the result being the
      immediate production of a regenerated molding granulate of the highest
      quality.
PAR  After the molding, the molded bodies are hardened, either in a warm
      cupboard or by conveying continuously through a warm oven, at temperatures
      not exceeding 160.degree. C. At these low temperatures, any organic dyes
      which may have been added retain their full cover intensity.
PAR  The low hardening temperatures have the further advantage that it becomes
      possible to imbed in the molded products metal parts, armatures, solid
      semiconductors, magnetic bodies of all kinds, parts made of carbon or
      graphite, electric conductors and the like during the molding operation.
PAR  The process according to the invention is therefore suitable for making
      parts of composite construction. The properties of the bodies made
      according to the invention are determined almost exclusively by the
      properties of the inorganic initial raw materials, because they contain
      these materials in very high proportions. It is therefore possible, by
      choosing suitable inorganic raw materials, to produce products which have
      high dielectric constants, or particular ohmic resistances or special
      magnetic properties.
PAR  The bodies made by the process according to the invention have a very wide
      field of application, for example, as electric insulators, as parts of
      switches, magnetic and dielectric parts, potentiometer rings, and parts
      for heat conduction and heat insulation.
PAR  The technical advance provided by the process according to the invention
      and by the resulting products is considerable. The process according to
      the invention eliminates a number of manufacturing stages, compared to the
      customary ceramic method of manufacture. Production costs are therefore
      very low, particularly due to the very low hardening temperature of
      160.degree. C., compared with the temperatures of the order of
      1200.degree. C. used in ceramic technology. Further savings in production
      costs are obtained by imbedding metal or other parts during the molding
      operation. The products are accurate in their dimensions, within narrow
      tolerances, due to the fact that there is practically no shrinkage during
      the hardening. This allows complex and thin walled products to be made
      without distortion, as occurs by the ceramic method. There is therefore
      very little rejection of products, and this again contributes to lowering
      production costs.
PAR  The costs of the raw materials are low since these materials are mainly
      inexpensive inorganic substances. The process according to the invention
      can be applied, if desired, using manufacturing methods known in ceramic
      technology, with a high rate of production.
PAR  A further reason why costs are low is because the additives are required
      only in low concentrations. In particular, the coloring material and the
      hydrophobic Aerosils are required only in concentrations below 0.5%.
PAR  The products made by the process according to the invention have mechanical
      and electrical properties which approach quite closely to those of a
      porcelain of the type KER 111 according to DIN 40 685.
DETD
PAR  Several examples of mass compositions will now be indicated with the
      percentages being by weight. It should be observed that in all the
      examples the powdered minerals, ferrites or titanates, are screened before
      use to remove the very fine material. This is the reason, together with
      the special spraying process mentioned above, why the concentration of
      resin with hardener can be kept very low.
PAC  EXAMPLE 1
PAR  The following components were mixed together as described above:
TBL  calcite (calc-spar)                                                       
                  (0.1 to 1 mm grain size)                                     
                                    45 %                                       
     calcite      (screened 200 mesh)                                          
                                    45 %                                       
     epoxy resin  (Araldite 6005)   7.4 %                                      
     hardener                       2.6 %                                      
                                    100.0%                                     
PAR  The mixture was placed in a mold and hardened immediately at elevated
      temperature. The molded products showed the following properties (compare
      DIN 40 685):
TBL  Bending strength   400 kp/cm.sup.2                                        
     Notch impact strength                                                     
                        1.7 kp cm/cm.sup.2                                     
     Tracking resistance                                                       
                        Ka 3 c                                                 
     Surface resistance  10.sup.13 - 10.sup.14 ohm                             
     Volume resistance  .about.10.sup.13 - 10.sup.14 ohm cm                    
     Density            2.0 kg/dm.sup.3                                        
     Resistance to                                                             
     temperature                                                               
     fluctuation        up to 200.degree. C.                                   
PAC  EXAMPLE 2
PAR  4500 g. of calcite having a grain size between 0.1 and 0.8 mm. was
      intimately mixed for 0.5 hour with 4500 g. of calcite having a grain size
      of about 40 .mu.m in a Simplex mixer made by the firm of Werner and
      Pfleiderer. This load was previously warmed to 100.degree. C. to remove
      moisture, although a heatable mixing drum could have been used to remove
      moisture during the mixing stage. At the same time, 740 g. of an epoxy
      resin (Araldite 6005) was melted at 135.degree. C. in a container coupled
      to the mixer. 260 g. of powdered hardener (CIBA's HT 976) was added to the
      liquid resin and when this resin-hardener mix became completely liquid at
      135.degree. C., it was thoroughly and homogeneously mixed with a stirrer.
      During this mixing, 30 g. of a red non-fading dye (Helioechtrot BB) was
      added. The resulting homogenous dyed resin-hardener mix was then sprayed
      into the mixing drum by means of a compressed air stream. Running of the
      drum was continued for 0.5 hour to achieve thorough mixing, and after the
      first 15 minutes of mixing, 30 g. of hydrophobic silica acid from the
      vapor phase (Aerosil R 972) was added.
PAR  When the mixing was finished, the resultant mass was run off from the
      mixing drum and could be worked at once, i.e., pressed or drawn to form
      shaped bodies. Pressing was carried out at a pressure of 1000 kg/cm.sup.2.
      The pressed shaped bodies were then hardened in a drying oven at a
      temperature of 160.degree. C., and to be more accurate, were heated slowly
      for 4-8 hours (according to size) at 110.degree. C. and then for 6-8 hours
      (according to size) at 160.degree. C.
PAR  The hardened molded products show the same strength and resistance values
      as in Example 1.
PAC  EXAMPLE 3
PAR  There were mixed together:
TBL  calcite     (0.1 - 1 mm grain size)                                       
                                    40 %                                       
     calcite     (screened 200 mesh)                                           
                                    40 %                                       
     finely ground talc                                                        
     or soapstone                   10 %                                       
     epoxy resin (Araldite 6005)    7.4 %                                      
     hardener                       2.6 %                                      
                                    100.0 %                                    
            To which was added:                                                
     silicic acid from the vapor phase                                         
                                0.3 %                                          
PAR  The molded and hardened product had the following properties (compare DIN
      40 685):
TBL  bending strength     395 kp/cm.sup.2                                      
     notch impact strength                                                     
                          1.9 kp cm/cm.sup.2                                   
     tracking resistance  Ka 3 c                                               
     surface resistance    10.sup.13 ohm                                       
     volume resistance    .about.10.sup.13 ohm.cm                              
     density              2.0 kg/dm.sup.3                                      
     resistance to temperature                                                 
     fluctuation          up to 200.degree. C.                                 
PAC  EXAMPLE 4
PAR  There were mixed together:
TBL  calcite    (0.1 - 0.9 mm grain size)                                      
                                    40 %                                       
     calcite    (screened 200 mesh) 40 %                                       
     dolomitic                                                                 
     soapstone  (400 mesh, alkali free)                                        
                                    10 %                                       
     epoxy resin                                                               
                (Araldite 6005)     7.4 %                                      
     hardener                       2.6 %                                      
                                    100.0 %                                    
     To which was added:                                                       
     highly dispersed silicic acid                                             
                                0.4 %                                          
PAC  EXAMPLE 5
PAR  There were mixed together:
TBL  calcite    (0.1 - 1 mm grain size)                                        
                                    30 %                                       
     calcite    (screened 200 mesh) 60 %                                       
     epoxy resin                                                               
                (Araldite 6005)     7.4 %                                      
     hardener                       2.6 %                                      
                                    100.0 %                                    
            to which was added:                                                
     silicic acid from the vapor phase                                         
                                0.6 %                                          
PAC  EXAMPLE 6
PAR  There were mixed together:
TBL  calcite   (0.1 - 0.9 mm grain size)                                       
                                    30 %                                       
     calcite   (screened 200 mesh)  50 %                                       
     dolomitic                                                                 
     soapstone (400 mesh)           13.25 %                                    
     epoxy resin                                                               
               (Araldite 6005)      5.0 %                                      
     hardener                       1.75 %                                     
                                    100.00 %                                   
            To which were added:                                               
     aluminum oxide from the vapor phase                                       
                                0.5 %                                          
     highly dispersed silicic acid                                             
                                0.5 %                                          
PAC  EXAMPLE 7
PAR  There were mixed together:
TBL  calcite   (0.1 - 1 mm grain size)                                         
                                    30 %                                       
     calcite   (screened 200 mesh)  60 %                                       
     epoxy resin                                                               
               (Araldite 6005)      7.4 %                                      
     hardener                       2.6 %                                      
                                    100.0 %                                    
            To which were added:                                               
     colloidal graphite         3.0 %                                          
     silicic acid from the vapor phase                                         
                                0.5 %                                          
PAC  EXAMPLE 8
PAR  There were mixed together:
TBL  ferrite    (0.1 - 1 mm grain size)                                        
                                    30 %                                       
     ferrite    (screened 230 mesh) 60 %                                       
     epoxy resin                                                               
                (Araldite 6005)     7.4 %                                      
     hardener                       2.6 %                                      
                                    100.0 %                                    
            To which were added:                                               
     colloidal graphite         0.5 %                                          
     silicic acid from the vapor phase                                         
                                0.7 %                                          
PAC  EXAMPLE 9
PAR  There were mixed together:
TBL  titanate       (screened 200 mesh)                                        
                                    60 %                                       
     titanate       (screened 230 mesh)                                        
                                    30 %                                       
     epoxy resin    (Araldite 6005) 7.4 %                                      
     hardener                       2.6 %                                      
                                    100.0 %                                    
            To which was added:                                                
     titanium dioxide from the vapor phase                                     
                                0.5 %                                          
PAC  EXAMPLE 10
PAR  There were mixed together:
TBL  ferrite   (0.1 - 0.2 mm grain size)                                       
                                    45 %                                       
     ferrite   (screened 200 mesh)  45 %                                       
     epoxy resin                                                               
               (Araldite 6005)      7.4 %                                      
     hardener                       2.6 %                                      
                                    100.0 %                                    
            To which was added:                                                
     carbonyl iron              1.0 %                                          
PAC  EXAMPLE 11
PAR  There were mixed together:
TBL  retort coke                                                               
                (0.1 - 1 mm grain size)                                        
                                    45 %                                       
     retort coke                                                               
                (screened 200 mesh) 45 %                                       
     epoxy resin                                                               
                (Araldite 6005)     7.4 %                                      
     hardener                       2.6 %                                      
                                    100.0 %                                    
            To which were added:                                               
     colloidal graphite         1.0 %                                          
     silicic acid from the vapor phase                                         
                                0.3 %                                          
PAR  Each of the composite mixtures of Examples 3-11 were molded as in Example 2
      and hardened at a temperature below 160.degree. C.
PAR  The compositions indicated above are examples according to the invention.
      The combinations of the various substances can, of course, be modified
      appropriately to suit the particular application for which the product is
      intended. In particular, smaller grain sizes can be used, if desired, for
      dielectric and for magnetic molded products.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for manufacturing electrical insulator bodies of various
      shapes from at least 90% crystalline inorganic mineral powders and binders
      which comprises the following steps:
PA1  1. maintaining in an agitated state the inorganic powders having a size
      between 0.040 mm and 1.0 mm;
PA1  2. spraying onto said agitated powders at elevated temperature sufficient
      to liquefy the binder, up to 10 percent by weight of total mixture of a
      binder consisting essentially of a homogenous fluid mixture of an epoxy
      resin and hardener so as to form a granular mass;
PA1  3. molding the resulting mixture; and
PA1  4. Hardening the molded mixture at a temperature not exceeding 160.degree.
      C., thereby producing a compact dense, nonporous ceramic insulator
      material.
NUM  2.
PAR  2. Process according to claim 1 wherein the inorganic powder is mineral
      calcite.
NUM  3.
PAR  3. Process according to claim 1 wherein there is added to the inorganic
      powder or to the binder a colloidal or near-colloidal substance in a
      concentration up to 5% by weight.
NUM  4.
PAR  4. Process according to claim 1 wherein a part of the inorganic powder is
      chosen between 0.1 and 1.0 mm particles size, and the remaining part is
      sieved to eliminate particles having a size less than 40 microns and
      having a size more than about 1 mm.
NUM  5.
PAR  5. Process according to claim 1 wherein metal parts, electric conductors or
      other solid bodies are inserted into the mixture before molding and
      hardening.
NUM  6.
PAR  6. Process according to claim 1 wherein up to 5 percent by weight of highly
      dispersed silica, colloidal graphite, TiO.sub.2 or Al.sub.2 O.sub.3,
      derived from the vapor phase or having colloidal or near-colloidal
      particle size, is added to the mixture.
NUM  7.
PAR  7. Process according to claim 1 wherein the inorganic powder contains up to
      13.25% by weight of the mixture, of dolomitic soapstone in powder form.
NUM  8.
PAR  8. Process according to claim 1 wherein a nonfading dye in concentrations
      up to 0.5% is added to the mixture.
NUM  9.
PAR  9. Process according to claim 1 wherein the mixture is molded in a metal
      mold equipped with venting means and mounted on the nozzle of an extrusion
      press through which the mass is forced in the cold state.
PATN
WKU  039432181
SRC  5
APN  3698300
APT  1
ART  147
APD  19730614
TTL  Method of manufacturing shaped hollow bodies
ISD  19760309
NCL  2
ECL  1
EXA  Parrish; John
EXP  Arnold; Donald J.
NDR  1
NFG  1
INVT
NAM  Dietze; Wolfgang
CTY  Munich
CNT  DT
INVT
NAM  Kasper; Andreas
CTY  Garching-Hochbrueck
CNT  DT
ASSG
NAM  Siemens Aktiengesellschaft
CTY  Berlin & Munich
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720615
APN  2229229
CLAS
OCL  264 81
XCL  264 83
XCL  427 95
ICL  B29c 1304
FSC  117
FSS  106 A
FSC  264
FSS  79;80;81;82;83
FSC  427
FSS  93;95
UREF
PNO  2925357
ISD  19600200
NAM  Kothen
OCL  117106A
UREF
PNO  3329527
ISD  19670700
NAM  Harris
OCL  117106A
UREF
PNO  3425878
ISD  19690200
NAM  Deisin et al.
OCL  117106A
UREF
PNO  3751539
ISD  19730800
NAM  Reuschel et al.
OCL  264 81
LREP
FRM  Hill, Gross, Simpson, Van Santen, Steadman, Chiara & Simpson
ABST
PAL  A method of producing shaped hollow semiconductor members, as of silicon or
      silicon carbide by depositing a select semiconductor material from a
      gaseous compound onto a heated graphite substrate which is first
      heat-treated above 1300.degree. C. in a flowing gas atmosphere, preferably
      a mixture of H.sub.2 and SiHCl.sub.3 so as to modify the surface
      characteristics of the substrate whereby the deposited semiconductor
      material does not interact with the substrate so that the substrate may be
      reused.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process of forming shaped hollow
      semiconductor bodies, such as tubes composed of silicon or silicon carbide
      by depositing silicon or silicon carbide from a gaseous compound onto a
      heated substrate whereby the substrate is coated with a layer of, for
      example, silicon and, with the removal of the substrate, forms the desired
      hollow body.
PAR  2. Prior Art
PAR  German Auslegeschrift No. 1,805,970 teaches a method of manufacturing
      hollow bodies of silicon or silicon carbide by depositing silicon or
      silicon carbide from a gaseous compound onto the outer surface of a
      substrate composed of a heat-resistant material. After sufficient
      deposition, the substrate is removed, without destroying the hollow body
      defined by the deposited layer of silicon or silicon carbide. The
      substrate is preferably composed of graphite and is heated to the
      deposition temperature either inductively or by direct electrical
      conduction. The so-produced hollow silicon bodies are used in diffusion
      processes and are preferred over known diffusion ampules because they are
      of a higher purity. The preferred starting or depositing compound is
      silicochloroform (SiHCl.sub.3), which is decomposed at about 1050.degree.
      C. to 1250.degree. C. in a hydrogen atmosphere. The substrate utilized in
      manufacturing, for example silicon tubes, is preferably composed of
      graphite and is itself in the form of a hollow body. The substrate is
      removed, after its outer surface has been coated with a silicon layer, by
      heating the coated substrate in an oxygen-containing atmosphere so that
      the substrate is burnt out without destroying the outer silicon body.
PAR  In such methods, the reuse of the graphite substrate for additional tube
      manufacturing has been possible only on a restricted scale because the
      surface structure of graphite is substantially modified during its initial
      use, for example by polycrystalline silicon or silicon carbide inclusions
      therein.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a process of manufacturing shaped hollow bodies
      composed of semiconductive materials wherein the master substrate is
      reusable for a plurality of bodies.
PAR  It is a novel feature of the invention to heat-treat a graphite substrate
      at a temperature above 1300.degree.C. in a select gas atmosphere and then
      deposit semiconductive material from a gaseous phase onto the heat-treated
      substrate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The single FIGURE is an elevated schematic sectional view of an apparatus
      embodiment useful in the practice of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention includes a method of manufacturing shaped hollow bodies of
      semiconductive materials, such as of silicon or silicon carbide by
      depositing a semiconductive material from a gaseous phase onto the outer
      surface of a heated substrate, for example composed of graphite so that
      the surface of the substrate becomes coated with a layer of the
      semiconductive material and when the substrate is removed, forms the
      desired hollow body. The substrate is, prior to semiconductive deposition
      thereon, subjected to heat-treatment at temperatures above 1300.degree. C.
      in a select gas atmosphere for a period of time sufficient to alter its
      surface characteristics so that substantially no interaction occurs
      between the semiconductive material and the substrate material and the
      resultant substrate may be reused for the formation of a plurality of
      separate hollow bodies.
PAR  In preferred embodiments, the graphite substrate is heat-treated at
      temperatures in the range of about 1300.degree. C. to 1600.degree. C. The
      select gas atmosphere is a gas selected from the group consisting of a
      reducing gas (such as hydrogen or a mixture of hydrogen and nitrogen), an
      inert gas (such as a rare gas), a mixture of a major amount of reducing
      gas and a trace amount of SiHCl.sub.3 (say at a mol ratio of 1:0.02), and
      mixtures thereof, and preferably comprises a stream of gas flowing at a
      rate in the range of about 200 to 300 l/hr. Preferably, the heat-treatment
      is continued for at least 15 minutes and in certain embodiments, the
      heat-treatment may continue for about 4 hours or longer.
PAR  The alteration of the graphite substrate may be explained by the
      vaporization of the semiconductive material, i.e., silicon or silicon
      carbide from the surface of the substrate. This is surprising since vapor
      pressure of silicon and particularly silicon carbide at temperatures
      around 1300.degree. C. is still quite low. An obvious conclusion may be
      that what is actually involved is some sort of special modification of
      silicon carbide. During the heat-treatment or devaporization process, the
      graphite retains its original form and exhibits the kind of porous
      structure which is very favorable for subsequent silicon or silicon
      carbide depositions. Even graphite substrates which have not been used in
      the deposition process obtain an improved surface structure if
      heat-treated in accordance with the principles of the invention. This is
      particularly noticeable when the resultant semiconductive bodies are
      withdrawn from the substrate.
PAR  In a preferred embodiment, the heat-treatment of the substrate or carrier
      member is conducted in a hydrogen atmosphere which contains a trace (mol
      ratio 0.02:1) of silico-chloroform (SiHCl.sub.3). It appears that the
      presence of additional silicon may promote the devaporization of silicon
      carbide from the substrate, possibly because of transport (migration)
      effects.
PAR  In another preferred embodiment, a graphite tube closed at one end is
      slipped over a tubular graphite substrate during the heat-treatment
      process. The outer tube provides thermal insulation and enables the inner
      graphite tube which is being regenerated, to be heated more uniformly and
      provides a decrease in the energy consumption.
PAR  The invention is conveniently practiced with an apparatus comprised of a
      hollow reaction housing, such as composed of quartz, and a base plate for
      sealing the interior of the housing from ambient atmosphere, such as
      composed of silver, and which includes gas inlet and outlet openings,
      support members and electrode means for transfer of energy. The supports
      are preferably composed of graphite and are connected to the electrode
      means, such as silver electrodes, through appropriate leadthrough means in
      the base plate, which are operationally connected with a suitable voltage
      source. Additionally, a graphite tube closed at its upper end and having
      openings adjacent its open or lower end is provided for mounting over the
      substrate undergoing treatment so as to provide improved heat
      concentration and insure economical heating.
PAR  Referring now to the drawings, a reaction housing in the form of a quartz
      bell jar 1, sealed in a gas-tight manner by a silver base plate 2 is
      shown. The base plate 2 contains openings 3 and 4, which function as a gas
      inlet and a gas outlet respectively. The base plate 2 also has
      leadthroughs 5 which allow current supply leads 6 to penetrate the
      interior of the bell jar 1. The leadthroughs 5 are composed, for example,
      of polytetrafluoroethylene. Above the leadthroughs 5, a pair of support
      members 7 and 8 are mounted onto the leads or electrodes 6, which are
      preferably composed of silver. The support members are preferably composed
      of graphite. Support member 7 carries a graphite tube 9, which is being
      regenerated and support member 8 carries a solid graphite rod 10, which is
      mounted coaxially within the tube 9 and attached thereto at its upper end
      by a suitable means, such as a graphite screw cap 11. A relatively large
      diameter graphite tube 12, which is closed at its upper end, is placed
      over the elements 9, 10 and 11 so that the heat developed during the
      regeneration process is concentrated on the tube 9. At the lower end of
      tube 9, near the rim thereof, gas inlet and outlet openings 13 are
      provided.
PAR  A select gas atmosphere, preferably composed of either pure hydrogen or
      hydrogen containing a trace of silico-chloroform is introduced into the
      quartz bell jar 1 through the gas inlet 3 at a flow rate of about 200
      liters per hour. The electrodes 6 are then energized and the graphite tube
      is heated up to a temperature of about 1400.degree. C. and maintained at
      this elevated temperature for a period of time, such as one hour. Any
      coating or the like on the graphite substrate prior to this
      heat-treatment, such as may be derived from a previous silicon or silicon
      carbide deposition process is completely removed after the devaporization
      process has been completed. Vapor or gas is continuously removed during
      the devaporization process from the bell jar via gas outlet 4, which may
      be connected to a suitable vacuum source (not shown). The heat-treated
      graphite substrate can then be immediately used for a further deposition
      operation, along the lines set forth earlier.
PAR  The shaped hollow bodies produced in accordance with the principles of the
      invention are pure and gas-tight, particularly the silicon bodies, and are
      exceptionally suited for use in diffusion operations in semiconductive
      work. The removal of silicon or silicon carbide from a graphite substrate
      pretreated in accordance with the invention is substantially simplified.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently it is intended
      that the claims be interpreted to cover such modifications and equivalents
     .
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In a method of manufacturing a shaped hollow body composed of a
      semiconductor material selected from the group consisting of silicon or
      silicon carbide wherein said semiconductor material is deposited from a
      gas phase onto a heated graphite substrate so that the surface of said
      substrate becomes coated with a layer of said semiconductor material and
      then the substrate is removed for re-use while obtaining the desired
      shaped hollow body, the improvement comprising:
PA1  heat-treating the graphite substrate prior to deposition of a new layer of
      said semiconductor material thereon for at least 15 minutes at a
      temperature in the range of about 1300.degree. C. to about 1600.degree. C.
      in a gas stream composed of a gas selected from the group consisting of a
      hydrogen gas nitrogen, and a rare gas said stream having a flow rate in
      the range of about 200 to 300 liters per hour;
PAL  whereby the surface characteristics of said substrate are altered so as to
      substantially prevent interaction between graphite and said new layer of
      the semiconductor material and provide re-usability of the so-treated
      substrate in the formation of a plurality of shaped hollow bodies.
NUM  2.
PAR  2. In a method as defined in claim 1 wherein said hydrogen includes a trace
      amount of silico-chloroform.
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PAL  Injection blow molding method for producing double layered hollow articles,
      the method being characterized in that the molding of an outer parison and
      an inner parison by using injection molds, molding of an outer layer from
      an outer parison by using one blow mold and molding of an inner layer from
      an inner parison by using the other blow mold which holding an outer layer
      formed in the preceding cycle, are carried out simultaneously but in
      different positions in the apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an injection blow molding method for producing
      double layered hollow articles. More particularly, the invention relates
      to the injection blow molding of double layered hollow articles which are
      made of two layers of thermoplastic synthetic resins of different kinds or
      different colors.
PAR  In the prior art method, the double parison technique has been employed for
      obtaining double layered hollow articles in which double layered parison
      is placed in a blow mold cavity and air is blown into said parison. In
      order to form the double layered parison, the molten resin is injected
      molded on the outside of inner parison to form thereon an outer parison.
      In this stage, however, the outside of said inner parison is fused by the
      heat and pressure of the injection of the outer parison, and sometimes,
      the inner parison and outer parison are fused and mixed together to lose
      the definition between the double layered parison. Especially, the portion
      of inner parison opposite to the gate is liable to be fused and deformed
      by the injection pressure, so that the thickness distribution of the inner
      parison becomes uneven and the thickness of the product through the blow
      molding process becomes also uneven. Further, in the blow molding process,
      it is rather difficult to properly blow the double layered parison in like
      manner as a single layered parison, and the thicker the parison is, the
      more difficult it becomes to form a hollow article with uniform thickness.
      And with such uneven thickness product, the characteristic advantages of
      the double layered structure can not be expected.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In view of the above, the principal object of the present invention is to
      propose an improved injection blow molding method in order to eliminate
      the above-mentioned disadvantages.
PAR  Another object of the present invention is to propose the injection blow
      molding method for forming excellent quality hollow articles with simple
      and reliable process.
PAR  According to the present invention, the inner parison and outer parison are
      separately formed by injection molding and these parisons are blown
      stepwise in a blow mold to form an integral double layered article. More
      particularly, the method of the invention comprises the steps of:
      injection molding of an outer parison and inner parison by a set of
      injection molds; blow molding of said outer parison by one blow mold in
      the first position; and further blow molding of said inner parison in said
      blow mold which contains the blow molded outer layer in the cavity and is
      positioned in the second position.
PAR  In the method of the present invention, these steps are carried out
      simultaneously but in different positions of the apparatus. Further, after
      the blow molding of the parisons, the blow mold in the second position is
      opened to release a double layered product, and both molds in the first
      and second positions are then rotated for 180.degree. to interchange the
      positions of said molds with each other and to receive another set of
      parisons.
PAR  Further, the apparatus according to the present invention comprises a turn
      table having three core supporting walls on the vertical side surfaces
      thereof; three pairs of cores, each pair of which consists of a thicker
      core for molding an outer parison and a thinner core for molding an inner
      parison, and being disposed on each of said supporting walls in parallel
      to each other; a pair of injection molds which are attached between a pair
      of mold clamping plates provided along one of said core supporting walls,
      and cooparating with one pair of said cores; and a pair of blow molds
      which are attached to a die plate in parallel and separable relation, said
      die plate can be moved back and forth and rotated, and the positions of
      said blow molds in the first and second positions can be interchanged by
      the rotation of said die plate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features of the invention will be more fully understood by
      referring to the following detailed description presented solely for the
      purpose of illustration and to the accompanying drawings in which:
PAR  FIG. 1 is a cross-sectional view of a double layered hollow molded article
      which is produced according to the method of the present invention;
PAR  FIG. 2 is a horizontal cross-section of the main portion of an exemplar
      apparatus of the present invention;
PAR  FIG. 3 is a cross-sectional elevation of said apparatus taken along the
      line III--III in FIG. 2;
PAR  FIG. 4 is a cross-sectional view of the main portion of said apparatus in a
      releasing stage;
PAR  FIG. 5 is a cross-sectional elevation of the blow molds taken along the
      line V--V in FIG. 4;
PAR  FIG. 6 is a horizontal cross-sectional view of the main portion of said
      apparatus in a stage of transferring of parisons and a molded article;
PAR  FIG. 7 is a cross-sectional elevation of the blow molds taken along the
      line VII--VII in FIG. 6; and
PAR  FIG. 8 is a horizontal cross-sectional view of the main portion of said
      apparatus in the injection molding of parisons.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the accompanying drawings, especially to FIG. 1, there is
      shown a bottle e which is produced according to the method of the present
      invention. This bottle has a double layered structure and comprises an
      outer layer c and an inner layer d of different kind or different color
      thermoplastic resins, by which several desirable properties can be
      obtained by compensating the properties of the layers with each other. For
      example, the outer layer c may be made of relatively hard resin material
      to impart scratch hardness of the bottle surface and the inner layer d may
      be made of flexible resin so as to give impact strength. Further, any of
      other combinations of the outer layer and inner layer materials may be
      possible as far as they are of thermoplastic.
PAR  In FIG. 2, the main portion of the apparatus of the present invention is
      shown, in which the numeral 1 indicates a triangular turn table which has
      three core supporting walls 2, 3 and 4, and said turn table 1 is provided
      with a rotatable shaft 5 at the center thereof. Each of said core
      supporting walls 2, 3 and 4 is provided with each one pair of cores 6 and
      7. Said cores 6 and 7 are aligned in parallel to each other and are
      different in diameter, further they are provided with respective air
      passages therethrough and blowing holes at the tips of cores.
PAR  The above-mentioned one core 6 is used for forming an outer parison a which
      has a larger diameter, and the other core 7 is used for forming an inner
      parison b which has a smaller diameter so as to be inserted into said
      outer parison a. Further, in order to facilitate the releasing of the core
      7 after the blow molding, the core 7 is a little tapered.
PAR  The numerals 8 and 9 are injection molds for forming the outer parison a
      and inner parison b, respectively, and these injection molds 8 and 9 hold
      said cores 6 and 7 and are attached between a pair of vertically movable
      mold clamping plates 10 which are disposed along said core supporting wall
      2.
PAR  The numerals 11 and 12 are blow molds which are attached to a die plate 13.
      This die plate 13 can be reciprocatingly moved and rotated on the side of
      said core supporting wall 3. Said blow mold 11 is used for blow molding
      said outer parison a to form the outer layer c, and the blow mold 12 is
      used for blow molding said inner parison b where this mold 12 already
      contains the outer layer c which was formed in the preceding cycle.
      Further, these blow molds 11 and 12 can be vertically separated so as to
      take out the hollow article e as the final product.
PAR  The numeral 14 is a hydraulic cylinder which moves and rotates for
      180.degree. the above-mentioned die plate 13, and the plunger 15 which is
      fixed to the center of said die plate 13 is moved by this cylinder 14 and
      rotated by a hydraulic motor 17 by way of a sequare shaft 16 (see FIG. 3.)
PAR  Further, in the drawings, the numerals 18 and 19 are a pair of injection
      cyclinders to feed the molten resin to the injection molds 8 and 9,
      respectively, the numeral 20 is a hydraulic cylinder for mold clamping,
      the numeral 21 is a mold clamping plunger, the numeral 22 is a driving
      motor for rotating said turn table 1, the numeral 23 is a tie rod for
      connecting the machine bed 24 and the upper stationary plate 25, and the
      numeral 26 is a hydraulic cylinder for moving the blow molds 11 and 12.
PAR  In the following, the injection blow molding method of the present
      invention by using the above-mentioned apparatus will be explained.
PAR  The method of injection blow molding of the present invention comprises the
      steps of injection molding of the outer parison a and the inner parison b,
      blow molding of said outer parison a to form an outer layer c, and blow
      molding of said inner parison b within said outer layer c to form a double
      layered product e. In practice, the above steps can be carried out
      simultaneously by shifting the parison in turn by using the turn table 1.
PAR  As shown in FIG. 2, the outer parison a and the inner parison b are
      injection molded by the molds 8 and 9, and at the same time, the parisons
      which were made in the preceding cycle are subjected to blow molding to
      form the outer layer c and the inner layer d by the blow molds 11 and 12.
      After this step, the releasing of parison a and parison b and the product
      e may be carried out as shown in FIGS. 4 and 5.
PAR  The above-mentioned releasing of parisons a and b can be carried out in
      like manner as the conventional case, that is, after retracting the
      injection cylinders 18 and 19, the injection molds 8 and 9 are opened to
      the vertical directions. While, in the blow molds 11 and 12, only the
      latter mold 12 in the second position is opened to the vertical
      directions, further the die plate 13 is retreated, thus the core 6 is
      drawn out from the blow mold 11 in the first position which hold the outer
      layer c in the closed cavity, and the core 7 together with the product e
      is released from the blow mold 12 in the second position (see FIG. 4).
PAR  As disclosed in the above, when the pairs of cores 6 and 7 are released
      from the molds, 8, 9, 11 and 12, the turn table 1 is rotated
      counterclockwise for 120 degrees on the shaft 5 to shift the core
      supporting walls 2, 3 and 4 by one step, at the same time, the die plate
      13 at the retracted position is rotated for 180 degrees, thereby the blow
      mold 11 in the first position which holding the outer layer c and the
      other blow mold 12 in the second position from which the product e is
      removed, are interchanged as shown in FIG. 6.
PAR  Then, the above-mentioned injection mold 8 and 9 are closed, and the
      parisons a and b on the cores 6 and 7 are inserted into the blow molds 12
      and 11 by advancing the die plate 13, and further the blow mold 12 which
      are shifted to the first position is closed as shown in FIGS. 7 and 8.
      Further, the injection molding of the parisons in the injection molds 8
      and 9 and the blow molding of the transferred parisons a and b in the blow
      molds 11 and 12 are carried out as shown in FIG. 1 to produce the outer
      layer c of the hollow article and the product e, thus one cycle of the
      molding process is completed.
PAR  By the way, the air between the outer layer c and the inner layer d can be
      driven out by providing screw threads or longitudinal grooves onto the
      neck portion of the inner parison b.
PAR  In the method of the present invention as disclosed in the above, the
      parison a for the outer layer c and the parison b for the inner layer d
      are molded separately, and the parisons a and b are thereafter subjected
      to the blow molding also separately, however, these molding steps can be
      carried out simultaneously. Therefore, any defects caused in the
      conventional double layered parison method can be eliminated. And the
      operation of the blow molding is very easy in like manner as the single
      layer blowing because the blow molding of the two parisons are carried out
      separately, in addition, the distribution of thickness of the product
      becomes uniform. Still further, as the inner layer is blown in the outer
      layer, the two layers can be tightly bonded by the pressure of blow
      molding.
PAR  It should be emphasized, however, that the specific embodiments described
      and shown herein are intended as merely illustrative and in no way
      restrictive of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for injection blow molding a series of double layered articles,
      comprising the steps of:
PA1  a. injection molding an outer parison about a first one of a pair of core
      pins;
PA1  b. injection molding an inner parison about a second one of the pair of
      core pins;
PA1  c. providing an outer layer of a first article within a first one of a pair
      comprising first and second identical blow molds;
PA1  d. moving the pair of first and second core pins with their respective
      outer and inner parisons to a position in front of the respective second
      and first ones of the pair of blow molds;
PA1  e. enclosing the first core pin and outer parison within the second blow
      mold;
PA1  f. enclosing the second core pin with the inner parison within the outer
      layer provided in the first blow mold;
PA1  g. blow molding an outer layer of another article from the outer parison
      enclosed in the second blow mold;
PA1  h. blow molding an inner layer of the first article from the inner parison
      enclosed within the outer layer provided in the first blow mold, the inner
      layer substantially totally in contact with an interior surface of the
      outer layer;
PA1  i. withdrawing both the first and second core pins from the respective
      second and first blow molds;
PA1  j. releasing a finished double layered article from the first blow mold;
PA1  k. moving the now-empty first blow mold to the position previously occupied
      by the second blow mold; and
PA1  l. moving the second blow mold to the position previously occupied by the
      first blow mold, the second blow mold containing the outer layer of
      another article formed from the outer parison injection molded about the
      first core pin to provide an outer layer for the next double layered
      article to be formed.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein step (c) comprises the steps of
      injection molding an initial outer parison about a first one of another
      pair of first and second core pins; moving the first one of the another
      set of core pins to a position in front of an empty first one of the pair
      of first and second blow molds; enclosing the initial outer parison in the
      first blow mold; forming an outer layer of an initial article from the
      enclosed another outer parison in the first blow mold; and withdrawing the
      first one of the another pair of core pins from the first blow mold to
      provide the outer layer of a first article within the first blow mold.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein steps (a) and (b) are performed
      simultaneously.
NUM  4.
PAR  4. A method as set forth in claim 1, wherein steps (e) and (f) are
      performed simultaneously.
NUM  5.
PAR  5. A method as set forth in claim 1, wherein steps (g) and (h) are
      performed simultaneously.
NUM  6.
PAR  6. A method as set forth in claim 1, wherein steps (k) and (l) are
      performed simultaneously.
NUM  7.
PAR  7. A method as set forth in claim 6, wherein steps (k) and (l) further
      comprise the steps of affixing the first and second blow molds at equal
      distances from the axis of rotation of a rotatable member; and rotating
      the member 180.degree. about the axis of rotation, whereby the first blow
      mold containing the first outer layer is moved to postion previously
      occupied by the second blow mold, the empty second blow mold being rotated
      to the position previously occupied by the first blow mold.
NUM  8.
PAR  8. A method for injection blow molding a series of double layered articles;
      comprising the steps of:
PA1  a. simultaneously injection molding a first parison and a second parison;
PA1  b. providing a formed first layer for a first article in a first mold;
PA1  c. moving both the first and second parisons to respective positions
      adjacent to the first mold and a second mold;
PA1  d. positioning the first parison within a portion of the volume of the
      first mold unoccupied by the provided first layer;
PA1  e. positioning the second parison within the second mold;
PA1  f. blow molding a second layer for the first article from the first parison
      within the first mold; the second layer substantially completely attached
      to the provided first layer;
PA1  g. blow molding another first layer for a second article from the second
      parison within the second mold;
PA1  h. releasing a finished first double layer article from the first mold;
PA1  i. moving the first mold to a position previously occupied by the second
      mold to receive a next provided first parison for a second article;
PA1  j. moving the second mold to a position previously occupied by the first
      mold to receive a next provided second parison for a second article; and
PA1  k. repeating steps (a) through (j) to mold the series of double layered
      articles.
NUM  9.
PAR  9. A method as set forth in claim 8, wherein steps (f) and (g) are
      performed simultaneously.
NUM  10.
PAR  10. A method as set forth in claim 9, wherein steps (d) and (e) are
      performed simultaneously.
NUM  11.
PAR  11. A method as set forth in claim 10, wherein steps (i) and (j) are
      performed simultaneously.
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ABST
PAL  A wet process for producing continuous strands from discontinuous inorganic
      fibers by extruding and aligning a dispersion of said fibers in a liquid
      medium, which medium contains a gelable agent, into a coagulating bath to
      gel and convert the agent to a binder for the fibers until they are
      mechanically interlocked, and subsequently removing the binder. A fibrous
      strand produced in accordance with the process, with and without the
      binder included.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of Application Ser. No. 863,032 filed
      Sept. 30, 1969, and now abandoned, which in turn is a continuation of
      Application Ser. No. 641,757 filed May 29, 1967, also now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new and improved method for the production of
      inorganic fibrous dispersions and formation of continuous strands
      therefrom. More particularly, this invention relates to a novel method for
      the production of continuous strands, having improved characteristics,
      from relatively short inorganic fibers, particularly asbestos fibers.
PAR  The processes for forming filamentary or strand material may be broadly
      classified as (1) dry, (2) wet, and (3) melt spinning.
PAR  Dry processes for forming continuous filaments or strands from discrete
      fibers involve the use of relatively expensive equipment such as cards,
      spinning frames and other complex machinery and also create the usual dust
      problems attendant with the handling of dry discrete particles.
PAR  Conventional wet processes for forming inorganic fibrous strands usually
      involve the making of a water-laid paper which is slit and twisted. The
      known wet processes for directly extruding a continuous strand from
      inorganic fibers involve a chemical or thermal reaction of a colloidal
      fibrous dispersion whereby the dispersion medium is converted into a
      binding agent for the fibers or else a portion of the colloidal dispersion
      of fibers is converted into a binding agent.
PAR  The resultant products have a cementitious, twisted paper appearance, are
      relatively stiff and are deficient in the elongation requisite for high
      speed weaving and braiding operations. Furthermore, the production of
      strands from colloidal dispersions of asbestos fibers requires the use of
      a relatively large quantity of surface-active agents to sufficiently
      deflocculate or open asbestos fiber bundles to form the gelatinous
      colloidal dispersion. The preparation of the colloidal dispersions also
      results in such a drastic reduction of fiber length that a binder must be
      relied upon to define and maintain the integrity of strands formed
      therefrom.
PAR  The production of strand material by melt spinning is usually conducted by
      melting materials, such as synthetics (nylon and the like), glass, and
      others to form a solution which is extruded to form a continuous filament
      strand. In contrast, this invention is concerned with the production of a
      continuous strand from discontinuous relatively short fibers.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a more simple and
      facile method of forming a continuous strand from inorganic fibrous bodies
      containing fibers which are greater than colloidal in size.
PAR  It is another object of this invention to provide a wet method of forming a
      continuous strand of inorganic fibers, which strand has improved fibrous
      textile characteristics as opposed to a twisted paper-like image.
PAR  It is a further object of this invention to provide a method of forming a
      continuous strand of inorganic fibers, which strand has improved physical
      characteristics, when compared to strands of corresponding "cuts" but made
      in accordance with conventional methods.
PAR  The objects of this invention are accomplished by soaking a supply of
      inorganic fibers, such as asbestos, in an aqueous solution containing a
      wetting agent. The quantity of wetting agent employed is sufficient to
      assist in the mechanical dispersion of the fibers but insufficient to form
      a colloidal dispersion. In some instances, where the fibers are
      sufficiently dispersed, a wetting agent may not be required. A gelable
      water thickening agent is then added to the slurry of mechanically
      dispersed fibers to increase the viscosity of the dispersion and deter
      flocculation of the fibers. There is no reliance on a chemical reaction
      between the thickening agent and the fibers. The thickened dispersion is
      extruded through an orifice into a coagulating bath, where the thickening
      agent is continuously converted into a congealed, substantially water
      insoluble, coherent reversible binder for the fibers, which fibers are
      extended substantially in parallel alignment with each other as a result
      of the extrusion. The formed roving of fibers, binder, and wetting agent,
      is collected as a continuous strand. At this stage, the fibers may be
      described as being in relatively spaced apart relation entrained within
      the binder gel. The strand is then advanced between pressure rolls, where
      the water content is substantially reduced and adjacent fibers are
      squeezed within the strand into closer relation with each other, to
      winding means where the strand is collected into package form. The winding
      means is preferably in the form of a spinning pot which is axially
      reciprocated. The spinning pot also serves to extract some of the water
      content from the formed strand. The strand is wound at preferred rates in
      respect to the rate at which it is being advanced in order to impart an
      initial twist to the fibers and thus mechanically interlock the fibers
      within the gel. If desired, additional twist may be imparted to the strand
      in a separate twisting operation, such as on a twisting frame. Preferably,
      the strand packages are then rinsed with a solution which solubilizes and
      reconverts the reversible binder into a soluble phase which may be
      extracted and reclaimed for reuse as a thickener and binder. A precipitant
      may be formed on the strand package as a result of this last step;
      however, the precipitant may be easily rinsed off and the residue strand
      is essentially 100% fibers, unless other materials are purposely included.
PAR  A valuable feature of the instant invention is that it permits the
      formation of asbestos strand material directly from a slurry, without the
      need of first making a paper or felt, or forming on a supporting member
      such as a wire strand or the like, and without the need of forming a
      colloidal dispersion of the asbestos, i.e., a supporting member is
      optional.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  The invention will be more fully understood and other objects and further
      scope of applicability of the present invention will become apparent from
      the detailed description hereinafter given and from the accompanying
      drawing in which:
PAR  FIG. 1 is a process flow chart schematically illustrating the preferred
      steps of the method comprising this invention; and
PAR  FIG. 2 is a cross-sectional elevational view of an extruding or forming
      nozzle that may be employed in the method of this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the process schematically illustrated in FIG. 1, a dispersion of
      discrete inorganic fibers is prepared by soaking the fibers in an aqueous
      medium containing a wetting agent in a quantity which will not break down
      the fibers to colloidal diameters or gelatinous state. Descriptions of
      "colloidal" and "non-colloidal" diameters or dispersions may be found in
      U.S. Pat. No. 2,626,213  to I. J. Novak. Novak's patent also sets forth a
      list of "surface-active" agents which produce his colloidal dispersions.
      Such agents are used in this invention but in quantities which will only
      produce a "wetting-agent" function. This dispersion or slurry of fibers is
      mixed and held in soak tank 1, preferably at a temperature of 80.degree.
      to 110.degree.F, and more preferably at 80.degree. to 90.degree.F. The
      dispersion is a "mechanical" separation of fibers, as opposed to a
      "colloidal" dispersion. a colloidal dispersion, particularly when asbestos
      fibers are employed, is avoided because with a drastic reduction in
      diameter of the fiber bundles there is usually a concomitant reduction in
      fiber length. A reduction in fiber length detracts from the ability of the
      fibers to be later mechanically interlocked. Mechanical interlocking of
      the fibers is one of the important aspects of this invention. Colloidal
      dispersions of fibers are considered to be too viscous to attain proper
      alignment of individual fibers and subsequent interlock, as by twisting.
      Furthermore, end products made from colloidal dispersions of fibers
      display a propensity to revert to slurries when subjected to hot fluids.
      This propensity is particularly objectionable when yarns made with fibrous
      colloidal dispersions are used to fabricate joint packings for use in
      conjunction with hot aqueous fluid conduits or systems.
PAR  Usually a cycle of 1/2 - 2 hours will be sufficient to thoroughly mix and
      disperse the fibers with and within the wetting agent. Of course, the time
      will vary depending upon the quantity being mixed and the nature of the
      fibers or type thereof, and the type of stirring or mixing apparatus. The
      wetting agents that are preferably employed in the process of this
      invention may be classed as "rewetting" agents, i.e., after once being in
      solution and dried, they may be softened again by rewetting. Non-rewetting
      agents, after being wetted and dried, are not reversible to a softened
      condition by rewetting.
PAR  In thickener tank 2 a solution is formed by mixing a thickening agent,
      preferably one of the polysaccharide water soluble gums which exhibit
      hydrophilic colloidal properties, in water for a time sufficient to
      dissolve the agent, which time may be in the order of 1/2 to 3/4 hours.
      One of the reasons for the preference of the polysaccharide gums is
      because of their capacity to gel or solidify, and form a film. However, in
      the process of the instant invention, they are not employed in quantities
      from which a self-sustaining film can be formed. The quantities employed
      are sufficient to form a temporary binder for the fibers. The gel may be
      removed easily after serving the function of a binder, recovered for reuse
      without need of purification, and thus contributes to a commercially
      feasible process for extruding strands. In some cases where the strand is
      to be further processed mechanically such as when the strand is to be used
      in a weaving process, it may be desirable to leave the binder in the
      formed strand until the processing is completed, for example, after the
      cloth is woven. This obviates the necessity for what would otherwise be an
      additional step. In the weaving of asbestos yarns or strands, they are
      usually treated with lubricants and other strength imparting materials
      prior to the weaving step.
PAR  The fibrous slurry from the fiber soak tank 1 and the gelable solution
      containing a thickening agent from thickener tank 2 are thoroughly admixed
      in dispersion tank 3. The thickening agent increases the viscosity of the
      slurry so that the fibers are entrained, suspended, and float (like logs
      in a river) within the slurry to facilitate their subsequent alignment.
      Thus the thickening agent may be described as serving to maintain the
      fibers in dispersed relation.
PAR  The viscosity of the dispersed fibrous admixture is maintained between
      10,000 to 80,000 cps. An admixture having a viscosity less than 10,000 cps
      is considered to be too fluid. The preferred fibrous solids content is 3%
      to 7% by weight. An admixture having a viscosity in excess of 80,000 cps
      is difficult to cycle, as by pumping, and deters the proper generally
      parallel alignment of the fibers. Also, in an admixture containing a
      solids content in excess of 7%, it becomes more difficult to properly
      "wet-out" the fibers and thereby produce the proper mechanical interlock
      between the parallel fibers after they have been formed into a strand.
      With an admixture containing less than 3% fiber solids, the fibers become
      dispersed to such a degree that it is difficult to coagulate the fibers
      and form a strand which will have sufficient strength for further
      mechanical processing. The temperature of the admixture is preferably
      maintained by suitable means in the range of 50.degree. to 60.degree.F;
      however, it is sufficient in most cases to maintain the dispersion in a
      liquid state, i.e., at a temperature between the freezing point of the
      dispersing medium (water 32.degree.F) and the point at which the
      dispersing medium begins to turn to vapor (water 180.degree.F).
PAR  From the dispersion tank 3 the admixture is pumped to a supply tank 4 which
      is maintained under constant pressure by suitably regulating the
      pressurizing medium. Air, at 15 psi gage, has been found to be admirably
      suited for this purpose. The admixture is then distributed to one or more
      forming nozzles 5 through which the fibers are oriented and exuded, by
      extrusion, in substantially parallel alignment with each other into a
      coagulating bath 6 circumposing the terminus 30, of extrusion nozzle 5. It
      is important that the dispersion be in a thoroughly mixed state just prior
      to extrusion. A suitable form of nozzle extruding into a coagulating bath
      is illustrated in detail in FIG. 2. However, it will be apparent that
      other forms may be employed.
PAR  The bath 6, delivered from coagulating tank 7, converts the thickening
      agent into a gel which coheres the fibrous content of the strand 10. The
      binder particles adhere to the fibers at countless points, but not as a
      continuous film, so that fibers are joined and united together in oriented
      fashion. Fibers can slide over each other but as twist is imposed, the
      interlocking forces offer resistance to fiber slippage. The fiber
      particles do not rely on mutual bonding forces for aggregation as a
      solidified form but rather are first held together by the included binder
      and subsequently by mechanical interlock.
PAR  The strand 10 is advanced through passage 13 together with the coagulating
      bath being pumped to collection chamber 8 where the liquid portion of the
      pumped material drains through perforations 15 to drain 17. The coherent
      strand 10 is then collected in a collection chamber 8 from which the
      strand may be withdrawn without being subjected to undue tension. The
      coherent strand 10 may be advanced from the collection chamber 8 between a
      pair of rollers 11 and 12, preferably at least one being driven, to a
      rotating or spinning collection pot 14, where the strand is wound into a
      "cake" 16. The rollers 11 and 12 serve to compact and mechanically
      condense the strands to bring adjacent fibers into closer relation and to
      further substantially reduce the liquid content. A traversing action is
      imparted to the strand as it is being wound by also reciprocating the pot
      in a direction corresponding to the axis of rotation, as indicated by
      arrow 20. An advantage of using the spinning pot is that as the strand is
      being wound, sufficient twist may be automatically imparted to the strand
      to carry it into a package form without the fibers disintegrating from the
      strand form. After twist is imparted to strands of this type, they are
      less susceptible to being disintegrated. The centrifugal forces imposed on
      the strand 10 by the spinning pot 14 substantially further reduce the
      liquid content of the strand 10. The pot 14 may optionally be provided
      with a perforated wall to facilitate the removal of the extracted liquid
      from the interior of the pot.
PAR  The formed cake 16 is then removed from the spinning pot 14 and may be
      optionally rewound on conventional apparatus, such as a twisting frame, to
      impart additional twist to the strand. It is noteworthy that strands made
      from discrete inorganic fibers and in accordance with the teachings of
      this process require less twist per unit length than strands made from the
      same grade of fibers by the so-called dry processes to impart the same
      tensile strength.
PAR  The packages of twisted strand are then washed, as in wash tank 22, with an
      aqueous solution containing a chemical ingredient which will revert the
      gel back to the constituent employed as a thickening agent. This reverted
      agent may be then reclaimed, by cycling off, for reuse in making the gel
      forming solution in tank 2.
PAR  During the extraction of the binder from the formed twisted strand packages
      16, depending upon the materials used for making and reverting the binder,
      a precipitant or salt may be formed on the surface of the package. The
      strand packages 16 are preferably moved to a rinse tank 24 where the
      precipitant may be rinsed away without contaminating the reverted binder.
      After drying, the strand packages 16 are ready for use in the same manner
      as strands made by any other process.
PAR  Contrary to known processes for extruding fibers as a continuous strand,
      the process of this invention starts with discrete fibers, as opposed to
      colloidal dispersions of fibrous material or of synthetic filament forming
      materials, in a liquid suspension medium and does not involve the usual
      steps of converting the colloidalizing or dispersing medium to form a
      binder. Instead the continuous strand is formed by converting an
      entraining liquid thickening agent into a reversible binder. These
      features define a process which is distinctly different from previous
      processes.
PAR  The instant invention is characterized by the fact that gel forming
      materials, such as sodium alginate, are used to form a temporary binder
      until such time that the inorganic fibers may be mechanically interlocked
      and then the temporary binder is extracted. The materials which are useful
      in forming temporary binders are those which characteristically exhibit
      hydrophilic colloidal properties. A family of such material that is found
      to be particularly useful are those known as water soluble natural gums,
      in which family sodium alginate and guar gum form a part. The grades of
      gelatin which also exhibit hydrophilic colloidal properties, i.e., those
      which have the propensity to swell in, dissolve in, or absorb water, have
      also been found to be particularly useful.
PAR  While specific and preferred embodiments of the binder or gel forming
      materials are described and set forth, it will be understood that other
      binder forming materials may be employed, if they meet the following
      specifications:
PAR  1. Chemically compatible with the fibrous material employed and with the
      fiber dispersing medium (surface active agent);
PAR  2. Type which will not enhance further dispersion of the fibers to a
      colloidal state;
PAR  3. Capable of being coagulated and of imparting shape and continuity to the
      extruded fibers;
PAR  4. Contribute to, or be compatible with another material that will provide
      a high viscosity of slurry;
PAR  5. Resultant gelled binder forms a discontinuous phase or is at least
      non-impervious (hydrophilic) to liquid medium of slurry so that the
      liquid, which might otherwise become entrapped, may be extracted;
PAR  6. Gelled binder must be capable of being elongated, at least when in a wet
      state (if it cannot be elongated in dry state, it should be capable of
      being rewetted); and
PAR  7. Capable of being extracted from strand after twist has been imparted
      without adversely disrupting the shape and continuity of the strand or
      fibers, relative to chemical or thermal exposure.
PAR  The invention is further illustrated by the following examples wherein the
      parts, unless otherwise specified, are by weight and wherein the nominal
      length of the fibers is not shorter than that specified for Group 4 by the
      Quebec Asbestos Miner's Association is its Quebec Standard Screen Test for
      chrysotile asbestos fibers (all of the designated groups and grades are in
      accordance with Quebec Standard Screen Test unless otherwise designated).
PAC  EXAMPLE I
PAR  An aqueous dispersion of chrysotile asbestos fibers comprising, 19.4 lbs.
      of spinning grade fibers normally designated as Groups 3 and 4, were mixed
      with 400 lbs. water at 105.degree.F, 2.2 lbs. of organic fibers in the
      form of viscose rayon of 1 inch lengths and 5 denier, and 2.8 lbs. of an
      anionic surface active agent, sodium alkyl sulfonate, exemplified by the
      product Alkanol WXN sold by the DuPont Company, in soak tank 1 to form a
      fibrous slurry. The surface active agent served as a wetting agent to
      mechanically disperse the fibers.
PAR  In another tank 2, a thickened water solution formed by mixing and stirring
      4.8 lbs. of sodium alginate powder (a gelable water thickening agent) with
      280 lbs. of water for a time sufficient to dissolve the sodium alginate.
PAR  The fibrous slurry form tank 1 and the thickened water solution from tank 2
      were then thoroughly admixed in dispersion tank 3 to form an admixture.
      From the dispersion tank the admixture was pumped to supply tank 4 for
      distribution to one or more forming nozzles 5 through which the fibers
      were oriented and exuded in substantially parallel alignment with each
      other into coagulating or "hardening" bath 6.
PAR  The coagulating bath 6 was formed from 1250 lbs. water, 50 lbs. of acetic
      acid and 37.5 lbs. of calcium carbonate which reacted to form acidified
      calcium acetate, with a surplus of acid. The bath had a specific gravity
      of 1.04 and pH factor maintained in the range of 3 to 6, preferably at 4.
      The bath was directed to the extrusion nozzles through suitable flow rate
      controls.
PAR  After the strand 10 was formed by extruding the fibrous admixture through
      the nozzles, the strand was coagulated in the coagulating bath and
      collected in collection chamber 8. The soluble sodium alginate was
      converted by contact with the calcium acetate, in the bath, to an
      insoluble calcium alginate which cohered and formed the binder for the
      fibrous content of the strand. The sodium acetate which formed was
      dissolved in the coagulating bath.
PAR  From the collection chamber 8 the strand was advanced through the squeeze
      rolls 11 and 12 which served to mechanically condense the roving from an
      approximately 95% water content to an approximately 70% water content and
      brought the individual fibers which were adjacent to each other in closer
      relation. The compression of the strand while the binder was being gelled
      or "hardened" consolidated the fibers. The liquid between the fibers was
      "squeezed out", without replacing the "squeezed out" liquid with air. This
      feature contributes to the uniformity of the formed strand product.
PAR  The condensed strand was then advanced for collection in a spinning pot 14.
      The spinning pot 14 was preferably rotated at 3400 revolutions per minute
      to produce approximately 1.3 turns per inch in the strand while the strand
      was advanced at the rate of 2600 in./min.
PAR  The condensed and initially twisted strand was then additionally twisted,
      in the same direction, by conventional twisting procedures to impart the
      required additional twist. The amount of twist depends upon the cut of
      strand and the required tensile strength. It has been found that only 50
      to 70% of the twist required by the conventional so-called dry processes
      formed strands having comparable tensile strengths is required in strands
      made by the instant procedure. For example, where 10 turns per inch in
      10-cut dry-process formed strand is required only 5 to 7 turns are
      required in the 10-cut strands made by this procedure.
PAR  The packages of twisted strand were then washed in tank 22 with an aqueous
      solution of sodium carbonate to convert the calcium alginate back to
      sodium alginate. A calcium carbonate by-product was also formed. The
      sodium alginate was then reclaimed by recycling for use in tank 2. The
      calcium carbonate precipitated out on the surface of the formed strand
      package 16.
PAR  The strand packages were then removed from the tank 22 where the binder was
      extracted to another tank 24 where the calcium carbonate was removed by
      rinsing with acetic acid. The calcium carbonate was converted to calcium
      acetate and carbon dioxide. The calcium acetate may be reused to form the
      coagulating agent; however, it has been found more economical not to
      reclaim the calcium acetate formed during the instant step of removing the
      calcium carbonate.
PAR  The above formulation produced a typical 90% grade asbestos yarn. A 100%
      grade asbestos yarn may be produced by omitting the rayon or other organic
      fibers. It has been found that the inclusion of the rayon or other organic
      fibers assists in imparting desirable properties, such as fibrous texture
      or "feel", in the end product. Also, the organic fibers tend to impart
      viscosity to the solution and thus assist in preventing the coalescence of
      the asbestos fiber and the breakdown of the apparent homogeneous character
      of the slurry.
PAR  The process also provides a system whereby synthetic filaments may be
      combined with inorganic fibers without the need of rendering the synthetic
      filaments tacky.
PAC  EXAMPLE II
PAR  The following is a typical process which produced an 85% grade ceramic
      yarn. 5.8 lbs. of fiber (85% alumina silica and 15% organic fibers,
      preferably of textile length) and 400 lbs. water were mixed with 0.7 lbs.
      of a cationic surface active agent of alkyl amine composition, exemplified
      by the product Avitex NA sold by the DuPont Company to form a fibrous
      slurry in tank 1. Other cationic surface active agents that may be used
      with ceramic or other yarns requiring cationic agents are listed in Part
      IV, starting on page 309 of 1953 Technical Manual and Year Book of the
      American Association of Textile Chemists and Colorists, Vol. XXIX
      (Published for the Association by Howes Publishing Co. Inc., New York,
      N.Y.).
PAR  4.8 lbs. sodium alginate were added to 280 lbs. of water in thickener tank
      2 to form the water thickening agent.
PAR  The two solutions were then mixed in dispersion tank 3 and the remainder of
      the process was similar to that as described in Example I.
PAC  EXAMPLE III
PAR  2.7 lbs. of chrysotile asbestos fibers, classified as Group 3, were soaked
      in a solution of 60 lbs. water containing 0.27 lbs. of sodium alkyl
      sulfonate, a wetting agent exemplified by the product Alkanol WXN, sold by
      the DuPont Company. 0.6 lb of sodium alginate was mixed with 40 lbs. of
      water to prepare a binder solution.
PAR  The binder solution and the fiber dispersions were mixed in a dispersion
      tank 3 and extruded through the nozzles 5 into a coagulating bath 6 of
      acidified calcium acetate, with a surplus of acid, made by reacting 3 lbs.
      of calcium carbonate and 95% purity acetic acid (4 lbs. acetic acid to 60
      lbs. of water) at a temperature less than 100.degree.F. The remainder of
      the process was similar to that described in Example I. This process
      produced a 100% grade (ASTM Grade AAAA) asbestos strand.
PAC  EXAMPLE IV
PAR  A slurry was prepared in a container, corresponding to tank 1, containing 7
      parts of grade 3T chrysotile asbestos fiber, 225 parts of water and 3
      parts of guar gum, a natural vegetable colloid, exemplified by the product
      "Jaguar" sold by the Stein-Hall Company. The slurry was extruded into a
      saturated borax solution. The borax solution provided borate ions in the
      alkaline system which functioned as a gelling agent for the guar gum, and
      converted the gum into a gel. The coagulating solution was prepared by
      mixing 37.9 grams of Na.sub.2 B.sub.4 O.sub.7. 10 H.sub.2 O/400
      milliliters H.sub.2 O at 25.degree.C. This mixture exceeded the solubility
      of borax at room temperature. A saturated solution was prepared by drawing
      off the supernatant liquid.
PAR  After twisting, the strand package was immersed in a 50% solution of
      glacial acetic acid to make the gel water soluble so that it could be
      washed out of the strands.
PAC  EXAMPLE V
PAR  A slurry of 7 parts grade 3T chrysotile asbestos fiber, 1 part of anionic
      surface active agent, sodium alkyl sulfonate, and 8 parts of commercial
      grade gelatin, exemplified by a product sold by the Swift Company and
      designated as Swift 710, were mixed with 225 parts of water. This solution
      was extruded into a 2% aluminum sulfate solution which served to congeal
      the gelatin as a temporary binder until the strand could be twisted and
      the fibers become mechanically interlocked. The gelatin was then rendered
      water soluble by treatment with hot sodium carbonate for extraction
      without disturbing the continuity of the strands.
PAC  EXAMPLE VI
PAR  A slurry comprising 30 parts Group 3 chrysotile asbestos fiber, 1.4 parts
      anionic surface active wetting agent, and 2 parts of a complex synthetic
      non-ionic polyacrylamide exemplified by a product sold by the Stein-Hall
      Company and designated as Polyhall 295, mixed with 300 parts of water was
      prepared. This solution was extruded into a dilute solution of aluminum
      sulfate, the aluminum ion of which formed the gelling agent for the binder
      forming synthetic polyacrylamide. The strand was then twisted to
      mechanically interlock the fibers. The formed binder was then rendered
      soluble by treatment with a dilute solution of sodium carbonate. The
      strand was then rinsed and dried.
PAC  EXAMPLE VII
PAR  A fibrous slurry was prepared from 8.4 lbs. of crocidolite asbestos fibers
      (grade Cape "S" blue), 130 lbs. water containing 0.5 lbs. anionic wetting
      agent (Aersol OT sold by American Cyanamid Company) and 0.4 lbs. soap. The
      soap was added to serve as a lubricant and facilitate pumping. 2.2 lbs. of
      sodium alginate were mixed with 75 lbs. water to prepare the binder
      solution.
PAR  The binder solution and the fiber dispersions were thoroughly mixed and
      extruded through a nozzle into a coagulating bath of the type described in
      Example III. The remainder of the process was similar to the steps
      described in Example I. This process produced a 100% grade crocidolite
      (blue) asbestos strand.
PAR  In the processes involving the use of sodium alginate and calcium
      carbonate, it appears that the optimum strand tensile strengths are
      obtained when the calcium concentration in the coagulating bath is
      maintained in the range of 9000 to 15,000 ppm.
PAR  It will be understood that the sodium alginate, and other of the main and
      preferred water thickeners may be modified by substituting other water
      thickeners, such as by way of example, starches, bentonite and
      carboxymethyl cellulose, for a part of the main water thickener.
PAR  It is inherent of asbestos fibers that with a reduction in diameter of the
      fiber bundles there is a concomitant decrease in fiber length. With a
      decrease in fiber length there is less ability for the fibers to be
      mechanically interlocked and hence other additives or permanent binders
      are usually required in order for strand materials made from colloidal
      dispersions to retain their integrity.
PAR  The end products of all of these examples are unique in that the comprising
      fibers are generally of greater length than the fibers in, and do not
      present cementitious paper-like appearance of, products made from
      colloidal dispersions. The process may be employed to process strands from
      any of the inorganic fibers of discontinuous lengths. It is not limited to
      the use of chrysotile asbestos fibers of the serpentine group but may be
      employed as well with the use of crocidolite asbestos fibers,
      representative of the amphibole group. The fibers used in the process of
      this invention correspond to the lengths of the fibers of grade 4Z or
      better of the Quebec Standard Screen Test wherein at least 10% are 1/4
      inch and longer.
PAR  The preferred end strand product may be further characterized as deriving
      its final shape and integrity from the fibers per se and not from any
      included material, such as a binder. The process may also be characterized
      as maintaining the fiber length and diameter attained during the initial
      fiber dispersion, i.e., the temporary binder agent does not contribute to
      further dispersion of the fiber bundles.
PAR  Some of the advantages and characteristics of strands made in accordance
      with the method of the present invention, as compared with known wet
      extrusion methods, will become more apparent from the following resume:
TBL  Present Invention                                                         
                     Prior Art Wet Process                                     
     ______________________________________                                    
     Non-colloidal dispersion --                                               
                     Colloidal dispersion -- suitable                          
     suitable for processing                                                   
                     for processing chrysotile                                 
     various types of fibers                                                   
                     asbestos                                                  
     Long fibers, other than                                                   
                     Limited to processing asbestos                            
     inorganic, may be                                                         
                     fibers                                                    
     admixed with the inorganic                                                
     fibers                                                                    
     A mechanical fiber suspen-                                                
                     Colloidal (chemical) thickening                           
     sion water thickening system                                              
                     system, wherein fibers are a                              
     is employed -- fibers may be                                              
                     part and cardinal agent of the                            
     removed and the water                                                     
                     thickening and binder mechanisms,                         
     thickening system still                                                   
                     is employed -- if fibers are removed,                     
     functions       the thickening and binder systems                         
                     are destroyed -- chrysotile                               
                     asbestos is critical element in                           
                     binder system                                             
     Hydrophilic temporary                                                     
                     Hydrophobic binder restricts                              
     binder -- facilitates                                                     
                     system to use with strands of                             
     reaction penetration of                                                   
                     relatively fine diameters                                 
     relatively coarse strands                                                 
     Textile characteristics --                                                
                     Paper-like structure --                                   
     fibrous appearance                                                        
                     twisted paper image                                       
     good flexibility                                                          
                     relatively stiff                                          
     soft            paper feel                                                
     porous          tight-poor absorbency                                     
     ability to be elongated                                                   
                     insufficient elongation                                   
                     for high speed weaving and                                
                     braiding operations                                       
     Packings made from strand                                                 
                     Packings made from strand have                            
     maintain their integrity                                                  
                     propensity to revert to slurries                          
     when subjected to hot fluids                                              
                     when subjected to hot fluids                              
     ______________________________________                                    
PAR  The improvements and advantages of asbestos strands produced by the method
      of the present invention, as compared with those made by conventional dry
      process, may be summarized as follows:
PA1  Greater uniformity in weight, diameter, strength and purity (higher
      asbestos content from fibers of equal grade)
PA1  Greater strength, when compared with dry process strand produced from
      fibers of same length -- strands of equal strength may be produced from
      shorter length (lower grade) fibers with less twist per inch -- in order
      to produce a 90% grade asbestos strand of suitable strength with the dry
      process, a 3K (Quebec Standard Screen Test) or higher grade fiber is
      considered to be required together with a minimum of 11.5 turns/inch twist
      in the formed strand -- an equivalent strand may be produced by the method
      of this invention with fibers as low as 3T grade and with only 8
      turns/inch twist.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A wet process of producing a continuous unitary coherent strand
      consisting essentially of twist-interlocked, staple inorganic fibers
      greater than colloidal in size, which comprises:
PA1  a. preparing a noncolloidal water suspension of said staple inorganic
      fibers,
PA2  said staple inorganic fibers comprising fibers greater than colloidal in
      size and having lengths of at least 1/4 inch;
PA2  said noncolloidal water suspension having a viscosity in the range of
      10,000 to 80,000 cps, a temperature in the range of 32.degree. to
      180.degree.F, and a solids content in the range of approximately 3 to 7%
      by weight, and
PA2  said noncolloidal water suspension being thickened with a reversibly
      gelable waterthickening agent to said viscosity range, thus maintaining
      said staple inorganic fibers noncolloidally dispersed in said water
      suspension and facilitating the orientation of said fibers generally
      parallel to each other;
PA1  b. forming said noncolloidal water suspension into a strand by extrusion of
      said suspension containing said fibers oriented generally parallel to each
      other;
PA1  c. converting said reversibly gelable waterthickening agent in the extruded
      strand into a substantially water-insoluble temporary gel binder which
      maintains the orientation of the fibers, permits the release of excess
      water from the strand, and is capable of being reverted to a water-soluble
      phase for subsequent removal;
PA1  d. reducing the water content of the strand and, by twisting the strand,
      twisting together and mechanically interlocking the oriented staple
      fibers; and
PA1  e. thereafter reverting the substantially water-insoluble temporary gel
      binder to a water-soluble phase and dissolving the same from the
      continuous unitary coherent strand of twist-interlocked fibers without
      destroying the mechanical interlock of the fibers or the continuous
      unitary nature of the strands.
NUM  2.
PAR  2. A wet process as defined in claim 1, wherein said reversibly gelable
      water thickening agent comprises a polysaccharide water-soluble gum which
      exhibits hydrophilic colloidal properties.
NUM  3.
PAR  3. A wet process as defined in claim 1, wherein:
PA1  a. said staple inorganic fibers greater than colloidal in size comprise
      asbestos fibers having lengths of at least Grade 4Z of the Quebec Standard
      Screen Test,
PA1  b. a wetting agent is included in said noncolloidal fiber water suspension
      to aid in dispersing the fibers,
PA1  c. said reversibly gelable water thickening agent comprises sodium
      alginate, and
PA1  d. calcium acetate is added to the water suspension comprising asbestos
      fiber and said sodium alginate reversibly gelable water thickening agent
      and reacted with the sodium alginate to convert the sodium alginate into
      calcium alginate as the substantially water insoluble temporary gel
      binder.
NUM  4.
PAR  4. A continuous unitary coherent strand consisting essentially of
      twist-interlocked staple inorganic fibers comprising asbestor greater than
      colloidal in size, said strand being produced by a process as defined in
      claim 1.
NUM  5.
PAR  5. A wet process as defined in claim 1, wherein said strand is further
      mechanically processed, as by weaving.
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ABST
PAL  Apparatus for atomising and/or vaporising a liquid in a stream of gas
      employs a porous body wetted by the liquid and through which the gas is
      passed. The body is composed of a number of generally parallel lines of
      porous rope-like bundles made up from whiskers. These may be
      polycrystalline metal whiskers or metallised non-metallic whiskers. The
      gas flow is parallel to the lines, which have passages between them.
      Provision can be made for heating the body and the liquid distribution may
      be aided by a coarser porous member upstream of the body.
BSUM
PAR  The invention relates to an apparatus for atomising and/or vaporising a
      liquid in a stream of gas, the apparatus having a porous substance through
      which the stream of gas flows and which becomes wetted by the liquid.
PAR  In many fields of technology, the problem arises of charging a stream of
      gas with a liquid, whereby in many cases atomising, in other words the
      breaking of the liquid down into the smallest possible droplets, is
      adequate while in other cases it is necessary to convert the liquid to
      vapour form. Known fields of application are air humidifying plants which
      maintain the atmospheric humidity in industrial or dwelling places,
      greenhouses or the like, particularly when they are also being heated at a
      definite level. Another field of application relates to the preparation of
      fuel-air mixtures in internal combustion engines, where it is desirable to
      atomize and possibly varporise the relatively large droplets of fuel in
      the fuel-air mixture formed in the carburettor. For this purpose, it is
      known to dispose a filter which may be heatable, between the carburettor
      and the combustion chamber.
PAR  A porous body of this type ought to have a large pour volume in order to
      minimise resistance to flow. The internal surface area of the porous body
      should likewise be large since the best results are achieved when only the
      surfaces of the walls defining the pores are wetted with liquid and, where
      there is a large internal surface area, considerable quantities of liquid
      can be entrained by the stream of gas.
PAR  Such a porous body should also have a high mechanical strength so that it
      is not compressed by the pressure of the gas stream, its pores becoming
      more or less occluded. Finally, the porous body should exhibit good heat
      conductivity in order to improve the atomizing or vaporising of the liquid
      by drawing heat from the stream of gas or from the ambient, or possibly in
      order to allow electrical heating.
PAR  Most known porous bodies only incompletely fulfil the aforesaid
      requirement. Foamed substances, particularly those based on plastics
      material, have inadequate strength and poor heat conductivity. Porous
      bodies consisting of sintered metal power do, it is true, have a
      relatively high strength but only a relatively small pore volume of a
      maximum of approximately 40%. Closest to the requirements is a known
      electrical heating element which consists of a highly porous skeleton of a
      plurality of metallically interconnected polycrystalline metal whiskers,
      which is traversed by the medium to be heated and it is preferably heated
      by direct passage of electrical current. This element can in principle
      also be used in a stream of gas without heating, for the atomizing or
      vaporising of liquids, since it has on the one hand a high pore volume and
      on the other high strength properties. Such polycrystalline metal whiskers
      (see for example Seitschrift fur Metallkunde Vol. 59 (1968), No. 1, pp. 18
      to 22), are characterised by very high strength and they can therefore by
      made into a skeleton in thicknesses of a few .mu.um to less than 1 .mu.um,
      the skeleton readily withstanding the flow pressures which occur. This
      known element consists of a mat or a felt of unorientated or random
      whiskers which are connected metallically to one another by metal
      separation from the gaseous phase, by electrolytic or currentless metal
      deposition, by sintering, hot-moulding, electron beam welding, ultra-sonic
      welding or other methods. However, for many applications, such an element
      offers too high a resistance to flow.
PAR  The invention is based on the problem of providing a porous body which
      fulfils the aforementioned requirements to the greatest possible degree
      and which has a lower resistance to flow than the last-mentioned heating
      element.
PAR  According to the present invention there is provided apparatus for
      atomizing and/or vaporising a liquid in a stream of gas, having a porous
      body traversed by the stream of gas and wetted by the liquid, wherein the
      improvement comprises the construction of the porous body as a plurality
      of highly porous lines orientated substantially parallel with the
      direction of flow of the gas and which are formed by interconnected
      polycrystalline metal whiskers or metallised non-metallic whiskers, the
      lines forming between them passages through which the gas can flow.
PAR  With orientation of the lines parallel with the direction of flow of the
      gas, it is possible largely to avoid turbulence in the flow of gas, such
      turbulence being inevitable with unorientated whiskers. By virtue of the
      orientation of the whiskers and the high pore volume of the porous body,
      which may readily amount to 92% of the total volume, only the individual
      lines of whiskers become wetted with the liquid. This thin film is
      entrained by the flow of gas, and may be atomized or in many cases, even
      without heating, evaporation or vaporising of the liquid takes place. Of
      substantial importance to this effect is the construction of each line of
      whiskers, which consists of a plurality of individual substantially
      parallel whiskers overlapping along the length of the line, so that a very
      large surface area is achieved. These lines of whiskers are in themselves
      porous and due to the capillary action, liquid which penetrates the pores
      is being constantly given off to the stream of gas passing over the
      surfaces of the whiskers. This process does not only occur when, as for
      example in the case of air humidifying plants, water is allowed to drip
      onto the porous bodies, but also when liquid has been previously added to
      the stream of gas in the form of more or less large droplets, as is the
      case with the aforementioned application in the induction system of an
      internal combustion engine.
PAR  Where the manufacture of the porous body according to the invention is
      concerned, the lines of whiskers may be orientated parallel with one
      another by means of an homogeneous magnetic field and connected to one
      another in this condition.
PAR  In preference to mono-crystal whiskers, so-called thread crystals can be
      used. By virtue of their polycrystalline structure, polycrystalline metal
      whiskers have in themselves a relatively fissured or serrated surface, and
      so the inside surface area of the porous body according to the invention
      will be considerably larger than the calculated value based only on
      whiskers having a smooth surface. This inner surface can be further
      enlarged if metallic or non-metallic whiskers are used, the surfaces of
      which are given considerable roughness by the adoption of special
      measures, for example by a correspondingly controlled separation of metal
      from the gaseous phase.
PAR  As previously mentioned, good conductivity in the porous body is favourable
      to rapid atomizing or vaporising of the liquid. In consequence, according
      to a further preferred feature of the invention, whiskers should be used
      for the porous body which consist at least partially of one or more of the
      metals iron, nickel, aluminium, copper and silver. Since polycrystalline
      metal whiskers are produced by the separation of metals from thermally
      decomposable metal compounds, it is possible to create whiskers adapted to
      this particular application.
PAR  In order to facilitate, or in some cases make possible vaporising of the
      liquid, it may be expedient to heat the porous body, for example to
      provide it in known manner with electrodes for heating by the direct
      passage of current or to dispose it within an induction coil. Since the
      electrical resistance of bodies consisting of polycrystalline metal
      whiskers is relatively low, it may be expedient to form the porous body
      from a plurality of electrically serially-connected partial elements or
      from a spirally-coiled strip, the current connections being made to the
      inner and to the outer ends of the spiral.
DRWD
PAR  For a better understanding of the invention, some constructional forms will
      now be described, by way of example, with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic sectional view of an apparatus according to the
      invention, suitable for humidifying air;
PAR  FIG. 2 shows on a greatly enlarged scale a detail of the porous body
      contained in the apparatus of FIG. 1;
PAR  FIG. 3 is a detail of a line of whiskers of the porous body shown in FIG.
      2, on a further enlarged scale;
PAR  FIG. 4 shows on a yet further enlarged scale a detail of a single whisker,
      and
PAR  FIG. 5 is a diagrammatic sectional view of the induction system of an
      internal combustion engine having an apparatus according to the invention
      for preparing the fuel-air mixture.
DETD
PAR  FIG. 1 shows a portion of an air humidifying plant which consists of a pipe
      1 through which passes the air to be humidified. Inserted in the pipe 1 is
      a porous body 2 which consists of a plurality of lines 3 of metallically
      interconnected polycrystalline metal whiskers. As FIG. 2 shows, these
      lines 3 lie substantially parallel with one another and with the direction
      of flow of the air illustrated by the arrows 4.
PAR  Each line of whiskers is formed by a plurality of single poly-crystalline
      whiskers or bundles of whiskers which, in an homogeneous magnetic field,
      form themselves into the lines which can be seen in FIG. 2, their ends not
      abutting one another but overlapping as shown in FIG. 3. Thus, there is a
      relatively broken-up surface on each line of whiskers. Since also the
      whiskers themselves may have a vary rough or serrated surface, as
      illustrated in FIG. 4, the total inner and outer surface area of each line
      of whiskers is correspondingly great. The connection of the whiskers or
      bundles of whiskers forming a line is effected preferably by separation of
      a metal from the gaseous phase, for example by thermal decomposition of a
      metal carbonyl. The same method can be applied in order to connect the
      lines 3 of whiskers to one another and possibly one or both line ends to a
      porous plate 5. The whiskers may have a diameter of a few .mu.m down to
      below 1 .mu.um. The thickness of the metal deposit connecting the whiskers
      is preferably below 1 .mu.um. This deposition of metal is so controlled
      that open pores are left in the individual lines of whiskers.
PAR  Although the lines 3 of whiskers are very densely packed and the porous
      body 2 gives the impression of being a relatively compact body, a pore
      volume of over 90% can be achieved. By orientating the lines 3 of whiskers
      parallel with the direction of flow 4 of the air, the resistance to flow
      is extraordinarily low.
PAR  For humidifying air water is introduced into the pipe 1 upstream of the
      porous body 2 by a spray 6. The water droplets are distributed over the
      end surface 8 of the porous body 2 by a porous insert 7 disposed in front
      of the porous body 2 and consisting in this example of a relatively coarse
      skeleton of random whiskers, which may also be polycrystalline metal
      whiskers. The water is drawn by capillary action into the spaces 9 between
      the individual lines 3 of whiskers and into the pores between the
      whiskers. This results in virtually complete wetting of all whiskers in
      the lines 3. The air flowing through the porous body 2 entrains the stream
      of water created on the surface of the lines of whiskers 3, so that the
      stream of water is atomized and partially vaporised, and at the same time
      the water present in the pores of the lines 3 of whiskers is extracted as
      a mist or vapour. The stream of air emerging from the porous body 2 is
      charged with water vapour and with extremely fine droplets of water.
PAR  Since the polycrystalline metal whiskers and thus the lines 3 of whiskers
      have an extraordinarily high strength, even at high flow pressures, there
      is no danger of the porous body 2 being compressed. All that can happen is
      that the air flows not only through the intermediate spaces 9 between the
      lines 3 of whiskers but also directly through the pores in the individual
      lines 3 of whiskers. However, this is rather more advantageous to the
      functioning of the apparatus.
PAR  FIG. 5 shows a diagrammatic sectional view of the induction system of an
      internal combustion engine with a carburettor 10, in the venturi tube 11
      of which there is, in conventional manner, a fuel jet 12 from which the
      fuel is entrained by the through-flow stream of air. The fuel-air mixture
      thereupon flows through an insert 14 disposed in the intake pipe 13 and
      which in this example consists of two porous bodies 15 and 16 disposed one
      after another in the direction of flow and which may be constructed in
      generally the same way as the porous body 2 in FIG. 1. The relatively
      large droplets of fuel contained in the through-flowing fuel-air mixture
      are, upon passage through the porous insert 14, not only reduced in size
      but in some cases are also drawn by capillary action into the pores in the
      lines of whiskers from which they are given off again as vapour or mist to
      the passing stream of air. The fuel-air mixture emerging from the porous
      body 14 is characterised by a high content of fuel vapour and extremely
      pure droplets of fuel. This effect can be further intensified if the
      porous insert 14 is heated. This can be achieved for example if the insert
      is in heat-conductive connection with a hear carrier, for instance the
      heated cooling water or lubricating oil of an internal combustion engine
      or air heated by the exhaust system, or if it is electrically heated. In
      this example, there is between the porous bodies 15 and 16 a heating coil
      17 which either accommodates an electric heating wire or has a heat
      carrier flowing through it.
PAR  The invention is not limited to the specific examples illustrated or to the
      fields of application particularly mentioned.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for atomizing and/or vaporizing a liquid in a stream of gas
      comprising; conduit means and a porous body therein, a source of gas
      connected to the conduit means, a source of liquid connected to the
      conduit means so that both gas and liquid are supplied to said porous
      body, the porous body being a plurality of highly porous lines oriented
      substantially parallel with the direction of flow of the gas and which are
      formed by interconnected polycrystalline metal whiskers or metallized
      non-metallic whiskers, the lines consisting of a plurality of individual
      substantially parallel whiskers overlapping along the length of the line,
      the lines forming between them passages through which the gas can flow
      with the overlapping whiskers providing larger spaces to facilitate flow
      of the gas through the passages and the passages extending to the
      downstream end of the whiskers and being open at the downstream end.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein a porous insert having
      relatively large pores which distribute the liquid over the end face of
      the porous body is upstream of the porous body in relation to the gas
      flow, and the porous insert being formed by a coarse skeleton of
      non-oriented polycrystalline metal whiskers.
NUM  3.
PAR  3. The invention in accordance with claim 1 wherein the whiskers have a
      serrated surface.
NUM  4.
PAR  4. The invention in accordance with claim 1 wherein the whiskers consist at
      least partially of at least one of the group of metals, iron, nickel,
      aluminum, copper and silver.
NUM  5.
PAR  5. The invention in accordance with claim 1 wherein means are provided for
      heating the porous body.
NUM  6.
PAR  6. The invention in accordance with claim 5 wherein the porous body is
      formed from two spaced elements, the heating means being a heating coil
      between said elements.
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ABST
PAL  In the manufacture of textile yarns from synthetic thermoplastic materials,
      such as polyamides, polyesters and polyolefins, e.g. polypropylene, a web
      or sheet of the material, which may be preformed or formed by extrusion or
      casting as a step in a continuous process, is subjected to "forging" as by
      a profiled roller to produce in the web or sheet parallel lines of
      weakness and then to such a drawing operation in a direction parallel to
      the lines of weakness that the web or sheet is stretched to many times its
      original length and, with or without assistance of other mechanical means,
      is thereby split into discrete, thin filaments suitable for textile yarns.
      5 1 1 Anderson; Philip 1 4
PARN
PAR  This is a continuation of application Ser. No. 48,054, filed June 22, 1970,
      now abandoned.
BSUM
PAR  This invention relates to manufacturing textile yarns of materials, such as
      polyamides, polyesters, polyolefins and the like, which are formable into
      sheets or webs capable of being converted into filaments by division into
      narrow strips and stretching to many times their original length. Such
      materials are referred to herein as synthetic materials of the class
      specified.
PAR  According to this invention, filaments for textile yarns are produced from
      synthetic material of the class specified by subjecting a sheet or web of
      the material to forging to effect local weakening along parallel lines and
      thereafter effecting division of the sheet or web along the lines of
      weakness with simultaneous stretching.
PAR  By forging, as used herein, is meant a treatment carried out by passing the
      sheet or web into contact with a profiled roller, at a temperature at
      which the material is plastic and such that the thickness of the sheet or
      web is greater locally reduced to produce the lines of weakness by
      simultaneous deformation and plastic displacement of material laterally
      into the regions between the lines of weakness.
PAR  The division of the sheet or web along the lines of weakness may be caused
      by rupture due to drawing, that is stretching of the sheet or web in the
      direction of the lines of weakness, but may also be augmented by lateral
      stretching, or mechanically by slitting or by passing the stretched sheet
      or web over a saw-tooth surface.
PAR  The foregoing operations may be effected on a previously-formed sheet or
      web in which case the sheet or web is for instance drawn from a reel and
      passed under a constant low tension and in a flat stress-free condition to
      a pre-heater to render the material sufficiently plastic for the forging
      to be effective.
PAR  Alternatively the forging and division of the sheet or web into filaments
      may be steps in a continuous process in which the sheet or web is formed
      and then is converted into filaments. In one such process, the synthetic
      material in a plastic condition is extruded from a die orifice directly on
      to a relatively chilled forging roller of appropriate profile to produce a
      web having longitudinal lines of weakening, the web then passing to a
      driving mechanism to be appropriately stretched. In another such process a
      continuous web is formed by casting, the molten material being extruded
      through an elongate orifice on to a chill roll or into a cooling bath and
      the web being drawn to the required dimensions before the point at which
      the material freezes. The web so formed then passes to the forging and
      stretching stages.
PAR  Clearly, if desired, the filaments produced may be passed to further
      processing stages such as are now typically carried out on continuous
      textile filaments made from synthetic materials of the class specified.
DRWD
PAR  The following description sets out in more detail some ways in which the
      invention may be carried out, and the description makes reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of one continuous process for producing filaments
      from granules of a thermoplastic synthetic material,
PAR  FIG. 2 illustrates diagrammatically initial steps in the process,
PAR  FIG. 3 illustrates diagrammatically alternative initial steps starting with
      a reeled web,
PAR  FIG. 4 illustrates intermediate stages in the processing of a continuous
      web to form filaments,
PAR  FIG. 5 illustrates a form of apparatus suitable for use in one of the
      stages of FIG. 4, and
PAR  FIG. 6 is an axial section through one form of forging roller,
PAR  FIG. 7 illustrates a modification of part of such roller,
PAR  FIGS. 8, 9 and 10 illustrate other forms of roller,
PAR  FIGS. 11, 12 and 13 illustrate the cross-sections of webs forged with
      rollers of FIGS. 9 and 10,
PAR  FIGS. 14, 15 and 16, 19 and 20 illustrate the construction of other forms
      of forging roller, and
PAR  FIGS. 17 and 18 are diagrammatic plan views of forged webs.
DETD
PAR  Referring first to FIG. 1, the illustrated process comprises feeding
      granules of the selected synthetic material from a storage 20 to an
      extrusion stage 21 wherein the material is heated to a molten condition
      and is then forced through an elongate extrusion orifice 22 to a casting
      stage 23 in which the molten film from the extrusion orifice is quenched
      rapidly and drawn down to the required size before the material freezes.
      The web so formed, after edge trimming to avoid difficulties in later
      stages due to thick edges, is next passed through a tensioning unit 24, in
      which preheating may also be effected if necessary, to a forging stage 25
      which is followed by drawing and annealing stages 26, 27 whereafter
      resulting yarn is wound into packages at 28.
PAR  The material selected for processing must be capable of plastic flow when
      subject to stress and preferably the material is a thermoplastic, i.e.
      capable of softening and melting on heating and solidifying on cooling,
      the process being capable of repetition without appreciable change in
      properties. Examples of such materials are organic polymerisation products
      and are usually obtainable in a powder or granule form. A typical polymer
      is polypropylene and reference will be restricted to this material in the
      following description.
PAR  Several grades of polypropylene are available from various manufacturers
      but reference will be restricted to the Shell Chemical Co's product known
      as "Carlona" P KZ61, which is a homopolymer stabilised against thermal
      degradation and oxidation. Melt index is 3.0 (BS 2782 part 1, 1956; method
      105C; 250.degree. C, 2.16Kg loading) gm/10 min., density 0.905 (BS 2782
      part 5, 1958; method 509A), melting point range 165.degree.-175.degree. C
      and available in granules.
PAR  In the process stage 20, 21, the granules are converted to a continuous web
      by melting the granules and forcing the molten polymer through the
      elongate orifice 22. A suitable extrusion apparatus is a single-screw
      extruder with a length/diameter ratio greater than 15:1 and a compression
      ratio greater than 2.5:1; the temperature gradient should be such as to
      give a melt temperature between 250.degree. and 270.degree. C.
PAR  The geometry of the orifice 22 is dependent upon extruder throughput and
      take-off speed. To produce a 50 mm wide web of film of thickness 75.mu. at
      a speed of 8 meters/min. and a rotational speed of 80 r.p.m. with a screw
      18 mm diameter and 24 length/diameter ratio, the orifice is 60 mm wide and
      0.5 mm high.
PAR  The film leaving the orifice 22 is cast at 23 either on to a highly
      polished, water-cooled, chill roll or rolls 30 (FIG. 2), or into a water
      bath. Chill roll casting is preferred. The molten film is drawn from the
      chill rolls 30 by rollers 31 and during this travel the film is drawn down
      to form a web of the required dimensions.
PAR  Because rapid quenching is required to avoid the growth of large spherulite
      crystals, intimate contact between film and chill roll is necessary and
      this is achieved by an air knife. After freezing, the edges of the film
      are cut away leaving a film of width 40 mm and thickness 75.mu. . By using
      a polished chill roll, one side of the film is polished giving rise to
      advantages in a later stage.
PAR  If a non-continuous process is desired, the process may now be interrupted
      and the web reeled up for storage. If stored, the reel must be kept cool
      but should not be stored for longer than about 2 to 3 days because
      crystallisation will continue during storage and the web will become
      brittle; this will lead to frequent breakdown during the drawing stage 26
      and to low-tenacity end-products.
PAR  The continuous web emerging directly from the casting stage 23, or from
      reel storage, should be fed into the forging stage 25 under constant low
      tension and in completely flat, stress-free form. The directly-fed web is
      in this condition and can be passed to the forging stage through a simple
      tensioner 32, usually without pre-heating. The tensioner 32 may take many
      forms, a simple form being a saddle 32a with drag-strip 32 b as indicated
      in FIG. 2. Very accurate tension control is achieved with electrostatic or
      hysteresis tensioners.
PAR  Reeled web will have relaxed during storage and must be passed over a
      smooth, heated surface 34 (FIG. 3) to relieve the stresses whilst passing,
      or before or after passing through say an electrostatic tensioner 35.
PAR  The required tension is below that which would cause drawing of the web in
      the forging stage 25.
PAR  The temperature to which the web is pre-heated, or has when entering the
      forging stage 25, is about 100.degree. C.
PAR  The forging stage 25 creates in the web areas of weakness and determines
      the cross-section of the filaments produced. In this stage, the web is
      warmed to a temperature below its melting point (in order to increase its
      plasticity) and selectively deformed causing the material in selected
      areas to be displaced thereby reducing the web thickness and
      simultaneously forcing the displaced material to enter, and preferably
      fill, the spaces between the forging means.
PAR  The forging means is conveniently formed by two rotating rollers, usually
      one plain or support roller 40 and one profiled roller 41, (FIGS. 4 and 5)
      although both may be profiled for certain end-product requirements. The
      roller axes are parallel and the forging action takes place in the nip
      between the rollers as they rotate in contra-directions. The protruding
      portions of the profiled roller or rollers impart the disturbing forces to
      the material, the depressions serving both as sinks for displaced material
      and moulds to create the yarn profile.
PAR  Both rollers 40, 41 are heated as by radiant electric heaters 42 or for
      more accurate control by the use of circulating hot oil. The temperature
      of the support or counter roller may be monitored by a surface
      thermocouple 45 controlling a power regulator. The rollers are pressed
      into contact by pneumatic or hydraulic cylinders, are connected by gearing
      44 and are power driven by a variable speed motor/gearbox arrangement
      adjusted to match extruder throughput.
PAR  In one example, a polypropylene web travelling at 8 metres/min. is forged
      under the following conditions. The counter roller 40 has a circumference
      of 40 cm and is rotated at 20 r.p.m. and the profiled roller 41 has a
      circumference of about 13 cm and is driven at 60 r.p.m. The web is
      constrained to maintain contact with the roller 40 for about 1 second. It
      is found that if the temperature of the roller 40 is about 135.degree. C,
      the web will acquire a temperature suitable for forging. As used herein, a
      forgeable condition is that at which a thermoplastic material can flow
      under the force available.
PAR  In FIG. 4, the web is shown as being laid on the counter roller 40 by an
      idling roller 46 which is mounted on a pivoted arm 47 so that the amount
      of pre-heating can be varied. This particularly helps in threading up the
      nip and preventing overheating if a slow start speed is desirable. It is
      arranged that the smoother side of the web contacts the counter roller.
      This ensures rapid heat transfer particularly if the counter roller has a
      polished finish. The forging roller should have a similar finish to
      facilitate stripping of the cooled forged web in order to prevent low
      temperature drawing.
PAR  The profiled roller 41 is maintained at between about 70.degree. C and
      100.degree. C which ensures that the profiled web, which tends to stick to
      the roller 41, is immediately chilled after passing the nip of the rollers
      and before being stripped from the roller 41. The chilling prevents
      uncontrolled flow of the polypropylene after passing the nip, but too
      rapid chilling should be avoided.
PAR  If both rollers are profiled, the cooler roller should have the deeper
      surface relief so that the web tends to maintain contact with it rather
      than with the warmer roller.
PAR  When the web leaves the profiled roller 41 the polypropylene is still hot
      enough for crystallisation to occur. Such crystallisation can be inhibited
      by passing the web through a cold water bath 48 to reduce the web
      temperature to the ambient temperature.
PAR  Under the forging conditions above described, the rollers 40, 41 are forced
      together with a total thrust of 200 lbs. At lower temperatures, higher
      pressures are required for instance up to 4000 lbs. Lower temperatures
      however affect the flow of the polypropylene from the weakened areas and
      the material tends to fold into the relieved spaces of the profiled
      rollers; such technique is however utilisable for producing arcuate
      tape-like filaments.
PAR  As will be clear from the various forms of forging roller described herein,
      the areas of weakness formed are in parallel lines extending
      longitudinally of the web.
PAR  The crystals of polypropylene in the chilled web leaving the forging stage
      25 are essentially unoriented, but any orientation which exists is
      transverse to the length of the web and this has the effect of increasing
      the tenacity of the filaments finally produced as compared with
      conventional extruded filaments.
PAR  In the drawing stage 26, the latent filaments are drawn down to their
      correct size and separated by stretching the web under controlled tension
      and temperature conditions. If the forged web is sufficiently thin in the
      weakened regions, the web may split along the lines of weakening, as a
      result of the drawing operation, but if desired splitting may be assisted
      by mechanical means, for example by passing the drawn material over one or
      more saw-tooth surfaces which operation has the effect that lower forging
      pressures are required than if completion of splitting is to be achieved
      during drawing. The use of such mechanical means also enables the
      filaments to be released in bundles so that a friction false-twisting
      operation can be readily effected so completing separation and
      simultaneously imparting bulk to the yarn produced if the filaments are
      maintained at their drawing temperature.
PAR  The drawing apparatus may comprise two godet sets separated by an oven in
      which thermostatically-controlled air is recirculated. For Carlona P KZ61
      as mentioned above the oven or air temperature should be 165.degree. C
      .+-. 2.degree.C and the "draw ratio" should be at least 1:10 and not more
      than 1:13. With such draw ratios filaments of 0.001 inch thickness and
      connecting material thickness of the order of 0.0001 inch can be obtained.
PAR  If desired division of the parent web can be commenced before drawing, for
      example by passing the web over cylindrical knife splitters between the
      casting and forging stages or as shown at 49 in FIG. 4 between the forging
      and drawing stages. If for instance bundles of 100 filaments are required
      the knives may be set 0.3 inch apart.
PAR  From the drawing stage 26 the discrete filaments are subjected to annealing
      at 27 (FIG. 1), for instance by passing them through a further oven and
      godet set, the oven being at a slightly higher temperature than the
      drawing oven, e.g. 1.degree. or 2.degree. higher, and the godet being set
      to allow the filaments to relax so inhibiting subsequent shrinkage. The
      filaments are then led to a winding stage 28 and are for instance
      separated into appropriate yarn counts and cross-wound into packages of
      desired size and weight.
PAR  In a modification of the above process a laminate, of say two different
      grades of polypropylene, is produced and fed to the forging and subsequent
      stages so producing a self-crimp in the filaments.
PAR  There will now be described several forms of forging roller.
PAR  For instance in FIG. 6, the roller is arranged to produce a square, or
      other rectangular, section filament, and is shown as being made up from
      two diameters of plain annular discs 50, 51, which are assembled in
      alternating relation. Typically the discs may be 50 microns thick and have
      a diameter difference of 75 microns and, in use, will have a "forging"
      action on the sheet or web, not a cutting or slitting action.
PAR  In FIG. 7 is shown a modification of the smaller diameter disc 51 of which
      the periphery has circumferentially spaced projections 52. The projections
      52 cause periodic interruption of the latent filament formation so that
      the filaments, produced by subsequent drawing and chopping have a finite
      staple length.
PAR  Such a roller may be alternatively produced as follows:
PAR  Two batches of shim material, one of aluminium 0.003 inch thick, the other
      stainless steel 0.0015 inch thick are stamped to produce a plurality of
      torus-shaped discs which are threaded alternately on to a hardened steel
      shaft. About 700 of these are assembled and then clamped between two steel
      flanges. The whole assembly is then ground with a Norton 38A 150 - H5VBE
      white aluminium oxide wheel to a final diameter of 4.15 inches. The
      periphery of the cylinder formed by the shim assembly is then immersed in
      15% caustic soda solution and continuously rotated to cause the whole
      surface to be sequentially treated by the liquid. After about 15 minutes
      the aluminium shims will have been preferentially etched to a depth of
      0.003 inch below the surface of the unaffected stainless steel shims.
PAR  The roller may have a saw-tooth section as shown in FIG. 8, the depth of
      grooves 53 being say 0.003 inch and the groove width being 0.0006 inch and
      the flats separating the grooves being 0.001 inch in width. This form of
      roller will produce triangular-section filaments from a web 0.0014 inch
      thick. Such a roller may be produced by the following method:
PAR  A steel cylinder of 3.245 inches diameter is machined with a tungsten
      carbide cutting tool traversed so as to produce a continuous helical
      groove across the surface of the cylinder. A 0.001 inch land is left
      between groove edges to ensure constant diameter. After machining, the
      cylinder is hard chromium plated to 4.15 inches diameter.
PAR  A roller for producing triangular frustum filaments may be produced as
      follows:
PAR  A magnesium cylinder of diameter 3.25 inches is coated with Kodak Photo
      Resist and exposed to white light through a photographic film mask
      comprising 0.003 inch opaque lines separated by clear film of width 0.0015
      inch. After exposure the resist is developed with Kodak Etch Developer to
      leave lines of hardened resist 0.0015 inch wide separated by a distance of
      0.003 inch. The cylinder is then subject to the "Dow Etch" process
      (Powderless Etch) to etch the exposed magnesium surfaces to a depth of
      0.003 inch without undercutting.
PAR  Another form of forging roller is produced by winding a single wire 54 in a
      helical locus on the surface of a plain cylinder as shown in FIG. 9 or by
      winding multiple wires 55, 56 as shown in FIG. 10. The wires may be wound
      directly as shown in FIG. 9, the spacings being adjusted during laying by
      a traversing mechanism geared to the cylinder rotation and the wire
      retained in position by tension or adhesives. Alternatively the cylinder
      may be grooved as at 57 in FIG. 10 in helical fashion at the required
      spacing and the wire laid in the groove and retained therein by tension
      alone. In FIG. 10 the wire 56 is of nickel and the wire 55 is hardened
      stainless steel. The advantage of using a nickel under-layer is that if
      any slight variation exists in the machined groove, under forging pressure
      the nickel will deform to compensate. Also, if deformation of the nickel
      is allowed to take place, a good anchorage will be obtained. FIGS. 11 and
      12 show the forged film resulting from using these rollers with plain
      counter rollers. FIG. 13 shows a trilobal profile resulting from using a
      wire-wound counter roller.
PAR  In all the figures depicting the forged film profile, it will be observed
      that they have very small discrete cross-section areas which extend
      longitudinally through the web without interruption.
PAR  The rollers may be arranged to produce filaments having a main trunk and
      fibrils at intervals along the length of the main trunk.
PAR  A part of the periphery of one form of forging roller for this purpose is
      shown on a much enlarged scale in FIG. 14.
PAR  In this construction there are spacer discs 64 of large diameter and plain
      periphery, spacer discs 65 of smaller diameter and plain periphery,
      notched discs 66 of large diameter, and smaller-diameter discs 67 having
      angularly-spaced castellations 68 which are angularly offset from the
      notches 69 of the discs 66. The main trunk of the filament is formed
      between the discs 64, 65, 66 and the fibrils are formed between the discs
      66, 67 and 64. The lengths of the fibrils are determined by the spacing of
      the castellations 68 and the roots of the fibrils connecting them to the
      trunk are formed by the notches 69.
PAR  FIG. 15 and FIG. 16 which is a plan view of FIG. 15, show diagrammatically
      another way of forming fibrils on a main trunk. In this form
      small-diameter spacers (not shown) are used to separate thin discs of
      generally larger diameter. Some of these discs have plain peripheries,
      others, of which one is shown at 122, have peripheries formed with
      circumferentially-directed tongues 126 bent out of the plane of the disc.
PAR  Such an arrangement can utilise pairs of a single form of tongued disc 122,
      the two discs of each pair being reversed in the sense that the tongues of
      one disc extend towards and interdigitate with the tongues of the other
      disc.
PAR  FIG. 17 shows diagrammatically a web forged by the disc arrangement of
      FIGS. 19 and 20, and indicates the form of main trunk filaments 129 and
      fibrils 130 produced. It will be appreciated that from the spaces between
      the main trunk filaments 129 and fibrils 130, the material of the web has
      been displaced by the discs arrangement shown in FIGS. 19 and 20, and to
      illustrate this some reference numerals and leading lines are inserted in
      FIG. 17 to said spaces, for indicating the disc parts which forged the
      spaces.
PAR  FIG. 18 shows diagrammatically, in the same manner as FIG. 17 but to a
      smaller scale, a narrow web forged to have main trunk filaments 131, 132,
      133 and 134, of which filaments 131 and 134 have fibrils 135 and 136
      respectively along one side only, whereas filaments 132 and 133 have
      fibrils 137 along both sides. It will be appreciated that the spaces
      between the main trunk filaments and the fibrils represent areas from
      which the material of the web has been displaced by a disc arrangement
      which includes discs with peripheries formed with
      circumferentially-directed tongues bent out of the planes of the discs, as
      at 126 in FIGS. 15, 16, 19 and 20.
PAR  FIGS. 19 and 20 show an arrangement utilising plain discs 121, plain spacer
      discs 120, and discs 122 with circumferentially-directed tongues 126 bent
      out of the planes of the discs. In this case, the tongues 126 determine
      the fibril lengths. Such an arrangement can utilise pairs of a single form
      of tongued disc 122, the two discs of a pair being reversed with respect
      to one another. The spacer discs 120 determining the thickness of the
      fibrils may have radial projections 128 so that the fibrils are thinner
      than the main trunks of the filaments.
PAR  The discs forming the rollers may conveniently be produced by a
      high-energy-rate pressing or stamping because this method will give
      clean-cut edges and dimensional accuracy.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the production of filaments for textile yarns from synthetic
      thermoplastic materials which are formable into webs and capable of being
      converted into filaments by division into narrow strips and stretching to
      many times their original length, comprising subjecting a film web of the
      material to forging to effect local weakening along parallel lines by
      passing the web between a non-yielding profiled roller and a non-yielding
      counter roller, at least the counter roller being heated to a temperature
      effective to soften the web to a forgeable condition, such that the
      thickness of the film web is greatly locally reduced to produce the lines
      of weakness by simultaneous deformation and lateral displacement of
      material into the regions between the lines of weakness, and thereafter at
      least partially converting the forged film web to filaments by rupture
      along the lines of weakness by stretching the film web longitudinally of
      the lines of weakness.
NUM  2.
PAR  2. Process as claimed in claim 1 wherein the non-yielding counter roller is
      a plain roller.
NUM  3.
PAR  3. Process as claimed in claim 2 further comprising chilling the web
      immediately following the forging step before said stretching to effect
      said rupture.
NUM  4.
PAR  4. Process according to claim 3, comprising heating both the profiled
      roller and the counter roller, the counter roller being heated to a higher
      temperature than the profiled roller and the film web being fed into
      contact with the counter roller prior to contacting the forging roller.
NUM  5.
PAR  5. Process according to claim 3, comprising also stretching the film web
      laterally to assist division.
NUM  6.
PAR  6. Process according to claim 4, comprising also streching the film web
      laterally to assist division.
NUM  7.
PAR  7. Process according to claim 3, comprising feeding the film web to the
      forging step under constant low tension and in flat stress-free form.
NUM  8.
PAR  8. Process according to claim 3, comprising also assisting converting the
      forged film web to filaments by mechanical means.
NUM  9.
PAR  9. Process according to claim 3, comprising extruding the synthetic
      thermoplastic material to form the film web, chilling the web, drawing the
      chilled web to reduce its cross-sectional dimensions, and edge trimming
      the web before feeding it to the forging step.
NUM  10.
PAR  10. A process as claimed in claim 1 wherein said counterroller is a plain
      roller at a temperature higher than said profiled roller, and said film
      web is fed into contact with said counterroller prior to contacting said
      profile roller.
NUM  11.
PAR  11. A process as claimed in claim 10 wherein said film web is caused to
      remain in contact with said relatively cooler profile roller after passing
      between and being forged by said rollers and passing out of contact with
      said relatively hotter counter-roller.
NUM  12.
PAR  12. A process as claimed in claim 11 wherein said web is cooled to ambient
      temperature immediately following the forging step.
NUM  13.
PAR  13. A process as claimed in claim 12 wherein said lines of weakness are
      continuous and uninterrupted throughout the length of the web.
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ABST
PAL  A method of manufacturing acrylic fibers free from delustering in boiling
      water, comprises the steps of forming a spinning solution by dissolving in
      a solvent of Aceton et al, (a) a copolymer consisting of (1) 30 - 80%
      acrylonitril and (2) 70 - 20% vinyl chloride or vinylidenechloride, or (b)
      a tripolymer consisting of (1), (2) and (3) 3.0% or less by weight of
      ethylenically unsaturated monomer having hydrophilic radicals, and adding
      one or more compound selected from the group of (1) homopolymer or
      copolymer of glycidyl methacrylate and (2) specific organic tin compounds,
      and spinning said spinning solution into a first bath consisting of 60% or
      less said organic solvent-water and leading said yarn in a 2nd bath
      consisting of 61 - 85% said organic solvent-water and then in a 3rd and
      more bath consisting of less than 60% said organic solvent-water and
      drying, drawing out and annealing said yarn by ordinary methods.
PARN
PAR  This is a continuation of application Ser. No. 169,474, filed Aug. 5, 1971,
      now abandoned.
BSUM
PAR  This invention relates to a method of manufacturing acrylic fibers by wet
      spinning, said fibers being superior in quality and free from delustering
      attendant upon dyeing in a dyeing bath, steam treatment or the like.
      Acrylic fibers -- which consist of 30 - 80% (by weight, the same applies
      hereinafter) acrylonitrile (1) and 70 - 20% vinyl chloride or vinylidene
      chlroide (2) or of (1), (2) and an amount of less than 3.0% ethylenically
      unsaturated monomer having a hydrophilic group (3) -- lose transparency
      and turn milky in their fiber structures through dyeing, steam treatment
      or the like, thus developing a defect of what is called delustering.
      Heretofore, no satisfactory fibers that have obviated such a defect have
      yet been available. Various reasons can be given for this fact but the
      main reason is that acrylic fibers, because they are generally
      manufactured by wet spinning, tend to make minute spaces in the fiber
      structures and that moreover the fibers, because they are low in softening
      temperature, tend to swell relatively easily at a temperature of about
      100.degree. C.
PAR  As a result, an attempt has been made to make up for the disadvantages of
      the described kind by carrying out dyeing treatment at low temperatures,
      preventing delustering by use of a dyeing assistant, or by relustering
      through drying treatment after dyeing. Further, because it is impossible
      to make steam treatment also in fiber processing other than dyeing
      processing, inadequate drying treatment is instead carried out in certain
      cases. But the treatments of the character described give rise to a
      decrease in work efficiency and an increase in cost, and are not
      satisfactory at all.  The method of manufacturing acrylic fiber according
      to the invention is an epoch-making method of manufacturing arcylic fibers
      which are free from delustering, one of their disadvantages, consequent
      upon dyeing processing, steam treatment or the like. This method of
      manufacture is the one stablished by the fact that, after an extensive
      study of numerous process by which delustering is prevented at each stage
      of processing such as a resin manufacturing process, process manufacturing
      a spinning solution, spinning process, the present inventor has found the
      most effective combination of the processes which have an unanticipatably
      good effect on the prevention of delustering.
PAR  That is to say, at the resin manufacturing process, a copolymer consisting
      of acrylonitrile, vinyl chloride or vinylidene chloride and ethylenically
      unsaturated monomer having a hydrophilic group as a third component is
      easy to form not granular but reticular structure precipitation during
      spinning and accordingly it produces a good effect on the production of
      fiber of uniform and compact structure.
PAR  Further at the spinning stage of processing, a spinning method which makes
      the fiber structure as uniform and fine as possible in time of forming
      filaments is desirable, and hence it has been found that the manufacture
      of fibers which are not delustered in time of dyeing processing by a
      suitable combination of spinning bath compositions by use of many spinning
      baths is possible. A further description of various detailed requirements
      at each stage of process will now be made in the following.
PAR  First, a resin composition is (A) a copolymer consisting of (1) 30 - 80%
      acrylonitrile, and (2) 70 - 20% vinyl chloride or vinylidene chloride, or
      (B) a tripolymer consisting of (1), (2) and (3) a 30% or less
      ethylenically unsaturated monomer having a hydrophilic group. A spinning
      solution is manufactured by dissolving said copolymer by an organic
      solvent. Normally, 18 - 25% resin concentration is employed.
PAR  As the organic solvent, is used a solvent which dissolves a raw copolymer
      resin, such as for example acetone, acetonitrile or dimethylformamide.
      When acrylonitrile content of the copolymer resin is small, it can be
      dissolved in any one of these solvents, but in proportion as acrylonitrile
      content becomes greater, the solubility of the copolymer in acetone is
      inferior, and the copolymer resin becomes soluble only in acetonitrile,
      dimethylformamide or mixture of these solvents. For instance,
      acrylonitrile-vinyl chloride series copolymers containing 30 - 50%
      acrylonitrile dissolve well in acetone, and those containing 50 - 75% do
      likewise in acetonitrile, and those containing more than 75% do likewise
      in dimethylformamide. When the raw resin composition contains less than
      30% acrylonitrile and more than 70% vinyl chloride or vinylidene chloride,
      it cannot retain those feeling and touch to hand which acrylic fibers
      should have and is not suitable. Furthermore, by means of copolymerizing
      an ethylenically unsaturated monomer having a hydrophilic group with
      above-mentioned monomers, these copolymer becomes more effective for the
      prevention of delustering. The ethylenically unsaturated monomer having a
      hydrophilic group referred to herein includes sulfopropyl methacrylate,
      sodium parastyrene sulfonate, sodium methacroyloxybenzene sulfonate,
      sodium allyl sulfonate, sodium methallyl sulfonate, sodium acrylate,
      sodium itaconate and the like.
PAR  Next, addition of the following substances are found very effective for
      improvement in delustering; those are (1) a polymer of glycidyl
      methacrylate, (2) compounds produced from dialkyl tin oxide and dialkyl
      tin phthalate, represented by the following structural formulas (I) or
      (II):
      ##SPC1##
PAL  (wherein R.sub.1 represents an alkyl group having 2 - 8 carbon atoms, and
      R.sub.2 denotes an alkyl group having 1 - 12 carbon) and (3) dialkyl tin
      malate or dialkyl tin bis monoalkyl malate represented by the following
      formulas (III), (IV) and (V).
      ##EQU1##
      (wherein R.sub.1 represents an alkyl group having 2 - 8 carbon atoms and
      R.sub.2 represents an alkyl group having 1 - 12 carbon and n represents a
      positive integer.) When the number of carbons of alkyl group exceeds 12, a
      rate of delustering increases perhaps because of the reduction in
      compatibility with the resin. The characteristic features of these
      compounds are that the compounds are very effective for the prevention of
      delustering when treated in boiling water. The polymer of glycidyl
      methacrylate in (1) may be either a homopolymer of glycidyl methacrylate
      or a copolymer of 70% or less ethylenically unsaturated monomer of one or
      two kinds, such as methyl acrylate, methyl methacrylate, methyl acetate,
      acrylonitrile, vinyl acetate vinyl chloride, vinylidene chloride, styrene,
      vinyl pyrrolidone, etc., polymerizable with 30% or more glycidyl
      methacrylate. The specific viscosity of the single polymer or copolymer of
      glycidyl methacrylate at a temperature of 30.degree. C of a 2.0 g/l
      acetone solution is preferably 0.01 - 0.50. When the specific viscosity
      becomes lower than 0.01, these polymers tend to be dissolved in a spinning
      bath, and when the specific viscosity becomes higher than 0.50, there
      begins to appear a tendency that an effect on an improvement in
      delustering is weakened. Furthermore, the single polymer or the copolymer
      of glycidyl methacrylate may be used as an additive or may be used
      together with other stabilizer which does not produce an adverse effect on
      delustering. In either case it is advisable to use glycidyl methacrylate
      in a ratio of 0.2 - 30.0% preferably 0.5 - 5.0% to an acrylic resin
      composition. When the amount of glycidyl methacrylate used is less than
      0.2%, no tangible effect can be expected and when the amount is more than
      30.0%, it is effective for improvement in delustering, but is not
      recommendable because it deteriorates the other properties of the fiber.
      As the amount of tin compounds of (2) and (3) used, it is advisable to use
      the compounds in a ratio of 0.2 - 10.0%, preferably 0.5 - 5.0% to a
      multicomponent copolymer resin which is obtained by polymerizing more than
      two monomers. When the amount used is less than 0.2%, an effect on
      improvement in delustering due to boiling water treatment is little, while
      on the other hand, the use of more than 10.0% is not recommendable either
      in view of the fiber properties.
PAR  Next, as for spinning conditions, a multiple bath spinning method
      comprising two or more baths is employed. Particularly, the concentration
      of the first bath and that of the second bath are important, and even when
      any of acetone, acetonitrile and dimethylformamide is used as a solvent,
      the concentration of the first bath must be lower than 60% and that of the
      second bath must be 61 -85% aqueous solution concentration higher than
      that of the first bath. When the third bath and subsequent bath are used,
      it is recommended that those baths be again lower than 60% in solution
      concentration and that they be gradually decreased in solution
      concentration in proportion to an increase in the number of baths. And in
      order to remove the solvent left attached to a fiberous material, a
      spinning step of process is finished by ultimately passing the material
      through the bath consisting of water only and containing no solvent.
      Subsequently, the material is dried in a conventional manner and thermally
      drawn out to obtain intended acrylic fibers.
PAR  What is important in this invention is that only when all the manufacturing
      conditions in the aforesaid steps of manufacture are met, the method of
      the invention brings its merits into full play and a lack of any one of
      the conditions cannot produce the intended satisfactory fibers.
      Embodiments of the invention will be shown hereinbelow.
DETD
PAC  EXAMPLE 1
PAR  An acrylic resin (specific viscosity 0.161 at 30.degree. C of a 2.0 g/l
      cyclohexanone solution) consisting of 32.0% acrylonitrile, 67.0% vinyl
      chlroide, and 1.0% sodium parastyrene sulfonate was dissolved in acetone
      so as to be 24.0% in resin concentration, and homopolymer of glycidyl
      methacrylate (specific viscosity 0.091 at 30.degree. C of a 4.0 g/l
      acetone solution) was used as an additive to a spinning solution in a
      ratio of 3.0% to the acrylic resin. The spinning solution thus prepared
      was spun by use of a nozzle having 300 holes each 0.10 mm in diameter in a
      spinning bath consisting of the first bath of an aqueous solution of 10%
      acetone concentration, the second bath of an aqueous solution of 75%
      acetone concentration, the third bath of an aqueous solution of 50%
      acetone concentration, and the fourth bath of water, then dried at
      120.degree. C, further thermally drawn out 300% and heat treated at
      140.degree. C for 5 minutes to obtain fibers. The acrylic fibers thus
      obtained underwent little or no delustering even when treated in boiling
      water and was excellent also in heat and light resistance.
PAR  In contrast thereto, ordinary acrylic fibers produced from a spinning
      solution prepared from the above acrylic resin by adding 3.0% epoxy-based
      EPON 834 (trademark for a product by Shell Petroleum Company) thereto
      under the spinning conditions of an ordinary spinning method consisting of
      the 1st bath of an aqueous solution of 40% acetone concentration, the
      second bath of an aqueous solution of 20% acetone concentration, and the
      third bath of water, or ordinary acrylic fibers spun by the same spinning
      method without an additive used was readily delustered by boiling water
      treatment and inferior in quality.
PAC  EXAMPLE 2
PAR  An acrylic resin (specific viscosity of 0.234 at 30.degree. C of a 2.09 g/l
      cyclohexanone solution) consisting of 41.0% acrylonitrile, 58% vinyl
      chloride, 1.0% sodium methacroyloxybenzene sulfonate was dissolved in
      20.0% acetone concentration, and a copolymerized resin composition
      (specific viscosity 0.110 at 30.degree. C of a 4.0 g/l acetone solution)
      consisting of 80% glycidyl methacrylate and 20% methyl acrylate was used
      as an additive thereto in a ratio of 5.0% to said acrylic resin. The
      spinning solution thus prepared was spun by use of a nozzle having 300
      holes each 0.10 mm in diameter in a spinning bath consisting of the first
      bath of an aqueous solution of 30% acetone concentration, the second bath
      of an aqueous solution of 70% acetone concentration, and the fourth bath
      of water, then dried at 120.degree. C, further thermally drawn out 300%
      and heat treated at 140.degree. C for 5 minutes to obtain fibers. The
      acrylic fibers thus obtained showed little or no delustering even when
      treated in boiling water, and was excellent in heat and light resistance,
      when compared with those obtained by the ordinary spinning method shown by
      the contrast described in Example 1.
PAC  EXAMPLE 3
PAR  Acrylic resin (specific viscosity 0.253 at 30.degree. C of a 2.0 g/l
      cyclohexanone solution) consisting of 50% acrylonitrile, 46.0% vinyl
      chloride, 3.0% methyl methacrylate, 1.0% sodium parastyrene sulfonate was
      dissolved in acetone so as to be 18.0% in resin concentration, and a
      copolymerized resin composition (specific viscosity 0.121 at 30.degree. C
      of a 4.0 g/l acetone solution) consisting of 60% glycidyl methacrylate and
      40% methyl methacrylate was added thereto as an additive to a spinning
      solution in a ratio of 10.0% to the acrylic resin. The spinning solution
      thus prepared with the additive mixed was then spun by use of a nozzle
      having 300 holes each 0.10 mm in diameter in a spinning bath consisting of
      the 1st bath of an aqueous solution of 20% acetone concentration, the
      second bath of an aqueous solution of 85% acetone concentration, the third
      bath of an aqueous solution of 30% acetone concentration, the fourth bath
      of an aqueous solution of 10% acetone concentration, and the fifth bath of
      water, then dried at 120.degree. C, thermally drawn out 300%, and heat
      treated at 140.degree. C for 5 minutes to obtain fibers. The acrylic fiber
      thus obtained showed little or no delustering, and was excellent in heat
      and light resistance, when compared with those produced from the above
      acrylic resin by the ordinary spinning method shown in the contrast
      described in Example 1.
PAC  EXAMPLE 4
PAR  An acrylic resin (specific viscosity 0.321 at 30.degree. C of a 2.0 g/l
      cyclohexanone solution) consisting of 40.0% acrylonitrile, 56.5% vinyl
      chloride, 3.0% methyl methacrylate, and 0.5% sodium parastyrene sulfonate
      was dissolved in acetone to prepare a 21% acetone solution. To the
      solution was added as an additive a copolymerized resin composition
      (specific viscosity 0.120 at 30.degree. C of a 4.0 g/l acetone solution)
      consisting of 80% glycidyl methacrylate and 20% vinyl acetate in a ratio
      of 5.0% to the acrylic resin. The spinning solution thus prepared was spun
      by use of a nozzle having 300 holes each 0.10 mm in diameter in a spinning
      bath consisting of the first bath of an aqueous solution of 15% acetone
      concentration, the second bath of an aqueous solution of 80% acetone
      concentration, the third bath of an aqueous solution of 50% acetone
      concentration, the fourth bath of an aqueous solution of 30% acetone
      concentration and the fifth bath of water, then dried at 120.degree. C,
      further thermally drawn out 300% and heat treated at 140.degree. C for 5
      minutes. The acrylic fibers thus obtained showed little or no delustering
      even when treated in boiling water and was excellent also in heat and
      light resistance, when compared with the acrylic fibers prepared from the
      above acrylic resin by the ordinary spinning method shown in the contrast
      described in Example 1.
PAC  EXAMPLE 5
PAR  Acrylic resin (specific viscosity 0.285 at 30.degree. C of a 2.0 g/l
      dimethylformamide solution) consisting of 61.0% acrylonitrile, 38.5% vinyl
      chloride, 0.5% sodium allyl sulfonate was dissolved in acetonitril so as
      to be 20.0% in resin concentration and a copolymerized resin composition
      (specific viscosity 0.101 at 30.degree. C of a 4.0 g/l acetone solution)
      consisting of 70% glycidyl methacrylate, 20% methyl acrylate, 10% vinyl
      acetate was added thereto as an additive to a spinning solution in a ratio
      of 7.0% to the acrylic resin. The spinning solution thus prepared was spun
      by use of a nozzle having 300 holes each 0.10 mm in diameter in a spinning
      bath consisting of the first bath of an aqueous solution of 15%
      acetonitrile concentration, the second bath of an aqueous solution of 75%
      acetonitrile concentration, the third bath of an aqueous solution of 40%
      acetonitrile concentration and the fourth bath of water, then dried at
      125.degree.C, thermally drawn out 250% and heat treated at 140.degree. C
      for 5 minutes to obtain fibers. The acrylic fibers thus obtained showed
      little or no delustering even when treated in boiling water, and was
      excellent in heat and light resistance, when compared with the ordinary
      acrylic fibers produced from the spinning solution prepared by adding 5.0%
      epoxy-based EPON 1001 (trademark for a product by Shell Petroleum Company)
      to the above acrylic resin and under the spinning conditions provided by
      baths consisting of the first bath of an aqueous solution of 40%
      acetonitrile concentration, the second bath of an aqueous solution of 60%
      acetonitrile concentration, the third bath of an aqueous solution of 35%
      acetonitrile concentration and the fourth bath of water.
PAC  EXAMPLE 6
PAR  An acrylic resin (specific viscosity 0.345 at 30.degree. C of a 2.0 g/l
      cyclohexanone solution) consisting of 49.0% acrylonitrile, 50.5%
      vinylidene chloride, and 0.5% sodium methacroyloxybenzene sulfonate was
      dissolved in a mixed solvent of acetonitrile and dimethylformamide (ratio
      by weight 50 : 50) so as to be 20.0% in resin concentration. To the
      resultant solution was added as an additive to a spinning solution a
      homopolymer of glycidyl methacrylate (specific viscosity 0.091 at
      30.degree. C of a 4.0 g/l acetone solution) in a ratio of 2.0% to said
      acrylic resin. The spinning solution thus prepared was spun by use of a
      nozzle having 300 holes each 0.10 mm in diameter in a spinning bath
      consisting of the first bath of an aqueous solution of 50% said solvent
      concentration, the second bath of an aqueous solution of 63% said mixed
      solvent concentration, the third bath of an aqueous solution of 20% said
      mixed solvent concentration and the fourth bath of water, then dried at
      110.degree. C, further thermally drawn out 250% and heat treated at
      140.degree. C for 5 minutes to obtain fibers. The acrylic fibers thus
      obtained showed little or no delustering even when treated in boiling
      water and was excellent also in heat and light resistance, when compared
      with the ordinary acrylic fibers produced from the spinning solution by
      adding epoxy-based EPON 812 (trademark for a product by Shell Petroleum
      Company) to the above acrylic resin and under the spinning conditions
      provided by a spinning bath composition including the first bath of an
      aqueous solution of 60% said mixed solvent concentration, the second bath
      of an aqueous solution of 45% said mixed solvent concentration, and the
      third bath of water.
PAC  EXAMPLE 7
PAR  An acrylic resin (specific viscosity 0.300 at 30.degree. C of 2.0 g/l
      dimethylformamide solution) consisting of 5.0% acrylonitrile, 24.0% vinyl
      chloride, 1.0% sodium methacroyloxybenzene sulfonate was dissolved in a
      mixed solvent of acetonitrile and dimethylformamide (ratio by weight 30 :
      70) so as to be 21% in resin concentration. To the resultant solution was
      added an an additive to a spinning solution a copolymerized resin
      composition (specific viscosity 0.121 at 30.degree.C of a 4.0 g/l acetone
      solution) consisting of 60% glycidyl methacrylate and 40% methyl
      methacrylate in a ratio of 5.0% to the acrylic resin. The spinning
      solution thus prepared was spun by use of a nozzle having 300 holes each
      0.10 mm in diameter in a spinning bath consisting of the first bath of an
      aqueous solution of 35% said mixed solvent concentration, the second bath
      of an aqueous solution of 80% said mixed solvent concentration, the third
      bath of an aqueous solution of 55% said mixed solvent concentration, and
      the fourth bath of water, then dried at 120.degree.C, further thermally
      drawn out 300% and heat treated at 150.degree.C for 5 minutes. The
      resultant acrylic fibers produced showed little or no delustering even
      when treated in boiling water and was excellent also in heat and light
      resistance, when compared with the ordinary acrylic fibers produced from
      the spinning solution prepared by adding 5.0% epoxy-based EPON 834
      (trademark for a product by Shell Petroleum Company) to the above acrylic
      resin and under the spinning conditions provided by a spinning bath
      consisting of the first bath of an aqueous solution of 35% said mixed
      solvent concentration, the second bath of an aqueous solution of 10% said
      mixed solvent concentration, and the third bath of water.
PAC  EXAMPLE 8
PAR  An acrylic resin (specific viscosity 0.331 at 30.degree.C of a 2.0 g/l
      dimethylformamide solution) consisting of 60% acrylonitrile, 37.0%
      vinylidene chloride, 2.0% methyl methacrylate, 1.0% sodium allyl sulfonate
      was dissolved in dimethylformamide so as to be 18.0% in resin
      concentration. To the resultant solution was added as an additive to a
      spinning liquid a copolymerized resin composition (specific viscosity
      0.101 at 30.degree.C of a 4.0 g/l acetone solution consisting of 70%
      glycidyl methacrylate, 20% methyl methacrylate and 10% vinyl acetate in a
      ratio of 6.0% to the acrylic resin. The spinning solution thus prepared
      was spun by use of a nozzle having 300 holes each 0.10 mm in diameter in a
      spinning bath consisting of the first bath of an aqueous solution of 25%
      dimethylformamide concentration, the second bath of an aqueous solution of
      80% dimethylformamide concentration, the third bath of an aqueous solution
      of 20% dimethyl formamide concentration, and the fourth bath of water,
      then dried at 120.degree.C, further thermally drawn out 300% and heat
      treated at 150.degree.C for 5 minutes to obtain fibers. The resultant
      acrylic fibers showed little or no delustering even in boiling water
      treatment and were fibers of excellent quality, when compared with the
      acrylic fibers produced by use of the above acrylic resin according to the
      ordinary spinning bath concentration composition shown in the contrast
      described in Example 7.
PAC  EXAMPLE 9
PAR  An acrylic resin (specific viscosity 0.311 at 30.degree.C of a 2.0 g/l
      dimethylformamide solution) consisting of 75.0% acrylonitrile, 24.0%
      vinylidene chloride, and 1.0% sodium parastyrene sulfonate was dissolved
      in dimethyformamide so as to be 20.0% in resin concentration. To the
      resultant solution was added in the form of an additive to a spinning
      solution a copolymerized resin composition (specific viscosity 0.110 at
      30.degree.C of a 4.0 g/l acetone solution) consisting of 80% glycidyl
      methacrylate, and 20% methyl acrylate in a ratio of 3.0% to the acrylic
      resin. The spinning solution was spun by use of a nozzle having 300 holes
      each 0.10 mm in diameter in a spinning bath consisting of the first bath
      of an aqueous solution of 40% dimethylformamide concentration, the second
      bath of an aqueous solution of 75% dimethylformamide concentration, the
      third bath of an aqueous solution of 55% dimethylformamide concentration
      and the fourth bath of water, then dried at 110.degree.C, further
      thermally drawn out 300% and heat treated at 150.degree.C for five minutes
      to obtain fibers. The acrylic fibers thus obtained showed little or no
      delustering even when treated in boiling water and were fibers of superior
      quality, when compared with the acrylic fibers produced from said acrylic
      resin under the ordinary spinning bath concentration composition shown in
      the contrast described in Example 7.
PAC  EXAMPLE 10
PAR  An acrylic resin (specific viscosity 0.301 at 30.degree.C of a 2.0 g/l
      cyclohexanone solution) consisting of 31.0% acrylonitrile, 68% vinylidene
      chloride, and 1.0% sodium allyl sulfonate was dissolved in acetone so as
      to be 20% in resin concentration. To the resultant solution was added as
      an additive to a spinning solution a copolymerized resin composition
      (specific viscosity 0.120 at 30.degree.C of a 4.0 g/l acetone solution)
      consisting of 80% glycidyl methacrylate and 20% vinyl acetate in a ratio
      of 4.0% to the acrylic resin. The spinning solution thus prepared was spun
      by use of a nozzle having 300 holes 0.10 mm each in diameter in a spinning
      bath comprising the first bath of an aqueous solution of 25% acetone
      concentration, the second bath of an aqueous solution of 85% acetone
      concentration, the third bath of an aqueous solution of 50% acetone
      concentration, the fourth bath of an aqueous solution of 20% acetone
      concentration and the fifth bath of water, then dried at 120.degree.C,
      further drawn out 300% and heat treated at 140.degree.C for five minutes
      to obtain fibers. The acrylic fibers thus obtained showed little or no
      delustering even when treated in boiling water and were excellent also in
      heat and light resistance, when compared with the acrylic fibers produced
      from said acrylic resin under the ordinary spinning bath composition shown
      in the contrast described in Example 7.
PAC  EXAMPLE 11
PAR  An acrylic resin (specific viscosity 0.234 at 30.degree.C of a 2.0 g/l
      cyclohexanone solution) consisting of 41.0% acrylonitrile, 58.0% vinyl
      chloride, 1.0% sodium methacroyloxybenzene sulfonate was dissolved in
      acetone so as to be 20.0% in resin concentration. To the resultant
      solution was added dibutyl tin bis monobutyl phthalate as an additive to a
      stock spinning liquid in a ratio of 3.0% to the acrylic resin. The
      spinning solution thus prepared was spun by use of a nozzle having 300
      holes each 0.10 mm in diameter in a spinning bath comprising the first
      bath of an aqueous solution of 15% acetone concentration, the second bath
      of an aqueous solution of 75% acetone concentration, the third bath of an
      aqueous solution of 45% acetone concentration and the fourth bath of
      water, then dried at 120.degree.C, further thermally drawn out 300% and
      heat treated at 140.degree.C for 5 minutes to obtain fibers. The acrylic
      fibers thus obtained showed little or no delustering even when treated in
      boiling water, and were excellent also in heat and light resistant.
PAR  In constrast thereto, ordinary acrylic fibers produced from a spinning
      solution prepared from the above acrylic resin by adding 2.0% dibutyl tin
      dilaurate to the acrylic resin under the ordinary spinning conditions
      consisting of the first bath of an aqueous solution of 40% acetone
      concentration, the second bath of an aqueous solution of 20% acetone
      concentration and the third bath of water, or ordinary acrylic fibers spun
      by the same method without the additive applied thereto were readily
      delustered when treated in boiling water and were inferior in quality.
PAC  EXAMPLE 12
PAR  The acrylic resin shown in Example 11 was dissolved into a 20.0% acetone
      solution. To the resultant solution was added dibutyl tin methoxy
      monomethyl phthalate as an additive in a ratio of 2.0% to the acrylic
      resin. The spinning solution was spun by use of a nozzle having 300 holes
      each 0.10 mm in diameter in a spinning bath consisting of the first bath
      of an aqueous solution of 30% acetone concentration, the second bath of an
      aqueous solution of 70% acetone concentration, the third bath of an
      aqueous solution of 40% acetone concentration and the fourth bath of
      water, then dried at 120.degree.C, further thermally drawn out 300% and
      heat treated at 140.degree.C for 5 minutes to obtain fibers. The acrylic
      fibers thus obtained showed little or no delustering even when treated in
      boiling water and was excellent also in heat and light resistance.
PAC  EXAMPLE 13
PAR  An acrylic resin (specific viscosity 0.301 at 30.degree.C of a 2.0 g/l
      cyclohexanone solution) consisting of 31.0% acrylonitrile, 68.0%
      vinylidene chloride, and 1.0% sodium allyl sulfonate was dissolved in
      acetone so as to be 20.0% in resin concentration. To the resultant
      solution was added dibutyl tin octooxymonooctyl phthalate as an additive
      to a stock spinning liquid in a ratio of 4.0% to the acrylic resin. The
      spinning solution thus prepared was spun by use of a nozzle having 300
      holes each 0.10 mm in diameter in a spinning bath consisting of the first
      bath of an aqueous solution of 15% acetone concentration, the second bath
      of an aqueous solution of 80% acetone concentration, the third bath of an
      aqueous solution of 50% acetone concentration, the fourth bath of an
      aqueous solution of 10% acetone concentration and the fifth bath of water,
      then dried at 120.degree.C, further thermally drawn out 300% and heat
      treated at 140.degree.C for 5 minutes to obtain fibers. The acrylic fibers
      thus obtained were almost free from delustering even when treated in
      boiling water and excellent also in heat and light resistance, when
      compared with the acrylic fibers produced from said acrylic resin by the
      ordinary spinning method shown in the contrast described in Example 11.
PAC  EXAMPLE 14
PAR  An acrylic resin (specific viscosity 0.285 at 30.degree.C of a 2.0 g/l
      dimethylformamide solution) consisting of 61.0% acrylonitrile, 38.5% vinyl
      chloride, and 0.5% sodium allyl sulfonate was dissolved in acetonitrile
      into a 20.0% acetonitrile solution, to which was added dibutyl tin
      bismonolauryl phthalate as an additive in a ratio of 3.0% to the acrylic
      resin. The spinning solution thus prepared was spun by use of a nozzle
      having 300 holes each 0.10 mm in diameter in a spinning bath consisting of
      the first bath of an aqueous solution of 20% acetonitrile concentration,
      the second bath of an aqueous solution of 85% acetonitrile concentration,
      the third bath of an aqueous solution of 30% acetonitrile concentration,
      the fourth bath of an aqueous solution of 10% acetonitrile concentration
      and the fifth bath of water, then dried at 120.degree.C, further thermally
      drawn out 300% and heat treated at 140.degree.C for 5 minutes to obtain
      fibers. The acrylic fibers thus obtained showed little or no delustering
      even when treated in boiling water and were excellent also in heat and
      light resistance, when compared with the acrylic fibers obtained by the
      ordinary spinning bath concentration composition shown in the contrast
      described in Example 17.
PAC  EXAMPLE 15
PAR  An acrylic resin (specific viscosity 0.250 at 30.degree.C of a 2.0 g/l
      cyclohexanone solution) consisting of 50.0% acrylonitrile, 46.0% vinyl
      chloride, 1.0% sodium parastyrene sulfonate and 3.0% methyl methacrylate
      was dissolved in acetone so as to be 18.0% in resin concentration. To the
      resultant solution was added dioctyl tin bismonooctyl phthalate as an
      additive to a spinning solution in a ratio of 2.0% to the acrylic resin.
      The spinning solution thus prepared was spun by use of a nozzle having 300
      holes each 0.10 mm in diameter in a spinning bath comprising the first
      bath of an aqueous solution of 15% acetone concentration, the second bath
      of an aqueous solution of 75% acetone concetration, the third bath of an
      aqueous solution of 50% acetone concentration, and the fourth bath of
      water, then dried at 125.degree.C, further thermally drawn out 250% and
      heat treated at 140.degree.C for five minutes to obtain fibers. The
      acrylic fibers thus obtained were almost free from delustering even when
      treated in boiling water and were excellent also in heat and light
      resistance, when compared with the ordinary acrylic fibers produced from
      said acrylic resin by using the resin as a spinning solution with 20%
      dibutyl tin distearate added to the resin and by spinning said solution in
      spinning baths composition consisting of the first bath of an aqueous
      solution of 40% acetone concentration, the second bath of an aqueous
      solution of 60% acetone concentration and the third bath of water.
PAC  EXAMPLE 16
PAR  An acrylic resin (specific viscosity 0.341 at 30.degree.C of a 2.0 g/l
      dimethylformamide solution) consisting of 75.0% acrylonitrile, 24.0%
      vinylchloride and 1.0% sodium methacroyloxybenzene sulfonate was dissolved
      in a mixed solvent of acetonitrile and dimethylformamide (ratio by weight
      30 : 70) so as to be 21.0% in resin concentration, and dibutyl tin
      bismonobutyl phthalate was added thereto as an additive to a spinning
      solution in a ratio of 4.0% to the acrylic resin. The spinning solution
      thus prepared was spun by use of a nozzle having 300 holes each 0.10 mm in
      diameter in a spinning bath consisting of the first bath of an aqueous
      solution of 45% said mixed solvent concentration, the second bath of an
      aqueous solution of 65% said mixed solvent concentration, the third bath
      of an aqueous solution of 20% said mixed solvent concentration and the
      fourth bath of water, then dried at 110.degree.C, further thermally drawn
      out 250% and heat treated at 140.degree.C for 5 minutes to obtain fibers.
      The acrylic fibers thus obtained showed little or no delustering even when
      treated in boiling water and were excellent also in heat and light
      resistance, when compared with the ordinary acrylic fibers produced from
      said acrylic resin by using the resin as a spinning solution with 3.5%
      dibutyl tin dilaurate added to the resin and by spinning said solution in
      spinning baths consisting of the first bath of an aqueous solution of 50%
      said mixed solvent concentration, the second bath of an aqueous solution
      of 30% said mixed solvent concentration and the third bath of water.
PAC  EXAMPLE 17
PAR  An acrylic resin (specific viscosity 0.321 at 30.degree.C of a 2.0 g/l
      cyclohexanone solution) consisting of 40.0% acrylonitrile, 56.5%
      vinylidene chloride, 3.0% methacrylate and 0.5% sodium parastyrene
      sulfonate was dissolved in acetone so as to be 21.0% in resin
      concentration, and dioctyl tin butoxymonobutyl phthalate was added thereto
      as an additive to a spinning solution in a ration of 2.5% to the acrylic
      resin. The resultant spinning solution was spun by use of a nozzle having
      300 holes each 0.10 mm in diameter in a spinning bath consisting of the
      first bath of an aqueous solution of 40% acetone concentration, the second
      bath of an aqueous solution of 65% acetone concentration, the third bath
      of an aqueous solution of 30% acetone concentration and the fourth bath of
      water, then dried at 120.degree.C, further thermally drawn out 300% and
      heat treated at 150.degree.C for 5 minutes to obtain fibers. The acrylic
      fibers thus obtained showed little or not delustering even when treated in
      boiling water and were excellent also in heat and light resistance, when
      compared with the ordinary acrylic fibers produced from said acrylic resin
      by using the resin as a spinning solution with 3.0% dibutyl tin distearate
      added to the resin and by spinning said solution into spinning baths
      consisting of the first bath of an aqueous solution of 45% acetone
      concentration, the second bath of an aqueous solution of 55% acetone
      concentration and the third bath of water.
PAC  EXAMPLE 18
PAR  An acrylic resin (specific viscosity 0.345 at 30.degree.C of a 2.40 g/l
      dimethylformamide solution) consisting of 49.0% acrylonitrile, 50.0%
      vinylidene chloride, 0.5% sodium methacroyloxybenzene sulfonate was
      dissolved in a mixed solvent of dimethylformamide and acetonitrile (ratio
      by weight 50 : 50) so as to be 20.0% in resin concentration, and dibutyl
      tin octooxymonooctyl phthalate was added thereto as an additive to a
      spinning solution in a ratio of 3.5% to the acrylic resin. The spinning
      solution thus prepared was spun by use of a nozzle having 300 holes each
      0.10 mm in diameter in a spinning bath consisting of the first bath of an
      aqueous solution of 25% said mixed solvent concentration, the second bath
      of an aqueous solution of 85% said mixed solvent concentration, the third
      bath of an aqueous solution of 50% said mixed solvent concentration, the
      fourth bath of an aqueous solution of 10% said mixed solvent
      concentration, and the fifth bath of water, then dried at 120.degree.C,
      further thermally drawn out 300% and heat treated at 150.degree.C for 5
      minutes to obtain fibers. The acrylic fibers thus obtained were almost
      free from delustering and excellent also in heat and light resistance,
      when compared with the acrylic fibers produced from said acrylic resin
      according to the ordinary spinning bath concentration composition shown in
      the contrast described in Example 17.
PAC  EXAMPLE 19
PAR  The acrylic resin shown in Example 18 was dissolved in a mixed solvent of
      dimethylformamide and acetonitrile (ratio by weight 50 : 50) so as to be
      20.0% in resin concentration and dibutyl tin methoxymonomethyl phthalate
      was added thereto as an additive to a spinning solution in a ratio of 3.5%
      to the acrylic resin. The spinning solution thus prepared was spun by use
      of a nozzle having 300 holes each 0.10 mm in diameter in a spinning bath
      consisting of the first bath of an aqueous solution of 10% said mixed
      solvent concentration, the second bath of an aqueous solution of 75% said
      mixed solvent concentration, the third bath of an aqueous solution of 50%
      said mixed solvent concentration, and the fourth bath of water, then dried
      at 110.degree.C, further thermally drawn out 300% and heat treated at
      150.degree.C for 5 minutes to obtain fibers. The acrylic fibers thus
      obtained were almost free from delustering even when treated in boiling
      water and excellent also in heat and light resistance, when compared with
      the acrylic fibers obtained by the ordinary spinning method shown in the
      contrast described in Example 17.
PAC  EXAMPLE 20
PAR  An acrylic resin (specific viscosity 0.311 at 30.degree.C of a 2.0 g/l
      dimethylformamide solution) consisting of 75.0% acrylonitrile, 24.0%
      vinylidene chloride and 1.0% sodium parastyrene sulfonate was dissolved in
      dimethylformamide so as to be 20% in resin concentration and dibutyl tin
      bismonolauryl phthalate was added thereto as an additive to a spinning
      solution in a ratio of 2.5% to the acrylic resin. The spinning solution
      thus prepared was spun by use of a nozzle having 300 holes each 0.10 mm in
      diameter in a spinning bath consisting of the first bath of an aqueous
      solution of 20% dimethylformamide concentration, the second bath of an
      aqueous solution of 85% dimethylformamide concentration, the third bath of
      an aqueous solution of 50% dimethylformamide concentration, the fourth
      bath of an aqueous solution of 10% dimethylformamide concentration, and
      the fifth bath of water, then dried at 120.degree.C, further thermally
      drawn out 300% and heat treated at 140.degree.  C for 5 minutes to obtain
      fibers. The acrylic fibers thus obtained were almost free from delustering
      and excellent also in heat and light resistance, when compared with the
      acrylic fibers produced from said acrylic resin according to the ordinary
      spinning bath concentration composition shown in the contrast described in
      Example 17.
PAC  EXAMPLE 21
PAR  An acrylic resin (specific viscosity 0.253 at 30.degree.C of a 2.0 g/l
      cyclohexanone solution) consisting of 50.0% acrylonitrile, 46.0% vinyl
      chloride, 3.05 methyl acrylate, and 1.0% sodium parastyrene sulfonate was
      dissolved in acetone so as to be 18.0% in resin concentration and dibutyl
      tin bismonobutyl malate was added thereto an additive to a spinning
      solution in a ratio of 4.0% to the acrylic resin. The spinning solution
      thus prepared was spun by use of a nozzle having 300 holes each 0.10 mm in
      diameter in a spinning bath consisting of the first bath of an aqueous
      solution of 25% acetone concentration, the second bath of an aqueous
      solution of 70% acetone concentration, the third bath of an aqueous
      solution of 50% acetone concentration and the fourth bath of water, then
      dried at 120.degree.C, further thermally drawn out 300% and heat treated
      at 140.degree.C for 5 minutes to obtain fibers. The acrylic fibers thus
      obtained were almost free from delustering even when treated in boiling
      water and excellent also in heat and light resistance. In contrast
      thereto, the ordinary acrylic fibers obtained by preparing a spinning
      solution from the above acrylic resin by adding 4.0% dibutyl tin dilaurate
      thereto and spinning said solution in baths consisting of the first bath
      of an aqueous solution of 40% acetone concentration, the second bath of an
      aqueous solultion of 20% acetone concentration and the third bath of
      water, which spinning conditions constitute the ordinary spinning method,
      or the ordinary acrylic fibers produced by the same method without adding
      the additive was readily delustered when treated in boiling water and were
      inferior in quality.
PAC  EXAMPLE 22
PAR  An acrylic resin (specific viscosity 0.161 at 30.degree.C of a 2.0 g/l
      cyclohexanone solution) consisting of 32.0% acrylonitrile, 67.0% vinyl
      chloride, and 1.0% sodium parastyrene sulfonate was made into a 24.0%
      acetone solution, and dibutyl tin malate was added thereto as an additive
      in a ratio of 3.0% to the acrylic resin. The spinning solution thus
      prepared was spun by use of a nozzle having 300 holes each 0.10 mm in
      diameter in spinning baths consisting of the first bath of an aqueous
      solution of 20% acetone concentration, the second bath of an aqueous
      solution of 75% acetone concentration, the third bath of an aqueous
      solution of 40% acetone concentration, and the fourth bath of water, then
      dried at 120.degree.C, further thermally drawn out 300% and heat treated
      at 140.degree.C for 5 minutes to obtain fibers. The acrylic fibers thus
      obtained were almost free from delustering even when treated in boiling
      water and were excellent also in heat and light resistance, when compared
      with the acrylic fibers obtained by the ordinary spinning method shown in
      the contrast described in Example 21.
PAC  EXAMPLE 23
PAR  An acrylic resin (specific viscosity 0.300 at 30.degree.C of a 2.0 g/l
      dimethylformamide solution) consisting of 75.0% acrylonitrile, 24.0% vinyl
      chloride, and 1.0% sodium methacroyloxybenzene sulfonate was dissolved in
      dimethylformamide so as to be 21.0% in resin concentration and dibutyl tin
      bismonooctyl malate was added thereto as an additive to a spinning
      solution in a ratio of 2.0% to the acrylic resin. The spinning solution
      thus prepared was spun by use of a nozzle having 300 holes each 0.10 mm in
      diameter in spinning baths consisting of the first bath of an aqueous
      solution of 25% dimethylformamide concentration, the second bath of an
      aqueous solution of 85% dimethylformamide concentration, the third bath of
      an aqueous solution of 40% dimethylformamide concentration, the fourth
      bath of an aqueous solution of 10% dimethyl concentration and the fifth
      bath of water, then dried at 120.degree.C, further thermally drawn out
      300% and heated at 140.degree.C for 5 minutes. The acrylic fibers thus
      obtained were almost free from delustering even when treated in boiling
      water and were excellent also in heat and light resistance, when compared
      with the acrylic fibers obtained by an ordinary spinning bath combination
      shown in the contrast described in Example 21.
PAC  EXAMPLE 24
PAR  An acrylic resin (specific viscosity 0.331 at 30.degree.C of a 2.0 g/l
      cyclohexanone solution) consisting of 60.0% acrylonitrile 37.0% vinylidene
      chloride, 2.0% methacrylate and 1.0% sodium allyl sulfonate was dissolved
      in dimethylformamide to prepare a 18.0% solution, and dibutyl tin
      bismonolauryl malate was added thereto as an additive in a ratio of 3.5%
      to the acrylic resin. The spinning solution was spun by use of a nozzle
      having 300 holes each 0.10 mm in diameter in spinning baths consisting of
      the first bath of an aqueous solution of 20% dimethylformamide
      concentration, the second bath of an aqueous solution of 85%
      dimethylformamide concentration, the third bath of an aqueous solution of
      30% dimethylformamide concentration, the fourth bath of an aqueous
      solution of 10% dimethylformamide concentration, the fifth bath of water,
      then dried at 120.degree.C, further thermally drawn out 300% and heat
      treated at 140.degree.C for 5 minutes. The acrylic fibers thus obtained
      were almost free from delustering even when treated in boiling water and
      excellent also in heat and light resistance, when compared with the
      acrylic fibers obtained by an ordinary spinning bath concentration
      combination shown in the contrast described in Example 21.
PAC  EXAMPLE 25
PAR  An acrylic resin (specific viscosity 0.234 at 30.degree.C of a 2.0 g/l
      cyclohexanone solution) consisting of 41.0% acrylonitrile, 58.0% vinyl
      chloride, and 1.0% sodium methacroyloxybenzene sulfonate was dissolved to
      be 20.0% in resin concentration, and dibutyl tin bismonomethyl malate was
      added thereto as an additive to a spinning solution in a ratio of 1.0% to
      the acrylic resin. The spinning solution thus prepared was spun by use of
      a nozzle having 300 holes each 0.10 mm in diameter in spinning baths
      consisting of the first bath of an aqueous solution of 10% acetone
      concentration, the second bath of an aqueous solution of 75% acetone
      concentration, the third bath of an aqueous solution of 50% concentration,
      and the fourth bath of water, then dried at 125.degree.C, further
      thermally drawn out 250% and heat treated at 140.degree.C for 5 minutes to
      obtain fibers. The acrylic fibers thus obtained were almost free from
      delustering even when treated in boiling water and were fibers of superior
      quality, when compared with the acrylic fibers obtained by preparing a
      spinning solution from the above acrylic resin by adding 1.0% dibutyl tin
      distearate thereto and spinning said solution in baths consisting of the
      first bath of an aqueous solution of 50.0% acetone concentration, the
      second bath of an aqueous solution of 30.0% acetone concentration, and the
      third bath of water, which spinning conditions constitute an ordinary
      spinning method.
PAC  EXAMPLE 26
PAR  An acrylic resin (specific vicsocity 0.285 at 30.degree.C of a 2.0 g/l
      dimethylformamide solution) consisting of 61.0% acrylonitrile, 38.5% vinyl
      chloride, and 0.5% sodium allyl sulfonate was dissolved in acetonitrile so
      as to be 20.0% in resin concentration, and dibutyl tin bismonobutyl malate
      was added thereto as an additive to a stock spinning liquid in a ratio of
      3.0% to the acrylic resin. The spinning solution thus prepared was spun by
      use of a nozzle having 300 holes each 0.10 mm in diameter in spinning
      baths consisting of the birst bath of an aqueous solution of 45%
      acetonitrile concentration, the second bath of an aqueous solution of 65%
      acetonitrile concentration, the third bath of an aqueous solution of 30%
      acetonitrile concentration, and the fourth bath of water, then dried at
      110.degree.C, further thermally drawn out 250% and heat treated at
      140.degree.C for 5 minutes to obtain fibers. The acrylic fibers thus
      obtained were almost free from delustering even when treated in boiling
      water and excellent also in heat and light resistance, when compared with
      the acrylic fibers obtained by preparing a spinning solution from the
      above acrylic resin by adding 3.0% dibutyl tin dilaurate thereto and
      spinning said solution in spinning baths consisting of the first bath of
      an aqueous solution of 65% acetonitrile concentration, the second bath of
      an aqueous solution of 50% acetonitrile concentration, and the third bath
      of water.
PAC  EXAMPLE 27
PAR  An acrylic resin (specific viscosity 0.301 at 30.degree.C of a 2.0 g/l
      cyclohexanone solution) consisting of 31.0% acrylonitrile, 68.0%
      vinylidene chloride, and 1.0% sodium allyl sulfonate was dissolved in
      acetone so as to be 20.0% in resin concentration, and dibutyl tin
      bismonooctyl malate was added thereto as an additive to a spinning
      solution in a ratio of 4.0% to the acrylic resin. The spinning solution
      thus prepared was spun by use of a nozzle having 300 holes each 0.10 mm in
      diameter in spinning baths consisting of the first bath of an aqueous
      solution of 30% acetone concentration, the second bath of an aqueous
      solution of 70% acetone concentration, the third bath of an aqueous
      solution of 40% acetone concentration, and the fourth bath of water, then
      dried at 120.degree.C, further thermally drawn out 300% and heat treated
      at 150.degree.C for 5 minutes. The acrylic fibers thus obtained were
      almost free from delustering even when treated in boiling water and were
      excellent also in heat and light resistance, when compared with the
      acrylic fibers obtained by preparing a spinning solution from the above
      acrylic resin by adding 4.0 % dibutyl tin distearate thereto as an
      additive and spinning said solution with an ordinary spinning method
      comprises the first spinning bath of an aqueous solution of 40% acetone
      concentration, the second bath of an aqueous solution of 55% acetone
      concentration, the third bath of an aqueous solution of 30% acetone
      concentration and the fourth bath of water.
PAC  EXAMPLE 28
PAR  An acrylic resin (specific viscosity 0.321 at 30.degree.C of a 2.0 g/l
      cyclohexanone solution) consisting of 40.0% acrylonitrile, 56.5%
      vinylidene chloride, 3.0% methyl methacrylate and 0.5% sodium parastyrene
      sulfonate was dissolved in acetone so as to be 20.0% in resin
      concentration, and dibutyl tin bismonomethyl malate in the form of an
      additive to a spinning solution was added thereto in a ratio of 3.0% to
      the acrylic resin. The spinning solution thus prepared was spun by use of
      a nozzle having 300 holes each 0.10 mm in diameter in spinning baths
      consisting of the first bath of an aqueous solution of 20% acetone
      concentration, the second bath of an aqueous solution of 85% acetone
      concentration, the third bath of an aqueous solution of 30% acetone
      concentration, the fourth bath of an aqueous solution of 10% acetone
      concentration and the fifth bath of water, then dried at 120.degree.C,
      further thermally drawn out 300% and heat treated at 150.degree.C for 5
      minutes. The acrylic fibers thus obtained showed little or no delustering
      even when treated in boiling water and were excellent also in heat and
      light resistance, when compared with the acrylic fibers produced from the
      above acrylic resin by an ordinary spinning bath concentration composition
      shown in the contrast in Example 27.
PAC  EXAMPLE 29
PAR  An acrylic resin (specific viscosity o.311 at 30.degree.C of a 2.0 g/l
      dimethylformamide solution) consisting of 75% acrylonitrile, 24.0% vinyl
      chloride, and 1.0% sodium parastyrene sulfonate was dissolved in
      dimethylformamide so as to be 20.0% in resin concentration, and dibutyl
      tin malate in the form of an additive to a stock spinning liquid was added
      thereto in a ratio of 1.5% to the acrylic resin. The spinning solution
      thus prepared was spun by use of a nozzle having 300 holes each 0.10 mm in
      diameter in spinning baths consisting of the first bath of an aqueous
      solution of 20% dimethylformamide concentration, the second bath of an
      aqueous solution of 70% dimethylformamide concentration, the third bath of
      an aqueous solution of 45% dimethylformamide concentration, and the fourth
      bath of water, then dried at 110.degree.C, further thermally drawn out
      300% and heat treated at 150.degree.C for 5 minutes to obtain fibers. The
      acrylic fibers obtained showed little or no delustering even when treated
      in boiling water and were fibers of superior quality, when compared with
      the acrylic fibers produced from said acrylic resin by an ordinary
      spinning method shown in the contrast in Example 26.
PAC  EXAMPLE 30
PAR  An acrylic resin (specific viscosity 0.345 at 30.degree.c of a 2.0 g/l
      dimethylformamide solution) consisting of 49.0% acrylonitrile, 50.5%
      vinylidene chloride, and 0.5% sodium methacroyloxybenzene sulfonate was
      dissolved in a mixed solvent of dimethylformamide and acetonitrile (ratio
      by weight 50 : 50) so as to be 20.0% in resin concentration, and dibutyl
      tin bismonolauryl malate in the form of an additive to a spinning solution
      was added thereto in a ratio of 4.0% to the acrylic resin. The spinning
      solution thus prepared was spun by use of a nozzle having 300 holes each
      0.10 mm in diameter in spinning baths consisting of the first bath of an
      aqueous solution of 20% said mixed solvent concentration, the second bath
      of an aqueous solution of 80% said mixed solvent concentration, the third
      bath of an aqueous solution of 30% said mixed solvent concentration, the
      fourth bath of an aqueous solution of 10% said mixed solvent concentration
      and the fifth bath of water, then dried at 120.degree.C, further thermally
      drawn out 300% and heat treated at 140.degree.C for 5 minutes to obtain
      fibers. The acrylic fibers thus obtained showed little or no delustering
      even when treated in boiling water and were excellent also in heat and
      light resistance, when compared with the acrylic fibers produced from said
      acrylic resin by an ordinary spinning bath concentration composition shown
      in the contrast in Example 26.
PAR  While the foregoing described illustrative embodiments of the invention,
      numerous variations and modifications thereof would be evident to one
      skilled in the art. All such modifications and variations are to be
      considered as being within the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of manufacturing modacrylic fibers comprising the steps of
PA1  A. dissolving in an organic solvent selected from the group consisting of
      acetone, acetonitrile, dimethylformamide and mixtures thereof a copolymer
      consisting essential of
PA2  a. 30 to 80 weight percent acrylonitrile,
PA2  b. 70 to 20 weight percent vinyl chloride or vinylidene chloride, and
PA2  c. 0 to 3 weight percent ethylenically unsaturated monomers having a
      hydrophillic group and selected from the group consisting of sodium
      sulfopropyl methacrylate, sodium parastyrene sulfonate, sodium
      methacryloxybenzene sulfonate, sodium allyl sulfonate, sodium methallyl
      sulfonate, sodium acrylate, sodium itaconate and mixtures thereof, said
      copolymer being in a concentration of from 18 to 25%;
PA1  B. adding 0.2 to 30.0 weight percent based on the weight of said copolymer
      of a homopolymer of glycidyl methacrylate or a copolymer consisting
      essentially of 30 weight percent or more of glycidyl methacrylate
      polymerized with one or more ethylenically unsaturated monomer selected
      from the group consisting of methyl acrylate, methyl methacrylate,
      acrylonitrile, vinyl acetate, vinyl chloride, vinylidene chloride,
      styrene, vinyl pyrrolidone and the like in an amount of 70 weight percent
      or less, wherein the specific viscosity of said homopolymer or copolymer
      of glycidyl methacrylate is from 0.01 to 0.50 as measured at 30.degree.C
      in 2.0 to 4.0 g/l acetone solution;
PA1  C. spinning the resulting spinning solution in at least first and second
      baths comprising one or more said solvents in concentrations of less than
      60 weight percent and 61 to 85 weight percent respectively;
PA1  D. leading the thus obtained coagulated filaments successively through one
      or more subsequent baths containing 60 weight percent or less of said
      solvent thereby to remove said solvent and to wash said filaments;
PA1  E. drying said filaments at about 100.degree. to 135.degree.C;
PA1  F. stretching said filaments 2 to 4 times its length at a temperature of
      about 100.degree. to 135.degree.C; and
PA1  G. heat treating said filaments at a temperature of about 135.degree. to
      155.degree.C.
NUM  2.
PAR  2. Method of claim 1, wherein said one or more subsequent baths comprise a
      third bath having a solvent concentration of about 60%, and one or more
      baths subsequent thereto having concentrations of solvents in successively
      lower amounts.
NUM  3.
PAR  3. Method of claim 1, wherein said homopolymer or copolymer of glycidyl
      methacrylate is added in an amount of from 0.5 to 5.0 weight percent based
      on the weight of said copolymer.
NUM  4.
PAR  4. Method of claim 1, wherein said filaments are dried at a temperature of
      between 110.degree.C and 125.degree.C, stretched at about 250 to 300
      percent, and heat treated at a temperature of about 140.degree.C to
      150.degree.C for about 5 minutes.
NUM  5.
PAR  5. Method of claim 1, wherein the concentration of said solvent in said
      first bath is from 10 to 50 weight percent and wherein the concentration
      of said solvent in said second bath is from 63 to 85 weight percent.
NUM  6.
PAR  6. Method of claim 5, wherein said third and a fourth bath are used, said
      third bath having said solvent concentration of from 20 to 55 weight
      percent and said fourth bath having said solvent concentration of from 10
      to 30 weight percent.
NUM  7.
PAR  7. Method of claim 1, wherein said copolymer of glycidyl methacrylate
      consists essentially of 50 weight percent or more of glycidyl methacrylate
      and 50 weight percent or less of said one or more ethylenically
      unsaturated monomer.
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ABST
PAL  Method and apparatus for making resin tubes or pipes, the apparatus
      comprising a supporting structure having a cylindrical surface and a
      carrier strip mounted thereon and fed in a plurality of adjacent helical
      turns to provide a moving cylindrical surface on which the resin articles
      are formed. Friction reducing means is associated with the interface
      between the cylindrical supporting surface and the inner surface of the
      helical turns of the carrier strip. Provision is also made for forming
      articles by extruding resin material onto the moving cylindrical surface
      provided by the helical turns of the carrier strip.
PARN
PAR  This is a division of application Ser. No. 171,921, filed Aug. 16, 1971.
BSUM
PAR  The invention embodies an equipment for extrusion and/or winding of resin
      tubes or pipes of infinite lengths. The equipment comprises a supporting
      structure such as a hollow core pipe open at the ends, around which an
      endless band carrying the plastic pipe can be fed. The band follows a
      helical path so that the coils of the band lie close together, and upon
      reaching the extreme end of the core pipe, the band feeds inside the
      hollow interior, and at the inner end is redirected to start the helical
      path again. The invention further embodies a process of extruding and/or
      winding the plastic pipe onto the equipment.
PAR  There is a known equipment of the general kind just mentioned, where
      radially protruding supporting devices are mounted on the outer surface of
      the core pipe, extending generally in a longitudinal direction, and which
      comprises a number of endless ball bands positioned parallel to the axis
      of the core pipe. Each ball band consists of an endless band in which
      holes are made, and a ball is placed in each hole. The balls are kept in
      place by means of guides placed around the band. The balls in the ball
      band support that part of an endless carrier band which follows a helical
      track. The outer surface of the carrier band serves as bearing surface for
      a plastic pipe which is formed on and which is delivered from the
      equipment, and ensures that the pipe is supported until it is sufficiently
      cured. When this equipment operates, the core pipe and the supporting
      devices will rotate, and at the same time the carrier band will be wound
      around the ball of the supporting devices. As these ball bands, as
      previously mentioned, are parallel to the longitudinal axis of the core
      pipe and are positioned at a certain distance from each other, the
      individual coils of the carrier band will tend to assume polygon shape, as
      there are limits as to how close to each other the longitudinal ball bands
      can be positioned around the core pipe. This polygon shape causes the
      inner face of the formed pipe to assume a corresponding polygon shape
      which is disadvantageous. This tendency is especially marked in the case
      of small diameters. Another disadvantage is that the design of the core
      pipe with accessories is rather complicated and therefore rather heavy.
PAR  It is a principal object of the invention to provide equipment of the
      above-mentioned type but which further makes it possible to manufacture
      extruded plastic pipes with perfectly smooth inner surfaces and of which
      the cross section is substantially circular (instead of polygonal), and
      which furthermore contains a very light and simple core pipe or supporting
      structure.
PAR  The equipment according to the invention is characterized in that the
      supporting structure or core pipe has a substantially cylindrical surface
      for supporting the carrier strip and in that the carrier band or strip
      which is mounted on the supporting structure or core pipe in a plurality
      of helical turns is pulled forward in its helical path with tractive force
      which is effective at one or several localized points of its path,
      primarily at one of the ends of the core pipe, and the equipment of the
      invention is further characterized by the provision of friction reducing
      means associated with the interface between the supporting structure and
      the inner surface of the helical turns of the carrier strip. Such friction
      reducing means may take several different forms, including means for
      introducing a film of a fluid medium between the supporting surface and
      the carrier strip, such as air or oil, or the friction reducing means may
      comprise friction reducing devices such as rollers or balls recessed in
      the outer surface of the core pipe, or both a fluid medium and rotating
      devices may be used.
PAR  By the use of any of these anti-friction devices, and especially by the use
      of a fluid medium, the carrier strip is supported throughout substantially
      its entire area and therefore will retain a substantially cylindrical
      shape, instead of a polygonal shape, as the helical turns are moved over
      the surface of the supporting structure.
PAR  In use of the equipment, tubular resin articles such as pipes may be formed
      in a variety of ways, for instance by the winding on the moving carrier
      strip fibrous reinforcements (e.g. glass fibers) impregnated with a heat
      hardenable liquid resin material, the tubular article thus formed being
      solidified, for instance by positioning a portion of the helical path of
      the carrier strip in an oven. Alternatively, various kinds of resin
      materials may be applied to the carrier surface provided by the helical
      turns of the carrier strip, for instance by extrusion of a thermoplastic
      resin, which may be effected by positioning a portion of the helical path
      of the carrier strip in an extruder nozzle or crosshead providing for
      extrusion of a cylindrical body of softened thermoplastic resin material
      on the moving surface. The apparatus is preferably of such length that
      provision is made for the hardening of the resin material while it is
      still supported upon the surface formed by the carrier strip. In the case
      of a thermoplastic resin this hardening may be accelerated by the use of
      cooling means.
PAR  In various uses of the equipment, the supporting structure for the carrier
      band may either be rotatively mounted or non-rotatively mounted as will
      further be explained hereinafter.
PAR  The continuous support of the carrier band has the consequence that plastic
      pipes manufactured--either by extrusion or by winding--on the outer
      surface of the carrier band will be perfectly smooth and curved inside.
      The outer surface of the core pipe is polished, and as mentioned it is not
      provided with any radially protruding supporting devices (as the already
      known core pipe). Therefore it is very light.
PAR  One embodiment of the equipment according to the invention is characterized
      in that the carrier band on the under side and close to one edge is
      provided with a supporting flange which projects beyond this edge and
      extends over the entire length of the carrier band so that each free band
      edge of one helical turn will overlap with and be supported by the
      supporting flange of the adjacent band turn. The supporting flange will
      furthermore help to guide the individual turns in relation to each other,
      and in case two band turns separate, so that a small gap is formed between
      them, the supporting flange will cover the gap. The supporting flange is
      particularly important if a friction reducing medium is inserted between
      the carrier band and the outer surface of the core pipe as the flange
      prevents the medium from forcing its way into the said gap. To this should
      be added that the supporting flange produces a very safe joint between the
      band turns, particularly when rovings are supplied to the soft plastic
      pipe being formed. The overlapped joint prevents the rovings from working
      their way under the band turns.
PAR  According to the invention the carrier band can be driven by electrically
      driven friction-loaded devices, as for instance one or several friction
      discs, which are mounted on the core pipe or supporting structure,
      preferably near the extreme outer end of the pipe. This will ensure safe
      advance of the carrying band on the outer surface of the core pipe.
PAR  In order to obtain a safe joint between carrier band and supporting flange,
      these parts may according to the invention be made of steel and be welded
      together.
PAR  Further, according to the invention, the carrier band with supporting
      flanges may be coated with a permanent release agent, as for instance
      polytetrafluorethylene. This will further reduce the friction between the
      carrier band and the outer surface of the core pipe.
PAR  Further, according to the invention, on the free top side of the flange
      and/or on the adjacent free edge part of the carrier band on its under
      side, a coating of sealing compound may be provided, as for instance
      synthetic or natural rubber, which might possibly be inserted in a recess.
      This will provide a particularly good joint between adjacent band turns so
      that the friction reducing medium cannot or can only with difficulty
      escape between the turns.
PAR  Further, according to the invention, the friction reducing devices may
      consist of small revolving balls or small revolving rollers, diagonal or
      parallel to the axis of the core pipe, recessed in the curved outer
      surface of the core pipe. The rollers lie generally along a path which is
      identical to the helical path of the carrier band. This will further
      reduce the friction at the surface of the core pipe.
PAR  In one embodiment of the equipment, where the core pipe is mounted for
      rotation about its longitudinal axis, it is contemplated that the driving
      devices are arranged in such a way that they can turn the core pipe at a
      circumferential velocity which is equal to the velocity of and turning in
      the opposite direction as compared with the turns of the band, when the
      velocity is measured in the cross section of the core pipe, in view of
      which the turns are only moved axially along the outer surface of the core
      pipe. This version is particularly advantageous when it is required that
      the manufactured plastic pipe as it is being delivered from the equipment,
      be mounted or laid down in the ground and therefore must not rotate. This
      version is particularly appropriate in the manufacture of oil pipe lines.
PAR  According to the invention, the core pipe may be of a rugged cantilever
      construction resting on a central hollow axis which is open at its extreme
      outer end through which the carrier band can pass after having left the
      outer surface of the core pipe, and at which axis there may be a hole
      through which the carrier band is taken out so that it can reach some
      guides to engage and direct the band to the outer surface of the core pipe
      at its innermost end. The driving devices may comprise a motor provided
      with a gearing device coupled to the axis. This gives high reliability in
      the making and laying of for instance oil pipe lines as the drive devices
      can be very accurately regulated according to the speed at which the
      carrier band is pulled off from the extreme outer end of the core pipe and
      runs in through the hollow axis.
PAR  As mentioned, the invention also concerns a method of winding and/or
      extruding plastic or resin pipes of infinite lengths, the equipment having
      a core pipe around which an endless carrier band, which serves as carrier
      for the plastic pipe, can be fed in a helical path, and this method is
      characterized in that a friction reducing medium between the carrier band
      and the outer surface of the core pipe is supplied simultaneously with the
      pulling of the band across the curved outer surface of the core pipe,
      following a helical path, and lying in direct contact with this outer
      surface. In this way the friction on the outer surface of the core pipe is
      reduced very efficiently and in a very simple way.
PAR  According to the invention the supplied medium may be a very thin air
      cushion, but it is also possible according to the invention that the
      medium is an oil film which is maintained by an oil circulation. This
      gives easy control of the friction on the outer surface of the core pipe.
DRWD
PAR  The invention is explained below under reference to the drawings where
PAR  FIG. 1 is a schematic and perspective drawing of one version of the
      equipment according to the invention;
PAR  FIG. 2 shows one part of the surface of the core pipe where friction
      reducing devices in the shape of rollers are received in recesses;
PAR  FIG. 3 shows one part of the surface of the core pipe where friction
      reducing devices in the shape of balls are mounted in the recesses;
PAR  FIG. 4 shows one part of a longitudinal section of a core pipe according to
      the invention in which a fluid can be supplied to the surface and where
      the carrier band is provided with supporting flanges;
PAR  FIG. 5 shows one part of a longitudinal section of the core pipe, the
      surface being provided with inserted balls, and the carrier band being
      provided with supporting flanges;
PAR  FIG. 6 is a schematic view of another version of the equipment according to
      the invention;
PAR  FIG. 7 shows one part of a longitudinal section of a core pipe according to
      the invention where the supporting flange of the carrier band is provided
      with sealing material; and
PAR  FIG. 8 shows one part of a longitudinal section of a core pipe according to
      the invention, where the supporting flange of the carrier band as well as
      the free edge part of the band is provided with a coating of sealing
      material.
DETD
PAR  The apparatus in FIG. 1 consists of a non-rotative or fixed core pipe 1
      which is mounted to extend through a passage in the crosshead or nozzle
      structure of an extruder such as the screw extruder diagrammatically
      indicated at 2a. The annular extrusion orifice 2 serves to deliver resin
      material, for instance a thermoplastic resin material, to the surface
      formed by the helical turns 4a and 4b of the endless carrier band or strip
      4. Ports or passages 3 for supply of friction reducing medium as for
      instance compressed air or oil, distribute the medium over the surface a
      of the core pipe. The endless carrier band 4 slides directly on the
      surface 1a of the core pipe, and as shown its path is helical. The carrier
      band is pulled forward by an electric motor 5, the axis of which is
      provided with a friction disc 6. The electric motor is mounted on a plate
      7, and the endless carrier band passes between the friction disc, and the
      plate 7 and is thus pulled forward. Having passed the friction wheel 6 at
      the extreme end of the core pipe, the band is fed into the hollow interior
      of the core pipe, and runs out of the core pipe at its innermost end 9,
      from which point it is redirected onto the outer surface 1a of the pipe. A
      springloaded rail 10 ensures that the band has the proper tension.
PAR  In order to make the figure easy to grasp, only certain parts of the band
      and band driving and guiding parts are here shown. Various of such parts
      are already known, for instance in U.S. Pat. No. 3,464,879 issued Sept. 2,
      1969.
PAR  The arrows on the individual band support parts indicate their directions
      of motion. The surface 1a of the carrier band is polished in order to
      reduce the friction between band and surface. The friction-reducing medium
      emerging from the holes ensures a further reduction of the friction. If
      this medium is compressed air, an air cushion will form on the surface of
      the core pipe, and if oil is supplied, an oil film will form. It will be
      understood that whereas only two rows of holes 3 are shown, there are
      holes 3 all over the surface of the core pipe. It is also contemplated
      that it may sometimes be advantageous to have holes between those shown
      for the return of oil and air. When the equipment is working, the
      individual turns 4a, 4b lie close to each other thus building a supporting
      surface for the infinitely long plastic pipes which emerge from the
      extrusion nozzle 2. As the turns 4a, 4b rotate, the plastic pipe will also
      rotate during manufacture.
PAR  Instead of supplying a friction reducing medium to the pipe surface 1a, it
      is possible (as shown in FIG. 2) to obtain a considerable friction
      reduction by positioning small rollers 13 in the recesses 12 in the
      surface. These rollers can rotate around an axis 14, as only the very
      topmost part of the rollers projects over the surface 1a. A band passing
      over the roller, will thus encounter very little friction on the spot
      where the roller is placed.
PAR  The rollers are placed in a series following a helical path with
      substantially the same pitch angle as the carrier band 4.
PAR  As shown on FIG. 3 it is possible, instead of rollers 13, to position balls
      15 in the round recesses 16. The balls are kept in place by means of not
      shown guides, and their position is chosen in such a way that only the
      very topmost parts of the balls project over the surface 1a.
PAR  The carrier band 4 may on its under side near one edge be provided with a
      supporting flange (see FIG. 4). This flange at the band turn 4a is
      identified by the reference symbol 4a', while the flange at the turn 4b is
      identified by reference symbol 4b'. As will appear, the supporting flange
      4a' supports the free edge of the adjacent turn 4b, and it further raises
      the band turns somewhat from the surface 1a. In FIG. 4 oil is supplied
      through the holes 3, and there is therefore oil in the cavities 24. The
      supporting flanges 4a', 4b' will cover a possible gap between the turns
      4a, 4b and will thus prevent the oil in the cavities 24 from leaking out
      between the turns. The oil passing through the holes 3 is supplied by
      means of a pipe 23.
PAR  In FIG. 5 a carrier band is seen which is built up in the same way as in
      FIG. 4 and which slides on a core pipe surface 1a provided with recessed
      balls. The band 4 may be coated with a release agent as for instance
      polytetrafluorethylene. Polytetrafluorethylene may also be used as a
      release agent on the top surface of the carrier strip.
PAR  Instead of a core pipe of fixed cantilever construction, where the carrier
      band moves along a helical path, it is possible to have a revolving core
      pipe which rotates at a circumferential velocity which is equal to the
      velocity of the carrier band measured in a section or plane at right
      angles to the axis of the core pipe, but rotating in the opposite
      direction. In this way the carrier band, viewed from the outside, will
      advance slowly in the axial direction of the core pipe. This version of
      the equipment according to the invention has the advantage that the
      plastic pipe will not rotate while being produced. FIG. 6 illustrates an
      arrangement of this kind. The core pipe is of cantilever construction
      mounted on a hollow axis driven by a schematically shown electric motor 21
      with adjustable speed. 22 are the bearings of the axis. Between the
      bearing support and the helical turns of the carrier band or strip, the
      axis 20 has a hole 25 through which the carrier band 4-- which after
      having left the outer surface of the core pipe has been directed through
      the axis-- can be taken out onto the outer surface of the core pipe again
      in the general manner already described above. The motor 21 drives the
      axis at such an angular velocity that the turns are then slowly advanced
      from the innermost part of the core pipe to the outermost, without any
      rotative motion.
PAR  In the embodiment of FIG. 6, the supply of plastic material to the outer
      surface of the band turns can take place either by extrusion through a
      ring nozzle (as in FIG. 1) or by winding on of plastic impregnated
      rovings. If the rotative motion of the supporting core for the carrier
      strip is such that the turns have only an axial motion, winding of such
      rovings will necessitate use of planetary winding equipment, which may be
      of known type. On the other hand in the arrangement of FIG. 6, the support
      or core pipe may be rotated at any selected speed, thereby providing for
      the winding of impregnated rovings without planetary equipment.
PAR  As mentioned the carrier band can be pulled forward by means of a friction
      disc at the extreme outer end of the core pipe, but if desired, the disc
      (which is driven by an electric motor) may be placed at the innermost end
      of the core pipe.
PAR  The invention can be modified in many ways without departing from the scope
      of the invention. The carrier band or bands are generally made of steel
      and the supporting flange which likewise is generally made of steel, may
      be fixed to the band by welding. A carrier band with a width between 40
      and 88 mm. is preferred.
PAR  As shown in FIG. 7, it is further possible to provide the supporting flange
      4a' of the carrier band with a recess on the upper surface and therein
      place a sealing material 40, and this material may consist of for instance
      synthetic or natural rubber. In the version shown in FIG. 8 there has been
      placed sealing materials 41 (in a recess) on the under side of the
      adjacent free edge part 4b of the carrier band. This will increase the
      sealing effect at those points where the band edges meet.
PAR  The invention is applicable to the manufacture of resin tubes or pipes
      formed either by winding or by extrusion or by combinations of extrusion
      and winding. Fibrous or other reinforcements may or may not be present,
      and various different layers may be applied so that the making of sandwich
      structures is feasible.
PAR  Many commonly available resins may be used in forming articles in
      accordance with this invention, including the well known thermoplastic
      resins and also a broad range of thermosetting resins used in making fiber
      reinforced articles. One example of a formulation suitable for extrusion
      is as follows (parts by weight):
TBL  100.0          Polyester Resin                                            
     0.1            Cobalt Napthenate (6%)                                     
     1.0            M.E.K. Peroxide (60%)                                      
     100.0          Clay Filler                                                
     10.0           Chopped Glass Fiber (6 to 10 mm.)                          
     1 to 3         Fumed Silica (viscosity controller to                      
                    produce non sagging paste)                                 
PAR  This formulation can be extruded at low pressure and rapidly cured at low
      (room to 60.degree.C.) temperatures.
PAR  While the invention has herein been shown and described in what is
      conceived to be a practical and effective embodiment, the invention is not
      to be limited to the details disclosed herein but is to be accorded the
      full scope of the claims so as to embrace any and all equivalents.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for making tubes of resin material which method comprises
      continuously winding about a supporting structure an endless carrier strip
      in a plurality of nonrotative helical turns having their edges abutting
      each other to provide an uninterrupted cylindrical surface, advancing the
      wound turns axially thereof in a helical path by the use of power means,
      rotating the supporting structure by the use of independent power means at
      a speed equal to the component of the helical motion of the strip measured
      in a plane perpendicular to the axis of the supporting structure, but in a
      direction opposite to such component, thereby providing axial but
      nonrotative motion of said cylindrical surface, continuously extruding
      resin material in a soft condition in tubular form onto said axially
      moving cylindrical surface, and effecting solidification of the resin
      material while it is being carried on said surface.
NUM  2.
PAR  2. Apparatus for making tubes of resin material, comprising a rotative
      supporting structure, a carrier strip wound around the supporting
      structure in a plurality of helical turns arranged with their edges
      adjacent and abutting each other to provide a cylindrical surface for
      carrying the resin material, power means for driving the helical turns of
      said carrier strip in a helical path with respect to the supporting
      structure, and independent power means for rotatively driving the
      supporting structure at a speed equal to the component of the helical
      motion of the strip measured in a plane perpendicular to the axis of the
      supporting structure, but in a direction opposite to such component, the
      combined action of said power means and said independent power means
      providing axial but nonrotative movement of said cylindrical surface.
NUM  3.
PAR  3. Apparatus as defined in claim 2 further characterized by an extruder
      arranged to apply a layer of resin material onto the axially moving
      carrier surface.
NUM  4.
PAR  4. Apparatus as defined in claim 3 further characterized in that one end of
      the axially moving surface provided by the turns of the carrier strip is
      positioned in the nozzle of the extruder to provide for extrusion of a
      tubular body of resin material directly onto the moving carrier surface.
NUM  5.
PAR  5. Apparatus as defined in claim 2 in which the supporting structure for
      the helical turns of the carrier strip has a substantially cylindrical
      strip supporting surface.
NUM  6.
PAR  6. Apparatus for making tubes of resin material, comprising a rotative
      supporting structure, a carrier strip wound around the supporting
      structure in a plurality of helical turns arranged with their edges
      adjacent and abutting each other to provide a cylindrical surface for
      carrying the resin material, motor means mounted for rotation with said
      supporting structure and engaging said strip to drive the helical turns of
      the strip in a helical path with respect to the supporting structure, and
      independent motor means for rotatively driving the supporting structure in
      a direction opposite to the rotational movement of the helical turns, said
      independent motor means being adjustable in speed.
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ABST
PAL  A method and apparatus is disclosed for making a combined needle and
      catheter of the type in which the needle is used to lead the end of the
      catheter thereon into a body cavity and, after insertion, is withdrawn
      through the catheter with most of the catheter remaining in the body. To
      form the catheter, the needle is initially placed in an upright position
      with its pointed end downward and located within the orifice of a die
      wiper. Thereafter, a measured quantity of a viscous plastic material or
      fluid plastisol is applied to the die wiper on the side thereof opposite
      the pointed end of the needle and the assembly of needle, die wiper and
      plastisol is then inverted so that the die wiper falls by gravity and
      wipes a coating of fluid plastisol along the shank of the needle. When the
      die wiper has completed its traverse of the needle shank, the assembly is
      heated to solidify the fluid plastisol on the needle and thereby form a
      removable flexible catheter on the needle.
PARN
PAR  This is a continuation, of application Ser. No. 148,103, filed May 28, 1971
      now abandoned.
BSUM
PAR  The present invention relates to surgical catheters and more particularly
      to a method and apparatus for fabricating a catheter directly on a needle
      and the resulting combined needle and catheter which facilitates insertion
      of the catheter into a body cavity.
PAR  One previously proposed surgical catheter of the above type is described in
      my prior U.S. Pat. No. 3,204,634, which described and claims a combined
      needle and catheter that permits the forward end of the catheter to follow
      the pointed end of a needle into a body cavity or vein. After the end of
      the catheter has entered the body cavity the rearward end of the catheter
      is held by one hand and the needle withdrawn through the catheter with the
      other hand. The catheter described in my prior patent is made by dipping a
      needle into a supply of liquid plastisol to a point just below the pointed
      end of the needle to coat the shank thereof with the plastisol. The coated
      needle is then removed and held by its pointed end so that the plastisol
      will drain downwardly on the needle and form a uniform coating with a
      tapered portion adjacent the pointed end of the needle. The combined
      needle and catheter made by this method has been tested extensively and
      found to be quite satisfactory in use.
PAR  Other methods have previously been proposed for making a combined needle
      and catheter in which a plastic tube is provided around a needle.
      Typically, such methods involve the use of extruded tubing which is
      separately formed, cut and then placed on the needle. Such methods have
      not been entirely satisfactory for numerous reasons. For example, the
      catheter must be provided with a fitting at its rearward end which
      provides a detachable connection to a syringe or extension tube through
      which fluids may be supplied or withdrawn through the catheter. Since the
      catheter and fitting are formed in separate pieces and subsequently joined
      together, typically by means of an adhesive which secures the catheter
      tube shank to its fitting, the point of joinder therebetween represents a
      weak point in the assembly and as a result, bending stresses applied to
      that point during movement of the patient's arm may cause the catheter
      shank in break off or separate from its fitting. Also, the extruded tubes
      used to form such catheters are formed of relatively stiff materials and
      tend to crack or break under stress. As a result, with such previously
      proposed catheters, the entire catheter shank or a portion thereof may
      break off and pass through the circulation system to the heart or lung of
      the patient, causing serious damage and trauma to him and requiring
      intricate surgical procedures to remove the catheter from the body of the
      patient. This hazard has inhibited the routine use of previously proposed
      catheters in spite of the many benefits of using relatively flexible
      plastic tube in lieu of a rigid metal needle.
PAR  Another disadvantage of the combined needles and catheters previously
      proposed is that the leading edge of the catheter is apt to be too blunt
      and forms an annular shoulder about the needle shank which is not only
      difficult to pass through the skin but often results in the catheter
      "curling back" over the needle during insertion. Even if the leading edge
      of the plastic tube is beveled, to correspond to the beveled pointed tip
      of the needle, a shoulder is still formed about the leading edge of the
      tube which hinders insertion thereof. No previously proposed combined
      needle and catheter, other than that disclosed in my above-identified
      patent, has been produced in which the leading edge of the catheter has a
      combined feathered and beveled edge to provide a smooth tapered increase
      in diameter from the shank of a bevel-edged needle to the outside diameter
      of the catheter to facilitate insertion.
PAR  Accordingly, it is an object of the present invention to provide an
      improved method of fabricating a catheter directly on a needle used to
      insert the end of the catheter in a body cavity.
PAR  It is another object of the present invention to provide a combined
      catheter and needle assembly wherein the catheter has a feathered leading
      edge and a tapered shank portion to facilitate insertion of the combined
      catheter and needle through the skin.
PAR  Still another object of the present invention is to provide a flexible
      catheter having means integral therewith for limiting the length of the
      catheter which may be inserted into a body cavity.
PAR  Still another object of the invention is to provide an improved catheter
      and needle unit which is of relatively simple and compact construction,
      adapted for economical manufacture as a disposable unit and one which is
      reliable in operation for inserting the end of a plastic catheter into a
      body cavity.
PAR  In accordance with an aspect of the present invention an improved method of
      forming a combined needle and catheter, similar to that described and
      claimed in my above-mentioned patent, is provided wherein the shank of a
      needle having an enlarged hub or handle at one end and a beveled cutting
      edge at its opposite end for leading the end of a catheter thereon into a
      body cavity is used as a mandrel for forming the catheter directly on the
      needle. The needle is initially inserted through a hollow preformed
      plastic fitting and the exterior surface of the needle handle is
      frictionally engaged with the interior of the fitting. The needle is then
      inserted through the central orifice of a die wiper having a cup-shaped
      reservoir portion opening towards the catheter fitting member and the
      penetrating end of the needle is thereafter inserted in a guide member
      which is adapted to support the entire assembly in a first position. The
      guide member has a beveled end portion which receives and closely fits the
      beveled end of the needle and a surrounding shoulder which defines the
      leading edge of the catheter to be formed on the needle.
PAR  The entire assembly of needle, catheter fitting, die wiper and guide member
      is placed in an upright position on a continuous conveyor at the first
      station of the apparatus of the present invention with the guide member at
      the lower end of the assembly and the upper portion of the guide member
      surrounded by said die wiper. The assembly is moved in this configuration
      through the next station of the apparatus where a measured quantity of
      viscous plastic material or fluid plastisol of a plastic resin is placed
      in the cup-shaped reservoir of the die wiper about the needle and the
      upper portion of the guide. During application of the plastisol to the die
      wiper the entire assembly is rotated about its central vertical axis to
      fully distribute the plastisol in the reservoir and wet the needle.
      Thereafter, the assembly is inverted so that the die wiper falls by
      gravity and wipes a uniform wall of fluid plastisol along the shank of the
      needle.
PAR  An inert radio opaque material is applied to a predetermined portion of the
      needle prior to passage of the die wiper and plastisol thereover. This
      material is applied in the remote event that the forward portion of the
      catheter does break off and enters a vein or other body cavity so that
      such portion may be found by X-ray examination and immediately removed by
      the appropriate surgical procedures.
PAR  After the wiper has wiped a coating of plastisol in the entire shank of the
      needle and onto the upper end of the catheter fitting, the assembly is
      moved through a heater which unites the fluid plastisol coating with the
      end of the fitting and cures and solidifies the plastisol coating on the
      needle to form a removeable flexible catheter thereon. Thereafter, an
      annular bead of liquid plastisol is applied to a predetermined portion of
      the catheter and when heated (solidified) thus forms a safety stop member
      on the catheter adjacent the fitting.
PAR  The initial heating of the catheter securely unites the coated catheter
      shank to the catheter fitting into a one-piece integral structure; as a
      result of the heating the die wiper is secured to the catheter and serves
      as a reinforcement at the point of joinder between the shank and fitting
      thereof. The bead of plastisol serves as a stop member when the needle and
      catheter is inserted into the body and limits movement of the assembly
      into the body to a predetermined depth. Further, in the event that the
      catheter should separate from its fitting at the point of junction
      therebetween, the bead would prevent the catheter from slipping through
      the skin into the body.
DRWD
PAR  The above, and other objects, features and advantages of this invention,
      will be apparent in the following detailed description of illustrative
      embodiments thereof which is to be read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a plan view of a preferred embodiment of an apparatus for
      producing combined needles and catheters in accordance with the method of
      the present invention;
PAR  FIG. 2 is an exploded view of the elements used to form the combined needle
      and catheter in the apparatus illustrated in FIG. 1;
PAR  FIGS. 3-10 illustrate the configuration of the components of FIG. 2 at
      selected stations in the apparatus of FIG. 1;
PAR  FIG. 11 is an enlarged view of the guide member into which the penetrating
      tip of the needle is inserted and supported;
PAR  FIG. 12 is an enlarged sectional view of the needle guide, die wiper and
      plastisol at the stage of the process illustrated in FIG. 4;
PAR  FIG. 13 is a view similar to FIG. 12, illustrating the relative
      configuration of the various components at the stage of the process
      illustrated in FIG. 6;
PAR  FIG. 14 is a view similar to FIG. 12 and illustrates the relative
      configuration of the die wiper, needle and plastisol during the stage of
      the process illustrated in FIG. 8;
PAR  FIG. 15 is an enlarged view of one embodiment of the part forming the
      catheter fitting;
PAR  FIG. 16 is an enlarged view partly in section, illustrating the completed
      combined needle and catheter assembly;
PAR  FIG. 17 is a view, partly in section, of a combined needle and cather of
      modified construction having a reinforced catheter wall;
PAR  FIG. 18 is a sectional view taken on line 18--18 of FIG. 1; and
PAR  FIG. 19 is an elevational view partly in section taken at line 19--19 of
      FIG. 1 to show the structure for applying a spiral marking of radio opaque
      material on the shank of the needle.
DETD
PAR  Referring to the drawings in detail, and initially to FIG. 1 thereof, it
      will be seen that the preferred apparatus 10, as shown therein, for
      performing the process of the present invention has a work surface 12
      which supports a horizontally extending conveyor system 14. The latter is
      adapted to move an assembly of catheter and needle components throgh a
      plurality of operating stations legended 1-12, respectively, in the
      drawing.
PAR  Conveyor system 14, although not shown in detail, includes a chain of
      connected links 16 movable in a suitable track on the surface 12 and
      around a pair of end pulleys 18 and 19, the former being driven by an
      electric motor or the like (not shown) to move the conveyor through the
      apparatus at a predetermined constant speed.
PAR  The assembly of parts utilized to form the combined needle and catheter of
      the present invention is illustrated in FIG. 2 and is indicated generally
      by the reference character 20. Assembly 20 includes a mandrel 22 which, in
      the preferred embodiment of the present invention, comprises the shank 25
      of a steel needle 24 having a beveled penetrating end 26 and a handle 28
      secured to the opposite or rearward end 30 of needle shank 25. Tip 26 and
      shank 25 are inserted through a preformed plastic member 32 which forms
      the catheter fitting in the completed combined needle and catheter
      assembly.
PAR  The part 32 is constructed of a suitable plastic resin, of the same kind as
      the remainder of the catheter to be formed, and as illustrated in detail
      in FIG. 15 includes a generally conical shaped neck 34 and an enlarged
      socket 36. Neck 34 includes an internal bore 38, having a diameter
      substantially equal to the outside diameter of needle shank 25 and through
      which the needle shank is inserted in the completed assembly. Base 36
      includes an enlarged bore section 40 for surrounding and receiving handle
      28 of the needle. When the needle is inserted through part 32 its handle
      28 is moved into frictional engagement with socket 36 which is a
      Luer-type, standard surgical fitting. The exterior surface of needle
      handle 28 corresponds to the male portion of this type fitting and, thus,
      the two hubs are frictionally maintained in engagement.
PAR  After insertion of needle shank 25 through part 32, needle point 26 and
      shank 25 are inserted through the central orifice 41 of a die wiper 42.
      This die wiper (FIG. 12) has a larger diameter than the outside diameter
      of needle shank 25 so that the needle may pass freely therethrough. The
      die wiper includes an elongated neck section 44 and a conical, cup-shaped
      reservoir section 46 and is positioned on needle 24 with reservoir 46
      opening towards the catheter fitting 32 and needle handle 28, for reasons
      more fully described hereinafter.
PAR  The final member of assembly 20 is a guide 48 having a recessed tip 50
      which is adapted to receive the beveled penetrating end 26 of needle 25.
      Guide 48 is more clearly illustrated in FIG. 11 wherein it is seen that
      the guide comprises a generally cylindrical main portion 52 having an
      enlarged cylindrical shoulder portion 54. Tip 50 has a cylindrical recess
      56 therein which receives the tip 26 of needle 24 with a close fit. The
      bottom half 58 of recess 56 is inclined at an angle corresponding to the
      beveled end 26 of the needle tip 26 so that when the needle tip is
      inserted in recess 56 its beveled end will tend to be cammed into
      alignment with the beveled bottom wall 58 on which it seats to securely
      support needle 24 in the guide. Recess 56 is symmetrical about the center
      line of the main portion 52 of the bevel guide. However, tip 50 is
      slightly offset fro the center line for reasons more fully explained
      hereinafter.
PAR  When all components of assembly 20 are put together in the manner described
      above, they are in the configuration illustrated in FIG. 3 and mounted in
      apparatus 10 at station 1, that is, with the die wiper 42 resting at the
      lower end of the assembly on guide 48. The assembly is supported by the
      bevel guide 48 on a base structure 60 rotatably mounted on a chain link
      16. The latter, as shown in FIG. 18, rides in a first slotted track 66 on
      work surface 12. Links 16 are pivotally interconnected by pairs of links
      68 that give the chain flexibility and which define a space 70
      therebetween (FIG. 19) in which the teeth 19' of sprockets 18 and 19 are
      engaged to drive chain 14 about the apparatus. The lower link of the pair
      68 is accommodated in a second slot 67 in work surface 12.
PAR  Member 60 is rotatably mounted on a pin 72 extending from link 16 and may
      be removable therefrom so that the number and spacing of mounting members
      on chain 16 may be selected as desired. Mounting member 60 includes a flat
      disk-shaped base member 73 and a first cylindrical boss 74 concentric with
      its axis of rotation, the outside diameter of which corresponds to the
      inside diameter of the hollow needle handle 28. A second concentric
      cylindrical extension 76 is also provided which has a recess 78, the
      diameter of which corresponds to the diameter of the main portion 52 of
      bevel guide 48. At station 1 portion 52 of guide 48 is inserted in recess
      78 (as shown in FIG. 18) to support the entire assembly on the apparatus
      for transportation therethrough by conveyor system 14.
PAR  After assembly 20 is placed on mounting member 60 at station 1, conveyor 14
      transports the assembly to station 2, (see FIG. 1) where a supply of
      viscous or semi-viscous material or liquid plastisol 75 is applied to
      reservoir 46 of die wiper 42. It is noted that while the illustrative
      embodimemnt of the present invention is described in relation to a fluid
      plastisol, other mentioned materials, i.e. viscous or semi-viscous plastic
      materials which are well known may also be used.
PAR  Plastisol 75 may be composed of any suitable resin like those described in
      my prior U.S. Pat. No. 3,204,634, referred to above, the appropriate
      portion of which is hereby incorporated by reference. The plastiosol is
      supplied by an impulse pump 84 through a nozzle 86 positioned slightly
      above the level of die wiper 42. A microswitch (not shown) is positioned
      adjacent track 66 and is engaged by a portion of assembly 20, e.g. member
      48, as it arrives at station 2 to energize pump 84. A drive wheel 88 is
      also located at station 2 and is driven by a motor (not shown). Wheel 88
      contacts base 73 of mounting member 60 as the latter is conveyed forwardly
      and rotates the mounting member and thus the entire assembly as it passes
      through station 2 so that the supply of liquid plastisol is distributed
      substantially uniformly about the annular extent of reservoir 46. This
      step occurs as the assembly is moving through station 2 and in the
      preferred embodiment chain 16 is moved continuously through the station.
PAR  A rail 90 extends along the path of travel of chain 16 between station 1
      and station 4 as illustrated in FIG. 1 and has an elastic surface portion
      92 (FIG. 18) which engages base 73 of mounting member 60 as it travels
      along the length thereof. The frictional engagement of base 73 along with
      the movement of assembly 20 along the rail causes mounting member 60 and
      thus the entire assembly 20 to rotate slowly on its vertical axis while
      traveling along this path. Driving wheel 88 merely increases the speed of
      rotation of assembly 20 at station 2 in order to insure uniform
      application of plastisol 75 to die wiper 42.
PAR  From station 2 assembly 20 is advanced by chain 16 to station 3 where a bar
      94, formed of flexible elastic material, has a plurality of teeth 96
      thereon projecting inwardly toward the assembly 20 positioned adjacent
      chain 16. Bar 94 is so positioned that teeth 96 engage neck 44 of die
      wiper 42 as the assembly is moved forwardly by the conveyor 14. This
      engagement causes rotation of the die wiper with respect to the bevel
      guide and the needle. This rotation of the die wiper insures full wetting
      of adjacent portions of the bevel guide and needle by the plastisol 75 in
      reservoir 46 and evens the plastisol about the annular extent of the
      reservoir.
PAR  After passing the end of station 3, that is, the end of bar 94, the entire
      assembly is removed manually from mounting member 60 and inverted to the
      position illustrated in FIG. 5 and replaced on mounting member 60 with the
      projecting boss 76 thereon inserted in the bore of needle handle 28. This
      is illustrated in phantom in FIG. 18. While in the illustrative embodiment
      of the present invention the step at station 4 is performed manually, it
      is contemplated that an automatic inverting mechanism may be utilized at
      station 4. Such an assembly may be any one of those presently used in
      various arts and which would be available to a skilled mechanic for
      inverting and replacing an article on a moving conveyor. Further, it is
      contemplated that other known devices may be utilized which invert an
      article in place. In such cases, conveyor chain 16 would be stopped when
      the assembly reaches station 4 in order for this operation to take place.
PAR  Once assembly 20 has been inverted at station 4 and moves toward station 5,
      the die wiper begins to move downwardly on shank 25 of needle 24 under the
      influence of gravity as illustrated in FIG. 6 and as a result a coating 85
      of liquid plastisol 75 is wiped along the shank. This downward movement
      continues from station 4 through to station 8 and forms the catheter on
      needle shank 25.
PAR  Referring to FIG. 12 it is seen that in the initial position of the
      assembly, needle point 26 extends into reservoir 46 and is seated in the
      recess 56 of guide 48. The portions of tip 50 surrounding needle end 26
      protect the tip from application of platisol 75 thereto. In addition, the
      beveled edge 51 of tip 50 defines the leading edge of the plastisol
      coating 85 on the shank of the needle so that the forward placement of the
      lip 53 of the catheter formed by the die wiper in coating the shank of the
      needle is precisely located. Bevel 51 of the guide and the depth of recess
      56 are selected so that the lip 53 of the catheter is begun on the needle
      at a point thereon such that as the needle is inserted into the skin the
      lip of the catheter enters the skin after an initial slit has been cut by
      the needle and before the skin is stretched taut by the fullness insertion
      of the needle point. This is a substantial advantage over previously
      proposed catheters which had square cut catheter lips or shoulder placed
      completely behind the beveled tip of the needle. In such devices it often
      occured that the catheter was prevented from entering the skin because of
      engagement therewith by the catheter shoulder.
PAR  When the assembly is inverted, as mentioned above, die wiper 42 begins to
      move down the shank of the needle under the influence of gravity. FIG. 13
      illustrates the die wiper position with respect to the bevel guide after a
      slight amount of movement thereof. Plastisol 75 is retained in reservoir
      46 and as the die wiper moves downwardly, the plastisol tends to creep up
      into the neck 44 of the die wiper until the neck is completely filled as
      illustrated in FIG. 14.
PAR  It has been found that by laterally offsetting the neck portion 50 with
      respect to the central axis passing through portion 52 and recess 56 of
      bevel guide 48, so that a narrower wall portion 98 is provided adjacent
      the heel of the needle point 26 and a wider wall portion 100 is provided
      adjacent the toe thereof, the wall thickness of the coating 85 wiped on
      the needle adjacent the toe portion, as illustrated in FIG. 13, is thicker
      than the coating thickness adjacent the heel portion of the needle point.
      This is desirable since the toe portion of the completed catheter is
      unprotected as it enters the skin and additional strength is required at
      that point. An unexpected result is the die wiping of the plastisol on the
      needle to produce a tapered feather edge 102 at lip 53, after the bevel
      guide member 48 is removed, to facilitate insertion of the catheter. The
      plastic material 85' (FIG. 13) adjacent bevel guide edge 51 flows
      downwardly under the influence of gravity after the bevel guide is removed
      in order to form the feathered edge of the catheter 30. This again is a
      substantial improvement over prior catheters since the square cut and
      blunt edged catheters of previously proposed instruments often "curl back"
      on the needle when they engage the skin and thus cannot penetrate
      therethrough.
PAR  Another advantage of die wiping process of producing the catheter in
      accordance with the method of the present invention is that the catheter
      wall thus formed is tapered from lip 53 along a substantial length of the
      shank of the needle. This occurs because the neck of the die wiper is not
      completely filled with plastisol during the initial portions of the wiping
      process. As the die wiper traverses the shank the plastisol slowly fills
      neck 44, so that not all of the plastisol that moves into neck 44 is wiped
      on needle shank 25. As neck 44 fills, the thickness of the wiped-on
      coating increases and once the neck is filled the maximum catheter wall
      thickness is wiped on the needle. The thickness of the plastisol coating
      85 of the needle at maximum wiping has been found to be equal to
      approximately 1/2 the distance between the shank and the interior surface
      of the neck of the die wiper.
PAR  In the preferred embodiment of the present invention, neck 44 is
      dimensioned so that the first 1/3 of the completed catheter has the
      tapered wall configuration. By lengthening the neck, the length of the
      taper in the catheter produced by the method of the present invention may
      be increased, since the die wiper must fall further along shank 25 before
      being filled. This taper of the catheter is advantageous since the initial
      portion of the catheter and needle represent the "feel" portion, that is,
      it is this portion of the needle and catheter assembly which is first
      inserted in the vein. During the insertion procedure, the physician can
      feel the difference in "drag" on the needle and catheter when the needle
      enters the vein. By having the tapered streamlined catheter, less drag is
      produced on the assembly so that it is easier for the physician to feel
      the difference in drag which occurs when the needle enters the vein.
PAR  Another improved result of the die wiping method of the present invention
      is the uniform wall of the resulting catheter.
PAR  From station 4, the assembly is moved in its inverted position to station
      5. At this point the die wiper has dropped a very small distance and the
      major portion of the shank of the needle remains exposed. An impulse pump
      104 is located at station 5 and has a beveled nozzle 106 which is
      positioned to engage the shank of the needle. The pump 104 delivers a
      plastisol having a radio opaque material, such as a fine tantalum powder
      suspended therein, through nozzle 106 and onto shank 25 of the needle (See
      FIGS. 1 and 6). The powder is in a matrix of substantially the same
      plastisol as the plastisol supplied to reservoir 46 and becomes
      incorporated in the coating of the catheter as the die wiper and plastisol
      move past the point of application thereof. Nozzle 106 is provided with a
      slotted aperture on its beveled face 108 which aperture is positioned an
      an angle of approximately 45.degree. to the vertical so that as needle
      shank 25 is simultaneously rotated by engagement of member 60 with base 73
      with a wheel 90' (driven by an electric motor or the like, not shown) and
      moved past the angularly positioned aperture, a helical stripe 95 of the
      radio opaque material is applied to the needle shank.
PAR  While the application of this material may be omitted in the method of the
      present invention, the provision thereof in the catheter is an optional
      safety feature which is useful in the event that the end of the catheter
      should break and pass into the circulation system of the body. In such a
      case, the location of the catheter could then be rapidly determined by
      X-ray procedures which would detect helical stripe 95 so that the location
      of the catheter could be accurately determined and surgically removed.
PAR  A guide system 110 is provided at station 5 (see FIG. 19) for holding shank
      25 against face 108 of pump nozzle 106. This system includes a generally
      cylindrical member 116 having a lower cam surface 118. Cylindrical member
      116 is fixed on a shaft 120 mounted in plate 12. A cylindrical sleeve 122
      is rotatably mounted on shaft 120 and is secured to and thus rotated with
      sprocket 19. The upper portion of sleeve 122 includes a hub member 124
      which supports a plurality of flexible guide fingers 126 having notches
      128 in their ends. As sleeve 122 and hub 124 are rotated with sprocket 19,
      the notched ends 128 of the fingers 126 are sequentially moved into
      engagement with the shank of individual needles moving through station 5.
      At the position immediately opposite nozzle 106 cam surface 118 is at its
      highest point with respect to base 12 so that the finger 126 thereat is at
      a substantially horizontal position and holds shank 25 of the needle with
      which it is engaged against the elongated aperture of pump nozzle 106. As
      the needle moves out of station 5, the finger 126 moves with it, since it
      is rotating at the same speed as chain 16 and sprocket 19. However, the
      finger is engaged by cam surface 118 and is progressively bent dowwardly
      and away from shank 25, until, at a position approximately 120.degree.
      away from station 5, the finger is completely disengaged from the needle.
      Cam surface 118 holds the finger 126 in this lowered position as rotation
      thereof continues. However, as finger 126 again approaches station 5, cam
      surface 118 rises so that finger 126 may engage another needle.
PAR  As assembly 20 moves from station 5 to station 6, die wiper 42 continuously
      moves downwardly along the shank 25 of the needle 24 under the influence
      of gravity. At station 6, the die wiper has moved down on shank 25 a
      sufficient distance so that neck 44 thereof is free of bevel guide 48. At
      this point, bevel guide 48 is manually removed and discarded. However, it
      is contemplated that the removal operation can be automated by appropriate
      mechanical equipment. In any case, the removal of the bevel guide from the
      needle must be done rapidly in order that the plastisol breaks cleanly and
      does not smear the end of the needle.
PAR  The assembly moves from station 6 through station 7 where a bar 130, of
      similar construction to bar 92, is positioned to rotate assembly 20
      engagement with the assembly support member 60. As a chain link 60 moves
      assembly 20 through station 7, and as die wiper 42 continues to move down
      shank 25 of the needle, the rotation of the assembly ensures lateral
      uniformity of temperature and position effects and concentricity of the
      catheter wall.
PAR  The length of station 7 is such that when the assembly passes the end of
      the station, the die wiper has wiped the entire length of shank 25 and its
      conical section 46 is seated on the upper portion of the catheter fitting
      32 with neck 44 extending upwardly therefrom. At this point, station 8,
      die wiper 42 is engaged by cam members 132 positioned at opposite sides
      thereof, as illustrated in phantom lines in FIG. 9 to firmly seat the die
      wiper on the outer conical surface of the fitting 32 between the neck 44
      and socket 36, (see FIG. 16). The relatively wet plastisol engaging the
      plastic fitting 32 is substantially the same material as plastic fitting
      32, but in different form, and when subsequently heated the two plastic
      bodies are welded into a unified integral mass.
PAR  The liquid plastisol 85 on shank 25 has a slight tendency to flow
      downwardly of its own accord under the influence of gravity and thus a
      slight fillet 136 (see FIG. 9) also is formed at the point of juncture of
      the neck 44 of die wiper 42 with the plastisol on the shank 25. This
      fillet is advantageous in that it strengthens the point of juncture
      between the die wiper and the catheter and lessens the possibility of
      breakage of the catheter at this point. Further, the point of juncture of
      the catheter with the fitting is reinforced by the die wiper itself so
      that the disadvantage of previously proposed catheters, which often broke
      from the fitting at the point of juncture therebetween, is substantially
      reduced.
PAR  After passing through station 8 under cams 132, the assembly is moved
      through an infrared heater 138 at station 9 wherein the plastisol is cured
      and solidified to produce the completed flexible catheter 135 on the
      needle. In the preferred embodiment of the present invention the infrared
      heater heats the assembly for a minute and a quarter to approximately
      370.degree. F. The conveyor 16 continuously moves the assembly through the
      heater without stopping so that the other processes of the invention may
      continuously take place on other assemblies. It is noted that fitting 32
      and formed tube are formed of the same plastic material and thus the heat
      curing of the plastisol also cures the welded joint between the tube and
      fitting.
PAR  From station 9 the entire assembly with the cured catheter 135 thereon
      passes through station 10 where impulse pump 140 is located. Pump 140 has
      a nozzle 142 and supplies a small bead 145 of liquid plastisol to the
      surface of catheter 135 at a location slightly spaced from the point of
      juncture of catheter 135 with the neck 44 of die wiper 42 (FIG. 10). Bead
      145 is provided to limit the extent of insertion of the completed assembly
      through the skin into a body cavity, and also provides an additional
      safety feature in the unlikely event that the catheter should break at a
      point rearwardly of the bead since the engagement of the bead with the
      skin surface would prevent the catheter from entering the body.
PAR  A drive wheel 144, driven by a motor (not shown), also is located at
      station 10 and engages part 28 of assembly 20 to rotate the entire
      assembly 20. Impulse pump 140 is energized by a microswitch (not shown)
      which is engaged by part 28 as it passes into station 10. The rotation of
      assembly 20 by wheel 144 insures that a completely annular bead 145 is
      formed on the surface of the catheter.
PAR  From station 10 conveyor 16 moves the assembly through infrared heater 145
      (station 11) which cures and solidifies only the liquid plastisol bead
      145. After passing through station 11 the catheter and needle combination
      150 is completed and the assembly is manually removed from the apparatus
      at station 12. The mounting member 60 on which the assembly is transported
      through the apparatus is then moved from station 12 through to station 1
      and another assembly 20 is placed on the chain for production of another
      combined needle and catheter assembly.
PAR  Referring to FIG. 16 of the drawing, a completed needle and catheter
      assembly 150 is illustrated. As seen therein, the leading 1/3 of the
      catheter has a tapered wall thickness and a substantially constant wall
      thickness over the remainder of the shank. Plastisol material forming the
      catheter provides a layer between fitting 32 and die wiper 42 which is
      welded to the fitting and forms an integral bond therebetween. As
      mentioned above, fitting 32 is formed of the same plattic material as the
      liquid plastisol so that an integral bond is formed therebetween. Further,
      die wiper 42 serves as a reinforcement for the point of juncture between
      catheter and hub 32 and fillet 136 further reinforces the catheter at this
      point.
PAR  In another embodiment of the present invention, the assembly 20 utilized to
      form the catheter and needle combination may be provided with a
      reinforcing member about the shank of the needle. Such a reinforcing
      member may, as illustrated in FIG. 17, be a flexible coil spring 160. The
      shank of the needle is merely inserted in the spring prior to installation
      of the assembly at station 1 and the entire manufacturing process is
      completed as before. In this case, however, the coating of liquid
      plastisol is applied over the combination of needle, shank and spring and
      the spring is embedded in the coating during the curing process. This
      spring serves to reinforce the entire shank of the catheter after removal
      of the needle and further eliminates the possibility of breakage of the
      catheter when inserted in the body. While a coil spring has been
      illustrated in the drawings for use in the preferred embodiment, it is
      noted that other reinforcing materials may be used, such as for example, a
      plastic wire or mesh cylinder.
PAR  When the completed assembly is utilized to insert the catheter in the vein
      of a patient, needle 24 readily slides out of the catheter since no
      bonding takes place between the plastisol and the needle shank. However,
      to assist removal of the needle from the catheter it is contemplated that
      the needle be initially dipped in or coated with an inert silicon material
      before insertion of the assembly at station 1.
PAR  It is thus seen that the present invention provides an improved method and
      apparatus for making a catheter directly on the needle with which it is
      used to insert the catheter in a body cavity. It will also be observed
      that the present invention provides an improved catheter and needle unit
      which is of relatively simple and compact construction adapted for
      economical construction and one which is reliable in operation for
      inserting the end of a plastic catheter in a body cavity.
PAR  Although illustrative embodiments of the present invention have been
      described herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to that precise embodiment
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention. For example, the method of the present invention may be used to
      make plastic tubes for other uses than as catheters. Therefore, without
      limitation in this respect the invention is defined by the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of making a plastic catheter with the aid of a mandrel having
      an outside diameter corresponding to the diameter of the lumen of the
      catheter to be formed and a die wiper having at one end an orifice of
      somewhat larger diameter than the outside diameter of said mandrel and
      further having a reservoir in open communication with said orifice, said
      method comprising the steps of, placing said die wiper about a first end
      of said mandrel with the said orifice thereof facing in the same direction
      as said first end of said mandrel, applying a mass of an at least
      semi-viscous liquid plastic material on said mandrel at least adjacent
      said reservoir of said die wiper on the side thereof opposite said
      mandrels' first end, positioning said mandrel substantially vertically,
      structurally supporting only one of said die wiper or said mandrel and
      relatively moving said die wiper from said first end of the mandrel to the
      opposite end thereof in a manner such that the mandrel passes freely
      through said die wiper and the latter engages the mass of liquid plastic
      material previously applied to said mandrel and thereby wipes a coating of
      said plastic material onto the exterior of said mandrel, and then curing
      said liquid plastic material on said mandrel thereby forming a flexible
      catheter thereon.
NUM  2.
PAR  2. The method of making a plastic catheter with the aid of a mandrel having
      an outside diameter corresponding to the diameter of the lumen of the
      catheter to be formed and a die wiper having an orifice of larger diameter
      than the outside diameter of said mandrel, said method comprising the
      steps of, placing said mandrel in an upright position with the orifice of
      the die wiper around its lower end, applying an at least semi-viscous
      liquid plastisol on said die wiper on the side thereof opposite said lower
      end, inverting the assembly of mandrel, die wiper and plastisol so that
      the die wiper falls by gravity and wipes a coating of plastisol between
      the exterior of said mandrel and the interior of said die orifice, and
      then heating the assembly to cure said liquid plastisol on said mandrel
      and form a flexible catheter thereon.
NUM  3.
PAR  3. The method of making a combined needle and catheter of the type in which
      the needle is used to lead the end of the catheter thereon into a body
      cavity and, after insertion, is withdrawn through said catheter leaving
      the end of the catheter in the body cavity, said method, with the aid of a
      die wiper having an orifice of larger diameter than the outside diameter
      of said needle, comprising the steps of, placing said needle in an upright
      position with its pointed end downward and located in the orifice of the
      die wiper, applying a measured quantity of an at least semi-viscous fluid
      plastic material on said die wiper on the side thereof opposite said
      pointed end, inverting the assembly of said needle, die wiper and fluid
      plastic so that the die wiper falls by gravity and wipes a coating of the
      fluid plastic along the shank of said needle, and then heating the
      assembly to solidify the fluid plastic on said needle and form a removable
      flexible catheter thereon.
NUM  4.
PAR  4. The method of claim 3 including the step of applying an inert radio
      opaque material to a predetermined portion of said needle prior to passage
      of said die wiper and plastic thereover.
NUM  5.
PAR  5. The method of claim 3 including the step of applying a bead of liquid
      plastic material to a predetermined portion of said catheter, after said
      heating step, and then heating said bead to solidify the liquid plastic
      material and form a safety stop member on said catheter.
NUM  6.
PAR  6. The method of claim 3 including the step of enclosing the top and a
      predetermined portion of said needle during said step of applying plastic
      to said die wiper and at least during the initial portion of wiping by
      said die wiper whereby said tip is left uncoated by plastic and said
      needle is coated from a predetermined point thereon.
NUM  7.
PAR  7. The method of claim 3 including the step of surrounding the shank of
      said needle with a catheter reinforcing member prior to wiping of the
      needle by said die wiper.
NUM  8.
PAR  8. The method fo making a combined needle and catheter of the type wherein
      a needle having a handle assembly is used to lead the end of a catheter
      thereon into a body cavity and, after insertion, is withdrawn through said
      catheter leaving the end of the catheter in the body cavity, said method
      comprising the steps of, inserting said needle through a preformed fitting
      member, frictionally engaging the interior of said catheter fitting member
      with said needle handle, inserting said needle through the central orifice
      of a die wiper having a reservoir portion opening towards said catheter
      fitting member, inserting the free end of said needle in a guide member,
      placing the assembly of needle, catheter hub, die wiper and guide member
      in an upright position at a first station with said guide member at the
      lower end of the assembly and the upper portion of the guide member
      surrounded by said die wiper, applying a measured quantity of an at least
      semi-viscous fluid plastisol of a plastic resin in the reservoir of said
      die wiper about said needle and the upper portion of said guide, rotating
      said assembly about its central vertical axis to fully distribute said
      plastisol in said reservoir and fully wet said needle, inverting said
      assembly so that said die wiper falls by gravity and wipes a substantially
      circumferentially uniform wall of the fluid plastisol along the entire
      shank of the needle above said catheter fitting member, then heating the
      assembly to solidify the fluid plastisol on said needle to form a
      removable flexible catheter thereon.
NUM  9.
PAR  9. The method of claim 8 including the step of surrounding the shank of
      said needle above said catheter hub member with a catheter reinforcing
      member, prior to inverting said assembly and wiping of the needle by said
      die wiper.
NUM  10.
PAR  10. The method of claim 8 including the step of forming a fillet at the
      juncture of the coating and the die wiper when said die wiper reaches said
      catheter hub assembly.
NUM  11.
PAR  11. The method of claim 8 including the step of rotating said assembly
      during said application of radio opaque material to said needle to form a
      helical stripe of said material on said needle.
NUM  12.
PAR  12. The method of claim 8 including the step of rotating said assembly
      during application of said bead to said catheter so that said bead
      comprises an annular ring on the catheter.
NUM  13.
PAR  13. The method of making a plastic tubular article with the aid of a
      mandrel having an outside diameter corresponding to the diameter of the
      lumen of the tubular article to be formed and a die wiper having at one
      end an orifice of a slightly larger diameter than the outside diameter of
      said mandrel and of said tubular article to be formed and further having
      an enlarged reservoir in open communication with said orifice, said method
      comprising the steps of, placing said die wiper concentric to and adjacent
      one end of said mandrel and with said orifice facing in the same direction
      as said one end of said mandrel, charging an at least semi-viscous liquid
      plastic material into the reservoir of said die wiper and onto said
      mandrel thereat, causing relative falling movement by means of gravity of
      said die wiper along said mandrel with the latter in a substantially
      vertical orientation so that a substantially circumferentially uniform
      coating of said plastic material is drawn from said die wiper through said
      orifice onto the exterior of said mandrel passing therethrough, then
      treating the assembly to cure said coating of liquid plastic material on
      said mandrel and form said tubular article thereon.
NUM  14.
PAR  14. The method as claimed in claim 1 wherein at least a portion of said
      catheter is formed with a taper by using a die wiper having an orifice
      formed with an elongated neck and starting the wiping along the mandrel
      without any liquid plastic material in the effective interior portion of
      said neck.
NUM  15.
PAR  15. The method according to claim 1 including the step of rotating said die
      wiper and mandrel during their relative longitudinal movement to promote
      even distribution and wetting by said plastic material and circumferential
      uniformity in the resulting coating.
NUM  16.
PAR  16. The method according to claim 6 including the step of applying a
      greater amount of plastic material near the toe of the point of said
      needle and a relatively lesser amount near the heel thereof and thereafter
      feathering the coated material at said point prior to curing.
NUM  17.
PAR  17. The method according to claim 8 further comprising incorporating a
      radio opaque material in at least a predetermined portion of said
      plastisol used to form said catheter.
NUM  18.
PAR  18. The method according to claim 17 further comprising applying a bead of
      liquid plastisol to a predetermined portion of the formed catheter and
      then heating said bead to solidify the liquid plastisol and form a safety
      stop member on said catheter.
NUM  19.
PAR  19. The method of making a combined needle and catheter of the type in
      which the needle is used to lead the end of the catheter thereon into a
      body cavity and, after insertion, is withdrawn through said catheter
      leaving the end of the catheter in the body cavity, wherein said needle
      includes a distal end and a proximal end, said method, with the aid of a
      die wiper having at one end an orifice of somewhat larger diameter than
      the outside diameter of said needle, comprising the steps of; positioning
      said die wiper over said needle adjacent said distal end thereof with said
      orifice oriented away from said proximal end, applying an at least
      semi-viscous liquid plastic material to said needle on the side of said
      positioned die wiper which faces said proximal end of said needle in a
      measured quantity sufficient to form a catheter thereon, moving said die
      wiper with respect to said needle from said distal end thereof toward said
      proximal end thereof with only one of said needle and said die wiper being
      structurally supported so that said die wiper freely wipes a coating of
      said plastic material onto said needle to form a catheter thereon, and
      curing said plastic material on said needle.
NUM  20.
PAR  20. The method according to claim 19 wherein the amount of the measured
      quantity of plastic is sufficient to form a catheter with slight excess.
NUM  21.
PAR  21. The method according to claim 20 wherein said die wiper comes to rest
      positioned adjacent the proximal end of the needle and upon curing of the
      catheter becomes, together with said excess, a part of a reinforced hub
      portion of the catheter.
NUM  22.
PAR  22. The method according to claim 19 wherein said catheter is formed by
      said die wiper freely wiping along said needle in the vertical
      orientation.
NUM  23.
PAR  23. The method according to claim 19 wherein said die wiper is positioned
      at the lower-distal end of said mandrel and after the plastic material has
      been charged, the mandrel is inverted, causing the die wiper to fall by
      gravity down along said inverted mandrel toward its proximal end.
NUM  24.
PAR  24. The method according to claim 19 including the step of rotating said
      needle relative to said die wiper after said plastic material applied to
      said needle has been engaged by said die wiper so as to more evenly
      distribute said plastic material about said needle.
NUM  25.
PAR  25. The method according to claim 19 wherein said die wiper has an
      elongated neck portion in the form of a hollow tube defining said orifice
      at one end thereof and having flaired out from the other end thereof and
      enlarged reservoir such that initially only a portion of the plastic
      material drawn from said reservoir of said die wiper by said mandrel
      actually coats the exterior of said mandrel and the remainder thereof in
      increasing amounts progressively fills said neck portion with such plastic
      material thereby giving a tapered coating of an increasing thickness of
      plastic material along the exterior length of said mandrel until said neck
      portion is filled.
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ABST
PAL  A process fluid is purified of strongly acidic impurities, preparatory to
      treatment over a catalyst or over a hydrogen sulphide absorbing material,
      by contact with one or more alkali metal aluminates, preferably a beta
      alumi aluminate. Such aluminates have a high capacity for absorbing
      hydrogen halides. The process fluid is especially a naphtha hydrocarbon to
      be reacted with steam to give a gas of high methane content.
BSUM
PAR  The present invention relates to a process of fluids purification and in
      particular for removing small quantities of acidic impurities from gases
      preliminary to treatment over a catalyst and/or over a hydrogen sulphide
      absorbing material.
PAR  The need has recently been recognised to treat fluids such as process
      feedstocks, product gases and waste gases with strongly basic substances,
      in order to remove acidic impurities and compounds readily convertible
      thereto such as hydrogen halides, oxides or oxyacids of nitrogen and
      sulphur and volatile halogen compounds. Although many such substances are
      of some value, the hydroxides and carbonates of alkali metals are
      preferred because they are more strongly basic. It is, however, not easy
      to make highly effective fixed beds of absorbent particles containing
      alkali metal compounds; the simple method of impregnating a catalyst
      support such as alumina with an alkali metal compound gives an absorbent
      of relatively low capacity, such that a bed of such an absorbent would
      have to be too large or would have to be replaced too often.
PAR  We have now found that alkali metal aluminates are highly effective as
      absorbents for acidic impurities, especially hydrogen halides, when it is
      required to avoid deactivation of a catalyst or of a hydrogen sulphide
      absorbing material.
PAR  According to the invention there is provided a process for treating a
      process fluid over a solid catalytic material and/or over a solid hydrogen
      sulphide absorbing material, characterised by contacting the fluid with
      one or more alkali metal aluminates disposed so as to diminish or prevent
      access of strongly acidic impurities in the fluid to the catalytic or
      absorbing material.
PAR  Among the alkali metal aluminates that can be used are sodium beta alumina
      Na.sub.2 O.11Al.sub.2 O.sub.3, potassium beta alumina K.sub.2 O.llAl.sub.2
      O.sub.3, aluminate containing 5 molecules of Al.sub.2 O.sub.3 per molecule
      of alkali metal oxide, and aluminates of general formula MAlO.sub.2 (M
      being an alkali metal). Aluminates of formula MAlO.sub.2 are preferred,
      especially when in beta form, the form stable at temperatures below about
      500.degree. C. Preferably the alkali metal is present to the extent of 0.9
      to 1.5 times the aluminium, by metal atoms, in the active portion of the
      absorbent. A description of the alumina compounds of sodium is to be found
      in the article by Thery and Briancon in Revue des Hautes Temperatures et
      des Refractaires, 1964, , 221-227.
PAR  The aluminate is conveniently used in particulate form. By "particulate" it
      is meant that it is in discrete pieces large enough to be used in a
      settlable bed such as a fluidised, liftable or fixed contact bed. The
      particles are thus typically in the size range 10 microns to 5
      centimetres, most conveniently 1 to 20 millimetres. They can be of regular
      or irregular shape. Very suitably they are approximately spherical (such
      as may be made by spray-drying, wet-granulation, dropping into oil,
      prilling or tumbling) or cylindrical or ring-shaped (such as may be made
      by extrusion or compression) or in the form of multi-tubular matrices or
      fragments thereof.
PAR  Preferred specific surfaces and pore volumes for the aluminate absorbent,
      especially when alumina-supported, are given below in relation to the
      methods of making it. These are believed to define new compositions of
      matter.
PAR  The discrete pieces can consist of aluminate of one or more of the types
      mentioned or of other types or aluminate may be present in conjunction
      with other materials such as catalyst support materials such as alumina,
      silica, magnesia, titania, zirconia, hafnia, thoria or chormia and
      compounds of such materials with one another or with other refractory
      oxides such as alkaline earth oxides (for example hydraulic cements such
      as calcium aluminates) or rare earth oxides. Such materials can be mixed
      with the alkali metal aluminate or can be present as pre-formed shapes
      carrying the aluminate in pores or as a surface layer. When such materials
      are more basic than zinc oxide, for example are alkaline compounds of
      alkaline earth metals or rare earth metals, they contribute to the
      acid-absorbing capacity.
PAR  The contacting is carried out suitably at a temperature of up to
      500.degree. C. It can be carried out at room temperature, with due
      precautions if liquid water or other polar liquids are likely to be
      present, but is more useful at temperatures of 200.degree.-450.degree. C,
      such as are found in hydrocarbon or steam/hydrocarbon feeds to catalytic
      steam reforming processes and thermal cracking processes, and in gas
      streams entering catalytic processes of carbon monoxide shift,
      methanation, ammonia synthesis and reactions between carbon oxides and
      hydrogen such as Fishcer-Tropsch synthesis and methanol synthesis. The
      invention is applied preferably to substantially steam-free, water-free
      fluids.
PAR  The contacting can be at any convenient pressure; normally the pressure
      range is 1 -500 ata.
PAR  The space velocity of the contacting when applied to gases is conveniently
      in the range 10.sup. 2 to 10.sup.5 hour.sup.-.sup.1. Since the reaction of
      strongly acidic impurities with alkali metal aluminates is very rapid and
      can be very complete, the choice of space velocity (that is, the inverse
      of the quantity of catalyst) can be made freely within this range
      according to the period to be allowed between replacements of the
      absorbent.
PAR  Among the catalytic processes that can with advantage be operated according
      to the invention are the reaction of a hydrocarbon of greater molecular
      weight than methane, especially a liquefied petroleum gas or a naphtha
      boling at up to 350.degree.C, especially up to 220.degree. C, with steam
      to give hydrogen and carbon dioxide (high space velocity, low conversion)
      at temperatures in the range 200.degree.-650.degree. C, especially
      350.degree.-550.degree. C, or to give methane (at lower space velocity and
      high conversion) at the same temperatures. Other catalytic processes, less
      important as applications of the invention, include high temperature
      steam/hydrocarbon reactions without or with partial combustion; low
      temperature carbon monoxide shift over a copper-containing catalyst,
      especially one containing also the oxide of zinc or manganese or chromium
      or more than one such oxide; the reaction of carbon oxides with hydrogen
      to give methane, either in a hydrogen-rich stream to remove such oxides or
      in a methane-containing stream to be converted to a natural gas
      substitute. The absorption step is also very usefully applied to various
      gas streams subject to halogen impurities, for example hydrogen-containing
      streams purged from rom processes such as cataytic synthesis,
      dehydrogenation, acetylene manufacture and petroleum refinery operations
      such as platforming, or natural gas or nitrogen streams used as diluents
      for other gases. Such gas streams derived from platforming are especially
      liable to contain halogen impurities as a result of desorption of halogen
      compounds from platforming catalysts. Among processes using such gas
      streams are catalyst start-up reductions and organic hydrogenations of
      various types.
PAR  In the above-mentioned steam/hydrocarbon reaction to give methane the
      pressure is suitably in the range 10-100 ata. The active metal of the
      catalyst is usually one or more metals from Group VIII of the Periodic
      Table (as given in "Abridgements of Specifications" as published by the UK
      Patent Office) and is preferably nickel or ruthenium. The support of the
      catalyst is preferably alumina. The catalyst is preferably one that has
      been made by co-precipitation of compounds of nickel and alumina. The
      proportion of nickel in the catalyst, calculated as nickel oxide NiO on
      the oxide composition from which the catalyst is made by reduction, is
      suitably in the range 25- 90, especially 40- 75%, by weight. The catalyst
      may contain a small proportion of a compound of an alkali metal or an
      alkaline earth metal or both for example 0.05 to 3.5% by weight of an
      alkali metal compound calculated as equivalent K.sub.2 O or 0.1 to 10% of
      an alkaline earth metal compound calculated as equivalent MgO. The
      steam/hydrocarbon reaction may be effected in the gaseous or the liquid
      phase and may, if desired, be in the presence of methane, carbon oxides
      and hydrogen suitably derived from a separate steam/hydrocarbon reaction
      or possibly provided by recycle of product gas.
PAR  Such steam/hydrocarbon reactions may be conducted so as to produce a gas
      containing sufficient methane to be usable (after carbon dioxide removal)
      as a natural gas substitute, or may be followed by one or more methanation
      stages. Suitable over-all processes are described in our co-pending UK
      application Nos. 3684/72 and 3685/72.
PAR  In the process of the invention the aluminate preferably is disposed just
      upstream of the catalyst or absorbing material that is to be protected. It
      may be in a separate bed or may be on the bed of catalyst or may be mixed
      with the catalyst. In order to protect a low temperature shift catalyst in
      a system in which it is preceded directly, apart from a cooling step, by a
      high temperature shift catalyst, the aluminate may be just upstream of the
      high temperature shift catalyst or mixed therewith.
PAR  The process of the invention may be carried out following a hydrogenation
      step in which halogeno hydrocarbons are converted to hydrogen halides and
      hydrocarbons. Such a step may be effected at the same time as other
      hydrogenative purifications such as removal of sulphur, nitrogen or oxygen
      from hydrocarbon derivatives. In an important form of the invention a
      hydrocarbon feedstock such as a natural gas or liquefied petroleum gas or
      vaporisable hydrocarbon boiling at up to 350.degree. C is passed with
      hydrogen over a hydrodesulphurisation catalyst such as a platinum group
      metal or a combination of an oxide and/or sulphide of one or more of iron,
      cobalt or nickel with one or more oxides and/or sulphides of chromium,
      molybdenum and tungsten, then over (in either order or mixed together) an
      alkali metal aluminate and a hydrogen sulphide absorbing material such as
      iron oxide, manganese oxide or zinc oxide. This is a development of the
      "desulphurisation sandwich" system, a form of which, using a pre-bed of
      hydrogen sulphide absorbing material, is described in our UK specification
      No. 902148. By the use of the aluminate it is possible to avoid any
      shortening of the life of the hydrogen sulphide absorbing material that
      might result from the action of hydrogen halide. Such a system can have a
      preliminary treatment, for example with sulphuric acid, followed by
      water-washing and neutralisation, and/or with hydrogen and an absorbing
      material, to remove the bulk of the sulphur and halogen. If the
      hydrodesulphurisation activity of the hydrodesulphurisation catalyst is
      impared by hydrogen halide, a further bed of such catalyst may be used
      downstream of the aluminate.
PAR  The absorbent according to the invention can also be used following
      steam-desulphurisation of a hydrocarbon over a catalyst such as uranium
      oxide.
PAR  In a process sequence using several cataytic stages acidic gas absorption
      stages according to the invention can be used in conjunction with more
      than one such stage.
PAR  The invention provides methods of making the alkali aluminates. In one such
      method an alkali metal compound capable of reacting with alumina, such as
      an oxide, peroxide, hydroxide, carbonate, nitrate, nitrite or salt of
      carboxylic acid is heated with solid alumina until the required aluminate
      is produced. Conveniently the alumina is formed into the required shapes
      before applying the alkali compound to it, but shaping can be after the
      reaction if desired. In a second method a solution of an alkali metal
      aluminate or a melt thereof or a mixture of aluminate-forming compounds,
      is applied to a support material; conveniently the support material is
      alumina but it can be a different support material such as silica,
      magnesia, titania, zirconia, hafnia, thoria or chromia or compounds of
      such materials with one another or with alumina or with other refractory
      oxides such as alkaline earth oxides or ceria or rare earth oxides. Again
      the support material can be shaped before or after the application of the
      aluminate or aluminate-forming compounds.
PAR  When alumina is to be converted to alkali metal aluminate it is preferably
      initially in a form having a specific surface greater than 100 m.sup.2 /g,
      for example 200-250 m.sup.2 /g. Conversion to aluminate produces material
      having a specific surface of preferably 5-90, especially 10-40 m.sup.2 /g.
      This starting alumina preferably has a high pore volume, for example over
      0.3 and especially over 0.5 cc/g. The aluminate formed from such an
      alumina has a pore volume also over 0.3, for example in the range 0.3 to
      0.6 cc/g, and these ranges are preferred for the process of the invention.
PAR  In order to ensure formation of the preferred beta aluminate the
      temperature of any thermal treatments in preparing the absorbent should be
      kept below about 500.degree. C. The time of such treatments should be long
      enough to effect sufficient conversion and may be for example in the range
      20-100 hours.
PAR  The aluminate absorbent can, if desired, be made by other methods, for
      example thermal decomposition of alkali metal alumino-carbonates.
DETD
PAC  EXAMPLE 1
PAL  Preparation of absorbent
PAR  a. A 100g sample of poorly crystalline gamma alumina in approximately
      spherical granules of diameter 4-5 mm, surface area 277 m.sup.2 /g and
      pore volume 0.61 cc/g, was soaked for 20 minutes in a solution of sodium
      hydroxide (100 g NaOH made up to 300 ml with water). The soaked granules
      were allowed to drain for 30 minutes and then dried and calcined for 64
      hours at 450.degree. C. They contained 47% by weight of gamma alumina, 53%
      of beta sodium aluminate but no gamma sodium aluminate or beta alumina.
PAR  b. By way of comparison a sample (2 kg) of crystalline gamma alumina in
      cylindrical pellets of height and diameter 5.4 mm, surface area 77 m.sup.2
      /g and pore volume 0.29 cc/g, were soaked in a sodium hydroxide solution
      (1.25 kg NaOH made up to 3.8 litres with water), drained for 20 minutes
      and dried. A portion was calcined at 600.degree.C for 16 hours. This
      product contained 79% by weight of gamma alumina, 21% of gamma sodium
      aluminate, but no beta sodium aluminate or beta alumina.
PAR  c. By way of a further comparison a portion of dried drained pellets from
      (a) were calcined at 1000.degree. C for 3 hours. The resulting product
      contained 89% by weight of sodium beta alumina NaAl.sub.11 O.sub.17 and
      11% of gamma sodium aluminate but no gamma alumina or beta sodium
      aluminate. (The proportions of the various phases were determined by X-ray
      diffraction using Cu K.alpha. radiation)
PAL  Tests of absorption capacity
PAR  Each absorbent was tested by passing over it a mixture of vaporised
      desulphurised naphtha (boiling range 30.degree.-170.degree. C) (2.5% by
      volume) and nitrogen (97.5% by volume) containing 100 ppm .sup.w /w of
      chlorine added as HCl, at 350.degree. C, 1 ata pressure and total volume
      space velocity 2500 hour.sup.-.sup.1. The outlet mixture was analysed for
      chlorine; when the chlorine content, which was initially zero, rose to 1
      ppm .sup.w /w the run was stopped and the absorbent analysed for chlorine.
      The table shows the absorption capacity expressed as a weight percentage
      of chlorine in the absorbent.
TBL                TABLE                                                       
     ______________________________________                                    
                     Absorbent                                                 
     Initial properties                                                        
                       (a)      (b)      (c)                                   
     ______________________________________                                    
     % Composition:                                                            
     gamma alumina     47       79       0                                     
     NaAl.sub.11 O.sub.17                                                      
                       0        0        89                                    
     gamma sodium                                                              
     aluminate         0        21       11                                    
     beta sodium                                                               
     aluminate         53       0        0                                     
     Surface area m.sup.2 /g                                                   
                       23       47       17                                    
     Pore volume cc/g  0.42     0.27     0.24                                  
     Absorption capacity % Cl w/w                                              
                       11.3     1.2      0.5                                   
     ______________________________________                                    
PAR  It appears that sodium beta alumina NaAl.sub.11 O.sub.17 is not a very good
      absorbent for chlorine, gamma sodium aluminate is significantly better,
      but that beta sodium aluminate is much more effective. The high absorbency
      of sample (a) is evidently not due to high surface area but may be
      correlated with pore volume.
PAC  EXAMPLE 2
PAL  Purification of naphtha
PAR  An upward-flow laboratory reactor was charged with 800 ml of extruded
      cylinders 0.125 inch in diameter and 0.25 to 0.5 inch in length of a
      hydrodesulphurisation catalyst consisting of sulphided nickel oxide and
      molybdenum oxide on alumina and then, over and in contact with that
      catalyst, 100 ml (i.e. 86 g) of sodium beta aluminate/alumina granules
      from a works-scale repeat of the preparation described in Example 1(a).
      The reactor was fed with a mixture at 300.degree. C of hydrogen (84 litres
      per hour), vaporised desulphurised halide-free naphtha (980 ml per hour
      before vaporisation) and doped naphtha (20 ml per hour before vaporisation
      and containing 0.55% by volume of 1-chloro2-methyl propane and 1.16% by
      volume of thiophenol). These quantities correspond to 53 ppm of chlorine
      and 100 ppm of sulphur, both by weight. The boiling range of the naphtha
      was 30.degree.-170.degree.C. The reactor was heated electrically to
      maintain an internal temperature rising to 400.degree.C at the outlet. The
      effluent from the reactor was cooled and the resulting liquid phase and
      gaseous phase were analysed at intervals for sulphur and chloride. Passage
      of the mixture was continued until chloride could be detected in the
      gaseous phase. In this test, which is an accelerated test, detection of
      chloride was possible after about  160 hours' operation.
PAR  The concentrations of chloride measured in the product gas and naphtha are
      shown in Table 2. Since only a small proportion of chloride appears in the
      products it is evident that substantially all of it has been absorbed by
      the sodium beta aluminate.
TBL                TABLE 2                                                     
     ______________________________________                                    
     chloride fed                                                              
              chloride in product                                              
                            chloride in product naphtha                        
     g        gas, ppm v/v  ppm w/w    % of feed                               
     ______________________________________                                    
     0.45     0.0            0.64      1.2                                     
     1.12     0.0           1.4        2.7                                     
     3.25     0.0           1.4        2.7                                     
     4.45     0.0           1.5        2.8                                     
     5.05     0.9           1.5        2.8                                     
     5.95     1.8           1.4        2.7                                     
     6.75     6.0           Not measured                                       
     ______________________________________                                    
PAR  The absorption capacity of the sodium beta aluminate is about 5.8% by
      weight. This is less than was recorded under the conditions used in
      Example 1 but is fully adequate for industrial purification of liquid
      hydrocarbon feedstocks.
PAR  The concentration of sulphur in the product gas was initially low but rose
      to 90- 100% of the rate of feed by the time about 3% .sup.w /w of chloride
      had been taken up by the sodium beta aluminate. The sulphur content of the
      product naphtha stayed constant at 0.6 to 0.8 ppm .sup.w /w, showing that
      the hydrodesulphurisation activity of the nickel molybdenum catalyst used
      had not been impaired by chloride.
PAR  In industrial practice the sulphur in the product gas, which is in the form
      of hydrogen sulphide would be absorbed in a bed of, for example, iron
      oxide, manganese oxide or zinc oxide. The naphtha would not be condensed
      but would also be passed over the hydrogen sulphide absorbing bed and
      thence could be mixed with steam and, with further heating if necessary
      passed over a supported nickel catalyst at an outlet temperature of
      350.degree.-550.degree. C and a pressure of 10-25 ata to produce a gas
      containing for example 60% .sup.v /v of methane after allowing for
      unreacted steam. As an alternative the naphtha could be fed to the product
      gas of such a naphtha steam reaction and the mixture passed over a
      supported nickel catalyst to give a gas of still higher methane content.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for treating a gaseous process fluid over a solid catalytic
      material, solid hydrogen sulphide absorbing material, or both, the
      improvement which comprises contacting said gaseous process fluid at a
      temperature up to 500.degree.C with discrete pieces of one or more alkali
      metal aluminates in the beta form, prior or simultaneous to treatment with
      said catalytic or absorbing material whereby the access of strongly acidic
      impurities in the fluid to said catalytic or absorbing material is
      diminished or prevented.
NUM  2.
PAR  2. A process according to claim 1 in which an aluminate of formula
      MAlO.sub.a, where M is an alkali metal, is used.
NUM  3.
PAR  3. A process according to claim 1 in which the aluminate is supported on
      alumina.
NUM  4.
PAR  4. A process according to claim 3 in which the specific surface of the
      alumina-supported aluminate is in the range 5-90 m.sup.2 /g.
NUM  5.
PAR  5. A process according to claim 3 in which the pore volume of the
      alumina-supported aluminate is over 0.3 cc/g.
NUM  6.
PAR  6. A process according to claim 1 in which the temperature is in the range
      200.degree.-450.degree. C.
NUM  7.
PAR  7. A process according to claim 1 when carried out following a
      hydrogenation step in which halogeno hydrocarbons are converted to
      hydrogen halides and hydrocarbons.
NUM  8.
PAR  8. A process according to claim 7 in which the vapour of a hydrocarbon
      feedstock boiling at up to 350.degree. C is passed with hydrogen over a
      hydrodesulphurisation catalyst, then over an alkali metal aluminate and a
      hydrogen sulphide absorbing material.
NUM  9.
PAR  9. A process according to claim 1 when succeeded by the reaction of a
      hydrocarbon of greater molecular weight than methane with steam over a
      highly active supported nickel catalyst at a temperature in the range
      200.degree.-650.degree. C.
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ABST
PAL  Solid polyolefins of alpha monoolefins having 2 to 8 carbon atoms in the
      molecule such as, but not limited to, polyethylene and polypropylene
      containing a stearate radical such as calcium, zinc or magnesium stearate
      or stearic acid have added thereto an antifoaming amount of a barium
      compound which forms a water insoluble soap with the stearate radical in
      an alkaline solution.
PARN
     This is a division of application Ser. No. 278,143, filed 8/4/72.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to solid polyolefin compositions containing a
      foaming agent which ordinarily forms foam in alkaline solution. More
      particularly, the invention is concerned with solid polypropylene
      containing a foaming agent and an antifoaming amount of a barium compound
      which reacts with or forms water insoluble soaps with the foaming agent.
      In its more specific aspects, the invention is directed to solid
      polyolefins containing a stearate radical and a barium compound which
      forms a water insoluble soap with the stearate radical.
PAR  2. Description of the Prior Art
PAR  It has been known heretofore to add fatty acids and fatty acid compounds to
      solid polymers of alpha monoolefins such as polyethylene and
      polypropylene. It has been known to add stearates and stearic acid to such
      polymers. Furthermore, it has been known to add barium compounds such as
      barium sulphate, barium oxide, and the like to plastics containing fatty
      acids. These filled polyolefins, however, were used as radiation shields
      and insulating materials.
PAR  It has not been known heretofore that stearates and/or stearic acid added
      to polymers of alpha monoolefins having 2 to 8 carbon atoms in the
      molecule when used as contacting means or packing rings and the like in
      alkaline solutions tend to form foam in the alkaline solution by the
      leaching out of the stearate radical or stearic acid by the alkaline
      solution with resultant foaming on using the alkaline solution to remove
      acid gases. In the present invention this problem is solved by including a
      barium compound in with the polyolefin in an amount sufficient to form a
      water insoluble soap with the leached stearate radical and thereby
      suppress the foaming. For example, the polypropylene packings rings for
      the aqueous alkaline solution such as hot potassium carbonate solution
      extraction and recovery of CO.sub.2 and H.sub.2 S extraction towers have
      given rise to an extreme foaming problem. The problem has been traced to
      the formation of surface active agents (primarily potassium stearate) in
      the carbonate solution. The stearate radical comes from the stearates (Na,
      K, Ca, Zn, Mg.) added to the polyolefin to serve as mold release and/or
      neutralizing agents. Glyceryl monostearate may sometimes be added to the
      resin. Stearic acid in resins such as polyolefins results from
      neutralization of acid residues in the resin or polyolefin. These soaps
      stabilize the foams generated as the CO.sub.2 and H.sub.2 S is regenerated
      from the alkaline solution by heating and the towers spill liquid over
      into the gas recovery system. Many salts capable of imparting hardness to
      water will suppress foaming. These include water soluble compounds of
      calcium, magnesium and barium. However, a basic form of these elements
      would not only serve to impart hardness to the carbonate solution but
      would also serve to reduce the availability of the stearate ion if present
      in the polymer itself. of these possibilities only barium hydroxide and
      barium oxide have the basic properties and water solubility
      characteristics to serve in this capacity. Thus, they are the preferred
      material to incorporate into polypropylene and the like used for the
      molding of packing rings and other articles of manufacture where foaming
      occurs due to carbonate solution.
PAR  Our invention is directed to the encapsulation of 0.01 to 1.0% of barium
      oxide or hydroxide or other barium components, which form water insoluble
      soaps, into the injection molding resin used to manufacture packing rings
      or other forms of plastic materials which are to function in basic
      lithium, sodium or potassium solutions or other alkaline solutions such as
      amines as illustrated by diethanol amine where foaming is a problem. Such
      encapsulated barium compounds may be introduced through a concentrated
      masterbatch dry blend technique or may be introduced as the pure
      pulverized or powdered or finely divided form of the basic compound
      directly into the resin.
PAR  The following prior art was considered in connection with this invention:
TBL                U.S. Patents                                                
     ______________________________________                                    
     3,133,894                                                                 
     3,296,163                                                                 
     3,404,104                                                                 
     Foreign Patents                                                           
     ______________________________________                                    
     German           1,944,873                                                
     German           2,032,313                                                
     French           1,438,783                                                
     German Appl.     2,105,859                                                
     Canadian         599,694                                                  
     Canadian         666,668                                                  
     ______________________________________                                    
PAC   Literature Articles
PAR  The Oil and Gas Journal -- Aug. 7, 1971, pp. 74-75 Hydrocarbon Processing,
      January 1972, pp. 115-118
PAR  None of the art, however, teaches the solution of a foaming problem by
      using barium compounds, which form antifoamants with the stearate radical,
      in solid polyolefin contacting means in alkaline solution removal of acid
      gases from hydrocarbon fluids and other gases.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention may be briefly described and summarized as involving
      the encapsulation or admixing of a barium compound into injection molding
      resin such as a polymer of alpha monoolefin having 2 to 8 carbon atoms in
      the molecule, such as but not limited to polyethylene and polypropylene,
      which contains a stearate radical such as sodium, potassium, magnesium,
      calcium, or zinc stearate, stearic acid, or glyceryl monostearate, and the
      like. In the present invention, the polymer containing a barium compound
      which forms with the stearate radical a water insoluble soap suppresses
      foam when the resin is used in contact with aqueous alkaline solutions
      such as but not limited to solutions of compounds of the alkali metals
      such as lithium, sodium, or potassium, although amine or other alkaline
      solutions may be used such as diethanol amine. Potassium carbonate
      solution is useful for removal of acidic gases such as CO.sub.2 and
      H.sub.2 S under conditions well known in the art. The barium compound,
      preferably barium oxide or hydroxide, is used in amounts sufficient to
      react with the stearate radical and an amount of about 0.01% to about 1.0%
      may be encapsulated in the resin in the form of powder or in a finely
      divided form and then molded into contacting means such as packing rings,
      Berl saddles, gaskets, and the like, or into other articles with which the
      alkaline solution comes into contact.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be further illustrated by reference to the
      drawing in which:
PAR  FIG. 1 represents a packing ring in accordance with the present invention;
PAR  FIG. 2 is a showing of another contacting means; and
PAR  FIG. 3 illustrates the use of the packing ring in removing acid gas without
      foaming.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS WITH REFERENCE TO THE DRAWING
PAR  Referring now to the drawing and particularly to FIG. 1, numeral 11
      designates a packing ring which contains a farry acid radical such as a
      stearate radical such as zinc, calcium or magnesium stearate or stearic
      acid which is used or results from use as a mold release agent in forming
      the ring 11 from a solid polymer of an alpha monoolefin having 2 to 8
      carbon atoms in the  molecule, such as polyethylene or polypropylene.
      Suitably, the ring 11 is formed of solid polypropylene manufactured by the
      well-known Ziegler process. The packing ring 11 suitably contains a barium
      compound such as barium oxide, barium hydroxide, and the like, in an
      amount between about 0.01% and 1.0% by weight of the polypropylene
      sufficient to react with the stearate radical to form a water insoluble
      soap when both are leached from the ring 11 by the aqueous solution.
PAR  Other packing means or contacting means may be employed such as saddles 12
      (FIG. 2) or other forms also constructed of a polyolefin of the type
      described and which also contains a stearate radical and a barium compound
      as described.
PAR  The packing rings or means may be suitably used as a contacting means for
      removing acid gases from hydrocarbons. Particularly H.sub.2 S and/or
      CO.sub.2 and the like may be removed by contact with an alkaline solution
      as is well known in the art and under prior art conditions, which are
      incorporated by reference.
PAR  In reference to FIG. 3, a hydrocarbon feed gas containing H.sub.2 S and/or
      CO.sub.2 is introduced by line 14 into absorption zone 15 which is packed
      with contacting means such as 11 or 12 in a bed 16 where the ascending
      sour gas meets descending aqueous alkaline solution such as is well known;
      suitably the solution may be potassium carbonate introduced by spider 17
      from line 18 containing a cooler 19.
PAR  The descending solution contacts the ascending gas or vapor and absorbs the
      sour gas which ordinarily is H.sub.2 S or CO.sub.2 or both of them with
      the rich solution discharging by line 20 containing a heater 21 into the
      top of a desorption zone comprised of tower 22 through spider 23 where it
      flows downwardly over bed 24 of packing means 11 or 12.
PAR  Heat is supplied to zone 22 by circulating stripped solution withdrawn by
      line 25 through a heating means such as reboiler 27a by lines 27 and 28
      with provision being made for withdrawing a portion of the solution by
      opening valve 28a periodically. Likewise, fresh or make-up solution may be
      introduced by opening valve 29 in line 18. Branch line 30 containing pump
      31 connecting to line 18 allows the lean or stripped solution to be pumped
      back to zone 15.
PAR  Acid gas is withdrawn by line 32 for disposal such as, when it is H.sub.2
      S, by conversion to free S and, when CO.sub.2, for reaction to form a
      carbonate or to form dry ice.
PAR  The purified gas recovered by line 33 from zone 15 may be used as a fuel
      when it is hydrocarbon or for chemical manufacture such as cracking to
      more valuable products.
PAR  In an operation such as described under the conditions employed for such
      processes, the aqueous alkaline solution leaches out at least a portion of
      the stearate or stearic acid employed as mold release agents used in
      forming the packing means and the barium compound. By including a
      sufficient amount of certain barium compounds, preferably barium oxie or
      hydroxide in the packing means, which ordinarily is constructed of solid
      polypropylene, the stearate ion is converted to water insoluble barium
      stearate which will precipitate out of the solution and may be filtered
      out of that portion of the solution, which is discharged from time to
      time, to prevent buildup in the system.
PAR  This prevents foaming difficulties which may be encountered usually in zone
      22 but also may be encountered in zone 15. Foaming of the alkaline
      solution causes overflow of liquid and foam which makes the process
      inoperable. The present invention eliminates this problem and therefore is
      quite useful and advantageous.
PAR  The nature and objects of the present invention having been completely
      described and illustrated and the best mode contemplated set forth, what
      we wish to claim as new and useful and secure by Letters Patent is:
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process of separating weakly acidic gases selected from the group
      consisting of hydrogen sulfide, carbon dioxide and mixtures thereof from
      gaseous mixtures by contact with an aqueous potassium carbonate solution,
      the improvement comprising contacting said gaseous mixture with said
      carbonate solution in the presence of a contacting article comprising a
      solid polyolefin resin polymer of an alpha monoolefin having 2 to 8 carbon
      atoms in the molecule, having admixed therein a stearate radical
      unassociated with barium cation and an (antifoaming) amount of a (finely
      divided) water soluble barium compound (which forms) capable of forming
      sufficient water insoluble barium stearate soaps with said stearate
      radical after being (leaching) leached from said article by said alkaline
      solution and thus preventing (to prevent) foaming in said alkaline
      solution which would otherwise be caused by said stearate radicals
      unassociated with said barium cation.
NUM  2.
PAR  2. A method in accordance with claim 1 in which the polymer is
      polypropylene, the stearate radical is zinc stearate, and the barium
      compound is barium hydroxide.
NUM  3.
PAR  3. A method in accordance with claim 1 in which the gaseous mixture
      contains H.sub.2 S.
NUM  4.
PAR  4. A method in accordance with claim 1 in which the gaseous mixture
      contains CO.sub.2.
NUM  5.
PAR  5. A method in accordance with claim 1 in which the gaseous mixture
      contains H.sub.2 S and CO.sub.2.
NUM  6.
PAR  6. A method in accordance with claim 1 in which:
PA1  a. the gaseous mixture is a hydrocarbon gas containing hydrogen sulfide
      and/or carbon dioxide;
PA1  b. the solid polymer is polypropylene;
PA1  c. the stearate radical is zinc stearate; and
PA1  d. the barium compound is barium hydroxide in an amount from about 0.01 to
      about 1.0% by weight of the polymer.
NUM  7.
PAR  7. A method in accordance with claim 1 wherein said barium compound is
      barium hydroxide.
NUM  8.
PAR  8. A method according to claim 1 wherein said barium compound is barium
      oxide.
NUM  9.
PAR  9. A process according to claim 1 wherein said barium compound is in finely
      divided form.
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ABST
PAL  Sulfur dioxide and ammonia remaining in waste-gas after partial
      purification thereof, for example by means of ammonia or ammonium sulfite
      solutions, are withdrawn from said gas by washing with a diluted aqueous
      solution of ammonium sulfate; the resulting ammonium sulfite containing
      solution is oxidized thereafter either by means of air or in an
      electrochemical cell.
BSUM
PAR  This invention concerns efficiently removing residual sulfur dioxide and
      ammonia from, for example, waste-gas previously purified by means of
      aqueous ammonia-containing solutions, so as to be made free of the major
      part of the sulfur oxides contained therein.
PAR  It is known that many industrial waste-gases, for example the waste-gases
      from power plants and some effluent gases from chemical plants, contain
      sulfur dioxide and in some cases sulfur trioxide which are major
      pollutants for the atmosphere. Their treatment with aqueous solutions of
      ammonia or ammonium sulfites results in an efficient purification thereof
      and in the production of aqueous solutions of ammonium salts of oxygen and
      sulfur containing acids, which solutions may be easily converted to
      sulfur, a product which may be stored easily, is not polluting and may be
      used in industry.
PAR  There still remain, however, in the resultant scrubbed gases, small amounts
      of sulfur dioxide and ammonia which may result in a wreath of smoke at the
      stack outlet. Sufficient reheating of the evolved gas could reduce or
      suppress this wreath of smoke, but this would be a costly operation.
PAR  We have now found that when the gases previously purified by any of the
      above means were thereafter washed with a dilute aqueous solution of
      ammonium sulfate, they could be made substantially free of any residual
      sulfur dioxide and ammonia, thereby avoiding the formation of smoke
      attributable to the ammonium salts.
PAR  The respective amounts of sulfur dioxide and ammonia in the gas evolved
      from the purification stage and which must be treated are usually less
      than 300 ppm and, in most cases, in the range of from 50 to 250 ppm by
      volume.
PAR  The process of the invention consists of contacting a gas containing small
      amounts of sulfur dioxide and ammonia with a diluted aqueous solution of
      ammonium sulfate, so as to obtain a solution containing ammonium sulfites
      whose major part will be oxidized, in order to transform the relatively
      volatile sulfites to sulfates which are stable compounds.
PAR  The contact between the gas and the ammonium sulfate solution may be
      carried out in an apparatus separate from that used for the preliminary
      purification of the gas with aqueous ammonia-containing solutions.
      Alternatively a multistage column may be used, the washing step according
      to the invention being carried out in the upper section with liquid
      discharge from the bottom of this upper section.
PAR  The temperature at the outlet from the purification stage is about from
      40.degree.to 70.degree.C, usually 50.degree.C, i.e. close to the dew point
      of the waste-gas.
PAR  This temperature is convenient for the purpose of the invention and does
      not need modification. However, a slight cooling in this zone, which
      favors the coalescence of entrained liquid droplets, improves the washing
      performance.
PAR  Relatively large amounts of washing solution may be used at such rates that
      the ammonium sulfite concentration is very low, i.e. has a value of about
      0.02 to 0.5 mole per liter, preferably 0.05 mole per liter at the outlet
      of the washing zone.
PAR  During the contact of the aqueous solution with the gas, sulfur dioxide and
      ammonia dissolve and produce in the resulting solution a mixture of
      ammonium neutral sulfite and ammonium hydrogen sulfite in variable
      proportions, depending on the composition of the treated gas. In the
      described conditions, this solution is very dilute, and the oxidation of
      the sulfites to ammonium sulfate may be obtained without any difficulty,
      said sulfate being not liable to decompose when the solution is
      recirculated.
PAR  Now, in order to carry out this oxidation under good conditions, it is
      advantageous to sufficiently enrich the solution with ammonium neutral
      sulfite. If the gas treated does not contain sufficient ammonia,
      additional ammonia may be supplied, for example, either as gas or as
      aqueous solution, in order to make the medium subject to oxidation
      slightly basic.
PAR  The conventional oxidation methods, for example the techniques according to
      which air or a gaseous oxygen-containing mixture is bubbled, the
      electrochemical techniques or the catalytic methods may be used.
PAR  There is thus obtained a solution containing substantially only ammonium
      sulfate, which is recycled to the zone of contact with the purified gas up
      to obtaining a sulfate content between 0.5 and 3 moles per liter,
      preferably about 1 mole per liter. This concentration is controlled by
      periodically or continuously withdrawing a small amount of solution from
      the circuit, this amount being, for example, about one-twentieth of the
      circulating volume, and replacing it, if desired, with water.
PAR  This withdrawn purge solution may be without inconvenience fed to the zone
      of gas purification since it contains only sulfate and a small amount of
      ammonium sulfite.
PAR  The reactor in which the oxidation is carried out may be provided, for
      example, with one or more perforated plates or with a packing, so as to
      improve, when bubbling is desired, the contact between the gas flow and
      the circulated solution.
PAR  Oxidation catalysts are helpful, for example cobalt, iron, nickel,
      manganese or vanadium salts.
PAR  Ashes produced by burning a heavy fuel, for example fuel-oil, contain some
      of these metals and may be used by dispersing them through the circulated
      solution.
PAR  Another method consists of electrochemically oxidizing the sulfites to
      sulfate in an electrolytic cell which may be provided with a
      cation-permeable membrane between the anodic and cathodic compartments.
PAR  The cell is fed with the ammonium sulfite solution; it is provided, on the
      anode side, with corrosion-free metal electrodes, for example of lead,
      silver, platinum or alloys containing at least one of these metals; on the
      cathode side, the electrodes may be made of these metals or of less noble
      metals, such as nickel, copper, iron or steel.
PAR  The cation-permeable membrane may consist of a cation-exchange material or
      an organic material such as, for example, cross-linked polystyrene
      sulfonate, linked to a film-forming base material.
PAR  A partial oxidation of the sulfites to sulfate occurs in the anodic
      compartment of the cell, said oxidation being enhanced, if necessary, for
      example, by bubbling air through the solution. if a membrane is used, the
      solution contained in the cathode compartment is converted to a solution
      of neutral ammonium sulfite by means of the NH.sub.4 .sup.+ ions which
      have passed through the membrane. This solution may then be easily
      oxidized to ammonium sulfate; this oxidation may be carried out by passing
      the neutral sulfite solution through an additional reactor in which, for
      example, air is bubbled.
PAR  Conditions for rapid oxidation of the sulfites may be achieved by
      modifying, if necessary, the pH of the solution by adding thereto a
      make-up quantity of the solution issued from the anode compartment, so
      that the pH value is maintained below, for example, about 9.
PAR  The purge fraction may be usefully collected at this point of the circuit.
DETD
PAR  The following examples, given in non-limitative manner, illustrate the
      invention.
PAC  EXAMPLE 1 (FIG. 1)
PAR  An absorption column (19) in which a SO.sub.2 -containing waste gas is
      treated with an aqueous ammonia-containing solution (NH.sub.3 + ammonium
      sulfites) is provided at its upper part with an additional stage 1 for
      washing the purified fumes containing 200 ppm of SO.sub.2 and 150 ppm of
      NH.sub.3 by volume.
PAR  This additional zone, where the temperature is about 50.degree.C, is fed
      from line 2 with 100,000 Nm.sup.3 per hour of waste gas.
PAR  The aqueous solution employed for absorbing SO.sub.2 and NH.sub.3 from the
      waste-gas and whose composition is given hereinafter is supplied from line
      3 to the upper part of this zone and is withdrawn through line 4 from the
      lower part thereof.
PAR  Its composition is then 4.6 g per liter of ammonium sulfite and its flow
      rate 20 m.sup.3 per hours. It is fed through lines 4, 5 and 6 to the
      oxidation reactor 7 which comprises an electrolytic cell provided with
      platinum electrodes (anode 8, cathode 9) on which the current density is
      40 milliamperes per cm.sup.2 and whose anode and cathode compartments are
      separated by a membrane 10 of Permion 1010.
PAR  The (NH.sub.4).sub.2 SO.sub.3 solution, withdrawn through line 13 from the
      cathode compartment of the cell and whose pH has been brought to about 8
      by means of material supplied through line 14 from the anode compartment,
      is passed to the reactor 11, through which air supplied from line 12 is
      bubbled.
PAR  There is thus obtained a solution containing 83 g of (NH.sub.4).sub.2
      SO.sub.4 per liter, from which about 1.3 m.sup.3 per hour are discharged
      through line 15, the remainder being fed through line 16 to the absorber.
PAR  The solution recovered at the outlet of the cell (anodic side) also
      contains 83 g of ammonium sulfate per liter when the plant is in running
      condition. It is fed back through line 3 to the purification zone 1. About
      1.3 m.sup.3 per hour of water is supplied from line 17.
PAR  The waste-gas discharged through stack 18 contains only 12 ppm of SO.sub.2
      by volume and is free of ammonia. 1.2 m.sup.3 per hour of water and 97
      liters per hour of 10 M ammonia are supplied through line 17.
PAR  The pumps and valves of the plant and the direct current generator feeding
      the electrolytic cell have not been shown.
PAC  EXAMPLE 2 (FIG. 2)
PAR  The conditions of concentration and feed rate are the same as in example 1,
      but the electrolytic cell is not provided with a cation-permeable
      membrane.
PAR  The partially purified waste-gas is fed from line 29 to the absorber 20.
      The ammonium sulfate solution used for washing the fumes is fed to the
      absorber through line 21 and is discharged through line 22. It goes
      through the electrolytic cell 23, in which the electrode current density
      is 100 milliamperes/cm.sup.2, and is discharged through line 24. It is fed
      to a reactor 25 through which air supplied from line 30 is bubbled, and
      subsequently discharged and fed back to the absorber 20 through line 21.
PAR  Line 26 is used for withdrawing a fraction of the solution and line 27 for
      supplying additional water. The waste-gas is discharged through stack 28.
PAR  The results are the same as in example 1, except that the solution
      discharged through line 26 at a rate of 1.1 m.sup.3 /hour contains 81.6 g
      of ammonium sulfate per liter.
PAC  EXAMPLE 3
PAR  Example 1 is repeated, except that the electrolytic cell is not present and
      is replaced by a unit for oxidation by air in the presence of a cobalt
      catalyst.
PAR  The effluent is partly fed back to zone 1 and partly discharged.
PAR  The resulting purified waste-gas contains less than 10 ppm of SO.sub.2 and
      less than 10 ppm of NH.sub.3 by volume.
CLMS
STM  What we claimed is:
NUM  1.
PAR  1. A process for efficiently removing sulfur dioxide and ammonia from an
      industrial waste gas containing each of them in a proportion lower than
      about 300 ppm by volume, comprising the steps of:
PA1  a. contacting the waste gas with a dilute aqueous solution of ammonium
      sulfate, to absorb sulfur dioxide and ammonia and form ammonium sulfites
      dissolved in said dilute ammonium sulfate solution at a concentration of
      about 0.02-0.5 mole of ammonium sulfite per liter;
PA1  b. separating resultant purified gas from the solution obtained in step
      (a);
PA1  c. dividing the separated solution into separate portions;
PA1  d. passing a first portion of separated solution to the anodic compartment
      of an electrochemical cell having a cation-permeable membrane separating
      the anodic compartment from the cathodic compartment, and passing a second
      portion of said separated solution to the cathodic compartment of said
      cell and electrolyzing said portions in said compartments to convert
      sulfite to sulfate in the anodic compartment and transfer ammonium ions
      through said cation-permeable membrane to produce a solution of neutral
      ammonium sulfite in the cathodic compartment;
PA1  e. discharging the solution of neutral ammonium sulfite from the cathodic
      compartment and thereafter contacting it with a molecular oxygen
      containing gas, thereby converting said neutral ammonium sulfite to
      ammonium sulfate;
PA1  f. admixing at least a fraction of the solution discharged from the anodic
      compartment with at least a fraction of the solution discharged from the
      cathodic compartment and subsequently contacted with a molecular oxygen
      containing gas; and
PA1  g. recycling at least a portion of said admixed fractions to the step (a)
      as the dilute aqueous solution of ammonium sulfate.
NUM  2.
PAR  2. A process according to claim 1, wherein a portion of the admixed
      solutions of step (f) is discharged and water is added to the recycled
      portion of step (g).
NUM  3.
PAR  3. A process according to claim 1 wherein the dilute aqueous solution of
      ammonium sulfate has a concentration of about 1 mole per liter.
NUM  4.
PAR  4. A process according to claim 1, wherein the ammonium sulfate
      concentration of the solution of step (a) is in the range of from 0.05 to
      3 moles per liter.
NUM  5.
PAR  5. A process according to claim 1, wherein the waste gas is a gas obtained
      by washing a sulfur dioxide containing gas by means of an aqueous solution
      of ammonia or ammonium sulfite.
NUM  6.
PAR  6. a process according to claim 1, wherein the contact of step (a) is
      carried out counter-currently.
NUM  7.
PAR  7. A process according to claim 1, wherein the waste gas contains 50-250
      ppm by volume of sulfur dioxide and 50-250 ppm by volume of ammonia.
NUM  8.
PAR  8. A process according to claim 1, wherein the contact of step (a) is
      carried out at a temperature of 40.degree.-70.degree.C.
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ABST
PAL  Certain anion exchange resins containing substantial amounts of
      cross-linker are useful in the removal of iodine and compounds thereof
      from gaseous effluents.
BSUM
PAR  This invention concerns a method for removing elemental iodine and iodide
      compounds from a gaseous phase containing such compounds by means of an
      anion exchange resin. More particularly, the invention concerns a method
      for removing radioactive alkyl iodide, hydrogen iodide as well as
      elemental iodine under high temperature and high relative humidity
      conditions.
PAR  It is known that activated carbon or impregnated activated carbon may,
      under certain conditions, be useful in removing iodine and iodide
      compounds from gases. It is also known that the capacity and removal
      efficiency of activated carbon for iodides, in particular alkyl iodide,
      leaves much to be desired, particularly if the relative humidity of the
      gaseous phase much exceeds 70%. High temperatures such as in the range of
      150.degree.C. also effect the ability of carbon to adsorb iodide compounds
      as well as molecular iodine.
PAR  The prevention of airborne contamination is fundamental to the safe and
      economical operation of nuclear facilities. Although the health and safety
      of plant personnel and the public are primary, the high cost of
      decontamination in the event of an accidental release of radioactive
      material and the possibility of extended or even permanent shut-down of
      the facilities are also important considerations. Radioactive substances,
      even in extremely low concentrations by weight or volume, represent a
      hazard to human health and must be closely controlled. These problems are
      of particular concern in reactors and nuclear fuel reprocessing plants
      because of their potential for releasing a very large amount of
      radioactive material in the event of a system malfunction or accident, and
      they will become even more important as such plants become larger, more
      numerous, and sited closer to high density population areas.
PAR  Volatile radioactive alkyl iodide compounds, consisting mainly of methyl
      iodide, are evolved from the reactor core of nuclear facilities into the
      atmosphere, if not trapped by adsorbents. It can, therefore, be
      appreciated that an urgent need exists for adsorbents which will remove
      iodine and related compounds from gaseous effluents when one considers
      that these compounds are present during the operation of nuclear reactors
      and other devices in nuclear industry.
PAR  The extraordinary hazard caused by the potential release of such
      radioactive compounds particularly under accident conditions has resulted
      in increased environmental pressures on the Atomic Energy Commission to
      encourage further research in achieving zero radioactive leakage from
      nuclear facilities and power plants as well as fuel processing plants
      under all foreseeable conditions.
PAR  The conditions under which a radio-iodine adsorbent must operate will
      depend in part on the type of nuclear power facility and to a larger
      extent on the particular gas stream being treated. Normally, off-gas
      streams from nuclear reactors are low-temperature, such as less than
      100.degree.C., low-humidity, and low-radioactivity. Such streams, it is
      generally understood, may satisfactorily be treated with impregnated
      carbons. However due to the potential danger to the environment caused by
      the presence of quantities of fission products, federal regulations
      require that such adsorbents also be capable of performing efficiently
      under the extreme conditions which would exist in the event of a major
      nuclear accident, defined as Design Basis Accident (DBA) conditions. Each
      nuclear power plant facility will have, of course, its own unique DBA
      conditions. In general, however, such adsorbents must be capable of
      performing efficiently over a wide range of temperatures and humidities
      and should be able to withstand sudden pressure surges. The range of
      temperature comtemplated is generally understood to be up to 180.degree.C.
      and humidities of up to 100% are clearly within the realm of foreseeable
      conditions. However, the adsorbents should retain the adsorbed species
      under DBA conditons and should not undergo auto-ignition due to heat of
      decay of adsorbed species.
PAR  Accordingly it is an objective of this invention to provide a process which
      will remove elemental iodine and compounds thereof in a safe and
      dependable manner.
PAR  It is a further objective of the invention to remove such compounds under
      conditions of relative humidity ranging from 0 to 100%.
PAR  Additionally, it is an objective to operate the process at temperatures
      ranging up to approximately 180.degree.C.
PAR  It is a further objective to provide a method utilizing a resin which will
      work effectively in a dry state.
PAR  It is another objective to provide a process which utilzes adsorbents
      having low attrition rate or loss.
PAR  It is a further objective to provide a method which utilizes a resin which
      is thermally stable at elevated temperatures.
PAR  It is an additional objective to provide a system which has a high capacity
      for elemental iodine as well as iodine compounds and a high retention
      capacity under severe temperature and moisture conditions. It is a further
      objective to provide a gaseous effluent purification system which has a
      high impurity removal efficiency during short residence time conditions.
PAR  Although a considerable portion of the prior art concerns the use of
      activated impregnated carbon systems, significant doubts exist as to the
      actual effectiveness of these systems under DBA conditions. Activated
      carbon systems perform best under low humidities and low thermal
      conditions. Particularly, methyl iodide adsorption efficiency decreases
      drastically with increased humidity. Some thought has been given to the
      use of weak base anion exchange resins for the removal of radioactive
      iodide compounds. Japanes Patent application No. 42-52857 filed Aug. 17,
      1967, discloses the use of weak base anion exchange resin alone or in
      conjunction with strong gase resin for the removal of the iodine species.
      This reference discloses the use of an aromatic commercial resin,
      Amberlite IRA-93, available from the Rohm and Haas Company as being
      particularly useful for this purpose. Tests indicate however that such a
      resin has a very low thermal stability. For example, the reference
      suggests that the weak base MR type resin should be used only at
      temperatures below 100.degree.C. Further, in the treatment of gaseous
      effluents it is preferred to keep the resin wet by the injection of
      demineralized water.
PAR  A more recent German patent application No. 2,103,431 of Jan. 26, 1971,
      suggests the use of a styrene-divinylbenzene (DVB) amino type anion
      exchange resin for the removal of radioiodine species from gaseous
      streams.
PAR  During laboratory studies of this resin it was found that a weak base amino
      resin utilizing a styrene-DVB matrix does efficiently remove methyl iodide
      at room temperature from an 86% relative humidity (RH) gaseous stream but
      that both the resin and the methyl iodide loaded resin underwent thermal
      degradation at a temperature of 114.degree.C. It was additionally
      discovered that increasing the amount of crosslinker in the styrene-DVB
      resin did not result in an improvement of its properties and indeed caused
      a lower efficiency for methyl iodide while maintaining its vulnerablility
      to thermal degradation at 114.degree.C.
PAR  Accordingly it is believed that such aromatic ion exchange resins of the
      benzylamine type have no utility in radioiodide species removal at
      elevated temperatures and that in any removal capability may decrease with
      the increase of crosslinker content.
PAR  It has now been surprisingly discovered that an acrylic anion exchange
      resin containing a substantial portion of crosslinking monomer(s) will
      effectively remove both elemental iodine as well as iodide compounds such
      as alkyl iodide at elevated temperatures and high moisture conditions from
      gaseous streams.
PAR  Additionally it has been discovered that high flow rates of 100 to 300 bed
      volumes per minute resulting in shorter resident times do not
      significantly affect the capacity and efficiency of the resin.
PAR  The resin useful in the process of the present invention preferably
      comprises an acrylic backbone formed by the suspension polymerization of a
      mixture of an acrylic and a crosslinking monomer.
PAR  Suitable acrylic monomers may include alkyl acrylate esters in which the
      alkyl group may contain from 1 to 6 carbon atoms and in which the alkyl
      groups containing more than 3 carbon atoms may be straight chain or
      branched alkyl groups. A preferred acrylate ester would be methyl
      acrylate. Substituted alkyl acrylate esters such as 2-hydroxyethyl
      acrylate and aromatic acrylate esters such as phenyl or benzyl acrylate
      may also be suitable acrylate monomers. The acrylic backbone may also be
      prepared in certain cases from acrylic acid, acrylate salts, acryloyl
      halides, acrylonitrile or acrylamide derivatives. Suitable crosslinking
      monomers may include divinylbenzene, ethyleneglycoldivinyl ether,
      diethyleneglycoldivinyl ether, trimethylolpropane trimethacrylate,
      1,4-propanediol divinyl ether and similar compounds known to skilled
      workers in the art which contain two or more reactive unsaturated
      carbon-carbon bonds.
PAR  A preferred crosslinking monomer comprises a mixture of DVB and
      diethyleneglycoldivinyl ether (DEGDVE) or 1,4-propanediol divinyl ether.
      Suspension polymerizations of such monomer mixtures are well known to the
      skilled worker in the art. The resins may be prepared by reacting the
      copolymer obtained by suspension polymerization with a polyamino compound,
      for example, demethylaminopropylamine. As long as one of the amine groups
      of the polyamino compounds contains a replaceable hydrogen, no further
      restriction to the polyamino compound applies. The aforementioned
      suspension polymerization preferably includes the use of a phase extender
      such a diisobutyl ketone, since it is desirable to obtain polymers having
      macroreticular characteristics. Suitable polyamino compounds may include
      N,N-dimethylaminopropylamine, N,N-dimethylaminoethylamine, ethylene
      diamine, diethylenetriamine, triethylenetetraamine and N-substituted alkyl
      derivatives thereof.
PAR  The crosslinking monomer or monomer system should comprise at least 16% and
      preferably at least 20% of total monomer mix. If diethyleneglycoldivinyl
      ether is employed in the monomer mix, it is advisable that it is present
      in an amount of at least 4 to 5% by weight of total monomer mix.
      Additionally, it is suggested that the divinylbenzene should be applied in
      a form having at least 50% purity.
PAR  It was further discovered that the efficiency of the resin for methyl
      iodide removal from a high humidity gaseous effluent may be further
      improved by the replacement of a portion of the polyamino compound with a
      long chain monofunctional compound such as n-octyl amine. Other such
      monofunctional compounds will occur to the skilled worker in the art.
DETD
PAR  For the purpose of illustration the synthesis of a resin suitable for the
      practice of the invention is described in the following example.
PAC  EXAMPLE 1
PAR  A three-neck 3 l. round-bottom flask is equipped with a SS paddle,
      thermometer, reflux condenser and N.sub.2 inlet. The thermometer is
      attached to a thermowatch-pot lifter-heating mantle assembly. To the
      stirred reactor is added a solution of 12 g. of Amberlite W-1, 0.08 g. of
      Pharmagel (Kind and Knox Gelatin Co.'s trademark for gelatin), 0.24 sodium
      nitrite and 24 g. of sodium chloride in 800 g. of deionized water. The
      solution is adjusted to pH 9 with NaOH and to this stirred solution is
      added the monomer phase containing 269 g. of methyl acrylate, 187 g. of
      DVB (51.3% assay) solution, 24 g. of DEGDVE, 4.8 g. of lauroyl peroxide
      and 320 g. of diisobutyl ketone (DIBK). The resultant mixture is agitated
      and gradually heated to 65.degree.C. and held at that temperature with
      agitation for ca. 20 hrs. At the end of this time, the DIBK is removed via
      distillation and the batch is subsequently cooled to room temperature and
      washed with water until the effluent is clear. The resin is then oven
      dried to afford 449 g. of white, spherical beads.
PAR  250 g. of the beads from above and 1215 g. of dimethylaminopropylamine are
      charged to a 2-1. SS Parr bomb equipped with a thermometer, variac,
      heating mantle, pressure gauge, vent valve and water cooled stirrer. The
      bomb is sealed and the contents heated at 175.degree.C. with agitation
      overnight. The bomb is subsequently cooled, the excess amine is siphoned
      from the beads and the beads are washed with water until the effluent is
      neutral. The beads are then dried to afford 269 g. of off-white beads.
PAR  The resins useful in the practice of the present invention were tested in a
      dry state and showed capacities for methyl iodide which were significantly
      superior to capacities of activated carbon under high thermal conditions,
      high relative humidities, and high concentrate influents.
PAR  The resin of Example 1 was analyzed with the help of a differential thermal
      analyzer and a thermal gravimetric analyzer and it was discovered that no
      significant decompositon occured up to 200.degree.C. Similar analyses of
      the resins loaded with elemental iodine and methyl iodide showed no
      significant decomposition at temperatures up to 180.degree.C.
PAR  Although weak base acrylic resins were found to be particularly suitable in
      the practice of the present invention, strong anion exchange resins,
      provided they are acrylic, may under certain conditions perform equally
      well. It has also been discovered that a weak base resin treated with
      methyl iodide can have increased performance characteristics which may be
      attributable to formation of some quaternary ammonium groups. For example
      the weak base resin of Example 1 in wet condition when subjected to a flow
      of CH.sub.3 I stream indicates a substantial increase in capacity when
      subsequently tested in dry state for methyl iodide removal. Other acrylic
      resin structures such as hybrid resins are also contemplated to be within
      the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for removing iodine and compounds thereof from gaseous streams
      which comprises contacting the stream with a mass or bed of crosslinked
      acrylic anion exchange resin, derived from at least one acrylic monomer
      selected from the group consisting of branched and straight chain alkyl
      acrylate esters containing 1 to 6 carbon atoms, substituted alkyl acrylate
      esters, aromatic acrylate esters, acrylic acid, acrylate salts, acryloyl
      halides, acrylonitrile derivatives and acrylamide derivatives, and at
      least one crosslinking monomer, containing two or more reactive
      unsaturated carbon-carbon bonds.
NUM  2.
PAR  2. Method of claim 1 wherein the iodine compounds are radioactive.
NUM  3.
PAR  3. Method of claim 2 wherein the iodine compounds include alkyl iodides.
NUM  4.
PAR  4. Method of claim 2 wherein the iodine compounds include hydrogen iodide.
NUM  5.
PAR  5. Method of claim 2 wherein the iodine compounds include elemental iodine.
NUM  6.
PAR  6. Method according to claim 2 wherein the process temperature exceeds
      100.degree.C. and the relative humidity is in the range of 0 - 100%.
NUM  7.
PAR  7. Method according to claim 2 wherein the resin is utilized in its dry
      state.
NUM  8.
PAR  8. Method according to claim 2 wherein the crosslinking monomers of the
      resin are present in a total amount of not less than 20% by weight of
      total monomer mix.
NUM  9.
PAR  9. Method according to claim 2 wherein the crosslinking monomer contains
      diethyleneglycoldivinyl ether.
NUM  10.
PAR  10. Method of claim 1 wherein the resin is a weak base ion exchange resin
      derived from a methyl acrylate copolymer matrix.
NUM  11.
PAR  11. Method according to claim 2 wherein the resin comprises a copolymerized
      and functionalized mixture of methyl acrylate, divinylbenzene and
      diethyleneglycoldivinyl ether.
NUM  12.
PAR  12. Method according to claim 11 wherein the cross linker monomer mixture
      comprises about 20% divinylbenzene, and about 5% diethyleneglycoldivinyl
      ether of total monomer mixture.
NUM  13.
PAR  13. Method according to claim 2 wherein the resin is produced by
      aminolyzing an acrylic copolymer by reacting it with a polyamine or a
      mixture of polyamine and a long chain monofunctional amine.
NUM  14.
PAR  14. Method according to claim 13 wherein the long chain monofunctional
      amine is n-octylamine.
NUM  15.
PAR  15. Method according to claim 13 wherein the polyamine compound is
      dimethylaminopropylamine.
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ABST
PAL  A process, in which sulfur dioxide gas contained in waste gas is removed
      therefrom and collected as gypsum. In said process, the waste gas is
      subjected to a flow of detergent solution of basic aluminium sulfate so
      that the sulfur dioxide is absorbed into the solution. This solution, now
      containing the sulfur dioxide, is thereafter subjected to oxidation,
      resulting in a decrease in the basicity thereof. The solution is then
      neutralized by calcium carbonate or calcium hydroxide, whereby gypsum is
      precipitated in the solution and collected therefrom and whereby the crude
      content of the solution is recovered so that it may be used again as a
      detergent for the waste gas.
BSUM
PAR  This invention relates to a new desulfurization process of stack or waste
      gas, by which sulfur dioxide gas within the stack gas is eliminated
      therefrom and converted into gypsum.
PAR  When various kind of desulfurization processes are classified to two
      categories, viz., the so-called "wet process" and "dry process", the
      present process belongs to the "wet process". As a scrubbing or detergent
      solution, a solution of basic aluminium sulfate of a suitable
      concentration is contacted countercurrently the flow of stack gas, and
      absorbs sulfur dioxide gas. The sulfite ion in the solution is oxidized
      into sulfate ion by blowing air succeedingly into an oxidizing tower
      containing the solution, which decreases the basicity of the basic
      aluminum sulfate solution. By the succeeding neutralization of said
      solution by means of calcium carbonate or calcium hydroxide, gypsum is
      precipitated from the solution, and simultaneously the crude content of
      basic aluminum sulfate solution is recovered and reused by recirculation
      as the scrubbing solution. In this case, the addition of a small amount of
      manganese salt into the scrubbing solution accelerates the oxidation of
      the sulfite ion to sulfate ion by oxygen within the stack gas in a
      absorbing tower, simultaneously with the absorption of sulfur dioxide into
      the solution. By virtue of this oxidation within the absorbing tower, the
      necessity of the oxidation within the succeeding oxidation tower by air
      blowing is decreased which allows the use of a more compact oxidation
      tower. This feature is also a part of this invention.
PAR  It is well known that the basic aluminum sulfate solution absorbs much more
      sulfur dioxide gas at a lower temperature. This good absorption has been
      utilized to absorb dilute sulfur dioxide from a stack gas at a lower
      temperature and to desorb the gas at a high concentration at a high
      temperature.
PAR  For instance, the ICI process utilizes this characteristic of basic
      aluminum sulfate which absorbs sulfur dioxide into the solution at a lower
      temperature, and then desorbs it as high concentration of SO.sub.2 at
      higher temperature, which is then fed to adjacent sulfuric acid plants as
      crude gas. Such plants as mentioned above were operated for some years in
      Japan and England at about 40 years ago. As mentioned above, the good
      SO.sub.2 absorbing ability of basic aluminum sulfate solution is well
      known. Our invention partly utilizes this fact and relates to a novel
      combination to make the SO.sub.2 into gypsum crystals.
DRWD
PAR  In the accompanying drawing:
PAR  FIG. 1 is a flowsheet of the desulfurization process of this invention; and
PAR  FIG. 2 is a schematic diagram of the present invention.
DETD
PAR  The process flowsheet of this invention is shown in FIG. 1. Basic aluminum
      sulfate solution as SO.sub.2 absorbent is made up from aluminum sulfate
      solution by adding powdery calcium carbonate, and fixing the sulfate ion
      as precipitated gypsum. One example of a suitable concentration is
      Al.sub.2 O.sub.3 5g/100cm.sup.3, (Al.sub.2 O.sub.3): (SO.sub.3) = 10 : 16
      by molar ratio. Of course, the aluminum concentration and basicity of the
      scrubbing solution depend on the gas condition. In most cases, 0.05 - 1
      mol/l aluminum sulfate concentration and 0-60% basicity are used in the
      scrubbing solution.
PAR  This scrubbing solution is contacted countercurrently with dilute sulfur
      dioxide gas within an absorbing tower, and absorbs SO.sub.2 as described
      in the following Eq. (1), resulting in the production of aluminum sulfite
      within the solution. And then, in the succeeding oxidation step the
      scrubbing solution is oxidized by air blowing as described in the
      following Eq. (2).
EQU  Al.sub.2 (SO.sub.4).sub.3.Al.sub.2 O.sub.3 + 3SO.sub.2 .fwdarw. Al.sub.2
      (SO.sub.4).sub.3 + Al.sub.2 (SO.sub.3).sub.2              Eq. (1)
EQU  Al.sub.2 (SO.sub.3).sub.3 + 3/2 O.sub.2 .fwdarw. Al.sub.2 (SO.sub.4).sub.3
      Eq. (2)
PAR  In this case, a small amount of manganese salt addition results in the
      simultaneous oxidation of the sulfite ion within the absorbing tower with
      aid of the manganese catalytic action, and lessens the necessity of the
      oxidation by air blowing in the succeeding oxidation step. Usually, the
      added amount of manganese salt is chosen to be about 20 g/l.
PAR  After the oxidation, the solution is neutralized by the addition of calcium
      carbonate or calcium hydroxide, and is converted to precipitated gypsum,
      reviving the crude composition of the scrubbing solution with a suitable
      basicity of aluminum sulfate for recirculation, as shown in the following
      Eq. (3).
EQU  2Al.sub.2 (SO.sub.4).sub.3 + 3CaCO.sub.3 .fwdarw. Al.sub.2
      (SO.sub.4).sub.3.Al.sub.2 O.sub.3 + 3CaSO.sub.4.2H.sub.2 O + 3CO.sub.2 Eq.
      (3)
PAR  As mentioned above, this novel invention is summarized as follows: With the
      combination of superior sulfur dioxide absorbing ability of the basic
      aluminum sulfate aqueous solution, the sulfur dioxide within stack gas is
      absorbed into the scrubbing solution, and oxidized into basic aluminum
      sulfate, and then converted into precipitated gypsum by neutralization
      with calcium carbonate or calcium hydroxide, thereby renewing with crude
      composition of the scrubbing solution for recirculation with a suitable
      basicity of aluminum sulfate solution.
PAR  Moreover, the addition of a small amount of manganese salt to the basic
      aluminum sulfate solution produces an oxidation reaction in the absorbing
      tower by the catalytic action of the manganese ion, and lessens the
      necessity of oxidation by air blowing within the oxidation tower. This can
      result in making the oxidation unnecessary or at least allow it to be
      reduced in size supplemental characteristics of this invention.
PAR  FIG. 2 shows an engineering flowsheet of the present process. Stack gas
      containing sulfur dioxide flows into a scrubbing tower (1), and is
      contacted countercurrently with the scrubbing solution having basic
      aluminum sulfate and a manganese salt dissolved therein. Sulfur dioxide
      gas is absorbed into the solution as aluminum sulfate and aluminum
      sulfite. The scrubbing solution is then oxidized by air blowing within an
      oxidation tower (3) for converting the sulfite ion into sulfate ion, and
      is neutralized within a neutralizing tank (4) by calcium carbonate and
      calcium hydroxide, for producing precipitated gypsum crystal and renewing
      the crude composition of the scrubbing solution for recirculation. The
      concentration of basic aluminum sulfate within the scrubbing solution is
      suitably chosen from a wide range of basicity values and aluminum
      concentrations according to the condition of stack gas. In most cases,
      0.05-1 mol/l aluminum sulfate concentration and 0-60% basicity are the
      conditions of the scrubbing solution. As noted above, a small amount of
      manganese salt is added into the scrubbing solution. As higher manganese
      salt addition results in greater catalytic oxidation action, a suitable
      manganese concentration is chosen depending on each condition. Usually 20
      g/l of manganese concentration is regarded as suitable. The oxidation
      reaction occurs both within the scrubbing tower and the oxidation tower,
      but almost all of the oxidation reaction occurs within the oxidation tower
      when no manganese salt is added.
PAC  EXAMPLE 1
PAR  Stack gas with 1.5% SO.sub.2 concentration is passed at the speed of 15
      l/min into a packed scrubbing tower with a packed height of 30 cm and
      diameter of 5 cm. Scrubbing solution with concentration of Al.sub.2
      (SO.sub.4).sub.3.Al.sub.2 O.sub.3 270 g/l and basicity of 20% is sprayed
      in counterflow with a feed rate of 100 cm.sup.3 /min, and absorbs SO.sub.2
      from the stack gas, and then is oxidized within the oxidation tank by air
      blowing, and neutralized by calcium carbonate to precipitate gypsum
      crystal which are filtered by centrifugal separator. As the filtrate has
      been neutralized to the basicity similar to the crude scrubbing solution.
      The filtrate is reused as the recycling scrubbing solution. The result of
      continuous operation for 8 hours shows an average SO.sub.2 absorbing ratio
      of 87% and produces superior quality gypsum crystal. Analysis of gypsum
      obtained: CaO-31.84%, SO.sub.3 -46.60%, Al-0.07%, Mn-Tr.
PAC  EXAMPLE 2
PAR  With the same equipment and the same concentration of scrubbing solution as
      Example 1, stack gas with 1.5% SO.sub.2 is passed through the tower at a
      feed rate of 15 l/min, and contacted with the scrubbing solution flowing
      downward at the feed rate of 200 cm.sup.3 /min. The result of 9 hours'
      continueous operation shows an average SO.sub.2 absorbing ratio of 95.5%,
      and produces a superior quality gypsum crystal. Analysis of gypsum
      obtained: CaO-32.80%, SO.sub.3 -46.65%, Al-0.05%.
PAC  EXAMPLE 3
PAR  With the same equipment as described above, at a feed rate of 15 l/min,
      stack gas with 0.5% SO.sub.2 content is washed with the same content of
      scrubbing solution flowing with a feed rate of 100 cm.sup.3 /min. The
      result of 9 hours' continueous operation shows an average SO.sub.2
      absorbing ratio of 95.5%, and produces superior quality gypsum crystal.
      Analysis of gypsum obtained: CaO-32.34%, SO.sub.3 -46.43%, Al-0.05%.
PAC  EXAMPLE 4
PAR  With the same equipment as described above, at a feed rate of 15 l/min,
      stack gas with 0.5% SO.sub.2 content is scrubbed by a scrubbing solution
      flowing with a feed rate of 100 cm.sup.3 /min, which contains 270 g/l of
      Al.sub.2 (SO.sub.4).sub.3.Al.sub.2 O.sub.3 and a basicity of 20% and
PAC  EXAMPLE 4  also containing 20 g/l of MnSO.sub.4. The result of 8 hours'
      continuous operation shows an average SO.sub.2 absorbing ratio of 96.0%,
      and an oxidation ratio of 50.0% within the absorbing packed tower.
PAR  With oxidation by air blowing within the succeeding oxidation tower, the
      sulfite ion is completely oxidized into sulfate ion. The time required for
      this oxidation is about half of the time required for the oxidation
      without MnSO.sub.4. The solution is then neutralized within the
      neutralizing tank by calcium carbonate to convert the sulfate ion into
      precipitated gypsum, and filtrated by a centrifugal separator. After the
      filtrate is neutralized to the same basicity of the crude scrubbing
      solution, the filtrate is circulated again as a scrubbing solution.
PAC  EXAMPLE 5
PAR  3,500 Nm.sup.3 /Hr stack gas with 0.65% SO.sub.2 is contacted
      countercurrently with 0.3 mol/l of basic aluminum sulfate solution flowing
      downward at a feed rate of 20 m.sup.3 /M, controlling the basicity by
      neutralization of calcium carbonate for recirculation. The average
      SO.sub.2 absorbing ratio has over 90%, and superior quality of gypsum was
      obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for removing sulfur oxide from waste gas which comprises:
PA1  a. subjecting the waste gas to a countercurrent flow of an absorbent
      solution of 0.05 to 1 mol/liter of basic aluminum sulfate, said solution
      having a basicity of 0 to 60%, and containing 20 g/l of a manganese salt
      to absorb the sulfur oxide into the solution and oxidize the absorbed
      sulfur oxide by means of the manganese salt; and
PA1  b. blowing air through the absorbent solution from step a) to oxidize
      sulfite ion in the solution to sulfate ion;
PA1  c. neutralizing the solution from step a) by adding calcium carbonate or
      calcium hydroxide whereby gypsum is precipitated; and
PA1  d. separating the gypsum and reusing the solution as the absorbent solution
      in step (a).
NUM  2.
PAR  2. The process as claimed in claim 1, in which the precipitated crystalline
      gypsum is collected by filtration.
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ABST
PAL  The invention provides condensed aluminum phosphates which contain P.sub.2
      O.sub.5 and Al.sub.2 O.sub.3 in a molar ratio equal to or greater than
      1.5:1, are X-ray amorphous and have an apparent density between 50 and 200
      grams/liter.
PAL  They are made by spray-drying an aluminum orthophosphate solution or
      suspension containing P.sub.2 O.sub.5 and Al.sub.2 O.sub.3 in the molar
      ratio desired in the final product, in a spray tower at temperatures
      higher thana 250.degree.C to effect direct transformation into condensed
      aluminum phosphates.
BSUM
PAR  The present invention provides condensed aluminum phosphates which contain
      P.sub.2 O.sub.5 and Al.sub.2 O.sub.3 in a molar ratio equal to, or greater
      than, 1.5:1, preferably 2-3:1, and partially have novel physical
      properties, a process for making them and their uses.
PAR  Crystalline condensed aluminum phosphates have already been described in
      the literature. In Bull.Soc.Chim. France 1962, pages 1237 et seq., F.
      D'Yvoire has identified an aluminum tetrametaphosphate which has the
      formula Al(PO.sub.3).sub.3 and a cyclic anion A, and four long-chain
      polyphosphates which equally have the formula Al(PO.sub.3).sub.3 (B, C, D,
      E), along their specific X-ray spectrums. As described by D'Yvoire, it is
      necessary for these known condensed phosphates to be produced with the use
      of P.sub.2 O.sub.5 and Al.sub.2 O.sub.3 in a molar ratio of 4- 15:1. In
      other words, it is necessary for the starting solution to contain a
      considerable excess of P.sub.2 O.sub.5. In addition to this, it is
      necessary for the reaction to be carried out over prolonged periods
      comprising several hours, which make D'Yvoire's process unattractive for
      commercial production of condensed aluminum phosphates.
PAR  German published Specification "Offenlegungsschrift" 1 767 460 describes a
      process for making condensed aluminum phosphates, wherein soluble, linear
      or cyclic condensed alkali metal polyphosphates are reacted with soluble
      aluminum salts in water and the resulting condensed aluminum phosphates
      are filtered off, washed, dried and annealed at temperatures between
      300.degree. and 600.degree.C. An adverse effect of this known process
      resides in the use of relatively costly starting materials, such as
      aluminum sulfate, aluminum nitrate or potassium-aluminum alum, and
      condensed sodium phosphates, such as tetrasodium diphosphate, sodium
      trimetaphosphate, sodium hexametaphosphate or tetrasodium tetraphosphate.
      In this process it is also necessary for the resulting precipitated matter
      to be dried over prolonged periods (substantially 24 hours) and for the
      dry product to be annealed for several hours.
PAR  It is also known that it is possible for the longchain Al(PO.sub.3).sub.3
      B-modification to be selected from known condensed aluminum phosphates for
      use as a hardener in water-glass cements, whereas the Al(PO.sub.3).sub.3
      A-modification cannot be used to this effect, as it completely lacks
      hardener properties.
PAR  German Pat. No. 1,252,835 describes the use of condensed aluminum
      phosphates as hardeners in water-glass cements, the condensed aluminum
      phosphates being produced by evaporating aluminum phosphate solutions to
      dryness and by subjecting the resulting aluminum orthophosphates to a
      two-step heat treatment at different temperatures.
PAR  This is a very costly procedure as it is necessary for the orthophosphates
      initially produced to be subjected, during the two-step heat treatment, to
      a heating programme which is selected within very narrow limits and which
      must be accurately adhered to. Failing this, qualitatively strongly
      different final products are obtained, even in those cases in which the
      parameters defining the heating programme are found to merely slightly
      deviate from optimum values. Heating, whenever it occurs even at slightly
      increased rates during the first annealing step, has more particularly
      been found to almost exclusively effect the formation of the
      Al(PO.sub.3).sub.3 A-modification rather than the formation of the
      targeted Al(PO.sub.3).sub.3 B-modification. The critical temperature,
      which depends on the composition of the aluminum orthophosphate used, can
      be identified by thermogravimetric or differential-thermoanalytic methods
      only, whereby the process is rendered even more complicated. In addition
      to this, the condensed phosphates are obtained in the form of very coarse
      material which must be crushed and/or ground.
PAR  It is accordingly an object of the present invention to provide a very
      simple and continuous process permitting condensed aluminum phosphates to
      be produced for various uses from inexpensive starting material, such as
      aluminum hydroxide and phosphoric acid.
PAR  The process of the present invention comprises more particularly
      spray-drying an aluminum orthophosphate solution or suspension containing
      P.sub.2 O.sub.5 and Al.sub.2 O.sub.3 in the molar ratio desired in the
      final product, in a spray tower at temperatures higher than 250.degree.C
      to effect direct transformation into condensed aluminum phosphates. To
      produce X-ray amorphous condensed aluminum phosphates having an apparent
      density between 50 and 200 g/l, it is necessary for the solution or
      suspension to be sprayed through a flame at tower temperatures between
      250.degree. and 700.degree.C and at off-gas temperatures between
      100.degree. and 500.degree. C. In all other cases, the solutions or
      suspensions are spray-dried with the use of hot gas having a temperature
      between 250.degree.  and 700.degree.C.
PAR  In those cases in which the condensed aluminum phosphates are programmed
      for use as quick-setting hardeners in water-glass cements, the solutions
      or suspensions should be spray-dried at temperatures between 300.degree.
      and 400.degree.C, and in those cases in which they are programmed for use
      as slow-setting hardeners in water-glass cements, the solutions or
      suspensions should be spray-dried at temperatures between 400.degree. and
      600.degree.C.
PAR  Hardeners for use in water-glass cements (these are aluminum phosphates
      which effect setting within a predetermined time) are obtained by
      spray-drying the solutions or suspensions at temperatures between
      300.degree. and 400.degree.C and by annealing the resulting spray-dried
      product. Condensed aluminum phosphates which cause setting of the above
      cements within 10 to 50 min. are obtained by annealing the spray-dried
      product for a period between 10 and 60 min. at temperatures between
      400.degree. and 600.degree.C, the annealing temperature being the higher
      the longer the setting time targeted within the limits specified, and the
      annealing time being the shorter the shorter the setting time targeted
      within the limits specified.
PAR  The condensed aluminum phosphates of the present invention are very well
      adapted for use in known water-glass cements. This is a very unexpected
      result in view of German Pat. No. 1,252,835, teaching that rapid heating
      of aluminum orthophosphate solutions (i.e. condensation which avoids the
      formation of solid aluminum orthophosphate as an intermediary product and
      also avoids the first annealing step) results in products which cannot be
      used as hardeners. The aluminum phosphate solutions or suspension can be
      prepared in known manner by reacting aluminum hydroxide with phosphoric
      acid, which are used in proportions corresponding to the P.sub.2 O.sub.5
      :Al.sub.2 O.sub.3 ratio desired to be established in the final product.
PAR  In carrying out the process of the present invention it is not necessary to
      use a specific type of spray tower. Use can more particularly be made of
      facilities, inside which the solution is sprayed through a flame ring or
      cone produced with gas burners, for example. It is also possible for the
      hot gases to be produced in combustion chambers outside the tower and to
      be contacted with sprayed material flowing co-or countercurrently thereto.
      The degree of condensation of the final products is easy to determine by
      identifying the loss on ignition within 2 hours at 600.degree.C, this
      making expensive chain length analysis unnecessary.
PAR  The products of the present invention comprise products partially unknown
      heretofore. The prior art condensed aluminum phosphates are crystalline
      and have an apparent density between substantially 800 and 1000 g/l,
      whereas the products of the present invention, namely those which are
      produced by spray-drying through a flame zone, are X-ray amorphous
      substances which have an apparent density between 50 and 200 g/l.
PAR  The present invention is the first to provide a continuous technically
      inexpensive process for making condensed aluminum phosphates in good
      space/time-yields, which is highly advantageous. In addition to this, the
      present process is very flexible and permits the manufacture of products
      for special uses. In the production of hardeners for water-glass cements,
      for example, it is possible for the setting time of the cements to be
      varied within wide limits by varying the conditions selected in making the
      aluminum phosphate hardeners. A further advantage resides in the fact that
      it is not necessary for the products of the present invention to be
      post-annealed. It is also possible, however, for the condensation to be
      effected inside the spray tower at relatively low temperatures and for the
      resulting product to be subjected to continuous thermal after-treatment,
      for example in a rotary tube. A still further advantage resides in the
      fact that the products of the present invention are obtained in the form
      of particles fine enough for many uses, making grinding unnecessary. The
      products of the present invention find use as hardeners and recommend
      themselves for further use as fillers or thickeners, thanks to their
      extremely low apparent density.
DETD
PAR  The follow Examples illustrate the invention.
PAC  EXAMPLE 1
PAR  480 Kg of phosphoric acid which contained 78.5 weight % of H.sub.3 PO.sub.4
      were introduced into a jacketed agitator vessel and heated therein to
      80.degree.C by means of steam. A suspension of 100 kg of aluminum
      hydroxide in 100 kg of water was added with agitation and at a rate such
      that the temperature of 80.degree.C was substantially retained. The
      resulting clear aluminum phosphate solution contained Al.sub.2 O.sub.3 and
      P.sub.2 O.sub.5 in the molar ratio of 1:3.
PAR  80 L/hr of the aluminum phosphate solution so made were sprayed
      equidirectionally through a flame ring produced by means of gas burners.
      The gas temperature inside the tower was between 400.degree. and
      470.degree.C and the outgoing air had a temperature of 350.degree.C. 70
      kg/hr of condensed aluminum phosphate were removed. It was X-ray amorphous
      and underwent a 3.9 weight % loss on ignition after 2 hours at
      600.degree.C. This corresponded to a degree of condensation of about 5.
PAR  Sieve analysis of the product indicated the following particle size
      distribution:
     &gt; 500 microns     1.6 weight %                                            
     &gt; 400 microns     2.6 weight %                                            
     &gt; 300 microns     6.7 weight %                                            
     &gt; 200 microns     15.9 weight %                                           
     &gt; 100 microns     40.5 weight %                                           
     &lt; 100 microns     59.5 weight %                                           
PAR  The apparent density was 145 g/l.
PAR  The unannealed product so made was tested as to its qualification for use
      as a hardener in water-glass cements. To this end, it was added to cement
      which contained 68.9 parts of quartz powder, 28.3 parts of potassium
      water-glass (K.sub.2 O:SiO.sub.2 = 1:1.88) and 2.8 parts of condensed
      aluminum phosphate.
PAR  The results obtained and the requirements which an acidproof cement has to
      meet are indicated in the following:
TBL              Values required                                               
                            Result obtained                                    
     ______________________________________                                    
     Setting time  50 - 70 min. 50 min.                                        
     Shore hardness D.sup..sup.+)                                              
                   &gt; 20         50                                             
     after 24 hours                                                            
     Waterproof after                                                          
                   &lt; 14 days     8 days                                        
     storage in open air                                                       
     for                                                                       
     ______________________________________                                    
PAR  The product, which was not subjected to thermal aftertreatment, was found
      to be a very good hardener for acidproof cements.
PAR  In the above Example and in the following Examples, the Shore hardness was
      determined after 24 hours in accordance with DIN-specification (DIN =
      German Industrial Standard) and ASTM-specification D 1484, respectively.
PAC  EXAMPLE 2
PAR  A suspension of 100 kg of aluminum hydroxide in 100 kg of water was added,
      in the manner described in Example 1, to 400 kg of phosphoric acid which
      contained 78.5 % of H.sub.3 PO.sub.4. The resulting solution contained
      Al.sub.2 O.sub.3 and P.sub.2 O.sub.5 in the molar ratio of 1:2.5 and was
      sprayed at a rate of 135 l/hr through a flame ring. The following
      temperature conditions were established: 380.degree.C in the tower head,
      390.degree.C in the tower base and 160.degree.C for the outgoing air. 110
      Kg/hr of condensed phosphate were removed from the tower. The phosphate
      had an apparent density of 160 g/l and underwent a 6.4 weight % loss on
      ignition after 2 hours at 600.degree.C. This corresponded to a degree of
      condensation of about 3. A water-glass cement, in which the product so
      made was the hardener (68.9 parts of quartz powder, 28.3 parts of
      water-glass, 2.8  parts of hardener) was found to have a setting time
      comprising a few minutes. The condensed aluminum phosphate so made was
      annealed, whereby it was possible for the setting time of the water-glass
      cement to be varied within wide limits. This and the test results on
      hardness and water-proofness are indicated in the following Table:
     Annealing conditions                                                      
                  Setting time                                                 
                             Shore hard-                                       
                                        Water-                                 
     Time temperature min.       ness D after                                  
                                          proofness                            
     min. .degree.C              24 hours after                                
     ______________________________________                                    
      0   --           7         unidentified                                  
                                          unidentified                         
     15   500         30         75       8 days                               
     30   500         45         70       8 days                               
     60   500         60         55       8 days                               
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  20 L/hr of the aluminum phosphate solution in Example 2 were sprayed in a
      tower. The spray inducing means was air which came from a combustion zone
      and which was introduced into the tower equidirectionally with the
      solution. The hot air entered the tower at a temperature of 330.degree.C
      and left the tower at a temperature of 215.degree.C. The spray product,
      which was continuously removed from the tower, underwent a 10.5 weight %
      loss on ignition after 2 hours at 600.degree.C (this corresponded to a
      degree of condensation of about 2) and an apparent density of 840 g/l. The
      product so made was postannealed for 1 hour at 500.degree.C and condensed
      aluminum phosphate which had very good hardener properties was obtained.
PAC  EXAMPLE 4
PAR  The aluminum phosphate solution of Example 2 was sprayed at a rate of 80
      l/hr through a flame ring. The temperature was 490.degree.C in the tower
      head, 510.degree.C in the tower base and 410.degree.C for the outgoing
      air. About 70 kg/hr of condensed phosphate were obtained which underwent a
      1.4 weight % loss on ignition after 2 hours at 600.degree.C (this
      corresponded to a degree of condensation of about 14). Sieve analysis
      indicated the following particle size distribution:
TBL  &gt; 500 microns     1.1 weight %                                            
     &gt; 400 microns     6.8 weight %                                            
     &gt; 300 microns     18.9 weight %                                           
     &gt; 200 microns     43.5 weight %                                           
     &gt; 100 microns     76.2 weight %                                           
     &lt; 100 microns     23.8 weight %                                           
PAR  The apparent density was 67 g/l.
PAR  The following very good results were obtained for an acidproof cement which
      contained the above unannealed product as the hardener.
TBL  ______________________________________                                    
     Setting time           55 min.                                            
     Shore hardness D       65                                                 
     after 24 hours                                                            
     Waterproof after       10 days.                                           
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for spray-drying solutions or suspensions of aluminium
      orthophosphates containing P.sub.2 O.sub.5 and Al.sub.2 O.sub.3 in a molar
      ratio equal to or greater than 1.5:1 in a spraying tower at elevated
      temperatures which comprises spraying the said solutions or suspensions
      through a flame zone, the temperatures within the said spraying tower
      being between 300.degree. and 600.degree.C and off-gases escaping from the
      said tower having temperatures between 100.degree. and 500.degree.C with
      the resultant formation of condensed aluminium phosphates containing
      P.sub.2 O.sub.5 and Al.sub.2 O.sub.3 in a molar ratio equal to or greater
      than 1.5:1, being X-ray amorphous and having an apparent density between
      50 and 200 grams/liter.
NUM  2.
PAR  2. The process as claimed in claim 1, which comprises producing
      quick-setting condensed aluminium phosphate hardeners for water-glass
      cements by spray-drying the said solutions or suspensions at temperatures
      between 300.degree. and 400.degree.C.
NUM  3.
PAR  3. The process as claimed in claim 1, which comprises producing
      slow-setting condensed aluminium phosphate hardeners for water-glass
      cements by spray-drying the said solutions for suspensions at temperatures
      between 400.degree. and 600.degree.C.
NUM  4.
PAR  4. The process as claimed in claim 1, which comprises producing condensed
      aluminium phosphate hardeners for water-glass cements, which cause setting
      of the cements within a period of 10 to 50 minutes, by spray-drying the
      said solutions or suspensions at temperatures between 300.degree. and
      400.degree.C and annealing the resulting spray-dried product for a period
      between 10 and 60 minutes at temperatures between 400.degree. and
      600.degree.C, the annealing temperature being the higher within the limits
      specified the longer the setting time targeted within the limits
      specified, and the annealing time being the shorter within the limits
      specified the shorter the setting time targeted within the limits
      specified.
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ABST
PAL  A process is provided whereby dilute aqueous phosphatic acid solutions of 2
      to 3 percent or less and containing generally less than 1 percent fluorine
      are substantially quantitatively defluorinated without loss of the
      phosphorous or acid values of the water and with a net production of H+
      ions from the contained SiF.sub.6.sup.= ions.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a process whereby the fluorine content of
      the process water of a typical wet process phosphoric acid plant is
      controlled to maintain the fluorine evolution from a cooling pond at zero
      or a negligible level from a pollution view point and produce a fluorspar
      of economic value.
PAR  In the process of the invention there is no water formed from the acid
      values in the system; the acid values being conserved for reuse either
      directly or indirectly. H.sup.+ ions are produced from H.sub.2 SiF.sub.6
      in the system which may then be used to produce H.sub.3 PO.sub.4.
PAC  BACKGROUND OF THE INVENTION
PAR  Historically wet process phosphoric acid plants have used the following
      generalized scheme of water recycle for both conservation and economic
      reasons: From a cooling pond, water is taken to a digester where phosphate
      rock is digested with phosphoric acid and sulfuric acid to yield a net
      make phosphoric acid and gypsum (i.e. calcium sulfate dihydrate). These
      digesters are cooled by evaporating a part of the water. The 30 percent
      phosphoric acid produced from the above digestion is then concentrated to
      approximately 54 percent phosphoric acid by vacuum evaporation. The
      condensates from the cooling and the off gases from the 30 percent acid
      manufacture and the condensate from the concentration evaporators all
      contain substantial amounts of fluorine (F) generally in the form of
      H.sub.2 SiF.sub.6. These condensates are pumped to a barometric seal tank
      from which they go to ponds for cooling. All liquid spillage and washings
      as a result of maintenance also go to the pond. As a result of spray carry
      over, spillage and washing, the pond accumulates a P.sub.2 O.sub.5 content
      of the order to 0.3-0.4 percent. The main rejection mechanism of the
      fluorine from the fluorapatite feed to the plant is via the product
      phosphoric acid. Some of the F is rejected by inclusion in the gypsum
      cake. The sum of fluorine rejected via the above two mechanisms, is less
      than the F feed to the plant. The imbalance then appears in the process
      water which slowly increases its F content. Eventually the F content over
      the process water gets high enough and a new mechanism of rejection comes
      into play. This rejection mechanism, highly objectionable from an
      ecological viewpoint, involves F loss to the atmosphere from the pond
      probably in the form of SiF.sub.4. At some point in the processing all
      three rejection mechanisms must come to some equilibrium. Since the volume
      of the pond water is so great and the area it must cover so large it is
      very difficult to calculate the amount of F evolution. However, it is
      known there is F evolution which can be highly objectionable. The process
      water should be treated to eliminate or reduce the fluorine content to a
      negligible level for pollution reasons.
PAR  In the prior art, methods have been proposed for fluorine control and
      recovery from aqueous acidic solutions in a variety of forms which are the
      outgrowth of a multiplicity of known defluorination techniques. Many of
      these methods involve the precipitation of insoluble fluosilicates from
      either the 30 percent or 54 percent phosphoric acid. The removal from the
      54 percent acid does not affect the F content of the process water.
      Removal from the 30 percent acid provides a partial control method and
      could effect an eventual reduction of F in the process water. Other
      processes involve the isolation of H.sub.2 SiF.sub.6 from the evaporator
      condensates. These processes suffer the disadvantage of being costly and
      of producing a product of minimal value such as aqueous H.sub.2 SiF.sub.6
      solution. Other processes have been proposed whereby the process water is
      neutralized with lime or limestone. These processes are costly but
      acceptable if the process water must be rejected from the recycle system,
      for example, disposal to water sheds. The neutralization processes involve
      a change of pH from the &lt;2 range into the 3+ range. The effect of this
      change is twofold, (1) the F values are precipitated and (2) the
      phosphoric acid content is also neutralized and frequently precipitated as
      calcium phosphate. The latter effect causes a loss of phosphorus values.
      Neutralization of the acid values represented by fluorine acids and
      phosphoric acid with lime and/or carbonates leads to the formation of
      water from the associated H+ ions of the phosphoric and fluosilicic acids.
      Neutralization of the process water with for example, lime or limestone
      can be considered an acceptable means of treatment provided the process
      water is to be discarded. However, if such water is to be preserved for
      reuse, the loss of both the phosphorous values and acid values becomes
      economically unacceptable.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to remove the F content of a
      phosphoric acid plant process water in a useful form as CaF.sub.2
      (Fluorspar).
PAR  A further object is to preserve the H.sup.+ ions associated with the F in a
      form which are useful in producing H.sub.3 PO.sub.4 from these H.sup.+
      ions and not to destroy the H.sup.+ ions associated with the H.sub.3
      PO.sub.4 content of the process water. Lime and limestone, hydroxides
      and/or carbonates cannot be used in the present invention due to the fact
      that the valuable H.sup.+ ions are destroyed and water is produced.
PAR  Additionally, it is an object of the present invention to decrease the F
      concentration of the process water cooling pond and thereby decrease the F
      evolution to the atmosphere thus eliminating a pollution problem.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A general understanding of my invention will be facilitated by reference to
      the drawing which sets out the phase diagram for the system CaO--P.sub.2
      O.sub.5 --H.sub.2 O as disclosed in the 3rd Edition of the monograph
      "Solubilities of Inorganic and Metal Organic Compounds ", Vol. 1 pp.
      321-323, D. Van Nostrand (1940) by Seidell and the supplement in 1952 to
      the 3rd Edition, pp. 131-132, by Seidell and Linke. The solubility curves
      at 25.degree., 40.degree., 50.degree., 75.degree. and 100.degree.C. are
      set out. It will be readily seen that at 25.degree.C. solubility in terms
      of CaO may go as high as 5.75 percent CaO with 24 percent of P.sub.2
      O.sub.5. The curve at 25.degree.C. from 0 to 25 percent P.sub.2 O.sub.5 as
      the highest point represents the solubility curve for dicalcium phosphate
      (CaHPO.sub.4 .H.sub.2 O). It will be seen that at 100.degree.C. and 24
      percent P.sub.2 O.sub.5 only about 3.8 percent of CaO can remain in
      solution. Thus if calcium oxide and P.sub.2 O.sub.5 are allowed to reach
      equilibrium at 25.degree.C. and the solution is then heated to
      100.degree.C. solid dicalcium phosphate will be precipitated. Thus it is
      clear that in this system at a number of combinations of CaO and P.sub.2
      O.sub.5 concentrations, heating will result in the precipitation of a
      solid dicalcium phosphate phase. Any such condition I define as a
      retrograde solubility relationship.
PAR  Above about 24-25 percent P.sub.2 O.sub.5 at 25.degree.C. and up to about
      40 percent P.sub.2 O.sub.5 at 100.degree.C., the equilibrium relationships
      are complex. Beyond this point of the diagram, the solubility of
      monocalcium phosphate CaH.sub.4 (PO.sub.4).sub.2.H.sub. 2 O increases as
      the temperature is increased.
PAR  There is a line XY, which I designate as the line which defines the lower
      limit of available calcium in the system. This line, XY, was derived from
      experimental data using practical times, i.e. within reasonable process
      operable limits, as the criterion. This line does not represent a true
      thermodynamic equilibrium but can be approximately described by the
      following reaction.
EQU  Ca F.sub.2(solid) + SiO.sub.2(solid) + H.sup.+.revreaction.Ca .sup.+.sup.+
      + SiF.sub.6 .sup.=
PAL  the above relation does not show F.sup.- and SiO.sub.3 .sup.= ions which
      must be present at very low concentrations and are the reactants by which
      the equilibrium is established. The equilibrium line runs approximately
      through the points 0.1 CaO and 20 percent P.sub.2 O.sub.5 and about 3
      percent CaO and 40 percent P.sub.2 O.sub.5. Below 20 percent P.sub.2
      O.sub.5, the operable area is any combination of P.sub.2 O.sub.5 and CaO
      levels below the maximum solubility line for the temperature used. Thus
      the solubility lines and the XY line define the area of calcium ion
      available for formation of calcium fluoride, that is to say my "operating
      area".
PAR  In a system in which the retrograde solubility of dicalcium phosphate is
      utilized for the precipitation of CaF.sub.2 by hydrolysis of
      silicofluoride ion, the total calcium available is represented by the
      difference between the initial concentration and the XY line. The time for
      completion of the reaction varies from minutes to hours depending on the
      relative availability of Ca.sup.+.sup.+ ions. Completion of the reaction
      occurs when one of the components, available calcium or silicofluoride is
      depleted.
PAR  The XY line may also be related to CaF.sub.2 solubility as affected by the
      pH of the system. This line covers the pH range of 0.1 to 1.75 and since
      the equilibrium line intersects the P.sub.2 O.sub.5 axis at about 20
      percent P.sub.2 O.sub.5 the inference can be drawn that below this point
      any combination of Ca.sup.+.sup.+ ions and F.sup.- ions will cause
      precipitation. This fact is true only within an acidity concept. For
      example, when the pH of the system is raised above about 2 most of the
      active H.sup.+ ions are destroyed. When the pH of the system is lowered
      below about 0.1 then the following equilibria
EQU  CaF.sub.2 +2H.sup.+.revreaction.2HF+Ca.sup.+.sup.+
EQU  6HF+SiO.sub.2 .revreaction.H.sub.2 SiF.sub.6 +2H.sub.2 O
PAL  become effective. Therefore, operation at levels below 20 percent P.sub.2
      O.sub.5 are most effective if there is addition of calcium to the system
      without any substantial change in the pH.
PAR  I have discovered that the same relationships hold in dilute solutions of
      the above components, i.e., in the range of 0.01 to 0.2 percent Ca and
      0.01 to 2 percent P.sub.2 O.sub.5 in the presence of the SiF.sub.6 .sup.=
      ion even though this is not readily discernable from the solubility
      diagram.
PAR  The concept of the invention can be further understood by considering the
      following situation with respect to pond water. The F content, and the Ca
      content in the form of soluble CaSO.sub.4, do not precipitate CaF.sub.2.
      Therefore, the F cannot be in the form of F.sup.- ions but must be in the
      form of SiF.sub.6 .sup.=.
PAR  It is known that the following equilbria exist:
EQU  H.sub.2 SiF.sub.6 .revreaction.SiF.sub.4 +2HF
EQU  siF.sub.4 +2H.sub.2 O.revreaction.4HF+SiO.sub.2
PAL  from the above equations it would appear that some F.sup.- ion is present
      at all times which must be in exceedingly small amounts since the highly
      insoluble CaF.sub.2 is not produced. Therefore, the F content of the
      system is almost completely in the form of SiF.sub.6 .sup.= ions.
PAR  I have discovered that the above described system, which is apparently
      stable at ambient temperature, will when heated in the range of
      80.degree.C. to 100.degree.C. for a sufficient time, usually less than 20
      hours, leads to a shift in the equilibrium to produce CaF.sub.2 as a
      precipitate. A study of the stoichiometry involved indicates the following
      reaction takes place.
EQU  2H.sub.2 O+6CaSO.sub.4 +H.sub.2 SiF.sub.6 Heat 3Ca.sup.+.sup.++6HSO.sub.4
      .sup.=+3CaF.sub.2 +SiO.sub.2
PAL  at the higher temperatures, i.e., 100.degree.C. the reaction is relatively
      fast and is preferred.
PAR  The removal of additional Ca.sup.+.sup.+ ions from the system would
      generate an equivalent amount of H.sub.2 SO.sub.4 which in turn decreases
      drastically the pH and would solubilize CaF.sub.2 with available SiO.sub.2
      as H.sub.2 SiF.sub.6. The overall effect is that precipitation of
      CaF.sub.2 is influenced by the above equilibria which are in turn
      influenced primarily by pH.
PAR  The following Examples illustrate the concept of the invention.
PAC  EXAMPLE I
PAR  A 200 gram portion of process water from a typical phosphoric acid plant
      containing 0.35 percent P.sub.2 O.sub.5, 0.21 percent F and 0.16 percent
      Ca presumably as CaSO.sub.4 was heated for 5 hours at 100.degree.C. at
      which time the water had become cloudy. The water mixture was further
      heated at 100.degree.C. for an additional 15 hours. At the end of the
      heating period the solids were separated by filtration and the water
      analyzed. The F content of the water decreased to 0.12. By calculation
      based on the above stoichiometry essentially complete reaction was
      indicated, not with respect to total calcium or fluorine but on the basis
      of available calcium.
PAC  EXAMPLE II
PAR  The following Example clearly shows the potential value of this invention.
PAR  200 Grams of pond water as described in Example I above was heated at
      100.degree.C. in the presence of a twofold excess CaSO.sub.4.2 H.sub.2 O
      (approximately 6 grams) based on the above noted stoichiometry. The liquid
      was sampled from time to time and analyzed for F content with the
      following results.
TBL  ______________________________________                                    
     Time (hrs.)        % F                                                    
     ______________________________________                                    
     1                  0.12                                                   
     2                  0.02                                                   
     3                  0.01                                                   
     ______________________________________                                    
PAC  EXAMPLE III
PAR  A reaction similar to that described in Example II above was run on a
      continuous basis in which the pond water was pumped through a column of
      phosphate rock of 4 to 8 mesh size (Standard Sieve). The temperature of
      the water was maintained at 97.degree.C. and the residence time of the
      water in contact with the phosphate rock in the column was 1 hour. A
      sample of the pond water effluent from the column showed upon analysis a
      0.02 percent F content as compared to the original feed water which
      contained 0.21 percent F.
PAR  Experiments were carried out as in Example II above at temperatures ranging
      from 80.degree.-100.degree.C. which resulted in complete or partial
      defluorination.
PAR  Batch experiments with phosphate rock and pond water as in Example I above
      showed the same defluorination effect as with CaSO.sub.4.2 H.sub.2 O.
PAR  The above procedures clearly indicate that a calcium salt of an acid will
      cause the SiF.sub.6 .sup.= ion to hydrolyze if heated at
      80.degree.C.-100.degree.C. for a sufficient time, i.e., on the order of 1
      to 20 hours, provided the pH of the resultant solution is not
      significantly reduced in the process system, e.g., the pH represented by
      strong acids such as H.sub.2 SO.sub.4 in dilute solution.
PAR  I have discovered a process whereby dilute phosphoric acid solutions can be
      treated with cheap available materials to obtain almost complete
      defluorination of the solution. The defluorination is accomplished without
      the economic loss of the valuable H.sup.+ ion content of the system.
PAR  The following equations indicate how the potential H.sup.+ ion content of
      the SiF.sub.6 .sup.= ion is also utilized to form additional phosphoric
      acid
EQU  H.sub.2 SiF.sub.6 +2H.sub.2 O.fwdarw.6HF+SiO.sub.2
EQU  6hf+ca.sub.3 (PO.sub.4).sub.2 .fwdarw.3CaF.sub.2 +2H.sub.3 PO.sub.4
PAR  by the method of the invention substantially complete defluorination of a
      dilute stream can be accomplished and enables such method to be used to
      treat any dilute stream in a phosphoric acid plant, for example the
      condensate stream from rock digestion or a phosphoric acid concentration
      process, a combination of these as from a common barometric seal tank or
      the process pond water itself. The method results in substantially
      complete defluorination of any one or combination of these streams and to
      an eventual real reduction in the F content of the pond water and
      consequently a much reduced F evolution to the atmosphere to a zero or
      negligible level.
PAR  The process provides an economic benefit in the manufacture of CaF.sub.2 in
      substantially pure form, i.e., commercial grade fluorspar and also an
      incremental yield of H.sub.3 PO.sub.4.
PAR  More or less detailed claims will be presented hereinafter and even though
      such claims rather specific in nature, those skilled in the art to which
      this invention pertains will recognize that there may be equivalents for
      the specific materials recited therein. Some of these equivalents will
      immediately occur to one skilled in the art and still other equivalents
      could be readily ascertained upon rather simple routine non-inventive
      experimentation. Certainly no invention would be involved in substituting
      one or more of such equivalents for the materials specifically recited in
      the claims. It is intended that all such equivalents be encompassed within
      the scope of this invention and patent grant in accordance with the well
      known doctrine of equivalents as well as changing proportions of the
      ingredients which do not render the composition unsuitable for the
      disclosed purposes. Therefore, this application for Letters Patent is
      intended to cover all such modifications, changes, and substitutions as
      would reasonably fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for the defluorination of a dilute fluorine-containing
      aqueous phosphatic acid solution derived from the process water of a wet
      process phosphoric acid plant said solution containing less than 3 percent
      P.sub.2 O.sub.5 the improvement which comprises heating the solution to a
      temperature in the range of about 80.degree.C. -100.degree.C. in the
      presence of a solid source of Ca.sup.+.sup.+ ions selected from the group
      consisting of calcium sulfates, calcium phosphates and phosphate rock, for
      a length of time sufficient to precipitate calcium fluoride from said
      aqueous acid solution and thereby increase the net available H.sup.+ ions
      associated with the original phosphatic solution.
NUM  2.
PAR  2. The process of claim 1 wherein the temperature is about 100.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein Ca.sup.+.sup.+ ion source is gypsum.
NUM  4.
PAR  4. The process of claim 1 wherein the aqueous phosphatic acid solution is a
      condensate from a phosphate rock digester which produces phosphoric acid.
NUM  5.
PAR  5. The process of claim 1 wherein the aqueous phosphatic acid solution is a
      condensate effluent from a phosphoric acid concentrator.
NUM  6.
PAR  6. The process of claim 1 wherein the aqueous phosphatic acid solution is
      phosphoric acid process pond water.
NUM  7.
PAR  7. The process of claim 5 wherein the condensate solution is combined with
      the condensate effluent from a phosphoric acid concentrator, so as to form
      said aqueous phosphatic acid solution.
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ABST
PAL  Disclosed is a method for subjecting a finely divided solid to a series of
      processing steps on a single horizontal vacuum belt filter wherein the
      processing includes a liquid-solid mass transfer function, such as
      ion-exchange, carried out by percolation, and this step is followed by at
      least one step, such as washing, in which rapid passage of a large volume
      of liquid through the solid takes place. The method is used to
      ion-exchange zeolitic microspheres in the production of a fluid cracking
      catalyst.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for carrying out a plurality of
      liquid-solid contact steps on a single vacuum belt filter. The invention
      is particularly directed to the processing of a finely divided solid
      material wherein the processing includes at least one step such as
      ion-exchange, extraction, leaching, adsorption or the like, in which the
      rate constant is an important factor and the desired mode of carrying out
      the reaction is by percolation and the processing also includes at least
      one other step, such as washing, in which liquid-solid contact time is
      less than that in the percolation operation.
PAR  The invention is especially concerned with the production of fluid zeolitic
      cracking catalysts by a series of steps including ion-exchange of zeolitic
      microspheres under percolation conditions allowing for relatively long
      liquid-solid retention times to satisfy the mass transfer rate content and
      subsequent rapid washing of the ion-exchanged microspheres with relatively
      large volumes of another liquid.
PAR  Horizontal vacuum belt filters are widely used in the chemical and mineral
      processing industries. The belt filters comprise an endless permeable
      belt, usually perforated rubber, supporting a filter cloth and traveling
      horizontally across a vacuum box. Several models of continuous horizontal
      vacuum filters are sectionalized to provide separated compartments above
      the belt. In some units the vacuum box under the belt is subdivided so
      that the vacuum in the sections above the belt can be individually
      controlled or the filtrates from the sections can be separately collected.
      The sectionalized belt filters are unique in that they permit several
      processing functions to be carried out on a continuous basis on the same
      piece of equipment. For example, a finely divided slurry can be dewatered,
      washed and then rewashed on the same filter. The opportunity for
      conducting a multiplicity of processing steps on a continuous basis on the
      same unit represents an improvement over processing on a rotary vacuum
      filter in which the geometry of the unit precludes such processing.
      However, the sectionalized horizontal vacuum belt filters as heretofore
      operated are strictly limited in the variety of function which can be
      conducted with efficiency on the same belt. Thus, the functions that can
      be carried out serially on the same belt have been limited by the fact
      that the rate of carrying out any one function was inter-related to the
      rates of carrying out the other functions. Such rate was dependent upon
      factors such as belt speed, cake and filter medium resistance and depth of
      vacuum. In prior methods for processing on a vacuum belt filter, these
      were constant for all functions.
PAR  2. Prior Art
PAR  Continuous horizontal belt filters are known in the art. U.S. Pat. No.
      2,880,875 to P. W. Alston, "Filtration Apparatus and Method," is directed
      to such apparatus and its use in filtration. Continuous sectionalized
      horizontal belt vacuum filters provided with subdivided vacuum boxes are
      also known in the art. See Perry's "CHEMICAL ENGINEERS' HANDBOOK,"  at
      19-81 (1963). Commercially available horizontal belt filters include the
      "Eimcobelt" filter and the Straight Line Filter. The latter is described
      and illustrated in CHEMICAL ENGINEERING CATALOG, CEC, 55th Edition, page
      4260, published by Rheinhold Publishing Corporation (1971). The filter
      illustrated in this catalog includes a sectionalized drainage belt with a
      vacuum box running the entire effective length of the unit. The vacuum box
      is divided into three components, all of the same length, and associated
      with individual outlets, all leading to a single receiver. Illustrated
      diagrammatically in CEC is a scheme for operating a horizontal belt filter
      containing three compartments wherein the first provides a cake-forming
      zone operated under flooded conditions, the second is a washing zone, also
      operated under flooded conditions, and the third section is a drying zone,
      operated without flooding. Such processing could obviously not be used in
      carrying out serially a rate-limited mass transfer function followed by a
      step such as rapid washing. A flooded feed to a percolation zone would
      minimize the effectiveness of the percolation step, as would the passage
      of flooded feed into a washing zone.
PAC   THE INVENTION
PAR  We have invented a novel method and system for utilizing a single vacuum
      belt filter with a subdivided vacuum box to accomplish a multiplicity of
      processing functions or steps, at least one of which is a mass transfer
      operation involving contacting a liquid with a finely divided solid under
      percolation conditions and a more rapid liquid-solid contact step applied
      to the solid product from the percolation treatment. Our invention also
      includes provision of a technique for controlling the state or condition
      of the finely divided solid so that the solid is in essentially optimum
      condition before and during percolation for optimum percolation efficiency
      and the solid is also in optimum condition for auxiliary processing.
PAR  In carrying out the invention the desired vacuum depths in the separate
      sections of the unit are achieved by providing separate liquid receivers
      for each vacuum box division and regulating the vacuum level, by means of
      pressure control valves, in each receiver vessel corresponding to a
      different function.
PAR  More particularly, our invention comprises the steps of slurrying finely
      divided solid particles of the material to be processed in a first liquid,
      feeding the slurry to the feed end of a continuously traveling horizontal
      vacuum belt filter, adjusting the vacuum under the feed end of the filter
      to a moderate value, sufficient to drain liquid from the finely divided
      solid and form a cake having a smooth, substantially dry surface but
      carefully limited to minimize removal of water from voids between
      particles and thereby introduce air into the cake, continuously adding a
      second liquid containing material capable of undergoing a mass transfer
      reaction with the finely divided particles of solid into the resulting
      superficially dried cake on the moving filter belt from at least one
      location above the belt, and adjusting the vacuum under the section of the
      belt in which the second liquid is added to a low level, controlled to
      maintain a quiescent pool of liquid over the cake over a substantial
      length of the belt, and sufficient to cause the pool to percolate through
      the cake as it moves on the belt, the vacuum applied to the cake after it
      passes under the pool being sufficient to drain sufficient liquid from the
      cake to provide a smooth, substantially dry surface but insufficient to
      remove substantial liquid from the body of the cake, whereby liquid is
      present between particles of solid in the cake, continuously adding a
      third liquid to the resulting superficially dried cake from at least one
      location above the cake while applying sufficient vacuum to the cake to
      cause rapid drainage of the liquid through the cake, and discharging the
      cake from the moving filter belt.
PAR  In an embodiment of the invention, a single sectionalized vacuum belt
      filter with a subdivided vacuum box is used to subject a finely divided
      solid serially to the combination of ion-exchange as the mass transfer
      function and washing. In an especially preferred embodiment of the
      invention the solid which undergoes the processing is a zeolitic fluid
      catalyst precursor in the form of microspheres and the ion-exchange
      reaction is intended to replace ion-exchangeable alkali metal in the
      zeolite with other cations. One aspect of the especially preferred
      embodiment of the invention involves utilizing spent ion-exchange liquid
      as the liquid used to slurry the zeolitic microspheres, whereby
      preliminary ion-exchange takes place when the microspheres are formed into
      a cake suitable for percolation contact with exchange liquid on the same
      filter belt.
PAR  A particular advantage of the present invention is that it permits complete
      independence of function rate for each function, simultaneously while
      establishing conditions optimum for each function. Thus, the cake
      undergoing the liquid-solid mass transfer has a smooth surface and the
      body contains minimal air or cracks. Air in the body of the cake or
      superficial cracks would be detrimental to efficient percolation which
      requires intimate contact between liquid and individual fine particles.
      The cake is restored to a condition in which the surface only is dry after
      the mass transfer reaction is completed by controlling the vacuum depth in
      the receiver for the percolated liquid. Consequently, auxiliary processing
      is also carried out under conditions optimum for liquid-solid contact.
PAR  The invention provides a sufficient time for carrying out the mass transfer
      reaction without necessitating a correspondingly prolonged time for
      auxiliary processing.
PAR  Reference is made to the accompanying drawing and the following description
      thereof which will serve to set forth more clearly an embodiment of the
      invention, as well as to point out additional features and advantages in
      connection therewith.
PAR  Referring now to the drawing, there is indicated diagrammatically a side
      view in section of the portion of a continuous horizontal belt-vacuum
      filter as it is used in practicing our invention to conduct an
      ion-exchange reaction. The drawing includes a sketch of the profile of the
      liquid and solid phases present when the system is in use.
PAR  The filter illustrated in the drawing includes an endless permeable flat
      belt 1, suitably perforated rubber, which carries on its upper surface a
      filter medium 9, suitably cloth having openings smaller than the finest
      solid particles in the slurry. The belt with filter medium is continuously
      moved horizontally in the direction indicated over a stationary vacuum box
      which is subdivided into three divisions, 2, 3 and 4. Means (not shown)
      are provided to establish a vacuum seal between the vacuum box and the
      belt. Piping in the bottom of divisions 2, 3 and 4 of the vacuum box
      communicates through separate liquid receivers, 10, 11 and 12, to filtrate
      pumps 22, 23 and 24 and a vacuum pump adapted to apply controlled vacuum
      to these receivers. Each receiver is equipped with its own pressure
      control valve, 13, 14 and 15, to regulate separately the depth of vacuum
      in the receivers. Each control valve 13, 14 and 15 is associated with a
      pressure indicator control, 16, 17 and 18, respectively, and a pneumatic
      signal transmission system, 19, 20 and 21. Vertical rubber dams 5 and 5'
      are located above the belt between vacuum boxes 2 and 3 and 3 and 4,
      respectively. These dams may be mounted for upward and downward adjustment
      and they can be removed as required.
PAR  Within the compartments defined by the dam walls are weir boxes 6, 7, 7'
      and 8. These boxes may be associated with sensing devices to control feed
      rate. It will be noted that the weir boxes 6 and 8 in the cake-forming and
      washing sections, respectively, are located to feed liquid at the
      beginning of each of the zones. In the mass transfer, elongated section,
      feed from a divided feed supply means is split into two portions, one of
      which is fed through box 7 near the beginning of the section at 7 and the
      other near the center of the section at 7'.
PAR  Means for housing the unit, driving the belt, washing one or both sides of
      the filter cloth on the return trip under the belt, guiding the belt and
      other details are well known in the art. Reference is made to
      illustrations appearing in CHEMICAL ENGINEERING CATALOG (CEC) 55th
      Edition, page 4260, published in 1971 by Rheinhold Publishing Corporation,
      Inc. for details of the construction of a horizontal sectionalized belt
      filter with a subdivided vacuum box and dams between sections. It is noted
      that the filter unit diagrammatically presented in the accompanying
      drawing herein differs from the unit shown in CEC in that the middle
      section of our unit is about twice as long as that of the middle section
      shown in CEC. Further, our unit includes vacuum controls associated with
      separate receivers (all shown in our drawing) which do not appear in the
      unit shown in the CEC publication.
PAR  Still referring to the drawing, the solid to be processed is formed into a
      fluid slurry in a suitable liquid and this slurry is continuously charged
      through weir box 6 to the forward end of the filter 1 on the endless belt
      which is continuously moving from left to right. Control valve 13
      associated with liquid receiver 10 is set at a moderate level to provide a
      thin cake which, when it leaves the cake-forming section and passes under
      the dam wall between these sections, is superficially dried. The cake,
      typically 1/2 inch to 1 inch thick, should have a smooth-crack-free
      surface but must contain liquid in the voids between substantially all of
      the solid particles. The use of excessive vacuum in this cake-forming zone
      is carefully avoided since the air would reduce the efficiency of the
      subsequent percolation treatment. Slurry liquid passing through the cake
      passes into receiver 10 from which it is continuously discharged into a
      tank or other suitable holding system by pump 22.
PAR  As the superficially dried cake passes under dam 5 between the first two
      sections, it is contacted with a second liquid fed through weir boxes 7
      and 7' onto the cake. The weir boxes are preferably provided with means
      such as rubber guiding lips, not shown, to assure gentle flow of the
      contacting liquid with the thin cake. This is done to avoid breaking up or
      forming crevices on the surface or the body of the cake. The vacuum in
      receiver 11 is carefully controlled through pressure controls 14 to
      maintain a relatively quiescent pool of ion-exchange liquid over the thin
      cake for a substantial length of the cake, at least between 7 and 7', as
      the cake travels through the mass transfer section. In some cases, the
      liquid can be charged to the mass transfer section or zone from a single
      point. An example would be when the mass transfer rate is moderately high.
      In other cases, for example, when very long contacting times are required,
      the liquid may be added at three or more locations. In this case, mass
      transfer section may be increased in length. Liquid percolated through the
      cake drains through the filter medium 9 into receiver 11 and is removed by
      pump 23. The vacuum level in receiver 11 is set to dry superficially the
      ion-exchanged cake so that the cake surface is substantially dry, smooth
      and free from cracks and the body of the cake contains liquid between
      voids in the particles when the thin cake passes under the dam 5' and
      enters the section of the belt over vacuum box division 4 for washing.
PAR  As soon as the cake enters the section of the belt above the vacuum box
      division 4, it is contacted with wash liquid fed from weir box 8 at a
      suitable rate. In this section the solids are contacted with large volumes
      of liquid passing rapidly through the cake. To accomplish this a high
      vacuum depth is set in receiver 12 by control valve 15. In this section it
      is not necessary, as it was in the other sections, to exclude air from the
      body of the cake. Thus, the vacuum applied to receiver 12 is correlated
      with the rate of feed of wash water to provide essentially instant
      drainage of liquid through the cake into receiver 12 from which it is
      removed by pump 24. The cake is discharged by gravity from the end of the
      belt as it passes over a pulley system (not shown). The filter may be
      washed on one or both sides, as required, on its return trip under the
      unit. This may be accomplished by means shown at CEC, page 4260.
PAR  Our invention has been successfully used on a commercial-scale in the
      production of a fluid zeolitic cracking catalyst.
PAR  The processing, prior to practice of the instant invention, involved
      reacting spray dried calcined microspheres of kaolin clay in aqueous
      sodium hydroxide solution to form a suspension in a sodium silicate mother
      liquor of microspheres composed of synthetic crystalline faujasite in
      sodium exchanged form and a silica-alumina residue of calcined clay. The
      procedure is described in U.S. Pat. No. 3,647,718 to W. L. Haden, Jr. et
      al.
PAR  Utilizing a vacuum belt filter in conventional manner, the zeolitic
      microspheres were deliquored and then washed, discharging a cake of
      zeolitic microspheres for subsequent ion-exchange treatment and washing.
      The washed microspheres were essentially all in the particle size range of
      20 to 150 microns.
PAR  The objective of the subsequent treatments, all carried out in accordance
      with our invention on a single belt filter, substantially as illustrated
      in the accompanying drawing, was to form a cake suitable for ion-exchange
      by percolation, ion-exchange the microspheres, wash the ion-exchanged
      microspheres and discharge the washed microspheres as a solid cake. In
      carrying out the exchange treatment, it was desired to ion-exchange the
      sodium in the microspheres with sufficient ammonium ions to reduce the
      sodium from an initial level of about 10% by weight to about 1% by weight
      and to remove residual ion-exchange liquor from the exchanged microspheres
      on a continuous basis with simple equipment that occupied minimal space.
      It was desired to utilize three equivalents ammonia or less per equivalent
      sodium while minimizing the volume of ion-exchange solution in order to
      avoid either excessive consumption of exchange solution or the creation of
      large quantities of spent solution which would require a costly drying
      operation to recover the salts contained in the solution. Past experience
      in base-exchanging the microspheres with ammonium nitrate by means of a
      staged countercurrent contact system utilizing a series of thickeners, in
      conventional manner, indicated that the desired sodium level could be
      achieved while using a total of three equivalents or less of ammonia per
      equivalent of sodium provided very dilute exchange solutions were
      employed. This would create large volumes of spent nitrate solution in
      commercial practice. Further, adaptation of the countercurrent procedure
      to commercial operation would have necessitated an unduly large investment
      in equipment and also plant site because of the large size of the
      equipment needed.
PAR  The vacuum belt filter used in the catalyst plant had an effective belt
      length (length of belt over the suction box) of 12 feet and was 4 feet
      wide. The filter was divided into three sections defined by rubber dams.
      The first section (feed end) was about 3 feet long, the central elongated
      percolation section about 6 feet long and the third (washing) section was
      3 feet long. The dam walls were about 4 inches high and were adjusted to a
      height of about 1 inch above the cloth. The vacuum box under the belt was
      divided into three sections, approximately 3 feet, 6 feet and 3 feet, and
      were coextensive with the sections established by the dams above the belt.
      The unit was equipped with a polypropylene filter cloth having openings
      smaller than the finest particles in the feed.
PAR  The unit was operated with a belt speed of about 4 ft./min. in order to
      establish a 90 second contact period in the percolation zone established
      in the middle 6 foot section. This contact period would satisfy the mass
      transfer rate constant for the particular reaction involved.
PAR  The microspheres containing zeolite in sodium form were slurried at about
      40% solids in spent ion-exchange liquor from a previous ion-exchange
      treatment. This liquor was composed of a mixture of sodium nitrate and
      ammonium nitrate. The slurry was continuously charged through a weir box
      to the feed end of the moving filter cloth at a rate automatically
      controlled to provide a cake of about 3/4 to 1 inch thickness. The vacuum
      in the receiver associated with the division of the suction box under the
      cake-forming zone at the feed end of the belt was set to a moderate level
      of about 10 inches Hg to provide the desired superficially dried cake of
      microspheres at the end of the cake-forming zone. Slurry liquid was
      continuously drained into the receiver leading to the vacuum box in this
      section.
PAR  As the cake entered the ion-exchange section, it was contacted with 2N
      NH.sub.4 NO.sub.3 solution (hot) continuously fed from spaced weir boxes,
      as shown diagrammatically in the drawing. The vacuum in this section was
      set at a low level, about 1 inch Hg. This established a pool of liquid
      above the belt for a length of about 5 feet. The pool was about 1/2 inch
      deep at its deepest point. A liquid level sensor device was used to
      control the vacuum level in this zone. As the cake passed beyond the pool,
      sufficient liquid was drained into the receiver associated with the vacuum
      box division in this section to dry superficially the cake before it
      passed under the dam between the ion-exchange and washing sections.
PAR  With the vacuum on the receiver for the wash liquid set at a high level of
      about 20 inches Hg, the cake traveling into the washing zone was rapidly
      contacted with wash water continuously fed through a weir box adjacent the
      dam wall between the ion-exchange and washing sections. Water was drained
      rapidly through the cake into the receiver for this section and the cake
      was discharged by gravity from the end of the filter belt onto a conveyor
      for subsequent drying. This cake was considerably drier than the cakes
      formed as feed for the ion-exchanging and washing sections. On the return
      trip, the filter cloth was washed on both sides with water.
PAR  Our invention has been described with especial reference to its utility in
      processing microspheres of zeolitic catalyst by steps including
      ion-exchange. The invention has other applications. Generally, it is best
      adapted to processing solids which filter rapidly under high vacuum and
      which filter slowly or not at all under atmospheric pressure, whereby
      controlled percolation can be effected by practice of our invention. Thus,
      the invention is of especial utility in processing finely divided
      noncolloidal solids, e.g., solids composed of particles predominantly in
      the 10 to 200 micron particle size range. These solids may be natural or
      synthetic and embrace, for example, minerals which undergo leaching or
      other rate-limited chemical reaction as well as resin particles which
      undergo anionic or cationic exchange. Granular solids generally tend to
      filter rapidly, even under atmospheric pressure and thereby the desired
      percolation zone would not be achieved when handling such material.
PAR  The filter unit may be varied from the three section unit illustrated. For
      example, the unit could be modified to include five sections. However, in
      operating the unit thus modified, it would be necessary to increase
      correspondingly the number of divisions in the vacuum box and the number
      of receivers. In operating the unit it would be necessary to control the
      vacuum depth in the receivers to assure the discharge of a carefully
      superficially dried cake from one section into any subsequent section in
      which liquid-solid contact takes place.
PAR  The dams may be omitted in operations in which overflooding from one
      section to another would not be encountered. Thus, the sections on the
      belt are established by control of vacuum depth and do not rely on the
      presence of dam or other retaining walls to isolate individual processing
      functions.
CLMS
STM  We claim:
NUM  1.
PAR  1. A continuous method for subjecting a mass of finely divided solid
      particles serially to a liquid-solid mass transfer unit operation and to
      another liquid-solid operation carried out at a higher rate than the mass
      transfer operation which comprises feeding a liquid slurry of the finely
      divided particles to a moving continuous horizontal vacuum belt filter
      provided with a divided vacuum box wherein each division is associated
      with a separate liquid receiver and vacuum pressure controls, applying
      sufficient vacuum to the slurry after it is charged to the belt to produce
      a smooth superficially dried cake containing liquid in voids between the
      particles, as the cake continues to travel across said vacuum box
      contacting it with a solution capable of undergoing a mass transfer
      reaction with the particles while applying vacuum controlled at a level
      that will maintain a quiescent pool of liquid above the cake over a
      substantial length of the travle of the cake on the belt, draining
      sufficient liquid from the cake to form a cake having a smooth crack-free
      surface and containing liquid in voids between particles in the cake,
      adding another liquid to the cake while applying sufficient vacuum thereto
      to drain rapidly liquid through the cake and discharging the cake from the
      belt.
NUM  2.
PAR  2. The method of claim 1 characterized by the fact that the finely divided
      particles form a cake which filters rapidly under vacuum of about 20
      inches Hg and at an appreciably lower rate under atmospheric pressure.
NUM  3.
PAR  3. A method for carrying out a multiplicity of liquid-solid processing
      steps on a single vacuum belt filter which comprises the steps of
      slurrying a mass of finely divided solid particles to be processed in a
      first liquid, feeding the slurry to the feed end of a continuously
      traveling horizontal vacuum belt filter, adjusting the vacuum under the
      feed end of the filter to a value sufficient to drain liquid from the
      finely divided solid particles and form a cake having a smooth,
      substantially dry surface but carefully limited to minimize removal of
      water from voids between particles and thereby introduce air into the
      cake, continuously adding a second liquid containing material capable of
      undergoing a mass transfer reaction with the finely divided particles of
      solid onto the surface of the resulting superficially dried cake from at
      least one location above the belt, and adjusting the vacuum under the
      section of the belt in which the second liquid is added to a level
      controlled to maintain a quiescent pool of liquid over the cake over a
      substantial length of the belt and sufficient to cause the pool to
      percolate through the cake as it moves on the belt, the vacuum applied to
      the cake after it passes under the pool being sufficient to drain
      sufficient liquid from the cake to provide a smooth, substantially dry
      surface but insufficient to remove substantial liquid from the body of the
      cake, whereby liquid is present in voids between particles in the cake,
      continuously adding a third liquid to the resulting superficially dried
      cake from at least one location above the cake while applying sufficient
      vacuum to the cake to cause rapid drainage of the liquid through the cake,
      and discharging the cake from the moving filter belt.
NUM  4.
PAR  4. A continuous method for ion-exchanging fluidizable zeolitic particles
      which comprises slurrying said zeolitic particles with a first liquid,
      continuously feeding the slurry at a substantially constant rate onto the
      feed end of a continuous horizontal belt vacuum filter, continuously
      moving the belt containing the slurry serially through a cake-forming
      section, at least one ion-exchange section and a washing section, while
      vacuum is applied to separate liquid receivers under the belt, and
      discharging the washed cake from the belt, the method being characterized
      by the fact that cake leaving the cake-forming section has a substantially
      crack-free dry surface but contains liquid in the voids between the
      fluidizable zeolitic particles in the cake, the cake in the ion-exchange
      treatment undergoes contact with ion-exchange liquid in the ion-exchange
      section under percolation conditions and leaves the ion-exchange section
      in the form of a cake having a smooth, substantially crack-free dry
      surface and containing liquid in the voids between the fluid zeolite
      particles, and the ion-exchanged cake is washed rapidly under vacuum.
NUM  5.
PAR  5. The method of claim 4 wherein the vacuum applied to the cake in the
      washing section is appreciably greater than the vacuum applied in the
      cake-forming section and that vacuum in the ion-exchange section is
      appreciably less than the vacuum in the other sections.
NUM  6.
PAR  6. The method of claim 5 wherein the length of the ion-exchange section is
      appreciably greater than the length of both the cake-forming section and
      the washing section.
NUM  7.
PAR  7. The method of claim 4 wherein the original zeolitic particles comprise a
      crystalline sodium aluminosilicate of the molecular sieve type and the
      sodium ions are exchanged with nonalkali metal ions.
NUM  8.
PAR  8. The method of claim 4 wherein the liquid added in the ion-exchange
      section is an ammonium salt solution and the liquid used to slurry the
      zeolitic particles comprises spent ion-exchange solution.
NUM  9.
PAR  9. The method of claim 4 wherein the zeolitic particles that are slurried
      are catalyst precursor particles in the form of microspheres comprising
      synthetic crystalline faujasite in sodium-exchange form and a
      silica-alumina residue of calcined kaolin clay, said microspheres having
      been produced by reacting microspheres consisting essentially of calcined
      kaolin clay in a sodium hydroxide solution until synthetic sodium
      faujasite crystallizes in the microspheres and a sodium silicate mother
      liquor is produced, and draining mother liquor from the resulting
      crystallized microspheres.
NUM  10.
PAR  10. The method of claim 9 wherein the liquid added in the ion-exchange
      section comprises an ammonium salt solution and the liquid used to slurry
      the catalyst precursor particles comprises spent ion-exchange solution.
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ABST
PAL  Liquid compositions containing an amine oxide, an occlusive emollient, and
      a pH controlling agent exhibit enhanced adsorption of the emollient
      material on keratinous substrates such as skin when employed as a
      detergent composition at an acid pH.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions specifically designed to promote the
      deposition of emollient materials on skin while concurrently performing a
      cleaning function. More particularly, the invention encompasses liquid
      detergent compositions especially adapted for dishwashing and other
      cleaning uses under conditions which involve the immersion of skin in
      water containing said detergent compositions. The detergent compositions
      herein enhance the deposition of the emollient on the skin and provide an
      occlusive film thereon.
PAR  The use of emollients in light duty liquid detergents and shampoo
      compositions is well known. The desirability of compositions which provide
      an emollient benefit to skin concurrently with a detergent effect has long
      been recognized, but has been difficult to achieve. The mechanisms of
      emollient deposition and soil removal are generally in conflict. Emollient
      materials are usually oily in nature and provide a "load" which
      substantially detracts from the cleaning and sudsing of detergent
      compounds. Conversely, the cleaning action of the detergent component of
      such compositions usually removes oily or waxy emollients from the skin,
      thereby frustrating the purpose for including such materials in detergent
      compositions.
PAR  By the present invention there are provided liquid detergent compositions
      comprising an emollient material, an amine oxide and a pH controlling
      agent. It has been discovered that the use of an amine oxide at an acid pH
      results in an increase of the lipophilic character of keratinous surfaces
      such as skin or hair. The increased lipophilic character of the keratinous
      surface enhances the adsorption of waxy or oily emollients thereon.
      Accordingly, enhanced deposition of waxy and oily emollients onto surfaces
      such as skin is achieved by the compositions herein.
PAR  Previous efforts have been directed to the formulation of detergent
      compositions and shampoos containing emollient materials. For example,
      U.S. Pat. Nos. 2,519,062; 1,674,580 and British Pat. No. 1,054,244
      disclose compositions comprising an anionic surfactant and oily or waxy
      emollient materials. However, the compositions disclosed in these patents
      are not specifically designed to promote the adsorption of the emollients
      onto skin in the manner of the present invention.
PAR  The use of amine oxides in emollient-containing detergent compositions is
      suggested in U.S. Pat. No. 3,533,955 and in THE CHEMICAL FORMULARY, Vol.
      XVI, page 88. An aerosol shaving cream comprising a stearic acid soap, an
      amine oxide and a silicone fluid is described in THE CHEMICAL FORMULARY,
      Vol. XVI, page 120. U.S. Pat. No. 3,098,794 relates to hair grooming
      compositions comprising fatty alcohols and amine oxides. British Pat. No.
      1,254,309 discloses shampoos comprising amine oxide conditioning agents.
      However, none of the foregoing references discloses the use of amine
      oxides in combination with waterinsoluble emollients and a pH controlling
      agent capable of maintaining the pH of an aqueous washing medium within
      the acid range.
PAR  Amine oxides are well known for use in detergent compositions; see U.S.
      Pat. Nos. 3,001,945; 3,223,647; 3,281,368; 3,441,508, 3,441,611;
      3,441,612; 3,450,637; and 3,313,734. While these patents suggest the use
      of amine oxides in conjunction with many of the usual detergent adjuvants,
      such use is consistently at pH's within the basic range, rather than at
      the acidic ranges employed in the instant invention. Accordingly, the
      prior art does not appear to have recognized that amine oxides can be
      employed under acidic conditions to lipophilize the skin, thereby
      promoting the adsorption of emollient materials thereto.
PAR  It is an object of the present invention to provide liquid detergent
      compositions which achieve an emollient effect on keratinous surfaces such
      as skin and hair when employed in an aqueous washing solution.
PAR  It is a further object herein to provide emollient detergent compositions
      specifically adapted to hand dishwashing and hand laundering.
PAR  These and other objects are obtained herein as will be seen from the
      following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention encompasses liquid detergent compositions which
      provide emolliency benefits when used in contact with skin, hair or other
      keratinous surfaces, comprising:
PA1  i. from about 0.5 to about 50% by weight of an amine oxide of the formula
      RR'R"NO, wherein R is an alkyl group containing from about 8 to about 30
      carbon atoms, and wherein R' and R" are each alkyl groups containing from
      about 1 to about 18 carbon atoms;
PA1  ii. from about 0.5 to about 20% by weight of a water-insoluble emollient;
PA1  iii. from about 0.1 to about 20% by weight of a pH controlling agent;
PA1  iv. the balance of said composition comprising a liquid carrier,
PAL  the pH of a 0.2% by weight aqueous solution of said composition being in
      the acidic range.
PAR  The detergent compositions herein are preferably employed in an aqueous
      solution at a concentration of about 0.2% by weight. Of course, the amount
      employed will depend on the desires of the user and the soil load
      encountered.
PAR  The compositions herein can be used to cleanse fabrics, hard surfaces such
      as dishes, floors and walls, or for personal care. The compositions are
      especially adapted for use in hand laundering and hand dishwashing
      operations and provide desirable skin softening and emolliency benefits
      concurrently with cleaning.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The liquid detergent compositions herein comprise three essential
      components, as well as a carrier liquid. The compositions can optionally
      contain auxiliary materials designed to augment their cleaning and
      aesthetic attributes. These various components are described in detail,
      below.
PAC  The Amine Oxide Component
PAR  The amine oxides employed in the present invention are of the general
      formula RR'R"NO, wherein R is an alkyl group containing from about 8 to
      about 30, preferably about 8 to about 18, carbon atoms. Groups R' and R"
      are each alkyl groups containing from about 1 to about 18, preferably from
      about 1 to about 4, carbon atoms.
PAR  Amine oxides of the type useful herein can be prepared by the oxidation of
      tertiary amines in the manner set forth in U.S. Pat. No. 3,223,647 and
      British Pat. No. 437,566. In general terms, amine oxides are prepared by
      the controlled oxidation of the corresponding tertiary amines.
PAR  Non-limiting examples of tertiary amine oxides useful in the compositions
      herein are dodecyldimethyl amine oxide, tridecyldimethyl amine oxide,
      tetradecyldimethyl amine oxide, pentadecyldimethyl amine oxide,
      hexadecyldimethyl amine oxide, heptadecyldimethyl amine oxide,
      octadecyldimethyl amine oxide, dodecyldiethyl amine oxide,
      tetradecyldiethyl amine oxide, hexadecyldiethyl amine oxide,
      octadecyldiethyl amine oxide, dodecyldipropyl amine oxide,
      tetradecyldipropyl amine oxide, hexadecyldipropyl amine oxide,
      octadecyldipropyl amine oxide, dodecyldibutyl amine oxide,
      tetradecyldibutyl amine oxide, hexadecyldibutyl amine oxide,
      octadecyldibutyl amine oxide, dodecylmethylethyl amine oxide,
      tetradecylethylpropyl amine oxide, hexadecylpropylbutyl amine oxide, and
      octadecylmethylbutyl amine oxide.
PAR  Also useful herein are the amine oxides which are prepared by the oxidation
      of tertiary amines prepared from mixed alcohols obtainable from coconut
      oil. Such mixed coconutalkyl amine oxides are preferred from an economic
      standpoint inasmuch as it is unnecessary, for the present purposes, to
      separate the mixed alcohol fractions into their pure components to secure
      the pure chain length fractions of the amine oxides.
PAR  The preferred amine oxides herein are those wherein groups R' and R" are
      each methyl. Especially preferred amine oxides herein are dodecyldimethyl
      amine oxide, tetradecyldimethyl amine oxide, hexadecyldimethyl amine
      oxide, octadecyldimethyl amine oxide and the mixed coconutalkyldimethyl
      amine oxides.
PAC  The Emollient Component
PAR  The emollient materials employed in the present compositions are those
      water-insoluble, oily and waxy materials well known for their cosmetic
      benefits on skin. Preferred emollient materials herein include the
      waterinsoluble waxy or oily fatty alcohols, fatty glycols and diols, fatty
      polyols and fatty acid esters.
PAR  Non-limiting examples of water-insoluble emollient materials useful herein
      include the primary and secondary C.sub.12 -C.sub.22 monohydric alcohols,
      the C.sub.12 -C.sub.22 diols and the C.sub.12 -C.sub.22 polyols. As
      specific examples of such materials there can be mentioned 1-dodecanol,
      1-tetradecanol, 1-octadecanol, 1-eicosanol, 2-dodecanol, 3-octadecanol,
      4-docosanol, 1,4-tetradecanediol, 1,2-octadecanediol, 1,2-docosanediol,
      1,2,3-hexadecanetriol, 1,2,4-eicosanetriol, 1,1,2,2docosanetetra-ol, and
      the like.
PAR  Specific, non-limiting examples of water-insoluble ester emollients useful
      in the compositions herein include the triglyceride esters of the fatty
      acids, including materials such as olive oil, peanut oil, almond oil,
      sunflower oil, cottonseed oil, soybean oil, and coconut oil. Natural or
      synthetic fatty acid esters, such as isopropyl myristate, isopropyl
      palmitate, isopropyl stearate, butyl stearate, and the like are all useful
      herein as the water-insoluble emollient. Other ester materials include the
      complex fatty cholesterol derivatives and the lanolin alcohol esters. The
      various fluid silicones can also be employed as the emollient component of
      the instant invention.
PAR  Branched-chain oily and waxy emollients, especially materials such as
      2-octyldodecanol, are well known as bath oil additives and are suitable
      for use as the emollient component of the instant compositions.
PAR  Cetyl alcohol (hexadecanol) is an especially preferred emollient material
      for use in the present compositions.
PAC  The pH Controlling Agent
PAR  The amine oxide component of the instant compositions performs its
      lipophilizing effect on skin when employed under acidic conditions.
      Accordingly, the compositions herein are formulated to provide an acidic
      pH in aqueous cleaning solutions. Since neither the amine oxide nor the
      emollient component of the compositions appreciably contributes to the
      acidulation of the cleaning solution, a pH controlling agent is employed
      in the compositions.
PAR  While the compositions herein are useful at any pH below neutrality, it is
      preferred that they be employed in a cleaning solution at a pH of from 4.0
      to 6.9.
PAR  Inorganic acids, such as hydrochloric acid, sulfuric acid and the like can
      be employed in the instant compositions to maintain the pH of the aqueous
      cleaning solution within the desired pH range. However, the use of
      non-buffering acids is inconvenient, inasmuch as the pH of the
      compositions, themselves, are quite low when non-buffering inorganic acids
      are employed as the pH controlling agent. Accordingly, it is preferable to
      employ as the pH controlling agent an organic acid having a pK.sub.a of 6,
      or below, or one of the common buffer materials which establishes and
      maintains the pH of the cleaning solution within the desired acid range.
PAR  Specific, non-limiting examples of buffer materials useful herein include
      the buffer solutions of Clark and Lubs set forth in Hawk's "Physiological
      Chemistry" 14th Ed., Oser, pages 41-43. Such acidic buffer materials
      include potassium phthalate buffers, phosphate buffers and acetate
      buffers.
PAR  Additional examples of useful pH controlling agents herein include citric
      acid, acetic acid, maleic acid, and mixtures thereof, and acid buffers
      comprising mixtures of these acids and their water-soluble alkali metal
      salts.
PAR  The type of acidic pH controlling agent employed herein is not critical to
      the invention, inasmuch as all that is required is that the pH of the
      washing solution be maintained within the acidic range. Citric acid,
      acetic acid and maleic acid are preferred pH controlling agents herein
      from the standpoint of availability and compatibility. Acetic acid and
      acetic acid/sodium acetate buffers are especially preferred for this use,
      and are readily available.
PAC  Carrier
PAR  The compositions herein are conveniently employed in a liquid form.
      Accordingly, the foregoing components are admixed with a liquid carrier
      material. The choice of liquid carriers is immaterial, except that they
      should be safe, compatible with the foregoing active components, and
      should not interfere with the lipophilizing action of the acidulated amine
      oxide material or with the deposition of the emollient on the lipophilized
      skin surface. The carrier liquids should not be in a basic form to avoid
      neutralization of the acidic pH controlling agent.
PAR  The most useful and preferred carrier liquids herein include water and
      water-alcohol mixtures. Water-alcohol mixtures are preferred inasmuch as
      the alcohol component aids in the dispersion and dissolution of the
      emollient and the amine oxide. Moreover, the alcohol can be used to adjust
      the viscosity of the compositions to a desired level.
PAR  Useful alcohols herein include ethanol, propanol and butanol. Ethanol is
      preferred from an overall aesthetic standpoint. Preferred carrier liquids
      herein include water and water-ethanol mixtures containing from about 1 to
      about 50% ethanol.
PAC  Auxiliary Materials
PAR  The compositions herein can optionally contain auxiliary materials which
      augment their cleaning and aesthetic qualities.
PAR  It is preferred to include from about 0.5 to about 75% by weight of a
      non-interfering auxiliary surfactant in addition to the amine oxide in the
      compositions herein. The use of an additional surfactant ingredient
      enhances the cleaning activity and contributes to the maintenance of
      desirable sudsing in the products. When preparing compositions for general
      light-duty use, such as for dishwashing or hand laundering, the auxiliary
      surfactant is usually added in an amount of from about 5 to about 50% by
      weight of the total composition. Heavy-duty fabric laundering compositions
      will generally contain up to about 75% by weight of the auxiliary
      surfactant.
PAR  A wide variety of organic, water-soluble detersive surfactants can
      optionally be employed in the compositions herein. The choice of the type
      of surfactant depends on the desires of the user with regard to the
      intended purpose of the compositions and the commercial availability of
      the surfactant. The only limitation on the surfactants which can be added
      to the compositions herein is that they not interfere with the
      lipophilizing action of the acidulated amine oxide. For example, the alkyl
      glycerol ether sulfonates have been found to make the skin more lipophobic
      and to decrease the deposition of emollients when used in combination with
      acidulated amine oxides in the manner of the present invention.
      Accordingly, alkyl glycerol ether sulfonates are not contemplated for use
      as an auxiliary surfactant in the instant compositions.
PAR  The compositions herein can contain any of the anionic, cationic, nonionic
      and amphoteric surfactants commonly employed in detergent compositions,
      exclusive of those surfactant materials which tend to make the skin
      surface lipophobic. Surfactants which make the skin surface more
      lipophobic can be determined by simply comparing the total amount of
      emollient deposited on the skin in the presence and absence of added
      surfactant.
PAR  Specific, non-limiting examples of compatible detersive surfactants useful
      in the present compositions are set forth below. The term "alkyl" used to
      describe these various surfactants encompasses the hydrocarbyl alkyl
      groups having a chain length of from C.sub.10 to C.sub.22, i.e., materials
      of the type generally recognized for use as detergents. Suitable
      surfactants which can be employed in the compositions herein include
      anionic surfactants such as the alkyl sulfates, alkylbenzene sulfonates,
      olefin sulfonates, fatty acyl isethionates and taurides, alkyl
      sulfoccinates, alkyl ether sulfates (AE.sub.x SO.sub.4) and many others.
      Common fatty acid soaps are also useful herein.
PAR  Suitable nonionic surfactants include the polyethoxysorbitan esters, fatty
      acyl mono- and di-ethanol amides, C.sub.8 - C.sub.22 ethoxylates and mixed
      coconut ethoxylates containing 1 to 30 ethoxylate groups. The ethoxylates
      can be conveniently employed at concentrations of from 0.5 to 10% by
      weight to provide appropriate suds levels.
PAR  Suitable zwitterionic surfactants include the fatty alkyl betaines and
      sulfobetaines and similar compounds such as C.sub.8 to C.sub.18 ammonio
      propane sulfonate and C.sub.8 to C.sub.18 hydroxy ammonio propane
      sulfonates. The ammonio propane sulfonates can be employed at
      concentrations of from 1 to 5% by weight of the composition to provide
      appropriate suds levels.
PAR  The anionic surfactants can be in the form of their water-soluble salts,
      for instance the amine, ammonium, alkanolammonium or alkali metal salts.
      For most purposes it is preferred to use the anionic materials in their
      sodium or ammonium salt form. Generally, it is preferred to use anionic
      surfactants in the compositions herein because of their high foaming
      character. Especially preferred anionic surfactants herein include the
      alkyl ether sulfates of the general formula AE.sub.x SO.sub.4 wherein
      A=C.sub.10 -C'.sub.22 alkyl, E is ethylene oxide, and wherein x is an
      integer from 0 to 30; the C.sub.10 -C.sub.14 olefin sulfonates, and
      mixtures thereof.
PAR  The compositions herein may optionally contain other oily materials which
      are not properly classified as emollients, such as perfume oils and water
      miscible substances having antiseptic, bactericidal or bacteriostatic
      properties, or therapeutic properties, and, in general, the affinity of
      these oily materials for the skin is also promoted by the acidulated amine
      oxides.
PAR  Other optional additives such as perfumes, thickeners such as carboxymethyl
      cellulose, enzymes, colorants, and the like can be employed in the
      compositions to enhance their aesthetic and/or performance
      characteristics. The only requirement of such additional materials is that
      they be non-basic and compatible with the active components.
PAR  Detergency builder materials can be employed in the instant compositions to
      sequester calcium and magnesium hardness ions, thereby promoting the
      detergency action. Such builder materials can be employed at
      concentrations of from about 5 to about 30% by weight of the total
      compositions. Of course, the amount can be varied depending on the water
      hardness encountered.
PAR  The common alkaline detergency builder materials are not useful herein
      since they interfere with the acidulation of the cleaning solutions.
      Conversely, any of the well known neutral and acidic sequestrants can be
      employed in the present compositions to provide a builder function.
PAR  Examples of non-interfering builder materials useful in the present
      compositions include the water-soluble polycarboxylic acids, polysulfonic
      acids, polymaleic acids, aminopolyacetic acids, and the like.
PAR  Specific examples of non-interfering builder materials useful in the
      present compositions include ethylenediaminetetraacetic acid,
      nitrilotriacetic acid, mellitic acid, oxydisuccinic acid, and the
      co-polymers of aliphatic carboxylic acids such as maleic acid, itaconic
      acid, mesaconic acid, fumaric acid, aconitic acid, citraconic acid, and
      methylenemalonic acid. These latter polymers are described in U.S. Pat.
      No. 3,308,067, incorporated herein by reference. Additional useful builder
      materials herein include carboxymethyloxymalonic acid,
      carboxymethoxysuccinic acid, cis-cyclohexanehexacarboxylic acid,
      cis-cyclopentanetetracarboxylic acid and phloroglucinol trisulfonic acid.
      The acidic or neutral salts, especially the triethanolammonium salts of
      the foregoing acids, are also useful in the present compositions.
PAR  The foregoing acidic materials can also be employed, in their acid form, as
      the pH controlling agents herein. Citric acid, a preferred pH controlling
      component of the instant inventions, also provides a sequestrant/builder
      effect.
PAR  The compositions herein are prepared by simple blending of the various
      components.
PAR  Preferred compositions herein containing optional added surfactants,
      builders, and other auxiliary materials typically comprise from about 1 to
      about 10% by weight of the amine oxide, from about 1 to about 5% by weight
      of the emollient, from about 1 to about 5% by weight of the pH controlling
      agent, from about 0% to about 40% by weight of the non-interfering
      auxiliary surfactant, from about 0% to about 25% by weight of the
      optional, non-interfering builder, from about 0% to about 3% of the other
      optional additives, the balance of the compositions being the liquid
      carrier.
PAR  The following examples illustrate the compositions of the present
      invention, but are not intended to be limiting thereof.
PAR  A liquid detergent composition especially adapted for hand dishwashing is
      as follows.
TBL  ______________________________________                                    
     EXAMPLE I                                                                 
     Ingredient             % (wt.)                                            
     ______________________________________                                    
     Cetyl alcohol          3.0                                                
     Coconutalkyldimethyl   3.5                                                
     amine oxide                                                               
     Alkyl ether sulfate.sup.1                                                 
                            25.0                                               
     Alkyl sulfate.sup.2    15.0                                               
     Acetic acid            3.2                                                
     Sodium acetate         8.0                                                
     Ethanol                8.0                                                
     Miscellaneous.sup.3    4.0                                                
     Water                  Balance                                            
     ______________________________________                                    
      .sup.1 Coconutalkyl(ethoxylate).sub.12 sulfate, ammonium salt.           
      .sup.2 Mixed coconutalkyl sulfates, ammonium salt.                       
      .sup.3 Including KCl electrolyte, perfume, colorant.                     
PAR  The foregoing composition is employed as a 0.2% by weight aqueous solution
      in a sink. The pH of the solution is ca. 6. The aqueous solution of the
      composition exhibits satisfactory cleaning of dishes and glassware in a
      hand dishwashing operation. Immersion of the user's hands in the aqueous
      solution results in a smooth, emollient effect thereon.
PAR  In the foregoing composition the cetyl alcohol is replaced by an equivalent
      amount of 1-dodecanol, 1-tetradecanol, 3-octadecanol, 2-octyldodecanol,
      and isopropylmyristate, respectively, and equivalent cleaning and
      emolliency benefits are secured.
PAR  The following composition is adapted for hand dishwashing and light-duty
      hand laundering.
TBL  EXAMPLE II                                                                
     Ingredient             % (wt.)                                            
     ______________________________________                                    
     Coconutalkyldimethyl                                                      
     amine oxide            5.0                                                
     Cetyl alcohol          5.0                                                
     Citric acid            10.0                                               
     Ethanol                10.0                                               
     Perfume                0.2                                                
     Dye                    0.3                                                
     Miscellaneous minors   1.0                                                
     Water                  Balance                                            
     ______________________________________                                    
PAR  The above composition is prepared by admixing the amine oxide with the
      water and stirring until the amine oxide is dissolved. The citric acid is
      dissolved in the water. The cetyl alcohol is stirred with the ethanol and
      blended in the foregoing solution, which remains substantially clear. The
      minor components are then added and a stable, clear composition is
      secured.
PAR  The composition is added to an aqueous laundering bath at a level of about
      0.3% by weight. The pH of the solution is ca. 5.5. The aqueous solution of
      the composition exhibits satisfactory cleaning of cotton andd polyester
      fabrics in a hand laundering operation. Immersion of the user's hands in
      the aqueous solution results in a smooth, emollient effect thereon.
PAR  In the foregoing composition the cetyl alcohol is replaced by an equivalent
      amount of olive oil, coconut oil, and dimethyl silicone fluid,
      respectively, and equivalent emolliency benefits are secured.
PAR  In the foregoing composition the coconutalkyldimethyl amine oxide is
      replaced by an equivalent amount of dodecyldimethyl amine oxide,
      tetradecyldimethyl amine oxide, hexadecyldimethyl amine oxide, and
      octadecyldimethyl amine oxide, respectively, the equivalent results are
      secured.
PAR  In the foregoing composition the citric acid is replaced by an equivalent
      amount of acetic acid and maleic acid, respectively, the equivalent
      results are secured.
TBL  ______________________________________                                    
     EXAMPLE III                                                               
     Ingredient             % (wt.)                                            
     ______________________________________                                    
     Coconutalkyldimethyl   4.5                                                
     amine oxide                                                               
     Cetyl alcohol          3.0                                                
     Citric acid            5.0                                                
     Oxydisuccinic acid     7.0                                                
     Olefin sulfonate.sup.1 8.0                                                
     Alkyl ether sulfate.sup.2                                                 
                            25.0                                               
     Ethanol                10.0                                               
     Miscellaneous minors   1.0                                                
     Water                  Balance                                            
     ______________________________________                                    
      .sup.1 C.sub.12 -C.sub.14 olefin sulfonate mixture, sodium salt.         
      .sup.2 Coconutalkyl (ethoxylate).sub.12 sulfate, sodium salt.            
PAR  The foregoing composition is adapted for use as a heavy-duty cleaning
      composition under hard water conditions. The composition is employed at a
      concentration of about 0.25% by weight in an aqueous solution. The pH of
      the solution is ca. 6. The aqueous solution of the composition exhibits
      satisfactory cleaning of dishes, floors, walls and the like. The
      composition is also useful for hand laundering nylon, polyester, cotton
      and blended fabrics. Immersion of the user's hands in the aqueous solution
      of the composition results in a smooth, emollient effect thereon.
PAR  In the above composition the oxydisuccinic acid is replaced by an
      equivalent amount of mellitic acid, ethylenediaminetetraacetic acid,
      nitrilotriacetic acid, carboxymethoxysuccinic acid and phloroglucinol
      trisulfonic acid, respectively, and equivalent results are secured.
PAR  In the above composition the ethyl alcohol is replaced by an equivalent
      amount of propyl alcohol, and equivalent results are secured.
PAR  In the above composition the cetyl alcohol is replaced by an equivalent
      amount of 1,4-tetradecanediol, 1,2-octadecanediol, 1,2,3-hexadecanetriol
      and 1,1,2,2-do-cosanetetra-ol, and equivalent results are secured.
PAR  The invention herein has been fully set forth in its compositional aspects.
      The invention also encompasses, in a method aspect, a process for
      adsorbing emollient materials of the type herein disclosed on skin,
      comprising contacting said skin with an aqueous mixture comprising from
      about 0.001% to about 1% by weight of an amine oxide of the type disclosed
      above, and from about 0.001% to about 1% by weight of an emollient, at a
      pH of from about 4 to about 6.9, preferably, pH 4 to 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid dishwashing detergent composition which provides skin
      emolliency benefits consisting essentially of
PA1  i. from about 1% to about 10% by weight of an amine oxide of formula
      RR'R"N.fwdarw.O wherein R is an alkyl group containing from about 8 to
      about 18 carbon atoms and wherein R' and R" are each C.sub.1 -C.sub.4
      alkyl groups;
PA1  ii. from about 1% to about 5% by weight of a C.sub.12 -C.sub.22 monohydric
      alcohol serving as an emollient;
PA1  iii. from about 1 to about 5% by weight of an organic acidic pH controlling
      agent;
PA1  iv. from about 5% to about 50% by weight of a noninterfering auxiliary
      surfactant selected from the group consisting of water-soluble C.sub.10
      -C.sub.14 olefin sulfonates, C.sub.10 -C.sub.22 alkyl sulfates and alkyl
      ether sulfates containing up to 30 ethylene oxide groups and mixtures
      thereof;
PA1  v. the balance of said composition comprising a liquid carrier selected
      from the group consisting of water and mixtures thereof with C.sub.2
      -C.sub.4 alcohols; the pH of a 0.2% by weight aqueous solution of said
      composition lying within the range 4-6.9.
NUM  2.
PAR  2. A composition according to claim 1 wherein the amine oxide is a member
      selected from the group consisting of dodecyldimethyl amine oxide,
      tetradecyldimethyl amine oxide, hexadecyldimethyl amine oxide,
      octadecyldimethyl amine oxide, and mixed coconutalkyldimethyl amine
      oxides.
NUM  3.
PAR  3. A composition according to claim 1 wherein the emollient is cetyl
      alcohol.
NUM  4.
PAR  4. A composition according to claim 1 wherein the pH controlling agent has
      a pK.sub.a of 6, or below.
NUM  5.
PAR  5. A composition according to claim 1 wherein the pH controlling agent is a
      member selected from the group consisting of citric acid, acetic acid,
      maleic acid, and acidic mixtures of these acids and their water-soluble
      salts.
NUM  6.
PAR  6. A composition according to claim 1 which additionally contains from
      about 5% to about 30% by weight of a non-interfering detergency builder
      selected from the group consisting of acidic and neutral watersoluble
      salts of citric acid, ethylene diamine tetraacetic acid, nitrilotriacetic
      acid, mellitic acid, oxydisuccinic acid, carboxymethoxysuccinic acid,
      carboxymethyloxy malonic acid, cis-cyclohexane hexacarboxylic acid,
      cis-cyclopentane tetracarboxylic acid and phloroglucinol trisulfonic acid.
NUM  7.
PAR  7. A process for adsorbing emollient materials on skin comprising
      contacting said skin with an aqueous mixture comprising from about .001%
      to about 1% by weight of an amine oxide of the formula RR'R"N.fwdarw.O
      wherein R is an alkyl group containing from about 8 to about 18 carbon
      atoms and wherein R' and R" are each C.sub.1 -C.sub.4 alkyl groups, from
      about .005% to about 5% by weight of a non-interfering auxiliary
      surfactant selected from the group consisting of water-soluble C.sub.10
      -C.sub.14 olefin sulfonates, C.sub.10 -C.sub.22 alkyl sulfates and alkyl
      ether sulfates containing up to 30 ethylene oxide groups and mixtures
      thereof, and from about 0.00l% to about 1% by weight of a C.sub.16
      monohydric alcohol serving as an emollient, at a pH of from about 4 to
      about 6.9.
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ABST
PAL  Silver azide crystals of relatively high bulk density and possessing good
      flowing and initiating properties are obtained by crystallization from
      aqueous ammonia solution obtainable by double decomposition of silver
      nitrate and sodium azide in aqueous ammonia solution. The crystallization
      is accomplished by distilling the ammonia from the solution until the
      silver azide begins to crystallize, then adding a small amount of acetic
      acid to induce formation of crystalline nuclei of silver azide, and
      continuing the distillation of the ammonia until the silver azide is
      completely precipitated. The silver azide precipitate thus obtained, when
      isolated, washed and dried, yields a free-flowing granular product of
      relatively high bulk density and consisting predominantly of cubical
      crystals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The superiority of silver azide over lead azide for use as an initiating
      explosive has long been recognized. However, the high cost and difficulty
      of producing silver azide in a granular form suitable for loading into
      detonator caps have drastically limited its use to those situations where
      its superior chemical stability and detonation properties have mandated
      its use despite its high cost. Recently, a need has developed for
      miniature detonating trains, wherein the more efficient explosive silver
      azide would function suitably whereas lead azide would not. Previous
      processes for producing silver azide suitable for use as an explosion
      initiator generally involved reaction of sodium azide with a soluble
      silver salt, e.g. silver nitrate, in aqueous solution in the presence or
      absence of a base, preferably ammonia. When silver azide is prepared by
      reacting aqueous solutions of sodium azide and silver nitrate, the silver
      azide formed precipitates as a voluminous and relatively unsatisfactory
      product. Improvements over such process have been developed in which the
      double decomposition of sodium azide and silver nitrate is effected in
      aqueous ammonia solution, wherein the silver azide formed is soluble,
      after which an acid, such as nitric acid, is added to neutralize the
      ammonia and precipitate the silver azide. The silver azide, when washed
      and dried, is obtained thereby in crystalline form possessing superior
      flowing and initiating properties (G. W. C. Taylor, The Manufacture of
      Silver Azide R.D. 1336, ERDE Report No. 2/R/50, Waltham Abbey, Essex,
      England, 1950; corresponds with British Pat. No. 781,440. See also British
      Pat. No. 887,141 which precipitates silver azide from an ammoniacal
      solution by addition of carbon dioxide). However, while these improved
      processes have advanced the art, they are nonetheless deficient in some
      respects, for example, they are relatively time consuming, costly and
      produce a silver azide product of relatively low bulk density, an
      important factor in detonator loading.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a process
      for the preparation of silver azide in free-flowing granular form of high
      bulk density possessing good explosion initiating properties.
PAR  Another object is to provide an improved process for crystallizing silver
      azide from aqueous ammonia solution.
PAR  A further object is to provide an efficient and economical process for
      producing silver azide in high yield and purity.
PAR  In accordance with this invention, these and other objects can be obtained
      by reacting sodium azide and silver nitrate in aqueous ammonia solution of
      sufficient concentration to maintain the silver azide formed in solution,
      and then crystallizing the silver azide from the solution by distillative
      removal of the ammonia from said solution. More specifically, the ammonia
      is distilled from the ammoniacal silver azide solution until incipient
      crystallization of silver azide therefrom takes place. At this point a
      small amount of acetic acid or other suitable acid is added sufficient to
      induce "seeding", i.e. formation of crystalline nuclei of silver azide.
      Thereafter, the distillation of ammonia is continued with vigorous
      agitation of the solution until the silver azide is substantially
      completely precipitated. The precipitated silver azide can be separated
      from the mother liquors by filtration, washed and dried in conventional
      manner.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate specific embodiments of the method of
      carrying out the process of the present invention.
PAC  EXAMPLE 1
PAR  150 ml. of 2N aqueous silver nitrate solution were charged to a 600 ml.
      stainless steel beaker heated by a water bath and provided with a 2 inch,
      3 bladed stainless steel propeller agitator positioned on the center line
      approximately one inch from the bottom of the beaker. Then 80 ml. of 15N
      ammonium hydroxide and 150 ml. of 2N aqueous sodium azide solution were
      added while rotating the propeller agitator at 150 RPM. The agitator speed
      was then increased to 800 RPM and the mixture rapidly heated to
      75.degree.C. Within about 20 minutes the first silver azide precipitate
      appeared. Then 5 ml. of 3N acetic acid was added dropwise in 5 minutes to
      induce the formation of seed crystals. The mixture was then heated from
      75.degree.C. to about 95.degree.C. in about 10 minutes and held at
      95.degree.C. for 45 minutes to distill off the ammonia, while maintaining
      the agitator speed at  800 RPM. The mixture was then cooled to room
      temperature (18.degree.C.) in about 8 minutes, during which 5 ml. of 3N
      acetic acid was added within 2-3 minutes after the mixture reached
      50.degree.C. During the distillation about 200 ml. of water were added to
      wash down the crust formed on the beaker wall and agitator shaft and to
      maintain the same approximate volume of liquid in the beaker. The silver
      azide precipitate thus obtained was separated as a cake by filtration, and
      the cake was washed twice by decantation with 300 ml. of water, passing
      the washes through a polyethylene Buchner filter to recover floating
      crystals. The product was transferred to the filter with a stream of water
      and the filter cake was washed in place with denatured ethyl alcohol, then
      with methanol and finally air dried with suction. The air-dried product
      weighed 43.7 grams, corresponding with 97% theory yield. It was a
      free-flowing granular product consisting mostly of cubical crystals with a
      small percentage of flat and dendritic crystals and had a bulk density of
      1.41 grams/ml. Substantially all of the product passed through a 50 mesh
      screen and was retained on a 200 mesh screen.
PAC  EXAMPLE 2
PAR  2 liters of 2N (340 g/l) silver nitrate solution and 1.07 liters of 28%
      ammonium hydroxide were charged to a jacketed stainless steel kettle of 10
      liter capacity fitted with a 5 inch diameter 4 blade propeller-type
      agitator and a 1 inch wide vertical baffle. Two liters of 2N (130 g/l)
      sodium azide solution were then added while operating the agitator at 300
      RPM. The agitator speed was increased to 500 RPM and the contents were
      heated with jacket steam to 75.degree.C. in 5 minutes. About 5 minutes
      thereafter the previously clear soltion, corresponding to about 3N
      ammonium hydroxide, turned milky, indicating that silver azide had started
      to precipitate. At this point 50 ml. of 3N acetic acid were introduced
      over a 5 minute period to induce the formation of seed crystals. During
      the heating to distill off the ammonia, distilled water was added at the
      rate of 40-60 ml./minute to replace liquid lost through evaporation. After
      being held at 75.degree.C. for a total of 30 minutes, the kettle contents
      were heated to 97.degree.C. in 10 minutes; and then during the next 60
      minutes the contents were heated to 99.degree.C. (boiling point of water
      at 1,000 ft. above sea level), indicating that virtually all the ammonia
      had been distilled off. The addition of make-up water was then stopped (a
      total of 3.5 l. was added) and immediately thereafter the contents were
      cooled to 30.degree.C. in 10 minutes by circulating cold water through the
      jacket. During the cooling period 50 ml. of 3N acetic acid were added to
      neutralize the last traces of ammonia and reduce loss of valuable silver
      in the mother liquor. The agitation was then discontinued, the
      precipitated silver azide crystals were allowed to settle and the
      supernatant liquor decanted. The product was washed twice by decantation
      using 3 liters of distilled water for each wash. Finally the product was
      washed onto a cloth bag covered filter, washed with 95% ethanol and air
      dried for 40 hours at 50.degree.C. (A small amount of product remained
      crusted on the kettle walls, agitator shaft and baffle at the water line.)
      540 grams of silver azide were obtained thereby, corresponding to 90% of
      the theoretical yield.
PAR  Thus, the present invention rapidly and efficiently produces a silver azide
      product of high quality in free-flowing granular form. The bulk density,
      an important factor in detonator loading, of silver azide made by the
      process of this invention is up to 40% higher (1.4 vs. 1.0 g/ml.) than
      that of silver azide made by the British process disclosed in the
      aforesaid ERDE Report No. 2/R/50. Also, in the aforesaid British process
      it is necessary to add dilute solutions to the reactants at slow, uniform
      and exact rates for form granules of silver azide by concretion, whereas
      in the process of the present invention the concentration and addition
      parameters are noncritical and crystallization occurs by accretion.
      Further, the product of the present invention is in the form of mostly
      cubical crystals with a few percent of dendritic crystals. It has been
      reported that long colorless crystals which explode on breaking are
      obtained from ammonium hydroxide solutions of silver azide (U.S. Army
      Materiel Command Pamphlet AMCP 706-177, Engineering Design Handbook,
      "Properties of Explosives of Military Interest," Jan., 1971, page 322).
      The process of this invention avoids the formation of such crystals.
PAR  Table 1 shows that silver azide produced by the present process, as
      illustrated by the foregoing examples, is equal in purity to silver azide
      produced by the aforementioned British process.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Analysis of Silver Azide                                                  
               % Moisture                                                      
                     Hygroscopicity                                            
                             % Silver*                                         
                                     % Azide*                                  
     __________________________________________________________________________
     British Process                                                           
               0.067 0.00    72.00-71.93                                       
                                     27.85-27.85                               
     Present Process                                                           
               0.027 0.01    71.97-71.93                                       
                                     27.99-28.10                               
     *Theoretical Composition Silver -- 71,97 Azide -- 28.03                   
     __________________________________________________________________________
PAL  Similarly, as shown in Table II, safety and stability tests on silver
      azides produced by the British process and the present process gave almost
      identical results within normal statistical variation.
TBL                                    TABLE II                                
     __________________________________________________________________________
               Minimum Value in    Milliliter of Gas From                      
     Type of Silver                                                            
               P.A. Impact Test                                                
                         Minimum Electro-                                      
                                   1-gram Sample in 40                         
     Azide Tested                                                              
               W/2 kg Weight                                                   
                         static Sensitivity                                    
                                   Hours at 150.degree.C.                      
     __________________________________________________________________________
     British Process                                                           
               7 inches  0.008 Joules                                          
                                   0.33                                        
     Present Process                                                           
               7 inches  0.007 Joules                                          
                                   0.45                                        
     __________________________________________________________________________
PAR  Comparative tests of performance in small detonators were conducted on
      silver azide products made by the British process and by the present
      process. The tests utilized an explosive train, wherein an 0.068 inch
      diameter aluminum detonator cap tube was packed with a layer of the silver
      azide sandwiched between a layer of primer and a layer of finely divided
      RDX (cyclotrimethylenetrinitramine). The tube was packed as follows: The
      primer was first loaded under a pressure of 70,000 psi. to a thickness of
      0.020 in. The silver azide and RDX were then loaded each under a pressure
      of 15,000 psi. For the tests the combined thickness of the silver azide
      and RDX layers was held constant at 0.110 in., and the ratio of the silver
      azide layer A, measured in thousandths of an inch of loaded thickness, to
      the RDX layer R, also measured in thousandths of an inch of loaded
      thickness, was varied from 30:80 to 80:30 in increments of ten thousandths
      of an inch. The primer used was NOL-130 (Composition: basic lead styphnate
      40%, barium nitrate 20%, lead azide 20%, tetracene 5%, and antimony
      sulfide 15%) and its height was held constant at 0.020 in. throughout the
      tests. All detonators were fired against a 1/8 in. thick steel witness
      disk to produce a dent which was measured to provide an indication of the
      power of the detonators so loaded. The results given in Table III show
      that the silver azide produced by the present process is capable of
      initiating the RDX in such a manner that the resultant denting of the
      steel plate is equal to the dents produced by RDX initiated by similar
      quantities of silver azide produced by the British process within normal
      statistical variation.
TBL                TABLE III                                                   
     ______________________________________                                    
                    Average of Five (5) Dents in Steel                         
     Type of Silver Azide                                                      
                    Plate Produced by Detonator Loaded                         
     Used in the .068-inch                                                     
                    in the Ratio A to R of:                                    
     Diameter Detonator                                                        
                     80/30      50/60     30/80                                
     ______________________________________                                    
     British Process                                                           
                    .0086 inch  .0100     .0094                                
     Present Process                                                           
                    .0108       .0092     .0084                                
     ______________________________________                                    
PAR  The foregoing test results show that the silver azide product made by the
      process of this invention is equal in all important characteristics to the
      product from the best previously known, i.e. the aforementioned British
      process.
PAR  In carrying out the process of this invention, the concentrations and
      manner of mixing of the silver nitrate, sodium azide and aqueous ammonia
      (ammonium hydroxide) solutions can be varied widely, so that the process
      can be readily controlled. Of course, the concentration of the aqueous
      ammonia must be sufficient initially to maintain the silver azide in
      solution. In the foregoing examples the ammoniacal silver azide solution
      obtained in the reaction corresponds to approximately 3 normal ammonium
      hydroxide solution and contains about 120 grams per liter of dissolved
      silver azide. Substantially larger amounts of silver azide can be
      dissolved in more concentrated ammonia solutions. For example, up to about
      200 grams/liter of silver azide can be dissolved in 5 normal aqueous
      ammonia. Thus, by use of such concentrated solutions the present process
      can achieve a high production capacity for manufacturing silver azide.
PAR  In the process of the present invention the silver azide is precipitated
      from its solution in aqueous ammonia by removing the ammonia by
      distillation rather than by neutralizing the ammonia with an acid, as in
      prior art processes. For optimum results, the ammonia is distilled until
      the first crystals of silver azide separate from the solution. At this
      point a small quantity of acetic acid, or other acid inert to silver
      azide, is added to induce seeding and results in profuse nucleation
      ("shock crystallization"). For this purpose about 5 mol percent of acetic
      acid, based on the amount of silver azide in solution, is sufficient and
      suitable for achieving uniform bulk density and desirable granulation
      range of the silver azide product produced. After the addition of acid to
      effect "seeding", the distillation of ammonia is continued until the
      silver azide is substantially completely precipitated. During the
      distillation of the ammonia, the solution is vigorously agitated. Vigorous
      agitation, which produces turbulence, particularly top to bottom turnover
      of the crystallization mixture, during this distillation-crystallization
      step is very important, since otherwise a reduction of bulk density and an
      increase in large flat crystals of the silver azide takes place. The
      precipitated silver azide crystals can be separated from the mother
      liquor, washed and dried in known manner. Prior to separation of the
      precipitated silver azide crystals, a small amount of acetic acid is added
      to neutralize the last traces of ammonia remaining in the mother liquor
      and thereby reduce loss of valuable silver in said liquor.
PAR  The foregoing disclosure is merely illustrative of the principles of this
      invention and is not to be interpreted in a limiting sense. I wish it to
      be understood that I do not desire to be limited to exact details of
      construction shown and described, because obvious modifications will occur
      to a person skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a silver azide product in a free-flowing, dense
      crystalline form having good explosion initiating properties, which
      comprises preparing a solution of silver azide in aqueous ammonia solution
      by reacting silver nitrate and sodium azide, removing ammonia from the
      solution by distillation until incipient crystallization of silver azide
      from the solution takes place, adding a small amount of an acid to induce
      the formation of seed crystals of silver azide, continuing the
      distillation of the ammonia until crystallization of the silver azide is
      substantially complete while subjecting the liquid to vigorous agitation,
      whereby the silver azide is produced predominantly in the form of cubical
      crystals, and separating the resulting silver azide crystals from the
      liquid mixture.
NUM  2.
PAR  2. The process of claim 1, wherein the acid is acetic acid.
NUM  3.
PAR  3. The process of claim 2, wherein the amount of acetic acid is about 5
      mole percent of the total amount of silver azide present in the solution.
NUM  4.
PAR  4. The process of claim 1, wherein the aqueous ammonia solution is about 3
      normal and the concentration of the dissolved silver azide is about 100
      grams per liter.
NUM  5.
PAR  5. The process of claim 1, wherein the concentration of the aqueous ammonia
      solution is at least about 1 normal and the concentration of the dissolved
      silver azide is at least about 20 grams per liter.
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ABST
PAL  Hydrocarbons are reformed with steam to produce synthesis gas or hydrogen
      and carbon monoxide. This reforming process can be improved if after the
      carbon monoxide in the reformer effluent is removed, the remaining
      effluent, essentially hydrogen, is recycled to the reformer. Carbon
      dioxide must be added to the reformer inlet in an amount to balance the
      hydrogen present in the recycle. By this process larger quantities of
      carbon monoxide relative to the hydrogen produced can be realized.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 130,613, filed Apr. 2, 1971, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Catalytic steam-hydrocarbon reforming is the major method employed by
      industry for producing carbon monoxide or synthesis gas mixtures, e.g.,
      carbon monoxide and hydrogen. In this process gaseous hydrocarbons, such
      as methane and ethane, or hydrocarbons which may be vaporized at moderate
      temperatures, such as propane, butane, and other normally liquid
      hydrocarbons up to and including heptane and octane are reacted under
      pressure with steam over a nickel catalyst at 650.degree.-1000.degree.C.
      to produce carbon oxides and hydrogen. The primary reaction products are
      then processed further in various ways, depending on the final use and on
      the purity required.
PAR  In this conventional reforming process, the reformer product or effluent
      contains hydrogen and carbon monoxide at a ratio of H.sub.2 to CO of at
      least 2:1 and as high as 5:1 to 7:1. The lower ratios have been obtained
      by the addition of carbon dioxide to the reformer feed. However, for many
      uses the amount of hydrogen produced by the reforming process is still in
      excess of that ultimately needed, thus must be vented or burned as fuel.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered that this conventional process can be improved if after
      the carbon monoxide has been removed from the reformer effluent, at least
      a portion of the reformer effluent is recycled to the reformer inlet. In
      this process carbon dioxide must also be added to the reformer in an
      amount at least equivalent to the amount of hydrogen present in the
      recycle stream, i.e., at least one mole of carbon dioxide for every mole
      of hydrogen in the recycle stream.
PAR  This change results in a reduction of the hydrocarbon feed required and
      further reduces the cost of operation since the recycled hydrogen is used
      to produce the desired product rather than using it as a fuel.
PAR  The process can be used whenever a convenient carbon dioxide source is
      available and the desired product of the primary reformer is essentially
      all carbon monoxide or the desired ratio of H.sub.2 and CO products is
      less than 2:1.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The FIGURE is a flow sheet of the process of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process of the invention can be easily adapted to conventional carbon
      monoxide reforming processes. The conventional equipment can continue to
      be used and the only modifications required are with respect to the flow
      ratios of the various components of the reformer feed and the addition of
      the recycle stream.
PAR  In the reforming process, a desulfurized hydrocarbon, e.g., ethane,
      propane, butane, naptha, methane, etc. usually natural gas, is preheated
      to about 300.degree.-550.degree.C. and fed to a reformer along with
      superheated steam. In the reformer the hydrocarbon and steam are at
      pressures of 20 to 500 psig, generally about 40 psig to 300 psig and at
      temperatures of 650.degree.-1000.degree.C., generally about 850.degree.C.
      The mixture passes through an active nickel catalyst and the following
      basic reaction occurs:
EQU  CH.sub.4 + H.sub.2 O.revreaction.CO + 3H.sub.2
PAL  Other reactions can occur in the reformer to produce carbon dioxide:
EQU   CH.sub.4 + 2H.sub.2 O.revreaction.CO.sub.2 + 4H.sub.2
EQU  CO + H.sub.2 O.revreaction.CO.sub.2 + H.sub.2
PAR  the effluent from the reformer consists of hydrogen, carbon monoxide,
      carbon dioxide, steam, methane, and nitrogen.
PAR  In the conventional process the ratio of steam to hydrocarbon, e.g.,
      natural gas, is about 1.5 to 5.0:1. In the process of the invention, in
      view of the recycle of hydrogen, the ratio of steam to natural gas can be
      reduced to 1:1 or even lower. The hydrogen in the recycle, along with the
      added carbon dioxide, will make needed steam in the reformer according to
      the following reaction:
EQU  CO.sub.2 + H.sub.2.fwdarw. CO + H.sub.2 O
PAL  It may be possible to eliminate the need for any steam in the recycle
      process of the invention if the hydrogen and carbon dioxide can create the
      necessary amount of steam in situ in the reformer.
PAR  The amount of hydrocarbon feed, e.g., natural gas, is also reduced in the
      process of the invention. The amount of reduction is based on the amount
      of hydrogen added to the recycle stream, i.e., the amount must be reduced
      to maintain the desired stoichiometric balance due to the recycle of
      hydrogen.
PAR  As previously set forth, when the recycle stream, principally hydrogen, is
      fed to the reformer, at least an equivalent amount of carbon dioxide must
      be fed to the reformer. By equivalent amount it is meant the amount
      necessary to balance the following reaction:
EQU  CO.sub.2 + H.sub.2 .fwdarw.CO + H.sub.2 O
PAL  Thus for every mole of hydrogen in the recycle, at least one mole of carbon
      dioxide should be FIGURE. Note that if the reforming process previously
      used carbon dioxide in the feed, the additional amount of carbon dioxide
      equivalent to the hydrogen present in the recycle stream must still be
      added.
PAR  The process of the invention will now be described with reference to the
      flow sheet set forth in the Figure.
PAR  Superheated steam 1 at 20 to 500 psig, usually about 50 psig to 200 psig
      and desulfurized natural gas 2 at about 300.degree.-520.degree.C. are fed
      to the reformer 3. The ratio of steam to natural gas can be 1:1 or lower,
      depending upon the amount of hydrogen in the recycle stream 4.
PAR  The reformer is conventional and contains a nickel catalyst and is operated
      at 50-200 psig, usually about 40 psig and at a temperature between
      650.degree.-1000.degree.C., and usually about 850.degree.C.
PAR  Also a component of the reformer feed is the recycle stream 4. This stream
      can be a purified hydrogen stream containing 95 to 98 percent by volume
      hydrogen and the remainder nitrogen and methane or it can contain less
      hydrogen and some carbon oxides. The purified stream, as will be explained
      subsequently, is obtained when the off gas from the carbon monoxide
      removal step is further purified by various processes such as passing
      through a shift converter, scrubbing with hot potassium carbonate or a
      methanation step. The recycle stream may also be the hydrogen product
      directly after CO removal.
PAR  The recycle stream is also preheated before being fed to the reformer.
PAR  The final component of the reformer feed is carbon dioxide 5. The carbon
      dioxide can come from any convenient source 10 and should be compressed to
      the reformer pressure, i.e., 20 to 500 psig, in a compressor 6. As
      illustrated in the FIGURE, the carbon dioxide is compressed in one stage
      of a multi-stage compressor 6.
PAR  The output of the reformer 7 is a mixture of carbon dioxide, carbon
      monoxide, hydrogen, nitrogen and methane. This mixture is compressed to
      about 400 psig in the compressor and fed to a scrubber 8.
PAR  In the scrubber, hot potassium carbonate at 90.degree.-120.degree.C. is
      used to remove the CO.sub.2 from the mixture. This CO.sub.2 can be
      recovered by the regeneration of the potassium carbonate in a unit not
      illustrated. The recovered CO.sub.2 can be added to the CO.sub.2 feed 9 or
      it can be transferred for other uses 11. If desired, the carbon dioxide
      could be removed with water or ethanolamine according to the known
      techniques.
PAR  The output 12 from the scrubber 8, essentially carbon monoxide, hydrogen,
      nitrogen and methane is then cooled and fed to a CO separator 13. In this
      unit the desired CO product 14 is separated and transmitted for further
      processing as desired.
PAR  This unit can be any conventional CO separator, such as a copper liquor
      scrubber, i.e., a cuprous ammoniacal solution, or by a low temperature
      distillation, i.e., below -312.degree.F., or the like. The cuprous
      ammoniacal solution is usually cuprous ammoniacal acetate or cuprous
      ammonium formate or a mixture of the two.
PAR  The remaining gas, which will be essentially hydrogen with minor amounts of
      carbon monoxide, nitrogen and methane can be totally or partially recycled
      directly to the reformer through line 15. Or the gas can be further
      purified in various units 16 such that it is essentially hydrogen and then
      recycled to the reformer through line 17. If desired, a portion of the
      purified hydrogen can be taken off through line 18 for use in processes
      where hydrogen is required.
PAR  The purifying units can be any of the conventional units used for this
      purpose, such as a shift-converter, a pressure swing absorption unit, or a
      methanation unit.
PAR  In an exemplary operation, 1420 pounds per hour of steam 1 and 965 MCFD of
      natural gas 2 are fed into a reformer 3 operating at 40 psig and
      870.degree.C. The recycle stream to this reformer is an unpurified stream
      15 and has the following composition:
TBL  carbon monoxide        246                                                
     hydrogen              4616                                                
     nitrogen               137                                                
     methane                47                                                 
                           5046    MCFD                                        
PAR  The CO.sub.2 5 is fed to the reformer at the rate of 2215 MCFD.
PAR  The output of the reformer 7 has the following composition:
TBL  CO.sub.2             550                                                  
     CO                  2846                                                  
     hydrogen            5706                                                  
     nitrogen             162                                                  
     methane              55                                                   
                         9319    MCFD                                          
PAR  This output is compressed to 400 psig and the CO.sub.2 is removed in a hot
      potassium carbonate scrubber 8. The output from the scrubber 12 has the
      following composition:
TBL  CO                  2846                                                  
     hydrogen            5706                                                  
     nitrogen             162                                                  
     methane              55                                                   
                         8769    MCFD                                          
PAR  The scrubber output is fed to a copper-liquor scrubber 13 where most of the
      CO is separated. The remaining gas is divided up into the recycle 15 of
      5046 MCFD and the remainder is a hydrogen product, which after methanation
      has the following composition:
TBL           H.sub.2                                                          
                    =     845     MCFD                                         
              N.sub.2                                                          
                    =      25                                                  
              CH.sub.4                                                         
                    =      18                                                  
                          888     MCFD                                         
CLMS
STM  I claim:
NUM  1.
PAR  1. In the manufacture of carbon monoxide by the steam reforming of
      hydrocarbons in the presence of a nickel catalyst under pressures of 20 to
      500 psig at temperatures of 650.degree. to 1000.degree.C. to produce a
      reformer effluent which contains hydrogen, carbon dioxide, and carbon
      monoxide, and thereafter compressing said reformer effluent and first
      separating the carbon dioxide from the reformer effluent and then
      separating and recovering the carbon monoxide from the reformer effluent,
      the improvement comprising recycling and preheating at least a portion of
      the reformer effluent remaining after the carbon monoxide has been
      separated to the feed to the reformer inlet and adding carbon dioxide to
      the reformer feed in an amount of at least one mole of carbon dioxide for
      every mole of hydrogen in the recycle stream.
NUM  2.
PAR  2. The process of claim 1 wherein the recycle stream is purified such that
      it is essentially hydrogen.
NUM  3.
PAR  3. The process of claim 1 wherein the ratio of hydrogen to carbon monoxide
      in the reformer effluent is less than 2:1.
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ABST
PAL  Scrubbing solutions containing ammonium salts of weak acids are mixed with
      sufficient sulfuric acid to react with all the salts; the resultant
      solutions are evaporated by direct heat exchange with a hot SO.sub.2
      -containing combustion gas to a 40-78% water content and combusted at
      800.degree.-1,250.degree.C to produce the SO.sub.2 -containing combustion
      gas used in the evaporation step. The SO.sub.2 in the combustion gas can
      be processed in a conventional manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for the production of sulfur dioxide
      from an ammoniacal scrubbing solution obtained in a desulfuration process
      of coke-oven gas or other H.sub.2 S-containing gases produced from the dry
      distillation of fossil fuels.
PAR  In the desulfuration of coke-oven gas using ammonia, relatively dilute
      scrubbing solutions are produced which rarely contain more than 20% by
      weight of combustible components and otherwise consist of water. These
      solutions contain ammonium thiocyanate, ammonium thiosulfate, sulfur, and
      free ammonia. The elimination of these solutions represents a considerable
      problem. They can be burned only with a high expenditure in fuel and yield
      a combustion gas containing only about 1-2% by volume of SO.sub.2 and thus
      are only of minor value for further processing, for example to produce
      sulfuric acid. On the other hand, the emission of this mixture into the
      atmosphere is likewise not feasible.
PAR  It is possible, by the combustion of such a solution with sulfur or
      hydrogen sulfide as the fuel, to obtain a gas having a higher SO.sub.2
      -content (e.g., 6% by volume), suitable for sulfuric acid production.
      However, in this case, much more sulfuric acid must be produced than that
      corresponding to the sulfur content of the scrubbing solution. In general,
      it is undesirable to solve the problem of disposing of the scrubbing
      solution by such high sulfuric acid production.
PAR  Therefore, the procedure employed heretofore was limited to liberating the
      ammonia from these scrubbing solutions by addition of milk of lime and
      recovering the ammonia by distillation. In this method residues are
      produced whose elimination likewise presents a problem.
PAR  It is an object of this invention to provide a process for working up the
      scrubbing solution produced in a process of desulfuration of coke-oven gas
      which employs ammonia to obtain sulfuric acid in a manner harmless to the
      environment and in a quantity which corresponds substantially to the
      sulfur content of the scrubbing solution. It is a further object to
      provide a method for processing such scrubbing solutions with minimum fuel
      consumption, in spite of the low sulfur content of the solution, which
      generally is about 5-10% by weight. Other objects and advantages of this
      invention will become apparent to those skilled in the art upon further
      study of the specification and appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, the scrubbing solution containing ammonia and
      ammonium salts of weak and strong acids is mixed with an amount of
      sulfuric acid at least sufficient to react with free ammonia in the
      solution and with the ammonia bound to weak acids; evaporating the
      thus-obtained mixture by direct heat exchange with a hot SO.sub.2
      -containing combustion gas to a water content of between about 40 and 78%
      by weight; and combusting the thus-evaporated mixture to obtain the hot
      SO.sub.2 -containing combustion gas used in the evaporation step.
DETD
PAC  DETAILED DISCUSSION
PAR  Adding sulfuric acid to the scrubbing solution prevents the escape of the
      free ammonia from the solution and of the ammonia which would be
      hydrolytically liberated from the ammonium salts of weak acids during the
      evaporation step. The amount of sulfuric acid which is added must
      therefore be at least sufficient to bind this ammonia as ammonium sulfate.
      If more than this amount of sulfuric acid is added, a corresponding
      portion of the ammonium thiosulfate present in such solution is decomposed
      with the formation of ammonium sulfate into sulfur and sulfur dioxide, the
      latter reacting with any hydrogen sulfide still present in the solution to
      form sulfur and water.
PAR  The sulfuric acid can be added in concentrated or dilute form. Either pure
      product acid or any available waste sulfuric acid can be utilized. The
      waste heat of the hot combustion gas is utilized in the process by the
      evaporation of the scrubbing solution according to the invention. Not only
      does this constitute a considerable saving in fuel, it also means the
      sulfur dioxide in the combustion gas will be less dilute and accordingly
      makes more economical the further processing thereof into sulfuric acid.
PAR  The extent to which the scrubbing solution can be evaporated with the hot
      combustion gas depends essentially on the amount of sulfur and ammonium
      compounds in the solution. Only rarely would an evaporation to below 40 %
      by weight of H.sub.2 O be possible without external heating. Generally, it
      is preferred to concentrate the solution to between about 50 and 75 %, by
      weight of H.sub.2 O. The evaporated water is discharged together with the
      combustion gas from the vaporation stage and can be removed therefrom by
      cooling. Hydrogen sulfide dissolved in the scrubbing solution cannot
      escape into the gaseous phase during the evaporation, because it reacts to
      elementary sulfur with the sulfur dioxide which is formed in the solution
      from ammonium thiosulfate and/or which is absorbed from the combustion
      gas. Thus, in the process of this invention, the volatile NH.sub.3 and
      H.sub.2 S components of the scrubbing solution cannot pass into the
      gaseous phase and thus contaminate the combustion gas.
PAR  During the combustion of the evaporated scrubbing solution, ordinarily at
      about 800.degree.-1,250.degree.C, preferably 900.degree.-1,100.degree.C,
      the ammonium thiocyanate and ammonium thiosulfate contained therein, as
      well as the ammonium sulfate formed by the addition of sulfuric acid and
      elemental sulfur, are oxidized in accordance with the following reactions:
EQU  NH.sub.4 SCN +  3 O.sub.2 = N.sub.2 +  2 H.sub.2 O + CO.sub.2 + SO.sub.2
EQU  (nh.sub.4).sub.2 s.sub.2 o.sub.3 +  2.5 o.sub.2 = n.sub.2 +  4 h.sub.2 o +
      2 so.sub.2
EQU  (nh.sub.4).sub.2 so.sub.4 + o.sub.2 = n.sub.2 +  4 h.sub.2 o + so.sub.2
EQU  s + o.sub.2 = so.sub.2
PAL  the ammonium content of the solution is oxidized completely to nitrogen and
      the entire sulfur content of the solution is converted to sulfur dioxide,
      which can then be conventionally processed to sulfuric acid. Low SO.sub.3
      concentrations, due to a strong oxidizing potential of the combustion gas
      atomosphere and/or catalytic effect, are not a disadvantage in this
      process, because the SO.sub.3 is at least partially directly absorbed by
      the scrubbing solution, so that the quantity of the sulfuric acid which is
      added to the solution is reduced or can even be entirely eliminated.
PAR  After the condensation of the excess water and a drying step, the gas from
      the evaporation step contains 4-9% by volume of SO.sub.2 and thus is
      suitable for the sulfuric acid production in a conventional manner.
      evaporated
PAR  In accordance with the preferred embodiment of this invention, an oxygen
      content of from 1 to 5% by volume is maintained in the combustion gas at
      the outlet of the combustion chamber by metering the combustion air. At
      these oxygen concentrations, the ammonium (NH.sub.4 +) in the solution is
      oxidized to nitrogen gas (N.sub.2) and the formation of nitrogen oxide is
      negligibly small. At higher oxygen contents in the combustion gas, the
      nitrogen oxide content thereof also increases. The resultant
      nitrosylsulfuric acid content in the thus-produced sulfuric acid can be
      reduced by the addition of urea or amidosulfonic acid. The residence time
      of the vaporated mixture in the combustion zone ranges preferably between
      0.3 and 15 seconds. The preferred oxygen content in the combustion gas at
      the outlet of the combustion zone is from 1.2 to 3.5% by volume.
PAR  In another preferred embodiment of the present invention, sulfuric acid and
      water are condensed out of the combustion gas exiting from the evaporation
      step by cooling and washing and at least part of the thus-obtained
      sulfuric acid is added to the scrubbing solution. Residual SO.sub.3
      contained in the combustion gas not scrubbed out during the evaporation
      step forms an aqueous sulfuric acid with, for example, 10-20% by weight of
      H.sub.2 SO.sub.4 when the gas is cooled to 102.degree.-105.degree.C. This
      acid-enriched portion of the condensate can be added to the scrubbing
      solution to be concentrated and then combusted. During the subsequent
      washing of the gas and mist removal therefrom, the water vapor is
      condensed, thus obtaining a sulfuric acid solution containing generally
      below 1% by weight of H.sub.2 SO.sub.4, which is too dilute to be
      advantageously used in the first step of the process of this invention.
PAR  Since generally the largest portion of SO.sub.3 in the combustion gas is
      scrubbed out of the combustion gas in the evaporation stage (especially
      when evaporating the scrubbing solution to the lower H.sub.2 O contents
      within the above-mentioned range), one tower (for the H.sub.2 O
      condensation) is sufficient instead of the two towers usually employed in
      sulfuric acid plants for the cooling and scrubbing of the gas.
      Consequently, only a slight additional expenditure, if any, in apparatus
      is required to provide for the concentration of the scrubbing solution. An
      empty steel tower with an acid-proof lining or a jet washer of
      rubber-covered steel is suitable for the evaporation of the scrubbing
      solution.
PAR  Preferably, the evaporation of the sulfuric acid-treated scrubbing solution
      is conducted in a jet scrubber of the Venturi tube type, which can be
      mounted on an empty tower. The combustion gas is fed axialy to the Venturi
      scrubber and the sulfuric acid-treated scrubbing solution is fed at the
      narrowest point of the Venturi tube, preferably at several locations
      distributed over the circumference. During this step, water vaporization
      takes place which continues in the associated tower. In the tower, the
      flow velocity of the gas/liquid mixture is reduced, so that the gas and
      liquid separate from each other. The concentrated scrubbing solution is
      withdrawn from the tower sump, and the gas, laden with water vapor, is
      removed laterally from the lower portion of the tower. In the evaporation
      using a Venturi scrubber, the uncooled combustion gas is employed at a
      temperature of, for example, 900.degree.-1,100.degree.C. The pressure drop
      on the gas side of such a plant amounts to only about 10 mm. H.sub.2 O
      column. The brief contact period between the hot gas and the solution to
      be concentrated in the jet scrubber, in conjunction with the cocurrent
      conductance of gas and liquid, prevents the undesired oxidation of
      ammonium thiocyanate according to the equation:
PAL  Nh.sub.4 scn + o.sub.2 .fwdarw. hcn + so.sub.2 + nh.sub.3 and the
      subsequent entrance of the hydrogen cyanide into the gaseous phase.
PAR  The process of this invention is particularly applicable to the scrubbing
      solution stemming from the "Fumax" process for the desulfuration of
      coke-oven gas, which solution contains ammonium thiocyanate, ammonium
      thiosulfate, elementary sulfur, and minor amounts of ammonium polysulfide,
      ammonia, and ammonium sulfide. Preferably, this scrubbing solution is
      mixed with an amount of sulfuric acid chemically equivalent to the content
      in the solution of free ammonia and ammonia bound to the sulfide and
      polysulfide. By this sulfuric acid addition step, at least those acids
      whose disassociation constant, at room temperature, is less than about 1 -
      5 .times. 10.sup.-.sup.2, are liberated from the ammonium salts thereof.
      Thiocyanic acid and thiosulfuric acid have dissociation constants of 1.42
      .times. 10.sup.-.sup.1 and 1 .times. 10.sup.-.sup.2, respectively (second
      hydrogen atom), and are present as ammonium salts after adding the
      sulfuric acid and are combusted as such in accordance with the
      above-indicated equations.
PAR  The invention will be explained below with reference to the drawing which
      shows a schematic flow diagram of a plant for conducting the process of
      this invention.
PAR  The scrubbing solution is distributed through conduit 7 at the head of an
      empty tower 6 and evaporated in the tower countercurrently to the hot
      combustion gas. The concentrated solution is withdrawn at the bottom of
      tower 6 via conduit 1 and introduced through nozzles into the main chamber
      4a of a combustion furnace 4. At the same time, the main chamber 4a is fed
      with fuel oil via conduit 2 and with combustion air via conduit 3. In the
      chamber 4a, the combustible components of the solution are burned to
      SO.sub.2, N.sub.2, H.sub.2 O, and CO.sub.2 and the water of the solution
      is vaporized. The combustion gas then flows into the afterburning chamber
      4b after a further amount of air has been added thereto. At this point,
      the combustion gas contains SO.sub.3. The amount thereof depends on the
      oxygen content in the combustion gas.
PAR  After exiting from furnace 4, the hot combustion gas flows through conduit
      5 into the evaporation tower 6 wherein it gives off heat to the solution
      fed at 7 and evaporates water from the solution. Simultaneously, SO.sub.3
      is scrubbed out of the combustion gas. The sulfuric acid formed from the
      SO.sub.3 in the scrubbing solution binds ammonia, so that the latter
      cannot pass over into the combustion gas. Some ammonium thiosulfate is
      decomposed at the same time. During this process, sulfur is separated with
      the binding of H.sub.2 S. The combustion gas, laden with water vapor,
      leaves the evaporation tower 6 via conduit 8 and is cooled in the cooling
      and scrubbing tower 9 to 25.degree.-50.degree.C. The heat of condensation
      is constantly removed from the recycled cooling liquid by means of cooler
      10. The condensate is withdrawn at 12. The thus-cooled combustion gas is
      conducted through conduit 11 to the main stage 13 and the secondary stage
      14 of the electrostatic mist removal stage. The thus-obtained condensates
      are combined with the recycled solution of the condensation stage 9, 10.
      At 15, the demisted gas is withdrawn and is fed, after passing through a
      drying tower, not shown, to a conventional contact oxidation plant for
      sulfuric acid production.
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative and not limitative of
      the remainder of the specification and claims in any way whatsoever.
PAC  EXAMPLE 1
PAR  Employing the equipment shown in the drawing, a scrubbing solution from the
      Fumax process is utilized, containing 10.1% by weight of ammonium
      thiocyanate, 2.4% by weight of ammonium-thiosulfate, 2.9% by weight of
      sulfur, 0.5% by weight of ammonia, 0.2% by weight of ammonium polysulfide,
      and 83.9% by weight of water. The density of the solution is 1.04. To that
      solution 20 g. of H.sub.2 SO.sub.4 per liter is added. The solution is
      concentrated with the hot combustion gas to a solution consisting of 20.7%
      by weight of salts, 4.3% by weight of sulfur, and 75% by weight of water.
PAR  1.33 tons of this solution is combusted at 1,000.degree. C. with 2175
      Nm.sup.3 of air and 56 kg. of heavy oil (net heat of combustion = 10,000
      kcal,/kg.). The air is preheated to 500.degree. C. A moist combustion gas
      (3696 Nm.sup.3) is obtained with a temperature of about 950.degree. C. and
      during the concentration of the scrubbing solution, it absorbs 709
      Nm.sup.3 of steam, thus being cooled to about 630.degree. C. After drying,
      2132 Nm.sup.3 of a gas is produced with 5.4% by volume of SO.sub.2 and
      3.5% by volume of O.sub.2. The gas is processed in accordance with the
      contact method to 340 kg. of H.sub.2 SO.sub.4. The yield is 185 kg. of
      H.sub.2 SO.sub.4 per ton of scrubbing solution. In this process, the final
      gas from the sulfuric acid contact plant is scrubbed with ammonia, and
      this scrubbing solution is also combusted together with the scrubbing
      solution from the Fumax process.
PAC  EXAMPLE 2
PAR  The same scrubbing solution as in Example 1 is processed with the addition
      of 20 g. of H.sub.2 SO.sub.4 per liter, but effecting a concentration to
      65 % by weight of water. The cracked gas is cooled from 950.degree. to
      160.degree. C. during this step. After drying, the gas contains 8.0% by
      volume of SO.sub.2 and 3.3% by volume of O.sub.2. The combustion is
      conducted without adding fuel, merely using the combustible components of
      the scrubbing solution. The product is 476 kg. of H.sub.2 SO.sub.4,
      corresponding to 357 kg. of H.sub.2 SO.sub.4 per ton of concentrate.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically and specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of sulfur dioxide from a scrubbing solution
      obtained by desulfurization of coke-oven gas with ammonia, said scrubbing
      solution comprising ammonium thiocyanate, ammonium thiosulfate, sulfur,
      free ammonia and ammonium salts of weak acids having a dissociation
      constant at room temperature of less than about 1 - 5 .times.
      10.sup.-.sup.2, which comprises:
PA1  a. admixing said scrubbing solution with an amount of sulfuric acid
      sufficient to react with both said free ammonia and said ammonium salts of
      said weak acids to form ammonium sulfate under conditions such that said
      ammonium thiocyanate and ammonium thiosulfate remain in solution;
PA1  b. concentrating the resultant scrubbing solution to a water content of
      about 40-78% by weight under conditions to substantially prevent undesired
      oxidation of ammonium thiocyanate according to the equation NH.sub.4 SCN +
      O.sub.2 .fwdarw. HCN + SO.sub.2 + NH.sub.3 and the subsequent entrance of
      HCN into the gaseous phase; and
PA1  c. combusting the thus-concentrated solution to form sulfur dioxide
      according to the following reactions:
EQU  NH.sub.4 SCN + 3 O.sub.2 = N.sub.2 + 2 H.sub.2 O + CO.sub.2 + SO.sub.2
EQU  (nh.sub.4).sub.2 s.sub.2 o.sub.3 + 2.5 o.sub.2 = n.sub.2 + 4 h.sub.2 o + 2
      so.sub.2
EQU  (nh.sub.4).sub.2 so.sub.4 + o.sub.2 = n.sub.2 + 4 h.sub.2 o = so.sub.2
EQU  s + o.sub.2 = so.sub.2.
NUM  2.
PAR  2. a process according to claim 1 wherein the residence time of the
      evaporated mixture in the combustion zone is about 0.3-15 seconds.
NUM  3.
PAR  3. A process according to claim 1 wherein an oxygen content of 1-5% by
      volume is maintained in the exit combustion gas.
NUM  4.
PAR  4. A process according to claim 1 wherein the concentrated solution is
      combusted at a temperature of of 800.degree.-1250.degree. C.
NUM  5.
PAR  5. A process according to claim 4 wherein the concentrating is conducted by
      direct heat exchange with the SO.sub.2 -containing gas produced by the
      combustion step.
NUM  6.
PAR  6. A process according to claim 5 wherein the direct heat exchange of the
      scrubbing solution and the hot combustion gas is performed in a
      Venturi-type jet scrubber.
NUM  7.
PAR  7. A process according to claim 6 wherein the concentrated solution is
      combusted at a temperature of 900.degree.-1100.degree. C.
NUM  8.
PAR  8. A process according to claim 7 wherein an oxygen content of 1.2-3.5% by
      volume is maintained in the exit combustion gas.
NUM  9.
PAR  9. A process according to claim 1 wherein sulfuric acid and water are
      condensed out of the combustion gas used in said concentration step by
      cooling and washing and at least a portion of the thus-obtained sulfuric
      acid is added to the starting scrubbing solution.
NUM  10.
PAR  10. A process according to claim 1 wherein the amount of sulfuric acid
      which is added to the scrubbing solution is chemically equivalent to the
      content of free ammonia and ammonia bound to sulfide and polysulfide in
      the solution.
NUM  11.
PAR  11. A process according to claim 1 wherein the scrubbing solution is
      concentrated to a water content of between about 60 and 75% by weight.
NUM  12.
PAR  12. A process according to claim 1 wherein the amount of sulfuric acid
      which is added to the scrubbing solution is chemically equivalent to the
      content of free ammonia and ammonia bound to sulfide and polysulfide in
      the solution; the scrubbing solution is concentrated to a water content of
      between about 60 and 75% by weight in a Venturi-type jet scrubber;
      sulfuric acid and water are condensed out of the combustion gas used in
      said concentration step by cooling and washing and at least a portion of
      the thus-obtained sulfuric acid is added to the starting scrubbing
      solution; and the concentrated solution is combusted at a temperature from
      900.degree.-1100.degree. C. while an oxygen content of 1-5% by volume is
      maintained in the exit combustion gas and the residence time of the
      evaporated mixture in the combustion zone is about 0.3-15 seconds.
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LREP
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ABST
PAL  A method for the preparation of gelatin capsules having a good
      disintegrating property, in which a material selected from the group
      consisting of a protein, an amino acid, a substance having at least one
      amino group, an antioxidant, monobasic sodium phosphate, and the mixture
      thereof is added to the encapsulated contents.
BSUM
PAR  This invention relates to a method for the preparation of a gelatin capsule
      having a good disintegrating property.
PAR  It is well known that the disintegrating property of a gelatin capsule is
      generally lowered as time lapses. This tendency becomes more prominent
      especially when the capsule content includes the following materials: a
      reducing sugar such as glucose, mannose, lactose or the like, or a
      substance, including polyethylene glycol, which produces aldehydes
      gradually as time lapses; or a substance having a carbonyl group, such as
      aspirin, kitasamycin, maleic acid, maridomycin, midecamycin, phthalic
      acid, josamycin, carbomycin, spiramycin, succinic acid, erythromycin,
      oleandomycin, fumaric acid, cellulose acetate phthalate,
      hydroxypropyl-methylcellulose phthalate, polyvinyl acetate,
      diethylaminoacetate, and methylacrylate-methacrylic acid copolymer.
PAR  Conditions for the disintegration test of capsules are prescribed in
      Japanese Pharmacopeia or Japanese Standards of Antibiotic Products and the
      disintegrability is considered as an important factor in determining the
      utility of a capsule. Unless the capsule has a suitable disintegrating
      property, the medicine filled in the capsule can not give its effects in
      practical applications. The present inventors have conducted an extensive
      study for improving the disintegrating property of the gelatin capsule.
      Experiments revealed that it is almost impossible to prevent the gelatin
      capsule from the timewise deterioration by resorting to a known method of
      using a disintegrator including calcium carboxymethyl-cellulose, crystal
      cellulose and corn starch, or a surface active agent which is employed
      singly or in combination with the said disintegrator.
PAR  According to the present invention, there is provided a method for the
      preparation of a gelatin capsule improved in disintegrating property,
      characterized by adding to a medicinal substance to be charged in the
      capsule an additive including: a protein such as casein, gelatin,
      collagen, gluten, skim milk, bean protein; diastase or the like; an amino
      acid such as arginine, histidine, lysine, tryptophan, glycine, ornithine,
      or the like; a substance having at least one amino group such as
      glucosamine, nicotinamide, urea or the like; an antioxidant such as sodium
      bisulfite, sodium hydrosulfite; sodium phosphate, monobasic; or the
      mixture thereof, whereby time-wise deterioration in disintegrating
      property of the gelatin capsule is well prevented. Though not critical,
      the amount of the additive to be added is preferred to be above 0.1 % by
      weight based on the medicinal content of the capsule.
DETD
PAR  The present invention will be particularly illustrated by the following
      examples.
PAC  EXAMPLE 1
PAR  20 parts by weight of lysine hydrochloride was suitably mixed with 70 parts
      by weight of starch and 10 parts by weight of polyethylene glycol in a
      mixer. The mixture was filled by means of a filling machine in the No. 1
      hard gelatin capsules in an amount of 350 mg/capsule. These capsules were
      maintained at 60.degree.C for 2 weeks for the determination of
      disintegrability. The test results are shown below in comparison with the
      capsules without additives. (The liquid used for the determination was the
      No. 1 liquid prescribed in Japanese Pharmacopeia.)
TBL  ______________________________________                                    
     Additive     Disintegration time of Capsules                              
                Immediately                                                    
                           After maintained at                                 
                after produced                                                 
                           60.degree.C for 2 weeks                             
     ______________________________________                                    
     Lysine hydrochloride                                                      
                  3 - 5 min     4 - 5 min                                      
     Nil          3 - 5 min    15 - 17 min                                     
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that the mixture was replaced by that of 5
      parts by weight of nicotinamide and 95 parts by weight of glucose and the
      resultant hard capsules were maintained at 60.degree.C for 1 week. The
      test results are shown below. (The test liquid used for the determination
      was the No. 1 liquid prescribed in Japanese Pharmacopeia.)
TBL  ______________________________________                                    
     Additive  Disintegration time of Capsules                                 
             Immediately after                                                 
                          After maintained at                                  
             produced     60.degree.C for 1 week                               
     ______________________________________                                    
     Nicotinamide                                                              
               2 - 3 min       3 - 5 min                                       
     Nil       2 - 3 min      15 - 16 min                                      
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  25 parts by weight of casein was mixed with 70 parts by weight of
      midecamycin and 5 parts by weight of hydroxypropylmethylcellulose
      phthalate. The resultant mixture was filled in the No. 2 hard gelatin
      capsules in an amount of 250 mg per capsule in the same manner as in
      Example 1. The resultant capsules were maintained at 40.degree.C for 2
      months and then immersed in an artificial gastric juice as prescribed in
      Japanese Standards of Antibiotic products for testing the disintegrability
      thereof. Capsules without additive were used as control. This process was
      repeated except that 25 parts by weight of isolated bean protein powder
      was used instead of casein. The test results are shown below.
TBL  ______________________________________                                    
     Additive      Disintegration Time of Capsules                             
                 Immediately after                                             
                             After maintained                                  
                 produced    at 40.degree.C for 2                              
                             months                                            
     ______________________________________                                    
     Casein        2 - 5 min      2 - 6 min                                    
     Isolated bean protein                                                     
                   2 - 6 min      2 - 10 min                                   
     Nil           2 - 6 min     19 - 21 min                                   
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  0.1 part by weight of sodium bisulfite was mixed with 99.9 parts by weight
      of kitasamycin. The resultant mixture was filled in the No. 5 hard gelatin
      capsules in an amount of 70 mg/capsule in the same manner as in Example 1.
      Kitasamycin alone was also filled in the capsules in the same manner as
      mentioned above. The resultant filled capsules were maintained at
      60.degree.C for 2 weeks and then immersed in water for determining the
      disintegrating property thereof. The tests results are shown below.
TBL  ______________________________________                                    
     Additive     Disintegration Time of Capsules                              
                Immediately after                                              
                             After maintained                                  
                produced     at 60.degree.C for                                
                             2 weeks                                           
     ______________________________________                                    
     Sodium bisulfite                                                          
                  2 - 4 min       4 - 5 min                                    
     Nil          2 - 4 min      18 - 19 min                                   
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  20 parts by weight of gelatin was mixed with 80 parts by weight of
      acetylspiramycin. The mixture was filled in the No. 2 hard gelatin
      capsules in an amount of 260 mg/capsule. Furthermore, acetylspiramycin
      alone was filled in the same manner as mentioned above. The resultant two
      kinds of capsules were maintained at 40.degree.C for 2 months and then
      immersed in water for determining the disintegrability thereof. The test
      results are shown below.
TBL  ______________________________________                                    
     Additive   Disintegration time of Capsules                                
              Immediately after                                                
                            After maintained                                   
              produced      at 40.degree.C for                                 
                            2 months                                           
     ______________________________________                                    
     Gelatin    3 - 4 min        5 - 8 min                                     
     Nil        3 - 4 min       17 - 20 min                                    
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  5 parts by weight of diastase and 5 parts by weight of lysine hydrochloride
      were mixed with 85 parts by weight of glucose and 5 parts by weight of
      maleic acid. The mixture was filled in No. 1 hard gelatin capsules in an
      amount of 360 mg/capsule. A mixture of 85 parts by weight of glucose and 5
      parts by weight of maleic acid was further separately filled in the
      capsules in the same manner as mentioned above. The two kinds of the
      resultant capsules were maintained at 60.degree.C for 1 week and immersed
      in the No. 1 liquid prescribed in Japanese Pharmacopeia for determining
      the disintegrating property thereof. The test results are shown below.
TBL  ______________________________________                                    
     Additive     Disintegration Time of Capsules                              
                Immediately after                                              
                            After maintained                                   
                produced    at 60.degree.C for 1 week                          
     ______________________________________                                    
     Diastase and                                                              
     Lysine hydrochloride                                                      
                  2 - 4 min      5 - 6 min                                     
     Nil          3 - 4 min     18 - 22 min                                    
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  15 parts by weight of gelatin and 15 parts by weight of sodium phosphate,
      monobasic, were mixed with 70 parts by weight of midecamycin. The mixture
      was filled in the No. 2 hard gelatin capsules in an amount of 250
      mg/capsule in the same manner as in Example 1. Furthermore, midecamycin
      alone was filled in the capsules in the same manner as mentioned above.
      The two kinds of the resultant capsules were maintained at 60.degree.C for
      2 weeks and immersed in an artificial gastric juice prescribed in Japanese
      Standards of Antibiotic Products for determining the disintegrability of
      the capsules. The test results are shown below.
TBL  ______________________________________                                    
     Additive      Disintegration Time of Capsules                             
                 Immediately after                                             
                             After maintained                                  
                 produced    at 60.degree.C for                                
                             2 weeks                                           
     ______________________________________                                    
     Gelatin and sodium                                                        
                   3 - 4 min      3 - 7 min                                    
     phosphate, monobasic                                                      
     Nil           3 - 5 min     19 - 22 min                                   
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for preparation of a hard gelatin capsule disintegrating in
      about 2 to about 22 minutes, said capsule containing a measured dose of
      midecamycin antibiotic as a medicine for delivery to the stomach when said
      capsule is ingested orally, said medicine otherwise tending in time to
      retard the disintegration of said hard gelatin capsule to 19 to 21
      minutes, the improvement wherein the increase in the hard gelatin capsule
      disintegration time with capsule age is at least partially arrested, and
      improved stability of the disintegration time, to within 2 to 6 minutes,
      is achieved, which comprises incorporating into said capsule at least
      about 25 parts by weight of a pharmaceutically acceptable additive
      consisting essentially of casein per 70 parts by weight of midecamycin.
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LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  A stabilized insecticidal composition having improved stability to light
      and containing a synthetic pyrethroid insecticide such as
      chrysanthemum-monocarboxylic acid 5-propargyl-2-furyl methyl ester,
      chrysanthemum-monocarboxylic acid 2-methyl-5-propargyl-3-furyl methyl
      ester, chrysanthemum-monocarboxylic acid
      5-propargyl-.alpha.-ethynyl-2-furyl methyl ester,
      chrysanthemum-monocarboxylic acid 5-benzyl-3-furyl methyl ester or
      2,2-dimethyl-3-(2,2-dichlorovinyl)cyclopropane-1-carboxylic acid
      5-benzyl-3-furyl methyl ester, and at least one of
      3,5-di-t-butyl-4-hydroxyanisole and
      2,2'-methylenebis(6-t-butyl-4-ethylphenol).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a stabilized insecticidal composition, and
      more particularly it relates to a stabilized composition of
      chrysanthemum-monocarboxylic acid 5-propargyl-2-furyl methyl ester
      (hereinafter, designated "Insecticide I"), chrysanthemum-monocarboxylic
      acid 2-methyl-5-propargyl-3-furyl methyl ester (hereinafter, designated
      "Insecticide II"), chrysanthemum-monocarboxylic acid
      5-propargyl-.alpha.-ethynyl-2-furyl methyl ester (hereinafter, designated
      "Insecticide III"), chrysanthemum-monocarboxylic acid 5-benzyl-3-furyl
      methyl ester (hereinafter, designated "Insecticide IV"), or
      2,2-dimethyl-3-(2,2-dichlorovinyl)cyclopropane-1-carboxylic acid
      5-benzyl-3-furyl methyl ester (hereinafter, designated "Insecticide V"),
      each of which is known as a synthetic pyrethroid insecticide.
PAR  2. Description of the Prior Art
PAR  The above-described synthetic pyrethroid insecticides have a strong quick
      insecticidal activity and high safety to humans and animals, and thus they
      are useful as an effective insecticidal component for aerosols, oils,
      mosquito sticks or coils (mosquitocides), etc., in mainly domestic and
      epidemic prevention uses.
PAR  However, these insecticides have poor chemical stability, that is, they
      have the disadvantages that it is difficult to maintain their purity
      directly after their preparation for a specific period of time as well as
      after the operations necessary for producing usable insecticidal
      compositions containing these compounds as an active ingredient, such as,
      for example, mixing with water, various organic solvents, animal powders,
      plant powders, or mineral powders and heating. They are easily decomposed
      by the action of light, air, etc., with their activity being diminished
      and coloration occurring.
PAR  It is known and generally practiced to add 2,6-di-t-butyl-4-methylphenol
      (hereinafter, designated Additive C), 2-t-butyl-4-methoxyphenol
      (hereinafter, designated Additive D), etc., to the above-described
      insecticide to stabilize the insecticide but as will be shown hereinafter
      in the examples of this invention, the effect of such conventional
      additives is not always sufficient nor is the purpose for use satisfied as
      the case may be.
PAC  SUMMARY OF THE INVENTION
PAR  As the results of various investigations for effectively stabilizing these
      insecticides, it has been discovered that by adding to the insecticide at
      least one of 3,5-di-t-butyl-4-hydroxyanisole (hereinafter, designated
      "Additive A") and 2,2'-methylenebis(6-t-butyl-4-ethylphenol) (hereinafter,
      designated "Additive B"), the change in the properties of the insecticide
      with the passage of time as described above can be completely prevented
      for a long period of time and at the same time coloration can be also
      prevented completely.
PAR  Therefore, an object of this invention is to provide an effectively
      stabilized synthetic pyrethroid insecticide insecticidal composition.
PAR  Another object of this invention is to provide a stabilized synthetic
      pyrethroid insecticide insecticidal composition which retains its purity
      and insecticidal activity for a long period of time without discoloration.
PAR  Still another object of this invention is to provide an additive for
      stabilizing quite effectively synthetic pyrethroid insecticides.
PAR  Thus, the present invention provides a stabilized insecticidal composition
      comprising a synthetic pyrethroid insecticide, i.e.,
      chrysanthemum-monocarboxylic acid 5-propargyl-2-furyl methyl ester,
      chrysanthemum-monocarboxylic acid 2-methyl-5-propargyl-3-furyl methyl
      ester, chrysanthemum-monocarboxylic acid
      5-propargyl-.alpha.-ethynyl-2-furyl methyl ester,
      chrysanthemum-monocarboxylic acid 5-benzyl-3-furyl methyl ester, or
      2,2-dimethyl-3-(2,2-dichlorovinyl)cyclopropane-1-carboxylic acid
      5-benzyl-3-furyl methyl ester and at least one of
      3,5-di-t-butyl-4-hydroxyanisole and
      2,2'-methylenebis(6-t-butyl-4-ethylphenol).
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Sufficient effects are obtained with insecticidal compositions containing
      the additive of this invention even under severe conditions where
      conventional additives do not sufficiently stabilize the insecticides,
      such as, in particular, when used in an electric anti-mosquito fumigator
      heated at about 150.degree.C, mosquito sticks or coils, and a retentive
      spray which is frequently exposed to light and oxygen during suspension.
      Hence the excellent effects of the additive of this invention gives rise
      to the presumption that antioxidant or ultraviolet absorbent effects are
      achieved.
PAR  The stabilizers in this invention can be used alone or in combination or,
      if desired, can be used together with other additives such as
      antioxidants, ultraviolet absorbents, etc. The proportion of the additive
      or additives in the stabilized insecticidal composition of this invention
      ranges from about 0.05 to 3% by weight to the weight of the synthetic
      pyrethroid insecticide under general use conditions but the proportion
      thereof is not to be interpreted as being limited to only this range. For
      example, when the stabilizer is added to the insecticide in the same
      amount as or twice as large as the amount of the insecticide where the
      composition is to be used in preparing mosquito sticks or coils or in
      electric anti-mosquito fumigators, thermal decomposition of the
      insecticide can be prevented and thus the ability to use the composition
      as a fumigant can be increased. This shows the insecticidal effects of the
      composition are further improved by the employment of large amount of the
      additive.
PAR  In the practice of this invention, the stabilized insecticidal composition
      of this invention can be prepared by mixing the insecticide, the additive
      or additives of this invention, other additives, and, if desired, those
      materials necessary for preparing the insecticidal composition in a usable
      form in any desired order.
PAR  The insecticidal compositions of this invention will further be explained
      in greater detail together with the effects thereof by reference to the
      following examples although it is to be understood that these examples are
      not to be interpreted as limiting the scope of this invention. Unless
      otherwise indicated, all parts, percents, ratios and the like are by
      weight.
PAC  EXAMPLE 1
PAR  The insecticidal composition of this invention was prepared by adding 1% by
      weight of Additive A to Insecticide I. On the other hand, comparison
      samples were prepared by adding 1% by weight of each of the conventional
      additives as shown in Table 1 below to Insecticide I. Each of the samples
      thus prepared was placed in a glass sample tube and the tube was stored
      open. After a fixed time, the sample was analyzed using gas chromatography
      to determine the change in properties with the passage of time with
      respect to a standard sample. The results obtained are shown in Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
                          Purity (%) of Insecticide I                          
                          Assuming the Original Purity                         
     Test Sample                                                               
              Additive    was 100%                                             
     ______________________________________                                    
                          7 Days   14 Days 21 Days                             
     Invention                                                                 
              Additive A  101.1    99.4    98.9                                
     Comparison                                                                
              None        66.3     50.5    26.7                                
     Samples                                                                   
     "        Additive C  95.6     87.8    67.1                                
     "        Additive D  87.0     73.8    --                                  
     "        Additive E* 88.9     67.9    --                                  
     "        Additive F* 84.9     62.5    --                                  
     ______________________________________                                    
      Note:                                                                    
      Additive E*: 1,1-bis(4-Hydroxyphenyl)cyclohexane                         
      Additive F*: 3-Methyl-4-isopropyl-6-t-butylphenol                        
PAR  From the above results it is clear that the change in properties of the
      insecticidal composition of this invention was remarkably less than the
      change in properties of the comparison samples.
PAC  EXAMPLE 2
PAR  The insecticidal compositions of this invention were prepared by adding 1%
      by weight of Additive A to each of Insecticides II, III, IV and V. Each of
      the compositions prepared was stored at 60.degree.C as described in
      Example 1 and the change in properties with the passage of time was
      determined in each case. The results obtained are shown in Table 2 below
      together with the results of comparison samples prepared by adding
      conventional Additive C to each of the insecticides.
TBL                TABLE 2                                                     
     ______________________________________                                    
                         Purity (%) of Each Insecticide                        
                         Assuming the Original Purity                          
     Insecticide                                                               
               Additive  was 100%                                              
     ______________________________________                                    
                         7 Days   14 Days 21 Days                              
     II        A         98.6     96.5    95.3                                 
     II        C         94.2     85.6    66.1                                 
     III       A         95.4     92.2    88.1                                 
     III       C         89.7     76.4    49.2                                 
     IV        A         99.1     98.6    97.9                                 
     IV        C         98.5     95.1    90.1                                 
     V         A         99.5     99.2    98.1                                 
     V         C         98.7     96.1    93.4                                 
     ______________________________________                                    
PAR  From the above results, it is clear that each of the insecticides was
      stabilized more effectively using the stabilizer (Additive A) of this
      invention.
PAC  EXAMPLE 3
PAR  Insecticidal compositions of this invention were prepared by dissolving
      1000 mg of Insecticide I and 30 mg of Additive A or Additive B sufficient
      in acetone to make the total volume 100 ml. The liquid composition (0.5
      ml) thus prepared was applied to a filter paper having a diameter of 7 cm
      and after removing the acetone, the filter paper was allowed to stand in a
      room under indirect radiation from the sun. After a fixed time, the
      composition on the filter paper was extracted with acetone and the change
      in color of the composition was detected using a Gardner scale. Also, by
      analyzing the extract using gas chromatography, the remaining percentage
      of Insecticide I was determined. The results obtained are shown in Table 3
      together with the results obtained for comparison samples prepared by
      adding each of Additives C and D to Insecticide I.
TBL                TABLE 3                                                     
     ______________________________________                                    
                         Percent of                                            
     Test Sample                                                               
                Additive Insecticide I Remaining                               
     ______________________________________                                    
                         Initial   2 Days  4 Days                              
     Invention  A        100 (1)   50.6 (2)                                    
                                           32.5 (3)                            
     "          B        100 (1)   72.1 (1)                                    
                                           39.8 (2)                            
     Comparison                                                                
     Samples    None     100 (1)   19.6 (4)                                    
                                            0  (6)                             
     "          C        100 (1)   22.3 (4)                                    
                                            0  (6)                             
     "          D        100 (1)   20.1 (4)                                    
                                            0  (6)                             
     ______________________________________                                    
      Note:                                                                    
      The figures in the parentheses show the color number on the Gardner scale
                                                                               
PAR  The results of this example show that under the conditions of sufficient
      exposure to room light and atmospheric oxygen, the composition of this
      invention was more remarkably stabilized and also the change in color of
      the composition of this invention was less as compared with the comparison
      samples.
PAC  EXAMPLE 4
PAR  An acetone solution (1 ml) containing 70 mg of Insecticide I, 140 mg. of
      piperonyl butoxide, and 50 mg of Additive A or Additive B was applied to a
      small piece of pulp to impregnate the pulp with the solution and then the
      acetone was evaporated off to provide an electric mosquitocidal mat. The
      mat was heated to 145.degree.C using a hot plate and after a fixed time,
      the percentage of the insecticide volatilized and the percentage of the
      insecticide remaining in the mat were measured, whereby the loss of
      Insecticide I including the loss due to thermal decomposition was
      determined. Comparison samples were also prepared in the same way as
      described above using, however, Additive C in place of Additive A or
      Additive B or without using any additive. The results obtained are all
      shown in Table 4 below.
TBL                TABLE 4                                                     
     ______________________________________                                    
                              Percentage                                       
              Addi-   Time    Volati- Percentage                               
                                              Loss                             
     Test Sample                                                               
              tive    (Hour)  lized   Remaining                                
                                              (%)                              
     ______________________________________                                    
     Invention                                                                 
              A       4       66.0    27.4     6.6                             
     "        A       8       75.2    18.1     6.7                             
     "        B       4       63.8    26.4     9.8                             
     "        B       8       71.9    18.2     9.9                             
     Comparison                                                                
     Samples  None    4       45.1    22.6    32.3                             
     "        "       8       50.0    14.0    36.0                             
     "        C       4       46.5    23.9    29.6                             
     "        C       8       53.4    16.0    30.6                             
     ______________________________________                                    
PAR  As is clear from the results shown in Table 4 above, the percentage of the
      insecticide remaining in the mat did not differ greatly in both cases but
      the percentage of the insecticide volatilized was considerably higher in
      the case of this invention as compared with the comparison samples and the
      loss of the insecticide was considerably less in this invention than with
      the comparison samples, which indicates that Insecticide I in the mat was
      volatilized without being decomposed in the samples of this invention.
PAC  EXAMPLE 5
PAR  To Insecticide III were added Additive A, B, or C and polyoxyethylene (8
      mols) stearyl amine (designated "POE-SA", hereinafter) in the compounding
      ratio shown in the following table. The insecticide composition thus
      prepared was placed in an open vessel and stored at 40.degree.C. After a
      fixed time, the sample was analyzed to determine the change in purity of
      the sample. The results obtained are shown in Table 5 below assuming the
      orignal purity of the sample was 100%.
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     Test Sample                                                               
             Additive                                                          
                  POE-SA                                                       
                       Change in Purity of Insecticide III                     
     __________________________________________________________________________
                       Initial                                                 
                            30 Days                                            
                                  60 Days                                      
                                        90 Days                                
     Invention                                                                 
             A 2% none 100  96    95    92                                     
     "       A 1% 1%   100  100   100   97                                     
     "       B 2% none 100  96    93    88                                     
     "       B 1% 1%   100  100   97    95                                     
     Comparison                                                                
     Samples C 2% none 100  85    63    48                                     
     "       C 1% 1%   100  90    73    55                                     
     __________________________________________________________________________
PAR  The results show that Additives A and B of this invention were quite
      effective in stabilizing Insecticide III as compared with conventional
      Additive C and also this effect was further improved by the addition of
      the POE-SA additive.
PAC  EXAMPLE 6
PAR  A mixture of 0.6 g of Insecticide IV, 0.06 g of Additive A, and 3.0 g of
      piperonyl butoxide was placed in an aerosol can equipped with a valve and
      then a mixed propellent gas of Freon 11 (Registered Trademark of E.I.
      duPont de Nemours & Co., Inc. for monofluorotrichloromethane) and Freon 12
      (Registered Trademark of E.I. duPont de Nemours & Co., Inc. for
      difluorodichloromethane) in a 1:1 by volume mixing ratio was introduced in
      the can throught the valve orifice until the entire contents were 300 g to
      provide Aerosol Composition (a) of this invention.
PAR  Also, a mixture of 0.6 g of Insecticide IV, 0.06 g of Additive B, and 3.0 g
      of piperonyl butoxide was placed in an aerosol can and then the
      above-described procedure was repeated to produce Aerosol Composition (b)
      of this invention.
PAR  A mixture of 0.6 g of Insecticide IV, 0.06 g of Additive C, and 3.0 of
      piperonyl butoxide was placed in an aerosol can and the same procedure as
      described above was repeated to provide comparison Aerosol Composition C.
PAR  A filter paper having diameter of 20 cm was placed vertically and Aerosol
      Composition (a) prepared as described above was sprayed onto the filter
      paper in an amount of 10 g per filter paper. By repeating the same
      procedure, 12 filter papers were prepared and 9 filter papers of the 12
      filter papers thus treated with the aerosol composition were hung on the
      wall of a room using pins.
PAR  The same procedure as described above was conducted for Aerosol
      Compositions (b) and (c) and the filter papers thus treated were also hung
      on the wall.
PAR  The three filter papers of the 12 filter papers thus treated with the
      aerosol composition were analyzed initially and the other 9 filter papers
      hung on the wall were analyzed after a fixed time in each case, whereby
      the amount of Insecticide IV remaining was determined in each case. The
      results obtained are shown in Table 6.
TBL                TABLE 6                                                     
     ______________________________________                                    
              Compo-  Change in Amount Remaining                               
     Test Sample                                                               
              sition  (mg per filter paper)                                    
     ______________________________________                                    
                      Initial  3 Days 6 Days 12 Days                           
     Invention                                                                 
              (a)     5.3       4.1    3.1    2.2                              
                      (100)    (76.5) (58.5) (41.00)                           
     "        (b)     5.8       4.5    3.6    2.6                              
                      (100)    (78.4) (62.0) (45.3)                            
     Comparison                                                                
              (c)     5.5       3.1    2.0    0.9                              
     Sample           (100)    (56.2) (35.5) (16.1)                            
     ______________________________________                                    
      Note:                                                                    
      The figures in the parentheses are the percentage of the insecticide     
      remaining assuming the initial amount to be 100%.                        
PAR  The above results show that in the case of treating using an aerosol
      composition, the effect of Additives A and B of this invention was quite
      remarkable as compared with the effect of conventional Additive C.
PAR  The aerosol compositions illustrated above are insecticidal compositions
      mainly used for the disinfection of the interior of aircraft but it will
      be readily understood that the effect of the additives of this invention
      will be obtained in aerosol insecticidal compositions used for domestic
      purposes.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stabilized insecticidal composition comprising an insecticidally
      effective amount of a synthetic pyrethroidal insecticide and as a
      stabilizer at least one of a member selected from the group consisting of
      3,5-di-t-butyl-hydroxyanisole and
      2,2'-methylenebis(6-t-butyl-4-ethylphenol), wherein said synthetic
      pyrethroidal insecticide is chrysanthemum-mono-carboxylic acid
      5-propargyl-2furyl methyl ester, chrysanthemum-monocarboxylic acid
      2-methyl-5-propargyl-3-furyl methyl ester, chrysanthemum-monocarboxylic
      acid 5-propargyl-.alpha.-ethynyl-2-furyl methyl ester,
      chrysanthemum-monocarboxylic acid 5-benzyl-3-furyl methyl ester or
      2,2-dimethyl-3-(2,2-dichlorovinyl)cyclopropane-1-carboxylic acid
      5-benzyl-3-furyl methyl ester, and the proportion of said stabilizer is
      0.05 to 3% by weight of the synthetic pyrethroidal insecticide.
NUM  2.
PAR  2. An aerosol insecticidal composition comprising a propellant and an
      insecticidally effective amount of the composition of claim 1.
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ABST
PAL  Toothpaste containing sodium bicarbonate as the principal abrasive and a
      lesser amount of another compatible abrasive. Examples of these are chalk,
      silica, alumina, zirconium silicate or sodium aluminosilicate, or a
      mixture thereof, said other abrasive constituting at least about 3 percent
      of the toothpaste.
PARN
PAR  This application is a continuation-in-part of our co-pending application
      Ser. No. 389,827, filed on Aug. 20, 1973, now abandoned, which in turn is
      a continuation in part of copending application Ser. No. 295,094, filed
      Oct. 4, 1972, whose entire disclosure is incorporated by reference.
BSUM
PAR  Cross reference is made to copending application Ser. Nos. 295,068, filed
      Oct. 4, 1972; 295,073 filed on Oct. 4, 1972; and 419,741 filed on Nov. 28,
      1973, whose entire disclosures are incorporated herein by reference.
PAR  This invention relates to toothpastes and more particularly to toothpastes
      containing dispersed particles of sodium bicarbonate.
PAR  Baking soda has been employed in many fields and is a common household
      ingredient. In past years, its use in dentifrices, particularly tooth
      powders, has been proposed but has not received much acceptance generally.
      The typical dentifrices which have significant consumer acceptance in
      recent years are toothpastes having a high content of water-insoluble
      abrasives such as dicalcium phosphate or other insoluble phosphates in an
      aqueous humectant base.
PAR  The development of a practical and effective baking soda toothpaste capable
      of consumer acceptability presents many special considerations. Among the
      factors which are to be considered are the unique character of baking soda
      chemically, physically and cosmetically when considered and employed as a
      toothpaste ingredient. For example, it is comparatively water-insoluble
      and tends to release carbon dioxide in an aqueous system. It is extremely
      salty to the taste which is probably one of the more important factors in
      the purchase and use of a particular product. Other factors in formulation
      of a suitable product include the over-all cleaning and polishing power of
      the product, its stability and appearance combined with special care in
      manufacture, etc.
PAR  In accordance with various aspects of this invention, it is now possible to
      prepare a unique baking soda toothpaste which is effective in promoting
      hygiene in the oral cavity and capable of consumer desirability or
      acceptability by the public. Such product will have acceptable cleaning,
      polishing and other desirable characteristics so as to have a beneficial
      effect upon parts of the dentition (which may include the teeth and its
      surrounding or adjacent elements or structures including plaque, calculus,
      gingiva, mucous membranes, saliva, etc.). In particular, it tends to leave
      with the consumer a desirable clean mouth or clean mouth-feel effect. The
      product can be formulated so it is stable upon aging or storage without
      significant release of carbon dioxide bubbles or other forms of
      undesirable separation or reaction. It is possible to produce and maintain
      a unique granular textured appearance comprising a substantially dispersed
      non-crystalline-appearing granulate which is due in part to the
      substantially homogeneous distribution of a sufficiently high
      concentration of macroscopic crystalline bicarbonate particles or granules
      in an otherwise smooth, continuous base, or matrix, contributing to
      appearance, taste, effect and usage by the consumer.
PAR  One aspect of the invention relates to a toothpaste containing an abrasive
      content comprising a major proportion of sodium bicarbonate and a minor
      proportion of a water-insoluble dental abrasive material compatible with
      said bicarbonate in the dental cream. Thus the toothpaste contains
      dispersed abrasive particles, the abrasive being a mixture of sodium
      bicarbonate, which constitutes the major proportion of the abrasive by
      weight and preferably makes up about 25 to 60 percent of the toothpaste,
      and a lesser amount of the compatible water-insoluble dental abrasive
      which may be chalk, silica, alumina, zirconium silicate, sodium
      aluminosilicate, or other compatible silicate or carbonate which is
      nonreactive with the bicarbonate, or a mixture of two or more of such
      water-insoluble abrasives. Advantageously, the amount of water-insoluble
      abrasive is over 1 percent and preferably at least about 3 percent of the
      toothpaste, ordinarily about 3-25 percent, more preferably about 5 to 15
      percent.
PAR  Although the sodium bicarbonate particles are relatively soft as compared
      to most conventional abrasive particles used in toothpastes they do exert
      a mechanical cleaning effect on the teeth. For instance, in a radioactive
      dentin abrasion (RDA) test a toothpaste containing about 50 percent of
      bicarbonate of soda, as the sole abrasive, may show an RDA value of about
      100 whereas when the abrasive-free vehicle of that toothpaste is tested
      similarly the RDA value is only in the neighborhood of 50.
PAR  The toothpastes of this invention preferably contain at least about 20
      percent, more preferably at least about 30 percent, sodium bicarbonate.
      The particle size of the sodium bicarbonate particles may vary; it is
      preferred that they be largely below 0.4 mm in diameter, with a major
      proportion by weight having above 0.01 mm in diameter. The vehicle in
      which the sodium bicarbonate particles are dispersed is preferably
      aqueous, but its amount and character are preferably such that the sodium
      bicarbonate is primarily in the undissolved solid state in the toothpaste.
      It will be understood, however, that when the teeth are brushed the sodium
      bicarbonate particles will tend to dissolve in the saliva.
PAR  In one particularly preferred form of the invention the added abrasive is
      chalk. It is found that only a small proportion of this ingredient (e.g.
      in the range of about 5 to 15 percent of the toothpaste) greatly improves
      the cleaning power of the sodium bicarbonate toothpaste. In addition, the
      presence of the chalk appears to promote an improvement in the stability
      of the toothpaste on aging at elevated temperatures such as a decrease in
      the tendency for essential oils, used as flavors, to separate from the
      toothpaste on aging at 110.degree. F or 120.degree. F, e.g. when the
      particles of sodium bicarbonate are of relatively large size, e.g. over
      150 microns in diameter.
PAR  The addition of the compatible water-insoluble abrasive such as chalk,
      silica, alumina, zirconium silicate, and the like, or mixtures thereof is
      found to yield a sodium bicarbonate toothpaste which has improved cleaning
      power combined with resistance to flavor separation and which does not
      tend to form gas on storage. In contrast, when such common dental
      abrasives as dicalcium phosphate or insoluble sodium metaphosphate are
      added to the sodium bicarbonate toothpaste considerable quantities of gas
      are formed even on short term storage (e.g. at 120.degree. F).
PAR  The average particle size of the chalk is preferably less than 20 microns,
      most preferably below 10 microns, and above 1 micron.
PAR  The silica may be of the crystalline or amorphous type. In either case the
      particle size is preferably below 20 microns, e.g. 2 to 10 microns.
      Micronized crystalline silica or silica gel, such as the silica gels sold
      as Syloid 63, Syloid 74 and Syloid 244 are examples.
PAR  The alumina may be of the hydrated or unhydrated type. For hydrated alumina
      the average particle size is preferably less than 20 microns, most
      preferably below 10 microns and above 1 or 2 microns.
PAR  When zirconium silicate is employed its average particle size is preferably
      below 5 microns, e.g., below 3 microns and above 0.3 micron.
PAR  One particularly suitable alumina is in the form of flat flakes of
      alpha-alumina crystals, of disk- or plate-like configuration, said flakes
      having a mean (by weight) particle diameter of less than about 7 microns
      (e.g. about 2 to 7 microns). The flat alpha-alumina crystals, and a
      process for preparing them, are described in U.S. Pat. No. 3,121,623. The
      dentrifrice is preferably substantially free of anhydrous alumina
      particles having diameters above 15 microns and thicknesses above about 2
      microns. While it is most preferred to use alumina flakes whose mean
      particle diameter is less than five microns (e.g. about 3 to 4 microns) it
      is within the broader scope of this invention to use alumina flakes of
      larger diameters but similar thickness, such as alumina flakes, described
      in the aforesaid U.S. Pat. No. 3,121,623 having average diameters of 9, 12
      or 15 or more microns, free of particles over 40 microns in diameter
      (preferably free of particles over about 20 microns in diameter) and
      substantially free of particles having thicknesses above about 3 microns.
      In a preferred form of the invention the alpha-alumina flakes are uncoated
      and free of adhesion to particles of other materials. It is also within
      the broader scope of the invention to include other alpha-alumina, or
      other abrasives of Mohs hardness above 6, in admixture with the
      alpha-alumina flakes. For instance, one may replace about one half of the
      alumina flakes by a pulverized alpha-alumina of irregular shape and having
      a mean particle size of about 3 to 4 microns (with all said irregular
      particles being less than about 7 microns in their largest dimension);
      thus, the toothpaste may contain, say, 3 percent of the flakes and 2
      percent of said irregular particles.
PAR  A typical alkali or alkaline earth metal aluminosilicate is a complex
      having a refractive index of about 1.45, a moisture content of about 5-20
      percent (e.g. 10 percent) an alumina content of up to about 10 percent
      (e.g. 8 percent) a silica content of at least about 70 percent, a sodium
      oxide (or other alkali metal or alkaline earth metal oxide, e.g. calcium
      oxide) content of up to about 10 percent (e.g. 7 percent) and a particle
      size of below 40 microns, preferably about 1 to 20 microns.
PAR  Examples of mixtures are blends of chalk and hydrated alumina, in, say,
      equal amounts, or about 25/75 or about 75/25.
PAR  The toothpaste may also contain a small amount of titanium dioxide powder,
      which has been found to have a marked polishing effect on the teeth when
      used in the sodium bicarbonate toothpaste.
PAR  The weight of titanium dioxide particles in the toothpaste about 0.1
      percent less than about 10 percent the weight of the sodium bicarbonate,
      preferably about 0.1 to about 5 percent, optimally about 0.5 to about 2.0
      percent thereof, but is generally above about 0.1 percent of the weight of
      the toothpaste. The foregoing can be readily calculated from the ratios of
      the other respective ingredients, the amount of water present (i.e., 5-35
      percent), the water-glycerol ratio (i.e., 3:1 to 6:1), the amount of
      sodium bicarbonate (i.e. 25-60 percent), the amount of additional abrasive
      (i.e., 3-25 percent), etc. For instance, the amount of TiO.sub.2 may be
      included to amounts up to about 6.0, preferably about 0.2 to 0.6 percent
      of the weight of the toothpaste. The particle size of the TiO.sub.2 is
      preferably about 0.1 to 1 micron.
PAR  The vehicle of the toothpaste is made up of suitable liquid preferably
      containing a thickening agent (e.g. a gelling agent). As indicated the
      vehicle is preferably aqueous, but it is within the broader scope of the
      invention to employ nonaqueous vehicles. Generally the liquid will contain
      a humectant or other viscous water-miscible material such as glycerol,
      sorbitol, polyethylene glycol, mannitol or mixtures thereof. When water is
      present it preferably constitutes about 5 to 35 percent (e.g. about 10 to
      30 percent) of the total vehicle. Superior results (such as better taste)
      are obtained when the proportion of water is relatively low, e.g. about 10
      to 20 percent of the total toothpaste, such as when the sodium
      bicarbonate:water ratio is in the range of about 3:1 to 6:1.
PAR  Gelling agents for toothpaste vehicles are well known in the art. These are
      often high polymers (e.g. gums or other thickening agents) which are
      soluble or swellable in water or aqueous medium. Sodium
      carboxymethylcellulose has given excellent results. Other materials are
      gum tragacanth, gum arabic, gum karaya, sodium alginate, hydroxyethyl
      cellulose, methyl cellulose, ethyl cellulose, carrageen and other
      polysaccharides, polyvinyl pyrollidones or such thickening agents as
      "Veegum" (a complex magnesium aluminum silicate). The amount of thickening
      agent used in the practice of this invention is preferably sufficient to
      impart to the mixture the pasty consistency, body and the non-tacky nature
      which is characteristic of conventional dental creams or toothpastes. As
      is well known, such dental creams are extrudable from ordinary collapsible
      toothpaste tubes to form a ribbon of substantial thickness (e.g. about 3/8
      inch) which is left undisturbed, substantially retains its original
      thickness over a period of, say, one minute or more (and does not
      penetrate substantially into the bristles of a toothbrush when resting on
      the ends of such bristles for a similar period); but which preferably
      offers no substantial resistance to brushing or to deformation when, for
      instance, one touches it lightly with a finger; and which has little tack,
      in that it does not tend to form a string when the finger is pulled away
      from the ribbon. The proportion of thickening agent is often within the
      range of about 0.5 to 2 percent, such as about 0.8 to 1.5 percent, of the
      toothpaste.
PAR  An organic surface active agent is preferably used in the compositions of
      the present invention to aid in the prophylactic action and in the
      thorough dispersion of the composition throughout the oral cavity, and to
      improve cosmetic acceptability and detersive and foaming properties. Among
      these are water-soluble salts of the higher alkyl sulfates, such as sodium
      lauryl sulfate or other suitable alkyl sulfate having 8 to 18 carbon atoms
      in the alkyl group; water-soluble salts of sulfonated monoglycerides of
      higher fatty acids such as sodium coconut monoglyceride sulfonate or other
      suitable sulfonated monoglyceride of a fatty acid of 10 to 18 carbon
      atoms; salts of amides of higher fatty acid (e.g. 12 to 16 carbon atom
      acids) with lower aliphatic amino acids (e.g. taurine or sarcosine) or
      other amino acid of 2 to 6 carbon atoms, such as
      sodium-N-methyl-N-palmitoyl tauride, sodium N-lauroyl, N-myristoyl or
      N-palmitoyl sarcosinates; water-soluble salt of the esters of such fatty
      acids with isethionic acid or with glycerol monosulfate, such as the
      sodium salt of the monosulfated monoglyceride of hydrogenated coconut oil
      fatty acids; water-soluble salts of olefin sulfonates, e.g. alkene
      sulfonates or hydroxyalkane sulfonates or mixtures thereof having 12 to 16
      carbon atoms in the carbon chain of the molecule; water-soluble soaps of
      higher fatty acids such as those of 12-18 carbon atoms e.g. coconut fatty
      acids. The cation of the salt may be, for instance, sodium (which is
      preferred) potassium or mono-di- or triethanolamine. Mixtures of
      surface-active agents may be used. A particularly suitable mixture which
      provides a high foaming powder with little or no irritating effect
      comprises a higher alkyl sulfate and a higher fatty acid sarcosinate, e.g.
      in a ratio of about 1:2 to 2:1, such as about 1:1; instead of all or part
      of the sarcosinate a higher fatty acid monoglyceride sulfonate may be
      present.
PAR  Other suitable surface-active materials include nonionic agents such as
      condensates of sorbitan monostearate with approximately 60 moles of
      ethylene oxide, condensates of ethylene oxide with propylene oxide
      condensate of propylene glycol (available under the trademark "Pluronics")
      and amphoteric agents such as quaternized imidazole derivatives which are
      available under the trademark "Miranol" such as Miranol C.sub.2 M.
      Cationic surface-active germicides and anti-bacterial compounds may also
      be used. Such compounds include di-isobutylphenoxyethoxyethyl dimethyl
      benzyl ammonium chloride, benzyl dimethyl stearyl ammonium chloride,
      tertiary amines, having one fatty alkyl group (or from 12 to 18 carbon
      atoms) and two (poly) oxyethylene groups attached to the nitrogen
      (typically containing a total of from about 2 to 50 ethenoxy groups per
      molecule) and salts thereof with acids, and compounds of the structure:
      ##EQU1##
      where R is a fatty alkyl group consisting from about 12 to 18 carbon
      atoms, and x, y and z total 3 or higher, as well as salts thereof with
      mineral or organic acids. It is preferred to use from about 0.05 to 5
      percent by weight of the foregoing surface-active materials in the instant
      dentifrice preparations.
PAR  The proportion of surface-active agent is preferably within the range of
      about 0.05-5 percent of the toothpaste, more preferably in the range of
      about 1 to 3 percent, such as about 11/2 to 2 percent.
PAR  In accordance with certain aspects of this invention, cationic
      antibacterial agents are included in the compositions of the present
      invention. Such agents include:
PA0  N.sup.1 -(4-chlorobenzyl)-N.sup.5 -(2,--dichlorobenzyl) biguanide
PA0  p-chlorophenyl biguanide
PA0  4-chlorobenzyhydryl biguanide;
PA0  4-chlorobenzhydrylguanylurea;
PA0  N-3-lauroxpropyl-N.sup.5 -p-chlorobenzylbiguanide;
PA0  1-(lauryldimethylammonium)-8-/p-chlorobenzyldimethylammonium) octane
      dichloride;
PA0  5,6-dichloro-2-guanidinobenzimidazole;
PA0  N.sup.1 -p-chlorophenyl-N.sup.5 -laurylbiguanide;
PA0  5-amino-1,3-bis (2-ethylhexyl)-5-methylhexahydropyrimidine cetyl pyridinium
      chloride
PAL  and their non-toxic acid addition salts, particularly the fluorides and the
      dihydrogen fluorides. 1,6-di-(p-chlorophenylbiguanidohexane) is
      particularly preferred. These agents may be used in amounts ranging from
      about 0.01 to 5 percent by weight of the dentifrice.
PAR  Any suitable flavoring or sweetening materials may be employed in
      formulating a flavor for the compositions of the present invention.
      Examples of suitable flavoring consitutents include the flavoring oils,
      for example, oils of spearmint, peppermint, wintergreen, sassafras, clove,
      sage, eucalyptus, marjoram, cinnamon, lemon and orange, as well as sodium
      methylsalicylate. Suitable sweetening agents include lactose, maltose,
      sorbitol, sodium cyclamate, perillartine, saccharine and ammoninated
      glycyrrhizin (e.g. its monoammonium salt). Suitably, flavor and sweetening
      agent together comprise from about 0.01 to 5 percent or more of the
      compositions of the instant invention. Preferably the amount of flavoring
      oil is above 0.5 percent, e.g. 0.8 to 1.2 percent.
PAR  The dental cream may also contain a fluoride-containing-anticaries agent.
      There are many water-soluble inorganic salts which are suitable sources of
      fluoride ions. Among these are sodium, potassium, ammonium, and lithium
      and amine fluorides. The monofluorophosphate salts are also useful and
      include Na.sub.4 P.sub.3 O.sub.9 F, K.sub.4 P.sub.3 O.sub.9 F,
      (NH.sub.4).sub.4 P.sub.3 O.sub.9 F, Na.sub.3 KP.sub.3 O.sub.9 E, 1).sub.3
      NaP.sub.3 O.sub.9 F, and Li.sub.4 P.sub.3 O.sub.9 F. Complex water-soluble
      fluoride-containing salts such as fluorosilicate (i.e., Na.sub.2
      SiF.sub.6), fluorozirconate (i.e., Na.sub.2 ZrF.sub.6), fluorostannite
      (i.e., KSnF.sub.3), fluoroborate (i.e., NaBF.sub.4), fluorotitanate (i.e.,
      NaTiF.sub.5), and fluorogermanate (i.e., K.sub.2 GeF.sub.6) may also be
      useful. The fluoride ion may also be supplied by an organic fluoride which
      yields fluoride ions in water. Suitable organic compounds include mono-,
      di-, and triethanolamine hydrofluoride. These materials are present in an
      effective but non-toxic amount, usually within the range to provide about
      0.01 to 1 percent by weight of the water-soluble fluorine content thereof
      to the dentifrice. Sodium fluoride, and sodium monofluorophosphate are the
      preferred compounds.
PAR  Various other materials may be incorporated into the dentifrice
      preparations of this invention. Examples thereof are coloring and
      whitening agents, preservatives, silicones, chlorophyll compounds, and
      mixtures thereof, and other constituents. These adjuvants are incorporated
      in the instant compositions in amounts which do not substantially
      adversely affect the properties and characteristics desired and are
      selected and used in proper amount depending upon the particular type of
      preparation involved.
DETD
PAR  The following Examples are given to illustrate this invention further. In
      this application all proportions are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A toothpaste is prepared by forming a gel by mixing a gelling agent, in
      this case sodium carboxymethylcellulose ("CMC"), with glycerol and water
      (in the presence of a sweetener, sodium saccharin, and a preservative,
      sodium benzoate), adding sodium bicarbonate (baking soda) chalk and
      titanium dioxide powder to the gel, then adding a surfactant, a flavor and
      thereafter degassing the mixture under vacuum. The proportions used are:
      baking soda, 35%; chalk, 10%; titanium dioxide, 0.4%; deionized water,
      15.4%; glycerol, 33.5%; CMC, 1.1%; solution of 35% sodium N-lauroyl
      sarcosinate in a mixture of 35% water and 30% glycerol, 2%; sodium lauryl
      sulfate, 0.98%; sodium benzoate, 0.5%; sodium saccharin, 0.2%; flavor,
      0.9%.
PAR  The baking soda powder is U.S.P. grade having the following particle size
      distribution in which percentages represent the cumulative percent
      retained on the named sieve, and sieve sizes are U.S. Standard; No. 45
      sieve, trace; No. 70 sieve (sieve opening 210 microns), 27 percent; No. 80
      sieve (sieve opening 177 microns) 66.5 percent; No. 100 sieve (sieve
      opening 149 microns), 92.5 percent; No. 170 sieve (sieve opening 88
      microns), 99%.
PAR  The chalk is a grit-free U.S.P. Non Fer Al Chalk containing at least 98%
      CaCO.sub.3 with no more than 0.2 percent insoluble in dilute HCl. Its
      particle size is such that over 99 percent passes through a U.S. Standard
      No. 325 mesh sieve, the particles being principally in the 1 to 10 micron
      size, the average particle size being about 3 microns.
PAR  The titanium dioxide used is a grit-free anatase powder at least 99.0
      percent of which passes through a No. 325 U.S. Standard sieve and whose
      mean particle diameter (as measured on a Mahn sedimentation balance) is
      below 1 micron. Microscopic measurements indicate its average particle
      diameter is 0.3 micron.
PAR  The toothpaste has good cleaning power and whiteness and ages well in tests
      at 8.degree. F, 40.degree. F, 110.degree. F, 120.degree. F. Because of the
      relatively large particle size of the baking soda a ribbon of the
      toothpaste, extruded from its tube, has a finely textured grainy
      appearance to the naked eye. The toothpaste has a pleasant feel during
      brushing; while the large particles of baking soda are palpable they break
      down to smaller particles easily under the pressure of the toothbrush and
      under the action of the saliva.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that 5% hydrated alumina is substituted for
      the 10% chalk, the proportion of baking soda is correspondingly increased
      to 40 percent and the flavor used is a blend of essential oils, largely
      peppermint.
PAR  The hydrated alumina has the following particle size distribution, and is
      alpha alumina trihydrate:
PA1  28-40 percent finer than 5 microns
PA1  56-67 percent finer than 10 microns
PA1  85-93 percent finer than 20 microns
PA1  94-99 percent finer than 30 microns
PAC  EXAMPLE 3
PAR  Example 2 is repeated except that instead of the 5% of hydrated alumina
      there is employed 5% zirconium silicate powder of the following particle
      size distribution:
PA1  80% finer than 1.25 microns
PA1  90% finer than 1.77 microns
PA1  95% finer than 2.15 microns
PA1  99% finer than 2.50 microns
PAC  EXAMPLE 4
PAR  Example 2 is repeated except that instead of the 5% of hydrated alumina
      there is used 5% of micronized silica, and half the baking soda is
      replaced by a more finely divided baking soda having the following
      particle size distribution (in which percentages represent the cumulative
      per cent retained on the named sieve, and sieve sizes are U.S. Standard):
      No. 45 seive (seive opening 350 microns), trace; No. 100 sieve (sieve
      opening 149 microns), 0.5 percent; No. 170 sieve (sieve opening 88
      microns), 20 percent; No. 200 sieve (sieve opening 74 microns), 35
      percent; No. 325 sieve (sieve opening 44 microns), 70 percent; No. 400
      sieve, 80%.
PAR  It is also within the broader scope of the invention to use calcium
      pyrophosphate (e.g. the .beta. or .gamma. form of calcium pyrophosphate,
      or mixtures of those forms in various proportions such as in about 1:1
      ratio, e.g. 53% .beta., 47% .gamma.), having an average particle size
      below about 20 microns, e.g. about 1 or 2 to 10 microns, for all or part
      of the water-insoluble abrasive in the toothpaste.
PAR  Another aspect of this invention relates to the degassing of toothpastes
      containing high proportions of sodium bicarbonate particles. It is found
      that when such toothpastes are subjected to high vacuum, e.g. above 26
      inches of mercury, the paste bubbles and expands but, unlike conventional
      toothpastes, it does not contract to substantially its original volume on
      continuted vacuum treatment, but instead continues to expand. It has now
      been found that an excellent deaerated product, having good stability and
      desirable rheological characteristics can be produced by subjecting the
      toothpaste containing sodium bicarbonate to a vacuum of at least 26 inches
      of mercury so that it expands to a volume which is at least 150 percent
      (e.g. about 200 percent) of its volume at atmospheric pressure and then
      discontinuing the treatment at high vacuum when the expanded mixture
      begins to contract but while its volume is still at least 150 percent of
      its volume at atmospheric pressure.
PAC  EXAMPLE 5
PAR  This Example illustrates the degassing treatment of this invention.
PAR  18.3 parts of glycerol; 1.1 part of sodium carboxymethyl cellulose; 0.5
      part of sodium benzoate; 0.2 part of sodium saccharin and 15.4 parts of
      water are mixed at 110.degree.-115.degree. F. for 20 minutes and placed in
      a vertical cylindrical container equipped with a stirrer, specifically a
      Dopp mixer which has a series of intermeshing counter-rotating radially
      disposed mixing rods located all along its height. Then five parts of
      calcium carbonate (chalk), 40 parts of sodium bicarbonate, 0.4 part of
      titanium dioxide are added and mixed slowly while a vacuum of 271/2 inches
      of mercury is applied; the speed of mixing is then increased; during this
      vacuum treatment, which lasts about 5 minutes, the batch rises to a volume
      about two-thirds greater than its volume before vacuum is applied and then
      decreases somewhat. The mixture is then vented to the atmosphere and 0.975
      parts of sodium lauryl sulfate and 2 parts of a solution of 35 percent
      sodium lauroyl sarcosinate in a water-glycerol (35-30 percent) mixture are
      then added, a vacuum 28.2 inches of mercury is applied and the mixture is
      kept under the vacuum for about 5 minutes while stirring; during this
      time, the volume of the batch increases and decreases somewhat, the
      volumes being little greater than observed during the preceding vacuum
      treatment. The mixture is then vented to the atmosphere. 15.1 parts of
      glycerol are added and the mixture is then stirred under a vacuum of 28
      inches of mercury for about 5 minutes during which treatment its volume
      increases by more than 100 percent (i.e. to a volume which is more than
      200 percent of the original volume) and then begins to decrease somewhat.
      At the conclusion of this  5 minute period, the vessel is vented to the
      atmosphere while the volume of the mixture is still about 75-100 percent
      greater than its volume just prior to this vacuum treatment. One part of
      essential oil flavor is then added, stirring is resumed while a vacuum of
      281/2 inches is applied; stirring under this vacuum is continued for about
      12 minutes, after which the vessel is vented to the atmosphere; during
      this 12 minute period, the expansion of the mixture is similar to that
      observed during the immediately preceding vacuum treatment. Just before
      the mixture is vented to the atmosphere, the expansion of the mixture is
      still in progress.
PAR  It is preferable to discontinue the vacuum treatment, despite continued
      formation of gas bubbles, before the change in pH (i.e. the pH of the
      vacuum treated mixture minus the pH of the mixture without vacuum
      treatment) reaches one pH unit and preferably less, e.g. 1/2 unit; this
      avoids decomposition of sodium bicarbonate and production of sodium
      carbonate during degassing.
PAC  EXAMPLE 6
PAR  This Example illustrates the use of alpha alumina flakes in the baking soda
      toothpaste.
PAR  The toothpaste is made up (using, for instance, the method of Example 1) of
      40 percent of the baking soda powder of Example 1, 5 percent of
      alpha-alumina flakes, 0.4 percent titanium dioxide of Example 1, 33.4
      percent glycerol, 15.4 percent deionized water, 1.1 percent CMC (Hercules
      7MF), 2 percent of a solution of 35 percent sodium N-lauroyl sarcosinate
      in a mixture of 35 percent water and 30 percent glycerol, 1 percent sodium
      lauryl sulfate, 1 percent flavor (water-insoluble essential oil flavoring
      agent; e.g., essential oil mixture rich in peppermint oil), 0.5 percent
      sodium benzoate and 0.2 percent sodium sachharin.
PAR  The alpha alumina flakes have a mean (by weight) particle diameter of about
      4 microns, all the particles thereof have diameters less than 10.1
      microns, about 85-95 percent (by weight) have diameters less than 6.0
      microns and about 30-35 percent have particle diameters less than 3.5
      microns.
PAR  The characteristics of the toothpaste of this Example are like those given
      in Example 1 above. It has very good resistance to flavor separation. It
      also shows much greater polishing effect on the enamel, than the
      toothpaste of Example 1.
PAC  EXAMPLE 7
PAR  Example 6 is repeated except that the toothpaste contains 0.22 percent
      sodium fluoride (the glycerine content being correspondingly decreased by
      0.22 percent). The toothpaste shows excellent aging characteristics
      including very good resistance to flavor separation on aging and very good
      retention of fluoride content. Like the toothpaste of Example 7, it has a
      high polishing effect on enamel; its percent repolish is 64 percent.
PAR  The percent repolish is determined by a test in which sections of human
      dental enamel, upon which have been ground flat areas, are first polished,
      then dulled with chalk, and then brushed with a slurry of a dentifrice for
      5000 reciprocal strokes. A "Monsanto Tooth Reflectance Instrument" is
      employed to measure the specular reflectance of the surface after each
      step described above. The dulled surface is adjusted so that it is
      approximately 150 units (Monsanto Instrument) lower than the polished
      surface. The polishing ability of the dentifrice is expressed by the
      following equation:
      ##EQU2##
      Where SR.sub.polished, SR.sub.dulled and SR.sub.5000 strokes are
      respectively the specular reflectance values of the enamel surface after
      the initial polishing, after dulling with chalk, and after brushing with a
      dentifrice slurry.
PAC  EXAMPLE 8
PAR  Example 6 is repeated except that the toothpaste contains 0.76 percent
      sodium monofluorophosphate (the glycerine content being correspondingly
      decreased by 0.76 percent).
PAC  EXAMPLE 9
PAR  Examples 6, 7 and 8 are repeated except that the alpha-alumina flakes have
      a mean particle diameter of 5 microns, substantially all being less than
      about 12 microns in diameter.
PAC  EXAMPLE 10
PAR  This Example illustrates the use of unlined aluminum toothpaste tubes with
      certain baking soda toothpastes.
PAR  (a) A toothpaste is made up (using, for instance, the method of Example 1)
      of 40 percent of the baking soda powder (of Example 1) 5 percent of
      calcium carbonate, (of Example 1), 0.4 percent titanium dioxide of Example
      1, 33.4 percent glycerol, 15.4 percent deionized water, 1.1 percent CMC
      (Hercules 7MF), 2 percent of a solution of 35 percent sodium N-lauroyl
      sarcosinate in a mixture of 35 percent water and 30 percent glycerol,
      about 1 percent sodium lauryl sulfate, 1 flavor (water-insoluble essential
      oil flavoring agent; e.g., essential oil mixture rich in peppermint oil),
      0.5 percent sodium benzoate, and 0.2 percent sodium saccharin.
PAR  (b) Example 10a is repeated except that 0.5 percent of fumed silica
      (Cab-O-Sil) is included, the amount of calcium carbonate is raised to 10
      percent, the amount of baking soda is decreased to 35 percent and amount
      of glycerol is decreased to 32.9 percent.
PAR  (c) Example 10b is repeated except that the amount of calcium carbonate is
      decreased to 5 percent and the amount of glycerol is raised to 37.9
      percent.
PAR  (d) Example 10a is repeated four times, with additional inclusion of
      various proportions of non-acidic dicalcium phosphate dihydrate in the
      formuation, i.e., in amounts of 0.04, 0.2, 0.4 and 0.8 percent (based on
      the weight of the formulation without said phosphate); the first case
      (0.04 percent) the titanium dioxide is omitted. The dicalcium phosphate
      dihydrate is of dentifrice grade and has an average particle diameter of
      about 4 microns and its pH (measured in 20 percent slurry thereof in
      water) is in the range of 7.2 to 7.9; it yields phosphate ions on contact
      with water.
PAR  (e) Example 10a is repeated with the additional inclusion of insoluble
      sodium metaphosphate in the formulation in the amount of 0.8 percent
      (based on the weight of the formulation without said phosphate). The
      insoluble sodium metaphosphate is of dentifrice grade having an average
      particle size of about 5 microns; its pH (measured in 20 percent slurry
      thereof in water) is in the range of 5.3 to 6.3; it yields phosphate ions
      on contact with water.
PAR  (f) Example 10a is repeated except that 5 percent micronized silica is
      substituted for the calcium carbonate, a different essential oil flavor is
      used, the amount of flavor is 0.9 percent and the amount of glycerol is
      33.5 percent.
PAR  (g) Example 10a is repeated except that 3 percent micronized silica is
      included, the calcium carbonate is omitted, the amount of baking soda is
      increased to 42 percent and the toothpaste contains 0.9 percent of an
      essential oil flavor.
PAR  (h) Example 10a is repeated except that 5 percent precipitated silica is
      substituted for the calcium carbonate;
PAR  (i) Example 10a is repeated except that 5 percent anhydrous dicalcium
      phosphate is substituted for the calcium carbonate, the toothpaste
      contains 0.9 percent of an essential oil flavor and the amount of glycerol
      is increased to 33.5 percent). The anhydrous dicalcium phosphate is a fine
      non-acidic powder of dentifrice grade. Its pH (as measured on a 20 percent
      slurry thereof in water) is 7.6-7.8; it yields phosphate ions, in low
      concentration, on contact with water.
PAR  (j) Example 10a is repeated except that 5 percent zirconium silicate of
      Example 3 is substituted for the calcium carbonate (with minor change in
      proportion and type of flavor).
PAR  (k) Example 10a is repeated except that 5 percent beta phase calcium
      pyrophosphate is substituted for the calcium carbonate. The calcium
      pyrophosphate is a fine powder of dentifrice grade. Its pH (as measured on
      a 20 percent slurry thereof in water) is 5.2-5.3.
PAR  Each of the foregoing toothpastes is placed in an individual toothpaste
      tube of unlined aluminum of high purity (99.7 percent Al or purer) and
      aged. On aging at 120.degree. F the tube filled with the 10a toothpaste
      tends to swell or is found to have a foamy product film in contact with
      the inner aluminum walls of the tube, tubes filed with the 10b, c, d, f,
      g, h, i, j, and k toothpastes do not show such effects. The 10e
      toothpaste shows substantially less tendency to react with the walls of
      the tube then the 10a toothpaste.
PAR  The fumed silica (as in Example 10b) is described in Encyclopedia of
      Chemical Technology Kirk-Othmer 2nd Edition, Vol. 18 at pages 62 and 67,
      for instance. It is within the broader scope of the invention to use the
      fumed silica in baking soda toothpaste from which the compatible
      water-insoluble abrasive (such as calcium carboante) has been omitted, in
      unlined aluminum tubes. It is also within the broader scope of the
      invention to employ, in place of the fumed silica, very finely dispersed
      or dissolved silica in other forms such as alkali metal silica such as
      sodium silicate, e.g. hydrated sodium silicate supplied in flake form
      containing Na.sub.2 O.sup.. SiO.sub.2.sup.. H.sub.2 O in a ratio of about
      1:2-3.2:5, or sodium silicate solutions (water glass) such as those in
      which the Na.sub.2 O:SiO.sub.2 ratio is at least about 1:2, or sodium
      silicate formed in situ in the dental cream, or colloidal silica or
      precipitated silica (see Encyclopedia of Chemical Technology, Kirk-Othmer,
      2nd edition Vol. 18, pages 63 and 66-67, for instance) or other silicate.
PAR  The decalcium phosphate dihydrate of Example 10d is a commercial stabilized
      dentifrice grade of this material. A description of the method of
      preparation of dicalcium phosphate dihydrate and of its stabilization is
      found in U.S. patent of Schlaeger et al. U.S. Pat. No. 3,169,096 Feb. 9,
      1965, whose disclosure is incorporated herein by reference. See also
      "Cosmetic Science" Vol. 1 pub. 1972 (Wiley Interscience) edited by Balsam
      and Sagarin pages 477-479. One typical analysis of dicalcium phosphate
      dihydrate indicates that its content of water-soluble material is 0.18
      percent (and its percent water-solubles expressed as P.sub.2 O.sub.5 is
      0.11 percent). A typical stabilizer content is a mixture of about 1-2
      percent of sodium calcium pyrophosphate and a smaller amount, e.g. about
      0.4 percent, of pyrophosphoric acid.
PAR  The insoluble sodium metaphosphate of Example 10e is a commercial
      dentifrice grade of this material. Its method of preparation and
      properties are described in the previously cited "Cosmetic Science" at
      pages 480-481 and "Phosphorus and Its Compounds" by Van Wazer Vol. 2 pub.
      1961 (Interscience) pages 1652-1653.
PAR  The anhydrous dicalcium phosphate of Example 10i and the calcium
      pyrophosphate of Example 10k are commercial dentifrice grades of these
      materials. See the previously cited "Phosphorus and Its Compounds" page
      1651 and "Cosmetic Science" pages 479-480.
PAC  EXAMPLE 11
PAR  Example 10a is repeated except that the toothpaste contains added anhydrous
      disodium phosphate (incorporated as a water-soluble powder) in amount of
      (a) 0.05 percent and (b) 0.01 percent the amount of water in the
      toothpaste being adjusted accordingly to total 100 percent. In each case,
      on aging in unlined aluminum tubes (as in Example 10) the filled tubes do
      not swell or gas and (after 9 weeks aging at 120.degree. F.) the inner
      walls of the tubes are found to be gold-colored, the wall color in the
      tube containing the 11b toothpaste being very light. On inspection of the
      inner walls of the unlined aluminum tubes containing the 10d toothpastes
      (again after 9 weeks at 120.degree. F.) they are found to be dark (when
      the pastes contain 0.8 percent or 0.4 percent of the dicalcium phosphate
      dihydrate) or golden (when the tubes contain 0.04 and 0.2 percent of the
      dicalcium phosphate dihydrate); on inspection of the inner walls of the
      unlined aluminum tubes containing the 10k toothpaste they are found to be
      golden after 3 and 6 weeks aging at 120.degree. F. and dark after 9 weeks
      of such aging. It is believed that the toothpastes containing the
      dicalcium phosphate dihydrate contain (or form, on aging) small amounts of
      dissolved phosphate ions (e.g. orthophosphate and/or pyrophosphate) which
      may act on the aluminum walls, or on the aluminum oxide layer on said
      walls, to form a protective layer thereon. The amount of dissolved
      phosphate ion present in the preferred compositions is sufficient to
      inhibit the gas-forming reaction between the alkaline toothpaste
      composition and the aluminum walls of the tube but the amount of the
      phosphate or acidic ingredient therein is insufficient to cause a
      gas-forming reaction (e.g. resulting in swelling or bursting of the tube)
      between the ingredients of the toothpaste; the tendency for the latter
      reaction can, of course, be tested by placing the composition in a
      suitably lined aluminum tube (whose walls are thus substantially inert to
      the composition) and aging for several weeks (e.g. 9  weeks) at an
      elevated temperature (e.g. 120.degree. F.).
PAR  Storage of the toothpastes of other types in unlined aluminum tubes is
      discussed in such patents as U.S. Pat. Nos. 3,662,060 and 3,678,155 and
      Austrian Pat. No. 267,070. As is well known to consumers of toothpastes,
      aluminum toothpaste tubes are squeezable and deformable to express the
      toothpaste from the nozzle of the tube and the main body of the tube is of
      relatively thin, ductile, aluminum.
PAR  The baking soda used in the Examples is a product made by precipitation
      from solution (as by treating a sodium carbonate solution with carbon
      dioxide to precipitate the bicarbonate) followed by drying, curing with
      carbon dioxide gas and screening to the desired particle size (generally
      without substantial crushing or pulverizing).
PAR  These particles are generally monoclinic crystals or tablets or
      conglomerates thereof (e.g. twinned crystals) some having projecting
      spike-like portions of generally rhombohedral shape with many reentraut
      angles.
PAR  The toothpastes of the foregoing Examples are non-effervescent. Thus when
      diluted with water they do not actively evolve bubbles of carbon dioxide.
PAR  The toothpastes of this invention have an alkaline pH, generally in the
      range of about 8.5 to 9.5, usually below about 9.1.
PAR  The dentin abrasion of the toothpastes may be determined by the procedure
      based on a ratioactive technique described by Grabenstetts et al. in the
      "Journal of Dental Research," Volume 37, P. 1060 (1958) as modified by the
      description by Stookey et al. in the "Journal of Dental Research," Volume
      47, page 524 (July-August 1968).
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that variations may be made therein without
      departing from the spirit of the invention. The "Abstract" given above is
      merely for the convenience of technical searchers and is not to be given
      any weight with respect to the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dental cream containing an abrasive content comprising at least about
      20 percent sodium bicarbonate in a vehicle containing sufficient liquids,
      said vehicle consisting essentially of about 5 to 35 percent water and
      sufficient viscous water miscible polyol humectant or mixtures thereof,
      and a sufficient amount of gelling or thickening agent to impart to the
      dental cream the pasty consistency, body and non-tacky nature which is
      characteristic of conventional dental creams or toothpastes, and over 1
      percent of a water insoluble dental abrasive material compatible with said
      bicarbonate in the dental cream, said sodium bicarbonate being primarily
      in the undissolved solid state, said dental cream having a granular
      textured appearance comprising a substantially dispersed non-crystalline
      appearing granulate of macroscopic crystalline bicarbonate granules in an
      otherwise continuous matrix.
NUM  2.
PAR  2. A dental cream as in claim 1 wherein said insoluble abrasive is present
      in amount of at least about 3 percent of the dental cream and is selected
      from the group consisting of silica, alumina, silicates and carbonates
      non-reactive with the bicarbonate.
NUM  3.
PAR  3. A dental cream as in claim 2 wherein the total abrasive content is about
      25 - 60 percent and is dispersed in an aqueous humectant medium.
NUM  4.
PAR  4. A dental cream as in claim 3 which contains calcium carbonate.
NUM  5.
PAR  5. A dental cream as in claim 3 which contains flat flakes of
      alpha-alumina.
NUM  6.
PAR  6. A dental cream as in claim 1 wherein said water insoluble dental
      abrasive material is included in amounts of about 3-25 percent.
NUM  7.
PAR  7. A dental cream as in claim 1 wherein the sodium bicarbonate - water
      ratio is about 3:1 to 6:1.
NUM  8.
PAR  8. A dental cream as defined in claim 1 further including a non-soap
      synthetic detergent.
NUM  9.
PAR  9. A dental cream as defined in claim 1 further including at least about
      0-5 percent of a suitable flavoring oil.
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ABST
PAL  A cariostatic composition is disclosed which contains an alkali metal amino
      acid phosphate or an alkaline earth metal amino acid phosphate. The amino
      acid phosphate serves as a cariostatic agent and may be used for topical
      application or as a dentifrice.
BSUM
PAR  The present invention relates to a cariostatic composition and more
      particularly a cariostatic composition including a non-toxic cariostatic
      agent.
PAR  In the past various types of cariostatic agents and compositions have been
      proposed. For example, materials such as stannous fluoride, calcium
      carbonate, and sodium hydrogen phosphate have been proposed for reducing
      dental caries. Cariostatic agents may be applied topically to the teeth,
      included in dentifrice compositions, or included in foods. The present
      invention relates to an alkaline amino acid phosphate which is suitable
      for topical application or use in a dentifrice. The present cariostatic
      agent is not toxic and in fact is nutritious providing amino acid
      fortification if added to a food product. Such a food product is disclosed
      in our patent application Ser. No. 176,276 entitled "A Food Composition"
      filed on even date herewith. The cariostatic composition of the present
      invention includes a solution and/or suspension of the alkaline amino acid
      phosphate. The solvent may be any of the solvents conventionally used in
      cariostatic compositions. The solvent may be any polyol, carbohydrate or
      carbohydrate syrup such as corn syrups; however, the solvent is preferably
      a non-fermentable polyol, carbohydrate or carbohydrate syrup such as
      glycerol, propylene glycol, glyceraldehyde and aqueous syrups of
      erythritol. The cariostatic composition may include various other
      materials typically found in cariostatic compositions, such as polishing
      agents (calcium phosphate, calcium carbonate, silicates and pumice),
      surface active agents (detergents and soaps), other cariostatic agents
      (stannous fluoride and alkali fluorophosphates), thickeners (gums),
      coloring and flavoring.
PAR  The cariostatic agent used in the present composition may be prepared by
      reacting an amino acid in the free base form with phosphoric acid to form
      an amino acid phosphate. The amino acid phosphate may be then reacted with
      a base or basic salt of an alkali metal or an alkaline earth metal to form
      an alkaline amino acid phosphate. In some instances the cariostatic agent
      may be prepared by reacting the free base amino acid directly with an
      alkali metal phosphate or an alkaline earth metal phosphate. The term
      "alkaline amino acid phosphate" as used herein includes alkali metal amino
      acid phosphates, alkaline earth metal amino acid phosphates and their
      diphosphates.
PAR  Any amino acid may be used in preparing the cariostatic agent of the
      present invention providing the amino acid will react to form the alkaline
      amino acid phosphate. The amino acids used to prepare the cariostatic
      agent typically include lysine, ornithine, arginine, tryptophan, phenyl
      alanine, leucine, isoleucine, threonine, methionine, valine,
      hydroxyproline and glycine. The preferred amino acid is L-lysine. The
      amino acid is preferably in the free base form when used to prepare the
      cariostatic agent. Certain of the free base amino acids, typically
      L-lysine, are unstable and therefore may be produced from the
      hydrochloride immediately prior to use in producing the cariostatic agent.
      The free base amino acid may be prepared by passing a water solution of
      the amino acid hydrochloride through a resin column in the OH.sup.- ionic
      form. Other amino acids may be obtained commercially in the free base
      form. The free base amino acid may be reacted with a phosphoric acid such
      as orthophosphoric acid in a molar weight ratio of from 1:1 to 1:2 to
      produce the amino acid phosphate. Alternatively, the amino acid may be
      manufactured directly as the phosphate rather than hydrochloride.
PAR  The amino acid phosphate may be reacted, as a water solution, with the
      alkali metal compound or the alkaline earth metal compound. These
      compounds may be a base or basic salt. In other words the alkali metal
      compound may be an oxide or a hydroxide of sodium or potassium. The alkali
      metal compound may be a basic salt such as a carbonate or bicarbonate of
      sodium or potassium. The alkaline earth metal compound may be an oxide,
      hydroxide, carbonate or bicarbonate of calcium or magnesium. The alkali
      metal compound or alkaline earth metal compound may be added to the amino
      acid phosphate solution in the form of a dry product such as pellets or in
      the form of an aqueous solution.
PAR  The amino acid phosphate, in the case of basic amino acids, may be reacted
      with the alkali metal compound or alkaline earth metal compound in a ratio
      of one mole of amino acid phosphate to between one and two equivalent
      weights of the alkali metal compound or alkaline earth metal compound. In
      the case of the phosphates of neutral amino acids the ratio may be one
      mole of amino acid phosphate to one equivalent weight of alkali metal
      compound or alkaline earth metal compound.
PAR  The alkaline amino acid phosphate, used in preparing the present
      cariostatic composition, may be precipitated from the aqueous solution at
      room temperature with a water-miscible organic solvent such as methanol,
      ethanol, acetone or mixtures of such solvents. The precipitate may be
      washed with the water-miscible solvent and dried. The alkaline amino acid
      phosphate is preferably in a finely divided state such that it will pass
      through a No. 100 screen or smaller. The alkaline amino acid phosphate
      solution, used in preparing the present cariostatic composition, may be in
      the form of a solution. The solution may be concentrated by evaporation,
      such as vacuum drying, to a concentration of about 40 to 50% solids. The
      alkaline amino acid phosphate will typically be present in the cariostatic
      composition in an amount of from 1% to 25% by weight of solvent,
      preferably about 10%. The cariostatic composition will generally be
      prepared by working the alkaline amino acid phosphate into the solvent at
      room temperature or by warming to 60.degree.C. The remaining ingredients
      are added and thoroughly dispersed. A typical dentifrice of the present
      invention may include, by weight, 32 parts precipitated calcium carbonate,
      3.5 parts precipitated magnesium carbonate, 5.6 parts powdered soap, 30
      parts glycerin, 26.6 parts water, 0.06 part saccharin, 0.30 part gum
      karaya, 0.3 part Irish Moss and 12.0 part alkaline amino acid phosphate.
      Flavoring and coloring may be added as desired.
DETD
PAR  The following examples are for purposes of illustrating the present
      invention and are not intended to be limiting.
PAC  EXAMPLE I
PAR  A cariostatic agent was prepared for use in the present invention by
      passing a 10% (by weight) solution of L-lysine hydrochloride through a
      resin column to produce free base lysine. The resin column was 20 inches
      in height and was an IR-410 (Amberlite) in the OH.sup.- ionic form. The
      solution was passed through the column at the rate of 2 to 3 milliliters
      per square centimeter of column per minute. The free base lysine was
      eluted with water. One molar part of the free base lysine was added to a
      flask containing one molar part of orthophosphoric acid. One molar part of
      orthophosphoric acid was added to the aqueous solution of lysine phosphate
      thereby producing lysine diphosphate. One molar part of sodium hydroxide
      pellets was added to the lysine diphosphate. Then one molar part of
      potassium hydroxide pellets was added to the solution with thorough
      mixing. The resulting solution was evaporated to approximately 45% solids
      in a vacuum using a rotary evaporator. The concentrated solution of sodium
      potassium lysine diphosphate was found to be stable at room temperature.
PAC  EXAMPLE II
PAR  A cariostatic agent (potassium lysine phosphate), suitable for use in the
      present invention, was prepared by passing a 10% (by weight) L-lysine
      hydrochloride solution in an amount of 455 grams through the resin column
      as described in Example I. The resulting free base lysine was added to
      3470 ml. of an aqueous solution containing 345 g. of KH.sub.2 PO.sub.4.
      One half of the resulting solution was evaporated to about 700 ml. and
      then 750 ml. of methanol were added. The mixture was cooled to 5.degree.C.
      and the potassium lysine phosphate precipitated. The precipitate was
      collected by filtration and air dried.
PAC  EXAMPLE III
PAR  A cariostatic agent (potassium lysine diphosphate) was prepared from the
      remaining solution of Example II by adding to such solution 85 milliliters
      of an 85% H.sub.3 PO.sub.4 solution. The resulting solution was evaporated
      to 750 milliliters and 750 milliliters of methanol were added. The mixture
      was cooled to 5.degree.C. and the potassium lysine diphosphate
      precipitated. The precipitate was collected by filtration.
PAC  EXAMPLE IV
PAR  A cariostatic agent (sodium lysine diphosphate) was prepared by passing 300
      millimoles of L-lysine hydrochloride through a resin column to produce
      free base lysine. The resin used was Rexyn AGI in the OH.sup.- form. To
      the free base L-lysine was added 300 millimoles of sodium dihydrogen
      phosphate. Then 300 millimoles of orthophosphoric acid were added with
      thorough stirring. The resulting solution was evaporated in a vacuum until
      a milky appearance was acquired and then cooled to 5.degree.C. The
      material was filtered and a tacky crystalline material was obtained and
      air dried. The material was identified as Na Lysine H.sub.5
      (PO.sub.4).sub.2.
PAC  EXAMPLE V
PAR  A cariostatic agent K LysH.sub.5 (PO.sub.4).sub.2.LysH.sub.6
      (PO.sub.4).sub.2 was prepared by adding 2.5 moles of free base lysine to
      2.5 moles of H.sub.3 PO.sub.4. Then 2.5 moles of H.sub.3 PO.sub.4 were
      added. The resulting solution was divided into two equal portions A and B.
      To Portion A was added 0.625 equivalent weights of K.sub.2 CO.sub.3. The
      resulting solution was found to contain K LysH.sub.5
      (PO.sub.4).sub.2.LysH.sub.6 (PO.sub.4).sub.2.
PAC  EXAMPLE VI
PAR  A cariostatic agent, K.sub.2 LysH.sub.4 (PO.sub.4).sub.2, was prepared from
      Portion B by the addition of 2.5 equivalent weights of K.sub.2 CO.sub.3
      with thorough mixing.
PAC  EXAMPLE VII
PAR  A cariostatic composition was prepared according to the present invention.
      One gram of NaLysH.sub.5 (PO.sub.4).sub.2 was dissolved in 10 milliliters
      of glycerol. The NaLysH.sub.5 (PO.sub.4).sub.2 was of a particle size
      which passed through a No. 100 screen. The resulting solution was applied
      to the teeth of a group of ten 12 day old Cotton rats. The topical
      applications were made at four 2 hour intervals. Each application was 2
      drops per rat. A second group of 10 rats were used as a control group and
      received topical applications of glycerol rather than the NaLysH.sub.5
      (PO.sub.4).sub.2 solution. The rats were all fed an adequate diet of 12
      parts starch, 18 parts sucrose, 38 parts oat groats, 32 parts whole milk
      powder and 2 parts liver powder, by weight. The rats were sacrificed at 30
      days of age. The group treated with the NaLysH.sub.5 (PO.sub.4).sub.2 had
      a 32% reduction in caries as compared to the control group. The caries
      concerned were sulcal caries or in other words pit and fissure carries as
      measured on the first and second molars.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A cariostatic composition for application to teeth to reduce carries,
      said composition comprising a solvent and a cariostatic agent selected
      from the group consisting of alkali metal amino acid phosphates, alkaline
      earth metal amino acid phosphates and their diphosphates, said cariostatic
      agent being present in an amount of from 1 to 25% by weight based on the
      weight of the solvent.
NUM  2.
PAR  2. The cariostatic composition of claim 1 wherein the solvent is a polyol,
      carbohydrate or carbohydrate syrup.
NUM  3.
PAR  3. The cariostatic composition of claim 2 wherein the solvent is
      non-fermentable.
NUM  4.
PAR  4. The cariostatic composition of claim 1 wherein the solvent is a member
      selected from the group consisting of glycerol and propylene glycol.
NUM  5.
PAR  5. The cariostatic composition of claim 1 wherein the solvent is a member
      selected from the group consisting of glyceraldehyde and aqueous syrups of
      erythritol.
NUM  6.
PAR  6. The composition of claim 1 wherein said composition further includes a
      polishing agent.
NUM  7.
PAR  7. The composition of claim 6 wherein said composition further includes a
      surface active agent.
NUM  8.
PAR  8. The composition of claim 1 wherein the cariostatic agent is present in
      an amount of about 10%.
NUM  9.
PAR  9. The cariostatic composition of claim 1 wherein said amino acid is a
      member selected from the group consisting of lysine, ornithine, arginine,
      tryptophan, phenyl alanine, leucine, isoleucine, threnine, methionine,
      valine, hydroxyproline and glycine.
NUM  10.
PAR  10. A method for reducing caries comprising applying to teeth a cariostatic
      composition comprising a solvent and a member selected from the group
      consisting of alkali metal amino acid phosphates, alkaline earth metal
      amino acid phosphates and their diphosphates, said member being present in
      an amount of from 1 to 25% by weight based on the weight of the solvent.
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ABST
PAL  An anionic, gel, cosmetic deodorant composition is provided comprising an
      anionic base material selected from the alkali metal salts of long chain
      alkanoic acids of from 16 to 22 carbon atoms, a lower alkanol and from
      0.05 to 1 percent by weight, based on the weight of the total composition,
      of a quaternary ammonium saccharinate salt represented by the following
      formula:
      ##SPC1##
PAL  Wherein R.sub.1 is an alkyl radical having from 8 to 16 carbon atoms and
      R.sub.2 and R.sub.3 are either methyl or ethyl.
BSUM
PAR  Generally stated, the subject matter of the present invention relates to an
      anionic, cosmetic deodorant composition. More particularly, the invention
      relates to a gel type anionic, cosmetic deodorant composition comprising a
      quaternary ammonium saccharinate.
PAC  BACKGROUND OF THE INVENTION
PAR  Various types of cosmetic compositions are known and used for the purpose
      of decreasing formation of perspiration, as well as preventing the
      formation of odoriferious products which are formed by action of surface
      bacteria on the perspiration.
PAR  Compositions are available as anti-perspirants for the prevention of
      excessive perspiration and formation of body odor. In addition,
      compositions are also available which contain deodorants for avoiding the
      formation of the odor caused by bacterial action on the perspiration.
PAR  Anti-perspirant compositions usually contain an aluminum compound as an
      astringent. For many people, however, the repeated use of such materials
      over an extended period of time is unsuitable. Compositions are also
      available as deodorants where the action is not based on an astringent
      effect, but rather on an anti-bacterial effect. However, such
      compositions, which depend on the anti-bacterial effect, may be unsuitable
      for general and extended use due to toxic side effects. In addition, there
      is a likelihood of development of a skin sensitivity to the anti-bacterial
      component. Thus, there is a need for improved deodorant compositions which
      on topical application have little likelihood of side effects, as well as
      a diminished tendency for skin sensitivity.
PAR  A convenient physical form of such a deodorant composition for topical
      application is the plastic stick or gel form for contact application.
      These compositions generally contain an anionic substance as a base,
      together with a lower alkanol, such as ethanol, as well as propylene
      glycol and a small amount of water. A preferred anionic substance is an
      alkali metal salt of a long chain fatty acid such as sodium stearate.
PAR  The quaternary ammonium compounds with long chain radicals which have
      surfactant properties are well known for their anti-bacterial activity.
      However, the conventional type of quaternary ammonium compound in the form
      of a halide, sulfate, methosulfate, and the like has been unsuitable for
      use in anionic, cosmetic deodorant compositions as a consequence to a loss
      of anti-bacterial action occasioned by an incompatability with the anionic
      base material.
PAR  It is, therefore, a primary object of this invention to provide a new and
      improved anionic, cosmetic deodorant composition.
PAR  Another object of this invention is to provide a deodorant composition
      which has a diminished likelihood of toxic side effects.
PAR  Still another object of this invention is to provide a new and improved
      deodorant composition which employs a relatively safe quaternary ammonium
      compound as an anti-bacterial agent.
PAR  Additional objects and advantages will be set forth in part in the
      description which follows, and in part will be obvious from the
      description, or may be learned by practice of the invention, the objects
      and advantages being realized and attained by means of the compositions,
      processes and improvements particularly pointed out in the appended
      claims.
PAC  THE INVENTION
PAR  To achieve the foregoing objects and in accordance with its purpose, this
      invention as embodied and broadly described, provides an anionic, cosmetic
      deodorant composition comprising an anionic base material selected from
      the alkali metal salts of long chain alkanoic acids of from 16 to 22
      carbon atoms, a lower alkanol and from 0.05 to 1 percent of a quaternary
      ammonium saccharinate salt represented by the following formula:
      ##SPC2##
PAL  wherein R.sub.1 is an alkyl radical having from 8 to 16 carbon atoms,
      R.sub.2 and R.sub.3 are either methyl or ethyl.
PAR  It is to be understood that both the foregoing general description and the
      following detailed description are exemplary and explanatory, but are not
      restrictive of the invention.
PAR  The present invention resides in the discovery that quaternary ammonium
      saccharinate salts when used in gel type, anionic, cosmetic deodorant
      compositions retain their anti-bacterial properties and result in highly
      effective and desirable deodorant compositions for topical applications.
      Such compositions are substantially non-irritating, non-stinging and
      non-staining to clothes and are effective over an extended period as
      deodorant compositions for personal use.
PAR  In the compositions of the present invention, the base materials are
      conventional, that is, the alkaline metal salts of long chain carboxylic
      acids of from 16 to 22 carbon atoms are employed. A preferred salt is
      sodium stearate. The gel is formed by the combination of the salt with a
      lower alkanol, preferably ethanol because of its overall desirable
      properties for such an application. In addition, a compound such as
      glycerine or a glycol like propylene glycol may replace all or part of the
      alcohol. Also, other conventional cosmetic emollients or solubilizers may
      be included in small amounts.
PAR  Although various quaternary compounds with cations corresponding to the
      cations of the saccharinates mentioned above have been available, use of
      such quaternary compounds in the forms of the chlorides or sulfates has
      not been practical in the presence of an anionic compound, such as sodium
      stearate. The incompatability of the compounds results in a substantial
      inactivation of anti-bacterial activity. A composition which is
      illustrative of the invention consists of ethanol, sodium stearate and the
      quaternary ammonium saccharinate. The quaternary ammonium saccharinate is
      present at a concentration of from about 0.05 to 1 percent, while the
      sodium stearate is present at a concentration of from about 5 to 10
      percent based on the total weight of the composition.
PAR  A preferred composition consists of 0.25 percent of the quaternary ammonium
      saccharinate and 7.5 percent of sodium stearate. The remainder of the
      composition consists of alcohol to form the gel, together with
      conventional additives such as a perfume, a colorant and the like. With a
      composition tailored to be suitable for a deodorant mode of application,
      the new composition could also be applied by other conventional means
      through the use of an excess of solvent, or for example by inclusion of a
      solvent and a propellent for an aerosol pressure can type of application.
      The gel stick form of the composition affords an effective underarm
      deodorant without the use of a phenolic type anit-bacterial which are
      often found to be objectionable for a variety of reasons.
PAR  The quaternary ammonium saccharinates suitable in the composition are those
      defined above. Preferred compounds are those where the long chain alkyl
      carbon has from 12 to 16 carbon atoms. An especially practical quaternary
      ammonium saccharinate formulation is a commercially available product
      which is represented by a long chain substituted dimethyl-benzyl ammonium
      saccharinate, the product being a mixture of compounds where the long
      chain alkyl runs from C.sub.12 to C.sub.16. This is available commercially
      from Onyx Chemical Co. as ONYXIDE 3300.
PAR  Thus, the advent of the present invention affords an effective
      non-irritating deodorant composition with both bacteriocidal and
      bacteriostatic properties effective against odor development for prolonged
      periods of up to 24 hours or more. Furthermore, little or no skin
      irritation, sensitivity or abrasion is encountered even at high
      concentrations. Lastly, there is no adverse effect on clothing and the
      composition possesses a high shelf life stability.
DETD
PAR  The following examples are provided for illustrative purposes and they may
      include particular features of the invention. However, the examples should
      not be construed as limiting the invention, many variations of which are
      possible without departing from the spirit or scope thereof.
PAC  EXAMPLE I
PAR  A deodorant composition was prepared in cosmetic stick form by combining
      and warming the following ingredients, and then allowing the mixture to
      cool in a mold.
TBL  ______________________________________                                    
                           Parts                                               
     Alkyl dimethyl benzyl ammonium                                            
                           0.3                                                 
     saccharinate.sup.(1)                                                      
     Sodium Stearate       8.0                                                 
     Propylene glycol      15.0                                                
     Ethanol               65.0                                                
     Water                 11.7                                                
     Perfume               Trace                                               
     Colorant              Trace                                               
     ______________________________________                                    
      .sup.(1) ONYXIDE 3300, Onyx Chem. Co., mixture of dimethyl benzyl ammoniu
      saccharinate alkyl (50% C.sub.14 ; 40% C.sub.12 ; 10% C.sub.16)          
PAC  EXAMPLE II
PAC  Evaluation of Deodorant Compositions By Zone of Inhibition Test
PAR  A composition similar to Example I in stick form but with no perfume or dye
      present was evaluated for antibacterial efficacy by the zone of inhibition
      method. A similar composition was also evaluated with the exception that a
      commercially available quaternary ammonium chloride composition at a 0.30
      percent concentration was used in place of the saccharinate of Example I.
      (Quaternary chloride commercially available as Ethoquad 18/12 Surfactant.)
      A control with no antimicrobial compound was also run.
PAR  The test method may be described as follows:
PAR  Uniform discs "punched" from the stick containing the quaternary compound
      and with no fragrance or dye were placed on the surface of sterile,
      solidified agar. This was seeded with Staphylococcus epidermidis (A.T.C.C.
      No. 17917). This procedure was repeated with a similar stick containing no
      antimicrobial and no fragrance or dye as a control. The plates were
      incubated for 24 hours at 37.degree.C. and then the zones read.
TBL                TABLE 1                                                     
     ______________________________________                                    
     (Expressed as zone of bacterial inhibition)                               
     Product of Example I                                                      
                         14 mm. zone                                           
     Similar product but with                                                  
                         2 mm. zone --                                         
     quaternary ammonium only a slight halo                                    
     chloride derivative                                                       
     Control             0 mm. zone (no                                        
                         inhibition)                                           
     ______________________________________                                    
PAR  Similar results are obtained using the saccharinate in the deodorant
      compositions at concentrations of 0.1; 0.5; and 1.0 percent by weight.
PAR  The results clearly demonstrate the efficacy of the saccharinate
      composition in contrast to the composition using a quaternary ammonium
      chloride known to have bactericidal action.
PAC  EXAMPLE III
PAC  Evaluation of Deodorant Compositions (Human Subjects)
PAR  Using the composition of Example I a panel of five male subjects applied
      the cosmetic deodorant conventionally to the axilla area.
PAR  All five subjects reported complete protection against odor development for
      20 to 24 hours and no skin irritation. One subject also reported that no
      skin irritation was experienced with the test formulation whereas a
      similar formulation which differed only in that it contained well-known
      phenolic bactericide in place of the quaternary ammonium saccharinate,
      caused a definite skin irritation.
PAC  EXAMPLE IV
PAR  A deodorant composition was prepared in cosmetic stick form by combining
      and warming the following ingredients, and then allowing the mixture to
      cool in a mold.
TBL  ______________________________________                                    
                           Parts                                               
     Alkyl dimethyl benzyl ammonium                                            
                           0.3                                                 
     saccharinate.sup.(1)                                                      
     Sodium stearate       8.0                                                 
     Propylene glycol      66.7                                                
     Glycerine             5.0                                                 
     Water                 20.0                                                
     ______________________________________                                    
      .sup.(1) ONYXIDE 3300, Onyx Chem. Co., mixture of alkyl dimethyl benzyl  
      ammonium saccharinate (50% C.sub.14 ; 40% C.sub.12 ; 10% C.sub.16)       
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved deodorant composition comprising from about 5 to 10 percent
      by weight of an anionic base material which is an alkali metal salt of a
      long chain alkanoic acid of from 16 to 22 carbon atoms, from about 80 to
      90 percent by weight of a lower alkanol and from 0.05 to 1 percent by
      weight of a quaternary ammonium saccharinate salt represented by the
      following formula:
      ##SPC3##
PAL  wherein R.sub.1 is alkyl having from 8 to 16 carbon atoms and R.sub.2 and
      R.sub.3 are either methyl or ethyl; all percentages based on the weight of
      the total composition.
NUM  2.
PAR  2. The composition according to claim 1 wherein the concentration of
      quaternary ammonium saccharinate is 0.25 percent.
NUM  3.
PAR  3. The composition according to claim 1 wherein the base material is sodium
      stearate.
NUM  4.
PAR  4. The composition according to claim 1 wherein the concentration is 7.5
      percent.
NUM  5.
PAR  5. The composition according to claim 1 wherein the lower alkanol is
      ethanol.
NUM  6.
PAR  6. The composition according to claim 1 in gel stick form.
NUM  7.
PAR  7. The composition according to claim 1 in which R.sub.1 consists of a
      mixture of alkyls of 12, 14 and 16 carbon atoms.
NUM  8.
PAR  8. The composition according to claim 1 comprising from about 5 to 15
      weight percent glycerin.
NUM  9.
PAR  9. The composition according to claim 8 wherein the lower alkanol is
      completely replaced by glycerin.
NUM  10.
PAR  10. The composition according to claim 1 comprising from about 5 to 10
      weight percent a propylene glycol.
NUM  11.
PAR  11. The composition according to claim 10 wherein the lower alkanol is
      completely replaced by said propylene glycol.
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ABST
PAL  Compositions containing sodium bisulfate and p-dichlorobenzene or
      naphthalene are useful as sanitizers for toilets and their surrounding
      environments.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 814,710, filed Apr. 9, 1969, now abandoned.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAC  General
PAR  This invention relates to compositions which can be used as sanitizers for
      toilets and their surrounding environments.
PAR  In the past, sodium bisulfate has been used to clean toilets, for example,
      see U.S. Pat. No. 1,865,948; U.S. Pat. No. 1,885,390; U.S. Pat. No.
      2,034,070; U.S. Pat. No. 2,497,057 and U.S. Pat. No. 3,318,815. Generally
      solid particles of sodium bisulfate are placed in the toilet bowl and
      allowed to dissolve after which the bowl is scrubbed with an ordinary
      toilet bowl scrub brush. No convenient manner has been heretofore known
      whereby sodium bisulfate could be supplied to the toilet bowl on a
      continuous basis. It has been discovered that sodium bisulfate can be
      supplied on a continuous basis at a slow rate to a toilet bowl while at
      the same time providing a pleasant odor throughout the environment of the
      toilet.
PAR  The objectives of this discovery are accomplished by placing a solid
      composition comprising:
PA1  A. 10% to 65%, by weight, of sodium bisulfate, and
PA1  B. 90% to 35%, by weight, of p-dichlorobenzene, or
PAL  Naphthalene or a mixture of the two, within a toilet bowl above the water
      line. The solid composition may be placed such that it does or does not
      come into contact with flushing water.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 illustrates an embodiment of this invention. Solid composition 1
      contains sodium bisulfate and p-dichlorobenzene or naphthalene. Holder
      means 2, partially inserted in the composition, is used to fasten the
      composition to the toilet. The holder means may be made from any suitable
      materials, such as plastics or metals.
PAR  FIG. 2 is a cross section through A-A' of composition 1 in FIG. 1. Solid
      particles of sodium bisulfate 3 are dispersed through the naphthalene or
      p-dichlorobenzene 4. As p-dichlorobenzene or naphthalene evaporates,
      sodium bisulfate either contacts flushing water and dissolves therein or
      merely falls into the bowl. Dissolved sodium bisulfate bleaches the toilet
      bowl thereby cleaning same.
PAR  FIG. 3 is described in Example 4 hereinafter.
PAR  FIG. 4 is a cross section of a toilet in which sanitizer 1 is shown
      attached to toilet 8 by holder 2.
DETD
PAC  METHOD FOR PREPARING COMPOSITIONS
PAR  The compositions of this invention are made from sodium bisulfate and
      p-dichlorobenzene or naphthalene or a mixture of the two.
PAR  Sodium bisulfate is a generally white solid which readily dissolves in
      water and has the chemical formula NaHSO.sub.4. The chemical is readily
      available commercially, being sold under the trademark "G B S" by E. I. du
      Pont de Nemours and Company. Any suitable form of sodium bisulfate may be
      used. A preferred sodium bisulfate source is one wherein the particles
      have a particle size between about 10 and 100 U.S. mesh (0.0787 inch and
      0.0059 inch, respectively) and an average particle size between 30 and 40
      U.S. mesh (0.0232 inch and 0.0164 inch, respectively).
PAR  The second ingredient can be p-dichlorobenzene which is an organic chemical
      having the general formula
      ##SPC1##
PAL  and which melts at about 53.1.degree.C. The chemical is available
      commercially being sold under the trademark "Para Dow" by the Dow Chemical
      Company. Evaporation of this chemical provides pleasant odors; and it has
      been employed in slow dissolving sanitizing tablets, see U.S. Pat. No.
      3,496,269. The use of p-dichlorobenzene is preferred.
PAR  The second ingredient can also be naphthalene or a mixture of
      p-dichlorobenzene and naphthalene. Naphthalene is a white crystalline
      material and is available commercially.
PAR  The compositions can be made by the following steps. Into a mold of
      suitable size, e.g., 3 inches .times. 2 inches .times. 1 inch, is placed
      solid p-dichlorobenzene. The mold is then heated to a temperature
      sufficient to melt the p-dichlorobenzene, e.g. 55.degree.-60.degree.C.
      Thereafter, solid particles of sodium bisulfate are added to the mold. At
      this point the mold is allowed to partially cool. Just prior to the time
      the p-dichlorobenzene solidifies, the mixture is stirred or agitated to
      evenly disperse the solid particles of sodium bisulfate throughout the
      p-dichlorobenzene. After stirring, a suitable means for holding is
      inserted into the composition. Finally, the p-dichlorobenzene is allowed
      to completely solidify. Naphthalene or a mixture of the two can also be
      used in this melt forming step.
PAR  Alternatively the sodium bisulfate and p-dichlorobenzene or naphthalene can
      be compacted into a shaped, solid composition by use of a compactor,
      press, or the like.
PAR  The solid composition can be in various shapes, i.e., it can be shaped as a
      cake, brick, cube, rectangle, cylinder, sphere, prism, etc. In this
      description and the claims the term "shaped form" will be used to define
      these various shapes. It is an important feature of the invention that the
      composition be solidified or compressed into this shaped form.
PAR  The weight percentages of sodium bisulfate should be such that 10% to 65%
      of the total amount of the solid composition is sodium bisulfate. If
      larger amounts of sodium bisulfate are used, the composition will not have
      a sufficient amount of p-dichlorobenzene or naphthalene to form a cake and
      the mixture will generally be an agglomerated mass of particles which
      readily breaks apart. If smaller amounts of sodium bisulfate are used,
      there probably will not be sufficient sodium bisulfate to accomplish the
      desired cleaning effect.
PAR  Other materials commensurate with the objectives of the invention may be
      added to the composition. Such materials include sodium benzene
      sulfochloramide (a chlorine bleaching agent), potassium peroxysulfate
      (oxygen bleaching compound), scented fragrances, and/or coloring matter,
      e.g., dyes.
PAR  The compositions of this invention provide for the continuous release of
      the sodium bisulfate at a slow rate, i.e., the composition, will generally
      last between 14-30 days depending on the amount of flushing required. In
      the absence of combining it in the solid, shaped form, with the
      p-dichlorobenzene or naphthalene, the sodium bisulfate would be used at a
      much higher rate.
PAR  The following examples illustrate the preparation and use of the
      compositions of this invention. Parts are by weight unless otherwise
      stated.
PAC  EXAMPLE 1
PAR  One part of p-dichlorobenzene is heated in a mold 3 .times. 2 .times. 1
      inch to about 60.degree.C. until it melts. Thereafter, 1 part of sodium
      bisulfate (average particle size about 30 U.S. mesh) is added to the
      p-dichlorobenzene. The mold contents are allowed to partially solidify.
      Just before the p-dichlorobenzene solidifies, the composition is stirred
      to disperse the solid particles of sodium bisulfate and a suitable plastic
      holder, as shown in FIG. 1, is inserted into the mold. The
      p-dichlorobenzene is allowed to solidify at room temperature. The article
      is then placed in a toilet bowl where it is contacted with water upon each
      flushing. The toilet is flushed on the average of about 6 times per day.
      The cake lasts 22 days after which there is a very slight build-up above
      the water level which is easily removed by brushing. Throughout the 22
      days, a pleasant odor is observed by humans in the environment of the
      toilet.
PAR  One part of naphthalene can be substituted for the p-dichlorobenzene to
      produce a shaped form useful as a toilet bowl sanitizer and deodorizer.
PAC  EXAMPLE 2
PAR  A sanitizer is made in accordance with Example 1 except that 0.8 part of
      p-dichlorobenzene and 1.2 parts of sodium bisulfate is used. The resulting
      cake performs in essentially the same manner as that of Example 1 except
      that it lasts only 20 days.
PAC  EXAMPLE 3
PAR  A sanitizer is made in accordance with Example 1 except that 1.8 parts of
      p-dichlorobenzene and 0.2 part of sodium bisulfate is used. The resulting
      cake performs in essentially the same manner as that of Example 1 except
      that it lasts 26 days.
PAC  EXAMPLE 4
PAR  This example shows the solubility rates of sodium bisulfate at different
      concentrations. Solid cakes of sodium bisulfate and p-dichlorobenzene are
      prepared by melting the p-dichlorobenzene and adding thereto sodium
      bisulfate (average particle size about 30 U.S. mesh) followed by
      solidification. Cakes were prepared containing 10%, 25%, 50%, and 100%
      sodium bisulfate, the latter being prepared by melting sodium bisulfate
      and solidifying. Each cake is weighed and subjected to water treatment as
      shown in FIG. 3 where water 5 from faucet 6 is allowed to flow at a rate
      of 0.2 cu. ft./min. over cake 7 secured at a 30.degree. angle to
      horizontal. The results are as follows:
TBL  % NaHSO.sub.4                                                             
             Cake Size       Time     Weight Loss                              
     in Cake Inches          Minutes  Grams                                    
     ______________________________________                                    
     10      2-1/8 .times. 1-9/16 .times. 1/4                                  
                             10       0.1                                      
     25      2 .times. 1-11/16 .times. 1/4                                     
                             10       0.8                                      
     50      2-1/8 .times. 1-3/4 .times. 3/16                                  
                             10       1.0                                      
     100     2 .times. 1-7/8 .times. 3/16                                      
                             1.25     16.15                                    
     ______________________________________                                    
PAR  As can be seen from the data, the solubility rate of sodium bisulfate is
      reduced as the percentage of p-dichlorobenzene is increased. The cakes
      having 10%, 25%, and 50% sodium bisulfate can be used as sanitizers. The
      amount of sodium bisulfate in any given sanitizer will depend upon the
      amount of cleaning required. In a toilet having light flushing
      requirements, cakes with small percentages (10-30%) of sodium bisulfate
      should be used. If, however, heavy flushing requirements exist, cakes with
      high percentages (50-65%) of sodium bisulfate should be used.
PAR  The solid, shaped forms of the compositions of this invention may also be
      used to control pH of water. The compositions release acid in water and
      thus will control algae in cooling towers and ponds. The compositions when
      placed in water containing soluble calcium and barium salts will
      precipitate same as sulfates.
PAR  Sodium bisulfate can cause skin irritation. Paradichlorobenzene is
      poisonous. Accordingly, it is desirable when using the sanitizers of this
      invention to be careful children do not come in direct contact with the
      solid, shaped forms.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for continuously dispensing sodium bisulfate at a slow rate to
      a toilet while at the same time providing a pleasant odor in the
      environment of the toilet by placing in the bowl of said toilet, above the
      water line, a shaped solid in the form of a cake having a composition
      comprising:
PA1  A. 10% to 65%, by weight, of sodium bisulfate, and
PA1  B. 90% to 35%, by weight, of p-dichlorobenzene or naphthalene or a mixture
      of the two.
NUM  2.
PAR  2. The method of claim 1 wherein p-dichlorobenzene is employed.
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ABST
PAL  Factors effective in reducing the incidence of deleterious effects of
      infections due to cocci and bacilli are derived by gel filtration from
      animal tissues.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of application Ser. No. 117,765 filed Feb.
      22, 1971, now abandoned.
BSUM
PAR  This invention pertains to substances possessing antimicrobiological
      activity and to processes for obtaining these factors. Until fairly
      recently normal skin and mucosal surfaces were thought to pose
      impenetrable barriers to the passage of most microorganisms. However, it
      is now known that various tissues of the body are frquently exposed to an
      assortment of microorganisms. One must, therefore, explain the failure of
      bacteria to proliferate once they have penetrated the tissues. There is
      experimental evidence that in healthy mammals the tissues themselves
      contain agents or antimicrobial factors which inhibit proliferation, or
      even survival of microorganisms.
PAR  Human studies of normal tissues indicate that such tissues contain various
      substances exerting antimicrobiological action. In fact investigations
      along these lines have been conducted in our laboratories for over a
      quarter of a century. This work has centered around nonspecific materials
      present in animal tissues. Extracts of beef brain and spleen have been
      most consistently used although other organs and tissues were also
      employed in exploratory investigations.
PAR  Nutini and Lynch, reported in Nature, Vol. 156, 1945, page 419 and Journal
      of Bacteriology, Vol. 52, 1946, page 681 that crude extracts of beef brain
      when administered prophylactically in vivo gave very significant degrees
      of protection to mice against staphylococcal infections. The same extract
      was found to be effective therapeutically as well. When used in vitro, the
      extract was reported to convert the yellow S variety (virulent) to an
      avirulent, white R type.
PAR  Even though work has been conducted with anti-staphylococcic factors in
      brain and spleen of mammals for over two decades, our knowledge in this
      area has remained inadequate. In fact the whole area of basic mechanisms
      of virulence, pathogenicity and the closely related aspects of
      host-parasite relationships in staphylococcal and similar infections such
      as streptococcus is largely understood and offers an immense variety of
      problems. Much of this today is speculative or teleological; and even
      though the ability of alcoholic precipitated extracts of beef brain in
      prophylactic and therapeutic treatment for staphylococcus infections is
      confirmed, various other materials present in crude extract along with the
      active principle render their wide use improbable.
PAR  Attempts have been made to fractionate the crude extracts and to isolate
      the active principle. Direct or indirect solvent extraction methods have
      been used, but results are inconsistent and duplication of work is very
      difficult. In addition since ether, chloroform, pyridine and phenol are
      frequently employed, solvent extraction has the disadvantage that various
      required solvents present later toxicity problems. In the past, fractions
      have been contaminated with toxic amounts of solvent. Solvent extraction
      has, therefore, been only partially successful. The methods are too
      systematic and demanding in detail for commercial application.
PAR  Much of the work on the isolation of the active principle from animal
      tissue extracts has involved the use of ion exchange resins. This,
      however, has met with only limited success. One of the disadvantages of
      ion exchange resins is that since their use is based primarily on
      differences in electric charges of substances to be separated, a high
      degree of resolution does not seem to be achievable in the case of tissue
      extracts. Active fractions have been derived, but further purification is
      indicated. Removal of materials present in the fractions has been
      difficult. Some materials present in the fractions are believed to have a
      deleterious effect on experimental animals, tending to mask the
      antimicrobial activity of the fraction. It can be seen, therefore, that
      because of the complexities of brain and spleen extracts, active fractions
      have not been isolated from them with a degree of precision sufficient to
      benefit the public.
PAC  SUMMARY OF THE INVENTION
PAR  Crude brain or spleen alcohol extracts, although reported as effective, are
      not completely suitable as active principles having antimicrobial
      activity. When they are used, large doses, of, say, greater than 500
      miligrams, are necessary. Moreover variations between batches of brain
      extracts have been encountered. In addition because of their complex
      chemical nature results vary from host to host. Hence they are not
      sufficiently reliable for administration. In accordance with this
      invention an extremely concentrated, and hence less complex chemically,
      antimicrobial factor, factor Z herein, is derived from alcohol extract of
      mammalian brain or spleen by gel filtration of the crude extract. The
      factor is particularly effective against infections due to cocci and
      bacilli.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is an infrared absorption spectrum. It has been mentioned in
      connection with ionic exchange resins, that these materials select
      fractions on the basis of their charges. Gel filtration resins employ a
      completely different principal of separation. They operate on the
      principal of molecular sieves, that is, they permit the passage of
      materials through a resin bed on the basis of their molecular weights. In
      principal it might be said that the gel filtration resins work like sieves
      in reverse. The larger molecules are excluded by the gel matrix and thus
      pass immediately through, whereas the smaller particles are withheld by
      the gel and released in order, according to their decreasing molecular
      weights. Since the gels are nonionic in nature they are applicable for all
      materials whether they are cationic, anionic or nonionic.
PAR  Gel filtration is a known method for the fractionation of substances in
      aqueous solutions. It is conducted at any temperature, ambient
      temperature, and any of the readily available gels being contemplated
      herein. These gels consist of hydrophilic chains which are cross-linked.
      They are devoid of ionic groups, the polar character being almost entirely
      due to high content of hydroxyl groups. While water insoluble, the gels
      are nevertheless capable of considerable swelling. Macromolecules are
      completely excluded from the gel phase and migrate through without
      retention. However, substances of low or intermediate molecular weight
      penetrate the gel particles to an extent which in most cases is determined
      by their molecular dimensions and the degree of cross-linkage of the gel.
      The most frequently employed gel is a dextran gel prepared by
      cross-linking dextran in such a way that the polysaccharide chains form a
      macromolecular network of great stability. Other hydrophylic gels are
      available, derived for example from starch and polyvinyl alcohol.
PAR  Inasmuch as the alcohol extract, usually termed the crude brain extract,
      serves as the basis for comparison its preparation will now be given.
PAC  EXAMPLE A
PAR  A crude beef brain extract was prepared from freshly obtained beef brain as
      follows. After removing the enveloping membrane (pia matter) it was washed
      free of adhering blood clots and homogenized. It was then mixed with
      distilled water in the ratio of 1 kilogram brain: 1 liter distilled water
      and left in the cold room (2.degree.C. to 4.degree.C.) for 20 to 24 hours
      to form a water extract. At the end of this period, the water extract was
      filtered through cheese cloth applying light pressure. For complete
      extraction, the tissues are centrifuged at 2500 rpm for 20 minutes and the
      extracts combined. This water extract was then deproteinized by adding
      enough 95 percent ethyl alcohol (3 liters of extract: 16 liters of 95
      percent alcohol approximately) to give a final alcoholic concentration of
      80 percent. The water-alcohol extract was mixed thoroughly by shaking at
      periodic intervals over a period of 25 hours at room temperature. It was
      then vacuum filtered through Whatman No. 1 and the alcohol distilled off
      under vacuum at 50.degree.C. to 55.degree.C. The alcohol free concentrate
      was then mixed with Celite, heated to 70.degree.C. to 80.degree.C. and
      filtered through Celite pads. The filtrate was was stored in the
      refrigerator and the filtration through Celite pads continued until clear,
      golden product was obtained. The pH of this extract was adjusted to 7.0,
      sterilized by Seitz filtration and stored under refrigeration in sterile
      serum bottles. To test it for antistaphylococcal activity various amounts
      of crude extract were administered to animals, the amount being determined
      by ascertaining the dry weights of each batch.
PAR  Crude tissue extracts, as mentioned before, consist of a complex mixture of
      biological materials. As such they are not a completely satisfactory
      starting material for the type of fractionation procedure contemplated
      herein. It is desirable, therefore, to use a more pure fraction.
      Preferably this crude extract is first passed through a bed of particulate
      adsorbent material such as charcoal or amorphous silicate, the active
      ingredients being retained thereby. The active ingredients are then eluted
      therefrom with water at an acid pH and the effluent is percolated through
      a gel filtration resin.
PAR  Charcoal has been used in the past to remove impurities from crude tissue
      extracts. However, when these materials were tested in vivo it was found
      that the charcoal filtrate possessed no antimicrobial activity compared to
      the starting crude. In actuality the fact had been overlooked that the
      active, more purified fraction was the residue held by charcoal. To
      illustrate this the following procedure is given for the preparation of
      the charcoal effluent from crude brain as well as crude spleen, the
      process again being independent of temperature and pressure.
PAC  EXAMPLE B
PAR  A volume of the crude tissue extract obtained as in Example A was placed in
      an Erlenmeyer flask and to it was added 1/10 part of activated Norite A
      charcoal. The mixture was then stirred well and placed on a mechanical
      shaker, and oscillated for 15 minutes at 220 oscillations per minute. The
      suspension was then filtered under vacuum to remove all of the liquid.
      Next, the charcoal cake was washed with 1/2 volume of water to insure the
      elimination of as much of the water-soluble material as possible. The
      third step involves washing the charcoal with a suitable organic solvent
      to remove unwanted fatty materials. For this, ethyl alcohol-diethyl ether
      (1:1) was selected. One volume of the mixture was passed through the cake
      and filtered under vacuum. When the odor from the organic solvents was no
      longer noticeable the charcoal was then washed successively with one
      volume of N/50 HCl and 1/2 volume of N/10 HCl to obtain the active
      fraction. In the final step the charcoal was rewashed with one volume of
      water.
PAR  In order to obtain the fraction of this invention from the charcoal
      effluent gel filtration is employed at this stage. However in the course
      of assaying fractions for active materials a desirable intermediate step
      was discovered. Because the pH of some of the fractions was too low for
      inoculation into the animals, the pH was adjusted to neutrality. It was
      noted at this time that a brownish flocculent precipitate occurred as the
      pH neared 7.0. At the acidic pH this fraction is a colorless, clear
      solution and possesses an odor similar to H.sub.2 S. As the solution
      reaches neutrality a yellow flocculent precipitate appears and the odor
      changes completely. In an attempt to remove all of the insoluble material
      excess NaOH was added. The insoluble substance was removed by
      centrifugation, washed with ethanol-ether (9:1) and recentrifuged. The
      yield of this insoluble substance was very small in comparision to the
      starting material, approximately 1 percent. A portion of this material was
      assayed in vivo to determine if it is exhibited any antistaphlococcal
      activity. The sample, from crude spleen, was inoculated into a group of
      C3H/HeJ female mice ranging in age from 19 to 21 weeks. In order to
      solubilize the insoluble precipitate it was placed in N/10 HCl and the
      animals each received 0.1 milliliter which represented 1.0 milligram of
      solid material. The inoculations were continued for a three day period,
      whereas on the fourth day they received a challenge of 0.5 milliliters of
      a 62 percent suspension of the Original organism. The following results
      were noted.
TBL                Table 1                                                     
     ______________________________________                                    
     Fraction Number of  Percent Mortality Observed in                         
     Tested   Animals    Hours Post-Challenge                                  
                   24   48     72     96   120                                 
     ______________________________________                                    
     Untreated                                                                 
              10         50     70   80   80    80                             
     (control)                                                                 
     Inoculated                                                                
              10         0      0    0    0    0                               
     ______________________________________                                    
PAR  The material was retested to confirm its activity. In this experiment
      C3H/HeJ male mice ranging in age from 24 to 26 weeks were treated with
      sample as before. They were challenged with a 60 percent transmission of
      the Original strain subcutaneously. The results of this experiment are
      noted in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Fraction Number of  Percent Mortality Observed in                         
     Tested   Animals    Hours Post-Challenge                                  
                   24   48     72     92   120                                 
     ______________________________________                                    
     Control  10         50     70   80   80   80                              
     Inoculated                                                                
              10         0      20   20   20   20                              
     ______________________________________                                    
PAR  From the above results it was concluded that we now had a much more
      desirable material for the final production of the active principle. It
      retained the same activity as the crude, and it possessed many of the
      characteristics thus far investigated.
PAR  Throughout the course of these studies, Boontucky and Swiss albino mice,
      both male and female, were consistantly used except in a very few
      experiments for comparative purposes. The animals were between 10 and 30
      weeks old and had an approximate average weight of 20 to 25 grams. These
      animals were mostly raised and maintained on the Rockland diet.
PAR  All studies, both in vivo and in vitro, were conducted using a
      penicillin-resistant strain, Staphylococcus aureus Original, first
      isolated from a case of acute tonsilitis and maintained in our
      laboratories for years. However equivalent results are obtained in the
      case of bacilli such as Salmonella typhi. The Staphylococcus aureus strain
      was preserved in the lyophilized form and stored at 0.degree.C. The
      lyophilized sample was first cultivated on sterile Difco SA 110 plates and
      then transferred to slants of the same medium. These slants after 24 hours
      of growth were stored under refrigeration (approximately 100.degree. C. as
      the stock cultures). The inoculum was injected subcutaneously in the
      animals.
PAR  The final step in the process is illustrated by the following.
PAC  EXAMPLE C
PAR  Thirty grams of a dextran gel (Sephadex G-25 obtained from Pharmacia,
      Uppsala Sweden) were activated by the standard treatment with NaCl and
      then washed free of chloride. After the column had reached equilibrium a
      small filter paper disc was placed on the top of the resin bed and the
      sample was then introduced. The concentration of the sample was always
      maintained at 10 mg. per milliliter in N/10 HCl and the volume ranged from
      15 to 25 milliliters depending on the length of the resin bed. A sample
      obtained by the processes of Examples A and B was allowed to percolate
      through the resin and when all had entered it was eluted with distilled
      water. When the elution had been completed the column was washed with 2
      percent HCl to remove any colored material which remained on the column
      and finally with distilled water and the column was again ready for use.
PAR  In the earlier part of the work with the Sephadex resin, consistency in the
      elution pattern as determined by the pH curve was difficult to maintain.
      It was found however that once the flow rate had been established this
      problem no longer existed. It was realized that the slower elution time
      gave considerably greater resolution of the materials, a fact which is of
      tremendous importance in isolation studies. Desirably this rate should be
      one volume of water to 5 to 15 volumes of resin per hour until the elution
      is complete as determined by the pH.
PAR  On elution, the fourth void volume was made up with those fractions whose
      pH range is between 4 and 5. It was found that this fraction hereinafter
      named Factor Z was the active fraction. This will be seen from the data.
PAR  Assays in vivo of the fraction obtained from the gel filtration show a
      clear-cut separation of the active material from the rest of the
      substances present. The results were excellent for several reasons. First,
      the materials were assayed at a dosage level not in excess of 1 mg. and
      the protection afforded the animals ranged from 100 percent to 80 percent.
      These data represented the results obtained from materials repeatedly
      isolated from both brain and spleen. The animals which survived, in many
      cases, showed no signs of infection as early as 2 days post-challenge and
      in certain cases, where lesions had resulted from the infection, there
      appeared to be complete healing within 5 to 6 days. The extremely active
      fraction Factor Z of this invention, thus is the aqueous elutant from said
      gel filtration resin having a pH of 4 to 5 in elution pattern determined
      by a pH curve. Factor Z is a neutral fraction, insoluble in water, but
      soluble in acidified water. It is believed to be a mixture of cerebrosides
      with one of them, phrenosin, predominating. Factor Z is a waxy material
      having the following characteristics:
TBL  Molecular weight: 750-850                                                 
     After allowance for 5.76% moisture and 1.93%                              
     ash the elemental analysis obtained was:                                  
     Nitrogen,      1.68%                                                      
     Carbon,       68.47%                                                      
     Hydrogen,     11.47%                                                      
     Oxygen,       18.38% (by difference)                                      
     Infrared spectrum: broad band 3400-3300, and                              
     other bands at 2910, 2840, 1640, 1540, 1460,                              
     1220, 1070, 960 and 710 CM-1 (mixed with pot-                             
     assium bromide) (FIG. 1).                                                 
PAR  Factor Z is slightly water soluble, and as will be seen, it possesses
      outstanding antimicrobial valves, reducing the incidence of deleterious
      effects of coccic infections. It is contemplated that the factor will be
      taken orally periodically, as a tablet, say weekly or monthly by those in
      need of the drug in an amount of 100 to 1000 milligrams doses, preferably
      150 to 250 milligram doses. Where contact with staphylococci or
      streptococci is likely, such as prior to entering a hospital, injections
      will be used. The factor can be combined with water, vegetable oil,
      mono-glyceride or di-glyceride vehicle for injection, sodium chloride
      being used if necessary to render the solution isotonic. In addition, if
      desired, the water can be removed by distillation at reduced pressure at
      40.degree. C., and the material dried to form a solid for use in making
      tablets. Thus any physiologically acceptable, non-toxic, inert carrier can
      be used. Suitable colors, lubricants and adhesives can also be added along
      with solid pharmaceutical carrier to form the tablet or capsule. Suitable
      carriers are starches, lactose, sucrose and other solid pharmaceutical
      diluents.
PAR  Table 3 represents a composite of a number of prophylactic treatments
      conducted using various samples of Factor Z obtained by this invention. In
      these runs all treatments were carried out as previously described and
      both treatment and challenge were given subcutaneously. The total dosage
      per animal was in most cases 0.3 mg.; however, in the others it was as low
      as 0.2 mg. per animal.
TBL                Table 3                                                     
     ______________________________________                                    
                                Percent Mortality                              
             Percent   Number   Observed in Days                               
     Fraction                                                                  
             Suspension                                                        
                       of       Post-Challenge                                 
     Tested  Organism  Animals  1    2    3    4    5                          
     ______________________________________                                    
     Control 62        10       60   60   60   70   70                         
     Active+ 62        10       0    0    0    0    0                          
     Control 60        10       70   90   90   90   90                         
     Active* 60        10       0    10   10   10   10                         
     Control 55        10       60   80   80   80   90                         
     Active+"                                                                  
             55        10       0    0    10   10   10                         
     Active*"                                                                  
             55        10       0    10   10   10   10                         
     ______________________________________                                    
      *Prepared from crude brain                                               
      +Prepared from crude spleen                                              
      "Total dosage 0.2 mg.                                                    
PAR  It is evident from the foregoing that by this invention there is provided
      an effective process for reducing the incidence of coccic infections in
      mammals. This is accomplished by providing the mammal, by periodic
      administration, with the factor described. The preparation of Factor Z
      according to the practice of the invention will now be exemplified by the
      following, illustrating all of the steps in a single example.
PAC  EXAMPLE D
PAR  Crude spleen extract (100 ml. containing 1300 mg.) is stirred with 10 g. of
      charcoal and filtered, discarding the filtrate. The charcoal is washed
      with 4 portions (25 ml. each) of a 1:1 mixture of diethyl ether and
      ethanol. The washings are discarded. The charcoal is then washed with 150
      ml. of 0.1 N HCl and filtered, discarding the charcoal. Optionally, to the
      filtrate there may be added an excess of NaOH solution until precipitation
      is complete. The suspension is then centrifuged and the supernate
      discarded. The residue is washed with a 1:1 ether-alcohol mixture and the
      washings discarded. The residue is dried in a desiccator. The yield at
      this point is about 70 to 100 mg. or 5 to 7 percent, but the material is
      active in about 1/40 the concentration of the original crude extract
      (about a 40-fold concentration of the activity in terms of weight).
      Further purification of either the filtrate from the charcoal step or the
      residue from the precipitation is accomplished by adding  250 mg. of this
      material to 1 N HCl to give a concentration of 25 mg. per ml., and passing
      this solution through a 12 mm. .times. 55 cm. column of dextran gel
      (Sephadex G-25). The column is eluted with water, collecting fractions in
      a fraction collector. The pH of the fractions is determined and the active
      material collects in the fractions with a pH range of 4.5 to 4.6. The
      yield is about 15 mg. from the 250 mg. of partially purified material or
      from about 3900 mg. of crude extract, an overall yield of about 0.4
      percent. This material is active at about 1/10 the dosage of the preceding
      fraction, equivalent to about a 400-fold overall increase of activity on a
      weight basis.
PAR  In Table 4 are given results when animals were challenged with a 60 percent
      suspension of Staphylococcus aureus after being treated with fractions
      obtained by Example D.
TBL                Table 4                                                     
     ______________________________________                                    
                                Percent Mortality                              
     Source  Total              Observed in Days                               
     of      dose,              Post-Challenge                                 
     Fractions                                                                 
             mg.     No. Mice   1    2    3    4    5                          
     ______________________________________                                    
     Control         10         60   60   60   70   70                         
     Spleen  0.3     10         0    0    0    0    0                          
     Control         10         70   90   90   90   90                         
     Spleen  0.3     10         0    10   10   10   10                         
     Control         10         60   80   80   80   90                         
     Spleen  0.2     10         0    0    10   10   10                         
     Brain   0.2     10         0    10   10   10   10                         
     ______________________________________                                    
PAR  Thus an atimicrobial factor has been isolated from crude tissue extracts
      which is highly effective in offsetting the lethal effects resulting from
      staphylococcal infections due to cocci and bacilli. The anitmicrobial
      factor of this invention, in several hundred animals, is very active at
      extremely low treatment dosages and demonstrates no toxic in animals. A
      preliminary experiment in tissues respiration using normal mouse liver
      demonstrated that no toxic effects occurred as a result of the incubation
      of the tissue in a medium containing this material when QO.sub.2 was
      measured. Because such a small amount of material was required to give
      protection to the animals it was felt that our Factor Z is obtained in
      relatively high purity. Variations and modifications in the processes and
      uses will obviously occur to those skilled in the art. Thus the
      extractions and filtrations are ambient temperature and pressure
      operations. However higher or lower temperatures and pressures can be
      employed. Such ramifications are deemed to be within the scope of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The anticoccic, antibacillic, Factor Z derived from mammalian brain and
      spleen alcohol extracts by gel filtration having the following
      characteristics: a slightly water soluble, waxy material having a
      molecular weight of 750 to 850; an elemental analysis of Nitrogen, 1.68
      percent, Carbon 68.47 percent, Hydrogen, 11.47 percent, and Oxygen, 18.38
      percent; and the following infrared spectrum as shown in FIG. 1: broad
      band 3400-3300, and other bands at 2910, 2840, 1640, 1540, 1460 1220,
      1070, 960 and 750 CM.sup.-.sup.1 (mixed with potassium bromide).
NUM  2.
PAR  2. A pharmaceutical composition consisting essentially of an amount of the
      factor of claim 1 effective against bacillic and coccic infections and a
      physiologically acceptable, non-toxic, inert carrier.
NUM  3.
PAR  3. A pharmaceutical composition as claimed in claim 2, in which the amount
      of the factor present in the carrier is 100 to 1000 mg., per dose.
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ABST
PAL  The purification of plasminogen from human and non-human mammalian plasma
      or Cohn Fraction III by modified affinity chromotography using
      Sepharose-L-lysine with high ionic strength buffer solutions as in ion
      exchange chromatography is described. A plasminogen is produced in great
      yield having unexpectedly enhanced activity toward
      N.sup..alpha.-CBZ-L-lysine p-nitrophenyl ester, enhanced fibrinolytic
      activity and significantly less contamination by unknown colloidal
      substances.
BSUM
PAR  The present invention relates to the purification of plasminogen to render
      it useful for medical purposes and especially pediatric purposes. More
      particularly, the present invention relates to the discovery of a new and
      improved method of purification of plasminogen utilizing techniques of
      modified affinity chromatography to produce a significantly purer and more
      active plasminogen than has heretofore been available. The method, as will
      appear, is well suited to both batch and columnar production cycles.
PAR  Affinity chromatography with L-lysine covalently attached to Sepharose
      activated with cyanogen bromide has heretofore been used to purify the
      plasminogens of several mammalian species. See, for instance, Deutsch et
      al, "Plasminogen: Purification from human plasma by affinity
      chromatograph" Science: 170, 1095 (1970); Brockway et al, "The mechanism
      of the inhibition of plasmin activity by E-aminocaproic acid" J. Biol.
      Chem., 246, 4641 (1971); and Summaria et al, "Isolation, characterization
      and comparison of the S-carboxy methyl heavy (A) and light (B) chain
      derivatives of cat, dog, rabbit and bovine plasmins" J. Biol. Chem., 248,
      6522 (1973).
PAR  The modified affinity chromatography of the present invention represents an
      improvement on the conventional methodology by incorporating thereinto an
      ion exchange principal effected by the selective choice of reagents as
      will appear hereinafter in detail.
PAR  Plasminogen has appeared on the medical horizon as a significant
      fibrinolytic agent having properties signalling a major breakthrough for
      the treatment of hyaline membrane disease or respiratory distress
      syndrome.
PAR  Hylamine membrane disease has been the source of great tragedy to families
      of all walks of life for years.
PAR  Clara L. Ambrus, M.D., Ph.D. and Julian Ambrus, M.D., Ph.D., at Roswell
      Park Memorial Institute, Buffalo, New York, have reported that
      approximately six hours after birth, the lungs undergo physiological
      changes and fibrin is deposited in the lung. If the fibrin is left
      undissolved, the infant will suffocate and expire.
PAR  Plasminogen is the precursor of plasmin which dissolves fibrin blood clots.
      Fibrin, when digested by plasmin, becomes a soluble degradation product
      and is systemically carried away thereby removing the cloud of suffocation
      from over the infant's crib.
PAR  The threat of hyaline membrane disease looms large after the delivery of a
      premature infant, infants for diabetic mothers, infants obtained by
      traumatic delivery procedures, and infants from mothers who experienced
      bleeding complications during pregnancy.
PAR  The threat is dispelled by the administration of a high quality
      plasminogen, usually parenterally through the umbilical stump in an
      aqueous vehicle.
PAR  The primary motivation resulting in the present invention was the need to
      provide high quality uncontaminated plasminogen in high yields for use in
      those lifesaving procedures described above.
PAR  Accordingly, one of the principal objects of the present invention is to
      provide a high quality contaminant-free plasminogen for used in medicine,
      especially pediatric medicine which, when prepared by the method of the
      invention, is found to be isotonic with blood itself.
PAR  Another object of the present invention is to provide a new and useful
      method for isolating plasminogen from, for example, Fraction III of human
      plasma (fractionated according to the method of E. J. Cohn), plasma, serum
      or the euglobulin fraction to produce a superior plasminogen.
PAR  Still another object of the present invention is to provide a new and
      improved method of purifying plasminogen which is well suited to
      commercial scale and capable of producing plasminogen in quantities to
      meet need and at a price which will permit the therapeutic benefits to be
      available to all stations of life.
PAR  A still further object of the present invention is to provide a method
      which is also suited for the purification of plasminogen from mammalian
      blood of both human and non-human sources in both batch and continous
      production cycles.
PAR  Another object of the present invention is to provide a new and improved
      method of isolating plasminogen which utilizes non-thrombogenic reagents,
      is easily reproducible and which provides a product that is readily
      soluble in aqueous buffer, is free of measurable plasmin, and which is of
      superior therapeutic quality by virtue of the gentle procedures by which
      it is isolated.
PAR  These and still further objects as shall hereinafter appear are realized by
      the present invention in a remarkably unexpected fashion as can be readily
      discerned from a careful reading of the following description of preferred
      embodiments for the practice thereof.
PAR  The effect of ionic strength upon the isolation of human plasminogen by
      affinity chromatography with Sepharose-L-lysine was found to be an
      important and surprising utilization of ion exchange chromatography,
      especially for the purification of human plasminogen from Cohn Fraction
      III, considered representative of the starting materials embraced
      herewithin.
PAR  In one practice of the present invention, an extract of human Cohn Fraction
      III in 0.01 M NaCl, 0.01 M potassium phosphate buffer, pH 7.4 was applied
      to a column of Sepharose-L-lysine. A linear salt gradient to 0.5 M NaCl,
      0.01 M potassium phosphate buffer, pH 7.4, eluted two major peaks. The
      plasminogen was then eluted by adding 0.1 M 6-amino-hexanoic acid to the
      buffer which was then profiled against plasminogen obtained by the prior
      art methodology described by Brockway and Castellino in J. Biol. Chem.,
      Vol. 246, 4641 (1971). The remarkably unexpected properties of the
      plasminogen and methods of the present invention appear hereafter.
PAR  The salient features of the present invention comprise the use of modified
      affinity chromatography to purify plasminogen in which a high ionic
      strength buffer solution containing a component selected from the group
      consisting of salts described in step 1 below is employed to create an ion
      exchange mechanism which results in the separation of a more active
      plasminogen preparation from a plasminogen-containing starting material;
      initially treated with a buffer containing EDTA to render that material
      non-thrombogenic and thereafter engaged with the Sepharose lysine resin
      and washed with a material having a high salt concentration to elute
      impurities therefrom. After the ion-exchange chromotography is completed,
      the plasminogen is freed from the column by an affinity mechanism using
      6-amino-hexanoic acid, L-lysine and their known equivalents. It should be
      noted, however, that while 6-AH is useful to remove plasminogen from the
      resin, its use should be avoided when the plasminogen is for clinical or
      diagnostic use because of its antifibrinolytic properties. Of course, if
      convenient, 6-AH may still be used to elute plasminogen from the resin if
      it is then completely removed from the plasminogen prior to clinical or
      diagnostic use. The preferred reagent therefore is L-lysine.
PAR  The steps of a preferred practice of the invention are characterized as
      follows:
PAR  1. The starting material is human plasma, non-human mammalian plasma, or
      Cohn Fraction III prepared from human plasma. This material is suspended
      in a buffer solution of high ionic strength which contains EDTA
      (ethylenediamine tetraacetic acid) and the suspension is subjected to
      intense vibration in a mixer.
PAR  The salts used in preparing the suspension include sodium, potassium and
      lithium, chloride, fluoride, bromide and phosphate, and (Tris) buffer and
      barbital buffer, in concentrations ranging from 0.2 M (molar) to 1.0 M,
      and pH ranges of from 5.5. - 8.5. The EDTA acts as an anticoagulant and
      prevents fibrin formation. This step results in a more complete suspension
      of the starting material in less time than has been possible with previous
      methods. An additional advantage gained by this step is the prevention of
      thrombin activation.
PAR  2. In this step the suspension is centrifuged and the supernatant is
      applied to a column of the affinity resin (Sepharose-L-lysine) in a
      downward direction. The column is washed downwardly with 0.5 M NaCl, 0.01
      M KPO.sub.4 buffer (pH 7.4), and thereafter was in an upwardly direction
      with 0.15 M NaCl, 0.01 M KPO.sub.4 buffer (pH 7.4). Use of high ionic
      strength buffer solutions in this step results in fewer impurities binding
      to the affinity column and the washing can be done in less time.
PAR  3. In this step the plasminogen is eluted from the column by causing a
      buffer solution containing L-lysine (0.1 M L-lysine, 0.1 M NaCl, 0.01 M
      KPO.sub.4 -- pH 7.4) to flow upwards through the affinity column. The
      advantages gained in this step are that no antifibrinolytic agent
      (6-aminohexanoic acid or epsilon aminocaproic acid) is used, as is found
      in existing methods for the extraction of plasminogen, and a purer, more
      concentrated and active plasminogen product is obtained.
PAR  4. Plasmin activity is measured by a procedure in which plasminogen is
      activated to plasmin with streptokinase and thereafter assayed with
      carbobenzoxy-L-lysine -p-nitrophenyl ester as the substrate. The degree of
      hydrolysis is measured by means of a spectrophotometer.
DETD
PAR  As a further aid in the understanding of the present invention, and not by
      way of limitation, the following examples are presented.
PAC  EXAMPLE I
PAR  The starting material for these examples was Cohn Fraction III obtained
      from Armour Pharmaceutical Company, Kankakee, Illinois (lot AP 2091).
      Reagent grade salts and pyrogen-free distilled water were also used
      throughout. Sepharose-L-lysine was prepared according to the procedure
      outlined by Brockway et al, ibid, using 150 ml Sepharose 4-B, 20 g
      cyanogen bromide and 6 g of L-lysine H Cl. The various buffers employed in
      this and succeeding examples are defined in Table I below.
PAR  Fraction III (2.7 g) was suspended in 100 ml of selected buffers using a
      Vibro-mixer, model E-1 (Chemap, Inc.,) for about 30 minutes at room
      temperature. The suspension was centrifuged at 12,100 g for 10 minutes at
      4.degree. and the supernatant was applied to a column of
      Sepharose-L-lysine (1.5 .times. 15 cm) equilibrated by one of the buffers
      hereafter described. No activity was recovered in the pellet or in the
      eluate unbound by the column. The columns were eluted using various buffer
      systems described in the specific examples.
PAR  Plasmin activity was measured by activating the zymogen to plasmin with
      streptokinase and assaying with N.sup..alpha.-CBZ-L-lysine p-nitrophenyl
      ester (CLN) as the substrate as described in my aforesaid copending
      application. Polyacrylamide gel electrophoresis was performed in Gradipore
      slabs (4-26% acrylamide) as described in Maurer. Disc Electrophoresis and
      Related Techniques of Polyacrylamide Gel Electrophoresis, Berlin and New
      York, Walter der Gruyter (1971) p. 60.
PAR  The buffers employed in this work are herein identified by the following
      code:
TBL                TABLE I                                                     
     ______________________________________                                    
     BUFFERS                                                                   
     Code        System Composition                                            
     ______________________________________                                    
     A           0.01 M potassium phosphate buffer, pH 7.4                     
     A (EDTA)    Buffer A with 1 mM EDTA                                       
     A (0.1)     Buffer A with 0.1 M NaCl                                      
     A (0.5)     Buffer A with 0.5 M NaCl                                      
     A (0.01, EDTA)                                                            
                 Buffer A with 0.01 M NaCl and 1 mM EDTA                       
     A (0.5, EDTA)                                                             
                 Buffer A with 0.5 M NaCl and 1 mM EDTA                        
     B           0.3 M potassium phosphate buffer, pH 7.4                      
     B (EDTA)    Buffer B with 1 mM EDTA                                       
     C           Buffer A (0.1) with 0.1 M 6-AH                                
     D           0.2 M 6-AH, 0.1 M potassium phosphate                         
                 buffer, pH 7.4                                                
     E           0.1 N acetic acid                                             
     ______________________________________                                    
PAC  EXAMPLE II
PAR  The chromatography of the Fraction III extracted with buffer B (EDTA) on
      Sepharose-L-lysine equilibrated with buffer B was determined according to
      the published procedures. See:Brockway, W. J. and Castellino, F. J. The
      mechanism of the inhibition of plasmin activity by E-aminocaproic acid. J.
      Biol. Chem., 246, 4641 (1971). A large amount of protein was washed
      through the column. Buffer B was then applied to the column and no more
      protein was eluted. The column was thereafter washed with buffer D to
      elute a single peak containing plasminogen. This material had a specific
      activity of 3.9 u/A.sub.280 ml. This material was colloidal. The column
      was then washed with buffer E which eluted much of the colloidal material.
PAC  EXAMPLE III
PAR  Fraction III was prepared in buffer A (0.01, EDTA) and was applied to a
      column prepared as in Example I. Much protein was eluted at the beginning
      of the experiment. Additional protein was eluted by buffer A. A salt
      gradient of buffer A and buffer A (0.5) was begun. This eluted one complex
      protein peak at about 450 mls followed by a second sharp peak at 600 mls.
      A salt gradient is a means by which the salt content of the eluting buffer
      is carefully and slowly increased. At the end of the gradient, additional
      protein was obtained upon washing with A (0.5). The plasminogen was then
      eluted by addition of 6-AH to buffer A (0.1). The plasminogen had a
      specific activity of 4.8 u/A.sub.280 ml and was clear. Further protein was
      eluted by washing the column with buffer E.
PAR  From the foregoing, it was concluded that ion exchange chromatography had
      occurred because different proteins were eluted when the salt
      concentration in the buffer was increased. It was also shown by the change
      in pH. On the other hand, affinity chromatography also occurred because
      the plasminogen could only be freed from the column with a specific
      inhibitor. Increasing salt concentration could not free the plasminogen
      from the column.
PAR  The results obtained in Examples II and III led to the development of the
      new and improved method of isolating plasminogen that is the subject of
      this disclosure.
PAC  EXAMPLE IV
PAR  Plasminogen was extracted from Fraction III using buffer A (0.5, EDTA). The
      column was also equilibrated in the same buffer to avoid the ion exchange
      chromatography observed in Example III when the salt gradient was used.
      When the extract was applied to the column in this buffer, much protein
      came through the column. Further washing with buffer A (0.1) did not elute
      much additional protein. The plasminogen was then eluted with buffer C to
      provide a material having a specific activity of 4.7 u/A.sub.280 ml and
      which was completely clear.
PAC  EXAMPLE V
PAR  The procedure of Examples I and II was repeated by suspending portions of
      Fraction III respectively in buffers A (EDTA), A (0.01, EDTA), A (0.5,
      EDTA) and B (EDTA). The several suspensions were then each centrifuged at
      12,100 g for 10 minutes at 4.degree.C and the supernatants obtained
      therefrom were applied to a column of Sepharose-L-lipine (1.5 .times. 15
      cm). The columns were selectively equilibrated in buffers A, A (0.1), A
      (0.5) and B.
PAR  In every case, no activity was recovered in the pellet or in the eluate
      unbound in the column.
PAR  The columns were then eluted using the buffer systems described and the
      plasminogen obtained therefrom was found to be in high yield with high
      activity and substantially no contamination.
PAC  EXAMPLE VI
PAR  The effect of ionic strength on the elution of plasminogen by 6-AH or
      lysine was found to be significant. The procedures of Examples I and II
      were repeated but the plasminogen was eluted with 0.1 M 6-AH in 0.01 M
      potassium phosphate buffer with no sodium chloride. A large volume of
      zymogen was eluted from the column from which it was concluded that the
      desorption of plasminogen is ionic strength dependent. It was also
      determined that the efficiency of elution was dependent on the
      concentration of 6-AH. When plasminogen was eluted with 0.02 M 6-AH in
      buffer A (0.1), the product was somewhat dilute. From this, we can
      conclude that an eluting buffer such as C is satisfactory though not
      necessarily optimal. Other considerations will, of course, control the
      selection of this buffer as was previously elucidated.
PAR  From the foregoing examples, it is apparent that ion exchange and affinity
      chromatography both occur when a Cohn Fraction III extract is
      chromatographed on Sepharose-L-lysine. The ion exchange effect is clearly
      demonstrated in Example III where two peaks were eluted by increasing
      ionic strength. It is also shown that the desorption of plasminogen from
      Sepharose-L-lysine is due to a specific interaction with L-lysine or 6-AH.
PAR  While it was observed that the addition of 0.1 M 6-AH to 0.1 M NaCl, 0.01 M
      potassium phosphate buffer, pH 7.4, had a negligible effect on the ionic
      strength as measured by conductivity, elution is less efficient with
      concentrations less than 0.1 M NaCl and 0.1 M 6-AH. Thus, the elution of
      plasminogen does not appear to occur by a gross change in ionic strength
      but rather by the highly specific and ionic-strength-dependent interaction
      between the bound plasminogen and the unbound 6-AH.
PAR  From the foregoing, it becomes readily apparent that a new and useful
      method of purifying plasminogen has been herein described and illustrated
      which fulfills all of the aforesaid objectives in a remarkably unexpected
      fashion. It is, of course, understood that such modifications, alterations
      and adaptations as may readily occur to the artisan confronted with this
      disclosure are intended within the spirit of this invention, limited only
      by the scope of the claims affixed hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the affinity chromatography method of isolating and purifying
      plasminogen from mammalian and human plasmas and Cohn III fractions
      comprising the steps of extracting the plasminogen, supplying the
      plasminogen-bearing extract to a L-lysine sepharose column, washing said
      column to elute impurities and then eluting the plasminogen, the
      improvement to the method comprising using a solution comprising about 0.5
      molar sodium chloride in the step of washing the column.
NUM  2.
PAR  2. The method of claim 1 wherein the wash solution has a pH of about 7.4.
NUM  3.
PAR  3. The method of claim 1 wherein the wash solution contains 0.5 M NaCl and
      0.01 M KPQ.sub.4 at pH 7.4.
PATN
WKU  039432467
SRC  5
APN  5013364
APT  1
ART  124
APD  19740828
TTL  Organic compounds
ISD  19760309
NCL  6
ECL  1
EXP  Roberts; Elbert L.
INVT
NAM  Sturmer; Egon
CTY  Riehen
CNT  CH
ASSG
NAM  Sandoz Ltd.
CTY  Basel
CNT  CH
COD  03
PRIR
CNT  CH
APD  19720710
APN  10303/72
PRIR
CNT  CH
APD  19721025
APN  15618/72
RLAP
COD  71
APN  376410
APD  19730705
PSC  03
CLAS
OCL  424177
EDF  2
ICL  A61K 3700
FSC  424
FSS  177
OREF
PAL  pharmakopsychiat, 5 (1972), pp. 187-190, by L. Lidberg.
LREP
FR2  Sharkin; Gerald D.
FR2  Honor; Robert S.
ABST
PAL  This invention concerns a novel use of oxytocin and desamino-oxytocin for
      treating impotency in the human male.
PARN
PAR  This is a continuation of application Ser. No. 376,410 filed July 5, 1973
      now abandoned.
BSUM
PAR  This invention relates to a novel therapeutic use of the known peptides
      oxytocin and desamino-oxytocin.
PAR  At present oxytocin and desamino-oxytocin are used in gynecology. It has
      now been found that oxytocin and desamino-oxytocin are useful for
      alleviating impotency especially Impotentia generandi and Impotentia
      coeundi in the human male as indicated by, for example, the following
      clinical tests:
PAR  During a period of 14 days one buccal tablet containing 100 I.U. oxytocin
      was administered 3 times a day to each of 16 human males, aged 20 to 63
      years. A statistically significant improvement of Impotentia erectionis, a
      form of Impotentia coeundi, was obtained in 12 of the patients.
PAR  Similar results are obtained when 50 I.U. desamino-oxytocin tablets are
      substituted for the oxytocin tablets.
PAR  The dosage of oxytocin or desamino-oxytocin will, of course, vary depending
      on the mode of administration and condition to be treated.
PAR  However, in general, in the case of oxytocin satisfactory results are
      obtained when administered at a daily dosage of from about 300 to about
      1500 I.U. conveniently given in divided doses 2 to 4, preferably however
      3, times a day. Preferred dosage forms suitable for oral administration
      comprise from about 100 to 500 I.U. of oxytocin admixed with a solid or
      liquid pharmaceutical carrier or diluent.
PAR  In the case of desamino-oxytocin, satisfactory results are generally
      obtained when administered at a daily dosage of from about 150 to about
      750 I.U. conveniently given in divided doses 2 to 4, preferably however 3,
      times a day. Preferred dosage forms suitable for oral administration
      comprise from about 50 to 250 I.U. of desamino-oxytocin admixed with a
      solid or liquid pharmaceutical carrier or diluent.
PAR  The oxytocin or desamino-oxytocin when employed in the method according to
      the invention, may be administered in pharmaceutically acceptable acid
      addition salt form. Such acid addition salt forms exhibit the same order
      of activity as the free base form and are readily prepared in conventional
      manner. Such acid addition salt forms are known, and representative acid
      addition salt forms include the hydrogen maleate, fumarate, and citrate
      and inorganic salt forms such as the hydrochloride, hydrobromide and
      sulphate.
PAR  Alternatively, the oxytocin or desamino-oxytocin when employed in the
      method according to the invention may be administered in pharmaceutically
      acceptable metal complex form. Such complex forms exhibit the same order
      of activity as the free base form and are readily prepared in conventional
      manner. Such metal complex forms are known and include the transition
      metal complex forms such as the Zinc(II) form.
PAR  Pharmaceutical compositions containing oxytocin or desamino-oxytocin in
      association with pharmaceutical carriers or diluents may be employed in
      the method according to the invention. Such pharmaceutical compositions
      are known in the art and may be prepared using conventional techniques to
      be in the form of, for example, capsules, tablets, suppositories,
      suspensions or solutions for enteral or parenteral administration.
      Pharmaceutical compositions may contain as well as inert carriers and
      diluents suitable preserving, stabilizing, wetting, solubilizing,
      sweetening, flavouring or colouring agents such as cumarin, peppermint
      oil, citric acid, silicic acid, stearic acid, magnesium stearate, talc,
      polyvinyl pyrrolidine, mannitol, zinc and protamine sulphate, sodium
      diphosphate, lactose and sugar. A preferred pharmaceutical composition is
      a tablet suitable for peroral or buccal administration. A representative
      tablet contains from 50 to 500 I.U. of oxytocin or from 25 to 250 I.U. of
      desamino-oxytocin,
DETD
PAR  The following Examples set out details of pharmaceutical compositions
      suitable for use in the method of the invention, it being understood that
      further preparations, such as those known in the literature, suitable for
      use in the method of the invention may be prepared by conventional
      techniques.
PAC  EXAMPLE 1
PAC  Oxytocin buccal tablets
PAR  Buccal tablets suitable for administration and containing the ingredients
      described below, may be produced in known manner. The tablets are
      indicated for use in the treatment of impotency at a dose of 3 tablets
      daily.
TBL  ______________________________________                                    
     Ingredients                                                               
     Oxytocin           100          I.U.                                      
     Cumarin            0.000040     g                                         
     Peppermint oil     0.000760     g                                         
     Stearic acid       0.0020       g                                         
     Talc               0.0030       g                                         
     Polyvinyl pyrrolidone                                                     
                        0.0050       g                                         
     Mannitol                                                                  
     Zinc sulphate      q.s.                                                   
     Protamine sulphate                                                        
                        0.20         g                                         
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  Desamino-oxytocin buccal tablets
PAR  Buccal tablets suitable for administration and containing the ingredients
      described below, may be produced in known manner. The tablets are
      indicated for use in the treatment of impotency at a dose of 1 to 2
      tablets daily.
TBL  Ingredients                                                               
     Desamino-oxytocin  50           I.U.                                      
     Magnesium stearate 0.003750     g                                         
     Sugar              0.08750      g                                         
     Citric acid anhydrous                                                     
     Silicic acid highly dispersed                                             
     Lactose            q.s.                                                   
     Mannitol                                                                  
     Sodium diphosphate anhydrous                                              
                        0.30         g                                         
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of treating impotency in a human male in need of said treatment
      which comprises administering oxytocin at a dosage of 300 to 1500 I.U.
      daily.
NUM  2.
PAR  2. A method according to claim 1, in which oxytocin is administered in unit
      dosage form containing from about 50 to about 500 I.U. of oxytocin.
NUM  3.
PAR  3. A method according to claim 2, in which the unit dosage form is a buccal
      or peroral tablet.
NUM  4.
PAR  4. A method of treating impotency in a human male in need of said treatment
      which comprises administering desamino-oxytocin at a dosage of 150 to 750
      I.U. daily.
NUM  5.
PAR  5. A method according to claim 4, in which the desamino-oxytocin is
      administered in unit dosage form containing from about 25 to about 250
      I.U. of desamino-oxytocin.
NUM  6.
PAR  6. A method according to claim 5, in which the unit dosage form is a buccal
      or peroral tablet.
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ABST
PAL  Prevention and therapeutics of bacterial infections based on the activation
      of the reticuloendothelial system with glucan having .beta.-1, 3-linkage
      in the main chain, the derivatives and partially hydrolysed product
      thereof.
PARN
PAR  This application is a continuation-in-part of Ser. No. 255,682, filed May
      22, 1972, which is the continuation of Ser. No. 37029, filed on May 13,
      1970, which was a continuation-in-part application of Ser. No. 766,630
      filed Oct. 10, 1968, the latter having now been abandoned Ser. No. 37,029
      has now been abandoned.
BSUM
PAR  The present invention relates to a method for the prevention and for the
      therapeutics of bacterial infections in man and animals based on the
      activation of the reticuloendothelial system by a glucan having .beta.-1,
      3-linkage in the main chain, the derivatives and partially hydrolysed
      product thereof.
PAR  An object of this invention is to prevent and treat various bacterial
      infectious diseases in man and animals by administration of the glucan of
      this invention, the derivatives and partially hydrolysed products of the
      glucan by stimulation of the phagocytic activity of the
      reticuloendothelial cells. Another object of this invention is to increase
      the therapeutic activity of antibiotics by combination with the same
      glucan, its derivatives and its hydrolyzed products.
PAR  The glucans, which are the subject matter of the present invention, are
      polymers of linearly .beta.-(1.fwdarw.3)-linked D-glucopyranose residues
      having side chains at various intervals thereon, each of the said side
      chains comprising one mole of .beta.-(1.fwdarw.6)-linked D-glucopyranose
      residue. The general structure of the glucans is as follows:
      ##EQU1##
      WHEREIN G represents a .beta.-D-glucoopyranose residue, the indicia 1, 3
      and 6 indicate the positions where adjacent glucose residues are linked,
      each [3.sup.G 1] unit representing linearly .beta.-(1.fwdarw.3)linked
      D-glucopyranose residues, and each of n.sub.1 . . . n.sub.m is the number
      of said linearly linked glucose residues in each [3.sup.G 1] unit, said
      n.sub.1 . . . n.sub.m being independently a number from 0 to about 10.
PAR  Thus the general structure of the glucans is as follows, with the structure
      for each G being shown in conventional form and the numbering of one of
      the pyranose rings being indicated:
      ##SPC1##
PAL  Wherein n.sub.1, n.sub.2, - - - n.sub.m are as defined above. For a better
      understanding, by way of example, a glucan in which all n are 2 is shown
      as follows:
      ##SPC2##
PAL  Where x is more than 3.
PAR  As is known, glucans of the above formula can be obtained from various
      fungi. It has now been found that a large number of fungi belonging to the
      following strains also produce the glucans having the action described
      above.
PAR  A. Ascomycetes:
PA1  Chaetomium cochliodes
PA1  Cochliobolus sativus
PA1  Ophiobolus miyabeanus
PA1  Pyrenophora teres
PA1  Sclerotinia arachidis
PA1  Sclerotinia mali
PA1  Sclerotinia sclerotiorum
PAR  B. Basidiomycetes:
PA1  Corticium centrifugum
PA1  Flammulina velutipes
PA1  Lentinus edodes
PA1  Lindera bicolumnata
PA1  Melanoleuca verrucipes
PA1  Pholiota nameko
PA1  Russula emetica
PA1  Russula sororia
PA1  Scleroderma cepa
PAR  C. Fungi imperfecti:
PA1  Alternaria kikutiana
PA1  Cercospora cryptomeriae
PA1  Cladosporium fulvum
PA1  Myrothecium verrucaria
PA1  Sclerotium tuliparum
PA1  Sclerotium hydrophylum
PAR  The strains previously reported as producing such glucans are Sclerotinia
      libertiana (M. Kitahara et al.: J. Agr. Chem. Soc. Japan, 35, 468,474
      (1961)), Sclerotium glucanicum, Sclerotium delphinii, Sclerotium rolfsii,
      Sclerotium coffeicolum, Corticium rolfsii, Sclerotinia gladoli, and
      Stromatinia narcissi (F. E. Halleck: U.S. Pat. No. 3,301,848),
      Schizophyllum commune (S. Kikumoto et al: Taito Kenkyusho Hokoku, 22, 77
      (1964), 23, 77 (1965), Japanese Pat. No. 505,408), Claviceps purpurea, and
      Claviceps fusiformis (A. S. Perlin et al.: Can. J. Chem., 41, 2278 - 82
      (1963), and K. Buck et al.: J. Gen. Microbiol., 51, 337 (1968)). Some of
      these glucans are useful as additives in the paper industry and as
      noncaloric stable gelling agents in the food industry. Some of the
      derivatives of the glucan which are active within the scope of the present
      invention are the methylether, the carboxymethylether, the
      diethylaminoethylether, the acetylester, the sulfonylester and the
      phosphoric acid ester. Jert-hydrolyzed products are obtained from the said
      glucan by treatment with .beta.- 1, 3 - glucans, acids and alkalies.
PAR  According to the present invention, it has been found that pharmaceutical
      preparations of this glucan and the derivatives thereof significantly
      stimulate the function of the reticuloendothelial system, and cause
      acceleration of phagocytic activity of phagocytes. This type of activity
      is a very characteristic pharmacological function of the glucan against a
      living body. This activity can be proved by the test for
      reticuloendothelial function by intravenous injection of Pelikan ink into
      mice and measuring its clearance by blood level. It has been clearly
      indicated by this test that intraperitoneal injection of about 2.5 mg/kg
      of the glucan results in acceleration of the reticuloendothelial system
      function. In another test, about 2.5 mg/kg of this glucan was administered
      intraperitoneally to mice every other day for three times, the peritoneal
      macrophages were collected, and these macrophages were mixed in vitro with
      a definite number of cells of Saccharomyces cerevisiae and Candida
      albicans. After 30 and 8 minutes, respectively, the cells were stained
      with Giemsa and their phagocytic index (= number of phagocytising
      macrophage/100 phagocytes) was measured. This result indicated that the
      phagocytic activity of the reticuloendothelial cells had been accelerated
      about two fold.
PAR  Administration of the glucan of this invention in mice results not only in
      acceleration of phagocytic activity, but also in elevation of the activity
      of various enzymes in the peritoneal macrophage, and helps in efficient
      digestion of foreign matter. The form of the macrophage grew large and its
      acid phosphatase staining showed the presence of numerous acid
      phosphatase-positive vacuoles and lysosome granules, indicating the
      functional activation.
PAR  This acceleration of the phagocytic activity is manifestly effective
      against some bacterial infectious diseases.
PAR  Preventive tests on various infectious diseases in mice which had been
      infected not only with pathogenic bacteria like Staphylococcus aureus,
      Klebsiella pneumoniae, Escherichia coli, Proteus vulgaris, Pseudomonas
      aeruginosa, and Mycobacterium tuberculosis, but also with pathogenic fungi
      like Candida albicans were carried out and survival of the infected and
      control mice was examined. Intraperitoneal injection of 1.25-5 mg/kg or
      intramuscular or subcutaneous injection of 20-100 mg/kg of the glucan of
      this invention resulted in a marked prolongation of the life of the
      infected mice.
PAR  Since the glucan of this invention does not show any antibacterial activity
      in vitro against these bacteria antibiotics. fungus, it is clear that its
      effect is due to a mechanism entirely different from that of antibiotics
      and, moreover, the effective dose is comparable to that of known
      anitbiotics.
PAR  The therapeutic activity of antibiotics is further increased by the
      combined treatment with the glucan of this invention. This fact is
      especially important in the case of diseases which progress chronically
      such as tuberculosis, in which appearance of side effect of antibiotics or
      chemopherapeutics on the nervous sytem and other functions of the body is
      observed rather often. This is due to the fact that the use of the glucan
      of this invention with antibiotics or synthetic antituberculous agents,
      such as streptomycin, ethambutal, and isonicotinic acid hydrazide, is able
      to reduce the dose of these antituberculous agents and consequently the
      side effects above described are reduced.
PAR  In diseases progressing chronically other than tuberculosis like the
      infection with Pseudomonas aeruginosa, so far no effective antibiotic of
      low toxicity is known and the antibiotic with strong side effects,
      Gentamycin, has to be used. In this case, combined dose of the glucan of
      this invention with a chemotherapeutics will enable the administration of
      smaller doses of Gentamycin resulting in reduction of its side effect.
PAR  It is well known that the present trend for a wide and frequent use of
      antibiotics has resulted in the marked appearance of resistant strains.
      Since the mechanism of action of the glucan of this invention resides in
      an increase of the phagocytic activity of the host, a specific feature of
      this glucan is that it is effective against either the resistant or
      sensitive strains of bacteria.
PAR  The toxicity of the glucan of the present invention is extremely low as in
      general with other polysaccharides. Various tests on rats given 1, 5, or
      25 mg/kg of this glucan once daily intraperitoneally for one and three
      months showed no abnormality in increase of body weight, blood picture,
      weight of internal organs, and various biochemical tests on serum and
      urine, except for an increase of .gamma.-globulin in serum which is not an
      ill effect, and splenomegaly observed in a group given 25 mg/kg. The
      characteristic point is the marked increase of reticuloendothelial cells
      in the spleen, lymph nodes, and the liver by histopathological
      examination. The fact indicates that the glucan of the present invention
      is effective in increasing phagocytic activity and accordingly
      advantageous against infectious diseases.
PAR  The glucan of the present invention did not show any antigenicity when
      examined by several immunological techniques.
PAR  The glucans of the present invention are dissolved in physiological saline
      and other physiologically tolerated vehicles such as the Ringer's or
      aqueous glucose solution. The preparations are usually administered
      intravenously, intramuscularly, subcutaneously, or intraperitoneally into
      hosts. The dosage of this glucan to a host differs according to the degree
      of the disease, and also according to the route of administration since
      the rate of diffusion from the site of administration differs accordingly.
      In general, the dose of the glucan of this invention is from 0.001 to 100
      mg/kg/day.
PAR  The glucan of the present invention can be obtained by the following
      various methods.
PAC  a. Preparation from the liquid culture of mycelium:
PAR  This method comprises cultivation of mycelium of fungi in an appropriate
      liquid medium to produce glucans, and isolation and purification of said
      glucans through appropriate procedures. The culture medium may be either
      natural or synthetic.
PAR  The mycelium of fungi is inoculated in liquid medium, which is thereafter
      cultured as usual in a vessel such as a shaking flask, jar fermentor, or
      tank at 25.degree. - 30.degree.C, for 5 to 10 days. A supernatant freed
      from the mycelium by a suitable procedure such as filtration or
      centrifugation, is mixed with a suitable amount of an organic solvent
      miscible with water, such as methanol, ethanol, propanol, and acetone, to
      obtain glucans as a flocculent precipitate. If necessary, further
      purification by treatment with activated carbon, granular activated carbon
      or bone-char, and treatment with ion-exchange resins or dialysis and
      successive treatment with an increasing concentration of a solvent
      miscible with water yields white fibrous glucan. Glucan thus obtained is
      crushed and sieved to individual use. In some cases, of course, some of
      the above techniques may be omitted. The yield differs from fungus to
      fungus.
PAC  B. Preparation from capsule polysaccharide of fruit body of fungi:
PAR  Many fungi, involving mostly Basidiomycetes, are covered with a mucous
      capsule on their surface. For example, capsule polysaccharides of Pholiota
      nameko, Pholiota adiposa, etc., can be easily extracted with cold or warm
      water. Precipitation and purification to recover glucan from the aqueous
      extract are carried out according to the method (a) mentioned above.
PAC  C. Preparation from fruit body, sclerotium, and mycelium:
PAR  Using cold, warm, or hot water, or a few per cent of trichloroacetic acid
      solution, and a few per cent alkali solution, glucans can be easily
      extracted from mycelia. In such cases, it is desirable to homogenize fungi
      thoroughly.
PAR  Precipitation and purification to recover glucan from the extract are
      carried out according to the above mentioned (A).
PAR  The resulting glucans are usually grayish or white and fibrous, tasteless
      and odorless, and soluble in water, and highly viscous when they are in
      aqueous solution.
PAR  The facts that by the action of an exo-.beta.-(1 - 3)-glucanase (E. T Reese
      et al.: Can. J. Microbiol., 5, 173 (1959); Y. Satomura et al.: Agr. Biol.
      Chem. (Tokyo), 25, 19 (1961) the glucan utilized in the present invention
      is easily hydrolysed to yield glucose and gentiobiose, and that after the
      Smith degradation (J. K. Hamilton, F. Smith: J. Am. Chem. Soc., 78, 5907
      (1956), the same enzymic treatment produces glucose alone, indicate that
      the glucans have the structure mentioned hereinabove.
PAR  The methylether, carboxymethylether, diethylaminoethylether, acetylester,
      sulfonylester, and phosphorylester derivatives may be obtained by
      conventional methods, and partially hydrolyzed products may be obtained
      from the said glucan by treatment with enzymes, acids and alkalis.
PAR  The glucans of the present invention are difficult to prepare in an aqueous
      solution of higher concentration because of their high viscosity, and
      therefore, it is desirable to use them in a form of less than 0.5% aqueous
      solution. Furthermore, for the preparation of a composition suitable for
      medicinal use, it is necessary to add gradually glucan which is ground as
      fine as possible into a solvent with violent stirring for complete
      dispersion, and to continue the stirring until complete dissolution is
      obtained. In these cases, the use of a high-speed blender is preferable.
      The above procedures need to be carried out quite carefully, since when
      any lump is formed it is very difficult to dissolve completely.
PAR  The following examples are provided by way of illustration, and are not
      intended to limit this invention, the scope of which is indicated by the
      appended claims.
DETD
PAC  EXAMPLE 1
PAC  Preparation of the glucan.
PAR  Humfeld's basal medium (T. Sugihara and H. Humfeld: Applied Microbiol., 2
      (3), 170, 1954) was mixed with 3% of glucose, 0.3% of urea, and 1.mu.g/ml
      of thiamine hydrochloride, the volume thereof was made to 1 liter and pH
      was adjusted to 4.50. Each 100 ml of the resulting medium was poured into
      a series of 500-ml Sakaguchi flasks. After sterilization at 120.degree.C.
      for 15 minutes, each flask was inoculated with one loopful of
      Schizophyllum commune (T-189 strain) and cultivated on a reciprocal shaker
      at 28.degree.C for seven days. After completion of fermentation, the
      culture broth was centrifuged at 8000 rpm for 5 minutes to remove the
      mycelium, the supernatant thus obtained was decolored with 0.05% of
      activated  carbon, and filtered under suction with the help of
      diatomaceous earth. The filtrate was mixed with methanol up to the
      concentration of 35% to precipitate fibrous glucan, which was washed with
      portions of aqueous methanol. The concentration of methanol was increased
      successively and finally anhydrous methanol was used to dehydrate the
      material and thereafter the purified fibrous glucan was dried, crushed,
      and sieved, yielding 8 g of white glucan powder. One gram of the glucan
      thus obtained was dispersed in 2 liters of physiological saline and after
      treatment with a high-speed blender for 15 minutes, the fully dissolved
      glucan solution was filtered under suction with the help of diatomaceous
      earth. Each 20 ml of the filtrate was poured into ampules, the ampules
      were sealed, and sterilized at 120.degree.C for 15 minutes.
PAC  EXAMPLE 2
PAC  Effect on Reticuloendothelial Function by carbon clearance method.
PAR  Pelikan ink was injected into the tail vein of mice, 2 and 4 days after the
      intraperitoneal injection of the glucan and a control substance, zymosan,
      which is a known polysaccharide having activating effect on the
      reticuloendothelial system. The blood was drawn from the ophthalmic vein
      3, 8, 13, and 18 minutes after injection of the pelikan ink, hemolysed by
      addition to 0.1% sodium carbonate solution, and concentration of the
      pelikan ink was measured from the optical density of this solution at 660
      nm. The half-life, t1/2, was calculated from the optical density and the
      clearance index, K, was calculated from the following equation:
EQU  K= (log C.sub.1 - log C.sub.2)/T.sub.2 - T.sub.1
PAL  where C.sub.1 and C.sub.2 are the concentrations of the pelikan ink at time
      T.sub.1 and T.sub.2, respectively.
PAR  As shown in FIG., 1, the result of this experiment indicated that the
      glucan has the action of accelerating the reticuloendothelial function and
      the degree of this action of 2.5 mg/kg of the glucan was equal to that of
      100 mg/kg of zymosan.
PAC  EXAMPLE 3
PAC  Effect on Phagocytic Activity in vitro
PAR  The glucan was adminstered intraperitoneally to mice every other day for
      three times and macrophages were collected from the peritoneum two days
      after the last administration. The collected macrophages were mixed with
      the cells of Saccharomyces cerevisiae (ATCC 9763) or of Candida albicans
      (YU 1200), the cells were stained with Giemsa solution 30 minutes later in
      the case of the former and 8 minutes later in the case of the latter, and
      the number of macrophages that had phagocytised was calculated.
PAR  As shown in FIG. 2, this result indicated that a higher phagocytic rate was
      found in animals given 0.63-5 mg/kg of the glucan than in control animals
      in proportion to the dose administered. The phagocytosis was especially
      marked against Candida albicans, the macrophages from the animals given
      2.5 mg/kg of the glucan showing over twice the phagocytic rate of the
      control animals. In other words, acceleration in phagocytic action was
      observed by the administration of the glucan.
PAC  EXAMPLE 4
PAC  effect on enzyme activity in intraperitoneal cells.
PAR  After intraperitoneal injection of the glucan of this invention, the cells
      were collected from the peritoneum of mice, 5 to a group, and from
      untreated control mice, and a cell suspension of 10.sup.7 cells/ml was
      prepared. Activity of enzymes was measured with this cell suspension; that
      of alkaline phosphatase by the method of Fiske and Subbarow, that of
      .beta.-glucuronidase by the p-nitrophenylglucuronide method, and that of
      cathepsin by the method of Cohn and Hirsch based on that of Adams and
      Smith. Histochemical staining for acid phosphatase and its determination
      followed the method of Tomonaga, using Naphthol AS-BI phosphate as a
      substrate. Results (FIGS. 1-4):
PAR  1. Activities of acid phosphatase, .beta.-glucuronidase, and cathepsin in
      the intraperitoneal exudate cells markedly elevated from a day after the
      glucan administration, reached a peak after 3-5 days, and returned to the
      normal level after 15 days. There was no elevation in the activities of
      alkaline phosphatase and lysozyme.
PAR  2. Acid phosphatase staining of the peritoneal macrophages indicated that
      the cells from mice given the glucan were markedly larger than those from
      control mice, cytoplasm contained numerous acid phosphatase-positive
      vacuoles and lysosome granules, and generally showed evidence of
      functional activation.
PAR  These results indicate that administration of the glucan had stimulated the
      reticuloendothelial cells, and the macrophages showed active phagocytosis
      and digestive activity. Periodical changes in three enzyme activities of
      mouse peritoneal cells after intraperitoneal treatment with various
      amounts of the glucan.
TBL  ______________________________________                                    
     a) Acid phosphatase                                                       
                Days after treatment                                           
     Dose         3       6       9     12    15                               
     (mg/kg, ip)  Activity %)                                                  
     ______________________________________                                    
     Control      100     100     100   100   100                              
     1.25         182     171     139   124   105                              
     2.5          180     170     135   117   109                              
     5.0          234     219     140   118   112                              
     b) .beta.-glucuronidase                                                   
     Control      100     100     100   100   100                              
     1.25         223     215     200   160   115                              
     2.5          259     254     231   190   156                              
     c) Cathepsin:                                                             
     Control      100     100     100   100   100                              
     1.25         141     132     120   107   102                              
     2.5          140     132     129   111    93                              
     ______________________________________                                    
PAC  EXAMPLE 5
PAC  Prevention of Acute Bacterial Infection
PAR  In bacterial infectious diseases, those of acute type could not be
      prevented unless the glucan was administered several days before infection
      with the bacteria.
PAR  The glucan was given intraperitoneally to 10 mice in a group every other
      day for 3 times and one of the following seven kinds of pathogenic
      bacteria and one kind of pathogenic fungus were infected 2 days after the
      last injection of the glucan to observe prolongation in survival.
PAR  The microorganisms used were as follows (the number of bacteria or fungus
      infected in a mouse and the route of administration are given in
      parentheses):
PA1  (1) Staphylococcus aureus 226 (10 .times. 10.sup.8, ip)
PA1  (2) Diplococcus pneumoniae 1-100A (2 .times. 10.sup.3, ip)
PA1  (3) Escherichia coli GN-2411 (8.8 .times. 10.sup.6, ip)
PA1  (4) Salmonella enteritidis 116-54 (1.25 .times. 10.sup.3, ip)
PA1  (5) Pseudomonas aeruginosa H7 (2 .times. 10.sup.6, ip)
PA1  (6) Klebsiella pneumoniae (broth 0.2 ml, ip)
PA1  (7) Proteus vulgari (broth .times. 100, 0.2 ml, ip)
PA1  (8) Candida albicans YU-1200 (broth 0.3 ml, ip)
PAR  The results of the experiments are as follows:
TBL          No. of survival/ No. of mice tested                               
     Dose                                                                      
     (mg/kg) (1)  (2) (3) (4) (5) (6) (7) (8)                                  
     __________________________________________________________________________
     O (Control)                                                               
              0/10                                                             
                  0/10                                                         
                      0/10                                                     
                          1/10                                                 
                              0/10                                             
                                  0/10                                         
                                      0/10                                     
                                          0/10                                 
     1.25 .times. 3                                                            
             10/10                                                             
                  1/10                                                         
                      5/10                                                     
                          3/10                                                 
                              2/10                                             
                                  9/10    5/10                                 
     2.5 .times. 3                                                             
             10/10                                                             
                  1/10                                                         
                      7/10                                                     
                          3/10                                                 
                              4/10                                             
                                  9/10    3/10                                 
     5.0 .times. 3                                                             
             10/10    9/10                                                     
                          3/10                                                 
                              9/10                                             
                                  9/10                                         
                                      4/10                                     
                                          5/10                                 
     __________________________________________________________________________
PAR  The result of intraperitoneal administration of 1.25-5 mg/kg of the glucan
      is summarized as follows:
PAR  a. Marked effect was observed against infection with Staphylococcus aureus
      Klebsiella pneumoniae and Escherichia coli.
PAR  b. Moderate effect was observed against infection with Pseudomonas
      aeruginosa, Proteus vulgaris, and Candida albicans.
PAR  c. Slight effect or almost ineffect was observed against infection with
      Salmonella enteritidis and Diplococcus pneumoniae.
PAC  EXAMPLE 6
PAC  Combined effect of the glucan and Gentamycin against infection with
      Pseudomonas aeruginosa.
PAR  Same as in Example 3, the mice were given intraperitoneal injection of the
      glucan every other day for three times and, two days after the last
      injection, a suspension of Pseudomonas aeruginosa H7, containing 32 times
      the number of bacterial cells required for a minimum lethal dose, was
      injected intraperitoneally. One hour after this infection, Gentamycin was
      given as a single subcutaneous injection and survival of the mice was
      examined. As shown in the following table, a marked effect of the combined
      use of Gentamycin and the glucan was observed.
TBL  ______________________________________                                    
     Gentamycin alone                                                          
                 Gentamycin + the glucan                                       
     Dose   No. of   Gentamycin                                                
                               the glucan                                      
                                         Number of                             
     (mg/kg)                                                                   
            Survival (mg/kg)   (mg/kg .times. 3)                               
                                         Survival                              
     ______________________________________                                    
     200    1/10     200       5         10/10                                 
     100    0/10     100       5         10/10                                 
     50     0/10     50        5         10/10                                 
     25     0/10     25        5          5/10                                 
     12.5   0/10     12.5      5          4/10                                 
     Control                                                                   
            0/10     0         5          0/10                                 
     ______________________________________                                    
PAC  EXAMPLE 7
PAC  Effect of Route of Administration of the glucan on Acute Bacterial
      Infection.
PAR  Mice were infected with Escherichia coli GN-2411 and the same experiments
      as above were carried out. Results are given in the following table.
TBL  __________________________________________________________________________
     Amount of bacteria                                                        
     infected                                                                  
     Route of admini-                                                          
               Broth .times. 20,                                               
                            Broth .times. 10,                                  
     stration of the                                                           
               0.3 ml, ip   0.2 ml, ip                                         
     glucan                                                                    
     Dose (mg/kg)                                                              
               ip*  im  sc  ip   im  sc                                        
     __________________________________________________________________________
     2.5       1/10 1/10                                                       
                        1/10                                                   
                             0/10                                              
                                 0/10                                          
                                     0/10                                      
     5.0       7/10 0/10                                                       
                        1/10                                                   
                            10/10                                              
                                 1/10                                          
                                     3/10                                      
     20        10/10                                                           
                    3/10                                                       
                        1/10                                                   
                            10/10                                              
                                 5/10                                          
                                     2/10                                      
     50             6/10    4/10 4/10                                          
                                     6/10                                      
                        1/10         6/10                                      
     __________________________________________________________________________
      *ip = intraperitoneal, im = intramuscular, sc = subcutaneous             
PAR  Intraperitoneal administration of the glucan showed a significant effect
      with the least dose, followed by intramuscular administration, and
      subcutaneous administration required the largest dose of over 50 mg/kg to
      be effective. This tendency was considered to be due to the difference in
      the rate of distribution of the glucan in body which is a high molecular
      substance.
PAC  EXAMPLE 8
PAC  Treatment of Tuberculosis with the glucan alone or in combination with
      other antituberculosis agents.
PAR  In chronic infections like tuberculosis, administration of the glucan after
      infection was sufficiently effective. Mice were infected with 0.5 and 1 mg
      of sensitive strain of Mycobacterium tuberculosis Kurono or the human-type
      strain resistant to isonicotinic acid hydrazide and streptomycin, M.
      tuberculosis Schacht, intravenously. From the day after the infection, the
      glucan was given intraperitoneally, every other day for 10 times, and
      streptomycin and ethanbutol were given subcutaneously, every day for 20
      days, and the survival of mice was compared in groups with the glucan
      alone and in those given combined treatment.
PAR  a. M. tuberculosis Kurono (sensitive human strain). (bacterial dose, 0.5
      mg, intravenously)
     Dose           50% Survival                                               
                            0% survival                                        
                                   Survival over                               
     (mg/kg)        (days)  (days) 150 days                                    
     __________________________________________________________________________
     None (Control) 43       94    0/10                                        
     The glucan 5 .times. 10 (ip)                                              
                    100     150    1/10                                        
     Streptomycin 50 .times. 20 (sc)                                           
                    66      106    0/10                                        
     Streptomycin 50 (sc) +                                                    
     The glucan 5 (ip)                                                         
                    131     150    2/10                                        
     __________________________________________________________________________
PAR  As shown above 5 mg/kg (ip) of the glucan and 50 mg/kg (sc) of streptomycin
      showed approximately the same survival while the combination of these two
      agents was more effective. The rate of survival in this experiment is
      shown in FIG. 4.
PAR  b. M, tuberculosis Schacht (human strain resistant to isonicotinic acid
      hydrazide and streptomycin)(1 mg, intravenously)
TBL                                  No. of                                    
     Dose           50% survival                                               
                            100 % survival                                     
                                     survival                                  
     (mg/kg)        (days)  (days)   over 98 days                              
     __________________________________________________________________________
     None (Control  19      23       0/10                                      
     The glucan 2.5 33      59       0/10                                      
     The glucan 5.0 27      87       0/10                                      
     Ethambutol 10  23      48       0/10                                      
     Ethambutol 20  50      87       0/10                                      
     Ethambutol 10 + the glucan                                                
                    55      &gt;98      2/10                                      
     2.5                                                                       
     Ethambutol 10 + the glucan                                                
                    57      &gt;98      3/10                                      
     Ethambutol 20 + the glucan                                                
                    75      &gt;98      3/10                                      
     5                                                                         
     __________________________________________________________________________
PAR  The glucan showed survival effect even against the resistant strain at a
      intraperitoneal dose of 2.5 and 5 mg/kg, and the effect was approximately
      the same as 10 and 20 mg/kg subcutaneous dose of Ethambutol. Combined use
      of these two agents showed increased effect. Rate of survival of the
      animals in this experiment is shown in FIG. 4.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of preventing or treating bacterial infectious diseases which
      comprises administering to a man or animal in need of said treatment or in
      need of prevention of bacterial infectious diseases, an antibacterially
      effective amount of a compound which is a glucan having the following
      formula:
      ##SPC3##
      the methylether, the carboxymethylether, the diethylaminoethylether, the
      acetylester, sulfonylester or phosphorylester thereof wherein each of
      n.sub.1 . . . n.sub.m is the number of linearly .beta. -- (1-3)-linked
      glucose residues, said n.sub.1 . . . n.sub.m is independently a number
      from 0 to about 10.
NUM  2.
PAR  2. The method of claim 1, wherein the composition is administered
      intraperitoneally, in a dose of 0.001-100 mg/kg/day.
NUM  3.
PAR  3. The method of claim 1 wherein the composition is administered
      intramuscularly and the dose is 0.001 - 100 mg/kg/day.
NUM  4.
PAR  4. The method of claim 1 wherein the composition is administered
      subcutaneously and the dose is 0.001-100 mg/kg/day.
NUM  5.
PAR  5. The method of claim 1 wherein the composition is administered
      intravenously and the dose is 0.001-100 mg/kg/day.
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ABST
PAL  This invention relates to chemotherapeutic compositions and methods for
      topically treating traumatic, diseased and degenerative skin disorders.
PAL  One of the invention compositions comprises abietic acid and
      .alpha.-tocopherol contained in a pharmaceutically acceptable carrier. One
      or more of the invention compositions are suitable for the alleviation of
      severe burn injuries, and in the treatment of other skin disorders such as
      diabetic ulcers, decubitus ulcers, gangrene, abrasions, lacerations,
      puncture wounds, localized infections, and the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The science of medicine has achieved dramatic progress in the last several
      decades. Certain pathological phenomena of the human constitution have
      resisted the advances of medical science. Diabetic and arteriosclerotic
      gangrene still constitute a disproportionate number of cases requiring
      surgical intervention. Even more serious, is the constant factor of
      several hundred thousand patients being treated for injury resulting from
      thermal, chemical and electrical burns. In the United States alone, as
      many as 14,000 persons die from trauma caused by burns every year.
PAR  The satisfactory treatment of burns remains unresolved. There is no
      consensus by the medical profession as to the superiority of any one
      particular burn treatment.
PAR  More recently there have been developed burn treatment techniques which
      have certain advantages over prior methods, but these techniques have been
      found to have serious disadvantages. Thus, the escharotic agents such as
      tannic acid and silver nitrate find limited usage because of their
      tendency to cause infection under the eschar and to result in scarring and
      contracture deformaties.
PAR  An old burn treatment method still in use is the application of protective
      coatings of petrolatum with padded pressure dressings. Another technique
      is the so-called "exposed" treatment involving the use of doses of
      morphine to control pain and the administration of intravenous plasma.
PAR  Of persons suffering trauma, none pose greater medical problems than burn
      patients. One of the pioneers of burn therapy has stated that "the
      mortality rate from a really large burn hasn't improved in the last
      thousand years. Our improvements in burn therapy are strictly limited to
      those that affect between 20 and 60 percent of the body surface. Above
      that, well, if a patient lives it's luck, not medicine, that's saved him."
PAR  Accordingly, it is a main object of the present invention to provide
      medicaments and methods for the treatment of persons suffering from severe
      burn injuries.
PAR  It is another object of this invention to provide chemotherapeutic
      compositions for the treatment of burn trauma covering more than 60% of a
      body surface, and to achieve survival of patients suffering from such
      severe burn trauma.
PAR  It is another object of this invention to provide pharmaceutical
      preparations especially adapted for the treatment of diabetic,
      arteriosclerotic, decubitus, varicose, and other pathogenic ulcers.
PAR  It is still another object of this invention to provide therapeutic
      preparations for application as a matrix in plastic and reconstructive
      surgery, involving epidermis, dermis and underlying tissue including
      cartilage, tendons and bones, and blood vessels.
PAR  It is a further object of the present invention to provide pharmaceutical
      compositions for the treatment of infections of the skin and underlying
      tissues, external ear infections and internal otitis media infections, and
      for prevention of infection following trauma, such as abrasions,
      lacerations and puncture wounds of the skin surface.
PAR  Other objects and advantages shall become apparent from the accompanying
      description and invention theory and practice.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention vascular chemotherapeutic compositions and methods of
      treating skin injuries and disorders relate to experimental and clinical
      data derived from innovative approaches to the treatment and cure of
      topical injuries and disorders encountered by a physician in a career of
      medical practice.
PAR  One or more objects of the present invention are achieved by the provision
      of a chemotherapeutic composition comprising abietic acid,
      .alpha.-tocopherol and a pharmaceutically acceptable vehicle, solvent or
      diluent.
PAR  The term "abietic acid" is meant to include diterpene resin acids of the
      formula C.sub.19 H.sub.29 COOH, and their anhydrides, which constitute the
      chief constituents of gum oleoresin from Pinus palustris and other
      conifers. Colophony (i.e., rosin) consists of about 90% resin acids and
      10% neutral matter. Of the resin acids about 90% are isomeric with abietic
      acid; the other 10% is a mixture of dihydroabietic acid (C.sub.20 H.sub.32
      O.sub.2) and dehydroabietic acid (C.sub.20 H.sub.28 O.sub.2). Neoabietic
      acid is a primary isomeric form of abietic acid.
PAR  For the purposes of the present invention the abietic acid component of the
      invention compositions can be employed directly in the form of colophony
      as it is produced and sold as naval stores. If desired, the resin acids of
      colophony can be separated from the inert matter and other non-therapeutic
      components by extraction of the resin acids with alkali, or by other
      methods. The separation and purification of abietic acid and resin acids
      of colophony are described in chapter II of "Natural Products Related to
      Phenanthrene," 3rd edition (Fieser and Fieser, Reinhold, New York, 1949).
PAR  .alpha.-Tocopherol is naturally derived Vitamin E found mainly in plant
      materials. Some of the richest sources are seed germ oils, alfalfa, and
      lettuce. .alpha.-Tocopherol found in nature is usually accompanied by two
      other active factors, .beta.-tocopherol and .gamma.-tocopherol.
PAR  Illustrative of suitable pharmaceutically acceptable carriers, solvents or
      diluents are vegetable oils such as olive oil, linseed oil, cottonseed
      oil, and the like; fish oil such as cod liver oil; and other readily
      available media such as mineral oil; sesame oil; silicone oil; lanolin;
      petrolatum; beeswax; unguentum; polyoxyalkylene glycols; carbowaxes;
      glyceryl monolaurate, polyoxyalkylene sorbitols; stearoyl diacetin; and
      the like. The invention compositions can be in the form of solutions,
      emulsions, suspensions, creams, salves, ointments and other similarly
      convenient forms for ease of topical application and therapeutic
      effectiveness. Non-aqueous media are preferred. Abietic acid and
      .alpha.-tocopherol dissolved in olive oil is a particularly preferred
      chemotherapeutic composition of the present invention for the topical
      treatment of traumatic and degenerative disorders of the skin.
PAR  The abietic acid component is incorporated in the invention compositions in
      a quantity between about 15 and 90 percent based on the total weight of
      the composition. The amount of abietic acid employed is largely determined
      by the therapeutic application for which it is intended. On the average
      the quantity of abietic acid in the compositions will vary between about
      25 and 60 percent of the composition weight.
PAR  .alpha.-Tocopherol is incorporated in the invention compositions in a
      quantity between about 2 and 40 percent based on the weight of abietic
      acid in the compositions.
PAR  The invention chemotherapeutic compositions are readily prepared by simple
      admixing of the composition ingredients. For example, abietic acid and
      .alpha.-tocopherol readily dissolve in olive oil with gentle warming to
      form a clear solution.
PAC  INVENTION THEORY AND PRACTICE
PAR  The present invention chemotherapeutic compositions which are adapted for
      specialized application in the treatment of pathological skin conditions,
      find antecedence in certain surprising and unexpected clinical
      manifestations observed in controlled medical experimentation.
PAR  It had been known and recorded in the early history of medical practice
      that natural products such as oleoresins appeared to have some beneficial
      effects when applied to a variety of human ailments. Ancient remedies in
      the form of liniments, salves, poultices and tonics often had contained an
      ingredient such as turpentine, balsam tar, pine tar, rosin, gum resins,
      and the like. Because such ingredients tended to irritate the skin, the
      ingredient was employed in small quantities and in a highly diluted state.
PAR  The early U.S. patent literature reports a number of preparations
      containing oleoresins which are recommended for relief of all manner of
      human ailments. Some of the preparations include upwards of ten to twenty
      ingredients.
PAR  U.S. Pat. No. 75,732 describes a liniment containing terpentine and pine
      tar, and recommends its use for reducing skin inflammation. U.S. Pat. No.
      238,507 describes a liniment containing terpentine and pine tar for
      treatment of all types of skin injury including burns. The ointment of
      U.S. Pat. No. 247,479 contains terpentine and rosin, and is intended for
      the cure of scab in sheep. The salve of U.S. Pat. No. 256,847 for skin
      diseases contains rosin as one ingredient. The poultice of U.S. Pat. No.
      308,243 contains pine tar and is recommended for felons, carbuncles and
      abscesses. U.S. Pat. No. 1,426,002 describes a salve containing rosin for
      skin treatment, and U.S. Pat. No. 2,361,756 proposes a pine tar ointment
      for general use in skin disorders.
PAR  The present invention in the early stages of development involved a program
      of testing a select group of natural gums and resins as therapeutic
      agents. It was discovered that concentrated solutions of colophony when
      applied to traumas of the skin and underlying tissue, rather than irritate
      and exacerbate the wound area, the solution promoted rapid healing without
      development of scar tissue.
PAR  The study of the dermatological application of concentrated colophony
      solutions was extended to include treatment of a broad variety of
      traumatic and degenerative skin disorders. There was consistent evidence
      that colophony (i.e., abietic acid derivatives), can act as an unusually
      effective therapeutic agent in the treatment of skin injuries. Burns,
      ulcers, infections, abrasions and wounds were treated with concentrated
      solutions of colophony.
PAR  The first clinical tests with colophony preparations were with minor
      infections such as onychia and paronychia of finger extremities. The
      results were favorable, and this encouraged further testing.
PAR  Concentrations of 25-35 weight percent of colophony in olive oil were
      applied as a treatment of lymphangitis-cellulitis, small and large
      abscesses, carbuncles, adenitis of the inguinal and auxillary lymph
      glands, phlebitis, and a variety of ulcers including varicose, traumatic,
      indolent, arteriosclerotic, decubitus and diabetic ulcers. A 15 weight
      percent colophony in olive oil terminated pain and infection in the otitis
      media without mastoid involvement.
PAR  An adult female had an axillary abscess incised and drained and received
      penicillin parenterally. After 2 weeks, the abscess recurred and it was
      incised and drained and the patient was prescribed oral antibiotics. When
      the abscess condition persisted, a 25 weight percent colophony ointment
      preparation was applied to the infected area, and no antibiotics were
      prescribed. The pathogenic condition cleared within 2 weeks, and
      significantly there was no further recurrence of abscess formation.
PAR  Cosmetic removal of moles and warts, were followed by application of a
      colophony preparation. Healing was rapid and without residual scarring.
PAR  A young adult male had a severe 2nd degree burn on his forearm with a
      massive effusion of plasma. Cotton and gauze bandages were applied and
      saturated with 35 weight percent colophony solution in olive oil. Within
      48 hours the swelling began to subside, and within a week most of the
      effusion had disappeared. After a period of about 1 month, there was
      evidence of new epithelium formation. The burn injury healed without
      tissue scarring. The reduction of plasma effusion after severe burns is
      more rapid with the present invention chemotherapeutic compositions than
      is achieved with any other known burn therapy methods.
PAR  In an industrial accident, an adult male fell into a vat of boiling sodium
      hydroxide solution. He suffered trauma including 3rd degree burns on over
      90 percent of the body skin surface area. The patient was placed in an
      oxygen tent and sedated with morphine and atropine. The patient was
      wrapped with thick cotton gauze bandages saturated with 35 weight percent
      rosin-olive oil solution. The saturated dressings were changed every 48
      hours for the first 2 weeks, and thereafter every 96 hours. The patient
      was fed liquid nourishment orally, and maintained in the oxygen tent for 2
      weeks. The regimen was continued for 2 months. After a period of 4 months
      the patient was able to walk and convalesce. The severe burn injuries had
      healed without scar formation. The patient resumed his employment a year
      after the occurrence of the accident.
PAR  An adult female suffered from a severe diabetic ulcer condition in the area
      of the right ankle. The patient was administered antibiotics and the ulcer
      was dressed with Dakin's solution. The ulcer increased in size, and the
      walls and base of the ulcer became necrotic. An arteriogram of the femoral
      artery revealed a closed dorsalis pedis artery. Treatment with a
      keratolytic enzyme appeared to worsen the condition. Gangrene developed,
      and amputation of the lower leg extremity was indicated. The case was
      referred for a regimen of treatment with 50 weight percent colophony-olive
      oil formulation. The entire right leg of the patient was placed in a boot
      with dressings saturated with the colophony formulation. The dressings
      were changed daily, and gradually the necrotic tissue peeled away. New
      blood vessels appeared in the center of the gangrenous area, and
      generation of granulation tissue was evident. After 6 weeks of treatment,
      the gangrenous tissue was replaced by healthy new tissue, and the patient
      made a full recovery without the need for amputation.
PAR  It is apparent that unique pharmacology is manifest in the many therapeutic
      benefits derived by treating skin disorders with colophony formulations.
      It has been observed that colophony formulations provide topical
      anesthetic relief, and inhibit infection of wound areas even without the
      use of antibiotics. In the case of ulcers and gangrene, the affected areas
      respond to colophony treatment, and there appears to be promotion of
      granulation tissue and stimulation of blood flow into the pathogenic
      tissue.
PAR  While not wishing to be bound by any theory or mechanism of reaction, it is
      believed that oleoresinous acids, such as abietic acid, penetrate the
      epidermis and underlying tissue and have a vascular chemotherapeutic
      effect. The exchange of arterial and venous fluid is stimulated, and the
      flow of fresh blood into damaged skin tissue is enhanced. The inhibition
      of infection by abietic acid and other resin acids present in colophony is
      perhaps attributable to stimulated activity of leukocytes and other
      natural anti-infection defenses.
PAR  Out of the earlier clinical investigations, there has evolved a group of
      new and preferred formulations which are adapted to be applied in the
      treatment of specific skin disorders with improved chemotherapeutic
      results.
PAR  It is a particularly preferred aspect of this invention to include
      .alpha.-tocopherol as an essential component of the formulations. The
      effect of .alpha.-tocopherol is to speed the healing process, and promote
      healing of skin injury without scarring.
PAR  The inclusion of other components in the formulations is advantageous for
      certain specific types of skin disorders. For example, for burn treatment
      a formulation can include between about 10 and 15 weight percent of
      anhydrous lanolin and/or between about 0.1 and 5 weight percent of boric
      acid based on formulation weight.
PAR  Experience with the present invention type formulations, would indicate
      that the inclusion of an antibiotic into the formulations should be
      avoided whenever possible. There is opinion that antibiotics adversely
      affect enzymatic activity, and interfere with homostasis of renal cells.
PAR  If it is required to include an antibiotic in the formulations, those that
      are effective against pseudomonas are highly preferred. Gentamicin and
      mafenide are mild drugs which are particularly suitable for burn treatment
      formulations. Silver sulfadiazine is also recommended for burn therapy.
PAR  In the case of serious infections such as in lymphangitis or phlebitis, a
      broad spectrum antibiotic can be incorporated into the formulation in a
      therapeutically effective quantity. Preferred antibiotics include
      achromycin, erthromycin, terramycin, vibramycin, chloroamphenicol,
      puromycin and cycloheximide.
PAR  The invention also contemplates the inclusion in the formulations of
      ingredients which enhance penetration of the skin by pharmacologically
      active substances. Solvents related to dialkylsulfoxides are examples of
      such ingredients (see U.S. Pat. No. 3,839,566). Preferred penetrants are
      higher (C.sub.8 -C.sub.12) aliphatic sulfoxides such as octyl methyl
      sulfoxide, 2-hydroxydecyl methyl sulfoxide, and the like.
PAR  Abietic acid in the form of colophony or rosin may have a tendency to
      darken on standing. A pharmaceutically acceptable antioxidant can be
      included in the invention formulations for long term storage of the
      formulations, e.g., hydroquinone.
PAR  An important objective of the present invention is the provision of a
      medical regimen for the treatment of 2nd and 3rd degree burns, and burns
      which cover more than 30 percent of an individual body surface area, and
      particularly cases where the burns cover over 60 percent of the body area.
PAR  In the case of a severe burn syndrome, the following medical regimen is
      recommended. The patient is daily immersed in a bath of a solution of 50
      weight percent abietic acid in olive oil for a period of time up to about
      15 minutes. Where equipment is available, the patient is placed on a
      plastic covered surface in a hyperbaric chamber. The body is swathed in
      loose dressing saturated with a formulation of 25-35 weight percent
      abietic acid and a therapeutically effective quantity of
      .alpha.-tocopherol dissolved in olive oil. The dressings are saturated
      every 24 to 96 hours, and changed as required. No antibiotic is included
      unless there is evidence of bacterial infection. The patient is fed
      liquids and nutrients. Mild sedation with librium or valium is
      advantageous. As soon as practical, passive motion in the patient is
      encouraged to prevent ankylosis. Early locomotion appears to be beneficial
      in minimizing keloid formation.
PAR  The following examples are illustrative of the preparation of
      chemotherapeutic formulations of the present invention. As it is apparent
      to those skilled in the art, in light of the foregoing disclosure,
      numerous modifications are possible in the practice of this invention
      without departing from the scope or concept thereof.
DETD
PAC  EXAMPLE 1
PAR  Formulation I suitable for treatment of 3rd degree burns is prepared as a
      homogeneous solution by admixture of the following ingredients:
     Abietic acid components                                                   
      of colophony          450 grams                                          
     .alpha.-Tocopherol     100 grams                                          
     Olive oil              1000 grams                                         
PAC  EXAMPLE 2
PAR  Formulation II suitable for treatment of burns complicated by pseudomonas
      infection is prepared from the following ingredients:
TBL  Abietic acid (as colophony)                                               
                             308 grams                                         
     .alpha.-Tocopherol      100 grams                                         
     Gentamicin, 0.1% ointment                                                 
                             20 grams                                          
     Olive oil               1000 grams                                        
PAC  EXAMPLE 3
PAR  Formulation III suitable for treatment of burns is prepared from the
      following ingredients:
TBL  Abietic acid anhydride                                                    
      and other components of colophony                                        
                             200 grams                                         
     .alpha.-Tocopherol      100 grams                                         
     Cod liver oil           100 grams                                         
     Olive oil               1000 grams                                        
PAR  The cod liver oil provides Vitamin A and Vitamin D in the formulation.
PAC  EXAMPLE 4
PAR  Formulation IV suitable for the treatment of burns is prepared from the
      following ingredients:
TBL  Colophony             664 grams                                           
     .alpha.-Tocopherol    50 grams                                            
     Silver sulfadiazine   10 grams                                            
     Cod liver oil         50 grams                                            
     Olive oil             1000 grams                                          
PAR  Boric acid unquentum can be included in the formulation in place of the cod
      liver oil.
PAC  EXAMPLE 5
PAR  Formulation V, recommended for treatment of small abscesses, and local
      infections of terminal phalanges of lower or upper extremities, comprises:
TBL  Colophony            315 grams                                            
     .alpha.-Tocopherol   50 grams                                             
     Cod liver oil        50 grams                                             
     Olive oil            1000 grams                                           
PAC  EXAMPLE 6
PAR  Formulation VI suitable for treatment of large abscesses and lymph-angitis
      is prepared from the following ingredients:
TBL  Colophony              450 grams                                          
     Vitamin E              50 grams                                           
     Gentamicin, 0.1% ointment                                                 
                            115 grams                                          
     Cod liver oil          50 grams                                           
     Olive oil              1000 grams                                         
PAC  EXAMPLE 7
PAR  Formulation VII suitable for treatment of cellulitis and phlebitis is
      prepared from the following ingredients:
TBL  Abietic acid           581 grams                                          
     .alpha.-Tocopherol     50 grams                                           
     Mafenide 8.5% ointment 20 grams                                           
     Cod liver oil          50 grams                                           
     Olive oil              1000 grams                                         
PAR  For treatment of abrasions and puncture wounds, vaseline can be substituted
      for the cod liver oil and/or the olive oil.
PAR  For improved penetration of the traumatized area, between about 0.1 and 10
      weight percent, based on formulation weight, of octyl methyl sulfoxide or
      other penetrant can be incorporated in the formulation.
PAC  EXAMPLE 8
PAR  Formulation VIII, recommended for the treatment of decubitus ulcers,
      comprises:
TBL  Abietic acid anhydride                                                    
      (e.g., rosin)          417 grams                                         
     Vitamin E               100 grams                                         
     Gentamicin, 0.1% ointment                                                 
                             15 grams                                          
     Cod liver oil           100 grams                                         
     Cottonseed oil          1000 grams                                        
PAC  EXAMPLE 9
PAR  Formulation IX suitable for treatment of diabetic ulcers and impending
      gangrene is prepared from the following ingredients:
TBL  Colophony              638 grams                                          
     .alpha.-Tocopherol     100 grams                                          
     Cod liver oil          50 grams                                           
     Olive oil              1000 grams                                         
     Decyl methyl sulfoxide                                                    
      (optional)            50 grams                                           
PAC  EXAMPLE 10
PAR  Formulation X, recommended for treatment of varicose, traumatic, indolent
      and arteriosclerotic ulcers, comprises:
TBL  Abietic acid            418 grams                                         
     .alpha.-Tocopherol      50 grams                                          
     Gentamicin, 0.1% ointment                                                 
                             15 grams                                          
     Cod liver oil           50 grams                                          
     Lanolin, anhydrous      50 grams                                          
     Olive oil               1000 grams                                        
PAC  EXAMPLE 11
PAR  Formulation XI, suitable as an adjunct in plastic and reconstruction
      surgery is prepared from ingredients comprising:
TBL  Abietic acid        225 grams                                             
     .alpha.-Tocopherol  100 grams                                             
     Olive oil           1000 grams                                            
PAC  EXAMPLE 12
PAR  Formulation XII, suitable for use in plastic and reconstruction surgery is
      prepared from the following ingredients:
TBL  Colophony               400 grams                                         
     Vitamin E mixed tocopherol                                                
                             100 grams                                         
     Cod liver oil           100 grams                                         
     Olive oil               1000 grams                                        
PAC  EXAMPLE 13
PAR  Formulation XIII, recommended for use in plastic and reconstruction
      surgery, comprises:
TBL  Colophony               546 grams                                         
     .alpha.-Tocopherol      100 grams                                         
     Gentamicin, 0.1% ointment                                                 
                             20 grams                                          
     Lanolin, anhydrous      100 grams                                         
     Olive oil               1000 grams                                        
PAC  EXAMPLE 14
PAR  Formulation XIV, recommended for use in skin graft surgery, comprises:
TBL  Colophony            450 grams                                            
     .alpha.-Tocopherol   50 grams                                             
     Cod liver oil        50 grams                                             
     Olive oil            1000 grams                                           
PAR  In one method, the denuded area of the skin graft site is covered with a
      basket weave of plastic or adhesive strips and topped with a dressing
      saturated with Formulation XIV.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for treating second and third degree burns covering more than
      30 percent of the skin surface of an animal or human body which comprises
      applying to the burned skin surface a pharmaceutical preparation
      comprising between about 25 and 60 weight percent colophony dissolved in a
      pharmaceutically acceptable vegetable oil.
NUM  2.
PAR  2. A method of treatment in accordance with claim 1 wherein the burns cover
      more than 60 percent of the skin surface of the body.
NUM  3.
PAR  3. A method for treating second and third degree burns covering more than
      30 percent of the skin surface of an animal or human body which comprises
      applying to the burned skin surface a pharmaceutical preparation
      comprising between about 25 and 60 weight percent colophony dissolved in a
      pharmaceutically acceptable fish oil.
NUM  4.
PAR  4. A method of treatment in accordance with claim 3 wherein the burns cover
      more than 60 percent of the skin surface of the body.
NUM  5.
PAR  5. A method for treating second and third degree burns covering more than
      30 percent of the skin surface of an animal or human body which comprises
      applying to the burned skin surface a pharmaceutical preparation
      comprising between about 25 and 60 weight percent colophony dissolved in
      lanolin.
NUM  6.
PAR  6. A method of treatment in accordance with claim 5 wherein the burns cover
      more than 60 percent of the skin surface of the body.
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ABST
PAL  The invention covers the use of
      O,O-diethylthionophosphonyl-.alpha.-oximino-5-chloro-2-thienyl
      acetonitrile as a pesticide.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application of copending
      application filed Dec. 20, 1971, bearing Ser. No. 215,957, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to
      O,O-diethylthionophos-phonyl-.alpha.-oximino-5-chloro-2-thienyl
      acetonitrile and its use for controlling insects and acarid pests and to
      new pesticidal formulations comprising
      O,O-diethylthionophosphonyl-.alpha.-oximino-5-chloro-2-thienyl
      acetonitrile as an essential active ingredient in combination with various
      diluent carriers.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  O,O-diethylthionophosphonyl-.alpha.-oximino-5-chloro-2-thienyl acetonitrile
      may be prepared by a variety of methods. However, it is most conveniently
      prepared as follows:
PAR  A solution of 11.3 g. (0.06 mole) of diethyl chlorothiophosphate was added
      dropwise to a stirred solution of 11.16 g. (0.06 mole) of
      .alpha.-oximino-5-chloro-2-thienyl acetonitrile and 6.06 (0.06 mole) of
      triethylamine in 200 ml. of diethyl ether. The mixture was stirred four
      hours and successively washed with water, dilute sodium hydroxide solution
      and water. The solution was dried over magnesium sulfate, filtered and
      concentrated to an oil. Upon standing the oil was induced to crystallize.
      A recrystallization from pentane gave a pure material which melted at
      46.degree. - 47.degree. C.
PAR  The compound had the following structural formula:
      ##EQU1##
      and analyzed as follows:
PAR  Calcd: C: 35.45, H: 3.56, N: 8.26;
PAR  Found: C: 36.19, H: 3.69, N: 8.21.
PAR  Advantageously,
      O,O-diethylthionophosphonyl-.alpha.-oximino-5-chloro-2thienyl
      acetonitrile, hereinafter referred to as the "compound" exhibits strong
      insecticidal and acaricidal activities, with comparatively low toxicity to
      warm-blooded animals and concomitently low phytotoxicity. The effects set
      in rapidly and are long lasting. The instant active compound can therefore
      be used with favorable results for the control of noxious sucking and
      biting insects, Diptera and mites (Acarina).
PAR  Among the insects which can be effectively controlled by the compound of
      the present invention are the chewing insects such as the Mexican bean
      beetle, and the southern armyworm; the piercing-sucking insects, such as
      the pea aphid, the cereal leaf beetle, the housefly, the grape leafhopper,
      the chinch bug, the lygus bugs, oyster shell scale, the California red
      scale, the Florida red scale, the soft scale and mosquitoes; the internal
      feeders, including borers such as the European corn borer, the peach twig
      borer and the corn earworm; worms or weevils such as the codling moth,
      alfalfa weevil, cotton boll weevil, pink boll worm, plum curculio, red
      band leaf roller, melon worm, cabbage looper, and apple maggott;
      leafminers such as the apple leaf miner, birch miner and beet leaf miner;
      and gall insects such as the wheat joint worm and the grape phylloxera.
      Insects which attack below the surface of the ground are classified as
      subterranean insects and include such destructive pests as the woolly
      apple aphid, the Japanese beetle, the onion maggott and the corn root
      worm.
PAR  Mites and ticks are not true insects. Many economically important species
      of mites and ticks can be controlled by the compound of this present
      invention such as the red spider mite, the two spotted spider mite, the
      strawberry spider mite, the citrus red mite and the European red mite.
      Chemicals useful for the control of mites are often called miticides while
      those useful for the control of both mites and ticks are known
      specifically as acaricides.
PAR  The new compound of this invention can be used in many ways for the control
      of insects or acarids. Insecticides or acaricides which are to be used as
      stomach poisons or protective materials can be applied to the surface on
      which the insects or acarids feed or travel. Insecticides or acarcides
      which are to be used as contact poisons or eradicants can be applied
      directly to the body of the insect or acarid, as a residual treatment to
      the surface on which the insect or acarid may walk or crawl, or as a
      fumigant treatment of the air which the insect or acarid breathes. In some
      cases, the compound applied to the soil or plant surfaces is taken up by
      the plant, and the insects or acarids are poisoned systemically. In
      essence then, the just-described methods of using the insecticide or
      acaricide here are based on the fact that almost all the injury done by
      insects or acarids is a direct or indirect result of their attempts to
      secure food.
PAR  The active compound according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert pesticidal diluents or extenders, i.e. conventional
      pesticidal dispersible carrier vehicles, such as solutions, emulsions,
      suspensions, emulsifiable concentrates, spray powders, pastes, soluble
      powders, dusting agents, granules, etc. These are prepared in known
      manners, for instance by extending the active compound with conventional
      pesticidal dispersable liquid diluent carriers and/or dispersible solid
      carriers, optionally with the use of carrier vehicle assistants, e.g.
      conventional pesticidal surface-active agents, including emulsifying
      agents, dispersing agents, whereby, for example, in the case where water
      is used as a diluent, organic solvents may be added as auxiliary solvents.
      The following may be chiefly considered for use as conventional carrier
      vehicles for this purpose: inert dispersible liquid diluent carriers,
      including inert organic solvents such as aromatic hydrocarbons (e.g.
      benzene, toluene, xylene, etc.), halogenated, especially chlorinated,
      aromatic hydrocarbons (e.g. chlorobenzenes, etc.), paraffins (e.g.
      petroleum fractions), chlorinated aliphatic hydrocarbons (e.g. methylene
      chloride, etc.), alcohols (e.g. methanol, ethanol, propanol, butanol,
      etc.), amines (e.g. ethanol amine, etc.), ethers, ether-alcohols (e.g.
      glycol monomethyl ether, etc.), amides (e.g. dimethylformamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), ketones (e.g. acetone, etc.),
      and/or water; as well as inert dispersible finely divided solid carriers
      such as ground natural minerals (e.g. kalines, alumina, silica,
      chalk)(i.e. calcium carbonate, talc, kieselguhr, etc), and ground
      synthetic minerals (e.g. highly dispersed silicic acid, silicates, e.g.
      alkali silicates, etc.); whereas the following may be chiefly considered
      for use as conventional carrier vehicle assistants, e.g. surface-active
      agents, for this purpose; emulsifying agents, such as nonionic and/or
      anionic emulsifying agents (e.g. polyethylene oxide esters of fatty acids,
      polyethylene oxide ethers of fatty alcohols, alkyl sulfonates, aryl
      sulfonates, etc. and especially alkyl arylpolyglycol ethers, magnesium
      stearate, sodium oleate, etc.); and/or dispersing agents, such as lignin,
      sulfite waste liquors, methyl cellulose, etc.
PAR  The active compound of the invention may be employed with other known
      compatable active agents, especially plant protection agents, such as
      other acaricides, insecticides, molluscicides, nematicides, fungicides,
      herbicides, bactericides, etc. if desired, or in the form of particular
      dosage preparations for specific application made therefrom, such as
      solutions, emulsions, suspensions, powders, pastes and granules which are
      thus ready for use.
PAR  Typical insecticides or acaricides with which the compound of the invention
      can be used in the insecticidal or acaricidal compositions to control
      insects or acarids include halogenated compounds such as DDt,
      methoxychlor, TDE, lindane, chlordane, isobenzan, aldrin, dieldrin,
      hepthchlor, endrin, mirex, endosulfon, dicofol, and the like; organic
      phosphorus compounds such as TEPP, schradan, ethion, parathion, methyl
      parathion, EPN, demeton, carbonphenothion, phorate, zinophos, diazinon,
      malathion, mevinphos, dimethoate, DBD, ronnel oxydemeton-methyl,
      dicapthon, chlorothion phosphamidon, naled fenthion, trichorofon, DDVP,
      and the like; organic nitrogen compounds such as dinitro-o-cresol,
      dinitrocyclohexylphenol, DNB, DNP, binapacril, azobenzene, and the like;
      organic carbamate compounds, such as carbaryl and the like; organic sulfur
      compounds such as phenothiazine, phenoxathin, lauryl thiocyante,
      bis(2-thiocyanoethyl)ether, isobornyl thiocyanoacetate, and the like; as
      well as such substances usually referred to as fumigants, as hydrogen
      cyanide, carbon tetrachloride, calcium cyanide, carbon disulfide, ethylene
      dichloride, propylene dichloride, ethylene dibromide, ethylene oxide,
      methyl bromide, paradichlorobenzene, and the like.
PAR  As concerns commercially-marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between 0.1 - 95% by weight, and preferably 0.5 - 90%
      by weight of the mixture, whereas carrier composition mixtures suitable
      for direct application or field application generally contemplates those
      in which the active compound is present in an amount substantially between
      0.00001 - 20%, preferably 0.0002 - 20%, and most preferably 0.01 -2% by
      weight of the mixture. Thus, the present invention contemplates over all
      compositions which comprise mixtures of the conventional dispersible
      carrier vehicle such as (1) a dispersible inert finely divided solid,
      and/or (2) a dispersible carrier liquid such as an inert organic solid
      and/or water, preferably including a surface-active effective amount of a
      carrier vehicle assistant, e.g. a surface-active agent, such as an
      emulsifying agent and/or a dispersing agent, and an amount of the active
      compound which is effective for the purpose in question which is generally
      between about 0.00001 - 95% and preferably 0.01 - 95%.
PAR  The compound here was tested as to its insecticidal activity utilizing as
      test insects the housefly (Musca domestica Linnaeus), the two-spotted
      spider mite (Tetranychus urticae) and the beet armyworm (Spodoptera
      exigus) and in each instance the compound was tested at a number of
      varying dosages. The ratings are as follows: VA indicates greater than 80%
      kill; A indicates a 50 - 80% kill; SLA indicates 25 - 49% kill; and I
      indicates a 0 - 25% kill.
PAR  In more detail, the following test precedures were used to screen the
      insecticide of the invention: With respect to the test on the housefly,
      three day old adult houseflies are used. Approximately 50 flies are used
      for each dilution of the chemical tested. Flies are anesthetized with
      carbon dioxide and placed in a Buchner funnel The appropriate dilution is
      then poured onto the flies. Contact time is approximately 5 seconds. The
      chemical is then removed by suction and the flies are transferred to glass
      beakers and mortality noted after one hour.
PAR  With respect to the spider mite, a leaf disc bioassay procedure is used to
      determine the miticidal activity of the compound of the invention.
      Specifically, leaf discs approximately 15 mm. in diameter cut from fresh
      Henderson Bush Lima Bean plants. The discs are then dipped in the
      appropriate dilution of the chemical. The leaf discs are allowed to dry
      and are then placed on moistened filter paper and appropriate labeled
      petri dishes. Ten adult mites are placed on each disc. Nine discs are used
      for each compound. Percent mortality is then determined after 48 hours.
PAR  The immersion technique described for the housefly was modified and used
      for the beet armyworm. Five to 7 day old larvae of S. exigua are immersed
      in the appropriare dilution of the insecticide for five seconds. The
      chemical is removed by suction and the worms are placed in petri dishes.
      Twenty four hours later mortality is determined.
PAR  Results of insecticidal activity are given in Tables I, II and III.
TBL                TABLE I                                                     
     ______________________________________                                    
     Two-Spotted Spider Mite                                                   
     2500   500     250     125   30    15    5                                
     ppm    ppm     ppm     ppm   ppm   ppm   ppm                              
     ______________________________________                                    
     VA     VA      VA      VA    VA    VA    SLA                              
     ______________________________________                                    
     TABLE II                                                                  
     ______________________________________                                    
     Housefly                                                                  
     5000    500      250      125    62.5   30                                
     ppm     ppm      ppm      ppm    ppm    ppm                               
     ______________________________________                                    
     VA      VA       VA       VA     A      SLA                               
     ______________________________________                                    
     TABLE III                                                                 
     ______________________________________                                    
     Beet Armyworm                                                             
     5000            500         250                                           
     ppm             ppm         ppm                                           
     ______________________________________                                    
     VA              A           I                                             
     ______________________________________                                    
PAR  It was surprising to note that a great number of analogs and homologs of
      the compound have had measurably less activity as insecticides and
      acaracides, such as against the species tested against above. The
      O,O-diethylthiono-phosphonyl-.alpha.-oximino-5-chloro-2-thienyl
      acetonitrile compound appears to be unique in its degree of activity.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of controlling insects and mites which comprises contacting
      such insects and mites with an insecticidally effective amount of
      O,O-diethylthionophosphonyl-.alpha.-oximino-5-chloro-2-thienyl
      acetonitrile.
NUM  2.
PAR  2. A pesticidal composition comprising an insecticidally effective amount
      of O,O-diethyl-thionophosphonyl-.alpha.-oximino-5-chloro-2-thienyl
      acetonitrile. and a pesticide diluent.
NUM  3.
PAR  3. The pesticidal composition of claim 2 wherein said pesticide diluent is
      a solid.
NUM  4.
PAR  4. The pesticidal composition of claim 3 wherein the solid pesticide
      diluent is in powder form.
NUM  5.
PAR  5. The pesticidal composition of claim 3 wherein the solid pesticide
      diluent is in granular form.
NUM  6.
PAR  6. The pesticidal composition of claim 2 wherein the pesticide diluent is a
      liquid.
NUM  7.
PAR  7. The pesticidal composition of claim 6 wherein said liquid is water.
NUM  8.
PAR  8. The pesticidal composition of claim 2 comprising from 0.00001% to 95% by
      weight of the active ingredient.
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ABST
PAL  Hexamethylenetetramine rhodanide together with conventional carriers and
      optionally vitamins and mineral salts is internally administered to
      mammals for treating and preventing herd sterility.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a method and pharmaceutical preparations for
      treating and preventing physiological disturbances in vertebrates, caused
      by molds and yeast, using hexamethylenetetramine rhodanide.
PAR  Furthermore, the invention relates to the use of hexamethylenetetramine
      rhodanide as antimycotic and mycocidal compositions containing
      hexamethylenetetramine rhodanide as active ingredient.
PAR  2. Description of the Prior Art
PAR  Hexamethylenetetramine rhodanide is known as a bactericidal compound. It
      serves e.g. in veterinary medicine for treating bacterial infections. It
      is mainly used in the case of coli infections. Furthermore, it is known
      that hexamethylenetetramine rhodanide has an antiallergic activity.
      However, it was not known that hexamethylenetetramine rhodanide also has a
      strong mycocidal activity.
PAR  Moldy feed causes considerable losses in animal breeding. As an example the
      "moldy corn disease", the "turkey X-disease" and the infection by
      Aspergillus flavus are mentioned.
PAR  Molds, yeasts and their spores are eaten by animals together with the feed
      and get into the various organisms via the digestive tract, where they
      cause various diseases. For instance, it is known that animal feed grown
      in soils rich in putrefactive germs lead to dysspermia of bulls and affect
      the quality of the sperma. In this connection it has further been found
      that molds and yeasts cultivated from the ejaculates of bulls are
      identical with the molds and yeasts contained in the animal feed. Recent
      mycological tests have shown that living yeast cells, e.g. Candida
      albicans, when taken in orally are absorbed by the mucosa of the small
      intestine and distributed in the organisms via the blood circulation and
      the lymphatic system and get thus into the sperma. Hence, it is proved
      that there is a connection between feed intoxications and the spermatic
      depression of bulls. In the case of female animals the genital mucus can
      similarly be infected by yeasts, molds or other mycetes which results in
      disturbances of fertility.
PAC  SUMMARY
PAR  It is an object of the invention to provide a method for treating and
      preventing physiological disturbances caused by molds and yeasts in
      vertebrates, in particular warm blooded animals such as mammals, poultry
      and fish.
PAR  It is a further object of the invention to provide pharmaceutical
      preparations for treating and preventing the above-stated physiological
      disturbances.
PAR  It has surprisingly been found that hexamethylenetetramine rhodanide when
      being internally, i.e. orally or parenterally, administered to vertebrates
      has a strong mycocidal activity. Examples of parenteral administration are
      the intramuscular, intravenous and subcutaneous administration.
PAR  Physiological disturbances include mycoses of inner organs such as the
      liver, the lung and the genital organs, and disturbances of fertility.
PAR  Culturing tests have shown that even in a concentration of 0.025 percent by
      weight hexamethylenetetramine rhodanide completely suppresses the growth
      of molds and yeasts such as species of Mucor, Geotrichum and Candida and
      other mycetes and kills these microorganisms.
PAR  According to the inventive method for the treatment and prophylaxis of
      mycoses vertebrates are internally administered an effective amount of
      hexamethylenetetramine rhodanide optionally together with
      pharmacologically acceptable carriers. Vertebrates that can be treated
      according to the inventive method are cattle, sheep, pigs, horses, goats,
      poultry such as hens and turkeys, and fish such as trouts and carps.
PAR  The pharmaceutical preparations of the invention for the treatment and
      prophylaxis may optionally also contain conventional mineral salts,
      vitamins, amino acids, flavorings, fillers and/or other additives.
PAR  Examples of carriers are water, salt solutions, animal feed such as animal
      proteins, oil cake, fats, cereals, dried potatoes, molasses, dried sugar
      beets, yeasts, dry green fodder and minerals such as vermiculite and
      diatomaceous earth.
PAR  Examples of vitamins which may additionally be contained in the
      pharmaceutical preparations of the invention are vitamins A, D, E and B.
      Examples of minerals are carbonates, phosphates, chlorides and sulfates of
      sodium, magnesium, calcium, cobalt and copper.
PAR  Hexamethylenetetramine rhodanide may be administered e.g. in the form of
      medicinal feed, premixes, licking blocks, injection preparations and
      aqueous solutions.
PAR  For preparing premixes hexamethylenetetramine rhodanide is uniformly
      distributed in a standard feed carrier. Examples of feed carriers are soy
      bean flour, corn oil, corn flour, barley, wheat and mineral mixtures such
      as vermiculite and diatomaceous earth. These premixes may, optionally,
      also contain the afore-mentioned vitamins and mineral salts.
PAR  In general, hexamethylenetetramine rhodanide is administered in a dosage of
      from 2 to 200 mg/kg, preferably of from 2 to 80, most preferably of from
      10 to 20 mg/kg per day. Cattle having a body weight of 500 kg are
      generally administered of from 1 to 100 g, preferably 1 to 40 g and most
      preferably 5 to 20 g, per day and animal.
PAR  In the case of cattle having been administered the pharmaceutical
      preparations of the invention in the above-stated dosages for at least
      three weeks no molds or yeasts persorbed from the digestive tract could be
      detected when culturing the sperma and mucus.
PAR  It has been found that for cattle having an average body weight of 500 kg,
      a long term medication of from 5 to 10 g per animal and day is
      particularly successful. The detrimental effect of molds and yeasts, in
      particular with respect to disturbances of fertility, is eliminated
      without useful microorganisms present in the rumen of cattle being
      affected.
PAR  The pharmaceutical preparations of the invention are applied in particular
      to eliminate disturbances of fertility. Since there is a connection
      between herd sterility in the case of cattle and the infection of feed by
      mycetes they are particularly suited for combatting the herd sterility.
      The prophylactic application of these preparations is recommended for the
      above-stated purposes and for other indications if the animals run the
      risc of eating feed infected by mycetes.
PAR  Medicinal feed containing hexamethylenetetramine rhodanide as active
      ingredient is not taken by the animal as a medicine and thus permits a
      simple and practical prophylaxis and therapy. This applies the more as the
      administration is preferably effected in the form of long term medication
      and not as a massive dose.
PAR  The pharmaceutical preparations of the invention are administered to bulls
      in the form of a long term medication of from about 10 to 40, in
      particular 10 to 20 mg/kg. Pregnant cows are administered the medicinal
      feed preferably in a dosage of from 5 to 20 mg per day starting about 4
      weeks before the calving and ending about 3 weeks after the calving, as a
      prophylaxis in order to combat herd sterility.
PAR  The following examples illustrate the invention but do not constitute a
      restriction:
PAC  EXAMPLE 1
PAR  Preparation to be added to animal feed infected by molds and yeast
TBL  Ingredients            percent by weight                                  
     ______________________________________                                    
     calcium carbonate      17.00                                              
     dicalcium phosphate    38.00                                              
     sodium magnesium calcium phosphate                                        
                            21.00                                              
     sodium chloride        4.20                                               
     magnesium oxide        4.10                                               
     mixture of trace elements                                                 
                            1.20                                               
     vitamin premix of (A+B+E) for cattle                                      
                            0.85                                               
     sodium bicarbonate     7.10                                               
     anise taste            0.05                                               
     hexamethylenetetramine rhodanide                                          
                            6.50                                               
                            100.00                                             
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Licking block
PAR  Licking blocks are prepared from the following components:
TBL  Components             percent by weight                                  
     ______________________________________                                    
     dried sugar molasses   45                                                 
     granulated sodium chloride                                                
                            20                                                 
     stabilized animal fat  1                                                  
     ground soy bean hulls  20                                                 
     trace minerals and vitamins                                               
                            0.20                                               
     hexamethylenetetramine rhodanide                                          
                            10                                                 
     rest moisture                                                             
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Licking block
PAR  A dry mixture is prepared from 40 kg mixed phosphate having a small amount
      of crystallization water (containing 39 percent disodium phosphate, 33
      percent dicalcium phosphate and 28 percent dimagnesium phosphate), 9 kg
      dicalcium phosphate having a small amount of crystallization water, 17 kg
      sodium chloride, 3.5 kg kaolin, 1 kg magnesium oxide and 10 kg
      hexamethylenetetramine rhodanide. This mixture is thoroughly blended with
      30 l diluted aqueous milk sugar molasses (25 percent dried mass) in a
      concrete mixer. The obtained composition is subsequently cast into molds.
      It solidifies within 24 h to a solid block.
PAC  EXAMPLE 4
PAR  Injection solution
PAR  An injection solution is prepared from 10 percent by weight
      hexamethylenetetramine rhodanide and 90 percent by weight sterile
      physiological saline solution. This solution is filled into ampuls of 100
      ml each.
PAC  EXAMPLE 5
PAR  Culture tests with hexamethylenetetramine rhodanide
PAR  Cultures of species of Mucor, Geotrichum and Candida were inoculated into
      culture media with or without the addition of hexamethylenetetramine
      rhodanide.
PAR  The nutrient media had the following composition (Art. 5448 Wurze-Agar of
      Messrs. Merck, Darmstadt):
TBL  per liter:                                                                
             malt extract          15.0                                        
             Universalpepton M66   0.78                                        
             D (+)-maltose         12.75                                       
             dextrin               2.75                                        
             glycerol              2.35                                        
             dipotassium hydrogenphosphate                                     
                                   1.0                                         
             ammonium chloride     1.0                                         
             agar agar             15.0                                        
             pH of the ready nutrient                                          
             medium at a temperature of                                        
             30.degree.C: 4.6 - 5.0                                            
PAR  The nutrient media with hexamethylenetetramine rhodanide contained:
PAR  0.8 percent hexamethylenetetramine rhodanide = 0.1 g
PAR  0.4 percent hexamethylenetetramine rhodanide = 0.05 g
PAL  or 0.2 percent hexamethylenetetramine rhodanide = 0.025 g
PAR  In all cases the nutrient media without the addition of
      hexamethylenetetramine rhodanide showed a strong growth of molds and
      yeasts, whereas the nutrient media with hexamethylenetetramine rhodanide
      did in no case show the growth of molds or yeasts but remained free of
      germs.
PAC  EXAMPLE 6
PAR  Influence on the sperma quality of bulls
PAR  Animal feed strongly infected by yeasts and molds (species of Mucor,
      penicillium, Geotrichum, Fusarium, Aspergillus, Candida etc., e.g. Mucor
      racemus tres., Geotrichum candidum link., Penicillium cyclopium,
      Aspergillus phoenicis, Absidia corymbifera, Fusarium javanicum,
      Cryptococcus laurentii, Cryptococcus albidus and Candida albicans) was fed
      to bulls. A group of 60 animals were orally administered 9.75 g
      hexamethylenetetramine rhodanide per day (150 g medicinal feed according
      to Example 1). A control group also comprising 60 animals only got the
      infected feed. After 100 days the sperma quality was examined. 59 of the
      animals treated showed no germs in the sperma. 54 of the animals of the
      control group showed germs in the sperma, whereas 6 animals were not
      affected.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of combatting in mammals herd sterility due to consumption of
      feed contaminated with mycetes causing herd sterility which comprises
      internally administering to said mammal hexamethylenetetramine rhodanide
      in an effective amount for combatting said herd sterility.
NUM  2.
PAR  2. The method according to claim 1 wherein said dosage is from 2 to 200
      mg/kg.
NUM  3.
PAR  3. The method according to claim 1 wherein said dosage is from 2 to 80
      mg/kg.
NUM  4.
PAR  4. The method according to claim 1 wherein said dosage is from 10 to 20
      mg/kg.
NUM  5.
PAR  5. The method according to claim 1 wherein said hexamethylenetetramine
      rhodanide is administered together with a pharmacologically acceptable
      carrier.
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ABST
PAL  Topical application of hydrastis compounds, such as hydrastine, berberine
      and canadine, or salts thereof alone or in ophthalmic solutions for the
      purposes of dilating the pupil, topical anesthesia and/or fluorescently
      staining (temporarily) of corneal epithelial defects and/or fluorescence
      in applanation tonometry.
PARN
PAR  This application is a division of application Ser. No. 373996, filed June
      6, 1973, now U.S. Pat. No. 3,903,282 issued 9/2/75.
BSUM
PAR  This invention relates to ophthalmology. It more particularly refers to a
      new method of assisting in ophthalmological observation and analysis.
PAR  The hydrastis family of alkaloids has been known for a very long time.
      Typical members of this family include hydrastine, berberine and canadine.
      This family of compounds, particularly berberine has been fairly widely
      used in the past as an anti-asthmatic and anti-bronchial spasmatic. In
      this use, it has been administered orally and intravenously. No evidence
      has been found of the intentional topical application of hydrastis type
      compounds for any medicinal or pharmacological purpose. There have been
      reports that compounds of this type are lethal in moderately large doses.
      There is also evidence to support an observation by one reporter that
      death caused by moderately large oral ingestion of a hydrastis compound
      was accompanied by dilation of the deceased's eyes.
PAR  It has now been found that hydrastic compounds can be used to serve a very
      valuable function in opthalmological investigation, diagnosis and
      treatment. These compounds can be applied topically to the eye in rather
      small dosages. When used in solution, in the preferred manner, the
      hydrastis compound or a physiologically unobjectionable salt thereof can
      be admixed with other materials such as thickening and/or lubricating
      agents, e.g. methycellulose and/or benzal konium chloride. When applied
      topically in the eye as an aqueous solution, the hydrastis compound should
      constitute about a 1/4 to 10% solution. Application is per drop, one to
      two drops per instillation. The hydrastis compound or salt thereof, with
      or without an appropriate solvent and/or other materials, is suitably
      applied directly to the eye with a conventional eye dropper. There is a
      dilation of the pupil which will remain in a dilated condition for up to
      about ten days. There are two other effects which have been found to be of
      great assistance in examination work. The topical application of hydrastis
      compounds stains corneal opithelial defects a fluorescent yellow green,
      thereby making their observation possible and practical under a cobalt
      blue light. Additionally, hydrastis compounds topically applied
      selectively anesthetize the cornea and paralyze the sphincter muscle of
      the iris and the ciliary body muscle. Still further, additional benefits
      of the use of this family of compounds in this application is that they
      have been found to possess antibiotic, antiviral, anti-protozoal, and
      anti-fungal properties in their topical environment. The fluorescence
      produced is useful in applanation tonometry.
PAR  The following Examples will serve to illustrate this invention without
      being limiting thereon. Parts and percentages are on a solution % basis
      unless specified to the contrary.
DETD
PAC  Examples 1 and 2
PAR  Solution of berberine of 1/2% and 1% in methyl cellulose were prepared and
      topically applied to the patient's eyes in a dosage of 3 drops per
      patient. It was found that the pupils of the patient's eyes dilated and
      that their ciliary muscles were temporarily paralyzed and the cornea
      anesthesized.
PAC  Examples 3 and 4
PAR  Berberine sulfate was topically applies to a patient's eyes in a solution
      strength of 1/4% and 2% to a total dosage of 3 drops per patient. The
      patient's pupils dilate.
PAC  Example 5
PAR  Example 3 was repeated adding 10% methyl cellulose to the preparation. The
      same results were observed.
PAC  Example 6
PAR  Example 3 is repeated with hydrastine with the same results.
PAC  Example 7
PAR  A one-half % solution of berberine sulfate in water containing 1% methyl
      cellulose was topically applied to a patient's eyes to a total dosage of 3
      drops per patient. The treated eyes were examined under cobalt blue light
      and epithelial defects in the cornea showed up very nicely.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process of dilating human eye pupils which comprises topically
      applying a sufficient amount of berberine to effectively dilate said
      pupils.
NUM  2.
PAR  2. The process claimed in claim 1 wherein said berberine is applied as a
      physiologically unobjectionable salt thereof.
NUM  3.
PAR  3. The process claimed in claim 1 wherein said berberine, or a
      physiologically unobjectionable salt thereof, is applied as a solution in
      a substantially inert solvent.
NUM  4.
PAR  4. The process claimed in claim 3 wherein the solvent is water.
NUM  5.
PAR  5. The process claimed in claim 3 wherein the concentration is about 1/4%
      to 10% solution.
NUM  6.
PAR  6. The process claimed in claim 1 wherein the dosage is about 1/2% to 10%
      solution.
NUM  7.
PAR  7. The process claimed in claim 1 including incorporating a buffer and a
      preservative with said berberine compound.
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ABST
PAL  Compositions suitable for coating leather or textile materials are provided
      which compositions are the reaction product of (a) solubilized casein (b)
      water-dispersible polyurethane and (c) formaldehyde.
PARN
PAR  This invention relates to coating compositions and more particularly to
      coating compositions suitable for application to leather and textile
      materials, and is a continuation-in-part of co-pending application Ser.
      No. 285,708 filed Sept. 1, 1972 now abandoned.
BSUM
PAR  Aqueous polyurethane dispersions have been used heretofore as coating
      materials for textiles and leather. When employed, for example, in
      leather-dressing applications, polyurethane dispersions form coatings
      which are slow drying, have poor dry rub resistance and have a somewhat
      unnatural, rubber-like appearance and handle.
PAR  Leather dressing coatings based on plasticized casein and formaldehyde have
      also been used, however, such coatings have a very low crease resistance
      and poor wet-rub resistance. The use of plasticized casein/formaldehyde
      dressings have a tendency to harden the leather and the dressing or
      coating has a tendency to crack thus damaging the grain structure of the
      leather.
PAR  Coatings obtained using polymer or copolymer binders, based, for example,
      on polyacrylate or acrylic-butadiene-styrene have poor adhesive properties
      and solvent resistance. Moreover, leathers dressed with such copolymer
      dispersions have poor hot rub resistance and shear resistance and poor
      fastness to hot ironing.
PAR  It is therefore an object of this invention to provide leather and textile
      coating compositions devoid of the foregoing disadvantages. It is a
      further object of this invention to provide coating compositions
      particularly suited for leather dressing applications. An additional
      object of this invention is to provide coating compositions which are
      relatively simple to apply by for example, knife coating, casting, ooze
      coating or spray coating. Another object of this invention is to provide
      leather and textile coating compositions, which coatings have excellent
      dryrub resistance, good grain structure, soft handle, good adhesion, low
      swellability in water, excellent solvent resistance, high crease
      resistance and good fastness to light. It is a further object of this
      invention to provide coated leather and textile materials.
PAR  According to U.S. Pat. No. 3,479,310 casein may be added to polyurethane
      dispersions as a protective colloid. That means for everyone skilled in
      the art that about 1 to 6% by weight (based on solids content) may be
      used.
PAR  Finishes for leather based on a polyurethane dispersion containing about 1
      to 6% by weight of the protective colloid casein have a good fastness to
      wet rubbing; their dry rub fastness, however, is very bad and they have an
      unpleasant draggy and tacky handle. (The dry rub fastness may be measured
      according to Satra in Journal Society of Leather Trade's Chemists 41
      (1957), page 120). If the base coats are rubbed against one another, there
      is a very strong blocking effect. Thus, in the manufacture of leather
      where the base coated products usually are stored grain side to grain side
      between the various finishing steps, pulling down the leather from the
      pile would be strongly hindered by blocking; the prime coat even could be
      damaged by sticking together of the sheetings or by scouring. Fastness
      properties and tackiness do not alter very much in this case, however, if
      formaldehyde is added to the aqueous liquor.
PAR  The foregoing objects and others which will become apparent from the
      following description are accomplished in accordance with the invention,
      generally speaking, by providing a composition comprising the reaction
      product of (a) at least 10% by weight of solubilized casein (based on
      polyurethane solids) (b) polyurethanes which can be dispersed in water and
      (c) formaldehyde.
PAR  Thus, it is possible to avoid the aforesaid disadvantages by increasing the
      concentration of solubilized casein well above the amount of a protective
      colloid. The higher the content of casein in the base coat, however, the
      more pronounced its hydrophilic properties. Owing to the increased
      capability of swelling in water, the wet rub fastness is decreased
      markedly. These difficulties are overcome, however, if according to the
      invention both formaldehyde and more than about 10% by weight of
      solubilized casein (based on polyurethane solids) are added to the
      polyurethane dispersion. The dry rub fastness is increased and the
      blocking effect is so slight that the leather can be easily pulled down
      from a pile during manufacture.
PAR  A further increase to dry rub fastness and a further improved dry handle of
      the leather (without any deleterious effect on wet rub fastness) may be
      achieved by adding still more solubilized casein; i.e., preferably at
      least 14% by weight and most preferably at least 17% by weight solubilized
      casein based on polyurethane solids.
PAR  Resistance to hot ironing and behavior during lasting with hot clamps are
      also improved considerably when the leather is finished with coatings
      according to the invention.
PAR  The solubilized casein employed in the manufacture of the coating
      composition of the invention is to be understood as the commercially
      available casein which has been treated that is to say rendered
      water-soluble, with either acids or bases. The manufacture of solubilized
      casein is well known and described, for example, in W. Grassmann, Handbuch
      der Gerbereichemie und Lederfabrikation (handbook of Tannery Chemistry and
      Leather Manufacture) I/part 1, page 724 and thereafter, 2nd edition
      (1961). Instead of acid-treated casein, it is also possible to use casein
      modified by alkoxylation. The manufacture of an alkoxylated casein is
      described, for example, in German Patent Specification 574,841.
PAR  In manufacturing the reaction products to be used according to the
      invention care must be taken that acid-treated casein should be reacted
      with non-ionically emulsified polyurethanes or with cationic or
      cationically emulsified polyurethanes whereas base-treated casein should
      be reacted with non-ionically emulsified polyurethanes or with anionic or
      anionically emulsified polyurethanes. The casein solutions may contain
      customary casein plasticizers such as, for example, glycols, polyols,
      polyetherglycols, turkey red oils and the like.
PAR  By the water-dispersible polyurethanes to be employed for the manufacture
      of the reaction products to be used according to the invention these are
      to be understood as the known polyurethanes, and in particular both (A)
      the non-ionic polyurethanes which can be dispersed in water by means of
      conventional emulsifiers and high shear mixing, and (B) the so-called
      self-dispersible polyurethanes which contain ionic groups.
PAR  The polyurethanes of type (A) or their aqueous dispersions are prepared
      from prepolymers containing isocyanate groups and chain lengthening agents
      which are dissolved in water, such as for example, primary or secondary
      amines, in the presence of emulsifiers and using high shear mixing. The
      manufacture of such polyurethanes or of their aqueous dispersions is
      described, for example, in British Patent 791,851 and U.S. Pat. Nos.
      3,148,173; 3,294,724 and 3,410,817.
PAR  The preparation of the polyurethanes of the type (B) or of their aqueous
      dispersions may be effected, for example, by dissolving prepolymers in
      organic solvents, such as for example, acetone, and dispersing these
      solutions in water after addition of chain lengthening agents carrying
      ionic groups or groups which can be converted into such. Since these
      systems are selfemulsifying, no emulsifiers and only low shear forces are
      required. After distilling off the solvent, the aqueous polyurethane
      dispersions remain.
PAR  The preparation of these polyurethanes or of their aqueous dispersions is
      described, for example, in German Pat. Nos. 1,178,586 and 1,237,306 U.S.
      Pat. No. 3,479,310 and British Pat. No. 1,076,688.
PAR  In the preparation of the coating compositions of the invention, the
      water-dispersible polyurethanes are preferably employed in the form of
      their aqueous dispersions.
PAR  The formaldehyde used according to the invention may be employed as
      monomeric formaldehyde in the gaseous state or in aqueous solution, for
      example, as a 10% or 30% by weight formaldehyde solution. Polymeric
      formaldehyde in an anhydrous form such as, for example, paraformaldehyde
      or trioxane are also suitable. Instead of formaldehyde, equivalent amounts
      of compounds which split off formaldehyde can also be used. Examples of
      such compounds which split off formaldehyde are trioxane, methylal,
      hexamethylenetetramine, oligo-methylol compounds, such as, dimethylolurea,
      hexamethylolmelamine, tetramethylolacetone and hexamethylolacetone.
      Methylolethers may also be employed if they are used together with acid
      catalysts and hence are present partly as free methylol compounds or free
      formaldehyde. Such methylol-ethers are, for example, urea-methylol-ether
      and hexamethylolmelamine-methyl-ether. In general, however, the use of
      aqueous formaldehyde solutions is preferred.
PAR  The reaction of the starting materials (a), (b) and (c) is preferably
      effected by bringing the components together, applying the reaction
      mixture to the substrates, and heating it to from about 40.degree. to
      about 140.degree.C, preferably from about 60.degree.C to about 90.degree.C
      until the water has evaporated. In particular, in the case of direct
      coating the crosslinking reaction takes place directly on the leather or
      the textile material. If, conversely, coating is carried out by the
      transfer method, the reaction takes place on a support, for example,
      release paper, release film, a steel matrix or matrices of siliconized
      rubber, in which case the leather or textile can still be laid, pressed or
      ironed on before completion of the reaction and the coated material can be
      separated from the carrier, again after brief warming within the range of
      temperatures stated hereinabove. Particularly welladhering coatings are
      obtained if the coating mixtures are applied to the substrates to be
      coated before completion of the crosslinking reaction. The coatings then
      adhere so well that an additional coating of adhesive is superfluous.
PAR  It has proved particularly advantageous to employ reaction products of (b)
      and (c) instead of using the compenents (b) and (c) separately. These
      reaction products and their manufacture are described for example, in
      Bristish Pat. No. 1,244,701. They are obtained, for example, by reacting
      prepolymers carrying ionic groups or groups convertible into such, firstly
      with urea or its derivatives capable of reacting with formaldehyde and
      isocyanate groups, and subsequently with formaldehyde or compounds which
      split off formaldehyde. The reaction with formaldehyde is carried out
      before, during or after the dispersion of the prepolymer-urea reaction
      product.
PAR  In the manufacture of the compositions to be used according to the
      invention it has proved advantageous to employ the components (a), (b) and
      (c) in such amounts that from about 10 to about 1,000 preferably from
      about 20 to about 700 and most preferably, from about 50 to about 600
      parts by weight of water-dispersible polyurethane and from about 1 to
      about 60, preferably from about 5 to about 50 parts by weight of
      formaldehyde are present per 100 parts by weight of solubilized casein
      solids. The total water content of the coating compositions may vary
      within wide limits, e.g. between about 65% by weight and 98% by weight.
      Preferred is a water content of about 75% to 95% by weight.
PAR  The compositions of the invention are suitable for coating textile
      materials of natural fibers, for example, cotton, or of synthetic fibers,
      such as synthetic polyamides, polyesters and polyacrylonitrile and have
      proved particularly suitable for coating leather. The reaction products to
      be used according to the invention may be used both as a bottom or as a
      top coat, and also as a final finish. As a bottom, softer combinations are
      employed whereas as a final finish harder combinations are employed. The
      hardness can be influenced both by increasing the amount of casein and by
      using harder polyurethanes. The levelling during application can be
      improved, if necessary, by adding customary solvents, such as esters,
      ketones and alcohols.
PAR  The reaction products of the invention may be blended with customary
      polymers, for example, polyethylenes, polypropylenes, polyvinyl acetates,
      ethylene vinyl acetate copolymers, ethylene copolymers and
      styrene-butadiene-acrylonitrile copolymers in order to achieve special
      properties or to provide less expensive coatings. Inactive fillers, such
      as carbon black, silica, talc, kaolin, titanium dioxide and the like may
      also be used conjointly.
PAR  The invention is further illustrated but is not intended to be limited by
      the following examples wherein all parts and percentages are by weight,
      unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  A primer mixture of about 100 parts of a commercially available 10% casein
      solution obtained by treatment of casein with ammonia, and additionally
      containing pigment and customary casein plasticizers as mentioned above,
      about 150 parts of the 40% strength aqueous anionic emulsifier-free
      polyurethane dispersion I described below, about 300 parts of a 10%
      strength formaldehyde solution and about 450 parts of water is applied by
      repeated spraying or oozing, onto a Nappa cowhide which has been
      chrome-tanned and pre-dyed with an aniline dyestuff, the leather being
      dried for about 3 minutes at 40.degree.C. between each application.
PAR  A primed leather is obtained which displays a pleasant dry and nevertheless
      soft and supple handle.
PAR  The amount of the coating composition being applicated to the substrate
      depends on the quality of the leather. One application of about 15
      g/square foot may be sufficient for leather of high quality; five or more
      applications of about 20 g/square foot, however, may be necessary, if the
      leather has worse quality.
PAR  Compared to the bottom obtained in accordance with Deutsche Auslegeschrift
      (German Published Specification) 1,278,064, the bottom according to the
      invention is distinguished by substantially increased dry rub resistance
      and resistance to rubbing with solvents, while having the same crease
      resistance. Furthermore, the leather dressed in accordance with the
      invention shows better sealing, somewhat higher gloss, better resistance
      to hot ironing and better adhesion.
PAR  The bottomed leather is given a final finish both with commercially
      available finishes based on casein or nitrocellulose, such as described by
      W. Grassmann, Handbuch der Gerbereichemie und Lederfabrikation, (Handbook
      of Tannery Chemistry and Leather Manufacture), volume III/I, page 889 for
      casein and page 892 for nitrocellulose, and with commercially available
      polyurethane lacquers which are applied either as reactive two-component
      lacquers or as reactive one-component lacquers. The level of fastness of
      the bottom according to the invention remains distinctly superior to a
      normal, hitherto customary leather bottom, independently of the final
      finish.
PAR  The 40% strength aqueous anionic emulsifier-free polyurethane dispersion I
      employed is prepared as follows:
PAR  A pre-adduct obtained from 218.5 parts of adipic acid
      hexanediol/neopentylglycol polyester (OH number: 63) and 55 parts of
      1,6-hexanediisocyanate is taken up in 1000 parts by volume of acetone
      (water content: 0.18%) and treated, at about 55.degree.C, with a mixture
      of 7.5 parts of ethylenediamine, 15.3 parts of 1,3-propanesultone and 12.6
      parts of triethylamine in 40 parts by volume of water. After adding 350
      parts by volume of water the acetone is distilled off in vacuo. A 36.6%
      colloidal solution having a pH-value of about 6 is obtained.
PAR  An equivalent bottom is also obtained if instead of the 150 parts of the
      polyurethane dispersion I employed above 160 parts of the polyurethane
      dispersion II, about 130 parts of the polyurethane dispersion III or 150
      parts of the polyurethane dispersion IV are used.
PAL  Polyurethane Dispersion II
PAR  To manufacture the pre-adduct, 218.5 parts of adipic acid
      hexanediol/neopentylglycol polyester (OH number: 63) and 30.6 parts of
      1,6-hexanediisocyanate are stirred for about 2 hours at about
      120.degree.C. After cooling, the melt is taken up in acetone and 32.2
      parts of an aqueous 20% sodium taurine solution are added. After adding
      about 320 parts by volume of water and distilling off the acetone, a latex
      having a solids content of 39% and a pH-value of about 6 to 7 is obtained.
      The content of sulphonate groups in the polyurethane is 1.37%.
PAL  Polyurethane Dispersion III:
PAR  250 parts of a polypropylene glycol ether (OH number: 56) are stirred for 2
      hours at about 120.degree.C with 126.2 parts of toluylenediisocyanate
      (isomer mixture of 65% 2,4-isomer and 35% 2,6-isomer). After cooling to
      about 70.degree.C, a solution of 52 parts of neopentylglycol in 100 parts
      by volume of acetone is added to the mixture. The mixture is warmed to
      about 60.degree.C for 5 hours. 800 parts by volume of acetone are added.
      After addition of a mixture of 50 parts by volume of water, about 3.6
      parts of ethylenediamine, 7.63 parts of 1,3-propanesultone and 25 parts by
      volume of 10% aqueous sodium hydroxide solution, 450 parts by volume of
      water are stirred into the mixture. After distilling off the acetone, a
      stable dispersion having a solids content of 47% is obtained.
PAL  Polyurethane Dispersion IV:
PAR  The polyurethane dispersion is obtained in the same manner as the
      polyurethane dispersion I, except for the difference that the acetone
      solution of the prepolymer is reacted with a mixture of 7.5 parts of
      ethylenediamine, 15.3 parts of 1,3-propanesultone and 70 parts by volume
      of 10% potassium hydroxide solution in 50 parts by volume of water. After
      adding 480 parts by volume of water and distilling off the acetone, a
      36.8% strength latex having a pH-value of about 6 to 7 is obtained.
PAC  EXAMPLE 2
PAR  The leather bottomed in accordance with Example 1, instead of being
      provided with a customary top finish based on casein, as described in W.
      Grassmann, Handbuch der Gerbereichemie und Lederfabrikation (Handbook of
      Tannery Chemistry and Leather Manufacture), volume III/I, page 889, is
      provided with the following top coat: 150 parts of a 15% casein solution
      obtained by solubilization of casein with monoethanolamine and
      additionally containing 8% of the customary plasticizers as mentioned
      above, 150 parts of the aqueous methylolated polyurethane dispersion I
      described below, 300 parts of a 10% formaldehyde solution and 400 parts of
      water.
PAR  After application by spraying (18 g/square foot) the leather is dried for 2
      minutes at about 50.degree.C, until the water has evaporated stacked
      overnight and given a final ironing at about 80.degree.C and about 160
      atmospheres gauge. The resulting leather is distinguished by excellent dry
      and wet fastness properties and fastness to creasing and light, and also
      by a soft, supple handle and good grain structure.
PAR  The polyurethane dispersion I employed above is obtained as follows: 150
      parts (0.086 mol) of a phthalic acid/adipic acid ethylene glycol
      polyester, 150 parts (0.081 mol) of a phthalic acid ethylene glycol
      polyester, 18.8 parts (0.14 mol) of .alpha.,.alpha.'-dimethylolbutyric
      acid and 30 parts by volume of glycol monomethyl ether acetate are heated
      to about 80.degree.C. The mixture is treated with 76 parts of
      1,6-hexanediisocyanate and subsequently warmed to about 85.degree. to
      90.degree.C for 45 minutes. The mixture is then heated to about
      120.degree.C, 20 parts of urea is added and the whole is heated to about
      135.degree.C for 1 hour. After cooling to about 110.degree.C the melt,
      which is now free of isocyanate groups, is converted into a dispersion by
      successive dropwise addition of the following: an aqueous solution of 12
      parts of dimethylaminoethanonl in 100 parts by volume of water, 350 parts
      by volume of water and an aqueous solution of 50 parts by volume of 30%
      formaldehyde solution in about 250 parts by volume of water. A latex
      having a solids content of 36% and a pH-value of 5.8 is obtained.
PAR  An equivalent top finish is obtained if instead of the polyurethane
      dispersion employed the same amount of one of the polyurethane dispersions
      II or III described below is used.
PAL  Polyurethane Dispersion II:
PAR  500 parts of phthalic acid ethylene glycol polyester (molecular weight:
      1,350) and 52 parts of urea are mixed with 190.5 parts of
      1,6-hexanediisocyanate at about 75.degree.C and heated. An exothermic
      reaction starts at about 130.degree.C and the temperature rises to
      151.degree.C. After the reaction subsides and the mixture is cooled to
      120.degree.C, 53.5 parts of citric acid are added. A strong reaction
      starts immediately, with the mixture assuming a yellow color and foaming
      up, in the course of which the temperature first drops to 90.degree.C and
      subsequently again rises to about 120.degree.C. A solution of 29.2 parts
      of diethanolamine in 80 parts by volume of water added over the course of
      3 minutes, 64.5 parts by volume of aqueous formaldehyde solution added
      over the course of about 4 minutes and about 750 parts by volume of water
      added over the course of about 15 minutes are successively introduced at
      100.degree.C. Subsequently, a further 250 parts by volume of water were
      added at about 130.degree.C over the course of about 23 minutes. After
      cooling the reaction mixture, a white, viscous, slightly rheopetic latex
      is obtained.
PAL  Polyurethane dispersion III:
PAR  A solution of 31.6 parts of maleic ureide and 14 parts of potassium
      hydroxide in 144 parts of an aqueous 20% sodium taurine solution are added
      all at once, at about 80.degree.C. to 304 parts of a prepolymer obtained
      by heating 200 parts of adipic acid diethylene glycol ester and 254 parts
      of 1,6-hexamethylenediisocyanate. 60 parts by volume of a 30% aqueous
      formaldehyde solution are then added over the course of 3 minutes,
      followed by 600 parts by volume of water added over the course of about 8
      minutes. A mobile white latex is obtained, which is adjusted to a pH-value
      of about 4 with 30 parts by volume of 30% aqueous tartaric acid solution.
PAC  EXAMPLE 3
PAR  A matrix of silicone rubber employed for transfer coating is knife-coated
      with a mixture of 400 parts of the 10% aqueous casein solution described
      in Example 1 and 600 parts of the polyurethane dispersion I described in
      Example 2, such that after evaporation of the water the layer thickness is
      about 400 .mu..
PAR  Immediately after the knife-coating, a chrome-tanned split leather is
      pressed onto the coated matrix, the combination is subsequently dried for
      about 100 minutes at about 70.degree.C and the coated split leather is
      removed from the matrix. The leather is subsequently dried for about 3
      hours at about 80.degree.C in a drying chamber. The coated split leather
      is distinguished by a fine fold pattern of the layer of dressing on the
      leather and showed no cracks even after 50,000 dry and wet folds in a
      Bally Flexometer. The leather has a pleasant handle; on lasting the
      leather, the split-like leather structure is no longer visible.
PAR  Instead of split leather, a cotton fabric and a polyester fabric, are also
      applied to the coated matrix. A coated textile material distinguished by
      very good fastness to creasing is obtained.
PAR  A customary top finish is applied to the coating in order to influence the
      handle, impart color or produce matting. This finish may be applied as a
      first layer to the matrix.
PAR  Very resistant coatings are obtained by first spraycoating the matrix with
      a mixture of 150 parts of a 10% aqueous solution of a casein which has
      been solubilized with acetic acid 270 parts of the 30% emulsifier-free
      methylolated cationic polyurethane dispersion I described below and 580
      parts of water. The coated matrix is dried, followed by knife-coating the
      anionic mixture, described in the first part of this example, onto this
      cationic layer and applying the substrate to be coated onto this anionic
      layer. The adhesion of the cationic and anionic layers to one another is
      excellent. As a result of the application of the cationic finish layer,
      the application of a top finish to the anionic layer is superfluous.
PAR  The cationic polyurethane dispersion I employed is prepared as follows:
      Starting Materials: 500 parts of phthalic acid/adipic acid ethylene glycol
      polyester (1:1:2.3; average molecular weight 1,650), 50 parts of
      N-methyl-diethanolamine, 52 parts of urea, 194.5 parts of
      1,6-hexanediisocyanate, 19.6 parts of chloroacetamide, 12.6 parts of
      acetic acid, 129 parts by volume of 30% aqueous formaldehyde solution, 30
      parts by volume of glycol monomethyl ether-acetate and 1,400 parts by
      volume of water.
PAR  Procedure: The hexanediisocyanate is introduced over the course of about
      one hour into a mixture of the polyester, N-methyldiethanolamine and urea,
      at about 60.degree.C. The temperature of the mixture rises to 112.degree..
      After heating to 120.degree.C the temperature rises further to
      132.degree.C. Chloroacetamide is then added and rinsed down with glycol
      monomethyl ether acetate. The reaction mixture is heated to about
      130.degree.C for about 10 minutes and then cooled to about 100.degree.C.,
      and the water and acetic acid are then added dropwise over the course of
      about 45 minutes while maintaining a temperature of from 100.degree. to
      110.degree.C. An opaque 32% strength sol was obtained having a pH-value of
      about 5.
PAR  Equal success is achieved by using one of the polyurethane dispersions II,
      III or IV described below in place of the cationic polyurethane dispersion
      I described above.
PAL  Polyurethane Dispersion II:
PAR  Starting Materials: 500 parts of phthalic acid ethylene glycol polyester
      (average molecular weight 1,350), 30 parts of N-methyl-diethanolamine, 60
      parts of urea, 188 parts of 1,6-hexanediisocyanate, 21 parts of
      chloroacetamide, 1.7 parts of acetic acid, 120 parts by volume of 30%
      aqueous formaldehyde solution, 680 parts by volume of water and 20 parts
      by volume of glycol monomethyl ether acetate.
PAR  Procedure: The mixture of polyester, N-methyl-diethanolamine and urea is
      heated to about 85.degree.C and quickly mixed with hexanediisocyanate. The
      reaction starts after about 2 minutes. Cooling means are used to prevent
      the temperature from rising to about 150.degree.C. The viscous reaction
      mass is treated, at about 130.degree.C, with chloroacetamide and
      subsequently with glycol monomethyl ether acetate. After stirring for a
      further 30 minutes at about 130.degree.C the solution of the acetic acid
      in about 80 parts by volume of water is added dropwise, over the course of
      about 3 minutes, to the highly viscous clear melt in the course of which
      the melt remains clear. Thereafter the formaldehyde solution is added
      dropwise at about 90.degree.C over the course of about 20 minutes,
      followed by the remaining water added at about 130.degree.C over the
      course of about 50 minutes. A relatively coarsely dispersed thick latex
      was obtained. (Solids content: 52%; pH value about 5 to 6).
PAL  Polyurethane Dispersion III:
PAR  Starting Materials: 500 parts of phthalic acid ethylene glycol polyester
      (molecular weight 1,850), 50 parts of N-methyldiethanolamine, about 52
      parts of urea, about 194.5 parts of 1,6-hexanediisocyanate, 25 parts of
      acetic acid, 129 parts by volume of 30% aqueous formaldehyde solution and
      1,500 parts by volume of water.
PAR  The reaction of the components takes place as described for the manufacture
      of the cationic polyurethane dispersion I, with the sole difference that
      in this mixture the addition of monochloroacetamide and glycol monomethyl
      ether acetate is omitted.
PAL  Polyurethane Dispersion IV:
PAR  1,000 parts of an adipic acid hexanediol/neopentylglycol polyglycol ester
      (average molecular weight 1,740) are reacted with 201 parts of
      1,6-hexanediisocyanate for about 1 hour at 130.degree.C. and 107 parts of
      dimethylaminoethanol are subsequently added at about 80.degree.C. When the
      strongly exothermic reaction subsides, the mixture is warmed to
      130.degree.C after about 30 minutes. A light viscous polyurethane resin
      having an average molecular weight of about 2,200 and containing terminal
      tertiary amino groups is obtained. 218 parts of this resin are heated with
      20.6 parts of monochloroacetamide to 120.degree.C for about 1 hour,
      whereby a polyurethane resin with quaternary ammonium groups and terminal
      carbonamide groups is produced. This is treated, at about 100.degree.C
      firstly with 30 parts by volume of water, then with 80 parts by volume of
      a 30% aqueous formaldehyde solution and finally with 300 parts by volume
      of water. A 42% strength latex was obtained. The examples thus demonstrate
      that between 218 and 887 parts of water dispersible polyurethane and
      between 18 and 300 parts of formaldehyde per 100 parts by weight of
      solubilized casein (solid material) are suitable for the production of
      coating compositions of the present invention. The examples in which an
      anionic polyurethane dispersion is used in preparing the coating
      composition (Examples 1, 2 and page 13 lines 10 to 28 of Example 3)
      demonstrate a range of 218 to 624 parts of water dispersible polyurethane
      and 18 to 300 parts of formaldehyde per 100 parts of solubilized casein
      (solid material).
PAR  Although the invention is described in considerable detail in the foregoing
      examples, it is to be understood that such examples are presented solely
      for purposes of illustrating the best mode of practicing the invention and
      it is to be understood that many variations may be made by those skilled
      in the art without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coating composition comprising the reaction product of (a) solubilized
      casein (b) water-dispersible polyurethane and (c) formaldehyde, in such
      proportions that from about 10 to about 1,000 parts by weight of (b) and
      from about 1 to about 60 parts by weight of (c) are present per 100 parts
      by weight of solid material (a) wherein the reactants are reacted at
      temperatures between 40.degree. and 140.degree.C.
NUM  2.
PAR  2. The composition of claim 1 wherein component (a) is a base treated
      casein and component (b) is selected from the group consisting of
      non-ionically emulsified, anionic or anionically emulsified polyurethanes.
NUM  3.
PAR  3. The composition of claim 1 wherein component (a) is reacted with the
      reaction product of components (b) and (c).
NUM  4.
PAR  4. The composition of claim 1 wherein component (b) is present in an amount
      of about 20 to about 700 parts by weight.
NUM  5.
PAR  5. The composition of claim 1 wherein component (b) is present in an amount
      of about 50 to about 600 parts by weight.
NUM  6.
PAR  6. A process for coating leather or textile materials comprising applying
      an aqueous dispersion of the reactants of claim 1 to a suitable substrate
      at room temperature and heating the coated substrate to a temperature of
      from about 40.degree. to about 140.degree.C.
NUM  7.
PAR  7. A coated textile material prepared by the process of claim 6.
NUM  8.
PAR  8. A coated leather material prepared by the process of claim 6.
NUM  9.
PAR  9. A coating composition comprising the reaction product of (a) solubilized
      casein (b) water dispersible polyurethane and (c) formaldehyde, in such
      proportions that from 218 to 887 parts by weight of (b) and from 18 to 300
      parts by weight of (c) are present per 100 parts by weight of solid
      material (a) wherein the reactants are reacted at temperatures between
      40.degree. and 140.degree.C.
NUM  10.
PAR  10. A coating composition comprising the reaction production of (a)
      solubilized casein (b) water-dispersible polyurethane and (c)
      formaldehyde, in such proportions that from 218 to 624 parts by weight of
      (b) and from 18 to 300 parts by weight of (c) are present per 100 parts by
      weight of solid material (a) wherein the reactants are reacted at
      temperatures between 40.degree. and 140.degree.C.
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PAL  Compounds of the formula
      ##EQU1##
      wherein R is C.sub.n H.sub.2n and wherein n is an integer of 1 to 11, and
      wherein Y is the sulfonic acid (--SO.sub.3 H) group or carboxylic acid
      (--CO.sub.2 H) group, have been found to have fungicidal activity. The
      compounds can be used in the free acid or salt form.
BSUM
PAR  The present invention relates to the use of guanido compounds as
      fungicides. They are effective against a broad range of fungi and can be
      used, for example, as protectant foliar fungicides and as systemic
      fungicides, while having little phytotoxic activity.
PAR  The compounds employed in the present invention have the formula
      ##EQU2##
      wherein R is C.sub.n H.sub.2n, and wherein n is an integer of 1 to 11,
      preferably from 1 to 7, and wherein Y is a sulfonic acid (--SO.sub.3 H)
      group or carboxylic acid (--CO.sub.2 H) group. There can also be used
      salts thereof.
PAR  Guanido acids per se are known in the art. They can be prepared for example
      in the manner shown in Garst U.S. Pat. Nos. 2,766,282, Vassel, 2,654,779,
      Vassel, 2,759,017, Brand et al., Org. Synth. Vol. 22, page 59 et seq.,
      (1942), Walter, Angew. Chem. Vol. 67, page 275 et seq., (1955), Fasold et
      al, Biochem Z., Vol. 335, page 86 et seq., (1961), Makisumi, J. Biochem.
      (Tokyo) Vol. 49,page 284 et seq., (1961) and Cramer Chem. Br. Vol. 92,
      page 392 et seq. (1952). The compounds can also be prepared as shown in
      Examples 1 and 2 below.
PAR  Examples of suitable guanido compounds for use in the invention include
      glycocyamine, N-methylglycocyamine (creatine), caprocyamine,
      alpha-guanido-n-butyric acid, alpha-guanido-propionic acid, valerocyamine,
      omega-guanido-pelargonic acid, omega guanido lauric acid,
      omega-guanido-decanoic acid, taurocyamine, guanido-methanesulfonic-acid,
      alpha-guanido-propanesulfonic acid, 3-guanido-propanesulfonic acid,
      4-guanido-n-butanesulfonic acid, 6-guanido-hexanesulfonic acid,
      8-guanido-octanesulfonic acid, 10-guanido-decane-sulfonic acid,
      11-guanido-undecanesulfonic acid.
PAR  There can also be used any of the conventional salts wherein the hydrogen
      atom of the carboxyl acid or sulfonic acid group is replaced by a metal,
      an ammonium or an amine group. Thus, there can be used, for example, salts
      of an alkali metal, e.g., sodium, potassium or lithium or of an alkaline
      earth metal, e.g., magnesium, calcium or barium or an ammonium salt or a
      salt of an amine, e.g., of the formula:
      ##EQU3##
      where R.sub.4, R.sub.5 and R.sub.6 may be the same or different and are
      suitably hydrogen, alkyl of up to 18 carbon atoms, e.g., methyl, ethyl,
      propyl, butyl, hexyl, decyl, dodecyl, hexadecyl, octadecyl, isopropyl,
      isodecyl, or aryl, e.g., phenyl or tolyl, hydroxyalkyl, e.g., hydroxyethyl
      and hydroxylpropyl. Suitable amines include: ammonia, alkanolamines, such
      as diethanolamine, triethanolamine, ethanolamine, dipropanolamine,
      isopropanolamine, dimethylamine, triethylamine, trimethylamine,
      methylamine, ethylamine, diethylamine, dibutylamine, octadecylamine,
      hexadecylamine, tributylamine, aniline, methylphenylamine, diphenylamine,
      dimethylphenylamine, triphenylamine, N-methylaniline, p-methylaniline,
      dodecylamine.
PAR  Specific salts include, for example, the sodium salt of caprocyamine,
      sodium salt of taurocyamine, potassium salt of caprocyamine, potassium
      salt of taurocyamine, calcium salt of caprocyamine, calcium salt of
      taurocyamine, dimethylamine salt of caprocyamine, dimethylamine of
      taurocyamine, ammonium salt of caprocyamine, ammonium salt of
      taurocyamine.
PAR  The salts can be prepared in conventional fashion, e.g., the dimethylamine
      salt can be formed by allowing the free caprocyamine or taurocyamine to
      stand in excess liquid dimethylamine, e.g., at 0.degree.-5.degree. C. or
      the sodium salt can be prepared by mixing a solution of caprocyamine or
      taurocyamine in methyl alcohol with a solution of sodium hydroxide in
      methyl alcohol.
PAR  The fungicides and insecticides of the present invention can be used alone
      or they can be applied together with inert solids to form dusts, or can be
      suspended in a suitable liquid diluent, e.g., organic solvents or water.
PAR  There can also be added surface active agents or wetting agents and/or
      inert solids in the liquid formulations. In such case, the active
      ingredient can be from 0.01 to 95 percent or more by weight of the entire
      composition.
PAR  As organic solvents there can be employed hydrocarbons, e.g., benzene,
      toluene, xylene, kerosene, diesel fuel, fuel oil, and petroleum naphtha,
      ketones such as acetone, methyl ethyl ketone and cyclohexanone,
      chlorinated hydrocarbons such as carbon tetrachloride, chloroform,
      trichloroethylene, and perchloroethylene, esters such as ethyl acetate,
      amyl acetate and butyl acetate, ethers, e.g., ethylene glycol monomethyl
      ether and diethylene glycol monomethyl ether, alcohols, e.g., methanol,
      ethanol, isopropanol, amyl alcohol, ethylene glycol propylene glycol,
      butyl Carbitol acetate and glycerine, mixtures of water and organic
      solvents, either as solutions or emulsions, can be employed.
PAR  The compounds can also be applied as aerosols, e.g., by dispersing them in
      air by means of a compressed gas such as dichlorodifluoromethane or
      trichlorofluoromethane and other Freons and Genetrons, for example.
PAR  The compounds can also be applied with adjuvants or carriers such as talc,
      pyrophyllite, synthetic fine silica, attapulgus clay, kieselguhr, chalk,
      diatomaceous earth, lime, calcium carbonate, bentonite, fuller's earth,
      cottonseed hulls, wheat flour, soybean flour, pumice, tripoli, wood flour,
      walnut shell flour, redwood flour and lignin.
PAR  As stated, it is frequently desirable to incorporate a surface active agent
      in the compositions of the present invention. Such surface active or
      wetting agents are advantageously employed in both the solid and liquid
      compositions. The surface active agent can be anionic, cationic or
      nonionic in character. When a surface active agent is present, it is
      usually employed in an amount of 0.05 - 1% by weight.
PAR  Typical classes of surface active agents include alkyl sulfonate salts,
      alkylaryl sulfonate salts, alkylaryl polyether alcohols, fatty acids
      esters of polyhydric alcohols and the alkylene oxide addition products of
      such esters and addition products of long chain mercaptans and alkylene
      oxides. Typical examples of such surface active agents include the sodium
      alkylbenzene sulfonates having 10 to 18 carbon atoms in the alkyl group,
      alkylphenol ethylene oxide condensation products, e.g., p-isooctylphenyl
      condensed with 10 ethylene oxide units, soaps, e.g., sodium stearate and
      potassium oleate, sodium salt of propylnaphthalene sulfonic acid,
      di(2-ethylhexyl) ester of sodium sulfosuccinic acid, sodium lauryl
      sulfate, sodium decane sulfonate, sodium salt of the sulfonated
      monoglyceride of coconut fatty acids, sorbitan sesquioleate, lauryl
      trimethyl ammonium chloride, octadecyl trimethyl ammonium chloride,
      polyethylene glycol lauryl ether, polyethylene glycol esters of fatty
      acids and rosin acids, e.g., Ethofat 7 and 13, sodium N-methyl-N-oleyl
      taurate, Turkey Red Oil, sodium dibutyl naphthalene sulfonate, sodium
      lignin sulfonate, polyethylene glycol stearate, sodium dodecylbenzene
      sulfonate, tertiary dodecyl polyethylene glycol thioether (Nonionic 218),
      long chain ethylene oxidepropylene oxide condensation products, e.g.,
      Pluronic 61 (molecular weight 1000), polyethylene glycol ester of tall oil
      acids, sodium octyl phenoxyethyoxyethyl sulfate, tris(polyoxyethylene)
      sorbitan monostearate (Tween 60), and sodium dihexyl sulfosuccinate.
PAR  The compounds can also be entrapped in water soluble hydrophilic
      homopolymers, e.g., polyvinylpyrrolidone, polyacrylamide or
      polymethacrylamide, or water soluble copolymers of these materials with
      hydroxyethyl acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate,
      hydroxypropyl methacrylate, as well as any of water soluble hydrophilic
      copolymers set forth in Gould U.S. Pat. No. 3,576,760, the entire
      disclosure of which is incorporated by reference. Thus the procedure of
      Gould Example 22 can be used replacing the 2,4- dichlorophenoxyacetic acid
      by one gram of the fungicidally active caprocyamine.
PAR  The guanido compounds can also be incorporated in photodegradable polymers
      such as polyethylene, polypropylene, polybutene or copolymers such as
      ethylene-propylene copolymers which are applied as agricultural mulches
      and used in pesticidal applications, especially fungicidal applications.
      Typical examples of suitable photodegradable polymer compositions include
      those set forth in Shepherd U.S. Pat. No. 3,590,528, Newland U.S. Pat. No.
      3,592,792, Field U.S. Pat. No. 3,341,357, Moore U.S. Pat. No. 3,320,695,
      Newland U.S. Pat. No. 3,454,570, and German Offenlegungsschrift No.
      2,158,379.
PAR  The guanido compounds of formulations containing same can also be admixed
      with hydrophilic polymers, either of the water-soluble or the
      water-insoluble type. Thus for controlled release of the fungicide of the
      present invention it can be entrapped in a hydrophilic polymer, e.g., in
      the form of a powder in the manner shown for medicines, flavors,
      fragrances, etc., in Shepherd U.S. Pat. No. 3,618,213. As hydrophilic
      polymers there can be used water-insoluble polymers of water-soluble
      hydroxyalkyl acrylates and methacrylates such as hydroxyethyl acrylate,
      hydroxypropyl acrylate, hydroxyethyl methacrylate, hydroxypropyl
      methacrylate, diethylene glycol monoacrylate, diethylene glycol
      monomethacrylate, dipropylene glycol monoacrylate, dipropylene glycol
      monomethacrylate or polymers of acrylamine, methacrylamide, vinyl
      pyrrolidone, and copolymers with polyethylenically unsaturated cross
      linking agents such as ethylene glycol dimethacrylate, ethylene glycol
      diacrylate, propylene glycol diacrylate, propylene glycol dimethacrylate,
      butylene dimethacrylate, divinyl benzene, triallyl melamine,
      N,N'-methylene bisacrylamide, pentaallyl sucrose, diallyl itaconate, allyl
      maleate, divinyl ether and others such as any of those set forth in
      Shepherd U.S. Pat. No. 3,575,123, col. 3, lines 15-35 for example. The
      cross linking agent can be present in an amount of 0.05% to 15% and upward
      to about  20%, usually 0.1 to 2.5% of the hydrophilic monomer.
PAR  There can also be included ethylenically unsaturated acids or salts thereof
      such as acrylic acid, cinnamic acid, methacrylic acid, itaconic acid,
      fumeric acid, maleic acid or partial esters such as 2-hydroxypropyl
      itaconate, 2-hydroxypropyl itaconate, 2-hydroxyethyl maleate, etc. There
      can also be used any of the other copolymerizable monomers set forth in
      the Shepherd patent the entire disclosure of which is hereby incorporated
      by reference.
PAR  The solid and liquid formulations can be prepared by any of the
      conventional procedures. For example, the compounds of the present
      invention can be applied to soil, growing plants, e.g., trees, cotton
      plants, wheat and other grain plants, vegetable plants, seeds, fabrics,
      etc., to give fungicidal protection.
PAR  The guanido compounds can be employed as fungicides and insecticides using
      effective amounts for the intended purpose. In general, these compounds
      can be employed at widely varying rates, e.g., 0.1 to 100 lbs/acre,
      usually 0.5 to 30 lbs/acre. As foliar fungicides they are usually employed
      at a dosage of 0.1 to 20 lbs/acre. As insecticides they are normally used
      in a dosage of 0.2 to 10 lbs/acre. When the compounds are used as
      fungicides or insecticides on growing crops, e.g., wheat, cotton, barley,
      soybeans, corn, oats, turnips, tomatoes, beans, peas, carrots, broccoli,
      beets, trees, etc., they should not be used in an amount to kill the
      plants. The compounds also can be applied to seeds, or fabrics, etc., as
      fungicides, bactericides or insecticides.
PAR  Unless otherwise indicated, all parts and percentages are by weight.
DETD
PAC  EXAMPLE 1
PAC  Preparation of Caprocyamine (I)
      ##EQU4##
PAR  150 Grams of thiourea and 250 grams of ethyl bromide were warmed in 200 ml
      of absolute ethanol for 3 hours at 55.degree.-65.degree. C. Removal of the
      ethyl bromide and ethanol by vacuum distillation yielded II below in 90%
      yield.
      ##EQU5##
PAR  252 Ml of 2N NaOH were added to 92.5 grams of compound II above in an ice
      bath, followed by the addition of 90 grams of caproic acid in 110 ml hot
      (85.degree. C) H.sub.2 O. The flask was removed from the bath when the
      temperature reached 25.degree. C. A white solid crystallized after
      approximately 3 hours (at 5.degree. C.). Compound I (8% yield) was
      confirmed by elemental analysis for C, H, N, and Cl and by infrared
      spectroscopy.
PAC  EXAMPLE 2
PAC  Preparation of Taurocyamine (III)
      ##EQU6##
PAR  The above procedure of Example 1 was utilized with one modification. The
      solution of taurocyamine in H.sub.2 O was allowed to stand for 24 hours in
      the refrigerator to effect crystallization. Compound III (50% yield) was
      confirmed by elemental analysis for C, H, N, and Cl and infrared
      spectroscopy.
PAR  The test compounds were made up as 50% wettable powders. Thus, the
      composition contained 50% of the Caprocyamine or Taurocyamine, 1.0% Igepan
      AP 78 (coconut oil ester of sodium isethionate) as a wetting agent, 1.0%
      Marasperse N-22 (sodium lignin sulfonate) as a dispersing agent and 48% of
      Microcel C as an inert filler.
PAR  In the foliar fungicide tests, the formulation was applied to the leaves of
      the plant and in the systemic fungicide test the formulation was applied
      to the ground in which the plants were growing.
PAR  The fungicidal activities reported below were obtained employing the
      following general test procedures:
PAC  TEST PROCEDURE FOR PROTECTANT FUNGICIDAL ACTIVITY AGAINST RICE BLAST
      DISEASE, Piricularia oryzae
PAR  Rice plants in fully developed second-leaf growth stage are mounted on a
      compound turntable and sprayed at 40 pounds pressure for 60 seconds with
      the candidate compound at concentrations indicated. Approximately 150 ml
      of test solution are delivered. Candidate samples are prepared for
      spraying by dissolving in a suitable solvent (e.g., methyl alcohol) and
      diluting to desired concentration with deionized water containing wetting
      and dispersing agents.
PAR  After drying, treated plants are spray-inoculated at 30 pounds pressure
      with an aqueous spore suspension of Piricularia oryzae and then
      immediately placed in an incubation chamber maintained at 70.degree. F and
      95% plus RH. After proper incubation time plants are removed to the
      greenhouse for disease development. Infection lesions are sufficiently
      developed within 5 days after inoculation to permit assessment of control.
      Disease severity is determined by actual count of the number of infection
      lesions developing on untreated inoculated controls. Effectiveness of
      treatment is determined by direct comparison of the number of infection
      lesions appearing on the respective treated plants compared directly with
      those lesions appearing on untreated inoculated controls. PMA is used as a
      reference standard. All units of test include a minimum of three
      replicates.
PAC  TEST PROCEDURE FOR PROTECTANT FUNGICIDAL ACTIVITY AGAINST POWDERY MILDEW OF
      CUCUMBERS, Erysiphe cichoracearum
PAR  Candidate compounds are prepared for spraying by dissolving in a suitable
      solvent (e.g., methyl alcohol) and diluting to desired concentration with
      deionized water containing wetting and dispersing agents.
PAR  Straight-eight cucumber (Cumcumis sativas) plants in first true leaf stage,
      approximately 14 to 18 days old, grown under greehouse conditions, are
      mounted on a compound turntable and sprayed to incipient run off at 30 psi
      with candidate compound at concentration indicated, using 30 ml of the
      spray solution per five replicates (equivalent to approximately 200 gpa).
PAR  After treated plants have dried, they are placed among diseased Erysiphe
      cichoracearum cucumber plants according to the pattern below, subjected to
      an initial spore shower by dusting with spores from diseased plants and
      then left undisturbed in place for approximately 10 days. By this
      procedure treated plants are subjected to the cited initial spore shower
      as well as to continuing natural infection pressure from surrounding
      inoculum. Observations 10 days after initial inoculation determine
      effectiveness of treatments. Untreated controls will generally reflect 75
      to 100% leaf area diseased at this time. Effectiveness of treatment is
      determined by direct comparison of the average percentage leaf area
      infection on treated plants with the average percentage leaf area
      infection on untreated inoculated control. Karathane is used as a
      reference standard.
PAC  TEST PROCEDURE FOR PROTECTANT FUNGICIDAL ACTIVITY AGAINST LEAF RUST OF
      WHEAT, Puccinia rubigo-vera
PAR  Cheyenne wheat plants, Triticum vulgare, approximately 7 to 8 days old and
      4 to 5 inches tall are mounted on a compound turntable and sprayed at 40
      pounds pressure for 60 seconds with respective candidate compounds at
      concentrations indicated. Candidate compounds are prepared for spraying by
      dissolving in a suitable solvent system, e.g., methyl alcohol and diluting
      to desired concentration with deionized water containing wetting and
      dispersing agents.
PAR  After drying, treated plants are dusted with spores of Puccinia rubigo-vera
      directly from diseased plants and then immediately placed in an incubation
      chamber maintained at 70.degree. F and 95% plus RH. After the proper
      incubation period, plants are removed to the greenhouse for disease
      development.
PAR  Disease severity (infection pressure) is determined by actual count of
      developed pustules on inoculated but otherwise untreated controls. Control
      effectiveness is determined by actual count of the number of developed
      pustules appearing in the respective treatments compared directly to
      equivalent developed pustules developing on inoculated but otherwise
      untreated controls. Maneb is used as a reference standard. All units of
      test include a minimum of three replicates.
PAC  TEST PROCEDURE FOR PROTECTANT FUNGICIDAL ACTIVITY AGAINST BACTERIAL LEAF
      SPOT OF TOMATOES, Xanthomonas vesicatoria
PAR  Bonny Best tomato plants approximately 6 to 7 weeks old, in six to
      seven-leaf growth stage, are mounted on a compound turntable and sprayed
      at 35 pound pressure for 50 seconds with the candidate compound as
      concentrations indicated. Approximately 150 ml of test solution is
      delivered. Candidate samples are prepared for spraying by dissolving in a
      suitable solvent (e.g., methyl alcohol) and diluting to desired
      concentration with deionized water containing wetting and dispersing
      agents.
PAR  After drying, treated plants are spray-inoculated at 30 pounds pressure
      with an aqueous cell suspension of Xanthomonas vesicatoria containing 5
      percent Carborundum and then immediately placed in an incubation chamber
      maintained at 70.degree. F and 95% plus RH. After 40 hours in the
      incubation chamber, plants are removed to the greenhouse for further
      development of infection lesions. Disease severity is determined by count
      of lesions present on six to seven treated leaves. Effectiveness of
      treatment is determined by direct comparison with inoculated controls.
      Streptomycin sulfate is used as a reference standard.
PAC  TEST PROCEDURE FOR SYSTEMIC PROTECTANT FUNGICIDAL ACTIVITY AGAINST POWDERY
      MILDEW OF CUCUMBERS, Erysiphe cichoracearum
PAR  Straight-eight cucumber plants in first true leaf stage, approximately
      14-18 days old, are used as host plants. Candidate compounds dissolved in
      a suitable solvent system, e.g., methyl alcohol and diluted to appropriate
      concentrations with deionized water are applied to the soil surface of
      respective containers of cucumber plants which in turn are returned to the
      greenhouse.
PAR  Two days after treatment subject plants are placed among diseased (Erysiphe
      cichoracearum) cucumber plants, according to the pattern below, subjected
      to an initial spore shower by dusting with spores from diseased plants and
      then left undisturbed in place for approximately 10 days. By this
      procedure treated plants are subjected to the cited initial spore shower
      as well as to continuing natural infection pressure from surrounding
      inoculum. Observations 10 days after initial inoculation determine
      duration of effectiveness of treatments. Untreated controls will reflect
      75% to 100% leaf area diseased at this time. Effectiveness of treatment is
      determined by direct comparison with untreated inoculated controls.
      Benlate is used as a reference standard. All units of test include a
      minimum of three replicates. The results of the fungicidal tests are set
      forth in Example 3 and Example 4 below.
PAR  Plant injury in Examples 3 and 4 was measured on a 0-10 scale with 0
      denoting no injury and 10 indicating phytotoxicity.
PAC  EXAMPLE 3: -Efficacy of Caprocyamine as a Fungicide
TBL  A.       Foliar Fungicide                                                 
              Formulation: As a 50% wettable powder                            
              Concentration: 0.5 lb/acre                                       
     ______________________________________                                    
     Disease          % Disease Control:                                       
                      Plant Injury (0-10)                                      
     ______________________________________                                    
     Powdery Mildew                                                            
     Cucumber                                                                  
     Erysiphe cichoracearum                                                    
                      27:0                                                     
     Leaf Rust                                                                 
     Wheat                                                                     
     Puccinia rubigo-vera                                                      
                      83:0                                                     
     ______________________________________                                    
     B.       Systemic Fungicide                                               
              Formulation: As a 50% wettable powder                            
              Concentration: 10 lb/acre                                        
     ______________________________________                                    
     Disease          % Disease Control:                                       
                      Plant Injury (0-10)                                      
     ______________________________________                                    
     Powdery Mildew                                                            
     Cucumber                                                                  
     Erysiphe cichoracearum                                                    
                      40:0                                                     
     Early Blight                                                              
     Tomato                                                                    
     Alternaria solani                                                         
                      26:0                                                     
     ______________________________________                                    
PAC  EXAMPLE 4: -Efficacy of Taurocyamine as a Fungicide
TBL  A.       Foliar Fungicide Activity                                        
              Formulation: As a 50% wettable powder                            
              Concentration: 0.5 lb/acre                                       
     ______________________________________                                    
     Disease          % Disease Control:                                       
                      Plant Injury (0-10)                                      
     ______________________________________                                    
     Powdery Mildew                                                            
     Cucumber                                                                  
     Erysiphe cichoracearum                                                    
                      33:0                                                     
     Leaf Rust                                                                 
     Wheat                                                                     
     Puccinia rubigo-vera                                                      
                      44:0                                                     
     Bacterial Leaf Spot                                                       
     Tomato                                                                    
     Xanthomonas vesicatoria                                                   
                      67:0                                                     
     ______________________________________                                    
     B.       Systemic Fungicidal Activity                                     
              Formulation: As a 50% wettable powder                            
              Concentration: 10 lb/acre                                        
     ______________________________________                                    
     Disease          % Disease Control:                                       
                      Plant Injury (0-10)                                      
     ______________________________________                                    
     Powdery Mildew                                                            
     Cucumber                                                                  
     Erysiphe cichoracearum                                                    
                      63:0                                                     
     Early Blight                                                              
     Tomato                                                                    
     Alternaria solani                                                         
                      11:0                                                     
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of destroying fungi comprising applying to the fungi a
      fungicidally effective amount of a guanido compound of the formula:
      ##EQU7##
      where R is CnH.sub.2n and n is an integer of 1 to 11 and Y is the group
      --COOH or a salt thereof.
NUM  2.
PAR  2. The method of claim 1, wherein the guanido compound is caprocyamine.
NUM  3.
PAR  3. The method of claim 1, wherein the guanido compound is applied to
      growing plants infested with the fungi.
NUM  4.
PAR  4. The method of claim 1 wherein n is 1 to 7.
PATN
WKU  039432548
SRC  5
APN  5215978
APT  1
ART  125
APD  19741107
TTL  Beta-adrenergic antagonists
ISD  19760309
NCL  7
ECL  1
EXP  Drezin; Norman A.
INVT
NAM  Colella; Donald F.
CTY  West Norriton
STA  PA
INVT
NAM  Kaiser; Carl
CTY  Haddon Heights
STA  NJ
ASSG
NAM  Smithkline Corporation
CTY  Philadelphia
STA  PA
COD  02
RLAP
COD  74
APN  389772
APD  19730820
PSC  01
PNO  3860647
CLAS
OCL  424321
EDF  2
ICL  A61K 31165
FSC  424
FSS  321
UREF
PNO  3478149
ISD  19691100
NAM  Larsen et al.
OCL  424321
UREF
PNO  3701808
ISD  19721000
NAM  Hartley et al.
OCL  424321
UREF
PNO  3758692
ISD  19730900
NAM  Larsen et al.
OCL  424321
LREP
FR2  Suter; Stuart R.
FR2  Lourie; Alan D.
FR2  Edgerton; William H.
ABST
PAL  .alpha.-Aminomethyl-4-hydroxy-3-sulfamylbenzyl alcohols and
      4-hydroxy-3-sulfamylphenethylamines are disclosed. These compounds have
      .beta.-adrenergic antagonist activity.
PARN
PAR  This is a division of application No. 389,772 filed Aug. 20, 1973, now U.S.
      Pat. No. 3,860,647.
BSUM
PAR  This invention relates to substituted .alpha.-aminomethylbenzyl alcohols
      and phenethylamines which have .beta.-antagonist activity.
PAR  The compounds of the invention are represented by the following structural
      formula:
      ##SPC1##
PAL  Where
PA1  R is hydrogen or alkyl of C.sub.1 -C.sub.4 ;
PA1  R' is alkyl of C.sub.1 -C.sub.6, cycloalkyl of C.sub.3 -C.sub.6, XC.sub.6
      H.sub.4 (CH.sub.2).sub.2 CH(CH.sub.3), XC.sub.6 H.sub.4 (CH.sub.2).sub.2
      C(CH.sub.3).sub.2, XC.sub.6 H.sub.4 CH.sub.2 CH(CH.sub.3), or XC.sub.6
      H.sub.4 CH.sub.2 C(CH.sub.3).sub.2 ;
PA1  Y is hydrogen or hydroxy; and
PA1  X is hydrogen, hydroxy, or methoxy.
PAR  Preferred compounds are those where R is hydrogen. Also, preferred are
      compounds where R' is isopropyl, t-butyl, cyclohexyl, 4-phenyl-2-butyl,
      3-phenyl-2-methyl-2-propyl, 4-phenyl-2-methyl-2-butyl, 3-phenyl-2-propyl,
      or 4-(p-hydroxyphenyl)-2-methyl-2-butyl.
PAR  The compounds of this invention may be used in the form of a
      pharmaceutically acceptable acid addition salt which is also within the
      scope of this invention. Such salts, prepared by well known methods, are
      formed from both inorganic and organic acids such as maleic, fumaric,
      benzoic, ascorbic, pamoic, succinic, bismethylenesalicyclic,
      methanesulfonic, ethanedisulfonic, acetic, oxalic, propanoic, tartaric,
      salicylic, citric, gluconic, aspartic, stearic, palmitic, itaconic,
      glycolic, p-aminobenzoic, glutamic, benzenesulfonic, hydrochloric,
      hydrobromic, sulfuric, cyclohexylsulfamic, phosphoric, and nitric acids.
PAR  A general method of preparation of the compounds where Y is hydroxy is
      shown in Scheme I.
PAC  SCHEME I
      ##SPC2##
PAR  The aniline compound (I) is treated with nitrous acid followed by sulfur
      dioxide and cupric chloride to give compound II. Reaction of II with
      ammonia gives the sulfamyl derivative which is brominated to give the
      bromo ketone III. Nucleophilic displacement of the bromine with an
      appropriate secondary benzylamine gives compound IV. Debenzylation and
      reduction of the ketone are effected by catalytic hydrogenation.
PAR  Compounds where Y is hydrogen are prepared by reduction of the benzyl
      alcohols (V); for example, with diborane.
PAR  The aminobenzyloxyphenones used as starting materials herein are known or
      are prepared by methods known in the art. For example, a 4-hydroxyphenone
      is nitrated with nitric acid at -20.degree. to -30.degree.C. to yield the
      4-hydroxy-3-nitrophenone which is reacted with benzyl chloride in the
      presence of potassium hydroxide or potassium carbonate to give the
      4-benzyloxy-3-nitrophenone and the latter is reduced to the
      3-amino-4-benzyloxyphenone using Raney nickel and hydrazine hydrate,
      platinum oxide and hydrogen or sodium sulfhydrate (NaSH..sub.2 H.sub.2 O)
      in dimethylformamide.
PAR  When Y is hydroxy an asymmetric carbon is present and D or L optical
      isomers may be present. In addition, two asymmetric carbon atoms are
      present when Y is hydroxy and R is not hydrogen; therefore, erythro and
      threo diastereomers may be present. The resolution of the optical isomers
      may be done by standard methods. It is to be understood that all isomers,
      whether separated or in mixtures, are within the scope of this invention.
PAR  The compounds of this invention may be administered orally or parenterally
      in conventional dosage unit forms such as tablets, capsules, injectables
      or the like, by incorporating the appropriate dose of the compound with
      carriers according to accepted pharmaceutical practices. Preferably a
      compound or an acid addition salt thereof is administered orally to an
      animal organism in a tablet or capsule comprising an amount sufficient to
      produce .beta.-adrenergic antagonist activity. Each dosage unit will
      contain the active medicament in an amount of about 20 mg to about 300 mg,
      preferably about 25 mg to about 200 mg. Advantageously equal doses will be
      administered 2 to 4 times daily with the daily dosage regimen being about
      40 mg to about 1200 mg, preferably about 50 mg to about 800 mg.
PAR  The pharmaceutical carrier employed may be, for example, either a solid or
      liquid. Exemplary of solid carriers are lactose, terra laba, sucrose,
      talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and
      the like. Exemplary of liquid carriers are syrup, peanut oil, olive oil,
      water and the like. Similarly the carrier or diluent can include any time
      delay material well known to the art, such as glyceryl monostearate or
      glyceryl distearate alone or with a wax.
PAR  A wide variety of pharmaceutical forms can be employed. Thus, if a solid
      carrier is used the preparation can be tableted, placed in a hard gelatin
      capsule in powder or pellet form, or in the form of a troche or lozenge.
      The amount of solid carrier will vary widely but preferably will be about
      25 mg to about 1 g. If a liquid carrier is used, the preparation will be
      in the form of a syrup, emulsion, soft gelatin capsule, sterile injectable
      liquid such as an ampule, or an aqueous or nonaqueous liquid suspension.
PAR  The compounds of this invention block .beta.-adrenergic receptors and thus
      have use in the treatment or prophylaxis of cardiovascular disorders; for
      example, arrythmia, angina pectoris, and hypertension.
PAR  A preferred compound of this invention is
      4-hydroxy-.alpha.-isopropylaminomethyl-3-sulfamylbenzyl alcohol which
      displayed .beta.-antagonist activity in anesthetized dogs. For instance,
      the compound at 10 mg/kg (base)i.v. showed competitive inhibition of
      diastolic blood pressure decreases and heart rate increases due to i.v.
      challenges of increasing amounts of isoproternol before and after
      administration of 4-hydroxy-.alpha.-isopropylaminomethyl-3-sulfamylbenzyl
      alcohol.
PAR  The following examples illustrate the invention but are not to be construed
      as limiting the scope thereof.
DETD
PAC  EXAMPLE 1
PAR  A solution of 4-benzyloxy-3-aminoacetophenone (4.8 g, 0.02 mol) in
      concentrated HCl (10 ml) and glacial acetic acid (10 ml) was cooled to
      0.degree.-10.degree. and stirred while an aqueous solution of NaNO.sub.2
      (2.0 g) was added dropwise. After the solution was stirred 15 minutes, a
      30% SO.sub.2 in glacial acetic acid solution (20 g) and
      CuCl.sub.2.2H.sub.2 O (1.0 g) were added in portions. The solid product,
      4-benzyloxy-3-chlorosulfonylacetophenone, was collected and recrystallized
      from ethyl acetate; mp 154.degree.-155.5.degree.C.
PAC  EXAMPLE 2
PAR  A suspension of 4-benzyloxy-3-chlorosulfonylacetophenone (15.4 g) in
      dioxane (102 ml) was warmed to effect complete solution and then was
      stirred with concentrated aqueous ammonia (60 ml) for 20 minutes at room
      temperature. The solution was cooled in an icebath and the
      4-benzyloxy-3-sulfamylacetophenone was collected, mp
      183.degree.-4.degree.C.
PAC  EXAMPLE 3
PAR  To a stirred suspension of 4-benzyloxy-3-sulfamylacetophenone (3.05 g, 0.01
      mol) and benzoyl peroxide (0.2 g) in chloroform (100 ml) was added a
      solution of bromine (1.6 g, 0.01 mol) in chloroform (10 ml). The reaction
      was irradiated with a sun lamp for 30 minutes during which time the
      bromine color disappeared. The solution was cooled and the
      4-benzyloxy-.alpha.-bromo-3-sulfamylacetophenone was collected and
      recrystallized from ethanol, mp 163.degree.-5.degree.C.
PAC  EXAMPLE 4
PAR  Isopropylbenzylamine (0.78 g, 5.2 mmol) in acetonitrile (4 ml) was added to
      a solution of 4-benzyloxy-.alpha.-bromo-3-sulfamylacetophenone (1.0 g, 2.6
      mmol) in acetonitrile (20 ml). The solution was stirred at room
      temperature for 3 hours, diluted with ether (100 ml), and filtered. The
      filtrate was acidified with ethereal HCl to give a gum which was
      triturated with acetone to produce solid
      4-benzyl-.alpha.-isopropylbenzylamino-3-sulfamylacetophenone hydrochloride
      which was recrystallized from methanol-ether; mp
      182.degree.-183.5.degree.C.
PAR  The hydrochloride salt (2.95 g, 6 mmol) was dissolved in methanol (100 ml)
      and hydrogenated at 50 psi for 1.75 hours over 10% Pd on carbon (1.0 g)
      which was wetted with water. The reaction mixture was filtered and
      concentrated, the residue was mixed with toluene and evaporated to give
      4-hydroxy-.alpha.-isopropylaminomethyl-3-sulfamylbenzyl alcohol
      hydrochloride, mp 183.degree.-4.degree.C.
PAC  EXAMPLE 5
PAR  When t-butylbenzylamine, cyclohexylbenzylamine,
      (4-phenyl-2-butyl)benzylamine,
      (4-phenyl-2-methyl-2-butyl)benzylamine,(3-phenyl-2-propyl)benzylamine,
      (3-phenyl-2-methyl-2-propyl)benzylamine, and
      [4-(p-hydroxyphenyl)-2-methyl-2-butyl]benzylamine are substituted in the
      procedure of Example 4 for isopropylbenzylamine the following compounds
      are obtained:
PA1  .alpha.-t-butylaminomethyl-4-hydroxy-3-sulfamylbenzyl alcohol
PA1  .alpha.-cyclohexylaminomethyl-4-hydroxy-3-sulfamylbenzyl alcohol
PA1  4-hydroxy-.alpha.-(4-phenyl-2-butyl)aminomethyl-3-sulfamylbenzyl alcohol
PA1  4-hydroxy-.alpha.-(4-phenyl-2-methyl-2-butyl)aminomethyl-3-sulfamylbenzyl
      alcohol
PA1  4-hydroxy-.alpha.-(3-phenyl-2-propyl)aminomethyl-3-sulfamylbenzyl alcohol
PA1  4-hydroxy-.alpha.-(3-phenyl-2-methyl-2-propyl)aminomethyl-3-sulfamylbenzyl
      alcohol
PA1  4-hydroxy-.alpha.-[4-(p-hydroxyphenyl)-2-methyl-2-butyl]aminomethyl-3-sulfa
     mylbenzyl alcohol
PAC  EXAMPLE 6
PAR  When 3-amino-4-benzyloxypropophenone or 3-amino-4-benzyloxybutyrophenone
      are substituted for 3-amino-4-benzyloxyacetophenone in the procedure of
      Example 1 and the products obtained carried through the procedures of
      Examples 2, 3, and 4 one obtains
      4-hydroxy-.alpha.-(1-isopropylaminoethyl)-3-sulfamylbenzyl alcohol and
      4-hydroxy-.alpha.-(1-isopropylaminopropyl)-3-sulfamylbenzyl alcohol.
      Reduction of these benzyl alcohols with diborane as in Example 7 gives
      4-hydroxy-.alpha.-methyl-3-sulfamylphenethylamine and
      4-hydroxy-.alpha.-methyl-3-sulfamylphenethylamine.
PAC  EXAMPLE 7
PAR  4-Hydroxy-.alpha.-isopropylaminomethyl-3-sulfamylbenzyl alcohol (2.74 g) is
      obtained from the hydrochloride salt in Example 4 and refluxed with 150 ml
      of 1.6M diborane in THF for 2 days. The solvent is evaporated and the
      residue is stirred with methanol and evaporated several times. The product
      is taken up in ethanol and acidified with ethereal HCl;
      N-isopropyl-4-hydroxy-3-sulfamylphenethylamine hydrochloride is obtained.
PAR  By similar procedures the benzyl alcohols of Example 4 and 5 are reduced to
      the corresponding phenethylamines.
PAC  EXAMPLE 8
TBL  Ingredients               Mg./Tablet                                      
     ______________________________________                                    
     4-hydroxy-.alpha.-isopropylaminomethyl-3-sulfamyl-                        
                              50                                               
     benzyl alcohol                                                            
     Calcium sulfate, dihydrate                                                
                              125                                              
     Sucrose                  25                                               
     Starch                   15                                               
     Talc                     5                                                
     Stearic acid             3                                                
     ______________________________________                                    
PAL  The sucrose, calcium sulfate and active medicament (as the hydrochloride)
      are thoroughly mixed and granulated with hot 10% gelatin solution. The
      wetted mass is passed through a No. 6 mesh screen directly onto drying
      trays. The granules are dried at 120.degree.F. and passed through a No. 20
      mesh screen, mixed with the starch, talc and stearic acid, and compressed
      into tablets.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pharmaceutical composition having .beta.-adrenergic antagonist
      activity comprising an amount sufficient to produce .beta.-adrenergic
      antagonist activity of a compound of the formula
      ##SPC3##
PA1  R is hydrogen or alkyl of C.sub.1 -C.sub.4 ;
PA1  R' is alkyl of C.sub.1 -C.sub.6, cycloalkyl of C.sub.3 -C.sub.6, XC.sub.6
      H.sub.4 (CH.sub.2).sub.2 CH(CH.sub.3), XC.sub.6 H.sub.4 (CH.sub.2).sub.2
      C(CH.sub.3).sub.2, XC.sub.6 H.sub.4 CH.sub.2 C(CH.sub.3).sub.2, or
      XC.sub.6 H.sub.4 CH.sub.2 CH(CH.sub.3);
PA1  X is hydrogen, hydroxy, or methoxy; and
PA1  Y is hydrogen or hydroxy
PAL  or a nontoxic pharmaceutically acceptable salt thereof, and a
      pharmaceutical carrier therefor.
NUM  2.
PAR  2. A pharmaceutical composition as claimed in claim 1 where R and Y are
      hydrogen.
NUM  3.
PAR  3. A pharmaceutical composition as claimed in claim 1 where R is hydrogen
      and Y is hydroxy.
NUM  4.
PAR  4. A pharmaceutical composition as claimed in claim 3 wherein the compound
      is 4-hydroxy-.alpha.-isopropylaminomethyl-3-sulfamylbenzyl alcohol.
NUM  5.
PAR  5. A pharmaceutical composition as claimed in claim 3 wherein the compound
      is .alpha.-t-butylaminomethyl-4-hydroxy-3-sulfamylbenzyl alcohol.
NUM  6.
PAR  6. A pharmaceutical composition as claimed in claim 3 wherein the compound
      is
      4-hydroxy-.alpha.-(4-phenyl-2-methyl-2-butyl)-aminomethyl-3-sulfamylbenzyl
      alcohol.
NUM  7.
PAR  7. A pharmaceutical composition as claimed in claim 2 wherein the compound
      is N-isopropyl-4-hydroxy-3-sulfamylphenethylamine.
PATN
WKU  039432556
SRC  5
APN  4722612
APT  1
ART  125
APD  19740522
TTL  Alkyl polymaine microbiocides
ISD  19760309
NCL  8
ECL  1
EXA  Robinson; Allen J.
EXP  Friedman; Stanley J.
NDR  1
NFG  2
INVT
NAM  Newkirk; John D.
CTY  Downers Grove
STA  IL
ASSG
NAM  Nalco Chemical Company
CTY  Oak Brook
STA  IL
COD  02
CLAS
OCL  424329
XCL   71 67
XCL  162161
XCL  210 64
EDF  2
ICL  A01N  920
ICL  A01N  924
FSC  424
FSS  329
FSC  260
FSS  567.6 P
FSC  162
FSS  161
FSC  210
FSS  64
UREF
PNO  3069320
ISD  19621200
NAM  Vitalis
XCL  424 32A
UREF
PNO  3304349
ISD  19670200
NAM  Shen
XCL  260567.6P
UREF
PNO  3342829
ISD  19670900
NAM  Schorr
XCL  260567.6P
UREF
PNO  3493615
ISD  19700200
NAM  Bauman
XCL  424 32A
UREF
PNO  3567729
ISD  19710300
NAM  Lewis et al.
XCL  424 32A
LREP
FR2  Premo; John G.
FR2  Roberts; John S.
ABST
PAL  Active microbiocides prepared by reacting a long-chain N alkyl diamine such
      as cocodiamine in molar amounts with 0.5-3.0 moles of epichlorohydrin
      under controlled conditions and then terminating the active end groups by
      reacting with 0.5-3.0 moles of a tri lower alkylamine, such as
      trimethylamine. The poly quaternary nitrogen compounds produced are
      effective at 25 ppm levels in recirculating systems against bacteria, such
      as A. aerogenes. In inhibition tests these compounds have also proved
      effective against fungi, such as A. niger.
BSUM
PAR  The present invention relates to a method of treatment of aqueous systems
      and certain novel microbiocide products which are derived from N-alkyl
      trimethylene diamines wherein the alkyl group has a carbon length in the
      range C.sub.6 -C.sub.18, and preferably the alkyl group is in the range
      C.sub.12 -C.sub.16 and saturated. The preferred basic starting materials
      are known compounds, as for example the DUOMEENS (Armour Company). The
      DUOMEEN compounds are listed in the Condensed Chemical Dictionary (CCD 8),
      Van Mostrand-Reinhold, 1971, page 336, and defined as mixtures derived
      from coco, soya, or tallow fatty acids. DUOMEEN-C is the specific DUOMEEN
      derived from coco fatty acid and is commonly known as cocodiamine.
PAR  Additional operable diamines as taken from the Encyclopedia of Chemical
      Technology II, Vol. 2, Wiley, 1963, page 135, are set out below.
TBL  __________________________________________________________________________
     Chemical Identity                                                         
                  Trade Name                                                   
                           Manufacturer                                        
                                      Form                                     
     __________________________________________________________________________
     N-octadecenyltri-                                                         
                  Formonyte 808                                                
                           Foremost Food                                       
     methylenediamine      & Chem. Co.                                         
                  Duomeen O                                                    
                           Armour Ind. Chem.                                   
                                      Liquid                                   
     N-coco trimethylene-                                                      
                  Diam 21D Gen. Mills Liquid                                   
     diamine      Duomeen C                                                    
                           Armour                                              
                  Formonyte D801                                               
                           Foremost                                            
     N-tallow trimethylene-                                                    
                  Diam 26  Gen. Mills                                          
     diamine      Duomeen T                                                    
                           Armour     Solid                                    
                  Formonyte 802                                                
                           Foremost                                            
     N-(octadecenyl-octa-                                                      
                  Duomeen S                                                    
                           Armour     Solid                                    
     decadienyl)tri-                                                           
     methylenediamine                                                          
     __________________________________________________________________________
PAR  These known diamines have been found to be useful for microbial effect in
      water treatment compositions such as those designed for once-through and
      recirculating cooling towers, and other compositions where a microbicidal
      agent is required, such as corrosion inhibitors, dispersants, flocculating
      agents, etc. However, in commercial use, it has been found that certain
      derivatives, particularly quaternary derivatives, of these N-alkyl
      trimethylene diamines have proved active and operable in specialized
      situations where greater hydrophylicity is desired.
PAC  STARTING MATERIALS
PAR  As noted above, the starting materials are N-alkyl trimethylene diamines of
      the following formula:
      ##EQU1##
      where R = C.sub.6 -C.sub.18
PAR  The basic amines are long-chain amines with a broad range of carbon length
      of C.sub.6 -C.sub.18, and preferred starting materials may be mixtures
      derived from coco, soya, and tallow, such as cocodiamine (DUOMEEN-C --
      Armour). Whereas it is contemplated that the carbon chain may be saturated
      or unsaturated, the preferred members are saturated.
PAC  REACTION WITH EPICHLOROHYDRIN AND END CAPPING WITH TRIALKYLAMINE
PAR  The basic starting amine as noted above is reacted under controlled
      conditions with an epihalohydrin group, preferably epichlorohydrin. This
      reaction results in the introduction of a 3-chloro, 2-propanol group into
      the basic diamine. Subsequently the reaction is stopped by terminating the
      reactivity of the active end groups (Cl.sup.-) by reacting with a
      trialkylamine according to the schedule of equations noted below:
      ##EQU2##
      Where a = b + c
PA1  a = 0.5, 1.0, 1.5, 2.0, 2.5, 3.0
      ##EQU3##
PAR  In the above (I, II, III), a typical trimethylene diamine, as here
      cocodiamine, is reacted with epichlorohydrin where the total molar amount
      of the epichlorohydrin disposed between reacting with the primary amine
      and the secondary amine is 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0. This reaction
      is carried out with analysis such that about 91% of the available chloride
      ion is left for subsequent reaction with TMA. A preferred medium for the
      reaction is aqueous and reaction is carried out at slightly elevated
      temperatures of about 30.degree.C in an autoclave under slight
      super-atmospheric pressure. Alternatively, the reaction may be carried out
      in an alcoholic medium such as a mixture of lower alkanol and water or
      alkanol alone and a preferred lower alkanol is isopropanol.
PAR  The reactions III and IV above illustrate the capping of the reaction with
      a trialkylamine such as trimethylamine which ties up the end groups (i.e.,
      the available chloride end groups) and enables the formation of the
      desired quaternary product. Analysis is made at regular intervals for
      chloride by silver nitrate titration, and this also monitors the reaction
      during the epichlorohydrin reaction step. Effort is made to retain a
      chloride activity of at least 90% Cl.sup.- for the trialkylamine reaction
      step to avoid competing reactions. In the complete reaction, the
      epichlorohydrin acts as a bridge between the cocodiamine and the
      trialkylamine. In the trialkylamine reaction a molar surfeit of 10-15% of
      trialkylamine is utilized to assure adequate quaternization and the molar
      amount of trialkylamine utilized is the same as the amount of
      epichlorohydrin utilized. In practice, any low molecular weight
      trialkylamine is a possibility for quaternization and those with the short
      alkyl chains are preferred. A reagent of choice for utilization is
      trimethylamine (TMA).
PAC  BIOCIDAL ACTIVITY
PAR  These alkyl polyamine quaternary microbiocides which have been quaternized
      with trialkylamines show microbicidal activity against bacteria such as A.
      aerogenes at a level of 25 ppm in recirculating systems. Additionally, in
      inhibition tests these compounds showed activity against other
      microorganisms such as fungi illustrated by A. niger. Especially preferred
      are those compounds prepared from DUOMEEN C (cocodiamine) which have been
      reacted with epichlorohydrin and subsequently the chloride end groups have
      been deactivated or terminated by reaction with trimethylamine.
PAC  DOSAGE
PAR  The present microbicidal compositions may be used effectively against fungi
      and bacteria of common species contaminating aqueous systems in amounts
      ranging upwardly from about 25 ppm. In commercial practice the dosage in
      such systems ranges from about 25-100 ppm. Among said organisms against
      which these microbiocides have been found active are A. aerogenes and A.
      niger.
DRWD
PAR  FIG. 1 illustrates the two plots of percentage reduction of microorganisms
      against the treating agent shown as the product in Example 1 in ppm over a
      time zone 1-24 hours.
PAR  FIG. 2 shows a similar plot for DUOMEEN C or cocodiamine. A comparison of
      FIG. 1 versus FIG. 2 shows improved results with the present treating
      agent.
DETD
PAC  EXAMPLE I
PAC  Reaction of Cocodiamine with Epichlorohydrin and Subsequent Utilization
PAR  435 G (1.5 moles) of DUOMEEN C (cocodiamine) was reacted with 278 g (3.0
      moles) of epichlorohydrin in water solution in an autoclave fitted with a
      stirrer at about room temperature or from about 10.degree.-30.degree.C for
      2-4 hours. At the end of this time the chloride activity tested 18.2%
      Cl.sup.-, indicating that approximately 91% chloride was bound in the
      desired product.
PAR  200 G (3.0 moles) of TMA were added and an additional amount amounting to
      about 10-15% excess was added to force the reaction to the right. In this
      second reaction the temperature was maintained between
      13.degree.-53.degree.C during an 8-hour period and at the end of the
      reaction the temperature was maintained between 40.degree.-53.degree.C for
      3 hours with concomitant slight atmospheric over pressure of 5-8 psi. The
      product was a viscous turbid liquid which was analyzed for chloride and
      stripped under vacuum for utilization in microbiological testing. The
      product was completely water soluble and was found to have a microbial
      activity greater than the original cocodiamine.
PAR  Chloride analysis after Step 1 (I-III) utilizing silver nitrate indicated a
      specific chloride ion content of 18.2% of theory for Cl.sup.- indicating
      at least 91% left for reaction with TMA.
PAR  After the TMA reaction a stripped sample of the product indicated by this
      method 3.50 mg/gm of Cl.sup.- are close to the theory of 3.37, indicating
      completion.
PAR  Additional experiments were made with isopropanol and isopropanol-water
      mixtures, but the aqueous system showed some advantage in activity.
PAC  EXAMPLE II
PAR  A simulated cooling tower for evaluating the activity of compounds against
      microorganisms was utilized in accordance with the standardized technique
      published under Nalco Reprint 138, 1964, and which was presented at the
      North Central Regional meeting, N.A.C.E., September 1964, Chicago,
      Illinois. This paper was entitled "A Path to Effective Microbial Control"
      by Leonard L. Wolfson and Peter Song. The test apparatus is described as
      follows and has been used for bacteria evaluations. The bacteria test was
      against Aerobacter aerogenes.
PAC  RECIRCULATOR DESCRIPTION
PAR  A recirculating apparatus was used which consisted of a five-gallon,
      width-mouth jar in which a 5/8 inch hole was drilled near the base. The
      water was recirculated by means of an Eastern Model D-11 electric motor
      and pump assembly. A plastic ladder was made of 1/4 inch and 3/8 inch
      plexiglass, with over-all dimensions of 13 .times. 4 inches. It was
      designed so that a wooden slat was held at the top of the plastic ladder.
      Slots 3/4 inch deep were cut in the ladder so that wooden slats could be
      inserted at an angle of 30.degree. from the horizontal. The wooden slats
      were cut from white pine lumber to a size of 1/4 .times. 1 1/4 .times. 3
      5/8 inches. Alternate baffles had a piece of wood 3/4 .times. 3/8 inch
      removed on each side so that each alternate slat would lie directly under
      the slat above, such as is found in the fill section of a cooling tower.
      The slat for the top deck is 1/4 inch shorter in length in order to fit on
      top of the ladder. The top deck slat had 21 holes drilled in it, 1/8 inch
      in diameter, and at a distance of 5/16 inch from each other.
PAC  TEST PROCEDURE
PAR  At the start of a test, 10 liters of Chicago tap water were put in the jar.
      The nutrient added in the bacterial recirculators consisted of inorganic
      chemicals supplemented with dextrose to encourage rapid growth of the
      organisms. The water and media were allowed to recirculate until the
      temperature of the water reached 90.degree.-95.degree.F. As the water
      recirculated, it struck the top deck and then ran down through the holes
      in the top deck and over the slats just as it would in a typical cooling
      tower. Aeration occurred at this time, and the water then returned to the
      reservoir or basin from where it was recirculated again to the top deck.
PAR  For the bacterial recirculators, cultures of Aerobacter, common
      slime-forming organisms, were inoculated into the system. These organisms
      were isolated from industrial cooling towers. The algae recirculators were
      inoculated with a culture of Oscillatoria, blue-green algae which had also
      been isolated from a cooling tower system. After inoculation with the
      organisms the pH was adjusted to 8.0.
PAR  The recirculators were then allowed to run for 96 hours during which time a
      heavy slime developed on the top deck of the bacterial recirculators. This
      slime plugged the holes of the top deck in 48 to 72 hours. In the case of
      the algae the recirculators were allowed to run for one week under two
      100-watt fluorescent lamps which provided 500-1000 foot candles of light.
      After 1 week of algae build-up, the water containing nutrients was removed
      and Chicago tap water was used with no added nutrients.
PAR  A chemical which was to be evaluated as a slimicide was put into the
      bacterial recirculators at zero hour, and the slimicide activity was
      determined by its ability to prevent slime deposition on the wooden slats.
      Bacterial counts were taken at zero hour and at convenient intervals
      throughout the test to correlate slime build-up and removal with bacterial
      numbers. In the case of the algae, the only difference was that the
      chemical was added after the algae had grown for one week. To prove
      performance, the algicide must then kill and remove the algae from the
      wooden slats.
PAR  When tested at a level of 25 ppm against the microorganisms, including
      bacteria, a product of Example I showed almost complete protection in
      percent reduction of bacteria according to FIG. 1.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bactericidal or fungicidal composition comprising an aqueous carrier
      and a bactericidally or fungicidally effective amount of at least 25 ppm
      of a mixture of 1 mole of N-alkyl triethylene diamine where alkyl is
      C.sub.6 -C.sub.18 with 0.5-3.0 moles of epihalohydrin and subsequently
      quaternized with an excess of tri lower alkylamine.
NUM  2.
PAR  2. The composition of claim 1 wherein the epihalohydrin is epichlorohydrin
      and alkyl is C.sub.12 -C.sub.16.
NUM  3.
PAR  3. The composition of claim 1 wherein the triethylene diamine is
      cocodiamine.
NUM  4.
PAR  4. The composition of claim 1 wherein the trialkylamine is trimethylamine.
NUM  5.
PAR  5. A method of combatting bacteria or fungi in aqueous systems comprising
      applying to said bacteria or fungi a bactericidally or fungicidally
      effective amount of at least 25 ppm of a mixture of 1 mole of N-alkyl
      triethylene diamine where alkyl is C.sub.6 -C.sub.18 with 0.5-3.0 moles of
      epihalohydrin and subsequently quaternized with an excess of a tri lower
      alkylamine.
NUM  6.
PAR  6. The method of claim 5 wherein the epihalohydrin is epichlorohydrin and
      alkyl is C.sub.12 -C.sub.16.
NUM  7.
PAR  7. The method of claim 5 wherein the triethylene diamine is cocodiamine.
NUM  8.
PAR  8. The method of claim 5 wherein the trialkylamine is trimethylamine.
PATN
WKU  039432564
SRC  5
APN  4948092
APT  1
ART  125
APD  19740805
TTL  Antipsychotic agents
ISD  19760309
NCL  1
ECL  1
EXP  Goldberg; Jerome D.
INVT
NAM  Regan; Bernard M.
CTY  Chicago
STA  IL
ASSG
NAM  Baxter Laboratories, Inc.
CTY  Morton Grove
STA  IL
COD  02
RLAP
COD  74
APN  373547
APD  19730625
PSC  03
CLAS
OCL  424342
EDF  2
ICL  A61K 3108
FSC  424
FSS  342
UREF
PNO  3683092
ISD  19720800
NAM  Regan et al.
OCL  424342
UREF
PNO  3689459
ISD  19720900
NAM  Regan
OCL  424342
ABST
PAL  Fluoromethyl fluoropropyl ethers, e.g. CHF.sub.2 --O--CH.sub.2 CF.sub.2
      CF.sub.3 and CHF.sub.2 --O--CF.sub.2 CHFCF.sub.3, useful for antipsychotic
      treatment by inhalation sufficient to induce therapeutic convulsions.
PARN
PAR  This is a division of Ser. No. 373,547, filed June 25, 1973, now abandoned.
BSUM
PAR  This invention relates to certain fluoromethyl fluoropropyl ethers which
      are useful as convulsant agents. These agents may be administered by
      inhalation to provide an alternative to electroconvulsive therapy for a
      severe depression in a patient who presents an immediate risk of suicide,
      or a depression that has proved refractory to treatment with an
      antidepressant drug. Convulsive therapy with these agents also is useful
      in schizoaffective reactions, especially those with attendant depression,
      and in acute schizophrenic reactions with excitement or with catatonic
      withdrawal. The depth and duration of convulsions produced by an inhalant
      agent is comparatively easy to control, the outset of convulsions is more
      gradual, the clonic phase tends to last longer, and usually patients
      express a preference for inhaloconvulsive to electroconvulsive therapy.
      Consequently, the convulsant agents of this invention provide a practical
      advantage to antipsychotic therapy.
PAR  The convulsant agents of this invention are methyl propyl ethers containing
      6-8 fluorine substituents with 1 to 2 fluorines on the methyl moiety and 4
      to 6 fluorines on the propyl moiety. They can be described by the
      following structural formulas:
PAR  CHF.sub.2 --O--CH.sub.2 CF.sub.2 CHF.sub.2 (I).sup.4, CHF.sub.2
      --O--CH.sub.2 CF.sub.2 CF.sub.3 (II), CHF.sub.2 --O--CF.sub.2 CHFCF.sub.3
      (III), CHF.sub.2 --O--CF(CHF.sub.2).sub.2 (IV).sup.2, and CH.sub.2
      F--O--CH.sub.2 CF.sub.2 CF.sub.3 (V).sup.1
PAR  The preferred convulsant agents of this invention are the ethers I, II, III
      and IV, which are more stable than V to heat.
PAR  The convulsant agents I-V of this invention have each been been found to be
      at least 6 times less lethal than either the closely related known
      convulsant.sup.3, CF.sub.3 --O--CH.sub.2 CF.sub.2 CHF.sub.2 (VI) or the
      well known useful convulsant flurothyl.sup.5, CF.sub.3 CH.sub.2
      --O--CH.sub.2 CF.sub.3 (VII) in mice (See Table 1).
PAR  Another advantage of the convulsant agents of this invention is that the
      vapor concentrations at which they are convulsant are comparatively easy
      to control and administer using conventional "anesthetic machines".
PAR  It is most surprising that the ethers I-V are convulsant agents, since nine
      closely related fluoromethyl fluoropropyl ethers containing 6 to 8
      fluorine substituents were tested and found to be nonconvulsant in mice; 4
      of these were tested and also found to be nonconvulsant in dogs. (See
      Table 2)
PAR  It is further surprising that the ethers I-V are convulsant agents, since
      seven related methyl fluoropropyl ethers containing 4 to 7 fluorine
      substituents were found to be nonconvulsant in mice, and one of these has
      even been shown to be antagonistic to flurothyl induced convulsions.sup.5.
      (See Table 3)
PAR  The fluorinated ethers in Tables 1, 2  and 3 were tested by exposing male
      CF-1 mice to a minimum of three graded concentrations of the test compound
      admixed with air for 5 minutes in a manner similar to that reported by
      Robbins..sup.14 Thirty mice in groups of five in a covered 6.3 liter
      animal jar were observed for convulsions, anesthesias and other effects.
      If anesthesia occurred, the median anesthetic concentration (AC.sub.50)
      was established. Another thirty mice were treated similarly to establish
      the median lethal concentration (LC.sub.50). The concentrations were
      calculated from the volume used and density of the test compound and the
      volume of air (6.31) in the test jar using the ideal gas law. The results
      for the convulsant ethers are given in Table 1; Tables 2 and 3 contain the
      results for related nonconvulsant ethers, most of which are good
      anesthetic agents.
PAR  The convulsant agents I-V are colorless, volatile liquids boiling between
      46.degree.C and 76.degree.C with not unpleasant odors and are nonflammable
      in air.
PAR  The ethers I and II can be prepared from 2,2,3,3-tetrafluoropropanol and
      2,2,3,3,3-pentafluoropropanol, respectively, and chlorodifluoromethane
      with sodium or potassium hydroxide, e.g., in the manner described in U.S.
      Pat. No. 3,689,459. (See Examples 1 and 2)
PAR  The ether III can be prepared from methyl 1,1,2,3,3,3-hexafluoropropyl
      ether and two molar equivalents of chlorine at 15.degree.-25.degree.C with
      ultraviolet irradiation to give the dichloromethyl
      1,1,2,3,3,3-hexafluoropropyl ether (XXIV),
EQU  chcl.sub.2 --O--CF.sub.2 CHFCF.sub.3                       XXIV
PAL  which can be treated with about a 0.67 molar equivalent of bromine
      trifluoride at 0.degree.-25.degree.C to give the ether III. (See Examples
      3 and 4)
PAR  The ether IV can be prepared from
      1,3-dichloro-1,1,2,3,3-pentafluoro-2-propyl methyl ether and two molar
      equivalents of chlorine at 15.degree.-25.degree.C with ultraviolet
      irradiation to give the dichloromethyl
      1,3-dichloro-1,1,2,3,3-pentafluoro-2-propyl ether (XXV),
EQU  chcl.sub.2 --O--CF(CF.sub.2 Cl).sub.2                      XXV
PAL  which can be treated with about one molar equivalent of antimony
      trifluoride and about 0.02 molar equivalent of antimony pentachloride at
      60.degree.-90.degree.C to give the
      1,3-dichloro-1,1,2,3,3-pentafluoro-2-propyl difluoromethyl ether XXVI,
EQU  chf.sub.2 --o--cf(cf.sub.2 cl).sub.2                       XXVI
PAL  which can, in turn, be treated at about 25.degree.C with a 0.55 molar
      equivalent of lithium aluminum hydride as a 0.9 molar solution in
      diethylene glycol diethyl ether to give the ether IV. (See Examples 5, 6
      and 7)
PAR  The ether V can be prepared by a method analogous to that described by
      Weinmayr.sup.1, or from methyl 2,2,3,3,3-pentafluoropropyl ether and one
      molar equivalent of sulfuryl chloride at 0.degree.-35.degree.C with
      ultraviolet irradiation to give the chloromethyl
      2,2,3,3,3-pentafluoropropyl ether XXVII,
EQU  ch.sub.2 cl--O--CH.sub.2 CF.sub.2 CF.sub.3                 XXVII
PAL  which can be treated with about a 0.4 molar equivalent of bromine
      trifluoride at -5.degree.C to give the ether V (See Examples 8 and 9). It
      was found that the ether V was unstable to heat and decomposed with the
      formation of hydrogen fluoride upon distillation at 760 torr; however, it
      was stable to 70.degree.C in the presence of an alkaline material, e.g.,
      soda lime.
PAR  Although specific methods of preparing the convulsant agents of this
      invention are described herein, it will be appreciated that the invention
      is not limited to these specific methods of preparation.
PAR  The following examples will further illustrate the present invention but it
      will be understood that the invention is not limited to these examples.
DETD
PAC  EXAMPLES
PAC  Example 1
PAR  Difluoromethyl 2,2,3,3-tetrafluoropropyl ether (I)
PAR  The ether I was prepared and identified according to the procedure of
      Example 1 of U.S. Pat. No. 3,689,459, which is incorporated herein by
      reference.
PAC  Example 2
PAR  Difluoromethyl 2,2,3,3,3-pentafluoropropyl ether (II)
PAR  The ether II was prepared in a manner analogous to the preparation of the
      ether I of Example 1. Fractional distillation of the crude II gave II of
      99.6% purity (by gas-liquid chromatography), b.sub.760
      46.2.degree.-46.3.degree.C, d.sub.4.sup.22 1.46, in 44% of theory based on
      the amount of 2,2,3,3,3-pentafluoropropanol employed. The structure of II
      was confirmed by proton NMR spectroscopy.
PAC  Example 3
PAR  Dichloromethyl 1,1,2,3,3,3-hexafluoropropyl ether (XXIV)
PAR  Methyl 1,1,2,3,3,3-hexafluoropropyl ether was stirred at
      15.degree.-25.degree.C and irradiated with ultraviolet light as two molar
      equivalents of chlorine gas was added slowly. Analysis by GLC showed the
      product to be 76% XXIV, 15% CCl.sub.3 --O--CF.sub.2 CHFCF.sub.3 and 8%
      CH.sub.2 Cl--O--CF.sub.2 CHFCF.sub.3. Fractionational distillations of
      this product gave XXIV of 99.7% by GLC, b.sub.760
      98.1.degree.-98.4.degree.C. The structure of XXIV was confirmed by proton
      NMR spectroscopy.
PAC  Example 4
PAR  Difluoromethyl 1,1,2,3,3,3-hexafluoropropyl ether (III)
PAR  The ether XXIV of 97.9% purity (284 g, 1.13 moles) was stirred and kept
      between 0.degree.-10.degree.C as bromine trifluoride (102 g, 0.746 mole)
      was added dropwise. Before the reaction was complete, it was stopped by
      the cautious addition of ice to decompose the remaining BrF.sub.3. Then
      cold dilute sodium hydroxide solution was added to remove halogens and
      acids. The organic layer was separated, washed with water and dried;
      weight 219 g. Analyses by GLC and proton NMR showed this product to be 66%
      III and 31% CHFCl--O--CF.sub.2 CHFCF.sub.3. Fractional distillation gave
      III of 99.9% purity, b.sub.760 47.0.degree.-47.3.degree.C; d.sub.4.sup.23
      1.536; weight 113 g as well as CHFCl--O--CF.sub.2 CHFCF.sub.3 of 97.6%
      purity, b.sub.760 69.9.degree.-70.3.degree.C. Both structures were
      confirmed by proton NMR spectroscopy.
PAC  Example 5
PAR  Dichloromethyl 1,3-dichloro-1,1,2,3,3-pentafluoro-2-propyl ether (XXV)
PAR  1,3-Dichloro-1,1,2,3,3-pentafluoro-2-propyl methyl ether (303 g, 1.3
      moles), b.sub.760 96.2.degree.-97.3.degree.C, was chlorinated by addition
      of chlorine gas (193 g, 2.72 moles) at 15.degree.-25.degree.C with the aid
      of ultraviolet irradiation. The product was freed of hydrogen chloride,
      dried and fractionally distilled at 45 torr to give XXV, b.sub.45
      67.2.degree.-69.3.degree.C, in 80% of the theoretical yield.
PAC  Example 6
PAR  Difluoromethyl 1,3-dichloro-1,1,2,3,3-pentafluoro-2-propyl ether (XXVI)
PAR  The ether XXV (296 g, 0.97 mole) and substantially anhydrous antimony
      trifluoride (185 g, 1.04 mole) were stirred at 60.degree.C and antimony
      pentachloride (5.0 g, 0.017 mole) was added slowly. This mixture was
      heated to the reflux point at atmospheric pressure for 2 hours; then the
      product was distilled from the antimony halides at atmospheric pressure.
      The distillate was condensed, washed with acidified water then with
      neutral water, dried and fractionally distilled to give XXVI, b.sub.760
      83.6.degree.-84.1.degree.C, in 90% of the theoretical yield.
PAC  Example 7
PAR  Difluoromethyl 1,1,2,3,3-pentafluoro-2-propyl ether (IV)
PAR  The ether XXVI (213 g, 0.79 mole) at 25.degree.C was stirred as 0.9 M
      lithium aluminum hydride in diethylene glycol diethyl ether (484 ml, 0.436
      mole of Li Al H.sub.4) was added dropwise. Then the product was distilled
      at atmospheric pressure through a cold water condensor into an ice cooled
      receiver until 157 g of IV was collected. This distillate was fractionally
      distilled to give IV, b.sub.760 68.1.degree.-68.2.degree.C, of 99.7%
      purity (by gas-liquid chromatography) in 93% of the theoretical yield;
      density at 23.degree.C was 1.554. The structure of IV was confirmed by
      proton NMR spectroscopy.
PAC  EXAMPLE 8
PAR  Chloromethyl 2,2,3,3,3-pentafluoropropyl ether (XXVII)
PAR  Methyl 2,2,3,3,3-pentafluoropropyl ether (225g, 1.37 mole) in a flask
      fitted with a dry ice cooled condensor and moisture trap was stirred,
      heated to 33.degree.C, irradiated with ultraviolet light, and sulfuryl
      chloride (174 g, 1.29 mole) was added dropwise. The reaction temperature
      dropped to about 0.degree.C as SO.sub.2 returned from the condensor. The
      condensor was allowed to warm gradually to permit SO.sub.2 to escape and
      the reaction temperature to rise to about 33.degree.C to complete the
      chlorination. The product was washed with ice cold water then with dilute
      sodium hydroxide solution to remove SO.sub.2 and dried to give 250 g of
      crude XXVII. This was fractionally distilled to give XXVII, b.sub.760
      87.1-88.5; yield 159 g, purity 92% by GLC. The structure of XXVII was
      confirmed by proton NMR spectroscopy.
PAC  Example 9
PAR  Fluoromehtyl 2,2,3,3,3-pentafluoropropyl ether (V)
PAR  The ether XXVII was refractionated to obtain a sample (56.8 g, 0.286 mole)
      of &lt;99% purity by GLC. This sample was cooled to -5.degree.C and stirred
      in a teflon bottle as bromine trifluoride (15.6 g, 0.114 mole) was added
      dropwise. The product was stirred with ice and dilute sodium hydroxide
      solution to remove halogens and acids, separated, washed with distilled
      water, freeze-dried at -20.degree.C and then dried at 0.degree.C over type
      3A molecular sieve. The V so obtained was 99.0% by GLC; micro b.sub.760
      62.2.degree.C; d.sub.4.sup.2 1.41; yield 45 g (87% of theory). The
      molecular sieve type 3A is manufactured and sold by the Linde Division of
      Union Carbide Company.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     CONVULSANT FLUOROMETHYL FLUOROPROPYL ETHERS                               
                        MOUSE    MOUSE                                         
     COMPOUND       B.sub.760                                                  
                        CONVULSANT                                             
                                 LC.sub.50                                     
                                          ADDITIONAL REMARKS                   
                    C   CONC., VOL. %                                          
                                 VOL. %                                        
     __________________________________________________________________________
     I. CHF.sub.2 -O-CH.sub.2 CF.sub.2 CHF.sub.2.sup.4                         
                    76      1.0    3.2                                         
                                      CLONIC CONVULSIONS                       
     II.                                                                       
        CHF.sub.2 -O-CH.sub.2 CF.sub.2 CF.sub.3                                
                    46      1.4  &gt; 4.2                                         
                                      CLONIC AND TONIC CONVULSIONS, CATALEPSY  
     III.                                                                      
        CHF.sub.2 -O-CF.sub.2 CHFCF.sub.3                                      
                    47      2.0  &gt; 12                                          
     IV.                                                                       
        CHF.sub.2 -O-CF(CHF.sub.2).sub.2.sup.2                                 
                    68      1.2    5.3                                         
                                      CONVULSIONS AND SEDATION; OPISTHOTONOID  
                                      CONV. IN DOGS                            
     V. CH.sub.2 F-O-CH.sub.2 CF.sub.2 CF.sub.3.sup.1                          
                    62      1.5  &gt; 3.0                                         
                                      METRAZOLE-LIKE CONVULSIONS               
     VI.                                                                       
        CF.sub.3 -O-CH.sub.2 CF.sub.2 CHF.sub.2.sup.3                          
                    45.5                                                       
                        .ltoreq.                                               
                            0.5  .ltoreq.                                      
                                   0.5                                         
                                      "VIOLENT CONVULSIONS AND DEATH IN 30-120 
                                      SEC.".sup.3                              
     VII.                                                                      
        CF.sub.3 -CH.sub.2 -O-CH.sub.2 CF.sub.3                                
                    64  .ltoreq.                                               
                            0.25.sup.5                                         
                                 &lt; 0.50.sup.5                                  
                                      CLONIC AND TONIC CONVULSIONS IN 30       
     __________________________________________________________________________
                                      SEC.                                     
      .sup.1 WEINMAYR, U.S. PATENT 2,992,276.                                  
      .sup.2 REGAN AND ZIMMERMAN, FED. PROC. ABS., 30(2), 442(1971).?          
      .sup.3 ALDRICH AND SHEPPARD, J. ORG. CHEM. 29, 11-15(1964).              
      .sup.4 REGAN, U.S. PATENT 3,689,459.                                     
      .sup.5 KRANTZ, RUDO AND LOECHER, PROC. SOC. EXP. BIOL. MED., 124,        
      820-2(1967).                                                             
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     NONCONVULSANT FLUOROMETHYL FLUOROPROPYL ETHERS                            
                           MOUSE MOUSE                                         
     COMPOUND         B.sub.760                                                
                           AC.sub.50                                           
                                 LC.sub.50                                     
                                        ADDITIONAL REMARKS                     
                      C    VOL. %                                              
                                 VOL. %                                        
     __________________________________________________________________________
     VIII.                                                                     
          CHF.sub.2 -O-CHFCF.sub.2 CHF.sub.2.sup.4                             
                      75   0.61  6.5   NONCONVULSANT IN DOGS                   
     IX.  CHF.sub.2 -O-CHFCF.sub.2 CF.sub.3                                    
                      44.5 4.3   &gt;9.9                                          
     X.   CHF.sub.2 -O-CH(CF.sub.3).sub.2.sup.2,7                              
                      42   2.5   12    NONCONVULSANT IN DOGS                   
     XI.  CHF.sub.2 -O-CH(CF.sub.3)CHF.sub.2.sup.2                             
                      65.5 0.84  4.9                                           
     XII. CHF.sub.2 -O-CH(CHF.sub.2).sub.2.sup.2                               
                      90   0.64  3.8                                           
     XIII.                                                                     
          CH.sub.2 F-O-CF.sub.2 CHFCF.sub.3                                    
                      69   2.1   6.4                                           
     XIV. CH.sub.2 F-O-CF(CF.sub.3)CHF.sub.2.sup.2                             
                      64   2.5   9.0   NONCONVULSANT IN DOGS                   
     XV.  CH.sub.2 F-O-CH(CF.sub.3).sub.2.sup.2,6                              
                      58.5 1.4   8.5   NONCONVULSANT IN DOGS                   
     XVI. CH.sub.2 F-O-CH(CF.sub.3)CHF.sub.2.sup.2                             
                      78.5 0.84  5.1                                           
     __________________________________________________________________________
      .sup.6 REGAN AND LONGSTREET, U.S. PATENT 3,683,592.                      
      .sup.7 CROIX AND SZUR, U.S. PATENT 3,476,860.                            
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     NONCONVULSANT METHYL FLUOROPROPYL ETHERS                                  
                             MOUSE MOUSE                                       
     COMPOUND           B.sub.760                                              
                             AC.sub.50                                         
                                   LC.sub.50                                   
                                          ADDITIONAL REMARKS                   
                        C    VOL. %                                            
                                   VOL. %                                      
     __________________________________________________________________________
     XVII. CH.sub.3 -O-CF.sub.2 CF.sub.2 CF.sub.3                              
                        34   n.a..sup.15                                       
                                   50   DEATH DUE TO ANOXIA                    
     XVIII.                                                                    
           CH.sub.3 -O-CF.sub.2 CHFCF.sub.3.sup.9,12                           
                        54   3.9   &gt;8.0                                        
     XIX.  CH.sub.3 -O-CH.sub.2 CF.sub.2 CF.sub.3.sup.11                       
                        47.5 11    16   "EXTENSOR RIGIDITY OF HIND LEGS AND    
                                        TREMORS -     IN DOGS" .sup.11         
     XX.   CH.sub.3 -O-CH.sub.2 CF.sub.2 CHF.sub.2                             
                        73   2.5   7.0                                         
     XXI.  CH.sub.3 -O-CH(CF.sub.3).sub.2.sup.2,5,13                           
                        51   2.2   9.0  NONCONVULSANT IN DOGS; ANTAGONIST TO   
                                        FLUROTHYL.sup.5                        
     XXII. CH.sub.3 -O-CH(CF.sub.3)CHF.sub.2.sup.2                             
                        61   1.5   6.9                                         
     XXIII.                                                                    
           CH.sub.3 -O-CH(CHF.sub.2).sub.2.sup.2,10                            
                        82   1.4   &gt;7.8                                        
     __________________________________________________________________________
      .sup.8 WARNELL, U.S. PATENT 3,449,389.                                   
      .sup.9 RENDALL AND PEARLSON, U.S. PATENT 2,730,543.                      
      .sup.10 GILBERT AND VELDHUIS, U.S. PATENT 3,445,524.                     
      .sup.11 LU, LING AND KRANTZ, ANESTHESIOLOGY, 14, 466 (1953).             
      .sup.12 DEAR AND GILBERT, U.S. APPL. (P.D. FILE 5300-1238), 12 OCTOBER   
      1967, SER. NO. 674,746, NOW U.S. PATENT 3,557,294.                       
      .sup.13 GILBERT AND VELDHUIS, U.S. PATENT 3,346,448.                     
      .sup.14 ROBBINS, J. PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS, 86,      
      197-204 (1946).                                                          
      .sup.15 NON-ANESTHETIC                                                   
PAR  Various other examples and modifications of the foregoing examples will be
      apparent to those skilled in the art after reading the foregoing
      specification and the appended claims without departing from the spirit
      and scope of the invention. All such further examples and modifications
      are included within the scope of the invention as defined in the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of convulsive therapy comprising inducing a therapeutic
      convulsion in an animal by administering to said animal an effective
      amount for inducing a therapeutic convulsion of the compound CH.sub.2
      F--O--CH.sub.2 CF.sub.2 CF.sub.3 in vapor form by inhalation while
      maintaining respiration of said animal.
PATN
WKU  039432572
SRC  5
APN  3900347
APT  1
ART  127
APD  19730820
TTL  4-Alkyl-4-naphthyl butenes
ISD  19760309
NCL  9
ECL  1
EXP  Patten; James A.
INVT
NAM  Anderson; Paul L.
CTY  Dover
STA  NJ
INVT
NAM  Brittain; Darryl A.
CTY  New York
STA  NY
ASSG
NAM  Sandoz, Inc.
CTY  E. Hanover
STA  NJ
COD  02
CLAS
OCL  260483
XCL  260488CD
XCL  260590D
XCL  260609F
XCL  260613R
XCL  260618D
XCL  260618F
XCL  424317
XCL  424337
XCL  424341
XCL  424343
EDF  2
ICL  C07C 6972
ICL  C07C 6902
FSC  260
FSS  488 CD;613 R;618 F;618 D;483;609 F
UREF
PNO  2547123
ISD  19510400
NAM  Horeau et al.
OCL  260473F
UREF
PNO  3562336
ISD  19710200
NAM  Nelson
OCL  260613
OREF
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PAL  The compounds are 4-naphthyl-4-lower alkyl
      substituted-2-oxygenated-2-butenes, or butanes; the naphthyl position may
      be unsubstituted or 6-substituted, e.g.,
      2-(6-methoxynaphthyl)-2-penten-4-ol, and are useful as pharmaceuticals.
BSUM
PAR  This invention relates to chemical compounds, and more particularly, to
      4-alkyl-4-naphthyl substituted-butanes and compounds related thereto, and
      to the preparation of such compounds and intermediates in said
      preparation, as well as to pharmaceutical compositions containing such
      compounds and the use of such compounds.
PAR  The compounds of this invention may be conveniently represented by the
      formula I:
      ##SPC1##
PAL  wherein
PA1  R is a hydrogen atom or halo having an atomic weight of from about 19 to
      80, i.e., fluoro, chloro or bromo, lower alkyl, lower alkoxy, lower
      alkylthio, or difluoromethoxy;
PA1  R.sup.1 is lower alkyl, e.g., having from 1 to 3 carbon atoms, such as
      methyl, ethyl, n-propyl and isopropyl; and
PA1  B is either of the structures:
      ##EQU1##
      wherein A is a hydrogen atom, or lower acyl, e.g. having from 2 to 4
      carbon atoms such as acetyl, propionyl or butyryl, including isomeric
      forms, but is preferably unbranched, or acetoacetyl.
PAR  In the definitions of R, above, the terms lower alkyl, lower alkoxy and
      lower alkylthio, the alkyl portion has, e.g., from 1 to 4 carbon atoms,
      such as methyl, ethyl, propyl or butyl, including isomeric forms where
      such exist, but are preferably unbranched. The term R, therefore, may
      alternatively be defined as being a hydrogen atom, halo having an atomic
      weight of from about 19 to 80, difluoromethoxy or the structure
EQU  --X--R'
PAL  wherein X is either a single bond, or an oxygen or sulfur atom, and R' is
      lower alkyl, as defined above.
PAR  The class of Compounds I, thus includes 4 subclasses depending upon the
      nature of B; R.sup.1 and R being as defined above, and A' being A when it
      is not a hydrogen atom, i.e. when it is lower acyl:
      ##EQU2##
PAR  Compounds Ia2 and Ib2, are acylated derivatives of compounds Ia1 and Ib1,
      respectively, obtainable by acylating Compounds Ia1 or Ib1 (process 1).
      Conversely, Compounds Ia1 and Ib1 may be obtained by saponification of the
      corresponding Compounds Ia2 and Ib2, respectively (process 2). Compounds I
      are thus interconvertible.
PAR  Compounds Ib1 are obtainable by reducing the unsaturation of a
      corresponding Compound Ia1 (process a).
PAR  Compounds Ia1 are obtainable by reducing the carbonyl function of Compounds
      II (process b), i.e., 4-substituted-phenyl-4-alkyl-3-buten2-ones of the
      formula:
      ##EQU3##
      wherein R and R.sup.1 are as defined above.
PAR  Compounds II are obtainable by acidic treatment (process c) of compounds
      III, i.e. 1-substituted-phenyl-1-alkyl-2,3-butadien-1-ols:
      ##EQU4##
      wherein R and R.sup.1 are as defined above.
PAR  The preparation of the various sub-classes comprising compounds I may be
      conveniently represented by Reaction Scheme A, below, wherein R.sup.1 and
      A' are as defined above and N represents the naphthyl nucleus
      ##EQU5##
PAR  The acylation of compounds Ia1 or Ib1 (process 1); may be carried out by
      conventional techniques. The acylation, thus, may be effected by processes
      known per se for the acylation of secondary aliphatic alcohols. Suitable
      alkanoylating agents include organic acids, acyl halides and acid
      anhydrides of formulae Ac-OH, Ac-Ha1 and (Ac).sub.2 O, respectively,
      wherein Ac is a lower alkanoyl group suitable as A when it is a lower
      alkanoyl group as defined above, and Ha1 signifies bromine or chlorine,
      and mixtures thereof. Where the desired alkanoyl moiety is acetyl, a
      preferred acylating agent is acetic anhydride. In carrying out the
      alkanoylation inert solvent may be employed or excess alkanoylating agent
      may serve as solvent. An acid binding agent, e.g., pyridine, is preferably
      used. Preferred temperatures vary between -10 and 50.degree. C. If
      desired, more stringent conditions may be used, characterized by the
      presence of a strongly acidic catalyst, e.g., p-toluene-sulphonic acid. If
      such catalysts are used, in addition to the above-listed alkanoylating
      agents, enol acylates, preferably esters of "isopropenyl alcohol", e.g.
      isopropenyl acetate, may also be employed. The considerations involved are
      well within the scope of one skilled in the art. The formation of a
      acetoacetyloxy function may be carried out by reacting a compound Ia1 or
      Ib1 with diketene under conventional conditions for such a reaction. The
      process is suitably effected in an inert organic solvent, such as benzene,
      toluene or a mixture thereof, and in the presence of a small amount of an
      organic tertiary amine. e.g., pyridine. The process is conveniently
      carried out at a relatively low temperature, e.g., from -5.degree. to
      +35.degree. C.
PAR  The acylated forms of Compounds I, i.e., Compounds Ia2 and Ib2, may be
      saponified (process 2) employing conventional means, e.g., by treatment
      with dilute sodium hydroxide or methanolic potassium bicarbonate, to
      obtain a corresponding hydroxy-bearing Compound I, i.e., Compounds Ia1 and
      Ib1.
PAR  Process (a) involves the reduction of the unsaturated position of a
      Compound Ia1 to obtain the corresponding Compound Ib1. The process may be
      carried out by treating a Compound Ia1 with hydrogen at moderate
      pressures, e.g., at about 1 atmosphere. The process may be carried out in
      an inert solvent, e.g., a lower alkanol, such as methanol, ethyl acetate,
      benzene, glyme, or dioxane, at moderate temperatures, e.g., from about
      -20.degree. to +30.degree. C., preferably at room temperature (20.degree.
      to 30.degree. C.), employing a conventional hydrogenation catalyst, e.g.,
      10% palladium on charcoal. Other catalysts such as palladium on an inert
      carrier such as barium carbonate, may similarly be used.
PAR  Process (b) involves reducing the carbonyl function of a Compound II to
      obtain the corresponding Compound Ia1. The reduction may be carried out
      using conventional techniques for the reduction of an aliphatic ketone to
      its corresponding alcohol. For example, a complex metal hydride, such as
      sodium aluminum diethyl dihydride or lithium aluminum tri-t-butoxy hydride
      may be employed in a suitable medium, e.g., an ether, such as diethyl
      ether, tetrahydrofuran, or dioxane, or an aromatic medium, such as
      benzene, toluene or pyridine, the medium may be a single material or a
      mixture. The reaction may be conveniently carried out at temperatures of
      from about -10.degree. to 40.degree. C., preferably at about -5.degree. to
      +15.degree.C.
PAR  Alternatively, subjecting a Compound II to the reducing conditions of
      process (a) yields the corresponding Compound Ib1 (process b'), thus
      by-passing process (b). Furthermore, if desired, a Compound Ia2 may be
      subject to the reducing conditions of process (a) to obtain the
      corresponding Compound Ib2, (process a').
PAR  Process (c) involves acidic treatment of a Compound III to obtain the
      corresponding Compound II, and may be carried out employing as the
      "acidic" source a strong protonating agent in the presence of hydroxy,
      (lower) acyloxy or (lower) alkoxy anion, in a suitable medium, at moderate
      temperatures, e.g., 10.degree. to 100.degree. C., preferably at 15.degree.
      to 35.degree. C. Where the hydroxy, (lower) acyloxy or (lower) alkoxy
      contributing agent is a liquid under the process conditions, it may be
      used in excess to serve as the medium.
PAR  Strong protonating agents include mineral acids, such as hydrochloric or
      hydrobromic, or sulfuric acid, and aromatic- or (lower) aliphatic sulfonic
      acids, such as p-toluenesulfonic acid. Suitable hydroxy, (lower) acyloxy,
      e.g., having 2 to 4 carbon atoms, and (lower) alkoxy anion, e.g., having
      from 1 to 4 carbon atoms, contributing agents include lower alkanols, such
      as methanol, esters such as ethyl orthoformate, or organic acids or
      anhydrides, such as acetic acid or acetic anhydride, singly or in
      mixtures.
PAR  If hydrochloric (or hydrobromic) acid is employed as the acidic source in
      process c), then in addition to the corresponding Compound II product, a
      corresponding 4-substituted-phenyl-4-alkyl-2-chloro-(or
      bromo)-1,3-butadiene co-product will also be formed. The products can be
      separated so as to recover the Compound II product, by conventional
      recovery procedures, such as fractional crystallization and
      chromatographic techniques.
PAR  Compounds III, the starting materials of Process (a) are either known
      compounds or analogs of known compounds and are obtainable by adaption of
      the methods described in the literature for the preparation of such
      compounds, e.g. the Belgian patent issuing on Belgian Application 124,754
      (filed Nov. 29, 1972 and claiming priority of U.S. application No.
      203,825, filed Dec. 1, 1971).
PAR  The compounds of formula I are useful because they possess pharmacological
      activity in animals. In particular, the compounds I are useful as
      anti-inflammatory agents as indicated by the Carrageenan induced edema
      test on rats (oral administration at 5 to 200 mg/kg). For such use, the
      compounds may be combined with a pharmaceutically acceptable carrier, and
      such other conventional adjuvants as may be necessary, and administration
      orally in such forms as tablets, capsules, elixirs, suspensions and the
      like or parenterally in the form of an injectable solution or suspension.
      The dosage administered will, of course, vary depending upon the compounds
      used and the mode of administration. However, in general, satisfactory
      results are obtained when administered at a daily dosage of from about 0.5
      milligram to about 175 milligrams per kilogram of body weight, preferably
      given in divided doses 2 to 4 times a day, or in sustained release form.
      For most mammals the administration of from about 30 milligrams to about
      2000 milligrams of the compound per day provides satisfactory results and
      dosage forms suitable for internal administration comprise from about 8
      milligrams to about 1000 milligrams of the compound in admixture with a
      solid or liquid pharmaceutical carrier or diluent.
PAR  As noted above, oral administration with carriers may take place in such
      conventional forms as tablets, dispersible powders, granules, capsules,
      syrups and elixirs. Such compositions may be prepared according to any
      method known in the art for manufacture of pharmaceutical compositions,
      and such compositions may contain one or more conventional adjuvants, such
      as sweetening agents, flavoring agents, coloring agents and preserving
      agents, in order to provide an elegant and palatable preparation. Tablets
      may contain the active ingredient in admixture with conventional
      pharmaceutical excipients, e.g., inert diluents such as calcium carbonate,
      sodium carbonate, lactose and talc, granulating and disintegrating agents,
      e.g., starch and alginic acid, binding agents, e.g., starch, gelatin and
      acacia, and lubricating agents, e.g., magnesium stearate, stearic acid and
      talc. The tablets may be uncoated or coated by known techniques to delay
      disintegration and adsorption in the gastro-intestinal tract and thereby
      provide a sustained action over a longer period. Similarly, suspensions,
      syrups and elixirs may contain the active ingredient in admixture with any
      of the conventional excipients utilized for the preparation of such
      compositions, e.g. suspending agents (methyl-cellulose, tragacanth and
      sodium alginate), wetting agents (lecithin, polyoxyethylene stearate and
      polyoxyethylene sorbitan monooleate) and preservatives
      (ethyl-p-hydroxybenzoate). Capsules preferably contain the active
      ingredient admixed with an inert diluent, e.g. a solid diluent such as
      calcium carbonate, calcium phosphate and kaolin or a liquid diluent such
      as a polyethylene glycol. The preferred pharmaceutical compositions from
      the standpoint of preparation and ease of preparation and ease of
      administration are orally administrable compositions, particularly tablets
      and liquid or solid diluent-filled capsules.
PAR  Representative formulations of a tablet and a capsule prepared by
      conventional techniques are as follows:
     Ingredient            Weight                                              
                         Tablet  Capsule                                       
     ______________________________________                                    
     2-[2-(6-methoxynaphthyl)]-2-penten-4-ol                                   
                           50         50                                       
     Tragacanth            10        --                                        
     Lactose               197.5     250                                       
     Corn Starch           25        --                                        
     Talcum                15        --                                        
     Magnesium Stearate    2.5       --                                        
     ______________________________________                                    
DETD
PAR  In the following examples, which illustrate the invention, temperatures are
      in degrees centigrade, and room temperature is 20.degree. to 30.degree.C.,
      unless indicated otherwise.
PAC  EXAMPLE 1.
PAC  2-[2-(6-methoxynaphthyl)]-2-penten-4-o1.
      ##EQU6##
PAC  Step (A) 2-[2-(6-methoxynaphthyl)]-2-penten-4-one.
PAR  To a solution of 10 g. of 2-[2-(6-methoxynaphthyl)]-3,4-pentadien-2-o1 in
      200 ml. of anhydrous methanol is added 3 ml. of concentrated hydrochloric
      acid (12N). The mixture is stirred at room temperature for 3 hours and
      then at ice bath temperature for 2 hours. The solid which forms is
      filtered off and recrystallized from pentane to give
      2-[2-(6-methoxynaphthyl)]-2-penten-4-one, m.p. 108.degree.-109.degree.C.
PAC  Step (B) 2-[2-(6-methoxynaphthyl)]-2-penten-4-o1.
PAR  To a solution of 3.g. of 2-[2-(6-methoxynaphthyl)]-2-penten-4-one in 50 ml.
      of ethyl ether, at 0.degree.C., 20 ml. of sodium aluminum diethyl
      dihydride in toluene is dropwise added. After 2 hours at 0.degree.C., the
      mixture is poured onto ice and extracted with ether to give a light yellow
      solid. Crystallization from methylene chloride yields
      2-[2-(6-methoxynaphthyl)]-2-penten-4-o1, m.p. 139.degree.-140.degree.C.,
      which may also be designated 2-[2'-(6'-methoxynaphthyl)]-pent-2-en-4-o1,
      or 2-[2-(6-methoxynaphthyl)]-3-penten-2-o1.
PAC  EXAMPLE 2.
PAC  2-[2-(6-methoxynaphthyl)]-pentan-4-o1.
      ##EQU7##
PAR  To a pressure vessel, mixture of 0.7 g. of
      2-[2-(6-methoxynaphthyl)]-2-penten-4-o1 (obtainable by Example 1) and 0.5
      g. of 10% palladium on carbon in 175 ml. of ethanol, is added hydrogen at
      about 1 at. pressure via low pressure hydrogenation. The catalyst is then
      removed, and the solution is evaporated to give a colorless oil which
      solidifies on standing to give solid
      2-[2-(6-methoxynaphthyl)]-pentan-4-o1, which may also be designated
      4-[2-(6-methoxynaphthyl)]-pentan-2o1.
PAR  Repeating the procedures of Example 1 and of this example, but using in
      place of the 2-[2-(6-methoxynaphthyl)]-3,4-pentadien-2-o1 (of Example 1),
      an equivalent amount of the compound of column (A) there is similarly
      obtained the compounds of columns (B) and (C):
TBL  A                B           C                                            
     __________________________________________________________________________
     a)                                                                        
       2-[2-(6-chloro                                                          
                   2-[2-(6-chloro-                                             
                               2-[2-(6-chloro-                                 
       naphthyl)]-3,4-                                                         
                   naphthyl)]-2-                                               
                               naphthyl)]-pentan-                              
       pentadien-2-ol                                                          
                   penten-4-ol 4-ol                                            
     b)                                                                        
       2-(2-naphthyl)-                                                         
                   2-(2-naphthyl)-                                             
                               2-(2-naphthyl)-                                 
       3,4-pentadien-2-ol                                                      
                   2-penten-4-ol                                               
                               pentan-4-ol                                     
     c)                                                                        
       3-[2-(6-methoxy-                                                        
                   3-[2-(6-methoxy-                                            
                               2-[2-(6-methoxy-                                
       naphthyl)]-2-methyl-                                                    
                   naphthyl)]-2-methyl-                                        
                               naphthyl)]-2-methyl-                            
       4,5-hexadien-3-ol                                                       
                   3-hexen-5-ol                                                
                               hexan -5-ol                                     
     d)                                                                        
       3-[2-(6-methoxy-                                                        
                   3-[2-(6-methoxy-                                            
                               2-[2-(6-methoxy-                                
       naphthyl)]-4,5-                                                         
                   naphthyl)]-3-                                               
                               naphthyl)]-hexan-                               
       hexadien-3-ol                                                           
                   hexen-5-ol  5-ol                                            
     e)                                                                        
       2-[2-(6-difluoro-                                                       
                   2-[2-(6-difluoro-                                           
                               2-[2-(6-difluoro-                               
       methoxynaphthyl)]-                                                      
                   methoxynaphthyl)]-                                          
                               methoxynaphthyl)]-                              
       3,4-pentadien-2-ol                                                      
                   2-penten-4-ol                                               
                               pentan-4-ol                                     
     f)                                                                        
       2-[2-(6-n-butyl-                                                        
                   2-[2-(6-n-butyl-                                            
                               2-[2-(6-n-butyl-                                
       naphthyl)]-3,4-                                                         
                   naphthyl)]-2-penten-                                        
                               naphthyl)]-pentan-                              
       pentadien-2-ol                                                          
                   4-ol        4-ol                                            
     g)                                                                        
       2-[2-(6-methyl-                                                         
                   2-[2-(6-methylthio-                                         
                               2-[2-(6-methylthio-                             
       thionaphthyl)]-3,4-                                                     
                   naphthyl)]-2-penten-                                        
                               naphthyl)]-pentan-                              
       pentadien-2-ol                                                          
                   4-ol        4-ol                                            
     h)                                                                        
       2-[2-(6-ethoxy-                                                         
                   2-[2-(6-ethoxy-                                             
                               2-[2-(6-ethoxynaphthyl)]                        
       naphthyl)]-3,4-                                                         
                   naphthyl)]-2-                                               
                               pentan-4-ol                                     
       pentadien-2-ol                                                          
                   penten-4-ol                                                 
     __________________________________________________________________________
PAC  EXAMPLE 3.
PAC  4-acetoxy-2-[2'-(6'-methoxy-naphthyl)]-pent-2-ene.
      ##EQU8##
PAR  To a solution of 0.550 gram of 2-[2-(6-methoxynaphthyl)]-2-penten-4-o1
      (obtainable by Example 1) in 150 ml. dry pyridine, 10 ml. of acetic
      anhydride is added. After standing 18 hours at room temperature, the
      solution is poured onto ice. The precipitated solid is filtered from the
      mixture, then dissolved in diethyl ether. The resulting solution is washed
      successively with water, 10% aq. sodium bicarbonate solution, and then
      brine. The solution is dried over anhydrous potassium carbonate. The
      drying agent is removed by filtration, and the filtrate is evaporated
      under reduced pressure to yield
      4-acetoxy-2-[2'-(6'-methoxynaphthyl)]-pent-2-ene as a white electrostatic
      solid of melting point, 80.degree.C., which may also be designated
      2-[2-(6-methoxynaphthyl)]-2-penten-4-o1 acetate.
PAR  Repeating the procedure of this example but using in place of the
      2-[2-(6-methoxynaphthyl)]-2-penten-4-o1, an equivalent amount of the
      compounds listed below, there is similarly obtained the acetates of:
PA1  a. 2-[2-(6-methoxynaphthyl)]-pentan-4o1;
PA1  b. 2-(2-naphthyl)-2-penten-4o1; and
PA1  c. 3-[2-(6-methoxynaphthyl)]-3-hexen-5-o1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU9##
      wherein R is a hydrogen atom, halo having an atomic weight of from about
      19 to 80, difluoromethoxy, alkyl having from 1 to 4 carbon atoms, alkoxy
      having from 1 to 4 carbon atoms, or alkylthio having from 1 to 4 carbon
      atoms;
PA1  R.sup.1 is alkyl having from 1 to 3 carbon atoms; and
PA1  A is a hydrogen atom, alkanoyl having from 2 to 4 carbon atoms, or
      acetoacetyl.
NUM  2.
PAR  2. a compound of claim 1 in which A is either acetoacetyl or alkanoyl.
NUM  3.
PAR  3. A compound of claim 1 in which A is acetoacetyl.
NUM  4.
PAR  4. A compound of claim 1 wherein R.sup.1 is methyl.
NUM  5.
PAR  5. A compound of claim 1 wherein R is alkoxy.
NUM  6.
PAR  6. a compound of claim 1 wherein A is a hydrogen atom.
NUM  7.
PAR  7. The compound of claim 5 which is 2-[2-(6-methoxynaphthyl)]-2-penten-4o1.
NUM  8.
PAR  8. A compound of claim 1 wherein A is alkanoyl.
NUM  9.
PAR  9. The compound of claim 8 which is
      4-acetoxy-2-[2'-(6'-methoxynaphthyl)]-pent-2-ene.
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ABST
PAL  Chewing gums having longer lasting sweetness and flavor are prepared from
      compositions comprising a chewable gum base, flavor, sweetener in an
      amount sufficient to impart normally accepted sweetness to the gum,
      L-aspartyl-L-phenylalanine methyl esters in an amount effective to produce
      longer lasting sweetness and flavor. The chewing gums may be either
      sugarcontaining or sugarless.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to chewing gums and more particularly to chewing
      gums having longer lasting sweetness and flavor.
PAR  Commercially available chewing gums generally comprise a substantially
      water insoluble chewable gum base such as chicle, substitutes thereof, and
      the like. Incorporated within the gum base may be plasticizers or
      softeners to improve the texture of the gum, flavors, and sweeteners such
      as sugar or corn syrup or, for sugarless chewing gums, artificial
      sweetening agents such as saccharin.
PAR  One of the limitations of commercially available chewing gums is their
      rapid loss of both flavor and sweetness during chewing. Generally, this
      loss is encountered after about 4 to 5 minutes of chewing.
PAR  Also, it is found that sugarless chewing gums, while encountering similar
      flavor and sweetness loss after only a few minutes of chewing, also
      display a noticeably low initial perception of flavor and sweetness, and
      lack the strong, pleasant, sweet impact of sugar-containing chewing gums.
      Increasing the level of saccharin employed to produce a stronger sweetness
      impact has met with the disadvantage of imparting an extremely bitter
      aftertaste to the product. Other attempts to obtain a quick initial
      release of sweetness have resulted in the corresponding loss of long
      lasting flavor and sweetness effects.
PAR  It is accordingly an object of this invention to prepare a chewing gum
      having a longer lasting sweetness and flavor.
PAR  Another object of this invention is to prepare a sugarless chewing gum
      having a longer lasting sweetness and flavor while further having a
      substantial initial release of both sweetness and flavor.
PAR  These and other objects will become apparent upon reading the specification
      and claims which follow.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found in accordance with this invention that a chewing gum
      having a longer sweetness and flavor impact may be prepared from
      compositions comprising a chewable gum base, flavor, sweetener in an
      amount sufficient to impart normally accepted sweetness to the gum, and an
      amount of L-aspartyl-L-phenylalanine methyl ester (APM) effective to
      produce a longer lasting sweetness and flavor in the gum. The chewing gum
      compositions may be either sugar-containing or sugarless.
PAR  Further, it has been found that a sugarless chewing gum having longer
      lasting sweetness and flavor while retaining a substantial initial release
      of sweetness may be prepared by modifying a portion of the
      L-aspartyl-L-phenyalanine methyl ester (APM) present in the gum
      composition, said modification being directed at increasing the solubility
      rate of the APM.
PAR  Chewing gums prepared in accordance with this invention have been found to
      retain discernible levels of sweetness and flavor after as much as 30
      minutes chewing time.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  L-Aspartyl-L-phenylalanine methyl ester (APM) is a dipeptide sweetening
      agent described in U.S. Pat. No. 3,492,131.
PAR  The chewing gums contemplated under this invention generally comprise a
      chewable gum base, sweetener in an amount sufficient to impart normally
      accepted sweetness, flavors, and an amount of APM effective to produce a
      longer lasting sweetness and flavor impact in the gum product when chewed.
PAR  The gum base may be any chewable, substantially water insoluble base such
      as chicle and substitutes thereof, sorva, guttakay, jelutong, synthetic
      polymers such as polyvinyl acetate, synthetic resins, rubbers, mixtures of
      these, and the like. While the amount of gum base employed may vary widely
      according to the type used, the other ingredients employed, and other like
      factors, generally it has been found that anywhere from about 15-40% by
      weight of the gum product may be used, and preferably from about 20-30%.
      Plasticizers or softeners such as lanolin, propylene glycol, glycerol and
      other suitable materials or mixtures thereof may also be incorporated in
      minor amounts into the gum base to achieve a desirable consistency and
      texture. The ranges generally employed are from 0.5-4.0% by weight of the
      finished gum composition.
PAR  The flavors generally employed in the preparation of flavored chewing gums
      are the essential oils or synthetic flavorings used either singly or in
      combination with other natural and synthetic oils. Flavors such as
      wintergreen, spearmint, peppermint, birch, anise, fruit flavors, mixtures
      thereof, and the like may be used satisfactorily with a variety of gum
      bases. The amount of flavoring material used is not critical but may be
      dependent upon the type used, individual taste preferences, the type gum
      base employed, and other such considerations.
PAR  The remaining portion of the gum composition generally comprises
      sweeteners. If the chewing gum to be prepared is not of the "sugarless"
      variety, a sugar is employed. The term "sugar" is intended to include not
      only pure sugar (sucrose) but also the other sugar-like sweeteners
      normally employed in chewing gums such as dextrose, glucose (corn syrup),
      and the like, and mixtures thereof.
PAR  In the preparation of a sugarless chewing gum a synthetic sweetening agent
      is employed such as saccharin or cyclamate and their salts, the dipeptide
      sweetening agents, and the like, or mixtures thereof. Generally, when
      synthetic sweeteners are used, sugar alcohols such as sorbitol and
      mannitol are also used as bulking agents and also provide some sweetness
      to the gum, and as such, are intended to be included in the terminology
      above-used.
PAR  The sweetener or sweeteners is added to the chewing gum composition in
      amounts sufficient to impart normally accepted sweetness to the chewing
      gum. As previously mentioned, the loss of flavor and sweetness impact in
      chewing gums so prepared, whether they be sugar-containing or sugarless,
      generally occurs after about four to five minutes of chewing. Increasing
      the level of sweetener employed has the disadvantage of providing
      excessive sweetness during the initial portion of the chewing period. In
      sugarless gums, such sweetener increases are further hampered by the
      undesirable bitter after-taste imparted to the gum by excessive amounts of
      saccharin.
PAR  It has been found that the addition of L-aspartyl-L-phenylalanine methyl
      ester (APM) to the chewing gum composition in effective amounts extends
      the time period over which both flavor and sweetness are discernible
      during chewing. The amount of APM necessary to achieve this flavor and
      sweetness extension may vary according to the gum base, sweeteners, and
      flavors employed. Generally, however, it has been found that the addition
      of APM at levels as low as about 0.1% by weight of the final gum
      composition is effective. The upper limit at which APM may be added is
      subject solely to considerations of the undesirability of imparting
      excessive initial sweetness to the gum product since APM is itself a
      sweetening agent. While this consideration depends greatly upon individual
      preference, it has been found generally that levels of greater than about
      1.5% APM result in a chewing gum of excessively sweet taste throughout the
      initial portion of the chewing period.
PAR  The use of APM within the above mentioned ranges in either a
      sugar-containing or a sugarless gum results in a product whose flavor and
      sweetness is sustained at a discernible level for a period far in excess
      of that achieved in conventional chewing gums. Chewing gums prepared from
      compositions of this invention have been found to exhibit sustained flavor
      and sweetness release for anywhere from ten to thirty minutes of chewing
      time. Even with such significant increases, it is found that the chewing
      gums do not exhibit excessive sweetness during the initial chewing period.
      These results are found both in sugar-containing and sugarless gums made
      according to this invention.
PAR  When APM itself is used as the synthetic sweetener in chewing gum (as
      described in U.S. Pat. No. 3,642,491) it has been found that the amount
      needed to impart normally accepted sweetness to the chewing gum is about
      0.2% to about 0.25% by weight of the final gum composition. In accordance
      with this invention, sugarless gum compositions employing APM as the
      synthetic sweetener display a significant flavor and sweetness extension
      over commercially available gums when the total amount of APM used is 0.3%
      by weight of the final composition or greater.
PAR  The rapid dissolution of the sugar portion of a sugar containing chewing
      gum effects a relatively strong, desirable initial perception of sweetness
      of flavor. This initial sweetness perception is generally unable to be
      matched by sugarless chewing gums due either to the insolubility of the
      synthetic sweetener employed or a limitation on the level of synthetic
      sweetener employed, for example, the bitter after-taste of saccharin. It
      is found in accordance with this invention that the initial sweetness
      impart of saccharin sweetened sugarless chewing gums is heightened by the
      use of APM to extend the sweetness and flavor.
PAR  It is possible to still further heighten this initial sweetness perception
      by modifying a portion of the "sweetness-extending" amount of APM. The
      modification is directed at increasing the solubility of the APM and may
      be accomplished by treating the APM with organic or inorganic acids to
      convert it to its salts, co-grinding with acid, finely grinding the APM,
      or other such methods aimed at increasing solubility. The amount of
      modified APM necessary to achieve this sweetness release may be as low as
      0.05% by weight of the final gum composition, the present as a portion of
      the amount of APM effective to increase the sweetness and flavor, to as
      high as about 0.4%. Lower levels will generally be found sufficient for
      gums employing saccharin while the upper range may be preferable when APM
      is used as the synthetic sweetner. The chewing gums so prepared still
      retain a significant extension of flavor and sweetness impart.
PAR  The preparation of the flavored chewing gums of this invention is achieved
      through more or less conventional methods including a softening of the gum
      base through mixing, addition of sweetener to the base at which time the
      desired amount of APM is added, addition of the flavoring substance, and
      formation of the gum into suitable forms such as sticks.
PAR  In order to measure the flavor and sweetness duration in a chewing gum,
      taste tests were conducted using trained personnel to evaluate the time
      versus intensity of flavor and sweetness. Panel members are given a stick
      of gum and asked to chew and record their values for flavor intensity at
      30 second intervals. Comparisons are made between a sample of control gum
      and the same gum formulation with APM added in accordance with this
      invention. Results show that use of APM in both sugarless and
      sugar-containing gums results in a flavor and sweetness extension over
      control samples of such as much as 30 minutes.
DETD
PAC  EXAMPLE I
PAR  Sugar-containing gum sticks were prepared from the following formulations:
TBL                 % Composition                                              
     Ingredient       A              B                                         
     ______________________________________                                    
     Chewing Gum Base 23.993         23.993                                    
     Sugar, 6X        59.737         59.387                                    
     Corn Syrup 46.degree.B                                                    
                      14.245         14.245                                    
     Peppermint Oil   1.276          1.276                                     
     Glycerol         0.749          0.749                                     
     APM              --             0.350                                     
     ______________________________________                                    
PAR  The gum base was softened for ten minutes at 150.degree.F in a one gallon
      Sigma mixer. The glycerol was added and mixed for 10 minutes and the corn
      syrup was then added and mixing continued for 10 minutes. For Sample A,
      the sugar was added and blended for ten minutes while in Sample B the APM
      was blended with the sugar and added to the mixer as above.
PAR  The heating medium was turned off, the peppermint oil was added, and mixing
      continued for two minutes. Mixing was then stopped, the gum was removed
      from the mixer, rolled into sheets, tempered, and scored into sticks.
PAR  On the basis of panel result, sample A was found to have reached the point
      where flavor and sweetness are barely detectable after five minutes of
      chewing while Sample B was found not to have reached the barely detectable
      level even after over 10 minutes of chewing.
PAC  EXAMPLE II
PAR  Gum sticks were prepared according to Example I from the following
      ingredients:
TBL                 % Composition                                              
     Ingredient       A              B                                         
     ______________________________________                                    
     Chewing Gum Base 23.993         23.993                                    
     Sugar            59.736         58.736                                    
     Corn Syrup       14.246         14.246                                    
     Peppermint Oil   1.276          1.276                                     
     Glycerol         0.749          0.749                                     
     APM              --             1.000                                     
     ______________________________________                                    
PAR  Results of the panel testing indicated that Sample B with 1% APM added had
      a flavor and sweetness extension of 30 minutes over Sample A and exhibited
      no undesirable after tastes.
PAC  EXAMPLE III
PAR  Sugarless chewing gums were prepared according to Example I from the
      following ingredients:
TBL                % Composition                                               
     Ingredient      A            B                                            
     ______________________________________                                    
     Sorbitol        51.5         51.3                                         
     Gum Base        34.9         34.9                                         
     Mannitol        8.1          8.1                                          
     Glycerol        2.8          2.8                                          
     Water           1.4          1.4                                          
     Flavor          1.1          1.1                                          
     Saccharin       0.2          --                                           
     APM             --           0.4                                          
     ______________________________________                                    
PAR  Sample B was found to have a better overall sweetness impact than Sample A
      and a flavor and sweetness extension over Sample A of greater than 6
      minutes.
PAC  EXAMPLE IV
PAR  Sugarless gum sticks are prepared as in Example I from the following
      formulation:
TBL  Ingredient          % Composition                                         
     ______________________________________                                    
     Sorbitol            51.3                                                  
     Gum Base            34.9                                                  
     Mannitol            8.1                                                   
     Glycerol            2.8                                                   
     Water               1.4                                                   
     Flavor              1.1                                                   
     Saccharin           --                                                    
     APM                 0.3                                                   
     Modified APM        0.1                                                   
     ______________________________________                                    
PAR  The modified APM is prepared by co-drying a solution of three parts citric
      acid and one part APM and then finely grinding the dried material.
PAR  While this invention has been described with respect to the above presented
      specific embodiments, they are intended to be illustrative of only a few
      of the numerous applications of this discovery. Variations in the gum
      compositions and preparations as well as the use of fixed flavors, other
      sweetening systems, and the like are believed ascertainable to those
      skilled-in-the-art without departing from the scope and spirit of this
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a chewing gum composition which comprises gum base, flavor and major
      amount of sweet bulking agent selected from the group consisting of sugar,
      sugar alcohols and mixtures thereof, the improvement which comprises at
      least 0.3% L-aspartyl-L-phenylalanine methyl ester by weight of the total
      gum composition, whereby the normal sweetness and flavor is extended.
NUM  2.
PAR  2. The chewing gum composition of claim 1 wherein said amount of
      L-aspartyl-L-phenylalanine methyl ester is from about 0.3% to about 1.5%
      by weight of the final gum composition.
NUM  3.
PAR  3. The chewing gum composition of claim 2 wherein said bulking agent is
      sugar.
NUM  4.
PAR  4. The chewing gum composition of claim 2 wherein said bulking agent is a
      sugar alcohol.
NUM  5.
PAR  5. The chewing gum composition of claim 4 which also includes saccharin.
NUM  6.
PAR  6. The chewing gum composition of claim 5 wherein a portion of said
      L-aspartyl-L-phenylalanine methyl ester is present in modified form to
      render it more readily soluble, said portion being from about 0.05% to
      about 0.4% by weight of the total gum composition.
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ABST
PAL  A stabilized fluid shortening containing conditioning agents and softening
      agents for use in baking comprises about 4 to 14 weight parts of soft
      mono- and diglycerides, 2 to 8 weight parts ester emulsifier, 0 to 8
      weight parts of solid stearine, and between about 40 to 100 weight parts
      liquid vegetable oils wherein the fluid shortening is a stabilized
      dispersion. The fluid shortening can be produced as a concentrate and can
      be hydrated with water to produce a hydrated fluid shortening.
PARN
PAR  This application is a division of application Ser. No. 434,128 filed Jan.
      17, 1974, now U.S. Pat. No. 3,914,452, which was a continuation-in-part of
      Ser. No. 361,320 filed May 17, 1974, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fluid shortening is useful in the preparation of baked goods and
      bread-making processes. The function of fluid shortenings is similar to
      plastic shortenings in baking processes, but fluid shortenings are much
      preferred for use in commercial baking process due to the ease in
      handling, pumping, and metering. Fluid shortenings characteristically are
      fluid at temperature of about 60.degree. to 100.degree.F and should not
      become unstable in storage over this temperature range or in use by
      separation into two distinct liquid phases or liquid-solid phases to
      produce a supernatent liquid phase and a precipitate phase. Fluid
      shortenings should possess a stabilized fluid consistency wherein the
      viscosity remains relatively consistent over a wide temperature range.
PAR  Fluid shortenings or fat composition are known in the art which suggest
      fluid shortenings based on hard mono- and diglycerides having an iodine
      value of less than 15 and usually about 0 to 5. Problems have occurred in
      conventional prior art fluid shortenings, however, wherein the fluid
      shortenings have a tendency to firm or solidify upon encountering
      temperatures below 50.degree.F and/or above 85.degree.F. Other suggested
      conventional liquid shortenings containing stable suspensions of about 5
      to 7% finely divided saturated solid fatty acid hard glycerides lack
      sufficient solid fat for use in a continuous-mix bread-making process in
      addition to having stability of only about 30 days. Still other prior art
      fluid shortenings are based on solid hydrogenated hard fats to overcome
      oxidation instability but unfortunately are of high viscosity and become
      unmanageable with varying winter and summer temperatures.
PAR  These and other deficiencies in prior art fluid shortenings are overcome by
      the fluid shortening of this invention based on soft mono- and
      diglycerides having an iodine value greater than about 40.
PAR  It now has been found that a stabilized fluid shortening comprising minor
      amounts of soft mono- and diglycerides, ester emulsifiers, and soybean
      stearine dispersed in vegetable oil produces a fluid shortening having
      substantially increased physical stability.
PAR  Further advantages are realized wherein the fluid shortening of this
      invention is particularly suitable for efficient use in the continuous-mix
      bread-making process, conventionally processed white breads and variety
      breads, and conventionally processed buns, rolls, and brown-and-serve
      rolls as well as other conventionally processed yeast-raised products.
PAR  A further advantage is that the fluid shortening maintains extended
      fluidity suitable for pumping and metering wherein the fluid shortening
      may be pumped directly from a fat storage tank without intermediate
      blending of the conditioning agent as the same is dispersed in the liquid
      vegetable oil with the softening agent.
PAR  Still further advantages include excellent viscosity control achieved upon
      extended storage wherein viscosity change of the shortening is minimal
      upon constant cycling between 50.degree.F and 100.degree.F.
PAR  A further advantage is that the ester emulsifier, soft mono- and
      diglycerides, and soybean stearine remain stably dispersed within the
      liquid oil over a wide temperature range.
PAR  Still further advantages include bread produced which is significantly
      softer and with greater loaf volume than produced by both prior known
      fluid and plastic bread shortening systems.
PAR  These and other advantages will become more apparent from the detailed
      description of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  The fluid shortening of this invention contains by weight about 4 to 14
      weight parts of soft mono- and diglycerides, 2 to 8 weight parts of ester
      emulsifier, 0 to 8 weight parts of solid stearine, and at least about 40
      weight parts of liquid vegetable oil. The fluid shortening is a stabilized
      dispersion in vegetable oil and contains a ratio of mono- and diglycerides
      to the ester emulsifiers in the range of 80/20 to 20/80, and preferably of
      about 55/45 to 65/35 by weight. The stabilized fluid shortening is
      produced by melting a blend of the foregoing components at temperatures
      sufficient to force a melt, votating the blend at temperatures of about
      82.degree. to 86.degree.F, and fluidizing or stehling the votated mixture
      to obtain substantially 100% conversion to the stable beta-polymorphic
      form.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The stabilized fluid shortening of this invention is produced from a
      suitable blend of minor amounts of soft mono- and diglycerides, soybean
      stearine, and ester emulsifiers, all dispersed in major amounts of liquid
      vegetable oil to maintain a substantially uniform dispersion.
PAR  The soft mono- and diglycerides are essential and generally are a mixture
      of unsaturated and saturated glycidal esters of fatty acids typically
      derived from hydrogenated and non-hydrogenated vegetable oils such as
      soybean oil, corn oil, olive oil, peanut oil, safflower oil, cottonseed
      oil, palm oil, and like vegetable oils, and animal fats such as tallow and
      lard. The ratio of monoglycerides to diglycerides in conventional soft
      monoand diglycerides typically is about 40 to 60 weight percent
      monoglyceride to about 35 to 45 weight percent diglycerides and minor
      amounts of 5 to 14% triglycerides, and such soft mono-, di- and
      triglyceride mixtures are commercially available. The soft mono- and
      diglycerides have an iodine value in the broad range of about 40 to 150
      and may be prepared from hydrogenated and non-hydrogenated vegetable oils
      or animal fats. Soft mono- and diglycerides derived from vegetable oils
      preferably have an iodine number between about 65 to 150, whereas the
      animal fats preferably have an iodine number of about 40 to 65. The
      preferred iodine number range of the soft mono- and diglycerides is
      between about 40 and 85. Soft mono- and diglycerides may be plastic in
      consistency and typically may have a capillary melting point as high as
      120.degree.F. The acid number of soft mono- and diglycerides is less than
      2 and the peroxide value thereof should be less than 1, in accordance with
      conventional specifications of mono- and diglycerides commercially
      available.
PAR  The fluid shortening of this invention further includes between about 2 to
      8 parts of ester emulsifier for use as dough conditioners. The ester
      emulsifiers are selected from ethoxylated esters such as polyoxyethylene
      sorbitan monostearate, polyoxyethylene monooleate, polyoxyethylene
      sorbitan tristearate that are obtained by condensing ethylene oxide with
      sorbitan and mannitan esters. Other desirable ethylene oxide condensation
      products are ethoxylated propylene glycol monoesters (U.S. Pat. No.
      3,767,822) and ethoxylated triglycerol monostearate (U.S. Pat. No.
      3,784,709). Additional effective ester emulsifiers are sodium
      stearoyl-2-lactylate, calcium stearoyl-2-lactylate, sodium
      stearoyl-1-lactylate and succinylated monoglycerides. The preferred ester
      emulsifier is ethoxylated glycerides comprising mono- and diglycerides and
      essentially no triglycerides although the ethoxylated glycerides may
      contain up to about 3% triglycerides. Ethoxylated mono- and diglycerides
      are often referred to in the art as ethoxylated monoglycerides.
      Ethoxylated monoglycerides are the particularly preferred ester emulsifier
      due to excellent functional properties imparted to bread mixes.
      Functionality pertains to the ability of the emulsifier to interact and
      condition the protein of the flour of bread mixes. Functionality is
      particularly important in continuous bread-making process.
PAR  Ethoxylated monoglycerides are ethoxylated mono- and diglycerides being
      polyethoxylated fatty acid esters of glycerol, predominantly mono esters
      of glycerol, and may be conventionally described as a mixture of stearate,
      palmitate, and lesser amounts of myristate partial esters of glycerin
      condensed with approximately 20 moles of ethylene oxide per mole of
      alpha-monoglyceride reaction mixture such as set forth in The Food Codex
      and FDA Regulations, and more particularly set forth in the Egan patent,
      U.S. Pat. No. 3,433,645, and incorporated herein by reference. The fatty
      acid radicals of ethoxylated monoglycerides preferably are higher fatty
      acid chains having about 12 to 18 carbon atoms and the glycerol ester
      preferably contains about 18 to 22 moles of ethylene oxide per mole of
      glycerol ester. Suitable ethoxylated monoglycerides for this invention
      have a hydroxyl value of about 65 to 80,  a saponification number of about
      60 to 80, an acid values less than about 2, and an oxyethylene content of
      about 55 to 75 weight percent based on the total ethoxylated glycerides
      composition. The capillary melting point of ethoxylated mono- and
      diglycerides is between about 75.degree. to 95.degree.F and preferably
      between about 80.degree. to 90.degree.F. Ethoxylated monoglycerides may be
      prepared by reacting ethylene oxide with a mono- and diglyceride mixture
      at temperatures of about 145.degree. to 175.degree.C, such as suggested in
      the Egan patent, U.S. Pat. No. 3,490,918, and incorporated herein by
      reference.
PAR  The foregoing described soft mono- and diglycerides hereinbefore described
      and the ethoxylated mono- and diglycerides are preferably contained in the
      fluid shortening in a wide range of a weight ratio of about 80 to 20
      weight parts of soft mono- and diglycerides to 20 to 80 weight parts of
      ethoxylated mono- and diglycerides. Preferably, the weight ratio may range
      from about 55/45 to 65/35; and the most preferred ratio is about 60 weight
      parts of soft mono- and diglycerides to about 40 weight parts of
      ethoxylated monoglyceride.
PAR  The fluid shortening of this invention further can include minor amounts of
      solid stearine within the dispersed blend. Stearines useful in this
      invention are derived from beta-tending fats such as, for example, soybean
      oil, peanut oil, safflower oil, and hydrogenated lard. Beta-tending solid
      stearines may be identified by x-ray diffraction wherein polymorphic forms
      are identified using a Phillips X-ray Diffractometer goniometer coupled
      with a strip chart recorder. The goniometer has a scanning range of
      17.0.degree. to 25.0 .degree. wherein beta-polymorphic form displays
      identifying peaks at 19.4.degree., 23.0.degree., and 24.0.degree.,
      respectively. The iodine value of solid stearines may range from 0 to 15
      and preferably 0 to 5. The capillary melting point of the solid stearines
      advantageously ranges from 135.degree. to 155.degree.F, and preferably
      140.degree. to 145.degree.F. The preferred solid stearine is soybean
      stearine having an iodine number of about 0 to 5 and derived from
      hydrogenated soybean oil.
PAR  The foregoing components are dispersed within major amounts of liquid
      vegetable oils, commonly referred to as lipids, and primarily consisting
      of triglycerides wherein at least about 90 weight percent and preferably
      above 95 weight percent of the vegetable oil are glycidal esters. Suitable
      liquid vegetable oils include, for example, soybean oil, peanut oil,
      mustardseed oil, safflower seed oil, corn oil, and like vegetable oils.
      Suitable liquid vegetable oils for this invention have an iodine value
      between about 90 to 150 and preferably 120 to 130. The liquid vegetable
      oils are liquid at room temperature and preferably have a melting point of
      less than 50.degree.F. Preferred liquid vegetable oils include soybean
      oil, and high oleic safflower seed oil.
PAR  In practice, the fluid shortening of this invention is produced by mixing
      on a weight basis about 4 to 14 weight parts of soft mono- and
      diglycerides, 2 to 8 weight parts of ethoxylated monoglycerides, 0 to 8
      weight parts of solid or hard stock stearine, and the balance being at
      least about 40 weight parts of liquid vegetable oil. Desirably, 2 to 8
      weight percent of solid stearine and preferably 4 to 6 weight parts of
      solid stearine are utilized with at least 50 weight parts of liquid
      vegetable oil. The fluid shortening components are heated to a temperature
      sufficient to liquefy all of the components which usually requires
      temperatures of about 130.degree. to 150.degree.F whereby a substantially
      uniform liquid blend results. The liquid blend is then passed through a
      swept-surface heat exchanger for quickly chilling the liquid blend to
      initiate beta-crystal formation within the chilled liquid blend. The
      temperature of the blend in the swept-surface heat exchanger is quickly
      reduced to at least 85.degree.F, preferably about 80.degree. to
      85.degree.F, and maintained at this temperature until the chilled blend
      exits from the swept-surface heat exchanger. A suitable swept-surface heat
      exchanger for the purpose of this invention is a commercially available
      "Votator" A type unit chilling machine as described in detail in U.S. Pat.
      No. 3,011,896. The Votator A unit causes fat crystals to form and become
      dispersed within the liquid vegetable oil and further initiates
      beta-crystal formation. The chilled blend containing fat crystals and
      having a temperature of about 80.degree. to 85.degree.F is then passed to
      a holding tank for working by mildy agitating the chilled blend to a
      product of desirable consistency. The holding tank may be similar in
      construction to the swept-surface heat exchanger and sometimes is referred
      to as a Votator B Unit which merely agitates the chilled blend to allow
      betacrystallization to develop. The Votator B unit further maintains the
      chilled blend temperature at about 82.degree. to 88.degree.F whereby fat
      crystals continue to form within the chilled blend. The Votator B unit
      mildly agitates the chilled blend being passed therethrough on a
      continuous basis for about 1 minute to work the chilled blend into a
      substantially uniform dispersion wherein the fat crystals dispersed in the
      vegetable oil are in equilibrium with the liquid vegetable oil. The
      Votator B unit further provides for removing any localized heat released
      during the continued formation of fat crystals and the temperature of the
      chilled blend is maintained between 82.degree. and 88.degree.F. Formation
      of beta-crystals within the chilled blend depends on effectively
      maintaining the temperature of the chilled blend between 82.degree. and
      88.degree.F while passing through the Votator B unit. If temperatures of
      the blend fall below 82.degree.F, unacceptable viscosities result, whereas
      blend temperatures above 88.degree.F tend to produce liquid shortenings
      with considerably reduced stability. Maintenance of blend temperatures
      between 82.degree. and 88.degree.F is particularly necessary in this
      invention due to the varied and multiple melting points of the various
      components of the fluid shortening. In this regard, the soft mono- and
      diglycerides have melting points up to about 120.degree.F; the hard stock
      solid stearine has a melting point between about 135.degree. and
      155.degree.F; the ethoxylated monoglycerides have a melting point between
      about 80.degree.F and 90.degree.F; and the liquid vegetable oil usually
      has a melting point below 50.degree.F. Hence, it has been found that the
      temperature of the chilled blend of components must be maintained between
      82.degree. and 88.degree.F, preferably 84.degree. to 86.degree.F, while
      passing through the Votator B unit. The components, although having a wide
      variation in melting points, appear to be effectively stabilized and
      uniformly dispersed within the liquid vegetable oil to provide remarkable
      stable uniform dispersion.
PAR  Although not intended to be bound by theory, it is believed that the liquid
      vegetable oil serves as a continuous-phase matrix for the other components
      wherein the solid hard stock stearine initially crystallizes within the
      liquid vegetable oil matrix upon rapid cooling in the swept-surface heat
      exchanger. Upon further cooling, the soft mono- and diglycerides are
      believed to associate with the solid hard stock stearine so as to hold the
      beta-tending stearines suspended within the vegetable oil since the soft
      mono- and diglycerides have limited affinity for both the oil and the
      solid hard stock stearine. Further cooling in the critical range of
      82.degree. to 86.degree.F is believed to cause the lower melting point
      ethoxylated monoglycerides as well as solid hard stock stearine and soft
      mono- and diglycerides to become suspended within the matrix of oil
      providing a stabilized dispersion wherein said components are stably
      dispersed within the liquid vegetable oil matrix. Nevertheless,
      substantial deviations from maintaining the temperature of the blend
      between 82.degree. and 86.degree.F in the holding tank result in the fluid
      shortening having abnormally high and undesirable viscosities as well as
      loss of physical stability.
PAR  After processing is completed in the Votator B unit, sometimes referred to
      as Votation, the resulting stabilized uniform dispersion mixture is then
      passed to a stehling tank for continuous agitation or fluidization at
      temperatures between about 80.degree.F to 90.degree.F, advantageously
      82.degree. to 88.degree.F, and preferably 84.degree. to 86.degree.F.
      Fluidization continues for time sufficient for complete conversion of the
      fat crystals to the beta-crystal, that is, at least 90% conversion and
      preferably 95  to 100% conversion to the beta-crystal form. Fluidization
      continues for extended periods and up to about 24 to 48 hours for diluted
      dispersion mixtures to form a completely stabilized suspension of
      predominantly beta-crystals suspended within the liquid vegetable oil
      matrix to produce the stabilized fluid shortening of this invention. The
      resulting fluid shortening of this invention has superior stability upon
      repeated temperature cycling between 50.degree. and 100.degree.F and
      maintains the stable dispersion for at least about 3 months.
PAR  A further advantageous aspect of this invention is that fluid shortening
      containing not greater than about 5% by volume entrapped air or other gas
      advantageously prolonged the stability of the fluid shortening even
      longer. Physical stability was maintained, but even more surprisingly,
      viscosity characteristics as a function of time and temperature were
      substantially improved in low gas systems. In a temperature range of
      50.degree. to 100.degree.F, for example, fluid shortening having a
      viscosity of about 730 cps and having less than 5% entrapped air possessed
      improved viscosity control over a six-week period wherein viscosity
      increases were about one-half than when compared to commercial fluid
      shortening containing greater than five percent entrapped air by volume.
      Accordingly, the preferred fluid shortening of this invention contains not
      greater than about 5% air by volume.
PAR  A further advantageous aspect of this invention is that a concentrate of
      fluid shortening may be produced and held in storage facilities and
      thereafter diluted for use in baking processes. Producing liquid in
      concentrated form increases processing efficiency by necessitating less
      material through-put in the processing as well as conserving storage space
      and energy requirements. Much shorter processing times are realized in the
      melting step, the quick chilling step, in the Votator A unit, the working
      step in the Votator B unit, and the fluidizing step as compared to
      processing diluted fluid shortening. The fluidizing step, for example, may
      be reduced to about 6 hours to 24 hours when only 50 weight parts of
      liquid vegetable oil are utilized to produce a concentrated fluid
      shortening. Varying concentrated liquid shortenings can be produced by
      varying the amount of vegetable oil to between 50 to 100 weight parts of
      vegetable oil wherein 100 parts of vegetable oil represents full strength
      fluid shortening. The concentrated fluid shortening may be then stored and
      diluted with additional vegetable oil prior to use in baking processes,
      that is, increase the vegetable oil level to about 100  weight parts in
      the fluid shortening mixture. When additional vegetable oil is added, the
      diluted mixture is then again simply fluidized at temperatures of about
      80.degree. to 90.degree.F for about 4 hours to 10 hours to produce a
      stabilized fluid shortening having complete beta-formation, that is, 95 to
      100% crystals. Further advantages of the concentrate is that even further
      increased stability is achieved with the concentrate wherein the
      concentrated fluid shortening has increased stability of about 50% over
      the extended three to four month stability realized by the diluted fluid
      shortening of this invention. The concentrated fluid shortening comprises
      4 to 14 weight parts of soft mono- and diglycerides, 2 to 8 weight parts
      of ethoxylated monoglyceride, 0 to 8 weight parts of solid stearine
      dispersed in at least about 40 weight parts of liquid vegetable oil to
      produce a substantially uniform dispersion. The concentrate is ordinarily
      diluted for use in baking processes to provide up to about 100 weight
      parts of liquid vegetable oil in the fluid shortening mixture which is a
      desirable fluid shortening for use in continuous bread-making process and
      the like.
PAR  Still a further advantageous aspect of this invention is that the fluid
      shortening can be effectively hydrated with water whereby a hydrated fluid
      shortening system is achieved and can be advantageously utilized in
      continuously mixed processes for breads, buns, rolls, and the like. In
      addition to processing advantages, the hydrated fluid shortening, an oil
      in water emulsion system, provides increased functionality in the food
      products wherein improved specific volume is achieved as well as improved
      quality. Stabilized physical and chemical interaction between the hydrated
      fluid shortening and other bread dough ingredients is realized in the
      baking process.
PAR  Hydrated fluid shortening comprises between about 30 to 70 weight parts of
      non-concentrated fluid shortening with the remainder being water.
      Preferably, the hydrated fluid shortening contains about 45 to 55 weight
      parts fluid shortening mixed with about 55 to 45 weight parts water. The
      hydrated fluid shortening can be produced by high-speed mixing, but
      preferably is produced by votating a blended mixture of water and fluid
      shortening. The blended mixture enters a Votator A unit at a temperature
      of about 125.degree. to 135.degree.F, is votated therein, and then exits
      at about 67.degree.F to 77.degree.F. The mixture then enters the Votator B
      unit, is votated therein, and exits from the Votator B unit at
      temperatures between about 70.degree.F to 80.degree.F. The resulting
      votated mixture is a surprising stable hydrated fluid shortening.
      Apparently, votating the blended mixture of fluid shortening and water
      provides a fluid homogeneous mixture in addition to achieving a reduction
      of beta-crystal size of the lipid components which further improves the
      physical stability and handleability of the hydrated fluid shortening. The
      hydrated fluid shortening is a very stable, low viscosity hydrated fluid
      shortening which does not foam in use while intermixing the same into a
      bread-mixing process which is a substantial improvement over conventional
      hydrated shortening systems. Conventional hydrated shortening systems very
      often cause considerable foaming in use thereby causing inaccurate
      metering while pumping as well as disposing of the foam.
DETD
PAR  The following examples further illustrate this invention but are not to be
      construed as limiting the scope of this invention.
PAC  EXAMPLE 1
PAR  Fluid shortening was produced from the following ingredients:
PA1  82 lbs. of soybean oil
PA1  8 lbs. of soft mono- and diglycerides having at least 50% monoglyceride, an
      I.V. of 70, and a melting point of 120.degree.F
PA1  5 lbs. of ethoxylated mono- and diglycerides
PA1  5 lbs. of soybean stearine.
PAR  A. The ingredients were charged into a holding tank, heated to
      130.degree.F, and agitated at temperatures of 130.degree. to 135.degree.F
      until a molten mixture was obtained.
PAR  B. The molten mixture was then pumped at a temperature of about
      135.degree.F to a first Votator unit "A" wherein the mixture was rapidly
      cooled to a chilled blend at a temperature of approximately 80.degree. to
      85.degree.F.
PAR  C. The mixture was then pumped at a temperature of 80.degree. to
      85.degree.F for through-put for working (mild agitation) through a Votator
      B unit wherein the chilled blend temperature was maintained at 82.degree.
      to 86.degree.F to produce a stabilized uniform dispersion. Holding time of
      the chilled blend within the Votator B unit was about one minute.
PAR  D. The fluid shortening mixture was then continually agitated at 80.degree.
      to 90.degree.F in a stehling tank at about 16 RPM for a period of at least
      about 40 hours to produce a stable fluid shortening.
PAR  E. The resulting stabilized fluid shortening was a substantially uniform
      dispersion with the following characteristics:
PA1  a. Stability:
PA2  After 20 hours of fluidization, there was 0% dissociation. After 40 hours
      of stehling, there was 0% dissociation measured by a centrifuge test using
      a 50 ml. graduated test tube and centrifuging at 2000 RPM for 15 minutes.
PA1  b. Viscosity:
PA2  After 20 hours of fluidization, viscosity of the fluid shortening was 575
      cps as measured by Brookfield Model LVT using a No. 3 spindle at 60 RPM.
PA2  After 40 hours of fluidization, viscosity of the fluid shortening was
      similarly measured to 520 cps.
PA1  c. Solids Fat Profile:
PA2  Measurement was by American Oil Chemical Society Test No. CD-10-57
PA2  50.degree.f yielded 7-9 SFI units
PA2  70.degree.F yielded 7-9 SFI units
PA2  92.degree.F yielded 6-7 SFI units
PA2  104.degree.F yielded 5-6 SFI units.
PA1  d. Long Term Stability:
PA1  After 70 days, less than 2% separation by volume resulted from centrifuging
      15 minutes at 2000 RPM.
PA1  e. Beta-Polymorphic Form: Conversion to the beta-crystal form was 100% as
      measured by Test No. .0036*
FNT  *Durkee Internal Test No. 0.0036 is a test wherein the polymorphic forms
      are characterized using a Phillips X-ray Diffractometer coupled with a
      strip chart recorder. The copper target tube was operated at 30 KV
      potential and 15 MA current. The radiation, K, was filtered with a nickel
      filter. The scanning range of the goniometer was 17.0.degree. to
      25.0.degree. at a rate of 0.5.degree. per minute (2 .theta., the angle of
      diffraction used for short spacings). Test samples are prepared by
      filtering a sample of fluid shortening placed in a No. 5 filter paper
      loaded in a Buchner Funnel operating for 5 minutes at full water aspirator
      pressure. The solid cake remaining on the filter paper was packed into
      diffraction holders and tested. Polymorphic forms are identified by noting
      the positions of the peaks on the x-ray pattern which is a plot of
      intensity of diffracted rays vs. angle of diffraction recorded.
      Polymorphic forms are identified in accordance with the following scheme:
FNT  .alpha. (alpha) form displays one peak at 21.5.degree.
FNT  .beta. ' (beta prime) form displays two peaks at 21.3.degree. and
      23.7.degree.
FNT  .beta. (beta) form displays three peaks at 19.4.degree., 23.0.degree., and
      24.0.degree.
FNT  .beta. is the stablest polymorphic form for all aminol or vegetable fats.
PAC  EXAMPLE 2
PAR  Fluid shortening of Example 1 was pumped from a holding tank at a
      temperature of about 70.degree.F and introduced into a block process in a
      continuous-mix bread formula wherein the ratio of 1.86 pounds of fluid
      shortening was mixed with brew of the following composition:
PA1  2 lbs. of sugar
PA1  2 lbs. of salt
PA1  3.25 lbs. of yeast
PA1  0.75 lbs. of yeast food
PA1  67.0 lbs. of water
PA1  15/16 ppm of KIO.sub.3 /KBrO.sub.3
PA1  0.1 lbs. of sodium propionate mold inhibitor (Mycoban);
PAL  and spike of the following composition
PA1  2 lbs. high heat milk solids
PA1  5 lbs. of sugar.
PAL  The fluid shortening of Example 1 was pumped directly from the bulk holding
      tank and mixed with the brew and spike of the foregoing indicated ratios
      in a mixing unit and thereafter introduced into a developer head used in
      the continuous-mix bread process. The continuous intermixing of the fluid
      shortening with the brew, spike, and sufficient flour wherein the ratios
      are as follows:
PA1  14 grams per minute of fluid shortening (3.5% based on flour)
PA1  328 grams per minute of brew and spike
PA1  400 grams per minute of flour.
PAL  The resulting dough was maintained at a temperature of about 98.degree.F to
      102.degree.F and extracted into 15.5 ounce bread loafs and baked to
      produce standard bread loafs. The bread loafs had increased softness and
      increased shelf life. Further favorable bread properties were realized
      including excellent volume, crumb, crust, grain, texture, side walls, and
      flavor, excellent slicing properties, excellent bread packaging, and
      excellent storage properties.
PAC  EXAMPLE 3
PAR  Bread loafs were made in a manner similar to Example 2 but utilizing a
      conventional fluid shortening based on hard monoand diglycerides having an
      iodine value of less than 5. The bread loafs were compared with bread
      loafs of Example 2 with the following results as tested by Test No.
      .0049.**
TBL                TABLE 1                                                     
     ______________________________________                                    
     Bread Loaf Sample  1 day    4 days   7 days                               
     ______________________________________                                    
     a)  Example 2 made with fluid                                             
                            E=13.5   E=28.9 E=38.9                             
         shortening of this invention                                          
     b)  Example 3 made with conven-                                           
                            E=18.0   E=32.4 E=45.9                             
         tional fluid shortening                                               
     ______________________________________                                    
FNT  **Test No. .0049 is an Instron procedure test for measuring bread softness
      and conducted on a table model Instron Unit coupled with a strip chart
      recorder and an integrator. The CB Censor Cell of the Instron had a load
      range of 0-2000 grams, and the aluminum cylindrical probe was 3
      centimeters by 2.5 centimeters. The test sample was produced by placing a
      test loaf into a bread slicing miter box with slots and slicing the test
      loaf into 2-inch sections. Softness measurements were conducted on two
      segments of each loaf which adjoins the center slice in the direction of
      the closest end. The integrator reading was reported by compressing the
      crumb to a depth of 0.5 inches at a crosshead rate of 0.5 inch per minute
      with the probe positioned approximately at the center of the slice and
      exactly on the testing surface. A value E was obtained as a relative
      measure of softness of the bread wherein higher values of E reflect a
      firmer bread product. E is a unit of work or energy calculated from the
      following formula:
EQU  E = X/5000 . L . S,
PAL  wherein
PA1  E = the energy in inch-gram
PA1  L = the full-scale load in grams
PA1  S = the rate of compression
PA1  X = the integrated value.
PAC  EXAMPLE 4
PAR  Fluid shortening was made in a manner similar to Example 1 from the
      following ingredients:
PA1  87 lbs. of soybean oil
PA1  8 lbs. of soft mono- and diglycerides having at least about 50%
      monoglyceride, and an I.V. of 65 and a melting point of 125.degree.F
PA1  5 lbs. of ethoxylated mono- and diglycerides.
PAL  This fluid shortening was utilized in a continuous-mix bread process
      similar to Example 2 and similar favorable results were achieved.
PAC  EXAMPLE 5
PAR  Fluid shortening was made in a manner similar to Example 1. The ethoxylated
      mono- and diglycerides were replaced with an equal amount of other ester
      emulsifier. The results are compared in Table 2 below indicated as a
      variable of ester emulsifier.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                 Specific                                                      
                      % Shock                                                  
                           Instron                                             
     Ester Emulsifier                                                          
                 Volume                                                        
                      Volume                                                   
                           1 day                                               
                               +5 days                                         
                                     7 days                                    
                                         Score                                 
     __________________________________________________________________________
     1)                                                                        
       Polyoxyethylene                                                         
                 6.26 14.6 16.9                                                
                               32.1  47.4                                      
                                         85                                    
       (20) sorbitan                                                           
       monostearate                                                            
     2)                                                                        
       Polyoxyethylene                                                         
                 6.20 16.8 19.4                                                
                               38.9  50.4                                      
                                         83                                    
       (20) mono-                                                              
       oleate                                                                  
     3)                                                                        
       Polyoxyethylene                                                         
                 6.12 21.6 21.2                                                
                               37.0  55.4                                      
                                         76                                    
       (20) sorbitan                                                           
       tristearate                                                             
     4)                                                                        
       Sodium stearoyl                                                         
                 6.20 40.0 19.4                                                
                               38.3  57.1                                      
                                         79                                    
       2-lactylate                                                             
     5)                                                                        
       Succinylated                                                            
                 6.00 26.7 20.0                                                
                               36.6  59.1                                      
                                         72                                    
       monoglyceride                                                           
     6)                                                                        
       Ethoxylated (20)                                                        
                 6.61  7.5 16.2                                                
                               28.9  46.6                                      
                                         88                                    
       monoglyceride                                                           
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  Concentrated fluid shortening was produced in accordance with this
      invention from the following ingredients by weight:
PA1  40 parts of soybean oil
PA1  8 parts of soft mono- and diglycerides having at least about 50%
      monoglyceride and an I.V. value of 70 and a melting point of 125.degree.F
PA1  5 parts ethoxylated mono- and diglycerides
PA1  5 parts soybean stearine.
PAR  A. The foregoing ingredients were charged into a holding tank, heated to at
      least 130.degree.F, and agitated at temperatures of about 130.degree. to
      135.degree.F until a molten mixture was obtained.
PAR  B. The molten mixture was then pumped at a temperature of about
      135.degree.F to a first Votator A unit wherein the mixture was quickly
      reduced to a mixture temperature of approximately 80.degree. to
      85.degree.F.
PAR  C. The mixture was then pumped at a temperature of 80.degree.F to a holding
      tank Votator "B" unit wherein the mixture temperature was maintained at
      82.degree. to 86.degree.F.
PAR  D. The fluid shortening mixture was then continuously agitated in a
      stehling tank at about 16 RPM for a period of at least about 6 hours to
      produce a stable concentrated fluid shortening which was thereafter pumped
      to a storage facility.
PAR  E. The concentrated fluid shortening was then pumped from the storage
      facility to a mixing tank and mixed with 42 weight parts of soybean oil by
      continuous agitation in a stehling tank at about 16 RPM for a period of at
      least eight hours to produce a fluidized diluted liquid shortening with
      characteristics comparable to those obtained in Example 1, subpart D.
PAC  EXAMPLE 7
PAR  Buns and rolls were produced utilizing the fluid shortening of Example 1 in
      accordance with the following formula:
PA1  6 lbs. of fluid shortening from Example 1
PA1  100 lbs. of flour
PA1  64 lbs. of water
PA1  2.5 lbs. of salt
PA1  3.0 lbs. of yeast
PA1  0.5 lbs. of yeast food
PA1  6 lbs. of sugar
PA1  0.3 lbs. of sodium propionate (mold inhibitor)
PA1  2.0 lbs. of milk solids non-fat.
PAL  The developed dough had excellent machineability through automatic
      processing equipment wherein the dough was not sticky and did not tear
      apart.
PAR  The baked buns and rolls characteristically had excellent volume, crumb,
      crust, texture, and shelf life.
PAC  EXAMPLE 8
PAR  Fluid shortening of Example 1 was mixed with water in proportions indicated
      in Table 3 below, fed at a temperature of about 115.degree.F to Votator A
      unit, votated therein with a dwell time of about 1 minute, discharged at a
      temperature of about 73.degree.F and fed to a Votator B unit, votated
      therein with a dwell time of about 1 minute, and discharged at a
      temperature of about 75.degree.F. The ratios of fluid shortening to water
      are weight ratios. The resulting stability and viscosity are indicated in
      Table 3.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Hydrated                                                                  
     Fluid Shortening                                                          
     Fluid Shortening                                                          
                 Water   Stability      viscosity                              
     ______________________________________                                    
     90          10      Non-stable      N.G.                                  
     80          20      Non-stable      N.G.                                  
     70          30      Smooth and Stable                                     
                                        2240 cps.                              
     60          40      Smooth and Stable                                     
                                        1320 cps.                              
     50          50      Smooth and Stable                                     
                                         480 cps.                              
     40          60      Smooth and Stable                                     
                                         480 cps.                              
     30          70      Smooth and Stable                                     
                                         120 cps.                              
     20          80      Non-stable      N.G.                                  
     10          90      Non-stable      N.G.                                  
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  About 3.92 lbs. of the hydrated fluid shortening of the 50/50 blend in
      Table 3 was mixed with the following:
PA1  Brew:
PA2  2.00 lbs. granulated sugar
PA2  2.00 lbs. salt
PA2  3.25 lbs. yeast
PA2  0.75 lbs. yeast food
PA2  3.73 lbs. fluid shortening of Example 1
PA2  67.00 lbs. water
PA2  15/16 ppm. KIO.sub.3 /KBrO.sub.3
PA2  0.1 lb. sodium propionate
PA1  Spike:
PA2  2 lbs. high heat milk solids
PA2  5 lbs. sugar
PAR  The fluid shortening, brew, and spike were continuously mixed and processed
      in a continuous baking process whereby the final bread product contained
      3.5% of shortening based on flour. No foaming was encountered although the
      brew was pumped continuously for two hours in a continuous-mix bread
      process. Table 4 indicates the results of test evaluations on the bread
      products.
TBL                TABLE 4                                                     
     ______________________________________                                    
                              cc/gm                                            
                              Control  Hydrated                                
     Property     Neg. Control                                                 
                              Ex. 1    (Ex. 9)                                 
     ______________________________________                                    
     Specific Volume                                                           
                  6.08 cc/gm  6.46     6.70 cc/gm                              
     Percent Shock                                                             
                  53.7%       20.8     19.8%                                   
     Instron                                                                   
         1 day    22.5        16.6     16.5                                    
         3 days   55.1        29.4     28.9                                    
         7 days   65.5        43.8     43.2                                    
     Score        70          86       87                                      
     ______________________________________                                    
PAR  The foregoing examples are illustrative of the advantages of the fluid
      shortening of this invention based on soft mono- and diglycerides to
      produce substantially uniform dispersion having increased long term
      stability. The examples are not intended to be limiting except as defined
      in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for making yeast raised bakery products containing
      shortening the improvement comprising preparing a fluid shortening by:
PA1  heating a mixture of soft mono- and diglycerides, ester emulsifiers, solid
      stearine, and liquid vegetable oil to form a liquefied molten mixture,
      said mixture comprising by weight 4 to 14 parts of said soft monoand
      diglycerides derived from vegetable oil and having an iodine value of at
      least 40, 2 to 8 parts of said ester emulsifiers selected from the group
      consisting of ethoxylated monoglyceride, ethoxylated sorbitan, ethoxylated
      mannitan, ethoxylated monooleate, sodium stearoyl-1-lactylate, calcium
      stearoyl-2-lactylate, sodium stearoyl-2- lactylate, ethoxylated propylene
      glycol monoesters, ethoxylated triglycerol monostearate, and succinylated
      monoglyceride, 2 to 8 parts of said solid stearine, and about 40 to 100
      parts of said liquid vegetable oil;
PA1  rapidly cooling said molten mixture to a temperature between about
      82.degree. to 88.degree.F to initiate beta-crystal formation and produce a
      chilled blend having dispersed fat crystals;
PA1  working said chilled blend at temperatures between 82.degree. to
      88.degree.F to develop beta-crystal formation and produce a substantially
      uniform dispersion containing beta-fat crystals are in equilibrium with
      said liquid vegetable oil; and
PA1  fluidizing said uniform dispersion by agitating at temperatures of
      80.degree. to 90.degree.F for time sufficient to complete the beta-crystal
      formation and produce a stabilized fluid shortening.
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PAL  Enhancement of the flavor of foodstuffs, is achieved by the addition of a
      flavor modifying amount of a compound having the general formulae:
      ##SPC1##
PAL  Wherein R stands for hydrogen, methyl or ethyl.
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PAR  This is a division of application Ser. No. 243,866 filed Apr. 13, 1972,
      which is a division of application Ser. No. 70,560 filed Sept. 8, 1970,
      now U.S. Pat. 3,702,253; which latter application is a continuation of
      now-abandoned application Ser. No. 543,069 filed Apr. 18, 1966, which is a
      continuation-in-part of now-abandoned application Ser. No. 452,342 filed
      Apr. 30, 1965.
BSUM
PAR  The invention relates to flavor agents in general. More particularly this
      invention relates to chemical compounds or compositions which have been
      found to have utility in the alteration of flavor or flavor
      characteristics of substances, whether naturally occurring or synthetic.
      Still more particularly the invention relates to a group of chemical
      compounds which have been found to be useful in the area of flavor-note
      alteration, whether by the enhancement of flavors or flavornotes that are
      characteristic in a substance, by the alteration of a flavor or a
      flavor-note from a less to a more desirable one, or by the complete or
      partial masking of a flavor or flavor-note.
PAR  As is generally recognized by those familiar with the art, the science of
      flavor technology is an extremely complex one. Although much is known
      about flavor and flavor technology there is still a great deal to be
      learned in the field and the body of scientific literature is being
      rapidly expanded by those working in the area. The technology of flavor
      synthesis and blending of various flavor elements to achieve certain
      desirable results is of great commercial importance at the present stage
      of industrial advance. Commercial production of consumer goods from
      synthetic starting materials is becoming more and more common, and
      desirable, as world population continues to increase its demands upon the
      finite capacity for the production of natural products. Industry is also
      continually seeking means of upgrading natural products - methods of
      altering or enhancing the qualities of taste of less desirable natural
      products - usually more abundant - into more desirable product qualities.
      Often, for example, a product can be made commercially attractive only by
      masking or blanking out an undesirable flavor component. Formerly, before
      the advent of the flavor chemist and his technology, this unit of
      production would have been lost, or at least, would have had to have been
      re-processed to a useable quality. By the use of specifically designed
      flavoring agents, however, the undesirable flavor note can be eliminated
      or masked with another desirable one, and the expensive and time-consuming
      re-processing step eliminated or the production batch saved for use. Too,
      it is common in some segments of the industry, particularly the food
      industry, to add flavor agents to production units to enhance or bring out
      a desirable flavor characteristics of products - and by so doing to render
      the product more desirable from a consumer preference standpoint.
PAR  It is the object of this invention therefore, to provide the flavor
      technologist with additional tools for his use in the alteration of food
      flavors, whether it be flavor or flavor-note alteration generally or the
      enhancement or improvement of flavor or flavor notes specifically.
PAR  It is a further object of the invention to furnish a group of chemical
      compositions which have utility in the technology of flavor alteration,
      whether added to solid or liquid compositions for human consumption, and
      which may be used in either solid or liquid form.
PAR  A further object of the invention is to describe several groups of chemical
      compounds having desirable utility as flavor agents which may be prepared
      synthetically, thus enabling the food technologist to alter or enhance his
      product without drawing upon a natural product for the flavor agent.
PAR  A still further object of the invention is to describe a group of chemical
      compounds capable of synthesis from readily available organic substances
      which may be used singly or in combination to alter the flavor or flavor
      notes of compositions for food use, whether used in micro-quantities such
      as parts-per-million or in larger quantities, as the dictates of the end
      results may require.
PAR  Other objects will become apparent to those skilled in the art as the
      description proceeds.
PAR  Thus, in accordance with the concept of the instant invention, there is set
      out below a series of groups of compounds which have been found to have
      utility as flavor agents and to represent valuable materials to the food
      technologist who wishes to alter the flavor components of foods or food
      products either liquid foods or beverages, such as fruit and vegetable
      juices, milk, coffee, tea, cocoa, chocolate, and the like or solid foods
      such as cereals, flours, confections, vegetables, meats, etc. The flavor
      agents may be used either in liquid or solid form and are used in
      quantities designed to give the desired results, as will be more clearly
      explained as the description proceeds.
PAR  The chemical compounds which have been found to have utility as flavor
      agents may be generally classified according to the following groups:
PA1  I. - diphenyls
PA1  Ii. - substituted Naphthalenes
PA1  Iii. - furan Hydrocarbons
PA1  Iv. - thiophene Hydrocarbons
PA1  V. - pyrrole Hydrocarbons
PA1  Vi. - pyridine Hydrocarbons
PA1  Vii. - pyrazine Hydrocarbons
PA1  Viii. - aliphatic and Aromatic Alcohols
PA1  Ix. - furan Ethers
PA1  X. - thiophene Ethers
PA1  Xi. - thiazole Alcohols
PA1  Xii. - pyridine Ethers and Alcohols
PA1  Xiii. - pyrazine Ethers and Alcohols
PA1  Xiv. - benzofuran Carbonyl Compounds
PA1  Xv. - thiophene Aldehydes
PA1  Xvi. - pyrrole Aldehydes
PA1  Xvii. - pyrazine Carbonyl Compounds
PA1  Xviii. - aliphatic and Aromatic Ketones
PA1  Xix. - furan Ketones
PA1  Xx. - thiophene Ketones
PA1  Xxi. - pyrrole Ketones
PA1  Xxii. - thiazole Carbonyl Compounds
PA1  Xxiii. - pyridine Carbonyl Compounds
PA1  Xxiv. - .alpha.-diketones
PA1  Xxv. - thiophene-.alpha.-diketones
PA1  Xxvi. - pyrrol-.alpha.-diketones
PA1  Xxvii. - furan Esters
PA1  Xxviii. - thiophene Esters
PA1  Xxix. - pyridine Esters
PA1  Xxx. - aromatic Sulfur Compounds
PA1  Xxxi. - furan Sulfur Compounds
PA1  Xxxii. - thiophene Sulfur Compounds
PA1  Xxxiii. - pyridine Sulfur Compounds
PA1  Xxxiv. - pyrrole Sulfur Compounds
PA1  Xxxv. - pyrazine Sulfur Compounds
PA1  Xxxvi. - phenols and Phenol Ethers
PA1  Xxxvii. - aliphatic Oxoalcohols
PA1  Xxxviii. - miscellaneous
PAR  The above groupings are selected more for reasons of chemical similarity
      than because of flavor alteration characteristics as will be more
      specifically described in relation to the more complete definition
      afforded each particular group.
PAR  The flavor agents or flavor modifying compositions of this invention are
      available to the food technologists in a variety of forms. It is usually
      preferable to use the agents in the form of a solution, for ease of
      dilution, exactitude of measurement, efficiency of distribution in the end
      use, etc. However the chemical nature of the compound, its solubility in
      acceptable solvents, its stability, and other characteristics may dictate
      the form in which it is used.
PAR  The amounts of the agents used is also subject to wide variation, of
      course. More concentrated materials, and those with the greatest degree of
      flavor modifying ability will be used in lesser amounts. Some degree of
      experimentation is, of course, required to achieve the desired results. A
      small, but flavor modifying amount, of the agents is blended with the
      material whose total flavor is to be altered, the amount depending upon
      the end result desired.
PAR  Two different types of method were used in testing the compounds listed in
      this specification for their utility as flavor agents, flavor modifiers,
      flavor alteration agents, flavor-note enhancers, and the like. The first
      type method (A) served the purpose of determining the intrinsic taste,
      flavor and aroma of each individual compound. The second type methods (B)
      and (C) were used for testing the flavor- and aroma- modifying or
      -enhancing effects of the compounds hereinafter listed on coffee products
      and more particularly on spraydried soluble coffee products commercially
      known as "instant coffee".
PAC  Method A.
PAR  The vehicle used for testing the flavor compounds was a 65% solution of
      cane sugar in tap water. The flavor compounds were incorporated in this
      sugar syrup in the form of 1% or 1 per 1000 by weight solutions in 96%
      ethyl alchol. The concentration of the flavor compounds in the sugar syrup
      varied between about 0.005 and 5 g. for 100 liters of syrup according to
      the varying strength of flavor compounds. Samples of each flavored sugar
      syrup were submitted to the members of the tasting panels. After tasting
      the samples each member had to give an evaluation of each flavor compound
      in terms of descriptive words.
PAR  In the evaluation of materials for the alteration or enhancement of coffee
      flavor or of coffee flavor notes it is essential that the equipment used,
      coffee pots, cups, spoons, measuring equipment, etc, be absolutely clean
      prior to use.
PAC  Method B.
PAR  The coffee base was prepared by dissolving 1 g. of a commercial spray-dried
      soluble coffee in boiling water. A sufficient number of pots was prepared
      to provide one pot for each flavor agent to be evaluated plus one control.
      The flavor agent was added to the coffee base in the form of a 1% of 1 per
      1000 by weight alcoholic solution at concentrations varying between 0.005
      and 5 g. of flavor agent for 100 liters of coffee base. The measured
      quantity of the flavor agent was added to a pot of the coffee base
      material, stirred well, and poured immediately into cups for the
      organoleptic evaluation. The taste tests were made within a short time
      (not more than 15 minutes) after the final composition to be tested was
      prepared.
PAR  The organoleptic evaluation involved grading a series of cups that were
      coded, the taster merely rating the coded cups against the standard or
      control which did not contain the flavor agent. The standard was placed at
      the first position in a series of cups. The tasters were asked to
      ascertain whether or not there existed differences in the flavor of the
      samples to be tested as compared with the control. The tasters were
      furthermore asked to described and characterize the various flavor notes
      and types determined.
PAC  Method C.
PAR  Using boiling Crystal Spring Water, to provide a clean starting taste, a
      1.35% solution of relatively bland tasting commercially available
      spray-dried soluble coffee was prepared. The containers used - preferably
      the lower portion of a glass coffee maker - was absolutely clean, as was
      the other equipment used, e.g. cups and spoons.
PAR  A sufficient number of containers, or pots, were used to accomodate each
      flavor fraction to be studied, plus one control. The flavor fraction was
      measured carefully with a micro-syringe, adding from 2 to 150 microliters
      of the flavor fraction per pot. The mixture of coffee solution and flavor
      fraction was stirred and immediately poured into cups for tasting. At
      least 5 experienced tasters are used. The tasting should begin at least
      within 15 minutes after the solution is prepared. If not, the solution
      should be discarded and fresh solution prepared.
PAR  The cups are coded and the samples are not identified. A standard sample is
      included in which no flavor fraction has been added. The taster is asked
      to identify and describe the flavor enhancement or modification noted.
PAR  In the following specific description of the compounds of the Groups listed
      above (I - XXXVIII) there is first given the structural formula followed
      by a list of members of the group which have been found to have
      outstanding utility in the concept of this invention. Immediately
      following the chemical name of each member there is given the commercial
      source or a literature reference giving a method for its preparation.
      Commercially available products will be identified by the abbreviation
      c.a., and may be obtained from FLUKA, A.O., Buchs S.G., Switzerland,
      ALDRICH CHEM. CO., Milwaukee, Wis.; DR.F. RASCHIO OMBH, Ludwigshafen a.
      Rh., West-Germany; or K & K LABORATORIES INC., Plainview, N.Y. 11803.
PAR  In those instances wherein new compounds are described a detailed method of
      preparation is given following the list of the group members. New
      compounds will be identified by the abbreviation n.c.
PAR  The results of the organoleptic evaluation tests are set out in the group
      of TABLES following the detailed description of the groups of compounds
DETD
PAC  I. - Diphenyls
PAR  In this first group of compounds are included those having the structural
      formula:
      ##SPC2##
PAL  wherein R is a hydrogen or an alkyl group, e.g. methyl,
PAR  Typical compounds are:
TBL  (1)      a. diphenyl          c.a.                                        
              b. 2-methyl-diphenyl c.a.                                        
              c. 3-methyl-diphenyl c.a.                                        
              d. 4-methyl-diphenyl c.a.                                        
              e. 4,4'-dimethyl-diphenyl                                        
                                   c.a.                                        
PAR  Organoleptic evaluations as flavor agents are described in TABLE I below.
PAC  II. - Substituted Naphthalenes
PAR  Compounds in this group are those having the general formula:
      ##SPC3##
PAL  wherein R is hydrogen or an alkyl group, e.g. methyl or ethyl, at least one
      of the R's being an alkyl group.
TBL  ______________________________________                                    
     Typical compounds include:                                                
     ______________________________________                                    
     (1)      a. alpha-methyl-naphthalene                                      
                                   c.a.                                        
              b. beta-methyl-naphthalene                                       
                                   c.a.                                        
              c. beta-ethyl-naphthalene                                        
                                   c.a.                                        
              d. 1,2-dimethyl-naphthalene                                      
                                   c.a.                                        
              e. 1,3-dimethyl-naphthalene                                      
                                   c.a.                                        
              f. 1,4-dimethyl-naphthalene                                      
                                   c.a.                                        
              g. 1,5-dimethyl-naphthalene                                      
                                   c.a.                                        
              h. 1,6-dimethyl-naphthalene                                      
                                   c.a.                                        
              i. 2,3-dimethyl-naphthalene                                      
                                   c.a.                                        
              j. 2,6-dimethyl-naphthalene                                      
                                   c.a.                                        
              k. 1,3,7-trimethyl-naphthalene                                   
                                   c.a.                                        
              l. 2,3,5-trimethyl-naphthalene                                   
                                   c.a.                                        
              m. 2,3,6-trimethyl-naphthalene                                   
                                   c.a.                                        
              n. alpha-ethyl-naphthalene                                       
                                   c.a.                                        
              o. 1,7-dimethyl-naphthalene                                      
                                   c.a.                                        
              p. 2,7-dimethyl-naphthalene                                      
                                   c.a.                                        
     ______________________________________                                    
PAR  The compounds enumerated above were evaluated organoleptically and gave the
      results set out in TABLE II below.
PAR  III. - Furan Hydrocarbons
PAR  The compounds of this group which have utility according to the inventive
      concept are selected from the class of compounds having the general
      formula:
      ##SPC4##
PAL  wherein R is hydrogen or an alkyl group containing from 1 to 3 carbon
      atoms;
PAL  compounds of the formula:
      ##SPC5##
PAL  wherein R is hydrogen or an alkyl or an alkenyl group of from 1 or 3 carbon
      atoms, provided that the sum of the carbon atoms of the substituent groups
      does not exceed 3; and compounds of the formula:
      ##SPC6##
PAL  wherein R.sub.1 is hydrogen or a methyl group and wherein R.sub.2 is
      ##SPC7##
PAL  R.sub.3 being hydrogen or a methyl group such that R.sub.1 and R.sub.3 are
      not both hydrogen.
PAR  Specific compounds included in this group of compounds are:
TBL  (1)                                                                       
        a. 2-vinyl-furan     Bull. 1947, 453                                   
        b. 2-(1)-pentenyl-furan                                                
                             C.A. 1961, 85905f                                 
     (2)                                                                       
        a. benzofuran         c.a.                                             
        b. 2-methyl-benzofuran                                                 
                             Soc. 1955, 3689                                   
        c. 2-ethyl-benzofuran                                                  
                             J.A.C.S. 73,754 (1951)                            
        d. 2,3-dimethyl-benzofuran                                             
                             Soc. 1955, 3689                                   
        e. 2-vinyl-benzofuran                                                  
                             J.A.C.S. 73, 754 (1951)                           
        f. 2-isopropenyl-benzofuran                                            
                              n.c.                                             
        g. 7-methyl-benzofuran                                                 
                             J.Chem.Soc.1920, 1534                             
        h. 7-ethyl-benzofuran                                                  
                              n.c.                                             
        i. 2,7-dimethylbenzofuran                                              
                              n.c.                                             
     (3)                                                                       
        a. 2,2'-difuryl      J.A.C.S. 73, 1271 (1951)                          
        b. 5-methyl-2,2'-difuryl-methane                                       
                             C.A. 1957, 6594a                                  
        c. 5,5'-dimethyl-2,2'-difuryl-methane                                  
                             Helv. 1932, 1068                                  
PAR  The new compounds included in Group III can be prepared by the methods
      described below.
PAR  (2) f. 2-Isopropenyl-benzofuran According to the method described in
      J.A.C.S. 73,754 (1951) -2-acetyl-benzofuran is reacted with
      methyl-magnesium bromide to form 2-(2-hydroxy-isopropyl-benzofuran which
      is converted to its acetate. Pyrolysis of the acetate yields
      2-isopropenyl-benzofuran of b.p. 81.degree.-83.degree.C./0.001 mm. Hg.
PAR  (2) h. 7-Ethyl-benzefuran is prepared by the method described in J. Chem.
      Soc. 1920, 1534, but using o-ethylphenol inate of o-cresol. The MS. of the
      product thus obtained shows the following ion peaks with the relative
      intensities given within brackets: 131 (100%), 146 (38% and 77 (10%).
PAR  (2) i. 2.7-Dimethyl-benzofuran. 7-Methyl-benzofuran (cf. compound (2) g.)
      is subjected to a WILSMEYER reaction to form
      7-methyl-benzofuran-2-aldehyde which is converted into
      2.7-dimethyl-benzofuran by a WOLFE-KISHNER reaction by the method
      described in Bull, Soc. Chim. France 29, 1875 (1952). The product thus
      obtained has the following peaks in its MS: 146 (100%), 145 (92%) and 131
      (32%).
PAR  Organoleptic evaluations of this group of compounds are set out in TABLE
      III below.
PAC  IV. Thiophene Hydrocarbons
PAR  The thiophene hydrocarbons having utility in accordance with the instant
      inventive concept are those compounds described by the structural formula:
      ##SPC8##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen, methyl, ethyl, vinyl or propyl.
PAL  the compound of the formula:
      ##SPC9##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or methyl groups, and wherein X is
      oxygen or sulfur; the compounds of the formula
      ##SPC10##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or methyl groups, and the
      compounds of the formula
      ##SPC11##
PAL  wherein R.sub.1 and R.sub.2 represent hydrogen or alkyl groups.
PAR  Typical compounds of this class of compounds are:
TBL  (1)                                                                       
        a. 2-methyl-thiophene  c.a.                                            
        b. 3-methyl-thiophene  c.a.                                            
        c. 2-ethyl-thiophene   c.a.                                            
        d. 3-ethyl-thiophene  Bull. 1955, 424                                  
        e. 2-propyl-thiophene J.A.C.S. 70, 391, Bull.                          
                              1955, 361                                        
        f. 2-vinyl-thiophene  Bull.1955, 424                                   
        g. 3-vinyl-thiophene  Bull. 1955, 424                                  
        h. 2-methyl-4-ethyl-thiophene                                          
                              J.A.C.S.75, 989 (1953)                           
        i. 2-methyl-5-ethyl-thiophene                                          
                              J.A.C.S.75, 989 (1953)                           
        j. 2-methyl-5-propyl-thiophene                                         
                              J.A.C.S.75, 989 (1953)                           
        k. 2,5-dimethyl-thiophene                                              
                               c.a.                                            
     (2)                                                                       
        a. 2,3,3',2'-thiophenethiophene                                        
                              Soc. 1953, 1837                                  
     (3)                                                                       
        a. 2,2'-dithienyl-methane                                              
                              J.A.C.S.73, 1270 (1951)                          
        b. 5,5'-dimethyl-2,2'-dithienyl-methane                                
                              J.A.C.S.73, 1270 (1951)                          
        c. 2-furyl-2-thienyl-methane                                           
                              C.A. 57, 9776f(1962)                             
        d. (5-methyl-2-thienyl)-2-furyl-methane                                
                              C.A. 57, 9776f (1962)                            
     (4)                                                                       
        a. 2,2'-dithienyl     J.A.C.S.78, 1958 (1956)                          
        b. 5,5'-dimethyl-2,2'-dithienyl-methane                                
                              J.A.C.S.78, 1958 (1956)                          
     (5)                                                                       
        a. benzothiophene      c.a.                                            
        b. 2-methyl-benzothiophene                                             
                              J.A.C.S.74, 664 (1952)                           
PAR  Organoleptic evaluations of these compounds are set out in TABLE IV below.
PAC  V. - Pyrrole Hydrocarbons
PAR  Compounds of this group have the general formulae:
      ##SPC12##
PAL  wherein R is alkyl, e.g. ethyl, amyl, isoamyl, or alphamethylbutyl, and
      ##SPC13##
PAL  wherein X is oxygen or sulfur and R is hydrogen or a methyl group, provided
      that, if X represents oxygen, R is methyl.
TBL  __________________________________________________________________________
     Typical compounds of this group include:                                  
     __________________________________________________________________________
     (1)                                                                       
        a. 1-ethyl-pyrrole Helv.10, 387 (1927)                                 
        b. 1-n-amyl-pyrrole                                                    
                           Helv.10, 387 (1927)                                 
        c. 1-isoamyl-pyrrole                                                   
                           Helv.10, 387 (1927)                                 
        d. 1-(alphamethyl-butyl)-pyrrole                                       
                           Helv.10, 387 (1927)                                 
     (2)                                                                       
        a. 1-(5-methyl-2-furfuryl)-pyrrole                                     
                           n.c.; b.p.104.degree.C./11 mm;                      
                           prepared by the same                                
                           method as (1) a.                                    
        b. 1-thienyl-pyrrole                                                   
                           J.Org.Chem.28,574 (1963)                            
     __________________________________________________________________________
PAR  Organoleptic test evaluations are set out in Table V below.
PAC  VI-Pyridine Hydrocarbons
PAR  The compounds of this group which have utility according to the instant
      concept are to be described as falling under the general formula:
      ##SPC14##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are hydrogen, alkyl, e.g. methyl,
      ethyl, isobutyl; alkenyl groups, e.g. vinyl, propenyl; aryl groups; or
      aralkyl groups; provided that the symbols R.sub.1, R.sub.2 and R.sub.3 are
      not all hydrogen.
TBL  ______________________________________                                    
     Typical compounds include:                                                
     ______________________________________                                    
     (1)  a. 2-methyl-pyridine                                                 
                              c.a.                                             
          b. 3-methyl-pyridine                                                 
                              c.a.                                             
          c. 3-ethyl-pyridine c.a.                                             
          d. 2-allyl-pyridine Bull. 420, (1955)                                
          e. 4-isobutyl-pyridine                                               
                              Bull. 420, (1955)                                
          f. 2-(1)-propenyl-pyridine                                           
                              Ann. 247, 1 (1888)                               
          g. 4-(1)-propenyl-pyridine                                           
                              Ann. 247, 1 (1888)                               
          h. 2-methyl-5-ethyl-pyridine                                         
                              c.a.                                             
          i. 2,3-dimethyl-pyridine                                             
                              c.a.                                             
          j. 2,4-dimethyl-pyridine                                             
                              c.a.                                             
          k. 2,5-dimethyl-pyridine                                             
                              c.a.                                             
          l. 2,6-dimethyl-pyridine                                             
                              c.a.                                             
          m. 3,4-dimethyl-pyridine                                             
                              c.a.                                             
          n. 3,5-dimethyl-pyridine                                             
                              c.a.                                             
          o. 2-vinyl-pyridine c.a.                                             
          p. 4-methyl-pyridine                                                 
                              c.a.                                             
          q. 2-methyl-6-vinyl-pyridine                                         
                              c.a.                                             
          r. 4-phenyl-pyridine                                                 
                              c.a.                                             
          s. 4-benzyl-pyridine                                                 
                              c.a.                                             
          t. 2-benzyl-pyridine                                                 
                              c.a.                                             
          u. 2-methyl-5-ethyl-pyridine                                         
                              c.a.                                             
     Organoleptic evaluations are set out in TABLE VI below.                   
     ______________________________________                                    
PAC  VII - Pyrazine Hydrocarbons
PAR  This important group of compounds have been found in have exceptional
      utility as flavor agents in accordance with the instant inventive concept.
      Compounds of the group have the general formulae:
      ##SPC15##
PAL  wherein R.sub.1 is hydrogen, alkyl, 1-pyrrolyl or 2-thienyl; and R.sub.2 is
      alkyl or alkenyl,
      ##SPC16##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are alkyl groups having from 1 to 5
      carbon atoms,
      ##SPC17##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are hydrogen or methyl groups,
      ##SPC18##
PAL  wherein R.sub.1 and R.sub.2 are alkyl groups containing from 1 to 3 carbon
      atoms,
      ##SPC19##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are alkyl groups containing
      from 1 to 6 carbon atoms, and
      ##SPC20##
PAL  wherein R.sub.1 is methyl or ethyl and R.sub.2 is alkyl or alkenyl with
      C.sub.1 to C.sub.6.
PAR  Compounds of this group which are of special interest include:
TBL  (1)                                                                       
        a. 2-methyl-3-ethyl-pyrazine                                           
                              n.c.                                             
        b. 2-methyl-3-isobutyl-pyrazine                                        
                              n.c.                                             
        c. 2-methyl-3-propyl-pyrazine                                          
                              n.c.                                             
        d. 2-methyl-3-isopropyl-pyrazine                                       
                              n.c.                                             
        e. 2-methyl-3-butyl-pyrazine                                           
                              n.c.                                             
        f. 2-methyl-3-amyl-pyrazine                                            
                              n.c.                                             
        g. 2-methyl-3-hexyl-pyrazine                                           
                              n.c.                                             
        h. 2,3-dimethyl-pyrazine                                               
                              Ber. 40, 4855 (1907)                             
        i. 2,3-diethyl-pyrazine                                                
                              n.c.                                             
        j. 2-ethyl-3-vinyl-pyrazine                                            
                              n.c.                                             
        k. 2-methyl-3(5,6)-(pyrrolyl-1)-pyrazine                               
                              n.c.                                             
        l. 2-methyl-3-(thienyl-2)-pyrazine                                     
                              n.c.                                             
        m. 2-ethyl-pyrazine   J.Org.Chem.26, 3379                              
                              (1961)                                           
        n. 2-propyl-pyrazine  J.Org.Chem.26, 3379                              
                              (1961)                                           
        o. 2-isopropyl-pyrazine                                                
                              J.Org.Chem.26, 3379                              
                              (1961)                                           
        p. 2-vinyl-pyrazine   J.Org.Chem.26. 3379                              
                              (1961)                                           
        q. 2-isopropenyl-pyrazine                                              
                              n.c.                                             
        r. 2-methyl-3-vinyl-pyrazine                                           
                              n.c.                                             
     (2)                                                                       
        a. trimethyl-pyrazine J.A.C.S. 72, 844(1950)                           
        b. 2,6-dimethyl-3-ethyl-pyrazine                                       
                              n.c.                                             
        c. 2,5-dimethyl-3-ethyl-pyrazine                                       
                              n.c.                                             
        d. 2,5-dimethyl-3-propyl-pyrazine                                      
                              n.c.                                             
        e. 2,6-diethyl-3-methyl-pyrazine                                       
                              n.c.                                             
        f. 2,5-diethyl-3-methyl-pyrazine                                       
                              n.c.                                             
        g. 2,5-dimethyl-3-butyl-pyrazine                                       
                              n.c.                                             
        h. 2,3-dimethyl-5-isoamyl-pyrazine                                     
                              n.c.                                             
        i. 2,5-dimethyl-3-isoamyl-pyrazine                                     
                              n.c.                                             
        j. 2,3-diethyl-5-methyl-pyrazine                                       
                              n.c.                                             
     (3)                                                                       
        a. 5-methyl-quinoxaline                                                
                              Ann.237, 336 (1887)                              
        b. 2-methyl-quinoxaline                                                
                              Org.Synth.30,86 (1950)                           
        c. 6-methyl-quinoxaline                                                
                              Ann. 237, 336 (1887)                             
        d. 2,3-dimethyl-quinoxaline                                            
                              Ber. 40, 4852 (1907)                             
        e. 2-methyl-3-ethyl-quinoxaline                                        
                              Ber. 22, 526 (1889)                              
        f. 2,3-diethyl-quinoxaline                                             
                              J.A.C.S.79,17/2 (1957)                           
        g. 2-methyl-3-propyl-quinoxaline                                       
                              J.Chem.Soc. 1946, 54                             
        h. 2-methyl-3-isopropyl-quinoxaline                                    
                              J.Chem.Soc. 1953, 2822                           
        i. 2-methyl-3-butyl-quinoxaline                                        
                              n.c.                                             
        j. 2-methyl-3-isobutyl-quinoxaline                                     
                              n.c.                                             
        k. 2-methyl-3-amyl-quinoxaline                                         
                              J.Chem.Soc. 1943, 322                            
        l. 2-ethyl-quinoxaline                                                 
                              J.Chem.Soc. 1953, 2822                           
     (4)                                                                       
        a. 2-methyl-6-ethyl-pyrazine                                           
                              n.c.                                             
        b. 2-methyl-6-propyl-pyrazine                                          
                              J.Org.Chem. 27, 1355                             
                              (1962)                                           
        c. 2,6-diethyl-pyrazine                                                
                              n.c.                                             
        d. 2-methyl-6-vinyl-pyrazine                                           
                              n.c.                                             
     (5)                                                                       
        a. trimethyl-butyl-pyrazine                                            
                              n.c.                                             
        b. trimethyl-isoamyl-pyrazine                                          
                              n.c.                                             
        c. 2,5-dimethyl-3,6-dipropyl-pyrazine                                  
                              n.c.                                             
        d. 2,5-dimethyl-3,6-diisopropyl-pyrazine                               
                              n.c.                                             
        e. 2,5-dimethyl-3,6-dibutyl-pyrazine                                   
                              n.c.                                             
        f. 2,5-dimethyl-3,6-diisobutyl-pyrazine                                
                              n.c.                                             
        g. 2,5-dimethyl-3,6-diamyl-pyrazine                                    
                              n.c.                                             
        h. 2,5-dimethyl-3,6-dihexyl-pyrazine                                   
                              n.c.                                             
        i. 2,3,5-trimethyl-6-hexyl-pyrazine                                    
                              n.c.                                             
        j. 2,5-dimethyl-3,6-diethyl-pyrazine                                   
                              n.c.                                             
     (6)                                                                       
        a. 2-ethyl-5-methyl-pyrazine                                           
                              n.c.                                             
        b. 2-isopropyl-5-methyl-pyrazine                                       
                              n.c.                                             
        c. 2,5-diethyl-pyrazine                                                
                              n.c.                                             
        d. 2-methyl-5-vinyl-pyrazine                                           
                              n.c.                                             
PAR  Organoleptic evaluations are set out in TABLE VII below
PAR  The new compounds of this Group VII can be prepared as follows:
PAR  The 2,3-disubstituted pyrazines (formula (1)) can be obtained by a method
      comprising catalytically dehydrogenating with copper chromite the
      correspondingly substituted dihydropyrazines which, in turn, can be
      prepared by condensation of ethylene diamine with the corresponding
      alpha-diketones. By way of illustration the preparation of
      2-methyl-3-ethyl-pyrazine is described in more details.
PAC  1. a. 2-Methyl-3-ethyl-pyrazine.
PAR  In a 3-necked flask equipped with a stirrer, means for cooling and a
      dropping funnel there was placed 150 g. of ethylene diamine in 500 ml.
      ether. After cooling to 0.degree.C there was slowly added with stirring a
      solution of 250 g. of ethyl methyl diketone in 500 ml. of ether. After the
      addition was complete, the temperature was allowed to rise to room
      temperature and the mixture was heated on a water bath for a few minutes.
      The material separated into 2 phases and the water phase was discarded.
      The ether phase was dried with sodium sulfate, the solvent was removed by
      evaporation and the residue distilled under reduced pressure and an inert
      atmosphere. There was obtained 192 g. of the dihydropyrazine (62% yield),
      boiling point 61.degree.-65.degree.C./11 mm. Hg.
PAR  In an apparatus similar to that described by Bouveault in Bull IV, 3, 119
      (1908) the dihydro pyrazine was distilled under reduced pressure under
      nitrogen atmosphere through a column containing copper chromite (Girdler
      G-13). The catalyst was heated to 300.degree.C electrically and the
      effluent was passed through a Widmer column to separate the unhydrogenated
      material.
PAR  The product was condensed, dried and redistilled; a 90% yield was obtained
      of a product boiling at 57.degree.C./10 mm.Hg.
PAR  The same method as used for compound (1) a. was applied for the preparation
      of the following compounds:
TBL  (1) b. 2-methyl-3-isobutyl-pyrazine                                       
                         b.p. 74.degree./10 mm. Hg                             
     (1) c. 2-methyl-3-propyl-pyrazine                                         
                         b.p. 71.degree.-72.degree./10 mm. Hg.                 
     (1) d. 2-methyl-3-isopropyl-pyrazine                                      
                         b.p. 59.degree./10 mm. Hg.                            
     (1) e. 2-methyl-3-butyl-pyrazine                                          
                         b.p. 83.degree.-84.degree./9 mm. Hg.                  
     (1) f. 2-methyl-3-amyl-pyrazine                                           
                         b.p. 98.degree./10 mm. Hg.                            
     (1) g. 2-methyl-3-hexyl-pyrazine                                          
                         b.p. 113.degree.-115.degree./9 mm. Hg.                
     (1) i. 2,3-diethyl-pyrazine                                               
                         b.p. 69.degree.-71.degree./12 mm. Hg.                 
PAR  (1) j. 2-Ethyl-3-vinyl-pyrazine can be prepared from
      2-ethyl-3-methyl-pyrazine by the method described in J. Org. Chem. 27,
      1363 (1962). B.p. 75.degree.-80.degree.C./10 mm.Hg.
PAR  (1) k. 2-Methyl-3(5,6)-pyrrolyl-1)-pyrazine can be prepared as follows:
      N-Pyrrolyl-lithium is prepared by reacting 0.242 mole (15.4 g.) of
      butyllithium (as 15% suspension in hexane) with 0.22 mole (14.7 g.) of
      pyrrole at -20.degree.C. in the presence of 100 ml. of tetrahydrofuran.
      There is then added at room temperature a solution of 0.2 mole (25.6 g.)
      of 3(5,6)-chloro-2-methyl-pyrazine [obtained by the method described in J.
      Org. Chem. 26, 2356 (1961)] in 75 ml. of tetrahydrofuran. The reaction
      mixture is refluxed for 5 days and subjected to the usual treatments for
      purifying and isolating the reaction product which is then distilled.
      There is thus obtained 2-methyl-3(5,6)-N-pyrrolyl-pyrazine as a fraction
      distilling at 120.degree.-124.degree.C./10 Torr.
PAR  (1) l. 2-(Thienyl-2)-3-methyl-pyrazine is prepared as follows. A solution
      of 0.36 g. (0.006 mole) of ethylene diamine in 3 ml. of ether is cooled to
      0.degree.C. To this solution there is added slowly in a nitrogen
      atmosphere a solution of 0.94 g. (0.006 mole) of (thienyl-2) methyl
      diketone (obtained by oxidation of 2-propionylthiophene with selenium
      dioxide) in 3 ml. of absolute ether. The ether is gradually replaced by
      benzene, and water is removed as an azeotropic mixture with the latter
      solvent. The reaction product is fractionally distilled, and the fraction
      boiling at 85.degree.-105.degree.C./0.003 mm. Hg. is redistilled through a
      copper chromite column (GIRDLER G-13) heated at 350.degree.C. There is
      thus obtained 2-(thienyl-2)-3-methyl-pyrazine of b.p. 94.degree.C./0.03
      mm. Hg.
PAR  (1) q. 2-Isopropenyl-pyrazine is obtained from 2-ethylpyrazine by the
      method described in J. Org. Chem. 27, 1363 (1962). It has the following
      peaks in the MS: 119 (100%), 120 (81%) and 67 (21%).
PAR  (1) r. 2-Methyl-3-vinyl-pyrazine is prepared from 2,3-diethylpyrazine by
      the same method as used for compound (1) q. It has a b.p. of
      66.degree.-67.degree.C./13 mm. Hg.
PAR  (2) b. 2,6-Dimethyl-3-ethyl-pyrazine is prepared by the addition of ethyl
      group at the 3-position of 2,6-dimethylpyrazine by the alkyl-lithium
      method described by Klein et al. in J.A.C.S. 73, 2949 (1951). The
      resulting product has a b.p. of 64.degree.-66.degree.C./8 mm. Hg.
PAR  (2) c. 2,5-Dimethyl-3-ethyl-pyrazine is prepared by the addition of an
      ethyl group at the 3-position of 2,5-dimethyl-pyrazine by the
      alkyl-lithium method described by Klein et al. (loc.cit.). The resulting
      product has a b.p. of 63.degree.-68.degree.C./8 mm. Hg.
PAR  (2) d. 2,5-Dimethyl-3-propyl-pyrazine is prepared by the addition of an
      n-propyl group at the 3-position of 2,5-dimethyl-pyrazine by the
      alkyl-lithium method described by Klein et al. (loc.cit.). The product is
      identified by mass spectrometry. It has a b.p. of 80.degree.C./10 mm. Hg.
PAR  (2) e. 2,6-Diethyl-3-methyl-pyrazine is prepared by the introduction of a
      methyl group into the 3-position of 2,6-diethyl-pyrazine by the method of
      Klein et al. (loc.cit.). The product has a b.p. of
      91.degree.-92.degree.C./13 mm. Hg.
PAR  (2) f. 2,5-Diethyl-3-methyl-pyrazine is prepared by the introduction of a
      methyl group into the 3-position of 2,5-diethyl-pyrazine by the method of
      Klein et al. (loc.cit.). The product was isolated by gas chromatography
      and was identified by mass spectrometry.
PAR  (2) g. 2,5-Dimethyl-3-butyl-pyrazine is prepared by introducing a butyl
      group into the 3-position of 2,5-dimethyl-pyrazine by the method of Klein
      et al. (loc.cit.). The resulting product has a b.p. of 91.degree.C./9 mm.
      Hg.
PAR  (2) h. 2,3-Dimethyl-5-isoamyl-pyrazine is prepared by introducing an
      isoamyl group into the 5-position of 2,3-dimethyl-pyrazine by the method
      of Klein et al. (loc.cit.). The product is identified by mass
      spectrometry.
PAR  (2) i. 2,5-Dimethyl-3-isoamyl-pyrazine is prepared by introducing an
      isoamyl group into the 3-position of 2,5-dimethyl-pyrazine by the method
      of Klein et al. (loc.cit.). The product has a b.p. of
      110.degree.-120.degree.C./13 mm. Hg.
PAR  (2) j. 2,3-Diethyl-5-methyl-pyrazine is prepared by the method described
      for the preparation of compound (1) a. in Group VII, using
      1,2-diamino-propane instead of ethylene diamine and dipropionyl as the
      .alpha.-diketone. The product has a b.p. of 79.degree.-80.degree.C./12 mm.
      Hg.
PAR  (3) i. 2-Methyl-3-butyl-quinoxaline is obtained by the same method as
      compound (3) d. of Group VII. It has a b.p. of 153.degree.C./9 mm. Hg.
PAR  (3) j. 2-Methyl-3-isobutyl-quinoxaline is obtained by the same method as
      compound (3) e. of Group VII. It has a m.p. of 94.degree.-95.degree.C.
PAR  (4) a. 2-Methyl-6-ethyl-pyrazine was obtained by the alkylation of
      2,6-dimethyl-pyrazine by the method described by Levine and Behun in J.
      Org. Chem. 26, 3379 (1961). It has a boiling point of
      54.degree.-57.degree.C./11 mm. Hg.
PAR  (4) c. 2,6-Diethyl-pyrazine was obtained by subjecting compound (4) a. to a
      second alkylation by the procedure described above. It has a boiling point
      of 70.degree. at 10 mm. Hg.
PAR  (4) d. 2-Methyl-6-vinyl-pyrazine is obtained by starting with
      2,6-dimethyl-pyrazine and following the method of Levine et al. reported
      in J. Org. Chem. 27, 1363 (1962). It has a b.p. of
      74.degree.-75.degree./22 mm. Hg.
PAR  (5) a. 2,3,5-Trimethyl-6-butyl-pyrazine was prepared by introducing a butyl
      group into the 6-position of 2,3,5-trimethyl-pyrazine by the method of
      Klein et al. (loc.cit.). The product was isolated by gas chromatography
      and identified by mass spectrometry.
PAR  (5) b. 2,3,5-Trimethyl-6-isoamyl-pyrazine was prepared by introducing an
      isoamyl group into the 6-position of 2,3,5-trimethyl-pyrazine by the
      method of Klein et al. (loc.cit.). The product had a b.p. of
      80.degree.C./10 mm. Hg.
PAR  (5) c. 2,5-Dimethyl-3,6-dipropyl-pyrazine was prepared by first forming
      3-oximino-2-hexanone by reacting 2-hexanone with nitrosyl chloride
      according to the method of BOUVEAULT, Bull. [3] 31, 1163 (1904). The
      autocondensation of the two molecules of the imino-ketone in the presence
      of zinc and acetic acid [according to the method described in Chimia 11,
      310 (1957)] yielded 2,5-dimethyl-3,6-dipropyl-pyrazine which had a b.p. of
      109.degree.-110.degree.C./10 mm. Hg. (5) d.
      2,5-Dimethyl-3,6-diisopropyl-pyrazine was prepared by first forming
      4-methyl-3-oximino-2-pentanone by reacting 4-methyl-2-pentanone with
      nitrosyl chloride according to the method of BOUVEAULT, Bull. [3] 31, 1163
      (1904). The autocondensation of two moles of the imino-ketone in the
      presence of zinc and acetic acid [according to the method described in
      Chimia 11, 310 (1957)] yielded 2,5-Dimethyl-3,6-diisopropyl-pyrazine which
      had a b.p. of 91.degree.C./8 mm. Hg.
PAR  (5) e. 2,5-Dimethyl-3,6-dibutyl-pyrazine was prepared by first forming
      3-oximino-2-heptanone by reacting 2-heptanone with nitrosyl chloride
      according to the method of BOUVEAULT, Bull. [3] 31, 1163 (1904). The
      autocondensation of two moles of the imino-ketone in the presence of zinc
      and acetic acid [according to the method described in Chimia 11, 310
      (1957)] yielded 2,5-dimethyl-3,6-dibutyl-pyrazine which had a b.p. of
      18.degree.C./0.002 mm. Hg.
PAR  (5) f. 2,5-Dimethyl-3,6-diisobutyl-pyrazine was prepared by first forming
      5-methyl-3-oximino-2-hexanone by reacting 5-methyl-2-hexanone with
      nitrosyl chloride according to the method of BOUVEAULT (loc.cit.). The
      autocondensation of two moles of the imino-ketone in the presence of zinc
      and acetic acid [according to the method described in Chimia 11, 310
      (1957)] yielded 2,5-dimethyl-3,6-diisobutyl-pyrazine which had a b.p. of
      69.degree.-70.degree.C./0.01 mm. Hg.
PAR  (5) g. 2,5-Dimethyl-3,6-diamyl-pyrazine was prepared by first forming
      3-oximino-2-octanone by reacting 2-octanone with nitrosyl chloride
      according to the method of BOUVEAULT (loc.cit.). The autocondensation of
      two moles of the imino-ketone in the presence of zinc and acetic acid
      [according to the method described in Chimia 11, 310 (1957)] yielded
      2,5-dimethyl-3,6-diamyl-pyrazine which had a b.p. of 78.degree.C./0.03 mm.
      Hg.
PAR  (5) h. 2,5-Dimethyl-3,6-dihexyl-pyrazine was prepared by first forming
      3-oximino-2-nonanone by reacting 2-nonanone with nitrosyl chloride
      according to the method of BOUVEAULT (loc.cit.). The autocondensation of
      two moles of the imino-ketone in the presence of zinc and acetic acid
      [according to the method described in Chimia 11, 310 (1957)] yielded
      2,5-dimethyl-3,6-dihexyl-pyrazine which had a b.p. of
      112.degree.-120.degree.C./0.01 mm. Hg.
PAR  (5) i. 2,3,5-Trimethyl-6-hexyl-pyrazine was prepared by introducing a hexyl
      group into the 6-position of 2,3,5-trimethyl-pyrazine by the method of
      Klein et al. (loc.cit.). The product had a b.p. of
      89.degree.-91.degree.C./0.2 mm. Hg.
PAR  (5) j. 2,5-Dimethyl-3,6-diethyl-pyrazine is prepared by alkylation of
      2,5-dimethyl-3-ethyl-pyrazine according to the alkyl-lithium method
      described by Klein et al. [J.A.C.S. 73, 2949 (1951)]. It has a b.p. of
      83.degree.-85.degree.C./8 mm. Hg.
PAR  (6) a. 2-Ethyl-5-methyl-pyrazine was prepared by alkylation of
      2,5-dimethyl-pyrazine following the procedure of Levine and Behun
      described in J. Org. Chem. 26, 3379 (1961). It has a boiling point of
      60.degree.C./11 mm. Hg.
PAR  (6) b. 2-Isopropyl-5-methyl-pyrazine was produced in the preparation of
      compound (6) a. as a by-product and was separated from the reaction
      mixture by gas chromatography. Identification was confirmed by mass
      spectrometry.
PAR  (6) c. 2,5-Diethyl-pyrazine was obtained by subjecting compound (6) a. to a
      second alkylation by the procedure given for compound (6) a. above. It
      boils at 64.degree.C. at 12 mm. Hg.
PAR  (6) d. 2-Methyl-5-vinyl-pyrazine was prepared by the method of Levine et
      al. described at J. Org. Chem. 27, 1363 (1962), starting from
      2,5-dimethyl-pyrazine. It has a boiling point of
      65.degree.-66.degree.C./12 mm. Hg.
PAC  VIII. - Aliphatic and Aromatic Alcohols
PAR  This group comprises compounds having the general formula:
      ##EQU1##
      wherein 1. R.sub.1 is hydrogen or an alkyl group, e.g. methyl, ethyl,
      propyl; and R.sub.2 is an alkyl group having at least 4 carbon atoms, e.g.
      from 4 to 9 carbon atoms; or
PA1  2. R.sub.1 is hydrogen or an alkyl group, e.g. comprising from 1 to 6
      carbon atoms; and R.sub.2 is an aryl group, e.g. phenyl; an aralkyl group,
      e.g. benzyl, phenylethyl; phenylpropyl; or an aralkenyl group, e.g.
      styryl, cinnamyl.
PAR  Compounds representative of this group include for instance:
TBL  (1)        a. n-amylalcohol  c.a.                                         
                b. isoamylalcohol c.a.                                         
                c. n-hexanol      c.a.                                         
                d. n-heptanol     c.a.                                         
                e. n-octanol      c.a.                                         
                f. n-nonanol      c.a.                                         
                g. n-decanol      c.a.                                         
                h. 2-heptanol     c.a.                                         
                i. 3-octanol      c.a.                                         
     (2)        a. phenylethan-1-ol                                            
                                  c.a.                                         
                b. phenylpropan-1-ol                                           
                                  c.a.                                         
     (2)        c. cinnamyl alcohol                                            
                                  c.a.                                         
                d. phenyl methyl carbinol                                      
                                  c.a.                                         
                e. benzyl methyl carbinol                                      
                                  c.a.                                         
                f. benzyl ethyl carbinol                                       
                                  c.a.                                         
                g. benzyl butyl carbinol                                       
                                  n.c.                                         
                h. benzyl amyl carbinol                                        
                                  n.c.                                         
                i. benzyl isoamyl carbinol                                     
                                  n.c.                                         
                j. benzyl hexyl carbinol                                       
                                  n.c.                                         
PAR  The new compounds of this Group VIII can be prepared as follows:
PAR  (2) g. Benzyl butyl carbinol. To a solution of 1.05 mole of butyl-magnesium
      bromide in 400 ml. of ether there is added a solution of 1 mole (120 g.)
      of phenylacetaldehyde in 300 ml. of ether at -8.degree. to -12.degree.C.
      within 3 to 4 hours. The reaction mixture is heated to about 20.degree.C.
      and worked up by conventional methods. Distillation of the crude reaction
      product yields 99 g. of benzyl butyl carbinol of b.p.
      88.degree.-91.degree.C./0.06 Torr; d.sub.4.sup.20 = 0.9485; n.sub.D.sup.20
      = 1.5059.
PAR  The same method is used for preparing:
PA1  (2) h. Benzyl amyl carbinol, b.p. 81.degree.C./0.01 Torr.
PA1  (2) i. Benzyl isoamyl carbinol, b.p. 142.degree.-143.degree.C./13 Torr;
      d.sub.4.sup.20 = 0.9377; n.sub.D.sup.20 = 1.5009.
PA1  (2) j. Benzyl hexyl carbinol, b.p. 95.degree.C./0.01 Torr; d.sub.4.sup.20 =
      0.9339; n.sub.D.sup.20 = 1.4997.
PAR  Organoleptic evaluation data are listed in TABLE VIII below.
PAC  IX. - Furan Ethers
PAR  The compounds of this group have the general formula:
      ##SPC21##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen; alkyl, e.g. methyl, ethyl; aryl,
      e.g. phenyl, alkylphenyl; furfuryl, or alkylfurfuryl groups.
PAR  Compounds representative of this group include the following:
TBL  (1)                                                                       
        a. furfuryl methyl ether                                               
                           Ber. 56, 1004 (1923)                                
        b. furfuryl ethyl ether                                                
                           Ber. 56, 1004 (1923)                                
        c. furfuryl phenyl ether                                               
                           Bull. 1938, 1151                                    
        d. 5-methyl-furfuryl furfuryl ether                                    
                           n.c.                                                
        e. difurfuryl ether                                                    
                           Am.Soc. 49, 1066 (1927)                             
PAR  (1) d. 5-Methyl-furfuryl furfuryl ether was prepared by the procedure
      described by J. E. Zanetti in J. Am. Chem. Soc. 49, 1066 (1927) for the
      difurfuryl ether, starting with 5-methylfurfuryl bromide (Compt. Rend.
      222, 1441 (1946)) instead of furfuryl bromide of Zanetti. The product was
      isolated by ether extraction of the crude mixture after having diluted
      with water. For purification the ether extract was distilled twice - b.p.
      68.degree.-70.degree.C. at 0.01 mm./Hg. vacuum. The product was a viscous
      colourless liquid, darkening rapidly on contact with air.
PAR  Organoleptic evaluations are tabulated in TABLE IX.
PAC  X - Thiophene Ethers
PAR  This group of compounds are described by the structural formula:
      ##SPC22##
PAL  wherein R is an alkyl group, phenyl, alkylphenyl, furfuryl,
PAL  alkylfurfuryl, or thenyl group, and includes for example:
TBL  (1)  a. thenyl methyl ether                                               
                           J.A.C.S. 49, 1066 (1927)                            
                           J.A.C.S. 50, 1960 (1928)                            
          b. dithenyl ether                                                    
                           n.c.                                                
          c. furfuryl thenyl ether                                             
                           n.c.                                                
PAR  The new compounds of this group were prepared as follows:
PAR  (1) b. Dithenyl ether. To a suspension of 1.32 g. (0.01 mole) of
      chloromethylthiophene [obtained by the method of F. F. BLICKE, J.A.C.S.
      64, 477 (1942)] and 1.2 g. (0.2 mole) of powdered potassium hydroxide in
      10 ml. of ether there is added a solution of 3.5 g. (0.03 mole) of thenyl
      alcohol in 10 ml of ether. The reaction mixture is stirred for 1 hour at
      room temperature, then refluxed for 30 minutes and finally allowed to
      stand over night. After filtration the ethereal solution is concentrated
      and the residue fractionally distilled. There is obtained 0.22 g. (10%) of
      dithenyl ether having a b.p. of 99.degree.C./0.01 mm. Hg. and a m.p.
      36.5.degree..
PAR  (1) c. Furfuryl thenyl ether is obtained by the same method as used for
      preparing compound (1) b., but using furfuryl alcohol instead of thenyl
      alcohol. The product thus obtained had a b.p. of 50.degree.C./0.01 mm. Hg.
PAR  Organoleptic evaluation data on representatives of this group of compounds
      are set out in TABLE X below.
PAC  XI - Thiazole Alcohols
PAR  Compounds of this group have the following structural formula:
      ##SPC23##
PAL  wherein R is an alkyl group, e.g. containing from 1 to 4 carbon atoms, or
      an alkenyl group, e.g. vinyl.
PAR  Representative compounds include the following:
TBL  (1)  a. methyl (4-methyl-thiazolyl-2) carbinol                            
                                      n.c.                                     
          b. ethyl (4-methyl-thiazolyl-2) carbinol                             
                                      n.c.                                     
          c. vinyl (4-methyl-thiazolyl-2) carbinol                             
                                      n.c.                                     
          d. isobutyl (4-methyl-thiazolyl-2) carbinol                          
                                      n.c.                                     
PAR  The new compounds of this Group X can be prepared as follows:
PAR  (1) a. Methyl (4-methyl-thiazolyl-2) carbinol was prepared by starting from
      4-methyl-thiazole and substituting the hydrogen atom in the 2-position by
      lithium by reaction with butyllithium. The resulting metal-organic
      compound was reacted with acetaldehyde [cf. J.A.C.S. 74, 6260 (1952)]. The
      resulting product has a b.p. of 102.degree.-103.degree.C./9 mm. Hg.
PAR  (1) b. Ethyl (4-methyl-thiazolyl-2) carbinol was prepared by starting from
      4-methyl-thiazole and substituting the hydrogen atom in the 2-position by
      lithium by reaction with butyllithium. The resulting metal-organic
      compound was reacted with propionaldehyde [cf. J.A.C.S. 74, 6260 (1952)].
      The resulting product had a b.p. of 110.degree.-115.degree.C./9 mm. Hg.
      and a m.p. of 67.degree.-72.degree.C.
PAR  (1) c. Vinyl (4-methyl-thiazolyl-2) carbinol was prepared by starting from
      4-methyl-thiazole and substituting the hydrogen atom in the 2-position by
      lithium by reaction with butyllithium. The resulting metal-organic
      compound was reacted with acrolein [cf. J.A.C.S. 74, 6260 (1952)]. The
      resulting product had a b.p. of 66.degree.C./0.005 mm. Hg.
PAR  (1) d. Isobutyl (4-methyl-2-thiazolyl) carbinol was prepared by starting
      from 4-methyl-thiazole and substituting the hydrogen atom in the
      2-position by lithium by reaction with butyllithium. The resulting
      metal-organic compound was reacted with isovaleraldehyde [cf. J.A.C.S. 74,
      6260 (1952)]. The resulting product had a b.p. of 94.degree.C./0.1 mm. Hg.
PAR  Organoleptic evaluations are set out in TABLE XI below.
PAC  XII - Pyridine Ethers and Alcohols
PAR  Compounds of this group are found to have the following general formula:
      ##SPC24##
PAL  wherein R.sub.1 is hydrogen or an alkoxy group, R.sub.2 is hydrogen or an
      alkyl group, and n is 0, 1 or 2. Examples of this group include:
TBL  (1)  a. 2-methoxy-pyridine       c.a.                                     
          b. 2-butoxy-pyridine        n.c.                                     
          c. 2-methoxymethyl-pyridine c.a.                                     
          d. 2-methoxymethyl-6-methyl-pyridine                                 
                                      c.a.                                     
          e. 2-hydroxymethyl-pyridine c.a.                                     
          f. 3-hydroxymethyl-pyridine c.a.                                     
          g. 4-hydroxymethyl-pyridine c.a.                                     
          h. 2-hydroxymethyl-6-methyl-pyridine                                 
                                      c.a.                                     
          i. 2-(2-hydroxyethyl)-pyridine                                       
                                      c.a.                                     
          j. 2-(2-ethoxyethyl)-pyridine                                        
                                      c.a.                                     
PAR  (1) b. 2-Butoxy-pyridine was prepared according to the method described in
      J.A.C.S. 69, 1803 (1947) by condensing 0.17 mole of 2-bromo-pyridine with
      0.195 mole of sodium butoxide. By distillation of the reaction product
      there were obtained 15 g. of 2-butoxy-pyridine distilling at
      78.degree.C./10 mm.Hg. n.sub.D.sup.23 = 1.4880;  d.sub.4.sup.23.4 =
      0.9723.
PAR  Organoleptic evaluations are set out in TABLE XII below.
PAC  XIII - Pyrazine Ethers and Alcohols
PAR  Compounds of this group are represented by the general formula:
      ##SPC25##
PAL  wherein R represents hydrogen or an alkyl group and n is 0, 1 or 2.
PAR  Examples of compounds covered by this formula are:
TBL  (1)                                                                       
        a. 2-hydroxymethyl-pyrazine                                            
                       J.Org.Chem. 28, 1898 (1963)                             
        b. 2-methoxymethyl-pyrazine                                            
                          n.c.                                                 
        c. 2-ethoxymethyl-pyrazine                                             
                          n.c.                                                 
PAR  Compounds (1) b. and (1) c. were prepared by reacting
      2-chloromethyl-pyrazine with the corresponding sodium alkoxide according
      to the same method as used for the preparation of sulfides [cf.
      HOUBEN-WEYL, 4th edition, vol. 9, 97 (1955)]. The products thus obtained
      had the following boiling points:
PA1  compound (1) b.: 51.degree.C./8 mm. Hg.;
PA1  compound (1) c.: 75.degree.C./8 mm. Hg.
PAR  Organoleptic evaluations are set out in TABLE XIII below.
PAC  XIV - Benzofuran Carbonyl Compounds
PAR  This group of compounds has the following general formula:
      ##SPC26##
PAL  wherein R.sub.1 and R.sub.2 may be hydrogen or alkyl.
PAR  Examples of compounds included in this definition are:
TBL  (1)                                                                       
        a. benzofuran-2-aldehyde                                               
                           Bull. 1962, 1875                                    
        b. 2-acetyl-benzofuran                                                 
                           J.A.C.S.73, 754 (1951)                              
        c. 7-methyl-benzofuran-2-aldehyde                                      
                              n.c.                                             
PAR  (1) c. 7-Methyl-benzofuran-2-aldehyde was prepared by formylating
      7-methyl-benzofuran according to the same method as used for the
      preparation of benzofuran-2-aldehyde. The product thus obtained has the
      following ion peaks in its mass spectrum: 160 (100%), 159 (62%) and 131
      (33%).
PAR  Organoleptic evaluations are set out in TABLE XIV below.
PAC  XV - Thiophene Aldehydes
PAR  Compounds of this group have the general formulae:
      ##SPC27##
PAL  wherein R is hydrogen, or an alkyl or thenyl group; and
      ##SPC28##
PAL  wherein R.sub.1 and R.sub.2 represent hydrogen or alkyl.
PAR  Compounds in this group include for instance:
TBL  (1)                                                                       
        a. Thiophene-2-aldehyde    c.a.                                        
        b. 5-methyl-thiophene-2-aldehyde                                       
                                Org.Syn. 36, 74 (1956)                         
        c. 3-methyl-thiophene-2-aldehyde                                       
                                *b.p. 88-89.degree.C./10 mm.Hg.                
        d. 5-propyl-thiophene-2-aldehyde                                       
                                *b.p. 64-65.degree.C./0.002 mm.Hg.             
        e. 5-thenyl-thiophene-2-aldehyde                                       
                                *m.p. 31-32.degree.C.                          
     *prepared according to the same method as used for compound (1) b.        
     (2)                                                                       
        a. benzothiophene-2-aldehyde                                           
                                J.A.C.S.74, 2935 (1952)                        
     (2)                                                                       
        b. 2-acetyl-benzothiophene                                             
                                Compt.Rend.234, 736 (1952)                     
PAR  Organoleptic evaluations are set out in TABLE XV below.
PAC  XVI - Pyrrole Aldehydes
PAR  Compounds of this group have the structural formula
      ##SPC29##
PAL  wherein R is an alkyl, furfuryl or thenyl group.
PAR  Representative compounds include, for example:
TBL  (1)                                                                       
        a. 1-ethyl-pyrrole-2-aldehyde                                          
                             n.c.                                              
        b. 1 butyl-pyrrole-2-aldehyde                                          
                             Helv. 13, 349 (1930)                              
        c. 1-butyl-pyrrole-3-aldehyde                                          
                             n.c.                                              
        d. 1-amyl-pyrrole-2-aldehyde                                           
                             n.c.                                              
        3. 1-amyl-pyrrole-3-aldehyde                                           
                             n.c.                                              
        f. 1-.alpha.-methylbutyl-pyrrole-2-aldehyde                            
                             n.c.                                              
        g. 1-.alpha.-methylbutyl-pyrrole-3-aldehyde                            
                             n.c.                                              
        h. 1-furfuryl-pyrrole-2-aldehyde                                       
                             Helv. 13, 349 (1930)                              
        i. 1-furfuryl-pyrrole-3-aldehyde                                       
                             n.c.                                              
        j. 1-thenyl-pyrrole-2-aldehyde                                         
                             n.c.                                              
        k. 1-isoamyl-pyrrole-2-aldehyde                                        
                             Helv. 13, 349 (1930)                              
PAR  The new compounds of this group XVI can be prepared as follows:
PAR  (1) a. 1-Ethyl-pyrrole-2-aldehyde was prepared from 1-ethyl-pyrrole
      [obtained by the method described in Helv. 10, 387 (1927)] by introducing
      a formaldehyde group following the technique described in Org. Synth. 36,
      74 (1956). The product boiled at 73.degree.-75.degree.C./7 mm. Hg.
PAR  (1) c. 1-Butyl-pyrrole-3-aldehyde was prepared by the same method as used
      for compound (1) a. It has a b.p. of 148.degree.-150.degree.C./11 mm. Hg.
PAR  (1) d. 1-Amyl-pyrrole-2-aldehyde was prepared by the same method as used
      for compound (1) a. It has a b.p. of 111.degree.-112.degree.C./11 mm. Hg.
PAR  (1) e. 1-Amyl-pyrrole-3-aldehyde was prepared by the same method as used
      for compound (1) a. It has a b.p. of 155.degree.-160.degree.C./11 mm.Hg.
PAR  (1) f. 1-.alpha.-Methylbutyl-pyrrole-2-aldehyde was prepared by the same
      method as used for compound (1) a. It has a b.p. of
      103.degree.-105.degree.C./11 mm. Hg.
PAR  (1) g. 1-.alpha.-Methylbutyl-pyrrole-3-aldehyde was prepared by the same
      method as used for compound (1) a. It has a b.p. of 150.degree.C./11 mm.
      Hg.
PAR  (1) h. 1-Furfuryl-pyrrole-2-aldehyde was prepared starting with
      1-furfuryl-pyrrole described by Reichstein in Helv. 15, 1450 (1932) as
      well as Gianturco et al. in Tetrahedron 20, 1763 (1964). The aldehyde
      group was introduced by the Vilameyer reaction (e.g. by the method
      described in Bull. 1962, 1989). A small amount of the corresponding
      3-aldehyde is obtained as a byproduct and can be separated by fractional
      distillation. The 2-aldehyde boils at 139.degree.-140.degree.C./12 mm. Hg.
      and is a viscous colorless oil. The 3-aldehyde has a b.p. of
      190.degree.C./12 mm. Hg.
PAR  (1) j. 1-Thenyl-pyrrole-2-aldehyde was prepared by the same method as used
      for compound (1) h. It has a b.p. of 98.degree.C./0.005 mm. Hg.
PAR  The organoleptic evaluations are shown in TABLE XVI below.
PAC  XVII - Pyrazine Carbonyl Compounds
PAR  Compounds of this group have the general formula:
      ##SPC30##
PAL  wherein R is hydrogen or an alkyl group and n is 0 or 1.
PAL  Examples of this group include:
     (1)  a. 2-formyl-pyrazine                                                 
                           C.A. 58, 10180b (1963)                              
          b. 2-acetyl-pyrazine                                                 
                           J.A.C.S. 74, 3621 (1952)                            
          c. 2-acetonyl-pyrazine                                               
                           J.Org.Chem.23, 406 (1958)                           
PAR  Organoleptic evaluations are tabulated in TABLE XVII below.
PAC  XVIII - Aliphatic and Aromatic Ketones
PAR  The compounds of this group are defined by the following general formula:
EQU  (1) R.sub.1 --CO--R.sub.2
PAL  wherein R.sub.1 is an alkyl group having from 1 to 3 carbon atoms and
      R.sub.2 is an alkyl group having from 3 to 11 carbon atoms, or a phenyl or
      benzyl group.
PAR  Examples of compounds corresponding to this definition are as follows:
TBL  (1)  a. methyl amyl ketone                                                
                            c.a.                                               
          b. methyl hexyl ketone                                               
                            c.a.                                               
          c. methyl heptyl ketone                                              
                            c.a.                                               
          d. methyl octyl ketone                                               
                            c.a.                                               
          e. methyl nonyl ketone                                               
                            c.a.                                               
          f. methyl decyl ketone                                               
                            c.a.                                               
          g. methyl undecyl ketone                                             
                            c.a.                                               
          h. ethyl butyl ketone                                                
                            c.a.                                               
          i. ethyl amyl ketone                                                 
                            c.a.                                               
          j. dipropyl ketone                                                   
                            c.a.                                               
     (1)  k. propyl isopropyl ketone                                           
                            J.A.C.S. 63, 3163 (1941)                           
          1. di-isopropyl ketone                                               
                            J.A.C.S. 59, 1826 (1937)                           
          m. acetophenone   c.a.                                               
          n. propiophenone  c.a.                                               
          o. isopropyl phenyl ketone                                           
                            c.a.                                               
          p. methyl benzyl ketone                                              
                            c.a.                                               
          q. ethyl benzyl ketone                                               
                            c.a.                                               
PAR  Organoleptic evaluations are tabulated in TABLE XVIII below.
PAC  XIX - Furan Ketones
PAR  This family of compounds have the following general formula:
      ##SPC31##
PAL  wherein n is 0, 1 or 2 and wherein R.sub.1 is hydrogen or methyl, and
      R.sub.2 is alkyl.
PAR  Representative examples of compounds in this group include:
TBL  (1)  a. 2-acetyl-furan  c.a.                                              
          b. 2-propionyl-furan                                                 
                             J.A.C.S. 72, 3695 (1950)                          
          c. 2-butyryl-furan J.A.C.S. 72, 3695 (1950)                          
          d. 2-valeryl-furan J.A.C.S. 72, 3695 (1950)                          
          e. 5-methyl-2-acetyl-                                                
                             J.A.C.S. 72, 3695 (1950)                          
            furan                                                              
          f. 5-methyl-2-propionyl-                                             
                             J.A.C.S. 72, 3695 (1950)                          
            furan                                                              
          g. furfuryl methyl ketone                                            
                             Ber. 76, 192 (1943)                               
          h. furfuryl ethyl ketone                                             
                             J.Org.Chem. 15, 8 (1950)                          
          i. (5-methyl-furfuryl) methyl                                        
                             n.c.                                              
            ketone                                                             
          j. (5-methyl-furfuryl) ethyl                                         
                             n.c.                                              
            ketone                                                             
          k. 4-furyl-2-butanone                                                
                             J.A.C.S. 72, 3695 (1950)                          
          1. 4-(5-methylfuryl)                                                 
                             Ber. 76, 192 (1943)                               
     2-butanone                                                                
          m. 1-(5-methylfuryl)                                                 
                             n.c.                                              
     5-pentanone                                                               
PAR  The new compounds of this group can be prepared as follows:
PAR  (1) i. (5-Methyl-furfuryl) methyl ketone was prepared according to the
      procedure described by Hass et al. in J. Org. Chem. 15, 8 (1950) by
      condensing 5-methyl-furfuryl-aldehyde with nitroethane. The product has a
      b.p. of 75.degree.C./10 mm. Hg.
PAR  (1) j. (5-Methyl-furfuryl) ethyl ketone was prepared by the same method as
      used for compound (1) i., except that 1-nitropropane was used instead of
      nitroethane. The product has a b.p. of 97.degree.-100.degree.C./15 mm. Hg.
PAR  (1) m. 1-(5-Methylfurfuryl)-3-pentanone was prepared by the method
      described in Ber. 76, 192 (1943). It has a b.p. of
      101.degree.-102.degree.C./11 mm. Hg.
PAR  Organoleptic evaluation data are set out in TABLE XIX below.
PAC  XX - Thiophene Ketones
PAR  Compounds of this group which have been found to have utility in the
      concept of the instant invention have the following general formulae:
      ##SPC32##
PAL  wherein n is 0 or 1, R.sub.1 is hydrogen or alkyl and R.sub.2 is alkyl; and
      ##SPC33##
PAL  where n is 0 or 1.
PAR  Representative compounds include:
TBL  (1)  a. 2-acetyl-thiophene                                                
                             J.A.C.S. 72, 3695 (1950)                          
          b. 3-methyl-2-acetyl-                                                
                             J.A.C.S. 72, 3695 (1950)                          
            thiophene                                                          
          c. 4-methyl-2-acetyl-                                                
                             J.A.C.S. 72, 3695 (1950)                          
          d. 3-methyl-2-propionyl-                                             
                             J.A.C.S. 72, 3695 (1950)                          
            thiophene                                                          
          e. 5-methyl-2-propionyl-                                             
                             J.A.C.S. 72, 3695 (1950)                          
            thiophene                                                          
          f. 2-butyryl-thiophene                                               
                             J.A.C.S. 72, 3695 (1950)                          
          g. 5-methyl-2-acetyl-                                                
                             J.A.C.S. 72, 3695 (1950)                          
            thiophene                                                          
          h. 2-propionyl-thiophene                                             
                             J.A.C.S. 72, 3695 (1950)                          
          i. 2-acetylmethyl-thiophene                                          
                             C.A. 51, 10509c (1957)                            
     (2)  a. 5,5'-diacetyl-dithienyl-                                          
                             J.A.C.S. 73, 1270 (1951)                          
            2,2'-methane                                                       
          b. 5,5'-diacetyl-dithineyl-                                          
                             J.A.C.S. 78, 1958 (1956)                          
     2,2'                                                                      
PAR  Organoleptic evaluation data are set out in TABLE XX below.
PAC  XXI - Pyrrole Ketones
PAR  Compounds of this group have the general formulae:
      ##SPC34##
PAL  wherein X is oxygen or sulfur, R.sub.1 is an alkyl group, and R.sub.2 is
      hydrogen or an alkyl group;
      ##SPC35##
PAL  wherein R is an alkyl group;
      ##SPC36##
PAL  wherein R.sub.1 is hydrogen or an alkyl group and R.sub.2 is an alkyl
      group;
      ##SPC37##
PAL  wherein R.sub.1, R.sub.2 and R 4 represent hydrogen or alkyl groups and
      R.sub.3 is an alkyl group.
PAR  Compounds which are representative of this group include:
TBL  (1)  a. 1-furfuryl-2-acetyl                                               
                            n.c.                                               
     pyrrole                                                                   
          b. 1-thenyl-2-acetyl                                                 
                            J.A.C.S. 85,2859(1963)                             
     pyrrole                                                                   
          c. 1-thenyl-3-acetyl                                                 
                            J.A.C.S.85, 2859 (1963)                            
     pyrrole                                                                   
     (2)  a. 1-acetyl-pyrrole                                                  
                            Chem.& Ind. 1965, 1426                             
          b. 1-propionyl-pyrrole                                               
                            Ber. 89, 1938 (1956)                               
     (3)  a. 2-methyl-5-acetyl                                                 
                            c.a.                                               
     pyrrole                                                                   
          b. 1,2-dimethyl-5-acetyl                                             
                            n.c.                                               
     pyrrole                                                                   
     (4)  a. 2,5-dimethyl-3-acetyl                                             
                            Beilstein XXI, 277 (1935)                          
     pyrrole                                                                   
          b. 1-methyl-3-acetyl                                                 
                            n.c.                                               
     pyrrole                                                                   
PAR  The new compounds included in this group can be prepared as follows:
PAR  (1) a. 1-Furfuryl-2-acetyl-pyrrole was prepared starting from
      1-furfuryl-pyrrole described by Reichstein in Helv. 15, 1450 (1932) as
      well as Gianturco et al. in Tetrahedron 20, 1763 (1964). Acetylation by
      reaction of the Grignard intermediate with acetyl chloride [cf. Chem. Ber.
      47, 1416 (1914)] led to the desired ketone. (A small amount of the
      3-isomer was also obtained, separable by fractional distillation). The
      product boils at 100.degree.-102.degree.C./0.03 mm Hg. and crystallizes on
      standing. Recrystallization from a mixture of methylene dichloride and
      petroleum ether gave a white crystalline product with a m.p. of 42
      -43.degree.C.
PAR  (3) b. 1,2-Dimethyl-5-acetyl-pyrrole was obtained by acetylating
      1,2-dimethylpyrrole according to the method described in Ber. 47, 1416
      (1914) [cf. also J.A.C.S. 85, 2859 (1963)]. The product has a b.p. of
      102.degree.-106.degree.C./10 mm. Hg.
PAR  (4) b. 1-Methyl-3-acetyl-pyrrole was obtained as a by-product in the
      synthesis of 1-methyl-2-acetyl-pyrrole according to the method described
      in Ber. 47, 1416 (1914). The product has a b.p. of
      130.degree.-132.degree.C./12 mm. Hg.
PAR  Evaluation data are set out in TABLE XXI below.
PAC  XXII - Thiazole Carbonyl Compounds
PAR  Compounds of this group have the following general formula:
      ##SPC38##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or alkyl groups.
PAR  Representative compounds of this group are:
TBL  (1)  a. 4-methyl-2-acetyl-thiazole                                        
                              Bull. 20, 702 (1953)                             
     thiazole                                                                  
          b. 4-methyl-2-propionyl-thiazole                                     
                              n.c.                                             
     thiazole                                                                  
          c. 5-methyl-2-acetyl-thiazole                                        
                              Bull. 20, 702 (1953)                             
     thiazole                                                                  
          d. 4-methyl-2-butyryl-thiazole                                       
                              n.c.                                             
     thiazole                                                                  
          e. 4-methyl-2-formyl-thiazole                                        
                              n.c.                                             
     thiazole                                                                  
PAR  The new compounds included in this group can be prepared as follows:
PAR  (1) b. 4-Methyl-2-propionyl-thiazole was prepared according to the method
      described in Bull. 20, 702 (1953) by reacting 4-methyl-thiazole with
      ethyl-magnesium bromide and acylating the obtained Grignard intermediate
      with propionyl chloride. The product has a b.p. of
      83.degree.-88.degree.C./9 mm. Hg.
PAR  (1) d. 4-Methyl-2-butyryl-thiazole was prepared by the same method as
      compound (1) b, but using butyric anhydride as the acylating agent. The
      product has a b.p. of 110.degree.-115.degree.C./8 mm. Hg.
PAR  (1) e. 4-Methyl-2-formyl-thiazole was prepared by oxidizing
      2-hydroxymethyl-4-methyl-thiazole with chromic acid in a sulfuric acid
      medium according to the method described in J.A.C.S. 53, 1470 (1931). The
      product was identified by mass spectrometry (peaks M/e and relative
      intensity): 71 (100%), 127 (97%) and 72 (48%).
PAR  Organoleptic evaluation data are set out in TABLE XXII below.
PAC  XXIII - Pyridine Carbonyl Compounds
PAR  Compounds of this group have the general formula:
      ##SPC39##
PAL  wherein R.sub.1 represents hydrogen, an alkyl group or a phenyl group,
      R.sub.2 represents hydrogen, an alkyl group or an acyl group and n is 0, 1
      or 2.
TBL  Representative compounds include:                                         
     (1)  a. 2-acetyl-pyridine                                                 
                            c.a.                                               
          b. 6-methyl-2-acetyl-                                                
                            c.a.                                               
     pyridine                                                                  
          c. 3-acetyl-pyridine                                                 
                            c.a.                                               
          d. 4-acetyl-pyridine                                                 
                            c.a.                                               
          e. pyridine-2-aldehyde                                               
                            c.a.                                               
          f. pyridine-3-aldehyde                                               
                            c.a.                                               
          g. pyridine-4-aldehyde                                               
                            c.a.                                               
          h. 6-methyl-pyridine                                                 
                            c.a.                                               
     2-aldehyde                                                                
          i. 2-benzoyl-pyridine                                                
                            c.a.                                               
          j. 3-benzoyl-pyridine                                                
                            c.a.                                               
          k. 4-benzoyl-pyridine                                                
                            c.a.                                               
          l. 2,6-diacetyl-pyridine                                             
                            c.a.                                               
          m. 4-(.gamma.-pyridyl)-butan                                         
                            n.c.                                               
     2-one                                                                     
PAR  The new compound, 4-(.gamma.-pyridyl)-butan-2-one, was prepared as follows:
PAR  8 ml. of 2-n NaOH solution were added to a mixture of 10.8 g. (0.1 mole) of
      pyridine-4-aldehyde, 100 ml. of water and 10 ml. of acetone at
      12.degree.-15.degree.C. After a reaction time of 3 minutes the reaction
      mixture was neutralized with 10% aqueous acetic acid, saturated with NaCl
      and extracted with ether. After removal of the ether the residue was
      distilled. There were obtained 8.4 g. of 4-(.gamma.-pyridyl)-3-buten-2-one
      as a yellow oil of b.p. 135.degree.-138.degree.C./0.07 Torr. 5.24 g. of
      this product were dissolved in 30 ml. of ethanol and hydrogenated in the
      presence of 4 g. of Ni-catalyst. Distillation of the reaction product
      yielded 4-(.gamma.-pyridyl)-butan-2-one of b.p.
      83.degree.-85.degree.C./0.05 Torr; n.sub.4.sup.27 = 1.047; n.sub.D.sup.27
      = 1.516.
PAR  Organoleptic evaluation data are set out in TABLE XXIII below.
PAC  XXIV - Alpha-Diketones
PAR  Compounds of this group which have been found to have utility in the
      concept of this invention are of the formulae:
PA1  1. CH.sub.3 COCOR
PA1  2. c.sub.2 h.sub.5 cocor
PAL  wherein R is an alkyl group or a phenyl group.
PAR  Compounds representative of this group include:
     (1)  a. acetylbutyryl  J.Chem.Soc. 1946, 56                               
          b. acetylisobutyryl                                                  
                            Ber. 22, 2121 (1889)                               
          c. acetylisovalerianyl                                               
                            Ber. 22, 2122 (1889)                               
          d. acetylcaproyl  J.pr.Ch.[2] 58, 402 (1898)                         
                            n.sub.D.sup.20 -1.4214; d.sub.4 .sup.20 0.9183     
          e. acetylbenzoyl  c.a. (British Drug House)                          
          f. 5-methyl-heptanedione-                                            
                            n.c.                                               
            2,3                                                                
          g. 5-methyl-octanedione-                                             
                            n.c.                                               
            2,3                                                                
          h. acetylvalerianyl                                                  
                            n.c.                                               
          i. acetylheptanoyl                                                   
                            n.c.                                               
     (2)  a. dipropionyl    Bull.[3], 31, 629,                                 
                              650 (1906)                                       
          b. heptane-3,4-dione                                                 
                            Bull.[3], 31, 1174 (1904)                          
          c. 5-methyl-heptane-                                                 
                            n.c.; prepared by the                              
            3,4-dione         31, 1145                                         
                            (1904); b.p. 55.degree.C./12 mm.Hg.                
PAR  The new compounds included in this group can be obtained as follows:
PAR  (1) f. 5-Methyl-heptan-2,3-dione. 0.33 Mole of acetol, 0.33 mole of
      .alpha.-methylbutanal and 2.5 ml. of conc. HCl were heated in a flask
      equipped with a Raschig column (length 25 cm), and the volatile products
      were distilled over as the reaction proceeded. 15 ml of distillate were
      collected and rejected. The flask was cooled, and 15 ml. of water were
      added to the distillation residue. The distillation was then continued at
      a bath temperature of 150.degree.-180.degree.C. After 15 ml. of distillate
      consisting of the reaction product and water had been collected, the flask
      was again cooled, and the addition of water followed by distillation were
      repeated several times until the reaction product was completely
      distilled. The combined distillates were extracted wih ether. After
      washing the extract with aqueous sodium carbonate and water and
      evaporation of the solvent, the residue was distiled. There were obtained
      3.9 g. of pure 5-methyl-heptan-2,3-dione distilling at
      45.degree.-47.degree.C./8 Torr. n.sub.D.sup.23.5 = 1,4200;
      d.sub.4.sup.23.5 = 0.9099.
PAR   (1) g. 5-Methyl-octan-2,3-dione was prepared according to the same method
      as 5-methyl-heptan-2,3-dione, except that 0.5 mole of acetol, 0.55 mole of
      .alpha.-methyl-pentenal and 4.5 ml. of conc. HCl were used for the
      reaction. There were obtained 16 g. of pure 5-methyl-octan-2,3-dione
      distilling at 65.degree.-66.degree.C./11 Torr; n.sub.D.sup.22.5 = 1.4258;
      d.sub.4.sup.22.5 = 0.9107.
PAR  (1) h. Acetylvalerianyl was prepared according to the same method as
      compound (1) f. It has a b.p. of 71.degree.-72.degree.C./44 mm.Hg.
PAR  (1) i. Acetylheptanoyl was prepared by hydrolyzing 3-oximino-nonan-2-one
      according to the method of Bouveault et al. described in Bull.Soc.Chim.
      France [3] 31, 1145 (1904). 3-Oximino-nonan-2-one was obtained by
      nitrosation of nonan-2-one with ethyl nitrite according to the method
      described in Org.React. VII, Chap. 6 (1953). Acetylheptanoyl has a b.p. of
      74.degree.C./9 mm. Hg.
PAR  (2) c. 5-Methyl-heptan-3,4-dione was prepared according to the method
      described in Bull [3], 31, 1145 (1904). It has a b.p. of 55.degree.C./12
      mm. Hg.
PAR  The organoleptic evaluations are set out in TABLE XXIV below.
PAC  XXV - Thiophene Alpha-diketones
PAR  Compounds of this group have the following general formula:
      ##SPC40##
PAL  wherein R.sub.1 is hydrogen or a methyl group and wherein R.sub.2 is an
      alkyl group.
PAR  Representative compounds include:
TBL  (1)  a. 1-(thienyl-2)-propane-1,2-dione                                   
                                      n.c.                                     
          b. 1-(3-methyl-thienyl-2)-propane-1,2-dione                          
                                      n.c.                                     
          c. 1-(5-methyl-thienyl-2)-propane-1,2-dione                          
                                      n.c.                                     
          d. 1-(thienyl-2)-butan-1,2-dione                                     
                                      n.c.                                     
PAR  The new compounds included in this group can be obtained as follows:
PAR  (1) a. 1-(Thienyl-2)-propane-1,2 dione was prepared by acylating thiophene
      according to the method described in J.A.C.S. 72, 3695 (1950), subjecting
      the resulting 2-propionylthiophene to the action of nitrosyl chloride and
      hydrolyzing the reaction product in formic acid solution with nitrosyl
      sulfuric acid as described in Bull. [3]31, 1163 (1904). The product formed
      bright yellow crystals and melted at 48.degree.-50.degree.C.
PAR  (1) b. 1-(3-methyl-thienyl-2)-propane-1,2 dione was prepared by acylating
      thiophene according to the method described in J.A.C.S. 72, 3695 (1950),
      subjecting the resulting 3-methyl-2-propionyl-thiophene to the action of
      nitrosyl chloride and hydrolyzing the reaction product in formic acid
      solution with nitrosyl sulfuric acid as described in Bull. [3]31, 1163
      (1904). The product had a b.p. of 93.degree.C./11 mm. Hg.
PAR  (1) c. 1-(5-Methyl-thienyl-2)-propane-1,2-dione was prepared by the same
      method as compound (1) a. It has a b.p. of 150.degree.-160.degree.C. (bath
      temp.)/11 mm. Hg.
PAR  (1) d. 1-(Thienyl-2)-butan-1,2-dione was prepared from 2-butyryl-thiophene
      via the oxime according to the method used in the furan series and
      described in Tetrahedron 20, 2959 (1964). The product has a b.p. of
      120.degree.-123.degree.C. (bath temperature) 11 mm. Hg.
PAR  The organoleptic evaluations gave the results set out in TABLE XXV below.
PAC  XXVI - Pyrrole Alpha-diketones
PAR  This group of compunds has the general formula:
      ##SPC41##
PAL  wherein R.sub.1 is hydrogen or alkyl and R.sub.2 is alkyl.
PAR  Representative compounds of this group include e.g.:
TBL  (1)  a. (pyrrolyl-2)-propan-1,2-dione                                     
                                    n.c.                                       
          b. (pyrrolyl-2)-butan-1,2-dione                                      
                                    n.c.                                       
PAR  The new compounds included in this group can be obtained as follows:
PAR  (1) a. (Pyrrolyl-2)-propan-1,2-dione was prepared according to the same
      method as used for compound (1) d. of Group XXV. It has a m.p. of
      50.degree.-51.degree.C.
PAR  (1) b. (Pyrrolyl-2)-butan-1,2-dione was prepared by the same method as used
      for compound (1) d. of Group XXV. It has a m.p. of 37.degree.-38.degree.C.
PAR  Organoleptic evaluation data are set out in TABLE XXVI below.
PAC  XXVII - Furan Esters
PAR  Compounds of this group have the general formulae:
      ##SPC42##
PAL  wherein R is an alkyl group comprising at least 2 carbon atoms;
PAL  and
      ##SPC43##
PAL  wherein R is an alkyl or alkenyl group.
PAR  Representative compounds of this group include:
TBL  (1)   a. furfuryl propionate                                              
                              "The Furans", page 226                           
           b. furfuryl butyrate                                                
                              "The Furans", page 226                           
           c. furfuryl isobutyrate                                             
                              "The Furans", page 226                           
           d. furfuryl isovalerate                                             
                              n.c.                                             
           e. furfuryl crotonate                                               
                              n.c.                                             
           f. furfuryl tiglate                                                 
                              "The Furans", page 36                            
           g. furfuryl alphamethylbutyrate                                     
                              n.c.                                             
           h. furfuryl .beta.,.beta.'-dimethylacrylate                         
                              n.c.                                             
           i. furfuryl valerate                                                
                              n.c.                                             
     (2)   a. ethyl furoate   "The Furans", page 513                           
           b. propyl furoate  "The Furans", page 513                           
           c. isopropyl furoate                                                
                              "The Furans", page 513                           
           d. butyl furoate   "The Furans", page 513                           
           e. isobutyl furoate                                                 
                              "The Furans", page 513                           
           f. isoamyl furoate "The Furans", page 513                           
           g. methyl 3-(.alpha.-furyl)-propionate                              
                              C.A. 32, 53977 (1938)                            
           h. ethyl 3-(.alpha.-furyl)-propionate                               
                              c.a.                                             
      "The Furans", Reinhold Publishing Company, New York (1953).              
PAR  The new compounds included in this group can be obtained by reacting the
      corresponding acid chlorides with furfuryl alcohol, e.g. according to the
      method described in Houben-Weyl, 4th ed., Vol. 8, 543 (1952). There are
      thus obtained:
PA1  (1) d. Furfuryl isovalerate, b.p. 97.degree.-98.degree.C./11 mm. Hg.
PA1  (1) e. Furfuryl crotanate, b.p. 96.degree.-98.degree.C./11 mm. Hg.
PA1  (1) g. Furfuryl .alpha.-methylbutyrate, b.p. 96.degree.C./11 mm. Hg.
PA1  (1) h. Furfuryl .beta.,.beta.'-dimethylacryalte, b.p.
      113.degree.-115.degree.C./11 mm. Hg.
PA1  (1) i. Furfuryl valerate, b.p. 100.degree.-104.degree.C./11 mm. Hg.
PAR  In the organoleptic evaluation tests these compounds gave the results set
      out in TABLE XXVII below.
PAC  XXVIII - Thiophene Esters
PAR  Compounds of the this group have the following general formulae:
      ##SPC44##
PAL  wherein R is alkyl or furfuryl; and
      ##SPC45##
PAL  wherein R is hydrogen or alkyl.
PAR  Representative compounds of this group include:
TBL  (1)  a. methyl thiophene-2-carboxylate                                    
                              J.A.C.S. 77, 6709 (1955)                         
          b. ethyl thiophene-2-carboxylate                                     
                              J.A.C.S. 77, 6709 (1955)                         
          c. propyl thiophene-2-carboxylate                                    
                              J.A.C.S. 77, 6709 (1955)                         
          d. butyl thiophene-2-carboxylate                                     
                              J.A.C.S. 77, 6709 (1955)                         
          e. isoamyl thiophene-2-carboxylate                                   
                              n.c.                                             
          f. furfuryl thiophene-2-carboxylate                                  
                              n.c.                                             
     (2)  a. thenyl formate   n.c.                                             
          b. thenyl acetate   n.c.                                             
PAR  The new compounds included in sub-class (1) of this group can be obtained
      by reacting thionyl chloride with the corresponding alkoxides according to
      the method described in J.A.C.S. 77, 6709 (1955). There were thus
      obtained:
PA1  (1) c. Isoamyl thiophene-2-carboxylate, b.p. 79.degree.-80.degree.C./0.3
      mm. Hg.
PAR  (1) f. Furfuryl thiophene-2-carboxylate, b.p. 109.degree.C./0.07 mm. Hg.
PAR  The new compounds included in sub-class (2) of this group can be obtained
      by acylation of 2-thenyl alcohol which is prepared by reducing
      thiophene-2-aldehyde according to the method described in J.Org.Chem. 15,
      790 (1950). Acylation with the mixed anhydride of formic and acetic acids
      according to the method described in J.A.C.S. 64, 1583 (1942) yields
PA1  (2) a. Thenyl formate, b.p. 87.degree.-88.degree.C./15 mm. Hg. Acylation
      with acetic anhydride yields
PA1  (2) b. Thenyl acetate, b.p. 91.degree.C./12 mm.Hg.
PAR  In the organoleptic evaluation test these compounds gave the results set
      out in Table XXVIII below.
PAC  XXIX - Pyridine Esters
PAR  Compounds of this group are of the general formula
      ##SPC46##
PAL  wherein R stands for lower alkyl and n is 0 or 1.
PAR  Representative compounds of this group include:
TBL  (1)  a. methyl (pyridyl-2)-acetate                                        
                                    c.a.                                       
          b. methyl (pyridyl-3)-acetate                                        
                                    c.a.                                       
          c. methyl (pyridyl-4)-acetate                                        
                                    c.a.                                       
          d. ethyl (pyridyl-2)-acetate                                         
                                    c.a.                                       
     (1)  e. ethyl (pyridyl-3)-acetate                                         
                                    c.a.                                       
          f. ethyl (pyridyl-4)-acetate                                         
                                    c.a.                                       
PAR  Organoleptic evaluation data are set out in TABLE XXIX below.
PAC  XXX - Aromatic Sulfur Compounds
PAR  Compounds of this group are of the general formulae:
      ##SPC47##
PAL  wherein R.sub.1 stands for hydrogen, hydroxy, alkoxy or alkyl and R.sub.2
      represents hydrogen or alkyl;
      ##SPC48##
PAL  wherein R.sub.1 stands for hydrogen, hydroxy, alkyl or alkoxy, R.sub.2 may
      be hydrogen or alkyl, R.sub.3 represents alkyl or benzyl and n is 0, 1 or
      2; and
      ##SPC49##
PAL  wherein R stands for alkyl or phenyl.
PAR  Representative compounds include:
TBL  (1)  a. 2-methoxy benzenethiol                                            
                            Ber. 39, 1348 (1906)                               
          b. benzenethiol   c.a.                                               
          c. 2-hydroxy-thiophenol                                              
                            Beilstein 6, 793                                   
          d. 2-methyl-benzenethiol                                             
                            c.a.                                               
          e. 3-methyl-benzenethiol                                             
                            c.a.                                               
          f. 4-methyl-benzenethiol                                             
                            c.a.                                               
          g. 2,4-dimethyl-benzenethiol                                         
                            Ber. 32, 1147                                      
          h. 3,4-dimethyl-benzenethiol                                         
                            J.Org.Chem.26, 4047 (1961)                         
          i. 2-ethyl-benzenethiol                                              
                            Ber. 59, 349                                       
          j. 2-ethoxy-benzenethiol                                             
                            J.pr.Ch. 114, 231, 235                             
          k. 4-methoxy-benzenethiol                                            
                            c.a.                                               
     (2)  a. methyl phenyl sulfide                                             
                            c.a.                                               
          b. dibenzyl sulfide                                                  
                            J.Chem.Soc. 1922, 1404                             
     (3)  a. phenyl methyl disulfide                                           
                            J.A.C.S. 85, 1618 (1963)                           
          b. diphenyl disulfide                                                
                            Ber. 56, 1929 (1923)                               
PAR  Evaluation test data are set out in TABLE XXX below.
PAC  XXXI - Furan Sulfur Compounds
PAR  Compounds of this group are included in the formulae:
      ##SPC50##
PAL  wherein R may be hydrogen, alkyl or alkenyl and n stands for 1 or 2;
      ##SPC51##
PAL  wherein R.sub.1 stands for hydrogen or alkyl, R.sub.2 represents hydrogen,
      alkyl, furfuryl or alkyl-substituted phenyl, and n stands for 0, 1 or 2,
      with the provision that, if R.sub.1 is hydrogen and n is 1, R.sub.2 is
      neither methyl nor furfuryl;
      ##SPC52##
PAL  wherein R is alkyl or furfuryl;
      ##SPC53##
PAL  wherein R.sub.1 represents hydrogen or alkyl and R.sub.2 stands for alkyl
      or furfuryl; and
      ##SPC54##
PAL  wherein R represents an alkyl or an acyl group.
PAR  Representative compounds in this group include:
TBL  (1)  a. furfurylthiol acetate                                             
                                 n.c.                                          
          b. furfurylthiol propionate                                          
                                 n.c.                                          
          c. furfurylthiol butyrate                                            
                                 n.c.                                          
          d. furfurylthiol furoate                                             
                                 n.c.                                          
          e. furfurylthiol .beta.,.beta.-dimethylacrylate                      
                                 n.c.                                          
          f. furfurylthiol tiglate                                             
                                 n.c.                                          
          g. furfurylthiol formate                                             
                                 n.c.                                          
          h. 2-(furyl-2)-ethanthiol acetate                                    
                                 n.c.                                          
     (2)  a. 5-methylfurfuryl methyl sulfide                                   
                                 n.c.                                          
          b. furfuryl propyl sulfide                                           
                                 n.c.                                          
          c. furfuryl isopropyl sulfide                                        
                                 n.c.                                          
          d. furfuryl 5-methylfuryl sulfide                                    
                                 n.c.                                          
          e. 5-methylfuryl methyl sulfide                                      
                                 n.c.                                          
          f. 2-(furyl-2)-ethanthiol                                            
                                 n.c.                                          
     (3)  a. methylthiol furoate n.c.                                          
     (4)  a. difurfuryl disulfide                                              
                                 J.A.C.S. 52, 2141                             
                                 (1930)                                        
     (5)  a. (benzofuryl-2)-methyl methyl sulfide                              
                                 n.c.                                          
          b. (benzofuryl-2)-methylthiol acetate                                
                                 n.c.                                          
PAR  The new compounds included in this group XXXI can be obtained as follows:
PAR  (1) a. Furfurylthiol acetate was prepared by reacting acetic chloride or
      anhydride with furfurylmercaptan according to the method described in
      Houben-Weyl, 4th ed., vol. 9, 753 (1955). The product has a b.p. of
      90.degree.-92.degree.C./12 mm. Hg.
PAR  According to the same method, but starting from the corresponding acid
      chloride or anhydride, the following products were obtained:
PA1  (1) b. Furfurylthiol propionate, b.p. 95.degree.-97.degree.C./10 mm.Hg.
PA1  (1) c. Furfurylthiol butyrate, b.p. 105.5.degree.-106.5.degree./10 mm. Hg.
PA1  (1) d. Furfurylthiol furoate, b.p. 110.degree.C./0.01 mm. Hg.
PA1  (1) e. Furfurylthiol .beta.,.beta.-dimethylacrylate, b.p.
      85.degree.C./0.015 mm. Hg.
PA1  (1) f. Furfurylthiol tiglate, b.p. 84.5.degree.-87.5.degree.C./0.03 mm. Hg.
PAR  (1) g. Furfurylthiol formate was prepared according to the method used for
      the synthesis of furfuryl formate and described in J.A.C.S. 74, 1583
      (1942). The product had a b.p. of 77.degree.-78.degree.C./8 mm. Hg.
PAR  (1) h. 2-(Furyl-2)-ethanthiol acetate was prepared by reacting thioacetic
      acid with 2-vinyl-furane under the action of UV light and in the presence
      of benzoyl peroxide according to the method described in J.Org.Chem. 27,
      2853 (1962). The thio-ester, after isolation by distillation had a b.p. of
      100.degree.-103.degree.C./0.05 mm. Hg.
PAR  (2) a. 5-Methylfurfuryl methyl sulfide was prepared by reacting
      5-methylfurfuryl-mercaptan with dimethyl sulfate in alkaline solution
      according to known methods. 5-Methylfurfurylmercaptan was obtained from
      the corresponding alcohol by the method described in Org.Syn. 35, 67
      (1955). The product is a colorless liquid boiling at
      71.degree.-72.degree.C./11 mm. Hg.
PAR  (2) b. Furfuryl propyl sulfide was prepared by reacting sodium
      furfurylmercaptide with n-propyl bromide according to the method described
      in Houben-Weyl, 4th ed., vol. 9, 97 (1955). The product has a b.p. of
      91.degree.C./15 mm. Hg.
PAR  (2) c. Furfuryl isopropyl sulfide was prepared by the same method as used
      for compound (2) b., except that isopropyl bromide was used instead of
      n-propyl bromide. The product has a b.p. of 84.degree.C./16 mm. Hg.
PAR  (2) d. Furfuryl 5-methylfuryl sulfide was prepared according to the method
      used for the synthesis of alkylthio-furans and described in C.A. 59, 868d
      (1963). 2-Methylfuran was reacted with butyl-lithium and then with sulfur.
      The resulting thiol was further reacted (without prior isolation) with
      furfuryl chloride. The product was slightly yellowish oil having a b.p. of
      67.degree.C./0.04-0.05 mm. Hg.
PAR  (2) e. Methyl 5-methylfuryl sulfide was prepared by the same method as used
      for compound (2) d. The product was a light yellow liquid having a b.p. of
      80.degree.C./45-50 mm. Hg.
PAR  (2) f. 2-(Furyl-2)-ethanethiol was prepared by saponifying 24 g. of
      2-furylethanethiol acetate with alkali in aqueous-alcoholic medium. After
      refluxing for 90 minutes the reaction mixture was neutralized with acetic
      acid and then extracted with ether. Upon distillation there were obtained
      14.4 g. of 2-(furyl-2)-ethanethiol having a b.p. of
      61.degree.-62.degree.C./0.03 mm. Hg; n.sub.D.sup.22.3 = 1.5653;
      d.sub.4.sup.23.2 = 1.153.
PAR  (3) a. Methylthiol fuorate was prepared by reacting furoyl chloride with
      methylmercaptan according to the method described in Houben-weyl, 4th ed.,
      vol. 9, 753 (1955). It has a b.p. of 92.degree.-93.degree.C./11 mm. Hg.
PAR  (5) a. Benzofurfuryl-2-methyl sulfide was prepared by reacting
      (benzofurfuryl-2)-mercaptan with dimethyl sulfate in alkaline solution.
      The sulfide thus obtained has a b.p. of 108.degree.-109.degree.C./0.4 mm.
      Hg.
PAR  The starting (benzofurfuryl-2)mercaptan was obtained from the corresponding
      alcohol according to the method described in Org. Synth. 35, 67 (1955).
PAR  (5) b. (Benzofurfuryl-2)-thiol acetate was prepared by the same method as
      used for compound (1) a. (furfurylthiol acetate). The product has a b.p.
      of 120.degree.-122.degree.C./0.8 mm. Hg.
PAR  Evaluation test data are set out in TABLE XXXI below.
PAC  XXXII - Thiophene Sulfur Compounds
PAR  This group comprises compounds corresponding to the following general
      formulae:
      ##SPC55##
PAL  wherein R represents hydrogen, alkyl, acetyl or thenyl, and n is 1 or 2;
      and
      ##SPC56##
PAL  wherein R stands for alkyl or furfuryl.
PAR  Specific examples of compounds corresponding to these formulae include:
TBL  (1)    a. thenyl-mercaptan  Compt.rend. 229,                              
                                 1343 (1949)                                   
            b. thenyl methyl sulfide                                           
                                 Compt.rend. 229,                              
                                 1343 (1949)                                   
            c. thenylthiol acetate                                             
                                 n.c.                                          
            d. 2-(thienyl-2)-ethanethiol                                       
                                 n.c.                                          
            e. 2-(thienyl-2)-ethanethiol acetate                               
                                 n.c.                                          
            f. dithenyl sulfide  n.c.                                          
     (2)    a. thiothenoic acid S-methyl ester                                 
                                 n.c.                                          
            b. thiothenoic acid S-ethyl ester                                  
                                 n.c.                                          
            c. thiothenoic acid S-furfuryl ester                               
                                 n.c.                                          
PAR  The new compounds of this group can be obtained as follows:
PAR  (1) c. Thenylthiol acetate was prepared by the same method as used for
      compound (1) a. (furfurylthiol acetate) of Groups XXXI above. The product
      is a colorless liquid having a b.p. of 113.degree.-114.degree.C.
PAR  (1) d. 2-(Thienyl-2)-ethanethiol. 2-Vinyl-thiophene [obtained by the method
      described in Org. Synth. 38, 86 (1958)] was reacted with thioacetic acid
      according to the method described in J.Org.Chem. 27, 2853 (1962), and the
      resulting addition product was subjected to hydrolysis with an acid. The
      product has a b.p. of 55.degree.C./0.1 mm. Hg.
PAR  (1) e. 2-(Thienyl-2)-ethanethiol acetate was obtained as the intermediate
      product obtained by reacting 2-vinyl-thiophene with thioacetic acid in the
      preparation of compound (1) d. above. The product has a b.p. of
      90.degree.C./0.07 mm. Hg.
PAR  (1) f. Dithenyl sulfide was prepared by the same method as used for
      compound (1) b. (diethenyl ether) of Group X above, except that
      thenylmercaptan was used instead of thenyl alcohol. The product has a b.p.
      of 118.degree.C./0.04 mm. Hg.
PAR  Compounds (2) a. (2) b. and (2) c. were prepared by reacting thionyl
      chloride with the sodium salts of the corresponding mercaptans in
      alcoholic solution according to the method described in J.C.A.S. 77, 6709
      (1955). After refluxing for 1 hour the reaction mixture was filtered and
      concentrated. The residue was purified by chromatography on a silica-gel
      column using a benzene-hexane mixture 8:2 as the eluant. The structure of
      the resulting products was identified by mass spectrometry:
PAR  (2) a. Thiothenoic acid S-methyl ester: Ion peaks with relative
      intensities: 111 (100%), 39 (22%) and 158 (12%).
PAR  (2) b. Thiothenoic acid S- ethyl ester: Ion peaks with relative
      intensities: 111 (100%), 39 (17%) and 172 (10%).
PAR  (2) c. Thiothenoic acid S-furfuryl ester: Ion peaks with relative
      intensities: 111 (100%), 81 (73.5%) and 39 (20%).
PAR  Organoleptic evaluation data are set out in TABLE XXXII below.
PAC  XXXIII - Pyridine Sulfur Compounds
PAR  The compounds included in this group have the general formula:
      ##SPC57##
PAL  wherein R stands for hydrogen, alkyl, acyl or pyridyl, and n is 0 or 1.
PAR  As examples there can be mentioned:
TBL  (1)                                                                       
        a. (pyridyl-2)-methanthiol                                             
                              C.A. 55, 4542b (1961)                            
        b. 2-mercapto-pyridine                                                 
                                 c.a.                                          
        c. 2-methylthio-pyridine                                               
                                 n.c.                                          
        d. 2-ethylthio-pyridine                                                
                                 n.c.                                          
        e. (pyridyl-2)-thiol acetate                                           
                                 n.c.                                          
        f. di(pyridyl-2)-sulfide                                               
                              J.Chem.Soc. 1942, 239                            
        g. 2-(pyridyl-2)-ethanethiol                                           
                              J.Org.Chem. 26, 82 (1961)                        
        h. 2-(pyridyl-2)-ethyl methyl sulfide                                  
                                 see below                                     
        i. 2-(pyridyl-2)-ethyl ethyl sulfide                                   
                                 n.c.                                          
        j. 2-(pyridyl-2)-ethanethiol acetate                                   
                                 see below                                     
        k. 2-(pyridyl-2)ethyl furfuryl sulfide                                 
                                 n.c.                                          
        l. (pyridyl-2)-methyl methyl sulfide                                   
                              Helv. 47, 1754 (1964)                            
        m. (pyridyl-2)-methyl ethyl sulfide                                    
                                 n.c.                                          
        n. (pyridyl-2)-methanethiol acetate                                    
                                 n.c.                                          
PAR  The method used for preparing the known compound (1) h.
      [2-(pyridyl-2)-ethyl methyl sulfide] was as follows: 2-Vinylpyridine was
      reacted with methylmercaptan by the action of UV light in the presence of
      trace amounts of benzoyl peroxide and diphenyl sulfide. The product has a
      b.p. of 48.degree.C./0.03 mm. Hg.
PAR  The same method was used for preparing the known compound (1) j., except
      that thioacetic acid was used instead of methylmercaptan. The product has
      a b.p. of 80.degree.C/0.02 mm. Hg.
PAR  The new compounds included in this Group XXXIII can be obtained as follows:
PAR  (1) c. 2-Methylthio-pyridine was prepared according to the method described
      in Houben-Weyl, 4th ed., vol. 9, 7 (1955) by alkylating
      2-mercapto-pyridine with methyl halide. The resulting pyridinium salt was
      neutralized with NaOH and the base thus obtained extracted and distilled.
      The product had a b.p. of 67-68.degree.C./10 mm. Hg.
PAR  (1) d. 2-Ethylthio-pyridine was prepared by the same method as used for
      compound (1) c., except that ethyl halide was used instead of methyl
      halide. The product had a b.p. of 77.degree. -77.5.degree.C./8 mm. Hg.
PAR  (1) e. (Pyridyl-2)-thiol acetate was prepared by reacting acetic anhydride
      with 2-mercaptopyridine in alkaline medium according to the method
      described in Houben-Weyl, 4th ed., vol. 9, 753 (1955) and in J.A.C.S. 59,
      1089 (1937). The product has a b.p. of 117.degree.-118.degree.C./9 mm. Hg.
PAR  (1) i. 2-(Pyridyl-2)-ethyl ethyl sulfide was prepared by the same method as
      used for compound (1) h., except that ethylmercaptan was used instead of
      methylmercaptan. The product has a b.p. of 62.degree.C./0.005 mm. Hg.
PAR  (1) m. (pyridyl-2)-methyl ethyl sulfide was prepared by the same method as
      used for compound (1) 1. The product has a b.p. of
      107.degree.-110.degree.C./10 mm. Hg.
PAR  (1) n. (Pyridyl-2)-methanethiol acetate was prepared by reacting acetyl
      chloride with 2-mercaptaomethylpyridine in alkaline medium. The product
      has a b.p. of 102.degree.-103.degree.C./9 mm. Hg.
PAR  Evaluation test data are reported in TABLE XXXIII below.
PAC  XXXIV - Pyrrole Sulfur Compounds
PAR  These sulfur compounds correspond to the following general formula:
      ##SPC58##
PAL  wherein R represents alkyl, furfuryl or acyl. As examples, there can be
      mentioned;
TBL  (1) a.                                                                    
           N-methyl-pyrryl-2 methyl sulfide                                    
                                      n.c.                                     
     b.    N-methyl-pyrryl-2 ethyl sulfide                                     
                                      n.c.                                     
     c.    N-methyl-pyrryl-2 furfuryl sulfide                                  
                                      n.c.                                     
     d.    (N-methyl-pyrryl-2)-methylthiol acetate                             
                                      n.c.                                     
PAR  The new compounds included in this Group XXXIV can be obtained as follows:
PAR  (1) a. N-Methyl-pyrryl-2 methyl sulfide was prepared by alkylating of
      N-methyl-(pyrryl-2)-methylmercaptan with methyl iodide according to the
      method described in Houben-Weyl, 4th ed., vol. 9, 97 (1955). This product
      has a b.p. of 90.degree.C./10 mm. Hg.
PAR  (1) b. N-Methyl-pyrryl-2ethyl sulfide was prepared by the same method as
      used for compound (1) a., except that ethyl bromide was used in place of
      methyl iodide. The product has a b.p. of 99.degree.C./10 mm. Hg.
PAR  (1) c. N-Methy-pyrryl-2 furfuryl sulfide was prepared by the same method as
      used for compound (1) a., except that furfuryl chloride was used in place
      of methyl iodide. The product has a b.p. of 94.degree.C./0.01 mm. Hg.
PAR  (1) d. (N-Methyl-pyrryl-2)-methylthiol acetate was prepared by acylating
      (N-methyl-pyrryl-2)-methylmercaptan according to the meethod described in
      Houben-Weyl, 4th ed., vol. 9, 753 (1958). The product has a b.p. of
      69.degree.C./0.05 mm. Hg.
PAR  Evaluation test data are set out in TABLE XXXIV below.
PAC  XXXV - Pyrazine Sulfur Compounds
PAR  The compounds of this group can be represented by the following general
      formulae:
      ##SPC59##
PAL  wherein n is O, 1 or 2, R.sub.1 represents hydrogen, alkyl, acyl or
      furfuryl and R.sub.2 stands for hydrogen or methyl with the proviso that
      R.sub.1 and R.sub.2 cannot both be methyl if n is O;
      ##SPC60##
PAL  wherein R stands for hydrogen, alkyl, furfuryl or acyl.
PAR  Illustrative examples of compounds corresponding to formulae (1) and (2)
      include:
TBL  (1) a.                                                                    
           (2-methylpyrazinyl-3, -5 and -6) furfuryl                           
                                      n.c.                                     
           sulfide                                                             
     b.    pyrazinylmethyl-mercaptan  n.c.                                     
     c.    pyrazinylmethyl methyl sulfide                                      
                                      n.c.                                     
     d.    pyrazinylmethyl ethyl sulfide                                       
                                      n.c.                                     
     e.    pyrazinylmethyl furfuryl sulfide                                    
                                      n.c.                                     
     f.    pyrazinylmethylthiol acetate                                        
                                      n.c.                                     
     g.    2-pyrazinyl-ethyl mercaptan                                         
                                      n.c.                                     
     h.    2-pyrazinyl-ethyl methyl sulfide                                    
                                      n.c.                                     
     i.    2-pyrazinyl-ethyl ethyl sulfide                                     
                                      n.c.                                     
     j.    2-pyrazinyl-ethyl furfuryl sulfide                                  
                                      n.c.                                     
     k.    2-pyrazinyl-ethylthiol acetate                                      
                                      n.c.                                     
     (2) a.                                                                    
           2,5-dimethyl-3-mercapto-pyrazine                                    
                                      n.c.                                     
     b.    2,5-dimethyl-3-methylthio-pyrazine                                  
                                      n.c.                                     
     c.    2,5-dimethyl-3-ethylthio-pyrazine                                   
                                      n.c.                                     
     e.    2,5-Dimethyl-3-acetylthio-pyrazine                                  
                                      n.c.                                     
     d.    2,5-dimethyl-3-furfurylthio-pyrazine                                
                                      n.c.                                     
PAR  The new compounds included in this group can be obtained as follows:
PAR  (1) a. (2-Methylpyrazinyl-3, -5 and -6) furfuryl sulfide (mixture): A
      mixture of 2-methyl-3-, 5- and 6-chloropyrazine was prepared by
      chlorination of 2-methylpyrazine according to the method described in J.
      Org. Chem. 26, 2356, 2360 (1961). 0.2 Mole of the above
      2-methyl-chloropyrazine mixture was added to 0.2 mole of sodium
      furfurylmercaptide suspension in 250 ml. of xylene. The mixture was boiled
      for 6 hours. After cooling 250 ml. of water were added, the organic layer
      was concentrated and distilled. 13.5 g. of a mixture of
      (2-methylpyrazinyl-3, -5 and -6) furfuryl sulfide were obtained; b.p.
      153.degree.-156.degree.C./10 Torr; n.sub.D .sup.2. = 1.5970; d.sub.4
      .sup.20 = 1.2164.
PAR  (1) b. Pyrazinylmethylmercaptan: a solution of 6.3 g. (0.05 mole) of
      chloromethylpyrazine [obtained according to the method described in J.
      Org. Chem. 26, 2356 (1961)] in 20 ml. of ether was added slowly, with
      stirring, to a solution of sodium hydrogensulfide (60%) in 50 ml. of
      absolute methanol. Stirring of the reaction mixture at room temperature
      was continued for 3 hours. The precipitate which had formed was removed by
      filtering, the solvents were evaporated, and the residue was dissolved in
      water. The solution was extracted twice with ether. The aqueous phase was
      neutralized with acetic acid and extracted with ether. After drying of the
      extract the solvent was evaporated and the residue distilled. 0.25 g. of
      pyrazinylmethylmercaptan boiling at 44.degree.-45.degree.C./0.07 mm. Hg.
      was obtained.
PAR  (1) c. Pyrazinylmethyl methyl sulfide was prepared according to the method
      described in Houben-Weyl, 4th ed., vol. 9, 97 (1955) by reacting
      chloromethylpyrazine [obtained by the method described in J. Org. Chem.
      26, 2356 (1961)] with sodium methylmercaptide. The product has a b.p. of
      105.degree.-106.degree.C./12 mm. Hg.
PAR  (1) d. Pyrazinylmethyl ethyl sulfide was prepared by the same method as
      used for compound (1) c., except that sodium ethylmercaptide was used in
      place of sodium methylmercaptide. The product has a b.p. of
      114.degree.-116.degree.C./12 mm. Hg.
PAR  (1) e. Pyrazinylmethyl furfuryl sulfide was prepared by the same method as
      used for compound (1) c., except that sodium furfurylmercaptide was used
      instead of sodium methylmercaptide. The product has a b.p. of
      116.degree.C,/0.05 mm. Hg.
PAR  (1) f. Pyrazinylmethylthiol acetate was prepared by acetylation of
      pyrazinylmethylthiol according to the method described in houben-weyl,
      4th. ed., vol. 9, 753 (1955). The product has a b.p. of 52.degree.C./0.02
      mm. Hg.
PAR  (1) g. 2-Pyrazinyl-ethyl mercaptan was prepared by reacting vinylpyrazine
      [obtained by the method described in J. Org. Chem. 27, 1363 (1962) and
      hydrolyzing the resulting thiolic acid ester according to the method
      described in J. Org. Chem. 22, 980 (1957). The product has a b.p. of
      56.5.degree.-60.degree.C./0.003 mm. Hg.
PAR  (1) h. 2-Pyrazinyl-ethyl methyl sulfide was prepared by reacting
      vinylpyrazine [c.f. J. Org. Chem. 27, 1363 (1962] with methylmercaptan by
      the action of ultra violet light and in the presence of benzoyl peroxide
      by the method described in Acta Chem. Scand. 8, 295 (1954). The product
      was identified by mass spectrometry. It has a b.p. of
      57.degree.-69.degree.C. at 0.05 mm. Hg.
PAR  (1) i. 2-Pyrazinyl-ethyl ethyl sulfide was prepared by the method used for
      compound (1) h., but usisng ethylmercaptan. It has a b.p. of
      75.degree.C./0.03 mm. Hg.
PAR  (1) j. 2-Pyrazinyl-ethyl furfuryl sulfide was prepared by the method used
      for compound (1) h., but using furfuralmercaptan. The product has a b.p.
      of 116.degree.-117.degree.C./0.01 mm. Hg.
PAR  (1) k. 2-Pyrazinyl-ethylthiol acetate was prepared by reacting
      vinylpyrazine with thioacetic acid in the presence of benzoyl peroxide as
      a catalyst according to the method described in J. Org. Chem. 27, 2853
      (1962). The product has a b.p. of 80.degree.C./0.02 mm. Hg. (2) a.
      2,3-Dimethyl-3-mercapto-pyrazine: A solution of 1.3 g. (0.023 mole) of
      sodium hydrogensulfide and 2.5 g.(0.01 mole) of
      2,5-dimethyl-3-iodo-pyrazine in 70 ml. of absolute methanol was refluxed
      for 3 hours. After evaporation of the alcohol the residue was dissolved in
      1-n NaOH, the solution was filtered and the filtrate was neutralized with
      acetic acid. After isolation by the usual treatments the reaction product
      was sublimated. There was obtained 0.81 g. of a yellow powder having a
      m.p. of 182.degree.-185.degree.C.
PAR  (2) b. 2,5-Dimethyl-3-methylthio-pyrazine: 2.85 g. (0.02 mole) of
      2,5-dimethyl-3-chloropyrazine and 0.06 mole of methylmercaptan were
      dissolved in a solution of 0.7 g. of sodium in 20 ml. of absolute ethanol.
      The reaction mixture was refluxed for 45 minutes. After removal of the
      alcohol by distillation the residue was dissolved in water and the sulfide
      was extracted with ether and distilled. The product (yield 75.6%) has a
      b.p. of 40.degree.-50.degree.C./11 mm. Hg.
PAR  (2) c. 2,5-Dimethyl- 3-ethylthio-pyrazine was prepared in the same manner
      as compound (2) b., except that 0.06 mole of ethylmercaptan was used
      instead of methylmercaptan. The product (yield 75%) has a b.p. of
      128.degree.C./9 mm. Hg.
PAR  (2) d. 2,5-Dimethyl-3-furfurylthio-pyrazine was prepared in the same manner
      as compound (2) b., except that 0.06 mole of furfurylmercaptan was used
      instead of methylmercaptan. The product (yield 75%) has a b.p. of
      115.degree.-120.degree.C./0.02 mm. Hg.
PAR  (2) e. 2,5-Dimethyl-3-acetylthio-pyrazine was prepared by acetylating
      2,5-dimethyl-3-mercapto-pyrazine [compound (2) a.] with acetic anhydride
      in an alkaline medium according to the method described in Houben-Weyl,
      4th ed., vol. 9, 753 (1955), The product has a m.p. of
      36.degree.-42.degree.C.
PAR  Organoleptic evaluation test data are reported in TABLE XXXV below.
PAC  XXXVI - Phenols and Phenol Ethers
PAR  The compounds of this group can be represented by the following general
      formulae:
      ##SPC61##
PAL  wherein R.sub.1 represents alkyl or acetyl and R.sub.2 represents hydrogen
      or methyl, with the proviso that R.sub.1 and R.sub.2 together comprise at
      least 2 carbon atoms;
      ##SPC62##
PAL  wherein R represents alkyl.
PAR  Examples of compounds defined by the above formulae: (1), (2) and (3)
      include:
TBL  (1) a.                                                                    
         2-ethyl-phenol    c.a.                                                
     b.  3-ethyl-phenol    c.a.                                                
     c.  4-ethyl-phenol    c.a.                                                
     d.  4-isopropyl-phenol                                                    
                           Compt.rend. 177, 453 (1923)                         
     e.  2,3-xylenol       c.a.                                                
     f.  2,4-xylenol       c.a.                                                
     g.  2,5-xylenol       c.a.                                                
     h.  2,6-xylenol       c.a.                                                
     i.  3,4-xylenol       c.a.                                                
     j.  3,5-xylenol       c.a.                                                
     k.  2-hydroxy-acetophenone                                                
                           c.a.                                                
     l.  2-hydroxy-propiophenone                                               
                           Org.Synth.13, 90 (1933)                             
     m.  4-hydroxy-propiophenone                                               
                           Org.Synth.13, 90 (1933)                             
     n.  5-methyl-2-hydroxy-acetophenone                                       
                           Ann. 460, 83 (1927)                                 
     (2) a.                                                                    
         2,3,5-trimethyl-phenol                                                
                           c.a.                                                
     b.  2,4,6-trimethyl-phenol                                                
                           c.a.                                                
     c.  2,4,5-trimethyl-phenol                                                
                           c.a.                                                
     d.  3,4,5-trimethyl-phenol                                                
                           c.a.                                                
     (3) a.                                                                    
         4-ethyl-2-methoxy-phenol                                              
                           c.a.                                                
     b.  4-propyl-2-methoxy-phenol                                             
                           Helv. 8, 334 (1925)                                 
         The present group also comprises                                      
         the single compound                                                   
     (4) a.                                                                    
         4-vinyl-1,2-dimethoxy-benzene.                                        
PAR  Evaluation test data are set out in TABLE XXXVI below.
PAC  XXXVII - Aliphatic Oxoalcohols
PAR  This group comprises compounds having the general formula
EQU  (1) R--CO--CH.sub.2 OH
PAL  wherein R stands for alkyl. Examples of compounds corresponding to this
      definition include:
TBL  (1) a.                                                                    
           2-Oxo-propan-1-ol                                                   
                            Ann. 596, 61 (1955)                                
     b.    2-oxo-butan-1-ol Ann. 596, 68 (1955)                                
PAR  Flavor evaluation data are set out in TABLE XXXVII below.
PAC  XXXVIII Miscellaneous
PAR  This group comprises compounds of the classes represented by the following
      general formulae:
      ##SPC63##
PAL  wherein R stands for hydrogen, methyl or ethyl;
      ##SPC64##
PAL  wherein each of the symbols X and Y represents oxygen or sulfur;
EQU   (3) R.sub.1 --CH.sub.2 COCH.sub.2 S--R.sub.2
PAL  wherein R.sub.1 represents hydrogen or alkyl and R.sub.2 stands for alkyl
      or furfuryl; and
      ##EQU2##
      wherein R.sub.1 is alkyl and R.sub.2 stands for alkyl or furfuryl.
PAR  Specific compounds included in the above formulae are:
TBL  (1) a.                                                                    
         thiophane-3-one   J.A.C.S. 68, 2229 (1946)                            
     b.  2-methyl-thiophane-3-one                                              
                           Helv. 27, 124 (1944)                                
     (2) a.                                                                    
         2,6-dimethyl-gamma-pyrone                                             
                           Ber. 69, 2379 (1936)                                
     b.  2,6-dimethyl-thio-gamma-pyrone                                        
                           Ber. 52, 1539 (1919)                                
     c.  2,6-dimethyl-dithio-gamma-pyrone                                      
                           Compt.rend. 238, 1717 (1954)                        
     (3) a.                                                                    
         furfurylthioacetone                                                   
                           n.c.                                                
     b.  1-methylthio-butan-2-one                                              
                           n.c                                                 
     c.  methylthioacetone J.A.C.S. 76, 164 (1954)                             
     (4) a.                                                                    
         dimethylmercaptal of                                                  
         .alpha.-methylbutanal                                                 
                           n.c.                                                
     b.  difurfurylmercaptal of                                                
         .alpha.-methylbutanal                                                 
                           n.c.                                                
         The present group also includes:                                      
     (5) a.                                                                    
         5-methyl-furyl-2-nitrile                                              
                           J.A.C.S. 54, 2549 (1932)                            
PAR  The new compounds included in this group XXXVIII can be obtained as
      follows:
PAR  (3) a. Furfurylthioacetone was prepared in the same manner as
      methylthioacetone [of. compound (3)c.] according to the method described
      in J.A.C.S. 76, 114 (1954) by condensing 0.122 mole of chloroacetone with
      0.11 mole of sodium furfurylmercaptide. After the usual separation and
      purification of the reaction product there were obtained by distillation
      13.9 g. of pure furfurylthioacetone distilling at
      115.degree.-177.degree.C./10 Torr. n.sub.D .sup.22.8 = 1.5250; d.sub.4
      .sup.23 = 1.150.
PAR  (3) b.1-Methylthio-butan-2-one was prepared in the same manner as
      methylthioacetone according to the method described in J.A.C.S. 76, 114
      (1954) by condensing 0.122 mole of 1-chlorobutan-2-one [obtained according
      to the method described in Ber. 82, 229 (1949)] with 0.11 mole of sodium
      methylmercaptide. The reaction product was separated by filtration from
      the NaCl formed in the reaction and concentration of the filtrate. By
      distillation of the residue there were obtained 8.2 g. of pure
      1-methylthiobutan-2-one distilling at 52.degree.-53.degree.C./8 Torr.
      22n.sub.D .sup.22 = 1.4700; d.sub.4 .sup.22 = 0.9970.
PAR  (4) a. Dimethylmercaptal of .alpha.-methylbutanal: Dry HCl was introduced
      into a mixture of 0.05 mole .alpha.-methylbutanal and 0.11 mole
      methanthiol. By cooling the temperature was maintained between 0 and
      5.degree.C. After 15 minutes 50 ml. of water were added, the mixture
      extracted with ether, the ether layer washed with a NaHCO.sub.3 solution
      and water. By distillation of the ether concentrate 4.2 g. of
      dimethylmercaptal of .alpha.-methylbutanal were obtained; b.p.
      75.degree.-76.degree.C./8 Torr; n.sub.D .sup.24 = 1.5050; d.sub.4 .sup.24
      = 0.9761.
PAR  (4) b. Difurfurylmercaptal of .alpha.-methylbutanal:
PAR  This compound was prepared by the same method as compound (4) a., using
      0.11 mole of furfurylmercaptan instead of methanthiol, 6.4 g. of
      difurfurylmercaptal were obtained; b.p. 130.degree.C./0.1 Torr; n.sub.D
      .sup.22.8 = 1.5500; d.sub.4 .sup.23 = 1.126.
PAR  Organoleptic evaluation as flavor agents gave the results set out in TABLE
      XXXVIII below.
PAC  ORGANOTEPTIC EVALUATIONS
PAR  As was described above, the compounds of this invention were subjected to
      organoleptic evaluation tests either in a syrup base (A), or one of the
      two soluble coffee bases (B and C). The following tables give the results
      of these organoleptic evaluations. In the tables, the Roman numeral refers
      to the number of the group from which the test compounds were selected.
      The column headed "Number " refers to the number of the test compound of
      the corresponding group. The column headed "Test" gives the Method of the
      Test, as described hereinbefore, and the column headed "Quantity" sets out
      the amount of the Test Compound used in grams per 100 liters of the base
      material.
TBL  __________________________________________________________________________
     ORGANOLEPTIC EVALUATION TABLES                                            
     __________________________________________________________________________
     Number                                                                    
         Test                                                                  
            Quantity                                                           
                   Organoleptic Characterization                               
     __________________________________________________________________________
     TABLE I                                                                   
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.2    neroli-, bergamot- and                                      
                   cinnamon-like; natural note                                 
     (1)b.                                                                     
         A  0.05   green note                                                  
     (1)c.                                                                     
         A  0.15   green note; rose-like                                       
     (1)d.                                                                     
         A  1      grape- and fig-like                                         
     (1)d.                                                                     
         C  0.03   winey, buttery, woody, nutty                                
     (1)e.                                                                     
         A  5      green, metallic taste                                       
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.05 to                                                            
                   green, musty taste                                          
            0.1                                                                
     (1)b.                                                                     
         A  0.1    oily, aromatic                                              
     (1)c.                                                                     
         A  0.15   oily taste                                                  
     (1)d.                                                                     
         A  0.15   aromatic taste                                              
     (1)e.                                                                     
         A  1.0    aromatic taste                                              
     (1)f.                                                                     
         A  0.25   mouldy, tarry taste                                         
     (1)g.                                                                     
         A  1.0    mouldy, aromatic taste                                      
     (1)h.                                                                     
         A  0.25   aromatic taste                                              
     (1)i.                                                                     
         A  1.0    earthy taste                                                
     (1)j.                                                                     
         A  2.0    sweet, anise- and honey-like taste                          
     (1)k.                                                                     
         A  0.5    strawberry-like                                             
     (1)l.                                                                     
         A  0.25   earthy taste                                                
     (1)m.                                                                     
         A  1      slightly fruity; dry                                        
     (1)n.                                                                     
         A  0.15   fatty, earthy taste                                         
     (1)o.                                                                     
         A  0.25-0.50                                                          
                   aromatic taste                                              
     (1)p.                                                                     
         A  1.0    aromatic earthy taste                                       
     __________________________________________________________________________
TBL                                    TABLE III                               
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.5    phenolic; coffee-grounds                                    
     (1)a.                                                                     
         B  0.5-1.0                                                            
                   enhancement of the roasted note                             
     (1)a.                                                                     
         C  0.68   groundsy; cereal-like                                       
     (2)a.                                                                     
         A  0.05   styrene-like; aromatic                                      
     (2)b.                                                                     
         A  1-3    slightly phenolic; burnt taste                              
     (2)b.                                                                     
         B  0.4    enhancement of the bitter note                              
     (2)c.                                                                     
         A  0.3    salicylate-like taste                                       
     (2)d.                                                                     
         A  0.25   earthy flavor note                                          
     (2)e.                                                                     
         A  1.0    burnt, caramel taste                                        
     (2)f.                                                                     
         A  0.25   phenolic; saffron-like                                      
     (2)g.                                                                     
         B  0.12   earthy; mushroom-like; hazelnut                             
     (2)h.                                                                     
         B  0.50   burnt; green-taste                                          
     (2)i.                                                                     
         B  0.095  earthy flavor note                                          
     (3)a.                                                                     
         A  1.0    aromatic taste                                              
     (3)a.                                                                     
         C  0.1    medicinal; camphor; ricy                                    
     (3)b.                                                                     
         A  1.0    green-cooked taste                                          
     (3)a.                                                                     
         C  0.11   liquorice-like; sen-sen                                     
     (3)c.                                                                     
         A  2.0    green-owdery taste                                          
     (3)c.                                                                     
         C  0.068  bitter; wintergreen mouthfeel                               
     __________________________________________________________________________
TBL                                    TABLE IV                                
     __________________________________________________________________________
     (1)a.                                                                     
         B  0.75   roasted; bitter; green                                      
     (1)a.                                                                     
         C  1.1    nitrobenzene-like                                           
     (1)b.                                                                     
         B  0.85   fatty; winey                                                
     (1)c.                                                                     
         A  1.0    styrene-like                                                
     (1)d.                                                                     
         A  0.5    styrene-like                                                
     (1)e.                                                                     
         A  1.0    chemical-like taste                                         
     (1)f.                                                                     
         A  0.1    styrene-like                                                
     (1)g.                                                                     
         C  0.11   hydrocarbon like                                            
     (1)h.                                                                     
         A  0.1    burnt; horn-like; methyl furoate-like                       
     (1)h.                                                                     
         C  0.54   solvent; latex paint-like                                   
     (1)i.                                                                     
         A  1.0    diphenyloxide-like                                          
     (1)j.                                                                     
         A  1.0-2.0                                                            
                   onion-like                                                  
     (1)k.                                                                     
         A  1.0    green taste                                                 
     (2)a.                                                                     
         A  0.05   styrene-like                                                
     (2)a.                                                                     
         C  0.01   sulfury; nutty; buckwheat-like                              
     (3)a.                                                                     
         A  0.25   fruity, green                                               
     (3)a.                                                                     
         C  0.01   geranium, metallic; acid; sulfury                           
     (3)b.                                                                     
         A  1.0    fruity taste                                                
     (3)c.                                                                     
         A  0.5    green taste                                                 
     (3)c.                                                                     
         C  0.068  apricot, medicinal; sulfury; sour                           
     (3)d.                                                                     
         A  1.0    dry fruit flavor                                            
     (4)a.                                                                     
         A  0.025  dry phenolic taste                                          
     (4)a.                                                                     
         B  0.042  modified phenolic note                                      
     (4)a.                                                                     
         C  0.042  iodoform; sulfury                                           
     (4)b.                                                                     
         A  1.0    fruity; green taste                                         
     (5)a.                                                                     
         B  0.006  hydrocarbon; rubbery; earthy                                
     (5)b.                                                                     
         B  0.12   hydrocarbon; phenolic                                       
     __________________________________________________________________________
TBL                                    TABLE V                                 
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.2    burnt taste                                                 
     (1)b.                                                                     
         A  0.1    green, fatty taste                                          
     (1)c.                                                                     
         A  0.03   fatty taste                                                 
     (1)c.                                                                     
         C  0.021  aldehyde like                                               
     (1)d.                                                                     
         A  0.1    green taste                                                 
     (2)a.                                                                     
         A  2.0    fruity taste                                                
     (2)a.                                                                     
         C  0.016  earthy, mushroom-like                                       
     (2)b.                                                                     
         A  0.25   gooseberry-like                                             
     (2)b.                                                                     
         C  0.013  geranium; green; rubbery; sulfury                           
     __________________________________________________________________________
TBL                                    TABLE VI                                
     __________________________________________________________________________
     (1)a.                                                                     
         B  0.6    astringent; hazel-nut; basic taste                          
     (1)b.                                                                     
         B  0.25   green; earthy; hazel-nut-like                               
     (1)c.                                                                     
         A  0.25   caramel-like - roasted                                      
                   hazelnut-like taste                                         
     (1)c.                                                                     
         C  0.096  buttery; green; cereal; caramel                             
     (1)d.                                                                     
         A  0.5    green; melon-like taste                                     
     (1)e.                                                                     
         A  0.5-1.0                                                            
                   fatty taste                                                 
     (1)f.                                                                     
         A  0.25   green, burnt, coffee-like                                   
     (1)g.                                                                     
         A  0.25   green, fruity, strawberry-like,                             
                   melon-like taste                                            
     (1)h.                                                                     
         A  0.3    fatty; green                                                
     (1)i.                                                                     
         A  0.6    coffee-like                                                 
     (1)i.                                                                     
         B  0.5    roasted, rubbery                                            
     (1)j.                                                                     
         A  1.0    green                                                       
     (1)j.                                                                     
         B  1.0    basic; bitter; astringent                                   
     (1)k.                                                                     
         A  0.3    rum-like;                                                   
     (1)k.                                                                     
         B  0.15   roasted; green; earthy                                      
     (1)l.                                                                     
         A  1.0    green                                                       
     (1)l.                                                                     
         B  0.2    green; astringent; earthy                                   
     (1)m.                                                                     
         A  2.0    green                                                       
     (1)m.                                                                     
         B  0.6    almond-like;                                                
     (1)n.                                                                     
         A  0.8    green; fatty; roasted                                       
     (1)n.                                                                     
         B  0.25   basic; green; hazelnut-like                                 
     (1)o.                                                                     
         A  0.2    green                                                       
     (1)o.                                                                     
         B  0.13   astringent, roasted; hazelnut                               
     (1)p.                                                                     
         B  0.6    basic; green                                                
     (1)q.                                                                     
         B  0.25   bitter; earthy; roasted                                     
     (1)r.                                                                     
         B  0.3    bitter; caramel                                             
     (1)s.                                                                     
         B  0.75   bitter; basic                                               
     (1)t.                                                                     
         B  0.45   green; astringent                                           
     (1)u.                                                                     
         C  0.054  winey; buttery; acid; cereal-like                           
                   sulfury; caramel; solvent-like                              
     __________________________________________________________________________
TBL                                    TABLE VII                               
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.3    burnt, hardnut taste                                        
     (1)a.                                                                     
         B  0.4    enhanced the woody and coffee grounds                       
                   note                                                        
     (1)b.                                                                     
         A  0.5    green, vegetable-like                                       
     (1)b.                                                                     
         C  0.17   earthy, potato-like                                         
     (1)c.                                                                     
         A  0.5    earthy flavor                                               
     (1)c.                                                                     
         C  0.2    green; nitrobenzene                                         
     (1)d.                                                                     
         A  0.5    earthy, potato-like                                         
     (1)d.                                                                     
         B  0.1-0.2                                                            
                   enhanced the woody and coffee grounds                       
                   notes; adds a bitter note                                   
     (1)d.                                                                     
         C  0.084  earthy; green; sulfury; mouthfeel                           
     (1)e.                                                                     
         A  0.25   anise-like, liquorice flavor                                
     (1)f.                                                                     
         A  1.0    hazelnut, coffee-like                                       
     (1)g.                                                                     
         A  0.5    anise-like                                                  
     (1)h.                                                                     
         A  2.0    slight caramel flavor                                       
     (1)i.                                                                     
         A  0.1    earthy; potato; hazelnut taste                              
     (1)i.                                                                     
         B  0.01-0.02                                                          
                   enhanced the coffee grounds note                            
     (1)i.                                                                     
         C  0.013  earthy; green; acid                                         
     (1)j.                                                                     
         B  0.06   earthy; hazelnut; burnt taste                               
     (1)k.                                                                     
         B  0.45   sweet; green; burnt; astringent note                        
     (1)l.                                                                     
         A  2.0    earthy note                                                 
     (1)m.                                                                     
         A  4.0    burnt; praline-like                                         
     (1)n.                                                                     
         A  1.0    green; burnt note                                           
     (1)o.                                                                     
         A  4.0    slight coffee taste; caramel; fruity                        
     (1)p.                                                                     
         A  4.0    green, burnt note                                           
     (1)q.                                                                     
         A  2.0    burnt; coffee-like note                                     
     (1)r.                                                                     
         A  0.3    fresh; hazelnut; earthy note                                
     (1)r.                                                                     
         C  0.07   earthy; green note                                          
     (2)a.                                                                     
         A  3.0    coffee-like taste                                           
     (2)b.                                                                     
         A  0.5    burnt almond taste                                          
     (2)b.                                                                     
         B  0.2-0.4                                                            
                   enhanced woody note                                         
     (2)c.                                                                     
         A  2.0    hazelnut taste                                              
     (2)d.                                                                     
         A  4.0    mild hazelnut taste                                         
     (2)e.                                                                     
         A  1.0    coffee-like taste                                           
     (2)e.                                                                     
         B  1.0    enhanced green and nutty notes                              
     (2)f.                                                                     
         A  3.0    hazelnut, slightly burnt taste                              
     (2)g.                                                                     
         A  2.5    caramel-like, fruity taste                                  
     (2)h.                                                                     
         A  0.5    green floral taste                                          
     (2)i.                                                                     
         A  1.0    anise-like taste                                            
     (2)j.                                                                     
         A  0.5    hazelnut-like taste                                         
     (3)a.                                                                     
         A  1.0    burnt, roasted hazelnut-like taste                          
     (3)a.                                                                     
         C  0.27   toasted                                                     
     (3)b.                                                                     
         A  4.0    phenolic, burnt taste                                       
     (3)c.                                                                     
         A  4.0    burnt, earthy taste                                         
     (3)d.                                                                     
         B  2.5    astringent; fatty; earthy                                   
     (3)e.                                                                     
         B  0.7    hazelnut-like; bitter; roasted                              
     (3)f.                                                                     
         B  0.6    bitter; earthy                                              
     (3)g.                                                                     
         B  2.5    bitter, acrid; earthy                                       
     (3)h.                                                                     
         B  1.2    bitter; astringent                                          
     (3)i.                                                                     
         B  2.5    bitter; acid; woody                                         
     (3)j.                                                                     
         B  1.2    bitter; earthy; woody                                       
     (3)k.                                                                     
         B  1.2    bitter; earthy; fatty                                       
     (3)l.                                                                     
         B  2.0    green; roasted                                              
     (4)a.                                                                     
         A  2.0    roasted hazelnut-like taste                                 
     (4)b.                                                                     
         A  1.0    burnt, hazelnut-like taste                                  
     (4)b.                                                                     
         B  1.0    enhanced the green nutty note                               
     (4)c.                                                                     
         A  0.5    hazelnut-like taste                                         
     (4)d.                                                                     
         A  4.0    fresh hazelnut taste                                        
     (5)a.                                                                     
         A  1.5    caramel- and coffee-like                                    
     (5)b.                                                                     
         A  1.5    anise-like, floral taste                                    
     (5)c.                                                                     
         A  3.0    hazelnut; slightly acid                                     
     (5)d.                                                                     
         A  3.0    burnt, phenolic taste                                       
     (5)e.                                                                     
         A  4.0    fatty taste                                                 
     (5)f.                                                                     
         A  3.0    maple-like taste                                            
     (5)g.                                                                     
         A  1.0    fatty taste, slightly reminiscent                           
                   of chocolate                                                
     (5)h.                                                                     
         A  1.0    green fatty, burnt taste                                    
     (5)i.                                                                     
         A  5.0    fatty, hazelnut-like taste                                  
     (5)j.                                                                     
         A  1.0    coffee-like; green; earthy                                  
     (6)a.                                                                     
         A  2.0    coffee-like taste                                           
     (6)b.                                                                     
         A  0.5    green taste                                                 
     (6)c.                                                                     
         A  1.0    hazelnut-like taste                                         
     (6)d.                                                                     
         A  1.0    coffee-like taste                                           
     __________________________________________________________________________
TBL                                    TABLE VIII                              
     __________________________________________________________________________
     (1)a.                                                                     
         A  5.0    fruity taste                                                
     (1)b.                                                                     
         A  5.0    fruity taste                                                
     (1)c.                                                                     
         A  0.5-1.0                                                            
                   green, fruity taste                                         
     (1)d.                                                                     
         A  0.5    green, fatty taste                                          
     (1)e.                                                                     
         A  0.1    fruity, fatty taste                                         
     (1)f.                                                                     
         A  0.1    fatty, orange-like taste                                    
     (1)g.                                                                     
         A  0.1    fatty, orange-like taste                                    
     (1)h.                                                                     
         B  0.06   earthy, green taste                                         
     (1)i.                                                                     
         B  0.06   green, fatty taste                                          
     (2)a.                                                                     
         A  0.2    flowery taste                                               
     (2)b.                                                                     
         B  0.9    winey, woody, green note                                    
     (2)c.                                                                     
         B  1.25   spicy taste                                                 
     (2)d.                                                                     
         A  0.5    fruity, aromatic taste                                      
     (2)e.                                                                     
         A  0.5    fruity taste                                                
     (2)f.                                                                     
         A  0.5    fruity taste                                                
     (2)g.                                                                     
         A  4.0    sweet, slightly fatty taste                                 
     (2)h.                                                                     
         A  4.0    sweet, slightly fatty taste                                 
     (2)i.                                                                     
         A  4.0    chocolate-like taste                                        
     (2)j.                                                                     
         A  4.0    chocolate-like taste                                        
     __________________________________________________________________________
TBL                                    TABLE IX                                
     __________________________________________________________________________
     (1)a.                                                                     
         A  1.0    strong mustard taste                                        
     (1)a.                                                                     
         B  1.0    nutty, coffee grounds-like                                  
     (1)a.                                                                     
         C  0.27   sulfury, ricy, phenolic taste                               
     (1)b.                                                                     
         A  1.0    mustard taste                                               
     (1)b.                                                                     
         C  0.08   buttery, groundsy taste                                     
     (1)c.                                                                     
         A  0.25-0.5                                                           
                   honey-like                                                  
     (1)c.                                                                     
         B  1.0    coffee-grounds note                                         
     (1)c.                                                                     
         C  0.04   rye bread, caraway seed-like                                
     (1)d.                                                                     
         A  1.0    green, water-cress like                                     
     (1)d.                                                                     
         C  0.68   earthy, mushroom like                                       
     (1)e.                                                                     
         A  1.0    salicylate; coffee-like                                     
     (1)e.                                                                     
         C  0.14   mushroom-like                                               
     __________________________________________________________________________
TBL                                    TABLE X                                 
     __________________________________________________________________________
     (1)a.                                                                     
         A  1.0    mustard-like taste                                          
     (1)b.                                                                     
         A  1.0    fruity, woody note                                          
     (1)c.                                                                     
         A  1.0    woody, green, elderberry-like                               
     __________________________________________________________________________
TBL                                    TABLE XI                                
     __________________________________________________________________________
     (1)a.                                                                     
         A  1.0    green taste                                                 
     (1)b.                                                                     
         A  1.0    fruity, woody taste                                         
     (1)c.                                                                     
         A  1.0    woody, green elderberry taste                               
     (1)d.                                                                     
         A  5.0    slightly woody, green taste                                 
     __________________________________________________________________________
TBL                                    TABLE XII                               
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.3    burnt, mustard-like taste                                   
     (1)b.                                                                     
         A  0.1    leathery taste                                              
     (1)b.                                                                     
         B  0.006  green, basic taste                                          
     (1)c.                                                                     
         A  4.0    caramel-like                                                
     (1)d.                                                                     
         A  1.0    roasted, hazelnut-like                                      
     (1)e.                                                                     
         A  4.0    roasted, moldy flavor                                       
     (1)f.                                                                     
         B  7.0    bitter, green taste                                         
     (1)g.                                                                     
         B  1.9    hazelnut- coffee-like taste                                 
     (1)h.                                                                     
         B  6.0    bitter, burnt, coffee-like                                  
     (1)i.                                                                     
         A  5.0    paper-like taste                                            
     (1)i.                                                                     
         B  5.0    green, roasted taste                                        
     (1)j.                                                                     
         B  0.3    bitter, astringent, basic taste                             
     __________________________________________________________________________
TBL                                    TABLE XIII                              
     __________________________________________________________________________
     (1)a.                                                                     
         B  15.0   sweet, slightly basic taste                                 
     (1)b.                                                                     
         B  0.40   astringent, bitter, roasted note                            
     (1)c.                                                                     
         B  0.75   bitter, fruity, anise-like taste                            
     __________________________________________________________________________
TBL                                    TABLE XIV                               
     __________________________________________________________________________
     (1)a.                                                                     
         A  1.0    tonka-bean like taste                                       
     (1)a.                                                                     
         C  0.8    nutty, bitter almond taste                                  
     (1)b.                                                                     
         B  0.4    bitter almond, flowery note                                 
     (1)b.                                                                     
         C  0.08   nutty, bitter almond taste                                  
     (1)c.                                                                     
         B  0.25   bitter, earthy taste                                        
     __________________________________________________________________________
TBL                                    TABLE XV                                
     __________________________________________________________________________
     (1)a.                                                                     
         A  1.0    benzaldehyde taste                                          
     (1)b.                                                                     
         A  1.0    cherry-like taste                                           
     (1)b.                                                                     
         C  0.27   bitter almond, cherry-like                                  
     (1)c.                                                                     
         A  1.0    saffron taste                                               
     (1)c.                                                                     
         C  0.14   camphor note                                                
     (1)d.                                                                     
         A  1.0    caramel taste                                               
     (1)e.                                                                     
         A  1.0    burnt caramel taste                                         
     (2)a.                                                                     
         B  0.06   almond, caramel, buttery taste                              
     (2)b.                                                                     
         B  0.4    earthy, roasted, sweet aromatic taste                       
     (2)a.                                                                     
         C  0.07   nutty, starchy taste                                        
     __________________________________________________________________________
TBL                                    TABLE XVI                               
     __________________________________________________________________________
     (1)a.                                                                     
         A  2.0    burnt taste                                                 
     (1)a.                                                                     
         B  1.0    burnt, roasted flavor                                       
     (1)b.                                                                     
         A  1.0    mint taste                                                  
     (1)c.                                                                     
         C  0.16   bready taste                                                
     (1)d.                                                                     
         A  1.0    honey-like taste with anise note                            
     (1)e.                                                                     
         A  0.5    fatty, green, caraway-like taste                            
     (1)f.                                                                     
         A  1.0    slight mint taste                                           
     (1)g.                                                                     
         A  3.0    earthy taste                                                
     (1)h.                                                                     
         A  4.0    slightly burnt taste, slightly acid                         
     (1)i.                                                                     
         B  1.2    astringent, bitter taste                                    
     (1)i.                                                                     
         C  1.35   cereal-like, metallic taste                                 
     (1)j.                                                                     
         A  3.0    earthy taste                                                
     (1)j.                                                                     
         C  0.54   caramel taste                                               
     (1)k.                                                                     
         A  1.0    fatty, flowerty taste                                       
     __________________________________________________________________________
TBL                                    TABLE XVII                              
     __________________________________________________________________________
     (1)a.                                                                     
         A  5.0    bread-like taste                                            
     (1)a.                                                                     
         B  1.25   roasted note                                                
     (1)b.                                                                     
         B  0.2    hazelnut, roasted, caramel note                             
     (1)c.                                                                     
         A  5.0    slight hazelnut note                                        
     __________________________________________________________________________
TBL                                    TABLE XVIII                             
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.5    fruity, caramel-like note                                   
     (1)b.                                                                     
         A  0.5    fruity note                                                 
     (1)c.                                                                     
         A  0.2    fruity, cheesy note                                         
     (1)d.                                                                     
         B  0.06   green note                                                  
     (1)e.                                                                     
         A  0.1    fruity, fatty note                                          
     (1)f.                                                                     
         A  0.1    fatty note                                                  
     (1)g.                                                                     
         A  0.1    fatty note                                                  
     (1)h.                                                                     
         A  0.1    fruity note                                                 
     (1)i.                                                                     
         B  0.45   mushroom, earthy note                                       
     (1)j.                                                                     
         A  2.0    fruity note                                                 
     (1)k.                                                                     
         A  2.0    fruity note                                                 
     (1)l.                                                                     
         A  2.0    acetone-like                                                
     (1)m.                                                                     
         A  0.1    sweet taste                                                 
     (1)n.                                                                     
         B  0.45   fruity taste                                                
     (1)o.                                                                     
         A  0.05   green taste                                                 
     (1)p.                                                                     
         B  1.5    almond-like taste                                           
     (1)q.                                                                     
         B  0.125  earthy, green note                                          
     __________________________________________________________________________
TBL                                    TABLE XIX                               
     __________________________________________________________________________
     (1)a.                                                                     
         A  7.0    slight caramel-like taste                                   
     (1)b.                                                                     
         A  4.0    slight fruity taste                                         
     (1)c.                                                                     
         A  4.0    fruity taste                                                
     (1)d.                                                                     
         A  4.0    fruity, cheesy note                                         
     (1)e.                                                                     
         A  4.0    light burnt taste                                           
     (1)e.                                                                     
         C  0.67   nutty, starchy taste                                        
     (1)f.                                                                     
         A  3.0    green, hazelnut-like taste                                  
     (1)g.                                                                     
         A  2.0    green, burnt taste                                          
     (1)g.                                                                     
         B  4.0    astringent note                                             
     (1)g.                                                                     
         C  3.46   peach pit, almond taste                                     
     (1)h.                                                                     
         A  6.0    slight rum-like taste                                       
     (1)i.                                                                     
         A  2.0    fatty, green taste                                          
     (1)i.                                                                     
         C  0.54   nutty, spicy                                                
     (1)j.                                                                     
         A  3.0    green taste                                                 
     (1)k.                                                                     
         A  5.0    weak furanic note                                           
     (1)k.                                                                     
         C  0.63   fruity, banana oil flavor note                              
     (1)l.                                                                     
         A  5.0    weak furanic note                                           
     (1)l.                                                                     
         B  1.0    bitter, roasted note                                        
     (1)l.                                                                     
         C  1.35   acid flowery note                                           
     (1)m.                                                                     
         A  5.0    sweet aromatic taste                                        
     __________________________________________________________________________
TBL                                    TABLE XX                                
     __________________________________________________________________________
     (1)a.                                                                     
         A  1.0    onion-like taste                                            
     (1)a.                                                                     
         B  0.5-1.0                                                            
                   malty, roasted note                                         
     (1)b.                                                                     
         A  0.25   sweet honey-like taste                                      
     (1)b.                                                                     
         C  0.11   nutty, starchy taste                                        
     (1)d.                                                                     
         A  1.0    burnt anthranilate-like taste                               
     (1)e.                                                                     
         A  1.0    nonalactone-like taste                                      
     (1)f.                                                                     
         A  1.0    wine-like taste                                             
     (1)g.                                                                     
         A  1.0    sweet, flowery taste                                        
     (1)h.                                                                     
         A  2.0    cream, caramel-like taste                                   
     (1)i.                                                                     
         A  2.0    green, mustard-like note                                    
     (2)a.                                                                     
         A  4.0    sweet note                                                  
     (2)b.                                                                     
         A  5.0    slightly roasted note                                       
     __________________________________________________________________________
TBL                                    TABLE XXI                               
     __________________________________________________________________________
     (1)a.                                                                     
         A  2.0    fruity, rose-like taste                                     
     (1)b.                                                                     
         A  0.5    green taste                                                 
     (1)c.                                                                     
         A  3.0    green taste                                                 
     (1)e.                                                                     
         C  0.025  geranium taste                                              
     (2)a.                                                                     
         B  0.60   astringent, bitter, roasted taste                           
     (2)a.                                                                     
         C  1.35   fermented taste                                             
     (2)b.                                                                     
         B  0.20   astringent, peanut, roasted taste                           
     (3)a.                                                                     
         B  0.60   bitter, earthy, roasted taste                               
     (3)b.                                                                     
         A  1.00   grape-like taste                                            
     (3)b.                                                                     
         B  0.06   fatty, bitter, roasted taste                                
     (3)b.                                                                     
         C  0.06   starchy taste                                               
     (4)a.                                                                     
         A  4.0    weak, sweet taste                                           
     (4)b.                                                                     
         A  2.0    woody taste                                                 
     __________________________________________________________________________
TBL                                    TABLE XXII                              
     __________________________________________________________________________
     (1)a.                                                                     
         A  2.0    anthranilic, burnt flavor                                   
     (1)b.                                                                     
         A  3.0    fruity, burnt taste                                         
     (1)c.                                                                     
         A  0.5    burnt nutty taste                                           
     (1)c.                                                                     
         C  0.034  toasted, unroasted coffee bean note                         
     (1)d.                                                                     
         A  3.0    green grapefruit taste                                      
     __________________________________________________________________________
TBL                                    TABLE XXIII                             
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.12   roasted, coffee-like                                        
     (1)a.                                                                     
         B  0.08   hazelnut, coffee-like                                       
     (1)b.                                                                     
         A  2.5    chocolate-like                                              
     (1)b.                                                                     
         C  1.18   sulfury, starch-like                                        
     (1)c.                                                                     
         A  5.0    burnt, roasted note                                         
     (1)c.                                                                     
         B  3.0    phenolic, basic taste                                       
     (1)d.                                                                     
         B  7.5    burnt, coffee-like taste                                    
     (1)e.                                                                     
         A  4.0    caramel, fatty taste                                        
     (1)e.                                                                     
         B  5.5    bitter, green taste                                         
     (1)f.                                                                     
         B  7.5    bitter, astringent note                                     
     (1)g.                                                                     
         A  5.0    fruity taste                                                
     (1)h.                                                                     
         A  4.0    caramel, fruity taste                                       
     (1)i.                                                                     
         B  2.0    bitter, musty taste                                         
     (1)j.                                                                     
         B  2.5    green, woody, fruity note                                   
     (1)k.                                                                     
         B  45.0   astringent, bitter, musty taste                             
     (1)l.                                                                     
         B  5.5    bitter, coffee-like taste                                   
     (1)m.                                                                     
         B  3.0    earthy taste                                                
     __________________________________________________________________________
TBL                                    TABLE XXIV                              
     __________________________________________________________________________
     (1)a.                                                                     
         A  1.0    fruity, pear-like taste                                     
     (1)a.                                                                     
         B  0.125  green, chocolate cream-like taste                           
     (1)b.                                                                     
         A  3.0    burnt buttery rum note                                      
     (1)c.                                                                     
         A  3.0    strawberry-like taste                                       
     (1)d.                                                                     
         A  1.0    caramel-like taste                                          
     (1)d.                                                                     
         C  0.07   acid, fermented taste                                       
     (1)e.                                                                     
         A  1.0    caramel-like, cocoa taste                                   
     (1)e.                                                                     
         C  0.34   whey, nutty taste                                           
     (1)f.                                                                     
         A  2.0    fruity, butter-like taste                                   
     (1)g.                                                                     
         A  0.5    fruity (melon, pear-like) taste                             
     (1)h.                                                                     
         B  0.1    caramel, pineapple taste                                    
     (1)i.                                                                     
         A  1.0    fatty, rancid note                                          
     (2)a.                                                                     
         A  1.0    caramel- nutty taste                                        
     (2)a.                                                                     
         C  0.41   fruity, pineapple note                                      
     (2)b.                                                                     
         A  2.0    fruity taste                                                
     (2)c.                                                                     
         A  2.0    fruity taste                                                
     (2)d.                                                                     
         A  0.5    fruity taste                                                
     __________________________________________________________________________
TBL                                    TABLE XXV                               
     __________________________________________________________________________
     (1)a.                                                                     
         A  1.0    praline-like taste                                          
     (1)a.                                                                     
         B  2.0    woody, coffee grounds note                                  
     (1)b.                                                                     
         A  2.0    fruity taste                                                
     (1)c.                                                                     
         A  1.0    egg-like taste                                              
     (1)c.                                                                     
         B  0.2-0.4                                                            
                   woody note                                                  
     (1)d.                                                                     
         B  1.9    astringent, fruity, green taste                             
     __________________________________________________________________________
TBL                                    TABLE XXVI                              
     __________________________________________________________________________
     (1)a.                                                                     
         B  3.0    bitter, roasted peanut taste                                
     (1)b.                                                                     
         B  1.0    buttery, slightly meaty taste                               
     __________________________________________________________________________
TBL                                    TABLE XXVII                             
     __________________________________________________________________________
     (1)a.                                                                     
         A  1.0    pear-like taste                                             
     (1)a.                                                                     
         C  0.67   bitter, nutty taste                                         
     (1)b.                                                                     
         A  2.0    gooseberry-like taste                                       
     (1)c.                                                                     
         A  2.0    fruity, quince-like taste                                   
     (1)d.                                                                     
         A  2.0    fruity taste                                                
     (1)e.                                                                     
         A  2.0    mushroom-like taste                                         
     (1)e.                                                                     
         C  0.07   earthy, mushroom-like                                       
     (1)f.                                                                     
         A  1.0    fruity taste                                                
     (1)g.                                                                     
         A  1.0    fruity taste                                                
     (1)h.                                                                     
         A  2.0    mushroom-like taste                                         
     (1)i.                                                                     
         B  0.08   fruity, hydrocarbon taste                                   
     (2)a.                                                                     
         A  3.0    burnt taste                                                 
     (2)a.                                                                     
         C  0.21   buttery, vanilla-like taste                                 
     (2)b.                                                                     
         A  3.0    phenolic burnt note                                         
     (2)c.                                                                     
         B  0.15   earthy, roasted note                                        
     (2)c.                                                                     
         C  0.20   caraway seed note                                           
     (2)d.                                                                     
         B  0.09   flowery, earthy note                                        
     (2)e.                                                                     
         B  0.09   green, geranium note                                        
     (2)f.                                                                     
         A  2.0    chocolate note                                              
     (2)g.                                                                     
         B  0.65   spicy, winey, roasted almond taste                          
     __________________________________________________________________________
TBL                                    TABLE XXVIII                            
     __________________________________________________________________________
     (1)a.                                                                     
         A  1.0    anthranilate-like taste with                                
                   burnt note                                                  
     (1)a.                                                                     
         B  0.2    aromatic note                                               
     (1)a.                                                                     
         C  0.135  grape note                                                  
     (1)b.                                                                     
         A  2.0    burnt taste                                                 
     (1)b.                                                                     
         C  0.135  fermented grape, sour, winey note                           
     (1)c.                                                                     
         A  1.0    burnt taste                                                 
     (1)d.                                                                     
         A  2.0    oily, burnt taste                                           
     (1)d.                                                                     
         C  0.126  apricot, astringent, acid, sour note                        
     (1)e.                                                                     
         A  2.0    oily, burnt taste                                           
     (1)e.                                                                     
         C  0.17   sulfury, rubbery, toasted note                              
     (1)f.                                                                     
         A  2.0    earthy note                                                 
     (2)a.                                                                     
         A  1.0    mustard-like taste                                          
     (2)a.                                                                     
         C  0.34   sweet, solvent-like                                         
     (2)b.                                                                     
         A  1.0    acetate-like taste                                          
     __________________________________________________________________________
TBL                                    TABLE XXIX                              
     __________________________________________________________________________
     (1)a.                                                                     
         B  4.0    astringent, bitter taste                                    
     __________________________________________________________________________
TBL                                    TABLE XXX                               
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.25   roasted barley taste                                        
     (1)a.                                                                     
         B  0.06   roasted coffee taste                                        
     (1)a.                                                                     
         C  0.68   earthy, ricy taste                                          
     (1)b.                                                                     
         A  0.1    burnt taste                                                 
     (1)b.                                                                     
         B  0.01   roasted flavor note                                         
     (1)b.                                                                     
         C  0.68   groundsy, toasted, nutty note                               
     (1)c.                                                                     
         A  0.5    burned, slightly rubbery note                               
     (1)d.                                                                     
         A  0.05   meat broth-like                                             
     (1)e.                                                                     
         A  0.1    burnt taste                                                 
     (1)f.                                                                     
         A  0.05   burnt, green, fatty taste                                   
     (1)g.                                                                     
         A  0.5-1.0                                                            
                   burnt, phenolic taste                                       
     (1)h.                                                                     
         A  0.1    burnt taste                                                 
     (1)h.                                                                     
         B  0.03   bitter, roasted note                                        
     (1)h.                                                                     
         C  0.05   bitter, astringent taste                                    
     (1)i.                                                                     
         A  0.01   burnt, meat-like taste                                      
     (1)i.                                                                     
         B  0.03   bitter, astringent taste                                    
     (1)i.                                                                     
         C  0.01   sulfury brothy taste                                        
     (1)j.                                                                     
         A  1.0    rubbery taste                                               
     (1)k.                                                                     
         B  0.08   roasted taste                                               
     (2)a.                                                                     
         A  1.0    styrene-like taste                                          
     (2)b.                                                                     
         A  0.75   bitter roasted taste                                        
     (3)a.                                                                     
         A  0.05   burnt, flowery note                                         
     (3)b.                                                                     
         B  0.05   sulfurous, earthy note                                      
     (3)b.                                                                     
         C  0.13   nutty, mercaptan note                                       
     __________________________________________________________________________
TBL                                    TABLE XXXI                              
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.03   coffee taste                                                
     (1)a.                                                                     
         B  0.04   coffee taste                                                
     (1)a.                                                                     
         C  0.02   sulfury, mercaptan taste                                    
     (1)b.                                                                     
         A  0.25   coffee-like, alliaceous note                                
     (1)c.                                                                     
         A  0.25   coffee-like                                                 
     (1)d.                                                                     
         A  1.0    garlic-like                                                 
     (1)e.                                                                     
         A  0.25   coffee-like                                                 
     (1)e.                                                                     
         C  0.03   sulfury, sour, caramel, nutty flavor                        
     (1)f.                                                                     
         A  1.0    coffee-like, mushroom                                       
     (1)g.                                                                     
         A  0.1    coffee-like                                                 
     (1)g.                                                                     
         C  0.01   burnt, cereal, nutty taste                                  
     (1)h.                                                                     
         A  0.01   burnt, onion, mushroom note                                 
     (2)a.                                                                     
         A  0.01-0.03                                                          
                   mustard, onion-like                                         
     (2)a.                                                                     
         B  0.004  bland coffee taste                                          
     (2)a.                                                                     
         C  0.005  geranium-like                                               
     (2)b.                                                                     
         A  0.05   onion-like                                                  
     (2)a.                                                                     
         A  0.05   onion-like                                                  
     (2)c.                                                                     
         B  0.02   astringent                                                  
     (2)c.                                                                     
         C  0.02   nutty, astringent, bitter note                              
     (2)d.                                                                     
         B  0.015  fatty, earthy taste                                         
     (2)d.                                                                     
         C  0.013  flowery, mercaptan taste                                    
     (2)e.                                                                     
         B  0.002  metallic, roasted note                                      
     (2)e.                                                                     
         C  0.006  woody, bitter, nutty taste                                  
     (2)f.                                                                     
         A  0.001  burnt, onion, caramel note                                  
     (3)a.                                                                     
         A  0.2-0.5                                                            
                   cabbage taste                                               
     (3)a.                                                                     
         C  0.067  sulfury, mercaptan-like                                     
     (4)a.                                                                     
         A  0.3    burnt coffee, metallic note                                 
     (5)a.                                                                     
         B  0.03   metallic, sulfurous note                                    
     (5)b.                                                                     
         B  0.06   metallic, astringent, earthy note                           
     __________________________________________________________________________
TBL                                    TABLE XXXII                             
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.01   coffee-like                                                 
     (1)a.                                                                     
         C  0.007  sulfurous, mercaptan                                        
     (1)b.                                                                     
         A  0.01   garlic-like                                                 
     (1)c.                                                                     
         A  0.1    coffee-like                                                 
     (1)c.                                                                     
         B  0.01   aromatic note                                               
     (1)c.                                                                     
         C  0.005  geranium, mercaptan, nutty note                             
     (1)d.                                                                     
         A  0.001  burnt, coffee grounds, onion taste                          
     (1)e.                                                                     
         A  0.10   burnt, onion taste                                          
     (2)a.                                                                     
         A  1.0    cooked vegetable-like taste                                 
     (2)b.                                                                     
         A  1.0    burnt, coffee-like taste                                    
     (2)c.                                                                     
         A  1.0    coffee-like                                                 
     __________________________________________________________________________
TBL                                    TABLE XXXIII                            
     __________________________________________________________________________
     (1)a.                                                                     
         A  5.0    fortifies the bitter taste                                  
     (1)a.                                                                     
         C  0.093  popcorn, nutty, caramel, cereal taste                       
     (1)b.                                                                     
         A  0.25   enhances the burnt note                                     
     (1)c.                                                                     
         A  0.25   enhances the phenolic note                                  
     (1)d.                                                                     
         A  5.0    enhances the burnt note                                     
     (1)d.                                                                     
         C  0.025  green, acid, cereal, bitter, sour                           
                   note                                                        
     (1)e.                                                                     
         A  0.2    enhances the roast note                                     
     (1)f.                                                                     
         A  6.0    weak note                                                   
     (1)g.                                                                     
         B  0.30   roasted, astringent, earthy note                            
     (1)h.                                                                     
         B  0.12   mushroom, bitter, green taste                               
     (1)i.                                                                     
         B  0.25   astringent, fatty, green taste                              
     (1)j.                                                                     
         B  0.40   astringent, roasted taste                                   
     (1)k.                                                                     
         B  0.40   astringent, green note                                      
     (1)l.                                                                     
         B  0.30   bitter, green, earthy note                                  
     (1)m.                                                                     
         B  0.12   metallic note                                               
     (1)n.                                                                     
         B  0.40   bitter fatty note                                           
     __________________________________________________________________________
TBL                                    TABLE XXXIV                             
     __________________________________________________________________________
     (1)a.                                                                     
         B  0.03   metallic, burnt note                                        
     (1)b.                                                                     
         B  0.01   metallic, earthy, burnt note                                
     (1)c.                                                                     
         B  0.60   astringent, sulfurous, green note                           
     (1)d.                                                                     
         B  0.03   metallic, sulfurous, burnt note                             
     __________________________________________________________________________
TBL                                    TABLE XXXV                              
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.1    roasted coffee-like taste                                   
     (1)a.                                                                     
         B  0.1    roasted, coffee grounds note                                
     (1)b.                                                                     
         A  2.0    roasted meat-like taste                                     
     (1)e.                                                                     
         A  0.1    cabbage taste                                               
     (1)c.                                                                     
         B  0.01-0.02                                                          
                   strawy, dark flavor note                                    
     (1)d.                                                                     
         A  0.2-0.3                                                            
                   cabbage, onion taste                                        
     (1)e.                                                                     
         A  2.0    coffee-like taste                                           
     (1)e.                                                                     
         C  0.135  sulfury, toasted, nutty, burnt                              
                   cereal note                                                 
     (2)a.                                                                     
         A  1.0    coffee-like taste                                           
     (2)a.                                                                     
         C  0.135  burnt, sulfury, rubbery note                                
     (2)b.                                                                     
         C  0.5    turnip-like taste                                           
     (2)c.                                                                     
         A  3.0    burnt taste                                                 
     (2)d.                                                                     
         A  1.0    coffee-like taste                                           
     (2)e.                                                                     
         A  5.0    sulfurous liver-like note                                   
     (3)a.                                                                     
         B  1.0    earthy, sulfurous, paper-like taste                         
     (3)a.                                                                     
         C  1.08   acid, sulfurous taste                                       
     (3)b.                                                                     
         B  0.12   bitter, peanut-like                                         
     (3)b.                                                                     
         C  0.135  ricy, iodoform-like                                         
     (3)c.                                                                     
         B  0.20   haselnut, earthy taste                                      
     (3)c.                                                                     
         C  0.22   burnt cereal-like taste                                     
     (3)d.                                                                     
         B  1.9    earthy-like                                                 
     (3)d.                                                                     
         C  2.96   burnt cereal, bitter, spicy                                 
     (3)e.                                                                     
         B  1.0    leathery, flowery taste                                     
     __________________________________________________________________________
TBL                                    TABLE XXXVI                             
     __________________________________________________________________________
     (1)a.                                                                     
         A  3.0    phenolic taste                                              
     (1)b.                                                                     
         A  0.05   phenolic, burnt taste                                       
     (1)c.                                                                     
         A  0.01-0.05                                                          
                   phenolic taste                                              
     (1)c.                                                                     
         C  0.027  solvent-like                                                
     (1)d.                                                                     
         A  0.01   burnt taste                                                 
     (1)d.                                                                     
         C  0.027  phenolic                                                    
     (1)e.                                                                     
         A  0.01   cresolic taste                                              
     (1)f.                                                                     
         A  0.01   burnt taste                                                 
     (1)f.                                                                     
         B  0.02-0.04                                                          
                   roasted, dark flavor                                        
     (1)g.                                                                     
         A  0.01   phenolic taste                                              
     (1)h.                                                                     
         A  0.02   sweet, burnt taste                                          
     (1)h.                                                                     
         B  0.04   coffee, coffee grounds note                                 
     (1)l.                                                                     
         A  0.1-0.2                                                            
                   slightly burnt taste                                        
     (1)j.                                                                     
         A  0.15   balsam taste                                                
     (1)j.                                                                     
         B  0.1    coffee grounds note                                         
     (1)k.                                                                     
         A  1.5    tangerine taste                                             
     (1)l.                                                                     
         A  1.0    phenolic note                                               
     (1)m.                                                                     
         A  1.0    phenolic note                                               
     (1)n.                                                                     
         A  6.0    phenolic note                                               
     (2)a.                                                                     
         A  1.0    burnt, coffee taste                                         
     (2)a.                                                                     
         B  1.0    wood flavor note                                            
     (2)b.                                                                     
         A  0.01   coffee grounds note                                         
     (2)c.                                                                     
         A  2.0    phenolic note                                               
     (2)d.                                                                     
         A  5.0    phenolic note                                               
     (3)a.                                                                     
         A  0.05-0.1                                                           
                   burnt taste                                                 
     (3)a.                                                                     
         B  0.1-0.2                                                            
                   smoky roasted flavor                                        
     (3)b.                                                                     
         A  1.0    weak earthy note                                            
     (4)a.                                                                     
         A  0.25-0.5                                                           
                   smoky taste                                                 
     (4)a.                                                                     
         B  0.4    roasted, coffee grounds note                                
     __________________________________________________________________________
TBL                                    TABLE XXXVII                            
     __________________________________________________________________________
     (1)a.                                                                     
         A  5.0    slightly green taste                                        
     (1)b.                                                                     
         A  3.0    burnt, caramel, slightly buttery                            
                   taste                                                       
     __________________________________________________________________________
TBL                                    TABLE XXXVIII                           
     __________________________________________________________________________
     (1)a.                                                                     
         A  0.1-1.0                                                            
                   onion, garlic taste                                         
     (1)b.                                                                     
         A  0.25-0.5                                                           
                   green, burnt coffee taste                                   
     (1)b.                                                                     
         B  0.4    aromatic note                                               
     (1)b.                                                                     
         C  0.27   sulfury note                                                
     (2)a.                                                                     
         A  5.0    slightly bland taste                                        
     (2)b.                                                                     
         A  0.25   garlic, earthy taste                                        
     (2)b.                                                                     
         B  0.04   roasted, natural coffee taste                               
     (2)b.                                                                     
         C  0.027  bitter                                                      
     (2)c.                                                                     
         B  0.025  mushroom, paper-like                                        
     (2)c.                                                                     
         C  0.405  mushroom, earthy note                                       
     (3)a.                                                                     
         A  1.0    burnt coffee note                                           
     (3)a.                                                                     
         C  0.625  mercaptan note                                              
     (3)b.                                                                     
         B  0.025  green, sweet, fatty note                                    
     (3)b.                                                                     
         C  0.027  earthy mushroom note                                        
     (3)c.                                                                     
         A  1.0    cabbage, garlic taste                                       
     (4)a.                                                                     
         A  0.1-0.2                                                            
                   earthy, coffee grounds note                                 
     (4)b.                                                                     
         A  0.5    coffee-like                                                 
     (4)b.                                                                     
         C  0.42   sulfury, rubbery                                            
     (5)a.                                                                     
         A  1.0    caramel, coumarin-like                                      
     (5)a.                                                                     
         B  0.5-1.0                                                            
                   aromatic, fresh note                                        
     (5)a.                                                                     
         C  0.27   nutty, bitter almond taste                                  
     __________________________________________________________________________
PAR  As has been stated above the compounds having utility in the concept of
      this invention may be added to substances in varying amounts to alter or
      to modify the flavor of the substance by masking or blanking out
      undesirable flavors, by enhancing or fortifying desirable flavor or flavor
      notes, or by adding to the original substance an entirely new and
      different flavor. As will also be apparent to those skilled in the art
      various mixtures or blends of the flavor agents described may be used to
      achieve a desired flavor or flavor note. If, for example, one wishes to
      enhance a certain flavor note, or group of flavor notes present in a
      substance such as coffee, one needs only mix together certain of the
      described flavor agents to obtain the desired result.
PAR  Following are three examples of mixtures that have been prepared in
      accordance with the inventive concept.
TBL                                    TABLE XXXIX                             
     __________________________________________________________________________
               Compound         Parts by weight                                
     Identification                                                            
               Name             Ex. 1                                          
                                     Ex. 2 Ex. 3                               
     __________________________________________________________________________
     VII   (1) a                                                               
               2-methyl-3-ethyl-pyrazine                                       
                                --   40    20                                  
     VII   (1) i                                                               
               2,3-diethyl-pyrazine                                            
                                --   --    0.5                                 
     VII   (1) d                                                               
               2-methyl-3-isopropyl-pyrazine                                   
                                5    5     7.5                                 
     XVII  (1) b                                                               
               2-acetyl-pyrazine                                               
                                --   30    10                                  
               2-methyl-3-methylthio-pyrazine                                  
                                2    --    2                                   
     XXXI  (1) a                                                               
               furfurylthiol acetate                                           
                                2    2     3                                   
               furfuryl methyl sulfide                                         
                                --   1     --                                  
     XX    (1) a                                                               
               2-acetyl thiophene                                              
                                --   80    --                                  
     XXXI  (2) b                                                               
               furfuryl propyl sulfide                                         
                                --   3     1                                   
     XXXVIII                                                                   
           (2) b                                                               
               2,6-dimethyl-.gamma.-thiopyrone                                 
                                4    4     4                                   
     XXX   (1) a                                                               
               2-methoxybenzenethiol                                           
                                --   12    6                                   
               2-hydroxyphenyl methyl sulfide                                  
                                1    2     1.5                                 
     XXXVI (1) i                                                               
               3,4-xylenol      4    4     2                                   
     XXXVI (1) k                                                               
               2-hydroxyacetophenone                                           
                                --   --    5                                   
     XXXVI (3) a                                                               
               4-ethyl-2-methoxy-phenol                                        
                                --   5     2.5                                 
     XXXVI (1) c                                                               
               4-ethyl-phenol   --   --    0.5                                 
               pyridine         20   30    20                                  
     III   (2) e                                                               
               2-vinyl-benzofuran                                              
                                3    3     4                                   
     XXXVI (4) a                                                               
               4-vinyl-1,2-dimethoxy-benzene                                   
                                --   40    --                                  
     XXVI  (1) a                                                               
               furfuryl propionate                                             
                                --   50    --                                  
               furfural         --   100   --                                  
     __________________________________________________________________________
PAR  When added to a commercially available soluble powdered coffee beverage
      these blends of flavor agents added flavor notes which enhanced the flavor
      of the soluble coffee in the direction of that of roasted and ground
      coffee which has been brewed into a coffee beverage.
PAR  In order to demonstrate the flavor modifying or enhancing effect of the
      compounds of this invention a base material having the following
      composition was prepared:
TBL  Compound                Parts by weight                                   
     ______________________________________                                    
     3-methyl-cyclopentane-1,2-dione                                           
                             50                                                
     furfuryl alcohol        50                                                
     furfural                10                                                
     diacetyl                5                                                 
     acetylmethylcarbinol    30                                                
     benzyl alcohol          100                                               
     propylene glycol        755                                               
                             1000                                              
     ______________________________________                                    
PAR  Compounds of Group XXXV (Pyrazine Sulfur Compounds) were added to this base
      in varying amounts and the resulting compound mixtures were used to
      enhance or modify the flavor of the following food products:
PA1  a. A solution of milk sweetened with sugar, at a dosage level of 10 grams
      of the flavor composition per 100 kg.
PA1  b. A prepared ice-cream, at a dosage level of 10-15 g. of flavor
      composition per 100 kg.
PA1  c. A white cake mix, at a level of 20 g. per 100 kg. of finished cake.
PA1  d. A milk pudding, at a dosage level of 10-15 g. per 100 kg.
PA1  e. A milk chocolate, at a dosage level of 25 g. per 100 kg.
PAR  The exact formulation of the various compound mixtures are set out in the
      TABLE XL below.
TBL                                    TABLE XL                                
     __________________________________________________________________________
             Compound     Parts by weight                                      
     Identification                                                            
             Name         Examples                                             
     __________________________________________________________________________
                          4   5   6   7   8   9                                
     XXXV (2) a                                                                
             2-pyrazinyl-ethyl-                                                
                          100 --  --  --  50  50                               
             mercaptan                                                         
     XXXV (2) b                                                                
             2-pyrazinyl-ethyl methyl                                          
                          --  30  --  --  --  5                                
             sulfide                                                           
     XXXV (2) c                                                                
             2-pyrazinyl-ethyl ethyl                                           
                          --  --  125 --  --  20                               
             sulfide                                                           
     XXXV (2) d                                                                
             2-pyrazinyl-ethyl                                                 
                          --  --  --  100 50  35                               
             furfuryl sulfide                                                  
             3-methyl-cyclopentane-                                            
                          50  50  50  50  50  50                               
             1,2-dione                                                         
             furfuryl alcohol                                                  
                          50  50  50  50  50  50                               
             furfural     10  10  10  10  10  10                               
             diacetyl     5   5   5   5   5   5                                
             acetylmethyl carbinol                                             
                          30  30  30  30  30  30                               
             benzyl alcohol                                                    
                          100 100 100 100 100 100                              
             propylene glycol                                                  
                          655 725 630 655 655 655                              
                          1000                                                 
                              1000                                             
                                  1000                                         
                                      1000                                     
                                          1000                                 
                                              1000                             
     __________________________________________________________________________
PAR  All of the compounds of Example 4 - 9 gave a resulting flavor modification
      in the food products which was organoleptically characterized as adding a
      definite roasted coffee flavor note.
PAR  A number of the Compounds of Group VII (Pyrazine Hydrocarbons) were added
      to the above described base material. The resulting compound mixtures had
      the formulations shown in TABLE XLI below.
TBL                                    TABLE XLI                               
     __________________________________________________________________________
             Compound     Parts by weight                                      
     Identification                                                            
             Name         Examples                                             
     __________________________________________________________________________
                          10  11  12  13  14  15  16  17                       
     VII (1) h                                                                 
             2,3-dimethyl-pyrazine                                             
                          250 --  --  --  --  --  50  --                       
     VII (1) a                                                                 
             2-methyl-3-ethyl-                                                 
                          --  25  --  --  --  20  15  10                       
             pyrazine                                                          
     VII (1) c                                                                 
             2-methyl-3-propyl-                                                
                          --  --  45  --  --  25  --  15                       
             pyrazine                                                          
     VII (1) d                                                                 
             2-methyl-3-isopro-                                                
                          --  --  --  45  --  --  --  20                       
             pyl-pyrazine                                                      
     VII (1) i                                                                 
             2-ethyl-3-ethyl-                                                  
                          --  --  --  --  10  --  5   2                        
             pyrazine (10% soln.)                                              
             3-methyl-cyclopentane-                                            
                          50  50  50  50  50  50  50  50                       
             1,2-dione                                                         
             furfuryl alcohol                                                  
                          50  50  50  50  50  50  50  50                       
             furfural     10  10  10  10  10  10  10  10                       
             diacetyl     5   5   5   5   5   5   5   5                        
             acetylmethylcarbinol                                              
                          30  30  30  30  30  30  30  30                       
             benzyl alcohol                                                    
                          100 100 100 100 100 100 100 100                      
             propylene glycol                                                  
                          505 730 710 710 745 710 685 708                      
                          1000                                                 
                              1000                                             
                                  1000                                         
                                      1000                                     
                                          1000                                 
                                              1000                             
                                                  1000                         
                                                      1000                     
     __________________________________________________________________________
PAR  When added to the same food products at the same dosage levels as described
      in connection with the Examples of TABLE XL above, the compound mixtures
      of Examples 10 - 17 imparted a pronounced nutty, green, fresh, earthy
      flavor note, with a light note of coffee grounds, to the foods.
PAR  Further compound mixtures utilizing mixtures of compounds from Group XXXV
      (Pyrazine Sulfur Compounds) and from Group VII (Pyrazine Hydrocarbons)
      were made as set out in TABLE XLII below.
TBL                                    TABLE XLII                              
     __________________________________________________________________________
             Compound       Parts by weight                                    
     Identification                                                            
             Name           Examples                                           
     __________________________________________________________________________
                            18  19  20  21                                     
     XXXV                                                                      
         (2) a                                                                 
             2-pyrazinyl-ethylmercaptan                                        
                            20  20  20  20                                     
     XXXV                                                                      
         (2) d                                                                 
             2-pyrazinyl-ethyl furfuryl                                        
                            20  20  20  20                                     
             sulfide                                                           
     VII (1) a                                                                 
             2-methyl-3-ethyl-pyrazine                                         
                            --  --  10  10                                     
     VII (1) c                                                                 
             2-methyl-3-propyl-pyrazine                                        
                            --  --  20  5                                      
     VII (1) i                                                                 
             2,3-diethyl-pyrazine                                              
                            --  10  --  5                                      
             (10% solution)                                                    
             3-methyl-cyclopentane-                                            
                            50  50  50  50                                     
             1,2-dione                                                         
             furfuryl alcohol                                                  
                            50  50  50  50                                     
             furfural       10  10  10  10                                     
             diacetyl       5   5   5   5                                      
             acetylmethylcarbinol                                              
                            30  30  30  30                                     
             benzyl alcohol 100 100 100 100                                    
             propylene glycol                                                  
                            715 705 685 695                                    
                            1000                                               
                                1000                                           
                                    1000                                       
                                        1000                                   
     __________________________________________________________________________
PAR  When added to the same food products as above and in the same dosage
      levels, the foods were found to have their flavor modified to one with a
      definite coffee flavor with a light touch of a coffee grounds note.
PAR  Some further compound mixtures were prepared from compounds of Group VII
      (Pyrazine Hydrocarbons) using as a base the following mixture:
TBL                        Parts by weight                                     
     ______________________________________                                    
     3-methyl-cyclopentane-1,2-dione                                           
                             200                                               
     Essence of cinnamon     10                                                
     Essence of sweet fennel 20                                                
     Essence of star anise   20                                                
     benzyl alcohol          250                                               
     propylene glycol        500                                               
                             1000                                              
     ______________________________________                                    
PAR  The exact formulations of these compound mixtures are set out in TABLE
      XLIII below.
TBL                                    TABLE XLIII                             
     __________________________________________________________________________
             Compound        Parts by weight                                   
     Identification                                                            
             Name            Examples                                          
     __________________________________________________________________________
                             22  23  24  25  26                                
     VII (1) e                                                                 
             2-methyl-3-butyl-pyrazine                                         
                             25  --  --  --  5                                 
     VII (1) b                                                                 
             2-methyl-3-isobutyl-pyrazine                                      
                             --  50  --  --  15                                
     VII (1) f                                                                 
             2-methyl-3-amyl-pyrazine                                          
                             --  --  100 --  20                                
     VII (1) g                                                                 
             2-methyl-3-hexyl-pyrazine                                         
                             --  --  --  50  15                                
             3-methyl-cyclopentane-1,2-                                        
                             200 200 200 200 200                               
             dione                                                             
             Essence of cinnamon                                               
                             10  10  10  10  10                                
             Essence of sweet fennel                                           
                             20  20  20  20  20                                
             Essence of star anise                                             
                             20  20  20  20  20                                
             benzyl alcohol  250 250 250 250 250                               
             propylene glycol                                                  
                             475 450 400 450 445                               
                             1000                                              
                                 1000                                          
                                     1000                                      
                                         1000                                  
                                             1000                              
     __________________________________________________________________________
PAR  When added to a soft gum-drop candy formulation at a dosage level of 30 g.
      per 100 kg., to an ice-cream mix at a dosage level of 8 - 10 g. per 100
      kg., to a milk pudding mix at a dosage level of 8 - 10 g. per 100 kg., and
      to a hard candy formulation at a dosasge level of 15 - 20 g. per 100 kg.,
      the compound mixtures imparted a definite anise, liquorice-like flavor
      note to the finished products.
PAR  It should be kept in mind, as will be appreciated by those skilled-in-the
      -art, that with many flavors it is possible to imitate the natural flavor
      by selecting a limited number of the flavor enhancing substances
      examplified above. Coffee aroma, on the other hand, is much more complex
      than the ordinary flavoring materials and may necessitate the combination
      of many more of the examplified ingredients for reproduction.
PAR  It will also be understood that whereas the preferred embodiment of this
      invention is directed toward the enhancement or modification of coffee
      flavors, the concept of the invention has much wider application. While
      some of the compounds may be characterized by terms which are not directly
      related to coffee flavors, these compounds, when used in more complex
      formulae, may contribute desirable flavor notes to the overall flavor and
      aroma.
PAR  To summarize briefly this invention relates to a group of chemical
      compounds which have been found to have utility for the alteration or
      modification of the flavor of other materials. These compounds, called
      flavor agents or flavor modifiers, may be used in minute quantities to
      enhance the natural flavor of substances to which they are added, or to
      alter or modify a flavor which is undesirable, or to impart to a substance
      additional or different flavors or flavor notes. The flavor agents of the
      invention are used in minor, but flavor altering amounts, in any case, in
      quantities sufficient to obtain the desired results. The flavor modifiers
      are of particular importance and usefulness in the modification,
      alteration or enhancement of the flavor of coffee beverages made from
      soluble coffee and the preferred embodiment of the invention contemplates
      their use in conjunction with such products.
PAR  The flavor agents of the invention may be added at a convenient step in the
      soluble coffee process such as plating the dried soluble coffee with a
      desired dilution of the flavor agent in an acceptable solution followed by
      drying. In certain instances the desired agent may be added directly to a
      concentrated coffee extract and the mixture dried into a soluble coffee
      product which contains the flavor agent as an integral part thereof. Other
      methods of incorporation of the agents will suggest themselves to those
      skilled in the art and may, of course, be used without departing from the
      inventive concept, which may be described as being a composition of matter
      comprising a combination of a soluble coffee product, however prepared,
      whether liquid or solid, concentrated or dilute, which contains combined
      therewith a minor, but flavor modifying amount, of a flavor agent as
      described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. As a new composition of matter soluble coffee having added thereto a
      minor, but flavor-modifying amount of a compound selected from the group
      having the following general formula:
      ##SPC65##
PAL  wherein R is hydrogen, methyl or ethyl.
NUM  2.
PAR  2. The soluble coffee of claim 1 wherein the added compound is
      thiophane-3-one.
NUM  3.
PAR  3. The soluble coffee of claim 1 wherein the added compound is
      2-methyl-thiophane-3-one.
NUM  4.
PAR  4. A process for the alteration of the natural flavor of a soluble coffee
      material which comprises adding thereto a minor, but flavor-modifying
      amount of a compound selected from the group having the following general
      formula:
      ##SPC66##
      wherein R is hydrogen, methyl or ethyl.
NUM  5.
PAR  5. The process of claim 4 wherein the added compound is thiophane-3-one.
NUM  6.
PAR  6. The process of claim 4 wherein the added compound is
      2-methyl-thiophane-3-one.
NUM  7.
PAR  7. A composition selected from the group consisting of foodstuffs and
      beverages having added thereto an effective flavor-modifying amount of a
      compound selected from the group having the following general formula:
      ##SPC67##
PAL  wherein R is hydrogen, methyl or ethyl.
NUM  8.
PAR  8. The composition of claim 7 wherein the added compound is
      thiophane-3-one.
NUM  9.
PAR  9. The composition of claim 7 wherein the added compound is
      2-methyl-thiophane-3-one.
NUM  10.
PAR  10. A process for the alteration of the flavor of a composition selected
      from the group consisting of foodstuffs and beverages which comprises
      adding thereto an effective flavormodifying amount of a compound selected
      from the group having the general formula:
      ##SPC68##
PAL  wherein R is hydrogen, methyl or ethyl.
NUM  11.
PAR  11. The process of claim 10 wherein the added compound is thiophane-3-one.
NUM  12.
PAR  12. The process of claim 10 wherein the added compound is
      2-methyl-thiophane-3-one.
PATN
WKU  039432610
SRC  5
APN  5929598
APT  1
ART  173
APD  19750703
TTL  Process for water disinfection and carbonation
ISD  19760309
NCL  7
ECL  1
EXA  Schor; Kenneth M.
EXP  Bashore; S. Leon
NDR  1
NFG  2
INVT
NAM  Amon; Anton
CTY  Dunwoody
STA  GA
INVT
NAM  Sedam; Jason K.
CTY  Dunwoody
STA  GA
ASSG
NAM  The Coca-Cola Company
CTY  Atlanta
STA  GA
COD  02
RLAP
COD  71
APN  398373
APD  19730918
PSC  03
CLAS
OCL  426 67
XCL  210 62
XCL  4263303
XCL  426477
XCL  426590
EDF  2
ICL  A23L  200
FSC  426
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ABST
PAL  A process and system is described for rapid disinfection of contaminated
      water particularly for use in post-mix carbonated beverage systems. The
      major components of the system include sequentially a water supply,
      carbonator pump, injector device, carbonator and dispenser. Moreover, as
      optional components, a reservoir and filter may be incorporated in the
      system between the carbonator and dispenser for safety factor purposes.
      The process comprises the introduction of chlorine into an available water
      supply line immediately before, or during carbonation, thereby reducing or
      eliminating the conversion of the chlorine present in the system to less
      active compounds. The process of carbonating the water results in
      chemically lowering the pH from alkaline (&gt; pH of 7.0) through neutral (pH
      7.0) to acidic (&lt; pH of 7.0) thus affording the system of a more rapid and
      effective kill of pathogenic micro-organisms upon a controlled and
      effective injection of a liquid disinfectant, such as sodium hypochlorite,
      which may be used as the source of chlorine for the system. By introducing
      the liquid disinfectant at an acidic pH, a more instantaneous kill results
      without the necessity of using either an excessive quantity of
      disinfectant (chlorine) or large and expensive residence chambers
      requiring long residence times. The improved post-mix system provides
      dependable performance when used in conjunction with different water
      conditions throughout the world and permits the disinfected carbonated
      water to be dispensed along with a beverage syrup to produce a high
      quality carbonated beverage.
PARN
PAR  This is a continuation of application Ser. No. 398,373 filed Sept. 18, 1973
      and now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates to improvements in a post-mix carbonated
      beverage dispensing system, and in particular relates to a process for
      rapid water disinfection in such post-mix systems.
PAR  While it is typical for such a post-mix system to utilize water available
      at sales location, carbonate, cool and blend the water with syrups in
      proper ratio in an effort to produce a high quality carbonated beverage,
      in many parts of the world the available water for post-mix beverage
      systems is not reliable primarily due to the age and condition of
      municipal water systems, coupled with the sometimes frequent failure of
      pumping power. These undesirable conditions permit contaminated ground
      water carrying pathogenic micro-organisms in many cases to enter the water
      system. Also, it is common practice in some parts of the world to maintain
      water on roof tops, open to the atmosphere, to provide water under
      pressure when local systems fail. This practice of course leads to the
      potential of biological contamination from the air as well as from
      insects, birds and animals which may enter and occupy the tanks. Another
      water supply that is used on occasion in post-mix systems and subject to
      contamination is a well, particularly in those areas where sanitary waste
      disposal is imperfect and human wastes exist as a natural part of the
      water flowing into the well. Needless to say, in recent years, it has been
      difficult and in some areas virtually impossible to locate an acceptable
      and reliable water supply which may be combined with a beverage syrup to
      produce a high quality beverage without the addition of a costly, space
      consuming complex disinfection system for the water. These known
      disinfection systems, in addition to being costly and space consuming,
      generally require substantial electrical power to operate and because of
      the necessity of assuring effective kills, require disinfectant levels so
      high as to produce objectionable tastes in the water and finished
      beverage.
PAR  Accordingly, there has arisen a need in the industry for the production of
      an improved post-mix carbonated beverage system, preferably of simple and
      sturdy construction, inexpensive to manufacture and maintain, and having
      stable, efficient capabilities over extended use and when utilized with
      different water conditions throughout the world.
PAC  OBJECTS OF THE INVENTION
PAR  The present invention has for an object the provision of a relatively
      simple, dependable and stable post-mix carbonated beverage system. The
      invention is particularly adaptable for use in those parts of the world
      where the available water supply may be unreliable and possibility of
      disease exists. Still another object of the provision is a system which
      may be easily manufactured and efficiently handled during use and which,
      although of wide general application, is particularly useful for post-mix
      beverage dispensing systems. Another object of the present invention is to
      provide a carbonated beverage dispensing system of the above character
      which is adaptable for use with a contaminated water supply and wherein a
      more rapid and effective kill of pathogenic micro-organisms occurs without
      the necessity of excessively high levels of chlorine or other
      disinfectants and large residence chambers. A further object of the
      present invention is to provide a rapid disinfection process which takes
      advantage of the chemical and physical conditions inherent in a
      carbonating process to effect a practically instantaneous kill of
      micro-organisms without affecting the flavor of the finished carbonated
      beverage. Another object of the present invention is to intentionally use
      an acidic pH environment to produce maximum effectiveness of a liquid
      disinfectant when introduced into the water of a post-mix carbonated
      beverage system. These, other and further objects, important features and
      advantages of the further invention to which attention has not been
      specifically directed hereinabove will be better understood and
      appreciated by those skilled in the art by the following detailed
      description of the invention taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The present invention will now be described, by way of example, by
      reference to the accompanying drawing:
PAR  FIG. 1 is a schematic representation of a post-mix carbonated beverage
      system, including an injector assembly for water disinfection according to
      the present invention.
PAR  FIG. 2 is a graphical illustration of the distribution of hypochlorous acid
      and hypochlorite ion in water at different pH values at selected
      temperature of 20.degree.C.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  Referring now to the accompanying drawing, FIG. 1 illustrates a post-mix
      carbonated beverage system, including an injector assembly 3 for rapid
      water disinfection according to the present invention. The system includes
      a water supply 1, carbonator pump 2, with associated injector assembly 3
      (liquid disinfectant), carbonator 4, reservoir 5, filter 6 and dispenser
      7. It should be noted at this juncture that while the reservoir 5 and
      filter 6 are illustrated as components in the system, these components are
      not essential in the post-mix system to practice the present invention.
      Instead, as will be described in more detail below, these two components
      are provided as safety factors in the system to assure complete
      disinfection of the carbonated water despite the occurrence of any
      abnormal or adverse conditions during operation of the system.
PAR  In the manufacture of the usual type of post-mix carbonated beverage, it is
      customary for water to be brought to a carbonator from any suitable source
      by virtue of a suitable pumping arrangement. Once the water reaches the
      carbonator, it is carbonated with CO.sub.2 under pressure and supplied to
      a dispenser where it is blended with a beverage syrup and dispensed as a
      high quality beverage. While the mixture of carbonated water and syrup
      should preferably be in the proportion of five to one, any other desired
      mixture could be selected so long as absolute uniformity in high quality
      taste is obtained.
PAR  It might be well at this point to provide theoretical explanations of the
      various features combined in our discovery of a rapid water disinfection
      treatment process.
PAR  For some time, chlorine has been universally recognized as an efficient
      destruction agent of micro-organisms. It is often added to industrial
      process waters to destroy bacteria and inhibit algae growth. Moreover, it
      is convenient and relatively inexpensive for routine use. Chlorine can be
      added to the water as a solid (i.e. calcium hypochlorite), liquid (i.e.
      sodium hypochlorite) or gas (injected directly into the stream of water).
PAR  We have discovered that pH control plays a large part in obtaining
      effective bactericidal performance from chlorine. pH is a chemical symbol
      for the measurement of hydrogen ions in solution, or more simply, and more
      to the point, it is the measurement of acid/alkali units. The degree of
      acidity or alkalinity is described by what is called a pH scale. The pH
      scale can be compared to a 14 inch ruler. That is, it runs from 0 to 14 .
      . . 7, the half-way point, is neutral. Anything below 7, from 7 to 0, is
      acid. Anything above 7, from 7 to 14, is alkaline. The measurement is
      logarithmic, which means that a single step in the scale represents a
      tenfold step in measure. Thus 8 is 10 times more alkaline than 7, 9 is 100
      times more alkaline than 7, 10 is a thousand times, and so on until we
      reach 14 which gives us an approximate measure of 10,000,000 times more
      alkalinity than the neutral 7 or 100,000,000,000,000 parts alkaline to 1
      part acid, because the same degree of measurement holds true on the acid
      side of the scale. That is, 6 is 10 times more acidic than 7 and so on.
      Chlorine exists in water as hypochlorous acid and hypochlorite ion. It is
      the hypochlorous acid that is active in killing bacteria. The distribution
      of hypochlorous acid to hypochlorite ion changes dramatically with the pH,
      as shown in FIG. 2. For example, at pH 7.0, 80% of the chlorine present is
      in the hypochlorous acid form, but at pH 8.0, only 30% exists as the acid.
      Therefore, in order to use the chlorine in solution efficiently, the pH
      should be kept below 7.6, and preferably below 6.0.
PAR  While we have found that the more acidic the water, the more effective the
      chlorine disinfection, we have also discovered as the water passes from
      alkaline (&gt;  pH 7.0) through neutral (pH 7.0) to acidic (&lt;  pH 7.0) the
      potential of corrosion and deterioration of the entire water system
      increases. For this reason, it is unusual to find municipal systems or
      wells which provide water at less than a pH 7. Normally, if the source of
      supply is much more acidic than pH 6.5, the pH is chemically adjusted to
      prevent disintegration of the water system due to the chemical attack of
      the compounds which caused the low pH originally. All previous efforts
      known to us which have been directed toward chlorine disinfection of water
      for post-mix systems have involved an injection device (generally a pump)
      and a large residence chamber for chlorinating the water and effecting
      kill before carbonation. These known types of systems are costly, space
      consuming, generally require additional electrical power and because of
      the necessity of assuring effective kills, require chlorine levels so high
      as to produce objectionable tastes in the finished beverage. The chlorine
      must then be effectively removed or reduced.
PAR  In contrast, we have discovered in the present invention that a typical
      carbonating reaction will generally use available water at pH 7.4, and, by
      the addition of CO.sub.2 gas to a level of 4 volumes per volume of water,
      carbonate the water, and thereby reduce the pH to below 6.0 and normally
      approximate 4.0. By recognizing and taking advantage of these chemical and
      physical conditions that occur during the carbonating step and at such
      acidic pH environment, a more effective and rapid disinfection of water
      can be obtained without the use of high chlorine levels and large,
      expensive residence chambers. From a practical standpoint, a post-mix
      carbonated beverage system is suitable for acidic pH environment
      disinfection and capable of withstanding the corrosive attack and
      deterioration at this acidic pH because of the judicious selection of high
      quality materials which are normally associated with and/or utilized in
      such a post-mix system. We have found that by controlling the injection of
      sodium hypochlorite (source of disinfection for the system) into the
      carbonator, a practically instantaneous kill occurs, even at innoculation
      levels not normally found except in sewage. Of course, in the present
      invention, any one of several injection or proportion means might be used
      provided its cost and effectiveness is suitable to the disinfection end
      desired. The injector device 3 which is connected between the discharge
      and suction parts of the carbonator pump and which allows a flow from the
      high pressure to the low pressure side of the pump, preferably through a
      venturi, allows upon each carbonator pump cycle the recycling of a small
      amount of water nevertheless sufficient to power the venturi and draw in a
      small amount of sodium hypochlorite solution. While this solution is
      normally 5.25% for household use and 10.5% for industrial use, in the
      preferred embodiment and for the purposes of our post-mix system the
      solution is diluted to 0.0525% (99 + 1). Disinfecting power is measured in
      terms of a disinfecting specie in destroying micro-organisms. E. Coli,
      being somewhat more resistant than most pathogenic bacteria and being of
      fecal origin, is a useful reference or test micro-organism as well as an
      indicator of contamination. Hence, disinfecting efficiency is also
      referred to as colicidal efficiency. However, it must be kept in mind that
      viruses and amoebic cysts may be more resistant to chlorination than E.
      Coli.
PAR  Based on 99% kill of E. Coli in 30 min. at 2.degree.-5.degree.C, HOCl has a
      colicidal efficiency compared to OCl.sup.- in the approximate ratio of 80
      : 1. The actual values being 0.005 ppm for HOCl and 0.42 ppm for
      OCl.sup.-. Hence, at pH &gt; 9.5, a residual free available chlorine
      concentration of 0.5 ppm is the minimum concentration necessary for 99%
      kill of E. Coli with 30 min. contact time at temperatures of
      2.degree.-5.degree.C, in the absence of interferring substances.
PAR  Referring to FIG. 2, based on 100% kill of E. Coli in 1 min. at
      2.degree.-5.degree.C, we have discovered a practically instanteous
      disinfection, assuming the actual values are 2.0 ppm for HOCl and zero
      OCl.sup.- and if conducted at pH&lt;5.5.
PAR  Some viruses and amoebic cysts which may be more resistant to chlorination
      than E. Coli, require residual concentrations larger than 0.5 ppm. The
      amount of residual free available chlorine necessary for disinfecting
      these micro-organisms may be estimated from the disinfecting efficiencies
      of chlorine for these micro-organisms. The observed disinfecting
      efficiency is generally approximated by the relationship.
EQU  C.sup.n tp = Constant
PAL  Where
PA1  C = concentration of disinfectant
PA1  tp = time required to effect a percentage kill of the organism
PA1  n = coefficient of dilution
PA1  When: n.apprxeq.1 time of contact of organism with disinfectant and
      concentration of disinfectant are of equal importance in disinfection.
PAR  From the foregoing, it should be apparent that the exact amount of
      injection will be determined by local conditions. However, in the
      preferred embodiment, an amount of 4 ml per 1000 ml of carbonator pump
      delivery may be used to produce approximately 2 ppm of residual chlorine
      in the water discharged from the pump to the carbonator tank.
PAR  While not shown in the drawing, delivery of the carbonated water from the
      carbonator tank is generally directed through a cooling coil as demanded
      by the dispensing valve. Also, as described above in the preferred
      embodiment of FIG. 1, the carbonated water may be passed first through a
      reservoir 5 to allow sufficient time for the low concentration of chlorine
      to assure complete kill of smaller organisms. We have found that such
      reservoir 5 will provide the system with a safety time factor to assure
      disinfection of the more resistant organisms and can be of any particular
      size, but preferably of 5 gallons. Insofar as the operation of the
      reservoir 5, it should be connected to the carbonator 4 so as to be filled
      from the bottom for two reasons. First, since the water is highly
      carbonated, filling is more gentle and the carbonation level, and
      therefore the acidic pH, is better maintained as the system is initially
      charged. Secondly, should the water supply fail, the entire dispensing
      system would be shut down soon after such failure, rather than dispensing
      several gallons of carbonated water of gradually lowered carbonation
      volumes. Additionally, and particularly if pre-cooled water is used, the
      entering water is generally cooler than that which has been in the system
      for some time. Thus, because of convention, maintaining the
      stratification, and plug flow through the chamber is assured.
PAR  In addition to the reservoir 5, we have learned that another safety factor
      can be incorporated in the system in the form of a filter 6. While filter
      6 is not required under normal operation conditions, we have found such
      filter 6 is desirable in those situations where large organisms are
      present. These larger organisms tend to form a hard cover (cyst) when
      attacked, and are difficult to kill quickly except by high concentrations
      of chlorine which as pointed out above are difficult but necessary to
      later remove. Needless to say, these large high concentrations of chlorine
      are highly objectionable to the consumer since they naturally affect the
      taste of the carbonated beverage. Thus, the particular disinfection
      process chosen should avoid the use of such high concentrations of
      chlorine.
PAR  The approach that we have discovered, which will prove effective in a
      post-mix operation, is to include such a filter 6 prior to the dispenser
      7, said filter being designed to positively trap the large organisms and
      keep them in a low concentration chlorine solution for an extended time,
      where they will eventually die. Because of the filter 6, these large
      organisms will not pass through the dispenser 7, either live or dead and a
      high quality beverage will be dispensed. In addition to retaining the
      large organisms in the filter 6, we have discovered that the filter 6
      (i.e. using activated carbon) will provide the usual filtration and
      removal of taste and odor resulting from use of small amounts of chlorine,
      and little or no effect on carbonation will be experienced by the use of
      such filter.
PAR  It should be apparent from the foregoing that we have developed an improved
      post-mix system which is designed intentionally to use the acidic pH
      environment during carbonation to produce the maximum effectiveness and a
      rapid rate of disinfection of contaminated water without adversely
      affecting the flavor of the finished carbonated beverage. The present
      invention avoids the use of any complex filtration except in those areas
      where excessively high levels of contamination are present or under
      abnormal or adverse operating conditions of the post-mix system. By
      providing a relatively simple injector assembly 3 in cooperation with the
      carbonating pump 2/carbonator 4, a dependable and stable system of rapid
      water disinfection is afforded by the present invention. The innovation
      may be easily manufactured and efficiently handled during use and which,
      although of wide general application, is particularly useful for post-mix
      beverage dispensing systems. By intentionally using an acidic pH
      environment to produce such rapid kill of pathogenic micro-organisms
      during the carbonation step, an improved carbonated water supply may be
      obtained which is capable of being blended with a beverage syrup into a
      high quality carbonated beverage.
PAR  It is believed that the present invention, its modus operandi, and many of
      its advantages attendant thereto, should be readily understood from the
      foregoing without further description, and it should also be manifest
      that, while a preferred embodiment of the invention has been shown and
      described for illustrative purposes, the structural details and procedural
      steps are nevertheless capable of wide variation within the purview of the
      invention. For example, while sodium hypochlorite solution has been
      described as the liquid disinfectant, any suitable disinfectant could be
      used instead. Also, while the suggested amount of injection of 4 ml per
      1000 ml of carbonator pump delivery is disclosed, thus producing
      approximately 2 ppm of residual chlorine in the water discharge from the
      pump to the carbonator tank, this could instead, by restricting the
      additive inlet to the injector, approximate a proportion of 1 ml per 1000
      ml or 0.5 ppm of residual chlorine in the water discharged from the
      carbonator pump to the tank. It should also be noted that while the
      injector assembly is illustrated in the drawing as comprising the venturi
      type of injector, the assembly instead may take the form of a positive
      displacement pump arrangement or a pressurized source of disinfectant.
      Moreover, it should be readily apparent that other types and sizes of
      reservoirs 5 and filters 6 may be used as safety factors in the post-mix
      system.
PAR  It should also be apparent that while the improved process and system has
      been illustrated and described in relation to a post-mix carbonated
      beverage system, it is capable of being used also to improve water
      disinfection of any water supply, whether such water supply be for potable
      water purposes (i.e. carbonated beverages, drinking water, ice making
      purposes) or nonpotable water purposes (i.e. sanitizing solutions, washing
      and cleaning purposes).
PAR  While a preferred embodiment of the invention has been disclosed and
      described herein, the present invention nevertheless is capable of a wide
      variation within the purview of the invention as defined in the appended
      claims.
PAR  The embodiments of the invention in which an exclusive property right or
      privilege is claimed, are defined as follows.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for rapid disinfection of a water supply which is contaminated
      with micro-organisms and to be consumed either in the form of potable
      carbonated water, or as a carbonated beverage formed by admixture of said
      carbonated water with a beverage syrup, which comprises the steps of
      lowering the pH of the contaminated water to less than 6.0, but greater
      than 4.0, without the addition of a mineral or organic acid by the
      introduction of carbon dioxide gas into the contaminated water and, at
      substantially the same time, by injecting a sufficient amount of liquid
      halogen-based disinfectant into the contaminated water to achieve the
      complete elimination of non-cyst forming pathogenic micro-organisms and
      substantial reduction of non-pathogenic micro-organisms.
NUM  2.
PAR  2. A process as defined in claim 1, wherein the disinfectant comprises
      substantially diluted sodium hypochlorite.
NUM  3.
PAR  3. A process as defined in claim 2, wherein the amount of disinfectant
      injection comprises about 4ml per 1000ml of contaminated water to be
      disinfected, thereby producing approximately 2ppm of available chlorine in
      the contaminated water to be disinfected.
NUM  4.
PAR  4. A process as defined in claim 1, wherein the substantially disinfected
      water is further subjected to a filtration step to assure complete
      disinfection by removal of large cyst forming micro-organisms by
      entrapping the large micro-organisms on the upstream side of the filter
      where they are destroyed by prolonged exposure to the disinfectant.
NUM  5.
PAR  5. A process as defined in claim 4, wherein the substantially disinfected
      water is passed through activated carbon during the filtration step for
      removal of excess disinfectant, as well as objectionable tastes and odors.
NUM  6.
PAR  6. A process as defined in claim 3, wherein the substantially disinfected
      water is further subjected to a filtration step to assure complete
      disinfection by removal of large micro-organisms by entrapping the large
      micro-organisms on the upstream side of the filter where they are
      destroyed by prolonged exposure to the disinfectant.
NUM  7.
PAR  7. A process as defined in claim 6, wherein the disinfected water is passed
      through activated carbon during the filtration step for removal of excess
      disinfectant, as well as objectionable tastes and odors.
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ABST
PAL  Dyed edible food casings, e.g. sausage casings, are produced by applying an
      edible dye to an edible carrier therefor, fixing the dye on the carrier by
      use of a protein, and admixing the carrier with an edible casing material
      to form an extrudable composition. That composition is then used for
      production of the casing by extrusion. The dye can be a water soluble dye,
      a fat soluble but water insoluble dye, or a water insoluble, alkali
      soluble dye.
BSUM
PAC  BACKGROUND
PAR  This invention relates to edible food casings, especially for sausages,
      which are dyed with an edible dyestuff, and to a process for the
      manufacture of such casings.
PAR  The invention is an improvement in, or modification of, that forming the
      subject of co-pending application Ser. No. 340,776, filed March 13, 1973,
      now abandoned.
PAR  Edible food casings made of a skin fiber composition of animal origin
      (collagen) are known especially for sausages. Such casings are being used
      increasingly for the production of frankfurters and Vienna sausages, and
      their manufacture is described, for example, in German Pat. No. 972,854.
      Such collagen sausage casings range from practically colorless to pale
      yellow. In sausages where the casing is intended to be consumed, and
      especially in the case of the various scalding sausages, such as
      bockwurst, an increasing consumer preference towards a strongly colored
      sausage has become evident. Thus in some countries, such as USA, France
      and Great Britain, certain sausages, such as the well-known "hot dogs" are
      marketed dyed red. The red dyeing is effected together with the scalding
      or boiling process, by surface dyeing of the sausage casing, through
      addition of the dyestuff to the bath in which the filled sausage is
      scalded or boiled.
PAR  Such a method of dyeing has several disadvantages: First, uniform dyeing
      can be obtained only with great difficulty. The casing shows regions which
      are dyed more weakly or not at all, depending on how close together the
      sausages were laying and how adequately they have been wetted by the
      dyestuff liquor. Furthermore, the dyestuff tends both to bleed out and
      also to migrate into the sausage material. In spite of using the same
      dyestuff concentration, completely identical dyeing of successive batches
      is never achieved.
PAR  It has also been proposed to dye artificial sausage casings made of
      extrudable material which swells in water by dissolving edible dyestuffs
      soluble in fat or oil and distributing the resulting solution in the form
      of a "fat-in-water" emulsion in the raw material of the casings before
      they are shaped (Canadian Pat. No. 906 716, TEE-PAK).
PAR  In practice, dyed sausage casings produced in this manner have the
      disadvantage that during the scalding sausage preparation, under the
      action of hot air, steam, and scalding water, considerable portions of the
      dyed fats embedded in the casing material come into contact with the
      largely fatty sausage composition and color it. The result is a
      substantial disappearance of the coloring of the sausage casing and an
      undesired transfer of the dye to the periphery of the sausage material.
PAR  In said application Ser. No. 340,776, it is proposed to dye a sausage
      casing of edible material such as collagen or alginate, with an edible
      dyestuff, which represents a significant improvement in composition with
      the known dyed sausage casings as regards uniformity of dyeing and fixing
      the dye in the casing. The sausage casings according to said Ser. No.
      340,776 are dyed with an edible, e.g. legally permitted, dyestuff
      (primarily a water-soluble dyestuff).
PAR  A proposed in the copending application, the dyeing may be effected by
      adding the dyestuff to the composition before extruding the tube, or by
      immersion of the tube, or by spraying the extruded tube with an aqueous
      dyestuff solution. Fixing the dyestuff on or in the casing may be
      effected, in the case of dyeing the extruded sausage casings, by employing
      as the dyes, substances which are cross-linkable under the action of heat,
      and/or the action of hardening or tanning agents. Such agents include
      proteins, cellulose, cellulose derivatives, pectins, alginates and
      structurally similar substances. Examples of proteins which may be used
      include gelatin, casein, and collagen. Swellable cellulose derivatives
      such as methyl cellulose, ethyl cellulose, are also suitable, as are gum
      arabic and guar gum as hardening or tanning agents similar to pectin. The
      quantity of any such substance added may be from 0.1 to 2% based on the
      aqueous dye solution. The dye baths produced in this manner may be
      regarded as dyed colloidal solutions of the proteins or polymeric
      carbohydrates. By adding tanning agents such as, for example,
      glutaraldehyde, glyoxal, or aluminium salts, the dyes can be cross-linked
      with the base substance of the tube, e.g. collagen. A certain degree of
      cross-linking and water-resistance can also be produced without using
      hardening or tanning agents, by exposure to hot air at 70.degree. to
      105.degree. C for 4 to 10 hours.
PAR  If the dyestuff is added to the composition before tube formation, a very
      effective method of fixing the dyestuff consists of embedding it in a
      hydrophobic substance, for example, a fat, and then emulsifying it in this
      form into the composition to be extruded, preferably collagen. This method
      is particularly advantageous for water-soluble food dyestuffs.
PAR  As described in the said Ser. No. 340,776 a further improvement of the
      efficiency of the dyestuff, in conjunction with excellent fixing, is
      obtained if the water soluble dyestuff is first of all applied to a
      carrier and the dyed carrier is then surrounded by a hydrophobic
      encapsulating substance. Suitable dyestuff carriers comprise all
      insoluble, swellable or non-swellable materials which are edible or
      harmless. Preferably, a white or colorless carrier substance is used so
      that the color shade is not changed by the intrinsic coloration of the
      carrier. Examples of suitable carrier materials include cellulose and
      cellulose derivatives in the form of fibers or powders, starch powders,
      collagen powders and casein powders. Of course, mixtures of such materials
      can also be employed.
PAR  Advantageously the carrier, which consists, for example, of particles of a
      finely ground cellulose powder, is dyed with a relatively concentrated
      solution of the dyestuff in a hydrophobic encapsulating agent and then
      dried. Possible hydrophobic encapsulating substances comprise all those
      oils and fats which are customarily used in the foodstuff field, for
      example synthetic glyceride mixtures, sunflower seed oil, beef fat and
      lard. High-melting fats and waxes can also be used such as, for example,
      beeswax and paraffin, alone or mixed with the other fats and oils.
PAC  THE INVENTION
PAR  The present invention is based on the appreciation that the use of the
      dyestuff and its fixation in or on the food casing can be even further
      improved, in comparison with techniques disclosed in said Ser. No. 340,776
      by applying the dyestuff to the surface of a solid carrier and
      subsequently fixing the dyestuff by sequestration with a protein. The
      sequestration involves the fixing of the dyestuff on the carrier so that
      it is more insoluble in water and in oil. It is believed the fixation
      involves the formation of a complex between the dye and the protein.
PAR  Dyestuffs suitable for this method include not only the aforementioned
      water-soluble materials, but also dyestuffs soluble in fat and insoluble
      in water or soluble in alkali. The improved properties of casings in which
      the dyestuff is fixed by sequestration (complex formation) after it has
      been applied to the carrier may be demonstrated by the fact that the
      casings can be boiled in water or treated with hot fat at 100.degree.C
      without the slightest loss of color. By using the method of the present
      invention, the efficiency of a dyestuff, e.g. of a dyestuff soluble in
      oil, may be as much as doubled as compared with incorporating an oily
      solution of the dyestuff directly in the base material without using a
      carrier.
PAR  Small quantities of proteins, e.g. gelatin solution or suspensions of
      collagen fibers or casein in water, will generally suffice to fix the
      dyestuff on the surface of the carrier particles. It has been found that
      the fat-soluble carotinoids such as, for example .beta.-carotene,
      astaxanthin, apocarotinal, canthaxantin, and capsanthin, and
      alkali-soluble dyestuffs which are insoluble in water, such as, for
      example, carmin, orcein, indigotine, curcumine and bixin form dyestuff
      complexes with proteins, which complexes are insoluble in water and acid
      and are suitable for the purposes of the invention. The proteins may
      subsequently be set further by alteration of the pH or by treatment with
      small quantities of a tanning substance, such as alum, formaldehyde or
      other bifunctional aldehydes.
PAR  To produce a good extrudable mix, the dyestuff on the carrier obtained as
      described herein may next be dispersed in an aqueous collagen suspension
      (for example, a 1% suspension) to fix the dyestuff on the carrier, and
      this dispersion can be subsequently worked, in a Z-mixer, into the base,
      e.g. collagen composition, of variable dry substance content, appropriate
      for the extrusion of dyed sausage collagen tubes.
PAR  The intensity of the coloring of dyed food casings made in accordance with
      the invention is surprisingly high, and it is possible to obtain
      satisfactory results using only 40 to 60% of the dyestuff expenditure
      needed for direct dyeing with an oil-in-water emulsion.
PAR  Dispersions of the dyestuff concentrates in, for example, 1% collagen
      suspensions are mutually very compatible, which makes it possible to
      produce any desired shade from yellow through orange, to red or ochre to
      mahogany brown.
PAR  Instead of collagen as the base material, other edible casing materials,
      for example, polyvinyl alcohol and alginate can also be dyed in accordance
      with the invention. Mixtures thereof can also be used.
PAR  The carrier material is preferably cellulose powder. It can also be wood
      pulp, starch powder, cellulose derivatives, e.g. methylcellulose,
      ethycellulose, carboxymethylcellulose, and casein powder, collagen powder,
      or a mixture of two or more of the said substances.
PAR  The dye before application to the carrier is preferably combined with a
      hydrophobic encapsulating agent, which can be any of such agents noted
      above in the discussion of Ser. No. 340,776.
PAR  Based on the carrier, the amount of the dye can be 1 to 15, preferably 2 to
      10 wt.%, combined with 50 to 90 wt.%, based on the carrier of
      encapsulating agent. Still based on the carrier, the amount of protein
      employed for the fixation, for example in a 1% aqueous suspension, can be
      10 to 90, preferably 25 to 50 wt.%. The fixing agent can be an aqueous
      suspension of the protein in which based on the water, the agent is 0.5 to
      10 wt.%, preferably 1 to 5 wt.%. A 1% suspension works well. The
      proportion of the dye to base material, e.g. collagen paste which is dyed,
      can be 0.1 to 2 preferably 0.1 to 1.5 wt.% of dye based on the amount of
      base material. (dry weight)
PAR  Thus, the invention provides a process for the production of a dyed edible
      food casing comprising applying an edible dye to an edible carrier
      therefor in finely divided form so that the dye coats the carrier
      particles, fixing the dye on the carrier particles by contacting the
      coated particles with a protein, admixing the carrier with an edible
      casing material to form an extrubable composition, and extruding the
      resulting admixture to form the dyed casing. Desirably the dye is fixed,
      and is thereafter admixed with the edible casing or base material.
PAR  As noted above, by reason of the fixing, the water and fat solubility of
      the colors in the sausage casings provided by the invention is reduced to
      nearly absolute insolubility. When processing frankfurters or Vienna
      sausages there is no transition of color to the sausage emulsion and no
      bleeding out into the scalding water.
DETD
PAC  EXAMPLE 1
PAR  3.75 G of cellulose powder are moistened with 2.00 g of ethyl acetate. 3.3
      g of a solution of 100 mg of .beta.-carotene (crystalline, synthetic) in
      3.2 g of liquid fat (sunflower oil) is introduced into the powder, which
      can still flow, in a high speed agitator. The resulting paste is dispersed
      in 100 ml of a 1% aqueous collagen suspension. The prepared dye mixture is
      worked into 500 g of 12% collagen paste in a Z-mixer.
PAR  It is possible to produce from a collagen composition dyed in this manner
      68 g or 27.6 m of edible food casings of 23 mm calibre. The casings
      contain 0.145% carotene, are uniformly colored deep orange-red and the dye
      is resistant to the hot fat and water conditions encountered in the
      production of frankfurter and Vienna sausages.
PAC  EXAMPLE 2
PAR  4 G of potato or rice starch are moistened with 2 g of dioxane. 3.0 g of a
      5%-solution of canthaxanthin in olive oil is worked into the still moist
      powder and the resulting paste is worked into 1500 g of a collagen paste
      having a solids content of 4%. In this manner, the canthaxanthin is fixed
      by complex formation with the collagen. The paste is extruded into tubular
      form and the extruded tube is coagulated in a coagulation bath consisting
      of an almost saturated aqueous solution of ammonium sulphate and sodium
      chloride, after which the tube is hardened in a hardening bath containing
      an aqueous alum solution. It is then washed, plasticised with glycerol or
      sorbitol, and finally dried.
PAC  EXAMPLE 3
PAR  3.75 G of cellulose powder are moistened with 2.00 g of ethyl acetate. 4.53
      g of a mixture of 3.2 g of pig fat and 1.33 g of oleoresen
      (paprikaoleoresin or paprika extract) is introduced into the powder, which
      is still capable of flowing, and the resulting paste is dispersed by means
      of a high speed agitator into 100 ml of a 1% aqueous collagen suspension.
      The finished dye preparation is worked in a Z-kneader into 500 g of 12%
      collagen paste. It is possible to produce from a collagen composition dyed
      in this manner, which contains 68 g of solid substances, 34 m of edible
      sausage casings of a diameter of 21 mm. The casings are uniformly dyed
      brown-red. Under the conditions for the production of frankfurters and
      Vienna sausages they prove to be resistant to hot fat and hot water.
PAC  EXAMPLE 4
PAR  This example illustrates the production of a permanent coloring in a
      collagen sausage casing using a dyestuff insoluble in fat.
PAR  4.0 G of "carmine-fast" (cochineal extract) are dissolved in 200 ML of
      water with the addition of 2 ml of concentrated amonia solution. 30 g of
      cellulose powder are added to the bluish solution in a solvent, followed
      by 8 g of casein.
PAR  After uniform distribution of all components, dilute hydrochloric acid is
      added until the pH value reaches 3. The mixture is then allowed to stand
      for 45 minutes, after which it is introduced into and dispersed in 600 ml
      of a 1% collagen fiber suspension in a high speed agitator. The resulting
      colored paste is then worked portionwise into 3000 g of a 12% collagen
      paste in a Z-mixer. The dyestuff fixed to the carrier by the dyed protein
      confers on the 408 g of edible sausage casings of 30 mm diameter produced
      from the finished collagen composition, a luminous red color which proves
      to be resistant to hot fat and hot water in the course of the production
      of frankfurters and Vienna sausages.
PAR  In the case of oxidation-sensitive dyestuffs with conjugated C--C double
      bonds, such as carotinoids, the addition of an antioxidant in quantities
      of up to 5% by weight based on the dyestuff is recommended. Examples of
      antioxidants which may be used include vitamin E, vitamin C, citric acid
      and ascorbyl palmitate.
PAR  As illustrated in the foregoing examples, the dyestuff solution is
      distributed on a carrier, which is preferably finely ground and should be
      both fat- and water-insoluble, and is preferably powdered cellulose. For
      improved wetting of the powdered carrier with an oily dyestuff solution
      of, for example, carotene, the powder is preferably wetted initially with
      a polar solvent such as, for example, ethyl acetate or dioxane (Examples 1
      and 2, respectivey).
PAR  In the case of a solution in alkali of a dyestuff such as, for example,
      carmine (which may be prpared with a 1% aqueous solution of 25% ammonia),
      the resulting solution will itself wet cellulose powder thereby obviating
      the need for pretreatment.
PAR  Examples of other suitable carriers are wood pulp, starch powder, cellulose
      derivatives, e.g. methylcellulose, ethylcellulose, carboxymethylcellulose,
      and casein powder, collagen powder, or a mixture of two or more of the
      said substances. The swellability with water of the mentioned cellulose
      derivatives and proteins can be decreased by a hardening treatment with
      formaldehyde or other dialdehydes such as, for example, glyoxal or
      glutaraldehyde.
PAR  Very desirable results are obtained if the volume of the dyestuff solution
      applied to the carrier is so chosen in relation to the surface area of the
      carrier that a thin cohesive film of the dyestuff solution covers
      substantially the whole of said surface. For example, when the carrier is
      a powder of ground cellulose fibers of which the diameter is 10 to 12
      .mu.m and the mean length of the particles is 80 to 100 .mu.m, the film
      thickness of the dyestuff may be in the order of 2 .mu.m. If, for example,
      the carrier is finely ground powder of hardened collagen of a more
      sphaerical shape with a diameter of 20 to 30 .mu.m, the film thickness of
      the dyeing composition is about 2 .mu.m.
PAR  The carrier particles can be in the size range of 10 to 30 .mu.m in
      diameter, preferably 10 to 15 .mu.m, and 1 to 200 .mu.m in length,
      preferably 5 to 150 .mu.m. The mean particle size of a cellulose powder
      can be 10 to 12 .mu.m in diameter and 20 to 150 .mu.m in length,
      preferably 50 to 100 .mu.m.
PAR  The film containing the dye is distributed over the surface of the carrier
      particles as a coating of thickness 0.5 to 5 .mu.m, preferably 1 to 3
      .mu.m.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of a dyed edible food casing comprising:
PA1  a. applying an edible dye to an edible carrier therefor in finely divided
      form so that the dye coats the carrier particles,
PA1  b. fixing the dye on the carrier particles by contacting the coated carrier
      particles with a protein from the group consisting of gelatin, collagen
      and casein for complex formation whereby the dye becomes fixed on the
      carrier, and thereafter
PA1  c. admixing the carrier coated with the dye with an edible casing material
      to form an extrudable composition, and
PA1  d. extruding the resulting admixture to form the dyed casing.
NUM  2.
PAR  2. A process according to claim 1, wherein said casing is dried after
      extrusion.
NUM  3.
PAR  3. A process according to claim 1, wherein said casing is subjected to at
      least one of a tanning step and a plasticizing step.
NUM  4.
PAR  4. Process according to claim 1, wherein the casing contains a quantity of
      dye in the range of from 0.1 to 2 wt.%.
NUM  5.
PAR  5. A process according to claim 1, wherein the edible dye is a
      water-soluble or water-insoluble, alkali-soluble dyestuff.
NUM  6.
PAR  6. A process according to claim 5, wherein said edible dye is at least one
      of carmin, orcein, indigotin, curcumin and bixin.
NUM  7.
PAR  7. A process according to claim 1, wherein said carrier material comprises
      cellulose.
NUM  8.
PAR  8. A process according to claim 1, wherein said casing material comprises
      collagen, polyvinyl alcohol, or alginate.
NUM  9.
PAR  9. A process according to claim 1, the fixing being effected with a 1%
      protein solution.
NUM  10.
PAR  10. A process according to claim 1, wherein the edible dye combined with an
      edible hydrophobic encapsulating agent is applied to the carrier.
NUM  11.
PAR  11. Process according to claim 1, the amount of dye being 0.1-2 weight
      percent of the dry weight of said extrudable composition, the amount of
      dye further being 1-15 weight percent of the carrier, and the amount of
      protein being 10-90 weight percent of the carrier.
NUM  12.
PAR  12. Process according to claim 1, wherein the edible dye is a fat-soluble
      carotinoid.
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ABST
PAL  A process for preparing cured comminuted meat products in which a soy
      protein material is incorporated therein and in which the meat and soy
      protein material is mixed along with sodium nitrite and colorants
      including betanin and canthaxanthin; and a cured meat product so prepared.
BSUM
PAR  This invention relates to the preparation of cured soy-extended comminuted
      meat products having improved color, and more particularly to the
      preparation of such soy-extended products containing sodium nitrite and
      the colorants betanin and canthaxanthin.
PAC  BACKGROUND OF THE INVENTION
PAR  Cured meat products such as frankfurters containing sodium nitrite curing
      agents commonly have a pink color which is considered desirable. It would
      also be desirable if soy protein materials could be combined with meat to
      provide a very satisfactory combined product. However, when soy materials
      have heretofore been combined along with meat such as in the production of
      a soy-extended frankfurter, the result is that the color becomes very pale
      pink, a color which is not desirable. In order to overcome this
      disadvantage, it has been proposed to stuff the soy-extended frankfurters
      into casings which have been dyed a red color. But a disadvantage of such
      practice is that while the dye from the casing penetrates into the meat
      surface, the central part of the frankfurter remains pale pink, and when
      the frankfurter is cut it has a two-tone effect which is undesirable.
      Further, the dye from the casing leaches into the cooking water which is
      aesthetically unappealing to the housewife.
PAR  The problem is further complicated due to the fact that the sodium nitrite
      enters into the production of the color and any colorants must function
      along with the sodium nitrite in this respect.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered that by utilizing the coloring agents betanin and
      canthaxanthin along with sodium nitrite in the preparation of soy-extended
      meats, it is possible to obtain a uniform pink color which resembles the
      pink color of cured meats containing only sodium nitrite without soy
      extender. We believe that canthaxanthin and betanin in some way interact
      with sodium nitrite or the nitroso-pigment during processing to produce
      the enhanced cured color of soy-extended meats which is superior to that
      formed by the action of sodium nitrite alone.
DETD
PAC  DETAILED DESCRIPTION
PAR  We may utilize the present invention especially in connection with
      frankfurters, but also in connection with bologna, luncheon loaf, cured
      sausages, salami, and other such cured meat products.
PAR  A typical formulation of meat for use in preparing frankfurters would be:
PA1  70 pounds boneless beef plates
PA1  20 pounds lean picnic trimmings
PA1  10 pounds regular pork trimmings
PAL  Total 100 pounds of meat
PAR  A typical formulation of meat for use in preparing bologna would be:
PA1  68 pounds boneless beef plates
PA1  21 pounds lean picnic trimmings
PA1  11 pounds beef hearts
PAL  Total 100 pounds of meat
PAR  A typical formulation of meat for use in preparing salami would be:
PA1  46 pounds boneless beef plates
PA1  31 pounds pork picnic trimmings
PA1  23 pounds pork hearts
PAL  Total 100 pounds of meat
PAR  The soy protein material may be a soy protein isolate, texturated vegetable
      protein, soy protein concentrate, soy flour, soy grits, or the like. We
      prefer to use the isolates which contain about 90% protein. From a
      functional point of view, the isolates are myosin-like in nature. They are
      both emulsifiers and binders with gelation properties contributing to the
      textural properties of the cured meat product.
PAR  The percentage of meat protein which may be replaced by soy protein may
      vary between wide limits, with a lower amount being about 15% and a
      maximum practical amount being about 60 or 70%, with about 30 to 50%
      preferred. The percentage weight of the soy protein isolate may vary, as a
      practical matter, between about 2% and 30% of the weight of the meat, the
      soy material being substantially dry, and the meat containing its natural
      moisture, with a preferred range of about 2 to 15%.
PAR  The sodium nitrite curing agent may be employed in an amount of from about
      10 to 200 ppm by weight, based on the substantially dry weight of the
      sodium nitrite and the meat containing its natural moisture, with about 20
      to 150 ppm being preferred.
PAR  Suitably, the usual small amount of sodium-erythorbate may be included as
      an ingredient along with the sodium nitrite.
PAR  The special coloring agents which we employ include a betanin material
      which may come in a water-soluble syrup which is nearly flavorless and
      which contains also sugars and other solids from red beets. The betanin
      material is included in an amount of from about 0.5 to 50 ppm based on the
      weight of the betanin in the material and the weight of the meat
      containing its natural moisture, with about 0.3 to 3.5 ppm being
      preferred.
PAR  The canthaxanthin ingredient may be added in the form of a mixture called
      Roxanthin Red 10 which is a warmwater dispersible, free flowing, mixture
      containing about 10% canthaxanthin in a matrix of gelatin, vegetable oil,
      sugar and starch. This ingredient may be added in the amount of about 2.0
      to 440 ppm based on the weight of canthaxanthin contained and the weight
      of the meat containing its natural moisture, with about 4 to 35 ppm being
      preferred.
PAR  The above-described ingredients may be used to form the improved mixture.
      Desirably the meat may first be ground as through a three-sixteenths-inch
      plate and the ground meat placed in a mixer or chopper, followed by
      addition of salt, sugar, spices and the sodium nitrite. The usual amount
      of sodium erythorbate may be included. About 50-60 lbs. of ice water to
      100 lbs. of meat may be utilized and some of the water may be added at
      this point. The betanin is dissolved in a part of the remaining water and
      the canthaxanthin is suspended in water which has been warmed, and these
      colorants are added to the mixture.
PAR  After further chopping or mixing, the dry soy protein material is added
      along with the remaining water. This mixture is then processed into
      finished product in accordance with established procedures.
PAR  Alternately, the meats, salt, sugar, spices and ice may be added to a
      mixer. Then we may add the colorants dispersed in water and continue
      mixing. The soy protein material may be added followed by the remainder of
      the ice water. The sodium nitrite and erythorbate dispersed in water may
      then be added and mixing continued until the desired temperature is
      reached.
PAR  Another procedure is to prepare a water suspension of the two colorants.
      Then add the colorant mixture to the soy protein material and mix
      thoroughly. Then add the colored soy protein material to the ground meat
      mixture and continue mixing.
PAR  The calculated proximate analysis of finished soy-extended frankfurter meat
      based on 10% smokehouse loss may be as follows:
     Percent meat protein                                                      
                         7.69                                                  
     Percent soy protein 5.61                                                  
      Total protein      13.30%                                                
     Percent fat         28.1                                                  
PAL  The above analysis contemplates a 42.2% replacement of meat protein with
      soy protein.
PAR  The emulsions prepared by any of the abovedescribed procedures may be
      stuffed into casings and treated by conventional smokehouse processing
      procedures where they obtain an internal temperature of about 155.degree.F
      or above, suitably between about 155.degree. and 160.degree.F. The
      frankfurters so processed may then be packaged and shipped to the trade.
PAR  We find that the frankfurters which have been subjected to the method of
      preparation above described have, after they have been subjected to the
      heat treatment, a red or pink color (the hue of the color depending
      somewhat on the colorant levels) which is significantly superior to the
      pale pink color which has heretofore been associated with soy-extended
      frankfurters.
PAR  We compared the color of the frankfurters made using sodium nitrite without
      colorants with frankfurters made using the colorants and without sodium
      nitrite; also, with frankfurters made with our special colorants and
      sodium nitrite in different amounts, and the results of such tests is
      given in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     SUBJECTIVE COLOR EVALUATION OF SOY                                        
     FRANKFURTERS AFTER SMOKING AND HEAT                                       
     PROCESSING: EFFECT OF COLORANT LEVEL                                      
     ______________________________________                                    
                     Color                                                     
     Treatment         Exterior   Interior                                     
     ______________________________________                                    
     Betanin (3.8 ppm) +                                                       
                       brown-red  brown-red                                    
      canthaxanthin (18 ppm)                                                   
     Betanin (3.8 ppm) +                                                       
      canthaxanthin (18ppm) +                                                  
                       red-brown  pink                                         
      sodium nitrite (140 ppm)                                                 
     Betanin (7.6 ppm) +                                                       
      canthaxanthin (18 ppm) +                                                 
                       red-brown  intense pink                                 
      sodium nitrite (140 ppm)                                                 
     Sodium nitrite (140 ppm)                                                  
                       pale brown pale pink                                    
     ______________________________________                                    
PAR  It is evident from results outlined in Table I that the combined use of
      betanin and canthaxanthin plus sodium nitrite produces a cured color
      significantly superior to that produced by either the combined betanin and
      canthaxanthin or the sodium nitrite when used alone. It can also be noted
      from Table I that a slight increase in betanin level produces a
      considerably more intense color. Variation in sodium nitrite level also
      has a definite influence on resultant color intensity as can be seen from
      Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     SUBJECTIVE COLOR EVALUATION OF SOY                                        
     FRANKFURTERS AFTER SMOKING AND HEAT                                       
     PROCESSING: EFFECT OF COLORANTS AT                                        
     LOW AND HIGH SODIUM NITRITE LEVEL                                         
     ______________________________________                                    
     Treatment            Interior Color                                       
     ______________________________________                                    
     Betanin (12 ppm) +                                                        
      canthaxanthin (20 ppm)                                                   
                          brown-red                                            
     Betanin (12 ppm) +                                                        
      canthaxanthin (20 ppm) +                                                 
      sodium nitrite (20 ppm)                                                  
                          pink                                                 
     Betanin (12 ppm) +                                                        
      canthaxanthin (20 ppm) +                                                 
      sodium nitrite (140 ppm)                                                 
                          intense pink                                         
     Sodium nitrite (140 ppm)                                                  
                          pale pink                                            
     ______________________________________                                    
PAL  The level of the colorants and the sodium nitrite may therefore be selected
      within the limits stated to give the desired color intensity but the
      combined use of our special colorants and sodium nitrite remains essential
      to the successful production of our improved cured color in soy-extended
      meat products.
PAR  We also subjected the improved colored frankfurters to tests in which they
      were subjected to prolonged illumination. Although the betanin pigment is
      itself subject to degradation by light, and oxidation of canthaxanthin is
      known to be accelerated by light, we found that after 25 days' exposure to
      light in a retail display case, the improved frankfurters prepared as
      herein described still retained their color and were significantly
      preferred over frankfurters made with sodium nitrite alone and over
      frankfurters prepared using the combined colorants without sodium nitrite.
PAR  Taste panel evaluation established that there is no significant difference
      in the flavor of the improved frankfurters over those in which our special
      colorants were not included. To determine the influence of betanin and
      canthaxanthin when used along with sodium nitrite we subjected samples to
      a 30 days' storage test and found that bacterial growth when using betanin
      and canthaxanthin along with sodium nitrite was the same as when using
      sodium nitrite alone.
PAC  EXAMPLE I -- SOY-EXTENDED FRANKFURTERS
PAR  35 pounds of boneless beef plates, 10 pounds of lean picnic trimmings and 5
      pounds of regular pork trimmings were coarse ground and placed in a mixer.
PAR  An aqueous mixture of the colorants betanin and canthaxanthin was prepared
      using 40 grams of Nature's Red B-20 food color and 4.0 grams Roxanthin Red
      10 in one pound of water. The aqueous mixture of colorants was added to
      the mixer containing the meat. To this mixture was also added 3.2 pounds
      of spice, 1.5 pounds of sugar, 2 pounds of common salt, 0.2 pounds of
      sodium erythorbate, 0.08 pounds of sodium nitrite cure mixture and 9
      pounds of ice.
PAR  The resultant concentration of canthaxanthin was 18 ppm; the concentration
      of betanin was 3.5 ppm; and the concentration of sodium nitrite was 140
      ppm. These concentrations were by weight of the colorants and based on the
      weight of the meats containing their natural juices.
PAR  The entire mixture was machine mixed for 2 to 3 minutes after which 5.0
      pounds of soy protein isolate material was added, followed by 17 pounds of
      cold water.
PAR  The emulsion was formed by passing the meat-soy protein mixture twice
      through a 1.7 mm plate in a Mince Master mixer.
PAR  The emulsion was stuffed into cellulose casings, linked, and heat processed
      in an Alkar smokehouse to an internal temperature of 155.degree.F. The
      soy-frankfurters were cold water showered, stored at 38.degree.F and the
      casings removed.
PAR  When the frankfurters had been heat processed and treated as above
      described, they were found to have a uniform, intense pink interior color
      which was evaluated as being significantly superior to conventional
      soy-extended frankfurters prepared using sodium nitrite but without
      betanin and canthaxanthin.
PAC  EXAMPLE II -- SOY-EXTENDED BOLOGNA
PAR  To 25 pounds of coarse ground meats consisting of 17.0 pounds boneless beef
      plates, 5.25 pounds lean picnic trimmings and 2.75 pounds beef hearts in a
      mixer were added 0.98 pounds salt, 2.42 pounds sugar, 0.3 pounds spice,
      0.01 pounds sodium erythorbate, 0.04 pounds sodium nitrite cure mixture,
      and 9.25 pounds ice water.
PAR  While mixing the above materials there was added an aqueous mixture of the
      two colorants, consisting of 10 grams of Nature's Red B-20 food color and
      1.0 grams Roxanthin Red 10 in one pound of water. This was followed
      immediately by the addition of 2.5 pounds of soy protein isolate and 2
      pounds of ice.
PAR  The resultant concentration of canthaxanthin was 8.8 ppm; the concentration
      of betanin was 1.8 ppm; and the concentration of sodium nitrite was 140
      ppm. These concentrations were by the dry weights of the colorants and
      sodium nitrite, and on the basis of the meat containing its natural
      juices.
PAR  The emulsion was formed by passing the meat mixture through a 1.7 mm plate
      in a Mince Master mixer. The emulsion was stuffed into pre-stuck fibrous
      casings and heat processed to an internal temperature of 155.degree.F.
PAR  It was found that when the soy bologna had been heat processed and treated
      in the foregoing described manner, the soy-extended bologna slices had a
      uniform, intense pink or red color. This enhanced pink or red color was
      evaluated to be superior to the pale pink color which has heretofore been
      associated with conventional soy-extended bologna prepared with sodium
      nitrite but without the addition of the colorants betanin and
      canthaxanthin.
PAC  EXAMPLE III - SOY-COOKED SALAMI
PAR  To 25 pounds of coarse ground meats consisting of 11.5 pounds boneless beef
      plates, 7.75 pounds pork picnic trimmings and 5.75 pounds pork hearts in a
      mixer there was added 0.84 pounds salt, 0.84 pounds sugar, 1.44 pounds
      spice, 0.03 pounds sodium nitrite cure mixture, and 8.75 pounds ice water.
PAR  While mixing the above, there was added an aqueous mixture of the colorants
      betanin and canthaxanthin consisting of 10 grams Nature's Red B-20 food
      color and one gram Roxanthin Red 10. This was followed by the addition of
      2.9 pounds of soy protein isolate. The resultant concentration of
      canthaxanthin was 8.8 ppm; the concentration of betanin was 1.8 ppm; and
      the concentration of sodium nitrite was 140 ppm. These concentrations were
      based on the dry weights of the canthaxanthin, betanin and sodium nitrite
      and based on the weight of the meat containing its natural juices. After
      further mixing, the meat mixture was reground through a three-sixteenths
      inch plate.
PAR  The resulting fine ground product was stuffed into fibrous casings and heat
      processed to an internal temperature of 155.degree.F.
PAR  When the soy-cooked salami had been heat processed and treated in the
      foregoing manner, it was found that the salami slices had a uniform
      pink-red or red color. This pink-red or red color was evaluated to be
      significantly superior to the pale pink color which has heretofore been
      associated with soy-cooked salami prepared with sodium nitrite but without
      the addition of the colorants betanin and canthaxanthin.
PAR  While we have described in detail certain embodiments of our invention, it
      is to be understood that the invention may be varied widely and may
      embrace many combinations and amounts of colorant ingredients, etc., and
      may be changed in many respects. All such changes and variations are to be
      considered within the spirit of the invention and within the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for preparing a soy-extended cured meat product in which a
      soy protein material is combined with meat, the improvement comprising
      mixing said protein material and said meat in the presence of sodium
      nitrite, betanin, and canthaxanthin to thereby impart to said mixture an
      improved color wherein said sodium nitrite is contained in said mixture in
      an amount of from 10 to 200 ppm, said betanin is contained in said mixture
      in an amount of from 0.5 to 50 ppm, and said canthaxanthin is contained in
      said mixture in an amount of from 2.0 to 440 ppm, each of said percentages
      being based on the dry weight of the colorant and the natural weight of
      the meat.
NUM  2.
PAR  2. A process as set forth in claim 1 in which said protein material is a
      soy isolate containing about 90% protein.
NUM  3.
PAR  3. A process as set forth in claim 1 in which said soy protein material is
      included in said mixture in the amount of from about 2 to 30% based on the
      dry weight of the soy protein material and the natural weight of the meat.
NUM  4.
PAR  4. A process as set forth in claim 1 including mixing said meat in
      comminuted form with said sodium nitrite, adding to the meat and nitrite
      mixture said betanin in water solution and said canthaxanthin in water
      suspension and adding to said mixture said soy protein material.
NUM  5.
PAR  5. A process as set forth in claim 1 including mixing spices and said
      colorants into said meat, and adding said soy protein material and said
      sodium nitrite to the mixture so formed.
NUM  6.
PAR  6. A process as set forth in claim 1 which includes the steps of adding
      said colorants to water, adding said water containing said colorants to
      said soy protein material, and adding said soy protein material containing
      said colorants to said meat.
NUM  7.
PAR  7. A process as set forth in claim 1 including the steps of stuffing
      mixture into a casing and heating the stuffed casing to an internal
      temperature of above about 155.degree.F.
NUM  8.
PAR  8. A food comprising a mixture of cured meat and a soy protein material
      which contains sodium nitrite in an amount of from 10 to 200 ppm, betanin
      in an amount of from 0.5 to 50 ppm, canthaxanthin in an amount of from 2.0
      to 440 ppm, said percentages being by weight based on the dry weight of
      said sodium nitrite, betanin and canthaxanthin, and on the natural weight
      of said meat.
NUM  9.
PAR  9. A food as set forth in claim 8 in which said soy protein material is
      contained in said mixture in an amount of from 2 to 30%, said percentage
      being based on the dry weight of said soy protein material and the total
      weight of the combined mixture.
NUM  10.
PAR  10. A process as set forth in claim 1 including the step of heating said
      mixture containing sodium nitrite, betanin and canthaxanthin to a
      temperature of from about 155.degree. to 160.degree.F.
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ABST
PAL  A composition is provided which may be substituted for all or part of the
      milk solids used in the manufacture of food products. The composition
      includes whey solids, a proteinaceous material, a calcium source, a
      phosphate source, and a stabilizing agent. The stabilizing agent is
      selected from natural or artificial phosphorus containing lipid materials,
      anionic surface active agents other than fatty acids and the salts of
      fatty acids and mixtures thereof.
PARN
PAR  The present application is a continuation-in-part of copending U.S. patent
      application Ser. No. 248,966, filed May 1, 1972 now abandoned which is a
      continuation-in-part of U.S. patent application Ser. No. 134,505, filed
      Apr. 15, 1971 now abandoned.
BSUM
PAR  The present invention relates generally to an improved whey product and,
      more particularly, relates to an improved whey product which may be used
      as a general purpose substitute for all or part of the milk solids -- not
      fat in a wide variety of food products, such as leavened baked products,
      such as bread and cakes, puddings, pie fillings and dried potato products.
PAR  In general, there are two types of baked products, these being leavened and
      unleavened products. Leavened baked products may in turn be divided into
      two types of baked products, these being yeast leavened products and
      chemically leavened products. Each of the type of baked products requires
      particular materials and particular proportions of materials to produce
      the desired finished product.
PAR  Yeast leavened baked products differ from chemically leavened products in
      that most yeast leavened baked products are produced from a dough, whereas
      most chemically leavened products are produced from a batter. The
      leavening action in yeast leavened products comes principally from carbon
      dioxide produced as a result of yeast activity. For the satisfactory
      production of yeast leavened baked products, it is necessary that the
      doughs be allowed a considerable fermentation period, during which the
      mechanical raising of the dough mass with yeast weakens the wall that
      envelops each air cell. This is known as "mellowing" of the dough and
      aided by thorough hydration and by the chemical effects of acids and other
      byproducts of yeast activity. The mellowing is needed primarily to insure
      the rapid increase of dough volume during the first part of the baking
      process without any appreciable pressure development within the loaf. If
      there is a high resistance to expansion at this time, many of the cell
      walls collapse which leads to an irregular structure with relatively large
      openings or holes in the crumb. While resistance to expansion is weakened
      during the mellowing period, it is necessary to avoid appreciable loss of
      gas-retaining capacity by the walls of individual air cells. The proper
      selection of ingredients and a properly balanced fermentation treatment
      have been the subject of much research in the production of yeast leavened
      dough products. The selection of proper ingredients is well known, and the
      substitution of less costly ingredients has been difficult in the
      production of yeast leavened dough products.
PAR  The batter used in the preparation of chemically leavened products differs
      from dough in the proportion of some ingredients used, the principal
      difference being the higher proportion of liquid material in the batter.
      Batters are quite fluid, while doughs are relatively high in plasticity.
      The leavening action in the manufacture of chemically leavened products
      comes from the release of carbon dioxide caused by the interaction of
      sodium bicarbonate with an acid or acid salt, usually a phosphate,
      aluminum compound or a tartrate. The acid should not react completely with
      the sodium bicarbonate during the mixing of the batter, the major release
      of leavening gases should come with exposure to oven heat to give the
      desired color and volume. Aeration is obtained by the decomposition of the
      sodium bicarbonate and the acid into carbon dioxide and water when
      subjected to baking temperatures.
PAR  In the preparation of chemically leavened baking products, there is no
      extensive mechanical working of the batter so as to mellow the batter as
      is the case with yeast leavened dough products. Proper mixing action is
      important in batter development to secure a creamy mass containing many
      evenly distributed miniature cells. The selection of ingredients is
      important in preparing chemically leavened baked goods. In this respect,
      the flour should be relatively low in protein content for minimum
      resistance to expansion and for reduction in toughness in the finished
      product.
PAR  The use of non-fat milk solids in chemically leavened and yeast leavened
      baked products has been well known and utilized for many years. Non-fat
      dry milk solids have permitted the use of desired moisture levels and
      furthermore, the non-fat dry milk solids strengthen the physical structure
      of the dough or batter and otherwise improve the handling characteristics
      of the dough or batter. The non-fat dry milk solids further act as a
      buffer and thereby give the dough or batter more tolerance to various
      bakery conditions.
PAR  Attempts have been made to substitute whey solids obtained from cheese
      manufacture for non-fat milk solids in the manufacture of yeast leavened
      and chemically leavened baked goods. U.S. Pat. No. 3,061,442 to Ward, et
      al., describes a whey composition which may be used in the manufacture of
      yeast leavened dough products. However, a successful whey composition for
      use in the manufacture of chemically leavened dough product has not yet
      been attained. As previously indicated, the requirements for ingredients
      and mixing in preparation of yeast leavened doughs is substantially
      different than the requirements for obtaining a chemically leavened
      batter. The various attempts which have been made to modify, fortify or
      enrich whey so that it could be substituted for non-fat dry milk in
      chemically leavened batters have not been wholly successful. In this
      connection, in the preparation of chemically leavened batter products,
      such as cakes, it is important that the batter rise during the initial
      baking and that the center of the baked product have a height at least
      equal to or higher than the edge of the product but not substantially
      higher. It has been a principal problem, in using whey additives in the
      manufacture of chemically leavened bake goods that the center of the
      product tends to sag or sink lower than the surrounding edge of the
      product. Also, the use of whey solids in chemically leavened batters tends
      to produce a very tender baked product which is crumbly and without
      sufficient strength to withstand required handling.
PAR  While not wishing to be bound by any theory, it is believed that the
      difficulty in providing a whey composition which is satisfactory for use
      in chemically leavened dough products is due to the differences in the
      manner in which air cells are created in chemically leavened batter as
      compared to the manner in which air cells are created in yeast leavened
      doughs. As previously indicated, the preferred flour for use in the
      manufacture of chemically leavened batter is one which is low in protein
      content. It is believed that the protein content of non-fat milk solids
      aids in the formation of extensible pockets surrounding an air bubble
      which expands during baking of the dough and provides the desired
      structure. Also, the whey solids are rich in various minerals which
      further distrupt the chemical balance of the batter. For this and other
      reasons, the substitution of whey solids for milk solids has not been
      feasible in the manufacture of chemically leavened baked goods.
PAR  Accordingly, a principal object of the present invention is the provision
      of a whey product. Another object of the present invention is the
      provision of an improved whey product for use in various food products,
      such as chemically leavened baked goods, pudding and pie formulations, and
      dried potato products, wherein the whey product can be substituted for all
      or part of the non-fat milk solids.
PAR  In accordance with the present invention, a whey product is provided which
      may be substituted for all or part of the non-fat milk solids in the
      manufacture of chemically leavened baked goods, yeast leavened baked
      goods, puddings, pie fillings, cream fillings and dried potato products.
      The product includes whey solids, a proteinaceous material, a calcium
      source, a phosphate source and a small amount of a stabilizing agent. The
      stabilizing agent is selected from natural or artificial phosphorous
      containing lipid materials, anionic surface active agents other than fatty
      acids and salts thereof and mixtures thereof. THe stabilizing agent is
      added in an amount such as to provide a level of from about 0.5 to about 5
      percent by weight of the stabilizing agent in the product.
PAR  Whey solids are obtained in the manufacture of various cheeses, such as in
      the manufacture of American type cheese, Swiss type cheese, Pasta Filata
      type cheese and cottage type cheese. In the manufacture of such cheeses,
      whey is provided which includes a substantial amount of milk sugar, milk
      salts, including calcium, sodium, phosphate and potassium ions, along with
      milk protein, primarily lactalbumin. Depending upon the type of cheese
      which is being made and the manner of carrying out the make procedure, the
      whey solids comprise somewhat different amounts of salts and protein. The
      total amount of protein is usually from about 8 percent to about 13
      percent by weight of the whey solids on a dry basis. Furthermore, the whey
      solids will vary in pH, the higher acid make procedures providing whey
      solids with lower pH values and lower acid make procedures providing
      higher pH values to the whey solids. The whey from the manufacture of
      Swiss type cheese and American type cheese is preferred in the practice of
      the present invention, although whey from cottage type cheese and Pasta
      Filata type cheese and other wheys may also be used. The whey may be dried
      to provide whey solids prior to use in the whey product.
PAR  In general, the protein source may be selected from milk derived proteins,
      such as milk solids not fat, casein, caseinates and whey which has been
      treated to increase the protein level thereof; vegetable proteins, such as
      cottonseed meal, soy protein isolate and soy flour; egg albumin; yeast and
      mixtures thereof. The protein source is present at a level sufficient to
      provide from at least 18 percent to about 50 percent by weight of protein
      in the whey product.
PAR  The whey solids, protein source, calcium source, phosphate source, and the
      stabilizing agent are combined to provide a substantially dry whey product
      blend which may be used as a direct replacement for all or part of the
      skim milk solids in various food products. It is particularly preferred to
      provide an aqueous dispersion of the whey solids, protein source, calcium
      source, phosphate source and the stabilizing agent and to subsequently dry
      the aqueous dispersion by a suitable method, such as spray drying, to
      provide a substantially dry, homogeneous whey product blend.
PAR  For use in some food products, such as dried potato products, it is
      preferred to blend the stabilizing agent with remaining ingredients of the
      whey product after they have been obtained from an aqueous dispersion by
      drying.
PAR  As indicated, the stabilizing agent may be a phosphorous containing lipid
      material or an anionic surface active agent other than fatty acids or
      salts thereof. The phosphorous containing lipid material may be any mono
      or di substituted fatty acid glyceride wherin one of the carbons of the
      glycerol chain is combined with phosphoric acid. Preferred phosphorous
      containing lipids are phosphatides. A particularly preferred phosphatide
      is lecithin.
PAR  Pure chemical lecithin consists of glycerol combined with two fatty acid
      radicals, phosphoric acid and choline, and has a chemical structure as
      indicated below:
      ##EQU1##
      where R and R' are saturated or unsaturated fatty acid residues having a
      carbon chain length of from about 14 to about 22. R and R' may be the same
      or different fatty acid residue.
PAR  The lecithin of commerce is predominantly soy bean lecithin, although
      lecithin is also obtained from corn, peanuts, rape seed, cottonseed,
      castor seed and eggs. Commercial lecithin is generally marketed in
      combination with a glyceride oil. The glyceride oil may comprise from
      about 20 to about 50 percent of the composition. In the practice of the
      present invention, commercial lecithin containing some glyceride oil may
      be used, or pure chemical lecithin may be used. Both the alcohol soluble
      and alcohol insoluble fractions of lecithin may be used and the term
      "lecithin" as used herein is considered to include all of the forms of
      lecithin as discussed above. A typical analysis of oil free lecithin is as
      indicated below:
TBL                          Alcohol  Alcohol                                  
               Oil-Free      Soluble  Insoluble                                
     Composition                                                               
               Natural Lecithin                                                
                             Lecithin Lecithin                                 
     ______________________________________                                    
     Chemical                                                                  
      lecithin 29.5          60       4                                        
     Chemical                                                                  
      cephelin 29.5          30       28.5                                     
     Inositol                                                                  
      phosphatides                                                             
               31.6          2.2      55                                       
     Soy Bean Oil                                                              
               3.1           4        4                                        
     Residue   6.3           3.8      8.5                                      
     ______________________________________                                    
PAR  In general, it is preferred to use commercial liquid soy bean lecithin in
      the practice of the present invention. However, any of the commercially
      available forms of lecithin are suitable and may be used in the practice
      of the invention.
PAR  Other phosphorous substituted fatty acid materials may be used in the
      practice of the invention. A preferred phosphorous substituted fatty acid
      material is phosphated mono and diglycerides.
PAR  The anionic surface active agents which are suitable for use as stabilizing
      agents in the whey product of the invention are the reaction products of
      long chain fatty acids or fatty alcohols with short chain organic
      polycarboxylic acids or short chain hydroxy acids or the sodium or calcium
      salts of such reaction products. The short chain hydroxy acids may have a
      single hydroxyl and carboxyl group or may have two or more hydroxyl and
      carboxyl groups. It has been found that nonionic and cationic surface
      active agents are not suitable for use as stabilizing agents in the whey
      product of the invention. Also, the class of anionic surface active agents
      represented by the long chain fatty acids and their salts are not suitable
      for use as stabilizing agents.
PAR  In general, the long chain fatty acids or fatty alcohols used in providing
      suitable anionic surface active agents have a carbon chain length of from
      C.sub.10 to C.sub.22, preferably C.sub.14 to C.sub.20. It is particularly
      preferred to use the saturated C.sub.18 fatty acid or fatty alcohol. The
      short chain organic polycarboxylic acid or hydroxy acid preferably has a
      carbon chain length of from C.sub.2 to C.sub.6. The preferred
      polycarboxylic acid is fumaric acid. The preferred hydroxy acid is lactic
      acid. Particularly preferred anionic stabilizing agents are
      stearoyl-2-lactylate, stearyl fumarate and the sodium and calcium salts
      thereof.
PAR  For certain food products, such as bread, cakes and puddings, it is
      preferred to use the phosphorus containing lipid materials as the
      stabilizing agent. For other food products, such as dried potato products,
      it is preferred to use the anionic surface active agents as the
      stabilizing agent.
PAR  The whey product of the present invention, as heretofore described, is
      suitable for replacement of non-fat milk solids in chemically leavened
      baked goods, such as cakes, without the use of calcium salts and phosphate
      salts. However, the whey product, without calcium salts and phosphate
      salts, is not suitable for replacement of part or all of the non-fat milk
      solids in other types of food products utilizing non-fat milk solids, such
      as bread, puddings, pie fillings, cream fillings, dried potato products,
      and the like. When the whey product, without calcium salts and phosphate
      salts, is used to replace a significant portion, i.e. from 80 to 100
      percent by weight, of the non-fat milk solids in puddings, a loose
      textured, runny product is obtained. It has been discovered that the
      utility of the whey product of the invention is enhanced for use as a
      replacement for non-fat milk solids in various other food products,
      particularly bread, puddings and dried potatoes, by the presence of
      particular calcium salts and phosphate salts.
PAR  The calcium source and the phosphate source are selected from those salts
      which are at least partially soluble in water to provide calcium cation
      and phosphate anion. The ratio of calcium to phosphate is important to
      provide the benefits of the invention for certain food products. The molar
      ratio of calcium to phosphorus is in the range of from about 0.75:1.0 to
      about 1.5:1.0. It is also important to select calcium source and the
      phosphate source so as to establish a pH in the final product of from
      about 6 to about 8. The pH is determined by dispersing a sufficient amount
      of the dried whey product is deionized water to provide 10 percent by
      weight of the product in water and measuring the pH of the dispersion.
      Preferred calcium sources and phosphate sources are calcium oxide, calcium
      hydroxide, monocalcium phosphate, calcium lactate and mixtures thereof.
      The level of addition of the calcium source and the phosphate source is
      related to the pH requirements for the whey product. In general, however,
      the calcium source and the phosphate source are each added at a level of
      from about 0.2 to about 5.0 percent by weight of the whey product.
PAR  In the method of the present invention for preparing a whey product
      suitable for replacement of non-fat skim milk in various food products,
      the proteinaceous source is first solubilized. In respect to casein, a
      dispersion of casein is formed and a sodium source, such as sodium
      hydroxide is added to the casein to form soluble sodium caseinate.
      Generally, from about .003 to about .03 pounds of sodium per pound of
      casein is sufficient. The stabilizing agent is then added to the sodium
      caseinate solution.
PAR  In a separate step, the whey solids are dispersed in water to provide a
      dispersion of whey solids at a level of from about 30 to about 60 percent
      by weight. The phosphate source, preferably in the form of monocalcium
      phosphate, is added to the whey dispersion. THe sodium caseinate solution
      is added to the whey dispersion under conditions of high-shear agitation.
      Thereafter, the calcium source, other than the calcium added in the form
      of a calcium phosphate salt, is hydrated with water and added to the
      mixture at a level sufficient to establish the desired pH. The whey
      caseinate dispersion may then be homogenized, pasteurized, cooled and
      spray dried. The spray dried powder prepared by the above method is
      similar in appearance and functionality to non-fat dry milk. The whey
      product is useful as a complete replacement for non-fat milk in various
      food products, such as cakes, bread, puddings, and dried potato products.
PAR  While not wishing to be bound by any theory, it is believed that the
      functionality of the whey product is attributed to the partial formation
      of multivalent cation partial salts of the protein. Calcium cation
      partially replaces sodium in the protein molecule. The phosphate anion
      which is present during the formation of the partial salt of the divalent
      cation acts to form calcium phosphate with a portion of the calcium cation
      and controls the concentration of calcium ion which reacts with the
      protein. Also, the calcium phosphate salts and partial calcium proteinate
      salts have white opacifying properties similar to milk. Such whitening
      properties are important in various food materials such as light colored
      foods and mashed potatoes which are formed from dry potato products.
DETD
PAR  The following examples further illustrate various features of the present
      invention, but are in no way intended to limit the scope of the invention,
      which is defined in the following claims.
PAC  EXAMPLE I
PAR  Layer cakes were prepared in accordance with a standard formulation and a
      standard mix and baking process. The formulation for each of the layer
      cakes was as follows:
TBL  INGREDIENT             WEIGHT - GRAMS                                     
     ______________________________________                                    
     Cake flour             227                                                
     Sugar (fine granulated)                                                   
                            272.4                                              
     Shortening (containing about                                              
      3 percent mono-diglycerides)                                             
                            100                                                
     Salt                   8.5                                                
     Baking Powder (double acting                                              
      containing sodium pyrophos-                                              
      phate, bicarbonate of soda,                                              
      cornstarch, monocalcium                                                  
      phosphate, and calcium                                                   
      lactate)              14.2                                               
     Dairy ingredient       17                                                 
     Dried egg white        17.7                                               
     Water                  330                                                
     ______________________________________                                    
PAR  A planetary type mixer with a five-quart bowl and a paddle were used for
      preparation of the batter for each layer cake. The dry ingredients were
      blended for two minutes at low speed in the mixer and the shortening was
      added. Half the water was added at low speed over a period of 15 seconds
      and mixing was continued for an additional 15 seconds. The bowl and the
      paddle were scraped and the batter was mixed for an additional two minutes
      at medium speed. The remaining water was then added over a period of 15
      seconds at low speed and mixing was continued for an additional 15
      seconds. The bowl and paddle were again scraped and the batter was mixed
      for an additional minute at medium speed.
PAR  The specific gravity of the batter was then measured and 400 grams of the
      batter was placed into a paper-lined, eight-inch diameter cake pan. The
      cakes were baked at 360.degree. F. for 28 minutes or until done, as judged
      by center resiliency and shrinkage of the cakes from the sides of the
      pans, to provide cake layers. The cake layers were then cooled and the
      volume of the layers was measured. The cake layers were then removed from
      the pans and grain and texture were subjectively evaluated by observation
      of a cross-section of the cake layer taken through the center. A symmetry
      measurement was made; the symmetry measurement being the difference
      between the center height of the cake layer and the average of two
      measurements taken 2-1/2 inches from the center. A symmetry measurement of
      2.5 mm or higher indicates desirably rounded cake contour.
PAR  As previously indicated, the usual dairy ingredient in the manufacture of
      chemically leavened baked products is milk solids not fat. Various cake
      layers were made in accordance with the standard formulation and procedure
      as described above. The only difference in the cake layers produced was in
      the substitution of various materials, including the whey product of the
      invention, for milk solids non-fat as the dairy ingredient in the
      formulation. The various cake layers which were produced and the dairy
      ingredient, or substitute therefor, used are set forth below in Table 1.
      Each of the cake layers produced was evaluated and the specific gravity of
      the batter, the volume of the cake layer and the symmetry of the cake
      layer was measured. Subjective comments with respect to the grain and
      texture of the cake layers are also set forth below in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
                      Batter                                                   
     Cake             SP.Gr.                                                   
                          Volume                                               
     No.  Dairy Ingredient                                                     
                      g/cc                                                     
                          cc  Symmetry                                         
                                   Comments                                    
     __________________________________________________________________________
     1    Control (no dairy                                                    
                      0.98                                                     
                          1125                                                 
                              3.50 Rounded contour,                            
          product)                 pale crust color,                           
                                   tender texture                              
     2    Milk Solids non-                                                     
                      0.96                                                     
                          1100                                                 
                              2.25 Weak center                                 
          fat (MSNF)                                                           
     3    Dried Cheddar whey                                                   
                      0.98                                                     
                          1075                                                 
                              2.25 Weak center                                 
     4    Dried Cheddar whey                                                   
                      0.98                                                     
                          1125                                                 
                              4.75 Round contour                               
          with 1% lecithin*                                                    
     5    Dried cottage                                                        
                      0.93                                                     
                          1075                                                 
                              1.25 Weak center                                 
          cheese whey (adjusted                                                
          to pH 7.2 with NaOH                                                  
          prior to drying)                                                     
     6    Dried cottage                                                        
                      0.94                                                     
                          1108                                                 
                              5.50 Rounded contour                             
          cheese whey (adjusted                                                
          to pH 7.2 with NaOH                                                  
          prior to drying) with                                                
          1% lecithin*                                                         
     7    30% sodium case-                                                     
                      0.89                                                     
                          1075                                                 
                              1.25 Weak center                                 
          inate, 70% dried                                                     
          Cheddar whey                                                         
     8    1% lecithin* 30%                                                     
                      0.91                                                     
                          1117                                                 
                              5.25 Rounded contour                             
          sodium caseinate,                                                    
          69% dried Cheddar                                                    
          whey                                                                 
     9    1% lecithin,* 30%                                                    
                      0.91                                                     
                          1125                                                 
                              4.75 Rounded contour                             
          sodium caseinate,                                                    
          69% dried cottage                                                    
          cheese whey                                                          
     10   1% lecithin,* 30%                                                    
                      0.90                                                     
                          1125                                                 
                              3.00 Rounded contour                             
          sodium caseinate,                                                    
          67% dried Cheddar                                                    
          whey, 1% calcium                                                     
          oxide, 1% mono-                                                      
          calcium phosphate                                                    
     __________________________________________________________________________
      *Lecithin used was soy bean lecithin marketed by A.E. Staley Co. under th
      Tradename STA SOL BF.                                                    
PAR  As can be seen from Table 1, the addition of lecithin to whey products used
      to replace milk in the manufacture of cake layers provides cake layers
      with desirable contour in larger volume. As indicated, the combination of
      lecithin and whey alone provide cake layers with desirable symmetry and
      contour. However, a marked difference between cakes made with a
      combination of whey and lecithin and those prepared with a combination of
      whey, protein and lecithin is found in the grain structure. The provision
      of the protein provides a finer grain structure and a firmer texture with
      formation of dense center sections. The use of calcium salts and phosphate
      salts provides a cake texture which more closely resembles that of non-fat
      milk solids. This is important for commercial bakery operations where
      cakes are handled in mechanized equipment.
PAC  EXAMPLE II
PAR  A standard pudding formulation was prepared in accordance with the
      following procedure: 113.5 grams of granulated sucrose, 40.0 grams of dry
      dairy ingredient, and 1.5 grams of salt were mixed with 273 milliliters of
      water to provide a first mixture. The mixture was brought to a boil over
      direct heat with constant stirring and was then placed over boiling water
      in a double boiler. 28.4 grams of cornstarch was mixed with 50 milliliters
      of water and 91 grams of whole egg was blended therewith. The
      egg-cornstarch mixture was then added to the first mixture and the mixture
      was stirred for 3 minutes. 150 gram portions of the mixture were then
      poured into cups. The cups were allowed to cool for 15 minutes in ambient
      air and were then refrigerated overnight.
PAR  When non-fat milk solids were used as the dry dairy ingredient a firm
      pudding product with usual well known pudding properties was obtained.
PAR  1000 lbs. of a whey product for use as a dry dairy ingredient was prepared
      in accordance with the following formulation and method:
TBL  Ingredient           Weight Percent                                       
     ______________________________________                                    
     Casein               20.0                                                 
     Lecithin             1.0                                                  
     Ca (H.sub.2 PO.sub.4).sub.2 H.sub.2 O                                     
                          .9                                                   
     Non-fat dry milk     1.1                                                  
     NaOH                 .6                                                   
     CaO                  .6                                                   
     Whey Solids          75.8                                                 
     ______________________________________                                    
PAR  The whey product was prepared by the following method: The casein was added
      to sufficient water to provide a 17 percent by weight solids dispersion.
      The water was heated to a temperature of 140.degree. F. and sufficient
      sodium hydroxide was added thereto to raise the pH to 8.0 and provide a
      soluble sodium caseinate. The lecithin was then added to the dispersion.
      The calcium phosphate was mixed with warm water (120.degree. F.) and was
      added to the caseinate mixture with agitation. About two-thirds of the
      calcium oxide was hydrated with water and then added to the caseinate
      mixture. A sweet whey concentrate having 50 percent by weight whey solids
      was mixed with the remaining calcium oxide. The caseinate mixture was then
      combined with the whey concentrate in a jacketed kettle having cool water
      (70.degree. F.) circulating in the jacket to provide an aqueous whey
      product dispersion. The dispersion was spray dried to provide a dry whey
      product having about 4 percent moisture.
PAR  The whey product, prepared by the method described above, was used as the
      dry dairy ingredient in a pudding formulation, as previously described.
      The pudding product was firm with the characteristic qualities of pudding
      prepared with non-fat milk solids.
PAC  EXAMPLE III
PAR  A whey product suitable for use as a replacement for milk in the
      preparation of a dry potato product was prepared in the following manner.
      6.0 pounds of casein was added to 30 pounds of water (160.degree.F.) with
      agitation. 0.17 pounds of sodium hydroxide, as an aqueous solution, was
      added to the casein dispersion to convert the casein to sodium caseinate.
PAR  In a separate tank, 24.0 pounds of cheddar cheese whey solids was dispersed
      in 24.0 pounds of water (70.degree.F.). 0.37 pounds of monocalcium
      phosphate monohydrate was dispersed in 1.5 pounds of tap water and was
      added to the whey dispersion. The sodium caseinate was added to the whey
      dispersion under agitation conditions to provide a blend. Vigorous
      agitation was used to inhibit formation of caseinate aggregates.
PAR  0.17 pounds of calcium oxide, which had been hydrated in 0.84 pounds of
      water was added to the blend to adjust the pH to 6.3. The blend was heated
      to a temperature of 120.degree.F. and homogenized at 2,000 psig. The blend
      was dried in a single stage dryer to provide a whey product having a
      moixture content of 4 percent by weight. Calcium stearoyl-2-lactylate was
      then blended with a portion of the dried whey product. The calcium
      stearoyl-2-lactylate was added at a level sufficient to provide 1 percent
      by weight of the calcium stearoyl-2-lactylate, based on the weight of the
      whey product.
PAR  Sodium stearoyl-2-lactylate was blended with another portion of the dried
      whey product at a level of 1 percent by weight.
PAR  A further whey product was prepared in accordance with the above described
      method wherein monosodium phosphate was used as the phosphate source
      instead of monocalcium phosphate.
PAR  The monosodium phosphate was added to the sodium caseinate at a level of
      0.45 pounds and 0.09 pounds of calcium oxide, hydrated in water was added
      to the sodium caseinate. 0.18 pounds of calcium oxide was added to the
      blend as described above.
PAR  Portions of the dried whey product with monosodium phosphate were also
      combined with calcium stearoyl-2-lactylate and sodium stearoyl-2-lactylate
      as described above.
PAR  The various whey products described above were then evaluated as a
      replacement for milk in the preparation of whipped potatoes from dried
      potato granules. The evaluation of the whey products was made as follows.
      1840 ml. of boiling water containing 5 grams of salt was poured into a 5
      quart stainless steel bowl. 431 grams of potato granules which had been
      dry blended with 23 grams of the whey product or other additive were added
      to the hot water while mixing with a wire whip. The potato mixture was
      mixed for one minute at the number 1 setting on a mixer identified by the
      trade name Hobart N-50. This was followed by mixing at two and one-half
      minutes at setting number 3.
PAR  The textural properties, odor-flavor and color properties were subjectively
      determined. A smooth-appearing whipped potato with white color and soft
      consistency is desirable. No foreign odor or flavors should be present due
      to the whey product. A high yield is also desirable. The yield was
      determined by counting the number of number 10 ice cream scoops which can
      be obtained from the whipped potato mixture. The data in respect to the
      use of the various whey products is set forth in Table 3 below along with
      comparative samples using cheddar cheese whey alone and non-fat milk
      alone.
TBL                                    Table 3                                 
     __________________________________________________________________________
     FUNCTIONAL PROPERTIES OF DAIRY ADDITIVES IN POTATO GRANULES               
     Sample                                                                    
     No. Additive           Yield Texture and Consistency                      
     __________________________________________________________________________
     1   Potato granules with no                                               
                            24    coarse, ragged texture,                      
         additive (control)       firm consistency                             
     2   Cheddar cheese whey, alone                                            
                            241/3 does not appear any                          
                                  different from a potato                      
                                  product containing no                        
                                  dairy product                                
     3   Non-fat dry milk, alone                                               
                            282/3 smooth texture, soft                         
         (prepared by low heat process)                                        
                                  consistency                                  
     4   Whey product from Example IV                                          
                            271/3 sl. coarse, ragged texture                   
         (monocalcium phosphate)  sl. firm consistency                         
         without stabilizing agent                                             
     5   Sample No. 4 with 1 percent                                           
                            29    smooth texture, soft                         
         calcium stearoyl-2-lactylate,                                         
                                  consistency                                  
         dry blended                                                           
     6   Sample No. 4 with 1 percent                                           
                            281/3 smooth texture, soft                         
         sodium stearoyl-2-lactylate                                           
                                  consistency                                  
         dry blended                                                           
     7   Whey product from Example IV                                          
                            271/3 sl. coarse, ragged texture                   
         (monosodium phosphate)   sl. firm consistency                         
         without stabilizing agent                                             
     8   No. 7 with 1 percent calcium                                          
                            282/3 smooth texture, soft                         
         stearoyl-2-lactylate, dry blended                                     
                                  consistency                                  
     __________________________________________________________________________
PAR  From the above table it can be seen that the whey products of the present
      invention containing stabilizing agents of the invention are suitable for
      direct replacement of non-fat milk in the preparation of dried potato
      products.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition suitable for direct replacement of non-fat milk solids
      comprising whey solids, a proteinaceous material selected from the group
      consisting of from milk derived protein, soy flour, soy protein isolate,
      cottonseed meal, egg albumin, yeast and mixtures thereof, a calcium
      source, a phosphate source, and a stabilizing agent, said stabilizing
      agent being selected from phosphorus containing lipid materials and
      anionic surface active agents other than fatty acids and salts thereof,
      said stabilizing agent being present at a level of from about 0.5 to about
      5 percent by weight of said composition, dry basis, said whey solids being
      present at a level of from about 40 percent to about 90 percent by weight
      of said composition, said proteinaceous material being present at a level
      sufficient to provide from at least 18 percent to about 50 percent by
      weight of total protein in said composition, said calcium source being
      present at a level of from about 0.2 to about 5.0 percent by weight of
      said composition and said phosphate source being present at a level of
      from about 0.2 to about 5.0 percent by weight of said composition and the
      ratio of calcium to phosphorus is in the range of from about 0.75:1.0 to
      about 1.5:1.0.
NUM  2.
PAR  2. A composition in accordance with claim 1 wherein said proteinaceous
      source is selected from milk solids not fat, casein, caseinates, whey
      protein, soy protein isolate, soy flour and mixtures thereof.
NUM  3.
PAR  3. A composition in accordance with claim 1 wherein said whey is obtained
      from the manufacture of Swiss type cheese, American type cheese, cottage
      cheese, cream cheese, Pasta Filata type cheese and mixtures thereof.
NUM  4.
PAR  4. A composition in accordance with claim 1 wherein said stabilizing agent
      is lecithin.
NUM  5.
PAR  5. A composition in accordance with claim 1 wherein said stabilizing agent
      is phosphated mono- and di-glycerides.
NUM  6.
PAR  6. A composition in accordance with claim 1 wherein said stabilizing agent
      is selected from the sodium and calcium salts of stearoyl-2-lactylate.
NUM  7.
PAR  7. A composition in accordance with claim 1 wherein said stabilizing agent
      is stearyl fumarate and the sodium and calcium salts thereof.
NUM  8.
PAR  8. A composition in accordance with claim 1 wherein said composition has a
      pH in the range of from about 6 to about 8.
NUM  9.
PAR  9. A method for preparing a whey product suitable for replacement of
      non-fat milk in various food products, the method comprising forming an
      aqueous dispersion of a proteinaceous source, said proteinaceous source
      being selected from the group consisting of from milk derived protein, soy
      flour, soy protein isolate, cottonseed meal, egg albumin, yeast and
      mixtures thereof solubilizing said proteinaceous dispersion by adding a
      sodium source to said dispersion, providing an aqueous dispersion of whey
      solids, adding to said aqueous whey dispersion a phosphate source,
      combining said proteinaceous dispersion and said whey dispersion,
      adjusting the pH of said combination to a pH within the range of from
      about 6 to about 8, said pH adjustment being made by adding a calcium
      source to said combination, drying said combination to provide a whey
      product, said whey being present at a level of from about 40 percent to
      about 90 percent by weight of the whey product and providing a stabilizing
      agent selected from phosphorus containing lipid materials and anionic
      surface active agents other than fatty acids and salts thereof in said
      whey product, said calcium source being present at a level of from about
      0.2 to about 5.0 percent by weight of said whey product and said phosphate
      source being present at a level of from about 0.2 to about 5.0 percent by
      weight of said whey product and wherein the ratio of calcium to phosphorus
      is in the range of from about 0.75:1.0 to about 1.5:1.0.
NUM  10.
PAR  10. A method in accordance with claim 9 wherein said stabilizing agent is
      added to said combination prior to drying said combination.
NUM  11.
PAR  11. A method in accordance with claim 9 wherein said stabilizing agent is
      added to said whey product after said whey product is dried.
NUM  12.
PAR  12. A method in accordance with claim 9 wherein said whey is obtained from
      the manufacture of Swiss type cheese, American type cheese, cottage
      cheese, cream cheese, Pasta Filata type cheese and mixtures thereof.
NUM  13.
PAR  13. A method in accordance with claim 10 wherein said stabilizing agent is
      lecithin.
NUM  14.
PAR  14. A method in accordance with claim 11 wherein said stabilizing agent is
      selected from the sodium and calcium salts stearoyl-2-lactylate.
NUM  15.
PAR  15. A method in accordance with claim 10 wherein said stabilizing agent is
      present at a level of from about 0.5 to about 5 percent by weight of said
      whey product, dry basis.
NUM  16.
PAR  16. A method in accordance with claim 11 wherein said stabilizing agent is
      present at a level of from about .5 to about 5 percent by weight of said
      whey product, dry basis.
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ABST
PAL  A gelatin dessert composition comprises gelatin at critically controlled
      levels such that the composition, when dissolved in hot water and then
      quickly chilled with excess ice so as to critically requlate the
      temperature of the dessert, has a short setting time.
BSUM
PAR  This invention relates to a gelatin dessert composition which, when
      dissolved in water, has a short setting time.
PAR  Gelatin desserts are usually prepared by dissolving a composition or mix
      containing gelatin and other ingredients in water and cooling the solution
      to set it and to cause gelation. Generally, the gelatin dessert mix is
      dissolved in hot water and the solution placed in a refrigerator for three
      to four hours for gelation. Because of the long period of time required
      for gelation to occur with conventional gelatin dessert compositions, an
      improved gelatin dessert composition which would set and form a gel within
      a short period of time has heretofore been regarded as a desirable
      objective.
PAR  Many attempts have been made to shorten the setting time required for
      gelatin desserts. Perhaps the most successful to these involves the use of
      an "ice cube" technique as disclosed in U.S. Pat. No. 2,785,072. This
      procedure involves dissolving a gelatin dessert composition or mix in
      one-half the required amount of water at a temperature of 212.degree. F
      and then adding water in the form of ice. The melting of the ice provides
      the additional quantity of water required and, at the same time, rapidly
      cools the solution to refrigerator temperatures. Although such procedure
      provides a considerable reduction in setting time -- to a period as short
      as 20 to 30 minutes-further reduction is very desirable from the
      standpoint of convenience inasmuch as this shorter setting time is
      achieved by allowing the dessert to set further at refrigerator
      temperatures.
PAR  Also, it has long been known that the use of increased amounts of gelatin
      in a gelatin dessert composition substantially decreases the time required
      for a gelatin dessert to set. This procedure, however, has the shortcoming
      that the resulting gel, particularly after a period of standing, is much
      stronger than desired and becomes tough and rubbery. Such phenomenon is
      frequently referred to as "maturation."
PAR  Yet, as disclosed in U.S. Pat. No. 2,915,402, the time required for the
      formation of a gelatin gel can substantially be decreased through the use
      of an increased amount of gelatin as aforementioned without the
      disadvantage of the gel maturing or becoming tough and rubbery by
      employing a proteolytic enzyme in combination with an increased amount of
      gelatin. However, the presence of such enzyme not only adds further to the
      cost of the gelatin dessert composition and packaging but also it may
      break down the gel unless the dessert is prepared with an exacting recipe
      and is maintained under refrigerated storage conditions.
PAR  It is an object of the present invention to decrease the time required for
      a gelatin dessert to set to as little as five minutes at room temperature.
PAR  It is a further object of the present invention to shorten the setting time
      of a gelatin dessert without undue maturation of the gel and premature
      breakdown of the gel.
PAR  It is yet another object of the present invention to provide both a gelatin
      dessert composition which, when dissolved with water, forms a dessert
      having a short setting time and a process for preparing such dessert.
PAR  It has now been discovered that these objects may be accomplished by both
      critically controlling the level of gelatin used depending upon the
      gelation power of the gelatin used and also critically regulating the
      final temperature of the gelatin dessert by using an excess ice recipe.
PAR  Current gelatin dessert products on the market when prepared with recipes
      calling for employing ice water or ice, are set in about 30 minutes but
      only after further chilling. There is, insofar as we are aware, no gelatin
      dessert product on the market that sets to a good eating quality in as
      little as five minutes without chilling, that is, at room temperature.
PAR  Among the many advantages that the gelatin dessert composition of the
      present invention has is that it allows the consumer or homemaker to
      prepare a quick-setting gelatin product along with the remainder of the
      meal and serve it as a salad or dessert at that meal.
PAR  Further, a quick-setting or an instant gelatin dessert may be prepared
      which does not require a proteolytic enzyme to reduce the maturation
      normally resulting from the increased concentrations of gelatin used.
PAR  Moreover, the quick-setting gelatin product can be prepared plain, that is,
      without ingredients being folded in right before the meal and still be
      served at that meal as either a salad or dessert. Current products require
      two to four hours of refrigeration when an ice water or ice cube recipe is
      not utilized.
PAR  Also, right after quick-setting gelatin product starts to thicken, other
      ingredients such as fruits, vegetables, meats, and the like, can be
      immediately folded in and will be suspended uniformly throughout the gel.
      The product is then usually chilled further and is ready to eat in 15 to
      30 minutes. This is still well within the time frame of preparation and
      serving at the mealtime. By contrast, current products on the market
      require two to three hours of refrigeration before serving when other
      ingredients are folded in. In addition, most current products call for
      chilling the gelatin until thickened before folding in any other
      ingredients since, if the ingredients are folded in too soon, they either
      float to the surface or sink to the bottom or, if they are folded in too
      late, the gel is broken and an unappetizing-looking dessert is the result.
PAR  In addition, large deep molded salads and desserts can be prepared in about
      two hours, time whereas most of the current products on the market require
      5 to 6 hours of refrigeration.
PAR  While we do not wish to be bound to any particular theory, it appears that
      a major reason that a quick-setting gelatin dessert may be realized is
      because of the unexpected discovery that when a gelatin dessert with
      optimum levels of gelatin is quickly chilled from a warm or hot solution
      to a temperature below 50.degree. F (preferably below 45.degree. F and
      optimally 35.degree. F), inter- and intra-molecular bonding is reduced. As
      a consequence, maturation as would normally be expected is significantly
      minimized.
PAR  An experiment was designed to determine to what degree was the gelatin
      maturation reduced through quick chilling. Four samples containing 9.5,
      10.5, 11.5, and 12.5 grams of gelatin 210 AOAC (Association of Official
      Agricultural Chemists) Bloom, were weighed in duplicate. Each sample
      contained 1.6 grams adipic acid, 0.5 grams fumaric acid and 0.75 grams of
      sodium citrate buffer and enough sugar (69.7 - 72.7 grams) to bring the
      package weight to 3 ounces.
PAR  One of each of the duplicate samples was prepared according to the process
      of the present invention. The sample was dissolved in 1 cup (237 ml.) of
      boiling water. Two cups of ice cubes were added. The sample was stirred
      until it started to thicken. The excess ice was removed. The bowl plus
      prepared sample was again weighed and the total weight of water was
      calculated (boiling water plus dissolved ice). The sample was then placed
      into the refrigerator and the gel strength measured at prescribed periods.
PAR  The other duplicate sample (previously weighed) was dissolved using 1 cup
      boiling water and 1 cup cold water. The cold (50.degree. F) water was
      added by weight to make sure that an exact weight of water was in each
      duplicate sample. The sample was then stirred and placed into the
      refrigerator next to its counterpart sample. Gel strengths were taken at
      prescribed periods.
PAR  After the experiment was completed, the samples were melted and the final
      product volumes measured. The results showed that final product volumes
      were within 2% of each other for duplicate samples.
PAR  The results, presented below, showed that:
PAR  1. All of the samples prepared according to the invention were soft-set and
      ready to eat in 3 to 10 minutes.
PAR  2. The duplicate samples prepared in the conventional manner (boiling plus
      cold water) required about 2 hours of refreigeration to obtain an equal
      gel strength to samples prepared according to the invention in 15 to 20
      minutes.
PAR  3. Samples prepared according to the conventional recipe after four hours
      of refrigeration had a higher gel strength or were more mature than
      samples prepared according to the invention.
PAR  4. After 24 hours of refrigeration, duplicate samples prepared in the
      conventional manner were from 26% to 35% higher in gel strength than
      samples prepared according to the invention.
PAR  5. After 48 hours of refrigeration, duplicate samples prepared in the
      conventional manner were from 30% to 39% higher in gel strength than
      samples prepared according to the invention.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Reduced Maturation - Gel Strengths                                        
     Ice Cube Versus Conventional Set                                          
     42.degree.F Refrigerator                                                  
     Sample                                                                    
          Grams       Grams Gel Strength                                       
     Number                                                                    
          Gelatin                                                              
               Recipe 15 min.                                                  
                            30 min.                                            
                                  1 Hr.                                        
                                      2 Hrs.                                   
                                          4 Hrs.                               
                                              24 Hrs.                          
                                                    48 Hrs.                    
     __________________________________________________________________________
     1 - I                                                                     
          9.5  Ice Cube                                                        
                      12.3  15.0  18.9                                         
                                      23.4                                     
                                          27.6                                 
                                              36.8  39.8                       
     2 - I                                                                     
          10.5 Ice Cube                                                        
                      16.7  21.1  27.1                                         
                                      31.2                                     
                                          35.3                                 
                                              46.1  50.5                       
     3 - I                                                                     
          11.5 Ice Cube                                                        
                      21.5  27.8  33.7                                         
                                      38.5                                     
                                          43.7                                 
                                              57.9  64.3                       
     4 - I                                                                     
          12.5 Ice Cube                                                        
                      24.4  29.7  36.9                                         
                                      40.8                                     
                                          46.2                                 
                                              66.2  74.0                       
     1 - C                                                                     
          9.5  Conventional                                                    
                      --    --    --  17.6                                     
                                          30.6                                 
                                              46.4  53.0                       
     2 - C                                                                     
          10.5 Conventional                                                    
                      --    --    --  18.5                                     
                                          37.9                                 
                                              60.4  69.9                       
     3 - C                                                                     
          11.5 Conventional                                                    
                      --    --    --  23.1                                     
                                          46.1                                 
                                              78.1  89.1                       
     4 - C                                                                     
          12.5 Conventional                                                    
                      --    --    --  25.2                                     
                                          50.5                                 
                                              84.3  96.1                       
     __________________________________________________________________________
PAR  It has been determined that a quick-setting gelatin dessert cannot be
      obtained by increasing the gelatin concentration alone. Similarly, it has
      been found that a quick-setting gelatin dessert cannot be obtained with a
      recipe that chills the product during preparation into the 35.degree. to
      45.degree. F range if the product does not contain the optimum level of
      gelatin. The objectives of a quick-setting gelatin dessert which does not
      become rubbery on extended refrigeration can only be obtained through use
      of optimum level of gelatin in conjunction with a recipe that chills the
      product into the optimum temperature range.
PAR  Presented below is a table showing the effect of temperature on time to a
      soft-set when using a gelatin level of 10.5 grams per 3 ounce package of a
      215 Bloom AOAC gelatin. The base formulation was 3:1 adipic:fumaric acid
      sustem buffered to a pH of 3.85 .+-. 0.10 with sodium citrate. In
      addition, the table shows the effects of increasing gelatin concentration
      and of temperatures and their effect on set time. The refrigerator used
      for the study was maintained at a temperature of 42.degree. F .+-.
      2.degree. F.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Time to Soft-Set                                                          
     Gelatin Concentration versus Temperature                                  
     3:1 Adipic:Fumaric Acid System                                            
     Buffered to 3.85 with Sodium Citrate                                      
     Gelatin (215 Bloom AOAC) Level                                            
                      Temperature (.degree.F) of Product*                      
                                      Time (minutes) to Soft-Set               
     Grams/3 Ounce Package                                                     
                      After Preparation                                        
                                      42.degree.F Refrigerator                 
     __________________________________________________________________________
     10.5             95              90 - 100                                 
     10.5             85              75 -  90                                 
     10.5             75              55 -  65                                 
     10.5             65              40 -  50                                 
     10.5             60              25 -  35                                 
     10.5             55              15 -  25                                 
     10.5             45               6 -  12                                 
     10.5             40               4 -  8                                  
     10.5             65              45 -  55                                 
     11.7             65              40 -  50                                 
     12.4             65              35 -  45                                 
     14.9             65               30 -  40**                              
     10.5             55              15 -  25                                 
     11.7             55              11 -  15                                 
     12.4             55               9 -  12                                 
     14.9             55                7 -  9**                               
     10.5             40               4 -  8                                  
     11.7             40               4 -  5                                  
     12.4             40               4 -  5                                  
     14.9             40                 4 -  5**                              
     __________________________________________________________________________
       *Samples were dissolved with one cup boiling water. Then, through       
      experimentation, it was discovered what temperature the water in the     
      second cup had to be to obtain a desired product temperature. The lower  
      temperatures were obtained by placing the bowl in an ice-water-salt bath 
      while the samples were stirred.                                          
      **Samples with this level of gelatin (14.9 grams) become rubbery on      
      prolonged refrigeration.                                                 
PAR  In formulating gelatin dessert compositions according to this invention,
      gelatins in the Bloom range of 195 to 245 grams AOAC are typically
      employed because of availability and cost. However, both higher Bloom
      gelatins in the range of 270 to 350 grams AOAC and lower Bloom gelatins in
      the range of 100 to 150 grams AOAC will work. Thus, the gelatin Bloom can
      range anywhere from 100 to 350 grams AOAC Bloom. The higher Bloom gelatins
      require a lower use level to obtain the same set times as their lower
      Bloom counterparts.
PAR  The gelatin used in accordance with the present invention can be derived
      from any type of commercially prepared gelatin, either alkaline or acid
      processed from cowhide, pigskin, or ossein. Further, the gelatin may be
      one having improved solubility such as may be obtained by spray drying,
      foam mat drying or the like. Better solubility may also be achieved by
      using fine mesh (such as, for example, less than 50 mesh U.S. Standard)
      gelatins and dispersibility may be improved by employing dispersants such
      as emulsifiers, wetting agents and the like. Antifoam agents such as, for
      example, dimethylpolysiloxane may be incorporated into the gelatin dessert
      composition.
PAR  Presented below are a series of general formulations presenting the gelatin
      concentration range for several different Bloom gelatins.
DETD
PAC  EXAMPLE 1
PAR  When using a gelatin with a 215 gram AOAC Bloom the following gelatin
      concentration ranges were found operable in a sugar sweetened system. The
      formulations were acidified to taste with an adipic:fumaric acid ratio
      ranging from 3:1 to 9:1 and buffered with sodium citrate into the pH range
      of 3.70 to 4.10. The evaluation of different color/flavor combinations
      showed no effect on the set time of the various systems.
TBL  ______________________________________                                    
                     Typical 3 Ounce Formulation                               
     Ingredient        Grams/3 Oz. Percent                                     
     ______________________________________                                    
     Gelatin -- 215 Bloom AOAC                                                 
                        9.5 - 12.5 11.1 - 14.7                                 
     Sugar             73.1 - 67.6 86.0 - 79.5                                 
     Adipic Acid        1.5 -  3.0  1.7 -  3.5                                 
     Fumaric Acid       0.2 -  0.8  0.2 -  0.9                                 
     Sodium Citrate     0.7 -  1.1  0.8 -  1.3                                 
     Color             To desired color intensity                              
     Flavor            To desired flavor intensity                             
                     85.049    100.000                                         
     ______________________________________                                    
PAR  The gel strengths range from a low of 10 grams to a high of 20 grams within
      5 minutes when measured directly in the bowl. This corresponds to a
      soft-set (10 grams gel strength) to a firm set (20 grams gel strength) as
      measured in a one quart pyrex bowl and compares favorably with samples
      that would be refrigerated from 2 to 4 hours when prepared according to
      normal package directions. The optimum level of gelatin appears to be
      about 10.5 to 11.0 grams per 3 ounce (4 serving) package when using a 215
      gram AOAC Bloom gelatin. This level of gelatin produces a gel with a
      strength taken in the bowl of 16 to 17 grams in 5 minutes and the dessert
      is considered set, can be spooned and treated similar to a product
      prepared in the conventional manner which has been refrigerated for 3 to
      31/2 hours.
PAR  Samples containing from 9.0 to approximately 9.5 grams of gelatin in 215
      gram AOAC Bloom strength are considered slightly too soft to be
      cconsidered a quick-setting product. However, these products naturally set
      to a good edible gel in 15 to 30 minutes of refrigeration.
PAR  Samples containing over 12.5 grams of gelatin (215 Bloom AOAC) per 3 ounce
      package did set when using the recipe outlined in 5 minutes. Samples
      prepared with over 12.5 grams of gelatin per 3 ounce package became
      rubbery or too firm when refrigerated for extended periods of time and
      were considered of poor eating quality. In addition, samples with the
      higher levels of gelatin started to set too soon and at too high a
      temperature (50.degree. F or higher). Samples therefore do not yield the
      desired 2 cups of finished product when using excess ice.
PAC  EXAMPLE 2
PAR  When using a gelatin with a 320 gram Bloom AOAC for the invention, it was
      found that the use levels were reduced significantly as compared to a 215
      gram Bloom AOAC gelatin. This reduction was in the range of 13 to 18% less
      gelatin for a 320 gram Bloom AOAC versus the 215 gram Bloom AOAC gelatin
      when used in the same 3:1 or 9:1 adipic:fumaric acid systems. All
      formulations were buffered with sodium citrate into the pH range of 3.7 -
      4.1.
TBL  ______________________________________                                    
                     Typical 3 Ounce Formulation                               
     Ingredient        Grams/3 Ounce                                           
                                   Percent                                     
     ______________________________________                                    
     Gelatin -- 320 Bloom AOAC                                                 
                        8.2 - 10.3  9.6 - 12.1                                 
     Sugar             74.3 - 69.8 87.7 - 82.1                                 
     Adipic Acid        1.5 -  3.0  1.7 -  3.5                                 
     Fumaric Acid       0.2 -  0.8  0.2 -  0.9                                 
     Sodium Citrate     0.7 -  1.1  0.8 -  1.3                                 
     Color             To desired color intensity                              
     Flavor            To desired flavor intensity                             
                     85.049    100.00                                          
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Using a 150 gram Bloom AOAC gelatin required 8 to 14% more gelatin compared
      to the 215 gram Bloom AOAC gelatin. The same 3:1 or 9:1 adipic:fumaric
      acid systems were used in conjunction with sodium citrate as a buffering
      agent. The pH range was 3.7 - 4.1.
TBL  ______________________________________                                    
                     Typical 3 Ounce Formulation                               
     Ingredients       Grams/3 Ounce                                           
                                   Percent                                     
     ______________________________________                                    
     Gelatin -- 150 Bloom AOAC                                                 
                       11.5 - 12.9 13.5 - 15.2                                 
     Sugar             71.0 - 67.1 83.5 - 78.9                                 
     Adipic Acid        1.5 -  3.0  1.7 -  3.5                                 
     Fumaric Acid       0.2 -  0.8  0.2 - 0.9                                  
     Sodium Citrate     0.7 -  1.1  0.8 -  1.3                                 
     Color             To desired color intensity                              
     Flavor            To desired flavor intensity                             
                     85.049    100.000                                         
     ______________________________________                                    
PAR  The quick-setting gelatin dessert composition of this invention can be
      prepared as sugar-free, that is, artificially sweetened, or reduced sugar,
      that is, low calorie, or high suger products. The only difference in the
      products is the quantity of gelatin used, the sugar-free products
      requiring a slightly lower gelatin level than reduced sugar or high sugar
      products.
PAR  The gelatin dessert composition of this invention may contain edible food
      acids such as fumaric, malic, tartaric citric, adipic, and mixtures. Thus,
      for example, adipic/fumaric acids at ratios of from 3:1 to 9:1 may be
      advantageously employed.
PAR  It is generally known that the pH of the prepared product has a direct
      bearing on the amount of gelatin required to obtain a given texture or gel
      strength in the finished product. Thus, when fumaric and citric acids were
      utilized and were buffered into the pH range of 3.1 to 3.5 an additional
      quantity of gelatin was required to maintain the same finished product set
      rate or gel strength. This averages out at a 7 to 10% increase in gelatin
      depending on the exact level of acid employed and the resultant prepared
      product pH.
PAR  The gelatin dessert composition of this invention may also contain one or
      more of the various buffer salts commonly employed in gelatin desserts
      such as sodium and potassium citrate, phosphates, bi-tartrates and the
      like. These buffer salts are commonly used to increase the prepared
      product pH in order to reduce the concentration of gelatin necessary to
      obtain any desired prepared product gel strength and texture.
PAR  In gelatin desserts prepared in the conventional manner (1 cup boiling
      water and 1 cup cold water), if the gelatin is not quite completely
      dissolved before the addition of the cold water, the gelatin will continue
      to dissolve because of the latent heat in the sample. This is because the
      dessert is still in the 130.degree. F .+-. 10.degree. F temperature range
      even after the cold water is added.
PAR  In accordance with the present invention, the dessert is quickly chilled to
      below 50.degree. F (preferably to about 35.degree. F to about 45.degree.
      F) and there is no latent heat to dissolve any undissolved gelatin.
PAR  Presented below are the standard recipes for three ounce (4 servings) and
      six ounce (8 servings) packages.
PAL  Recipes:
PA1  1. Three (3) ounce Package (Four 1/2 cup servings) Add 1 cup of boiling
      water to gelatin dessert composition. Stir until dissolved. Add
      approximately 2 cups ice cubes. Stir until gelatin begins to thicken --
      about 11/2 to 2 minutes. Remove unmelted ice. Soft-set and ready to eat in
      5 minutes or less. For a firmer product, chill. Set and ready to eat in 15
      minutes or less.
PA1  2. Six (6) Ounce Package (Eight 1/2 cup servings) Add 2 cups boiling water
      to gelatin dessert composition. Stir until dissolved. Add approximately 4
      cups ice cubes. Stir until gelatin begins to thicken -- about 11/2 to 2
      minutes. Remove unmelted ice. Soft-set and ready to eat in 5 minutes or
      less. For a firmer product, chill. Set and ready to eat in 15 minutes or
      less.
PAR  The recipes were scaled and found to work for both single serving and two
      serving envelope size products. As the recipes are scaled down, the
      container used in the preparation may become more critical since it can
      absorb more heat and less ice is melted in the second step of the recipe.
PAR  In any event, however, it has been found that the gelatin concentration in
      the dessert, following the addition of hot water and ice, generally in
      excess, and after melting of the ice, should be in the range of from about
      1.5 to about 3.0% by weight. Such concentration is obtained by maintaining
      an amount of gelatin in the gelatin dessert composition of from about 9 to
      about 15% by weight depending upon the Bloom of the gelatin employed, with
      lower percentages of higher Bloom gelatins and higher percentages of lower
      Bloom gelatins being utilized.
CLMS
STM  We claim:
NUM  1.
PAR  1. A gelatin dessert composition having a short setting time on dissolving
      with hot water and ice which, when melted, is equal to or less than the
      amount of said water comprising gelatin having a Bloom of 100 to 350 grams
      (AOAC) and in an amount of from about 9 to about 15% by weight of said
      dessert composition and in an inverse relationship with the Bloom and
      sufficient to yield a gelatin concentration of from about 1.5 to about
      3.0% in the dessert.
NUM  2.
PAR  2. A gelatin dessert composition as in claim 1 further comprising
      sweetener, acid and buffer.
NUM  3.
PAR  3. A gelatin dessert composition as in claim 2 in which said gelatin has a
      particle size of less than about 50 mesh U.S. Standard.
NUM  4.
PAR  4. A gelatin dessert composition as in claim 3 further comprising an
      antifoam agent.
NUM  5.
PAR  5. A process for preparing a gelatin dessert having a short setting time
      comprising combining the gelatin dessert composition of claim 1 with hot
      water, adding ice which, when melted, is in equal to or less than the
      amount of said hot water and is also sufficient to yield a final gelatin
      concentration of from about 1.5 to about 3.0% in the dessert thus
      dissolved with said hot water and said ice, and allowing said dessert to
      set.
NUM  6.
PAR  6. A process as in claim 5 in which the temperature of the dessert
      following adding ice is in the range of from about 35.degree. to about
      45.degree. F.
NUM  7.
PAR  7. A process as in claim 6 in which said hot water is boiling water.
NUM  8.
PAR  8. A process as in Claim 7 in which said ice is added immediately to said
      gelatin dessert that is combined with said water.
NUM  9.
PAR  9. A process as in claim 8 in which ice is added in excess of the amount of
      said water and unmelted ice is removed from said gelatin dessert before
      allowing said dessert to set.
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ABST
PAL  A soy milk is precipitated and the resulting whey is centrifugally
      separated from the curd and washed, whereupon the curd is colloidally
      dispersed and spray dried.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The production of a vegetable milk by extraction from a slurry of ground
      soy bean meal has been practiced heretofore. Essentially the soy bean milk
      is precipitated as a curd and a whey; the curd has a number of desired
      functional and nutritional values. However, impeding exploitation of these
      values have been limitations or problems associated with the instability
      of the product.
PAR  An object of the invention is to provide a dried form of soy curd having a
      better nutritional value than more conventional soy protein derivatives
      derived from soy bean meal but which at the same time has less of a
      "grainy" or nutty beany flavor and less of the flatulent sugars which so
      characterize many soy bean preparations. Desirably this protein
      preparation should represent competitive usable protein value in relation
      to other sources of protein supplementation such as milk solids, beef
      by-products, egg white and cheese powders.
PAR  Of paramount importance to this art is the provision of a curd preparation
      having flavor and odor characteristics which do not require masking by
      other flavors; in view of rising dairy costs and costs of other protein
      supplements both domestically and abroad a definite need exists for such
      an economical and highly nutritious product that can be substituted freely
      for other fortifying adjuncts in foodstuffs. The accompanying description
      of preferred embodiments of this product should be derived by a process
      wherein the soy bean per se is the starting material rather than soy bean
      meal or flakes that have been defatted by oil extraction through solvent
      extraction. The product recovery should be in a stable usable form without
      substantial denaturation.
PAC  SUMMARY OF THE INVENTION
PAR  The present process employs a sequence of processing conditions whereby a
      substantially functional and flavorfully stable protein preparation is
      recoverable from ingredients that heretofore have been associated in soy
      bean milk; the invention recovers from the milk a curd that is
      substantially reduced in whey solids and constituents associated with the
      whey phase of the milk by centrifugation and washing; it is found the curd
      is thereby depleted of many of the constituents which have been
      responsible for undesirable flavor characteristics. In accordance with the
      invention whey and associated water soluble components are centrifugally
      skimmed from a relatively cohesive curd generated under high gravity
      forces as in a solid bowl basket centrifuge; thereafter the bean curd is
      centrifugally "finished" by employment of a plurality of washes.
PAR  The finished washed bean curd is then subdivided by passage with added
      water through a mill and converted to a pumpable slurry. This slurry is
      ultimately subjected to spray drying using inlet air temperatures below
      500.degree.F whereat droplets that are caused to be sprayed into a heated
      air chamber undergo rapid evaporation without any further substantial
      denaturation of the soy bean protein. It is believed that a significant
      proportion of the functionalities to be hereinafter described are
      attributable to avoiding denaturation by dehydrating the washed and
      substantially whey-free curd particles and relatively low temperature
      exposures and short processing times.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention is particularly critical in the sense that it calls for the
      treatment of soy bean curd under conditions which avoid freezing of the
      curd since it has been found that freezing preparatory to further
      dehydration, e.g. freeze drying, does not result in the intended
      functionalities.
PAR  The soy milk and precipitated curd processed by the preferred embodiments
      of this invention can be recovered by customary methods which involve
      water immersion of the soy bean and the grinding, heating, decantation or
      filtration and precipitating of the curd and whey; although ground soy
      beans may be employed, it is preferred but not critical that one employ
      whole soy beans either of which materials will be steeped overnight
      preparatory to being exposed to hot water and/or steam to produce a
      primary extract.
PAR  The major departure of the present invention involves adoption of
      centrifuging techniques relatively conventional in other arts in lieu of
      pressing techniques that have heretofore been traditionally employed to
      separate curd in a usable form from the salt-precipitated extract. By
      employing a high gravity centrifuging vessel (exceeding 500 g's)
      developing a two phase curd and whey system in the vessel, the practical
      ability to skim and wash under centrifugation has resulted in depletion of
      those constituents which detract from organoleptic acceptability of the
      spray dried curd particles.
PAR  Centrifugal separation of curd and whey permits recovery of in excess of 45
      percent of the total bean solids, 65 percent of bean protein content and
      50 percent of the bean oil. Products of the present process have a high
      yield point in terms of their gelation characteristic and have a high work
      factor in terms of the grams per cc used to measure gelation
      functionality.
PAR  Protein content of the recovered dried powderous curd has been analyzed as
      high as 50 percent with an oil content at 29 percent. Spray dried curd
      powders have been stored for as long as 111/2 weeks at 100.degree.F. in
      air packs and when recovered were found to be bland and superior in flavor
      to defatted soy flours concentrates and isolates of commerce. Moreover,
      product aroma when evaluated both dry and wet was judged to be low in
      those beany cooked cereal notes which have been objected to and limited
      the full utilization of soy protein preparations. The powderous dried bean
      curd is a bland, floury, only slightly "beany" composition having a "low"
      flavor characteristic which renders the product blendable as an adjunct to
      a variety of food products such as hamburger extenders. The protein
      efficiency of the preparation exceeds 2.0 and is approximately 2.3 based
      on methionine, cystine analysis.
PAR  A typical analytical assay of the product of this invention is:
TBL  Protein            49.2%                                                  
     Oil                20.8%                                                  
     Water              2.4%                                                   
     Carbohydrate       7.0%                                                   
      Raffinose         0.57%                                                  
      Stachyose         4.3%                                                   
      Sucrose           2.7%                                                   
     Ash                7.44%                                                  
     Calcium            1.49%                                                  
     Iron               124 ppm                                                
     Lipoxydase         Non-detectable                                         
PAR  A specimen produced having the foregoing assay had the following
      laboratory-determined amino acid value:
TBL  Methionine         8.67 mg./gm.                                           
     Cystine            9.3 mg./gm.                                            
PAR  Perhaps the most remarkable characteristic is the storage stability of the
      spray dried powders; low peroxide values on oil extracted from spray dried
      powders indicate good oil stability for samples that have been stored for
      in excess of 11 weeks and were air packed at 100.degree.F.; taste and
      aroma valuations by trained profile panel were unable to detect a flavor
      change between the initial sample and a comparable sample stored over
      111/2 week period.
PAR  The centrifugally separated and washed dried bean curd has applications in
      both the beverage and non-beverage areas and will find particularly
      advantageous uses in the food arts where cereal or beverage fortification
      is a paramount consideration.
PAR  The dried curd can be produced from soy bean milk precipitated by the
      addition of calcium sulphate or calcium chloride which co-precipitates
      protein and oil. Preparatory to making the precipitate, the soy beans are
      preferably washed and soaked overnight and ground under conditions which
      employ stainless steel both in the grinding and elsewhere, although in
      some applications a stone mill with continuous water addition in small
      quantities may also be employed to produce a mash which is eventually
      subjected to a primary extraction preparatory to precipitation; this mash
      is cooled and the milk is heated for sufficiently long periods of time at
      elevated temperatures in order to inactivate the lipoxydase enzyme
      activity. Upon separation of the primary extract, the mash is preferably
      subjected to a secondary extraction in order to maximally recover those
      usable bean curd proteins to be converted into the powderous form of the
      present composition. The protein content is substantially undenatured as
      extracted and is capable of forming a soft gel by itself. In general, the
      soy bean milk will be extracted over a period of at least 5, in excess of
      15 but not exceeding 120 minutes in order to achieve the degree of
      extraction which results in the preferred separable curd generated by
      precipitation. In recovering the soy milk as both a primary and secondary
      extraction, it is desired, though not essential, that the extraction be
      carried out, under elevated temperatures (250.degree.-170.degree.F.),
      generally above 190.degree.F. usually for a period not exceeding 90
      minutes, whereby an extract capable of forming a soft gelatinous
      precipitate may be provided upon salt addition; this contributes to
      forming a gelatinous condition which permits effective centrifugal curd
      and whey phase development, and skimming washing. To some degree the type
      of salt, be it calcium sulphate or a mixture of calcium chloride and
      magnesium chloride, is consequential; in some applications it may be
      desirable to employ calcium chloride and magnesium chloride to prepare a
      particularly hard curd texture. Calcium sulphate is the preferred
      precipitating salt.
PAC  OPERATIVE EXAMPLE
PAR  One hundred pounds of Lee beans and 800 pounds of water are soaked for 15
      hours in water at 35.degree.F. or until the beans are substantially
      hydrated; the soak and all subsequent processing is carried out in
      stainless steel equipment. Hydrated beans are then drained of free water
      and reintroduced to 700 pounds of water at 200.degree. F. and fed to a
      Fitzpatrick hammer mill, the beans being submerged throughout milling, and
      grinding being continued for 10 minutes, the beans passing a screen whose
      openings are approximately 1/2 inch square.
PAR  The ground bean charge is then introduced to an autoclaving vessel and
      maintained therein for 30 minutes at 212.degree. F. or for a period to
      substantially inactivate lipoxidase enzyme content thereof; during this
      autoclaving major bean constituents of protein and carbohydrate are
      extracted together with fat as a soy milk. The soy milk is then
      continuously separated from the unextracted bean solids in a Sharples
      decanter. The residue is recovered from the decanter in a semi-dried state
      for a second autoclaving together with an additional 150 pounds of water
      at 225.degree. F. for 35 minutes, the resulting residue and secondary milk
      of the slurry being thereafter separated in the same manner as followed
      for primary extraction in the decanter aforesaid; the residue from the
      secondary extraction will desirably be recovered and separately dried for
      use as feed or protein supplement.
PAR  The secondary and primary milks are then combined and heated to 160.degree.
      F. in a tank. 775 pounds of the composite soy milk containing 60 pounds of
      solids including fat is then caused to undergo precipitation by a
      suspension of 4 pounds of calcium sulphate in 50 pounds of water which is
      added to the precipitating tank. Precipitation in the tank is continued at
      a 160.degree. F. for 30 minutes until a firm curd has been obtained.
      During precipitation, tank contents are gradually stirred manually with a
      gentle stirring action and residual curd is washed from tank walls by a
      wash of 35 pounds rinse water.
PAR  The precipitated curd and whey are then subjected to separation in a 24
      inch diameter Tolhurst centrifuge continuously operating at 1400 RPM
      equipped with a solid wall basket and adjustable skimmer tube to separate
      the whey and curd. The centrifuge is operated with a load, spin and wash
      cycle sequence as follows: 1/6 part of the precipitate is charged to batch
      load the centrifuge during the loading cycle; during centrifugation curd
      collects on the inner face of the solid basket wall; loading may be
      interrupted to facilitate even development of the curd bed; loading is
      continued until 2 inch bed of curd is accumulated circumjacent which will
      collect a fluid whey phase. The port of the skimmer tube is then adjusted
      to be proximate the interface between the whey and the curd without
      disturbing the bed thereof, whereby whey can thereafter be skimmed from
      the centrifuge with minimal curd loss. The load cycle occurs over
      approximately 20 seconds whereupon the skimming operation described
      hereinabove commences 60 seconds later and is completed in another 60
      seconds. The total separation time in the solid bowl is in the order of 2
      to 3 minutes.
PAR  Thereafter, three differential sequential washings are employed at the same
      stated r.p.m., wash water being introduced into the basket with the
      skimmer tube retracted and each wash being allowed to spin for two
      minutes, whereupon the skimmer tube is reintroduced to remove as much of
      the wash water as is practicable. After three such washes, much of the
      whey solids, excess precipitating chemicals and polysaccharides have been
      removed, including a substantial portion of the flatulence factors.
PAR  In handling the 860 pounds of total precipitated slurry, approximately six
      equal portions of the slurry are separately charged to the aforementioned
      solid bowl centrifuging operation. In each of the washing cycles,
      sufficient water was used so that approximately 600 pounds of wash water
      was employed overall per 100 pounds of starting bean.
PAR  From the foregoing multiple wash operations for each separation, and such
      six separations a total amount of 310 pounds of curd containing 41.5
      pounds of solids are recovered. The curd retains its identity as such in
      the basket, is cohesive and has suffered minimal mechanical breakage in
      the separating, skimming and washing operation. The curd zone proximate
      the interface originally existing in the presence of the whey has only a
      moderate amount of broken curd and, in any event, represents a very minor
      weight percent of total curd solids. Most characteristically, the major
      depth of curd including that immediately proximate the basket wall is
      substantially free of any breakage, is quite cohesive and retains a
      desired continuous matrix-forming capability which is desired for certain
      applications per se. The moist curd is in a form such that it can be
      scooped out of the batch-type centrifuge on small laboratory proportions
      and can be plowed by a reverse cycle in plant scale solid bowl
      separations.
PAR  The 310 pounds of curd is then charged to a Koruma colloid mill for
      subdivision. Spinning discs of the colloid mill are separated
      approximately five thousandths of an inch, a distance operative to
      effectively subdivide the mass substantially into a uniform pumpable fluid
      homogeneous material fluid. In this operation the wet curd is milled after
      the addition of slight increments of water totalling 50 pounds of water to
      facilitate pumping to a spray dryer at 10-15 percent solids concentration.
      The slurry entering the spray dryer is contacted by inlet air at
      approximately 450.degree.F. circulating at 3500 c.f.m., the curtain of
      subdivided droplets in a 20 foot fall being dried to a moisture content of
      about 2 percent. A 45 percent yield of solids (dry basis) is recovered
      from 100 pounds of starting beans (92 pounds dry basis).
PAR  The product thus produced has the aforementioned stability and other
      organoleptic and functional characteristics.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process of recovering a stable nutritious soy protein product which
      comprises hydrating soybeans; grinding said hydrated soybeans to form a
      mash and autoclaving said soy bean mash under conditions and for a period
      of time to extract a soy milk from the soybean mash while inactivating the
      lipoxydase content thereof; said soy milk being extracted from said
      soybean mash during said autoclaving over a period of at least five
      minutes; separating said extracted milk from the soybean mash;
      salt-precipitating the milk to yield a coprecipitate of protein-oil curd
      and whey; centrifuging the coprecipitate and whey to develop distinct
      curdbed and whey phases wherein a major depth of the bed exists as a
      continuous cohesive matrix; centrifugally skimming the whey phase and
      associated water soluble components, washing the centrifugally separated
      curd to an extent sufficient to remove residual whey solids, excess
      precipitating chemicals and polysaccahrides therefrom; subdividing the
      curd and forming a dispersion of curd particles; and spray drying said
      dispersion.
NUM  2.
PAR  2. Process of claim 1 wherein the centrifugally separated curd is
      centrifugally washed.
NUM  3.
PAR  3. Process of claim 2 wherein each centrifugation is conducted at in excess
      of 500 g's.
NUM  4.
PAR  4. Product of the process of claim 1.
NUM  5.
PAR  5. The process of claim 3 wherein the milk is precipitated by a calcium
      salt.
NUM  6.
PAR  6. The process of claim 5 wherein the salt comprises calcium sulphate.
NUM  7.
PAR  7. The process of claim 1 wherein the soy milk is extracted at a
      temperature exceeding 170.degree.F. for at least 15 minutes.
NUM  8.
PAR  8. The process of claim 1 wherein the curd is spray dried using an inlet
      air drying temperature below 500.degree.F.
NUM  9.
PAR  9. The process of claim 8 wherein the curd is subdivided in a colloid mill
      preparatory to spray drying.
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ABST
PAL  Tooth enamel is treated with a dental etching acid to leach out the
      positvely charged calcium ions therefrom and to provide a roughened,
      porous, sponge-like appearing surface which is negatively charged. Said
      surface is treated with the positively charged ions of the heavy metals
      which are ionically attracted to said negatively charged surface and
      deposited into and on said sufrace which is remineralized with said heavy
      metal ions to form a relatively smooth surface like that of the original
      tooth enamel before the acid etch. Thereafter, the heavy metal covering
      said surface is converted into the corresponding heavy metal sulphide
      which is resistant to decay and to caries producing acids.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 471,003,
      filed May 17, 1974 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Dental decay and caries usually occurs as the result of attack by acids in
      the mouth and saliva. The hydrogen ions of such acids leach out and
      replace the calcium ions from the surface of the enamel. A lesion or
      cavity in the enamel thus occurs and if deep enough, renders the tooth
      vulnerable to attack by decay producing bacteria.
PAR  In an effort to protect the enamel surface from attack by such acids,
      soluble fluoride ions have been topically applied directly onto the
      surface of the enamel. The consumption of soluble fluoride compounds in
      water has been shown to be effective in preventing dental decay and
      caries, but when applied topically to tooth enamel, fluoride ions do not
      contribute to any significant reduction in dental decay or caries because
      the fluoride is readily washed off the tooth enamel.
PAC  SUMMARY OF THE INVENTION
PAR  The inventor has discovered a new method for topically treating tooth
      enamel to prevent dental decay and caries by replacing the calcium therein
      with an agent that is absorbed into the enamel and remineralized therewith
      to form an outer enamel layer which will resist dental decay and caries
      producing acids, and which will not be readily worn off or washed away as
      in the case of topically applied fluoride coatings. This new method
      generally comprises the steps of treating the surface of tooth enamel with
      a dental etching acid to leach out the positively charged calcium ions
      thereof, and provide a porous, sponge-like appearing, roughened surface
      which is negatively charged. This surface is thereafter treated with a
      solution comprised of the positively charged ions of one or more of the
      heavy metals which are ionically attracted to the negatively charged
      surface and are deposited into the sponge-like appearing surface to fill
      the pores thereof. The calcium lost by the acid etch as aforesaid, is
      thereby replaced by a heavy metal which remineralizes into a relatively
      smooth surface. Thereafter, the heavy metal in the surface of tooth enamel
      is converted into its corresponding heavy metal sulphide which is
      resistant to caries producing acids and to dental decay. Examples of heavy
      metals which may be used in the instant invention but without limitation
      thereto, are zinc, chromium, iron, nickel, tin, lead, cobalt, cadmium,
      copper, platinum, gold and silver.
PAC  EMBODIMENTS OF THE INVENTION
PAR  Tooth enamel is negatively charged and will naturally attract positively
      charged ions such as those of hydrogen and calcium and resist negatively
      charged ions, such as those of fluorine. Tooth enamel also allows
      positively charged ions, such as calcium ions, to leave and enter the
      enamel surface depending upon the relative pH of the surrounding saliva.
      Saliva generally has a pH between about 7.2 to about 7.4, but when
      lowered, and the concentration of hydrogen ions becomes relatively high,
      the hydrogen ions will replace the calcium in the enamel, thereby forming
      hydrogen phosphate, more commonly referred to as phosphoric acid, which
      attacks the enamel and leaves a porous, sponge-like appearing roughened
      surface.
PAR  If the pH of the saliva returns to its slightly basic condition, calcium
      ions naturally occurring in the saliva will replace the hydrogen ions
      present in the enamel and the previously acid etched surface will be
      remineralized. This accounts for the "smoothing over" of previously etched
      enamel surfaces which is observed to occur over a period of time where the
      saliva is allowed to return to its near neutral pH condition. If the
      saliva remains acidic, this remineralization may not occur or may not
      occur at the same rate as will the attack by the acid, and the hydrogen
      ions will continue to be attracted to and etch the enamel surface.
PAR  Thus, by treating the acid-etched surface of the tooth enamel with a heavy
      concentration of the heavy metals before the natural remineralization with
      calcium ions occurs, the enamel will be remineralized with the heavy metal
      ions. The acid etched enamel is sponge-like appearing and porous and the
      heavy metal ions will penetrate into the labyrinth formed thereby and form
      an ionic and mechanical interlock therewith.
PAR  Hydrogen sulphide gas, which is produced in the mouth by the decomposition
      of organic matter therein, reacts with the heavy metal remineralized in
      the surface of the tooth enamel to form the corresponding heavy metal
      sulphide which is resistant to attack by acids.
PAR  When using heavy metals below hydrogen in the electromotive force series of
      the elements, such as copper, platinum, gold and silver, for example, the
      ions thereof may not readily or quickly be deposited upon the etched
      enamel but by use of a reducing agent such as eugenol, hydroquinone, or
      formeldehyde, for example, such heavy metals will immediately be deposited
      on the enamel and fill the porous enamel as aforesaid.
PAR  In practicing the method of the instant invention zinc ions are preferred
      because the sulphide of zinc has a color that is white like natural tooth
      enamel and is therefore esthetically desirable. The sulphides of all the
      other heavy metals, to the knowledge of the inventor, have a color other
      than white, and to that extent, they are not preferred for use in the
      instant invention except on those areas of tooth enamel hidden from view
      where it would not be aesthetically objectionable.
DETD
PAC  EXAMPLE I
PAR  Teeth immunized with one of the heavy metals are first separated by
      conventional separation means to expose the contact points therebetween.
      The enamel of the teeth are then cleaned with flour of pumice, or extra
      fine silix powder. No oils or coloring matter should be present in the
      cleaning agents as they may interfere with the immunization. A rubber dam
      or cotton rolls are applied to the area about the teeth to keep them dry.
      The enamel to be immunized is treated topically with an aqueous solution
      comprised of about a 50 to about 85 percent by weight of phosphoric acid
      for about two minutes and then washed and dried. A white chalky surface
      will characterize the area that has been acid etched. If no such chalky
      area appears, the acid etch step should be repeated until the white chalky
      surface is apparent. The etched area is then treated with an aqueous
      solution comprising about 40 percent by weight of zinc chloride for about
      one to two minutes or until a precipitate is observed to appear over the
      etched surface. This precipitate was viewed under an electron scanning
      microscope and revealed a remineralization of the enamel. The zinc present
      in and on the etched surface is thereafter converted to zinc sulphide by
      the reaction with hydrogen sulphide. Zinc sulphide is white in color and
      has the same appearance as the white enamel of untreated teeth.
PAC  EXAMPLE II
PAR  The production of Example I was repeated except that the etched tooth was
      treated with an ammoniacal solution comprising about 30 percent by weight
      of silver nitrate. Eugenol is added onto the silver nitrate solution to
      precipitate the silver therefrom. The silver coating appearing on the
      etched area thereafter is converted to silver sulphide.
PAR  Phosphoric acid and citric acid are two commonly used dental etching acids,
      but any other acid that will perform the necessary etch may be used as
      well. Other acids that may be used are the inorganic acids such as
      hydrochloric, sulphuric, nitric, and the organic acids such as acetic,
      formic, propionic, trichloroacetic, glutaric, oxalic, malonic, and maleic.
      The amount of the acid in the dental etching acid may vary considerably,
      but should be at least about 20 percent by weight when using phosphoric or
      citric acid. If inorganic mineral acids are used, the amount may be less.
      The amount of acid however, is not critical to the working of the instant
      invention except to the extent that sufficient acid must be present to
      provide the necessary etch without having any substantial excess acid
      remaining after the etch is finished to eliminate any possible hazard to
      the surrounding teeth or to the oral cavity.
PAR  In using acids that are commercially available for the purpose of etching
      tooth enamel, a sufficient etch, which removes about 5 to 15 microns of
      enamel, is achieved if the acid is left on the tooth for approximately 1
      to 3 minutes. In actual practice, however, the dental etching acid may
      evaporate or run off the area to be etched or be so weak that the etch
      will not be complete. It should be noted that dental etching acid may be
      intentionally made weak to prevent any excessive etching or damage to the
      other teeth or to the gums or soft tissue of the mouth if the acid runs
      off the tooth or when the acid is washed off after the etch. Consequently,
      the acid and its strength should be selected so that it is just strong
      enough to accomplish its intended purpose before being rendered
      ineffectual by neutralization with the calcium in the teeth. In actual
      practice, however, the acid is sometimes made very weak as a safety
      precaution for the surrounding teeth, gums, and soft tissue, and thus may
      require a number of applications to achieve the necessary etch.
PAR  The ions of the heavy metals may be provided by dissolving the salt thereof
      in an appropriate solute such as water, or ammonia, for example. The
      concentration of heavy metal ions in the solute is not critical to the
      working of the instant invention except to the extent that a sufficient
      concentration of heavy metal ions should be present to penetrate into the
      porous surface without the need for repeated applications.
PAR  Solutions of the heavy metals are well suited for use in practicing the
      method of the instant invention because such solutions are antiseptic,
      toxic, astringent and escharotic and thereby provide an environment which
      is detrimental to decay causing bacteria. Non-heavy metals are generally
      not suited for use in the instant invention to the extent they might be
      reactive with the tooth enamel, will not form sulphides that are acid
      resistant and durable, and cannot be deposited into the porous surface of
      the etched enamel.
PAR  Precipitating agents such as aqueous solutions of potassium ferrocyanide or
      potassium ferriccyanide may be applied to the etched area treated with the
      heavy metal ions to increase the rate the heavy metal ions precipitate
      onto and remineralize with said porous enamel surface.
PAR  Another beneficial aspect of the instant invention is the abillity of
      soluble heavy metal compounds to precipitate out mucoprotiens, commonly
      referred to as "plaque", which adheres to tooth enamel. Plaque is a
      causitive agent in producing dental decay, such as periodontitis, for
      example. When tooth enamel is treated with soluble heavy metal compounds
      during the practice of the instant invention, the plaque thereon will be
      eliminated and tooth decay will thereby be further reduced.
PAR  While the embodiment of the invention shown herein for purposes of
      disclosure is at present considered to be preferred, it is to be
      understood that this invention is intended to cover all changes and
      modifications to the disclosed embodiment which fall within the scope and
      spirit of the invention.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A method for remineralizing and immunizing tooth enamel to prevent and
      control tooth decay and dental caries, comprising the steps of:
PA1  a. etching tooth enamel with a dental etching acid to leach out the
      positively charged calcium ions thereof and to provide a porous,
      sponge-like appearing and roughened surface which is negatively charged,
PA1  b. treating said surface with a solution comprised of the positively
      charged ions of a heavy metal or a compatible mixture of heavy metal ions
      which are ionically attracted to said negatively charged surface and are
      deposited in and onto said porous surface which is remineralized with said
      heavy metal ions to form a relatively smooth surface on said tooth enamel,
      and
PA1  c. allowing the heavy metals in the surface of the tooth enamel to react
      with sulphur bearing compounds to form the corresponding heavy metal
      sulphide thereof which is resistant to caries producing acids and to
      dental decay.
NUM  2.
PAR  2. The method of claim 1 wherein said heavy metal is zinc.
NUM  3.
PAR  3. The method of claim 1 wherein said heavy metal is chromium.
NUM  4.
PAR  4. The method of claim 1 wherein said heavy metal is iron.
NUM  5.
PAR  5. The method of claim 1 wherein said heavy metal is nickel.
NUM  6.
PAR  6. The method of claim 1 wherein said heavy metal is tin.
NUM  7.
PAR  7. The method of claim 1 wherein said heavy metal is lead.
NUM  8.
PAR  8. The method of claim 1 wherein said heavy metal is cobalt.
NUM  9.
PAR  9. The method of claim 1 wherein said heavy metal is cadmium.
NUM  10.
PAR  10. The method of claim 1 wherein said heavy metal is copper.
NUM  11.
PAR  11. The method of claim 1 wherein said heavy metal is platinum.
NUM  12.
PAR  12. The method of claim 1 wherein said heavy metal is gold.
NUM  13.
PAR  13. The method of claim 1 wherein said heavy metal is silver.
NUM  14.
PAR  14. A method for remineralizing and immunizing tooth enamel to prevent and
      control tooth decay and dental caries, comprising the steps of:
PA1  a. etching tooth enamel with a dental etching acid to leach out the
      positively charged calcium ions thereof and to provide a porous,
      sponge-like appearing roughened surface which is negatively charged,
PA1  b. treating said surface with a solution comprised of the positively
      charged ions of a heavy metal or a compatible mixture of heavy metal ions
      which are below hydrogen in the electromotive force series for metals,
      said heavy metal being ionically attracted to said negatively charged
      surface,
PA1  c. applying a reducing agent to said heavy metal solution to deposit said
      heavy metal in and onto said porous surface which is remineralized with
      said heavy metal to form a relatively smooth surface on said tooth enamel,
      and
PA1  d. allowing the heavy metals in the surface of the tooth enamel to react
      with sulphur bearing compounds to form the corresponding heavy metal
      sulphide thereof which is resistant to caries producing acids and to
      dental decay.
NUM  15.
PAR  15. The method of claim 14 wherein said heavy metal is copper.
NUM  16.
PAR  16. The method of claim 14 wherein said heavy metal is platinum.
NUM  17.
PAR  17. The method of claim 14 wherein said heavy metal is gold.
NUM  18.
PAR  18. The method of claim 14 wherein said heavy metal is silver.
NUM  19.
PAR  19. The method of claim 14 wherein said heavy metal is silver and said
      reducing agent is eugenol.
NUM  20.
PAR  20. The method of claim 14 wherein said heavy metal is silver and said
      reducing agent is formaldehyde.
NUM  21.
PAR  21. The method of claim 14 wherein said heavy metal is silver and said
      reducing agent is hydroquinone.
NUM  22.
PAR  22. A method for remineralizing and immunizing tooth enamel to prevent and
      control tooth decay and dental caries, comprising the steps of:
PA1  a. etching tooth enamel with a dental etching acid to provide a porous,
      sponge-like appearing and roughened surface of at least about 5 microns in
      depth,
PA1  b. treating said surface with a solution comprised of a soluble heavy metal
      compound or a compatible mixture of heavy metal compounds to deposit said
      soluble heavy metal into and onto said porous etched surface to form a
      relatively smooth surface thereon, and
PA1  c. allowing said heavy metal to react with sulphur bearing compounds to
      form the corresponding heavy metal sulphide thereof which is resistant to
      caries producing acids and to dental decay.
NUM  23.
PAR  23. The method of claim 22 wherein said heavy metal is zinc.
NUM  24.
PAR  24. The method of claim 22 wherein said heavy metal is silver and a
      reducing agent is added thereto to deposit the silver into and onto said
      etched, porous surface.
NUM  25.
PAR  25. The method of claim 24 wherein said reducing agent is eugenol
NUM  26.
PAR  26. The method of claim 24 wherein said reducing agent is formaldehyde.
NUM  27.
PAR  27. The method of claim 24 wherein said reducing agent is hydroquinone.
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ABST
PAL  Images are formed by transporting a recording surface bearing an
      electrostatic latent image adjacent to a spaced parallel surface of a
      development electrode and supplying a liquid developer between the
      recording surface and parallel surface of the development electrode at
      substantially the same velocity as the velocity of the recording surface.
PARN
PAR  This is a continuation, of application Ser. No. 807,353, filed Mar. 14,
      1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to imaging systems, and more particularly, to an
      improved method and apparatus for developing electrostatic latent images
      with a liquid developer.
PAR  The formation and development of images on the surface of photoconductive
      materials by electrostatic means is well known. One conventional process
      involves placing a uniform electrostatic charge on a photoconductive
      insulating layer comprising zinc oxide powder and a resinous binder
      carried on a conductive paper substrate, exposing the layer to a
      light-and-shadow image to dissipate the charge on the areas of the layer
      exposed to the light and developing the resulting electrostatic latent
      image by depositing on the image a charged toner which is dispersed in an
      insulating liquid. The charged toner may be suitably colored and may have
      a polarity of charge identical or opposite to that of the latent image to
      be developed. If the polarity of charge of the toner is identical to that
      of the latent image, reversal development will occur whereas a toner
      having a charge opposite to that of the latent image will be attracted to
      the latent image. Generally, a development electrode is employed with
      liquid development processes to eliminate the well-known edge effect.
      Since the electrostatic field resulting from the electrostatic latent
      image is relatively strong along the edges of the electrostatic latent
      image but relatively weak near the center of the electrostatic image, a
      print developed without the aid of a development electrode is
      characterized by dense toner deposits in the peripheral areas of the
      electrostatic latent image and relatively little or no toner deposits in
      the central areas of the electrostatic latent image. In order to eliminate
      this edge effect, it is necessary to position a development electrode
      close to the electrostatic latent image bearing surface during
      development. Generally, the closer the development electrode is positioned
      to the electrostatic latent image, the greater the reduction of edge
      effect. Unfortuantely, at relatively high development speeds and close
      development electrode spacings, the deposited toner image tends to form
      streaks parallel to the direction of relative movement between the
      photoreceptor surface and liquid developer. Generally, liquid developers
      contain carrier liquids which are highly volatile and often inflammable.
      Exposure to the ambient atmosphere of liquid developers containing highly
      volatile and inflammable components is undesirable because of the danger
      to the machine operator. Thus, there is a continuing need for an improved
      imaging system.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore, an object of this invention to provide an imaging system
      overcoming the above-noted deficiencies.
PAR  It is another object of this invention to provide an imaging technique
      which eliminates the edge effect in developed images.
PAR  It is a further object of this invention to provide an imaging technique
      which forms images with greater speed.
PAR  It is still another object of this invention to prevent volatile and
      inflammable liquid developer components from escaping to the ambient
      atmosphere.
PAR  It is another object of this invention to provide an imaging system which
      eliminates streaks in the deposited toner image.
PAR  It is a further object of this invention to provide an imaging system
      superior to those of known systems.
PAR  The above objects and others are accomplished by providing an imaging
      system in which a liquid developer is introduced in the space between an
      imaging surface and an adjacent developement electrode at a velocity
      substantially equal to the velocity of the imaging surface so that little
      or no relative movement exists between the liquid developer and the
      imaging surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The advantages of the improved electrostatographic imaging system of this
      invention will become even further apparent upon consideration of the
      following disclosure of the invention, particularly when taken in
      conjunction with the accompanying drawing wherein a schematic sectional
      view of an electrophotographic imaging apparatus employing an embodiment
      of the development electrode and the liquid developer supply means of this
      invention is illustrated.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to a drawing, reference character 1 designates an
      electrophotographic recording web bearing an electrostatic latent image on
      a recording surface. The electrophotographic recording web 1 is supported
      by a portion of the periphery of a rotating conductive roller 2 while it
      is transported adjacent to but spaced from a development electrode 3. The
      development electrode 3 is fitted with a liquid developer inlet 4 and a
      liquid developer outlet 5. During development, an electrostatic latent
      image on the surface of electrophotographic recording web 1 facing away
      from conductive roller 2 is immersed in a liquid developer bath flowing
      from liquid developer inlet 4 to liquid developer outlet 5. The liquid
      developer inlet 4 and liquid developer outlet 5 comprise slots having a
      length approximately equal to the width of the electrophotographic web 1.
      The flow rate of the liquid developer is maintained at a velocity
      substantially equal to the peripheral speed of the conductive roller 2 by
      means of a variable delivery pump 6. A second variable delivery pump 7 may
      optionally be provided to promote flow of the developer from liquid
      developer outlet 5 to developer reservoir 8. Raised lips 9 and 10 at the
      entrance and exit ends, respectively, of development electrode 3 function
      as both seals and baffles to prevent loss of developer material and to
      direct the course of developer flow from inlet 4 to outlet 5. Suitable
      edge seals, not shown, may be employed to contain the liquid developer as
      the developer flows from inlet 4 to outlet 5. These seals may comprise,
      for example, felt strips arranged parallel to the flow of liquid developer
      and secured to each edge of development electrode 3. Although the
      photoreceptor illustrated in the drawing is a web, it is obvious that
      other configurations may be employed such as a belt, cylinder, plate and
      the like. Similarly, the development electrode may be flat, curved or any
      other suitable shape which will permit parallel spacing. The operating
      conditions for forming developed marking material images free of streaks
      depend upon factors such as the space between the electrostatic latent
      image bearing surface and development electrode, the surface potential of
      the electrostatic latent image, the relative speed between the
      electrostatic latent image bearing surface and the liquid developer and
      the length of the developing zone. Excellent images free of streaks and
      edge effect are obtained with processing speeds of about 40 centimeters
      per second. Processing speeds equaling the processing speed of current
      newspaper printing systems is believed possible with the imaging system of
      this invention.
PAR  The use of development electrodes in liquid developed systems is
      notoriously well known in the art. Conventional electrode liquid
      development spacings, voltages and materials may be employed in the
      process of this invention and are not considered the novel features of
      this invention.
PAR  The imaging technique of this invention, as may be clearly understood from
      the foregoing description, provides high quality, dense images free of
      streaks and edge effects. These improved images are realized by
      maintaining the flow velocity of a liquid developer at substantially the
      same velocity of an imaging surface during development at high speeds.
      Further, the high velocity circulation of the liquid developer between the
      development electrode and the imaging surface prevents developer marking
      particle depletion and prevents volatile and inflammable liquid developer
      components from escaping to the ambient atmosphere.
PAR  While the invention has been particularly shown and described with
      reference to the preferred embodiment thereof, other modifications and
      ramifications of the present invention will appear to those skilled in the
      art upon a reading of the disclosure. These are intended to be included
      within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming an image comprising providing an electrostatographic
      imaging member bearing an electrostatic latent image on a recording
      surface, transporting said recording surface at a velocity of at least
      about 40 centimeters per second adjacent to a spaced, parallel surface of
      a development electrode thereby forming a development zone between said
      recording surface and said parallel surface of said development electrode,
      pumping a liquid developer into said development zone at a flow velocity
      substantially equal to the velocity of said recording surface so that
      little or no relative movement exists between said liquid developer and
      said recording surface to thereby avoid depletion of developer marking
      particle deposit on said recording surface, and sealing said liquid
      developer in said development zone from exposure to the ambient atmosphere
      to prevent volatile liquid developer components from escaping to the
      atmosphere.
NUM  2.
PAR  2. A method of forming an image according to claim 1 including pumping said
      liquid developer into said development zone with a variable speed pump.
NUM  3.
PAR  3. A method of forming an image comprising providing an electrophotographic
      imaging member bearing an electrostatic latent image on a recording
      surface, transporting said recording surface in an arcuate path at a
      velocity of at least about 40 centimeters per second adjacent a
      substantially parallel, smooth, curvilinear surface of a development
      electrode spaced from said recording surface thereby forming a development
      zone between said recording surface and said development electrode,
      pumping a liquid developer into said development zone at a flow velocity
      substantially equal to the velocity of said recording surface so that
      little or no relative movement exists between said liquid developer and
      said recording surface to thereby avoid depletion of developer marking
      particle deposit on said recording surface, and sealing said liquid
      developer in said development zone from exposure to the ambient atmosphere
      to prevent volatile liquid developer components from escaping to the
      atmosphere.
NUM  4.
PAR  4. A method of forming an image according to claim 3 including pumping said
      liquid developer into said development zone with a variable speed pump.
NUM  5.
PAR  5. A method of forming an image comprising providing an electrostatographic
      imaging member bearing an electrostatic latent image on a recording
      surface, transporting said recording surface at a velocity of at least
      about 40 centimeters per second adjacent to a spaced, parallel surface of
      a development electrode thereby forming a development zone between said
      recording surface and said parallel surface of said development electrode,
      pumping a liquid developer into said development zone at a flow velocity
      substantially equal to the velocity of said recording surface so that
      little or no relative movement exists between said liquid developer and
      said recording surface to thereby avoid depletion of developer marking
      particle deposit on said recording surface, and providing raised lips at
      the inlet and outlet ends respectively of said development electrode to
      serve as both seals and baffles to prevent loss of developer material and
      to direct the course of developer flow from said inlet to said outlet.
NUM  6.
PAR  6. A method of forming an image according to claim 5 including pumping said
      liquid developer into said development zone with a variable speed pump.
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ABST
PAL  The process for producing roofing felt which is softer, more flexible and
      more fire-resistant than such felt commonly produced by the prior art and
      which consists of permeating the felt stock with a treating fluid
      comprising a mixture of oil and soda ladened water, next drying the
      treated felt stock to remove excess moisture therefrom, next impregnating
      the felt with heated molten asphalt, next permitting excess molten asphalt
      to drain therefrom and finally permitting the asphalt in the felt to cool.
PARN
PAR  This is a continuation of my co-pending application Ser. No. 334,904, filed
      Feb. 22, 1973, for "PAPER FELT AND PROCESS FOR MAKING THE SAME."
BSUM
PAR  This invention has to do with improved roofing felt or tar paper, such as
      is used to cover roofs and such as is employed in the manufacture of that
      class of roofing materials commonly referred to as "composition roofing"
      or "composition shingles." More particularly, the instant invention is
      concerned with a novel process of making my improved roofing felt.
PAR  Tar paper or roofing felt consists of course, porous, uncalendered,
      unsized, low grade, paper cardboard or felt stock, impregnated or
      saturated with that heavy, tar-like petroleum residue known as asphalt. In
      establishing roofing felt, the felt stock is first established in a paper
      mill by appropriate means and techniques commonly employed in the
      manufacture of cardboard stock, with the exception that no filler
      materials, such as clay, and little or no sizing or binding materials,
      such as glue, which would interfere with the saturation of the stock with
      asphalt, are provided or employed. The prepared or finished felt stock is
      then submerged in a hot, molten bath of asphalt for a sufficient period to
      assure complete saturation of the felt with the asphalt and is finally
      extracted from the bath and let to cool.
PAR  While the above appears to be an extremely simple and straight-forward
      procedure, it is not without serious shortcomings and the end product is
      wanting in a number of ways.
PAR  The felt stock, for economic reasons, is made primarily of reclaimed waste
      materials such as paper and rags with a minimum amount of new, yet
      inexpensive, raw material, such as peat, to provide a sufficient quantity
      of long fibers to tie and bind together the normally soft, short and
      weakened fibers of the reclaimed materials. Accordingly, the fibrous
      structure of the felt stock is of an extremely fragile and weak nature.
      Further, since the presence of fillers and binders would prevent or impede
      penetration of the asphalt into the felt stock and no such materials are
      provided, no reinforcing and binding effect which might be offered by such
      materials is provided. Still further, the felt stock must be as dry and
      free of moisture as is possible when it is submerged in the hot bath of
      asphalt, as the presence of water and moisture in the felt, under the
      temperatures encountered generates steam within the felt which urges the
      asphalt out and away from the felt as it escapes therefrom and which
      frequently causes the felt to expand, develop blisters and rupture, which
      renders it unsuitable for sale and use.
PAR  As a result of the above, the felt stock is extremely weak, brittle and
      fragile before it is impregnated or saturated with the asphalt. It is
      difficult to handle and the quantity which is damaged and lost in the
      course of producing roofing felt is substantial.
PAR  When the felt stock is saturated or impregnated with asphalt, the asphalt
      serves as a filler and binder to greatly increase the strength and
      stability of the fibrous structure. The asphalt itself must be of a nature
      and consistency so that it will not flow under maximum anticipated
      temperatures of the environment in which it is to be used and is such that
      it normally becomes hard and quite brittle when it is cooled to
      temperatures below the anticipated mean temperature of the environment in
      which it is to be used. When the roofing felt is cooled to or below the
      anticipated mean temperature in which it is to be used, at which
      temperature the asphalt becomes brittle, the noted advantageous effects
      afforded frequently asphalt are frequency lost and the felt becomes so
      brittle and fragile that it cannot be worked.
PAR  As a result of the above and as is commonly recognized, ordinary roofing
      felt can be worked when it is sufficiently warm to render it soft and
      pliable, as during warm summer days and cannot be worked at night and
      during the cold days, unless it is suitably warmed by some special source
      of heat.
PAR  Attempts have been made to make the felt stock more flexible and pliable so
      that it can be more conveniently and effectively handled prior to and
      during treating it with asphalt and so that the finished product or
      roofing felt remains flexible or less subject to becoming brittle when
      chilled, but such attempts have failed.
PAR  Such attempts to make roofing felt more pliable have, characteristically,
      involved the application of a light oil to the felt stock, at some stage
      of its manufacture prior to treating it with asphalt. Common or ordinary
      oils alone will not effectively and uniformly penetrate the felt when it
      is wet and tends to trap free water in the felt, both of which factors are
      undesirable. Applying oil alone to the felt when it is dry requires the
      use of excessive amounts of oil to effect desired and effective saturation
      of the felt. Further, if sufficient light oil, alone, is present in the
      felt to render it pliable, it acts as a solvent which thins and causes the
      asphalt to become excessively tacky and fluid, after the product is
      finished. If the last factor is compensated for by using a harder asphalt,
      the effect of the oil is counteracted and nothing is gained.
PAR  The ordinary roofing asphalt, being composed of combustible fibers and
      asphalt, is highly flammable and presents a definite fire hazard. To date,
      no economically feasible means of fire-proofing roofing felt has been
      found. One means employed in reducing the fire hazard associated with
      roofing felt has been to coat or dust the surfaces of the product with a
      dry chemical, such as sodium bicarbonate, which chemical readily sticks
      and adheres to the tacky asphalt. While such practices serve to retard
      ignition of the product, they are substantially ineffective when the
      product is once ignited and heated sufficiently to liquefy the asphalt to
      an extent that the fire retardant treated surfaces thereof become fluid
      and unstable. Further, fire retardant chemicals applied to the surfaces of
      roofing felt are subject to being blown and washed away by wind and rain
      at such a rapid rate that the effective use thereof is extremely
      questionable.
PAR  Attempts to impregnate the felt stock with a fire retardant chemical have
      failed to bring about satisfactory, uniform, results since the chemicals,
      which must be included in the felt before dipping and treating the felt
      with asphalt, act as a filler and/or coat the fibers of the felt in a
      manner that prohibits or unduly inhibits the desired, uniform, penetration
      of the asphalt into the felt.
PAR  An object and feature of my invention is to provide a novel process and
      means for establishing inexpensive, soft, porous, flexible felt stock,
      particularly suitable for saturation and/or impregnation with asphalt and
      the establishing of tar paper or roofing felt.
PAR  It is an object and feature of the instant invention to provide a novel
      means and process for establishing roofing felt wherein the felt stock
      remains sufficiently flexible and non-brittle that it will not fracture,
      break or readily tear when the asphalt is chilled to a brittle condition
      and is flexed to an extent that the asphalt is caused to craze.
PAR  Yet another object and feature of my invention is to provide a novel means
      and process for establishing a roofing felt which is effectively and
      substantially thoroughly impregnated with a fire retardant chemical and
      which sufficiently resists ignition and combustion to be classified as
      fire resistant.
PAR  Still another object and feature of my invention is to provide means and a
      process whereby the fibers of felt stock for the establishment of roofing
      felt are impregnated and rendered flexible and non-brittle by application
      and distribution of a treating fluid throughout the felt comprising a
      solution or emulsion of oil and water.
PAR  An object and feature of this invention is to provide felt stock of the
      character referred to above wherein the treating fluid is wholly or
      partially an inverted emulsion of oil and water wherein the fine droplets
      of water are surrounded by or within the oil whereby the apparent water
      content of the fluid is substantially undetectable under normal conditions
      and the stock is such that it is substantially and/or effectively
      anhydrous, containing no free water during the bathing and treating of the
      felt stock in hot molten asphalt in the course of establishing roofing
      felt therefrom.
PAR  Still further, it is an object of the present invention to provide means
      and a process for establishing felt stock and finished roofing felt of the
      character referred to above wherein the water of the treating fluid
      mixture is ladened with and carries with it, in solution, a suitable fire
      retardant chemical, such as sodium bicarbonate, whereby the felt stock and
      resulting roofing felt is thoroughly and uniformly impregnated with the
      fire retardant chemical and is rendered more fire resistant.
PAR  It is an object and feature of this invention to apply and treat the felt
      stock with the above referred to treating fluid of chemical ladened water
      and oil during the production of the felt stock after the free water
      employed to establish the stock has been extracted from the stock, before
      the stock is completely dried and at that time when the cells of the
      fibers are still sufficiently damp and moisture conditioned to freely
      admit the treating fluid.
DRWD
PAR   The foregoing and other objects and features of my invention will be
      apparent and fully understood from the following detailed description of a
      typical and preferred carrying out of the invention throughout which
      description reference is made to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic view of a typical paper mill apparatus arranged
      and disposed for carrying out my new process; and
PAR  FIG. 2 is a diagrammatic view of a typical apparatus employed to treat felt
      stock with asphalt in accordance with my new process.
DETD
PAR  The process provided by the present invention, in its broadest aspects,
      consists of saturating damp, moisture conditioned paper felt stock with a
      treating fluid comprising a solution and/or emulsion of oil and water,
      then drying the felt to drive off excess and free water, next submerging
      and dipping or bathing the treated felt in a hot molten bath of asphalt
      and permitting the asphalt to permeate and saturate the felt, then
      extracting the felt from the bath and permitting the excess asphalt to
      drain therefrom and finally cooling the fluid treated asphalt saturated
      felt stock.
PAR  In carrying out the above, it is important and desirable that the felt
      stock have no free water in it when the treating fluid is applied to it as
      such excess or free water will prevent or impede the free and uniform flow
      and penetration of the treating fluid into and throughout the felt stock.
      This fact can be readily understood when it is recognized that the
      treating fluid, due to the low specified gravity of the oil therein, is
      lighter than the water and will not readily displace any free water
      trapped and held within the fibrous structure of the felt.
PAR  While it is desirable that all free water be extracted from the felt, for
      the reasons set forth above, a small or limited amount of such water can
      remain dispersed throughout the felt, so long as it is not present in
      sufficient quantities and in sufficiently large masses as would prevent
      substantially complete and uniform saturation of the felt with the
      treating fluid.
PAR  It has been found that small, dispersed amounts of free water in the felt
      at the time the treating fluid is applied and about which the fluid can
      freely flow, is effectively combined with and becomes a part of the fluid
      or is effectively displaced and moved from the felt without adverse
      effects when the felt is subsequently dried.
PAR  It can be otherwise explained that the felt cannot be so wet and saturated
      with free water that the treating fluid might float thereon or the flow of
      fluid into and throughout the felt is blocked thereby and/or such that the
      fluid might be excessively diluted should it combine therewith.
PAR  While it is important that the felt not be ladened with excessive free
      water when the treating fluid is applied thereto, it is equally important
      that it not be excessively dry. When the felt is dried to an extent that
      it has too little a moisture content, the fibers shrink, warp and crack,
      creating small corners and interstices into which fluids such as the
      treating fluid cannot flow due to the surface tension of the fluids.
      Further, when the fibers of the stock are dried, the cells of the fibers
      contract or shrink, creating interstices or voids between adjacent cells
      into which fluids with any appreciable surface tension cannot readily
      flow. When the fibers are let to become so dry that the cells thereof
      shrink and part, they become extremely weak and brittle.
PAR  In accordance with the above, in carrying out my invention, the felt should
      be sufficiently wet or damp and have sufficient moisture content so that
      the fibers have not begun to shrink excessively and such that the treating
      fluid is not prevented from freely flowing about the fibers and into the
      interstices created by the fibers and by the cells thereof.
PAR  In practice, the necessary or desired moisture content of the felt stock
      can vary widely depending upon the nature of the waste material of which
      the stock is established. For example, if the stock is established wholly
      of rag, the fibers of which are quite firm, long and dense, the moisture
      content of the stock when moisture conditioned for saturation by the
      oil-water emulsion or solution, may be as little as 5%, whereas, if the
      stock is established wholly of newspaper waste, the fibers of which are
      shorter, less dense and firm, the moisture content may be 30% or greater
      to effect proper moisture conditioning of the fibers.
PAR  Most often, the stock is established of a combination of different
      available fibrous waste materials and those materials are substantially
      continuously fed into the production of the felt in different or varying
      amounts; as a result, it is necessary or required that the moisture
      condition of the felt, as it is being produced, be continuously monitored
      and adjusted or varied so that the desired moisture condition is imparted
      thereto. Such monitoring of the moisture condition of the stock is, in
      practice, best effected at that point or step in the production of my new
      product where the oil and water emulsion or solution is introduced or
      applied to the stock and where the manner in which the treating fluid is
      absorbed or repelled by the felt stock can be suitably visually observed.
PAR  As a result of the above, it will be apparent that the amount of moisture
      in felt stock is not and cannot be practically established at any fixed
      amount and is determined or controlled by the nature of the fibers going
      to make up the stock. Accordingly, the stock is and can be best and
      properly defined as being "moisture conditioned" to receive and/or accept
      the treating fluid.
PAR  In the following descriptive matter and in the claims, when describing and
      qualifying the moisture content of the felt stock prior to application of
      the emulsion or solution, I will refer to and describe it as being
      "moisture conditioned," it being understood that such language means that
      the stock is conditioned with that volume or percentage of moisture which
      renders the stock capable of allowing the treating fluid to substantially
      freely penetrate and saturate the stock.
PAR  In practice, the treating fluid which consists primarily of oil and water
      can be varied widely as regards the ratio of oil to water. As little oil
      as is practical should be used so as not to unduly increase the cost of
      the end product and so as not to deposit or present so much oil as would
      tend to unduly dissolve and soften the asphalt of the finished product.
PAR  The oil that I employ in establishing my treating fluid is not a pure or
      natural oil, but rather is a prepared or treated oil of that general type
      or class of oil commonly called "soluble oil" and which has long been
      produced and sold by substantially all major oil producing and refining
      companies throughout the United States. In their most basic or simple
      form, soluble oils are mineral oils treated with sulphuric acid so that
      they are partially soluble in water and are said to establish an emulsion
      when mixed with water.
PAR  In accordance with present day practices, "soluble oils" are water
      emulsifiable products usually containing mineral oil, primary and
      secondary emulsifiers, coupling agents and in some instances, other
      additives, such as bactericides. When well formulated they readily form a
      stable and permanent emulsion with water and are such that they leave an
      oily film on parts after the water (emulsion) evaporates.
PAR  One such oil, produced and sold by Atlantic Richfield Company under the
      name "Soluble Oil Z" comprises 87.55 percent 100 pale oil, 7.0 percent
      sodium sulfonate, 3.2 percent naphthenic acid, 1.0 percent glutaraldehyde,
      and smaller amounts of other additives such as isopropanolomine, hexylene
      glycol and an anti-foaming agent. The same company produces and sells
      "soluble oil DO" which comprises 80.7 percent oil, 10.9 percent sodium
      sulfonate, 6.0 percent potassium salt of rosin, 1.0 percent cellosolve,
      0.3 percent oleic acid, 0.8 percent water and 0.3 percent
      pentachlorophenol.
PAR  The above examples of "soluble oil" and a great number of others
      commercially available soluble oils involving different formulas and
      commonly called and sold as "soluble oil" are intended to be mixed with
      water to establish emulsions and are intended for use as coolants, cutting
      oils, rust inhibitors and the like.
PAR  To the best of my knowledge, substantially any one of those oils which are
      called and sold as soluble oil and which mix with water to establish an
      emulsion can be advantageously used in carrying out my invention.
PAR  In practice, the recommended proportioning of oil and water in the case of
      commercially available soluble oils is largely dependent upon the use to
      which the emulsion is to be put. Suggested ratios generally range from 20
      to 100 parts water to each part oil in those cases where the oils or
      emulsions are to be used as "cutting oil" in machinery operations. In
      those instances where the emulsions are to be used as coolants and/or rust
      inhibitors in the cooling systems of internal combusion engines and the
      like, suggested ratios may be as great at two hundred parts water to each
      part of oil.
PAR  In carrying out the instant invention and since the treating fluid is not
      employed as a lubricant, coolant, rust inhibitor or the like, but rather,
      is employed as a fiber conditioning medium, it has been determined that
      the ratios of oil and water suggested by the producers of the various
      commonly available soluble oils is not applicable and that considerably
      more water and less oil will establish a suitable and effective emulsion
      or treating fluid.
PAR  In some instances, the ratio of water to oil can be approximately one
      thousand to one.
PAR  The ratio of oil to water in the treating fluid employed in carrying out
      this invention is extremely variable and is not subject to being specified
      with particularity due to several variables that are always present. The
      variables which determine the preferable ratio of oil and water in
      establishing the treating fluid are: (1) how soft and/or flexible does the
      producer of the end product wish the product to be; (2) the inherent
      strength, flexibility and absorbtion characteristics of the felt stock
      which is being treated (which is dependent upon the nature of the raw
      waste materials used); and (3) the nature and characteristics of the
      particular batch or supply of asphalt employed in carrying out the
      invention. In addition to the above, the special nature and
      characteristics of the particular oil which is available, selected and
      used can greatly effect the preferred ratio of oil and water.
PAR  As a result of the above, and in practicing the instant invention, it has
      been determined that the most effective and satisfactory procedure to
      effect the preferred ratio of oil and water is to start the process with a
      ratio which is extremely low in oil, for example, one part oil to one
      thousand parts of water and to observe the nature and characteristics of
      the end product. If the end product is too stiff and brittle, more oil is
      added until product with desired characteristics is attained. Conversely,
      if the product becomes too soft and the asphalt appears to be dissolved
      and excessively tacky, more water is added.
PAR  It is to be noted that the above is not a matter of experimentation, but
      rather, is a matter of adjustment which must be made in light of those
      variables which are encountered and which require the exercise of a
      minimum amount of skill on the part of the persons practicing the
      invention.
PAR  When the treating fluid is deposited on the moisture conditioned felt, it
      rapidly penetrates the felt to combine with certain of the moisture in,
      about and between the fibers of the felt to substantially uniformly
      permeate the felt structure.
PAR  After the treating fluid is applied to and throughout the felt, the felt is
      substantially dried by subjecting it to appropriate heat and preferably to
      some pressure.
PAR  In the preferred carrying out of the invention, sufficient pressure is
      applied to the felt to displace and squeeze out or expell all excess free
      fluids and to thereby reduce the heat energy that would otherwise be
      required to dry the felt to a desired extent by heat alone.
PAR  The drying heat to which the felt is subjected is preferably slightly in
      excess of 212.degree. F. or the boiling temperature of water so that all
      excess and free water is vaporized and exhausted from the felt.
PAR  The drying heat must, however, not be so high or great as to scorch or burn
      the fibers of the felt or vaporize the oil. Those various oils which I
      have used with satisfactory results have latent temperatures of
      vaporization of from 300.degree. F. to in excess of 600.degree. F.
PAR  In the course of drying the felt, a substantial portion of the water going
      to make up the treating fluid is vaporized and expelled, but the amount so
      expelled cannot be readily determined by the inventor with or by those
      testing means at his disposal. In practice, if an excess of that water is
      expelled, such can be corrected by adjusting the heat and/or the time
      period the heat is applied to the felt stock.
PAR  When the felt is dried to a desired extent, as above set forth, the felt,
      in accordance with normal procedures employed to test the water content of
      paper, is, from a practical standpoint substantially dry or anhydrous
      since the water or moisture which remains is so commingled, entrained
      and/or combined with the oil that its presence is not readily detected.
PAR  The felt, thus treated and dried, and which is soft and pliable, is next
      advanced or transported to and is submerged or emersed in a bath of heated
      molten or fluid asphalt and is bathed for a sufficient period of time to
      permit the asphalt to completely permeate and saturate the felt.
PAR  The asphalt is normally such that it is hard and brittle at temperatures of
      about 40.degree. F. and below, is soft and plastic in a temperature range
      between 40.degree. F. and 150.degree. F. and becomes increasingly fluid,
      or less viscous, up to its latent temperature of vaporization which,
      depending upon the nature and amount of its more volatile ingredients, is
      from 400.degree. F. to 600.degree. F. The asphalt is a byproduct of
      petroleum refining processes and is such that its contents, temperature
      characteristics and fluidity is subject to substantial variations,
      depending upon the nature of the crude oil from which it is extracted and
      the refining process to which the crude oil has been subjected.
      Accordingly, each batch or supply of asphalt procured for the manufacture
      of roofing felt should be checked or tested to determine the temperature
      which it must be brought to in order to assure the most effective and
      economical treatment of felt.
PAR  In practice, the asphalt is heated to a temperature just below its boiling
      point and/or to a temperature just below a point where an apparently
      excessive amount of volatiles can be detected leaving or escaping from the
      heated bath of the material.
PAR  In practicing the instant invention and with the asphalt at my disposal,
      the asphalt is heated to between 500.degree. F. and 550.degree. F. which
      is and can be said to be to a temperature at which the material has the
      least viscosity below its latent temperature of vaporization.
PAR  While a lesser temperature would suffice, the bathing period would have to
      be appropriately extended to assure effective penetration and saturation
      of the felt. Further, the hotter and less viscous the asphalt the more
      rapidly and readily it will drain from the felt as the felt is extracted
      from the bath, thereby conserving of time and conserving of the asphalt
      material by assuring that little or no excess asphalt will adhere to and
      set up on the felt.
PAR  When the treated and dried porous felt is bathed in the heated asphalt, the
      asphalt readily and rapidly saturates the felt and, due to the anhydrous
      or substantially dry nature or condition of the treated felt, little or no
      appreciable amount of steam and/or gases are generated within the felt, by
      fluids therein and which would impede the penetration of the asphalt as it
      vents therefrom or which would damage the felt as by causing it to blister
      and/or rupture.
PAR  Ordinarily, in accordance with the practices of the prior art, during the
      treating of felt with hot asphalt and where excess or free moisture is in
      the felt, that moisture is vaporized and vents therefrom to blow through
      the asphalt in a violent manner, creating what is commonly considered
      extra hazardous conditions. With the treated felt and in carrying out the
      instant invention, such conditions are substantially eliminated.
PAR  After the felt is saturated with asphalt, it is extracted from the bath and
      excess asphalt is permitted to drain therefrom, when the structure is
      still hot.
PAR  Finally, the felt structure is permitted to cool and to thereby provide the
      desired finished product.
PAR  The finished product distinguishes from previous or common roofing felt in
      that it is softer, more pliable and therefore stronger and more durable
      than ordinary roofing felt. Further, it is more uniform and near perfect
      than ordinary roofing felt.
PAR  In addition to the above, it has been determined that in practicing my
      invention, the treating fluid or emulsion treated felt materially reduces
      the time period which the felt must be bathed in the asphalt and reduces
      the volume of asphalt required to establish a desirable finished product
      and that such savings more than offset the costs of the oil used to
      establish the emulsion or solution and its application to the felt stock.
      Accordingly, the process here disclosed results in a superior product with
      no appreciable increase in cost.
PAR  In accordance with the above disclosed broader aspects of my invention, it
      will be apparent that the felt stock can, if desired, be pre-manufactured
      dry paper-felt stock. In such a case, an initial step of wetting the
      prepared stock, preparatory to applying emulsion is required. In such a
      case, it is desirable that the stock, which is normally provided in
      spools, be wetted a considerable and adequate period of time before
      application of the emulsion to assure that all the fibers of the stock are
      suitably moistened.
PAR  Carrying my invention further, to provide a fire retardant product, the
      water employed in establishing the treating fluid is ladened with sodium
      bicarbonate, in solution. In practice, the amount of sodium bicarbonate
      can be varied, as desired, or as circumstances require. By tests, I have
      determined that a solution of 1 part sodium bicarbonate per 100 parts
      water, by weight, is more than adequate in the establishing of roofing
      felt with noticeably improved, fire-resistant or fire-retardant
      characteristics.
PAR  It is extremely important and necessary that the sodium bicarbonate be
      added to and dissolved in the water before the water and oil are mixed to
      establish the treating fluid or emulsion since the sodium bicarbonate
      cannot be effectively dissolved in the oil or in the emulsion or solution
      of the oil and the water.
PAR  In accordance with the above, it will be apparent that the sodium
      bicarbonate, being in solution in the water, is intimately combined in and
      with the emulsion and is carried into and deposited throughout the entire
      structure or body of the felt.
PAR  In tests, when the finished product that I provide has been ignited or set
      on fire, or when it has been exposed to a direct flame, the sodium
      bicarbonate is broken down by the heat and decomposed into soda, which
      covers the combustible materials with an air-excluding crust and into
      carbon dioxide gas, which combines with the vapor of the water of the
      treating fluid to displace the oxygen and smothers the fire.
PAR  Accordingly, the roofing felt structure provided by my invention, composed
      primarily of highly combustible and flammable materials, will not readily
      sustain combustion under ordinary conditions and is fire-resistant.
PAR  Sodium bicarbonate is extremely inexpensive and in the volume or quantity
      here required represents a negligible increase in the cost of the finished
      product.
PAR  It has been determined that the most practical amount of sodium bicarbonate
      employed is determined by saturation of the water with the material, that
      is, by adding as much of the material to the water as can be freely
      dissolved therein and not so much as would result in the presence of
      excess material which would tend to precipitate and settle out of the
      water.
PAR  In carrying out my invention further, an advantage to be achieved is the
      maintenance of the felt stock in a soft and flexible state and to avoid
      establishing the felt in a dry, brittle condition where it is weak,
      fragile and difficult to work and handle without being damaged and
      rendered useless.
PAR  To the above end, it is desirable and most economical to apply and treat
      the felt stock with the treating fluid during the manufacture of the felt
      stock and at that time after excess and free water has been extracted from
      the felt and prior to its being dried.
PAR  In FIGS. 1 and 2 of the drawings, I have illustrated a typical apparatus
      for the effective carrying out of my invention.
PAR  Referring to FIG. 1 of the drawings, the raw materials for the felt stock
      is fed into a shreader 10 as at 11. The raw materials for roofing felt are
      usually the least costly materials available and commonly include
      reclaimed newspaper and a small amount of peat. From the shreader the
      material is ordinarily conducted to a boiler 12; from the boilder it is
      conducted through a beater 14 to a mixer 15. As the material is advanced
      and worked upon in or by the boiler, beater and mixer, suitable water is
      introduced and admixed with the material to provide a pulp slurry of
      appropriate consistency.
PAR  From the mixer, the slurry is advanced to and deposited on a felting screen
      16 by means of a distributor 17. In most paper mills, the felting screen
      is an elongate, endless wire closs screen which serves to continuously
      receive and transport pulp deposited thereon longitudinally of the line of
      production. The screen is commonly provided with vacuum means to enhance
      the proper disposition of the pulp slurry on the screen and to extract
      water therefrom.
PAR  The felted pulp is advanced from the screen through water extracting means
      18 to mechanically remove all free and excess water therefrom. The means
      18 is commonly a roller means with associated vacuum means related thereto
      and leaves the felt in a moist, damp condition.
PAR  Next, the damp felt is advanced through pressure rolls to compact it into
      sheet form and which are commonly referred to as felt rolls.
PAR  The flat, damp, compacted felt sheet is next advanced through drying means
      19 which serves to drive off remaining moisture in the sheet and leave it
      dry. The drying means 19 commonly includes a set of steam heated rollers
      about which the felt sheet is engaged and advanced.
PAR  From the drier 19, the sheet is advanced to spooling or reeling means 20
      where it is wound about a suitable spool for storage and subsequent
      handling.
PAR  The apparatus and manufacture steps illustrated in FIG. 1 and briefly
      described above is typical of the apparatus and manufacturing steps or
      process commonly employed by the prior art in the manufacture of felt
      stock for the manufacture of roofing felt.
PAR  In addition to the above noted apparatus and process steps, the instant
      invention includes the following additional intermediate steps and
      apparatus for effecting the same.
PAR  Suitable volumes of water and sodium bicarbonate are mixed together to
      dissolve the sodium bicarbonate and place it in solution in or with the
      water. The apparatus for effecting the foregoing can include a mixing tank
      21 receiving water from a suitable water supply 22, a hopper means 23 for
      introducing sodium bicarbonate into the water in the tank 21 and a motor
      driving mixing means 24 related to the tank 21.
PAR  Next, the soda-ladened water is mixed and blended with a suitable, desired,
      relative volume of soluble oil to establish the treating fluid, emulsion
      or solution.
PAR  The apparatus provided for effecting the above can include a supply (or
      tank) of oil 25, a blender tank 26, means 27 to conduct the oil into the
      tank 26, means 28 to conduct the soda ladened water from the tank 21 to
      the tank 26 and motor driving mixing means 27 related to the tank 26.
PAR  Next, the treating fluid established in the tank 26 is deposited on and
      into the felt stock when said stock is moisture conditioned, as described
      in the foregoing and prior to its being advanced into and through the
      drying means 19. The apparatus provided for depositing the treating fluid
      onto the moisture conditioned stock preferably includes a spray nozzle 30
      spaced from and opposing one flat surface of the felt stock and means for
      delivering the treating fluid from the tank 26 to the nozzle at an
      appropriate pressure to effect substantially uniform depositing of the
      treating fluid onto and throughout said surface of the felt stock. The
      nozzle 30 is shown located above the felt stock S between the means 18 and
      19 and the means provided to deliver the treating fluid from the tank 26
      to the nozzle 30 is shown as including a pump 31 and appropriate piping
      between the tank 26, pump 31 and nozzle 30.
PAR  If desired, and as illustrated, a second nozzle 30' can be provided to
      deposit the fluid onto the other or bottom surface of the felt.
PAR  With the apparatus thus far described, it will be apparent that a suitable
      treating fluid in the form of an emulsion or solution of water and oil is
      established and is appropriately deposited on the moisture conditioned
      felt stock and that the finished felt stock, at the reeling means 20, is
      the soft, flexible, dry, treated felt stock provided in accordance with
      the present invention.
PAR  The invention here provided next includes the step of bathing the treated
      felt stock in a hot molten bath of asphalt. This can be effected by
      bypassing the reeling means 20 and advancing the treated felt stock
      directly from the drier means to an asphalt bath 35 or can, as shown in
      FIG. 2, include and/or involve arranging a reeled supply 36 of treated
      felt stock at an inlet end of the bath 35.
PAR  The bath 35 can, as shown, include a simple elongate, upwardly opening tank
      with inlet and outlet ends and in which a supply of asphalt is deposited.
      A suitable heater means 37, such as a gas burner means, is related to the
      tank to heat the asphalt. The tank is preferably provided with rollers or
      guide means at its inlet end to guide the felt stock down and into
      submerged arrangement in the asphalt and similar means at the outlet end
      to guide the felt up and out of the asphalt in a manner so that excess
      asphalt can effectively drain therefrom and to direct it away from the
      bath for cooling. Additional means are provided for subsequent handling
      and/or use of the finished product. For example, and as shown at 38, the
      finished roofing felt can be respooled.
PAR  Considering this invention in another light or from another point of view,
      it might be said that the water of the treating fluid is utilized as a
      carrier for the purpose of transporting, distributing and depositing
      small, limited and/or controlled amounts of oil and/or sodium bicarbonate
      into and throughout the felt structure to render that structure flexible
      and/or impregnated with the fire retardant and that the water of the
      treating fluid is, from a practical standpoint, removed during the noted
      drying operation. In such a case, it could be said that the invention
      merely provides for coating the felt fibers with a thin coating of oil.
      Such a simplified view or interpretation of the invention, while possibly
      true in part, is not wholly correct and is apt to be misleading, since it
      has been determined that all water and moisture is not removed from the
      felt during the drying operation. The fact that substantial water is
      retained in the treated felt, though it takes on characteristics of being
      anhydrous, is evidenced by the weight of the finished product and further,
      by the fact that when it is subjected to flame substantial volumes of
      steam or water vapor is generated and escapes from the product to retard
      ignition or combustion thereof.
PAR  In light of the above, it is apparent that a substantial amount of water is
      so entrained and combined with the oil in the treating fluid that all of
      the water is not readily separated therefrom and/or that when the water of
      the fluid between fibers of the felt is vaporized and exhausted to leave
      an oil film on the exterior of the fibers, that film serves to seal the
      fibers whereby the water or moisture within said fibers is effectively
      retained therein, to render them soft and flexible and ready to be
      vaporized and to generate steam for the purpose of retarding ignition
      and/or sustain combustion of the product.
PAR  Having described my invention, I do not wish to be limited to the specific
      details set forth in the preceding but wish to reserve to myself any
      modifications and variations which may appear to those skilled in the art
      to which this invention pertains and which fall within the scope of the
      following claims:
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. The process for producing flexible non-brittle roofing felt comprising:
PA1  first, moisture conditioning a sheet of felted vegetable fiber to render
      the fibers soft, flexible, non-brittle and substantially free of free
      water and excess moisture;
PA1  second, depositing an emulsion comprising from 10 to 100 parts water to
      each part of an oil with emulsifier and coupling agents added, onto said
      sheet and permitting the emulsion to penetrate and saturate the fibers of
      the sheet, said oil having a higher temperature of evaporization than
      water;
PA1  third, extracting free emulsion from the sheet;
PA1  fourth, subjecting the sheet to a temperature between the temperatures of
      vaporization of the oil and water and evaporatively removing a sufficient
      portion of the moisture therefrom to render fiber surfaces of the sheet
      structure substantially anhydrous in nature and having sufficient oil and
      water within the fibers of the sheet structure to render the felt
      structure soft and flexible;
PA1  fifth, bathing the emulsion treated sheet in hot molten bath of asphalt and
      permitting the asphalt to penetrate the sheet structure;
PA1  sixth, extracting the sheet from the bath and permitting excess hot molten
      asphalt to drain therefrom;
PA1  finally, permitting the sheet to cool and the asphalt to solidify.
NUM  2.
PAR  2. The process as set forth in claim 1 wherein the emulsion contains
      sufficient oil to surround the exteriors of the fibers of the felt
      structure with oil films subsequent to the fourth step of the process
      whereby emulsion within the fibers and at the surfaces thereof is sealed
      and contained within said films.
NUM  3.
PAR  3. The process as set forth in claim 2 wherein the water going to make up
      the emulsion is substantially saturated with dissolved sodium bicarbonate
      before said water and oil are combined to establish said emulsion whereby
      sodium bicarbonate is carried by the emulsion and the end product has
      sodium bicarbonate distributed in and throughout the felt structure
      thereof.
NUM  4.
PAR  4. The process as set forth in claim 1 wherein the water going to make up
      the emulsion is substantially saturated with dissolved sodium bicarbonate
      before said water and oil are combined to establish said emulsion wherein
      sodium bicarbonate is carried by the emulsion and the end product has
      sodium bicarbonate distributed in and throughout the felt structure
      thereof.
NUM  5.
PAR  5. The process as set forth in claim 4 wherein the fibers and interstices
      between and about adjacent fibers of the moisture conditioned sheet
      contain sufficient moisture to reduce surface tension between the fibers
      and the emulsion whereby the emulsion flows freely throughout the felt
      structure.
NUM  6.
PAR  6. The process as set forth in claim 1 wherein the fibers and interstices
      between and about adjacent fibers of the moisture conditioned sheet
      contain sufficient moisture to reduce surface tension between the fibers
      and the emulsion whereby the emulsion flows freely throughout the felt
      structure.
NUM  7.
PAR  7. The process as set forth in claim 6 wherein the emulsion contains
      sufficient oil to surround the exteriors of the fibers of the felt
      structure with the oil films subsequent to the fourth step of the process
      whereby emulsion within the fibers and at the surfaces thereof is sealed
      and contained within said films.
NUM  8.
PAR  8. The process as set forth in claim 7 wherein the water going to make up
      the emulsion is substantially saturated with dissolved sodium bicarbonate
      before said water and oil are combined to establish said emulsion whereby
      sodium bicarbonate is carried by the emulsion and the end product has
      sodium bicarbonate distributed in and throughout the felt structure
      thereof.
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ABST
PAL  Galvanising fluxes consisting of zinc chloride, one or more of sodium,
      potassium, calcium and magnesium chlorides, and an acid or acid salt
      (preferably aluminium chloride). In solution in water, the pH of the
      solution is less than 5.
BSUM
PAR  This invention concerns hot dip galvanising processes for ferrous metals
      and fluxes for use in such processes.
PAR  In hot dip galvanising, ferrous metals or alloys, particularly cast iron or
      mild steels, are treated to prevent corrosion. The hot dip galvanising
      process involves dipping a ferrous metal article having a surface which is
      chemically clean into molten zinc, which may contain minor quantities of
      other elements, in order to coat the surface of the article with a
      protective layer of zinc. The coating formed adheres as a result of
      alloying taking place at the ferrous metal - zinc interface.
PAR  In order to secure satisfactory alloying of the molten zinc onto the
      ferrous metal surface, it is necessary to pretreat the ferrous metal
      surface by cleaning the surface scrupulously and by providing fluxing
      agent on the surface to promote intermetallic contact.
PAR  Thus, in order to prepare articles for hot dip galvanising, the first step
      is to subject the articles to a cleaning cycle in order to give a
      chemically clean surface.
PAR  The initial steps in the cleaning cycle may include degreasing, for example
      using trichlorethylene vapour and/or an aqueous alkaline solution, and
      possibly shot or grit blasting. Acid pickling is usually also carried out.
      After these cleaning treatments, the article is subjected to a flux
      treatment using a chemical salt or a mixture of chemical salts. The
      fluxing treatment immediately precedes galvanising, and is the step which
      ensures wetting of the surface being coated by the molten zinc.
PAR  In the early years of the hot dip galvanising process, the fluxing material
      was provided by iron salts which remained on the ferrous metal surface
      after pickling. More recently, processes have been developed, of which
      there are two main types which employ a separate fluxing agent: the two
      types differ from each other in the manner in which the fluxing agent is
      applied. In one, the so-called "Wet Process" the ferrous metal articles
      are pickled, sometimes rinsed, and then dipped into molten zinc through a
      layer of molten flux, usually ammonium chloride, which floats on the
      surface of the zinc. In the other, the so-called "Dry Process" a layer of
      flux is dried on to the ferrous metal article to be galvanised after the
      article has been dipped into an aqueous solution of the flux. The article
      with flux on its surface is then dipped into molten zinc. The most common
      flux employed in the "Dry Process" is zinc ammonium chloride.
PAR  In some cases combinations of "Wet" and "Dry" processes are employed, i.e.
      a flux is applied by the dry process and the articles are passed into the
      bath through a molten flux cover on the surface of the bath.
PAR  With legislative requirements becoming more stringent there is a need for
      galvanising processes to be improved, especially in respect of fume
      evolution, whilst maintaining or improving the quality of the galvanised
      product.
PAR  Both commonly used fluxing agents noted above suffer from the disadvantages
      that they evolve copious fume. Fume is less evident using zinc ammonium
      chloride and in consequence zinc ammonium chloride has in some cases
      replaced ammonium chloride in the "Wet Process." Usually zinc ammonium
      chloride is employed in the "Dry Process" and because of this fact and the
      very nature of the operation of the "Dry Process" there is considerably
      less atmospheric pollution than from the "Wet Process." However, it is
      desirable further to reduce the fume evolved in the "Dry Process."
PAR  A number of fluxing agents which produce little fume have been proposed in
      the past but generally these fluxing agents have been used in the "Wet"
      process. The application of these fluxing agents in the dry process has
      met with limited success, probably due to the difficulty of obtaining and
      maintaining stable solutions after dissolution of the fluxing agents in
      water. Fluxes containing compounds such as zinc chloride will dissolve in
      water, particularly at elevated temperatures, but the solution produced is
      unstable, and precipitation of complex metal hydroxides and oxychlorides
      frequently takes place, thus reducing the proportion of active fluxing
      agent in the solution. Use of such degraded solutions leads to incomplete
      galvanising of ferrous articles, particularly at corners, on edges and
      where a degree of surface roughness predominates. The reason is not clear,
      but it is possible that precipitates in the preflux are electrochemically
      attracted to certain areas of an article thereby stifling the fluxing
      action, and subsequently preventing intimate contact at the iron/molten
      zinc interface or that the flux solution becomes denuded of active
      constituents and therefore does not flux adequately.
PAR  It has now been found that by reducing the pH value of certain flux
      solutions to below 5, precipitation of metal hydroxides can be prevented,
      and stable solutions can be made up which can be used successfully in the
      dry process.
PAR  According to a first feature of the present invention there is provided a
      galvanising flux comprising:
PA1  i. at least 25 percent by weight of zinc chloride,
PA1  ii. one or more chlorides of sodium, potassium, calcium and magnesium, and
PA1  iii. an acid and/or an acidic salt as hereinafter defined, the proportions
      and ingredients being such that when such a flux is placed in water at a
      concentration of 25 percent by weight, the pH of the solution is less than
      5.
PAR  By acidic salt we mean a salt which, when dissolved in water, at a
      concentration of 1.25 percent by weight, gives a solution having a pH of
      less than 5.
PAR  According to a further feature of the invention there is provided a
      galvanising flux solution comprising a flux as just defined, and water.
      Preferably the concentration of flux in such a solution is 3.0 to 30
      percent by weight.
PAR  According to a further feature of the invention there is provided a process
      of hot dip galvanising which comprises covering the surface of a ferrous
      metal article with a flux solution as just defined, optionally drying the
      article, so as to leave a layer of flux on the surface of the article,
      immersing the article in molten zinc, or zinc alloy, removing the article
      therefrom and allowing the molten zinc or zinc alloy on the surface of the
      article to solidify.
PAR  Suitable acids for use as component iii) include mineral acids e.g. HCl,
      HF, H.sub.2 SO.sub.4, and organic acids e.g. acetic acid.
PAR  Suitable acidic salts for use as component iii) include aluminum sulphate,
      soda alum and potash alum, potassium bisulphate, sodium bisulphate,
      aniline hydrochloride, ferrous chloride, ferric chloride, sodium aluminium
      chloride, triethanolamine hydrochloride, and aluminium chloride.
PAR  The galvanising fluxes preferably have the following composition by weight:
TBL  zinc chloride        30 - 80%                                             
     sodium and/or potassium                                                   
     chloride              0 - 69%                                             
     calcium chloride and/or                                                   
     magnesium chloride    0 - 35%                                             
     acid and/or acidic salt                                                   
                          not less than 2% most                                
                          preferably at least 5%                               
                          and not more than 30%                                
PAR  The flux compositions may also contain known fluxing agents such as zinc
      ammonium chloride and/or ammonium chloride. However, such fluxing agents
      increase the amount of fume evolved from the flux during the galvanising
      process so it is desirable that the flux compositions contain no more than
      about 20 percent of such fluxing agents.
PAR  The flux compositions may also contain a surfactant to assist wetting of
      the surface of the ferrous metal article during treatment with the flux.
      The flux composition may also contain a flocculating agent to maintain a
      clear flux solution. Suitable surfactants include fatty amines condensed
      with ethylene oxide and suitable flocculating agents are polyacrylamide,
      preferably unhydrolysed polyacrylamide.
PAR  The selection of such materials may be made without difficulty. The
      proportions of surfactants and flocculating agents are generally less than
      1 percent by weight.
PAR  In addition to producing stable solutions when dissolved in water the
      fluxes of the invention have low fume characteristics. Flux compositions
      of the invention have another advantage in that compared with normal
      practice the concentration of the aqueous fluxing solution can be lower;
      indeed with many prior art fluxes the concentration is 20 to 50 percent by
      weight.
PAR  The following examples will serve to illustrate the invention.
DETD
PAC  EXAMPLE 1.
PAR  A flux was prepared having the following composition by weight:
TBL  zinc chloride           49%                                               
     potassium chloride      26%                                               
     sodium chloride         10%                                               
     aluminium chloride      15%                                               
PAR  The flux was dissolved in water to give a 30 percent by weight solution
      having a density of 1.15 gm/cc.
PAR  Steel articles were shot-blasted, pickled in 15 percent hydrochloric acid,
      rinsed in water, and immersed in the flux solution at 65.degree. -
      75.degree.C for 15 minutes. The articles were removed and allowed to dry
      and they were then immersed in molten zinc for 2 - 3 minutes at
      450.degree. - 460.degree.C. Little fume was evolved. After removal from
      the bath of molten zinc and on solidification of the zinc the articles
      exhibited a bright galvanised finish. Bend tests on samples of the
      galvanised articles showed the galvanised coatings to be more ductile than
      coatings produced using a zinc ammonium chloride flux in that they showed
      a reduced tendency to crack and spall, probably as a result of a thinner
      alloy layer at the zinc/iron interface.
PAR  Similar tests were carried out with flux solutions down to a density of
      only 1.025 gm/cc. Galvanising was successfully carried out at this low
      density but it was found that articles must be galvanised soon after
      fluxing to avoid superficial rusting. Solutions of density 1.045 gm/cc and
      above were more reliable.
PAC  EXAMPLES 2 to 5
PAR  Example 1 was repeated with flux compositions as listed below. Similar
      satisfactory results were obtained.
TBL  ______________________________________                                    
     EXAMPLE 2                                                                 
     ______________________________________                                    
     zinc chloride           54%                                               
     potassium chloride      26%                                               
     sodium chloride         10%                                               
     sodium bisulphate       10%                                               
     ______________________________________                                    
TBL  EXAMPLE 3                                                                 
     ______________________________________                                    
     zinc chloride           54%                                               
     potassium chloride      22%                                               
     sodium chloride          9%                                               
     potash alum             15%                                               
     ______________________________________                                    
TBL  EXAMPLE 4                                                                 
     ______________________________________                                    
     zinc chloride           49%                                               
     calcium chloride        10%                                               
     potassium chloride      22%                                               
     sodium chloride          9%                                               
     sodium bisulphate       10%                                               
     ______________________________________                                    
TBL  EXAMPLE 5                                                                 
     ______________________________________                                    
     zinc chloride           59%                                               
     potassium chloride      26%                                               
     sodium chloride         10%                                               
     hydrochloric acid        5%                                               
     ______________________________________                                    
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A galvanising flux solution which is a 3 to 30 percent by weight
      solution in water of a galvanising flux consisting essentially of
PA1  i. at least 25 percent by weight of zinc chloride,
PA1  ii. at least one chloride selected from the class consisting of sodium,
      potassium, calcium and magnesium chloride and
PA1  iii. at least one acid salt which when dissolved in water at a
      concentration of 1.25 percent by weight give a solution having a pH of
      less than 5,
PAL  the proportions and ingredients being such that when such a flux is placed
      in water at a concentration of 25 percent by weight, the pH of the
      solution is less than 5.
NUM  2.
PAR  2. The flux of claim 1 which additionally contains up to 20 percent by
      weight of at least one component selected from the class consisting of
      zinc ammonium chloride and ammonium chloride.
NUM  3.
PAR  3. The flux of claim 1 including an amount of up to 1 percent by weight of
      a surfactant.
NUM  4.
PAR  4. The flux of claim 1 and including an amount of up to 1 percent by weight
      of a flocculating agent.
NUM  5.
PAR  5. The flux solution of claim 1 wherein component (iii) is selected from
      the group consisting of aluminum sulphate, soda alum and potash alum,
      potassium bisulphate, sodium bisulphate, aniline hydrochloride, ferrous
      chloride, ferric chloride, sodium aluminum chloride, triethanolamine
      hydrochloride, and aluminum chloride.
NUM  6.
PAR  6. In the process of hot dip galvanising which comprises covering the
      surface of a ferrous metal article with a flux solution, optionally drying
      the article so as to leave a layer of flux on the surface of the article,
      immersing the article in molten zinc or zinc alloy, removing the article
      therefrom and allowing the molten zinc or zinc alloy on the surface of the
      article to solidify, the improvement which comprises using as flux
      solution an aqueous solution of a galvanising flux consisting essentially
      of
PA1  i. at least 25 percent by weight of zinc chloride,
PA1  ii. at least one chloride selected from the class consisting of sodium,
      potassium, calcium and magnesium chloride and
PA1  iii. at least one acid salt which when dissolved in water at a
      concentration of 1.25 percent by weight give a solution having a pH of
      less than 5,
PAL  the proportions and ingredients being such that when such a flux is placed
      in water at a concentration of 25 percent by weight, the pH of the
      solution is less than 5.
NUM  7.
PAR  7. The process of claim 6 wherein component (iii) is selected from the
      group consisting of aluminum sulphate, soda alum and potash alum,
      potassium bisulphate, sodium bisulphate, aniline hydrochloride, ferrous
      chloride, ferric chloride, sodium aluminum chloride, triethanolamine
      hydrochloride, and aluminum chloride.
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ABST
PAL  Extruded dielectric power cables installed underground have their life
      shortened by the formation of electrochemical trees in the insulation.
      Tree formation can be prevented if the insulation is initially dry and the
      cable construction is such that moisture cannot gain access to the
      insulation under operating conditions encountered during installation and
      underground use. This invention eliminates initial moisture and has a
      construction that greatly retards ingress of moisture to the insulation
      during installation when the cable is in service and prevents longitudinal
      movement of water along the cable due to accidental damage to the cable or
      electrical failure.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Extruded solid dielectric cables installed underground over the last 15
      years have been found to contain tree or bushlike patterns in the
      insulation. These patterns called "electrochemical trees" result from
      moisture penetration into the insulation under normal operating electrical
      stress due to high electrical stresses developed locally by insulation
      imperfections.
PAR  Under most operating conditions when extruded dielectric power cables are
      installed underground the ingress of moisture shortens the life of these
      cables prematurely because of the formation of these electrochemical trees
      in the insulation. These trees form at normal operating stress over a
      period of years depending somewhat on local environment and particular
      cable construction. The trees will not form if the insulation is initially
      dry or free of water and remains this way throughout its operating life.
      This condition can be achieved initially by an extruded lead sheath or
      other hermetic enclosure.
PAR  The trees represent channels which are filled with the liquid. The
      dielectric strength of the channels is lower than that of insulation. When
      the channels progress more than 50% throughout the insulation, the
      dielectric strength of the insulation is decreased to such an extent that
      electrical failure of the cable may occur under typical over-voltage
      conditions. Further progression of the channels into the insulation may
      cause failures at even operating voltages. The electrochemical trees are
      originated at insulation imperfections located within the insulation wall
      or at sharp irregularities at the interfaces of the insulation and the
      conductor and insulation shields. Typically, the electrochemical trees
      progress from high voltage stress areas caused by these imperfections into
      a low voltage stress area away from the imperfections.
PAR  As will be developed later, the purpose of this invention is to provide a
      special design of cable which, initially free of moisture in its
      components, is filled with moisture resistant materials to prevent
      sufficient moisture ingress and longitudinal movement during the active
      life of the cable to prematurely cause the cable to fail due to the
      formation of electrochemical trees.
PAR  Cables with extruded lead and aluminum sheaths have been used to prevent
      moisture ingress into the insulation and thereby retard the formation of
      electrochemical trees. Cables with welded sheaths, such as copper,
      aluminum and steel have also been used for the same purpose. However,
      these constructions have not been entirely satisfactory because moisture
      enters from the ends of the cable and at places where the sheath is
      damaged or has become corroded and progresses along the cable and into the
      insulation.
PAR  While these various expedients have been used to prevent moisture from
      getting into cables and destroying the effectiveness of certain types of
      insulation, such cable designs have not been effective in preventing the
      formation of electrochemical trees in the insulation over a period of
      years due to corrosion and damage to the metallic shield. In addition,
      metallic sheathed cables are high in cost, difficult to handle when large
      in diameter, and expensive to splice and terminate. This invention
      provides a combination of moisture repellent features that prevent or
      greatly delay the formation of electrochemical trees in power cable
      insulation and thereby extends substantially the useful life of the cable.
PAR  Other objects, features and advantages of the invention will appear or be
      pointed out as the description proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is an isometric view, with different parts broken away progressively
      along the length of a cable made in accordance with this invention;
PAR  FIG. 2 is an enlarged sectional view taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a detail view, similar to FIG. 1, but showing a modified
      construction of a portion of the cable;
PAR  FIG. 4 is a view similar to FIG. 3 but showing a second modified form of
      the invention;
PAR  FIG. 5 is a diagrammatic sectional view showing how the strip for the
      longitudinally folded strip can be preformed to obtain a better seam; and
PAR  FIG. 6 shows a modified construction with a braided wire metal shield and
      flooding compound over a helically wrapped semi-conducting tape insulation
      shield.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIG. 1 shows a power cable 10 which includes a center conductor 12 made up
      of a plurality of strands 14 which are cabled together and covered by a
      semi-conducting conductor shield 16 such as in conventional with high
      voltage power cables. The space between strands 14 is filled with a
      filling compound which constitutes a strand sealant indicated by stippling
      and designated by the reference character 18 in FIG. 1. This sealant 18
      completely fills all spaces between the strands 14 so that there can be no
      moisture in the strands when the stranded conductor 12 is covered by the
      conductor shield 16.
PAR  The conductor shield 16 is preferably extruded over the conductor 12 and
      there is sufficient sealant 18 on the conductor 12 so that as the shield
      16 is extruded over the conductor, all space between the conductor strands
      and the shield 16 are filled with sealant surrounding the conductor and
      preventing any moisture from being in the space surrounded by the shield
      16. The extruded material forming the conductor shield 16 extends into
      contact with the filled conductor and comes into contact with the sealant.
      The extruded shield 16 extends into the depressions between outside
      strands 14, as shown in FIG. 2. The shield 16 fits so tightly around the
      conductor 12 that no moisture can penetrate along the interfaces between
      the inside surface of the shield 16 and the surfaces of the conductor 12.
PAR  The sealant 18 may be an asphalt/rubber or a polyester compound. These
      materials are named by way of illustration and are preferred materials;
      but it will be understood that other filling compound can be used as the
      sealant if it is compatible with the material of the semi-conducting
      shield 16 and the insulation 20. If desired, a semi-conducting tape can be
      placed over the strands of the conductor 12 and the shield 16 can be
      extruded over this tape. Such a tape can be used if necessary to reduce
      migration of any ingredients of the strand sealant into the conductor
      shield 16. When such a semi-conducting tape is used, all spaces between it
      and the conductor are thoroughly filled with the sealant 18 and adheres to
      the semi-conducting shield 16. In place of the semi-conducting shield 16 a
      layer of high dielectric constant material can be used to serve as the
      stress control layer.
PAR  The conductor shield 16 is preferably polyethylene, cross-linked
      polyethylene, ethylene-propylene rubber (EPR) or a blend of these
      materials. The shield is made conducting by the use of carbon black, and
      it is resistant to the longitudinal migration of moisture or it may be a
      high dielectric constant stress control material.
PAR  Insulation 20 is then extruded over the conductor shield 16. The insulation
      20 is preferably polyethylene or cross-linked polyethylene and it is this
      insulation that is protected against the formation of electrochemical
      trees. Other suitable insulation can be used such as ethylene-propylene
      rubber and polyvinyl chloride.
PAR  The insulation 20 is extruded tightly over the conductor shield 16 or
      stress control layer and bonded to it. It is not possible for moisture to
      penetrate along the interface between the insulation 20 and the conductor
      shield 16 from cable ends.
PAR  An insulation shield 24 is extruded directly over and bonded to the
      insulation 20. This insulation shield 24 is tightly extruded and because
      of the tight extrusion and fusion bonding, no moisture can penetrate along
      the interface between the insulation 20 and shield 24. Shield 24 is
      preferably made of the same material as the conductor shield 16.
PAR  There is a semi-conducting filler material 26 placed over the outside
      surface of the semi-conducting insulation shield 24. This semi-conducting
      filler 26 sticks to the insulation shield 24; and it may be made of the
      same material as the sealant 18 which is used in the conductor 12, but
      with the addition of carbon black or other conducting material in
      sufficient quantity to make the material 26 a semi-conductor.
PAR  The purpose of the semi-conducting filler 26 is to provide moisture
      resistance around the outside of the insulation shield 24. The filler 26
      is compatible with the insulation shield 24 and the insulation 20.
PAR  A metallic shield 30 surrounds the insulation shield 24 outside of the
      filler 26 and is wrapped around the insulation shield 24 in such a way
      that the filler 26 occupies any space between the insulation shield 24 and
      the metallic shield 30. The metallic shield 30 is preferably made of
      aluminum or copper. It is preferably applied by folding it longitudinally
      around the insulation shield 24, and it is preferably corrugated to permit
      easier bending of the cable 10. This longitudinally folded metallic shield
      30 has a lap seam indicated by the reference character 32 and is preferred
      over the conventional tape shield applied helically around the insulation
      shield because the longitudinally folded lap seam metallic shield 30
      permit expansion of the cable core as the result of thermal cycling. A
      helically wound tape applied to a cable core cannot adequately provide for
      such thermal expansion and subsequent contraction and for handling high
      fault currents typical of electric utility transmission and distribution
      systems.
PAR  The edges of the metallic shield 30 at the lap seam 32 are free to move
      circumferentially with respect to one another when the cable expands with
      increase in temperature; and the metal of the shield 30 again contracts to
      maintain its tight contact around the underlying core of the cable when
      the cable cools and contracts.
PAR  The lap seam metallic shield 30 with the space under it, including the
      corrugations, filled with the semi-conducting filler material 26 retards
      moisture ingress into any spaces between the insulation 24 and shield 30.
      Such an aluminum or copper shield 30 is preferred over lead as lead
      corrodes easily and builds up the diameter of the cable excessively.
PAR  At the lap seam 32 of the folded corrugated shield 30, there is preferably
      placed a bridging tape 36 which extends across the edge of the shield 30
      that is on the outside of the seam 32. This bridging tape which may be
      made of Mylar (Polyethylene terephthalate) or a polyester prevents the
      outer edge of the lap seam 32 from indenting into an overall extruded
      outer jacket 40 which is extruded over the shield 30 and the bridging tape
      36. This outer jacket 40 is preferably polyethylene compounded with ultra
      violet protecting agents to prevent damage by sunlight if the cable is
      exposed to sunlight. If desired, the overall jacket 40 can be made of
      polyvinyl chloride or chlorinated polyethylene. Its function is to provide
      mechanical protection for the cable prior to installation, during
      installation, and while in service.
PAR  There is a filler or flooding compound 42 applied over the metallic shield
      30 and the bridging tape 36. This filler 42 serves as a sealant outside of
      the shield 30 just as the material 26 serves as a sealant inside the
      corrugated shield 30. The filler 42 can be made of the same material as
      the filler 26 and some of it can be applied to the lapped surfaces of the
      seam 32 and it is also applied to the shield 30 before the bridging tape
      36 is placed along the seam 32. Thus all of the space, which might
      otherwise be open, between any corrugations of the metallic shield 30 and
      other components of the cable that confront these corrugations is filled
      with sealant 26 and/or 42. The sealant 42 must be compatible with the
      overall jacket 40; and it serves to prevent water or moisture from
      reaching the metallic shield in the event that the outer or overall jacket
      40 becomes punctured.
PAR  FIG. 5 shows a preformed strip or metal shield 30b which has an edge
      portion 43 bent transversely out of the plane of the rest of the shield
      30b so that when the shield is folded longitudinally around the cable,
      with the edge 43 on the outside of the lap seam, the edge portion of the
      lower edge portion of the lap and the bridging tape 36 is unnecessary.
      This preforming can be done to the flat strip or during the folding of the
      strip 30b. The edge portion is bent to a radius of curvature approximately
      equal to the radius of the outside surface of the insulation shield, and
      preferably slightly less.
PAR  FIG. 3 shows a modified construction for the cable of this invention. Parts
      of the cable of FIG. 3 which correspond with those of FIG. 1 are indicated
      by the same reference character with a prime appended. The cable 10' of
      FIG. 3 has an insulation shield 24' which is the same as the corresponding
      insulation shield in FIG. 1 and all parts of the cable inside of the
      insulation shield 24' are the same as the construction shown in FIG. 1.
PAR  The cable 10' of FIG. 3 differs from the cable shown in FIG. 1 in that it
      has a longitudinally folded tape 46 around the insulation shield 24' in
      place of the flooding compound 26 of FIG. 1.
PAR  This tape 46 is preferably made of aluminum foil coated on both sides with
      polyethylene and with the polyethylene adhered to the foil tenaciously by
      having reactive carboxyl groups in the polyethylene coating. The
      longitudinally folded tape 46 has a lap seam, indicated by the reference
      character 48, and the confronting edge portions of the tape 46 at the lap
      seam are preferably bonded together to make a moisture proof layer
      provided by the tape 46 which is mostly plastic and capable of expanding
      circumferentially as necessary to accommodate thermal cycling of the
      cable.
PAR  A metallic shield 30', similar to the shield 30 of FIG. 1 surrounds the
      folded tape 46 and has a bridging tape 36' over which an overall jacket is
      extruded as in the construction shown in FIG. 1. The folded tape 46 takes
      the place of the flooding material 26 of FIG. 1 in providing a moisture
      proof layer around the insulation shield. The cable 10' can be made with
      filler material, such as the material 42 of FIG. 1, around the outside of
      the shield 30' and the bridging tape 36'. The cable 10' can be made
      without any flooding material on the outside of the shield 30 if full
      reliance is going to be placed on the folded tape 46 for keeping moisture
      away from the insulation shield 24'.
PAR  FIG. 4 shows another modified form of the invention with parts
      corresponding to those of FIG. 1 indicated by the same reference character
      with an "a" appended. This construction of FIG. 4 differs from that shown
      in FIG. 3 in that a tape 50 made of uncured semi-conducting rubber is
      folded around the insulation shield 24a. This rubber tape 50 is relied
      upon to keep moisture from reaching the insulation shield 24a. The cable
      10a has a corrugated metallic shield 30a with a bridging tape 36a
      surrounded by an outer jacket (not shown).
PAR  The semi-conducting uncured rubber tape 50 is folded with a lap seam,
      indicated by the reference character 52a and the rubber is soft enough to
      fill the corrugations of the underside of the folded corrugated metallic
      shield 30a. The tape 50 prevents longitudinal flow of water along the
      cable core.
PAR  Conventional shields such as helically applied tape and wire shields can be
      used but are less desirable than the longitudinally folded shield with lap
      seam. When wire shield is used only, the same conducting flooding compound
      26 is used.
PAR  FIG. 6 shows a construction in which a cable 10b has extruded insulation
      20b with a semi-conducting insulation shield having an overlapping tape 56
      helically wrapped around the insulation 20b and adhered to the insulation
      20b. A metal braided wire screen 58 is applied over the tape 56 and is
      flooded with sealant 26. An extruded jacket 40b surrounds the wire shield
      58.
PAR  In connection with the construction shown in FIGS. 3, 4 and 6, it should be
      kept in mind that the invention is primarily intended to prevent moisture
      from reaching the insulation of the cable and forming, over a number of
      years, electrochemical trees within the insulation and reducing the
      ability of the insulation to withstand the high voltage stresses for which
      it is intended. The tape 46 of FIG. 3 and the rubber tape 50 of FIG. 4 do
      provide protection from ingress of moisture to the cable core. However,
      the construction shown in FIG. 1 is the preferred embodiment in that it
      provides added protection against the ingress of moisture into the cable
      by means of flooding compound or sealant 42 between the overall jacket 40
      and the metallic shield 30 and also by the sealant or flooding material 26
      between the metallic shield 30 and the insulation shield 24.
PAR  The preferred embodiment of the invention and some modifications have been
      illustrated and described, but other modifications can be made and some
      features can be used in different combinations without departing from the
      invention as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical high voltage power cable for use underground including in
      combination a stranded conductor, a stress control layer forming a shield
      around and enclosing the conductor, a strand sealant that fills all spaces
      between the strands and any space between the strands and said stress
      control layer for preventing presence of moisture and water vapor within
      the stranded conductor and entrance of air and moisture through an end of
      the cable, and the strand sealant being semi-conducting, and an insulation
      system constructed so as to prevent the formation of electrochemical trees
      in the insulation, including an extruded solid polyethylene insulation
      layer tightly enclosing the stress control layer so that no moisture can
      enter at the ends of the cable at the interface between the insulation and
      the stress control layer, an extruded solid semi-conducting insulation
      shield tightly enclosing the insulation to prevent ingress of moisture
      between the insulation and the insulation shield, a metallic shield
      enclosing the semi-conducting insulation shield, and additional sealant
      comprising a semi-conducting compound between the insulation shield and
      the metallic shield and filling any clearances between the insulation
      shield and the metallic shield for preventing moisture that passes inward
      beyond the metallic shield from reaching the insulation shield, the
      sealant being chemically and physically compatible with the stress control
      layer and with the insulation shield and being a compound, and that
      maintains its physical and electrical characteristics in spite of the
      temperature caused by the load cycling of the power cable.
NUM  2.
PAR  2. The electrical power cable described in claim 1 characterized by an
      outer protecting jacket surrounding the metallic shield and compatible
      with the sealant compound, and sealant between the metallic shield and the
      outer jacket.
NUM  3.
PAR  3. The electrical power cable described in claim 1 characterized by the
      metallic shield being longitudinally folded around the insulation shield
      and having longitudinally extending edges forming a lap seam at which the
      edges can move over one another to expand and contract the diameter of the
      cable with change in temperature.
NUM  4.
PAR  4. The electrical power cable described in claim 3 characterized by an
      outer plastic jacket surrounding the metallic shield, the outer edge
      portion of the lap seam having a permanent set different from the rest of
      the shield, and that imparts a curvature that causes the edge of said
      outer edge portion to hug the surface of the metal shield and thereby
      avoid movement of the outer edge into indenting engagement with the inside
      surface of the outer jacket.
NUM  5.
PAR  5. The electrical power cable described in claim 3 characterized by the
      metal shield having corrugations extending in directions having
      substantial circumferential components, a bridging tape covering the lap
      seam and extending circumferentially on both sides thereof to prevent
      indentation of the seam edges into the overall extruded jacket, and the
      sealant compound located on both the inside and outside of the metallic
      shield being compatible with the material of the overall shield.
NUM  6.
PAR  6. The electrical power cable described in claim 1 characterized by the
      strand sealant being asphalt rubber, the insulation being from the group
      consisting of polyethylene, cross-linked polyethylene, and ethylene
      propylene rubber, the insulation shield being from the group consisting of
      polyethylene, cross-linked polyethylene and ethylene-propylene rubber, and
      a blend of these materials, said insulation shield being made
      semi-conducting by the addition of carbon black.
NUM  7.
PAR  7. The electrical power cable described in claim 1 characterized by the
      sealant having carbon black dispersed therein to make the sealant
      semi-conducting.
NUM  8.
PAR  8. The electrical power cable described in claim 1 characterized by the
      plastic coating on the metal foil being polyethylene containing reactive
      carboxyl groups greatly increasing the adhesion of the polyethylene to the
      metal foil.
NUM  9.
PAR  9. The electrical power cable described in claim 1 characterized by the
      means between the insulation shield and the metallic shield, for
      preventing moisture that passes inward beyond the metal shield from
      reaching the insulation shield comprising an uncured semi-conducting
      rubber tape.
NUM  10.
PAR  10. The electrical power cable described in claim 9 characterized by the
      semi-conducting rubber tape being folded longitudinally around the
      insulation shield with the edges of the rubber tape overlapped along the
      seam of the longitudinally folded tape.
NUM  11.
PAR  11. The electrical power cable described in claim 9 characterized by the
      metallic shield being corrugated with corrugations that extend in
      directions having a longitudinal component, the tape having sufficient
      resilience to extend into the spaces within the corrugations, and the tape
      being under pressure sufficient to prevent flow of water between the
      semi-conductive insulation shield and the inside surface of the corrugated
      metallic shield.
NUM  12.
PAR  12. The electrical power cable described in claim 1 characterized by a
      semi-conducting tape surrounding the conductor, under an extruded
      semi-conducting layer that surrounds the stranded conductor, for reducing
      migration of any ingredients of the strand sealant into the conductor
      shield.
NUM  13.
PAR  13. The electrical power cable described in claim 1 characterized by the
      metallic shield being formed of metal from the group consisting of lead
      and aluminum, and an extruded overall plastic jacket shield around the
      metal shield, any space between the shields being filled with the sealant
      compound to block longitudinal migration of water therein.
NUM  14.
PAR  14. The electrical power cable described in claim 1 characterized by the
      metal shield being formed of corrugated metal from the group consisting of
      copper, aluminum and steel, and an extruded overall plastic jacket shield
      around the metallic shield, any space between the shields having sealant
      therein to block longitudinal migration of water.
NUM  15.
PAR  15. The electrical power cable described in claim 1 characterized by the
      metallic shield including a helically applied layer of wire.
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ABST
PAL  The fitting is mountable on a cellular steel floor or deck prior to pouring
      of the concrete of a completed floor and comprises a separable flat base
      plate, a box-like housing, and a cover plate. Two self-grommeted openings
      in the base plate are axially aligned with respective openings of
      substantially equal size leading to adjacent cells of the deck, and a tab
      on the base plate at one of the grommeted openings interlocks with the
      deck to hold the base plate in position. Horizontally directed slots
      formed in the base plate along one longitudinal edge thereof cooperate
      selectively with tabs on the lower longitudinal edges of the housing to
      lock the housing on the base plate selectively in either of two positions.
      Screws or rivets may be used as additional fastening means for the base
      plate and housing. A longitudinally asymmetrical opening in an upper wall
      of the housing is closed by a filler cap prior to pouring the concrete
      and, after the pour, the filler cap is removed to permit the cover plate,
      also termed a flush floor fitting, to be installed over the opening in the
      upper wall. A closure member of the cover plate is turnable to expose
      openings for wires leading from the housing of the service fitting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to dual service fittings for underfloor wireway
      systems, and more particularly to an improved dual service fitting of the
      type known as a dual pre-set insert. Such a service fitting is designed to
      be mounted on a cellular steel floor before pouring of the concrete and
      bridges a pair of adjacent cells of the steel floor which respectively
      contain power and communication wiring. It provides for protected access
      to those cells.
PAR  A cellular steel floor comprises a plurality of floor sections presenting
      alternate parellel crests and troughs defining a plurality of elongated
      channels or cells providing passages for air flow, electrical power and
      communication wiring, piping and various other purposes. Concrete is
      poured over the cellular floor sections to form a completed floor except
      for a floor covering such as tile or carpet.
PAR  In order for a cellular steel floor to function as a viable component of
      the communication and electric power systems of a building, access to the
      cells may be provided at selected intervals. Access to the cells may be
      provided by either "afterset" inserts or "preset" inserts. An afterset
      insert is installed after the concrete has hardened by cutting a core from
      the concrete fill above the cellular steel floor, removing the concrete
      core, and then cutting a hole in the upper wall of a cell for reception of
      the afterset insert. In the case of a pre-set insert, an opening is formed
      in the upper wall of a cell prior to pouring the concrete and an insert or
      service fitting having a height substantially equal to the depth of the
      concrete pour is mounted on the cell prior to the concrete pour. After the
      pour, a thin layer of concrete normally overlies the insert. This layer of
      concrete is chipped away to provide access to the insert, and a suitable
      cover plate is installed on the insert.
PAR  Typically, adjacent cells of a cellular steel floor respectively contain
      power and communication wiring, and it is desirable that a so-called dual
      service fitting or insert be provided so that access to either the
      electric power or communication wiring or both can be provided through a
      single fitting.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an improved dual pre-set
      service fitting or insert for facilitating access to adjacent cells of a
      cellular steel floor respectively carrying electric power and
      communication wiring.
PAR  A further object is to provide an improved dual pre-set insert which can be
      formed of sheet metal.
PAR  A further object is to provide an improved dual preset insert of basically
      two-part construction, one part being a base plate having positive locking
      and aligning means with openings in adjacent cells of an underfloor
      raceway system and the other part being a housing mountable on the base
      plate selectively in either of two positions.
PAR  A further object is to provide an improved dual pre-set insert having
      self-grommeting openings in a base plate thereof to prevent abrasion of
      service wires.
PAR  A further object is to provide an improved dual pre-set insert having a
      housing which is reversible with respect to a base plate so that the
      housing can be positioned as desired irrespective of the position of the
      base plate.
PAR  A further object is to provide a dual pre-set insert having an improved
      extension means to permit use of the insert with different depths of
      concrete.
PAR  A further object is to provide an improved dual pre-set insert including an
      improved cover plate or flush floor fitting which includes self-contained
      means for abandoning the use of the insert when electric communication and
      power service is no longer needed at that location.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of a section of cellular steel
      floor with two adjacent cells having openings therein and a base plate of
      a dual preset service fitting or insert in accordance with this invention
      positioned adjacent the openings prior to mounting of the base plate on
      the cellular floor;
PAR  FIG. 2 is a fragmentary perspective view similar to FIG. 1 showing a pair
      of service fittings in accordance with this invention mounted on the
      cellular floor;
PAR  FIG. 3 is a top plan view of the base plate of FIG. 1 and 2 including a
      receptacle mounting bracket of the service fitting;
PAR  FIG. 4 is a fragmentary view, partially in section, taken generally along
      the line 4--4 of FIG. 3 with a top wall of a cell shown;
PAR  FIG. 5 is a view taken generally along the line 5--5 of FIG. 4;
PAR  FIG. 6 is an enlarged detail view of a portion of the base plate of the
      service fitting;
PAR  FIG. 7 is a top plan view of the housing of the service fittings of FIG. 2;
PAR  FIG. 8 is a view, partially exploded and partially in section, of a portion
      of a steel cellular floor imbedded in concrete and showing one of the
      service fittings of FIG. 2 with a flush floor fitting;
PAR  FIG. 9 is a side view of one of the service fittings of FIG. 2 with a
      temporary closure member in place;
PAR  FIG. 10 is a top plan view of the service fitting of FIG. 9;
PAR  FIG. 11 is a perspective view of an extension means which can be used with
      the service fitting;
PAR  FIG. 12 is a bottom view of the flush floor fitting in its closed position;
PAR  FIG. 13 is a bottom plan view of the flush floor fitting in its open
      position; and
PAR  FIG. 14 is an enlarged detail view of a locking means of the flush floor
      fitting.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 each show a portion of a section 20 of a cellular steel floor
      on which dual preset service fittings or inserts 22 constructed in
      accordance with the present invention can be used. The section 20 of
      cellular floor comprises a bottom plate 23 on which is secured a top plate
      24 defining a series of parallel alternating troughs 25 and crests. The
      crests have respective top walls 26 each of which defines, in conjunction
      with a pair of downwardly diverging side walls and an intervening portion
      of the bottom plate 23, one of a plurality of cells 27a-27d some of which
      may be used as raceways for electrical power or communication wiring. A
      wire distribution arrangement generally has power wiring in one cell and
      communication wiring in an adjacent cell. As shown in FIG. 1, access is
      provided to the adjacent cells 27a and 27b by circular openings 28 and 29
      in their respective top walls 26.
PAR  As shown in FIG. 2, two longitudinally spaced identical service fittings 22
      and 22a are arranged so that access to the cells 27b and 27c is provided
      by the fitting 22 and access to the cells 27a and 27b is provided by the
      fitting 22a. With this arrangement, assuming that the cell 27b contains
      communication wiring and the cells 27a and 27c contain power wiring,
      access to both communication and power wiring can be provided on opposite
      sides of a wall (not shown) extending upwardly from the center of the cell
      27b.
PAR  The service fitting 22 comprises a substantially flat base plate 30 and a
      removable box-like housing 31. The base plate 30 is provided with
      longitudinally spaced circular openings 32 and 33 and, as indicated in
      FIG. 1, can be installed on the floor section 20 so that the openings 32
      and 33 are either in radial alignment with the openings 29 and 28 or vice
      versa. The openings 32 and 33 throughout most of their peripheries have
      reversely bent edge portions 34 (FIG. 4) shaped to form a smooth curved
      inner surface 35 extending below the lower surface of the base plate 30.
      The openings 28 and 29 in the top walls 26 of adjacent cells such as the
      cells 27a and 27b are so sized that the outer peripheries of the bent over
      portions 34 of the openings 32-33 are snugly received therein. The curved
      surfaces 35 prevent abrasion of wires being drawn from either of the cells
      27a and 27b for connection within the housing 31. A locking tab 36 extends
      radially outwardly and downwardly from the periphery of the opening 32 for
      reception under the peripheral edge of one or the other of the openings 28
      and 29 thereby to hold the base plate 30 in a selected one of two
      positions on the floor section 20. Additional holding means may be
      provided by a screw or rivet (not shown) passing through a slot 37 in the
      base plate 30 into an aligned opening in the top wall 26 of one of the
      cells 27a or 27b.
PAR  A generally rectangular upwardly indented or raised portion 38 extends
      along the longitudinal centerline of the base plate 30 between the
      openings 32 and 33 and has three longitudinally spaced screw-receiving
      holes 39. A receptacle mounting bracket 40 formed of sheet metal and of
      generally Z-shaped configuration having a generally triangularly-shaped
      base portion 42, an upright portion 44, and an upper barrier portion 46 is
      secured to the base plate 30 by a screw 48 passing through an opening in
      the base portion 42 and threaded into a selected one of the openings 39.
      The base portion 42 has a central upwardly indented or raised portion 49
      complimentary to the raised portion 38 for receiving the raised portion 38
      to maintain the mounting bracket 40 against rotation about the screw 48. A
      pair of openings 50 is provided in the upright portion 44 for receiving
      the front portions of a power plug receptacle 51 carried by the portion
      44. It is apparent that the mounting bracket 40 may be secured in position
      at any one of the holes 39 and be faced in either longitudinal direction
      so that the receptacle 51 may be in the most convenient position for
      wiring and for receiving plug connectors. Alternatively, other brackets
      similar to the bracket 40 may be provided for mounting other forms of
      connecting devices.
PAR  As shown best in FIGS. 3 and 6, the base plate 30 has a pair of narrow
      raised portions 52a and 52b at one longitudinal edge thereof forming
      respective horizontally-directed slots 53a and 53b, the slot 53b being
      nearer its adjacent end 54 of the base plate 30 than is the slot 53a to
      its adjacent end 55. The other longitudinal edge of the base plate 30 has
      a pair of curved wing portions 56 each having a hole 58 therethrough, the
      holes 58 being slightly offset from a position transversely opposite the
      center lines of the respective slots 53a and 53b. Adjacent each of the
      slots 53a and 53b is a concave cut-away portion 60.
PAR  As shown best in FIGS. 7, 8, 9 and 10, the housing 31 of the service
      fitting 22 is box-like and of generally rectangular configuration with
      rounded corners and has an outwardly directed continuous lower peripheral
      flange 62. Spaced apart along one longitudinal portion 64 of the flange 62
      in wing-like areas is a pair of openings 66a and 66b for alignment with
      the respective openings 58 in the base plate 30 when the housing 31 is
      mounted in one turned position with respect to the base plate 30. Between
      the opening 66a and an adjacent end 67 of the housing 31, a pair of slots
      in the flange portion 64 define an outwardly directed straight tab 68, and
      adjacent the opening 66b a pair of slots define a locking tab 70, the
      locking tab 70 having a longitudinally directed ear 72 at an outer end
      portion thereof defining a slot 74. Spaced apart along the other
      longitudinal portion 76 of the flange 62 in wing-like areas is a pair of
      openings 78a and 78b which are in alignment with the respective openings
      58 in the base plate 30 when the housing 31 is mounted in another turned
      position with respect to the base plate 30. Between the opening 78b and
      the adjacent end 79 of the housing 31, a pair of slots in the flange
      portion 76 define a straight tab 80, and adjacent the opening 78b a pair
      of slots define a locking tab 82, the tab 82 having a longitudinally
      directed ear 84 at its outer end portion defining a slot 86.
PAR  The upper wall of the housing 31 has an asymmetrically positioned truncated
      dome portion 88 having a circular opening 90 therethrough. Extending
      radially inwardly from the peripheral edge of the opening 90 is a pair of
      ears 92 each provided with a screw-receiving opening 94, the openings 94
      being diametrically opposite each other.
PAR  As indicated above, the housing 31 may be mounted on the base plate 30
      selectively in either of two turned positions. In one position, the
      locking tab 82 of the housing 31 is received in the slot 53a. During
      mounting, the ear 84 is entered first into the slot 53a in interlocking
      relation with a sloping end of the raised portion 52a defining the slot
      53a received in the slot 86. The housing 31 is then slightly rotated to
      fully insert the straight tab 80 into the slot 53b. With the tabs 82 and
      80 fully received in the slots 53a and 53b, the openings 66a and 66b in
      the flange portion 64 are aligned with the respective openings 58 in the
      base plate 30. In the other turned position, the locking tab 70 of the
      housing 31 is received in the slot 53a. During such mounting, the ear 72
      is entered first in the slot 53a in interlocking relation with a sloping
      end of the raised portion 52a defining the slot 53a received in the slot
      74. The housing 31 is then slightly rotated to fully insert the straight
      tab 68 into the slot 53b. With the tabs 70 and 68 fully received in the
      slots 53a and 53b, the openings 78a and 78b are aligned with the
      respective openings 58.
PAR  After the housing 31 is assembled on the base plate 30, screws or rivets
      may be inserted in one or more of the openings 66a, 66b, 78a and 78b into
      corresponding openings in the top walls 26 of the cell 27a and 72b to
      secure the fitting 22 in place. When the housing 31 is mounted on the base
      plate 30 in the turned position of FIGS. 9 and 10, screws or rivets
      received in the openings 66a and 66b pass through the holes 58 in the base
      plate 30, and clearance is provided by the cut-away portion 60 for the
      screws or rivets received in the openings 78 and 78b. When the housing 31
      is mounted on the base plate 30 in the other turned position, screws or
      rivets received in the openings 78a and 78b pass through the opening 58
      and the cut-away portions 60 provide clearance for the screws or rivets
      received in the openings 66a and 66b.
PAR  It is apparent that the base plate 30 may be mounted on the cellular steel
      floor 22 either at the factory or the job site and held in position by the
      tang 36 and a rivet or screw received in the slot 37. Later the housing 31
      may be mounted on the base plate 30 as just described. Alternatively, the
      housing 31 may be assembled with the base plate 30 prior to mounting of
      the fitting on the floor 22.
PAR  As seen in FIG. 8, off-setting of the dome portion 88 provides adequate
      space for the use of Amphenol connectors 95 or the like to be used for
      making connections to communication wiring leading from the cell 27a. A
      plug 51a of an extension cord is shown plugged into the receptacle 51.
PAR  While the concrete is being poured, the opening 90 in the dome portion 88
      is closed by a temporary closure member 96 as shown in FIGS. 9 and 10. The
      member 96 is dish shaped, is sized to fit snugly in the opening 90, and
      has diametrically opposed indented portions 98 for clearing the ears 92
      and a narrow outwardly turned flange portion 100 which overlies the
      peripheral edge of the dome 88 about the opening 90.
PAR  After the concrete is poured and hardened, any concrete covering the
      temporary closure member 96 is chipped away and the closure member 96 is
      removed. Permanent closure of the opening 90 is accomplished by a cover
      plate 102 or flush floor fitting and forming part of the service fitting
      22.
PAR  A retainer 104 of the cover plate 102 comprises an outer upper ring 106,
      having a beveled outer peripheral edge 108, and an inner lower ring 110,
      having an outer peripheral edge 113, which are riveted together as by
      rivets 112. The inner periphery of the upper ring 106 is circular and free
      of protrusions, but the inner periphery of the lower ring 110, although
      generally circular and aligned with the inner periphery of the upper ring
      106, has five inwardly protruding portions defining shelf-like areas or
      shelf portions 115, 116, 117, 118 and 119.
PAR  The shelf portion 115 has an opening 115a in a narrow portion 115b thereof
      adjacent a wider opening-blocking portion 115c, and the shelf portion 116
      has an opening 116a in a raltive wide opening-blocking portion 116b
      thereof adjacent a narrower portion 116c. A nib 116d is positioned on the
      narrow portion 116c.
PAR  The shelf portions 117 and 118 are identical and have respective downwardly
      directed tangs 117a and 118a at one end and respective nibs 117b and 118b.
      The shelf portion 119 has a nib 119a on a relatively narrow shelf portion
      119b thereof and has a relatively wide adjacent hole-blocking portion
      119c. The outer periphery 113 of lower ring 110 is sized to fit snugly in
      the opening 90 with the outer portion of the upper ring 106 overlying the
      peripheral edge of the dome portion 88 about the opening 90. Screws
      passing through the holes 115a and 116a into the openings 94 secure the
      retainer 104 in position on the housing 31.
PAR  A closure plate 120 of the cover plate 102 is a circular disc having a
      relatively large cut-out portion 120a and two relatively small cut-out
      portions 120b and 120c spaced about its periphery and rotatably rests on
      the lower ring 110. A locking cam 121 having angularly disposed portions
      121a and 121b is riveted on the bottom of the cover plate 120 and extends
      generally diametrically with respect thereto. Downwardly off-set end
      portions 121c and 121d at opposite ends of the cam 121 have respective
      central grooves 122 for interlocking respectively with the nibs 116d and
      118b and the nibs 117b and 119a.
PAR  In the closed position of the closure plate 120 shown in FIG. 12, the
      cut-out portions 120a, 120b, and 120c are blocked respectively by the
      shelf portions 115c,  116b, and 119a. The cover plate 120 is held in this
      position by reception of the nibs 118b and 119a in the respective grooves
      122 and is held against further clockwise rotation (as viewed in FIG. 12)
      by engagement of the end portion 121c with the tang 118a.
PAR  In the open position of the closure plate 120 shown in FIG. 13, the cut-out
      portions 120a, 120b, and 120c are exposed, so that wires may pass
      therethrough, and the cover plate 112 is held in that position by
      reception of the nibs 116d and 117b in the respective grooves 122, and is
      held against further counterclockwise movement (as viewed in FIG. 13) by
      engagement of the end portion 121d with the tang 117a.
PAR  If a thicker concrete fill than shown in FIG. 8 is provided, an extension
      124 shown in FIG. 11 may be used with the fitting 22. The extension 124,
      which may conveniently be cut to the desired length from a suitable
      generally tubular aluminum extrusion, has two diametrically opposed
      thickened fastening portions 125 and 126 each of which has a relatively
      wide vertically-extending groove 128 and a relatively narrow vertically
      extending groove 129. The wide grooves 128 are diametrically opposed to
      each other and receive long screws which are threaded respectively in the
      openings 94 to retain the extension 124 on the dome 88 over the opening
      90. The narrow grooves 129 are also diametrically opposed to each other,
      and self-tapping screws inserted through the openings 115a and 116a in the
      retainer 104 are threaded respectively into the upper ends of the narrow
      grooves 129 to secure the retainer 104 in position over the upper end of
      the extension 124.
CLMS
STM  We claim:
NUM  1.
PAR  1. A service fitting for use with a concrete-covered cellular steel floor
      to provide protected access to at least one of two adjacent cells of the
      floor and comprising a base plate having a pair of spaced openings, means
      for securing the base plate to the steel floor with the openings in the
      base plate radially aligned with respective openings in respective top
      walls of adjacent cells of the floor, a box-like housing having side and
      top walls, interlocking means on the base plate and housing securing the
      housing to the base plate, an opening in the top wall of the housing, and
      closure means secured to the housing for selectively closing the opening
      in the top wall and providing access therethrough.
NUM  2.
PAR  2. A service fitting as in claim 1 wherein the means for securing the base
      plate to the floor includes a tang extending downwardly and outwardly from
      the peripheral edge of one of the spaced openings in the base plate
      adapted to be received under a peripheral edge of one of the openings in
      adjacent cells of the floor.
NUM  3.
PAR  3. A service fitting as in claim 1 wherein the circumferential edge portion
      of each of the spaced openings in the base plate is curled downwardly and
      outwardly to provide a smooth inner circumferential surface and an outer
      circumferential surface, each outer circumferential surface being sized
      for snug engagement with the circumferential edge face of one of the
      openings in the top wall of a cell of the floor.
NUM  4.
PAR  4. A service fitting as in claim 1 wherein a bracket for mounting a power
      outlet receptacle is removably fastened to the base plate.
NUM  5.
PAR  5. A service fitting as in claim 4, wherein the bracket has a mounting foot
      portion having an opening for a screw and the base plate has a plurality
      of screw-receiving openings, and the bracket being secured by a screw
      received selectively in any of the screw-receiving openings.
NUM  6.
PAR  6. A service fitting as in claim 5 wherein the foot portion of the bracket
      has an indented portion through which the opening for a screw extends, and
      the plurality of screw-receiving openings in the base plate are
      longitudinally spaced along a raised area of the base plate complementary
      to and received in the indented portion.
NUM  7.
PAR  7. A service fitting as in claim 1 wherein the interlocking means comprises
      at least one horizontally directed slot at an edge portion of the base
      plate and a complementary tang on a bottom flange portion of the housing
      removably received in the slot.
NUM  8.
PAR  8. A service fitting as in claim 1 wherein the interlocking means comprises
      a pair of longitudinally spaced horizontally directed slots at one
      longitudinal edge portion of the base plate and a first pair of
      complementary tangs spaced longitudinally along one longitudinal bottom
      edge of the housing removably received in the slots, respectively.
NUM  9.
PAR  9. A service fitting as in claim 8 wherein the interlocking means comprises
      a second pair of tangs spaced longitudinally along the other longitudinal
      bottom edge of the housing and removably received in the slots,
      respectively.
NUM  10.
PAR  10. A service fitting as in claim 9 wherein there is an opening in the top
      wall of the housing which is spaced nearer one end of the housing than the
      other, and the tangs of the housing and the slots of the base are so
      positioned that the housing may be positioned selectively in either of two
      positions with respect to the base, in one position the first pair of the
      tangs being received in the slots and, in the other position, the second
      pair of tangs being received in the slots.
NUM  11.
PAR  11. A service fitting as in claim 1 wherein the closure means comprises a
      retainer secured to the housing about the opening and a circular disk
      rotatably mounted in the retainer for rotation between two positions.
NUM  12.
PAR  12. A service fitting as in claim 11 wherein the disk has a plurality of
      cut-out portions at spaced locations about its periphery and the retainer
      includes shelf portions that block the respective cut-out portions in one
      position of the disk and do not block the cut-out portions in the other
      turned position.
NUM  13.
PAR  13. A service fitting as in claim 12 wherein a locking cam is secured to
      the under side of the disk and has a plurality of locking means positioned
      adjacent the periphery of the disk at spaced locations, complementary
      locking means are on the retainer, and said locking means cooperating to
      releasably retain the disk selectively in one of its two positions.
NUM  14.
PAR  14. A service fitting for use with a concrete-covered cellular steel floor
      to provide protected access to at least one of two adjacent cells of the
      floor and comprising a box-like housing having side and top walls, means
      for securing the housing to the floor, an opening in the top wall of the
      housing, and closure means closing the opening in the top wall, the
      closure means comprising a retainer secured to the housing about the
      opening and a circular disk rotatably mounted in the retainer for rotation
      between two positions, the disk having a plurality of cut-out portions as
      spaced locations about its periphery, and the retainer including shelf
      portions that block the respective cut-out portions in one position of the
      disk and do not block the cut-out portions in the other turned position.
NUM  15.
PAR  15. A service fitting as in claim 14 wherein a locking cam is secured to
      the under side of the disk having a plurality of locking means,
      complementary locking means are on the retainer, said locking means
      cooperating to releasably retain the disk selectively in one of its two
      positions.
NUM  16.
PAR  16. A service fitting for use with concrete-covered cellular steel floor to
      provide protected access to at least one of two adjacent cells of the
      floor and comprising a base plate having a pair of spaced openings, a tang
      extending downwardly and outwardly from the peripheral edge of one of the
      spaced openings in the base plate for securing the base plate to the steel
      floor with the openings in the base plate radially aligned with respective
      openings in respective top walls of adjacent cells of the floor, the
      circumferential edge portion of each of the spaced openings in the base
      plate being curled downwardly and outwardly providing a smooth inner
      circumferential surface and an outer circumferential surface, each of the
      outer circumferential surfaces being sized for snug engagement with the
      circumferential edge faces of the openings in the top walls of the cells
      of the floor, a box-like housing having side walls and a top wall,
      interlocking means comprising at least one horizontally directed slot at
      an edge portion of the base place and a complementary tang at a lower edge
      of a side wall of the housing removably received in the slot removably
      securing the housing to the base plate, an opening in the top wall of the
      housing, and closure means secured to the housing for selectively closing
      the opening in the top wall and providing access therethrough, the closure
      means including a retainer secured to the housing about the opening and a
      circular disk rotatably mounted in the retainer for rotation between two
      positions, the disk having openings therein that are blocked by respective
      barrier portions of the retainer when the disk is in one of the two
      positions and exposed to the interior of the housing when the disk is in
      the other turned position to provide said access.
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PAL  A conducting plastic pipe system comprising a male plastic pipe part and a
      female plastic pipe part with conducting covering layers which are
      interconnected by means of a conducting sealing ring between the male and
      female part. In case of outer covering layers on the pipe part the
      covering layer extends onto the inner side of the muff end of the female
      pipe part.
BSUM
PAR  The invention relates to a plastic pipe system with at least a first and a
      second pipe, constituting a pipeline, and preferably a pipe system which
      comprises at least a male pipe part and a female pipe part and in addition
      a sealing member between the male part and the female part.
PAR  Such plastic pipe systems are commonly known. These systems have the
      drawback that when dry media, like air and air enriched with dust
      particles are transmitted through such plastic pipe systems, electric
      charges accumulate on the inner and outer surfaces of the plastic pipe
      parts whereby the pipe system is statically charged. As a consequence,
      there is little demand for such pipe systems manufactured from plastic
      when they should be employed at locations whereat the static charges could
      give rise to explosions, like in shafts, etc.
PAR  Attempts have been made to overcome this trouble by wrapping with a
      conductive synthetic foil which is less statically charged, but in
      practice this could only be realized with difficulty, while, moreover, the
      foils used are easily damaged so that the desired effect gets lost.
PAR  It has also been suggested to spray an antistatic lacquer on the plastic
      pipe parts, these lacquers have in general no proper adhesion and,
      moreover, loose their properties in the course of time, while, moreover,
      when these antistatic lacquers, are used, two consecutive pipe parts on
      account of the presence of an insulating sealing member between the male
      pipe part and the female pipe part are interconnected in a nonconducting
      way.
PAR  For this purpose it is therefore requisite to ground each plastic pipe
      individually by means of supports on which the pipes are secured, which
      implies, however, all kind of difficulties. It is an object of the
      invention to provide a plastic pipe system which has not the
      aforementioned drawbacks.
PAR  According to the invention this object is attained by the arrangment that
      each plastic pipe part is provided on its inner and/or outer side with a
      continuous top coat which is fully connected with the surface of the pipe
      and which adheres thereto, while this coating of each plastic pipe may be
      directly or indirectly connected with means discharging the electric
      charge.
PAR  The plastic pipe parts consist preferably of polyvinylchloride, while the
      plastic coating consists of a thermosetting resin layer with carbon
      particles which is modified so as to be capable of adhering to a
      thermoplastic material like polyvinylchloride.
PAR  The pipe system comprises preferably a sealing member consisting of an
      elastic or plastic conductive material, which is disposed between two
      consecutive pipe parts, while the sealing member cooperates with top coats
      of consecutive pipe parts.
PAR  It has been found that by means of such plastic pipe systems all so far
      experienced difficulties can be obviated while, moreover, a single ground
      connection for the plastic pipe system at the desired location suffices.
PAR  According to a preferred and very advantageous embodiment, the pipe system
      comprises a male pipe part and a female pipe part and a sealing member
      made of an elastomer with a quantity of carbon which ensures the electric
      conduction between the conductive top coat, cooperating with the sealing
      member, of the male pipe part and the top coat of the female pipe part. In
      this embodiment no provisions are required to connect the male pipe part
      in an electrically conducting way with the associated female pipe part,
      since the electric conduction between the top coats of the male pipe part
      and the female pipe part is achieved by means of a sealing member which
      preferably consists of a rubber ring which contains at least 10% and
      preferably about 20% of carbon particles.
PAR   In this case it is necessary that when an outer top coat is applied to the
      male pipe part and the female pipe part, then this top coat is continued
      on the inner side of the socket end of the female pipe part where this
      part contacts the aforementioned sealing ring.
PAR  In an advantageous way, a female pipe part with a socket formed thereon is
      used, while the top coat extends on the entire outer surface and on the
      inner side of the socket part of this plastic pipe part.
PAR  The invention relates also to a plastic pipe part adapted to be used in the
      plastic pipe system according to the invention and to a sealing member,
      particularly a sealing member adapted to be used in a plastic pipe system
      according to the invention.
PAR  The invention is clarified with reference to the drawing showing an
      embodiment.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a longitudinal cross-sectional view representing a plastic pipe
      system according to the invention wherein sockets are used as receiving
      pipe parts; and
PAR  FIG. 2 is a longitudinal sectional view through a connection in a plastic
      pipe system according to the invention wherein female pipe parts with
      sockets formed thereon are used.
DETD
PAR  In FIG. 1 is represented a number of male pipe parts 1 of
      polyvinylchloride, which, via female pipe parts 2 in the shape of plastic
      sockets made of polyvinylchloride, are interconnected. Between each male
      pipe part 1 and each female pipe part 2 is a sealing member in the shape
      of a rubber ring 8.
PAR  On each male pipe part 1 and each female pipe part 2 is sprayed on the
      outer side thereof a top coat 3 consisting of metal e.g. aluminum,
      possibly in a liquid plastic composition which is compatible with respect
      to the polyvinylchloride and adheres to the polyvinylchloride. Especially
      a modified epoxy resin can be used.
PAR  In order to obtain an electric conduction between the surface coatings 3 on
      the male pipe parts 1 and the female pipe parts 2 in the shape of sockets,
      thin metal strips 10 may be glued on the top coat surface 3 of the female
      pipe part 2 on the one hand and on the surface of the top coat 3 of the
      male pipe part 1 on the other hand. For this purpose aluminum foil may,
      e.g., be used.
PAR  The top coat 3 consists of epoxy resin as stated hereinbefore which is
      modified in such a way that it adheres to the polyvinylchloride, or, of
      another thermoplastic material which is used for the plastic pipe parts.
      In order to apply the synthetic top coat, a hardener and the desired
      quantity of soot particles and also an organic solvent are admixed to the
      modified epoxy resin, whereupon the mixture under a high pressure e.g.
      over 100 atmospheres is sprayed on the surface. It should be arranged for
      that no air inclusions appear in the top coat.
PAR  The whole pipe system is grounded by means of the ground connection 11.
PAR  Instead of the sockets 2, also plastic pipes 2a with a socket 4 formed
      thereon may be used, while pipes on their outer side are provided with the
      aforementioned conductive coating and the coating by its part 7 extends
      along the front side 5 of the socket end 4 and further on the inner side
      of the socket 4 while forming the coating 6 on the inner side.
PAR  On the other hand the male pipe part 1 of polyvinylchloride is likewise
      provided with the aforementioned top coat.
PAR  Between the female pipe part and the male pipe part is likewise disposed a
      sealing ring 8 partially accommodated in a groove 9, this sealing ring of
      elastomer material contains, however, a quantity of soot particles which
      suffices to ensure an electric conduction between the coating 3 of the
      male pipe part 1 and the part 6 of the coating on the socket part 4.
PAR  For this purpose this ring 8 of elastomer material contains at least 8%
      carbon particles and preferably at least 10% and particularly 20% carbon
      particles. Division Bostik
PAR  This quantity of soot particles is also suitable for a coating of modified
      epoxy resin with soot particles, (e.g. a Finch 453-1-1 modified epoxy
      resin of Finch, Paint and Chemical Divis ion of ostik CimbH,
      Obersurselts). The resin affixes itself particularly to polyvinylchloride.
PAR  The carbon particles applied consist of the commonly known soot particles
      of the type ensuring a proper electric conduction.
PAR  The soot used is ground and consists in general of a soot obtained when
      unsaturated compounds are burnt.
PAR  The carbon particles consist preferably of soot particles, particularly of
      soot particles obtained from acetylene.
PAR  It is obvious that also tensile stress resistant pipe connections can be
      established wherein the tensile strength ensuring means may serve as
      conducting means. For this purpose the means ensuring the tensile strength
      are provided with a coating comprising aluminum particles.
PAR  When a branch connection should be provided, then an electricity conducting
      connection between the branch pipe and the main pipe should also be
      established.
PAR  Finally it should be noted that when a sleeve joint is formed, if pipe
      parts with an inner conducting coating are used, then the coating
      extending on the inner side of the male pipe should be continued at the
      end of a male pipe on the outer side thereof in order to obtain a
      conducting connection.
PAR  It is evident that instead of aluminum particles also other conductive
      particles can be incorporated into the coating.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A pipe connection comprising a male pipe part and a female pipe part
      both of thermoplastic material, each pipe part having on at least its
      outer surface a continuous coating of thermosetting material connected
      with the surface of the male and female pipe part, said coating containing
      a quantity of particles that are electrically conductive, said coating on
      each pipe part being connected with means for discharging an electric
      charge, and a conductive rubber sealing ring engaging the outer coating on
      said male pipe part and the outer coating on said female pipe part by a
      part of said coating extending on the inner side of said female part.
NUM  2.
PAR  2. A pipe connection according to claim 1, characterized in that said
      sealing ring contains carbon particles of a range from 10 to 20% of carbon
      particles.
NUM  3.
PAR  3. A pipe connection according to claim 2, characterized in that the
      thermoplastic female pipe part consists of a pipe part having a socket
      formed thereon, while said conductive coating extends throughout the outer
      surface and on the inner surface of the socket part.
NUM  4.
PAR  4. A pipe connection according to claim 1, characterized in that the pipe
      connection is grounded.
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PAL  A demodulation system of a playback device for a carrier frequency signal
      containing both useful information in the zero passages of the signal and
      signal break-ins which occur in the playback device. The system includes a
      limiter for limiting in an asymmetrical manner a signal fed to it and a
      demodulator coupled to the output of the limiter. A highpass filter is
      connected between the limiter and the demodulator so as to couple the
      output signal from the limiter to the demodulator. The highpass filter
      substantially passes only the useful information portion of the carrier
      signal and suppresses any break-ins introduced into the signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a demodulation system for a playback
      device in a video system employing a carrier frequency signal containing
      useful information in the zero passages of the signal, the demodulation
      system being of the type including a limiter which limits the signal fed
      to it in a manner which is not completely symmetrical and a demodulator
      coupled to the output of the limiter.
PAR  When a record carrier is scanned by a scanning device to play back video
      signals, the scanning may occasionally cause the carrier frequency signal,
      which can be, for example, frequency modulated with the video signals, to
      be temporarily partially lost, i.e. to experience a "break in", where the
      amplitude of the useful portion of the signal is temporarily strongly
      reduced. If such a break in the useful portion of the signal occurs, the
      electron beam of the picture tube connected to the scanning device will
      not be properly modulated during this break-in.
PAR  This signal break-in will cause a dot or stripe to be produced on the
      screen of the picture tube which is excessively bright or dark compared to
      the other sections of the picture on the screen. Such phenomena are
      extremely annoying for the viewer. Consequently, many efforts have been
      made to reduce the effect of such signal break-ins to a minimum in order
      to provide a better television picture.
PAR  In one known arrangement for avoiding the effect of such break-ins, the
      carrier frequency useful signal is divided into two practically identical
      components, one of these components being delayed with respect to the
      other component by a time interval which is practically equal to the time
      required by the electron beam in the picture tube for one horizontal
      scanning period. Under normal conditions, the undelayed component is used
      and the delayed component is suppressed. If, however, a device for
      detecting an error in the signal, e.g. a break-in, actuates a switching
      device, the undelayed component is suppressed and the delayed component is
      switched on and is then used during the occurrence of the break-in state.
      While the above-described arrangement does remove the undesirable effect
      of the break-ins on the useful signal, such an arrangement, however,
      requires complicated circuitry which, when used in playback devices,
      substantially increases the cost of such devices.
PAR  In view of the fact that break-ins of the useful signal are a relatively
      rare occurrence in the presently known playback devices and their time
      duration is very short, such arrangements which require, in addition to
      the delay elements for storing the video signal, additional circuitry for
      detecting the break-ins so that switching from the undelayed to the
      delayed video signal can be initiated, are relatively complicated and only
      suitable for playback devices which are intended to meet very high viewer
      demands.
PAR  Since the use of recording and playback video devices as home instruments
      is increasing, these devices must be able to be fabricated by use of mass
      production techniques while maintaining a satisfactory level of quality
      for the device and producing a device which operates in a relatively
      simple manner.
PAR  It was previously the practice, in ultrahigh frequency (UHF) radio
      receivers with frequency demodulators, to connect, ahead of the
      demodulator, a limiter having a bandpass filter in the anode circuit of
      the tube. This limiter, however, was used in a transmission path with a
      relatively small ratio (about 1/100) of the absolute bandwidth to the
      maximum frequency and with a relatively interference free useful signal in
      which signal break-ins rarely occur. Consequently, there was no reason in
      these known arrangements to eliminate interferences caused by signal
      break-ins. The resonant circuit in the anode circuit in such arrangements
      was utilized to serve an entirely different purpose from that to which the
      present invention relates; such resonant circuits were intended to
      attentuate the harmonics resulting from the limiting process. In addition,
      this resonant circuit attentuated low frequency noise which is always
      present.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a relatively simple
      demodulation system which will effectively suppress interferences,
      particularly those interferences occurring in the picture during playback
      with scanning devices which scan record carriers.
PAR  Another object of the present invention is to provide a demodulation system
      in which signal break-ins in a carrier frequency signal, containing useful
      information in a playback device are substantially suppressed.
PAR  A further object of the present invention is to supplement the demodulation
      system with its demodulator and series-connected limiter so as to
      satisfactorily suppress the undesirable results of temporary, strong drops
      in the amplitudes of the useful signal in order that bright or dark dots
      or stripes will no longer appear on the screen and to provide a system for
      accomplishing this objective while maintaining the expenditures at a
      tenable level.
PAR  These objectives are accomplished in the modification of the
      above-mentioned demodulation system according to the present invention in
      that a highpass filter is connected in the playback instrument between the
      limiter and the demodulator. This highpass filter passes only the useful
      signal, i.e. information portion, of a carrier frequency signal which also
      contains signal break-ins. Consequently, the signal break-ins are
      suppressed by the filter.
PAR  In another embodiment of the present invention the highpass filter has a
      frequency limit which lies below, but in the vicinity of, the lowest lower
      sideband frequencies to be transmitted.
PAR  The demodulation system of the present invention preferably includes a
      delay time demodulator as its demodulator which, although sensitive to
      shifts in the zero passages of a frequency modulated carrier frequency
      signal, has other advantages in playback devices containing interferences
      in the scanned signal and can be easily adapted for this particular
      purpose. A suitable embodiment of such a demodulator is disclosed in U.S.
      Patent application Ser. No. 331,352 filed by Gerhard Dickopp on Feb. 12th,
      1973, now abandoned, and entitled "Delay Time Demodulator For a Frequency
      Or Phase Modulated Carrier", and claiming the priority of German Patent
      Application No. P 2206704. The ratio of the absolute bandwidth of the
      carrier signal to the maximum frequency of the transmission range is
      preferably not much less than 1 and may lie, for examaple between 0.5 and
      1. The demodulator may be a frequency demodulator and the carrier signal
      may be frequency modulated. If the frequency modulated signal has a
      frequency deviation, for example, of about 1 MHz and a center frequency of
      3.25 MHz, or a similar relationship, it is favorable for the blocking
      range, or lower cutoff frequency, of the highpass filter to extend to a
      limit of 300 to 500 to 1000 kHz.
PAR  The demodulation system of the present invention suppresses the results of
      temporary signal break-ins at that point, i.e., at the output of the
      limiter, where in previously known systems their damaging influence had
      been amplified by the demodulation circuitry. Experiments have shown that
      insufficient limiters in the demodulation system will unavoidably increase
      the effect of break-ins in the useful signal in a very unfavorable manner.
      Such limiters unavoidably provide an asymmetrical response and, therefore,
      result in a different limitation of the positive and negative halfwaves of
      the useful signal. The useful signal then appears at the output of the
      limiter with its axis of symmetry shifted with respect to the zero axis by
      the amount of the asymmetry. A limiter here is called insufficient or
      incomplete if its limitation of positive and negative halfwaves is
      asymmetrical.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 provides an illustration of various exemplary carrier signal curves
      helping to describe the demodulation system of the present invention.
PAR  FIG. 2 is a block circuit diagram of an embodiment of a demodulation system
      according to the present invention.
PAR  FIGS. 3 to 7 show the waveforms of the output signals from blocks 2 to 6 of
      FIG. 2 so as to illustrate the processing of a carrier signal with a
      signal break-in by the demodulation system of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows various signal curves illustrating the effect of an
      asymmetrical limiter upon a carrier frequency signal. These signal curves
      are plotted with respect to time t. An uninfluenced useful signal is
      marked a, a useful signal with a shifted zero axis, the broken straight
      line x.sub.2, is marked b, and a signal with an amplitude lower than that
      of the useful signal is marked c, which signal is also symmetrical about
      the axis x.sub.2.
PAR  From the signal curve b, it can be seen how the positive and negative
      halfwaves of such a useful signal would be limited to different degrees if
      an incomplete limiter which causes a shift of the zero axis was present in
      the demodulation system. Such a limiter would limit the signal
      symmetrically about the interrupted zero axis x.sub.2, but not
      symmetrically with respect to the actual uninterrupted zero axis x.sub.1.
      With such a limiting process, a limited useful signal would result which
      had the interrupted zero axis x.sub. 2 and, therefore, the zero passages
      of the signal about the axis x.sub.1 would be shifted with respect to the
      zero passages of the uninfluenced useful signal a. The shift is such that
      the distances between the zero passages are reduced for the smaller
      halfwaves while they are increased for the other halfwaves.
PAR  In previously known demodulation systems, such an influenced useful signal
      was fed, along its path, to a demodulator, for example a delay time
      demodulator, which used the spacing of the zero passages as a criterion
      for the demodulation. With an uninterfered with useful signal, i.e. a
      useful signal with no reduction in amplitude, the asymmetry of the limiter
      will hardly be noticed since the time shift of the zero passages is only
      slight due to the large, or steep, angle of intersection of the useful
      signal with respect to the zero axis. When the useful signal has a
      break-in, i.e. when the amplitude of the signal at the input of the
      limiter circuit drops considerably, however, this asymmetry will be much
      more significantly noticeable since there is now a much greater difference
      between the absolute values at the positive and negative halfwaves of the
      signal with respect to the unshifted zero axis. For an interference
      containing signal c, whose zero axis has been shifted in the same manner
      as that of the useful signal b, it can be clearly seen that the zero
      passages with respect to the axis x.sub.1 are shifted to form
      alternatingly significantly shortened and lengthened spaces.
PAR  This effect upon the spacing of the zero passages results in pairs of
      adjacent zero passages which lead to break-ins in the output signal
      especially when delay time modulators are used, i.e., to an extreme
      falsification of the demodulated signal.
PAR  The shift in the zero axis by the limiter and, consequently, the
      asymmetrical limiting of the signal and shift in its zero passages take
      place in synchronization with the occuring break-ins in the useful signal
      as a result of the undesired amplitude demodulation by the nonideal
      limiter.
PAR  With the inclusion of the highpass filter in the signal path coupled to the
      output of the limiter, the shift of the zero passages is reversed in part
      in that the low frequency signal components produced from the asymmetrical
      limiting, inasmuch as they lie below the intended transmission range of
      the demodulation device, do not reach the demodulator. Consequently with
      the inclusion of the highpass filter, the undesired modulation of the
      electron beam of the picture tube can be prevented.
PAR  FIG. 2 is a block circuit diagram of an embodiment of the present
      invention. The signal path of the useful signals begins in the transducer
      arrangement 1 marked as the information source, leads through a
      preamplifier 2, which includes a lowpass filter for the higher harmonics
      of the transducer signal, as disclosed in U.S. Pat. No. 3,691,317, a
      highpass filter 3, a limiter 4 and a highpass filter 5 according to the
      present invention; from the highpass filter 5, the signal goes through a
      frequency demodulator 6 and a video amplifier 7 to an electron beam tube
      8. Details of blocks 1 to 4 and 6 to 8 are known from the video magnetic
      tape art. The highpass filter 5 according to the present invention may be
      constructed in accordance with the general knowledge in the filter art and
      is basically similar to the known highpass filter 3. It is also possible
      for the transducer arrangement 1 to be a picture record pickup. This type
      of arrangement of a playback device is especially adaptable to being
      modified in accordance with the present invention.
PAR  The waveform of the output signal of preamplifier 2 shown in FIG. 3
      represents a frequency modulated wave having a break-in lasting for a time
      corresponding to nearly three wavelengths. During this time waves of lower
      frequencies are superimposed on the useful signal of reduced amplitude.
      The superposition of waves of lower frequencies can be recognized by the
      varying shifting of the useful waves relative to the zero axis.
PAR  At the output of the highpass filter 3 the superimposed waves of lower
      frequencies are eliminated as shown in FIG. 4. The result of the
      elimination is that the amplitudes of the waves during the break-in are
      nearly symmetrical to the zero axis.
PAR  But another undesired effect is inserted now by the inevitable asymmetry of
      the limiter 4 which does not limit the waves of FIG. 4 symmetrically to
      the zero axis but to the interrupted line. The effect is the limited
      waveform of FIG. 5 being at the output of limiter 4. This waveform has a
      new component of lower frequencies during the original break-in because
      the pulses of positive polarity are shorter than those of negative
      polarity.
PAR  This new component according to the invention is eliminated by the highpass
      filter 5, the output signal of which is shown in FIG. 6. Here the third,
      the fourth and the fifth waves are elevated up to positive values in a
      manner that the integral with respect to time of the positive values of
      one wave is the same as the integral of the negative values of the same
      wave. Thus especially a delay time demodulator is capable to produce a
      demodulated signal which does not differ too much from the signal which
      would appear if there were no break-in. But, moreover, by the elevation of
      the third to fifth wave in FIG. 6, adjacent zero passages of the waves
      have nearly the same distance with respect to each other during the
      original break-in as they would have without any break-in (though this is
      dependent on the relation of amplification and limitation level of the
      limiter). Thus also other demodulators produce a better signal during a
      break-in than without the highpass filter 5.
PAR  In FIG. 7 the demodulated signal is shown as an example for the output
      signals of the demodulator 6.
PAR  A carrier frequency oscillation which has been, for example, frequency
      modulated with the video signal is picked up by the transducer
      arrangement. The deviation range of this modulated signal extends from
      2.75 to 3.75 MHz, with the average gray value of the reproduced television
      picture corresponding to a frequency of 3.4 MHz. With such a carrier
      signal, the blocking ranges of the highpass filters 3 and 5 may extend to
      400 kHz if the video signal to be further processed has a bandwidth of
      about 3 MHz. If the blocking range of at least the highpass filter 5 is
      set at higher frequencies then interferences resulting from signal
      break-ins are even more effectively avoided; the video signal bandwidth,
      however, is reduced when the above-mentioned deviation range is
      maintained. The less frequently such signal break-ins occur in the scanned
      signal, the easier it is to shift the limit of the blocking range toward
      lower frequencies.
PAR  The preferred frequency demodulator is a known delay time demodulator or an
      improved demodulator as disclosed in the above-cited U.S. Patent
      application to Dickopp.
PAR  In contrast to the UHF radio receivers previously discussed, the present
      invention utilizes the limiter in a playback device in which the
      transmission path has a transmission range with a relatively large ratio,
      only slightly less than 1, of the absolute bandwidth (e.g. 5.5 MHz) to the
      maximum frequency of the transmission range (e.g. 6 MHz). In such a
      transmission path, a relatively large number of signal break-ins occur
      especially in comparison to such UHF receivers. These signal break-ins
      could cause the amplitude of the useful signal to be reduced by up to 100%
      thereby causing heavy interference in the output signal of the limiter.
      Since the limiters never operate completely symmetrically, these
      interferences in the signal will appear even stronger. Such interferences
      which are produced by the so-called signal break-ins in the carrier
      frequency signal which still contain the desired useful information can be
      prevented by use of the additional highpass filter in the demodulation
      system in accordance with the present invention.
PAR  It can be seen that the highpass filter of the present invention does not
      serve to attenuate low frequency noise, in contrast to the known resonant
      circuit in the anode circuit of a limiter tube discussed above; rather
      this noise and other lower frequency interferences are already attenuated
      by the highpass filter 3. Highpass filter 5, however, serves the purpose
      of preventing interferences caused by the signal break-ins which are
      amplified by the limiter.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a demodulation system of a playback device for a carrier frequency
      signal, containing both useful information in the passages thereof through
      its zero amplitude value and signal break-ins occurring in the playback
      device, the system including a first highpass filter connected to receive
      the signal, a limiter for limiting a signal fed thereto in a manner which
      is not completely symmetrical, said limiter being coupled to the output of
      said first filter, and a demodulator which uses the spacing between such
      zero passages as a criterion for demodulation coupled to the output of the
      limiter, the improvement comprising: a second highpass filter connected
      between said limiter and said demodulator for coupling signals from said
      limiter to said demodulator and substantially passing only the useful
      information portion of the signal and suppressing the signal break-ins,
      said second filter having a frequency limit in the vicinity of the lowest
      lower sideband frequency to be transmitted through the demodulation
      system.
NUM  2.
PAR  2. An arrangement as defined in claim 1 wherein the demodulator is a delay
      time demodulator.
NUM  3.
PAR  3. An arrangement as defined in claim 1, wherein the demodulator is a
      frequency demodulator and the carrier signal is frequency modulated.
NUM  4.
PAR  4. An arrangement as defined in claim 1 wherein the ratio of the absolute
      bandwidth of the carrier signal to the maximum frequency of the
      transmission range of the demodulation system is only slightly less than
      1.
NUM  5.
PAR  5. An arrangement as defined in claim 1 wherein the ratio of the absolute
      bandwidth of the carrier signal to the maximum frequency of the
      transmission range of the demodulation system lies between 0.5 and 1.
NUM  6.
PAR  6. An arrangement as defined in claim 1 wherein said second highpass filter
      has a lower cutoff frequency extending to a limit of 500 to 1000 kHz.
NUM  7.
PAR  7. An arrangement as defined in claim 1 wherein said second highpass filter
      has a lower cutoff frequency extending to 300 kHz.
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ABST
PAL  Fluid from a hydraulic pressure source is utilized to rotate and support a
      turntable in a vacuum chamber. Signals representative of the rotational
      velocity of the turntable are utilized to control the hydraulic pressure
      of the fluid rotating the turntable.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to apparatus required to provide precision
      mechanical rotation of a turntable in a vacuum atmosphere and more
      particularly, to precision turntable rotation suitable for electron beam
      recording of video discs.
PAR  A system for recording and playback of video information has been described
      in a copending U.S. application Ser. No. 126,772 of Jon K. Clemens filed
      Mar. 22, 1971. As described in the Clemens application, a lacquered
      surface is deposited on a thick aluminum disc and a continuous spiral
      groove is cut into the lacquered surface. A first nickel replica is then
      made of the grooved lacquer surface by depositing nickel over such surface
      and thereafter separating the nickel coating from the lacquer. This first
      nickel replica is a negative reproduction of the original grooved lacquer.
      A second nickel replica is made of the first replica to form a metal disc
      that is a positive reproduction of the original grooved lacquer. A uniform
      coating of energy sensitive material such as a photoresist is thereafter
      applied to the second nickel replica.
PAR  The photoresist-coated replica is then exposed by a video-signal-modulated
      beam of a scanning electron microscope which provides exposure of the
      photoresist in the groove region of the disc in correspondence to the
      video signal information. The photoresist is then developed and the
      exposed portions of photoresist are removed to form a topography in the
      groove corresponding to the video signal information. A nickel replication
      is made of the resultant disc and this replication is utilized to stamp or
      emboss vinyl records by techniques known in the audio recording art. The
      vinyl replica is then metalized to make the surface conducting and the
      metalization is thereafter coated with a dielectric. In playing back the
      recorded information, a stylus is caused to ride in the dielectric-coated
      groove. This stylus, along with the metalization and dielectric, acts as a
      capacitor. Capacitance variations in the groove, which correspond to the
      recorded video information, are then detected electronically to recover
      the video information.
PAR  Video discs produced, for example, in accordance with the above-described
      method contain closely spaced, signal representative, topographic patterns
      in the spiral convolutions of the disc. These topographic patterns may
      have successive peaks spaced as closely as 1.5 microns apart. In order to
      form the relatively small, and closely spaced video-representative
      topography, it is necessary to provide a relatively vibration-free
      turntable upon which the photoresist-coated video disc is mounted when the
      video information is recorded thereon. It is further necessary to provide
      a relatively constant and flutter-free rotational velocity of the
      turntable during the recording process. A turntable having a relatively
      flutter-free and constant rotational velocity is necessary to prevent
      subjectively objectionable disturbances (e.g., image jitter) from
      appearing on the video monitor during playback of the embossed or pressed
      video disc. The problems of providing a relatively vibration-free,
      flutterless, constant velocity turntable are compounded by the necessity
      of operating the electron microscope and therefore the turntable in a
      vacuum atmosphere. Recording on the video disc in a vacuum atmosphere is
      necessary to allow the video modulated recording beam of the scanning
      electron microscope to impinge directly upon the photoresist coated disc
      without interference from any atmospheric substances.
PAR  Turntable rotation in a vacuum atmosphere may be implemented by an electric
      motor mounted within the vacuum chamber. Electric motors, however, have
      the undesirable quality in that heat and magnetic fields are typically
      generated by their electric circuits. In a vacuum atmosphere, heat
      generated by the electric motor may not be dissipated by convection, thus
      undesirably limiting the means for cooling the motor. Magnetic fields
      generated by the electric motor may further produce the undesirable effect
      of perturbing the electron beam. It is therefore undesirable to utilize an
      electric motor housed within the vacuum chamber. Utilization of an
      electric motor mounted external to the vacuum chamber to drive the
      turntable presents other difficulties. Such an externally mounted electric
      motor is required to transmit rotational motion through a vacuum seal in
      the chamber, making the elimination of vibration and other disturbances
      difficult.
PAR  For reasons mentioned above, it is desirable to ameliorate all disturbances
      affecting smooth turntable rotation. Other disturbances, for example,
      those associated with the horizontal translation of the turntable, are
      less critical than those affecting rotation and need not be as precisely
      controlled. It is, therefore, particularly desirable to provide a
      rotational driving means that is free of external coupling, produces no
      electrical fields, and provides an accurate means of rotating a turntable
      in a vacuum chamber.
PAC  SUMMARY OF THE INVENTION
PAR  A system that provides precision turntable rotation in a vacuum atmosphere
      comprises a turntable mounted on a supporting means. The supporting means
      is coupled to a source of pressurized hydraulic fluid which provides a
      film of hydraulic fluid upon which the turntable rides. At least one jet
      located adjacent to the turntable and supplied by the source of hydraulic
      fluid provides a fluid stream which impinges upon and serves to rotate the
      turntable. A control means controls the flow of fluid through the jet.
      Coupled to the control means is a velocity sensing arrangement which
      operates to provide an output as a function of turntable rotational speed.
      The velocity sensing arrangement provides signals to a control valve
      which, in turn, controls fluid flow through the jet, thereby controlling
      the rotational speed of the turntable.
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PAR  A better understanding of the invention may be obtained by referring to the
      detailed specification and the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic representation of a hydraulically driven turntable
      situated under an electron microscope within a vacuum chamber in
      accordance with the present invention;
PAR  FIG. 2 is another view of the vacuum chamber and apparatus therein shown in
      FIG. 1;
PAR  FIG. 3 is a sectional view of a jet assembly suitable for utilization with
      the apparatus of FIG. 1;
PAR  FIG. 3a is a section along A--A of FIG. 3;
PAR  FIG. 4 is a block diagram of electrical circuitry suitable for use in
      conjunction with the tachometer of FIG. 5 for controlling the speed of the
      turntable illustrated in FIG. 1;
PAR  FIG. 5 is a partial sectional view illustrating a portion of a tachometer
      suitable for detecting velocity of the turntable illustrated in FIG. 1;
PAR  FIG. 6 is an electrically operated valve suitable for utilization with the
      apparatus shown in FIG. 1.
DETD
PAR  In FIG. 1, an electron microscope 32 (partially illustrated) is situated on
      top of and extends into a vacuum chamber 34. Within vacuum chamber 34, a
      turntable 21 is supported on a movable carriage 22 by means of a
      hydrostatic bearing 24. Carriage 22 is arranged to be translated in the
      horizontal plane by a lead screw 30 coupled thereto. Lead screw 30 is
      rotated by a motor 28 located outside of chamber 34 and is coupled to
      carriage 22 by a threaded lead screw follower 148. Bushings 144 and 146
      are fixedly mounted to a hydraulic way 78 and provide support for lead
      screw 30.
PAR  A hydraulic pump 36 is coupled to a motor 38 for providing hydraulic
      pressure to first and second regulators 40 and 42. Regulators 40 and 42
      have reference input ports coupled to a tank of nitrogen 44 for providing
      a regulating pressure reference. Nitrogen tank 44 is kept in a tank 46
      containing water 48 for purposes of creating a large thermal mass and
      thereby maintaining the nitrogen at a relatively constant temperature.
      Pressure regulated hydraulic fluid flows from regulator 40 into a pipe 50
      and is coupled to hydrostatic bearing 24 through a series of flow
      restricting pipes and a filter 54. Regulated hydraulic fluid is also
      coupled to the hydrostatic ways 78 and 98 through respective pipes 136 and
      140 (see FIGS. 2 and 5). Pressure regulated hydraulic fluid passing
      through regulator 42 is coupled to valves 56 and 58. Valve 56 provides a
      rough adjustment for a relatively high pressure hydraulic fluid flowing to
      at least one drive jet 60. Valve 58 provides the rough adjustment of a
      relatively low pressure fluid flow to at least one control jet 62. The
      combined fluid output from jets 60 and 62 impinges upon a turntable 21
      which supports a record disc 20, causing its rotation. A detailed
      description of jets 60 and 62 is given below with reference to FIG. 3. An
      electrically operated valve 41 is coupled to low pressure jet 62 and
      provides a means for diverting a portion of the fluid flowing to jet 62
      away from the jet. Valve 41 is discussed in more detail below with
      reference to FIG. 6.
PAR  A fluid collecting tank 66 is coupled to the vacuum chamber 34 through a
      pipe 68. A float valve 70 situated within fluid collecting tank 66
      operates in response to the hydraulic fluid level therein for transferring
      hydraulic fluid to a sump tank 72. A vacuum is maintained in sump tank 72
      by a first roughing pump (not shown) coupled thereto by a pipe 73. A pipe
      74 coupled to sump tank 72 supplies hydraulic fluid from this tank to
      hydraulic pump 36. A pressure relief valve 76 is interposed between sump
      tank 72 and pump 36 and operates in response to excessive hydraulic
      pressure in pipe 172 to relieve the excessive pressure therein. Vacuum
      chamber 34 is evacuated in a conventional manner by a second roughing pump
      and an oil diffusion pump (not shown) that are coupled to bellows 81.
PAR  In FIG. 2 disc 20 is shown mounted upon turntable 21 which in turn is
      coupled to a first glass cone 90 of the hydrostatic bearing 24 (shown
      generally in FIG. 1). Cone 90 is seated in a generally
      complementary-shaped glass cone 92 which is mounted to movable carriage
      22. Flow-restricting (capillary) pipes 94 couple hydraulic fluid from a
      common chamber 96 into pressure pad areas 93 between cone 90 and
      complementary cone 92. The hydraulic fluid provided in these areas serve
      as the bearing surface for support of cone 90 and thereby turntable 21.
PAR  Carriage 22 is supported upon hydrostatic ways 78 and 98. Hydaulic fluid is
      supplied to surfaces 100 and 102 by respective flow-restricting pipes 140
      and 136 and channels located in carriage 22. The hydraulic fluid supplied
      to the surfaces 100 and 102 of respective hydrostatic ways 78 and 98
      provide a fluid film upon which carriage 22 rides.
PAR  FIG. 3 illustrates an embodiment of a jet assembly 109 such as may be used
      for jets 60 and 62. A pipe 110 is coupled from a source of
      pressure-regulated hydraulic fluid (e.g., regulator 42) to a first chamber
      111 within jet 109. Hydraulic fluid entering chamber 111 passes through
      orifice 112, chamber 114 and orifice 116 onto the rim of turntable 21. As
      is shown in FIG. 3a,  chamber 114 is cylindrical in shape having an open
      end 115 adjacent to a fluid-catching trough 117 (shown also in FIG. 2).
      Fluid is returned from trough 117 to tank 66 by appropriate collection
      pipes (not shown).
PAR  FIG. 5 is a top view of carriage 22 with turntable 21 and disc 20 removed.
      Four optical sensors 130 through 133 are fastened to a glass disc 135 in a
      position for optically sensing lines (for example, 10,800 in number)
      radially inscribed about a ring 134 located on the bottom of turntable 21.
      The optical sensors 130 through 133 together with line-inscribed ring 134
      comprise the major portion of a turntable velocity-sensing tachometer.
PAR  Output signals derived from the four optical sensors 130 through 133 are
      coupled to respective phase comparators 160 through 163 (see FIG. 4). A
      reference oscillator 166 is coupled to a second input of the respective
      phase comparators 160 through 163 and outputs from these comparators are
      coupled to adder 168. Signals provided at the output of adder 168 are
      coupled to control valve 41 for electrically controlling the flow of
      hydraulic fluid propelling turntable 21.
PAR  FIG. 6 is an embodiment of control valve 41. Hydraulic fluid enters pipe
      120 and is prevented from passing to an output pipe 122 by a leaf spring
      124 that rests against a valve seat 126. A solenoid 127 located adjacent
      to leaf spring 124 is electrically actuated through wires 128. Electric
      current passing into wires 128 causes solenoid 127 to magnetically attract
      leaf spring 124 removing it from seat 126 and thereby allowing hydraulic
      fluid to flow into output pipe 122.
PAR  In the operation of the apparatus shown in FIG. 1, chamber 34 is evacuated
      by a combination of a roughing pump and oil diffusion pump (not shown)
      through bellows 81 located at the bottom of chamber 34. The roughing pump
      is arranged, for example, to bring the internal chamber pressure down to
      about 10.sup.-.sup.3 mm. of mercury and the oil diffusion pump is arranged
      to reduce the vacuum further to about 10.sup.-.sup.6 mm. of mercury. This
      vacuum is sufficient for operation of the electron beam microscope 32.
PAR  To effect hydraulic fluid flow, pump 36 is driven by motor 38 and supplies
      fluid at an unregulated hydraulic pressure of about 140 pounds per square
      inch (psi). The hydraulic fluid supplied to pump 36 is of the same type as
      that utilized for the above-mentioned oil diffusion pump eliminating,
      thereby, the problem of contamination of one fluid with the other. The
      pressurized fluid supplied by pump 36 is utilized for driving the
      turntable jets 60, 62 and for supplying the hydrostatic bearing 24 and
      ways 78,98 in the system. Hydraulic fluid 170, shown in container 171,
      surrounds pump 36 preventing air from entering its hydraulic mechanism.
      This hydraulic fluid serves only to seal pump 36 and is not intended to be
      pumped through the system. The unregulated hydraulic fluid flowing from
      pump 36 passes through hydraulic line 172 to regulators 40 and 42.
      Regulators 40 and 42 utilize the pressure of nitrogen contained within
      tank 44 as a regulating reference. The nitrogen pressure within tank 44
      typically is in the order of 100 psi and preferably has a relatively
      long-term stability of one part within 100,000. Hydraulic pressure
      produced at the output of regulators 40 and 42 is substantially equal to
      that of the nitrogen pressure reference, i.e., 100 psi. Fluid at the
      regulated hydraulic pressure of regulator 40 flows into pipe 50 and from
      there is coupled to the hydrostatic bearing 24 and flow-restricting pipes
      136 and 140 (FIGS. 2 and 5) on carriage 22. Precise hydraulic pressure
      regulation is desirable in order to maintain a relatively fixed distance
      between the conical portions of hydrostatic bearing 24 and between ways
      78, 98 and carriage 22. Variations in hydraulic pressure cause, for
      example, the carriage 22 to change its vertical displacement with respect
      to ways 78 and 98 and thereby move turntable 21 in the vertical plane. It
      is necessary that the vertical positioning of turntable 21 remain
      relatively constant in order to maintain its relationship with respect to
      the focused electron beam of the electron microscope 32. Hydraulic fluid
      supplied to the hydrostatic bearing 24 and the surface of the ways 78 and
      98 provides a thin film of fluid upon which turntable 21 is rotated and
      carriage 22 is translated. This thin film of fluid provides a relatively
      frictionless surface and is unaffected by the vacuum or lack of atmosphere
      within chamber 34.
PAR  Fluid at the regulated hydraulic pressure flowing from regulator 42 passes
      through control valves 56 and 58 and from there to respective jets 60 and
      62. Valve 56 provides the adjustment for the relatively high pressure
      fluid flow out of jet 60 and is utilized to roughly set the rotational
      speed of turntable 21. Valve 58 provides the adjustment to the relatively
      low pressure output of jet 62 and is utilized as a fine adjustment to set
      the rotational speed of turntable 21.
PAR  Jets 60 and 62 as depicted in FIG. 3 have a chambered area 114 utilized to
      prevent air entrapped hydraulic fluid from splattering on the record disc
      20. Air bubbles that have been trapped within the hydraulic flud would
      expand and burst if allowed to enter a vacuum atmosphere such as that
      within chamber 34. When the entrapped air bubbles enter chamber 114 of jet
      109, they are subjected to the vacuum atmosphere of chamber 34 and expand
      and burst harmlessly within this chamber, preventing fluid from
      splattering upon the record disc 20.
PAR  Control valve 41 (details of which are shown in FIG. 6) is interposed
      between jet 62 and valve 58 and provides pressure control of the fluid
      output from jet 62. Hydraulic fluid is bypassed from jet 62 by fluid flow
      out of pipe 122 of control valve 41. When the electronic circuitry of FIG.
      4, associated with the tachometer shown in FIG. 5, senses an increase in
      velocity of turntable 21, solenoid 127 in control valve 41 is energized
      pulling in leaf spring 124 and allowing hydraulilc fluid to flow through
      pipe 120 and out of pipe 122 thereby decreasing the hydraulic pressure at
      the output of jet 62.
PAR  Four optical sensors 130 through 133 (see FIG. 5) sense the rotary motion
      of turntable 21. Output signals from the optical sensors 130 through 133
      are coupled to respective phase comparators 160 through 163 (see FIG. 4),
      each providing signals corresponding to the rate of movement of the
      radially inscribed lines below turntable 21. The frequency of the signals
      derived from the individual optical sensors is compared to a reference
      frequency provided by reference oscillator 166 and an error signal
      representative of the phase difference between the reference oscillator
      signal and the signal from each of the optical sensors is provided at the
      outputs of the respective phase comparators. Each of the error signals is
      coupled to adder 168 wherein an output signal representative of the
      cumulative error is provided. The single output from adder 168
      representative of the cumulative phase error is coupled to control valve
      41 for providing precise regulation of the speed of turntable 21.
PAR  Hydraulic fluid spent within chamber 34 flows through pipe 68 to a fluid
      collection container 66. When the fluid within container 66 reaches a
      predetermined level it causes float 70 to rise and allow the excess
      hydraulic fluid therein to flow into sump tank 72. Fluid collection
      container 66 is utilized to isolate the main portion of the hydraulic
      fluid, located in sump tank 72, from the air atmosphere when chamber 34 is
      opened. Isolation of the hydraulic fluid is necessary to prevent air from
      entering the fluid and requiring excessive evacuation to remove the
      entrapped air. A first roughing pump coupled to sump tank 72 maintains a
      vacuum therein during the time when chamber 34 is open further aiding the
      prevention of undesired air from entering the hydraulic fluid.
PAR  During the recording operation of the apparatus in FIG. 1 an electron beam
      from electron microscope 32 impinges upon the sensitized record disc 20
      situated on top of turntable 21. This electron beam is utilized for
      inscribing signal information within a spiral groove previously formed in
      the sensitized record disc 20. In order for the electron beam to track the
      spiral groove, turntable 21 is translated in the horizontal plane by lead
      screw 30. Motor 128 located external to chamber 34 rotates lead screw 30
      at a predetermined rate to cause carriage 22 to traverse in the horizontal
      plane along ways 78 and 98 and thereby allow the electron beam to follow
      the spiral groove in the sensitized disc 20.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electron beam disc recorder, apparatus to provide precision
      rotation of a disc suitable for storing information thereon comprising:
PA1  a vacuum chamber;
PA1  a turntable situate within said chamber, said turntable having a disc
      supporting surface terminating at a substantially cylindrical rim;
PA1  bearing means for supporting said turntable in said vacuum chamber;
PA1  apparatus for supplying pressurized hydraulic fluid coupled to said bearing
      means for providing hydraulic fluid thereto to support said turntable;
PA1  at least one jet means coupled to said source of hydraulic fluid and
      located adjacent to said turntable rim for causing pressurized hydraulic
      fluid to impinge upon said turntable rim, to the substantial exclusion of
      said disc supporting surface and disc, if any, supported thereon, whereby
      to cause rotation of said turntable; and
PA1  control means responsive to rotational velocity of said turntable and
      coupled to said jet means for adjusting the flow of hydraulic fluid
      through said jet means to thereby control said rotational velocity.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein:
PA1  said bearing means includes a first cone coupled to said turntable;
PA1  a second generally complementary-shaped cone adapted for receiving said
      first cone; and
PA1  said apparatus for supplying hydraulic fluid is arranged to provide an oil
      film interposed between said first and second cones for separating said
      cones and providing a surface upon which said first cone is supported for
      rotation.
NUM  3.
PAR  3. Apparatus to provide precision rotation of a disc suitable for storing
      information thereon comprising:
PA1  a vacuum chamber;
PA1  a turntable situate within said chamber;
PA1  bearing means for supporting said turntable in said vacuum chamber;
PA1  apparatus for supplying pressurized hydraulic fluid coupled to said bearing
      means for providing hydraulic fluid thereto to support said turntable;
PA1  at leastt one jet means coupled to said source of hydraulic fluid and
      located adjacent to said turntable for causing pressurized hydraulic fluid
      to impinge upon and cause rotation of said turntable;
PA1  control means responsive to rotational velocity of said turntable and
      coupled to said jet means for adjusting the flow of hydraulic fluid
      through said jet means to thereby control said rotational velocity;
PA1  pressure regulating means coupled to said fluid supplying apparatus for
      providing hydraulic fluid at a relatively constant pressure;
PA1  fluid diverting means coupled to said regulating means for controllably
      diverting the flow of said hydraulic fluid therethrough to first and
      second paths; and wherein
PA1  said jet means includes a first jet coupled to said regulating means and a
      second jet coupled to said first path.
NUM  4.
PAR  4. Apparatus to provide precision rotation of a disc suitable for storing
      information thereon comprising:
PA1  a vacuum chamber;
PA1  a turntable situate within said chamber;
PA1  bearing means for supporting said turntable in said vacuum chamber;
PA1  apparatus for supplying pressurized hydraulic fluid coupled to said bearing
      means for providing hydraulic fluid thereto to support said turntable;
PA1  at least one jet means coupled to said source of hydraulic fluid and
      located adjacent to said turntable for causing pressurized hydraulic fluid
      to impinge upon and cause rotation of said turntable; and
PA1  control means responsive to rotational velocity of said turntable and
      coupled to said jet means for adjusting the flow of hydraulic fluid
      through said jet means to thereby control said rotational velocity;
PA1  wherein said control means includes a velocity detecting means for
      determining the speed of said turntable; and
PA1  fluid diverting means is coupled to said velocity detecting means for
      carrying away a selected portion of hydraulic fluid from said jet means.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein:
PA1  said velocity detecting means includes radial line segments uniformly
      dispersed about a side of said turntable;
PA1  at least one line detecting sensor arranged to detect passage of line
      segments past said sensor and provide an electrical output in response
      thereto;
PA1  an electrical frequency reference corresponding in frequency to the desired
      electrical output frequency from said sensor; and
PA1  at least one phase comparator coupled to said electrical frequency
      reference and to said electrical ouput from said sensor for providing an
      output signal responsive to the difference in phase between said reference
      frequency and said sensor output signal.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein:
PA1  said fluid diverting means includes an electrically operated valve coupled
      to said jet means for diverting a portion of said hydraulic fluid from
      said jet means and lowering the fluid pressure therein, said electrically
      operated valve further coupled to and responsive to signals from said
      phase comparator determinative of the portion of hydraulic fluid to be
      diverted from said jet means.
NUM  7.
PAR  7. Apparatus for providing rotation and translation of a disc suitable for
      recording information thereon comprising:
PA1  a vacuum chamber;
PA1  a turntable situate within said chamber;
PA1  bearing means for supporting said turntable in said chamber;
PA1  translation means coupled to said bearing means for providing translation
      of said turntable in a predetermined direction;
PA1  apparatus for supplying pressurized hydraulic fluid coupled to said bearing
      means and to said translation means for providing a fluid surface upon
      which said turntable is supported for translation and rotation;
PA1  at least one jet means coupled to said source of hydraulic pressure and
      located adjacent said turntable for causing pressurized hydraulic fluid to
      impinge upon and cause rotation of said turntable;
PA1  fluid collecting means arranged to receive hydraulic fluid spent within
      said chamber for providing said fluid to said source of pressurized
      hydraulic fluid;
PA1  velocity detecting means for providing electrical signals responsive to the
      speed of said turntable; and
PA1  control means responsive to signals from said velocity detecting means for
      adjusting the flow of fluid through said jet means.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein:
PA1  said control means includes an electrical frequency reference corresponding
      in frequency to the desired electrical output frequency from said sensor;
PA1  at least one phase comparator coupled to said electrical frequency
      reference and to said electrical output from said sensor for providing an
      output signal responsive to the difference in phase between said reference
      frequency and said sensor output signal; and
PA1  an electrically operated valve coupled to said jet means for diverting a
      portion of said hydraulic fluid from said jet means and lowering the fluid
      pressure therein; said electrically operated valve further coupled to and
      responsive to signals from said phase comparator determinative of the
      portion of hydraulic fluid to be diverted from said jet means.
NUM  9.
PAR  9. Apparatus according to claim 7 wherein:
PA1  said bearing means includes a first cone coupled to said turntable;
PA1  a second generally complementary-shaped cone adapted for receiving said
      first cone; and
PA1  said apparatus for supplying hydraulic fluid is arranged to provide an oil
      film interposed between said first and second cones for separating said
      cones and providing a surface upon which said first cone is supported for
      rotation.
NUM  10.
PAR  10. Apparatus according to claim 7 wherein:
PA1  said jet means includes a first jet arranged for providing a fluid output
      at a substantially constant pressure; and
PA1  a second jet coupled to said control means for providing a fluid output in
      response thereto.
NUM  11.
PAR  11. Apparatus according to claim 7 wherein:
PA1  said velocity detecting means includes line segments uniformly inscribed
      about a side of said turntable; and
PA1  at least one line sensor arranged for detecting said line segments and for
      providing an output signal responsive to the presence and absence of said
      line segments.
NUM  12.
PAR  12. Apparatus according to claim 7 wherein:
PA1  said translation means includes a carriage adapted for carrying said
      turntable;
PA1  ways for supporting and guiding said carriage;
PA1  a hydraulic fluid pressure source coupled to said carriage for providing a
      fluid film between said carriage and said ways upon which said carriage
      travels;
PA1  a lead screw fixedly mounted in said chamber and coupled to said carriage
      for converting rotary motion of said lead screw into translational motion
      of said carriage; and
PA1  a motor coupled to said lead screw for providing rotation of said lead
      screw at a predetermined rate.
NUM  13.
PAR  13. Apparatus according to claim 7 wherein:
PA1  said fluid collecting means includes a fluid collecting container for
      receiving hydraulic fluid spent within said chamber;
PA1  a float valve within said fluid collecting container for preventing fluid
      from exiting therefrom until said fluid reaches a predetermined level;
PA1  a sump tank coupled to said fluid exit of said fluid collecting container
      for receiving fluid that has exceeded said predetermined level in said
      collecting container whereby fluid in said sump tank is isolated from
      exposure to air when said chamber is not evacuated.
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ABST
PAL  A pickup structure for tracking records includes a stylus formed of a
      section from a diamond crystal. That section has the cross sectional
      configuration of a square and, when employed as a capacitive pick up, has
      a conductive coating on one face. Any of the four corners may be employed
      as a tracking stylus.
BSUM
PAC  RELATED PATENT APPLICATION
PAR  The invention is useful for the capacitive pickup of the video disc image
      reproducing system described in application Ser. No. 378,467 filed July
      12, 1973 in the name of Robert Adler et al, now U.S. Pat. No. 3,872,241,
      issued Mar. 18, 1975.
PAC  BACKGROUND OF THE INVENTION
PAR  A variety of systems have been proposed for reading video record discs to
      derive an electric signal that represents program information stored on
      the disc and is suitable for application to the antenna terminals of a
      color television receiver. Supplying that signal to the receiver permits
      image reproduction of the program carried by the disc. One such system is
      referred to as the electrostatic or capacitive type. It differs from
      mechanical and optical video disc playback systems in the requirements
      imposed on the disc and in the nature of the pickup structure.
PAR  More specifically, a video disc for use in the capacitive system has
      program information recorded in known fashion in a spiral track having
      undulations that constitute a spatial representation of a frequency
      modulated carrier signal conveying the program information and under the
      control of which the storage track shall have been formed. The storage
      track has a conductive layer and a superimposed dielectric layer to the
      end that a conductive stylus, traveling in and sensing the record track,
      constitutes in conjunction with the conductive and dielectric layers of
      the disc, a capacitor having a value of capacitance that varies with the
      undulations of the record track. This capacitance variation may be
      employed in known manner to control the operating frequency of an
      oscillator, for example, to develop a frequency modulated signal suitable
      for control of a color receiver. As thus far described, the capacitive
      system is well known and, as such, is not the contribution of the subject
      invention.
PAR  Practical forms of the capacitive system feature a stylus of a material
      that is very hard compared with the material of the disc, usually taking
      the form of a metallized sapphire or diamond. Since, as described above,
      the stylus is in physical contact with the record groove and must be in
      order to obtain maximum signal to noise ratio, it is subject to wear. The
      wear characteristics of the stylus are clearly influenced by the tracking
      force with which the stylus is brought to bear against the track as well
      as the distance traveled, that is to say, the product of the linear
      velocity of the disc and the tracking time. It is also influenced by the
      coefficient of friction of the stylus. For the most part, there is little
      leeway in minimizing the tracking force, disc speed or program time in
      order to increase the life of the stylus and consequently resort has been
      had to the use of gem stones or lubrication in order to have as great a
      stylus life as possible.
PAR  Stylii have been made of sapphires and diamonds, as stated, but this is
      prohibitively expensive unless some means, such as that proposed herein,
      is found for obtaining an acceptably long stylus life. It has been
      proposed, for example, that the disc have a lubricated surface so that the
      abrasion is reduced and the life of the stylus increased. There is a
      distinct preference, however, to avoid lubrication since such coatings
      have a tendency to collect dirt, they tend also to dry out and lose their
      lubricating qualities especially if they are water based and may also
      present undesirable packaging problems.
PAR  It is, therefore, a principal object of the invention to provide a pickup
      structure featuring a stylus for tracking grooves in a record disc and
      having a useful life which greatly exceeds that of prior devices.
PAR  It is a very particular object of the invention to provide an improved
      pickup device featuring greatly enhanced stylus life and especially suited
      for reading video record discs in capacitive video playback systems.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A pickup structure embodying the invention is useful for tracking grooves
      in a record disc to derive information stored therein whether the disc be
      the familiar audio record or the more recent video disc which stores video
      information that may include luminance, chroma and synchronizing signal
      components. The structure comprises a sensing element of a substantially
      homogeneous material that is very hard compared with the material of the
      disc. The sensing element has a cross sectional configuration such that
      the element presents at least two angular shaped portions individually
      dimensioned to enter into the grooves of the disc and serve as a tracking
      stylus. In the preferred embodiment, the sensing element is a square
      section of a diamond crystal and any of its four corners may be presented
      in tracking relation to the disc that is to be read.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The features of the invention which are believed to be novel are set forth
      with particularity in the appended claims. The invention, together with
      further objects and advantages thereof, may best be understood, however,
      by reference to the following description taken in conjunction with the
      accompanying drawing in the several figures of which like reference
      numerals identify like elements, and in which:
PAR  FIG. 1 represents a diamond crystal from which a pickup structure may be
      constructed in accordance with the teachings of the invention;
PAR  FIG. 2 is a sketch representing a pickup in accordance with the invention
      in tracking engagement with a record disc;
PAR  FIGS. 3 and 4 are representations of mechanical structures indicating the
      manner in which maximum useful life may be obtained from a pickup
      featuring the invention;
PAR  FIG. 5 is a fragmentary sectional view taken along lines 5--5 in FIG. 4;
      and
PAR  FIG. 6 is a fragmentary sectional view taken along lines 6--6 in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A pickup structure for tracking grooves in a record disc, embodying the
      invention, comprises a sensing element of a substantially homogeneous
      material that is hard compared with the material of the disc to be tracked
      in order that it may have long life in spite of the abrasion inherent in
      the mechanical coupling of the sensing element traversing the grooves of
      the record track of the disc. Since the invention has especial application
      to capacitive type pick up structures, it will be described in detail in
      that connection. The capacitive pick up may be thought of as a subassembly
      of a sensing or carrier element and an electrode carried by that element.
      Preferably, the carrier element is formed of gem stones, such as diamonds
      or sapphires, which obviously are very hard compared with the resinous
      materials from which record discs, audio or video, are ordinarily made. Of
      course, diamonds have the greatest hardness and longest life and are,
      therefore, preferred so long as they exhibit an acceptably long life so as
      to be commercially practicable. This necessary attribute is attainable by
      practicing the subject invention. The carrier element or stylus may be
      formed from a natural diamond or from industrial diamonds even those that
      are prepared from pressed diamond dust. FIG. 1 represents a diamond
      crystal 10 which may even be of the synthetic or commercially grown
      variety. If the upper part of the crystal is machined away to the plane
      A--A, there results a tetrahedron, which has a base that is square having
      90.degree. angles at its four corners. If the crystal is ground in this
      fashion it produces an element which may serve as a carrier so long as the
      crystal dimensions permit any of its corners or angular shaped portions to
      enter into the grooves of a record 12 in tracking relation thereto in the
      manner, for example, shown in FIG. 2. In that figure there is shown a
      segment of record 12 which is supported for rotation about a spindle 14,
      rotating into the plane of the drawing. The record support may be a
      turntable driven by a motor is essentially the same fashion as an audio
      record player which is well known and, accordingly, has only been
      indicated schematically. The grooves have a conductive metallic coating
      12a and a superposed dielectric coating 12b characteristic of program
      discs used in capacitive video disc playback systems. One corner 10a of
      the crystal section 10' is presented in tracking relation to the record
      groove but since the section has geometrical symmetry any of the remaining
      corners 10b, 10c and 10d may likewise be used to track the record.
      Accordingly, the square shaped diamond section affords four corners, any
      of which may be selectively used as a tracking stylus to read a record.
PAR  Where the pickup is of the capacitive type under consideration, one face of
      the crystal section is provided with a conductive coating 11 so that the
      stylus presents a conductive surface riding on dielectric coating 12b of
      the record to constitute, in conjunction with the portion of conductive
      coating 12a immediately under the stylus, the variable capacitor of the
      capacitive pickup or disc reading system. As indicated in FIG. 2, it is
      desirable that the relative dimensions of the stylus and the record groove
      or track be such that the electrode area of the stylus be as large as
      practicable in order to minimize wear and yet the stylus will, of course,
      wear in use and hence will in effect grind or abrade away the tracking
      corner of the diamond which increases the area of the tracking surface.
      Ultimately, the diamond corner wears to the point that it becomes
      impractical to use since it will pick-up information from adjacent
      grooves. Consequently, the relative dimensions of the stylus and record
      groove are chosen for the longest effective life. The thickness of the
      diamond section that is, its dimension along the length of the record
      groove is not critical. By way of illustration, and not in any sense a
      limitation on the scope of the invention, diamond sections found useful
      for tracking a capacitive type video disc, having a 140.degree. record
      groove storing a frequency modulated carrier signal having a normal
      frequency of 3.5MHz, had the following dimensions:
TBL  crystal diagonal length  20 mils                                          
     crystal thickness        20 mils                                          
     conductive coating (chrome)                                               
                              2000 angstroms                                   
PAR  Applicant has discovered that a flat surface of a diamond crystal surface
      may be readily metallized as required to serve as a capacitive pickup. The
      diamond surface is first cleaned with dilute sulfuric or nitric acid and
      then placed in an oven and heated to 400.degree.C for approximately twenty
      to thirty minutes. This prepares the surface of the diamond for metal
      deposition in which an effective bond is achieved at the interface between
      the coating material and the diamond surface. After cleaning, the diamond
      is placed in an oven located in a vacuum chamber and the chamber
      atmosphere is then reduced to approximately 5 torr after which the
      temperature is increased to 1000.degree.C. After a short period of time,
      about ten to fifteen minutes, the temperature of the oven is reduced to
      the range of 750.degree. to 800.degree.C and then the chroma or other
      metal is vapor deposited to the desired thickness on one face of the
      diamond. Generally, the thickness is between 1,000 and 3,500 A. Acceptable
      diamond stylii have been made with the described process utilizing chrome
      as the metal surface and others have been constructed wherein the layer of
      chrome is overcoated with a layer of noble metal such as gold which is
      advantageous in inhibiting oxidation. Where it is desired to employ such
      an overcoat, the thickness of the chrome and gold layers are apportioned
      to maintain the total coating thickness within the desired range of 1,000
      to 3,500 A.
PAR  One way of preparing a stylus, starting with the crystal 10, is to mount
      the crystal in a holder and grind one side down to the face represented by
      the plane A--A of FIG. 1. FIG. 3 represents a pickup structure in which
      two such diamond sections have been formed and provided with a conductive
      coating 11. Each may be mounted to a holder 15 by means of a damping
      material 16, such as rubber, to provide a flexible mount for each crystal
      section. Each crystal is supported within its mount with its diagonal
      dimensions extending in vertical and horizontal planes so that a chosen
      corner of the diamond extends downwardly in proper position to be
      presented to a disc in order to track its record grooves. Each holder 15
      is preferably rotatable about its longitudinal axis, as indicated by the
      arrows, in order that any of the four corners of either crystal may be
      selectively brought into tracking position. The two holders 15 are
      supported by a central shaft 18 which is also rotatable on its own axis so
      that either of the two crystal segments may be brought into tracking
      position by adjustment of shaft 18. One limitation in the dimensioning of
      the crystal sections is clear from the schematic of FIG. 3. In particular,
      it is necessary that the diagonal measure of the crystal exceed the
      vertical dimension of the holder 15 so that the selected corner of the
      crystal is free to enter into tracking engagement with the record groove.
PAR  The arrangement of FIG. 3 is merely suggestive of the mounting principles
      for utilizing two prism-type crystal sections in an arrangement that
      greatly extends the pickup life since it permits each of the four corners
      of both crystal sections to serve, one at a time, as a tracking stylus in
      reading capacitive records. A more practical structural arrangement is
      shown in FIG. 4 where each crystal is a flat square-shaped diamond section
      ground from a crystal like that of FIG. 1. One such section is shown
      attached to a conductor 20 by means of a conductive adhesive such as a
      conductive epoxy or silver solder. Conductor 20 may be housed within a
      tubular shield 21 as a protection against interference and a flexible or
      resilient cylinder 22 of damping material such as silastic or rubber
      compounds may couple the subassembly to a housing section 24 by means of a
      rotatable sleeve 25 of insulating material. It is convenient to duplicate
      the described arrangement to the end that the structure accommodates two
      such pickups extending in opposite directions from housing 24. The second
      subassembly is identified by primed reference numerals. As shown, sleeve
      25' supports a four pointed star gear 26 which may serve as a cam follower
      to rotate sleeve 25' and crystal 10' through 90.degree. when it is desired
      to change the corner serving as a stylus. A conductive sleeve 30 extends
      between and couples sleeve 25, 25' so that they may rotate together
      whenever cam follower 26 is advanced to change the stylus presentation of
      crystal sections 10, 10'. The conductors 20, 20' extend within conductive
      sleeve 30 and are capacitively coupled thereto. The circuitry of the
      pickup is then extended by a vertically disposed conductive sleeve 31
      rotatably supported within a base 32 of the housing structure. The free
      end of sleeve 31 is apertured to receive conductve sleeve 30 so as to
      complete an AC path from either pickup device. From sleeve 31 the circuit
      extends through a conductive plug 35 projecting from the free end of a
      boom 36 which accommodates another conductive extension 37 of the pickup,
      simulating a coaxial structure. As described in the Adler et al
      application, boom 36 may couple with a lead screw or similar tracking
      arrangement required to advance the operative one of pickups 10, 10' from
      one convolution of the record groove to the next in a continuous reading
      of the record track. A suitable damping material for use in the crystal
      mount is silastic 731RTV distributed by Dow Corning of Midland, Michigan.
PAR  Between sections 24 and 32 of the pickup housing there is a support bracket
      40 which has bifurcated vertically depending sections 42, 42' for
      releasably holding and supporting each of sleeves 25, 25' with one of the
      crystal sections presented in the tracking position. The selection between
      the available tracking elements is under the control of a knob 42 of
      insulating material carried at the free end of sleeve 31 for selective
      adjustment. Sleeve 31, while rotatable within stationary housing section
      32, is preferably coupled through a force fit or otherwise to housing
      section 24 in order that sleeve 31 and section 24 may rotate together. The
      support plate 40 is affixed to stationary housing section 32 by a threaded
      fastener and is provided with a cam 45 which is disposed within the path
      of rotation of star gear follower 26. Accordingly, rotation of sleeve 31
      by manipulation of knob 42 causes engagement of cam 45 with cam follower
      26 and a 90.degree. displacement of both sensing elements 10, 10'. In this
      manner, the stylii 10 and 10' are brought into the tracking position in
      alternation and once in each 360.degree. revolution of knob 42 both stylii
      are rotated 90.degree., changing from one to another corner of the crystal
      sections.
PAR  The improvement in pickup life achievable with the described structures is
      obvious and may be better understood by representative figures of useful
      stylus life. Sapphire capacitive pickups of the prior art had a life of
      about 75 hours when used with video discs which rotated at 450 rpm but
      which could be extended to approximately 400 hours by resort to
      lubricating coating of the disc. The arrangements of this invention, by
      contrast, are expected to provide a stylus life for each crystal section
      of 600 hours for systems in which the disc rotates at 1800 rpm even
      without the aid of lubrication which, of course, could be adopted if
      desired.
PAR  While a particular embodiment of the present invention has been shown and
      described, it will be obvious to those skilled in the art that various
      changes and modifications may be made without departing from the invention
      in its broader aspects. Accordingly, the aim in the appended claims is to
      cover all such changes and modifications that may fall within the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pickup structure for tracking a record disc having a metallized
      information-storage groove to derive information stored therein
      comprising:
PA1  a sensing element of a substantially homogeneous material that is hard
      compared with the material of the disc and having a cross sectional
      configuration such that the element presents at least two substantially
      identical angular-shaped and spaced apart corner portions individually
      dimensioned to enter into the grooves of said disc and serve as a tracking
      stylus, one surface of each of said angular shaped portions having a
      coating of conductive material which may constitute in conjunction with
      said metallized groove of said disc a variable capacitor presenting a
      capacitance determined by the information stored in said groove; and
PA1  means for supporting said sensing element with any of said corner portions
      in tracking relation with said groove, said means being adjustable to
      change the orientation of said sensing element to bring a different one of
      said corner portions into tracking relation with said groove.
NUM  2.
PAR  2. A pickup structure in accordance with claim 1 in which said sensing
      element is a tetragonal pyramidal section of a diamond crystal, a square
      base of which is covered with a layer of conductive material.
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ABST
PAL  A digital tracker which provides a continuous display of the area tracked
      mprising a delay line coupled in circuit with a comparator, a video
      digitizer and a sensor. The digital tracker further comprises circuit
      means connected between the delay line and the sensor for deriving an
      error correction signal in response to any mismatch between the present,
      delayed video scene and the reference scene, stored in the delay line. A
      staircase raster generator which can be positively synchronized with the
      delay line through the use of a common master clock is used as the sensor
      and the delay line is a shift register which enables any desired bit of
      the stored signal to be available for use at any time.
GOVT
PAR  The invention herein described may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The purpose of this invention is to provide a digital memory area
      correlation tracking device with continuous television display of the
      tracked area. In particular it is intended to provide a device for
      supplying information on the displacement of a scene with respect to its
      original position as viewed from a sensor such as a television camera,
      radar, or other sensing device and to provide means for reducing this
      displacement to zero.
PAR  2. Description of the Prior Art
PAR  A multiplicity of tracking devices working on electro-optical principles
      are known. They can be divided into two types: systems tracking an
      isolated point of the scene which exhibits characteristics different from
      its surroundings; and systems which use information from sources other
      than the point tracked. The first type of systems requires that the point
      to be tracked is sufficiently different from the background and that its
      characteristics are not subject to rapid, random change; this type of
      system will consequently fail if the noise level in the system exceeds the
      difference between the target and its surroundings. The second type of
      system has various embodiments. One of these embodiments requires a
      photographic positive or negative to be correlated with the actual scene.
      The need for the photographic reference is clearly a disadvantage in
      systems employed against targets which cannot be pre-determined. Another
      embodiment requires an annular ring of information from around the target
      to be stored in a memory and correlated against sequential information
      obtained from the sensing device. In such a system it is extremely
      difficult to obtain an accurately boresighted television image of the
      target scene and to determine the actual aim point of the system.
      Furthermore, a change in aim point in such a system requires that the
      tracking operation be interrupted and that a new reference signal be
      stored. Still another embodiment requires a television signal to be stored
      in analog form in an electron beam storage tube. The stored signal is read
      out of the storage tube with the same scan signals as it was read in, but
      an additional scan is added. The readout signal is then compared in analog
      form with the new signal from the camera and the resultant signal is then
      delayed and gated to produce an error signal for correcting the line of
      sight. The necessity of a storage tube in this system results in many
      noise disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns a digital tracker which provides a
      continuous display of the area tracked. The video signal is digitized into
      two levels (a digital "one" and a digital "zero") and stored in a delay
      line which is a shift register. The use of the shift register makes any
      desired bit of the stored signal available for use at any time. The delay
      line may be tapped to provide signals for the elements positioned above,
      below, and to both sides of any desired element in the stored video scene,
      and all of the elements are correlated with the input signal to form
      correction signals. A staircase raster generator is used for the
      television sensor which can be positively synchronized with the shift
      register through the use of a common master clock. As a result, since the
      entire system is synchronous, changes in clock frequency do not affect
      accuracy and, therefore, various clock rates can be tried without the
      necessity for changes in the system. A further advantage of the present
      invention resulting from the use of a shift register is that both advanced
      and delayed stored video information are available and the respective
      length of this information can be opportioned in any integer number of
      resolution elements. This is accomplished by physical connection and not
      dependent on time as in a conventional delay line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Many other attendant advantages of this invention will become readily
      appreciated as the same becomes better understood by reference to the
      following detailed description when considered in connection with the
      accompanying drawing wherein:
PA1  The FIGURE is a block diagram showing the circuit of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the FIGURE of drawings, a sensor such as an image dissector 1
      is connected to a video amplifier 2, which in turn, is connected to a
      video digitizer 3. An image dissector 1 is used as the sensor because it
      can be scanned in a random manner without variation in gain resulting from
      the length of time since a given spot was last scanned. Any other sensor
      similarly capable of being randomly scanned can be used.
PAR  It has been found that the device of the present invention will work if the
      output from the image dissector 1 is fed directly to the video digitizer
      3. However, as a practical matter, a video amplifier 2 is placed between
      these components to strengthen the output from the image dissector 1. The
      video amplifier 2 can also comprise automatic gain control means for
      holding the output amplitude of the image dissector 1 at a predetermined
      level over a given range of scene illumination levels.
PAR  If it is desired to have a continuous display of the input to the sensor 1,
      a TV monitor can be connected in the circuit directly behind the video
      amplifier.
PAR  The video digitizer 3, which can be an overdriven, limiting amplifier which
      provides a digital "one" when the instantaneous video is greater than its
      average and a digital "zero" when it is less, is connected to a delay
      circuit 4. The delay circuit 4 is further connected to both a video
      selector 6 and a comparator 11. A memory update control 5, which can be a
      simple toggle switch, is connected to the video selector 6 and the video
      selector 6 is, in turn, connected to the input of a shift register 7. The
      shift register 7 acts like a synchronized delay line whose delay time
      depends upon the clock frequency of a master clock 8 which is connected to
      the shift register 7. The length of delay is some whole number of clock
      pulses. The shift register 7 contains a raster of elements equal in number
      to the number of elements in the area scanned and can easily be tapped at
      any given element so as to give any desired amount of delay. A feedback
      loop connects the output of the shift register 7 with the video selector 6
      so that the output of the shift register 7 can be fed back to the video
      selector 6 so as to re-circulate the elements in the raster through the
      shift register 7.
PAR  The video selector 6 is a simple digital circuit capable of selecting the
      input to the shift register 7 from either the delayed live video or the
      re-circulating output of the shift register 7 in response to the
      positioning of the memory update control 5. The memory updating control 5
      is positioned so as to select the delayed live video when placing the
      initial scene into the shift register and also when it is necessary or
      desired to update the scene in the shift register 7 such as to compensate
      for range closure. At other times, it is positioned so as to select the
      re-circulating output of the shift register 7. A multiplicity of
      connections, corresponding to the number of elements to be compared in the
      raster, connect the shift register to a corresponding multiplicity of
      coincidence circuits 18 comprising the comparator 11. Each coincidence
      circuit 18 comprises a pair of "and" logic circuits 9 coupled with an "or"
      logic circuit 10.
PAR  In comparing any element of the stored video scene in the shift register 7,
      the four output signals from the elements positioned above, below and to
      both sides of the element being compared are considered. These four output
      signals and their compliments are used in the comparator together with the
      processed, delayed video signal from the sensor to derive error signals in
      the X and Y direction. The four output signals of interest from the shift
      register 11 correspond to two lines, a vertical line and a horizontal
      line. The present delayed video signal will match best with one of the
      four output signals resulting in an error signal which is used to
      reposition the center of the image tube deflection so that all four
      outputs match equally well with the present delayed video.
PAR  The output sides of those coincidence circuits 18 which correspond to lines
      in the shift register 7 are grouped together and connected to a first
      integrator circuit 13 in order to produce the error signal in the
      Y-direction by taking the analog difference between the outputs of the two
      coincident circuits. For each present element of video being compared, the
      processed output from the comparator 11 corresponding to the output from
      one line after the present element is inverted with respect to the
      processed output from the comparator 11 corresponding to the output from
      one line before the present element and the difference of these two
      outputs is fed to the integrator 13. The integrator 13, in turn, is
      connected to the pitch control surfaces of the tracking vehicle and to a
      first adder circuit 17.
PAR  Similarly, the output sides of those coincidence circuits 18 which
      correspond to elements in the shift register 7 are grouped together and
      connected to a second integrator circuit 19 in order to produce an error
      signal in the X-direction. For each present element of video being
      compared, the processed output from the comparator 11 corresponding to the
      output from one element before the present element is inverted with
      respect to the processed output from the comparator 11 corresponding to
      the output from one element after the present element and the difference
      of these two outputs is fed to a second integrator 19. The integrator 19,
      in turn, is connected to the yaw control surfaces of the tracking vehicles
      and to a second adder circuit 20.
PAR  The master clock 8 is connected to an element counter 14 which in turn is
      connected to a line counter 15. The pulses from the master clock 8 are
      counted in the counters 14, 15 in order to generate the scan signal.
PAR  The element counter 14 and the line counter 15 are both coupled to digital
      to analog converters 16 and in turn they are connected respectively to the
      first adder circuit 20 and to the second adder circuit 17. The counters
      are respectively set to count to the number of elements desired per line
      and to the number of lines desired per frame and then to reset to zero.
      The line counter 14 and the element counter 15 cooperate with the
      respective digital to analog converters 16 to generate a staircase
      waveform in the general shape of a sawtooth, the average dc value of which
      is determined by the input from the respective integrators 13, 12. The
      error correction signals are combined with the normal scan signals in the
      adder circuits 17, 20 and then conveyed to the image dissector 1 in order
      to reduce the tracking displacement to zero.
PAR  Different taps on the main shift register can be selected, using a digital
      selector, which would correspond to larger element spacing in the
      horizontal and/or vertical direction. Such spacing selection would
      optimize the entire system for any specific set of properties of the
      viewed scene.
PAR  The selection process could be instantaneous and the element spacing could
      be varied during the tracking operation.
PAR  Two or more comparators could be used, each connected to a set of shift
      register outputs, and the tracking information would be utilized from the
      comparator with the better output. Instantaneous comparison and selection
      would then be possible.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital memory, area correlation tracking device with continuous
      television display of the tracked area comprising:
PA1  a. a sensor,
PA1  b. a video digitizer coupled to the sensor,
PA1  c. a delay circuit connected to the video digitizer,
PA1  d. a comparator connected in circuit with the delay circuit,
PA1  e. a video selector connected to the delay circuit,
PA1  f. a memory update control connected to the video selector,
PA1  g. a shift register coupled to the video selector and also connected in
      circuit with the comparator,
PA1  h. scanning means for generating a normal scan of the sensor in circuit
      with the sensor,
PA1  i. a master clock connected in circuit with both the shift register and the
      scanning means whereby the shift register and the scanning means are
      positively syhchronized together, and
PA1  j. integratinig means for modifying the normal scan of the sensor in
      response to the output of the comparator, connected between the comparator
      and the sensor.
NUM  2.
PAR  2. A tracking device as claimed in claim 1 wherein the sensor is an image
      dissector.
NUM  3.
PAR  3. A tracking device as claimed in claim 1 further comprising a video
      amplifier containing automatic gain control means connected in circuit
      between the sensor and the video digitizer, said video amplifier being
      operable to strengthen the output from said sensor, and the automatic gain
      control means therein being operable to hold the output amplitude of said
      sensor at a predetermined level over a given range of illumination levels
      for the tracked area.
NUM  4.
PAR  4. A tracking device as claimed in claim 1 wherein said comparator consists
      of a multiplicity of coincidence circuits each of which comprises a pair
      of "and" logic circuits coupled in circuit with an "or" logic circuit.
NUM  5.
PAR  5. A tracking device as claimed in claim 1 wherein said shift register
      comprises a raster of elements equal in number to the number of elements
      scanned in the sensor.
NUM  6.
PAR  6. A tracking device as claimed in claim 1 wherein said scanning means
      comprise:
PA1  a. an element counter,
PA1  b. a line counter connected in circuit with the element counter so as to be
      responsive thereto,
PA1  c. a first digital-to-analog converter the input side of which is coupled
      to the element counter and the output side of which is coupled to the
      sensor, and
PA1  d. a second digital-to-analog converter the input side of which is coupled
      to the line counter and the output side of which is coupled to the sensor.
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ABST
PAL  A technique for comparing master parts with replicas to determine
      differences in shapes or sizes, is disclosed, which uses interferometric
      techniques as disclosed. A television camera is used to scan the pattern
      established by illuminating the subject with a set of optical fringes. An
      objective lens images these on a transmission line grating. A television
      camera scans the transmission grating. The spatial frequencies of the
      subject fringes and of the grating are especially selected so that the
      camera can not resolve either of them but can resolve their difference. As
      a result, the output signals of the camera represent a contour map of the
      object placed on a low frequency spatial carrier, but yet, the measurement
      sensitivity is still determined by the spatial frequency of the subject
      fringes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to interferometry and more particularly to real time
      interferometry for either comparing objects or for measuring small
      dimensional changes therein.
PAR  The gauging of manufactured parts by Moire techniques has generally been
      carried out by storing the master gauge on photographic film, which
      requires wet photographic processing as well as repositioning accuracy of
      the master, comparable to the finest measurement that is being made. A
      television technique for doing this is shown in U.S. Pat. No. 3,649,754
      and eliminates these disadvantages, but introduces a sensitivity limit of
      its own, due to the limited resolution of the television camera. This is
      enlarged upon in an article describing the television techniques and the
      effect of the poor spatial resolution of the transducers which are used on
      system performance, which article is entitled "Time-lapse Interferometry
      and Contouring Using Television Systems." The article is published in
      APPLIED OPTICS, Vol. 10, No. 12, Dec. 1971, page 2722.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a system for comparing
      interferograms employing a television camera wherein measurement
      sensitivity is not limited by the resolution of the camera.
PAR  Another object of this invention is the provision of an improved system for
      comparing interferograms using a television camera.
PAR  Yet another object of the present invention is the provision of a novel and
      useful comparing system using interferogram techniques.
PAR  The foregoing and other objects of the invention are achieved in a system
      wherein an object is illuminated by a set of optical fringes which are
      then, by an objective lens, imaged onto a plane containing a transmission
      grating. A television camera scans the image produced by the light passing
      through the transmission grating. This image is stored and then compared
      with the image derived from a second object which is substituted in place
      of the first object. By determining the objective lens magnification and
      the spatial frequencies of the transmission grating and object fringes at
      values such that the television camera cannot resolve the spatial
      frequencies which these produce but can only resolve the difference of the
      spatial frequencies produced by these, the camera will produce signals
      which represent a contour map of the object, whose sensitivity is
      determined by the spatial frequency provided by the object fringes but not
      that of the camera itself.
PAR  The signal output of the television camera as a result of scanning the
      first object is stored. The stored signals are then compared with the
      signals produced by the television camera as it scans a second object or
      the same object after its surface contour has been altered, whereby
      differences may be displaced or otherwise suitably detected.
DRWD
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawing which
      is a schematic diagram of an embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing, an object 10 has projected thereon, by any suitable means,
      a grating pattern. This may be done, for example, by a projector 12 which
      images a grating upon the object 10. Such grating may be generated by
      other well known arrangements, such as for example, a coherent optical
      system that creates fringes by causing two coherent plane waves to
      intefere. In the x-y plane the lines or fringes are in the y direction and
      have a spatial frequency of f.sub.x1. The object to be tested has an
      intensity reflectance of a.sub.1 (x,y) and relief or contour information
      in the z-direction of z(x,y). The fringes or grating pattern illuminate
      the object at an angle of .gamma. with respect to the y-z plane. The
      sensitivity of the system is given by .beta. = f.sub.x1 tan .gamma.
      fringes/mm. Thus the total reflected intensity from the object is
EQU  I.sub.1 (x,y) = a.sub.1 (x,y){1 + cos 2.pi. [f.sub.x1 x - .beta.z.sub.1
      (x,y) ]}.                                                 1
PAL  An objective lens 14 with its optical axis colinear with the z-axis, images
      the reflected light onto a plane containing a transmission grating 16 the
      lines of which establish a spatial frequency f.sub.x2. If the objective
      lens magnification is M and the grating has a constant phase angle .phi.,
      then the total intensity of the light transmitted through the grating is
EQU  I.sub.1 (x,y) = a.sub.1 (x,y){1 + cos 2.pi.[f.sub.x1 x - .beta.z.sub.1 ]}X
      {1 + cos 2.pi.[f.sub.x2 x + .phi.]}.                      2
PAL  The coordinates in the plane of the grating are x,y so that x = Mx, y = My,
      f x1 = f.sub.x1 /M and a.sub.1 (x,y) = a.sub.1 (x/M,y/M). Equation 2 may
      be expanded to give
EQU  I.sub.1 = a.sub.1 {1 + cos 2.pi.[f.sub.x1 x - .beta.z.sub.1 ] + cos
      2.pi.[f.sub.x2 x + .phi.]+ 1/2 cos 2.pi.[(f.sub.x1 + f.sub.x2)x -
      .beta.z.sub.1 +.phi.]+1/2 cos 2.pi.[(f.sub.x1 - f.sub.x2)x - .beta.z.sub.1
      - .phi.]}.                                                3
PAL  A relay lens 18 images the intensity I.sub.1 onto a television camera 20.
      Although a storage-type camera would normally be used for light efficiency
      reasons, a nonstorage type camera could also be used. Without loss of
      generality, it can be assumed that the relay lens images with a
      magnification of one so that the intensity scanned by the television tube
      would be I.sub.1 (x,y).
PAR  The desired sensitivity .beta. determines the values for f.sub.x1 and .phi.
      to some extent, but constraints are placed on them by other factors. The
      spatial frequency f.sub.x1 must be resolved by the objective lens 14, but
      it does not have to be resolved by the television camera. The angle
      .gamma. may be restricted if it is so steep that relief on the object
      causes shadowing of other parts of the object.
PAR  The primary difference between this invention and previous television
      contouring systems is that the television camera does not have to resolve
      f.sub.x1 /M = f.sub.x1 but still has a sensitivity that is determined by
      it. The equation 3 may be identified as a Moire pattern with the contour
      information present in the last two terms but placed on carriers of
      (f.sub.x1 + f.sub.x2) and (f.sub.x1 - f.sub.x2). If f.sub.x1 = f.sub.x2
      then the last term is an exact contour image of the object, but the other
      terms of the expression will cause interference. If the frequencies
      f.sub.x1 and f.sub.x2 are chosen high enough so that the camera cannot
      resolve either of them but can resolve (f.sub.x1 - f.sub.x2) then the
      electrical signal out of the camera will be representative of the
      intensity
EQU  J.sub.1 (x,y) = a.sub.1 (x,y){1 + 1/2 cos 2.pi.[f.sub.x1 - f.sub.x2)x -
      .beta.z.sub.1 + .phi.]}.                                  4
PAL  Thus the terms containing f.sub.x1, f.sub.x2 and (f.sub.x1 + f.sub.x2) have
      been filtered out either by the relay lens or the limited resolution of
      the tube, or by both. Thus the camera has only to resolve a spatial
      frequency (f.sub.x1 - f.sub.x2) and yet has a sensitivity based on
      f.sub.x1.
PAR  The expression 4 is just a contour map of the object but placed on a
      spatial carrier (f.sub.x1 - f.sub.x2). If the bandwidths of a.sub.1 (x,y)
      and z.sub.1 (x,y) are low enough, then the contour may be obtained simply
      by band-pass filtering the carrier information and heterodyning it to zero
      frequency. However, for a gauging or interferometric applications, the
      signal J(x,y) is stored in a video recorder 22 by operating the switch 24
      to connect the camera output to the video recorder.
PAR  For a gauging measurement, the master object 10, or gauge with contour z,
      is replaced with a replica part with contour z.sub.2 (x,y) which may be
      different than z.sub.1. However, the reflectance of the replica will not
      be significantly different from the master so that it can be assumed that
      a.sub.2 (x,y) .apprch. a.sub.1 (x,y) = a(x,y). For an interferometric
      application, the stress on the object will be changed so that there will
      be a new surface contour z.sub.2 (x,y). The reflectance in this case will
      be identical to that of a.sub.1 if the change in contour is small. In
      either case, the second exposure can be given by
EQU  J.sub.2 (x,y) = a(x,y) {1 + 1/2 cos 2.pi.[(f.sub.x1 - f.sub.x2)x -
      .beta.z.sub.2 + .phi.]}                                   5
PAL  Signals from a synchronization generator 26 are applied to both the camera
      and video recorder to cause the signal J.sub.1 to be read out of storage
      in synchronism as J.sub.2 is being scanned. Both of these signals are
      applied to a summer 27, the output of which is applied to a detector 28 so
      that the envelope of their sum is extracted. The envelope may be given by
EQU  Envelope = a(x,y).sqroot.2{1 + cos 2.pi. .beta. (z.sub.1 - z.sub.2)}1/26
PAL  which is an image of the object with a set of fringes superimposed on it
      indicating the difference in contours between the objects or object of the
      two exposures. The sensitivity of the meausrement is given by .beta.. The
      envelope may be applied to a display device 30, such as a television
      monitor, for visual observation, or an automatic device which can count
      fringes or can monitor fringe density in order to reject a replica part
      that is out of tolerance with the master. By using other signal processing
      such as with limiters, only the fringe information
EQU  [1 + cos 2.pi. .beta. (z.sub.1 - z.sub.2)] may be obtained.
PAR  There has accordingly been described and shown herein a novel useful and
      improved system for gauging surfaces by Moire interferometry using a
      television camera.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a system for comparing interference patterns of two objects by
      comparing the interference pattern signals representative of a first
      object derived from a television camera used for viewing said object, with
      the interference pattern signals representative of a second object derived
      from said television camera when viewing said second object the
      improvement comprising
PA1  means for projecting a grating image on said second object,
PA1  objective lens means for focusing an image of a second object on a plane in
      space, said objective lens means having a predetermined magnification for
      establishing a first spatial frequency which exceeds the resolution of
      said television camera, and
PA1  a transmission grating means positioned in said plane in space to receive
      said image, said transmission grating means establishing a second spatial
      frequency which exceeds the resolution of said television camera.
NUM  2.
PAR  2. In a system as recited in claim 1 wherein said first and second spatial
      frequencies are made substantially equal.
NUM  3.
PAR  3. Apparatus for measuring small dimensional changes in an object by
      interferometry comprising
PA1  means for illuminating said object with a grating image,
PA1  objective lens means for focusing an image of the object illuminated with
      said grating image at a plane in space, said objective lens means having a
      predetermined magnification for producing a first spatial frequency,
PA1  a transmission grating means positioned in said plane in space to receive
      said image and to establish a second spatial frequency,
PA1  television camera means for viewing the light image produced by said
      transmission grating as a result of the focused image of said object
      falling thereon, and producing output signals representative thereof,
PA1  said television camera means having a resolution less than said first and
      said second spatial frequencies, and
PA1  means for utilizing the output of said television camera.
NUM  4.
PAR  4. Apparatus as recited in claim 3 wherein said first and second spatial
      frequencies are substantially equal to one another.
NUM  5.
PAR  5. Apparatus as recited in claim 3 wherein a lens means is positioned
      between said transmission grating means and said television camera means
      for focusing said light image produced by said transmission grating means
      on said television camera means.
NUM  6.
PAR  6. Apparatus as recited in claim 3 wherein said means for utilizing the
      output of said television camera means includes means for storing the
      output signals produced by said television camera means in response to
      viewing the light image produced by said transmission grating means, and
PA1  means for comparing the output signals stored by said means for storing
      with the output signals produced by said television camera means when
      viewing another object which replaces said first object.
NUM  7.
PAR  7. Apparatus as recited in claim 6 wherein said means for comparing the
      output signals stored by said means for storing with the output signals
      produced by said television camera means when viewing another object which
      replaces said first object includes
PA1  means for synchronizing the production of output signals from said
      television camera means with output signal production from said means for
      storing,
PA1  means for adding the output signals from said means for storing and said
      television means,
PA1  means for envelope detecting the output from said means for adding, and
PA1  means for displaying the output of said means for envelope detecting.
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ABST
PAL  In a scanned multiple image display device a plurality of individual
      projectors produces a single composite image by optically combining
      individual projector outputs. The individual images must be converged with
      each other to produce an acceptable display. A digital computer is used to
      generate and store words that correspond to the required convergence
      correction for individual projectors. The stored words are read out of the
      computer in accordance with projector scanning timing and, after being
      converted to analog form, are used to correct the scanning to produce
      convergence.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is often useful to combine a plurality of optical image projectors to
      produce a composite image. Such a combination might be useful where an
      image brighter than the capabilities of a single projector is desired. A
      color image may be produced using three primary color projectors. A two
      projector system might be used to produce a stereo picture display. In any
      of these applications it is important that each projector be made to
      project an image that is in registry with the images of all of the other
      projectors in the display.
PAR  In scanning type projectors it is customary to modulate the image
      deflection signals with signals called convergence signals. In a scanner
      the deflection signals are usually arranged to provide as linear an image
      as possible. Then an analog correction signal is added to the scanning
      signal. This analog signal is shaped in a so-called convergence procedure
      so that the projectors produce convergent pictures. Typically the prior
      art convergence signals were such that adjusting convergence at one part
      of the picture would affect convergence in another part so that the
      convergence process included a very time consuming repetitive adjustment
      or tuning sequence.
PAR  Desirably convergence would be such that once an area of a picture is
      converged it need not be touched again as other areas are converged. Thus
      the convergence process needs to be performed only once and the initial
      adjustment can be made highly precise.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to use a digital computer to generate and
      control the convergence signals used to correct the scanning in an optical
      display device.
PAR  It is a further object to use digital techniques to generate, store, and
      produce the analog convergence signals used in a multiple element image
      display scanning projector.
PAR  It is a feature of the invention that multiple source scanning raster
      projectors can be precisely converged wherein the various raster areas can
      be converged independently of all other raster areas.
PAR  It is a further feature that multiple scanning rasters can be converged by
      a series of adjustments that need not be repeated.
PAR  These and other objects and features are achieved in a system operating as
      follows: A plurality of scanning projectors, for example one each for red,
      green, and blue produce images that impinge on a screen to produce a full
      color display. Convergence signals are applied to the scanning circuits so
      that all three rasters are made to coincide at all points. This is done by
      correcting two of the projectors to coincide with the third. This
      convergence is achieved using a digital computer. The raster is divided
      into a relative large number of small areas each one of which can be
      converged indepently of all of the others. The computer employs a memory
      large enough to stroe a digital word for each projector to be corrected
      for each convergence area for vertical and horizontal scanning. In one
      example the raster is divided into 16 vertical and 16 horizontal regions,
      or 256 areas. 8-bit words are used to indicate the convergence correction
      for both horizontal and vertical deflection in convergence correction for
      both horizontal and vertical deflection in two projectors. This requires a
      memory capacity of 256 .times. 8 .times. 4 or 8192 bits. The memory is
      addressed in synchronism with the projector scanning and a digitally
      generated cursor is applied to the projectors to indicate which of the 256
      areas is in operation. When a suitable scanning correction is found for a
      particular raster area the information in the form of four 8-bit words is
      written into the memory. One word applies to each of the two projectors
      and each uses a separate word for vertical and horizontal correction. This
      is done for each of the areas of raster desired. Once the memory is
      programmed, it can be used to read, in synchronism with the scanning, the
      stored correction signals. The digital stored words, after readout, are
      converted to analog voltages to be applied to the projector scanning
      cirsuits.
PAR  From the above it is clear that the correction system can be used to either
      conform a scanning raster to an arbitrary form or to another raster as
      desired. The corrections are mutually independent so that the sequence of
      adjustments need be repeated only once.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a multiple scanning projector system using a
      built-in digital computer for convergence control;
PAR  FIG. 2 is a block diagram of a full color display system; and
PAR  FIG. 3 is a detailed block diagram of the digital and control portions of
      the system of FIG. 2.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows the basic elements of the invention. A display screen 1,
      receives projected images from at least projectors 2 and 3. As shown in
      dashed outline at 4, any number of additional projectors could be
      included. The projectors could all be projecting the same image so as to
      obtain a suitably bright display. Alternatively projectors 2 and 3 could
      be projecting a stereo pair of images for three dimensional (3-D) viewing.
      Three projectors could be used to produce the primary colors for a full
      color display. Six projectors could be used for a high brightness full
      color display.
PAR  The projectors are scanned by a common scanning system 5 and are fed
      suitable video signals from signal control 6. Each projector will project
      a scanning raster onto screen 1, and desirably, the rasters will exactly
      coincide at all points thereon. In practice it will be difficult if not
      impossible to manufacture projectors to such close tolerances that the
      rasters will in fact coincide. Accordingly the scanning system is provided
      with scanning correction signals from a digital convergence computer 7
      that is synchronized to the raster scanning signals. The computer also
      provides video signals that can be used in the acutal convergence process.
      A control unit 8 operates the computer and controls it to provide the
      required functions. First the computer is programmed to store, in digital
      form, the signals required to produce scanning raster convergence. Then
      the computer is used to read out the required signals for raster
      correction. The digital computer read out is converted to analog signals
      which, when added to the scanning signals, will produce coincident
      projected rasters.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  FIG. 2 is a block diagram of a color projection system. Three projectors
      10, 11, and 12 develop red, green, and blue rasters respectively. These
      are projected by lenses 13, 14, and 15 onto screen 16. If the projectors
      are adjusted so that the rasters are all properly registered and
      contribute the proper excitation, a full color picture can be obtained.
      While not shown, each projector would also have conventional control means
      for centering (horizontal and vertical), focusing, brightness and video
      level. Also not shown would be a conventional high voltage power supply.
      The preferred projector is a magnetically-deflected cathode-ray-tube (CRT)
      having a phosphor of the desired color and a transmissive optical
      projection lens. A video amplifier 17 is provided to apply the display
      image signals to the projectors and to permit adding information to the
      display useful in adjusting the deflection and convergence circuits.
PAR  Typically the three projectors will be mounted in a cluster that
      constitutes a projector head. The head could be mounted to illuminate the
      screen from either side (for front or rear projection) and, if desired,
      can be mounted off axis for either wall or ceiling mounting. When off-axis
      mounting is employed the resulting keystoned picture can easily be
      corrected by conventional sweep or deflection tilt signals.
PAR  Even if the projector head is mounted on the screen axis, only one of
      projector trio will actually be on axis. The other two will be slightly
      keystoned because of parallax. It is preferred that the green projector be
      the center mounted element, as shown, and the red and blue projectors
      angled and coverged to conform with the green projector. In operation the
      green projector 11 is caused to produce a square (or rectangular) raster
      as desired by adjusting its tilt controls which will be set depending on
      the angle of the projector with respect to screen 16. Then, using their
      respective tilt and centering controls, the red projector 10 and blue
      projector 12 are caused to produce as nearly convergent rasters as
      possible. The above operation is facilitated by projecting a crosshatch or
      grid pattern that is developed as will be described below.
PAR  While the adjustments described thus far will produce a color display
      raster that is nearly converged, and can be used to correct for off-axis
      projection, they will not be adequate for precise convergence. Due to
      local scanning disturbances that always result from the manufacturing
      differences that occur between projector units, it is desirable to apply
      precise convergence correction that will be effective over any selected
      area of the raster.
PAR  Ideally each portion of the raster should be converged without affecting
      any other area, so that as each area is converged in a sequential manner,
      one adjustment series is all that is required. The invention to be
      described below accomplishes this using a built-in digital computer for
      signal generation and processing along with an analog deflection control
      system.
PAR  The red, green, and blue CRT projectors are supplied with horizontal
      deflection coils 20, 21, and 22 respectively. These are driven in common
      from horizontal sweep generator amplifier 23 which provides a linear
      sawtooth of deflection current of the proper magnitude. Each coil is also
      connected to its respective red linear amplifier 24, green linear
      amplifier 25, or blue linear amplifier 26. These three linear amplifiers
      are fed correction signals from horizontal ramp generator and pincushion
      corrector 27, and from convergence generator 28. Thus amplifier 23
      supplies most of the deflection energy while amplifiers 24, 25, and 26
      apply the raster scanning corrections described above.
PAR  A more detailed discussion of this deflection system can be found in
      copending application Ser. No. 509,085 filed Sept. 25, 1974, by Rodney K.
      Toone.
PAR  Vertical deflection coils 30, 31, and 32 are driven in common from vertical
      sweep generator amplifier 33 while linear amplifiers 34, 35, and 36 apply
      the correction signals for vertical deflection raster scanning. Vertical
      ramp generator and tilt corrector 37 provides the required vertical
      deflection correction signals. It will be noted that vertical and
      horizontal ramp signals are provided between correctors 27 and 37 so that
      the required keystone correction is available. Since the pincushion and
      keystone correction actions are well-known in the prior art they will not
      be described in further detail here.
PAR  The components thus far described will enable the generation of a raster
      that is keystone and pincushion corrected but will not necessarily be
      accurately converged over the entire picture area.
PAR  Digital convergence computer 28 is fed horizontal and vertical sync and
      delivers precision convergence correction signals to the blue and red
      linear amplifiers so that the red and blue rasters are precisely converged
      onto the green raster. A remote convergence control panel 29 contains all
      of the operating controls necessary to adjust the convergence signals.
PAR  The system to be described divides the raster up into a maximum of 256
      areas, 16 horizontal and 16 vertical, each of which can be separately and
      independently converged. If desired the display can be divided into a
      different number of regions for example 4, 16, or 64 regions that can be
      separately and independently converged. Desirably the screen is first
      divided into 4 regions and each one separately converged for a coarse
      adjustment. Then the 16 position display set up and converged for a finer
      adjustment. If this provides adequate overall convergence the process can
      be stopped. If a finer convergence is called for, the 64 position display
      is set up and each area separately converged. Finally, for the ultimate
      precision, the 256 position display can be invoked and each small area
      separately converged. Using this last or high-precision adjustment it has
      been found that a 1229 line, 60 frame per second raster could be converged
      to better than one-eigth picture element over the entire raster using
      mass-produced circuit components.
PAR  Furthermore, while in the system shown, separate keystone and pincushion
      correction signals were used, the digital correction could be used alone
      if digital correction wass applied also to the green linear amplifiers.
      Thus only digital correction can be employed if desired. In this case
      blocks 27 and 37 would be eliminated and computer 28 would supply signals
      to amplifiers 25 and 35 in addition to the others.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 3 is a detailed block diagram of blocks 28 and 29 of FIG. 2. All of
      the controls for the elements of FIG. 3 are located in the convergence
      control panel 29. This panel is connected remotely by means of a flexible
      cable 40, the lines of which are labeled to indicate function. The control
      panel can be removed from the equipment and operated at a distance. This
      construction permits an operator to perform the actual convergence from a
      position very close to the display screen and will thereby allow very
      precise adjustment. Control panel 29 is detailed to show the layout of the
      various controls.
PAR  The heart of the digital computer is a random access memory (RAM) 41. This
      device is programmed when the display system is converged. Afterward it is
      used to read out the convergence correction data. Accordingly it is read
      mostly and must be of the non-volatile nature. That is the data must be
      retained even though the display is shutdown or the power removed. In the
      preferred embodiment the 8192 bit capacity was achieved by using four
      2048-bit ovonic memory devices. In such a device an amorphous layer of
      semiconductor, located between two electrodes, can be rendered conductive
      or non-conductive by a suitable programming pulse. This state is retained
      until deliberately altered so that the memory function is non-volatile.
      This memory function can also be achieved using a conventional CMOS memory
      device available from any one of a number of vendors. Such a memory
      operates at a very low power level and can be made non-volatile by
      floating a small battery across the power supply terminals. This latter
      type of memory may be preferred because its write time is much faster than
      that of the ovonic memory.
PAR  In FIG. 3, the blocks located to the left of RAM 41 provide for controlled
      addressing and can be manipulated to relate to any one of the 256
      raster-related regions. As will be described, coarse addressing can also
      be confined to multiples of the 256 areas so that the addressing can be
      confined to 1/4, 1/16, and 1/64 screen areas. The blocks to the right of
      RAM 41 provide for continuous memory read out in synchronism with the
      raster scanning. This is always based on the 256 areas. Each horizontal
      scanning line is divided into 16 parts and each part is provided with four
      individual correction voltages, one each for vertical and horizontal
      correction for red and blue projectors. Likewise the vertical raster
      dimension is divided into 16 increments. Thus as the raster is scanned
      each of the 256 areas will receive its appropriate correction voltages as
      will be described in detail below.
PAR  In order to operate the RAM 41 so that its data is related to the scanning
      of the display raster, a means of synchronized addressing must be
      employed. This is related to horizontal scanning as follows. Horizontal
      address is synchronized by horizontal voltage controlled oscillator 42
      which is of the phase locked loop (PLL) variety. It runs at a frequency of
      about 128 times the horizontal sync frequency. Upon receiving the display
      sync pulse, oscillator 42 will produce a series of pulses precisely spaced
      apart. The pulses are applied over line 43 to X counter 44 which is a
      seven-stage device. After a count of 128, a signal is applied over line 45
      to stop oscillator 42 until the next sync pulse is received. The 7 outputs
      from X counter 44 are applied to X address comparator 46 which is also
      connected to a similar seven outputs from X up/down counter 47. The word
      in counter 47 is established as a function of an adjustment on control
      panel 29.
PAR  A three-axis joy stick 50 labeled XY ADDRESS AND DATA is used to manually
      generate address control signals. This joy stick has three basic motions;
      it can be moved in the left-right direction to vary the X address and a
      forward and back motion is used to vary the Y address. The joy stick shaft
      can be rotated for controlled data entry. In all joy stick functions there
      is a central neutral position at which no change occurs. In order to
      change address or data, the joy stick is manipulated off neutral and the
      departure from neutral sets the rate of change. Thus as the joy stick is
      deflected towards +X the address moves to the right until the joy stick is
      returned to neutral. How rapidly the address changes is a function of how
      far the joy stick is deflected. This concept applies to all three joy
      stick degrees of freedom.
PAR  The joy stick 50 drives a trio of potentiometers (not shown) each of which
      in turn produces a voltage, the polarity of which is a function of which
      way joy stick 50 is moved. The magnitude of the voltage is a function of
      how far the joy stick is moved. Since joy stick 50 is of conventional
      commercially available design, its operation will be described only as to
      its function in the following explanation.
PAR  The joy stick X direction motion will produce a d-c voltage on line 51 of
      cable 40. This voltage will be zero when joy stick 50 is at center (or
      neutral), positive when joy stick 50 is deflected to the right (or +X) and
      negative when the joy stick 50 is deflected to the left (or -X).
      Voltage-to-frequency converter 52 will produce a series of output pulses
      as a function of the applied voltage and these pulses will set counter 47.
      When the voltage on line 51 is positive, counter 47 is programmed to count
      up for each pulse from converter 52. When line 51 is negative, counter 47
      will count down. The rate of change in count is determined by how far joy
      stick 50 is deflected from its neutral position. Thus the word in counter
      47 is set up by means of joy stick 50 and can be varied at will.
PAR  When comparator 46 finds a match between the words in counters 44 and 47 it
      will generate an output called X comp on line 53 which is connected to
      cursor generator 76 and decoder 81, both of which are to be described
      below. The signal on line 53 will be a repetitive function related to the
      horizontal sync pulse in time as set by joy stick 50.
PAR  The outputs of counters 44 and 47 are also applied to X address multiplexer
      54 which addresses RAM 41.
PAR  A similar arrangement is provided for the vertical deflection direction.
      Vertical sync from the display is applied to vertical voltage controlled
      oscillator 55. This oscillator is much like that of oscillator 42 except
      that it runs at about 128 times the vertical sync frequency. Its output is
      applied to Y counter 56 which is a 7 stage device that returns a pulse
      after the 128th count to stop oscillator 55. The seven outputs of Y
      counter 56 are connected to Y address comparator 57 which also receives a
      word input from Y up/down counter 58. Counter 58 is set by voltage to
      frequency converter 59 in the same way that counter 47 was set by
      converter 52. However converter 59 receives its input voltage from line 60
      of cable 40 and this voltage is produced by a potentiometer (not shown)
      operated by the up-down motion of joy stick 50. Comparator 57 produces an
      output called Y comp on line 61 when the words in counters 56 and 58
      match. Line 61 is also connected to cursor generator 76 and decoder 81 to
      be described below. Thus the Y comp. output is time related to the
      vertical sync and can be set as desired by means of +Y and -Y motion of
      joy stick 50.
PAR  The outputs of counters 56 and 58 are also applied to y address multiplexer
      62 which addresses RAM 41. When this address is combined with the one from
      multiplexer 54 it can be seen that any address location of RAM 41 can be
      selected or addressed by the action of joy stick 50. Simply moving the joy
      stick in the X and Y directions will permit addressing any four-group,
      8-bit word segment of RAM 41. As the joy stick is moved vertically the
      address is varied with respect to the vertical sync and as the joy stick
      is moved horizontally the address is moved with respect to the horizontal
      sync. When the joy stick is at neutral the address will remain unchanged.
      The rate of change of address will be a function of how far the joy stick
      is deflected.
PAR  RAM 41 is also addressed by two mode control switches 65 and 67 located on
      panel 29. HORIZ/VERT switch 65 is connected by line 66 to RAM 41, and
      RED/BLUE switch 67 is connected by line 68 to RAM 41. These switches
      address RAM 41 to select one of the four 8-bit words associated with the
      corrections for the red and blue projectors in terms of vertical and
      horizontal corrections. Since the multiplexers 54 and 62 can operate to
      select any one of the 256 raster-related areas, RAM 41 is fully and
      selectively addressed.
PAR  The location of the address selected in RAM 41 is indicated on the display
      system by a combination of grid cursor signals. The outputs of counters 44
      and 56 are applied to dual multiplexer 70 which is programmed by grid
      select switches 71, 72, and 73 by way of plural lines 74 in cable 40.
      These switches permit selecting displays of 256 rasters areas (16 vertical
      and 16 horizontal), 64 raster areas (eight vertical and eight horizontal),
      16 raster areas (four vertical and four horizontal), four raster areas
      (two vertical and two horizontal), and a single full raster area. Grid
      generator 75 receives vertical and horizontal information from dual
      multiplexer 70 and converts it to video information for application to the
      display system. This video provides bright horizontal and vertical lines
      on the raster that indicate where the edges of the controlled areas of the
      raster occur.
PAR  Cursor generator 76, which is turned OFF and ON by switch 77 over line 78,
      receives information on lines 53 and 61 from X comp and Y comp
      respectively. These signals actually comprise the last three stages of
      counters 44 and 56 and are developed at the time of word coincidence in
      comparators 46 and 57. Thus cursor generator 76 will produce a video
      signal that constitutes a fine crosshatch of lines that will represent 128
      lines on the single raster display. For the 256 area display, where the
      raster is divided into 16 vertical and 16 horizontal regions, the cursor
      will appear as a crosshatch of lines that fills the raster area being
      addressed with seven vertical and seven horizontal white lines. These
      lines make it easy to see when precise raster convergence has been
      achieved. The cursor and grid generator signals are mixed in or-gate 77
      for application to the video portion of the display. The signals from grid
      generator 75 and cursor generator 76 are combined in OR circuit 177 for
      application to the video channel of the projectors.
PAR  The information contained in RAM 41 is read out for use by way of
      multiplexer and latch 80. Decoder 81 operates the multiplexer portion
      while the latch is operated by a clock signal from line 82 which is the
      output of the stage of counter 44 which provides a signal at 16 times the
      horizontal rate. This multiplexing breaks up each raster scanning line
      into 16 parts. The raster correction signals are thus provided to both
      horizontal and vertical deflection systems at 1/16 horizontal line
      intervals. This action occurs regardless of how RAM 41 is addressed.
PAR  The outputs of RAM 41 are shown divided into four groups for convenience of
      illustration. Groups 83 and 84 read out the red horizontal and vertical
      correction words respectively. Groups 85 and 86 read out the blue
      horizontal and vertical correction word respectively. The multiplexer at
      80 converts the memory output from RAM 41 into its corresponding 8-bit
      digital word that represents the convergence correction for that raster
      position. Digital to analog converters 83-86 convert the digital 8-bit
      words to analog voltages. It will be noted that an 8-bit word represents
      256 different levels of voltage. Thus as a raster is scanned, analog
      voltages appear at the digital to analog converter outputs at a rate of 16
      times per horizontal line. These are smoothed by amplifier/integrator
      units 87-90. The integrators have a time constant that provides a smooth
      transition between adjacent digital word readouts. If desired the
      convergence correction signals can be turned off by means of switch 92
      operating on switch 91 over line 93 in cable 40.
PAR  RAM 41 can be programmed to change the stored 8-bit words. Data is manually
      generated in response to joy stick 50 on control panel 29. To do this joy
      stick 50 is made to operate a separate data potentiometer (not shown) by
      rotation. This potentiometer produces a d-c voltage that is a function of
      rotation on line 95 of cable 40. This voltage is zero at data neutral and
      as joy stick 50 is rotated clockwise the voltage rises in a positive
      direction. Counter clockwise rotation from neutral causes a voltage rise
      in the negative direction. This voltage is applied to voltage to frequency
      converter 96 which operates up/down counter 97. Counter 97 is an 8-bit
      counter programmed to count up when line 95 is positive and to count down
      when line 95 is negative. Thus joy stick 50, by rotation, can increase or
      decrease the count out of counter 97 which is an 8-bit correction word
      that is representative of the words contained in RAM 41.
PAR  When decoder 81 is turned on by line 98 in cable 40 (by way of switch 99 on
      panel 29), the word out of counter 97 is switched into one of converters
      83-86 at the time set by the signals on lines 53 and 61, which contitute
      the position established by the cursor on the display. The particular
      converter that is actuated is set by the position of switches 65 and 67,
      which also operate decoder 81 over lines 66 and 68.
PAR  Now as joy stick 50 is rotated, the convergence correction signal fed into
      the display will vary in the region defined by the cursor and in the
      direction, horizontal or vertical, selected by switch 65 and on the red or
      blue raster selected by switch 67. When the desired convergence correction
      is attained for the particular conditions selected, write button 100 can
      be pushed. Write button 100 by way of line 101, in cable 40, causes RAM 41
      to enter the word out of counter 97 into the memory. While the write
      action is going on, line 102 acts upon multiplexers 54 and 62 to lock
      their states so that addressing cannot change during writing. Thus any
      8-bit word in RAM 41 can be manually set as desired for each of the four
      convergence correction signals at each of the 256 separate raster
      locations.
PAR  In operation the projection system could be set up as follows. With the
      convergence switch 92 OFF grid select switches 71-73 are manipulated for a
      convenient grid display, for example a 16 area display. The color enable
      switches are set with 104 ON while 103 and 105 are OFF. The green
      projector controls are adjusted to produce the desired raster shape. Then
      the red projector switch 103 is turned ON and the controls are adjusted
      for proper keystone, centering and the like to coincide the red crosshatch
      as nearly as possible with that of the green. Then switch 105 is turned On
      and the blue crosshatch conformed as closely as possible to the green and
      red. After this preliminary setup is completed the raster will be fairly
      well but not completely converged. Now the precision convergence is
      started.
PAR  Switch 105 is turned OFF leaving the green and red crosshatch patterns
      visible and switch 67 is turned to RED. The cursor switch 77 and switch 99
      are turned ON. Joy stick 50 is manipulated in the X and Y directions to
      cause the cursor to move to the desired area. It is convenient to start in
      the upper left hand raster area and proceed with convergence as one would
      read a printed page, but, if desired, any sequence could be used. Also
      those areas that do not require any convergence correction change can be
      ignored. With switch 65 in the HORIZ position, joy stick 50 is rotated
      until the vertical cursor lines in red most closely match the green lines.
      When this condition is achieved write button 100 is depressed to program
      the memory. Then switch 65 is moved to VERTICAL and joy stick 50 rotated
      until the red horizontal cursor lines converge with the green lines
      whereupon write button 100 is again depressed to enter the word. Joy stick
      50 is then manipulated to move the cursor to the next raster area and the
      above repeated. This is continued for all areas that require improved
      convergence correction. Then switch 105 is turned ON switch 67 turned to
      BLUE and the process is repeated for the blue projector. If the overall
      convergence is acceptable the procedure can be terminated. If the ultimate
      in convergence accuracy is desired, switches 71-73 can be manipulated to
      produce the 256 area display and each of the 256 areas converged for red
      and blue. horizontal and vertical, as described above.
PAR  While the above-described procedure started with a display of 16 raster
      areas it could have been the elementary four-area display. After
      converging the 4 areas the display could be switched to a 16-area display
      and the 16 converged. Then the display could be switched to the 64-area
      display and each one converged. Then the 256-area display invoked and
      converged. The system disclosed permits a wide latitute of choice on how
      to proceed and no really fixed procedure is required. After convergence is
      achieved switches 71-73 are turned OFF thus removing the grid lines, the
      cursor switch 77 is turned OFF thus removing the cursor lines and switch
      99 is turned OFF thereby removing the data entry capability. If desired
      switch 92 can be tunred OFF to show the effect of the digital convergence
      but it is normally left ON.
PAR  While the above described embodiment is preferred, other configurations are
      possible. For example the analog raster correction components shown in
      blocks 27 and 37 of FIG. 2 can be omitted entirely. When this is done the
      computer is expanded to include green horizontal and vertical correction
      signals which are fed into linear amplifiers 25 and 35. In FIG. 3 this
      would involve adding two more digital to analog converters and two more
      integrators. The RED-BLUE select function on control panel 29 would be
      expanded to make it a RED-GREEN-BLUE selection and blocks 80 and 81 would
      be expanded correspondingly. The RMM 41 would be increased in capability
      to 12,288 bits. In the set up procedure the green raster would be set up
      to produce the required raster shape by going through the convergence data
      entry procedure for the green switch settings. Then the red and blue would
      be converged to the green as described above. This would be a completely
      digitally corrected raster system.
PAR  In still another alternative embodiment a six projector system was
      developed to produce a brighter picture. Two projectors were used for each
      color. The system of FIG. 3 was used but three more projectors and three
      more linear amplifiers were used. The second green projector was provided
      with digital convergence so that it could be converged with the first
      green projector. The control panel had six color enable switches instead
      of three and the mode switches had positions for the second green and two
      each additional red and blue horizontal and vertical positions. In FIG. 3
      there were a total of 10 each digital to analog converters and
      integrators. The capabilities of blocks 80 and 81 were expanded
      accordingly. The RAM 41 for this arrangement had a storage capability of
      20,480 bits.
PAR  A digital convergence system for multiple-source scanning-type image
      projectors has been shown along with a preferred embodiment and some
      alternatives. Clearly a person skilled in the art will see that there are
      numerous alternatives and equivalents. Accordingly it is intended that my
      invention be limited only by the following claims.
CLMS
STM  I claim;
NUM  1.
PAR  1. In an image display device, said device comprising:
PA1  at least first and second separately scanned image projectors for
      projecting an image on a common area of a viewing screen; each of said
      image projectors including an image generating beam,
PA1  first deflecting means for deflecting said beam along a line,
PA1  second deflecting means for deflecting said beam in a direction generally
      perpendicular to said line to form a raster,
PA1  means for intensity modulating said beam to produce an image,
PA1  means associated with said deflecting means and said modulating means for
      each projector for causing each projector to display a luminous grid on
      said common screen area,
PA1  means for controlling the number of lines on said grid,
PA1  means for selectively suppressing the generation ofsaid grid,
PA1  cursor generating means associated with said deflecting means and said
      modulating means for selectively presenting on said common screen area an
      indication representative of a selected region only of said raster,
PA1  control means associated with said first deflecting means and said second
      deflecting means of at least one of said projectors for causing said
      displayed luminous grids to coincide on said common screen area,
PA1  a digital memory,
PA1  means associated with said control means and said cursor generating means
      for storing in said memory digital representations of the correction
      required to obtain coincidence of said grids for the selected region
      identified by said cursor generating means,
PA1  means for selectively altering the selected region identified by said
      cursor generating means,
PA1  means for reading said memory in synchronism with the scannning of said
      projectors,
PA1  means for converting the digital information in said memory into an analog
      signal, and
PA1  means for altering the deflections produced by said first and second
      deflecting means of at least one of said projectors in response to said
      analog signals.
NUM  2.
PAR  2. The image display device of claim 1 wherein said device comprises three
      projectors with separate memory sections and separate means for altering
      the deflections produced by said first and second deflecting means for at
      least two of said projectors.
NUM  3.
PAR  3. The image display device of claim 1 wherein the normal deflection signal
      and said analog signals are separately applied to a common deflection coil
      of said deflecting means.
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PAL  In a television receiver, a video signal for a single frame at any moment
      is stored in a storage tube. The stored video signal is displayed, if
      necessary, as a still picture on a part of the picture tube screen
      together with the ordinary broadcasted television picture in motion.
BSUM
PAR  The present invention relates to a television receiver.
PAR  Today, on-the-spot broadcasting of sports and cooking classes are among the
      television programs. Therefore, one may desire to watch a specific moment
      of the game in progress or the table of materials for a special cooking
      recipe as a still picture existing for a desired period of time.
PAR  It is therefore one object of the present invention to provide a television
      receiver on a part of the picture tube screen of which a still picture can
      be displayed by means of a simple circuit additionally incorporated in the
      receiver.
PAR  Another object of the present invention is to provide a television receiver
      which can display a desired moment of the ordinary television picture as a
      still picture on a part of the picture tube screen and in which the
      position of the still picture on the screen can be arbitrarily selected so
      as not to disturb the ordinary television picture in motion.
PAR  An additional object of the present invention is to provide a television
      receiver which can display a still picture on any desired part of the
      picture tube screen and in which the still picture can be freely zoomed so
      as to fit for close inspection.
DRWD
PAR  For a better understanding of the present invention reference should be had
      to the attached drawings in which:
PAR  FIG. 1 is a block diagram of a television receiver as one embodiment of the
      present invention;
PAR  FIGS. 2a to 2g show waveforms appearing at several points in the television
      receiver shown in FIG. 1;
PAR  FIG. 3 shows a position of a picture displayed on the screen of the picture
      tube of the receiver;
PAR  FIGS. 4a to 4d show other waveforms apearing at points in the television
      receiver shown in FIG. 1;
PAR  FIG. 5 is a block diagram of a principal portion of a television receiver
      as another embodiment of the present invention;
PAR  FIG. 6 is a circuit of a delay means used in the principal portion shown in
      FIG. 5;
PAR  FIG. 7 is a circuit of a saw-tooth wave generator used in the present
      invention;
PAR  FIGS. 8a to 8e show various positions of still pictures displayed on the
      screen of the picture tube;
PAR  FIG. 9 is a block diagram of a principal portion of a television receiver
      as a third embodiment of the present invention;
PAR  FIG. 10 is a circuit of the principal portion shown in FIG. 9; and
PAR  FIGS. 11a to 11d show waveforms appearing at points in the circuit shown in
      FIG. 10.
DETD
PAR  Now, the present invention will be explained by way of embodiments. In FIG.
      1 which shows an exemplary constitution of a television receiver according
      to the present invention, a box labelled 1 indicates an ordinary
      television receiver circuit comprising a tuner, an IF amplifier, a
      discriminator, a video amplifier, an audio detector, an audio amplifier, a
      horizontal deflection circuit, a vertical deflection circuit, etc. The
      horizontal and vertical scanning signals are delivered at the terminal a
      of the box 1, the video signal at the terminal b and the synchronous
      signal at the terminal c. A switch 3 is to be actuated when a picture on
      the picture tube screen is desired to be recorded. A record time setting
      circuit 4 closes both a switch 5 to cut the line for transmitting a sync
      signal only during the time of one frame after a vertical sync signal
      immediately following the actuation of the switch 3 and a switch 6 to cut
      the line for transmitting a video signal. A saw-tooth wave generator 7
      provides a horizontal and a vertical scanning signals for a storage tube
      8. Change-over switches 9 and 10 perform selective switching operations in
      response respectively to the horizontal and the vertical sync signals and
      selectively apply the video signal fed directly from the main television
      circuit 1 or the video signal stored in the storage tube 8 to a picture
      tube 2. A switch 11 is to be actuated when it is desired to display the
      signal stored in the storage tube 2. A reproduction time setting circuit
      12 such as, for example, a monostable multivibrator is so designed as to
      operate only for about 10 seconds so that the signal stored in the storage
      tube 8 may be displayed on the picture tube screen during a predetermined
      preset time after the throw of the switch 11. If in this case the circuit
      is so designed as to be held independent of the preset time of the
      multivibrator so long as the switch 11 is held on, a still picture can be
      continuously displayed during any desired period of time. The switch may
      also be so designed as to be automatically actuated after the throw of the
      switch 3 instead of being manually operated. Switches 13, 14, 15, 16 and
      17 are all controlled by the reproduction time setting circuit 12. A
      circuit 18 generates a horizontal scanning signal applied to the storage
      tube 8 for reproduction of the stored picture and comprises blocks 19 to
      24 described below. An oscillator 19 generates sinusoidal wave signal
      whose frequency is in timing with the synchronous signal. A frequency
      multiplier 20 serves to double the frequency of the sinusoidal signal. A
      limiting amplifier 21 derives a rectangular wave from the
      frequency-multiplied sinusoidal signal. A saw-tooth wave generator 22 is
      connected with the limiting amplifier 21 and a limiting circuit 23
      converts the output of the oscillator 19 into a rectangular wave and also
      controls the switch 21 and the change-over switch 9. A circuit 25 generats
      a vertical scanning signal applied to the storage tube 8 for picture
      reproduction and also controls the change-over signal 10. The constitution
      of the circuit 25 is almost the same as that of the circuit 18 and the
      detailed description thereof is not given here. The only difference to be
      noted is that since the circuit 25 is for generating a vertical scanning
      signal, the frequency of the signal from the circuit 25 is lower than that
      of the horizontal scanning signal from the circuit 18.
PAR  Now, the operation of the television receiver as described above will be
      explained. In the ordinary operation where the switches 3 and 11 are not
      actuated and therefore the switches 9 and 10 assume the states as shown in
      FIG. 1, the horizontal and vertical scanning signals and the video signal
      from the main circuit 1 are applied to the picture tube 2 to visualize the
      televised program on the picture tube screen. In this case, the switches
      5, 6 and 13 are all opened so that the storage tube 8 does not perform its
      recording and reproducing operation.
PAR  If, on the other hand, the switch 3 is actuated when the watcher wants to
      make a displayed picture still, then the setting circuit 4 delivers a
      control signal during the period of a frame just after the actuation of
      the switch 3 to close the switches 5 and 6. Accordingly, the synchronous
      signal is applied to the saw-tooth wave generator 7 to produce the
      horizontal and the vertical scanning signals for record. Therefore, the
      video signal as well as the scanning signals is applied to the storage
      tube 8 to record therein a picture corresponding to a single frame of the
      television system.
PAR  When it is desired to reproduce the picture stored in the storage tube 8,
      it is only necessary to actuate the switch 11. By actuating the switch 11
      the setting circuit 12 is operated to close the switches 13 to 17
      simultaneously during a predetermined period of time. The oscillator 19
      receives the horizontal sync signal fed via the switch 13 whose waveform
      is shown in FIG. 2a and delivers the sinusoidal wave whose waveform is
      shown in FIG. 2b. This sinusoidal wave is passed through the frequency
      multiplier 20 so as to be converted to the frequency-doubled signal whose
      waveform is shown in FIG. 2c and the frequency-doubled signal is then
      converted through the limiting amplifier 21 to the rectangular wave whose
      waveform is shown in FIG. 2d. The rectangular wave is finally applied to
      the saw-tooth wave generator 22 to produce the saw-tooth wave whose
      waveform is shown in FIG. 2e. The saw-tooth wave is then applied to the
      switch 24, which is driven by the rectangular wave, shown in FIG. 2f,
      which is derived by limiting the output of the oscillator 19 through the
      limiting amplifier, to feed to the storage tube 8 the signal whose
      waveform is shown in FIG. 2g. If, in this case, the phase of the signal
      shown in FIG. 2f is inverted, the phase of the reproduction scanning
      signal applied to the storage tube 8 can be changed with respect to the
      horizontal sync signal. The output of the limiting amplifier 23 is applied
      via the switch 16 to the change-over switch 9 and the switch 9 is changed
      over from the state shown in FIG. 1 to the opposite state.
PAR  The circuit 25 delivers both the vertical sync signal for reproduction
      applied via the switch 15 to the storage tube 8 and a signal to control
      the change-over switch 10 via the switch 17. The video signal read out of
      the storage tube 8 is applied to the picture tube 2 via the switches 9 and
      10 which are changed over for a predetermined period corresponding to a
      single frame, so that, as shown in FIG. 3, the ordinary television picture
      A being broadcast and the still picture B read from the storage tube 8 can
      be simultaneously displayed on the picture tube. In FIG. 3, the still
      picture B is shown occupying the upper right quarter of the screen, but it
      can be arbitrarily shifted to any other part on the screen, i.e. upper
      left, lower left and lower right. Moreover, the size of the still picture
      on the screen can be arbitrarily controlled and zooming as well as partial
      reproduction, of the stored picture is possible if the horizontal and
      vertical scanning signals for reproduction which are applied to the
      storage tube 8 and have waveforms shown in FIGS. 4a and 4c, are converted
      to the signals whose waveforms are shown in FIGS. 4b and 4d.
PAR  According to this embodiment, one and the same frame can be displayed as a
      still picture, if need be, and moreover an ordinary television receiver
      circuit can be utilized to display the stored picture. Further, the stored
      picture is displayed on a part of the picture tube screen so that the
      ordinary television information broadcasted from time to time is never
      missed. Thus, the embodiment is very useful and inexpensive.
PAR  FIG. 5 shows another example of a circuit for generating a saw-tooth wave
      signal, which is identified by the block 18 shown with dashed lines in
      FIG. 1. In FIG. 5, a delay circuit 26 retards the horizontal and vertical
      sync signals from the switch 13. A circuit 27 comprising constituents
      whose details are described later, generates a horizontal scanning signal
      applied to the storage tube 8 for reproduction of the stored picture. A
      circuit 28 generates a vertical scanning signal applied to the storage
      tube 8 for reproduction of the stored picture and has the same circuit
      configuration as the circuit 27, and the detailed description of the
      configuration is not given here. An oscillator 29 oscillates in time with
      the horizontal sync signal. A frequency multiplier 30 doubles the
      frequency of the sinusoidal wave generated by the oscillator 29. A
      limiting amplifier 31 derives a rectangular wave from the
      frequency-doubled sinusoidal wave. A saw-tooth wave generator 32 delivers
      a saw-tooth wave signal, which is applied to a circuit 33 such as a
      Schmitt trigger that performs a switching operation to generate a
      rectangular wave when the saw-tooth wave input reaches a predetermined
      level. The Schmitt trigger 33 also controls a switch 34 and the
      change-over switch 9.
PAR  FIG. 6 shows a concrete example of a circuit for the delay circuit 5 shown
      in FIG. 26. The delay circuit 26 includes a pair of circuits, one for
      horizontal scanning and the other for vertical scanning, each of which has
      a circuit configuration similar to that shown in FIG. 6. The terminal 35
      receives the horizontal or vertical sync signal. Transistors 36 and 37
      constitute a monostable multivibrator and a variable resistor 38
      determines the quasi-stable period of the multivibrator. A capacitor 39
      forms a differentiating circuit. At a terminal 40 is obtained a delayed
      synchronous signal.
PAR  FIG. 7 shows a concrete example of a circuit configuration for the
      saw-tooth wave generator 32, comprising an input terminal 41, a variable
      resistor 42 to control the amplitude of the saw-tooth wave, a variable
      resistor 43 to change the dc level of the saw-tooth wave and an output
      terminal 44.
PAR  Now, the operation of the embodiment shown in FIG. 5 will be explained.
      When the picture stored in the storage tube 8 is displayed as a still
      picture on the picture tube screen, the synchronous signal is applied via
      the switch 13 to the delay circuit shown in FIG. 5. The delay time of this
      delay circuit can be rather arbitrarily controlled by adjusting the
      variable resistor 38 so that the position of the still picture on the
      screen is accordingly determined. The synchronous signal retarded by the
      delay circuit is applied to the blocks 27 and 28. The oscillating circuit
      29 generates a sinusoidal wave in synchronism with the horizontal sync
      signal. The frequency of the sinusoidal wave signal is doubled through the
      frequency multiplier 30 and the frequency-doubled sinusoidal signal is
      then converted to a rectangular wave through the limiting amplifier. The
      rectangular wave is then converted to a saw-tooth wave through the
      saw-tooth wave generator. The operations of the blocks 29 and 32 are
      almost the same as those of the blocks 19 to 22. The configuration of the
      saw-tooth wave generator 32 is as shown in FIG. 7. The zooming of a still
      picture can be effected by controlling both the variable resistor 42
      govering the scanning speed determined by the saw-tooth wave generator and
      the threshold value of the Schmitt trigger 33. The position of the still
      picture at which the zooming is performed, can be arbitrarily selected by
      shifting the variable resistor 43. In this way, the saw-tooth wave signal
      which has had its scanning rate and dc level adjusted, is fed through the
      switch 34 to the storage tube 8. The switch 34 is changed over by the
      output of the Schmitt trigger 33.
PAR  Thus, the zooming of the still picture can be performed by controlling the
      saw-tooth wave generator included respectively in the circuits 27 and 28
      and the position of the still picture on the screen can be adjusted by
      controlling the delay circuit 26.
PAR  Namely, as shown in FIGS. 8a to 8e, the relative positions of the ordinary
      television picture A and the still picture B can be freely controlled.
PAR  FIG. 9 shows another exemplary configuration of the circuit shown as a
      dashed-line block 18 in FIG. 1. In FIG. 9, a circuit 45 consisting of
      blocks 47 to 49 serves to generate a scanning signal applied to the
      storage tube 8. A circuit 46 also generates a vertical scanning signal
      applied to the storage tube 8 and has the same circuit configuration as
      the circuit 45 and therefore the detailed description of the circuit 46 is
      not given here. The block 47 is a circuit to generate a saw-tooth wave in
      synchronism with the horizontal sync signal, the block 48 a gate circuit
      and the block 49 a Schmitt trigger to detect that the output of the
      circuit 47 has reached a predetermined level and then to generate a
      rectangular wave.
PAR  FIG. 10 shows the detailed electrical connection of the circuit shown in
      FIG. 9, in which there are included an input terminal 50 to which the
      horizontal sync signal is applied, a 51 capacitor for integration, a
      variable resistor 52 to change the sweep speed of the signal applied to
      the gate circuit 48 and resistors 53 and 54 to determine the levels at
      which the gate circuit 48 is actuated.
PAR  The operation of the circuit shown in FIG. 9 will now be described. The
      horizontal sync signal whose waveform is shown in FIG. 11a, is applied to
      the saw-tooth wave generator 47, which delivers a signal whose waveform is
      shown in FIG. 11b. This saw-tooth wave shown in FIG. 11b is passed through
      the gate circuit 48 to appear at the output terminal 55. The Schmitt
      trigger 49 generates a rectangular wave whose waveform is shown in FIG.
      11c only during a period within which the amplitude of the input saw-tooth
      wave is below a predetermined level and thereby controls the gate circuit
      48 to cause a saw-tooth wave, whose waveform is shown in FIG. 11d, to be
      applied to the storage tube 8. In this way, the horizontal scanning signal
      for reproduction of a still picture can be obtained. In like manner, the
      vertical scanning signal for reproduction can be derived from the circuit
      46. The zooming of the still picture can be effectively performed by
      controlling the threshold level of the Schmitt trigger 49 along with the
      scanning speed of the saw-tooth wave generator 47.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A television receiver comprising means for receiving a television
      signal; a picture tube for displaying the received television signal as
      the corresponding television picture on the screen of said picture tube;
      means for extracting a part of a video signal for a single frame from the
      received television signal at any desired moment; a storage tube having a
      target for storing the extracted video signal; means for repeatedly
      reading the stored video signal out of the storage tube by applying
      horizontal and vertical sawtooth deflection signals to said storage tube
      whose periods are not equal to the respective horizontal and vertical sync
      repetition rates of the received television signal, amplitude controlling
      means for controlling the amplitude of the sawtooth generated by said
      means for repeatedly reading, and level controlling means for controlling
      the DC level of said sawtooth thereby effecting the zooming of the picture
      stored in the storage tube; and means for eliminating a part of the
      television picture on the screen and for displaying the video signal read
      from the storage tube as a still picture on the vacant part of the screen.
NUM  2.
PAR  2. A television receiver as claimed in claim 1 wherein means is provided
      which superposes a DC component on the horizontal and vertical scanning
      signals delivered to said repeatedly reading means so that the position of
      scanning on the target of said storage tube is controlled by controlling
      the DC component to select the position on the screen where the still
      picture is to be zoomed.
NUM  3.
PAR  3. A television receiver as claimed in claim 1 wherein there are provided a
      switch operated after the completion of the writing operation of said
      storage tube and a reproduction time setting means to determine the period
      of reading in response to the actuation of said switch, so that said
      repeatedly reading circuit is controlled by the output of said setting
      circuit and the scanning signal aplied to said storage tube for
      reproduction is generated.
NUM  4.
PAR  4. A television receiver as claimed in claim 1 wherein there is provided a
      change-over switch to selectively apply to said picture tube the video
      signal read out of said storage tube and a means to drive said change-over
      switch.
NUM  5.
PAR  5. A television receiver as claimed in claim 4 wherein the synchronous
      signal contained in said television signal is fed to said repeatedly
      reading means through a delay circuit whose delay time is variable and the
      position of the still picture reproduced from said storage tube on the
      picture tube screen is varied by shifting the delay time of said variable
      delay circuit.
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ABST
PAL  A low bandwidth high brightness display system that utilizes a multiple
      beam cathode ray tube to write multiple rasters by concurrently scanning a
      plurality of lines with a selected number of beams. Each of the rasters
      covers a different portion of the screen so that the vertical deflection
      of the beam is reduced for each beam by a factor related to the number of
      beams. The system reduces the maximum data rate in writing speed relative
      to conventional arrangements with a resultant bandwidth reduction
      proportional to the number of beams. The concept is applicable to
      television viewing screens and field sequential color television to
      produce simultaneously a high resolution, high brightness and high quality
      display.
PAC  FIELD OF THE INVENTION
PAR  This invention generally relates to display systems and particularly to a
      high bandwidth television display system that operates with individual
      channels having a relatively small information bandwidth and with a high
      brightness by utilizing a multi-beam cathode ray tube to form a plurality
      of adjacent rasters in a first dimension that concurrently define the
      total display.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Television type displays have been unable to develop a high resolution,
      high brightness and high quality display by using conventional scanning
      methods of either a single beam or even by using a multi-beam cathode ray
      tube.
PAR  Multi-beam cathode ray tubes (CRT) are well known in the art and have been
      used for the generation of both color and black and white television
      displays. Examples of such multi-beam television displays may be found in
      the following U.S. Pat. Nos. 3,448,316; 3,596,126; 3,546,516; and
      3,594,600, all assigned to a common assignee. For example, in 3,448,316 a
      lens system is used for eliminating optical errors such as spherical
      aberration and/or coma from the television display. The optical correction
      is accomplished by the use of a plurality of electron beams which are made
      to converge substantially at the optical center of a lens-like
      electrostatic focusing means which is common to all of the beams and
      focuses beams on to an electron receiving screen. This particular device
      generates a color diaplay of the sequential color dot type.
PAR  Another example of display systems utilizing a multi-beam cathode ray tube
      may be found in Serial Number 327,896, now U.S. Pat. No. 3,821,796,
      "Improved Television Display System" which is assigned to the same
      assignee as this present application. That application discloses a
      multi-beam cathode ray tube used in conjunction with a field sequential
      color television system to produce a color display. The electron beams are
      in line and create a raster by sweeping the plurality of beams across the
      face of the display in a paintbrush-like fashion. The plurality of
      electron beams is then used to sweep another series of lines immediately
      below the previous trace. A transparent rotating color wheel, having the
      three primary colors -- red, green, and blue, is disposed in front of the
      display for creating the sense of color in the viewer's eye.
PAR  The problem with most multi-beam cathode ray tubes is that they must
      generally be long in length from the viewing screen to the electron gun.
      The greater length for multi-beam cathode ray tubes is necessitated by the
      fact that the individual beams must be focused in close proximity to each
      other and the cathodes must be separated from each other because of the
      space that each individual cathode requires. Another drawback of most
      multi-beam CRTs is that generally a high bandwidth is required along with
      a high deflection rate in the Y-axis. If brightness is to be maintained at
      a high level a high bandwidth generally results in a poor resolution since
      brightness is dependent upon a high current beam and higher current
      results in beam spreading, therefore low resolution. A high current beam
      further requires higher power, more complex circuitry at greater cost and
      also reduced reliability.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the object of the present invention to provide a high
      resolution, high brightness and high quality raster display.
PAR  It is another object of the present invention to provide a raster display
      utilizing a plurality of electron beams having a low bandwidth.
PAR  It is another object of the present invention to provide a raster display
      by a cathode ray tube being shorter in length than heretofore possible.
PAR  It is yet another object of the present invention to provide a multi-beam
      CRT with a small beam deflection in the Y dimension.
PAR  It is still another object of the present invention to provide a plurality
      of electron beams for simultaneously generating a plurality of rasters on
      a display.
PAR  In accordance with the foregoing objects a raster display generation system
      utilizing a multiple beam CRT includes a display surface, a source for
      generating a plurality of electron beams and control means. A first
      electron beam traces a first raster encompassing a first vertical position
      in a first dimension on the display screen. A second electron beam traces
      a second raster immediately adjacent to the first raster in a first
      dimension. A third electron beam traces a third raster immediately
      adjacent to the second raster in the same dimension. A fourth electron
      beam traces a fourth raster immediately adjacent to the third raster. The
      plurality of rasters is created simultaneously by the plurality of
      electron beams. An individual line of a raster is generated by moving a
      beam across the face of the screen; the beam is then deflected downward in
      a second dimension to trace the next line in that raster. Each beam is
      controled to define an individual raster and the plurality of rasters are
      generated at the same time, on a line by line basis, by the individual
      beams.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a and 1b are schematic block and circuit diagrams showing a display
      system in accordance with the principles of the present invention.
PAR  FIG. 2 is a perspective drawing showing a typical multi-beam cathode ray
      tube that may be utilized in the system of FIGS. 1a and 1b.
PAR  FIG. 3 is a schematic block and circuit diagram showing a display system in
      accordance with the principles of the present invention.
PAR  FIG. 4 is a schematic block and partially perspective diagram showing a
      typical arrangement that may be utilized to provide the stored data in the
      system of FIGS. 1a and 1b.
PAR  FIGS. 5a and 5b are a schematic block diagram of a digital scan converter
      that may be utilized in the system of the invention to provide the video
      data; and
PAR  FIG. 6 is a schematic diagram of waveforms of voltage as a function of time
      for further explaining the operation of the scan converter of FIGS. 5a and
      5b.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring more specifically to FIGS. 1a and 1b, a multiple beam CRT is
      depicted for simultaneously generating a plurality of rasters on a
      display. According to the present invention a television display system
      includes a source of video signals 10, a multiple beam cathode ray tube
      20, and controls 30. The source of video signals 10 may be seen to include
      a data storage unit 101, a digital-to-analog (D/A) converter 102, video
      gates 103 for controlling the amplitude of the electron beams from an
      electron gun in the CRT 20 and input circuits 104 to the CRT 10.
PAR  The data storage unit 101 which, for example, may be a video disc 106 or
      any other suitable arrangement such as a magnetic drum, a tape unit, a
      core memory, a memory using circuits capable of storage or other type of
      memory for either analog or digital data storage. The data may be provided
      to the data storage source 101 by a data source such as a vidicon camera
      for obtaining data from a chart or a scene. A synchronizing unit or source
      105 may also be provided in the data storage unit 101 for timing control.
      When the data storage 101 stores digital information a digital-to-analog
      (D/A) converter unit 102 must be used to supply analog data to video gates
      103 controlled from the synchronizing 105. The video gate 103 supplies a
      signal to a switch 107A through a lead 108. The switch 107A, in response
      to the switch control circuit 120, in turn supplies a signal to a suitable
      master control circuit 109 alternatively through leads 110 or 111. The
      video gate also supplies signals on the parallel channels of leads 130,
      131 and 132 to switches 107B, 107C and 107D, respectively. The first
      channel of the master contrast circuit 109 provides signals to the video
      amplifiers 112 or 113 alternatively. The video amplifiers 112 and 113 are
      followed in turn by AC coupling capacitors 114 and 115, brightness
      balancing controls 116 and 117 and contrast balancing controls 118 and
      119, respectively. It is to be noted that each of the video amplifiers 112
      and 113 in the multi-beam arrangement of the invention, require a
      bandwidth of only one-fourth for the same picture resolution that is
      required for operation with a single beam since each individual beam is
      handling only one-fourth of the entire viewing area. Although only the
      switch 107A has been depicted in detail, switches 107B, C and D and their
      corresponding circuitry respectively are identical to switch 107A and its
      associated circuitry.
PAR  For interlacing of the beam scanning using an alternate set of beams, a
      switch control circuit 120 is responsive to the field interlace control
      circuit 301 to alternatively energize either lead 121 or 122 to connect
      the input lead 108 through a field effect transistor 123 to the lead 110
      or to connect the lead 108 through a field effect transistor 125 to the
      lead 111. A logical true signal on the lead 302 from the interlace control
      301 provides a low voltage on the base of the field effect transistor 123,
      biasing that transistor into conduction and connecting the lead 108 to the
      lead 110 and provides a high voltage on the base of the field effect
      transistor 124, biasing that transistor out of conduction. As the field
      effect transistor 123 is biased into conduction and the transistor 124 is
      biased out of conduction so the field effect transistors 125 and 126 are
      biased out of and into conduction, respectively. A logical false signal on
      the lead 302 provides a low voltage on the base of the field effect
      transistor 125 to bias that transistor into conduction and provide a high
      voltage on the base of the transistor 126 to bias that transistor out of
      conduction. The signal on the lead 108 is thus applied through the
      transistor 125 to the lead 111. In the illustrated arrangement, the
      logical true and false signals on lead 302 may be + 5.0 volts and 0 volts,
      respectively. An inverter 127 is thus provided between the lead 302 and
      the lead 121 to provide this conventional switching operation. An inverter
      128 is provided to decrease the effect of drift and aging and applies a
      reference voltage to a lead 129 to control the substrate bias of the
      transistors.
PAR  See the discussion under FIG. 4 below for an embodiment of the present
      invention wherein a single set of electron beams is used for interlacing
      purposes.
PAR  The multi-beam CRT 20 includes an electron gun section 201 for emitting a
      plurality of electron beams for painting a picture of display on a
      phosphorous screen 202. The electron gun 201 may have any of several
      configurations, such as for example a plurality of cathodes or a singular
      large cathode having an apertured structure for forming the electron
      beams. Other schemes may be utilized for forming individual electron beams
      within the scope of the present invention.
PAR  The electron gun 201 as depicted in FIG. 1b includes a heater electrode
      203, a cathode electrode 204 having a suitably large area, a baffle 205
      having an array of holes that correspond to the required number of beams
      that are to be formed. The baffle 205 is operated a few volts positive
      relative to the cathode 204 for forming the individual electron beams. The
      baffle 205 is followed by a control or matrix grid 206 for the electron
      beams passing through the grid openings. The grid 206 is an insulated flat
      plate pierced with an array of apertures identical to those in the baffle
      205. The inner surface of the holes in the matrix grid 206 are plated with
      conductors 210 through 217. The conductors 210-217 are connected in pairs
      to the switches 107A-107D, respectively. Conductors 210 and 214 are
      connected to the switch 107A; conductors 211 and 215 are connected to the
      switch 107B; conductors 212 and 216 are connected to the switch 107C; and
      conductors 213 and 217 are connected to the switch 107D. The conductors
      210-217 may be gated off or on by the switches 107A-107D, respectively.
      For example, in the system shown, a ground potential applied to the
      conductors 210-217 will bias the electrons in the ground level or black
      video level.
PAR  Consider for the moment that conductors 210-213 are the only source of
      electron beams for creating a single field raster. The first conductor 210
      is oriented such that the electron beam 210b passing therethrough traces a
      first line across the screen 202 that is at the very top of display screen
      202. The beam 210b is deflected downward and then traces a second line
      immediately below and ajdacent to the first line. This first beam 210b
      traces lines across the face of the display until a complete first raster
      is painted. The complete raster painted by this first beam covers only the
      upper fourth of the total viewing area.
PAR  The second conductor 211 is oriented such that the electron beam 211b
      passing therethrough traces a first line across the screen 202 that is
      one-fourth the distance down from the top of the screen. This second
      electron beam 211b traces a first line across the screen 202 that is
      adjacent and immediately below the last line of the first raster created
      by the first beam 210b. The second beam 211b paints a raster on a
      line-by-line basis until a complete raster is displayed similar to the
      first raster painted by the first beam 210b. The second raster also covers
      one-fourth of the viewing area and is immediately adjacent to the first
      raster.
PAR  The third conductor 212 is oriented such that the electron beam 212b
      passing therethrough traces a first line across the screen 202 that is at
      the center of the screen 202. This third electron beam 212b traces a first
      line across the screen 202 that is adjacent and immediately below the last
      line of the second raster formed by the second beam 211b. This third beam
      212b traces a raster on a line-by-line basis as does the first beam 210b
      and covers one-fourth the total viewing area.
PAR  The fourth beam 213b formed by the fourth conductor 213 traces a fourth
      raster, on a line-by-line basis, that is adjacent to and immediately below
      the third raster and similar to the preceeding rasters. The conductors
      210- 213, each trace individual rasters on a line-by-line basis and the
      four rasters are formed or painted at the same time. The first line of
      each of the four rasters is painted simultaneously. The second line of
      each of the four rasters is painted simultaneously. Etc., etc. The group
      of conductors 210-213 may be used alone, without conductors 214-217, for
      painting a video display on the screen 202. The present invention is not
      limited to only four rasters but any other suitable number may be used.
PAR  If an interlace scheme is used for painting a complete display on the
      screen 202, the second set of conductors 214-217 may be used in
      conjunction with the first group of conductors 210-213. An interlace
      scheme may also be accomplished by utilizing the circuit of FIG. 4,
      discussed below, having a single set of 4 electron beams. The first group
      of conductors 210-213 will paint the first field of a frame and the second
      group of conductors 214- 217 will paint the second field of that frame or
      raster. The second group of conductors 214-217 is oriented such that each
      conductor paints a line immediately below its corresponding counterpart in
      the first group of conductors 210-213 for painting the second field. Each
      of the conductors 214-217 function similarly to the conductors 210-213 for
      painting a set of rasters.
PAR  Electrodes 207, 208 and 219 may be provided after the matrix grid 206 in
      the direction of beam travel for beam shaping and forming. The electrodes
      207, 208 and 219 each contain apertures of geometry similar to the baffle
      and matrix grid electrodes for providing further acceleration to the
      electron beams.
PAR  The electrons from the electron gun 201 are then passed through a focus
      electrode 209 controlled by a focus potential supply 303 and a beam
      alignment coil 304, normally situated close to the cathode, controlled by
      a suitable beam alignment power supply 305. The beam alignment coil 304 is
      followed by a dynamic focus coil 306 responding to signals from a vertical
      deflection or Y amplifier 307 and a horizontal or X deflection amplifier
      308 to correct for the flatness in the configuration of the screen 202.
      The electron beams are then passed to a static focus coil 309 controlled
      by a focus coil DC supply 310. For purposes of illustration, the dynamic
      focus coil 306 and the static focus coil 309 are shown as being on
      separate cores. Normally a dynamic focus coil and a static focus coil are
      wound on the same core. The static focus coil 309 is followed by the
      deflection yoke or coil 311 having windings responding to the X and Y
      deflection voltages of the horizontal deflection amplifier 308 and the
      vertical deflection amplifier 307, respectively. The deflection yoke 311
      deflects the plurality of beams passing therethrough by the same amount
      using the same voltage input. In other words, the beams are simultaneously
      scanned across the screen in a first dimension and simultaneously
      deflected in a second dimension by the same voltages. The cathode ray tube
      may also include a post deflection accelator 218 which is controlled by a
      high voltage anode potential supply 312 that is referenced to the focus
      potential supply 303.
PAR  The vertical sweep generator 313 and the horizontal sweep generator 314 are
      coupled to the synchronizing source 105 in the data storage unit 101
      through leads 315 and 316, respectively. The field interlace control 301
      is coupled to both the synchronizing source 105 and the horizontal sweep
      generator 314. The interlace control receives the horizontal synchronizing
      signal on the lead 316 to control interlace switching between the first
      set of conductors 210-213 and the second set of conductors 214-217 and may
      include a flip-flop of a conventional type to provide two levels of
      signals on the lead 301. The vertical sweep generator 313 applies a
      suitable slow Y sweep voltage through the lead 317 to the vertical
      deflection amplifier 307 for controlling the vertical deflection of the
      plurality of beams through the dynamic focus coil 306 and the deflection
      yoke 311. The horizontal sweep generator 314 applies a relatively fast X
      sweep voltage through a lead 318 to the horizontal deflection amplifier
      308 for controlling the horizontal deflection of the beams.
PAR  The operation of the invention according to FIGS. 1a and 1b may be
      described with reference to such figures. The data storage unit 101
      provides digital signals to the digital-to-analog converter 102 which in
      turn supplies analog signals to the video gates unit 103. The analog
      signals are then provided by the four channels of the video gates 103 to
      the switches 107A-107D. Assuming that there is a logical true signal on
      the lead 302 from the interlace control unit 301, switch 107A will have an
      output to the amplifier 112 on the lead 110. Similarly, switches 107B-107D
      will have an output on the lead corresponding to lead 110 of switch 107A.
      The signal is amplified by the amplifier 112 and the brightness and
      contrast controls may be used for obtaining a suitably intense electron
      beam. The signal on line 110 is applied to the conductor 210 for
      modulating the electron beam 210b passing therethrough for painting a
      first field of a first raster. Similarly, conductors 211, 212 and 213 are
      simultaneously modulated by their respective leads for painting the first
      fields of the second, third and fourth rasters respectively. The beam
      alignment coil 304 positions the beams at the center of the focus coils.
      The dynamic focus coil 306 and the static focus coil 309 each control the
      shape of the beam and the spot size on the screen 202. The deflection yoke
      and the control circuits for that yoke provide the horizontal scanning of
      the individual electron beams and the vertical deflection of these
      electron beams. When there is a logical false signal from the interlace
      control circuit 301 on the lead 302 the switch control 120 switches the
      output of switch 107A from lead 110 to lead 111 for the conductor 214 to
      paint the second field of the first raster. The switches 107B-107D are
      similarly switched at the same time. Conductors 215, 216 and 217 are thus
      simultaneously switched for providing the second field of the second,
      third and fourth rasters respectively. The interlace function is thus
      provided for painting the second field after the first field has been
      painted.
PAR  With reference to FIG. 2, a multi-beam CRT 20, according to the invention,
      is depicted, which includes only an electron gun 201, a focus coil 309, a
      deflection yoke 311, and a screen 202 for purposes of illustration.
PAR  It is again noted that the viewing screen 202 is divided into 4 equal
      portions or rasters along the vertical dimension and each raster is
      comprised of two fields painted in an alternate fashion by the electron
      beams emanating from the conductors 210-213 or 214-217. The solid lines
      across the screen 202 represent the lines of the first field that are
      painted by the beams 210b-213b emanating from conductors 210-213,
      respectively. The dashed lines represent the lines of the second field
      that are painted by the beams 214b -217b emanating from the interlace
      conductors 214-217, respectively. The four rasters are depicted as being
      partially complete for purposes of illustration.
PAR  One of the features of the present invention is that a multi-beam CRT may
      be constructed having a shorter length than other available multi-beam
      CRTs. The spacing between the four beams as displayed on the screen is
      dependent upon the spacing between the apertures at the electron gun. The
      beam spacing is defined by the following optical relationship:
EQU  (D.sub.1 /D.sub.2) = (S.sub.1 /S.sub.2)
PAL  where D.sub.1 is the distance between the aperture plane and the optical
      center of the focus coil; and where D.sub.2 is the distance between the
      optical center of a common focus coil and the screen 202. S.sub.1 is the
      spacing between the apertures (conductors 210-213) and S.sub.2 is the
      spacing between corresponding lines painted in corresponding rasters. A
      common focus is obtained because the focus coil is imaging the aperture on
      the screen 202.
PAR  To demonstrate the size advantage of the present invention, assume for
      example, that existing multi-beam CRTs have a 1 mm separation between
      apertures and a 1 mm separation at the viewing screen and that the focus
      coil must be situated far enough from the apertures so that any possible
      aberations are eliminated. With a 1 mm separation at both the apertures
      and the viewing screen the focus coil must be placed at the mid-point
      between the two. Now consider a 1 mm aperture spacing of the present
      invention and a 20 mm spacing at the screen 202, where D.sub.1 is now 1/20
      D.sub.2. This means that the focus coil may be placed much closer to the
      aperture plane than before and aberation is no longer a problem since the
      beams no longer must be deflected across the entire face of the screen,
      but only a portion of it or a raster. The focus coil is now merely imaging
      the apertures on the viewing screen 202.
PAR  Another advantage of the present invention is that the beams are now
      deflected a much smaller angle in the vertical dimension. The vertical
      deflection of the beam is now 1/N the conventional angle, where N is the
      number of beams.
PAR  The system of the invention is applicable to small, medium and large CRTs.
      With large CRTs, it would be advantageous to utilize concentric focus and
      deflection coils to minimize the size of the beam bundle going through the
      deflection coil.
PAR  As mentioned above a four beam device may be used for providing an
      interlaced function. Such a single four beam device may utilize circuitry
      as depicted in FIG. 3. The components of FIG. 3 that are similar to the
      components of FIG. 1 are identified by the same reference designations. It
      is noted that FIG. 3 is similar to FIG. 1 with the exception that there is
      no switching arrangement such as circuits 120, and 107A-107D. The video
      gates 103 now provide an input directly to the master contrast circuits
      109 on lead 110. The remainder of the video circuit 104 is identical to
      the circuit of FIG. 1, including for example, video amplifier 112,
      coupling capacitor 114, and brightness and contrast controls 116 and 118,
      respectively. It is noted that the video gate outputs are now coupled to
      only the four conductors 210-213 in the CRT instead of the conductors
      210-217 as in FIGS. 1a and 1b.
PAR  It is further noted that only a portion of the CRT of FIG. 1 has been
      illustrated in FIG. 3. As mentioned above, the embodiment according to
      FIG. 3 contains only 4 beam sources that operate continually instead of 8
      beam sources that operate intermittently. The dashed line 321 connects the
      interlace control 301 to the vertical sweep generator 313. The interlace
      control 301 supplies a signal to the vertical deflection amplifier 307 for
      deflecting the beams from the conductors 210-213 down a one line to
      provide the interlace function.
PAR  The operation of the invention according to the embodiment of FIG. 3, is
      essentially the same as explained above for FIGS. 1a and 1b with the
      exception that there is no switching function as provided by circuit 120
      and 107A107D. The video gate 103 provides an output to the conductor 210
      through the lead 110. The video gates 103 supply outputs on leads 130, 131
      and 132 to conductors 211, 212 and 213, respectively. The four conductors
      210-213 paint a first field of a 2 field raster or frame in unison. Upon
      completion of the first field the interlace control 301 supplies the
      vertical sweep generator with an input signal for deflecting the group of
      beams 210b-213b down one line and commencing the second field of the two
      field frame.
PAR  Referring now to FIG. 4, a simplified block diagram is shown to illustrate
      one scheme that may be utilized to provide the data for a multi-beam
      display in accordance with the invention. In the illustrated arrangement a
      camera 350 may view a scene indicated by a line 351 which may be a chart
      or desired area. The video signal developed by the camera 350 which may be
      any conventional type of camera, is applied through a suitable lead 352 to
      an A to D converter 353 and then in digital form through a composite lead
      354 to an input buffer and format logic unit 355. The data sequencing
      provided by the circuit 355 depends upon the type of format used, that is,
      the number of beams and whether or not it is interlaced on the final
      picture. The buffer unit is properly timed to place the data in proper
      position so that when it is applied on a composite lead 356 to the disc
      memory 106, it is stored in the proper positions for being read out in
      parallel on the proper leads and in a correct sequence. A timing control
      and sweep generator unit 357 controls each of the units so that the data
      is properly stored in the memory 106. It is to be noted that this storage
      of the data is not necessarily in real time and very slow scan camera
      operation may be utilized. Upon completion of data storage in the disc
      memory 106, the digital data may be passed through the output multiplexer
      and the digital-to-analog converter unit 102. The D/A unit 102 provides
      signals to the video gates unit 103 then to the leads 108 and 130-132
      connected to the input circuits of FIGS. 1 and 3.
PAR  Referring now to FIGS. 4, 5a, and 5b, a more detailed example is given
      using a circuit that converts a standard single channel video output
      signal into 4 parallel video channel signals wherein each channel paints a
      raster on a display screen on a line-by-line basis in accordance with the
      invention. Since four beams are simultaneously generating a display, a
      system must be utilized that provides four parallel video channels outputs
      from a standard single channel input.
PAR  Composite video from the camera 350 (FIG. 4) is received on the lead 352
      and is applied to the synchronizing signal separator 360 which may be of a
      conventional type including clipping circuits and which applies the video
      signal on a composite lead 361 to analog-to-digital (A/D) converter 353
      which in turn provides 4 bits of video data on leads 363 to 366 (composit
      lead 354). The synchronization signal separator applies a horizontal
      synchronizing signal to a lead 367 and a vertical synchronizing signal to
      a lead 368 with the horizontal synchronizing signal applied to a
      phase-lock oscillator 369, to develop an element synchronizing signal
      equal to the number of displayed elements per line such as 1,500. The 4
      bit video signal which represents a signal display element or a portion
      such as 1/1500 of a line and synchronizing signals are applied to an
      interface electronics unit 370 which provide suitable amplification and
      impedance matching. The digital video signal is applied from the interface
      unit 370 on 4 leads to a 1 to 5 commutator 371 which may include 4
      registers or shift registers, each having 5 flip-flops and each register
      receiving a different significant bit of the video number. The output of
      the commutator 371 on 20 leads is applied to an input buffer unit 372
      which includes 20 registers with  300 flip-flops per register so that the
      stored output therefrom on 20 lines is one display raster line. A beam
      select logic or gate unit gates the video data through 20 to 80 leads to a
      disc memory 106 in response to a buffer unload control logic unit 374
      responding to a comparison of the input address and the disc memory
      address. All of a line is transferred through the first switch position of
      the twenty switches of the logic unit 375 followed by a change of switch
      positions to transfer the next line into the disc. Thus, four lines are
      stored for parallel readout. The input line buffer unit 372 also receives
      the buffer clock signal from a clock 376, which in turn responds to a
      shift or comparison signal from the control logic unit 374. When the
      buffer clock generator 376 which is a three position switch is enabled by
      the line sync signal, the element sync signal is applied to the shift
      registers to transfer bits therein and when the clock generator is enabled
      by an address comparison, the disc clock is applied to the buffers to
      transfer the bits to the beam select unit 375. In the illustrated
      arrangement, the beam select logic unit 375 may include 20 continually
      rotating switches so that the data of four display lines is positioned at
      four tracks of the disc memory 106, each track corresponding to a separate
      raster. The next four lines being placed in the same four disc tracks
      (each line may occupy 20 parallel tracks). The disc memory 106 which may
      include 80 tracks applies the video on four composite leads 378 to 381,
      each of 20 lines, to respective output multiplexers and D to A converter
      units 382 to 385 which are responsible to the high speed multiplexer clock
      386 receiving disc clock signals from a lead 387 as derived from the disc
      memory 106. The four shift registers receiving the video signals for one
      line on the first lead 378 are shown in detail with the four bits of a
      line being loaded at a first pulse rate in response to 300 clocks and
      transferred to the D/A converter at a second pulse rate in response to
      1,500 pulses, for example. Each of the composite leads 378 to 381 passes a
      line of data, five elements at a time. In other words, the illustrated
      arrangement transfers five elements into the disc memory at one time and
      transfers five elements at a time out of the disc memory. The analog video
      is then applied from the D/A converter units 382 to 385 through the video
      gates unit 103 (not shown) and then through the respective video
      amplifiers 386 to 389 and in turn through suitable leads to the electron
      gun control electrodes in an illustrated 4 beam cathode ray tube 20. The
      output multiplexers and the D to A converters of FIG. 5b correspond to the
      D/A converter 102 of FIG. 1a. The video amplifier units 386 to 389 of FIG.
      5b correspond to the video amplifiers shown in FIG. 1a.
PAR  For interlacing with an 8 beam tube, the interlace switches 107A to 107D of
      FIG. 1 may be utilized.
PAR  For providing the proper address for data to be written or recorded into
      the disc memory 106, a sequential address counter 391 receives frame sync
      and line sync signals to apply address values to a storage unit 392 which
      is in turn applied to a comparator unit 393. In response to the disc clock
      on the lead 387, a disc address generator 394 develops a disc address
      which is applied to the comparator 393 to develop a write enable pulse
      when the input video line address compares with the address, which pulse
      is applied through a lead 395 as a compare pulse to the buffer unload
      control logic unit 374. The clock generator 376 includes a switch that is
      enabled to apply a disc clock pulse to the buffers during readout into the
      disc. Also, the compare pulse is applied to a write enable generator unit
      396 to enable the disc memory 106.
PAR  The disc address generator unit 394 also applies an address to a
      synchronizing generator 105 to apply a signal to an X sweep generator 314.
      The disc address is further used in a Y sweep D to A unit to convert the
      address to a Y sweep signal. The X and y sweep signals are applied through
      suitable deflection amplifiers 307 and 308 to the cathode ray tube 20
      deflection yoke 311 as previously explained.
PAR  The input single channel video including the element synchronizing signal
      on the lead 352 is shown in FIG. 6 by a waveform 401 as bursts of video,
      each representing a single line of video data. A portion of the input
      video on a different time scale is indicated by a waveform 402, and occurs
      on the leads at the output of the interface unit 370. The element sync
      signal on the lead at the output of the phase locked oscillator 369, which
      shifts data into the commutator 371, which may be considered a relatively
      slow signal is shown by a waveform 403, and a buffer load clock signal
      from the clock generator 376 shown by waveform 404 as even a slower rate
      pulse for shifting the data out of the input line buffers. The buffer
      unload clock which transfers data to the disc memory is shown by a
      waveform 405 and provides a signal for each line period. In response to
      the write enable generator 396 a write enable gate of a waveform 406
      enables the writing of the video into the disc memory 377. The disc data
      output as shown by waveform 407 and which represents the signal on the
      composite leads 378 to 381 is continuous except during the period of the
      write enable gate of the waveform 406. Thus, the disc memory is operated
      at the speed desired for the readout. The display fast sweep is shown by
      waveform 408 and the display slow sweep signal is illustrated by the
      waveform 409. The disc output clock which operates is a relatively fast
      rate is illustrated by waveform 410 and is shown in more detail on a
      separate time scale as the clock of a waveform 411 which appears on the
      lead 387 and is utilized for loading the shift registers of the units 382
      to 385. The output multiplexer clock for unloading the multiplexer shift
      registers is shown as a waveform 412 pulsing at a relatively high speed.
      The output digital video of a waveform 413 is applied to the D to A units
      to provide an output analog video of a waveform 414 at the input leads of
      the video amplifiers. As an illustrative example, the element sync signal
      of the waveform 403 may operate between 50 and 500 Kilohertz depending on
      the input data rate, the output clock of the waveform 411 may operate at 3
      MHz and the output multiplexer clock of the waveform 412 may operate at 15
      MHz.
PAR  Thus, FIGS. 4, 5a and 5b illustrate a multi-beam scan convertor for
      converting a standard single channel video output signal into 4 parallel
      video channels as required for the display. The purpose for the 1 to 5
      commutator is to reduce the video rates to one-fifth their normal values
      so that the data rates are compatible with the disc storage system. After
      the 1 to 5 commutation each of the 5 lines are split into 4 separate
      parallel channels corresponding to the four beams of the CRT for a total
      of 20 channels per intensity code level. These 20 channels are then
      recombined back into the basic 4, as required to drive the display. In
      recombining the channels the video data rate is multiplied by 5. It has
      been noted that the principles of the invention are not to be limited to
      any particular serial parallel converter but that any suitable arrangement
      or source of parallel video data may be utilized.
PAR  It should be apparent from the foregoing that the present invention
      provides a high brightness and high resolution display system. Heretofore,
      single beam display systems required broadband video and deflection
      circuits which resulted in lower quality raster displays, such as for
      example, poor brightness and resolution. The present invention provides a
      broadband operation by utilizing a pluraltiy of narrow band channels for
      simultaneously generating a plurality of rasters.
PAR  Although the present invention has been shown and described with reference
      to particular embodiments, nevertheless, various changes and modifications
      obvious to one skilled in the art to which the invention pertains are
      deemed to be within the purview of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for producing a broadband television type display having a
      selected number of sweep lines comprising:
PA1  a source of video data for presenting a single image having a plurality of
      rasters;
PA1  a cathode ray tube having a single electron gun, a screen and a plurality
      of electrodes for producing a plurality of beams, each electrode being
      positioned relative to said screen and relative to said other electrodes
      to define a separate raster area on said screen, each of said rasters
      define an individual area of said image, all of said rasters defining said
      image;
PA1  means coupling said source of video data to said plurality of electrodes
      for supplying each of said electrodes with parallel video signals
      representing individual areas of said image;
PA1  scanning means coupled to said cathode ray tube for controlling said
      plurality of beams to simultaneously scan across said screen in a first
      dimension;
PA1  deflecting means coupled to said cathode ray tube for simultaneously
      deflecting said beams in a second dimension; and
PA1  said scanning means and said deflecting means developing predetermined
      magnetic fields to control said beams to cause each of said plurality of
      beams to move across said screen in said first and second dimensions to
      form a plurality of lines on said screen in a different raster area, each
      plurality of lines defining a different raster and occupying a separate
      portion of said screen with said plurality of rasters producing a unified
      picture display.
NUM  2.
PAR  2. A system for producing a broadband television type display according to
      claim 1 wherein said source of video data comprises:
PA1  digital data storage means for storing video data for presenting in said
      plurality of rasters, said digital data storage means for simultaneously
      reading out selected video data for simultaneous display of said plurality
      of rasters.
NUM  3.
PAR  3. A system for providing a broadband television type display according to
      claim 1 wherein each raster is comprised of first and second fields and
      wherein:
PA1  said deflecting means develops a magnetic field to control said plurality
      of beams for each beam to scan a first field on said screen by tracing a
      first set of alternate lines on said screen and to control said plurality
      of beams for scanning a second field on said screen by tracing a second
      set of alternate lines on said screen.
NUM  4.
PAR  4. A system for providing a broadband television type display according to
      claim 1 wherein said plurality of electrodes will each produce a first
      plurality of beams and said cathode ray tube further comprises:
PA1  a second plurality of electrodes, each for producing a second plurality of
      beams, each of said first plurality of beams for scanning a first
      plurality of rasters for representing a first field and each of said
      second plurality of beams for scanning a second plurality of rasters for
      representing a second field.
NUM  5.
PAR  5. A system for providing a broadband television type display having a
      selected number of sweep lines comprising:
PA1  a source of N parallel video signals representing an image;
PA1  a cathode ray tube having an information retentive screen for writing a
      frame of data thereon having an electron gun providing N electron beams,
      said electron gun being positioned relative to said screen and having
      control electrodes positioned relative to each other so that said N beams
      define raster areas, said N equal raster areas define said image, each of
      said N rasters being at a different one of N positions on said screen and
      each of said N rasters being simultaneously formed on a line-by-line
      basis;
PA1  means coupling said source of data to said cathode ray tube for controlling
      said electron beams and for providing said N parallel video signals to
      said electron beams;
PA1  scanning means for simultaneously scanning said N beams across said screen
      in a first dimension; and
PA1  deflecting means for simultaneously deflecting said N beams in a second
      dimension for forming N rasters on a line-by-line basis.
NUM  6.
PAR  6. A system for producing a broadband television type display according to
      claim 5 wherein said source of video data, comprises:
PA1  digital data storage means for storing video data for presenting in said N
      rasters, said digital data storage means for simultaneously reading out
      selected video data for simultaneous display of said N rasters.
NUM  7.
PAR  7. The invention according to claim 5, wherein each raster is comprised of
      first and second fields and wherein:
PA1  each of said N beams are controlled by said deflecting means for scanning
      said first field of each raster by tracing a first set of alternate lines
      on said screen, and for scanning said second field of each raster by
      tracing a second set of alternate lines on said screen.
NUM  8.
PAR  8. A system for providing a broadband television type display according to
      claim 5 wherein said control electrodes are for controlling a first set of
      N beams and said cathode ray tube further comprises:
PA1  a second set of control electrodes for controlling a second set of N beams,
      said first set of N beams being for scanning a first field for said N
      beams being for scanning a first field for said N rasters, and said second
      set of N beams being for scanning a second field, for said N rasters.
NUM  9.
PAR  9. The invention according to claim 5 wherein said source of video data
      comprises:
PA1  N parallel video channels for providing said N beams with N narrow band
      signals.
NUM  10.
PAR  10. A system for providing a broadband television type display having a
      selected number of sweep lines for displaying a single image, comprising:
PA1  a cathode ray tube having an information retentive screen for writing a
      frame of data thereon having a single electron gun providing N electron
      beams, said electron gun being positioned relative to said screen so that
      N beams define N equal raster areas raster with each raster at a different
      one of N positions on said screen and so that each of said N rasters may
      be formed on a line-by-line basis to define a separate raster area, said N
      equal raster areas define said image;
PA1  scanning means coupled to said cathode ray tube for simultaneously scanning
      said N beams across said screen in a first dimension for developing said N
      rasters; and
PA1  deflecting means coupled to said cathode ray tube for simultaneously
      deflecting said N beams in a second dimension for developing said N
      rasters.
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ABST
PAL  An improved television system and apparatus is provided in which a large
      size image is projected from the face of a cathode-ray tube viewing screen
      to a larger display screen. The display screen is mounted in an
      essentially vertical position on top and to the rear of a cabinet. A
      television receiver is mounted within the cabinet, and an optical system
      is provided which projects an enlarged image from the viewing screen of
      the television receiver to the enlarged display screen. The optical system
      includes a mirror positioned in a drawer, which is mounted in the cabinet,
      and which may be opened to draw the mirror into the proper position so
      that an enlarged image is projected over the entire surface of the display
      screen. The apparatus has the feature of being of a relatively narrow
      width, especially when not in use and when the drawer is closed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Television systems and apparatus in which images are projected onto an
      enlarged display screen are known. However, the prior art system, for the
      most part, are excessively complex and bulky, so as to render the prior
      art apparatus unsuitable for use in the usual home. The unit of the
      present invention, however, is constructed to have a relatively narrow
      width and to be compact, and yet to include all the optical elements
      necessary to provide a bright enlarged image on a display screen, the
      image being exhibited in excellent detail and being subject to side angle
      viewing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front perspective view of apparatus constructed to incorporate
      the concepts of the invention, in accordance with one embodiment; and
PAR  FIG. 2 is a side sectional view, taken essentially along the line 2--2 of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The projection television apparatus, as shown in the drawing includes a
      cabinet 10, which has a display screen 12 mounted on top of the cabinet
      along the rear edge thereof. The display screen is surrounded by a shroud
      14 which protects it from ambient light. The display screen 12, for
      example, may be of the type described in the Oct. 1968 issue of the
      Journal of the Society of Motion Picture and Television Engineers in an
      article entitled "High-Brightness Projection Screens With High Ambient
      Light Reflections," and may be of the type presently sold by the Eastman
      Kodak Company under its trademark "Kodak Ektralite Projection Screen." As
      shown particularly in FIG. 2, the screen 20 is curved for the reasons
      described in the aforesaid article. The screen, for example, may have
      dimensions of the order of 40 .times. 40 inches.
PAR  A television receiver 16 is mounted on a stand 30 in the cabinet 10 with
      its viewing screen 18 facing upwardly. An optical unit 20 is mounted over
      the viewing screen 18 of the television receiver, and the optical unit
      includes a first mirror 22 and a projection lens 24. The mirror 22
      reflects the image on the viewing screen 18 of the television receiver
      along a horizontal optical axis and through the projection lens 24. The
      mirror 20, for example, may have dimensions of 8 .times. 10 inches. The
      lens 24, for example, may be of the type presently marketed by the Eastman
      Kodak Company under the designation "Aero Extra (f2.5, 305mm)."
PAR  A drawer 26 is mounted in the front of the cabinet 10, and it may be
      slidable in the cabinet, as shown, or it may be tiltable, if so desired.
      In the illustrated embodiment, the drawer 26 is constructed so that when
      the apparatus is not in use, it can be moved completely into the cabinet
      to minimize the overall width of the apparatus. In a constructed
      embodiment, the depth of the cabinet is 25 inches, and the width of the
      drawer, when fully extended, is 14 inches.
PAR  A mirror 28 is mounted in the front of the drawer 26, and it serves to
      project the image from the projection lens 24 rearwardly and upwardly to
      the display screen 12. The mirror 28, for example, may have dimension of
      14 .times. 20 inches. The optical system is designed so that when the
      drawer 26 is in the extended position shown in FIG. 2, the image projected
      from the lens 24 is directed to the display screen 12 with a size so that
      it completely covers the viewing surface of the display screen.
PAR  In the constructed embodiment, the sum of the distances between the
      projection lens 24 and the mirror 20 and from the mirror 20 to the viewing
      screen of the television receiver is 12 inches; and the sum of the
      distances between the projection lens 24 and the mirror 28, and the mirror
      28 and the screen 12 is 66 inches, when the drawer is extended. It is to
      be understood that the dimensions and other parameters set forth above are
      intended merely for descriptive purposes, and are in no way to be
      construed as limiting the invention in any manner.
PAR  A usual remote control unit may be provided for the viewer, so that the
      station selection and volume of the television receiver 16 may be
      controlled from the viewing position.
PAR  The invention provides, therefore, an improved, compact and simplified
      projection television system and apparatus, by which enlarged, bright,
      detailed images are projected onto a display screen by a minimum of
      optical components, and in a restricted projection space.
PAR  It will be appreciated that although a particular embodiment of the
      invention has been shown and described, modifications may be made. It is
      intended in the claims to cover all modifications which come within the
      true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Television apparatus including: a cabinet; a curved display screen
      mounted in an upright position on top of said cabinet adjacent the rear
      side thereof to present a concave surface to a viewer; a shroud
      surrounding the display screen to protect the display screen from ambient
      light; a television receiver mounted in said cabinet having an upwardly
      facing viewing screen; an optical unit mounted on said television receiver
      directly over the viewing screen of the television receiver and including
      first reflector means and a projection lens for directing images from the
      viewing screen along a substantially horizontal optical path; a drawer
      mounted in the front of the cabinet and movable to an open position and to
      a closed position; and second reflector means mounted in said drawer and
      disposed in said optical path for directing the images from the viewing
      screen of the television receiver onto said display screen when the drawer
      is in its open position and with a size corresponding to the size of said
      display screen.
NUM  2.
PAR  2. The television apparatus defined in claim 1, in which said drawer is
      slidable in said cabinet between its open position and its closed
      position.
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ABST
PAL  A data communication system is provided in which the data handling capacity
      of the system is doubled. The data in the system travels on a single wire
      in both directions simultaneously. Each pair of terminals associated with
      the communication system is interfaced with the single wire by a repeater.
      The repeater includes first and second directional couplers for coupling
      data signals from the repeater to the wire in the one direction and in the
      opposite direction, respectively, without substantial signal interference
      with signals being received by the repeater on the same wire. A wrap
      control function is included in the repeater which allows data signals to
      be placed on the wire going in the opposite direction from the received
      signals.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a data communication system and, more
      particularly, to a data communication system in which directional couplers
      are utilized to provide communications in both directions on a single line
      simultaneously, thereby doubling the data handling capacity of the system
      and providing an improved wrap control.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Loop data communications systems are known in which the information is
      generated at the host unit and transmitted along a single primary line to
      a repeater associated with a particular terminal. The wire continues from
      repeater to repeater and closes the loop back to the host unit. The
      information signals generated at the host unit are transmitted along the
      wire to a receiver in the respective repeater where it is amplified and
      re-transmitted onto the cable through a driver. Of course, the information
      can be updated, changed or new information inserted at the respective
      terminal. The prior art also has a feature commonly known as a wrap
      function, which generally requires two wires between the host and each of
      the terminals for operation. The host unit interrogates each of the
      repeaters, that is, it sends a message to the repeater requesting a return
      message. If the repeater does not respond, the host proceeds as if the
      line is broken and signals the next previous repeater to go into the wrap
      function. This consists essentially of re-directing the received signals,
      at the repeater, to a driver and to a coupling means which places the
      information signals onto the secondary cable for transmission back toward
      the host. Each repeater contains a wrap control unit for directing the
      incoming information signals to the wrap driver or to the normal driver in
      accordance with the signal received from the host unit.
PAR  In a single wire data transmission system, where the information is
      transmitted in one direction only, transformers can be used to perform the
      coupling. However, in a data transmission system wherein the data is
      traveling simultaneously in both directions on a single line, the
      transformer would not be suitable. For example, the transformer would
      couple the input signal energy from the primary to the secondary and split
      the energy so that half goes in the desired direction and half goes in the
      non-desired direction. The incoming signals on the same wire would be
      interfered with by the portion of the signal transmitted along the line in
      the non-desired direction. U.S. Pat. No. 3,612,781 shows a circuit which
      permits the simultaneous transmission of data in two directions on a
      common transmission line. This circuit includes, at each location, a
      differential amplifier with two inputs, the one input receiving data to be
      transmitted onto the line from the particular location and, the other
      input receiving both the data being transmitted onto the line from the
      location and the data being received on the line at the location. The two
      inputs are isolated from each other so that the output of the differential
      amplifier, which goes to the location receiver, is a function only of the
      data received on the line at the location. It can be seen that this type
      of operation requires a complicated circuit to obtain a single wire
      bidirectional system.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention consists of a data communications system having a
      host unit and a plurality of terminals connected to a single transmission
      wire wherein the data is placed on the wire traveling in opposite
      directions simultaneously. A plurality of repeater means each interfacing
      a pair of the terminals with the wire, are adapted to receive and
      regenerate data from either direction, to distribute the data to at least
      one of the pair of terminals and to couple data from the terminals to the
      transmission wire. The repeater includes a first directional coupler for
      coupling data signals from the repeater to the transmission wire in one
      direction without interfering with the data travelling on the wire in the
      opposite direction and a second directional coupler for coupling data
      signals from the repeater to the transmission wire in the other direction
      without interfering with the data travelling on the wire in the opposite
      direction, whereby data signals can be conveyed via the same communication
      medium in the opposite directions simultaneously, thus doubling the data
      capacity of the communications system.
PAR  It is a further feature of the data communications system to include in the
      repeater a wrap control unit which when properly signaled routes the
      received data signals to both of said pair of terminals and routes the
      data signals received from the terminals back onto the transmission medium
      in the opposite direction from the received data signals via the
      respective first and second directional couplers.
PAR  Accordingly, it is the main object of the present invention to double the
      data transmission capacity of a data communication system without
      increasing the number of transmission wires.
PAR  It is another object of the present invention to provide a data
      communication system in which the data can be transmitted on a single wire
      in both directions simultaneously.
PAR  It is another object of the present invention to provide a data
      communications system in which directional couplers are used in the
      repeaters at each of the stations to place the data onto the wire in the
      desired direction without substantial interference with the incoming
      opposite direction signals.
PAR  It is a further object of the present invention to provide a data
      communication system in which an improved wrap control function is
      provided to put the information back on the wire in the opposite direction
      from the direction of the received signal.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of an
      embodiment of the invention as illustrated in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram which shows a prior art data communications
      system loop having clock-wise data transmission and an auxiliary wire used
      to implement the wrap function.
PAR  FIG. 2 is a schematic diagram which shows a data transmission loop in which
      the data capacity has been doubled by providing a bidirectional
      communication capability.
PAR  FIG. 3 is a block diagram showing further details of the regenerative
      repeater of FIG. 2.
PAR  FIG. 4 is a schematic diagram showing the various wave forms associated
      with FIG. 3.
PAR  FIG. 5 is a logic diagram showing the wrap control function of the wrap
      control unit shown in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown the conventional prior art data
      communication system in the form of a closed loop wherein a host or loop
      controller 10 provides the information which is applied to the
      transmission line 12 in a clockwise direction. A number of stations are
      located along the transmission lines in the form of input/output devices
      14-14b such as terminals, tape machines, etc. Each input/output device
      receives information from and places information onto the transmission
      line 12 through an interfacing regenerative repeater 16-16b. Each
      input/output device located along the transmission loop communicates with
      the host loop controller 10. In addition to the single communication
      channel 12 shown, an auxiliary wire 18 is associated with the loop to
      implement a wrap function. The wrap function is initiated by the host unit
      10 which interrogates the I/O devices 14-14b requesting a response. This
      is done serially so that if a response is not received the next preceding
      station can be signaled to go into the wrap mode. This mode consists
      essentially of re-routing received and processed information back to the
      host unit via the auxiliary wire 18. The wrap function only takes place
      when there is a break in the line subsequent to the particular I/O device
      or station signaled into the wrap mode. Utilizing this method of
      interrogating successive I/O devices along the transmission loop, a break
      in the transmission loop can be located.
PAR  Referring to FIG. 2, there is shown a data transmission system in the form
      of a loop wherein the data transmission is bidirectional on a single wire
      20, so that the capacity of the system with respect to data handling is
      effectively doubled. The host or loop controller 22 places information
      onto the data transmission wire 20 in both directions. That is, the data
      is placed on the transmission line 20 going in a clockwise direction as
      shown by the appropriate arrow, and also data information is placed on the
      transmission line going in the counter-clockwise direction as shown by the
      appropriate arrows. The host or loop controller 22 is a computer and the
      various input/output devices 24a-24c connected thereto are generally
      terminals by means of which the access to the computer is obtained. The
      data placed onto the wire 20 by the host 22 in the clockwise direction is
      received by the first regenerative repeater 26a. The input/output device
      24a is predetermined to be operable with the regenerative repeater in
      response to data received in the clockwise direction. The information,
      subsequent to the operation thereon in the first clockwise repeater 26a
      and I/O device 24a, is sent to the second regenerative repeater 26b and
      associated I/O device 24b along the loop in the clockwise direction. This
      sequence extends to each of the regenerative repeaters and associated
      input/output devices along the loop until the information is again
      received in the host computer 22. Similarly, information signals are
      placed on the cable 20 by the host unit 22 travelling in the
      counter-clockwise direction. These information signals are completely
      separate from the previous information signals traveling in the clockwise
      direction and can be at a completely different data rate. This information
      travels on the same wire 20 in the counter-clockwise direction to the
      first regenerative repeater 26c in the counter-clockwise direction and its
      associated input/output device 28a. It should be noted that the
      input/output device 28a is selected as the input/output device within the
      loop for the counter-clockwise traveling signals. The information is
      received and acted upon in this regenerative repeater 26c and I/O device
      28a and transmitted onto the next repeater 26b and associated I/O device
      28b in the loop. This continues around the loop in the counter-clockwise
      direction until the data signals are again received in the host unit 22.
      It will be appreciated that there are really two communications loops, one
      in the clockwise direction and one in the counter-clockwise direction. The
      important thing to note is that they utilize the same wire. Another way of
      looking at the invention is that the data handling capacity of the loop
      has essentially been doubled. This improvement in the data communication
      system will require some changes in the regenerative repeaters 26a-26c to
      be able to handle information simultaneously in both directions without
      interference.
PAR  The regenerative repeater, shown in more detail in FIG. 3, contains a pair
      of directional couplers 31, 32 for placing the information onto the line
      20 going in the appropriate direction respectively. The important feature
      of the directional couplers 31, 32 in the application is that the signals
      can be coupled onto the line 20 going in the desired direction without a
      substantial signal being generated in the other direction on the line to
      interfere with the signal being transmitted along the line in that same
      direction. These directional couplers are the strip line variety which
      consist essentially of two parallel adjacent printed circuit strip lines
      sandwiched between two ground planes which are inductively and
      capacitively coupled so that the edges of a first pulse, of fast rise and
      fall time characteristics, propagating along one line, produce a positive
      pulse and a negative pulse in the other line. The lines are back coupled
      or directional in that the thus produced pulses propagate along the second
      line in a direction opposite to the direction in which the first pulse
      propagates along the first line. The energy transferred between the
      coupling segments of the two element directional coupler is affected by
      the various physical characteristics of the directional coupler such as
      the length, width and distance between the coupling segments.
PAR  In FIG. 3, the wire 20 is shown connected into the regenerative repeater 26
      at both sides thereof, the one side receiving the information signals
      traveling in the clockwise direction while the other side receives the
      counter-clockwise data signals as indicated by the designated arrows. The
      wave form of the data is shown in data wave form 41 of FIG. 4. Actually
      the wave form 41 is the wave form that is placed onto the wire after
      passing through a directional coupler. This wave form results from an
      original bi-frequency wave, where for example, a complete cycle starting
      with a positive phase represents a "1" bit of information and a complete
      cycle starting with a negative phase represents a "0" information bit.
      This data is received by the next regenerative repeater in the clockwise
      direction and is connected to receiver R1. It should be noted that the
      incoming clockwise traveling data received at any regenerative repeater
      represented by regenerative repeater 26 of FIG. 3 passes along element 33
      of the directional coupler 32. A resistor 34 is connected at the input to
      the receiver R1 to ground and has a sufficient value to provide an
      impedance equal to the characteristic impedance of the transmission line
      20. The wave form 42, shown in FIG. 4, at the input of receiver R1 is
      exactly the same as the wave form 41 received at the regenerative repeater
      26. This indicates that the directional coupler 32 connected to the line
      20 and the termination resistor 34 have no substantial effect on the
      information signals received at the receiver R1. Of course, there will be
      coupling of the incoming information through the directional coupler 32
      which information couples through the coupler in the opposite direction.
      Thus, the coupled signal will be traveling towards driver D2. However,
      this signal is relatively small in comparison to the signal being driven
      by driver D2 onto the wire through the directional coupler 32. The
      information, after passing through receiver R1, which is a receiver latch
      and amplifier combination, is transformed back to the bi-frequency code
      originally generated by the host unit. In other words, the wave form that
      results from the receiver R1 is substantially the same as the wave form
      prior to passing through a directional coupler. The details of a receiver
      and driver suitable for use in this invention are described in connection
      with the repeater shown in the publication "Transmission Systems for
      Communications" revised fourth edition December 1971 published by Western
      Electric Co., Inc. Technical Publications, Winston Salem, N.C. The
      receiver R1 latch operates upon receipt of a positive pulse with reference
      to ground such as wave form 42 to produce a positive level with respect to
      ground as seen in wave form 43. This level is maintained until a negative
      pulse is applied to the receiver latch thereby causing the output level to
      drop to ground level where it will remain until another positive pulse is
      received. The data wave form 43 is applied to I/O device 1; the I/O device
      can be any terminal, tape drive, etc. The information, if not designated
      for the I/O device, is connected back to the wrap control unit 36 as shown
      via line 38. However, if this signal data is designated for input/output
      device 1 the information is operated on, or it may be that this
      information is replaced by new information which is sent via line 38 to
      the wrap control unit 36. The details of the wrap control unit 36 will be
      discussed in connection with FIG. 6. The wrap control unit routes the data
      received thereby to a driver D1 which amplifies and shapes the information
      to be connected to the transmission line or wire traveling in the same
      clockwise direction as the information received by the repeater. The
      output of the driver D1 is shown in FIG. 4 as wave form 44. Actually wave
      form 43 and wave form 44 are essentially the same except for the delay in
      going through the wrap control unit and driver. The data signals
      represented by wave form 44 are applied to the directional coupler 31
      going in the direction indicated by the arrow on the connecting line 50.
      The other end of the first element 51 of the directional coupler 31 has a
      resistor 52 which is connected to ground and is of sufficient resistance
      to provide an impedance equal to the characteristic impedance of the
      transmission line 20 so that any signals propagating in that direction
      along the element 51 of directional coupler 31 will be essentially
      terminated. The signals coupled through directional coupler 31 onto the
      wire 20 travel in the opposite direction because of the directionality of
      the directional coupler. Thus, the coupled output is traveling on the wire
      20 in the clockwise direction as shown with a wave form similar to that
      shown in wave form 45. It can be seen that the coupler produces an
      attenuated wave form because of the losses taking place in the coupling.
      There is a signal placed on wire 20 going in the undesired direction, that
      is, toward receiver R2. However this signal is relatively small and is
      terminated in resistor 53.
PAR  The directional coupler, shown schematically in FIG. 3, is of the strip
      line variety which has two conductive segments extending parallel to one
      another. Generally, strip line type conductors are mounted on a substrate
      made of a non-conductive material such as epoxy glass and are arranged
      between two ground planes which usually consist of sheets of copper
      arranged over and under the conductors. One conductive segment of the
      directional coupler forms part of the main transmission line while the
      other conductive segment has one end connected to the branch transmission
      line and the other end terminated by a terminating resistor. The coupling
      takes place along the length of the conductive segments. The coupler
      operation depends upon the steepness of the incident pulse rise and fall
      time. The width or duration of the pulse produced by the coupling is
      determined by the length of the two segments in parallel and the rise time
      of the incident pulse. The performance of the coupler is related to the
      impedances offered to signals on the transmission line and the coupling
      ratio, which are determined by the widths of the lines in the coupled
      region, the thickness of the lines, the distance between ground planes and
      the relative dielectric constant of the material used. The coupled pulse
      travels in the opposite direction in the second conductive segment to the
      direction of travel in the first conductive segment, which in this case,
      forms part of the transmission line. A strip line coupler is operated by
      the edge of the wave passing along one of the lines and this wave edge
      should have a rise or fall time that is equal to or greater than two times
      the electrical length of the coupled region in order that the relationship
      of the height of the induced pulse be related to the height of the drive
      pulse in the manner defined by the coupling ratio. The wave forms
      generated as a result of the coupling of directional coupler 31 is shown
      in wave form 45 of FIG. 4.
PAR  The operation of the regenerative repeater 26 on the counter-clockwise data
      is exactly the same as that applied to the clockwise data. The
      counter-clockwise data is received in receiver R2 and sent to the
      input/output device 2. The resulting information from input/output device
      2 is sent to the wrap control unit 36 via line 57 where it is routed to
      driver D2 and placed onto the wire going in the counter-clockwise
      direction by directional coupler 32. It will be appreciated that the
      clockwise data is received, sent to input/output 1 and applied to the
      driver D1 from whence it is placed back on the wire going in the clockwise
      direction. The procedure set forth above takes place for the
      counter-clockwise data. The wave forms 41a through 45a shown in FIG. 4 are
      the mirror image of the wave forms 41 through 45. These wave forms 41a-45a
      are associated with the counter-clockwise data. It will be appreciated
      that the regenerative repeater is capable of handling information signals
      from both directions simultaneously, and placing such signals after
      handling back onto the single wire going in opposite directions. The key
      factor in the ability of the regenerative repeater 26 to handle
      information going in both directions is the directional couplers 31 and 32
      which have the ability to differentiate between two signals of equal
      amplitude and equal frequency propagating in opposite directions. This
      repeater 26 is able to double the data handling capacity because of the
      use of two I/O devices, one associated with the information going in one
      of the directions and the other associated with the data going in the
      opposite direction on the same wire.
PAR  Referring to FIG. 5, there are shown more details of the wrap control
      function. Wrap control in this embodiment has three possible modes of
      operation. Wrap right R., wrap left L and normal mode N which is actually
      no wrap. In order to understand the wrap control unit, the function of
      wrap control needs to be understood. The host unit determines where there
      is a break in the line by successively signaling the different I/O devices
      that an answer is required. For example, assume that there is a break in
      the line 20 between the second and the third input/output device 24b, 24c
      in FIG. 2. The host unit 22 will signal I/O 24a to wrap left, and
      subsequently the host will receive a confirmation from I/O 24a. The hose
      will then signal I/O 24a to operate in the normal mode. Subsequently, the
      host will signal I/O 24b to wrap left and the host will receive
      confirmation. The host will then signal I/O 24b to operate in the normal
      mode. The host then signals I/O 24c to wrap left. Since we have assumed
      that the break is between I/O 24b and 24c, there will be no confirmation
      signal received from I/O 24c. Therefore, the host signals I/O 24b to wrap
      left again. The host then signals 24c in the counterclockwise direction to
      wrap right. The host, if it receives confirmation from I/O 24c, leaves I/O
      24c in the wrap right mode. Obviously, this indicates that the break is
      between I/O 24b and I/O 24c.
PAR  The details of the wrap control unit are shown in FIG. 5. Assume the unit
      is in the normal mode with the input data signals received at receiver R1
      traveling in the clockwise direction. The information is connected from
      receiver R1 to OR circuit 60. It should be noted that the receiver R1
      receives information from the host unit 22 which puts the binary counter
      62 into the normal mode N. The OR circuit 60 passes the information to the
      I/O device 1, since it receives information signals from receiver R1 and
      no input signals from the AND circuit 64. The information from I/O 1 is
      sent to AND circuit 66. The AND circuit 66 passes the information since it
      also receives input signals from OR circuit 68 which signals are generated
      from the OR circuit by virtue of the fact that the N input thereto
      produces the signals. The output from AND circuit 66 goes to driver D1
      from whence it is connected to wire 20. Thus in the normal mode, the
      clockwise information is received by receiver R1, sent to the I/O device
      and put back onto the line by driver D1. Similarly, the information
      received in the counterclockwise direction by receiver R2, when the
      operation is in the normal mode N, is inputted to OR device 70 which
      passes the information to I/O 2, since this is the only input to OR
      circuit 70. The AND circuit 72 produces output signals which are connected
      to OR circuit 70 only when the wrap conrol unit is in the wrap left L
      mode. The input/output device 2 sends information to AND circuit 74, which
      is energized by the simultaneous reception of this information and the
      output signals from OR circuit 76. OR circuit 76 produces output signals
      by virtue of the fact that N (normal mode) signal only is received
      thereby. The output information from AND circuit 74 is connected to driver
      D2 for subsequent placement back onto the wire 20. In the normal operation
      N, the information is received from and placed onto the wire by its
      respective receiver and driver.
PAR  Now, considering the case where the host unit information sent to the
      binary counter 62 indicates a wrap left function L, the information is
      similarly passed through OR circuit 60 to I/O 1, since the AND circuit 64
      produces no output by virtue of the fact that it has as one of its inputs
      the wrap right function R. The information from I/O 1 does not produce an
      output. The OR circuit 68 produces no output since the L function is not
      an input thereto. Accordingly, the information is not passed to driver D1
      as it was in the normal mode. The information from I/O 1 goes through AND
      circuit 72 and OR circuit 70. OR circuit 70 passes the information to I/O
      2 since there are no other input signals to the OR circuit when it is in
      the wrap left mode of operation. I/O 2 sends the information to AND
      circuit 74 which is operative to pass the information, since the L input
      for OR circuit 76 produces an output therefrom which is received in AND
      circuit 74 to gate the information from I/O 2. The AND circuit 74 gates
      the information to driver D2 so that the information can be placed back
      onto the same wire from which it was received. It can be seen that this is
      the wrap left function.
PAR  The wrap right function is similarly obtained by virtue of receiver R2 and
      driver D1. For example, the information wrap right R is received in the
      binary counter from receiver R2 putting a wrap right R output into the
      wrap control unit. In the wrap right operation, receiver R2 receives the
      inforamtion from the host unit 22 in the counter-clockwise direction and
      applies it to OR circuit 70 which gates the information onto I/O 2. There
      is no input from AND circuit 72 by virtue of the fact that it is energized
      by the wrap left L function. The information from I/O 2 is gated through
      AND circuit 64 since it receives an input from the R output of the binary
      counter 62. The information from the AND circuit 64 passes through the OR
      circuit 60 by virtue of the fact that there is no inut to OR circuit 60
      from receiver R1 in the wrap right function. The information goes to I/O
      1. The output information from I/O 1 is gated through AND circuit 66 which
      simultaneously receives a signal from OR circuit 68 by virtue of the fact
      that it is energized by a wrap right R input from counter 62. The
      information passed by AND circuit 66 goes to driver D1 and is subsequently
      placed onto the wire 20 going in the opposite direction to the received
      information. It can be seen that the wrap control unit is a logic circuit
      arrangement which provides the ability to route the information back onto
      the same cable it is received from if that wrap operation is called for.
PAR  In summary, a data transmission system has been described and shown which
      effectively doubles the data handling capacity of the prior art system by
      providing directional couplers which allow the information to be placed on
      a cable going in the opposite direction to information being received on
      the cable without substantial signal interference. The arrangement also
      provides a wrap control function in which the information can again be
      simultaneously transmitted in opposite directions on a single wire.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiment thereof, it will be understood by those
      skilled in the art that the various changes in form and detail may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a data communications system having a host unit and a plurality of
      terminals connected to a single transmission wire;
PA1  means at said host unit for placing data on the transmission wire traveling
      in opposite directions;
PA1  a plurality of repeater means each interfacing a pair of said terminals
      with said transmission wire for receiving and regenerating data from
      either direction, distributing said data to at least one of said pair of
      terminals and coupling data from said terminals to said transmission wire;
PA1  said repeater means including a first directional coupler for coupling data
      signals from the repeater means to said transmission wire in the one
      direction without interfering with the data traveling on the wire in the
      opposite direction and a second directional coupler for coupling data
      signals from the repeater means to said transmission wire in the other
      direction without interfering with data signals traveling on the wire in
      the opposite direction whereby the data signals can be conveyed via the
      same communication wire in opposite directions simultaneously, thereby
      doubling the data handling capacity of the communications system.
NUM  2.
PAR  2. In a data communications system according to claim 1, wherein said
      transmission wire is formed into a loop starting and ending at said host
      unit.
NUM  3.
PAR  3. In a data communications system according to claim 1, wherein said means
      for placing data signals onto said transmission wire in opposite
      directions consists of one unit for placing data signals onto one end of
      the transmission wire traveling toward the other end and a second unit for
      placing data signals onto the other end of said transmission wire
      traveling towards said one end.
NUM  4.
PAR  4. In a data communications systems according to claim 1, wherein said
      means for placing data on said transmission wire traveling in opposite
      directions includes means for placing data on said transmission wire of
      different data rates traveling in opposite directions.
NUM  5.
PAR  5. A system according to claim 1, wherein said first and second directional
      couplers are each of a predetermined size and have a predetermined
      coupling co-efficient so as to maximize the coupling of the data in
      accordance with its frequency.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said repeater means includes a
      wrap control unit which when energized routes the received data signals to
      both said pair of terminals and routes the data signals received from said
      terminals back onto said transmission wire in the opposite direction from
      the received data signals via the respective first and second directional
      coupler.
NUM  7.
PAR  7. In a data communications system according to claim 6, wherein said wrap
      control unit includes a combination of AND and OR logic circuits for
      routing the data signals in accordance with the received mode of operation
      from the host unit.
NUM  8.
PAR  8. In a data communications system according to claim 7, wherein said
      combination of AND and OR logic circuits for routing the data signals are
      controlled to operate in the normal N mode to route the data signals from
      the transmission wire to the associated input/output device and back to
      the transmission wire traveling in the same direction.
NUM  9.
PAR  9. In a data communications system according to claim 7, wherein said
      combination of AND and OR logic circuits for routing the data signals are
      controlled to operate in the wrap right mode (R) or the wrap left mode (L)
      to route the data signals from the transmission wire to the associated
      input/output device and back to the transmission wire traveling in the
      opposite direction to the received data.
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ABST
PAL  A communication system using a single transmission line for the
      simultaneous bidirectional transmission and reception of a plurality of
      asynchronous digital data signals. At each end of the transmission line,
      transmitting means are provided for converting a plurality of individual
      digital data signals into a multi-level signal. The system permits
      simultaneous bidirectional transmission of these multi-level signals
      without requiring the incorporation of a clocking signal into the
      transmitted signals for decoding purposes. Multi-threshold receivers at
      each end of the transmission line provide for unclocked decoding of a
      received multi-level signal, the resulting decoded signals being applied
      to a pulse discriminating filter for removing spurious pulses which may be
      introduced during the unclocked decoding as a result of phase shift errors
      in the signals being decoded. A dynamically variable biasing circuit
      controls the biasing of the receivers in accordance with the instantaneous
      value of any multi-level signal being simultaneously transmitted from the
      same end as the receivers so as to cause the receiver thresholds to appear
      substantially constant to a received multi-level signal, thereby
      permitting simultaneous bidirectional transmission and reception along the
      single transmission line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to data transmission and in particular to improved
      means and methods for transmitting and receiving a plurality of digital
      data signals over a single transmission line.
PAR  Computer systems often involve a plurality of units such as processors,
      memories and input-output devices which are located some distance apart
      and are connected by transmission lines, such as electrical cables. Since
      a considerable number of interconnections are required between such units,
      the cost, complexity and space requirements of the transmission lines
      interconnecting the units are substantial. These problems can be reduced
      by using each transmission line to carry as many data signals as is deemed
      to be practical. Also, it is of a advantage that the communication system
      by such as to permit the data signals to be transmitted and received
      asynchronously with respect to one another, and also, without the need for
      incorporating additional clocking in the transmitted signal for use in
      decoding the received signal.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a broad object of the present invention to provide
      improved means and methods for transmitting and receiving a plurality of
      digital data signals on a single transmission line.
PAR  Another object of the invention is to provide simultaneous transmission and
      reception on a single transmission line of a plurality of digital data
      signals which may be asynchronous with respect to each other.
PAR  A further object of the invention is to provide for the transmission and
      reception on a single transmission line of a multi-level signal
      representative of a plurality of asynchronous digital data signals without
      requiring the incorporation of a clocking signal into the transmitted
      multilevel signal for decoding of received signals.
PAR  A still further object of this invention is the provision of a
      communication system for the simultaneous bidirectional transmission and
      reception on a single transmission line of multi-level signals
      representative of binary data signals from a plurality of sources.
PAR  Still another object of this invention is to provide a data communication
      system in accordance with one or more of the foregoing objects in which
      filter means are provided in combination with unclocked receiver decoding
      means for removing spurious pulses which may appear in the decoder output
      because of phase shift errors in the signals being decoded.
PAR  According to a preferred embodiment of the present invention, simultaneous
      bidirectional transmission and reception of a plurality of binary data
      signals are provided on a single transmission line. For transmission, one
      or more switched current drivers are directly coupled to each end of the
      transmission line, each current driver being controlled by a binary data
      signal. The output current of each driver has a predetermined amplitude
      sufficiently different from the currents provided by other current drivers
      at the same end of the line so as to be distinguishable therefrom. At each
      end of the transmission line, the predetermined currents of the individual
      drivers at that end are combined to form a multi-level signal.
PAR  There is also coupled to each end of the transmission line an unclocked
      multi-threshold receiver having associated logic and filtering circuitry
      which cooperate to provide for the decoding of a multi-level signal
      received from the transmission line, without the need for clocking, into
      the corresponding plurality of individual binary data signals controlling
      the current drivers at the other end of the transmission line.
PAR  In order to provide for simultaneous bidirectional transmission and
      reception using a single transmission line, means are provided associated
      with the receivers at each end for dynamically varying the receiver
      thresholds. These dynamic threshold variations are provided so as to
      permit the receiver circuits at each end of the line to properly decode a
      received multi-level signal at the same time that a multi-level signal is
      simultaneously being transmitted to the opposite end of the line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features, advantages and uses of the invention will become
      apparent to those skilled in the art as disclosure is made in the
      following description of preferred embodiments of the invention as
      illustrated in the accompanying drawings in which the same reference
      numerals and symbols are used in each of the several drawings to represent
      the same elements:
PAR  FIG. 1 is partly a functional block diagram and partly a schematic diagram
      for a preferred embodiment of this invention capable of simultaneously
      transmitting and receiving four-level signals, i.e., a bidirectional
      system for simultaneously transmitting and receiving two channels in each
      direction on a single transmission line;
PAR  FIG. 2 shows a detailed schematic diagram for the bias supply and one of
      the switched current drivers shown more generally in FIG. 1;
PAR  FIG. 3 illustrates a preferred embodiment of the decoder illustrated in
      block form in FIG. 1;
PAR  FIG. 4 illustrates examples of signal waveforms which may be present at
      various points in the decoder of FIG. 3 and in the filter of FIG. 5;
PAR  FIG. 5 illustrates a preferred embodiment of a filter for removing spurious
      pulses from the output signal produced by the decoder of FIG. 3; and
PAR  FIG. 6 illustrates a preferred embodiment of a second type of filter for
      removing spurious pulses from the decoder output signal.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In FIG. 1, there is shown a transmission line 10 having a local terminal or
      junction 12 at one end of the line and a remote terminal 11 at the other
      end of the line. Typically, the transmission line 10 may serve to provide
      electrical communication between two distinct units within a data
      processing system located at opposite ends of the line. It is to be
      understood that, in this preferred embodiment, there are transmitting and
      receiving circuits (not shown) at the remote station 13 connected to the
      remote terminal 11 which may have the same structure and function as those
      shown in FIG. 1 connected to the local terminal 12. A description of the
      construction and operation of the circuitry with respect to the local
      terminal 12 will thus also be applicable to the remote station 13.
PAR  The transmission line 10 is terminated at each of its ends by a resistor R1
      having a resistance equal to the characteristic impedance of the
      transmission line 10. At the local terminal, R1 is connected to the
      junction 12 by conductor 14. The junction 12 is a summing junction for
      currents representing both the data signals being transmitted to the
      remote station 13 as well as the data signals being received from the
      remote station 13.
PAR  The transmitting circuitry of FIG. 1 comprises switched current drivers 16
      and 22 responsive to bit serial binary data signals A.sub.T and B.sub.T,
      respectively, which may be asynchronous. Switched current driver 16
      delivers a predetermined amount of current, for example 30 milliamperes,
      along conductor 18 to the junction 12 when the bit serial binary data
      signal A.sub.T coupled to the input of current driver 16 has a true binary
      state, and delivers, for example, zero milliamperes when A.sub.T has a
      false binary state. Switched current driver 22 delivers a different
      predetermined amount of current, for example fifteen milliamperes, along
      conductor 24 to the junction 12 when the bit serial binary data signal
      B.sub.T coupled to the input of switched current driver 22 has a true
      binary state, and a zero current when B.sub.T has a false binary state.
      The current supplied by current drivers 16 and 22 are summed algebraically
      at junction 12, the relative impedances typically being such that one-half
      of the total current supplied to junction 12 by the current drivers 16 and
      22 flows to the transmission line 10 to be propagated to the remote
      terminal 11, while the remaining half of the current flows through
      conductor 14 to the grounded terminating resistor R1.
PAR  It will be understood that additional pluralities of binary data signals
      may be encoded into a single multi-level signal in accordance with the
      invention. Given n bit serial binary data signals A, B . . . , N, a
      suitable 2.sup.n -level signal is created where the encoding is
      accomplished according to the algebraic relationship
      (2.sup.n.sup.-1)A+(2.sup.n.sup.-2)B+ . . . +N. In the embodiment of FIG.
      1, since only two signals are being transmitted, n is equal to two and the
      multi-level signal created at the summing junction for transmission is a
      four-level signal corresponding to 2A+B. A similar logical encoding
      technique for encoding a plurality of binary data signals into a
      multi-level signal is disclosed in U.S. Pat. N0. 3,267,459.
PAR  In the preferred embodiment of the invention illustrated in FIG. 1, it is
      to be understood that two switched current drivers (not shown), similar to
      current drivers 16 and 22, are provided in the remote station 13 coupled
      to the remote terminal 11 for transmission to the junction 12, via the
      transmission line 10, of another distinct four-level signal formed from
      asynchronous binary data signals C.sub.T and D.sub.T according to the
      algebraic relationship 2C+D. For the purposes of this description the time
      required for propagation and any losses in the transmission line 10 may be
      neglected. At junction 12, a received four-level signal is summed
      algebraically with any four-level transmission signal current which is
      being transmitted at the same time.
PAR  Considering now the receiving portion of FIG. 1, it will be seen that three
      line receivers LR1, LR2 and LR3 are provided in the preferred embodiment.
      In general, where a multi-level signal resulting from the encoding of n
      binary data signals is present, 2.sup.n -1 line receivers, or the
      equivalent, will be required. In the preferred embodiment of FIG. 1, the
      same number of binary signals (two) are being transmitted and received via
      the junction 12. However, this invention does not require such symmetry.
      In a bidirectional communication system, the number of line receivers
      required at each end of the transmission line depends on the larger of the
      number of binary data signals combined in the multi-level signal encoded
      at either end of the line. In accordance with this invention, the number
      of binary data signals encoded for transmission at a terminal may be
      greater than, less than, or, as here, equal to the number of binary data
      signals being received at a transmission line terminal.
PAR  Each of the line receivers LR1, LR2 and LR3 in FIG. 1 is a
      threshold-responsive differential amplifier or comparator which provides a
      logical output, true or false, 1 or 0, depending upon the polarity and
      amplitude of the voltage applied to the differential inputs of the device.
      The line receivers may be any suitable commercially available integrated
      circuit unit such as the type included in Part No. MC3450 manufactured and
      sold by Motorola Semiconductor Products Inc.
PAR  An important feature of the invention resides in the provision of dynamic
      biasing for the three line receivers LR1, LR2 and LR3. Such dynamic
      biasing is provided so that the threshold level to which each line
      receiver is responsive will remain substantially constant with respect to
      a received multi-level signal even when a multi-level signal is
      simultaneously being applied to the junction 12 by the current drivers 16
      and 22 for transmission to the remote station 13. This dynamic biasing is
      accomplished by coupling one input terminal from each of the line
      receivers LR1, LR2 and LR3 to appropriate points on a series biasing
      circuit path extending from a junction 28 which is provided with a voltage
      that varies in accordance with the instantaneous value of any signal being
      transmitted. As shown in FIG. 1, junction 28 is connected to circuit
      ground through the conductor 30, a first diode 32, a second diode 34 and a
      biasing resistor R2. The biasing resistor R2 may typically have a
      resistance slightly greater than that of the terminating resistor R1. For
      example, for a 95 ohm transmission line, R1 will likewise have a
      resistance of 95 ohms, in which case R2 may have a resistance of 100 ohms.
PAR  The non-inverting signal input terminal of line receiver LR1 is coupled by
      the conductor 35 to the junction 28. The inverting signal input terminal
      of line receiver LR2 is coupled between the diodes 32 and 34. The
      non-inverting signal input terminal of line receiver LR3 is coupled
      between the diode 34 and the biasing resistor R2. The other input terminal
      of each of the line receivers, LR1, LR2 and LR3 is coupled to the
      conductor 14. As a result, the voltage developed across R1 is applied to
      one input terminal of each line receiver, while the other terminal of each
      line receiver receives a dynamically variable bias for causing the
      receiver threshold to remain substantially constant even when signals are
      being simultaneously transmitted and received.
PAR  As illustrated in FIG. 1, a bias supply 36 is provided for the series
      biasing circuit path. The bias supply 36 delivers a small constant current
      from its output terminal to the junction 28 by way of conductor 38. This
      current from the bias supply 36 is the static bias signal which sets the
      threshold for the line receivers in the absence of any transmitted
      signals. The static bias signal is sufficient to drive each of the two
      diodes 32 and 34 into the approximately constant-voltage-drop region of
      its operating characteristic, while providing predetermined threshold
      values for the line receivers LR1, LR2 and LR3 chosen to cause each
      receiver to reside in a particular one of its logical states so long as
      its threshold is not exceeded. For example, given a static bias signal of
      3.75 milliamperes, a resistance of 100 ohms for R2, and a constant voltage
      drop across each of the diodes of 0.75 v., a static bias voltage of 0.375
      v. is applied to the non-inverting signal input terminal of LR1, a static
      bias voltage of 1.125 v. is applied to the inverting signal input terminal
      of LR2, and a static bias voltage of 1.875 v. is applied to the inverting
      signal input terminal of LR1. With the biasing arrangement shown in FIG. 1
      and no signals appearing at the junction 12, LR1 and LR3 will be true,
      while LR2 will be false.
PAR  At the same time that switched current driver 16 is caused to deliver 30
      milliamperes to conductor 18 in response to A.sub.T being true, it also
      delivers approximately half that amount of current, or 15 milliamperes to
      its second output conductor 40. This latter current, which is employed in
      producing the dynamic bias signal, flows to the junction 28 where it is
      algebraically summed with the static bias signal in the conductor 30. This
      causes all of the bias voltages applied to the line receivers LR1, LR2 and
      LR3 to be increased, for example, by 1.5 v. Similarily, in response to
      B.sub.T being true, switched current driver 22 causes a signal of 7.5
      milliamperes to be delivered to junction 28 through conductor 42 raising
      the bias voltages applied to the line receivers by, for example, 0.75 v.
      It will thus be evident that the combination of static and dynamic bias
      signals applied to the line receivers LR1, LR2 and LR3 are chosen so that
      a transmitted milti-level signal applied to junction 12 will cause
      corresponding dynamic variations in the biasing of the line receivers,
      whereby the effective line receiver threshold levels will appear to remain
      substantially constant to a received multi-level signal developed across
      R.sub.1, even during simultaneous transmission and reception.
PAR  The respective predetermined threshold levels of the three line receivers
      LR1, LR2 and LR3 in FIG. 1 are chosen so as to derive from a received
      multi-level signal the predetermined binary digital outputs CD, C and C+D.
      These derived signals are in turn applied to a decoder 44 for producing
      binary data output signals C.sub.R and D.sub.R respectively corresponding
      to the binary data signals C.sub.T and D.sub.T encoded at the remote
      station 13. In order to remove any spurious pulses which may have been
      introduced into these binary data signals C.sub.R and D.sub.R, the output
      of decoder 44 is applied to a pulse discriminating means, such as the
      filter 46, which is designed to produce resulting binary data signals
      C.sub.R ' and D.sub.R ' from which such spurious pulses have been removed.
      The construction and operation of the decoder 44 will be more fully
      explained hereinafter in connection with the discussion of FIG. 3. The
      construction and operation of the filter 46 will be more fully explained
      in connection with the discussion of FIGS. 4-6.
PAR  FIG. 2 shows the details of circuits which are suitable for use as the
      switched current driver 16 and the bias supply 36. A positive voltage, V+,
      from a D.C. power supply is applied to the terminal 60 and, from there, to
      the resistors R3, R4 and R6 in the emitter circuits of transistors T1, T2
      and T4 respectively. The resistance values for resistors R3, R4 and R6 are
      chosen so that their respective transistor circuits will supply the
      predetermined amount of current desired. The magnitude of the positive
      voltage V+ is chosen to be sufficiently high so that the collector circuit
      of T1 will be capable of delivering the predetermined current desired of
      it to conductor 18 (and junction 12) for the highest voltage which may
      appear at junction 12. Current from terminal 60 also flows through zener
      diode 48 and resistor R5 to provide a constant voltage drive signal for
      the base to emitter circuits of the transistors T1, T2 and T4. The base of
      each of these transistors is coupled to the junction between the zener
      diode 48 and the resistor R5. Transistor T4, having the resistor R6 in its
      emitter circuit, comprises the bias supply circuit 36. The collector of T4
      is coupled to the junction 28 to supply the static bias signal to line
      receiver LR1 on conductor 35 and to line receivers LR2 and LR3 by way of
      conductor 30 (see FIG. 1). The switched current driver 16 comprises
      transistors T1, T2 and T3 along with their associated circuitry.
      Transistor T3 is switched either into full conduction or cut off depending
      on the state of the output of the inverting buffer amplifier 54 which is
      coupled to the base of T3 through resistors R7 and R8. When T3 is switched
      into full conduction, substantially all of the collector current of T1
      flows through the diode 50 and substantially all of the collector current
      of T2 flows through the diode 52 and then through the collector-emitter
      circuit of T3 to ground. Transistor T3 is switched into full conduction
      when the binary data signal A.sub.T is at ground potential or below, its
      false state. When A.sub.T is at a sufficiently high potential, its true
      state, T3 is switched off and the collector current of transistor T1 is
      directed through diode 56 to conductor 18 and thence to the junction 12 of
      FIG. 1. For this embodiment, the value of R3 is chosen so that the
      collector current of T1 will be 30 milliamperes when A.sub.T is true, as
      discussed above. Similarly, for A.sub.T in its true state, transistor T3
      supplies a dynamic bias signal of 15 milliamperes to the junction 28 by
      way of diode 58 and conductor 40. Diodes 56 and 58 insure that the
      impedance looking into the output of switched current driver 16 is high
      enough to appear to be an open circuit to the remainder of the system.
      Resistor R4 will have a resistance approximately twice that of resistor R3
      to set tye dynamic bias signal at the predetermined value of 15
      milliamperes.
PAR  Switched current driver 22 for binary data signal B.sub.T is not shown in
      FIG. 2. However, its structure and interconnection with junctions 12 and
      28 is identical to that shown for switched current driver 16. The only
      differences are in the resistance values of the emitter resistors, those
      corresponding to R3 and R4. The corresponding resistances for switched
      current driver 22 will be approximately twice that of R3 and R4 to produce
      the currents required for the encoded four-level transmission signal as
      well as for dynamic biasing purposes.
PAR  FIG. 3 shows a preferred form of the decoder 44 comprised of AND gates 62
      and 63 and NOR gate 64. As noted above, the inputs to the decoder 44 are
      the binary signals CD, C and C+D derived from the received multi-level
      signal by line receivers LR1, LR2 and LR3. As shown in FIG. 3, the input
      binary signal C is fed directly to the decoder output to serve as the
      decoder output signal C.sub.R. The signal C is also fed to AND gate 62.
      The remaining input signals CD and C+D are applied to AND gates 62 and 63
      and thence to NOR gate 64 for producing the decoder output signal D.sub.R.
      Such logic may, for example, be the same as that shown in FIG. 1 of the
      above-referenced U.S. Pat. No. 3,267,459. However, a significant
      difference is that the gates shown in FIG. 3 of the present invention need
      not be clocked, since the present invention does not require such
      clocking. Both of the AND gates 62 and 63 in FIG. 3 are preferably of the
      same type. As shown, the binary signals C and CD are applied through AND
      gate 62 to one input of NOR gate 64, while the binary signal C+D is
      transmitted to the other input of NOR gate 64 through normally open AND
      gate 63 so that both of the two inputs to NOR gate 64 will be subjected as
      closely as possible to the same propagation delays. It will be understood
      that the Boolean equation representative of the operation of AND gates 62
      and 63 and NOR gate 64 in FIG. 3 for producing the output binary signal
      D.sub.R is C.sup.. CD+C+D = C D+C D = D.sub.R.
PAR  As pointed out previously herein, the transmitting and receiving system of
      the preferred embodiment of the present invention is intended to be
      capable of use with asynchronous binary data signals, and also without the
      need for incorporating a clocking signal into the transmitted multi-level
      signal for use in decoding the received signal, as is required, for
      example, in the aforementioned U.S. Pat. No. 3,267,459. Thus, in the
      present invention, decoding of the asynchronous binary data signals
      contained in the received multi-level signals is performed by the decoder
      44 in FIGS. 1 and 3 without the use of clocking. As a result, since
      relative phase shift errors may be introduced into the signals being
      decoded because of transmission line distortions, threshold switching
      variations and/or differences in circuit propagation delays, it is
      possible for situations to occur which will produce spurious pulses in the
      resulting decoder output signals. Such situations will be better
      understood by reference to the waveforms of FIG. 4 which illustrate one
      possible example of how a spurious pulse might be produced and removed in
      accordance with the invention. For the purposes of the present invention,
      a spurious pulse will be defined as a pulse which is produced during
      logical decoding because of the occurrence of a relative phase shift error
      between logically related signals being decoded, such spurious pulses
      normally having a significantly shorter duration than the period of the
      signals comprising the binary signals being decoded.
PAR  The first signal waveform in FIG. 4 is an example of a signal C D which
      might appear at the upper input of NOR gate 64 in the decoder 44 of FIG.
      3. The second waveform in FIG. 4 is an example of a signal C D which
      should ideally appear at the lower input of NOR gate 64 when no relative
      phase shift error is present between C D and C D. The third waveform in
      FIG. 4 is an example of a signal C D which has been phase shifted by a
      time t.sub.1 from its proper phase position due to any one or more of the
      reasons mentioned above. The fourth waveform in FIG. 4 represents the
      resulting decoder output signal D.sub.R which will be obtained as a result
      of the logical combination by NOR gate 64 of the second and fourth signals
      C D and C D having the relative phase shift error t.sub.1 illustrated in
      FIG. 4. It will be noted that this relative phase shift t.sub.1 has caused
      a spurious pulse 84 to be introduced into the decoder output signal
      D.sub.R. An important feature of the present invention resides in the
      provision of means for removing such spurious pulses by feeding the
      decoder output signals to a pulse discriminating means such as the filter
      46 shown in block form in FIG. 1, a preferred embodiment thereof being
      illustrated in FIG. 5.
PAR  In the filter 46 of FIG. 5, the signal D.sub.R produced at the output of
      the decoder 44 (FIG. 4) is supplied to a time delay circuit 69 which may
      typically be an amplifier 69 providing a known selected time delay
      t.sub.2. The output of the amplifier 69 is a signal E which is applied to
      one of the inputs of the two-input NAND gate 70. The signal D.sub.R is
      applied to the other input of the NAND gate 70. The output of the gate 70
      is the signal F. The amplifier 69 and the gate 70 comprise the first stage
      of the filter 46.
PAR  The resulting waveforms of the signals E and F are illustrated by the fifth
      and sixth waveforms, respectively, shown in FIG. 4. The delay t.sub.2
      introduced by amplifier 69 is chosen to appropriately shift the phase of
      the resulting signal E relative to the applied signal D.sub.R so that no
      part of the spurious pulse 86 occurring in E occurs simultaneously with
      the spurious pulse 84. If a single amplifier 69 is insufficient to produce
      the required time delay of E relative to D.sub.R, then a plurality of such
      amplifiers may be used in cascade. It will be understood that having thus
      provided a sufficient amount of phase shift between the signals D.sub.R
      and E so that there is no overlap between any positive spurious pulses 84
      and 86, in D.sub.R and E, no positive spurious pulse will appear in the
      resulting signal F produced at the output of NAND gate 70, as illustrated
      by the seventh waveform in FIG. 4.
PAR  The first stage of the filter 46 comprised of amplifier 69 and NAND gate 70
      thus serves to remove positive spurious pulses from the input signal
      D.sub.R, such as illustrated by the spurious pulse 84 in the waveform
      D.sub.R in FIG. 4. However, it will be noted with respect to the signal F
      in FIG. 4 that the first filter stage lengthens the time intervals F = 1
      by the time delay t.sub.2, while shortening the intervals F = 0 by the
      delay t.sub.2, as compared to D.sub.R. Accordingly, in order to cancel out
      this lengthening and shortening, it is preferred to provide a like
      additional second stage for filter 44 comprising an amplifier 72
      (providing the same delay t.sub.2 as the first stage amplifer 69) and a
      NAND gate 74. The resulting output signal D.sub.R ' from this second
      filter stage is illustrated by the bottom waveform in FIG. 4 which will be
      seen to have the same length intervals as the input signal D.sub.R.
PAR  The above example has considered the removal of only positive spurious
      pulses from the decoder output signal D.sub.R. If negative spurious pulses
      are also present in D.sub.R, it will be understood that the operation of
      the first and second filter stages is such that any such negative spurious
      pulses will still be present in the signal D.sub.R ' produced at the
      output of the second filter stage, although the number and/or time
      duration thereof may be different from those appearing in the original
      signal D.sub.R. Thus, if it is desired to also provide for the removal of
      negative spurious pulses from the decoder output signal D.sub.R as well as
      positive spurious pulses, the second stage filter output signal D.sub.R '
      is inverted and applied to third and fourth filter stages (not shown)
      having a time delay appropriately chosen for removing these negative
      spurious pulses from the signal D.sub.R '. It will be understood that
      these additional third and fourth filter stages may have a like
      construction and operation as described for the first and second filter
      stages in FIG. 5. Accordingly, these additional third and fourth filter
      stages have not been specifically shown in FIG. 5, but they are to be
      considered as included in the filter 46 of FIG. 1 where removal of both
      positive and negative spurious pulses is desired.
PAR  Another embodiment of a filter for removing positive spurious pulses is
      shown in FIG. 7. This type of filter is particularly useful for removing
      spurious pulses occurring close to valid transitions. Filter stages 90 and
      92 are substantially identical to each other and provide for the removal
      of positive spurious pulses, respectively in the input signal D.sub.R. The
      first filter stage 90 comprises a time delay circuit provided by an
      amplifier 94, a plurality of AND gates 96, 98 and 100, and a NAND gate
      102. Typically, the operation of stage 90 is such that each of the AND
      gates 96, 98 and 100 removes a slice from a positive spurious pulse with
      the remaining slice being removed by NAND gate 102. The second filter
      stage 92 comprises similar elements as the first stage 90 and, similarly
      to the second filter stage in the embodiment of the filter of FIG. 5, is
      preferably provided to cancel out the lengthening and shortening of the
      signal intervals caused by the first stage. Also, as pointed out with
      respect to the filter of FIG. 5, where negative as well as positive
      spurious pulses are to be removed, the signal at the output of the second
      filter stage in FIG. 7 is inverted and applied to third and fourth filter
      stages (not shown) which are constructed for like operation as the first
      and second filter stages of FIG. 7.
PAR  While only certain preferred features of the invention have been discussed
      above by way of illustration, many modifications will occur to those
      skilled in the art. For example, it is apparent that the invention is also
      of significant value for use in a unidirectional communication system as
      well as in a bidirectional communication system.
PAR  It will also be apparent that the present invention may readily be extended
      for encoding, transmitting and receiving more than the two binary data
      signals in each direction in the preferred embodiment.
PAR  It is, therefore, to be understood that the appended claims cover the
      above-mentioned modifications and all other modifications coming within
      the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for transmitting and receiving a plurality of asynchronous
      individual digital data signals using a single transmission line, the
      combination comprising:
PA1  transmitting means for converting said plurality of digital data signals
      into a multi-level signal and for applying said multi-level signal to one
      end of said transmission line for transmission thereby;
PA1  unclocked receiving means at the other end of said transmission line for
      receiving a multi-level signal and for decoding the received multi-level
      signal into a plurality of digital signals representative of said
      plurality of individual digital data signals; and
PA1  pulse discriminating means to which the decoded digital signals are applied
      for removing spurious pulses therefrom having a significantly shorter
      duration than that of the decoded digital signals.
NUM  2.
PAR  2. The invention in accordance with claim 1, additionally including:
PA1  a second transmitting means for converting a second plurality of individual
      digital data signals into a second multi-level signal and for applying
      said second multi-level signal to the other end of said transmission line;
PA1  a second unclocked receiving means at said second end of said transmission
      line for receiving a multi-level signal and for decoding the received
      multi-level signal into a plurality of digital signals representative of
      said second plurality of individual digital data signals; and
PA1  second pulse discriminating means to which the decoded digital signals
      representative of said second plurality of individual data signals are
      applied for removing spurious pulses therefrom having a significantly
      shorter duration than that of the decoded digital signals.
NUM  3.
PAR  3. The invention in accordance with claim 2, wherein each unclocked
      receiving means includes:
PA1  a plurality of receivers having bias-controllable thresholds chosen to
      provide for decoding of a received multi-level signal; and
PA1  dynamically variable biasing means responsive to a multi-level signal being
      transmitted at the same end of the transmission line as the receiving
      means for controlling the biasing of said receiving means in a manner so
      that the thresholds provided thereby appear substantially constant to a
      received multi-level signal even during simultaneous transmission of a
      multi-level signal from the same end of the transmission line.
NUM  4.
PAR  4. The invention in accordance with claim 1, wherein said pulse
      discriminating means is a filter having a first stage comprising:
PA1  means for delaying a decoded digital signal so that there is no overlap
      between the coorresponding spurious pulses in the delayed and undelayed
      decoded digital signals; and
PA1  means for logically combining the undelayed and delayed decoded digital
      signals in a manner so as to poduce a resulting decoded digital signal
      from which spurious pulses have been removed as a result of there being no
      overlap between the corresponding spurious pulses in the delayed and
      undelayed decoded digital signals.
NUM  5.
PAR  5. The invention in accordance with claim 4, wherein said pulse
      discriminating means also includes a second stage following said first
      stage for compensating for variations in the time durations of the decoded
      digital signals produced by said first stage.
NUM  6.
PAR  6. The invention in accordance with claim 5, wherein said filter
      additionally includes third and fourth stages following said first and
      second stages, said third stage being operative to remove spurious pulses
      having an opposite polarity to those removed by said first stage, and said
      fourth stage being operative to compensate for timing variations produced
      by said third stage.
NUM  7.
PAR  7. The invention in accordance with claim 1, wherein said pulse
      discriminating means is a filter including successive logical circuits
      which operate to remove a spurious pulse from a decoded digital signal by
      successively removing slices from the spurious pulse until the pulse is
      eliminated.
NUM  8.
PAR  8. The invention in accordance with claim 7, wherein said filter includes
      means for compensating for variations in time durations of the decoded
      digital signal produced by the removal of spurious pulses.
NUM  9.
PAR  9. In a system for transmitting and receiving digital data signals using a
      single transmission line, improved means coupled to one end of said line
      capable of transmitting a first multi-level signal representative of a
      first plurality of individual digital data signals while simultaneously
      receiving and decoding at said one end a second multi-level signal
      representative of a second plurality of individual digital data signals,
      said improved means comprising:
PA1  transmitting means for converting said first plurality of digital data
      signals into said first multi-level signal and for applying said first
      multi-level signal to one end of said transmission line for transmission
      thereby;
PA1  a plurality of unclocked receivers coupled to said one end of said
      transmission line, one for each of the levels of said second multi-level
      signal, each receiver having a bias-controllable threshold chosen so that
      the receivers together provide for detecting all of the levels of said
      second multi-level signal;
PA1  logical decoding means coupled to the outputs of said receivers for
      producing decoded digital signals representative of said second plurality
      of individual digital data signals; and
PA1  dynamically variable biasing means responsive to a first multi-level signal
      being transmitted by said transmitting means for controlling the biasing
      of said receivers so that the thresholds provided thereby appear
      substantially constant to a received second multi-level signal even during
      simultaneous transmission of a first multi-level signal by said
      transmitting means.
NUM  10.
PAR  10. The invention in accordance with claim 9, including:
PA1  pulse discriminating means to which the decoded digital signals are applied
      for removing spurious pulses therefrom having a significantly shorter
      duration than that of said decoded signals.
NUM  11.
PAR  11. The invention in accordance with claim 9, wherein said transmitting
      means includes a plurality of switchable current drivers responsive to
      said first plurality of digital data signals whose outputs are summed to
      form said first multi-level signal, and wherein said dynamically variable
      biasing means includes a biasing circuit path responsive to outputs from
      said current drivers for causing corresponding variations in the biasing
      of said receivers.
NUM  12.
PAR  12. A method for the simultaneous transmission and reception of multi-level
      signals at one end of a transmission line wherein the transmitted and
      received multi-level signals are each representative of a corresponding
      plurality of individual digital data signals, said method comprising the
      steps of:
PA1  converting a first plurality of digital data signals into a first
      multi-level signal;
PA1  applying said first multi-level signal to one end of said transmission
      line;
PA1  decoding a second multi-level signal received at said one end of said
      transmission line by steps including detecting the levels of the received
      multi-level with reference to predetermined threshold values chosen so as
      to produce resulting digital signals representative of a second plurality
      of individual data signals;
PA1  dynamically varying said predetermined threshold values in accordance with
      the instantaneous value of a transmitted multi-level signal so that the
      thresholds appear substantially constant to a received multi-level signal
      even during simultaneous transmission of a first multi-level signal from
      said one end of said transmission line; and
PA1  filtering said resulting digital signals by removing therefrom spurious
      pulses having a significantly shorter duration than that of said resulting
      digital signals.
NUM  13.
PAR  13. A method providing for the simultaneous bidirectional transmission of a
      plurality of asynchronous individual digital data signals using a single
      transmission line, said method comprising the steps of:
PA1  converting a first plurality of individual data signals into
PA1  a first multi-level signal and applying said first multi-level signal to
      one end of said transmission line;
PA1  converting a second plurality of individual data signals into a second
      multi-level signal and applying said second multi-level signal to the
      other end of said transmission line;
PA1  decoding a received multi-level signal at each end of said transmission
      line by steps including detecting the levels of the received multi-level
      signal with reference to predetermined bias-controllable threshold values
      chosen so as to produce resulting digital signals representative of the
      corresponding plurality of individual digital data signals transmitted
      from the other end of the transmission line;
PA1  dynamically varying the biasing of said predetermined threshold values at
      each end of the transmission line in accordance with the instantaneous
      value of a multi-level signal being simultaneously transmitted from that
      end so that the thresholds at each end appear substantially constant to a
      received multi-level even during simultaneous transmission and reception
      of a multi-level signal at each end; and
PA1  filtering the resulting decoded digital signals by removing therefrom
      spurious pulses having a significantly shorter duration than that of the
      resulting decoded digital signals.
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ABST
PAL  A data modem that operates to permit the concurrent high speed
      transmission/reception of digital data over two independent data links or
      systems, is disclosed. Data bits concurrently applied to a transmitting
      modem from two independent data sources are interlaced to form a stream of
      data bits that are effectively grouped as data words to be differentially
      phase modulated. Modulated data may be transmitted over ordinary voice
      grade telephone lines to a distant receiver modem at effectively twice the
      bit rate of the individual data sources. Successive groups of six
      interlaced data bits are divided into two groups of three bits which are
      uniquely identified by having a selected phase angle added to or
      subtracted from the differential phase angle for alternate groups of three
      bits. The selectively added phase angle is detected at a receiving modem
      to identify the respective groups of three bits and thereby permit
      accurate distribution of demodulated data bits to the respective data
      utilization terminals corresponding to the two data sources.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention generally relates to the high speed transmission of digital
      data over unconditioned voice grade telephone lines connecting distant
      data terminals. More specifically, this invention concerns data modems for
      enabling two independent data systems to be concurrently operated and
      serviced by a single pair of modems.
PAR  2. Description of the Prior Art
PAR  The high speed transmission of digital data between physically distant data
      terminals is today commonplace. Modern modems or data sets used for
      digital data transmission now permit such data to be transmitted over
      unconditioned voice grade telephone lines.
PAR  Typically, a modem is required to be used at each data terminal to modulate
      data to be transmitted from a transmitting terminal and demodulate
      received data at a receiving terminal. Each modem hence includes two basic
      portions, a transmitter and a receiver. The transmitter generally operates
      to accept digital signals and convert these digital signals to modulated
      analog signals for transmission over the telephone lines. The receiver
      operates to accept the modulated analog signals and reconvert, or
      otherwise recover, the originally transmitted digital signals. Both the
      transmitter and the receiver may be encased within a common container to
      share a power supply and other general purpose components such as a clock
      source, etc. However, since the transmitter and receiver are functionally
      independent and would be both functioning only during full-duplex
      operation, each may be separately contained.
PAR  An assortment of modulation techniques have been used by different modem
      manufacturers to successfully accomplish the desired data transmission.
      Differential phase modulation is one such technique that has been used to
      compensate for difficulties attendant to, and thereby permit, the use of
      unconditioned voice grade telephone lines. An extensive and detailed
      description of such differential phase modulation as applied to modems is
      included in U.S. Pat. No. 3,524,023, U.S. Pat. No. 3,590,381 and U.S. Pat.
      No. 3,643,023.
PAR  As is well known, digital data transmission may occur at any of several bit
      rates. Conventional modems are available to accommodate data rates ranging
      from below 300 bits per second to as high as 9600 bits per second. Some
      modems are adapted to operate at several different data rates, any one of
      which may be selected for a particular operation. Other modems are
      designed for operation at a single data rate that is compatible with other
      components of a data system. For example, where data sources capable of
      data rates of 2400 bits per second are used, a modem designed for that
      rate may be used. Updating of a data system to operate at a higher speed
      such as at 4800 bits per second may typically require a change or
      modification of the data sources as well as the modems. Needless to point
      out, the cost of a high speed modem is significantly higher than lower
      speed modems. For example, a modem that operates at a data rate of 4800
      bits per second may have a cost that is greater than three times the cost
      of a modem that operates at 2400 bits per second.
PAR  As may now be readily appreciated, two complete data systems would require
      the use of four modems, a pair of each data system. Similarly, two
      complete sets of telephone lines would be required. Obviously, if two such
      independent data systems are able to concurrently employ a single pair of
      modems, a vast savings of both cost and equipment requirements would
      result, since certain requirements would be halved, i.e., only one pair of
      modems and one set of telephone lines would be required.
PAR  Accordingly, it is the intention of the present invention to provide a
      multiplexed data modem which will concurrently accommodate two independent
      data systems and thereby substantially reduce the normally associated
      equipment requirements and attendant costs.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the present invention involves an improved data modem
      that permits concurrent operation of two independent data systems.
PAR  More particularly, the subject multiplexed data modem is adapted to serve
      two independent data systems connected by a single set of telephone lines
      to allow concurrent transmission and/or reception of data. The subject
      modem includes a transmitter having a modulator for differentially phase
      modulating data bits that are concurrently applied thereto for
      transmission. The modem also includes a receiver having a demodulator for
      demodulating received signals for distribution to a pair of separate data
      terminals. Multiplexing at the transmitter is accomplished by interlacing
      successive data bits applied from each of the two data sources to
      continually form successive groups of six bits each having two half-groups
      of three data bits. Such three bit half-groups are uniquely identified as
      either a first or second half-group by having a selected modifying phase
      angle periodically added to, or subtracted from, the differential phase
      angle of modulated data signals. The added or subtracted modifying phase
      angle is duplicated at a receiving modem to maintain synchronous operation
      and thereby permit demodulation of received data. Duplication of the added
      or subtracted modifying phase angle at the receiver also enables
      identification of the first and second half-groups to effect accurate
      distribution of the individual data bits to the correct one of the two
      receiving data terminals.
PAR  The objects and many attendant advantages of the invention will be more
      readily appreciated as the same becomes better understood by reference to
      the following detailed description which is to be considered in connection
      with the accompanying drawings wherein like reference symbols designate
      like parts throughout the figures thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram illustrating the general relationship
      of two independent data systems which are adapted for concurrent operation
      by employment of multiplexed data modems, in accordance with the present
      invention.
PAR  FIG. 2 is a graphic diagram that illustrates an exemplary eight-level
      modulation scheme that may be used in conjunction with the present
      invention.
PAR  FIG. 3 is a tabular presentation of an exemplary eight-level coding scheme
      that is useful in conjunction with the present invention.
PAR  FIG. 4 is a schematic block diagram illustrating an embodiment of a
      multiplexer-modulator that may be used in conjunction with a modem in
      accordance with the present invention.
PAR  FIG. 5 is a graphic diagram that illustrates the relationship of
      successively alternating three bit half-groups that are involved in the
      operation of the present invention.
PAR  FIG. 6 is a schematic block diagram illustrating an embodiment of a
      multiplexed-demodulator that may be used in conjunction with a modem in
      accordance with the present invention.
PAR  FIG. 7 is a graphic diagram illustrating a number of waveforms that are
      useful in understanding the operation of the circuitry of FIG. 6.
PAR  FIG. 8 is a graphic diagram illustrating a number of waveforms that are
      useful in understanding the effect of the 45.degree. phase angle additions
      according to the invention when in-phase and out-of-phase.
PAR  FIG. 9 is a graphic diagram illustrating a number of waveforms that are
      useful in understanding the phase correction accomplished by operation of
      essentially the elements 142, 144, 146 and 148 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, FIG. 1 illustrates the essential elements of a
      pair of multiplexed modems that are operationally interconnected to
      service two independent data systems in accordance with the present
      invention. For purposes of simplicity, the transmitter portion of a first
      modem A and the receiver portion of a second modem B are illustrated and
      described hereinbelow. It is to be understood that in practice the modems
      A and B each would include both a receiver circuit and a transmitter
      circuit.
PAR  The transmitter portion of a modem in accordance with the present invention
      essentially includes a multiplexer-modulator 10 and a band limiting filter
      12. Data to be transmitted from a pair of data sources 14 and 16 is
      applied to the modulator 10 for multiplexing and differential phase
      modulation. The modulated data is then applied through the band limiting
      filter 12 to conventional unconditioned voice grade telephone lines 18 for
      transmission to an intended receiving terminal such as the receiver of
      modem B.
PAR  As shown, the telephone lines 18 serving a transmitter may be connected to
      telephone lines 20 serving an intended receiving terminal via extensive
      switching and control circuitry 21 that may be owned and/or operated by
      telephone companies.
PAR  The receiver portion of a modem may essentially include a band pass filter
      22, an equalizer 24 and a demultiplexer-demodulator 26 which operates to
      demultiplex and demodulate the modulated signals received from the
      transmitting data terminal. Any frequency translation of transmitted and
      received signals is also hereinafter described in conjunction with the
      modulator 10 and the demodulator 26. Demodulated data is distributed to
      each of two data utilization devices 28 and 30 which may respectively
      correspond to the data sources 14 and 16.
PAR  The data sources 14 and 16 may represent digital data encoders, or the
      like. Similarly, the data utilization devices 28 and 30 may represent
      digital data decoders. As is well known, such digital data encoders and
      decoders are frequently used in conjunction with modems to provide data in
      a suitable digital format, i.e., NRZ, split-phase-mark, etc. The present
      invention anticipates the use of any of the conventional types of encoders
      and/or decoders that are well known in the art.
PAR  The equalizer 24, as is conventional, serves to neutralize or counteract
      the effects of amplitude attentuation and/or signal distortion caused by
      envelope delay. Although the equalizer 24 is illustrated as being situated
      at the receiver of the modem B, the equalizer 24 may be readily connected
      at the transmitter of the modem A in any manner that is well known in the
      art. Any of the conventional and well known types of equalizers may be
      used in conjunction with the present invention. A detailed description of
      equalizers and modems may be obtained by reference to "Data Modem
      Selection and Evaluation Guide", by Vess V. Vilips, Artech House, Inc.,
      copyright 1972, or by reference to any other available text.
PAR  The filters 12 and 22 may be band limited or band pass filters of any well
      known type which are designed to either operate as two separate filters or
      in combination as a composite filter to provide a desired composite
      frequency response.
PAR  The modulator 10 and the demodulator 26 may each be adapted for
      differential phase modulation. In the present invention, an eight-level
      modulator scheme is used. As is well known, such eight-level modulation
      schemes may commonly involve purely phase modulation using eight different
      phases, or a combination of phase and amplitude modulation such as by
      using four phases and two amplitude levels. Clearly, such eight-level
      modulation schemes will accommodate each of eight different conditions
      which may be represented by the eight different binary words that are
      possible to be formed using three binary bits.
PAR  The graphic diagram of FIG. 2 illustrates an exemplary coding scheme
      involving the use of four-phases and two amplitude levels. As shown, each
      of eight different three-bit binary words have been correlated with a
      particular phase and amplitude level. Table I presented hereinbelow and as
      FIG. 3 of the drawings presents in a tabular format the correlative phase
      and amplitude relationships between the respective eight three-bit binary
      words illustrated by FIG. 2.
TBL                TABLE I                                                     
     ______________________________________                                    
     EXEMPLARY EIGHT-LEVEL MODULATION                                          
     USING FOUR PHASES AND TWO AMPLITUDES                                      
     Binary Word                                                               
                Differential  Amplitude                                        
                Phase Angle                                                    
     ______________________________________                                    
     000         0.degree.    low                                              
     001         0.degree.    high                                             
     010         90.degree.   low                                              
     011         90.degree.   high                                             
     100        180.degree.   low                                              
     101        180.degree.   high                                             
     110        270.degree.   low                                              
     111        270.degree.   high                                             
     ______________________________________                                    
PAL  It is to be noted that any other conventional coding scheme may be used
      instead of that which is exemplified by Table I.
PAR  As is well known, the phase angles that are discussed with respect to
      differential phase modulation constitute the angular difference between
      the phases of consecutively received signals. Accordingly, the phase of
      the last previously received signal must be known in order to demodulate
      received signals. As an example, if the last previously received signal
      has a phase angle of 90.degree., and the phase angle of the next received
      signal is 270.degree., a differential phase angle of 180.degree. would be
      involved for purposes of differential phase modulation. Referring to the
      exemplary code presented by Table I, the 180.degree. differential phase
      angle would correspond to one of the binary words or bit groupings 100 or
      101. The amplitude level of the received signal would be definitive of
      which of the binary words had been received. A high amplitude level
      (designated by an "H" in the chart of FIG. 3) would identify the binary
      word as 101 while a low amplitude level (designated by a "L") would
      identify the binary word 100. A detailed description and discussion of
      prior art differential phase modulators and demodulators may be found by
      reference to any or all of the earlier mentioned patents.
PAR  Referring now to FIG. 4, a multiplexer-modulator 10 suitable for use with
      the subject invention is illustrated. It may be assumed that digital data
      is provided from the sources 14 and 16 at a data rate of 2400 bits per
      second. For purposes of identification, successive groups of three data
      bits from the data source 14 may be referred to as bits A.sub.1, A.sub.2
      and A.sub.3. Similarly, successive groups of three data bits from the data
      source 16 may be referred to as B.sub.1, B.sub.2 and B.sub.3. In both
      instances, the numerical subscripts are used to denote the order of
      occurrence, i.e., bit B.sub.1 occurs earlier in time than B.sub.2, etc.
PAR  As shown by FIG. 4, data bits from the sources 14 and 16 are serially
      applied to a pair of tapped shift registers 32 and 34, respectively. Each
      of the shift registers 32 and 34 may be designed to have three stages to
      accommodate three successively applied data bits. As will become clear
      hereinafter, greater numbers of bits may be transferred from suitable
      shift registers. The shift registers 32 and 34 are each tapped to permit
      the three data bits stored by the respective stages of the shift registers
      to be outputted, sampled, or the like, at regular time intervals. For
      example, consecutive groups of three successive bits may be outputted at a
      rate of 800 cycles per second via and under the control of a transfer gate
      33. The transfer gate 33 may be replaced by a suitable alternative such as
      a multibit buffer register.
PAR  The data bits from the shift registers 32 and 34 are transferred via the
      gate 33 to a six-bit shift register 36. As shown by FIG. 4, the bits may
      be interleaved or interlaced in the order shown, i.e., A.sub.1, B.sub.1,
      A.sub.2, B.sub.2, A.sub.3, B.sub.3. Such interlacing of bits is an
      expedient procedure that may be replaced by any other arrangement of bits.
      However, it is important for modulation purposes that there is formed at
      least two groups of three bits for compatibility with the modulation
      procedure.
PAR  When data bits are concurrently provided from a pair of data sources 14 and
      16 at a data rate of 2400 bits per second, it is clear that the bits may
      then be outputted from the shift register 36 at an effective data rate of
      4800 bits per second.
PAR  The shift registers 32, 34 and 36 may be of any conventional configuration
      which are adapted to be appropriately clocked by the application of clock
      pulses (not shown) to perform the above described procedure.
PAR  Referring to the graphic diagram of FIG. 5, three successive groups of six
      bits are illustrated. Each group of bits is shown to be in the earlier
      described temporal sequence. In accordance with the present invention,
      each such group of six bits may be treated as two half-groups of three
      bits each. Such three bit half-groups would be compatible with the earlier
      described three bit differential modulation coding scheme. As shown, the
      first half-groups include the bits A.sub.1, B.sub.1, A.sub.2, and the
      second half-groups include the bits B.sub.2, A.sub.3, B.sub.3. Obviously,
      demultiplexing and demodulation of transmitted data at a receiver requires
      that each half-group be identifiable and distinguishable as a first or
      second half-group. Such identification is accomplished in accordance with
      a preferred embodiment of the present invention by regularly modifying the
      differential phase angle corresponding to each second half-group as it
      occurs. Such modification may take the form of a phase angle additon or
      subtraction. For example, a 45.degree. angle or other angle may be added
      or substracted. Obviously, such 45.degree. angle modification when
      selected may be effectively accomplished by both the addition and
      subtraction of selected angles, i.e., adding a 22.5.degree. phase angle
      and subtracting a 157.5.degree. angle. For purposes of the following
      description, a 45.degree. angle is used.
PAR  The required 45.degree. phase angle addition would occur at a frequency of
      800Hz.
PAR  Such phase addition is graphically illustrated by the crosslike replicas of
      the diagram shown in FIG. 2 that appear below the groups of bits
      symbolized by corresponding letters. Proceeding from left to right, the
      successively repositioned arrowheads are intended to show the 45.degree.
      phase angle additions that occur with each successive second half-group.
PAR  As shown, the 45.degree. phase angle that is added for the second
      half-group of group I is maintained until the last bit of the first
      half-group of group II has been, in effect, read from the shift register
      36. A 45.degree. phase angle would next be added for the second half-group
      of group II and would continue for the duration of the first half-group of
      group III. Such addition of a 45.degree. phase angle would be routinely
      carried out at the occurrence of each succeeding second half-group. In
      short, a 45.degree. phase angle is added for every other three bit group,
      which in this case has been chosen to be successive second half-groups.
      Needless to point out the added phase angle may be used as well to
      routinely alter the phase of the first half-groups.
PAR  As earlier mentioned, the desired 45.degree. phase angle additions would be
      carried out at a frequency of 800Hz in the present case wherein two data
      sources which provide data at 2400 bits per second are involved. As shown
      by FIG. 5, an 800Hz square wave signal that is synchronized with the
      half-groups of three bits may be used to continually effect the timely
      addition of the 45.degree. phase angle that is added with each second
      half-group. Each of the pulses 38, 40 and 42 would have a pulse width
      corresponding to a baud period or the time period necessary to accommodate
      three data bits included in each half-group. Similarly, the interpulse
      periods 39, 41 and 43 would correspond to a baud period or the time
      duration of a three bit half-group and would therefore be equal in time
      duration to the pulses 38, 40 and 42, etc.
PAR  It is to be noted at this juncture that the 45.degree. phase angles are
      added to whatever differential phase angle corresponds to the combination
      of three data bits being transmitted. For example, if the data bits
      B.sub.2, A.sub.3 and B.sub.3 in the second half-group of group I were 101,
      respectively, the corresponding differential phase angle would be
      180.degree.. The added 45.degree. phase angle would then result in a
      modulation phase angle of 225.degree.. It is to be noted that certain well
      known transmission techniques may be used which further alter the actual
      phase angle of transmitted signals by an accounted for amount without
      affecting the correspondence between the chosen three bit code and related
      differential phase angles.
PAR  Referring once again to FIG. 4, the multiplexed data bits provided from the
      shift register 36 may simply be differentially phase modulated for
      transmission in accordance with a standard technique such as is disclosed
      in the above-referenced patents. As shown, a suitable circuit for carrying
      out the desired phase modulation may include three flip-flop circuits 44,
      46 and 48 which are connected in series and to which data bits are
      applied. As shown, data bits are simultaneously applied to both input
      terminals of the flip-flop circuit 44. An inverter circuit 50 is used in
      conjunction with the reset(R) input of the flip-flop circuit 44 such that
      a "true" or "1" binary bit will cause the flip-flop to become "set" and a
      "false" or "0" binary bit will cause the flip-flop circuit 44 to become
      "reset". As may be appreciated, three successive bits such as A.sub.1,
      B.sub.1 and A.sub.2 may be respectively accommodated by the flip-flops 48,
      46 and 44 concurrently as such bits are received from the shift register
      36. The flip-flop circuits 44, 46 and 48 would be clocked by a 4800Hz
      clock signal from an appropriate source (not shown) to accommodate the
      4800 bits per second output rate of the shift register 36.
PAR  Sampling the contents of the shift register 44, 46 and 48 at time intervals
      corresponding to a 1600 bits per second data rate and in synchronism with
      the half-groups permits the desired groups of data bits to be detected or
      read for modulation purposes. Accordingly, the data bits A.sub.1, B.sub.1
      and A.sub.2 or the data bits B.sub.2, A.sub.3 and B.sub.3 would be stored
      by the respective flip-flop circuits 48, 46 and 44, when the contents
      thereof are sampled for modulation. It is to be noted that if the order of
      the bits is not as exemplified by FIG. 5, then the contents of the
      flip-flop circuits 44, 46 and 48 would be something different and in
      accordance with whatever order of bits is used.
PAR  The contents of the flip-flop circuits 46 and 48 are applied to a plurality
      of logic gates for the purpose of developing phase angle signals in
      accordance with the exemplary code described by Table I and FIG. 3. The
      contents of the flip-flop circuit 48 corresponds to the most significant
      bit (MSB) of the three bit binary words contained by the flip-flop
      circuits 44, 46 and 48. The "set" output of the flip-flop circuit 48 is
      connected as an input to a pair of AND gates 52 and 54. The "reset" output
      of the flip-flop 48 is connected as an input to a third AND gate 56.
      Similarly, the "set" output of the flip-flop 46 is connected as an input
      to the AND gates 52 and 56 while the "reset" output of the flip-flip 46 is
      connected as an input to the AND gate 54. As a result, the AND gate 56
      will be coded for the binary word 01 corresponding to a 90.degree. angle
      by receiving input signals at both input terminals whenever a "0" bit and
      a "1"  bit are respectively contained by the flip-flop circuits 48 and 46.
      Similarly, the AND gate 54 will be coded for the binary word 10
      corresponding to a 180.degree. angle by receiving signals at both input
      terminals whenever a "1" bit and a "0" bit are respectively contained by
      the flip-flop circuits 48 and 46. The AND gate 52 will be coded for the
      binary word 11 corresponding to 270.degree. by receiving signals at both
      inputs whenever a "1" bit is contained by both of the flip-flop circuits
      48 and 46. Accordingly, each unique combination formed by the most
      significant two bits of successive three-bit data words will result in an
      output being provided from a single one of the AND gates 52, 54 and 56.
      Output signals from the AND gates 52, 54 and 56 thus respectively
      correspond to the phase modulation angles of 270.degree., 180.degree. and
      90.degree. for the respective digital words "11", "10" and "01". When both
      the flip-flop circuits 46 and 48 contain "0" data bits corresponding to a
      0.degree. phase angle, obviously no phase angle need be added for a
      differential phase modulation procedure following the code of Table I.
PAR  A pair of OR gates 58 and 60 are connected to receive the outputs of the
      respective AND gates 52, 54 and 56 such that for a 90.degree. phase angle
      an output signal will be provided by the OR gate 60, for a 180.degree.
      phase angle an output signal will be provided by the OR gate 58, and for a
      phase angle of 270.degree. output signals will be provided by both the OR
      gates 58 and 60.
PAR  As previously explained, where an eight-level coding scheme involving four
      phases and two amplitude levels is used, one of the bits of each three-bit
      binary word may be conveniently used to uniquely control or otherwise
      develop "high" and "low" amplitude levels as required.
PAR  As may be observed from the table shown by FIG. 3, the last or least
      significant bit in each three-bit half-group may serve as the bit that can
      conveniently be used to define whether a three-bit combination is to have
      a high or a low amplitude level. Very simply, if the least significant bit
      is a binary "0", a low amplitude level would be used. A binary "1" would
      then define that a high amplitude level be used such as with the binary
      words 001, 011, 101 and 111. Accordingly, the outputs of the flip-flop
      circuit 44 are connected to provide control signals to an amplitude
      modulator 62 which is connected to receive differentially phase modulated
      signals for transmission.
PAR  As earlier discussed, the data bits are outputted from the shift register
      36 at a rate of 4800 bits per second. Accordingly, the three-bit
      half-groups are modulated at a baud rate of 1600. Sampling the contents of
      the flip-flop circuits 44, 46 and 48 occurs at such baud rate (1600Hz). A
      divide-by-three frequency divider circuit 64 may be used to divide the
      4800Hz clock signal down to a desired 1600Hz clock signal for use in
      correctly timing and/or controlling the circuitry hereinafter described.
PAR  Ae earlier mentioned, an 800Hz signal as shown in FIG. 5 may be used to
      effect the addition of a 45.degree. phase angle for every other half-group
      or, as illustrated by FIG. 5, with the occurrence of succeeding second
      half-groups. Thus, the 1600Hz signal provided by the divider 64 is further
      divided by a divider circuit 66 to provide an 800Hz signal. As shown by
      the square wave in FIG. 5, the positive half cycles may be used to
      represent a "high" signal and thereby cause a 45.degree. phase angle to be
      added in the same manner that a "high" output from the OR gates 58 and 60
      respectively cause 180.degree. and 90.degree. phase angles to be added.
PAR  As was earlier explained, differential phase modulation simply requires
      that a modulation phase angle be added to the phase angle of the last
      transmitted signals. To this end, the phase angle control signals provided
      from the OR gates 58 and 60 and from the divider circuit 66 are applied to
      a binary adder circuit 68 which receives from a storage register 70
      signals representative of the phase angle of the last transmitted signals.
PAR  In the present example, since the angles of 45.degree., 90.degree. and
      180.degree. are used, the adder circuit 68 and the storage register 70
      should each accommodate three bits. The adder circuit 68 operates to
      binarily add a binary word representing a desired modulation phase angle
      to another binary word representing the phase angle of the last previously
      transmitted signal.
PAR  As an example, assume that the storage register 70 effectively includes
      three bit storage units 70a, 70b and 70c which respectively accommodate
      bits corresponding to 45.degree., 90.degree. and 180.degree. angles. If
      the phase angle of the last previously transmitted signal was 90.degree.,
      then the storage register 70 would contain a "high" or binary "1" signal
      in the unit 70b while the units 70a and 70c would contain signals
      representative of binary "0's". Similarly, an angle of 135.degree.would be
      accompanied by binary "1's" in the storage units 70a and 70b while the
      storage unit 70c would contain a binary "0". Since the same scheme is
      applicable to the output of the divider circuit 66 and the OR gates 60 and
      58 in combination, a three bit binary word may be used to represent
      desired phase angles. Table II hereinbelow summarizes in tabular form
      exemplary three bit binary words applicable to different angles for both
      the storage register 70 and the outputs of the divider 66 and the OR gates
      58 and 60. It is to be noted that the binary words have been written to
      have the least significant bit on the left to favorably compare with the
      illustrated positions of storage units of the storage register 70 and the
      adder circuit 69 wherein the smallest angle (45.degree.) is accommodated
      to the left of increasingly larger angles.
TBL                TABLE II                                                    
     ______________________________________                                    
     THREE BIT BINARY WORDS* REPRESENTATIVE                                    
     OF PHASE ANGLES FOR REGISTER 70 AND OUTPUTS                               
     OF DIVIDER 66, OR GATES 60 AND 58.                                        
     Phase Reg. Unit 70a                                                       
                        Reg. Unit 70b                                          
                                     Reg. Unit 70c                             
     Angle Div. 66      OR gate 60   OR gate 58                                
     ______________________________________                                    
      0    0            0            0                                         
      45.degree.                                                               
           1            0            0                                         
      90.degree.                                                               
           0            1            0                                         
     135.degree.                                                               
           1            1            0                                         
     180.degree.                                                               
           0            0            1                                         
     225.degree.                                                               
           1            0            1                                         
     270.degree.                                                               
           0            1            1                                         
     315.degree.                                                               
           1            1            1                                         
     ______________________________________                                    
      *most significant bit on right                                           
PAL  Continuing the above example, a 90.degree. angle would be stored in the
      register 70 as the binary word 010 and when added to a 180.degree. phase
      angle in the form of the binary word 001, would produce the sum of
      270.degree. represented by the binary word 011. Similarly, a 135.degree.
      angle stored in the register 70 as the binary word 110 when added to a
      315.degree. angle represented by the binary word 111 would produce the
      angular sum of 450.degree. or 90.degree. represented by the binary word
      010.
PAR  Signals representative of sum angles are produced as output signals by the
      adder circuit 68 over a composite lead 72. Such sum signals obviously
      represent in binary form the required phase angle for transmitted signals
      and are thus provided to a logic circuit 74 which controls the operation
      of a phase shifting circuit 76.
PAR  The phase shifting circuit 76 may simply include three divider circuits
      76a, 76b and 76c which are connected in series. The logic circuit 74 may
      then include three flip-flop circuits 74a, 74b and 74c which operate to
      toggle or inhibit operation of the corresponding divider circuit in the
      phase shifter 76 in response to the adder signals provided from the adder
      68.
PAR  For example, if a 90.degree. differential phase angle were required, the
      adder signals provided via the composite lead 72 would serve to have the
      logic flip-flop circuit 74b inhibit the divider 76b of the phase shifter
      76. Similarly, a 270.degree. differential phase angle would result in the
      logic flip-flop circuits 74b and 74c respectively inhibiting the phase
      shifter divider circuits 76b and 76c. Obviously, the composite lead 72 may
      simply involve three leads which connect the three logic stages 74a, 74b
      and 74c to the three adder stages for 45.degree., 90.degree. and
      180.degree. respectively.
PAR  A detailed discussion of the operation of the phase shifter 76 may be
      obtained by reference to U.S. Pat. No. 3,643,023 and is hence omitted
      herefrom. It is sufficient to herein point out that if the phase shifted
      carrier signal that is outputted by the phase shifting circuit 76 at an
      output lead 78 has a frequency of XHz, then an oscillator 80 would provide
      an output signal having a frequency of 8XHz to accommodate the three
      divider stages incorporated in the example.
PAR  A multivibrator circuit 82 which is connected to receive 1600Hz clock
      signals from the frequency divider circuit 64 operates to control the
      desired sampling rate of the flip-flop circuits 44, 46 and 48 by
      controlling the operation of the logic circuit 74. As may be readily
      understood, data bits are continually being provided to the flip-flop
      circuits 44, 46 and 48 and hence the angle signals provided to the adder
      circuit 68 from the OR gates 58 and 60 and the divider circuit 66 are
      continually changed in accordance with the changes in the contents of such
      flip-flop circuits 44, 46 and 48.
PAR  Synchronization of the operation of the logic circuit 74, phase shifter
      circuit 76, etc., with the digital data applied to the flip-flop circuits
      44, 46 and 48 is accomplished by providing the output of the oscillator 80
      as an enabling input to the multivibrator 82.
PAR  The differentially phase modulated signals provided at the output of the
      phase shifter circuit 78 are applied to the amplitude modulation circuit
      62 to be amplitude modulated in accordance with the control signals
      applied thereto from the set (Q) and reset (Q) outputs of the flip-flop
      circuit 44. A suitable amplitude modulator circuit is disclosed by U.S.
      Pat. No. 3,619,503. Accordingly, the signals outputted for transmission by
      the amplitude modulator would have a first amplitude level which may be
      designated as a low level when corresponding to any of the three-bit
      combinations such as 000, 010, 100 or 110 and a second amplitude level
      which may be designated as a high level when corresponding to any of the
      three-bit combinations including 001, 011, 101 and 111 as is summarized by
      Table and by FIG. 3.
PAR  A frequency translator circuit 83 receives the output of the amplitude
      modulator 62 and serves to convert or translate the high frequency
      signals, i.e., 20.9kHz, to a frequency that is suitable for transmission
      over telephone lines, i.e., 1700Hz.
PAR  It is now clear that the circuitry of FIG. 4 operates to multiplex and
      differentially phase modulate digital data bits provided from two
      independent data sources to allow unique identification of successive
      three-bit groups that are formed in the course of such modulation
      procedure such that transmitted data signals, upon receipt at a distant
      receiver, can be accurately demultiplexed, demodulated and distributed to
      utilization devices corresponding to the data sources from which the data
      was originally provided.
PAR  Turning now to FIG. 6, a circuit that is suitable for use as the
      demultiplexer-demodulator circuit 26 (FIG. 1) is illustrated. A
      demodulator circuit that generally incorporates the mode of operation of
      the present demultiplexer-demodulator circuit is described in detail in
      previously referred to U.S. Pat. Nos. 3,590,381 and 3,643,023.
PAR  Referring to FIG. 6, received signals transmitted through the equalizer 24,
      FIG. 1 are applied to the demodulator circuit at an input terminal 84.
      Such input signals are concurrently applied to a translator and squaring
      circuit 86 and to an amplitude level detector circuit 88. Exemplary input
      signals are generally illustrated by waveform A of FIG. 7.
PAR  The translator and squaring circuit 86 provides desired frequency
      translation to a predetermined high frequency, i.e., 20.9kHz from the low
      frequency signal that was required for telephone line transmission. Such
      frequency translation and squaring is accomplished in conjunction with
      clock signals provided from a high frequency oscillator circuit 90. A
      similar translator and squaring circuit is described in U.S. Pat. No.
      3,643,023 and essentially operates to produce the desired frequency
      translation in a conventional manner. The translated frequency signals are
      then appropriately squared to be essentially the same in form as the
      signals that would have appeared at the output lead 78 of the phase
      shifter circuit 76 (FIG. 4). Waveform B of FIG. 7 generally illustrates a
      translated and squared output signal that may be produced by circuit 86.
PAR  The amplitude level detector circuit 88 operates to detect the amplitude
      level of received sinals. A suitable amplitude level detector circuit is
      described in detail in U.S. Pat. No. 3,619,503. Accordingly, a detailed
      description of such circuitry is omitted herefrom in the interest of
      brevity. The translated and squared data signals are applied concurrently
      to an AND gate 92 and to a derived clock and timing control circuit 94. A
      similar derived clock and timing control circuit suitable for use with the
      present invention is also described in Pat. Nos. 3,590,381 and 3,643,023.
      Such clock timing circuit 94 serves to provide a series of appropriate
      timing signals (waveforms C, E, F and G, FIG. 7), which serve to timely
      enable the various elements hereinafter described via a series of leads
      96, 98, 100 and 102. For example, any conventional circuit such as a
      counter or the like may be used as a clock circuit 94.
PAR  A free-running binary counter 104 is operated in accordance with the high
      frequency signals applied thereto from the oscillator 90. The binary
      counter 104 essentially involves a plurality of stages of which the stages
      104a, 104b, 104c and 104d provide at outputs thereof the customary bilevel
      signals in accordance with the count thereof. Other counter stages, not
      shown, are included to enable the addition and/or subtraction of smaller
      angular increments. The respective counter stages 104a-104d may be
      corresponded to phase angles 22.5.degree., 45.degree., 90.degree. and
      180.degree., respectively. Thus, assuming that a counter is initialized or
      commenced at "0.degree.", the output signals provided by the counter
      stages would repetitively advance through the possible different binary
      words, i.e., 0000, 1000, 0100, 1100, 0010, etc. at a rate generally
      controlled by the oscillator 90. The output of the counter 104 is adapted
      to be advanced or retarded by a predetermined angle or amount to
      phase-lock the counter 104 to the received intermediate frequency (IF)
      data signals applied to the input gate 92 and to 45.degree. phase angle
      additions occurring at the modulator 10 of the transmitter.
PAR  It is to be noted that the most significant bit of the binary words
      outputted by the combined stages of the counter 104 has been written as
      the rightmost bit to correspond to the illustration of FIG. 3. Hence the
      most significant bit corresponds to the stage 104d for a phase angle of
      180.degree..
PAR  The counter 104 is phase-locked to the received IF data signals provided at
      the output of the translator and squaring circuit 86 to have the "0"
      crossing or transition of the received IF data signals occur at an odd
      multiple of 45.degree. in the phase angle or value of the output of the
      binary counter. Since data was originally differentially phase modulated
      in increments of 90.degree. at the modulator 10, the outputs of the stage
      104c and 104d would represent the differential phase angles to be
      demodulated provided that the 45.degree. angle additions are otherwise
      cancelled out. Hence, the counter may be initialized by writing a binary
      "1" into the stage 104b. This, in effect, initiates the counter reading at
      45.degree. which would be the first odd multiple of 45.degree.. The value
      of the 45.degree. stage of the counter 104 is thereafter interrogated at a
      time coincident with the first level state transition (waveform H, FIG. 7)
      of the data pulses during each sampling period. The interrogation is
      effected by a read counter pulse (waveform D, FIG. 7) which is emitted by
      the input AND gate 92 and applied to an add/subtract circuit 106 as well
      as to registers 108 and 110 and a binary subtractor circuit 112 as is
      hereinafter explained. If a "1" appears in stage 104b, the add/subtract
      circuit 106 functions to subtract an incremental angle, i.e., 2.8.degree.
      from the counter reading. If a "0" appears at the output of the stage
      104b, the add/subtract circuit 106 functions to add such incremental angle
      to the counter reading. A similar add/subtract circuit is described in
      U.S. Pat. No. 3,590,038. The counter 104 is accordingly phase-locked to
      have the IF data signal transitions generally centered on the half-cycle
      periods for the 90.degree. signal, as shown by waveforms M and N of FIG.
      8, for as long as the receiver is in otherwise proper phase with the
      transmitter. Such phase-locked relationship, of course, requires that the
      receiver operate to synchronously add the same 45.degree. phase angles
      that are continually being added at the transmitter to effectively cancel
      out such 45.degree. phase addition and thereby facilitate the differential
      phase modulation procedure. Such 45.degree. phase additions are
      automatically carried out and maintained at the receiver in a manner to be
      hereinafter described.
PAR  As may be readily appreciated, the differential phase demodulation
      procedure simply requires that the phase and amplitude of received signals
      be detected and decoded. The amplitude detection as previously mentioned
      is performed by the detector circuit 88. The phase demodulation is carried
      out by comparing the phase of the last previously received signals with
      the phase of presently received signals to determine any phase difference.
      Such phase comparison is accomplished by having a binary word
      corresponding to the phase of presently received signals applied to a bit
      register 108 from the counter 104. A binary word corresponding to the
      phase of the last previously received signals is maintained in a bit
      register 110 by being applied thereto from the bit register 108.
PAR  The respective binary words in the registers 108 and 110 are applied to a
      binary subtractor circuit 112 to be subtracted to determine any difference
      in phase between the last previously received signals and the presently
      received signals. The binary subtractor 112 may operate to produce a
      typical binary output including bits, in this case two bits, which combine
      to represent the different phase angles possible and hence represent the
      phase difference between the received signals and the last previously
      received signals. The demodulated signals representative of such angular
      or phase difference are outputted by the subtractor circuit 112 at a pair
      of output leads 114 and 116 which may respectively correspond to
      90.degree. and 180.degree.. Accordingly, if the angular difference were
      270.degree. then a binary "1" would be present at both the leads 114 and
      116. Similarly, a phase angle that is a multiple of 360.degree. would
      result in binary "0's" appearing at both of the leads 114 and 116.
PAR  Timing of the operation of the subtractor circuit 112 and registers 108 and
      110 is accomplished as earlier mentioned in accordance with timing signals
      provided by the timing control circuit 84.
PAR  A decoding circuit 118 is connected to receive as inputs the output signals
      provided by the amplitude level detector circuit 88 and the subtractor
      circuit 112. The decoding circuit 118 would be formed by any combination
      of logic gates or the like that would suitably provide the three binary
      bits corresponding to the code used, i.e., see Table I. Such combinations
      of logic gates are, of course, well known and could be readily fashioned
      by any person of ordinary skill in the art. An arrangement of gates that
      is the inverse of the gates 52, 54, 56, 58 and 60 of the modulator 10 may
      be used.
PAR  As an example, if the subtraction performed by the subtraction circuit 112
      resulted in a difference angle of 180.degree., a signal representing a
      binary "1" would appear at the output lead 116 while a signal representing
      a binary "0" would appear at the output lead 114. Taken in conjunction
      with the detected amplitude level signal from the level detector circuit
      88, the particular groups of bits that were transmitted would be
      determined in accordance with the code used, i.e., if the amplitude level
      were high, then the bits 101 would have been decoded.
PAR  Such binary bits represent the result of the differential phase
      demodulation procedure and may be transferred to a three-bit buffer
      register 120 via a transfer gate 122 under the control of timing signals
      provided by the clock timing control circuit 94.
PAR  Using the earlier described sequence of bits, proper demultiplexing is
      needed to identify decoded bits provided to the register 120 as either
      bits A.sub.1, B.sub.1, A.sub.2 or bits B.sub.2, A.sub.3, B.sub.3 which
      respectively form the first and second half-groups. When such bits
      represent the first half-group, a first transfer gate 124 is enabled to
      transfer the bits to an output register 126 or the like. The bits which
      form the second half-group are transferred to the output register 126
      through a gate 128 when enabled. The output register 126 transfers bits to
      the utilization devices 28 and 30 under the control of signals from the
      timing control circuit 94.
PAR  As shown, the bits stored in the register 120 are concurrently provided to
      both of the transfer gates 124 and 128. The desired transfer is effected
      by having the transfer gates 124 and 128 alternately enabled at the same
      rate used at the transmitter, i.e., 800Hz. For example, the selective
      enabling of the gates 124 and 128 may be accomplished by simply applying
      as inputs thereto an 800Hz signal that is developed in a manner
      hereinafter explained. In the embodiment shown by FIG. 6, the gate 128
      will be enabled on the positive half-cycles and the gate 124 will be be
      enabled on the negative half-cycles in the manner described in conjunction
      with FIGS. 4 and 5. An inverter circuit 134 may be used to properly invert
      the negative half-cycles for enabling the gate 124.
PAR  As previously mentioned, the addition of a 45.degree. phase angle for every
      other three bit half-group is performed at the receiver to compensate for
      the 45.degree. phase additions that are made in the modulator 10 at the
      transmitter. This matching 45.degree. angle addition in the receiver
      effectively operates to cancel out the same 45.degree. phase angle
      addition at the transmitter. Clearly, if the selected angle modification
      were to be a 45.degree. angle subtraction at the transmitter, then the
      angle subtraction would be duplicated at the receiver.
PAR  Referring to FIG. 8, diagrams J and K are intended to illustrate properly
      matching phase angle additions at the transmitter and receiver of distant
      modems. As shown by such diagrams, a phase angle addition occurs in
      periods T.sub.2 and T.sub.4 relative to the respective phase angles
      existing in periods T.sub.1 and T.sub.3, respectively. By contrast,
      diagrams O and P of FIG. 8 illustrate 45.degree. phase angle additions
      that are out-of-phase. Where diagram O represents the angle additions at
      the transmitter, and diagram P represents the angle additions at the
      receiver, it can be seen that the 45.degree. phase angle addition at the
      receiver lags the transmitter by one time period. This would be the case
      whenever the respective 800Hz signals used at the modulator and
      demodulator for making such 45.degree. angle additions are exactly
      out-of-phase. Assume that the waveform M, which illustrates an 800Hz
      signal that is used to effect desired 45.degree. phase angle additions, is
      properly phased with the transmitter operation. Then the 800Hz signal
      shown by waveform Q would be out-of-phase. It may be noted from the
      diagrams O and P that when such out-of-phase conditions exist, every other
      time period, i.e., T.sub.1, T.sub.3 and T.sub.5, is effectively in-phase
      while in the intervening time periods, T.sub.2 and T.sub.4, an
      out-of-phase condition exists.
PAR  During such periods, T.sub.2 and T.sub.4, the differential phase angle
      detected at the receiver improperly lags by 45.degree. in the specific
      embodiment being described. As a consequence, the output of the exclusive
      OR gate 130, to which outputs from stages 104a and 104b of the waveform
      104 is applied, will be effectively undesireably shifted with respect to
      the output of the AND gate 92 in the periods T.sub.2, T.sub.4, et seq.
      When the output of the AND gate 92 is used to clock a flip-flop circuit
      132 and the output of the exclusive OR gate 130 is applied to set the
      flip-flop circuit 132, an in-phase condition will be characterized by a
      continuous "high"  output from the flip-flop circuits 132 as is shown by
      waveform N of FIG. 8. On the other hand, the flip-flop circuit 132 will be
      controlled to alternately change to a "low" state when an out-of-phase
      condition exists as illustrated by waveform R of FIG. 8. Such changes may
      be recognized as a series of binary "1's" and "0's". Thus the output of
      the flip-flop circuit 132 will be a series of binary "1's" and "0's" for
      an out-of-phase condition. The constant "high" state exhibited by the
      flip-flop circuit 132 when the 45.degree. angle addition is in-phase at
      the receiver and transmitter may then be recognized as a continuing series
      of binary "1's" as shown by waveform N of FIG. 8.
PAR  This unique alternating sequence of binary "1's" and "0's" which exists for
      an out-of-phase condition may thus be readily detected in accordance with
      the present invention to cause a phase correction. After a predetermined
      period, i.e., eight successive "10" binary combinations, the out-of-phase
      condition may be considered as ascertained and may be corrected by simply
      inverting the 800Hz signal used as a means for effecting the 45.degree.
      phase angle additions at the receiver (compare waveforms M and Q of FIG.
      8).
PAR  Referring once again to FIG. 6, it may be observed that an add 45.degree.
      angle control circuit 140 is connected to effect desired 45.degree. phase
      angle additions at the receiver by simply advancing the counter 104. Such
      add circuit 140 would simply effect an advance of the count for the
      45.degree. stage 104b of the counter 104. An add circuit 140 may be
      essentially the same as the add/subtract circuit 106 except that no
      subtraction would be required. Clearly, any well known method for
      performing such functions may be used, i.e., using a one-shot, flip-flop,
      etc.
PAR  Such add 45.degree. circuit 140 is connected to be clocked by an 800Hz
      signal such as illustrated by waveform M of FIG. 8. The 800 Hz clock
      signal may be provided at the output of an exclusive OR gate 142 which has
      its inputs respectively connected to a pair of flip-flop circuits 144 and
      146. As shown by FIG. 6, this same 800Hz clock signal may also be applied
      to control the gates 124 and 128.
PAR  The flip-flop circuit 144, as shown, is clocked by a 1600Hz signal from a
      conventional source (not shown) and effectively serves as a divider by
      providing an 800Hz output at the set or "1" output thereof. The flip-flop
      circuit 146 on the other hand remains in either a "1" or a "0" state until
      clocked by the output of a counter 148 which is connected to count a
      predetermined number of alternating "1" and "0" bits provided from the
      output of the flip-flop circuit 132. Any suitable counter well known in
      the art may be used as the counter 148.
PAR  As shown, the counter 148 is connected to receive input pulses to be
      counted from an AND gate 150 and be reset by an output from an AND gate
      152. The AND gate 150 may simply be connected to receive required inputs
      from a pair of series connected flip-flop circuits 154 and 156 whenever a
      binary "1" bit and "0" bit are successively received from the flip-flop
      circuits 132. As shown, the flip-flop circuits 154 and 156 may be clocked
      by a 1600Hz signal such as is illustrated by waveform L of FIG. 8.
      Waveform S would then illustrate the train of pulses that would be
      outputted from the AND gate 150 to be counted by the counter 148. Any two
      successive binary "1" bits will cause the AND gate 152 to reset the
      counter 148. However, when a continuing series of binary "1's" and "0's"
      for an out-of-phase condition is experienced, the AND gate 152 will
      provide no such reset signal to the counter 148 as is shown by waveform T
      of FIG. 8.
PAR  The counter 148 may be set to provide an output to the flip-flop circuit
      146 upon any selected count being reached.
PAR  Any other conventional logic scheme obviously may be used to accomplish the
      desired recognition of a sequence of binary "1's" and "0's" which in this
      case, indicates that the phase angle addition at the transmitter and
      receiver are out-of-phase.
PAR  The waveforms of FIG. 9 illustrate the operation of the counter 148 in
      conjunction with the flip-flop circuits 144 and 146 and the exclusive OR
      gate 142. Waveform V illustrates a typical 1600Hz clock signal which may
      be provided to clock the flip-flop circuit 144. The output of the
      flip-flop circuit 144 may thus be represented by the waveform W wherein
      the flip-flop circuit 144 is successively set and then reset by each
      succeeding pulse of the 1600Hz clock signal. If it is assumed that the
      flip-flop circuit 146 is in a reset state, the output thereof may then be
      represented as a constant low level signal, in a time period t.sub.o
      -t.sub.1 as shown by waveform X. If at time t.sub.1 the counter 148 has
      counted the predetermined number of successive binary "0" and "1" bits,
      then, as shown, the output of the flip-flop circuit 146 would assume a
      high level in conformance with a set state. The result is that the output
      of the exclusive OR circuit 142, if high, as shown by waveform Y, would
      remain high for one cycle of the 1600Hz clock signal to effectively invert
      the 800Hz output of the exclusive OR gate 142 and thereby effectively
      cause the addition of 45.degree. phase angles to be advanced and become
      in-phase with the transmitter operation.
PAR  It is to be again noted that although the above-discussed exemplary
      embodiment of the invention has been described in conjunction with
      45.degree. phase angle additions, that the intended objective may be
      generalized by observing that such phase angle addition and/or subtraction
      need simply be capable of uniquely identifying every other group of three
      data bits which are modulated for transmission. As an example, for an
      eight-level differential phase modulation scheme involving eight phases
      which are multiples of 45.degree., rather than 90.degree. as with the
      above-discussed four phase/two level format, 22.5.degree. phase angle
      additions and/or subtractions may be used at the transmitter and receiver.
PAR  From the foregoing discussion it is now clear that the present invention
      provides a modem that will operate to transmit and receive data bits from
      two independent data systems by the use of multiplexing and modulation
      technique that permits data bits from two different systems to be mixed to
      effectively form groups of thre bits for differential phase modulation
      purposes wherein alternate ones of such groups are uniquely identified by
      a predetermined phase angle addition at the transmitter, which added phase
      angle is effectively duplicated and thereby removed at the receiver in
      phase with received data to permit demodulation, demultiplexing and
      distribution of the received data.
PAR  The disclosures of the four referenced patents are intended to be
      incorporated herein by reference as is necessary to provide a detailed
      description of the various components described for use in conjunction
      with the present invention.
PAR  While a preferred embodiment of the present invention has been described
      hereinabove, it is intended that all matter contained in the above
      description and shown in the accompanying drawings be interpreted as
      illustrative and not in a limiting sense and that all modifications,
      constructions and arrangements which fall within the scope and spirit of
      the invention may be made.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A data transmission system having a transmitter for transmitting data
      over a single transmission link as a differentially phase modulated
      carrier modulated at a given baud rate with digital data provided from two
      independent data sources each emitting data bits at one and one half times
      said baud rate, and a receiver for demodulating the differentially phase
      modulated signal received over said link, the improvement which comprises:
PA1  means at said transmitter operative at said given baud rate for
      differentially phase modulating successive three bit groups with bits in
      each group received from both of said independent data sources;
PA1  means at said transmitter connected to said modulating means and operative
      once for every other three bit group for modifying by a predetermined
      phase angle the differentially modulated phase angle associated with
      successive three bit groups, which modifying angle is capable of being
      detected at the receiver to properly segregate each three bit group from
      an otherwise randomly appearing stream of data bits represented in the
      received line signal;
PA1  means at said receiver for compensating, once each alternate baud time, the
      differentially phased signal received over said link with a predetermined
      modifying angle of the same amount as used at the transmitter; and
PA1  means at said receiver responsive to the appearance of said predetermined
      modifying angle during demodulation for segregating said three bit groups
      into the form originally emitted by the two data sources at said
      transmitter.
NUM  2.
PAR  2. The system defined by claim 1 wherein said angle modifying means emits a
      predetermined phase angle equal to .DELTA..theta./2 where .DELTA..theta.
      is equal to the phase angle multiple employed by said differential phase
      modulating means.
NUM  3.
PAR  3. The system defined by claim 1 wherein said transmitter further includes
      multiplexing means for combining in a predetermined order data bits from
      said two independent data sources, said order being repetitive for each
      group of six successive bits received from said data sources.
NUM  4.
PAR  4. The system defined by claim 3, said multiplexing means including a data
      bit register having a bit capacity that is at least equal to the number of
      bits in each group of bits that is repeated in accordance with said order.
NUM  5.
PAR  5. The system defined by claim 3, said multiplexing means including:
PA1  first buffer means for receiving data bits from a first one of said
      independent data sources;
PA1  second buffer means for receiving data bits from a second one of said
      independent data sources;
PA1  shift register means for providing a stream of data bits in accordance with
      said order wherein successive groups of three bits are applied to said
      modulating means to be differentially phase modulated; and
PA1  means connected to said first and second buffer means for periodically
      providing data bits from said two independent data sources to said shift
      register means.
NUM  6.
PAR  6. The system defined by claim 1, wherein said modulating means comprises:
PA1  input means for receiving successively applied data bits in groups of three
      bits, said input means having output terminals at which a first or second
      binary data level is indicated for each data bit in each group of three
      bits;
PA1  encoding means connected to said input means for sensing the binary data
      level for at least two of the data bits in each group of three bits, said
      encoding means providing encoded signals which are useable to control the
      modulation phase angles to be used for the group of data bits whose binary
      data level is sensed;
PA1  said phase modifying means providing a control signal to be used in
      combination with said encoded output signals to control the modulation
      phase angle for transmitted data signals wherein the modulation phase
      angle for transmitted differentially phase modulated signals corresponding
      to alternate groups of three bits is changed by said predetermined
      modifying phase angle; and
PA1  output means connected to receive said encoded output signals from said
      encoding means and said control signal from said phase modifying means for
      providing in response to said encoded signals and said control signal
      differentially phase modulated signals for transmission.
NUM  7.
PAR  7. The system defined by claim 6, said input means including a plurality of
      bistable devices each having first and second states respectively
      corresponding to one of said binary data levels of said bits, each said
      bistable device assuming the one of said states that corresponds to the
      binary data level of the data bit last applied thereto, said bistable
      devices each having output terminals at which signals indicative of the
      binary data level of each successive group of the bits are provided.
NUM  8.
PAR  8. The system defined by claim 6, said encoding means including logic gates
      for providing said encoded signals in accordance with a code used in
      conjunction with said differential phase modulation.
NUM  9.
PAR  9. The system defined by claim 6, said phase modifying means including
      means for providing as said control signal a signal having a frequency of
      f/6 wherein f is equal to twice the data rate of said two independent data
      sources wherein said data rate is the same for both independent data
      sources.
NUM  10.
PAR  10. The system defined by claim 6, said output means including:
PA1  oscillating means providing an oscillator signal having a constant
      frequency; and
PA1  phasing means for adjusting the phase of said oscillator signal in
      accordance with said encoded signals from said encoding means and said
      control signal from said phase modifying means, said phasing means
      providing said differentially phase modulated signals.
NUM  11.
PAR  11. The system defined by claim 10, wherein said output means at said
      transmitter further includes amplitude modulation means, connected to said
      phasing means, for controlling the amplitude of said differentially phase
      modulated signals in accordance with the binary data level of a selected
      one of the bits included in each group of three bits.
NUM  12.
PAR  12. The system defined by claim 6, wherein:
PA1  said input means includes a plurality of bistable devices each having first
      and second states respectively corresponding to one of said binary data
      levels of said bits, each said bistable device assuming the one of said
      states that corresponds to the binary data level of the data bit last
      applied thereto. said bistable devices each having output terminals at
      which signals indicative of the binary data level of each successive group
      of three bits are provided;
PA1  said encoding means includes logic gates for providing said encoded signals
      in accordance with a code used in conjunction with said differential phase
      modulation;
PA1  said phase modifying means includes means for providing as said control
      signal a cyclical signal having a frequency of f/6 wherein f is equal to
      twice the data rate of said two independent data sources wherein said data
      rate is the same for both independent data sources; and
PA1  said output means includes oscillating means for providing an oscillator
      signal having a constant frequency, and phasing means for adjusting the
      phase of said oscillator signal in accordance with said encoded signals
      from said encoding means and said control signal from said phase modifying
      means, said phasing means providing said differentially phase modulated
      signals.
NUM  13.
PAR  13. The system defined by claim 1, and further comprising demodulating
      means at said receiver, said demodulating means including;
PA1  phase sensing means for detecting the phase of received differentially
      phase modulated signals;
PA1  storage means connected to said phase sensing means for storing signals
      representative of the phase of last previously received differentially
      phase modulated signals; and
PA1  difference means connected to said phase sensing means and said storage
      means for determining the difference between the phase of a presently
      received differentially phase modulated signal and the phase of said last
      previously received differentially phase modulated signal.
NUM  14.
PAR  14. The system defined by claim 13, said demodulating means further
      including decoding means connected to receive said differential phase
      signals from said difference, for determining the binary value of said
      group of three data bits.
NUM  15.
PAR  15. The system defined by claim 13, said demodulating means further
      including amplitude detecting means for detecting the amplitude level of
      received differentially phase modulated signals being demodulated, said
      amplitude detecting means providing an amplitude level signal.
NUM  16.
PAR  16. The system defined by claim 15, said demodulating means further
      including decoding means connected to receive said differential phase
      signals from said difference means and said amplitude level signal from
      said amplitude detecting means for determining the binary value of said
      group of three data bits.
NUM  17.
PAR  17. The system defined by claim 14, said phase sensing means including:
PA1  a binary counter for providing counter signals indicative of the phase of
      received differentially phase modulated signals when said binary counter
      is sampled; and
PA1  sampling means for controlling said binary counter to be timely sampled to
      have outputted counter signals be indicative of the phase of received
      differentially phase modulated signals.
NUM  18.
PAR  18. The system defined by claim 17 and wherein:
PA1  said angle compensating means further comprises means connected to
      compensate said binary counter by advancing said counter by an amount
      corresponding to said predetermined modifying phase angle for every
      alternate group of three bits;
PA1  said demodulating means further including gating detector means for
      emitting a first gating detector signals when said angle compensating
      means adds the modifying angle to the proper alternate three bith groups
      and for emitting a second gating detector signal when said angle
      compensating means adds the modifying angle to the improper alternate
      three bit groups.
NUM  19.
PAR  19. The system defined by claim 18, wherein said gating detector means is
      an exclusive OR gate having its inputs connected to receive said
      preselected counter signals, said first and second series of gating
      detector signals being provided at an output terminal of said exclusive OR
      gate.
NUM  20.
PAR  20. The system defined by claim 18, said angle compensating means
      including:
PA1  means for providing a clock signal having a cyclic frequency equal to
      one-third the data rate of each said independent data sources;
PA1  phase adder means for applying an advance signal to said binary counter to
      advance said binary counter by an amount corresponding to said
      predetermined phase angle, said phase adder means providing an adder
      signal having a cyclic frequency equal to one-third the data rate of said
      independent sources in response to and in-phase with said clock signal;
PA1  series detector means connected to said gating detector means for detecting
      said second series of gating detector signals, said series detector
      providing a reversal signal after a predetermined number of gating
      detector signals in said second series have been received consecutively;
      and
PA1  reversal means responsive to said reversal signal from said series detector
      means for causing said clock signal to be inverted.
NUM  21.
PAR  21. The system defined by claim 20, said series detector means including a
      resettable counter that is adapted to be advanced in response to gating
      detector signals in said second series and be reset in response to gating
      detector signals in said first series, said second series including binary
      signals that are alternately representative of a binary "1" and a binary
      "0", said resettable counter providing said reversal signal upon attaining
      a predetermined count.
NUM  22.
PAR  22. The system defined by claim 17 further including demultiplexing means
      responsive to said clock signals for enabling the distribution of data
      bits provided from said decoding means to the data utilization terminals
      corresponding to the data sources from which the data bits originated.
NUM  23.
PAR  23. The system defined by claim 22 wherein said demultiplexing means
      includes:
PA1  first and second transfer means which are connected to be alternately
      operated to transfer data bits therethrough under the control of said
      clock signals; and
PA1  output register means for providing data bits received from said first and
      second transfer means to said data utilization terminals.
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ABST
PAL  A variable gain control circuit comprising a signal transmitting path
      having an input terminal supplied with an input signal and an output
      terminal delivering therefrom a gain controlled output signal, a variable
      impedance device having first, second and third electrodes, said first and
      second electrodes being connected between the connection point of the
      input and output terminals and a reference point, respectively, and said
      third electrode being supplied with a control voltage, a DC biasing means
      for applying a threshold voltage to the variable impedance device, and
      means for applying the same DC voltage to the first and second electrodes,
      whereby an undesirable signal in response to said control voltage is not
      produced at the output terminal of the signal transmitting path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a variable gain control circuit, and more
      particularly to an improved variable gain control circuit possible to
      linearly control a signal gain and effective for use in a matrix 4 channel
      stereo decoder.
PAR  2. Description of the Prior Art
PAR  In the prior art, a bi-polar transistor or Field Effect Transistor is used
      for a variable impedance device. Normally, the device is provided in
      parallel relationship to a signal transmitting path.
PAR  In such a case, the collector-emitter path of the bi-polar transistor or
      the drain-source path of the Field Effect Transistor is connected between
      the signal transmitting path and a reference point and the base or gate
      electrode is connected to a control voltage source. The bi-polar
      transistor or Field Effect Transistor has usually a predetermined
      threshold voltage, so that a control voltage supplied to the base or gate
      electrode cannot control the variable impedance at zero level thereof.
      Therefor, a DC biasing source is provided between the base and emitter
      electrodes or the gate and source electrodes for eliminating the defect.
      However, when the DC biasing source provided is such that the
      collector-emitter path or the drain-source path is biased in the forward
      direction, the control voltage applied to the base or the gate electrode
      is produced at the output terminal of the signal transmitting path with a
      predetermined amplified level so as to cause the quality of the output
      signal to be deteriorated.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a variable gain control
      circuit free from the defects encountered in the prior art.
PAR  Another object of the present invention is to provide a variable gain
      control circuit which has linear gain control characteristics in response
      to a control voltage.
PAR  Yet another object of the present invention is to provide a variable gain
      control circuit which has a plurality of signal transmitting paths
      controlled by a control voltage source at a differential mode.
PAR  A further object of the present invention is to provide a variable gain
      control circuit which is applied to a gain control circuit in a matrix 4
      channel stereo decoder.
PAR  A still further object of the invention is to provide a variable gain
      control circuit for use with a Silicon-Resistance Gate Type Field Effect
      Transistor as a variable impedance element.
PAR  The other objects, features and advantages of the present invention will be
      apparent from the following description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational perspective view of a Silicon-Resistance Gate Type
      MOS Field Effect Transistor used in the invention;
PAR  FIG. 2 shows a symbol of the FET shown in FIG. 1;
PAR  FIG. 3 shows an embodiment of the variable gain control circuit according
      to the invention in which the FET depicted in FIG. 1 is used;
PAR  FIG. 4 shows a variable gain control circuit of the prior art; and
PAR  FIG. 5 is a circuit diagram showing a decoder in which variable gain
      control circuits according to the invention are used.
DETD
PAC  DESCRIPTION OF THE PREFERRRED EMBODIMENTS
PAR  At first, a Silicon-resistance Gate Type MOS Field Effect Transistor (which
      will be hereinafter referred to simply as SRG), which is an example of the
      variable impedance element used in the present invention, will be
      described with reference to FIGS. 1 to 2.
PAR  FIG. 1 shows the variable impedance element SRG as a whole. The variable
      resistance impedance element includes a semi-conductor substrate 1 of N-
      or P-type conductivity. From one surface of the substrate 1, there are
      formed source and drain regions 2 and 3 of P+ or N+type conductivity with
      a predetermined distance L therebetween. An insulating layer 4 such as
      SiO.sub.2 is formed on the surface of the substrate 1 between the source
      and drain regions and partially covering the both regions, and a resistive
      layer 5 of for example polycrystalline silicon is formed on the insulating
      layer 4. A source electrode 6 and a drain electrode 7 are formed on the
      source region 2 and the drain region 3, respectively. A first gate
      electrode 8 and a second gate electrode 9 are formed on the resistive
      layer 5 at the sides close to the electrodes 6 and 7, respectively. From
      the electrodes 6, 7, 8, 9 and from the substrate 1, there are led out a
      source terminal S, a drain terminal D, a first gate terminal G.sub.1, a
      second gate terminal G.sub.2 and a back gate terminal G.sub.b,
      respectively.
PAR  In this case, the substrate 1 is made of relatively low impurity
      concentration. Especially, in the case where the element is made as a
      semiconductor integrated circuit and below the substrate 1 there is
      another substrate different in conductivity from that of the substrate 1,
      the substrate 1 is made with an impurity concentration having a resistance
      of 50 .OMEGA.cm to eliminate the influence of the latter substrate, and
      the regions 2 and 3 are selected to be about 10.sup.20 atoms
      cm.sup..sup.-3 in impurity concentration. The distance or length between
      the regions 2 and 3 (or channel length) L is selected to be 20 microns,
      its width W 300 microns and the thickness T.sub.ox of the insulating layer
      4 is about 1200 angstroms (A) in the event that it is made of SiO.sub.2.
      The resistive layer 5 is made of polycrystalline silicon of about 1 micron
      in thickness. In this case, however, if the resistive layer 5 is too high
      in its resistance value, its ohmic contact with the gate electrodes 8 and
      9 is deteriorated. While, if the resistance value of the resistive layer 5
      is too low, a signal will leak. Accordingly, the resistive layer 5 is
      selected to be 10K .OMEGA./.quadrature. to 1G .OMEGA./.quadrature. in area
      resistance. G(x),
PAR  With the SRG described as above, if the potential in the channel between
      the source and drain regions 2 and 3 at a point x apart from the side edge
      of the source region 2 opposing the drain region 3 is taken as V(x), the
      gate voltage of the resistive layer 5 at the point x as V.sub.G(x), and
      the threshold voltage V.sub.th, respectively, the condition V.sub.G (x) -
      V(x) &gt; V.sub.th is established. Further, if it may be assumed that the
      modulation of the threshold voltage V.sub.th due to the potential of the
      substrate is small enough, the carrier number N of the channel in the
      substrate per unit area at the point x is expressed by the following
      equation (A).
      ##EQU1##
      where C.sub.o = .epsilon. .sub.ox /T.sub.ox, .epsilon..sub.ox is the
      dielectric constant of the insulating layer 4, and q the electric charge
      of the carrier.
PAR  If the resistance value of the channel from the side edge of the source
      region 2 to the point x is taken as R(x), the surface resistance value of
      channel as .rho..sub.S (x), and the moving rate of the carrier in the
      cannel as .mu., the following equation (B) is obtained.
EQU  dR(x) = .rho..sub.S (x) (dx)/W                             (B)
PAR  the surface resistance .rho..sub.S (x) can be expressed as follows:
EQU  .rho..sub.S (x) = 1/(Nq.mu.)                               (C)
PAR  accordingly, the equation (B) can be rewritten as follows:
      ##EQU2##
PAR  If the channel current is taken as I, the following equation can be
      obtained.
      ##EQU3##
EQU  If V.sub.G (x) -V(x)=V.sub.GO = constant is assumed        (2),
PAL  (the necessary and sufficient conditions for the establishment of this
      assumption are V.sub.G (x) = V.sub.GO + (x/L) V and hence its
      demonstration is omitted here), and the equation (2) is introduced into
      the equation (1), and the integration is carried out from x =o to x=L, the
      equation (1) is expressed by the following equation (3).
EQU  I = .beta.(V.sub.GO - V.sub.th)V                           (3)
PA1  dV = V when x = L
PA1  dx = L when x = L
PA1  .beta. = (w.mu.c.sub.o )/L
PAR  If the potential of the source region 2 is taken as V.sub.S and the
      potential of the drain region 3 as V.sub.D, the value V in the equation
      (3) can be expressed as V = V.sub.D - V.sub.S. Further, if it is assumed
      that the resistive layer (5) is uniform in quality and thickness, the gate
      potential V.sub.G (x) is expressed as V.sub.G (x) = (x/L) V and hence it
      increases at the gradient of V/L with respect to x. It is to be noted that
      where the letter "x" appears in parentheses, it means "at the point X".
      Where x is not in parentheses, it means the distance from the source to
      the point x in the direction of the drain. If the potential of the first
      gate is taken as V.sub.S + V.sub.GO and that of the second gate as V.sub.D
      + V.sub.GO, the necessary and sufficient conditions for the equation (2)
      are established, hence the equation (3) is established, and finally the
      following equation (4) is obtained.
EQU  (1/R) = (I/V) = .beta. (V.sub.GO - V.sub.th)               (4)
PAR  In the equation (4), the factors .beta. and V.sub.th are constants
      determined in accordance with the element, so that a linear resistance is
      established between the source and drain regions and also its resistance
      value can be variably controlled by the voltage V.sub.GO. In other words,
      if the potentials of the source, drain, first gate and second gate are
      taken as V.sub.S, V.sub.D, V.sub.S + V.sub.GO and V.sub.D + V.sub.GO,
      respectively, the linear resistance is obtained between the source and the
      drain and its resistance value R can be variably controlled by the voltage
      V.sub.GO.
PAR  The above described SRG is symbolized as shown in FIG. 2.
PAR  The embodiment of the variable gain control circuit according to the
      present invention will be described with reference to FIG. 3 in which the
      SRG described above is employed.
PAR  In the embodiment of FIG. 3, T.sub.1 indicates an input terminal to which a
      signal to be controlled is applied and T.sub.2 an output terminal. A
      resistor R.sub.1 is connected in series to a signal path between the input
      and output terminal T.sub.1 and T.sub.2 for setting the attenuation ratio.
      The drain electrode D of a P-channel SRG 10 is connected to the connection
      point between the resistor R.sub.1 and the output terminal T.sub.2, which
      connection point is grounded through a reisitor, and the source electrode
      S of the SRG 10 is grounded through a DC bias source V.sub.B. In the case
      of using the P-channel SRG, the DC bias source V.sub.B is selected in
      polarity to make the gate electrode D negative relative to the source
      electrode S. A capacitor C.sub.1 is inserted between the drain electrode D
      and the second gate electrode G.sub.2 of the SRG 10. The second gate
      electrode G.sub.2 is connected to one terminal of a control voltage source
      V.sub.C through a resistor R.sub.3, while the first gate electrode G.sub.1
      of the SRG 10 is directly connected to the same terminal of the control
      voltage source V.sub.C. In this case, R.sub.3, R.sub.g &gt;1/2fC.sub.1 is
      satisfied where R.sub.3 represents the resistance value of the resistor
      R.sub.3, R.sub.g the resistance value of the channel between the first and
      second gate regions of the SRG 10, C.sub.1 the capacity of the capacitor
      C.sub.1, and f the frequency of the signal to be controlled. Further, in
      order to make sure that the drain and source electrodes are made equal
      from DC voltage point of view, the source electrode S is connected through
      a resistor R.sub.2 to the input side of the resistor R.sub.1. Capacitors
      C.sub.2 and C.sub.3 are provided at input and output sides, respectively,
      for cutting off the DC component of the signal at the input and output
      terminals T.sub.1 and T.sub.2. The back gate terminal T.sub.3 (same as
      G.sub.b) of the SRG 10 is supplied with a voltage B+ for reverse bias.
PAR  With the circuit constructed described as above, the potential of the first
      gate electrode of the SRG 10 becomes V.sub.S + V.sub.GO = V.sub.B +
      V.sub.C = V.sub.GO(V.sbsb.s.sub.=O), and the potential of the second gate
      electrode becomes V.sub.D +V.sub.B +V.sub.C = V.sub.D + V.sub.GO. As a
      result, the impedance of the SRG 10 between the drain and source regions
      is superior in linearity and its value can be varied by the control
      voltage V.sub.C linearly. In this case, as the control voltage V.sub.C
      becomes high, the attenuated value of the signal applied to the input
      terminal T.sub.1 increases.
PAR  Further, in the illustrated embodiment, between the first gate and the
      source of the SRG 10 there is provided the DC bias source V.sub.B for
      correcting the V.sub.th of the SRG 10, so that the control voltage V.sub.C
      can be controlled from zero volts linearly. The portion between the drain
      and the source of the SRG 10 is held at the DC voltage of the bias source
      V.sub.B by the loop consisting of the attenuation resistor R.sub.1 and the
      resistor R.sub.2 regardless of whether the input signal is applied to the
      input terminal T.sub.1 or not, so that the SRG 10 does not operate within
      the active range against the change of the control voltage V.sub.C. That
      is, the change of the control voltage V.sub.C is not amplified by the SRG
      10 to be delivered to the output terminal T.sub.2, and the distortion
      characteristics are much improved.
PAR  An embodiment of the prior art in which the drain and source electrodes of
      the SRG 10 are not made equal in potential will be now described with
      reference to FIG. 4 in which reference numerals and characters are the
      same as those used in FIG. 3 represent the same elements. As shown in FIG.
      4, in the prior art embodiment, one end of the resistor R.sub.2, which end
      is connected to the source electrode S of the SRG 10 in FIG. 3, is
      grounded. The remaining circuit construction of the prior art embodiment
      shown in FIG. 4 is approximately same as that of the invention shown in
      FIG. 3 except the omission of few elements.
PAR  In the prior art embodiment of FIG. 4, if the frequency of the signal to be
      controlled is taken as f, the resistance value of the SRG 10 between its
      first and second gates as R.sub.g, the resistance value of the resistor
      R.sub.3 as R.sub.3, and the capacity of the capacitor C.sub.1 as C.sub.1,
      they are selected to satisfy R.sub.3 &gt;&gt;1/2.pi.fC.sub.1.
PAR  As a result, the potential of the drain of the SRG 10 is made V.sub.D by
      the signal to be controlled and that of the source becomes the ground
      potential (V.sub.S =0). While, since the reactance of the capacitor
      C.sub.1 is low relative to the signal to be controlled, the potential of
      the second gate becomes V.sub.D +V.sub.GO (where V.sub.C = V.sub.B =
      V.sub.GO) and that of the first gate becomes V.sub.S + V.sub.GO (where
      V.sub.S = 0). As a result, the impedance of the SRG 10 between its source
      and drain is superior in linearity and the impedance can be varied by the
      control voltage V.sub.C. As the control voltage V.sub.C increases, the
      impedance decreases.
PAR  In this embodiment, the case where the variable impedance characteristics
      appear in the SRG 10 is that V.sub.GO .ltoreq.V.sub.th as apparent from
      the equation (4). When V.sub.GO &lt;V.sub.th, the variable impedance
      characteristics cannot be obtained. Therefore, in the prior art embodiment
      of FIG. 4, in order to obtain a suitable attenuation even in the case of
      V.sub.C =O, or to initiate the attenuation from V.sub.C =0, it is
      necessary to apply the bias voltage V.sub.B (where V.sub.B
      .ltoreq.V.sub.th). To this end, it may be considered that the bias voltage
      V.sub.B is applied in superposition on the control voltage V.sub.C.
      However in practice, since the control voltage V.sub.C is produced by a
      signal process with the ground potential as its reference, the
      superposition of the bias voltage V.sub.B on the control voltage V.sub.C
      requires a very complicated circuit construction and is not carried out
      easily. Especially, when the impedance of a signal source for the control
      signal is high, the above superposition becomes very difficult.
PAR  Therefore, as shown in FIG. 4, it is proposed in general that the bias
      voltage V.sub.B be applied to the source electrode of the SRG 10. However,
      in such a case a current I.sub.S flows as shown in FIG. 4 due to the bias
      voltage V.sub.B to cause the SRG 10 to operate as a P-channel MOS-FET
      within the active range. If the control voltage V.sub.C  is varied in such
      a state, the variation is amplified by the SRG 10 and is delivered to the
      output terminal T.sub.2. That is, the variation components of the control
      voltage V.sub.C are mixed into the output signal to deteriorate the
      quality of the output signal.
PAR  The above deterioration also occurs in the case where, in place of the SRG
      10, a transistor or FET is employed as a variable impedance element. That
      is, it is difficult to apply the bias voltage V.sub.B easily and stably or
      to make the variation components of the control voltage to be not
      contained in output signals in that case.
PAR  On the contrary, in the embodiment of the present invention shown in FIG.
      3, the resistor R.sub.2 is connected in parallel to the series connection
      of the resistor R.sub.1, the drain and source electrodes of the SRG 10,
      the source of the SRG 10 is supplied with the bias voltage V.sub.B, and
      the first and second gates of the SRG 10 are supplied with the control
      voltage V.sub.C, as described previously. Thus, the drain and source of
      the SRG 10 are held at the equal potential by the resistor R.sub.2, so
      that there is no fear that the SRG 10 carries out any amplification
      operation and no current flows through the sourcedrain path of the SRG 10
      caused by the bias voltage V.sub.B. As a result, components of the control
      voltage V.sub.C are prevented from being mixed into the output signals
      delivered to the output terminal T.sub.2.
PAR  Further, with the embodiment of the invention shown in FIG. 3, the control
      voltage V.sub.C and the bias voltage V.sub.B are supplied separately, so
      that their supply is easy and stable, and also the bias voltage V.sub.B
      can be freely changed to provide arbitrary attenuation characteristics.
PAR  Also, since the SRG 10 is a MOS-type one, no gate current flows and hence a
      signal source which is very high in impedance can be used for the control
      voltage V.sub.C.
PAR  When a number of SRGs are formed in the same substrate as an integrated
      circuit for controlling the level of multi-channel signals, even if the
      control voltages V.sub.C are different at the respective SRGs, they can be
      set with the same bias voltage V.sub.B and attenuation conditions.
PAR  FIG. 5 shows another embodiment of the invention in which the embodiment
      shown in FIG. 3 is applied to a four-channel matrix stereo system. In the
      figure, reference numeral 20 indicates a decoder, and 25 and 26 its input
      terminals. If signals corresponding to the left front, right front, left
      back and right back of a listener are taken as L.sub.F, F.sub.F, L.sub.B,
      and R.sub.B, respectively, one input terminal 25 is supplied with a
      composite signal L.sub.T of the signals L.sub.F (pre-dominant), L.sub.B
      and R.sub.B, while the other input terminal 26 is supplied with a
      composite signal R.sub.T of the signals R.sub.F (pre-dominant), R.sub.B
      and L.sub.B. The decoder 20 consists of phase shifters 21 and 22 with the
      phase shift of (.phi. -0) and those 23 and 24 with the phase shift of
      (.phi. - (.pi./2)), adding circuits 27 and 28, and a phase inverter 29.
      The composite signal L.sub.T fed to the input terminal 25 is then supplied
      to the phase shifters 21 and 23, while the other composite signal R.sub.T
      fed to the other input terminal 26 is supplied to the phase shifters 22
      and 24, respectively. At output terminals 101 and 103 of the decoder 20,
      there are decoded the composite signals L.sub.T and R.sub.T applied to the
      terminals 25 and 26 through the phase shifters 21 and 22 with the signals
      L.sub.F  and R.sub.F being pre-dominant, respectively. The composite
      signal L.sub.T applied to the input terminal 25 and passed through the
      phase shifter 23 is added to the composite signal R.sub.T applied to the
      input terminal 26 and passed through the phase shifter 22 at the adding
      circuit 27. The output signal from the adding circuit 27 is delivered
      through the phase inverter 29 to an output terminal 102 of the decoder 20
      with the signal L.sub.B, which is same in phase with the signals L.sub.F
      and R.sub.F, being pre-dominant. While, the composite signal L.sub.T
      passed through the phase shifter 21 and the composite signal R.sub.T
      passed through the phase shifter 24 are added with each other at the
      adding circuit 28 and the output signal of the adding circuit 28, in which
      the signal R.sub.B same in phase with the signals L.sub.F, R.sub.F and
      L.sub.B (delivered to the terminal 102) is pre-dominant, is delivered to
      an output terminal 104.
PAR  In each of the decoded output signals delivered to the output terminals
      101, 102, 103 and 104, there is contained, in addition to one pre-dominant
      signal, a pair of crosstalk signal components. Accordingly, in order to
      cancel the crosstalk signals and to improve the separation, a logic
      circuit 90 and gain control circuit 30 are provided at the output stage of
      the decoder 20. The logic circuit 90 consists of a signal waveform
      comparator circuit 107, slicers 56, 58 and attenuator circuits 57, 59. The
      comparator circuit 107 compares, for example, the composite signals from
      the phase shifters 21 and 24 to detect which one of the signals L.sub.F
      and R.sub.B is pre-dominant and hence to produce at its output terminals a
      pair of control signals V.sub.C opposite in polarity. The slicers 56 and
      58 are supplied with the control signals V.sub.C from the comparator
      circuit 107 to eliminate non-effective components contained in the control
      signals V.sub.C, respectively. While, the gain control circuit 30 is
      formed so that the output terminals 101, 102, 103 and 104 are connected to
      output terminals 41, 42, 43 and 44 of the control circuit 30 through
      capacitors 111 to 114 and resistors 31 to 34, respectively. Loudspeakers
      (not shown) are connected to the output terminals 41 to 44, respectively.
      SRGs 11 to 14 shown in Section 30 are connected by their drain electrodes
      to the connection points between the resistors 31 to 34 and the output
      terminals 41 to 44, and at their source electrodes grounded through a
      common capacitor 55. The connection points between the resistors 31, 32
      and the capacitors 111, 112 are connected through resistors 61 and 62 to
      the source electrodes of the SRGs 11 and 12, respectively, and the
      connection points between the resistors 33, 34 and the capacitors 113, 114
      are connected through resistors 63 and 64 to the source electrodes of the
      SRGs 13 and 14, respectively. Capacitors 71 to 74 are connected between
      the drain and second gate electrodes of the SRGs 11 to 14, respectively,
      and resistors 81 to 84 are connected between the first and second gate
      electrodes of the SRGs 11 to 14, respectively. In this case, the SRGs 11
      to 14 are formed in the same substrate.
PAR  One of the pair of the control signals V.sub.C opposite in polarity
      obtained from the logic circuit 90 is supplied to the first gate
      electrodes of the SRGs 11 and 12 directly, but to the second gate
      electrodes thereof through the resistors 81 and 82, respectively, while
      the other of the control signals V.sub.C is supplied to the first gate
      electrodes of the SRGs 13 and 14 directly, but their second gate
      electrodes through the resistors 83 and 84, respectively. In order to
      apply the DC bias voltage V.sub.B to the common capacitor 55 connected
      between the ground and the source electrodes of the SRGs 11 to 14, a
      resistor 94 and a constant voltage diode 95 are connected between a
      voltage source B+ and the ground. The constant voltage obtained across the
      constant voltage diode 95 is set by a variable resistor 96 at a
      predetermined value and then applied to the capacitor 55 through the
      base-emitter path of a transistor 97. The back gate electrodes of the SRGs
      11 to 14 are supplied with a reverse bias voltage from the voltage source
      B+, respectively.
PAR  With the above circuit construction, the impedance of the SRGs 11 to 14
      between their drain and source regions is changed linearly from V.sub.C =0
      in response to the control voltage V.sub.C derived from the logic circuit
      90 to control the gain of the signals delivered to the output terminals
      101 to 104, respectively. Therefore, the output signals obtained at the
      output terminals 41 to 44 are attenuated in crosstalk signal componenets
      and, accordingly, the pre-dominant signals are reproduced to improve the
      separation between channels.
PAR  With the circuit construction shown in FIG. 5, as in the case of the
      circuit of FIG. 3, components of the control signal V.sub.C are not
      contained in the signals L.sub.F', R.sub.F', L.sub.B' and R.sub.B'
      delivered to the output terminals 41 to 44.
PAR  In the prior art, variable resistors 105 and 106 are connected to the
      connection points between the slicers 56, 58 and the attenuators 57, 59,
      respectively, as shown in FIG. 5 by dotted lines, to apply the bias
      voltage V.sub.B in superposition to the control voltage V.sub.C.
      Accordingly, if the attenuators 57 and 59 are adjusted to set the level of
      the bias voltage V.sub.B is also changed, which requires that the variable
      resistors 105 and 106 must be adjusted again. While, if the variable
      resistors 105 and 106 are adjusted, the DC level at the output side of the
      slicers 56 and 58 are changed to cause the change of the slice level.
      Thus, the DC level of the slicers 56 and 58 at their input side must be
      adjusted. For this reason, it is very troublesome to adjust the control
      signal V.sub.C and the bias voltage V.sub.B.
PAR  However, with the circuit shown in FIG. 5, the control signal V.sub.C can
      be adjusted by only the attenuators 57 and 59, and the bias voltage
      V.sub.B can be adjusted by only the variable resistor 96. Thus, the
      adjustment can be achieved simply and positively.
PAR  Further, with the circuit shown in FIG. 5, since the DC voltage source B+
      for correcting the threshold voltage of the SRGs 11 to 14 can be provided
      in common to the source electrodes of the SRGs, for example, in the case
      of the SRGs 11 to 14 being formed as an integrated circuit, the threshold
      levels of the respective SRGs 11 to 14 can be selected approximately equal
      to one another. As a result, the integrated circuit becomes simple in
      construction and superior in characteristics.
PAR  When the SRG is used as a variable impedance element, various methods for
      supply of the control voltage V.sub.C can be considered. By way of
      example, even if the resistor R.sub.3 is dispensed within the example of
      FIG. 3, the control voltage V.sub.C is applied to the second gate
      electrode through the resistors between the first and second gate
      electrodes to similarly achieve the impedance control.
PAR  It will be apparent that many variations and modifications could be
      effected by those skilled in art without departing from the spirits and
      scope of the novel concepts of the present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A variable gain control circuit comprising:
PA1  a. a signal transmitting path having signal input and signal output
      terminals;
PA1  b. a first impedance means connected between said signal input and signal
      output terminals;
PA1  c. a Silicon Resisted Gate type MOS field effect transistor having a
      conductive channel provided between its source and drain regions provided
      on a substrate, a silicon dioxide layer provided on said conductive
      channel, a resistive layer provided on said silicon dioxide layer with a
      constant thickness, first, second and third gate electrodes provided
      respectively on both ends of said resistive layer and said substrate; a
      second impedance means;
PA1  d. circuit means for connecting said drain electrode to said output
      terminal; said source electrode connected to said input terminal through
      said second impedance means;
PA1  e. means for supplying to said third gate electrode a reverse biasing
      voltage with respect to said source and drain regions;
PA1  f. circuit means for supplying AC signals from said output terminal to said
      first and second gate electrodes;
PA1  g. means for supplying a control voltage to said first and second gate
      electrodes for controlling the impedance of said conductive channel;
PA2  whereby input signals applied to said signal input terminal are linearly
      controlled.
NUM  2.
PAR  2. A variable gain control circuit comprising:
PA1  a. a signal transmitting path having input and output terminals;
PA1  b. a first resistor connected between said input and output terminals;
PA1  c. a Silicon Resisted Gate type MOS field effect transistor having a
      conductive channel provided between its source and drain regions provided
      on a substrate, a silicon dioxide layer provided on said conductive
      channel, a resistive layer provided on the silicon layer with a constant
      thickness, first and second gate electrodes provided on both ends of
      resistive layer, and source, drain and substrate electrodes each provided
      to said source region, drain region and said substrate, respectively; said
      drain electrode connected to the connection point between the first
      resistor and the output terminal, a first capacitor connected between the
      second gate electrode and said drain electrode, a second resistor
      connected between said source electrode and said input terminal, a first
      DC biasing means connected between said source electrode and ground, and a
      second DC biasing source connected between said substrate electrode to
      reverse bias it with respect to said source and drain regions; and
PA1  d. a control voltage means connected between ground and said first gate
      electrode and a third resistor connected between said second gate
      electrode and said control voltage means whereby a signal applied to the
      input terminal is linearly controlled.
NUM  3.
PAR  3. A variable gain control circuit according to claim 2 further including,
      a second pair of input and output terminals, a fourth resistor connected
      between said second input and output terminals, a second silicon Resisted
      Gate type MOS field effect transistor having a conductive channel provided
      between its source and drain regions provided on a substrate, a silicon
      dioxide layer of constant thickness provided on the silicon layer, first
      and second gate electrodes provided on said resistive layer at both ends,
      the first gate of said transistor connected to the first gate of said
      second transistor, the source of said transistor connected to the source
      of said second transistor, and a fourth resistor connected between said
      second input terminal and the source of said second transistor, the drain
      of said second transistor connected to said second output terminal.
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ABST
PAL  An apparatus and method for decoding four individual audio signals to the
      extent they are contained in first and second composite signals. The first
      composite signal contains the first individual audio signal in dominant
      proportion and two other individual audio signals in subdominant
      proportions. The second composite signal contains the second individual
      audio signals in dominant proportion and two other individual audio
      signals in subdominant proportions. In accordance with the invention there
      is provided a means for measuring the degree of directional predominance
      of each of the four individual audio signals. Means responsive to the
      composite signals are employed to form four partially decoded signals,
      each of the partially decoded signals including a different one of the
      individual audio signals in dominant proportion and two other individual
      audio signals in subdominant proportion. The four partially decoded
      signals are respectively applied to four output terminals. Further
      provided is a means responsive to the composite signals for forming four
      enhancement signals, each of the enhancement signals having a different
      one of the individual signals as its principal component. Each of the
      enhancement signals is applied to the particular ones of the output
      terminals at which its principal component is present in subdominant
      proportion. Each enhancement signal is applied at a relative phase which
      is the opposite of said signal present in subdominant proportion and at a
      level which depends on the measured degree of directional predominance of
      its principal component. In this manner, a selective cancellation of
      certain subdominant components is achieved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to audio systems and, more particularly, to an
      apparatus and method for decoding four individual audio signals contained
      in two composite signals, the decoding achieving an improved degree of
      quadraphonic realism when the decoded outputs are reproduced.
PAR  In the U.S. Pat. No. 3,708,631 there is the a sound system wherein four
      individual audio signals, designated L.sub.f, L.sub.b, R.sub.b and R.sub.f
      are encoded in accordance with the "SQ" quadraphonic technique to produce
      two composite signals designated L.sub.T and R.sub.T. These two composite
      signals are typically transmitted over two lines, or recorded on and
      reproduced from two channel recording medium, such as a stereophonic disc
      record, and subsequently decoded into four simulated channels of sound by
      suitable decoding apparatus, a form of which is described in the
      referenced patent. In the SQ quadraphonic system, the composite signal
      L.sub.T contains, to thhe extent they are present, L.sub.f in a dominant
      proportion and L.sub.b and R.sub.b in subdominant proportions, L.sub.b and
      R.sub.b being phase shifted with respect to each other. Also, R.sub.T
      contains, to the extent they are present, R.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in subdominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other. The referenced patent
      demonstrates that L.sub.T and R.sub.T can be decoded using an SQ decoder
      matrix to produce four signals which may be designated L.sub.f ', L.sub.b
      ', R.sub.b ' and R.sub.f ', each of these signals containing, in
      predominant proportion, a corresponding one of the four individual
      signals, along with certain "unwanted" components in subdominant
      proportions. These decoded signals are not "pure" or discrete original
      signals, each being "diluted" by two other signals. Nevertheless, when all
      four channels of the original program contain musical signals in concert,
      and the four decoded signals are reproduced over respective loudspeakers
      which are, for example, placed in the corners of a room or a listening
      area, then as far as the listener is concerned there is sufficient
      "mixing" of the sounds in the room that the resulting overall sound effect
      is quite similar to the sound of the original four discrete channels, and
      a credible simulation of the original four channel program results.
PAR  There are situations, however, in which it is desirable to provide an
      illusion of greater independence or purity of the decoded signals; for
      example, when the original sound is present in one or two channels only,
      it is desirable to enhance the separation of the channels which are
      present. Systems for achieving such audible spatial enhancement are
      described, for example, in the above-referenced U.S. Pat. No. 3,708,631
      and the U.S. Pat. No. 3,784,744. It is an object of the present invention
      to obtain greater quadraphonic realism than that obtainable using
      previously described techniques.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an apparatus and method for decoding
      four individual audio signals, designated L.sub.f, L.sub.b, R.sub.b and
      R.sub.f, to the extent they are contained in first and second composite
      signals, designated L.sub.T and R.sub.T. The first composite signal,
      L.sub.T, contains the first individual audio signal, L.sub.f, in dominant
      proportion and two other individual audio signals, L.sub.b and R.sub.b, in
      subdominant proportions. The second composite signal, R.sub.T, contains
      the second individual audio signal, R.sub.f, in dominant proportion and
      two other individual audio signals, L.sub.b and R.sub.b, in subdominant
      proportions. In accordance with the invention there is provided a means
      for measuring the degree of directional predominance of each of the four
      individual audio signals. Means responsive to the composite signals are
      employed to form four partially decoded signals, designated L.sub.f ',
      R.sub.f ', L.sub.b ' and R.sub.b ', each of the partially decoded signals
      including a different one of the individual audio signals in dominant
      proportion and two other individual audio signals in subdominant
      proportion. The four partially decoded signals are respectively applied to
      four output terminals. Further provided is a means responsive to the
      composite signals for forming four enhancement signals, designated
      L.sub.f.sup.-, R.sub.f.sup.-, L.sub.b.sup.-  and R.sub.b.sup.-, each of
      the enhancement signals having a different one of the individual audio
      signals as its principal component. Each of the enhancement signals is
      applied to the particular ones of the output terminals at which its
      principal component is present in subdominant proportion. Each enhancement
      signal is applied at a relative phase which is the opposite of said signal
      present in subdominant proportion and at a level which depends on the
      measured degree of directional predominance of its principal component. In
      this manner, a selective cancellation of certain subdominant components is
      achieved.
PAR  In a preferred embodiment of the invention a plurality of control signals
      are generated as a function of the measured directional predominance of
      the four individual audio signals, and these control signals are utilized
      to modulate the level at which the enhancement signals are applied.
      Further features and advantages of the invention will become more readily
      apparent from the following detailed description when taken in conjunction
      with the accompanying drawings.
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PAC  BREIF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an encoding matrix that is useful in understanding the present
      invention;
PAR  FIG. 2 shows a decoding matrix that is useful in understanding the present
      invention;
PAR  FIG. 3 is a simplified functional block diagram of a decoding apparatus in
      accordance with the invention;
PAR  FIGS. 4A through 4D are phasor diagrams which are helpful in describing the
      relative phase orientation of the outputs of the invented decoder in
      certain situations;
PAR  FIG. 5 is a block diagram of an apparatus in accordance with an embodiment
      of the invention;
PAR  FIG. 6 is a block diagram of an apparatus in accordance with another
      embodiment of the invention;
PAR  FIG. 7 is a block diagram of an apparatus in accordance with still another
      embodiment of the invention;
PAR  FIG. 8 is a block diagram of circuitry useful for generating signals
      employed in the embodiment of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  To facilitate understanding of the present invention it is helpful to first
      review certain aspects of the SQ type of quadraphonic system. FIG. 1 shows
      an encoding matrix of the type disclosed in my co-pending U.S. patent
      application Ser. No. 384,334 filed July 31, 1973, now U.S. Pat. No.
      3,890,466 and assigned to the same assignee as the present application.
      The encoder of FIG. 1 has four input terminals, 14, 16, 18 and 20 through
      which four individual audio signals L.sub.f, L.sub.b, R.sub.f and R.sub.b
      are respectively applied. The full L.sub.f signal is added in a summing
      junction 22 to 0.71 of the L.sub.b signal, the output of the summing
      junction being applied to a phase shifting network 24 which introduces a
      reference phase shift .psi. that varies continuously with frequency. The
      full R.sub.f signal at terminal 20 is added in a second summing circuit 26
      to -0.71 of the L.sub.b signal appearing at input terminal 16, and the
      output if passed through a second phase shifting network 28 which also
      provides a reference phase shift of .psi.. The L.sub.b and R.sub.b signals
      are also applied to respective networks 30 and 32, each of which provides
      a phase shift of (.psi. - 90.degree.) and wherein the .psi. functions are
      essentially the same. The full signal appearing at the output of network
      24 is added in a summing circuit 34 to 0.71 of the signal appearing at the
      output of the network 30 to produce at its output terminal 36 a composite
      signal designated L.sub.T. Similarly, the full signal from network 28 is
      added in summing junction 38 to -0.71 of the signal from network 32 to
      produce at its output terminal 40 a composite signal designated R.sub.T.
      The composite signals L.sub.T and R.sub.T are conveniently characterized
      by the phasor groups 42 and 44, respectively.
PAR  The composite signals L.sub.T and R.sub.T are typically recorded on a two
      channel recording medium, such as a stereophonic disc record, and
      subsequently transduced and presented for decoding into four simulated
      channels of sound by suitable decoding apparatus.
PAR  FIG. 2 illustrates a decoding matrix having characteristics described in
      detail in the co-pending U.S. patent application Ser. No. 338,691 filed
      Mar. 7, 1973, now U.S. Pat. No. 3,835,255 and assigned to the same
      assignee as the present application. The decoder of FIG. 2 includes a pair
      of input terminals 70 and 72 to which the composite signals L.sub.T and
      R.sub.T are respectively applied. The signal applied to terminal 70 is
      applied in parallel and phase shifted by a pair of phase shift networks 74
      and 76, and the signal applied to input terminal 72 is applied in parallel
      to networks 78 and 80. The networks 74 and 80 introduce a phase shift of
      .psi. and the networks 76 and 78 introduce a phase shift of (.psi. -
      90.degree.). The output signals from networks 74 and 80 are respectively
      applied directly to the "left-front" output terminal 82 and to the
      "right-front" output terminal 84. Equal portions of the outputs of
      networks 74 and 78 are summed in a summing junction 86, the output of
      which is applied to the "right-back" output terminal 88 and equal portions
      of the output networks 76 and 80 are inverted and added in a second
      summing network 90, the output of which is applied to the "left-back"
      output terminal 92. As a result of the described phase shifting and
      summing action, four decoded signals designated L.sub.f ', L.sub.b ',
      R.sub.b ' and R.sub.f ', appear at output terminals 82, 92, 88 and 84,
      respectively, and have the composition depicted by phasor diagrams 94, 96,
      98 and 100, respectively. It is seen that the predominant components in
      the four decoded signals, namely L.sub.f, L.sub.b, R.sub.b and R.sub.f,
      have the same relative amplitude and phase as the corresponding signals
      applied to the encoder of FIG. 1, but that the predominant "front"
      components are accompanied by reduced amplitude components from the back
      pair of channels and the predominant "back"  components are accompanied by
      reduced amplitude components from the front pair of channels.
PAR  Referring to FIG. 3, there is shown a simplified functional block diagram
      of a decoding apparatus in accordance with the invention. The composite
      signals L.sub.T and R.sub.T, again represented by the phasor groupings 42
      and 44, are applied in parallel to a matrix 100, an enhancement signal
      generator 300, and a control signal generator 500. The matrix 100 may be
      of the type shown in FIG. 2 and generates four signals L.sub.f ', R.sub.f
      ', L.sub.b ' and R.sub.b ', represented by the phasor groupings 101
      through 104, respectively. For purposes of the present application, the
      outputs of matrix 100 shall be referred to as "partially decoded signals",
      since these standard SQ outputs are to be further enhanced in accordance
      with the present invention. The partially decoded signals L.sub.f ',
      R.sub.f ', R.sub.b ' and L.sub.b ' are coupled through gain control
      amplifiers 105, 106, 107 and 108, respectively, to four summing circuits
      labelled by the reference numerals 111, 112, 113 and 114, respectively.
      The outputs of summing circuits 111 through 114 are coupled to the output
      terminals 115 through 118, respectively, which, in turn, are typically
      coupled to four speakers (not shown) appropriately positioned in a
      listening area.
PAR  The enhancement signal generator 300 is responsive to the composite signals
      to generate four enhancement signals designated L.sub.f.sup.e,
      R.sub.f.sup.e, L.sub.b.sup.e, and R.sub.b.sup.e. The enhancement signals
      are characterized in that each one has a different one of the individual
      audio signals as its principal components; i.e., in dominant proportion.
      Specifically, L.sub.f.sup.e includes L.sub.f as its principal component,
      R.sub.f.sup.e includes R.sub.f as its principal component, L.sub.b.sup.e
      includes L.sub.b as its principal component and R.sub.b.sup.e includes
      R.sub.b as its principal component. Each of the enhancement signals also
      includes, in subdominant proportion, two other individual audio signals.
      Thus it is seen that the enhancement signals are similar in nature to the
      partially decoded signals (L.sub.f ', R.sub.f ', L.sub.b ' and R.sub.b ').
      In fact, in an embodiment of the invention the enhancement signals are the
      same as the partially decoded signals. In such case it is apparent that
      the outputs of matrix 100 can be used as the enhancement signals, and this
      situation is illustrated in FIG. 3 by showing the four partially decoded
      signals as dashed line inputs to the enhancement signal generator. The
      control signal generator 500 is responsive to L.sub.T and R.sub.T to
      generate as outputs four control signals designated K.sub.1, K.sub.2,
      K.sub.3 and K.sub.4. Once again, it will be appreciated that the control
      signal generator could alternatively be responsive to the partially
      decoded signals (again shown as dashed line inputs), but in such case the
      generator 500 would in essence be ultimately responsive to the composite
      signals L.sub.T and R.sub.T since the partially decoded signals are
      derived from these composite signals. Therefore, for purposes of this
      application, it will be understood that whenever the term "responsive to
      the composite signals" or a similar term is used, the intention is that
      this phrase includes cases where the responsive means is, in turn,
      responsive to signals derived from the composite signals.
PAR  The control signals K.sub.1 through K.sub.4 are a measure of the degree of
      directional predominance of each of the four individual audio signals;
      i.e., K.sub.1 is a measure of the directional predominance of L.sub.f,
      K.sub.2 is a measure of the directional predominance of R.sub.f, K.sub.3
      is a measure of the directional predominance of L.sub.b, and K.sub.4 is a
      measure of the directional predominance of R.sub.b. The control signal
      generator may be of various types, for example the general type disclosed
      in U.S. Pat. No. 3,708,631 entitled "Quadraphonic Reproducing System With
      Gain Control". Techniques for the generation of control signals are also
      disclosed in the U.S. Pat. Nos. 2,784,777, 3,794,781 and 3,798,373.
PAR  The four enhancement signals, L.sub.f.sup.e, R.sub.f.sup.e, L.sub.b.sup.e
      and R.sub.b.sup.e, are respectively coupled to four gain control
      amplifiers 121, 122, 123 and 124. The control signals are coupled to the
      control terminals of these amplifiers so that their gain is a function of
      the control signals. Specifically, amplifier 121 is controlled by signal
      K.sub.1, amplifier 122 is controlled by signal K.sub.2, amplifier 123 is
      controlled by signal K.sub.3, and amplifier 124 is controlled by signal
      K.sub.4. Each of the amplified enhancement signals is applied (via one of
      the adders 111 through 114) to the particular ones of the output terminals
      115 through 118 at which its principal component is present in subdominant
      proportion. To illustrate, the enhancement signal L.sub.f.sup.e has
      L.sub.f as its principal component. Therefore, the output of amplifier 121
      is coupled to adders 113 and 114 since L.sub.f is present at these adders
      in subdominant proportion by virtue of the application of L.sub.b ' and
      R.sub.b ' to these adders. (Description of the purpose of amplifiers 105
      through 108 shall be deferred to a later portion of this Specification, so
      for the present explanation these amplifiers can be considered as being
      short-circuited). The presence of L.sub.f in subdominant proportion in the
      signals L.sub.b ' and R.sub.b ' can be readily seen by examining the
      phasor groups 103 and 104. The enhancement signal R.sub.b.sup.e has
      R.sub.b as its principal component. Therefore, the output of amplifier 124
      is coupled to adders 111 and 112 since R.sub.b is present at these adders
      in subdominant proportion by virtue of the application of L.sub.f ' and
      R.sub.f ' to these adders. The presence of R.sub.b in subdominant
      proportions in the signals L.sub.f ' and R.sub.f ' can be readily seen by
      examining the phasor groups 101 and 102. In similar fashion, it is seen
      that the output of amplifier 122 is coupled to adders 113 and 114 while
      the output of amplifier 123 is coupled to adders 111 and 112.
PAR  Each of the amplified enhancement signals is applied to the appropriate
      adders in phase opposition with respect to the signals present in
      subdominant proportion at the adders. The function of applying the
      amplified enhancement signals at the appropriate phases is represented
      generally in FIG. 3 by the eight phase shifters labelled 131 through 138.
      To illustrate, it can be seen that the phase shifter 132 should introduce
      a relative phase shift of 180.degree. to the amplified enhancement signal
      from amplifier 124. The enhancement signal R.sub.b.sup.e has R.sub.b as
      its principal component. The partially decoded signal L.sub.f ' includes
      an R.sub.b component in subdominant proportion (phasor group 101) and at
      an angle which can be arbirtrarily called 0.degree. (arrow pointing to the
      right). Accordingly, and assuming for the moment that the R.sub.b
      component of R.sub.b.sup.e is also at 0.degree., it will be appreciated
      that the enhancement signal R.sub.b.sup.e should be phase shifted by
      180.degree. (i.e., its polarity reversed) in order that its R.sub.b
      component be opposite in phase to the R.sub.b component of R.sub.f ' so
      that the above-stated criterion is met. It will become apparent that this
      criterion tends to cause cancellation of the subdominant components of the
      partially decoded signals, the degree of cancellation depending upon the
      levels of the control signals K.sub.1 through K.sub.4. As a further
      illustration, the phase shifter 131 should introduce a relative phase
      shift of 90.degree. component the amplified enhancement signal from
      amplifier 123. The enhancement signal L.sub.b.sup.e has L.sub.b as its
      principal component and the partially decoded signal L.sub.f ' includes a
      L.sub.b component in subdominant proportion (phasor group 101) and at a
      phase angle of 270.degree. in accordance with the selected phase
      reference. Thus, again assuming that the L.sub.b component of
      L.sub.b.sup.e is at 0.degree., it can be seen that L.sub.b.sup.e should be
      phase shifted by 90.degree. in order that its L.sub.b component be
      opposite in phase to the L.sub.b component of L.sub.f ' whereby the stated
      criterion is again met.
PAR  In equation form, and using standard phasor notation, the partially decoded
      signals can be represented as follows:
EQU  L.sub.f ' = L.sub.T = L.sub.f + 0.71R.sub.b - 0.71jL.sub.b
EQU  R.sub.f ' = R.sub.T = R.sub.f - 0.71L.sub.b + 0.71jR.sub.b
EQU  L.sub.b ' = 0.71(jL.sub.T - R.sub.T) = L.sub.b - 0.71R.sub.f + 0.71jL.sub.f
EQU  R.sub.b ' = 0.71(L.sub.T - jR.sub.T) = R.sub.b + 0.71L.sub.f - 0.71jR.sub.f
      (1)
PAR  To develop an equation for the signal L.sub.f " at output terminal 115,
      assume that the partially decoded signals are utilized as the enhancement
      signals (this alternative having been previously referred to) as could be
      accomplished by coupling the outputs of matrix 100 to the appropriate ones
      of the variable gain amplifiers 121 through 124. In such case, the outputs
      of variable gain amplifiers 121 through 124, respectively, can be
      represented as K.sub.1 L.sub.f ', K.sub.2 R.sub.f ', K.sub.3 L.sub.b ' and
      K.sub.4 R.sub.b '. Considering the inputs to adder 111 we have L.sub.f ',
      K.sub.3 L.sub.b '  shifted by 90.degree., and K.sub.4 R.sub.b ' shifted by
      180.degree.. Using standard phasor notation the 90.degree. shift is
      achieved by multiplying by j and the 180.degree. shift is achieved by a
      sign reversal, so the output at terminal 115 can be represented as:
EQU  L.sub.f " = L.sub.f ' + jK.sub.3 L.sub.b ' - K.sub.4 R.sub. '
PAL  using the above-established criterion to obtain the appropriate phase of
      the amplified enhancement signals applied to the other adders 112, 113,
      and 114, similar equations can be developed for R.sub.f ", L.sub.b ", and
      R.sub.b ", the full set of equations being as follows:
EQU  L.sub.f " = L.sub.f ' + jK.sub.3 L.sub.b ' - K.sub.4 R.sub.b '
EQU  R.sub.f " = R.sub.f ' + K.sub.3 L.sub.b ' - jK.sub.4 R.sub.b '
EQU  L.sub.b " = L.sub.b ' - jK.sub.1 L.sub.f ' + K.sub.2 R.sub.f '
EQU  R.sub.b " = R.sub.b ' - K.sub.1 L.sub.f ' + jK.sub.2 R.sub.f '(2)
PAR  Comparison of these equations with equations (1) reveals that, by design,
      the second and third terms of the equations (2) are opposite in polarity
      to the subdominant components of equations (1).
PAR  To illustrate the type of improvement achieved using the present invention,
      assume that at a given moment of a musical program the right back signal
      is strongly predominant. Equations (1) show that using a conventional SQ
      decoder the decoded signal R.sub.b ' includes R.sub.b in dominant
      proportion, so the R.sub.b signal would emanate most strongly from the
      right back speaker, as is desired. However, the decoded signals L.sub.f '
      and R.sub.f ' also include R.sub.b, although in subdominant proportion, so
      the R.sub.b signal will emanate from the front speakers and somewhat
      dilute the desired directional separation. Using known "logic" control
      techniques it is possible to boost the output level of the right back
      speaker (upon sensing its dominance) and simultaneously lower the output
      level of other speakers, but this technique has been found to sometimes
      cause undesirable mislocation of sounds at the boosted speaker. Consider
      now the results of the same hypothetical and the resultant operation of
      equations (2). To simplify the analysis, assume that the hypothetical
      condition results in K.sub.4 = 0.71 (K.sub.4 is the control signal for
      R.sub.b) with the other K's at or near zero. The signal R.sub.b ", which
      is fed to the right back speaker, includes R.sub.b so, as before, the
      R.sub.b signal will emanate most strongly from the right back speaker. In
      the present case, though, the spurious appearance of an R.sub.b component
      in the front speakers is eliminated as can be seen by examining the
      equations for L.sub.f " and R.sub.f ". L.sub.f " is seen to include
      L.sub.f ' which, in turn, includes the subdominant component 0.71R.sub.b.
      However, the term -K.sub.4 R.sub.b ' in the equation for L.sub.f "
      includes -K.sub.4 R.sub.b which equals -0.71R.sub.b when K.sub.4 is 0.71.
      Thus, the terms containing R.sub.b cancel in the expression for L.sub.f ".
      Similarly, R.sub.f " is seen to include R.sub.b ' which, in turn, includes
      the subdominant component 0.71jR.sub.b. But the term -jK.sub.4 R.sub.b '
      in the equation for R.sub.f " includes -jK.sub.4 R.sub.b which equals
      -0.71jR.sub.b when K.sub.4 is 0.71. Therefore, the terms containing
      R.sub.b cancel in the expression for R.sub.f ". The signal L.sub.b "
      includes L.sub.b ' which, under the SQ code, contains no R.sub.b
      component, so it is seen that in the present hypothetical case only
      R.sub.b " will include the input signal R.sub.b while the remaining output
      signals, L.sub.f ", R.sub.f " and L.sub.b ", will have no R.sub.b
      component. This means that the R.sub.b signal will emanate only from the
      right back channel, the desired result. Also, if lower level signals are
      present in the L.sub.f, R.sub.f or L.sub.b inputs, these need not be
      substantially mislocated to the right back speaker upon reproduction. This
      hypothetical could have been developed equally well by assuming the
      dominant sound to be positioned at the L.sub.b, L.sub.f or R.sub.f inputs.
PAR  The equations (2) are useful in demonstrating the basic operation of the
      invention, but don't provide for the possible alteration of overall signal
      level caused by the described selective cancellation. Also, the control
      signals needed for these equations are not conveniently normalized.
      Accordingly, the following set of equations, similarly resulting from the
      stated general criteria, is set forth:
EQU  L.sub.f " = 0.71[(1 +  0.41K.sub.1)L.sub.f ' + 0.71K.sub.3 jL.sub.b ' -
      0.71K.sub.4 R.sub.b ']
EQU  R.sub.f " = 0.71[(1 + 0.41K.sub.2)R.sub.f ' + 0.71K.sub.3 L.sub.b ' -
      0.71K.sub.4 jR.sub.b ']
EQU  L.sub.b " = 0.71[(1 + 0.41K.sub.3)L.sub.b " - 0.71K.sub.1 jL.sub.f ' +
      0.71K.sub.2 R.sub.f ']
EQU  R.sub.b " = 0.71[(1 +  0.41K.sub.4)R.sub.b ' - 0.71K.sub.1 L.sub.f ' +
      0.71K.sub.2 jR.sub.f ']                                   (3)
PAR  Aside from the various 0.71 coefficients, the difference of these equations
      from equations (2) is that the first term is multiplied by the factor (1 +
      0.41K). This factor is introduced to retain overall signal level in a
      desirable fashion. For example, assume that at a given moment the right
      back input signal is strongly predominant, resulting in K.sub.4 being
      relatively high and the other K's being relatively low. As previously
      explained, this will cause selective cancellation of the R.sub.b signal
      from the outputs L.sub.f " and R.sub.f ", which can be seen from the last
      terms of the equations for these outputs. Accordingly, and since the
      degree of such cancellation depends on the magnitude of K.sub.4, the
      R.sub.b ' component of R.sub.b " is increased in proportion to K.sub.4.
      Similar examples could be set forth to illustrate the propriety of the
      other (1 + 0.41K) factors. The (1+0.41K) factors are represented
      functionally in FIG. 3 by the variable gain amplifiers 105 through 108.
PAR  By substituting from the relationships of equations (1), the equations (3)
      can be rewritten in the following form which is useful in visualizing
      certain implementations of the invention:
EQU  L.sub.f " = 0.71[(1 + 41K.sub.1)L.sub.T - 0.5K.sub.3 (jR.sub.T + L.sub.T) -
      0.5K.sub. 4 (L.sub.T - jR.sub.T)]
EQU  R.sub.f " = 0.71[(1 +  41K.sub.2)R.sub.T + 0.5K.sub. 3 (jL.sub.T - R.sub.T)
      - 0.5K.sub. 4 (R.sub.T + jL.sub.T)]
EQU  L.sub.b " = 0.71[(1 + 0.41K.sub.3)0.71(jL.sub.T - R.sub.T) - 0.71K.sub.1
      jL.sub.T + 0.71K.sub.2 R.sub.T ]
EQU  R.sub.b " = 0.71[(1 + 0.41 K.sub.4)0.71(L.sub.T - jR.sub.T) - 0.71K.sub.1
      L.sub.T + 0.71K.sub.2 jR.sub.T ]                          (4)
PAL  for purposes of both sets of equations (3) and (4), the K's are defined as
      each having a range between zero and unity and the sum of the K's must be
      less than or equal to unity; that is:
EQU  0 .ltoreq. K.sub.N .ltoreq. 1
EQU  0 .ltoreq. K.sub.1 + K.sub.2 + K.sub.3 + K.sub.4 .ltoreq. 1
PAR  the equations (3) and (4) have basic characteristics which correspond to
      the previously developed equations (2). Initially, it can be observed that
      when all K's are zero the equations (3) and (4) reduce to the conventional
      SQ equations (1). To illustrate the operation of the equations (3) and (4)
      in a specific situation, assume that at a given moment of a musical
      program only the left front signal is present. The SQ encoder questions
      are:
EQU  L.sub.T = L.sub.f + 0.71R.sub.b - 0.71jL.sub.b
EQU  R.sub.T = R.sub.f - 0.71L.sub.b + 0.71jR.sub.b
PAL  When only L.sub.f is present, these equations reduce to:
EQU  L.sub.T = L.sub.f
EQU  R.sub.T = O
PAL  upon receiving these composite signals the control signal generator 300
      will generate the control signals K.sub.1 = 1, K.sub.2 =K.sub.3 =K.sub.4 =
      0. Substituting these values into equations (4), the outputs at terminals
      115 through 118 would be as follows:
EQU  L.sub.f " = 0.71[(1 + 0.41)L.sub.T ] = L.sub.T = L.sub.f
EQU  R.sub.f " = 0.71[(1 + 0)R.sub.T ] = 0.71R.sub.T = 0
EQU  L.sub.b " = 0.71[(1 + 0)0.71(jL.sub.T) - 0.71jL.sub.T ] = 0
EQU  R.sub.b " = 0.71[(1 + 0)0.71(L.sub.T) - 0.71L.sub.T ] = 0
PAL  these outputs indicate that the decoder will produce the signal L.sub.f at
      the left front output terminal and no signal at the other output
      terminals, a result which duplicates the input conditions. As a further
      illustration, assume now that the left front signal is strongly
      predominant but that there exists a second weaker signal, say, at the
      right front input. In this case the encoder equations will be:
EQU  L.sub.T = L.sub.f
EQU  R.sub.T = R.sub.f
PAL  With L.sub.f strongly predominant, the control signal generator will again
      generate control signals substantially as K.sub.1 = 1, K.sub.2 = K.sub.3 =
      K.sub.4 = 0. Thus, equations (4) yield the following result:
EQU  L.sub.f " = 0.71[(L + 0.71)L.sub.T ] = L.sub.T = L.sub.f
EQU  R.sub.f " = 0.71[(1 + 0)R.sub.T ] = 0.71R.sub.T = 0.71R.sub.f
EQU  L.sub.b " = 0.71[0.71(jL.sub.T - R.sub.T) - 0.71jL.sub.T ] = -0.5R.sub.T =
      -0.5R.sub.f
EQU  R.sub.b " = 0.71[0.71(L.sub.T - jR.sub.T) - 0.71L.sub.T ] = -0.5jR.sub.T =
      -0.5jR.sub.f
PAL  Again, the predominant signal, L.sub.f, is fully "separate"; i.e., it
      appears only in the left front output. The weaker R.sub.f signal appears
      at all other channels. This is characteristic of the present decoding
      apparatus which tends to position signals that are "vectorially
      orthogonal" to the predominant signal at all outputs at which the
      predominant signal does not appear. In the present example the predominant
      signal (L.sub.f) is in the composite signal L.sub.T. The other composite
      signal, R.sub.T, is vectorially orthogonal to L.sub.T as can best be
      visualized by remembering that the two channels carrying the composite
      signals are independent (typically modulating orthogonal walls of a record
      groove). Therefore, in order for L.sub.f (which is L.sub.T in this case)
      to be fully separate at the left front output, it stands to reason that
      R.sub.T (alone) must appear at all other outputs.
PAR  In any encoded program there will typically be a number of input signals
      and the relative directional predominance of such signals will vary. To
      further illustrate the operation, let us expand the previous example to
      one wherein the left front signal is again strongly predominant, but there
      exist weaker signals at the right front, right back and left back input
      positions. In such case the encoder equations are:
EQU  L.sub.T = L.sub.f + 0.71R.sub.b - 0.71jL.sub.b
EQU  R.sub.T = R.sub.f - 0.71L.sub.b + 0.71jR.sub.b
PAL  Again, control signal generator 500 will generate control signals
      substantially as K.sub.1 = 1, K.sub.2 = K.sub.3 = K.sub.4 = 0. The outputs
      are obtained from equations (4) as follows:
EQU  L.sub.f " = 0.71[(1 + 0.41)L.sub.T ] = L.sub.T = L.sub.f + 0.71R.sub.b -
      0.71jL.sub.b
EQU  R.sub.f " = 0.71[(L + 0)R.sub.T ] = 0.71R.sub.T = 0.71R.sub.f - 0.5L.sub.b
      + 0.5jR.sub.b
EQU  L.sub.b " = 0.71[0.71(jL.sub.T - R.sub.T) - 0.71jL.sub.T ] = -0.5R.sub.T =
      -0.5R.sub.f + 0.35L.sub.b - 0.35jR.sub.b
EQU  R.sub.b " = 0.71[0.71(L.sub. T - jR.sub.T) - 0.71L.sub.T ] = -0.5jR.sub.T =
      -0.5jR.sub.f + 0.35jL.sub.b + 0.35R.sub.b
PAL  The outputs are shown at their respective relative positions in the phasor
      diagram of FIG. 4A. As before, since L.sub.T contains the predominant
      signal (L.sub.f), the vectorially orthogonal R.sub.T appears in various
      relative orientations at all outputs other than the left front output. The
      predominant signal L.sub.f is fully separate in the left front output.
      Also, there is no overall RMS power alternation of the input signals.
      FIGS. 4B, 4C and 4D show the phasor diagrams for similar hypothetical
      situations but where different ones of the input signals are strongly
      predominant. The results for each situation can be seen to be analogous to
      the results described in conjunction with FIG. 4A. While illustrative
      examples wherein a single input signal is strongly predominant are most
      useful in describing operation of the invention, it will be appreciated
      that in many practical situations varying degrees of directional
      predominance will exist simultaneously with the result that more than one
      control signal will have a value greater than zero. In such cases the
      equations (3) or (4) apply equally well, with the degree of separateness
      of each individual signal being a function of its relative directional
      predominance.
PAR  FIG. 5 shows an embodiment of the invention wherein the individual terms of
      each equation (4) are effectively formed by one of four final summing
      circuits designated 691, 692, 693 and 694. The composite signals, L.sub.T
      and R.sub.T are applied, as shown, to all-pass phase shift networks 601,
      602, 603 and 604, which comprise a portion of a conventional SQ decoder
      (e.g. phase shift networks 74, 76, 78 and 80 of FIG. 2). Using
      conventional phasor notation, the outputs of these four networks can be
      designated as L.sub.T, -jL.sub.T, -jR.sub.T and R.sub.T, respectively.
      Summing circuits 605 and 606 are employed (in the manner of summing
      circuits 86 and 90 of FIG. 2) to obtain outputs which can be designated
      (jL.sub.T - R.sub.T) and (L.sub.T -jR.sub.T), respectively. The signals
      L.sub.T, R.sub.T, (jL.sub.T - R.sub.T) and (L.sub.T - jR.sub.T) are
      respectively applied, with a weighting factor of 0.71, to a first input
      terminal of the summing circuits 691, 692, 693 and 694. These signals are
      also respectively applied to variable gain amplifiers 611, 612, 613 and
      614, which are respectively gain controlled by the signals K.sub.1,
      K.sub.2, K.sub.3 and K.sub.4 (from control signal generator 500). The
      outputs of amplifiers 611, 612, 613 and 614 are respectively applied, with
      a weighting factor of 0.29, to a second input terminal of the summing
      circuits 691, 692, 693 and 694. The sum of the inputs at the first and
      second input terminals of the adders 691 through 694 can thus be expressed
      as (0.71 +  0.29K.sub.1)L.sub.T, (0.71 + 0.29K.sub.2)R.sub.T, (0.71 +
      0.29K.sub.3) 0.71(jL.sub.T - R.sub.T) and (0.71 + 0.29K.sub.4)0.71(L.sub.T
      -jR.sub.T), respectively. These four terms are seen to correspond
      respectively with the first terms of the equations (4), assuming the
      equations were expanded to include the multiplying factor of 0.71.
PAR  The signals L.sub.T, -jL.sub.T, -jR.sub.T and R.sub.T are also applied,
      respectively, to attenuators 616 and 617 and inverting attenuators 618 and
      619, all of the attenuators introducing a factor of 0.71. The outputs of
      attenuators 616 and 617 are respectively applied to the variable gain
      amplifiers 631 and 632 which are respectively gain controlled by the
      signals K.sub.1 and K.sub.2. The outputs of gain control amplifiers 631
      and 632 are respectively applied to third and fourth input terminals of
      summing circuit 693 with weighting factors of 0.71. The sum of the inputs
      at these third and fourth terminals is therefore 0.71(-0.71K.sub.1
      jL.sub.T + 0.71K.sub.2 R.sub.T) which can be seen to correspond to the
      last two terms of the equation (4) for L.sub.b ". In similar fashion, the
      outputs of inverting attenuators 618 and 619 are coupled via variable gain
      amplifiers 633 and 634 to third and fourth input terminals of summing
      circuit 694 with weighting factors of 0.71. The amplifiers 633 and 634 are
      gain controlled by the signals K.sub.1 and K.sub.2, so the sum of the
      inputs at the third and fourth input terminals of summing circuit 694 is
      0.71 (-0.71K.sub.1 L.sub.T + 0.7K.sub.2 jR.sub.T) which can be seen to
      correspond to the last two terms of the equation (4) for R.sub.b ".
PAR  The signals L.sub.T, -jL.sub.T, -jR.sub.T and R.sub.T are also applied, as
      shown, to selected ones of four summing circuits designated by the
      reference numerals 641, 642, 632 and 644. Circuit 641 adds -0.5 part of
      L.sub.T to 0.5 part of -jR.sub.T to form the signal -0.5(jR.sub.T +
      L.sub.T). Circuit 642 adds -0.5 part of L.sub.T to -0.5 part of -jR.sub.T
      to form the signal -0.5(L.sub.T - jR.sub.T). Circuit 643 adds -0.5 part of
      -jL.sub.T to -0.5 part of R.sub.T to form the signal 0.5(jL.sub.T -
      R.sub.T). Circuit 644 adds -0.5 part of R.sub.T to 0.5 part of -jL.sub.T
      to form the signal -0.5(R.sub.T + jL.sub.T). The outputs of summing
      circuits 641, 642, 643 and 644 are respectively applied to variable gain
      amplifiers 635, 636, 637 and 638 which are respectively gain controlled by
      the signals K.sub.3, K.sub.4, K.sub.3 and K.sub.4. The outputs of gain
      control amplifiers 635 and 636 are respectively applied to the third and
      fourth input terminals of summing circuit 691 with weighting factors of
      0.71. The sum of the inputs at these third and fourth terminals is
      therefore 0.71[-0.5K.sub.3 (jR.sub.T + L.sub.T) - 0.5K.sub.4 (L.sub.T -
      jR.sub.T)] which corresponds to the last two terms of the equation (4) for
      L.sub.f ".
PAR  The outputs of gain control amplifiers 637 and 638 are respectively applied
      to the third and fourth input terminals of summing circuit 692 with
      weighting factors of 0.71. The sum of the inputs at these third and fourth
      terminals is 0.71[0.5K.sub.3 (jL.sub.T - R.sub.T) - 0.5K.sub.4 (R.sub.T +
      jL.sub.T)] which can be seen to correspond to the last two terms of the
      equation (4) for R.sub.f ".
PAR  FIG. 6 shows another embodiment of the invention that can be best
      understood in terms of the equations (3). For convenience, the equations
      (3) are expanded into the following form:
EQU  L.sub.f " =  0.71L.sub.f ' +  0.29 K.sub.1 L.sub.f '  +  0.71 (0.71K.sub.3
      jL.sub.b '  -  0.71K.sub.4 R.sub.b ' )
EQU  R.sub.f "  =  0.7 R.sub.f ' +  0.29 K.sub.2 R.sub.f ' +  0.71(0.71K.sub.3
      L.sub.b ' -  0.71K.sub.4 jR.sub.b ')
EQU  L.sub.b " =  0.71L.sub.b ' +  0.29K.sub.3 L.sub.b ' +  0.71(-0.71K.sub.1
      jL.sub.f ' +  0.71K.sub.2 R.sub.f ')
EQU  R.sub.b " =  0.71 R.sub.b ' +  0.29 K.sub.4 R.sub.b ' +  0.71 (-0.71
      K.sub.1 L.sub.f '  +  0.71K.sub.2 jR.sub.f ')             (5)
PAL  In FIG. 6 the signals L.sub.f " , R.sub.f " , L.sub.b " and R.sub.b " are
      effectively formed by four summing circuits designated 791, 792, 793, and
      794. Each of these summing circuits has three input terminals which
      respectively receive signals that correspond to the three terms of each
      equation 5. The appropriate signals are formed as follows: The composite
      signals L.sub.T and R.sub.T are applied to a conventional SQ decoder 710
      which may be of the type described in conjunction with FIG. 2. The outputs
      of decoder 710, designated L.sub.f ', R.sub.f ', and R.sub.b ' are coupled
      through reference all-pass phase shift networks 711 through 714,
      respectively, to the first input terminals of summing circuits 791 through
      794, respectively. These signals are applied to the summing circuits with
      a weighting factor of 0.71 and account for the first terms of each of the
      equations (5). The reference phase shifters 711 introduce a reference
      phase shift .psi. and are utilized to maintain phase coherence with other
      signals (ultimate inputs to the summing circuits 791 through 794) that
      will necessarily experience reference phase shifts. The outputs of decoder
      710 are also respectively coupled to the inputs of variable gain
      amplifiers 721 through 724, the gains of these amplifiers being
      respectively controlled by the signals K.sub.1, K.sub.2, K.sub.3 and
      K.sub.4. The output of each variable gain amplifier is coupled to a pair
      of all-pass phase shift networks, one of the pair introducing a reference
      phase shift of .psi. and the other of the pair introducing a phase shift
      of (.psi. - 90.degree.). These eight phase shifters are labeled with the
      reference numerals 731 through 738. The phase shift networks 732, 733, 736
      and 737 introduce a reference phase shift of .psi. and the outputs of
      these networks, which can be respectively represented as K.sub.1 L.sub.f '
      , K.sub.2 R.sub.f ' , K.sub.3 L.sub.b ' and K.sub.4 R.sub.b ' , are
      coupled to the second input terminals of the summing circuits 791 through
      794, respectively, each being applied with a weighting factor of 0.29.
      These inputs can be seen to correspond to the second terms of each of the
      equations 5. Using conventional phasor notation, the outputs of the phase
      shift networks 731, 734, 735 and 738 can be respectively represented as
      -K.sub.1 jL.sub.f ', -K.sub.2 jR.sub.f ' , -K.sub.3 jL.sub.b ' , and
      K.sub.4 jR.sub.b ' . A .71 part of the output of network 731 is coupled to
      a 0.71 part of the output of network 733 by a summing circuit 741 to
      produce an output that can be represented as -0.71K.sub.1 jL.sub.f '  +
      0.71K.sub.2 R.sub.f ' . A -0.71 part of the output of network 732 is added
      to a -0.71 part of the output of network 734 by a summing circuit 742, the
      output of which may be represented as -0.71K.sub.1 L.sub.f '  +
      0.71K.sub.2 jR.sub.f '. A 0.71 part of the output of network 735 is added
      to a -0.71 part of the output of network 737 by a summing circuit 743, the
      output of which may be represented as -0.71K.sub.3 jL.sub.b '  -
      0.71K.sub.4 R.sub.b '. Also, a -0.71 part of the output of network 736 is
      added to 0.71 part of the output of network 738 by a summing circuit 744
      whose output may be expressed as -0.71K.sub.3 L.sub.b ' - 0.71K.sub.4
      jR.sub.b '. The outputs of summing circuits 741, 742, 743 and 744 are
      respectively applied to third input terminals of the summing circuits 791,
      792, 793 and 794, each being applied with a weighting factor of 0.71. It
      will be recognized that these inputs correspond to the third terms of each
      of the equations (5), so that the outputs of the summing circuits, viz.
      L.sub.f " , R.sub.f ", L.sub.b "  and R.sub.b " , corresponds to the
      expressions set forth in the equations (5). correspond
PAR  The embodiment of FIG. 6 can be viewed in terms of the generalized
      functional block diagram of FIG. 3 by considering the enhancement signals
      as the inputs to the variable gain amplifiers 721 through 724
      (corresponding to variable gain amplifiers 121 through 124 of FIG. 3). The
      function of the phase shifters 131 through 138 (FIG. 3) is effectively
      performed by the all-pass phase shift networks 731 through 738 in
      conjunction with appropriate polarity changes introduced by the summing
      circuits 741 through 744. As previously described in conjunction with FIG.
      3, these elements operate to apply the enhancement signals at the
      appropriate relative phases necessary to cause selective cancellation in
      accordance with the principles of the invention. The embodiment of FIG. 5
      can also be viewed in terms of the generalized functional block diagram of
      FIG. 3 by considering that the enhancement signals are the outputs of the
      summing circuits 641 through 644 and the attenuators 616 through 619. In
      this instance the functions of the phase shifters 131 through 138 are
      performed by these summing circuits and attenuators which orient the
      enhancement signals at the appropriate relative phase for selective
      cancellation. Also, in this instance, the variable gain amplifiers operate
      on signals which are already phase shifted, the order of these operations
      generally being a matter of convenience or choice.
PAR  From the foregoing it will be appreciated that there are numerous ways in
      which the enhancement signals can be generated and applied in accordance
      with the invention. For example, it can be readily demonstrated that the
      equations (4) can be manipulated into the following form:
EQU  L.sub.f "  =  L.sub.t - (0.15 -  0.15K.sub.1 +  35K.sub.3) (jR.sub.T +
      L.sub.T) - (0.15 -  0.5K.sub.1 +  35K.sub.4) (L.sub.I - jR.sub.T)
EQU  R.sub.f " =  R.sub.I - (0.15 - 0.5K.sub.2 + 0.35K.sub.3) (jL.sub.I -
      R.sub.T) -  (0.15 -  0.15K.sub.2 + 0.35K.sub.4) (R.sub.I +  jL.sub.T)
EQU  L.sub.b "  = 0.71(jL.sub.I - R.sub. T) - (0.21 -  0.21K.sub.3 +
      0.5K.sub.1)jL.sub.I +  (0.21 -  0.21K.sub.3 +  0.5K.sub.2) R.sub.I
EQU  R.sub.b "  = 0.71(L.sub.I -  jR.sub.T) - (0.21   -  0.21K.sub.4 +
      0.5K.sub.1)L.sub.I +  (0.21 -  0.21K.sub.4 +  0.5K.sub.2 jR.sub.I
PAL  the equations (6) are convenient for visualizing the operation of an
      embodiment illustrated in FIG. 7 which is somewhat similar to FIG. 5 but
      modified to reduce the number of variable gain amplifiers from 12 to
      eight. The units labeled 601 through 606, 641 through 644 and 616 through
      619 are configured and operate as in FIG. 5, except that the coefficients
      of the units 641 through 644 and 616 through 619 are all of unity
      magnitude. In this embodiment the individual terms of each equation (6)
      are effectively formed by one of four final summing circuits designated
      891, 892, 893 and 894. As in FIG. 5, the outputs of the units 601, 605,
      606 and 604 are respectively applied to the appropriate ones of these
      final summing circuits, but in the present instance each is applied with a
      unity weighting factor. The outputs of units 641 through 644 and 616
      through 619 are respectively applied to the variable gain amplifiers 811
      through 818 which are respectively controlled by signals designated A, B,
      C, D, E, F, G, and H.
PAR  FIG. 8 illustrates the manner in which the control signals A through H can
      be generated from the previously developed control signals K.sub.1,
      K.sub.2, K.sub.3 and K.sub.4. Eight summing circuits, labeled 851 through
      858 are used to form appropriate combinations of the K's in conjunction
      with a fixed voltage level which represents a coefficient of +1. The
      outputs, A through H, can be expressed as follows:
EQU  A =  K.sub.3 -  0.4K.sub.1 +  0.4
EQU  B =  K.sub.4 -  0.4K.sub.1 +  0.4
EQU  C =  K.sub.3 -  0.4K.sub.2 +  0.4
EQU  D =  K.sub.4 -  0.4K.sub.2 +  0.4
EQU  E =  K.sub.1 -  0.4K.sub.3 +  0.4
EQU  F =  K.sub.2 -  0.4K.sub.3 +  0.4
EQU  G =  K.sub.1 -  0.4K.sub.4  +  0.4
EQU  H =  K.sub.2 -  0.4K.sub.4 +  0.4
PAR  referring again to FIG. 7, the outputs of gain control amplifiers 811 and
      812, 813 and 814, 815 and 816, and 817 and 818 are respectively applied to
      summing circuits 891, 892, 893 and 894, each with a weighting factor of
      0.35. The outputs of these summing circuits can be seen to correspond with
      the expressions set forth in equations (6). For example, the three inputs
      to summing circuit 891 are L.sub.I, 0.35A[-(jR.sub.T +  L.sub.T)]
      =-(0.35K.sub.3 -  0.15K.sub.1 +  0.15) (jR.sub.T +  L.sub.T), and
      0.35B[-(L.sub.T +  jR.sub.T)] = -(0.35K.sub.4 -  0.15K.sub.1 =  0.15)
      (L.sub.T +  jR.sub.T), which correspond to the three terms of the equation
      (6) for L.sub.f " . Thus it is seen that by judiciously combining the K's
      the desired result can be obtained using only four all-pass phase shift
      networks and eight variable-gain amplifiers.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for decoding first, second, third and fourth individual audio
      signals to the extent they are contained in first and second composite
      signals, the first composite signal containing the first individual audio
      signal in dominant proportion and two other individual audio signals in
      subdominant proportions and the second composite signal containing the
      second individual audio signal in dominant proportion and two other
      individual audio signals in subdominant proportions, comprising:
PA1  a. means for measuring the degree of directional predominance of each of
      said four individual audio signals;
PA1  b. first, second, third and fourth output terminals;
PA1  c. means responsive to said first and second composite signals for forming
      first, second, third and fourth partially decodedd signals, each of said
      partially decoded signals including a different one of the individual
      audio signals in dominant proportion and two other individual audio
      signals in subdominant proportion;
PA1  d. means for applying said first, second, third and fourth partially
      decoded signals to said first, second, third and fourth output terminals,
      respectively, each being applied at a level which depends on the degree of
      directional predominance of its principal component;
PA1  e. means responsive to said first and second composite signals for forming
      first, second, third and fourth enhancement signals, each of said
      enhancement signals having a different one of said individual audio
      signals as its principal component; and
PA1  f. means for applying each of said enhancement signals to the particular
      ones of said output terminals at which its principal component is present
      in subdominant proportion, each of said enhancement signals being applied
      at a relative phase which is the opposite of said signal present in
      subdominant proportion and at a level which depends on the measured degree
      of directional predominance of its principal component.
NUM  2.
PAR  2. Apparatus as defined by claim 1 wherein said first, second, third and
      fourth enhancement signals correspond to said first, second, third and
      fourth partially decoded signals, respectively.
NUM  3.
PAR  3. Apparatus as defined by claim 1 wherein said means for applying said
      enhancement signals includes a plurality of gain control amplifiers.
NUM  4.
PAR  4. Apparatus for decoding first, second, third and fourth individual audio
      signals to the extent they are contained in first and second composite
      signals, the first composite signals containing the first individual audio
      signals in dominant proportion and two other individual audio signals in
      subdominant proportions and the second composite signal containing the
      second individual audio signal in dominant proportion and two other
      individual audio signals in subdominant proportions, comprising:
PA1  a. means for measuring the degree of directional predominance of each of
      said four individual audio signals and for generating control signals
      which are a measure of such directional predominance;
PA1  b. first, second, third and fourth output terminals;
PA1  c. means responsive to said first and second composite signals for forming
      first, second, third and fourth partially decoded signals, each of said
      partially decoded signals including a different one of the individual
      audio signals in dominant proportion and two other individual audio
      signals in subdominant proportion;
PA1  d. means for applying said first, second, third and fourth partially
      decoded signals to said first, second, third and fourth output terminals,
      respectively, each being applied at a level which depends on the control
      signal associated with its individual audio signal of dominant proportion;
PA1  e. means responsive to said first and second composite signals for forming
      first, second, third and fourth enhancement signals, each of said
      enhancement signals having a different one of said individual audio
      signals as its principal component; and
PA1  f. means for applying each of said enhancement signals to the particular
      ones of said output terminals at which its principal component is present
      in subdominant proportion, each of said enchancement signals being applied
      at a relative phase which is the opposite of said signals present in
      subdominant proportion and at a level which is a function of the control
      signal associated with its principal component.
NUM  5.
PAR  5. Apparatus as defined by claim 4 wherein said means for applying said
      enhancement signals includes a plurality of gain control amplifiers which
      are controlled by said control signals.
NUM  6.
PAR  6. Apparatus as defined by claim 4 wherein said first, second, third and
      fourth enhancement signals correspond to said first, second, third and
      fourth partially decoded signals, respectively.
NUM  7.
PAR  7. A method of decoding first, second, third and fourth individual audio
      signals to the extent they are contained in first and second composite
      signals, the first composite signal containing the first individual audio
      signal in dominant proportion and two other individual audio signals in
      subdominant proportions and the second composite signal containing the
      second individual audio signal in dominant proportion and two other
      individual audio signals in subdominant proportions, comprising the steps
      of:
PA1  a. measuring the degree of directional predominance of each of said four
      individual audio signals;
PA1  b. forming first, second, third and fourth partially decoded signals, each
      of said partially decoded signals including a different one of the
      individual audio signals in dominant proportion and two other individual
      audio signals in subdominant proportion;
PA1  c. applying said first, second, third and fourth partially decoded signals
      to first, second, third and fourth output terminals, respectively, each
      being applied at a level which depends on the degree of directional
      predominance of its principal component;
PA1  d. forming first, second, third and fourth enhancement signals, each of
      said enhancement signals having a different one of said individual audio
      signals as its principal component; and
PA1  e. applying each of said enhancement signals to the particular ones of said
      output terminals at which its principal component is present in
      subdominant proportion, each of said enhancement signals being applied at
      a relative phase which is the opposite of said signal present in
      subdominant proportion and at a level which depends on the measured degree
      of directional predominance of its principal component.
NUM  8.
PAR  8. Apparatus for decoding first, second, third and fourth individual audio
      signals to the extent they are contained in first and second composite
      signals, the first composite signal containing the first individual audio
      signal in dominant proportion and two other individual audio signals in
      subdominant proportions and the second composite signal containing the
      second individual audio signal in dominant proportion and two other
      individual audio signals in subdominant proportions, comprising:
PA1  a. means for generating four control signals which are a measure of the
      degree of directional predominance of the four individual audio signals,
      respectively;
PA1  b. first, second, third and fourth output terminals;
PA1  c. means for generating eight combination control signals by forming
      weighted differences between said four control signals;
PA1  d. means responsive to said first and second composite signals for forming
      first, second, third and fourth partially decoded signals, each of said
      partially decoded signals including a different one of the individual
      audio signals in dominant proportion and two other individual audio
      signals in subdominant proportion;
PA1  e. means for applying said first, second, third and fourth partially
      decoded signals to the first, second, third and fourth output terminals,
      respectively;
PA1  f. means responsive to said first and second composite signals for forming
      eight enhancement signals, two each of said enhancement signals having a
      different one of said individual audio signals as its principal component;
      and
PA1  g. means for applying each of said enhancement signals to the particular
      ones of said output terminals at which its principal component is present
      in subdominant proportion, each of said enhancement signals being applied
      at a relative phase which is the opposite of said signal present in
      subdominant proportion and at a level which depends on the measured degree
      of directional predominance of its principal component; said means
      including eight gain control amplifiers responsive to said eight
      enhancement signals, the gain of each gain control amplifier being
      controlled by a different one of said combination control signals.
NUM  9.
PAR  9. Apparatus as defined by claim 8 wherein said means for forming the
      first, second, third and fourth partially decoded signals comprises four
      all-pass phase shift networks and said means for forming the eight
      enhancement signals comprises a plurality of summing circuits.
NUM  10.
PAR  10. Apparatus as defined by claim 8 wherein each of said partially decoded
      signals is applied to said output terminals at a level which depends on
      the control signal associated with its individual audio signal of dominant
      proportion.
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ABST
PAL  A combined telephone and binary clock is disclosed in which light emitting
      diodes are formed in the telephone push buttons and are provided with a
      binary coded decimal display so that telephone push buttons provide an
      indication of time. The clock may be periodically preset by a signal
      transmitted over the telephone line. An alarm circuit is included to cause
      the telephone to ring at a predetermined or preselected time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to electronic clocks and more particularly to
      the combination of an electronic clock and a telephone.
PAR  Electronic clocks, and more particularly clocks which employ a binary
      readout to illuminate a system of lights in accordance with a binary code,
      are known as shown for example in U.S. Pat. Nos. 3,750,384 and 3,410,082.
      Clocks or timepieces which employ an output to illuminate lamps in a
      simple binary code have found limited application, for use in novelty
      devices, advertising displays and the like. However, the potential use of
      binary clock or time displays has not been fully realized or appreciated,
      due in part to the failure of the prior art to find a suitable embodiment
      for such displays.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to the combination of a telephone and a digital
      clock having a binary coded decimal display, and utilizes the fact that
      the conventional push button telephone as marketed by the Bell System
      (under the trademark "TOUCH-TONE" of American Telephone and Telegraph
      Company) is uniquely suitable for the incorporation of a binary coded
      decimal clock. The clock readout is included as an integral part of the
      telephone push buttons so that the telephone user has at all times a
      highly accurate and attractive time display.
PAR  This invention takes advantage of the fact that the push button telephone
      is provided with three columns of four buttons in each column. The first
      column is used for the binary display of hours, the second column for the
      binary display of tens of minutes, and the third column for the binary
      display of minutes. For the purpose of providing a visual display, a light
      source is incorporated in the buttons, preferably light-emitting diodes
      (LED) which are characterized by an unusually long service life. In fact,
      they have a useful life which is substantially greater than that of the
      telephone itself. The LED's themselves form an integral part of the push
      buttons but do not in any way interfere with or detract from the normal
      use of the telphone.
PAR  Further, time is displayed in binary coded decimal form (BCD) as
      distinguished from simple binary form. In this manner, a readout is
      provided with the tens of minutes (zero to 5) displayed in the center
      column, and the minutes (zero to 9) displayed in the right-hand column, as
      distinguished from prior binary time displays which employ a more lengthy,
      and accordingly more difficult to comprehend, binary code for displaying
      from zero to 59 minutes in a single column. Again, the push button
      telephone is uniquely adapted for incorporating a BCD display.
PAR  The invention utilizes a conventional sixty cycle AC signal applied to the
      telephone for the purpose of converting the same through substantially
      conventional circuits to a BCD time display. In addition, provision has
      been made for accurate time preset, preferably automatically, on a 12 or
      24-hour basis. The preset employs a tone-modulated synchronizer signal
      which is supplied by the telephone company over the conventional lines, at
      a precise time, for automatically presetting all the clocks on the line to
      a desired time. Preferably, the preset makes use of the built in reset
      capability of the dividers circuits in the clock.
PAR  A further feature of the invention permits the user to set in an alarm
      signal by the operation of auxiliary setting switches or by the operation
      of the telephone push buttons, which results in the alarm time being
      stored until it coincides with the time being displayed, at which time the
      ringing circuit of the telephone is actuated.
PAR  The invention has certain important advantages. First, the time readout and
      display is continuous, so that the user of the telephone does not have to
      dial a number to obtain the correct time. Secondly, the telephone company
      does not have to maintain expensive and complicated equipment to make time
      information available to the user, and there would be a corresponding
      decrease in load on the system by reason of the absence of time calls and
      the elimination of the present time tapes.
PAR  Another advantage is the provision of an accurate time keeping device which
      the user can depend on to be accurate in the same manner that the user now
      depends on the telephone for dependable communications. The synchronizer
      signal would provide like time readouts for all the devices in use within
      the same time zone.
PAR  A further advantage of the invention is the provision of a uniquely
      different telephone which incorporates an attention arresting device
      although it is silent and unobtrusive. The time display enhances the
      conspicuousness of the telephone and provides an attractive eye-catching
      device that constantly reminds the user that the telephone is available.
      The absence of any lights could be used as an indication that the
      telephone is out of order.
PAR  The circuitry employed in providing the BCD display can conveniently be
      incorporated into the free space within a telephone, as the semi-conductor
      circuitry involved is adaptable to miniaturization of integration and is
      virtually maintenance free.
PAR  It is accordingly an object of the invention to provide a binary clock
      particularly adapted for use with a conventional push button type
      telephone.
PAR  Another object of the invention is to provide a binary coded decimal
      display of time using lamps embedded in the push buttons of a telephone.
PAR  Another object of the invention is the provision of a clock having a time
      display incorporating light emitting diodes in the push buttons for the
      display of time in binary form.
PAR  Another object of the invention is the provision in a combined telephone
      and binary clock of an automatic setting feature by means of which the
      time is accurately preset on a regular basis.
PAR  A further object of the invention is the provision, in a combination
      telephone and clock of an automatic alarm using the telephone ringing
      device as part of the alarm.
PAR  Other objects and advantages of the invention will be apparent from the
      following description, the accompanying drawings, and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a telephone to which this invention has
      been applied;
PAR  FIG. 2 is a plan view of the telephone push buttons incorporating the
      controllable light means for displaying time in binary form;
PAR  FIG. 3 is a block diagram of the invention;
PAR  FIG. 4 is an electrical schematic diagram of the power supply pulse
      generator means and tone decoder; and
PAR  FIG. 5 is an electrical schematic diagram showing the counter means and the
      light emitting diodes which display time.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to the drawings which illustrate a preferred
      embodiment of the invention, and particularly to FIG. 1 wherein a
      conventional push button telephone 10 is shown. The telephone includes a
      conventional push button assembly, shown generally at 12 having tweleve
      buttons arranged in three vertical columns 14, 15 and 16, each including
      four individual push buttons.
PAR  The push button assembly 12 is of conventional design and is used in the
      dialing of a telephone number. Typically, each push button will generate a
      two-tone audio signal which will be decoded by appropriate telephone
      equipment to represent a single number in the dialing of a telephone
      number.
PAR  In the present invention, each push button includes, as an integral part
      thereof, a controllable light means 20, preferably a light emitting diode
      (LED). Alternatively, the light means may be positioned adjacent each push
      button, or the bushing 21 surrounding each button may be formed from a
      clear plastic material such as Lucite, and illuminated by remotely located
      lamps through fiber optic bundles.
PAR  FIG. 2 is an enlarged view of the telephone push buttons showing the light
      emitting diodes 20 located centrally in each push button and exposed for
      viewing. As is seen in FIG. 2, the left vertical column of the push
      buttons will be used to display hours as a binary number with the upper
      push button representing "1", the next lower push button representing
      number "2", the third push button representing the number "4", and the
      lowermost push button representing "8".
PAR  The center of the vertical column is used to display in binary form tens of
      minutes from zero to five, and accordingly only the upper three push
      buttons are used leaving the lowermost, or "operator" button free of a
      light source. The unit minutes from zero to nine are displayed in the
      right column 16 in a similar manner.
PAR  Reference is now made to FIG. 3 which is a block diagram showing the
      general operation of the invention. Power from a conventional alternating
      current source 25, such as is available in the United States from the 60
      Hz power source, is applied to a divider 26 which provides an output on
      line 27 of one pulse per minute. This output pulse is applied directly to
      a resettable minutes counter 30, the outputs of which control the light
      emitting diodes in the right hand column 16 of the telephone push buttons.
      The minutes counter 30 includes means for resetting itself to zero on the
      next pulse from the divider 26 after the binary number representing nine
      is displayed so that a pulse will be applied on line 31 to the tens of
      minutes counter 35. Therefore, once the number nine has been displayed in
      the right hand column, the next minute pulse on line 27 will reset the
      minute counter 30 to zero and cause a single pulse to be applied to the
      tens of minutes counter 35 so that the number "1" is displayed in column
      15 representing "10" minutes. The tens of minutes counter 35 is provided
      with means to reset it on the next pulse from the minutes counter 30 after
      the number "5" has been displayed in column 15. Accordingly, an output
      pulse is applied on line 36 to the hours counter 40 to cause the hours
      display to change.
PAR  Thus, alternate current power supply 25 provides a frequency stable source
      of pulses which may be used to provide display in binary decimal form, of
      time. It is to be understood that the frequency source 25 could be some
      other stable source of pulses such as a crystal controlled oscillator,
      although for the purposes of this invention, a conventional alternating
      current power source is preferred.
PAR  Each of the counters 30, 35 and 40 may be set to a predetermined number
      upon the application of a reset signal on line 42. This reset signal, for
      example, would set the hours counter to one, the tens of minutes counter
      35 and the minutes counter 30 each to "zero", corresponding to a time of
      1:00.  This would allow the clocks in each telephone to be synchronized
      and will insure their accuracy, in spite of momentary power failures. It
      also has the advantage of being able to change the clock setting
      semi-annually when converting from standard time to daylight savings time
      and vice versa. A reset signal may be generated by an audio tone provided
      by telephone company on the telephone line 43 to a tone detector 45. Upon
      receipt of the proper tone, a reset signal would be generated and applied
      to the counters within the clock.
PAR  This invention also includes an alarm circuit which allows the bell within
      the telephone to be utilized. While the telephone handset is in the
      cradle, depressing the push button 12a will enable the alarm circuit, and
      thereafter pressing the appropriate push buttons in columns 14, 15 and 16
      will preset the alarm circuit 50 to the desired time. As shown in FIG. 3,
      the push buttons 12 are connected by means of line 52 to the tone decoder
      circuit 53 which connect to storage circuits 55, 56 and 57 representing
      hours, tens of minutes and minutes.
PAR  A coincidence circuit 60 is responsive to the condition of counters 30, 35
      and 40 and also to the preset inputs from the alarm circuit 50. This
      coincidence counter therefore compares the preset time in the alarm
      circuit 50 to the actual time in the counters, and when these times
      coincide, an output is provided on line 62 to cause the telephone to ring.
      Picking up the telephone handset will disable the alarm circuit.
PAR  Reference is now made to FIG. 4 which shows the clock power supply, pulse
      generator and tone decoder. The frequency stable source of pulses is
      obtained from a conventional 110 volt, 60 Hz power line 65, through a
      transformer T1 and full wave rectifier 67. The direct current output of
      the full wave rectifier on line 68 is connected through a voltage
      regulator circuit including IC1. The regulated output is applied on line
      70 to all of the integrated circuits and light emitting diodes used as
      part of the clock circuitry and to the tone decoder circuit 45.
PAR  The alternating current is also applied to a monostable multivibrator IC2,
      the output of which, on line 72 is applied to a decade counter including
      four integrated circuits IC3, IC4, IC5 and IC6. The output of IC6 on line
      75 is a one pulse per minute signal which will be applied to the counter
      circuits of FIG. 5.
PAR  The tone detector 45, shown in FIG. 4, is connected to the telephone line
      43, and has an output on line 77 which is connected to a reset line 85 to
      preset the clock to a predetermined time whenever the appropriate tone is
      detected.
PAR  Reference is now made to FIG. 5 which is an electrical schematic diagram of
      the clock circuitry and light emitting diode time display. The one pulse
      per minute input from the frequency stable pulse generator of FIG. 4 is
      applied on line 75 as an input to the minutes counter 30. Counter 30 is an
      integrated circuit of conventional design which is a binary coded decimal
      counter. The outputs from the counter 30 are applied to the four light
      emitting diodes in the right hand column 16 of the telephone push buttons.
      Since the integrated circuit includes means to reset following the display
      of the numeral "9", an output on line 87, when the counter has reset is
      applied to the tens of minutes counter 35. This counter has three outputs
      connected to selectively energize the three light emitting diodes in
      column 15 representing tens of minutes.
PAR  The output of the tens of minutes counter 35 on line 88 is applied to the
      hours counter 40 which includes IC14 and IC15. The outputs form the ICs 14
      and 15 are applied to the four light emitting diodes which are found in
      the hours column 14 of the telephone push buttons.
PAR  The reset signal on line 85 will preset the hours counter to display the
      numeral "1" and will reset the minutes counter 30, the tens of minutes
      counter 35, and the counters in the pulse generator so that the entire
      clock can be set accurately to within 1/10 of a second by the reset
      pulses.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of the invention, it is to be understood that the invention is
      not limited to this precise form of apparatus, and that changes may be
      made therein without departing from the scope of the invention, which is
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a telephone in which a plurality of push buttons are
      arranged on the telephone in three vertical columns of four buttons in
      each column, said buttons being connected for conventional telephone
      dialing,
PA1  the improvement comprising a clock including
PA1  controllable light means associated with each button in the left and right
      vertical columns and with at least three of the four buttons in the center
      column,
PA1  means for providing a frequency stable source of pulses,
PA1  counter means connected to the output of said pulse source means to provide
      binary output signals representing minutes, tens of minutes and hours, and
PA1  means connecting said counter means to said controllable light means for
      display of time in binary form with the hours displayed as a binary number
      in the left column, the tens of minutes displayed as a binary number in
      the center column, and the minutes displayed as a binary number in the
      right column.
NUM  2.
PAR  2. The combination of claim 1 wherein said controllable light means
      includes individual light emitting diodes formed as integral parts of said
      buttons.
NUM  3.
PAR  3. The telephone-clock combination of claim 1 wherein said pulse generator
      means provides an output pulse each minute, wherein said light means
      includes light emitting diodes, and wherein said counter means includes
PA1  a minutes counter connected to the output of said pulse generator means and
      having outputs connected to individual light emitting diodes to display
      unit minutes as a binary number, and means for resetting said minutes
      counter to zero on the next pulse from said pulse generator means after
      the binary number representing nine has been displayed,
PA1  a tens of minutes counter responsive to an output of said minutes counter
      and having outputs to individual light emitting diodes to display tens of
      minutes as a binary number, and means for resetting the tens of minutes
      counter to zero on the next pulse from said minutes counter after the
      binary number representing five has been displayed,
PA1  and an hours counter responsive to the output of said tens of minutes
      counter and having outputs connected to individual light emitting diodes
      to display hours as a binary number, and means for resetting the hours
      counter to one on the next pulse after the binary number respresenting
      twelve has been displayed.
NUM  4.
PAR  4. In combination with a telephone in which a plurality of push buttons are
      arranged on the telephone in three vertical columns of four buttons in
      each column, said buttons being connected for conventional telephone
      dialing,
PA1  the improvement comprising a clock including:
PA1  controllable light means associated with each button in the left and right
      vertical columns and with at least three of the four buttons in the center
      column;
PA1  means for providing a frequency stable source of pulses;
PA1  counter means connected to the output of said pulse source means to provide
      binary output signals representing minutes, tens of minutes and hours;
PA1  means connecting said counter means to said controllable light means for
      display of time in binary form with the hours displayed as a binary number
      in the left column, the tens of minutes displayed as a binary number in
      the center column, and the minutes displayed as a binary number in the
      right column; and
PA1  means for presetting said counter means to a predetermined time including
      means for detecting a resetting pulse transmitted on a telephone line
      connected to said telephone, and means for presetting a binary number into
      said counter means upon receipt of said pulse.
NUM  5.
PAR  5. The telephone-clock combination of claim 1 further including an alarm
      circuit comprising
PA1  means for presetting a predetermined time,
PA1  comparison means responsive to said presetting means and to said counter
      means for providing an output when said times coincide, and
PA1  means responsive to the output of said comparison means for operating an
      alarm.
NUM  6.
PAR  6. In combination with a telephone in which a plurality of push buttons are
      arranged on the telephone in three vertical columns of four buttons in
      each column, said buttons being connected for conventional telephone
      dialing,
PA1  the improvement comprising a clock including:
PA1  controllable light means associated with each button in the left and right
      vertical columns and with at least three of the four buttons in the center
      column;
PA1  means for providing a frequency stable source of pulses;
PA1  counter means connected to the output of said pulse source means to provide
      binary output signals representing minutes, tens of minutes and hours;
PA1  means connecting said counter means to said controllable light means for
      display of time in binary form with the hours displayed as a binary number
      in the left column, the tens of minutes displayed as a binary number in
      the center column, and the minutes displayed as a binary number in the
      right column; and
PA1  an alarm circuit comprising:
PA1  means for presetting a predetermined time including the telephone push
      buttons, means for decoding the output of the telephone push buttons, and
      means responsive to the decoding means for storing a time signal generated
      by the operation of said push buttons;
PA1  comparison means responsive to said presetting means to said counter means
      for providing an output when said times coincide; and
PA1  means responsive to the output of said comparison means for operating an
      alarm.
NUM  7.
PAR  7. An electronic clock for displaying time in binary coded decimal form
      including
PA1  time display means including three vertical columns arranged in side by
      side relation, the left column including four controllable light means for
      displaying hours in binary form, a center column including three
      controllable light means for displaying tens of minutes in binary form,
      the right vertical column including four controllable light means for
      displaying minutes in binary form,
PA1  means for providing a frequency stable source of pulses,
PA1  a minutes counter responsive to said frequency stable source means and
      having outputs connected to individual light means in the right vertical
      column, and means for resetting said minutes counter to zero upon the
      occurrence of the next pulse from the frequency stable source means after
      the binary number representing nine has been displayed,
PA1  a tens of minutes counter responsive to said minutes counter and having
      outputs connected into individual light means in the center column, and
      means for resetting said tens of minutes counter to zero. upon the
      occurrence of the next pulse from said minutes counter after the binary
      number representing five has been displayed and,
PA1  an hours counter responsive to said tens of minutes counter and having
      outputs connected into individual light means in the left column, and
      means for resetting said hours counter to one upon the occurrence of the
      next pulse from said tens of minutes counter after the binary number
      representing twelve has been displayed.
NUM  8.
PAR  8. A binary numerical display, comprising
PA1  a telephone with push-buttons in the three standard vertical rows for
      selecting telephone numbers,
PA1  individual light sources associated with said pushbuttons,
PA1  clock means connected to said push-buttons and providing binary output
      signals representing time with the first vertical row of said push-buttons
      representing hours, and the second and third rows representing minutes.
NUM  9.
PAR  9. A telephone comprising a keyboard including push buttons arranged in
      three columns of four buttons each, light emitting diodes incorporated in
      the buttons on the first and third columns and in at least three of the
      buttons of the middle column, clock means, and means responsive to said
      clock means for selectively illuminating said diodes to provide a binary
      indication of time.
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ABST
PAL  A prerecorded message is supplied to a plurality of telephone subscriber
      numbers automatically called in sequence from a local station. Upon
      placing the call to the first number, another second number is established
      by changing the first called number by a predetermined increment. In
      response to the first called number being reached, the prerecorded message
      is coupled to a telephone line at the local station. In response to the
      call being either completed or the elapse of a predetermined time during
      which it is expected that the called subscriber should answer the phone, a
      signal is derived to indicate that operations for the first party have
      been terminated. In response to the termination signal, the telephone is
      repeatedly hung up and picked up automatically until the prerecorded
      message has been completed and a dial tone has been detected, at which
      time the second number is called. The device is activated repeatedly in
      this manner. Counters are provided to sense the number of completed calls,
      the number of calls in which the called subscriber hangs up prior to the
      end of the prerecorded message and the number of called subscribers who
      cannot be reached.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to automatic telephony apparatus
      and more particularly to a device for automatically calling a relatively
      large number of subscribers in sequence and presenting a prerecorded
      message to each of the subscribers who answers the call.
PAC  BACKGROUND OF THE INVENTION
PAR  The dissemination of information to a large number of telephone subscribers
      such that each of the subscribers receives the same or approximately the
      same message has become widespread for various purposes, e.g.,
      solicitation, advertising and data presentation. Typically, the calling
      and presentation of the message are performed manually by a salaried
      individual, thereby being relatively expensive. Also, manual dialing of a
      telephone is susceptible to mistakes and may result in calling of the
      wrong subscriber or the same subscriber being called twice in succession,
      with possible resulting deleterious effects on the business of the calling
      party.
PAR  While some devices have been designed to enable different telephone numbers
      to be automatically called in sequence wherein a predetermined message is
      presented to an answering called party, these devices have generally been
      utilized in conjunction with emergency warning devices. In particular, the
      devices have been utilized for automatically calling the numbers of police
      or fire departments or other parties that are responsive to an emergency
      situation. The prerecorded message presents information regarding the
      location where an emergency situation has been automatically detected by
      transducers such as burglary alarms, fire arms, or machinery monitoring
      devices.
PAR  The prior art automatic emergency calling devices, however, are not adapted
      to cope with certain circumstances that may result when a large number of
      telephone subscribers are called in sequence and presented with a
      prerecorded message. There is a very low probability in automatic
      emergency calling devices of premature hang up, i.e., the called
      subscriber hanging up on the prerecorded message prior to completion of
      the message. Also, the emergency calling devices are generally manually
      reset to the beginning of a message after the called party has answered
      and are not automatically reset to the beginning of a message prior to the
      next call being instigated.
PAR  Typically, the prior art devices are capable of calling only a relatively
      small number of subscribers. At least one of the emergency numbers being
      called is certain to be responsive to the call, since the called emergency
      numbers are fire departments, police departments, etc. Thereby, it is
      feasible to utilize a preprogrammed device whereon there are stored all of
      the numbers to be called in sequence. In many instances if a relatively
      large number of subscribers are to be called in sequence, the cost of
      storing all of the numbers on a preprogrammed device, such as a magnetic
      tape, may be prohibitive.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, at a local station there is
      provided a new and improved device connected to a telephone line for
      calling a relatively large number of remote telephone subscriber stations
      in sequence and presenting each of the answering subscribers with a
      prerecorded message. In accordance with one feature of the invention, the
      telephone number of subscribers called in sequence is changed by a
      predetermined number each time a new number is called. The number is
      changed by incrementing a register by a predetermined account, such as
      one, each time a subscriber number is called. Thereby, there is no need to
      provide a relatively costly preprogrammed medium for storing a large
      number of telephone numbers to be called.
PAR  It is recognized that there may be some bias on the part of a called
      subscriber to receiving a prerecorded telephone message and that there is
      a certain likelihood of the called answering subscriber hanging up
      prematurely. In the event of premature subscriber hang up, the local
      station is disconnected from the line, the prerecorded message is played
      back completely, stopped just prior to the beginning of the message, and
      is not begun again until a new subscriber has been reached. Thereby, the
      new answering subscriber is always initially presented with the beginning
      of the prerecorded message and the likelihood of his being attentive to
      the message is increased many fold.
PAR  In accordance with a further feature of the invention, circuitry is
      provided to detect: (1) the called subscriber not answering his receiver
      (because the called subscriber line was busy or did not answer his
      receiver), (2) a call was completed to the called subscriber and the
      called subscriber listened to the entire prerecorded message; and (3) the
      call was completed to the called subscriber and the called subscriber hung
      up prematurely. A counter is provided to provide an indication of the
      number of each of these three categories, thereby enabling a measure of
      the effectiveness of the device to be determined.
PAR  In accordance with another aspect of the invention, upon the termination of
      a completed call or upon an indication being derived that the called party
      could not be reached, the telephone line is repeatedly disconnected and
      connected to the local station until the prerecorded message cycle has
      been completed and a dial tone has been detected. In response to the
      prerecorded cycle being completed and the dial tone being detected, the
      apparatus is advanced so that the next number is automatically called. By
      repeatedly hanging up the local station and reconnecting the local station
      until detection of both a dial tone and completion of the prerecorded
      message cycle, the device of the present invention does not continuously
      load down the telephone line while it is not in use.
PAR  It is, accordingly, an object of the present invention to provide a new and
      improved automatic telephone dialing apparatus wherein a relatively large
      number of telephone subscribers are called in sequence.
PAR  Another object of the invention is to provide an automatic telephone
      dialing system for enabling prerecorded messages to be presented to
      subscribers to whom calls are completed, wherein the numbers of called
      subscribers are changed by a predetermined amount each time a new call is
      placed.
PAR  Another object of the invention is to provide an automatic telephone
      dialing apparatus wherein a prerecorded message is presented to
      subscribers to whom a call is completed and a record is maintained of the
      number of called subscribers who listen to the complete message, as well
      as the number of called subscribers who hang up prematurely.
PAR  Another object of the invention is to provide an apparatus for
      automatically calling a number of predetermined telephone subscribers and
      presenting a prerecorded message to subscribers to whom the call is
      completed, wherein the beginning of the message is always initially
      presented to the answering subscriber, regardless of whether the
      previously called subscriber listened to the entire message or only a
      portion of the message.
PAR  A further object of the invention is to provide a new and improved device
      for presenting a prerecorded message to telephone subscribers that are
      automatically called in sequence, wherein a new subscriber is called after
      the previously called subscriber has hung up or an indication is derived
      that the previously called subscriber did not answer his receiver.
PAR  A further object of the invention is to provide a new and improved
      apparatus for automatically calling telephone subscribers in sequence
      wherein there is a minimum line seizure time from the completion of the
      last call or a determination that the last call could not be completed to
      the initiation of the next call, even though the next call is not
      initiated until a dial tone is available and a prerecorded message has
      been completely played back so that the beginning of the message is
      initially supplied to the next called subscriber.
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of one specific embodiment thereof, especially when
      taken in conjunction with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of one embodiment of the present invention;
PAR  FIG. 2 is a circuit diagram of an alternate circuit for deriving dialing
      pulses, instead of touch tones; and
PAR  FIG. 3 is a circuit diagram of an alternate disconnect circuit which is
      adapted for use at virtually all exchanges.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Reference is now made to FIG. 1 wherein there is illustrated a block
      diagram of a preferred embodiment of the local automatic telephone calling
      system of the present invention. The apparatus illustrated in FIG. 1
      broadly includes four basic parts, a calling or number control circuit 11,
      a called detector 12, a ready for new call detector circuit 13, and
      endless loop tape recorder 14 on which is prerecorded a message which is
      to be transmitted over telephone line 15. Calling circuit 11 establishes
      the number of a telephone subscriber to be called and is automatically
      incremented by a count of one prior to the next call being instigated.
      Called detector circuit 12 is responsive to the called subscriber
      answering his receiver and includes circuitry for detecting whether the
      called subscriber: (a) answered the receiver and listened to the entire
      message, (b) answered the receiver and hung up his receiver prior to the
      recorded message being completed, and (c) was not reached within a
      predetermined time after the call was placed. The called subscriber may
      not have been reached because no one answered the receiver or because the
      line of the called subscriber was busy.
PAR  Ready for new call detector circuit 13 repeatedly disconnects and connects
      the receiver at the local, calling station to telephone line 15 to
      determine if a dial tone is available from the line. A dial tone can be
      available from telephone line 15 only after the prerecorded message has
      been completed, whereby the next called subscriber is always provided with
      the beginning of the prerecorded message at the beginning of the call. In
      response to detector circuit 13 sensing that the line is available and the
      recorded message from the last call being completed, calling circuit 11 is
      actuated, causing a new number of a telephone subscriber to be called.
PAR  Endless loop tape recorder 14 includes start-stop input terminal 16 which
      is responsive to a bi-level signal. In response to a binary one state
      being applied to the bi-level signal terminal 16, a motor included in the
      tape recorder is activated, causing the tape of the recorder to be driven
      through a complete cycle to feed the prerecorded message as an audio
      signal to telephone line 15. The motor in tape recorder 15 is driven until
      the endless loop of the tape recorder has completed a cycle, at which time
      the motor is stopped and the recorder motor is not started again until a
      further binary one level is coupled to terminal 16. To enable a complete
      cycle of the loop to be detected, the tape includes a foil that functions
      as a shorting element to signal the completion of a tape loop cycle. The
      recorder 14 includes internal circuitry, well known to those skilled in
      the art, to cause the motor to stop driving the tape in response to the
      foil being sensed. The signal to stop the motor of recorder 14 is applied
      in parallel to output terminal 17 to indicate that the tape has been
      driven through a complete cycle and that the message on the tape has been
      completed. The end of message signal derived from terminal 17 serves as an
      input to call detector circuit 12, enabling circuit 12 to determine if the
      called subscriber listened to the entire message or hung up in the middle
      of the message prior to completion thereof.
PAR  Calling circuit 11 includes a ten stage shift register 21 having a clock
      input terminal 22 responsive to the output of AND gate 23. AND gate 23 is
      responsive to a square wave output voltage of free running multivibrator
      24, having a frequency of one Hertz. AND gate 23 is enabled in response to
      a binary one being derived from set output terminal (Q) of flip-flop 25.
      Flip-flop 25 includes a set input responsive to the output of OR gate 26,
      having an input that is selectively coupled through manually actuated
      start contact 27 to a positive voltage at terminal 28. OR gate 28 also
      includes an input from the output of ready for new call detector circuit
      13, whereby a binary one level is derived from OR gate 26 either in
      response to manual, initial actuation of contact 27 or in response to
      detector circuit 13 indicating that telephone line 15 is available and
      that the prerecorded message from the last call has been completed.
PAR  The binary one output of OR gate 26 activates flip-flop 25 to a set state,
      where it remains until a binary one signal is applied to a reset input of
      the flip-flop from the output of the tenth stage of register 21. In
      response to flip-flop 25 being activated to the reset state, AND gate 23
      is disabled and the rectangular wave output of free running multivibrator
      24 is not applied to clock input terminal 22 of shift register 21.
      Thereby, shift register 21 is cycled through its 10 stages for a time
      period lasting approximately 10 seconds.
PAR  The first seven stages (stages 1-7) of shift register 21 enable the seven
      digits of a seven digit telephone subscriber number to be actuated in
      sequence, similarly to manually actuating a touch tone or dial actuated
      telephone hand set. The number called is determined by the state of three
      manually actuated decimal to four bit binary decimal converters 31, 32 and
      33, as well as the state of four cascaded divide by ten frequency dividers
      34, 35, 36 and 37, each of which derives a four bit binary coded decimal
      signal. Converters 31-33 are manually actuated to the exchange desired to
      be called and thereby derive output signals commensurate with the numerals
      of the first three digits of a seven digit subscriber number.
PAR  Cascaded frequency dividers 34-37 are automatically advanced in sequence
      immediately after the last call was placed. To this end, the output of
      stage eight of shift register 21 is applied to an input of frequency
      divider 37, whereby the digital count in divider 37 is incremented by a
      count of one after the seven digits for the last called number have been
      dialed. By incrementing the count of divider 37 by a count of one the last
      digit of a seven digit telephone subscriber number is advanced by a count
      of one. Counters 34-37 are activated so that if the device is left in
      operation for a sufficiently long period of time 10,000 digital numbers
      are derived in sequence from dividers 34-37 to represent the 10,000
      different numbers of the exchange manually entered into converters 31-33.
      Each of converters 31-33 and dividers 34-37 includes internal connections
      for converting the digital numbers therein into binary coded decimal
      numbers representing the digital numbers. To this end, each of converters
      31-33 and dividers 34-37 includes four separate counter stages, each of
      which has an output lead on which is derived a bit of the binary coded
      decimal signal.
PAR  To read out the seven digits of the number of a called subscriber, seven
      four bit gates 41-47 are provided. Each of gates 41-47 includes an enable
      input terminal, which when driven into a binary one state causes four bits
      to be passed from the four input terminals to the four output terminals of
      each of the gates. The four input terminals of each of gates 41-47 are
      respectively connected to the four output terminals of converters 31-33
      and frequency dividers 34-37. Gates 41-47 are respectively connected to
      output terminals of stages 1-7 of shift register 21, whereby gates 41-47
      are activated in sequence. Corresponding output terminals of gates 41-47
      derive signals for corresponding binary orders of the four bit binary
      coded decimal signal supplied thereto. Output leads of gates 41-47
      carrying signals for the same ordered bit are connected together so that
      the signals on leads 51, 52, 53 and 54 indicate the presence or absence of
      a binary signal respectively representing 2.sup.0, 2.sup.1, 2.sup.2 and
      2.sup.3.
PAR  The signals on leads 51-54 are applied to binary coded decimal to touch
      tone converter 55 which derives output signals having ten different
      frequencies representing the tones of a touch phone. The multi-frequency
      signal derived from converter 55 is applied to telephone line 15. The
      seven derived binary coded decimal signals are sequentially applied by
      leads 51-54 to converter 55 as register 21 is shifted through stages 1-7
      so that seven tones are sequentially supplied by converter 55 to telephone
      line 15. In the alternative, the binary code decimal to touch tone
      converter 55 can be replaced with a binary coded decimal to dialing pulse
      converter, as discussed in detail infra.
PAR  After the seven digit called subscriber number has been applied to phone
      line 15 and the number of the next called subscriber has been entered into
      dividers 34-37, shift register 21 is advanced to stage nine, causing
      called detector circuit 12 to be activated. Called detector circuit 12
      includes differential, D.C. operational amplifier 56 that derives a
      bi-level signal. Operation amplifier 56 includes a ground input terminal
      connected to a ground line of telephone line 15, a positive input terminal
      connected to the tip line of the telephone line, and a negative input
      terminal connected to the ring line of a telephone line. Amplifier 56 is
      relatively easily saturated to derive a positive output voltage in
      response to phone line 15 being initially connected to a subscriber
      station. When phone line 15 is disconnected from a subscriber station, the
      polarity of the tip and ring lines is reversed, causing the output of
      operation amplifier 56 to be driven to a negative voltage. Thereby, a
      positive going, leading edge is derived at the output of amplifier 56 in
      response to the called subscriber picking up his receiver, and a negative
      going, trailing edge is derived from the amplifier when the called
      subscriber hangs up his receiver.
PAR  In response to the called subscriber picking up his receiver, the
      prerecorded message of tape recorder 14 is supplied to telephone line 15
      by supplying a binary one signal to terminal 16 of recorder 14. To this
      end, leading edge detector 57 is connected to be responsive to the output
      of operational amplifier 56. Leading edge detector 57 includes a
      differentiator and diode poled so that a pulse is derived from the
      detector only in response to the positive going, leading edge of the
      output signal of amplifier 56, as occurs in response to the called
      subscriber picking up the receiver. The output pulse of detector 57 is
      applied to a set input terminal (S) of flip-flop 58, having a set output
      terminal (Q) which is connected to start-stop input terminal 16 of
      recorder 14. Flip-flop 58 includes a reset input terminal (R) responsive
      to the end of message signal derived from terminal 17 of recorder 14.
      Thereby, flip-flop 58 is activated into a binary one state to derive a
      binary one output at its set output terminal for the entire time that the
      tape of recorder 14 is being driven through a cycle.
PAR  The bi-level output of amplifier 56, the end of message output signal at
      terminal 17 of tape recorder 14, and the signal derived from stage nine of
      register 21 are supplied to call detector circuit 12 to control the
      activation of flip-flops 61 and 62, as well as timer 63. Flip-flops 61 and
      62, and inhibit gates 64 and 65, respectively connected to the set (Q)
      output terminals of the flip-flops, are provided to detect whether or not
      the called subscriber listened to the entire prerecorded message of
      recorder 14. Timer 63 and inhibit gate 66, connected to the timer output,
      are provided to determine if the called subscriber failed to answer his
      receiver, either because the receiver of the called subscriber was busy or
      was not picked up in a reasonable time (e.g., 25 seconds) when called. For
      each called subscriber, one of counters 71, 72 or 73, respectively
      connected to the output terminals of inhibit gates 64, 65 and 66, is
      activated to enable a record to be made of how many called subscribers (1)
      listened to the entire message, (2) hung up before the message was
      completed and (3) failed to pick up the receiver. Counters 71-73 respond
      to the trailing edges of the output pulses of inhibit gates 64-66 since
      only the trailing edges indicate which one of the three possible events
      took place for a particular called subscriber.
PAR  To these ends, set input terminals (S) of flip-flops 61 and 62 and a start
      input terminal of timer 63 are driven in parallel by the output signal of
      stage nine of shift register 21. The output signal of stage nine drives
      flip-flops 61 and 62 so that the flip-flops derive binary one signals at
      the set output terminals (Q) thereof until pulses are applied to the reset
      input terminals thereof. In contrast, the state of timer 63 is not altered
      by an output of stage nine until the timer period has elapsed (25
      seconds), at which time a pulse on the order of one second is derived,
      unless the timer has been stopped. Reset input terminal (R) of flip-flop
      61 is connected to be responsive to the end of message signal derived from
      terminal 17 of recorder 14, while the reset terminal (R) of flip-flop 62
      is connected to be responsive to an output signal derived from trailing
      edge detector 74 that has circuitry substantially the same as that of
      leading edge detector 57, except for reversal of the diode polarity.
      Thereby, flip-flop 61 is activated to the binary one state from the time a
      binary one level is derived from stage nine of shift register 21 until the
      tape of recorder 14 has completed one cycle, while flip-flop 62 is in the
      binary one state from the time a binary one is derived from stage nine of
      shift register 21 until the called subscriber hangs up his receiver.
PAR  Timer 63 includes a stop input terminal, which when activated stops the
      timer and resets it to zero. Hence, a pulse is derived from timer 63 only
      if there is a 25 second interval between the time a pulse is applied from
      stage nine to the timer start input terminal and a pulse is applied to the
      stop input terminal of the timer. To prevent an output pulse from being
      derived from timer 63 when the called subscriber picks up his receiver,
      the stop input terminal of the timer is connected to be responsive to the
      output of leading edge detector 57 by a connection established through OR
      gate 75.
PAR  To enable only one of flip-flops 61 or 62 or timer 63 to derive a binary
      one level in response to each called subscriber being dialed, and thereby
      enabling only one of counters 71-73 to be activated for each called
      subscriber, a feedback circuit is provided between the outputs of the
      flip-flops and timer and the reset inputs of the flip-flops and the stop
      input terminal of the timer. The feedback circuit includes NOR gate 76,
      having inputs responsive to the set output terminals (Q) of flip-flops 61
      and 62. NOR gate 76 drives one input terminal of OR gate 77, having a
      second input terminal responsive to the output signal of timer 63.
      Thereby, a binary one level is derived from OR gate 77 in response to
      either of flip-flops 61 or 62 being activated to the reset state or timer
      63 generating an output pulse. Leading edge detector 80 is connected to be
      responsive to the output of OR gate 77 to generate a pulse in response to
      the output of the OR gate going from a binary zero to a binary one level.
      The pulse is substantially in time coincidence with: (1) the completion of
      the 25 second interval as derived from the output of timer 63, (2) the
      premature hanging up by the called subscriber, as derived by the output of
      flip-flop 62, or (3) the termination of the prerecorded message with the
      called subscriber listening to the entire message, as indicated by the
      output of flip-flop 61, whichever one of the three is appropriate.
      Detector 80 derives an output signal that is coupled to the stop input
      terminal of timer 63 through OR gate 75 and to inhibit input terminals of
      inhibit gates 78 and 79, respectively connected to the reset input
      terminals (R) of flip-flops 61 and 62.
PAR  The circuitry including flip-flops 61-62, timer 63, OR gates 75 and 77, NOR
      gates 76 and inhibit gates 78 and 79 and detector 80 operates as follows.
      The binary one signal from stage nine of shift register 21 sets flip-flops
      61 and 62 and initiates the operation of timer 63. Thereby, flip-flops 61
      and 62 derive binary one output signals, while no pulse is derived from
      timer 63. If the called subscriber does not pick up his receiver within 25
      seconds, a pulse is derived from timer 63, actuating counter 73, and is
      coupled through OR gate 77 to cause a pulse to be derived from detector
      80. The pulse output of detector 80 is coupled to the inhibit terminals of
      inhibit gates 78 and 79, thereby preventing resetting of the flip-flops in
      response to the next output of OR gate 77. If the called subscriber picks
      up his receiver prior to completion of the 25 second period of timer 63, a
      binary one signal is derived from leading edge detector 57 and coupled
      through OR gate 75 to the stop input terminal of timer 63, thereby
      preventing a pulse from being derived from the output of the timer whereby
      counter 73 is not activated.
PAR  When the answering called subscriber hangs up before the message is
      completed a pulse is derived from trailing edge detector 74 and coupled
      through gate 79 to the reset input terminal of flip-flop 62. Thereby,
      flip-flop 62 is activated to the reset state and hang up counter 72 is
      incremented by a count of one. In response to flip-flop 62 being activated
      to the reset state, a binary zero level is applied to one input of NOR
      gate 76, whereby the NOR gate derives a binary one output that is coupled
      through OR gate 77 to leading edge detector 80 that derives a pulse which
      is fed to the inhibit terminals of inhibit gates 78 and 79, and through OR
      gate 75 to the stop terminal of timer 63. Thereby, flip-flops 61 and 62
      are respectively maintained in the set and reset states until the next
      number is called, at which time a binary one level is derived from stage
      nine of shift register 21, causing both flip-flops to be driven back to
      the set state.
PAR  Next assume that the called subscriber answered his receiver and listened
      to the entire prerecorded message transmitted over telephone line 15 from
      tape recorder 14. In such an event, an output pulse is derived from end of
      message terminal 17 of tape recorder 14 prior to the derivation of a pulse
      from trailing edge detector 74. In response to the end of message pulse
      being derived from terminal 17, flip-flop 61 is reset, resulting in a
      binary one being derived at the output of NOR gate 76 and being coupled to
      the output of OR gate 77. The binary one at the output of OR gate 77 is
      supplied to detector 80 that generates a pulse that is supplied in
      parallel to inhibit inputs of gates 78 and 79, as well as one of the
      inputs of OR gate 75. Thereby, flip-flops 61 and 62 remain respectively
      activated in the reset and set states and timer 63 remains deactivated
      until the next subscriber number has been called and a binary one is again
      derived at output stage nine of shift register 21. Counter 71 is
      incremented in response to flip-flop 61 being driven to the reset state
      and neither of the counters 72 or 73 is incremented since there can be no
      change in state of the circuits driving them until after the next
      subscriber call is placed.
PAR  In response to a binary one output being derived from detector circuit 80,
      the phone at the local station is repeatedly disconnected from and
      connected to line 15, i.e., hung up and picked up, until a dial tone is
      detected and the entire cycle of tape recorder 14 has been completed. The
      repeated hanging up and picking up of the local phone is attained with
      circuit 13 which includes a feedback loop including electro-mechanical
      timers 82 and 83, preferably having timing periods of five seconds and two
      seconds, respectively. Timer 82 derives a 5 second binary one output pulse
      in response to a binary one being applied to its input, while timer 83
      derives a short duration pulse 2 seconds after a binary one is applied to
      its input.
PAR  The input of timer 82 is responsive to the output of leading edge detector
      80, as coupled through OR gate 89, to initiate the repeated hang up and
      pick up cycle. The 5 second output pulse of timer 82 is applied to coil 84
      of relay 85, having normally closed contacts 86 which are connected to the
      tip and ring lines of telephone line 15. In response to the 5 second
      output pulse of timer 82, coil 84 is energized, opening contacts 86 and
      thereby disconnecting the local phone from line 15 for 5 seconds. Upon
      completion of the 5 second interval of timer 82, a binary zero output of
      the timer results in de-energization of relay 84 and closure of contacts
      86, thereby connecting the local phone to line 15. If the local phone is
      not able to detect a dial tone on line 15 or an end of message pulse is
      not derived from lead 17 within 2 seconds after closure of contacts 86,
      contacts 86 are again open circuited and the local phone is again
      effectively hung up.
PAR  To detect when the local phone is reconnected to telephone line 15 and to
      enable the local phone to be connected to the line for at least 2 seconds,
      the output signal of timer 82 is coupled to trailing edge detector 87
      which derives a relatively short duration binary one pulse in response to
      the output of timer 82 going from a binary one to a binary zero level. The
      output pulse of detector 87 is applied to timer 83. If a dial tone is not
      detected by detector 92 and the cycle of recorder 14 has not been
      completed, the pulse derived from timer 83 is coupled through inhibit gate
      88 and OR gate 89 back to the input of timer 82. Timers 82 and 83 and
      contacts 86 are repeatedly activated in this manner until a dial tone on
      line 15 is detected and the cycle of recorder 14 has been completed. At
      that time, a binary one signal is derived from inhibit gate 91 to prevent
      the output of timer 83 from being fed back to the input of timer 82,
      causing the hang up - pick up cycle to be terminated.
PAR  To enable a binary one output to be derived from inhibit gate 91 in
      response to a dial tone being detected and the message on recorder 14
      being completed, dial tone detector 92 is provided and connected to the
      tip or ring line of telephone line 15. Dial tone detector 92 is preferably
      a bandpass filter capable of passing any dial tone frequency, typically
      between 300 and 900 Hertz. The bandpass filter drives an audio detector
      which derives a binary one while any dial tone frequency is on line 15.
      The binary one output level of detector 92 is coupled through inhibit gate
      91 only when the present message of recorder 14 has been completed. The
      binary one output of detector 92 is not coupled through inhibit gate 91
      while the message of recorder 14 is being applied to the phone line 15
      because the message may include audio frequencies that are the same as the
      dial tone, and to avoid placing a call to the next subscriber until after
      recorder 14 has completed a message cycle. To prevent the output of
      detector 92 from being coupled through gate 91 until the message of
      recorder 14 has been completed the set output terminal (Q) of flip-flop 58
      is applied to the inhibit terminal of gate 91.
PAR  In response to a binary one output of inhibit gate 91, inhibit gate 88 is
      disabled, as indicated supra, to prevent further hanging up and picking up
      of the local telephone to telephone lines 15. The local telephone remains
      connected to lines 15 since relay 84 cannot be activated until a pulse is
      again derived from leading edge detector 80. A binary one output of
      inhibit gate 91 also enables AND gate 93 that is responsive to the output
      of 2 second timer 83.
PAR  In response to an output signal of timer 83 while a binary one output is
      derived from inhibit gate 91, AND gate 93 applies a binary one signal to a
      reset input terminal (R) of flip-flop 25 via OR gate 26, thereby enabling
      the output signal of free running multivibrator 24 to be applied to the
      clock input terminal 22 of shift register 21 to repeat the cycle.
PAR  Reference is now made to FIG. 2 of the drawing wherein there is illustrated
      a circuit diagram of a modification of the FIG. 1 system, enabling dialing
      pulses to be generated instead of touch tones. In the dialing pulse
      generator, each of the seven digits is represented as a series of dialing
      pulses, rather than as a tone. The dialing pulse generator includes a four
      stage count down counter 101 having a load input terminal 102 which, when
      actuated, causes the four bit binary coded decimal signal on leads 51-54
      (FIG. 1) to be loaded into the four stages of the counter. Counter 101
      includes a clock input terminal 103 which decrements the count of the
      counter one each time a pulse is applied thereto. Counter 101 includes an
      output terminal 104 on which is derived a binary one signal in response to
      the count of the counter being reduced to zero.
PAR  Counter 101 is loaded with the four bit binary coded signal on leads 51-54
      each time shift register 21 is activated to a different one of stages 1-7.
      To this end, the output leads of stages 1-7 of shift register 21 are
      respectively connected to leading edge detectors 105, one of which is
      provided for each of the seven stages. The output voltages of leading edge
      detectors 105 are supplied to OR gate 106 which thereby derives a binary
      one output signal approximately in synchronism with each stage of shift
      register 21 being initially reached. The output of OR gate 106 is coupled
      to load input terminal 102 of counter 101 via one shot 107 which slightly
      delays the derivation of a binary one signal from OR gate 106, to prevent
      possible false coupling of a load signal into counter 101.
PAR  In the interval between loading of counter 101 and the derivation of a
      binary one signal at output terminal 104, the circuit of FIG. 2 derives a
      number of dialing pulses equal to the count of the binary coded decimal
      signal loaded into the counter. To sense the duration of the interval, the
      output of one shot 107 is applied to a set input terminal (S) of flip-flop
      108 having a reset input terminal (R) connected to be responsive to the
      signal derived from terminal 104. Flip-flop 108 derives a binary one
      output signal at a set output terminal (Q) thereof which is coupled to one
      input of AND gate 109. AND gate 109 has a further input responsive to an
      output of fixed frequency, free running multivibrator 111, having an
      output that is applied to clock input terminal 103 of counter 101 to
      decrement the count loaded into the counter. To enable count down of a
      maximum count of ten and simulation of telephone dialing pulses, the
      frequency of free running multivibrators 24 is appropriately changed from
      the one Hertz rate of FIG. 1 and the frequency of multivibrator 111 is set
      to equal that of dialing pulses of a rotary telephone dialer.
PAR  Dialing pulses from free running multivibrator 111 are coupled to telephone
      line 15 through AND gate 109 while flip-flop 108 is in the set state. The
      number of dialing pulses coupled to line 15 from multivibrator 111 during
      each digit of a seven digit called number is equal to the digital value of
      the binary one coded signal coupled by leads 51-54 to the four stages of
      counter 101.
PAR  The use of operational amplifier 56 in response to a polarity reversal is
      suitable only with certain telephone exchanges. At other exchanges, where
      cross bar or solid state switching is employed, polarity reversal is not
      used. At such exchanges it has been found that immediately prior to
      ringing, one or two pulses are derived; if there are two pre-ringing
      pulses, they are separated by approximately ninety milliseconds. The
      pre-ringing pulses are followed by another pulse when the called
      subscriber picks up his receiver and a further pulse is derived when the
      called subscriber hangs up his receiver. These pulses are of relatively
      high level, being approximately ten times the levels of a dial tone, a
      ringing pulse, a touch tone, or an audio message.
PAR  To enable detection of connect, disconnect and preringing pulses, telephone
      line 15 is connected to one input terminal of operational amplifier 121
      (FIG. 3), having a second input responsive to a predetermined D.C.
      threshold voltage. Operational amplifier 121 normally derives a low level
      binary zero output signal, but is driven into saturation, to derive a
      binary one output signal, in response to the signal on line 15 having an
      amplitude commensurate with the pre-ringing, connect and disconnect
      pulses. In response to a dial tone, ringing pulse, touch tone or audio
      message, amplifier 121 remains in an unsaturated state and derives a
      binary zero level.
PAR  The output signal of operational amplifier 121 is connected to an input of
      one shot multivibrator 122 which generates a binary one pulse having a
      duration in excess of the time separation between a pair of pre-ringing
      pulses; e.g., the pulse duration is 150 milliseconds. Thereby, in response
      to either a pre-ringing pulse, or a pair of pre-ringing pulses, whichever
      is appropriate for the exchange to which the local telephone is connected,
      one shot multivibrator 122 derives a single output pulse having a leading
      edge synchronized with the first pre-ringing pulse and a duration of 150
      milliseconds. In response to each of a connect and disconnect pulse being
      received on line 15, one shot 122 derives a 150 millisecond binary one
      output signal. Thereby, in response to a complete cycle of ringing, call
      completion and call disconnect, three and only three pulses are derived
      from one shot 122.
PAR  To enable detection of the called subscriber receiver being connected to
      and disconnected from the telephone line, the output of one shot 122 is
      applied to a trigger input terminal (T) of flip-flop 123, as well as to
      inputs of AND gates 124 and 125 which respectively drive trigger inputs
      (T) of flip-flops 126 and 127.
PAR  Flip-flops 123, 126 and 127 are interconnected with each other and the
      outputs of one shot 122 and AND gates 124 and 125 so that flip-flop 126 is
      in a binary one state during the entire time while the called subscriber
      receiver is connected to the telephone line, while flip-flop 127 is in a
      set state from the time that the called subscriber hangs up his receiver
      to the time a binary one signal is derived from detector 80, FIG. 1. To
      these ends, the output of flip-flop 123 is connected to one input of AND
      gate 124 and the output of flip-flop 126 is connected to one input of AND
      gate 125. Flip-flops 123, 126 and 127 are responsive to the trailing edges
      of the output of one shot 122. The three flip-flops include reset input
      terminals (R) which are connected to be responsive to the output of
      leading edge detector 80 so that all three of the flip-flops are in a
      binary zero state prior to a call being placed to each called subscriber.
PAR  Immediately prior to the receiver of the called subscriber having ringing
      pulses supplied thereto, flip-flop 123 is driven from the reset to the set
      state in response to the output of one shot multi-vibrator 122. Setting
      flip-flop 123 enables AND gate 124 so that when the called subscriber
      picks up his receiver and is connected to the line, the output pulse of
      one shot 122 is coupled through AND gate 124 to the toggle input of
      flip-flop 126, causing flip-flop 126 to be driven from the reset to the
      set state and disabling AND gate 125. In response to one shot 122 sensing
      a connection to the called subscriber, flip-flop 123 is returned to the
      reset state, thereby diabling AND gate 124. In response to the called
      subscriber hanging up his receiver and disconnecting his receiver from the
      line, one shot 122 derives a further binary one signal that is coupled
      through AND gate 125 to the toggle input of flip-flop 127, thereby
      changing the state of flip-flop 127 from the reset to the set state. The
      output pulse of one shot multivibrator 122 derived in response to the
      disconnect pulse on line 15 causes flip-flop 123 to be driven from the
      reset to the set state, but has no effect on the state of flip-flop 126
      because the time required for flip-flop 123 to be reset is such that the
      trailing edge of the one shot 122 terminates prior to AND gate 124 being
      enabled.
PAR  The ring detection circuit of FIG. 3 is utilized in conjunction with the
      apparatus of FIG. 1 by connecting the output of flip-flop 126 to leading
      edge detector 57. The output of flip-flop 127 is connected to a leading
      edge detector 128 which senses transitions from a binary zero to a binary
      one state of flip-flop 127 and is utilized in place of trailing edge
      detector 74, FIG. 1.
PAR  While there has been described and illustrated one specific embodiment of
      the invention, it will be clear that variations in the details of the
      embodiment specifically illustrated and described may be made without
      departing from the true spirit and scope of the invention as defined in
      the appended claims. For example, the incremental dialing system wherein
      the number is changed by a fixed amount can be replaced with a prerecorded
      sequence of called numbers. Also, a pair of tape recorders can be
      provided, one for transmitting messages and a second for receiving short
      duration responses from called subscribers. The apparatus can also be
      provided with timers for automatically controlling the time of day during
      which calls are placed. In accordance with a further modification, the
      counts stored in frequency dividers 34-37 can be detected and compared
      against a maximum count which, when reached, causes an alarm to be
      activated and inhibits the enabling of AND gate 123 so that subscribers
      will not be repetitively called. Also, endless loop tape recorder 14 can
      include two tracks, one for the audio message and the second replacing the
      foil for control functions. On the control track, predetermined
      frequencies can be provided, with a first predetermined frequency
      indicating the completion of a message, causing the tape drive motor to
      stop. A few seconds prior to the "completion of message" frequency the
      control track can include a second frequency, distinguishable from the
      completion of message frequency, and indicating that the message is about
      to be completed. The "about to be completed" frequency can be detected and
      coupled to output terminal 17 so that if the called subscriber hangs up
      slightly before the message is completed the completed call counter 71,
      rather than hang up counter 72, is actuated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for automatically supplying a pre-recorded message to a
      plurality of telephone subscriber stations in sequence comprising means
      for placing a telephone call to a telephone number, means for coupling the
      message to a telephone line in response to the called number being
      reached, counter means for storing the number to be called, means for
      incrementing the counter means by the same predetermined number to change
      the telephone number by a predetermined number to derive another number,
      and means responsive to the call being either completed or an indication
      of the called number being incapable of being reached for again activating
      the means for placing a call to the another telephone number; the means
      for placing, means for coupling, means for incrementing and means for
      again activating being repeatedly activated so that calls are
      automatically placed in sequence to a plurality of subscribers.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the counter means comprises a plurality
      of cascaded 10-stage frequency dividers, one of said dividers being
      provided for and storing the numerical value of a digit of a called
      subscriber number, whereby the plural dividers store plural digits of the
      called subscriber station number, means for incrementing the divider for
      the least significant bit once each time a number is called, a telephone
      dialing means, and means for supplying the stored digits of the dividers
      to the dialing means in sequence.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the counter means comprises: a shift
      register, an oscillator for advancing the shift register so that different
      shift register stages are activated in sequence, means for storing binary
      signals representing the digits of a called subscriber number, said means
      for storing for at least some of the digits comprising a plurality of
      cascaded 10-stage frequency dividers, telephone dialing means, gate means
      for selectively coupling the stored signals for each digit in sequence to
      the dialing means in response to different stages of the shift register
      being activated, and means for advancing the count of the frequency
      divider for the least significant digit by a count of one in response to a
      further one of said stages of the shift register being activated.
NUM  4.
PAR  4. Apparatus for automatically supplying a pre-recorded message via a
      telephone line to a plurality of telephone subscriber stations in
      sequence, said line applying pulse-type signals to the apparatus in
      response to an operator at a called subscriber station connecting and
      disconnecting his station to the line, comprising means for placing a
      telephone call to a telephone number, means responsive to the pulse-type
      signals for deriving first and second signals respectively indicative of a
      connection being completed to the called subscriber station and the
      connection being broken at the called subscriber station, means for
      coupling the message to a telephone line in response to the first signal
      being derived, means responsive to the recorded message being completed
      for deriving a third signal, and counter means responsive to the second
      and third signals for indicating the number of connected subscriber
      stations that did not stay on the line for the entire message, means for
      deriving a fourth signal in response to a connection not being established
      to the called subscriber station a predetermined time after the call was
      placed, means for changing the telephone number by a predetermined number
      to derive another number, and means responsive to the occurrence of the
      third or fourth signals for again activating the means for placing a call
      to the another telephone number; the means for placing, means for
      coupling, means for changing and means for again activating being
      repeatedly activated.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the means for deriving the first and
      second signals includes means for detecting voltage changes and polarity
      reversals on the telephone line.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the detecting means includes a
      saturable amplifier having a grounded reference terminal and a pair of
      complementary input terminals connected to tip and ring lines of the
      telephone line.
NUM  7.
PAR  7. Apparatus for automatically supplying a pre-recorded message via a
      telephone line to a plurality of telephone line subscriber stations in
      sequence, said line applying pulse-type signals to the apparatus in
      response to an operator at a called subscriber station connecting and
      disconnecting his station to the line, comprising a dial tone detector for
      deriving an enabling signal in response to a dial tone on the line being
      coupled to the apparatus, means responsive to the pulse-type signals for
      deriving first and second control signals respectively indicative of the
      called subscriber station connecting and disconnecting his station to the
      line, means for deriving a third control signal in response to the
      prerecorded message being completed, means for deriving a fourth control
      signal in response to a called subscriber not connecting his station to
      the line a predetermined time after having been called by the apparatus,
      means for deriving a plurality of dialing signals for the subscriber
      stations to be called, control means responsive to the first, second,
      third and fourth control signals for supplying the enabling signal to the
      means for deriving the dialing signals so that the dialing signal for each
      subscriber station to be called is applied to the line in response to the
      enabling signal being supplied to the means for deriving dialing signals,
      means for changing the dialing signal from one subscriber station number
      to another subscriber station number after a previous subscriber station
      number dialing signal has been applied to the line, means responsive to
      the first signal for supplying the message to the line, the control means
      being repeatedly activated in response to at least one of the control
      signals so that a plurality of subscriber station numbers are called in
      sequence.
NUM  8.
PAR  8. The apparatus of claim 7 wherein the means for deriving the first and
      second signals includes means for detecting voltage changes and polarity
      reversals on the telephone line.
NUM  9.
PAR  9. The apparatus of claim 8 wherein the detecting means includes a
      saturable amplifier having a grounded reference terminal and a pair of
      complementary input terminals connected to tip and ring lines of the
      telephone line.
NUM  10.
PAR  10. The apparatus of claim 7 wherein the control means includes: means
      responsive to the derivation of either the second or fourth signals for
      repeatedly connecting and disconnecting the dial tone detector to the line
      until the dial tone enabling signal is supplied to the means for deriving
      the dialing signals, and means for supplying the enabling signal to the
      means for deriving the dialing signals in response to the third control
      signal being derived after the first control signal has been derived or in
      response to the fourth control signal being derived.
NUM  11.
PAR  11. The apparatus of claim 7 further including counter means responsive to
      the second and third signals for indicating the number of connected
      subscriber stations that did not stay on the line for the entire message.
NUM  12.
PAR  12. Apparatus for automatically supplying a pre-recorded message via a
      telephone line to a plurality of telephone line subscriber stations in
      sequence, said line applying signals to the apparatus in response to an
      operator at a called subscriber station connecting his station to the
      line, comprising multistage shift register means for deriving a plurality
      of sequential output signals, N of said stages being provided for the N
      digits of each subscriber station number, means responsive to activation
      of said N stages for sequentially deriving each of the N digits of a
      subscriber station number and for applying the digits to the line to call
      a subscriber station number, means for changing the value of a digit of a
      subscriber station number in response to the shift register means being
      activated to a first stage other than the N stages, means for coupling the
      recorded message to the telephone line in response to the called station
      being connected to the line, means for deriving a first control signal in
      response to the prerecorded message being completed, means for advancing
      the shift register to a second stage other than the N stages after all of
      the digits of the called number have been applied to the line, means
      responsive to the register being in the second stage for a predetermined
      time and the called station not having been connected to the line for
      deriving a second control signal, and means responsive to the first and
      second control signals for energizing the shift register to activate the N
      stages and the first stage in sequence so that the digits for the changed
      subscriber station number are applied in sequence to the line and the
      subscriber station number is changed.
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ABST
PAL  A semi-automatic telephone-answering system which connects a voice message
      to an incoming telephone line upon being activated. The incoming telephone
      line is connected to the system by an operator switchboard jack or key
      connector on a multiline telephone. A cueing signal switches a prerecorded
      message from a source thereof to the incoming telephone line at the
      beginning of the message. The cueing signal is synchronized with the
      message source so that switching means can only be activated at the
      beginning of the message. At the end of the message, a second cueing
      signal connects a music source or channel to the incoming telephone line.
      A primary signal indicates that the incoming telephone line has been
      waiting to be answered by the live operator for a predetermined time. A
      secondary signal is provided to indicate to the operator that a waiting
      call is being or has been answered live of a remote location. Thus, an
      effective urgency is imparted to the live operator as to the more pressing
      calls. The primary signal can also be transmitted to supervisory personnel
      to indicate that an overload condition exists in the answering system and
      allows said supervisor to intervene in calls or to talk on telephone
      lines, from a remote location, which an operator cannot answer because she
      is busy with other lines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of art to which the invention pertains includes the field of
      automatic and semi-automatic telephone-answering systems, particularly,
      with respect to a system for providing a voice message upon being
      activated and subsequent to the voice message, entertainment, such as
      music can be provided.
PAR  2. Description of the Prior Art
PAR  Conventional telephone-answering systems are designed to provide a message
      for the caller when a plurality of incoming calls are simultaneously
      received and all the calls cannot be answered at the same time. The
      message indicates that the system is overloaded and that the caller will
      be answered if he will wait on the line. Typically, these systems provide
      prerecorded messages which can come on the line in the middle of the
      message thus constituting an annoyance to the caller, or require the
      expensive alternative of many separate tape players or other sound sources
      so that one is available for each line which may be answered or they
      require that a line ring an unacceptable number of times before the line
      is answered while waiting for the message to come to its beginning. With
      the first approach, subsequent to the message, a long period of time may
      elapse before the caller is attended to by the live operator. This period
      of silence can be an annoyance to the caller, thereby resulting in
      irritation or further lack of pursuit of the call. Unless extremely
      sophisticated storage equipment is provided, the operator cannot determine
      which call has been waiting the longest time and is unable to take the
      incoming calls in sequence.
PAR  The present invention provides an automatic telephone-answering system
      utilizing a single sound source for a large plurality of telephone lines
      which commences a voice message at the beginning of the message, or any
      line to which the system is connected with a minimal delay before start of
      the message, and subsequent to the voice message provides entertainment,
      such as music, until the live operator is available to service the caller.
      A primary signal indicator provides information to the operator as to
      which calls have been waiting. A secondary signal indicator indicates when
      the caller has waited an inordinate period of time. This information can
      also be transmitted to supervisory personnel so that they may aid the
      operator in answering the calls when a large number of callers have been
      waiting.
PAC  SUMMARY OF THE INVENTION
PAR  A telephone-answering system includes a connector for manually or
      automatically coupling an incoming telephone line to the system after a
      predetermined number of rings. Cueing means are provided for coupling a
      prerecorded message to the incoming telephone line. A cueing signal
      precedes the message for activating a switch device connected to the
      incoming telephone line. Once activated, the message is coupled to the
      incoming telephone line only at the beginning of the message. Additional
      means for limiting the time delay from connection to the start of the
      message to a fraction of the message length is also provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram in block form illustrative of the circuit
      functions of the telephone-answering system in accordance with the present
      invention.
PAR  FIG. 2 is a timing diagram showing the relationship between the voice cues
      and music cues on a multi-channel recording medium.
PAR  FIG. 3 is a schematic circuit diagram in more detail illustrative of one
      embodiment of a telephone-answering system constructed in accordance with
      the present invention.
PAR  FIG. 4 is a schematic circuit diagram of another embodiment of a
      telephone-answering system in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to FIG. 1, there is shown a voice message
      source 11 which is connected by way of lead 13 to a selective switch means
      15. Also connected to the selective switch means by way of lead 17 is a
      music source 19. The selective switch means 15 is connected by way of the
      lead 21 to the telephone line to thereby provide to a caller either a
      voice message or source of entertainment such as music in the event the
      caller has received service by way of the automatic answering system. To
      activate the selective switch means 15, there is provided a
      system-initiate circuit 23 which is activated upon a live operator
      receiving the caller's ring and thereupon plugging into the jack on the
      telephone system which she is attending a cord from the automatic
      answering system as herein disclosed. The system may also be connected to
      the telephone line by means of a ring-counting relay after a predetermined
      number of rings. The system-initiate circuit activates an indicator means
      29 by way of the lead 31 and simultaneously activates a voice cue source
      33 by way of the line 35. The voice cue source provides a cue signal by
      way of the lead 37 to the voice message-activate circuit 39 which in turn
      by way of the lead 41 places the selective switch means 15 into such a
      position that a voice message will be provided from the voice message
      source only at the beginning of the message to the caller by way of the
      line 21. Thus, the caller will now be informed for example that his call
      is being answered electronically since the operator is busy otherwise and
      that if he will please wait a few moments, the operator will then be with
      him. To make any waiting time more pleasant to the caller, a music source
      is then provided but the music does not enter until the voice message is
      completed. Thus, a music cue source 43 provides a music cue over the lead
      45 to the music-activate circuit which in turn by way of the lead 49
      causes the selective switch means 15 to provide music from the source 19
      to the lead 21.
PAR  The music cue source 43 may be activated in various ways. For example, upon
      the system-initiate circuit being activated, a signal may be applied by
      way of the lead 51 to the music cue source. The music cue source may then
      have a built-in delay to provide time for a message to be provided from
      the voice message source before it provides a music cue source.
      Alternatively, there may be a connection as shown by the dashed line 53
      from the voice cue source to cause the music cue source to be mechanically
      or electronically synchronized with respect thereto.
PAR  To preclude the possibility of music and voice being on the line to the
      caller simultaneously, the music cue source is also provided by way of the
      lead 55 to a voice defeat 57. A signal from the voice defeat circuit 57 is
      provided by way of the line 59 to the voice message-activate circuit,
      thereby de-activating the circuit and causing the selective switch means
      to become open insofar as any audio from the voice message source 11 is
      concerned.
PAR  From this general block diagram, it can thus be seen that upon the operator
      activating the system in accordance with the present invention, a voice
      cue is provided which activates a selective switch means thereby providing
      a voice message to the caller only at the beginning of the voice message.
      When the voice message is ended, the system automatically switches from
      that voice message source to a music source thereby providing a pleasing
      interlude during which the caller waits for the live operator to service
      his incoming call. To provide information to the operator as to which
      customer is waiting, the indicator means 29 is provided and is activated
      as is indicated when the entire system is placed into operation upon the
      operator receiving the incoming call and activating the system.
PAR  After the system has automatically answered the caller's ring, the audio or
      music must be automatically disconnected to preclude the necessity of
      talking over the same. Thus, there is provided a talk live activate
      circuit 61 which provides a signal by way of lead 63 to the voice-defeat
      57 and a music-defeat 65. A signal is also applied to the indicator means
      29. Each of the defeat circuits automatically deactivate the respective
      voice or music circuit connected to the telephone line through the
      selective switch means 15. The talk live activate circuit 61 is activated
      by either the operator manually plugging into the circuit to talk live as
      illustrated by the manual operator switch 67 or by a subscriber picking up
      a remote phone to answer the call which is illustrated by the
      handset-offhook-detector circuit 69.
PAR  The cueing means can be generated either directly from the sound source by
      detecting physical or optical signals attached thereto, or by detecting a
      tone or a silent period between each repetition of the message; or cues
      may be generated by separate timing circuits or mechanisms synchronized to
      the sound source or its carrier.
PAR  One means of obtaining the appropriate synchronization between the voice
      and message cues is shown in FIG. 2. As is therein shown, there are three
      channels, channel 1, channel 2, and channel 3 recorded upon a single
      recording medium such as a magnetic tape or the like. In channel 1, there
      is illustrated a series of voice cues VC1-VC4. The same repetitive voice
      message would be recorded between each of the cues commencing immediately
      following each of the cues. It is to be presumed that the recording medium
      when being played moves toward the left across the playback heads thus
      causing VC1 to be reproduced before any of the other signals. As is also
      shown, there is recorded in channel 1 music cues MC1-MC4. It should be
      noted that the music cues immediately follow the end of the recorded audio
      message and thus fall just preceding the next voice cue thus music cue MC1
      immediately precedes voice cue VC2 or alternatively it may be viewed as
      falling at the conclusion of the time after VC1 during which the recorded
      audio message is reproduced assuming the system is activated.
PAR  To preclude the possiblity of a caller calling in immediately after the
      occurence of VC1 and having a long silent period of ten to fifteen seconds
      which has been determined to be exceedingly annoying to the caller, an
      additional set of voice and music cues is provided in channel 2. As is
      therein shown, voice cues VC5-VC8 are staggered from voice cues VC1-VC4 in
      such a way that VC5 occurs approximately one-third of the time between VC1
      to VC2. Likewise, the music cues MC5-MC7 are staggered from music cues
      MC1-MC4 but are placed in relationship to the respective voice cues as was
      above described.
PAR  A similar arrangement is provided in channel 3 but with the cues staggered
      approximately two-thirds of the way between VC1 and VC2.
PAR  Thus, with this type of arrangement and synchronization between the voice
      and music cues, it can be seen that any time a caller is placed into this
      system, a voice cue occurs within a very short period of time much less
      than the duration of the entire voice message while at the same time
      causing a voice message to occur and be provided to the listener only at
      the beginning thereof.
PAR  Referring now more particularly to FIG. 3, there is shown in more detail a
      schematic illustration of one embodiment of the semi-automatic
      telephone-answering system constructed in accordance with the principles
      of the invention. The system as herein illustrated includes a jack or key
      connector 12 which is plugged into a standard PBX telephone switchboard.
      The jack or key connector 12 is illustrated as a three-wire line
      containing a plug tip 14, a plug ring line 16, and a plug sleeve 18. When
      a ringing telephone line is answered by inserting the cord plug connector
      12 into the appropriate jack, the telephone line battery voltage appearing
      across the plug tip 14, and plug ring line 16 is applied to a rectifier 22
      through the line-seizing resistor 8 causing the line to be answered. The
      rectifier 22 activates a switch means 24. As shown, the switch means 24
      comprises a light-emitting diode and photo-transistor which when
      conducting saturates power transistor 25 which in turn connects power from
      the source 27 thereof to the B.sup.+ terminal for use by the entire
      circuit. Thus, the B.sup.+ is connected to a first silicon-controlled
      rectifier (SCR) 26 at its anode 28. The first SCR 26 further comprises a
      cathode 32 and a gate 34. The cathode 32 is connected through a current
      limiting resistor 36 to a ground potential. The gate 34 is connected
      through a reference resistor 38 to ground potential.
PAR  Activation of the switch means 24 also activates a message source 42 and a
      message cue 44. The message source 42 is typically a short-duration
      message of approximately 3 to 4 seconds which can be recorded once or
      repeatedly on a continuous loop disc or drum-type recording medium. The
      preferred embodiment is a plurality of repeated messages, typically of 20
      minutes playing duration. Each prerecorded message is preceded and
      synchronized with an appropriate message cue such as an audible tone, a
      silent period of fixed duration, a foil strip, a reflective spot, or the
      like. Normally the message cue is kept off the telephone line if audible
      and thus is not heard by the caller. At the conclusion of the cue, an
      electrical signal is coupled from the message cue 44 through a series
      resistor 45 to the gate 34 of the first SCR 26 causing the SCR 26 to
      become conductive.
PAR  The cathode 32 of the SCR 26 is also connected through a resistor 46 to an
      input resistor 48 of a message-switching transistor 52 at its base 54. The
      message-switching transistor 52 further comprises a collector 56 and an
      emitter 58. The emitter 58 of the message-switching transistor 52 is
      connected to a normally conductive transistor 62 at its collector 64. The
      transistor 62 further comprises an emitter 66 which is connected to
      ground, and a base 68.
PAR  A message-switching relay 72 is connected from the collector 56 of the
      transistor 52 to the source of positive reference potential B.sup.+. When
      the first SCR 26 fires, the transistor 52 becomes conductive and activates
      the relay 72 closing a contact 74. The contact 74 connects the message
      source 42 across the primary coil 76 of a transformer 78. The secondary 82
      of the transformer 78 is connected through a DC (direct-current) blocking
      capacitor 84 across the plug tip 14 and the plug ring line 16 of the
      telephone jack. The prerecorded message is thus transmitted over the
      telephone line to the caller informing him that the switchboard is
      overloaded at the moment and that if he will wait for a few seconds he
      will be attended to shortly. The message source is not connected across
      the line until the synchronized message cue activates the SCR 26 and the
      message thus commences at its beginning.
PAR  At the termination of the message, a music cue signal from a music cue
      source 102 is coupled to a second SCR 104 at its gate 106 to cause it to
      become conducting. The SCR 104 comprises an anode 108 which is connected
      to B.sup.+ by the activation of the switch means 24. The second SCR 104
      further comprises a cathode 112 which is connected through a
      current-limiting resistor 114 to ground and through a resistor 116 to a
      message-defeat transistor 118 at its base 122. The message-defeat
      transistor 118 further comprises a collector 124 which is connected to the
      junction of the resistors 46 and 48 and an emitter 126 which is connected
      to ground. The music cue signal from the source 102 is coupled across an
      input resistor 132 connected between the gate 106 of the second SCR and
      ground.
PAR  The cathode 112 of the SCR 104 is connected through a resistor 134 to a
      music-switching transistor 136 at its base 138. The music-switching
      transistor 136 further comprises an emitter 142 which is connected to the
      collector 64 of the normally conductive transistor 62. The collector 144
      of the music switching transistor 136 is connected through a relay 146 to
      the source of positive reference potential B.sup.+.
PAR  When the second SCR 104 becomes conductive, the message-defeat transistor
      118 becomes conductive thereby effectively connecting the base of the
      message-switching transistor 52 to ground causing it to become conductive,
      thereby deactivating relay 72 and disconnecting the contact 74 from the
      message source 42. Simultaneously, transistor 136 conducts and relay 146
      causes a contact 152 to be connected between a music source 154 and the
      primary 76 of the transformer 78, thereby providing the caller with
      prerecorded music for his pleasure and diversion until the live operator
      can answer his call.
PAR  It should be remembered that the voice message may be recorded on several
      channels of the same sound medium in staggered relationship along with a
      channel providing a continuous source of music. That is, the voice message
      on the second channel of the medium starts a predetermined time after the
      voice message on the first channel, for example one and one-half seconds.
      A similar delay may be imparted to the start of the voice message on the
      third channel. Thus, there will never be a silence on the line, after the
      ring is answered and before a message starts, of a duration annoying to
      the caller. Obviously, the music cues and music are synchronized with each
      of the voice messages to immediately follow the same.
PAR  A differential amplifier circuit 202 has its input terminals 204 and 206
      connected to the plug tip 14 and plug ring line 16, respectively. The
      differential amplifier circuit 202 which will be described in greater
      detail hereinafter, is used to detect voltage rises and drops across the
      plug tip 14 and plug ring line 16. The output terminal 208 of the circuit
      202 is connected through a resistor 210 to the base 68 of the normally
      conductive transistor 62. When the system as described is in its normal
      hold operating condition and a caller is on the line, the signal at the
      output terminal 208 is sufficient to cause the transistor 62 to remain in
      its normally conductive state.
PAR  The activation of switch means 24 connects the source of positive reference
      potential B.sup.+ to a timer circuit 222. The timer circuit 222 is thus
      initiated once the call has been intercepted. After the caller has been
      listening to the music from the music source 154 for a predetermined
      interval of time, such as 25 seconds, for example, the timer circuit
      activates a slow flasher circuit 224. The slow flasher circuit 224 is
      connected through a gate 214 to a switchboard lamp 216. The lamp 216
      switches from an off condition to a slow flashing condition and indicates
      to the operator that the caller has been waiting for an inordinate period
      of time, i.e., at least 25 seconds. The output of the gate circuit can
      also be connected through a line 226 to a supervisor console (not shown)
      so that should the operator at the switchboard be overloaded, the
      supervisor can assist the operator.
PAR  The plug tip 14, the plug ring line 16 and the plug sleeve 18 can also be
      coupled through a connector 228 to the supervisor's console. Additionally,
      other jacks such as 232 can be coupled across the plug tip 14, plug ring
      16 and plug sleeve 18 by means of a connector 232 so that the input lines
      can be connected to other switchboards when needed.
PAR  Should the supervisor or person at a remote location pick up the incoming
      call, the voltage across the plug tip 14 and plug ring 16 will drop as a
      result of connecting an additional instrument across the telephone line.
      This voltage drop across the lines of the plug tip and plug ring circuit
      is sensed at the input terminals of the differential amplifier circuit
      202. The differential amplifier circuit 202 comprises a pair of
      operational amplifiers 252 and 254 whose output is coupled to an output
      operational amplifier 256. The voltage drop causes the voltage at the
      output terminal 208 of the differential amplifier circuit 202 to drop
      causing the normally conductive transistor 62 to become nonconductive.
      With the transistor 62 nonconductive, the transistor 136 becomes
      non-conducting, unlatching the music relay 146 and disconnecting the music
      source from the primary 76 of the transformer 78. The caller can now speak
      to the operator without music on the line. Additionally, it should be
      noted that the emitter 58 of the message switching transistor 52 is also
      connected to the collector 64 of transistor 62 and should the call be
      answered when the system is in the message mode, the message will also be
      disconnected and the operator can speak to the caller.
PAR  The voltage drop at terminal 208 is also utilized to activate a steady-on
      circuit 212 which is connected through the gate 214 to the lamp 216. The
      lamp 216 enters a steady-on mode and indicates to the operator that
      someone else has answered the call.
PAR  Should the supervisor then hang up the remote instrument, the voltage at
      the plug tip 14 and plug ring 16 will rise causing the output voltage
      terminal 208 to rise and a threshold circuit 258 connected to the terminal
      208 is activated. The output of the threshold circuit 258 is connected to
      a rapid flasher 262 whose output is connected to the gate 214. The rapid
      flasher 258 which is latched into a preset condition by the steady-on
      circuit 212 activates the lamp 216 which will start flashing rapidly
      indicating to the operator that the supervisor has finished servicing the
      call. The operator may then disconnect the jack or key connector 12 from
      the telephone line thus terminating contact with the caller.
PAR  Referring now more particularly to FIG. 4, there is illustrated in detailed
      schematic diagram another and more preferred embodiment of the system
      constructed in accordance with the present invention, where various
      portions thereof are the same as illustrated in FIG. 3 and as a result,
      the same numbers have been utilized to indicate similar components or
      elements. Since there are substantial similarities, no detailed
      description of the circuit as shown in FIG. 4 will be given except in
      conjunction with a general discussion of the operation of the circuit.
PAR  As above indicated, when the operator activates the system, power is
      applied to the particular circuit chosen. It will be understood by those
      skilled in the art that there is a separate circuit for each cord that may
      be used by the live operator for answering automatically incoming calls
      during a busy period. It is only upon activation of a specific circuit
      such as that shown in FIGS. 1, 3 or 4 that power is applied to the
      particular circuit. That circuit then remains active until the telephone
      is answered by the operator (or someone else connected in parallel with
      the operator system).
PAR  Thus, upon activation of the system as above described, a voice cue from
      the source 33 is applied through a blocking diode D1 to the voice latch
      SCR 26, which in turn causes the voice-enable transistor 52 to become
      conductive which in turn activates the amplifier 302 in the selective
      switch means 15. It will be noted that the voice message source 11 is
      connected to a terminal of the amplifier 302. Thus, upon being activated
      by causing the transistor 52 to become conductive, the voice message from
      the source 11 is applied to the telephone line and received by the caller.
PAR  Upon conclusion of the voice message, the music cue source 43 provides a
      music cue through the blocking diode D2 to the music latch SCR 104 which
      simultaneously causes the music-enable transistor 136 to become conductive
      thereby causing the amplifier 304 to become conductive. The amplifier 304
      has connected to another terminal thereof music from the source thereof 19
      and thus upon being made active, supplies music to the caller.
      Simultaneously, with causing transistor 136 to become conductive,
      transistor 118 is also caused to become conductive thereby connecting the
      base of the voice-enable transistor to ground and causing it to become
      non-conductive thereby rendering the amplifier 302 inoperative and
      removing voice from the telephone line.
PAR  When the operator then answers the call of the caller as above pointed out,
      it is desirous to remove all music and/or voice from the line. Thus, there
      is provided an audio-defeat driver transistor 306 which becomes conductive
      upon the provision of a signal from the operator's position 308 indicative
      of the operator's having answered the caller in a live manner. The output
      signal generated by the audio-defeat driver 306 is provided by way of the
      lead 308 and the blocking diode D4 to the base of the voice-defeat
      transistor 118 thereby causing it to become conductive if B.sup.+ is
      applied to the collector thereof. Simultaneously, the signal is also
      applied by way of the lead 308 and the lead 310 to the base of the
      music-defeat transistor 312, causing it to become conductive. The
      music-defeat transistor 312 becoming conductive causes the music-enable
      transistor 136 to become non-conductive thereby rendering the amplifier
      304 non-conductive and removing the music from the line. Thus, it can be
      seen that the transistor 306 automatically deactivates both the music and
      the voice lines connected to the caller's incoming telephone line by way
      of the system.
PAR  It will also be noted that the output signal from the transistor 306 is
      connected by way of the blocking diode D3 to the rapid flash latch
      illustrated as an SCR 314 which in turn provides operating potential to a
      rapid flash driver transistor 316 thereby causing the lamp driver
      transistor 318 to flash rapidly indicating that the call has now been
      answered as above described. Prior thereto, the lamp will have been in an
      off or a steady state or a slow flash condition depending upon the period
      of time during which the caller has been waiting on the line subsequent to
      the automatic answering system being activated.
PAR  There has thus been disclosed a system for answering telephones
      automatically after their first being activated by an operator who is too
      busy to service the call at the moment it comes in. This system provides a
      voice message only at the beginning of the voice message and upon
      conclusion of the voice message then automatically provides music or the
      like all from a single multichannel sound source until the call can be
      serviced by the operator in a live manner. In the meantime, the operator
      is provided an indicating signal of the urgency of the call on a
      time-lapse basis.
CLMS
STM  I claim:
NUM  1.
PAR  1. A semi-automatic telephone answering system comprising:
PA1  a source of pre-recorded voice messages each preceeded by a pre-recorded
      cue signal;
PA1  a source of pre-recorded entertainment;
PA1  selective switch means coupled between a telephone line and said source of
      pre-recorded voice messages and entertainment;
PA1  operator activated answering system initiate means for manually setting
      said system in operation, said system thereafter operating automatically;
PA1  voice cue signal generating means connected to said system initiate means
      for generating a voice cue signal responsive to said pre-recorded cue
      signal;
PA1  voice message activate means connected to said voice cue generating means
      to receive said voice cue signal; and
PA1  means connecting said voice message activate means to said selective switch
      means, said selective switch means automatically connecting said voice
      message source to said line only in response to said voice cue signal
      whereby a pre-recorded voice message appears on said line only at the
      beginning of said message.
NUM  2.
PAR  2. A telephone-answering system in accordance with claim 1 wherein said
      pre-recorded voice message and cueing signals are recorded on a continuous
      medium and are repeated a plurality of times on said medium.
NUM  3.
PAR  3. A telephone-answering system in accordance with claim 1 further
      comprising entertainment cueing means for deactivating said source of
      pre-recorded messages at the end of a message and automatically connecting
      an entertainment source to said incoming telephone line at the end of said
      message.
NUM  4.
PAR  4. A telephone-answering system in accordance with claim 3 further
      including a recording medium, said cueing signals, said pre-recorded voice
      message and said pre-recorded entertainment all being carried by said
      recording medium.
NUM  5.
PAR  5. A telephone-answering system in accordance with claim 3 and further
      comprising a primary signal means connected to said system initiate means
      for indicating an incoming telephone line has been answered with the
      semiautomatic system and is waiting to be answered by a live attendant.
NUM  6.
PAR  6. A telephone-answering system in accordance with claim 5 further
      comprising secondary signal means connected to said primary signal means
      and activated by a timer for indicating that said primary signal means has
      been in an indicating position for a predetermined interval of time.
NUM  7.
PAR  7. A telephone-answering system in accordance with claim 6 wherein said
      secondary signal means provides an indication to a second location for
      indicating to supervisory personnel that an overload condition exists.
NUM  8.
PAR  8. A telephone-answering system in accordance with claim 1 further
      comprising voltage level detector circuit means connected across said
      telephone line for indicating a voltage change across said incoming
      telephone line and providing an output signal representative of the
      voltage level on said telephone line.
NUM  9.
PAR  9. A telephone-answering system in accordance with claim 8 wherein a
      voltage drop is indicative of said incoming telephone line being answered
      at a remote location, the output signal of said circuit means producing an
      output control signal, means coupling said control signal to said voice
      and entertainment circuits for disconnecting intelligence from being
      transmitted to said line through said system.
NUM  10.
PAR  10. A telephone-answering system in accordance with claim 8 wherein a
      voltage rise is indicative of a caller disconnecting himself from said
      incoming telephone line of said system and said output signal is produced
      responsive thereto, means connecting said output signal to an indicator
      means signaling said caller disconnect.
NUM  11.
PAR  11. A telephone-answering system in accordance with claim 1 which further
      includes detector means for determining when said telephone line has been
      connected to a live attendant and defeat signal-generating means to
      deactivate said pre-recorded message and said entertainment.
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ABST
PAL  A remote-controlled automatic telephone answering apparatus of the type
      wherein the owner of the apparatus applies a control signal from a remote
      telephone substation in order to have recorded messages played back to him
      over the telephone line. If the owner should hang up his receiver during
      the playback of the messages, a hang-up detector and associated logic
      circuit detect the resulting disconnection and produce a signal for
      immediately releasing the line to return it to a non-busy state.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an automatic telephone answering apparatus
      which does not require any unnecessary holding of the telephone line in a
      busy state.
PAR  2. Description of the Prior Art
PAR  Remote-controlled telephone answering apparatus is well known in the art,
      wherein the apparatus reproduces and transmits previously recorded
      incoming messages from a number of callers in response to a remote control
      signal sent from the owner of the apparatus through the telephone line.
PAR  While the apparatus is reproducing and transmitting the recorded messages
      via the telephone line, the line is sometimes blocked either by the
      owner's hang-up of his remote receiver for other more urgent business, for
      example, or by a malfunction.
PAR  In such a situation, the conventional prior art apparatus will continue the
      message reproducing operation and maintain the telephone line in a busy
      state, because it cannot stop its operation until all the recorded
      messages have been reproduced, and the apparatus comes to an end position.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the present invention is to eliminate the above
      mentioned inconvenience of the conventional apparatus, and to provide an
      improved automatic telephone answering apparatus which can release the
      telephone line from its busy state as soon as the line is disconnected at
      the remote controlling substation, even when the answering apparatus is in
      the midst of reproducing previously recorded incoming messages from
      callers.
PAR  Another object of the present invention is to provide an automatic
      telephone answering apparatus which can feed the recorded tape at a high
      speed until it comes to the end of the messages, and then restore or reset
      the entire apparatus so that it is prepared for the next call.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a block diagram of a preferred embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  When a ringing signal arrives at the present apparatus, the signal is
      detected at a ringing signal detector 1. The output signal of the detector
      actuates an operation holding means 2 which keeps the present automatic
      telephone answering apparatus in receiving condition. If the ringing
      signal continues for three minutes or more, for example, the holding means
      with its internal switches now closed will supply power to each part of
      this apparatus. Holding means 2 provides an instruction signal to actuate
      an answer word transmitter 3 which transmits a series of answer words to
      the calling subscriber. The end of the transmission of the answer words is
      detected by an answer word end detector 4. The output signal of the answer
      word end detector 4 actuates a message signal recorder 5, which in turn
      actuates a tape driving means 6. As a result of these operations, the
      message transmitted from a calling subscriber and received at message
      receiver 7 is recorded on a recording tape.
PAR  As an ordinary calling subscriber does not have any remote control signal
      transmitter for controlling the present automatic telephone answering
      apparatus from a remote station, a remote control signal detector 8 does
      not detect any signal, so that no output appears at the output of AND gate
      9. The absence of a signal at the output of AND gate 9 permits a NOT
      circuit 10 to provide an output signal. Therefore, an AND gate 11 provides
      an output signal to a timer 12 as soon as holding means 2 begins to
      operate. That is, holding means 2 and the timer begin to operate at the
      same time. The timer produces an output signal about two minutes later,
      for example. The output signal of timer 12, appearing about two minutes
      later than the arrival of the ringing signal, passes through an OR gate 13
      and becomes an input to a reset or restoration means 14 which, when
      energized, resets holding means 2, so that the entire automatic telephone
      message recording apparatus is restored and waits for the receipt of the
      next ringing signal.
PAR  Next, there will be described the operation of this apparatus when its
      owner, from a remote location, controls the apparatus through a telephone
      line, in order to listen to the recorded incoming messages from calling
      subscribers. When the owner rings his own telephone substation associated
      with the answering apparatus, the series of answer words are sent back to
      him in the same manner as described above for ordinary calling
      subscribers. The end of transmission of the answer words is detected by
      the end of transmission detector 4, and the detector provides an output
      signal. Hearing the answer words, the owner sends a remote control signal
      which is detected at the remote control signal detector 8. The output
      signal from the detector 8 can now pass through AND gate 9 already opened
      by the signal from the detector 4. Therefore, the signal is removed from
      the output of NOT circuit 10, so that timer 12 stops running, whereby the
      timer does not produce any output signal, even after the predetermined
      time (for example, two minutes) elapses.
PAR  On the other hand, the output signal of the AND gate 9 actuates a rewinding
      means 15 to set the tape driving means 6 in its rewinding position,
      whereby the tape on which the incoming messages are already recorded is
      rewound to its initial position, whereupon a tape start point detecting
      means 16 operates to produce an output signal which is fed to a reproducer
      17. The reproducer 17 then sets the tape driving means 6 in its
      reproducing mode to reproduce the previously recorded messages from
      calling subscribers. The messages are sent through the telephone line to
      the remote station where the owner of the answering apparatus is located.
      When the reproduction of the messages is completed, a reproduction end
      detector 18 detects this condition and produces an output signal. This
      signal passes through the OR gate 13 and becomes an input to the
      restoration means 14. As mentioned above, the restoration means 14 then
      resets the holding means 2, so that all the means are restored to their
      initial conditions and prepared for the receipt of the next ringing
      signal.
PAR  Next, the operation of the present apparatus will be described under the
      assumption that the owner of the apparatus hangs up his receiver in the
      midst of the remote play-back operation. The operation for playing back
      and listening to the messages is the same as described above; i.e., by
      sending the remote control signal. If the owner of the answering apparatus
      hangs up his receiver at the remote location before the reproducing
      operation is completed, either of the following two situations will occur:
PAR  1. The apparatus may receive one of several different signals; or
PAR  2. The apparatus receives no signal.
PAR  More specifically, when used in conjunction with the type of telephone
      switching system controlled by the calling subscriber, the present
      apparatus will receive a so-called PCP signal (calling party control
      signal), which is generated at the moment when the line is disconnected.
      In some other systems, the signal may be a dial tone of a continuous
      signal having a predetermined frequency, or a busy tone of a regularly
      interrupted signal having a given frequency. However, in some systems, the
      apparatus may receive no signal. In any of the cases mentioned above, the
      presence or absence of the particular disconnect signals may be detected
      by a suitable well-known means.
PAR  In the present apparatus, recognition of these situations is accomplished
      by a hang-up detector 19 which will produce an output signal when it
      detects a hanged-up condition of the receiver of the calling substation.
      This output signal is applied to one input of AND gate 20. To the other
      input of the gate is applied an output signal from a NOT circuit 21 which
      produces an output when no signal appears at the output of the
      reproduction end detector 18. Consequently, an output signal from AND gate
      20 actuates a receipt rejecting means 22 whose output instruction signal
      disables the ringing signal detector 1 so as to prevent it from receiving
      any further ringing signals. The output signal of the receipt rejecting
      means 22 is also applied to the holding means 2, so that switches provided
      therein for completing the communication path are opened, and the
      telephone line is released from its busy condition. The output signal of
      AND gate 20 is also applied to tape quick driving means 23, so that the
      recording tape is driven at a high speed with the aid of reproducer 17.
PAR  When all of the messages left by the ordinary calling subscribers and
      recorded on the tape are completely reproduced, play-back end detector 18
      detects the situation and produces an output which is applied through OR
      gate 13 to reset means 14 in order to actuate it, so that all the means of
      the apparatus are released. Simultaneously with this reset operation, the
      playback end detector 18 also delivers its output to NOT circuit 21 to
      remove its output signal, whereby AND gate 20 no longer supplies an
      actuating signal to the receipt rejecting means 22. Therefore, the
      rejecting means stops its operation, thereby returning the ringing signal
      detector 1 to a state ready for the reception of another ringing signal.
      Furthermore, when the output signal of AND gate 20 disappears, quick
      feeding means 23 also stops its operation.
PAR  As mentioned above, according to the present invention, the recorded
      message tape is played back in response to a remote control signal from
      the owner of the automatic telephone answering apparatus, and if the line
      loop at the remote controlling side is opened for any reason in the midst
      of reproduction of the recorded messages, the telephone line is
      immediately released from its busy state, and, simultaneously, the
      recording tape is driven at a high speed until it comes to the position
      where the next recording is possible. During this time interval, the
      automatic telephone answering apparatus inhibits the reception of any
      ringing signals which may occur. Therefore, the reliability of the
      apparatus is increased, and unnecessary holding of the telephone line in a
      busy state is avoided.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an automatic telephone answering apparatus connected to a telephone
      line and located at a first telephone substation, and including holding
      means responsive to an incoming ringing signal for holding the telephone
      line in a busy state, transmitter means for sending a previously recorded
      answer message to a calling party, tape recorder means for recording the
      calling party's incoming message, reproducing means for reproducing the
      recorded incoming messages, remote control means responsive to a control
      code from a second telephone substation connected to said telephone line
      for operating said reproducing means and transmitting the reproduced
      messages to said second substation, reproduction-end detector means for
      producing an end signal when all of the incoming messages have been
      reproduced, and reset means responsive to said end signal for releasing
      said holding means and placing the telephone line in a non-busy state, the
      improvement comprising:
PA1  a. hang-up detector means for detecting a disconnection of said second
      substation from the telephone line during the operation of said
      reproducing means and for producing a disconnect signal indicative of said
      disconnection;
PA1  b. ringing signal rejection means responsive to said disconnect signal and
      for blocking receipt of any further incoming ringing signals; and
PA1  c. fast drive means responsive to said disconnect signal for driving said
      tape recording means in a fast-forward mode until said reproduction-end
      detector means produces said end signal to produce said non-busy state.
NUM  2.
PAR  2. The improvement as defined in claim 1 further comprising logic circuit
      means responsive to the coincidence of said disconnect and end signals to
      terminate said disconnect signal so that said holding means is permitted
      to receive further incoming ringing signals.
PATN
WKU  039432920
SRC  5
APN  5045630
APT  1
ART  235
APD  19740909
TTL  Automatic telephone answering apparatus
ISD  19760309
NCL  12
ECL  1
EXP  Canney; Vincent P.
NDR  2
NFG  8
INVT
NAM  Takazawa; Makoto
CTY  Yokohama
CNT  JA
ASSG
NAM  Sony Corporation
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730922
APN  48-107233
CLAS
OCL  179  6R
EDF  2
ICL  H04M  164
FSC  179
FSS  6 R;6 AC
UREF
PNO  3426152
ISD  19690200
NAM  O'Halloran et al.
OCL  179  6R
UREF
PNO  3492427
ISD  19700100
NAM  Foster
OCL  179  6AC
UREF
PNO  3539728
ISD  19701100
NAM  Rubenstein
OCL  179  6R
UREF
PNO  3728487
ISD  19730400
NAM  Hata
OCL  179  6R
LREP
FRM  Hill, Gross, Simpson, Van Santen, Steadman, Chiara & Simpson
ABST
PAL  An automatic telephone answering device which uses magnetic recording and
      reproducing apparatus and in which a pair of magnetic heads are spaced a
      distance apart relative to a magnetic tape, such that when an incoming
      call is received, the first magnetic head picks up the recorded message on
      the tape and transmits it to the caller while simultaneously the recorded
      message picked up by the first head is transmitted to the second magnetic
      head, such that the recorded message as well as a pair of control signals
      before and ahead of the recorded message are again recorded on the tape at
      the second head. The caller records his message on the tape in the blank
      portion between the instructions to the caller and the control signals and
      second instructions to the caller. The control signals stop the machine
      after the incoming message has been recorded.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates in general to magnetic recording and
      reproducing apparatus for automatic telephone answering devices which
      allow unattended telephones to indicate to an incoming caller that the
      telephone subscriber is absent and then instructs the caller that he can
      leave a recorded message which will be given to the subscriber when he
      returns.
PAR  2. Description of the Prior Art
PAR  Numerous automatic telephone answering devices have been provided in which
      a recorded instruction to incoming callers is recorded on an endless
      magnetic tape and the incoming caller then records a message. With such
      prior art devices, two driving mechanisms have been employed for driving
      the magnetic tapes and such apparatus is complicated and expensive and is
      relatively large.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an automatic telephone answering device
      which includes magnetic recording and reproducing apparatus wherein a pair
      of magnetic heads are mounted relative to a magnetic tape and are spaced a
      predetermined distance apart. The first magnetic head reproduces
      instructions to an incoming caller when the telephone rings and tells him
      to give a message during a predetermined time interval. The second
      magnetic head reproduces the start and stop control signals as well as the
      recorded answering message which is reproduced by the first magnetic head
      such that the control tones serve as a stop signal to prepare the machine
      for the second incoming call.
PAR  It is thus an object of the present invention to provide a magnetic tape
      recorder for an automatic telephone answering device which is free from
      the drawbacks of the prior art.
PAR  It is a further object of the present invention to provide a magnetic tape
      recorder for automatic telephone answering machines which is simple and
      inexpensive.
PAR  It is another object of the present invention to provide a tape recorder
      for an automatic telephone answering machine in which the instructions to
      the incoming caller are repeatedly recorded on a single magnetic tape and
      in which messages from different callers are recorded between adjacent
      recorded instructions.
PAR  Other objects, features and advantages of the presenet invention will
      become apparent from the following description when taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating an embodiment of the magnetic
      tape recorder for an automatic telephone answering device according to the
      present invention; and
PAR  FIGS. 2A through 2G illustrate the pair of magnetic heads and the tape with
      the various message formats illustrated thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The automatic telephone answering device of the present invention is
      illustrated in FIG. 1. Generally the machine utilizes a magnetic tape 1
      and a pair of magnetic heads 4 and 5 which are spaced a distance apart
      along the tape 1 as it moves thereby and initially a first answering
      instruction message is recorded by the subscriber on the tape 1 by using
      the recording head 5. This message includes a first control tone, then the
      instruction message to the incoming caller, and then a second control
      tone, and such recorded instruction and control tones move from the head 5
      until the first control tone is detected by the magnetic head 4 which
      stops the machine. Then the machine is set for an incoming call. When an
      incoming call is received, the tape is started, and the recorded control
      tone passes the head 4 and the recorded message on the tape is fed back to
      the incoming caller to inform him that the subscriber is absent and that
      he can leave a message on the tape machine. Simultaneously, the message
      recorded on the tape 1 is supplied from the magnetic head 4 to the
      magnetic head 5 so that the start control tone, the recorded message for
      an incoming caller, and the second control tone will be recorded a second
      time on the tape 1, such that after the incoming caller has recorded his
      message on the tape 1, the control tone recorded by the head 5 will again
      stop the machine so that it is set for the next incoming call. The results
      is that there will be recorded on the tape 1 the recorded instructions for
      the incoming caller with the first and second control tones on opposite
      sides of this message and between each of such recorded instruction
      messages will appear the recorded incoming calls from the different calls
      that have been received during the subscriber's absence. Of course, the
      subscriber, when he returns, can then play back the tape and receive the
      messages which have been left for him.
PAR  In FIG. 1, the capstan 2 engages the tape 1 and the other side of the tape
      is pressed against the capstan by a pinch roller 3 such that when the
      capstan 2 is driven by a motor 19, the tape will be driven to the right
      relative to FIG. 1, past the magnetic heads 4 and 5, which are separated a
      predetermined distance apart. The first magnetic head 4 is a reproducing
      magnetic head which reads signals recorded on the magnetic tape 1 and
      supplies them to an amplifier 6 and to a movable contact 7a of a switch 7,
      which has stationery contacts 7b and 7c, as shown. The output of amplifier
      6 is supplied to the movable contact 8a of a switch 8 which has stationery
      contacts 8b and 8c, as shown. A speaker 9 is connected to switch contact
      8c. Switch contact 7b is connected to inputs of a first control signal
      detector 16 and to the input of a second control signal detector 17. A
      control circuit 18 receives the output of the first control signal
      detector 16 and the second control signal detector 17. A switch 20 has its
      movable contact 20a connected to one side of a voltage source, as for
      example, a battery, which has its opposite terminal connected to ground.
      The switch 20 has fixed contacts comprising an open circuit contact 20b
      and a second contact 20c, which is connected to the input of control
      circuit 18 to supply the voltage from the voltage source to the control
      circuit 18 when the switch contact 20c engages the movable contact 20a of
      switch 20. A switch 24 has a movable contact 24a movable between fixed
      contacts 24b and 24c. Contact 24c is an open circuit contact and contact
      24b is connected to one terminal of a voltage source which has its
      opposite side connected to ground. Movable contact 24a supplies an input
      to the control circuit 18. The control circuit 18 is connected to the
      drive motor 19 so as to turn it on and off in response to incoming
      received signals.
PAR  Fixed contact 8b of switch 8 is connected to the input of a separation
      amplifier 13 as well as to a first fixed contact 12b of a change-over
      switch 12. The switch 12 has a movable contact 12a movable between fixed
      contact 12b and fixed contact 12c. Movable contact 12a is connected to a
      fixed contact 26c of a switch 26 which has its movable contact 26a
      connected to the input of an amplifier 27. Fixed contact 26b of switch 26
      is connected to a microphone 25. The output of amplifier 27 is connected
      to recording head 5 as shown. A second change-over switch 14 has its
      movable contact connected to the output of separation amplifier 13. Fixed
      contact 14b of switch 14 is connected to fixed contact 12c of switch 12
      and to movable contact 22a of a changeover switch 22. Movable contact 22a
      of switch 22 is connected to the input of receiving signal detector 23
      which supplies an output to the control circuit 18. Contact 22c of switch
      22 is an open circuit and contact 22b of switch 22 is connected to the
      telephone lines of the subscriber so as to receive incoming messages and
      to supply outgoing messages thereto.
PAR  The movable contacts 12a and 14a of switches 12 and 14 are controlled by a
      magnetic relay 10 which has one side grounded and its other side is
      connected to an output of the control circuit 18.
PAR  A first control signal generator 29 has its output connected to the
      magnetic head 5 and produces a low frequency signal as, for example, 40
      Hz, which provides a first control signal on the magnetic tape 1. A second
      control signal generator 30 has its output connected to magnetic head 5
      and produces a low frequency output, as for example, 20 Hz, which is the
      second control signal. The first and second control signals are recorded
      at the start and end of the recorded answer message. A switch 31 has its
      movable contact connected to the fixed contact 32b of a switch 32. The
      movable contact 32a of switch 32 is connected to one side of a battery
      which has its other side connected to ground. Contact 32c of switch 32 is
      an open circuit contact. Fixed contact 31c of switch 31 is connected to
      the second control signal generator 30. Contact 31b is connected to
      generator 29.
PAR  The first control signal generator 29 and the second control signal
      generator 30 are constructed such that they produce control signals for a
      time interval of 1 to 2 seconds and thereafter stop the production of the
      control signals automatically.
PAR  The separation amplifier 13 is constructed such that a vocal signal of a
      calling person will not be recorded when a control signal from the first
      or reproducing magnetic head 4 is being recorded on the magnetic tape 1 by
      the second recording head 5.
PAR  The first control signal detecting circuit 16 produces an output signal
      when it detects a control signal as, for example, 40 Hz recorded on the
      magnetic tape 1 at the start of a recorded answer, while the second
      control detecting circuit 17 produces an output signal when it detects a
      control signal of, for example, 20 Hz recorded on the magnetic tape at the
      end of the answer recording. The control circuit 18 is constructed such
      that a signal from the telephone circuit 21 is detected by the receiving
      signal detecting circuit 23 and then the detecting circuit 23 produces a
      detecting signal which is applied to the control circuit 18 and the
      control circuit supplies electrical power to the motor 19 to cause it to
      operate. The control circuit is so constructed such that a signal from the
      first control signal detecting circuit 16 which occurs within a
      predetermined interval of time after the received signal from the
      telephone circuit 21 will not be applied to the control circuit 18 to stop
      the motor 19. When a signal is fed to the control circuit 18 from the
      second control signal detecting circuit 17, the magnetic relay 10 will be
      supplied with electrical power from the control circuit 18 and will be
      energized. The electro-magnetic relay device 10 is operative only when it
      receives a signal from the control circuit 18, and at that time moves
      switch contacts 12a and 14a of the switches 12 and 14. When no signal is
      applied to the relay 10, the movable contacts 12a and 14a return to engage
      contacts 12b and 14b, respectively, whereas when the relay 10 is
      energized, movable contacts 12a engages fixed contact 12c and movable
      contact 14a engages fixed contact 14c.
PAR  When it is desired to play back the information recorded on the tape 1,
      through the loudspeaker 9, movable contact 20a is moved to connect the
      power source to contact 20c which energizes the control circuit 18 so that
      the motor 19 is energized to move the tape 1 past the reproducing head 4
      which produces an output to the amplifier 6 which is fed through movable
      contact 8a to the speaker 9. It should be realized that the switches 7, 8
      and 20 are ganged together so that the movable contacts 8a, 7a and 20a
      move together.
PAR  In order to record a message on the tape 1 so that incoming calls will be
      given such message, the movable contact 7a of switch 7 is connected to its
      first fixed contact 7b and the movable contact 22a of switch 22 is
      connected to its second fixed contact 22c, the movable contact 24a of
      switch 24 is connected to its first fixed contact 24b, and movable contact
      26a of switch 26 is connected to its first fixed contact 26b,
      respectively. Also, the movable contact switch 31a of switch 31 is
      connected to its first fixed contact 31b. Under such conditions, the
      driving motor 19 will be energized to re-rotate the capstan 2 and drive
      the magnetic tape to the right relative to FIG. 1. The movable contact 32a
      of the power source switch 32 is connected to its first fixed contact 32b
      to supply electrical power to the first control signal generating circuit
      29 and the circuit 29 produces a low frequency control signal of 40Hz,
      which is then recorded by the recording magnetic head 5 on the magnetic
      tape 1 at its beginning portion as a first control signal for a
      predetermined interval of time as shown in FIG. 2A and indicated as 1a in
      this Figure. Then the message to be recorded and given to an incoming
      caller designated by C is recorded by the head 5 through the microphone 25
      on the tape.
PAR  After the recording of the instructions C on the magnetic tape, the movable
      contact 26a of switch 26 is connected to its second fixed contact 26c and
      the movable contact 31a of switch 31 is connected to its second fixed
      contact 31c which causes the second control signal generator circuit 30 to
      be energized with electrical power and it produces a low frequency control
      signal of 20 Hz which is recorded by the second magnetic head on the
      magnetic tape 1 at a location 1b immediately after the answer instructions
      C. The signal 1b is a second control signal and lasts for a predetermined
      interval of time as shown in FIG. 2B. Thus, the recording process of the
      instructions to the incoming caller is completed. At a subsequent time,
      the magnetic tape 1 is transported forward, and the first control signal
      1a recorded on the magnetic tape 1 will be reproduced by the reproducing
      magnetic head 4, as shown in FIG. 2C. The reproduced signal by the first
      magnetic head 4 is applied to the input side of the reproducing amplifier
      6, and to the input side of the first control signal detecting circuit 16
      which then detects the first control signal 1a and applies the same to the
      control circuit 18. This causes the electrical power source to the driving
      motor 19 to be cut off by the control circuit 18 which stops the motor 19
      and stops the movement of the magnetic tape 1. Thus, the apparatus is in a
      condition to stand by for accepting incoming telephone calls.
PAR  When the machine is used as an automatic telephone answering device for
      giving a message to incoming calls and in which the incoming caller can
      leave a recorded message, the movable contact 22a of switch 22 is moved to
      engage its first fixed contact 22b and movable contact 32a of the power
      source switch 32 is connected to its second fixed contact 32c. The
      electro-magnetic relay 10 does not receive electrical power under these
      conditions, and thus the movable contacts 12a and 14a of the switches 12
      and 14 will be connected to their first fixed contacts 12b and 14b,
      respectively, as shown in FIG. 1.
PAR  When an incoming call occurs, a signal will be applied from the telephone
      circuit 21 to the receiving signal detecting circuit 23 through the switch
      22 and the receiving signal detecting circuit 23 produces an output which
      is applied to the control circuit 18, which then supplies an output signal
      to the driving motor 19 to drive the tape 1. Thus the capstan 2 will be
      rotated and the magnetic tape will be transported. At the same time, the
      magnetic head 4 will reproduce the first control signal 1a which has a
      frequency of 40 Hz, which has been recorded on the magnetic tape, and will
      apply the reproduced control signal to the reproduction amplifier 6 and to
      the first control signal detecting circuit 16. The reproduced control
      signal 1a of 40 Hz is applied through the amplifier 6, the switches 8, 12
      and 26 to the amplifier 27 and then to the recording magnetic head 5,
      where it is again recorded on the magnetic tape 1 as signal 1a', as
      illustrated in FIG. 2D. During this time, the first control signal 1a from
      the first control signal detecting circuit 16 is not applied to the
      control circuit 18 for a predetermined interval of time after the
      receiving signal is detected, so that the magnetic tape continues to be
      transported.
PAR  Then the answering instructions C will be reproduced by the first magnetic
      head 4 and applied to 6. The reproduced answer signal C from the amplifier
      6 is applied through switch 8 to the separation amplifier 13 and then
      through switches 14 and 22 to the telephone circuit 21, wherein the
      instructions C are supplied as an answer to the incoming caller.
      Simultaneously, the reproduced answer instruction signal C is applied from
      the amplifier 6 to the amplifier 27 through switches 8, 12 and 26 and the
      amplifier 27 applies the signal C to the second head 5, where it is again
      recorded on the magnetic tape as indicated by C', as shown in FIGS. 2D and
      2E.
PAR  After the recorded message C has been reproduced by the head 4, the second
      control signal 1b of 20 Hz is reproduced by the first magnetic head 4 as
      shown in FIG. 2E and this signal is applied to the second control signal
      detecting circuit 17 and also to the second magnetic head 5 through
      amplifier 6 and switches 8, 12 and 26, and through amplifier 27 to head 5
      so as to be recorded as the second control signal 1b', as shown in FIG.
      2E. The detected second control signal 1b detected by the second control
      signal detecting circuit 17 is applied to the control circuit 18 which
      controls the magnetic relay 10 and causes it to be energized. Thus, the
      magnetic relay 10 is energized, which changes the movable contacts 12a and
      14a of the switches 12 and 14 so that they respectively engage fixed
      contacts 12c and 14c.
PAR  Then an incoming call on telephone circuit 21 will be applied to the
      amplifier 27 through switches 22, 14, 12 and 26 and then will be applied
      to the recording magnetic head 5 so that the incoming message will be
      recorded on the magnetic tape 1 in the blank portion D of the magnetic
      tape, as illustrated in FIG. 2F.
PAR  When the vocal signal D has been recorded by magnetic head 5, then the tape
      portion 1a' of magnetic tape 1 comprising the first control signal 1a' of
      40 Hz will be transported to the position corresponding with the first
      magnetic head 4 and will be reproduced by the head 4 as shown in FIG. 2G.
      The reproduced control signal 1a' will be applied to the first control
      signal detecting circuit 16 which applies the detected control signal 1a'
      to the control circuit 18 and the control circuit 18 disconnects the
      electrical power to the motor 19 which stops the transport of the magnetic
      tape 1 and simultaneously the relay 10 will be de-energized. This causes
      the movable contacts 12a and 14a of switches 12 and 14 to move to engage
      fixed contacts 12b and 14b, respectively, which releases the received
      signal holding state from the telephone circuit 21 and the apparatus is
      then in a stand-by condition until the next call is received.
PAR  When the next telephone call is received, a signal from the telephone
      circuit 21 will be applied to the receiving signal detecting circuit 23
      and the operation discussed above will be sequentially repeated. The first
      reproducing magnetic head 4 reproduces the instruction program C' instead
      of the answer signal C and the control signal 1a' of 40 Hz is reproduced
      instead of signal 1a of 40Hz, and is applied to the first control signal
      detecting circuit 16. Also, as an answer to the incoming call, the
      reproduced answer instruction C' will be supplied to the telephone circuit
      21. At the same time, the reproduced instruction program C' will be fed
      through the amplifier 27 to the second recording magnetic head 5 to be
      again recorded on the magnetic tape to form a reproduced answer
      instruction signal C".
PAR  When the person returns to his home or office and wishes to reproduce the
      messages that have been recorded on the magnetic tape during his absence,
      he moves contact 7a of switch 7 so it engages fixed contact 7c and moves
      switch contact 8a which is ganged with contact 7a so that contact 8a
      engages contact 8c. Movable contact 20a is also ganged with switch
      contacts 7a and 8a and moves to engage contact 20c.
PAR  The magnetic tape 1 is rewound so that the starting position of the portion
      D of the magnetic tape 1 on which the incoming calling person's message is
      recorded or the portion of the magnetic tape 1 adjacent to the second
      control signal 1b' is adjacent the first magnetic head 4. As the magnetic
      tape 1 is transported to the right relative to FIG. 1, the first magnetic
      head 4 will reproduce the incoming calling person's vocal signal which
      will be applied to the amplifier 6 and from the amplifier 6, the signal
      will be supplied to the speaker 9 through the switch 8 where it can be
      listened to. The magnetic tape may be driven past the head 4 so as to
      sequentially reproduce the incoming calls in the order in which they were
      received.
PAR  A fast forward mechanism may be provided in the machine by driving the
      motor 19 and the capstan 2 fast so that the instruction portions C, C'
      etc. in which the instructions to the incoming caller are given, are
      transported rapidly and the incoming message portions, D, D', etc. on the
      magnetic tape can be transported at normal speeds and listened to.
PAR  In the present invention, the instructions to the incoming caller and the
      incoming caller's message will be repeated sequentially and only one
      magnetic tape is necessary for recording the instructions to the incoming
      caller as well as to record his message.
PAR  Also, with the present invention, when the instructions recorded on the
      magnetic tape 1 is supplied to the person making the incoming call, the
      instructions reproduced by the reproducing magnetic head 4 will
      simultaneously be applied to the person making the incoming call through
      the telephone circuit 21 as well as to the recording magnetic head 5 where
      the instructions will be again recorded on the same magnetic tape. This
      eliminates the need for a reproducing device as required for endless
      magnetic tape machines of the prior art. Thus, the automatic telephone
      answering apparatus of the invention is simple in construction, and its
      handling is convenient, and it can be inexpensively manufactured and is
      trouble free.
PAR  Also in the present invention, the length of the magnetic tape between the
      first and second magnetic heads 4 and 5 is selected such that the time
      interval required for the instructions to the calling person (the portion
      C) and the calling person's message (the portion D) is such that even if a
      number of persons telephone, the messages will be recorded on a single
      magnetic tape in sequential order and will be in the order in which the
      calls were received.
PAR  In the present invention, only a single instruction need be recorded on the
      magnetic tape, but the instruction will be repeatedly recorded on the
      magnetic tape sequentially at the proper positions. Thus, there is no need
      to provide a magnetic tape on which instructions are repeatedly recorded.
PAR  Although the invention has been described with respect to preferred
      embodiments, it is not to be so limited as changes and modifications may
      be made therein which are within the full intended scope of the invention,
      as defined by the appended claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A magnetic recording and/or reproducing apparatus for an automatic
      telephone answering device comprising:
PA1  a. a single track magnetic tape with instruction programs recorded thereon
      within a first predetermined distance portion of said tape;
PA1  b. means for driving said magnetic tape;
PA1  c. first and second magnetic heads mounted adjacent said single track
      magnetic tape and spaced a predetermined distance apart;
PA1  d. switching means for changing signal transmission paths between said
      first and second magnetic heads; and
PA1  e. means for controlling said magnetic tape driving means and said changing
      means, whereby said first magnetic head reproduces said instruction
      programs and supplies the reproduced instruction program signal to a
      telephone circuit and also to said second magnetic head to be recorded on
      said single track magnetic tape within a part of a second predetermined
      distance portion of said tape, and an incoming message signal from said
      telephone circuit recorded by said second magnetic head on said single
      track magnetic tape on a portion thereof.
NUM  2.
PAR  2. An automatic telephone answering device for telephone lines comprising,
      a single track magnetic tape with recorded instructions to an incoming
      caller and a pair of different control signals recorded thereon with the
      first and second control signals being on opposite ends of said recorded
      instructions, a read head mounted so as to read information on said single
      track magnetic tape, a write head mounted a predetermined distance along
      said single track tape behind said read head, a driving means for driving
      said tape pass said read and write heads, a control circuit connected to
      said driving means and said read head, a received signal detecting circuit
      connected to said control circuit and to telephone lines to cause said
      control circuit to energize said driving means when an incoming call is
      received, and switching means controlled by said control circuit so as to
      supply said recorded instructions to said telephone lines and said first
      and second control signals and said recorded instructions to said write
      head such that second instructions and control signals are recorded on
      said single track tape longitudinally spaced from the first recorded
      instructions and control signals, and such that a message from said
      incoming call can be recorded on said single tape after said second
      control signal.
NUM  3.
PAR  3. An automatic telephone answering device for telephone lines according to
      claim 2 wherein the space on said tape between heads is such that said
      message may have a predetermined length.
NUM  4.
PAR  4. An automatic telephone answering device for telephone lines according to
      claim 2 including a first control signal detector connected between said
      read head and said control circuit.
NUM  5.
PAR  5. An automatic telephone answering device for telephone lines according to
      claim 4 including a second control signal detector connected between said
      read head and said control circuit.
NUM  6.
PAR  6. An automatic telephone answering device for telephone lines according to
      claim 5 wherein said switching means further includes a relay controlled
      by said control circuit so as to be energized when said second control
      signal passes said read head, and first and second switches controlled by
      said relay such that said first switch disconnects said read head from
      said write head and said second switch connects said write head to said
      incoming telephone lines.
NUM  7.
PAR  7. An automatic telephone answering device according to claim 6 including a
      first control signal generator connected to said write head to record a
      first control signal of a first frequency signal.
NUM  8.
PAR  8. An automatic telephone answering device according to claim 7 including a
      second control signal generator connected to said write head to record a
      second frequency signal.
NUM  9.
PAR  9. An automatic telephone answering device according to claim 8 including
      manual switch means for selectively energizing said first and second
      control signal generators.
NUM  10.
PAR  10. An automatic telephone answering device according to claim 2 including
      a microphone and means for connecting said microphone to said write head
      so as to record instructions on said tape.
NUM  11.
PAR  11. An automatic telephone answering device according to claim 2 including
      audio reproducing means connected to said read head.
NUM  12.
PAR  12. An automatic telephone answering device according to claim 2 including
      means for selectively connecting a power source to said control circuit.
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PAL  To reduce the effects of noise in stereo audio apparatus, cross talk is
      introduced between the output channels in a frequency sensitive manner,
      the amount of cross talk being controlled in accordance with an input or
      output signal level on the level of two or more combined signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to stereo audio apparatus having two or more audio
      output channels.
PAR  2. Prior Art
PAR  Multi-channel sound reproducing apparatus may, for the present purposes, be
      considered as being divided into two distinct types namely (1) systems
      where the noise has a similar value on both channels and (2) systems where
      the noise on one channel is considerably different from that on the other
      channel. The present invention is applicable to both these types but, as
      will be apparent from the following description has particular advantages
      with the second type where, for reasons discussed below, the problem of
      noise is much more serious.
PAR  In stereo sound radio transmissions, the present practice is to transmit,
      as a frequency modulation on the radio frequency carrier, a composite
      signal which, when demodulated has signals in the band from 0 to 15 kHz
      which are referred to hereinafter as the A+B signals and which correspond
      to the sum of the sound signals from the left and right audio transducers
      and also has, centred on a 38 kHz sub-carrier, signals within the band
      from about 23 kHz to 53 kHz which are referred to hereinafter as the A-B
      signals and which correspond to the difference of the required outputs
      from the left and right-hand audio transducers. These two sets of signals
      are separated in the receiver and then fed to a decoding matrix which
      combines the signals so as to provide separate A and B outputs, that is to
      say separate outputs which may be fed to the left and right-hand audio
      transducers. The above-described system for transmitting stereo programmes
      on radio provides a compatible system in that such programmes can be
      received on a "mono" receiver, that is to say a receiver responsive to
      demodulated signals in the audio band and having a single sound
      transducer. The output from the sound transducer is the A+B signal.
PAR  However, as is well known, the reception of stereo programmes on radio is
      often very poor, particularly for weak signals, and is much degraded
      compared with reception in the mono form. This degraded performance is
      inherent in the use of frequency modulation and the method of stereo
      coding which gives a noise factor on stereo which is much worse than on
      mono reception. The noise factor is typically 10 times worse on stereo.
      Thus for weak stereo signals or poor tuners giving only just adequate mono
      performance, this means that the programme can be tolerated in the mono
      mode but not in the stereo mode because of the increased noise generated
      by the stereo decoder. In addition, the stereo noise produced is weighted
      towards the high frequency part of the audio spectrum. The human ear is
      subjectively far more sensitive to random noise at the high frequency part
      of the audio spectrum compared with the lower frequency end where the ear
      is relatively tolerant to quite large amounts of noise.
PAR  The present invention is directed to reducing the noise level in the audio
      frequency output of a stereo audio apparatus. It is applicable both to
      systems where the noise level is similar on various channels and to
      systems where there are different noise levels on the various channels.
PAR  Heretofore, the problem of noise in stereo broadcast systems has been
      tackled by trying to reduce the band width by using amplitude compression
      before transmitting the signals and providing complementary expansion in
      the receiver. To introduce such techniques however requires modification
      of both transmitting and receiving equipment and cannot therefore readily
      be introduced into existing equipment.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to this invention, in stereo audio apparatus having input means
      providing two or more audio frequency input signals and two or more audio
      frequency signal output terminals to which are fed audio output signals
      derived from the input signals, there are provided controllable means for
      introducing cross talk between output signals to the output terminals, and
      control means responsive to the amplitude of at least one of the input
      and/or output signals operative on said controllable means to increase the
      cross talk as the signal level decreases. The means responsive to the
      signal level preferably is made responsive to the level of an input
      signal.
PAR  If there are two channels with noise having similar values on both
      channels, the noise signals will be random on the two channels. Combining
      the two signals, that is to say by introducing cross talk over the whole
      audio frequency band so that both input signals are fed at equal levels to
      each of the sound reproducers, would produce a 3 dB improvement in the
      overall signal-to-noise performance. This will be at the expense of
      reducing the stereo effect. Subjectively however it will generally be
      preferably to reduce the stereo effect at low signal levels, particularly
      as the cross talk is preferably introduced, as described later, in a
      frequency selective manner, to give noise reduction at higher frequencies.
PAR  The system however finds more particular application in apparatus where the
      noise level on one channel is considerably different from that on one or
      more other channels. This occurs in a frequency modulated stereo radio
      receiver as described above. In such an arrangement there is a large
      anti-phase noise component between the two channels and the introduction
      of cross talk can reduce the overall noise up to a theoretical limit of
      approximately 22 dB over the complete audio frequency spectrum. The full
      stereo effect is maintained so long as the signal level of the signal or
      signals providing the control is sufficient. The relationship between the
      decrease in signal level and increase in cross talk may be chosen in
      accordance with any predetermined requirements. The operation of the
      system is fully automatic and ensures that in conditions of low signal
      level of the incoming audio signals, cross talk is introduced so as to
      reduce the noise level in the audio output.
PAR  In a stereo radio receiver, the demodulated audio frequency signals are fed
      to a matrix which, in the simplest case, consists of a sum and a
      difference unit, to convert the A+B and A-B signals to A and B signals.
      The cross talk is conveniently introduced in the matrix by modifying one
      of the input signals, preferably the A-B signal.
PAR  As mentioned above, the human ear is subjectively far more sensitive to
      random noise in the higher frequency part of the audio spectrum than in
      the lower frequency part and, for this reason therefore it is preferred to
      introduce the cross talk in a frequency sensitive manner with higher cross
      talk at higher frequencies. As the signal level falls, the frequency at
      which the cross talk is effectively introduced can be gradually decreased.
PAR  To provide frequency selective controlled cross talk, some or each of the
      channels for the incoming signals may be provided with a frequency
      selective filter the output of which is fed through a controllable
      attenuator and thence added into the signal of the other channel or
      channels. The controllable attenuator conveniently is a controllable
      resistance. This resistance may be incorporated in the filter circuit as
      part of the filter. In a simple arrangement, the filter may comprise a
      shunt capacitor with a series resistor and the controllable attenuator may
      comprise a controllable resistor, for example a transistor or
      photosensitive device connected in shunt across the filter, preferably
      across the input of the filter. An isolation stage may be provided between
      the attenuator and the filter. In another simple arrangement, the filter
      as before comprises a shunt capacitor and series resistor and the
      controllable resistor is provided in parallel with the aforementioned
      series resistor thereby providing a cut-off filter with an adjustable
      cut-off level.
PAR  It is possible to provide cross talk between the channels and to make the
      control reduce the cross talk for example, in a two-channel system, by
      feeding from controllable attenuators subtractively into each of the
      output signals from the other channel. Preferably however the control is
      effected in the simplest way by adding a controllable amount of the signal
      from one channel into the output from another channel or, in a system
      having a matrix for processing input signals, by attenuating one or more
      of the input signals to the matrix.
PAR  In a system in which signals for two reproducers are additively combined in
      one of the input channels, as is the practice in conventional FM stereo
      radio receivers, preferably the signal level in that incoming channel is
      used as the controlling signal for controlling the cross talk. In
      quadrophonic systems, similarly it is the practice to have one channel
      with the sum signals of two front sound reproducers and the signal level
      in this channel is preferably used as the control signal. The invention
      may equally well be applied to quasiquadrophonic systems in which only two
      incoming signals are used for feeding four sound reproducers. More
      generally however the control signal may be derived from any one or a
      combination of the incoming signals. If the control is provided by a d.c.
      voltage then the input signals providing this voltage may be combined
      before rectification or after rectification. If there is one signal which
      is considerably less noisy than the others then it may be preferred to use
      this signal to control the cross talk. However more generally one may use
      any input or output signal or a combination of signals.
PAR  The amount of cross talk need not be the same in each channel. Separate
      control means may be provided for controlling the cross talk added to the
      signal at each output terminal and, for example, in one arrangement, the
      cross talk added to the signal at each output terminal is controlled in
      accordance with the signal level at that terminal; thus if any output has
      a low signal level, cross talk is introduced, preferably in a frequency
      relative manner as previously described, to improve the signal to noise
      ratio in that channel.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 7 are each a block diagram illustrating an apparatus providing
      two or more audio frequency outputs;
PAR  FIGS. 8 and 9 are circuit diagrams illustrating two controllable
      attenuator/filter networks;
PAR  FIGS. 10 and 11 are graphical diagrams illustrating the characteristics of
      the networks of FIGS. 8 and 9; and
PAR  FIG. 12 is a block diagram of another construction of an FM stereo receiver
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 there is shown diagrammatically an input signal source
      10 providing two audio frequency output signals on two channels 11, 12 for
      feeding respectively (possibly with further amplification) to two output
      terminals 13, 14. The outputs at these terminals would typically be
      applied via amplifiers to loud speakers. The arrangement of FIG. 1 is a
      system in which the noise level is essentially similar on the two channels
      11, 12. The unit 10 may be for example a two-channel tape reproducer or
      gramophone record player. The signals on the two channels 11, 12 are
      combined in a control signal generator 15 to provide a control signal on
      an output lead 16. The signal from channel 11, that is the A signal, is
      applied to a frequency selective filter 17, comprising a high pass filter
      with the cut-off within the audio frequency band. The output from the
      filter 17 is fed, via a controllable attenuator 18, or other variable
      transfer ratio device, into a summing unit 19 where it is combined
      directly with the B signal on lead 12 for feeding to the output terminal
      14. The signal on lead 12, that is the B signal, is applied through a
      further frequency selective filter 20, similar to the filter 17, and a
      controllable attenuator 21 or other variable transfer ratio device to a
      summing unit 22 where the output of the attenuator 21 is summed with the A
      channel signal on lead 11 before being fed to the A channel output
      terminal 13. The two attenuators 18, 21 are controlled by the
      aforementioned control signal on lead 16 in such a way that at high input
      signal levels, zero control signal is fed to the summing units 19, 22
      whereas, at low input signal levels, an appreciable signal is fed to the
      summing units. The maximum control signal is arranged to make the two
      inputs to each summing unit the same, at least at higher frequencies. With
      this maximum output, each terminal 13, 14 is fed with A+B signals at least
      at the higher frequencies.
PAR  With random noise in the two channels, the maximum improvement in noise
      performance can only be 3 dB. This may be worthwhile however in some
      applications particularly bearing in mind the subjective effect of
      reducing the noise in the higher frequency part of the audio spectrum.
PAR  FIG. 2 illustrates a modification of the arrangement of FIG. 1 which has a
      similar performance. In the following description of FIG. 2, the same
      reference characters are used as in FIG. 1 and reference will be made only
      to the distinctive features of FIG. 2. In FIG. 2, the outputs of the
      frequency selective filters 17, 20 are fed directly to the summing units
      19, 22 instead of via the controllable attenuators 18, 21. The outputs
      from the frequency selective filters 17, 20 are also applied however to
      the two controllable attenuators 18, 21 and the controlled outputs are
      then fed into subtraction units 23, 24 which subtract the attenuated A
      signal from the output from summing unit 19 to provide the feed to output
      terminal 14 and subtract the attenuator B signal from the output from
      summing unit 22 to provide the feed to the terminal 13. In this case the
      maximum cross talk has been introduced by the summing units 19, 22 and its
      effect is removed by adding complementary signals to cancel out part of
      the added cross talk. The controllable attenuators 18, 21 therefore will
      have to give increased outputs as the incoming signal level increases.
PAR  FIG. 3 illustrates diagrammatically a sound reproducing system in which the
      noise on one channel is very different from that on the other channel.
      This occurs for example in an FM stereo radio receiver where the outputs
      after demodulation are the A+B and A-B signals as described previously.
      Referring to FIG. 3 there is shown diagrammatically an input signal source
      30, typically an FM radio receiver providing outputs on two channels 31,
      32 carrying the aforementioned A+B and A-B signals respectively. These are
      applied to a decoding matrix 33 which comprises a summing unit 34 and a
      difference unit 35. This decoding matrix unit may be similar to
      conventional decoding matrix such as is commonly employed in FM stereo
      radio receivers. If the A+B and A-B signals are fed directly to the
      summing unit 34, the output thereof will be 2A and this is applied to one
      of the output terminals 36. If the A+B and A-B units are fed directly to
      the difference unit 35, the output thereof would be 2B and this is fed
      directly to the second output terminal 37. In the arrangement of FIG. 3, a
      noise reducer unit 38 is incorporated in the circuit. This includes a
      frequency selective filter 39 in the A-B channel 32. This filter, in this
      particular embodiment, has a cut-off frequency within the audio frequency
      band so as to reduce the higher frequency components of the difference
      A-B. Bypassing the filter 39 is a controllable attenuator 40 which is
      controlled by means of a d.c. control signal from a control signal
      generator 41. This control signal generator essentially comprises a
      rectifier to which is applied the A+B signal from channel 31. When the
      input on channel 31 is high, the control signal from the generator 41
      reduces the impedance of the controllable attenuator 40 to such a level
      that it effectively bypasses the frequency selective filter 39. The filter
      then has no effect and the apparatus works as a conventional two-channel
      stereo system. However as the signal level in channel 31 falls, the effect
      of the bypass is gradually reduced and thus a frequency selective filter
      effect is gradually introduced into the difference channel 32 thereby
      reducing the higher frequency components in that channel. The effect of
      this reduction of the higher frequencies is to introduce cross talk into
      the system (as in the arrangement of FIG. 1) so that the output from
      summing unit 34 is no longer 2A but, in the extreme if the highest
      frequency components were reduced to zero in the channel 31, would be A+B
      at those frequencies. Similarly the output to the second output terminal
      37 at the higher frequencies would, in the extreme where the filter 39
      reduces the signal at those frequencies to zero, also be A+B. The A+B
      signals on channel 31 are inherently the lower noise signals and thus, for
      the higher frequencies, the noise level at the terminals 36, 37, has been
      reduced at the expense of reducing the stereo effect. The operation is
      automatic and the relationship between the reduction in noise and incoming
      signal level may be chosen as desired. The choice will necessarily be
      subjective in the sense that it is a matter of choosing a compromise
      between noise and stereo effect. With the system of the present invention
      however the operation is fully automatic and the noise level is only
      decreased when the signal is low and hence when the noise conditions are
      more troublesome to the listener.
PAR  It will be particularly noted that the arrangement of FIG. 3, as applied to
      a radio receiver, is essentially a conventional stereo radio receiver with
      the addition solely of the noise reducer unit 38 comprising the frequency
      selective filter 39, the control signal generator 41 and the controllable
      attenuator 40.
PAR  FIG. 4 illustrates a modification of the noise reducer unit 38 of FIG. 3
      and the same reference characters are used to indicate corresponding
      components. In the arrangement of FIG. 4 there is provided additionally
      however a summing unit 42 to one input of which is fed the output from the
      frequency selective filter 39 and to the other input of which there is fed
      the signal from the controllable attenuator 40 via a further selective
      filter 43 which has a characteristic complementary to that of the filter
      39. The output from the control signal generator 41 is used as a d.c.
      control signal to control the attenuator 40 but, in the arrangement of
      FIG. 4, the frequency selective filter 39 is operative at all signal
      levels to reduce the amplitude of the higher frequency component and the
      action of the controllable attenuator 40 and complementary filter 43 is to
      restore these higher frequency components when the signal input level is
      high. When the signal input level falls, the output from the attenuator 40
      is decreased and hence, at higher frequencies, the signal fed into the
      matrix from the summing unit 42 on the A-B channel is reduced. The
      arrangement of FIG. 4 thus produces similar results to that of FIG. 3,
      introducing cross talk at higher frequencies when the signal amplitude is
      low.
PAR  FIG. 5 illustrates in diagrammatic form yet another construction of stereo
      sound reproducing apparatus. In FIG. 5 there is shown an input unit 50,
      typically part of a frequency modulation stereo radio receiver providing
      intermediate frequency signals which are fed to a discriminator 51 to give
      an output to a stereo decoder 52. From the decoder 52 are signals on two
      channels 53, 54. These signals are fed to output terminals 55, 56 for
      connection via amplifiers to loudspeakers. Adjustable cross talk at higher
      frequencies is provided by means of a shunt circuit comprising a capacitor
      57 and field effect transistor 58. The channels 53, 54 include series
      resistors 59, 60 respectively, these resistors and the capacitance in the
      shunt circuit determining the frequency at which cross mixing takes place.
      A control circuit 62 responsive to the signal lead in the output of the
      discriminator 51 controls the bias on the transistor. The control circuit
      essentially provides a direct voltage dependent on the signal level of the
      input to the stereo decoder 52. The control might be effected from the A
      or the B signal or the A+B signal or even the A-B signal (if the A-B
      signal becomes zero then it does not matter whether there is cross talk).
      This control circuit may include a high pass filter and rectifier so that
      the control is dependent on the high frequency component. In some
      circumstances, it may be preferred to use a photo-transistor as the
      transistor 58 in the shunt circuit and in this case the control circuit
      controls the illumination of the photo-transistor; in such a case the
      control signal may be fed directly to a lamp and rectification is not
      necessary. The control circuit 62 is arranged so that the full stereo
      output is obtained at the two terminals 55, 56 when the input signal level
      is high enough but that, when this signal level falls, cross talk is
      introduced, as in the previously-described embodiments, so as to improve
      the signal-to-noise ratio of the signals fed to the two terminals 55, 56.
PAR  FIG. 6 illustrates one way in which the invention may be applied to a
      four-channel system. The arrangement of FIG. 6 is for a system in which
      the channels have similar noise levels and it provides for cross talk to
      be introduced between all the channels when the input signals are at a low
      level. In FIG. 6, input means 65 provides signals on four channels 66, 67,
      68 and 69 leading via resistors 70 respectively to four output terminals
      71, 72, 73, 74. A control signal generator 75 is responsive to the sum of
      the signals on the four channels 66-69 to generate a d.c. control signal
      which is applied to four controllable attenuators 76 to 79 which are
      connected respectively between outputs of the four channels and four
      frequency selective filters 80 to 83 which have a common terminal 84. If
      the controllable attenuators 76-79 all have a low impedance, then the
      frequency selective filters provide frequency selective cross talk between
      the four channels. As the input signal level rises, the filters 80-83 are
      progressively removed from the circuit by the increased impedance of the
      controllable attenuators 76-79. A single control signal may be applied to
      all these attenuators as shown in FIG. 6 but this need not be so and the
      control levels can be arranged as befits the particular system. For
      example, in a "quadrophonic" reproducing system, the combined amplitudes
      of the signals for the front pair of channels may be used to control the
      cross talk between those channels, the combined amplitudes of the signals
      for the rear pair of channels may be used to control the cross talk
      between these channels, and the amplitudes of the two front-to-back pairs
      may be used to control their respective cross talk levels.
PAR  FIG. 7 illustrates a quadrophonic reproducing system with control signals
      controlling the cross talk between pairs of channels. In FIG. 6 input
      means 90 provides four signal outputs on leads 91, 92, 93, 94 with a
      signal on lead 90 corresponding to A+B signals, that is to say the sum of
      the signals for the front pair of transducers. The signals for the rear
      transducers are the C and D signals and leads 91, 92 and 93 carry
      different signals B-C, C-D and D-A respectively. Such an arrangement is
      known in quadrophonic reproducing systems and the four signals are fed to
      a matrix 95 to provide the outputs to four terminals 96-99 for connection
      via amplifiers to four loudspeakers. FIG. 7 illustrates a noise reduction
      unit 100 which is connected between the signal source 90 and the matrix 95
      to provide reduction of noise at low signal levels. In a quadrophonic
      system there is usually one signal which will be expected to have a noise
      level significantly lower than the remainder. In a quandrophonic system
      such as is illustrated in FIG. 7, the difference signals would be
      transmitted as modulations on pilot tones whereas the A+B sum signal would
      be directly modulated onto the radio frequency carrier. It is the signals
      around the pilot tones that tend to have large noise components owing to
      their noise characteristics inherent in the FM system. These signals would
      therefore normally be the rear signals and the front difference signal.
      The monophonic or front sum signal on lead 91 is therefore used for
      control purposes and is applied to a control signal generator 101. The
      control signal from the control signal generator is fed to three
      controllable attenuators 102, 103 and 104 which control the bypassing of
      frequency selective filters 105, 106 and 107. Each attenuator and
      frequency selective filter operates in a manner generally similar to the
      attenuator 40 and filter 39 of FIG. 3. The three higher noise channels,
      that is to say the difference channels, thus can have their higher
      frequency components attenuated at low signal input levels. This
      attenuation increases the cross talk in the matrix as in FIG. 3 except
      that, in FIG. 7, three channels are controlled.
PAR  In the above-described arrangements, the signal controlling the attenuation
      of the controlled attenuators or transfer ratio devices may be derived
      from the input signal in a number of different ways. If the incoming
      signals have similar noise contents then one may use any one or a
      combination of the incoming signals. If a direct voltage is required for
      control purposes and if a number of signals are to be combined to provide
      the control signal then the combination may be effected before or after
      rectification. If an electro-optical system is employed, then the signals
      may be directly applied to a lamp without rectification.
PAR  In apparatus in which one signal is considerably less noisy than the
      others, such as the sum signal in an FM stereo system, then the preferred
      method will often be to use this signal as the control signal.
PAR  It has been convenient in FIGS. 1 to 7 to show the filter and controlled
      attenuators as separate components but they need not be separate. FIG. 8
      illustrates one arrangement of attenuator and filter as separate
      components. The input signal across leads 110, 111 is applied via a series
      resistor 112 and a shunt control resistor 113 to the filter 114 via an
      isolation stage 115. The attenuator controls the signal level by variation
      of the control resistance 113, which might be a transistor such as a field
      effect transistor or a photo field effect transistor or a bipolar
      transistor or photoconductive cell. The filter 114 comprises a series
      resistor 116 and shunt capacitor 117. The output from the filter is fed to
      output terminals 118, 119. The characteristics of such an arrangement are
      illustrated in FIG. 10 in which there is shown a curve 120 representing
      the relationship between output signal level (as ordinate) and frequency
      (as abscissa) when the controlled resistance 113 is at its maximum value.
      As the resistance 113 is decreased, the output/frequency characteristic
      changes as indicated by the curves 121 to 123 which represent the
      characteristics for various successively lower resistance values. It will
      be seen that, with this arrangement, the cut-off frequency of the filter
      is not changed but the overall level of the amplitude at the output
      terminals varies according to the magnitude of the controlled resistance
      113.
PAR  FIG. 9 illustrates an arrangement in which the controlled resistance is
      integrated into the filter circuit. In FIG. 9 the input signal is applied
      between terminals 130, 131 to give an output at output terminals 132, 133.
      Across the output terminals is a shunt capacitor 134. A series resistor
      135 is connected between the input terminals 130 and one pole of the
      capacitor 134. A controlled resistance 136 is provided in shunt across
      this resistor 135. With this arrangement, as the magnitude of the
      controlled resistance 136 is decreased, the series resistor 135 is
      bypassed so changing the shape of the filter characteristic. This is
      illustrated in FIG. 11 which is a graphical diagram similar to FIG. 10 but
      showing the relationship between the output and frequency for the circuit
      of FIG. 9. For zero controlled resistance, there is no series resistance
      in the circuit and the response characteristic is indicated by the
      straight line 140. As the magnitude of the controlled resistance is
      increased, attenuation is introduced into the circuit, the attenuation
      being higher at higher frequencies. Curves 141 to 145 illustrate the
      characteristics for successively higher values of controlled resistance.
PAR  In a system having sum and difference signals, it may be preferred in some
      cases to utilise the difference signal for control purposes. This
      difference signal is, to a large extent, representative of the amount of
      stereo effect in that, if it is zero, there is no stereo effect whereas,
      if it is large, there is a large difference between the signals at the two
      outputs, i.e. a good stereo image.
PAR  In the arrangements described above, the cross talk between two or more
      channels has been controlled in accordance with one control signal. The
      amount of cross talk added at each output terminal may be separately
      controlled in accordance with the signal level at that output terminal.
      For example, the apparatus of FIG. 3 might be modified as shown in FIG. 12
      to have two separate control signal generators 150, 151 fed respectively
      with signals from terminals 36 and 37 and providing control signals to
      attenuators 152, 155 respectively in shunt across frequency selective
      filters 154, 153. The units 150, 152, 154 control the addition in adding
      unit 34 while units 151, 153, 155 control the subtraction in difference
      unit 35.
CLMS
STM  I claim:
NUM  1.
PAR  1. Stereo audio apparatus having input means providing at least two audio
      frequency input signals and at least two audio frequency signal output
      terminals to which are fed audio output signals derived from the input
      signals wherein there are provided controllable means including at least
      one frequency selective filter and adjustable signal level controller
      operably responsive to an applied control signal arranged for introducing
      cross talk at the higher end of the audio frequency band between output
      signals to the output terminals, control means including a high pass
      filter and rectifier arranged to receive at least one of the input and/or
      output signals to provide a control signal dependent on the amplitude of
      the high frequency component of said one of the input and/or output
      signals and means applying said control signal to said adjustable signal
      level controller to increase the cross talk as the signal level decreases.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said control means is responsive
      to the level of one audio input signal.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein said control means is responsive
      to the level of at least two combined audio input signals.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein said means for introducing cross
      talk is arranged to modify the frequency response characteristic of at
      least one filter controlling the part of the frequency band at which the
      cross talk is effective.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 wherein the adjustable signal level
      controller in said means for introducing cross talk comprises controllable
      shunt means across the output channels.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein said adjustable signal level
      controller comprises means for altering the level of the input signal to
      or the output signal from said at least one frequency selective filter.
NUM  7.
PAR  7. Apparatus as claimed in claim 1 wherein said adjustable signal level
      controller comprises means for modifying the responsive characteristic of
      said at least one frequency selective filter.
NUM  8.
PAR  8. Apparatus as claimed in claim 1 and having four channels of output
      signals wherein the means for introducing cross talk is arranged to
      introduce the cross talk between all four channels in accordance with a
      single control signal.
NUM  9.
PAR  9. Apparatus as claimed in claim 1 and having four channels of output
      signals wherein the means for introducing cross talk is arranged to
      introduce cross talk between pairs of channels in accordance with the
      amplitudes of the signals in the respective pairs.
NUM  10.
PAR  10. Apparatus as claimed in claim 1 wherein said adjustable signal level
      controller for introducing cross talk includes a controllable attenuator.
NUM  11.
PAR  11. Apparatus as claimed in claim 10 wherein the attenuator is a transistor
      to which is applied an optical signal derived from at least one of the
      input signals.
NUM  12.
PAR  12. Apparatus as claimed in claim 10 wherein the attenuator is a transistor
      to which is applied a d.c. signal derived from at least one of the input
      signals.
NUM  13.
PAR  13. Stereo audio apparatus having input means having at least two input
      channels carrying audio frequency input signals with one of the input
      channels having signals with a noise level substantially less than that on
      other channels, and having at least two audio frequency signal output
      terminals to which are fed audio output signals derived from the input
      signals wherein there are provided controllable means including a
      frequency selective filter and signal level controller controlling the
      output from the frequency selective filter in accordance with an applied
      control signal for introducing cross-talk at the higher frequency end of
      the audio frequency band between output signals to the output terminals,
      control means including a high pass filter and rectifier arranged to
      receive the signal on that one of said input channels having the lower
      noise level to produce a control signal and means for applying said
      control signal to said signal level controller to be operative on said
      controllable means to increase the cross-talk as the signal level
      decreases.
NUM  14.
PAR  14. Radio receiving apparatus for receiving frequency modulated signals
      carrying stereo programmes using difference signals on a pilot carrier
      wherein there are provided means for demodulating the received signals to
      provide audio frequency input signals and decoding means for providing
      separate audio frequency signal outputs wherein there are provided
      controllable means including a frequency selective filter and adjustable
      signal level controller operably responsive to an applied control signal
      for introducing cross talk at the higher frequency end of the audio
      frequency band between the audio frequency output signals and means
      including a high pass filter and rectifier arranged to receive at least
      one of the audio frequency signals to provide a control signal dependent
      on the amplitude of said at least one of the audio frequency signals, and
      means applying said control signal to said adjustable signal level
      controller to increase the cross talk at the higher frequency end of the
      audio frequency band as the signal level decreases.
NUM  15.
PAR  15. Apparatus as claimed in claim 14 wherein the adjustable signal level
      controller in said means for introducing cross talk between output signals
      comprises means for reducing the level of a difference signal fed to the
      decoding means.
NUM  16.
PAR  16. Apparatus as claimed in claim 14 wherein said means responsive to the
      audio signal level is responsive to the sum signal from the demodulating
      means.
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ABST
PAL  A multi-mono FM transmission and reception system is provided whereby
      during a portion of the programming a four-channel music system can be
      broadcast and received and during another portion of the programming four
      discrete languages can be broadcast and separately received. An automatic
      switching system is provided so that with the proper equipment, one
      receives a four-channel music program during a musical transmission and a
      single selected voice channel during voice transmissions. Provision is
      made so that the main language of the country will be received on a mono
      receiver.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  In the inventor's previous U.S. Pat. No. 3,798,623, a four-channel FM
      system is described and claimed which is compatible with normal mono and
      stereo FM receivers. Thus, if one has only a mono receiver, all four
      channels are combined or if one has a stereo receiver, the right and left
      hand signals are received while if one has a four-channel receiver, one
      receives the four signals separated.
PAR  The four channels which are ordinarily transmitted would be left front,
      left back, right front and right back, but since these signals might be
      transmitted in any order, they can be referred to merely as A, B, C and D.
      Since here we are dealing with two sets of four signals each, we have
      further broken down the signals into four music signals designated AM, BM,
      CM and DM and into four voice or language signals designated AV, BV, CV
      and DV.
PAR  In many parts of the world there are areas wherein more than one language
      is used so that it is desirable to provide a transmission system wherein
      more than one language can be broadcast at a time. Although the system
      disclosed in U.S. Pat. No. 3,708,623 is capable of broadcasting four
      completely independent signals, it would not ordinarily be desirable to
      broadcast four separate languages in such a system unless everyone in a
      given area had a four-channel FM receiver and would select one of the
      languages. In this system, the base band contains all four signals so that
      if a musical program is being broadcast, and one has only a mono receiver,
      all four of the signals would be blended together. If one had a mono
      receiver and four separate languages were being broadcast, the base band
      would contain a hopeless jumble of the four languages, none of which would
      be understandable.
PAR  In accordance with the present invention, a system is provided wherein a
      four-channel system can be used in the normal manner when music or similar
      program material is being broadcast but wherein during a voice program,
      each of the channels would contain a separate language including the base
      band. Thus, one having a mono receiver would receive the combined four
      signals during music broadcast and during a voice broadcast would receive
      only a single language. It is obvious that the main language of a country
      would normally be put on the base band and that less frequently used
      languages would be placed on the other bands.
PAR  In accordance with the present invention, a unique switching system is
      provided whereby it is not necessary for the listener to do any
      manipulating, other than initially selecting a language, to go between one
      and four channel transmissions. Thus, the owner of a mono receiver will
      receive all four of the music channels and the most important of the
      languages transmitted while the owner of a four-channel receiver can
      select one of the desired voice channels and then during music
      transmissions will receive the four separated music signals while during
      voice transmissions all four channels of the receiver will carry a
      selected one of the languages being transmitted.
PAR  With an ordinary stereo receiver, one can receive only the base band voice
      signals during language transmissions by switching his receiver to
      mono-aural or left plus right. Some stereo receivers have an L minus R
      switch position and this would allow the listener to listen to the
      language on the 38 kHz sine channel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings forming part of this patent application:
PAR  FIG. 1 is a spectrum diagram of a four-channel signal showing the space
      occupied by each of the signals when four separate languages are being
      transmitted.
PAR  FIG. 2 is a block diagram of a transmitter embodying the present invention.
PAR  FIG. 3 is a block diagram of a receiver embodying the present invention.
PAR  FIGS. 4 through 7 are schematic diagrams showing the method of generating
      the separated voice signals.
PAR  FIGS. 8 through 11 are similar schematic diagrams showing the operation of
      a receiver during voice reception.
PAR  FIG. 12 is a schematic diagram showing an inexpensive receiver which can be
      used to receive a selected one of the subcarrier channels.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a conventional four-channel FM system there are four music channels
      which are encoded through the use of a quadraplex generator on a
      transmitted signal. Such a generator having four audio inputs is shown in
      FIG. 12 of U.S. Pat. No. 3,708,623. In accordance with the present
      invention, in addition to having the four music channels, one also has
      four voice channels. As was previously mentioned, the voice channels have
      been designated AV, BV, CV and DV while the music channels have been
      designated AM, BM, CM and DM. In this description it is assumed that one
      has voice and music channels although the eight channels might be divided
      in some other manner for specialized purposes. For instance, the four
      voice channels might actually be music with the lyrics sung in different
      languages.
PAR  As is brought out in U.S. Pat. No. 3,708,623, the music channels are passed
      through a quadraplex generator and are typically transmitted as a base
      band signal occupying the space from 50 to 15 kHz containing the
      information AM + BM + CM + DM, as a sine signal centered on 38 kHz
      containing the information AM + BM - CM - DM, a cosine signal centered on
      38 kHz containing the information AM - BM - CM + DM and a fourth signal
      centered on 76 kHz containing the information AM - BM + CM - DM. Of
      course, there is the usual 19 kHz pilot which is doubled to provide the
      carrier for the 38 kHz signal and again doubled to provide the 76 kHz
      carrier. A typical frequency allocation is shown in FIG. 11 of U.S. Pat.
      No. 3,708,623.
PAR  With the system of the present invention, the quadraplex generator is
      connected to the four input channels during music transmissions but during
      voice transmissions the voice signals are matrixed in such a manner that
      each signal is individually transmitted rather than being transmitted as a
      mono and stereo compatible composite. Thus, referring to FIG. 1, the first
      signal AV is assigned to the space in the base band of 50 to 15 kHz. The
      signal BV is assigned as the sine of the signal centered at 38 kHz while
      the signal CV is assigned the cosine space at 38 kHz. The signal DV is
      assigned the space centered at 76 kHz. In addition to the 19 kHz pilot
      which serves as a switching signal, it is necessary that a second pilot be
      provided to serve as a switching signal between the normal quadraplex mode
      and the multi-mono mode. This second pilot can be located at any
      convenient point on the spectrum and is preferably, although not
      necessarily, a multiple of the usual 19 kHz pilot. Thus, it might be at 57
      kHz or, as is shown in FIG. 1, at 95 kHz. Preferably, the second or
      multi-mono pilot is centered on 95 kHz to minimize the possibility of
      interference and the 19 and 95 kHz pilots are phase locked together. The
      second pilot can be used in either positive or negative sense, i.e. the
      pilot can be used to switch to the multi-mono mode when the pilot is on or
      vice versa. For the purpose of this specification, it will be assumed that
      when the multi-mono pilot is on, the transmission is in the multi-mono
      mode.
PAR  In FIG. 2 the method of placing these composite signals on the air is
      shown. The equipment includes an FM transmitter 10 which is fed from a
      quadraplex generator 12 such as that shown as FIG. 12 of U.S. Pat. No.
      3,708,623. The quadraplex generator 12 is connected by means of switch 14
      with control 16. Switch 14 is merely a four pole double throw switch
      wherein one set of four poles is connected to the four outputs of a
      multi-mono matrix 18 while the other set of four poles is connected to the
      four music channels designated AM, BM, CM and DM. Control 16 switches
      between either of the four input channels described and, when switch 14 is
      switched to the input from the matrix 18, also activates the 95 kHz pilot
      signal generator 20. At the time when switch 14 is in the four channel
      mode the four input channels are directly connected to the four input
      channels of the generator 12, i.e. AM to input 1, BM to input 2, CM to
      input 3, and DM to input 4. At this time the multi-mono pilot 20 is off so
      that the four music channels are transmitted in the usual way so that the
      owner of a mono receiver receives all four channels, the owner of a stereo
      receiver receives two pairs of signals and the owner of a quadraplex
      receiver receives four separate signals.
PAR  The reception scheme is shown in FIG. 3 wherein the FM receiver 22 has an
      output to a quadraplex demodulator 24 (see FIG. 13 of U.S. Pat. No.
      3,798,623) as well as a detector 26 for the 95 kHz multi-mono pilot. The
      output of the quadraplex demodulator 24 has four outputs and these are fed
      both to a mode switch 28 and to a multi-mono matrix 30, later described in
      detail. Output from the multi-mono matrix 30 is fed to the other four
      terminals of switch 28. Switch 28 can be thought of as the complement of
      the switch 14 except that it has a manually selectable output switch 32.
      Thus, when music is being received, the pilot detector 26 will not detect
      the 95 kHz pilot, and therefore the output of the quadraplex demodulator
      24 will be switched by switch 28 directly to the output terminals 1, 2, 3,
      4 so that each of the four channels of music will be produced separately.
      Now if voice signals are transmitted the 95 kHz pilot will go on and it
      will show up on the multi-mode pilot detector 26 which will switch 28 over
      to the multi-mono mode so that the four separate languages will be
      delivered to the terminals A, B, C and D of switch 28. Now by maneuvering
      switch 32, one can manually select the language desired. Thus, the output
      from switch 28 will be selectably switched by a pilot signal from the
      quadraplex mode to the multi-mono mode while the mechanical switch 32 will
      enable one to select one of the desired languages.
PAR  In FIGS. 4 through 7 there is shown a schematic of the transmitting matrix
      18 and in FIGS. 8 through 11 is shown the schematic of a receiving matrix
      30. In all of these drawings output terminals have been shown as separated
      for convenience but it will be understood of course, that in FIGS. 4
      through 7, all of the terminals numbered 1 will be connected together and
      so on. Referring now to FIGS. 4 through 7 specifically, it will be seen
      that the signal AV is applied to the non-inverting inputs of the four
      operational amplifiers. The outputs are connected respectively to inputs
      1, 2, 3 and 4 of the quadraplex generator. This will have the effect of
      putting signal AV on the base band of the outgoing signal. In FIG. 5, it
      is shown that signal BV is applied to the non-inverting inputs of the
      operational amplifiers leading to the inputs 1 and 2 on the quadraplex
      generator while this signal is applied to the inverting inputs of the
      operational amplifiers leading to outputs 3 and 4. This places the BV
      signal on the sine quadrature to the subcarrier centered at 38 kHz.
      Similarly, as is shown in FIGS. 6 and 7, the CV signal is placed on the
      cosine quadrant centered at 38 kHz while the DV signal is placed on the
      subcarrier centered at 76 kHz.
PAR  The receiving matrix 30 is the exact complement and is shown in FIGS. 8
      through 11. In FIGS. 8 through 11 all of the inputs 1 would be connected
      together as well as all of the inputs 2 and so on but these connections
      have not been shown for clarity. The four output signals 1, 2, 3 and 4 are
      all applied to the non-inverting input of the first operational amplifier
      and this yields signal A.
PAR  As shown in FIG. 9, the first two inputs from the demodulator are applied
      to the non-inverting input of the second operational amplifier, while the
      outputs 3 and 4 are applied to the inverting input of the operational
      amplifier yielding the signal B. Similarly, as is shown in FIGS. 10 and
      11, the separate outputs CV and DV are obtained. Thus, there appear at the
      output terminals the individual signals AV, BV, CV and DV and one can
      select the desired language by use of the manual switch 32. Of course, if
      one does not have a quadraplex demodulator with a multi-mono matrix, one
      would receive only the signal AV which would ordinarily be the most
      important language or message.
PAR  Another form of multi-mono demodulation for a simple low-cost receiver
      would utilize a mono receiver and a one subchannel detector or
      demodulator. This detector would detect the presence of the 95 kHz pilot
      and use the 19 kHz pilot to synchronize and demodulate the appropriate
      subcarrier. This would ordinarily be set at the factory wherein a receiver
      is manufactured to receive as a second channel, only one of the three
      signals carried on the subcarriers. Thus, a low-cost, two-language
      receiver with mono-aural capability can be provided which would be
      completely compatible with the four-language multi-mono transmitter.
PAR  A schematic diagram of such a system is shown in FIG. 12. Here, an FM
      receiver 75 feeds the composite FM signal to line 77 through a low pass
      filter 79 and a de-emphasis network 81. The output is taken through line
      83 one pole of switch 85. When switch 85 is in the "left " position, the
      audio output through line 87 will be that of an ordinary mono FM receiver,
      i.e. on voice transmissions, the base band signal representing a single
      language and on music transmissions the composite of all four channels.
      The base band signal from the FM receiver is also passed through line 89
      to a 19 kHz pilot detector 81, a 95 kHz detector 93 and a subcarrier
      demodulator 95. Subcarrier demodulator 95 can be set for any of three
      subchannels, i.e. sine 38 kHz, cosine 38 kHz signals. Naturally, one would
      purchase a receiver to pick out the desired one of the subcarriers. The
      demodulated signal goes through line 97 to the other terminal of switch 85
      and switch 85 is provided with a driver 99 actuated by the 95 kHz
      detector. When the 95 kHz signal is detected, driver 99 causes switch 85
      to connect line 87 with 97 so that the output through line 87 is that of
      the selected subcarrier. Thus, during music transmissions, one will
      receive all four of the channels as on any ordinary FM receiver, while
      during language transmissions, one will receive the selected subcarrier
      audio. A switch 101 can be provided to disable the mulit-mono drive switch
      if one wishes to receive the base band signal at all times.
PAR  Although certain specific frequencies have been referred to throughout the
      specification, it will be understood that this is only for ease in
      description and in conformity with normal FM standards and that the pilots
      and subcarriers might be on other frequencies.
PAR  It has been assumed that the pilot signal would be on during multi-mono
      transmissions and off during quadraplex transmissions. Obviously the
      opposite switching arrangement might be used. Further, it would not be
      necessary to have the pilot on at all times during one class of
      transmission but a latching switch might be used and the pilot turned on
      only in a burst to change the switch from one position to another.
      Further, a pilot might be modulated and left on at all times with one
      modulation frequency used to activate the multi-mono matrix and another
      frequency modulation frequency used for the quadraplex mode.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a four channel broadcasting system, means for providing a dual mode
      of operation, namely, a first mode comprising four interrelated,
      compatible audio elements designated AM, BM, CM and DM, and a second mode
      comprising four unrelated, incompatible audio elements designated AV, BV,
      CV and DV, both modes providing a compatible four channel composite signal
      for use in conjunction with an FM radio transmitter having either of said
      modes modulated thereon comprising:
PA1  a. a main channel,
PA1  b. a synchronizing pilot signal of a first predetermined frequency removed
      from said main channel,
PA1  c. a first subchannel centered at a first subcarrier frequency at the
      second harmonic of said pilot signal and a second subchannel centered at a
      second subcarrier frequency at the fourth harmonic of said pilot signal,
PA1  d. means for providing a first mode of operation wherein signals AM, BM, CM
      and DM are present,
PA1  e. means for modulating a composite of all four of said signals on said
      main channel, modulating the signal AM + BM - CM - DM on the sine of said
      first subcarrier frequency and modulating the signal AM - BM - CM + DM in
      quadrature therewith on the cosine of the first subcarrier and modulating
      the signal AM - BM +  CM - DM on said second subcarrier to provide a
      signal of the first mode, said means including a quadraplex generator
      having four inputs,
PA1  f. means for providing a second mode of operation wherein signals AV, BV,
      CV and DV are present,
PA1  g. means for modulating said AV signal on said main channel, modulating
      said BV signal on said first subcarrier frequency, modulating said CV
      signal in quadrature with said BV signal on the first subcarrier and
      modulating said DV signal on said second subcarrier to provide a signal of
      the second mode,
PA1  h. means for switching from said first mode to said second mode, said means
      including a pilot switching signal and
PA1  i. said means of paragraphs (e) and (g) including a transmitter having
      first audio input means for the elements AV, BV, CV and DV, said
      transmitter having:
PA2  i. a multi-mono matrix connected to said first audio input means,
PA2  ii. second audio input means for the signals AM, BM, CM and DM,
PA2  iii. a multi-mono mode switch having four outputs including a first
      position wherein said four outputs are connected to said multi-mono
      matrix, and a second position wherein said four outputs are connected to
      the second audio input means,
PA2  iv. said outputs being connected to the four inputs of said quadraplex
      generator and,
PA2  v. switching means for switching between said first input and said second
      input
NUM  2.
PAR  2. The broadcasting system of claim 1 wherein the main channel occupies the
      spectrum from about 50 Hz to 15 kHz on the base frequency of the FM
      transmitter, the synchronizing pilot signal is at 19 kHz, the first
      subchannel is centered at 38 kHz, the second subchannel is centered at 76
      kHz and the pilot switching signal is centered at 95 kHz.
NUM  3.
PAR  3. The broadcasting system of claim 1 wherein a receiver is provided, said
      receiver having:
PA1  a. quadraplex demodulator means wherein a quadraplex signal is demodulated,
PA1  b. decoding means for the demodulated signal,
PA1  c. a multi-mono matrix for the demodulated signal,
PA1  d. said decoding means having a first input from said quadraplex
      demodulator and a second input from said multi-mono matrix,
PA1  e. pilot signal detector means including switching means for switching said
      decoder from said quadraplex demodulator to said multi-mono matrix, and
PA1  f. manual selection means for selecting one of said signals when the input
      to said decoder is in the multi-mono or second mode whereby all four of
      the signals of the first mode are received in one condition of the
      multi-mode pilot signal detector and only one of said signals is received
      in another condition of said multi-mode pilot signal detector.
NUM  4.
PAR  4. The broadcasting system of claim 1 wherein a receiver is provided, said
      receiver having:
PA1  a. means for demodulating the base band,
PA1  b. means for demodulating a single subcarrier signal selected from the sine
      of the first subcarrier, the cosine of the first subcarrier, and the sine
      of the second subcarrier, and
PA1  c. means actuated by a pilot switching signal whereby said receiver will
      receive said demodulated base band signal in one mode and will receive the
      selected one of said subcarriers when in the second mode.
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ABST
PAL  An apparatus and method for recognizing the occurrence of a command word
      from among input speech that may be continuous in form. In accordance with
      the invention, means are provided for generating feature signals which
      depend on the features of an input word being spoken. The feature signals
      are processed to determine the time interval of occurrence of a
      predetermined sequence of features. Also provided is a means for comparing
      the feature signals which occur during the determined time interval with a
      stored set of features that are expected to occur characteristically
      during the command word to determine the degree of correlation
      therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to speech recognition apparatus and, more
      particularly, to an apparatus for recognizing the occurrence of a specific
      word or words from among continuous speech.
PAR  There have been previously developed various equipments that attempt to
      recognize limited vocabularies of spoken words by analysis of acoustic
      events. Typically, such equipments are envisioned as being useful in
      "voice command" applications wherein, upon recognizing particular words,
      the equipment produces electrical signals which control the operation of a
      companion system. For example, a voice command could be used to control a
      conveyor belt to move in a specified manner or may control a computer to
      perform specified calculations.
PAR  Previous efforts to develop automatic methods of speech recognition have
      had limited success and have led to the realization of the exceedingly
      complex nature of speech communication. Normal speech has a high
      information content with considerable variability from speaker to speaker
      and some variability even in the same word when spoken by the same
      individual. Therefore, a "perfect" recognition scheme is unattainable
      since the nature of the speech signal to be recognized cannot be precisely
      defined. As a result, the preferred past schemes have been empirical
      approaches which have yielded at least a reasonable level of confidence,
      from a statistical standpoint, that a particular spoken word corresponded
      to a selected one of a limited machine vocabulary. The desirability of
      such schemes are thus not determinable by theoretical examination, but
      rather by a straightforward measure of recognition accuracy over an
      extended period of operation.
PAR  For various reasons, most prior art systems have been found unsuitable for
      practical applications. One of the prime reasons has been the sheer
      complexity of equipments that attempted to make an overly rigorous
      analysis of received speech signals. In addition to the expense and
      appurtenant unreliability, such systems have a tendancy to establish
      highly complicated and restrictive recognition criteria that may reject
      normal variations of the system vocabulary words. Conversely, some
      equipments suffer from establishing recognition criteria that are too
      easily met and result in the improper acceptance of extraneous words not
      included in the preselected vocabulary of the equipment.
PAR  In the copending application Ser. No. 291,051, filed Sept. 21, 1972, and
      assigned to the same assignee as the present application, there is
      disclosed an apparatus which receives spoken input "training" words and a
      subsequent spoken input "command" word and generates a correlation
      function that is indicative of the resemblance of the command word to each
      training word. A feature extraction means processes received input words
      and generates digital feature output signals on particular ones of a
      number of feature output lines, the particular ones depending on the
      characteristic features of the word being spoken. The status of the
      feature signals which occur during each training word are stored as a
      normalized time dependent matrix. Subsequently, the status of the feature
      signals which occur during a command word are also stored as a normalized
      time dependent matrix. The command word matrix is then compared, member by
      member, with each training word matrix and a correlation figure is
      generated for each comparision. If a sufficently high correlation is found
      between the command word matrix and a particular training word matrix, the
      command word is deemed to correspond to the particular training word. This
      type of system has been found to operate most satisfactorily in
      applications where command words are spoken in "isolation"; i.e., where
      there are discernable pauses between words, the pauses defining the word
      boundaries. Generally, circuitry is provided which senses the onset of
      speech after a pause and which then senses the next substantial absence of
      speech. These occurrences are considered the boundaries of a word and the
      feature events which occur between these boundaries are used to form the
      matrix referred to above. Clearly, any system wherein distinct pauses are
      required to determine word boundaries will necessarily have severely
      limited capability for recognizing words from among natural continuous
      speech since there is often little or no discernable pause between words
      in natural speech.
PAR  In the copending application Ser. No. 264,232, filed June 19, 1972, and
      assigned to the same assignee as the present application, there is
      described a type of system that has been employed in the past with some
      success to recognize the occurrence of words during continuous or
      connected speech. The technique utilized is a sequential analysis of
      phonetic events. A sequential logic "chain" is provided for each word to
      be recognized. Each chain includes a number of logic stages, one stage
      being provided for each phonetic event of the word to be recognized. The
      logic stages are configured in a series arrangement and selectively
      enabled in such a manner that they are sequentially activated when a
      particular sequence of phonetic events (or features) occurs. As a
      simplified example, the word "red" can be expressed by the phonetic
      sequence /r/.fwdarw./.epsilon./.fwdarw./d/. Accordingly, a logic chain
      employed to recognize the word red would have three logic stages coupled
      in series, the first stage being enabled by the sensing of an /r/ sound,
      the second stage being enabled by the sensing of an /.epsilon./ sound and
      the third stage being enabled by the sensing of a /d/ sound. Of course,
      the second and third stages would each also require the prior stage to
      have been enabled as a precondition. When the last stage is enabled, the
      system indicates that the word red has been spoken since the phonemes /r/,
      /.epsilon./, and /d/ are known to have occurred in the listed order. As
      explained in abovereferenced application, the system typically requires
      that the phonemes occur within certain time constraints and provides for a
      logic chain to be "reset" (i.e., start over from scratch in looking for
      its vocabulary word) upon occurrence of certain acoustic features which
      would indicate a strong improbability that the sought vocabulary word is
      being uttered.
PAR  It will be appreciated that the sequential logic type of system as
      described has a capability of recognizing vocabulary words among
      continuous speech, even when there is no discernable pause before or after
      the word is spoken. This is because the system is designed to sense the
      occurrence of a particular sequence of phonemes and no word boundaries
      need occur to isolate the word so an analysis can be made. Notwithstanding
      this advantage, it has been found that the described type of sequential
      logic system has some recognition deficiencies that could use improvement.
      As alluded to above in general terms, speech recognition systems sometimes
      establish an overly restrictive recognition criteria, and this is often
      the case with the sequential logic type of system. Specifically, if the
      sequential logic system requires a certain restrictive sequence of
      phonemes for recognition, the absence of even a single phoneme from the
      prescribed sequence will prevent a recognition indication. In many cases
      such restriction causes a sought word to go unrecognized since contextual
      effects can easily cause even the same speaker to extraneously insert or
      omit a phoneme (or, more precisely, a phonetic feature) when uttering the
      same word on different occasions. This type of error lowers the systems
      recognition rate. The recognition rate can obviously be raised by relaxing
      the recognition criteria and allowing various alternative sequences to
      trigger recognition indications. However, such relaxation is found to
      increase the occurrence of "false alarms"; i.e. false triggerings of
      recognition indications by words (or phonetic sequences in adjacent words)
      that are similar to a word being sought.
PAR  It is an object of the present invention to provide a speech recognition
      apparatus which is capable of recognizing words from among continuous
      speech and which exhibits a relatively high recognition rate and a
      relatively low false alarm rate.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an apparatus and method for
      recognizing the occurrence of a command word from among input speech that
      may be continuous in form. In accordance with the invention, means are
      provided for generating feature signals which depend on the features of an
      input word being spoken. The feature signals are processed to determine
      the time interval of occurrence of a predetermined sequence of features.
      Also provided is a means for comparing the feature signals which occur
      during the determined time interval with a stored set of features that are
      expected to occur characteristically during the command word to determine
      the degree of correlation therebetween.
PAR  Further features and advantages of the invention will become more readily
      apparent from the following detailed description when taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an apparatus in accordance with an embodiment
      of the invention;
PAR  FIGS. 2A and 2B are block diagrams of prior art circuitry useful as the
      feature extraction portion of the invention;
PAR  FIGS. 3a and 3b are block diagrams of sequential logic circuitry utilized
      in the invention.
PAR  FIG. 4 helps illustrate the type of matrix that results from the storing of
      the status of binary features by the processing circuitry of FIG. 1.
PAR  FIG. 5 helps illustrate a time normalized matrix; and
PAR  FIG. 6 is a block diagram of an apparatus in accordance with another
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a simplified functional block diagram
      of an apparatus in accordance with the invention. Input spoken words are
      received by a feature extraction means 10 which comprises preprocessor
      circuitry 50 and feature extraction circuitry 60. (As referred to herein,
      the terms "input spoken words", "spoken works", "speech", or the like are
      intended to generically include any acoustical or electrical
      representation of communicative sounds. Typically, the circuitry 50 is
      adapted to receive word communications directly from an individual, or
      word-representative electrical signals from over a telephone line or tape
      recorder.) The preprocessor circuitry 50 utilizes a bank of bandpass
      filters to translate speech into a plurality of spectral component signals
      on lines 50a. The signals on lines 50a are received by the feature
      extraction circuitry 60 which generates feature output signals on
      particular ones of a number of feature output lines 60a, the particular
      ones depending on the features contained in the speech being received.
      Signals on the feature output lines may represent, for example, the
      presence of commonly used vowel or consonant sounds. As will be further
      described, the circuitry 50 and 60 may be of a type that is known in the
      prior art.
PAR  The feature output lines 60a are coupled to sequential logic circuitry 200
      and also to a buffer register 300 whose output is coupled via a gate 350
      to processing circuitry, the functions of which are generally shown within
      the dashed enclosure 70. In the present embodiment the sequential logic
      circuitry 200 comprises a single sequential logic chain which is capable
      of recognizing the presence (more precisely, the probable presence) of a
      given command word from among input speech, even when the input speech is
      in the form of continuous or connected speech. The circuitry 200 generates
      an output on line 200C, denoted an "end signal", when the recognition
      criteria of the sequential logic chain is met. Preferably, the sequential
      logic chain will be configured so as to have a relatively "easy" criteria;
      i.e., criteria that is satisfied by any word having the general acoustic
      characteristics of the command word. As described in the Background
      portion of this specification, this would ordinarily result in an
      unacceptably high "false alarm" rate for a speech recognition equipment.
      In the present instance, however, this is an acceptable consequence since
      the sequential logic circuitry acts to effectively isolate candidates that
      can be identified with a relatively high degree of accuracy by the
      processing circuitry 70 as being the command word or not. The sequential
      logic circuitry provides timing information which specifies the beginning
      and end (or other identifiable points) of a command word candidate so that
      useful comparisons with stored information can be made to achieve accurate
      recognition.
PAR  As will be further described, the sequential logic circuitry 200 generates
      a "start signal" on a line 200A when an initial distinguishable feature of
      the command word is sensed. This signal enables gate 350 to begin loading
      the feature signals appearing on lines 60a into the processing circuitry
      70. The buffer register 300 provides an effective delay which allows the
      initial feature signals loaded into circuitry 70 to be feature signals
      which occurred before the start signal on line 200A. In this manner, the
      phonetic events which occurred at the very beginning of the word are not
      lost. Also, a delay means 400, which may be digital counter, performs a
      similar function at the end of a word by allowing loading to continue for
      a specified period after the end signal has occurred on line 200C. After
      this specified period, a "finalize" signal on a line 400A disables the
      gate 350 and also indicates to the circuitry 70 that the loading of the
      candidate word has been completed. In most instances, the input speech
      that causes occurrence of a "start" signal on line 200A subsequently
      deviates from the recognition criteria of sequential logic circuitry 200
      (i.e., when the input speech is substantially different from the command
      word) and this will cause generation of a "reset" signal on a line 200B
      (in a manner to be described). The reset signal functions to disable the
      gate 350 and to clear the information which had begun to be loaded into
      the processing circuitry 70.
PAR  When a "finalize" signal is received by processing circuitry 70, a time
      dependent matrix is formed, this function being represented by the block
      71. The matrix members represent the status of the feature signals that
      occurred during the command word "candidate"; i.e., that occurred between
      the "load" and "finalize" signals generated by the sequential logic
      circuitry 200. Before commencing operation, another matrix had been stored
      in processing circuitry 70, as represented by the block 72. This other
      matrix has members which represent the atatus of the feature signals that
      are expected to occur characteristically during the command word. The two
      matrices are then compared, this function being represented by the block
      73. The comparison is preferably performed on a member-by-member basis and
      results in a determination of the degree of correlation between the two
      matrices. If the degree of correlation is sufficiently high, the
      processing circuitry generates an indication that the command word has
      been recognized. In this manner, the basic feature trends are used for
      recognition rather than the overly restrictive criteria often necessitated
      by strictly sequential systems which require that specific features always
      be present. Thus, some speaker variation in the way the command word is
      spoken, as is often the case in different contexts, will generally not
      prevent recognition.
PAR  FIG. 2 illustrates, in some further detail, prior art feature extraction
      means which is of a type that is suitable for use as the feature
      extraction means 10 of FIG. 1. A full description of both the proprocessor
      circuitry 50 and the feature extraction circuitry 60 can be found in a
      publication entitled "Acoustic Recognition of A Limited Vocabulary of
      Continuous Speech" by T. B. Martin and published by University Microfilms,
      Ann Arbor, Michigan. It should be emphasized, however, that the present
      invention deals largely with already-processed feature signals and any
      suitable means for obtaining the feature signals can be employed.
      Accordingly, the extent of detail set forth herein is limited to that
      needed to facilitate understanding of the portions of the apparatus
      through inventive.
PAR  FIG. 2A is a block diagram of the preprocessor circuitry 50. A transducer
      51, typically a gradient microphone, receives input spoken words and
      produces time-varying electrical signals that are representative of the
      received sounds. The output of transducer 51 is coupled, via preamplifier
      52, to nineteen contiguous bandpass filters in a filter bank 53. Each
      filter in the bank produces an output signal related to that portion of
      the input signal which lies in the range of frequencies passed by the
      particular filter. Typically, the filter center frequencies range from
      about 250 to about 7500 Hz with the lowest filter bandwidth being about
      150 Hz.
PAR  The output of each filter in the bank 53 is individually coupled to a full
      wave rectivier and lowpass filter combination located in a
      rectifier/lowpass filter bank 54. After rectification and filtering, the
      outputs of the bank 54 essentially represent the energy levels of the
      input signal at about the center frequencies of each of the bankpass
      filters in the bank 53. Viewed in another way, the signals on lines 54a
      collectively represent the envelope of the energy vs. frequency spectrum
      of the received input signal taken over the frequency range of interest.
PAR  The nineteen channels of information on lines 54a are logarithmically
      compressed to produce the spectral component outputs on lines 50a of the
      preprocessor. Logarithmic compression facilitates subsequent processing in
      two ways. First, it provides dynamic range compression that simplifies the
      engineering design requirements of feature extraction circuitry 60.
      Secondly, by virtue of using logarithms, comparative ratios of the
      spectral component signals can be readily computed by subtraction. Ratios
      are desirable processing vehicles in that they are independent of changes
      in overall signal amplitudes. This property is particularly advantageous
      in a system where input speech of varying loudness is to be recognized.
PAR  In the diagram of FIG. 2A, a signal log amplifier 56 is time shared to
      avoid the necessity of using nineteen identical amplifiers to achieve
      compression. The outputs on 54a are effectively sampled by a multiplexer
      55 and the sampled signals passed, one at a time, through the shared
      amplifier 56. A demultiplexer 57 then "reconstructs" compressed spectral
      component signals on lines 50a from the processed sampled signals. The
      sampling clock rate of the multiplexer and demultiplexer is above one KHz
      and is safely higher than is necessary to retain signal bandwidths. This
      technique of sharing a single logarithmic amplifier is known in the art
      and is disclosed, for example, in U.S. Pat. No. 3,588,363 of M. Herscher
      and T. Martin entitled "Word Recognition System for Voice Controller" as
      well as in the abovereferenced publication of T. Martin.
PAR  It will be recalled that the spectral component signals on lines 50a are
      entered into the feature extraction circuitry 60 (FIG. 1) which senses the
      presence of properties of the spectral component signals that correspond
      to preselected properties or "features" of input words. In the prior art
      feature extraction circuitry being described for illustration, this
      sensing of properties or "feature extraction" is achieved in part by
      deriving quantities known as "slope" and "broad slope" characteristics.
      These quantities give indication as to the polarity and magnitude of the
      slope of the input envelope when taken over specified segments of
      frequency spectrum. The manner in which these quantities are obtained is
      described in the above-referenced publication and patent.
PAR  FIG. 2B shows a block diagram of the prior art feature extraction circuitry
      60 which receives the spectral component signals on the lines 50a. The
      circuitry 60, which is also described in the referenced publication and
      patent, includes logic blocks 61 and 62 which derive sets of slope and
      broad slope quantities that are received by a "broad class feature"
      recognition logic block 63. The block 63 utilizes groups of operational
      amplifiers and appropriate peripheral circuitry to generate broad class
      feature signals 63a that indicate the presence of certain broadly
      classified phonetic characteristics in the input words. Examples of the
      broad classifications are "vowel/vowel like", "voicing only", "burst",
      "voiced noise-like consonant" etc. The signals 63a as well as the spectral
      component signals, slope, and broad slope signals are received by a "basic
      feature" recognition logic block 64. This block, which includes components
      that are similar in nature to the block 63, functions to generate the
      feature signals that indicate the presence of specific phonetic features
      (e.g. /I/, /s/, /.theta./, /.intg./) of the input spoken words. The block
      64 will typically also include an intermediate block that derives "common
      group features" (e.g. "front vowel", "back vowel", "fricative", "stop
      consonant", etc.) and such common group features can be the most specific
      features derived for further processing by the system of FIG. 1. However,
      narrowly defined phonetic feature signals facilitiate explanation of
      subsequent circuitry, so the feature signals 60a will therefore be assumed
      to be of this form for portions of the description. It should be
      emphasized, however, that the invention to be described is not limited to
      any particular form of feature signal generation.
PAR  Referring to FIG. 3, there is shown a block diagram of the sequential logic
      circuitry 200 comprising a logic chain which, for purposes of
      illustration, is depicted as having four logic stages or units, U.sub.1,
      U.sub.2, U.sub.3 and U.sub.4, connected in series. The basic logic unit is
      shown in FIG. 3A and is seen to include a differentiator 90, an AND gate
      91 and a flip-flop 92. The basic stage U has inputs designated "set"
      "enable" and "reset" inputs, and a single output. The reset input is
      directly coupled to the flip-flop reset terminal. A second reset input may
      also be provided, as shown. The "enable" input, which is typically
      received from a previous stage, is one input to the AND gate 91. The "set"
      input is received by the differentiator 90 which supplies the remaining
      input to AND gate 91 at the onset of a signal at the "set" input terminal.
      The output of AND gate 91 is coupled to the set terminal of flip-flop 92.
      In operation, the "enable" input must be present at the time of the "set"
      onset in order for the stage U to produce a high (logical 1) output. The
      stage U will then remain at a high output until one of the reset inputs
      resets flip-flop 92.
PAR  Depending on the expected feature characteristics of the command word,
      selected ones of the feature output lines are coupled to the "set" and
      "reset" terminals of the logic units to effect the desired sequential
      activation (or inactivation in the case of "reset" inputs). As a
      simplified illustration of operation, in FIG. 3 the command word to be
      recognized is "zero", so the feature output lines 60a associated with the
      phonemes /z/, /i/, /r/ and /o/ are shown as being coupled to the "set"
      input terminals of U.sub.1, U.sub.2, U.sub.3 and U.sub.4, respectively.
      The "enable" input terminals of U.sub.2, U.sub.3 and U.sub.4 are each
      coupled to the output of the previous logic unit and the "enable" input
      terminal of U.sub.1 is permanently coupled to a logical 1. Thus, each unit
      (except U.sub.1) is enabled to be set to a logical 1 only after the
      previous stage has already been set to a 1. When the word "zero" is
      spoken, the feature extraction circuitry 60 will cause the feature output
      line for the phoneme /z/ to carry a 1 while the /z/ sound is being
      uttered. Since this line is coupled to the "set" terminal of U.sub.1,
      U.sub.1 will be set; i.e., its output will be a 1. When, subsequently, the
      /i/ sound is uttered, the feature extraction circuitry will generate a 1
      on the particular feature output line 60a that indicates an /i/ and, since
      this line is coupled to the "set" input of U.sub.2 and U.sub.2 has been
      enabled by the output of U.sub.1, the logic unit U.sub.2 will be set and
      have a 1 output. The output of U.sub.2 is fed back to a "reset" input of
      U.sub.1 so that, at this point in time, U.sub.1 is reset to a 0 and only
      U.sub.2 has a 1 output stage. The subsequent utterance of the phonemes /r/
      and /O/, in that order, will similarly cause the units U.sub.3 and U.sub.4
      to be sequentially set to 1 output states. A 1 output state of logic unit
      U.sub.4 produces an output on line 200C and indicates that the recognition
      criteria of the logic chain has been met. The last stage U.sub.4 typically
      resets itself via a short delay, D. In addition to certain output lines of
      the feature being coupled to the "set" inputs of the logic units, one or
      more feature output lines are typically coupled to the "reset" inputs of
      the units, as is represented by the dashed lines leading to each "reset"
      input. These reset features, which are usually determined experimentally
      before the system is wired, are useful in preventing extraneous
      "recognitions" of words which have inherent features that would satisfy
      sequential "set" requirements, but have characteristic features which
      negate the possibility that they are the command word. The occurrence of a
      1 on a feature output line that is coupled to a "reset" input of a logic
      unit that is presently at a 1 state, clears the 1 from the unit so that
      the logic chain must effectively "start over" in looking for the word.
PAR  In addition to the usage of signals on the feature output lines to achieve
      set and reset functions, it is known in the art that timing constraints
      can be judiciously utilized in the sequential logic circuitry. For
      example, a timed self-reset can be built into the individual units so that
      if the next expected "set" feature does not occur within a fraction of a
      second the unit will clear itself. Also, a unit can be designed to require
      that a feature output signal lasts a specified minimum time before a "set"
      is effected.
PAR  As above-stated, the exemplary connections for the command word "zero" were
      merely a simplified illustration of the functioning of a sequential logic
      chain. As an example of the type of practical complications generally
      encountered, consider that the word "zero" is often pronounced as
      /z/.fwdarw./I/.fwdarw./r/.fwdarw./o/, as well as /z
      .fwdarw.i/.fwdarw.r/.fwdarw.o/, where the former prounciation rhymes with
      "feet" and the latter pronunciation rhymes with "fit". To achieve
      recognition of both pronunciations, two feature output lines could be
      coupled to the "set" input of U.sub.2 ; i.e., the feature output lines
      designating /I/ and /i/. In this manner, the occurrence of either of these
      features in the appropriate time in the sequence would result in U.sub.2
      being set.
PAR  In the present invention it is preferable that the recognition criteria of
      the sequential logic chain be met relatively easily since recognized
      "candidates" are "screened" by another portion of the system. Thus, for
      example, common group features can be used to set the various units of the
      sequential logic chain. To illustrate, the phoneme /z/ is a member of the
      set of common group features known as "voiced noise-like consonants"
      ("VNLC"). This set also includes such phonemes as /v/ and /z/. The
      phonemes /I/ and /i/ are members of a group known as "front vowels" ("FV")
      which also includes the phonemes /.epsilon./ and / /. The phoneme /r/ is
      in a common group known as "Vowel-like consonants" ("VLC") which also
      includes the phonemes /w/ and /j/, among others. Finally, the phoneme /o/,
      which is complex in form, can be though of for present purposes as a "back
      vowel" ("BV"), a group which includes such other vowels as /U/ and /u/.
      Thus it is seen that from a standpoint of more broadly defined common
      group features the command word "zero" can be represented by the sequence
      VNLC.fwdarw.FV.fwdarw.VLC.fwdarw.BV. As noted above, the feature
      extraction circuitry 60 is readily designed such that specific feature
      output lines will carry a "high" or logical "1" signal whenever their
      associated common group feature is present in the input speech.
      Accordingly, the "set" inputs of U.sub.1 through U.sub.4 (FIG. 3) can be
      coupled to the feature output lines for the appropriate common group
      features rather than to the feature lines for the specific phonemes /z/,
      /i/, /r/ and /o/ as was previously described and set forth in FIG. 3 for
      illustrative purposes. The appropriate common group feature output line
      connections are indicated in brackets in FIG. 3. Again, it should be noted
      that by applying this more flexible criteria to the sequential logic chain
      the probability of accepting false candidates is increased, but in the
      present system this disadvantage is outweighed by the reduction in the
      probability that the actual command word might be rejected.
PAR  In the present embodiment the output of unit U.sub.1 also serves as the
      line 200A which, it will be recalled, is coupled to the gate 350 (FIG. 1).
      Thus, the occurrence of a "voiced noise-like consonant" will set U.sub.1
      and thereby enable gate 350 to begin loading into the circuitry 70. The
      line 200B, which serves to carry a reset signal (FIG. 1) as previously
      described, is the output of an "OR" gate 210 which receives as its inputs
      the outputs of units U.sub.1, U.sub.2, U.sub.3 and U.sub.4. The output on
      line 200B will therefore normally be a 0 until U.sub.1 is set to 1. At
      that point the output on line 200B will become a 1 and will remain at such
      a state as long as any of the units are at a 1 state. During sequential
      activation of the units by their "set" inputs, at least one of the units
      will always be at a 1 state. However, if a particular unit is reset before
      the next unit in the chain has been set (as would happen, for example, if
      the unit was reset by occurrence of a signal on a feature output line
      coupled to its "reset" input) all inputs to OR gate 210 would be 0
      simultaneously and this would cause a transition in the output of OR gate
      210 from a 1 to a 0. This transition on line 200B is considered a reset
      signal which disables gate 350 and clears the stored contents of circuitry
      70, as was previously described. Stated another way, when the recognition
      criteria of the sequential logic chain has been violated, a reset signal
      on line 200B automatically acts to abort further consideration of
      information that had begun to be loaded into circuitry 70 when U.sub.1 was
      activated.
PAR  FIG. 4 illustrates the operation of processing circuitry 70 by showing the
      type of matrix that results from storing the status of the binary features
      which occur during the command word candidate. In the present embodiment
      thirty one binary feature signals, hereinafter sometimes designated
      f.sub.1 through f.sub.31, are derived on thirty one feature output lines
      60a and continuously indicate the presence or absence of specific
      features. In the example of FIG. 4 it is assumed, for purposes of
      illustration, that the input word had a time duration of 800 milliseconds.
      This means that the resultant matrix has dimensions of 31 .times. 800. In
      other words, it records the presence or absence of each of 31 features
      over 800 sampled "time slots", each time slot being 1 millisecond long. As
      is seen from the representative 1's of the FIGURE (inserted arbitararily
      for illustration), different features occur for varying portions of the
      word duration with a particular feature usually being "on" continuously
      for a number of milliseconds. The absence of a 1 in a matrix position
      inplies a 0 ; i.e., the absence of the feature. The time normalization
      function, performed by circuitry 70, reduces each input word matrix to a
      31 .times. 16 matrix, the time axis being reduced down to 16 normalized
      time slots. The normalization can be performed in a number of ways, one
      technique involving the selection of the normalized time periods which
      include a majority of 1's. The arithmetic process for carrying out this
      technique is quite straightforward, basically involving simple division
      and counting. To illustrate, in the example of FIG. 4 the 800 time slots
      for each feature would be divided into groups of 50 as shown by the
      brackets labeled B.sub.1 through B.sub.16. Each bracket contains 50 time
      slots so, in this example, a particular normalized time slot for a feature
      will be assigned a 1 if the bracket contains at least 26 1's. In FIG. 4,
      the feature f.sub.1 has a majority of 1's in the time included in bracket
      B.sub.16. Therefore, the 16th and last normalized time slot for f.sub.1
      will contain a 1. An entire 31 .times. 16 normalized matrix is formed in
      this manner by examining the count of ones under each of 16 brackets for
      each of the 31 features. In the example given, the overall time is an
      exact multiple of 16, but if this is not the case, any remainder is
      distributed among the brackets in a specified manner. For example, if
      there has been originally 803 time slots (milliseconds), then each of the
      first three brackets would have included 51 milliseconds rather than 50,
      the remainder of the brackets including 50 milliseconds. FIG. 5
      illustrates a typical normalized matrix for a command word candidate with
      the 1's again being shown and 0's being implied by the absence of a 1 at a
      matrix position.
PAR  A detailed description of the operation of suitable processing circuitry
      70, in the form of a properly programmed general purpose computer, is set
      forth in the abovereference copending application Ser. No. 291,051. As
      indicated, a time normalized matrix is formed for the command word
      candidate. Before commencing operation, another time normalized matrix of
      this same type had been stored in the computer, as represented by the
      block 72. This previously stored matrix has members which represent the
      status of feature signals that are expected to occur characteristically
      during the command word and can be formed, for example, during a
      "training" period, as set forth in the referenced copending application.
      The two matrices are then compared to determine the degree of correlation
      therebetween, as discussed above and, again, as described in detail in the
      reference copending application. It should be emphasized, however, that
      the present invention is applicable to any processing circuitry 70 which
      can compare the feature signals that occurred during the specified
      interval with a stored set of expected features, so the invention is not
      limited to any particular processing circuitry 70.
PAR  It will be appreciated that the system of the type disclosed FIG. 1 can be
      extended to have the capability of recognizing more than one command word
      from among continuous speech; i.e., the system can be configured to have a
      multiple word vocabulary. The easiest configuration to visualize would
      have a single feature extraction means 10 which would feed in parallel
      into a number of modules, each module comprising the remainder of the
      blocks shown in FIG. 1 and each module being used to recognize a single
      predetermined vocabulary word from among the system's vocabulary.
      Specifically each module could comprise sequential logic circuitry 200, a
      buffer register 300, a gate 350, delay means 400 and processing circuitry
      70. Operation of each module would be as described in conjunction with
      FIG. 1. While being easy to visualize, such a system would be expensive,
      the major reason being a duplication of the processing circuitry 70. As
      previously described, the functions of the processing circuitry can be
      performed using a general purpose minicomputer. Even in a system having a
      substantial vocabulary, command word candidates would arise in ordinary
      speech at a rate that would be within the processing capabilities of
      commercial minicomputers. Stated another way, the functions of matrix
      formation (block 71) and matrix comparison (block 73) are relatively fast
      compared to the rate of ordinary speech, so a single computer could
      readily perform these functions for command word candidates arising from a
      system having a multiple word vocabulary. This would appear to suggest
      that a single minicomputer could be successfully employed in the proposed
      multiple word vocabulary system. However, before this can be done the
      problem of storage capacity must be treated. It will be recalled from FIG.
      1 that a signal on line 200A (typically, caused by occurrence of the first
      general feature of the command word) enables the gate 350 to begin loading
      into circuitry 70 (i.e., into the minicomputer memory, for present
      purposes). In most instances the reset signal 200B will occur thereafter,
      as will happen whenever the subsequent recognition criteria of the
      sequential logic chain is not met. In the embodiment of FIG. 1, the
      occurrence of the reset signal clears the feature status signals that had
      been stored, up to that point, in the minicomputer memory. In a system
      having a multiple word vocabulary, however, it would appear necessary to
      store the features associated with each individual vocabulary word from
      the time that a load signal on line 200A is first generated for that
      individual vocabulary word; i.e., from the time that the initial feature
      of the individual word is uttered. Conceivably, a number of the system's
      vocabulary words could be simultaneously "loading" memory, so appropriate
      provision should ideally be made to accomodate the system's needs without
      providing undue memory capacity. FIG. 6 illustrates a type of system that
      can be employed for multiple vocabulary word recognition.
PAR  In the embodiment of FIG. 6 there are provided a plurality of modules, one
      module for each of the vocabulary words of the system. Each module
      comprises sequential logic circuitry 200 in conjunction with count storage
      registers 221 and 222 and comparators 223 and 224. Only two modules are
      shown in the figure, but operation will be seen to apply to systems having
      additional modules as required by the desired vocabulary capacity. The
      sequential logic circuitry 200 of each module is coupled to the feature
      lines 60a from the feature extraction means. As described in conjunction
      with FIG. 3, the connections to the "set" and "reset" inputs of the logic
      units in each particular sequential logic circuitry will be determined a
      priori by the command word which is to be associated with that particular
      sequential logic circuitry. The thirty-one feature lines are also coupled
      to the thirty-one first stages of a 2048 .times. 31 shift register which
      is designated as a "feature memory" 225. This register has 31 levels and
      2048 stages and is clocked by the system's basic 1 KHz clock, so each of
      the thirty-one digital features of the input speech propagates through the
      memory 225 in 2048 milliseconds. The thirty-one outputs of memory 225 are
      coupled, via gate 235, to processing circuitry 70 which operates in the
      manner of the processing circuitry of FIG. 1. Also provided is a "main
      counter" 245 which is an eleven bit binary counter that is stepped at a 1
      KHz rate by the system's basic clock. This counter counts to 2047
      (11111111111 in binary form) and is reset to zero (00000000000 in binary
      form) to begin recounting once every 2048 milliseconds. Thus, a full cycle
      of the counter 245 corresponds to the propagation cycle through the
      feature memory 225. In other words, when a particular set of thirty-one
      feature signals is entering the memory 225 the main counter 245 will be at
      some given count, and it follows that when the same set of feature signals
      is leaving the final stage of memory 225 the counter will have recycled to
      the same given count. A maximum command word duration of about two seconds
      is assumed.
PAR  The system of FIG. 6 operates by recording the reference time of occurrence
      (as measured by counter 245) of the beginning and end of any command word
      candidate. While this is being done, the feature signals (as determined by
      input spoken speech) are being stored in the feature memory 225. When the
      stored feature signals are subsequently clocked out of memory 225, the
      recorded times are used to control the loading of feature signals into the
      processing circuitry 70, the loading being controlled by enabling and
      disabling of gate 235. In this manner, only the features of the command
      word candidate which occurred during activation of its associated
      sequential logic circuitry are loaded into the processing circuitry 70. In
      the common instance where the initial criteria of a sequential logic chain
      is met (as would activate line 200A in FIG. 1), and then a reset signal
      subsequently occurs (as would activate line 200B in FIG. 1), no loading
      into processing circuitry 70 would be effected.
PAR  In accordance with the operation of the embodiment of FIG. 6, and referring
      generally to any one of the plurality of modules of which two are shown,
      the eleven bit count of main counter 245 is made continuously available to
      a pair of eleven bit count storage registers 221 and 222 and to a pair of
      eleven bit comparators 223 and 224. The count storage register 221 is
      enabled to store the current count upon the occurrence of a signal on line
      200A. (If a signal occurs on line 200B, the stored count is cleared from
      221.) The count stored in register 221 is available as another input to
      comparator 223. Upon occurrence of a signal on line 200C, the comparator
      223 is enabled to generate an output signal on a line 223A when the count
      in main counter 245 next corresponds to the count stored in register 221.
      The signal on line 223A clears the register 221 and is one input to an OR
      gate 227 which receives its other inputs the signals on the lines 223A
      from all other modules. The output of OR gate 227 enables the gate 235.
      The signal on line 200C also enables register 222 to store the current
      count and enables the comparator 224. This stored count is then made
      abailable to comparator 224 which generates an output on line 224A when
      the count in the main counter 245 next corresponds to the count stored in
      register 222. The signal on line 224A clears register 222 and is one input
      to an OR gate 228 which receives as its other inputs the signals on the
      lines 224A from all other modules. The output of OR gate 228 disables the
      gate 235. The signal on line 224A is also coupled to processing circuitry
      70 to indicate which of the command word candidates is being loaded into
      the processing circuitry so that the appropriate one of the stored
      matrices is selected for comparison with the loaded command word candidate
      data.
PAR  Operation of the system of FIG. 6 can be understood by assuming that the
      initial feature of a command word candidate is sensed, at a time t.sub.1,
      by the sequential logic circuitry of the module associated with that
      particular command word. As previously described, this will cause
      generation of a signal on line 200A which, in trun, will cause the current
      count in main counter 245 to be stored in register 221. Assume, for
      convenience, that the current count in main counter 245 at time t.sub.1 is
      0. (Decimal counts will be used for brevity, but actual counts are all in
      eleven bit binary form in this embodiment.) This means that a count of 0
      will be stored in register 200A. Assume further that the subsequent
      recognition criteria of the sequential logic circuitry under consideration
      is satisfied by the received speech and that a signal is generated on line
      200C 1200 milliseconds later. The signal on line 200C will cause the
      latest count in main counter 245, that is a count of 1200, to be stored in
      register 222 and will also enable comparator 223 to begin looking for
      coincidence between 0 (stored in register 221) and the main count.
      Reviewing operation up to this point, the effective times of the initial
      and end features of the command word candidate have been stored in
      registers 221 and 222, respectively, and the comparators 223 and 224 have
      each been enabled. The features which occurred in the input speech during
      this time have propagated through and occupy the first 1200 stages of the
      feature memory shift register 225. Continuing with operation, the
      comparator 223 will now be dormant until the main counter has recycled to
      a count of 0. By this time the feature signals which had entered shift
      register 225 at the previous main count of 0 will have reached the last
      stage of register 225 since, as previously noted, the full cycle times of
      the main counter 245 and shift register 225 are both 2048 milliseconds.
      Thus, at the new main count of 0 the comparator 223 will generate a signal
      on line 223A which will enable gate 235 (via OR gate 227) to allow loading
      of processing circuitry 70, and the first feature signals loaded will be
      those which had entered the shift register 225 at the previous main count
      of 0. Loading of the processing circuitry 70 with the features of the
      command word candidate will continue until the main count becomes 1200 at
      which time the comparator 224 will generate a signal on line 224A which
      will, in turn, disable gate 235 (via OR gate 228) and end the loading of
      the processing circuitry 70. By this time, the feature signals which had
      entered the shift register 225 at the previous main count of 1200 will
      have reached the last stage of register 225 and be the last signals loaded
      into the processing circuitry 70. The output of OR gate 228 also serves as
      a "finalize" signal, as in FIG. 1, for the processing circuitry 70.
PAR  The foregoing example assumed that no reset signal on line 200B had
      intervened and cleared the count stored in register 221. In such event, no
      loading of the processing circuitry 70 would have been effected by the
      module in question. It should also be noted that the operation of the
      modules is independent and non-interfering, so long as the recognition
      criteria for command word candidates are mutually exclusive. When the
      feature signals of the command word candidate have been loaded into
      processing circuitry 70, a time normalized matrix is formed and compared
      with the appropriate stored matrix as previously disclosed.
PAR  It will be appreciated that the embodiment of FIG. 6 can be modified in the
      manner of the FIG. 1 embodiment to provide for loading of some features
      which occur slightly before the occurrence of a "start" signal on line
      200A and slightly after the occurrence of an "end" signal on line 200C.
      This can readily be done, for example, by modifying comparison criteria of
      comparators 223 and 224 to provide for "early" and "late" generation of
      the signals 223A and 224A, respectively. Also, while a shift register type
      of feature memory 225 is set forth in FIG. 6, those skilled in the art
      will recognize that other types of memories, for example a random access
      memory (RAM) could be employed. If a RAM were used, the main counter could
      be utilized to provide addresses for features stored in the memory 225 and
      then the counts stored in counters 221 and 222 would effect the readout of
      the features stored at the appropriate addresses. An advantage of such a
      system would be that readout from memory could be almost instantaneous and
      the response delays introduced by feature memory 225 of FIG. 6 (about two
      seconds) would thereby by virtually eliminated. Also, the stated RAM
      storage function might be handled by the computer comprising circuitry 70,
      depending on the capabilities of the computer being utilized.
PAR  Further possible modifications within the spirit and scope of the invention
      will also be evident to those skilled in the art. For example, while the
      description of FIG. 3 deals with sequential logic that is "hard-wired"
      beforehand to the feature extraction means 60, a programmable sequential
      logic of the type set forth in the abovereferenced copending application
      Ser. No. 264,232 could be employed.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for recognizing the occurrence of a command word from among
      input speech that may be of continuous form, comprising:
PA1  a. means for generating feature signals which depend on the features of an
      input word being spoken;
PA1  b. means for sequentially processing the feature signals to determine the
      time interval of occurrence of a predetermined sequence of features; and
PA1  c. means for comparing the feature signals which occur during said time
      interval with a stored set of features that are expected to occur
      characteristically during the command word to determine the degree of
      correlation therebetween.
NUM  2.
PAR  2. Apparatus for recognizing the occurrence of a command word from among
      input speech that may be continuous in form, comprising:
PA1  a. feature extraction means for processing the input received speech and
      generating feature output signals on particular ones of a number of
      feature output lines, the particular ones depending on the features
      present in an input word being spoken;
PA1  b. a sequential logic chain which includes a plurality of logic units
      having logic input terminals, the logic units being sequentially activated
      by the presence of signals on logic input terminals;
PA1  c. means for coupling selected ones of the feature output lines to the
      logic input terminals, the coupling selections depending on the
      characteristic features expected in the command word;
PA1  d. means for storing, as a time dependent matrix, the status of the feature
      signals which are expected to occur characteristically during the command
      word;
PA1  e. means for forming a time dependent matrix whose members reflect the
      status of feature signals that occur during a time interval determined by
      activation of said sequential logic chain; and
PA1  f. means for comparing the formed matrix with the stored matrix to
      determine the degree of correlation therebetween.
NUM  3.
PAR  3. A method of recognizing the occurrence of a command word from among
      received speech that may be of continuous form, comprising the steps of:
PA1  a. generating feature signals which depend on the characteristic features
      of a word being spoken;
PA1  b. sequentially processing the feature signals to determine the time
      interval of occurrence of a predetermined sequence of features; and
PA1  c. comparing the feature signals which occur during said time interval with
      a stored set of features that are expected to occur during the command
      word to determine the degree of correlation therebetween.
NUM  4.
PAR  4. Apparatus for recognizing the occurrence of a plurality of preselected
      command words from among input speech that may be continuous in form,
      comprising:
PA1  a. means for generating feature signals which depend on the characteristic
      features of a word being spoken;
PA1  b. a plurality of sequential logic circuits, each of which corresponds to a
      different one of the preselected command words and processes the feature
      signals to determine the time interval of occurrence of the predetermined
      sequence of features associated with its characteristic command word;
PA1  c. means for storing a set of features for each preselected command word,
      each set containing those features that are expected to occur during the
      set's associated command word; and
PA1  d. means for comparing the feature signals which occur during the time
      interval measured by a particular one of the sequential logic circuits
      with the stored set of features for the command word corresponding to the
      particular sequential logic circuit.
NUM  5.
PAR  5. Apparatus for recognizing the occurrence of a plurality of preselected
      command words from among input speech that may be continuous in form,
      comprising:
PA1  a. feature extraction means for processing the input speech and generating
      feature output signals on particular ones of a number of feature output
      lines, the particular ones depending on the features present in an input
      word being spoken;
PA1  b. a plurality of sequential logic chains, each of which corresponds to a
      different one of the preselected command words and each of which includes
      a plurality of logic units having logic input terminals, the logic units
      being sequentially activated by the presence of signals on logic input
      terminals;
PA1  c. means for coupling selected ones of the feature output lines to the
      logic input terminals, the coupling selections for each logic chain
      depending on the characteristic features expected in its corresponding
      command word;
PA1  d. means for storing, as time dependent matrices, the status of feature
      signals which are expected to occur characteristically during each command
      word;
PA1  e. means for forming a time dependent matrix whose members reflect the
      status of feature signals that occur during the time corresponding to
      activation of a particular one of said sequential logic chains; and
PA1  f. means for comparing the formed matrix with the stored matrix for the
      particular command word to determine the degree of correlation
      therebetween.
NUM  6.
PAR  6. Apparatus as defined by claim 5 further comprising feature memory means
      for storing the feature output signals from said feature extraction means
      during operation of said sequential chains and for selectively reading out
      the feature signals which occurred during activation of a particular
      sequential logic chain.
NUM  7.
PAR  7. Apparatus as defined by claim 6 further comprising means for recording
      the active time each sequential logic chain and for controlling readout of
      said feature memory means in accordance with said active time.
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PAL  In pulse amplitude modulated time division switching systems, noise and
      crosstalk often result because the time division switches used to connect
      individual channels to a common bus are not perfect open circuits when
      they are in the off-state. The switches in the off-state possess a small
      parasitic capacitance which couples energy on the common bus to the
      channel resulting in a noise signal during time slots which are not
      associated with the channel. A method is disclosed for substantially
      reducing crosstalk and noise induced by stray capacitances without
      increasing the complexity of the time division switch. Each pulse on the
      common bus is converted into a bipolar pulse in which positive and
      negative portions have equal average values. In addition, the timing of
      each of the time division switches is modified to extract the desired
      signal by sampling the first portion of the bipolar pulse in the
      appropriate time slot for that channel, and rejecting the second portion
      of the bipolar pulse. The noise energy which is coupled from the common
      bus to the channel by stray switch capacitance during other time slots
      remains essentially bipolar in form and tends to cancel itself. The noise
      power at low frequencies is therefore substantially reduced. Apparatus is
      also disclosed for converting pulses on the common bus into the bipolar
      format required by the invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the reduction of noise and crosstalk in time
      division switching systems and in particular, the reduction of noise and
      crosstalk in pulse amplitude modulated time division switching systems.
PAR  Time division switching systems are typically arranged so that a plurality
      of station sets can be connected in pairs via a common bus or highway.
      This is accomplished by connecting each station to the common bus by a
      time division switch that is controlled by a master time-slot control
      circuit. When a communication channel is set up between stations, the
      master time-slot control circuit assigns a time slot to the connection and
      during that time slot the two stations involved are coupled to the common
      bus by the time division switches. At the end of the time slot, the
      switches are disabled to uncouple the stations from the common bus and
      another pair of switches are enabled to provide another communication path
      through the system between another pair of stations. In this manner, many
      communications connections may be set up through the system sequentially.
PAR  However, noise and crosstalk are produced in switching systems due to
      non-ideal characteristics of the time division switches. In particular,
      many switching systems utilize transistor switches in order to couple and
      uncouple the communication stations from the common bus. These transistor
      switches present a finite capacitance across the transistor due to leakage
      and packaging capacitances even when the transistor is in the off-state.
      Consequently, a particular communications channel is coupled to the common
      bus by the leakage capacitances even when its transistor switch is off and
      energy which is present on the common bus due to other communications
      connections is therefore introduced into the channel. Certain arrangements
      of time division switches have been developed which tend to minimize this
      coupling effect. However, these arrangements tend to be complicated and
      expensive.
PAR  Therefore, there appears to be a need for a method of reducing crosstalk
      and noise signals which result from time division switch stray
      capacitances. Accordingly, it is an object of the present invention to
      provide such a method which substantially reduces noise and crosstalk in a
      pulse amplitude modulated time division switching system.
PAR  It is a further object of the present invention to reduce noise and
      crosstalk without requiring substantial modifications in the time division
      switch.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects are achieved in accordance with the
      principles of the present invention in an illustrative embodiment thereof
      wherein a time division switching system is modified in order to make each
      pulse on the common bus into a bipolar pulse having equal average values
      in the positive and negative parts. In addition, the operation of each
      time division switch is modified so that the switch passes only the one
      portion of the pulse in the time slot associated with the channel while
      blocking the other portion of the bipolar pulse and all other pulses.
PAR  Specifically, a pulse splitter is inserted between the input and output
      sides of the common bus. The pulse splitter consists of two diode switches
      which are under control of the master time slot control circuit. The two
      diode switches control two parallel paths through the pulse splitter in
      which paths are inserted amplifiers and inverters. The master time slot
      control circuit operates the diode switches in sequential order to produce
      a bipolar output. The master time slot control circuit is also modified to
      control each time division switch to allow only one portion of the bipolar
      pulse associated with the channel to pass while blocking all other
      portions. Consequently, the desired signal is coupled to the station, but
      any noise signals which are coupled to the station circuit because of
      stray capacitances in the time division switch are bipolar in form and,
      therefore, tend to cancel.
PAR  The method of the invention is also applicable to those time division
      switching systems in which information pulses on the common bus are
      already bipolar in form with equal average values in the positive and
      negative portions. In these systems, the time division switches are
      advantageously controlled, according to the principles of the invention,
      to connect stations to the common bus and allow only one portion of the
      bipolar pulse to reach the receiving apparatus while disconnecting the
      station from the bus to prevent the other portion from reaching the
      receiving apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 of the drawing discloses a specific embodiment of my invention as
      incorporated into a pulse amplitude modulated time division switch system
      of the type described in U.S. Pat. No. 3,787,631 issued to T. G. Lewis on
      Jan. 22, 1974, in order to provide reduced noise and crosstalk operation.
PAR  FIG. 2 of the drawing shows a plurality of signal waveforms at different
      points in the circuit of FIG. 1 during a number of time slots.
PAR  FIG. 3 shows an expanded portion of the time axis in FIG. 2 during each
      time slot.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 of the drawing shows a time division switching system as described
      in the aforementioned Lewis patent. As shown in FIG. 1, telephone station
      sets, such as station sets 1 and 29, may be coupled to input bus 12 and
      return bus 10 by means of line circuits 3 and 4, respectively. Line
      circuits 3 and 4 contain equivalent circuitry, however, for clarity, the
      detailed circuit in line circuit 4 has been omitted.
PAR  In particular, voice signals developed by station set 1 are transmitted to
      hybrid circuit 5A and differential amplifier 5B in line circuit 3 via line
      2. Hybrid circuit 5A and differential amplifier 5B process the voice
      signals into a form suitable for transmission on input bus 12 and return
      bus 10, which signals are stored on capacitor 6. During an appropriate
      time slot, line circuit 3 is coupled to input bus 12 by means of time
      division switch 8 which is controlled by time slot timing control circuit
      11 via lead A and resistor R3. Line circuit 3 can therefore pass
      information stored on capacitor 6 to input bus 12 when time division
      switch 8 is energized. During the same time slot, timing control circuit
      11 also energizes time division switch 9 in line circuit 3 to couple
      return bus 10 to capacitor 7 so that information on return bus 10 may be
      transferred to capacitor 7. Information signals on capacitor 7 produce a
      voice signal in station set 1 after processing by hybrid circuit 5A and
      differential amplifier 5B. In order to set up a communications connection
      between two stations, such as station set 1 and station set 29, time slot
      timing control circuit 11 energizes the time division switches such as
      switches 8 and 9 in line circuit 3 and equivalent switches (not shown) in
      line circuit 4. Line circuits 3 and 4 are thus coupled to input bus 12 and
      return bus 10 and can pass information between each other. These
      operations and the operation of time slot control circuit 11 are described
      in detail in the aforementioned Lewis patent.
PAR  The time division switching circuit shown in FIG. 1 has been modified in
      accordance with the principles of my invention by the addition of pulse
      splitter 28 between input bus 12 and return bus 10. Pulse splitter 28
      converts each pulse on input bus 12 into a bipolar format in which the two
      portions of the pulse have equal average values but are opposite in
      polarity.
PAR  The operation of pulse splitter 28 and the timing of the time division
      switching system shown in FIG. 1 is best understood by referring to FIG. 2
      in conjunction with FIG. 1. FIG. 2 shows a plurality of signal waveforms
      as a function of time for each time slot. For example, the first set of
      voltage waveforms labeled V.sub.A refers to the voltage appearing on lead
      A in FIG. 1 as a function of time. The current waveform labeled I.sub.12
      in FIG. 2 refers to the current signals appearing on input bus 12 in FIG.
      1. In a like manner, the other signal waveforms in FIG. 2 are associated
      with the signals appearing on leads shown in FIG. 1. For clarity, the
      signal waveforms shown in FIG. 2 are idealized, that is, the effects of
      stray capacitances and inductances on the signal busses which would
      distort the waveforms are ignored. The effects of these parasitics are
      well known.
PAR  The time scale in FIG. 2 has been broken up into time slots in order to
      facilitate explanation of the invention. The time in each time slot in
      FIG. 2 is divided as shown in FIG. 3. For example, an arbitrary time slot
      such as time slot n shown in FIG. 3 is divided into two main intervals;
      the signal portion and the guard portion. Signals which are transmitted
      through the time division switching system of FIG. 1 are carried in the
      signal portion of FIG. 3. No signals are carried in the guard portion of
      the time slot which is used to prevent interference between signals
      carried in adjacent time slots and to allow the switching circuitry to
      settle down in preparation for the transmission of information in a
      succeeding time slot. Also, as shown in FIG. 3, the signal portion of each
      time slot is further broken down into three portions. The first portion is
      the main signal portion which is used to transmit the first part of a
      bipolar pulse as will be hereinafter described. The main signal portion is
      followed by an echo guard interval in which no signals are transmitted.
      The echo guard interval performs a similar function to the main guard
      interval in that it allows the switching circuitry to settle down prior to
      transmitting succeeding information. The echo guard interval is followed
      by an interval for transmitting the inverted echo portion of the bipolar
      pulse. As shown in FIG. 3, the length of the main signal portion and the
      inverted echo portion need not be equal. For example, if the main signal
      portion is of length .tau., the inverted echo length may be .tau./k where
      k is any number. Advantageously all that is required for my invention to
      operate is that the average value of the main signal and the echo signal
      be equal. Thus, if the main signal length is .tau. and the main signal
      amplitude is A and if the echo signal length is .tau./k then the echo
      signal amplitude must be kA.
PAR  Referring back now to FIG. 2, the time axis has been divided into intervals
      corresponding to time slots. In addition, each interval has been further
      subdivided into intervals similar to those shown in FIG. 3.
PAR  Assume for the purposes of explanation that stations 1 and 29 shown in FIG.
      1 desire to communicate with each other and assume further that time slot
      timing control circuit 11 has assigned time slot 1 to the connection
      between stations 1 and 29. Therefore, during time slot 1, timing control
      circuit 11 places a high signal on lead A as shown in FIG. 2 (V.sub.A).
      The high signal on lead A turns on transistors 8A and 8B in time division
      switch 8, coupling capacitor 6 to input bus 12. Timing control circuit 11
      also couples line circuit 4 to input bus 12 in a similar manner. Assume
      that station 1 is not transmitting a signal during time slot 1 and
      therefore no signal appears on capacitor 6 and lead 6A as shown in FIG. 2
      (V.sub.6A). However, assume that station 29 is transmitting a signal
      during time slot 1 so that signal current is injected through resistor R4
      onto input bus 12 during time slot 1, as shown in FIG. 2. The signal
      current appearing on input bus 12 in FIG. 1 is forwarded by summing
      amplifier 13 to the inputs of amplifiers 14 and 15. Amplifier 14 is a
      buffer amplifier with a gain of 1, therefore the signal appearing at its
      input is forwarded without an amplitude change to diode bridge 20.
      Amplifier 15, however, has a gain of k and, in addition, is connected in
      series with inverter 21. Therefore, an inverted signal with an amplitude
      of k times the signal appearing at the input of amplifier 15 appears at
      diode gate 22. The operation of diode gates 20 and 22 is well known and is
      controlled by transistors 16 and 23, and 17 and 24, respectively.
      Transistors 17 and 23 are controlled by timing control circuit 11 to
      operate diode bridges 20 and 22 to produce a bipolar signal at the input
      of buffer amplifier 27. In particular, during the main signal interval of
      time slot 1, timing control circuit 11 grounds lead C as shown in FIG. 2
      (V.sub.C). This signal causes transistor 23 in FIG. 1 to turn on in turn
      causing current to flow in a circuit consisting of 20 volt source 18,
      resistor 19, transistor 16, the four diodes in diode bridge 20, transistor
      23, resistor 26 and negative 20 volt source 25. As is well known, the
      current flowing through the diodes in diode bridge 20 causes the diodes to
      become forward biased. Therefore, signals appearing at the output of
      amplifier 14 are coupled through diode bridge 20 to the input of buffer
      amplifier 27. Buffer amplifier 27 has a gain of 1 and thus the signals are
      repeated on return bus 10. Therefore, during the main signal interval of
      time slot 1, the signal appearing on input bus 12 is forwarded via summing
      amplifier 13, buffer amplifier 14, enabled diode bridge 20 and buffer
      amplifier 27 to return bus 10 as shown in FIG. 2 (V.sub.10). However,
      during the echo guard interval in time slot 1, timing control circuit 11
      places a negative 20 volt signal on lead C. This signal causes transistor
      23 to turn off, thus stopping current flow through diode bridge 20. When
      the current flow through diode bridge 20 ceases, the four diodes become
      back biased-effectively isolating the output of amplifier 14 from the
      input of buffer amplifier 27. The signal on return bus 10 is removed as
      shown in FIG. 2.
PAR  Subsequently, during the echo interval of time slot 1, timing control
      circuit 11 grounds lead D turning on transistor 17 in FIG. 1. Turned-on
      transistor 17 allows current to flow in the circuit consisting of 20 volt
      source 18, resistor 19, transistor 17, the four diodes in diode bridge 22,
      transistor 24, resistor 26 and negative 20 volt source 25. This current
      flow enables diode bridge 22 which thereupon couples the amplified and
      inverted signal appearing at the output of inverter 21 to the input of
      buffer amplifier 27 and return bus 10. Therefore, an inverted amplified
      signal appears on return bus 10 during the echo interval as shown in time
      slot 1 of FIG. 2 (V.sub.10). During the guard interval of time slot 1,
      timing control circuit 11 applies a negative 20 volt signal to lead C and
      a positive 20 volt signal to lead D, thus turning off transistors 23 and
      17. Diode bridges 20 and 22 are thus disabled and input bus 12 is
      effectively disconnected from return bus 10. Therefore, no signal appears
      on return bus 10 as shown in FIG. 2.
PAR  In order for line circuit 3 and station 1 to receive signals from line
      circuit 4 and station 29, timing control circuit 11 applies a high signal
      to lead B enabling transistors 9A and 9B in time division switch 9, to
      couple return bus 10 to capacitor 7 via lead 7A. During the normal
      operation of a time division switching system such as described in the
      above-mentioned Lewis patent, time division switch 9 would be enabled
      during the entire signal portion (FIG. 3) of each time slot. However, in
      accordance with the principles of my invention and as shown in FIG. 2
      (V.sub.B), the high signal on lead B is only provided during the main
      signal portion of time slot 1. During the remainder of time slot 1, a low
      signal is provided on lead B causing transistor 9A and 9B in FIG. 1 to
      turn off. In the main signal portion of time slot 1, when time division
      switch 9 is enabled, the voltage on lead 7A is the same as the voltage on
      the return bus 10 (neglecting charging resistances in time division switch
      9). However, during the echo portion of time slot 1, time division switch
      9 is open so that voltages appearing on lead 7A are due solely to stray
      capacitances associated with transistors 9A and 9B in time division switch
      9. The voltage which is coupled from return bus 10 to lead 7A is not
      equivalent to the voltage on return bus 10 but much reduced in amplitude
      as shown in FIG. 2 (V.sub.7A).
PAR  When the current waveform in time slot 1 on lead 7A (I.sub.7A) is
      integrated by capacitor 7 for the sampling period which corresponds to the
      length of time between two time slots with the same number (such as time
      slots 1), the resultant voltage will approximately be the difference in
      signal level present in the positive and negative portions of the pulse.
      These values are not equal since time division switch 9 was enabled during
      the main signal portion of time slot 1 but disabled during the echo
      portion. Therefore, a net signal is forwarded to differential amplifier 5B
      and hybrid circuit 5A to be processed into voice signals suitable for
      reception by station set 1.
PAR  However, crosstalk noise which feeds through the collector-emitter
      capacitances in transistors 9A and 9B in other time slots will have the
      same signal level present in the positive and negative portions because
      time division switch 9 is in the off-state during the entire time slot.
      For example, assume timing control circuit 11 has assigned time slot 2 to
      a different pair of stations other than stations 1 and 29. In this case,
      timing control circuit 11 applies a low signal to leads A and B to
      uncouple line circuit 3 from input bus 12 and return bus 10. Line circuit
      4 is uncoupled in a similar manner by timing control circuit 11. Assume
      that a signal is present on input bus 12 from another line circuit (not
      shown) as shown in FIG. 2 (I.sub.12). This signal is converted into a
      bipolar form by pulse splitter 28 as previously described and as shown in
      FIG. 2 (V.sub.10). This signal appearing on return bus 10 is again coupled
      to lead 7A and capacitor 7 in line circuit 3 by leakage capacitances in
      transistors 9A and 9B in time division switch 9. Since line circuits 3 and
      4 are not communicating during time slot 2, this signal energy amounts to
      crosstalk from one signal channel to another. However, since time division
      switch 9 is disabled during both the main signal intervals and the echo
      signal intervals in time slot 2, a much reduced version of the signal on
      return bus 10 appears on lead 7A, but the positive and negative portions
      of the pulse still have equal average values. Therefore, when the signal
      is integrated by capacitor 7 in line circuit 3, the positive and negative
      portions place equal amounts of charge onto capacitor 7 and tend to
      cancel, greatly reducing crosstalk noise. As shown in FIG. 2 (V.sub.7A)
      the noise energy which feeds through leakage capacitances in time division
      switch 9 produces a small error when the first portion of the noise pulse
      is coupled to lead 7A. This error is removed or compensated when the
      second portion of the bipolar noise pulse reaches lead 7A. Thus, the error
      is not cummulative. The compensating portion of the bipolar pulse need not
      follow immediately after the first portion as is shown in the illustrative
      embodiment but may come later in the same time slot or even in a different
      time slot as long as it occurs in the sampling interval before the same
      time slot occurs again.
PAR  It is to be understood that the methods shown for reducing crosstalk and
      noise are applicable to all types of pulse amplitude modulated systems and
      that the application to the particular time division switching system
      disclosed was merely for purposes of explanation. In addition, it is
      within the scope of my invention to devise other ratios between the
      positive and negative portions of the bipolar pulses than those which have
      been disclosed. Other timing arrangements may be designed within the scope
      and spirit of my invention; for example, the echo signal portion of the
      bipolar pulse pair may precede the main signal portion. Also, the timing
      of time division switch 9 may be modified without departing from the
      spirit of my invention. For example, the timing waveform used to control
      time division switch 9 (V.sub.B) may be the same as that used to control
      time division switch 8 if the signals on input bus 12 are stored and
      delayed by pulse splitter 28.
PAR  In another embodiment, using the principles of my invention, time division
      switch 9 is turned on to couple bipolar pulse signals on return bus 10 to
      line circuit 3 during all time slots. However, during the time slot
      containing the speech signals for station set 1, time division switch 9,
      is turned off during the echo signal portion of the time slot. In time
      slots which are not associated with station set 1, the positive and
      negative portions of bipolar pulses on return bus 10 have equal average
      values and thus tend to cancel. During the time slot associated with
      station set 1, the average values of the positive and negative portions
      are not equal since time division switch 9 is turned off during one
      portion, thus a net signal is derived.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pulse amplitude modulated time division switching system comprising a
      plurality of sources of low frequency information, a sampling bus, means
      for applying pulses modulated by said information sources to said bus in a
      repetitive multiplexed sequence, said applying means including means for
      generating for each information modulated pulse a pair of pulses, each
      pulse of said pulse pair having an equal average value but being opposite
      in polarity, a plurality of outputs, means for repetitively connecting
      said outputs to said sampling bus so that each of said outputs receives
      pulses from one of said information sources, said connecting means
      including means for connecting said outputs to receive the first pulse of
      said pulse pair, but to block the second pulse of said pulse pair, and
      means for integrating the received pulses to recover said low frequency
      information.
NUM  2.
PAR  2. A switching system according to claim 1 wherein said generating means
      further comprises means for generating the first pulse of said pulse pair
      with the same polarity and an amplitude proportional to the amplitude of
      said information modulated pulse and means for generating the second pulse
      of said pulse pair with an opposite polarity as said information modulated
      pulse.
NUM  3.
PAR  3. A switching system according to claim 2 wherein said means for
      generating the first pulse of said pulse pair and said means for
      generating the second pulse of said pulse pair are connected in parallel
      and wherein said applying means further comprises timing means for
      sequentially controlling said first pulse generating means and said second
      pulse generating means to generate said bipolar pulse pair.
NUM  4.
PAR  4. A method for increasing the signal to noise ratio in a time division
      switching network having a plurality of sources of low frequency
      information, a sampling bus having pulses modulated by said information
      sources impressed thereon in a repetitive multiplexed sequence, a
      plurality of outputs, means for repetitively connecting said outputs to
      said sampling bus so that each of said outputs receives pulses from one of
      said information sources, and means for integrating the received pulses to
      recover said low frequency information, said method comprising the steps
      of,
PA1  a. converting each of said information modulated pulses to a pair of
      pulses, each pulse of said pulse pair having a substantially equal average
      value, but being opposite in polarity, and
PA1  b. controlling said connecting means to connect said outputs to receive the
      one pulse of said pulse pair, but to block the other pulse of said pulse
      pair.
NUM  5.
PAR  5. An arrangement for increasing the signal to noise ratio in a time
      division switching network having a plurality of sources of low frequency
      information, a sampling bus having pulses modulated by said information
      sources impressed thereon in a repetitive multiplexed sequence, a
      plurality of outputs, means for repetitively connecting said outputs to
      said sampling bus so that each of said outputs receives pulses from one of
      said information sources and means for integrating the received pulses to
      recover said low frequency information, said arrangement comprising,
PA1  means for converting each of said information modulated pulses to a pair of
      pulses, each pulse of said pulse pair having a substantially equal average
      value, but being opposite in polarity, and
PA1  means for controlling said connecting means to connect said outputs to
      receive one pulse of said pulse pair, but to block the other pulse of said
      pulse pair.
NUM  6.
PAR  6. An arrangement according to claim 5 wherein said converting means
      further comprises two switchable channels connected in parallel to said
      sampling bus for processing said information modulated pulses, one of said
      switchable channels inverting information pulses passing therethrough.
NUM  7.
PAR  7. In a switching system having a plurality of communications stations each
      having means for generating amplitude modulated pulses, a common
      communications bus having an input and an output, means for connecting
      said stations in pairs in a time slot associated with said pair to said
      input and said output of said bus for allowing said amplitude modulated
      pulses to pass between said stations, an improvement for reducing noise
      and crosstalk comprising
PA1  means inserted between said input and said output of said bus for
      converting said amplitude modulated pulses appearing on said input of said
      bus into two pulses having equal average values, but being opposite in
      polarity, and
PA1  means for controlling said connecting means to pass the one of said two
      pulses in said time slot associated with said station pair to said
      associated station, but to block the other pulse of said two pulses in
      said time slot associated with said pair.
NUM  8.
PAR  8. A method for reducing crosstalk and noise in a switching system wherein
      pairs of stations are sequentially connected in pairs of a common bus in
      an associated time slot to transfer information by means of amplitude
      modulated pulses, said method comprising the steps of
PA1  a. converting each of said amplitude modulated pulses to a pair of pulses,
      each pulse of said pair of pulses having equal average values, but being
      opposite in polarity,
PA1  b. connecting said pairs of stations to said common bus to receive said
      amplitude modulated pulse pairs present on said bus during substantially
      all time slots,
PA1  c. disconnecting said pairs of stations from said common bus during part of
      said associated time slot so that one of said pair of amplitude modulated
      pulses is received and the other of said pair of amplitude modulated
      pulses is not received,
PA1  d. integrating said received amplitude modulated pulses to extract
      information therefrom.
NUM  9.
PAR  9. An arrangement for reducing crosstalk and noise in a pulse amplitude
      modulated switching system having a common bus with an input and an
      output, a plurality of communicating stations producing modulated
      information pulses, each of said stations being connectable to said common
      bus by a time division switch and timing means for controlling said time
      division switches to connect said communicating stations in pairs to said
      input and said output of said common bus during a respective time slot,
      said arrangement comprising,
PA1  a main channel connectable between said input and said output of said
      common bus for passing said modulated information pulses therethrough with
      the same polarity,
PA1  an echo channel connectable between said input and said output of said
      common bus in parallel with said main channel for passing said modulated
      information pulses therethrough with inverted polarity,
PA1  means for connecting said main channel and said echo channel sequentially
      between said input and said output of said common bus to produce a
      modulated bipolar pulse at said output for each modulated information
      pulse appearing at said input, said bipolar pulse having equal average
      values in the positive and negative portions,
PA1  means associated with said timing means for controlling said time division
      switches so that an associated communicating station receives only one
      portion of said bipolar pulse in said respective time slot and does not
      receive the other portion of said bipolar pulse.
NUM  10.
PAR  10. An arrangement according to claim 9 wherein said connecting means
      further comprises a diode bridge switch in series with said main and said
      echo channels and means associated with said timing means for controlling
      said diode bridge switches sequentially to produce said bipolar pulse.
NUM  11.
PAR  11. A method for reducing crosstalk and noise in a switching system having
      a plurality of stations sequentially connectable to a common bus in an
      associated time slot to transfer information therebetween,
PA1  means controlled by said stations for generating bipolar amplitude
      modulated information pulses on said common bus, said pulses having a
      positive and a negative portion of equal average value, and
PA1  means associated with each of said stations for receiving said information
      pulses, said method comprising the steps of
PA2  1. connecting one pair of said plurality of stations to said common bus in
      an associated time slot to allow one portion of a bipolar information
      pulse generated under control of one station of said connected station
      pair to reach the receiving means associated with the other station of
      said connected station pair, and
PA2  2. disconnecting said other station from said common bus to prevent the
      other portion of said bipolar pulse generated under control of said one
      station from reaching said receiving means associated with said other
      station.
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ABST
PAL  An electronic private automatic branch exchange is built around a space
      divided solid state matrix. One side of the solid matrix provides line
      appearances which are connected to line circuits, tone receivers, senders
      and operator loops. The other coordinate side of the matrix provides
      junctor appearances for connection to an attendant junctor, local junctors
      and trunk junctors. The solid state switching matrix is a single stage
      matrix providing direct connection between line appearances and junctor
      appearances by the closing of a single crosspoint, and connection between
      lines within the system is effected simply by the interconnection of a
      pair of crosspoints associated with the respective lines and a selected
      junctor, thereby providing a greatly decreased switching for establishing
      a connection through the matrix. The control necessary for effecting such
      connections is provided with much simpler common control equipment than is
      utilized in a conventional multistage switching network.
BSUM
PAR  The present invention relates in general to telephone systems, and more
      particularly to an electronic private automatic branch exchange.
PAR  Continuing efforts are being made in the telephone industry to produce
      exchange equipment of a more compact structure which is capable of mass
      production at lower costs, while at the same time providing for increased
      reliability and speed of operation. Continuous efforts ar also being made
      to provide equipment which is more dependable in operation and less
      subject to misoperation due to interference, cross-talk and other similar
      problems.
PAR  As a result of these objectives, the industry has recently experimented
      with solid-state switching networks, which are considerably more compact
      and less expensive to manufacture than the presently used electromagnetic
      switching networks. In this regard, switching networks made up of four
      layer diode type electronic cross points have been developed; however, to
      date, such networks have proven to be unsatisfactory for a number of
      reasons, including poor noise performance. Such four layer diode networks
      typically include sleeve control cross points wherein a holding current is
      provided through the cross point acting as the sleeve lead through the
      network to maintain the communication connection through the cross points
      of the network. Interruption of the holding current through the cross
      point due to noise, like in mechanical systems or relay type cross point
      systems, results in a break in the communication connection through the
      matrix and a consequent losing of the call. In addition, the so-called
      "rate effect" associated with diode control which results in an
      inadvertent closing of a cross point has become a serious problem with
      such networks.
PAR  Telephone systems typically include switching networks for establishing
      connection between line circuits or trunk circuits and common control
      equipment, which networks commonly take the form of a concentrator wherein
      a plurality of line circuits or trunk circuits is selectively connected
      over one of a number of possible paths through the network to a lesser
      number of common control elements. Such concentrator networks have plural
      switching stages to provide multiple paths between the large number of
      inputs and the smaller number of outputs. By providing such networks as
      integrated systems formed of solid state cross points, faster switching
      times than presently available with electromagnetic switches are
      accomplished, but the path-finding operations through such networks
      require rather complicated common control equipment and add to the time
      required for interconnection of an input to a selected output through the
      network. Thus, while an increase in the switching time of the network is
      accomplished by providing such networks as integrated circuits with solid
      state cross points, the equally important considerations of system
      complexity and optimum switching time are not met to the fullest extent.
PAR  As a solution to the numerous problems associated with present solid state
      switching networks, especially those formed as an integrated network of
      four layer diode type cross points, there has been disclosed in copending
      application S.N. 232,031, filed Mar. 6, 1972, by Glen L. Richards, now
      U.S. Pat. No. 3,789,151, issued Jan. 29, 1974, a solid state cross point
      switch made up of a pair of saturated transistors. This solid state cross
      point switch provides a low impedance path through the collector-emitter
      of the respective switching transistor for passing audio signals between a
      selected input and output lead pair by driving the two switching
      transistors associated therewith into saturation from a gated control
      circuit responsive to appropriate control signals. Such a cross point
      switch has numerous advantages over the conventional four layer diode type
      cross point in that it operates at a higher speed than the diode cross
      point and is not subject to misoperation due to noise or "rate effect"
      since the switching transistors are positively controlled by gated control
      signals applied thereto.
PAR  It is an object of the present invention to provide a telephone system
      utilizing a solid state switching matrix utilizing solid state cross point
      switches formed by positively controlled saturated transistors.
PAR  It is a further object of the present invention to provide an electronic
      private automatic branch exchange including a solid state switching matrix
      formed by integrated circuit techniques which has an extremely high speed
      of operation and a correspondingly high reliability and dependability of
      operation.
PAR  It is another object of the present invention to provide an electronic
      private automatic branch exchange which takes advantage of the use of the
      simplified solid state switching matrix to perform control functions
      normally requiring expensive and complicated common control equipment,
      thereby simplifying the overall system construction and provide a compact
      system which is capable of inexpensive mass production.
PAR  A further object of the present invention is to provide an electronic
      private automatic branch exchange which displays substantially constant
      current minimal power demands as a result of the fact that signaling
      functions can be performed at logic type levels rather than the relatively
      high signal levels required in present systems.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is directed to an electronic private automatic branch
      exchange which is built around a space divided rectangular solid state
      switching matrix. One side of the switching matrix provides line
      appearances which are connected to line circuits, tone receivers, senders
      and operator loops. The other coordinate side of the matrix provides
      junctor appearances for connection to an attendant junctor, local junctors
      and trunk junctors. This solid state switching matrix is a single stage
      matrix providing direct connection between line appearances and junctor
      appearances by closing of a single cross point, while connection between
      lines within the system is effected simply by the interconnection of a
      pair of cross points associated with the respective lines and a selected
      junctor. Thus, the switching time required for establishing a connection
      through the matrix is greatly decreased as compared to multistage
      switching networks presently in use and the control necessary for
      effecting such connections may be accomplished with much simpler common
      control equipment.
PAR  The present invention also includes the use of a solid state switching
      matrix in the form of a tone matrix having appearances for connection to
      dial tone and ring-back tone sources along one side and junctor
      appearances for connection through the junctors to the primary matrix
      along the other coordinate side thereof. With such an arrangement, the
      system does not require tone interrupters for ring-back tone, busy tone,
      etc. The interruptions of the tones are accomplished by suitable control
      of the cross points in the tone matrix, thereby further simplifying the
      common control equipment required in the system.
PAR  In conventional private branch exchanges, whenever a trunk is being
      switched to the operator, the trunk has a separate operator access and
      splits the tip and ring leads into tip-ring front and tip-ring rear, while
      two pairs of tip and ring leads are brought down to the operator loop
      circuits. Any split functions required by the operator are accomplished in
      the loop circuits and position circuits of the system. Therefore, the loop
      circuits and position circuits in such systems are quite complex. However,
      in the system of the present invention, because of the fast switching
      capability of the solid state cross point of the switching matrix, the
      split functions in the system are performed with the matrix cross points.
      This makes it possible to design smaller trunk circuits because a separate
      outlet for access to the operator is not required. The regular trunk
      outlet, which normally is switched to the line circuits in a trunk-to-line
      call is also used for switching to the operator.
PAR  With the system of the present invention, the operator loop circuits may be
      provided in the form of line circuits, with the result that switching a
      trunk to a line or to an operator is essentially the same function as far
      as the system is concerned. Since loop circuits are basically line
      circuits, the loop circuitry is therefore relatively simple.
PAR  A further feature of the present invention relates to the fact that the
      operator position circuitry in response to the common control accesses the
      associated junctor in an operator type call. The junctor in turn controls
      the cross points in the switching matrix for the required split functions.
      Because of this simple operation, the equipment necessary for special
      trunks, like information trunks, is not required in the system. The
      junctor performs the information trunk duties without requiring extra
      equipment. Also, special access trunks for the operator, which are usually
      quite complex, are not required. The junctor circuit designated as the
      attendant junctor also takes care of this function.
PAR  In addition, due to the elimination of information trunk hardware, tandem
      operation for operator extended calls to trunks between information trunks
      and the central office trunks is not required. The operator can be
      accessed by the line via the local junctor which acts as the information
      trunk, and when the operator extends the call to a central office trunk,
      the local junctor is dropped and the central office trunk junctor over the
      duties.
PAR  A further feature of the present invention relates to the fact that the
      cross points in the solid state switching matrix are of the type which are
      constantly controlled in a positive manner by appropriate control signals
      derived from the common control to ensure that the cross points are closed
      or open, as required. The cross points are constantly addressed either by
      the line scanner or by the line selector in the common control. The common
      control constantly scans the junctors and the lines and as each line or
      junctor is addressed, the cross points associated therewith are addressed.
      Addressing of the cross points alone results in an automatic release of
      the cross point. However, addressing of the cross points with proper
      control from the common control to indicate that the cross points should
      be closed results in a closing of the cross point. Therefore, in the
      system of the present invention, due to the line scanner action and the
      continuous addressing of the cross points by the line selector in the
      common control, cross points which are incorrectly closed will be quickly
      released, while open cross points which should be closed will be quickly
      closed. The scanning times involves are of such speed that an incorrect
      state in a cross point will be immediately corrected without any
      noticeable effect upon the communication connections through the matrix.
PAR  The basic system in accordance with the present invention includes a clock
      circuit which imposes upon the system a rigid time sequence for operation
      of the various component elements thereof in accordance with predetermined
      programs. The clock system generates distinct junctor time slots with each
      junctor time slot being subdivided into junctor slots for individual
      control functions. The system steps continuously in its scan of all
      junctors during a recurring time frame. In each junctor time, any calling
      or called line circuit associated with the junctor is addressed to obtain
      therefrom on a common bus signals indicating the condition of the line
      from which the status of the line and request for service can be decoded.
      At the end of each complete scan of the junctors, the line scanner
      addresses a single one of the line circuits to determine whether a request
      for service is present, the line scanner stepping to the next line circuit
      at the end of each complete scan of the junctors. By this means, the line
      scanner steps through all line appearances and thereby continuously scans
      the line circuits while all of the junctors are being scanned in between
      each addressing of the respective line circuits.
PAR  Based upon the line and junctor scans, the system works to allot a local
      junctor to any line going off-hook and a status circuit maintains a record
      of the state of that line circuit in a memory time associated with the
      particular junctor. In accordance with the state of the call, the common
      control circuits step the status of the particular line circuit from one
      program to the next until a communication connection is established from
      the line circuits through the switching matrix either to another line, the
      operator, or to an outgoing trunk.
PAR  Each time a local junctor is scanned, the system performs functions as
      prescribed by the status of the line circuit and the conditions as stored
      within the junctor memory. If it becomes necessary to change junctors
      during the course of establishment of the communication connection, such
      as in the case of an outgoing trunk call where switching between a local
      junctor and a trunk junctor is required once the destination of the call
      is determined, then the other junctors are either randomly addressed for
      information change or a temporary memory in the form of a hold register is
      used. A junctor associated with a communication connection through the
      switching matrix remains in connection with the line circuit or circuits
      involved throughout the call, and at the end of the call, the junctor
      memory is cleared and the particular junctor released.
PAR  Each trunk has a fixed assigned junctor in the form of a trunk junctor. If
      a trunk goes off-hook, it automatically has a junctor and the system can
      then perform from thereon in the same fashion as when a line circuit is
      involved.
DRWD
PAR  These and other features, objects and advantages of the present invention
      will become clear from the following detailed description of a preferred
      embodiment of the present invention presented in connection with the
      accompanying drawing, wherein:
PAR  FIGS. 1a and 1b, in combination, form a schematic block diagram of the
      electronic private automatic branch exchange of the present invention;
PAR  FIG. 2 is a schematic diagram of a portion of a switching matrix utilizing
      an array of solid state cross point switches as provided in the system of
      FIG. 1;
PAR  FIG. 3 is a schematic diagram illustrating a single tip and ring line
      connection to the switching matrix;
PAR  FIGS. 4A through 4C are waveform diagrams of clock signals which are used
      to control the timing of functions within the system;
PAR  FIG. 5 is a schematic diagram of the line scanner circuit and ring cycle
      control;
PAR  FIG. 6 is a schematic block diagram of the status circuit;
PAR  FIG. 7 is a schematic block diagram of the junctor memory;
PAR  FIG. 8 is a schematic block diagram of the hold register;
PAR  FIG. 9 is a schematic diagram of a circuit providing end-of-search
      information to the hold register;
PAR  FIG. 10 is a schematic diagram of the selector switch portion of the line
      selector;
PAR  FIG. 11 is a schematic diagram of the line matrix decoder portion of the
      line selector;
PAR  FIG. 12 is a schematic diagram of the status decoder portion of the matrix
      control;
PAR  FIGS. 13a through 13e are schematic diagrams of the logic portion of the
      matrix control;
PAR  FIG. 14 is a block diagram of a decoder circuit associated with the line
      selector; and
PAR  FIGS. 15, 16A, 16B, and 17 through 23 are schematic circuit diagrams of
      logic circuits included in the control circuits of the common control.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  The heart of the electronic private automatic branch exchange of the
      present invention is a switching matrix 10 formed by integrated circuit
      techniques of a plurality of solid state cross point switches of the type
      disclosed in the aforementioned co-pending application Ser. No. 232,031 of
      Glenn L. Richards. The matrix 10 is a single stage rectangular array of
      cross points divided into three sections, i.e., a line matrix section, a
      service matrix section and a tone matrix section, as seen in FIG. 1. The
      matrix serves to establish a low impedance electrical path for passing
      audio signals between a selected one of a plurality of input leads and a
      selected one of a plurality of output leads.
PAR  Line appearances are provided on the left side of the line matrix section,
      as seen in FIG. 1, including a plurality of line circuits 15a through 15n
      and 35a through 35n. Between the line circuits there are provided
      connections to special lines which take the place of regular lines in the
      system. These special lines are dictation access circuits 20a through 20n,
      a code call circuit 25 and a plurality of dummy line tie trunks 30a
      through 30n.
PAR  Line appearances at the service matrix section take the form of a plurality
      of tone receivers 40a through 40n, a plurality of register senders 45a
      through 45n, an intercept recorder 50, a conference bridge 55, a plurality
      of operator loop circuits 60a  through 60n and an operator line circuit
      65. The number of tone receivers, register senders and operator loop
      circuits, like the number of line circuits connected to the line
      appearance inputs of the matrix 10 depend upon the traffic requirements
      and size of the system. It will be obvious from the following description
      that an increase or decrease in the number of these circuits is easily
      accomplished by merely changing the overall size of the matrix 10.
PAR  The outputs of the matrix 10 are provided in the form of a plurality of
      junctor appearances, as seen in FIG. 1. The junctor appearances are
      associated with an attendant junctor 80, a plurality of conference
      junctors 90a through 90c, a plurality of local junctors 95a through 95n, a
      plurality of trunk junctors 85a through 85n and a plurality of tie trunk
      junctors 86a through 86n. The trunk junctors 85a through 85n are connected
      to corresponding trunks 89a through 89n, and the tie trunk junctors 86a
      through 86n are associated with corresponding tie trunks 87a through 87n.
PAR  The tone matrix section of the matrix 10 provides inputs on respective
      lines from a combined dial tone generator and busy-camp-on tone generator
      68, along with inputs from a ring-back tone generator 78 and music source
      82. The outputs of the tone matrix section are connected through the
      respective junctors to the junctor appearances of the line and service
      matrix sections of the matrix 10.
PAR  The operator complex includes in addition to the loop circuits 60a through
      60n and the operator line circuit 65, an operator position circuit 70a to
      which is connected an operator turret 70b. A camp-on circuit 75 providing
      a special feature in the system is also connected to the operator position
      circuit 70a. As another special feature of the system, a message metering
      circuit 18 and one or more peg count meters 17 are associated with the
      line circuits via a bus 19.
PAR  The matrix 10 functions to selectively connect an input from a line to a
      selected junctor by closing the appropriate cross point in the line matrix
      section and to provide an appropriate tone through the selected junctor to
      the line by closing the appropriate cross point in the tone matrix
      section. Connection from one line to another line is also effected by
      closing the pair of cross points in the line matrix section associated
      with the respective lines and a common junctor.
PAR  FIG. 2 provides a detailed illustration of a portion of the matrix 10 made
      up of an array of solid state cross point switches 12 wherein each
      individual switch 12 interconnects a particular pair of horizontal tip and
      ring leads TX and RX, respectively, with a particular pair of vertical tip
      and ring leads TY and RY, respectively. In normal operation, each cross
      point switch 12 provides a high impedance path between the horizontal and
      vertical lead pair it interconnects, thereby effectively blocking the
      passage of any audio signal and d.c. current flow therethrough. When it is
      desired to pass an audio signal between a particular horizontal lead pair
      TX and RX and a particular vertical lead pair TY and RY, respectively, the
      appropriate cross point switch 12 is selectively enabled by simultaneously
      applying appropriate control signals to horizontal control lead SX and a
      vertical control lead SY, which are uniquely associated with that
      particular cross point switch 12 chosen for operation, as well as a mark
      on the R lead.
PAR  Each horizontal lead paid TX and RX has an individual horizontal control
      lead SX associated therewith, and each vertical lead pair TY and RY has an
      individual vertical control lead SY associated therewith. Consequently,
      any cross point switch 12 can be selectively enabled by applying control
      signals to the horizontal and vertical control leads uniquely associated
      with the particular switch. Each of the control signals consist of a
      single momentary pulse which once applied to the horizontal and vertical
      control leads SX and SY, respectively, actuates the switch 12 and is
      thereafter removed leaving the switch 12 in a low impedance state. When it
      is desired to restore the high impedance connection, the switch 12 is
      disabled by applying the same control signals to the same horizontal and
      vertical control leads SX and SY, one without applying a control signal to
      a lead R which is connected to all the cross point switches 12.
PAR  The switching matrix 10 is used solely for establishing an audio path
      between subscribers via the tip and ring leads. The typical tip and ring
      lead interconnection through the matrix is illustrated in FIG. 3, wherein
      the tip leads TX and TY and the ring leads RX and RY are interconnected in
      a single connection including balanced transformer bridges onto which
      audio signals are transposed. Direct current power is supplied from a
      battery 13 connected between the center tap of the windings of the
      transformer bridge in the line circuit 15, for example, and ground
      connected to the center tap of the transformer in the junctor circuit 90,
      for example. This basic type of interconnection and biasing arrangement is
      well known in the art.
PAR  As already indicated, the matrix 10 is designed to carry only the audio
      communication between lines or between a line and a trunk. The signaling
      associated with the establishment of the communication connection through
      the matrix 10 is handled outside of the matrix via a commun bus 32 through
      a class of service programmer 47 connected to the common control equipment
      100.
PAR  FIG. 1b schematically illustrates the various elements of the common
      control 100, the heart of which is formed by a plurality of control
      circuits 110 in the form of a hard-wired programmer. The timing of the
      various functions which are performed in the system under control of the
      control circuits 110 is regulated by the various timing signals produced
      by a clock 115, which is directly connected to the line scanner 130, which
      serves to generate the line scanning signals, and is connected through the
      control circuits 110 to the various other elements in the common control
      100 to provide a time base for the various functions thereof.
PAR  A timer 120 is also provided in the common control 100 to analyze the
      information concerning the line conditions and other information from the
      junctor and perform memory timing functions with the system. For example,
      on-hook and off-hook timing, time-outs, flash detection and other
      conventional timing functions are performed by the timer 120. In this
      regard, the timer 120 operates with the control circuits 110 to perform
      whatever timing functions are necessary within the system.
PAR  A class of service buffer 125 forms an interface between the class of
      service programmer 47 and the logic circuitry of the common control 100.
      Thus, the various line conditions which are derived through the class of
      service programmer 47 each time a line is addressed will be passed to the
      control circuits 110 through the class of service buffer 125.
PAR  The line scanner 130 is driven from the clock 115 and serves to scan each
      of the lines in turn continuously to detect requests for service. In this
      regard, the lines are addressed by the line scanner in conjunction with
      the scaning of the junctors, a line being addressed from the line scanner
      at the end of each complete scan of all of the junctors, as will be
      described in greater detail in connection with line selection and matrix
      control operation. Each time a line is addressed by the line scanner 130,
      the calling bridge relay information within the line is forwarded via the
      common bus 32 and the class of service programmer 47 to the control
      circuits 110 in the common control 100 via the class of service buffer
      125. In this way, the status of the line, i.e., whether or not it is
      requesting service of the system, is monitored during the continuous
      scanning of the lines by the line scanner 130.
PAR  A hold register 135 is provided as a temporary memory which is used for
      various systems operations in conjunction with information stored in
      conjunction with the various junctor circuits. As will be described in
      greater detail, the system stores the identity of the lines associated
      with any junctor during the entire duration of a call in the system, so
      that during the establishment of the communication connection between
      parties and in providing various functions requested by the parties during
      the call, it is necessary at various times to temporarily store
      information as functions are being performed within the system by the
      common control 100.  The hold register 135 provides the temporary storage
      capability in the system.
PAR  The system includes an ing and ed memory 140 which forms the basic junctor
      memory portion for storing the calling and called numbers identifying the
      lines associated with each of the junctors. The memory 140 includes
      storage positions assigned to each of the junctors, which storage
      positions are continuously scanned by clock signals derived from the clock
      115. Thus, if a junctor is associated with one or more lines, the scanning
      of the portion of memory 140 assigned to that junctor will produce the
      calling and/or called numbers of those lines which are stored therein. In
      this way, the identify of the cross points in the matrix 10 associated
      with the line or lines involved with the junctor can be identified.
PAR  A line selector 155 receives line designations from the line scanner 130
      and from the junctor memory 140, and in response to the clock signals from
      the block 115 selectively addresses cross points in the matrix 10 and
      selected lines at the proper times. As already indicated in connection
      with the description of the solid state cross point matrix 10, addressing
      alone of the cross point will open the cross point, while addressing in
      combination with a positive request for actuation of the cross point will
      close the cross point. Whether or not the cross point is to be opened or
      closed is determined by the status of the call based upon the progress of
      the connection as determined by the control circuits 110 from the
      information derived from the lines via the class of service programmer 47
      and class of service buffer 125. The system control progresses in states,
      with the individual states being monitored by the status circuit 160,
      which stores the state in which any particular call is in and advances
      under control of the control circuits 110 as the call progresses from one
      state to the next in a particular program. Thus, the information
      concerning the desired condition of the cross point, i.e., whether it is
      to be open or closed, is derived from the status circuit 160. If the cross
      point which is addressed from the line selector 155 is to be closed for a
      particular call, a matrix control 165 will receive information from the
      status circuit 160 to this effect and generate a positive request signal
      for closing of the cross points. If the cross points are not to be closed,
      the matrix control 165 will produce no output as the cross points are
      addressed, thereby effecting an automatic opening of the cross points.
PAR  A ringing generator 195 of any known form is provided for application of
      ringing current to the lines under control of the control circuits 110.
      While the ringing generator is in itself a conventional circuit, the
      application of ringing to the line in the system of the present invention
      is somewhat different than known systems in view of the multiplex
      addressing of the various lines by the common control. Thus, the output of
      the ringing generator 195 may be connected simultaneously to all lines
      since the lines are addressed in turn during the scanning of the junctors
      associated therewith. In this way, the system requires only a single
      ringing generator, thereby materially simplifying the system and reducing
      the costs thereof.
PAR  The digit decoder 150 performs analysis of the incoming digits and makes
      decisions concerning these received digits. For example, the digits
      received by the digit decoder 150 are analyzed for line-to-line calls,
      line-to-line calls, toll restrictions and other information. The
      information provided by the digit decoder 150 then serves to initiate
      various control functions within the control circuits 110 as the various
      states of the call progress.
PAR  As a special feature, the system also provides a transfer circuit 170 which
      effects transfer between lines and between trunks and lines, as may be
      required.
PAR  A further special feature of the present invention is embodied in a call
      pickup arrangement including a call pickup circuit 175 and a plurality of
      call pickup displays 180a through 180n. In accordance with this special
      feature of the present invention, a party may respond to a call to another
      party identified on the call pickup display.
PAR  The function of the various elements of the system of the present invention
      will become clearer from a general description of various basic functions
      of the system.
PAC  BASIC SYSTEM OPERATION
PAR  The lines are continuously scanned from the line scanner 130 via the line
      selector 155 in the common control 100, so that a line circuit requesting
      service will ultimately be addressed permitting the state of the calling
      bridge relay in the line circuit to be passed on through the class of
      service programmer 47 along with class of service information concerning
      that line circuit to the common control 100. Assuming that the line
      circuit 15a has gone off-hook and is requesting service, this line will
      ultimately be addressed by the line selector when the line scanner 130
      reaches this line in its scan of all of the lines. At the same time, the
      line selector 155 will also address all of the cross points of the matrix
      10 associated with that line circuit. In this case, all of the cross
      points associated with the line circuit 15a along the first horizontal of
      the matrix including the cross point 12' will be addressed. If, as a
      result of some misoperation, one or more of these cross points has been
      inadvertently closed, the addressing of the cross points at this time will
      automatically open the cross points in the absence of positive control
      from the matrix control 165 indicating that one or more of these cross
      points should be closed. Since line 15a has just requested service, none
      of the cross points should be closed and therefore the status circuit 160
      will provide no indication to the matrix control 165 that any of the cross
      points involved should be closed. In view of the fast scanning times
      provided within the system for scanning the lines and junctors, it can be
      seen that a misoperation of a cross point will be immediately corrected so
      that no effect upon any communication connection through the matrix will
      result, nor will such cross point misoperation be noticeable to either
      party except for a click as the cross point is opened or closed to correct
      the state thereof. Further details concerning the unique operation of the
      matrix under control of the line scanner 130, line selector 155 and matrix
      control 165 are disclosed in our copending application Ser. No. 431,878,
      filed Jan. 9, 1974, now U.S. Pat. No. 3,903,374, which application is
      assigned to the same assignee as the present application.
PAR  When the control circuit 110 receives an indication through the class of
      service buffer 125 that the line circuit 15a has requested service, the
      control circuits 110, which include a junctor allotter, will assign a free
      junctor to the line circuit and request that the calling line number of
      the line circuit 15a be stored in the junctor memory 140 in the time
      position assigned to the selected junctor. The control circuits 110 will
      also address the status circuit 160 to record in the memory thereof that
      the call associated with the selector junctor is in the first state of
      operation. Assuming that the junctor allotter in the control circuits 110
      selects the local junctor 95a, the calling line number of the line circuit
      15a will be stored in the memory position of the junctor memory 140
      permanently assigned to the local junctor 95a, and each time the junctors
      are scanned, the line number of the calling line 15a will be forwarded to
      the line selector so that the line 15a can be addressed at this time and
      the cross point associated both with the line 15a and the junctor 95a,
      i.e., the cross point 12' can be addressed. The status circuit 160
      indicates to the matrix control 165 that the call is in a state wherein
      the cross point 12' should be closed, and therefore the matrix control 165
      will forward a positive request for closing the cross point 12' at the
      time the cross point is addressed. As a result, the line circuit 15a will
      be connected through the matrix 10 to the local junctor 95a.
PAR  At the same time that the cross point 12' is addressed and closed to enable
      connection between the line circuit 15a and the local junctor 95a, the
      matrix control 165 under control of the status circuit 160 addresses the
      cross points of the tone matrix section of the matrix 10 associated with
      the dial tone generator 68 so that the cross point 12'" will be closed
      connecting the dial tone generator 68 through the local junctor 95a to the
      line circuit 15a. The line circuit may then commence to dial the number of
      the party to which it desires connection.
PAR  The control circuits 110 in the common control 100 will advance the status
      circuit 160 of the particular junctor 95a to state 2 if the calling line
      circuit has rotary dial equipment or to state 3 if the calling line
      circuit has tone dial equipment, as determined from the class of service
      information for that line circuit received from the class of service
      programmer 47. Each time the junctor 95a is scanned, the number of the
      calling line circuit 15a will be provided by the junctor memory 140 to the
      line selector 155 which will address the line permitting the calling
      bridge relay state to be monitored via the bus 32 and class of service
      programmer 47 in the common control 100. The digit decoder 150 will
      accumulate the calling bridge relay states and provide to the control
      circuits 110 the digit informatiion which will be stored in the memory
      portion of the junctor memory 140 assigned to the junctor. Eventually, the
      junctor memory 140 will have stored in the portion thereof assigned to the
      junctor 95a both the calling and called line numbers.
PAR  When it is determined by the timer 120 that the calling line 15a has
      completed dialing, the control circuits 110 will advance the status
      circuit 160 to record state 4 in the position of the memory thereof
      assigned to the junctor 95a. State 4 relates to busy test of the called
      line circuit. If the called line circuit is found to be busy, the tone
      matrix section of the matrix 10 is once again addressed from the matrix
      control 165 to connect busy tone from the generator 68 through the local
      junctor 95a to the calling line circuit 15a. On the other hand, if the
      called line circuit is free, the control circuits 110 will advance the
      status recorded in status circuit 160 to state 5 for application of
      ringing from the ringing generator 195 to the called line circuit and to
      address the tone matrix section of the matrix 10 to connect the ring back
      tone generator 78 through the local junctor 95a to the calling line
      circuit 15a. The control over the tone matrix section of the matrix 10 to
      provide for connection of dial tone, busy tone, ring back tone and music
      to the lines through selected junctors is described in greater detail in
      our copending application Ser. No. 431,885 filed Jan. 9, 1974, now U.S.
      Pat. No. 3,904,831, which application is assigned to the same assignee as
      the present application.
PAR  The matrix control 165, upon receiving the calling and called line numbers
      from the junctor memory 140 as the junctor 95a is scanned, will address
      the cross point 12' and also the cross point associated with the called
      line, for example, cross point 12" associated with the line 35a. Thus,
      when the called party answers in response to the applied ringing, he will
      be connected via cross points 12' and 12" in the matrix 10 to the calling
      party, and the respective line circuits 35a and 15a will receive ground to
      maintain cross point bias, as described in connection with FIG. 3, from
      the local junctor 95a for the duration of the call. At this time, the
      status circuit 160 is advanced by the control circuits 110 to status 7,
      indicating to the system that a local call is in progress.
PAR  Where the lines are equipped with tone dial equipment, this class of
      service for the line circuit is indicated to the common control by the
      class of service programmer 47. In this regard, the class of service
      programmer 47 typically includes a panel having selected class of service
      plugs so that the features of the system may be allocated on a per line
      basis and the information with respect thereto may be provided to the
      common control. Thus, in addition to providing a path for the calling
      bridge relay information from the lines, the class of service programmer
      47 also submits at this time class of service data concerning the
      particular line for use by the common control 100.
PAR  When a call is in state 3 indicating dialing from tone dial equipment, the
      common control 100 effects connection via the matrix between the calling
      line and an available one of the tone receivers 40a through 40n. The tone
      receiver converts the tone dial into the corresponding binary number,
      which is received by the common control 100 via bus 32 and placed into the
      ing and ed memory 140.
PAR  Since the operator loop circuits 60a through 60n are merely provided as
      line appearances at the input of the matrix 10, the functions associated
      with the operator position are greatly simplified. Because of the fast
      switching capability of the cross points in the matrix 10, the split
      functions normally associated with incoming connections to the operator
      may be performed with the matrix cross points. Thus, special trunk
      circuits having separate operator access with split tip and ring pairs, as
      normally required in conventional systems, are not required in the system
      of the present invention. In addition, since the split functions are
      performed in the present system within the matrix 10 by selective
      operation of the cross points, the operator loop circuits and position
      circuits which normally control such functions can be greatly simplified.
      Since the operator loop circuits are effectively line circuits in the
      present system, switching a trunk to a line or to an operator is the same
      function for the system. This makes it also possible to greatly simplify
      the loop circuits.
PAR  Since the junctor controls the cross points for the required split
      functions in connections to the operator complex, hardware for special
      trunks, like information trunks, is not required in the system. The
      junctor performs the information trunk duties without requiring extra
      equipment, thereby simplifying the system. Also, special access trunks for
      the operator, which are usually quite complex are not required. The
      junctor circuit once again takes care of the duties normally provided in
      this regard. In addition, due to the elimination of information trunk
      hardware, tandem operation for operator extended calls to trunks between
      information trunks and the central office trunks is not required. The
      operator is accessed by the line via the local junctor which acts as the
      information trunk, and when the operator extends the call to a central
      office trunk, the local junctor is dropped and the central office trunk
      junctor takes over the duties.
PAR  In outgoing trunk calls, it is necessary for the system to switch from a
      local junctor to a trunk junctor. In this regard, the line circuit is
      initially connected to a local junctor upon detection of the request for
      service in the manner described above by closing the cross point in the
      matrix 10 common to the line circuit and a selected available local
      junctor. In the foregoing example, by closing cross point 12', the line
      circuit 15a can be connected to the local junctor 95a. An addressing of
      the tone matrix section provides connection of the dial tone generator 68
      through cross point 12'" and the local junctor 95a to the line circuit
      15a. When dialing commences, the cross point 12'" is released
      disconnecting dial tone from the line circuit and the dialing impluses are
      received in the common control 100 via the class of service programmer 47.
      The digit decoder 150 for outgoing trunk calls will recognize the first
      digit as a request for access to a trunk circuit and the control circuits
      110 will indicate the need to connect to a trunk junctor. The junctor
      allotter in the control circuits 110 will select an available trunk
      junctor, for example, junctor 85a connected to the trunk 89n.
PAR  As can be seen, with the arrangement of the present invention, many
      different functions can be performed during the time in which a junctor is
      being scanned through selective control of various cross points within the
      matrix 10 under control of the common control 100 during designated time
      slots of the junctor scan period, as will be described in greater detail
      in connection with the system timing.
PAC  SYSTEM TIMING
PAR  The system timing is controlled by the clock 115 in the common control 100
      on the basis of various clock signals such as presented in FIGS. 4a
      through 4c. Typically, the clock includes a 4 MHz crystal oscillator
      connected to a divider chain and various decoders to produce the required
      clock signals for controlling the various elements of the system.
PAR  As already indicated in the general system description, the junctor memory
      140 includes a storage position for each of the junctors in the system and
      this memory is recirculated so that the information stored in each junctor
      position is scanned successively during a recurring time frame. In the
      preferred embodiment disclosed in this application, thirty-two junctors
      are connected to the output of the matrix 10, so that the junctor memory
      140 will include thirty-two junctor positions. In addition, the junctor
      memory 140 also includes positions 32 and 33 which represent time periods
      during which a scanning of the lines is effected. Thus, after all junctors
      have been scanned, the line number designated by the line scanner 130 will
      be addressed during the thirty-two and thirty-three junctor positions to
      determine whether there is a request for service in connection with that
      line. Thus, at the end of each 32 time position, the line scanner 130 will
      be advanced to the next line, with the result that the lines are scanned
      one at a time at the end of each complete scan of the junctors.
PAR  Each junctor time position is subdivided into junctor time slots during
      which the various functions required in connection with the call
      associated with the junctor are performed under control of the control
      circuit 100. During one or more of the time slots of each junctor time,
      one or more functions may be performed by various elements of the common
      control as required by the state of the call under control of the control
      circuits.
PAR  The clock 115 is typically formed by a crystal oscillator connected to a
      divider chain and various decoders to produce the clock signals required
      for controlling the functions to be performed within the system. FIG. 4a
      illustrates the output of a 4 MHz crystal oscillator from which phase
      signals PH1 through PH6 are derived by a clock phase generator producing a
      division by six of the basic frequency. The output of the clock phase
      generator is connected to a bit time slot counter effecting a division by
      sixteen to produce the binary bit 4 time slot signals BTS1 through BTS8. A
      decoding of the four bit binary time slot signals produces the sixteen
      junctor time slot signals JT0 through JT15.
PAR  Further decoding of the binary bit time slot signals BTS1 to BTS8 also
      produces various timing signals which are utilized throughout the system.
      These timing signals which will be utilized in the various common control
      circuits to be described are illustrated in FIG. 4b in relation to the
      sixteen junctor time slot signals JT0 through JT15. The function of these
      timing signals will be described in connection with the description of the
      detailed operation of the various common control elements.
PAR  FIG. 4c illustrates the waveforms which are derived from the junctor
      scanner portion of the clock. A further division by thirty-four produces
      the junctor scan signals JS1 through JS32. A decoding of these junctor
      scan signals then produces the junctor signals JCT0 through JCT33.
      Additional decoding produces the signal ATT JCT which represents the
      junctor 0 position, as well as the junctor 32 and junctor 33 signals JCT32
      and JCT33.
PAC  THE STATUS CIRCUIT
PAR  The status circuit 160 basically forms a memory including a storage
      position for each of the junctors to store the state of the call
      associated with each of the junctors. As already indicated in the general
      system description, the common control steps progressively through various
      states during which various operations are performed under control of the
      control circuits 110 to perform the functions required by the system. To
      determine what functions need to be performed during each junctor scan,
      the control circuits 110 determine from the status circuit the state of
      the call associated with that junctor. As the functions associated with
      each state are completed, the control circuits 110 advance the status
      circuit to the next state for the particular junctor involved so that a
      continuous record of the state of the call associated with each junctor is
      maintained within the status circuit.
PAR  In the status circuit, the memory 200 includes thirty-two junctor positions
      for the junctors JCT0 through JCT31 as well as the junctor times JCT32 and
      JCT33. The status of the call associated with each junctor is stored in
      the junctor times of the memory 200 in binary form, and therefore, an
      encoder 210 is provided to receive from the control circuits 110 the
      status signals S01 through S63 and provide the binary equivalents thereof
      on output lines 133 through 138 to the memory 200. Certain of the status
      signals S01 through S63 are time shared at the input to the encoder 210
      under control of the clock signals JT15 and JT14 from the clock 115. A
      further input to the encoder 210 from the control circuits 110 is the
      signal A DAT 0 indicating that all data is to be zeroed, i.e., the status
      stored in connection with a given junctor is to be 0, for example, when a
      call has been terminated. The status indications are applied from the
      encoder 210 to the memory 200 during various time slots by controlling the
      gate 220 from the output of gate 230. The clock signals WRT MEM ING, WRT
      MEM ED, WRTA and WRTB generated during the junctor time slots JT14, JT15,
      JT11 and JT13, respectively, are applied through the gate 230 to enable
      gate 220 to apply the write signal WRT to the memory 200 permitting the
      status data from the encoder 210 to be written into the junctor period of
      the memory. The junctor periods are continuously scanned by the clock
      signals A0 through CS2 derived from the memory address generator
      controlled from the clock by the junctor signals JS1 through JS32.
PAR  In addition to the binary outputs 133 through 138 from the encoder, the
      memory 200 also receives direct codes of status 139 and 140 from the
      control circuits 110. The binary status code is read out of the memory 200
      into a pair of buffer stores 240 and 250 under control of the enable
      signals WRT BUF and TC from the clock and hold register, respectively. The
      buffer store 240 provides the binary outputs 0033 through 0038 to the
      operator complex, and the signals 033 through 038 to the control circuits
      110 and the matrix control 165. The signals 033 through 038 are also
      applied to a status decoder 260 which provides a binary-to-decimal
      conversion of the signals into status signals DS00 through DS60, which
      signals are then applied to various elements of the common control to
      permit various functions to take place during each designated state.
PAR  The buffer store 250 is provided for use with the hold register as a
      hold-over memory portion for hold register searches. The binary status
      signals OH01 through OH32 are applied to the operator complex, while the
      signals H01 through H32 are applied to the matrix control. The signal 038
      and 040, which are direct codes of status, are applied to the control
      circuits 110.
PAR  A time zero signal TIM0 is derived from the encoder 210 to indicate to the
      timer each time a state changes in connection with a given junctor so that
      the timing functions performed by the timer may be reset to zero.
PAC  JUNCTOR MEMORY
PAR  The junctor memory 140 includes an ing and ed write command logic circuit
      300 which receives various command signals from the control circuits 110
      along with junctor time slot signals from the clock and in turn controls
      the storage and read out of data into and out of a memory 320. The logic
      circuit 300 receives various command signals for storage of calling and
      called line numbers in designated locations of each junctor memory
      portion, which logic signals serve to control a data select circuit 310
      receiving line numbers from the hold register on binary inputs HU1 through
      HH2, from the line selector on binary inputs LSU1 through LSH2, and from
      the digit decoder on binary inputs DDU1 through DDH2. In accordance with
      the commands applied to the logic circuit 300, the line numbers from the
      hold register, line selector, and digit decoder are gated to the memory
      320 on leads 11 through 110 and stored in the memory 320 upon generation
      of the write command signal WRT from the logic circuit 300.
PAR  The commands received from the operator and the control circuits 110 relate
      to the storing of the calling and called numbers in the proper locations
      of each junctor portion of the memory. The command 0ing (H-ing) indicates
      that the calling number from the hold register is to be stored in the ing
      number location of the junctor portion of the memory. Similarly, the
      command 0ing (H-ed) indicates that the called number from the hold
      register is to be stored in the ing location associated with the attendant
      junctor. The command ing(0+ed) indicates placing the ed number from the
      operator in the ing register. The command ed(0+ed) indicates a request to
      place the ed number from the operator in the called portion of the memory.
      The command ing(LN+D1) indicates that the line number from the buffer is
      to be placed in the calling portion of the memory. The command ing(H-ed)
      indicates that the called number from the hold register is to be placed in
      the calling portion of the memory. The command ed(DGT DCD) indicates that
      the number from the digit decoder is to be placed in the called portion of
      the memory. The command ed(B-ing + ed) indicates that the calling and
      called line numbers from the buffer are to be inserted in the called
      portion of the memory. The command ed(H-ing + ed) indicates a request that
      the calling and called numbers from the hold register are to be placed in
      the called portion of the memory. The command ing (0) indicates that the
      number in the calling portion of the memory is to be zeroed. The command
      ed (0) indicates that the number in the called portion of the memory is to
      be zeroed. The command ADAT (0) indicates that all data is to be zeroed.
PAR  The signals from the clock represent the various junctor time slots during
      which the various commands are to be executed. The clock also provides the
      binary signals A0 through A38, CS1 and CS2 which represent the memory
      addresses of the junctor portion corresponding to the junctor times JCT0
      through JCT32. These junctor signals control the circulation of the data
      within the memory 320 so that in combination with the junctor time slots
      applied from the clock to the logic circuit 300, the data will be inserted
      into the proper junctor portion of the memory during the proper time.
PAR  The output of the memory 320 is provided on leads 01 through 022 to a
      buffer store 330, which provides binary outputs 01 through 010
      representing the calling number and binary outputs 013 through 022
      representing the called number to the line selector. A further output ing
      pres to the control circuits 110 indicates that the calling number is
      present.
PAR  As can be seen, the junctor memory basically provides for a memory storage
      position for each junctor in the system including a junctor position 32
      for receiving the line number from the line scanner which is to be
      addressed for purposes of determining whether a request for service is
      present. In each memory portion associated with a particular junctor, the
      calling and called numbers will be stored depending upon the state of the
      call so that the system may determine each time a junctor is addressed
      which line circuits, if any, are involved in a call under the control of
      that particular junctor.
PAC  THE HOLD REGISTER
PAR  The hold register 135 serves as a temporary memory for calling and called
      line numbers and other data generated within the common control for use in
      controlling the functions required in establishing and maintaining a
      communication connection in the system. The hold register also performs
      various comparison functions between line numbers, for example, in
      conjunction with busy searches, line scanning and other functions where a
      particular calling or called line number is to be compared with the
      calling and called line number stored in the junctor memory.
PAR  The functions of the hold register are initiated upon receipt of a
      comparison request signal or a start search signal from the operator or
      control circuits 110 in the common control 100. The comparison requests
      signals and the start search signal are applied to an operations logic
      circuit 400 along with junctor time slot signals JT0 through JT15 from the
      clock 115. The comparison request commands include the command 0COMP
      (ing-ing and ed) indicating a request for comparison of the ing number
      from the attendant's junctor with all ing and ed numbers stored in the
      junctor memory. The command COMP (ing-ing and ed) indicates a request for
      a comparison of an ing number with all ing and ed numbers of the junctors
      other than the attendant junctor. The command COMP (ed-ing and ed)
      indicates a request for comparison of a called number with all calling and
      called numbers stored in the junctor memory. The command COMP (ing-ed)
      indicates a request for comparison of a calling number to all called
      numbers. The command COMP (ing-ing) indicates a request for comparing a
      calling number to all calling numbers stored in the junctor memory. The
      command COMP (ed-ed) indicates a request to compare a called number with
      all called numbers stored in the junctor memory.
PAR  The various comparison requests are acted upon during various junctor time
      slots by the operations logic circuit and result in enabling of a write
      pulse generator 410, which in turn enables a hold store 450 and an ing and
      ed store 420. The hold store 450 receives various data relating to
      flashes, time-outs, whether the call is an incoming or outgoing call, a
      designation of the station hunting group, etc., for use by various
      elements of the common control during the course of the following
      operations.
PAR  The ing and ed store 420 in the hold register stores the calling and/or the
      called line number associated with a particular junctor as received from
      the line selector on binary inputs LSU1 through LSH2. For example, if the
      hold register is requesting a comparison of a called number with all of
      the calling and called numbers stored in the junctor memory during the
      time junctor 10 is being scanned, the called number stored in the junctor
      memory position assigned to junctor 10 will be transferred from the line
      selector on leads LSU1 through LSH2 to the ing ed store 420. The numbers
      stored in the ing and ed store 420 is then applied through the data
      control circuit 430 to one side of a comparator 440. During the subsequent
      scanning of the other junctors, the line selector will apply all calling
      and called line numbers stored in connection with these junctors on binary
      input lines LSU1 through LSH2 to the other side of the comparator 440. A
      comparison of the calling numbers stored in the store 420 with all of the
      calling and called numbers stored in the junctor memory is then effected
      by the comparator 440. Such a comparison, for example, would form part of
      the busy search where the system attempts to determine whether a called
      line is busy by scanning all of the junctor positions in the junctor
      memory to determine whether that line circuit has its number stored in
      connection with any other junctor. In this case, the status decoder
      forming part of the status circuit 160 would provide a signal DSO4 to the
      comparator 440 enabling the comparison of the numbers stored in the ing
      and ed store 420 with all numbers received from the line selector.
PAR  Other comparisons which are performed within the hold register relate to
      the scanning of the lines by the line scanner 130. At the end of each
      junctor 32 time position the line scanner is advanced to the next line and
      will provide on binary input leads LU1 through LH2 in the hold register
      the line number which is to be scanned. This line number is applied to the
      data control circuit 430 which in turn applies it to one side of the
      comparator 440. During the subsequent scan of the information stored in
      the junctor memory in connection with the junctors, the comparator 440
      will determine whether a comparison exists between the number designated
      by the line scanner and any number which may be stored in the junctor
      memory. For example, if a line goes off-hook it might be necessary for the
      system to determine whether an attempt is at that time being made to
      complete a call to that line circuit. Since the line scanner steps from
      one line to the next without knowledge of whether or not a line is already
      involved in a call, it is necessary for the system to determine before
      recognizing an off-hook condition from the line as a request for service
      to determine whether that off-hook condition is a result of a call already
      established by the system.
PAR  The comparator provides outputs which may be required by the control
      circuits in the common control for various functions. The output ed-COMP
      indicates that only a comparison of the called number has been detected.
      The outputs COMP-HS and COMP-H indicates a general comparison detected.
      The output COMP-B indicates that a comparison of a line with its own
      number has been detected.
PAR  The data control circuit 430 merely serves to multiplex the data which is
      to be applied to the comparator so as to avoid interference between
      comparisons associated with data stored in the ing and ed store 420 and
      comparisons involving the number supplied from the line scanner. The data
      provided from the data control circuit 430 to the comparator 440 is also
      supplied to the junctor memory on binary output lines HU1 through HH2.
PAR  The write pulse generator 410 is also responsive to control signals from
      the operator and a signal PH5 from the clock to effect certain shifting of
      data as required by the system. For example, the signal ST (b ing + ed-H
      ed) is a request to store the calling and called numbers from the buffer
      in the junctor memory in the called portion of the ing and ed store of the
      hold register. The signal ST (b ed-H ing) indicates a request to store the
      called number from the buffer in the junctor memory in the calling portion
      of the ing and ed store 420 of the hold register. Such transfers of
      information from one junctor to the other are necessary for various
      operations and require a holding of this information between junctor scan
      times so that the transfer from one junctor position to another junctor
      position in the junctor memory can be effected. This is accomplished in
      the ing and ed store 420 under control of the write pulse generator 410.
      The outputs TB and TC provide indications of the transfer operation.
PAR  The hold register also includes an end search circuit 460 connected to the
      operations logic circuit 400 and receiving the control signal ICO and the
      clock signal JCT33. The end search circuit 460 merely indicates when a
      complete scan of all the junctors has been completed. For example, if a
      search is conducted in the hold register in connection with information
      stored in junctor 10 position, it is necessary to compare this information
      with that stored in the junctor positions 11 through 31 and 0 through 9.
      When the scan once again reaches junctor 10, the end search circuit 460
      indicates to the system that the search has been completed. The end search
      signal END SEARCH and 0 END SEARCH are generated along with a CLEAR to
      effect control of various elements in the common control at the end of the
      search.
PAR  The hold register also includes a busy circuit 470 which is enabled
      whenever a comparison request or start search signal is applied to the
      operations logic circuit 400. The hold register performs one function at a
      time and is automatically made busy whenever a request for a comparison or
      search is received. When the hold register is busy, the signals HBSY and 0
      HBSY are applied to the matrix control and operator complex, respectively.
      Since the hold register should not be busy for more than the time needed
      for one complete scan of all of the junctors, an alarm circuit 480 is
      provided in association with the busy circuit 470 which times the busy
      condition recorded by the busy circuit 470 for two complete scans of all
      of the junctors. If the busy circuit does not indicate the hold register
      to be free at the end of two complete scans of all of the junctors, an
      alarm signal HOLD ALARM is generated from the alarm circuit 480.
PAR  The circuit which controls the END SEARCH circuit 460 is illustrated in
      FIG. 9. At the time a search or comparison request is received in the hold
      register, the write pulse generator 410 will generate a transfer bit
      signal TB to enable store 500, which receives the junctor designation on
      leads JS1 through JS32 from the clock 115 at the time of receipt of the
      transfer bit TB from the write pulse generator 410 in the hold register.
      Thus, the junctor number at the time of generation of the signal TB is
      stored in the store 500.
PAR  The number which is stored in the store 500 is continuously applied to a
      comparator 510 along with the clock signals JS1 through JS32. When the
      original junctor whose number is stored in the store 500 is scanned once
      again, the comparator will indicate a comparison between the number
      generated by the clock and that stored in the store 500 and produce the
      signal ICO to the END SEARCH circuit 460 in the hold register to indicate
      that the search has been completed. The signal CLEAR from the END SEARCH
      circuit 460 is then applied to clear the store 500.
PAC  THE LINE SELECTOR
PAR  The line selector 155 functions to address the lines, including the line
      circuits, tie trunks and tone receivers, and also addresses the cross
      points in the matrix 10, in response to information received from the
      junctor memory 140, the line scanner 130 and the tone receiver and tie
      trunk control 170. While data is received in the line selector from six
      different sources requiring addressing of the lines or cross points of the
      matrix, the line selector functions in six distinct operations during each
      junctor scan.
PAR  FIG. 10 illustrates the switch portion of the line selector, which includes
      selector switches 600 through 690. Each selector switch selectively
      connects one of eight inputs to a single output under control of the
      binary timing signals LNSEL1, LNSEL 2, and LNSEL 4 from the clock circuit.
      Thus, for each of the binary states of the clock signals, one of the eight
      inputs of a selector switch will be connected to the output thereof.
PAR  In fact, only five inputs are provided to the switches 600 through 670 and
      only three inputs are provided to the switches 680 and 690. The five
      inputs represent data from the five different sources within the common
      control which require addressing of the lines or cross points. For
      example, the selector switch 600 receives the signal TRCU1 from the tone
      receiver control, the signal 01 and 013 representing the units digit of
      the calling and called numbers, respectively, from the junctor memory 140,
      TLT1 represents a tens digit from the tie trunk control, and the signal
      LU1 from the line scanner 130. If the control requires a sender line
      number, it will make S .sub.# high. When S .sub.# is low, the switch will
      deliver the tone receiver line number. These inputs are sequentially
      connected to the output wherein lead LSU1 is connected to the hold
      register, junctor memory and the line circuits. The output lead U1 is
      connected to the line selector decoder portion illustrated in FIG. 11.
PAR  During the operation of the line selector the designation of a tone
      receiver as received from the tone receiver and tie trunk control 170 on
      leads TRCU1, TRCU2, TRCU4 and TRCU8 are applied to switches 600 through
      690 in FIG. 10. The tone receiver designation will be switched to the
      output of these switches during one phase of the operation of the line
      selector as determined by the clock signals LNSEL1, LNSEL2 and LNSEL4.
      During a second operation of the line selector within the same junctor
      period a calling number received from the junctor memory 140 as inputs 01
      through 010 will be connected to the output of the switches 600 through
      690. During a third operation within the same junctor period, a called
      line number from the junctor memory 140 received on leads 013 through 022
      will be switched to the output of the switches 600 through 690. During a
      fourth operation within the same junctor period a line number from the
      line scanner received on inputs LU1-LU8, LT1-LT8, LH1 and LH2 will be
      switched to the output of the switches 600 through 690. During a fifth
      operation, the S .sub.# input can change to provide the sender line number
      at the output of the switches 600 through 690. During a sixth operation
      within the junctor period, a tie trunk designation received from the tone
      receiver and tie trunk control 170 will be switched on leads TLT1 - TLT8
      to the output of switches 600 through 690.
PAR  Thus, it can be seen that during each junctor period as the junctors are
      being scanned, the line selector 155 is capable of addressing a tone
      receiver, a sender, a tie trunk line, ing and ed lines and designated
      cross points in the matrix 10 in six separate operations under control of
      the clock signals LNSEL1 through LNSEL4. The output signals from the
      selector switches 600 through 690 on leads LSU1, LSU2, LSU4, LSU8, LST1,
      LST2, LST4, LST8, LSH1 and LSH2 are applied to the hold register and
      junctor memory, and these outputs are also applied to the multiline
      interface 14 to address the individual lines. The outputs U1, U2, U4, U8,
      T1, T2, T4, T8, H1 and H2 from the selector switches are applied to the
      line selector decoder illustrated in FIG. 11.
PAR  The line selector decoder portion serves to generate address signals for
      the matrix cross points associated with particular lines and junctors. The
      decoder portion basically consists of line decoders 700, 710 and 720. The
      binary units designations U1 through U8 received from the selector
      switches are applied directly through non-inverting AND gates G1 through
      G4 to the line matrix on output lines SXA through SXD. A clock signal YEN
      STROBE is applied through gate G5 in control of the line decoder 700 and
      is also applied through gate G6 along with an output from the line decoder
      720 on lead SXG to the line matrix. The line decoder 700 receives the tens
      binary signals T1 through T8 from the line selector switches and decodes
      these signals into outputs SXF110 through SXE100. Various combinations of
      the tens and hundreds binary designations from the line selector switches
      are applied through logic gates G7 through G13 to the line decoder 710 and
      720 to produce the outputs SXE220 through SXF350 for control of the line
      matrix.
PAC  MATRIX CONTROL
PAR  The matrix control works in conjunction with the line selector to control
      the status of the cross points in the matrix in connection with all
      functions in the system. As already described, the line selector responds
      to information received from the line scanner 130, junctor memory 140 and
      tone receiver and tie trunk control 170 to address various cross points in
      the matrix 10. As also described in connection with the general
      description of the matrix, simple addressing of a cross point in the
      matrix drives the cross point open in the absence of a request control
      signal from the matrix control 165 indicating that the cross point in
      question is to be closed. The matrix control receives information from the
      status circuit 160 concerning the status of the particular call and
      information from the operator complex concerning the call as well as
      timing signals from the clock 115 to determine whether a cross point
      should be open or closed.
PAR  FIG. 12 illustrates a general decoding arrangement wherein the status of a
      particular call is received on binary inputs 033 through 038 from the
      status circuit 160. The decoder 800 decodes the binary indications to
      provide outputs representing various states during which an addressing of
      the matrix cross points is required.
PAR  FIG. 13a provides the logic circuitry which serves to generate a request
      for addressing the calling and called cross points in the memory. A direct
      request for addressing the cross points received as a signal XPT (ing-ed)
      from the status circuit 160 is applied through OR gate G20 as the address
      request signal A XPT (ing-ed). The same address output is provided during
      state S13 via AND gate G21 and OR gate G20 in absence of a signal OP SEND
      BUSY from the operator complex indicating that the operator sender is
      busy. An output is also provided from OR gate G20 in response to an
      indication from the class of service buffer 125 that the line has a tone
      dial class of service indicated by signal COSTD during state S33, which
      produces an output from gate G22 via gate G23 to the OR gate G20. A
      further condition providing an output from OR gate G20 results during an
      indication from the class of service buffer 125 that the line has a
      transfer class of service, as indicated by the signal COS XFR at the input
      of AND gate G25 during either states S18 or S20, as indicated by an output
      from gate G24 to the other input of gate G25.
PAR  FIG. 13b represents the logic circuitry which serves to generate the
      control signals SLI and SLE, which are decoded, as seen in FIG. 14, to
      produce various control and timing signals including the line selector
      control signals LNSEL1, LNSEL2 and LNSEL4, the function of which is
      described in connection with the line selector switches in FIG. 10.
PAR  In FIG. 13b, the output SLI is provided at the output of gate G30 under
      various conditions which serve to enable gates G31, G33, G34, G35, G36 and
      G37. For example, during state 55 when the class of service buffer
      indicates that the operator is a calling party via gate G32, G31 will be
      enabled to provide an output from gate G30. The states S22, S11 and S28
      also will provide an enabling via gates G33, G35 and G36 of the gate G30.
      The signal ARSLI from FIG. 13e represents a combination of states and
      trunk conditions which serve to enable gate G34 to provide an output from
      gate G30. A sender busy signal SEND BUSY applied to gate G37 during state
      S27 also provides an enabling of the gate G30.
PAR  The state circuit, as seen in FIG. 6, provides an instruction for
      addressing the calling party cross point in the matrix by a signal XPT
      ING, which is applied to gate G30 to generate the signal SLI. In
      conjunction with the addressing of the calling cross point, the status
      circuit also generates a request for addressing the called cross point by
      a signal XPT ED applied to enable gate G38 to produce the signal SLE. The
      request for addressing the calling and called cross points in the matrix
      derived from the circuitry of FIG. 13a is also applied to both the gates
      G30 and G38 to produce both of the signals SLI and SLE. The gate G38 is
      also enabled during state S28 and states S17 via gates G40 and G41. During
      state S28, when a signal for making the sender cross point MSEND XPT is
      received via gate G42 along with a timing signal 300 MS via gate G43, the
      AND gate G39 will be enabled to enable gate G38 to produce the signal SLE.
PAR  FIG. 13c provides the matrix control circuitry which controls the ringing
      relays in each of the line circuits during the proper time as controlled
      by the clock signals JT11, JT8 and JT1. The various states which require
      control of the ringing relay are applied to a selector 810 which is
      responsible to the timer control signal 042 and 048 to selectively
      generate the ring control signal RCG, which is applied in control of the
      ring cycle control circuit, as seen in FIG. 5.
PAR  The combination of the output from the selector 810 and the various clock
      signals produce the ring control signals RCS1 through RCS3 and RCR1
      through RCR3. These signals are applied to the ring relay of all of the
      line circuits in common; however, ringing is applied to only the line
      circuit which is being addressed, as will be understood from the foregoing
      description.
PAR  FIG. 13d provides the matrix control circuitry which generates the tone
      matrix control signal TMRST and the music source control signal MSC. The
      tone matrix control signal is generated during various states which
      require application of a tone, such as dial tone, busy tone, camp-on tone
      or ring back tone, through the tone matrix to one of the lines. The
      generation of the tone matrix control signal is effected during the proper
      time under control of various clock signals applied to the circuit of FIG.
      13d. The music source control 830 is responsive to the various states and
      the timing of the clock signals to produce a signal which will effect
      application of the music tone to the tone matrix for application to the
      lines, for example, during camp-on or when a line is on hold. The details
      of the control circuit of FIG. 13d are disclosed more particularly in our
      copending U.S. Application Ser. No. 431,885, filed Jan. 9, 1974, now U.S.
      Pat. No. 3,904,831, which is directed to the tone matrix and its control.
PAC  CONTROL CIRCUITS
PAR  The control circuits 110 in the common control are wired logic circuits
      which serve to control the functioning of the various other elements of
      the common control during particular times regulated by the clock 115 and
      in response to the various conditions of a call as determined from the
      class of service buffer 125, data stored in the digit decoder 115 and
      junctor memory 140, and the status of the call as stored in the status
      circuit 160. Since the control circuits 110 are merely wired logic
      circuits performing various functions as required of the overall system,
      the configuration of these circuits necessarily will vary in dependence
      upon the functions which are required. However, as an example of a
      preferred embodiment of the present invention, various logic circuits
      which control basic functions which are fundamental to such a system will
      be described generally.
PAR  As can be seen from FIGS. 15 through 23, the control circuits 110 merely
      comprise a plurality of gates which combine various timing signals and
      condition signals received from the clock and from the various other
      elements of the common control to provide instructions for the performance
      of various operations during each state of the call. Forr example, in FIG.
      15 a signal RSO1 recognizes an initial off-hook condition requiring a
      state 01 in a connection with a particular line. The various logic gates
      combine clock signals designating junctor times 32 and 33, clock phase
      signal PH5, junctor time slot JT2 and junctor time slot JT0. Information
      is also received from the class of service buffer such as the signal ING
      OFF-H indicating an off-hook condition in the calling line circuit and the
      signal COS ETO indicating called line traffic only. The signal COS OP from
      the class of service buffer designates the operator and the signal J FREE
      from the junctors indicates that a junctor is free.
PAR  The circuitry of FIG. 16a serves to generate various state signals which
      are forwarded to the status circuit 160 as well as a comparison circuit
      which is forwarded to the hold register 135. FIG. 16b provides further
      circuitry for generating various comparison signals forwarded to the hold
      register and the signal SO1 in response to receipt of the signal RSO1 from
      FIG. 15 indicating to the status circuit that a state 01 representing an
      initial off-hook condition is to be stored. FIG. 17 provides for
      generation of an instruction signal 140 to the status circuit 160 from
      information received from the digit decoder. FIG. 18 also provides a
      circuit for generation of a comparison signal to be forwarded to the hold
      register in FIG. 8.
PAR  FIG. 19 provides a circuit which generates the state signals SO2 or SO3
      depending upon whether the calling line has rotary dial or tone dial
      equipment, as determined from the class of service buffer. The status
      circuit indicates the previous state by signal DSO1 to determine whether
      the system will advance to the SO2 state for dial pulse dialing or to the
      So3 state for receipt of tone dial. In the case of tone dial equipment,
      the line circuit is to be connected to a tone receiver, and so an output
      SO3 is not provided unless an indication is received via the signal TRCV
      FREE indicating a free tone receiver is available.
PAR  FIGS. 20 and 21 provide the circuits which generate the comparison signals
      COMP (ing-ing+ed) and ING (B ED) which are forwarded to the hold register
      in FIG. 8 and the junctor memory in FIG. 7, respectively. Once again, a
      combination of various information from the system along with various
      timing signals from the clock circuit provide for the generation of these
      signals as apparent from FIGS. 20 and 21.
PAR  FIG. 22 provides a circuit which generates a start search signal forwarded
      to the hold register for initiating a search in connection with a night
      service connection. This circuit merely provides for recognition of the
      state DSO8 relating to night search and a recognition that the hole
      register is not busy.
PAR  The command signals which are received in the junctor memory, as seen in
      FIG. 7, are generated in a circuit such as illustrated in FIG. 23. These
      are commands in addition to the command which is generated by the
      circuitry in FIG. 21 and represents the typical manner in which data and
      timing signals are combined in the control circuits to provide the
      commands necessary during various states of the call.
PAR  As quite apparent from the foregoing description, additional control
      circuits can be provided to perform more complicated and sophisticated
      functions within the system; however, once the functions which are to be
      performed by the various common control elements described in this
      specification have been determined, the logic circuitry necessary to
      request and control the functions can be provided without inventive effort
      by one of skill in this particular art. The circuits illustrated in FIGS.
      15 through 23 provide control circuitry associated with the basic
      operating states of the system including initial off-hook, dial pulse
      dialing or tone dialing, busy test and ringing. Expansion of the functions
      to be performed by the system may therefore be carried out in the same
      manner as evidenced by the circuits illustrated in FIGS. 15 through 23.
PAR  While We have shown and described one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to a
      person skilled in the art, and We therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic telephone system comprising a plurality of input circuits
      including line circuits and operator loop circuits, a plurality of junctor
      circuits, a switching matrix in the form of a rectangular array of
      horizontal and vertical lines and switch means for selectively effecting
      interconnection between a horizontal line and a vertical line at the
      crosspoint thereof in response to receipt of a command signal, said input
      circuits being connected to respective horizontal lines and said junctor
      circuits being connected to respective vertical lines, said switching
      means comprising a line matrix section and a service matrix section, the
      input circuits connected to said line matrix section comprising subscriber
      line circuits and the input circuits connected to said service matrix
      section comprising register sender circuits and operator loop circuits,
      common control means for generating command signals to periodically close
      one or more selected crosspoints of said switching matrix to connect an
      input circuit to a junctor or to connect an input circuit to another input
      circuit and to a junctor, and signaling means directly connecting said
      input circuits to said common control means for transmitting all signals
      relating to input circuit conditions to said common control means
      independently of said switching matrix.
NUM  2.
PAR  2. An electronic telephone system as defined in claim 1 wherein said line
      circuits and operator loop circuits are connected as line appearances
      directly to respective horizontal lines of said switching matrix.
NUM  3.
PAR  3. An electronic telephone system as defined in claim 1 wherein the input
      circuits connected to said service matrix section further comprise a
      plurality of tone receivers and an operator line circuit.
NUM  4.
PAR  4. An electronic telephone system as defined in claim 1 wherein a plurality
      of said junctor circuits are connected directly to trunk circuits
      extending lines to other telephone systems.
NUM  5.
PAR  5. An electronic telephone system as defined in claim 4, further including
      tone generating means connected to each of said junctors for applying dial
      tone and ring-back tone to said input circuits through said switching
      matrix.
NUM  6.
PAR  6. An electronic telephone system as defined in claim 5 wherein said input
      circuits include line circuits and operator loop circuits.
NUM  7.
PAR  7. An electronic telephone system as defined in claim 6 wherein said common
      control means includes ringing generator means connected directly to said
      line circuits for applying ringing current thereto.
NUM  8.
PAR  8. An electronic telephone system as defined in claim 7 wherein said common
      control means further includes line scanner means for sequentially
      addressing said line circuits and means for detecting in said addressed
      line circuits a request for connection of the line circuits through said
      switching matrix to a junctor.
NUM  9.
PAR  9. An electronic telephone system comprising a plurality of input circuits,
      a plurality of junctor circuits, a switching matrix in the form of a
      rectangular array of horizontal and vertical lines and switch means for
      selectively effecting interconnection between a horizontal line and a
      vertical line at the crosspoint thereof in response to receipt of a
      command signal, said input circuits being connected to respective
      horizontal lines and said junctor circuits being connected to respective
      vertical lines, said switching matrix comprising a line matrix section and
      service matrix section, the input circuits connected to said line matrix
      section comprising subscriber line circuits and the input circuits
      connected to said service matrix section comprising register sender
      circuits and operator loop circuits, common control means for generating
      command signals to close one or more selected crosspoints of said
      switching matrix to connect an input circuit to a junctor or to connect an
      input circuit to another input circuit and to a junctor, and signaling
      means directly connecting said input circuits to said common control means
      for transmitting all signals relating to input circuit conditions to said
      common control independently of said switching matrix.
NUM  10.
PAR  10. An electronic telephone system as defined in claim 9 wherein said input
      circuits include a plurality of line circuits and said common control
      means includes line scanner means for sequentially addressing said line
      circuits to apply to said signaling means signals representing the line
      condition of each line circuit addressed.
NUM  11.
PAR  11. An electronic telephone system as defined in claim 10 wherein said
      signaling means includes class-of-service means responsive to receipt of a
      line condition signal from an addressed line circuit for forwarding to
      said common control means class-of-service information relating to the
      addressed line circuit.
NUM  12.
PAR  12. An electronic telephone system as defined in claim 10 wherein said
      common control means further includes digit decoder means responsive to
      said line condition signals from a calling line circuit for identifying a
      called line circuit to be connected to said calling line circuit and
      matrix control means for generating command signals to close crosspoints
      in said switching matrix associated with said calling and called line
      circuits and a junctor circuit.
NUM  13.
PAR  13. An electronic telephone system as defined in claim 9 wherein the input
      circuits connected to said service matrix section further comprise a
      plurality of tone receivers and an operator line circuit.
NUM  14.
PAR  14. An electronic telephone system as defined in claim 13 wherein a
      plurality of said junctor circuits are connected directly to trunk
      circuits extending lines to other telephone systems.
NUM  15.
PAR  15. An electronic telephone system as defined in claim 14, further
      including tone generating means connected to each of said junctors for
      applying dial tone and ring-back tone to said input circuits through said
      switching matrix.
NUM  16.
PAR  16. An electronic telephone system as defined in claim 9 wherein said
      common control means includes ringing generator means connected directly
      to said line circuits for applying ringing current thereto.
NUM  17.
PAR  17. An electronic telephone system as defined in claim 10 wherein said
      common control means further includes memory means for storing data
      representing the status of each line circuit connection for the line
      circuits connected to each junctor and control circuit means responsive to
      the line condition signals and the data stored in said memory means for
      controlling the switch means in said switching matrix.
NUM  18.
PAR  18. An electronic telephone system comprising a plurality of line circuits,
      a plurality of junctor circuits, a switching matrix in the form of a
      rectangular array of horizontal and vertical lines and switch means for
      selectively effecting interconnection between a horizontal line and a
      vertical line at the crosspoint thereof in response to receipt of a
      command signal, said line circuits being connected to respective
      horizontal lines and said junctor circuits being connected to respective
      vertical lines, and common control means for generating command signals to
      close one or more selected crosspoints of said switching matrix to connect
      a line circuit to a junctor or to connect a calling line circuit to a
      called line circuit and to a junctor, said common control means including
      junctor memory means having a memory portion assigned to each junctor for
      storing the identity of each calling and called line circuit connected to
      a junctor through said switching matrix and matrix control means for
      continuously scanning the contents of said junctor memory means and
      generating command signals to periodically close the crosspoints of said
      switching matrix associated with the line circuits requiring connection to
      a junctor or another line circuit.
NUM  19.
PAR  19. An electronic telephone system as defined in claim 18 wherein said
      common control means further includes status means for storing data
      representing the status of each line circuit connection for the line
      circuits connected to each junctor and control circuit means responsive to
      the data stored in said status means for controlling said matrix control
      means to periodically close selected crosspoints in said switching matrix.
NUM  20.
PAR  20. An electronic telephone system as defined in claim 19 wherein said
      common control means further includes line scanner means for sequentially
      addressing said line circuits and means for detecting in said addressed
      line circuits a request for connection of the line circuits through said
      switching matrix to a junctor.
NUM  21.
PAR  21. An electronic telephone system as defined in claim 20 wherein said
      common control means further includes line selector means responsive to
      said junctor memory means and said line scanner means for applying
      addressing signals to the switch means of said switching matrix associated
      with designated line circuits and junctors, said switch means including
      control means responsive to said addressing signals alone to open said
      crosspoints and responsive to said addressing signals and said command
      signal for closing said crosspoints.
NUM  22.
PAR  22. An electronic telephone system as defined in claim 21, further
      including signaling means directly connecting said line circuits to said
      common control means for transmitting signals relating to line circuit
      conditions to said common control.
NUM  23.
PAR  23. An electronic telephone system as defined in claim 22 wherein said
      common control means further includes digit decoder means responsive to
      said line condition signals from a calling line circuit for identifying a
      called line circuit to be connected to said calling line circuit.
NUM  24.
PAR  24. An electronic telephone system as defined in claim 23 wherein said
      signaling means includes class-of-service means responsive to receipt of a
      line condition signal from an addressed line circuit for forwarding to
      said common control means class-of-service information relating to the
      addressed line circuit.
NUM  25.
PAR  25. An electronic telephone system as defined in claim 18, further
      including tone generating means connected to each of said junctors for
      applying dial tone and ring-back tone to said input circuits through said
      switching matrix.
NUM  26.
PAR  26. An electronic telephone system as defined in claim 25 wherein said
      common control means includes ringing generator means connected directly
      to said line circuits for applying ringing current thereto.
NUM  27.
PAR  27. An electronic telephone system as defined in claim 26 wherein a
      plurality of said junctor circuits are connected directly to trunk
      circuits extending lines to other telephone systems.
NUM  28.
PAR  28. An electronic telephone system comprising a plurality of input
      circuits, a plurality of junctor circuits, a switching matrix in the form
      of a rectangular array of horizontal and vertical lines and a solid state
      crosspoint switch interconnecting said horizontal and vertical lines at
      each crosspoint thereof in response to receipt of both an address signal
      and a command signal, said input circuits being connected to respective
      horizontal lines and said junctor circuits being connected to respective
      vertical lines, and common control means for generating address signals
      and command signals to close one or more selected crosspoint switches to
      connect an input circuit to a junctor or to connect an input circuit to
      another input circuit and to a junctor.
NUM  29.
PAR  29. An electronic telephone system as defined in claim 28 wherein said
      switching matrix comprises a line matrix section and a service matrix
      section, the input circuits connected to said line matrix section
      comprising subscriber line circuits and the input circuits connected to
      said service matrix section comprising register sender circuits and
      operator loop circuits.
NUM  30.
PAR  30. An electronic telephone system as defined in claim 28 wherein a
      plurality of said junctor circuits are connected directly to trunk
      circuits extending lines to other telephone systems.
NUM  31.
PAR  31. An electronic telephone system as defined in claim 28 wherein said
      common control means includes junctor memory means having a memory portion
      assigned to each junctor for storing the identity of each calling and
      called line circuit connected to a junctor through said switching matrix,
      and matrix control means for continuously scanning the contents of said
      junctor memory means and generating command signals to close the
      crosspoint switches associated with line circuits requiring connection to
      a junctor or another line circuit.
NUM  32.
PAR  32. An electronic telephone system as defined in claim 31 wherein said
      common control means further includes status means for storing data
      representing the status of each line circuit connection for the line
      circuits connected to each junctor and control circuit means responsive to
      the data stored in said status means for controlling said matrix control
      means to periodically close selected crosspoints in said switching matrix
      in conjunction with the scanning of said junctor memory means.
NUM  33.
PAR  33. An electronic telephone system as defined in claim 32 wherein said
      common control means further includes line scanner means for sequentially
      addressing said line circuits and means for detecting in said addressed
      line circuits a request for connection of the line circuits through said
      switching matrix to a junctor.
NUM  34.
PAR  34. An electronic telephone system as defined in claim 33 wherein said
      common control means further includes line selector means responsive to
      said junctor memory means and said line scanner means for applying
      addressing signals to the switch means of said switching matrix associated
      with designated line circuits and junctors, said switch means including
      control means responsive to said addressing signals alone to open said
      crosspoints and responsive to said addressing signals and said command
      signal for closing said crosspoint.
NUM  35.
PAR  35. An electronic telephone system as defined in claim 34, further
      including signaling means directly connecting said line circuits to said
      common control means for transmitting signals relating to line circuit
      conditions to said common control means.
NUM  36.
PAR  36. An electronic telephone system as defined in claim 35 wherein said
      common control means further includes digit decoder means responsive to
      said line condition signals from a calling line circuit for identifying a
      called line circuit to be connected to said calling line circuit.
NUM  37.
PAR  37. An electronic telephone system as defined in claim 36 wherein said
      signaling means includes class-of-service means responsive to receipt of a
      line condition signal from an addressed line circuit for forwarding to
      said common control means class-of-service information relating to the
      addressed line circuit.
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PAL  An automatic number identification system in a tributary office having
      simultaneous dual operation for high traffic capacity. A pair of
      identifier units applying identification signals via the sleeve wire
      associated with the calling stations to a common matrix or directory
      number network.
BSUM
PAR  This invention relates to telephone systems, and more particularly, to an
      improved means for use in an automatic telephone system for identifying
      the directory number of a station on a line originating a call.
PAR  In automatic telephone systems having direct distance dialing (DDD)
      capability, toll determining equipment is commonly located in a central
      office serving a plurality of tributary or end offices. In order to assess
      the tolls for long distance calls against the correct calling stations,
      there is a need for automatic number identification (ANI) apparatus in the
      tributary offices. Upon request from the central office with toll
      determining equipment (hereinafter termed central automatic message
      accounting or CAMA office), the end office ANI equipment determines the
      directory number of the calling station and transmits the number to the
      CAMA office.
PAR  Generally, identification of a calling station is accomplished through the
      use of one or more matrices or networks of passive components comprising
      at least as many individual matrix elements as there are lines to be
      identified in the office. An input terminal for each of the elements is
      connected or strapped to a control wire, usually the equipment number
      sleeve wire, associated with one of the subscriber lines of the end
      office. The strap for each line may be connected to an appropriate input
      terminal as determined by the values of the last four digits forming the
      directory number of the calling station. The outputs of each matrix may
      then, e.g., be multipled to four groups of output buses, one group each
      associated with the thousands, hundreds, tens and units digits of the
      calling number. Other special output lines may be provided for detecting
      class-of-call information of designated ones of the calling stations. The
      output lines and buses are selectively connected through the matrix
      elements to the input terminals thereof in such a manner that an
      identification signal applied to one of the input terminals will cause a
      distinctive signal to appear on one or more of the lines, e.g., on one of
      the lines of each of the groups of buses. In response to the distinctive
      signals detected, the identifier equipment initiates such action as may be
      appropriate for the station thus identified, e.g., transmitting the
      calling number in the proper sequence along with appropriate office-code
      information digits to the CAMA toll center.
PAR  In high capacity tributary offices operating with a distant CAMA office,
      the ANI apparatus has in the past impeded traffic flow during peak
      operating periods. In such systems, the requests for the identification of
      a calling subscriber originate in the toll center and are transmitted to
      the tributary office where they are processed serially by the ANI
      equipment. During such high traffic periods, subscribers experiencing
      seemingly interminable delays in the processing of a DDD call may
      terminate the call prematurely. Alternatively, if the local outgoing trunk
      circuit is unable to seize an identifier circuit in a timely manner after
      receiving an identification request from the CAMA office, the CAMA office
      may return a circuits-busy signal to the local trunk and terminate the
      call.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a broad object of the present invention to provide a new
      and improved means for automatically identifying the number of a station
      on a line originating a call.
PAR  It is a more particular object of this invention to provide a new and
      improved means for automatically and rapidly identifying the directory
      number of a plurality of calling stations while greatly reducing the
      probability of noticeable delay or blockage.
PAR  It is another object of the present invention to provide means for
      automatically identifying the directory number of more than one line
      originating calls in an apparently simultaneous manner utilizing dual
      identifiers with one number network or matrix common to both identifiers.
PAR  These and other objects and features of the invention are achieved in
      accordance with one aspect of the invention by a pair of identifiers
      operating in a tributary office through a common directory number network
      to simultaneously identify two calling stations. Each of the identifiers,
      having been seized by a trunk circuit requiring calling number
      identification, initiate a program which applies an identification pulse
      through the local switching equipment to the sleeve lead of the calling
      line. The pulse is of relatively short duration compared with the program
      time. The first of the two identifiers to generate its pulse inhibits
      pulse generation in the other identifier during the period of the program
      when the first pulse is traversing the common number network and the first
      identifier is detecting and storing the directory number significance of
      the pulse. When the line associated with the first pulse has been so
      identified, the second identifier is released to generate another pulse
      for application to the sleeve lead of the calling line associated
      therewith. Both identifiers then proceed simultaneously to complete their
      respective identification programs and transmit the calling numbers to the
      toll center via the connected trunk circuits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is set forth with particularity in the appended claims,
      however, other objects and features, the organization and method of
      operation of the invention will become more apparent, and the invention
      will be best understood by referring to the following detailed description
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of the dual automatic number identification
      system of the present invention as used in a tributary office of a
      telephone switching system.
PAR  FIG. 2 is a detailed block diagram of the interface between the access
      circuits of the requesting trunk and the identifier of the present
      invention.
PAR  FIG. 3 is a detailed block diagram of a single unit of the automatic number
      identifier of the present invention.
PAR  FIGS. 4a-4f when arranged as shown in FIG. 4 form a detailed circuit
      diagram of the identifier of the present invention.
PAR  FIG. 5 is a schematic detail of the identification pulse synchronization
      circuit.
PAR  FIG. 6 is a timing diagram of the relationship between the message metering
      signal and the identification pulse.
PAR  FIG. 7 is a timing diagram of the identifier operation.
PAR  FIGS. 8 and 9 are schematic details, respectively of the negative and
      positive current detectors.
PAR  FIG. 10 is a schematic detail of the identification pulse generator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the various views of the drawing for a more detailed
      description of the operation, construction and other features of the
      invention by characters of reference, FIG. 1 illustrates generally a dual
      automatic number identification (ANI) system 10 connected in a telephone
      switching system wherein common control circuits are employed to control
      the establishment of calls through a switching network. It is assumed that
      the switching system of FIG. 1 is a tributary or end office operating with
      a CAMA toll center (not shown). One such switching system, the No. 5
      crossbar system, is disclosed in U.S. Pat. No. 2,585,904. It is to be
      understood, however, that the switching system shown is exemplary and the
      present invention is not limited to use therewith, but may be utilized
      with other types of switching systems.
PAR  For purpose of general description, it is assumed that a telephone
      subscriber at a calling station 12 desires to place a long distance call.
      Upon an off-hook condition at the calling station 12, an idle originating
      register, such as originating register 14, is connected to station 12 via
      a linkage connection which extends from a line appearance 16 on line link
      frame 18 to appearance 20 on a trunk link frame 22. The linkage path
      constitutes a dial tone connection which is established under control of a
      dial tone marker circuit (which may be a part of a marker 24 of FIG. 1)
      based in part upon information received from a line link marker connector
      (LLMC) 26 and line link frame connector (LLC) 28. The LLMC 26 and LLC 28
      provide the appearance 16 location and also the class-of-service of the
      calling station 12. The marker 24 then causes the registration of the
      class-of-service and the calling line appearance 16 location of station 12
      in the originating register 14 via a trunk link connector (TLC) 32. The
      marker 24 thereupon releases from the connection. Dial tone is returned to
      calling station 12 from the originating register 14 in the well known
      manner, upon completion of the aforementioned linkage.
PAR  It is now assumed that the subscriber at calling station 12 dials or key
      pulses a long distance access code and the digits corresponding to the
      directory number of the called station. These digits are stored in the
      originating register 14 and upon completion of dialing, a completing
      marker circuit which may be a part of the marker 24, is seized in order to
      process the call further. The marker 24, via the trunk link connector 32,
      seizes an outgoing trunk such as outgoing trunk 34n. An available outgoing
      sender such as sender 36 is seized by the marker 24 via an outgoing sender
      connector (OSC) 38 and connected to the seized trunk 34n via outgoing
      sender link 40n. The directory digits of the called station as previously
      transferred from the originating register 14 to the marker 24, are then
      transmitted to the sender 36. The sender 36, in the well known manner,
      proceeds to transmit the directory number of the called station over the
      established connection from the outgoing trunk 34n to the CAMA office over
      tip and ring conductors Tn and Rn. When this action is complete, the CAMA
      office returns an answer supervision signal to the outgoing trunk 34n,
      e.g., as by loop battery reversal of the tip and ring conductors. Upon
      receiving the answer supervision signal, the outgoing trunk 34n extends a
      request service RS signal to each of two identifier units 42, 44 in the
      dual ANI system 10 via an access-2 circuit associated with the requesting
      trunk. If both identifier units 42, 44 are busy servicing other outgoing
      trunks, outgoing trunk 34n must wait until one of the identifiers is
      released. If either of the identifier units 42, 44 is idle, a ground is
      returned from the idle identifier, (such as identifier A 42) to the
      access-2 circuit 46 associated with the requesting outgoing trunk 34n,
      whereupon the outgoing trunk 34n seizes identifier A 42. When the outgoing
      trunk 34n seizes the identifier A 42, the subscriber's sleeve lead Sn is
      extended into the identifier unit A 42. An identification pulse is applied
      from the identifier A 42 to the subscribers sleeve lead Sn via bus 47,
      through the outgoing trunk 34n, to its appearance 45 in the TLF 22,
      through the LLF 18, and back to the identifier A 42 via a cross-connect
      field 48 and a matrix 50. A particular input connection of the matrix 50
      corresponds with the sleeve lead SN of the calling station 12; identifier
      A 42 detects the particular connection through which the identifying pulse
      returns through the matrix 50 and stores indicia representative of the
      directory number of the calling station 12. Subsequently, identifier A 42
      outpulses the calling station's number via tip and ring leads Tn, Rn to
      the CAMA office. Since it is possible for each of the identifiers 42, 44
      to be simultaneously servicing one of the outgoing trunks 34a-n, and the
      crossconnect field 48 and matrix 50 are common to both identifiers 42, 44,
      the identifier unit issuing the identification pulse also generates a
      lockout signal which is transferred via line 52 to the other identifier
      unit, thereby preventing interference in the common matrix 50 between two
      identification pulses serving two different outgoing trunks.
PAR  The seizure of an identifier 42, 44 by the access-2 circuit 46 is explained
      with reference to FIG. 2. Upon receiving answer supervision from the CAMA
      office, the outgoing trunk 34n transmits a request service RS signal via
      the access-2 circuit 46 and a signal converter 54 to the "set" input of a
      seize bistable 56 of the identifier 42. The seize bistable 56, enables by
      the RS signal, generates an SZ signal from its set output which is
      transferred via a NOT element 58 to the coil of a seize relay 60. An
      electronic battery circuit 62, termed herein a bait battery, supplies a
      -48 vdc potential 64 via a switch circuit 63 and line BB(A) to an access-A
      circuit 66 of the access-2 46. The seize relay 60, actuated by the enabled
      seize bistable 56, extends ground via its normally-open contacts 68 to a
      junction 70 of the access-A circuit. The ground at the junction 70 is
      returned via normally closed contacts 71 of an SA relay 72 and a junction
      82 to the trunk circuit 34n as acknowledgement that the access-2 circuit
      46 has received the RS signal. Simultaneously, the ground at the junction
      82 is applied to a switching circuit 74. In response to the ground signal
      at the junction 82, the switching circuit 74 applies the -48 vdc potential
      on line BB(A) to the coil of the SA relay 72. As the SA relay energizes,
      sufficient current flows through line BB(A) and a resistor 78 to cause
      zener diode 80 to conduct. Zener diode 80, having a breakdown voltage of
      approximately -24 vdc, causes the voltage on line BB(A) to be lowered and
      subsequently maintained at -24 vdc. The potential with respect to ground
      present on the BB(A) lead is thus decreased from a -48 vdc "idle" level to
      a -24 vdc "busy" level. The busy level on line BB(A) prevents other
      access-2 circuits from seizing the identifier 42. Concurrently with the
      lowering of the potential on line BB(A), the SA relay 72 is energized and
      held by an internally supplied -48 vdc potential 76. Energizing the SA
      relay extends the leads associated with the calling station 12 (FIG. 1),
      such as leads S, T and R, from the trunk circuit 34n via normally open
      contacts SA into the identifier 42. The ground signal at terminal 40 is
      applied via normally open contacts 84 of the energized SA relay 72 and a
      marking resistor 86 to a threshold detector 88 in the bait battery 62. If
      the threshold detector 88 detects more than one marking resistance to
      ground, as for example, in the event that two access-2 circuits
      simultaneously seize an identifier bait battery, a fault signal is
      generated by the threshold detector 88 and transferred via an amplifier 90
      and an inverter 92 to the switch circuit 63. In response to the fault
      signal applied from the inverter 92, the switch circuit 63 applies a
      ground to the BB(A) lead, de-energizing the SA relay, thus disabling the
      connection between the identifier unit 42 and the access-2 circuit 46.
PAR  The access-2 circuit 46 includes two identically operating access circuits,
      vis.: the access-A circuit 66 described in the preceding paragraph and an
      access-B circuit which serves to connect a requesting trunk circuit 34 to
      identifier B 44. The foregoing description of the seizure of an identifier
      circuit by an access-2 circuit utilized block diagrams to illustrate the
      interaction between the various system components. For a more detailed
      description of the structure, arrangement, components and operation of the
      bait battery circuit 62 and the access circuit 66 of FIG. 2, reference is
      made to a co-pending application Ser. No. 357,320, filed on May 4, 1973,
      for D. R. Merriam, and assigned to the same assignee as the present
      invention, now an issued U.S. Pat. No. 3,824,348.
PAR  Referring now to FIG. 3, there is shown a detailed block diagram of an
      identifier (such as identifier A 42, FIGS. 1 and 2), including the
      crossconnect field 48 and the matrix 50. Upon seizure of the identifier by
      the trunk circuit 34 as previously described with reference to FIG. 2, tip
      and ring conductors T, R associated with the calling station 12 are
      extended from the trunk circuit 34 into the identifier where they are
      connected to an MF switching relay unit 146 and an automatic 4-party
      detector circuit 100. Similarly, the sleeve lead SN associated with the
      calling station 12 is extended through the trunk circuit 34 into the
      identifier unit and connected to an identification (ID) pulse generator
      96. The station side 97 of the sleeve lead is connected to a terminal 98
      of the crossconnect field 48. The terminal 98 is strapped to one of a
      plurality of terminals 116 of the diode-resistor matrix 50. The terminal
      116 leads to an element of the matrix which corresponds with the number of
      the calling station 12. For simplicity, only one element of the matrix 50
      is shown in FIG. 3.
PAR  If the calling station 12 is a multi-party line, the station side 97 of the
      sleeve lead SN extended into the identifier is connected in the
      crossconnect field 48 via terminal 98 and strapping 99 to other elements
      (not shown) of the matrix 50. The number of elements of the matrix 50,
      connected to one sleeve lead corresponds with the number of parties on the
      line, and each of the elements so connected corresponds with the last four
      digits of the directory number assigned a different one of the parties.
PAR  As previously described with references to FIG. 2, seizure of the
      identifier unit by the trunk circuit 34 enables the seize bistable SZ
      located in a timing and control unit 102 of the identifier. The identifier
      is equipped with a continuously running master clock 104 which in the
      presently described embodiment provides a 235 Hz signal to a binary
      divider 106. The binary divider 106 provides timing pulses to the timing
      and control unit 102 and to a program counter 108. The program counter
      periodically generates a signal set representative of an alterable ordered
      series of steps or operations called a program. When the identifier is
      seized, the SZ signal from the enabled seize bistable is transferred from
      the timing and control unit 102 to the program counter 108 to start the
      program which proceeds in the series of program steps PS 0-24 to identify
      the number of the calling station 12 and outpulse the number via the trunk
      circuit 34 to the CAMA office.
PAR  Certain of the program steps PS 0-24 are listed in the block 102 of FIG. 3;
      control signals associated with the program steps are shown adjacent the
      listed program steps. In order to achieve a meaningful and orderly
      progression of operations or program steps involved in the identification
      and transmission to the CAMA office of the number of the calling station
      12 and the attendant movement of information signals and data among the
      various units, registers and other elements of the ANI system, after a
      need for specific movements, combinations of movements or operations has
      been established, control signals and timing pulses must be generated or
      issued to permit the prescribed movement or operation at the desired time.
      Any undesirable movements or operations must likewise be inhibited. The
      exact manner in which specific control signals are logically derived and
      timing pulses are generated from a clock source (such as the master clock
      104), delay network or divider according to precisely defined conditions
      within the system at certain precisely defined times has become a matter
      of common knowledge within the art. Therefore, in the ensuing discussion,
      no attempt is made to describe in great detail the circuit origins of each
      of the control signals and timing pulses which bring about the information
      movements or initiate operations within the system. For example, in the
      embodiment described herein, the timing and control unit 102 receives
      timing pulses from the binary divider 106 and the program counter 108. The
      divider 106 and counter 108 may be binary counter circuits as described in
      Chapter 3 of Electronic Digital Components and Circuits by R. K. Richards,
      published in 1967 by D. Van Nostrand Company, Inc.
PAR  During program steps 1-3, a PT party test signal from the timing and
      control unit 102 actuates the automatic four-party detector 100. The
      four-party detector 100 tests the tip and ring conductors extended thereto
      from the trunk circuit 34 to determine which of the parties associated
      with calling station 12 is off-hook. Signals from the detector 100 actuate
      party-gating relays 110 to apply a ground 109 to the appropriate SG leads
      112. The SG leads 112 are strapped via connections 114 (only one of which
      is shown in FIG. 3) of the crossconnect field 48 to the G terminals of
      matrix 50. Assuming the SN terminal 116 represents the sleeve lead
      connection to the matrix 50 of one of four parties of calling station 12
      which is off-hook, and G terminal 118 is the corresponding G lead input
      for SN terminal 116, the other three parties having G terminal connections
      120 to the matrix 50, then the ground 109 would be applied from the
      party-gating relays 110 to each of the three G terminals 120 via SG leads
      112. G terminal 118 would be left "open" thereby allowing the
      corresponding SN terminal 116 to accept an identification pulse.
PAR  In the presently described embodiment, the dual ANI system operates with a
      No. 5 crossbar tributary office to identify the number of the calling
      station 12 by generating an identification pulse in the ID pulse generator
      96 and applying the pulse to the sleeve lead SN associated with the
      calling station 12. A sync circuit 94 receives message metering pulses MPT
      and MPR from the No. 5 crossbar office which pulses are also applied to
      the sleeve lead SN. The generator 96 receives an SO timing signal from the
      sync circuit 94 and in response thereto generates the ID pulse in timed
      relationship to the metering pulses MPT and MPR. The detailed operation of
      the sync circuit 94 is described in another portion of the present
      specification.
PAR  After the party test, in program step 4, an MP signal from the timing and
      control unit 102 initiates in the ID pulse generator 96 the generation of
      a pulse having a duration, in the presently described embodiment, of
      approximately 200 microseconds. The ID pulse is applied over the sleeve
      lead SN through trunk circuit 34, the central switching office 122 and the
      crossconnect field 48 to the SN terminal 116 assigned to the calling
      station 12. The ID pulse is channeled through the resistor diode matrices,
      only one of which is represented in the matrix 50 of FIG. 3, to a
      plurality of buses 124 having digital significance with respect to the
      number of the calling station 12 assigned to the SN terminal 116. The
      pulses on the lines of bus 124 having digital significance with respect to
      the units, tens and hundreds digits (labeled, respectively, U, T and H) of
      the calling station 12 number are converted in translators 126 from
      decimal to a two-out-of-five (2/5) code and applied to pulse detectors
      128. The pulse detectors 128, one detector circuit for each line from the
      transistors 126, detect the presence of an ID pulse on the lines and
      generate logic signals for storage in digit registers 138. The bus 124
      lines (labeled 5H) having digital significance with respect to the
      thousands digit of the calling station 12 number are connected to pulse
      detectors 130. Output lines TH of the pulse detectors 130 are connected
      through a thousands-digit strapping field 132 to the decimal-to-2/5
      translators 126a. The TH output signals of the translators 126a are
      transferred via lines 139 to the digit registers 138 for storage therein.
      Output signals OC from the pulse detectors 130 are concurrently
      transferred via an office code strapping field 134 to office code
      registers 136 for storage therein. During the time when the ID pulse
      traverses the matrix 50 and the pulse detectors 128, 130, a CPM timing
      pulse is generated in the timing and control unit 102. The CPM pulse is
      transferred to the digit registers 138 to enable the storage therein of
      the logic signals from the pulse detectors 128 and the translators 126
      which are representative, respectively, of the units, tens and hundreds
      digits, and of the thousands digits of the calling station 12 number. The
      CPM pulse is also transferred to the office code registers 136 to enable
      storage therein of the logic signal from the pulse detectors 130 which is
      representative of a predetermined office code. The stored contents of the
      digit registers 138 are then momentarily and sequentially gated via digit
      output gates 140 to a 2/5 test logic unit 142. If each of the digit
      registers, successively for the thousands, hundreds, units and tens
      digits, contain a valid representation of a digit in the correct
      two-out-of-five format, the program proceeds under control of the timing
      and control unit 102. Failure of the 2/5 test results in the generation of
      a 2/5 E signal which is transferred from the 2/5 test unit 142 to the
      timing and control unit 102. In response to the 2/5E signal, the timing
      and control unit recycles the program counter to program step 3 to
      initiate a second identification sequence. If two such recycles fail to
      produce a valid number in correct 2/5 format, the automatic detection
      sequence is aborted.
PAR  An auxiliary matrix 150, pulse detectors 130a and information (INF) digit
      registers 151 are provided to detect and store special service markings
      such as Operator Number Identification (ONI), Coin, Denied Service and PBX
      Cancel. The SN terminals of the lines requiring any of the aforementioned
      special service markings are connected to the auxiliary matrix 150 via the
      crossconnect field 48, as for example, via terminal 152. The auxiliary
      matrix 150 passes the ID pulse from the generator 96 to the appropriate
      one of the pulse detectors 130a. The detected pulse from the detectors
      130a is transferred to information digit registers 151 and stored therein
      for subsequent use, e.g., by the timing and control unit 102 for
      controlling the program sequence in accordance with the special service
      marking.
PAR  Assuming now that the program continues under control of the control and
      timing unit 102, after the validity of the numbers held in the digit
      registers 138 has been determined, the identifier proceeds to outpulse the
      calling number in accordance with the needs of the particular
      installation. In tributary offices, the identifier out-pulses the key
      pulse (KP) signal, the INF digit, the 3-digit office code, the four digit
      calling number and the required ST signal in split 2-out-of-6
      multifrequency code. A signal of one frequency is applied to the tip T of
      the line, and another to the ring R for each digit transmitted in
      accordance with Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
     MULTIFREQUENCY SIGNALS                                                    
                TIP OF LINE    RING OF LINE                                    
     DIGIT      FREQUENCY (HZ) FREQUENCY (HZ)                                  
     ______________________________________                                    
     KP         1100           1700                                            
     1           700            900                                            
     2           700           1100                                            
     3          1100            900                                            
     4           700           1300                                            
     5           900           1300                                            
     6          1100           1300                                            
     7          1500            700                                            
     8          1500            900                                            
     9          1500           1100                                            
     0          1500           1300                                            
     ST         1500           1700                                            
     ST'         900           1700                                            
     ST''       1300           1700                                            
     ST'''       700           1700                                            
     ______________________________________                                    
PAR  A multifrequency (MF) current supply 148 runs continuously, supplying the
      six frequencies to contacts of MF switching relays 146 in the well known
      manner. Two relays of the MF switching relays 146 are operated by output
      signals from MF control gates 144 for each digit transmitted. The 3-digits
      of the office code are derived from the contents of the office code
      registers 136 having outputs enabled successively through office code
      origin gates 154 by control signals A, B and C generated during program
      steps 8, 10 and 12 by the timing and control unit 102. The outputs of the
      office code origin gates 154 are transferred via an office-code digit
      strapping field 156, in the proper 2/5 format, through the digit output
      gates 140 to the MF control gates 144.
PAR  Before proceeding with the detailed description, it is believed desirable
      to define several terms and explain conventions utilized therein. In the
      present system, as in any system, the various electrical signals and
      pulses generated and utilized will be of some particular magnitude. The
      values of these signals, where not germane to the present invention, will
      be described merely as "high level" or "low level", or alternately when
      referring to the output or intput signals of logic elements, "enabled" and
      "disabled". The names and conditions of logic elements described herein
      are set forth generally as defined in the IFIP-ICC Vocabulary of
      Information Processing, published in 1966 by North-Holland Publishing
      Company, Amsterdam. Information regarding the detailed operation and
      construction of such elements may be found in the publications relative to
      the art, e.g., in the aforementioned book by R. K. Richards.
PAR  Referring now to composite FIG. 4, the identifier of FIG. 3 is shown in
      greater detail. To aid the reader during the ensuing description,
      parenthetical reference will be made to the literal designations of the
      individual sheets of the drawing forming the composite FIG. 4.
      Parenthetical reference will also be made to figures of the drawing other
      than the one at hand when momentary reference thereto is made. A further
      convention utilized in the following description assigns, where possible,
      the same reference number to the elements of FIG. 4 as used in FIG. 3 with
      literal designations added to distinguish between like multiple elements.
PAR  The matrix 50 (FIG. 3) is represented schematically in FIG. 4 (a,b) by a
      module 180 comprising a plurality of diode-resistor number elements 182
      (twenty number elements 182 per module in the presently described
      embodiment). Each number element 182 includes the SN input terminal 116,
      the G terminal 118, a resistor 183, and three isolation diodes 184, 185,
      186. The SN input terminal 116 of each of the elements 182 is connected
      through the resistor 183 and the isolation diode 184 to the G terminal 118
      associated with the element. The SN terminal 116 is also connected through
      the resistor 183 and isolation diode 185 to a terminal 188 of a units bus
      (such as bus UO) associated by number with the particular element 182.
      Finally, the SN terminal 116 is connected through the resistor 183 and
      diode 186 to one of two high-order digits buses 190, 191. The matrix
      module 180 includes a pair of isolation diodes 194, 195 through which the
      high-order digits buses 190, 191 are connected respectively to an even
      tens digit terminal 196 and odd tens-digit terminal 197. The tens-digit
      terminals collectively are labeled in two groups TE and T.phi.
      corresponding, respectively, to the even and odd numbered tens-digit
      terminals. The buses (such as the high-order digits bus 190) associated
      with number elements 182 having even-numbered tens-digit designations at
      their input SN terminals are thus connected through isolation diode 194 to
      an even-numbered tens-digit terminals TE. The buses such as bus 191 are
      similarly connected to the odd-numbered tens-digit terminals T.phi.. The
      high-order digits buses 190, 191 are also connected through isolation
      diodes 200, 201 to a terminal 204 of a hundreds digit bus HX0, and through
      isolation diodes 205, 206 to a terminal 208 of a thousands digit bus THXX.
      The matrix module 180 includes twenty SN inputs 116 numbered SN-0 through
      SN-19. The corresponding number elements 182 may represent the directory
      numbers XX00 through XX19 in the telephone system of the presently
      described embodiment. Four other modules such as the module 180 are
      connected to the group of terminals designated collectively as the 1ST
      HUNDREDS GROUP in FIG. 4a. A portion of the second twenty-element module
      in the 1st hundreds group is represented by a diode pair 210 connected to
      terminal 211 of the zero units bus U0, and a second diode pair 212
      connected to terminal 214 of the thousands digit bus THXX. The diodes 210
      correspond to the diode 185 of the representative number element 182; the
      diodes 212 correspond to the diodes 205 and 206 of the representative
      matrix module 180. Five other modules such as the module 180 are connected
      to the terminals of each of the other hundreds groups 2ND-5TH (4b), to
      form a matrix subgroup comprising twenty-five modules having a total of
      five-hundred number elements such as the element 182.
PAR  The high-order digits busses 190, 191 of each of the groups of modules are
      connected to the respective hundreds bus, e.g., the buses 190, 191 of the
      third hundreds group are connected to the HX2 terminals. A hundreds-digit
      strapping field 218 is provided for selectively connecting the HX0-4 buses
      to five of the ten identifier input buses H0-9. A five-hundreds group
      strapping field 220 is provided for selectively connecting the THXX bus to
      one of twenty 500s subgroup buses 5H01-20. The buses 222 for the three low
      order digits of a second 500s matrix subgroup (not shown) identical to the
      500s subgroup of FIGS. 4a, b are multipled to the U0-9, T0-9, and H0-9
      buses, respectively, at representative terminals 224, 225, 226. The 500s
      buses 228 of the second 500s subgroup are carried separately as identifier
      input buses 5H21-40. Isolation diodes such as diodes 230 are provided for
      each of the buses for isolating the matrix subgroups each from the other.
PAR  FIG. 4a, b thus represents a "matrix gate" comprising two matrix subgroups
      having together 50 modules such as the module 180 and having a total of
      1000 diode-resistor number elements such as the element 182. Other matrix
      gates may be multipled to the identifier input buses U0-9, T0-9, 5H01-40,
      e.g., at terminals 232, to provide number elements for up to 20,000
      subscribers. The SN terminals 116 (4a) are selectively connected via a
      cross-connect field such as the crossconnect field 48 to the sleeve
      terminal 98 corresponding to the calling line. The crossconnection imparts
      directory number significance to the sleeve lead of the line so connected.
      Since in most modern telephone systems there is no regular correlation
      between the equipment number terminals and the directory number assigned
      to the line, the crossconnect field 48 provides a convenient means for
      assigning line directory numbers.
PAR  Returning now to FIG. 4(c), the units digit buses U0-9 are connected to a
      decimal-to-2/5 diode matrix 126u having five outputs U/0, U/1, U/2, U/4,
      U/7. A signal applied to one of the buses U0-9 traverses the matrix 126u
      and produces output signals in standard 2-out-of-5 format. For example, an
      input signal on bus U9 traverses the matrix via diodes 234, 236 to produce
      an output signal, respectively, on lines U/2 and U/7. The five output
      lines of the matrix 126u are connected to the inputs of corresponding
      pulse detectors 128u.
PAR  A typical one of the pulse detectors 128 (4c) is shown comprising an input
      resistor 238 connected at one end thereof to the U/0 line from the matrix
      126u, and at the other end to a junction 240. The junction 240 is
      connected to ground through paralleled resistor 242, capacitor 243, and
      diode 244. The junction 240 is also connected through a 200 volt zener
      diode 245 (connected cathode-to-anode) to the base of an NPN transistor
      246. The emitter of the transistor 246 is connected to ground; the base is
      connected to ground through a resistor 248. The collector of transistor
      246 is connected through a resistor 250 to a +5 volt source 252, and to an
      output terminal 254. Typical component values are shown in FIG. 4c for the
      pulse detector U/0 in accordance with standard notation.
PAR  The output terminals of each of the detectors 128 are connected via NOT
      elements or inverters 256 to the J inputs of bistable elements such as the
      bistable 258 of the respective digit registers 138. The output signals of
      the detectors 128 are clocked into the digit bistables 138 by a CPM
      enabling signal generated in the timing and control unit 102 (FIG. 3).
PAR  The 5H01-40 buses (4c) are each connected directly to an input of a
      different one of the 40 pulse detectors PD01-40 comprising the 500s
      sub-groups detectors 130. The multiple output lines 255 of the pulse
      detectors 130 are connected through inverters 257 and via a bus 259
      through inverters 258 (4c) (one inverter for each of the forty lines of
      the bus 259) as the TH01-40 signals to the thousands-digit strapping field
      132. The ten output terminals 260 of the strapping field 132 are connected
      to the inputs of NAND elements 262-266 of the decimal to 2/5 translator
      126a. The strapping field 132 along with the 500s subgroup strapping field
      220 (4b) allow the selective assignment of any decimal digit in standard
      2/5 format to any 500-terminal subgroup. For example, a strap 268 in the
      strapping field 220 and a strap 270 in the thousands digit strapping field
      132 assign a thousands digit "4" to the representative matrix subgroup of
      FIG. 4(a, b). An identification signal on the THXX bus (4a, b) is
      transferred via the strap 268 and bus 5H03 to the pulse detectors 130. The
      enabled output of pulse detector PD03 is transferred via the inverters
      257, 258 to a TH03 terminal 269. A low level signal on the TH03 terminal
      269 is transferred via the strap 270 to the 260-4 terminal to enable NAND
      elements 262 and 265 of the translator 126a. The enabled output signals
      TH/0, TH/4 representative of a thousands digit "4" in standard 2/5 format
      are clocked by the CPM enabling pulse into the thousands digit bistable
      138th for storage therein.
PAR  The multiple output signal lines 255 of the pulse detectors 130 are
      connected through inverters 257, 272 as the OC01-40 signals to an office
      code strapping field 134. The outputs of NAND elements 274a-h are
      connected to the set inputs of corresponding office code bistables OF1-8.
      An exemplary strap 276 (4c) connects the OC03 terminal 277 to an input
      terminal 278 of the NAND element 274h. Only one of the office code
      bistables OF1-8 will be set during an identifier operation since only one
      of the terminals OC01-40 of the strapping field 134 will carry an enabling
      signal. The enable outputs of the bistables OF1-8 are each connected to
      one input of each of a corresponding set of NAND elements 154 termed
      office code origin gates. Office code digits are assigned to particular
      500s subgroups by connecting the enable output of the corresponding one of
      the office code bistables OF1-8 through the office code origin gates 154
      and via the strapping field 156 to digit output NAND elements 280-284.
      Conversion to standard 2/5 format is done in the strapping field 156. When
      the enabling signals A, B and C are successively generated during
      outpulsing of the office code, the NAND element pairs A1-8, B1-8 and C1-8
      corresponding with the enabled one of the OF1-8 bistables successively
      generate and pass office code signals via the strapping field 156 to the
      output NAND elements 280-284. For example, if bistable OF8 is enabled,
      NAND element pairs A8, B8 and C8 successively pass enabling signals via
      straps 286 to enable digit output NAND elements 280, 282; 280, 283; and
      280, 283, thereby generating office code digits "244" in the standard 2/5
      format.
PAR  By use of the strapping fields 220 (FIG. 4b), 132, 134 (FIG. 4c) and 136,
      (FIG. 4b) each subgroup of 500 number elements may be assigned any
      thousands digit and any one of eight different office codes. Two subgroups
      may be assigned the same thousands digit, but different office codes. One
      office code may also be assigned to two 500 number-element subgroups to
      provide a full complement of numbers for that matrix gate. It is evident
      from the foregoing description that the generation of the office code for
      any subgroup of 500 numbers is independent of the thousands-digit
      generation.
PAR  As previously described with reference to FIG. 3, a party detection test is
      performed during program steps 1-3. The automatic 4-party detector 100 of
      FIG. 3 is described in detail with reference to FIG. 4 (a, b). It is
      assumed for the purpose of this description that four stations on a
      telephone line associated with the sleeve lead 97 are assigned directory
      numbers 4400, 4401, 4411 and 4434. The SN terminals of the number elements
      corresponding with the assigned numbers are connected, respectively, to
      terminals SN00, SN01, SN11 and SN34 of the crossconnect field 48.
      Crossconnect straps 288 connect the sleeve lead 97 from the central
      office, from its terminal 98 in the crossconnect field 48, to each of the
      terminals corresponding with the number elements SN00, SN01, SN11 and
      SN34. G terminals G00, G01, G11 and G24 of the exemplary number elements
      are connected to corresponding terminals which may be in the crossconnect
      field 48. It is further assumed that the four parties on the exemplary
      line are, respectively, party 1, party 2, party 3 and party 4. The SG bus
      112 comprises in the presently described embodiment four party buses SG1-4
      having corresponding terminations which may be in the crossconnect field
      48. Alternatively, the party buses SG1-4 may have terminations on the
      matrix gate modules for strapping to the number element disabling or G
      terminals 118. Straps 290 connect the party bus to the appropriate G
      terminal for parties 1-4. The SG1-4 buses are connected through solation
      diodes 292 to the contacts of party gating relays PT1-4 of relay module
      110. One of the relays PT1-4 is energized during the party detection test
      to apply a ground 109 to the three G terminals of the on-hook parties. For
      example, if the party test determines that party 1 is the calling station,
      relay PT1 is energized to apply the ground 109 via the normally open
      contacts 293 and the normally closed contscts 294 of the PTY2-4 relays to
      number-element terminals G01, G11 and G34. The G terminal G 00 of the
      off-hook calling station is left floating or unconnected by the opening of
      normally-closed contact 295 of relay PTY1.
PAR  FIG. 7 is a timing diagram showing the various signals generated by the
      binary divider 106, program counter 108 and the timing and control unit
      102 (FIG. 3). Program steps PS0-24 as determined by the decoding of the
      program counter output signals P1, P2, P4, P8 and P16 are displayed along
      the top of FIG. 7. Each program step is 68 milliseconds in duration. The
      time periods generated by decoding the outputs D1, D2, D4, D8 of the
      binary divider 106 (FIG. 3) are displayed in part in FIG. 7 as the DT15-8
      periods, each having a duration of 4.25 milliseconds. Clock signal CLK
      occurs every 68 milliseconds and has a duration of 17 milliseconds.
PAR  Referring now to FIG. 4 (b) in conjunction with the timing diagram FIG. 7,
      the automatic four-party detector 100 includes a negative-current detector
      410, a positive-current detector 412 connected via normally open relay
      contacts NPT 446 and PPT 436 to the tip T and ring R of a telephone line
      414. The line 414, connected through the central office switching 122 and
      the trunk circuit 34 to the identifier of FIG. 4, may be a four-party line
      having connected thereto conventional telephone stations 401-404
      designated respectively as parties 1-4 (PTY1-PTY4), and which stations
      401-404 are modified in accordance with the present invention. Only the
      portions of the stations 401-404 necessary to explain the operation of the
      present invention are shown in FIG. 4. Each of the stations 401-404
      includes a hookswitch 416 illustrated in the on-hook position. The party 2
      station 402 is modified to include a connection from a normally-open
      hookswitch contact 418 through a resistance 420 to ground. The party 3
      station 403 is modified to include a connection from normally open
      hookswitch contact 422 to the anode of a diode 424 connected
      anode-to-cathode through a resistance 426 to ground. The party 4 station
      404 is modified to include a connection from normally open contact 428 to
      the cathode of a diode 430 connected cathode-to-anode through a resistance
      432 to ground. In the party 1 station 401, normally open hookswitch
      contact 434 is left open. During the party test period of the program
      (signal PT, FIG. 7), signal PS2 from timing and control unit 102 actuates
      a negative party test relay NPT, via a NOT element 435 whereupon the tip T
      and ring R leads of the line 414 are shorted together through normally
      open contacts 446 and connected via normally closed contacts 438 of relay
      PPT and lead 440 to the negative current detector 410. The negative
      current detector senses the presence of negative current in the line,
      e.g., as would occur with either party 2 or 4 off-hook. In response to a
      detection of negative current on the line 440 the detector 410 enables
      output line 442 which in turn conditions the set input 445 of a
      negative-party bistable 444 to be set at CLK-D2 time. If substantially no
      current is detected in the line 440, for example if either party 1 or 3 is
      off-hook, the output line 442 remains high and the negative party bistable
      444 remains disabled.
PAR  The negative current detector 410 is disconnected from the line at the end
      of program step 2, PS2, by the release of relay NPT. During program step
      3, relay PPT is actuated by the PS3 signal (FIG. 7) to again short the tip
      and ring conductors of the line 414 together through normally-open
      contacts 436 and connect the shorted line via contacts 448 of the PPT
      relay and an input lead 450 to the positive current detector 412. The
      detector 412 senses the presence of positive current on the input lead
      450, e.g., as would occur with either party 2 or 3 off-hook. In response
      to a detection of positive current, the detector 412 disables output line
      452 which in turn enables NOT element 454 to condition the set input 455
      of a positive-party bistable 456 to be enabled at CLK-D2 time of PS3. If
      substantially no current is detected on the input lead 450 by the detector
      412, as for example when either party 1 or 4 is off-hook, the bistable 456
      remains disabled.
PAR  The construction and operation of the negative and positive current
      detectors 410, 412 are described with reference to FIGS. 8 and 9. The
      negative current detector 410, FIG. 8, includes a resistor 460 connected
      between the input line 440 and a junction 461, the latter being connected
      to ground through a capacitor 462. A resistor 463 is connected between
      junction 461 and a junction 464. The junction 464 is connected directly to
      the base of an NPN transistor 466, through a capacitor 467 to ground and
      through a resistor 468 to a source 470 of current which may be, e.g., a
      -48 vdc power supply. The source 470 is connected through a resistor 471
      and a diode 472 connected anode-to-cathode to the base of the transistor
      466. The emitter of the transistor 466 is connected directly to the anode
      of diode 472 and through a resistor 473 to ground. The resistor 473 is
      bypassed by a capacitor 465 to ground. The collector of the transistor 466
      is connected through a resistor 474 to a junction 475. The junction 475 is
      connected directly to the base of a transistor 476, through a diode 478
      connected cathode-to-anoide to ground, and through a resistor 480 to a
      source 482 of current which may be e.g., a +5 vdc power supply. The
      emitter of transistor 476 is grounded; the collector is connected directly
      to the output line 442 and through a resistor 484 to the source 482.
      Typical component values are shown on FIG. 8.
PAR  In operation, when the input line 440 is open (party 1 off-hook) or
      connected to the anode of a diode (such as the diode 424, FIG. 4b) to
      ground (party 3 off-hook), the transistor 466 is held off, driving current
      into the base of transistor 476 via the resistor 480. Transistor 476
      conducts applying ground or low level to the output lead 442. When a
      ground is detected on the input lead 440, e.g., as when either station 402
      or 404 (FIG. 4b) is off-hook, the negative bias on the base of the
      transistor 466 exceeds the negative bias on the emitter thereof and the
      transistor 466 conducts. The current drawn by the transistor 466 through
      the resistor 474 pulls the base of transistor 476 to a low level
      (approximately -0.7 volts) due to the diode 478 drop, turning transistor
      476 off and allowing the output lead 442 to rise to high level through
      resistor 484.
PAR  The input to lead 440 is filtered by a filter network 485 comprising
      resistor 460, capacitor 462, and resistor 463 capacitor 467 to eliminate
      false response of the circuit 412 due to line 414 noise. The response time
      of the filter network 485 lengthens the response time of the detector 410,
      to up to 50 milliseconds; however, the bistable 444 (FIG. 4a) is not
      clocked until time period DT3 of PS3, or 51 milliseconds after the start
      of program step 3.
PAR  Referring now to FIG. 9, the positive party detector 412 of FIG. 4b is
      shown in detail. Input lead 450 is connected through a resistor 488 to a
      junction 489 and to the cathode of a 68v zener diode 490 connected
      cathode-to-anode to ground. The junction 489 is connected through a
      resistor 491 to a junction 492 and through a capacitor 493 to ground. The
      junction 492 is connected directly to the base of a PNP transistor 494 and
      through a capacitor 496 to ground.
PAR  The base junction 492 is connected through a resistor 497 to a junction 498
      which in turn is connected through a resistor 499 to the emitter of the
      transistor 494, through a capacitor 500 to a junction 502, and through a
      diode 504 connected cathode-to-anode to ground. The emitter of transistor
      494 is connected to the cathode of a diode 506 having an anode connected
      to the base junction 492 of the transistor 494. The emitter of transistor
      494 is connected through a paralleled resistor 508 and capacitor 509 to
      ground. A current source 510 such as a -48 vdc power supply is connected
      through a resistor 512 to a junction 513, which in turn is connected
      through a resistor 514 to the collector of transistor 494. The source 510
      is also connected through a resistor 518 to the junction 502. The junction
      502 is connected through a series resistor 520 and capacitor 521 to
      ground. The resistor 520 and capacitor 521 are shunted by a direct
      connection through normally open contacts 522 of a relay 523. A current
      source 525 such as a +5v logic power supply is connected through a
      resistor 526 to the collector of an NPN transistor 528. The base of the
      transistor 528 is connected through a resistor 530 to the junction 513
      which in turn is connected through a resistor 532 to the source 525. The
      emitter of the transistor 528 is connected to ground; the base, to the
      cathode of a diode 534 connected cathode-to-anode to ground. Typical
      component values are shown on FIG. 9.
PAR  From inspection of the circuit 412 of FIG. 9, it is evident that the
      construction and operation of the circuit 412 is similar to the negative
      current detector 410 of FIG. 8. The major difference between the circuits
      410, 412 is the reversal of polarities of the input portion of the
      circuits whereby the PNP transistor 494 is provided in the positive
      current detector 412. A positive current source 536 for operation of the
      PNP transistor 494 is provided by charging the capacitor 500 from the
      negative source 510 prior to PS2, and then effectively reversing the
      polarity of the capacitor 500 by actuating the relay 523. At PS2, NAND
      elements 538, 539 supply a ground to actuate the relay 523. Thus, during
      the subsequent operating period of the detector 412, program step 3,
      ground is applied to the junction 502 through the normally-open contacts
      522 of actuated relay 523. The capacitor 500 then serves as a positive
      current source to operate PNP transistor 494 should a ground appear on the
      input line 450. If the input line 450 remains open during PS3, e.g., as
      when either station 401 or 404 (FIG. 4b) is off-hook, the diode drop of
      diode 506 back biases transistor 494 to hold it off. When transistor 494
      is not conducting transistor 528 is also held off by the negative
      potential at junction 513. With the transistor 528 off, a high level is
      applied to the output line 452 through the resistor 526. When a ground is
      detected on the input lead 450, e.g., as when either station 402 or 403 is
      off-hook, the base of transistor 494 is pulled down to less positive
      potential than the emitter, causing transistor 494 to conduct. When
      transistor 494 conducts base current is supplied to transistor 528 via
      resistor 530 and the transistor 528 conducts applying ground to the output
      lead 452. With the output lead 452 at low level (see FIG. 4a) the NOT
      element 454 supplies a high level to the input 455 of the positive-party
      bistable 456 as previously described.
PAR  Returning now to FIGS. 4a and 7, commencing with program step 4, NAND
      elements 541-544 are supplied an enabling signal by an AND element 546 to
      decode the outputs of the negative and positive-party bistables 444, 456.
      One of the NAND elements 541-544 will supply a ground for actuating a
      corresponding one of the party-gating relays PTY1-4. With the appropriate
      G terminals of the on-hook parties grounded through the contacts of the
      PTY1-PTY4 relays, an identification pulse applied to the SN lead 97 of
      FIG. 4(a) will traverse only the number element of the off-hook party.
PAR  The generation of the identification pulse occurs in program step 4 and is
      described with reference to FIGS. 7 and 4 (e, f). Program step 4 is
      expanded in part in the lower portion of FIG. 7 to display more clearly
      the first position DT15-8 thereof when the ID pulse is generated and
      detected, and the contents of the digit registers 138 are checked for
      vality in accordance with the standard 2-out-of-5 format.
PAR  Referring to FIG. 4f, the ID pulse generator 96 of FIG. 3 is shown in
      greater detail. A NAND element 550, upon the generation of an SO
      synchronization signal, supplies an enabling signal to set an MP bistable
      552 in the timing and control unit 102 (FIG. 3). The generation of the SO
      signal in the synchronization circuit 94 of FIG. 3 is described in another
      portion of the present specification. The SO signal will normally occur
      during the first two time periods DT15, 14 of program step 4. The enabled
      output of the MP bistable 552 is applied directly to one input of a NAND
      element 554 and to another input thereof via a delay unit 555. The output
      of NAND element 554 is applied through a signal converter 556 as an MPC
      signal to the input of a pulse generator 558. The converter 556 converts
      the logic level output signal of NAND element 554 to an office-battery
      (e.g., -48 vdc) level signal. The MPC signal is pulsed to ground for
      approximately 4 milliseconds to initiate the firing of the ID pulse as
      described hereinafter. The MP bistable 552 is reset at time DT7 by the low
      level D8 signal to recondition the bistable for receipt of the next
      enabling signal. The output of NAND element 554 is also applied via a NOT
      element 559 to the clock inputs T of a pair of bistables 560, 561. The
      normally low level set outputs of the bistables 560, 561 generate a high
      level output from a NAND element 562. A NAND element 564 is thus inhibited
      (high level output) prior to program step 4 by the PS4 signal and during
      the first half of PS4 by the D8 signal. Accordingly, at time DT7 of PS4
      the NAND element 564 will be enabled to generate a negative going signal
      applied to a NOT element 565. A positive-going signal will thus be applied
      to a junction 566 at the input of a NOT element 567. A negative-going
      signal at the output of the NOT element 567 forms a clock signal RS3 for
      recycling the program counter (108, FIG. 3) from PS4 to PS3. If, however,
      a 2-5CK signal at one input of a NAND element 553 is a low level at time
      DT7 of PS4, a low level will be maintained at the junction 566 by the
      output of a NOT element 555 and a negative going signal RS3 will not be
      generated. A low level 2-5CK signal indicates a successful 2/5 validity
      test of the contents of the digit registers 138 (FIG. 3), consequently,
      recycling to PS3 is not required.
PAR  Consider now, the alternative of 2/5 test failure in which instance the
      2-5CK signal is a high level at time DT7 of PS4. A positive going
      transition at the junction 566 is not inhibited by the NOT element 555 and
      the RS3 signal is generated to recycle the program to PS3, so to generate
      another ID pulse when PS4 is re-entered. When program step 4 is
      re-entered, the register clear CR1 signal resets the digit registers 138
      and the 2/5CK bistable 666 to condition them for receiving new data. When
      the first identification is attempted the bistable 560 is set via the NOT
      element 559. Upon a first retry (second ID pulse generation during the
      same program) the bistable 560 is reset and bistable 561 set. When the
      generation of a third ID pulse is initiated during the same program, both
      bistables 560, 561 are enabled and a low level signal is generated by the
      NAND element 562. The NAND element 564 is thus inhibited at DT7 time of
      PS4 and the junction 566 remains at low level and the program is allowed
      to proceed through the second half of PS4. The other inputs ONI, DS, CA of
      NAND element 553 are normally high level, and indicate special service
      markings when low. The markings indicate, respectively, operator number
      identification required, denied service, and PBX cancel. Any low signal
      input to the NAND element 553 will inhibit recycling the program to PS3.
PAR  The ID pulse generator 96 of the presently described embodiment utilizes
      the office battery (such as a -48 vdc supply 568) to derive -38 vdc in a
      constant voltage source 570. The source 570 output drives a chopper 571
      the output of which is stepped up to 290v. The chopper 571 output is
      rectified in a constant current source 572, and the output utilized to
      charge a pulse capacitor 574. The MPC signal initiates the discharge of
      the pulse capacitor 574 to generate an ID pulse and an TMP timing signal
      in the pulse generator 558.
PAR  Referring now to FIG. 10 for a more detailed description of the
      arrangement, operation, components and structure of the ID pulse
      generator, the chopper 571 is driven by -38 vdc potential present at a
      junction 577 of the constant voltage source 570. The -48 vdc source 568 is
      applied through a current limiting resistor 576 to the collector of a PNP
      transistor 578. A resistor 579 and a zener diode 580 having a zener
      voltage of -39 vdc establish a reference potential at the base of
      transistor 578. The transistor 578 supplies current for operation of the
      chopper 571 at its emitter terminal 577. A capacitor 581 to ground is
      utilized for filtering.
PAR  The chopper 571 comprises two NPN transistors 582, 583 having their
      collectors connected to a primary winding 586 of a transformer 587. A
      feedback winding 588 is connected from a terminal 589 thereof through
      resistors 590, 591 to the base of transistor 583. The base of transistor
      582 is connected through resistors 592, 593 to a terminal 594 of the
      feedback winding 588. A starting resistor 584 ensures that transistor 583
      will conduct when power is applied. The transistor 583 conducting supplies
      current through the winding 586' causing terminal 589 to rise to +8v and
      drive more current into the base of the transistor 583. Terminal 594 of
      the feedback winding 588 will consequently be at -8v, reverse biasing the
      base-emitter junction of transistor 582. When the transformer 587
      saturates, no further energy will couple to the feedback winding 588 and
      transistor 583 will turn off causing a negative voltage to appear at
      terminal 589 and a positive voltage at terminal 594. The transistor 582
      consequently turns on, and transistor 583 being reversed biased turns off.
      Transistor 582 conducting drives current through winding 586" to produce a
      + 8v drive at terminal 594 of the feedback coil 588 and -8v at terminal
      589. When the transformer 587 saturates with maximum current in the
      winding 586", the transistor 582 will turn off and transistor 583 will
      turn on. The chopper 571 continues to operate in accordance with the
      sequence of operation described above. The resistors 592, 593 and 591, 590
      provide the on and off bias paths, respectively, for transistors 582 and
      583. Diodes 598, 599 hold the reverse bias voltage of the transistor 582,
      583 bases to less than -1 vdc. Diodes 602, 603 prevent the transistors
      582, 583 from fully saturating. Diodes 600, 601 prevent a voltage from
      appearing at the collectors, respectively, of transistors 582, 583 which
      voltage is more negative than the emitter voltage.
PAR  The transformer 587 steps up the voltage appearing at the primary winding
      586 to approximately 290v. The chopper 571 output is rectified by diodes
      605, 606 having anodes connected, respectively, to terminals 607, 609 of
      the transformer 587 secondary winding 610, and cathodes connected to the
      pulse capacitor 574. The constant current source 572 comprises a 12v zener
      diode 612 having its anode connected to the center tap 613 of secondary
      winding 610, and its cathode connected directly to the base of an NPN
      transistor 614. The base of transistor 614 is also connected through a
      resistor 615 to the pulse capacitor 574. The collector of transistor 614
      is grounded; the emitter, connected through a resistor 616 to the center
      tap 613. The current source 572 regulates the charging current of pulse
      capacitor 574 to 20 milliamps. Approximately 12 volts (controlled by zener
      diode 612) is applied across the resistor 616 and maintained only when the
      capacitor 574 is charging. When the pulse capacitor 574 is fully charged,
      all current flow through the zener diode 612. The pulse capacitor 574
      charges in approximately 45 milliseconds.
PAR  The generation of the ID pulse on an output lead 618 of the pulse generator
      558 is controlled by the MPC signal which is pulsed to ground for
      approximately 4 milliseconds as previously described. A relay 620
      energizes when the MPC signal supplies a ground thereto, closing normally
      open contacts 622 to provide a ground to the pulse capacitor 574. When the
      contacts 622 close, -290v is applied to a primary winding 624 of a pulse
      transformer 625, producing approximately 300v at terminal 628 of the
      transformer 625 secondary winding 626. A diode 630 prevents negative
      overshoot on the output terminal. A diode 632 having its anode connected
      to the terminal 528 and its cathode connected to the output lead 618
      prevents positive voltage from entering the secondary winding 626 and also
      prevents current flow from negative voltages up to 1 volt which may be on
      the sleeve lead to which the output lead 618 is connected. A network
      comprising a 5.1v zener diode 634 and resistors 636, 638 provides the +5
      vdc TMP logic signal at an output lead 640 when the ID pulse appears on
      the output lead 618. Initially, the diode 634 is forward biased from
      current flow through the resistor 683 connected from the cathode of diode
      634 to the -48 vdc source 568. The diode 634 having its cathode connected
      to the MPT output lead 640 normally clamps the MPT lead to -0.7 volts.
      When the ID pulse is fired by actuating the relay 620, the current through
      the resistor 636 is overcome by the current through the resistor 638
      driving diode 634 to its zener voltage. Reference zener diodes 642, 643,
      644 having zener voltages, respectively, of 75v, 75v and 220v, and
      connected in series from ground (anode) to the ID pulse output lead 618
      (cathode), are provided to limit the voltage from the pulse generator 558
      to 350 volts. The diodes 642, 643, 644 will conduct if the tributary
      office with which the identifier of the present invention operates has no
      RC network connected to the sleeve lead.
PAR  Returning now to FIG. 4f, the output lead 618 of the pulse generator 558 is
      connected through the trunk circuit 34 and the central office switching
      122 (FIG. 3) to the sleeve lead 97 (FIG. 4a) of the line being identified,
      as previously described with reference to FIG. 3. The timing relationship
      of the ID pulse with respect to the tributary office is controlled by the
      SO synchronization signal as described hereinafter in another portion of
      the specification. The time delay in the ID pulse generator 96 between the
      presentation of the SO signal at the input to the NAND element 550 and the
      generation of the ID pulse on the output line 618 is approximately 2.0
      milliseconds. The ID pulse has an amplitude of 300 volts and a duration of
      about 200 microseconds. The TMP signal appearing on output line 640 is
      utilized to signal the identifier that an ID pulse is being fired and will
      appear at the matrix gate outputs. The TMP signal is applied through a
      delay unit 650 and a signal regenerator 652 to an output lead 654 as a CPM
      timing pulse. The CPM timing pulse has a duration of 10 microseconds and
      is generated to occur at approximately the center of the detected ID pulse
      as it appears at the inputs of the digit registers 138 (FIG. 4d).
      Referring to FIG. 4c, and the typical pulse detector U/0, when the ID
      pulse appears at the inputs of the pulse detectors 128, 130, the zener
      voltage of the diode 245 is overcome driving current into the base of the
      transistor 246. The transistor 246 conducting applies ground to the output
      terminal 254 and a high level at the J input of the bistables 258
      associated with buses presenting an ID pulse for detection. At
      approximately the midpoint of the duration of the high level signal
      applied to the bistables 258, the CPM timing pulse is generated to clock
      the bistables 258 and store the detected indicia representative of the
      calling party directory number.
PAR  Referring now to FIGS. 4e and 7, at time DT11 of PS4 the identifier program
      proceeds to check the validity of the indicia stored in the digit
      registers 138 by the generation of a 2/5 test signal from NAND elements
      656, 658. During the time when the 2/5 T signal is enabled a clock signal
      2/5C is generated from NAND elements 660, 662 in response to control
      signal MCB from the timing and control unit 102 (FIG. 3). An X1 signal
      from a NAND element 663 of the timing and control unit 102 combines in
      NAND element 664 with a high level 2/5E signal from the 2/5 test logic 142
      to enable a 2/5 check bistable 666 at DT11 time of PS4. The 2/5CK bistable
      666 is set during time DT11 by the 2/5 clock if the 2/5E signal is a high
      level. If, however, the 2/5E signal remains low during DT11 time the
      bistable 666 will remain reset as indicated by the dashed-line
      representation of the 2/5E and 2/5CK signals at time DT11 of FIG. 7. The
      2/5E signal is generated during time DT11 by clocking the outputs of the
      thousands digit bistables 138th (FIG. 4d) through digit-output NAND
      elements 140th and 280-284 into the 2/5 test logic 142 with a TH-C signal.
      The TH enabling signal applied to the thousands digit output NAND elements
      140th is generated as the TH-C signal by the X1 input to NAND element 667
      during DT11 of PS4, and again as the TH signal to gate the thousands digit
      to the MF control gates 144, during PS14, 15 by the input from NAND
      element 669.
PAR  Inspection of the 2/5 test logic 142 of FIG. 4e shows that any two of the
      input leads 0K, 1K, 2K, 4K, 7K at a high level, with the other three
      inputs at a low level will enable a high level from each of the output
      NAND elements 700-705 onto the 2/5E output lead 668. If the 2/5E output
      lead 668 is at a high level during the subsequent DT10, 9, 8 periods of
      PS4 when the H-C, T-C, and U-C signals are generated, the reset input 670
      of the 2/5CK bistable 666 is held disabled by NOT element 672. The 2/5CK
      bistable 666 remaining set through time DT8 to DT7 of PS4 inhibits
      recycling of the program to PS3 as previously described. The 2/5CK
      bistable enabled during PS6, 7 (signal INF enabled), with no special
      marking indicating that operator number identification is required (ONI
      signal) enables NAND elements 283, 284, (FIG. 4d) via a NAND element 676
      to generate a "0" information digit, signals 4K and 7K. The transmittal of
      a "0" INF digit to the CAMA office signals that a calling subscriber
      identification has been successfully executed and the subsequently
      generated digits (A, B, C, TH, H, T, U) will form the calling subscriber's
      directory number. The MF signal generated during each odd numbered program
      step beginning at PS7 enables the MF control gates 144 to actuate the MF
      switching relays in the well known manner.
PAR  The 2/5CK signal enabled during PS6, 7 (INF) generates via NAND element 678
      the signals 0K, 2K, from NAND elements 280, 282 indicating an information
      digit "2" or ANI failure. In the event of ANI failure or an ONI
      requirement (generated by a NAND element 680) the program generates the ST
      signal in the MF control gates during PS8, 9 as indicated by the
      dashed-line representation of the ST signal on FIG. 7.
PAR  The simultaneous operation of two identifiers in accordance with the
      present invention is achieved by providing a dual operation lockout
      circuit 680 (FIG. 4f) in each of the two identifiers. Two identifiers may
      operate simultaneously without mutual interference if the elements common
      to the two identifiers viz., the number element matrices, are utilized on
      a time-sharing basis by the two identifiers. If both identifiers require
      access to the matrix in order to transmit an ID pulse therethrough, the
      program of one of the identifiers is briefly suspended under control of
      the lockout circuits 680 while the other utilizes the matrix.
      Subsequently, both programs continue autonomously to perform their
      respective operations. The lockout circuit 680 of the identifier
      generating an ID pulse is active during the early portion of the program
      (PS0-6) to ensure that the other identifier does not respond to the pulse.
      During the outpulsing portion of the program (PS4/DT7-PS24) the lockout
      circuit functions to prevent a hesitation in its program in response to
      the lockout circuit of the other identifier.
PAR  Referring now to FIG. 7 and 4e, f, the generation of the program signals
      PS1-PS4 in the timing and control unit 102 (FIG. 3) is represented in FIG.
      4e, respectively, by NAND elements 706-709. For example, the program
      counter (108, FIG. 3) outputs P16, P8, P4 are applied along with the
      enabled SZ bistable signal to a NAND element 712, the output of which is
      applied through a NOT element 713 to the NAND elements 706-708. The output
      signal of NOT element 713 is enabled during PS0-3, and the NAND elements
      706-708 decode the P1 and P2 program counter signals to generate the
      PS1-PS3 signals. During PS2, the CR1 signal is generated via NAND elements
      716, 718 from the NAND element 707 output and a DT15 signal from NAND
      element 720, NOT element 721. The CR1 signal functions to reset the 2/5CK
      bistable and the office code and digit registers 136, 138. During PS4, the
      CR1 signal is again generated from the NAND element 716 unless the high
      level output from the NOT element 721 is inhibited by the enabled output
      of the 2/5CK bistable 666 applied via NAND element 724.
PAR  The lockout circuit 680 is activated during program step 1. Referring to
      FIGS. 4e, f and assuming identifier A of FIG. 4 is seized by a trunk
      circuit, a tie-back NAND bistable 682 is enabled at the beginning of
      program step 1 by the PS1 signal from NAND element 706. The enabled output
      of the bistable 682 is transferred to one input of a NAND element 684 and
      to a NOT element 686. The output of NOT element 686 is transferred by a
      wiring connection to identifier B 44 (FIGS. 1 and 4b) as an INHB inhibit
      or lockout signal. An INHA lockout signal received from the B identifier
      44 on input line 687 is assumed to be a high level indicating that the B
      identifier 44 is, at the presently described time, inactive for dual
      operation purposes. The high level INHA signal from identifier B is
      applied through NOT elements 688, 689 to produce a low level signal at the
      other input of NAND element 684 and at a junction 690 at the input of a
      NOT element 692. A jumper wire 693 is connected only in the presently
      described A identifier; in all other respects the circuit 680 is identical
      in both A and B identifiers. A low level at the junction 690 produces a
      high level signal at the output of NOT element 692. A low level or
      negative going INHP signal transferred to the program counter 108 (FIG. 3)
      disables the program counter outputs P1, 2, 4, 8 holding the programs at
      PS0. While the identifier thus inhibited is held at PS0, the active
      identifier proceeds to transmit an ID pulse through the matrix gates
      common to both identifiers. If the A and B identifiers are both seized by
      different trunk circuits and simultaneously initiate their respective
      identification programs, the INHA signal will be low at the input line 687
      at approximately the same instant the lockout circuit 680 of FIG. 4f
      generates an INHB signal from the NOT element 686. Accordingly, the NAND
      element 684 will generate a low level signal which is transferred via the
      jumper wire 693 to the junction 690 to override the high level output of
      the NOT element 689. Identifier A will thus proceed with the
      identification program; the B identifier 44, not having a jumper wire
      corresponding to the wire 693 of the A identifier, will be inhibited from
      executing an identification program by its INHP signal. The INHB signal
      will remain at the output of NAND element 686 until the bistable 682 is
      reset via NAND element 696 at CLK time of PS6, after the A identifier has
      executed ID pulse generation, detection and the 2/5 validity test during
      the first half of PS4. Alternatively, the bistable 682 may be reset via a
      NAND element 697, should the SZ seize bistable be reset. A bistable 698 is
      set by the P4 signal (at PS4) to prevent the generation of an INHP inhibit
      program signal in response to an INHA signal from the B identifier 44
      during the period from PS4 to the generation of the CLR program clear
      signal. At the latter named time (program step 24) the active identifier
      will have completed outpulsing the stored number of the calling
      subscriber.
PAR  In some tributary offices such as a No. 5 crossbar office, there may be a
      local message register connected to the sleeve wire. It is common in such
      offices for a message metering signal to appear on the sleeve lead.
      Referring to FIG. 6, typical message metering pulses MPA and MPB
      comprising alternate half cycles of a full-wave rectified 60 Hz signal and
      having a peak amplitude of 170 volts are shown. When the identification
      pulse is applied to the sleeve lead, as previously described with
      reference to FIG. 4, there is a possibility of interference from the
      message metering signal if the ID pulse is generated at the same time the
      MPA or MPB pulse is of sufficient amplitude, about 85 volts or more in the
      presently described embodiment, to trigger the detectors in the
      identifier. By generating the ID pulse during a low amplitude portion of
      the metering signal, interference from the metering signal is prevented.
      The synchronization circuit 94 of FIG. 3 in combination with the ID pulse
      generator 96 achieve this end.
PAR  Referring now to FIG. 5, the synchronization circuit 94 of FIG. 3 is shown
      in schematic detail. The circuit of FIG. 5 comprises generally an analog
      portion 300 and a digital portion 302. The analog portion 300 detects the
      voltage level of the input message metering pulses MPT, MPR and actuates
      the logic elements of the digital portion 302. An output signal SO of the
      digital portion 302 is utilized by the ID pulse generator (96, FIG. 3) to
      generate an ID pulse in timed relationship with the metering signals MPT,
      MPR.
PAR  It is evident from viewing FIG. 5 that both the analog and digital portions
      comprise two identical legs, an MPT leg and an MPR leg. Accordingly, the
      ensuing description, where appropriate, limns only one of the two
      identical circuits, but includes characters of reference to both circuits
      shown in FIG. 5. Typical component values are shown in accordance with
      standard practice for one of the identical circuits.
PAR  Lines MPT and MPR are each connected, respectively, through an input
      resistor 304, 306 to a junction 308, 310. The junction 308, 310 is
      connected to ground through a resistor 312, 314, a capacitor 316, 318 and
      a diode 320, 322 connected cathode-to-anode to ground. The junction 308,
      310 is also connected to the cathode of a 12 volt zener diode 324, 326.
      The anode of the zener diode 324, 326 is connected directly to the base of
      an NPN transistor Q1, Q2 and through a resistor 328, 330 to ground. The
      emitter of the transistor Q1, Q2 is connected to ground; the collector,
      through a resistor 332, 334 to a common positive current source 333, which
      may be, e.g., a positive 5 volt source.
PAR  The collectors of transistors Q1 and Q2 are each connected, respectively,
      through resistors 336 and 338 to input terminals of a NAND element 340.
      The output of the NAND element 340 is connected to a junction 342 which in
      turn is connected to one input of the two-input NAND element 344. The
      collector of each of the transistors Q1, Q2 is connected to respective NOT
      elements 346, 348. Again, the description will continue as for a single
      one of the two identical circuits with characters of reference to both
      circuits. The output of the NOT element 346, 348 appears at a junction
      350, 352 which is connnected to one input of a NAND element 354, 356. The
      junction 350, 352 is also connected to the input of a NOT element 358,
      360, the output of which is connected through a resistor 362, 364 to a
      junction 366, 368. The junction 366, 368 is connected to the input of a
      NOT element 370, 372 and through a capacitor 374, 376 to ground. The
      output of the NOt element 370, 372 is connected as a second input to the
      NAND element 354, 356. The output of the NAND element 354, 356 is
      connected through a capacitor 378, 380 to a junction 342, 343. The
      junction 342, 343 is connected through a resistor 382, 384 to the common
      plus 5 volt source 333. The terminal 343 is connected to the NAND element
      344 as the second input.
PAR  Referring now to FIG. 5 in conjunction with FIG. 6, the metering pulses MPT
      and MPR are applied from a signal source (not shown) in the tributary
      office to the inputs of the respective legs of the analog portion 300 of
      the sync circuit of FIG. 5. Assuming that the MPT signal is the first
      applied (time To), when the amplitude of the MPT ssignal reaches
      approximately 50 volts (Ta) the zener diode 324 will begin conducting
      driving current into the base of Q1. The collector of Q1 is forced to
      ground, applying a ground to the inputs of NOT element 346 and NAND
      element 340. The output of NOT element 346, a high level signal at
      terminal 350, is applied to the input of NOT element 358 and to one input
      of NAND element 354. The output of NOT element 358 is driven to ground or
      low level by the high level input signal, allowing the capacitor 374 to
      discharge. In the presently described embodiment, the delay of the RC
      network comprising resistor 362 and capacitor 374 plus the inherent logic
      element circuit delays combine to provide a delay of approximately 5.5
      milliseconds. When terminal 366 reaches a potential which is the threshold
      potential of NOT element 370, the output of NOT element 370 changes to a
      high level, disabling NAND element 354 (Tb). The resulting transition from
      high to low level at the output of NAND element 354 is coupled via the
      capacitor 378 to the terminal 342 at the input of the NAND element 344.
      Because of the time constant of the capacitor 378 and resistor 382, NAND
      element 344 is enabled for approximately 100 microseconds by the low level
      output of NAND element 354. The enabled NAND element 344 generates an SO
      output signal at terminal 386. The SO signal is utilized by the ID pulse
      generator (96, FIG. 3) as an enable signal to generate an identification
      pulse (IDP, FIG. 6).
PAR  When the amplitude of the MPT pulse drops below approximately 50 volts (Tc,
      FIG. 6) Q1 turns off applying a low level to the input of NOT element 358
      and to one input of NAND element 354. This allows capacitor 374 to begin
      charging to high level voltage and enables a high level at the output of
      NAND element 354. The total delay from the beginning of pulse MPT (To) to
      the generation of the ID pulse (Td) is 8.3 milliseconds as shown in FIG.
      6. As previously described with reference to FIG. 4, the 2 millisecond
      delay from Tb to Td occurs in the ID pulse generator circuits. When
      capacitor 374 charges to the input threshold level of the NOT element 370,
      the output of NOT element 370 returns to low level (Te). Two circuit legs
      are provided in order to allow for recovery time of the timing circuits
      and to enhance the fail-soft capability of the synchronizer as described
      below. The foregoing description with reference to the MPT leg of FIG. 5
      applies as well to the circuits of the lower portion of FIG. 5, the MPR
      leg.
PAR  "Fail-soft" capability is defined as the ability of a system such as a
      telephone system to function in spite of the failure of certain components
      or units of the system. The continued functioning of the system after
      component or unit failure may be at reduced speed or capacity. Fail-soft
      operation is provided in accordance with one aspect of the present
      invention in the synchronization circuit and ID pulse generator of the
      presently described embodiment of the invention by continued generation of
      ID pulses after failure of the synchronization circuit. Referring still to
      FIGS. 5 and 6, if the MPR leg of the analog portion 300 fails, e.g., as
      illustrated at Tf of FIG. 6 by the transition of the Q2 collector voltage
      to a high level, the SO signal which normally occur at time Tg will
      consequently not appear at the output terminal 386. The MPT leg of the
      synchronization circuit will continue, however, to produce SO output
      signals corresponding with the MPT signal as previously described. Should
      the failure mode of the MPR leg produce a constant low level output from
      NAND element 356, no SO signal would be produced by that leg because the
      AC coupling to the final stage 344 through the capacitor 380 requires a
      voltage transition to enable the NAND element 344. If both the MPT and MPR
      legs of the analog portion 300 fail, neither transistor Q1 nor Q2 will
      conduct and a high level will be applied through resistors 336 and 338 to
      the inputs of a NAND element 340. A capacitor 388 to ground connected in
      the circuit of NAND element 340 delays the generation of a low level
      output of that element for approximately 4 milliseconds. Should one of the
      high level inputs go low, e.g., as during normal operation just after time
      Td of FIG. 6 when Q2.sub.c goes low, the output of NAND element 340 will
      remain at a high level. At time Th, FIG. 6, NAND element 340 is disabled
      by high level inputs of duration longer than 4 milliseconds. The low level
      output of NAND element 340 enables NAND element 344 and the SO signal goes
      permanently to a high level. The SO signal being permanently high allows
      the ID pulse to be generated without regard to the message metering signal
      MPT, MPR. The presence of other positive voltage activity on the sleeve
      lead coincident with the ID pulse may degrade operation by causing the
      pulse detectors to indicate falsely; however, proper operation is not
      precluded by failure of the synchronization circuit.
PAR  While the principles of the invention have now been made clear in an
      illustrative embodiment, there will be immediately obvious to those
      skilled in the art, many modifications of structure, arrangement,
      proportions, the elements, materials, and components used in the practice
      of the invention, and otherwise, which are particularly adapted for
      specific environments and operating requirements without departing from
      those principles. The appended claims are, therefore, intended to cover
      and embrace any such modifications, within the limits only of the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Improved automatic number identification apparatus in a telephone system
      of the type having:
PA1  a central office;
PA1  a plurality of subscriber lines connected to said central office, each of
      said subscriber lines having
PA1  a sleeve lead associated therewith in said central office;
PA1  at least two outgoing trunk circuits in said central office;
PA1  means in said central office for connecting the sleeve lead associated with
      one of said plurality of subscriber lines initiating a call to one of said
      outgoing trunk circuits, said connecting means functioning further for
      connecting said sleeve lead associated with another of said plurality of
      subscriber lines initiating a call to another of said outgoing trunk
      circuits;
PA1  a plurality of number elements, at least one of said plurality of number
      elements each associated with one of said plurality of subscriber lines
      and connected to said sleeve lead associated therewith; and
PA1  a plurality of directory number digit buses, said plurality of number
      elements each so connected through isolation means to said digit buses
      that a signal issuing from any one of said number elements appears
      simultaneously on preselected ones of said digit buses to form indicia
      thereon representative of a unique directory number associated with said
      any one number element;
PA1  wherein the improvement comprises:
PA2  an identifier unit having said plurality of directory number digit buses
      connected thereto;
PA2  another identifier unit having said plurality of directory number digit
      buses connected thereto;
PA2  means for connecting the sleeve lead associated with one said subscriber
      line initiating a call from said one outgoing trunk circuit to said
      identifier unit; and
PA2  means for connecting the sleeve lead associated with said other subscriber
      line initiating a call from said other outgoing trunk circuit to said
      other identifier unit;
PA1  each of said identifier units including:
PA2  a control means,
PA2  means responsive to said control means during an identification time period
      for generating an identification signal for application to said sleeve
      lead connected thereto,
PA2  means responsive to said control means during said identification time
      period for disabling said generating means of the alternate identifier
      unit, and
PA2  means responsive to said control means during said identification time
      period for storing said indicia appearing on said number element buses in
      response to said identification signal applied.
NUM  2.
PAR  2. The automatic number identification apparatus as claimed in claim 1,
      said identifier units further comprising:
PA1  means responsive to said control means after said identification time
      period for inhibiting said disabling means.
NUM  3.
PAR  3. The automatic number identification apparatus as claimed in claim 1,
      wherein
PA1  said disabling means of said identifier unit includes means responsive
      during said identification time period to said disabling means of said
      other identifier unit for inhibiting said disabling means of said other
      identifier unit.
NUM  4.
PAR  4. The automatic number identification apparatus as claimed in claim 1,
      further comprising:
PA1  means responsive to said control means during said identification time
      period for testing the contents of said storage means for a valid
      representation of a directory number; and wherein
PA1  said control means includes means responsive to a test failure determined
      by said testing means for repeating said identification time period.
NUM  5.
PAR  5. The automatic number identification apparatus as claimed in claim 4,
      further comprising:
PA1  means for counting the number of identification signals generated by said
      generating means during successively repeated identification time periods;
      and
PA1  said control means including means responsive to said counting means for
      inhibiting said repeating means.
NUM  6.
PAR  6. Improved automatic number identification apparatus in a telephone system
      of the type having:
PA1  a central office;
PA1  a plurality of subscriber lines connected to said central office, each of
      said subscriber lines having
PA1  a sleeve lead associated therewith in said central office;
PA1  at least two outgoing trunk circuits in said central office;
PA1  means in said central office for connecting the sleeve lead associated with
      one of said plurality of subscriber lines initiating a call to one of said
      outgoing trunk circuits, said connecting means functioning further for
      connecting said sleeve lead associated with another of said plurality of
      subscriber lines initiating a call to another of said outgoing trunk
      circuits;
PA1  a plurality of number elements, at least one of said plurality of number
      elements each associated with one of said plurality of subscriber lines
      and connected to said sleeve lead associated therewith;
PA1  a plurality of directory number digit buses, said plurality of number
      elements each so connected through isolation means to said digit buses
      that a signal issuing from any one of said number elements appears
      simultaneously on preselected ones of said digit buses to form indicia
      thereon representative of a unique directory number associated with said
      any one number element,
PA1  wherein the improvement comprises:
PA2  a first identifier unit having said plurality of directory number digit
      buses connected thereto and having an idle state and a busy state;
PA2  a second identifier unit having said plurality of directory number digit
      buses connected thereto and having an idle state and a busy state;
PA2  second means associated with each of said trunk circuits for connecting
      said sleeve lead associated with said subscriber line initiating a call
      connected thereto to said first or said second identifier unit in said
      idle state;
PA2  each of said identifier units including:
PA2  a control means having means therein responsive to said second connecting
      means for changing the state of said identifier unit from idle to busy,
      said identifier unit executing an identification program while in said
      busy state;
PA2  means responsive to said control means during said program for applying an
      identification signal to said connected sleeve lead;
PA1  means in said first identifier unit responsive to said control means
      therein during said program of said first identifier unit for delaying
      said program of said second identifier unit;
PA1  means in said second identifier unit responsive to said control means
      therein during said program of said second identifier unit for delaying
      said program of said first identifier unit; and
PA2  means responsive to said control means during said program for storing said
      indicia appearing on said number element buses in response to said
      identification signal applied to said connected sleeve lead.
NUM  7.
PAR  7. The automatic number identification apparatus as claimed in claim 6,
      further comprising:
PA1  said delaying means of said first identifier unit including means
      responsive to said delaying means of said second identifier unit during
      said program of said first identifier unit for inhibiting said delaying
      means of said second identifier unit.
NUM  8.
PAR  8. The automatic number identification apparatus as claimed in claim 6,
      further comprising:
PA1  means connected to said storing means for sensing the validity of the
      contents of said storing means, said sensing means generating an error
      signal in response to an invalid representation of a directory number in
      said storing means;
PA1  bistable means in said control means for storing said error signal during
      said program; and
PA1  means responsive to said error signal stored in said bistable storing means
      for recycling said program.
NUM  9.
PAR  9. The automatic number identification apparatus as claimed in claim 8,
      further comprising:
PA1  a counter responsive to said control means for recording said
      identification signal during successive cycles of said program; and
PA1  a NAND element, responsive to a predetermined count of said counter, for
      producing an output signal inhibiting said recycling means.
NUM  10.
PAR  10. Number identification apparatus in a telephone system, comprising:
PA1  a central office;
PA1  a plurality of subscriber lines connected to said central office, each of
      said subscriber lines having:
PA1  a sleeve lead associated therewith in said central office;
PA1  at least two outgoing trunk circuits in said central office;
PA1  means in said central office for connecting the sleeve lead associated with
      one of said plurality of subscriber lines initiating a call to one of said
      outgoing trunk circuits, said connecting means functioning further for
      connecting the sleeve lead associated with another of said plurality of
      subscriber lines initiating a call to another of said outgoing trunk
      circuits;
PA1  a plurality of number element, each having a preselected directory numeral
      assigned thereto, at least one of said plurality of number elements each
      associated with a different one of said plurality of subscriber lines,
      said plurality of number elements assembled in nesting groups of x.sup.1,2
      . . . n.sup.-1 number elements where x is the radix of a directory number
      representation and n is the number of digits in said number
      representation, each of said number elements in any one of said groups
      having said preselected directory numeral assigned thereto including like
      numerals of significance x.sup.1,2 . . . n.sup.-1 in the corresponding
      positional representation of said preselected directory numeral assigned
      thereto, each of said number elements having:
PA2  an input terminal for connection to said sleeve lead associated therewith,
PA2  a first output lead connected through an isolation device to said input
      terminal, and
PA2  a second output lead connected through a second isolation device to said
      input terminal;
PA1  x.sup.0,1 . . . n buses, each of said x.sup.0,1 . . . n buses having x
      lines, each of said x lines of any of said x.sup.0,1 . . . n buses having
      a digit value of said number representation, said first output lead of
      each of said plurality of number elements connected to one of said x lines
      of said x.sup.0 bus having said digit value of said number representation
      corresponding to the numeral of the least significant position of said
      directory numeral assigned;
PA1  a high-order digit bus for each of said x.sup.1 groups connected to said
      second output lead of each of said number elements in said group, said
      high-order digit bus connected through respective isolation devices to one
      of said x lines, respectively, of said x.sup.1,2 . . . n.sup.-1 bus having
      said digit value of said number representation corresponding to said like
      numeral of significance x.sup.1,2 . . . n.sup.-1 for each of said nesting
      groups;
PA1  said plurality of number elements assembled, further assembled in groups of
      x.sup.n /a number elements, where a is any digit .noteq.0, x of said
      number representation;
PA1  ax lines, said high-order digit buses of each (x.sup.n /a)/x of said
      x.sup.n /a groups connected to one of said ax lines; and
PA1  means for selectively connecting said ax lines to said x lines of said
      x.sup.n bus, whereby all the number elements of any one of said x.sup.n /a
      groups may be assigned any numeral of significance x.sup.n in said
      preselected directory numeral.
NUM  11.
PAR  11. The automatic number identification apparatus as claimed in claim 10,
      further comprising:
PA1  means for storing a signal representative of an office code numeral; and
PA1  means for selectively connecting any one of said ax lines to said storage
      means, whereby a signal appearing on any one of said input terminals of
      said number elements of said x.sup.n /a group associated with said one ax
      line is stored in said storage means as said signal representative of said
      office code numeral.
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ABST
PAL  A link network comprises a plurality of sublink networks having the same
      structure and an external link cable interconnecting the plural sublink
      networks. Each sublink network consists of lattice switches arranged in
      two stages and internal links interconnecting the lattice switches in the
      opposite stages. The external link cable connects those link terminals of
      the lattice switches of each sublink network which are not connected with
      the internal links with like link terminals of another sublink network.
BSUM
PAR  The present invention relates to a link network in an automatic telephone
      exchange and more particularly to a link network constituted of a
      plurality of switch groups each serving as mounting unit.
PAR  A link network usually comprises lattice switches arranged in at least two
      stages and links connecting the switches in the stages. As a lattice
      switch is known a matrix of reed or ferreed switches, an
      electro-magnetic-mechanical switch such as a crossbar switch or an
      electronic switch such as a matrix of semiconductor switching elements.
      The links between the adjacent stages are wired according to a
      predetermined rule, so as to connect all the lattice switches of one stage
      with all the lattice switches of the other stage and to facilitate the
      control of the operation of the link network. A two-stage-switch link
      network which is fundamental to all the link networks is taken as an
      example. A conventional two-stage-switch link network is obtained by
      mounting stages of lattice switches on a framework as mounting unit and by
      connecting the lattice switches of the stages by an interstage link cable
      which is previously bundled, according to a predetermined rule. In the
      conventional link network, the number of conductors contained in the
      bundles of the interstage link cable is usually very great and the wiring
      work is also very difficult. The plug-in system in which the lattice
      switches and the interstage link cables are connected with each other by
      means of connectors, has already been attempted. However, in this case
      also, the conductors of the link cable must be terminated by connectors so
      that much labor is needed when the connection between the conductors and
      the connectors is performed. The amount of the complicated, tiresome labor
      required in wiring increases abruptly with the increase in the number of
      the lattice switches used in each stage. Moreover, the conventional
      two-stage-switch link network itself forms a mounting unit and when the
      number of the lattice switches is large, the mounting unit also becomes
      large so that some nuisances are incurred in fabrication and maintenance.
PAR  It is therefore one object of the present invention to provide a link
      network having a high producibility.
PAR  Another object of the present invention is to provide a link network the
      maintenance of which is very easy.
PAR  According to the present invention, there is provided a link network
      comprising: a plurality of sublink networks each of which includes a
      plurality of lattice switches arranged in at least two stages, each
      lattice switch having a plurality of link terminals, and internal links
      connecting a part of the link terminals of the lattice switches in one of
      the stages with a part of the link terminals of the lattice switches in an
      adjacent stage; and an external link cable connecting those link terminals
      of the lattice switches in one stage which are not connected with the
      internal links with those link terminals of the lattice switches in
      adjacent stages of other sublink networks which are not connected with
      internal links.
PAR  According to the preferred embodiments of the present invention, each
      sublink network is provided with connector sockets connected with those
      link terminals of the lattice switches in the sublink network which are
      not connected with the internal link and it is formed together with the
      associate lattice switches and internal links into a mounting module and
      the external links forms a cable which is terminated at both ends by
      connector plugs which can be plugged in the connector sockets.
PAR  As described above, according to the present invention, the link network is
      formed of plural sublink networks having the same structure and an
      external link cable so that only one kind of sublink network and an
      external link cable whose capacity is reduced by that of internal links
      have to be fabricated. Accordingly, the producibility is considerably
      improved and also the maintenance is easy since each sublink network can
      be accessed for maintenance. These advantages can be further increased by
      performing the connection of the external link through connectors as seen
      in the embodiments.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will be more apparent from the following comparative description
      of the prior art and the preferred embodiments of the invention, taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 shows a link wiring diagram of a conventional two-stage-switch line
      network;
PAR  FIG. 2 shows a link wiring diagram of a two-stage-switch link network as an
      embodiment of the present invention;
PAR  FIG. 3 shows the more concrete construction diagram of the two-stage-switch
      link network shown in FIG. 2; and
PAR  FIG. 4 shows a link wiring diagram of a two-stage-switch link network as
      another embodiment of the present invention.
DETD
PAR  FIG. 1 shows a typical example of conventional two-stage-switch link
      networks. Each of eight lattice switches LS0 - LS7 in the first stage is
      referred to as line switch and it has eight link terminals LSLV0 - LSLV7.
      Each of eight lattice switches TS0 - TS7 in the second stage is referred
      to as trunk switch and it has eight link terminals TSLV0 - TSLV7. The link
      terminals of the line switches LS0 - LS7 are connected with those of the
      trunk switches TS0 - TS7 through links l. In order to uniformly distribute
      traffic to the respective switches and to facilitate the control, as
      described above, the wiring of the links l is made on the basis of such a
      rule that the n-th link terminal LSLVn of the m-th line switch LSm is
      connected with the m-th link terminal TSLVm of the n-th trunk switch TSn.
      In this way of link wiring, the link terminals LSLV0's of the line
      switches LS0 - LS7 are connected respectively with the link terminals
      TSLV0 - TSLV7 of the trunk switch TS0, the link terminals LSV1's of the
      link switches LS0 - LS7 are connected respectively with the link terminals
      TSLV0 - TSLV7 of the trunk switch TS1 and so on. Accordingly, the whole
      link forms a pattern. Therefore, even if the link network shown in FIG. 1
      is constituted of four sublink networks each of which comprises two line
      switches, two trunk switches and internal links connecting the line
      switches with the trunk switches, the wiring patterns of the internal
      links of the respective sublink networks are different fron one another,
      that is, four different kinds of sublink networks are needed.
PAR  FIG. 2 shows an example of the link wiring of a two-stage-switch link
      network as one embodiment of the present invention. The two-stage-switch
      link network consists of four sublink networks M40 - M43 and an external
      link cable (in this figure only one L-side cable of the external link
      cable LEL0 between the line switches LS0 and LS1 of the sublink network
      M40 and the trunk switches TS2 - TS7 of the sublink networks MM41 - M43 is
      shown for clearness' sake) connecting one sublink network with another.
PAR  The line switches and the trunk switches in the sublink networks M40 - M43
      are differently labeled for facilitating identification, but the
      structures of the sublink networks are all the same. Therefore,
      description will be made only of the sublink network M40. The sublink
      network M40 consists of two line switches LS0 and LS1, two trunk switches
      TS0 and TS1 and internal links IL between the trunk and the line switches.
      The internal links IL consists of four links IL00, IL10, IL01 and IL11
      respectively connecting the link terminal LSLV0 of the line switch LS0
      with the link terminal TSLV0 of the trunk switch TS0, the link terminal
      LSLV1 of the switch LS0 with the link terminal TSLV0 of the trunk switch
      TS0, the link terminal LSLV0 of the line switch LS1 with the link terminal
      TSLV1 of the trunk switch TS1, and the link terminal LSLV1 of the line
      switch LS1 with the link terminal TSLV1 of the trunk switch TS1. The above
      description of the sublink network M40 will be similarly applicable to the
      sublink networks M41 - M43 if the line switches LS2, LS4 and LS6 are
      substituted for the line switch LS0, the line switches LS3, LS5 and LS7
      for the line switch LS1, the trunk switches TS2, TS4 and TS6 for the trunk
      switch TS0, and the trunk switches TS3, TS5 and TS7 for the trunk switch
      TS1, respectively.
PAR  It should here be noted that the sublink networks M40 - M43, each having
      switches and internal links, are of the same structure, as seen in FIG. 2.
PAR  Now, the general rule of the wiring of all the links, i.e. internal and
      external links, will be described. The rule of the wiring in FIG. 2 is as
      follows.
PAR  1. The n-th link terminal LSLVn of an even-numbered line switch LS2m is
      connected with the (8 - n)-th link terminal TSLV.sub.8.sub.- n (when n is
      even) or the (9 - n)-th link terminal TSLV.sub.9.sub.-n (when n is odd) of
      the (2m + n)-th trunk switch TS.sub.2m.sub.+n.
PAR  2. The n-th link terminal LSLVn of an odd-numbered line switch
      LS.sub.2m.sub.+1 is connected with the (9 - n)-th link terminal
      TSLV.sub.9.sub.-n (when n is even) or the (10 - n)-th link terminal
      TSLV.sub.10.sub.-n (when n is odd of the (2m + n)-th trunk switch
      TS.sub.2m.sub.+n. Here, in the items (1) and (2) of the above rule, m = 0,
      1, 2 and 3, and 8 - n, 9 - n, 10 - n and 2m + n are expressed in moduluo
      8.
PAR  FIG. 2 illustrates especially the link structure of an embodiment of the
      present invention and further the details of the structure of the
      embodiment is shown in FIG. 3.
PAR  In FIG. 3, only the sublink network M40 is concretely shown since the
      sublink networks M40 - M43 are of the same structure. In the sublink
      network M40, the trunk switches TS0 and TS1 are disposed, for the facility
      of mounting, above the line switches LS0 and LS1. The link terminals LSLV0
      and LSLV1 of the line switches LS0 and LS1 are connected with the link
      terminals TSLV0 and TSLV1 of the trunk switches TS0 and TS1 through the
      internal links IL (IL00, IL10, IL01 and IL11). The remaining link
      terminals LSV2 - LSLV7 and TSLV2 - TSLV7 of the line switches LS0 - LS1
      and the trunk switches TS0 - TS1 are connected respectively with the
      corresponding terminals of an L-side connector socket LCS and a T-side
      connector socket TCS. The sublink network M40 is constructed by attaching
      the line switches LS0 and LS1, the trunk switches TS0 and TS1, the
      internal links IL, the L-side connector socket LCS and the T-side
      connector socket TCS onto a frame not shown in the form of a mounting
      module. The structures of the other sublink networks M41 - M43 are the
      same as that of the sublink network M40.
PAR  The external links form a cross-connecting cable EL terminated by connector
      plugs LCP0 - LCP3 and TCP0 - TCP3 at both ends. L-side cable LEL0
      connected with the twelve terminals of the L-side connector plug LCP0 is
      divided into three branches and the branches are then connected with the
      corresponding terminals of the T-side connector plugs TCP1 - TCP3
      according to the above described rule of wiring the external links. On the
      other hand, T-side cable TEL0 connected with the twelve terminals of the
      T-side connector plug TCP0 is split and similarly connected with the
      L-side connectors LCP1 - LCP3.
PAR  The L-side connector plugs LCPO - LCP3 are plugged in the L-side connector
      sockets LCS's of the sublink networks M40 - M43 and the T-side connector
      plugs TCPO - TCP3 are plugged in the T-side connector sockets TCS's of the
      sublink network M40 - M43. Through this plug-in connection is completed a
      link network having such a link structure as shown in FIG. 2.
PAR  In FIG. 3, it should be noted that all the sublink networks M40 - M41 have
      the same structure and that the number (6) of the terminals required in
      the L- or T-side connector socket can be smaller than the number (8) of
      the link terminals of the line or trunk switch by the number (2) of the
      link terminals connected with the internal links. From the above features,
      there can be obtained two merits. One of them is that only one kind of
      sublink network is needed and according to the other merit the size of the
      external link cable EL can be reduced so that the fabrication thereof can
      be facilitated.
PAR  FIG. 4 shows a link network as another embodiment of the present invention.
      This embodiment is also a two-stage-switch link network consisting of
      eight line switches SL0 - LS7, eight trunk switches TS0 - TS7 and links
      between the line and trunk switches. This link network may also be
      constituted of four sublink networks M40 - M43 or of eight sublink
      networks M80 - M87. In case where the link network is constituted of four
      sublink networks M40 - M43, internal links in each sublink network consist
      of four links i.e. two IL1's and two IL2's. On the other hand, if the link
      network is formed of eight sublink networks M80 - M87, only the links
      IL1's can be used as internal links but the links IL2's are treated as a
      part of the external links.
PAR  The general rule of the wiring of the link shown in FIG. 4 is as follows.
      The n-th link terminal LSLVn of the m-th line switch LSm is connected with
      the n-th link terminal TSLVn of the (m + n)-th trunk switch
      TS.sub.m.sub.+n. Here, m + n is expressed in modulo 8.
PAR  In the foregoing lines and in the figures, the link terminal of each
      lattice switch and each link are described and shown as if they are formed
      respectively of a single terminal and a single lead, for the sake of
      simplifying the description and the drawings. As well known, in fact, each
      link usually consists of at least two leads, and therefore, each link
      terminal at least two terminals, but it should be understood that the
      above simplification has no influence upon the previous description and
      the scope of the present invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A link network comprising
PA1  a. a plurality of sublink networks having the same structure each of which
      includes a plurality of lattice switches arranged in at least two stages,
      each lattice switch having a plurality of link terminals, and internal
      links connecting a part of the link terminals of the lattice switches in
      one of the stages with a part of the link terminals of the lattice
      switches in an adjacent stage of the same one of said plurality of sublink
      networks; and
PA1  b. an external link cable connecting those link terminals of the lattice
      switches in the one stage which are not connected with the internal links
      with those link terminals of the lattice switches in adjacent stages of
      each other sublink network of said plurality of sublink networks which are
      not connected with the internal links.
NUM  2.
PAR  2. A link network as claimed in claim 1, wherein each sublink network is
      constructed in the form of a mounting module.
NUM  3.
PAR  3. A link network comprising
PA1  a. a plurality of sublink networks having the same structure each of which
      includes a plurality of lattice switches arranged in at least two stages,
      each lattice switch having a plurality of link terminals, internal links
      connecting a part of the link terminals of the lattice switches in one of
      the stages with a part of the link terminals of the lattice switches in an
      adjacent stage of the same sublink network, and first connector means
      connected with those link terminals of the lattice switches which are not
      connected with the internal links;
PA1  b. external link cables connected at their ends with second connector means
      engageable with the first connector means of the sublink networks for
      interconnecting the respective stages of each different sublink network.
NUM  4.
PAR  4. A link network as claimed in claim 3, wherein each sublink network is
      constructed in the form of a mounting module.
NUM  5.
PAR  5. A link network as claimed in claim 3, wherein the first and second
      connector means are provided corresponding to the stages of the lattice
      switches.
NUM  6.
PAR  6. A link network comprising:
PA1  a plurality of sublink networks, each of said sublink networks including at
      least first and second stages, each of said first and second stages
      including at least one lattice switch, each of said lattice switches
      having a plurality of terminals;
PA1  internal link means for interconnecting within each sublink network a first
      portion of said terminals of said lattice switches in said first stage
      with a respective first portion of said terminals of said lattice switches
      in said second stage; and
PA1  external link means for interconnecting each of said plurality of sublink
      networks, said external link means connecting at least a second portion of
      said terminals of said lattice switches in said first stage of one sublink
      network with at least a second portion of said terminals of said lattice
      switches of said second stages of each other sublink network,
PA1  wherein each sublink network has the same structure.
NUM  7.
PAR  7. A link network according to claim 6, wherein each sublink network is
      constructed in the form of a mounting module including the respective
      lattice switches of each of said first and second stages, said internal
      link means, and connector means of said external link means for effecting
      interconnection of said plurality of sublink networks.
NUM  8.
PAR  8. A link network according to claim 6, wherein each sublink network
      includes at least two lattice switches for each of said first and second
      stages.
NUM  9.
PAR  9. A link network according to claim 6, wherein each sublink network
      includes one lattice switch for each of said first and second stages.
NUM  10.
PAR  10. A link network according to claim 6, wherein each first stage of each
      sublink network includes at least one lattice line switch for a telephonic
      system, and each second stage of each sublink network includes at least
      one lattice trunk switch for said telephonic system.
NUM  11.
PAR  11. A link network according to claim 6, wherein said first portion of said
      terminals of each lattice switch of the first and second stages are
      selected to provide an identical connection by said internal link means
      for each of said plurality of sublink networks.
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ABST
PAL  A repertory dialler has a main digital data store for the storage of
      information required for impulsing to line upon operation of a selected
      call push-button. This store is a circulating dynamic store. The dialler
      may be operated either in a recording mode or in an impulsing mode as
      determined by the position of a manually-operable switch.
PAL  In the recording mode, the identity of a call push-button that has been
      operated is first written in digital form into a circulating buffer store.
      This is followed by the decimal digits of the exchange and/or directory
      number of a subscriber which are entered by means of a digit keypad. When
      all the required digits have been so stored, the data temporarily stored
      by the buffer store is transferred to the main store and in the main store
      is added to the end of the block of data circulating therein.
PAL  When the dialler is used in the impulsing mode, operation of a selected
      call push-button causes the appropriate dialling information to be written
      into the buffer store from which it is rapidly transferred, one decimal
      digit at a time, to the line impulsing circuit which itself has data
      storage provision. Operation of the digit keypad at this time enables one
      or more additional decimal digits (for example in respect of the number of
      an extension party) to be impulsed to line. These digits are temporarily
      stored by the buffer store prior to transfer to the impulsing circuit.
BSUM
PAR  This invention relates to telephone user's apparatus.
PAR  More particularly the invention is concerned with telephone users'
      apparatus of the kind which is adapted to store information to be dialled
      out or otherwise signalled to line to characterise any one of a plurality
      of different subscribers or other parties to whom connection may be
      required and which has a plurality of manually-operable pushbuttons, keys
      or other switches which are selectively operable to cause the information
      stored in respect of different subscribers or parties to be signalled. One
      example of such apparatus is a socalled "repertory dialler" (by which term
      it is subsequently referred to herein) which enables a plurality of trains
      of pulses (simulating those provided by a conventional telephone dial
      unit) to be transmitted characterising the exchange and/or directory
      number of a subscriber or party to whom connection is required merely by
      operating a single pushbutton, key or other switch that is associated with
      that subscriber or party.
PAR  One object of the present invention is to provide apparatus of the kind
      specified which, in addition to signalling stored information also enables
      additional information, for example the number of a wanted extension, to
      be signalled.
PAR  According to the present invention, apparatus which is of the kind
      specified and which is adapted for use selectively in either a recording
      mode or a line signalling mode has manually-operable means, for example a
      pushbutton unit, which is arranged when the apparatus is used in the
      recording mode to enable data that is to be associated with a selected one
      or combination of said pushbuttons, keys or other switches that has or
      have been operated to be written into a main data store and a signalling
      circuit is arranged in response to the data stored in the main data store
      when the apparatus is being used in its signalling mode to supply electric
      signals for transmission to line that are characteristic of a subscriber
      or other party to whom connection is required upon operation of the
      appropriate one or combination of said pushbuttons, keys or other
      switches, the apparatus being arranged so that, when in its signalling
      mode, the signalling circuit will supply for transmission to line electric
      signals which represent further data, for example an extension number, fed
      in by the manually-operable means and which are supplied after the signals
      resulting from operation of one or a combination of said pushbuttons, keys
      or other switches as aforesaid.
PAR  According to a feature of the present invention, apparatus which is of the
      kind specified and which is adapted for use selectively in either a
      recording mode or a line signalling mode has a buffer data store which is
      arranged, when the apparatus is used in its recording mode, temporarily to
      store digital data characterising a selected one or combination of said
      pushbuttons, keys or other switches that has or have been operated and
      digital data supplied by manually-operable means (for example a pushbutton
      unit) to characterise the signalling information to be associated with the
      selected one or combination of said pushbuttons, keys or other switches,
      the digital data temporarily stored by the buffer store being transferred
      to a main data store when that data is complete in the buffer store, and
      operation of a selected one or combination of said pushbuttons, keys or
      other switches when the apparatus is being used in its signalling mode is
      arranged to cause the signalling information stored in the main data store
      that is associated with that selection to be temporarily written into said
      buffer data store while a signalling circuit responds to the data then
      stored in the buffer store to generate the required signals for
      transmission to line, the arrangement being such that operation of said
      manually-operable means to supply further data (for example in respect of
      an extension number) after operation of one or a combination of said
      pushbuttons, keys or other switches when the apparatus is being used in
      its signalling mode results in said further data being temporarily stored
      by said buffer store and the signalling circuit subsequently supplying
      signals for transmission to line to characterise this further data after
      the signals resulting from operation of the one or combination of said
      pushbuttons, keys or other switches have been supplied as aforesaid.
PAR  The signalling circuit may itself include a digital data store to which the
      date stored by the buffer store is transferred at a higher speed than it
      can be used by that circuit for supplying the required signals for
      transmission to line. The buffer store may be a circulating store and in
      this case, it is preferably arranged for each item of data (for example
      one decimal digit of the wanted exchange and/or directory number) to be
      erased from the buffer store as it is transferred from that store so as to
      assist in identifying the next data item in the buffer store to be
      transferred. Preferably the main data store is also a circulating store.
      If both the buffer and main stores are circulating stores, there may be an
      auxiliary store to which each item of data in the buffer store is
      transferred in turn, at least when the appparatus is being used in the
      recording mode, before the data in the main store is correctly disposed
      for a data item to be transferred from the auxiliary store to the main
      store.
DRWD
PAR  One example of a repertory dialler in accordance with the invention will
      now be described with reference to the accompanying drawings in which:
PAR  FIG. 1 shows the complete repertory dialler in diagrammatic form, and
PAR  FIGS. 2 to 4, when arranged as set out in FIG. 5, show the circuit of the
      repertory dialler in more detail, and
PAR  FIG. 6 shows the circuit of an item of the dialler.
DETD
PAR  Referring first to FIG. 1, the repertory dialler is arranged to enable a
      speech connection to be set up over line wires 80 (connected to a public
      telephone system) between a telephone instrument 81 and any one of a
      predetermined plurality of other subscribers connected to the telephone
      system merely by pressing the appropriate pushbutton 82 of a unit 2. The
      necessary `dialling` information for each of these subscribers (i.e. the
      exchange and/or directory number) is stored by electronic equipment, shown
      in this figure as the unit 83, and that unit is arranged to supply to the
      line wires 80 the appropriate trains of impulses or other signals
      characterising the subscriber to be called when a pushbutton 82 is
      pressed.
PAR  There is also a provision for writing new dialling information into the
      unit 83 in respect of any particular one of the pushbuttons 82 by means of
      a unit 57 (which may form part of the telephone instrument 81) having ten
      pushbuttons 84 which are numbered with the ten decimal digits
      respectively. To effect such writing, a manually-operable key-switch 85 on
      the unit 2 is operated prior to the appropriate pushbutton 82 being
      pressed and successive operation of a plurality of the pushbuttons 84 to
      identify the exchange and/or directory number of the subscriber in
      question results in that information being stored when the key-switch 85
      is returned to its normal position.
PAR  Considering now the circuitry of the repertory dialler in more detail with
      particular reference to FIGS. 2 to 4, a data store 1 is arranged to store
      the information to be `dialled out` in binary form. The data store 1
      comprises a multi-digit shift register 3 and a feedback path which is
      connected between the output and input sides of the register 3 and which
      contains a much smaller shift register 4 and gates 5, 86 and 87. Under
      normal conditions, enabling signals are supplied to gates 5 and 87 over
      leads 99 and 100 respectively while a generator 88 feeds clock pulses to
      the shift registers 3 and 4 so that they operate synchronously. It follows
      therefore that, during use, any data entered into the store 1 continues to
      circulate.
PAR  The data stored by the store 1 consists of a plurality of groups of binary
      digits each of which groups is associated with one of the pushbuttons 82
      (FIG. 1) an is subsequently referred to herein as a `word`. Each stored
      word consists of a plurality of sub-words each of four binary digits. The
      first sub-word of each word is a characteristic combination of binary
      digits which are chosen so as not to occur in any other sub-word and which
      is subsequently referred to as the `separation code`. The next two
      sub-words constitute a unique address of that word and the remaining
      sub-words represent the information to be dialled out when the appropriate
      push-button 82 of the unit 2 is pressed. In fact, each of the latter
      sub-words represents one decimal of the subscriber's exchange code or
      directory number in binary code form.
PAR  The data word stored by the store 1 at any time immediately follow one
      another as they pass round the loop formed by the register 3 and said
      feedback path. Thus the data words constitute a circulating block of data
      in which there are no binary digit gaps between adjacent words.
PAC  DIALLING OUT
PAR  When the repertory dialler is used to set up a call, the appropriate
      pushbutton 82 of the call unit 2 is pressed as aforesaid. This causes
      signals to be applied to an address coding circuit 6 over a group of leads
      7 so as to identify the pushbutton that had been pressed. (In one
      arrangement, the leads 7 are arranged in two subgroups and each pushbutton
      of the unit 2 is arranged when pressed to connect together a unique
      combination of one lead in each of the two sub-groups. In this case, the
      address coding circuit 6 operates at high speed to supply signals
      sequentially to the leads of the first group and to scan the leads of the
      second group. Thus the lead of the second group over which a signal is
      received back and the time of occurrence of that signal characterise a
      pushbutton that has been pressed.) The coding circuit 6 is arranged to
      supply signals in parallel to a group of leads in binary coded form the
      pushbutton of the unit 2 that has been pressed. The signals supplied by
      the coding circuit 6 are passed to an address comparison circuit 9 to
      which are also passed signals in respect to the data circulating in the
      store 1.
PAR  The shift register 4 is provided so that the binary data in the store 1 may
      be monitored as it is circulating. In particular signals characterising
      eight adjacent digits passing through the register 4 are supplied in
      parallel by the register 4 to the comparison circuit 9 over a group of
      eight leads which are represented in the drawings by a line 89.
      Furthermore a code detector 11 is arranged to inspect the circulating data
      in similar manner and to supply a signal over lead 12 wherever the
      separation code is passing through the register 4. This signal is also
      passed to the comparison circuit 9 to initiate operation thereof. When
      that circuit recognises the address supplied by the coding circuit 6 in
      the data circulating in the store 1 immediately following a separation
      code, a signal is supplied over a lead 13. This signal is passed through a
      gate 14, there being no signal at this time on the lead 15, and is
      utilized to set a bistable circuit 16.
PAR  The pulse signal supplied by the shift register 4 and representing the data
      circulating in the store 1 is passed to a coincidence gate 17. When the
      bistable circuit 16 is set, an enabling signal is passed to the gate 17 to
      permit the data signal supplied to that gate to be passed to a buffer
      binary data store 18 which is also a circulating store. The store 18 in
      fact comprises a multi-digit shift register 19 and a feedback path
      including gates 20 and 21 connected between the output and input sides of
      the register 19. At the end of the data word being read from the store 1,
      the bistable circuit 16 is reset either by the next signal supplied by the
      separation code detector 11 or, if the word in question is at the end of
      the circulating data block, by a signal supplied by a detector 22 which is
      arranged to inspect the data passing through the shift register 4 and to
      supply a signal at the end of the data block. The shift register 19 is
      arranged to operate synchronously with the shift registers 3 and 4, clock
      pulses being supplied to the register 19 for this purpose by the generator
      88 and the arrangement is such that the appropriate data word circulating
      in the store 1 less its separation code and address code is caused to
      circulate in the store 18.
PAR  It will be appreciated that this operation of writing data into the store
      18, which incidentally is of much smaller capacity than the store 1, does
      not affect the data circulating in the store 1.
PAR  Setting the bistable circuit 16 as aforesaid causes another bistable
      circuit 122 to be set. This in turn results in a signal being supplied
      over a lead 23 to cause a transistor 90 to conduct and thereby operate a
      relay LS. Closure of contacts LS1 loop the line wires 80 by way of
      normally closed relay contacts B1 and the primary winding 91 of a
      transformer 92. A signal is thus sent in known manner to the remote
      exchange that a calling condition exists.
PAR  A dial tone filter 93 is connected across the secondary winding 94 of the
      transformer 92. Upon receipt of dial tone from the exchange, a signal is
      passed by the filter 93 and, when that tone is received for at least a
      predetermined period as determined by a persistance circuit 95, a signal
      is supplied over a lead 24.
PAR  Coincidence of the signal on the lead 24 and the bistable circuit 122 being
      set is detected by a gate 25 so that a signal is passed via a gate 40 to a
      pulse forming circuit 26. The pulse supplied by the circuit 26 is fed to a
      timing circuit 27 which effectively introduces a delay of approximately
      500 milliseconds. (The timing circuit 27 may conveniently be a digital
      counting circuit responsive to clock pulses supplied by the generator 88,
      the supply of such pulses being interrupted when a count is registered
      corresponding to the period to be timed.) The signal supplied by the
      timing circuit 27 is utilised to set a bistable circuit 28 to signify that
      a sub-word is ready to be transferred from the buffer store 18. The
      sub-word in question is in fact the first one of the block of data then
      circulating in the store 18 and it is accordingly necessary to wait until
      that data is appropriately located in the store 18.
PAR  Signals are respectively supplied over leads 30A and 30B when there is any
      data in the last two sub-word locations of the register 19. These two
      leads are connected to a gate 29 which is arranged to supply a signal as
      the first digit of the data block in the store 18 emerges from the shift
      register 19. Coincidence of this signal and the fact that the bistable
      circuit 28 is set is detected by a gate 31 and the resulting signal is
      used to set another bistable circuit 32. A gate 33 supplies a pulse at
      this time, this pulse having a timing and duration such that it coincides
      with the four binary digits of the sub-word to be transferred from the
      store 18 as that sub-word appears at the output of the shift register 19.
      (The duration of the signal supplied by the gate 33 is determined by a
      delay element 96 which passes an inhibiting signal to the gate 33 a
      predetermined time after the circuit 32 has been set.) The pulse signal
      supplied by the gate 33 is in fact passed to a gate 34 to enable a word in
      question to be read into an auxiliary store 35 and as an inhibiting signal
      to the gate 20 to erase that word from the store 18. (The store 35 may
      conveniently comprise four bistable circuits which are arranged to store
      the four digits of the sub-word respectively).
PAR  The store 35 is arranged to supply signals representing the four digits of
      the stored sub-word in parallel over leads 36 to an impulse transmitting
      circuit 37. The signal supplied by the timing circuit 27 as aforesaid is
      utilised, after a short delay introduced by the delay element 38, as a
      strobe signal to cause the circuit 37 to respond to the signal supplied
      thereto over the leads 36. This strobe signal is also used to reset the
      bistable circuit 28 (which in turn, causes the bistable circuit 32 to
      reset) and is fed back to the pulse forming circuit 26 by way of the gate
      39 (which has a signal supplied to its other input at this time by the
      circuit 22) and gate 40 so as to repeat the above sequence for
      transferring the next data sub-word then stored in the store 18 to the
      circuit 37. This sequence is in fact repeated until the buffer store 18 is
      empty.
PAR  A gate 41 is connected to the leads 30A and 30B and is arranged to supply a
      signal when the end of the circulating data block in the store 18 is
      detected. If this condition is detected while a transfer pulse is being
      supplied by the gate 33, it follows that there is no more data in the
      store 18 to be transferred. Accordingly a signal is then supplied by a
      gate 42 via a gate 97 to reset the bistable circuit 122. This in turn
      removes the enabling signal from the gate 39 so that the transfer
      operation is terminated.
PAR  The impulse transmitting circuit 37 is arranged to store the sub-words
      (each representing one decimal digit of the information to be dialled out)
      that are transferred thereto from the store 18 by way of the store 35. For
      each of these decimal digits, the circuit 37 first operates relay A so as
      to close contacts A1 and then generates a conventional train of dialling
      impulses by operation of relay B to open contacts B1. Successive trains of
      impulses are supplied to the line wires 80 with appropriate interdigit
      pauses. The circuit 37 may be substantially as described in U.S. Pat. No.
      3,601,552.
PAR  When the called subscriber or party answers, the returned speech signal is
      passed through the transformer 92 and an amplifier 113 to a loudspeaker
      114. The caller then lifts the handset (not shown) of the conventional
      telephone instrument 81 thereby completing an operating circuit for relay
      LD. Closure of contacts LD1 cause the transistor 90 to revert to its
      non-conducting state and thereby release relay LS. This breaks the line
      hold circuit through the contacts LS1 so that the call may subsequently be
      released in the normal manner when the handset of the instrument 81 is
      returned to its cradle.
PAR  Instead of generating trains of impulses, the circuit 37 may alternatively
      be arranged to signal each decimal digit as a pair of audio frequency
      tones the frequencies of which characterise the decimal digit value.
PAC  RECORDING
PAR  When it is required to write into the store 1 data associated with a
      pushbutton 82 of the call unit 2 that had not previously had an associated
      word in the store, the record key 85 (FIG.1) is moved to its off normal
      position as aforesaid. Such operation of the record key causes contacts 51
      to close. The appropriate pushbutton of the unit 2 is then pressed but the
      dialling out operation described above is not initiated since an
      inhibiting signal is now supplied to the gate 14 over the lead 15 as a
      result of the contacts 51 being closed. Such operation of any pushbutton
      of the unit 2 causes a signal to be supplied over a lead 52 and
      accordingly a signal is then passed by a gate 53 to a code generator 54.
PAR  The code generator 54 is arranged to supply over a lead 55 a signal
      carrying in serial form first the separation code (which is generated by
      the generator 54) and the address code of the appropriate pushbutton as
      supplied by the address coding circuit 6. (Apart from generation of the
      separation code, the generator 54 merely converts the pushbutton address
      from parallel to serial form.) This signal is passed to the gate 21 of the
      buffer store 18 (which is otherwise empty at this time) so that the
      separation code and the push-button address code are then caused to
      circulate as a block in the store 18.
PAR  The signal supplied by the gate 53 also causes another bistable circuit 56
      to be set.
PAR  If now the operation described in the last three paragraphs had been as a
      result of pressing a call push-button 82 of the unit 2 that had previously
      had an associated word stored in the store 1, it is necessary for that
      word to be erased. As will now be described, this is done automatically
      and the resulting gap (if any) in the circulating data block closed up
      before the new word is added to the end of that block.
PAR  A bistable circuit 98 is normally in the state to supply a signal to the
      gate 87 over lead 100. A gate 101 however supplies a signal to trigger the
      circuit 98 to its off-normal state when the contacts 51 are closed
      (signifying that the repertory dialler is operating in its recording mode)
      and a signal is supplied by the address comparison circuit 9 (signifying
      that there is a word already in the store 1 having the address associated
      with the call push-button 82 of the unit 2 that has been pressed). The
      signal on the lead 100 is thus removed just as the word in question is due
      to be passed to the gate 87 with the result that the word is erased from
      the store 1. At the end of that word, the bistable circuit 98 is reset via
      a gate 102 by a signal supplied either by the separation code detector 11
      (if the erased word was within the data block) or by the end of data
      detector 22 (if the erased word was at the end of the data block). In
      either case, the circulating data other than the erased word is
      unaffected.
PAR  If the bistable circuit 98 is restored to its normal condition by a signal
      supplied by the separation code detector 11. The existence of that signal
      while the circuit 98 is still off-normal causes a signal to be passed by a
      coincidence gate 103 to trigger another bistable circuit 104 to a state
      which signifies that there is a gap in the data block circulating in the
      store 1 that requires to be closed up.
PAR  Under normal operating conditions, an enabling signal is supplied to the
      gate 5 in the store 1 by a further bistable circuit 105. When the end of
      the data block circulating in the store 1 reaches the shift register 4, a
      signal is supplied by the detector 22 and coincidence of this signal with
      the signal supplied over lead 107 when the bistable circuit 104 is
      off-normal is determined by a gate 106 which supplies a signal to trigger
      the bistable circuit 105 to its off-normal state. This has the effect of
      removing the enabling signal from the gate 5 and supplying a signal to a
      coincidence gate 108. Thus the circulating data in the store 1 instead of
      passing through the gate 5 as hitherto now pass through the gate 108 and
      another shift register 109. The shift register 109 is arranged to operate
      synchronously with the registers 3 and 4 but only has a capacity of four
      binary digits. It will be appreciated therefore that at this time the
      length of the circulation loop of the store 1 is increased by four binary
      digits.
PAR  When the gap in the data block reaches the shift register 4, a signal is
      again supplied by the end of data detector 22 (which cannot, of course,
      distinguish between the true end of the block and the end of data
      preceding the gap) and the occurrence of this signal when the bistable
      circuit 105 is off-normal is determined by a coincidence gate 110 which
      then supplies a signal to reset the circuit 105. This returns the store 1
      to its non-extended length and occurs at a time such that the first four
      digit spaces of the gap are in the register 109 so that, as far as the
      circulating data is concerned, the gap is closed up by that amount.
PAR  The sequence described in the last two paragraphs is repeated on successive
      passes of the data block through the feedback path of the store 1 until
      the gap in the data block is completely closed up. When there is only a
      four digit gap left, a coincidence gate 111 detects the simultaneous
      occurrence of a signal supplied by the separation code detector 11 and a
      signal (suitably delayed by a delay element 112) supplied by the end of
      data detector 22. Upon this occurring, the gate 111 supplies a signal to
      reset the bistable circuit 104 so that the enabling signal supplied
      thereby to the gate 106 is then removed.
PAR  A coding circuit 58 is connected to the pushbutton unit 57 (FIG. 1) by way
      of leads 59, the circuit 58 deriving a four digit binary representation
      that is characteristic of any pushbutton 84 of the unit 57 that is
      pressed. Furthermore, upon any pushbutton 82 of the unit 57 being pressed
      a signal is supplied over a lead 61.
PAR  It is required that the binary representation of any pushbutton of the unit
      57 that is pressed after operation of the record key 85 shall be added to
      the end of the block of data circulating in the buffer store 18. As
      previously mentioned, the gate 41 supplies a signal when the end of data
      is detected in the shift register 19. This signal is passed through gates
      63 and 64, the latter gate having an enabling signal supplied thereto at
      this time over lead 61, to the coding circuit 58 which is then arranged to
      supply a signal to the gate 21 of the buffer store 18, this signal
      consisting of the binary coded representation of the push-button of the
      unit 57 that has been pressed in serial form. (Clock pulses supplied by
      the generator 88 may be passed to the coding circuit 58 to ensure correct
      timing of the signal supplied thereby.) In other words the sub-word
      representing the pressed pushbutton 84 is added to the data circulating in
      the buffer store 18.
PAR  The sequence of operations described in the last paragraph is repeated as
      the succession of push-buttons 84 of the unit 57 are pressed and, when all
      the required information is stored by the buffer store 18, the record key
      85 is returned to its normal position so as to open the contacts 51.
PAR  Upon the record key 85 being released, the repertory dialler operates to
      transfer the data stored by the buffer store 18 to the main store 1 one
      sub-word at a time. To this end, each sub-word stored by the store 18,
      starting with the first, is first transferred to the digit store 35 and
      then added to the end of the data block circulating in the store 1. The
      manner in which this is achieved will now be described.
PAR  Upon the contacts 51 opening, an enabling signal is supplied to a gate 65
      to which a signal is already being supplied as a result of a bistable
      circuit 56 having been set as aforesaid. The signal passed by the gate 65
      is utilised to set another bistable circuit 66 to signify that the data in
      the buffer store 18 is to be transferred to the main store 1. At the same
      the bistable 56 is reset.
PAR  At this time a bistable circuit 67 is in its reset state so that upon the
      circuit 66 being set a signal is passed through a gate 68 to set another
      bistable circuit 69. This in turn causes a signal to be passed through a
      gate 71 to the gate 31. Thus when a signal is supplied by the gate 29 at
      the beginning of the data block circulating in the buffer store 18, the
      gate 31 supplies a signal to set the bistable circuit 32 with the result
      that the first sub-word stored in the store 18 is transferred to the
      auxiliary store 35 as aforesaid. When now the detector 22 supplies a
      signal signifying that the end of the data block circulating in the main
      store 1 is passing out of the shift register 4, the coincidence of this
      signal and the signal supplied as a result of the bistable circuit 69
      having been set, is detected by a coincidence gate 72 which supplies a
      signal to the store 35 so as to cause a signal representing the sub-word
      stored thereby in serial form to be supplied over a lead 97 to the gate 86
      in the feedback path of the store 1. In this way the sub-word stored by
      the store 35 is added to the end of the data block circulating in the main
      store 1.
PAR  The signal supplied by the gate 72 is also utilised to set the bistable
      circuit 67 which in turn resets the circuits 69 and 32.
PAR  It will be appreciated that while the bistable circuit 32 was set, the
      inhibiting signal supplied thereby to the gate 33 via the delay element 96
      prevented end of data signal supplied by the detector 29 from causing the
      transfer of further sub-words from the buffer store 18 to the auxiliary
      store 35. However, upon the bistable 32 being reset, the bistable circuit
      67 is reset so as again to supply an enabling signal to the gate 68 with
      the result that the bistable circuit 69 is again set. This initiates a
      sequence for the next subword stored in the buffer store 18 to be
      transferred to the main store 1 and this is continued until the store 18
      is empty. When the last sub-word is about to be transferred from the store
      18, a signal is supplied by the gate 42 as aforesaid and this signal is
      utilised to reset the bistable circuit 66 thereby preventing further
      transfer action.
PAC  SUFFIXING
PAR  When the repertory dialler under consideration is being used for dialling
      out in the manner previously described, the pushbutton unit 57 may be used
      for suffixing, that is to say signalling one or more decimal numbers to
      characterise a wanted extension. This is done merely by first pressing the
      appropriate pushbutton of the unit 2 in the normal way for the wanted
      subscriber and then the appropriate pushbutton or pushbuttons of the unit
      57 to identify the required extension. The record key is in its normal
      position at this time so that the contacts 51 are open.
PAR  If, in the circumstances just envisaged, a pushbutton of the unit 57 is
      pressed while there is still data circulating in the buffer store 18, the
      subword corresponding to that pushbutton is immediately written into the
      store 18 on the end of the circulating block of data and is in due course
      passed out to the impulse transmitting circuit 37 in the manner previously
      described. If however the store 18 is empty when a pushbutton of the unit
      57 is pressed, it will be appreciated that the bistable circuit 122 will
      have been reset at that time so that an inhibiting signal is then supplied
      to the gate 63 so that operation of the coding circuit 58 cannot be
      initiated as previously described. The signal supplied over the lead 61
      when a pushbutton of the unit 57 is pressed is however passed through a
      gate 75 (which at that time has no inhibiting signal thereto since the
      contacts 51 are open) to set a bistable circuit 70. A gate 123 is arranged
      to supply a signal upon the bistable circuit 70 being set when the
      bistable circuit 122 is in its reset state and this signal is fed to the
      coding circuit 58 so as to cause that circuit then to supply to the buffer
      store 18 a signal characterising the pushbutton of the unit 57 that has
      been pressed. The sub-word in respect of this pushbutton is thus written
      into the store 18. Setting the bistable circuit 70 also causes a signal to
      be supplied through the gate 74 to the gate 25 and thereby initiates the
      sequence of transferring the subword then written into the store 18 to the
      impulse transmitting circuit 37 via the store 35 in exactly the same
      manner as previously described. When the buffer store 18 is again empty, a
      signal is supplied by the gate 42 which in this case serves to reset the
      bistable circuit 70. Subsequent operation of further pushbuttons of the
      unit 57 results in additional sub-words being written into the impulse
      transmitting circuit 37 in the same way.
PAC  GENERAL
PAR  The shift register 3 is required to store many hundreds of binary digits.
      In one practical embodiment of the repertory dialler described it has been
      convenient to replace this single shift register by two commercially
      available shift registers which are of integrated circuit form and which
      are connected in tandem so that the circulating digits pass through the
      two shift registers in turn. That part of the repertory dialler shown in
      the accompanying drawings within the broken outline 76 may be provided by
      a single integrated circuit and, in that case, the logic circuitry shown
      may be replaced by logic circuitry of the kind utilising clocked NOR and
      NAND gates.
PAR  In place of the shift register 4 and gate 5 which constitute the feedback
      path of the shift register 3, there may be provided two parallel-connected
      feedback paths each containing a shift register of half the storage
      capacity of the register 4 and an associated gate, these two feedback
      paths being arranged to handle alternate binary digits of the circulating
      data. This arrangement, in combination with a train of impulses having a
      repetition frequency of half that of the said clock pulses, simplifies the
      circuitry of the detectors 11 and 22 which are required to inspect
      successive sub-words (i.e. four binary digits) of the data as it is being
      circulated in the store 1. The buffer store 18 and the digit store 35 may
      also be duplicated to handle alternate binary digits with consequential
      changes particularly to the code generator 54 and the coding circuit 58.
PAR  Although the detectors 11 and 22 have been considered as separate items
      responding to the circulating data (or absence of it), much of their
      circuitry may be common.
PAR  If the separation code is `1111`, the separation code detector 11 may
      merely comprise a four input coincidence gate connected to four adjacent
      outputs of the shift register 4. The end of data detector 22 may be as
      shown in FIG. 6, the gate 120 supplying an output signal when any one of
      the last four storage locations in the register 4 is storing a digit
      having the value `1` (signifying that a sub-word is stored in those
      locations) while the preceding four storage locations have no such digit
      (signifying that no sub-word is stored thereby).
PAR  It is to be understood that the present invention is not restricted to
      repertory diallers in which only a single pushbutton is pressed to
      determine the information that is to be signalled to line but may also be
      applied to telephone users' apparatus, for example a short code dialler,
      in which the information to be signalled is determined by manual operation
      of two or more selected pushbuttons, keys or other switches.
CLMS
STM  I claim:
NUM  1.
PAR  1. Telephone user's apparatus comprising
PA1  a plurality of manually-operable calling means,
PA1  a main data store for the storage of a plurality of data words, each of
      which comprises digital information in respect of another party to whom
      telephonic connection may be required,
PA1  mode selection means operable to enable the apparatus to be used in either
      a recording or transmitting mode,
PA1  a plurality of manually-operable data means,
PA1  circuit means operable subsequent to selection of the recording mode by the
      mode selection means to write into the main data store a new data word
      comprising digital information identified by operation of said data means,
PA1  a storage and transmitting circuit to supply electric signals for
      transmission to line characterising digital information temporarily stored
      thereby,
PA1  circuit means interconnecting said main data store, said manually-operable
      calling means and said storage and transmitting circuit to cause the
      storage and transmitting circuit temporarily to store information read
      from the main data store in respect of a party identified by operation of
      the appropriate calling means when the transmitting mode is selected by
      the mode selection means, and
PA1  further circuit means interconnecting said data means and said storage and
      transmitting circuit to enable further digital information identified by
      operation of said data means to be passed to the storage and transmitting
      circuit subsequent to operation of selected calling means when the
      apparatus is being used in the transmitting mode so as to cause the
      storage and transmitting circuit to supply electric signals for
      transmission to line characterising the further information after
      supplying electric signals characterising the digital information read
      from the main data store in respect of the party identified by operation
      of the appropriate calling means.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the main data store is a
      circulating store.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said data means is a pushbutton
      unit.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said storage and transmitting
      circuit comprises means to supply to line trains of impulses
      characterising the digital information stored thereby.
NUM  5.
PAR  5. Telephone user's apparatus comprising
PA1  a plurality of manually-operable calling means,
PA1  a main data store for the storage of a plurality of data words each of
      which comprises digital information in respect of another party to whom
      telephonic connection may be required,
PA1  mode selection means operable to enable the apparatus to be used in either
      a recording or transmitting mode,
PA1  a plurality of manually-operable data means,
PA1  a buffer data store,
PA1  first circuit means operable subsequent to selection of the recording mode
      by the mode selection means to write into the buffer store a new data word
      comprising digital information identified by operation of said data means,
PA1  second circuit means operable upon completion of writing of new data word
      into the buffer store to transfer that word to the main data store,
PA1  a storage and transmitting circuit to supply electric signals for
      transmission to line characterising digital information temporarily stored
      thereby,
PA1  third circuit means interconnecting said main data store, said
      manually-operable calling means and said buffer store to cause the buffer
      store temporarily to store information read from the main data store in
      respect of a party identified by operation of the appropriate calling
      means when the transmitting mode is selected by the mode selection means,
PA1  fourth circuit means interconnecting said buffer store and said storage and
      transmitting circuit and operable when the transmitting mode of operation
      has been selected to transfer information stored by the buffer store to
      the storage and transmitting circuit, and
PA1  fifth circuit means interconnecting said data means and said buffer store
      to enable further digital information identified by operation of said data
      means to be stored by the buffer store subsequent to operation of selected
      calling means when the apparatus is being used in the transmitting mode,
      such further information that is stored by the buffer store then being
      transferred by way of the fourth circuit means to the storage and
      transmitting circuit to cause that circuit to supply electric signals for
      transmission to line characterising the further information after
      supplying electric signals characterising the digital information read
      from the main data store in respect of the party identified by operation
      of the appropriate calling means.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said buffer store is a
      circulating store.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein the main data store is a
      circulating store and the second circuit means includes an auxiliary store
      to which each item of data in the buffer store is transferred in turn
      before the data in the main store is correctly disposed for the item to be
      transferred to the main store.
NUM  8.
PAR  8. Telephone user's apparatus comprising
PA1  a plurality of manually-operable calling means,
PA1  a main data store for the storage of a plurality of data words each of
      which comprises digital information in respect of another party to whom
      telephonic connection may be required,
PA1  mode selection means operable to enable the apparatus to be used in either
      a recording or transmitting mode,
PA1  a plurality of manually-operable data means,
PA1  a buffer data store in which data stored thereby is caused to circulate,
PA1  first circuit means operable subsequent to selection of the recording mode
      by the mode selection means to write into the buffer store a new data word
      comprising digital information identified by operation of said data means,
PA1  second circuit means operable upon completion of writing of new data word
      into the buffer store to transfer that word to the main data store,
PA1  a storage and transmitting circuit to supply electric signals for
      transmission to line characterizing digital information temporarily stored
      thereby,
PA1  third circuit means interconnecting said main data store, said
      manually-operable calling means and said buffer store to cause the buffer
      store temporarily to store information read from the main data store in
      respect of a party identified by operation of the appropriate calling
      means when the transmitting mode is selected by the mode selection means,
PA1  fourth circuit means interconnecting said buffer store and said storage and
      transmitting circuit and operable when the transmitting mode of operation
      has been selected to transfer information stored by the buffer store to
      the storage and transmitting circuit, and
PA1  fifth circuit means interconnecting said data means and said buffer store
      to enable further digital information identified by operation of said data
      means to be stored by the buffer store subsequent to operation of selected
      calling means when the apparatus is being used in the transmitting mode,
      such further information that is stored by the buffer store then being
      transferred by way of the fourth circuit means to the storage and
      transmitting circuit to cause that circuit to supply electric signals for
      transmission to line characterizing the further information after
      supplying electric signals characterizing the digital information read
      from the main data store in respect of the party identified by operation
      of the appropriate calling means,
PA1  said fifth circuit means including circuit means operable if there is
      information stored in the buffer store at that time to write the further
      information into the buffer store on the end of the information
      circulating in that store and circuit means operable if there is no
      information then stored in the buffer store to write the further
      information into the buffer store.
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ABST
PAL  A compact, solid state four-wire switch for use with key telephones. The
      switch comprises a pair of transistors which, in the two-wire mode,
      electrically connect a telephone receiver with a telephone circuit balance
      network. In the four-wire mode a negative potential derived from the
      four-wire station pickup relay turns off the switch by reverse biasing the
      switch transistors to thereby electrically isolate the receiver from the
      balance network. The transistors are encapsulated within a thin, generally
      rectangular housing module which is adapted to be mounted interiorly of a
      key telephone on any of the pre-punched mounting holes therein. Electrical
      connection with the telephone circuitry is facilitated by three screw down
      terminals mounted on the module and three module leads equipped with
      terminal connectors.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  This invention relates to telephones. More particularly the invention
      relates to a solid state switch for key telephones which is adapted for
      either two-wire or four-wire operation.
PAR  In a typical two-wire telephone circuit both transmitted and received
      information is propagated on a single pair of conductors. A balance
      network is utilized for impedance matching and predetermined mixing of the
      speech generated by the transmitter with the incoming signal being
      delivered to the receiver. A conventional electromechanical switching
      relay is employed by prior art devices to couple the receiver with the
      balance network for mixing in the two-wire mode.
PAR  In four-wire telephone systems separate pairs of conductors are utilized
      for transmitting and receiving information. Four-wire operation is
      particularly advantageous in long distance circuits where repeaters and
      line amplifiers are necessary, because, for example, operating stability
      of such equipment is enhanced by processing information in single
      directions only. In four-wire systems mixing of received and transmitted
      information may be necessary. When required the mixing is performed at the
      telephone company central office, instead of utilizing the local balance
      network as in two-wire systems. Accordingly, the aforementioned switching
      relay is utilized in the four-wire mode to isolate the receiver from the
      balance network, and to connect it instead to the four-wire receive pair
      of conductors.
PAR  The prior art four-wire switching relays are undesirable in several
      respects. Due to their physical size, such prior art electromechanical
      relays are difficult to install in telephone instruments, requiring a
      plurality of mounting holes and considerable space. Relay connecting wires
      must either be spliced to the appropriate telephone wires or tied down on
      spare terminal board punchings. Splices are time consuming and bulky. The
      use of spare punchings requires a large number of design drawings to cover
      different telephone types. The complexity of such relays contributes
      significantly to their expense. Finally, since they are actuated by an
      electric coil, energy is unnecessarily wasted.
PAR  It is thus a fundamental object of this invention to provide a solid state
      replacement for the aforementioned electromechanical switching relay.
PAR  Another object is to provide a solid state relay of the character described
      which is compatible with either two-wire or four-wire operation.
PAR  Another object of this invention is to minimize the amount of energy
      consumed during four-wire operation.
PAR  A still further object of this invention is to provide a switching relay
      having the aforementioned characteristics which may be quickly and easily
      installed in a conventional telephone.
PAR  The present invention comprises a compact, solid state switch which is
      designed to replace the aforementioned electromechanical switching relay.
      The switch comprises a pair of transistors which, in the two-wire mode,
      electrically connect a telephone receiver with the telephone unit balance
      network. In the four-wire mode the transistors are biased off by a
      negative potential derived from the four-wire station pickup relay, so
      that the switch thus isolates the receiver from the telephone balance
      network. The circuit elements are housed within a compact, generally
      cubicle plastic module which is adapted to be attached to a perforated
      mounting surface within the telephone unit. A single mounting screw is
      provided on the module for the latter purpose. Installation of the module
      requires no splices and uses no spare telephone punchings. All connections
      to the telephone circuitry are made either with spade tipped module leads
      or via screw down terminals located on the module itself.
PAR  Other and further objects of this invention will become apparent in the
      course of the following description.
DRWD
PAC  DETAILED DESCRIPTION
PAR  In the accompanying drawings, which form a part of the specification and
      are to be read in conjunction therewith, and in which like reference
      numerals indicate like parts in the various views:
PAR  FIG. 1 is a simplified block diagram of a conventional four-wire telephone
      system in which the instant invention may be advantageously utilized;
PAR  FIG. 2 is a schematic view of a prior art four-wire switching relay which
      the subject invention was designed to replace;
PAR  FIG. 3 is a schematic diagram of a solid state, four-wire switch
      constructed in accordance with the teachings of this invention;
PAR  FIG. 4 is a perspective view of the switch; and
PAR  FIG. 5 is a bottom plan view of the switch.
DETD
PAR  With initial reference to FIG. 1, reference numeral 10 generally designates
      a four-wire key telephone system in which the subject invention may be
      advantageously employed. In four-wire operation a separate receive pair of
      conductors 12 and 13 carry incoming information and a separate transmit
      pair of conductors 14 and 15 carry transmitted signals. In two-wire
      operation, on the other hand, a single pair of conductors 16 and 17 carry
      both received and transmitted signals. Conductors 12-15, 16 and 17 lead to
      the telephone company central office (not shown). In two-wire operation
      mixing of incoming signals (received information) with outgoing signals
      (transmitted information) takes place in a balance network 18. For the
      latter purpose a switching means 19 is utilized to selectively couple the
      telephone receiver 20 with the balance network 18. Lines 21 and 22 connect
      receiver 20 to switching means 19, which is in turn connected to the
      balance network by lines 23 and 24. Transmitter 25 is connected to the
      balance network by lines 26 and 27. In the four-wire mode mixing takes
      place at the telephone company's central office, rather than in the
      telephone balance network.
PAR  A manually operable key switch 28, which comprises a plurality of
      individual switch elements 29-34, determines whether a two or four-wire
      mode is selected. Switch 28 is illustrated in the two-wire mode in which
      switch elements 32 and 33 respectively couple lines 16 and 17 (the
      two-wire pair) to lines 35 and 36 which lead to balance network 18. During
      two-wire operation switching means 19 will couple receiver 20 to balance
      network 18 on lines 23 and 24.
PAR  In four-wire operation switch elements 29-31 will be closed and switch
      elements 32-34 will be open. Closure of switch element 31 will activate a
      line switch 38 by actuating relay coil 39. Current will flow to ground
      through coil 39 and switch element 31 via lines 40, 41, 42 and 43. At this
      time switch elements 44-48 (which comprise switch 38) will be closed so
      that the receive pair 12 and 13 will be connected to switching means 19 by
      lines 50 and 51 respectively, and transmit pair 14 and 15 will be
      connected to balance network 18 by lines 52-53 and 54-55 respectively.
      Switch element 48 will deliver a negative potential (-24v.) to line 56
      from line 40. In response to the negative potential on line 56 switching
      means 19 will isolate the receiver 20 from the balance network 18. Line 57
      connects switch 19 with ground via line 43.
PAR  In the prior art, switching means 19 is typically comprised of a four-wire
      relay 119, which is illustrated in the four-wire position in FIG. 2. When
      relay 119 is installed, receiver 20 is connected thereto via lines 121 and
      122, balance network 18 is connected thereto via lines 123 and 124, and
      the receiver pair 12 and 13 are interconnected to the relay (through
      switch elements 44 and 45) by lines 150 and 151. Relay 119 is switched
      into the four-wire position by relay coil 125, which receives a negative
      voltage (-24v.) via line 156. One end of coil 125 is grounded via line
      157. Switch contact 48 delivers the latter voltage potential to line 156
      from line 40. In the four-wire mode the relay 119 connects receiver lines
      121 and 122 with lines 150 and 151 respectively. Lines 121 and 122 are
      respectively isolated from balance network lines 123 and 124 during this
      time. In the two-wire mode however, lines 121 and 122 are respectively
      coupled to lines 123 and 124 so that receiver 20 communicates with balance
      network 18. Lines 121-124, 150, 151, 156 and 157 in FIG. 2 respectively
      correspond to lines 21-24, 50, 51, 56 and 57 in FIG. 1.
PAR  The preferred embodiment of a solid state four-wire switch which is
      constructed in accordance with the teachings of this invention is shown in
      FIG. 3. Switch 219 is designed to replace the prior art switching relay
      119 (FIG. 2). A first network line 223 is connected to the emitter
      electrode of a first NPN transistor 225. The collector electrode of
      transistor 225 leads to a first receiver terminal 221 via a line 226. A
      second network line 224 leads to the emitter electrode of a second NPN
      transistor 227. The collector electrode of transistor 227 is electrically
      connected to a second receiver terminal 222 via a line 228. In the
      preferred embodiment transistors 225 and 227 comprise a dual transistor
      package.
PAR  The base electrodes of transistors 225 and 227 are connected to a reverse
      biasing node 229 by resistors 230 and 231 respectively. Node 229 is
      connected to a disable terminal 256 via a line 232 and to a ground line
      257 via a resistor 233. When an appropriate negative voltage is applied to
      terminal 256 (and thus to node 229 via line 232), the transistors 225 and
      227 will be biased off via the respective base resistors 230 and 231. In
      FIG. 3 reference numerals 221-224, 256, and 257 respectively correspond
      generally to reference numerals 21-24, 56, and 57 in FIG. 1.
PAR  In the two-wire mode both transistors are "on". Balance network lines 23
      and 24 (FIG. 1) are electrically negative with respect to ground, so that
      when switch 219 is installed, transistors 225 and 227 will be turned on by
      the flow of current to ground through the transistor emitter-base
      junctions, resistors 230 or 231 respectively, resistor 233 and line 257.
      Thus, in the two-wire mode, the switched on transistors will electrically
      connect terminals 221 and 222 with network lines 223 and 224 respectively,
      so that receiver 20 (which is electrically connected to the receiver
      terminals 221 and 222) will be electrically connected to the balance
      network 18. When switch 219 is installed lines 50 and 51 (FIGS. 1 and 3)
      are electrically connected directly to terminals 221 and 222 respectively.
      The receive pair 12 and 13 nevertheless remain isolated from balance
      network 18 in the two-wire mode because switch contacts 44 and 45 are open
      at this time.
PAR  In the four-wire mode transistors 225 and 227 are biased off by the
      application of a negative potential (- 24v.) to disable terminal 256,
      which communicates with the transistor base electrodes via line 232, node
      229 and resistors 230 and 231 respectively. As discussed in conjunction
      with FIG. 1, this potential will be transmitted from line 40 to line 56
      (and thus terminal 256) by the closing of switch contact 48. When the
      transistors are "off", network lines 223 and 224 will be electrically
      isolated from receiver terminals 221 and 222 respectively. Thus in the
      four-wire mode the receiver 20 is electrically isolated from balance
      network 18 by the switch 219. Since receiver 20 and lines 50 and 51 are
      electrically connected to terminals 221 and 222, the receiver 20 will be
      connected to receive pair 12 and 13 in the four-wire mode by the closing
      of switch contacts 44 and 45 respectively.
PAR  The electronic components of switch 219 are housed within a housing module
      236 (FIGS. 4 and 5). In the preferred embodiment the housing 236 is of
      plastic or the like and the transistor and resistor switch elements are
      encapsulated or sealed by epoxy resin or similar substances therewithin.
      Each of the lead lines 223, 224 and 257 extend outwardly from the module
      and are terminated with suitable terminal connectors 238-240 respectively
      for connection to appropriate terminal boards within the telephone
      circuit. Screw down terminals 221, 222, and 256, which are adapted to
      receive appropriate conductors within the telephone, are located on the
      upper surface 241 of the housing 236. As seen in FIG. 5, the underside 242
      of switch housing 236 is provided with a mounting screw 243 which
      facilitates mechanical mounting of the module to a perforated surface.
PAR  To install the switch 219, if the relay 119 is removed, and each of the
      lines extending from the relay disconnected from the appropriate terminal
      board within the telephone unit. Switch 219 is then securely fastened to
      the perforated mounting surface within the telephone by screw 243. Lines
      223, 224, and 257 are connected to appropriate terminals to provide
      electrical connection with lines 23, 24 and 57 respectively. Lines 50 and
      21 are attached to switch terminal 221, and lines 51 and 22 are similarly
      attached to terminal 222. The switch will now function normally in the
      two-wire mode. When four-wire operation is desired, line 56 must be
      connected to terminal 256.
PAR  From the foregoing it will be seen that this invention is now well adapted
      to attain all the ends and object hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the
      structure.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawing is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A solid state switch for switching between a two-wire operating mode and
      a four-wire operating mode in a telephone, said telephone including a
      two-wire circuit comprising a pair of conductor lines connected with a
      telephone balance network for operation in the two-wire mode and a
      four-wire circuit having a pair of receiver lines bypassing the balance
      network for operation in the four-wire mode, the switch comprising:
PA1  first and second network lines adapted to be electrically connected to the
      telephone balance network;
PA1  first and second receiver terminals adapted to be electrically connected to
      a telephone receiver;
PA1  solid state switching means for electrically connecting said first network
      line to said first receiver terminal and said second network line to said
      second receiver terminal in the two-wire mode, said switching means having
      means for electrically coupling said first and second receiver terminals
      with the respective four-wire receiver lines, said switching means
      comprising a pair of transistors each having base, emitter, and collector
      electrodes, said base electrodes resistively coupled to ground, said
      emitter electrodes connected to the respective network lines, and said
      collector electrodes connected to the respective receiver terminals; and
PA1  reverse biasing means for turning off said switching means in a four-wire
      mode to thereby electrically isolate said network lines from said receiver
      terminals while electrically coupling said four-wire receiver lines with
      said receiver terminals.
NUM  2.
PAR  2. The combination as in claim 1, wherein
PA1  said reverse biasing means comprises means interconnected with said
      transistor base electrodes for turning off said transistors in response to
      an externally supplied voltage.
NUM  3.
PAR  3. The combination as in claim 2, including means for housing said
      switching means, said housing means being adapted to be attached to a
      perforated mounting surface.
NUM  4.
PAR  4. The combination as in claim 3, wherein
PA1  said transistors are encapsulated within said housing means.
NUM  5.
PAR  5. The combination as in claim 1, wherein
PA1  said switching means comprises:
PA1  a first transistor having a base electrode, an emitter electrode connected
      to said first network line, and a collector electrode connected to said
      first receiver terminal;
PA1  a reverse biasing node;
PA1  a first resistor for connecting said first transistor base electrode to
      said reverse biasing node;
PA1  a second transistor having a base electrode, an emitter electrode connected
      to said second network line, and a collector electrode connected to said
      second receiver terminal;
PA1  a second resistor for connecting said second transistor base electrode to
      said reverse biasing node; and
PA1  a third resistor for connecting said reverse biasing node to ground.
NUM  6.
PAR  6. The combination as in claim 5, wherein
PA1  said reverse biasing means comprises:
PA1  a disable terminal adapted to be connected with a source of voltage; and
PA1  means for connecting said disable terminal with said reverse biasing node.
NUM  7.
PAR  7. The combination as in claim 6, including means for housing said
      switching means, said housing means being adapted to be attached to a
      perforated mounting surface.
NUM  8.
PAR  8. The combination as in claim 7, wherein said first and second transistors
      and said first, second, and third resistors are encapsulated within said
      housing means.
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ABST
PAL  A method of producing a high resolution information storage disc includes
      the steps of forming a grooved disc coated with an electron beam sensitive
      material, exposing the coated disc to a signal modulated electron beam,
      replicating the exposed disc to form a second disc of opposite contour,
      and utilizing the second disc to produce discs having positive-shaped
      groove and signal information.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of forming contours representative of
      high density video information on a disc substrate. More particularly,
      this invention relates to a method of recording video information on a
      disc in a manner suitable for subsequently forming replicated discs for
      playback on a video player.
PAR  A system for recording and playback of video information has been described
      in a copending application Ser. No. 126,772 of Jon K. Clemens filed Mar.
      22, 1971 now Pat. No. 3,842,194. As described in the Clemens application,
      a lacquered surface is deposited on a thick aluminum disc and a continuous
      spiral groove is cut into the lacquered surface. A first nickel replica is
      then made of the grooved lacquer surface by depositing nickel over such
      surface and thereafter separating the nickel coating from the lacquer.
      This first nickel replica is a negative reproduction of the original
      grooved lacquer. A second nickel replica is made of the first replica to
      form a metal disc that is a positive reproduction of the original grooved
      lacquer. A relatively uniform coating of electron beam sensitive material,
      such as a photoresist, is thereafter formed on the second nickel replica.
PAR  The photoresist-coated replica is then exposed by a video-signal-modulated
      beam of a scanning electron microscope which provides exposure of the
      photoresist in the groove of the disc in correspondence to the video
      signal information. The photoresist is then developed and the exposed
      portions of photoresist are removed to form a topography in the groove
      corresponding to the video signal information. A nickel replication is
      made of the resultant disc and this replication is utilized to stamp or
      emboss vinyl records by techniques known in the audio recording art. The
      vinyl replica is then metalized to make the surface conducting and the
      metalization is thereafter coated with a dielectric. In playing back the
      recorded information, a stylus is caused to ride in the dielectric coated
      groove. This stylus, along with the metalization and dielectric, acts as a
      capacitor. Capacitance variations in the groove, which correspond to the
      recorded video information, are then detected electronically to recover
      the video information.
PAR  In the system of the above-described Clemens application, if the
      photoresist-coated replica is formed with a thin layer of photoresist,
      that is, the layer is of such thickness as to allow the electron beam to
      completely pierce the photoresist layer and impinge upon the substrate,
      subsequent exposure of this photoresist coating by the electron beam can
      provide a non-uniform topography. A non-uniform topography is formed when
      exposure of the electron beam sensitive material (photoresist) is
      inadvertently varied by, for example, uncontrolled reflection of the
      impinging electron beam off the substrate material. In the exposure of a
      thin layer of electron beam sensitive material, the substrate upon which
      this thin material layer is formed is used as a reference plane; that is,
      the electron beam exposure is adjusted to provide penetration through the
      electron beam sensitive material to the substrate. When the substrate
      material is utilized as a reference plane, the depth of the formed
      topography varies as a function of thickness of the electron beam
      sensitive material. Since it is difficult to apply a uniformly thin
      material coating over a grooved substrate, it is difficult to provide a
      topography having exposed regions formed to a uniform depth. During
      exposure of the thin photoresist material, the photoresist-piercing
      electron beam reflects off of the metal substrate. In addition to the
      exposure by the incident beam, the reflected electrons also expose
      portions of the photoresist material, increasing the width of the
      electron-beam inscribed area in accordance with the quantity of reflected
      electrons. This quantity of reflected electrons varies in accordance with
      the number of electrons striking the substrate and is related to the
      material coating thickness at the point of exposure. Electron beam
      reflection off the substrate material at positions where the photoresist
      coating is too thin, may overexpose the area causing undercut
      (pear-shaped) exposures in the photoresist material. Undercut or
      pear-shaped exposures in the photoresist material make the replication
      process difficult in that the replicating metal coating that is formed
      over the exposed photoresist becomes extremely difficult to separate from
      the photoresist-coated disc without fracturing or otherwise deforming the
      thin metal coating.
PAC   SUMMARY OF THE INVENTION
PAR  A method of forming a high resolution information storing medium comprises
      a first step of forming a first disc having a spiral grooved surface
      covered at least in part with a continuous coating of electron beam
      sensitive material. A topography having peaks and valleys representative
      of information to be stored is formed in the spiral groove by exposing the
      coated disc to an electron beam which is modulated according to the
      desired signal information. Portions of the exposed material are then
      removed such that the valley regions include a residuum of beam sensitive
      material. The exposed disc is then replicated to form a second disc having
      grooved topography of opposite contour from that of the first disc wherein
      the second disc is suitable to produce positive replicas of the first
      signal modulated groove disc.
DRWD
PAR  A better understanding of the invention can be obtained from the following
      description when taken in in conjunction with the drawings of which:
PAR  FIG. 1 is a flow diagram of the method used in accordance with the present
      invention; and
PAR  FIG. 2 is an exaggerated cross-sectional representation of a grooved disc
      that has been coated with a layer of electron beam sensitive material.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to one embodiment of the invention, a metal disc having a
      V-shaped spiral groove on its surface is formed (see 100 on FIG. 2). The
      spiral groove has a typical pitch of 2000 to 8000 convolutions per inch
      with an included angle of about 90.degree.. This metal disc may be formed
      in any of a number of ways. For example, one method of providing a grooved
      disc includes the steps of first forming an aluminum blank about 14 inches
      in diameter and one-half inch thick and machining this disc flat to a
      tolerance of 0.0002 inches. A coating of copper is thereafter formed on
      the surface of this disc to a thickness of about 0.003 inches. The
      copper-coated disc is then placed in a jig bore lathe and the copper
      surface polished to form a smooth, flat disc. A diamond cutting stylus is
      thereafter utilized to inscribe a spiral groove having a desired pitch of,
      for example, 4000 convolutions per inch in the copper surface of the disc.
PAR  In accordance with the present invention, a layer of electron beam
      sensitive material or resist material is deposited on the grooved copper
      surface (see 300 on FIG. 2. A typical electron beam sensitive material
      that has been successfully utilized in this application is Shipley No.
      AZ1350 photoresist manufactured by the Shipley Co., Newton, Mass. The
      electron beam sensitive material may be applied to the disc surface by any
      one of a number of techniques. One technique that has been utilized is to
      spin the disc at a rate in the range of about 200 to 2000 rpm (typically
      at about 450 rpm). An exccess amount of electron beam sensitive material
      of a viscosity of about 4.5 centipoise is then sprayed on the rotating
      disc. The disc rotation throws off the exces amount of electron beam
      sensitive material leaving a continuous coating over the grooved region of
      the disc.
PAR  Coordination of disc rotational velocity and viscosity of the electron beam
      sensitive material (hereafter referred to as the material coating) is
      necessary in order to provide a material coating that conforms to a
      desired groove contour and predetermined thickness in the valley region.
      If the material coating of the disc is too thick, particularly with a
      resist material, subsequent exposure of the material coating by the
      electron beam will inhibit the electron charge caused by the impinging
      electron beam on the material coated surface from leaking off at the rate
      of arrival to the associated turntable which is electrically grounded.
      Residual electron charge on the material coated disc surface acts to
      defocus the electron beam, preventing high resolution information from
      being recorded in the disc's coated groove. At the other extreme, a
      material coating of the disc that is too thin will not provide a
      sufficient coating for subsequent recording of information along the wall
      regions of the groove, undesirably reducing the area in which signal
      information may be recorded. Experimentation has shown that the desired
      material coating thickness is one that just coats the upper edges or peaks
      of the groove and is at least 50 percent thicker in the recorded region
      than the electron beam penetration but not greater than 6 microns thick at
      the deepest region or valley of the groove. By specifying a minimum
      material thickness in the recorded region of the groove, electron beam
      penetration through the material to the substrate is avoided and the
      detrimental effects of beam reflection off the substrate are eliminated.
      Consequently, after information has been recorded in the electron beam
      sensitive material, a residuum of this material will remain below the
      electron-beam exposed regions. A detailed description of a method of
      applying electron beam sensitive material such as photoresist to a disc
      substrate is described in a copending U.S. application in the name of
      Robert Michael Mehalso et al., Ser. No. 245,657, assigned to RCA
      Corporation, now U.S. Pat. No. 3,795,534.
PAR  If electron beam sensitive material such as the aforementioned Shipley No.
      AZ1350 photoresist is utilized, particular care should be taken to insure
      its homogeneity on the surface of the disc prior to exposure by the
      scanning electron microscope. After application and spin drying of the
      photoresist material for a period of about ten minutes for a disc having
      4000 convolutions per inch, the disc is removed from the turntable and
      allowed to dry in the open air under standard temperature and humidity
      conditions for about 7 days. A 7-day drying period has been found
      desirable to allow excess solvent in the photoresist material to escape
      and surface chemistry to form a hardened surface layer. This hardened
      surface layer minimizes photoresist erosion of high resolution information
      patterns during the development process. An alternate method to drying the
      photoresist and forming a hardened surface layer may be affected by baking
      the material-coated disc. It has been found, however, that the photoresist
      material generally loses sensitivity after baking.
PAR  After the hardened surface layer forms on the surface of the
      photoresist-coated disc, the disc is positioned on the turntable under the
      scanning electron microscope for exposure to the video signal modulated
      electron beam. Disc rotation is set at about 10 rpm and the electron beam
      adjusted for 10,000 volts accelerating voltage. The beam current is
      adjusted to provide a focused beam spot size of about 0.3 microns at the
      half intensity points. During the signal information recording process,
      the electron beam is precisely focused upon the disc providing a small
      electron beam spot size suitable for high resolution recording within the
      previously formed spiral groove.
PAR  Frequency modulation of the electron beam is typically utilized for
      recording signal information on the disc. In response to the frequency
      modulation, the electron beam is caused to successively traverse the
      groove region of the disc exposing a pattern of elemental slots. The
      photoresist-coated disc is then developed to remove photoresist material
      in the exposed regions on the disc, while leaving a residuum of
      photoresist material over the surface of the disc. Development time is
      approximately 120 seconds in Shipley No. AZ1350 developer. The resulting
      profile of a typical slot is about 0.35 microns wide, 0.3 microns deep,
      and 6 microns long. Slot profile will vary between the conditions of
      underexposing and overexposing the electron beam sensitive resist. When
      the photoresist material is underexposed, a shallow depression results,
      whereas if the photoresist material is overexposed, a pear-shaped profile
      may result. Pear-shaped slot profiles are undesirable in that they create
      a problem in replication as was discussed above. The undercut pear-shaped
      slots inhibit release of the metal coating applied to the disc in the
      replication process and therefore should be avoided.
PAR  Underexposed slots in the disc provide insufficient depth for good
      signal-to-noise ratio in the resultant embossed playback disc. A desirable
      slot profile may be obtained by adjusting the exposure to provide greatest
      electron beam penetration without undercutting.
PAR  After the disc has been developed and signal-representative topography
      formed in the spiral groove, the disc is replicated in material such as
      nickel. This nickel replica is a negative of the photoresist-coated disc
      and may be utilized to stamp or emboss vinyl records for use in a signal
      information playback system.
PAR  An alternate approach to providing an embossed vinyl disc employs a double
      exposure of a grooveless, material-coated disc to the beam of the scanning
      electron microscope. The first exposure forms the spiral groove and the
      second exposure forms the information representative topography.
PAR  In this approach, an aluminum disc is machined to a tolerance of about
      0.0002 inches and a coating of electron beam sensitive material is applied
      thereto. Application of this electron beam sensitive material to the
      aluminum disc surface may be implemented by a spin technique such as the
      one described in the aforementioned patent application in the names of
      Robert Michael Mehalso et al. A coating of about 5 micron thickness is
      desirable in order to provide sufficient thickness for allowing a residuum
      of material to remain after forming both the spiral groove and information
      representative topography. For purposes of forming the spiral groove, it
      is desirable to expose a photoresist having uniform solvent content
      throughout the material and without a hardened, low solvent surface layer
      as utilized for forming the high resolution topography. Under such
      conditions a uniform groove may be formed to a greater depth than could be
      formed if the surface layer, for example, were of lower solvent content
      and hardened from effects of surface chemistry.
PAR  If the electron beam sensitive material coating applied to the disc is
      Shipley No. AZ1350 photoresist, the following drying technique is
      utilized. After application and spin drying of the photoresist material,
      the disc is placed on a rack and allowed to dry in the open air under
      standard temperature and humidity conditions for about 20 hours. The
      coated disc is then removed from the rack and placed in a sealed container
      of approximately twice its volume. Within a period of time of
      approximately one to four days the vapor pressure within the container
      caused by the outgassing solvent reaches an equilibrium, inhibiting
      further outgassing of solvent. At this point in time the solvent maintains
      a substantially homogeneous distribution throughout the material. The
      coated disc is then placed on a turntable for subsequent exposure to the
      electron beam of a scanning electron microscope.
PAR  If Shipley No. AZ1350 photoresist is employed as the electron beam
      sensitive material, it has been found that a spiral groove suitable for
      recording video information therein may be formed in the following manner.
      The photoresist coated disc is positioned on a turntable under a scanning
      electron microscope and rotated at a speed of about 10 rpm. Accelerating
      voltage of the electron beam of the scanning electron microscope is
      adjusted to overexpose the photoresist by using, for example,
      approximately 15,000 volts at a beam current of about 5 .times.
      10.sup.-.sup.8 amperes. The electron beam is first foccused on the surface
      of the coated disc and then defocused to enlarge the beam to a size
      sufficient to form the desired groove width. For example, a 10 micron wide
      groove width is obtained by reducing the current through the focusing lens
      of the scanning electron microscope from the amount necessary to precisely
      focus the electron beam on the surface of the disc by about 15 .times.
      10.sup.-.sup.3 amperes. A spirial exposure may then be effected by
      impinging the rotating disc with the defocused beam while causing the
      electron beam to linearly traverse a portion of the disc along a radial.
      By properly adjusting the intensity and focus of the electron beam and
      developing the material in a highly erosive developer, a resultant spiral
      groove may be created having a cross-sectional groove shape of
      substantially constant radius of curvature.
PAR  After the photoresist-coated disc is exposed a first time with the electron
      beam, the exposed surface is eroded away by a very active hybrid
      developing solution. This developing solution is made by mixing 95% of
      Shipley No. AZ1350 developer with 5% of Shipley No. AZ303 developer.
      Development time in this very active hybrid developer is about two
      minutes. The active developer serves the multiple purpose of dissolving
      the exposed regions and eroding the surface of the unexposed regions of
      the coated disc. Surface erosion in the unexposed regions is generally to
      a depth of about 0.5 microns and serves the primary purpose of removing
      the upper portion of the overexposed, pear-shaped spiral groove and
      forming thereby a groove having substantially circular cross-section.
PAR  As described in the method above, the grooved disc is now stored for
      several days on an open rack in an atmosphere of standard temperature and
      humidity conditions for purposes of forming a low solvent hardened surface
      layer. After the hardened surface layer of nominally 0.5 microns thickness
      has formed, the disc is ready for exposure to the signal modulated
      electron beam of the scanning electron microscope.
PAR  The photoresist coated disc is then repositioned on the turntable under the
      scanning electron microscope and a signal representative topography formed
      in the grooved regions of the disc in the manner described in the
      preceding example. Once again, a metal replica may be made of the groove
      topography and this metal replica, having opposite contour from that of
      the photoresist coated disc, may be utilized to stamp or emboss vinyl
      records for use in a signal information playback system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming an information storing medium comprising the steps
      of:
PA1  forming upon a first disc substrate, a spiral-grooved surface having peak,
      valley and wall regions covered with a continuous coating of electron beam
      sensitive material;
PA1  forming a topography in said spiral groove representative of information to
      be stored by exposing said spiral groove to an electron beam modulated
      according to said information such that said electron beam does not pierce
      completely through said continuous coating to said substrate to thereby
      avoid overexposure of said coating by electron beam reflection off said
      substrate, and removing portions of said material in accordance with the
      pattern of exposure such that said wall and valley regions of said spiral
      groove include a continuous residuum of said material therein; and
PA1  replicating said exposed disc to form a second disc having a groove
      topography of opposite contour from that of said first disc, wherein said
      second disc is suitable to produce positive replicas of said signal
      modulated grooved disc.
NUM  2.
PAR  2. A method according to claim 1 wherein:
PA1  said step of forming a first disc comprises inscribing a spiral groove in a
      substrate and coating the resultant groove region with electron beam
      sensitive material.
NUM  3.
PAR  3. A method according to claim 2, wherein:
PA1  said spiral groove is formed with a pitch of about 2000 to 8000
      convolutions per inch; and
PA1  said electron beam sensitive material is coated on said grooved substrate
      by applying an excess of electron beam sensitive material onto said
      grooved substrate and spinning said substrate at a speed sufficient to
      throw off excess electron beam sensitive material while allowing a
      relatively uniform thickness of material coating to remain in the valley
      region of said spiral groove.
NUM  4.
PAR  4. A method according to claim 3 wherein:
PA1  the thickness of said electron beam sensitive material in the regiion to be
      exposed exceeds the depth of penetration of said electron beam.
NUM  5.
PAR  5. A method according to claim 1 wherein:
PA1  said step of forming a topography in said spiral groove includes developing
      the material coating of said first disc subsequent to exposure by said
      electron beam to remove portions of electron beam sensitive material that
      have been exposed by said electron beam.
NUM  6.
PAR  6. A method according to claim 1 wherein:
PA1  said first disc comprises a grooveless substrate uniformly coated with
      electron beam sensitive material; and
PA1  said spiral groove is formed in said coated substrate at least in part by
      exposing a spiral pattern in said electron beam sensitive material coating
      with an electron beam.
NUM  7.
PAR  7. A method according to claim 6 wherein:
PA1  said exposed electron beam sensitive coating is developed to remove exposed
      regions of electron beam sensitive material forming thereby a dimensional
      spiral groove in said material.
NUM  8.
PAR  8. A method according to claim 1 wherein:
PA1  said material coating thickness prior to recording just coats the peaks of
      said groove surface and is at least 50% thicker in said valley region than
      the penetration depth of said electron beam.
NUM  9.
PAR  9. A method according to claim 8 wherein:
PA1  said material coating thickness prior to recording is not greater than 6
      microns at the deepest valley region of said groove surface.
NUM  10.
PAR  10. A method of forming an information storing medium comprising the steps
      of:
PA1  forming upon a first disc substrate, a spiral-grooved surface having peak,
      valley and wall regions covered with a continuous coating of electron beam
      sensitive material;
PA1  forming a topography in said spiral groove representative of information to
      be stored by exposing said spiral groove to an electron beam modulated
      according to said information such that said electron beam does not pierce
      completely through said continuous coating to said substrate to thereby
      avoid overexposure of said coating by electron beam reflection off said
      substrate; and
PA1  developing said exposed groove to remove portions of said material in
      accordance with the pattern of exposure such that the wall and valley
      regions after developing includes a continuous residuum of said material
      therein.
NUM  11.
PAR  11. A method according to claim 10 wherein:
PA1  said material coating thickness prior to recording is not greater than 6
      microns at the deepest valley region of said groove surface.
NUM  12.
PAR  12. A method of forming an information storing medium comprising the steps
      of:
PA1  forming upon a first disc substrate, a spiral-grooved surface having peak,
      valley and wall regions covered with a continuous coating of electron beam
      sensitive material;
PA1  exposing said spiral groove to an electron beam modulated according to
      information to be stored such that said electron beam does not pierce
      completely through said continuous coating to said substrate to thereby
      avoid exposure of said coating by electron beam reflection off said
      substrate; and
PA1  forming a topography in said spiral groove representative of said
      information by developing said exposed groove to remove portions of said
      material in accordance with the pattern of exposure, the thickness of said
      material in the wall and valley regions of said groove prior to said
      developing, the depth of electron beam penetration into said material
      during said exposing, and the degree of said developing being so related
      that the wall and valley regions after developing include a continuous
      residuum of said material therein.
NUM  13.
PAR  13. A method according to claim 12 wherein:
PA1  the depth of electron beam penetration into said material does not exceed
      50% of the material thickness in the valley region of said groove.
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PAL  In a record disc reproducing apparatus, an abnormal sound eliminating
      system comprises a variable filter in the transmission system for a signal
      reproduced from a record disc. The filter does not pass the signal band,
      which is variable. A control signal generator produces a control signal in
      accordance with the frequency of a carrier wave reproduced from a
      multichannel record disc. The non-passed signal band of the variable
      filter is variably controlled by the control signal from the control
      signal generator, to eliminate a carrier wave reproduced with a frequency
      lower than a specific frequency. This low frequency wave appears when the
      multichannel record disc rotates at a low speed, less than a specific
      normal rotational speed. This limitation prevents the generation of
      abnormal sound due to the reproduced carrier wave of low frequency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a system for eliminating abnormal sounds
      in a record disc reproducing apparatus. More particularly it relates to a
      system for preventing the generation of unpleasant sounds at the start of
      reproducing a multichannel record disc on which an angle-modulated wave
      has been recorded, or at the time of searching for detection of the
      starting point of a sound recording.
PAR  In general, there are instances when a pickup of a disc reproducing
      apparatus is left on a soundless groove in front of the point where a
      sound recording begins on a recorded disc. With the pickup at this point,
      the rotation of the record disc is started to reproduce or play the sound
      recording. Such a procedure is also carried out with a two-channel record
      disc reproducing apparatus, of ordinary type for home use. Furthermore,
      this kind of start is also used during a disc jockey program in a
      broadcasting station.
PAR  On a discrete multichannel record, an angle-modulated wave signal is
      recorded in a superimposed state with a direct wave signal. An unmodulated
      carrier component of 30 KHz is recorded in the soundless part of the
      groove. A discrete multichannel record can be reproduced also in an
      apparatus for reproducing two-channel stereo record discs.
PAR  While the pickup is tracing the soundless groove part of the record disc,
      at the start of reproduction by the above mentioned procedure, the disc
      starts rotating from its stopped state, comes up to speed, and eventually
      reaches its normal rotational speed. Accordingly, until the disc reaches
      this normal speed, it is rotating at lower than normal speeds. While the
      disc is thus rotating at lower speeds, the carrier component is reproduced
      as a signal of a frequency in the audio frequency band and is heard as an
      abnormal and unpleasant sound (sweep sound).
PAR  The above mentioned search for the starting point of the sound recording is
      accomplished by turning the turntable, on which the record disc is placed,
      in either of the two opposite directions. During this procedure, abnormal
      sound is also generated to give an unpleasant sensation and difficulty in
      finding the starting point for the sound recording.
PAR  In order to eliminate such abnormal sounds, a known system detects the
      difference between the waveform of the carrier wave in the sound
      containing groove part and the waveform of the carrier wave in the
      soundless groove part. The reproduced signal transmission path is cut off
      while the pickup is tracing the soundless part of the groove. This
      prevents the reproduction and generation of abnormal sounds. More
      specifically, only unmodulated carrier waves of the same phase are
      recorded on the left and right channel walls in the soundless part of the
      groove. A carrier wave angle modulated by a difference signal and
      multiplexed on a direct wave sum signal is recorded in the sound
      containing groove part. For this reason, the difference between the left
      and right channel signals is determined. The difference becomes zero
      responsive to the soundless groove part. There is a difference output
      responsive to the sound containing groove part. Therefore, the soundless
      groove part and the sound containing groove part are distinguished and
      detected.
PAR  In the above described known system, the carrier waves recorded in the left
      and right channels in the soundless groove part of the disc are not
      necessarily of mutually the same phase. Even if they are of the same
      phase, the carrier waves of the left and right channels, reproduced by the
      pickup, may become different in phase as a result of the characteristic of
      the pickup. Consequently, the distinguishing and detection of the
      soundless groove part and the sound containing part cannot be carried out
      positively. The transmission path of the reproduced signal cannot be
      positively cut off while the pickup is tracing the soundless groove part.
PAR  In this connection, the generation of the above mentioned abnormal sounds
      may be considered as follows. The frequency of the unmodulated carrier
      wave recorded on a discrete four-channel record, for example, is 30 KHz.
      For this reason, if the record disc is rotated at less than the normal
      speed, the carrier wave component is reproduced as a signal within the
      frequency range of 0 to 30 KHz. If the carrier wave thus reproduced is in
      the audio frequency band, particularly within the frequency band of from
      300 Hz to 10 KHz, the sound of the reproduced carrier wave is sensed as an
      abnormal sound of maximum unpleasantness.
PAR  The greater part of the energy of the audio signal resides in a band from
      500 Hz to 5 KHz. If the carrier wave is reproduced with a 300 Hz to 10 KHz
      frequency, the greater part of the energy of the audio signal shifts to
      approximately 50 Hz to 1.7 KHz, and is thus reproduced.
PAR  Accordingly, one measure for eliminating abnormal sounds due to
      reproduction of the carrier wave at a frequency in the audio band when the
      record disc is rotated below the normal speed, is to increase the signal
      passing band of the reproducing signal transmission system from
      approximately 100 Hz, as the reproduced carrier wave frequency increases.
PAR  As a result of experiments relating to aural sensation, it was found that,
      while audio signals can be distinguished, the sound of the reproduced
      carrier wave can be prevented from being heard by attenuating the level of
      the reproduced carrier wave to less than 40 dB.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      novel and useful system wherein abnormal sounds of the reproduced carrier
      wave are eliminated while the record disc is rotating at less than the
      specified normal speeds.
PAR  Another object of the invention is to provide a system for preventing noise
      if the record playing is started when the pickup is resting on a soundless
      groove part of a multichannel record disc as described above, a search is
      being made for the starting point of the sound recording on the record, or
      in similar cases. Here, an object is to prevent reproduction and emission
      of an unpleasant sweep sound (abnormal sound) due to reproduction of a
      carrier component from the record while it is rotating at low speed.
PAR  Still another object of the invention is to provide a system in which,
      depending upon the frequency of an unmodulated carrier wave reproduced
      from a multichannel record disc, the frequency response characteristic of
      the signal transmission system is varied to prevent transmission of the
      reproduced carrier wave and thereby to prevent the generation of an
      abnormal sound due to a carrier wave reproduced with a lower than normal
      frequency.
PAR  A further ofject of the invention is to provide a system in which a
      variable low-pass filter is provided in the reproduced signal transmission
      system. Here, an object is to eliminate the reproduced carrier wave when a
      multichannel record disc is rotated at less than a normal rotational
      speed. For this object the cut-off frequency of the variable low-pass
      filter is varied in accordance with the frequency of the carrier wave thus
      reproduced.
PAR  Other objects and further features of the invention will be apparent from
      the following detailed description when read in conjunction with the
      accompanying drawings, briefly described below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram schematically showing the essential organization
      of one embodiment of a system for eliminating abnormal sounds in an
      apparatus for reproducing a multichannel record disc;
PAR  FIG. 2 is a circuit diagram showing one embodiment of a variable low-pass
      filter in the system illustrated in FIG. 1;
PAR  FIG. 3 is a block diagram showing one embodiment of a control signal
      generator in the system illustrated in FIG. 1;
PAR  FIG. 4 is a graph indicating signal transmission frequency characteristics
      in the system of the invention;
PAR  FIG. 5 is a circuit diagram of one embodiment of a variable band
      eliminating circuit which can be used in place of the variable low-pass
      filter of the system shown in FIG. 1; and
PAR  FIG. 6 is a graph indicating the frequency response characteristic of the
      circuit illustrated in FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  The general operation of an inventive system for the reproduction of a
      discrete four-channel record disc, by means of a two-channel stereo record
      disc reproducing apparatus, will be first described with reference to FIG.
      1.
PAR  Of the signals picked up by a pickup cartridge 11 from a four-channel
      record disc 10, the signal of the left channel is supplied through an
      equalizer 12a to an amplifier 13a and a control signal generator 15, as
      described hereinafter. The reproduced signal amplified by the amplifier
      13a is fed to a variable low-pass filter 14a which has an attenuation
      characteristic with a slope of 12 dB/oct. Moreover, the filter varies its
      cut-off frequency characteristic.
PAR  On the other hand, the signal of the right channel picked up by the pickup
      cartridge 11 is fed through an equalizer 12b and an amplifier 13b to a
      variable low-pass filter 14b.
PAR  The control signal generator 15 produces an output control signal of a
      voltage which varies in accordance with the frequency of the picked up
      input carrier wave. This control signal is applied to the variable
      low-pass filters 14a and 14b, the cut-off frequencies of which are varied
      in accordance with the control signal voltage thus applied.
PAR  With the pickup cartridge 11 resting on the soundless groove part of the
      record disc, the disc is turned at low speed in order to search for and
      find the starting point of the recorded sound. The unmodulated carrier
      wave of 30 KHz, recorded in the soundless groove part, is reproduced with
      a frequency which is much lower than 30 KHz.
PAR  The control signal generator 15 generates a control signal of a DC voltage
      in accordance with the frequency of this reproduced carrier wave. The
      variable low-pass filters 14a and 14b are controlled by this control
      signal. Their cut-off frequencies are varied to prevent passage of
      substantially all of the above mentioned reproduced carrier wave. The
      signals which have passed through the variable low-pass filters 14a and
      14b are sent through output terminals 16a and 16b to circuits of
      succeeding stages. In the case where the record disc reproducing apparatus
      is a four-channel record disc reproducing apparatus, the signals from the
      output terminals 16a and 16b are sent to a demodulation circuit system of
      a later stage.
PAR  A carrier wave component would become an abnormal sound if it is reproduced
      with a frequency considerably lower than 30 KHz. It is effectively removed
      by the variable low-pass filters. For this reason, a generation of
      abnormal sound at the time of low-speed rotation of the record disc, as
      mentioned hereinbefore, is prevented.
PAR  The above mentioned variable low-pass filters 14a and 14b are of the same
      circuit organization and will hereinafter be referred to representatively
      as a variable low-pass filter 14.
PAR  One embodiment of a specific circuit organization of this variable low-pass
      filter 14 will now be described with reference to FIG. 2. A signal from
      the amplifier 13 in the system illustrated in FIG. 1 is applied to an
      input terminal 20 of this filter 14 and is fed by way of two field-effect
      transistors (FETs) 21 and 22 to one input terminal 24a of an operational
      amplifier 23. A capacitor 26 is connected between this input terminal 24a
      and ground (earth). Furthermore, a signal thus obtained at the junction
      between the FETs 21 and 22 is supplied by way of a capacitor 25 to another
      input terminal 24b of the operational amplifier 23. A feedback signal from
      the output side of the operational amplifier 23 is also supplied to this
      input terminal 24b. In order to obtain good characteristics of the FETs 21
      and 22, it is desirable that they are dual-FETs.
PAR  On one hand, a control signal from the control signal generator 15 of the
      system shown in FIG. 1 is applied by way of a terminal 27 to the gates of
      the FETs 21 and 22, which thereupon vary their internal resistances in
      accordance with the voltage of the control signal thus applied to their
      gates.
PAR  The capacitances of the capacitors 25 and 26 are respectively denoted by C1
      and C2. The internal resistances of the FETs 21 and 22 are each denoted by
      R.sub.F. The relationship C1 = 2C2 is selected. The circuit shown in FIG.
      2 becomes a low-pass filter with a Butterworth characteristic
      ##EQU1##
      exhibiting an attenuation characteristic 12 dB/oct. Furthermore, since the
      internal resistances R.sub.F of the FETs 21 and 22 vary in accordance with
      the control signal voltage applied to the terminal 27, it is possible to
      vary the cut-off frequency of this low-pass filter in accordance with this
      control signal, for example, from 50 Hz to 20 KHz.
PAR  In this connection, the band of the audio signal transmission system can be
      broadened. The sound signal recorded in the sound containing groove part
      of the disc can be reproduced clearly from the beginning part thereof by
      connecting low-pass filters, as described above, in cascade connection to
      form a plurality of stages.
PAR  An embodiment of a specific control signal generator 15 will now be
      described with reference to FIG. 3. A signal from the equalizer 12 in FIG.
      1 is applied on an input terminal 30. After being amplified by an
      amplifier 31, it is supplied to a high-pass filter 32 and a
      differentiation circuit 33. The high-pass filter 32 has a cut-off
      frequency of 20 KHz, and the signal supplied thereto is rid of its
      unnecessary low-frequency component.
PAR  The output signal of the high-pass filter 32 is supplied to a phase-locked
      loop (PLL) 35 and a multiplier 36 in a product detection circuit 34. The
      self-running oscillation frequency f.sub.o of the PLL 35 is 30 KHz, which
      is equal to the frequency of the carrier wave reproduced when the record
      disc is rotating at normal speed. A triangular wave of the output of a
      voltage-controlled oscillator (VCO) in the above mentioned PLL 35 is
      supplied to a carrier input terminal of the multiplier 36. The
      aforementioned signal from the high-pass filter 32 is supplied to another
      input terminal of the multiplier 36. Accordingly, when the high-pass
      filter 32 produces as output a signal of a band corresponding to the lock
      range of the PLL 35 set at from 20 KHz to 40 KHz, the PLL 35 locks to the
      input signal thereof. A signal synchronized with the carrier wave
      frequency is obtained from the multiplier 36.
PAR  The output of the multiplier 36 is integrated by an integration circuit
      comprising a resistor 37 and a capacitor 38. The integrated signal is
      inverted by an inverter 39 and is then supplied by way of a resistor 40 to
      a DC amplifier 41. The circuit system 47 comprising the above mentioned
      high-pass filter 32, product detector 34, integration circuit, and
      inverter 39 is provided for generating a control signal when the record
      disc is rotating at the normal speed or at a speed close thereto.
      Moreover, it generates a stable control signal when the level of the
      carrier wave recorded on the record disc fluctuates and when the level
      becomes too low.
PAR  On one hand, as mentioned hereinabove, the amplified signal from the
      amplifier 31 is supplied also to the differentiation circuit from which a
      signal proportional to the frequency thereof is derived. For this
      differentiation circuit 33, a high-pass filter having a cut-off frequency
      higher than 30 KHz, for example, is used. An output signal proportional to
      the frequency of the input signal is supplied from the differentiation
      circuit 33 to a rectification circuit 42 and is there rectified. Since an
      ample dynamic range is required for deriving a DC voltage proportional to
      the frequency, it is necessary to use a half-wave rectification circuit or
      a full-wave rectification circuit in which an operational amplifier is
      employed for the rectification circuit 42.
PAR  The output of the rectification circuit 42 passes through an integration
      circuit comprising a resistor 43 and a capacitor 44. Then, it is supplied
      by way of a resistor 45 to the above DC amplifier 41.
PAR  The circuit system 48 comprises the differentiation circuit 33,
      rectification circuit 42, and integration circuit 43, 44. Circuit 48 gives
      a DC voltage which is substantially proportional to the carrier frequency
      at the time of low-speed rotation of the record disc.
PAR  The DC voltage supplied by way of the resistors 40 and 45, respectively, to
      the DC amplifier 41 is here amplified and then lead out through an output
      terminal 46. That signal is a control signal applied to the terminal 27 of
      the variable low-pass filter 14 shown in FIG. 2.
PAR  When the characteristic of the cartridge is considered, it is desirable to
      provide a variable resistor for gain adjustment in the circuit system 48,
      within the control signal generator 15, in order to impart an optimum
      characteristic to the variable low-pass filter with respect to the carrier
      frequency at the time of low-speed rotation of the disc.
PAR  When the pickup 11 is resting on the stopped disc 10, which is started in
      rotation, for example, the circuit system 48, in the control signal
      generator 15 operates while the disc is rotating at a relatively low
      speed. The cut-off frequency of the variable low-pass filter 14 is
      controlled by a control signal, which varies in accordance with the
      frequency of the reproduced carrier wave, from the control signal
      generator 15. The variable low-pass filter 14 exhibits a low-pass
      filtering characteristic wherein its cut-off frequency is 50 Hz when the
      record disc is stopped. Its cut-off frequency progressively increases with
      increase in the rotational speed of the disc.
PAR  The variable cut-off frequency in this case continually removes the carrier
      wave reproduced with a frequency below the specified frequency (30 KHz)
      when the disc is rotating at a speed lower than the normal disc speed and
      filters frequencies. For example, when the reproduced carrier wave
      frequency is from 3 KHz to 5 KHz, the cut-off frequency of the variable
      low-pass filter is in the range from 100 Hz to 300 Hz.
PAR  The frequency response characteristic of the variable low-pass filter 14 is
      indicated in FIG. 4. In this graph, curve I gives the frequency response
      characteristic of the variable low-pass filter 14, controlled by a control
      signal in accordance with the frequency of the reproduced carrier wave. If
      the rotational speed of the record disc is low, the frequency of the
      reproduced carrier wave is, for example, approximately 1 KHz, is as
      indicated by curve I. Consequently, the reproduced carrier wave is greatly
      attenuated below -30 dB (in the order of -40 dB) and is not transmitted to
      the output terminal 16, being effectively eliminated. Accordingly, there
      is no possibility of an abnormal sound due to the carrier wave being
      reproduced with a frequency of 1 KHz.
PAR  Siimilarly, if the rotational speed of the disc is somewhat greater than
      that in the above described case, but has not yet reached the normal
      speed, the frequency of the reproduced carrier wave is, for example,
      approximately 5 KHz. The frequency response characteristic of the variable
      low-pass filter 14, controlled by a control signal in accordance with that
      frequency is as indicated by curve II in FIG. 4. Consequently, the
      reproduced carrier wave is effectively eliminated.
PAR  When the rotational speed of the disc increases further, and the reproduced
      carrier wave frequency becomes greater than 20 KHz, the circuit system 47
      operates together with the circuit system 48, within the control signal
      generator 15. The control voltages of these circuit systems 47 and 48 are
      added and amplified in the DC amplifier 41. The resulting voltage is
      applied through the terminal 46 to the terminal 27 of the variable
      low-pass filter 14. As a result, the FETs 21 and 22 of the variable
      low-pass filter 14 assume a saturated state. The cut-off frequency of this
      filter 14 becomes higher than 20 KHz. Therefore, the frequency response of
      the variable low-pass filter 14, in this case, is as indicated by curve
      III (substantially a straight line) in FIG. 4.
PAR  In the above described embodiment, variable low-pass filters 14a and 14b
      have cut-off frequencies which can be varied responsive to a control
      signal from the control signal generator 15. A band elimination filter as
      shown in FIG. 5, for example, can also be used in place of these variable
      low-pass filters.
PAR  This band elimination filter comprises operational amplifiers 51 and 52 and
      a twin-T circuit including resistors 53 and 54, a capacitor 55, capacitors
      56 and 57, and a resistor 58. Here, photocouplers comprising a combination
      of CdS and electro-luminescent diodes are used for the resistors 53, 54,
      and 58. The intensity of the luminescence of these electro-luminescent
      diodes is controlled by a control signal from the control siginal
      generator 15. The resistance values of resistors 53, 54 and 58 are
      variably controlled.
PAR  The frequency response characteristic of the above mentioned band
      elimination filter is as indicated in FIG. 6. As the resistance values of
      the resistors 53, 54 and 58 are variably controlled by a control signal in
      accordance with the frequency of the reproduced carrier wave, the
      elimination bands thereof vary as indicated at IV, V, and VI in FIG. 6 in
      a manner to eliminate the reproduced carrier wave in accordance with the
      carrier wave frequency.
PAR  In terms of the resistance values R1, R2, and R3 of the resistors 53, 54,
      and 58, respectively, the capacitances C3, C4, and C5 of the capacitors
      56, 57, and 55, respectively, and the central frequency f.sub.N of the
      elimination band, the following conditions are fulfilled.
EQU  R1 = R2 = 2R3
EQU  C3 = C4 = C5/2
      ##EQU2##
PAR  Accordingly, a signal applied to the input terminal 50 from the amplifier
      13 passes through a band elimination filter having a frequency response
      characteristic as indicated in FIG. 6. Its carrier wave component
      reproduced with a frequency below the normal frequency is effectively
      eliminated. The resulting signal is led out from the output terminal 16.
PAR  Further, this invention is not limited to these embodiments. Various
      variations and modifications may be made without departing from the scope
      and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An abnormal sound eliminating system for use in a record disc
      reproducing apparatus, said system comprising control signal generating
      means operated responsive to a multiplex signal of an angle-modulated wave
      signal and a direct wave signal picked up from a record disc on which the
      multiplex signals are recorded, said generating means producing a control
      signal having voltage which increases responsive to an increase of
      frequency of the carrier wave of the angle-modulated wave up to a
      predetermined frequency, low-pass filter means having a variable cut-off
      frequency, and means responsive to said control signal for controlling the
      cut-off frequency of said low-pass filter means, said cut-off frequency
      becoming higher as the voltage of the control signal increases and being
      lower than the frequency of the carrier wave while the frequency of the
      carrier wave is lower than the predetermined frequency, whereby said
      low-pass filter means responds to the multiplex signals picked up from the
      record disc and eliminates at least the carrier wave when it is reproduced
      from a record disc rotating at a speed which is lower than a specified
      rate.
NUM  2.
PAR  2. An abnormal sound eliminating system according to claim 1 wherein said
      low-pass filter means attenuates the carrier wave with a response
      substantially in the order of from -30 dB to -40 dB while the frequency of
      the carrier wave is lower than the predetermined frequency.
NUM  3.
PAR  3. An abnormal sound eliminating system according to claim 1 wherein said
      low-pass filter means comprises a variable resistance element having an
      internal resistance which is varied in accordance with the voltage of the
      control signal applied thereto whereby the cut-off frequency is varied.
NUM  4.
PAR  4. An abnormal sound eliminating system according to claim 3 wherein said
      variable resistance element comprises dual-field-effect transistors
      respectively having gates with the control signal applied thereto.
NUM  5.
PAR  5. An abnormal sound eliminating system according to claim 1 whrein said
      control signal generating means comprises first circuit means responsive
      to the multiplex signals picked up from the record disc for generating a
      first DC control voltage substantially proportional to the frequency of
      the carrier wave; second circuit means comprising high-pass filter means
      having a cut-off frequency substantially equal to the predetermined
      frequency, said high-pass filter means being responsive to the multiplex
      signals picked up from the record disc and passing components of the
      multiplex signals having frequencies higher than the cut-off frequency,
      phase locked loop circuit means including voltage controlled oscillator
      means, said phase locked loop circuit means being responsive to the output
      signal of said high-pass filter and locking in phase with the carrier wave
      when the frequency of the carrier wave is higher than the cut-off
      frequency of said high-pass filter means, multiplier means responsive to
      the signal from said voltage controlled oscillator means and the output
      signal of said high-pass filter means, said multiplier means generating an
      output synchronized with the frequency of the carrier wave only when said
      phase locked loop ciruit means locks to the carrier wave, integration
      circuit means for integrating the output signal of said multiplier means
      to produce a second DC cotnrol voltage; and means for supplying the first
      and second control voltages as a control signal to said low-pass filter
      means, whereby said low-pass filter means eliminates the carrier wave
      while the record disc is rotating at less than normal speed, said low-pass
      filter means passing the carrier wave while the speed of the record disc
      is equal to or higher than normal.
NUM  6.
PAR  6. An abnormal sound eliminating system according to claim 5 wherein said
      first circuit means comprises differentiation circuit means responsive to
      the matrix signals for producing an output signal having an amplitude
      proportional to the frequency of the carrier wave, rectification circiut
      means for rectifying the output signal of said differentiation circuit
      means, and integration circuit means for integrating the output signal of
      said rectification circuit means to produce the first DC control voltage.
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ABST
PAL  The headphone comprises a low frequency transducer system and a high
      frequency transducer system, with the low frequency transducer system
      including an electrodynamic transducer. The high frequency transducer
      system includes an electrostatic transducer, and a supply transformer for
      the high frequency transducer system is mounted in the housing of the
      headphone. The two transducer systems are mounted coaxially of each other,
      with the high frequency transducer system being outwardly of the low
      frequency transducer system. The high frequency system may have a disc
      form or may have an annular form and, in the latter case, the inner
      diameter of the high frequency system corresponds to the outer diameter of
      the low frequency system which is received in a circular recess of the
      high frequency system. Also, the inner diameter of the annular high
      frequency system corresponds to the dimensions of a sound channel which,
      together with the cavity formed between the diaphragm of the low frequency
      transducer and the backside of the high frequency transducer, forms a
      Helmholtz resonator. For dividing the range of frequencies, acoustics
      and/or electrical elements are provided and are mounted in the housing of
      the headphone.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates to headphones operating on the two-way system,
      comprising a low frequency and a high frequency transducer system, with
      the low frequency system being an electrodynamic transducer, and, more
      particularly, the present invention is directed to an improved headphone
      of this type.
PAR  Headphones having earpieces equipped with two transducer systems, one for
      transmitting the high frequencies and the other for transmitting the low
      frequencies, are known, and have been designed so that the effect of a
      two-way system can be obtained by a particular arrangement of two
      electrodynamic transducers.
PAR  Since it is well known that electrodynamic transducers, in particular if
      used as sound generators, have a non-uniform frequency characteristic in
      the range of higher frequencies, the known solution represents only an
      improvement of headphones known up to the date and having a single system,
      while an ideal solution should provide also for a uniform radiation of the
      higher frequencies.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, such an ideal solution is
      provided by having the high frequency transducer system designed as an
      electrostatic transducer, such as an electret-base electrostatic
      transducer, and the transformer, necessary for supplying the high
      frequency system, is mounted within the headphone.
PAR  Electret-base electrostatic transducers do not require a polarization
      voltage because this voltage is already impressed either on the diaphragm
      or on the back plate. Such transducers exhibit a high fidelity of
      reproduction and thus would be excellently suitable for headphones except
      for the necessity of supplying the same through a transformer. If
      dimensioned for the entire sound range to be transmitted, such a
      transformer necessarily would be of a size preventing its direct mounting
      in the headphone. Also, in an electrostatic transducer, it is difficult to
      achieve the oscillation amplitude of the diaphragm necessary for the bass
      response without great losses of efficiency, because of the needed large
      distance between the diaphragm and the back plate. To compensate such
      losses, high DC or AC voltages must be applied and such application
      results, however, in different complications.
PAR  On the contrary, if an electret-base electrostatic transducer operating as
      a sound generator is limited to the reproduction of medium and high
      frequencies, only a small transformer is needed, and such a small
      transformer can, in practice, be mounted without difficulty into any
      headphone, has virtually a constant transformation ratio completely
      satisfactorily transmitting the frequency range, and, moreover, is very
      inexpensive to manufacture. In view of the further fact that no large
      amplitudes occur at the medium and high frequencies, the spacing between
      the back plate and the diaphragm can be chosen so as to obtain the optimum
      efficiency.
PAR  On the other hand, in the higher frequency range, an electrodynamic
      transducer is less suitable for a headphone since, in the higher frequency
      range, the diaphragm no longer oscillates as a whole but tends to the
      formation of partial oscillations which are partly uncontrollable. This
      becomes apparent as an unsteady shape of the frequency characteristic in
      the range of about 1000 Hz. Below this frequency limit, however, the
      frequency characteristic of an electrodynamic transducer is considered
      satisfactory so that the combination provided, in accordance with the
      invention, of an electrodynamic transducer as a low frequency system and
      an electret-base electrostatic transducer as a high frequency system,
      appears most advantageous.
PAR  Various arrangements may be provided for positioning the electrostatic high
      frequency transducer. As it has to transmit only medium to high
      frequencies, the coupling volume between the external ear and the
      diaphragm of the transducer can be small. This is obtained, in accordance
      with the invention, by providing that, during use of the headphone, the
      electrostatic high frequency transducer practically is applied directly to
      the ear and is thus disposed in advance of the low frequency system. If a
      cavity is provided between the diaphragm of the low frequency system and
      the back of the high frequency system, the cavity can be extended into a
      Helmoholtz resonator by providing the corresponding sound exit ports. The
      arrangement then acts as a low-pass filter for filtering out all
      frequencies above 1,000 Hz., for example.
PAR  In the arrangement just mentioned, the high frequency system advantageously
      is designed in the form of a disc. However, if an electrostatic transducer
      with a greater sensitivity is provided, the diaphragm surface must be
      enlarged, and this can be done advantageously by providing an annular
      shape of the high frequency system.
PAR  By choosing the inner diameter of the annular high frequency system to be
      equal to the outer diameter of the low frequency system, the two
      transducers can be fitted one within the other, with the result of
      providing a particular flat construction. In such a case, however, it may
      become necessary to omit the cavity which, in the other embodiments,
      serves as a part of the acoustic low-pass filter. This drawback can be
      compensated if the two systems, for example, are electrically connected in
      series, by connecting a capacitor in parallel to the moving coil of the
      low frequency system and by correspondingly proportioning the transformer
      for the electrostatic high frequency system. Of course, other circuit
      arrangements are also possible.
PAR  A further possibility is to combine the above-described electric circuit
      arrangement with the acoustic arrangement for dividing the range of
      frequencies, or to use only one of them. Which arrangement is finally
      chosen depends upon the given requirements.
PAR  In the event a particularly high sensitivity of the electrostatic high
      frequency system is required, it is advantageous to provide this system in
      the shape of a disc which is formed with a central opening for the sound
      exit from the chamber which latter is formed between the low frequency
      diaphragm and the backside of the high frequency system.
PAR  An object of the invention is to provide an improved headphone operating on
      the two-way system.
PAR  Another object of the invention is to provide such a headphone in which the
      low frequency system includes an electrodynamic transducer and the high
      frequency system is designed as an electrostatic transducer.
PAR  A further object of the invention is to provide such a headphone in which
      the transformer necessary to supply the high frequency system is mounted
      within the headphone.
DRWD
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic illustration of the frequency characteristic of an
      electrodynamic transducer;
PAR  FIG. 2 is a diagrammatic representation of the efficiency of an
      electrostatic transducer as a function of the distance between the diagram
      and the back plate.
PAR  FIG. 3 is a diametric sectional view of a headphone, in accordance with a
      first embodiment of the invention, illustrating the principle of the
      invention;
PAR  FIGS. 4 through 7 are sectional views illustrating different embodiments of
      the assembly of an electrostatic high frequency system with an
      electrodynamic low frequency system;
PAR  FIG. 8 is a schematic wiring diagram of an electric circuit arrangement for
      operating a headphone embodying the invention; and
PAR  FIG. 9 is a view illustrating a combination of a dynamic miniature
      loudspeaker with an electret-base high frequency transducer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 showing the frequency characteristic of an
      electrodynamic transducer, such as used in headphones, it will be noted
      that the shape of frequency characteristic is excellently smooth and
      almost horizontal up to approximately 1,000 Hz. In the range above 1,000
      Hz., however, the frequency response curve slopes downwardly and, in
      addition, exhibits relatively pronounced irregularity. From FIG. 1, it
      will be noted that an electrodynamic system is eminently and particularly
      suitable for the reproduction of frequencies below 1,000 Hz.
PAR  If an electrostatic system were to be used for the range of frequencies
      below 1,000 Hz., it would necessarily also have to be proportioned for the
      large oscillation amplitudes of the diaphragm at the low frequencies. In
      turn, this means a correspondingly large spacing between the back plate
      and the diaphragm which, however, as may be seen in FIG. 2, leads to a
      notable decrease in the sensitivity of the transducer system. On the
      contrary, if the electrostatic transducer, in accordance with the present
      invention, is reduced to operation in the higher frequency range, the
      optimum spacing of the electrodes can be maintained easily because of the
      much smaller oscillation amplitude of the diaphragm. In other words, the
      high frequency transducer used with the present invention operates in the
      associated range of frequencies with the best possible efficiency. The
      practical application of the foregoing conclusions is exemplified in a
      first embodiment of the invention as shown in FIG. 3.
PAR  Referring to FIG. 3, in a housing 6 which, as is customary at the present
      time, is designed in the form of a hemispherical cup having a border
      provided with a soft, elastic contact rim 6', the two transducers 1 (high
      frequency system) and 2 (low frequency system) are located in a casing or
      case 6" of plastic composition material. Electrostatic transducer 1 is
      disposed in advance of electrodynamic transducer 2, and the axes of the
      two tranducers are aligned in a common rectilinear line. Between the
      diaphragm 3 of low frequency system 2 and the back side of high frequency
      system 1, there is formed a cavity 4 communicating with the coupling space
      adjacent the transducer 1 through an opening 12. The volume of cavity 4
      and the cross-section and length of opening 12 determine the critical
      frequency of a low-pass filter.
PAR  Aside from the two transducers, earpiece 6 contains a transformer 7 mounted
      therein for supplying high frequency transducer 1. Other control members
      or electrical component parts such as, for example, a capacitor 8
      connected in parallel with the moving coil of low frequency system 2, may
      be mounted in housing 6, which may also be provided with openings 6'" for
      permitting the sound exit, particularly in the lowest frequency range.
PAR  As mentioned above, the high frequency transducer may be provided in
      different shapes. Corresponding embodiments are illustrated in FIGS. 4
      through 7. The embodiment shown in FIG. 4 corresponds substantially to
      that shown in FIG. 3. The low frequencies are radiated through passages 5
      which are so dimensioned that, in cooperation with cavity 4, a continuous
      transition from the sound radiation of low frequency system 2 to the sound
      radiation of high frequency system 1a is obtained.
PAR  FIG. 5 shows an arrangement in which the electrostatic high frequency
      transducer 1b has an annular shaped and, in conformity therewith, also an
      annular diaphragm 9. The inner diameter of high frequency system 1b
      corresponds to the outer diameter of low frequency system 2, so that the
      two systems are interfitted with each other. A relatively small total
      height thereby may be obtained which, in some cases, is desirable. Since,
      in the embodiment of FIG. 5, it may become not possible to provide the
      cavity volume illustrated at 4 in FIG. 3, an electric dividing network
      advantageously may be used instead of the acoustic low-pass filter.
PAR  Such an electric dividing network is shown in FIG. 8, in which the primary
      winding of transformer 7 is connected in series with the moving coil
      winding 13 of the low frequency system. The low impedance of the primary
      winding constitutes no appreciable resistance for the low frequencies
      which, consequently, become practically fully effective at moving coil
      winding 13 of transducer 2. At the high frequencies, on the other hand,
      the primary winding of transformer 7 acts as an inductance coil so that a
      high voltage division ratio is produced between the transformer winding
      and the moving coil winding. To still further increase this ratio, the
      capacitor 8 may be connected in parallel with the low frequency system, as
      an addition.
PAR  Exactly the contrary applies to high frequency system 1. Due to the low
      impedance of the primary winding of transformer 7, the low frequencies
      pass to the electrostatic transducer to only an insignificant extent, so
      that their effect is practically negligible. For the higher frequencies,
      on the other hand, the transformer is dimensioned so that these
      frequencies are fully applied to high frequency system 1. Capacitor 8, if
      provided, prevents any disturbing effect which may be produced by the
      impedance of moving coil winding 13 of the low frequency system, at the
      high frequencies.
PAR  The circuit arrangement shown in FIG. 8 is, of course, not limited to the
      embodiment of FIG. 4, as it may also be used together with the acoustic
      low-pass filter 4, 5 of FIGS. 3, 4, 6 and 7.
PAR  In the embodiment of the invention shown in FIG. 6, high frequency
      transducer 1a has practically the same diameter as low frequency
      transducer 2. However, if cavity 4 with openings 5 is to be designed as a
      low-pass filter, a corresponding gap must be left free for these openings
      5.
PAR  As shown in FIG. 7, high frequency transducer 1 also may have a larger
      diameter than low frequency transducer 2. Such a solution would be chosen
      particularly if a high sensitivity of the high frequency system is
      desired, or if it is desirable to manage with the transformer 7 having a
      relatively small transformation ratio. In the embodiment of FIG. 7, high
      frequency transducer 1 is designed as a disc-shaped body having central
      opening 12 which performs the same functions as openings 5 provided in the
      previously described embodiments.
PAR  A combination of a miniature dynamic loudspeaker with an electret-base high
      frequency transducer and an associated transformer is illustrated in FIG.
      9. Diaphragm 23 is fixed in a basket 22. A supporting plate 24 carries
      electret-base transducer 25 and is formed with sound openings 26.
      Transformer 27 is mounted on basket 22 and transforms the AC voltages to
      the level necessary for electret-base transducer 25.
PAR  The substantial improvement of the headphone in accordance with the
      invention as compared to prior art headphones resides not only in the
      utilization of the favorable behavior of the dynamic system in the range
      of low frequencies and in the obtained highly accurate conversion of
      transient oscillations of the high frequency transducer diaphragm
      subjected to surface pressure variations, but also in that the transformer
      for the electrostatic system is very inexpensive as compared to that
      required for a capacitor transducer covering the entire transmission
      range. The reason for this is that the transformer has to be dimensioned
      for only the high frequencies, and a very small core volume as well as a
      very small number of turns is sufficient.
PAR  The invention further makes it possible to ensure, with very modest means,
      the security conditions for an earpiece containing an electrostatic
      transducer, and to mount the necessary transformer into the headphone.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a headphone operating on the two-way system, comprising a low
      frequency transducer system and a high frequency transducer system, with
      the low frequency tranducer system including an electrodynamic transducer,
      the headphone including a housing arranged to be engaged with the external
      ear of the user, the improvement comprising, in combination, an
      electrostatic transducer transmitting only high frequencies and
      constituting said high frequency transducer system; and a supply
      transformer, having a very small core volume and a very small number of
      turns, for supplying only said electrostatic transducer system, mounted
      within said housing.
NUM  2.
PAR  2. In a headphone operating on the two-way system, the improvement claimed
      in claim 1, in which said high frequency system has the form of a disc and
      is disposed coaxially of said low frequency system.
NUM  3.
PAR  3. In a headphone operating on the two-way system, the improvement claimed
      in claim 1, in which said high frequency system has an annular form.
NUM  4.
PAR  4. In a headphone operating on the two-way system, the improvement claimed
      in claim 3, in which the inner diameter of the annular high frequency
      system corresponds to the outer diameter of the low frequency system; said
      high frequency system having a circular recess receiving said low
      frequency system.
NUM  5.
PAR  5. In a headphone operating on the two-way system, the improvement claimed
      in claim 3, in which the inner diameter of said annular high frequency
      system corresponds to the dimensions of a sound channel forming, together
      with a cavity formed between the diaphragm of the low frequency transducer
      and the back side of the high frequency transducer, a Helmholtz resonator.
NUM  6.
PAR  6. In a headphone operating on the two-way system, the improvement claimed
      in claim 1, including acoustic elements mounted in the headphone for
      dividing the range of frequency.
NUM  7.
PAR  7. In a headphone operating on the two-way system, the improvement claimed
      in claim 1, including electrical elements mounted in the headphone for
      dividing the range of frequencies.
NUM  8.
PAR  8. In a headphone operating on the two-way system, the improvement claimed
      in claim 1, in which said low frequency transducer system comprises a
      miniature dynamic loudspeaker; said electrostatic transducer comprising an
      electret-base high frequency transducer.
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ABST
PAL  Telephone line testing equipment in which a series of alternating current
      tone pulses are transmitted from the central office along the lines to a
      sensing means placed at a remote point in the circuit. The sensing means
      receives the coded tone pulse sequence, decodes it to determine if the
      address is correct, and if so, what information is present, and then
      either connects or disconnects the remote equipment from the line or, in
      the alternative, connects suitable loopback testing circuits to the line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improvement in telephone line testing
      equipment of the type described in U.S. Pat. No. 3,843,848. Other
      improvements to this patent were applied for in two pending patent
      applications titled "Telephone Line Testing Equipment" filed on Sept. 14,
      1973 by Russell G. Cox et al., Ser. No. 397,268 now abandoned and "Coded
      Telephone Line Testing Equipment" filed on Jan. 14, 1974 by Brian B.
      Brady, Ser. No. 432,806. The subject matter of these applications and the
      patent relates to a highly effective method of remotely testing telephone
      lines by passing alternating current signals down the line from a central
      office and detecting the alternating current at a remote point in the
      circuit with a suitable pickup. The sensed AC signal is used to operate a
      switch so as to connect the telephone lines together to form a loopback
      circuit through which the lines up to that remote point may be tested. The
      subject matter of these patent applications and the patent are herein
      incorporated by reference. Although these prior inventions work well there
      exist additional requirements which can be more suitably satisfied by the
      invention proposed herein.
PAR  The last mentioned patent application relating to coded telephone line
      testing equipment teaches a system wherein a series of coded tone bursts
      are transmitted down the line and decoded at the remote end to determine
      if the particular remote unit in question is the one being addressed. If a
      match is made, a loopback circuit is completed for that piece of equipment
      only and the rest of the circuit is not affected. This is very useful in
      four-wire telephone systems wherein it is common to connect a plurality of
      different sets of equipment to a single circuit. With the use of this
      prior invention it is possible to loopback only one particular piece of
      equipment. In addition, it provides a greater degree of security from the
      noisy environment normally associated with computers and other modems that
      may be connected to the telephone line. However, the subject matter of the
      aforementioned patent application turns out to be somewhat more expensive
      and more complex than the present invention because it uses a clock signal
      generated at the transmitting station which is transmitted down the line
      to the remote unit. The clock signal is used by the remote unit to help
      compare the incoming code signal with the stored code to determine whether
      or not the loopback signal is intended for that particular remote unit.
      The present invention avoids this extra complication as described
      hereinafter.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly, my invention utilizes circuits in the remote unit which create
      their own clock signal. Thus, it becomes unnecessary to transmit clock
      information down the line and instead only address code information need
      be transmitted. The present invention has the additional advantage of
      being able to transmit special instruction information along with the
      address code so that a greater number of functions can be performed at the
      remote unit. The present invention not only can complete a loopback
      circuit but it also can isolate the customer equipment from the line
      completely or in the alternative restore the customer equipment to the
      line upon a predetermined signal being transmitted. Consequently, the
      circuits of the present invention provide not only a less expensive and
      less complex system but also provide additional remote control functions
      not heretofore disclosed in the aforementioned patent or patent
      applications. It may therefore be seen that it is an object of this
      invention to provide an improved telephone circuit testing system having
      increased flexibility and lower cost. Further objects and advantages will
      become apparent from the following detailed description and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram showing the central office circuit
      which generates a series of coded pulses to operate the loopback and
      isolation switches at the remote end.
PAR  FIG. 2 is a schematic circuit diagram showing the receiving circuits
      positioned before each set of curtomer equipment for determining if the
      sequence of pulses is addressed to that location and completing the
      loopback or the isolation as may be commanded.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a schematic diagram of the central office pulse generator is
      shown. A series of AC tone bursts of a frequency of 2713 hertz are gated
      out from an oscillator 10 by means of a gate 12. Gate 12 is controlled by
      a multiplexer 22 in a manner well known to those skilled in the art.
      Multiplexer 22 is advanced and operated by a counter 16 which in turn is
      advanced by pulses from a divider 14 operating off of oscillator 10. As
      multiplexer 22 is advanced by counter 16 through eight counts, gate 12 is
      opened each time in accordance with whether or not a "one" is presented by
      a programming switch 18. Codes are always chosen such that the first pulse
      will be a "one" so as to insure the initiation of reception at the remote
      end. The total parity of programming switch 18 is determined by a parity
      tree 24. Counter 16 operates parity tree 24 on the ninth count so that the
      ninth bit transmitted by multiplexer 22 represents a parity check. Upon
      completion of this series of coded pulses the address and its parity check
      will have been transmitted to the remote station. Counter 16 now continues
      on to operate a function encoder 20 so that the next two bits represent an
      instruction to the remote unit on whether to operate a loopback switch, an
      isolation switch, or both.
PAR  In FIG. 2 a schematic diagram of the remote unit is presented. The circuits
      of FIG. 1 are grouped together and referred to as central office circuits
      25. The incoming signals from the central office circuits 25 pass through
      a suitable pickup 26 which may comprise, for example, an inductive pickup
      of the type described in the above referenced patent. The telephone line
      is then connected to the customer equipment 34 through a loopback switch
      28 so that a suitable loopback through loopback circuits 30 may be
      accomplished if that is the coded instruction received. The line is also
      connected through an isolation switch 32 to customer equipment 34. The AC
      tone pulses detected by pickup 26 are transmitted through a bandpass
      filter 36 which is designed to pass only the 2713 hertz frequency and help
      screen out the background noise. The AC tone bursts from filter 36 are
      presented to a threshold limiter 38 whose output characteristic is such
      that the output is of a constant amplitude and duration regardless of the
      input voltage above its threshold. Accordingly, each of the tone pulses is
      improved in shape and presented to a detector and Schmitt trigger 40.
      Detector 40 converts each pulse into a uniform square wave while the
      Schmitt trigger circuit is adjusted so that no input signals of a duration
      of less than 30 milliseconds may be detected. The output from detector 40
      then represents a series of pulses representing ones or lack of pulses
      representing zeros in a coded sequence which may or may not match the
      address of the particular receiving circuit. The first pulse received,
      which is always a one, causes a master clear circuit 41 to activate so as
      to clear an 8 bit shift register 46 and an 11 bit counter 44 to their
      start conditions. The master clear circuit 41 is of the type which latches
      on the first pulse only and therefore does not respond to subsequent
      pulses. The first pulse also starts a synchronous pulse generator 42 which
      drives the eleven bit counter 44 and the eight bit shift register 46. The
      pulse code sequence itself passes through a NAND gate 48 to shift register
      46 so that the code may be compared by a digital comparator 50 with the
      predetermined address stored in address encoder 52. On the ninth bit,
      which is received after the address code is completed, counter 44 inhibits
      gate 48 so as to prevent the entry of the ninth bit into shift register
      46. At the same time the ninth count output from counter 44 activates a
      gate 54 to allow the pulse or lack thereof from detector 40 to be compared
      by the parity tree 56. Parity tree 56 compares this parity bit with the
      known parity from address encoder 52 and, if a match is present, signals
      digital comparator 50 to store the fact that a correct address has been
      received in storage circuit 60. Storage circuit 60 then enables a pair of
      gates 62 and 63 and unlatches a pair of latches 66 and 67 so that the
      remote unit is now prepared to accept any instructions following the
      address code. The instructions may be transmitted, for example, on the
      tenth and eleventh pulses and, accordingly, counter 44 on the eleventh
      pulse opens gates 62 and 63 by means of connections 64 and 65.
PAR  Since gate 48 is only inhibited on the ninth pulse the tenth and eleventh
      pulses are free to pass through to shift register 46 and therefore
      whatever instruction code is transmitted may be picked up on lines 68 and
      69 and presented to gates 62 and 63. Gate 62 is connected to operate latch
      66 so as to hold open the isolation switch 32. Thus, if a pulse is
      received on line 68, isolation switch 32 is activated to remove the
      customer equipment 34 from the line. If gate 63 receives a pulse on line
      69 it operates a latch 67 which operates the loopback switch 28, in the
      manner described in the above referenced applications and patent, to
      establish loopback circuit 30. If a one-one code signal is received, both
      gates 62 and 63 are opened which results in the customer equipment being
      disconnected and the line terminated in a loopback circuit.
PAR  Both the isolation switch 32 and the loopback switch 28 may be deactivated
      by sending the correct address code so as to unlatch latches 66 and 67
      with no instruction pulses on the tenth and eleventh counts. This, of
      course, corresponds to a zero-zero instruction code.
PAR  At the completion of the instructions the counter 44 may be used to reset
      master clear 41 in order to make the circuit ready to receive the next
      address code. This is shown by a connection from counter 44 to master
      clear 41 which activates on the fourteenth count to unlatch master clear
      41 so that it may reset counter 44 and register 46 to the start position
      when the next pulse is received.
PAR  Clearly a number of possible modifications could be made to this invention.
      For example, additional functions could be remotely controlled through the
      use of additional gates and latches. Since shift register 46 is used twice
      it has a large capacity for additional instruction codes. Accordingly, the
      invention should not be limited except in accordance with the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for the testing of a communication circuit from one point to
      another remote point comprising in combination;
PA1  means for applying a binary coded series of pulses to the circuit, said
      coded series including an address code which always begins with one
      initial pulse;
PA1  sensing means in the circuit at the remote point for sensing said coded
      series of pulses;
PA1  comparing means connected to said sensing means for receiving said series
      of pulses and comparing the address code therein as it is received with a
      stored address code which is automatically generated at the remote point
      to determine if the proper address code has been received;
PA1  stored address code generating means connected to said comparing means to
      provide said address code in response to said initial pulse;
PA1  first switching means connected to said comparing means operable upon the
      reception of the proper address code to connect a loopback circuit to said
      communication circuit in response to the reception of the proper loopback
      instruction in the coded series of pulses; and
PA1  second switching means connected to said comparing means operable upon the
      reception of the correct address code to control an isolation switch in
      response to the reception of the appropriate instruction in the coded
      series of pulses.
NUM  2.
PAR  2. The apparatus of claim 1 including a correct address storage means
      connected to the comparing means and the switching means so as to activate
      the switching means if the proper address code is detected by the
      comparing means.
NUM  3.
PAR  3. The apparatus of claim 2 in which said means for applying comprises a
      gating means adapted to gate out a series of AC pulses, said gating means
      controlled by a programming switch and a function encoder.
NUM  4.
PAR  4. The apparatus of claim 3 including a counting means connected to advance
      the gating means so as to gate out first the address code from the
      programming switch and then the instruction code from the function
      encoder.
NUM  5.
PAR  5. The apparatus of claim 2 in which said comparing means comprises a shift
      register and a digital comparator connected to an address encoder, said
      shift register being advanced by a synchronous pulse generator which is
      started by the first pulse in the code.
NUM  6.
PAR  6. The apparatus of claim 5 in which said first and second switching means
      are controlled by code pulses received from said shift register through
      gates and latches controlled by said correct address storage means which
      storage means is controlled by said digital comparator.
NUM  7.
PAR  7. The apparatus of claim 4 in which said pulses each comprise an
      alternating current tone signal.
NUM  8.
PAR  8. The apparatus of claim 6 in which said pulses each comprise an
      alternating current tone signal.
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ABST
PAL  An electrically driven earth-moving or construction machine provided with
      an electric motor as a main motor and a reel assembly to wind or unwind a
      cable extending to the machine from an electric source away from the
      machine with the advance and reverse of the machine such that required
      power is supplied from the stationary electric source located outside the
      machine to the electric motor and means of suspending power supply to the
      electric motor when the cable wound on the reel is unwound to a given
      length with the advance of the machine whereby an accident which might
      otherwise be caused by the careless continuance of advance of the machine
      with the cable completely unwound.
BSUM
PAR  The present invention relates to an electrically driven earth-moving or
      construction machine provided with an electric motor as a main motor and
      more particularly to an electric loader with a reel assembly automatically
      winding or unwinding a cable for supplying electricity to the electric
      motor.
PAR  Recently in earth-moving or construction operations in the area governed by
      pollution regulations or tunnels, electrically driven vehicles have widely
      replaced those of internal combustion engines causing noise and exhaust
      gases. Those electrically driven vehicles generate no gas and are much
      less noisy and suitable for the aforesaid job sites. Generally, an
      electrically driven loader requires a cable for supplying power to a motor
      from a given electric source, which has hither-to caused malfunction due
      to cable entanglement with respect to wheels or tracks. To solve this
      problem has been proposed a reel assembly for automatically winding or
      unwinding a cable extending from the electric source to the electric
      loader as the electric loader advances or reverses.
PAR  An electric loader with this reel assembly attached has considerably solved
      problems of an power supply cable, still leaving the following defects: A
      cable extended from an electric source and wound on a reel needs a given
      length. Thus if an electric loader keeps advancing after the distance
      between the loader and the electric source equals nearly the length of the
      cable and the cable is completely unwound from the reel, intolerable
      tension will be given to the cable to damage or break it. For this reason,
      an operator must keep in mind the limitation to the advance of the loader
      (the limited distance from the electric source) for the operation of the
      loader. Generally, an operator must watch out excavating or mucking
      operations conducted with an implement at the front of the loader and
      consequently it is highly annoying for him to heed the limited advance of
      the loader. In some cases, beyond the limit unnoticed the cable is broken.
PAR  The object of the present invention is to provide an electric loader
      without the aforesaid defect.
PAR  Another object of the present invention is to provide an electric loader
      free from the excessive advance of the loader and the resultant cable
      breakage which would otherwise occur without the special care of the
      operation.
PAR  Still another object of the present invention is to provide a safe electric
      loader by automatically stopping the further advance of an electric loader
      when a cable wound on a reel is subjected to unwinding to a given length
      with the advance of the loader and preventing the loader from exceeding
      the limit of advance of the loader.
PAR  According to the present invention is provided an electric loader having a
      cable for supplying power from an electric source apart from the loader to
      a main electric motor in the loader which is wound or unwould or a reel
      assembly as the loader advances or reverses.
DRWD
PAR  Further objects and advantages of the invention will become readily
      apparent as the following detailed description of the invention unfolds
      when taken in conjunction with the single FIGURE of the drawings.
PAR  FIG. 1 is a schematic side elevation of an electric loader as a whole, of
      the present invention.
PAR  FIG. 2 is a rear view of a reel assembly in an electric loader of FIG. 1.
PAR  FIG. 3 shows the details of a limit switch related to a power supply cable
      and a partially enlarged diagram of the reel assembly of FIG. 2.
PAR  FIG. 4 is a schematic, partial diagram of a change lever for the advance
      and reverse of the electric loader and a related limit switch.
PAR  FIG. 5 is a circuit diagram used in an electric loader of the present
      invention.
PAR  The present invention will be described below with reference to the
      drawings.
DETD
PAR  In FIG. 1, electric loader 2 is provided with electric motor 4 such as a
      three phase induction motor as a main motor. At the rear of loader 2 is
      disposed reel assembly 6 on which part of power supply cable 10 extending
      to stationary electric source 8 is wound. Cable 10 is electrically
      connected to electric motor 4 via optional means such as a slip ring (not
      shown) disposed in reel assembly 6 and supplies required power from
      electric source 8 to electric motor 4. Reel assembly 6 is adapted to
      automatically unwind or wind cable 10 as the loader advances or reverses
      such that cable 10 does not get entangled with trucks or wheels.
PAR  In FIG. 2, reel assembly 6 is provided with a frame having side plates 12,
      12' and top plate 14. Side plates 12, 12' hold rotatably shaft 16 to which
      drum 18 for winding cable 10 is secured. In addition to drum 18, driven
      sprocket 20 is secured to the shaft near the left end and sprocket 22 near
      the right end. Driven sprocket 20 is connected with a chain to a sprocket
      secured to the output shaft of an appropriate drum-driving motor (not
      shown) such as a hydraulic motor to be actuated with the electric motor
      which is the main motor of the loader.
PAR  In contrast, sprocket 22 is connected via chain 24 to sprocket 26 secured
      to threaded rod 28 held rotatably with side plates 12, 12' at the upper
      portion of shaft 16. Cable traverse guide 32 slidably mounted on supporter
      shaft 30 (For simplicity it is not shown in FIG. 2. See FIG. 3) secured to
      side plates, 12, 12' parallel to threaded rod 28 is screwed to the
      aforesaid threaded rod 28. Cable 10 to be wound arround drum 18 is
      electrically connected to electric motor 4 via such an appropriate aid as
      a slip ring (not shown) one end of which is mounted on one end of drum 18
      (cat the right end in FIG. 2) and which is disposed within drum 18. The
      portion of cable 10 unwound from drum 18 passes through opening 34 formed
      on traverse guide 32 and extends to stationary electric source 8 (FIG. 1)
      located outside an electric loader.
PAR  Any motor for driving a drum will be sufficient as long as it can control
      drum 18 such that it unwinds cable 10 as the loader advances and it winds
      it as the loader reverses, but it is preferable for the motor to give to
      drum 18 a given size of torque in the direction in which cable 10 is
      always wound on drum 18. If a given torque in the cable winding direction
      on drum 18 is available, cable tension caused by the advance of the cable
      overcomes the aforesaid torque when the loader advances to rotate drum 18
      in the unwinding direction and unwind cable 10, whereas when the loader
      reverses the torque becomes greater than the cable tension to rotate drum
      18 in the winding direction and wind cable 10. Thus with the advance and
      reverse 19 of the loader, cable 10 is automatically wound or unwound.
PAR  Threaded rod 28 with which cable traverse quide 32 is screwed is operably
      connected to drum 18 through sprocket 22, chain 24 and sprocket 26.
      Accordingly as drum 18 rotates, threaded rod 28 rotates to move the
      traverse guide 32 in the longitudinal direction of the rod.
PAR  In FIG. 2, assume that drum 18 rotates in the unwind direction of the
      cable. Traverse guide 32 moves to right. Conversely if drum 18 rotates in
      the cable wind direction, traverse guide 32 shifts to left. The guide
      leads winding and unwinding of cable 10 as desired. An embodiment in which
      sprockets and chains are used as driving and connecting means between the
      drum-driving motor and the drum or between the drum and the rod has been
      described above and in place of them, other driving and connecting means
      such as a belt and pulley or a gear train may be used.
PAR  Limit switch 36 for detecting the given unwind length of cable 10 and
      stopping power supply to electric motor 4 to stop the advance of the
      loader which will be described with reference to FIG. 5 is mounted on the
      under side of top plate 14 of reel assembly 6. In FIG. 3, limit switch 36
      is provided with switch member 40 displaced to "open" position. It has
      further switch operating member 42 which is to be engaged with switch
      member 40 and set it in the closed position. Switch operating member 42 is
      secured to link 48 which is connected such that it is freely capable of
      turning to the lower end of inverted L-shaped member 44 secured to limit
      switch 36 proper via as with nut 46. Near the connecting portion of link
      48 to member 44 is disposed projection 50 which is adapted to be engaged
      with the lower tip 52 of member 44 and define the clockwise turning limit
      of link 48 or the lower positioning limit of switch operating member 42.
      The link secured to switch operating member 42 is usually positioned by
      gravity or preferably with a spring (not shown) deflecting the link in the
      clockwise direction in the lower limit position or the position as
      illustrated in FIG. 3. On the free end of link 48 is mounted freely
      rotatable roll 54. Working piece 56 is mounted on cable traverse guide 32,
      which, as traverse guide 32 moves to right with the unwinding of the
      cable, engages roll 54 to turn the link anticlockwise and raise the switch
      operating member 42 and cause it to engage switch member 40 for closing
      the limit switch. Working piece 56 is preferably positioned on traverse
      guide 32 such that the position in the left and right directions in the
      figure is controllable and the front end or right-hand end of the upper
      engagement edge 58 of the working piece is preferably slightly inclined
      downwards as viewed in the figure such that edge 58 engages smoothly roll
      54.
PAR  In FIG. 4, limit switch 62 is disposed in a predetermined position on the
      rear lower portion of loader shift change lever 60 connected to gear box
      64 of the loader. Limit switch 62 is provided with switch 66 displaced in
      the position "open" usually with such an elastic means as a spring. When
      change lever 60 is shifted to the reverse position "R", switch 66 is
      pressed with switch operating piece 68 secured to the lower end of the
      lever 60 and placed in the position "close". Accordingly, when change
      lever 62 is located in advance position (F) or neutral position (N), limit
      switch 62 is in the position "open" and when it is in reversing position
      (R), the limit switch is in the position "close".
PAR  In FIG. 5, control circuit A is provided with main switch 72 to control
      connector 70 for handling a power supply circuit for supplying the
      required power to electric motor 4, which is the main motor of the
      electric loader from stationary electric source outside the system, and
      limit switches 36 and 62 are juxtaposed and connected to the control
      circuit. When limit switch 36 is closed, relay 74 is excited and normally
      closed contact 74' is changed over to "open". When limit switch 62 is
      closed, relay 76 is excited to change normally open contact 76' into
      "close". When at least either of normally closed contact 74' and normally
      open contact 76' is closed, relay 78 is excited and connector 70 of the
      power supply circuit is thus closed. When both are open, relay 78 is
      deenergized to open connector 70.
PAR  In earth-moving operations, when cable 10 is still sufficiently wound on
      cable 18, that is, working piece 56 disposed on cable traverse guide 32
      leaves open limit switch 36, relay 78 is excited on the closing of main
      switch 72. Thus connector 70 is closed to supply desired power from
      electric source 8 to electric motor 4. In this case, as long as limit
      switch 36 is open, normally closed contact 74' is closed and consequently
      relay 78 is excited and connector 70 is closed whether normally open
      contact 76' related to the position of change lever 60 is open or closed.
      Then as change lever 60 is placed in forward position (F) (naturally
      normally open contact 76 is left open.) and a loader advances, cable 10
      wound on drum 18 is gradually unwound, and accordingly traverse guide 32
      shifts to right in FIGS. 2 and 3. If a loader further proceeds and almost
      all the cables 10 are unwound, traverse guide 32 shifts further to the
      right, working piece 56 on the guide is engaged with roller 54 and limit
      switch 36 is closed. If the limit switch is closed, relay 74 will be
      excited and normally closed contact 74' will be opened. In this case,
      change lever 60 is in the advance position and limit switch 62 is open and
      consequently normally open contact 76' is open. When normally closed
      contact 74' is open, relay 78 is deenergized to open connector 70. When
      the electric loader continues advancing and almost all cable 10 is
      unwound, that is, when the loader approaches the advance limit, power
      supply to electric motor 4 is suspended and the further advance of the
      loader beyond the limit is prevented.
PAR  As described above, when power supply to electric motor 4 is suspended and
      change lever 60 is changed into the reverse position, limit switch 62 will
      be closed, relay 76 will be energized and normally open contact 76' will
      be closed. Hence, relay 78 is excited, connector 70 is again closed and
      power supply to electric motor 4 is resumed.
PAR  According to the present invention, as soon as the loader comes to the
      advance limit, further advance is prevented and only the reverse of the
      loader becomes possible. When the loader reverses in predetermined
      amounts, cable 10 is wound on drum 18 and cable traverse guide 32 shifts
      to the left in FIGS. 2 and 3 to disengage working piece 56 from roll 54.
      By this, limit switch 36 is again open and normally closed contact 74' is
      closed. When cable 10 returns to the state in which it is wound to some
      extent, relay 78 is excited regardless of the position of change lever 60.
      The loader is placed in condition for both advance and reverse with the
      operation of lever 60.
PAR  Time to close limit switch 36 is controllable by adjusting the position of
      working piece 56 mounted on cable traverse guide 32. Generally, in
      consideration of the inertial movement of the loader after the suspension
      of rotation of electric motor 4, it is preferable to adjust the position
      of working piece 56 by closing limit switch 36 just before cable 10 is
      completely unwound, that is when the length of the wound cable is 3 meters
      or above.
PAR  Such is the detailed description of steps of preventing excessive advance
      of a loader stemming from the excessive unwind of a cable, but it is
      evident that it is possible to stop the excessive reverse of the loader
      when almost all the cable has been wound in the course of reverse. For
      instance, if there is a fear of troubles of the cable occuring by the
      excessive reverse of a loader after the almost complete winding of the
      cable, it is possible to suspend power supply to the electric motor when
      the cable has almost been wound by the same procedure as that of limiting
      the advance of the loader (For instance, a limit switch closed as a
      traverse guide on reel assembly 6 shifts to the left in FIG. 2.). Further
      when the loader comes to the limit of advance or reverse, power supply to
      an electric motor is suspended and the operator is cautioned by actuating
      alarm means such as an alarm buzzer that the loader is approaching the
      advance limit or the reverse limit.
PAL  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention,
      is not be considered limited to what is shown in the aforesaid embodiment.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In an electrically powered vehicle having a directional control lever
      with a forward and reverse position to select the direction of travel, and
      further having a reel assembly carrying a power cable, the power cable
      providing electrical energy to the vehicle from a remote power source to
      power the electric drive motor of the vehicle, the reel assembly being
      operable to wind and unwind the power cable while the vehicle is moving,
      and having sense means for determining when a predetermined length of
      cable has been unwound; a power connection system comprising:
PA1  first switch means connected between the power source and said electric
      drive motor and operably connected to the sense means for automatically
      interrupting power to said electric drive motor in response to the sensing
      by the sense means when said predetermined length of cable has been
      unwound; and
PA1  second switch means connected between said power source and said electric
      drive motor and operably connected to the directional control lever for
      restoring power to the electric drive motor when the directional control
      lever is moved to its reverse position, said second switch means only
      being operable after said first switch means has interrupted the power to
      said drive motor to restore power thereto.
NUM  2.
PAR  2. In an electrically powered vehicle having a directional control lever
      with a forward and reverse position to select the direction of travel, and
      further having a reel assembly carrying a power cable, the power cable
      providing electrical energy to the electric motor driving the vehicle from
      a remote power source, the reel assembly operable to wind and unwind the
      power cable while the vehicle is moving, and having sense means for
      determining when a predetermined length of cable has been unwound; a power
      connection system comprising:
PA1  a main power connector switch means connected between the power source and
      the electric motor operable to control the power delivered from the remote
      power source to said electric motor; and
PA1  control means for opening and closing the main power connector switch
      means, having a first switch actuator means connected to the sense means
      operable to open said main power connector switch means when the sense
      means has determined a predetermined length of cable has been unwound and
      having a second switch actuator means connected to the directional control
      lever operable to close said main power connector switch means while the
      directional control lever is in the reverse position, said second switch
      actuator means only being operable after said first switch actuator means
      has interrupted the power to said electric motor to restore power thereto.
NUM  3.
PAR  3. The power connection system set forth in claim 2 wherein the control
      means further includes a main switch means for positioning the first
      switch actuator means in a normally closed position and allowing the first
      switch actuator means to be responsive to the sense means.
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ABST
PAL  An electrical switch apparatus has a pair of first switches and a second
      switch each with a spring-loaded part for actuating its contacts. The
      switches are arranged in a casing in which two slides are movable against
      springloading in convergent paths. Each slide has first and second cams to
      engage with and move the actuators of a respective first switch and the
      second switch, the arrangement being such that when one slide has
      commenced to move in the switch-actuating direction, it blocks the path of
      the other slide, with the result that each slide can be moved to actuate a
      respective first switch and thereafter the second switch, but it is
      impossible for both of the first switches to be actuated at the same time.
BSUM
PAR  The invention relates to a device to control, by means of two reciprocally
      locking push-buttons, three switches of which two can only be actuated
      separately by one of the two buttons during an initial fraction of its
      movement, while the third is actuated by either one of the buttons during
      an additional fraction of their movement.
PAR  Such devices are, e.g., well suited to controlling lifting equipment
      wherein a lifting motor has to be able to cause lifting and lowering
      movements, this at a normal speed or at high speed.
PAR  Devices capable of effecting the switching necessary to such control
      methods, in which reciprocal locking is effected electrically, are already
      known.
PAR  In other known devices each push-button is associated with two switches and
      operates them successively by causing the successive compression of the
      return springs of each switch.
PAR  The result is that the travel of the push-button has to be reduced in order
      not to press too hard on the switch which has been actuated first; this
      reduction of travel is reflected by uncertainty in assessing the travel to
      be given to the push-button in order to actuate one or both switches.
      Moreover, the pressure which has to be applied to the push-button is
      considerably increased when the two switches are actuated simultaneously
      so that holding the button in this position quickly tires the operator,
      which may be reflected by untimely release of the push-button. Finally, in
      view of the relative positions of the buttons and the switches, no
      increase of travel can be contemplated.
PAR  Also known are systems of locking two parts wherein the axes of movement of
      the two parts are convergent so that the movement of one of these parts
      towards the point of intersection of the axes prevents the movement of the
      other towards the same point. These systems are not, however, associated
      with switches with a view to effecting the desired switching.
PAR  The invention is therefore intended to provide a control device capable of
      effecting the desired switching, but in which the travel of the
      push-buttons can be increased without this increase being reflected by a
      variation in the same direction of the pressure to be applied, this by
      means of a suitable arrangement of the units making it possible at the
      same time to effect very safe mechanical locking and to impart a long
      travel to the operating units by the use of very flexible return spring
      parts.
PAR  In accordance with the invention, this result is achieved by the fact that
      on either side of the plane passing through the axes of movement of the
      push-buttons, arranged in the same housing containing the locking system
      and the return units, there are arranged on one side the two switches each
      associated with one of the push-buttons and on the other side the third
      switch, these three switches each being actuated by an actuating part
      whose movement is practically perpendicular to the said plane.
PAR  In an advantageous embodiment of the invention which provides a substantial
      saving of component parts and considerably reduces the operating pressure,
      the housing comprises two rectilinear guides whose directions converge,
      along which two slides, each associated with one of the push-buttons, can
      move alternately, each slide having on two opposite faces parallel to the
      plane, sloping surfaces designed to cause the movement of the parts
      actuating the switches which press against them.
DRWD
PAR  Other useful characteristics of the invention will emerge more clearly from
      the following description, which is illustrated by examples of embodiments
      showing:
PAR  FIG. 1, a sectional elevation view of the device along the plane XX' in
      FIG. 2,
PAR  FIG. 2, a view from above of the device in which the lid and the
      push-buttons have been removed,
PAR  FIG. 3, a side view in direction F.sub.1 of the slide associated with one
      of the push-buttons,
PAR  FIG. 4, a view from above in direction F.sub.2 of the same slide,
PAR  FIG. 5 is a section of the device of FIG. 1, in which one of the push
      buttons is illustrated in its actuated position,
PAR  FIG. 6 is a perspective view of a slide 8.
DETD
PAR  In FIG. 2, reference 1 indicates a casing 1 of a generally cubic shape in
      which, during moulding, a prismatic housing 2 has been formed, on each
      side of which are arranged three cavities 3, 4 and 5.
PAR  The two cavities 3 and 4 arranged on the same side of the perpendicular
      plane passing through the line XX' which divides the housing 2 into equal
      parts, are each designed to take a quick-break switch indicated by D and M
      respectively. The first of these switches is designed to cause the
      starting of a lifting motor in the load-lowering direction, while the
      second is to cause the reverse movement, either by starting a different
      motor or by reversing the direction of rotation of the same motor. It is
      therefore necessary for it to be impossible for these two switches to be
      actuated simultaneously.
PAR  In cavity 5 there is a third switch, indicated by GV, which is to cause the
      switching in of a circuit which will be common to both motors, or will be
      the only circuit, designed to cause an increase in the speed of the
      lifting motor when it is actuated.
PAR  This switch GV will therefore be used when one of the two switches D or M
      has already been actuated.
PAR  It will be seen in FIG. 2 that each of the three switches D, M, GV is
      fitted with an actuating part 16, 15 and 14 respectively; these actuating
      parts go through the walls separating the cavities 3, 4 and 5 from the
      housing 2 and come to protrude slightly inside the latter.
PAR  FIG. 1 shows at 2 (note FIG. 2) the same housing and the rest of the device
      seen in section along the line XX'.
PAR  Two push-buttons 6 and 7 are provided to cause the switching necessary to
      control the lifting equipment.
PAR  Each of the push-buttons 6 and 7 is integral with a slide 8 and 9
      respectively which can slide in the housing 2 by virtue of a guide system
      consisting, e.g., of grooves 20, 20' and 19, 19' respectively, integral
      with the slides, cooperating with ribs 22, 22' and 21, 21' respectively,
      arranged inside the housing 2, see also FIG. 4.
PAR  Each of these slides is subjected to the action of a return spring 18 and
      17 respectively which bears upon nipples 50, 51 of the bottom of the
      casing 1 and extends to move the slide upwards when in its "at rest"
      position.
PAR  The limits to the possible movement of the two slides are fixed by the
      guide systems, whose directions converge. The result is that when the
      respective portions 52, 53 of one of the slides 8, 9 is moved towards the
      point of convergence of the guides it will not be possible to move the
      other towards the same position and consequently simultaneous actuation of
      the push-buttons will be prevented by this mechanical locking. FIG. 6
      shows how the depressed portion of the slide 8 prevents a movement of the
      other slide 9, and conversely.
PAR  Besides the guide units which have just been described, each slide 8, 9
      comprises on two opposite faces, parallel to the plane passing through the
      housing, sloping cam surfaces 10, 12 and 11, 13 respectively, designed to
      cause the movement of the parts 14, 15, 16 actuating the switches, see
      also FIG. 3.
PAR  Thus actuating part 16 will be engaged by sloping surface 12 opposite which
      it will be placed in a first fraction of the travel of the push-button and
      actuating part 14 will, in an additional fraction of the travel of the
      slide, be pushed in by sloping surface 10.
PAR  The direction of movement of actuating parts 16 and 14 will be close to
      perpendicular to the middle plane passing through XX'.
PAR  As the switches are quick-break switches only needing a slight movement in
      order to switch, the pressures to apply to the button will not be high and
      will be limited to the moment when the sloping surfaces are actually in
      action.
PAR  In view of the fact that no mechanical locking or electric switching part
      is positioned in the extension of the travel of the slides, it has been
      possible to make the return springs long ones, which gives them high
      flexibility and allows the slides to have a long travel. No fatigue other
      than that caused by the compression of a very flexible spring will
      therefore be experienced by the operator.
PAR  The working of slide 9 associated with push-button 7 is similar to the one
      which has just been described.
PAR  As each of the push-buttons must be able to actuate, during the second
      fraction of its travel, the same switch GV, the part 14 actuating the
      latter will be placed in an area close to the plane YY' bisecting the two
      directions defined by the guide systems and at a height determined by its
      width and the width of the sloping surfaces 10 and 11 so as to be able to
      be engaged by one only of these sloping surfaces.
PAR  When all the moving parts are arranged in the housing 2, a lid 23 is placed
      over the top of the casing 1 to serve as a stop for the slides. This lid
      23 is provided with two openings designed to allow the operating units 6
      and 7 of the push-buttons to protrude outside.
PAR  FIG. 1 shows that the axes of these operating units 6 and 7 are not
      parallel to the directions of movement of the slides, but are parallel to
      the bisecting plane YY' and contained in the middle plane XX'.
PAR  This arrangement makes it possible to fix the device as a whole on to a
      plate 24 forming part e.g. of a pendant push-button box currently used in
      lifting systems as it has thus made it possible to present obliquely
      actuated push-buttons in the form of push-buttons actuated perpendicularly
      to the surface of the plate 24.
PAR  A cup made of a flexible and elastic material 25 the inside part of which
      is fitted over the operating unit such as 7 and the periphery of which is
      fixed to the plate, provides a seal without allowing any wear to be caused
      by the lateral component of the movement to which said unit is subjected.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Electrical switch apparatus comprising:
PA1  i. a casing
PA1  ii. a pair of first switch means and a second switch means disposed in said
      casing, each of said switch means including:
PA2  a. electrical contacts
PA2  b. an actuating part for actuating said contacts
PA2  c. means resiliently loading said actuating part into a rest position
PA1  iii. first and second slides
PA1  iv. interengaging guide means respectively on said first and second slides,
      said guide means being positioned such that said first and second slides
      have convergent paths, said first and second slides being arranged such
      that when one said slide has commenced to move from a rest position
      towards an actuated position it moves into the path of the other slide and
      prevents movement of said other slide away from rest position
PA1  v. means resiliently urging said first and second slides towards rest
      position
PA1  vi. first and second cam means on each said slide, said cam means being
      spaced in the direction of movement of the slide, the actuating parts of
      the first switch means being disposed in the path of travel of the first
      cam means and the actuating part of the second switch means being disposed
      in the path of travel of the second cam means, whereby during movement of
      said slide from rest position to actuated position the first said cam
      means engages with and moves said actuating part of a respective first
      switch means and thereafter the second said cam means engages with and
      moves said actuating part of said second switch means.
NUM  2.
PAR  2. Electrical switch apparatus, as claimed in claim 1, wherein said
      interengaging guide means are rectilinear ribs on said casing engaging in
      rectilinear grooves in said slides.
NUM  3.
PAR  3. Electrical switch means, as claimed in claim 1, wherein said actuating
      part of said second switch means has a central longitudinal axis parallel
      to which it is moved by the second cam means, said axis lying in a plane
      bisecting the angle defined by the convergent paths of the slides.
NUM  4.
PAR  4. Electrical switch means, as claimed in claim 1, further comprising:
PA1  vii. a respective push button integrally mounted on each slide, said push
      button having a longitudinal axis, said axes of said push buttons being
      parallel to each other and to a plane bisecting the angle defined by the
      convergent paths of said slide members.
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PAL  A control for navigation receivers, radio compasses, radio, and aircraft
      telephony, transponders, and the like, comprising at least one control
      plate means arranged in series and spaced apart from each other behind a
      front plate, and sprocket wheel means having associated stop wheels for
      controlling frequencies and other suitable operational functions,
      respectively, connected with each other by coupling members and rotary
      knobs. Yieldable control contacts are mounted on the sprocket wheels which
      cooperate with rest controls mounted on a printed circuit and are
      operatively connected with the control plate means.
BSUM
PAR  The present invention relates to a control for navigation receivers, radio
      compasses, radio-, and aircraft telephony, transponders and the like.
PAR  Such controls generally consist of one or a plurality of control plates or
      control plate bars which are arranged in series and at a distance spaced
      apart from each other behind a front plate. Between these control plates,
      there are provided sprocket wheels with associated stop wheels for
      controlling frequency or other suitable operational functions, which are
      connected with each other by coupling means and rotatable knobs.
PAR  In the known embodiments, the sprocket wheels and the stop wheels are
      coupled with, so called, single or multiple plate rotary switches, whereby
      a rotatable sliding contact is mounted within a surrounding rest contact
      unit.
PAR  Such an arrangement, however, requires a lot of space at the rear of the
      control elements, and accordingly, such an arrangement is rather
      disadvantageous, since the space available in planes and vehicles is
      rather small.
PAR  It is therefore an object of the present invention to reduce the size of
      the aforementioned controls which extend into the rear of the device, so
      that these controls can be more easily installed in the available space.
      Furthermore, the control in accordance with the present invention is also
      provided with a more simplified control arrangement, and it is another
      object of the present invention to provide this simplified arrangement.
PAR  The object of the present invention is achieved by providing a control for
      navigation receivers, radio compasses, radio-, and aircraft telephony
      devices, and the like, comprising substantially one or a plurality of
      control plates or control plate bars which are mounted in series and are
      spaced from each other. Between these control plates sprocket wheels are
      provided with associated stop or ratchet wheels for controlling frequency
      or other suitable functional operations and are connected with each other
      by coupling means, such as rotary knobs, and yieldable control contacts
      are mounted on the sprocket wheels which cooperate with rest controls
      mounted on a printed circuit, which are suitably connected with the
      control plates and/or control plate bars.
PAR  In accordance with a particular embodiment of the present invention, one or
      a plurality of sliding insulated contacts may be connected with each other
      on the face of the sprocket wheel, as desired. However, the yieldable
      sliding contacts may be mounted on additional coupling bushings which are
      connected with the sprocket wheels by a shaft, so that they cooperate with
      the rest contacts of intermediary contact plates and/or control plate
      bars. The yieldable contacts may be mounted on insulated bushings which
      are mounted in the face of the sprocket wheels or coupling bushings.
PAR  Due to the novel control, the commonly used rotary knobs are eliminated,
      because the yieldable contacts which are connected with the sprocket
      wheels cooperate directly with the rest contacts which are mounted on the
      printed circuit. This arrangement also simplifies the manufacturing of the
      control, because the rest contacts may be directly connected with the
      remainder of the conductor paths and control elements of the printed
      circuit which are mounted between the individual sprocket wheels.
PAR  Finally, the space extending rearwardly of the front plate is substantially
      reduced, so that devices may be constructed with the novel control which
      do not require much space in the rear of the device, so that the devices
      can be easily installed in air planes and vehicles.
DRWD
PAR  Other objects and features of the present invention will become apparent
      from reference to the drawings, which disclose a preferred embodiment of
      the novel control, in accordance with the present invention, of which
PAR  FIG. 1 is a front view of a control for navigation receiver in accordance
      with the present invention;
PAR  FIG. 2 is a plan view of the control according to FIG. 1; and
PAR  FIG. 3 is a sectional view along lines A-B of FIG. 2 with a plan view of
      the yieldable contacts and the rest controls.
DETD
PAR  With reference to the drawings, the novel control in accordance with the
      present invention substantially comprises a front plate 1 having a printed
      panel. A control plate 6 is mounted opposite to the front plate by means
      of distance bolts 2, 3 and 4, 5. There is provided between the front plate
      1 and control plate 6, a plate bar 7 with a printed circuit on plate 6, as
      well as a further printed contact plate 8. Suitable operational functions
      may be switched with control knob 9, while control knob 11 adjusts the
      sound level. With knobs 10, 12 and 13 the frequencies of the receiving
      channels can be adjusted, and simultaneously the frequency indication is
      carried out by rotary discs which are provided with printed digits. Digits
      A, B and C are actuated with knob 10, digit D with knob 13 and digit E
      with knob 12.
PAR  The individual control knobs are connected with couplings 31 mounted on
      first shaft means 31a to sprocket wheels 14, 15, 16 and 17 which are
      mounted on corresponding axles. The sprocket wheels are provided with rest
      or ratchet wheels 18, 19 and 20 which are connected with the axles. The
      rest or ratchet wheels permit the sprocket wheels to always engage in a
      desired position, for example, a position which corresponds to the
      frequency adjustment.
PAR  Sprocket wheel 14 is connected by shaft 21 (constituting a second shaft
      means parallel to the first shaft means 31a) with two contact discs 22 and
      23 which are mounted between control plate 6. Sprocket wheel 17 is
      connected with a contact disc which is also mounted behind control plate
      6. Insulating bushings 25 are mounted in sprocket wheels 14, 15, 16 and 17
      and in contact discs 22, 23 and 24. Yieldable contacts 26 are inserted in
      these bushings, whereby the front contact faces of the contacts slidably
      engage the rest contacts 27 of contact plates 6 and 8, and corresponding
      to the position of the individual sprocket wheels and contact discs in
      dependency of the individual positions of the rest or ratchet wheels 18,
      19 and 20, accomplish the desired connection, for example, adjustment of
      the frequency or any other suitable operational function. The sprocket
      wheels 14, 15, 16 and 17 are of gear shape similar to that of sprocket
      sheel 17 as shown in FIG. 2.
PAR  It is to be understood that a plurality of sliding contacts may be provided
      on one sprocket wheel or one coupling bushing or contact disc which are
      then connected with each other as desired.
PAR  The illustrated embodiment is not limited to a control for navigation
      receivers but may also be used, in an analog changing manner, for a radio
      compass, a transponder, a radio-, and aircraft telephony and the like,
      whereby in accordance with the different control conditions, different
      control plates and/or control plate bars may be used. The number of
      control plates and plate bars and the number of the sprocket wheels with
      contacts can be arbitrarily used.
PAR  While only a single embodiment of the present invention has been shown and
      described, it will be obvious to those of ordinary skill in the art that
      many changes and modifications may be made thereunto without departing
      from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The control for navigation receivers, radio compasses, radio, and
      aircraft telephony, transponders, and the like comprising:
PA1  a front plate;
PA1  a plurality of control plates each having a printed circuit thereon and
      spaced apart and freely mounted to said front plate;
PA1  rest contacts mounted on said printed circuit;
PA1  rotary knobs mounted and disposed on a first shaft means in said front
      plate;
PA1  coupling means operatively connected to said rotary knobs;
PA1  sprocket wheels having associated ratchet wheels operatively connected with
      each other by said coupling means;
PA1  a plurality yieldable control contact means operatively mounted on said
      sprocket wheels and a second shaft means parallel to said first shaft
      means which cooperate with said rest contacts for operatively controlling
      frequencies and other operational functions;
PA1  said yieldable control contact means comprise contact discs coupled with
      said sprocket wheels by means of said second shaft means; and
PA1  insulating bushings mounted on said contact discs, and said sprocket
      wheels; wherein at least one of said control contact means is operatively
      disposed on said insulating bushings on said sprocket wheels and said
      contact discs, respectively, and said control contact means each have a
      yieldable front contact face which cooperates with said rest contacts such
      that a desired control connection is achieved.
NUM  2.
PAR  2. The control as set forth in claim 1 wherein:
PA1  said contact faces constitute sliding contacts cooperating with the
      corresponding rest contacts.
NUM  3.
PAR  3. The control as set forth in claim 2 wherein:
PA1  said coupling means via said rotary knobs controls said sprocket wheels
      with said yieldable control contact means.
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ABST
PAL  A locking mechanism of the cylinder type for a business machine wherein
      four different keys can be accommodated in a single lock to perform
      various functions or modes of operation. The mechanism includes ring
      members and locking pins operably associated with the cylinder and with
      the lock body either to permit or to restrict rotational movement thereof
      with respect to the ring members. Rotation of a key in the cylinder to a
      predetermined limit sets up a switching arrangement to provide a signal
      for each mode of operation desired to be accomplished.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In lock and locking mechanisms, there has been the use of one or of two
      keys relating to the lock to program or set the mechanism to one of two
      positions for a change in operating mode. For example, a lock may be
      constructed to receive a key for unlocking a device or machine so that
      operation thereof is permissible and the same lock may be constructed to
      receive a second key for a different operation which may be in the form of
      a checking nature or to reset the device or machine. Normally, the
      structure for changing or for interrupting a key operation requires
      complicated and complex mechanism and there is a susceptibility of
      interference between the operating mode and the check or reset mode which
      may cause errors in the operation. Additionally, it is desirable that
      setting of a lock mechanism be an initiation point for a further switching
      operation and this feature has been omitted in prior machines of the type
      described.
PAR  Such devices or machines may be designed to provide a plurality of
      functions with a single unit. For example, a cash register is operable to
      perform several functions as registration, correction of error
      registration, registration of article returned, checking, settling
      account, settling total account and the like. While the machine operator
      may be required to perform only one or two of these functions, the machine
      should be controlled so that it can be operated by other personnel for one
      or more preselected functions. When a cash register is used in a
      department store, the register need be controlled in a manner that it can
      be operated by sales persons for registration; by floor supervisors for
      registration, correction of registration, and registration of article
      returned; by accounting personnel for checking and various like functions;
      and by a manager for any or all of these operations.
PAR  In this respect, a conventional cash register may be provided with a
      function selector switch connected to a plurality of locks and each
      operator is permitted to use only one or more keys for his purposes. The
      use of only one or two keys is a disadvantage as it necessitates the
      provision of two or four separate locks for a single machine, or in the
      above-mentioned situation, four different operators of the machine utilize
      four different types of keys. The provision of more than two separate
      locks for a single machine would complicate the construction thereof and
      would not be preferred. Another disadvantage of a conventional lock is
      that it provides no mechanism for reliably preventing the key from being
      rotated inadvertently and wherein erroneous operations would occur.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to locking mechanisms and more particularly
      to a lock of the cylinder type for receiving a plurality of keys to
      perform various functions or modes of operation. The use of the locking
      mechanism is applicable to business machines such as cash registers,
      accounting machines, calculating machines and the like, however the
      structure and function can be expanded to other devices which may require
      a lock designed to receive a plurality of keys and utilizing a changeover
      type switching arrangement for overall control in addition to the
      selection of a variety of different modes of operation.
PAR  In the particular construction, four kinds of keys have different profiles
      of angular slots to provide the movements necessary to change to each mode
      of operation. The lock and associated changeover type switching
      arrangement enables the following functions to be performed:
PA1  1. Starting or stopping an operation of various types of business machines.
PA1  2. Common use in on-and-off operation of a switching cycle at the same time
      that a change in operating mode is required.
PA1  3. The assuring of one or more changes in mode of operation.
PA1  4. The restriction of operation, at the time a change in mode of operation
      is required, by the use of different kinds of keys to sort out a desired
      mode function.
PA1  5. By utilizing electromagnets, the lock construction may be compact in
      size, but assure normal operation and non-interference of parts or
      operation.
PA1  6. The different kinds of keys have different angular slots and provide a
      larger number of combination of modes.
PA1  7. The different keys provide for a selection for each change in modes.
PAR  The four kinds of keys are applied to a single lock as a register key, a
      read key, a reset key, or a program key. The lock mechanism comprises a
      lock main body, a cylinder received in the lock body and having a key hole
      defined therethrough, at least two rings each being rotatably arranged
      between the main body and the cylinder, a plurality of locking pins so
      arranged as to cause the rings to engage either with the main body or with
      the cylinder as determined by the key utilized, means for limiting the
      angular range of each ring rotatable relative to the main lock body or
      with the cylinder, and switch means connected to said cylinder for
      signaling the mode selected. A rotary disk is connected to the cylinder
      and includes a plurality of notches formed in the circumference thereof
      and a stopper plate is movably arranged for engaging one of the notches to
      thereby stop the rotary disk, there being electromagnets fro driving the
      stopper plate in engaging and disengaging manner with the disk.
PAR  In view of the above discussion, the principal object of the present
      invention is to provide an improved lock mechanism capable of selecting
      various modes of operation.
PAR  Another object of the present invention is to provide a lock which permits
      the use of four or more different types of keys for the various modes of
      operation.
PAR  An additional object of the present invention is to provide in a business
      machine a plurality of operations and means for selecting one or more of
      such operations by a lock mechanism capable of receiving and responding to
      a plurality of keys controlled by different operators.
PAR  A further object of the present invention is to provide a lock equipped
      with a mechanism for permitting the selection of one function while
      prohibiting the selection of other functions.
DRWD
PAR  Additional advantages and features of the present invention will become
      apparent and fully understood from a reading of the following description
      taken together with the annexed drawing, in which:
PAR  FIG. 1 is a front elevational view of the lock mechanism of the present
      invention;
PAR  FIG. 2 is a side elevational view of the lock mechanism shown in FIG. 1, as
      viewed along the plane 2--2;
PAR  FIG. 3 is an enlarged sectional view of the body portion of the lock
      mechanism;
PAR  FIG. 4 is a view of a key in one position for a mode of operation;
PAR  FIG. 5 is a view of another key in position for a different mode of
      operation;
PAR  FIG. 6 is a view of a third key in position for a third mode of operation;
PAR  FIG. 7 is a view of a fourth key in position for a fourth mode of
      operation;
PAR  FIG. 8 is a sectional view taken on the plane 8--8 of FIG. 7;
PAR  FIG. 9 is a sectional veiw taken on the plane 9--9 of FIG. 3;
PAR  FIG. 10 is a sectional view taken on the plane 10--10 of FIG. 3;
PAR  FIG. 11 is a sectional view taken on the plane 11--11 of FIG. 3;
PAR  FIG. 12 is a sectional view taken on the plane 12--12 of FIG. 3;
PAR  FIG. 13 is an elevational view taken on the plane 13--13 of FIG. 2;
PAR  FIG. 14 is a detailed view of a control member in one position;
PAR  FIG. 15 is a detailed view of the control member in another position;
PAR  FIG. 16 is a chart of the key-mode relationship; and
PAR  FIG. 17 is a diagram showing the angular positions of the various modes.
DETD
PAR  As illustrated in FIGS. 1 and 2, the lock mechanism of the present
      invention includes a main body portion 10 which rotatably receives a
      cylinder 12 therein, the cylinder having a slot 14 for inserting a key 16.
      Within the main body portion 10, two rings 18 and 20 are rotatably
      arranged around the outer circumference of the cylinder 12, as seen in
      FIG. 3, the rings being of a band type and extending axially along a
      cutout 22 in the cylinder and adjacent each other for purposes to be
      described. The body portion 10 includes in the bottom or lower section
      thereof a plurality of apertures such as passageways 24, 26, 28, 30, and
      32 which extend through the enlargement of portion 10, the rings 18 and
      20, and through the cylinder 12 to receive a plurality of locking pins,
      some of which are of the same length and others of different lengths, all
      of the pins in each aperture or passageway being biased in an upward
      direction by appropriate sizes and lengths of springs 34, 36, 38, 40 and
      42. The several springs are retained in the respective passageways by
      appropriate cover means 43. The locking pins assume six different lengths
      as shown, there being three of the shortest pins 44, three pins 46, one
      pin 48, four of the pins 50, three pins 52, and four of the longest pins
      54. Suffice it to say that this combination of pin lengths could readily
      be varied to accommodate the desired lengths for the different keys. For
      purposes of this application the locking pins will be separated into the
      five groups as shown in FIG. 3, the right pin group 60, group 62, the
      middle group 64, group 66, and the left pin group 68. Depending upon the
      configuration of the key selected to be used in the lock mechanism, the
      locking pins non-rotatably engage the cylinder 12 with the rings 18 and 20
      or rotatably disengage the cylinder 12 from the rings, and non-rotatably
      engage the rings 18 and 20 with the body portion 10 or rotatably disengage
      the rings from the body portion 10. This engagement and disengagement
      action will be further shown and described.
PAR  In accordance with the present invention and with a lock mechanism having
      the above-described general configuration, four different types of keys
      can be used as seen from the variations in the keys shown in FIGS. 4-7.
      The four keys have different contours or profiles which operate with the
      spring loaded pins in determining or selecting the operation of the
      cylinder 12 in relation to the rings 18 and 20. When the key 16A is
      inserted into the key slot 14, FIG. 1, the separating surfaces of the
      locking pins of groups 64, 66, and 68 are in alignment with the sliding
      surface 61 between the cylinder 12 and the ring 20, and the separating
      surfaces of the locking pin groups 60 and 62 are in alignment with the
      sliding surface 63 between the ring 18 and the body portion 10, so that
      the cylinder 12 and the ring 18 rotate together as a unit, whereas the
      ring 20 is held stationary in the position locked by the body portion 10.
      In other words, the inner circumferential surface of the ring 20 and the
      outer circumferential surface of the ring 18 serve as sliding surfaces in
      the relationship of the several parts.
PAR  When the key 16B is inserted into the slot 14, the separating surfaces of
      all the locking pin groups 60, 62, 64, 66 and 68 are in alignment with the
      outer circumferential surface of the cylinder 12, so that the rings 18 and
      20 engage the body portion 10, and only the cylinder 12 is rotatable to
      the effect that the outer circumferential surface of the cylinder 12
      serves as the sliding surface 61 in relation to rings 18 and 20.
PAR  Upon insertion of the key 16C, the ring 20 engages the cylinder 12, while
      the ring 18 engages the body portion 10. Under these conditions, the outer
      circumferential surface of the ring 20 and the inner circumferential
      surface of the ring 18 serve as the sliding surfaces 63 and 61,
      respectively.
PAR  When the fourth key 16D is inserted, the separting surfaces of the locking
      pin groups 60, 62, 66, and 68 are in alignment with the outer
      circumferential surfaces of the rings 18 and 20. In this position, the
      lower pin of pin group 64 extends through both the ring 20 and the body
      portion 10. Since the ring 20 includes a slot 70, FIG. 8, serving as a
      passageway for the spring 38 loaded locking pin 54 of pin group 64 (see
      also FIG. 3), the ring 20 can be rotated relative to the body portion 10
      by the arcuate length of the slot 70 and indicated by the angle .theta.4,
      FIG. 8. Therefore, the rings 18 and 20 are rotatable together with the
      cylinder 12, and the outer circumferential surfaces of the rings 18 and 20
      serve as the sliding surface 63, the inner surface of ring 20 being along
      the sliding surface 61.
PAR  It should now be noted that, by inserting the four different types of keys
      16A, 16B, 16C and 16D into the slot 14, four different kinds of sliding
      surfaces are established between the cylinder 12 and the body portion 10.
      In the event a key other than those mentioned above is used, the
      respective locking pins will lock the cylinder 12, the rings 18 and 20,
      and the body portion 10 together to thereby prevent the cylinder 12 from
      being rotated.
PAR  The lock mechanism according to the present invention includes means for
      limiting the rotation of the cylinder 12 relative to the ring 18 and also
      includes means for limiting the rotation of rings 18 and 20 relative to
      the body portion 10. As seen from FIGS. 3 and 9, a stop pin 72 is fixed to
      the ring 18 with a head portion of the stop pin 72 projecting inside the
      ring 18 to ride in a groove 74 defined in the circumferential surface of
      the cylinder 12, FIG. 9. The position and length of the groove 74 are
      selected to permit rotation of the cylinder 12 in a counter-clockwise
      direction through a specified angle .theta.2 as shown.
PAR  The main body portion 10 carries a stop pin 76, FIGS. 3 and 10, projecting
      into a groove 78 defined in the circumferential surface of ring 18, and
      another stop pin 80, FIGS. 3 and 11, projects into a groove 82 provided in
      the circumferential surface of ring 20. The groove 78 is cut so that the
      ring 18 can be rotated clockwise through an angle .theta.1 as well as
      counter clockwise through an equal angle, while the groove 82 is cut to
      permit the ring 20 to be rotated clockwise through an angle .theta.3 as
      well as counter clockwise through an equal angle. The lock pin 54 and
      groove 70, FIG. 8, also serve as means for limiting the rotation of ring
      20 relative to the main lock portion 10, wherein length of groove 70 is
      selected to permit the ring 20 to be rotated clockwise through the angle
      .theta.4, as shown. The above-mentioned angles are selected to satisfy the
      following relationship: that the angle .theta.1 for pin 76, FIG. 10, is
      equal to or greater than the angle .theta.2 for pin 72, FIG. 9, which is
      equal to or greater than the angle .theta.3 for pin 80, FIG. 11, which is
      equal to or greater than the angle .theta.4 for pin 54, FIG. 8. In regard
      to the cylinder 12 and the ring 20, no pin and groove arrangement is
      provided therebetween so the cylinder 12 and the ring 20 are free to
      rotate relative to each other.
PAR  The following table illustrates the relationship of rotation of the four
      keys 16A, 16B, 16C, and 16D in the main body portion 10.
TBL  Type  Rotating    Stationary                                              
                                 Rotation Rotational                           
     of    Member      Member    angle of Angle of                             
     Key                         rotating Cylinder                             
                                 member rela-                                  
                                 tive to                                       
                                 stationary                                    
                                 member                                        
     ______________________________________                                    
     16A   Cyl. 12     Ring 20   Freely   Clockwise                            
                                 rotatable                                     
                                          through .THETA.1                     
                                          and                                  
                                          counter                              
                                          clockwise                            
                                          through .THETA.1                     
           Ring 18     Body 10   Clockwise                                     
                                 through .THETA.1                              
                                 and counter                                   
                                 clockwise                                     
                                 through .THETA.1                              
     ______________________________________                                    
     16B   Cyl. 12     Ring 18   Counter  Counter                              
                                 clockwise                                     
                                          clockwise                            
                                 through .THETA.2                              
                                          through .THETA.2                     
                       Ring 20   Freely                                        
                                 rotatable                                     
     ______________________________________                                    
     16C   Cyl. 12     Ring 18   Counter  Counter                              
                                 clockwise                                     
                                          clockwise                            
                                 through .THETA.2                              
                                          through .THETA.3                     
           Ring 20     Body 10   Clockwise                                     
                                 through .THETA.3                              
                                 and counter                                   
                                 clockwise                                     
                                 through .THETA.3                              
     ______________________________________                                    
     16D   Ring 18     Body 10   Clockwise                                     
                                          Clockwise                            
                                 through .THETA.1                              
                                          through .THETA.4                     
                                 and counter                                   
                                 clockwise                                     
                                 through .THETA.1                              
           Ring 20     Body 10   Clockwise                                     
                                 through .THETA.4                              
     ______________________________________                                    
PAL  It is noted that when key 16D is used, the rotational angle of ring 20
      relative to the body portion 10 is limited by the lock pin 54, FIG. 8. The
      rotational direction (clockwise and/or counter clockwise) is taken as
      viewed in FIGS. 8-11.
PAR  Referring back to FIG. 3, a connecting ring 84 is fixed to the rear portion
      of the cylinder 12 by means of a pin 86, the ring 84 having a plurality of
      projections 88 formed thereon to engage with grooves 90, FIG. 1, in the
      outer circumferential portion of a rotary disk 92 for transmitting motion
      thereto. The disk 92 is fixed on a shaft 94, FIG. 2 which shaft is
      rotatably supported in a bearing 96 attached to a frame 98, so that
      rotation of key 16 is transmitted to the shaft 94 by way of the cylinder
      12. On the rear end of the shaft 94 is mounted a rotary selector switch
      plate 100 to be rotatable with the shaft, and opposite the plate 100 is a
      plate 102 which is fixed to the frame 98 and carries a plurality of
      contact members 104 arranged in a circular configuration. When the key 16
      is rotated, the selector switch plate 100 is likewise rotated to establish
      an electrical contact with any one of the contact members 104 for pulsing
      and developing an electrical signal. The contact members 104 are
      electrically connected in a manner to provide the various functions of the
      cash register or like machine. One contact member, for example, may be
      connected for permitting the registration operation of the register,
      another contact member may be connected for the article returning
      operation, and a further contact member may be connected for setting the
      total account. The position and number of the contact members 104 may be
      suitably selected and dependent upon various factors such as the number of
      functions of the register having the lock mechanism of the present
      invention, the type of keys used, the rotational angle of the keys, and
      like factors.
PAR  To insure that a positive contact of the selector switch plate 100 with any
      one of the contact members 104 is made, and to hold the selector switch
      plate in a contact position, that is, to stop the rotation of key 16 at
      precisely predetermined positions, a locating disk 106, FIGS. 2 and 13, is
      attached to the frame 98, and a leaf spring 108 and a plate 110 for
      holding steel balls 112 are mounted on the shaft 94. The leaf spring 108
      acts to urge the steel ball 112 against the locating disk 106. A plurality
      of formed projections 114 are spaced on the circumferential portion of the
      locating disk 106 to permit the steel ball 112 to drop and be retained in
      the space defined between any two adjacent projections 114 at precise
      positions when the rotation of shaft 94 and of selector switch plate 100
      is to be stopped. Thus the angular position of key 16 is determined by the
      steel ball 112 when it drops into the space between the projections 114
      formed on the locating disk 106. This angular position is maintained until
      a force is applied to the steel ball 112 by turning the key 16, and the
      steel ball 112 is pushed outwardly against the resilient force of leaf
      spring 108.
PAR  The outer circumferential portion of ball holding plate 110 is provided
      with a cam portion 116, FIG. 13, to operate with a microswitch 118 to
      develop another electrical signal for a desired purpose. As seen in FIGS.
      3 and 12, a lever 120 is slidably arranged around the outer circumference
      of cylinder 12 in a position adjacent the connecting ring 84, and the
      lever 120 is provided with a pin 122 fixed thereon and which projects into
      a groove 124 formed in the ring 20 so that the lever 120 can be moved when
      the ring 20 is rotated until the end portions of the groove 124 engage the
      pin 122. Adjacent the lever 120 is located a microswitch 126 which detects
      the movement of ring 20 and develops an electrical signal. The providing
      of a plurality of microswitches such as 118 and 126 enables the mechanism
      to develop an increased number of electric signals.
PAR  Referring again to FIG. 1, there is illustrated mechanism for preventing
      the key from being rotated. A plurality of notches 128 are formed in the
      outer circumferential portion of the rotary disk 92 which disk is
      rotatable with the cylinder 12. A stopper plate 130 is provided with a
      pair of slots 132 and is longitudinally and slidably supported by pins 134
      which are fixed or secured to the frame (not shown) and extend through the
      slots, with retainer rings 136 on the pins to prevent disengagement of the
      plate 130 from the pins 134. The stopper plate 130 has a projection 138
      formed on the right-hand end thereof which engages into one of the notches
      128 of disk 192. An armature 140, which is swingable upon energization of
      an electromagnet 142, has one end thereof loosely engaged in a notch 144
      in the stopper plate 130, the other end of the armature 140 being urged in
      one direction by means of a spring 146 which has sufficient force to move
      the plate 130. When the electromagnet 142 is momentarily energized, the
      armature 140 is attracted thereby and the projection 138 engages with one
      of the notches 128. The stopper plate 130 is also provided with a
      projection 148 on the underside thereof which engages the one end of an
      armature 150 which is urged by a spring 152 so that the one end of
      armature 150 is in normal engagement with the projection 148, and after
      terminating the energization of electromagnet 142, the stopper plate 130
      is retained in the position as shown in FIG. 1. The armature 150 is caused
      to be disengaged from the projection 148 upon energization of an
      electromagnet 154 and the stopper plate is displaced in a leftward
      direction under the action of the spring 146 so that projection 138 is
      disengaged from the notch 128 in disk 92, thereby permitting the cylinder
      12 to rotate freely. When the electromagnet 142 is momentarily energized,
      the stopper plate 130 is moved in a rightward direction to the position
      shown and thereby prevents the cylinder 12 from being rotated. The
      electromagnets 142 and 154 are actuated by separately arranged switches
      (not shown). It is of course to be noted that the positions of notches 128
      in disk 92 in relation to the stopper plate 130 are selected so that the
      notches correspond to the angular position of the selected keys.
PAR  Illustrated in FIGS. 14 and 15 is the control pin 54 of pin group 64 which
      pin is slidable or movable in the direction along a slot 156 in ring 20,
      as indicated by the arrow 158 in FIG. 15. The pin 54 cooperates with
      either the outside diameter of cylinder 12 and the inside diameter of ring
      20, or with the outside diameter of ring 20 and the inside diameter of
      body portion 10. In the combinations of sliding movements of the control
      pins of the various pin groups 60, 62, 64, 66, and 68, the movement of
      control pin 54 has no relationship with the limitations imposed on the
      type of keys used, but when the outside diameter of rings 18 and 20, and
      the insider diameter of body portion 10 contact each other, the control
      pin 54 moves along the length of slot 156 in ring 20 and prevents further
      rotational motion.
PAR  FIGS. 16 and 17 show, respectively, the key-mode relationship and the
      angular positions allowable by each of the four keys for the mode
      selected. As mentioned above, the four keys are designated for register,
      read, reset and program, and, depending upon the function desired, the key
      is inserted into the lock at the home position and the lock cylinder 12 is
      controlled as shown. When key 1 is inserted at the home position and
      rotated clockwise to the register position, the register mode is set and
      as seen in FIG. 16, no other function is permissible. Rotation of the
      cylinder 12 causes the rotor of the changeover switchboard or plate 100 to
      be rotated by the cam lock 88 at the rear end of the lock and rotation
      plate to signal for register, read, or reset depending upon the position
      of the key 1, 2, or 3. When key 4 or the program key is positioned, the
      rotor goes to calculate position, but the program signal, which is
      different from the calculate signal, is developed by reason of the fact
      that ring 20 is being rotated with the cylinder 12 which switches on the
      microswitch 126 by moving the lever 120 with the pin 122. At the same time
      that a key is rotated to its mode position, the microswitch 118 is
      operated by the camming of the retaining plate 110 and power is switched
      on. For example, at the register mode, when the operator inputs through
      the keyboard, a mode change cannot be made until the total operation is
      completed because it is interlocked by operation of the solenoid 142, the
      lug 138 of control plate 130 engaging in slot 128 of rotation plate or
      disk 92.
PAR  A brief description of a cycle of operation is as follows: A key is
      inserted into the slot 14 of the cylinder 12 and is rotated to a desired
      mode position, the switchboard 100 being rotated by the cylinder 12, the
      cam lock 88, the rotation plate 110 and the shaft 94. Each contact 104 at
      30 degree intervals on the stator of the switchboard 100 develops a signal
      corresponding to a contact point by breaking contact at 9.degree. before
      the contact point rotation of the rotor of the switchboard. Upon further
      rotation of the rotor of the switchboard 100, and at 3.degree. before the
      contact point, the "power on" microswitch is switched on by the cam of the
      retaining plate 106, and at the 30.degree. position, the steel ball is in
      place under urgence of the spring 108 of plate 110. To prevent a
      misoperation by turning the key to another position while the electrical
      signal is being developed and sent out, operation of the key is prevented
      by the control plate 130 advancing to one of the slots 128 of rotation
      plate 92 by an external signal. After there is no need for the external
      signal sent to the solenoid 142, the control plate 130 returns to the
      leftward position and the rotation plate 92 is disconnected from the slot
      90 and operation of the key again becomes possible. The key is then turned
      to the home position and the retaining plate 110 is rotated to cause the
      microswitch 126 to turn power off, the contact points of the switchboard
      being returned to the home position.
PAR  It is thus seen that herein shown and described is an improved lock
      mechanism wherein four different keys can be used with such mechanism and
      the rotatable angular ranges of these keys can be varied from each other.
      When the lock mechanism of the present invention is mounted on or
      connected to a cash register or the like, the features of the invention,
      as mentioned immediately hereinabove, permit the setting of the register
      in the desired operating modes by changing keys, and it is therefore
      possible to obtain various functions from the register by selecting a
      desired key from four different types of keys. The lock mechanism is free
      from troubles due to the provision of means for preventing the key from
      being rotated unintentionally during operation of the machine. The
      mechanism enables the accomplishment of the objects and advantages
      mentioned above, and while only one embodiment of the invention has been
      disclosed herein, certain variations may occur to those skilled in the
      art. For example, although two rings are arranged between the body portion
      and the cylinder, one or more additional rings may be used to increase the
      number of rotary sliding surfaces defined between the body portion and the
      cylinder to thereby permit the use of an increased number of keys. It is
      contemplated that all such variations, not departing from the spirit and
      scope of the invention hereof, are to be construed in accordance with the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lock mechanism comprising a body portion, a cylinder received in said
      body portion and having a key slot defined therethrough, at least
PA1  two rings each being rotatably arranged between said body portion and said
      cylinder,
PA1  a plurality of locking pins positioned to cause said rings to engage with
      said body portion or with said cylinder by reason of a selected key being
      inserted into said key slot and rotated therein,
PA1  means for limiting the angular rotation of each ring in relation to said
      body portion and/or said cylinder, and means connected to said cylinder
      for developing a signal responsive to rotation of said selected key.
NUM  2.
PAR  2. The lock mechanism of claim 1 including means connected with said
      cylinder for enabling selection of only one position of rotation to
      develop said signal.
NUM  3.
PAR  3. The locking mechanism of claim 1 including control means operably
      associated with said rings and with said body portion for limiting
      rotational motion of one of said rings.
NUM  4.
PAR  4. The locking mechanism of claim 1 wherein said body portion of said
      cylinder include juxtaposed surfaces slidable in relation to each other
      for permitting selected functional positions of operation.
NUM  5.
PAR  5. The locking mechanism of claim 1 wherein said limiting means includes
      stop pins secured to said body portion and extending through said rings
      and into said cylinder.
NUM  6.
PAR  6. The locking mechanism of claim 1 wherein said plurality of locking pins
      are spaced to operate with different types of keys inserted into said
      cylinder.
NUM  7.
PAR  7. The locking mechanism of claim 1 wherein said connected means includes a
      disk member secured to said cylinder for developing said signal.
NUM  8.
PAR  8. The locking mechanism of claim 1 wherein said connected means includes a
      disk member secured to said cylinder for rotation therewith and contact
      members urged into selected positions for developing functional signals.
NUM  9.
PAR  9. Mechanism for permitting selected function operations comprising
PA1  a body portion,
PA1  a cylinder rotatable in said body portion and having a key slot therein for
      receiving any one of a plurality of keys,
PA1  means rotatably positioned between said body portion and said cylinder,
      each of said keys being operable to engage said rotatable means with
      either said body portion or with said cylinder,
PA1  means for limiting said rotatable means in relation to said body portion or
      with said cylinder, and
PA1  means connected with said cylinder for developing signal means for the
      selected function.
NUM  10.
PAR  10. The mechanism of claim 9 including means connected with said cylinder
      for enabling selection of only one position of rotation to develop said
      signal means.
NUM  11.
PAR  11. The mechanism of claim 9 including control means operably associated
      with said rotatable means and with said body portion for limiting
      rotational motion of said rotatable means.
NUM  12.
PAR  12. The mechanism of claim 9 wherein said limiting means includes stop
      members secured to said body portion and extending through said rotatable
      means into said cylinder.
NUM  13.
PAR  13. The mechanism of claim 9 wherein said body portion and said cylinder
      include adjacent surfaces slidable in relation to each other and a
      plurality of locking members spaced to permit operation with any one of
      said plurality of keys to select the desired functional operation.
NUM  14.
PAR  14. The mechanism of claim 9 wherein said connected means includes a disk
      member secured to said cylinder for developing said signal means.
NUM  15.
PAR  15. The mechanism of claim 9 wherein said connected means includes a disk
      member secured to said cylinder for rotation therewith and contact members
      urged into selected positions for developing said signal means.
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ABST
PAL  A two part cylindrical insulation body for a male electrical plug is
      provided with a recess at the abutting end face and a two section prong
      has sections carried by respective body portions with flexible switch
      contact within the recess and facing each other. A rotatable sleeve
      mounted on the body in concentric fashion for rotation is provided with an
      integral sector-shaped projection on its inner periphery which may be
      rotated to place an insulative portion between the flexible contact or a
      conductive insert to complete an electrical circuit between the prong
      sections.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to male electrical connector plugs such as
      conventional wall plugs and more particularly to such plugs which
      incorporate a switch mechanism for disconnecting the circuit from the lead
      wires of the plug to one or more of the male prongs carried thereby.
PAR  2. Description of the Prior Art
PAR  The incorporation of a switch mechanism into a male or female electrical
      connector plug is well known to the connector industry. Patents
      representative of such combination are as follows:
     1,728,549    Huppert    Sept. 17, 1929                                    
     1,912,252    Brown      May 30, 1933                                      
     2,233,257    Grohsgal   Feb. 25, 1941                                     
     2,480,787    Stephan    Aug. 30, 1949                                     
PAR  Such structures have been complicated in terms of construction, have been
      expensive to manufacture and have been unreliable in operation.
PAR  Therefore, a primary object of the present invention is to provide an
      electrical connector plug with a simple, easily operated switch mechanism
      for selectively completing an electrical circuit to one or more of the
      prong members of such plug and one wherein the switching from circuit on
      to off condition or vice versa may be easily achieved, and wherein the
      switch mechanism is reliable in operation.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is illustrated in conjunction with a male electrical plug,
      but may be applicable to a female connector plug. The connector plug
      includes an insulative body supporting a plurality of spaced, electrically
      insulated male conductor prongs projecting outwardly of one end of the
      body and having wires connected to respective prongs. The improvement
      resides in providing at least one of the prongs in terms of first and
      second axially spaced, aligned sections within the insulative body and the
      provision of an insertable plate of insulative material positioned within
      the body and selectively movable between two positions, one of which is
      such that the plate insures completion of the electrical circuit between
      the prong sections and the other in which a portion of the insulative
      material of the plate is interposed between the prong sections.
PAR  Preferably, the body comprises a two part cylindrical assembly and includes
      a sleeve concentrically positioned on the body and rotatable about a
      common axis and the plate of insulative material comprises an integral
      portion of the sleeve which extends radially inwardly of the inner
      periphery of the sleeve, within a radial slot within the insulative body
      such that the plate is interposed between the prong sections. The body may
      compose abutting cylinders of insulative material with a recess provided
      in the abutting end of at least one of the cylinders, and wherein the
      prong sections extend through the body in alignment with the recess,
      respective prong sections terminate within the recess in flexible contacts
      which oppose each other and wherein the plate is interposed between the
      flexible contacts to maintain their separation. The plate may incorporate
      a conductive portion, which when interposed between the contacts, complete
      the circuit therebetween. Alternatively, the plate may be provided with an
      aperture such that when the aperture is rotated to a position aligned with
      the contacts, the flexible contacts flex into contact with each other
      through the aperture.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the improved male connector plug
      incorporating the improved switch mechanism of the present invention.
PAR  FIG. 2 is a longitudinal sectional view of the embodiment of the invention
      of FIG. 1.
PAR  FIG. 3 is a transverse sectional view of the connector plug of FIG. 2, with
      the switch in circuit completed position corresponding to FIG. 2.
PAR  FIG. 4 is a sectional view of the plug of FIG. 2 similar to that of FIG. 3,
      but with the switch in circuit interrupted position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference to FIG. 1 illustrates a preferred embodiment of the present
      invention and discloses an electrical connector plug 10 which in this case
      constitutes a male plug, that is, it is provided with male terminals or
      prongs. The plug consists essentially of a pair of cylindrical, body
      portions 12 and 14 which are in abutment, and support in concentric
      fashion about their joint peripheries, a rotatable sleeve 16 also formed
      of insulative material. The electrical cord 18 carries a plurality of
      wires for connection to the terminals or prongs of the plug connector, the
      cord 18 being mechanically coupled to cylindrical body portion 14 by way
      of an insulative cap 20 formed of rubber or the like. From the opposite
      end of the insulative two part body, there projects the hot line prong
      indicated generally at 22, the return prong 24, and the ground prong as at
      26, the connector being of the polarized type. The prong 24 extends
      completely through both body sections 12 and 14 and is appropriately
      connected to one of the lead wires as at 32 by a screw in the conventional
      manner. Likewise, the ground connection prong 26 extends through both body
      sections 12 and 14 and is electrically connected to lead wire 34. The
      third wire 36 is connected to the hot line plug 22, which in this case
      comprises two sections, a section 38 within body section 14 of the plug
      and a section 40 within body section 16 of the insulative plug. It is the
      electrical connection between the prong sections 38 and 40 which forms the
      inventive aspect of the present invention. While the invention is
      illustrated in terms of a switch mechanism employable in conjunction with
      prong 22, but not prong 24, it should be realized that the connection to
      the return line may be likewise formed by a switch mechanism similar to
      that employed in connection with the prong 22. The end face 28 of
      insulative body section 14 is recessed as at 30 to house the connections
      to the various prongs. Further, the opposite end face 46 of the insulative
      body section 14 is locally recessed as at 48 in arcuate form with the
      opposed end face 50 of insulative body section 12 being similarly recessed
      as at 52. The recesses further extend radially outward to form an arcuate
      slot 53 conforming generally to the circumferential extent of the paired
      recesses 52 and 48. Further, to the opposite end of prong section 38 from
      lead wire 36, there is fixed a flexible contact 42 which is positioned
      within recess 48. In like fashion, a flexible contact 44 is fixed to the
      end of prong section 40, such that it occupies recess 52 and the contacts
      are so configured and are formed of spring metal such that in their
      relaxed state, in the absence of an interposed member, these contacts
      physically contact each other to complete an electrical circuit
      therebetween.
PAR  Preferably, sleeve member 16 which is formed of insulative material
      includes an integral, arcuate projection in the form of plate 60 which is
      of a thickness slightly less than the width of slot 53 and projects
      through the slot with the sleeve being maintained axially when the two
      body sections 12 and 14 are joined together. Body section 12 is provided
      with a bore 56 which receives a threaded screw 54 which is threadably
      received within a threaded hole 58 within body section 14 in axial
      alignment with bore 56 of body section 12. It may be seen therefore that
      the assembly of the male plug with switch mechanism of the present
      invention is quite simple and achieved in a systematic, step by step
      process. For instance, the prong section 40 may be inserted within an
      appropriate slot 41 of the body section 12, placing flexible contact 44
      within recess portion 52 of that body section as a preliminary assembly
      step.
PAR  Further, prong 24 may be inserted within opening 40 of body section 14, and
      at the same time prong section 26 and prong section 38 mounted to the same
      body in similar fashion. Section 38 may be inserted within hole 47 from
      either side of body section 14 as desired, it being necessary only that
      the flexible contact 42 be fixed to prong section 38 and fit within recess
      48 of body section 14. The insulative body sections 12 and 14 may be
      placed then in abutting position regardless of making the wire connections
      for wires 32, 34 and 36, the screw 54 may then be threaded to section 14
      to couple sections 12 and 14 together with sleeve 16 in place and the
      arcuate plate 60 projecting within slot 50 and interposed between the
      flexible contacts 44 and 42 separating the same. As evidenced in FIG. 2,
      if the rectangular metal insert 68 which fills a rectangular recess 66
      corresponding thereto within plate 60 is interposed, as shown in FIG. 2,
      between the contacts, the circuit is completed between prong sections 38
      and 40. If, however, the sleeve 16 is rotated to the position shown in
      FIG. 4, metal insert 68 is no longer interposed between the contacts, but
      a portion of the insulative plate 60 is, which maintains the circuit open
      with respect to prong 22. Alternatively, rather than employing the metal
      insert 68, the opening 66 could be left as is, assuming that the
      flexibility of the contacts 42 and 44 are sufficient to insure that these
      members meet, that is, make mechanical contact within the opening or
      aperture 68. It may be seen, that the side walls 62 and 64 of the arcuate
      recesses 48 and 52 are such that the arcuate plate 60 is limited in the
      extent of its rotative movement about the axis of the assembly as defined
      by screw 54. The extent of that movement is shown in FIG. 1, wherein when
      taken in conjunction with FIGS. 3 and 4, rotation of sleeve 16 to the
      extent that there is alignment between the on indicator 70 and the fixed
      indicator 74 of the sleeve and fixed insulative body section 12, indicates
      appropriately the condition of the switch, that is, the creation of an
      electrical circuit between conductive elements 68 and flexible contacts 42
      and 44 coupled to prong sections 38 and 40 respectively. Rotation of the
      sleeve clockwise from the position shown in FIGS. 1 and 3 to the position
      shown in FIG. 4 moves the off indicator on the sleeve as at 72 to a
      position of alignment with the fixed indicator 74 of section 12 and a
      ready indication of switch disconnect position insofar as the contacts 42
      and 44 are concerned.
PAR  The device can be employed in conjunction with a two prong plug for opening
      selectively either the hot or ground wire, circuits may be broken in both
      prongs to insure minimization of electrical shock. Instead of employing a
      sleeve 16 to move the plate 60 to a position such that the conductive
      element 68 embedded within plate 60 is either interposed between the
      contacts 42 and 44 or an insulative portion of that plate. The sleeve can
      be replaced by a handle which extends radially outward of the two part
      body and the handle may be employed to either rotate the plate such as
      plate 60 on a pivot point internally of the switch body, or slide the
      plate from side to side.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrical connector plug including a body of electrically
      insulative material, and a plurality of metal conductive prongs projecting
      axially through said body in circumferentially spaced positions, and wires
      electrically connected respectively to said prongs, the improvements
      wherein:
PA1  at least one of said prongs comprises first and second axially spaced,
      aligned sections,
PA1  a plate formed of electrically insulative material is positioned within
      said body and selectively movable between two positions, one of which
      insures completion of an electrical circuit between said prong sections
      and the other wherein a portion of said insulated material is interposed
      between said prong sections,
PA1  said body is cylindrical in form, and a sleeve is mounted concentrically on
      said body for rotation about a common axis and said plate comprises a
      radial projection on the inner periphery of said sleeve, which projects
      inwardly within said body and is interposed between said prong sections
      upon rotation of said sleeve, and
PA1  said body comprises abutting cylindrical sections, a recess is provided in
      the abutting end of at least one of said cylindrical sections, said first
      and second axially spaced aligned prong sections have their axes
      intersecting said recess, opposed flexible contacts are carried by
      respective prong sections within said recess, and said radially projecting
      plate of said rotatable sleeve extends into said axis and is interposed
      between said flexible contacts.
NUM  2.
PAR  2. The electrical connector plug as claimed in claim 1, wherein: said plate
      includes a conductive portion for effecting electrical circuit completion
      between said flexible contacts with said cylinder rotated to one position,
      and an adjacent electrically insulative portion which is interposed
      between said contacts when said sleeve is rotated to a second position.
NUM  3.
PAR  3. A male electrical connector plug comprising, in combination; abutting
      cylindrical body sections formed of an electrically insulative material, a
      plurality of opposed arcuate recesses formed within the abutting ends of
      said body sections, at least one electrically conductive male prong
      projecting through both body sections, circumferentially spaced first and
      second, axially spaced, axially aligned prong sections carried by
      respective body sections and having ends terminating respectively at said
      arcuate recesses, flexible contacts mounted to respective prong sections
      within said recess and contacting each other when in relaxed condition, a
      sleeve concentrically positioned on said body sections, an arcuate slot
      within at least one of said body sections and opening into said recess,
      and an integral plate of electrically insulative material projecting
      radially inward of said sleeve, through said arcuate slot with its
      radially inner end interposed between said flexible contacts to separate
      the same, said plate including circumferentially spaced conductive and
      insulative portions, and said sleeve being rotatable between positions in
      which either said conductive or said insulative portion is selectively
      interposed between said switch contacts.
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ABST
PAL  The web or sheet feeding apparatus of a reprographic machine consists of
      first and second sets of endless bands respectively trained over
      co-operating pairs of driven and driving rollers. These rollers are
      arranged so that adjacent reaches of the bands of the two sets extend
      parallel to each other to define a passageway along which web or sheets
      are fed by the moving bands. One or more micro-switches controlling the
      operation of the apparatus are mounted between adjacent passage-defining
      reaches of bands of the first set and have actuating arms which extend
      into the passageway for actuation by the web or sheets. To accommodate
      these actuating arms, the passage-defining reaches of the bands of the
      second set adjacent the micro-switches are passed below spindles so as to
      deflect these reaches away from the micro-switches. The passage-defining
      reaches of the other bands of the second set pass between the spindles and
      the adjacent reaches of the bands of the first set and so are not
      deflected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a micro-switch operated web or sheet feeding
      apparatus, and is of particular application in reprographic apparatus in
      which the passage of web or sheet material through a feeding apparatus is
      to be monitored by one or more micro-switches.
PAR  In a diazo copying machine in which a master sheet to be copied is passed
      through a feeding apparatus into overlying abutment with a sheet of
      photo-sensitive paper, and the passage of the master sheet is monitored so
      as to initiate the feed of this photo-sensitive paper, or to cut the
      trailing edge of the photo-sensitive paper, two sets of endless bands are
      respectively trained around co-operating pairs of driven and driving
      rollers so that the opposed reaches of the band in each set move in the
      same direction and define a passageway for conveying the master sheet. To
      monitor the passage of the master sheet, photocells are often used. These
      are arranged so that a beam of light from a light source passes through
      the gap between adjacent bands of the first and second sets so as to
      impinge upon a light sensor whenever there is no master sheet disposed in
      the beam of light. However, this arrangement suffers from the
      disadvantages that:
PAR  A. THE MATERIALS PASSING THROUGH THE PASSAGEWAY DEFINED BY THE BANDS ARE
      THEMSELVES OF VARYING TRANSLUCENCE,
PAR  B. THERE IS INTENSE LIGHT ALREADY COMING IN FROM LAMPS IN THE MACHINE.
      Thus, the photocells have to be adjusted to a high degree of sensitivity
      and this tends to make sensing unreliable.
PAR  In an alternative arrangement, for more positive operation, micro-switches
      are arranged so that their actuating members are disposed in gaps between
      adjacent bands of the two sets of endless bands so as to extend across the
      passageway for the master sheet. However, in view of the close spacing
      between the adjacent bands in each set, it is quite possible for the
      micro-switch to be actuated by engagement of the actuating member of the
      micro-switch by one of the edges of the adjacent bands. Moreover, when the
      actuating member has been deflected due to the passage of a master sheet
      through the passageway between the opposed reaches of the band, it is
      quite common for the actuating member to be displaced laterally so that
      when the master sheet has passed below the micro-switch the actuating
      member comes to rest on top of one of the bands adjacent the micro-switch.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide apparatus in which
      micro-switches may be used to monitor the passage of web material passing
      through a web or sheet feeding apparatus.
PAR  According to the invention there is provided a micro-switch operated web or
      sheet feeding apparatus comprising first and second sets of endless bands
      respectively trained around co-operating pairs of driven and driving
      rollers so that the opposed reaches of the bands in each set move in the
      same direction and define a passageway for conveying web material between
      the bands, a deflector for deflecting the reach of at least one of the
      bands of the second set defining the passageway away from the bands of the
      first set, and a micro-switch mounted between adjacent bands of the first
      set so that an actuating member of the micro-switch is disposed in the
      space between the or each deflected reach of the bands of the second set
      and the opposed reaches of the bands of the first set.
PAR  In a preferred construction, the deflector comprises a spindle which
      extends across the bands of the second set below the undeflected reaches
      bounding the passageway, but above the or each deflected reach so as to
      provide space for the actuating member of the micro-switch disposed in
      this position.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention is hereinafter described, by way of example
      only, with reference to the accompanying drawing, in which:
PAR  FIG. 1 is an end elevation of an apparatus for feeding master sheets into a
      reprographic machine; and
PAR  FIG. 2 is a sectional plan view of the apparatus shown in FIG. 1, taken
      across the section II--II in FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  As shown in the drawing, upper endless bands 10 are trained around a
      driving roller 11 and an idling roller 12. Similarly, lower endless belts
      20 and 20A are trained around driving and driven rollers 21 and 22.
PAR  Because the rollers 11, 12, 21 and 22 rotate in the directions indicated by
      the arrows, the adjacent reaches of the bands 10 and 20 define a
      passageway 30 for feeding a master sheet to be copied from left to right
      and, in traveling through the passageway 30, the master sheet M deflects
      the actuating elements, or members, 40 of micro-switches 41. When the
      master sheet has travelled through the passageway 30, it is fed onto a
      plate 31 from which it is fed, together with a layer of photo-sensitive
      paper into the reprographic processing part of the apparatus (not shown).
PAR  As shown in FIG. 2, the micro-switches 41 may be fixedly supported by a
      conventional support 52 on existing machine frame walls 56 and are
      disposed between adjacent edges of the lower reaches of the bands 10 (only
      four of which are indicated), and the actuating elements 40 of these
      micro-switches 41 extend across the passageway 30 so as to depend into the
      spaces S formed between the lower reaches of the upper bands 10 and the
      upper reaches of the lower bands 20A. These spaces S are provided by
      threading a deflector spindle 50 below the upper reaches of the bands 20
      and above the upper reaches of the bands 20A, as shown in FIG. 1. The
      deflector spindle 50 may be fixed by conventional supports 54 on existing
      machine frame walls 56.
PAR  It is to be understood that further micro-switches and deflector spindles
      may be disposed upstream or downstream of the positions shown in FIGS. 1
      and 2, and may be arranged so as to monitor the leading or trailing edges
      of the master sheet. Each micro-switch 41 and corresponding deflector
      spindle 50 may be adjustably movable longitudinally of the web or sheet
      feeding apparatus by any conventional means, for example, by longitudinal
      adjustment of supports 52 and 54 longitudinally on the existing machine
      frame walls 56.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A micro-switch operated apparatus for feeding web material, including
      webs and sheets, comprising first and second sets of endless bands
      respectively trained around co-operating pairs of driven and driving
      rollers, the opposed reaches of the bands in each set being movable in the
      same direction and defining a passageway for conveying web material
      between the bands, a deflector fixedly located with respect to the
      rotative axes of said rollers and disposed in said passageway, said
      deflector engaging and deflecting the passageway defining reach of at
      least one of the bands of the second set away from the bands of the first
      set, and a micro-switch mounted fixedly with respect to said roller axes
      and located laterally between adjacent bands of the first set with an
      actuating member of the micro-switch disposed in the space between the
      deflected reach of the bands of the second set and the opposed reaches of
      the bands of the first set.
NUM  2.
PAR  2. Apparatus according to claim 1, including a further deflector
      longitudinally displaced from said first mentioned deflector for
      deflecting the passageway defining reach of at least one of the bands of
      the second set away from the bands of the first set, and a further
      microswitch mounted fixedly with respect to said roller axes and located
      laterally between adjacent bands of the first set and having an actuating
      member accommodated in the further space provided by the further deflector
      between the reach of said band of the second set and the opposed reaches
      of the bands of the first set.
NUM  3.
PAR  3. Apparatus according to claim 1, including frame means rotatably
      supporting said rollers and in which the deflector comprises a spindle
      carried by said frame means and which extends transversely beyond and
      across the bands of the first set between and substantially parallel to
      said rollers below the undeflected reaches bounding the passageway, but
      above each reach deflected thereby.
NUM  4.
PAR  4. Apparatus according to claim 3, in which the spindle extends above and
      deflects away from said passageway the passageway defining reaches of at
      least two laterally spaced bands of the second set but is below remaining
      passageway defining reaches of the second band set and thereby provides
      spaces to accommodate the actuating members of at least two
      correspondingly laterally spaced microswitches.
NUM  5.
PAR  5. Apparatus according to claim 1, including means supporting the deflector
      and the associated microswitch for adjustive movement longitudinally of
      the apparatus.
NUM  6.
PAR  6. Apparatus according to claim 1, in which bands of the first and second
      sets are laterally offset, two adjacent bands of the first set being
      laterally gapped to admit the actuating member of the micro-switch between
      passageway defining reaches thereof and into facing relation with the
      passageway defining reach of an opposed band of the second set, said
      deflector comprising a spindle extending laterally across the bands in
      fixed relation to the rotative axes of said rollers and deflecting said
      reach of said opposed band away from said passageway sufficiently to
      prevent its contact with the actuating member of the micro-switch, whereby
      the micro-switch actuating member is engaged by and responds to the web
      material moving in said passageway therepast and not said opposed band.
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ABST
PAL  An electrical switch assembly includes a housing adapted to be coupled to a
      hose and nozzle to form a fluid passage therebetween. The assembly has a
      pair of reed switches which provide signal input to circuitry and each
      switch may be activated by the manual rotation of a sleeve. The sleeve
      carries a magnet to actuate the switch and may be rotated in either
      direction from a centered position between the reed switches.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a system for controlling the flow of water
      in a fire hose and more particularly to a switch coupler to enable a
      hoseman to set and control the flow of water in his hose.
PAR  When a hoseman wished to have the flow in his hose changed, the hoseman
      would have to establish communication with the fireman positioned at the
      pumper. This communication has included voice commands,
      transmitter-receivers, gongs and telegraphic signals. None of these
      methods are completely satisfactory since, inter alia, they require a
      fireman at the pumper and introduction of human error or delay is not
      uncommon.
PAR  Commonly assigned, copending Nelson et al., U.S. patent application Ser.
      No. 550,044 filed contemporaneously herewith discloses an overall system
      for controlling the flow of water to fire hoses.
PAR  The present invention is directed to an electrical switch assembly which is
      used to generate signals for increasing and decreasing the flow of water
      to the fire hose. Briefly, it includes a housing which defines a flow
      channel and is coupled at one end to the hose and at the other end to the
      fire nozzle so that the switch assembly is manually accessible to the
      nozzleman. A longitudinally extending sleeve is rotatably mounted on the
      housing and carries a magnet, which when the sleeve is rotated, actuates a
      reed switch to provide a signal to a signal generator and transmitter
      circuitry within the coupler to provide a control signal for increasing
      and decreasing flow in the hose.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view with certain portions broken away illustrating a
      coupler in accordance with the present invention;
PAR  FIG. 2 is an enlarged sectional view taken along line 2--2 in FIG. 1;
PAR  FIG. 3 is an enlarged sectional view taken along line 3--3 in FIG. 1, and
      illustrates the position of the reed switches;
PAR  FIG. 4 is a top plan view taken in the direction 4--4 in FIG. 2, and
      illustrates the actuator member.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will hereinafter be described in detail
      a preferred embodiment of the invention, with the understanding that the
      present disclosure is to be considered as an exemplification of the
      principles of the invention and is not intended to limit the invention to
      the embodiment illustrated.
PAR  FIG. 1 illustrates a switch coupler 10 of the present invention installed
      in its optimum position between the last hose H in the line leading from a
      fire engine pumper (not shown) and the nozzle N. As will be described in
      greater detail below, the coupler includes a housing 12 formed of a
      suitable lightweight material such as aluminum. Housing 12 defines a
      longitudinal fluid flow chamber 14, FIG. 2, and includes coupling means 16
      and 18 at the ends thereof, so that coupler 10 may be joined to hose H and
      nozzle N.
PAR  Rotatably mounted on housing 12 is a longitudinally extending, outer
      protective sleeve 20 which may be provided with grooves 20a or knurling to
      improve the gripping surface. Housing 12 includes a pair of longitudinally
      spaced-apart flanges 22 which support sleeve 20 and are maintained in
      sealing engagement therewith by rotating seals 24.
PAR  Positioned concentrically about housing 12 and beneath sleeve 20 are a
      battery pack 30, which provides power to an electronics package 32.
      Electronics package 32 includes a digital encoder, control and transmitter
      circuitry which generate a control signal in response to the hoseman
      signal, described below, and transmit it back to the fire engine pumper
      (not shown) through antenna 34. Antenna 34 is connected to package 32 by
      cable 36. The above-identified Nelson et al., application provides a
      complete disclosure of the circuitry contained in electronics package 32.
PAR  The electronics package is activated by two switches SW1 and SW2 which are
      embedded in or fastened to the forward end of encoder housing 40. Housing
      40 is semi-circular segment shaped and may be formed of a suitable
      lightweight material such as nylon. Housing 40 is fixedly positioned to
      housing 12 by means of an electronics package clamp portion 42 and
      fasteners 44 which join the flats of housing 40 and portion 42.
      Alternately, electronics housings 40 and 42 may be formed as an integral
      part of main body housing 12.
PAR  Switches SW1 and SW2, FIG. 3, are preferably reed switches of the normally
      open type. Switches SW1 and SW2, when activated, provide a signal for
      increasing or decreasing fluid flow, respectively. Each reed switch is
      embedded in a radial orientation on a common radius and are displaced
      35.degree. from the vertical plane, as viewed in FIG. 3.
PAR  FIG. 2 shows the actuating magnet 50 which is carried in a semi-circular,
      segment shaped, actuator block 52. Block 52 may be formed of nylon and is
      joined to sleeve 20 by a fastener 54 for conjoint rotation therewith.
      Magnet 50 is carried at a common radius with switches SW1 and SW2 in the
      face of block 52 adjacent the switches. As sleeve 20 is rotated manually
      by the hoseman, magnet 50 starts from a central position, as illustrated
      in FIG. 2, and travels in a path overlying the switches.
PAR  Actuator block 52 is maintained in a centered position by means of a
      compression spring 60, which is carried in a spring receiver 62 formed in
      the inner surface 52a of the block, FIG. 4. Housing 12 includes radially
      extending blade portions 64, the ends 64a of which are adapted to engage
      compression spring 60. To accommodate blade portions 64, actuator block 52
      is provided with a U-shaped blade path 66 in which the blade portions may
      pass as the sleeve and actuator block are rotated. The blade portions and
      path bisect the spring receiver, FIG. 4, so that when the sleeve is in the
      equilibrium position, magnet 50 is in the position of FIG. 2. When the
      hoseman wishes to increase flow, he will rotate sleeve 20 in the clockwise
      direction, as viewed in FIG. 2, to cause magnet 50 to move into overlying
      relationship with switch SW1, as actuator 52 rotates clockwise, the left
      hand blade portion 64a will engage spring 60 and compress it within
      receiver 62, so that, when the hoseman releases the sleeve, the actuator
      block and sleeve are returned to the centered position. To decrease the
      flow of fluid, the sleeve is merely rotated in the opposite direction.
PAR  As discussed above, switches SW1 and SW2 are angularly spaced 35.degree.
      from the vertical. To assure that the magnet is positioned in registry
      with the reed switches, blade portions 64 include tabs 70. The leading
      radial edges 70a of tabs 70 are spaced 35.degree. from the associated
      radial edges 72 of actuator block 52 in the centered position. In this
      manner, when the hoseman rotates sleeve 20, edges 72 will abut the
      associated edge 70a and act as a stop. Thus assuring that when the sleeve
      will rotate no further, magnet 50 is overlying the proper reed switch and
      actuation occurs.
PAR  As indicated above, the coupler 10 is positioned between the last hose and
      nozzle. This is the preferred location, however, it will be appreciated
      that the coupler could be positioned anywhere along the line. It will be
      also apparent that the coupler, although primarily designed for use in
      fire hoses may also be used in any fluid conduit system for remote control
      of fluid flow including such systems are spraying system and irrigating
      systems.
PAR  The rotary movement of the actuator lends itself to unimpeded operation and
      maneuverability. Human factor studies have shown that the optimum control
      motion of a gloved individual is rotary. Moreover, a rotary switch has the
      advantage that it cannot be accidently actuated by longitudinal forces on
      the hose.
PAR  The use of a reed switch, adapted to be operated by the movement of a
      magnet in the vicinity of the switch, is preferred since it allows for
      rather large design and assembly tolerances between the switch and switch
      actuator not permitted with other switch such as micro switches.
      Additionally, reed switches are self-contained, easy to maintain and are
      sealed against contamination.
PAR  From the above description it will be readily apparent that other
      modifications may be made to the present invention without departing from
      the scope and spirit of the invention as pointed out in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical switch assembly for use in a fluid line having a hose and
      fluid dispensing device, which comprises: a housing defining a
      longitudinally extending fluid chamber, one end of said housing adapted to
      be coupled to said hose and the other end adapted to be coupled to said
      dispensing device; two reed switches adapted to be opened and closed by
      movement of a magnet in the vicinity thereof; means for mounting said reed
      switches in angularly spaced-apart relationship on said housing; manually
      graspable actuator means mounted for rotation about the longitudinal axis
      of said housing, said actuator means carrying a magnet for movement along
      a path overlying each of said reed switches; and biasing means for
      positioning said magnet at a central position in said path between said
      reed switches, whereby said magnet may be displaced by manual application
      of torque to the actuator means to energize the reed switch in the path of
      rotation and returned to said central position when said torque is
      released.
NUM  2.
PAR  2. The assembly of claim 1, wherein said biasing means is a compression
      spring interposed between said housing and said actuator means.
NUM  3.
PAR  3. The assembly of claim 1, further including means for generating an
      electrical command signal; and means for transmitting said command signal;
      each of said reed switches being electrically coupled to said command
      signal generating means to provide an input signal thereto.
NUM  4.
PAR  4. An electrical switch assembly for use in a hose having a nozzle, which
      comprises: a housing defining a longitudinally extending fluid chamber and
      having a pair of radially extending blade portions thereon, said blade
      portions being angularly spaced apart, one end of said housing adapted to
      be coupled to said hose and the other end adapted to be coupled to said
      nozzle; two reed switches adapted to be opened and closed by movement of a
      magnet in the vicinity thereof; means for mounting said reed switches at a
      common radius on the housing and in angularly spaced-apart relationship;
      actuator means including a segment shaped member positioned for angular
      movement on said housing, said member defining a U-shape blade path
      extending about the inner face thereof and an inwardly opening spring
      receiving zone in the central portion of said blade path; a compression
      spring in said spring receiving zone and between said blade portions, said
      spring being adapted to be compressed by said blade portions when said
      member is rotated relative thereto; said member carrying a magnet in the
      surface thereof adjacent to and on a common radius with said reed
      switches, said magnet being positioned centrally between said reed
      switches; and a manually graspable sleeve rotatably mounted on said
      housing and operatively coupled to said segment shaped member, whereby, as
      said sleeve is rotated manually said magnet is displaced and energizes the
      reed switch in the direction of rotation, and said compression spring is
      compressed to return said actuator means to said centered position when
      the sleeve is released.
NUM  5.
PAR  5. The assembly of claim 4, wherein said blade further includes a segment
      shaped tab portion extending radially therefrom, the radial edges of said
      member being adpated to engage the end of said tab to limit the angular
      displacement of said actuator means.
NUM  6.
PAR  6. The assembly of claim 4, further including means for generating an
      electrical command signal; and means for transmitting said command signal;
      each of said reed switches being electrically coupled to said command
      signal generating means to provide an input signal thereto.
PATN
WKU  039433137
SRC  5
APN  5552915
APT  1
ART  217
APD  19750304
TTL  Automotive door accessory for turning office vehicle headlight switch
ISD  19760309
NCL  7
ECL  1
EXP  Scott; James R.
NDR  1
NFG  10
INVT
NAM  Carboni; Aldo J.
STR  4642 W. El Segundo Blvd.
CTY  Hawthorne
STA  CA
ZIP  90250
CLAS
OCL  200 6162
XCL  200330
EDF  2
ICL  H01H  316
FSC  200
FSS  61.62;61.58 R;61.64;61.67;61.76;61.79;61.81;329;330;153 T;331
FSC  180
FSS  111-113
FSC  340
FSS  274 R;280;282
UREF
PNO  3002581
ISD  19611000
NAM  Diebel et al.
OCL  180113
UREF
PNO  3643249
ISD  19720200
NAM  Haywood
OCL  340274
LREP
FR2  Johnson; Howard L.
ABST
PAL  Two-piece assembly fixed to inner forward margin of driver's door of
      vehicle so as to position a horizontal support arm generally parallel to
      and spaced from auto dashboard, with a terminal abutment arm carried
      normally overlying the face of the pull knob of headlight pull-push
      switch-rod when retracted to its (OFF) position. Abutment arm is pivoted
      or spring-loaded for manual retraction to disengaged position which is
      automatically restored upon door opening, so that subsequent closing of
      door will cause abutment arm to axially contact outdrawn switch-rod and
      press it back to light-off position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When parking a motor vehicle which has been operated with the headlights
      on, the operator may unintentionally leave without realizing that the
      lights remain lit, especially during conditions of fog or rain. If the
      auto continues to stand thus for an extended period of time, drain on the
      battery may make the motor subsequently difficult or impossible to start.
      Various devices have been suggested to deal with this problem by
      incorporating into the wiring system a cut-off switch which is triggered
      by some other operation, such as ignition turn-off, door closure, release
      of weight from driver's seat, etc. either with or without a time-delay
      element. However any installation into the vehicle electric system (after
      it leaves the manufacturer) is both expensive and usually requires expert
      knowledge; even so, the result at best is a more complicated wiring system
      which now includes another component which may fail unexpectedly.
PAR  Accordingly it is an object of the present invention to provide such a
      simple and entirely mechanical switch mechanism or assembly which is
      readily installed on any highway vehicle with use of a simple tool such as
      a screwdriver and without in any way connecting with or interfering with
      the electric circuitry or with the existing system of turning on and off
      the vehicle lights, such switch being mechanically operable merely by
      closing the driver's door and without requiring any conscious presetting
      of the switch mechanism.
PAC  BRIEF STATEMENT OF THE INVENTION
PAR  The invention provides a two-piece assembly which can be attached to the
      inner surface or upright panel of the operator's door of a vehicle or
      motor car. A fixed support arm extends from the attachment horizontally
      inward to spacedly overlie the dashboard and locate a terminal abutment
      arm in juxtaposition with the diametric face of the pull knob of a
      switch-rod which traverses the dashboard and serves to operate the vehicle
      lighting system by longitudinally reciprocable movement between two stop
      positions. The abutment arm is biased to normally occupy such position
      when the switch-rod is retracted to "lights off" position; but it is
      manually movable laterally therefrom to enable the driver to draw out the
      switch-rod when it is desired to turn on the lights. Retraction of the
      switch-rod or opening of the driver's door automatically restores the
      abutment arm to its biased position. Hence if the switch-rod is extended
      (the headlights on), closing the door causes the abutment arm to
      automatically impact the pull knob and retract the switch-rod
      (extinguishing the lights). The abutment arm may be spring-loaded and
      (telescopically) slidable lengthwise along the support arm; or it may be
      pivoted offcenter thereto so as to gravitationally drop to engagement
      position. In the latter form it may also be transversely offset so as to
      overlie a ridge of the dashboard or accommodate inexact alignment of the
      attachment tab along the door panel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a corner of the driver's compartment of a
      motor vehicle showing the present switch assembly attached to the inside
      surface of the door, with its free or inner end overlying the operation
      knob of a headlight, pull switch-rod extending through the dashboard of
      the vehicle.
PAR  FIG. 2 is a horizontal sectional view taken through adjacent fragments of
      the door and dashboard, the switch assembly in top plan with the upraised
      abutment arm and outdrawn pull knob appearing in phantom.
PAR  FIG. 3 is a face view of the switch assembly of FIG. 2.
PAR  FIG. 4 is a face view of the door fragment with the attached switch
      assembly as viewed in the direction of the arrows 4-4 of FIG. 2.
PAR  FIG. 5 is a top plan view of a modified construction in which the abutment
      arm is longitudinally slidable and spring loaded.
PAR  FIG. 6 is a face view of the construction of FIG. 5 as seen in the
      direction of the arrows of FIG. 5.
PAR  FIG. 7 is a face view of another modification employing telescopic tubes.
PAR  FIG. 8 is a top plan view of the modification of FIG. 7.
PAR  FIG. 9 is a longitudinal sectional view of another form of spring-loaded
      telescopic construction.
PAR  FIG. 10 is a sectional view of the same, rotated 90.degree. along the
      longitudinal axis from the position of FIG. 9.
DETD
PAC  DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  In FIG. 1 is shown the driver's compartment of an automotive vehicle in
      which the dashboard or control panel 10 is traversed by a conventional
      switch-rod 11 having a terminal knob 12 by which the rod is reciprocably
      moved longitudinally between two stop positions at which it makes or
      breaks the electrical circuit through the body lights such as the
      headlights and usually including the rear lights as well. At the IN
      position the lights are off; at the OUT position they are on.
PAR  The present construction provides a generally falt, footing tab or plate 14
      which is easily attached to the inner surface of the door 9 adjacent the
      foward upright margin, at an elevation similar to that of the pull knob 12
      and generally in the same horizontal plane. A projecting support arm 16 is
      thus positioned generally parallel to the dashboard and spaced outward
      therefrom a small distance. Attachment of the footing tab 14 may be by
      means of a pair of screws 18, 20 inserted through adjustment slots 22, 24
      (FIG. 4) into the door panel 9a (traversing such upholstery layer as may
      be present).
PAR  At the inner end of the support arm 16 is disposed a more-or-less Z-shaped
      contact or abutment arm 26 of somewhat less vertical height than the
      support arm. Terminally the abutment arm is formed as a flat-faced
      engagement surface 25 which can cover most or all of the end face of the
      pull knob 12. Proximately the segment is formed with two apertures 28, 29
      (FIG. 3) through either of which, alternately, a pivot bolt 30 may be
      inserted to attach it to the adjacent end of the support arm 16 in an
      offcenter position so that the arm will normally gravitationally descend
      to the horizontal alignment shown in FIG. 3 where it is held by an edge
      lug 31. By use of the alternate aperture 29, the member 26 can be detached
      and inverted on a horizontal axis and reattached so that the transverse
      segment 32 of the "Z-shape" will be directed rearward rather than forward.
      Thus the arm 26 can be placed to straddle a forward ridge of the panel 10
      or it can be used to accommodate staggered location of the mounting tab
      14.
PAR  In the modification of FIGS. 5-6, the support arm 16a has an outturned
      bracket arm 36 which anchors one end of a flexible cable 37 which axially
      traverses a coil spring 38 with the other end of the cable fastened to an
      attachment tab 39 of a flat-faced abutment arm 40. The latter is slidable
      lengthwise in juxtaposition with the support arm, by means of an opposing
      edge pair of channel members 41, 42. Beyond its abutment face, the slide
      arm 40 is outturned to form a tab 43 used for manually retracting the arm
      against expansion tension of the spring so as to expose the knob 12 to be
      pulled out. Such tab can be pushed aside by the edge of the driver--s hand
      pressed against it, leaving his fingers free driver'grasp the knob 12.
PAR  The modification of FIGS. 7-8 provides a generally cylindrical stem-shaped
      abutment arm 48 which is mounted within a tubular support arm 49 in end
      abutment with a coil spring 50. An operating pin 51 projects radially from
      the stem through a guide slot 52 and enables the stem to be manually
      retracted against tension of the spring 50.
PAR  The construction of FIGS. 9-10 employs a pair of cylindrical, telescopic
      tubes 54, 55 of which the inner one 54 forms a support arm and internally
      houses a compression spring 53 which projects into the distal portion of
      the outer tube 55. The latter is closed by an end member or cap 57 which
      extends linearly to one side so as to provide a greater length of vertical
      abutment arm for contact with the pull knob 12. The cap is anchored by a
      cross pin 58 which along that stretch of its length which spans the
      interior of the tube chamber, has fastened to it the respective ends of an
      elongated wire loop 59. A corresponding, oppositely oriented wire loop 60
      extends lengthwise within the cavity of the inner tube 54 with its
      midportion overlapping or being threaded through the outer loop 59 and its
      end portions passing through an opening of the base plate 56 and then bent
      oppositely to form anchorage arms 61, 62.
PAR  Accordingly it will be seen that the composite length of the two thus
      mutually/slidingly engaged loops 59, 60 limits the outward distance or
      separation that the outer tube 55 can move relative to the stationary tube
      54, effected by expansion of the coil spring 59. On operational retraction
      of the outer tube 55 (so as to expose the pull knob 12 for manual grasping
      or extension), the elongated loop 59 disposed with its length rotated a
      quarter turn (more-or-less) relative to the longitudinal axis of the other
      loop 60, due to its semi-rigid nature will have its midportion moved
      lengthwise rearward within the open length of the base loop 60 and without
      frictional interference or other impediment.
CLMS
STM  I claim:
NUM  1.
PAR  1. A motor vehicle automatic headlight turnoff switch assembly comprising:
PA1  a support arm having means at one end for attachment to an inner upstanding
      surface of a horizontally swingable vehicle door in position to locate the
      unattached end of said arm adjacent the operator's end of a headlight
      switch-rod which is longitudinally reciprocable between IN and OUT
      positions, the latter position serving to keep the headlights on,
PA1  an abutment member carried by the unattached end of said support arm, being
      movable between alternate positions, (a) axially adjacent the end of the
      switch-rod when the latter is at IN position, so as to block the
      switch-rod being drawn to OUT position, and (b) laterally retracted
      therefrom so as to permit the switch-rod to be drawn to OUT position, said
      member being biased to normally occupy position (a) and thus automatically
      to assume such position upon the vehicle door being opened, whereby
      closing the door causes the abutment member to frictionally abut the
      switch-rod when OUT positioned and push it to IN position, thereby
      extinguishing the headlights operated by the switch-rod.
NUM  2.
PAR  2. The switch assembly of claim 1 in combination with a motor vehicle
      having said switch assembly mounted on a vehicle door in position to
      operatively contact a longitudinally-reciprocable headlight-connected
      switch-rod of the vehicle.
NUM  3.
PAR  3. A switch assembly according to claim 1 wherein said abutment member is
      pivotally secured to the support arm for generally vertical movement and
      is gravity-biased to assume position (a).
NUM  4.
PAR  4. A switch assembly according to claim 1 wherein said abutment member is
      lengthwise displaceable along the support arm and is spring tensioned to
      assume position (a).
NUM  5.
PAR  5. A switch assembly according to claim 3 wherein said abutment member is
      formed with a transverse offset length and coupling means whereby it may
      be pivotally secured to the support arm with the offset length alternately
      toward and away from the axis of the switch-rod when in position (a).
NUM  6.
PAR  6. A switch assembly according to claim 4 wherein both said support arm and
      the displacement abutment arm are concentrically tubular
NUM  7.
PAR  7. A switch assembly according to claim 6 wherein said tubular members are
      mutually telescopically engaged and disposed concentric with a compression
      spring and are restrained from further longitudinal separation beyond
      position (a) by an oppositely oriented pair of semi-rigid, elongated loops
      carried within the telescopic tubes, which loops are medially overlapped
      and each terminally fastened adjacent an opposite end of the respective
      tubes.
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ABST
PAL  An improved motion-multiplying linkage-mechanism is provided for the
      movable contact structure of a circuit-interrupter, particularly one of
      the sealed-casing type, enclosing a suitable arc-extinguishing medium,
      such as a highly efficient arc-extinguishing gas, such as compressed
      sulfur-hexafluoride (SF.sub.6) gas, for example. However, where desired,
      the motion-multiplying mechanism of the present invention may,
      additionally, be utilized in vacuum interrupters, or in other types of
      arc-extinguishing devices where the surrounding casing structure is of a
      sealed type.
PAL  In accordance with the present invention, a sylphon bellows is secured to
      an end metallic plate of the sealed casing, and also affixed to the
      contact operating rod extending therewithin. A motion-multiplying
      mechanism, such as a lazy-tong, or pantograph-linkage assembly, is
      attached to the interior end of the contact operating rod, so that for a
      short initiating driving travel of the contact operating rod from a
      suitable mechanism, provided externally of the sealed-casing structure, a
      considerably increased length of travel for the movable contact structure
      is obtained.
PAL  Suitable guideways are preferably provided for guiding the linear travel of
      the lazy-tong linkage structure so as to effect an accurate linear driving
      motion of the linkage.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  Reference may be had to the following patent applications: U.S. patent
      application filed May 14, 1974  Ser. No. 469,931 entitled "Improved
      Energy-Storage Operating Mechanisms For Circuit-Interrupting Structures
      Alone And Also For Circuit-Interrupting Structures Utilizing
      Serially-Related Disconnecting-Switch Structures Therewith" by Russell E.
      Frink and Stanislaw A. Milianowicz; U.S. patent application filed May 13,
      1974, Ser. No. 469,586 by Stanislaw A. Milianowicz; U.S. patent
      application filed May 3, 1974, Ser. No. 466,745 by Steven Swencki and
      Stanislaw A. Milianowicz; U.S. patent application filed June 10, 1974,
      Ser. No. 478,141 by Russell E. Frink entitled "Hermetic Seals for
      Insulating Casing Structure"; and U.S. patent application filed May 8,
      1974, Ser. No. 468,332 entitled "Quick-Acting Movable Operating Column
      Tripping Device" by Frink et al. all of the foregoing patent applications
      being assigned to the assignee of the instant patent application.
PAC  BACKGROUND OF THE INVENTION
PAR  Continued growth of urban load densities and the scarcity of available
      space for substation construction indicates a future market for metal-clad
      switchgear in voltage ratings above 15 KV. Circuit-breakers for use in
      this metal-clad switchgear range must fulfill a number of requirements,
      among which are reliability, long life, minimum maintenance, small size,
      quiet operation, and reasonable cost. The characteristics of
      sulfur-hexafluoride SF.sub.6 puffer-type interrupters make them well
      suited for this application. However, it is felt that for the best
      customer acceptance the interrupters preferably should be hermetically
      sealed.
PAR  Load-break disconnecting switches are quite old in the art, and in some
      instances employ an interrupting unit having separable interrupting arcing
      contacts in electrical series with the disconnecting switchblade to
      interrupt the incident arcing at the separable interrupting arcing
      contacts instead of at the disconnecting switch contacts. The prior art
      devices function to first effect initial opening of the interrupting
      assembly, and subsequently, effect opening of the serially related
      disconnecting switchblade without arcing thereat to completely isolate the
      circuit. U.S. Pat. No. 2,769,063, issued Oct. 30, 1956, to H. J. Lingal,
      is typical of such series-type devices. Other load-break disconnecting
      devices, which utilize a swinging movement of the free end of the
      disconnecting switchblade to effect the operation of the operating
      mechanism for the interrupting element, are set forth, for example, in
      U.S. Pat. No. 2,889,434, issued June 2, 1959, to H. J. Lingal, and
      assigned to the assignee of the instant application.
PAR  In some of the aforesaid load-break disconnecting switches, an insulating
      gas, such as sulfur-hexafluoride (SF.sub.6) gas, for example, is utilized
      for arc-extinguishing purposes. In still other devices, such as set forth
      in U.S. Pat. No. 2,737,556, issued Mar. 6, 1956, to MacNeill et al., a
      suitable arc-extinguishing liquid, such as oil, for example, may be
      utilized to advantage, although, as is well known, oil gives rise to the
      hazard of inflammability if the oil containers, or oil casing, should for
      some reason, fracture due to earthquake shock, vibration, gun shot, or
      from any other causes, and spill flammable oil into the surrounding
      switchyard area.
PAR  Modern circuit-breakers are efficient and reliable devices and perform
      their duties adequately. However, they are large and expensive; and in
      many cases, economies can be achieved with less-expensive devices. Such
      devices have been available for serveral years and range from
      load-interrupter switches, with interrupting ratings approximating their
      continuous current-carrying capabilities, to devices which can interrupt a
      few thousand amperes with modest transient-recovery voltage capabilities.
PAR  Over the past few years, development work performed with
      sulfur-hexafluoride (SF.sub.6) gas puffer-type circuit-interrupters has
      led to improvements in these puffer gas-type devices. Some of these
      improvements have been incorporated into the medium-fault-interrupting
      class devices, such as set forth in the instant patent application, thus
      expanding their field of application. Some of the advantages attained by
      the invention set forth herein include:
PA1  a. Simplicity of construction;
PA1  b. 10,000 amperes interrupting capacity at 169 KV, for example, on a single
      contact break without using shunt capacitors or resistors;
PA1  c. Transient-recovery capability on bus-faults corresponding to capability
      of circuit-breakers at maximum rating;
PA1  d. Full insulation strength across the open contacts of the interrupter
      without requiring an open disconnecting switch;
PA1  e. High-speed circuit-making and breaking in pressurized
      sulfur-hexafluoride SF.sub.6 gas which eliminates any arcing in air; and,
PA1  f. Low noise level during switch operation.
PAR  Accordingly, it is desirable to improve upon the operating mechanisms of
      such load-break disconnecting switches or interrupter switches, per se,
      when used alone, and the present invention is particularly concerned with
      an improved motion-multiplying mechanism and having wide areas of
      application particularly for operating movable contacts in hermetically
      sealed casing structures.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a sealed-casing
      interrupter structure in which the advantages of a metallic sylphon
      bellows is desired, but where the length of travel of the movable contact
      structure is considerably greater than would be obtained by a like
      movement of the inner end of the metallic sylphon bellows. Accordingly, a
      motion-multiplying linkage mechanism is desired to effect a considerably
      greater length of opening and closing travel of the movable contact
      structure, relative to a very short driving initiating movement of the
      contact operating rod extending into the hermetically sealed casing and
      actuated externally of the casing by a suitable operating mechanism,
      having a relatively short driving stroke, say of the order of roughly one
      inch, for example.
PAR  By using a lazy-tong motion-multiplying linkage structure, a considerably
      enhanced length of travel of the movable contact structure is obtained as
      a result of a relatively short initiating driving stroke of the contact
      operating rod extending externally of the sealed-casing structure.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side-elevational view of one pole-unit of a three-phase
      circuit-interrupting assemblage having a serially-related disconnecting
      switchblade, utilizing the principles of the present invention, the device
      being shown in the closed-circuit position;
PAR  FIG. 2 is an enlarged longitudinal sectional view taken axially through the
      circuit-interrupter unit of FIG. 1 extending between the two upstanding
      column structures of FIG. 1, the separable contact structure being
      illustrated in the closed-circuit position;
PAR  FIG. 3 is a longitudinal sectional view taken at right angles to that of
      FIG. 2, but illustrating the disposition of the several contact parts in
      the fully-open-circuit position of the circuit-interrupter, but for
      illustrative purposes, the gas-flow being indicated by arrows within the
      gas-nozzle structure, and the location of the established arc being
      indicated;
PAR  FIG. 4 is a sectional view taken substantially along the line IV-- IV of
      FIG. 3;
PAR  FIG. 5 is a sectional view taken substantially along the line V--V of FIG.
      3;
PAR  FIG. 6 is a sectional view taken substantially along the line V--V of FIG.
      3;
PAR  FIG. 7 is a sectional view taken substantially along the line IX--IX of
      FIG. 3;
PAR  FIG. 8 is a sectional view taken substantially along the line VIII--VIII of
      FIG. 3;
PAR  FIG. 9 is a sectional view taken substantially along the line IX--IX of
      FIG. 3;
PAR  FIG. 10 is a sectional view taken substantially along the line X--X of FIG.
      3;
PAR  FIG. 11 is a sectional view taken substantially along the line XI--XI of
      FIG. 3;
PAR  FIG. 12 is a side-elevational view of a moving rod-end member;
PAR  FIG. 13 is an end-elevational view of the rod-end member of FIG. 12;
PAR  FIGS. 14 and 15 are side-elevational views of the metallic mounting blocks
      used in my improved construction;
PAR  FIG. 16 is a side-elevational view of another rod-end member;
PAR  FIGS. 17 and 18 are, respectively, side-elevational and end views of
      metallic guide-angle members utilized in the improved interrupter
      construction for guiding the axial expanding movement of the lazy-tong
      linkage;
PAR  FIG. 19 is a top plan view of the guide-angle member of FIG. 17;
PAR  FIGS. 20, 21, and 22 are top plan and side views of the spring-washer
      construction associated with the valve  member mounted on the fixed
      piston;
PAR  FIGS. 23 and 24 are additional views of component parts of the valve
      structure;
PAR  FIG. 25 is a vertical sectional view taken longitudinally through a
      modified type of circuit-interrupter construction, with the lazy-tong
      linkage shown in an extended position and with the contact structure being
      illustrated in the closed circuit position;
PAR  FIG. 26 is a view similar to that of FIG. 25 but illustrating the
      disposition of the several parts with the lazy-tong linkage being
      illustrated in the collapsed or retracted position;
PAR  FIG. 27 is a fragmentary longitudinal view taken substantially at right
      angles to the views of FIGS. 25 and 26 illustrating the linkage assembly
      in the extended or closed circuit position;
PAR  FIGS. 28 is an enlarged sectional view taken substantially along the line
      XXVIII--XXVIII of FIG. 27; and
PAR  FIG. 29 is an enlarged sectional view taken substantially along the line
      XXIX--XXIX of FIG. 35.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Modern circuit-breakers are efficient and reliable devices and perform
      their duties adequately. However, they are large and expensive; and in
      many cases, economies can be achieved with less-expensive devices. Such
      devices have been available for several years and range from
      load-interrupter switches, with interrupting ratings approximating their
      continuous current-carrying capabilities, to devices which can interrupt a
      few thousand amperes with modest transient-recovery capabilities.
PAR  Over the past few years, development work performed with SF.sub.6 gas
      puffer-type circuit-interrupters has led to improvements in these gas-type
      devices. Some of these improvements have been incorporated into the
      medium-fault-interrupting class devices, such as set forth in the instant
      patent application, thus expanding their field of application. Some of the
      advantages attained by the invention set forth herein include:
PA1  a. Simplicity of construction;
PA1  b. 10,000 amperes interrupting capacity at 169 KV, for example, on a
      single-break interrupter without using shunt capacitors or resistors;
PA1  c. Transient-recovery capability on bus-faults corresponding to capability
      of circuit-breakers at maximum rating;
PA1  d. Full insulation strength across the open contacts of the interrupter
      without requiring an open disconnecting switch;
PA1  e. High-speed circuit-making and breaking in pressurized SF.sub.6 gas which
      eliminates any arcing in air; and
PA1  f. Low noise level during switch operation.
PAR  Referring to the drawings, and more particularly to FIG. 1 thereof, the
      reference numeral 1 generally designates a circuit-interrupting structure
      including three upstanding post insulators 3, 4 and 5. The two end post
      insulators 3 and 5 are stationary, whereas the middle post insulator 4 is
      rotatable, being driven from its lower end by an operating-crank 7
      connected to any suitable operating mechanism. Such an operator may be a
      motor-driven device, or in certain instances the crank-operator may be
      manually driven.
PAR  FIG. 1 also shows the base supporting structure 18, which may be of
      cylindrical form, and is supported by welded brackets 24 to cooperating
      channel members, which face inwardly. Extending between each end post
      insulator 3 and the middle rotatable driving post insulator 4 is the
      improved interrupting assembly, or a circuit-interrupter 30 of my
      invention which encloses one or more serially-related separable contact
      structures 31 (FIG. 3) of the gas-puffer type set forth in FIGS. 2 and 3
      of the drawings, which may, for example, use sulfur-hexafluoride
      (SF.sub.6) gas.
PAR  Referring again to the drawings, and more particularly to FIG. 1 thereof,
      it will be observed that one application of the present invention is in
      connection with a circuit-interrupting device 30 having a serially-related
      disconnecting switchblade 8 associated therewith for obvious safety
      reasons. Those skilled in the art may call such a structure a "load-break
      disconnecting switch", in which the circuit-interrupting structure 30 is
      utilized to actually break the load-current passing through the device 1,
      and the function of the disconnecting switchblade 8 itself is merely to
      effect a visible open-circuit condition of the device 1, so that
      maintenance people may work upon the connected electrical line without
      fear of high-voltage shock occurring.
PAR  As illustrated in FIG. 1, it will be observed that there is provided a
      lower-disposed base assembly 18 having supporting brackets 24 and having
      welded to the upper portion thereof additional brackets 21, 23 to fixedly
      support the insulating column structures 1 and 5. With reference to FIG.
      3, it will be observed that extending upwardly from the elongated base
      support 18, which may be of generally tubular configuration, if desired,
      are stationary insulating columns 3 and 5, which support a right-hand
      line-terminal 27 and a left-hand load-terminal 28, with a
      circuit-interrupting assemblage 30 enclosed within a hermetically-sealed
      housing 32 extending between the load-terminal 28 and a generally
      box-shaped metallic mechanism housing 34, which has a mechanism 35
      disposed therewithin. Electrically interconnecting the metallic mechanism
      housing 34 and the line-terminal 27 is a swinging disconnecting
      switchblade 8, which provides an open-circuit visible gap between the
      line-terminal 27 and the mechanism housing 34 in the fully open-circuit
      position of the circuit-interrupter 30. The dotted lines 37 indicate,
      generally, an upstanding open-circuit position of the disconnecting
      switchblade 8, as well known by those skilled in the art.
PAR  It will be observed that the end insulating columns 3 and 5 are stationary,
      merely providing a supporting function, whereas the middle insulating
      column 4 is rotatable, and has an operating function, having an upper
      extending shaft-portion 38, which extends interiorly within the mechanism
      housing 34, and serves to actuate the operating mechanism 35 provided
      therein. The upstanding operating shaft 38 extends, moreover, upwardly
      through the mechanism housing 34, terminating in a crank-arm 40 (FIG. 1),
      and actuates the opening swinging motion of the disconnecting switchblade
      8. In other words, the upper end of the operating shaft 38 effects
      rotative opening and closing movements of a crankarm 40, which, in turn,
      effects rotation and swinging opening and closing motions of the
      serially-related disconnecting switchblade 8.
PAR  With reference to FIGS. 2 and 3 of the drawings, it will be observed that
      the separable contact structure 31 comprises a spring-biased stationary
      contact 150 and a movable tubular contact structure 151, which carries an
      operating cylinder 153 over a relatively stationary piston structure 155.
      In addition, the movable tubular contact 151 carries an orifice structure
      157 having a corrugated opening 159 therethrough, through which gas 152,
      such as sulfur-hexafluoride (SF.sub.6) gas, for example, is forced during
      the opening gas-moving motion of the operating cylinder 153 over the
      stationary piston structure 155 to thus force the gas to flow in the
      direction indicated by the arrows 161 in FIG. 3.
PAR  Generally, the circuit-interrupting assemblage 30 includes a
      longitudinally-extending casing 32 of insulating material having sealed to
      the ends thereof metallic end-cap casting structures 163, 164. The
      left-hand metallic end-cap structure 163 is electrically connected to the
      left-hand load-terminal 28 of the switch structure 1. The right-hand
      metallic end-cap structure 164 has an opening 167 extending therethrough,
      which accommodates a metallic flexible sylphon bellows 170 and a metallic
      contact operating rod 173. One end of the metallic sylphon bellows 170 is
      sealed to the inner face of the opening 167 of the metallic end-cap
      structure 164. The other, or left-hand end of the metallic sylphon bellows
      170, is secured in sealing relationship to the movable metallic contact
      operating rod 173, which extends into the mechanism compartment (not
      shown) and is actuated by the operating mechanism 35, constituting no
      portion of the present invention. This mechanism is described in U.S.
      patent application filed May 14, 1974, Ser. No. 469,931 by Russell E.
      Frink and Stanislaw A. Milianowicz, and assigned to the assignee of the
      present application.
PAR  In the closed-circuit position of the device, shown in FIG. 2, the
      lazy-tong linkage mechanism 177 is somewhat extended, and forces the
      movable tubular contact 151 into closed valve-like contacting engagement
      with the stationary tubular contact 150, and somewhat compressing the
      contact-compression spring 179. Relatively stationary contact fingers 181
      slide upon the supporting cylinder 183, which carries the relatively
      stationary contact 150 at its right-hand end in the manner illustrated in
      FIG. 3 of the drawings.
PAR  A support plate 186 (FIG. 5) is fixedly supported by post-means 111 (FIG.
      4) from the left-hand metallic end-cap structure 163, and the
      contact-compression spring 179 seats thereon. The right-hand end of the
      contact compression spring 179 seats upon a movable spring seat 186 (FIG.
      6), which is affixed to a plurality of spring-rods 188, which are capable
      of sliding through openings 189 provided in the stationary spring seat 185
      (FIG. 7).
PAR  As will be obvious from an inspection of the interrupter 30 of FIGS. 2 and
      3, extension of the lazy-tong linkage 177 brings the tubular contacts 150,
      151 into closed contacting valve-like engagement, as shown in FIG. 2, to
      close the electrical circuit through the device 30, whereas retraction of
      the lazy-tong linkage 177, as caused by rightward movement of the
      operating rod 173 driven from the mechanism 35, will effect opening of the
      tubular contact structure 150, 151 with concomitant piston-driving
      gas-flow 152 action through the tubular orifice 157 to effect extinction
      of the arc 190, which is established between the contacts, as shown in
      FIG. 3.
PAR  Although FIG. 3 shows the fully open-circuit position of the tubular
      contact structure 31, nevertheless for purposes of clarity, the position
      of the arc 190 has been indicated to show that it is acted upon by the
      gas-flow forced in the direction of the arrows 161 by the movable
      insulating operating cylinder 153 sliding longitudinally over the
      stationary piston structure 155.
PAR  It will be observed that the relatively stationary contact assembly 150
      comprises a surrounding slotted contact-sleeve portion 150a, which is
      secured, as by brazing, to an intermediate portion of the tubular
      relatively stationary contact, as at 150b. The support plate 186 also, of
      course, serves as a spring seat for the contact-biasing spring 179, as
      shown in FIGS. 2 and 3 of the drawings. To deflect the gas-flow through
      the relatively stationary contact, preferably a deflector button 102 is
      secured in the left-hand metallic end plate 163 of the
      circuit-interrupter, as shown in FIGS. 2 and 3.
PAR  Preferably, a metallic cooler assembly 56 is provided affixed to, and
      movable with the tubular movable venting contact 151. The metallic cooler
      56 is provided by an annular metallic member having a plurality of
      circumferential holes 56a provided therethrough to cool the compressed
      gases entering the arcing region. The cooler assembly 56 is affixed, as by
      brazing, for example, to the external surface of the movable tubular
      contact 151 and is surrounded by the insulating nozzle structure 157.
      Externally of the nozzle structure, as more clearly illustrated in FIG. 3,
      is the insulating operating cylinder 153, which moves with the nozzle and
      movable tubular venting contact, as a unitary assembly, during the opening
      operation.
PAR  The right-hand end of the movable tubular venting contact 151 is fixedly
      secured, as by a threaded connection, to a rod-end member 57, more clearly
      illustrated in FIGS. 12, 13 and 16 of the drawings. The rod-end member 57
      has an apertured extension 57a integrally provided therewith, which is
      secured, as by a pivot-pin 59, to the left-hand end of a lazy-tong linkage
      assembly, or pantograph assembly 177, comprising a plurality of
      interconnected pivoted links 61, 63, and guided by a plurality of roller
      members 65, which move along the opposing confronting flange-portions 67,
      69 of the guide-angle members 71, 73 (FIG. 10). The right-hand ends of the
      guide-angle members 71, 73 are secured to a plurality of metallic mounting
      blocks 81, 83 which, in turn, are secured by mounting bolts 85 to the
      right-hand metallic end plate 164 of the interrupter assembly 30, as shown
      in FIG. 3.
PAR  The right-hand end of the lazy-tong, or pantograph linkage assembly 177
      includes two pairs of guide links 91, 92, the right-hand ends of which are
      stationarily pivotally secured, as by two stationary pivot pins 93, 94
      between the upper and lower pairs of angle-standards 97, 99 which
      additionally provide confronting flanged surfaces to guide pairs of guide
      rollers 65 associated with the pivot-pin connections 100 of the several
      links 61, 63 constituting the lazy-tong assemblage 177. This construction
      is more clearly illustrated in FIGS. 10 and 11, wherein it will be
      observed that the guide-rollers 65 are spaced laterally apart, being
      provided on the same movable pivot pins 100, and each movable guide-roller
      65 being guided between the flanged surfaces 67, 69 of a pair of the
      angle-standards 97 or 99.
PAR  The left-hand ends of the four stationary angle-standards are reduced in
      width to accommodate the longitudinal travel of the insulating operating
      cylinder 153, as more clearly illustrated in FIG. 3.
PAR  To effect the longitudinal extension and contraction of the lazy-tong
      assemblage 177, the contact operating rod 151 has a rod-end 57 which is
      pivotally connected to the first pivot point of the lazy-tong assemblage,
      as indicated by the reference numeral 59. Since the two pairs of
      guide-links 91, 92 are stationarily pivoted at the points 93, 94, the
      inward and outward movement of the contact-operating rod-end 57A driven by
      the contact operating rod 173 will effect outward extension and inward
      contraction of the lazy-tong linkage assemblage 177 in an obvious manner.
      The pivoted links 61, 63 themselves will, of course, be guided by the
      lateral confronting flange surfaces 67, 69 of the two pairs of
      angle-standards 97, 99 in a manner more clearly illustrated in FIG. 10.
PAR  The fixed piston assembly 155 is fixedly secured to the left-hand ends of
      the metallic angle-standards 97, 99 in a manner more clearly illustrated
      in FIG. 3. A one-way acting valve structure 105 is associated with the
      fixed piston structure 155, so that during the compressing operation, the
      valve structure 105 closes, whereas during the contact closing operation,
      the valve structure 105 will then open to permit gas flow from the ambient
      65 within the casing 32 to flow into the compression region 66 within the
      operating cylinder member 153.
PAR  The left-hand end of the lazy-tong assemblage 177 has the thrust member 57,
      which is fixedly secured to the right-hand end of the moving contact
      assembly 151. This structure is shown more clearly in FIG. 3 of the
      drawings.
PAR  The one-way acting valve structure 105 comprises an annular valve 105a and
      an annular valve-spring 105b, both being supported by four post supports,
      the latter being secured to the four mounting blocks. The valve-spring
      105b normally holds the annular valve 105a over the valve openings,
      designated by the reference numeral 105c in FIGS. 23, 24 so that during
      the compression stroke, the valve structure 105 remains closed. During
      contact closing, on the other hand, as mentioned, the gas pressure
      conditions will deflect the valve-spring 105b and enable the valve
      openings 105c to be opened to permit gas flow into the compression chamber
      66.
PAR  The cooler assembly 56 has an important function during arcing, namely the
      cooling of the arcing gases, which may tend to backup into the compression
      chamber 66 during high instantaneous values of arcing current. On the
      other hand, when the instantaneous value of the arcing current decreases,
      to thereby lower the arcing pressure, the gas will return through the
      metallic cooler assembly 56, augmented by a fresh gas flow emanating from
      the compression chamber 66, and collectively will be forced into the arc
      190, to be exhausted in both directions through the relatively stationary
      venting contact structure 150 and also in the opposite direction through
      the moving venting contact structure 151, as indicated by the arrows 161.
PAR  A plurality of contact fingers 131 are provided, which bear laterally
      inwardly against the outer side surface of the movable tubular venting
      contact 151 to transmit current flow therefrom to the stationary metallic
      standards 71, 73, and thereby to the right-hand end closure plate 164 of
      the interrupter.
PAR  It will be noted that during the opening operation that the compressed gas
      will pass longitudinally through both tubular vented separable contacts
      for rapid arc extinction, with the carrying of the terminal ends of the
      arc 190 within the hollow tubular venting contacts themselves, to thereby
      attenuate the arc and effect the extinction thereof, as shown in FIG. 3.
PAR  By mounting the relatively stationary contact structure 150 in a resilient
      manner to enable a predetermined following movement of the stationary
      contact structure with the movable contact structure 151 prior to
      separation therebetween, a desirable predetermined pressure-buildup is
      generated within the puffer-operating cylinder 153, and trapped therein,
      by such contact valve action, so that an adequate pressure-buildup is
      attained before actual separation of the two cooperable venting contacts
      150, 151, and thereby release of the gas pressure built up within the
      puffer operating cylinder 153. When this occurs, the gas is suddenly
      released by the separation of the two contacts 150, 151, and this
      compressed gas then rapidly flows through both separable stationary and
      movable tubular venting contacts 150, 151 to bring about quick
      interrupting extinguishing action exerted upon the drawn arc 190 within
      the contacts.
PAR  To effect a rapid opening travel of the movable contact structure and the
      movable operating cylinder, preferably, the lazy-tong motion multiplying
      mechanism 177 is provided interiorly of the casing structure 32, which is
      preferably hermetically sealed by the sylphon bellows; and the operating
      rod 173 extends externally of the casing structure 32 through a sealed
      opening 167 (FIG. 3) adjacent the right-hand end, which supports the
      relatively fixed piston structure 155.
PAR  By way of retrospect, beginning with the interrupter in the closed-circuit
      position, as illustrated in FIG. 2, it will be observed that contraction
      of the lazy-tong linkage device 177 results in a rightward opening
      movement of the insulating operating cylinder 153 over the stationary
      piston structure 155. During this initial rightward opening movement of
      the movable tubular contact structure 151 and the insulating operating
      cylinder 153, there will, of course, be a following take-up of the
      lost-motion travel of the relatively stationary contact 150 by virtue of
      the contact-compression spring 179 and the spring rods 188, until the
      heads 188a on the spring-rods 188 come into contact with the stationary
      support plate 185. At this point in time, the following movement of the
      relatively stationary contact 150 ceases, and thereafter an arc 190 is
      established between the two tubular contacts 150, 151, the movable contact
      151 thereafter continuing its opening motion toward the right.
PAR  It will be observed that during this initial following travel of the
      relatively stationary contact 150, a desirable precompression of the gas
      occurs within the region 66 within the operating cylinder 153. At the time
      of contact separation, this desirable precompression of the gas exists,
      and at this point in time gas flow occurs through both of the tubular
      contacts, now separated, in the manner illustrated by the arrows 161.
PAR  Since the bore within both tubular contacts is of relatively equal size,
      there will, consequently, occur a general equalization of exhausting gas
      flow through both of the tubular contacts 150, 151 in the direction
      indicated by the arrows 161.
PAR  The ratings of interrupting device 30 incorporating the improved inventions
      of the present application is as follows:
TBL  Rated maximum voltages                                                    
                           121, 145 and 169 kV                                 
     Rated continuous current                                                  
                           1200 A.                                             
     Rated symmetrical interrupting current                                    
                           10,000 A.                                           
     Rated TRV capability at max. int.                                         
     current               1.7 kV per .mu. S                                   
     Momentary current, RMS asymmetrical                                       
                           61,000 A.                                           
     4-second current, RMS symmetrical                                         
                           40,000 A.                                           
     Closing current, RMS asymmetrical                                         
                           30,000 A.                                           
     Interrupting time (60 Hz basis)                                           
                           5 cycles                                            
     Contact opening speed 15.5 ft.                                            
     per sec.              (4.7 m per sec.)                                    
     Contact closing speed 14 ft.                                              
     per sec.              (4.3 m per sec.)                                    
     Total operating time (open or close)                                      
                           4 sec.                                              
     Control voltages      48V. dc, 125V. dc                                   
                           and 250V. dc                                        
PAR  One additional form of the device which is being disclosed is shown in
      FIGS. 25, 26 and 27. In these figures, FIG. 25 is a section through the
      interrupter 300 taken in the closed position, FIG. 26 is a view partially
      in section taken in the open position, FIG. 27 is a partial section taken
      at right angles to the section of FIG. 25, FIG. 28 is a section taken
      along the line XXVIII--XXVIII of FIG. 25, and FIG. 29 is a section taken
      along the line XXIX--XXIX of FIG. 27.
PAR  Referring now to FIG. 25, numeral 301 is a porcelain tube with metallic
      ends 302, 303 hermetically secured thereto. Extending through the end
      plate 303 is an operating rod 304 which is guided by the bushing 306 (FIG.
      27). A hermetic seal is provided by the metallic bellows 310 which is
      brazed to the end 303 at 312 and to the rod 304 at 315.
PAR  The sylphon bellows 170 that is used is a "Flexonics" reference No. N100
      which has a nominal size of 1 .times. 11/2 inches, a pitch of 0.141 inches
      per convolution, a max deflection of 0.027 in/convolution, a maximum
      pressure rating of 450 p.s.i., and is available with up to 80
      convolutions. The bellows 170 is provided with 35 convolutions which
      provides a maximum stroke of 0.945 inches of which is used 0.875 inches.
      Attached to the rod 304 at the pin 320 is a lazy-tong arrangement,
      designated generally by the numeral 177. The lazy-tong is made up of a
      group of links such as 61 and 63 together with spacers 325 (FIG. 28)
      pinned together with a number of pins 330. The links are stamped from
      aluminum sheet or plate and heat-treated for strength. The lazy-tong 177
      is connected to the conduction number 335 (FIGS. 26 and 27) by the pins
      340. The lazy-tong provides a motion multiplication of seven times which
      will multiply the 7/8 in. motion of the rod 335 to 61/8 inches. Referring
      to FIG. 26, the output from position a has been taken. If the output was
      taken from position b, the motion would be multiplied by 5. This would
      require 15 more convolutions in the bellows and increase its length by
      2.12 in. If the output is taken from point c, the multiplier is 3, the
      bellows 310 would require 80 convolutions, and its length would be
      increased by 6.35 inches. It will be noted that decreasing the number of
      steps in the tong 177 actually increases the length of the interrupter
      300. On the other hand, increasing the number of steps increases the
      stress on the bellows end of the linkage. The design shown is selected as
      a compromise.
PAR  A conducting member 350, preferably of copper is bolted to the base 303.
      Member 350 has four faces which act as guides for the lazy-tongs 177 (see
      FIG. 28) and keep it from buckling in spite of clearances between the pins
      and the links. The left-hand end of 350 is circular and is capped by a
      member 351. Members 350 and 351 are so formed as to provide an annular
      groove in which a number of sliding ball contacts 360 are mounted (see
      U.S. Pat. No. 3,301,986). If desired a corrugated sleeve may replace the
      sliding ball contact 360.
PAR  A stirrup shaped member 370 is pinned to the left-hand end of the tongs 177
      and this member is threaded to the tubular conducting member 335. Brazed
      to the left-hand end of the tube 380 is the contact 335 and the conducting
      cooler 381. Brazed to member 381 is a conducting cylinder 382 which makes
      contact to member 350 through the sliding ball contacts 360. Insulating
      flow-guide 385 is threaded into the recess in the member 381.
PAR  Bolted to the left-hand end of the housing is a brazed up assembly
      consisting of an end plate, a tubular, slotted main contact member, a
      tubular member 390, and a tubular slotted secondary contact member 394.
      Slidably mounted inside of secondary contact member 394 is arcing contact
      member 400 which makes contact with 390 through the corrugated sleeve 401.
      The pin 410 slides in a slot 411 in secondary contact 394 and extends
      through a hole in 400. A cup member 415 in conjunction with the spring 420
      biases the arcing contact to the right until the pin reaches the end of
      the slot.
PAR  In FIGS. 25 and 26 the interrupter is in the closed-circuit position. The
      current path is from the end conductor 303 to the member 305 to the
      sliding ball contact 360 to the conducting cylinder 382, to contact and
      cooler member 381, to main contact 308, to plate 319, to the opposite end
      member 417. In parallel with main contact member 308 are two other current
      paths. One is through the secondary contact member 394 and the other is
      through arcing contact 400 and corrugated sleeve 401.
PAR  To open the interrupter, the rod 304 is moved to the right, which works
      through the tongs 177 to move the cylinder to the right. The first thing
      that happens is the contact and cooling member 381 separates from main
      contact member 308, forcing all of the current to pass through the
      secondary and arcing contacts. As motion continues, contact 335 is
      withdrawn from contact 394 and the entire current now passes through
      arcing contacts 400 and 335. Member 400 continues to bear against contact
      335 until pin 410 reaches the end of slot 411, at which time the contacts
      open abruptly and draw an arc. Motion up until this point has compressed
      the gas in the cylinder 423, but when the arcing contacts separate, the
      gas blasts the arc and is vented through both hollow contacts,
      interrupting the arc quickly.
PAR  The design as described will have a very high continuous current rating.
      For a more moderate rating, main contact member 308 would be omitted,
      member 381 would be cast from aluminum, cylinder 382 would be made from
      aluminum or plastic, and sliding ball contacts 360 would be relocated so
      as to form a sliding contact between the member 350 and the tube 380.
PAR  As compared to previous puffer-type interrupters, the following
      improvements are shown:
PA1  a. Hermetic sealing.
PA1  b. Lazy-tongs to reduce the stroke of the metal bellows to a reasonable
      length.
PA1  c. Main contact system for high continuous current.
PA1  d. Secondary contacts.
PA1  e. Re-arrangement of mechanical details so that the internal creepage
      across insulation is the entire length of the porcelain tube.
PAR  Although there have been illustrated and described specific structures, it
      is to be clearly understood that the same were merely for the purpose of
      illustration, and that changes and modifications may readily be made
      therein by those skilled in the art without departing from the spirit and
      scope of the invention.
PAR  In more detail, there is provided a stationary main contact cylinder 308
      having the right-end thereof slotted, as at 309, to form a plurality of
      circumferentially disposed main contact fingers, designated by the
      reference numeral 311. The main metallic contact cylinder 308 is secured,
      as by a brazing operation, at 313 to the outer periphery of a stationary
      ring-shaped contact-support plate, designated by the reference numeral
      319, and affixed, as by the mounting bolts 322, to the inwardly-extending
      annular flange portion 302a of the end-closure plate 302. FIG. 30 shows
      this more clearly.
PAR  Also secured, as by brazing at 324, to an inner shoulder portion 319a of
      the annular support plate 319, is a contact-tube assembly 394, including
      an expansion portion 390 (FIG. 30) housing a corrugated contact sleeve 401
      (FIG. 29) and having the right-hand end thereof slotted, as at 408,
      thereby forming a plurality of circumferentially-disposed secondary
      contact fingers 409, which make sliding contacting engagement in the
      closed-circuit position, as shown in FIG. 30, with the tubular movable
      arcing contact 335. The contact-tube assembly 394, in addition, has a pair
      of diametrically-opposed guide-slots 411, 412, provided therein, more
      clearly shown in FIG. 30, which limit the longitudinal following motion of
      a movable guide-pin 410, the latter extending through two
      diametrically-positioned holes 414 provided in a movable annular
      spring-support plate 415. A contact-compression biasing spring 420 is
      interposed between the annular stationary spring-plate 319 and the annular
      movable spring support plate 415, so that in the closed-circuit position
      of the device, as illustrated in FIG. 30, the contact spring 420 is
      compressed, and the guide pin 410 is moved over toward its lefthand
      extremity position adjacent to the lefthand ends of the guide slots 411,
      412, as illustrated in FIG. 25.
PAR  Surrounding the contact-tube assembly 394 is a hollow insulating gas-flow
      nozzle 385 secured, as by a threaded connection 387, to an internal
      shoulder portion 378 of a movable main contact assembly, designated by the
      reference numeral 382, and fixedly secured, as by brazing, for example, to
      the lefthand end of a movable metallic operating cylinder 384. The movable
      operating cylinder 384 is moved in its opening and closing motions by the
      lazy-tong motion-multiplying mechanism, designated by the reference
      numeral 177, and operable from the righthand end of the interrupter
      assembly 300 by the contact-oprating rod 304. As stated hereinbefore, the
      contact-operating rod 304 moves with a relatively short motion, whereas
      the lefthand end of the lazy-tong, or pantograph linkage 177 expands and
      contracts with a considerable motion-multiplying advantage, as to be
      gleaned from a comparison of FIGS. 25 and 26 of the drawings.
PAR  Affixed upon the support columns 354, 355 (FIG. 28) from the righthand end
      303 of the interrupter-assemblage 300 is the relatively-fixed piston
      structure 351 having one-way-acting valves 353 provided therein, and also
      supporting an annular outer metallic contact-ring support 350 having a
      plurality of contact-balls 360 provided in a recess portion 352 of the
      stationary contact support ring 350.
PAR  From the foregoing, it will be apparent that in the closed-circuit position
      of the device 300, as shown in FIG. 25, the current extends from the
      lefthand metallic closure-plate 302 through the annular flange portion
      302a, through the main slotted contact tube 308, through stationary main
      contacts 311, through the annular movable main contact portion 383 (FIG.
      25) of the moving metallic contact assembly 382, through the metallic
      contact-balls 360, through the stationary supporting contact-ring 350, and
      through the two longitudinal contact-support standards 354, 355 (FIG. 28),
      to the righthand end metallic closure-plate 303 of the interrupter 300.
PAR  During the opening operation, the inner arcing-tube contact 400, affixed to
      the movable guidepin 410, moves under the biasing action exerted by the
      contact compression spring 420 with the movable main-contact assembly 382
      toward the right, as viewed in FIG. 25. It will be apparent from an
      inspection of FIG. 25 that there immediately occurs separation at the main
      contact fingers 311, 383, thereby causing all of the current to pass
      through the contact-tube assembly 394, by way of the finger-portions 409
      at the righthand extremity thereof, to the arcing nozzle-portion 335 of
      the movable contact assembly 382, with, of course, some of the current
      being, additionally, carried by the inner movable biased arcing contact
      tube 400. This opening action continues until the arcing-nozzle portion
      335 separates from the secondary contact fingers 409, which are, of
      course, stationary, and continued rightward opening movement of the hollow
      arcing nozzle 335 will, nevertheless, make continued abutting contact with
      the inner relatively-stationary arcing nozzle 400 until the movable
      guidepin 410 strikes the righthand ends of the two guide-slots 411, 412.
      At this point in time an arc (not shown) is established. The position of
      the parts at this point in time is illustrated in FIG. 30A.
PAR  Further continued rightward motion of the movable contact assembly 382
      effects a compression of the gas, such as sulfur-hexafluoride (SF.sub.6)
      gas 392 within the compression chamber 397, and forces this gas against
      the arc and out through the insulating gas-flow nozzle 385 in the
      direction indicated by the arrows of FIG. 317. Arc extinction soon ensues
      and the movable contact assembly 382 is further retracted by a collapse of
      the lazy-tong linkage 177. This position of the parts is indicated in FIG.
      31 of the drawings.
PAR  It will be observed from the foregoing description that no contact erosion,
      or arcing erosion, occurs at the main contact structure 311, 383, since
      all arcing takes place at the secondary contacts 335, 409, or at the inner
      arcing contacts 335, 400 by virtue of the lost-motion 328 provided by the
      guidepin 410 moving to the right within the two guide slots 411, 412.
      Thus, there is provided a pair of inner arcing contacts 335, 400, a set of
      secondary contacts 335 and 409, and a set of main or tertiary contacts
      provided by the main contact fingers 311, making contacting engagement
      with the outer main contacting periphery portion 383 of the movable
      metallic operating cylinder 384. Thus, arcing is limited to the inner two
      arcing contacts 335 and 400, where the gas-flow, generated from the
      compression chamber 397, rapidly blasts the arc and causes its extinction.
PAR  With reference to FIGS. 27 and 28, it will be observed that a pair of
      cooperating arcuately-shaped contact-support standards 354, 355 are
      provided having end-flanged portions 354a, 355a, which are bolted, by a
      plurality of bolts, 332, say, for example, six in number, to the
      right-hand end-support plate 303 of the interrupter assembly 300. The
      spacing 333 between the two contact guide-standards affords a longitudinal
      guiding raceway for accommodating accurate expansion and contraction of
      the lazy-tong linkage 177. This is more clearly illustrated in FIG. 28. In
      addition, the contact-standards 354, 355 as shown more clearly in FIG. 27,
      fixedly support into a stationary position the contact support ring 350.
PAR  The lefthand end 340 of the lazy-tong linkage 177 is pivotally secured to
      an apertured adaptor 370 having lateral holes 371 provided therethrough,
      and threadedly secured to the righthand end of the arcing contact-tube
      380. Since the arcing contact tube 380 has the arcing nozzle 335 affixed
      thereto, together with the metallic cooler assembly 381, the latter
      supporting the outer metallic operating cylinder 384, it will be apparent
      that the entire movable contact assembly 382, comprising the metallic
      operating cylinder 384, the metallic cooler 381, the movable main contacts
      383, and the inner arcing nozzle contact 335, move rightwardly during the
      opening operation as a unitary contact assembly being actuated by the
      collapsing action of the lazy-tong linkage, or pantograph assembly 177.
      The collapsed position is, as mentioned, set forth in FIG. 26 of the
      drawings.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gas-type puffer circuit-interrupter comprising a sealed-casing
      structure having a relatively stationary contact disposed adjacent one end
      thereof and a movable contact cooperable with said stationary contact and
      operable out of an apertured plate at the other end of said sealed-casing
      structure, a movable contact operating rod extending interiorly into the
      sealed-casing structure to operate the movable contact therein, a sylphon
      bellows sealed to one end of said end plate of the sealed-casing structure
      through which the movable contact rod extends, the other end of the
      sylphon bellows being sealed to an intermediate portion of the movable
      contact-operating rod, a lazy-tong motion-multiplying operating linkage
      mechanism interposed between the inner end of the movable contact
      operating rod and the movable contact structure, a
      longitudinally-extending guide-means for the lazy-tong operating mechanism
      having one end affixed to the said apertured end plate and the other end
      supporting a fixed piston structure, said movable contact carrying a
      movable operating cylinder slidable longitudinally over said fixed piston
      structure to provide gas flow, an insulating nozzle secured to said
      movable contact structure whereby compression of gas between the movable
      operating cylinder and the fixed piston structure will force compressed
      gas out through the movable nozzle structure to effect extinction of the
      arc drawn between the stationary and movable contacts.
NUM  2.
PAR  2. The combination according to claim 1, wherein four angle brackets
      constitute said longitudinally-extending guide-means.
NUM  3.
PAR  3. The combination according to claim 2, wherein roller members are affixed
      to the movable pivots of the lazy-tong operating mechanism and slides
      between the confronting faces of the four angle-members of the
      guide-means.
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ABST
PAL  An improved high-voltage circuit-interrupter of the gas-blast type is
      provided having improved gas-partitioning and particle-collecting means so
      provided as to prevent the entrance of small insulating, or metallic
      particles into the high-pressure storage chamber of the interrupter. A
      non-perforated insulating support member provides support for the
      high-voltage conductor, and, additionally, seals off the high-pressure
      gaseous storage region within the high-pressure chamber from the contact
      interrupting chamber, where, due to contact engagement and disengagement,
      relatively small metallic particles may be generated, and if allowed to
      wander into the high-pressure storage chamber provided between the
      high-voltage conductor and the outer grounded tube of the high-pressure
      storage chamber, would precipitate, or encourage high-voltage breakdown,
      or flashover between these two conducting members which are at
      widely-different voltages, say, for example, 200 K.V.
PAL  Another important aspect of the invention includes the provision of a
      grounded collecting chamber located at a strategic position to collect the
      insulating, or metallic particles, generated within the
      contact-interrupting region, in an electrically field-free space, where
      they are permanently collected, and may be removed periodically, if
      desired, as a part of the maintenance schedule for the
      circuit-interrupter. However, in the collecting region they are trapped,
      and are not permitted to advance or enter into the high-pressure chamber.
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PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  In United States patent application filed Sept. 13, 1972, Ser. No. 288,843
      by Bertolino et al. now U.S. Pat. No. 3,852,550, issued December 3, 1974,
      and assigned to the assignee of the instant application, there is
      illustrated and described an improved circuit-breaker construction in
      which an insulating sleeve-like partition member is provided around the
      high-voltage conductor tube within the high-pressure storage chamber.
      Small filter elements are provided in the high-voltage conductor tube to
      equalize the pressure conditions on the inside and the outside of the
      aforesaid sleeve-like insulating member, yet to prevent the entrance of
      insulating or metallic particles into the annular region surrounding the
      high-voltage conductor tube and constituting a high-pressure chamber.
PAR  Also, U.S. patent application filed Mar. 9, 1971, Ser. No. 122,453, now
      United States Patent 3,814,879, issued June 4, 1975 to Cookson et al., and
      assigned to the assignee of the instant application, illustrates the
      theoretical background for the problem encountered when insulating, or
      metallic particles enter a high-pressure region, and tend to precipitate
      high-voltage breakdown between members at widely-different voltage levels.
PAR  Reference may also be made to U.S. patent application, filed Dec. 21, 1973,
      Ser. No. 427,278, by M. J. Taylor, and assigned to the assignee of the
      instant application, for a description of an improved heating means
      associated with the collecting chamber, the latter being set forth, in
      detail, in the instant application.
PAC  BACKGROUND OF THE INVENTION
PAR  In U.S. patent application filed Mar. 9, 1971, Ser. No. 122,453 by Cookson
      et al now the aforesaid United States Patent 3,814,879, there is
      illustrated and described various means for preventing relatively small
      particles entering into regions of high electrical field stress. Also, the
      aforesaid U.S. patent application Ser. No. 288,843, now the aforesaid
      United States Patent 3,852,550 sets forth the problem, which is
      encountered in high-voltage compressed-gas circuit-interrupters, where an
      effort is made to prevent relatively small insulating or metallic
      particles entering into the high-pressure gas storage regions, where
      electrodes are present at widely-different voltage levels from each other,
      for example, approaching 200 K.V. in magnitude.
PAR  Since the opening and closing operations of the metallic contact parts tend
      to generate small metallic particles, which tend to roam about in the
      gaseous region, it is necessary to prevent these small metallic or
      insulating particles from entering into the high-pressure gas storage
      regions, where the conducting high-voltage parts are closely spaced
      together, and where, obviously, high electrostatic fields are generated
      between such closely-spaced high-voltage metallic members. It has been
      proved by test that small particles, either insulating or conducting, will
      tend to precipitate a voltage breakdown between such high-voltage members,
      which are at widely-different voltage levels.
PAR  In U.S. patent application filed July 7, 1972, Ser. No. 269,691 by Dakin et
      al, now U.S. Patent 3,792,218, issued December 12, 1974, and assigned to
      the assignee of the instant application, there is illustrated a perforated
      support cone in FIG. 1 of said patent application, which permits free
      communication between the high-pressure gas within the interrupting area
      and the high-pressure region within the lower U-shaped high-pressure gas
      storage chamber, and electrical heaters, designated by the reference
      numeral 75 in said patent application U.S. Patent 3,792,218, heat the gas
      to prevent liquefaction of the gas; and the thus heated gas freely enters
      upwardly past the high-pressure region, and through the perforated support
      cone and into the contact interrupting region. The hazard results that
      small metallic particles will enter the perforated cone, as set forth in
      FIG. 1 of said patent, and drop downwardly into the lower high-pressure
      U-shaped gas storage region, so as to create the hazard in the U-shaped
      high-pressure gas storage region of possible breakdown or flashover
      therein.
PAR  Also, reference may be made to U.S. Pat. No. 3,596,028 issued July 27, 1971
      to Kane et al., and assigned to the assignee of the instant application,
      for a description of the general type of interrupting structure, also
      utilizing a perforated support cone, and which is subject to the same
      problem.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, the lower U-bend high-pressure gas
      storage region is sealed off from the contact interrupting region by a
      non-perforated support cone, and this prevents free conduction of
      gas-flow, when the former is heated, according to prior-art constructions,
      to the contact area. We use a by-pass gas conduit from the high-pressure
      U-bend gas storage region to the contact interrupting area by suitable
      means, including filtering elements, and also, and highly desirable,
      provide a grounded collecting chamber having upper holes or apertures
      provided therein to permanently collect and to trap any generated small
      particles in an electrostatic field-free space within such grounded
      collecting chamber.
PAR  The grounded collecting region may be disposed about the high-pressure
      storage chamber, and may be provided with a plurality of upper apertures
      therein for permitting the entrance into the collecting chamber of
      relatively small insulating or metallic particles; and when the particles
      are once within such collecting chamber, they will be permanently trapped
      therein due to the electrostatic field-free conditions existing within the
      collecting chamber.
PAR  Further objects and advantages will readily become apparent upon reading
      the following specification, taken in conjunction with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an end elevational view, partially in section, of an improved
      high-voltage gas-type circuit-interrupter embodying the principles of the
      present invention, the contacts being shown closed;
PAR  FIG. 2 is an enlarged sectional view taken substantially along the line
      II--II of FIG. 1 looking in the direction of the arrows;
PAR  FIG. 3 is a fragmentary side elevational view of the lower high-pressure
      gas U-bend member provided in the circuit-interrupter of FIG. 1 to store
      high-pressure gas therein;
PAR  FIG. 4 is an enlarged fragmentary sectional view illustrating the general
      type of contact interrupting structure provided in the circuit-interrupter
      of FIG. 1, and illustrating the top portion of the unperforated support
      member or cone, the contact structure again being illustrated in the
      closed-circuit position;
PAR  FIG. 5 is an enlarged sectional fragmentary view showing the unperforated
      support cones, the two grounded and collecting chambers of a
      circuit-breaker, where two interrupting assemblages are provided for the
      higher ratings, and the gas-pipe connections therefor;
PAR  FIG. 5A is a perspective view, in one-quarter section, of the microporous
      filter element used in FIG. 5;
PAR  FIG. 6 is an enlarged vertical sectional view taken through one of the
      collecting chambers of FIG. 5;
PAR  FIGS. 7, 8 and 9 are sectional views taken along the corresponding lines,
      indicated by the respective Roman numerals in FIG. 6, to further
      illustrate the heating and return apertures provided in the collecting
      chamber and the circular heating-fins provided therein;
PAR  FIGS. 10 and 11 illustrated side-elevational views of the kidney-shaped
      heating strips utilized adjacent the lower base portion of the collecting
      chamber for heating the gas;
PAR  FIG. 12 illustrates the collecting chamber and the upper portion of the
      U-bend having insulation material disposed thereabout, and showing the
      location of the primary and secondary heating strips;
PAR  FIG. 13 is a sectional plan view of the collecting chamber of FIG. 12 taken
      along the line XIII--XIII of FIG. 12, illustrating the location of the
      kidney-shaped secondary heating strips constituting secondary heating
      means for heating the enclosed gas, and also showing the surrounding
      primary heating coils;
PAR  FIG. 14 shows a breakdown characteristic curve for sulfur-hexafluoride
      (SF.sub.6) gas;
PAR  FIG. 15 shows a set of capacitor plates with an interposed particle to
      illustrate the principles of the present invention;
PAR  FIG. 16 shows a set of capacitor plates with an interposed particle;
PAR  FIG. 17 shows a set of capacitor plates with interposed charged particles
      and electrical field lines; and,
PAR  FIG. 18 shows a set of capacitor plates with a metallic grid particle trap
      to illustrate the principles of the present invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, and more particularly to FIGS. 1-4 thereof, it
      will be observed that there is provided a high-voltage gas-type
      circuit-interrupter, designated by the reference numeral 1, and for the
      lower-voltage ratings, utilizing a single arc-extinguishing assemblage 3
      on one side of the structure, and a terminal-bushing structure 5 on the
      other side of the structure, as shown in FIG. 1. However, for the
      higher-voltage and current ratings, two such arc-extinguishing assemblages
      3, may be provided on both sides of the circuit-breaker structure 1, and
      one of these arc-extinguishing assemblages 3, will, of course, take the
      place of the left-hand terminal-bushing structure 5, as actually
      illustrated in FIG. 1 which shows a lower voltage and current rating
      breaker. Reference may be directed to FIGS. 18-20 of U.S. Pat. No.
      3,596,028 Kane et al for the concept of utilizing a plurality of
      arc-extinguishing assemblages 3 for the higher ratings, or only one
      arc-extinguishing assemblage 3, taken in conjunction with a
      terminal-bushing structure 5, as set forth in FIGS. 18-20 of U.S. Pat. No.
      3,596,028 issued to Kane et al., and assigned to the assignee of the
      instant application.
PAR  With attention being directed to FIG. 4, it will be observed that there is
      provided a separable contact structure 7 having a moving contact 9, which
      is attached, at its upper end, as at 9a, to the lower threaded end 11a of
      an upper operating rod 11, the latter projecting upwardly into a dome
      portion 13 of the arc-extinguishing assemblage 3 (FIG. 1), wherein a
      suitable high-voltage operating mechanism 15, such as a
      piston-and-cylinder arrangement, may be provided to effect upward opening
      motion of the movable contact 9, or downward closing motion of the same.
      Reference may be made to U.S. Pat. No. 3,590,189 issued June 29, 1971 to
      Fischer et al. for a detailed description of the high-voltage operator 15,
      which is disposed interiorly within the upper dome portion 13 of the
      extinguishing assemblage 3. Also, if desired, reference may be made to
      U.S. Pat. No. 3,596,028 issued to Kane and Reese, and assigned to the
      assignee of the instant application, for a detailed description of the
      operation of the circuit-interrupter 1, and the method of controlling
      gas-flow during extinction of the arc (not shown) established between the
      moving main contact 9 and the stationary main contact structure 17 of FIG.
      4 of the drawings.
PAR  In order to understand the present invention, however, it is only necessary
      to know that high-pressure gas 19, for example, sulfur-hexaflouride
      (SF.sub.6) gas, say at 260 p.s.i., exists in the region 21 exteriorly of
      the separable main contact structure 7, and is available at all times at
      high pressure to effect arc extinction when the moving main contact 9 is
      moved upwardly by the aforesaid operator 15 away from the lower main
      stationary contact structure 17 of FIG. 4.
PAR  To halt the upward and downward exhausting gas-flow through the hollow
      movable contact 9 and the hollow stationary contact 17, suitable secondary
      blast-valve structure 23 is provided, which is latched and governed so as
      to close following extinction of the arcing (not shown). Thus, in the
      open-circuit position of the interrupter 1, not shown, high-pressure gas
      19 exists not only in the region 21 but also in the regions interiorly of
      both movable and stationary contact structures 9, 17, as at 25 and 27 in
      FIG. 4.
PAR  Reference may be had to U.S. Pat. No. 3,665,133 by Reese et al, and
      assigned to the assignee of the instant application, for a description of
      the operation of the main separable contact structure 7 illustrated in
      FIG. 4 of the instant drawings, and the teachings in said U.S. Pat. No.
      3,665,133 are incorporated herein by reference. The high-voltage operator
      15, referred to hereinbefore, is set forth in FIG. 2 of said U.S. Pat. No.
      3,792,218, and the operation of the separable contact structure 7 is set
      forth in FIGS. 3, 5, 6 and 7 of said U.S. Pat. No. 3,792,218.
PAR  As stated hereinbefore, the prior art, as exemplified by the aforesaid U.S.
      Pat. No. 3,596,028, shows in FIG. 5A a perforated support cone
      (unnumbered), which permits the roaming of small particles downwardly into
      the U-bend gas storage structure, designated by the reference numeral 71
      in FIG. 5B of the drawings of U.S. Pat. No. 3,596,028. This is undesirable
      for small particles may precipitate high-voltage breakdown in even a
      high-pressure chamber 117, where the conducting members 29, 71 of said
      U.S. Pat. No. 3,596,028 are spaced closely together. A possible remedy for
      the aforesaid situation is set forth in U.S. Pat. No. 3,852,550.
PAR  Since it remains necessary to heat the sulfur-hexafluoride (SF.sub.6) gas
      19 within the region 21 interiorly of the column structure 8 (FIG. 1), and
      since the heaters 72 of said U.S. Pat. No. 3,596,028 around the lower
      U-bend gas storage region 33 are no longer usable, since the insulating
      support cone 31 is made non-perforate, it becomes necessary to heat the
      high-pressure gas 19 within the columns 8 by some other means. We prefer
      to heat the gas 19 within the collecting chambers 37 shown in FIG. 5. This
      collecting or heating chamber 37 is pneumatically connected to the column
      8 by several ports 51, 53. The heating chamber 37 has several holes 51, 53
      that communicate the gas 19 between the column 8 and the heating or
      convection chamber 37. These holes allow for natural convection to occur
      when the heat is applied to the heating chamber 37. The heaters 60, 61
      (FIG. 12) are applied around the side and on the bottom 24 of the heating
      chamber 37, and the heat is transferred to the gas 19 through the walls of
      the chamber and through the curved heating fins 20 welded in place inside
      of the heating or collecting chamber 37. This warm gas then rises through
      the holes 51 to effectively heat the column 8, and the cold gas 19, that
      has lost its heat, then returns down through the holes 53 into the
      collecting or heating chamber 37, and again becomes warm. Thermal
      insulation 69 is supplied around the outside of this heating chamber 37
      and the U-bend storage region 33, as shown in FIG. 12, to reduce the heat
      losses to the external atmospheric air. However, this insulation 69 cannot
      be attached around the upper portion of the column 8 adjacent the contacts
      9, 17 due to voltage limitations. Therefore, the heat loss at this area
      cannot be reduced and the heat must be supplied to the column 8 to keep it
      warm. The reason that the column 8 must be kept warm is that the gas 19
      (which may be SF.sub.6, for example) will liquefy, and turn to a liquid at
      a temperature below 50.degree. F. To maintain this minimum temperature,
      heat is therefore supplied into the heating and collecting chamber 37, and
      by natural convection circulated to the column 8 to maintain the gas
      temperature within the column structure 8 at about the aforesaid minimum
      50.degree. F. This heating arrangement, with the primary heater 59
      supplied, maintains this temperature over all environmental conditions
      from a minus 40.degree. F. up to, and above 50.degree. F., which allows
      for wind effects and electrical current flow to pass through the breaker
      1, and allows the column 8 to not overheat, that is, become hotter than
      80.degree. F. The column assemblage 8 is at a 20.degree. angle, for
      example, as shown more clearly in FIG. 1. This places the high physical
      side 63 of the column 8 slightly physically higher than the low physical
      side 67 of the collecting chamber 37. Inasmuch as the gas 19 rises, when
      heated, the hot gas 19 from the higher side 63 of the heating chamber 37
      moves up the high physical side of the column 8, and the cold gas 19,
      being cooler, goes down to the lower physical side 67 of the column 8, and
      then returns down to the bottom 67 of the low side of the heating chamber
      37 through the return holes 53. This allows for natural convection of the
      gas 19 to occur uniformly and to continuously maintain a uniform heat
      distribution throughout the upstanding column structure 8.
PAR  The circuit-interrupter 1, described herein, is, for example, a 362 K.V.
      circuit-breaker capable of interrupting 40,000 amperes, and also capable
      of carrying 3,000 amperes continuously. This heater-control scheme 59
      provides sufficient heat to permit the upstanding column 8 to operate
      properly down to an ambient temperature of -40.degree. F. The high
      pressure at 70.degree. F., within column structure 8, is 240 lbs. per
      square inch. The low pressure in the circuit-interrupter gas-system is
      normaly at 5 lbs. per square inch. The insulation pressure normally is
      about 25 lbs. per square inch. The only gas 19, that needs to be heated,
      is the gas at high pressure, or at 240 p.s.i., for example. The
      low-pressure gases do not liquefy for temperatures down to a -40.degree.
      F. The heat is supplied to this heating chamber 37 by the two banks of
      heaters 60 and 61. The primary bank of heaters is located around the
      outside of the collecting chamber 37, being designated by the reference
      numeral 60. This primary bank 60 is controlled by a probe (not shown)
      monitoring the actual gas temperature within region 55 of the collecting
      chamber 37. This always maintains the gas temperature within the
      collecting chamber 37 to 70.degree. F.
PAR  The second, or secondary heating bank 61 is located beneath the bottom 24
      of the heating, or collecting chamber 37, and constitutes, for example,
      separate kidney-shaped heater elements 61a, 61b. These heater elements
      61a, 61b are turned on and off by the external ambient temperature, in
      that there is a known amount of heat that will be lost, under all
      conditions, to the external atmosphere for a given external ambient
      temperature of the outside atmosphere. The heat is then supplied at this
      minimum rate depending upon the primary heaters, 60 located around the
      outside 49 of this collecting cylinder 37 to make up the difference, such
      that the proper temperature of the gas 19 is always maintained.
PAR  The metallic heating fins 20 are welded to the bottom 24 of the heating or
      collecting chamber 37. They are welded to provide good thermal connection
      to the bottom 24 of the collecting or heating chamber 37, where the
      heaters 61a, 61b are also located. The metallic fins 20 supply additional
      surface area within the heating or collecting chamber 37 to transfer the
      heat to the gas 19 in region 55 to thus warm up the gas 19 within the
      collecting chamber 37. These fins 20 are located at, for example, a total
      circumferential angle of 270.degree., with the only lower physical portion
      30 being vacant of these fins 20. The reason for the location of the fins
      20 is that more heat is supplied to the high physical side 63 of the gas,
      at the higher side 63 of the column 8, such that it generates and assists
      the natural convection flow of gas. The heating chamber 37 and the
      internal fins 20 are all fabricated of aluminum.
PAR  The heating chamber 37 is heated by the two kidney-shaped heater elements
      61a, 61b located at the bottom 24 of the collecting chamber 37. These
      kidney-shaped elements 61a, 61b are fabricated in the following manner: An
      outside supplier makes two arc-shaped rod-pieces of heater elements, of
      strips 32, which are subsequently cast into this cast-aluminum
      heater-element 61a or 61b, more clearly set forth in FIGS. 10 and 11.
      These two arc, or kidney-shaped heater pieces 32 are first placed in a
      mold, and then hot aluminum metal is poured around these elements 32 and
      into the mold to effect a complete cast enclosure of these two heaters
      strip rods 61a, 61b. The bottom 34 of the cast kidney-shaped element 61a,
      or 61b is then machined off flat, such that an effective interface heat
      transfer can then occur to the bottom 24 of the heating chamber 37 by the
      contiguous or abutting relationship, and thereby allow for minimal
      temperature-drop across the interface 24 between the cast-heater elements
      61a or 61b and the lower surface 24 of the collecting chamber 37.
PAR  The present invention is particularly concerned with an improved means of
      compartmentalizing, or partitioning the high-pressure gaseous regions 21,
      29 within the circuit-breaker structure 1, so that the interrupting
      region, herein designated as region 21, is separated or partitioned away
      from the high-pressure storage region, designated by the reference numeral
      29 in FIGS. 1 and 4. To achieve this end, it will be noted that the
      insulating support cone 31, as partly illustrated in FIG. 4, and as more
      clearly illustrated in FIG. 5, is non-perforate, and provides a separate
      and independent high-pressure region 29 divorced from gaseous
      communication with the high-pressure region 21 adjacent the separable main
      contact structure 7. It is, of course, desirable to effect a gaseous
      pneumatic communication between the two regions 21 and 29. For this
      purpose, the collecting chamber, generally designated by the reference
      numeral 37, and shown more clearly in FIGS. 6-9, is provided. It will be
      noted, with particular reference being directed to FIG. 6, that a pair of
      apertures 39, 40 are provided in upper and lower support plates 42, 43,
      through which an insulating operating tube 45 extends, and in the interior
      of which a reciprocally-operable valve-operating rod, designated by the
      reference numeral 47 in FIG. 5, is provided. As set forth in U.S. Pat. No.
      3,596,028, this reciprocally-operable valve-operating rod 47 effects
      pneumatic operation of the high-voltage operator 15 disposed within the
      upper high-voltage operating dome region 13 of FIG. 1. Also, the
      collecting chamber 37, as constituted by the flange plates 42, 43 and the
      outer cylindrical portion 49, includes a plurality of holes 51, 53
      affording gaseous intercommunication between the region 55 within the
      collecting chamber 37 and the upper high-pressure region 21 within the
      interrrupting chamber 57 adjacent the contacts. This is more readily
      visualized by an inspection of FIGS. 5 and 6 of the drawings. It will be
      noted that there is provided pneumatic intercommunication between the
      high-voltage interrupting chamber 57 and the chamber 55 within the
      collecting chamber 37, as afforded by the openings or holes 51, 53 of
      FIGS. 8 and 9. In addition, suitable heating means 59, constituting the
      primary heating source 60 (FIG. 12), and the secondary heating source 61
      (FIG. 12) are provided associated with the collecting chamber 37 to heat
      the gas 19, such as sulfur-hexafluoride (SF.sub.6) gas, for example, and
      cause the hot gas 19 to flow upwardly by convection flow through the upper
      physical side 63 (FIG. 1) of the collecting chamber 37 within the
      upwardly-extending arc-extinguishing casing structure 65 (FIG. 1), and
      causing its return convection flow through the relatively small holes 53
      provided at the lower end 67 (FIG. 1) of the collecting chamber 37. This
      subject matter is set forth and claimed in more detail in U.S. patent
      application, filed Dec. 21, 1973, Ser. No. 427,278 by M. J. Taylor, and
      assigned to the assignee of the instant application.
PAR  As illustrated in FIGS. 12 and 13, insulation material 69 surrounds both
      the primary and secondary heating strips 60, 61 so as to prevent the heat
      loss from the heating strips 60, 61 to the outside external ambient air or
      atmosphere, which may, conceivably, be at a low-ambient temperature
      condition, say 40.degree. below 0.degree. F., for example.
PAR  It is to be noted, however, that the primary heating source 60 is
      responsive to the actual gas temperature, as measured by a probe (not
      shown), which is inserted into the high-pressure gas region 55 within the
      collecting chamber 37. On the other hand, the secondary heating source 61,
      constituted, for example, by the pair of kidney-shaped cast heating strips
      61a, 61b, is controlled by the outside ambient temperature conditions.
      Suitable means, well known by those skilled in the art, could provide such
      heating measurements and control, that is one responsive to the gas
      temperature within the collecting chamber 37, and a second
      temperature-responsive means measuring the external atmospheric air
      ambient temperature.
PAC  THEORY OF PARTICLE MOVEMENT
PAR  Referring now to the drawings, and to FIG. 14 in particular, a
      sulfur-hexafluoride gas insulation breakdown characteristic 70 is depicted
      wherein alternating breakdown voltage in kilovolts (rms) is measured on
      the ordinate 71, and pressure in pounds per square inch gauge is measured
      on the abscissa 72. Plot or curve 73 shows the breakdown characteristics
      between two spaced electrodes for sulfur-hexafluoride insulating gas with
      virtually no particles immersed or present in it. On the other hand, plot
      or graph 74 shows the breakdown characteristics between the same two
      spaced electrodes for sulfur-hexafluoride gas which has one-half inch long
      by 0.004 inch diameter cylindrical particles immersed in it. As can be
      seen by inspecting characteristics or graph 70, sulfur-hexafluoride
      insulating fluid with particles immersed in it breaks down at a relatively
      much lower voltage than the same gas without particles immersed in it. In
      the improved type of circuit-interrupter 1, as disclosed in FIGS. 1-4,
      sulfur-hexafluoride insulating fluid 19 is maintained at a pressure of
      approximately 225 lbs. per square inch gauge. At this pressure, the
      sulfur-hexafluoride gas 19 acts not only as an insulating medium for live,
      or high-voltage electrical components within the circuit-breaker 1, but
      also is employed in a blasting arrangement to assist in extinguishing an
      arc which occurs when the circuit-breaker, or circuit interrupter 14 is
      actuated to open an electrical current-carrying circuit 18. However,
      unless the sulfur-hexafluoride gas 19 is relatively particle-free, as is
      seldom the case, the breakdown voltage of the protected electrical
      insulated circuit-breaker is approximately 100 kilovolts at 225 lbs. per
      square inch gauge pressure. This is shown graphically at point 75 on curve
      74 of breakdown characteristic 70 of FIG. 15. However, circuit-breakers
      employing sulfur-hexafluoride gas at this pressure are usually required to
      withstand a voltage of approximately 230 kilovolts or greater.
      Consequently, a contaminated sulfur-hexafluoride gas insulating medium
      maintained at a pressure of 225 lbs. per square inch will not provide
      adequate electrical insulation.
PAR  The reason that the pressurized sulfur-hexafluoride gas insulating medium
      19 with contaminating particles immersed in it does not properly insulate
      may be understood by referring to FIGS. 15 and 16. In FIG. 15, a
      parallel-plate capacitor arrangement 80 having a high-voltage capacitor
      plate or conductor 81 and a low-voltage capacitor plate or conductor 82 is
      shown. Interposed between plates 81 and 82 is a particle 83. Particle 83
      may be dielectric or insulating or, alternatively, metallic in nature. In
      other words, it may be either an electrically insulating or an
      electrically conducting particle. In FIG. 15 particle 83 is shown in a
      position proximate or close to parallel plate or conductor 81, whereupon
      it is thought that a small electrical discharge may take place between the
      particle 83 and the conductor 81. The discharge 85 may cause an avalanche
      discharge 87 to continue from particle 83 to negative conductor or
      capacitor plate 82, thus causing a complete electrical breakdown between
      capacitor plates 81 and 82. This operation demonstrates the "trigatron"
      effect.
PAR  A second possible theory is demonstrated graphically in FIG. 16, wherein a
      similar parallel-plate capacitor arrangement is shown. A similar particle
      83 is shown attached to, or abutting against plate 81. It is thought in
      this instance that the protrusion caused by particle 83 jutting or
      projecting from plate 81 creates a point where there is relatively high
      concentration of potential stress, and from where a voltage breakdown, as
      indicated by jagged line 90, may easily occur. Regardless of which theory
      explains the breakdowns described, it is clear that the presence of
      particles 83, as shown in FIGS. 15 or 16, respectively, is a significant
      cause of electrical breakdown between conductors at different potentials.
PAR  Referring now to FIG. 17, another parallel-plate capacitor arrangement 93
      is shown having a positive electrically conducting plate 81 and negative
      electrically-conducting plate 82. Interposed between plates 81 and 82 is a
      plurality of particles 94, 95 and 96. Some particles, such as particle 96,
      have no charge and float randomly in insulating fluid 97. Other particles,
      such as particle 94, have a negative charge and are thus attracted to
      positively-charged capacitor plate or electrode 81, while a third type of
      particle, such as particle 95, has a positive charge, and is attracted to
      the negatively-charged capacitor plate 82. These charged particles 94 and
      95 are accelerated due to the influence of an electrical field 98 between
      plates 81 and 82. As can be seen by reference to FIGS. 15 and 16, as the
      charged particles 94 and 95 in FIG. 17 migrate or move to the plates of
      the respective opposite polarities, the "trigatron" effect or the
      "abutting electrical particle" effect may occur causing a discharge or
      breakdown between plates 81 and 82. Of course, it may also be possible for
      the particles 94 and 95 to migrate to the respective plates of opposite
      polarity 81 and 82 and merely discharge without causing a breakdown
      between capacitor plates 81 and 82. In this case, the respective particles
      94 and 95 will merely acquire the charge of the plates 81 and 82,
      respectively, to which they have migrated and begin to move towards the
      oppositely-charged plates 82 and 81 respectively. This phenomena could
      possibly continue independently, only occasionally causing a breakdown in
      the gaseous insulation 97, discussed previously.
PAR  Referring now to FIG. 18, a proposed well-known method for preventing
      voltage breakdowns, due to migrating charged particles, such as 99 and
      100, is shown in the capacitor combination 101, which includes a pair of
      oppositely-charged electrodes, or plates 81 and 82 and a metallic grid or
      screen 103, which is grounded or connected to one electrode 82 by a
      conductor 105. In this case, particles 99 and 100, corresponding to
      particles 94 and 95 in FIG. 17, migrate, as previously described. However,
      the electrical field, shown by lines 98, extends only to the metallic grid
      103, since it is at the same potential or voltage level as plate or
      conductor 82. Consequently, any particle, such as particle 107, which has
      filtered through the grid or screen 103 finds itself in a zero electrical
      field, or field-free region 110, wherein no accelerating forces exist to
      cause the particles 107 to migrate or move to the oppositely-charged plate
      81. U.S. Pat. No. 3,515,939 -- J. G. Trump, issued June 2, 1970, explains
      more of the theory of the functioning of the metallic screen 103.
PAR  The filter element 28, illustrated in FIG. 5, is used to keep dirt and
      particles from reaching the U-bend gas storage area 35. The filter 28 is
      more clearly illustrated on an enlarged scale in FIG. 5A. The filter
      element 28 is supplied by the Circle Seal Products Company, Inc., located
      at Circle Seal Center, Post Office Box 366, Anaheim, California 92803.
      This company manufactures microporous in-line filters, being their 4200
      series. The filter element 28 filters out contaminated particles as small
      as 2 microns (10 absolute). The filter element 28 may be easily cleaned by
      back-flushing with solvent, or other cleaning methods to readily restore
      the useful life of the filter 28. Precision manufacture of micronic
      wire-cloth insures a determinable maximum pore size. The element 28 is
      free from media migration. Continuous strands of high-strength
      stainless-steel wire in the filter element 28 cannot get loose and wash
      through the systems downstream of the filter.
PAR  Tests have indicated that particles as small as a 16th of an inch, when
      allowed to set on the inner high-voltage electrode 115 of FIG. 5, could,
      under some circumstances, cause flashover; and the dynamic characteristics
      of falling particles show that even particles smaller than this could
      cause flashover in this high-pressure chamber region 35. Thus, the main
      reason or motivation for providing a separating means and a collecting
      means 37 for the debris is not to allow it to get into the high-pressure
      gas storage chamber 29. The line-to-ground voltage between the inner
      high-voltage electrode 115 and the outer grounded electrode 117 for a 345
      K.V. circuit-breaker, for example, would be 200 K.V. The highest voltage
      gradient occurs on the outer surface 115a of the inner electrode 115.
PAR  The particles are created in the interrupter portion 14 of the breaker 1 by
      various means. One cause of their formation is during assembly operations
      at the factory during the bolting-together processes of the various parts;
      secondly, their formation is caused by interruption particles, such as
      conducting and insulating particles, created during the mechanical
      interruption of the breaker 1; thirdly, by just mechanical operation of
      the breaker, often embedded particles, aluminum filings, etc. are broken
      loose from the contacts, and thereby fall by natural gravity down to the
      bottom portion 33 of the breaker 1.
PAR  Prior to this invention, the circuit-breaker construction 1 employed a
      cast-epoxy cone 31 with large openings or apertures provided in the side
      wall of the cone 31, which were required in order to heat the gas within
      the breaker. Unfortunately, this allowed the falling debris to enter the
      resulting open high-pressure gaseous region 29 of the breaker, thereby
      sometimes causing electrical breakdown therein.
PAR  A communicating pipe 26 communicates the high-pressure gas 19 from the
      region 55 within the convection chamber 37 externally through piping 6 and
      through a filter 28 to the high-pressure gaseous region chamber 29 of the
      circuit-breaker 1. A compressor 12 (FIG. 5) compresses low-pressure gas 10
      to a high pressure and supplies the high-pressure gas 19 through piping 36
      to the region 21. The filter 28 (FIG. 5A), which is a pleated, stainless
      steel filter element, has a filtration capability of 2 microns nominal, 15
      microns absolute; thereby, the only communication between the insulating
      high-pressure chamber 29 and the interrupting high-pressure area 21 of the
      circuit-breaker 1 is through this filter 28. Thus, no particles larger
      than 15 microns can get into the high-pressure chamber 29 of the
      circuit-breaker.
PAR  The micronic filter 28 (FIG. 5A) does not permit any particle larger than
      15 microns to pass through it into the high-pressure chamber region 33 of
      the circuit-breaker 1. One micron equals 1-1 millionth of an inch, or a
      thousand microns is equivalent of approximately 1 millimeter.
PAR  The grounded convection chamber 37 is provided in conjunction with the
      sealing, non-perforated, insulating support cone 31, and it is a
      particle-collecting compartment, which is annular to the outer electrode
      117 and open to the gas 21 in the interrupting area 7 above it. It serves
      two purposes--first, replacing the direct convection path which the
      unperforated cone 31 has now closed off, whereby heat may be applied to
      the particular gas 19 so that the temperature of the gas 19 in the
      interrupting area 21 can be maintained, and, secondly, it also provides a
      grounded collecting place where falling particles can settle undisturbed,
      shielded from electrostatic forces until such time as it is convenient to
      remove them. The heating function, as mentioned, is provided by the strip
      heaters 60, 61. This heating arrangement is utilized, for example, on the
      345 K.V. type "SFV" circuit-breaker 1 for maintaining the SF.sub.6 gas
      temperature above the condensation temperature. Heat is supplied to the
      convection chamber 37 via conduction through the metallic wall 49 by means
      of a circumferential primary strip-heater band assembly 60 of 1500 watts,
      for example, and secondly by cast-in secondary heater pads 61a, 61b of
      2,000 watts, for example, which are attached to the base portion 24 of the
      chamber 37. This conduction is augmented by the additional surface area
      provided by circular 270.degree. aluminum fins 20, which are welded
      internally to the base 24 of the chamber 37.
PAR  Heaters 60, 61 are disposed, preferably, only to the high physical side of
      the interrupter column 8, as shown in FIG. 1, such that a maximum heat
      flow is maintained across the diameter of the convection chamber 37,
      thereby permitting hot gas to flow up the column 8 on the high physical
      side of the canted column structure 8, and somewhat cooler gas to return
      to the chamber 37 along the low physical side 67 of the canted column 8,
      providing thereby natural convection circulation of the SF.sub.6 gas 19.
      This construction was verified in the cold room tests on an interrupter
      column 8 with 3,500 watts of auxiliary heat via the strip heaters 60, 61
      applied to the extinguishing column 8. The column gas temperature 19 in
      region 21 was uniformly maintained at +10.degree. C. for an external
      ambient atmospheric condition of -40.degree. C. The conduction efficiency
      of the cast-in secondary heaters 61a, 61b was also verified by tests
      showing only a 14.degree. C. drop between external wall temperature and
      the internal gas temperature with 1 kilowatt of heat applied.
PAR  From the foregoing description it will be apparent that there has been
      provided an improved particle-trapping construction for a dual-pressure
      high-voltage circuit-interrupter 1 in which the high-pressure region 21
      adjacent the separable contact structure 7 is separated, or
      compartmentalized from the high-pressure storage chamber 35, so that small
      insulating or metallic particles 83, 94, 95, 96, etc. may not wander from
      the separable contact area 21 down into the high-pressure U-bend gas
      storage region 29 to precipitate voltage breakdown therein, that is,
      between the inner conductor 115 at high-voltage and the outer grounded
      conductor 117. Also, it will be observed that there has been provided a
      particle collecting chamber 37, which is at ground potential and provides
      an electrostatic field-free space 55 within the collecting chamber 37 to
      trap therein small particles 83, 94, 95, 96, etc. and render them inactive
      and unsusceptible to influence by electrostatic fields 98. The theory, set
      forth in Trump U.S. Pat. No. 3,515,939, is again pertinent in this
      connection.
PAR  Although there has been illustrated and described a specific structure, it
      is to be clearly understood that the same was merely for the purpose of
      illustration, and that changes and modifications may readily be made
      therein by those skilled in the art, without departing from the spirit and
      scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A high-voltage circuit-interrupter of the gas-blast type including
      separable contact means separable to establish an arc, blast-valve means
      for causing a blast of gas to flow against the arc to effect the
      extinction thereof, operating means to effect the separation of said
      separable contact means, an elongated high-voltage conductor leading to
      one of the separable contacts, an annular grounded metallic collector
      chamber (37) of relatively short length surrounding said high-voltage
      conductor yet spaced outwardly therefrom, the inner wall of said collector
      chamber (37) comprising a metallic sheath (117) at ground potential
      surrounding said high-voltage conductor, and conduit means providing
      gas-communication between said annular grounded relatively-short metallic
      collector chamber (37) and the gaseous region adjacent said separable
      contact structure.
NUM  2.
PAR  2. The high-voltage compressed-gas circuit-interrupter of claim 1, wherein
      high-pressure gas is disposed exteriorly of the separable contacts and
      communicating with the separable contacts when in the closed-circuit
      position, and said high-pressure gas also being present at the same
      pressure within the annular grounded metallic collector chamber.
NUM  3.
PAR  3. The combination of claim 2, wherein the blast of gas is caused to
      exhaust through at least one of the separable contacts.
NUM  4.
PAR  4. The combination of claim 3, wherein the blast of gas exhausts through
      both of the separable contacts.
NUM  5.
PAR  5. The combination according to claim 1, wherein the inner wall of the
      annular metallic grounded collector chamber constitutes a portion of wall
      means surrounding the high-voltage conductor and assisting in defining a
      high-pressure storage region.
NUM  6.
PAR  6. The combination according to claim 1, wherein piping means interconnects
      the region within the grounded metallic collecting chamber and the
      high-pressure storage region, and a filtering element is disposed in said
      piping means.
NUM  7.
PAR  7. The combination according to claim 1, wherein the separable contact
      means and the collecting chamber are canted, and holes of different
      diameter are provided on the physical high and physical low side of the
      collecting chamber.
NUM  8.
PAR  8. A high-voltage compressed-gas circuit-interrupter including means
      defining a high-pressure interrupting region, a pair of separable contacts
      disposed within said high-pressure interrupting region at least one of
      which is tubular through which compressed gas may exhaust, the separation
      of said separable contacts establishing an arc, blast-valve means for
      causing a blast of high-pressure gas to flow out of said high-pressure
      interrupting region through said one tubular separable contact to effect
      the extinction of the arc established between said separated contacts,
      operating means operable to effect both the separation of said separable
      contact means and also to effect operation of said blast-valve means for
      establishing an arc-extinguishing blast of gas, a high-voltage metallic
      conductor leading to one of said separable contacts, an annular grounded
      metallic collector-chamber extending radially outwardly from said
      high-voltage metallic conductor and including gas-communication means
      leading from said collector-chamber to said high-pressure interrupting
      region, said annular grounded metallic collector-chamber also having an
      high-pressure inlet feedpipe extending therewithin, means defining an
      outer metallic grounded sheath surrounding said inner high-voltage
      metallic conductor so as to provide an annular chamber about said inner
      high-voltage metallic conductor, said annular chamber defining a
      high-pressure gaseous storage region, a pneumatic feedpipe (6) leading
      from said annular high-pressure chamber through a particle filter, and a
      second feedpipe (26) leading from said particle filter (28) to said
      annular grounded metallic collector-chamber (37).
NUM  9.
PAR  9. The combination according to claim 8, wherein compressor-means is
      provided for compressing gas and forcing it through a pipe connection (36)
      and into the second-mentioned feedpipe (26).
NUM  10.
PAR  10. The combination according to claim 8, wherein the feedpipe (26) extends
      an appreciable distance above the bottom of said annular grounded metallic
      collector-chamber (37).
NUM  11.
PAR  11. The combination according to claim 8, wherein the annular grounded
      metallic collector chamber (37) has a tubular inner wall-portion which
      constitutes, in effect, an extension of said metallic sheath (33)
      surrounding said inner high-voltage metallic conductor (115).
NUM  12.
PAR  12. The combination according to claim 8, wherein a generally inverted
      funnel-shaped insulating member at least partially encloses the inner
      high-voltage metallic conductor (115), and extends upwardly from said
      annular grounded metallic collector chamber (37) upwardly into said
      high-pressure interrupting region.
NUM  13.
PAR  13. The combination according to claim 8, wherein one or more metallic fins
      extend upwardly from the lower end of said metallic collector-chamber and
      provide an electrical field-free space to captivate small insulating or
      metallic particles which otherwise would "float" through the ambient
      high-pressure interrupting region.
NUM  14.
PAR  14. The combination according to claim 8, wherein a plurality of generally
      concentric metallic fins extend upwardly from the lower closure plate
      portion of the annular grounded metallic collector chamber (37), and
      additionally assist in providing an electrical field-free space for the
      captivation of small particles.
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ABST
PAL  A current limiting circuit breaker having for each pole, a pair of main
      contacts separable upon operation of a thermally and electromagnetically
      operable tripping device and a pair of auxiliary contacts for current
      limiting in series with the main contacts and in parallel with a
      transformable resistor having a positive temperature coefficient of
      resistance. The auxiliary contacts are separable when an electromagnet is
      energized by a fault current which simultaneously energizes a field magnet
      to produce a transverse magnetic field across the auxiliary contacts and
      the arc formed between them when separating. This simultaneous action of
      electromagnet and field magnet coacting for rapid contact separation and
      lengthening of the arc upon flow of a fault current serves to increase arc
      voltage almost instantaneously to that of the source, about which time the
      fault current is totally shunted into the resistor. One of the main
      contacts of each pole is carried by a movable contact blade. The contact
      blades have tapered mounting end portions which extend through an
      elongated molded plastic crossbar, the movable contact blade for each pole
      being mounted in spaced apart relation in the common crossbar. A metallic
      insert is embedded in the molded plastic crossbar, the metallic insert
      having spaced apart openings located to permit the tapered mounting end of
      the contact blades to extend therethrough.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Before the present invention, a commercially practical current limiting
      circuit breaker suitable for use in low voltage power distribution systems
      of about 600 volts or less had been sought by the power distribution and
      control industry for over 30 years. Various, sometimes conflicting
      requirements have to be met. For example, a commercially practical current
      limiting circuit breaker (a) must be repetitively operable at its maximum
      short circuit interrupting rating without repair of replacement of parts
      (This requirement precludes the use of fuses, fused switches, or fused
      circuit breakers for achieving current limiting.); (b) must not have a
      temperature rise at the terminals of more than 50.degree. Centigrade at
      rated steady state current to meet appropriate standards of safety and
      performance established for circuit breakers used in power distribution
      systems of 600 volts or less (This requirement precludes the use of a
      large built-in resistance to limit current.); (c) must have a design
      applicable to a wide range of steady state current ratings, from a few
      amperes to hundreds of amperes; (d) must have current limiting
      capabilities competitive with those of the best available other current
      limiting devices including fuses (This requires that the device will
      operate in a fraction of a millisecond when the available short circuit
      current is 100,000 amperes or more.); (e) must be compact enough to fit
      into existing circuit breaker panelboards (This requires that the ratio of
      interrupting rating to volume be equal to or greater than that for any
      prior circuit breaker.); (f) must use non-toxic, non-hazardous materials;
      (g) must have a response time which decreases proportionately as much as
      or faster than available short circuit current is increased; (h) must be
      economically competitive with present circuit protective devices; and (i)
      must function without inducing severe transient voltages. None of the
      prior current limiting circuit breakers meets all the above requirements.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a current limiting circuit breaker
      which meets all the above requirements.
PAR  Another object is to provide a current limiting circuit breaker including a
      pair of main contacts, electromagnetically and thermally operable tripping
      means for opening the pair of main contacts, a pair of auxiliary contacts
      for current limiting in series with the pair of main contacts,
      electromagnetically operable means for opening the pair of auxiliary
      contacts, a field magnet associated with the pair of auxiliary contacts,
      and a resistor connected in parallel with the pair of auxiliary contacts,
      the resistor having a positive temperature coefficient of resistance and
      the parallel circuit through the resistor including a pair of conductor
      turns associated with the field magnet.
PAR  A further object is to provide an improved, fast acting mechanism for
      opening the pair of auxiliary contacts of such a current limiting circuit
      breaker.
PAR  Still another object is to provide an improved conductor-turn arrangement
      for the electromagnetically operable means for opening the pair of
      auxiliary contacts of such a current limiting circuit breaker.
PAR  Yet another object is to provide an improved field magnet structure for the
      pair of auxiliary contacts of such a circuit limiting circuit breaker.
PAR  A still further object is to provide an improved electromagnetically and
      thermally operable tripping means for the pair of main contacts of such a
      current limiting circuit breaker.
PAR  Another object is to provide an improved movable contact blade mounting
      arrangement for the pair of main contacts of such a current limiting
      circuit breaker.
PAR  An additional object is to provide a current limiting circuit breaker
      having means to rapidly increase the voltage drop across the arc formed
      between the auxiliary contacts in the current limiting section to a value
      which equals the supply voltage of the source in substantially less than a
      quarter cycle and in about one millisecond of time, thus checking any
      further rise in current and almost simultaneously shunting the current
      through a current limiting resistor connected in parallel with the current
      limiting contacts. This section increases the power factor to near unity
      thereby enabling interruption of a potentially high fault current in less
      than one-quarter cycle of current.
PAR  An additional object is to provide a current limiting circuit breaker
      wherein means to rapidly increase arc voltage between auxiliary contacts
      to equal the voltage of the source includes electromagnetic means to
      rapidly separate and lengthen the gap between said contacts, first magnet
      means to simultaneously produce magnetic lines of force to rapidly move
      said contacts apart in divergent directions and to blow the arc between
      said contacts in a third direction away therefrom, causing an additional
      lengthening of the arc and cooling thereof, thus rapidly increasing arc
      resistance to raise the arc voltage to that of the source, until
      saturation said electromagnetic means being operative to increase speed of
      action proportional to the increase in value of the square of the through
      fault current, and likewise until saturation said field magnet means being
      operative to increase the speed of action also with the square of the
      increase in value of the through fault current.
PAR  An additional object is to provide a current limiting circuit breaker
      including means to prevent opening of the auxiliary contacts below a
      threshold fault current of a selected magnitude.
PAR  Other objects and advantages will become apparent when the following
      specification is considered along with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a three-pole current limiting
      circuit breaker constructed in accordance with the invention, taken
      generally along the line 1--1 of FIG. 2 and showing a center pole thereof
      with parts in an ON position;
PAR  FIG. 2 is a cross sectional view of the current limiting circuit breaker of
      FIG. 1, taken generally along the line 2--2 of FIG. 1;
PAR  FIGS. 3, 4, 5, and 6 are enlarged perspective, top, side, and outer end
      views, respectively, of a line terminal and stationary contact support
      assembly of any one of the poles of the current limiting circuit breaker
      of FIG. 1;
PAR  FIG. 7 is an enlarged end view of an operating mechanism in the center pole
      of the current limiting circuit breaker of FIG. 1, with portions broken
      away and the parts being shown in TRIPPED position;
PAR  FIG. 8 is a side view of the operating mechanism of FIG. 7, with portions
      broken away;
PAR  FIG. 9 is an enlarged cross sectional view through a blade cross bar of the
      current limiting circuit breaker of FIG. 1, taken between two blades;
PAR  FIG. 10 is an enlarged cross sectional view similar to FIG. 9, but taken at
      a blade of the center pole;
PAR  FIG. 11 is an enlarged fragmentary longitudinal view of a thermally
      actuated common trip bar and a fragmentary edge view of an associated
      thermal trip lever of the current limiting circuit breaker of FIG. 1;
PAR  FIG. 12 is an actual size cross sectional view of the thermally actuated
      common trip bar taken substantially along the line 12--12 of FIG. 11 and a
      side view of the associated thermal trip level;
PAR  FIGS. 13, 14, 15, and 16 are perspective, left end, side, and right end
      views, respectively, of an assembly of electrical conductors associated
      with an electromagnet in a current limiting portion of any one of the
      poles of the current limiting circuit breaker of FIG. 1, portions being
      broken away or omitted in FIGS. 14, 15, and 16.
PAR  FIGS. 17, 18, and 19 are perspective, side, and end views, respectively, of
      an electromagnet and contact blade assembly of any one of the poles of the
      current limiting circuit breaker of FIG. 1, the electromagnet being
      associated with the conductor assembly of FIGS. 14-16 and having portions
      broken away in FIGS. 18 and 19;
PAR  FIG. 20 is a plan view of an unfinished current limiting resistor for any
      one of the poles of the current limiting circuit breaker of FIG. 1, the
      unfinished resistor including end portions to be cut off after
      electroplating;
PAR  FIG. 21 is a plan view of the end portion of the resistor within the dotted
      enclosure 21 of FIG. 20, the broken line portion in FIG. 21 indicating a
      portion which is cut away after electroplating;
PAR  FIG. 22 is an edge view of the resistor end portion;
PAR  FIGS. 23, 24, and 25 are perspective, end, and side views, respectively, of
      a field magnet assembly of any one of the poles of the current limiting
      circuit breaker of FIG. 1;
PAR  FIGS. 26, 27, 28, and 29 are perspective, top, inner end, and side views,
      respectively, of an electrical conductor and load terminal assembly of any
      one of the poles of the current limiting circuit breaker of FIG. 1;
PAR  FIGS. 30 and 31 are perspective and front views, respectively, of an arc
      chute adjacent the load terminal assembly of any one of the poles of the
      current limiting circuit breaker of FIG. 1;
PAR  FIG. 32 is a sectional view taken generally along the line 32--32 of FIG.
      31;
PAR  FIG. 33 is a perspective view of one of the arc plates in the arc chute of
      FIGS. 30-32; and
PAR  FIG. 34 is a longitudinal sectional view of the current limiting circuit
      breaker of FIG. 1, taken generally along the line 34--34 of FIG. 2 and
      showing an outer pole thereof with parts in an ON position;
PAR  FIG. 35 is a schematic drawing illustrating the current path from line to
      load through the circuit breaker.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With reference to the drawings, a three-pole current limiting circuit
      breaker 40 constructed in accordance with the invention is shown in FIGS.
      1, 2, and 34. The circuit breaker 40 includes a molded case comprising a
      molded base 41 and a complementary molded cover 42 each having a pair of
      outer side walls and a pair of spaced intermediate walls to provide three
      compartments 44, 45, and 46 (FIG. 2). The structure of a center pole of
      the circuit breaker 40 disposed in the center compartment 45 is shown in
      FIG. 1.
PAR  A line terminal and stationary contact assembly 48 is shown adjacent the
      left end of FIG. 1. The assembly 48 is better shown in FIGS. 3-6 and
      includes a terminal member 49 and a stationary contact mounting member 50
      pivotally connected by a pin 51 and electrically interconnected by a
      braided wire cable 52. The terminal member 49 has a bight portion 49a and
      a pair of spaced leg portions 49b and 49c as a first U-shaped portion, the
      leg portions 49b and 49c merging respectively with a pair of spaced
      extending leg portions 49d and 49e of a second U-shaped portion having a
      split bight portion formed by two tabs 49f and 49g extending respectively
      from the leg portions 49d and 49e. A mounting tab 49h having an aperture
      49i extending therethrough projects at right angles from the bight portion
      49a oppositely from the leg portions 49b and 49c.
PAR  The member 50 has a bight portion 50a and a pair of spaced leg portions 50b
      and 50c as a first U-shaped portion, the leg portions 50b and 50c
      respectively having laterally extending ears 50d and 50e, a leg portion
      50f of a second U-shaped portion extending from the bight portion 50a to a
      bight portion 50g, and a leg portion 50h opposite the leg portion 50f. The
      leg portions 49d and 49e and the ears 50d and 50e are apertured to receive
      the pin 51. The cable 52 has one end welded to the tab 49f, one end welded
      to the tab 49g, and a central portion welded to the bight portion 50a. A
      stationary main contact 53 and an arcing contact 54 are secured to the leg
      portion 50h in abutting relationship to each other. The leg portion 50f is
      provided with a threaded aperture 50i for receiving a retaining screw 56
      (FIG. 1) for a contact pressure spring 57.
PAR  An internally threaded sleeve 58 is staked to the mounting tab 49h at the
      aperture 49i and disposed in an apertured mounting pad portion 41a of the
      base 41. A screw 59 threaded into the sleeve 48 secures an apertured
      connector body 60 to the tab 49h. The connector body 60 has suitable wire
      or cable receiving holes and is provided with an internally threaded hole
      for receiving a clamping screw 61.
PAR  Similar terminal and stationary contact assemblies 48 are provided in the
      outer poles of the compartments 44 and 46.
PAR  A blade crossbar 63 extends transversely through the center compartment 45
      into the outer compartments 44 and 46. The intermediate walls of the base
      41 are slotted to receive the crossbar 63, but a bracket 64 (FIGS. 2 and
      34) secured to the base 41 in the compartment 44 and an oppositely formed
      bracket 55 (FIG. 2) secured to the base 41 in the compartment 46 are
      provided to support the crossbar 64 for pivotal movement. Three movable
      contact blades 67, one in each pole, are mounted directly in the crossbar
      63, which is made of molded plastic material and provided with a metallic
      reinforcing insert 68 (FIGS. 9 and 10). Tooling recesses such as recess
      63a and recess 63b (FIG. 9) are provided at appropriate places in the
      crossbar 63 to hold it while the blades 67 are being assembled therein.
      Each blade 67 is provided with a pair of shouldered portions 67a and 67b
      (FIG. 10) which abut the crossbar 63 and from which a tapered mounting
      tongue portion 67c extends through the crossbar 63 and through a retaining
      plate 69 staked thereto. A movable contact 70 is provided on each blade 67
      for engagement principally with an associated one of the main stationary
      contacts 53.
PAR  Operating mechanism for the crossbar 63 and blades 67 is disposed in the
      center compartment 45 (FIG. 1). Portions of the operating mechanism are
      best shown in FIGS. 7 and 8, and are there shown in a TRIPPED position.
      Two oppositely formed frame members 72 and 73 (FIGS. 2, 7 and 8) are
      secured to the base 41 and contoured as at 73a (FIG. 8) which together
      with brackets 64 and 66 support the crossbar 63 for pivotal movement. The
      frame member 73 is provided with an arm portion 73b (FIG. 7) extending
      toward the frame member 72 and having a bent mounting ear 73c at its free
      end. A pin 74 is mounted adjacent one end in the ear 73c and adjacent the
      other end in a corresponding mounting ear (not shown) of the frame member
      72. A releasably latchable cradle member or trip lever 76 is pivotally
      mounted adjacent one end on the pin 74. Two inner toggle links 78 and 79
      are pivotally mounted adjacent their inner ends respectively on opposite
      end portions of a pin 80 mounted in the blade 67 of the center pole. Two
      outer toggle links 82 and 83 are pivotally mounted adjacent their outer
      ends respectively on opposite end portions of a pin 84 mounted in the trip
      lever 76. The outer end portions of the links 78 and 79 and the inner end
      portions of the links 82 and 83 are pivotally interconnected by an
      elongated toggle pin 85, the inner end portions of the links 82 and 83
      being offset to straddle the outer end portions of the links 78 and 79.
PAR  A handle extension is formed by two handle plate members 86 and 87
      pivotally mounted respectively on a pair of pins 88 and 89 disposed
      respectively in the frame members 72 and 73. The handle plate members are
      joined by a pair of spring anchoring pins 91 and 92 and a reset pin 93.
      The toggle pin 95 has a pair of spring hook members 95 and 96 pivotally
      mounted thereon respectively adjacent opposite ends thereof. A tension
      spring 97 (FIG. 2) is secured at an outer end to the pin 91 and at an
      inner end (not shown) to the member 95 on one side of the toggle pin 85,
      and a tension spring 98 (FIG. 7) is secured at an outer end to the pin 92
      and at an inner end to the member 95 on the other side of the toggle pin
      85. Similarly, a tension spring 99 (FIGS. 2 and 8) is secured at an outer
      end to the pin 91 and at an inner end to the member 96 on one side of the
      toggle pin 85, and a tension spring 100 (FIGS. 7 and 8) is secured at an
      outer end to the pin 92 and at an inner end (not shown) to the member 96
      on the other side of the toggle pin 85. The springs 97, 98, 99 and 100
      maintain the toggle pin 85 in open-slotted inner ends of the outer toggle
      links 82 and 83.
PAR  A retaining clip 102 is secured to the arm portion 73b of the frame member
      73 and to the corresponding arm portion (not shown) of the frame member 72
      for holding shock absorbing material 103 (FIG. 8) for the blade 67 of the
      center pole at the end of the opening movement.
PAR  The frame member 73 includes an arm portion 73d (FIG. 8) having a
      semicircular recess 73e therein. The frame member 72 is similarly formed.
      A thermally actuated common trip bar 105 (FIGS. 1, 2, 11, 12, and 34) is
      pivotally mounted in the frame member 73 at the recess 73e and in the
      frame member 72 at a similar recess in an arm position 72d (FIG. 2) of the
      frame member 72. A generally L-shaped thermal trip lever 106 best shown in
      FIG. 12 is provided with an aperture 106a by which it is pivotally mounted
      on a pin 107 (FIGS. 1, 2, 7 and 8) having opposite end portions disposed
      respectively in the frame members 72 and 73. A pin 108 (FIG. 8) having an
      enlarged head portion 108a (FIG. 7) is received in an aperture 106b (FIG.
      12) of the thermal trip lever 106 and mounted in the frame member 72 to
      limit pivotal movement of the trip lever 106 and prevent movement thereof
      axially along the pin 107.
PAR  A molded plastic operating handle 110 (FIGS. 1 and 2) extends through an
      aperture in the cover 42 and is recessed in an enlarged inner end portion
      to receive the pins 91 and 92 and the outer end portions of the handle
      plate members 86 and 87.
PAR  Each of the outer two poles is provided with a pin 107 (FIGS. 2 and 34)
      identical to the pin 107 of the center pole but having one end portion
      mounted in an appropriate groove in an outer wall portion of the base 41
      and an opposite end portion mounted in a respective one of the brackets 64
      and 66. Each of the three pins 107 has a magnetic core holder 111 and an
      armature plate 112 pivotally mounted thereon. Each holder 111 carries a
      generally U-shaped magnetic core 113 having opposite leg portions secured
      respectively to spaced opposite side portions of the holder. As viewed in
      FIGS. 1 and 34, each side portion (only one being visible) of the holder
      111 is generally in the shape of an inverted "Y" having one leg pivotally
      mounted on the pin 107 and the other leg connected to a corresponding leg
      of the other side portion by a rear plate portion having an air gap
      adjusting screw 115 threaded therein. Each screw 115 extends through a
      rear wall portion of the base 41 and has a compression spring 116 mounted
      thereon. Turning of a screw 115 adjusts the air gap between the free ends
      of the leg portions of the respective magnetic core 113 and armature plate
      112.
PAR  Each of the armature plates 112 is provided with a pair of opposite
      bent-over ears 112a, each ear 112a being spaced inwardly of a side portion
      of the respective magnetic core holder 111 and having an opening aligned
      with that of the opposite ear for receiving the respective pin 107. As
      shown in FIG. 2, a right-hand side portion of each holder 111 is outwardly
      offset at the portion mounted on the respective pin 107, and a right-hand
      ear of each of the armature plates 112 is similarly offset so as to be
      hidden by the holder 111. Thus, only the left-hand ear 112a of each
      armature plate 112 is visible in FIG. 2. A free end portion of each
      armature plate 112 is secured by a pair of rivets 117 (FIG. 2) to a common
      trip bar 118 of molded plastic extending through the center compartment 45
      into the outer compartments 44 and 46. The armature plate 112 of the
      center pole is apertured to receive a free end portion of the trip lever
      76 and thereby releasably latch the trip lever, as shown in FIG. 1. The
      three armature plates 112 and the common trip bar 118 are biased toward
      latching position for the trip lever 76 by a pair of tension springs 120
      (FIGS. 2 and 34) disposed respectively in the two outer compartments 44
      and 46 and each secured at one end to a respective armature plate 112 and
      at the other end to a respective one of the brackets 64 and 66.
PAR  Each of the compartments 44, 45, and 46 has a barrier plate 122 (FIGS. 1
      and 34) mounted in appropriate grooves in the walls of the base 41 and
      extending into the cover 42 adjacent the common trip bar 105 on the
      opposite side thereof from the respective armature plate 112. As best
      shown in FIGS. 11 and 12, a latch plate 123 is secured to the common trip
      bar 105 by a rivet 124. The thermal trip lever 106 is provided with a hole
      106c and a lanced portion 106d, the hole being partly in the lanced
      portion. A tension spring 125 (FIGS. 1 and 2) is anchored at one end on
      the lanced portion 106d at the hole 106c and at the other end on the
      barrier plate 122 in the center compartment 45 to bias the thermal trip
      lever 106 clockwise about the pin 107, the barrier plates 122 being
      omitted in FIG. 2. Each barrier plate 122 is provided with a hook portion
      122a (FIGS. 1 and 34), and in each of the two outer compartments 44 and 46
      a compression spring 126 (FIG. 34) is seated at one end on the respective
      hook portion 122a and at the other end on an appropriate portion of the
      common trip bar 105 to bias the trip bar 105 and the latch plate 123
      mounted thereon toward latching position with respect to the thermal trip
      lever 106.
PAR  A push-to-trip button 128 (FIG. 34), more completely shown and described in
      copending application, Ser. No. 471,399, filed May 20, 1974, and assigned
      to the assignee of this application, has a compression spring 129 mounted
      thereon to normally maintain the button flush with the surface of the
      cover 42 and is engageable with the common trip bar 118 upon being pushed
      inwardly to move the armature plate 112 of the center compartment 45
      clockwise in FIG. 1 toward unlatching position with respect to the trip
      lever 76.
PAR  Each of the compartments 44, 45, and 46 is provided with a laminated field
      magnet assembly comprising a plurality of generally O-shaped plates 130
      and a plurality of generally U-shaped plates 131 disposed around the
      respective stationary contacts 53-54 and movable contacts 70 of each pole.
      The field magnet assemblies are coated with an arc extinguishing material
      such as one of those disclosed in copending application, Ser. No. 364,596,
      filed May 29, 1973, and assigned to the assignee of this application.
      Further, each compartment is provided with an arc chute 133 including a
      plurality of metal arc plates 134 best shown in FIG. 33 and a pair of
      venting plates 135 and 136 formed of insulating material.
PAR  The arc extinguishing material referred to above is used to coat other
      elements of this invention hereinafter described. Its function is to help
      create a medium in the arc chamber which brings about a rapid rate of
      dielectric strength recovery of the gap. A suitable material by way of
      example is a filler of between 40% to 56% by weight of hydrated zinc
      borate in a dimethyl silicone resin. A more complete description of such
      arc extinguishing material, and additional examples, are set forth in
      copending application referred to above and hereinafter by its Ser. No.
      364,596.
PAR  In each compartment, the movable contact blade 67 is connected by a
      flexible braided cable 138 (FIGS. 1 and 34) to one leg of a generally
      U-shaped conductor 139 secured at a bight portion to the base 41 by a pair
      of screws 140 and 141. The other leg of conductor 139 is secured to a
      conductor 142 secured to the base 41 by a screw 143 and extending between
      the leg portions of the U-shaped magnetic core 113 and along the barrier
      plate 122. A generally L-shaped bimetallic strip 145 is secured at one end
      to the bight portion of the U-shaped conductor 139. The common trip bar
      105 is provided with three actuating legs 105a, one in each of the
      compartments 44, 45, and 46, only the center actuating leg 105a disposed
      in the compartment 45 being shown in FIGS. 11 and 12. The free end portion
      of the bimetallic strip 145 in each compartment is engageable with the
      respective actuating leg 105a, and upon sustained moderate overload
      current flow in the conductor 139, the bimetallic strip 145 is heated
      sufficiently to pivot the actuating leg 105a counterclockwise as viewed in
      FIGS. 1 and 34, the high expansion side of the bimetallic strip being on
      the inside of the L-shape. The thermal trip lever 106 in the center
      compartment 45 is thereby released from the latch plate 123 on the
      thermally actuated common trip bar 105 and strikes the common trip bar 118
      under the influence of the tension spring 125 to pivot the armature plates
      112 about their respective pins 107 clockwise as viewed in FIGS. 1 and 34.
      The trip lever 76 in the center compartment 45 is thereby released to
      effect opening movement of the three movable contact blades 67. If a fault
      current higher than the moderate overload current flows through any of the
      conductors 142, the respective magnet 113 attracts its associated armature
      plate 112 and all three of the armature plates 112 are pivoted clockwise
      to release the trip lever 76 and open the contact blades 67. Pushing the
      button 128 also pivots the common trip bar 118 and the 3 armature plates
      112 clockwise to release the trip lever 76 and open the contact blades 67.
PAR  The end of each conductor 142 opposite the end secured by the screw 143 is
      connected by a screw 146 (FIGS. 1, 2, and 34) to a flatwise L-shaped strap
      portion 148a of a box-like conductor 148 best shown in FIGS. 13-16. The
      conductor 148 includes the strap portion 148a, an end portion 148b, a pair
      of spaced side portions 148c and 148d, and a split end portion including a
      tap portion 148e extending from the side portion 148c and a tab portion
      148f extending from the side portion 148d. The side portions are generally
      square, except that the side portion 148c includes a mounting tab 148g
      extending toward the base 41 when assembled.
PAR  In each of the compartments 44, 45, and 46, a conductor 150 includes an
      edgewise L-shaped portion 150a secured at an end of a longer leg thereof
      to a tab extending from a shorter leg of the strap portion 148a and joined
      at an end of a shorter leg thereof to an end of a strap portion 150b
      having an opposite end secured to the tab portions 148e and 148f. A
      flexible braided cable 151 is secured at one end to the conductor 150 and
      at the other end to auxiliary contact means for current limiting,
      including a movable contact blade 152 (FIGS. 1 and 34) having a contact
      153 mounted thereon. The blade 152 cooperates with another movable contact
      blade 154 having a contact 155 mounted thereon.
PAR  In each of the compartments 44, 45, and 46, the mechanism by which the
      blades 152 and 154 are operated is best shown in FIGS. 17-19. A generally
      U-shaped laminated magnetic core 156 is disposed in an outer portion of
      the box-like conductor 148 (FIGS. 1 and 34) with a pair of spaced leg
      portions 156a and 156b thereof (FIG. 17) stradling the strap portion 148a
      and a pair of oppositely extending shoulder portions 156c and 156d thereof
      (FIG. 17) respectively engaging the side portions 148c and 148d (FIG. 13).
      A generally U-shaped laminated armature 158 (FIGS. 17-19) is disposed in
      an inner portion of the box-like conductor 148 (FIGS. 1 and 34) with a
      pair of spaced relatively short leg portions 158a and 158b thereof (FIGS.
      17 and 19) disposed respectively opposite and in spaced relationship to
      the leg portions 156a and 156b. An armature pin support plate 160 is
      disposed between the leg portions 158a and 158b. The armature 158 is
      provided with a hole disposed centrally of a bight portion thereof and
      aligned with a hole in the support plate 160 for receiving an outer
      threaded stud portion of an armature pin 161 having a nut 162 threaded
      thereon to secure an inner, enlarged shouldered portion of the pin 161
      against an inner side of the armature 158. The armature pin 160 is
      provided with a pair of opposed flats at its inner end and two spaced
      links 163 and 164 are pivotally mounted thereon by a pin 165. The links
      163 and 164 carry a pin 166 engaged in a notch in an edge of the blade 152
      facing the blade 154 and a pin 167 normally engaged with an edge of the
      blade 154 facing the blade 152. The blade 152 is pivotally mounted on a
      pin 168 received in a hole 169 (FIG. 17) and the blade 154 is pivotally
      mounted on a pin 170 received in a hole 171. The pivot pins 168 and 170
      are disposed on opposite sides of the armature pin 161 and opposite end
      portions thereof are received respectively in a pair of molded inner
      casing portions 173 and 174 (FIG. 19) secured together by a plurality of
      rivets 175. A compression spring 176 disposed in the casing portions 173
      and 174 encircles the armature pin 161 and bears on the blade 152 to urge
      it clockwise in FIG. 18 toward closed position. The blade 152 bears on the
      pin 166 and causes the pin 167 to bear on the blade 154 to urge it
      counter-clockwise in FIG. 18 toward closed position. The spring 176 is
      also a return spring for the armature 158 and armature pin 161. A shield
      177 (FIGS. 18 and 19) having a forked end portion straddling the links 163
      and 164 is disposed between the blades 152 and 154 and mainly within the
      casing portions 173 and 174. Appropriate openings are provided in the
      casing formed by the casing portions 173 and 174 for the armature pin 161,
      the cable 151, the contact blades 152 and 154, and a flexible braided
      cable 178 secured to the blade 154. The sides 148c and 148d of the
      box-like conductor 148 respectively engage the casing portions 173 and
      174, and the mounting tab 148g (FIGS. 15 and 16) is disposed between a
      pair of bosses on the casing portion 173, one such boss 173a being shown
      in FIG. 19. The contact end portions of the blades 152 and 154 are
      disposed outwardly of the casing 173-174 and a piece of shock absorbing
      material 180 (FIG. 18) is mounted in the casing adjacent the blade 152 to
      cushion opening movement thereof.
PAR  A magnetic core structure 181 generally in the form of a rectangular tube
      surrounds the contact end portions of the blades 152 and 154 extending
      outwardly of the casing 173-174. The magnetic core structure 181 is best
      shown in FIGS. 23-25 and comprises two identical, generally L-shaped,
      laminated magnetic cores 182 and 183 arranged as shown with an end of a
      long leg portion 182a of the core 182 abutting an inner side of a short
      leg portion 183b of the core 183 and an end of a long leg portion 183a of
      the core 183 abutting an inner side of a short leg portion 182a of the
      core 182. Each of the cores 182 and 183 is coated with an arc
      extinguishing material such as disclosed in the aforesaid copending
      application, Ser. No. 364,596, and additional pieces of such material are
      adhesively secured respectively to inner sides of the L-shaped assemblies
      as shown in FIGS. 23 and 24. Alternatively, the cores 182 and 183 could be
      generally U-shaped, C-shaped or J-shaped.
PAR  In each of the compartments 44, 45, and 46, the cable 178 connected to the
      blade 154 is electrically connected at an opposite end to one end of a
      terminal strap 184 best shown in FIGS. 26-29 and having a terminal member
      186 secured to an opposite end. The terminal member 186 is similar to the
      terminal member 49 and has a bight portion 186a and a pair of spaced leg
      portions 186b and 186c as a first U-shaped portion, the leg portions 186b
      and 186c merging at right angles respectively with a pair of spaced leg
      portions 186d and 186e of a second U-shaped portion having a split bight
      portion formed by two tabs 186f and 186g extending respectively from the
      leg portions 186d and 186e. The tabs 186f and 186g are secured to the
      terminal strap 184. A mounting tab 186h having an aperture 186i extending
      therethrough projects at right angles from the bight portion 186a
      oppositely from the leg portions 186b  and 186c.
PAR  An internally threaded sleeve 58 (FIGS. 1 and 34) identical to those staked
      to the tabs 49h is staked to the mounting tab 186h  of each of the
      terminal members 186 at the aperture 186i therein and disposed in an
      apertured mounting pad portion 41b of the base 41. A screw 59 threaded
      into the sleeve 58 secures an apertured connector body 60 to the tab 186h.
      The connector body 60 is identical to those secured to the tabs 49h and is
      provided with an internally threaded hole for receiving a clamping screw
      61.
PAR  In each of the compartments 44, 45, and 46, a conductor 188 (FIGS. 13-16)
      has a tab 188a secured to the end of the strap portion 150b adjacent the
      tabs 148e and 148f, a strap portion 188b (FIGS. 1 and 34) extending
      between the leg portions 156a and 156b of the magnetic core 156, an
      offsetting portion 188c extending generally parallel to the tab 188a, and
      a strap portion 188d extending through the magnetic core assembly 181
      formed by the two L-shaped magnetic cores 182 and 183 along the inner side
      of the short leg portion 182b. A strip 189 of arc extinguishing material
      such as disclosed in the aforementioned copending application, Ser. No.
      364,596, is adhesively secured to the side of the strap portion 188d
      facing the contact blade 152. A conductor 190 includes a tab portion 190a
      secured to an end of the strap portion 188d and extending and bent from a
      strap portion 190b. The strap portion 190b extends parallel to an end face
      of the magnetic core 182 and is joined at right angles to a strap portion
      190c extending somewhat diagonally across the outer side of the long leg
      portion 182a. The strap portion 190c is joined at right angles to a strap
      portion 190d extending along a rear wall of the base 41 and having an
      apertured offset connecting tab portion 190e disposed in a hole extending
      through the rear wall of the base 41. An internally threaded fastener 191
      is secured to the connecting tab portion 190e.
PAR  Opposite the compartments 44, 45, and 46, the rear wall of the base 41 is
      provided on the rear side with three shallow recesses 44a, 45a, and 46a
      (FIG. 2) each having a resistor 192 potted therein with potting material
      193, preferably a ceramic compound having properties of good thermal
      conductivity, such as alumina or silica based ceramics. A thin plastic
      cover 194 is recessed in the base 41 and adhesively secured in place to
      cover the potting material in all three of the recesses 44a, 45a, and 46a.
      The resistor 192 in each recess is made of material having a positive
      temperature coefficient of resistance, is preferably chromium-plated
      substantially pure iron wire, and is best shown in FIGS. 20-22. An
      important feature of the resistor 192 is that its resistance is
      transformable from a relatively low value to a relatively much higher
      value. Other materials which have a positive temperature coefficient of
      resistance and can be used for the resistor 192 in place of substantially
      pure iron include tungsten, nickel, cobalt, and alloys or metallic
      compounds of these and other elements such as cobalt-iron and zirconium
      diboride. In these materials, the resistance is a direct function of
      temperature.
PAR  As shown in FIG. 20, the resistor 192 terminates at each end in a
      flattened, generally P-shaped portion which includes a straight portion of
      length "X" to which an electrode is attached for electroplating in a
      solution containing chromium. After electroplating, the electrode terminal
      portions, as shown in broken lines for one of the end portions in FIG. 21,
      are cut off, and the remainder of the flattened end is aligned with the
      plane containing the axis of the circular wire, as shown in FIG. 22.
PAR  In each of the recesses 44a, 45a, and 46a, a screw 195 (FIGS. 1 and 34)
      secures an end portion 192a of the respective resistor 192 (FIG. 20),
      modified as described above, to the tab portion 192e (FIG. 13) of the
      conductor 190. A screw 196 secures an opposite end portion 192b, modified
      as described, to an apertured connecting tab portion 197a of a conductor
      197 (FIGS. 26-29). An internally threaded fastener 198 is secured to the
      connecting tab portion 197a. The conductor 197 includes a strap portion
      197b extending at right angles to the connecting tab portion 197a along an
      end of the short leg portion 183b of the magnetic core 183 and joined at
      right angles to a strap portion 197c extending along an end face of the
      core 183. A bent tab 197d extending from the strap portion 197c is secured
      to a conductor 199 having a strap portion 199a extending through the
      magnetic core structure 181 along the inner side of the short leg portion
      183b of the magnetic core 183. An offsetting portion 199b joins the strap
      portion 199a to a tab portion 199c secured to the terminal strap 184 and
      having the cable 178 secured thereto. A strip 200 of arc extinguishing
      material such as disclosed in the aforesaid copending application, Ser.
      No. 364,596, is adhesively secured to the side of the strap portion 199a
      facing the contact blade 154.
PAR  In each of the compartments 44, 45, and 46, an arc chute 202 (FIGS. 1 and
      34) for the contacts 153 and 155 is disposed adjacent the magnetic core
      structure 181. The arc chute 202 is best shown in FIGS. 30-32 and includes
      a pair of molded casing portions 203 and 204 secured together by a
      plurality of rivets 205. Each of the casing portions 203 and 204 is
      provided with a pair of recesses on a side thereof facing the other casing
      portion, such as an inner recess 203a and an outer recess 203b (FIG. 32)
      in the casing portion 203, to provide a pair of passageways through the
      arc chute 202. Each of the casing portions is grooved on a wall of each
      recess facing the other casing portion and each groove has one of the
      arching plates 134, best shown in FIG. 33, adhesively secured therein. A
      venting plate 206 is adhesively secured to the casing portions 203 and 204
      and is disposed in the base 41 rearwardly of the respective connector body
      60. A venting plate 207 is adhesively secured to the casing portions 203
      and 204 and is disposed in the cover 42 of the assembled circuit breaker
      40 forwardly of the Respective connector body 60. From the contact side of
      the arc chute, the arc plates 134 in the inner recess 203a slant toward
      the rear wall of the base 41, and those in the outer recess 203b slant
      toward the front wall of the cover 42. The arc plates 134 in the casing
      portion 204 slant in a similar fashion, but as best shown in FIG. 31, they
      are staggered with respect to those in the casing portion 203.
PAR  In each of the compartments 44, 45, and 46, when the contacts 153 and 155
      are closed, part of the current from the conductor 142 flows through the
      L-shaped portion 150a of the conductor 150 to the cable 151 and the
      remainder flows by way of the strap portion 148a through the box-like
      conductor 148 and the strap portion 150b of the conductor 150 to the cable
      151. From the cable 151 the total or recombined current flows through the
      contact blade 152, contacts 153 and 155, contact blade 154, cable 178, and
      the terminal strap 184 to the terminal member 186.
PAR  The strap portion 148a and the magnetic core 156 in each compartment form
      an electromagnet. Upon flow of a fault current through the strap portion
      148a greater than that at which the magnetic core 113 attracts the
      armature plate 112, the magnetic core 156 attracts the armature 158 along
      with the plate 160, armature pin 161, nut 162, links 163 and 164, and pins
      165, 166, and 167. The pin 166 pivots the blade 152 about the pin 168
      toward an open position, and the pin 170 releases the blade 154 so that it
      is free to pivot about the pin 170 toward an open position under the
      influence of a repulsion force between the two blades due to the current
      path through the blades. The blades 152 and 154 are also moved apart by
      magnetic forces induced by the current flow therethrough, it being noted
      that they constitute partial conductor turns for the magnetic core
      structure 181. The contacts 153 and 155 are thus separated to switch the
      current path through the resistor 192.
PAR  The parallel circuits between conductor 142 and cable 151, comprising a
      circuit through conductor 150a in parallel with the circuit through
      conductors 148a, 148, and 150b, provides by-pass means for sufficient
      current to prevent opening the current limiting contacts 153 and 155 until
      a threshold fault current above a selected magnitude is present for
      magnetic core 156 to attract armature 158 which opens contacts 153 and
      155. By way of example, this circuit arrangement and electromagnet
      characteristics may be adapted to prevent separation of the limiting
      contacts 153 and 155 below a threshold of 1,000 amps.
PAR  When the contacts 153 and 155 are separated, part of the current from the
      conductor 142 flows through the L-shaped portion 150a and also through the
      strap portion 150b of the conductor 150 to the conductor 188, and the
      remainder flows by way of the strap portion 148a through the box-like
      conductor 148 to the conductor 188. The recombined current then flows
      through the conductors 188 and 190, through the resistor 192, through the
      conductors 197 and 199, and through the terminal strap 184 to the terminal
      member 186.
PAR  The current limiter contacts preferably do not operate in the thermal
      overload range but only at relatively higher ranges of fault current or
      short circuit conditions. Within the thermal overload range, one or more
      of the bi-metallic strips 145 are operable to trip the circuit breaker and
      open the sets of main contacts 53 and 54 as previously described.
      Immediately above the thermal overload range, fault currents are still
      relatively low but are of sufficient magnitude to cause attraction of one
      or more of the armature plates 112 and open the sets of main contacts 53
      and 54 as previously described. Immediately above the thermal overload
      range, fault currents are still relatively low but are of sufficeint
      magnitude to cause attraction of one or more of the armature plates 112
      and open the sets of main contacts 53 and 54 as previously described. Such
      fault currents are below the interrupting ability of the sets of main
      contacts 53 and 54. Fault currents immediately above this range are just
      sufficient to cause magnetic core 156 to attract armature 158 and pin 161
      which cause limiter contacts 153 and 155 to open. As the current decays,
      the magnetic forces also decay. The compression spring 176 in urging
      contacts 153 and 155 to a closed position tends to dominate over the
      decaying current causing those contacts to reclose while a short arc still
      exists in a small air gap between them. This action often leads to contact
      welding. To solve this problem, an additional or supplemental magnetizing
      turn 188b is provided in series with current limiting resistor 192. Thus,
      while fault current still flows in resistor 192, magnetic core 156 will be
      sufficiently energized to attract armature 158 to hold contacts 153 and
      155 apart.
PAR  In each compartment, the strap portion 148a is the only effective conductor
      turn for the manetic core 156 when the contacts 153 and 155 are closed,
      and only part of the current flows therethrough, the remainder flowing
      through the by-pass conductor provided by the L-shaped portion 150a. When
      the contacts 153 and 155 are open, the strap portion 188b provides an
      additional conductor turn, and it carries the total current while the
      strap portion 148a is effective as a conductor turn carrying part of the
      current. The additional conductor turn 188b enables the blades 152 and 154
      to be maintained in an open position with less current than is required to
      move them to an open position originally. By the time the blades 152 and
      154 move back to closed position under the influence of the spring 176,
      the fault current will have been dissipated in the resistor 192 and the
      blades 67 will have been opened.
PAR  In each of the compartments 44, 45, and 46, the strap portions 188d and
      199a are conductor turns for the magnetic core structure 181. Further,
      portions of the contact blades 152 and 154 are partial conductor turns for
      the magnetic core structure 181. When the contact blades 152 and 154 are
      moved to open position and an arc 208 forms between the open contacts 153
      and 155, the magnetic field set up as a result of current flow through the
      partial conductor turn portions of the contact blades 152 and 154 acts on
      the arc 208 to force it toward the arc chute 202 with its staggered,
      slanting arc plates 134. Once the arc is interrupted, the current flow
      shifts to the previously described path through the resistor 192, and the
      flow through the conductor turns 188d and 199a maintains the magnetic
      field, aids the dielectric strength recovery of the gap, and thereby
      guards against re-ignition. Any re-ignition of the arc would also take
      place in a magnetic field, which would force the arc out again.
PAR  The device of this invention is compact enough to fit into existing circuit
      breaker panelboards and yet it is capable of repeatedly interrupting
      currents in excess of 100,000 amperes root-mean-square (RMS) symmetrical.
      With such currents available, the arc which forms between the contacts 153
      and 155 upon their opening must be extinguished in about a millisecond or
      less. This is accomplished by the generation of a sustained arc voltage
      which reaches the magnitude of the impressed supply voltage in about a
      millisecond or less. The structure used to accomplish this result includes
      the fast operating mechanism for opening the blades 152 and 154 with their
      contacts 153 and 155, the magnetic core structure 181, the coating of the
      arc chamber with arc extinguishing material, and the resistor 192
      connected in parallel with the contacts 153 and 155.
PAR  The magnetic core structure 181 encloses the contacts 153 and 155 and a
      substantial portion of the blades 152 and 154 and provides a magnetic
      field with the maximum practical value of magnetic flux density normal to
      the blades 152 and 154 and also normal to the arc. The magnetic field
      exerts a force on each blade tending to "blow" them apart, and also exerts
      a force on the arc 208 tending to "blow" the arc out toward the arc chute
      202. The force is proportional to the product of the current and the
      magnetic flux density. Since the magnetic flux density is derived from the
      current, the force is proportional to the square of the current, and the
      higher the available current is, the faster the blades open and the faster
      the arc is blown out. The response of the current limiting device is thus
      proportional to the severity of the short circuit. The magnetic core
      structure 181 and blades 152 and 154 are so arranged that the lines of
      force in the magnetic field intersect blades 152 and 153, through which
      current flows in opposite directions, from the direction which will force
      said blades apart. As viewed in FIG. 1, when current flows in the
      direction from cable 151, forward through contacts 153 and 155, then from
      the contact end of blade 154 back through blade 154 and out through cable
      178, then during such current flow the magnetic flux and lines of force in
      the transverse magnetic field extend from leg 183a (FIG. 23) of magnetic
      core 183 to leg 182a (FIG. 23) of magnetic core 182 (FIGS. 1 and 23). This
      arrangement of current flow through blades 152 and 154, and magnetic flux
      across said blades tends to force blades 152 and 154 apart.
PAR  Furthermore, when blades 152 and 154 separate and an arc 208 forms bewteen
      contacts 153 and 155, current flows through said arc from contact 153 to
      contact 155. The transverse magnetic field, with lines of force from leg
      183a to leg 182a, acting on such arc with current flow as described, will
      therefore "blow" the arc forward toward arc plates 134. This "blowing"
      action effectively increases the arc length and resistance and therefore
      arc voltage, consequently limiting the current as well as extinguishing
      the arc. The magnetic field also aids the rate of dielectric strength
      recovery of the gap across contacts 153 and 155 following arc extinction
      and the subsequent continued rise of the impressed voltage across the gap
      after current transfer. It should also be noted that by increasing arc
      voltage the transverse magnetic field has the effect of increasing the
      power factor of the circuit by inserting resistance into the essentially
      inductive short circuit thereby reducing the lag of current behind
      voltage. The power factor is increased almost to unity.
PAR  Blades 152 and 154 are elongated and pivotally mounted at respective points
      151 and 170, which provides leverage effect to increase speed and
      resistance at the contact ends thereof when actuated by magnetic core 156.
      Thus, when core 156 is energized to raise armature pin 161 a given
      distance within a given time, the contact ends of blades 152 and 154 and
      respective contacts 153 and 155, will move apart a greater distance within
      a shorter time than the corresponding displacement and rate of speed of
      armature pin 161.
PAR  The contact blades 152 and 154, and contacts 153 and 155, are shaped and
      dimensioned to provide structures of relatively low mass and minimum
      inertia to respond quickly and open rapidly when the electromagnet is
      energized.
PAR  The contact blades 152 and 154 are constructed, dimensioned and mounted
      with respect to the actuating electromagnet (magnetic core 156, armature
      158) to provide a gap on the order of one-quarter inch within one
      sixteenth cycle of current flow or about 0.001 seconds (within one
      millisecond).
PAR  The electromagnetic means (magnetic core 156, armature 158, pin 161, and
      connecting links), the field magnet structure 181, blades 152 and 154, and
      the particular way in which they are positioned and associated as
      described, serve to open the current limiting contacts 153 and 155 in
      about 0.0002 seconds (0.2 of a millisecond) from initiation of a fault
      current in the circuit above the threshold selected for operation of the
      current limiting section, or within one-eightieth cycle of current flow.
PAR  Under conditions of high available short circuit currents, the limiter
      contacts 153 and 155 are open in as little a time as 0.2 milliseconds
      (one-eightieth of a cycle) from current initiation. As the contacts open
      an arc is formed between them. The arc between the limiting contacts is
      ordinarily extinguished within one millisecond by the structure and
      mechanism of this invention. It should be borne in mind that the mechanism
      described responds with the square of the magnitude of fault current so
      the larger the fault current, the faster the current limiting response.
      This accelerating responsiveness includes not only the speed of contact
      separation, but the effective responsiveness of the transverse magnetic
      field generated by field magnet structure 181 on the arc formed between
      contacts 153 and 155 which raises the arc voltage almost instantaneously
      to equal the voltage of the source by the means described (essentially by
      lengthening the arc through faster and greater contact separation plus
      bowing forwardly, plus cooling, all of which increase resistance of the
      arc and arc voltage). When the arc voltage equals the supply voltage,
      current can no longer continue to rise and is forced to transfer
      completely into the current limiting resistor 192 where its energy is
      dissipated.
PAR  The main breaker contacts 53 and 70 open within 0.004 seconds of fault
      current initiation, or within 1/4 cycle of current flow at 60 cycles per
      second by which time the fault current has been fully shunted into current
      limiting resistor 192 and its energy dissipated. The main contacts 53 and
      70 being opened, current has ceased to flow in the protected circuit in
      less than 1/4 cycle or less than 4 milliseconds after appearance of the
      fault current above the threshold selected for the limiting section of the
      circuit breaker to become operable.
PAR  The effective current limiting responsiveness of the following combination,
      (1) speed of contact separation plus (2) increasing arc voltage to equal
      source voltage, occurs within about a millisecond or less by means of the
      invention described herein. This is important because symmetrical short
      circuit currents have their maximum growth rate during the first
      millisecond immediately following current zero. The current limiting means
      in accordance with this invention intercepts the short circuit current
      before it achieves a significant growth following current zero and shunts
      it into limiting resistance 192 having a positive temperature coefficient
      of resistance.
PAR  The mechanism as described can be mounted in compact cases to fit in
      standard panelboards. The compactness may be measured in terms of the
      ratio of short circuit amperes of interrupting rating to circuit breaker
      volume. The table below provides a reasonable illustration of the
      volumetric efficiency of short circuit interruption of the subject
      breaker. The volume of five representative circuit breakers is given in
      the second column and the interrupting rating shown in column 3. The first
      circuit breaker in the following table is the subject matter of this
      application.
TBL  __________________________________________________________________________
              (1)  (2)       (3)      (4)                                      
                   Breaker   Maximum                                           
              Breaker                                                          
                   Volume    Interrupting                                      
                                      Volumetric                               
              Ampere                                                           
                   Cubic Inches                                                
                             Rating, 480V,                                     
                                      Efficiency                               
              Rating*                                                          
                   (Typical Brkr.)                                             
                             3.phi.,K-Amps rms                                 
                                      KVA/in..sup.3                            
     __________________________________________________________________________
     Instant Inven.                                                            
               100 138       100-200**                                         
                                      347-694                                  
     Representative                                                            
               100 85        25       142                                      
     Circuit   225 131       35       128                                      
     Breakers  400 273       35       61.5                                     
     for      1000 569       35       29.5                                     
     comparison                                                                
              2500 1994      85       20                                       
     __________________________________________________________________________
       *This is the steady state current rating, all breakers listed are molded
      case circuit breakers.                                                   
      **The 100 KA rating is an established but not a maximum figure.          
PAR  An additional feature of this invention which aids in fitting a mechanism
      of high interrupting capacity within a circuit breaker of minimum volume,
      are plates 134 positioned forward of limiting contacts 153, 155 and blades
      152, 154. One of the current limiting features of this invention is the
      rapid increase of arc voltage to equal source voltage. However, when high
      arc energy is applied to the air slab in the arc chamber, the air
      temperatue rises very rapidly which creates shock waves and large pressure
      gradients which must be dissipated. The devices which have attempted to
      limit current by generating high arc voltage have accordingly been bulky.
      They have had to include a large volume chamber in which to dissipate the
      shock waves and pressure gradients created by this means of current
      limiting. The invention herein combines arc voltage increase with other
      current limiting means, so the degrees of shock waves and pressure
      gradients are substantially less than in those devices which rely on the
      arc voltage means alone. Furthermore, plates 134 are particularly shaped,
      dimensioned and mounted as described above with respect to the arc, its
      path of movement, plus the direction of shock waves and air pressure
      gradients created, to intercept and effectively dissipate such forces
      without requiring a relatively large volume chamber.
PAR  The arc extinguishing material which coats the magnetic core structure 181
      and lines the inside of the rectangular tube formed thereby and the inner
      sides of the conductor turns 188d and 199a to a large extent determines
      the rate of dielectric strength recovery across the contacts during and
      immediately following arc extinction. The dielectric strength recovery is
      essential to the current limiting process and is further aided by the
      magnetic field. The arc extinguishing material is selected in accordance
      with the disclosure of the above mentioned copending application, Ser. No.
      364,596.
PAR  The resistor 192 should have a positively transformable resistance, capable
      of changing from an extremely low value to a much higher value after the
      arc across the contacts 153 and 155 is extinguished and the total current
      is forced to flow through the resistor and bypass the contacts. The
      transformation of the resistance increases the circuit power factor, aids
      interruption, and limits the "through" i.sup.2 t (product of the square of
      the current and the time) factor of the short circuit.
PAR  Various modifications may be made in the structure shown and described
      without departing from the spirit of the invention and scope of the
      attached claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric circuit breaker comprising a molded case, a molded movable
      contact blade mounting member pivotally mounted in the case, and a movable
      contact blade mounted in the mounting member, said movable contact blade
      including a tapered mounting tongue portion tapering to one end thereof,
      said tapered mounting tongue portion extending completely through the
      mounting member from one side, the said one end being staked to a
      retaining plate on the opposite side.
NUM  2.
PAR  2. An electric circuit breaker as claimed in claim 1 wherein the circuit
      breaker is a multipole circuit breaker and the mounting member is an
      elongated blade crossbar having a plurality of said movable contact blades
      mounted therein in spaced apart relationship, the said tapered mounting
      tongue portion of each extending completely through the crossbar from one
      side and being staked to a retaining plate on the opposite side.
NUM  3.
PAR  3. An electric circuit breaker as claimed in claim 2 including a
      reinforcing metallic insert molded in the blade crossbar, said metallic
      insert extending longitudinally within said elongated crossbar, and spaced
      apart openings in said metallic insert to receive therethrough respective
      ones of said tapered mounting tongue portions of said contact blades which
      extend through said crossbar.
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PAL  A microwave oven having a defrosting means including a bidirectional
      thyristor provided in a power source circuit and a control circuit for
      on-off controlling the thyristor, whereby microwave radiation can be
      intermittently irradiated on the foodstuff to obtain effective defrosting.
      Also, surge current at the time of start and end of the microwave
      oscillation is prevented.
BSUM
PAR  It is well known in the art that it is effective in cooking and defrosting
      foodstuff, particularly frozen foodstuff, in a microwave oven to
      intermittently produce microwave output.
PAR  In the prior art microwave ovens, the output is on-off switched by
      switching the capacitance of a high voltage capacitor or a high voltage
      circuit, or it is varied by using a plurality of magnetrons. In these
      methods, however, the output can be switched in only limited steps. Also,
      in case of directly switching the high voltage circuit through a switch,
      various inconveniences such as the generation of surge voltage and the
      requirement for the switch itself to have high breakdown voltage are
      encountered, and also high cost is required.
PAR  A first object of the invention is to permit variation of the microwave
      output by varying the current supply factor through on-off control at a
      repetition period short enough to have no substantial effect upon the
      heating period. In one specific form of the invention, a bidirectional
      thyristor is used as a switching element for on-off controlling current
      supply to the primary of a high voltage transformer, and the bidirectional
      thyristor is on-off controlled by an on-off signal produced from an
      electronic drive circuit consisting of a multi-vibrator. In the disclosed
      embodiments, the bidirectional thyristor is shown as a three-terminal
      device, one example of which is a Triac.
PAR  In another aspect, the circuit where the high voltage transformer for the
      microwave heater constitutes a load is prone to transient surge current,
      the magnitude of which is determined by (i) the phase of the power source
      at the time of coupling thereof and (ii) the remanence of the high voltage
      transformer at the time of coupling of the power source, and which is as
      high as several tens times the normal current at the maximum.
PAR  A second object of the invention, accordingly, is to prevent transient
      surge current which is produced when the on-off control of the current
      supply is effected by phase controlling a switching element through an
      electronic circuit, to thereby greatly improve the precision of control
      and the reliabiliity of the control circuit.
DRWD
PAR  The above and other objects, features and advantages of the invention will
      become more apparent from the following description taken in conjunction
      with the accompanying drawings, in which:
PAR  FIG. 1 is a front view of a microwave oven embodying the invention;
PAR  FIG. 2 is a circuit diagram of the same;
PAR  FIG. 3 is a circuit diagram of a defrosting timer circuit in the same
      embodiment;
PAR  FIG. 4 is a time chart showing the phase relation in the operation of the
      defrosting timer;
PAR  FIG. 5 is a time chart showing the phase relation when a bidirectional
      thyristor is turned on during the operation of the defrosting timer;
PAR  FIG. 6 is a time chart showing the phase relation when a bidirectional
      thyristor is turned off during the operation of the defrosting timer;
PAR  FIG. 7 is a circuit diagram illustrating the construction of a select
      switch for switching between the normal use of the oven and the use of the
      defrosting timer;
PAR  FIG. 8 is a time chart showing the operation of first and second switches
      of the select switch;
PAR  FIG. 9 is a graph showing the correlation between surge current and phase
      of coupling of power source.
DETD
PAR  Referring to FIG. 1, numeral 11 designates a panel, and numeral 12 a door
      for loading foodstuff into and taking it out of the oven. The door 12 has
      a window 13 consisting of a number of small round see-through holes about
      2 millimeters in diameter, so that the state of cooking of the inner
      foodstuff can be observed through the window 13 without causing leakage of
      microwave radiation. Numeral 14 designates a knob of the door. Numeral 16
      designates a lamp to indicate the state of cooking. By depressing a
      cooking start button 17 after closing power source through a power source
      switch knob 19, the lamp 16 is turned on to indicate the pressence of
      microwave radiation. Numeral 18 designates a cooking period scale. The
      cooking period is set by a period setter co-operating with the power
      source switch knob 19. Numeral 110 designates a lamp to indicate the
      operation of a defrosting timer according to the invention. It is turned
      on by setting a select switch 111 to render the defrosting timer
      operative.
PAR  Referring to FIG. 2, numeral 21 designates a power source plug to be
      connected to a commercial a-c power source. Numerals 22 and 23 designate
      interlock switches. They are normally "on", but they are opened when an
      outer frame of the oven is removed by a service man for the purpose of
      repair. In this way, the safety is ensured. Numeral 24 designates a power
      source switch, and it is operated by the power source switch knob 19 shown
      in FIG. 1. It is also interlocked to a timer motor 213, so that at the end
      of cooking it is automatically switched off to disconnect the power
      source. Numeral 25 designates an oven lamp to illuminate the interior of
      the oven. Numeral 26 designates a fan motor to drive a fan for cooling
      electric parts such as a magnetron 235. Numeral 28 designates a stirrer
      motor to drive a metal stirrer blade within the oven so as to provide for
      uniform cooking. Numeral 27 designates a first door switch on-off operated
      in an interlocked relation to the opening and closing of the door 12.
      Numeral 29 designates a thermal switch installed on a magnetron cooler
      fin. It is actuated to disconnect the power source when the temperature of
      the magnetron is excessively raised due to such cause as a trouble in the
      fan motor. Numeral 210 designates a power relay coil, and numeral 212 a
      relay switch. Numeral 211 is a switch of the cooking start button 17 shown
      in FIG. 1. When this switch is turned on after closure of the power
      source, the power relay is activated to connect the power source to a high
      voltage transformer 224. Numeral 214 designates a second door switch, and
      it operates in the same way as the first door switch. Numerals 215 and 217
      designate resistors for giving adequate voltage and current to a neon tube
      216 serving as light source of the defrosting timer operation indicator
      lamp 110 shown in FIG. 1. Numeral 218 designates a second switch of the
      select switch 111 shown in FIG. 1. It has a function of shortcircuiting a
      bidirectional thyristor 219, and it is interlocked to a first switch 221.
      Numeral 220 designates an electronic control circuit referred to here as
      the defrosting timer circuit. It gives an actuating signal to the
      bidirectional thyristor 219. Numeral 223 designates a third door switch.
      Numeral 224 designates a high voltage transformer for stepping up the
      commercial power source voltage to a magnetron oscillation voltage level.
      Numeral 225 designates a capacitor capable of withstanding a high voltage.
      Numeral 228 designates a diode capable of withstanding a high reverse
      voltage, and it constitutes a half wave double voltage circuit together
      with the high voltage transformer 224. Numeral 226 is a discharging
      resistor in parallel with the capacitor 225, numeral 227 a varistor for
      cutting abnormal surge voltage and numeral 229 a resistor for checking the
      anode current in the magnetron 235. Numeral 230 designates a filament
      transformer for supplying power to the cathode of the magnetron. Numerals
      231 and 232 designate capacitors, numerals 233 and 234 choke coils. They
      form a filter for blocking noise from the cathode side of the magnetron.
      Numeral 236 designates a chassis of the magnetron 235.
PAR  FIG. 3 is a circuit diagram of the defrosting timer circuit 220 shown in
      FIG. 2. Here, numeral 31 designates a diode, and numeral 32 a capacitor.
      They serve to half-wave rectify and smooth the source voltage to supply a
      d-c voltage having adequate ripple component. Numerals 33 and 34 designate
      resistors serving to divide the afore-mentioned d-c voltage so as to
      couple a divided voltage between the gate and cathode of a negative or
      n-gate thyristor 36. Numerals 312, 313, and 314 designate resistors
      serving to divide the afore-said d-c voltage so as to couple a divided
      voltage between the gate and cathode of a negative or n-gate thyristor
      310. Numerals 35 and 39 designate resistors, and numeral 37 a capacitor.
      They determine together with resistors 33, 34 and 312, 313 the time
      constant of the astable multivibrator circuit consisting of parts 33 to
      315. Numeral 314 designates a resistor connected between the base and
      emitter of a transistor 317, numeral 315 a resistor for superimposing the
      source voltage upon the gate voltage on the or n-gate thyristor 310, and
      numeral 316 a resistor serving to restrict the collector current in the
      transistor 317. The output of the astable multivibrator circuit is picked
      up from the gate of the n-gate thyristor 310 and applied to the base of
      the output transistor 317 through resistor 313. Numerals 318 to 321
      designate diodes constituting a diode bridge to give a half-wave rectified
      d-c voltage between the collector and emitter of the transistor 317.
      Numerals 322 and 326 designate resistors, and numerals 323 and 327 noise
      absorption capacitors. The series circuit of resistor 324 and capacitor
      325 is in parallel with the bidirectional thyristor 219 shown in FIG. 2,
      assisting the inverting action of the bidirectional thyristor.
PAR  In the above circuit, the actuating signal supplied to the bidirectional
      thyristor can be phase controlled by the effect of superimposing the
      ripplecontaining d-c voltage and the source voltage provided by the
      resistor 315. In the instant embodiment, the "on"-start phase is set
      substantially to 80.degree., and the "on"-end phase to
      260.degree.-270.degree..
PAR  FIG. 4 shows the phase relation in the operation of the defrosting timer.
      Here, indicated at 1 is the source voltage, at 2 the control signal added
      from the defrosting circuit shown in FIG. 3 to the gate terminal of the
      bidirectional thyristor, at 3 the operation of bidirectional thyristor
      turning on at 80.degree. of the source voltage phase and turning off at
      360.degree., and at 4 the operations of the microwave oscillation
      synchronized to the operation of the bidirectional thyristor.
PAR  FiG. 5 shows the phase relation when the bidirectional thyristor is turned
      on during operation of the defrosting timer. Indicated at 1 is the source
      voltage, at 2 the voltage between the gate and cathode of the n-gate
      thyristor 36 in the defrosting circuit shown in FIG. 3, and at 3 the
      control signal coupled from the defrosting circuit to the bidirectional
      thyristor. Indicated at 4 is the operation of the bidirectional thyristor.
PAR  FIG. 6 shows the phase relation when the bidirectional thyristor is turned
      off during the operation of the defrosting timer in the "off" state
      thereof. Indicated at 1 is the source voltage, at 2 the voltage between
      the gate and cathode of the negative gate thyristor in the defrosting
      circuit shown in FIG. 3, and at 3 the control signal coupled from the
      defrosting circuit to the bidirectional thyristor. Indicated at 4 is the
      operation of the bidirectional thyristor.
PAR  FIG. 7 shows a circuit diagram for illustrating the operation of the select
      switch for switching between the normal use of the oven and the use of the
      defrosting timer. Numeral 71 designates the power source, numeral 221 the
      first switch of the select switch and numeral 218 the second switch
      operated in an interlocked relation to the operation of the button 111
      shown in FIG. 1. Numeral 72 designates the defrosting circuit shown in
      FIG. 3, and numeral 73 the load of the circuit including the high voltage
      transformer and magnetron of the oven. In the normal use of the oven, the
      first switch of the select switch is off while the second switch is on.
      Thus, in this state the defrosting circuit is inoperative and the
      bidirectional thyristor is short-circuited, so that the oven executes full
      load operation. In case of using the defrosting timer, the first switch of
      the select switch is closed, while the second switch is opened. In this
      state, the defrosting circuit is operative, giving the on-off signal to
      the gate of the bidirectional thyristor. Since the bidirectional thyristor
      is biased from the source voltage, it is on-off operated with the on-off
      signal from the defrosting circuit. In this case, the oven operates
      intermittently, that is, it operates with effectively reduced output.
PAR  Now, as shown in FIG. 8, there is provided a certain time lag between the
      first and second switches of the select switch. This is made so for the
      purpose of preventing the malfunctioning of the bidirectional thyristor
      due to the transient state of the defrosting circuit. More particularly,
      the bidirectional thyristor is given voltage only while the defrosting
      circuit is in the steady operative state, and it is short-circuited and
      not biased with any voltage at the time of the transient state of the
      defrosting circuit.
PAR  The malfunctioning of the bidirectional thyristor would result in the
      transient state of the defrosting circuit because the trigger sensitivity
      of the bidirectional thyristor differs with the polarity of the voltage
      impressed. If a trigger signal from the defrosting circuit is less due to
      the transient state thereof, the bidirectional thyristor often remains off
      in case the trigger signal is negative, although it is triggered, in case
      of the positive polarity. In the former case, the bidirectional thyristor
      acts as a diode, so that the half-wave rectified d-c voltage will be added
      to the high voltage transformer in FIG. 2, giving rise to saturation
      current which is as large as several ten times the normal current.
PAR  For this reason, the first and second switches of the select switch are
      made to operate in the manner as shown in FIG. 8.
PAR  FIG. 9 shows the experimentarily obtained correlation between transient
      surge current and power source coupling phase at a certain constant value
      of the remanence of the high voltage transformer. This indicates that by
      effecting the coupling of the power source under a constant remanence
      condition it is possible to suppress the surge current to be zero or below
      the normal current.
PAR  In the experiments the remanence was set constant by so arranging as to end
      the current supply to the high voltage transformer at the phase of
      360.degree.. At this time, the optimum phase of coupling of the power
      source was in the vicinity of 80.degree. or 280.degree..
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A microwave oven power supply circuit, comprising:
PA1  a microwave oscillator;
PA1  an A.C. source;
PA1  a high voltage transformer having a primary winding coupled to said A.C.
      source and a secondary winding coupled to said microwave oscillator;
PA1  a bidirectional thyristor coupled between said primary winding and said
      A.C. source; and
PA1  a control circuit coupled to a gate electrode of said bidirectional
      thyristor for controlling the ON-OFF switching of said thyristor to
      thereby control the flow of current between said A.C. source and said
      transformer primary, said control circuit including:
PA2  a rectifying circuit coupled to said A.C. source for rectifying and
      smoothing the A.C. source voltage to obtain a ripple-containing D.C.
      voltage as its output,
PA2  a negative gate thyristor astable multivibrator circuit coupled to and
      controlled by the output of said rectifying circuit,
PA2  a transistor circuit coupled to said astable multivibrator and to said A.C.
      source for superimposing said ripple-containing D.C. voltage onto said
      A.C. source voltage, and
PA2  means coupling the output of said transistor circuit to said bidirectional
      thyristor gate electrode to turn said thyristor on at a phase angle of
      approximately 80.degree. relative to said A.C. source.
NUM  2.
PAR  2. A microwave oven power supply circuit according to claim 1, further
      comprising: first switching means for connecting said A.C. source through
      said control circuit when closed; and second switching means for
      short-circuiting said thyristor when closed; said first and second
      switching means being interlocked such that said second switch means is
      opened only after said first switch means has closed for a time sufficient
      to permit said control circuit to reach its steady state operation.
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ABST
PAL  A microwave oven comprising a cubical casing with front edges of its side
      walls cut diagonally at an angle and with its top wall made much shorter
      than the lower wall for hingedly supporting a door slantwise at the front
      edge of the top wall. The door is provided with a see-through observation
      window of triangular cross section projecting outwardly from its surface,
      so that the inner surface of the window forms part of the heating room
      together with the casing upon closure of the door, while an object being
      heated in the oven is readily observed through the window from various
      angles during cooking without requiring any separate illuminating source.
BSUM
PAR  This invention relates to a microwave oven, and more particularly to a
      microwave oven of a type in which a door of the oven is provided with an
      observation window for observing an object to be heated in a heating
      chamber during cooking.
PAR  Conventionally, in almost all of the microwave ovens, there is provided a
      flat door hingedly supported at the front of the oven casing with an
      obervation window formed in the central portion of the door, in which
      arrangement, the dimension and the position of the observation window are
      inevitably limited.
PAR  Accordingly, in the conventional microwave oven of the above described
      type, only the front portion of the object to be heated in the heating
      chamber can be seen through the observation window, and when the door is
      kept closed during cooking, although the presence of the object to be
      cooked in noticed somehow through the observation window, the cooked
      condition of the object can hardly be examined. Even when the door is
      opened, the object being cooked which is placed inside the heating chamber
      can be seen only at the front portion thereof, and for fully ensuring the
      cooked condition of the same, the object must be taken out of the heating
      chamber.
PAR  IN ORDER TO OVERCOME SUCH DISADVANTAGES, A MICROWAVE OVEN HAVING A LARGE
      SIZED DOOR WITH AN OBSERVATION WINDOW OF CORRESPONDINGLY LARGE DIMENSION
      AND ALSO HAVING ILLUMINATING MEANS INCORPORATED THEREIN MAY BE CONSIDERED
      BUT SUCH A MICROWAVE OVEN WILL BE SO BULKY AND UNECONOMICAL THAT THE SAME
      IS NOT SUITABLE FOR ACTUAL USE. Furthermore, a transparent plate member to
      cover such a large sized observation window will unavoidably be weak
      against shock in opening or closure of the door and readily breakable
      during use.
PAR  Accordingly, an essential object of the present invention is to provide a
      microwave oven equipped with an observation window through which the
      object to be cooked in a heating chamber is readily observed during
      cooking without requiring separate illuminating means with substantial
      elimination of the disadvantages inherent in the conventional microwave
      ovens.
PAR  Another important object of the present invention is to provide a microwave
      oven of the above described type in which the observation window formed in
      the door defines part of the heating chamber upon closure of the door with
      consequent compact size of the oven casing.
PAR  A further object of the present invention is to provide a microwave oven of
      the above described type which is simple in construction and easy to
      operate, and can be manufactured at low cost.
PAR  A still further object of the present invention is to provide a microwave
      oven of the above described type equipped with an observation window of
      air tight construction which is strong against impact with consequent
      prolonged life.
PAR  Another object of the present invention is to provide a microwave oven of
      the above described type equipped with an observation window which is easy
      to manufacture and readily incorporated in the microwave oven.
PAR  According to a preferred embodiment of the present invention, the microwave
      oven comprises a cubucal outer casing comprising six walls including upper
      and lower walls, a rear wall, and opposite side walls defining an opening
      to insert an object to be cooked therethrough, and a front wall
      constituted by a hingedly supported door. The front edges of the side
      plates are cut at an angle, with the length of the upper wall reduced to
      about one-third of the length of the lower wall for supporting the door
      slantwise upon closure of the door. The door is provided with a square
      opening at the central portion thereof, on which opening, a triangular
      portion projecting outwardly from the surface of the door is formed for
      providing a transparent observation window which forms part of a heating
      chamber in the oven together with the outer casing upon closure of the
      door, by which arrangement, not only a large space is available in the
      heating chamber during operation of the oven, but the object being cooked
      in the heating chamber can be observed from various angles through the
      observation window during cooking without requiring any separate
      illuminating means incorporated in the oven.
PAR  Furthermore, the observation window include a transparent plate member
      which is composed of a transparent outer plate lined with a microwave
      shielding plate of punched metal or the like, and bent in the central
      portion thereof so as to be set in the triangular projecting portion of
      the frame work of the door, and a pair of transparent glass plates closely
      attached to the under surface of the shielding plate with the
      corresponding inner edges of the glass plates butted against or closely
      facing each other at the bent portion or an apex of the transparent outer
      plate, by which arrangement, bending stress to be applied to the glass
      plate at the bent portion is effectively absorbed, with the breakage of
      the glass plate advantageously prevented, and simultaneously the
      manufacturing cost of the transparent plate member for the observation
      window is markedly reduced through improved workability of the glass
      plates.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent from the following description taken in conjunction with the
      preferred embodiment thereof with reference to the attached drawings, in
      which;
PAR  FIG. 1 is a perspective view of a microwave oven according to the present
      invention with a door thereof closed,
PAR  FIG. 2 is a similar view to FIG. 1, but shows the state in which the door
      thereof is opened,
PAR  FIG. 3 is a side elevational view of the microwave oven of FIG. 1, partly
      broken away, to show the construction of an observation window thereof
      according to the invention,
PAR  FIG. 4 is a cross sectional view showing, on an enlarged scale, a
      modification of the observation window of FIG. 3,
PAR  FIG. 5 is a cross sectional view showing, on an enlarged scale, another
      modification of the observation window of FIG. 3, and
PAR  FIG. 6 is a cross sectional view showing, on an enlarged scale, a further
      modification of the observation window of FIG. 3.
PAR  Before the description of the present invention proceeds, it is to be noted
      that like parts are designated by like numerals throughout several views
      of the accompanying drawings.
DETD
PAR  Referring to FIGS. 1 and 2, the microwave oven of the invention, which
      comprises a cubical outer casing structure 1 formed with six walls
      including upper and lower walls 1a and 1b, a rear wall 1e, opposite side
      walls 1c and 1d, and a front wall constituted by a door 2 hingedly
      connected to the front edge of the upper wall 1a of the outer casing 1 so
      as to be pivotable about the hinge axis upwardly or downwardly for
      selectively opening and closing an opening 0 defined by the walls 1a to
      1e. Each of the side walls 1c and 1d is cut at an angle, at the front edge
      thereof, with the length of the upper wall 1a reduced to approximately
      one-third of the length of the lower wall 1b, so that the front wall of
      the casing 1 constituted by the door 2 extends slantwise downwardly from
      the upper wall 1a upon closure of the door 2. As is seen in FIG. 2, the
      casing structure 1 defines one of the halves of a heating chamber 4 and
      the door 2 formed with an outwardly extending cavity 6c defines the other
      of said halves of said heating chamber. As will be described later, when
      the door 2 is closed, the cavity 6c and the interior 4 of the casing
      structure in cooperation therewith defines a complete heating chamber of
      substantially cubic body.
PAR  The casing structure 1 may be of double walled structure and includes a
      conventional high frequency wave generator or a magnetron assembly not
      shown) incorporated at a suitable position in said casing structure 1 in
      any known manner. Although not shown for brevity, the oven is provided
      with conventional sealing means for preventing electric waves from leaking
      through the periphery of the door 2 when the door 2 is closed.
PAR  The door 2 has a handle 3 pivotally carried thereby and operatively
      associated with a door locking mechanism (not shown) including latches e
      operatively carried by the door 2 and movable between projected and
      retracted positions. The door 2 is supported in its opened position
      through a door support mechanism (not shown) including a curved door arm
      a.
PAR  An object to be heated (not shown) is inserted through the opening 0, when
      the door 1 is turned upward about the hinge axis by the handle 3, into the
      heating chamber 4 in the casing 1.
PAR  A control panel 7 is provided on the front wall adjacent to the opening 0,
      on which panel 7, control means for the oven, such as a timer 8 and a push
      button 9 for power source etc., is suitably mounted.
PAR  More specifically, the door 2 is in the form of a centrally opened plate
      and includes an observation window 6 which comprises a frame work 5 having
      a pair of opposed substantially triangular plates 5a and 5b connected in
      spaced relation to each other by means of beams 5c and 5d, and a
      transparent plate member 6a of L-shaped cross section defining the cavity
      6c at the inner surfaces thereof and set in the frame work 5 to form said
      window 6 in a manner as described later.
PAR  It should be noted here that the observation window 6 of approximately
      L-shaped cross section thus includes two flat outer surfaces, one of which
      surfaces is directed in a direction approximately parallel to the surface
      of the upper wall 1a of the casing 1 and the outer of which surfaces is
      directed in a direction approximately normal to the surface of the lower
      wall 1b of the casing 1, so that the object being heated in the chamber 4
      can be observed during cooking both through the front and upper portions
      of the window 6 with the inner surface 6c of the window 6 providing a
      larger space for the heating chamber 4 upon closure off the door 2.
PAR  It is also to be noted here that the door 2 including the frame work 5 of
      the window 6 may be integrally formed into a single unit.
PAR  The observation window 6 which directly relates to the present invention
      will be described in detail hereinbelow.
PAR  Referring to FIG. 3, the transparent plate member 6a for the observation
      window 6 further comprises a transparent outer plate 10 made of a plastic
      material, such as polycarbonate or the like and suitably bent at the
      central portion 6b thereof to fit around the edges of the triangular
      plates 5a and 5b and the beams 5c and 5d (FIG. 1) of the frame work 5 of
      the door 2, a shielding plate 12 made of punched metal or wire mesh and
      having the same dimension as the outer plate 10, which shielding plate 12
      is closely attached to the inner surface of the outer plate 10 for
      shielding microwave to be radiated in the heating chamber 4, and a pair of
      transparent glass plates 11a and 11b, each of a size corresponding to the
      sizes of the front and the upper portions of the observation window 6,
      which glass plates 11a and 11b are further attached to the inner surface
      of the shielding plate 12 at the front and the upper portions of the
      window 6 with outer edges of the former held between the corresponding
      edges of the outer plate 10 and beams 5e and 5f of the frame work 5, and
      with the inner edges thereof butted against or closely facing each other
      at the bent portion 6b of the outer plate 10 located at the apex of a
      triangle defined by the triangular plates 5a and 5b of the frame work 5.
PAR  Referring now to FIG. 4 showing the cross section of the bent portion 6b of
      the observation window 6 on an enlarged scale, transparent adhesive tapes
      13, for example, of polyester are applied to the upper and lower surfaces
      of the glass plates 11a and 11b for firmly holding the butted or closely
      facing inner edges of the plates 11a and 11b therebetween, although other
      construction of the window 6 is the same as in the embodiment of FIG. 3.
PAR  Referring to FIG. 5, there is shown another modification of the window 6 of
      FIG. 4. In this modification, an elastic material 14 composed of a
      substance having low dielectric constant, for example, of silicon is
      further filled in the space between the butted or closely facing inner
      edges of the glass plates 11a and 11b with the transparent tape 13 applied
      to the lower surfaces of the glass plates 11a and 11b in the modification
      of FIG. 4 being dispensed with. Since other construction of the window 6
      is the same as that of FIG. 4, description thereof is abbreviated for
      brevity.
PAR  Reference is now made to FIG. 6, wherein a further modification of the
      embodiment of FIG. 3 is shown. In this modification, the outer and side
      edges of the glass plates 11a and 11b are sorrounded by an elastic member
      15 of U-shaped cross section composed of a material having low dielectric
      constant similar to one described in the modification of FIG. 5, with the
      butted or closely facing inner edges of the glass plates 11a and 11b also
      inserted, for filling the space therebetween into corresponding U-shaped
      grooves which are formed in a connecting portion 15a integrally formed
      with the elastic member 15, by which arrangement, the connecting portion
      15a of the elastic member 15 closely adheres to the inner edges of the
      glass plates 11a and 11b, while outer periphery off the member 15 is
      firmly supported by the beams 5e and 5f (FIG. 3) of the frame work 5 of
      the door 2, thus the door 2 being made airtight. Although the upper
      surface of the glass plates 11a and 11b are slightly spaced away from the
      lower surfaces of the shielding plate 12 in the above modification of FIG.
      6, these glass plates 11a and 11b may be disposed to directly contact the
      shielding plate 12, or the elastic member 15 and the connecting portion
      15a thereof may be suitably thickened to contact the shielding plate 12
      with a space S kept between the shielding plate 12 and the glass plates
      11a and 11b.
PAR  It is needless to say that the concept of the observation window and the
      construction thereof is not limited to a microwave oven, but is also
      applicable to any other apparatus, for example, a gas oven or an electric
      oven etc., wherein close observation of the object being heated or
      processed therein is required together with sufficient strength of the
      observation window against impact and consequent long life thereof.
PAR  It should also be noted that the observation window of the invention is not
      limited in its shape to the triangular configuration, but may be formed,
      for example, into a semi-circular or semi-spherical shape, or the
      triangular plates for the frame work may be replaced by a pair of
      transparent plates so long as the same serves the purpose for easily
      observing the object being heated or cooked in the heating chamber from
      various angles, with the transparent plate member for the observation
      window having sufficient strangth against impact and shock.
PAR  As is clear from the foregoing description, in the microwave oven of the
      invention, since the see-through observation window is formed in the
      portion projecting sufficiently outwardly from the surface of the door,
      the inner surface of the projecting portion forms part of the heating
      chamber together with the casing upon closure of the door, thus
      contributing much to a compact size of the microwave oven. The cubical
      configuration of the observation window is not only advantageous in
      closely observing the object being heated in the heating chamber from
      various angles, but is very effective from the viewpoint of lighting,
      requiring no separate light source incorporated in the oven with
      consequent small power consumption.
PAR  Furthermore, since the transparent outer plate of elastic resin for the
      observation window of the invention is formed into an L-shaped cross
      section which presents a plurality of flat surfaces, workability of the
      same in manufacturing is much improved with good appearance when
      incorporated in the oven. The transparent glass plate to be attached to
      the inner surface of the outer plate with the shielding plate held
      therebetween is composed of two flat glass plates butted against or
      closely facing each other, at the inner edges thereof, in the position
      immediately below the bent portion of the outer plate, so that such flat
      glass plates are not only easily processed at low cost, but advantageously
      prevented from breakage due to bending stress concentrating upon the glass
      plate at the bent portion of the outer plate with such bending stress
      effectively absorbed at the butted portion of the glass plates. The
      application of the transparent tapes to the butted portion of the glass
      plates is particularly effective for firm connection between the glass
      plates and also for preventing steam from the object being heated, from
      entering the observation window and hindering the observation
      therethrough. Additionally, the elastic material filled in the space
      between the butted portion of the glass plates efficiently absorbs impact
      applied to the glass plates, while similar elastic material surrounding
      the outer periphery of the glass plates and also connecting the inner
      edges of the glass plates at the butted portion thereof serves for a
      combined purposes of absorbing the impact to the glass plate and of
      preventing steam from entering the observation window through a portion
      where the glass plates are attached to the frame work of the door.
PAR  Although the present invention has been fully described by way of example
      with reference to the attached drawings, it is to be noted that various
      changes and modifications are apparent to those skilled in the art.
      Therefore, unless otherwise such changes and modifications depart from the
      scope of the present invention, they should be construed as included
      therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. in a high frequency microwave oven, an oven forming structure comprising
      upper, lower, rear and side walls which define an opening, for inserting
      an object to be heated therethrough, into said oven structure, a front
      wall constituted by a hingedly supported door with the hinge axis of said
      door located at an upper edge of said door for selectively opening or
      closing said opening, said door forming a heating chamber in cooperation
      with said oven structure upon closure of said door, means for supplying
      high-frequency energy to said heating chamber, and means for sealing the
      door for preventing electric waves from leaking through periphery of said
      door upon closure thereof, said door being formed thereon with a
      transparent observation window including at least two flat surfaces, one
      of which surfaces is disposed in a direction approximately parallel to a
      surface of said upper wall of said oven structure and the other of which
      surfaces is disposed in a direction approximately normal to a surface of
      said lower wall of said oven structure.
NUM  2.
PAR  2. A high frequency microwave oven as claimed in claim 1, wherein said
      observation window of said door further comprises an outer plate member of
      transparent resinous material lined with a microwave shielding plate
      member, a plurality of transparent flat glass plates closely attached to
      said outer plate member with said microwave shielding plate member held
      therebetween, and with neighboring edges of said glass plates butted
      against or closely facing each other.
NUM  3.
PAR  3. A high frequency microwave oven as claimed in claim 2, wherein said
      glass plates are applied with transparent adhesive tape member, at upper
      and lower surfaces thereof, at said butted or facing neighboring edges of
      said glass plates for firmly connecting the same.
NUM  4.
PAR  4. A high frequency microwave oven as claimed in claim 2, wherein said
      glass plates are applied with transparent adhesive tape member, at upper
      surfaces thereof, at said butted or closely facing neighboring edges of
      said glass plates with an elastic member of low dielectric constant
      disposed in space between said butted or closely facing neighboring edges
      of said glass plates.
NUM  5.
PAR  5. A high frequency microwave oven as claimed in claim 2, wherein said
      glass plates are surrounded, at outer periphery thereof, by the elastic
      member with said butted or closely facing neighboring edges of said glass
      plates also covered with connecting portion of the elastic member
      integrally formed with said elastic member.
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PAL  There is disclosed a microwave oven comprising a casing structure which
      defines a substantially triangular sectioned cavity and a hingedly
      supported door formed with a substantially triangular sectioned cavity.
      The cavity of the casing structure cooperates with the cavity of the
      hingedly supported door to define a complete heating chamber of
      substantially cubic body. The door is hinged at the top edge to the front
      edge of the top wall member of the casing structure.
BSUM
PAR  The present invention generally relates to a microwave oven and, more
      particularly, to a microwave oven of a type comprising an oven-defining
      casing structure having a hingedly supported door adapted to be upwardly
      and downwardly moved for opening and closing, respectively, an access
      opening of the oven-defining casing structure with the hinge axis of said
      door substantially horizontally located adjacent the front edge of the top
      wall member which forms a part of the oven-defining casing structure,
      which door is hereinafter referred to as a "top-hinged" door for the sake
      of brevity.
PAR  A microwave oven having a hingedly supported door hinged to one of the
      front edges of respective side wall members of the oven-defining casing
      structure, which door is hereinafter referred to as a "side-hinged" door,
      and a microwave oven having a hingedly supported door hinged to the front
      edge of the bottom wall member of the casing structure, which door is
      hereinafter referred to as a "bottom hinged" door, are both well known and
      are now commercially available.
PAR  However, a microwave oven having a top-hinged door such as provided by the
      present invention has not yet been commercially available partly because a
      smooth movement, i.e., selective opening and closure, of the top-hinged
      door, the weight of which top-hinged door constantly acts in a downward
      direction during the opening of the door, can hardly be ensured without
      any difficulty and partly because a substantially complete prevention of
      microwave leakage is considered difficult.
PAR  On the other hand, it has been well recognized that the top-hinged door of
      the microwave oven has various advantages as compared with any of the
      side-hinged and bottom-hinged doors. One of these advantages is that,
      since the door does not project excessively frontwardly of the access
      opening of the oven-defining casing structure which leads into a heating
      chamber defined by said casing structure, the door can easily be handled
      within a limited space for installation of the microwave oven; another
      advantage is that, when the door is fully opened to an extent that at
      least an upper portion of the access opening of the oven-defining casing
      structure diagonally upwardly confronts the direction of sight of the user
      of the microwave oven, the user can readily check a heated condition of a
      material being heated within the oven-defining casing structure without
      being compelled to frequently remove the material being heated out of the
      oven-defining casing structure; and a further advantage is that the
      microwave oven can be manufactured in a more compact size than the
      microwave oven having either the side-hinged door or the bottom-hinged
      soor if the top-hinged door is designed such as to form a part of the
      heating chamber.
PAR  In order for the microwave oven having the top-hinged door to be
      manufactured and subsequently made commercially available, the top-hinged
      door should be designed such as to cancel the weight of the top-hinged
      door itself so that no substantial weight of the top-hinged door affect
      the movement of the top-hinged door between opened and closed positions,
      but upwardly acting pulling and downwardly acting pushing forces
      selectively applied by the user of the microwave oven substantially open
      and close the top-hinged door, respectively.
PAR  Moreover, if a container having a relatively great height, such as a bottle
      or the like utensil, which accommodates therein material to be heated or
      otherwise heat-treated, is inserted into the heating chamber of the
      oven-defining casing structure and the top-hinged door of the casing
      structure is to be subsequently closed, the top-hinged door will not
      completely close the access opening leading to the heating chamber, or
      otherwise is liable to damage upon forcible application of the downwardly
      acting pushing force in an attempt to close the door. Therefore, the
      microwave oven of the type having the top-hinged door should be provided
      with means for preventing the door from being broken in this way.
PAR  Furthermore, because of the nature of the microwave oven wherein radiation
      of hazardous microwaves takes place, development of microwave leakage
      preventing means including a door handle, a door locking mechanism and
      related components, all suited to the microwave oven having the top-hinged
      door, is one of the most important factors to consider.
PAR  Accordingly, an essential object of the present invention is to provide a
      microwave oven comprising an oven-defining casing structure having a
      top-hinged door, a portion of which door is substantially outwardly
      concaved to define a substantial half of a heating chamber when said door
      is in a closed position, so that the overall size of the microwave can be
      made smaller than the conventional microwave oven having either the
      bottom-hinged door or the side-hinged door with no substantial reduction
      in the effective volume of the heating chamber.
PAR  Another important object of the present invention is to provide the
      microwave oven of the type referred to above, wherein means is provided
      for cancelling the weight of the top-hinged door thereby to facilitate a
      smooth movement of the door between the opened and closed positions only
      by the substantial application of upwardly pulling and downwardly pushing
      forces, respectively, so that any possibilities that the door in its
      opened position tends to move towards the closed position by its own
      gravity and that the user of the microwave oven has her finger or fingers
      jammed by the door then rashly moved to the closed position by its own
      gravity can advantageously be avoided.
PAR  A further object of the present invention is to provide the microwave oven
      of the type referred to above, wherein a door locking mechanism is
      associated with a door handle so that opening of the door does not
      substantially require separate and independent operating procedures of
      releasing the door locking mechanism and upwardly pulling of the door
      handle, said opening of which door is carried out by touching the door
      handle and subsequently upwardly pulling the door handle in a usual
      manner.
PAR  A still further object of the present invention is to provide the microwave
      oven of the type referred to above, wherein the top-hinged door can halt
      in a substantially half-opened condition as desired during its movement
      between the closed and opened positions.
PAR  A still further object of the present invention is to provide the microwave
      oven of the type referred to above, which substantially eliminates any
      possibility that, if a container having a greater height than the
      effective height of the heating chamber of the microwave oven, such as a
      bottle or the like utensil, which accommodates therein material to be
      heat-treated, is inserted into the heating chamber, the container would be
      thrown down, or otherwise broken, upon closure of said door and/or the
      top-hinged door would be damaged to such an extent as to allow leakage of
      hazardous microwaves.
PAR  A still further object of the present invention is to provide the microwave
      oven of the type referred to above, wherein means is provided for forcibly
      opening upon opening of the top-hinged door an electrical power supply
      circuit for a microwave generator which has been energized.
PAR  A still further object of the present invention is to provide the microwave
      oven of the type referred to above, wherein the above mentioned means is
      an electrical ON-OFF switch and wherein means is provided for avoiding a
      complete closure of the top-hinged door while a foreign matter, such as a
      spoon, is jammed in between the door and the casing structure whereby said
      switch is maintained in an OFF condition unless the door is otherwise
      completely closed.
PAR  A still further object of the present invention is to provide the microwave
      oven of the type referred to above, wherein the top-hinged door is
      provided with means for absorbing portion of the radiated microwaves which
      remains unattenuated thereby to ensure a substantially complete microwave
      leakage prevention.
PAR  A still further object of the present invention is to provide the microwave
      oven of the type referred to above, which has a handsome looking
      appearance and can readily and easily be cleaned to avoid a possible
      pile-up of food particles within the heating chamber of the microwave
      oven.
PAR  A still further object of the present invention is to provide the microwave
      oven of the type referred to above, which can be manufactured in a more
      compact size than the conventional microwave oven having the side-hinged
      or bottom-hinged door, without substantially incurring unreasonable
      increase of the manufacturing cost.
PAR  In order to achieve the foregoing objects of the present invention,
      according to the present invention, there is provided a microwave oven
      comprising an oven-defining casing structure having a hingedly supported
      door adapted to be upwardly and downwardly moved for opening and closing,
      respectively, an access opening of the oven-defining casing structure. The
      access opening lies on the inclined plane which substantially confronts
      the direction of sight of the user of the microwave oven so that the
      interior of the casing structure can be viewed from frontwards and above
      the microwave oven, and therefore the interior of the casing structure is
      of substantially triangular section.
PAR  On the other hand, the hingedly supported door is formed with an outwardly
      concaved, substantially triangular sectioned cavity, which cavity, when
      the door is closed, cooperates with the substantially triangular sectioned
      interior of the casing structure to provide a complete heating chamber of
      substantially cubic body. This door is, according to the present
      invention, hinged at its top edge to the front edge of the top wall member
      forming a part of the casing structure, with the hinge axis substantially
      horizontally extending between the respective planes of side wall members
      of the casing structure.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent from the following description taken in conjunction with
      preferred embodiments of the present invention with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a microwave oven embodying the present
      invention;
PAR  FIG. 2 is a similar view to FIG. 1, showing a top-hinged door in an opened
      condition;
PAR  FIG. 3 is a side view of the microwave oven, with a portion broken away to
      show a door support mechanism;
PAR  FIG. 4 is a schematic vector diagram used to explain the principle of
      operation of the door support mechanism employed in the microwave oven
      according to the present invention;
PAR  FIGS. 5 and 6 are side sectional views of the microwave oven employing a
      modified version of the door support mechanism;
PAR  FIG. 7 is a schematic perspective view of a portion of the top-hinged door,
      showing a door locking mechanism;
PAR  FIGS. 8 and 9 are schematic perspective views of respective modified
      versions of the door locking mechanism;
PAR  FIG. 10 is a side sectional view, on an enlarged scale, of a portion of the
      microwave oven, showing a method of positioning a microwave absorbing
      element, and
PAR  FIG. 11 is a similar view to FIG. 10, showing a modified method of
      positioning a microwave absorbing element.
PAR  Before the description of the present invention proceeds, it should be
      noted that like parts are designated by like reference numerals throughout
      the accompanying drawings.
DETD
PAR  Referring now to FIGS. 1 and 2, a microwave oven comprises a casing
      structure 1 which defines one of halves of a heating chamber, as
      designated by 4, and a door 2 formed with an outwardly concaved cavity 5
      which defines the other of said halves of said heating chamber. As will be
      described later, when the door 2 is closed, the cavity 5 and the interior
      4 of the casing structure in cooperation therewith defines a complete
      heating chamber of substantially cubic body.
PAR  The casing structure 1 may be of double walled structure and includes a
      high frequency wave generator or a magnetron assembly, indicated by M in
      FIG. 5, arranged in said casing structure in any known manner. As best
      shown in FIG. 2, the casing structure 1 has an access opening leading to
      the interior 4 of the casing structure 1 and adapted to be selectively
      closed and opened by the door 2, the plane of which access opening lies on
      the inclined plane which substantially confronts the direction of sight of
      the user of the microwave oven so that the interior 4 of said casing
      structure 1 can be viewed from frontwards and above the microwave oven
      when the door 2 is fully opened. The outwardly concaved portion of the
      door 2 which defines the cavity 5 is formed with a plurality of
      perforations arranged in any suitable pattern to provide an observation
      window 6 through which the complete heating chamber, defined by the
      interior 4 and the cavity 5, can be viewed from the outside of the
      microwave oven even though the door is closed.
PAR  Referring to FIGS. 2, 3, 5 and 6, the door 2 in the closed position has a
      top edge hingedly connected as at 13 to the front edge of the top wall
      member forming a part of the casing structure 1 whereby said door 2 can be
      pivotable about the hinge axis 13 upwardly and downwardly for selective
      opening and closing the access opening, respectively. The door 2 has a
      door handle 3 pivotally carried thereby, which door handle 3 is
      operatively associated with a door locking mechanism of a construction as
      will be described later. However, for facilitation of understanding of the
      subsequent description, it be understood that the door handle 3 is
      pivotable between locked and released positions and that latches 7,
      operatively carried by the door 2 and projecting from both sides of said
      door 2 in opposite directions with respect to each other, each of which
      latches 7 is movable between projected and retracted positions, are
      associated with said door handle 3 in such a manner that, when said door
      handle 3 is in the locked position, said latches 7 are outwardly
      projected, when the door is closed, into engagement with corresponding
      detent recesses, only one of which is shown by 8 in FIG. 2, to firmly lock
      the door 2 in the closed position, disengagement of said latches 7 from
      said respective detent recesses 8 being carried out by pivoting the door
      handle 3 to the released position.
PAR  Although not shown, an electrical ON-OFF switch, preferably, in the form of
      a microswitch, which is inserted in a known electric power supply circuit
      for the magnetron assembly M, is arranged in the casing structure 1 in
      position to be turned on by one of the latches 7 which are then engaged
      into the respective detent recesses 8. The magnetron assembly M can be
      energized to generate microwaves into the heating chamber when a start
      button 12 is, during closure of the ON-OFF switch, operated after a timer
      11 has been set to a desired cooking time, said start button 12 and said
      timer 11 being disposed on an inclined control panel 10 which forms a part
      of the casing structure 1 and which lies on the same plane as the access
      opening of the casing structure.
PAR  Referring now to FIGS. 2 to 4, there is shown a door support mechanism
      which comprises a curved door arm 9 having one end pivotally connected to
      the door by means of a pin 14 and the other end rotatably mounted with a
      roller 15, a substantially interpediate portion of said door arm 9 loosely
      extending into the double-walled casing structure 1 as best shown in FIG.
      2. The roller 15 rests on an inclined surface 16a of a support block 16
      rigidly mounted on the bottom wall member of the casing structure and
      within the casing structure 1. The support block 16 is of a substantially
      triangular shape and has a top apex portion formed into a stopper 17 which
      restricts movement of the roller 15 and which, at the same time, defines
      the opened position for the door 2. More specifically, the support block
      16 is so designed as to allow the roller 15 to roll up the inclined
      surface 16a towards the stopper 17 as the door is pivoted about the hinge
      axis 13 towards the fully opened position as indicated by the double
      dotted chain line in FIG. 3, and also to roll down the inclined surface
      16a as said door is pivoted about the hinge axis 13 towards the closed
      position as indicated by the solid line in FIG. 3. It is to be noted that,
      when the door is in the fully opened position, the roller 15 carried by
      the door arm 9 is restricted by the stopper 17 as shown by the double
      dotted chain line in FIG. 3.
PAR  The door support mechanism further comprises a tension spring 18 so
      suspended between a portion of the door arm 9 adjacent the roller 15 and a
      portion of, for example, the bottom wall member of the casing structure 1
      that the roller 15 is biased towards the inclined surface 16a to keep a
      constant contact with said inclined surface. Preferably, the inclined
      surface 16a such an effective length that, when the roller 15 is
      restricted by the stopper 17 after having rolled up said inclined surface,
      the door 2 can be held in the opened position with the plane of said door
      situated above the level of the top wall member of the casing structure.
PAR  With particular reference to FIG. 4, a relationship between the weight of
      the door 2 and a pulling force exerted by the tension spring 18 will now
      be described.
PAR  In FIG. 4, reference characters A and B represent the axis of rotation of
      the roller 15 and the inclined surface 16a, respectively. Reference
      characters F and W represents an axially pulling force exerted by the
      tension spring and the weight of the door 2 which has been imposed on the
      roller 15 through the door arm 9. From the vector diagram of FIG. 4, it
      will readily be seen that the axially pulling force F of the tension
      spring 18 can be divided into two vector components; one being a force
      F.sub.2 acting in parallel to the inclined surface B so as to move the
      roller 15 upwardly of said inclined surface B and the other being a force
      F.sub.1 acting in a direction normal to the plane of the inclined surface
      B so as to pull the roller 15 in a direction perpendicular to the plane of
      the inclined surface B.
PAR  If the tension spring 18 is selected so as to have a axially pulling force
      F, the force F.sub.2 of the vector component of which is substantially in
      equilibrium with the weight W, the user of the microwave oven of the
      present invention can easily open and close the door 2 without
      substantially feeling the weight of the door 2 which may otherwise be
      imposed on her or him through her or his hand in touch with the door 2.
      Moreover, since the weight of the door 2 is cancelled by the tension
      spring 18 so selected as hereinbefore described, the door 2 can halt
      anywhere as desired between the opened and closed positions.
PAR  Referring to FIGS. 5 and 6, the top-hinged door 2 may have an intermediate
      position or a substantially half opened position as indicated by the solid
      line in FIGS. 5 and 6. It is to be noted that in FIGS. 5 and 6, the double
      dotted chain line and the chain line represent the door in the fully
      opened position and the door in the closed position, respectively.
PAR  In order that the top-hinged door 2 can halt at the substantially half
      opened position as shown, a rounded recess is formed, as shown by 20 in
      FIG. 6, on the inclined surface 16a of the support block 16 for trapping
      the roller 15 thereinto during the movement of the door between the closed
      and opened positions. The position of the rounded recess 20 on the
      inclined surface 16a is selected so that the door 2 in the half opened
      position provides an effective access opening of a height H though which
      material to be heat-treated can be effectively inserted into the heating
      chamber of the microwave oven, which height H is substantially equal to or
      slightly greater than the height h of the heating chamber which is formed
      when the door 2 is closed. This is particularly advantageous in that, when
      the door is in the half opened position, insertion of any container or
      like kitchen utensil having a height greater than the height h of the
      heating chamber, into the heating chamber can be avoided.
PAR  While the top-hinged door 2 is in the half opened position in the manner as
      hereinbefore described, subsequent or continued application of the
      upwardly pulling force to the door handle 3 causes the door 2 to pivot
      towards the opened position, at which time the roller 15 escapes from the
      rounded recess 20 on the inclined surface 16a of the support block 16.
PAR  The door locking mechanism will now be described with reference to FIGS. 7
      to 9. Before the description proceeds, it should be noted that, partly
      because the door locking mechanism may not be provided on both sides of
      the door handle 2 and partly because, if door locking mechanisms are
      provided on both sides of the door handle 2, they are of the same
      construction, only one of which will be described.
PAR  Referring first to FIG. 7, the door locking mechanism includes a carrier
      lever 22 having one end rigidly mounted with the latch 7 and the other end
      pivotally carried by the door 2 by means of a pin 23. This carrier lever
      22 is biased by a spring element 24, for example, a coiled spring, so that
      the latch 7 is held in the projected position. The latch 7 is also
      connected to the handle 3 by means of a connecting arm 7a which has one
      end connected to the latch 7 and the other end loosely receiving a leg
      portion 3a of the handle 3. It will readily be seen that, if the handle 3
      is upwardly pivoted about a pin 21 in a direction indicated by in an
      attempt to open the top-hinged door 2, the connecting lever 7a can be
      frontwardly pulled with the carrier lever 22 pivoting against the spring
      element 24. Therefore, the latch 7 can be moved from the projected
      position to the retracted position in readiness for opening of the
      top-hinged door 2. When the upwardly pulling force that has been applied
      to the door handle 3 to move the latch 7 from the projected position to
      the retracted position is released, the latch 7 can automatically move up
      to the projected position by the action of the spring element 24.
PAR  A modified version of the door locking mechanism is shown in FIG. 8. In
      FIG. 8, the latch 7 is integrally formed with the door handle 3 and is
      movable in the direction as indicated by the arrow-headed line as the
      handle 3 is upwardly pulled in an attempt to open the top-hinged door 2.
PAR  Another modified version of the door locking mechanism shown in FIG. 9
      includes a substantially L-shaped lever 22a having one end carrying the
      latch 7 and the other end in engagement with the leg portion of the door
      handle 3, a substantially intermediate portion of which is pivotally
      carried by the top-hinged door 3. It will readily be seen that, as the
      door handle 3 is upwardly pulled in the direction A, the lever 22a pivots
      counterclockwise with the latch 7 moved to the retracted position.
      Although not shown in FIG. 9, it is to be understood that the spring
      element similar to the coiled spring shown in FIG. 7 is also employed to
      biase the lever 22a with the latch 7 held in the projected position.
PAR  Means for avoiding microwave leakage is shown in FIGS. 10 and 11.
PAR  Referring to FIG. 10, the top-hinged door 2 is formed at a portion adjacent
      the front thereof with a choke cavity 25 which serves to attenuate
      microwaves radiated by the magnetron assembly M. On the other hand, a
      portion of the casing structure 1 adjacent the choke cavity 25 has a front
      panel 26 which bridges between inner and outer walls of the double walled
      casing structure 1. The front panel 26 is stepped at 27 in a substantially
      zig-zag manner while a corresponding portion of the top-hinged door 2 is
      stepped at 27 to conform to the sectional contour of the stepped portion
      27 of the casing structure 1. A microwave absorbent element, for example,
      a strip of ferrite rubber, is lined as at 30 through a covering 29 which
      encircles said microwave absorbent element and which is made of material
      of low dielectricity. Beneath the front panel 26 and within the
      double-walled casing structure 1, there is provided a normally closed door
      switch which is opened only when the door 2 is opened and, hence, the door
      2 is not completely closed.
PAR  Since respective portions at the front of the top-hinged door 2 and the
      casing structure 1, where the door 2 and the casing structure 1 contact to
      each other, are shaped such as hereinbefore described, it will readily be
      seen that even if a foreign matter, for example, a spoon shown by the
      imagninary line 32, is jammed between the door 2 and the casing structure
      1 as shown in FIG. 10, no door switch 31 is closed and, therefore, the
      microwave oven will not operate.
PAR  Referring to FIG. 11, the front panel 26 in the instance as shown lies on
      the plane parallel to the plane of the access opening of the casing
      structure 1. A microwave absorbent element 20 covered by a covering 29
      made of low dielectric material is provided within a space which is formed
      between the door handle 3 and the front edge of the top-hinged door 2.
PAR  Although the present invention has been fully described by way of example
      with reference to the accompanying drawings, it should be noted that
      various changes and modifications are apparent to those skilled in the
      art. Therefore, such changes and modifications should be construed as
      included within the true scope of the present invention unless they depart
      therefrom.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A microwave oven having a magnetron assembly which radiates microwaves
      into a heating chamber, which comprises a casing structure having an
      access opening leading into a cavity defined by said casing structure; a
      hingedly supported door hinged at the top thereof to the front edge of a
      top wall member of said casing structure for selectively opening and
      closing said access opening by the application of upwardly pulling and
      downwardly pushing forces to said door, respectively, said door being
      formed with a substantially outwardly concaved cavity which cooperates
      with said cavity of said casing structure to define said heating chamber
      when said door is in position to close said access opening; means for
      locking said door in the closed position; means for preventing said
      microwaves from leaking from around said hingedly supported door during
      closure of said door; and means for biasing said door towards an opened
      position.
NUM  2.
PAR  2. A microwave oven as claimed in claim 1, wherein said biasing means
      comprises a door arm having one end pivotally connected to said door, a
      roller rotatably mounted on the other end of said door arm, a support
      block having an inclined surface on which said roller rests, and a spring
      element disposed between said door arm adjacent said roller and a fixed
      position of the casing structure, said roller rolling up and down as said
      door is opened and closed, respectively.
NUM  3.
PAR  3. A microwave oven as claimed in claim 2, wherein said inclined surface of
      said support block is formed with an inwardly rounded recess for trapping
      said roller during movement of said door between the closed and opened
      positions to permit said door to halt in a substantially half opened
      condition.
NUM  4.
PAR  4. A microwave oven as claimed in claim 1, wherein said door locking means
      comprises a door handle pivotally supported by said door for movement
      between locked and released positions, a pair of latches each supported by
      said door for movement between projected and retracted position, said
      latches being moved to said retracted position as said door handle is
      pivoted from said locked position to said released position in readiness
      for opening of said door, and a door switch adapted to be actuated by said
      latche.
NUM  5.
PAR  5. A microwave oven as claimed in claim 1, wherein said microwave leakage
      preventing means comprises a microwave absorbent element arranged on the
      casing structure at a portion where said door contacts during closure
      thereof, said door and said casing structure being formed at the front
      with stepped panels which are similar in sectional shape to each other.
NUM  6.
PAR  6. A microwave oven as claimed in claim 5, wherein a microwave absorbent
      element is disposed between said stepped panels.
NUM  7.
PAR  7. A microwave oven as claimed in claim 2, wherein said roller is adapted
      to move along a guide rail, said guide rail being provided with a stopper
      defining the opened position for said hingedly supported door.
NUM  8.
PAR  8. A microwave oven having a magnetron assembly which radiates microwaves
      into a heating chamber, which comprises a casing structure having an
      access opening leading into a cavity defined by said casing structure; a
      hingedly supported door hinged at the top thereof to the front edge of a
      top wall member of said casing structure for selectively opening and
      closing said access opening by the application of upwardly pulling and
      downwardly pushing forces to said door, respectively, said door being
      formed with a substantially outwardly concaved cavity which cooperates
      with said cavity of said casing structure to define said heating chamber
      when said door is in position to close said access opening; and means for
      preventing said microwaves from leaking from around said hingedly
      supported door during closure of said door, said microwave leakage
      preventing means comprising a first microwave absorbent element arranged
      on at least either of said casing structure and said door at a portion
      where said casing structure and said door contact to each other during
      closure of said door, and a second microwave absorbent element positioned
      within a space formed between a door handle and said door, said second
      absorbent element extending in parallel relation to a flange portion at
      the front of the heating chamber.
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ABST
PAL  A utensil for heating circular elongated objects with microwave energy is
      disclosed for securing browning and searing of the exterior surfaces. A
      plurality of searing members of a curved tapered substantially V-shaped
      configuration encompass a portion of or all of the elongated object to be
      heated. The searing means are supported on a microwave transparent frame
      of a plastic material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to microwave heating and means for preparing circular
      elongated objects.
PAR  2. Description of the Prior Art
PAR  Microwave heating is becoming increasingly popular, particularly, in the
      preparation of foodstuffs. The energy is radiated within an enclosure from
      an energy source, such as a magnetron. The waves are radiated and
      reflected within the enclosure to result in high frequency oscillatory
      movement of the molecules in the load to cause heating by molecular
      friction. The materials being heated have differing dielectric constant
      values which results in uneven heating due to varying absorption of the
      microwave energy. The surface coloration, therefore, is difficult to
      control, particularly, in the preparation of such foodstuffs as
      frankfurts.
PAR  An example of a prior art teaching is U.S. Pat No. 3,591,751 issued July 6,
      1971 to C. E. Goltsos which discloses a plurality of half-wavelength rods
      to provide rapid heating of the rods by the microwave energy. The absorbed
      heat is then transferred by conduction to a supported load. This technique
      not only results in problems caused by the heating of the rods but is
      difficult to implement in the processing of objects which are not flat.
      Another example of a prior art teaching is found in copending application
      Ser. No. 554,861 filed Mar. 3, 1975 by G. MacMaster et al. and assigned to
      the assignee of the present invention. In this embodiment a plurality of
      conductive metal members are provided, each folded in such a manner as to
      provide a continuous apex portion and two spaced apart adjacent leg
      portions. The conductive members are disposed in a linear array and the
      apparatus is not efficient for heating circular elongated objects.
PAR  A need arises, therefore, for an improved microwave heating means for
      processing circular elongated objects such as frankfurts.
PAC  SUMMARY OF THE INVENTION
PAR  A plurality of conductive members is provided having a curved configuration
      to encompass a portion or all of the object to be heated. The conductive
      members are supported by a member of a dielectric material such as the
      plastic material polysulfone which is accepted for use with foods. The
      combined conductive members and the supporting member forms a tray and the
      objects to be heated may be top loaded or end loaded depending on the
      disposition of the conductive members. Such members in the semicircular
      configuration are adapted for top loading. The circular embodiment
      completely surrounding the object to be heated is adapted for end loading.
      The conductive members are provided with two adjacent leg portions and a
      continuous apex portion. The leg portions have an overall height of
      substantially one-quarter of a wvelength of the microwave energy. The
      overall height may be reduced by filling the area between the leg portions
      with a dielectric material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Details of the invention will be readily understood after consideration of
      the following description of an illustrative embodiment and reference to
      the accompanying drawings, wherein:
PAR  FIG. 1 is an end view of an illustrative embodiment showing both the top
      loading and end loading capability;
PAR  FIG. 2 is a plan view of a portion of the illustrative embodiment taken
      along the line 2--2 in FIG. 1; and
PAR  FIG. 3 is a cross-sectional view of a conductive member utilized in the
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The illustrative embodiment 10 shown in the drawings comprises a plurality
      of curved conductive members 12 adapted to accomodate an elongated object
      such as a frankfurt 14. The conductive members are spaced throughout the
      length of the object at periodic intervals and are curved to provide a
      semicircular configuration. The conductive elements 12 are supported by
      and joined to body member 16 of a plastic material which is compatable
      with foods, such as polysulfone. The plastic is attached by notching a
      portion of the conductive member curved surfaces and flowing the plastic
      material in its liquid state within the notches. A series interconnected
      of body members 16 are arranged in an array with each of the conductive
      members disposed on a separate body member 16.
PAR  Referring to FIG. 3 the individual conductive members will be described.
      The conductive members have two leg portions 18 and 20 which are joined by
      a continuous apex portion 24 to provide a substantially V-shape
      configuration. The microwave energy in the form of free space plane waves
      are intercepted at the apex portion and the induced currents traverse each
      of the leg portions to provide a 180.degree. out-of-phase intense fringing
      electric field pattern adjacent the open ends of the leg portions. To
      achieve the desired field pattern each of the leg portions 18 and 20 is
      substantially one-quarter of a wavelength of the microwave energy in
      length. If the opening between the leg portions is filled with a
      dielectric material 22 the one-quarter wavelength dimension will be
      shorter. In an illustrative embodiment a dielectric material having a
      dielectric constant value of 9 was utilized and the length of the leg
      portions was approximately 0.400 inches. The microwave energy utilized in
      this embodiment has an operating frequency of 2450 MHz. This frequency is
      one of the frequencies in the Industrial, Scientific and Medical Band
      allocated by federal regulatory bodies such as the F.C.C.
PAR  The object to be cooked rests against the open ends of the conductive
      members 12. As shown in FIG. 1 the first five rows of conductive members
      are semicircular to provide for top loading of the object to be heated
      with microwave energy. An alternative arrangement is shown in this view
      and comprises circular conductive members 26 completely encompassing the
      elongated object to be heated. In this configuration the objects are
      loaded from the end.
PAR  The combined trays after loading are disposed within an enclosure of the
      well known type used in microwave heating apparatus and the microwave
      energy is radiated. The objects will be cooked and also seared on the
      exterior surfaces in the vicinity of the conductive members. The disclosed
      tray may be utilized individually or a large number of such trays may be
      provided in an automated device for processing a larger number of the
      elongated objects to be heated with microwave energy.
PAR  Modifications will be evident to those skilled in the art. The foregoing
      description of the embodiment is, therefore, to be considered broadly and
      not in a limiting sense.  pg,8
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for heating circular elongated objects with microwave
      energy comprising:
PA1  a plurality of curved conductive members surrounding a substantial portion
      of the objects to be heated;
PA1  means for supporting said members;
PA1  each of said conductive members defining two leg portions and a continuous
      apex portion;
PA1  said leg portions having a length substantially equal to one-quarter of a
      wavelength of the microwave energy utilized;
PA1  said conductive members providing adjacent to the ends of said leg portions
      an intense out-of-phase fringing electric field pattern when radiated by
      microwave energy.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said conductive members have
      a semicircular configuration.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein said conductive members have
      a circular configuration.
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ABST
PAL  An electro-erosion process and apparatus for improving the rate of material
      removal from a workpiece and for decreasing the rate of wear of the
      electrode tool in an electrical discharge machining apparatus, by
      controlling the average value of the machining current across the
      machining gap between the electrode tool and the workpiece by providing
      cut-off time intervals between consecutive pulse trains at a frequency of
      at least 200 Hz, and by controllably varying at least one of the
      parameters of operation consisting of the number of the pulses included
      within a single pulse train, the duration of application of said pulses
      within a single pulse train, and at least the longest of the intervals of
      time comprised between two consecutive voltage pulses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electro-erosion machining, or electrical
      discharge machining (EDM). Electro-erosion machining is influenced by any
      one or more of several parameters of operation, of a physical as well as
      chemical nature. The adjustment of the diverse machining parameters, such
      as the average machining current, the duration of the pulses and the rate
      of renewal of the dielectric fluid, is the result of a compromise between
      the rate of material removal from the workpiece, the electrode tool wear
      and the workpiece surface finish. It is known, for example, that the rate
      of wear of the electrode tool, especially when the electrode tool is made
      of copper, is influenced primarily by the duration and intensity of each
      electrical discharge, and secondarily by the duration of the cut-off time
      interval between two consecutive discharges and the physical and chemical
      states of the dielectric fluid. A decrease in the cut-off time interval
      causes a decrease in the rate of electrode tool wear, but correspondingly
      causes an increase in the contamination rate of the dielectric fluid and
      an increase of the number of abnormal discharges.
PAR  Means have been provided in the past to take advantage of those
      peculiarities in electrical discharge machining such as, more
      particularly, means consisting in controlling the duration of the time
      interval between two consecutive voltage pulses or in slowly varying the
      time interval as a function of the machining conditions (U.S. Pat. No.
      3,614,368). It is also known to periodically apply high frequency
      relaxation pulses across the machining gap such as to obtain an improved
      deionization of the machining fluid (U.S. Pat. No. 3,056,065). Other
      processes attempt to avoid an excessive contamination of the machining
      fluid, for example by periodically interrupting the current pulses at a
      low frequency (1 to 2 Hz maximum) or in periodically withdrawing the
      electrode tool and increasing the fluid flow (Swiss Patent No. 414,034).
      It has also been proposed to apply across the machining gap series of
      pulses consisting of nominal current pulses of a variable amplitude
      greater than zero, separated by long duration pulses of greater amplitude
      (German Patent No. 1,165,242).
PAR  The processes have the common inconvenience of modifying the machining
      characteristics when the value of the average current is changed as a
      result of a switch-over to particular machining conditions. It is known
      that it is desirable to maintain constant the energy provided by each
      electrical discharge by applying across the machining gap current pulses
      of constant duration and amplitude. In order to decrease, for example, the
      average machining current, it is known to increase the time interval
      between two consecutive pulses, which results in changes in the machining
      characteristics and, more particularly, which increases the electrode tool
      wear. If, on the contrary, the machining conditions are such that the time
      interval between two consecutive pulses is decreased in order to increase
      the average machining current, such decrease of the time interval causes
      an increase of the machining fluid contamination, and an abnormal and
      destructive electrical discharge rate.
PAR  The present invention provides a novel process and apparatus permitting to
      modify the average value of the machining current in an EDM operation,
      without changing the machining characteristics such as to integrally
      maintain the advantages procured by constant energy electrical discharges.
      According to the present invention, the average machining current is
      controlled by providing current cut-off time intervals between consecutive
      pulse trains at an average frequency of at least 200 Hz and in varying the
      number of the pulses or the duration of the pulses within one pulse train
      and/or at least the longer one of the cut-off time intervals between two
      consecutive voltage pulses.
PAR  The invention achieves the result of decreasing the average machining
      current without increasing the electrode tool wear rate or, alternatively,
      of permitting to use a larger current than conventionally permissible in a
      given machining situation. The present invention improves sensibly the
      rate of material removal from the workpiece, expressed in amount of
      material removed per minute and per amp. The remarkable results achieved
      by the invention are attributed to the fact that the high frequency
      occurrence of the cut-off time intervals between two consecutive pulse
      trains influences favorably the random space distribution of the
      consecutive discharges and improves the random displacement of the
      discharge zone location. For example, the novel process of the invention
      may be used for cutting the average machining current in half by providing
      current pulses of 40 .mu.s, separated by current cut-off time intervals of
      20 .mu.s between consecutive pulses, and by providing between each series,
      or train, of 12 of such pulses a cut-off time interval of the order of
      1200 .mu.s. Another example of application of the process of the invention
      consists of interposing between 3 current pulses of a duration of 330
      .mu.s each, separated by cut-off time intervals of 50 .mu.s, a cut-off
      time interval of 3300 .mu.s. In the latter case, the average current has
      been decreased by a ratio of 1 to 3. The process can be used for varying
      the average current in much greater proportions, such as, for example, in
      a ratio of 1 to 8.
PAR  It is also advantageous to use the process of the invention in combination
      with pulses having a high ionization voltage, such as 250 to 300 volts, or
      more. In that case, it is possible to decrease the nomial value of the
      cut-off time interval between two consecutive pulses to a value of a few
      .mu.s, which permits to machine with an increased average current without
      increasing the wear of the electrode tool.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, therefore, has for a principal object to provide
      means for controlling the average machining current in EDM without causing
      a concommittent increase in wear of the electrode tool or, alternatively,
      for machining with an average current larger than the current normally
      used conventionally in a given machining situation. The present invention
      accomplishes its objects by providing the occurrence of cut-off time
      intervals between consecutive voltage pulse trains at an average frequency
      of at least 200 Hz, and/or by varying the number or the duration of the
      pulses within a pulse train period.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be best understood when the following
      description of some of the best modes for practicing the invention is read
      in conjunction with the accompanying drawing which illustrates,
      schematically and by way of examples, circuit diagrams illustrating
      practical embodiments of the present invention, and in which:
PAR  FIGS. 1a-1d illustrate examples of pulse train waveforms corresponding to
      four examples of applications of the process of the present invention;
PAR  FIG. 2 schematically illustrates an example of circuit for practicing the
      present invention; and
PAR  FIG. 3 illustrates a further example of circuit for practicing the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now referring first to FIG. 1a which shows a current waveform in the course
      of a single machining period in an EDM operation, a first train of 3
      pulses P.sub.1 is provided during a time period T.sub.1, and a second
      train of 2 pulses P.sub.2 during a time period T.sub.2. The two
      consecutive first and second pulse trains are thereafter repeated during a
      machining operation.
PAR  The pulses P.sub.1 and P.sub.2 are equal in duration. However, the
      consecutive pulses P.sub.1 of the first pulse train are separated by a
      cut-off time interval T.sub.i1 which is relatively short, resulting in a
      relatively low rate of wear of the electrode tool but in a relatively high
      rate of contamination of the dielectric fluid. The 2 pulses P.sub.2
      occurring during the period of time T.sub.2 are separated by a relatively
      long cut-off time interval T.sub.i2, resulting in a relatively high rate
      of wear of the electrode tool, which in turn results in cleaning the
      electrode tool and decreasing the rate of contamination of the fluid. By
      adopting an appropriate ratio of the time periods T.sub.1 and T.sub.2
      during which the first and second pulse trains occur, the average current
      of the electrical discharge is controlled and optimum machining conditions
      are approached with respect to the electrode tool wear rate and the
      dielectric contamination rate.
PAR  FIG. 1b illustrates a modification in which the pulse train includes only 2
      current pulses P.sub.1 and P.sub.2 of equal durations, one such current
      pulse P.sub.1 being obtained during the time period T.sub.1 and the other
      current pulse P.sub.2 being obtained during the period of time T.sub.2.
      The current cut-off time interval between pulses P.sub.1 and P.sub.2 has a
      duration T.sub.i1, and the cut-off time interval between the pulses
      P.sub.2 and P.sub.1 has a duration T.sub.i2 longer than the cut-off time
      interval T.sub.i1.
PAR  FIG. 1c illustrates conditions wherein each period T.sub.3  of occurrence
      of each pulse train comprises a plurality of primary time periods, such as
      the consecutive time periods T.sub.1 and T.sub.2 represented, which
      alternate during such a time period T.sub.3. The consecutive pulses
      P.sub.1 in the time period T.sub.1 are separated by a cut-off time
      interval T.sub.i1. The consecutive pulses P.sub.2 in the time period
      T.sub.2 are separated by a cut-off time interval T.sub.i2 which is larger
      than the cut-off time interval T.sub.i1. The time period T.sub.3 is
      followed by a time period T.sub.4 which includes a substantially longer
      cut-off time interval T.sub.i3 between consecutive pulses such as pulse
      P.sub.4 and the first pulse P.sub.1 than the cut-off time intervals
      T.sub.i1 and T.sub.i2 respectively. The time periods T.sub.3 and T.sub.4
      continuously alternate during a machining cycle.
PAR  FIG. 1d represents a pulse train period T during which the current cut-off
      time interval T.sub.i1, T.sub.i2, T.sub.i3 . . . , T.sub.in between
      consecutive pulses P are progressively increased. The train of pulses P
      occurring within a period of time T is continuously repeated during a
      machining operation.
PAR  It will be appreciated that many variations may be provided. For example,
      instead of providing a frequency cyclical variation of the pulses as
      illustrated as FIGS. 1a-1d, an amplitude cyclical variation of the pulses
      could be provided, such amplitude cyclical variation being continuous, or
      discontinued, or combined if so desired with a frequency cyclical
      variation, or a cyclical variation of the pulse duration or of the cut-off
      intervals between consecutive pulses.
PAR  FIG. 2 illustrates a schematic circuit of a first example of embodiment
      permitting to accomplish the objects of the invention. The circuit of FIG.
      2 comprises a conventional pulse generator for providing electrical
      discharges between an electrode tool 1 and a workpiece 2 obtained from a
      DC current source S by means of an electronic switching means arbitrarily
      represented by a transistor 3. The transistor 3 is controlled by a circuit
      comprising a pair of monostable multivibrators 4 and 5 connected in
      series, the multivibrator 5 controlling the base of the transistor 3
      through an inverter 6.
PAR  The current flowing through the gap between the electrode tool 1 and the
      workpiece 2 in the course of each electrical discharge is detected as a
      voltage drop across a resistor R.sub.1 connected in series with the
      emitter-collector circuit of the transistor 3. The voltage signal
      appearing at the junction between the resistor R.sub.1 and the emitter of
      the transistor 3 is applied to the input of a Schmitt trigger 7 whose
      function it is to reshape the signal. The signal at the output of the
      Schmitt trigger 7 is applied, through a switch 33, to the input of the
      monostable multivibrator 4 to turn it to its unstable stage. While
      returning to its stable state, the monostable multivibrator 4 provides an
      output signal which causes the monostable multivibrator 5 to be turned to
      its unstable stage which in turn causes the transistor 3 to be switched
      off through the inverter 6. As soon as the monostable multivibrator 5
      returns to its stable state, the transistor 3 conducts again, and a pulse
      appears across the resistor R.sub.1 as soon as a discharge current flows
      across the gap, which causes a pulse to be applied by the Schmitt trigger
      7 to the input of the monostable multivibrator 4. The monostable
      multivibrator 4 is therefore again turned to its unstable state, and the
      duration of this unstable state determines the duration of the discharge
      between the electrode tool 1 and the workpiece 2. The duration of the
      current cut-off time interval between two current pulses is thus
      determined by the duration of the unstable state of the monostable
      multivibrator 5. The duration of the unstable state of the multivibrator 5
      may be set by adjusting the current or the voltage supplied to one of the
      internal circuits, not shown, of the multivibrator 5. For example, by
      increasing the voltage supplied to the time constant RC network of the
      circuit of the multivibrator, the duration of its unstable state is
      decreased, and vice versa. This variable voltage is supplied at the output
      of an amplifier 8 provided with a shunt resistor R.sub.2 and three input
      resistors R.sub.3, R.sub.4 and R.sub.5 which are arranged to operate as a
      volttage adder for three reference voltages, each obtained at the slider
      of one of the potentiometers 9, 10 and 11. The output voltage of the
      amplifier 8 is thus proportional to the sum of the three reference
      voltages and, when this output voltage is maximum, the monostable
      multivibrator 5 functions so as to provide a minimum duration T.sub.i1 of
      its unstable stage.
PAR  Each control pulse at the input of the monostable multivibrator 4
      corresponds to a pulse applied across the machining gap. The control pulse
      at the input of the monostable multivibrator 4 is also applied to a
      counting means 12 comprising a counter 13 and two number discriminators 14
      and 15. The number discriminator 14 provides an output signal as soon as
      the number of pulses stored in the counter 13 reaches a predetermined
      number n.sub.1 which is determined by a voltage level obtained at the
      slider of a potentiometer 16 in turn converted into numerical digital
      information by way of an analog to digital converter 17. The number
      discriminator 15 provides a signal which resets the counter 13 to zero as
      soon as an additional number n.sub.2 of pulses has been applied across the
      machining gap. The latter number n.sub.2 corresponds to a voltage level
      obtained at the slider of a potentiometer 18 which is converted into
      numerical digital information by way of an analog to digital converter 19.
PAR  The signal at the output of thd discriminator 14 is applied to the input D
      of a flip-flop 20 which stores this signal for the time period during
      which n.sub.2 pulses are occurring. The voltage level of the output Q of
      the flip-flop 20 is placed across a potentiometer 10. After a number
      n.sub.1 of pulses has occurred, the voltage level at the output Q of the
      flip-flop 20 returns to zero, and the duration of the current cut-off time
      interval between two pulses increases as a result of the decrease of the
      output voltage of the amplifier 8. After the occurrence of a number
      n.sub.2 of pulses separated by a time interval of long duration T.sub.i2,
      the output signal from the discriminator 14 disappears, and a voltage
      level appears at the output Q of the flip-flop 20 to again supply the
      potentiometer 10, and consequently the duration of the cut-off time
      interval between two pulses returns to its minimum value T.sub.i1. Thus,
      under the conditions of, for example, n.sub.1 = 3 and n.sub.2 = 2, there
      is obtained a frequency occurrence cyclical variation of the machining
      circuit pulses are represented at FIG. 1a. If n.sub.1 =n.sub.2 = 1, each
      period of modulation comprises two current pulses as shown at FIG. 1b. A
      pulse modulation according to the representation of FIG. 1c is obtained by
      placing the movable contact of a switch 27, connected to the input of the
      potentiometer 11, in the position causing the potentiometer to be supplied
      by the voltage level appearing at the output Q of a second flip-flop 26.
      Under that condition, a second counting means 21 receives at its input a
      signal each time that the number n.sub.1 of pulses is reached. The signals
      are stored in a counter 22, and the numbers are compared by a
      discriminator 23 to a predetermined number n.sub.4  corresponding to the
      voltage level at the slide of a potentiometer 24 converted into numerical
      digital information by means of an analog to digital converter 25. As soon
      as the number n.sub.4 is reached, that is as soon as there have been
      n.sub.4 occurrences of the cut-off time interval between two consecutive
      pulses, the discriminator 23 provides a signal which is stored by the
      flip-flop 26 and which simultaneously resets the counters 13 and 22 to
      zero. When this occurs, the voltage level at the output Q of the flip-flop
      26 drops to zero and, as a result of the two potentiometers 10 and 11 no
      longer being supplied an input voltage, the duration of the next cut-off
      time interval takes a maximum value T.sub.i3. In the course of the next
      pulse following that interval, the outputs Q of the flip-flops 20 and 26,
      respectively, change polarity, and the duration of the cut-off time
      interval takes its minimum value T.sub.i1 until there appears an output
      signal from the discriminator 14.
PAR  With the movable contact of the diverse switches 28, 29, 30 and 31 in the
      position represented at FIG. 2, the minimum duration of the cut-off time
      interval between two consecutive pulses as well as the number of pulses
      which are followed by a cut-off time interval of a longer duration are set
      manually. The duration of the cut-off time intervals is adjusted by the
      position of the slider of the potentiometers 9, 10 and 11, respectively,
      while the number of pulses are determined by the respective positions of
      the sliders of the potentiometers 16, 18 and 24.
PAR  When the movable contact of the switches 28, 29, 30 and 31 is engaged with
      the second fixed contact of each of the switches, appropriate analog
      signals are supplied by a control circuit 32 which automatically set the
      parameters as a function of the rate of abnormal machining occurrences in
      the course of a machining operation, thus also permitting to adjust the
      average intensity of the electrical discharges in the course of the
      machining operation without changing the duration of the voltage and
      current pulses. According to the position occupied by the movable contact
      of the switch 33, connected in series between the Schmitt trigger 7 and
      the first monostable multivibrator 4, the pulse generator portion of the
      circuit controls either the duration of the current pulses or the duration
      of the voltage pulses. The control circuit 32 could also be arranged to
      supply numerical information in digital form which could be fed directly
      to the discriminators 14, 15 and 23.
PAR  The schematic diagram represented at FIG. 3 illustrates another example of
      practical application of the invention. The circuit of FIG. 3 includes the
      same pulse generator as that shown at FIG. 2, the duration of the unstable
      state of the monostable multivibrator 5 being modified as a function of
      the voltage supplied by the amplifier 8. The voltage at the amplifier 8 is
      proportional to the sum of the voltages obtained at the slider of the
      potentiometers 9 and 10.
PAR  The voltage supplied to the potentiometer 10 is obtained at the output of a
      Schmitt trigger 34 through an inverter 35. The signal at the output of the
      inverter 35 is also supplied simultaneously to two of the three inputs of
      an AND gate 36, as long as the movable contacts of switches 37 and 38 are
      respectively in the position indicated at FIG. 3. The third input of the
      AND gate receives a signal from the output of the inverter 6. The output
      signal of the AND gate 36 controls a switching means disposed in series in
      the electrode tool 1 and workpiece 2 circuit, which, at FIG. 3, takes also
      the form of transistor 3.
PAR  The Schmitt trigger 34 is controlled by two voltage signals fed to separate
      inputs of the trigger. One voltage signal is supplied by a saw-tooth
      generator 39 adjusted to a predetermined frequency and the other voltage
      signal is obtained at the slider of a potentiometer 40. The period of the
      voltage spikes at the output of the saw-tooth generator 39 is equal to
      T.sub. 1 +T.sub.2. During the time interval T.sub.1, the voltage spike at
      the output of the saw-tooth generator 39 is less than the voltage at the
      slider of the potentiometer 40, such that the Schmitt trigger 34 is
      inhibited, there is no signal appearing at its output and a voltage is
      applied across the potentiometer 10 by way of the inverter 35. Under those
      conditions, during the time interval T.sub.1, the current pulses at the
      machining gap are separated by a minimum cut-off time interval T.sub.i1.
PAR  The Schmitt trigger 34 supplies a signal of duration equal to T.sub.2
      during the period of time when the voltage spike at the output of the
      saw-tooth generator 39 is higher than the voltage at the slider of the
      potentiometer 40. This signal, inverted by the inverter 35, cuts off the
      voltage across the potentiometer 10. If the movable contact of the switch
      38 is engaged with the fixed contact a of the switch, the cut-off time
      interval T.sub.i2 of long duration between two pulses is applied to the
      machining zone during the period of time T.sub.2. When the movable contact
      of the switch 38 is engaged with the fixed contact b, the pulses are
      interrupted during the same period of time. In this manner, the waveforms
      represented at FIGS. 1a and 1b are obtained. The waveform represented at
      FIG. 1c is obtained by engaging the movable contact of the switch 37 with
      its fixed contact b and the movable contact of the switch 38 with its
      fixed contact b. Under those conditions, the signals at the output of the
      monostable multivibrator 5 are supplied to the first input of the AND gate
      36 through the inverter 6, the second input of the gate is connected to
      the inverter 35, and the third input of the gate is connected to the
      inverter output Q of a flip-flop 41. The flip-flop 41 has an input C.sub.p
      which receives a pulse each time the Schmitt trigger 34 provides an output
      pulse. The pulse signal at the output of the Schmitt trigger 34 is also
      supplied to a counting means 42 which comprises a counter 43 and two
      discriminators 44 and 45. Discriminator 44 supplies a signal at the input
      D of the flip-flop 41 after stroing n.sub.4 successive counts of cut-off
      intervals of duration of T.sub.i2 between two voltage pulses. That signal
      is stored in the flip-flop 41 and causes its Q output to drop to zero,
      which opens the transistor switch 3 through the switch 37 and the AND gate
      36.
PAR  After an interval of time T.sub.i3 corresponding to n.sub.3 + n.sub.4
      pulses at the output of the Schmitt trigger 34, the discriminator 45
      resets the counter 43 to zero, and the Q output of the flip-flop 41
      provides a signal which enables providing a new train of pulses separated
      by the minimum cut-off time interval T.sub.i1. The reference numbers
      n.sub.3 and n.sub.4 are determined respectively by the voltage levels at
      the sliders of potentiometers 46 and 47, those voltage levels being
      respectively converted into digital numbers by the analog to digital
      converters 48 and 49, respectively. The switches 28, 50, 51 and 52 permit
      to connect the elements at their output either to the sliders of the
      potentiometers 9, 40, 42 and 46, respectively, or, alternatively, to an
      automatic control circuit 53 arranged to provide voltage references as a
      function of abnormal conditions of machining, for example as a function of
      the variation in machining voltage and current.
PAR  When the movable contact of the switch 38 is engaged with its fixed contact
      a and the movable contact of the switch 37 is engaged with its fixed
      contact b, the periodicity of occurrence of machining pulses is varied in
      such manner that each period comprises a predetermined number of pulse
      trains of a duration T.sub.1 with a cut-off time interval between
      consecutive pulses of a duration T.sub.i1, and an equal number of pulse
      trains of duration T.sub.2 with a cut-off time interval between
      consecutive pulses of a duration T.sub.i2, greater than T.sub.i1, followed
      by another cut-off time interval T.sub.i3 of duration greater than
      T.sub.i2.
PAR  It will be appreciated that other types of cyclical variation of the
      occurrence of pulses may be obtained according to the present invention by
      supplying a voltage reference across the potentiometer 40 which is
      obtained from a function generator, for example, an oscillator providing a
      sinusoidal, a saw-tooth or a square voltage signal modulated or not in
      amplitude or frequency. By means of an appropriate function generator, the
      waveform of FIG. 1d may thus be obtained.
CLMS
STM  Having thus described the invention by way of specific examples,
      modifications whereof will be evident to those skilled in the art, what is
      claimed and sought to be protected by United States Letters Patent is as
      follows:
NUM  1.
PAR  1. In a process for machining a workpiece by means of intermittent
      electro-erosive discharges resulting from providing controlled voltage and
      current pulses across a gap formed between an electrode tool and said
      workpiece, said pulses being obtained from at least one DC source switched
      on and off across said gap for providing cut-off time intervals of a
      predetermined duration during which no substantial voltage is applied
      across the gap to prevent said discharges from occurring, the improvement
      comprising controlling the average current across said gap by cyclically
      and repetitively varying the duration of said cut-off time intervals,
      wherein a first train of pulses is applied across said gap during a
      predetermined time period T.sub.1, said pulses in said first train being
      separated by a cut-off time interval T.sub.i1 of predetermined duration,
      and a second train of pulses alternating with said first train of pulses
      is applied across said gap during a predetermined time period T.sub.2,
      said second train of pulses having separated by a cut-off time interval
      T.sub.i2 of predetermined duration.
NUM  2.
PAR  2. The improvement of claim 1, wherein the duration of said cut-off time
      intervals is caused to take more than two predetermined values.
NUM  3.
PAR  3. The improvement of claim 2, wherein said first train of pulses has a
      predetermined number of pulses separated by said first cut-off time
      interval T.sub.i1 of predetermined duration, said second train of pulses
      has a predetermined number of pulses separated by said second cut-off time
      interval T.sub.i2 of predetermined duration longer than time interval
      T.sub.i1, and a third train of pulses is applied across said gap during a
      predetermined time period T.sub.3, said pulses in said third train being
      separated by a cut-off time interval T.sub.i3 of predetermined duration
      longer than said first and second cut-off time intervals.
NUM  4.
PAR  4. The improvement of claim 2 wherein there is a single pulse in each train
      of pulses, and each of said cut-off intervals is of progressively
      increased duration.
NUM  5.
PAR  5. The improvement of claim 1, wherein said first train of pulses has a
      predetermined number of pulses separated by said first cut-off time
      interval T.sub.i1 of predetermined duration, said second train of pulses
      has a predetermined number of pulses separated by said second cut-off time
      interval T.sub.i2 of predetermined duration, and said first and second
      trains are followed by a third cutoff time interval T.sub.i3 of
      predetermined duration longer than said first and second cut-off time
      intervals.
NUM  6.
PAR  6. The improvement of claim 1 wherein the duration of said cut-off
      intervals is varied at a frequency of at least 200 Hz.
NUM  7.
PAR  7. In a process for machining a workpiece by means of intermittent
      electro-erosive discharges resulting from providing controlled voltage and
      current pulses across a gap formed between an electrode tool and said
      workpiece, said pulses being obtained from at least one DC source switched
      on and off across said gap for providing cut-off time intervals of a
      predetermined duration during which no substantial voltage is applied
      across the gap to prevent said discharges from occurring, the improvement
      comprising controlling the average current across said gap by cyclically
      and repetitively varying the duration of said cut-off time intervals at a
      predetermined frequency, wherein the step of cyclically and repetitively
      varying the duration of said cut-off intervals is obtained by providing a
      bistable time reference capable of occupying one of two states one of
      which corresponds to said cut-off time interval between two consecutive
      pulses, controlling said time reference as a function of an electrical
      magnitude representative of normal machining conditions, counting the
      number of pulses applied across said gap during a predetermined period,
      providing at least two electrical signals each of which is obtained in
      response to an indication that the number of said pulses correspond to a
      predetermined number, varying said electrical magnitude in level each time
      one of said signals is provided, and modifying as a function of said
      electrical magnitude the time duration during which said bistable time
      reference is in one of said states.
NUM  8.
PAR  8. The improvement of claim 7 further comprising varying as a function of
      at least one electrical signal representing a rate of abnormal machining
      the number of said pulses.
NUM  9.
PAR  9. The improvement of claim 8 further comprising varying as a function of
      at least one electrical signal representing a rate of abnormal machining
      one of said cut-off time intervals between two consecutive pulses.
NUM  10.
PAR  10. The improvement of claim 7 wherein said step of providing a time
      reference comprises providing square pulses at a given frequency and
      variably controlling the time intervals separating said square pulses.
NUM  11.
PAR  11. The improvement of claim 10 further comprising controlling said
      predetermined frequency as a function of at least one electrical signal
      representing a rate of abnormal machining.
NUM  12.
PAR  12. The improvement of claim 11 further comprising varying as a function of
      at least one electrical signal representing a rate of abnormal machining
      one of said cut-off time intervals between two consecutive pulses.
NUM  13.
PAR  13. The improvement of claim 10 further comprising varying as a function of
      at least one electrical signal representing a rate of abnormal machining
      one of said cut-off time intervals between two consecutive pulses.
NUM  14.
PAR  14. The improvement of claim 7 further comprising controlling said
      predetermined frequency as a function of at least one electrical signal
      representing a rate of abnormal machining.
NUM  15.
PAR  15. The improvement of claim 14 further comprising varying as a function of
      at least one electrical signal representing a rate of abnormal machining
      one of said cut-off time intervals between two consecutive pulses.
NUM  16.
PAR  16. The improvement of claim 7 further comprising varying as a function of
      at least one electrical signal representing a rate of abnormal machining
      one of said cut-off time intervals between two consecutive pulses.
NUM  17.
PAR  17. The improvement of claim 7 wherein the duration of said cut-off
      intervals is varied at a frequency of at least 200 Hz.
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ABST
PAL  Support and guiding means for a wire electrode in an electro-erosion
      machining apparatus comprising a V-block support and guide having two
      angularly disposed guiding surfaces substantially parallel to the wire
      electrode longitudinal axis mounted on a base automatically orientable
      radially about the wire longitudinal axis such that the axis of a linear
      cut through the workpiece or, alternatively, the tangent of a curvilinear
      cut substantially bisects the angle formed by the two angularly disposed
      guiding surfaces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an arrangement for the support and guiding
      means of a wire electrode used for effecting a cut by electro-erosion in a
      workpiece.
PAR  In electro-erosion apparatus provided with a wire electrode, the electrical
      discharges occur between an electrode workpiece and the wire electrode fed
      into the machining zone between a pair of electrode guiding and support
      means, the workpiece and the wire electrode being displaced relatively to
      each other about two axes, for example, by means of numerically controlled
      servo motors. The inputs to the servo motors are obtained from an
      appropriate program providing a pre-established machining path.
PAR  The accuracy of machining of a wire electrode electro-erosion apparatus is
      greatly dependent upon the electrode wire support and guiding means. It is
      particularly difficult to feed a wire electrode beyond its support and
      guiding means in a perfectly rectilinear path. Errors in the precision
      with which the wire electrode is supported and guided are due to many
      causes of a mechanical nature, and more particularly are due to variations
      in the load applied to the wire when the wire holders are subjected to a
      change in trajectory, and to variations in friction between the wire and
      the surfaces in engagement with the wire, with the result that unequal
      frictions exerted by the guiding surfaces on the wire create a torque
      causing a lateral displacment of the wire being fed beyond the guiding
      surfaces. Diameter variations of the wire while being fed through the
      workpiece, combined with the roughness or the wear of the wire surface in
      the machining zone may also cause errors between the actual positioning of
      the wire at a given moment and the desired positioning according to its
      programmed path.
PAR  It is known to support and guide a wire electrode by holding its peripheral
      surface engaged with a pair of reference flat surfaces disposed at a
      predetermined angle relative one to the other. However, such an
      arrangement does not permit to completely eliminate positioning errors,
      especially in structures in which the element urging the wire in
      engagement with the reference surfaces in addition acts as a contact for
      supplying electrical current to the wire electrode. The coefficient of
      friction of this element, made of a current conductive metal, is different
      from the coefficient of friction of the reference surfaces of the wire
      electrode guides which are generally made of sapphire.
PAR  In the event of variations in the diameter of the wire, such an arrangement
      causes an error in the position of the active surface of the electrode,
      and such error is substantially larger along the bisector plane of the two
      wire guide surfaces than in a plane perpendicular to either surface. If,
      for example, the guide reference surfaces are disposed at a relative angle
      of 60.degree., the error in position of the wire in the bisector plane is
      three times what is would be in a plane perpendicular to either surface.
      It is therefore readily apparent that the diverse errors affecting the
      precision of guiding of the wire electrode, whether considered singly or
      in combination, are produced in a direction which is dependent upon the
      geometry of the wire electrode guiding means. Consequently, the importance
      of the errors affecting the machined surface of the workpiece is a
      function of the orientation of the electrode holder and guide relative to
      the machining path.
PAR  Heretofore, the prior art system for controlling the relative position of a
      workpiece and of a wire electrode do not take into consideration the
      orientation of the wire holder and guide relative to the machining path,
      and the reference surfaces guiding the wire are indifferently positioned
      relative to the machining path. The disadvantages and inconvenience of the
      prior art arrangements are remedied by the present invention whose
      principal object is to provide means for greatly improving the machining
      accuracy as a result of providing a wire electrode holder and guide
      arranged such that the most important positioning errors of the wire take
      place in a predetermined direction relative to the machining path, such
      that they have no influence upon the quality and accuracy of the machined
      surface.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention accomplishes its principal object by providing a wire
      electrode guide which is automatically oriented such that the electrode
      positioning errors are directed along a tangent to the machining path. The
      invention accomplishes such a result by providing means for angularly
      orienting the wire electrode holder and guide in the course of successive
      changes of relative position between the wire electrode and the workpiece,
      as a function of the programmed variations in the machining path, such
      that the points of engagement of the wire electrode with the reference
      surfaces of the guide are outside of the surface portion of the wire
      electrode subjected to electrical discharges.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawing, representing in a schematic manner for
      illustration purposes examples of combination of elements according to the
      present invention and wherein like reference numerals relate to like or
      equivalent parts:
PAR  FIG. 1 is a perspective view of an arrangement for supporting and guiding a
      wire electrode, according to the present invention;
PAR  FIG. 2 is an enlarged plan fragmentary view of the wire electrode holder
      and guide arrangement of FIG. 1;
PAR  FIG. 3 is a circuit block diagram for controlling the angular position of
      the wire electrode holder and guide of FIGS. 1 and 2;
PAR  FIG. 4 is a schematic illustration of the relative positioning of the wire
      electrode and wire electrode holder and guide relative to a machining
      path;
PAR  FIG. 5 is a sectional view of a portion of the arrangement illustrated at
      FIG. 1; and
PAR  FIG. 6 is a modification of the arrangement illustrated at FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a workpiece 1 is shown in the course of being
      machined by electro-erosion by means of an electrode-tool consisting of a
      metallic wire 2. The electrical power generator connected across the
      workpiece 1 and the wire electrode 2, and the arrangement for providing an
      appropriate fluid to the machining zone are not shown, for the sake of
      simplifying the disclosure and as they are devices well known to those
      skilled in the art of electro-erosion machining.
PAR  The wire 2 is stretched between a pair of support and guiding means
      designated respectively by numerals 3 and 4, mounted in, respectively, the
      upper and the lower portion of a stirrup, or U-shaped, support member 5.
      The workpiece 1 is disposed between the upper and lower portion of the
      support member 5, and appropriate means, not shown, controllably displace
      the wire 2 and the workpiece 1 relative to each other, such as to form a
      cut of an appropriate contour or path through the workpiece 1, as shown at
      12. It is convenient to control the relative displacement of the wire
      electrode and of the workpiece by means of a numerical control system
      according to a program providing a predetermined machining path 12. It is
      clear to those skilled in the art that the resultant machining path is
      obtained either by displacing the workpiece 1 relative to octagonal axes
      of displacement, X and Y, relative to the wire 2 which is held stationary,
      or, alternatively, by displacing the wire 2 along the two coordinate axes
      relative to the workpiece 1 which is held stationary, or yet by displacing
      the wire 2 along one of the coordinate axes and the workpiece 1 along the
      other coordinate axis as, for example, illustrated in the drawing, by way
      of servo stepping motors 22 and 23.
PAR  The wire guide 3 comprises a rotatable table 7 provided with a peripherally
      toothed ring 7a such as to be rotatably angularly positionable by a servo
      motor 6 driving a worm 6a meshing with the toothed ring 7a. A guide member
      8 for the wire 2 is mounted in an aperture 7b in the table 7. The guide
      member 8 is substantially in the form of a V-block presenting a pair of
      angularly disposed sidewalls defining appropriate bearing and guiding
      surfaces for the wire 2, as best shown at FIG. 2 at 8a and 8b
      respectively. The guide member 8 is mounted in a holding block 9 which is
      supported in the aperture 7b in the table 7, appropriate shim blocks 10
      and 11 being disposed between two consecutive side faces of the mounting
      block 9 and the corresponding sidewalls of the aperture 7b. The thickness
      of the shim blocks 10 and 11 is chosen so as to cause the wire 2 to be
      inclined of a predetermined amount relative to the workpiece 1.
PAR  As also best shown at FIG. 2, the wire 2 is held engaged with the surfaces
      8a and 8b of the guiding member 8, at the bottom of the V-slot formed by
      the guiding surfaces, by means of a push-rod 14 urged by a coil spring 13.
      The push-rod may conveniently be used for supplying electrical current to
      the wire electrode.
PAR  The guide block member 9 is held in the aperture 7b of the table 7 by means
      of a set screw 16 having an unthreaded end 15 with a flat end face
      engaging a flat corner surface 15a of the guide block 9, and pressing the
      sides of the block 9 against the shim blocks 10 and 11.
PAR  The points of engagement of the wire 2 with the guiding surfaces 8a and 8b
      of the guide member 8 are designated C.sub.1 and C.sub.2, respectively, at
      FIG. 2. In the course of an electro-erosion machining operation, the wire
      2 is longitudinally fed by means not shown, and this longitudinal
      displacement of the wire 2 between the wire support and guiding means 3
      and 4, in the direction of the arrow of FIG. 1, causes frictional forces
      to be exerted on the wire at its points of engagement C.sub.1 and C.sub.2
      with the guide surfaces 8a and 8b of the guide member 8 and with the end
      face of the push-rod 14. Because the guide surfaces 8a and 8b and the
      push-rod 14 are made of different materials, having different coefficients
      of friction, there results unequal forces applied to the wire that may
      cause the wire to be slightly deflected. However, the deflection of the
      wire 2 from a straight line, which as known in the art of numerical
      control is very small, and is directed in the direction shown by arrow S
      at FIG. 2, has practically no effect on the accuracy of the machined
      surfaces as long as the guide member 8 is oriented such as to cause the
      points C.sub.1 and C.sub.2 of engagement of the wire 2 with the guide
      surfaces to fall on a portion of the wire 2 which is not subjected to
      electro-erosion wear. The feed of the wire being effected from the guiding
      means 4 towards the guiding means 3, and as only the leading peripheral
      portion of the wire is subjected to wear, the points of contact C.sub.1
      and C.sub.2 between the wire and the cutting surfaces are located at the
      trailing peripheral portion of the wire which is not affected by
      electro-erosion wear.
PAR  The lateral displacement of the wire 2 relative to the workpiece 1 is
      effected along the arrow S, the machining path being represented by the
      path b. As long as the bisector of the angle formed by the guiding
      surfaces 8a and 8b falls on a tangent S to the path b, the points C.sub.1
      and C.sub.2 of engagement of the peripheral surface of the wire 2 with the
      guiding surfaces 8a and 8b occur at surface areas of the wire which have
      not been subjected to electro-erosion wear. Consequently the wire 2 is
      subjected to wear on its surface areas which are not in contact with the
      guiding surfaces 8a and 8b, and the wear of the wire has no deleterious
      influence upon the accuracy of guiding of the wire.
PAR  FIG. 3 schematically illustrates an electrical circuit for controlling the
      rotation of the rotatable table 8. In arrangements wherein numerical
      control provides command signals for the step-by-step relative motion of
      the wire electrode and of the workpiece, the program information defining
      the desired machining path is supplied by a line 17 to a controller 18
      which in turn supplies instructions to three interpolators, a linear
      interpolator 19, a circular interpolator 20 and a rotation interpolator
      21. The linear interpolator 19 supplies by means of a line 19x pulses to a
      stepping motor 22 causing the linear displacement of the workpiece,
      relative to the wire electrode, along the X-axis, and by means of a line
      19y  to a stepping motor 23 effecting the linear displacement of the
      workpiece along the Y-axis. The circular interpolator 20 supplies pulses
      to both X-axis stepping motor 22 and Y-axis stepping motor 23 by means of
      lines 20 x and 20 Y respectively, so as to cause nonlinear displacement of
      the workpiece simultaneously about the X- and Y-axes relative to the wire
      electrode. The circular interpolator 20 and the rotation interpolator 21
      supply at their outputs pulses to the servo motor 6, by means of
      respectively lines 20.phi. and 21.phi., for rotating the rotatable table 7
      (FIG. 1). The three interpolators 19-21 are controlled by clock pulses
      supplied by a line 25 from a pulse generator 26. The frequency of the
      pulse generator 26 may be manually adjusted, as symbolically represented
      at its input 27, or automatically, as a function of the conditions, such
      as voltage or current for example, at the machining zone between the
      workpiece 1 and the wire electrode 2, by way of an appropriate control
      signal supplied by a line 28 from a detection means 29 of the conditions
      at the machining zone. The voltage-current pulses applied across the
      machining zone between the electrode-tool 2 and the workpiece 1 are
      supplied to the terminal inputs 30 and 31 by a power generator, not shown.
PAR  FIG. 4 schematically illustrates successive angular positioning of the wire
      electrode guiding means in an arrangement wherein the wire electrode is
      inclined relative to the reference plane of linear displacement. The lower
      guiding means follows the programmed path shown in phantom line at a of
      the center A (A.sub.1, A.sub.2, A.sub.3) of the wire electrode 2, taking
      into consideration the width of the wire and the machining gap. The
      inclination of the wire is represented by the amount of offset A.sub.1
      -B.sub.1 of the axis of the wire stretched between the two guiding means,
      lower and upper, as projected upon an arbitrarily chosen horizontal plane.
      The path of the center of the wire as guided by the upper guiding means is
      represented by phantom line b.
PAR  The beginning of the paths a and b are shown as being curvilinear, and the
      upper guide 8, represented by its guiding surfaces 8a and 8 b, is
      subjected to a progressive rotation such that a plane P.sub.1 passing
      through the axis A.sub.1 -B.sub.1 of the wire 2 and the axis of rotation
      of the wire guide 8 remains perpendicular to the path a of the lower
      guiding means and to the path b of the upper guiding means. The only
      requirement to effectuate such results is that the guiding surfaces 8 a
      and 8 b of the guide 8 be disposed, at the start of the operation, in a
      correct orientation relative to the plane P.sub.1, and the correct
      orientation is automatically maintained in the course of the machining
      operation under control of the circular interpolator 20 and of the
      rotation interpolator 21 of FIG. 3 providing appropriate command signals
      to the servo motor 6 (FIG. 1) rotating the table 7 in an appropriate
      direction and of an appropriate amount as a function of the instructions
      operating the numerical control of the machine. At point A.sub.2, the path
      a abruptly changes direction. The displacement of the wire electrode
      relative to the workpiece is momentarily interrupted until the upper wire
      guide 8 has been rotated of an angle .phi..sub.2 permitting to displace
      the plane P.sub.2 from a position P'.sub.2 perpendicular to paths B.sub.1
      -B'.sub.2 and A.sub.1 -A.sub.2 to a position P".sub.2 perpendicular to the
      paths B".sub.2 -B.sub.3 and A.sub.2 -A.sub.3. The remainder of the paths b
      and a is shown as rectilinear, such that no further change in the angular
      orientation of the wire guide 8 is required in the course of the
      progression of the wire centers from the position B".sub.2 -A.sub.2  to
      B.sub.3 -A.sub.3 , with the plane P.sub.2  achieving its position P.sub.3.
PAR  For the purpose of improving the accuracy of the machining path, it is
      desirable that the portion of the wire 2 disposed between the upper and
      lower guiding means 3 and 4 be as straight as possible. To that effect,
      and as shown at FIG. 5, the guide member 8 is preferably axially inclined
      toward the axis of rotation of the table 7, such that the wire 2 remains
      constantly axially inclined in the same direction between the guiding
      means 4 and 3 and while in engagement with the guiding surfaces of the
      guide 8, without bending. The inclination of the guide 8 relative to the
      table 8 may be obtained by mounting the guide 8 in an appropriate aperture
      in the support member 9 having an axis at an angle other than the
      perpendicular to the plane of the table 7.
PAR  FIG. 6 illustrates an example of a simple mechanical arrangement for
      orienting by rotation the table 7 and consequently the relative position
      of the lateral guiding surfaces 8 a and 8 b of the guide 8. The table 7 is
      held rotatively in the upper plate member of the U-shaped support 5, or,
      alternatively, the table 7 is stationary and the guide 8 is rotatable
      relative to its holder 9. The guide 8, is provided with a downwardly
      projecting feeler 24, made of a nonconductive material or alternatively,
      if made of metal, electrically insulated from the wire 2, and normally
      projecting into the cut 12 in the workpiece. The feeler 24 is
      substantially of the same width as the cut 12, and by engaging either one
      or the other of the sidewalls of the cut 12 automatically maintains the
      guide 8 in an appropriate angular position, causing the bisector of the
      angle formed by the guide surfaces 8 a and 8 b to be substantially along a
      tangent to the machining path. The arrangement of FIG. 6 is particularly
      desirable when the electro-erosion apparatus is not provided with
      numerical control, or another programmed control of the machining path. In
      such an arrangement, the machining path may be determined by way of a cam
      profile controlling the relative displacement of the workpiece and wire
      electrode.
PAR  Although the present invention has been described as providing
      automatically orientable common support means for a wire electrode upper
      support and guiding means, it will be appreciated that a similar
      arrangement may be, and generally is, provided at the lower support and
      guiding means.
PAR  It will be understood that the present invention is not to be limited to
      the details of the embodiments disclosed herein, which have been presented
      by way of example only and for the purpose of providing a useful and
      readily understood description of the principles of the invention.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. In an electro-erosion machining apparatus comprising a wire electrode
      stretched and axially translated between a pair of spaced apart wire
      guiding means and means for displacing the portion of said wire stretched
      between said guiding means relative to a workpiece to effectuate a cut
      through said workpiece according to a programmed path, the improvement for
      at least one of said guiding means comprising a pair of angularly disposed
      guide surfaces substantially parallel to the longitudinal axis of said
      wire electrode, means urging said wire electrode in engagement with said
      guide surfaces, support means for said guide surfaces, and means for
      rotating said support means about an axis substantially corresponding to
      the longitudinal axis of said wire electrode as a function of the
      direction of said path such that the areas of the wire electrode in
      engagement with said guide surfaces correspond to areas of the wire
      electrode which are not affected by electro-erosion wear.
NUM  2.
PAR  2. The improvement of claim 1 wherein the bisector of the angle formed by
      said angularly disposed guide surfaces is along a tangent to said
      programmed machining path.
NUM  3.
PAR  3. The improvement of claim 1 further comprising numerical control means
      for controlling the relative displacement of the wire electrode and of the
      workpiece according to said programmed machining path, and wherein said
      means for rotating said support means comprises a rotatable table
      supporting said support means for said guide surfaces, a servo motor for
      rotating said table, a circular interpolator for stepping said servo motor
      for properly orienting said table as a result of instructions being
      supplied to said numerical control for effecting a curvilinear machining
      path, and a rotation interpolator for further stepping said servo motor
      for rotating said table when said machining path is subject to an abrupt
      change of direction.
NUM  4.
PAR  4. The improvement of claim 3 wherein said electrode wire is held by said
      guiding means at an angle relative to the axis of rotation of said table.
NUM  5.
PAR  5. The improvement of claim 1 wherein said guiding surfaces are constantly
      substantially parallel to the longitudinal axis of said wire electrode
      stretched between said spaced apart guiding means.
NUM  6.
PAR  6. The improvement of claim 3 wherein said guide surfaces are constantly
      substantially parallel to the longitudinal axis of said wire electrode
      stretched between said spaced apart guiding means.
NUM  7.
PAR  7. The improvement of claim 1 wherein said means for rotating said support
      means comprises an electrically insulated feeler eccentrically mounted on
      said support means relative to the axis of rotation of said support means
      and projecting in the cut effected by said wire electrode in said
      workpiece.
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ABST
PAL  A bonding head for connecting the electrically conductive leads of a tape
      cable or the like to other electrical conductors. The bonding head, which
      applies heat and pressure to the electrical conductors and leads to bond
      them together, is an elongated member comprised of a material having high
      mechanical strength but low thermal conductivity which contains a conduit
      comprised of a material having low mechanical strength but high thermal
      conductivity. A heating element inserted in the conduit supplies heat to
      the conduit and bonding head. This arrangement provides a bonding head
      having a high mechanical strength and hence structural failure and
      deformation of the bonding head is reduced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to Energy Pulse Bonding -EPB- and more particularly
      to a bonding head for applying heat and pressure to electrical conductors
      which are to be bonded together.
PAR  In the fabrication of many electric devices, such as semiconductor devices,
      printed circuit board panels, flat or tape-type electrical cables and the
      like, it is often necessary to bond one or more electrically conductive
      leads to an electrically conductive terminal, lug, or other electrically
      conductive lead. Typically, such bonds are formed by hand soldering
      techniques or by other multi-step techniques which necessitate accurately
      positioning the element to be bonded, feeding a measured quantity of a
      conductive bonding material, liquifying the material, and properly
      distributing the material over the bond or connection site. However,
      regardless of the particular technique employed, it must be such as to
      assure the formation of a good electrical connection and a mechanically
      strong and durable bond.
PAR  Generally speaking, bonding techniques involving the use of solder often
      require elaborate means for properly controlling the quantity of solder
      being fed to a prospective bonding site and the distribution thereof.
      Additionally, solder bonding techiques often require a particular
      orientation of the elements being bonded with respect to the bonding means
      employed, are rather inflexible as to the number of elements that can be
      bonded simultaneously and, are often limited in their application to
      bonding elements having a particular size and shape. It will be
      appreciated that the inability of conventional solder bonding techniques
      to adequately control the feeding and distribution of solder has rendered
      them uneconomical, inefficient, and has often resulted in the formation of
      generally unreliable electrical connections. In an attempt to avoid the
      problems accompanying the feeding, liquification and distribution of
      various bonding materials, techniques employing precoated elements have
      been developed. Generally speaking, these techniques employ elements
      having a low melting or alloy (i.e., solder) or some other heat-softenable
      electrically conductive material coated thereon so as to avoid the need
      for feeding a bonding material to a prospective bond site from a remote
      source. Although these techniques have reduced a need for independently
      feeding a measured quantity of bonding materials; have reduced the
      quantity of material required to effect a bond; and have minimized the
      difficulties inherent with the elements to be bonded, they are generally
      incapable of forming mechanically strong bonds. Methods that have been
      developed to bond together two electrically conductive leads are fusion
      bonding or energy pulse bonding which contemplate the application of heat
      and pressure to two electrically conductive materials to bond them
      together. One example of such a process may be found in U.S. Pat. No.
      3,591,755 entitled "Fusion Bonding" issued July 6, 1971 to R. H. Cushman.
      Fusion bonding is now used extensively for connecting together the
      electrical leads of thin film and integrated circuits which are commonly
      manufactured on relatively fragile substrate such as glass, ceramic,
      silicon or germanium. Also, tape type electrical cables, which are
      comprised of a sheet of plastic with thin (about 0.001 inches) ribbons of
      electrically conductive material imbedded therein, may also be connected
      together or to a circuit with such a fusion bonding process.
PAR  The American Welding Society defines "diffusion welding" as a solid state
      welding process wherein coalescence of the faying surfaces is produced by
      the application of pressure at elevated temperatures. The process does not
      involve macroscopic deformation or relative motion of the parts. This
      definition has been categorized as "diffusion controlled welding." A
      second category of diffusion welding which requires macroscopic
      deformation has been referred to as "deformation diffusion welding."
      Energy pulse bonding falls into this second category where macroscopic
      deformation at high temperatures is required to decrease bonding times
      from minutes or hours to seconds and to aid in dispersing surface
      insulation, contaminants and oxides.
PAR  Energy pulse bonding utilizes mechanical pressure and high temperature in
      the form of a controlled energy pulse of temperature and pressure applied
      to the junction of two electrical conductors for two to three seconds. The
      magnitude of the temperature and pressure is determined by the yield
      strength and melting point of the material with the major role of pressure
      being to flatten asperites and bring more area into contact, thereby
      resulting in a greater bulk diffusion across the bond interface. The
      pressure applied to the junction must be great enough to cause microscopic
      plastic deformation of the surface irregularities in order to minimize
      voids at the bond surface. If the bonding surfaces are very irregular and
      the pressure insufficient, there will be voids left at the interface that
      cause the formation of a weak joint. The temperature applied to the
      junction controls the migration of atoms across the bond interface.
      Therefore, with high bonding temperatures, good bonds can be obtained in a
      time interval of 2 to 3 seconds. A preferable bonding temperature used in
      an energy pulse bonding process is between 50 to 75 percent of the melting
      point of the materials to be bonded. How long the pressure and temperature
      should be supplied to the junction is of course dependent on the bonding
      temperature, pressure, and bonding head characteristics i.e., thermal
      conductivity. Higher pressures (above the yield strength of the material)
      favor short bonding times while bonding pressures below the yield strength
      of the material require longer bonding times, possibily several hours to
      obtain a reliable bond.
PAR  Since one parameter of energy pulse bonding is temperature (heat transfer),
      it is important that the bonding head have a high thermal conductivity.
      However, materials that exhibit high thermal conductivity generally have
      poor mechanical strength. Therefore, bonding heads that are comprised of a
      material having a high thermal conductivity maximize the transfer of heat
      from the heat source to the bonding surface but have a relatively short
      life due to mechanical failure, distortion or deformation because of the
      poor mechanical (tensile) strength of the material; and bonding heads that
      are comprised of a material having a high tensile strength do not have the
      thermal conductivity necessary to allow the bonding to be used effectively
      for energy pulse bonding.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is a new type of bonding head that has a high tensile
      strength and good heat transfer characteristics so that the head has an
      improved life span and is useful for energy pulse bonding.
PAR  The invention is bonding head 20 characterized by the fact that it is
      comprised of a material having poor thermal conductivity, but very good
      mechanical (tensile) strength and which includes a conduit 30, comprised
      of a material having a thermal conductivity about 10 times greater than
      the thermal conductivity of the bonding head 20, located in a longitudinal
      passage 21 in the bonding head 20. The conduit 30 includes a central
      passage 31 which is eccentrically arranged in the conduit 30 and which
      receives a heating element 40.
PAR  Accordingly, it is an object of this invention to provide a bonding head
      that has superior mechanical strength while at the same time is still
      capable of effective distribution of heat to the bonding surface of the
      head.
PAR  It is another object of this invention to provide a bonding head that has a
      longitudinal passage that contains a heater element surrounded by a
      mateial that has a very high thermal conductivity compared to the material
      of the surrounding bonding head.
PAR  It is still another object of this invention to provide a bonding head that
      has a longer life span than prior art bonding heads.
PAR  It is a further object of this invention to provide a bonding head that is
      comprised of a material having a high tensile strength so that the bonding
      head resists structural failure and deformation of the bonding surface.
DRWD
PAR  The above and other objects and features of the invention will become
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings and claims which form a part of this
      specification. Further, the use of numerals is for the purpose of
      clarification and illustration only and is not intended to limit the
      invention to the specific structure referenced.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a bonding head which incorporates the
      objects and features of this invention.
PAR  FIG. 2 is a cutaway view of the bonding ram which includes a bonding head
      and a holder for the bonding head.
PAR  FIG. 3 is a cutaway view of the bonding ram taken 90.degree. from the view
      shown in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a bonding head which includes an elongated body 20; an
      elongated member or conduit 30 mounted within the body 20; and a heating
      element 40 which when energized by electrical power dissipates heat
      through the elongated member 30 and body 20.
PAR  The elongated body 20 is comprised of a material having a high tensile
      strength but poor thermal conductivity. Examples of such materials are
      carbon steel, nickel-chromium alloys (inconel alloy 718), beryllia,
      alumina, and tungsten carbide. Inconel is a preferred material because it
      has a thermal conductivity Btu/(hr)(sq ft) (.degree.F/in.) of about
      78.degree. at 70.degree. F and about 135.degree. at 1000.degree. F; and a
      tensile strength of about 210,000 psi at 70.degree. F and about 185,000
      psi at 1000.degree. F. Inconel is especially useful as a bonding head
      because the tensile strength of the material does not fall off sharply
      when bonding temperatures of about 1000.degree. F or above are employed.
      The elongated body 20 has a generally rectangular upper portion with a
      tapered lower portion comprised of two sides 27 and 28 that taper towards
      each other and terminate in a bonding surface 29 which is the surface that
      contacts the junction of electrical conductors (not shown) and applies
      heat and pressure thereto. The configuration of this particular bonding
      surface 29 is designed to bond together the ribbon-like electrical
      conductors of a tape cable to the electrical conductors of another cable
      or terminal board. One or more threaded bores 25 and 26 are used for
      attaching the head 20 to a holder or ram portion (not shown) of a bonding
      machine. The bores 25 and 26 may also be located in any one of the sides
      of the head 20 to attach the head 20 to a holder (50, FIG. 3) of a bonding
      ram. Extending longitudinally of the body 20 is a passage 21 which is
      generally cylindrically shaped and closely spaced to the tapered surfaces
      27 and 28 of the bonding head 20.
PAR  Located within the longitudinal passage 21 of the head 20 is a conduit or
      elongated member 30 having the outer surface thereof in contact with the
      inner walls of the longitudinal passage 21. The elongated member 30 is
      comprised of a material having a high thermal conductivity, e.g. at least
      twice and preferably 10 times greater than the thermal conductivity of the
      head 20. Examples of materials that are preferable for use in fabricating
      elongated member 30 are aluminum, copper, silver, and alloys and mixtures
      of the foregoing; a preferred material is copper and aluminum. An
      elongated member 30 comprised of copper and aluminum oxide (1.1%) would
      have a thermal conductivity K of about 2,352 at 70.degree. F and about
      2,352 at about 800.degree. F. The respective tensile strengths of such a
      material would be 70,000 psi at 70.degree. F and 30,000 psi at
      1000.degree. F. The thermal conductivity K is in units of Btu/(hr)(sq
      ft)(F/inches). An important feature of the elongated member is the
      eccentric arrangement of the passage 31 with respect to the member 30. By
      arranging the conduit passage 31 so that its axis is off center of the
      axis of the member 30, there is a larger cross-sectional area of material
      on one side of a diameter of the passage 31 than the other. The portion of
      the conduit 30 having the larger cross-sectional area of material is
      arranged to be spaced closer to the tapered sides 27 and 28 of the head 20
      so that the member 30 transfers the majority of the heat conducted from
      within towards the bonding and tapered surfaces 27, 28 and 29. Located in
      the passage 31 of the member 30 is a heater element 40 which is generally
      cylindrical-shaped and fits in pressure contact with the inner walls of
      the member 30. The heater element 40 is preferably an electrical
      resistance heater (wire 41) which, when energized, dissipates electrical
      energy in the form of heat radially outward from the heater element 40
      through the member 30 and, eventually, the bonding surface 29.
      Commercially available heater elements may be obtained from ITT Vulcan
      Electric Company, preferably of the type producing about 120 watts per
      square inch or may be fabricated from high temperature resistance wire
      imbedded in a ceramic material such as shown in the drawings.
PAR  FIG. 2 is a partial cross-sectional diagram of a portion of a bonding
      apparatus which includes a ram comprised of a bonding head 1 and a holder
      50 for the bonding head which is actuated by a mechanical or pneumatic
      power source to move the bonding head 1.
PAR  The cross-sectional diagram illustrates the eccentric arrangement of the
      heater element 40 within the elongated member 30 so that the majority of
      the high thermally conducting material of the conduit 30 is between the
      heater element and the bonding surface 29 and in close proximity to
      tapered surfaces 27, 28 and bonding surface 29.
PAR  To assure that there is a minimum amount of heat transfer from the bonding
      head 20 to the holder 50, the holder is comprised of a material having a
      low thermal conductivity such as stainless steel. The bonding head 50
      includes a longitudinal slot 51 that receives the bonding head 1 which is
      mounted to the bonding head by bolts either through the sides of the
      holder 50 or from the top of the holder. To further minimize the transfer
      of heat from the bonding head 20 to the adapter, minimal contact between
      the holder 50 and the bonding head 20 is obtained by steps 55 and 56 which
      contact only a small portion of the sides 22, 23 and surface 31 of the
      head 20, leaving the majority of the surface areas of the surfaces 22, 23,
      31 spaced from the holder 50.
PAR  FIG. 3 is a transverse cross-sectional view of the bonding head 1 and
      holder 50 shown in FIG. 2. This figure illustrates an arrangement of bolts
      61 and 62 to secure the bonding head 1 to the holder 50 and the resistance
      wire 41 imbedded in the ceramic material of the elongated member 30.
PAC  OPERATION
PAR  Referring now to the figures, the bonding head functions as follows: When
      the heat element 40 is energized, it begins to transfer heat radially
      outward through the elongated member 30 and bonding head 20. Obviously,
      some of the heat will be radiated into the air while another small portion
      of the heat will be transmitted into the holder 50. However, because of
      the high thermal conductivity of the elongated member 30, most of the heat
      transferred from the source 40 will be transferred to the lower portion of
      the bonding head between the tapered sides 27 and 28 and to the bonding
      surface 29. To bond together two electrical conductors (not shown) the
      junction between the conductors to be bonded are placed between the ram
      head bonding surface 29 and another ram head bonding surface 29 or
      stationary work table. The ram head 20 would then be actuated to apply
      pressure to the junction while simultaneously the heater element 40 would
      be actuated or have been actuated to create a high temperature which would
      then be distributed to the bonding surface 29. Because the bonding surface
      29 is made of a material having a high tensile strength, the bonding
      surface 29 will not be subject to the same deformation and/or fracture as
      would a bonding surface which was comprised of a good thermal conductor
      having a low tensile strength.
PAR  While a preferred embodiment of the invention has been disclosed, it will
      be apparent to those skilled in the art that changes may be made to the
      invention as set forth in the appended claims and, in some instances,
      certain features of the invention may be used to advantage without
      corresponding use of other features. For example, the elongated member 30
      is shown as having a generally cylindrical shape although other shapes may
      be used.
PAR  Accordingly, it is intended that the illustrative and descriptive materials
      herein be used to illustrate the principles of the invention and not to
      limit the scope thereof.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. A bonding apparatus comprising:
PA1  an elongated body having a longitudinal axis, a longitudinal passage, a
      first side, a second side opposite said first side, a third side adjacent
      to and extending between said first and second sides, and a tapered
      portion comprised of two sides tapering towards each other from said first
      and second sides respectively and terminating in a sixth surface which is
      opposite said third side, said elongated body comprised of a material
      having a thermal conductivity K in units of Btu/(hr)(sq ft)(.degree.F/in.)
      at 70.degree. F of less than 100,
PA1  a conduit having a bore, said conduit mounted in the longitudinal passage
      of said elongated body, said conduit comprised of a material having a
      thermal conductivity at 70.degree. F of greater than 2000.
NUM  2.
PAR  2. A bonding apparatus as recited in claim 1 wherein the longitudinal axis
      of the passage in said elongated body is coaxial with the longitudinal
      axis of said conduit and wherein the longitudinal axis of the bore in said
      conduit is not coaxial with the longitudinal axis of said passage in said
      body.
NUM  3.
PAR  3. A bonding apparatus as recited in claim 2 wherein said bonding apparatus
      includes:
PA1  means for heating said conduit and said elongated body, said heating means
      disposed within said conduit bore to distribute heat radially outwardly
      through said conduit and said elongated body.
NUM  4.
PAR  4. The apparatus as described in claim 3 including a means for holding said
      elongated body, said holding means comprised of a material having a
      thermal conductivity K3 less than 200 at 68.degree. F where K is in units
      of Btu/(hr)(sq ft) (.degree.F/in.).
NUM  5.
PAR  5. The apparatus as described in claim 4 wherein said means for holding
      said bonding head includes a member having a longitudinal slot within
      which at least a portion of said elongated body is contained, said slot
      including two shoulders facing in the direction of said slot opening said
      first shoulder separated from said second shoulder by an inner wall
      portion which is in contact with a portion of one side of said bonding
      head with said first shoulder contacting a portion of an adjacent side of
      said bonding head.
NUM  6.
PAR  6. The apparatus as recited in claim 5 including a third and fourth
      shoulder within said slot arranged opposite of said first and second
      shoulder and facing said slot opening, said third shoulder spaced from
      said fourth shoulder by an inner wall portion which is in contact with at
      least a portion of the side opposite said one side of said bonding head
      with said fourth shoulder contacting a portion of the same adjacent side
      of the bonding head as said first shoulder.
NUM  7.
PAR  7. A bonding apparatus comprising:
PA1  an elongated body having a longitudinal passage and a bonding surface, said
      elongated body comprised of a material having a thermal conductivity K1,
      and a tensile strength T1; and
PA1  an elongated member mounted within said bore, said member having a
      longitudinal axis and a longitudinal bore, said member comprised of a
      material having a thermal conductivity K2 at least two times greater than
      the thermal conductivity of said body and having a tensile strength T2
      which is less than the tensile strength of said body.
NUM  8.
PAR  8. A bonding apparatus as recited in claim 7 wherein the longitudinal axis
      of said bore is spaced from the longitudinal axis of said passage in a
      direction away from said bonding surface.
NUM  9.
PAR  9. A bonding apparatus as recited in claim 8 wherein said bonding apparatus
      includes:
PA1  means for heating said body and said member, said heating means disposed
      within the passage in said member.
NUM  10.
PAR  10. The apparatus as recited in claim 8 wherein the tensile strength T1 of
      said elongated body is greater than 150,000 psi at 68.degree. F, the
      thermal conductivity K1 of said elongated body is less than 100 at
      68.degree. F, and wherein the tensile strength T2 of said elongated member
      is less than 100,000 psi at 68.degree. F and the thermal conductivity K2
      of said elongated member is greater than 2000 at 68.degree. F wherein
PA1  k is in units of Btu/(hr)(sq ft)(.degree.F/in.).
NUM  11.
PAR  11. The apparatus as described in claim 8 including means for holding said
      elongated body, said holding means comprised of a material having a
      thermal conductivity K3 less than 200 at 68.degree. F where k is in units
      of Btu/(hr)(sq ft)(.degree.F/in.).
NUM  12.
PAR  12. The apparatus as recited in claim 7 wherein the tensile strength T1 of
      said elongated body is greater than 150,000 psi at 70.degree. F, the
      thermal conductivity K1 of said elongated body is less than 100 at
      70.degree. F, and wherein the tensile strength T2 of said elongated member
      is less than 100,000 psi at 70.degree. F and thermal conductivity K2 of
      said elongated member is greater than 2000 at 70.degree. F; where
PA1  k is in units of Btu/(hr)(sq ft)(.degree.F/in.).
NUM  13.
PAR  13. The apparatus as described in claim 7 including a means for holding
      said bonding tool, said holding means comprised of a material having a
      thermal conductivity K3 less than 200 at 70.degree. F where k is in units
      of Btu/(hr)(sq ft)(.degree.F/in.).
NUM  14.
PAR  14. The apparatus as described in claim 13 wherein said means for holding
      said bonding head includes a member having a longitudinal slot within
      which at least a portion of said elongated body is contained, said slot
      including two shoulders facing in the direction of said slot opening, said
      first shoulder separated from said second shoulder by an inner wall
      portion which is in contact with a portion of one side of said bonding
      head with said first shoulder contacting a portion of an adjacent side of
      said bonding head.
NUM  15.
PAR  15. The apparatus as recited in claim 14 including a third and fourth
      shoulder within said slot arranged opposite of said first and second
      shoulder and facing said slot opening, said third shoulder spaced from
      said fourth shoulder by an inner wall portion which is in contact with at
      least a portion of the side opposite said one side of said bonding head
      with said fourth shoulder contacting a portion of the same adjacent side
      of the bonding head as said first shoulder.
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ABST
PAL  Refractory tubings approaching theoretical density, either in
      polycrystalline or single crystal form, are made by moving a preformed
      tubing of a refractory material and a heated zone relative to each other,
      the heating zone providing sufficient heat to melt through the tubing and
      form a molten ring which is continuously advanced through the tubing. The
      heat source may be located externally or internally of the tubing wall or
      in both positions. The tubings may be formed as single crystals; and by
      controlling the rate of movement of the tubing sections on either side of
      the molten ring the wall thickness and diameter of the final tubing may be
      adjusted.
PARN
PAR  This application is a continuation-in-part of my application Ser. No.
      97,603 filed Dec. 14, 1970, now abandoned.
BSUM
PAR  This invention relates to method and apparatus for forming refractory
      materials into the form of tubing, and more particularly to forming
      refractory tubing in single crystal or polycrystalline forms.
PAR  The term "refractory" is used hereinafter to designate materials which have
      relatively high melting points and which may or may not be highly
      corrosive. The term is meant to include amorphous and crystalline
      materials, including single crystal and polycrystalline forms; compounds
      such as alumina, thoria, zirconia, ytteria, etc.; intermetallics such as
      gallium arsenide and pseudobinary compounds such as AlAs-GaAs; as well as
      elements such as germanium and silicon. Any refractory suitable for this
      invention must be capable of existing in a molten state.
PAR  Although a number of refractories have been made into tube forms by
      conventional powder processes, at present alumina is the most important of
      these refractories where high-temperature strength, high electrical
      resistivity and chemical inertness are required. Therefore, alumina may be
      taken as exemplary in discussing prior art and utility. It is, of course,
      possible that other refractory materials, particularly the oxides of
      yttrium, zirconium and thorium, can be used in a manner similar to that in
      which alumina is now employed.
PAR  An important application for alumina tubing is enclosures for high-pressure
      sodium-halide lights. The emitted light from a high-pressure sodium-halide
      (normally sodium iodide) light is more pleasing than the yellow light
      emitted by low-pressure sodium vapor lamps. Moreover, these lamps are
      smaller and more efficient than alternative lamps such as mercury vapor
      lamps or fluorescent sources. At the increased operating temperatures
      characteristic of the high-pressure sodium lamps, the gases become too
      corrosive to permit the use of previously acceptable vitreous silica
      enclosures. These more severe conditions have led to the use of alumina
      enclosures which are formed either by sintering the alumina in the desired
      configuration, or by adaptation of the Czochralski crystal pulling
      technique.
PAR  Even with the most sophisticated sintering techniques, the sintering
      process rarely produces materials which attain full or theoretical
      density. Such failure to attain full density means that alumina tubes or
      envelopes formed by sintering alone probably have residual porosity which
      provides light scattering sites, thus detracting from the efficiency of
      any lamps formed from the sintered tubing.
PAR  To minimize porosity in materials produced by this prior art sintering
      technique, it is necessary to fire the pieces in an atmosphere made up of
      a gas which has a sufficiently high solubility and mobility for diffusion
      of the gas entrapped in closed-off pores out of the sintered material.
      Such an atmosphere is, for practical purposes, limited to hydrogen.
      Alternatively, the sintering may be done in a vacuum. Thus in the prior
      art processes, there is virtually no freedom to select ambient atmospheres
      to maximize purification of the final tubing material or to attain other
      desirable results such as the ability to adjust the valence state of
      intentially added dopants, additives or of residual impurities.
PAR  It may be desirable to be able to form such tubing of a single crystal. If
      the material is not optically isotropic, for example materials having
      hexagonal crystal structures, the presence of a plurality of different
      grain boundaries in the optical path will degrade the potential image
      quality of transmitted light. This is not the case with cubic crystals
      which are optically isotropic. However, grain boundaries in most materials
      act as concentrators as well as high-mobility path of impurities.
PAR  The adaptation of the Czochralkski method of growing crystals to the
      formation of tubing by pulling the tubing from a hot melt contained in a
      hot crucible presents the serious disadvantage of introducing contaminants
      into the tubing from the crucibles. Such contaminants may interact with
      the active gases within the lamp enclosure serving as "getters" for these
      small quantities of gases or they may increase the total absorption across
      the emitted spectrum of the lamp thus decreasing its efficiency. Ambient
      atmospheres must be limited to those which do not result in degradation of
      the crucible. Finally, there are many materials for which no known
      crucible material exits.
PAR  The principal disadvantages of the prior art methods-- failure to attain
      full density with the resulting undesirable degree of porosity,
      introduction of impurities, and restrictions imposed on processing
      atmospheres -- are minimized or eliminated by the method and apparatus of
      this invention.
PAR  It is therefore a primary object of this invention to provide an improved
      method for forming refractory tubing. It is another object to provide a
      method of the character described which makes possible the forming of
      refractory tubings of materials exhibiting full density or near full
      density and hence of materials in which light scattering sites are reduced
      to a minimum. Another object is the providing of such a method which makes
      it possible to make refractory tubing of extremely high purity. It is yet
      another object of this invention to provide a method for forming
      refractory tubing containing additives, the valence state of which may be
      adjusted. An additional object is to provide a method of the character
      described which makes possible, if desired, formation of refractory
      tubings in single-crystal form. It is yet another object of this invention
      to provide a method of forming refractory tubing, the cross sectional
      configuration and wall thickness of which may be varied. It is another
      object of this invention to provide such a method which is applicable to a
      wide range of high-temperature materials including those normally
      considered to be too corrosive to be contained in crucibles.
PAR  It is another primary object of this invention to provide improved
      apparatus for forming refractory tubing which attains full density or near
      full density and a high degree of purity. It is another object to provide
      apparatus of the character described which permits the selection of the
      ambient atmosphere in which the tubing is formed, an advantage which in
      turn gives rise to the ability to select the valence state of additives
      such as dopants. Yet another object is to provide apparatus which makes it
      possible to form tubings of single crystals if desired. The invention has
      as still another object the providing of apparatus suitable for forming
      refractory tubings of a wide range of materials. Other objects of the
      invention will in part be obvious and will in part be apparent
      hereinafter.
PAR  In the method of this invention a zone of concentrated heat is provided, a
      preformed refractory tubing is positioned within the heating zone and then
      relative motion is effected between the heating zone and the refractory
      tubing to form a continuously advancing ring of molten refractory in the
      tubing. The heating zone may be formed externally of the tubing,
      internally of the tubing or as a combination of both. It must, of course,
      be of a width no greater than that which permits the two solid tubing
      sections to be continuously joined by the molten ring through the forces
      of gravity and surface tension. When each end of the tubing is separately
      held and when separate moving means are associated with one or both of the
      two solid sections (one on each side of the molten ring) it is possible by
      adjusting the speed of one of the moving means relative to the speed of
      the other moving means or the speed at which the heating means are moved
      to control the thickness of the final tubing wall. Other method
      modifications are also possible.
PAR  In brief, the apparatus of this invention comprises means to provide a
      heating zone external of a refractory tubing, internal of the refractory
      tubing or a combination of both, and means to move the tubing and heating
      zone relative to each other. It may also include means to provide
      different rates of translational motion for each section of the tubing on
      the two sides of the molten ring as well as means to provide a controlled
      fluid atmosphere around the system.
PAR  The invention accordingly comprises the several steps and the relation of
      one or more of such steps with respect to each of the others, and the
      apparatus embodying features of construction, combination of elements and
      arrangement of parts which are adapted to effect such steps, all as
      exemplified in the following detailed disclosure, and the scope of the
      invention will be indicated in the claims.
DRWD
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings in which
PAR  FIG. 1 is an enlarged longitudinal cross section of the tubing during
      formation wherein the finished refractory tubing has essentially the same
      wall thickness as the preformed feed tubing;
PAR  FIG. 2 is an enlarged longitudinal cross section of the tubing during
      formation wherein the finished refractory tubing has an attenuated wall
      thickness;
PAR  FIGS. 3 and 4 are typical cross sections taken in a plane normal to the
      tubing axis;
PAR  FIG. 5 illustrates in diagramatic perspective the use of a ring to start
      the melting of the tubing at one end;
PAR  FIGS. 6 and 7 illustrate in diagrammatic perspective the use of a flat
      plate to start the melting of the tubing at one end;
PAR  FIG. 8 illustrates the use of a rod to start the melting of the tubing at
      one end;
PAR  FIG. 9 is a perspective, partly in cross section, of an apparatus in which
      the heating zone is provided through the use of an incandescent heater
      heated by an r.f. coil;
PAR  FIG. 10 is a representative, partly in cross section, of another type of
      incandescent heating means and the use of radiation shielding within the
      tubing to control the direction of heat flow;
PAR  FIGS. 11-13 illustrate the use of an arc, a filament, and an r.f.-coupled
      graphite rod, respectively, as internally located heating means;
PAR  FIG. 14 is a top plan view of an optical system using a laser as the means
      for providing the heating zone;
PAR  FIG. 15 is a cross sectional view through the optical system of FIG. 14
      showing the spatial locations of the mirrors used;
PAR  FIG. 16 is a top plan view of another optical system using a laser and
      including means to focus the laser beam to form four beams as lines with
      controlled energy densities;
PAR  FIG. 17 illustrates in diagrammatic fashion the effect of the focusing
      means of FIG. 16;
PAR  FIG. 18 is a side elevational view, partly in cross section, of the
      toroidal radiation shield surrounding the heating zone;
PAR  FIG. 19 is a cross section of the optics for using a laser to obtain both
      external and internal heating;
PAR  FIG. 20 illustrates in somewhat diagrammatic form the providing of a
      controlled fluid surroundings for the tubing during formation; and
PAR  FIG. 21 illustrates the use of supporting means for the tubing.
DETD
PAR  There is, of course, a great deal of prior art on floatzone melting of
      solid rods of various materials. See for example "Zone Melting" by William
      G. Pfann, John Wiley & Sons, Inc., New York, New York, 158, and U.S. Pat.
      No. 3,121,619. However, this technique has not previously been applied to
      the formation of tubings which presents particular problems not
      encountered in the processing of solid rods. such problems include the
      maintenance and adjustment of wall thicknessses, the maintaining of a
      desired cross section of tubing, and the like. Tubings have also been
      pulled from molten material contained within a crucible as shown in U.S.
      Pat. No. 3,015,592. The physics, as well as the apparatus, of the floating
      zone process are completely different from the crucible-contained process.
PAR  Before describing various embodiments of the method and apparatus of this
      invention, it will be helpful to present the method generally with
      reference to FIG. 1 which is an enlarged longitudinal cross section of the
      molten zone forming sections of the system. As a solid preformed tubing
      feed blank 20 (generally formed by pressing the refractory powder and
      presintering if necessary) is moved upwardly through a heating or melt
      zone 21 a ring 22 of molten refractory is formed and continuously, in
      effect, advances through the tubing in a downwardly direction, forming a
      refractory tubing 23. The dimensions of melt zone 21 was defined by the
      energy input distribution which in turn is determined by the nature of the
      input power, the thermal losses into the feed and drawing rods and the
      thermal losses to the surrounding environment.
PAR  The height h of the heating zone must be so controlled through the
      adjustment of these parameters, and the solid sections 20 and 23 of the
      tubing must be moved at such a rate as to always keep them joined through
      molten ring 22 which effects such joining through the force of surface
      tension and gravity.
PAR  The solid preformed feed tubing 20 has an internal radius of
      r.sub.a.sub.-1, an external radius of r.sub.a.sub.-2, a wall thickness of
      t.sub.a and a fractional density of .rho..sub.a. In like manner, the solid
      tubing 23 has an internal radius of r.sub.b.sub.-1, an external radius of
      r.sub.b.sub.-2, a wall thickness of t.sub.b and a fractional density of
      .rho..sub.b, generally 100%. In order to establish aa stable system
      permitting the continuous advancement of molten ring 22, the mass flow
      rate crossing the solid-liquid boundary 24 between tubing feed section 20
      and molten ring 22 and the mass flow rate crossing the liquid-solid
      boundary 25 between molten ring 22 and tubing section 23 must be equal.
PAR  Since the velocities at which the tubing feed section 20 and the tubing
      section 23 are moved may be separately controlled one being in effect
      raised, the other being pulled, it is possible to adjust the wall
      thickness, and to some extent the outside diameter of the tubing formed,
      by moving the tubing section 23 at a greater or lesser velocity. The
      situation diagrammed in FIG. 2 shows how the wall thickness may be
      attenuated by moving section 23 faster than section 20.
PAR  Since the mass flow rate is equal to the product of factional density,
      cross sectional area and velocity, the required stable system is attained
      when
EQU  .pi.(r.sub.a.sub.-2.sup.2 - r.sub.a.sub.-1.sup.2).rho..sub.a v.sub.a =
      .pi.(r.sub.b.sub.-2.sup.2 - r.sub.b.sub.-1.sup.2) .rho..sub.b v.sub.b
PAL  where v.sub.a and v.sub.b are the velocities at which the tubing sections
      are moved. Assuming that the fractional densities of both tubes are
      substantially 100%, and that r.sub.b.sub.-2 is essentially equal to
      r.sub.a.sub.-2, then
EQU  2.pi.r.sub.a.sub.-2 t.sub.a.rho..sub.a v.sub.a .perspectiveto.
      2.pi.r.sub.b.sub.-2 t.sub.b.rho..sub.b v.sub.b.
PAL  By increasing v.sub.b it is possible to decrease t.sub.b, or by decreasing
      v.sub.b it is possible to increase t.sub.b, so long of course as the basic
      requirement is met that the two sections are continuously joined through
      the molten ring. Thus there is provided a way of controlling the wall
      thickness of the finished refractory tubing.
PAR  The inside and outside diameters of the final tubing are functions of zone
      height and dimensions of the feed tube. If there is no attenuation during
      the formation of the final tubing, the resulting tubing will generally
      have a somewhat small diameter and a greater wall thickness. With
      attenuation, it is possible to change the relationship between the outside
      diameter and wall thickness; but the outside diameter of the growing tube
      will always to equal to or smaller than the outside diameter of the feed
      tube.
PAR  It is, of course, within the scope of this invention to form refractory
      tubings having a range of cross sectional configurations in which the wall
      thickness may be uniform or nonuniform. Exemplary of a circular cross
      section of uniform wall thickness is tubing 28 of FIG. 3, and of an
      eliptical cross section with nonuniform wall thickness is tubing 29 of
      FIG. 4. The ultimate cross sectional configuration may be controlled in
      forming the feed tubing blank and to some extent by the design of the
      heating zone.
PAR  Although it is possible to start the growth of the final tubing by placing
      the feed tube in the melting zone so that melting is begun somewhere
      intermediate between the ends of the feed tube, it is usually more
      desirable to begin the melting at one end of the feed tube. To do this, it
      is necessary to bring one end of the feed tube located in the melt zone
      into contact with a contacting surface member which is affixed to a
      load-bearing rod such as the rod described in connection with FIG. 9. With
      the melting of the end of the feed tube and the formation of a melt in the
      contacting surface it is possible to make contact and "weld" the tubing to
      the contacting surface member. The contacting surface member may take any
      desirable form and may, in some instances, serve as a seed to start the
      formation of a singlecrystal tubing. Three exemplary forms of contacting
      surface members are shown in FIGS. 5-8.
PAR  In FIG. 5 the contacting surface member 30 is in the form of an annular
      ring (or other suitable cross section) of any desired length which is
      brought into contact with a molten ring 31 formed on one end of the feed
      tubing 20 while the end of the tubing is in the heating zone and it heated
      by means diagrammatically represented by arrows 32. FIGS. 6 and 7
      illustrate the use of a contacting surface member in the form of a flat
      plate 34 which, like the annular ring 30, is contacted with molten ring 31
      in the heating zone. Subsequent to contacting the tubing molten ring 31 to
      the contacting surface member, the process of tubing formation is
      continued as described. When the flat plate 34 is used as a seed crystal,
      a joint 35 may be formed, as shown in FIG. 7, and later removed.
PAR  In FIG. 8, the contacting surface member is a rod 36, the end 37 of which
      is melted and joined to the molten end of feed tube 20. In many cases, the
      rod has been found to be a preferred form of surface contacting member
      since it appears to form a stronger weld with the feed tube.
PAR  Many different sources of heat may be used to form the required heating
      zone and the selection of the heating means will usually depend upon the
      specific refractory material used. Such heat sources include, but are not
      necessarily limited to, infrared sources such as incandescent filaments,
      arcs, imaged arcs and lasers; electron beams, gas discharge systems and
      direct r.f. coupling. FIGS. 9-18 illustrate exemplary heating systems to
      provide external and internal heating.
PAR  In the apparatus illustrated in FIG. 9, in which like reference numerals
      are used to refer to like elements in FIG. 1, means are provided for
      external heating and for moving the tubing while maintaining the heating
      zone and its heating means stationary. The feed tubing 20 in this case is
      moved upwardly through the heating zone 21 and the ends of the tubing are
      held in chucks 40 and 41 which are affixed to load bearing rods 42 and 43,
      respectively. Means, not shown, are provided to impart translational, and
      if desired rotational, motion to the load-bearing rods 42 and 43, and
      through them to the two sections of the tubing. Suitable apparatus for
      moving such load-bearing rods at desired axial (and angular) velocities
      are described in copending application Ser. No. 653,478, which is now U.S.
      Pat. No. 3,552,931, assigned to the same assignee at this application. In
      the apparatus of U.S. Pat. 3,552,931 the rods are moved by separate
      mechanisms, making them particularly suitable for achieving the adjusting
      of wall thickness as discussed with reference to FIG. 2.
PAR  In the apparatus of FIG. 9 heating is done by means of an r.f. coil 50
      inductively coupled to a graphite ring 51 (which in effect becomes an
      incandescent filament) through water-cooled copper electrodes 52, field
      concentrating ring 53 and a boron nitride insulator ring 54. A
      modification of the apparatus of FIG. 9 is suitable for making tubing of
      electrically conducting materials by direct inductive coupling of the feed
      tubing 20 with the field concentrating ring 53 or directly with the r.f.
      coils as shown in FIG. 13. The feed tubing material must, however, be
      electrically conducting at appropriate frequencies and temperatures; and
      in such a system the frequency of the r.f. heating system must be adjusted
      with respect to wall thickness.
PAR  The apparatus of FIG. 9 may be operated in other modes as well. The
      load-bearing rods 42 and 43 may be rotated at the same angular velocity to
      insure very even distribution of heat into the tubing and hence a
      uniformly heated molten ring 22. In another operational mode, assuming
      that the tubing is moving upwardly, rod 43 may be moved upwardly at a rate
      greater than that at which rod 42 is moved upwardly, thus resulting in a
      final tubing wall thickness less than that of the preformed feed tubing.
      Making the same assumptions as stated above, rod 43 may be moved upwardly
      at a rate less than that at which rod 42 is moved upwardly, thus resulting
      in a final tubing wall thickness greater than that of the preformed
      tubing. It is also of course, possible to reverse the direction of travel
      of the tubing and to make corresponding adjustments in the rates at which
      rods 42 and 43 are moved.
PAR  If, instead of moving the entire tubing, the heating means are moved in
      FIG. 9, then by holding both solid tubing sections 20 and 23 stationary,
      or by rotating them without effecting any translational motion, the wall
      thickness of the final tubing will be essentially that of the feed tubing
      provided the fractional density of the feed tubing approached 100%.
      However, in this general mode of operation it is also possible to adjust
      the final tubing wall thickness by imparting motion in either direction to
      that pulling rod associated with the solid tubing section from which the
      molten ring is moving. As an example, if the heating means of FIG. 9 are
      moving downwardly, motion may be imparted to rod 43 -- upwardly to
      attenuate wall thickness and downwardly to increase wall thickness.
PAR  In the apparatus of FIG. 10, means, located internally of the tubing, are
      provided to augment and direct the heating from an externally provided
      heating means. FIG. 10 also shows the reversal of the direction of tubing
      travel. The heating means are shown to comprise an incandescent filament
      60 which may be in the form of a strip having a circular opening 61
      defining the heating zone. The filament 60 is connected to two
      water-cooled electrodes 62 which in turn are connected to a suitable power
      supply, not shown. For alumina tubing the filament 60 may typically be
      formed of graphite to obtain temperatures between 2400 and 2800  C and of
      tungsten to obtain temperatures of about 3000.degree. C. Because graphite
      and tungsten readily oxidize at these temperatures it is necessary to
      provide a nonoxidizing atmosphere surrounding the tubing and the heating
      zone. In the apparatus of FIG. 10 an essentially fluid-tight housing 63
      provides a volume 64 which may be evacuated or charged with a gas inert to
      the melt and electrodes through a valve-controlled line 65. The mechanism
      for imparting translational (and rotational) motion to the hollow
      load-bearing rods 66 and 67 described in U.S. Pat. No. 3,552,931 is
      designed to operate with a fluid-tight housing which may be evacuated or
      pressurized, and provides the necessary sealing means 68 and 69 which
      permit the actual driving mechanism for the load bearing rods 66 and 67 to
      be located external of housing 63. Extending through rods 66 and 67 and
      chucks 70 and 71 are two radiation shield rods 73 and 74 which are
      positioned within the internal volume 72 of the tubing. These rods are
      stationary and are so positioned and configured as to direct the heat
      radiated by the internal wall of molten ring 22 back to the molten ring
      surface, thus preventing the unwanted heating of the solid tubing sections
      on either side of the ring and providing the maximum utility of the heat
      furnished in the heating zone.
PAR  In FIG. 11, in which like reference numerals are used to refer to like
      elements in FIG. 10, external heating may be furnished to heating zone 21
      by any of the means herein described. Separate internal heating is
      provided by an arc 80 established between electrodes 81 and 82 connected
      to a suitable power supply not shown. Likewise in the embodiment of FIG.
      12, internal heating developed by a filament 85 connected between two
      terminals 86 and 87, which are in turn connected to a suitable power
      supply, may be used to augment external heating supplied to heating zone
      21.
PAR  In the embodiment of FIG. 13, the tubing is held stationary in a mounting
      ring 90 placed on a platform 91. A graphite rod 92 is centrally positioned
      within internal tubing volume 72 and an r.f. coil 93 is mounted through
      suitable insulation members 94 and 95 to a load bearing rod which extends
      down through an opening in platform 91. That graphite rod section
      corresponding to the position of external r.f. coil 93 is directly coupled
      to the r.f. coil, thus generating heat internally within the tubing.
PAR  As will be apparent from the following discussion of the apparatus of FIGS.
      14-18 showing the use of a laser, this type of heating means has distinct
      advantages for practicing the method of this invention. Where incandescent
      heating systems emit a large part of their radiation in a wavelength range
      to which many of the refractories in their molten state are transparent,
      the laser can be chosen to avoid the difficulty. Incandescent systems may
      pose problems of heat transfer to the tubing after formation; but laser
      energy can be directed to avoid such problems. Laser energy has no
      characteristic temperature of its own, and thus there are no upper
      temperature limitations; and the use of lasers imposes few restriction on
      the atmosphere in which the tubing is formed. Finally, as will be seen
      from the description of FIGS. 14--18, the use of a laser permits visual
      observation of the process.
PAR  FIG. 14 is a schematic representation of an optical system using a laser.
      Radiation from laser 100 is passed through a beam expander 101 typically
      formed of lenses 102 and 103 and an aperture 104. The expanded beam
      strikes plane mirror 105 and is reflected on plane mirrors 106 and 106A
      positioned such that each of these mirrors receives a half-circle of the
      beam. The semicircular beam from mirror 106 is interrupted by plane
      mirrors 107 and 108 positioned in the vertical plane such that each mirror
      107 and 108 receives a quadrant of the beam. In like manner the
      semicircular beam from mirror 106A is interrupted by plane mirrors 109 and
      110 also positioned in the vertical plane such that mirrors 109 and 110
      also receive a quandrant of the beam. A quandrant is reflected from plane
      mirror 107 to a focusing mirror 111 which in turn is so positioned to
      focus the reflected beam on the molten ring located in the heating zone
      21. In like manner the quandrant of the beam striking mirror 108 is
      reflected and focused by mirror 112, the quandrant striking mirror 109 is
      reflected and by mirror 113 and the quadrant striking mirror 110 is
      reflected and focused by mirror 114. It is possible to divide the laser
      beam into two or more beams for focusing in a similar manner. However, the
      beams should be symmetrically arranged to provide a uniform heating zone.
PAR  FIG. 15 which is a cross section through the optical system shows the
      manner in which the plane mirrors are hung from a jig 115, by adjustable
      supports 116, to attain the desired vertical positioning which permits the
      splitting of the laser beam and its refocusing in four beams at the
      heating zone. The jig and focusing mirrors can be mounted in any suitable
      manner and the tubing is moved axially as shown in FIG. 9.
PAR  FIG. 16 is an optical diagram for another embodiment of the apparatus of
      this invention using a laser heat source. The features of this apparatus
      include means to form the laser beam into an annulus, means to split the
      beam then into two annuli, means to redivide both annuli into half annuli
      and means to focus the annuli to form beams in line configurations having
      energy density distributions particularly suitable for heating a portion
      of a tubing surface.
PAR  In the apparatus of FIG. 16, the radiation beam 150 from laser 100 is first
      directed through a beam-expanding means 151 which comprises a spherical
      mirror 152 and a spherical mirror 153. By proper choice of focal length of
      the two spherical mirrors, it is possible to expand the laser beam by a
      factor of two, four or greater. A rotating Dove prism 154 is used to form
      the expanded beam 155 into a beam 156 having an annular configuration.
      Dove prisms are known and described in the literature. (See for example
      "Modern Optical Engineering" by Warren J. Smith, McGraw-Hill Book Co., New
      York, New York, 1966 page 87.) By focusing expanded beam 155 through Dove
      prism 154 above or below the optical axis of the prism and by rotating the
      prism about its axis by suitable means such as motor 157, it is possible
      to form the laser beam into an annular configuration.
PAR  The annular beam 156 is then passed through a beam spliter 158 which
      typically comprises a water-cooled, coated GaAs window 159 and a front
      surface mirror 160. The coating thicknesses on the surfaces of window 159
      are designed to reflect 50% of the beam from the front surface of the
      window to form annular beam 161 and to have no reflection losses from the
      rear surfaces. Half of the incident beam 156 is transmitted to mirror 160
      where it is reflected as annular beam 162 parallel to annular beam 161.
      These two annular beams are each then split to form two half-annular beams
      and the resulting four half-angular beams are then focused as line beams
      onto that portion of the tubing surface which is within the melt zone 21.
PAR  Beginning first with annular beam 161, it is directed onto a semicircular
      mirror 165 which is so positioned as to permit one-half of the annular
      beam in the form of a half-annulus beam 166 to strike plane mirror 167 for
      reflection to a variable focal length cylindrical mirror 168 which focuses
      the beam as a line (line beam 169) onto the tubing to form molten ring 22.
      As in the case of the apparatus of FIG. 15, the optical elements of FIG.
      16 are mounted on or suspended from a support beam 170. As is well-known
      in optical engineering, the elements are so spatially positioned to make
      these optical paths possible. In FIG. 16, the line beam 169 is shown as a
      dotted line to show that it is distinct from half-annulus beam 166.
      However, it will be appreciated that these two beams are in two different
      planes and not side-by-side. In a similar manner, the half-annulus beam
      172 is reflected by cylindrical mirror 173 which returns a line beam 184
      to be directed onto the tubing to form molten ring 22. Similarly annular
      beam 162 is split into two half-annulus beams 175 and 176 by semi-circular
      mirror 177; beam 175 is focused by plane mirror 178 onto cylindrical
      mirror 179 to be transformed into line beam 180; and half-annular beam 176
      is focused by cylindrical mirror 181 into line beam 182.
PAR  A toroidal radiation shield 185 having four parts 186 to permit passage of
      line beams 169, 174, 180 and 182 is provided to radiate energy reflected
      by the molten tubing surface back to the surface to concentrate and
      conserve the energy used in melting the tubing. This radiation shield is
      described in detail in connection with the discussion of FIG. 18.
PAR  FIG. 17 is presented to describe the advantages realized by the optical
      system of FIG. 16. When a half-annulus laser beam, such as beam 166, is
      focused into a line, such as line beam 169, it can be shown to have an
      energy density curve which peaks at or near each end of the line beam.
      When a beam of radiation strikes a circular surface such as that of the
      tubing, the amount of energy absorbed by the surface is proportional to
      the cosine of the angle .theta. formed between a line drawn normal to the
      tubing surface and the line of the beam. It thus becomes apparent that
      when a line beam having a constant energy density along its length strikes
      a circular surface, the portions of the surface receiving radiation from
      the ends of the beams will absorb less of it and therefore require longer
      to heat and melt while the portion of the surface receiving radiation from
      the central section of the beam will melt faster and perhaps even form an
      overheated region. However, by focusing a half-annular laser beam down to
      a line beam, it is possible to form a beam having increased energy
      densities towards it ends just where such added energy is required to
      overcome the differential in energy absorption as described. This is shown
      in FIG. 17. Hence the apparatus of FIG. 16 provides means to heat the
      tubing in the melt zone more uniformly around the entire periphery of the
      tubing, since each of the four line beams have this unique energy density
      distribution. It will be appreciated that the term "line beam" is used to
      designate a beam which has, in fact, some height, the height being
      controlled through the focusing of the cylindrical mirrors.
PAR  FIG. 18 illustrates an exemplary radiation shield formed to define a
      toroidal surface 190 surrounding the heating zone 21 and curved to return
      radiation reflected by or emitted from the molten ring back to the molten
      ring. Normally the radius of curvature R will be equivalent to or
      approximate the focal length of the mirror defining surface 190. This
      mirror is coated to produce a surface which is highly reflective to
      infrared radiation, such as bright gold. The toroid 191, the inner surface
      of which serves as mirror 190, is machined as an upper half 192 and lower
      mating half 193. Each of these toroid halves is also machined to have an
      integral joining and support means which takes the form of a shorter
      clamping section 194, formed of upper half 195 and lower half 196, and a
      longer section 197 formed of upper half 198 and lower half 199, providing
      means to clamp, cool and align the toroid halves. The support means must
      be of such dimensions that it clears ports 186 in the toroid. Clamping is
      accomplished with a series of bolts 200 and nuts 201, and alignment of the
      toroid halves and support means halves is achieved and maintained through
      a series of dowel pins and pin holes (not shown) in the longer sections
      198 and 199 of the support means. The entire radiation shielding means 185
      is preferably machined from copper and is cooled by circulation of a
      cooling liquid, e.g., water, through the longer supporting section halves
      198 and 199. The cooling liquid is introduced through an inlet conduit 202
      into one or more passages 203 and withdawn through passage 204 which
      terminates outside supporting section half 195 as an annular outlet
      conduit 205 surrounding and concentric with inlet conduit 202. Suitable
      sealing rings such as O-rings 206 and 207 provide adequate sealing between
      the mating passages in section halves 198 and 199. The radiation shielding
      means is supported by the base support 170 (FIG. 16) through the cooling
      liquid conduit 205 and hence the upper section of the shielding remains
      fixed with respect to the other optical components. It is therefore a
      simple matter to remove and replace the lower section while maintaining
      the desired alignment.
PAR  Since it will normally be advantageous to use a single type of laser for
      forming tubings of different material, the use of the radiation shielding
      is particularly valuable when working with materials which reflect an
      appreciable amount of the laser's radiation.
PAR  The apparatus of FIG. 19 uses a laser for achieving external and internal
      heating. The collimated radiation beam from a laser (not shown) is
      directed onto flat reflectors such as annular mirror 120, and central
      mirror 122. Positioned around the outer wall of the tubing is an annular
      focusing reflector 125. A reflector 126 which has a conical-like
      configuration is positioned internally of the tubing at the same level as
      annular reflector 125. In this arrangement, the radiation is directed
      against both the outside and inside of the tubing wall over sharply
      defined areas.
PAR  In the apparatus of FIG. 20 means are provided to control the atmosphere
      around the entire tubing formed system and also around the part of the
      system where the tubing is actually formed by passing through the heating
      zone. In handling some materials which contain one or more volatile
      components in the melt stage such as arsenic and phosphorus, it is
      necessary to encapsulate the melt and in some cases to work under
      pressures which are greater than the vapor pressure of the volatile
      component. In some other circumstance, it may be advantageous to be able
      to reduce the forces on the molten ring in forming the tubing.
PAR  The tubing forming system of FIG. 20, which uses the means for continuously
      supplying a feed tubing of FIG. 9, is enclosed in a fluid-tight chamber 63
      such as that of FIG. 10, which may be pressurized if desired. The load
      bearing rod 42 on which a modified chuck 130 is mounted is introduced
      through the bottom of a vessel 131 containing a liquid encapsulant 132 in
      which is embedded an r.f. coil 133 exemplary of a suitable heating means.
      If the encapsulant is also to be present within the tubing, a plurality of
      ports 134 may be drilled in chuck 130 to permit the liquid encapsulant to
      flow upwardly into tubing volume 72. In the modification of FIG. 20,
      vessel 131 is shown to be supported on a ring support 135 within
      fluid-tight housing 63.
PAR  The liquid encapsulant should have a density which approximates the density
      of the refractory in molten form and which is inert to the melt as well as
      to all other material it contacts. The liquid encapsulant should also of
      course be compatible with the heating means and not interfere with its
      function. For example, in the apparatus of FIG. 20 which uses an r.f.
      heater the liquid encapsulant should not be electrically conducting at the
      frequencies employed in the heater. Exemplary of encapsulants which are
      suitable are boric oxide, barium oxide and these oxides in admixture with
      barium chloride and sodium fluoride.
PAR  The use of an encapsulant used as shown in FIG. 20 may have advantages for
      certain systems. For example, a liquid encapsulant, which has a density
      that approximates the density of the molten ring, reduces the body forces
      on the molten volume. Thus the surface energy is that of a liquid-liquid
      interface rather than that of a gas-liquid interface and hence the
      tendency to neck off is reduced. Such a liquid encapsulant acts as a heat
      sink, thus increasing the rate at which the growing tubing section may be
      solidified.
PAR  Finally, it may be desirable in some instances to provide some type of
      confinement or support for the tubing during the process, particularly if
      the refractory material being used does not lend itself to the formation
      of an adequately self-supporting feed tubing configuration. The
      modification of the apparatus shown in FIG. 21 provides an outer
      supporting member 140 of any desired cross section and a mandrel 141 which
      corresponds in size and cross section to the inner wall of the tubing. A
      seed crystal 142 may be placed either at the bottom or top of the tubing,
      depending upon the direction in which the tubing is to be moved. It is, of
      course necessary to construct the outer supporting member and inner
      mandrel of a material which has a higher melting point than that of the
      refractory from which the tubing is to be formed and which is inert to it.
      If an r.f. coil is used as the heating means, if the outer supporting
      member 140 and mandrel 141 are constructed of a suitable material such as
      graphite and if the wall thickness of supporting member 140 is relatively
      small, then some internal heating of the tubing can be achieved through
      direct r.f. coupling of the mandrel.
PAR  From the drawings presented and from the description and discussions of
      these drawings, it will be apparent to those skilled in the art that a
      number of different heating means and combinations of heating means may be
      used. In a like manner, a number of different arrangements for effecting
      the relative motion of such heating means and the tubing are possible.
      Moreover, any of the apparatus embodiments illustrated or discussed may be
      located within a chamber, such as chamber 210 of FIG. 18 in which the
      fluid surroundings may be controlled during the formation of the tubing.
      Exemplary of apparatus which provides such a chamber is the pressure- and
      temperature-controlled furnace described in U.S. Pat. No. 3,639,718 and
      assigned to the same assignee as the present application. The various
      modes of operation described for the apparatus of FIG. 9 are, of course,
      applicable to the other apparatus embodiments and modification.
PAR  The method and apparatus of this invention may be used to form refractory
      tubing from any refractory material which is capable of existing in the
      liquid state and which can be formed into a tubing blank. In addition to
      alumina, such refractories include, but are not limited to, oxides such as
      zirconia, titania, thoria, ytteria and the like, carbides such as titanium
      carbide, borides such as titanium boride, intermetallics such as gallium
      arsenide, ternary compounds such as HgCdTe, pseudobinary compounds such as
      AlAs-GaAs, and elements such as boron and silicon. Both crystalline and
      amorphous materials may be used. For optical applications, it is generally
      necessary to use materials of extremely high purity. For other
      applications it may be desirable to have dopants, such as titanium or
      other additives present in minor amounts.
PAR  The feed tube blank used to produce the polycrystalline or single crystal
      tubing may be prepared by any suitable technique such as for example by
      slip casting, or by pressing the refractory in powder force (with or
      without a heat-removable binder) under sufficient pressure to form a
      self-supporting structure. This pressed structure may, if desired, be
      partially sintered to enhance its structural strength. Tubing blanks of
      presintered materials, e.g., Al.sub.2 O.sub.3 are available commercially.
      (See also, for example, "Introduction to Ceramics" by W. D. Kingery, John
      Wiley & Sons, Inc., New York, 1960, particularly Chapter 3 on "Forming
      Processes" which describes in detail such forming processes as powder
      pressing, extrusion, slip casting and sintering.) In view of the well
      developed art in the formation of ceramic or refractory bodies, the choice
      of such parameters as particle size, binders, and density of the material
      making up the feed tubing is within the skill of the artisan in this
      field; and the choice of the method by which the feed tubing is formed is
      also within his skill. As noted above in the description of FIG. 21, it
      may under some circumstances be desirable to provide some physical support
      to the feed tube blank in the form of an outer supporting member and
      centrally positioned mandrel.
PAR  The temperature attained within the heating zone must, of course, be that
      which is sufficient to melt the tubing. Although somewhat higher
      temperature can be tolerated, the temperature should be maintained
      somewhat below that level which would cause vaporization or boiling off of
      the molten material under the environmental conditions being used. The
      temperature range, which is readily determinable from existing physical
      data, will depend upon the refractory material from which the tubing is
      formed.
PAR  The height of the travelling molten ring is controlled by well-known
      physical factors, i.e., the existing temperature gradient which is a
      function of the thermal conductivity of the tubing material and the
      environmental surrounding the tubing. As noted above this environment may
      include the ambient atmosphere, an inert pressurized gas with or without a
      liquid encapsulant, or a gas providing a special type of atmosphere, e.g.,
      reducing or oxidizing. In addition, the use of radiation shielding to
      return reflected radiation to the molten zone represents another factor in
      the environment. The growth rate of the finished tubing is, of course,
      equal to the withdrawal rate, v.sub.b.
PAR  Because the method of this invention involves the melting of the tubing, it
      permits the selection of any desirable atmosphere to achieve such results
      as purification of the refractory material and adjusting the valence state
      of any additives. For example, if the process is carried out in an
      oxidizing atmosphere it is possible to convert to or maintain a titanium
      dopant in its higher valence state, i.e., Ti.sup..sup.+4. Other types of
      environments may, of course, be used to attain other desired results.
PAR  The method of this invention may be further illustrated by the following
      examples which are meant to be illustrative and not limiting.
PAR  A two-inch length of a commercially available sintered polycrystalline
      alumina tubing (0.999% Al.sub.2 O.sub.3) having an outside diameter of
      0.24 inch and an inside diameter of 0.162 inch (sold by Degussa Inc., as
      AP35) was placed in an apparatus constructed as shown in FIG. 9. The
      incandescent filament used was a graphite washer. The top and bottom
      pulling rods were moved at 3 inches per hour while the heating zone was
      maintained stationary. At the completion of zone melting the tubing had an
      outside diameter of 0.226 while the inside diameter remained essentially
      the same. A second tubing sample of alumina tubing having an outside
      diameter of 0.084 inch and inside diameter of 0.053 inch was treated in
      the same manner. After zone melting was completed, it had an outside
      diameter of 0.082 and an inside diameter of 0.049.
PAR  The reduction in wall thickness from 0.039 to 0.032 inch in the first
      example illustrates the densifying of the alumina into a structure of
      reduced porosity; while the decrease in outside diameter and inside
      diameter with an accompanying shortening of the tube length confirmed the
      densifying of the second sample.
PAR  A preformed open-ended alumina tubing (sold as Al-23 by Degussa Inc.) was
      externally ground down to have an outside diameter of 0.375 inch. It has
      an inside diameter of 0.315 inch and wall thickness of 0.030 inch. The
      alumina in the tubing as purchased had a density of between 3.7 and 3.0
      grams per cm.sup.3. This tubing was treated in an apparatus such as shown
      in FIG. 9 in an argon atmosphere. The tubing was affixed by chucks between
      upper and lower pulling rod was moved upwardly at a speed which was 1.25
      times the speed at which the lower rod was moved upwardly. The tubing was
      not rotated. Molten ring formation was started part way up the tubing and
      the growth rate (ring movement) was 5.2 inches/hour. Inasmuch as the upper
      pulling rod was moved at a higher speed than the lower rod, there was
      attenuation of the tubing, as evidenced by the fact that the finished
      tubing had an outside diameter of 0.332 inch, an inside diameter of 0.302
      inch and a wall thickness of 0.015 inch. The finished tube was translucent
      and had a density approaching theoretical for Al.sub.2 O.sub.3.
PAR  An open-ended tubing, commercially available for Degussa Inc. as Al-23, was
      processed in the apparatus shown in FIG. 16. The tubing as purchased had
      an outside diameter of 0.401 inch, an inside diameter of 0.285 inch and
      wall thickness of 0.058. A CO.sub.2 laser (10.6 .mu.m radiation) was used
      as the heat source and a solid rod of Al.sub.2 O.sub.3 was used as the
      starting contacting member as shown in FIG. 8. The load-bearing rods were
      rotated at 95 rpm, and the speed of the upper one was 1.6 times that of
      the lower one to achieve attenuation. Growth rate was 7 inches/hour and
      the environment was ambient air. The resulting tubing was translucent and
      had a density approaching theoretical for Al.sub.2 O.sub.3.
PAR  The method and apparatus of this invention thereby provide for upgrading of
      a refractory tubing structure and, if desired, for the forming of such a
      structure in the form of a single crystal, a form which possesses
      operational advantages when the resulting cyrstalline tubing is used as an
      enclosure for high-pressure lights.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above method and in
      the constructions set forth without departing from the scope of the
      invention, it is intended that all matter contained in the above
      description as shown in the accompanying drawings shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for forming refractory tubing, comprising in combination
PA1  a. tube holding means adapted to hold each end of a refractory tubing
      separately;
PA1  b. heating means for forming a molten ring in said refractory tubing, said
      ring being of essentially uniform height throughout said tubing said
      height being such that the forces of surface tension and gravity maintain
      said molten ring connected to the solid sections of said tubing, said
      heating means comprising
PA2  1. laser means providing at least one beam of radiant energy;
PA2  2. optical means including means for expanding said beam, means for
      splitting the resulting expanded beam into a plurality of beams
      essentially equally spaced around the surface of said tubing, and means
      for focusing each of said plurality of beams onto said surface of said
      tubing within a heating zone surrounding said tubing and providing
      essentially uniform heating of said tubing surface; and
PA1  c. means to effect controlled translational movement of said tube holding
      means whereby said molten ring advances through said tubing.
NUM  2.
PAR  2. An apparatus in accordance with claim 1 including additional heating
      means located internally of said tubing.
NUM  3.
PAR  3. An apparatus in accordance with claim 1 wherein said means to effect
      controlled movement comprises means associated with each end of said
      tubing to impart translational motion to said solid tubing sections joined
      through said molten ring.
NUM  4.
PAR  4. An apparatus in accordance with claim 1 wherein said means to impart
      translational motion to one of said tubing sections is adapted to move its
      associated section at a speed different from that at which said other
      section is moved.
NUM  5.
PAR  5. An apparatus in accordance with claim 1 including means to provide
      controlled fluid surroundings around at least said tubing and said heating
      zone.
NUM  6.
PAR  6. An apparatus in accordance with claim 5 wherein said means to provide
      controlled fluid surroundings comprises fluid-tight housing means adapted
      for evacuation or gas pressurization.
NUM  7.
PAR  7. An apparatus in accordance with claim 1 including mandrel means
      positioned within said tubing.
NUM  8.
PAR  8. An apparatus in accordance with claim 1 including means to effect
      synchronized rotational movement of said tube holding means associated
      with each end of said tubing.
NUM  9.
PAR  9. An apparatus in accordance with claim 1 including radiation shielding
      means surrounding said heating zone and being adapted to reflect radiant
      energy reflected from said molten ring back to said molten ring.
NUM  10.
PAR  10. An apparatus in accordance with claim 1 wherein said optical means
      include energy distribution means to adjust the energy density
      distribution of each of the beams making up said plurality of beams to
      essentially equalize the absorption of said radiant energy around the
      entire surface of said tubing within said molten ring.
NUM  11.
PAR  11. An apparatus for forming refractory tubing, comprising in combination
PA1  a. tube holding means adapted to hold each end of a refractory tubing
      separately;
PA1  b. laser means providing at least one beam of radiant energy;
PA1  c. beam expanding means for expanding said beam of radiant energy;
PA1  d. means to convert the resulting expanded beam into a beam of annular
      configuration;
PA1  e. beam splitting means for splitting said beam of annular configuration
      into two beams of annular configuration;
PA1  f. means to form four beams of half-annular configuration from said two
      beams of annular configuration;
PA1  g. cylindrical mirror means to focus said four beams of half-annular
      configuration as line beams onto the surface of said refractory tubing
      whereby to adjust the energy distribution of each of said four beams so as
      to essentially equalize the absorption of said radiant energy around the
      entire surface of said tubing and form therein a molten ring of a height
      such that the forces of surface tension and gravity maintain said molten
      ring connected to the solid sections of said tubing; and
PA1  h. means to effect controlled translational movement of said tube holding
      means whereby said molten ring advances through said tubing.
NUM  12.
PAR  12. An apparatus in accordance with claim 11 including radiation shielding
      means surrounding said heating zone and being adapted to reflect radiant
      energy reflected and emitted from said molten ring back to said molten
      ring.
NUM  13.
PAR  13. An apparatus in accordance with claim 12 wherein said radiation
      shielding means is toroidal.
NUM  14.
PAR  14. An apparatus in accordance with claim 11 wherein said means to convert
      said resulting expanded beam into a beam of annular configuration
      comprises a rotatable Dove prism and means to rotate said prism.
NUM  15.
PAR  15. An apparatus in accordance with claim 11 wherein said means to form
      four beams of half-annular configuration comprises spatially arranged
      mirrors.
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ABST
PAL  An engine preheater of the lower radiator hose type includes a housing that
      is adapted to be connected to a radiator hose and which has a passage
      extending therethrough for passage of coolant through the heater. An
      electric heating element is housed by the housing and is at least partly
      embedded therein. It supplies heat to coolant in the passage. A thermostat
      is located in heat transfer relationship with the housing and is separated
      from the heating element by a part of the housing which is heat
      conductive. The thermostat is responsive to the temperature of the heating
      element for interrupting the supply of power thereto when the temperature
      sets by the thermostat exceeds a predetermined upper limit. A plug is
      adapted to be electrically connected to the heating element, and the
      thermostat is incorporated in this plug. Between the housing and the plug
      there is provided means that releasably bias the plug towards the housing
      and hence the thermostat against the housing to assure good thermal
      contact between the thermostat and the housing.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of my copending application Ser. No.
      321,455, filed Jan. 5, 1973 which, in turn, is a continuation-in-part of
      my now abandoned application Ser. No. 159,816, filed July 6, 1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a preheater for an engine, i.e., to a heater for
      the coolant of a liquid cooled engine. More particularly, this invention
      relates to an engine preheater of the lower radiator hose type.
PAR  For many years internal combustion engines, particularly automobile
      engines, that are called upon to operate at least part of the time in cold
      weather have been provided with engine preheaters or block heaters of the
      frost plug type to facilitate starting of the engines. This type of block
      heater ia essentially an immersion heater that is located in a frost plug
      opening in the block of an engine. The basic problem with frost plug type
      block heaters is that an extremely wide variety of them now must be
      manufactured and stocked if one is to be able to provide a block heater
      for every different automobile on the road. Thus, from 1963 to 1971 the
      number of different types of block heaters that would have to be provided
      just for the most popular makes of automobiles on the road has increased
      from 16 to 30.
PAR  Because of this problem a different type of engine preheater known as the
      lower radiator hose type has been developed. This type of engine
      preheater, as its name suggests, is connected in the radiator hose, and
      far fewer heaters of this type are required to be used with different
      makes of automobiles, since there are only a few standard sizes of
      radiator hoses.
PAR  However, prior art engine preheaters of the lower radiator hose type have
      in many instances been constructed with the heating element directly in
      the path of coolant flowing between the radiator and the engine. This can
      lead to overheating problems, particularly when the engine is operated
      during the summer months, since it is the practice to leave the engine
      preheater in the radiator hose at all times. In some designs this problem
      has been avoided by providing an enlarged peripheral well in the housing
      of the engine preheater and mounting the heating element in this well so
      as not to impede the flow of coolant through the device. However, this can
      lead to the problem of vapour lock. Furthermore, in engine preheaters of
      this type it has been common to fabricate the heating element itself of
      copper and the housing of the engine preheater of steel. This has led to
      problems of galvanic corrosion. There also is the problem of having to
      solder or braze the element in position.
PAR  In aforementioned application Ser. No. 321,455 there is disclosed an engine
      preheater that avoids the foregoing problems of it predecessors. This
      heater has a housing with a passage extending therethrough for passage of
      coolant through the heater. The housing has two end sections and an
      intermediate section, at least the latter being cast of heat conductive
      material and being located between the end section. The end sections are
      adapted to be connected to a radiator hose. An electric heating element is
      cast in place in and embedded in the intermediate section and is separated
      from the aforementioned passage by a part of the housing, whereby coolant
      flowing through the passage is inhibited from direct contact with the
      heating element but indirectly is heated thereby.
PAR  In a preferred embodiment a thermostat is located in heat transfer
      relationship with the housing on the side of the heating element remote
      from the passage. The thermostat is responsive to the temperature of the
      heating element for interrupting the supply of power thereto when the
      temperature sensed by the thermostat exceeds a predetermined upper limit.
      The thermostat is incorporated in a plug that is adapted for electrical
      connection to the heating element.
PAR  Further details of this engine preheater may be ascertained from the
      aforementioned applications, the disclosures of which are incorporated
      herein by reference.
PAR  After an engine preheater has been installed, the aforementioned plug
      normally is not removed. Operation of the preheater is obtained by
      plugging in to a conventional power outlet a plug at the other end of the
      line cord to the end that carries the plug that is connected to the
      heating element. Likewise, when the automobile or other device containing
      the engine having the preheater associated therewith is to be moved, or,
      in the case of a stationary engine, the preheater is to be disconnected,
      the former plug is disengaged from the power outlet. Consequently the plug
      that is connected to the heating element rarely is removed. However, it
      and the engine preheater are subject to vibration when the engine is
      operating and, in the case of an automobile or other vehicle, to
      additional vibration due to road shocks. In time these vibrations may
      impair the operating efficiency of the engine preheater by degrading the
      thermal connection between the housing of the engine preheater and the
      thermostat. It also might be possible for the plug that is connected to
      the heating element to become disconnected therefrom as a result of these
      vibrations or to become loose enough that oil, water, dirt or other
      contaminents that could cause a short circuit can find their way into the
      terminal box for the terminals of the heating element. The latter problem
      also is one that exists in the case where the plug that is connected to
      the heating element is removed for some time.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention there is provided a heater for the
      coolant of a liquid cooled engine, said heater being of a type adapted to
      be connected in a hose between a liquid cooled engine and a radiator, said
      heater comprising a housing adapted to be connected to a radiator hose and
      having a passage extending therethrough for passage of coolant through
      said heater and an electric heating element housed by and at least partly
      embedded in said housing having exposed terminals and adapted to supply
      heat to coolant in the passage extending through said housing; a
      thermostat located in heat transfer relationship with said housing and
      separated from said heating element by a part of said housing, said part
      of said housing being heat conductive, said thermostat being responsive to
      the temperature of said heating element for interrupting the supply of
      power thereto when the temperature sensed by said thermostat exceeds a
      predetermined upper limit; a plug adapted for electrical connection to
      said heating element via said terminals, said thermostat being
      incorporated in said plug; and means acting between said housing and said
      plug releasably biasing said plug towards said housing and also biasing
      said thermostat against said housing to assure good thermal contact
      between the thermostat and the housing.
PAR  In a preferred embodiment the means acting between the plug and housing are
      constituted by a spring biased cap having a depending finger that engages
      the plug and biases it toward the housing, the cap being adapted to cover
      the terminals when the plug is disconnected therefrom and removed from the
      housing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are perspective views of one embodiment of an engine
      preheater embodying this invention,
PAR  FIGS. 3 and 4 are perspective views of a preferred embodiment of the
      invention,
PAR  FIG. 5 is a perspective view of a part of the preferred embodiment, and
PAR  FIGS. 6 and 7 are sectional views taken along lines 6--6 and 7--7 in FIGS.
      2 and 3 respectively.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION INCLUDING THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, there is shown an engine preheater 10 that
      includes a housing 11 having a passage 12 extending therethrough for
      passage of coolant through the heater. Housing 11 has end sections 13 and
      14 that are separated from each other by an enlarged intermediate section
      15.
PAR  End sections 13 and 14 are adapted to be connected to a radiator hose and,
      to this end, are provided with lips 16 over which the radiator hose must
      be stretched. Conventional hose clamps may be used for clamping the hose
      to end sections 13 and 14.
PAR  As shown in FIGS. 6 and 7, cast in place in and embedded in intermediate
      section 15 is a heating element 19 of known conventional type. Housing 11
      may be a cast in a permanent mold, and it is to be understood that heating
      element 19 is positioned in the mold and housing 11 cast around it,
      whereby element 19 becomes embedded in the casting. In this manner heating
      element 19 is kept out of contact with coolant flowing through passage 12
      to avoid problems of galvanic corrosion.
PAR  The casting in place of heating element 19 is not essential to this
      invention in its broadest aspect, but it is a feature of the preferred
      embodiment of the invention. In this respect, the casting in place of the
      heating element in housing 11 avoids any problem of the heating element
      impeding flow of coolant through passage 12, and tests have shown that
      ample heat can be indirectly applied from heating element 19 via housing
      11 to coolant flowing through passage 12. Heating element 19, as
      aforementioned, is of a conventional type consisting of an outer steel
      tube having its outer surface flashed with copper, a resistance wire
      centrally located in the tube and magnesium oxide surrounding the
      resistance wire and filling the remainder of the passage through the tube.
      When this heating element is cast in place, it is believe that adhesion
      between the metal of the housing and the tube of the heating element takes
      place. In any event, perfect or almost perfect heat transfer relationship
      between the housing and the heating element is established, much more so
      that ever could be established by wrapping a heating element around the
      housing or inserting it into a preformed cavity in the housing.
      Furthermore, the additional expense of these manufacturing steps is
      avoided.
PAR  Intermediate section 15 should be fabricated of heat conductive material
      and, obviously, if the whole of housing 11 is to be cast at one time, the
      whole of housing 11 will be fabricated of the same heat conductive
      material. This material preferably is a metal, a very suitable alloy that
      can be used being "ALCAN" (trade mark) 160X, an aluminum alloy composed of
      copper-0.1%, iron-0.6%, manganese-0.3%, silicone-10 to 13%, zinc-0.1%,
      titanium-0.2%, various other elements-0.2%, balance aluminum.
PAR  An is shown in FIGS. 1, 4, 6 and 7, heating element 19 has two terminals 20
      and 21 that may be connected via a plug 22 and a linecord 23 having a
      receptacle engaging plug (not shown) at its other end to any suitable
      source of electrical energy.
PAR  Terminals 20 and 21 are located in a receptacle 25 formed integral with and
      constituting a part of intermediate section 15. Also located in the
      receptacle and connected thereto is a grounding pin 50.
PAR  Since heating element 19 is cast in place in and embedded in intermediate
      section 15, intermediate section 15 will be hotter than end sections 13
      and 14. The end sections are provides with stops 27 that are located
      adjacent intermediate section 15 but spaced therefrom. The radiator hose
      abuts against these stops and is prevented thereby from coming into
      contact with intermediate section 15 so as to reduce deterioration of the
      hose due to heat.
PAR  While it is preferred to cast housing 11 as a unitary structure, it is also
      possible for housing 11 to consist of a tube having the intermediate
      section cast or otherwise formed about the central portion of the tube.
PAR  The housing may be provides with an integrally formed well 60, while plug
      22 has a thermostat 61 (FIG. 6) built into it, this thermostat fitting
      into well 60, as best shown in FIG. 6, when the plug in connected to the
      terminals of the heating element. Plug 22 has a skirt portion 62 (FIG. 6)
      that completely surrounds thermostat 61 and that engages the annular wall
      that defines well 60 to weather proof the thermostat and seal it in the
      well.
PAR  Heating element 19 is interposed between coolant passage 12 and well 60, so
      thermostat 61 senses and is responsive to the temperature of element 19,
      rather than to the temperature of the coolant flowing through passage 12.
      The thermostat is set and connected to interrupt the supply of power to
      element 19 when it becomes too hot, as would occur, for example, if there
      were no coolant present in the preheater, so as to prevent element 19 from
      burning out. Such an arrangement is not possible in prior art lower
      radiator hose preheaters of the type where the heating element is in the
      coolant passage because, when such a preheater runs dry, the heating
      element is surrounded by air and transmits very little heat to the
      housing. Consequently in an engine preheater embodying this invention the
      heating element should be at least partly embedded in housing 11.
PAR  Referring now to FIGS. 1, 2 and 6, there is provided a member 70 of
      generally U-shaped configuration having a cross-piece 71 and two
      spaced-apart upstanding arms 72 and 73. The upstanding arms are pivotally
      connected to housing 11 and, as shown in FIGS. 2 and 6, the cross-piece is
      adapted to engage plug 22 and bias the plug towards housing 11 when
      U-shaped member 70 is pivoted from the position thereof shown in FIG. 1
      where it is out of contact with plug 22 into the position thereof shown in
      FIGS. 2 and 6 wherein cross-piece 71 overlies plug 22. In this manner good
      thermal contact is maintained between thermostat 61 and housing 11, and
      plug 22 is inhibited against becoming loose on housing 11.
PAR  In the preferred embodiment of the invention shown in FIGS. 3, 4, 5 and 7
      there is provided a cap 80 that is pivotally mounted on housing 11 by
      means of a pivot pin 81. Surrounding pivot pin 81 is a spring 82 that
      spring biases cap 80 into engagement with housing 11 so that, when plug 22
      is removed, cap 80 seals receptacle 25 and covers terminals 20 and 21, as
      shown in FIGS. 3 and 7.
PAR  Cap 80 has a depending finger 83 that engages plug 22, when the plug is in
      its connected position, as shown in FIG. 5, and in dotted outline in FIG.
      7, whereby plug 22 is biased toward housing 11 to assure good thermal
      contact between thermostat 61 and housing 11.
PAR  If desired, and as shown in FIG. 7, the portions of cap 80 that overlie
      receptacle 25 and well 60 may be gasketed, as at 84 to ensure good
      sealing.
PAR  While preferred embodiments of this invention have been disclosed herein,
      those skilled in the art will appreciate the changes and modifications may
      made therein without departing from the spirit and scope of this invention
      as defined in the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A heater for the coolant of a liquid cooled engine, said heater being of
      a type adapted to be connected in a hose between a liquid cooled engine
      and a radiator, said heater comprising a housing having a passage
      extending therethrough for passage of coolant through said heater, said
      housing having first and second end sections and an intermediate section,
      said intermediate section being cast of heat conductive material and being
      located between said end sections, said end sections being adapted to be
      connected to a radiator hose, an electric heating element cast in place in
      and embedded in said intermediate section and separated from the passage
      through said housing by part of said housing, whereby coolant flowing
      through the passage in said housing is inhibited from direct contact with
      said heating element but indirectly is heated thereby, said heating
      element having exposed terminals, a thermostat located in heat transfer
      relationship with said housing on the side of said heating element remote
      from said passage, said thermostat being responsive to the temperature of
      said heating element for interrupting the supply of power thereto when the
      temperature sensed by said thermostat exceeds a predetermined upper limit,
      a plug adapted for electrical connection to said heating element via said
      terminals, said thermostat being incorporated in said plug, and means
      acting between said housing and said plug releasably biasing said plug
      towards said housing and also biasing said thermostat against said housing
      to assure good thermal contact between said thermostat and said housing.
NUM  2.
PAR  2. A heater according to claim 1 including a well formed in said
      intermediate section, said well being located on the side of said heating
      element remote from the passage through said housing, said thermostat
      being located in said well.
NUM  3.
PAR  3. A heater according to claim 1 wherein the last-mentioned means is
      pivotally mounted on said housing.
NUM  4.
PAR  4. A heater according to claim 3 wherein said last-mentioned means is a
      member of generally U-shaped configuration having a cross-piece and two
      spaced-apart upstanding arms, said upstanding arms being pivotally
      connected to said housing and said cross-piece being adapted to engage
      said plug and bias said plug towards said housing when said U-shaped
      member is pivoted from a first position out of contact with said plug into
      a second position wherein said cross-piece overlies said plug.
NUM  5.
PAR  5. A heater according to claim 4 including a well formed in said
      intermediate section, said well being located on the side of said heating
      element remote from the passage through said housing, said thermostat
      being located in said well.
NUM  6.
PAR  6. A heater according to claim 3 wherein said last-mentioned means includes
      a spring biased cap having a depending finger that engages said plug and
      biases said plug toward said housing, said cap being adapted to cover said
      terminals when said plug is disconnected therefrom and removed from said
      housing.
NUM  7.
PAR  7. A heater according to claim 6 including a well formed in said
      intermediate section, said well being located on the side of said heating
      element remote from the passage through said housing, said thermostat
      being located in said well.
NUM  8.
PAR  8. A heater according to claim 6 wherein said plug has a top surface
      overlying said thermostat, said finger engaging said top surface.
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ABST
PAL  In an electrical soldering iron having a soldering tip which is heatable to
      a predetermined operating temperature by means of an electrical heater
      element and in which electrical heating and control circuits are provided
      to supply electric current to the heater element in response to
      predetermined changes in temperature of the soldering tip an electrically
      conducting sensing element is operatively connected with the soldering tip
      having a resistance which varies directly with changes in its temperature.
      The heating circuit has a controlled rectifier as a switch and the control
      circuit is adapted to regulate said controlled rectifier to open and close
      the heating circuit in response to a predetermined change in the
      resistance of the sensing element. The control circuit includes a bridge
      circuit in which a bias compensating diode is connected to compensate for
      bias of the controlled rectifier. A second diode connected in the control
      circuit cooperates with the bias compensating diode so as to provide for
      anticipation of the switch-off temperature of the SCR to thereby minimize
      variation in the actual soldering tip temperature for any given
      temperature setting.
BSUM
PAR  This invention relates to a soldering iron particularly of the type
      suitable for soldering small components such as in miniature circuits for
      example circuit boards and electrical and electronic circuits in general.
PAR  A wide variety of electrically operated soldering irons are now available
      on the market. Generally these are heated by an electrical heating coil
      and may have a temperature sensing element for control of the electrical
      heating circuit. In known irons the electrical control for opening and
      closing the heating circuit is generally located in a special control box
      located adjacent the iron and which may provide in one main example a
      stand for the soldering iron when not in use. One suitable circuit and
      arrangement of a soldering iron is described in British Pat. application
      No. 5301/71 and a suitable stand is described in British design No.
      957258. Generally the known control circuits employ amplifying means and
      other essential components such that the control circuit is of such
      physical dimensions as to preclude a practical arrangement where the
      circuit is housed in the soldering iron itself.
PAR  The object of the present invention is to provide a soldering iron in which
      the electrical control circuit is of such physical dimensions that it may
      be housed within the soldering iron itself whilst providing for
      satisfactory control sensitivity and reliability.
PAR  According to the present invention there is provided in an electrical
      soldering iron in which a soldering tip is heatable to a predetermined
      operating temperature to perform a soldering operation by means of an
      electrical heater element and in which electrical heating and control
      circuits are provided to supply electric current to the heater element in
      response to predetermined changes in temperature of said soldering tip,
      the improvement which comprises:
PA1  A. an electrically conducting sensing element operatively connected with
      said soldering tip having a resistance to current flow which increases
      with a rise in its temperature whereby its temperature will rise and fall
      and its electrical resistance will increase and decrease as the
      temperature of the soldering tip rises and falls;
PA1  b. said heating circuit having a controlled rectifier as a switch therein;
PA1  c. said control circuit being adapted to regulate said controlled rectifier
      to open and close the said heating circuit in response to a predetermined
      change in the resistance of said sensing element, said control circuit
      comprising a balanced bridge circuit a first arm of which includes said
      sensing element, a second arm of said bridge circuit includes a variable
      resistance whereby the sensing element temperatures at which the heating
      circuit is opened and closed may be predetermined, third and fourth arms
      of said circuit including resistances, the gate of said controlled
      rectifier being connected to the junction of the second and third arms and
      the cathode of said controlled rectifier being connected to the junction
      of said first and fourth arms whereby in response to a sufficient
      electrical potential imbalance across the bridge the controlled rectifier
      is triggered into conduction; and
PAR  d. a bias compensating diode is connected between said first and second
      arms, the cathode thereof being connected to the first arm and to said
      heating circuit, the anode of said bias compensating diode being connected
      to said second arm and through a current limiting diode to the cathode of
      said controlled rectifier thereby to limit the current and to balance the
      bias of said controlled rectifier upon said bridge, said fourth arm
      including a diode to balance the effect upon the bridge of the bias
      compensating diode whereby heating current flowing through the controlled
      rectifier, bias compensating diode and current limiting diode will heat
      the bias compensating diode thereby lowering its voltage and providing an
      electrical imbalance to said bridge to lower the predetermined temperature
      at which the heating circuit will be opened.
PAR  Preferably a tool handle is provided which may be formed around the barrel
      into which the heating tip may be fitted. Preferably the tool handle is of
      such a shape and size that it may be readily grasped by the hand.
      Preferably the tool handle is a substantially elongated cylindrical
      handle. The handle may be made of any suitable heat resistant and
      electrically resistant material as is known in the art.
PAR  The present invention is concerned with the provision of unique electric
      heating and control circuits so as to obviate the need for a voltage
      amplifier at the gate of the SCR and thereby permit housing of the
      circuits within the soldering iron itself. Further, it will become readily
      apparent to persons skilled in the art that the unique arrangement of
      diodes 23, 24 and 26, to be hereinafter described, enables the attainment
      of other advantages such as control of the bias of the controlled
      rectifier and anticipation of the "switch-off" temperature of the
      controlled rectifier so as to minimize variation in the actual soldering
      tip temperature for any given temperature setting.
PAR  The soldering iron of the present invention includes a control circuit in
      which is located the heating element and a temperature sensing means above
      referred to. The control circuit includes power input means. Preferably
      the power input means is a 240 volt alternating current power input or
      other suitable source of alternating current electrical energy. 115v,
      100v, 50v and 24v alternating current supplies have been found useful. It
      is to be appreciated that the circuits may be modified to adapt to direct
      current supply. Preferably the power leads extend from the handle and may
      be provided with the normal plug for coupling to a power output socket of
      standard form.
PAR  The control circuit is provided with switching means in series with the
      heating element whereby to open and close the heating circuit to the power
      source in response to a signal received from the temperature sensing
      means. Thus the switching means may be provided by a control rectifier or
      other suitable switch. A silicon controlled rectifier is most suitable in
      practice and this also provides for part wave rectification of the
      alternating current applied to the heating circuit. Preferably the gate of
      the controlled rectifier is connected to a temperature sensing circuit
      which contains the temperature sensing probe above referred to. The
      temperature sensing circuit may be provided by a voltage dividing circuit
      one leg of which may be provided by the resistance coil and the other leg
      by a variable resistance. The voltage dividing circuit may be provided in
      parallel with a resistance or a pair of diodes or the like between the
      power sources. Preferably a capacitance is provided over the power source
      for a purpose more fully described hereinafter.
PAR  Any suitable sensing element may be used. Nickel wire is particularly
      satisfactory as are nickel alloys.
DRWD
PAR  In order that the invention may be more fully understood it will now be
      described, by way of example, with reference to the accompanying drawings
      in which:
PAR  FIG. 1 is a schematic diagram of an electrical circuit for a soldering
      iron;
PAR  FIG. 2 is a modification of the electrical control circuit shown in FIG. 1;
PAR  FIG. 3 is a schematic diagram of an electrical control circuit according to
      the preferred embodiment of the invention;
PAR  FIG. 4 depicts a modification of the control circuit shown in FIG. 3; and
PAR  FIG. 5 is a side elevational view of part of a soldering iron incorporating
      the present invention.
DETD
PAR  The details of the circuits should of course not be taken as restrictive
      upon the ambit of the present invention. Referring to FIGS. 1 and 2 an
      alternating electric current is provided by a power source across the
      terminals 6 and 7 and a heating element 8 is connected between the
      terminals 6 and 7. A switching means which as shown is in the form of a
      silicon controlled rectifier 9 is provided in series with the heating
      element 8. The temperature sensing circuit includes a resistance coil 11
      to provide the temperature sensing probe and the variable resistance 12
      arranged to provide a voltage dividing circuit interposed by the gate 13
      of the controlled rectifier 9. In FIG. 1 a resistance 14 is provided
      across the voltage dividing circuit. In the alternative shown in FIG. 2 a
      pair of diodes 16 and 17 are provided in substitution for the resistance
      14. Preferably a capacitance 18 is provided between the terminal 6 and the
      temperature sensing circuit as shown.
PAR  The operation of the circuits shown in FIGS. 1 and 2 will be clear to those
      skilled in the art. When the soldering iron is required for use the
      resistance coil 11 will be at a low temperature and its resistance will be
      low also. Thus the potential difference across the variable resistance 12
      will be greater than the potential drop across the resistance coil 11 so
      that the potential applied to the gate 13 of the controlled rectifier 9
      will cause it to conduct during positive half cycles of the alternating
      voltage applied between the terminals 6 and 7. Thus current will flow
      through the heating element 8 to heat the soldering tool. As the
      temperature is raised the resistance of the resistance coil 11 will
      increase and the alternating voltage across the variable resistance 12
      will be reduced until a temperature is reached such that the alternating
      voltage is insufficient to trigger the controlled rectifier 9. At this
      point current will no longer flow through the heating element 8 and the
      soldering iron will begin to cool. The cooling will effect a lowering of
      the resistance of the resistance coil 11 so that the alternating voltage
      across the variable resistance 12 will again begin to increase to such a
      stage when the controlled rectifier 9 will begin to conduct again. This
      sequence of operations is repeated continuously to maintain the
      temperature of the soldering tool at the desired level which may be
      adjusted by appropriate variation of the variable resistance 12. It will
      be appreciated that as the resistance of the variable resistance 12 is
      increased so the switch-off temperature for the controlled rectifier 9
      will be increased to increase the temperature at which the soldering tool
      is maintained. An increase in the resistance 12 means that the resistance
      of the resistance coil 11 must be increased to a higher value (by increase
      in its temperature) to provide the required potential drop across the
      variable resistance to prevent triggering of the controlled rectifier 9.
PAR  The capacitor 18 and the resistance 14 combine to provide a suitable
      alternating voltage across the voltage dividing circuit formed by the
      resistance coil 11 and variable resistance 12. The alternating voltage
      applied will lead the supply voltage by approximately 90.degree. so that
      the controlled rectifier 9 will switch on at a point when the
      instantaneous voltage across it is small. By this means electrical
      interference caused by the switching on and switching off of the
      controlled rectifier 9 is reduced to a minimum.
PAR  In the case of the circuit shown in FIG. 2 where the rectifying diodes 16
      and 17 replace the resistance element 14 of FIG. 1 improved performance is
      provided. The voltage across the diodes 16 and 17 is dependent on
      temperature in the same manner as the gate voltage required to cause the
      silicon controlled rectifier 9 to switch on. Thus temperature compensation
      is provided. In addition the diodes 16 and 17 improve regulation of the
      alternating voltage supplied to the voltage dividing circuit comprised by
      the resistance coil 11 and variable resistance 12.
PAR  It will be appreciated that the circuits are relatively compact circuits
      and are suitable for inclusion within the soldering iron tool itself. For
      example the circuits above described may be included within the handle of
      a soldering iron. The control for the variable resistance 12 may extend
      from an aperture within the handle for easy adjustment by the fingers of
      the operator.
PAR  In alternative arrangements the temperature sensing probe and variable
      resistance may be included within a bridge circuit as shown in FIGS. 3 and
      4. It will be appreciated that these particular circuits depicted are
      given by way of example only and the details should not be taken as
      restrictive upon the present invention. Again a heating element 8 is
      provided between the terminals 6 and 7 connected to the source of
      alternating electric current. A controlled rectifier 9 is provided in
      series with the heating element 8 to provide a switch therefor. The
      resistance coil 11 is responsive to the temperature at the soldering tip
      of the iron and forms part of a bridge circuit. The bridge circuit
      includes the resistance coil 11 in one leg and the variable resistance 12
      is another. To provide the balance of the bridge there is a leg including
      resistance 21 and a leg including a resistance 22 and a diode 23. The
      controlled rectifier 9 is connected across the bridge in such a manner
      that its cathode is connected to the junction of the resistance coil 11
      and the diode 23, whilst its gate 13 is connected to the junction of the
      resistance 21 and the variable resistance 12. It will be seen then that
      alternating voltage appearing at the gate of the silicon controlled
      rectifier 9 is essentially the difference between the voltage across the
      resistance coil 11 and the variable resistance 12. The capacitor 18
      provides a supply of suitable alternating current to the bridge in phased
      relation for a purpose more fully described hereinafter.
PAR  A bias compensating diode 24 is provided in order to balance the bias
      voltage inherent in the controlled rectifier 9. The diode 23 previously
      described is provided in the bridge to balance the effect on the bridge of
      the diode 24. A diode 26 is provided to limit the current that flows in
      the resistance coil 11 under conditions when the silicon controlled
      rectifier 9 is switched on. Thus, heating current will flow through the
      controlled rectifier, bias compensating diode 24 and current limiting
      diode 26 and will serve to heat the bias compensating diode thereby
      lowering its voltage and providing an electrical imbalance to said bridge
      in order to lower the predetermined temperature at which the heating
      circuit will be opened. The bridge circuit is provided to ensure that
      variations in the alternating supply voltage across the terminals 6 and 7
      do not effect substantially the temperature at which the soldering tool
      will be maintained, since with the bridge at balance variations in the
      alternating currents supplied to the bridge will have little effect on the
      difference voltage.
PAR  It will be noted that in FIG. 3 the capacitor 18 is connected to the
      terminal 6 and heating element 8 whereas in the circuit shown in FIG. 4
      the capacitor is joined between the heater 8 and the controlled rectifier
      9.
PAR  When the apparatus shown in FIGS. 3 and 4 is activated and the resistance
      of the resistance coil 11 is low due to its low temperature the
      alternating voltage across the variable resistance 12 in conjunction with
      the diode 24 in the bridge circuit will be greater than the alternating
      voltage across the resistance coil 11. Thus the gate voltage of the
      silicon controlled rectifier 9 will be sufficiently more positive with
      respect to the cathode voltage that the rectifier will switch on to
      conduct allowing the positive half cycles of current to flow through the
      heating element 8. The soldering iron will therefore begin to heat. The
      diodes 24 and 26 will prevent positive half cycles of heating current
      flowing through the resistance coil 11.
PAR  As the soldering iron increases in temperature the resistance of the
      resistance coil 11 will be increased until a temperature is reached where
      the difference between the gate and cathode potentials of a controlled
      rectifier 9 ar insufficient to allow the rectifier 9 to switch on during
      positive half cycles of the alternating supply voltage. Thus the flow of
      current through the heating element 8 will cease and the soldering iron
      itself will begin to cool. Thus the resistance of the resistance coil 11
      will become lower and will cause the voltage difference between cathode
      and anode of the controlled rectifier 9 to be increased. The silicon
      controlled rectifier will switch on again to allow the positive half
      cycles of current to flow through the heating element 8 to cause the
      soldering tool to be heated again. During the period when the silicon
      controlled rectifier is switched on, the positive half cycles of the
      heating current flow through the diodes 26 and 24 and heat the said
      diodes. Since diode 24 forms part of the bridge circuit, and the heating
      of the diode will cause its voltage to be lowered, the difference between
      the gate and cathode potentials is further reduced, thus the temperature
      at which the rectifier ceases to switch on is lower than would be the case
      without the heating of diode 24.
PAR  This cycle of operations will reoccur continuously to maintain the
      temperature of the soldering iron within predetermined limits adjustable
      by means of the variable resistance 12. Increasing the resistance of the
      variable resistance 12 will cause the voltage at the gate of the silicon
      controlled rectifier 9 to be increased and so the resistance of the
      resistance coil 11 must be raised further before the controlled rectifier
      9 will be prevented from switching on. Accordingly the temperature of the
      soldering tool will be maintained at a higher level.
PAR  The resistances 21 and 22 are chosen to form a suitable bridge circuit in
      conjunction with the variable resistance 12, the diode 24 and the
      resistance coil 11. The capacitance 18 is provided to supply a suitable
      alternating current to the bridge such that the phase angle of the current
      leads the phase angle of the alternating supply voltage applied to the
      terminals 6 and 7 by approximately 90.degree. so that the controlled
      rectifier 9 will switch on when the instantaneous voltage across it is
      small as discussed with reference to the previous circuits. In the circuit
      shown in FIG. 4 the capacitance 18 is connected to the controlled
      rectifier 9 and the positive half cycles of voltage across the capacitator
      will be very low in the condition where the controlled rectifier is
      switched on.
PAR  Again the circuits shown with reference to FIGS. 3 and 4 may be constructed
      of relatively compact physical size so that they may be accommodated
      within the handle of a soldering iron for example.
PAR  Referring to FIG. 5, there is shown a soldering iron 28 which includes a
      barrel 30 and a soldering tip 32 which is cooperable with the barrel so as
      to be removably secured in an end thereof. The soldering tip is heatable
      to a predetermined operating temperature in order to perform a soldering
      operation. The soldering iron is provided with an electrical heater
      element 8 which may be wound about, but electrically insulated from barrel
      30. The barrel as will be self-evident to persons versed in the art, is
      desirably composed of a material having a high thermal conductivity such
      as nickel, a nickel-copper-iron alloy or similar material. An electrically
      conducting sensing element 11, having a resistance to current flow which
      increases with a rise in its temperature, is wound about the barrel. Such
      sensing element, in a manner similar to the arrangement for heater element
      8, is insulated electrically from the barrel. The sensing element is so
      associated with the soldering tip that its temperature will rise and fall,
      and its resistance will increase and decrease, as the temperature of the
      soldering tip rises and falls. A source of electrical power is provided
      for supplying electrical current to the heater element. FIGS. 3 and 4 may
      be referred to as showing terminals 6 and 7 which are connected to a
      source of alternating current. The circuits shown in FIGS. 3 and 4 may be
      embodied in the soldering iron depicted in FIG. 5 in any convenient manner
      and include control circuits for regulation of the heating circuit in
      accordance with this invention.
PAR  It will be seen then that the circuits of the present invention provide
      compact means for the control of heating of the soldering iron such that
      the circuits may be accommodated within the soldering iron itself thereby
      dispensing with the need for a separate control box for the iron. The
      invention provides a soldering iron tool including control means housed
      within the iron itself. It will be appreciated that various minor
      modifications alterations and variations may be made to the above
      described arrangement and construction of parts without departing from the
      ambit of the present invention as defined in the claims that follow.
CLMS
STM  Having now described my invention, what I claim as new and desire to secure
      by Letters Patent is:
NUM  1.
PAR  1. In an electrical soldering iron in which a soldering tip is heatable to
      a predetermined operating temperature to perform a soldering operation by
      means of an electrical heater element and in which electrical heating and
      control circuits are provided to supply electric current to the heater
      element in response to predetermined changes in temperature of said
      soldering tip, the improvement which comprises:
PA1  a. an electrically conducting sensing element operatively connected with
      said soldering tip having a resistance to current flow which increases
      with a rise in its temperature whereby its temperature will rise and fall
      and its electrical resistance will increase and decrease as the
      temperature of the soldering tip rises and falls;
PA1  b. said heating circuit having a controlled rectifier as a switch therein;
PA1  c. said control circuit being adapted to regulate said controlled rectifier
      to open and close the said heating circuit in response to a predetermined
      change in the resistance of said sensing element, said control circuit
      comprising a balanced bridge circuit as a first arm of which includes said
      sensing element, a second arm of said bridge circuit includes a variable
      resistance whereby the sensing element temperatures at which the heating
      circuit is opened and closed may be predetermined, third and fourth arms
      of said circuit including resistances, the gate of said controlled
      rectifier being connected to the junction of the second and third arms of
      the cathode of said controlled rectifier being connected to the junction
      of said first and fourth arms whereby in response to a sufficient
      electrical potential imbalance across the bridge the controlled rectifier
      is triggered into conduction; and
PA1  d. a bias compensating diode is connected between said first and second
      arms, the cathode thereof being connected to the first arm and to said
      heating circuit, the anode of said bias compensating diode being connected
      to said second arm and through a current limiting diode to the cathode of
      said controlled rectifier thereby to limit the current and to balance the
      bias of said controlled rectifier upon said bridge, said fourth arm
      including a diode to balance the effect upon the bridge of the bias
      compensating diode whereby heating current flowing through the controlled
      rectifier, bias compensating diode and current limiting diode will heat
      the bias compensating diode thereby lowering its voltage and providing an
      electrical imbalance to said bridge to lower the predetermined temperature
      at which the heating circuit will be opened.
NUM  2.
PAR  2. A soldering iron as defined in claim 1, wherein a capacitance is
      connected in said control circuit so as to place the supply voltage out of
      phase with the supply current whereby said rectifier will be gated into
      conduction when the instantaneous voltage across same is small.
NUM  3.
PAR  3. A soldering iron as defined in claim 2, wherein a capacitor is connected
      in said control circuit between the heater element and controlled
      rectifier.
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ABST
PAL  A housing is provided including an upper portion for storing a plurality of
      cigarettes and a lower portion including cigarette support and ignition
      structure for supporting and igniting a cigarette dispensed thereto by
      gravity from the upper portion. The upper portion includes cigarette
      dispensing structure for dispensing single cigarettes downwardly by
      gravity toward the support and ignition structure. The cigarette support
      and ignition structure is of a construction to support a cigarette to be
      ignited in an inclined position and includes an electrical resistance
      heating element positioned for end abutting engagement of the lower end of
      the supported cigarette to be ignited, whereby the lower end of the
      cigarette will be ignited upon actuation of the electrical resistance
      heating element. The housing includes an upstanding side wall portion
      having an opening formed therethrough and the opening is positioned in
      relation to the cigarette support and ignition structure whereby a
      cigarette supported therefrom for ignition will have the upper end thereof
      disposed in a position projecting through the opening. In this manner, the
      ignited cigarette may be readily lengthwise extracted from the cigarette
      dispenser.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have, heretofore, been various types of cigarette dispensing and
      igniting structures heretofore designed. Some of these previous structures
      may be found in U.S. Pat. Nos. 1,370,631, 1,608,615, 2,132,771, 3,351,735
      and 3,361,894.
PAR  The previously patented structures for igniting cigarettes are reasonably
      simple in construction, but most previously patented dispensers for
      cigarettes including cigarette ignition means are complex in structure and
      thus expensive and subject to malfunctions. In addition, most cigarette
      dispensers, whether or not provided with cigarette ignition means, are
      constructed in a manner whereby the dispensed cigarette is dispensed by
      gravity to a horizontal support station from which the dispensed cigarette
      may be withdrawn by grasping the central portion of the cigarette between
      two fingers. However, in order to provide relatively simple cigarette
      ignition structure for use in conjunction with a cigarette dispenser, the
      cigarette to be ignited may not be disposed in a horizontal position. When
      one end of a horizontally disposed cigarette is horizontally registered
      with an electrical resistance heating element initial partial ignition of
      the end of the cigarette adjacent the electrical resistance heating
      element increases the spacing between the material to be ignited and the
      heating element with the result that only partial ignition of the
      cigarette is accomplished, at least in some cases.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The dispenser of the instant invention includes an upper hopper portion in
      which a plurality of cigarettes may be stored in horizontal position and
      the lower portion of the hopper includes dispensing means for singly
      downwardly dispensing cigarettes by gravity to a lower support and
      ignition structure for the dispensed cigarette. However, the support and
      ignition structure is of a configuration to support the cigarette to be
      ignited in an inclined position with the lower end thereof end abutted
      against an electrical resistance heating element. In this manner, initial
      ignition of the end of the cigarette abutted against the electrical
      resistance heating element does not create a spacing between the cigarette
      and the heating element inasmuch as the cigarette is free to slide
      downwardly on the support surface provided therefor toward the electrical
      resistance heating element. Therefore, the lower end of a cigarette to be
      ignited is fully ignited by the electrical resistance heating element.
PAR  In addition, the housing of the cigarette dispenser is constructed in a
      manner whereby an upstanding wall portion thereof having an opening formed
      therein is positioned in relation to the support structure for a cigarette
      to be ignited such that the upper end of a cigarette being ignited will
      project through the opening in the side wall of the housing, thus exposing
      the end of the cigarette farthest from the ignited end thereof for
      grasping by the user of the dispenser to lengthwise withdraw the ignited
      cigarette. Accordingly, the cigarette dispenser of the instant invention
      is constructed in a manner to more efficiently ignite the end of the
      cigarette to be ignited and to provide maximum safety for the user of the
      dispenser whereby it will be substantially impossible for the user to have
      any portion of his hand or fingers come in contact with either the
      electrical resistance heating element, a closely adjacent portion of a
      covering shield portion of the electrical resistance heating element or
      the ignited end of the cigarette, even should the person actuate the
      dispenser and attempt to withdraw an ignited cigarette therefrom without
      looking at the dispenser.
PAR  The main object of this invention is to provide a cigarette dispenser which
      will be capable of singly dispensing cigarettes. A further object of this
      invention is to provide a cigarette dispenser including ignition means for
      automatically igniting each cigarette which is dispensed from the
      dispenser.
PAR  Another object of this invention, in accordance with the immediately
      preceding object, is to provide ignition means for the cigarette dispensed
      which is completely housed within a housing and thereby protected against
      contact by the user's hand or fingers.
PAR  Still another important object of this invention is to provide a cigarette
      dispenser which will support the dispensed and ignited cigarette in an
      inclined position with the ignited end of the cigarette lowermost within
      the housing and the upper end of the cigarette projecting slightly through
      a horizontal opening formed in one upstanding wall portion of the housing
      of the dispenser.
PAR  A final object to be specifically enumerated herein is to provide a lighted
      cigarette dispenser in accordance with the preceding objects and which
      will conform to conventional forms of manufacture, be of simple
      construction and easy to use so as to provide a device that will be
      economically feasible, long lasting and relatively trouble free in
      operation.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the lighted cigarette dispenser of the
      instant invention;
PAR  FIG. 2 is a vertical sectional view taken substantially upon the plane
      indicated by the section line 2--2 of FIG. 1 and including a diagrammatic
      illustration of the electrical circuitry of the dispenser.
PAR  FIG. 3 is a transverse vertical sectional view taken substantially upon the
      plane indicated by the section line 3--3 of FIG. 2 and with the top wall
      portion of the housing illustrated in a partially open position by phantom
      lines;
PAR  FIG. 4 is a transverse vertical sectional view taken substantially upon the
      plane indicated by the section line 4--4 of FIG. 2 and with an alternate
      downwardly displaced position of the actuating lever of the dispenser
      illustrated in phantom lines;
PAR  FIG. 5 is a fragmentary horizontal sectional view illustrating the manner
      in which the actuating lever is held in a downwardly displaced position by
      means of a latch construction in the applied position and automatically
      shiftable, in response to a rise in ambient heat, to an inoperative
      position for release of the actuating lever;
PAR  FIG. 6 is a fragmentary transverse vertical sectional view similar to the
      upper central portion of FIG. 3 but with the cigarette dispensing cylinder
      of the dispenser in a cigarette dispensing position;
PAR  FIG. 7 is a fragmentary vertical sectional view similar to the lower
      right-hand portion of FIG. 2 but illustrating the contact switch of the
      actuating electrical circuit of the dispenser in a closed position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The numeral 10 generally designates the lighted cigarette dispenser of the
      instant invention. The dispenser 10 includes an upstanding housing
      referred to in general by the reference numeral 12 including opposite side
      walls 14 and 16, opposite end walls 18 and 20, a bottom wall 22 extending
      between and interconnecting the walls 14, 16, 18 and 20 and a hinged top
      wall 24 pivotally supported from the upper marginal edge portion of the
      side wall 16 as at 26.
PAR  The interior of the housing 12 includes an upper portion having a hopper
      type support structure 28 supported therein and into which cigarettes 30
      to be housed within the housing 12 may be downwardly displaced for support
      from the hopper type support structure 28 through the open top of the
      housing 12 when the top wall 24 is in an open position.
PAR  A partial cylindrical dispensing drum 32 having one open side extends
      between and is journaled from the end walls 18 and 20 and the end of the
      drum 32 adjacent the end wall 20 has a gear wheel 34 mounted thereon.
PAR  The side wall 14 has a vertically extending slot 26 formed therein closely
      adjacent the end wall 20 and the base end 38 of an operating lever 40 is
      pivotally supported within the housing 12 adjacent the side wall 16 as at
      42. The free end portion 44 of the lever 40 is slidingly received within
      the slot 36 and terminates in a horizontally enlarged finger-engageable
      abutment 46 for digital manipulation of the lever 40 from the exterior of
      the housing 12.
PAR  The mid-portion of the lever 40 has an intermediate portion of an
      upstanding rack gear 48 pivotally supported therefrom as at 50. The rack
      gear 48 is registered and meshed with the gear wheel 34 and any suitable
      means such as an expansion spring or internal guides within the housing 12
      may be provided to maintain the rack gear 48 in meshed engagement with the
      gear wheel 34. In any event, as the free end portion 44 of the lever 40 is
      downwardly depressed from the solid line position thereof illustrated in
      FIG. 4 of the drawings to the phantom line position shown in FIG. 4, the
      drum 32 is rotated from the upwardly opening position thereof illustrated
      in FIGS. 3 and 4 for the reception of the lowermost cigarette 30 within
      the hopper-type support structure 28 therein to a downwardly opening
      position such as that illustrated in FIG. 6 whereby the cigarette 30
      previously disposed within the drum 32 will be free to fall by gravity
      into the lower portion of the housing 12.
PAR  The end wall 18 of the housing 12 includes an inwardly recessed portion 52
      having a horizontal opening 54 formed therethrough and supported within
      the lower portion of the housing 12 is a U-shaped support cradle 56. The
      cradle 56 is downwardly inclined toward the lower end of the end wall 20
      and is closed at its lower end by means of an inclined end wall portion 58
      disposed at substantially right angles to the longitudinal extent of the
      support trough or cradle 56. The wall 58 has an opening 60 formed therein
      and an electrical resistance heating element 62 is supported, by means of
      a support structure 64, in registry with the outer end of the opening 60.
      The inwardly recessed or offset wall portion 52 is joined to the vertical
      portion of the wall 18 immediately thereabove by means of a horizontal
      flange portion 66 and it will be noted that the innermost portion of the
      horizontal flange portion 66 is in registry with the lower portion of the
      drum 32 opposing the end wall 18. Accordingly, as the drum 32 is rotated
      from the positions thereof illustrated in FIGS. 3 and 4 of the drawings to
      the position thereof illustrated in FIG. 6 in order to downwardly dispense
      the cigarette 30 previously resting within the drum 32, the filter end 30'
      (see FIG. 2) of the cigarette 30 strikes the upper surface of the flange
      portion 66 and is therefore retarded in its downward falling movement
      until such time as the remote end of the cigarette 30 falls downwardly
      into contact with the end wall 58 and thereafter slides down the latter
      for reception through the opening 60 and endwise abutted engagement with
      the heating element 62. As the end of the cigarette 30 remote from the
      filter 30' is received in the lower portion of the opening 60, the filter
      end 30' of the cigarette 30 slides out of contact with the inner end of
      the flange portion 66 and swings downwardly to the position thereof
      illustrated by phantom lines in FIG. 2 with the filter end 30' of the
      cigarette 30 projecting outwardly through the opening 54.
PAR  A latch construction referred to in general by the reference numeral 68 is
      provided and includes a horizontal arm portion 70 and a vertical arm
      portion 72. The horizontal arm portion 70 includes a base end 74 anchored
      to the side wall 16 as at 76 and a free end portion 78 supported from the
      base end portion 76 by means of a connecting sleeve 80 having a high
      coefficient of expansion. The upper end of the vertical arm portion 72
      includes a latching lug 82 and the latching lug 82 is cammed out of
      registry by the lever 40 upon its downward movement to the phantom line
      position thereof illustrated in FIG. 4 and is then engageable over the
      upper surface of the lever 40 to retain the latter in its downwardly
      displaced position against the biasing action of the spring 86, see FIG.
      4, connected between the housing side wall 16 and the lever 44 to upwardly
      displace the latter toward its solid line position of FIG. 4.
PAR  From FIG. 4 of the drawings it may be seen that the connecting sleeve is
      positioned to be heated by radiant heat energy from the heating element 62
      upon actuation of the latter. When the connecting sleeve 80 is heated it
      increases in effective length and the lug 82 is shifted from the solid
      line position thereof illustrated in FIG. 5 to the phantom line position
      thereof illustrated in FIG. 5 in registry with a bowed portion 84 of the
      lever 40 whereby the lever 40 will be released for upward movement under
      the biasing action of the spring 86. The lever 40 includes a resilient
      clapper arm 86 supported therefrom and the hopper type support structure
      includes a bell gong 88 engageable by the clapper arm 87 upon rapid upward
      movement of the lever 40 under the biasing action of the spring 86 to the
      phantom line position of the lever 40 illustrated in FIG. 4.
PAR  An electric blower 90 is mounted within the lower portion of the housing 12
      and is electrically connected to a source 92 of electrical potential by
      means of a wiring circuit 94 having an insulatively mounted spring contact
      96 electrically connected therein. Also, the electrical resistance heating
      element 62 is insulatively mounted and electrically connected to the
      source 92 by means of an electrical circuit 98 having an insulatively
      supported contact 100 serially connected therein. A pair of contact
      engaging slides 102 and 104 are insulatively slidably supported within the
      housing 12 for vertical reciprocation therein and are connected to the
      mid-portion of the lever 40 on opposite sides of the bowed portion 84 by
      means of connecting rods 106 and 108, respectively. Accordingly, upon
      downward movement of the lever 40 from the solid line position thereof
      illustrated in FIG. 4 to the phantom line position of FIG. 4 the slides
      102 and 104 are displaced downwardly to close the spring contacts 96 and
      100 and thereby electrically connect the blower 90 and the electrical
      resistance heating element 62 to the source 92 as the cigarette within the
      dispensing drum 32 is downwardly displaced therefrom from the solid line
      position thereof illustrated in FIG. 2 within the dispensing drum 32 to
      the phantom line position thereof illustrated in FIG. 2 resting in the
      support trough or cradle 56 with the lower end of the cigarette 30 abutted
      against the electrical resistance heating element 62. Of course, contact
      of the lower end of the cigarette 30 with the electrical resistance
      heating element 62 and the air circulating action created by the blower
      90, the lower end of the cigarette 30 supported within the support trough
      or cradle 56 is fully ignited. However, during operation of the electrical
      resistance heating element 62 to ignite the lower end of the cigarette 30,
      the sleeve 80 is heated and thus caused to expand and to thereby shift the
      lug 82 carried by the upper end of the vertical arm portion 72 from the
      solid line position thereof illustrated in FIG. 5 to the phantom line
      position thereof illustrated in FIG. 5, whereby the lever 40 is free to
      swing upwardly from the phantom line position thereof illustrated in FIG.
      4 to the solid line position of FIG. 4 under the biasing action of the
      spring 86. Upward movement of the lever 40 to the solid line position of
      FIG. 4 upwardly withdraws the slides 102 and 104 from the spring contacts
      96 and 100 and thereby opens the circuit 94 and 98 to the blower 90 and
      electrical resistance heating element 62.
PAR  As hereinbefore set forth, after the cigarette 30 has been downwardly
      displaced to its position supported from the support trough or cradle 56,
      the filter tip end 30' thereof projects outwardly through the opening 54
      whereby the filter tip end 30' of the cigarette 30 may be readily grasped
      after being ignited in the manner above set forth and return of the lever
      40 to the upper phantom line position thereof illustrated in FIG. 4 has
      been accomplished in order to sound the bell gong 88 signalling that the
      cigarette 30 is ready to be withdrawn from the support trough or cradle 56
      through the opening 54.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exct construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A lighted cigarette dispenser including a support housing including an
      upper portion for storing a plurality of cigarettes in horizontal position
      and a lower portion including first means for catching and supporting a
      cigarette dispensed theretoward by gravity from said upper portion, said
      upper portion including second means for dispensing single horizontal
      cigarettes downwardly from said upper portion by gravity toward said
      support means, said first means including means for supporting a dispensed
      cigarette in an inclined position, said housing including abutment means
      therein below said dispensing means for abutment by one terminal end of a
      cigarette downwardly dispensed from said second means to check the descent
      of said one terminal end and thereby cause the cigarette to be angularly
      displaced to an inclined position for catching by and support from said
      first means, an upstanding side wall portion having an opening formed
      therethrough closely beneath said abutment means, said opening being
      positioned in relation to said first means whereby an inclined cigarette
      supported from said first means will have the upper end thereof disposed
      in a position projecting through said opening, said upper portion defining
      an upwardly opening elongated storage hopper including downwardly
      convergent lower wall portions spaced apart at their lower ends, said
      second means comprising a generally horizontal cylindrical dispensing drum
      journalled between said lower wall portions and having one open side for
      the reception of a single cigarette therein from said hopper when said
      open side faces upwardly, said second means including an operator
      shiftable between active and inactive positions, said first means
      including electrical resistance heating element means comprising an
      abutment for engagement by the lower end of a supported cigarette,
      electrical switch means for said electrical resistance heating element and
      for serial connection in a circuit in which said resistance heating
      element is also serially connected, said operator and switch means
      including coacting means operative to close and open said switch means in
      response to shifting of said operator between said active and inactive
      positions, said operator being drivingly connected to said drum for
      oscillating the latter approximately 180 degrees in response to movement
      of said operator from said inactive position, to said active position and
      then back to said inactive position.
NUM  2.
PAR  2. The combination of claim 1 including latch means operatively associated
      with said operator for automatically retaining said operator in said
      active position, means yieldingly biasing said operator toward said
      inactive position, said latch means including heat responsive means
      operative to an increase of ambient temperature for rendering said latch
      means ineffective to retain said operator in said active position, said
      heat responsive means being orientated relative to said resistance heating
      element to be heated thereby.
NUM  3.
PAR  3. The combination of claim 2 wherein said dispenser includes electrically
      driven blower means in said housing electrically associated with said
      resistance heating means for actuation of the former in response to
      actuation of the latter.
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ABST
PAL  An electric heating element, comprising a tubular sheath formed of a
      thermoplastic material, an electric resistance element, such as a helical
      coil of resistance wire within the sheath, compacted refractory material
      within the sheath to hold the resistance element substantially centered
      within the sheath and out of engagement with the inner wall surface of the
      sheath, and means for mounting the sheath to a support wherein the active
      heating portion of the element is disposed in an environment which is
      controlled to maintain the sheath temperature below its melting point.
PAL  The invention is particularly suited to heat liquids wherein the active
      heating portion is immersed in the liquid. The mounting means may also be
      formed of thermoplastic material and may have a terminal block integral
      therewith or, if a separate terminal block is used, this may be formed of
      a compatible thermoplastic material. The assembly of the thermoplastic
      parts may be effected by adhesive, heat sealing or sonic welding.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  Electric heating elements have long been made with a tubular metal sheath
      and although they have been and still are, commercially acceptable, the
      metal sheath has caused a multitude of problems. First of all, the metal
      from which the sheath is made is expensive, and this is particularly true
      when the sheath is formed of copper or copper alloy, or of stainless steel
      or other corrosion resistant metals. Further, the formation of the metal
      tube is comparatively expensive, whether it be seamless or formed by
      shaping flat metal into tube form and welding the longitudinal split.
PAR  In addition to the above, the metal tubular sheath required careful
      cleaning operations to insure that no deleterious matter contaminated the
      powdered magnesium oxide which electrically insulated the heating resistor
      from the sheath and conducted heat from the resistor to the sheath. The
      magnesium oxide also presented considerable problems since it has to be of
      high purity and free of contaminants. This required that expensive testing
      procedures be established and constantly followed.
PAR  Further, in use in heating liquids, such as water in a hot water tank,
      galvanic currents were set up between the sheath and any exposed metal
      surface of the tank, and such currents caused corrosion of the various
      anodic metallic components in the system, such as exposed tank surfaces or
      the protective magnesium anode.
PAR  Although many experts have held that it could not be done, I have
      discovered that the sheath of the electric heating element could be formed
      of a thermoplastic material and successfully manufactured and operated.
      This has overcome the many disadvantages of the metal sheathed element,
      above-noted. First of all, plastic tubing at the present time is
      considerably less expensive than the metal sheaths heretofore used.
PAR  No careful cleaning of the inside wall surface of a plastic sheath is
      required and only a low grade of magnesium oxide, or any other compactable
      low cost material may be used, since it need only have minimal electrical
      insulating properties to support turn-to-turn voltages and the property to
      compact and to conduct heat from the resistor to the sheath. There is
      little or no scale build-up on the exterior of the plastic sheath as there
      is on a metal sheath, and the sheath, being plastic and therefore
      non-conductive, does not build up a galvanic cell in use, as in the case
      of a metal sheathed unit. Since there is no voltage stress from the
      resistor to the plastic sheath, because the latter is non-conductive, all
      the heretofore required high potential tests for current leakage from the
      resistor to the sheath are eliminated.
PAR  The mounting block for supporting the electric heating element of my
      invention is also preferably formed of a thermoplastic material, as is the
      terminal block and the end bushing within the sheath. All of these parts
      may be easily sealed to each other by use of adhesives, heat sealing or
      sonic welding, to further provide operating advantages and economies in
      manufacture.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings accompanying this specification and forming a part of this
      application, there are shown, for purpose of illustration, several
      embodiments which my invention may assume, and in these drawings:
PAR  FIG. 1 is a fragmentary, longitudinal sectional view through an electric
      heating element shown in position to heat fluid within a tank,
PAR  FIGS. 2 and 3 are fragmentary sectional views showing certain stages in the
      production of my improved heating element,
PAR  FIGS. 4a and 4b are fragmentary, sectional representations of certain
      parts, prepared for sonic welding,
PAR  FIG. 5 is a sectional view similar to FIG. 1 but showing a slightly
      different construction,
PAR  FIG. 6 is a fragmentary, sectional view of parts shown in FIG. 5, with a
      slightly different end seal construction,
PAR  FIG. 7 shows the invention applied to a plug-type mounting and with both
      terminals extending from one end of the sheath, and
PAR  FIG. 8 is a fragmentary, sectional view showing a metal mounting plate
      connected to a plastic sheath.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring particularly to FIGS. 1 through 3, the sheath 10 of the electric
      heating element is formed of a thermoplastic material, such as an acetal
      copolymer. Various plastic materials of this type are commercially
      available, such as Celcon made by Celanese Plastics Company, or Delrin
      made by DuPont, or Teflon. These materials are easily extruded into
      tubular form and to relatively close tolerances. The maximum temperature
      which these materials will withstand, before melting, is about 350.degree.
      F (Teflon about 500.degree. F) and therefore as long as the environment
      surrounding the sheaths formed of these materials is maintained a safe
      amount below maximum temperature, the sheaths will function as well and as
      safely as metal sheaths.
PAR  In domestic water heaters, for example, it is a requirement that a
      temperature limiter be used so that the water temperature within the tank
      does not exceed 170.degree. F. Therefore, since in use the thermoplastic
      sheath is completely immersed within the water in the tank, the sheath
      temperature will be held within safe limits. The electric heater of my
      invention is particularly adapted for use with water heaters since its
      exposed parts are non-toxic and compatible with potable water. The
      material Celcon, for example, has been submitted to the Food and Drug
      Administration for approval, and the latter has voiced no objection to the
      use of Celcon in a coffee spigot, milk pump and antibiotic vial. Food
      contact applications of this material are steadily increasing due to its
      chemical resistance. Therefore, an electric heater of my invention may be
      used in many commercial installations, such as in heating chemical
      solutions, since the temperature of the liquid in such installations is
      limited to about 250.degree. F, which is still within the safe temperature
      limits of the thermoplastic material. My improved heater may also be used
      as a cartridge heater wherein the sheath is disposed in closely fitting
      relation within a hole in a metal plate or platen, and the term
      "immersion" is intended to include such use. In this case the metal
      closely surrounding the sheath will absorb heat from the surface of the
      sheath and the temperature of this metal must be regulated so that it is
      kept below the melting point of the thermoplastic material of which the
      sheath is made.
PAR  Of course, if a water tank should run dry, the plastic sheathed heater
      would not be subjected to the modifying effects of the water and therefore
      the thermoplastic material would melt and the heater would fail, but metal
      sheathed heaters under these circumstances would also fail.
PAR  My improved electric heater may be formed in a manner similar to a metal
      sheathed heater. Briefly, the tubular sheath is initially a rectilinear
      plastic extrusion which requires no machining since it may be extruded to
      close tolerances. A length of plastic tubing is selected for the type and
      size heater to be produced and it need not be subjected to any cleaning
      operation under ordinary handling.
PAR  A heating resistor 11 is disposed within the plastic tube and the latter is
      filled with granular material 12 whose only function now is to be able to
      be compacted and transfer heat from the resistor to the sheath. The
      heating resistor 11 may be a helically coiled resistance wire or ribbon
      which is held generally centered within the sheath by the granular
      material. Normally, metal terminal pins 14 are electrically and
      mechanically connected to opposite ends of the resistor 11. Various
      commonly known techniques may be followed in properly disposing the
      resistor and granular material within the plastic sheath and after this is
      done, plastic bushings 15 are slipped over the terminal pins and seated
      within the opposite ends of the plastic sheath to close such ends.
PAR  The heater formed to this stage of manufacture is shown fragmentarily in
      FIG. 2 wherein the sheath is rectilinear with the resistor 11 (not shown
      in FIGS. 2 and 3) and terminal pins 14 coaxial with the sheath and spaced
      from the inner wall of the latter by the granular material 12. The
      granular material is compacted to some extent during the filling
      operation. However, to insure against voids, it is preferred to compact
      the granular material to a greater degree, and this is accomplished by
      reducing the diameter of the sheath. To accomplish this, a plastic
      sheathed heater may be subjected to rolling, swaging or side pressing. For
      illustration purposes, a heater made in accordance with my invention was
      formed with a thermoplastic sheath which originally had an outside
      diameter of 0.490 inches (1.2446 centimeters) and a wall thickness of
      0.070 inches (0.1778 centimeters). After transverse reduction, as
      generally illustrated in FIG. 3, the plastic sheath had an outside
      diameter of 0.440 inches (1.1176 centimeters). In the heaters made so far,
      it was observed that the wall thickness of the plastic sheath did not
      change materially after transverse reduction of the sheath outside
      diameter and that practically all displacement of plastic occured in the
      lengthwise direction. This may be a phenonemon of the particular material
      used in the experiments and may or may not be true of all usable
      thermoplastics.
PAR  After transverse reduction, the heater may be bent to the hair-pin shape
      shown in FIG. 1 and this may be accomplished by usual bending tools. It is
      preferred to heat the plastic sheath a slight amount to facilitate
      bending, and this may be done by bending the sheath about a heated horn,
      and bending shoe, or by preheating the sheath in the bend area by one of
      several methods, such as by radiant heat, hot air and the like.
PAR  The heater is mounted on the wall 9 of a tank with its active heating
      portion disposed within the tank for immersion in the liquid therein. The
      usual hot water tanks are formed of relatively thin gauge steel and in
      many cases a heavy metal ring 16 is welded to the exterior of the tank
      wall and around the opening 17 in the tank. The heater mounting may take
      several forms and in the embodiment shown in FIG. 1, a mounting plate 18
      is provided which is square in plan view and has holes in its four corners
      to pass bolts 19. The bolts are threaded into holes in the ring 16 to
      firmly hold the mounting flange to the tank wall. The flange 18 is formed
      of thermoplastic material and may be of the same type as the sheath. The
      flange has a pair of openings 20--20 therethrough to closely pass the ends
      of the two legs of the hair-pin element. In order to seal the mounting
      flange 18 to the ring 16, the flange may have a circular rib 21 projecting
      from its inner surface which is engageable with the flat facing surface of
      the ring 16. When the bolts 19 are properly tightened, the rib 21 will
      deform sufficiently to provide a gasket surface. As an alternate
      construction the surface of the mounting plate may be flat (without a rib
      21) and a conventional gasket may be compressed between the facing
      surfaces of the ring and mounting plate.
PAR  As seen in FIG. 1, a separate terminal block 25 is provided. The block has
      a pair of openings 26 therethrough to pass the terminal pins 14. On its
      inside surface, the block is formed with circular recesses 27
      circumscribing the openings 26. It will be noted that the outer end of the
      plastic bushings 15 extend beyond the ends of respective heater legs and
      such bushing ends abut against the surface which forms the bottom of
      respective recesses 27. The outer end of each terminal pin is headed, or
      welded, as seen at 30, over a metal conducting strip 31, and a machine
      screw 32 is threaded through the strip and is adapted to hold a conductor
      33 in mechanical and electrical engagement with the strip.
PAR  The ends of the sheath legs, the mounting flange 18, the terminal block 25
      and the bushings 15, may be hermetically sealed to each other either by
      use of adhesives, heat sealing or sonic welding. When adhesives are used,
      a suitable cement may be applied to the sheath leg ends just prior to
      their insertion into the openings in the flange holes 20. Then cement may
      be applied to the facing surfaces of the terminal block 25 and the
      mounting flange 18, and to the outer end surfaces of the bushings 15 and
      the bottom of the recesses 27, just prior to the time the terminal block
      is inserted over the terminal pins 14.
PAR  When heat sealing is used, a heated sealing iron may be applied to soften
      and seal the plastic at the junction between the sheath legs and mounting
      plate, and between the latter and the terminal block 25. In this case it
      would be difficult to heat seal the bushings and therefore a sealing
      cement would be used.
PAR  The parts may be quickly and permanently joined by sonic welding through
      use of commercially available welding equipment. In this case the sheath
      legs may be ultrasonically staked to the mounting flange 18 in the manner
      shown in FIG. 4a, wherein horns 35 of the welder are adapted to upset and
      weld the outer ends of the sheath legs to the mounting plate. The upset
      portion will be easily accommodated within the mounting plate recesses 27,
      as suggested in FIG. 4b. The inner face of the terminal block 25 may have
      a circular V-shaped rib 36 to serve as an energy director with respect to
      the facing surface of the mounting plate 18. The outer end of each bushing
      15 may be formed to provide a V-shaped circular rib 37 to serve as an
      energy director with respect to the bottom of a respective mounting flange
      recess 27. The ribs 36 and 37 provide good joint design to transmit
      ultrasonic vibrations into the plastic parts, whereby sufficient
      frictional heat is generated to melt and weld the joining surfaces.
PAR  Sealing of the bushings 15 to the terminal block provides an additional
      benefit in that it prevents leakage of liquid through the ends of the
      sheath legs when an "overheat" condition exists in the liquid tank. In the
      usual metal-sheathed heater, when an abnormally high temperature is
      reached in the liquid in the tank, the metal of the sheath, being a good
      conductor of heat, will transfer the heat to the bushings (like the
      bushings 15) and melt the same. Thus, in the event the metal sheath within
      the liquid ruptures, liquid will be conducted through the sheath and
      outwardly of the sheath ends, and may cause liquid damage to the area in
      which the tank is located. In my improved heater, the plastic sheath does
      not conduct heat as well as a metal sheath so that the sheath will rupture
      before the bushings melt, and the bushings will therefore remain intact to
      seal the ends of the sheath legs.
PAC  DESCRIPTION OF THE OTHER EMBODIMENTS
PAR  In FIG. 5, the mounting flange 18a and terminal block 25a are molded as an
      integral unit, thus further reducing the cost of handling and joining
      these parts. Since it is not practical to mold the terminal block recesses
      27 of FIG. 1 in the integral assembly shown in FIG. 5, these recesses are
      omitted; however, the bushing ends may still be hermetically sealed to the
      adjoining surfaces of the bottom of what now is the inner end of the
      openings 20a.
PAR  In some cases it is preferred to use deformable rubber bushings in place of
      the plastic bushings 15. As seen in FIG. 6, the construction of FIG. 5 is
      equally adapted for use of rubber bushings 15b. In this case, the end of
      the bushing extending from the sheath leg is upset and sealed within the
      space between the sheath leg and the bottom of opening 20b, as seen at 40.
PAR  My improved heater construction is equally adapted for use with a plug type
      mounting flange 41, as seen in FIG. 7, wherein pipe or other type threads
      42 are molded as an integral part of the thermoplastic flange and are
      adapted to fit in liquid-tight relation with internal screw-threads formed
      on the ring 16c. Instead of molding, the threads may be cut on the flange.
      The flange 41 may support the hair-pin type heater of FIG. 1, or, as shown
      in FIG. 7, the heater may have a single tubular leg with the resistor 11c
      having a return bend 43 so that its free ends connect to a pair of
      terminal pins 14c which extend through holes in a single plastic bushing
      15c. In this case, tubular ceramic spacers may be disposed over the
      resistor, in place of the granular material noted above. The tubular
      ceramic spacers are not shown in the drawing, but may be of a type well
      known in the art. As seen in FIG. 7, the remote end of the single leg is
      flattened, as shown at 44, and this end may be hermetically sealed, as by
      cement, heat sealing or sonic welding. Instead of flattening the tube, a
      cap may be threaded on the end of the tube, or a plug welded or sealed to
      close the tube end.
PAR  As seen in FIG. 8, a plastic sheathed heater may be supported by a metal
      mounting plate 45. Opposite surfaces of the plate in the area surrounding
      the sheath leg have staked indentations 46 to displace the metal of the
      plate inwardly to effect a seal between the sheath leg and the surface
      defining the hole in the plate, and between the leg and the bushing.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric heating element, comprising:
PA1  a tubular thermoplastic sheath,
PA1  a resistance member within said sheath,
PA1  compacted heat-conducting material within said sheath for spacing said
      resistance member from the inner wall surface of said sheath,
PA1  and a mounting member having a hole therein for receiving an end of said
      sheath, said sheath end being sealed to said mounting member to prevent
      fluid from passing through said hole.
NUM  2.
PAR  2. The construction according to claim 1 wherein said mounting member is
      thermoplastic.
NUM  3.
PAR  3. The construction according to claim 2 wherein said mounting member has
      an integral rib extending from a side surface, said rib being adapted to
      seal against a plane surface of a support to which said mounting member is
      attached.
NUM  4.
PAR  4. The construction according to claim 2 wherein a thermoplastic terminal
      block is secured to said mounting member, said block having terminal means
      connected to said resistance member and said terminal means being adapted
      to be connected to a source of electrical energy to cause said resistance
      member to generate heat,
PA1  said sheath, said mounting member and said terminal block being bonded
      together to provide a structurally integral assembly.
NUM  5.
PAR  5. The construction according to claim 4 wherein said terminal block is
      integral with said mounting member.
NUM  6.
PAR  6. The construction according to claim 4 wherein said sheath is
      ultrasonically staked to said mounting member, and said terminal block is
      ultrasonically welded to said mounting member.
NUM  7.
PAR  7. The construction according to claim 4 wherein said resistance member has
      a terminal portion extending outwardly of said sheath end and connected to
      said terminal means,
PA1  a bushing around said terminal portion and closing said sheath end, said
      bushing having an end portion extending outwardly of said sheath end and
      bonded to said mounting member.
NUM  8.
PAR  8. The construction according to claim 7 wherein said sheath is
      ultrasonically staked to said mounting member and said terminal block and
      said bushing end portion are ultrasonically welded to said mounting
      member.
NUM  9.
PAR  9. The construction according to claim 1 wherein said mounting member is
      thermoplastic and is provided with threads adapted to be threaded into
      cooperating threads in a support member for said heating element.
NUM  10.
PAR  10. An electric heating element, comprising:
PA1  a tubular thermoplastic sheath bent to hairpin shape to provide a pair of
      legs joined by a bight portion,
PA1  a resistance member within said sheath and extending through said legs and
      bight portion, opposite ends of said resistance member being connected to
      terminal pins which extend outwardly of the ends of respective sheath legs
      and are adapted to be connected to a source of electrical energy,
PA1  compacted heat-conducting material within said sheath for spacing said
      resistance member from the inner wall surface of said sheath, and
PA1  a thermoplastic mounting member having a pair of holes for respectively
      receiving said sheath ends, the latter being sealed within said holes to
      prevent fluid from passing therethrough.
NUM  11.
PAR  11. The construction according to claim 10 wherein said sheath ends are
      ultrasonically welded to said mounting member to provide a structurally
      integral assembly.
NUM  12.
PAR  12. The construction according to claim 11 wherein a thermplastic terminal
      block is ultrasonically welded to said mounting member to provide a
      structurally integral assembly, said terminal block having a pair of holes
      to pass respective terminal pins, and terminal members carried by said
      terminal block and connected to said terminal pins and adapted to be
      connected to a source of electrical energy.
NUM  13.
PAR  13. The construction according to claim 11 wherein said mounting member is
      molded to provide an integral terminal block portion, said terminal block
      portion having a pair of holes to pass respective terminal pins, and
      terminal members carried by said terminal pins and adapted to be connected
      to a source of electrical energy.
NUM  14.
PAR  14. The method of heating a medium by use of an electric heating element
      having an active heating portion which includes a thermoplastic sheath, a
      resistance member within said sheath and compacted heat-conducting
      material within said sheath for spacing said resistance member from the
      inner wall surface of said sheath, comprising,
PA1  immersing said active heating portion in said medium,
PA1  and maintaining the temperature of said medium at a level below the melting
      point of the thermoplastic material of said sheath,
PA1  whereby the heat-modifying effect on said sheath caused by immersion of
      said active heating portion within said temperature-controlled medium will
      permit said resistance member to generate heat above the melting point of
      said thermoplastic without causing failure of said sheath.
NUM  15.
PAR  15. An electric heating element having a terminal portion including
      terminals adapted to be connected to a source of electrical energy, and
      also including an active heating portion adapted to be immersed within a
      temperature-controlled environment,
PA1  said active heating portion comprising a tubular thermoplastic sheath, a
      resistance member within said sheath and electrically connected to said
      terminals for generating heat when said terminals are connected to said
      energy source, and granular heat-conducting material in which said
      resistance member is embedded, said heat-conducting material being in
      compacted form to transversely fill said sheath and to hold said
      resistance member spaced from the inner wall surface of said sheath,
PA1  said heating element being adapted for use only in an environment which has
      its temperature limited to an amount below the melting point of the
      thermoplastic forming said sheath,
PA1  whereby the heat-modifying effect on said sheath caused by immersion of
      said active heating portion within said temperature-controlled environment
      will permit said resistance member to generate heat above the melting
      point of said thermoplastic without causing failure of said sheath.
NUM  16.
PAR  16. The construction according to claim 15 wherein said terminal portion of
      the electric heating element is also formed of a thermoplastic material
      and is bonded to said active heating portion.
NUM  17.
PAR  17. The construction according to claim 15 wherein said terminal portion is
      adapted for connection to the wall of a liquid-containing tank with said
      active heating portion immersed in the liquid within said tank.
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ABST
PAL  A hair dryer includes a housing defining an air inlet and an air outlet and
      blower means within the housing for drawing a stream of air into the
      inlet, through the dryer housing and forcing the air out the air outlet. A
      thermostatically controlled electric heating element is disposed within
      the housing for heating the stream of air as it passes through the
      housing. A truncated safety guard member, which may be pyramidal or
      frusto-conical in shape, is secured to the dryer housing over and in
      spaced relation to the air outlet and in communication therewith so that
      air from the outlet flows through the guard member to an air exit at the
      forward end thereof. The space between the dryer housing and guard member
      at the air outlet has a cross sectional area at least 50%, and preferably
      90% to 100%, of the cross sectional area of the air outlet to allow
      sufficient air from the air outlet to exit between the guard member and
      dryer housing in the event the air exit of the guard member is completely
      blocked without overheating the dryer housing heating element or guard
      member. A protective grill having air outlet openings with a total area
      greater than the cross sectional area of the air outlet is provided over
      the air exit of the guard member. The protective grill is spaced from the
      air outlet a distance greater than one-half the inside width of the air
      outlet. Preferably the distance is equal to such width. In normal
      operation ambient air enters the guard through the space between the guard
      and dryer housing and mixes with the heated air from the air outlet
      thereby lowering the temperature of the heated air from the air outlet and
      increasing the volume of air.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to a novel hand held hair dryer. More
      particularly, the present invention 13 directed to a hand held hair dryer
      having a safety device attached to its exit nozzle.
PAR  2. Discussion of the Prior Art
PAR  Hand held hair dryers and heat guns produce a heated air stream by passing
      the air generated from an electric blower over a heating means such as
      resistance wire. With the tendency to increase wattage in hair dryers the
      exit temperatures especially close to the air exit, reach temperatures
      that will singe or otherwise damage the user's hair and can also cause
      injury to the user's scalp. To prevent injury to the hair or scalp the
      user must keep the exit portion of the hair dryer a distance away from the
      hair. This is difficult as hair is a good insulator and may become singed
      before the user feels excess heat on the scalp. Judgment of the proper
      distance to maintain between the air exit and the hair is difficult as the
      heat increases by the square of the distance between the air exit and the
      hair.
PAR  Another problem which exists in commercial hand held hair dryers is that if
      in use the exit is partially or fully blocked off, the air flow over the
      heating element is greatly reduced or completely cut off, causing the
      heating element to overheat resulting in damage to the heating element.
      Most heat guns and hair dryers have bimetallic thermal protectors,
      however, due to the thermal delay in their action, the heating element as
      well as the housing and other parts within the housing are thermally
      overstressed before the contacts open to stop the current flow to the
      heating element, reducing their integrity and life. After opening of the
      contacts and removal of the blockage of the exit causing the overloading
      of the heating element, a substantial time must pass until the entire
      system cools down sufficiently and the thermal protector resets. During
      this period the hair dryer cannot be operated. Additionally, in the event
      the thermal protector fails or the hair dryer does not contain such a
      safety device the unit will be permanently damaged and can cause injury to
      person and property. Thus, the hair dryers existing in the art have not
      proven to be entirely satisfactory.
PAR  Numerous existing patents disclose hand held hair dryers or portable heat
      guns. Examples of such patents are U.S. Pat. Nos. 3,284,611 and 3,612,824.
      Neither of these patents recognizes the problems described above and
      accordingly do not disclose a hair dryer having a guard member with the
      optimal configuration for the purposes to which this inventor has directed
      his efforts.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved hair dryer.
PAR  Another object of the present invention is to provide a new and improved
      hair dryer having means to prevent injury to hair or scalp due to
      excessive air temperature.
PAR  A further object of the present invention is to provide a new and improved
      hair dryer having means to prevent damage to the hair dryer from
      overheating in the event of blockage of the air exit of the hair dryer.
PAR  The above and other objects which will appear as this specification
      proceeds have been attained by the hand held hair dryer of this invention.
PAR  The hair dryer of this invention comprises a housing, the housing defining
      an air inlet and an air outlet, blower means disposed within the housing
      for drawing a stream of air into the air inlet, through the dryer housing
      and forcing it out the air outlet, heating means disposed within the
      housing for heating the stream of air as it passes through the dryer
      housing and a guard member secured to the dryer housing over the air
      outlet and in communication therewith so that air flowing from the outlet
      flows through the guard member, the guard member having an air exit, a
      casing in spaced relationship to the dryer housing the space between the
      casing and the dryer housing being of adequate cross sectional area to
      allow sufficient air from the air outlet to exit between the casing and
      the dryer housing in the event of complete blockage of the air exit of the
      guard member without causing overheating of the heating means, dryer
      housing or guard member, a protective grill over the air exit and means
      for maintaining the casing in spaced relationship with respect to the
      dryer housing.
PAR  Partial or total blockage of the air exit of the hair dryer of this
      invention does not result in damage through excessive temperature to the
      dryer housing, or heating means or produce overheating of the grill guard
      at the air exit. In the event of blockage, the air continues to flow
      through the dryer housing but all or a portion of the air depending upon
      the extent of blockage exits through the space between the guard member
      and the dryer housing. Additionally, in normal operation ambient air
      enters the guard member through the space between the guard member and the
      dryer housing and mixes with air from the air outlet, thereby lowering the
      temperature of the air from the air outlet and increasing the volume of
      air. The lower air temperature results in a lower grill temperature which
      is safe in the event the hair of the user comes in contact with the grill.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of a hair dryer assembly in accordance with
      the invention.
PAR  FIG. 2 is a side view partially in cross section taken along the line 2--2
      of FIG. 1.
PAR  FIG. 3 is a view in cross section taken along the line 3--3 of FIG. 2.
PAR  FIG. 4 is an end view of the hair dryer showing the air exit.
PAR  FIG. 5 is a cutoff view in perspective showing another embodiment of a hair
      dryer assembly depicted in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the hair dryer of this invention is
      generally referred to by the reference numeral 10. The hair dryer 10
      comprises a housing 11 which consists of two portions 11A and 11B which
      are held together by means of screws 13, as illustrated in FIG. 1. The
      housing is preferably made from a plastic material.
PAR  The housing contains an air inlet 14 having a series of elongated slots 15
      extending radially from center portion 12 of the housing and a nozzle
      portion 16. The nozzle portion 16 is generally tubular and comprises an
      inner wall 26 and an outer wall 27. An air outlet 18 is provided at the
      distal end of the nozzle. The housing further comprises a handle portion
      211 containing switches 55.
PAR  Suitably positioned within the housing 11 as illustrated in FIG. 2 is a
      blower 21 comprising a fan (not shown) suitably connected to and driven by
      an electric motor (not shown). The blower is mounted adjacent the air
      inlet 14 and in operation draws a stream of air into the air inlet 14,
      forces the air through the dryer housing 11 and out the air outlet 18 of
      nozzle 16.
PAR  The hair dryer 10 further comprises an electrical heating means 24 suitably
      mounted on the inner wall 26 of nozzle 16 and extending along the nozzle
      length for heating air passing through nozzle 16. The electrical heating
      means 24 comprises resistance wire 23 wound about a plate-like insulating
      support 29 mounted within nozzle 16. An overload cutout or thermal switch
      33 is provided to open the circuit to heating means 24 in the event of
      overheating. An electrical power cord (not shown) extends through handle
      portion 211 of the housing 11 and supplies power to the blower 21 and
      heating means 24.
PAR  The hair dryer further comprises a guard member 30 mounted on the outer
      wall 27 of the nozzle 16 and over the outlet 18 so as to have its
      longitudinal axis aligned with the longitudinal axis of nozzle 16. The
      nozzle 16 contains nipples 52 extending from the outer wall 27 arranged
      for mounting guard member 30 into the nozzle 16. The guard member 30 is
      secured to the nozzle 16 as shown in FIG. 3 by two screws 37 extending
      through the guard member 30 into nipples 52. The screws 37 also aid in
      holding the portions 11A and 11B of housing 11 together.
PAR  The guard member 30 includes a casing 31 and an upper fan rib 38 and a
      lower fan rib 39 mounted on the inside of the casing 31 which preferably
      taper in the direction toward the air outlet 18. The fan ribs 38 and 39
      engage the outer wall 27 of the nozzle 16 to maintain the casing in spaced
      relationship to the outer wall 27 of the nozzle 16 and stabilize the guard
      member 30. The ribs 38 and 39 have notched recesses 44 which locate the
      guard member longitudinally.
PAR  Guard member 30 has an exit 42 and an open end 19. A protective grill 43 as
      best seen in FIG. 4 is mounted over the exit 42. The grill 43 has a
      plurality of horizontal bars 45 and vertical bars 36 defining a plurality
      of air outlet slots 46. In normal operation of the hair dryer, air flows
      from air outlet 18 through the guard member 30 and out through the air
      outlet slots 46.
PAR  The guard member 30 is preferably made of a plastic material and the casing
      31 is in the general shape of a truncated pyramid or may be generally
      frusto-conical in shape as depicted by guard member 30' attached to the
      housing of hair dryer 10' in FIG. 5. The casing 31 has a concave profile
      having a greater diameter at open end 19 than at air exit 42.
PAR  It has been found that distance A between air outlet 18 and the inside
      surface 17 of bars 36 and 45 should be greater than one-half the inside
      diameter or width B of nozzle 16 at the air outlet 18 and preferably
      distance A should be about equal to inside diameter B. The cross sectional
      area or raadial clearance between nozzle 16 and guard member 30 at the air
      outlet 18 must be at least 50% of the cross sectional area of nozzle 16 at
      the air outlet 18 to permit sufficient reverse flow of air from the blower
      when the exit 42 of guard member 30 is completely blocked to prevent the
      temperature of the outside surface of grill 43 from increasing to a
      temperature sufficient to damage hair or cause overheating of the dryer to
      damage the dryer or cause the safety thermostat to trip. Preferably, the
      cross sectional area should be 90% to 100% of the cross sectional area of
      nozzle 16 to obtain excellent reverse flow of air and prevent overheating.
PAR  To prevent impeding air flow, it was found that the area of air outlets
      slots 46 is required to be greater than the cross sectional area of the
      nozzle 16 at the air outlet 18. When the area of air outlet slots 46 is
      equal to at least 115% of the cross sectional area of the nozzle 16
      excellent dryer operation is obtained.
PAR  In operation of the hair dryer, the blower 21 induces a flow of air through
      the air inlet 14 through nozzle portion 16 and out the air outlet 18,
      through guard member 30 and out of the exit 42. In passing through the
      nozzle 16, the air is heated by the heating means 24. During the normal
      operation, air flows in direction I between the guard member 30 and the
      nozzle 16 which mixes with heated air leaving the air outlet 18. When the
      preferred dimensions are utilized for guard member 30, the air volume from
      air outlet 18 is increased about 8%. In the event exit 42 becomes
      partially or completely blocked, all or a portion of the air flow
      depending upon the amount of blockage will exit through the annular space
      between the guard member 30 and nozzle 16 in the direction II. Thus, in
      the event of complete blockage of the exit 42 heated air will flow through
      the hair dryer without causing grill 43 or the heating element to become
      overheated and thereby preventing damage to the hair of the user and to
      the heating element.
PAR  Thus, it is apparent from the foregoing description that the objects of
      this invention have been attained. A novel hair dryer has been invented
      which overcomes problems associated with hair dryers known in the art.
PAR  While this invention has been described and exemplified in terms of its
      preferred embodiment, those skilled in the art will appreciate that
      modifications can be made without departing from the spirit and scope of
      this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hair dryer comprising a housing, said housing defining an air inlet
      and an air outlet, blower means disposed within the housing for drawing a
      stream of air into the air inlet, through the dryer housing and forcing it
      out the air outlet, said air outlet being generally in the shape of a
      square, heating means disposed within the housing for heating the stream
      of air as it passes through the dryer housing and a guard member secured
      to the dryer housing over the air outlet and in communication therewith so
      that air flowing from said outlet flows through said guard member, said
      guard member having an open end, an air exit, and a casing generally in
      the shape of a truncated pyramid in spaced relationship to the dryer
      housing providing flow communication between the open end and air exit,
      the space between the casing and the dryer housing having a cross
      sectional area at the air outlet of at least about 50% of the
      cross-sectional area of the air outlet, to allow sufficient heated air
      from the air outlet to exit between the casing and the dryer housing out
      the open end in the event of complete blockage of the air exit of said
      guard member without causing overheating of the heating means, dryer
      housing or guard member, or alternatively under normal operation with no
      blockage present, to allow a sufficient flow of ambient air to be induced
      to flow into the open end and through the space as a result of the flow of
      heated air from the air outlet through the air exit, the ambient air
      mixing with the heated air passing through said air exit, a protective
      grill over the air exit and means for maintaining the casing in spaced
      relationship with respect to the dryer housing, wherein the distance
      between the protective grill and the air outlet is greater than about
      one-half the inside width of the air outlet and wherein the protective
      grill contains air outlet openings having a total area greater than the
      cross-sectional area of the air outlet.
NUM  2.
PAR  2. A hair dryer in accordance with claim 1, in which said cross sectional
      area of the space is from about 90% to about 100% of the cross sectional
      area of the air outlet.
NUM  3.
PAR  3. A hair dryer in accordance with claim 1, in which the distance is about
      equal to the inside width of the air outlet.
NUM  4.
PAR  4. A hair dryer in accordance with claim 1, in which the total area of the
      grill openings is about 115% of the cross sectional area of the air
      outlet.
NUM  5.
PAR  5. A hair dryer in accordance with claim 1, in which the guard member
      contains at least two fan ribs spaced to maintain the casing in spaced
      relationship with respect to the dryer housing.
NUM  6.
PAR  6. A hair dryer comprising a housing, said housing defining an air inlet
      and an air outlet, blower means disposed within the housing for drawing a
      stream of air into the air inlet, through the dryer housing and forcing it
      out the air outlet, said air outlet being generally in the shape of a
      circle, heating means disposed within the housing for heating the stream
      of air as it passes through the dryer housing and a guard member secured
      to the dryer housing over the air outlet and in communication therewith so
      that air flowing from said outlet flows through said guard member, said
      guard member having an open end, an air exit, and a casing generally of
      frusto-conical shape in spaced relationship to the dryer housing providing
      flow communication between the open end and air exit, the space between
      the casing and the dryer housing having a cross sectional area at the air
      outlet of at least about 50% of the cross sectional area of the air outlet
      to allow sufficient heated air from the air outlet to exit between the
      casing and the dryer housing out the open end in the event of complete
      blockage of the air exit of said guard member without causing overheating
      of the heating means, dryer housing or guard member, or alternatively
      under normal operation with no blockage present, to allow a sufficient
      flow of ambient air to be induced to flow into the open end and through
      the space as a result of the flow of heated air from the air outlet
      through the air exit, the ambient air mixing with the heated air passing
      through said air exit, a protective grill over the air exit and means for
      maintaining the casing in spaced relationship with respect to the dryer
      housing, wherein the distance between the protective grill and the air
      outlet is greater than about one-half the inside diameter of the air
      outlet and wherein the protective grill contains air outlet openings
      having a total area greater than about the cross sectional area of the air
      outlet.
NUM  7.
PAR  7. A hair dryer comprising a housing, said housing defining an air inlet
      and an air outlet, blower means disposed within the housing for drawing a
      stream of air into the air inlet, through the dryer housing and forcing it
      out the air outlet, said air outlet being generally in the shape of a
      square, heating means disposed within the housing for heating the stream
      of air as it passes through the dryer housing over the air outlet and in
      communication therewith so that air flowing from said outlet flows through
      said guard member, said guard member having an open end, an air exit, and
      a casing generally in the shape of a truncated pyramid in spaced
      relationship to the dryer housing providing flow communication between the
      open end and air exit, the space between the casing and the dryer housing
      having a cross sectional area at the air outlet of from about 90% to about
      100% of the cross sectional area of the air outlet to allow sufficient
      heated air from the air outlet to exit between the casing and the dryer
      housing out the open end in the event of complete blockage of the air exit
      of said guard member without causing overheating of the heating means,
      dryer housing or guard member, or alternatively under normal operation
      with no blockage present, to allow a sufficient flow of ambient air to be
      induced to flow into the open end and through the space as a result of the
      flow of heated air from the air outlet through the air exit, the ambient
      air mixing with the heated air passing through said air exit, a protective
      grill over the air exit and means for maintaining the casing in spaced
      relationship with respect to the dryer housing, wherein the distance
      between the protective grill and the air outlet is about equal to the
      inside width of the air outlet and wherein the protective grill contains
      openings having a total area equal to about 115% of the cross sectional
      area of the air outlet.
NUM  8.
PAR  8. A hair dryer in accordance with claim 7 in which the guard member
      contains at least two spaced fan ribs to maintain the casing in spaced
      relationship with respect to the dryer housing.
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PAL  Fluid heating arrangements and methods are provided wherein liquid is
      caused to flow through a fluid permeable electrical resistance heater
      body. Prior to the heater body, the liquid passes through a fluid
      permeable flow control member which offers a uniform resistance to the
      entire flow of the liquid. Static pressure head of the fluid varies over
      the entry surface of the flow control member, and the permeability of the
      combination of the heater body and the flow control member are such as to
      cause a pressure drop in the fluid greater than the variations in static
      pressure head of the fluid at the entry surface of the flow control
      member. This promotes a uniform flow of the fluid through the heater body
      even in the presence of significant differences in static pressure head
      over the fluid entry surface of the flow control member. The permeability
      of the flow control member may be such that the pressure drop across the
      flow control member alone is greater than the variation in the static
      pressure head of the fluid over the entry surface of the flow control
      member.
BSUM
PAR  The invention relates to devices for heating fluids and particularly for
      heating liquids including heating to evaporate the liquid and heating to
      superheat the vapour formed by evaporation of the liquid.
PAR  Devices comprising a heater body of permeable electrically conductive
      material through which fluid is passed and in which heat is generated by
      passage of an electric current through the heater body are attractive in
      principle because the large surface area of contact between fluid and
      heater body allows the heat generated to be transferred to the fluid in an
      effective and advantageous manner. Such devices have been proposed for
      heating fluids for a variety of purposes and have proved suitable for
      heating gases, and liquids such as water to a temperature below the
      saturation temperature or boiling point of the liquid.
PAR  Difficulties are however often encountered in practice with such devices,
      especially when the heater body material is of low resistivity and the
      fluid is a liquid which is to be heated close to the saturation
      temperature, or to the saturation temperature and above. For example,
      there can be problems in heating the fluid in a uniform and controlled
      manner so as to achieve precise control over fluid temperature or fluid
      quality and to avoid a wide variation in temperature and quality of the
      fluid over the exit surface of the heater body. For example, it has been
      found that boiling or evaporation of the fluid occurs outside the heater
      body due to the high temperature of the entry surface of the heater body
      under some conditions of operation. A further problem of such devices is
      that in some cases the temperature of the permeable heater body is very
      non-uniform and therefore localised regions of very high temperature exist
      within the heater body. In these regions the fluid may be severely
      over-heated such that unwanted thermal decomposition or degradation of the
      fluid occurs. If the decomposition products are solids these products may
      be deposited on the internal and external surfaces of the heater body and
      lead to partial or complete blockage of the flow passages and consequent
      accentuation of the operating difficulties.
PAR  To a considerable degree such difficulties originate in the nature of the
      permeable heater body and the fluid characteristics and their influence in
      determining local heat generation, heat transfer and fluid flow conditions
      within the permeable heater body. Other significant influences are the
      fluid hydrostatic and hydrodynamic conditions at entry to the permeable
      body and the manner in which the permeable body is engineered within the
      device and in relation to other permeable bodies forming part of the heat
      transfer and fluid flow system.
PAR  Some of these problems are discussed in British patent specification No.
      1,182,421. In particular that Specification discloses that surface boiling
      can be inhibited by providing a layer of permeable electrically insulating
      material such as alumina on the entry surface of the electrically
      conducting permeable heater body, and that in operation the alumina
      becomes heated by conduction from the heater body and the fluid is
      pre-heated during its passage through the alumina layer. Furthermore when
      heating a liquid the amount of conducted heat received by the alumina may
      be such that the liquid is heated and evaporated in the alumina and the
      electrically conductive body acts as a superheater for the vapour. The
      alumina layer may comprise a close fitting alumina tube or the alumina may
      be applied as a coating to the electrically conductive body.
PAR  In specification No. 1,182,421 it was envisaged that the alumina layer may
      be used with advantage for providing a convenient method of locally
      modifying the flow so as to obtain substantially uniform diffusion through
      the electrically conductive body in the presence of non-uniform
      hydrostatic pressure head over the entry surface of the alumina layer. To
      achieve this British patent specification No. 1,182,421 suggests that the
      porosity of the alumina sleeve may be varied according to the height of
      the element (i.e. by using a number of short sleeves of varying porosity
      to encase the resistor element) to compensate for the pressure head caused
      by the element height.
PAR  However, with a fuller knowledge of the problems of operating the heater
      disclosed in Specification No. 1,182,421 it can be shown that varying the
      porosity of the alumina sleeve along its length has an effect on the
      pattern of heat flow from the electrically conducting permeable heater
      body through the porous alumina layer. Due to this effect the temperature
      distribution over the entry surface of the porous alumina sleeve may be
      non-uniform and especially in cases where the fluid viscosity is
      significantly temperature dependent the result is to promote non-uniform
      fluid flow through the permeable heater body. In some cases the
      non-uniform flow may promote the occurrence of unwanted localised
      hot-spots and this leads to premature malfunctioning of the device. The
      non-uniform temperature distribution problem is particularly serious when
      heating fluids such as silicone oils the viscosity of which is temperature
      dependent.
PAR  Furthermore, there are practical difficulties in producing a precisely
      matched set of porous alumina sleeves of correctly graded porosity, which
      may also be expensive as a result of the matching requirement, and a set
      suitable for one fluid may not be suitable for another fluid of different
      density and viscosity.
PAR  The present invention is based upon an appreciation, beyond that disclosed
      in Specification No. 1,182,421 of the importance, in a heating device
      comprising a combination of two (or more) types of permeable body with
      significantly different electrical resistivities, that the relationship
      between the particular characteristics selected for the various permeable
      bodies is fundamental in removing inherent limitations of a simple porous
      electrically conducting heater body.
PAR  In particular, for a given fluid, device geometry and mode of operation,
      certain specified parameters of the two (or more) types of permeable body
      should be critically determined.  pg,6
PAR  The invention provides a device for heating a fluid comprising a fluid
      permeable, porous, electrical resistance heater body having a fluid entry
      surface, a fluid permeable, porous flow control member which covers the
      fluid entry surface of the heater body and which has a fluid entry
      surface, a fluid supply communicating with the entry surface of the flow
      control member, the flow control member being oriented such that the
      static pressure head of the fluid varies over the entry surface of the
      flow control member, the flow control member being made of a material
      which has a higher electrical resistance than the heater body, a lower
      thermal conductivity than the heater body, and a uniform distribution of
      interconnected pores throughout its entirety, the permeability of the
      combination of the heater body and the flow control member being such that
      the impedance of the heater body and the flow control member to flow of
      fluid causes a pressure drop in the fluid as it passes through the flow
      control member and the heater body, the total pressure drop in the fluid
      across the combination of the flow control member and the heater body in
      the general direction of fluid flow being greater than the variations in
      static pressure head of the fluid so as to promote a uniform flow of the
      fluid through the heater body even in the presence of significant
      differences in static pressure head over the fluid entry surface of the
      flow control member, the flow control member acting as a thermal impedance
      varier such that heat generated by the heater body is transferred to the
      fluid permeating through the device but does not, by thermal or electrical
      conduction, or thermal radiation, heat the fluid at the entry surface of
      the flow control member to a temperature high enough to cause boiling in
      the fluid before it enters the flow control member.
PAR  The invention also provides a method of heating a liquid to vaporize it by
      causing the liquid to flow through a fluid permeable electrical resistance
      heater body which is heated to a temperature high enough to vaporize the
      liquid, the method including the step, prior to passing the liquid through
      the heater body, of causing the liquid to flow through a fluid permeable
      flow control member in contact with and covering the fluid entry surface
      of the heater body, the flow control member offering a uniform resistance
      to the entire flow of the liquid and having a higher electrical
      resistivity than the heater body and a lower thermal conductivity than the
      heater body for subjecting fluid passing therethrough to a temperature
      gradient increasing from a temperature at the entry surface of the flow
      control member, which is below that at which any liquid vapor bubbles
      form, up to the temperature generated in the heater body, the flow control
      member being oriented such that the static pressure head of the fluid
      varies over the entry surface of the flow control member, the permeability
      of the combination of the heater body and the flow control member being
      such that the impedance to fluid flow of the heater body and the flow
      control member causes a pressure drop in the fluid as it passes through
      the control member and the heater body, the total pressure drop in the
      fluid across the combination of the flow control member and the heater
      body in the general direction of fluid flow being greater than the
      variations in static pressure head of the fluid at the entry surface of
      the flow control member.
PAR  Preferably the permeability of the flow control member is such that the
      pressure drop in the fluid across the flow control member alone in the
      general direction of fluid flow is greater than the variations in the
      static pressure head of the fluid over the entry surface of the flow
      control member.
PAR  Preferably the specified characteristics of the heater body are such that
      the fluid pressure drop across the heater body in the general direction of
      fluid flow is sufficiently small in relation to the pressure drop across
      the flow control member for the said flow control member characteristics
      to be the major factor in determining the fluid flow pattern through the
      permeable components of the device.
PAR  Preferably the void structures and geometry of the flow control member and
      of the heater body and the fit of the flow control member upon the heater
      body are such as to avoid significant fluid flow and bubble migration
      under buoyancy forces in directions other than the general direction of
      fluid flow, especially at the interface between the flow control member
      and the heater body.
PAR  The void structure of the heater body may be of a granular, fibrous, foamed
      or channelled nature having a high voidage and a high internal surface
      area for heat transfer.
PAR  Preferably the structure of the flow control member comprises
      interconnected voids uniformly disposed throughout the member.
PAR  In one arrangement according to the invention a layer of deformable
      permeable material is sandwiched between the heater body and the flow
      control member to avoid or minimise migration under buoyancy forces of
      vapour bubbles in gaps between the heater body and the flow control member
     .
DRWD
PAR  Specific constructions of device embodying the invention will now be
      described by way of example and with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic cross-section of a device, and
PAR  FIG. 2 is a diagrammatic cross-section of another device incorporated in a
      vaporiser intended for use in a vapour vacuum pump.
DETD
PAR  In describing improvements to existing devices it is possible to
      distinguish between improvements arising from the heater body
      characteristics, and improvements arising from fluid flow conditions at
      entry to the heater body surface and from the manner in which the
      electrically conductive permeable material is engineered in relation to
      permeable and other components forming parts of the heat transfer and
      fluid flow system.
PAR  A full understanding of the physical effects of the flow control member
      upon the heating of a fluid in a permeable heater body is somewhat
      involved and the relative significance of the various parameters ranges
      widely according to the particular fluid, the structural and other
      characteristics of the materials from which the device is made, and the
      particular heating cycle to be carried out. An explanation of these
      effects and parameters will therefore be developed along with the
      following description of specific examples of heater device and modes of
      use of such devices.
PAR  FIG. 1 illustrates diagrammatically the principal components of a device 10
      comprising a heater body 11 of permeable carbon in the form of a hollow
      cylinder. A close fitting hollow cylindrical sleeve 12, of permeable
      electrically insulating or of high electrical resistivity material, covers
      the inner surface of the heater body 11.
PAR  The heater body 11 together with the sleeve 12 are mounted in a vessel 13
      having fluid inlet and fluid outlet conduits 14, 15 and arranged to
      constrain the fluid to flow through the sleeve 12 and the heater body 11
      before emerging from the fluid outlet conduit 15. The sleeve 12 acts as a
      flow control member which controls the flow of fluid into the heater body
      11, and also as a thermal impedance member which restricts heat transfer
      to the fluid outside the sleeve 12.
PAR  Electrical end connectors 16, 17 are mounted at each end of the heater body
      11 for passing electrical heating current through the porous carbon of the
      body 11.
PAR  It is important to provide sealing means (not shown) for preventing the
      input fluid from flowing between the ends of the heater body 11 and sleeve
      12 and the electrical connections 16, 17.
PAR  For the most satisfactory operation of the device, the objective is to
      secure a uniform generation of heat throughout the heater body 11 and a
      uniform flow distribution of the fluid through the heater body 11. It is
      also necessary that the heat generation and flow are appropriately matched
      to achieve the desired rise in fluid temperature uniformly within the
      heater body 11. If the fluid flow into the heater element 11 is uniform
      over the whole of the entry surface, and the heat generation is uniform
      axially and circumferentially over a particular plane surface within the
      permeable heater body 11, then fluid leaving the body 11 exit surface will
      generally be at a substantially uniform temperature over the whole of this
      surface. Thus the fluid may be heated to a temperature very close to the
      saturation temperature without fluid evaporation occurring at any point in
      the heater body 11 or at the entry surface. To meet this objective the
      structure of the heater 11 desirably is arranged such that voidage and
      heat transfer surface area is uniform over a particular plane surface
      within the body 11 and that the fluid pressure drop is uniform through
      this surface. It is also desirable for the electrical resistivity of the
      body 11 to be uniform over the plane surface.
PAR  The uniformity of heat generation is influenced by the internal geometry of
      the heater body 11, the electrical and thermal conductivities of the
      heater body material, and the dependence of these parameters on
      temperature. Further, the uniformity of heat generation may be influenced
      by the thermal and electrical conductivities of the fluid.
PAR  The uniformity of fluid flow distribution is influenced by the internal
      geometry of the heater body 11 and the sleeve 12, manometric or static
      pressure head variations in the fluid at the input surface of the heater
      device, and may be influenced by any non-uniformities in heat generation
      and local variations in fluid viscosity as a result of temperature
      differences of the fluid.
PAR  In practice non-uniformities in both heat generation and flow distribution
      will exist. For example, a permeable heater body made from granulated
      carbon will have a range of pore sizes non-uniformly distributed. The
      consequent non-uniformity in flow distribution will be apparent, but the
      structure will also provide a matrix of electrical current paths of
      locally varying resistances so that not only is fluid flow non-uniform but
      heat generation is also non-uniform. The flow non-uniformity and
      non-uniformity of heat generation are seldom mutually compensating in
      their effects.
PAR  There is furthermore the significant influence of manometric pressure head
      on flow distribution to contend with. A cylindrical heater body 15 cm long
      with the axis placed vertically will have a manometric or static pressure
      head variation of 15 cm of fluid from one end of the body to the other. If
      the fluid pressure drop across the body is of the same order there will,
      in the absence of a flow control member, be an appreciable non-uniformity
      of fluid flow through the body due solely to the effect of the manometric
      pressure head difference from top to bottom of the permeable structure.
      Thus even with a completely uniform heater body void structure it would
      not be possible to heat the fluid so that it left the body at a uniform
      temperature over the whole of the exit surface. The effect of such a flow
      variation through the element structure would not only be to impose a
      fluid temperature variation but may also, in the case of heating a liquid,
      impose an upper limit on the bulk fluid temperature after fluid mixing
      takes place. A 10% flow variation would, in the case of water being heated
      at atmospheric pressure from 15.degree.C, result in the maximum attainable
      bulk fluid mixing temperature being about 92.degree. C. Owing to the
      manometric or static pressure head differences affecting fluid flow, it
      would be impossible to exceed this bulk temperature level without boiling
      occurring in the regions of the heater body where the fluid flow was
      least.
PAR  Techniques for improving the uniformity of flow and heat generation in
      these respects and against other disturbing influences are discussed
      further below. However, non-uniformities cannot be eliminated completely.
PAR  Flow maldistribution produced by static pressure head variation, assuming
      no flow control member 12, might be overcome by so constructing the heater
      body 11 that there is sufficient pressure drop within the heater body 11
      to poduce uniform flow even where there is significant static pressure
      head variation over the entry surface of the heater body 11. For example,
      with a heater body 15 cm long being used to heat water, a pressure drop of
      about 2-3 p.s.i. has been found to be sufficient to substantially overcome
      non-uniformity of flow induced by the manometric or static pressure head
      variation. A high fluid pressure drop across the heater body 11 may be
      produced by appropriate choice of heater body permeability, pore size and
      heater body thickness.
PAR  However, in practice it is not possible to have an unrestricted choice of
      geometry for the heater body 11. The geometry cannot be selected purely
      from the aspect of pressure drop without regard to, fo example, electrical
      power supply considerations.
PAR  In particular, with materials of low resistivity it may be impracticable to
      utilise a heater body of the desired flow characteristics for example
      because of such restrictions imposed by the electrical power supply
      considerations. Consequently it is desirable to adopt a solution which
      will not only overcome the effects of static pressure head variations but
      also is such that it does not affect the electrical characteristics of the
      heater body 11. If the electrical resistivity of the heater body is low,
      then current supply in general can only be kept within practically
      acceptable limits if a thin-walled heater body is used. Permeable carbon
      and permeable sintered metals are virtually the only suitable single phase
      permeable materials which are available commercially. These are high power
      density, low electrical resistivity materials (about 5 .times.
      10.sup.-.sup.2 to 10.sup.-.sup.6 ohm cm). The electrical rsistivity of
      permeable sintered metals is so low that such material could only be used
      for relatively high power outputs involving special design of the heater
      body. The discussion herein is limited therefore to heater bodies of
      permeable carbon, although the principles will apply, of course, to any
      permeable heater materials which may be developed with similar electrical
      and permeability properties.
PAR  The geometry of the permeable heater body 11 is influenced strongly by the
      material resistivity since for a given heater length L to area A ratio and
      level of heat generation (power W), electrical resistivity .rho.
      determines the electrical current (I) supply required. The relevant
      relationship is
      ##EQU1##
      As stated above, when the electrical resistivity of the heater body 11 is
      low, in general it is only possible to keep current supply within
      reasonable limits by employing a thin-walled heater body. For example, a
      granular carbon heater body of resistivity 0.05 ohm cm, having 35%
      voidage, an average pore diameter of 110 microns and rated at about 5
      kilowatts, would have a wall thickness of less than 0.5 cm if the outside
      diameter of the cylinder is about 3.5 cm and the length about 10 cm. Such
      a heater body can only be expected to produce a pressure drop across the
      wall of a few centimetres of water pressure at the flow rates which would
      typically be used when heating a liquid and this is less than the static
      pressure head differences which would exist. The consequential effects of
      static pressure head variation on flow cannot be overcome simply by
      choosing a heater body 11 with suitable pressure drop characteristics
      since the electrical supply considerations may rule this out.
PAR  As proposed in Specification No. 1,182,421 the alumina layer can limit the
      input surface temperature to avoid onset of surface boiling, but, without
      the further important appreciation of pressure drop considerations, it
      will be fortuitous whether the device operates satisfactorily with a
      barrier layer designed simply on thermal impedance considerations, because
      a total pressure drop of a few centimetres of water across the wall of the
      heater body necessarily implies instability in the presence of a 10 cm
      variation in static pressure head, unless there is sufficient pressure
      drop in the barrier layer to provide uniform flow into the heater body
      under such conditions of static pressure head variation.
PAR  Now, referring to FIG. 1 hereof, since there is no generation of heat
      within the sleeve 12, there is less constraint upon its design as compared
      with the heater body 11. Thus, for example, the thickness and pore
      dimensions can be arranged to produce a high pressure drop across the wall
      thickness of the sleeve 12. If, in fact, this pressure drop (across the
      sleeve 12) is arrangned to exceed pressure variations due to structural
      non-uniformity and static pressure head variations, the effect can be to
      allow the device to be used to heat a liquid close to its saturation
      temperature and avoid the limitation on bulk fluid temperature after
      mixing, which the flow non-uniformity arising from static pressure head
      variation would otherwise produce. Thus if the pressure drop across the
      sleeve 12 is sufficiently large, the effect of manometric pressure head on
      flow becomes insignificant.
PAR  In fact, given appropriate thermal impedance in the flow control member 12
      and sufficient pressure drop across it for stabilising flow into any
      region where vapour is formed, then the flow control member 12 enables
      such vapour generation to be tolerated. Mixing in the fluid emerging from
      the output surface of the heater body balances wide local variations in
      temperature very quickly.
PAR  These considerations lead naturally to an appreciation of the value of a
      flow control member, designed to give an appropriate pressure drop and
      thermal impedance, where a liquid is to be evaporated. Assuming, for the
      reasons explained above, a thin-walled heater body, if the latent heat of
      the liquid is high and/or if a certain level of superheating of the vapour
      in the heater is desired, evaporation may be occurring close to the liquid
      entry surface of the heater. For example, water being evaporated to
      dryness from an initial temperature of 15.degree. C at an atmospheric
      pressure would, in passing through a permeable heater body 11 of wall
      thickness 0.5 cm generating heat uniformly, reach a temperature of
      100.degree. C within a distance of less than 0.1 cm from the entry
      surface. The function of the flow control member 12 is then indispensable
      for providing both thermal impedance to keep the entry surface temperature
      below the liquid boiling point and sufficient pressure drop in the liquid
      phase to stabilise flow into the regions where vapour is forming.
      Otherwise, surface boiling can set in with the consequent complete
      disruption of flow and breakdown in satisfactory operation of the heater.
PAR  It is important to note that, due to back radiation of heat and to back
      conduction of heat through both the material of the flow control member 12
      and the fluid itself, evaporation may occur within the flow control
      member. This can be tolerated, as explained, provided the pressure drop in
      the liquid phase (in this case wholly within the flow control member) is
      sufficient to stabilise flow into the region where vapour is formed.
PAR  Vaporisation is a random process and likely to cause local pressure
      perturbations which affect flow uniformity and may lead to vapour bubbles
      back-streaming to cause vapour locks if these bubbles are generated close
      to the entry surface of the heater body 11 and at a point where only a
      fraction of the total pressure drop across the heater body 11 has been
      developed. If there are significant flow or heat generation
      non-uniformities this phenomenon may be enhanced, such that a continuous
      stream of vapour bubbles emerges from certain regions of the heater body
      11 entry surface. Hence, there is also the problem of minimising the
      effect on fluid flow of local pressure peturbations during vaporisation
      and prevention of vapour bubble backstreaming. To overcome this latter
      problem it is required that the pore size of the sleeve 12 should
      preferably be smaller than the pore size of the heater body 11 and that
      any gaps between the flow control member 12 and the heater body 11 must be
      small enough to avoid significant vapour bubble migration along them due
      to buoyancy forces. To this end, a layer 9 of soft permeable material,
      such as Fiberfrax filter paper, may advantageously be inserted between the
      flow control member 12 and the heater body 11. This prevents or limits
      bubble migration along channels formed by asperities of the two contiguous
      permeable materials. Alternatively, the flow control member 12 itself may
      comprise a tube of filter paper or permeable fibrous material which moulds
      itself to the carbon heater body 11. A further alternative is to form the
      flow control member 12 by plasma spraying a thick layer of permeable
      material, such as alumina, onto the carbon heater body 11. However, with
      such a structure there is risk of cracking under the stresses of
      differential thermal expansion of the heater body and flow control member
      and the absence of discontinuity at the interface reduces the thermal
      impedance. The existence of the smaller pores in the sleeve 12 tends to
      break up any back-streaming bubbles such that they are more readily
      condensed within the sleeve 12 in the entering colder liquid. It may
      sometimes be advantageous to provide for the pressure drop in the sleeve
      12 to be significantly greater than would be required purely from
      considerations of static pressure head vairations and their effect on
      fluid flow uniformity.
PAR  In the consideration above of origins of non-uniformity in liquid flow
      through the permeable heater body 11, it was assumed that the liquid
      viscosity did not vary significantly with temperature. Many liquids
      exhibit a significant variation in viscosity with temperature, such as
      silicone oils, which are to be heated by a permeable heater device
      incorporated in a vapour vacuum pump illustrated in FIG. 2 and described
      more fully below.
PAR  As explained, structural non-uniformities and manometric pressure
      variations cause non-uniformities in both heat generation and fluid flow.
      Where these non-uniformities in heat generation and fluid flow are not
      self-compensating, there is mis-match. Mis-matching implies variations in
      temperature from one region to another in planes of the heater body where
      there should be a constant temperature. If such temperature variations
      produce viscosity variations, then the non-uniformity of flow is further
      aggravated, since fluid flow rate is dependent upon viscosity.
PAR  Here again, the flow control member, providing an adequate pressure drop,
      serves to stabilise flow in defining the flow pattern in a region where
      there is not much temperature variation perependicular to the flow. This
      flow pattern, supported by the relatively high pressure drop across the
      flow control member, is imposed upon the heater body, and can be largely
      maintained within thin walled heater elements, even in cases where the
      permeable carbon structure has relatively high voidage.
PAR  Further constraints are imposed upon the operating conditions if the fluid
      is heat sensitive, e.g., degrading or cracking if raised above a
      predetermined temperature. Two possibilities arise in that one may wish to
      avoid degradation or cracking, as for example in evaporating a silicone
      oil in a vacuum vapour pump, or the purpose of the heating step may be to
      achieve cracking, but it may be important that this occurs throughout the
      fluid at a substantially constant distance along the flow direction from
      the heater input surface.
PAR  Mis-match in flow and heat generation patterns leading to "hot-spots"
      clearly has to be avoided with such heat sensitive fluids. A flow control
      member in accordance with the present invention influences flow
      non-uniformity in two respects important to this consideration. Firstly,
      in providing a relatively high pressure drop, the influence upon flow in
      the heater body of manometric pressure variations is reduced. Secondly
      fluid flow into a region where overheating or vaporisation is occurring
      can be stabilised so that stable operation is possible.
PAR  Thus, the flow control member contributes to solving problems in heating
      heat sensitive fluids in a permeable heater device, but its main
      contribution is in enabling high power density, low electrical resistivity
      permeable materials to be used for heating and evaporating fluids and, if
      desired, superheating the vapour. A remarkable feature of the flow control
      member is that a permeable heater device can continue to operate
      satisfactorily (with fluids that are not heat sensitive) despite severe
      hot spot development in the heater body.
PAR  Therefore, in the general case of a device which may be used for heating a
      fluid close to but below the saturation temperature, for heating a fluid
      to the saturation temperature so as to produce a wet or dry saturated
      vapour, and for heating a fluid such that it is evaporated and superheated
      to a high temperature, the combination of heater body 11 and sleeve 12 is
      such that the sleeve 12 has four main functions. Firstly it acts as a flow
      distributor such that fluid static pressure head differences are
      minimised. Secondly it acts as a barrier to back-streaming vapour bubbles
      such that they are condensed within the sleeve or forced to migrate in the
      forward direction of fluid flow. Thirdly it prevents pressure
      perturbations arising during the vaporisation process from having any
      significant influence on fluid flow uniformity and stability. Fourthly it
      acts as a thermal impedance such that evaporation of the fluid can only
      take place within either the heater body 11 or within the sleeve 12, or
      within both heater body 11 and sleeve 12.
PAR  The characteristics of the permeable sleeve 12 which are important in
      determining its thermal impedance and heat transfer function are its
      thermal conductivity, the voidage and the internal void structure of the
      sleeve 12. Of these characteristics the voidage and void structure also
      affect flow and pressure drop so that the flow distribution and thermal
      impedance functions of the sleeve 12 are interdependent. This requires a
      critical selection of the parameters of the sleeve 12 and this topic is
      discussed further below.
PAR  So far it has been assumed that the structure of the sleeve is such that it
      does not of itself create a non-uniform flow into the heater 11. There
      would be little point in overcoming the static pressure head effects on
      flow uniformity if the sleeve 12 itself created a non-uniform flow as a
      result of its structural characteristics. A further reason for postulating
      a uniform sleeve 12 structure exists in cases where a significant amount
      of heat is radiated and conducted into the sleeve from the heater 11. It
      is desirable that this heat is received and transferred uniformly to the
      fluid within the matrix 12, otherwise non-uniformity in fluid temperature
      and fluid quality will exist in the fluid entering the heater 11, with
      consequent effects on fluid conditions at exit from the heater body 11.
PAR  The first requirement for the sleeve structure is that the voids shall be
      substantially uniformly distributed throughout the material and that where
      a range of void sizes exist these sizes should also be substantially
      uniformly distributed. If this is the case then pressure drop and fluid
      flow can be reasonably uniform through the whole of the sleeve. The
      porosity must also be sufficiently high and the pore size sufficiently
      small for fluid flow into and out of the sleeve to be virtually a
      continuous sheet and not jet-like. It has been found that porosities of
      about 35% are suitable and that pore size should generally be below about
      100 microns with a preferred range below 30 microns where a high pressure
      drop is required.
PAR  If the parameters of the sleeve 12 are correctly chosen it is possible for
      a temperature gradient of considerable magnitude to exist through the
      sleeve 12 and heater 11 without the occurrence of boiling of the fluid on
      the entry surface of the sleeve 12.
PAR  Various types of material may be used for the sleeve 12 provided its
      electrical resistivity is sufficiently high for the heat generation within
      the sleeve to be small enough to avoid the surface evaporation problems
      which have previously been discussed. For example a permeable sleeve of
      granular alumina or mullite has been found to be satisfactory provided the
      pore size and distribution is sufficiently uniform. Cases have however
      been encountered where the method of manufacture of the porous material
      has been such as to produce markedly non-uniform porosity and this has led
      to the generation of hot spots in the heater 11 as a result of flow
      non-uniformity at entry to the heater 11. Alternatively permeable tubes
      formed from wrapped ceramic paper may be used, such as Fiberfrax.
      Permeable tubes consisting of ceramic fibres with a high voidage have been
      found to be particularly effective when a very high thermal impedance is
      desirable, since the structure has a low thermal conductivity.
PAR  It has been postulated above that it is desirable for the heater body 11 to
      have a low pressure drop in relation to the sleeve 12. This means that in
      general the fluid flow pattern at entry into the heater 11 will tend to
      persist while the fluid is within the heater body 11, even if the
      structure is such as to produce some degree of pressure drop
      non-uniformity. A contributory factor to this condition is the relatively
      short fluid residence time (milliseconds) which obtains in some cases.
      Consequently the structural uniformity of heater 11 is not generally of
      prime importance as far as flow uniformity is concerned when the sleeve 12
      determines the flow pattern.
PAR  Structure of the heater body 11 is however of major significance from the
      aspect of heat generation and heat transfer. From the heat generation
      point of view the requirement is for there to be a minimum of macroscopic
      variation of material cross-section since this causes the resistivity and
      heat generation to vary from region to region. Some variation must and
      obviously can be tolerated provided the variation occurs ovr small
      distances and there is a large number of such variations uniformly
      distributed.
PAR  Certain types of structure are better than others from the heat generation
      point of view. A heater body of substantially granular particles of an
      irregular spherical nature, consists of an assembly of comparatively low
      resistance particles bonded or fused at low area contact points which are
      essentially comparatively high resistance regions. This type of structure
      is predisposed towards hot spot formation since most of the heat is
      generated at these contact points and must be transferred to other regions
      of the grains before transfer to the fluid can take place. Consequently
      local temperature gradients are encouraged and if there is even a slight
      degree of local flow non-uniformity due to porosity or pore size
      differences, or other factors, hot spots will develop. Where the material
      has a negative temperature coefficient of resistivity the condition is
      worsened and it is more critical when the porosity and pore size are low.
      If a granular structure is to be used then special precautions must be
      taken during manufacture of the heater body 11 to ensure adequate
      uniformity of voidage and pore size.
PAR  A fibrous structure has been found to be particularly advantageous for the
      heater body 11 from the heat generation and transfer aspect. It is
      preferable for the fibres to be of small diameter and to be firmly bonded
      to adjacent fibres at the points of contact. A high voidage is
      advantageous and the fibrous structure permits a much higher voidage to be
      attained with a lesser degree of structural weakness than would exist in a
      granular element. Foamed structures are also attractive in having high
      voidage and internal surface area but the cell structure is not as
      suitable as the fibrous matrix if the fluid can suffer thermal
      degradation, since there is more prospect of fluid entrapment within the
      cells of the foamed material.
PAR  Techniques for manufacture of a fibrous carbon heater body 11 include the
      carbonisation of natural or artificial fibres which have been woven or
      otherwise agglomerated into a matrix of suitable permeability and pore
      size.
PAR  The design of electrical end connections is also important for improving
      uniformity of heat generation. If the current does not enter the element
      uniformly a predisposition towards non-uniform power generation is set up.
PAR  One form of suitable end connection consists of a series of small
      protrusions which penetrate into a permeable matrix, thus ensuring that
      the end connection pressure is not confined to one region because of
      imperfections in the end surfaces. The protrusion may be produced by
      forming regular concentric grooves or a type of knurled geometry providing
      no significant end leakage of fluid occurs.
PAR  End pressure on the electrical contact surfaces must be maintained if the
      fluid flow is from the inside to the outside of a cylindrical heater body.
      This can be provided by a rod passing down the centre of the heater body
      and if this is permeable, it may also be used as a primary flow
      distributor.
PAR  An alternative means of providing fluid sealing and electrical contacts is
      to use a washer of soft electrically conducting material interposed
      between end flanges and heater body. The soft material may be graphite and
      of higher resistivity than the heater body such that the gasket acts as a
      guard ring and promotes a more uniform axial temperature distribution,
      since heat losses into the end connections may be reduced.
PAR  It will be appreciated that the parameters, for example permeability,
      electrical and thermal conductivity, pore size and dimensions of the
      heater body 11 and the flow control member 12 need to be chosen according
      to the fluid to be heated and the heating cycle, and within the limits
      imposed by available materials which are suitable for the purpose. The
      value of the parameters chosen can vary appreciably since the designer has
      some freedom of choice.
PAR  Actual parameters can thus vary widely, even for one particular fluid and
      heating sequence, since the designer may choose to compensate for high
      permeability in the flow control member by making it of greater wall
      thickness. However, it accordance with the present invention the design
      has to be carried out in accordance with the constraining principles of
      pressure drop and thermal impedance discussed above.
PAR  In particular, if .DELTA. P.sub.B is the fluid pressure drop across the
      flow control member 12, .DELTA. P.sub.E is the pressure drop across the
      permeable heater body 11, and .DELTA. P.sub.H is the manometric or static
      fluid pressure variation over the fluid entry surface to the sleeve 12,
      then it is required that
PA1  1. .DELTA. P.sub.B &gt; .DELTA. P.sub.E and preferably .DELTA. P.sub.B &gt;&gt;
      .DELTA. P.sub.E
PA1  2. .DELTA. p.sub.b &gt; .DELTA. p.sub.h and preferably .DELTA. P.sub.B &gt;&gt;
      .DELTA. P.sub.H
PAR  Referring to FIG. 1, a specific example of a set of parameters for a heater
      suitable for heating water, for heating water to produce wet steam and for
      heating water to produce dry or superheated steam will now be discussed.
PAR  The heater body 11 comprises Schumacher grade 40 permeable carbon in hollow
      cylindrical form of dimensions 3.50 cm outside diameter, 2.65 cm internal
      diameter and 10.00 cm length. The average pore diameter of the body 11 is
      110 microns, with a maximum pore diameter at 180 microns. The porosity
      (porespace/volume) is 35% to 40%. The measured resistivity is 0.052 ohm cm
      and the density of the carbon (not of the heater body as such) is in the
      range 1.25 to 1.50 gm/cm.sup.3.
PAR  The flow control member 12 comprises a hollow cylinder of Celloton V3 which
      is a recrystallised alumina/silica mullitic structure of dimensions 2.45
      cm outside diameter, 1.90 cm internal diameter and 10 cm length. The
      average pore diameter is 3 microns, and comparatively small scatter,
      porosity about 40% and permeability 2.sup.. 19.sup.. 10.sup.10 cm.sup.2.
PAR  For reasons explained above, a layer of Fiberfrax ceramic fibre filter
      material is sandwiched between the heater body 11 and the flow control
      member 12. In this example, Fiberfrax 970FH without binder is employed,
      this material having a compostion as follows:
      Al.sub.2 O.sub.3                                                         
                     50.9%          by weight                                  
     SiO.sub.2       46.8%          "                                          
     B.sub.2 O.sub.3 1.2%           "                                          
     Na.sub.2 O      0.8%           "                                          
     Trace inorganics                                                          
                      0.3-0.5%      "                                          
PAR  Thermal conductivity ranges from 0.4 Btu inch/hour.ft.sup.2 .degree. F at
      400.degree. F to 1.3 Btu inch/hour.ft.sup.2 .degree. F at 1700.degree. F
      (5.8 .times. 10.sup.-.sup.4 Joules cms/sec. cm.sup.2 .degree. C at
      approximately 200.degree. C to 18 .times. 10.sup.-.sup.4 Joules cms/sec.
      cm.sup.2 .degree. C at approximately 927.degree. C).
PAR  The ends of the heater body 11 and flow control member 12 are sealed with
      Sigriflex 0.5 mm thick which has negligible permeability, a thermal
      conductivity of 3 kilocalories/metre. hour .degree. C, and a measured
      electrical resistivity of approximately 0.1 ohm cm.
PAR  The heater device (i.e. body 11 and sleeve 12) has an electrical resistance
      of 0.145 ohms at 20.degree. C and 0.100 ohms at 100.degree. C and is rated
      at 4 kilowatts at 20 volts. The operating current is approximately 200
      amps which represents a current density at the ends of approximately 49
      amps/cm.sup.2.
PAR  For liquid flow through both flow control member 12 and heater body 11 the
      pressure drop across the heater body 11 is negligible. However, where the
      fluid passing through the heater body contains a significant proportion of
      steam, the much larger specific volume and different flow properties of
      the steam result in a significant pressure drop across the heater body.
      Calculations indicate that, in this example, the pressure drop across the
      flow control member is approximately 2.5 lbs/in.sup.2 (the pressure drop,
      assuming dry steam, across the heater body may be approximately 0.5
      lbs/in.sup.2). The prime operating requirement that the pressure drop
      across the flow control member should exceed the manometric pressure
      variation and the pressure drop across the heated body is thus met in this
      example for heating, evaporating and superheating water.
PAR  FIG. 2 is a sectional view of a vaporiser for use in a vapour-driven vacuum
      pump.
PAR  The vaporiser includes a central support tube 52, which is secured at its
      upper end, in a fluid-tight manner, to a mounting member (not shown) and
      to means for passing the liquid to be vaporised to the interior of the
      tube. Welded or otherwise secured to the tube is a collar 54 adjacent to a
      slidable collar 56, the two collars having positioned between them two or
      more appropriately-directed Schnorr or Belleville washers 58.
PAR  Movable with collar 56 is a sleeve 60, the collar 56 and sleeve 60 being
      sealed against the loss of liquid from the interior of the vaporiser, and
      being electrically insulated from the tube 52, by means of a layer 62 of
      plastics material.
PAR  Extending from sleeve 60 is a thin-walled tube 64 having its lower end
      fixed to an annular end cap 66 attached to a short, thin-walled tube 68 of
      stainless steel. Tube 68 is connected at its upper end to a support flange
      70. One end of an electric cable (not shown) for the heating current is
      clamped directly to the tube 64.
PAR  The cap 66 is in electroconductive contact with the upper end (as viewed)
      of a hollow cylindrical permeable heater body 72 through an annular gasket
      74 of flexible graphite. A particularly suitable form of graphite is that
      sold under the trade name "Grafoil" by Union Carbide Corporation.
PAR  A similar gasket 76 is positioned between the lower end of the heater body
      72 and a second end cap 78 which is secured to the lower end of tube 52,
      by a nut 80, in a manner which does not form part of the subject-matter of
      the present invention and which is therefore not described in further
      detail.
PAR  Positioned in intimate contact with the inner surface of the heater body 72
      is a flow control member 82 comprising three layers of a permeable ceramic
      fibre material in paper form, specifically that sold under the registered
      trade mark "Fiberfrax" by the Carborundum Company Ltd. It is important for
      the material to be in intimate contact with the inner surface of the
      heater body 72. To this end, a light helical spring (not shown) is
      positioned within chamber 84 so as to press the fibrous material outwardly
      into contact with the heater body 72.
PAR  In alternative designs the Fiberfrax may be replaced by, or used in
      conjunction with, a cylindrical sleeve of permeable ceramic of granular,
      foamed of fibrous form to give the pressure drop flow dispersing and
      thermal impedance characteristics desired.
PAR  it will be seen that the sleeve 60, tube 64, and cap 66, permeable material
      82 and end cap 78 define the chamber 84. The liquid to be vaporised enters
      this chamber through passages 86 formed in the walls of tube 52.
PAR  Surrounding the heater body 72, and spaced from it, is a casing 88 leading
      to a nozzle 90 arranged to direct the emitted vapour into the interior of
      a vapour vacuum pump, of which the other components are conventional and
      are therefore not shown in the drawing. A feature to note is that the
      inner end of nozzle 90 extends above the end wall 92 of casing 88. This is
      to ensure that any unvaporised liquid which passes through the heater body
      72, and any condensate produced in the interior of casing 88, flow through
      a drip tube 94 in preference to passing down the nozzle 90. The drip tube
      94 preferably extends to the exterior of the pump housing, or to adjacent
      the exterior water-cooled surfaces thereof, so that the liquid from the
      tube does not interfere with operation of the pump.
PAR  The casing 88 is supported from a flange 96 which is secured to flange 70
      in a fluid-tight manner. The connection is through a thin-walled tube 98
      of stainless steel which is spaced radially by only a short distance from
      tube 68.
PAR  Also secured to flange 96, by means of an intermediate tapered support 100,
      is a radiation shield 102. This is provided primarily to keep the enclosed
      boiler unit hot and to reduce recondensation of vapour inside the boiler
      unit, and only secondarily to prevent radiation from the heated parts of
      the vaporiser from falling directly on the inner surfaces of the vacuum
      pump. This is important because, under operating conditions, the evacuated
      interior of the pump favours the transference of heat by radiation rather
      than by either conduction of convection, so that the shield 102 acts to
      maintain the temperature differential between the vaporiser and the pump
      housing.
PAR  The dimensions of the heater body 72 are 3.7 cm outside diameter, 2.4 cm
      internal diameter, 8 cm length. The body has a specific gravity of 0.25
      and an electrical resistivity of 0.026 ohm cm at 250.degree. C.
PAR  The flow control member 82 dimensions are 2.4 cm outside diameter, 1.8 cm
      internal diameter, 9 cm length. The material (Fiberfrax) from which the
      flow control member 82 is made has a density of 20 sq ft/lb.
PAR  In operation the input power is 2.2 kilowatts and silicone oil is used at a
      flow rate of 225 cc/min. The pressure drop has not been measured under
      operation conditions, but at room temperature the pressure drop across the
      flow control member 12 at the above-mentioned flow rate was 150 torr, from
      which it may be estimated that, under operating conditions, the pressure
      drop across the flow control member is about 40 torr and the pressure drop
      across the heater body 72 will be significantly less than this.
PAR  The supply of silicone oil to the heater device is passed through a filter
      upstream of the heater device. It will be apparent that the filter should
      have a smaller pore size than the flow control member. However, the filter
      should not be a flow controlling restriction, this problem being met b
      providing an appropriately large external surface area in the filter. In
      this example a sintered bronze filter is employed with a mean external
      surface area of 107 sq cm. The filter is such as will filter off particles
      larger than about 15 to 20 microns.
PAR  The invention is not restricted to the details of the foregoing examples.
      For instance, hollow cylindrical configurations of heater body have been
      described, as these are generally preferred. However, other geometrical
      configurations may be employed if desired.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a fluid heating arrangement, a device for heating a fluid comprising
      a fluid permeable, porous, electrical resistance heater body having
      electrical input and output ends and a fluid entry surface, a fluid
      permeable, porous flow control member which covers the fluid entry surface
      of said heater body, said flow control member having a fluid entry
      surface, a fluid supply communicating with the entry surface of said flow
      control member, said flow control member being oriented such that the
      static pressure head of the fluid varies over the entry surface of the
      flow control member, the flow control member being made of a material
      which has a higher electrical resistance than the heater body, a lower
      thermal conductivity than the heater body, and a uniform distribution of
      interconnected pores throughout its entirety, the permeability of the
      combination of the heater body and the flow control member being such that
      the impedance of the heater body and the flow control member to flow of
      said fluid causes a drop in pressure in the fulid as it passes through the
      flow control member and the heater body, the total pressure drop in the
      fluid across the combination of the flow control member and the heater
      body in the general direction of fluid flow being greater than said
      variations in static pressure head of the fluid at the entry surface of
      the flow control member so as to promote a uniform flow of the fluid
      through the heater body even in the presence of significant differences in
      static pressure head over the fluid entry surface of the flow control
      member, said flow control member acting as a thermal impedance barrier
      such that heat generated by a heater body is transferred to the fluid
      permeating through the device but does not, by thermal or electrical
      conduction, or thermal radiation, heat the fluid at the entry surface of
      the flow control member to a temperature high enough to cause boiling in
      the fluid before it enters the flow control member.
NUM  2.
PAR  2. A device according to claim 1 wherein pores of different sizes exist
      throughout the flow control member, and the different sizes of pores are
      substantially uniformly distributed throughout the entirety of the flow
      control member.
NUM  3.
PAR  3. A device according to claim 1 wherein pores of different sizes exist
      throughout the flow control member and the heater body and the different
      sizes of pores are substantially uniformly distributed throughout the
      entirety of the flow control member and the heater body.
NUM  4.
PAR  4. A device according to claim 1 wherein 35% to 40% of the volume of the
      flow control member is constituted by the pores.
NUM  5.
PAR  5. A device according to claim 4 wherein the pore size of said flow control
      member is less than 100 microns.
NUM  6.
PAR  6. A device according to claim 4 wherein the pore size of said flow control
      member is less than 30 microns.
NUM  7.
PAR  7. A device according to claim 4 wherein the average pore size of said flow
      control member is 3 microns.
NUM  8.
PAR  8. A device according to claim 2 wherein the permeability of the flow
      control member is such that the pressure drop in the fluid across the flow
      control member alone in the general direction of fluid flow is greater
      than the variations in the static pressure head of the fluid over the
      entry surface of the control member.
NUM  9.
PAR  9. A device according to claim 1 wherein the permeability of the flow
      control member is less than the permeability of the heater body so that
      the pressure drop in the fluid across the flow control member in the
      general direction of flow is greater than the pressure drop in the fluid
      across the heater body in the general direction of flow.
NUM  10.
PAR  10. A device as claimed in claim 1 wherein the distribution of pores and
      pore sizes throughout the flow control member and the heater body, and the
      fit of the flow control member upon the heater body are such as to avoid
      significant migration under buoyancy forces of vapor bubbles.
NUM  11.
PAR  11. A device as claimed in claim 1 wherein a layer of deformable fluid
      permeable material is sandwiched between the heater body and the flow
      control member to reduce migration under buoyancy forces of vapor bubbles
      in gaps between the heater body and the flow control member.
NUM  12.
PAR  12. A device as claimed in claim 1 wherein electrical connections to the
      material of the heater body are made via electrically conductive material
      adapted to bed into the electrical input and output ends of the heater
      body.
NUM  13.
PAR  13. A device as claimed in claim 1 wherein there is provided a layer of
      material adjacent each of the electrical input and output ends, which
      material has a resistivity higher than that of the heater body.
NUM  14.
PAR  14. A device as claimed in claim 1 wherein means are provided for
      constraining fluid to flow into the flow control member and includes
      sealing means for preventing the fluid from entering the heater body
      endwise between the heater body and the flow control member.
NUM  15.
PAR  15. A device as claimed in claim 1 wherein the heater body comprises
      permeable carbon.
NUM  16.
PAR  16. A device as claimed in claim 1 wherein the flow control member
      comprises a fluid permeable layer of ceramic fibrous material.
NUM  17.
PAR  17. A device as claimed in claim 1 wherein the flow control member has
      pores which are smaller than pores formed in the heater body.
NUM  18.
PAR  18. A device according to claim 1 wherein the flow control member is
      electrically non-conducting.
NUM  19.
PAR  19. A device according to claim 1 wherein the flow control member is made
      of a material comprising alumina.
NUM  20.
PAR  20. A device according to claim 1 wherein the flow control member is made
      of a material comprising alumina and silica.
NUM  21.
PAR  21. A method of heating a liquid to vaporize it by causing the liquid to
      flow through a fluid permeable electrical resistance heater body which is
      heated to a temperature high enough to vaporize the liquid by electrical
      current therethrough, the method including the step, prior to passing the
      liquid through the heater body, of causing the liquid to flow through a
      fluid permeable flow control member in contact with and covering the fluid
      entry surface of the heater body, the flow control member offering a
      uniform resistance to the entire flow of the liquid and having a higher
      electrical resistivity than the heater body and a lower thermal
      conductivity than the heater body for subjecting fluid passing
      therethrough to a temperature gradient increasing from a temperature, at
      the entry surface of the flow control member, which is below that at which
      any liquid vapor bubbles form, up to the temperature generated in the
      heater body, the flow control member being oriented such that the static
      pressure head of the fluid varies over the entry surface of the flow
      control member, the permeability of the combination of the heater body and
      the flow control member being such that the impedance to fluid flow of the
      heater body and the flow control member causes a drop in pressure in the
      fluid as it passes through the control member and the heater body, the
      total pressure drop in the fluid across the combination of the flow
      control member and the heater body in the general direction of fluid flow
      being greater than said variations in the static pressure head of the
      fluid at the entry surface of the flow control member.
NUM  22.
PAR  22. A method as claimed in claim 21 wherein the permeability of the flow
      control member is such that the pressure drop in the fluid across the flow
      control member alone in the general direction of fluid flow is greater
      than the variations in the static pressure head of the fluid over the
      entry surface of the flow control member.
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PAL  A temperature control circuit is disclosed for controlling the firing angle
      of a thyristor such as a silicon controlled rectifier connected in series
      with a heater across an alternating power source. The control circuit
      comprises a field effect transistor having its source and drain electrodes
      connected for firing of the rectifier when the field effect transistor is
      rendered conductive, and a bias phase control connected to the gate of the
      field effect transistor for generating a fixed A.C. voltage component
      which is phase shifted by about 90.degree. with respect to the voltage of
      the power source together with a temperature dependent D.C. voltage
      component to control the firing angle of the silicon controlled rectifier
      in accordance with the heat generated by the heater, the sum of the A.C.
      and D.C. voltage components being fed to the gate of the field effect
      transistor. The temperature dependent D.C. voltage is generated by a
      circuit comprising a parallel arrangement including an adjustable resistor
      connected in series with a first diode and a temperature sensitive
      resistor connected in series with an oppositely poled second diode, each
      of such diodes being poled so as to produce a more negative D.C. voltage
      component with increasing temperature and vice-versa.
BSUM
PAR  This invention relates to a temperature control circuit for controlling the
      heat generated by a heater connected in series with a thyristor.
PAR  It is well known to control the temperature of a heater by controlling the
      conduction angle of a thyristor connected in series with the heater. Such
      control is normally done by varying the firing angle of the thyristor. On
      a closed loop control system, the firing angle is regulated automatically
      in response to an error signal derived from a temperature sensor. However,
      the known circuits used for effecting such control are complex, expensive
      and unreliable and, as such, are not well suited for installation in small
      domestic appliances, for example curling irons.
PAR  It is therefore the object of the present invention to provide a novel
      closed loop temperature control circuit for regulating the firing angle of
      a thyristor which offers considerable simplification over the previous
      techniques and which, by virtue of the small number of components used, is
      less expensive and offers a significant increase in circuit reliability.
PAR  The temperature control circuit, in accordance with the invention comprises
      a field effect transistor having its main source and drain electrodes
      connected for firing of the thyristor when the field effect transistor is
      rendered conductive, and a bias phase control circuit connected to the
      gate of the field effect transistor for generating a fixed A.C. voltage
      component which is phase shifted with respect to the voltage of the power
      source and a temperature dependent D.C. voltage to control the firing
      angle of the thyristor in accordance with the heat generated by the
      heater, the sum of the A.C. and D.C. voltage components being fed to the
      gate of the field effect transistor. The D.C. voltage component is
      generated by a circuit comprising a parallel arrangement including an
      adjustable resistor connected in series with a first diode and a
      temperature sensitive resistor connected in series with an oppositely
      poled second diode, and each of such diodes being poled so as to produce a
      more negative D.C. voltage component with increasing temperature and
      vice-versa.
PAR  The A.C. voltage component which is superimposed on the above D.C.
      component circuit may be generated by a circuit including a resistor
      connected in series with a capacitor across the power source, such
      capacitor being connected to the gate of the field effect transistor.
PAR  The field effect transistor is preferably connected to the cathode of the
      above-mentioned second diode for feeding a half wave voltage waveform to
      the field effect transistor for controlling the half wave current waveform
      passing through the thyristor.
PAR  The temperature sensitive resistor located in the circuit for generating
      the D.C. voltage component may have a negative coefficient of temperature
      in which case the first diode is poled so as to conduct during the
      negative cycle of the power source whereas the second diode is poled to
      conduct during the positive cycle of the power source.
PAR  The temperature sensitive resistor may also have a positive coefficient of
      temperature and, in this case, the first diode is poled so as to conduct
      during the positive cycle of the power source whereas the second diode is
      poled to conduct during the negative cycle of the power source.
DRWD
PAR  The invention will now be disclosed, by way of example, with reference to
      the accompanying drawings in which:
PAR  FIG. 1 illustrates a preferred embodiment of a temperature control circuit;
      and
PAR  FIG. 2 illustrates the waveform appearing on the gate of the field effect
      transistor for controlling conduction thereof.
DETD
PAR  Referring to FIG. 1, there is shown a preferred embodiment of the
      temperature control circuit in accordance with the invention. Such circuit
      is for controlling the heat generated by a heater H connected in series
      with the main electrodes of a silicon controlled rectifier SCR across
      terminals M1 and M2 adapted for connection to an alternating power source
      which may be a conventional power line. Terminal M1 is arbitrarily taken
      as the ground point.
PAR  The controlled rectifier SCR is triggered by a field effect transistor Q1
      connected to terminals M1 and M2 through resistors R1 and R2 and diode D1.
      Resistor R1 is a voltage dropping resistor. Resistor R2 has one terminal
      connected to the gate of the controlled rectifier and its other terminal
      connected to the cathode electrode of the rectifier and has a resistance
      value such as to set the proper voltage for firing the rectifier.
PAR  The firing angle of the controlled rectifier is regulated by a so-called
      bias phase control circuit involving the combination of A.C. and D.C.
      voltages applied to the gate of the field effect transistor Q1. The A.C.
      voltage component is generated by a fixed phase circuit including a
      resistor R3 and a capacitor C1 which are connected across the terminals M1
      and M2 through resistor R1. The connecting point of resistor R3 and
      capacitor C1 is connected to the gate of the field effect transistor Q1
      through coupling resistor R4. The values of resistor R3 and capacitor C1
      are selected so as to shift the phase of the sinusoidal voltage appearing
      across the capacitor C1 by a predetermined angle, preferably about
      90.degree., with respect to the voltage applied across terminals M1 and
      M2. The D.C. voltage component is generated by a parallel arrangement, in
      accordance with the main feature of the present invention, which includes
      a variable resistor R5 connected in series with a diode D2 and a
      temperature sensitive resistor R6 connected in series with diode D1.
      Diodes D1 and D2 are oppositely poled whereas resistor R6 is, in the
      embodiment disclosed, a negative temperature coefficient device which may
      be thermally coupled with the heater or otherwise adapted to sense the
      heat generated by the heater. The above arrangement is connected in
      parallel with the previously described resistor R3 and capacitor C1.
PAR  The above temperature control circuit operates as follows:
PAR  The above disclosed parallel arrangement including variable resistor R5 in
      series with diode D2 and temperature sensitive resistor R6 in series with
      diode D1 provide the basic temperature discrimination function. During the
      positive half cycles of the alternating voltage applied across the
      terminals M1 and M2, the voltage appearing on line L1 neglecting the
      effect of field effect transistor Q1, is determined primarily by the
      impedance of resistor R6 due to the blocking effect of diode D2. During
      the negative half cycles, the voltage seen on line L1 is determined by the
      impedance of variable resistor R5 due to the blocking effect of diode D1.
      Hence, over the full line cycle, the voltage seen on L1 is a sinusoidal
      voltage consisting of a positive half cycle followed by a negative half
      cycle and the respective amplitudes of these half cycle voltages are
      dependent upon the relative impedances of resistors R5 and R6. The voltage
      seen on L1 is thus a sinusoidal voltage with a D.C. component which is nul
      when the impedance of resistor R5 is equal to the one of temperature
      sensitive resistor R6 but which is positive when the impedance of
      temperature sensitive resistor R6 is higher than the one of resistor R5 or
      negative when the impedance of temperature sensitive resistor R6 is lower
      than the one of resistor R5. Therefore, if the temperature sensed by such
      resistor R6 increases, a negative D.C. component is generated. On the
      other hand, if the temperature drops, a positive D.C. component is
      generated. Of course, the same effect could be obtained by interchanging
      resistors R5 and R6 and using a positive temperature coefficient resistor.
      In all events, the polarity of the diodes D1 and D2 must be such that
      increasing temperature always results in a more negative D.C. component
      while decreasing the temperature results in a more positive D.C. component
      as it will be seen in the following part of the description.
PAR  The D.C. component appearing on line L1 appears on capacitor C1. Such D.C.
      component is superimposed on the phase shifted A.C. component appearing
      across capacitor C1. As illustrated in FIG. 2, the voltage on the
      capacitor crosses zero at a point depending upon the D.C. component on
      line L1. This D.C. component is derived from the relative value of
      resistor R5 to temperature sensitive resistor R6 as explained previously
      and hence on the temperature sensed by temperature sensitive resistor R6.
      The desired temperature is set by adjusting the value of variable resistor
      R5 to a desired value. If the temperature generated by heater H is equal
      to the one set by variable resistor R5 (R5=R6) the conduction period of
      the field effect transistor and of the controlled rectifier will be
      t.sub.O as illustrated in FIG. 2. On the other hand, if the temperature
      generated by heater H is higher than the one set by variable resistor R5,
      then the impedance value of resistor R6 will be lower than the one set by
      resistor R5 and the voltage on C1 will be as indicated by the curve R5&gt;R6.
      The conduction period of the field effect transistor and of the controlled
      rectifier will be reduced to t.sub.1. Finally, if the temperature sensed
      by temperature sensitive resistor R6 is lower than the value set by
      resistor R5, the impedance of temperature sensitive resistor R6 will be
      greater than the one set by resistor R5 and the voltage on C1 will be as
      indicated by the curve R5&lt;R6. The conduction period of the field effect
      transistor and of the controlled rectifier will then be increased to
      t.sub.2. It will therefore be seen that the net of the above disclosed
      temperature control circuit is that the conduction period of the field
      effect transistor and, consequently, of the controlled rectifier connected
      thereto varies directly with the power required by the heater to maintain
      the temperature sensitive resistor R6 at the point set by variable
      resistor R5. If the sensor perceives a small amount of overheat the D.C.
      level on the capacitor C1 will decrease and the conduction period of the
      controlled rectifier will be lowered and the heater will generate less
      heat. On the other hand, if the sensor perceives a small amount of
      cooling, the D.C. level on the capacitor C1 will increase and the
      conduction period of the controlled rectifier will be increased and the
      heater will generate more heat. As mentioned previously, it is therefore
      important that, when a temperature sensitive resistor R6 having a negative
      coefficient temperature is used in series with diode D1, diode D1 be poled
      to conduct during the positive half cycles of the D.C. voltage and that
      diode D2 which is connected in series with variable resistor R5, be poled
      to conduct during the negative half cycles of the source. On the other
      hand, when a temperature sensitive device having a positive temperature
      coefficient is used in series with diode D2 and the variable resistor
      connected in series with diode D1, it is important that diode D2 be poled
      to conduct during the negative cycles of the source and diode D1 be poled
      to conduct during the positive cycles of the source.
PAR  The above disclosed circuit, apart from offering considerable
      simplification by virtue of the small number of components, also offers a
      significant increase in circuit reliability not only because of the lower
      number of components but also because of the following several features
      which are intrinsic to the circuit configuration itself:
PAC  1. Line voltage rejection
PAR  The inherently symmetrical nature of the parallel arrangement including
      resistor R5 in series with diode D2 and resistor R6 in series with diode
      D1 reduces line voltage variations to a second order effect, i.e. the set
      point changes negligably as the supply voltage across terminals M1 and M2
      undergoes normal variation.
PAC  2. Field effect transistor gate protection
PAR  Because of resistor R3 and capacitor C1, the gate of the field effect
      transistor Q1 is entirely protected against typical high voltage-short
      duration spikes on the power source.
PAC  3. Field effect transistor drain protection
PAR  The maximum voltage on the source of field effect transistor Q1 is limited
      by virtue of the fact that increasing voltage on temperature sensitive
      resistor R6 results in a more positive D.C. component on capacitor C1,
      tending to turn field effect transistor Q1 on a greater percentage of the
      time which, in turn, reduces the voltage on temperature sensitive resistor
      R6.
PAC  4. Temperature sensitive device protection
PAR  When using a temperature sensitive resistor R6 having a negative
      temperature coefficient, such resistor is automatically protected because
      an increasing voltage on the temperature sensitive resistor R6 will result
      in a more positive D.C. component on capacitor C1, tending to turn field
      effect transistor Q1 on a greater percentage of the time thus reducing the
      voltage on temperature sensitive resistor R6.
PAC  5. Firing point definition
PAR  The firing point definition is augmented by the intrinsic square law
      transfer characteristic of the field effect transistor Q1.
PAC  6. High gate impedance of field effect transistor Q1.
PAR  The high gate impedance of the field effect transistor Q1 assures minimum
      loading on the capacitor C1 insuring proper phase shift of the A.C.
      voltage component and the integrity of the D.C. voltage component.
PAR  The above disclosed temperature control circuit operates satisfactorily
      with any temperature sensitive resistor but the use of a temperature
      sensitive resistor having a characteristic such as disclosed in U.S.
      application Ser. No. 467,594 filed May 6, 1974 by the same assignee as the
      present application, has given particularly good results because such
      temperature sensitive resistor exhibits a sharp break in its
      impedance-temperature characteristic so as to provide a narrow
      proportional band. In addition, such resistor may have a certain amount of
      hysteresis which reduces the rate of variation in the resistance of the
      temperature sensitive device within the transition range and so increases
      its stability as more clearly disclosed in the above-mentioned patent
      application.
PAR  Although the invention has been disclosed with reference to a preferred
      embodiment thereof, it is to be understood that various modifications may
      be made within scope of the following claims. For example, the field
      effect transistor Q1 does not necessarily have to be connected to the
      cathode of diode D1. It could be connected directly across the power
      source in series with a suitable voltage dropping resistor. The connection
      illustrated in the preferred embodiment of the invention, apart from
      cutting down the number of components, provides a drain protection of the
      field effect transistor against voltage variations as explained
      previously. It will also be understood that variable resistor R5 may be
      connected in series with diode D1 and temperature sensitive resistor R6
      connected in series with diode D2 provided that the temperature sensitive
      resistor R6 has a positive temperature coefficient so as to produce a more
      negative D.C. voltage component with increasing temperature and
      vice-versa. Finally, the invention is not limited to the control of
      silicon controlled rectifiers but may be used to control any types of
      thyristors.
CLMS
STM  I claim:
NUM  1.
PAR  1. A temperature control circuit for controlling the firing angle of a
      thyristor connected in series with a heater across an alternating power
      source, comprising:
PA1  a. a field effect transistor having its source and drain electrodes
      connected for firing of the thyristor when said field effect transistor is
      rendered conductive; and
PA1  b. a bias phase control circuit connected to the gate of said field effect
      transistor and including means for generating a fixed A.C. voltage
      component which is phase shifted with respect to the voltage of said power
      source and means for generating a temperature dependent D.C. voltage to
      control the firing angle of said thyristor in accordance with the heat
      generated by said heater, the sum of said A.C. and D.C. voltage components
      being fed to the gate of such field effect transistor, said means for
      generating said temperature dependent D.C. voltage component comprising a
      parallel arrangement including an adjustable resistor connected in series
      with a first diode and a temperature sensitive resistor connected in
      series with an oppositely poled second diode, each of said diodes being
      poled so as to produce a more negative D.C. voltage component with
      increasing temperature and vice-versa.
NUM  2.
PAR  2. A temperature control circuit as defined in claim 1, wherein said means
      for generating said phase shifted A.C. voltage component includes a
      resistor connected in series with a capacitor, said capacitor being
      connected to the gate of said field effect transistor.
NUM  3.
PAR  3. A temperature control circuit as defined in claim 1, wherein said field
      effect transistor is connected to the cathode of said second diode for
      feeding a half-wave voltage waveform to the field effect transistor for
      controlling the half-wave current waveform passing through the thyristor.
NUM  4.
PAR  4. A temperature control circuit as defined in claim 1, wherein said first
      diode is poled so as to conduct during the negative half cycles of said
      power source whereas second diode is poled to conduct during the positive
      cycles of said power source, and whereas said temperature sensitive
      resistor has a negative coefficient of temperature.
NUM  5.
PAR  5. A temperature control circuit as defined in claim 1, wherein said first
      diode is poled so as to conduct during the positive cycles of said power
      source whereas said second diode is poled to conduct during the negative
      cycles of said power source and whereas the temperature sensitive resistor
      has a positive coefficient of temperature.
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ABST
PAL  A device utilizing thermal and electrical energy for cooking food in a
      minimal time, particularly pieces of food in a flat configuration such as
      meat patties or hamburgers, steaks, and bacon.
PARN
PAR  This is a continuation of application Ser. No. 398,657, filed Sept. 19,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A number of devices are known for quickly heating or cooking foods in a
      relatively short time; an example of such structures are shown in U.S.
      Pat. No. 3,474,221; U.S. Pat. No. 3,167,431 and U.S. Pat. No. 1,915,962.
      There is, however, a need to provide a system and apparatus for cooking
      food such as meat patties or hamburgers quickly while retaining the
      palatability of the food. Another need is that of providing an automatic
      unit that will cook hamburgers more quickly and uniformly.
PAR  Accordingly, it is a principal object of the present invention to provide a
      new device for cooking foods and particularly for grilling meat patties
      such as hamburgers.
PAR  The apparatus and method of the present invention has been found to cook
      the food more quickly than conventional methods, to provide a more
      uniformly cooked food, and to cook the food with less weight loss than
      results when cooking the same food by conventional apparatus. It has
      further been found that the apparatus of the invention cooks the food as
      fast or faster than the present microwave ovens and also browns the food
      to have a very pleasing appearance.
PAR  Also, and of importance, is the fact that the apparatus of the invention
      provides a cooked food product which is more flavorful; that is, it tastes
      better than conventionally cooked foods. It is believed that one reason
      for this fact is that since the meat patty is cooked more quickly it thus
      retains or seals a greater percentage of the meat juices within the meat
      during the cooking process than is done by conventional apparatus,
      resulting in a juicer piece of meat.
PAR  Another reason why the cooked meat patty is believed to be more flavorful
      is the fact that the apparatus of the invention cooks the food more
      uniformly throughout its thickness than is done by conventional apparatus.
      To cook, say a meat patty, in conventional apparatus, a higher temperature
      has to be established in those layers of the meat near the surfaces in
      order that the center layers of the meat be properly cooked. This is
      believed to cause the outer layers of the meat to become relatively
      overcooked, dry; and, hence less juicy. In contrast to the foregoing, the
      present invention provides an apparatus wherein the entire thickness of
      the food (excluding the exterior visible surfaces) is cooked uniformly
      throughout to provide juicer and tastier pieces of meat. Present day
      cuisine and eating habits require that the exterior visible surfaces of
      the meat be relatively brown; this too is accomplished by the inventive
      apparatus.
PAR  The apparatus of the present invention possesses another important feature
      in that it does not use any high frequency energy or microwaves which
      might be injurious to the user if leakage of the high frequency energy is
      not prevented. Thus, the cooking device of the invention may be used
      safely and without any special protecting features such as required in
      microwave ovens. Further, food such as a meat patty may be cooked by the
      apparatus of the present invention as fast or faster than the time
      required by microwave ovens for cooking the same food.
DRWD
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention as illustrated in the accompanying
      drawings wherein:
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows one embodiment of the invention wherein the cooking device
      includes cooking plates positioned in a hingeable closeable unit;
PAR  FIG. 2 shows an electrical diagram useful in explaining the invention; and,
PAR  FIGS. 3A and 3B show a diagram of the control circuitry of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1 and FIG. 2, the cooking device 10 of FIG. 1 includes a
      base 11 on which is mounted a first or lower plate 13 (such as of steel)
      having substantial thermal capacity. A second or upper plate 15, which is
      substantially similar to plate 13, is mounted on the cover 17 which cover
      is positioned on base 11 to form a hingeable, closeable unit.
PAR  Device 10 includes suitable, well known, heating elements 19 and 21
      respectively mounted adjacent to plates 13 and 15 in the base 11 and in
      cover 17 such as indicated in FIG. 2, to heat the upper and lower plates.
      Alternatively, the heating elements 19 and 21 may be mounted directly on,
      or within the plates 13 and 15. As is common, heating elements 19 and 21
      may be connected to a source of alternating current, through leads 22.
      Preferred embodiments of the cooking device are presently adapted to
      operate from generally available 120 volt or 240 volt A.C. sources.
PAR  Plates 13 and 15 are electrically connected through leads 23 and 25 to a
      control unit 27 which will be described in detail hereinbelow, and thence
      to the same A.C. source. Plate 13 is connected to neutral or the grounded
      side of the line, and plate 15 is insulated. Plate 15 also includes
      adjustable insulator spacing studs 28 for limiting the minimum distance
      between the plates 13 and 15 when the plates are closed in an operating
      position, as indicated in FIG. 2. As is obvious, the one embodiment of the
      cooking device shown in the FIGURES is generally similar to a hinged
      waffle iron, or griddle.
PAR  In operation, the meat patties (hamburgers) to be cooked are placed on the
      lower plate 13 of the cooking device as indicated in FIG. 1. The inventive
      apparatus operates equally weel whether the pattie is in a frozen or
      unfrozen state. As is common, power is initially applied to preheat the
      plates 13 and 15 such as through a conventional thermostat switch 31
      connected to heating elements 19 and 21. Note of course, that the
      inventive apparatus is useful in cooking foods, particularly food products
      shaped in a flat configuraton such as steaks, bacon, liver, etc.
PAR  When the plates are closed as indicated in FIG. 2, to initiate the cooking
      process, a suitable electronic switch, shown pictorially as a mechanical
      switch at 33, is activated after a preset time, as will be described more
      fully hereinbelow, so as to connect the source of electrical power through
      the control unit 27, switch 33, conductive lead 23, plate 15, meat patty
      20, plate 13 and conductive lead 25 back to the source of power. As will
      be explained, meat patty 20 is in effect an electrical, series-connected
      resistance in the foregoing circuit.
PAR  Refer now to FIGS. 3A and 3B which show the schematic diagram of the
      control unit 27. In FIG. 3A, the 120 volt alternating current is coupled
      through lead 41 and selectively through silicon controlled rectifiers
      (SCR's) 43 and 45, and hence to plate 15. As mentioned, the patty 20 acts
      as an electrically resistive element, hence the foregoing current path is
      traceable from plate 15, through patty 20, plate 13, and current shunt
      resistor 55 to neutral and ground references.
PAR  A safety bleeder resistor 53 is connected across plates 13 and 15 to shunt
      the SCR leakage current when the SCR's are normally OFF, so that no
      significant voltage extist across the plates at such time.
PAR  SCR's 43 and 45 each include an anode, a cathode and a gate electrode and
      are connected in a relatively inverse relation; that is, the anode of SCR
      43 and the cathode of SCR 43 are connected to the input line 41.
      Accordingly, the SCR's conduct on opposite half cycles of the input
      alternating current. The gate electrodes of SCR's 43 and 45 are connected
      to the secondary windings 49 and 51, respectively, of transformer T1. The
      primary winding 44 of transformer T1 is shown on the upper right hand
      corner of FIG. 3B. Transformer T1 functions as a gate pulse transformer
      having its primary winding actuated in conjunction with the control
      circuitry.
PAR  As will also be explained more fully, the SCR's 43 and 45 are phase
      controlled to adjust the firing or conductance angle of the SCR's to
      maintain a constant rate of energy input to the meat patty 20. If the rate
      of energy starts to go above whatever is a pre-set level, the conductance
      angle of the SCR's is reduced; and conversely, if the rate of energy input
      tends to drop below the pre-set level. the conductance angle is increased.
PAR  The output from SCR's 43 and 45 is also coupled through resistor 57 and
      lead 61; and across resistor 59 to provide a voltage input to an analog
      multiplier integrated circuit 60 (such as an MC1495L of the Motorola Co.).
      The foregoing voltage input to circuit 60 is representative of the voltage
      being applied to the meat patty 20. A second input to the analog
      multiplier circuit 60 is coupled from the junction of plate 13 and
      resistor 55 through resistor 65 and an operational amplifier 63, (such as
      a Signetics Co. 741 type). The foregoing second input on lead 67 to analog
      multipler 60 is representative of the current through the meat patty.
PAR  The analog multiplier 60 multiplies the signal input on lead 61, which is
      proportional to the voltage developed across the patty, and the signal
      input on lead 67 which is proportional to the current passing through the
      patty to thus provide an output which is representative of instantaneous
      wattage input to the meat patty. The output of analog multiplier 60 is
      coupled through leads 69 and 71 to an operational amplifier 65 (a
      Signetics Co. 741 type). As will be appreciated, the voltage at the output
      of operational amplifier 65 pulsates in accordance with the conduction of
      SCR's 43 and 45 and hence at twice the repetition rate of the input
      current. In order to obtain the average wattage input to the meat patty
      over a short period of time, the output from operational amplifier 65 is
      coupled through lead 73 to a low pass active filter 75 including an
      operational amplifier 77 (a Signetics 741 type) to provide a D.C. voltage
      proportional to the short term average power input to the meat patty. The
      active filter 75 functions to remove the short term pulsations and provide
      a varying D.C. voltage having a level proportional to the average wattage
      dissipated in the meat patty.
PAR  The output of operational amplifier 77 is connected through lead 79 (refer
      particularly to the upper left hand corner of FIG. 3B), to an error signal
      circuit 84 including an operational amplifier 83 (a Signetics 741 type).
      The D.C. voltage at the output of error signal circuit 84 is connected to
      a control circuit 84A comprising serially connected diode 85, transistor
      87, timer unit 89 (a Signetics Co. NE555V type), capacitor 91, diode 93,
      transistors 95 and 47, the primary winding 44 of transformer T1 and
      capacitor 48 to reference potential. A diode 98 is connected across
      primary winding 44.
PAR  Error signal circuit 84 and control circuit 84A are effective to adjust
      conduction angle of the SCR's to maintain a constant wattage input to the
      meat patty.
PAR  Manually adjustable potentiometer 82 at the input of operational amplifier
      83 sets or establishes a desired, controlled rate of energy input to the
      meat patty. In the embodiment shown, potentiometer 82 is connected to a
      negative voltage (-15V) tending to cause amplifier 83 to provide, say, a
      positive output while the input on lead 79 to amplifier 83 is positive to
      cause amplifier 83 to provide a negative output. Thus, the voltage on
      amplifier 83 will tend to go toward zero, in response to an input on lead
      79 at which point there will be minimal or zero power input to the meat
      patty.
PAR  Note that at this point, a timing capacitor 94 connected to the junction of
      transistor 87 and timer unit 89 will be charged from the +15 potential
      through resistor 96 and transistor 87. When the output of amplifier 83 is
      zero, capacitor 94 will take a relatively long time to charge and thus to
      activate the timer unit 89. Accordingly, the output of timer unit 89 will
      pulse transformer T1 to trigger the SCR's near or toward the end of each
      half cycle, hence the SCR's will conduct for a minimum period, or not at
      all, and little if any power will be applied to the meat patty. Note that
      timer unit 89 includes a second input lead 109 which is in effect an
      ON-OFF control for the timer unit, as will be explained hereinbelow.
PAR  If the output of amplifier 83 is positive; that is, the voltage on lead 79
      is less than the potentiometer 82 pre-set voltage, it is an indication
      that the average wattage input to the meat patty is less than desired. In
      this instance, the capacitor 94 will be charged by current flowing through
      amplifier 83 as well as by current potential flowing through resistor 96.
      Accordingly, capacitor 94 will be charged relatively faster and
      consequently, the timer circuit 89 will be activated relatively sooner and
      cause the pulse transformer T1 to trigger the SCR's earlier in the
      conduction cycle thereby increasing the conduction period of the SCR's and
      hence increasing the power applied to the meat patty.
PAR  Refer now to the left center of the drawing of FIG. 3B, to the pulse
      circuit generally labeled 101. Pulse circuit 101 comprises suitable known
      logic units such as NAND units, generally labeled 104. Circuit 101
      converts the 120 volts A.C. input coupled thereto to provide at its output
      on leads 106, essentially square synchronizing pulses each time the line
      voltage goes through zero. The synchronizing pulses from circuit 101 are
      coupled through NAND circuit 106, NAND gate circuit 107, and lead 109 to
      the timer unit 89. The power to the meat patty is turned OFF by
      interrupting the synchronizing pulses on lead 109, and more specifically
      by turning OFF NAND gate 107. The gate 107 is turned ON and OFF by
      flip-flop circuit 123 as will be explained.
PAR  When the synchronizing pulses coupled from gate 107 to the timer unit 89
      are cut OFF, timer unit 89 will be OFF, transformer T1 will not be pulses,
      and the SCR's will be turned OFF. In this condition only leakage current
      will flow through leads 23 and 25 and safety bleeder resistor 53 to ground
      thus bypassing plate 13 and 15 to prevent any build up of voltage across
      plates 13 and 15 during such condition.
PAR  A time delay circuit 130 including a timer unit 131 (also a Signetics NE55V
      type) similar to the timer unit 89 is pre-settable by potentiometer 133 to
      provide a time delay of between 10 to 30 seconds after the GO switch is
      closed and before a power is turned ON to the meat patty. In other words,
      when the operator pushes the GO start button, there is a pre-set time
      delay before electrical energy is applied to the meat patty.
PAR  At this point, it may be well to explain that it is a combination of the
      thermal heat applied to the meat patty 20 by the thermal elements 19 and
      21, and the electrical energy directly applied to the patty, which
      provides the desirable cooking results. The plates 13 and 15 are preheated
      by the heating elements 19 and 21 and the plates store a relatively high
      amount of thermal energy. When the patties, one or more, are placed
      between the plates 13 and 15, the plates discharge substantial thermal
      energy to the meat patties. During the cooking period, the thermal
      discharge rate of the plates is higher than the thermal heating rate
      provided by the heating elements to the plates.
PAR  The thermal energy from the plates softens the meat patty and makes for
      better electrical contact between the plates and the patty. The heating of
      the meat also tends to lower the resistance of the patty; and very
      importantly the heated plates also cause the meat patty to brown to make
      it culinarily attractive. Salt applied to the meat also improves the
      electrical contact and conductivity of the meat. Thus, as explained above,
      the meat patties are initially heated by thermal energy for a pre-set
      time, then electrical energy is also applied thereto.
PAR  Referring again to FIG. 3B, an integrator circuit 110 integrates the
      wattage applied to the meat patty and when the total electrical energy
      (the total number of joules), reaches a pre-set level, the power is
      switches OFF.
PAR  The integrator circuit 110, which includes an operational amplifier 113, (a
      National Semiconductor LM308 type) receives an output on lead 111 from the
      operational amplifier 65 (see also lead 111 on FIG. 3A). Since, as
      mentioned above, the pulse output from operational amplifier 65 represents
      the instantaneous rate of electrical energy input to the meat patty,
      integration of these pulses provides a voltage at the output terminal of
      amplifier 113 which is proportional to the total electrical energy input
      to the meat patty at any given moment.
PAR  A comparator circuit 112 including an operational amplifier 115 (a Signetic
      741 type) receives the output from operational amplifier 113 through
      resistor 117 and lead 119. A reference voltage level is coupled to the
      other input of operational amplifier 115 from a manually controllable
      potentiometer 121 to represent the total desired electrical energy into
      the meat patty. The setting on potentiometer 121 thus sets the total
      electrical energy to be applied to the meat patties, and hence how "well
      done" the meat patties are to be cooked.
PAR  More specifically, operational amplifier 115 compares the voltage from
      operational amplifier 113, representative of the total electrical energy
      input to the meat patty at any given moment, with a pre-set voltage on
      potentiometer 121. When the voltages are equal, the operational amplifier
      115 couples a signal through lead 125 and resistor 127 to re-set the
      flip-flop circuit 123 to the OFF condition. As mentioned above, when
      flip-flop 123 is shifted to its OFF condition; a signal is applied through
      lead 141 to turn OFF gate 107 and cut OFF the syncronizing pulses to timer
      unit 89 and thereby cause SCR's 43 and 45 to be turned OFF to thereby turn
      OFF the power applied to the meat patty.
PAR  The relay RL1 included in integrating circuit 110 is energized through
      transistor 129 to close contacts 128, when flip-flop 123 switches to its
      OFF condition, thereby discharging the integrating capacitor 114 connected
      across operational amplifier 113. Capacitor 114 is thus returned to its
      discharged condition after each cooking operation.
PAR  A stop push button 140 is provided to enable the operator to couple the -15
      potential to turn OFF gate 107 and interrupt toe sunchronizing pulses to
      thereby turn OFF the power to the meat patty, if so desired, before the
      circuitry determines that the meat patty is done.
PAR  A meter M1 may be connected to the output of operational amplifier 77 to
      enable the operator to monitor the average wattage input to the meat
      patty. A second meter M2 may be connected to the output of operational
      amplifier 113 to indicate the total energy input to the meat patty.
PAR  The lower portion of FIG. 3B shows a power supply 12 which may be of any
      suitable known type to provide the indicated D.C. voltages.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical energy cooking device for cooking food, comprising, in
      combination, first and second plate electrodes positionable in spaced
      relation to one another for forming a cooking compartment of
      pre-determined minimum thickness, means for heating said plates to thereby
      pre-heat the said plates to transfer heat from said plates to said food
      placed therebetween, and first and second electronic control means
      connected to said electrodes to selectively couple electrical energy by
      means of said electrodes through said food, said first electronic control
      means controlling the total electrical energy applied to said food in
      response to a selected level, and said second electronic control means
      controlling and maintaining the rate at which said electrical energy is
      applied to said food relatively constant at a selected level during a
      selected cooking period.
NUM  2.
PAR  2. An apparatus as in claim 1 wherein said control means provides a pre-set
      time delay after said heat transfer is initiated before the electrical
      energy is applied to said food.
NUM  3.
PAR  3. An apparatus as in claim 1 wherein said control means include current
      control means, first circuit means for providing a voltage representative
      of the voltage being developed across said electrodes, second circuit
      means for providing a current representative of current being coupled to
      said electrodes, multiplier means for receiving said representative
      voltage and current to provide a voltage proportional to instantaneous
      power input to said food.
NUM  4.
PAR  4. Apparatus as in claim 3 further including filter means for receiving
      said proportional voltage and providing a voltage indicative of the
      average power input to the food during a given period of time, and means
      to connect said voltage indicative of the average power input to control
      the conduction of said current control means and thereby the rate of power
      input to the food.
NUM  5.
PAR  5. An apparatus as in claim 4 wherein said cooking devide operates from a
      source of alternating current energy, means to provide pulses in
      synchronism with the alternating current for controlling the conduction of
      the current control means, integrating means for providing a signal
      representative of the integration of the power input to said food,
      comparator means for comparing the total electrical energy input to the
      food with a pre-selected input level to turn OFF said synchronized pulses
      when said total electrical energy input equals the pre-selected input
      level to thereby turn OFF the power input to said food.
NUM  6.
PAR  6. An apparatus as in claim 1 wherein said first electronic means includes
      means for integrating the electrical energy applied to the food during the
      selected cooking period and means for switching off the power when the
      selected level of total electrical energy is attained.
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ABST
PAL  Our invention relates to open coil electric heating elements of
      conventional construction but treated to resist corrosion and to
      electrically insulate exposed metallic surfaces. In accordance with the
      invention, the component parts of the heater, except the coiled resistance
      wire and in some cases the supporting insulating bushings, are assembled
      and then coated with a silicone resin-based coating composition. The
      composition is applied in a flowable state to cover all exposed surfaces
      and fill all cracks and crevices to thereby prevent accumulation of
      moisture thereat.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  Open coil electric heating elements are well known in the art and are
      produced in many forms for various uses. This type of heating element may
      be disposed in ducts for heating air flowing therethrough; or may be used
      as a dryer element for clothes dryers; or as a heater for dishwashers; as
      well as for many other uses.
PAR  Because of cost limitations, many metal parts of the heater have been
      formed of ordinary mild steel which is subject to corrosion in some of the
      moist environments where the heater is used. Heretofore, to avoid
      corrosion, some of the metal parts have been formed from galvanized steel
      strip, but this protection is not only costly but does not entirely avoid
      corrosion because the strip must be cut, formed and punched, which
      therefore exposes unprotected edges.
PAR  Further, in view of the great amount of attention now being concentrated on
      consumer safety, it is important that the metal frame is of an electrical
      insulated nature to avoid dangerous shortcircuits in the event a heating
      coil should break and a portion thereof touch the frame structure.
      However, because of the high heat generated by open coil electric heaters,
      it is not practical to form the frame structure of plastic, rubber, or
      other insulating materials.
PAR  Our invention retains the low-cost feature of forming the heater frame
      structure of mild steel, without the additional cost of galvanizing, and
      retains the strength and heat resistance of metal, yet provides corrosion
      resistance and electrical insulating qualities to such frame structure. In
      accordance with one aspect of our invention, the metal heater parts are
      fully assembled with the insulator bushings fixed in position, and this
      assembly is coated with a silicone resin-based coating composition, and
      thereafter the coiled resistor is threaded through the bushings and final
      electrical connection to the terminals is made. In another aspect of our
      invention, the coating is applied to the assembled metal parts of the
      frame structure, and then the bushings are fixed in position and the
      resistor threaded therethrough.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings accompanying this specification and forming a part of this
      application there are shown, for purpose of illustration, embodiments
      which our invention may assume, and in these drawings:
PAR  FIG. 1 is a plan view of one type of open coil electric heater, showing our
      invention applied thereto,
PAR  FIG. 2 is a side view corresponding to the line 2--2 of FIG. 1,
PAR  FIG. 3 is an enlarged, fragmentary sectional view corresponding to the line
      3--3 of FIG. 1,
PAR  FIG. 4 is a plan view of another type of heater, showing our invention
      applied thereto,
PAR  FIG. 5 is a side view corresponding to the line 5--5 of FIG. 4,
PAR  FIG. 6 is a plan view of another type of heater, showing our invention
      applied thereto,
PAR  FIG. 7 is a side view corresponding to the line 7--7 of FIG. 6, and
PAR  FIG. 8 is an enlarged, fragmentary sectional view corresponding to the line
      8--8 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The structures shown in FIGS. 1, 4 and 6 are illustrative of the type of
      open coil electric heaters to which our invention may be applied, but it
      should be understood that the types shown in the drawings are illustrative
      only, and that the invention may be applied to other forms of open coil
      electric heaters.
PAR  The heater shown in FIGS. 1 through 3 is commonly installed within a duct
      for heating air flowing therethrough, for use in a space heating
      installations, for example. The heater shown in FIGS. 4 and 5 is commonly
      used in a dishwasher for heating during the drying cycle. The heater shown
      in FIGS. 6 through 8 is commonly used in a clothes dryer for heating air
      circulated through the clothes contained in the dryer.
PAR  The foregoing heaters, and others of the open coil type, have many things
      in common, such as a fabricated steel frame structure, terminals and
      insulator bushings carried by the frame structure, and a helically coiled
      resistance wire threaded through the insulator bushings in a predetermined
      pattern and electrically connected to the terminals.
PAR  In FIGS. 1 through 3, the frame structure comprises a metal channel 10
      which is adapted to support the heater within a duct (not shown). A
      U-shaped metal rod 11 has its ends 12--12 welded to the channel to form a
      rigid structure. Extending crosswise of the legs 14--14 of the rod 11 are
      a plurality of paired, metal straps 15--15. The straps have paired sockets
      16--16 which combine to receive an insulator bushing 17 and lock it in
      place when the paired strips are connected together, such as by spot
      welding 18. The ends of the paired strips are welded or brazed to the rod
      legs 14--14. Terminals 19--19 are supported by the channel 10 in insulated
      manner, and are adapted to be connected to a source of electrical energy.
      Threaded through the bushings 17 is a helically coiled resistance wire 20,
      the opposite ends of which are electrically connected to respective
      terminals 19,19. The foregoing structure may be similar to that shown in
      U.S. Pat. No. 2,921,172, issued Jan. 12, 1960, to Amos W. Hackman.
PAR  In carrying out our invention, the metal frame structure is fully
      fabricated and assembled with the insulators 17 locked in place by the
      connected paired strips 15--15. Before the resistor wire 20 is strung
      through the bushings 17, the assembly is coated with a silicone
      resin-based coating composition which may be of a suitable type
      commercially available. A coating composition found suitable for the
      purpose is manufactured by the Midland Division of The Dextor Corporation,
      and is sold under the designation 11X929. The coating, prior to
      application to the frame structure is in liquid flowable form, and may be
      applied by dipping, spraying or brushing, to provide a relatively uniform
      coating, as indicated by the stippling in the drawings, with care taken in
      the case of spraying or brushing, that all cracks and crevices are filled
      with the coating. A coating of about 2 mils thick has been found suitable.
      Any suitable compatible pigment may be added to the coating composition to
      provide a desired color. The coating may be air-dried, but in the interest
      of manufacturing efficiency, the coated frame structure is baked in a
      furnace for about 10 to 30 minutes at about 600.degree. F.
PAR  When dry, the coating provides a smooth surface with all cracks and
      crevices thoroughly sealed, as suggested by the reference numeral 21 at
      various places in FIGS. 1 through 3, to prevent accumulation of moisture
      at such places.
PAR  The helically coiled resistor wire 20 is then strung through the various
      insulator bushings 17, and the opposite ends of the wire are mechanically
      and electrically connected to the terminals 19--19. The connection may be
      effected by disposing an end of the resistor wire within an opening in the
      inner end of the respective terminal and such end crimped over the wire.
      In such case, the terminals and their insulated bushings may be assembled
      with the supporting frame and therefore are also coated, as shown. The
      threaded parts of the terminals are preferably protected against coating.
      The final assembly provides an open coil electric heater wherein all metal
      parts of the frame structure are coated to resist corrosion. Likewise,
      since the coating has electrical insulating qualities, the frame structure
      is adequately insulated against short circuits, such as may develop if a
      current supply wire is accidentally contacted with the frame structure or
      if the resistor for any reason should break and a portion thereof contact
      the frame structure.
PAR  The dishwasher element shown in FIGS. 4 and 5 comprises a pair of metal
      plates 25 and 26, each having a generally flat base 27 and an angularly
      related leg 28. The legs have a series of matching pockets 29 within which
      the annular intermediate flange of an insulator bushing 30 is confined.
      The legs 28 are held in flatwise connected relation by tabs 31 struck out
      from one leg and passing through openings 32 in the other leg, the ends of
      the tabs being clinched over the outwardly facing surface of such other
      leg. Other tabs 33, on one leg may be clinched over a marginal surface of
      the other leg.
PAR  As before, a coating of a silicone resin-based coating composition is
      applied to the assembled frame structure, and the resistor wire 34 is then
      strung through the insulator bushings and has its opposite ends
      mechanically and electrically secured to the terminals 35--35. The coating
      (shown by stippling in the drawing) as in the case described in connection
      with FIGS. 1 through 3, provides a corrosion-resistive,
      electrically-insulating protection to the metal frame parts, and seals all
      cracks and crevices, as suggested by the reference numeral 36 at various
      places, to seal out moisture.
PAR  The clothes dryer element shown in FIGS. 6 through 8, comprises a frame
      structure including a plurality of angularly related metal plates 40,
      spot-welded together at a central location, as seen at 41. Each of the
      metal plates has a plurality of holes formed therein and arranged in a
      predetermined pattern. Each hole is shaped as shown at 42 in FIG. 6, and
      is formed by a punching die wherein the marginal surface defining the hold
      is serrated to provide a plurality of tongues 43.
PAR  The insulator bushings 44 in this case are formed as a tubular body 45 with
      a head 46 at one end. The body is of a diameter so that it may be pushed
      into a respective hold until the head 46 engages a surface of a plate 40.
      This action displaces the tongues from the plane of the plate to an
      angular relation, as shown in FIG. 8, wherein they firmly grip the
      insulator body 45 and hold it in position.
PAR  In the heater shown in FIGS. 6 through 8, the metal plates 40 are
      fabricated and welded together, and a terminal plate 47 is welded to one
      of the plates 40. If the terminals 48--48 are of the type shown in FIGS. 1
      through 5, they and their insulating bushings may be connected to the
      terminal plate. However, if the terminals 48 are of the type shown in
      FIGS. 6 and 7, wherein the resistor wire is clamped under a head portion
      of the terminal, they may be omitted at this stage of assembly.
PAR  In any event, the entire assembly, less the helically coiled resistor wire
      49 and insulator bushings 44, is coated as before. Thereafter, the
      insulator bushings 44 are pressed into place and the resistor wire is
      strung therethrough in the pattern shown. The terminals 48--48 and their
      insulating bushings may then be assembled with the terminal plate 47 and
      connected to the respective ends of the resistor wire.
CLMS
STM  We claim:
NUM  1.
PAR  1. An open coil electric heating element, comprising:
PA1  a metal frame support formed of a plurality of metal members which are
      rigidly connected together,
PA1  a plurality of insulator bushings carried by said frame support in
      predetermined spaced manner,
PA1  a coiled bare resistance wire strung through said insulator bushings and
      adapted to be connected to a source of electricity to produce heat, and
PA1  a coating of silicone resin-based coating composition on said frame
      support, said coating being applied in flowable form to cover all exposed
      surfaces of said frame support, the coating drying to a rigid state to
      provide corrosion-resistance and electrical-insulating properties to said
      metal frame support, said coating filling all cracks and crevises of and
      between the parts comprising said frame support.
NUM  2.
PAR  2. The construction according to claim 1 wherein said coating also covers
      said insulator bushings.
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PAL  To permit efficient heat welding of pipe fittings, and the like, of
      thermpolastic material to thermoplastic pipes, by electrically heating of
      the fitting, the fitting is made in two concentric portions, the inner
      portion having a heating wire applied to the outside thereof, the heating
      wire and inner portion being covered by the outer portion, for example
      injected thereover.
BSUM
PAR  The present invention relates to a heat weldable thermoplastic fitting,
      particularly for use with plastic piping, tubing or the like, and having
      a, for example, tubular portion adapted to be thermoplastically welded to
      the plastic pipe or tubing, and to a method of making such fittings.
PAR  It has previously been proposed to utilize electrically heatable, weldable,
      or fusable fittings to connect pipes, tubes, and other elements by means
      of thermoplastic connecting fittings.
PAR  A type of weldable fitting which has been proposed is made by first
      wrapping a heating wire on a mandrel, around which then thermoplastic
      material is applied, for example by injection, and then removing the
      mandrel. The thermoplastic material shrinks considerably, and the
      electrical wire of the heating winding must accept the shrinkage forces.
      Upon introduction of the pipe to be connected to the fitting, the edge of
      the pipe may strike an edge of the heating wire. This may cause
      dislocation of the heating wire, and canting of the heating wire, due to
      the high shrinkage forces and stresses in the fiting. The wire may break,
      and the fitting becomes unusable.
PAR  Another type of weldable fitting utilizes a heating wire in which, prior to
      winding the wire on a mandrel, it is coated or covered with the material
      of the fitting, or with a similar material. Upon injection of the fitting
      material, a secure connection will be formed between fitting and coated
      wire. The wire, therefore, will no longer be subject to damage, and change
      in position, canting, or other dislocation upon introduction of the pipe,
      or other element to be connected to the fitting. The injection pressure
      and the shrinkage of the material in such fittings are counter the
      pressure of the wire, the wire pressure acting in a direction which is
      opposite to that caused by shrinkage, as the fitting and the other element
      are welded together. Upon heating of the fitting, therefore, the heating
      wires have the tendency to shift position in the interior of the fitting
      material, so that the welding points, at the location of highest
      temperature, are more distant from the heating wire than is the case
      already due to the manufacture of the fitting. This substantially
      interferes with reliable welding and connection of fitting and welding
      element.
PAR  Deformation of the heating wire and drift, or deviation thereof, within the
      material of the fitting itself not only detracts from good welding due to
      the greater distance to the surface to be welded itself; it also has the
      tendency to expand the weldable fitting, since the material tends to
      expand with increasing temperature. If the weldable fitting expands in
      such a manner, the weld will be imperfect, unless a slight amount of play
      was provided at the welding point or line. Such fittings do have a
      tendency to shrink, which shrinkage is, however, slight and which may
      disappear upon extended storage.
PAR  It has previously been proposed to weld plastic pipes, other elements and
      the like with fittings in which a heating ribbon is placed between the
      parts to be connected, heating of the heating ribbon itself causing the
      welding connection. This method requires careful handling and the danger
      of short circuits always exists, since the winding is a bifilar winding.
PAR  A fitting has been proposed in which the heating wire is introduced into a
      groove after the fitting has been made, the groove being placed at the
      inside of a sleeve-like fitting. The fitting is expanded, while still
      warm, and then cooled. Upon re-heating, the fitting will have a shrinkage
      memory, that is, will be capable of later shrinking. The inner windings
      are bare, not insulated, in order to provide best thermal contact. If line
      voltage is used, such as 110 or 220 V, connecting such fittings in damp
      weather, or under moist conditions, is mortally dangerous.
PAR  Known fittings, and methods of their applications, were comparatively
      expensive to make, since it was difficult to automate manufacture,
      automation being possible only partially.
PAR  It is an object of the present invention to provide a weldable
      thermoplastic fitting which, when heated electrically, provides for
      reliable welding connection of the parts to be connected, requires minimum
      tolerances, and can be made rapidly and automatically.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, the fitting is formed in two concentric portions. An inner portion
      has the heating wire applied to the outer circumference thereof, and the
      inner portion, with the wire applied, is then covered or coated by a
      second, outer fitting portion.
PAR  In accordance with a feature of the invention, the inner portion is first
      made; the heating wire is then wound on the inner portion, for example
      would in a groove preformed in the inner portion; the outer material is
      then applied over the inner portion which has the wire wrapped thereabout.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is an axial section through a coupling fitting to connect
      thermoplastic pipes, tubes or the like, or a thermoplastic pipe with a
      fitting element;
PAR  FIG. 2 is a fragmentary axial section through the inner fitting portion of
      the fitting of FIG. 1;
PAR  FIG. 3 is a top view of the inner portion of FIG. 2;
PAR  FIG. 4 is a fragmentary top view of the fitting of FIG. 1, showing an
      electrical connection for the heating wire;
PAR  FIG. 5 is a fragmentary axial view through the fitting of FIG. 1, in which
      the heating wire forms, directly, the electrical connection, which is
      wound as a bushing;
PAR  FIG. 6 is a fragmentary axial view through the fitting of FIG. 1, in which
      the electrical connection is formed as a central contact made of wound
      heating wire;
PAR  FIG. 7 is a vertical sectional view through a spreading tool to spread the
      inner fitting portion; and
PAR  FIG. 8 is an end view of the outer ring of the spreading tool of FIG. 7.
DETD
PAR  The fitting of FIG. 1 has an inner fitting portion 1. It is formed with two
      grooved regions 2, 3, in which grooves 4 are formed. The heating wire 5 is
      located in the grooves. The heating wire 5 is preferably a single, unitary
      wire, provided at its two ends with an electrical connection 6. The
      electrical connection 6 can be made in various ways, some of them being
      shown in FIGS. 4-6. In the embodiment of FIG. 4, the electrical connection
      6 is made as a fixed contact pin 7 (FIGS. 1, 4), connected with a disk 8,
      which is formed with a groove 9 in which the heating wire can be placed.
      Disk 8 and pin 7 are located in an opening or aperture 10 of the inner
      fitting portion 1.
PAR  The embodiment of FIGS. 5 and 7 uses electrical contacts formed by the
      heating wire 5 itself, in which the heating wire 5 is wound in a coil. In
      FIG. 5, the coil is located at the inner surface of an enlargement at the
      end of the groove, to form a sleeve or bushing 11, into which a contact
      pin can be inserted. This contact pin, preferably, is split, so as to have
      a resiliently deformable outer circumference. FIG. 6 shows an embodiment
      in which the wire 5 is wrapped closely together to form a closely wrapped
      contact coil 12, almost as solid as a pin, over which, to make the
      electrical connection, a bushing or sleeve can be pushed, preferably also
      resilient deformable, or yielding, for example by being split
      diametrically. The pin-like coil 12 is retained in a recess 13,
      surrounding the pin-like coil 12.
PAR  It is desirable that the heating wire 5 is located in the grooved parts 2,
      3 of the inner portion 1 as close to the inner surface of portion 1 as
      possible. A central part 14 is located between the parts 2, 3 of the inner
      portion 1. The heater wire 5 includes a connecting section 15, passing
      across the central part 14 (see FIG. 3).
PAR  The inner portion 1 is preferably injection-molded in the form illustrated
      in the drawings. Thereafter, the heater wire is wound on the pre-shaped
      inner portion, by placing wire 5 in the groove. Adjacent turns of the wire
      5 are spaced from each other by the ridges between the grooves, so that
      short circuits between windings of the wire are effectively avoided.
PAR  An outer fitting portion 16 surrounds the inner portion 1. Outer portion 16
      is, preferably, also injection-molded. It is formed with openings 13 (FIG.
      6), 17 (FIG. 5), 18 (FIG. 1, FIG. 4) for the electrical connection. A
      further groove 19 may be formed in the outer portion 16 (FIGS. 1, 4) to
      extend the surface adjacent the contacts and thus prevent sneak currents.
PAR  The thickness of the wall of the outer portion 16 is decreased above the
      center part 14 of the inner portion 1, where the wall fits over the
      heating wire connecting section 15. This weakening, or reduction in
      diameter may be a groove 20 (FIG. 1). A temperature indicator 20a can be
      placed in the groove 20, for example a thermo chrome dot, which permits
      accurate temperature measurement from the outside of the outer fitting
      portion 16, thus permitting an outside evaluation, and indication when the
      fitting has reached the necessary temperature to obtain a reliable welding
      connection.
PAR  The inner surface of the inner portion 1 is formed with an abutment 21.
      This abutment 21 may, for example, be in the form of an inner ring of
      triangular cross section, with an apex connected to the inner wall of the
      inner portion 1, so that the connection is by means of a weakened portion,
      to permit ready removal of the abutment ring 21, if desired. The abutment
      ring 21 is used to determine the depth of insertion of pipe ends, other
      fitting ends, or the like, into the fitting. The abutment 21 may be formed
      as one or more circumferentially distributed segments, or in other shapes.
PAR  The fitting of FIG. 1 is made by first injection-molding the fitting
      portion 1, with the grooves formed therein. The electrical heating wire 5
      is then wound into the grooves. After molding, and winding the wire on the
      inner portion 1, the inner portion is expanded by means of an expansion
      tool illustrated in FIGS. 7 and 8. The wire 5 is thereby stressed in
      tension. The spreading mandrel is formed as a segmental outer ring 23 and
      a conically projecting mandrel portion 24. Preferably, two such tools are
      used for each fitting, one being inserted at each end thereof.
PAR  The inner fitting portion 1, thus biassed and expanded, and stressed, is
      then coated in an injection molding form with the outer portion 16. The
      fitting so made has high shrinkage capability and securely holds the
      heating wire close to the inner circumference of the fitting, so that
      there is good heat transfer between the inner tube, pipe or element, to
      which the fitting is to be joined, and the fitting itself. A subsequently
      applied external heat indicator 20a, for example placed in groove 20 (FIG.
      1) permits temperature indication, so that poor or erroneous welding is
      practically impossible.
PAR  The inner heating portion 1 may have the same diameter throughout its axial
      length. It may, however, also have different diameters throughout its
      axial length, thus acting as reducing or expansion bushings. The outside
      of the fitting, then, preferably has an indication such as a + or a -
      sign, which facilitates application of the fitting upon installation in
      piping. The fitting will have excellent alignment and centering, and will
      also provide for uniform welding of the connection.
PAR  Various changes and modifications may be made within the scope of the
      invention concept.
PAR  The connecting segment 15 of the wire 5 is preferably located close to the
      outer circumference of the central part 14, to provide good heat transfer
      to part 6; the groove 4, therefore, has a different depth at the end parts
      2, 3, from the depth of the groove in the central part 14, so that the
      distance for heat heat transfer between the wire 15, in the central part,
      from the inner circumference of the outer part 16, and then to the surface
      of the depression 20 becomes a minimum, and accurate temperature
      determination becomes possible. The grooves may be essentially triangular,
      as shown, or have different forms or shapes as desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. Unitary heat-weldable thermo-plastic fitting for assembly over heat
      weldable pipe comprising
PA1  an inner part (1) of tubular, thermoplastic material and having an inner
      diameter corresponding to the outer diamerter of the pipe,
PA1  a heating wire (5) spirally wound about the outer circumference of the
      inner part and electrically accessible externally of the fitting; an outer
      part (16) of tubular, thermoplastic material surrounding the inner part
      and covering the spiral winding (5);
PA1  the inner part (1) being arranged in two axially separated end portions (2,
      3) adjacent the ends of the fitting and a central portion (14) connecting
      the end portions (2, 3);
PA1  the outer circumference of the end portions (2, 3) of the inner part (1)
      being formed with spirally arranged grooves (4);
PA1  and wherein the wire (5) is located in said grooves (4) and includes a
      connecting segment (15) connecting the wire in the grooves of said axially
      separated end portions (2, 3) and passing across the central portion (14).
NUM  2.
PAR  2. Fitting according to claim 1, wherein the connecting segment (15) of the
      wire (5) in the region of the central portion (14) is located close to the
      outer surface of the inner part (1).
NUM  3.
PAR  3. Fitting according to claim 2, further comprising temperature indicator
      means (20a) located at the outer circumference of the outer part (16)
      above the connecting segment (15) of the heater wire (5) and in the region
      where the heater wire is close to the outer circumference of the inner
      part.
NUM  4.
PAR  4. Fitting according to claim 3, wherein the outer part is formed with a
      depression or decreased wall thickness zone above the connecting segment
      (15) of the heater wire (5) above the central portion (14) and where the
      connecting segment is close to the outer circumference of the inner part,
      to provide for reduced quantity of thermoplastic material of the outer
      part immediately above at least a part of the connecting segment (15) of
      the heater wire.
NUM  5.
PAR  5. Fitting according to claim 1, further comprising electrical connection
      means (6) at the axial ends of the fitting, located on the inner part (1)
      and surrounded by material of the outer part (16).
NUM  6.
PAR  6. Fitting according to claim 5, wherein the contact means comprises a
      contact pin.
NUM  7.
PAR  7. Fitting according to claim 5, wherein the contact means comprises a
      tightly wrapped coil (12) part of the heater wire (5) to form a pin-like
      projecting contact.
NUM  8.
PAR  8. Fitting according to claim 5, wherein the contact means comprises a
      widely spaced coil (11), at least the inner part (1) being formed with a
      recess (13, 17, 18), the coil bearing against the inner circumference of
      the recess, to provide for an outer circumferential contact to receive a
      contact pin for electrical connection to the heater wire.
NUM  9.
PAR  9. Fitting according to claim 1, wherein the inner wall of the inner part
      (1) is formed with an inwardly projecting abutment (21) having a weakened
      shear connection with the inner wall of the inner part (1).
NUM  10.
PAR  10. Fitting according to claim 1, wherein the inner part (1) has a variable
      inner diameter along its axial length.
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ABST
PAL  Automatic banking system equipment which presents at a remote customer
      station a unit enabling a customer to carry out any one of a number of
      banking services, such as depositing, making payments of various types,
      transferring funds between accounts, or withdrawing cash. The equipment
      has programmable display means to instruct the customer as to the steps or
      procedure to be followed in completing a selected banking transaction;
      also, manual entry keyboard means in which the customer makes various data
      entries according to the programmable display instructions to enable
      verification of identity and authorization of procedure through coded
      means presented by the customer at the remote unit to activate the
      equipment, and to indicate, for example, the amount of money to be
      withdrawn or details concerning any other banking transaction; and, also,
      cash dispensing and delivery mechanism activated by the keyboard means in
      accordance with instructions given at the programmable display means
      following verification that the coded means presented is valid and
      genuine, is presented by an authorized individual, and that the banking
      transaction may be completed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to total automatic banking systems equipment which
      enable a diversity of banking functions to be carried out at a remote
      customer station by a bank customer in accordance with instructions given
      at the customer station unit which the customer must follow for any
      particular banking function. Such banking functions may include accepting
      deposits, dispensing cash, transferring funds from one account to another,
      or the making of payments of credit card, utility, or other accounts, or
      on mortgage or installment loans, or the like.
PAR  Further, the invention relates to automatic banking equipment energized by
      a coded credit card-type card or other coded means after card or coded
      means verification following entry of the card through gate means which
      insures proper presentation of a genuine card for verification, or entry
      of other coded data to the equipment.
PAR  Further, the invention relates to automatic banking equipment in which
      cash, usually in the form of paper money bills, in carrying out a cash
      dispensing operation, is delivered from a cash dispenser unit to a cash
      drawer which provides maximum security against attack and has a large
      delivery pocket to provide maximum accessibility when opened, yet
      protecting the contents of the open pocket against air currents, etc. when
      opened for removal of the cash by the customer.
PAR  2. Description of the Prior Art
PAR  Prior automatic banking equipment units for use of a customer at a remote
      station to carry out a number of different banking transactions without
      the presence of a teller, have included various combinations of components
      housed at or within a safe-like enclosure which housed components have
      included keyboards, a card entry slot, a card reader, a cash delivery
      drawer, a cash containing and dispensing mechanism, and a panel where
      messages have been displayed for directing the customer in steps that
      should be taken for the particular transaction.
PAR  The manual entry keyboards that have been used have been of various types
      and constructions, such as a touch-tone type of keyboard, push button
      keyboards, mechanical switch-actuating keyboards, and keyboards having
      lighted buttons, electric-eye keyboards, etc. The keys in any instance
      should be jam-proof, vandal-proof where possible, and unaffected by
      environmental changes to the extent possible, as well as easy to operate.
PAR  Prior message panels have included a panel displaying
      chronologically-arranged permanently displayed statements indicating the
      steps to be taken in using the equipment. The permanent display normally
      is located at or near the facia for the equipment adjacent the keyboard.
      Another prior type of message panel has involved a lighted panel wherein a
      fixed series of messages is displayed one or more after another
      successively following the successive keying in of data at the keyboard.
      In either instance, prior devices have not provided means to display any
      one of a series of messages in which any series can be changed, can be
      bilingual, and can present any desired programmed series of messages for
      any one of a plurality of banking transactions to be carried out, as well
      as presenting other visual information, alternately or concurrently.
PAR  No prior automatic banking equipment of which we are aware has provided a
      programmable display panel at which programmed messages capable of being
      changed can be displayed, selectively, when desired, as when the equipment
      is used for performing a banking function; and alternately, at which
      display panel some other form of message may be displayed while the unit
      is in standby condition between several banking service operations; and in
      which concurrently with any display, a visual representation of keyed-in
      or otherwise entered data may also be displayed at the display panel.
PAR  Further, while cash dispensing mechanism is known in the art primarily for
      use by a teller who keys in the amount of paper money desired, which is
      delivered by the mechanism to the teller as in U.S. Pat. No. 3,760,158;
      the coordination of such mechanism, and its operation in an automatic,
      remote, unattended station unit, with a programmable display of directions
      for operation is not known as far as we are aware.
PAR  There exists a need in the field of banking services for unmanned customer
      service facilities remote from main banking buildings but available at all
      times to customers establishing authorized identity while providing
      maximum security for the transactions to be carried out at the remote
      station, which equipment may be activated by a coded credit card and then
      various types and kinds of information is keyed in by a customer at a
      manual keyboard in accordance with changeable programmable instructions
      displayed adjacent the keyboard, and the keyed-in data and other
      information is also displayed for checking, and then the cash dispensing
      mechanism is energized which delivers the money requested at an adjacent
      cash drawer for removal by the customer.
PAC  SUMMARY OF THE INVENTION
PAR  Objectives of the invention include providing new automatic banking
      equipment at which banking services may be carried out at unmanned
      remotely located customer stations activated by credit card means whose
      genuiness and ownership first is checked and the requested banking service
      authorized in connection with actuation of a cash storage and dispensing
      mechanism in accordance with directions given to the customer of
      sequential steps to be carried out by the customer at a programmable
      display unit for any one of a multiple group of transactions, by entries
      keyed in at a manual keyboard, and which entries also may be displayed at
      the programmable display unit; providing such automatic banking equipment
      in which the displayed instructions permit errors to be corrected which
      may be made by the customer and indicated by conjoint display of the
      keyboard entries adjacent the instructions, thereby enabling the customer
      to complete, cancel or alter the transaction through additional
      instructions displayed for correcting errors; providing such automatic
      banking equipment in which the programmable displays may be bilingual in
      character; providing such automatic banking equipment in which advertising
      or entertaining or educational displays may be shown at the programmable
      display panel whenever desired, or whenever the equipment is not involved
      in carrying out a particular banking transaction; providing such automatic
      banking equipment in which the output of a video tape may be displayed;
      providing such automatic banking equipment in which the customer's name,
      read from the coded card may be displayed at the programmable display
      panel; providing for modification of known banking or currency-dispensing
      devices, components or equipment, such as disclosed in U.S. Riddle et al.
      Pat. No. 3,513,298, Constable U.S. Pat. Nos. 3,641,497 and 3,657,521,
      Edwards et al. U.S. Pat. No. 3,697,729, and Barnes et al. U.S. Pat. No.
      3,761,682, to incorporate the concepts of the foregoing objectives; and
      providing new automatic banking equipment which achieves the stated
      objectives in an effective and efficient manner, and which solves problems
      and satisfies needs existing in the field of automatic banking equipment
      and systems.
PAR  These and other objects and advantages may be obtained by the new automatic
      banking system, equipment and operations, the general nature of which may
      be stated as including in automatic banking equipment of a type in which
      coded means is used to energize a remote customer banking unit, the
      combination of manual entry keyboard means; programmable display means;
      cash storage, dispensing and delivery means; and facilities for performing
      at least one of the following banking operations: depositing, transferring
      funds from one account to another and making payments of various kinds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention -- illustrative of the best mode in
      which applicants have contemplated applying the principles -- is set forth
      in the following description and shown in the drawings and is particularly
      and distinctly pointed out and set forth in the appended claims.
PAR  FIG. 1 is a diagrammatic perspective view of one of the improved automatic
      banking remote units;
PAR  FIG. 2 is a diagrammatic view of the front of a typical coded credit card
      which may be used to activate the banking unit of FIG. 1;
PAR  FIG. 3 is a view of the back of the coded card shown in FIG. 2;
PAR  FIGS. 4-9 illustrate a series of typical messages that may be programmed
      for display at the programmable display panel to direct the customer as to
      the steps to be taken to perform a selected banking function;
PAR  FIG. 10 is a view similar to FIG. 4 of another message that may be
      displayed or changed from time to time concerning banking services
      available; and
PAR  FIG. 11 is a diagrammatic view illustrating that pictures, video tape
      messages, or other types of visual information may be displayed from time
      to time at the display panel.
PAR  Similar numerals refer to similar parts throughout the various figures of
      the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A remotely located customer station automatic banking unit is indicated
      generally at 1 in FIG. 1. The unit 1 is a vault-like structure located at
      any desired unattended location convenient for offering automatic banking
      services at all times to authorized bank customers.
PAR  The remote unit 1 may be of the general type of automatic currency
      dispensers shown in any of U.S. Pat. Nos. 3,641,497, 3,657,521, 3,697,729
      and 3,761,682, having an entry slot 2 for the insertion preferably of a
      personalized, conventional magnetic stripe plastic coded card 3 (FIGS. 2
      and 3) for initiating an automatic banking transaction.
PAR  The unit 1 also is provided with a keyboard 4, the type or nature of which
      is described in detail below, for the entry of data and other information
      necessary or desired in connection with carrying out a desired banking
      transaction. Display panel means 5 also is provided for the unit 1
      preferably located adjacent the keyboard 4 and entry slot 2, at which
      panel, in accordance with the invention, instructions for carrying out a
      selected banking operation are displayed by programmable alpha-numeric or
      pictorial display medii which may be bilingual, or which may be changed
      when desired.
PAR  The unit 1 also may have a deposit slot 6 for accepting a banking
      transaction deposit, and door or drawer means 7 for delivering cash, when
      a cash dispensing operation is carried out.
PAR  The unit 1 also, if desired, may be equipped with an audio speaker 8 and an
      audio microphone 9, as is usual in remote banking equipment units, where,
      under certain circumstances, it may be desirable to communicate with a
      teller located at another banking station. The unit 1 also may have a
      receipt slot 10 where a receipt for the transaction may be delivered to
      the cusomer at the completion of the banking transaction.
PAR  Other components typically housed in remote banking unit 1 include a usual
      card reader, not shown, which reads information from the conventional
      magnetic stripe coded card 3. Another and vital typical component is a
      cash storage, dispensing and delivery mechanism, which as indicated,
      typically may comprise mechanism such as shown in Cash Dispensing
      Apparatus U.S. Pat. No. 3,760,158, the cash delivery door or flap of which
      may constitute the door or drawer means indicated at 7 in the drawings.
PAR  The described entry slot 2, keyboard 4, display panel means 5, deposit slot
      6, drawer means 7, speaker 8, microphone 9 and receipt slot 10 preferably
      are accessible to a customer at a recessed facia panel 11 in the housing
      12 of the unit 1. Since the unit 1 contains a supply of cash from which
      currency is dispensed, and also may contain a depository receptacle into
      which deposits entered through deposit slot 6 are discharged, the housing
      12 has protective walls forming the vault-like structure described. All of
      typical electronic and control equipment components for the automatic
      operation of the unit 1 also are contained in the housing 12.
PAC  CODED ACTUATING MEANS
PAR  As stated, the remote unit 1 may be of a known general type of automatic
      currency dispenser, such as shown in the prior patents enumerated, which
      unit 1 is actuated on insertion of a coded card 3. A typical coded card 3
      is shown in FIGS. 2 and 3 and may be any usual or conventional type of
      personalized plastic credit card, for example having the customer's name
      13 and account number 14 embossed on the top side 15 of the card 3. Such
      coded cards frequenty are used for a variety of purposes and may have data
      magnetically encoded thereon in one or more strips or lines at the
      location of the rectangular area 16 at the top of the back side 17 of the
      coded card 3. Another area 18 sometimes is provided where the customer's
      signature appears, but this is not necessary for carrying out a banking
      transaction.
PAR  The front side 15 of the card 3 also may contain an indicator, such as the
      key 19, to instruct the customer as to the direction in which the card 3
      should be entered into the entry slot 2 of the remote unit 1. Other
      directions may, if desired, appear at 20 on the back side 17 of the card
      3.
PAR  Although it has been indicated that the coded card 3 may be a usual or
      conventional type of personalized plastic credit card adapted for use in
      any of the known types of currency dispensers, it is preferred that the
      card 3 should be a magnetically encoded Automatic Banking System (ABS)
      card. Such a card may provide three or more magnetic stripes, including a
      first stripe for airline reservation information, and which also can
      include the name of the card owner. The magnetic stripes also may include
      a second stripe for encoding information called for by the American
      Bankers Association (ABA). The magnetic stripes also may include a third
      stripe where special information may be encoded relating to the operation
      of Automatic Banking System currency dispensers, etc., specifications for
      which have been prepared by Mutual Institutions National Transfer Systems,
      Inc. (MINTS) with regard to security requirements for unattended teller
      systems.
PAR  Normally, the operation of a remote unit 1 involves first the introduction
      of a valid security card such as coded card 3 into the entry slot 2 and
      the subsequent introduction of additional predetermined information into
      the unit, such as a personal identification number (PIN number) intended
      to be known only to the customer and memorized by the customer. When the
      PIN number is entered in the keyboard 4 by the customer after insertion of
      the coded card 3 in the entry slot 2, the card reader reads data from the
      card, which, along with the PIN number introduced, and other protective
      information which may be introduced, are checked through electronic logic
      to determine the validity of the card and the validity of the information.
      This provides a means of verifying the genuineness of the card, and the
      identity of the customer presenting the card, which results in authorizing
      the desired procedure to be carried out at the remote unit 1.
PAR  Although the operation of the remote automatic banking equipment at a unit
      1 has thus far been described using a coded card 3, the operation of a
      remote banking unit such as the unit 1 is not dependent, in accordance
      with the invention, on the use of a coded credit card 3. Instead, the
      customer may enter his or her bank account number at the keyboard 4,
      followed by entry of the customer's PIN number and perhaps other required
      alpha-numeric data, for verification of customer identity and
      authorization of an automatic banking transaction at the remote unit. Such
      coded means comprising keyed-in information, or coded means entered in
      part by magnetically-encoded information on a card 3 and keyed-in
      information entered at the keyboard, are comprehended in referring to
      coded actuating means herein.
PAC  Manual Entry Keyboard Means
PAR  The manual entry keyboard means 4 may be any one of the various types and
      constructions heretofore used in remote banking equipment. Such means 4
      should in any instance be jam-proof, vandal-proof where possible,
      unaffected by environmental changes to the extent possible, and easy to
      operate. Known types of keyboard means include touch-tone keyboards, push
      button keyboards, mechanical switch actuated keyboards, keyboards having
      lighted buttons, electric eye keyboards, etc. In accordance with the
      invention, the manual entry keyboard means 4 may involve the use of
      capacitor-type buttons which eliminate difficulties encountered in the use
      of other types of keyboards. Preferably, however, the keyboard means 4 may
      comprise a Hall-effect keyboard which involves pushing a magnet into
      proximity with a semiconductor which conducts or closes a circuit. An
      example of such keyboard means is a twelve-position keyboard such as the
      Current Sinking Non-Encoded Keyboard 12SW Series product of MICRO SWITCH,
      a Division of Honeywell.
PAC  Programmable Display Means
PAR  In accordance with the invention, the operation of the programmable display
      means is coordinated with and integrated with the coded actuating means,
      the manual entry keyboard, and the cash storage, dispensing and delivery
      mechanism to accomplish the multi-fold purposes of imparting clear and
      detailed instructions or directions to the customer for carrying out any
      one of a number of different banking transactions or precedures; of
      providing for changing the instructions when desired; of permitting
      information read by the card reader from a coded card 3 inserted into the
      unit 1, such as the customer's name, to be displayed at the programmable
      display panel; of permitting alpha-numeric data keyed into the manual
      entry keyboard 4 by the customer to be displayed at the display panel 5
      for checking or verification by the customer, such as the amount of money
      desired to be withdrawn; and of displaying, in addition to alpha-numeric
      data, other visual information, messages, pictures or the output of video
      tape such as advertising or entertaining or educational material.
PAR  This concept may be implemented by modifying prior types of banking
      equipment to provide a video display of messages, instructions, etc. for
      directing the customer as to the steps to be taken to carry out a
      particular selected transaction, rather than the use of back lighted signs
      contained in prior devices; or rather than the use of chronologically
      arranged, permanent displayed statements, also used in prior devices.
PAR  The various messages to be displayed may be stored in a computer also
      contained in the housing 12. Such messages through a character generator
      included in the video controller are displayed at the panel 5 in a series
      determined in accordance with the programming of any particular banking
      transaction to be carried out. The computer is programmed to supply input
      to the character generator of the controller of the series of messages to
      be displayed at the panel 5. The controller and its character generator in
      the unit 1 may function or operate in a manner such as set forth, for
      example, in U.S. Pat. No. 3,772,676. The video controller may, for
      example, comprise a Model 204RO Video Terminal Controller, sold by Ann
      Arbor Terminals, Incorporated, of Ann Arbor, Michigan.
PAR  A typical video message displayed at panel 5 is shown in FIG. 4 which may
      be continuously displayed until a customer desired to carry out a banking
      transaction. When the customer inserts his coded card 3 in entry slot 2,
      the next message displayed may be that shown in FIG. 5.
PAR  In accordance with the instructions, the customer then keys in his PIN
      number which also is indicated as a part of the message of FIG. 5, as
      represented by the four X's so that the customer can verify the number of
      digits of his PIN number that have been entered and, as instructed,
      presses the NO key if an entry error has been made.
PAR  When the check is made in the unit 1 computer as to the validity of the
      card 3 and the validity of the related PIN number, which the customer has
      inserted as directed by the instruction of FIG. 5, the next message that
      may be displayed is shown in FIG. 6. The customer in accordance with the
      directions of the messages of FIG. 6, then presses a key for the desired
      transaction, such as the key 5 for WITHDRAWAL FROM CHECKING. The next
      message displayed at panel 5 may be that shown in FIG. 7 which desirably
      may display the customer's name as indicated at 21 and the amount of money
      desired to be withdrawn, such as $50.00, shown at 22. The customer, Mr.
      John Q. Public, in accordance with directions of FIG. 7, presses the YES
      button at keyboard 4 if the amount of money selected has been correctly
      keyed and displayed at 22 in FIG. 7; whereupon the message of FIG. 8 is
      displayed at display panel 5.
PAR  At the time the message of FIG. 8 is displayed, the card originally
      inserted by the customer in the entry slot 2 is returned to the customer,
      and a receipt for the transaction is issued through the receipt slot 10.
PAR  When the customer has received his card 3 and such receipt, the next
      message of FIG. 9 is displayed, which indicates to the customer that he
      should take the cash to be withdrawn from the door or drawer means 7. In
      this manner, a cash withdrawal transaction is completed.
PAR  As indicated in FIG. 6, instead of a Withdrawal From Checking, the
      instructions and procedure for which have just been described, any one of
      a number of other banking transactions may be carried out, such as
PAR  1. Deposit into checking
PAR  2. Deposit into savings
PAR  3. Payment
PAR  4. Funds transfer
PAR  6. Withdrawal from savings
PAR  7. Cash advance from credit card
PAR  For each type of transaction, a series of instructive messages are
      displayed sequentially at the display panel 5. These messages are stored
      in the computer and are displayed through the operation of a character
      generator described. Each series of messages provides detailed
      instructions for the particular selected banking transaction. The
      transaction of PAYMENT, for example, may involve payment on credit card,
      utility or other accounts, or on mortgage or installment loans. Similarly,
      a FUNDS TRANSFER may involve transferring funds from one account to
      another.
PAR  The messages are stored in the computer and are displayed at display panel
      5 through generation from a character generator, and thus may be varied or
      changed from time to time when desired, for example in connection with
      maintenance of the unit 1. Furthermore, the messages generated by the
      character generator may be alpha-numeric in character. Similarly, the
      messages may be bilingual for operation of the unit in remote areas where
      several languages may be spoken.
PAR  The display panel means 5 desirably is a CRT or Video monitor connected by
      cable means with the character generator. Such display panel means 5 may
      also be interconnected with a cable connected to a source of video
      pictures. Such a picture is diagrammatically represented in FIG. 11.
      Alternatively, the output of a video tape may be supplied in a usual
      manner to the CRT monitor display panel means 5.
PAR  As previously described, since the unit 1 includes a card reader which
      reads a coded card such as the card 3, the name of the customer which may
      be contained in one of the magnetic stripes in area 16 may be read, and
      through programming through the character generator, the name may be
      displayed at the panel 5, as indicated in FIG. 7, so that the procedure of
      completing a banking transaction may be personalized.
PAR  In addition, as previously indicated, the amount of money, for example,
      that the customer desires to withdraw, and which the customer enters in
      the keyboard 4, may be displayed at the panel 5 as shown in FIG. 7, so
      that the customer's request may be verified and corrected, if incorrect
      keying has occurred.
PAR  Furthermore, other visual information, messages, pictures or the like of
      any nature may be displayed at the CRT monitor display panel means 5 in
      accordance with computer programming.
PAR  For example, rather than the greeting message of FIG. 4, the message
      displayed at panel 5 may be changed from time to time to an advertising
      message, such as illustrated in FIG. 10.
PAR  Insofar as alpha-numeric messages are concerned, as indicated in FIGS. 4
      through 10, these have been described as being displayed through the
      medium of a CRT monitor, because such equipment also lends itself to the
      display of pictures or to the output of video tape. However, where
      alpha-numeric messages only are to be displayed, the display panel means
      may comprise other forms of character display equipment, such as gas
      plasma means, for example. One type of programmable alpha-numeric message
      display equipment may comprise a plurality of gas-filled cells known in
      the art which can be turned on selectively to display a message, as
      described in U.S. Pat. No. 3,821,586.
PAR  The various components of the present concept of automatic banking
      equipment have been described in detail, as well as their integrated and
      related operation so that various automatic banking transactions can be
      carried out using any one of a number of types of known currency
      dispensers with modification to include programmable display means and
      manual entry keyboard for carrying out selected transactions. Also, as
      indicated, the remote unit may be one actuated by coded means which
      verifies the identity of the customer.
PAR  Accordingly, the concept of the invention provides new equipment which has
      maximum flexibility in operation and use and thus achieves the objectives
      stated, avoids difficulties that have been encountered and which have
      existed in the art, and solves problems and obtains the new results
      described.
PAR  In the foregoing description, certain terms have been used for brevity,
      clearness and understanding; but no unnecessary limitations are to be
      implied therefrom beyond the requirements of the prior art as such terms
      are used for descriptive purposes and are intended to be broadly
      construed.
PAR  Moreover, the description and illustration of the invention is by way of
      example, and the scope of the invention is not limited to the exact
      details shown or described.
PAR  Having now described the features and principles of the invention, the
      manner in which the new automatic banking equipment is constructed and
      operated, and the advantageous, new and useful results obtained; the new
      and useful structures, devices, components, elements, arrangements, parts,
      combinations, systems, equipment, operations and relationships are set
      forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In automatic multiple-transaction banking equipment of a type in which a
      remote vault-like unit has manual entry keyboard means, card entry means,
      card reader means, cash dispenser and delivery means, and customer
      accessible cash drawer means; in which the unit is activated by the entry
      of coded card means into the card entry means and card reader means; in
      which the cash dispenser and delivery means is actuated by such coded card
      means and is operative to deliver to said cash drawer means a selected
      amount of cash determined by transaction data keyed in at the keyboard
      means by an authorized identified customer for removal by such customer
      whose identity has been verified and the transaction authorized by the
      entry of coded means into the unit; in which the coded means includes data
      contained on the coded card means and also customer verifying and
      transaction data keyed in at the keyboard means; and in which the coded
      card means has the identity of the customer encoded thereon; the
      combination of programmable display means including a single display
      panel, and means for selectively presenting at the single display panel
      one of a series of successive message instructions for a selected one of a
      plurality of different banking transactions which at least includes a cash
      dispensing transaction; the message instructions for any selected banking
      transaction comprising instructions to the customer for the entry of
      customer verifying and transaction data at the keyboard means to conduct
      the selected transaction; the programmable display means also including
      means for displaying at the single display panel concurrently with the
      display of banking transaction message instructions, the identity of the
      customer encoded on the coded card means and read by the card reader
      means; the programmable display means also including means for displaying
      at the single display panel at least portions of the transaction data
      keyed in at the keyboard means, concurrently with the display of at least
      certain of said banking transaction message instructions; whereby the
      concurrent display at the single display panel of banking transaction
      message instructions and certain transaction data permits customer errors
      to be detected and corrected.
NUM  2.
PAR  2. Banking equipment as set forth in claim 1 in which customer verifying
      and transaction data keyed in at the unit keyboard means includes numeric
      entry of a selected amount of cash to be dispensed; and in which the
      numeric entry is displayed at the single display panel concurrently with
      the display of at least one of the transaction message instructions of the
      selected series.
NUM  3.
PAR  3. Banking equipment as set forth in claim 2 in which the data keyed in at
      the unit keyboard means comprises alpha-numeric data.
NUM  4.
PAR  4. Banking equipment as set forth in claim 1 in which visual information of
      a class consisting of pictures, and the output of video tape means is
      presented at the single display panel selectively alternately of the
      presentation of transaction message instructions at the single display
      panel.
NUM  5.
PAR  5. Banking equipment as set forth in claim 4 in which the single display
      panel includes a CRT monitor.
NUM  6.
PAR  6. Banking equipment as set forth in claim 1 in which the series of
      successive message instructions presented at the single display panel for
      transacting a selected one of a plurality of different banking
      transactions is selected from the group consisting of depositing,
      transferring funds from one account to another, withdrawing cash, and
      making credit card, utility, mortgage, or installment loan payments.
NUM  7.
PAR  7. Banking equipment as set forth in claim 1 in which the message
      instructions presented at the single display panel includes bilingual
      instructions.
NUM  8.
PAR  8. Banking equipment as set forth in claim 1 in which the display of the
      identity of the customer at the single display panel is accomplished by
      displaying the name of the customer read by the card reader means from the
      coded card means.
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PAL  There is disclosed a photoelectric scanner head for reading information
      pertaining to actual time, elapsed time or the like from a card or other
      record-bearing member, and for providing output signals that are a
      function of the information read; the output signals are used to obtain a
      useable electrical analogue of the information read from the member. The
      scanner comprises a rotatably driven body member mounting a source of
      light, read photoelectric devices and a switching circuit for retrieving
      information from the record member. A source of signals is supported by
      the body member and operably connected to the photoelectric devices by the
      switching circuit such that the source generates scanner output signals as
      a function of the information retrieved. Scanner output signals are
      detected, and in most disclosed embodiments, are used to controllably gate
      timing pulses into counters such that the counters provide on their
      outputs a raw electrical analogue of the information read from the record
      member. Means may be connected to the counters for correcting the analogue
      to account for error in the recording made on the record member.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to photoelectric scanners and scanner systems usable
      for the purpose of retrieving information based on time and particularly
      information based on actual time and on elapsed time from record-bearing
      members such as telephone toll cards or the like.
PAC  THE PRIOR ART
PAR  It has been the practice of the telephone operating companies, for at least
      sixty to seventy years, to have their operators manually record the
      connect and disconnect times of certain types of telephone calls, e.g.,
      long distance person-to-person calls, collect calls, and the like. It has
      also been the practice of the said companies to have their employees
      visually read each recording to determine both the connect time; i.e., the
      time of day that the call was commenced and the elapsed time of the call
      in order that the charge for the call might be calculated.
PAR  These practices have continued up to the present time notwithstanding the
      fact that modern day technology has greatly automated many accounting
      procedures. In point of fact, modern telephone operating companies employ,
      so far as is possible, those techniques and machinery necessary for the
      rendering of computerized bills. Consequently, the manual functions
      mentioned must be characterized as an impedance to the automation of the
      billing process for the said companies. Indeed, the manual functions
      mentioned not only represent an impedance, they also represent a costly
      expense in both man (woman) hours and actual funds expended.
PAR  The problem, as above defined, has been recognized in part; see U.S. Pat.
      No. 3,031,135, to Dimond et al, assigned to Bell Telephone Laboratories,
      Inc. The apparatus disclosed in the patent is said to be useful for
      converting elapsed time recordings into an uncorrected electrical
      analogue. It apparently has been deficient in that telephone operating
      companies still employ the manual processes described above. It is noted
      that the apparatus taught in the patent does require the use of a flying
      spot scanner and its associated circuitry and supporting structure.
      Accordingly, it can be concluded that the apparatus is expensive and
      bulky. Further, the said apparatus requires electro-optical components
      that must be precisely aligned in order for the apparatus to function
      properly, and accordingly, the rate of error for the apparatus appears to
      be prohibitively high.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of this invention to provide a new, useful,
      accurate and automatic apparatus for photoelectrically converting
      perceptible information pertaining to time into electrically usable
      analogues.
PAR  It is an object of this invention to provide a novel rotatable
      photoelectric scanning head that is capable of automatically and
      accurately reading records of actual or elapsed time to generate useful
      output signals as functions of the recordings.
PAR  It is an object of this invention to provide a self-contained and rotatable
      photoelectric scanner that is capable of illuminating a recording of time,
      photoelectrically reading the recording, and generating an output signal
      having a duration proportional to the time read.
PAR  It is an object of this invention to provide a photo-electric system
      capable of generating pulses of radiation as functions of perceivable time
      recordings, and capable of utilizing the pulses to control the operation
      of one or more counters such that the output of the counter or counters is
      an electrical analogue of the recorded information.
PAR  It is an object of this invention to provide a photoelectric system having
      a rotatable scanner head for generating signals from perceivable
      recordings of units of time, and having signal detector means responsive
      to said signals for controllably entering timing pulses into one or more
      counters.
PAR  It is an additional object of this invention to provide a photoelectric
      system for reading recordings of time so as to produce electrical
      analogues of the recordings and having means for determining whether
      significant errors were introduced into the recordings by the means used
      to make the recordings and for eliminating such errors from the electrical
      analogue.
PAR  It is an additional object of this invention to provide a rotatable
      photoelectric scanner mounting a source of visible light and mounting a
      signal generator upon an axis of revolution of the scanner; the light
      source being operable to illuminate a printed recording of time, and the
      generator being switched on and off by a photoelectric circuit responsive
      to light reflected from the recording.
PAR  It is the further object of this invention to provide a novel structure for
      supporting a photoelectric system for rotation and capable of supplying
      electric power from supply circuits external of the structure to the
      photoelectric system.
DRWD
PAR  These and other objects of the invention will become more readily apparent
      from the following description of illustrative embodiments of the
      invention when read with reference to the accompanying drawings in which:
PAR  FIG. 1 is a representation of one side of a toll card of the prior art
      having printed recordings of the time of day at which a telephone call was
      placed and having printed recordings of the duration of the call in
      elapsed minutes and seconds;
PAR  FIG. 2a is a representation of the start portion of a machine readable
      elapsed time recording employed on record members usable with the
      apparatus of the invention.
PAR  FIG. 2b is a representation of the stop portion of a machine readable
      elapsed time recording employed on record members usable with the
      apparatus of the invention;
PAR  FIG. 2c shows the recordings of FIGS. 2a and 2b superimposed to indicate
      elapsed seconds;
PAR  FIG. 2d is an enlarged representation of a machine readable time of day
      recording as it aapears on a record member that is readable by the
      apparatus of the invention;
PAR  FIG. 3 is an elevation view in section showing the details of a
      photoelectric scanning head made in accordance with the present invention;
PAR  FIG. 4 is a perspective view showing the structural details of the support
      structure utilized for mounting the photoelectric system of the scanner
      head;
PAR  FIG. 5 is a perspective view showing the constructional details of a
      reflector cap member used with the embodiment of FIG. 3;
PAR  FIG. 6 is a plan view of the scanner head of FIG. 3;
PAR  FIG. 7 is a schematic diagram of the photoelectric circuits of the scanning
      head of FIG. 3;
PAR  FIG. 8 is a schematic representation of a second embodiment of the
      invention;
PAR  FIG. 9 is a block diagram of a photoelectric system employing a scanner
      head of the type shown in FIG. 3 to provide a corrected electrical
      analogue of the time of day recording shown in FIG. 2d;
PAR  FIG. 10 is a block diagram of a photoelectric system employing two scanner
      heads of the type shown in FIG. 3 to provide a corrected electrical
      analogue of an elapsed minutes recording and of an elapsed seconds
      recording where each of the said recordings are of the type shown in FIG.
      2c;
PAR  FIG. 11 is a logic diagram of a gating network usable in the systems shown
      in FIGS. 9 and 10; and
PAR  FIG. 12 is a block diagram of an error checking and correction circuit
      useable with the systems of FIGS. 9 and 10.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAC  The Time and Elapsed Time Record
PAR  In order to understand the operation of the scanning head in each of its
      preferred embodiments and of the system, a brief description of a
      conventional record member and of that member as modified, in order that
      it may be utilized with the apparatus of this invention, will be given
      with respect to FIGS. 1 and 2 of the drawings. A telephone toll card 10
      having recordings thereon as made by a "Calculagraph" (a registered
      trademark of the Calculagraph Company, Harrison, New Jersey) is generally
      represented by FIG. 1. The card is inserted into the "Calculagraph" and
      when connection is made, e.g., a long distance person-to-person call is
      started, the operator depresses a first lever causing the recorder to
      print the connect time 12 (time of day) of the call, a minutes clock dial
      14, and a seconds clock dial 16. In the Calculagraphs that are presently
      in general use, the printing head carrying the type face used to produce
      the minutes dial rotates at a constant minutes rate. A second head
      carrying an elapsed minutes type face is located concentrically within and
      locked to the dial face head for rotation therewith. Each head is movable
      relative to the other for printing purposes. Similarly, a second pair of
      heads rotate at a seconds rate and are separately operable to produce a
      dial 16 and an elapsed seconds recording. When a call is completed
      (disconnect), the card 10 is reinserted in the recorder and the operator
      depresses a second lever. Operation of the second lever effects an
      engagement of the elapsed time type faces with the card 10 such that an
      elapsed minutes pointer 18 and the abbreviation MIN is printed within the
      dial 14, and an elapsed seconds pointer 20 and the abbreviation SEC is
      printed within the dial 16. As shown in FIG. 1, the connect time was 10:25
      AM, and disconnect occurred 25 minutes and 5 seconds later.
PAR  To facilitate the process of machine reading, the Calculagraph of the prior
      art was substantially improved. The type faces for producing elapsed
      minutes, elapsed seconds and time of day recordings have all been changed
      in the improved recorder. As shown in FIG. 2a of the drawings, a circular
      photoelectric scanning track 21 is defined as surrounding the dial face
      16; the dashed line appearing in the track is not part of the recording,
      and it has been shown merely for the purpose of assisting the reader in
      locating the centercircle of the scanning track. A sharply defined
      scanning mark or timing bar 22 extends radially through the track 21 from
      a timing line on the dial face, the timing line being that used to
      indicate 30 seconds. The mark or bar 22 should sharply contrast with the
      background color of the track 21, e.g., the line may be black and the
      background may be white. As with the Calculagraph, the dial face 16 and
      the mark 22 are printed upon connection of the toll call.
PAR  During the call, the elapsed seconds type face rotates at a seconds rate
      concentrically within the type face used to produce the dial 16 and mark
      22. At disconnect, the card 10 is reinserted in the recorder and the head
      carrying the seconds type face is activated to print a sharply defined
      elapsed time scanning mark or timing bar 24 within the dial face 16. The
      mark 24 extends radially through an elapsed time scanning track 26, where
      the track 26 is concentric with the track 21 and the dial face. The mark
      24, like the mark 22, should also contrast sharply with the background
      color of the card 10. The elapsed time type face may also include type for
      printing a character S adjacent the timing bar 24, indicating that the
      recording is of elapsed seconds. Similarly, a recording of elapsed minutes
      would appear as shown in FIG. 2c except that the printed letter indicator
      would be the letter M. As with the prior art recorder, the elapsed time
      recordings are made in the areas designated for them in FIG. 1 of the
      drawings.
PAR  The type faces for printing the time of day, i.e., actual time as opposed
      to elapsed time, were also modified in order that a machine readable
      recording of actual time might be printed on the card 10. A stationary,
      i.e., non-rotating, printing head is utilized to print a twenty-four hour
      dial 26; see FIG. 2d. This dial is printed with the same orientation on
      all record members 10, i.e., as shown in FIG. 1. A second head having a
      minutes type face rotates concentrically within the head used to produce
      the dial 26, and a third head having an hours type face, making one
      revolution per 24 hours, rotates concentrically outside of the head used
      to produce the dial 26. As with the type faces used to record machine
      readable elapsed time recordings, the hours and minutes type faces are
      provided with type for printing sharply defined scanning marks or timing
      bars within concentric, circular scanning tracks. As is shown in FIG. 2d,
      a minutes bar 28 is printed in a track 30, and an hours bar 32 is printed
      in a track 34. In the preferred embodiment, all of the dial faces and
      scanning tracks are of substantially the same dimensions such that they
      may be read by a scanning head or by scanning heads of similar
      construction and dimension.
PAC  PREFERRED EMBODIMENT OF THE SCANNING HEAD
PAR  A preferred embodiment of the photoelectric scanner head of the invention
      is shown in FIGS. 3 through 7 of the drawings. The following description
      is of a single scanner head, it being understood that the number of such
      heads required for reading a record-bearing member is determined by the
      number of time divisions that must be read; the number of heads may also
      be determined by the manner in which the information to be retrieved is
      recorded on the record member. For example, if the information to be
      retrieved comprises three separate and distinct recordings of time of day,
      elapsed minutes and elapsed seconds respectively, as in the telephone toll
      card situation explained above, the preferred embodiment of a system may
      require three separate scanner heads of the type described below.
      Descriptions of systems utilizing one or more heads appear herein under a
      separate title. The embodiment of the head hereinafter described is
      capable of reading recordings such as that shown in FIGS. 2c and 2d, and
      it is capable of producing a useful output signal as a function of the
      information retrieved.
PAR  Referring now to FIGS. 3 through 6, the scanner head includes a housing 36
      supporting a photoelectric system for rotation about a single axis within
      a bearing 38 in a head mounting plate 40. The housing comprises a
      generally cylindrical body 42 (FIG. 4) and a cylindrical cap member 44
      (FIG. 5). The body member 42, in the preferred embodiment, comprises a
      single machined unit made out of electrically conductive material. It
      includes a shank portion 46 on one end, and a pi shaped portion 48 on the
      other or top end. The pi shaped portion 48 is so called in that it
      comprises a pair of spaced legs 50 and 52 extending axially of the member
      42 from an annular flange 54 located at the upper end of the shank 46. The
      legs are terminated at the top or upper end of the member 42 by a bridge
      56 and a generally circular flange-plate 58.
PAR  The bridge 56 and flange 58 are provided with a first hole 60 located on
      the axis of the member 42 and the axis of revolution for the system. A
      suitable source of illumination 62, for example, a lamp is supported by
      the bridge and the plate, as by being cemented to the wall of the hole 60,
      so as to extend axially from the flange 58. A second hole 64, in the
      bridge 56 and plate 58, is located in radial displacement from the hole
      60. The hole 64 is used to provide a mounting for a stop or OFF photocell
      66, i.e., a photocell the function of which is to read the elapsed time
      mark 24 of the recording shown in FIG. 2c of the drawings or the minutes
      mark 28 shown in FIG. 2d. Accordingly, the center line of the hole 64
      should be radially displaced from the axis of revolution of the member 42
      by a distance equal to the radial distance from the center of the
      recordings shown in FIGS. 2c or 2d to the centercircle of the scanning
      tracks 26 or 30. The stop photocell 66 is supported within the hole 64 so
      as to extend out of the top of the member 42 along a line taken parallel
      to the axis of the member. In that the stop photocell is located
      relatively close to the lamp 62, it was found desirable to secure the
      photocell within a sleeve 68 of suitable heat insulating material and to
      secure the sleeve to the wall of the hole 64 by suitable means such as by
      cementing.
PAR  The cap member 44 is constructed so as to cover and be secured to the pi
      section 48 of the member 42. To this end, the cap member is provided with
      a pair of holes 70 on an upper surface 71, which holes, when the cap
      member is assembled with the member 42, are coaxial with a pair of holes
      72 in the flange plate 58. Suitable securing means, such as screws, may be
      utilized to lock the two members together.
PAR  The cap member 44 functions as a means for directing light from the lamp 62
      onto the recording from which information is to be retrieved. To this end,
      the cap member is made of metallic material, and it is provided with a
      light reflecting cavity 74 extending from the surface 71 in a downwardly
      or rearwardly direction. The cavity appears frustoconical in cross section
      in FIG. 3, and it is terminated at its downward end by a generally
      circular wall 76. The wall 76 abuts on the flange 58 when the two members
      are assembled, and it is provided with a pair of spaced holes 78 and 80
      which permit the lamp 62 and stop photocell 66 respectively to extend into
      the cavity 74. The holes 78 and 80 may be of larger diameter than the lamp
      and the photocell such that the cap may be adjusted slightly in angular
      position and such that the cap may be thermally insulated from the lamp
      62. As is evident from FIG. 3, when the members 42 and 44 are assembled,
      the upper or outer surface of the lamp 62 is co-planer with the surface 71
      of the cap member. This construction permits the lamp and reflecting
      cavity to cooperate such that when the scanning head is positioned to
      retrieve information from a card 10, light, from the source 62, is
      directed towards the recording to fully illuminate same. In the preferred
      embodiment, the scanning head is supported by the head mounting plate 40
      such that the surface 71 of the cap member 44 is approximately 1/32nd of
      an inch beneath a card 10. As is diagrammatically illustrated in FIG. 3,
      the card 10 may be brought to a position directly above the head by
      conventional means such as by driven rollers 82 of a conveying machine or
      by other suitable means such as a card carriage or the like.
PAR  The cap member 44 also serves as a mounting means for a start or ON
      photocell 84. As will be seen in FIG. 5, the cavity 74 is ellipsoidal in
      cross section at and near the surface 71. The construction of the cavity
      74 is such that when the members 42 and 44 are assembled, the axis of
      revolution of the member 42 (or center line of the hole 78) and the center
      line of the hole 80 for the stop photocell 66 are perpendicular to and
      pass through the major axis of the ellipsoidal section of the cavity in
      the surface 71. The member 44 is provided with a hole 86 wherein the start
      photocell 84 may be secured by conventional means such as a set screw. The
      center line of the hole 86 also is generally perpendicular to and
      intersects the major axis referred to above. In addition, the center line
      of the hole 86 should be radially displaced from the center line of the
      hole 78 by a distance generally equal to the radial distance from the
      center of the recordings of either of FIGS. 2c or 2d to the centercircle
      of either of the respective scanning tracks 21 or 34. This construction
      permits each photocell to read the entirety of the scanning track with
      which it is associated.
PAR  It should be apparent that the structure described above may be modified.
      In particular, it may be found desirable to substitute a pair of light
      sources for the lamp 62. In the event that such a modification is made,
      each lamp of the pair should be supported closely adjacent to a photocell
      and in non-touching relationship. Of course, with such a modification, the
      cavity 74 becomes unnecessary.
PAR  Referring to FIG. 4, it will be noticed that flange plate 58 and leg 52 are
      provided with a notch and recessed portion 88 for the purpose of providing
      a housing in cooperation with the cap member for the start photocell 84
      and to provide space for the photocell's electrical leads. It will be
      noticed that in the assembled condition of the members 42 and 44, the
      photocells 66 and 84 are located on opposite sides of the axis of
      revolution, thus they are angularly separated by 180.degree.. In practice,
      the radial positioning of the cap 44 and thus of the two photocells is
      fixed by the flange 58; the holes 70 for the locking screws are such that
      a slight angular adjustment of the start photocell relative to the stop
      photocell can be made.
PAR  As described so far, it will be seen that the ON photocell 84 will respond
      to a timing bar 22 or 32 in that it is mounted to scan tracks having a
      mid-radius equal to that of the tracks 21 and 34. The stop photocell 66
      responds to timing bars such as 24 or 28 in that it is mounted to scan
      tracks having a mid-radius relative to the dials and equal to that of the
      tracks 26 or 30. Referring to FIG. 2c, it will be recalled that the timing
      bar 22 is printed with or at the same time as the dial face. The bar 22 is
      thus located at a reference position indicative of 30 seconds in the
      elapsed seconds record. In the preferred embodiment, the elapsed minutes
      recording also uses a reference timing bar at the 30 position. The 12
      midnight position is used for reference purposes for the time of day
      recording of FIG. 2d but the reference point is obtained in a different
      mancalibration on the dial of FIG. 2c for the reason that the cell 66 is
      supported by the scanner head at an angle of substantially 180.degree.
      with respect to the position of the cell 84.
PAR  The photocells are used to operate a signal generator 90, and specifically,
      the ON photocell 84 switches the generator on and the OFF photocell
      switches the generator off. In the preferred embodiment, the signal
      generator is a source of invisible radiation, e.g., it may be a solid
      state infra-red lamp. In the alternative, the signal generator could be a
      source of visible radiation such as a neon lamp. The signal generator is
      operatively connected to the photocells 84 and 66 by a transistorized
      switching circuit, the components of which can be mounted on circuit
      boards and supported by the scanning head within the space existing
      between the legs 50 and 52 and within the hollow shank 46 of the member
      42.
PAR  A circuit that is suitable for the purpose of switching the signal
      generator 90 on and off is shown in FIG. 7 of the drawings. The start
      photocell 84 is connected between the input base electrode of a Darlington
      amplifier 92 and ground. A voltage divider comprising a pair of resistors
      94 and 95 is connected between a d.c. source and ground with the junction
      of the voltage divider being connected to the input electrode of the
      Darlington amplifier. The start photocell 84 responds to light as it is
      scanned over the track 21, and it therefore effectively places the input
      of the amplifier at ground, i.e., light as it is scanned over the track
      21, and it therefore effectively places the input of the amplifier at
      ground, i.e., effectively shorts the resistor 95, until such a time as the
      photocell passes from light to dark. In the scanning operation, this last
      named event will occur, for example, when the photocell 84 is rotated past
      the reference mark 22 in the ON scanning track 21 of the elapsed time
      recording. The photocell, upon seeing the mark 22, becomes a high
      impedance to ground and thus the voltage at the input electrode is a pulse
      developed across the resistor 95.
PAR  The output of the amplifier 92 is a squared pulse of short duration. This
      pulse is differentiated, and the resultant pulse is amplified by a direct
      coupled amplifier 96. The pulse outputted by the d.c. amplifier is further
      defined by a second differentiator having a faster time constant than the
      first such stage, and the resultant pulse or spike is applied to a set
      input 98 of a bistable multivibrator comprising a first pair of paralleled
      transistors 100 and 102 and a second pair of paralleled transistors 104
      and 106 connected in the usual configuration. The transistors 100 and 102
      are rendered conductive by the input pulse, the transistors 104 and 106
      are thus rendered non-conductive. The common collector of the transistors
      104 and 106 is connected to the base electrode of a switching transistor
      108. Accordingly, when the transistors 104 and 106 are rendered
      non-conductive as a result of the input pulse on the set input of the
      multivibrator, the base electrode of the transistor 108 goes high and the
      transistor conducts for so long as the multivibrator remains set.
PAR  As is shown in FIG. 7, the signal generator 90 is connected between a d.c.
      source and the collector of the switching transistor 108. Accordingly, the
      generator is rendered conductive such that it emits radiation when the
      transistor 108 is rendered conductive. The generator will continue to emit
      radiation until such a time as the transistor 108 is rendered
      nonconductive.
PAR  Turn off is achieved by the off photocell 66, e.g., as by being rotated
      past the elapsed time mark 24 located in the scanning track 26. The off
      photocell 66 is connected by a pulse amplifying and shaping circuit of
      precisely the type described above with respect to the photocell 84 to a
      reset input 110 of the bistable multivibrator. Accordingly, the
      transistors 104 and 106 are rendered conductive in response to a pulsing
      of the photocell 66, and they thereby return the base electrode of the
      transistor 108 to effective ground such that the generator ceases to emit
      radiation.
PAR  Referring now to FIGS. 3 and 7, it will be noticed that in the preferred
      embodiment, electrical energy is supplied to the circuits and lamps of the
      scanning head by a slip ring assembly 112. The assembly includes a pair of
      slip rings 114 and 116, and it includes a pair of spacer members 118 and
      120 of electrically insulating material. Each of the rings and each of the
      spacers is provided with a generally ring-like portion and a hollow and
      cylindrical projection 122. The projections 122 are each of increased
      diameter such that the slip rings 114 and 116 may be nested with the
      spacers 118 and 120, and the assembly thus formed may be frictionally
      secured and/or cemented to an inside wall 124 of the shank 46 at the
      downward or rearward end of the member 42. The slip ring 114 is insulated
      from the ring 116 by the spacer 118, and the ring 116 is insulated from
      the metallic shank 46 by the spacer 120. A portion 126 of the shank,
      located immediately above the spacer 120, is also used as a slip ring. The
      usual brushes, e.g., carbon brushes 128, may be employed in conventional
      brush mountings (not shown) to connect the slip rings to external
      circuits.
PAR  In the preferred embodiment, the slip ring 114 is connected through a brush
      128 to a 38 V.D.C. supply and is utilized to supply d.c. potentials over a
      line 130 to the transistor circuits used to operationally connect the
      photocells 66 and 84 to the signal generator 90. A 120 V.D.C. supply is
      connected to the slip ring 116 through a second brush 128. This supply is
      utilized to provide energy directly to the lamp 62 and to provide d.c.
      power through a voltage dropping resistor 132 to the signal generator 90
      and switching transistor 108. Each of the d.c. supplies may be pulse
      decoupled from the circuits to which they are connected by capacitors. In
      the preferred embodiment, the slip ring portion 126 of the shank 46 is
      used to provide a common electrical ground for both d.c. supplies through
      a third brush 128.
PAR  As is shown in FIG. 3, the generator 90 may be mounted within a centrally
      located and open cavity 134 drilled or otherwise made within the slip ring
      114 at the rearward end of the slip ring and of the scanning head. The
      generator may be cemented to a ring-like spacer 136 and the spacer in turn
      may be secured, as by cementing, to the wall of the cavity.
PAR  It should be apparent that the scanner head described above generates a
      pulse of radiant energy as the head output signal regardless of whether
      the information obtained by the head is a recording of the type depicted
      in FIG. 2c or of the type shown in FIG. 2d. In both cases, the generator
      is turned on when the photocell 84 sees the timing bar 22 or the bar 32,
      and the generator is turned off when the photocell 66 sees the timing bar
      24 or the bar 28 as the case may be.
PAR  When the recording is one of elapsed time, FIG. 2c, the head output pulse
      is a function of the angle formed between the timing bars 22 and 24. As
      explained above, the timing bar 22 is located at the 30 seconds (or
      minutes) calibration mark and is used as a reference point. Since the
      cells 84 and 66 are physically separated by an angle of 180.degree., the
      generator effectively comes on as the OFF cell 66 is moved past the 0
      calibration mark on the dial 16 and it is turned off when the cell sees
      the timing bar 24.
PAR  Since the time of day recording contains information in at least two
      different units of time, e.g., hours and minutes, the scanner head output
      pulse must contain information regarding the location of both timing bars
      relative to the clock face. As in the elapsed time case, the timing bar 32
      is effective to turn the scanner head generator on and the bar 28 effects
      a turn-off of the generator. It will be apparent that if a reference point
      is taken with respect to an arbitrary time calibration line on the clock
      and if the head generator's output is referenced to the calibration, then
      the starting and stopping points of the head generator are determined
      relative to the clock face. For example, the scanner head may be provided
      with means for generating a reference pulse each time the photocell 84
      passes the 12 midnight calibration line on the dial face. A time
      differential will then exit between the occurrence of the reference pulse
      and the turn-on point in time of the generator 90. This time differential
      corresponds to the angular separation of the 12 midnight calibration line
      and the hours timing bar 32. Similarly, the 12 midnight reference pulse is
      effectively a 12 noon reference pulse insofar as the off photocell is
      concerned. Accordingly, a second time differential exists between the
      occurrence of the reference pulse and the turn-off point in time of the
      generator 90. The second time differential corresponds to the angular
      separation of the 12 noon calibration line and the minutes bar 28. It will
      therefore be seen that the output of the scanner head in this case is a
      pluse that is a function of the difference in the two time differentials,
      or, i.e., the difference between the two respective corresponding angles.
PAR  In the time of day case, the reference pulse may be provided in any of
      several ways, e.g., the head may have a cam mounted thereon for operating
      an external switch everytime the cell 84 is rotated past the 12 midnight
      position. An example of means for providing the reference pulse will be
      described below with respect to FIG. 9.
PAC  SECOND EMBODIMENT OF THE SCANNER HEAD
PAR  A second embodiment of the scanning head has been shown schematically in
      FIG. 8 of the drawings. As shown therein, the start and stop photocells 84
      and 66 respectively are located in a supporting structure that is
      basically of the type described above. Similarly, a source of illumination
      62 is employed and the photocells operate a switching structure 138 to
      thereby turn a radiant energy emitter, such as a lamp 140, on and off
      where the on time of the lamp is a function of the angle between the marks
      as discussed above. However, the signal output of this embodiment is a
      series of pulses where the number of pulses outputted by the scanning head
      is a direct function of the elapsed time read by the scanner; or it is a
      series of pulses where the number of pulses is a function of the angular
      separation of the marks indicating actual time.
PAR  The structure of this embodiment of the invention differs from the
      previously described embodiment in that the shank 46 of the member 42 is
      provided with a cylindrical section or window 142 of optically transparent
      material such as Lexan (registered trademark). The window 142 is divided
      axially of the scanning head into a cylindrical light chopping section 144
      having a plurality of equally and circularly spaced opaque-to-light bars
      146, and into a cylindrical clear section 148. The lamp 140 is mounted in
      the head so as to radiate light, during those periods that it is on,
      through both sections of the window 142.
PAR  The above given description of scanning heads made in accordance with the
      invention was based on structures capable of retrieving information
      pertaining to time and recorded on a card in the manner shown in FIGS. 2c
      and 2d. Obviously, modifications can be made to the structure when used
      for the purpose described, e.g., it would be possible to utilize
      self-contained d.c. supplies within the scanning head, but the structure
      shown is preferable in that it would be more compact, lighter in weight
      and less expensive in that it makes use of existing electrical supplies.
      Too, the structures described may be modified to accommodate recordings
      that differ from those shown in FIGS. 2c and 2d. For example, a single
      recording might contain elapsed time information in both seconds and
      minutes through the use of additional concentric scanning tracks. In such
      a case, additional read photocells could be added to the head depicted in
      FIGS. 3 through 6, and such photocells might either collectively operate a
      single generator 90 in a serial process to provide a serial output of
      pulses containing different information from the head. Alternatively,
      additional signal generators may be supported within the scanning head and
      one such generator may be located adjacent to an optically clear window
      such that the head provides parallel outputs related to different
      information inputs. In such a case, only one reference mark would be
      necessary. Other modifications will occur to those skilled in the art to
      which the invention pertains.
PAC  DESCRIPTION OF PREFERRED PHOTOELECTRIC SYSTEMS
PAR  It will be recognized that the scanning heads as described above, and
      particularly the scanner head shown in FIGS. 3-7, provide output signals
      that are useful to control the operation of a large variety of output
      devices. For example, the output signals may be utilized to control the
      operation of an automatic sorting machine, an automatic punch, an electric
      typewriter, a recorder, or the like. As will be recognized, the actual
      utilization device will be determined in part by the needs of the user.
      These needs, in many cases will be in turn determined by the equipment the
      user already has on hand. For example, telephone operating companies
      presently employ automatic accounting machines that require telephone toll
      cards to be sorted according to elapsed time before the accounting
      machines can accept them; such companies presently have the cards sorted
      manually. Accordingly, an automatic sorting machine would be very useful
      in that it could work a substantial cost savings by substantially
      eliminating the manual function in situations of this type.
PAR  On the other hand, it may be that a user's needs are such that a tape must
      be prepared in order that the information obtained may be used by another
      machine. For that matter, the systems described below might be employed
      directly with computing devices. Of course, in each of these last named
      use possibilities, other equipment may be necessary for the purpose of
      relating the information obtained by the systems of the present invention
      to the document or card from which the system obtained the information.
      The qualification "may be" is employed for the reason that the
      identification of the source of information is necessary if the systems
      are of the automatic billing type employed by large companies. On the
      other hand, the systems may be employed for statistical purposes in which
      case the information obtained from the card is all that is important.
PAR  Referring to the drawings, photoelectric systems, including heads of the
      type described with reference to FIGS. 3-7, are shown in FIGS. 9 and 10.
      Each system utilizes the radiant energy pulses emitted by the scanner
      heads for the purpose of providing electrical analgoues of the information
      recorded on the card 10 to a utilization device or devices.
PAR  As shown in FIG. 9, a head 150 may be supported by a plate 40 as previously
      described adjacent a card conveying apparatus or carrying apparatus. If
      the conveying apparatus is of the continuously driven type, then
      appropriate means should be interposed in the path of travel of the card
      for stopping the card for a length of time that is at least sufficient to
      permit a reading operation to be carried out by the head 150. The length
      of the card dwell for reading purposes at a reading station is a function
      of a number of variables including the nature of the information to be
      retrieved by the scanning head and the type of utilization device employed
      with the systems of this invention. This subject will be discussed in
      greater detail below regarding the systems of this invention employed to
      convert data of the type described above with respect to FIG. 2. For
      rotational drive purposes the head 150 may be provided with a gear pulley
      152 (FIG. 3) pressed fitted to the shank 46 of the member 42. A spacer 154
      may be interposed between the bearing portion of the plate 40 and the
      pulley so as to provide additional means for fixing the axial position of
      the pulley relative to the shank. The pulley is engaged by a toothed
      timing belt 156 which belt also engages a gear pulley 158 mounted on the
      drive shaft for a rotary pulse generator 160. In the preferred embodiment,
      the pulleys 152 and 158 are of the same diameter and the belt is powered
      by a rotating source 162 such that the head 150 and the generator 160 are
      rotated at the same speed. The actual speed of rotation for any given
      system will be, in part, determined by the requirements of the utilization
      device as explained above. In a system according to FIG. 9 that has been
      constructed the drive speed was 20 revolutions per second.
PAR  The generator 160 may be a transducer of the type that produces a fixed
      number of pulses for each complete revolution of the generator's drive
      shaft. A generator that is suitable for use in the systems of this
      invention is manufactured and sold by M. L. Stern Co., Inc., of Charlotte,
      North Carolina, under the name of Optitac, Model ST 270. It utilizes a
      photoelectric system including a slotted disc member to produce 480
      electrical pulses on a generator output line 162 for each complete
      revolution of the generator shaft.
PAR  The system of FIG. 9 is particularly useful for responding to a scanner
      head output signal that contains information pertaining to actual time,
      FIG. 2d, and it does so by using the scanner head output signal to
      generate binary numbers representing the hours and minutes shown on the
      recording. To this end, a radiant energy detector 163 (FIGS. 3 and 9)
      which may be a photocell such as the LS 400 sold by Texas Instrument
      Company is positioned within or partially within the cavity 134 so as to
      be responsive to pulses of radiant energy produced by the signal generator
      90. As previously stated, the start time of each such pulse is a function
      of the angular position of the scanning mark 32 and the stop or off time
      is a function of the angular position of the minutes timing bar 28. The
      detector 163 converts radiant energy pulses to electrical pulses on a line
      164 which pulses have leading and trailing edges that have time
      correspondence to the start and stop times of the radiant energy pulses.
PAR  Pulses on the line 164 are amplified by an amplifier 166 and applied to the
      input of a differentiator 168 and to the input of an inverter amplifier
      170. In the preferred embodiment the amplifier 166 is constructed so as to
      preserve phase. The differentiator 168 is operative to produce voltage
      spikes, i.e., sharply defined pulses, from the leading edges of pulses
      outputted from the amplifier 166, and the voltage spikes thus produced are
      applied over a line 172 as an input to an hours counter gate network 174.
      Pulses on the output of the amplifier 166 are inverted by the inverter
      amplifier 170 and applied to the input of a second differentiator 176. The
      differentiator 176 is operative to produce voltage spikes from the
      trailing edges of pulses produced by the detector 163 and these voltage
      spikes are applied as an input to a minutes counter gate network 178. The
      counter gate networks 174 and 178 are each connected on respective second
      inputs to the line 162 such that the said networks receive pulses produced
      by the generator 160.
PAR  The counter gate networks are also provided with enable inputs connected to
      a source of start or reference pulses over a line 180. This last named
      pulse source may comprise a disc 182 mounted on the drive shaft of the
      pulse generator 160 so as to turn therewith. The disc is provided with a
      radially extending slot and the disc is turned by the drive shaft such
      that the slot is in alignment with a source of radiant energy 184 and a
      detector 186 once for each revolution of the generator 160. The source of
      radiant energy may be a source of visible or invisible light and the
      detector may be a photocell or other appropriate device. The slot in the
      disc 182 is preferably narrow in the circumferential direction of the disc
      such that the output of the detector 186 is an electrical pulse of short
      duration each time alignment is achieved. It will be recalled that the
      pulse generator is turned at the same speed as the scanner head 150. In
      the preferred embodiment, the disc 182 is positioned on the shaft such
      that the source 184, detector 186 and the slot are in alignment to produce
      a start or reference pulse each time the scanner head on photocell 84
      passes the 12 midnight calibration and the off photocell 66 passes the 12
      noon calibration on the dial face 26. By these means, the start or
      reference pulse is produced once for each revolution of the scanner head,
      and since the scanner head photocells can have the above defined
      orientation only once for each complete revolution of the scanner head,
      the start pulse also defines a fixed angular relationship of the head
      photocells relative to the clock dial 26.
PAR  The counter gate networks 174 and 178 may be similar in construction and
      operation and one such network employing negative logic is shown in FIG.
      11. With respect to the following description all latches and counters are
      assumed to be in their reset condition. Referring to FIG. 11, a start
      pulse on the line 180 is applied to the set input of a NAND bistable latch
      188 causing an output 190 to set to a low level voltage. The reset output
      of the circuit 188 goes to a high level in the usual manner to thereby
      latch the output 190 at the low level until the circuit 188 is reset. The
      output 190 of the latch 188 is connected to an input 192 of a three input
      NAND gate 194 and it is connected to an input 196 of a two input NAND gate
      198. The gate 198 is connected on its second input 200 to the output of an
      inverter 202 where the inverter is connected to receive pulses or voltage
      spikes on the line 172 from the differentiator 168. The gate 198 is
      connected on its output to a set input 204 of a second NAND bistable
      circuit or latch 206. The output of the inverter 202 is normally at a high
      voltage level to thereby inhibit the gate 198 such that the voltage level
      at the input 204 of the latch 206 is at a low level. Accordingly, the
      latch 206 cannot set, i.e., go to a low voltage, until the inputs 196 and
      200 of the gate 198 are both at low levels. This event will occur if a
      start pulse is received by the latch 188 to set its output 190 low and if
      a voltage spike is received by the inverter 202.
PAR  The latch 206 is connected by its reset output 208 to a second input 210 of
      the NAND gate 194, and the gate 194 is connected by an input 212 to
      receive generator pulses on the line 162. The gate 194 accordingly will
      pass generator pulses through an inverter 214 to an output terminal 216
      when the latch 188 is in a set condition and when the latch 206 is not in
      a set condition, i.e., the reset output 208 of the latch 206 is at a low
      voltage. An hours binary up counter 218 capable of counting 480 pulses
      (FIG. 9) may be connected to the output terminal 216 to receive the
      generator 160 pulses gated to said terminal. From the foregoing, it should
      be apparent, assuming that the latches 188 and 206 have been placed in
      their reset condition, that a start pulse is effective to open the gate
      194 such that it passes generator pulses to the terminal 216 and a voltage
      spike on the line 172 is thereafter effective to cause the output 208 of
      the latch 206 to go high to inhibit the gate 194 and thereby prevent the
      passage of generator pulses to the terminal 216.
PAR  As was stated heretofore, the start pulse is generated when the photocells
      in the head 150 are oriented as stated relative to the 12 o'clock timing
      lines on the dial 26, and the voltage spike on the line 172 is generated
      from the leading edge of a pulse produced by the detector 163. The voltage
      spike is therefore a signal or control pulse indicating turn-on of the
      generator 90, and as previously described this event occurs when the ON
      photocell "sees" the scanning mark 32. Accordingly, the spacing between
      the occurrence of the start pulse and of the voltage spike on the line 172
      corresponds to a unique number of generator pulses on the line 162
      defining the angular separation of the 12 o'clock midnight timing mark on
      the dial 26 and the mark 32. The referred to spacing and number of
      generator pulses are solely a function of angular separation for the
      reason that the head 150 and generator 160 are driven at the same speed.
PAR  The minutes gate network 178 functions in similar fashion except that the
      differentiator 176 produces a voltage spike from the trailing edge of the
      analogue pulse produced by the detector 163. The start pulse is effective
      as previously described to open the output gate to pass pulses from the
      generator 160 and the spike constitutes a control pulse to inhibit the
      said gate. In this case, the angle defined is that taken between the 12
      o'clock noon calibration line and the mark 28. As in the previously
      described case a binary up counter 220 capable or receiving 480 pulses
      (FIG. 9) may be connected to the output terminal of the network 178 to
      receive pulses supplied to the output terminal of the network 178.
PAR  The description thus far has dealt with the operation of the circuit shown
      in FIG. 9 had with respect to a record like that shown in FIG. 2d. It
      should be recognized that the scanning marks 32 and 28 may be located such
      that the angle defined by the 12 midnight position and the mark 32 is
      greater than the angle defined by the 12 noon position and the mark 28. In
      such a case, the generator 90 comes on after the stop photocell has been
      rotated past the mark 28. Under such circumstances, the output gate in the
      network 178 will pass 480 transducer pulses to the counter 220 in that the
      differentiator 176 does not provide a pulse to thereby effect inhibition
      of the output gate 194. This situation may be resolved by holding the card
      10 at the read station for a length of time that is sufficient to permit
      the head 150 to make three complete scans or revolutions, and by using the
      start pulse from photocell 186 to reset the counter 220 to zero.
PAR  A circuit that may be employed to reset the counter is also shown in FIG.
      11. A NAND gate 222 is connected to receive the inhibit output 208 of the
      latch 206 on an input 224, and the gate 222 is connected by a second input
      226 to receive start pulses on the line 180 through an inverter 228. The
      gate 222 is connected on its output to an input 230 of a NOR gate 232, and
      the NOR gate 232 is connected on its output to a counter reset line 234
      through an inverter 236. The line 234 is connected to the reset input of
      the counter. In operation, the inverter 228 maintains the input of the
      gate 22 high until the inverter receives a start pulse on the line 180 to
      drive the input 226 low. If the input 224 is also low at this time
      indicating that the latch 206 has not been set through the receipt of a
      pulse on the line 172, the NAND 222 output will go high to thereby pulse
      the counter reset line 234 through the NOR 232 and inverter 236. If, on
      the other hand, the latch 206 is set during a scanning operation, the
      latch output 208 goes high to inhibit the gate 222 such that the next
      start pulse is ineffective in and of itself to reset the counter.
PAR  In the description given above, it was assumed that the counters 218 and
      220 and the latches 188 and 206 for each gating network were all found in
      their reset condition. In practice, the said circuits and elements should
      be reset before a scanning operation is commenced or rephrased; they
      should be reset subsequent to the acquisition by a utilization device 238
      of the data provided on the counter outputs. Accordingly, the timing for
      the reset is fundamentally a function of the speed with which data may be
      acquired and/or used by the utilization device. A timer 240 is shown
      generally in FIG. 9 for providing a logic cancel or reset signal after a
      predetermined period over a reset line 242 to the gate networks 174 and
      178. The timer may be any standard device that is capable of automatically
      providing pulses that are separated by said period. It is understood, of
      course, that the length of the predetermined period between such pulses or
      signals is determined by the nature of the requirements of the utilization
      device. It should also be apparent that the timer 240 need not be
      electrically isolated from the utilization device 238 but in fact may be a
      part of such device or may be controlled by such device.
PAR  The line 242 may be connected directly to reset inputs 244 and 246
      respectively of the latches 188 and 206 (FIG. 11) such that a pulse on the
      line 242 is effective to reset the latches. The reset line may be also
      connected to an input 248 of the NOR gate 232 in each of the gate
      networks. With this last named connection a pulse on the line 242 will be
      effective to pulse the counter reset lines 234 such that the counters 218
      and 220 reset to zero. Each of the counters 218 and 220 provides a binary
      output corresponding to the number of pulses received during a scanning
      cycle. When a pulse generator of the type described is employed, there are
      20 generator pulses for each hour of a 24 hour clock and 8 pulses for each
      minute of an hour. Accordingly, the counter 218 should be provided with
      five output terminals such that the decimal whole numbers 1 through 24 may
      be provided on the outputs in their binary form. The counter may also be
      provided with five additional output terminals such that the remainder or
      residual pulses from 0 through 19 may be had as counter outputs. The
      residual pulses represent fractions of an hour and the purpose for
      providing outputs showing such fractions will appear hereinafter. The
      minutes counter 220 should be provided with at least six output terminals
      such that the decimals one through 60 may be obtained in their binary
      form.
PAR  For some use situations, the raw binary analogues may be sufficient to
      operate a utilization device 238 in which event the residual outputs of
      the hours counter 218 may be ignored or discarded. On the other hand, in
      the telephone toll card situation it is desirable to determine whether the
      output in time units of the higher order, i.e., hours, is a correct
      indication of the actual time that the recorder was suppose to print on
      the card 10. It happens that the mechanical elements employed in recorders
      used to print time are such that the record produced may not accurately
      locate the higher order indicator. For example, if the actual time is 3:06
      PM and if for mechanical reasons such as gear backlash, manufacturing
      tolerances and the like, the mark 32 is printed close to but not at and
      not past the 3 PM dial calibration line, the scanner head would have the
      counter 218 indicating the binary for 2:00 PM and the additional output
      terminals would show a remainder created by residual pulses of less than
      20 in number. The number of residual pulses should be greater than 16 thus
      indicating that the actual time of day is after 2:48 PM. On the other
      hand, assuming normal clock accuracy, the minutes counter will have
      responded to about 48 pulses and indicate a time of about 6 minutes past
      the hour. The foregoing follows from the fact that on a twenty-four hour
      clock, the angular separation of any two units is 15.degree. whereas the
      same separation on the minutes clock is the full dial or, i.e.,
      360.degree.. Thus, if the same error factor were to be operative in both
      the hours and minutes data recordings of FIG. 2d the error in the minutes
      recording is of much less significance than that in the hours recording.
      It can be taken, therefore, that the binary number of the output of the
      minutes counter is accurate to an acceptable degree, and accordingly, that
      number can be used to determine whether there is error in the output of
      the hours counter.
PAR  A circuit 252 for determining error and for performing correction in the
      vent of error is shown as a block in FIG. 9 connected to receive the
      outputs of the counters 218 and 220 and it is shown connected to provide a
      corrected hours count to the utilization device 238. The actual logic
      employed in the error determination and correction circuit 252 will be
      determined by the degree of accuracy required in the binary hours analogue
      for proper operation of the utilization device 238, and the range of use
      situations extends from those wherein no error checking and correction is
      necessary to those wherein extremely accurate output signals are required.
      IN the telephone toll card situation, the billing practices for interstate
      toll calls are such that rate changes are made at even hour points
      throughout the day, e.g., person-to-person calls made between the hours of
      7:00 AM and 5:00 PM on Mondays through Fridays may be subject to a day
      rate, and the same calls if made between the hours of 5:00 PM and 7:00 AM
      on Mondays through Fridays may be accorded the lower night rates.
      Additional divisions apply for station-to-station calls. Accordingly, if
      the utilization device operates on a toll ticket, e.g., by punching the
      time of day thereon, extreme accuracy in the output of the hours counter
      218 is not necessary. Taking the situations mentioned above, the general
      critical hour points for most distance calls within the Continental U.S.
      are stated in the Washington Metropolitian Area Telephone Directory for
      1969-1970 as: 5:00 PM; 7:00 PM; 12:00 Midnight; and 7:00 AM. Referring to
      FIG. 2d and the 24 hour dial in particular, it will be seen that the hours
      mentioned correspond to numbers in the decimal systems of 17, 19, 0 and 7
      in that order. The output of the hours counter, assuming 100% accuracy,
      and binary readings of these hours, would be 10001, 10011, 00000 and 00111
      respectively, and the number of pulses from the transducer 160 utilized to
      produce these outputs would be 340, 380, 0 and 140 respectively. Using the
      counter output for 7:00 AM as an example, the problem occurs if the pulse
      count recorded in the counter 218 is greater than or less than 140 when
      the recording on the card, if correctly made, would have resulted in a
      pulse count of 140 by the counter.
PAR  It will be seen that a correct pulse count for every hour time calibration
      mark should result in an accumulation of (H .times. 20) pulses in the
      counter 218 where H is equal to the hour of the day; in the example given,
      H = 7. Accordingly, an inaccurate recording will result in either the
      situation where the output of the counter 174 is a number equivalent to H
      AND A or to the situation (H - 1) AND B; where:
PAR  A = any binary number in a set of binary numbers where the numbers of the
      set are determined by a predetermined number of remainder pulses exceeding
      (H .times. 20); and
PAR  B = any binary number in a set of binary numbers where the nunmbers of the
      set are determined by a predetermined number of remainder pulses exceeding
      [(H - 1) .times. 20].
PAR  In the preferred embodiment, all of the numbers A are generated by
      remainders of 0 to 4 pulses inclusive, and the numbers B are generated by
      remainders of 16 to 19 pulses inclusive. Accordingly, all outputs of the
      counter indicating an hours reading between 136 pulses and 144 pulses in
      the example being discussed, i.e., between 6:48 AM and 7:12 AM, are to be
      checked to determine correctness. However, in making the error
      determination, only the numbers A and B need be used and the binary for H
      can be ignored unless error is found. In the event that an error is found,
      then the correction can be applied by adding or subtracting a binary one
      to or from the binary for H.
PAR  In order to provide error checking, two sets of binary numbers from the
      minutes counter 220 are compared with the numbers A and B in the
      correction logic 252. A first set of numbers A.sub.1, of minute counter
      outputs corresponding to the numbers 000,000 to 001,100 inclusive,
      represent minute counts of 0 to 12 minutes as the result of the entry of 0
      to 96 pulses maximum in the counter 220. A second set of numbers B.sub.1,
      of minute counter outputs corresponding to the numbers 110,000 to 111,011
      inclusive, represent minute counts from 48 to 59 minutes as the result of
      the entry of a minimum of 384 to 479 pulses in the counter.
PAR  In the preferred embodiment, the correction logic makes the following
      decisions: The binary outputs of the counter 218 for H are acceptable if
      the remainder is A and the minutes output is A.sub.1 OR if the remainder
      is B and the minutes output is B.sub.1.
PAR  On the other hand, if the hours remainder is A and the minutes output is
      B.sub.1, then the correction logic subtracts a binary 1 from the binary
      word for H. And, if the hour remainder is B and the minutes output is
      A.sub.1, then the correction logic adds a binary 1 to the binary word for
      H. The utilization device is then supplied with a corrected hours signal
      and the minutes signal. If the output device is a punch, the signals are
      used to selectively operate punch solenoids to perforate the card 10 with
      the appropriate information.
PAR  A circuit capable of fulfilling the above-noted error determination and
      correction functions is shown in block form in FIG. 12. The circuit
      comprises a pair of comparator gate networks 254 and 256 connected to
      receive the residual outputs of the counter 218 and to receive the outputs
      of the minutes counter 220. It is the function of the gate network 254 to
      compare the numbers of the sets A and B.sub.1, and to produce an output on
      a line 258 if any of the numbers of the set A is present simultaneously
      with any of the numbers of the set B.sub.1. If the said numbers are not
      simultaneously present during a scanning cycle, the comparator produces an
      output on line 260. Similarly, the comparator gate network 256 functions
      to produce an output on a line 262 if any of the numbers of the sets B and
      A.sub.1 are simultaneously present and an output on a line 264 if the
      numbers are not present.
PAR  As those skilled in the art will recognize, the actual circuitry employed
      to produce the comparator gate outputs on the lines 258, 260, 262 and 264
      may take any of several logic forms. For example, the residuals outputs of
      the counter 218 provide the binaries 1, 2, 4, 8 and 16 and their inverted
      values when both the Q and NOT Q or set and reset outputs are used. The
      gate networks may then in one form comprise AND-OR logic to accomplish
      their stated functions. In such form, selected residual outputs may be
      ANDed with selected inverted outputs, and the outputs of the AND operation
      may be ORed to produce a positive result whenever there are 0 through 4
      residual pulses registered in the counter 218. An indication of zero may
      be obtained by ANDing all five inverted values. An indication of one is
      obtained by ANDing the values 1, 2, 4, 8 and 16. In similar fashion, the
      minutes counter outputs may also be logically combined to produce a
      positive result whenever any of the number of the B.sub.1 set are present.
      Finally, in this form, both OR functions would be connected as inputs to
      an output AND gate such that the gate produces a positive result on the
      line 258 when any of the numbers in the sets A and B.sub.1 are
      simultaneously present. The NO comparison output may be obtained by
      providing the inversion of the line 258 output on the line 260, e.g., by
      connecting the line 260 to the output terminal of the output AND gate such
      that line 260 is normally at 1 and goes to 0 when comparison is achieved.
PAR  The comparator 256 may employ logic of the same type as that used in the
      comparator 254 except that in the example being described, the comparison
      should produce a yes or 1 result on the line 262 whenever any of the
      numbers of the sets A.sub.1 and B are simultaneously present. From the
      foregoing description, it will be seen that a result appears on the line
      258 only when the scanning mark 32 (FIG. 2d) is found in a position
      indicating 0 to 12 minutes past H simultaneously, i.e., during a scanning
      cycle, with the scanning mark 28 being found in a position indicating 48
      to 59 minutes. A positive result appears on the line 260 for all other
      possible combinations of locations for the marks 32 and 28. Similarly, a
      result appears on the line 262 if the scanning mark 32 is found in a
      position indicating 48-59 minutes past H simultaneously with the scanning
      mark 28 being found in a position indicating 0 to 12 minutes, and a result
      is produced on the line 264 for all other combinations of locations of the
      marks 32 and 28. Accordingly, the simultaneous occurrence of results on
      the lines 260 and 264 means that no correction is required and that the
      value indicated by the counter 218 may be directly outputted to the
      utilization device 238. This situation may be taken as normal in that it
      is the system's hours count output for all scanning operations except
      those wherein positive results occur either on the line 258 or on the line
      262. For these results, the counter 218 hours outputs may be ANDed in a no
      change gating network 266 with lines 260 AND 264. That is, the five hours
      counter output terminals may be connected over a line 268 each to one
      input of a three input AND gate, the line 260 may be connected to a second
      input of each said AND gate, and the line 264 may be connected to a third
      input for each of the AND gates. The outputs of the AND gates then
      constitute the output terminals of the no change gate network.
PAR  The line 268 from the hours counter output terminals may also be connected
      to inputs of a logic subtractor 270 and to inputs of a logic adder 272.
      The subtractor may also be connected on an input to receive results
      appearing on the line 258, and the adder 272 may be connected on an input
      to receive comparison results on the line 262. The subtractor functions to
      subtract a binary 1 from the word appearing on the output of the counter
      218. To this end, the subtractor may comprise a series of five half
      subtractors where each half subtractor is connected to receive the output
      of one counter terminal on one of its input terminals. The first half
      subtractor, i.e., that receiving the least significant bit from the
      counter 218 should be connected on its other input terminal to receive
      results from the comparator 254 over the line 258. The other input of each
      next significant stage of the subtractor would then be connected to the
      borrow output of the preceding stage. The output terminals for the
      subtractor 270 then comprise the output terminals of the half subtractor
      stages, and these terminals may be ORed by an output OR gate network 274
      with the corresponding output terminals of the NO change network 266. It
      should be recognized that the ORing operation is exclusive, i.e., the
      output is either the NO change gate output OR the subtractor output but
      not both outputs. As stated above, the exclusivity for the NO change gate
      may be accomplished by ANDing the counter 218 outputs with the lines 260
      and 264. Accordingly, the NO change gate is inhibited unless both
      comparators indicate no change. Similarly, the hours counter outputs may
      be ANDed with the line 258 in the subtractor to inhibit the inputs to the
      half subtractor stages such that the subtractor provides an input to the
      output OR gates only if the comparator produces a 1 output on the line
      258.
PAR  Finally, with respect to the subtractor a special case exists if the
      information on the card 10 is of the type shown in FIG. 2d. It will be
      seen that the comparator 254 may call for correction when the counters
      output is 00,000 (0) or 11,000 (24) where both outputs are valid counter
      outputs. In such case, the corrected output should be 10,111 (23), and
      this value will be obtained by the subtractor in the usual course when the
      counter output is 11,000. The corrected output can be obtained from the
      subtractor when the inputs are 0's by gating the subtractor inputs
      together to produce an inhibit signal for the special case. This signal
      may be applied to an inhibit gate located in the output of the second most
      significant half subtractor stage. With a circuit of this type the
      operation 00,000 minus binary 1 results in 10,111 rather than 11,111.
PAR  The adder 272 may comprise a series of five half adders where the input
      half adder is responsive to the least significant hours counter output and
      to a result on the line 262. Each succeeding stage of the adder would have
      one input connected to receive the corresponding counter output and a
      second input receiving the carry output of the preceding half adder stage.
      The adder output should comprise the output terminals of each half adder
      stage, and these terminals may be ORed with corresponding terminals of the
      no change gate and subtractor in the output OR gate network 274. As in the
      case of the subtractor, the adder's hours inputs should be inhibited such
      that the adder produces an output only if the comparator 256 produces a
      positive result on the line 262.
PAR  The adder in addition, should be capable of handling the special case that
      occurs when the hours counter indicates 11,000 (24) and the comparator 256
      requires this number to be increased by one. In such an event the adder's
      outputs should be 00,001. This may be accomplished by ANDing the inverted
      values of the three least significant hours inputs with the two most
      significant hours inputs to produce an inhibit signal for the outputs of
      the two most significant half adder stages. As in the subtractor case,
      inhibit gates should be located in the outputs of the two most significant
      half adder stages and operative in response to the said inhibit signal to
      suppress the outputs.
PAR  A system of the same general type as that described above with respect to
      FIG. 9 is shown in FIG. 10. The system of FIG. 10 is particularly useful
      for processing scanner head output signals generated as a result of
      scanning elapsed time recordings of the type shown in FIG. 2c.
PAR  A card 10 is positioned as described above such that two spaced scanning
      heads 150a and 150b may read the elapsed minutes and elapsed seconds data
      rspectively. The heads may be turned at the same rate of speed through a
      drive arrangement of the type described above which drive arrangement may
      also be used to drive the rotary pulse transducer 160. As in the
      previously described system, the preferred transducer outputs a pulse
      train having a substantially constant prf of 480 ppr.
PAR  As previously described, each of the heads 150a and 150b generates a pulse
      of radiant energy, where the lengths or widths of the pulses produced are
      functions of elapsed minutes and elapsed seconds respectively in that the
      on time of each pulse generator is a function of the angular separation of
      the marks 24 and 22 of FIG. 2. The pulses outputted by the heads are
      detected by radiant energy detectors 163a and 163b respectively which
      detectors convert the radiant energy pulses into electrical pulses having
      the duration of the radiant energy pulses and having the same starting and
      terminal points in time as the radiant energy pulses.
PAR  The detectors in turn are directly connected respectively to
      differentiators 168a and 168b, and they are also respectively connected
      through inverters 170a and 170b to differentiators 176a and 176b. The
      differentiators 168a and 168b respond to the pulses on their respective
      inputs by generating voltage spikes or control pulses that are coincident
      in time with the leading edges of the signal pulses, and the
      differentiators 176a and 176b respond by generating control pulses that
      have time coincidence with the trailing edges of the input electrical
      pulses.
PAR  The differentiators 168a and 176a are connected to control the operation of
      a minutes counter gate network 276, and the differentiators 168b and 176b
      are connected to control the operation of a seconds counter gate network
      278. Each of the gate networks may be similar in construction and
      operation to the networks 174 and 178 of FIG. 9 as shown in FIG. 11. The
      difference is that the outputs of the differentiators 168a and 168b are
      applied to the set inputs 180 over the respective lines 172a and 172b of
      the respective latches 188 so as to control the operation of the gates
      194. Accordingly, with the system of FIG. 10, it is the fact of
      recognition by the scanning head of the mark 22 that is operative to open
      the gates 194 such that generator pulses on the line 162 are passed to the
      output terminals 216 of the respective gate networks 276 and 278. The
      output terminal 216 of the network 276 is connected to the input terminal
      of an elapsed minutes binary up counter 280, and the output terminal of
      the gate network 278 is connected to the input of an elapsed seconds
      binary up counter 282.
PAR  The gate networks and counters may be reset by the timer 240 as previously
      described except that the reset line 242 may be tied directly to the
      counter reset line 234. In addition, the situation described above with
      respect to the system of FIG. 9 regarding the need for two and preferably
      three scans of the record member does not exist with respect to recordings
      of the type described with respect to FIG. 10. Accordingly, the gate
      networks 276 and 278 do not require the reset circuit comprised of the
      NAND 222, NOR 232 and inverter 236 of FIG. 11. It should also be noted
      that the dwell time for a card at the read station is less for the system
      of FIG. 10 than for the system of FIG. 9; the said time for the system of
      FIG. 10 should be sufficiently long to permit two complete scans of the
      heads 150a and 150b.
PAR  As with the previously described embodiment, the outputs of the counters
      280 and 282 may be provided as direct inputs to a utilization device 284
      which device may be any of the devices previously mentioned. On the other
      hand, it may be desirable to provide error checking and correction
      circuitry for reasons similar to those stated above with respect to the
      system of FIG. 9. In the interstate telephone toll situation, charges are
      usually based on the length of the call with the basic time divisions
      being in minutes, e.g., a charge may be based on multiples of three
      minutes. Accordingly, in such a case, error checking and correction may be
      desirable with respect to the outputs of the minutes counter 280. Logic of
      the same general type as the error determination and correction logic 252
      employed in the hours correction case may be used with the system of FIG.
      10.
PAR  In the event that the transducer 160 is of the type described herein, the
      counter 280 may have at least nine outputs where the first three outputs
      would comprise the outputs of a modulo 8 divider and the last six outputs
      would constitute the elapsed minutes outputs of the counter. Thus,
      whenever the number of pulses entered into the counter constitutes an
      unven multiple of 8, an output determined by 1 through 7 remainder pulses
      will appear on the three remainder outputs R.sub.1, R.sub.2, and R.sub.4
      of the divider. Consequently, the divider output can go from 000 to 111.
      Since it is the change over point from a minute M to M plus one that is of
      interest, it is only necessary that remainders produced by 0 OR 1 OR 2 OR
      3 AND 6 OR 7 pulses be compared with the output of the elapsed seconds
      counter 282.
PAR  Although it is not essential to use all possible combinations of seconds
      counter outputs for comparison purposes, it may be found convenient to do
      so. To meet the ideal, the seconds counter outputs should be logically
      combined to produce two outputs, i.e., a first output indicating a total
      count no greater than 239 pulses, and a second output indicating a minimum
      count of 240 pulses. As a practical matter, the counter 282 may be
      provided with nine stages such that the most significant output terminal
      is binary 32 (S.sub.32) and is activated by 256 pulses; checking and
      correction can then be obtained by comparing the binary 32 output with the
      remainder outputs (R.sub.1, R.sub.2, R.sub.4) of the minutes counter. With
      this approach, the following error checking and correction conditions are
      performed by the correction circuitry 252:
PAR  1. Add a binary 1 to the minutes count whenever the counter outputs are:
      R.sub.2.sup.. R.sub.4.sup.. S.sub.32
PAR  2. Subtract a binary 1 from the minutes count whenever the counter outputs
      are: R.sub.4.sup.. S.sub.32
PAR  3. Accept the binary count for minutes whenever the counter outputs are:
PA1  a. R.sub.2.sup.. R.sub.4.sup.. S.sub.32
PA1  b. R.sub.4.sup.. S.sub.32
PAR  It will be recognized by those skilled in the art that modifications can be
      made to the systems described above and that the same or similar results
      may be obtained. For example, if a scanning head of the type shown in FIG.
      8 is employed, then the pulse transducer 160 may be dispensed with in that
      the output of the head is a series of pulses that can be detected by a
      detector 286 and entered into a counter. The counter gate and utilization
      device is shown generally as an output device 290 in FIG. 8. Reset can be
      obtained by positioning a second detector 292 adjacent a clear section of
      the optical window such that when the generator 140 first comes on the
      gate is opened and the counter is reset to zero.
PAR  Other modifications will occur to those skilled in the art. For example,
      the systems of FIGS. 9 and 10 might be combined into one system operating
      either one or two utilization devices. Of course, if this modification is
      made, the card dwell time will be determined by that portion of the
      combined system represented by the system of FIG. 9.
PAR  It should also be apparent that the system of FIG. 10 can be modified by
      eliminating one head and part of the circuitry in the event that the card
      10 is moved such that the elapsed time recordings thereon are presented
      sequentially to one head. In this case, if correction is required it will
      be necessary to store the count obtained from the first reading in order
      to use it for correction purposes. Other modifications will occur to those
      skilled in the art. Having described the invention,
CLMS
STM  We claim:
NUM  1.
PAR  1. A data record sensing system operative to retrieve data relating to
      time, the data appearing on a record member as scanning marks angularly
      related in a circular format, and the system being operative to convert
      such data into electrical signals, the system comprising:
PA1  a rotatable scanner head mounting scanning mark sensors and a scanner
      signal generator, the sensors being effective upon rotation of the head to
      switch the generator on upon sensing a first scanning mark and off upon
      sensing a second scanning mark,
PA1  a rotatable pulse generator providing a constant number of pulses for each
      complete rotation of the generator and providing a reference pulse
      whenever the mark sensors are located in a predetermined position relative
      to the circular format on the record member;
PA1  pulse counting means for providing a system output comprising an electrical
      binary analogue of the data appearing on said record member; and
PA1  circuit means responsive to said reference pulse to connect said pulse
      counting means to receive pulses from said generator and responsive to
      signals from said scanner signal generator for inhibiting the further
      receipt of said pulses by said pulse counting means.
NUM  2.
PAR  2. A data record sensing system according to claim 1 wherein the scanner
      signal generator is a radiant energy generator, and wherein the circuit
      means includes a radiant energy detector responsive to pulses produced by
      the scanner signal generator to convert such pulses into equivalent
      electrical pulses.
NUM  3.
PAR  3. A data record sensing system according to claim 2 wherein the circuit
      means includes:
PA1  a first differentiator connected to receive electrical pulses from said
      radiant energy detector and producing first control pulses from the
      leading edges of said electrical pulses,
PA1  a second differentiator connected to receive electrical pulses from said
      radiant energy detector and producing second control pulses from the
      trailing edges of said electrical pulses,
PA1  a first gate connected to be unblocked by a reference pulse so as to pass
      pulses from said pulse generator to a first pulse counter of said pulse
      counting means, said gate being connected to said first differentiator to
      be blocked by said first control pulse, and
PA1  a second gate connected to be unblocked by a reference pulse so as to pass
      pulses from said pulse generator to a second pulse counter of said pulse
      counting means, said gate being connected to said second differentiator to
      be blocked by said second control pulse.
NUM  4.
PAR  4. A data record sensing system according to claim 3 wherein the pulse
      counting means further includes data error correction means connected to
      selected outputs of said first and second counters, the said means being
      effective to compare outputs of said second pulse counter with outputs of
      said first pulse counter to determine error and to correct the outputs of
      the first counter in the event of error.
NUM  5.
PAR  5. A data record sensing system according to claim 4 wherein said data
      error correction means comprises:
PA1  comparator means for comparing the outputs of said counters to generate
      comparison and no comparison signals;
PA1  correction means connected to receive the outputs of said first counter and
      to receive comparison signals from said comparator means to correct the
      outputs of said counter;
PA1  no change gating means connected to receive the outputs of said first
      counter and to receive no comparison signals from said comparator means to
      provide, as outputs, the raw outputs of said first counter; and
PA1  output gating means connected to receive outputs of said correction means
      and of said no change gating means to provide first counter outputs as an
      EXCLUSIVE OR function of the outputs of said correction means and said no
      change gating means.
NUM  6.
PAR  6. A data record sensing system for retrieving data appearing as angularly
      related scanning marks on a record member and operative to convert such
      data into electrical signals useful for operating an output device, the
      system comprising:
PA1  scanning means for scanning said record member to produce output signals as
      a function of the angular relationship of said scanning marks, said
      scanning means including at least one photoelectric scanning head having a
      radiant energy generator to produce said output signals supported for
      rotation and a power means for rotatively driving said scanning head;
PA1  pulse generating means for producing pulses representing predetermined
      incremental angles of the maximum angular relationship within which said
      scanning marks may appear on said record member, said pulse generating
      means including a rotatively supported pulse generator for producing said
      pulses representing predetermined inclemental angles, said pulse generator
      being drivingly connected to said power means for rotation at the same
      speed as said scanning head;
PA1  detector means responsive to said output signals from said radiant energy
      generator for generating control pulses from said output signals;
PA1  pulse counting means; and
PA1  gating means responsive at least in part to said control signals for gating
      the pulses representing predetermined incrmental angles to said pulse
      counting means so that said pulse counting means provides an output which
      is an electrical equivalent of the angular relationship of the scanning
      marks.
NUM  7.
PAR  7. A data record sensing system according to claim 6 wherein the pulse
      generating means further includes a second pulse generator for producing a
      gating means control pulse for each complete revolution of the scanning
      head; and wherein the gating means is responsive to said control pulse and
      to control pulses generated by the detector means.
NUM  8.
PAR  8. A data record sensing system according to claim 7 wherein the counting
      means includes:
PA1  binary counting means responsive to said pulses representing predetermined
      incremental angles to provide on outputs of said means a raw electrical
      analogue of the data appearing on the record member, and
PA1  error checking and correction means connected to the outputs of said binary
      counting means for determining and correcting errors appearing in the
      outputs of said binary counting means.
NUM  9.
PAR  9. A data record sensing system according to claim 8 wherein the binary
      counting means comprises at least two binary up counters; and wherein the
      error checking and correction means is connected to outputs of both
      counters and is effective to determine and correct errors appearing in the
      outputs of one of said binary up counters.
NUM  10.
PAR  10. A data record sensing system according to claim 6 wherein the scanning
      means includes at least two photoelectric scanning heads supported for
      rotation and drivingly connected to said power means to be rotated at the
      same speed; and wherein said gating means is responsive solely to said
      control signals.
NUM  11.
PAR  11. A data record sensing system according the claim 10 wherein the
      counting means includes:
PA1  binary counting means responsive to said pulses representing predetermined
      incremental angles to provide on outputs of said means a raw electrical
      annalogue of the data appearing on the record member; and
PA1  error checking and correction means connected to the outputs of said binary
      counting means for determining and correcting errors appearing in the
      outputs of said binary counting means.
NUM  12.
PAR  12. A data record sensing system according to claim 11 wherein the binary
      counting means comprises at least two binary up counters; and wherein the
      error checking and correction means is connected to outputs of both
      counters and is effective to determine and correct errors appearing in the
      outputs of one of said binary up counters.
NUM  13.
PAR  13. A data record sensing system operative to retrieve data relating to
      time, the data appearing on a record member as a first set of scanning
      marks angularly related in a circular format and as a second set of
      scanning marks angularly related in a circular format; the system being
      operative to convert such data into electrical signals, the system
      comprising:
PA1  scanning means having 1st and 2nd scanning heads supported for rotation for
      producing radiant energy pulses as functions of the angular relationships
      of the scanning marks in said first and second sets of scanning marks;
PA1  a rotatable source of pulses providing a constant number of pulses for each
      complete revolution of said scanning means;
PA1  power means for rotatably driving said scanning means and said source of
      pulses at the same rotational speed;
PA1  pulse counting means for providing electrical equivalents of the data
      appearing on said record members as outputs of the system; and,
PA1  circuit means including detector means responsive to radiant energy pulses
      produced by said first and second scanning heads respectively for
      converting said pulses into equivalent electrical pulses, control pulse
      forming means operatively connected to said detector means to produce
      control pulses from the leading and trailing edges of said electrical
      pulses, and gating means connected to said control pulse forming means and
      responsive to control pulses produced from the leading edges of electrical
      pulses to gate pulses from said rotatable source of pulses into said pulse
      counting means, and being responsive to control pulses produced from the
      trailing edges of said electrical pulses to inhibit the passage of pulses
      from said rotatable source of pulses into said counting means, and for
      periodically resetting said pulse counting means.
NUM  14.
PAR  14. A data record sensing system according to claim 13 wherein the data
      comprised by the first set of scanning marks is more significant than the
      data comprised by the second set of scanning marks; wherein the detector
      means, control pulse forming means and gating means comprise first and
      second circuits, responsive respectively to radiant energy pulses produced
      by the first and second scanning heads; and wherein the counting means
      includes first and second binary up counters connected to and controlled
      by said first and second circuits respectively to receive pulses from said
      rotatable source of pulses.
NUM  15.
PAR  15. A data record sensing system in accordance with claim 14 wherein each
      control pulse forming means includes a first differentiator connected to a
      detector to produce control pulses from the leading edges of the
      electrical pulses, and a second differentiator connected to the detector
      through an inverter to produce control pulses from the trailing edges of
      the electrical pulses; and wherein each gating means includes a first
      latch connected to be set by control pulses produced by said first
      differentiator and operatively connected to open an output gate of said
      gating means to pass pulses from said rotatable source, and a second latch
      responsive to control pulses from said second differentiator and
      operatively connected to inhibit said output gate.
NUM  16.
PAR  16. A data record sensing system according to claim 14 wherein the counting
      means further includes error checking and correction means connected to
      outputs of said first and second counters and responsive to said outputs
      for determining and correcting errors appearing in the outputs of the
      first of said counters.
NUM  17.
PAR  17. A data record sensing system according to claim 16 wherein the error
      checking and correction means comprises:
PA1  comparator means for comparing the outputs of said counters to generate
      comparison and no comparison signals;
PA1  correction means connected to receive the outputs of said first counter and
      to receive comparison signals from said comparator means to correct the
      outputs of said counter;
PA1  no change gating means connected to receive the outputs of said first
      counter and to receive no comparison signals from said comparator means to
      provide, as outputs, the raw outputs of said first counter; and
PA1  output gating means connected to receive outputs of said correction means
      and of said no change gating means to provide first counter outputs as an
      EXCLUSIVE OR function of the outputs of said correction means and said no
      change gating means.
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PAL  A photoelectric punched card reading device adapted to insert the punched
      card by hand, for reading the punched card photoelectrically in a static
      state comprising a matrix of light sensors each adapted to be in register
      with a hole in a punched card, an aperture mask in close contact with the
      light sensor matrix a card loading section having, a punched card
      insertion slot for holding a punched card in correct position with respect
      to the light sensor matrix and aperture mask, and a light source for
      uniformly illuminating the light sensor matrix, wherein the card loading
      section, the light sensor matrix and the light source are assembled
      integrally.
PARN
PAR  This is a continuation of application Ser. No. 262,288, filed June 13,
      1972, now abandoned.
BSUM
PAR  This invention relates to photoelectric punched card reading devices.
PAR  The detection of holes of punched cards has heretofore been done
      mechanically by utilizing sensing pins or brushes to actuate an electrical
      circuit throughholes in a punched card. This method, however, is prone to
      misreadings due to dust and also to damage of the punched card. Recently,
      there have been proposed photoelectric detection methods, where the
      punched card is exposed to light and light transmitted through the card is
      detected by light sensor means. The light sensor means use such elements
      as silicon solar cells, photo-transistors, and cadmium sulfide (CdS)
      photoconductive elements. The CdS photoconductive elements, however, have
      heretofore not been feasible as light sensors from the standpoints of
      dimensions and performance. Therefore, as light sensors silicon solar
      cells and photo-transistors have been mostly used. The silicon light
      sensor, however, is very expensive, and if silicon elements are used as a
      two-dimensional matrix, it would amount up to about one half the cost of
      the whole reading unit. For this reason, the usual punched card reader has
      only a single row of 10 to 12 light sensor elements, and passed which the
      punched cards are moved for reading. In this device, however, a mechanism
      for feeding the punched card and extra electric circuit means are
      required. In this aspect, an inexpensive photoelectric punched card reader
      capable of static reading of punched cards has been desired.
PAR  In the case of static reading, the response time is of small importance, so
      that inexpensively manufactured CdS photo-conductive elements can well be
      employed. However, with the usual CdS photo-conductive element having a
      planar structure with electrodes formed on the same side as the
      photo-sensitive layer, about one half of the light receiving area is
      covered with electrode metal. Therefore, where small photo-conductive
      elements are closely arranged, the light receiving area of one element is
      naturally very small and the available photo-current is very low.
PAR  On the other hand, with the sandwich-type CdS photo-conductive element
      which has been proposed earlier by the inventors of the present invention,
      the electrodes are formed on upper and lower areas of the photo-sensitive
      layer, with one electrode constituted by a transparent conducting film of
      tin oxide. Thus, the light receiving area is free from any electrode
      shading the light, and the interelectrode distance can be reduced down to
      about one tenth of that of the conventional element. With the
      sandwich-type CdS photo-conductive element, it is thus readily possible to
      obtain high light sensitivity with a small light receiving area, so that
      this element is most suitable as a light sensor for static reading.
PAR  According to the invention, there is provided a photo-electric punched card
      reading device comprising a light detecting section, a punched card
      insertion slot and a light source, said light detecting section comprising
      a light sensor matrix consisting of a plurality of sandwich-type CdS
      photo-conductive elements arranged two-dimensionally such that each
      element will be in register with a hole in a puched card, said elements
      being electrically connected altogether in a matrix form with each element
      in series with an associated diode.
PAR  The photo-electric punched card reading device according to the invention
      can provide the following features:
PAR  1. Absolute static reading is possible.
PAR  2. Since no mechanical contacts are involved, high reliability can be
      ensured.
PAR  3. The sensitivity is very high, and direct connection to a logic circuit
      is possible.
PAR  4. A light source simple in construction and consuming little power is
      sufficient for use in card reading. Thus, temperature rise is small,
      giving no adverse effects.
PAR  5. Since the device is small in size, it may be readily assembled into a
      related equipment.
PAR  6. The crosstalk is small, and the signal-to-noise ratio is large. Thus, it
      is possible to read even IBM standard paper punched cards.
PAR  7. Because of the absence of movable parts, excellent durability can be
      ensured. Also, the operation is very simple.
DRWD
PAR  For the invention to be more fully understood, it will now be described in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a pictorial sectional view showing the inner construction of a
      photo-electric punched card reading device embodying the invention; and
PAR  FIG. 2 is a connection diagram showing a CdS light sensor matrix employed
      in the reading device according to the invention.
DETD
PAR  FIG. 1 shows a sectional view of a photo-electric punched card reading
      device according to the invention. Reference numeral 1 designates a CdS
      light sensor matrix consisting of CdS photo-conductive elements arranged
      on a printed circuit board 2 in a matrix form of 10 rows and 10 columns,
      and electrically connected in a manner as shown in FIG. 2. Each element in
      the matrix will be in register with a hole in a puched card. All the bus
      bars for the individual rows and columns of the matrix are provided at one
      edge of the printed circuit board. Numeral 3 designates an aperture mask
      formed with apertures each adapted to be in register with a hole in a
      punched card. It is made of a black resin material and is integral with a
      card loading section 4 having a card insertion slot. Numeral 5 designates
      a transparent glass plate serving as a protective cover to protect the
      aperture mask. The card insertion section 4 includes spacers 6 provided at
      left and right edges of the card insertion slot provide for a space
      conforming to the thickness of a punched card to be inserted. It also
      includes a plate 7 laminated on said spacers to hold a card by side edges.
      Numeral 8 designates a lamp housing with the inner surface provided with a
      black mat coating to prevent reflection of light. Numeral 9 designates a
      lamp support plate carrying two to six small lamps 10 connected in
      parallel. Numeral 11 designates a reflector of such shape that it projects
      as much parallel light flux as possible to the light sensor matrix.
      Numeral 12 designates a back cover to prevent dust from attaching to the
      sensor matrix.
PAR  There are two methods of reading a punched card with the photo-electric
      punched card reading device described above.
PAR  In one of the methods, the bus bars for the individual columns are
      successively scanned with pulses, and parallel outputs are taken out from
      bus bars for the rows. This corresponds to the conventional case of moving
      a punched card in the direction of a row of light sensors for reading.
      This method is however different from the conventional method in that the
      individual columns are electrically scanned with pulses in place of
      mechanical movement of a punched card.
PAR  In the other method, pulses are supplied to the bus bars of both the
      columns and rows. In this case, the signals from all the light sensors may
      be serially taken out one after another.
PAR  In either case, the light source is always held on. Without any punched
      card loaded, therefore, all the light sensors are uniformly illuminated
      with light coming through the respective apertures of the aperture mask.
      When a punched card is loaded in the card insertion slot, a light sensor
      in register with a punched hole is exposed to light, while a light sensor
      facing part of the punched card without a punched hole receives only
      slightly transmitted light since light is mostly interrupted by the card.
      The punched cards are usually made of paper or plastic material. With
      paper punched cards, the signal-to-noise ratio (the ratio between the
      resistance of a light sensor facing the material of the punched card and
      that of a light sensor facing a hole in the punched card) is usually
      inferior due to a high transmission of the paper. With plastic punched
      cards, the transmission is usually lower than that of the paper though it
      varies depending upon the color and thickness of the card, so that the
      signal-to-noise ratio may be increased compared to the case of the paper
      card. Besides the material of the punched card, the signal-to-noise ratio
      also depends upon the location of the mask aperture. Placing an aperture
      mask having small apertures directly in front of the light sensor matrix
      as in the illustrated device according to the invention is extremely
      effective from the standpoint of improving the signal-to-noise ratio.
PAR  There are various light sources which may be used for uniformly
      illuminating the light sensor matrix. From the signal-to-noise standpoint
      the ideal is to project parallel light flux in a direction normal to the
      light receiving face of the light sensor matrix. Light from a single spot
      light source may be converted into parallel light flux through a lens. To
      illuminate the entire light receiving face from a spot light source
      uniformly, however, a considerably large size lens and a considerable
      distance between the light source and the light sensor matrix are
      required, so that the overall size of the reading device would be
      undesirably increased.
PAR  According to the invention, with a plurality of small lamps used together
      with a reflector it is possible to provide approximately parallel light
      flux without substantially increasing the overall size of the reading
      device. Although the use of a fluorescent lamp is conceivable, it is not
      suitable to small-size punched card readers because at present no
      small-size fluorescent lamps with rating of 4 watts or lower are
      commercially available. In case of large size punched card readers such as
      those for reading IBM standard cards, however, it is possible to use a
      single fluorescent lamp with rating of about 6 watts. In such case, it may
      be disposed together with a reflector at a suitable distance from, for
      instance, a 12-row 80-column light sensor matrix.
PAR  The features of the invention as described above are that the punched card
      static reading device is constructed by combining integrally the three
      parts as follows, that is:
PA1  1. the main body including the card loading section and the aperture mask
      having a plurality of holes corresponding to perforated holes on cards
      inserted in said loading section, the card loading section and the
      aperture mask being assembled integrally,
PA1  2. the light sensor matrix plate including the printed circuit board and a
      plurality of light sensors having diode characteristics arranged on the
      board, the arrangement of the light sensors comprising a matrix
      corresponding to the holes in the aperture mask, wherein a plurality of
      bus bars are arranged in lines and rows, each of said light sensors being
      connected between a line and a row of said plurality of bus bars and each
      of the bus bars having a terminal at the edge face of the board, and
PA1  3. the light source box including a plurality of lamps and the reflector
      for illuminating each of the sensors with uniform and parallel light
      beams.
PAR  With the construction as stated above, each of the three components can be
      easily disassembled from and assembled to the reading device. Thus, the
      following advantages can be attained:
PA1  a. Relative positioning of the card punched holes, the apertures and the
      sensors is facilitated.
PA1  b. Since the printed circuit board can be readily removed for replacement,
      the apparatus is easily adapted to various cards and punched holes.
PA1  c. Repair in case of the failure of the sensors or lamps is facilitated.
PA1  d. Cross-talk is reduced.
PAR  It should be further noted that since the reflector is used to convert the
      light from the light source to parallel light beams, the amount of light
      illuminating the photo-conductors is much more than when the diffusing
      light beam is used; accordingly, a smaller size of lamps can be used.
      Thus, the amount of heat generated by the device can be reduced.
PAR  Also, since the amount of illumination light is increased, the response of
      the sensors becomes more rapid, thus, the device can read the punched card
      without erroneous operation and with high reliability even when the card
      is rapidly inserted or taken out.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A photoelectric punched card reading device comprising an integral
      combination of a main body including a card loading section and an
      aperture mask having a plurality of holes corresponding to perforated
      holes on cards inserted in said loading section, said card loading section
      and said aperture mask being assembled integrally; a light sensor matrix
      plate including a printed circuit board and a plurality of light sensors
      having diode characteristics arranged on said board, the arrangement of
      the light sensors comprising a matrix corresponding to the holes in the
      aperture mask, wherein a plurality of bus bars are arranged in lines and
      rows, each of said light sensors being connected between a line and a row
      of said plurality of bus bars and each of said bus bars having a terminal
      at the edge face of said board; and a light source box including a
      plurality of lamps and a reflector for illuminating each of said sensors
      with uniform and parallel light beams.
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ABST
PAL  An electronic counting device for displaying the measurement of a quantity
      includes a pulse counter which receives a supplementary pulse every time
      the pulse counter stands at any one of a predetermined series of numerals.
      The natural counting base of the counter is thus effectively modified so
      that the displayed output is determined according to a different counting
      base.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to improved electrical devices for numerical
      measurement and display of the value of a quantity, variations of which
      are represented by a series of electric pulses, each of which corresponds
      to an increment of a rational fraction of the unit of measurement of said
      quantity.
PAR  2. Description of the Prior Art
PAR  Counter units are known which display the number of pulses counted from the
      start of counting in decimal notation (counting base equal to 10) or in
      binary notation (counting base equal to 2.sup.n). These counting units
      utilize counting circuits connected in cascade.
PAR  Some of these units comprise a series of decade counters connected in
      cascade. Others utilise counting circuits each of which is capable of
      counting 2.sup.n pulses before supplying a pulse to the counting circuit
      next following and being returned to zero.
PAR  These units are designed so that a new pulse will correspond to a fraction
      of the measuring unit equal to the reciprocal of the counting base. If in
      fact b is the counting base and if the unit increase of the magnitude
      represented by the appearance of a pulse is equal to the fraction 1/b of
      the measuring unit, each counting circuit is returned to zero and supplies
      a pulse to the circuit immediately following it when it has counted b
      pulses.
PAR  It may happen that the unitary increment of the quantity to be measured and
      displayed is smaller than the reciprocal of the counting base. In this
      case means are known for arranging the counting circuits so that they will
      have an artifical base smaller than their natural counting base. These
      means generally consist in suitably modified counting circuits themselves.
      Thus, certain types of numerical display electric clocks are made in which
      the artificial counting bases may be 12, 24 or 60.
PAR  With known arrangements, however, it is possible to obtain only whole
      artificial counting bases and such arrangements cannot therefore be
      adapted to the measurement and display of the value of a quantity the
      unitary increment of which is a whole fraction of the measuring unit.
      Furthermore, known arrangements are not designed to enable the user to
      modify the artificial counting bases.
PAC  SUMMARY
PAR  The invention provides an electrical device for the numerical measurement
      of a quantity by a pulse counter with a whole number fixed natural
      counting base, in which each pulse may represent any rational fraction of
      the measuring unit of the quantity. The invention makes available to the
      user easy means of modifying the artificial counting base. This facility
      opens up new fields of industrial applications to the technique of
      numerical counting by means of pulses.
PAR  A device according to the invention may comprise in addition means for
      supplying and recording an additional pulse every time the pulse counter
      has recorded one of the numbers of a predetermined series.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram of an electrical measurement device
      according to the invention;
PAR  FIG. 2 is a partial schematic diagram of a modified embodiment of the
      invention, and
PAR  FIG. 3 is a table setting out part of the logic used in the device shown in
      FIG. 2.
DETD
PAR  FIG. 1 illustrates a device according to the invention, which is for
      example applicable to the monitoring and control of the progression of an
      ore extraction machine guided by a rigid conveyor and hauled along a
      cutting face in a reciprocating movement by means of a chain meshing with
      a sprocket.
PAR  Pulses Sc and Sd specific to the direction of progression of the machine
      are generated by an element composed of two proximity pick-ups 1 and 2
      placed in a disengaging finger near the circumference of a sprocket 3
      meshing with a hauling chain, the pick-ups being so disposed that they are
      separated by a distance which at the most is equal to the width of one
      tooth of the sprocket 3. These pick-ups detect the passage in front of
      them of the teeth of the sprocket 3 and, in a manner known per se, a pulse
      generator 4 synchronised by the pick-ups 1 and 2 supplies pulses Sc and Sd
      the polarity of which represents the direction of progression of the
      machine, the positive pulses Sc corresponding for example to the forward
      travel of the machine and the negative pulses Sd to the reverse travel of
      the machine.
PAR  The reference 5 designates a display forward-backward counter composed of a
      series of decade counters 6.sub.1 to 6.sub.4 connected in cascade, each of
      them being connected to a display 7.sub.1 - 7.sub.4. This forward-backward
      counter assembly has a forward counting input C and a backward counting
      input D. Depending on the type of decade counters used to constitute the
      unit 5, the inputs D and C may receive pulses of the same polarity, or
      else may receive only pulses of opposite polarities in order to effect
      either the forward or the backward counting of the pulses received.
PAR  In the embodiment illustrated the decade counters are of the binary output
      type. In addition, their inputs D and C can receive pulses of the same
      polarity. For this reason the generator 4 is connected to the two inputs C
      and D respectively of the first decade counter 6.sub.1, by means of a
      diode D.sub.1 the cathode of which is connected to the generator 4, and by
      means of a circuit containing a diode D.sub.2 the anode of which is
      connected to the generator 4, and an inverter circuit 8 connected to the
      input D (this circuit being shown partly in broken lines). This
      arrangement is suitable in cases where it is sufficient to record and
      display the number of pulses emitted by the generator 4 so as to act
      automatically on the operation and progression of the machine when the
      amplitude of its movement has reached certain predetermined values for
      example to reverse the direction of travel at the ends of the cutting
      face.
PAR  This first part of the arrangement, which is known per se, counts forwards
      and backwards, in decimal notation, the pulses Sc and Sd emitted by the
      generator 4, which is equivalent to saying that when the first decade
      counter 6.sub.1 has counted 10 pulses in one direction or the other, it
      shifts by one unit in the upward or downward direction the number recorded
      by the second decade counter 6.sub.2, depending on whether the operation
      effected is a forward or backward count, and so on for the following
      decades, the number of pulses counted by the decade counters 6.sub.1 to
      6.sub.4 and displayed by the display circuit 7 being the number of
      double-links of the chain which have meshed with the sprocket 3.
PAR  This number rapidly becomes very great and no longer means very much to an
      observer who wishes to locate the situation of the machine on the cutting
      face by simply reading the number displayed by the display units 7.sub.1
      to 7.sub.4. For this reason it is advantageous to convert the number of
      pulses received by the first decade counter 6.sub.1 into a number of units
      of a different unit of measurement, such as for example the meter. Another
      possible unit of measurement is the section of a rigid conveyor, this unit
      providing the advantage of being very significant to the operator of the
      cutting machine, who knows the number of sections of the conveyor
      installed at the cutting face. He knows for example where the n.sup.th
      section of the conveyor is situated.
PAR  In the case, for example, of a chain having a pitch of 8.6 cm, the
      succession of two pulses will mean that the machine will have progressed
      8.6 or 17.2 cm, depending on whether the pick-up detects the passing of a
      single link or a double link. In order to convert the number of pulses
      arriving at the forward-backward counter unit into a number representing a
      number of conveyor sections of 150 cm each, it would be necessary to count
      and display one section when the progression of the machine results from
      the passing of 150/17,2 = 8.72 double-links in front of the pick-ups 1 and
      2, or, what amounts to the same thing, to display 10 sections when 87.2
      teeth have passed in front of the pick-ups 1 and 2, The second part of the
      arrangement, which will now be described, makes it possible to convert
      with great accuracy the number of pulses counted by the decade counter
      6.sub.1 -- representing the number of double-links -- into a number of
      sections recorded by the decade counters 6.sub.2 - 6.sub.4 and displayed
      by the corresponding display circuit 7.sub.1 - 7.sub.4.
PAR  Two converters 9 and 10 convert the binary information supplied
      respectively by the decade counters 6.sub.1 and 6.sub.2 into decimal
      information, this information being available in each case on one of the
      10 outputs of each of the converters 9 and 10. In a manner known per se,
      when the decade counter 6.sub.1 has recorded the numeral 9, for example,
      the converter 9 converts the binary information supplied by the decade
      counter 6.sub.1 into a single item of information which is available only
      at the 9 output of the converter, and so on for the other numerals
      recorded by the decade counters 6.sub.1 and 6.sub.2.
PAR  The 8 and 9 outputs of the converter 9 can be simultaneously connected to
      an OR circuit 13 by means of removable pins 11. All the outputs of the
      converter 10 are each connected by means of a decoupling diode 12 to one
      of the pins of the base 14 of a connector 15. All the pins of the plug-in
      part 16 of the connector 15 are connected together and connected to the
      input of an AND circuit 17, the other input of which is connected to the 1
      output of the converter 9. The output of AND circuit 17 is connected to
      the OR circuit 13. The types of connection by pins 11 and by a connector
      15 are equivalent and may be used in substitution for each other.
PAR  The circuit constituted by the converters 9 and 10, the OR circuit 13, the
      AND circuit 17, and the connections through the pin or pins 11 and the
      connector 15 constitute a linear connection matrix which controls the
      operation of a relaxation generator 18, the output of which is
      simultaneously connected to two AND circuits 19 and 20 which form part of
      a branching circuit 21 which also comprises a diode D.sub.3 whose anode is
      connected to the common point of the diode D.sub.2 and of the inverter 8,
      and a flip-flop 22 the two outputs of which are respectively connected to
      the AND circuit 19 and to the AND circuit 20.
PAR  The arrangement also includes an OR circuit 23 disposed between the diode
      D.sub.1 and the input C and an OR circuit 24 disposed between the inverter
      8 and the input D of the decade 6.sub.1, the output of the AND circuit 19
      being connected to the OR circuit 23, and the output of the AND circuit 20
      being connected to the OR circuit 24.
PAR  Hereinafter it will be assumed that the artificial counting base to be
      obtained is not very different from 8.7, that is to say is represented by
      a number with one decimal place (n = 1).
PAR  If the pulses supplied by the generator 4 were to correspond to tenths of a
      conveyor section, when the decade counter 6.sub.2 displays 10 sections,
      this would correspond to 100 pulses transmitted by the generator 4 and
      recorded by the decade counters 6.sub.1 and 6.sub.2. Actually, when the
      machine has passed through 10 sections, the generator 4 has emitted only
      87 pulses.
PAR  The device shown in the connected state in FIG. 1, that is to say with a
      single pin 11 and three pins engaged on the connector 15, will produce 13
      supplementary pulses before the generator 4 has supplied its 87th pulse
      and will transmit the latter to the input C or D in operation, in such a
      manner that the unit 5 has counted 100 pulses when the generator 4 has
      produced only 87 pulses. Each of the additional pulses is generated every
      time the unit 5 has recorded one of the number of a series of 13 numbers
      and figures selected in advance and shown in the list of numbers contained
      between 0.0 section and 10.0 section.
PAR  The circuit comprising the elements 9 to 24 functions in the following
      manner. If the 9 output of the converter 9 is actually connected to the OR
      circuit 13 by means of the pin 11, the generator 18 will supply a pulse
      every time the decade counter 6.sub.1 has recorded the numeral 9. If, the
      plug-in part 16 connects the AND circuit both to the 1 output of the
      converter 9 and to the outputs 1, 2 and 3 of the converter 10 by means of
      three pins of the connector 15, the relaxation generator 18 will supply a
      pulse every time the decade counters 6.sub.1 to 6.sub.2 will have
      recoreded the numbers 1.1, 1.2 and 1.3.
PAR  In this case, when the machine has passed through 10 sections, the unit 5
      will have counted:
PA1  87 pulses originating from the generator 4, + 10 additional pulses which
      are supplied by the generator 18 and which caused the decade counters
      6.sub.1 and 6.sub.2 to pass successively from 0.9 to 1.0.  1.9 to 2.0 . .
      . 9.9 to 10.0. +  3 pulses which are supplied by the generator 18 and
      which caused the decade counters 6.sub.1 and 6.sub.2 to pass successively
      from 1.1 to 1.2, 2.1 to 2.2, 3.1 to 3.2, that is to say making a total of
      the 100 pulses which it was desired to record.
PAR  It is clearly seen that the relaxation generator 18 supplies the pulses
      every time the unit 5 has recorded the 13 preselected numbers, and that
      this is done both when the unit 5 is counting forwards and when it is
      counting backwards. For this reason the pulses supplied by the generator
      18 must be branched off to the input C or D actually in operation. The
      branching circuit 21 makes it possible to effect this operation in the
      following manner.
PAR  When the generator 4 supplies positive pulses which are to be applied to
      the forward counting input C of the unit 5, the state of the flip-flop 22
      is such that it permanently enables the AND circuit 19 and permanently
      blocks the AND circuit 20. Consequently the additional pulses supplied by
      the generator 18 can be applied only to the input C by way of the AND
      circuit 19 and by way of the OR circuit 23. On the other hand, when the
      generator 4 supplies negative pulses corresponding to the opposite
      direction of progression of the machine and these have to be applied to
      the input D of the unit 5, these negative pulses are applied to the
      flip-flop by the diode D.sub.3. The flip-flop changes state and blocks the
      AND circuit 19 and unblocks the AND circuit 20. It follows that each
      additional pulse supplied by the generator 18 can be applied only to the
      input D of the unit 5 by way of the AND circuit 20 of the OR circuit 24,
      as long as the period of the flip-flop is long in relation to the interval
      of time separating the moment when the counter recorded the pulse which
      triggered the operation of the generator 18 and the moment when the
      additional pulse is actually supplied by the generator 18.
PAR  It has been shown how an artificial counting base of 8.7 could be used with
      a decimal counter. The user will readily be able to employ any other
      artificial base by modifying the connections made at 11 and at 15, as
      appropriate.
PAR  FIG. 2 shows part of the diagram of a modified embodiment of the invention.
      The part now shown is identical to the corresponding part of FIG. 1, so
      that FIG. 2 should be read in conjunction with FIG. 1.
PAR  The device makes it possible to display a counting base and to trigger the
      operation of the relaxation generator 18 by the use of 4-digit binary
      comparators 25 and 26 of the types DM 7200 and DM 8200 supplied by the
      National Semiconductor Company. These comparators have four numerical
      inputs A1, A2, A3, A4, corresponding respectively to the binary weights
      1-2-4-8 four comparison terminals B1, B2, B3, B4 corresponding
      respectively to the binary weights 1-2-4-8, and two output terminals X and
      Y. The comparison numeral B is displayed by connecting to earth a certain
      number of comparison terminals, the comparison numeral B displayed being
      represented by the combination of the binary weights of the comparison
      terminals which are not connected to earth. Depending on whether the
      binary numeral A applied to the input A1 to A4 is smaller than, equal to,
      or larger than the comparison numberal B displayed, the outputs X and Y
      each supply the digits 1 or 0 in accordance with the table shown in FIG.
      3.
PAR  It will be assumed hereinbelow that the relaxation generator 18 must supply
      a pulse every time the decade counter 6.sub.1 has recorded the numeral 9
      and every time the set of two decade counters 6.sub.1 and 6.sub.2 has
      recorded the numbers 7.1, 8.1 and 9.1, that is to say a total of the 13
      numbers and numerals forming part of the list defined above.
PAR  Taking into account the instructions for use of the previously mentioned
      binary comparators, the following connections are made:
PAR  The binary outputs of the decade counter 6.sub.1 are connected to the input
      A.sub.1 to A.sub.4 of the first comparator 25 whose comparison terminals
      B.sub.1, B.sub.2, and B.sub.3 are connected to earth, the comparison
      numerals displayed in the numeral 8; the output terminal Y of the
      comparator 25 is connected to one of the inputs of the AND circuit 27,
      while its output X is connected to the same AND circuit by means of an
      inverter circuit 28;
PAR  The binary outputs of the decade counter 6.sub.2 are connected to the input
      of the second comparator 26, whose comparison terminal B.sub.4 is
      connected to earth and whoe output X is connected to one of the inputs of
      the AND circuits 29 by means of an inverter circuit 30, the comparison
      numeral displayed being the numeral 7;
PAR  The binary output of weight 1 of the decade counter 6.sub.1 is connected to
      the AND circuit 29 by means of an inverter circuit 21 and the outputs of
      weights 2, 4, 8 of the decade counter 6.sub.1 are directly connected to
      the AND circuit 29.
PAR  The triggering of the operation of the relaxation generator 18 can be
      effected only when the AND circuits 27 and 29 supply the same digit as is
      applied to the generator 18 either directly or by means of an inverter
      circuit 32, depending on the manner in which this operation is triggered.
PAR  Taking into account the constitution of the assembly comprising the
      elements 25 to 32 and the indications contained in the table in FIG. 3:
PAR  1. The output Y of the comparator 25 will supply the digit 0 to the AND
      circuit 27 and the output X will supply the digit 1, while the inverter
      circuit 28 will supply the digit 0 to the AND circuit 27 when the numeral
      supplied by the decade counter 6.sub.1 is higher than the comparison
      numeral 8 displayed, the AND circuit 27 then supplying the digit 0 to the
      inverter circuit 32;
PAR  2. In order that the AND circuit 29 may also supply the digit 0, it is
      necessary for all its inputs to receive the same digit 0, which can be
      achieved only when only the binary output of weight 1 of the decade
      counter 6.sub.1 is in the binary state 1 and when at the same time the
      output X of the comparator circuit 26 is in the binary state 1, which
      occurs when the figure supplied by the second decade counters 6.sub.2 is
      equal to or higher than the comparison numeral 7 displayed on the
      comparator 26.
PAR  All the other combinations of numerals supplied by the decade counters
      6.sub.1 and 6.sub.2 cause the AND circuit 27 and 29 to supply digits which
      are different from 0. To sum up, the relaxation generator 18 is triggered
      by the circuit comprising the elements 25, 27 and 28 every time the decade
      counter 6.sub.1 has recorded the numeral 9, and is likewise triggered by
      the circuit comprising the elements 26, 29 and 30, 31 every time the
      decade counters 6.sub.1 and 6.sub.2 have recorded the numerals 7.1, 8.1
      and 9.1.
PAR  The methods of internal connection of the arrangement according to the
      invention will depend on the type of counting circuits constituting the
      pulse counter 5, and also on the nature of any comparators used. It will
      also depend on the number n of decimals which it is desired to retain for
      artificial counting base. Thus, if the artificial counting base comprises
      two decimals, the arrangement illustrated in FIG. 1 will be supplemented
      by a third binary-decimal converter associated with the decade counters
      6.sub.3 and suitably coupled on the one hand to the other converters and,
      on the other hand, to the OR circuit 13. In the same way the device
      illlustrated in FIG. 2 can be supplemented by a third display binary
      comparator associated with a second AND circuit similar to the AND circuit
      29 and suitably coupled to the output of the said third comparator and to
      the outputs of the decade counters 6.sub.1 and 6.sub.2. In a general way,
      in the case where the pulse counter 5 is a decimal counter and if n is the
      number of decimals of the artificial counting base b lower than 10, the
      pulse counter must contain at least (n + 1) decades, and the linear
      connection matrix must utilize the first (n + 1) decades, the number n of
      additional pulses which have to be supplied by the generator 18 being
      equal to N = 10.sup.n .sup.+ 1 -  10.sup.n (10 - b).
PAR  It should be noted that the numeral indicated by the first decade counter
      does not correspond to a decimal fraction of the unit of measurement
      adopted for the other decade counters. As has been described, it can even
      be expressed by a different unit of measurement. For this reason its
      display is not necessary and even, in certain cases, it should not be
      displayed in order to avoid erroneous interpretations of the set of
      numerals displayed.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical device for numerical measurement of a quantity by a pulse
      counter with a fixed whole number counting base, each pulse representing a
      rational fraction of the unit of measurement of the quantity comprising
PA1  a pulse counter including binary counting circuits,
PA1  means for supplying to said pulse counter a supplementary pulse every time
      said pulse counter stands at one of the numerals of a preselected series
      of numerals,
PA1  said pulse supplying means including
PA2  a pulse generator connected to the input circuit of said pulse counter,
PA1  a display comparator circuit controlling said pulse supplying means and
      connected to the output circuit of the pulse counter and including
PA2  binary-decimal coders each of which is associated with one of said binary
      counting circuits,
PA1  a decimal display system connected to outputs from said pulse counter,
PA1  an AND circuit whose output is connected to said pulse generator,
PA1  an OR circuit,
PA1  means for connecting outputs of said coder associated with the first of
      said counting circuits to said OR circuit,
PA1  said connecting means including
PA2  at least one AND circuit whose output is permanently connected to said OR
      circuit,
PA2  and means for connecting certain outputs of said coders to one of the
      inputs of each said AND circuit of said connecting means.
NUM  2.
PAR  2. a device according to claim 1, for measurement in accordance with an
      artificial counting base b and n decimals, wherein said binary counting
      circuits in said pulse counter comprises at least n + 1 decade counters,
      the series of predetermined numbers consists of N = 10.sup.n .sup.+ 1 -
      10.sup.n (10 - b) numerals of the list of 10.sup.n .sup.+ 1 numerals, and
      said comparator circuit comprises n + 1 of said binary decimal coders.
NUM  3.
PAR  3. An electrical device for numerical measurement of a quantity by a pulse
      counter with a fixed whole number counting base, each pulse representing a
      rational fraction of the unit of measurement of the quantity comprising
PA1  a pulse counter including binary counting circuits,
PA1  means for supplying to said pulse counter a supplementary pulse every time
      said pulse counter stands at one of the numerals of a preselected series
      of numerals,
PA1  said pulse supplying means including
PA2  a pulse generator connected to the input circuit of said pulse counter,
PA1  a display comparator circuit controlling said pulse supplying means and
      connected to the output circuit of the pulse counter and including
PA2  display binary comparators each of which is associated with one of said
      counting circuits,
PA1  And circuits each of which is associated with one of said comparators
      associated with the counting circuits of the rank 2, 3, . . . ,
PA1  and means for connecting each of said AND circuits simultaneously to the
      output of said comparator with which it is associated and to the outputs
      of all the counting circuits of lower rank, and for connecting to said
      pulse generator the outputs of said comparator associated with the first
      counting circuit and the outputs of several of said AND circuits so that
      said pulse generator will supply a pulse ever time the set of said
      counting circuits has recorded one of the numerals of a series selected by
      the user.
NUM  4.
PAR  4. A device according to claim 3, for measurement in accordance with an
      artificial counting base b of n decimals, wherein said binary counting
      circuits in said pulse counter comprise at least n + 1 decade counters,
      the series of predetermined numbers consists of N = 10.sup.n .sup.+ 1 -
      10.sup.n (10 - b) numerals of the list of 10.sup.n .sup.+ 1 numerals, and
      said comparator circuit comprises n + 1 of said display binary comparatos
      and n of said AND circuits.
NUM  5.
PAR  5. An electrical device for numerical measurement of a quantity by a pulse
      counter with a fixed whole number counting base, each pulse representing a
      rational fraction of the unit of measurement of the quantity comprising
PA1  a pulse counter including at least two inputs operable as forward and
      backward pulse counting device,
PA1  means for supplying to said pulse counter a supplementary pulse every time
      said pulse counter stands at one of the numerals of a preselected series
      of numerals,
PA1  said pulse supplying means including
PA2  a pulse generator,
PA2  branching circuit means to direct supplementary pulses from said pulse
      generator to one of said inputs of said counter which is operable to
      receive the supplementary pulse,
PA1  and a display comparator circuit controlling said pulse supplying means and
      connected to the output circuit of the pulse counter.
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ABST
PAL  Apparatus for use in combination with multiple inductive loops for
      detecting metal objects, e.g. vehicles, in the immediate vicinity of each
      of said loops. Each loop may, for example, be a coil of wire buried in a
      roadway in a plane parallel to the roadway surface. A common oscillator
      circuit is operatively connected to each loop on a time shared basis with
      the frequency of oscillation at any time being determined by the
      inductance of the connected loop. The inductance in turn is dependent on
      whether or not a vehicle is over the loop. Successive scan cycles are
      defined with multiple loop phases occurring during each scan cycle. During
      each loop phase, a different one of the multiple loops is connected to the
      oscillator circuitry and during a "period measurement" portion of each
      loop phase, the loop frequency is monitored by digital circuitry including
      a loop counter which counts loop oscillator cycles and a duration counter
      which measures the time duration or period of a certain number of such
      loop oscillator cycles. The measured time duration (period) is then
      compared with an historical reference duration (accumulated over prior
      scan cycles) during a "calculation and storage"  portion of each loop
      phase to ascertain whether the loop oscillator frequency has increased or
      decreased. The presence of a vehicle over the loop decreases loop
      inductance, increases loop frequency, and thus reduces the measured
      period. A reduction in the measured period by an amount greater than a
      preselected threshold produces an output signal or "call"  to indicate the
      vehicle's presence. In order to accommodate loop inductance variations
      attributable to slowly varying environmental conditions, the historical
      reference duration is caused to vary or "adapt" over a plurality of scan
      cycles in accordance with certain defined criteria. The duration counter
      counts cycles of a crystal oscillator and is used during each "period
      measurement" portion to measure a time duration and during each
      "calculation and storage" portion to define sequential control states for
      the performance of various arithmetic and logic operations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to metal object detection and more
      particularly to an inductive loop detector suitable for detecting the
      passage or presence of a vehicle over a defined area of roadway.
PAR  Inductive loop detectors have been widely used for several years in various
      applications to detect the presence or passage of a vehicle. For example,
      such detectors have been used in traffic actuated control systems for
      developing the input data required by a controller to control signal
      lights. In another typical application, a detector may be connected to a
      counter which functions to accumulate a count of vehicle flow past a
      certain point.
PAR  Various types of inductive loop detectors suitable for traffic applications
      are known in the prior art. Each detector generally comprises electronic
      circuitry which operates in conjunction with a loop (i.e., a wire coil)
      buried in the roadway in a plane substantially parallel to the roadway
      surface. The circuitry includes components which, together with the loop,
      form an oscillator whose frequency is dependent on the loop inductance.
      The loop inductance is in turn dependent on whether or not the loop is
      loaded by the presence of a vehicle. A vehicle over the loop decreases
      loop inductance and thus increases the frequency of oscillation. The
      circuitry monitors the oscillator frequency and generates a call (i.e.,
      vehicle present signal) when a sufficient frequency change is detected.
      Different techniques have been employed in prior art detectors for
      monitoring the oscillator frequency but generally, analog circuitry using
      filters and phase detectors has been employed.
PAR  U.S. Pat. application Ser. No. 444,519 now abandoned, assigned to the same
      assignee as the present application discloses an improved inductive loop
      detector which employs digital circuitry to monitor the inductance of a
      loop. The digital circuitry defines sequential detect cycles and during
      each detect cycle, a digital counter (sometimes referred to as the loop
      counter) counts cycles of the loop oscillator signal. Concurrently, a
      second digital counter (sometimes referred to as the duration counter)
      measures the duration or period of a predetermined number of loop signal
      cycles by counting pulses provided by a stable clock pulse source. The
      measured duration is then compared with a reference duration (whose value
      is accumulated during prior detect cycles in accordance with predetermined
      criteria) and the difference is indicative of a change in loop signal
      frequency and thus also a change in loop inductance. A threshold means
      then determines whether the change is of sufficient magnitude to generate
      a call. In accordance with an important aspect of the detector disclosed
      in Ser. No. 444,519 now abandoned, the difference (sometimes called
      deviation) between the measured and reference durations is utilized as an
      error input to modify (i.e., servo) the reference duration toward the
      measured duration to thus allow the detector to self-tune or adapt to
      varying environmental conditions. The rate of adapting is dependent on the
      magnitude and direction of the deviation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to improved detection apparatus in which
      common oscillator and digital logic circuitry is efficiently time shared
      between multiple independent loop channels so as to optimize the
      utilization of equipment and avoid crosstalk between loop channels.
PAR  Briefly, the inductive loop channels are each connected in sequence to the
      common loop oscillator circuitry and while each is connected, a sample is
      taken of the frequency of loop oscillation. This sample is then promptly
      compared with a stored historical reference developed during one or more
      earlier time periods to determine whether the loop frequency has changed
      and if so, whether the change is sufficient to constitute a call
      condition.
PAR  In accordance with a preferred embodiment of the invention, a multiple
      stage cyclic binary counter (D counter) is provided for counting pulses
      supplied by a stable crystal oscillator. For exemplary purposes only, the
      D counter will be assumed to comprise 19 stages D00-D18. One complete
      cycle of the D counter defines a scan cycle. The two most significant
      stages of the D counter (D17, D18) define four different loop phases
      within each scan cycle and during each loop phase a different inductive
      loop is connected to the common loop oscillator circuitry. The loop
      oscillator circuitry typically oscillates at a frequency on the order of
      9.40 KHz and the crystal oscillator oscillates at a much higher rate, e.g.
      2.33 MHz.
PAR  Each loop phase consists of a period measurement portion and a calculation
      and storage portion. During the period measurement portion, the D counter
      measures the elapsed time or period (by counting crystal oscillator
      cycles) of a certain number of loop oscillator cycles. Loop oscillator
      cycles are counted by a multiple stage cyclic binary counter (L counter)
      which for exemplary purposes will be assumed to consist of 11 stages
      (L00-L10). Each period measurement portion is initiated with the L counter
      at zero and terminated when the L counter reaches a predetermined L-end
      count. When the L counter starts counting loop cycles, the D counter
      starts counting crystal cycles from a D-start count. When the L-end count
      is reached, the count in the D counter, which represents the period, is
      transferred to a sample register (S register) for processing during the
      calculation and storage portion.
PAR  The D counter is used to control sequential arithmetic and logic operations
      during the calculation and storage portion. When the D counter reaches a
      D-end count, the coupling between the crystal oscillator and D counter is
      disabled and the D counter waits at the D-start count for synchronization
      with the L counter and a subsequent loop phase then begins.
PAR  During the calculation and storage portion, the sample in the S register is
      compared with an historical reference period stored in an H register to
      effect certain actions in the event certain criteria are satisfied.
      Briefly, these actions can involve generating or canceling a call and
      modifying the stored historical reference period.
PAR  In accordance with one significant feature of the invention, channel
      crosstalk is eliminated by operating only one loop channel at a time and
      time sharing common oscillator and logic circuitry.
PAR  In accordance with a further feature of the invention, a common loop
      oscillator circuit is provided incorporating means for regulating the
      amplitude of oscillation.
PAR  In accordance with a further feature of the invention, multiple loop input
      circuits are provided each constituting part of a different loop channel
      for coupling one or more roadway loops to the common oscillator and logic
      circuitry. Each loop input circuit includes an electronic switch and a
      transformer for coupling the roadway loop to the oscillator circuitry.
PAR  In accordance with a further feature of the invention, means are provided
      for operating in a PULSE mode to produce a single output pulse regardless
      of the length of time a vehicle is over a loop in a PRESENCE mode to
      produce a continuous signal corresponding to the length of time the
      vehicle is over the loop.
PAR  In accordance with a further feature of the invention, means are provided
      for rapidly establishing an initial historical reference in the event of
      sudden loop inductance changes or power interruptions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a multiple channel inductive loop detection
      system in accordance with the present invention;
PAR  FIG. 2 is a timing diagram illustrating the multiple loop phases within
      each scan cycle;
PAR  FIG. 3 is a block diagram of the logic network of FIG. 1;
PAR  FIG. 4 is a timing diagram generally illustrating the frequency
      relationship between the outputs of the crystal oscillator and loop
      oscillator;
PAR  FIG. 5 is a logic diagram primarily illustrating the period measurement
      logic encompassing the loop (L) counter, the duration (D) counter and the
      count detect and decision logic of FIG. 2;
PAR  FIG. 6 is a timing diagram illustrating the various logic signal occurring
      within the period measurement logic of FIG. 5 during a typical period
      measurement portion of a loop phase;
PAR  FIG. 7 is a timing diagram illustrating logic signals occuring within the
      logic diagram of FIG. 5 particularly applicable to the functioning of the
      NOT ABORT flip flop therein;
PAR  FIG. 8 is a logic diagram primarily illustrating the logic circuitry
      operable during the calculation and storage portion of a loop phase and
      illustrating principally the sampel (S) register, the history (H) register
      and the arithmetic and decision logic of FIG. 2;
PAR  FIG. 9 is a diagram illustrating the bit format of the H register of FIG.
      2;
PAR  FIG. 10 is a block diagram illustrating the logic circuitry employed during
      the pulse mode to generate a single output pulse;
PAR  FIG. 11 is a block diagram illustrating the logic circuitry employed during
      the pulse mode to enable the system to disregard a vehicle parked over one
      loop and to still respond to other loops connected on the same channel;
PAR  FIG. 12 is a block diagram illustrating the logic circuitry employed to
      vary sensitivity by effectively varying the number of loop oscillator
      cycles counted during a period measurement operation;
PAR  FIG. 13 is a diagram representing additional D counter stages; and
PAR  FIG. 14 is a circuit diagram illustrating a preferred oscillator circuit
      and loop input circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is now called to FIG. 1 which illustrates a block diagram of a
      system in accordance with the present invention for monitoring the
      frequency of oscillation of a plurality of inductive loops. In the primary
      applications of a system in accordance with the present invention, each
      inductive loop is formed by multiple turns (e.g. 3) of electrically
      conductive wire buried beneath, and substantially parallel to, the surface
      of a roadway. Typically, a slot is cut into the roadway surface in a
      rectangular pattern, approximately 6 .times. 6, and the wire is then
      inserted therein prior to closing the slot with an epoxy sealing compound.
      However, as is well known in the art, loops of various sizes and
      configurations can be employed for vehicle detection applications.
PAR  In an exemplary traffic control application, an inductive loop would be
      buried beneath the roadway surface in a left turn lane for the purpose of
      recognizing the presence or passage of a vehicle. Any large metal mass,
      such as a vehicle, entering the area over the loop will change its
      inductance. Therefore, as is well known in the art, by monitoring the loop
      inductance, either directly or indirectly, the presence of the metal mass
      can be detected.
PAR  In order to most easily detect changes in loop inductance, each loop is
      normally connected to oscillator circuitry usually housed in a cabinet at
      the side of the roadway. As is also well known in the art, the oscillator
      circuitry and the loop form an oscillator which oscillates at a frequency
      dependent upon the inductance of the loop. The circuit values are
      typically selected so that the center frequency is 30 KHz, for example.
      The frequency deviation caused by a vehicle over the loop depends on the
      characteristics of the vehicle. A typical passenger car might vary the
      oscillator frequency by 2%. A small street-approved motorcycle might vary
      the loop frequency by only .05%. By appropriately monitoring the frequency
      of the loop oscillator signal, frequency changes can be recognized and
      interpreted as a vehicle to be detected.
PAR  In accordance with the present invention, as represented in FIG. 1, a
      common loop oscillator circuit 50 is provided which can be selectively
      connected, on a time shared basis, to each of a plurality of loop input
      channels. Each loop input channel includes a loop input circuit 51 which
      can be enabled by a particular channel select line 52 to couple one or
      more roadway loops connected thereto to the loop oscillator 50. As will be
      seen hereinafter, the channel select lines 52 are enabled in sequence by a
      logic network 54. Thus, within a single scan cycle defined by the logic
      network, the loop input channels 1, 2, 3, 4 will be connected in sequence
      to the common loop oscillator circuit 50.
PAR  As will be discussed in detail hereinafter, each scan cycle defined by the
      logic network 54 is comprised of four loop phases, each phase associated
      with a different one of the loop input channels. During each loop phase,
      the loop oscillator circuitry 50 will oscillate at a frequency dependent
      upon the inductance of the loop connected thereto during the particular
      phase. As previously mentioned, the loop inductance is in turn dependent
      upon whether or not a vehicle is present on the area of the roadway over
      the connected loop. The output of the loop oscillator circuitry 50, which
      will be assumed herein to constitute a square wave, is coupled to input
      terminal 56 of the logic network 54.
PAR  Regulated power for driving the loop oscillator circuitry 50 from a 110
      volt 60 cycle source is provided by regulator means 58. In accordance with
      one aspect of the present invention, a power monitor circuit 60 is
      provided to monitor the power supplied to the loop oscillator circuitry
      and other system components. In the event of a power interruption, the
      power monitor circuitry 60 detects the interruption and functions to
      initialize the system in a manner to be discussed hereinafter. The output
      of the power monitor circuitry 60 is connected to input terminal 62 of the
      logic network 54.
PAR  In addition to the input information provided by the loop oscillator
      circuitry 50 on input terminal 56 and the power monitor circuitry on input
      terminals 62, the logic network 54 receives further input information on
      input terminals 64, 66, and 68. The information supplied to input
      terminals 64, 66, and 68 depends upon the user selectable position of
      certain two position panel switches 70. The panel switches 70, whose
      function will be discussed in greater detail hereinafter, include three
      separate switches for each of the four loop channels. A first set of four
      switches 65, which controls the logic level applied to the input terminal
      64, enables a user to select one of two different system sensitivities
      dependent upon the physical configuration of the roadway loop connected to
      the particular channel. That is, for a single small loop, a certain system
      sensitivity is adequate while a greater sensitivity may be desirable for a
      large loop or multiple loops connected to a single loop input channel. As
      will be seen hereinafter, the position of each switch 65 establishes a
      window threshold value TLQ which is used by the logic network 54 to
      essentially establish a window within which the loop oscillator frequency
      can change without producing a call.
PAR  The second set of four switches 67 controls the logic level applied to the
      logic network input terminal 66 to also control the system sensitivity.
      Each switch 67 may be switched by a user depending upon whether or not it
      is desirable to detect bicycles and small motorcycles. More particularly,
      a high sensitivity setting is used where detection of small motorcycles is
      required and a normal sensitivity setting is used to eliminate bicycle and
      small motorcycle detections and to desensitize the system to avoid unusual
      environmental noise conditions such as underground trains, locally buried
      high current wires, etc. As will be seen hereinafter, the position of each
      switch 67 determines whether 1,024 or 512 loop cycles are counted during
      each period measurement portion.
PAR  The third set of four panel switches 69 enables the user to select either a
      PRESENCE or PULSE mode of operation. As will be seen hereinafter, if the
      PULSE mode is defined, the system will provide a short duration output
      pulse for each new vehicle arriving over a loop regardless of the length
      of time the vehicle remains over the loop. In the PRESENCE mode, the
      system will provide an output signal whose duration corresponds to the
      length of time the vehicle remains over the loop.
PAR  As represented in FIG. 1, the system in accordance with the invention
      includes an output channel corresponding to each of the loop input
      channels. As shown, each output channel includes a call flip flop 72 and
      an output circuit 74 which can, for example, comprise a relay and driver.
      It has been mentioned that the logic network 54 defines different loop
      phases by successively enabling the four channel select lines 52. Logic
      network 54 also has an output terminal 76 which is connected in common to
      all of the output channel call flip flops 72. As will be seen hereinafter,
      the logic network 54 operates to provide an enabling signal on output
      terminal 76 when it recognizes a frequency change associated with a loop
      input channel indicative of a vehicle present over a loop connected
      thereto. The channel select lines 52 steer the call signal supplied by the
      logic network 54 to output terminal 76 to the appropriate output channel
      call flip flop 72.
PAR  Attention is now called to the system timing diagram of FIG. 2 which
      illustrates one complete scan cycle defined by the logic network 54 and
      the four loop phases defined during each scan cycle. During each loop
      phase, a different loop input channel and output channel are operatively
      connected to the loop oscillator circuitry 50 and logic network 54.
      Additionally, during each loop phase a different set of three panel
      switches is active.
PAR  Each loop phase consists of two major portions; namely, a period
      measurement portion which consumes about 15/16 of the entire loop phase
      time and a calculation and storage portion which consumes about 1/16 of
      the loop phase time.
PAR  Briefly, during the period measurement portion of each loop phase, the
      frequency of the loop connected to the oscillator circuitry 50 during that
      phase is monitored by measuring the duration or period of a fixed number
      of loop oscillator cycles. During the calculation and storage portion of
      the same loop phase, the measured period is compared with an historical
      reference period developed during one or more prior scan cycles to
      determine whether the frequency of the loop has changed sufficiently to
      indicate that a vehicle has entered or exited the area over the loop.
      Thus, during the calculation and storage portion, a decision is made
      whether to produce or cancel or call, and whether to modify the stored
      historical reference.
PAR  Attention is now called to FIG. 3 which illustrates a block diagram of the
      logic network 54 of FIG. 1. Initially, the logic network 54 includes a
      loop (L) counter 100 which counts cycles of the loop oscillator signal
      applied thereto via gating means 102. The period or duration required to
      count a predetermined number of loop oscillator cycles is determined by a
      duration (D) counter 104 which counts cycles defined by a stable crystal
      oscillator 106. The output of crystal oscillator 106 is applied to the
      duration counter 104 via gating 108.
PAR  In order to detect small changes in loop oscillator frequency, the crystal
      oscillator 106 should oscillate at a frequency much higher than the
      frequency of the loop oscillator 50. For a typical application, the
      parameters are selected so that the loop oscillator 50 will normally
      oscillate at a frequency between approximately 9 and 40 KHz as represented
      in line (b) of FIG. 4. The loop oscillator frequency will, of course,
      depend upon the inductance of the loop connected thereto. The crystal
      oscillator output signal, as represented in line (a) of FIG. 4, oscillates
      at a frequency much greater than that of the loop oscillator output
      signal. The crystal oscillator, for example, is selected to oscillate at
      2.33 MHz.
PAR  In order to detect small variations in the loop oscillator frequency, it
      is, of course, important that the L and D counters start counting at
      precisely the same time. In order to synchronize the initiation of
      counting in both the L and D counters, a count detect and decision logic
      means 110 is provided. With the L counter 100 and D counter 104 defining
      respective start counts, the logic means 110 will respond to a transition
      in the loop oscillator signal to initiate counting in both the L and D
      counters. The logic means 110 will thereafter respond to the L counter 100
      reaching a predetermined count to terminate counting in the D counter,
      effected by disabling gating 108. The count then held in the D counter 104
      is indicative of the frequency of the loop oscillator.
PAR  Concurrent counting by both the L and D counters to measure the period of a
      fixed number of loop oscillator cycles, as aforedescribed, transpires
      during the period measurement portion of a loop phase. After the period
      measurement portion has been completed, the counter in the D counter is
      transferred to a sample (S) register 112 via gating 114. During the
      succeeding calculation and storage portion, the sample in register 112 is
      applied through gating 116 to an arithmetic and decision logic means 118.
      The arithmetic and decision logic means 118 compares the sample from
      register 112 with an historical reference supplied from H register 120 via
      gating 122. Broadly, the arithmetic and decision logic means 118 compared
      the sample and historical reference to determine whether a change in loop
      oscillator frequency is of sufficient magnitude and appropriate direction
      to indicate the presence of a vehicle over the loop. If the decision is
      affirmative, the logic means 118 supplies an appropriate signal on output
      line 76. Additionally, logic means 118 loads an historical reference,
      either the same as or different from the most recent historical reference,
      back into the H register 120 via gating 126.
PAR  The D counter 104 in addition to counting cycles of the crystal oscillator
      106 to measure the duration of a fixed number of loop oscillator cycles,
      functions to control the timing of various operations performed during the
      calculation and storage portion. This will be discussed in significantly
      greater detail in connection with FIG. 5. Suffice it to say at this point,
      however, one complete cycle of the D counter defines the duration of the
      previously mentioned scan cycle. The two most significant stages of the D
      counter are used to define the four different loop phases within each scan
      cycle. This is, the four different states defined by the two most
      significant stages of the D counter 104 are decoded by the channel select
      decode means 130 for successively enabling the channel select lines 52
      previously mentioned in the description of FIG. 1.
PAR  Attention is now called to FIG. 5 which illustrates, in greater detail than
      was shown in FIG. 3, the L counter 100, the D counter 104, the gating 102,
      the gating 108, and the count detect and decision logic 110.
PAR  The L counter 100 preferably comprises an 11-stage (L00-L10) binary ripple
      counter. The L counter includes a reset input terminal 150 and a count
      input terminal 152. Whenever a pulse is applied to the reset input
      terminal 150, all stages of the L counter are reset to 0. Whenever a pulse
      is applied to the count input temrinal 152, the binary count defined by
      the L counter stages is incremented by one.
PAR  The D counter 104 comprises a 19-stage (D00-D18) binary ripple counter. The
      D counter also has a reset input terminal 154 which, however, is not
      utilized in accordance with the preferred embodiment of the invention.
      Ratherr, as will be seen hereinafter, the D counter counts cyclically and
      is never reset. The D counter counts in response to the pulses applied to
      its count input terminal 156.
PAR  With 11 stages in the L counter, it is apparent that the L counter can
      define 2,048 different counts; however, in accordance with the present
      invention, only 1,024 of these counts are utilized. Upon initiation of
      each period measurement portion of a loop phase, all stages of the L
      counter are reset to 0. Then the L counter counts 1,024 counts which will
      be represented by stage L10 switching true. The D counter will count clock
      pulses provided by the crystal oscillator 106 during the period of the L
      counter is accumulating the 1,024 counts.
PAR  With 19 stages in the D counter, the D counter is able to define a total of
      524,288 counts. One-fourth of this total number of counts is dedicated to
      each loop phase. Thus, each loop phase is defined by the interval required
      for the D counter to count through 131,072 counts. As was previously
      pointed out, 1/16 of the counts in each loop phase are used for the
      calculation and storage portion with the remainder of the loop phase being
      available for the period measurement portion.
PAR  To aid in understanding the function of the D counter in controlling system
      operation, Table I identifies the D counter bit configuration at several
      times with respect to the system timing diagram of FIG. 2.
TBL                                    TABLE I                                 
     __________________________________________________________________________
        18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00               
     t.sub.0                                                                   
        0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0   0               
     t.sub.1                                                                   
        0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0   0               
     t.sub.2                                                                   
        0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0   0               
     t.sub.3                                                                   
        0  1  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0   0               
     t.sub.4                                                                   
        1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0   0               
     t.sub.5                                                                   
        1  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0   0               
     t.sub.6                                                                   
        1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0   0               
     t.sub.7                                                                   
        1  1  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0   0               
     __________________________________________________________________________
PAR  From the foregoing Table I, it can be seen that each calculation and
      storage portion starts when D counter stages D00-D16 are all 0. Each
      calculation and storage portion ends when stage D13 switches true. It
      should be recognized that whenever stages D00-D16 all switch false, a
      carry will have been propagated to stages D17 and D18. That is, the count
      defined by stages D17 and D18 will change at times t.sub.0, t.sub.2,
      t.sub.4, and t.sub.6. Since the channel select decode means 130 (FIG. 3)
      is responsive to the count in stages D17 and D18, the loop oscillator 50
      (FIG. 1) will be switched to a different loop at times t.sub.0, t.sub.2,
      t.sub.4, and t.sub.6. Thus, during the period measurement portion of each
      loop phase 1, the frequency of loop 1 may be measured. At time t.sub.0,
      the loop oscillator 50 is switched to loop 2 and the calculation and
      storage portion begins with respect to the period measured with respect to
      loop 1. During loop phase 2, the frequency of loop 2 is measured, etc.
PAR  From the foregoing Table I it will further be apparent that during each
      calculate and storage portion (e.g., between t.sub.0 and t.sub.1), the D
      counter will count through 8,192 (i.e., 2.sup.13) states. As will be seen
      hereinafter, a clock signal for use during the calculation and storage
      portion is developed from D counter stage D03 meaning therefore that 512
      (i.e., 2.sup.9) clock periods are available during each calculate and
      storage portion.
PAR  In accordance with a preferred embodiment of the invention, as represented
      in FIG. 5, the gating logic is implemented with NAND and NOR type gates.
      As is well known in the art, a NOR gate will provide a false (0) output at
      all times except when all of its inputs are false (0). On the other hand,
      the NAND gate will at all times provide a true (1) output except when all
      of its inputs are true (1) and in this event, will provide a false (0)
      output. When referring to FIG. 6 hereinafter for the purpose of explaining
      the operation of the circuitry of FIG. 5, a true (1) state will be
      represented by a high level signal and a false (0) state will be
      represented by a low level signal.
PAR  Prior to considering in detail the gating in FIG. 5, note should be taken
      of three flip flops used therein; namely, the NOT ABORT flip flop 160, the
      D-STOP flip flop 162 and the LATCH flip flop 164. The flip flops 160 and
      162 have both clocked and unclocked inputs. More particularly, a high
      level signal applied to the set input terminal 166 will immediately set
      the flip flop 160 regardless of clocking. Similarly, a high level signal
      applied to the reset input terminal 168 will immediately reset the flip
      flop 160. However, a high level signal applied to the input terminal 170
      will have no effect until a clock pulse is applied to clock input 172.
PAR  Similarly, flip flop 162 can be immediately reset in response to a high
      level signal applied to input 174. Flip flop 162 does not have an
      unclocked set input. Flip flop 162 is set when a high level signal is
      applied to clocked input 176 concurrent with a clock pulse applied to
      clock input 178. As will be discussed hereinafter, this occurs at the end
      of each calculation and storage portion (t.sub.1, t.sub.3, t.sub.5,
      t.sub.7) when D counter stage D13 is switched true.
PAR  On the other hand, the LATCH flip flop 164 is set in response to a high
      level signal applied to set input terminal 180 and reset in response to a
      high level signal applied to reset input terminal 182.
PAR  It has previously been mentioned that in accordance with the preferred
      embodiment of the invention, the D counter 104 cyclically counts cycles of
      the crystal oscillator 106 and is never reset. However, as will be seen
      hereinafter, the D counter is stopped at two points within each loop phase
      by disabling the gate coupling the crystal oscillator output to the D
      counter count input terminal 156. First, at the beginning of each period
      measurement portion, the D counter is caused to wait at a particular D
      count until a loop oscillator signal negative-going edge is detected, at
      which time the gate coupling the crystal oscillator to the D counter is
      enabled to permit the D counter to start counting. Second, when the L
      counter reaches the final (1,024) count in a period, the D counter is
      stopped until the count therein has been transferred to the S register 112
      (FIG. 3). By stopping the D counter at this point, carries which still may
      be rippling through the D counter at the end of a period measurement, are
      permitted to settle so that a true count can be transferred to the S
      register.
PAR  The operation of the gating shown in FIG. 5 will now be described in
      connection with the waveform diagram of FIG. 6. Assume, as a starting
      condition, that a calculation and storage portion of a prior loop phase
      has just been completed (D13 has just gone true) and that the flip flop
      162 has been set to cause the logic signal DSTP to be true as shown in
      line (b) of FIG. 6. Also assume that the NOT ABORT flip flop 160 is set.
PAR  At the start of a period measurement portion, i.e., after stage D13
      switches true, the D counter will continue to count until stages D00, D01,
      and D04 all become true. When this occurs, the output of gate 200, as
      shown in line (c) of FIG. 6, will go false thereby disabling gate 232 and
      stopping the D counter. As long as the loop signal (line a) is true, the
      output of gate 202 (line d) will be false. However, as soon as the loop
      signal next goes false at time 204 in FIG. 6, the LATCH flip flop 164 will
      be set. Then, during the succeeding time that the loop signal is true, all
      of the inputs to NOR gate 206 will be false, thereby producing a true
      output signal LRS which is applied to the reset input terminal 150 of the
      L counter. This action resets all stages of the L counter including stages
      L02 and L10 as represented in lines (g) and (h) of FIG. 6. The output of
      NOR gate 206 additionally sets the NOT ABORT flip flop 160 if it had not
      previously been set, as has been assumed thus far.
PAR  When stages L02 an L10 switch false, the output of gate 210 (line i)
      switches true. When the loop signal next becomes false at time 214 as
      shown in line (a), the output of NOR gate 202 will again go true to force
      the output of NAND gate 212 false. This action in turn will produce a true
      output from NAND gate 216 to reset the D-STOP flip flop 162. The action of
      gates 212 and 216 is represented respectively in lines (j) and (k) of FIG.
      6.
PAR  With the flip flop 162 reset so that the signal DSTP is true, the output of
      NAND gate 218, as represented in line (l), can now follow the loop signal,
      (line a) inverted. The output of gate 218 is applied to NOR gate 220 which
      in turn provides a signal identical to the loop signal (line a) to the
      count input terminal 152 of counter 100. The output of gate 220 is
      illustrated in line (m) of FIG. 6.
PAR  When the loop signal went false at time 214 (line a), it will be recalled
      that the D-STOP flip flop 162 was reset via gate 202 going true, gate 212
      going false, and gate 216 going true. As soon as the signal DSTP went
      false, the output of gate 200 went true. Since the output of NAND gate 230
      was also true, NAND gate 232 was now able to pass the pulses provided by
      the crystal oscillator 106 to the count input terminal 156 of the D
      counter 104. Thus, by way of summary, the D counter starts to count pulses
      supplied by the crystal oscillator 106 in response to a particular edge
      214 of the loop signal as represented in line (a). The L counter 100
      starts counting on the immediately succeeding negative-going edge 236 of
      the loop signal.
PAR  It should of course be appreciated that it is essential to synchronize the
      starting of the D counter with a particular point on the loop signal
      since, as will be recalled from FIG. 4, the frequency of the crystal
      oscillator signal is so much greater than that of the loop signal and
      since the primary purpose of the apparatus herein is to measure changes in
      the loop oscillator signal frequency.
PAR  It should also be pointed out that when the flip flop 162 was reset to
      switch the output of gate 200 true, this produced a false output from NOR
      gate 240. The output of gate 240 was, however, inverted by inverter 242
      and supplied to the reset input terminal of the LATCH flip flop 164. LATCH
      flip flop 164 remains reset until the start of the next period measurement
      portion when it again participates in the generation of an LRS pulse (line
      f of FIG. 6).
PAR  It should now be appreciated that after the edge 236 of the loop signal,
      the L counter 100 and D counter 104 will continue to count. Counting of
      the L counter is represented in lines (n) and (o) of FIG. 6.
PAR  After 1,024 counts have been counted by the L counter, as indicated by
      stage L10 switching true, the D counter will be stopped via the action of
      NAND gates 230 and 232. That is, when stage L10 of the L counter goes true
      at time 250 (line p, FIG. 6) the output of gate 230, which was previously
      true, goes false. This action disables NAND gate 232 and prevents it from
      passing further pulses from the crystal oscillator 106 to the D counter
      input terminal 156. The L counter is permitted to continue to count
      through a few more cycles to permit the D counter to settle and then to
      cause the contents of the D counter to be transferred to the S register
      for processing during the calculation and storage portion. More
      particularly, it will be recognized that as soon as stage L10 switches
      true, all of the other stages of the L counter will be false. Thus, the
      output of gate 260 represented in line (q) of FIG. 6 will initially be
      true after stage L10 becomes true. However, during the next cycle of the
      loop oscillator, stages L00 will go true thereby producing a false output
      from NAND gate 260. This in turn will produce a true output from NOR gate
      262 (line r,FIG. 6) to thereby cause the contents of the D counter to be
      transferred, in parallel, to the S register. When stage L02 thereafter
      goes true, the output of previously mentioned NAND gate 210 will then go
      false thereby disabling the NAND gate 218 and preventing further count
      inputs to the L counter. This then will leave the L counter in a state in
      which stages L10 and L02 are true. It will be recalled that this is the
      condition previously assumed at the start of the period measurement
      portion.
PAR  In the discussion of FIG. 5 thus far, it has been assumed that the NOT
      ABORT flip flop 160 remains set. The NOT ABORT flip flop and associated
      circuitry is provided to assure continued operation of the system even in
      the event of certain types of failures. For example, from the explanation
      thus far, it should be appreciated that the system depends upon the
      continuance of the loop signal (line a, FIG. 6) in order to start the D
      counter, transfer the contents of the D counter to the S register, etc.
      If, for example, one of the loops in the roadway becomes damaged and open
      circuited, when that loop is connected to the oscillator circuitry 50, it
      may fail to oscillate. Means are provided, as illustrated in FIG. 5, for
      insuring that the system continues to operate with respect to the other
      loop input channels. More particularly, there are three general
      circumstances in which the NOT ABORT flip flop 160 and associated
      circuitry of FIG. 5 comes into play:
PAR  1. At the start of a period measurement portion, if the loop oscillator
      fails to oscillate, it is nevertheless important that the D counter resume
      counting. In order to assure this, a substitute is required for the loop
      signal and this is initiated by the RC network 270 in a manner to be
      described hereinafter;
PAR  2. At the end of a period measurement portion, if the loop oscillator
      signal stops prior to transferring the contents of the D counter to the S
      register, it is again necessary to generate some substitute for the loop
      signal. The RC network 270 initiates the operation in a manner to be
      described hereinafter;
PAR  3. The third condition in which the NOT ABORT flip flop 160 is used is in
      the event the L counter fails to overflow, i.e., L10 fails to become true,
      within the interval allotted for period measurement. In this situation,
      the NOT ABORT flip flop 160 is reset to indicate a faulty period
      measurement.
PAR  Further, as will be seen hereinafter, whenever the NOT ABORT flip flop 160
      is reset during a loop phase, it means that the period measurement made
      during that phase is faulty and that the data in the S register should not
      be utilized during the calculation and storage portion as correct data. If
      the flip flop 160 remains reset throughout the calculation and storage
      portion, an alarm device 297 is activated by gate 299 (FIG. 5).
PAR  The RC network 270 is comprised of a capacitor 272 and a resistor 274
      connected in parallel. A source of positive potential (e.g. +12 volts) is
      connected to one terminal of the resistor and capacitor and the opposite
      terminal is connected through a diode 276 to the count input terminal 156
      of the D counter. In the normal operation of the system in which abort
      conditions do not occur and the NOT ABORT flip flop 160 remains set, the
      waveform produced at the output of NAND gate 232 will charge the capacitor
      272 and the potential at the junction 278 will remain a diode drop above
      ground, e.g., 0.7 volts. Line (a) of FIG. 7 represents the period of
      normal operation of the gate 232 which couples the output of crystal
      oscillator 106 to the D counter 104. Assume now some circumstance which
      prevents the D counter 104 from counting for a longer than usual interval.
      This causes the potential on the junction 278 to increase as shown in line
      (b) of FIG. 7. The junction 278 is connected to the reset input terminal
      168 of the NOT ABORT flip flop 160. As the potentials on the junction 278
      increases, at a certain point it will reset the NOT ABORT flip flop 160 to
      develop the ABRT logic signal shown in line (c) of FIG. 7. If the
      foregoing actions occur at the end of a period measurement portion, this
      will cause the output of gate 230 to go true as represented in line (d) of
      FIG. 7. If the D-STOP flip flop 162 is true, which it is at the beginning
      of a period measurement portion, it will be reset via NAND gate 280 and
      NAND gate 216. Also, if the LATCH flip flop 164 is set, it too will be
      reset via gates 200 and 240 and inverter 242. The outputs of gates 280 and
      216 are shown in lines (e) and (f) of FIG. 7. With the D-STOP flip flop
      162 reset, the gate 232 coupling the crystal oscillator 106 to the D
      counter 104 will again pass count pulses to the D counter. Thus, the
      incorporation of the RC network 270 essentially provides an escape path to
      assure that the planned stops of the D counter remain temporary, even
      though some condition occurs which prevents the loop oscillator circuitry
      50 from providing the pulses necessary to advance sequential control logic
      through these stops.
PAR  It was previously mentioned that if for some reason the L counter fails to
      overflow (i.e., L10 does not become true) within the interval allotted for
      period measurement, then it is desired to reset the NOT ABORT flip flop
      160 in order to indicate to the calculation and storage processing
      circuitry that the particular measurement is not valid. This operation is
      achieved by steering a clock pulse developed at the beginning of the
      calculation and storage portion to clock input terminal 172 of flip flop
      160. This causes the flip flop 160 to assume the state of stage L10 which
      is connected to the data input terminal 170. That is if stage L10 is true
      meaning that the L counter had counted to 1,024 during the period
      measurement portion, then flip flop 160 remains set. If L10 is false, then
      flip flop 160 is reset.
PAR  The clock pulse supplied to clock input terminal 172 of flip flop 160 is
      developed via gates 290 and 292. During each calculation and storage
      portion, D counter stages D13, D14, D15, and D16 are all false thus
      producing a true signal at the output of gate 290 and at the output of
      inverter 291. Consequently, the output of gate 292 will follow the D
      counter stages D02 and D03. That is, the output of gate 292 will be false
      whenever D02 and D03 are both true during the calculation and storage
      portion (i.e., D13-D16 all false). The output of gate 292 is inverted by
      inverter 294 to develop clock pulses used to time operations during the
      calculation and storage portion. The first of these clock pulses, applied
      to clock input terminal 172 of flip flop 160, controls the NOT ABORT flip
      flop as described. It is pointed out that when stage D13 goes true, the
      D-STOP flip flop 162 is set; this terminates the calculation and storage
      interval and initiates a new period measurement portion.
PAR  Attention is now directed to FIG. 8 which illustrates the S register 112
      and the H register 120 in greater detail than was shown in FIG. 3.
      Additionally, FIG. 8 illustrates the arithmetic and decision logic 118 of
      FIG. 3 in much greater detail.
PAR  The S register is comprised of 16 binary stages and is capable of being (1)
      parallel loaded and (2) serially shifted to provide a serial output. More
      particularly, the S register 112 is provided with 16 parallel input
      terminals which are derived from stages D00-D15 of the D counter 104 of
      FIG. 5. In addition, the S register 112 includes a serial input terminal
      300 which is connected to the S register serial output terminal 302. The S
      register further includes a mode control terminal 304 and clock input
      terminal 306. When a true signal from gate 262 of FIG. 5 is applied to the
      control terminal 304, the information available on the 16 parallel input
      lines is loaded into the S register 112. When a clock pulse is applied to
      the terminal 306 from inverter 294 of FIG. 5, the contents of the register
      16 are right-shifted and the output bit available on output terminal 302
      is recirculated via input terminal 300.
PAR  The H register 120 is comprised of 128 binary stages connected as a shift
      register. The H register 120 is provided with a serial output terminal 308
      which is coupled back to a recirculate input terminal 310. In addition,
      the H register 120 has a serial data input terminal 312. When a true
      signal is applied to the mode control terminal 314, the H register accepts
      serial data available on input terminal 312 in synchronism with clock
      pulses applied to the clock input terminal 316 from inverter 294 (FIG. 5).
      When the signal applied to the mode control terminal 314 is false, the
      data in the H register 120 is recirculated in synchronism with the clock
      pulses.
PAR  Prior to considering the arithmetic and decision logic of FIG. 8, attention
      is directed to FIG. 9 which illustrates the 128 bit format of the H
      register 120. The 128 bits consist of four fields, each containing 32 bits
      of data with respect to a different loop channel. Each 32-bit field
      consists of two 16-bit words, i.e. word 0 and word 1. Bit 0 of each word 0
      constitutes a call bit and if true, indicates an existing call on that
      loop channel. Bits 1-15 of each word 0 represent the age of the call. This
      will be explained in greater detail hereinafter but suffice it to say at
      this time, that when a call is produced with respect to a particular loop
      channel, a 1 is inserted into bit 0 of word 0 of the H register field
      corresponding to that loop channel. As long as the call condition
      persists, the count in bit positions 1-15 of word 0 is incremented during
      each succeeding scan cycle. In this manner, the age of a call can be
      determined. As will be seen hereinafter, the age information is utilized
      to initiate a WASH process which over a relatively long time interval,
      cancles the call.
PAR  Word 1 of each H register field is used to store a number which will be
      referred to as the historical reference or historical reference duration.
      As will be seen hereinafter, during a calculation and storage portion, the
      historical reference is compared with a sample in the S register and based
      on the comparison, a determination is made as to whether the historical
      reference should be modified and if so, the manner in which it should be
      modified. Also, as a consequence of the comparison between the historical
      reference and the sample in the S register, a decision is made as to
      whether to produce a call to indicate the presence of a vehicle over the
      roadway loop.
PAR  It was previously mentioned that the D counter is used during each
      calculation and storage portion for purposes of control. It will further
      be recalled from Table I that the beginning of each calculation and
      storage portion is defined by D counter stages D13-D16 all being reset.
      Each calculation and storage portion terminates when stage D13 is
      subsequently set. During each interval when stages D13-D16 are all 0, the
      D counter will step through 8,192 (i.e., 2.sup.13) unique states. Many of
      these states are used to define times at which particular arithmetic and
      decision operations take place. As was previously mentioned in the
      description of FIG. 5, inverter 294 provides clock pulses coincident with
      the switching of stage D03. Utilization of stage D03 to provide clock
      pulses, leaves the nine stages D04-D12 available to define 512 unique
      operating states during each calculation and storage portion.
PAR  In order to better understand the manner in which the D counter 104 is
      utilized for control purposes during the calculation and storage portion,
      attention is again directed to FIG. 5 which illustrates the bit
      utilization of the D counter stages. Stages D17 and D18 are utilized for
      purposes of channel selection both during the period measurement and the
      calculation and storage portions. That is, the bit configuration of stages
      D17 and D18 operates via the channel select decode means 130 of FIG. 3 to
      establish the particular loop to which the loop oscillator circuitry 50 is
      connected. Additionally, the output of the channel select decoder means
      130 selects the particular set of three panel switches to couple to input
      terminals 64, 66, 68 (FIG. 1) and also determines the particular output
      channel to which the information on logic network output terminal 76 is
      steered.
PAR  Stages D13-D16, define the calculation and storage portion when all of
      these stages are 0.
PAR  D counter stages D11 and D12 are used to define the circulation count. That
      is, during each calculation and storage portion, the H register 120 is
      circulated four times; each circulation is defined by a different state of
      stages D11 and D12. As will be seen hereinafter, circulation 0 is used
      primarily to establish certain start conditions in the arithmetic and
      decision logic of FIG. 8 and to transfer the stage of a master call flip
      flop to the selected output channel call flip flop 72. Circulation 1 is
      used primarily for the purpose of making the decision as to whether the
      sample in the S register represents a call condition. Circulation 2 is
      used primarily to modify the contents of the H register if appropriate.
      Circulation 3 is not used.
PAR  Stages D09 and D10 are used to define the loop data count. That is, it will
      be noted from FIG. 9 that the H register is comprised of four fields, each
      corresponding to a different loop channel. During each circulation (as
      defined by a unique state of stages D11 and D12) all four fields of the H
      register are shifted out. The particular field available at the output of
      the H register is designated by the states of stages D09 and D10.
PAR  It will also be noticed in FIG. 9 that each H register field is comprised
      of two words. D counter stage D08 identifies the particular word available
      at the output of the H register. Thus, when stage D08 is 0, word 0 is
      available at the H register output and when stage D08 is 1, word 1 is
      available at the H register output.
PAR  D counter stages D04-D07 define 16 bit times. That is, each of the 16
      states defined by D counter stages D04-D07 indicates the availability of a
      different bit of the 16-bit word at the H register output.
PAR  Thus, it should be appreciated that within each calculation and storage
      portion, as defined by an all 0 configuration of stages D13-D16, stages
      D04-D10 will identify the particular bit of the 128 bits in the H register
      which is available at the H register output. As previously mentioned, the
      clock pulses developed by inverter 94 of FIG. 5 occur coincident with the
      switching of D counter stage D03. Stages D00-D02 define fractional
      portions of a clock period.
PAR  Table II set forth hereinafter describes the various operations and
      decisions occurring during each of the four H register circulations
      performed during each calculation and storage portion. FIG. 8 illustrates
      the apparatus for executing the operations and making the decisions set
      forth in Table II. Table III set forth hereinafter summarizes the
      operations executed during each calculation and storage portion depending
      upon which of the following four basic processes are required:
PAR  1. INITIALIZE
PAR  2. ADAPT
PAR  3. WASH
PAR  4. NO WASH
PAL   it will be recalled that panel switches 69 (FIG. 1) enable the selection
      of either a PRESENCE or PULSE mode of operation. In initially referring to
      Tables II and III and FIG. 8, the PRESENCE mode will be assumed. Reference
      will subsequently be made to Table IV and FIGS. 10 and 11 to explain the
      PULSE mode.
PAR  Prior to considering Table II and FIG. 8 in detail, it would first be
      helpful to understand the utility of each of the aforementioned basic
      processes. From what has been said thus far, it should now be apparent
      that during each calculation and storage portion, the value of a sample,
      transferred into the S register from the D counter, is compared with an
      historical reference stored in the H register. The difference between the
      sample and historical reference is a measure of the inductance change of
      the associated roadway loop. If the difference is small falling within a
      certain range (defined by 0 and a threshold number TLQ), then in the
      absence of an existing call, the historical reference is modified slightly
      to adapt to the change. If the difference falls to one side of the range
      (i.e., less than 0) a call signal is generated and if it falls to the
      other side of the range (i.e., greater than TLQ), a new historical
      reference is selected. The establishment, maintenance and modification of
      the historical reference is determined in accordance with various
      conditions and the aforementioned processes by which the historical
      reference is operated upon function as follows:
PAR  INITIALIZE: The function of this process is to establish a new historical
      reference in the H register. As will be seen hereinafter, this initial
      historical reference is equal to the value of the current sample minus the
      applicable threshold number (TLQ). This process occurs when power is first
      supplied to the unit and following any interruption of power, as may be
      recognized by the power monitor 60 (FIG. 1). This process may also occur
      when the inductance of the corresponding loop changes quickly by a large
      amount in the non-call direction, as after a vehicle exits from over the
      area of a loop after initiation of the WASH process.
PAR  ADAPT: The function of this process is to accommodate slow drift in the
      effective inductance of the roadway loops. Such drift may be due to small
      changes in factors such as moisture and temperature. The drift introduces
      small and slowly varying count differences between the sample and
      historical reference, which may be either positive or negative. This
      process accommodates the drift by slowly varying the historical reference
      such that the historical reference during one calculation and storage
      portion (H.sub.n.sub.+1) differs from the historical reference during a
      prior calculation and storage portion (H.sub.n) by one count.
PAR  WASH: The function of this process is to gradually wash out a call after it
      has existed for a long period. As has been mentioned, word 0 of each H
      register field stores the age of a call. Means are provided in the
      apparatus of FIG. 8 for determining whether the call is old or young;
      i.e., whether the age exceeds a certain predetermined threshold age. This
      wash process operates after a call is recognized as being old, to slowly
      vary the historical reference, as by changing it by one count during each
      calculation and storage portion, to ultimately wash out the difference
      between the current sample and historical reference to thereby terminate
      the call condition.
PAR  NO WASH: The function of this process is to maintain the historical
      reference during the time that a call is young.
PAR  In addition to the previously described S and H registers, the apparatus of
      FIG. 8 includes arithmetic circuitry including a serial subtraction
      circuit 350. The subtraction circuit 350 is well known in the art and is
      illustrated as including a minuend input terminal 352, a subtrahend input
      terminal 354, and a borrow input terminal 356. In addition, the circuit
      350 is provided with a difference output terminal 358 and a borrow output
      terminal 360. The borrow output terminal 360 is connected back to the
      borrow input terminal 356 via AND gate 362 and OR gate 364. It has been
      assumed that the subtraction circuit 350 includes an appropriate one bit
      time delay to enable a borrow bit to be carried from one bit position to
      the next. AND gate 366 is provided to enable an initial borrow to be
      introduced, where required, in order to vary the difference by one. That
      is, in the absence of an initial borrow being entered, the difference
      value supplied by the subtraction circuit 350 will be equal to the minuend
      minus the subtrahend. However, if an initial borrow is entered at the
      beginning of a subtraction process, then the difference will be equal to
      the minuend minus (subtrahend +1).
PAR  The serial output of the S register available on terminal 302 is applied to
      the input terminal 352 of subtraction circuit 350 to execute the various
      operations defined by Table II set forth hereinafter. Subtrahend select
      gating 372 is provided for selectively steering either the output of the H
      register or a threshold number TLQ to the subtrahend input terminal 354.
PAR  The difference provided by the subtraction circuit 350 on terminal 358 is
      steered to the data input terminal 312 of H register 120. As will be seen
      hereinafter, the H register inputs information from the subtraction
      circuit 350 during the word 1 time of a circulation via gates 370 and 372.
      During the word 0 time, the H register can accept data on data input
      terminal 312 via either gate 377 or 378 depending whether the age count is
      being updated or reset to 0. That is, the age count emerging from the H
      register during a word 0 time can be steered through the add 1 circuit 376
      to provide an updated age for entry back into the H register via gates 377
      and 372. Alternatively, a zero age can be entered back into the H register
      via gates 378 and 372. If the MASTER CALL flip flop (to be discussed
      hereinafter) is true, then the updated age count will be entered back into
      the H register. If the MASTER CALL flip flop is false, then an age count
      of all zeros will be loaded into the H register.
PAR  The difference supplied by the subtraction circuit 350 is applied to
      compare circuitry 380 which compares it with two values, 0 and TLQ, to
      determine its relative magnitude. The results of the comparison
      selectively cause the MASTER CALL flip flop 382 and an INITIALIZE flip
      flop 384 to be set in accordance with certain criteria to be discussed
      hereinafter in connection with Table II.
PAR  Magnitude compare circuitry 390 is provided to examine the age count stored
      in the H register to determine whether the age count exceeds a
      predetermined age threshold. If the age count indicates the call is old,
      then the AGE flip flop 392 is set. If any call exists at all, regardless
      of whether it is young or old, the CALL BIT flip flop 394 is set.
PAR  Attention is now directed to the following Table II which will be discussed
      in detail with reference to the apparatus of FIG. 8.
TBL                                    TABLE II (PRESENCE MODE)                
     __________________________________________________________________________
                D11   D09                                                      
             D12   D10   D08             OPERATION                             
     __________________________________________________________________________
     Circ 0, Wd 0                                                              
             0  0  0  1  0  Establish Start Conditions; Reset (1) CALL BIT     
                            FF(2) AGE FF(3) INITIALIZE FF;                     
     Circ 0, Wd 1                                                              
             0  0  0  1  1  Read and Reset MASTER CALL FF                      
     Circ 1, Wd 0                                                              
             0  1  0  1  0  Establish (1) CALL BIT FF, (2) AGE FF, (3) Initial 
                            Borrow (IB)                                        
                                 CONDITION          ACTION                     
                                 Call Bit   Age     Initial Borrow             
                                 0          0       0                          
                                 1          0       1                          
                                 1          1       0                          
     Circ 1, Wd 1                                                              
             0  1  0  1  1  OPERATION      DECISION     ACTION                 
                            Min                                                
                               Sub                                             
                                  IB                                           
                                    Diff(H.sub.INT)                            
                                           (1) H.sub.INT &lt; 0                   
                                                     Call; Set MASTER CALL FF  
                         (1)                                                   
                            S  H.sub.n                                         
                                  0 S-H.sub.n                                  
                                           (2) H.sub.INT &gt; TLQ                 
                                                     Initialize; Set           
                                                     INITIALIZE FF             
                         (2)                                                   
                            S  H.sub.n                                         
                                  1 S-(H.sub.n +1)                             
                                           (3) 0 .ltoreq. H.sub.INT .ltoreq.   
                                           TLQ       Adapt                     
     Circ 2, Wd 0                                                              
             1   0 0  1  0  If Master Call True, Increment Age; Otherwise      
                            Reset Age;                                         
                            Establish Initial Borrow                           
                              CONDITION               ACTION                   
                              Call Bit                                         
                                      Mas Call                                 
                                              Initialize                       
                                                      Initial Borrow           
                              1       X       0       1                        
                              0       0       0       1                        
                              X       X       1       0                        
                              0       1       0       0                        
     Circ 2, Wd 1                                                              
             1  0  0  1  1    CONDITION     OPERATION                          
                             Initialize                                        
                                   Initial Borrow                              
                                            Min                                
                                               Sub Diff                        
                          (1)                                                  
                             1     0        S  TLQ S-TLQ                       
                          (2)                                                  
                             0     1        S  H.sub.INT                       
                                                   S-(H.sub.INT +1)            
                          (3)                                                  
                             0     0        S  H.sub.INT                       
                                                   S-H.sub.INT                 
     Circ 3, Wd 0                                                              
             1  1  0  1  0                                                     
     Circ 3, Wd 1                                                              
             1  1  0  1  1  No Action                                          
     __________________________________________________________________________
PAR  Table II identifies the operations occurring during a common loop data
      count (i.e., D10=0, D09=1) for the four successive circulations which take
      place during each calculation and storage portion. That is, for the
      exemplary calculation and storage portion to be discussed, the H register
      data is examined when D10, D09 is 01. During the succeeding calculation
      and storage portion, the H register data with respect to the next loop
      channel will be processed, that is, during each of the four circulations
      when D10, D09 is 11. Thus, the four fields of the data in the H register
      are respectively processed during four successive calculation and storage
      portions.
PAR  Table II illustrates the states of D counter stages D08-D12 for both the
      word 0 and word 1 times of each of the four circulations when D10, D09 is
      01. It will be understood that during each of these word times, the D
      counter stages D04-D07 will count through 16 states and that each of these
      16 states represents a particular bit time at which a particular one of 16
      bits in the word defined by D08, D09, D10 is available at the H register
      output.
PAR  As represented in Table II, during circulation 0, a start condition is
      established in the apparatus of FIG. 8 by resetting the CALL BIT flip flop
      394, resetting the AGE flip flop 392, resetting the MASTER CALL flip flop
      382, and resetting the INITIALIZE flip flop 384. In addition, the state of
      the MASTER CALL flip flop 382 is read out prior to its being reset via
      gate 383 to either set or reset the selected output channel call flip flop
      (FIG. 1).
PAR  During circulation 1, word 0 time, the CALL BIT flip flop 394 is set to the
      state of the call bit stored in the H register by examining the H register
      output during bit 0 time. The AGE flip flop 392 is set if the age count
      emerging from the H register during bit times 1-15 exceeds a predetermined
      age count. For simplicity, it will be assumed that the AGE flip flop 392
      is set if the bit out of the H register at bit time 14 is true.
PAR  During the circulation 1, word 0 time an initial borrow signal is supplied
      to the input of gate 366 at bit time 15 in accordance with the criteria
      represented in Table II. That is, an initial borrow signal will be
      produced in the event of an existing young call condition (CALL BIT flip
      flop true, AGE flip flop false). As previously pointed out, application of
      an initial borrow signal to the borrow input terminal 356 of the
      subtraction circuit 350 produces a difference equal to minuend minus
      (subtrahend +1).
PAR  During circulation 1, word 1 time, the output of the S register is applied
      to subtraction circuit input terminal 352. Subtrahend select gating 372
      steers the output of the H register to input terminal 354. The difference
      produced at sutraction circuit output terminal 358 will either be
      S-H.sub.n if the initial borrow had been 0 or S-(H.sub.n +1) if the
      initial borrow had been 1. This difference is stored back into the H
      register via gates 370 and 372 as an intermediate result (H.sub.INT).
PAR  The difference H.sub.INT is examined by the compare circuitry 380 in
      accordance with the criteria illustrated in Table II. If H.sub.INT is less
      than 0, then a call condition is indicated and the MASTER CALL flip flop
      382 is set. If H.sub.INT is greater than TLQ, then the INITIALIZE flip
      flop 384 is set. If H.sub.INT is equal to or greater than 0 and equal to
      or less than TLQ, this required that an adapt process be performed during
      circulation 2.
PAR  Prior to proceeding with an explanation of the operations performed during
      circulation 2, it would be appropriate to discuss the significance of the
      decisions (1) and (2) made during circulation 1, word 1 time in terms of a
      vehicle entering over the area of a loop and in terms of some exemplary
      numbers.
PAR  Assume that the value of the historical reference H.sub.n is equal to the
      binary equivalent of 20,000 counts. Also assume that the window threshold
      number TLQ set by front panel switches 65 is equal to the binary
      equivalent of 15 counts. Now assume that a vehicle enters over the area of
      the loop thereby decreasing its inductance and increasing the loop
      oscillator frequency. This will of course reduce the time duration
      required to count 1,024 loop oscillator cycles. Thus, let it be assumed
      that the value of the current sample S is now equal to 19,980. The
      subtraction S-H.sub.n will thereby produce a difference of -20. Since this
      difference is negative, i.e. less than 0, the decision (1) represented in
      circulation 1, word 1 time of Table II is made and the MASTER CALL flip
      flop 382 is set.
PAR  Now suppose that a car has been stalled over a loop for a period of an
      hour. Under these circumstances, the WASH process, to be described below,
      will have changed the historical reference so as to make this vehicle a
      part of the background, thus permitting the loop to resume its function of
      detecting other vehicles which may enter the same loop. Now further assume
      that the stalled vehicle exits from the area over the loop thereby
      increasing the value of S. The criteria of decision (2) will be satisfied
      and the INITIALIZE flip flop 384 will be set which will subsequently
      produce an INITIALIZE process during circulation 2 to initialize the
      historical reference and thereby permit rapid response to a subsequently
      arriving vehicle.
PAR  If the value of S varies by small amounts within the threshold window,
      i.e., between 0 and TLQ, then it is desired that the system adapt to
      accommodate the small change by varying the historical reference slightly.
      This action takes place during circulation 2.
PAR  During circulation 2, word 0 time if the MASTER CALL flip flop 382 is true,
      the age count is incremented by one count. Otherwise, the age count is
      reset to all zeros. The age count is incremented by one by steering the H
      register output through the add one circuit 376 when the MASTER CALL flip
      flop 382 is true during a circulation 2, word 0 time.
PAR  During circulation 2, word 0, an initial borrow signal is developed during
      bit time 15 in accordance with the criteria shown in Table II. That is, if
      the INITIALIZE flip flop is false and if we have an existing call,
      evidenced by the CALL BIT flip flop 394 being true, then an initial borrow
      signal is developed. Also, if the INITIALIZE flip flop 384 is false and we
      have neither a previously existing call or a current call, then the
      initial borrow signal is also developed.
PAR  Subsequently, during circulation 2, word 1 time three different operations
      can occur depending upon the state of the INITIALIZE flip flop 384 and
      whether or not an initial borrow signal was input to the subtraction
      circuit 350 during bit 15 of the immediately preceding word 0 time. If the
      INITIALIZE flip flop is true, the subtrahend select gating 372 steers the
      threshold number TLQ to the input terminal 354 to develop the difference
      S-TLQ. It is pointed out that several practical values of TLQ are easily
      generated by merely supplying a true level to the input terminal 354 for a
      certain number of bit times. Thus, if a threshold number equal to three
      counts is desired, then TLQ should be true for bit times 0 and 1 of the 16
      bit times of the word 1 interval. If it is desired that the threshold
      number be 15, then the signal TLQ is true throughout bit times 0, 1, 2 and
      3. That is, it will be recognized that a 16 bit number having ones in the
      four least significant positions constitutes a binary number equal to the
      decimal number 15. It will be recalled that the threshold number TLQ is
      set either high or low by panel switch 65.
PAR  It will further be noted from Table II that during circulation 2, word 1
      time, if the INITIALIZE flip flop is false and if an initial borrow signal
      was generated during the immediately preceding word 0 time, then the
      subtraction circuit 350 produces a difference S-(H.sub.INT +1). If the
      initial borrow signal was false, then the subtraction circuit 350 produces
      the difference S-H.sub.INT.
PAR  Referring now to the following Table III, the four different processes are
      summarized so as to indicate the relationship between the new historical
      reference H.sub.n.sub.+1 and the prior historical reference H.sub.n.
TBL                TABLE III                                                   
     ______________________________________                                    
     INITIALIZE;                                                               
               H.sub.n.sub.+1 = S-TLQ                                          
                           Circ 2, Wd 1; Operation (1)                         
     ADAPT;    H.sub.n.sub.+1 = H.sub.n -1                                     
                           Circ 1, Wd 1; Operation (1)                         
                           Circ 2, Wd 1; Operation (2)                         
     WASH;     H.sub.n.sub.+1 = H.sub.n -1                                     
                           Circ 1, Wd 1; Operation (1)                         
                           Circ 2, Wd 1; Operation (2)                         
     NO WASH;  H.sub.n.sub.+1 = H.sub.n                                        
                           Circ 1, Wd 1; Operation (2)                         
                           Circ 2, Wd 1; Operation (2)                         
     ______________________________________                                    
PAL  Note that the INITIALIZE process produce an historical reference equal to
      the difference between the current sample S and the threshold TLQ. Thus,
      if S equaled 20,000 counts and TLQ equaled 15, then the value of the new
      historical reference would equal 19,985. This new historical reference was
      formulated by operation (1) during circulation 2, word 1 time.
PAR  The ADAPT process produces a new historical reference which differs from
      the prior historical reference by one count. The new historical reference
      was developed by execution of operation (1) during circulation 1, word 1
      time and operation (2) during circulation 2, word 1 time.
PAR  The WASH process also produces a new historical reference equal to the
      prior historical reference reduced by a count of one. The operations
      required are the same as in the ADAPT process. However, note that the WASH
      process is initiated only after a call is old. That is, briefly refer back
      to circulation 1, word 0 time illustrated in Table II. Note that when the
      call bit is 0 and the age is 0, then the initial borrow is also 0. This
      represents the condition under which the historical reference will be
      modified for the ADAPT process. On the other hand, the WASH process is
      represented when both the CALL BIT flip flop and AGE flip flop are true.
PAR  Again referring to Table III, it will be noted that the NO WASH process
      produces a new historical reference equal to the preceding historical
      reference. This represents the situation in which we have a call condition
      which is not yet old. This historical reference is maintained as a
      consequence of the performance of operation (2) during circulation 1, word
      1 and operation (2) during circulation 2, word 1. However, it should
      further be noted that the effect of operation (2) during circulation 1 is
      to reduce H.sub.INT by one count prior to the count being restored during
      operation (2) of circulation 2. The effect of this reduction of H.sub.INT
      is to slightly increase sensitivity once a call is established in order to
      hold the call and prevent chattering.
PAR  It should be recognized that as a consequence of the foregoing operation,
      when no calls exist and in the absence of arriving vehicles, the value of
      the historical reference will be continually reduced by one count each
      calculation and storage portion. As the historical reference is reduced,
      the intermediate value H.sub.INT is correspondingly increased and after a
      certain number of scan cycles without a call occurring, the value
      H.sub.INT will exceed the threshold TLQ. At this point of course, the
      INITIALIZE process will occur to reestablish the historical reference in
      terms of the current sample and the defined threshold number TLQ.
PAR  It was previously mentioned that a system in accordance with the present
      invention is capable of operating in either a PULSE mode or a PRESENCE
      mode, dependent upon the position of the mode switch 69. The mode switch
      position functions to couple either a true or false logic level signal to
      the logic network input terminal 68 (FIG. 1). It has been assumed that a
      false signal defines the PRESENCE mode. The explanation of the calculation
      and storage portion with references to Tables II and III and FIG. 8 has
      thus far assumed operation in the PRESENCE mode. Operation in the PRESENCE
      mode assures that the output channel call flip flop stays true for a
      duration corresponding to the period of vehicle presence over a loop.
      Thus, if a vehicle arrives over a loop and parks for twenty minutes, the
      call flip flop on the associated channel will stay true for that full
      twenty minute duration. In the PULSE mode of operation, it is desired that
      each new vehicle produce a short output pulse, e.g., of 225 millisecond
      duration. In the PULSE mode of operation, even if the vehicle parks over
      the loop, its effect is to make the output channel call flip flop true for
      only 225 milliseconds, i.e., the duration of one scan cycle.
PAR  Operation during the PULSE mode is identical to operation during the
      PRESENCE mode except that during the PULSE mode, the MASTER CALL flip flop
      382 of FIG. 8 is reset during circulation 2, word 0 time if there is an
      existing call. More particularly, attention is now directed to the
      following Table IV and to FIG. 10. Table IV illustrates an additional
      action which takes place during circulation 2, word 0 time based on the
      condition of the MASTER CALL flip flop, the CALL BIT flip flop, and the
      defined mode.
TBL                TABLE IV (PULSE MODE)                                       
     ______________________________________                                    
                   D11             D09                                         
             D12           D10           D08                                   
     ______________________________________                                    
     Circ 2, Wd 0                                                              
               1       0       0     1     0                                   
     CONDITION                  ACTION                                         
     ______________________________________                                    
     PULSE  MAS CALL  CALL BIT  Reset MASTER CALL FF,                          
      1       1         1       Bit 2 Time                                     
     ______________________________________                                    
PAR  Recall that in discussing operation during the PRESENCE mode with
      reeference to Table II, it was pointed out that the CALL BIT flip flop 394
      was set during circulation 1, word 0 if there was an existing call and
      that the MASTER CALL flip flop 382 was set during circulation 1, word 1 in
      the event of a new or continuing call condition. During circulation 2,
      word 0 if the PULSE mode is defined, and if both the MASTER CALL flip flop
      382 and the CALL BIT flip flop 394 are true, then the MASTER CALL flip
      flop is reset. The gate for resetting the MASTER CALL flip flop during
      circulation 2, word 0 time is illustrated in FIG. 10 as gate 400. As a
      consequence of resetting the MASTER CALL flip flop 382 during circulation
      2, word 0 time, it will be false during circulation 0 time of the
      following calculation and storage portion when the state of the MASTER
      CALL flip flop 382 is transferred to the output channel call flip flop.
      Accordingly, when the PULSE mode is defined, the output channel call flip
      flop is set only during the first scan cycle in which the arriving vehicle
      is recognized.
PAR  To this point in the specification, we have merely assumed that a single
      roadway loop is connected to each loop input circuit 51. In actuality
      however, multiple roadway loops can be connected to each loop input
      circuit. For example, assume a north/south roadway having three traffic
      lanes in each direction and a left turn lane in each direction. A four
      channel embodiment in accordance with the present invention can be
      utilized such that the first channel monitors the north-going traffic
      lanes, the second channel monitors the south-going traffic lanes, the
      third channel monitors the north-going left turn lane, and the fourth
      channel monitors the south-going left turn lane. In this configuration, it
      is desirable that each of the first and second channels monitor three
      lanes. Usually, in practice a different loop is installed in each lane.
      The three loops on a common channel would normally be connected in series.
PAR  In accordance with a significant aspect of the inventin, when operating in
      the PULSE mode, it is desirable that if a vehicle remains over a loop for
      more than a certain interval, e.g., two seconds, that the system "tune
      out" the recognition of that stalled vehicle so that it can respond to the
      other loops connected on the same channel. In order to do this, an
      additional magnitude compare means 402 (FIG. 11) is provided for
      responding to an age count greater than some predetermined rephase period
      (e.g., two seconds) to force an INITIALIZE process. More particularly, it
      will be recalled that the age count is available at the output of the H
      register during circulation 1, word 0. Accordingly, when the PULSE mode is
      defined, then the magnitude compare means 402 compares the age count
      during circulation 1, word 0 time with a count representative of the
      rephase period desired. If the age count is greater than the rephase
      period, then the INITIALIZE flip flop 384 (FIG. 8) is set.
PAR  From the earlier description of Table II and FIG. 8, it will be recalled
      that when the INITIALIZE flip flop is set, an INITIALIZE process occurs
      which replaces the stored historical reference with a new historical
      reference equal to S-TLQ. Thus, by initiating the INITIALIZE process after
      a two second interval, the system essentially instantly adapts to the
      environment including the presence of the stalled vehicle over one of the
      loops so as to enable it to respond to vehicles passing over other loops
      on the same channel.
PAR  It will be recalled that in initially discussing FIG. 1, reference was made
      to three sets of panels switches which respectively provided logic level
      inputs to the logic network input terminals 64, 66, and 68. It has been
      mentioned that the logic level applied to input terminal 64 defines either
      a high or low threshold number TLQ. This has already been discussed and in
      a preferred embodiment of the invention, the number TLQ is either the
      binary equivalent of 15 counts for a single small loop where low
      sensitivity is desired, or the binary equivalent of 3 counts for multiple
      or large loops where a higher sensitivity is appropriate. The function of
      switches 69 has also been discussed as applying a true logic level to
      input terminal 68 to define the PULSE mode of operation.
PAR  The switches 67 connected to the input terminal 66 of the logic network
      selectively define either a high or normal system sensitivity by
      essentially defining the overflow count of the L counter of FIG. 5. More
      particularly, it will be recalled that in the description of FIG. 5, the
      time duration required for the L counter to count to 1,024 was measured.
      For this purpose, stage L10 going true was used to transfer the contents
      of the D counter to the S register. In order to decrease system
      sensitivity, a lesser number of counts can be used. Thus, in accordance
      with a further feature of the invention, the logic circuit of FIG. 12 is
      provided to develop the signal L.sub.FULL. The logic circuit illustrated
      in FIG. 12 enables the system to respond either to an overflow out of L
      counter stage L09 or L10 depending upon the position of the active panel
      switch 67. The signal L.sub.FULL is developed by NAND gate 420 and is
      connected to all of the input terminals identified as L10 in FIG. 5.
PAR  The logic circuit of FIG. 12 includes NAND gates 422 and 424, and an
      inverter 426. The output of L counter stage L10 is applied to the input of
      inverter 426. The output of L counter stage L09 is coupled to the input of
      NAND gates 422 and 424. The second input to NAND gate 422 is derived from
      the panel switches 67 which can be set for either normal or high
      sensitivity. Let it be assumed that when a switch is set to normal
      sensitivity, it applies a true logical signal to input terminal 428 of
      NAND gate 422.
PAR  The second input to NAND gate 424 is derived from the output of gate 290 of
      FIG. 5. The function of gate 424 is to maintain L.sub.FULL true through
      the calculation and storage portion when normal sensitivity is selected by
      panel switch 67.
PAR  In order to understand the operation of the logic circuit of FIG. 12,
      assume initially that the active sensitivity switch 67 is set at high
      meaning that a false signal is applied to gate input terminal 428. For
      high sensitivity, it is necessary that the system of FIG. 5 respond to L
      counter stage L10 overflowing as was previously described. During the
      period measurement portion when stages LO9 and L10 are both false, the
      output of gates 422 and 424 and inverter 426 will all be true meaning that
      the output of gate 420 will be false. When stage LO9 becomes true, this
      will have no effect on the output of gate 422 and accordingly gate 420
      will remain false. However, when stage L10 becomes true, the output of
      inverter 426 will go false thereby producing a true output at the gate of
      420. This operation is consistent with that previously described with
      reference to FIG. 5.
PAR  Now however assume that the active switch 67 is set to normal sensitivity
      applying a true logic level signal to gate input terminal 428. During the
      period measurement portion when both stages L09 and L10 are false, gates
      422 and 424 and inverter 426 will provide true outputs meaning that the
      output of gate 420 will be false. However, when stage L09 becomes true,
      the output of gate 422 will switch false thereby switching the output of
      gate 420 true. Thus, by defining a normal sensitivity via panel switch 67
      to produce a true input to gate 422, the signal L.sub.FULL will be
      generated when stage L09 goes true rather than when stage L10 goes true.
PAR  It has thus far been assumed that during an ADAPT or WASH process, the
      stored historical reference is modified by one count during each scan
      cycle and a scan cycle has been assumed as being defined by one cycle of
      the D counter. In order to enable the rate of modification of the
      historical reference to be varied so that, for example, it can be
      incremented once every four or eight scan cycles, the D counter can be
      extended as is represented in FIG. 13. More particularly, FIG. 13
      illustrates the D counter as including five additional stages D19-D23
      which together function to count every four scan cycles. Thus, by
      responding to selected states of stages D19-D23, the rate of modification
      of the historical reference can be selected. For example only, to
      increment the historical reference during only two out of every four
      cycles in the ADAPT process, it is merely necessary to gate the output of
      stage D19 so that the ADAPT operations represented in Table III are
      executed only when D19 is true. Different rates of course can be selected
      for the ADAPT and WASH processes and these rates can be made dependent on
      the positions of the panel switches. Thus, as an example, when high
      sensitivity or single small loop configuration is selected, it is
      generally desired to adapt more slowly during the ADAPT process.
PAR  Attention is now directed to FIG. 14 which illustrates a preferred
      embodiment of loop oscillator 50 and input circuit 51 (FIG. 1).
PAR  The loop oscillator 50 is comprised of a transistor Q1 illustrated as being
      of the PNP type having its base connected to a reference voltage defined
      by resistors R1 and R2 connected in series between a source of positive
      potential and ground. The transistor Q1 is connected in a Colpitts
      configuration with the capacitors C1 and C2 defining the load capacitance
      and with the loop input circuits 51 defining the load inductance. It is
      desired that the oscillator 50 provide a fixed amplitude signal to the
      loop input circuit over a wide range of inductance and frequencies. For
      this purpose, a current regulating transistor Q2 is connected between the
      emitter of transistor Q1 and the source of positive potential. More
      particularly, the emitter of NPN transistor Q2 is connected through
      resistor R3 to the emitter of transistor Q1. The collector of transistor
      Q2 is connected to the source of positive potential. The potential on the
      base of transistor Q2 is controlled by the transistor Q3 which in turn is
      responsive to the peak potential on the collector of transistor Q1. Thus,
      the base of NPN transistor Q3 is connected to the collector of transistor
      Q1. The emitter of transistor Q3 is connected to a fixed voltage point and
      the collector of transistor Q3 is connected through an RC network
      comprised of resistor R4 and capacitor C3 to a source of positive
      potential. The feedback path comprised of transistor Q3 responsive to the
      peak-to-peak voltage swing at the collector of transistor Q1 controls the
      emitter current to transistor Q1 by varying the potential at the base of
      transistor Q2.
PAR  As is well known, the frequency of oscillation is dependent upon the load
      inductance seen by the oscillator 50. The collector of the oscillator
      transistor Q1 is connected to a first input terminal of each of the loop
      input circuits 51. Only one loop input circuit is shown in detail but the
      others are identical. Each loop input circuit includes a bidirectional
      electronic switch 500 comprised of NPN transistors 502 and 504. A channel
      select line is connected through resistors to the bases of the transistors
      502 and 504. As previously discussed, an enabling voltage is applied to
      only one of the channel select lines at a time so that the electronic
      switch 500 in only one of the loop input circuits is active at any one
      time. As shown, the collector of oscillator transistor Q1 is connected
      through the switch 500 to a first terminal of a transformer primary
      winding 506. The second terminal 508 of the transformer primary winding is
      connected to the ground side of the capacitor C2. The transformer
      secondary winding 510 is connected to the roadway loop or loops.
PAR  The waveform appearing at the collector of transistor Q1 will be
      substantially a sine wave at a frequency determined by the inductance seen
      by the active loop input circuit. Differential amplifer 512 produces a
      square wave output constituting the loop signal applied to gate 218 (FIG.
      5) for counting by the L counter 100.
PAR  By transformer coupling the roadway loops to the loop oscillator circuit
      50, certain significant functions are achieved including: (1) common mode
      and differential lightning protection; (2) grounds isolation; (3) common
      mode and low frequency noise rejection. Common mode lightning voltages are
      held off by the primary to secondary insulation of the input transformer.
      Differential lightning protection is afforded by the protective circuit
      comprised of the neon tube 518, Zener diodes 520, and the transformer
      leakage inductance. Grounds isolation and common mode noise rejection are
      the products of the basic transformer action. The limited pass band of the
      transformer contributes low frequency noise rejection.
PAR  Reference is again made to the power monitor 60 of FIG. 1 which functions
      to monitor the supply voltage to detect supply voltage variations beyond
      certain limits. In the event a variation is detected, the power monitor
      circuit 60 supplies a true logic level signal on logic network input
      terminal 62. This action forces the INITIALIZE flip flop 384 of FIG. 8
      true to force the performance of an INITIALIZE process as aforedescribed.
PAR  From the foregoing, it should now be appreciated that an improved vehicle
      detection apparatus has been disclosed herein capable of energizing and
      monitoring multiple independent inductive loop channels.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus useful in conjunction with a plurality of wire loops each
      supported adjacent a different area of a roadway surface for detecting the
      presence of a vehicle on each of said areas, said apparatus comprising:
PA1  oscillator circuit means;
PA1  timing means defining a plurality of sequential phases;
PA1  switching means for coupling said oscillator circuit means to a different
      loop during each of said phases;
PA1  period measurement means for measuring the period of a defined number of
      cycles of said oscillator circuit means during each of said phases;
PA1  first digital storage means storing a plurality of reference numbers each
      corresponding to a different one of said phases;
PA1  a plurality of output devices; and
PA1  first means for comparing the relative magnitude of the period measured
      during each phase with the stored reference number corresponding to that
      phase for selectively supplying a call signal to a different one of said
      output devices during each phase.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said timing means includes a source of
      timing pulses and cyclic digital counter means for counting said timing
      pulses to define during each cycle a plurality of unique digital states
      comprised of sequential groups of successive states, each group defining
      one of said phases.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said period measurement means includes
      a first counter means for counting cycles of said oscillator circuit
      means; and
PA1  second digital storage means for storing the count accumulated by said
      cyclic digital counter means during the interval said first counter means
      is counting said defined number of cycles.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said oscillator circuit means includes:
PA1  a first transistor having a base, collector and emitter;
PA1  a second transistor having a base, collector and emitter;
PA1  means connecting said first transistor collector-emitter path in series
      with said second transistor collector-emitter path;
PA1  feedback circuit means responsive to the peak voltage at said first
      transistor collector for varying the voltage at said second transistor
      base to maintain said peak voltage substantially constant; and
PA1  means connecting said first transistor collector-emitter path to said
      switching means.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said switching means includes a
      plurality of input circuits each for connecting said oscillator circuit
      means to a different loop;
PA1  each of said input circuits including a transformer having primary and
      secondary windings, the secondary winding of each input circuit being
      connected to a different one of said plurality of loops.
NUM  6.
PAR  6. The apparatus of claim 5 wherein each input circuit further includes
      electronic switch means coupling the primary winding thereof to said
      oscillator circuit means.
NUM  7.
PAR  7. Apparatus useful in conjunction with a plurality of wire loops each
      supported adjacent a different area of a roadway surface for detecting the
      presence of a vehicle on each of said areas, said apparatus comprising:
PA1  oscillator circuit means;
PA1  a source of timing pulses;
PA1  cyclic digital counter means responsive to said timing pulses for defining
      a plurality of sequential phases during each cycle;
PA1  switching means for coupling said oscillator circuit means to a different
      loop during each of said phases;
PA1  period measurement means including a first counter means for counting a
      defined number of cycles of said oscillator circuit means during each of
      said phases;
PA1  sample storage means for storing a sample count accumulated during each
      phase by said cyclic digital counter means during the interval said first
      counter means is counting said defined number of cycles of said oscillator
      circuit means;
PA1  reference storage means storing a plurality of reference counts, each
      corresponding to a different one of said phases;
PA1  arithmetic means for determining the difference between the sample count
      accumulated during a phase and the corresponding stored reference count;
      and
PA1  first means responsive to the value of each difference determined by said
      arithmetic means for selectively generating a call signal.
NUM  8.
PAR  8. The apparatus of claim 7 including second means responsive to the value
      of each difference determined by said arithmetic means for selectively
      modifying the stored reference count corresponding thereto.
NUM  9.
PAR  9. The apparatus of claim 7 including means defining first and second
      threshold counts; and wherein said first means is responsive to each
      difference having a value to a first side of the range defined between
      said first and second threshold counts.
NUM  10.
PAR  10. The apparatus of claim 9 including second means responsive to each
      difference having a value within said range for incrementally varying the
      stored reference count corresponding thereto.
NUM  11.
PAR  11. The apparatus of claim 10 including third means responsive to each
      difference having a value to a second side of said range for generating a
      new reference count and replacing the stored reference count corresponding
      thereto with said new reference count.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said means for generating said new
      reference count includes means responsive to the sample count
      corresponding thereto.
NUM  13.
PAR  13. Apparatus including oscillator circuitry adapted to be operatively
      connected to a remote inductive loop for monitoring the frequency of
      oscillation, said apparatus comprising:
PA1  means for measuring the time duration of a defined number of cycles of said
      oscillator circuitry;
PA1  digital storage means storing a reference duration;
PA1  means for determining the difference between said measured time duration
      and said stored reference duration;
PA1  means for determining whether said difference is within a range defined by
      first and second threshold numbers;
PA1  means responsive to said difference being to a first side of said range for
      generating a call signal;
PA1  means responsive to said difference being within said range for selectively
      incrementally varying said stored reference duration; and
PA1  means responsive to said difference being to a second side of said range
      for generating a new reference duration and replacing said stored
      reference duration in said storage means with said new reference duration.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said means for generating said new
      reference duration includes means responsive to said measured time
      duration for generating a new reference duration related to said measured
      time duration.
NUM  15.
PAR  15. The apparatus of claim 13 wherein said means for measuring time
      duration includes:
PA1  a first counter means for counting said oscillations;
PA1  a stable oscillator supplying timing pulses; and
PA1  a second counter means for counting said timing pulses.
NUM  16.
PAR  16. The apparatuus of claim 15 wherein said second counter means comprises
      a cyclic digital counter defining successive cycles, each cycle comprised
      of a plurality of unique digital states; and wherein
PA1  said means for determining said difference is operative during each cycle
      at a time coincident with said second counter means defining particular
      ones of said digital states.
NUM  17.
PAR  17. The apparatus of claim 13 including
PA1  age count means for developing an age count representative of the time
      duration during which said call signal is generated;
PA1  means defining an age threshold; and
PA1  means responsive to the generation of said call signal and said age count
      exceeding said age threshold for incrementally varying said stored
      reference duration.
NUM  18.
PAR  18. The apparatus of claim 13 including timing means defining successive
      cycles;
PA1  a first binary storage device; and
PA1  means for setting said first binary storage device during each successive
      cycle to a first state in response to the generation of said call signal
      and to a second state in response to the absence of a call signal whereby
      said first binary storage device will remain in said first state for so
      long as said call signal is generated during each successive cycle.
NUM  19.
PAR  19. The apparatus of claim 18 including means for defining a PULSE mode;
PA1  a second binary storage device; and
PA1  means for setting said second binary storage device during each successive
      cycle to a first state only in response to the generation of said call
      signal and to said first binary storage device being in said second state.
NUM  20.
PAR  20. The apparatus of claim 13 wherein said means for storing a new
      reference duration includes means responsive to an initialize command
      signal;
PA1  age count means for developing an age count representative of the time
      duration during which said call signal is generated;
PA1  means defining a rephase count; and
PA1  means responsive to said age count means defining a count exceeding said
      rephase count for generating said initialize command signal.
NUM  21.
PAR  21. The apparatus of claim 13 wherein said means for storing a new
      reference duration includes means responsive to an initialize command
      signal;
PA1  power means supplying a predetermined voltage level; and
PA1  monitoring means responsive to variations in said voltage level for
      generating said initialize command signal.
NUM  22.
PAR  22. Apparatus including oscillator circuitry adapted to be operatively
      connected to a remote inductive loop for monitoring the frequency of
      oscillation, said apparatus comprising:
PA1  timing means defining successive cycles;
PA1  period measurement means for measuring during each successive cycle the
      time duration (S) of a certain number of oscillations;
PA1  digital storage means storing a reference duration (H);
PA1  means for determining the difference (S-H) between each measured time
      duration and said stored reference duration;
PA1  means defining a threshold number (T);
PA1  means responsive to (S-H) &lt; for generating a call signal;
PA2  means responsive to 0 .ltoreq. (S-H) .ltoreq. T for incrementally varying
      said stored reference duration; and
PA2  means responsive to (S-H) &gt; T for storing a new reference duration in said
      storage means equal to (S-T).
NUM  23.
PAR  23. The apparatus of claim 22 including switch means for selectively
      defining the value of said threshold number.
NUM  24.
PAR  24. The apparatus of claim 22 wherein said period measurement means
      includes a first counter means for counting said oscillations;
PA1  a stable oscillator supplying timing pulses; and
PA1  a second counter means for counting the number of timing pulses supplied
      during the interval said first counter means is counting said certain
      number of oscillations.
NUM  25.
PAR  25. The apparatus of claim 24 including switch means for selectively
      defining the value of said certain number of oscillations.
NUM  26.
PAR  26. The apparatus of claim 22 including age count means for developing an
      age count representative of the time duration during which said call
      signal is generated;
PA1  means defining an age threshold; and
PA1  means responsive to the generation of said call signal and said age count
      exceeding said age threshold for incrementally varying said stored
      reference duration.
NUM  27.
PAR  27. The apparatus of claim 22 including a first binary storage device; and
PA1  means for setting said first binary storage device during each successive
      cycle to a first state in response to the generation of said call signal
      and to a second state in response to the absence of a call signal whereby
      said first binary storage device will remain in said first state for so
      long as said call signal is generated during each successive cycle.
NUM  28.
PAR  28. The apparatus of claim 27 including means for defining a PULSE mode;
PA1  a second binary storage device; and
PA1  means for setting said second binary storage device during each successive
      cycle to a first state only in response to the generation of said call
      signal and to said first binary storage device being in said second state.
NUM  29.
PAR  29. The apparatus of claim 22 wherein said means for storing a new
      reference duration includes means responsive to an initialize command
      signal;
PA1  age count means for developing an age count representative of the time
      duration during which said call signal is generated;
PA1  means defining a rephase count; and
PA1  means responsive to said age count means defining a count exceeding said
      rephase count for generating said initialize command signal.
NUM  30.
PAR  30. The apparatus of claim 22 wherein said means for incrementally varying
      includes means for reducing said stored reference duration (H) to increase
      said difference (S-H) toward said threshold number (T).
NUM  31.
PAR  31. The apparatus of claim 22 wherein said means for storing a new
      reference duration includes means responsive to an initialize command
      signal;
PA1  power means supplying a predetermined voltage level; and
PA1  monitoring means responsive to variations in said voltage level for
      generating said initialize command signal.
NUM  32.
PAR  32. Apparatus useful in conjunction with a plurality of wires loops each
      supported adjacent a different area of roadway surface for detecting the
      presence of a vehicle on each of said areas, said apparatus comprising:
PA1  oscillator circuit means; and
PA1  a plurality of input circuits each connecting said oscillator circuit means
      to a different one of said plurality of loops;
PA1  each of said input circuits including a transformer having primary and
      secondary windings, the secondary winding of each input circuit being
      connected to a different one of said plurality of loops; and
PA1  each of said input circuits further including an electronic switch means
      coupling the primary winding thereof to said oscillator circuit means.
NUM  33.
PAR  33. The apparatus of claim 32 wherein said oscillator circuit means
      includes:
PA1  a first transistor having a base, collector and emitter;
PA1  a second transistor having a base, collector and emitter;
PA1  means connecting said first transistor collector-emitter path in series
      with said second transistor collector-emitter path;
PA1  feedback circuit means responsive to the peak voltage at said first
      transistor collector for varying the voltage at said second transistor
      base to maintain said peak voltage substantially constant; and
PA1  means connecting said first transistor collector-emitter path to said
      switching means.
NUM  34.
PAR  34. The apparatus of claim 1 including second means for comparing the
      relative magnitude of the period measured during each phase with the
      stored reference number corresponding to that phase for selectively
      modifying that stored reference number.
NUM  35.
PAR  35. The apparatus of claim 1 including abort means actuatable in response
      to a predetermined characteristic of said oscillator circuit means for
      allowing said timing means to define a subsequent phase.
NUM  36.
PAR  36. The apparatus of claim 1 including abort means actuatable in response
      to a predetermined characteristic of said period measurement means for
      allowing said timing means to define a subsequent phase.
NUM  37.
PAR  37. The apparatus of claim 36 including alarm means actuatable in response
      to the actuation of said abort means.
NUM  38.
PAR  38. The apparatus of claim 7 including abort means actuatable in response
      to a predetermined characteristic of said oscillator circuit means for
      allowing said cyclic digital counter means to define a subsequent phase.
NUM  39.
PAR  39. The apparatus of claim 7 including abort means actuatable in response
      to a predetermined characteristic of said period measurement means for
      allowing said cyclic digital counter means to define a subsequent phase.
NUM  40.
PAR  40. The apparatus of claim 39 including alarm means actuatable in response
      to the actuation of said abort means.
NUM  41.
PAR  41. Apparatus useful in conjunction with a plurality of wire loops
      connected to circuitry for producing an oscillating signal therein, each
      loop supported adjacent a different area of a roadway surface for
      detecting the presence of a vehicle on each of said areas, said apparatus
      comprising:
PA1  timing means defining a plurality of sequential phases;
PA1  period measurement means for measuring during each of said phases, the
      period of a defined number of cycles of the oscillating signal in one of
      said loops;
PA1  first digital storage means storing a plurality of reference numbers each
      corresponding to a different one of said loops;
PA1  a plurality of output devices each associated with a different one of said
      loops; and
PA1  first means for comparing the period measured for each loop with a stored
      reference number corresponding to that same loop for selectively supplying
      a call signal to the output device associated with that loop.
NUM  42.
PAR  42. The apparatus of claim 41 including second means for comparing the
      period measured for each loop and the stored reference number
      corresponding to that same loop for selectively modifying that stored
      reference number.
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ABST
PAL  Converter for a fuel pump computer having a register driven by a variator
      normally connected to be driven by a meter wherein the converter is
      attachable to the variator for driving it by a variator drive gear in the
      converter which has a meter driven rotary input and change speed gearing
      for expanding the price range of the computer. In a first setting, the
      rotary input is connected to the variator drive gear in 1:1 drive ratio.
      In a second setting, the rotary input is connected to the variator drive
      gear via the change speed gearing to provide a selected drive ratio for a
      different unit volume of fuel delivered. The settings of the converter are
      changed by an interlock providing an irreversible gear ratio changeover.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to mechanical fuel pump computers of a type employed
      in gasoline dispensing apparatus for establishing and posting a unit
      volume price for a gallon of fuel, registering the volume of fuel
      delivered in gallons and computing and registering the cost of fuel
      delivered in dollars and cents. A conventional mechanical register of a
      type used in such computers is shown and described in U.S. Pat. No.
      2,814,444 of Harvey N. Bliss dated Nov. 26, 1957, entitled "Register" and
      assigned to the assignee of this invention. Such computers also employ
      mechanical variators of a type shown and described in U.S. Pat. No.
      3,413,867 of Richard B. Hamlin dated Dec. 3, 1968, entitled "Variator" and
      assigned to the assignee of this invention. More specifically, this
      invention particularly concerns a converter for such mechanical fuel pump
      computers such as that converter shown and described in U.S. patent
      application Ser. No. 442,476 of Brad Batson filed Feb. 14, 1974, now U.S.
      Pat. No. 3,863,839, entitled "Fuel Pump Computer Converter to
      Quarts/Liters Pricing and Cost Computation" and assigned to the assignee
      of this invention. The converter of the referenced application provides
      for selectively establishing and posting a unit volume price for a quart
      or liter of fuel, registering the volume of fuel deliviered in quarts or
      liters, as the case may be, and registering cost of fuel delivered in
      dollars and cents in accordance with volume of fuel delivered and the
      posted unit volume price.
PAR  A conventional mechanical fuel pump computer incorporates a mechanical
      register having a pair of counters on each of two opposite faces of the
      register for registering, on each of the opposite faces, the cost of fuel
      delivered in dollars and cents and the volume of fuel delivered in
      gallons. Such a register is shown in referenced U.S. Pat. No. 2,814,444.
      The fuel pump computer also incorporates a mechanical variator of the type
      disclosed in referenced U.S. Pat. No. 3,413,867 for establishing and
      posting the unit volume price for a gallon of fuel. The variator is
      connected to be mechanically driven by a conventional gasoline meter so
      that the variator center shaft is rotated four revolutions for each gallon
      of fuel delivered. The variator is also connected for driving the volume
      and cost counters of the register for registering the volume amount of
      fuel delivered in gallons and the cost amount of fuel delivered in dollars
      and cents in accordance with the volume amount of fuel delivered in
      gallons and the gallon unit volume price established by the variator
      setting.
PAR  Because of the increasing cost of gasoline, the price of a gallon of
      gasoline now frequently exceeds the maximum range of 49 and 9/10 cents of
      conventional limited range variators in the field. In the future, the
      price of a gallon of gasoline may exceed the maximum range of 99 and 9/10
      cents of conventional greater range variators in the field.
PAR  Also, consideration is being given to converting to the metric measuring
      system. In this event, the present gallons measure used in fuel pump
      computers may, by requirement or by choice, be changed to a liters
      measure. Because of the foregoing considerations, it may become desirable,
      essential or even mandatory to convert existing mechanical fuel pump
      computers from the present gallon unit volume price setting and gallon
      volume registration of fuel delivered to provide a quart or liter unit
      volume price setting and a volume registration in quarts or liters of fuel
      delivered.
PAR  Therefore, a principal advantage of this invention is in the provision of a
      converter for selectively converting conventional mechanical fuel pump
      computers for establishing and posting a unit volume price in quarts or
      liters, for registering the volume amount of the fuel delivered in
      quarts/liters and registering the cost amount of the fuel delivered in
      dollars and cents in accordance with the volume amount delivered in
      quarts/liters and a quart/liter unit volume price established by the
      setting of the variator.
PAR  Another advantage of this invention is the provision of a new and improved
      converter of the type described which permits field conversion of existing
      conventional computers with minimum inconvenience and down time.
PAR  A further advantage of this invention is the provision of a new and
      improved selectively operable converter for a mechanical gasoline pump
      computer which converter is settable alternatively for establishing either
      a gallon unit volume price and registering the fuel delivered in gallon
      amounts in the conventional manner, or a unit volume price in either
      quarts/liters and for registering the volume amount of fuel delivered in
      quarts/liters.
PAR  Still another advantage of this invention is the provision of a new and
      improved selectively operable converter for a gasoline pump computer which
      may be selectively set from a gallon setting to a quart/liter setting, or
      from a quart setting, e.g., to a liter setting when desired, and which
      once set is irreversible and cannot be reset to its previous setting after
      changeover to a different computation is made.
PAR  Other objects will be in part obvious and in part pointed out more in
      detail hereinafter.
PAR  A better understanding of this invention will be obtained from the
      following detailed description and the accompanying drawings of
      illustrative applications of this invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial front elevational view, partly broken away, of a fuel
      pump having a mechanical computer modified in accordance with this
      invention;
PAR  FIG. 2 is an enlarged elevational view, partly broken away and partly in
      section, of an auxiliary gear box of a modified mechanical computer;
PAR  FIG. 3 is an enlarged cross sectional view, partly broken away, taken
      generally along line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged elevational view, partly broken away and partly in
      section, of another type auxiliary gear box of this invention for a
      modified mechanical computer; and
PAR  FIG. 5 is a top view, partly broken away and with other parts omitted for
      clarity, showing certain components of the gear box of FIG. 4.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail, a gasoline delivery pump 10
      employing a mechanical computer 12 modified in accordance with this
      invention is shown having a nozzle 14 for delivering fuel and a suitable
      nozzle storage receptacle 15 for storing the nozzle 14 between deliveries.
      A meter 16 is conventionally provided in the fuel delivery conduit and has
      a rotary output shaft 17 which rotates at a speed proportional to the
      volume amount of fuel delivered. The meter shaft 17 is suitably connected
      to a lower female coupling 18 of a rotary input shaft 19 of a modified
      variator 20 for rotating the variator input shaft 19 at a rate of four
      revolutions per gallon of fuel dispensed.
PAR  Except as modified as hereinafter described, the variator 20 may be of the
      type described in the aforementioned U.S. Pat. No. 3,413,867 and comprises
      three settable range arms (not shown) of ascending order of significance
      which can be individually manually set into engagement with selected gear
      steps of a cone gear (not shown) to collectively establish the desired
      unit volume price of fuel within a three place price range as fully shown
      and described in U.S. Pat. No. 3,413,867, the subject matter of which is
      incorporated herein by reference. The variator 20 also comprises three
      price posting wheels 21, 22 and 23, corresponding to the three range arms,
      which are mechanically connected to the range arms to automatically post
      the unit volume price established by the settings of the range arms.
PAR  The variator 20 has a center shaft 30 driven by the variator input shaft 19
      (as hereinafter described) and which extends through the variator 20 and
      is connected by a suitable mechanical drive such as at 32 for driving the
      lowest order counter wheels (such as the one shown at 24) of a pair of
      register volume counters such as at 25 for registering the volume amount
      of fuel dispensed.
PAR  A rotary output gear 26 of the variator is rotatably mounted on the
      variator center shaft 30 and is driven by the meter 16 via the variator
      cone gear and variator range arms in accordance with the established unit
      volume price. The output gear 26 is mechanically connected somewhat like
      the variator shaft 30 for driving the lowest order counter wheels (such as
      at the one shown at 37) of a pair of register cost counters such as at 38
      for registering the cost amount of fuel dispensed in accordance with the
      unit volume price established by the variator 20.
PAR  The resettable register volume and cost counters 25 and 38 are of a type
      fully shown and described in the aforementioned U.S. Pat. No. 2,814,444,
      the subject matter of which is incorporated herein by reference. The
      counters of the register are operable by a control handle 39 positioned
      adjacent the nozzle storage receptacle 15 such that the handle 39 has to
      be rotated to its vertical or off position to permit the nozzle 14 to be
      placed in its storage receptacle at the completion of a fuel delivery. The
      nozzle 14 has to be removed from its storage receptacle 15 to permit the
      handle 39 to be rotated to its horizontal or on position. Rotation of the
      handle 39 to its vertical or off position provides for disengaging all
      number wheels for conditioning the register counters to be reset. Rotation
      of handle 39 to its horizontal or on position provides for sequentially
      resetting all number wheels of the volume and cost counters 25 and 38 to
      zero and then re-engaging all wheels for reconditioning the register for
      registering the cost and volume of the next fuel delivery. The register is
      also connected in a known manner as described in U.S. Pat. 2,814,444 to
      provide for de-energizing a motor 46 for a pump 48 when the handle 39 is
      turned to its off position, and for re-energizing motor 46 after the
      volume and cost counters 25, 38 of the register have been reset and the
      register is conditioned for recording the next delivery.
PAR  As more fully described in the aforementioned U.S. Pat. No. 2,814,444, the
      register includes the previously mentioned pair of cost and volume
      counters 25 and 38 on each of two opposed sides of the register, only one
      pair of cost and volume counters being shown in the drawings. The lowest
      order counter wheel of each cost counter 38 is mechanically connected to
      be driven by the meter 16 via the variator 20 for registering the cost of
      each fuel delivery. The lowest order counter wheel of each volume counter
      25 is mechanically connected to be driven by the meter 16 via the variator
      20 for registering the volume of each fuel delivery.
PAR  As described, the conventional mechanical computer is installed to
      establish and post the unit volume price of a gallon of fuel with the
      variator 20, to register the volume amount of fuel delivered in gallons
      and to compute the cost amount of fuel delivered in accordance with the
      number of gallons delivered and the gallon unit volume price established
      by the variator setting.
PAR  A conventional fuel pump computer may be modified from a gallons measure to
      register the volume amount of fuel delivered in quarts and to compute the
      fuel cost in accordance with the number of quarts delivered. Such a change
      may be effected without changing the drive connections between the
      counters 25, 38 and the meter 16, other than the gear ratios. The variator
      20 may be set in a known manner at one-fourth the price of a gallon of
      fuel to provide a quart unit volume price, and the volume and cost
      counters 25 and 38 of the pump register may be modified and their drive
      ratios may be increased and reduced respectively by a factor of four to
      register the total volume and cost of fuel delivered based on the posted
      quart unit volume price. Such a modification may be effected by replacing
      the lowest order volume and cost counter wheels with substitute wheels
      having forty graduations instead of the conventional ten, and a modified
      combination locking ring and transfer gear is provided in the counters 25
      and 38 for indexing the next higher order counter wheel in response to
      rotation of the lowest order wheel of each counter 25, 38. Such
      modification of a conventional computer is fully shown and described in
      the above mentioned U.S. Pat. application Ser. No. 442,476, the subject
      matter of which is incorporated herein by reference.
PAR  Once a computer has been converted as described above, the indicia for the
      counters is accordingly modified. The computer may then also be readily
      converted from a quart unit volume price to a liter unit volume price.
PAR  A unit for readily effecting such conversion is provided in accordance with
      this invention and one embodiment of such a unit is illustrated in FIGS. 2
      and 3. The variator 20 is modified to incorporate a selectively settable
      input gear box or converter 110 on an underside of a conventional base 112
      of variator 20. Input gear box 110 could be installed with the use of
      conventional fasteners, not shown, on the underside of the base 112 when
      variator 20 is originally installed in the pump. If desired, gear box 110
      also can be later installed on an existing variator during a field
      conversion of the computer to establish and post a unit volume price,
      e.g., of a quart or liter of gasoline. For the purpose of permitting
      advance installation of the gear box 110, it is also designed to
      selectively provide a 1:1 drive ratio for gallons pricing and cost
      computation in the conventional manner as described.
PAR  The gear box 110 includes variator drive gear 114 having an upwardly
      projecting hub mounted on a depending end of variator drive center shaft
      30. A diametrically extending opening is formed through variator center
      shaft 30, and a coupling pin 116 is press fit through the opening in shaft
      30 and is received within diametrically opposed axially extending slots
      such as shown at 118 in the hub of variator drive gear 114 to key it for
      rotation to the variator center shaft 30.
PAR  Input shaft 19 of gear box 110 is shown supported for rotation within gear
      box housing 120 inside its bushing 122 which is in coaxial alignment with
      the variator center shaft 30. Input shaft 19 has a compound converter
      drive gear 124 integrally formed on the upper end of shaft 19 in
      concentric relation to shaft 19. The variator drive gear 114 is shown as
      having a boss on its lower surface engaging the confronting surface of
      upper compound gear 124A which serves to support gear 114 for rotation.
      The compound gear 124 is supported on a thrust washer 126 seated on
      housing 120 in surrounding relation to input shaft 19. Input shaft 19 is
      retained against unintended upward axial displacement by a locking ring
      128 fitted within a circumferentially extending groove or annulus in shaft
      19 adjacent a lower surface of housing 120. The variator drive gear 114
      and pin 116 will be understood to be assembled on variator center shaft 30
      before housing 120 is installed on the underside of variator base 112. For
      ease in assembly, a retaining ring 132 is shown fitted within an annulus
      in the hub of variator drive gear 114 such that the ring 132 is engageable
      with opposite ends of pin 116.
PAR  To establish the desired gear ratios for significantly expanding the price
      range of conventional fuel pump computers in accordance with this
      invention, gear box 110 incorporates an axially shiftable converter shaft
      134 mounted parallel to variator center shaft 30 with the converter shaft
      134 supported for rotation within a bushing 136 fitted inside a retaining
      sleeve 138 of housing 120. First, second and third driven gears 140, 142
      and 144 of change speed gearing 145 are coaxially mounted in stacked
      relation to one another on shaft 134 and in meshing engagement
      respectively with first and second compound drive gears 124B, 124A of
      input shaft 19 and the variator drive gear 114. Thrust washer 146 is
      interposed between lower gear 140 and the top of sleeve 138, and a pair of
      thrust washers are shown at 148 and 150 between gears 140, 142 and 142,
      144 respectively.
PAR  Gear 144 is keyed to shaft 134 by a coupling pin 152 press fit to extend
      diametrically through shaft 134 to project through a pair of diametrically
      opposed axially extending slots such as at 154 formed in an upwardly
      extending hub of gear 144. Coupling pin 152 serves as a pivot pin for pawl
      156 received within an axial slot 158 in shaft 134 and is biased in a
      first angular direction, or counterclockwise direction as viewed in FIG.
      2, by spring 160 fitted within a transversely extending chamber 162 formed
      in converter shaft 134 in communication with its axial slot 158 and
      engaging a swinging end of pawl 156. By the above described construction,
      a nose of pawl 156 may be urged by spring 160 into an opening or keyway
      such as at 164 and 166 formed on the inner diameter wall respectively of
      gears 140 and 142.
PAR  The converter shaft 134 and pawl 156 jointly operate as an interlock to
      provide a selective driving connection between input shaft 19 and variator
      drive gear 114 by selectively engaging shaft 134 with gears 140 and 142
      upon axial positioning of the converter shaft 134. In its illustrated
      first operating position, the converter shaft 134 is positioned such that
      pawl 156 provides a driving connection between shaft 134 and gear 140 by
      the drive coupling established by gear 140 and the nose of pawl 156
      received within keyway 164 of gear 140. In this first operating position
      of the converter shaft 134, it is to be understood that a 1:1 drive ratio
      is established for gallons pricing and computation system or possibly
      quart pricing if the register has been modified as described above. For
      example, in the illustrated embodiment, gears 124B, 140, 144 and 114 may
      each be formed with 54 teeth to effect the 1:1 direct drive from input
      shaft 19 to variator center shaft 30.
PAR  In a second operating position of converter shaft 134, pawl 156 is
      disengaged from gear 140, cammed over washer 148 and is engageably locked
      within keyway 166 of gear 142 upon raising the axially shiftable shaft 134
      to establish a drive connection from gear 142 to shaft 134 so that the
      nose of pawl 156 registers with keyway 166 of gear 142. In this second
      operating position of the converter shaft 134, it is to be understood that
      a 56:53 or 1.0566:1 drive ratio reduction is effected from the input shaft
      19 to the variator drive gear 114 for liter pricing upon changeover from a
      previous setting, e.g., for quarts computation and registration. While a
      liter is equal to 1.0567 quarts, the 0.0001 difference between the
      effected gear reduction and that reduction exactly required may be
      accommodated by adjustment of meter 16 within its available adjustment
      range.
PAR  For securing the gear box group in 1:1 drive ratio in the first operating
      position of the converter shaft 134 as illustrated in FIG. 2, a locking
      ring 168 is fitted within an annulus 170 on a depending end of shaft 134
      adjacent sleeve 138 to prevent unintended upward displacement of shaft 134
      out of its 1:1 drive ratio position. To modify the gear ratios, the
      locking ring 168 is first removed to permit the conversion to liter
      pricing. Once converter shaft 134 has been shifted upwardly into its
      second position in driving engagement with gear 142 for liter pricing, the
      gear box 110 is effectively protected against tampering and unauthorized
      changeover since shaft 134 is dimensioned such that its previously exposed
      lower end is withdrawn entirely into the confines of sleeve 138 of housing
      120 with the pawl 156 being captured by washer 148 within keyway 166 and
      thus permanently retaining the shaft 134 in position.
PAR  Accordingly, the computer may be modified by virtue of the above described
      field convertible quarts/liters gear box or converter for selectively
      converting a conventional gasoline pump computer from a gallons
      computation and registration system to either a quart or liter computation
      and registration system. A unit volume price of a quart or liter of
      gasoline thus may be established and posted with the variator 20, and
      thereby substantially expand the maximum available price which may be
      established by the variator setting. The volume amount of fuel delivered
      may be registered in quarts/liters with the register volume counters 25
      and respectively compute with the variator 20 and register with the
      register cost counters 38 the cost of fuel delivered in accordance with
      the unit volume amount of fuel delivered in quarts/liters and the unit
      volume price of a quart/liter of fuel established by the variator setting.
      In addition, once the gear box has been converted to liters computation
      and registration, the gear change is permanently accomplished and the gear
      box is essentially tamper-proof and does not require resealing.
PAR  Another embodiment of a gasoline pump computer converter constructed in
      accordance with this invention is shown in FIGS. 4 and 5. The variator
      converter unit has a variator drive gear 200 supported for rotation by a
      sleeve 202 fitted on a depending end of variator center shaft 204. A pin
      206 is press fit to extend through a diametrical opening in center shaft
      204 and through conforming openings in the sleeve 202 and into
      diametrically opposed axially extending slots 208, 208 formed in the
      variator drive gear 200 to couple the drive gear 200 for rotation with the
      variator center shaft 204.
PAR  As best seen in FIG. 4, the variator drive gear 200 has a lower boss
      extending axially downwardly with a pair of diametrically opposed radial
      openings 210, 210 formed therein for receiving diametrically opposed
      radially outwardly projecting drive lugs 212, 212 formed on an upper end
      of input shaft 214 in equiangularly spaced relation from the axially
      extending slots 210, 210 in the variator drive gear 200. The variator
      drive gear 200 is thus supported on the lugs 212, 212 for rotation
      therewith in driving engagement with input shaft 214 which is supported
      within a bushing 216 of gear box housing 218 and mounted upon a suitable
      thrust washer 220 in coaxial alignment with variator drive gear 200 and
      center shaft 204.
PAR  From the foregoing description, it will be apparent that a direct 1:1 drive
      ratio is provided between input shaft 214 and the variator drive gear 200
      with the driving connection being established between the drive lugs 212,
      212 of the input shaft 214 and the variator drive gear 200.
PAR  A compound gear support shaft 222 is mounted in parallel relation to the
      coaxially arranged input shaft 214 and variator center shaft 204 with the
      support shaft 222 affixed within gear box housing 218 to support compound
      gear 224 for rotation. The compound gear 224 has a first or lower gear
      224A, in constant meshing engagement with a drive spur gear 226 of input
      shaft 214, and a second or upper gear 224B. Compound gear 224 simply idles
      when variator drive gear 200 is in direct 1:1 driving relation to input
      shaft 214.
PAR  To convert the variator from a gallons computation and registration system,
      e.g., to a liters computation and registration system, a slide 230 is
      provided and is shown supported on an upper shoulder of the input shaft
      214 surrounding its hub. Slide 230 is so designed and dimensioned to shift
      from its illustrated first operating position to drive the variator drive
      gear 200 from its illustrated position upwardly into a raised position in
      meshing engagement with the upper gear 224B of compound gear 224. To
      effect quick and easy but irreversible field conversion, slide 230 is
      provided with an operating handle 232 which is shown as having bifurcated
      parts projecting generally horizontally outwardly through a side wall
      opening 234 in housing 218 below the variator base. Opposite its handle
      232, slide 230 has an upstanding free-end with a reversely turned lip 236
      which serves as a stop to prevent any substantial unintended upward
      movement of the variator drive gear 200 when the slide 230 is in its
      illustrated first operating position and the converter is in a first
      setting for gallons computation and registration. The slide 230 is
      normally retained in its illustrated position by a removable pin, not
      shown, which is lightly press fit through suitable openings 238 formed in
      the bifurcated handle parts adjacent the outside wall surface of housing
      218.
PAR  When it is desired to establish a liters computation and registration
      system, the pin is removed from opening 238 and slide 230 is moved to the
      left as viewed in FIG. 4. Such movement causes an inclined camming surface
      240 of slide 230 to drivingly engage an underside of the variator drive
      gear 200 to axially shift it upwardly along its support sleeve 202 as
      slide 230 and its lip 236 move to the left thereby to raise variator drive
      gear 200 into meshing engagement with the upper gear 224B of compound gear
      224 to establish a driving connection with change speed gearing 224, 226
      and to simultaneously move abutment or lip 236 to the left from its
      illustrated position of FIG. 4 and into a position in non-interfering
      relation to drive gear 200.
PAR  Upon variator drive gear 200 being moved into meshing engagement with the
      compound gear 224, the handle 232 of slide 230 is then positioned in its
      entirety within the confines of housing 218 to establish a second
      operating position of the slide. The sidewall opening 234 in housing 218
      and the bifurcated slide handle 232 are relatively dimensioned such that
      the bifurcated handle parts are increasingly pressed together as the
      handle moves to the left until the conversion is complete at which time
      the handle 232 is received within the gear box housing 218 and the
      bifurcated handle parts provide a spring return as relieved terminal ends
      on opposite side surfaces of the handle 232 ride over the housing walls
      surrounding side opening 234 to lock the handle 232 within the gear box
      housing 218 with locking shoulders 242, 242 of the bifurcated handle parts
      engaging the inner wall surfaces of the gear box housing 218 and
      positively preventing the converter from being reset to its original
      gallons setting once the changeover to a different computation such as
      liters has been made.
PAR  Depending on the drive ratio established between the input shaft 214 and
      variator drive gear 200 when it is in its raised position, the converter
      may be employed to provide a changeover from Imperial gallons, e.g., to
      liters, or from standard United States gallons to liters or from standard
      United States gallons to quarts through the change speed gearing 224, 226,
      200. To provide a conversion from Imperial gallons to liters, a drive
      ratio increase of 1:4.545 is established from the input shaft 214 to the
      variator drive gear 200 through the gear box, for example, by providing
      gears 226, 224A, 224B and 200 with 50, 16, 32 and 22 teeth, respectively.
      With respect to effecting a conversion from United States gallons to
      liters, the gear box drive ratio speed up is 1:3.786, for example, by
      providing gears 226, 224A, 224B and 200 with 53, 21, 36 and 24 teeth,
      respectively. Likewise, for converting from United States gallons to
      quarts, the gear box drive ratio increase of 1:4 may be established by
      providing gears 226, 224A, 224B and 200 with 48, 16, 32 and 24 teeth,
      respectively. If desired, a conversion unit of the type described may also
      be provided for effecting a conversion from quarts to liters or from
      liters to quarts by the provision of a suitable gear box group.
PAR  The converter of this invention will be seen to provide facile field
      conversion of existing conventional computers, as well as to provide for
      prior installation of the converter unit in a new gasoline pump computer.
      Once a conversion has been made, it will be seen to be permanent; no
      resealing of the variator is normally required.
PAR  As will be apparent to persons skilled in the art, various modifications,
      adaptations and variations of the foregoing specific disclosures can be
      made without departing from the teachings of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use with a mechanical fuel pump computer having a variator and a
      register wherein the variator has an input shaft normally driven by a fuel
      meter in accordance with the volume of fuel delivered and is settable to
      establish a selected unit volume fuel price and wherein the register has a
      resettable volume counter drivingly connected to the meter via the
      variator to reflect total volume of each fuel delivery and a resettable
      cost counter connected to be driven by the meter via the variator in
      accordance with its setting to provide a price readout of the total cost
      of each fuel delivery, a converter usable for expanding the price range of
      the computer and for setting the computer to compute and register total
      volume and cost of each fuel delivery based on a price for a first unit
      volume and alternatively for another unit of reduced volume, the converter
      comprising a converter housing attachable to an underside of the variator,
      a meter driven rotary input and a rotary output, the rotary output
      including a variator drive gear, a selectively settable drive connection
      between the rotary input and the variator drive gear for driving the
      rotary output at a first drive ratio setting from the rotary input to the
      variator drive gear for computation and registration of fuel deliveries in
      preselected units of volume and alternatively at a second drive ratio
      setting for computation and registration of fuel deliveries in units of
      different volume from that established in said first setting, and an
      interlock movable from a first operating position to a second operating
      position to change the drive ratio from said first setting to said second
      setting, the interlock extending outside the housing in said first
      operating position, and means inside the housing engageable with the
      interlock in said second operating position to positively prevent return
      movement thereof to said first operating position.
NUM  2.
PAR  2. The converter of claim 1 wherein the interlock in its second operating
      position is permanently confined within the converter housing and is
      positively locked therein against return movement from said second
      operating position to said first operating position.
NUM  3.
PAR  3. The converter of claim 1 wherein the rotary input and variator drive
      gear are supported for rotation in coaxial alignment, and wherein the
      selectively settable drive connection includes intermediate change speed
      gearing between the rotary input and variator drive gear for establishing
      said second drive ratio setting.
NUM  4.
PAR  4. The converter of claim 3 wherein first and second compound drive gears
      are fixed to the rotary input, wherein the interlock includes an axially
      shiftable converter shaft mounted on the housing, wherein the intermediate
      change speed gearing includes first, second and third driven gears
      coaxially supported for rotation on the converter shaft in meshing
      engagement respectively with the first and second compound drive gears and
      the variator drive gear, wherein the interlock further includes a pawl
      pivotally supported by the converter shaft and biased in a first angular
      direction for driving engagement selectively with the first and second
      driven gears, and wherein said means inside the housing comprises the
      first and second driven gears engageable with the pawl for establishing
      the first and second drive ratio settings in accordance with the axial
      setting of the converter shaft in said first and second operating
      positions.
NUM  5.
PAR  5. The converter of claim 4 wherein the pawl is disengageable from said
      first driven gear upon moving the converter shaft in a first axial
      direction from said first operating position into said second operating
      position, the pawl being engageable with said second driven gear upon
      movement of the converter shaft into said second operating position, and
      wherein a spring biases the pawl in said first angular direction toward
      engagement with the driven gears such that the pawl positively prevents
      reverse movement of the converter shaft in a direction opposite said first
      axial direction of movement.
NUM  6.
PAR  6. The converter of claim 4 wherein the axially shiftable converter shaft
      is received in its entirety within the confines of the converter housing
      in its said second operating position.
NUM  7.
PAR  7. The converter of claim 3 wherein the interlock comprises a slide
      received in the housing and having a camming surface engageable with the
      variator drive gear, the slide having an operating handle which in said
      first operating position of the slide extends through a wall opening in
      the housing with at least a part of the handle exposed outside the
      housing, and wherein the slide is movable by its operating handle to said
      second operating position to cause the camming surface of the slide to
      engage and move the variator drive gear into meshing engagement with the
      intermediate change speed gearing to establish said second drive ratio
      setting.
NUM  8.
PAR  8. The converter of claim 7 wherein the operating handle of the slide upon
      movement thereof into its said second operating position is permanently
      retained in its entirety with the confines of the housing, thereby to
      prevent return movement of the slide to its said first operating position.
NUM  9.
PAR  9. The converter of claim 7 wherein the slide operating handle has
      bifurcated parts with relieved terminal ends providing locking shoulders,
      wherein the housing wall opening is so dimensioned relative to the
      bifurcated handle parts that the housing causes the handle parts to be
      pressed toward one another during slide movement through the housing wall
      opening, wherein the bifurcated handle provides a spring return of its
      handle parts once the relieved terminal ends pass through the housing wall
      opening and establish said second operating position of the slide, and
      wherein said means inside the housing comprises an interior surface of the
      housing wall adjacent its opening to positively lock the slide within the
      housing against withdrawal to make said second drive ratio setting
      irreversible without disassembly of the housing from the variator.
NUM  10.
PAR  10. The converter of claim 7 wherein the slide has an abutment opposite its
      handle with the abutment normally positioned between the variator drive
      gear and the intermediate speed change gearing when the slide is in its
      said first operating position, whereby the abutment interferes with
      inadvertent movement of the variator drive gear toward the intermediate
      speed change gearing when the first drive ratio setting is established.
NUM  11.
PAR  11. The converter of claim 10 wherein the slide abutment is moved into
      non-interfering relation to the variator drive gear upon movement of the
      slide from its said first operating position to said second operating
      position.
NUM  12.
PAR  12. The converter of claim 1 wherein said first drive ratio setting
      establishes a 1:1 drive ratio from the rotary input to the variator drive
      gear for gallons computation and registration of fuel deliveries, and
      wherein said second drive ratio setting establishes computation and
      registration of fuel deliveries in units of relatively reduced volume with
      respect to said gallons units of volume.
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ABST
PAL  Computing apparatus for producing a digital output equal to
      ##EQU1##
      where N.sub.1 is a preset digital factor and V.sub.1 and V.sub.2 are
      analogue input signals. The apparatus includes a pulse generator arranged
      to receive in turn each of the signals V.sub.1 and V.sub.2 and to generate
      pulses at a frequency proportional to the magnitude of the signal, a
      counter for counting pulses received from the generator, timing means for
      measuring the time T taken for the count in the counter to reach the value
      N.sub.1 when signal V.sub.1 is applied to the pulse generator, means for
      resetting the counter, and means for extracting the count in the counter
      after a time equal to time T has elapsed during a counting operation with
      signal V.sub.2 applied to the pulse generator.
BSUM
PAR  THIS INVENTION relates to computing apparatus.
PAR  According to this invention there is provided computing apparatus for
      providing a digital output proportional to the ratio of the magnitudes of
      two analogue input signals multiplied by a predetermined digital factor,
      comprising a pulse generator adapted to receive in turn each of the
      analogue input signals and to generate pulses at a frequency proportional
      to the magnitude of the input signal, a counter connected to the pulse
      generator and adapted to count pulses received therefrom, timing means
      adapted to measure the time elapsed from the beginning of a counting
      operation of the counter, a store adapted to store the value of the
      elapsed time measured by the timing means when, during supply of one of
      the two analogue input signals to the pulse generator, the count in the
      counter reaches a value equal to the predetermined digital factor, means
      for resetting the counter, the counter providing the required output when,
      during supply of the other analogue input signal to the pulse generator,
      the time elapsed from the beginning of the counting operation is equal to
      the value held in the store.
PAR  Suitably, the timing means comprises a second pulse generator adapted to
      supply pulses at fixed frequency to a second counter, and the store is
      adapted to receive a count transferred from the second counter.
PAR  Preferably, the predetermined digital factor can be varied in response to a
      manual input to the apparatus.
PAR  The analogue input signals may, for example, be voltage signals
      representing respectively the total mass of protein and masses of
      individual proteins derived from a photometric scan of an electrophoresis
      strip obtained in an electrophoresis evaluation of a protein sample.
DRWD
PAR  One embodiment of the invention will now be described, by way of example,
      with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a block diagram of apparatus according to the invention, and
PAR  FIG. 2 is a graph of an electrical voltage signal derived from a
      photometric scan of a protein electrophoresis sample.
DETD
PAR  The apparatus shown in FIG. 1 forms part of equipment for computing
      individual protein masses from a sample subject to an electrophoresis
      process. The equipment includes conventional photometric apparatus for
      scanning an electrophoresis strip and producing a voltage signal
      proportional to the light absorbance of each part of the sample as it
      passes through the light beam of the photometric apparatus. A typical form
      of the voltage signal generated is shown in FIG. 2, each peak 2
      correspondence to the presence of an individual protein on the
      electrophoresis strip. The equipment also includes integration apparatus
      adapted to measure the area under each peak of the graph, e.g. the area
      shown hatched at 4 in FIG. 2, and the total area under the graph and to
      generate voltages proportional to these areas. These areas are
      respectively proportional to the masses of individual proteins and the
      total mass of the protein sample. Thus, if the integration apparatus
      generates a voltage V.sub.1 proportional to the total area under the graph
      and a voltage V.sub.2 proportional to the area under an individual peak,
      and if the total protein mass (which may be separately measured in any
      suitable manner) is N.sub.1, then the mass of the individual protein
      represented by the peak is given by
      ##EQU2##
PAR  Referring to FIG. 1, apparatus for computing the value of N.sub.2 comprises
      a variable-frequency oscillator 10 which generates pulses at a frequency
      proportional to an input voltage applied to the oscillator through a
      switch means 11, the pulses being supplied through a gate 12 to a first
      counter 14. The count in counter 14 is compared by a digital comparator 16
      with a number, corresponding to the value N.sub.2, which can be manually
      set by means of a multi-position switch 18, which may be of the type
      commonly known as a thumbwheel switch. The output of comparator 16 is
      supplied to the control logic 30 of the apparatus. A reference oscillator
      20 supplies pulses at fixed frequency, through gate 22, to a second
      counter 24, the oscillator thus acting as a reference clock. The count in
      counter 24 can be transferred to a digital store 26, and the count stored
      in 26 can be compared with a subsequent count in counter 24 by a second
      digital comparator 28, the output of which is supplied to the control
      logic 30.
PAR  In operation, thumbwheel switch 18 is manually set to a number
      corresponding to the total protein mass. Voltage V.sub.1, corresponding to
      the total area under the graph of FIG. 2, is applied to the input of
      oscillator 10 through switch 11, after a scan of the electrophoresis strip
      has been completed and the total area integral computed. A signal supplied
      through an input line 32 to control logic circuitry 30 causes it to supply
      resetting signals to both counters 14 and 24, and subsequently to open
      gates 12 and 22, so that pulses from the oscillators are supplied to
      counters 14 and 24, the frequency of pulses supplied by oscillator 10
      being proportional to the voltage V.sub.1. When the count of the first
      counter 14 has reached a value equal to the number set by thumbwheel
      switch 18, the comparator 16 supplies a signal to control logic 30, which
      then causes gates 12 and 22 to close, and subsequently causes the count in
      counter 24 to be transferred to store 26. This latter count represents the
      time taken for the count in counter 14 to reach the value set by the
      thumbwheel switch, this time being proportional to the value of
      ##EQU3##
PAR  The voltage V.sub.2 is then supplied to oscillator 10 in place of voltage
      V.sub.1, and a signal supplied through line 34 to control logic 30 causes
      it to supply resetting pulses to the counters 14 and 24 and subsequently
      to open gates 12 and 22. Pulses are thus again supplied by the oscillators
      to the counters, the frequency of pulses supplied to counter 14 being
      proportional to voltage V.sub.2. When the count in counter 24 becomes
      equal to the count stored in store 26, comparator 28 supplies a signal to
      the control logic which causes gates 12 and 22 to close. Since at this
      point the time elapsed since the beginning of the counting cycle is the
      same as the elapsed time in the first cycle, the count in the first
      counter 14 at this point is equal to
      ##EQU4##
PAR  The output taken from counter 14 at this point therefore gives the desired
      calculated value.
PAR  The second cycle can be repeated with input voltages V.sub.2 derived from
      the other peaks of the graph, the stored value representing N.sub.1
      /V.sub.1 remaining the same.
PAR  If the switch 18, instead of being set to a number corresponding to the
      total protein mass is set to a number corresponding to the factor 100, the
      output of the apparatus will be
      ##EQU5##
      i.e. the individual protein mass expressed as a percentage of the total
      protein mass.
PAR  The described computing apparatus may be used with apparatus of the kind
      described in co-pending application Ser. No. 457,848 filed Apr. 4, 1974,
      in place of or in addition to the analogue computing circuitry shown
      therein. The apparatus of the co-pending application includes a scanning
      mechanism for photometric scanning of an electrophoresis strip, circuitry
      for detecting minima or "troughs" in a voltage curve produced in response
      to the photometric scan, and an integrator for calculating the area
      beneath each peak of the curve and the total area beneath the curve. In
      that case, the signal to control line 32 may be derived from the scanning
      mechanism, the signal being provided automatically when the mechanism has
      completed a scan across the strip in each direction, and the signal to
      control line 34 may be derived from the trough detector circuitry, the
      detection of a trough indicating that a peak has just been scanned and
      that the output of the integrator at that instant indicates the area under
      that peak. Switch 11 may similarly be actuated automatically in response
      to control signals derived from the scanning mechanism.
CLMS
STM  We claim:
NUM  1.
PAR  1. Computing apparatus for providing a digital output proportional to the
      ratio of the magnitudes of two analogue input signals multiplied by a
      predetermined digital factor, comprising a pulse generator for receiving
      in turn each of the analogue input signals and for generating pulses at a
      frequency proportional to the magnitude of the input signal, a counter
      connected to the pulse generator for counting pulses generated thereby,
      timing means for measuring the time elapsed from the beginning of a
      counting operation of the counter, store means for storing the value of
      the elapsed time measured by the timing means when, during a first
      counting operation with one of the analogue signals supplied to the pulse
      generator, the count in the counter reaches a value equal to the
      predetermined digital factor, means for re-setting the counter, and means
      for providing an output equal to the count in the counter when, during the
      subsequent supply of the other analogue signal to the pulse generator, the
      time elapsed from the beginning of a further counting operation is equal
      to the value held in the store means.
NUM  2.
PAR  2. Computing apparatus as claimed in claim 1, in which the timing means
      comprises a second pulse generator for generating pulses at a constant
      frequency, and counting means for counting pulses generated by the second
      pulse generator.
NUM  3.
PAR  3. Computing apparatus as claimed in claim 2, in which the counting means
      is a second counter and the store means comprises a separate store
      connected to the second counter so as to receive and store the count held
      therein when the count in the first counter is equal to the predetermined
      digital factor, there being provided means for resetting the second
      counter after transfer of the count to the store.
NUM  4.
PAR  4. Computing apparatus as claimed in claim 3, in which there is provided a
      digital comparator connected to the second counter and the store for
      providing a control signal to control circuitry of the apparatus when,
      during said further counting operation, the count in the second counter
      equals the value held in the store.
NUM  5.
PAR  5. Computing apparatus as claimed in claim 1 in which the predetermined
      digital factor is variable in response to a manual input to the apparatus.
NUM  6.
PAR  6. Computing apparatus as claimed in claim 5, in which there is provided a
      manually settable device adapted to store the predetermined digital
      factor.
NUM  7.
PAR  7. Computing apparatus as claimed in claim 6, in which there is provided a
      digital comparator connected between the manually settable device and the
      first counter for providing a control signal to control circuits of the
      apparatus when the count in the counter is equal to the factor stored in
      the device.
NUM  8.
PAR  8. Computing apparatus as claimed in claim 7, in which the manually
      settable device is a multi-position switch.
NUM  9.
PAR  9. Computing apparatus as claimed in claim 1, for receiving analogue
      voltage signals, in which the pulse generator is a voltage controlled
      oscillator.
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PAL  Electronic ramp function generator having a resolution of 2.sup.p = 2.sup.q
      .times. 2.sup.r comprising a coarse digital function generator which
      provides a ramp consisting of 2.sup.q equally spaced steps all of equal
      height, and a second and synchronized digital function generator which is
      connected to fill in each of the steps of the coarse ramp with 2.sup.r
      finer steps.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A ramp function generator is used to provide an electrical signal whose
      value increases linearly with time. Among other applications, such a
      signal can be used as a `demand` for a servo control loop such as that
      incorporated in a material testing machine. In a material testing
      application, a ramp function generator is used to demand, say, a load of a
      test specimen that increases at a steady rate. The important features of
      this demand signal are that:
PA1  A. It should be possible to stop, start, and reverse it when required.
PA1  B. That, in the stop condition, the signal will not drift.
PA1  C. That the ramp, i.e. the rate of variation of the signal with time, shall
      be variable over a very wide range.
PA1  D. That the signal shall increase or decrease smoothly.
PAR  It is possible by analogue signal generation utilizing an integrating
      amplifier, to provide a smooth signal, i.e. one which increases in truly
      linear fashion with time and without steps, but the other requirements are
      not met.
PAR  A digital technique is therefore more frequently used, a typical example
      being shown in FIG. 1 of the accompanying drawings.
PAR  This includes a binary counter 100, having its input connected to a
      variable frequency oscillator 110 and its output connected to a
      digital-to-analogue (D/A) converter 120. The output signal of the
      converter approximates to the desired linearly increasing ramp signal AB
      (FIG. 2) but in fact consists of a series of discrete steps as shown
      greatly exaggerated in FIG. 2, the steps corresponding to the units
      counted in the counter. The number of steps therefore increases with
      increase in the number of bits in the counter and so approaches more
      closely to the ideal as the number of bits is increased. Apart from lack
      of smoothness of the output signal arising from the relatively low
      resolution, all the other requirements are met. The slope of the ramp may
      be varied by altering the frequency of the oscillator. The signal may be
      reversed by causing the counter to count negatively and may be stopped
      precisely. In the stop condition it will not drift. This is important in
      tests for creep.
PAR  The resolution presently available from a signal generator of this kind
      does not exceed 4000-8000 bits per ramp. While this is adequate for many
      purposes it does not suffice for the tensile and fatique testing of very
      stiff specimens.
PAR  With a view to improving the resolution we investigated the possibility of
      filling up the steps in the ramp by applying an additional voltage derived
      from an integrating amplifier. This, however, was not feasible because we
      found that, while the steps in the ramp occur at regularly timed
      intervals, they are not precisely equal in height, due to tolerances in
      resistors which are switched into and out of operation in the D/A
      converter and in the switches which effect this switching.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an electronic ramp function generator capable of
      providing a very high degree of resolution, which may in suitable cases be
      as high as 1,000,000, and therefore a very smoothly increasing or
      decreasing signal. The generator of the invention further provides a
      signal which is capable of being stopped, started, and reversed when
      required, is drift-free in the stop condition, and has a rate of variation
      with time which is variable over a very wide range.
PAR  In general the invention features an electronic ramp function generator
      having a resolution of 2.sup.p =  2.sup.q .times.  2.sup.r comprising a
      coarse digital function generator, which provides a ramp consisting of
      2.sup.q equally spaced steps all of equal height, and a second and
      synchronized digital function generator which is connected to fill in each
      of the steps of the coarse ramp with 2.sup.r finer steps.
PAR  Preferred embodiments feature a coarse digital function generator
      comprising a first counter pulsed by a high frequency oscillator, a second
      counter pulsed at a variable much lower frequency, both counters having q
      bits, a comparator for comparing the counts in the two counters and
      arranged to emit a signal upon identity of the counts, a latch which is
      set by the comparator each time it provides a signal and reset by the
      first counter each time it returns to zero, and a modulator for converting
      the pulse train of varying mark/space ratio at the output of the latch to
      a voltage proportional to said mark/space ratio which varies in 2.sup.Q
      steps; a modulator in the coarse digital function generator comprising a
      switching transistor which is connected to the output of the latch and
      which conducts only when the voltage in the pulse train at said output is
      high, a constant current generator, a resistor and a diode between the
      constant current generator and the resistor which permits of current flow
      through the resistor only at times when the transistor is not conducting;
      and a second digital function generator comprising a third counter having
      r bits, pulsed at a frequency greater than the second counter and arranged
      to pulse the second counter each time it completes a count, a
      digital-to-analogue converter connected to the output of the third counter
      and a connection through a scaling resistor from the output of the
      converter to a point between the diode and the resistor.
PAR  Other advantages and features of the invention will be apparent from the
      description and drawings herein of a preferred embodiment thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a typical known digital technique for ramp
      generation;
PAR  FIG. 2 is a voltage-time plot of the output of the converter of FIG. 1;
PAR  FIG. 3 is a circuit diagram illustrating one embodiment of the present
      invention;
PAR  FIG. 4 comprises plots (a) through (c) showing the formation of the train
      of pulses produced at the output of the latch; and
PAR  FIG. 5 is a voltage-time plot illustrating the filling in of the steps of
      the ramp produced by the coarse digital function generator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 3, the circuit includes a high frequency oscillator 10
      having a frequency of 10.48576 MHz and having one output connected to the
      input of an eight bit binary counter C.sub.1 and another output connected,
      through an adjustable rate multiplier 11, to the input of a twelve bit
      binary counter C.sub.3. The rate multiplier 11, which is adjustable by
      rotary thumb switches, reduces the frequency at the input to the counter
      C.sub.3 by a variable fraction, e.g. 0.1, 0.01, -- of that at the output
      of the oscillator 10. Whenever the counter C.sub.3 completes its count, it
      applies a pulse to the input of an eight bit binary counter C.sub.2, which
      therefore receives pulses at a much lower frequency than the counter
      C.sub.1 depending on the adjustment of the rate multiplier 11.
PAR  A digital comparator 12 compares the counts in the counters C.sub.1 and
      C.sub.2 and, whenever there is identity of count, sends a signal to an
      electronic latch 13, constituted by two cross-connected NAND gates 14, to
      set the latch which is reset each time the counter C.sub.1 terminates its
      count and returns to zero.
PAR  FIG. 4 shows in simplified diagrammatic form, superposed at a, the counts
      of the counters C.sub.1 and C.sub.2. At b are shown the output signals
      from the comparator 12, which occur at progressively increasing intervals
      following return to zero of the count in the counter C.sub.1. The output
      of the latch 13 is thus, as shown at c, a train of square pulses in which
      the mark/space ratio m (m indicating the proportion of the total period of
      each pulse occupied by the negative going portion of the pulse train)
      increases in equal steps as the count proceeds in the counter C.sub.2. The
      counters C.sub.1 and C.sub.2, the comparator 11, and the latch 13 thus
      constitute a mark-space generator.
PAR  The pulse train at the output of the latch 13 is translated into a ramp
      function by a modulator including a switching transistor T, having its
      base at zero potential, in association with a constant current generator
      constituted by a high impedance operational amplifier A.sub.1, a diode
      D.sub.2 and two equal resistors R.sub.1a and R.sub.1b. Another high
      impedance operational amplifier A.sub.2, with a resistor R.sub.2 and a
      capacitor C connected in parallel across it, is connected to the constant
      current generator through a diode D.sub.1 having the same characteristics
      as the diode D.sub.2.
PAR  When the voltage in the pulse train applied to the emitter of the
      transistor T is low (i.e., during the mark periods m ), no current flows
      through the transistor but a negative current flows from a voltage source
      Vref through the amplifier A.sub.1, the resistor R.sub.1b, the diode
      D.sub.1, and the resistor R.sub.2, the amplifier A.sub.2 passing no
      significant current due to its high impedance. When, however, the voltage
      in the pulse train at the output of the latch 13 is high, the transistor T
      conducts and the negative current from the source Vref is diverted through
      the transistor, the diode D.sub.1 receiving a reverse bias so that no
      current flows through it or the resistor R.sub.2. The diode D.sub.2
      provides a bias to balance the forward voltage drop across the diode
      D.sub.1.
PAR  The voltage at the output of the amplifier A.sub.1 is -(Vref + V D.sub.2)
      where V D.sub.2 is the voltage drop across the diode D.sub.2. The current
      flowing through the resistor R.sub.1b would therefore, if it flowed
      continuously, be
      ##EQU1##
      where V D.sub.1 is the voltage drop across the diode D.sub.1 and R.sub.1
      is the resistance of the resistor R.sub.1b. As the diodes are matched this
      reduces to
      ##EQU2##
      Since, however, current flows through the diode D.sub.1 only during the
      mark periods m, the average current through the resistor R.sub.2 is
      ##EQU3##
      and the voltage at the output of the amplifier A.sub.2 is
      ##EQU4##
      i.e. a voltage which increases in a series of 256 equal steps upon
      increase in the value of m, each step representing
      ##EQU5##
PAR  The modulator thus derives from the pulse train at the output of the latch
      13 a voltage proportional to the mark/space ratio m which in this case is
      the proportion of each cycle of the pulse train occupied by the low
      voltage periods of the train. As an alternative the modulator could be
      made responsive to the duration of the high voltage periods.
PAR  The voltage at the output of the amplifier A.sub.2 arising from the
      mark/space generator and the modulator is thus a ramp function consisting
      of 256 steps as indicated diagrammatically in FIG. 5.
PAR  While the capacitor C has a smoothing effect on the ripple in the output
      voltage the output signal is nevertheless passed through one or more low
      pass filter stages to remove residual ripple. Such a filter stage is
      indicated at 15 in FIG. 3.
PAR  The circuit so far described produces a ramp having 256 discrete bit steps
      so that, so far, no increase in resolution has been obtained. Nevertheless
      all steps are of precisely equal height so that it is possible to fill in
      the steps, as indicated much exaggerated in FIG. 5, by use of the
      digital-to-analogue technique. The line CD indicates the filled in ramp
      but the portion of this line bridging each step itself consists of a large
      number of 2.sup.12 , i.e. 4096, minute steps.
PAR  The filling up voltage is derived from a twelve bit D/A converter 16 having
      an input connected to an output of the counter C.sub.3 and its output
      connected through a scaling down resistor R.sub.3 to a point between the
      diode D.sub.1 and the resistor R.sub.2. This adds to the current
      ##EQU6##
      flowing through the resistor R.sub.2 a current scaled down to 1/256th of I
      and increasing at each step of the ramp shown in FIG. 5 in 2.sup.12 steps
      as the count in the counter C.sub.3 increases. Each coarse step of the
      ramp shown in FIG. 5 is thus filled in with 4096 minute steps to produce a
      total resolution of 2.sup.20. A D/A converter similar in operation to the
      one described here is the Hewlett Packard Model 5311A Digital-to-Analog
      Converter.
PAR  As an alternative the D/A converter 16 could be replaced by a mark/space
      generator and associated modulator similar to those utilized for the
      production of the coarse step ramp.
PAR  Other embodiments within the invention will be apparent to those skilled in
      the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic ramp function generator having a resolution of 2.sup.p =
      2.sup.q .times. 2.sup.r comprising:
PA1  a coarse digital function generator which provides a ramp consisting of
      2.sup.q equally spaced coarse steps all of equal height, and
PA1  a second and synchronized digital function generator which is connected to
      fill in each of the steps of the coarse ramp with 2.sup.r finer steps,
PA1  said coarse function generator comprising a first counter pulsed by a high
      frequency oscillator, a second counter pulsed at a variable lower
      frequency, both counters having q bits, a comparator for comparing the
      counts in said two counters and arranged to emit a signal upon identity of
      the counts, a latch which is set each time said comparator provides a
      signal and reset each time said first counter returns to zero, and a
      modulator for converting the pulse train of varying mark/space ratio at
      the output of said latch to a voltage proportional to said mark/space
      ratio which varies in 2.sup.q steps.
NUM  2.
PAR  2. The ramp function generator of claim 1, said modulator comprising:
PA1  a switching transistor which is connected to the output of the latch and
      which conducts only when the voltage in the pulse train at said output is
      high,
PA1  a constant current generator, and
PA1  a resistor and a diode between said constant current generator and said
      resistor which permits of current flow through the resistor only at times
      when the transistor is not conducting.
NUM  3.
PAR  3. The ramp function generator of claim 2, said second function generator
      comprising:
PA1  a third counter having r bits, pulsed at a frequency greater than said
      second counter and arranged to pulse said second counter each time it
      completes a count,
PA1  a digital-to-analogue converter connected to the output of the third
      counter, and
PA1  a connection through a scaling resistor from the output of the converter to
      a point between the diode and the resistor.
NUM  4.
PAR  4. An electronic ramp function generator having a resolution of 2.sup.p =
      2.sup.q .times. 2.sup.r comprising:
PA1  a coarse digital function generator which provides a ramp consisting of
      2.sup.q equally spaced coarse steps all of equal height, and
PA1  a second and synchronized digital function generator which is connected to
      fill in each of the steps of the coarse ramp with 2.sup.r finer steps,
PA1  said coarse function generator comprising a first counter pulsed at a first
      frequency, a second counter pulsed at a second variable frequency lower
      than said first frequency, and means for comparing the sum count in each
      of said counters, for producing an output signal each time that said sum
      counts are identical, and for converting said signal to a further output
      related to the value of the common sum count when said sum counts are
      identical to produce said ramp of 2.sup.q steps.
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ABST
PAL  A program control system is disclosed wherein the coordinates of a
      plurality of specified points of a prescribed path in the space to be
      traced by a manipulator assembly which are spaced apart from each other by
      a line segment of the same unit length are stored in a storage device in a
      teaching mode, and one set of coordinates of the adjacent specified points
      are simultaneously and sequentially read out from the storage device in a
      repeat mode so that the position command signals or coordinates of a
      plurality of interpolation points between the adjacent specified points
      are obtained by linear interpolation and are sequentially compared, at a
      predetermined time interval, with the actual or present positions of the
      manipulator assembly. The manipulator assembly is displaced at a velocity
      corresponding to the difference between the position command signal and
      the actual or present position signal so that the difference may become
      zero.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a program control system especially
      adapted for the operations such as automatic welding, automatic coating
      and so on which require continuous controls.
PAR  Various industrial robots have been recently developed and used in various
      fields. In the so-called "teaching mode", the manipulator assembly of an
      industrial robot is taught to trace a prescribed path to perform a series
      of operation steps in succession. Specified position information, that is
      the coordinates of the specified points of the prescribed path at which
      the specified steps of operations must be performed are stored in a
      storage device. In the so-called "repeat cycles", the industrial robot
      performs a series of operational steps taught in succession.
PAR  To control the industrial robots of the type described, the so-called
      point-to-point control system has been widely employed. In the repeat
      cycle, the command signal for causing the industrial robot to perform the
      first step is read out from the storage device, and is compared with the
      actual or present position information representative of the actual or
      present position of the manipulator assembly of the industrial robot, so
      that manipulator may be actuated or displaced in the direction in which
      the difference between the command signal and the actual or present
      position signal may become zero. When the difference becomes zero, that is
      when the manipulator reaches the point designated by the command signal,
      the manipulator is stopped, and then the next command signal is read out
      and compared with the actual or present position signal so that the
      manipulator is actuated or displaced in the direction in which the
      difference between the two signals may become zero. In like manner, the
      above operations are cycled as the manipulator is displaced from one
      specified point to another.
PAR  As is clear from the above explanation of the point-to-point control
      system, it suffices to control the manipulator assembly of an industrial
      robot so that the manipulator assembly may be displaced from one specified
      point to another of a prescribed path in space, and where the specific
      path the manipulator assembly follows as it moves from one specified point
      to the next is immaterial. The industrial robots employing the
      point-to-point control system are best adapted for use in the spot welding
      operations, assembly work and so on, in which the path along which the
      manipulator assembly traces from one specified point to the next is
      immaterial so that considerable man-power saving and the improvement in
      operation efficiency may be expected.
PAR  However, there arise various problems when the industrial robots employing
      the point-to-point control system are employed in the operations such as
      arc weldings, coating and so on in which the manipulator assembly of the
      robot must correctly trace a prescribed path in space continuously.
      Therefore there has been devised and demonstrated a program control system
      for industrial robots or manipulators in which a prescribed path to be
      traced by the robots or manipulators is considered as consisting of the
      totality of points of a prescribed path, so that the manipulator is caused
      to move from one specified point to the next to trace the whole prescribed
      path. But this system has a distinct disadvantage in that a tremendous
      number of sets of the coordinates of the specified points of a prescribed
      path must be stored in a storage device, thus resulting in intolerable
      complexity in the so-called "teachinng mode". Furthermore, a large volume
      of the position signals representing the coordinates of the specified
      points must of course be read out in the repeat mode, so that it becomes
      extremely difficult to attain high-speed control.
PAR  One of the objects of the present invention is to provide an improved
      program control system especially adapted for use in the operations in
      which the manipulator assembly of an industrial robot must correctly and
      continuously trace a prescribed path in the space as in the case of arc
      weldings, coatings and so on.
PAR  Another object of the present invention is to provide an improved program
      control system of the type described without causing complexity in the
      teaching mode and without increasing of the capacity of a storage device.
PAR  Briefly stated, according to the control system employing a program control
      system in accordance with the present invention, a manipulator assembly is
      caused to displace itself along a line segment of a unit length of a
      prescribed path from one specified point to the next. The position
      information or the coordinates of each specified point of the prescribed
      path is converted into digital signals by an encoder, which is provided
      for each axis or degree of freedom of the manipulator assembly, and the
      digital signals are stored in a storage device. In the repeat mode one set
      of the specified position information or coordinates of the adjacent
      specified points are read out substantially simultaneously at a
      predetermined time interval, and are applied to a linear interpolation
      unit so that the position command signals or coordinates of the
      interpolation points between the adjacent specified points may be
      sequentially obtained. The position command signals are sequentially
      compared, at a predetermined time interval, with the actual or present
      position signal representing the actual or present position of the
      manipulator assembly so that the manipulator may be displaced at a
      velocity corresponding to the difference between the position command
      signal and the actual or present position signal in the direction which
      the difference may become zero or may be eliminated. Thus the manipulator
      assembly may correctly trace a prescribed path.
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following description of one
      preferred embodiment thereof taken in conjunction with the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of one example of an industrial robot
      employing a program control system in accordance with the present
      invention;
PAR  FIGS. 2A and 2B show two examples of a hand assembly adapted for use with
      the industrial robot of the type shown in FIG. 1;
PAR  FIG. 3 shows a prescribed path used for the explanation of the underlying
      principle of the present invention;
PAR  FIG. 4 shows an example of a set of specified position information or
      coordinates of specified points of a prescribed path stored in a storage
      device;
PAR  FIG. 5A and 5B is a block diagram of one preferred embodiment of a program
      control system in accordance with the present invention; and
PAR  FIG. 6 is a detailed block diagram of a linear interplation unit shown in
      FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An industrial robot shown in FIG. 1 has a casing 1 housing therein a part
      of a hydraulic system and electrical and electronic devices including a
      power source, motors, control circuits and so on in order to provide a
      desired four articulations or degrees of freedom for a manipulator
      assembly 3. The hydraulically-powered manipulator assembly 3 is supported
      by a hollow trunk or pole 2 which in turn is rotatably mounted upon the
      casing 1 and is rotated by a hydraulic cylinder housed in the casing 1, so
      that the hydraulically powered manipulator assembly 3 may rotate in unison
      with the hollow trunk 2. Around the trunk 2 is disposed an elevating
      hydraulic cylinder (not shown) so that the manipulator assembly 3 may be
      vertically displaced along the trunk 2. A pair of hollow extension rods 4
      are attached to the manipulator assembly 3 in such a way that they may be
      extended out of, or retracted into the manipulator assembly 3 by a
      hydraulic cylinder housed therein. The ends of the pair of extension rods
      4 terminate in a hand-gear-train assembly 5 to which is coupled a hand
      assembly through a rotary joint 6.
PAR  Examples of the hand assembly adapted to be coupled to the hand-gear-train
      assembly 5 of the industrial robot are shown in FIGS. 2A and 2B. The hand
      assembly of the type shown in FIG. 2A and coupled to the hand-gear-train
      assembly 5 through its joint 9 is adapted to perform arc welding with a
      welding torch 8 while the hand assembly 10, of the type shown in FIG. 2B
      and coupled to the hand-gear-train assembly 5 through its joint 12, has a
      pair of gripping fingers 11 adapted to handle an object of a specified
      configuration.
PAR  Since the industrial robot of the type described above with reference to
      FIGS. 1, 2A, and 2B is described in detail for instance in U.S. Pat. No.
      3,661,051, granted to M. J. Dunne et al., further description shall not be
      made in this specification.
PAR  The program control system in accordance with the present invention permits
      the hand-gear-train assembly and hence the hand-arm assembly of the
      industrial robot of the type shown in FIG. 1 to be continuously positioned
      at the specified points of a prescribed curve in the space. When, for
      instance, the hand assembly 7 of the type shown in FIG. 2A is utilized,
      arc welding along a prescribed path or welding line may be easily
      accomplished.
PAR  Next referring to FIGS. 3 and 4, the underlying principle of the present
      invention will be described hereinafter. For the sake of simplicity, it is
      assumed that the hand assembly traces a prescribed path or curved line
      passing through the specified points P.sub.1, P.sub.2 . . . and P.sub.n
      whose coordinates in the two-dimensional rectangular cartesian coordinate
      system with X and Y axes are generally given by (x.sub.i, y.sub.i), where
      i =  1, 2 . . . and n. Furthermore, it is assumed that any adjacent
      specified points P.sub.i.sub.-1 and P.sub.i satisfy the following equation
EQU  (x.sub.i - x.sub.i.sub.-1).sup.2 + (y.sub.i - y.sub.i.sub.-1).sup.2 =
      const.                                                    (1)
PAL  In other words, the distance or increment between the adjacent specified
      points P.sub.i.sub.-1 and P.sub.i or the length l of a line segment is
      constant. In this specification, the length l will be referred to either
      as "the unit length of a line segment" or "the unit length l".
PAR  The specified position or coordinate information of every specified point
      P.sub.i of the curved line to be traced and spaced apart from each other
      by the unit length l is stored in a storage device of the industrial
      robot, and, in case of the "repeat mode", is read out at a predetermined
      time interval so that the manipulator assembly may control the hand
      assembly so as to trace a prescribed curved line. FIG. 4 shows the table
      of the specified position or coordinate information stored. It is readily
      understandable to those skilled in the art that it is not preferable to
      reduce the unit length l infinitely because the number of the specified
      points P.sub.i is tremendously increased, the "teaching" mode becomes very
      complex, and a memory device with a large capacity is required. Therefore,
      in the instant embodiment the unit length l is selected as 1 mm, and the
      coordinates of some interpolation points between the adjacent specified
      points P.sub.i.sub.-1 and P.sub.i are obtained by a linear interpolation
      as will be described in more detail hereinafter.
PAR  In general, the distances or increments between the adjacent points
      P.sub.i.sub.-1 and P.sub.i along the X and Y axes are given by
EQU  V.sub.x = x.sub.i - x.sub.i.sub.-1
EQU  V.sub.y = y.sub.i - y.sub.i.sub.-1                         (2)
PAL  For the sake of simplicity, it is assumed that the unit length l is divided
      into ten sections, and that the interpolation points are
      P.sub.(i.sub.-1,1), P.sub.(i.sub.-1,2) . . . and P.sub.(i.sub.-1,9). Then,
      their coordinates obtained by a linear interpolation are given by the
      following table.
TBL                Table 1                                                     
     ______________________________________                                    
     interpolation                                                             
                  X coordinate  Y coordinate                                   
     points                                                                    
     ______________________________________                                    
                   V.sub.x           V.sub.y                                   
     P.sub.1.sub.-1,1    .times. 1 + x.sub.i.sub.-1                            
                                         .times. 1 + y.sub.i.sub.-1            
                   10                10                                        
                   V.sub.x           V.sub.y                                   
     P.sub.i.sub.-1,2    .times. 2 + x.sub.i.sub.-1                            
                                         .times. 2 + y.sub.i.sub.-1            
                   10                10                                        
     --           --            --                                             
                   V.sub.x           V.sub.y                                   
     P.sub.i.sub.-1,9    .times. 9 + x.sub.i.sub.-1                            
                                         .times. 9 + y.sub.1.sub.-1            
                   10                10                                        
     ______________________________________                                    
PAR  According to the present invention, in case of the "repeat mode", the
      coordinates of the adjacent specified points P.sub.i.sub.-1 and P.sub.i
      are substantially simultaneously read out from the memory device, next the
      distance or increments V.sub.x and V.sub.y along the X and Y axes are
      calculated, and then the coordinates of the interpolating points
      P.sub.(i.sub.-1,1), P.sub.i.sub.-1,2) . . . and P.sub.(i.sub.-1,9) are
      obtained by a linear interpolation. The coordinates of the interpolation
      points that is, the position command signals are sequentially and from
      time to time compared with the actual or present position of the hand
      assembly, so that the deviation of the actual position from the
      interpolation point may be made zero. Since the coordinates of the
      interpolation points are read out at a predetermined time interval, the
      operating unit seems to be tracing a prescribed curved line passing
      through all of the specified points substantially at a constant resultant
      velocity. In other words, in general, the velocity of the manipulator
      assembly is dependent upon the difference between the position command
      signal and the actual or present position signal so that, according to the
      present invention, the command velocity is given at each interpolation
      point so as to trace the prescribed path passing through the specified
      points.
PAR  However, it is apparent to those skilled in the art that, unlike the
      conventional point-to-point control system, in the control system of the
      present invention the deviation continually occurs so that it does not
      follow that the operating unit traces the prescribed path defined by the
      coordinates of the interpolation points. In order to overcome this
      problem, according to the present invention, the discrepancy or difference
      between the position command information, i.e. the coordinates of the
      interpolation points (a sort of velocity command) and the information of
      the present or actual position is applied to the servo valves in the
      manipulator assembly through an integrator so that when the deviation
      increases, the velocity of the manipulating assembly is increased so as to
      make the deviation zero. This means that the position is controlled based
      upon the position command signals plotted over each unit length l.
PAR  FIG. 5 is a block diagram of the program control system in accordance with
      the present invention. A storage device 109 stores the coordinates of all
      of the specified points P.sub.i and other auxiliary information which is
      required for causing the hand assembly to perform a required operation.
      Since the industrial robot of the type shown in FIG. 1 has four degrees of
      freedom or four axes, the specified position information for each of four
      axes must be stored in the storage device 109. Like the conventional
      industrial robots, the robot of the type shown in FIG. 1 is controlled by
      a program control system having the two fundamental modes, that is the
      "teach mode" and "the repeat mode".
PAR  In the teach mode, a switch SW is thrown as indicated by the broken lines
      in FIG. 5 so that a teach control unit 101 drives a servo amplifier 102 to
      cause a manipulator unit 103 to advance over the unit length l along a
      prescribed path each time. In practice, four servo amplifiers 102 must be
      provided for four axes or degrees of freedom. The specified point
      information for each axis is converted by a encoder 104 into digital
      signals which are transferred through a scanner 105 and the switch SW into
      the storage device 109. The scanner 105 has a function of scanning the
      encoder output of each axis. The above operations are cycled each time the
      manipulator assembly 103 is advanced over the unit length l from one
      specified point to the next of a prescribed path so that the specified
      position information or the coordinates of the specified points P.sub.i
      may be sequentially stored in the storage device 109. In the teach mode,
      the addresses in the storage device 109 are accessible in response to the
      output of an address counter 116 which is incremented by one each time the
      manipulating unit 103 is advanced over the unit length l along a
      prescribed path. As described hereinbefore, other auxiliary information
      which is required for causing the hand assembly of the industrial robot to
      perform a desired operation at a certain specified point is also stored in
      the storage device 109, together with the specified position information.
      For instance, the auxiliary information is such that when the manipulator
      assembly 103 reaches a predetermined point it causes the hand assembly to
      grip or release an object. In the repeat mode the specified position
      information stored in the storage device is used to obtain the position
      command signals or coordinates of the interpolation points between the
      adjacent specified points P.sub.i to be applied to the manipulator unit
      103.
PAR  The teaching or repeat mode may be arbitarily selected by a control panel
      112 connected to a sequence circuit 113 which has a function of giving not
      only the timing signals, but also the control signals to other component
      parts in the control system in response to the command signals from the
      control panel 112. For instance, a scanning timing circuit 117, which
      controls not only the timing of the scanning cycle of the scanner 105 and
      but also an integrator-demodulator 108 to be described hereinafter in more
      detail, is driven in response to the timing signals derived from the
      sequence circuit 113. The sequence circuit 113 is connected to a velocity
      setting circuit 114, which in turn is connected to a linear interpolation
      timing setting circuit 115, which in turn is connected to an address
      counter 116. The velocity setting circuit 114 is adapted to step down the
      clock signals derived from the sequence circuit 113 so that the speed for
      reading the specified position information from the storage device 109,
      that is, the velocity at which the manipulating unit 103 traces a
      prescribed path, may be changed. The velocity setting circuit 114 is
      controlled in response to the signal from the control panel 112. The
      output pulses of the velocity setting circuit 114, that is the clock pulse
      signals stepped down to a predetermined repetition rate, cause the linear
      interpolation timing setting circuit 115 to step up and to cause the
      address counter 116 to step up in response to an overflow pulse from the
      timing circuit 115. The timing with which a linear interpolation unit 110
      operates is determined by the interpolation timing signal derived from the
      timing circuit 115. A decoder 111 decodes the various auxiliary
      information read out of the storage device 109, and its output is applied
      to the manipulating assembly 103.
PAR  In "the repeat mode", the address counter 116 steps up at a predetermined
      time interval in response to the clock signals which have been stepped
      down to a predetermined repetition rate as the timing pulses derived from
      the sequence circuit 113 pass through the velocity setting circuit 114,
      and the interpolation timing setting circuit 115. In response to the
      output signal from the address counter 116, the coordinates of the first
      specified point P.sub.1 are read out, and then the coordinates of the next
      specified P.sub.2 point are read out. In this case, when the coordinates
      of, for instance, the first specified point P.sub.1 are read out, the
      signal representative of the completion of read out is generated, so that
      the output signal or address signal (that is, the content in the address
      counter 116) which is to be applied to the storage device 109 is stepped
      up so that the coordinates of the next specified point P.sub.2 may be read
      out from the storage device 109. The operation for stepping up the address
      counter 116 is accomplished by a +1 circuit 118. The coordinates of the
      first and next specified points P.sub.1 and P.sub.2 read out from the
      storage device 109 are applied to the linear interpolation arithmetic unit
      110 which computes first the distances or increments V.sub.x and V.sub.y
      between the first and next specified points P.sub.1 and P.sub.2 (see FIG.
      3) and then divides them (V.sub.x and V.sub.y) by the number (in the
      instant embodiment, 10) of desired interpolation points. Thereafter in
      response to the interpolation timing signal from the interpolation timing
      setting circuit 115, the quotients, that is (x.sub.2 - x.sub.1)/10 and
      (y.sub.2 - y.sub.1)/10, are added to the coordinates x.sub.1 and x.sub.2
      so that the position command signal or coordinates
      ##EQU1##
      of the first interpolation point may be obtained. In like manner, the
      coordinates of the second interpolation point and so on may be obtained.
      In practice, the X and Y coordinates for each of the four axes are of
      course obtained not simultaneously but sequentially in synchronism with
      the scanning timing of the scanner 105. Meanwhile the actual position of
      the manipulator assembly 103 is detected and converted by the encoder 104
      into the digital signals which are scanned by the scanner 105. In the
      repeat mode the switch SW is switched to the position indicated by the
      solid lines in FIG. 5.
PAR  The position command signal, that is the coordinates of each interpolation
      point are compared by a comparator 106 with the actual or present position
      signal derived from the scanner 105 so that the deviation between them may
      be detected. It is sufficient to provide only one comparator 106 and only
      one digital-to-analog converter 107, regardless of the degree of freedom
      of the manipulator assembly in FIG. 1. The output signal of the comparator
      106, representing the deviation between the position command signal and
      the actual or present position signal representative of the actual
      position of the manipulator assembly, is applied to the digital-to-analog
      converter 107 to be converted into the analog signal which is converted to
      the signal representative of a velocity by an integrator-demodulator 108,
      the number of which is equal to the number of axes (in the instant
      embodiment, four). The integrator-demodulator 108 has also a function of
      integrating the deviation described hereinbefore. The output signal from
      the integrator-demodulator 108 is amplified by the servo amplifier 102 so
      that the manipulator assembly 103 may be controlled.
PAR  The component parts 102 through 108 described hereinbefore with reference
      to FIG. 5 are substantially similar in construction and operation to those
      of the conventional industrial robots, and are disclosed in detail in said
      U.S. Pat. No. 3,661,051. The storage device 109 may be a magnetic drum or
      disk or magnetic core memory. The velocity setting circuit 114 may be a
      variable frequency divider, and the circuits 115 and 116 may be a binary
      or n-step counter.
PAR  The linear interpolation circuit may be of the type shown in FIG. 6. The
      position command information or coordinates of the specified points
      P.sub.i read out of the storage device are transferred into a first
      register 110-1, while that of the next specified point P.sub.i.sub.+1,
      into a second register 110-2 as a switch SW' is so thrown as to
      interconnect the storage device and the second register 110-2. The
      absolute difference or increment between the two reference points P.sub.i
      and P.sub.i.sub.+1 is obtained by a subtractor 110-3, and is applied to a
      shift circuit 110-4, while a polarity signal is applied from the
      subtractor 110-3 to an adder-subtractor 110-6. In the shift circuit 110-4,
      the signal representative of the difference or increment between the two
      reference points P.sub.i and P.sub.i.sub.+1 is stepped down by N bits that
      is, to (P.sub.i - P.sub.i.sub.+1)/ 2.sup.N, and transferred into a
      multiplier 110-5. Therefore passing the output of the subtractor 110-3 is
      equivalent to dividing it by 2.sup.N, i.e. an N power of the base 2. In
      the multiplier 110-5, the multiplier, that is the N-bit interpolation
      timing signal from the interpolation timing setting circuit multiplies a
      multiplicand, that is the output of the shift circuit 110-4, and the
      product, that is the output of the multiplier 110-5 is applied to the
      adder-subtractor 110-6 together with the output of the first register
      110-1 and the polarity signal from the first subtractor 110-3. The
      adder-subtractor 110-6 adds or subtracts the output of the multiplier
      110-5 to or from the output of the first register 110-1, depending upon
      whether the polarity signal from the first subtractor 110-3 indicates a
      positive or negative increment. The output of the adder-subtractor 110-6
      is the position command signal representing the coordinates of each
      interpolation point between the specified points P.sub.i and
      P.sub.i.sub.+1, the line segment of the unit length l connecting these two
      specified points being divided by 2.sup.N. As described with reference to
      FIG. 5, the output of the adder-subtractor 110-6 is applied to the
      comparator 106. As with the case of the comparator 106 and the
      digital-to-analog converter 107 shown in FIG. 5, it suffices to provide
      only one linear interpolation circuit 110 in common for all axes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A program control system for controlling the motions of a manipulator
      assembly for tracing a prescribed path in space comprising
PA1  a. encoder means for generating position information representative of the
      coordinates of a plurality of specified points of said prescribed path in
      space which are spaced apart from each other solely by line segments of
      the same unit length,
PA1  b. storage means connected to said encoder means for storing therein in
      addressable locations said specified position information representative
      of the coordinates of said plurality of specified points of said
      prescribed path which are spaced apart from each other by line segments of
      the same unit length,
PA1  c. means for receiving a pulsatory clock signal, address counter means
      responsive to said clock signal for periodically generating addresses of
      said storage means at regularly spaced intervals, said clock signal
      receiving means and address counter means comprising reader means for
      reading from said storage means at a predetermined time interval the
      specified position information representative of the coordinates of the
      adjacent specified points as one set of the specified position
      information,
PA1  d. interpolation arithmetic means for sequentially providing the
      coordinates of N interpolation points as position command signals between
      said adjacent specified points by linear interpolation based upon said set
      of specified position information,
PA1  e. detecting means for sequentially comparing said position command signals
      with the signals representative of the actual or present position of said
      manipulator assembly and for generating a signal representing the
      difference between said two signals, and
PA1  f. means for moving said manipulator assembly at a velocity corresponding
      to said signal representing the difference between said two signals so
      that the difference between said two signals may become zero.
NUM  2.
PAR  2. A program control system as defined in claim 1 further comprising means
      for integrating the signals each representing the difference between the
      position command signal at each interpolation point and the signal
      representative of the actual or present position of said manipulator
      assembly so that said manipulator assembly may be displaced at a velocity
      corresponding to the resulting integrated value.
NUM  3.
PAR  3. A program control system as defined in claim 1, wherein the manipulator
      assembly has four degrees of freedom, further comprising
PA1  scanning means for sequentially transferring the digital signals
      corresponding to the coordinates of each point into the storage means, and
PA1  switch means connected to said scanner for providing said sequential
      digital signals to said detector means whereby the coordinates of the
      manipulator assembly are sequentially available for comparison with said
      coordinates from said interpolation arithmetic means.
NUM  4.
PAR  4. A program control system as defined in claim 1, wherein said manipulator
      assembly further comprises a hand assembly for gripping objects, address
      counter means for providing a unique output signal corresponding to each
      position command signal, said storage means further comprising means for
      storing a hand motion signal at a storage location corresponding to at
      least one of the output signals from said address counter means and
      decoder means connected to said storage means and responsive to the
      reading from said storage means of the specified position information at a
      storage location corresponding to said at least one of said output signals
      of said address counter means and for providing hand motion signals to
      said hand assembly.
NUM  5.
PAR  5. A program control system as defined in claim 1, wherein said
      interpolation arithmetic means comprises a first register, a second
      register, means for transferring the position information corresponding to
      two adjacent positions into said first and second register, means for
      subtracting the contents of said first and second register, shift circuit
      means for dividing the output of said subtraction means by N where N is
      equal to a positive integer, multiplier means for sequentially multiplying
      the output of said shift circuit means by integers between 1 and 10 and
      combining means for combining the output of said subtraction means with
      the output of said multiplier means thereby sequentially providing the
      coordinates of N interpolation points.
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ABST
PAL  An apparatus for measuring the elevation of a three-dimensional foreground
      subject which comprises the steps of determining the interrelationship of
      the first and second images of the three-dimensional foreground subject
      photographed at two different points to find minute mutually corresponding
      areas in two images; correcting the first photographed image according to
      the displacement of the corresponding areas from each other; again
      determining the interrelationship of the corrected first pseudo-image and
      the noncorrected second image; correcting the second image by said
      interrelationship to provide a corrected second pseudo-image; determining
      the interrelationship of said corrected second pseudo-image and the
      original second image; repeating the above-mentioned operation; when the
      determined displacements of the first and second images fall to below a
      certain value, calculating an algebraic sum of all the determined
      displacements of said first and second images; and finally measuring the
      elevation of a three-dimensional foreground subject from the calculated
      algebraic sum, a distance between the aforesaid two different points of
      photographing and the already measured height of said two points.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for measuring the elevation of a
      three-dimensional foreground subject and more particularly to an apparatus
      for measuring the elevation of a three-dimensional foreground subject by
      reference to paired images of said foreground subject photographed from
      two points, of known height (said photographed images are generally
      referred to as "stereoscopic photographs").
PAR  The known means for preparing a contour map utilizes a plurality of
      aeronautic stereoscopic photographs. These stereoscopic photographs are
      derived from the photographing of substantially the same area from two
      points of known height spaced from each other at a prescribed distance.
      Namely, the prior art process comprises the steps of optically treating
      the stereoscopic photographs of a three-dimensional foreground subject
      determining the displacements of corresponding points included in a pair
      of said stereoscopic photographs and calculating the elevation of the
      foreground subject by said displacements and the known height of said
      different points of photographing and a distance therebetween. However,
      the process of determining the elevation of a foreground subject simply by
      optically treating the corresponding points on the images photographed at
      two points, namely determining said elevation from density data merely
      consisting of image elements, that is, data on the light and shade of the
      photographed images presents difficulties in accurately measuring said
      elevation. General practice, therefore, is to determine the
      interrelationship of the minute areas including the neighborhood of the
      above-mentioned elements indicated in the photographs, regard those areas
      whose interrelationship gives a maximum value as mutually corresponding
      ones and calculate the displacement of said minute areas from each other
      as that of the corresponding points.
PAR  However, the above-mentioned customary practice fails to carry out the
      accurate measurement of the elevation of a three-dimensional foreground
      subject, because, as any selected points in the minute areas in the
      stereoscopic photographs of said foreground subject denote the different
      elevation of said foreground subject, distortion takes place in said
      stereoscopic photographs.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly the object of this invention to provide an apparatus
      capable of measuring the elevation of a three-dimensional foreground
      subject from stereoscopic photographs thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematical view illustrating a taking manner of a pair of
      aeronautic stereoscopic photographs;
PAR  FIG. 2 presents the interrelationship of a pair of aeronautic stereoscopic
      photographs;
PAR  FIGS. 3a to 3c are intended to show the distortions of the images presented
      in the paired aeronautic stereoscopic photographs;
PAR  FIGS. 4a to 4d are views illustrating the operation of a
      elevation-measuring apparatus according to this invention; and
PAR  FIG. 5 is a block circuit diagram of the elevation-measuring apparatus
      according to this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  There will now be described the fundamental concept of measuring the
      elevation of a three-dimensional foreground subject from aeronautic
      stereoscopic photographs.
PAR  Referring to FIG. 1, the height H of a flight passage indicated by the
      dot-dash line is previously determined. A three-dimensional foreground
      subject is photographed at two points A, B on said flight passage. A
      distance L between these two points A, B is also specified. The aeronautic
      photography is carried out in such a manner that about 60% of the two
      photographs overlap each other so as to cause about 60% of the same area
      to be included in each photograph. Now let it be assumed that the area of,
      for example, a hill including point P shown in FIG. 1 is photographed
      Then, the images of point P photographed at points A, B are picked up at
      points P.sub.1, P.sub.2 of a dry-plate spaced from points A, B. The camera
      used has a lens of a focal length f. When a positive picture is prepared
      by developing the dry-plate, then the image of the point P of the
      aforesaid hill is presented at points P.sub.1, P.sub.2 in the paired
      aeronautic stereoscopic photographs. Referring to FIG. 1, point O on the
      ground is taken as the base, and the direction of a flight is designated
      as the x axis, the direction of the height of the flight as the z axis,
      and a direction perpendicular to both directions as the y axis. The
      aforesaid point P of the hill is expressed as (X, Y, h) in this coordinate
      system. Referring to FIG. 2, the direction of flight shown in the
      stereoscopic photograph is designated as the x axis, a direction
      perpendicular thereto as the y axis, and the coordinate positions of
      points P.sub.1, P.sub.2 are denoted by (x.sub.1, y.sub.1), (`x.sub.2,
      `y.sub.2) respectively. Then the following equation will result from the
      formula of homologous triangles:
      ##EQU1##
PAR  Since y.sub.1 = y.sub.2 = y, the following equation will result with
      respect to the y axis:
      ##EQU2##
      Throughout the above equations (1) to (3), x.sub.1, x.sub.2 and y are all
      taken to have a positive absolute value. If the coordinate positions of
      points P.sub.1, P.sub.2 in the stereoscopic photographs are defined by the
      equations (1) to (3), then the coordinate position (X, Y, h) of the
      elevation of point P of the hill can be determined. The following equation
      is derived from the equations (1), (2)
      ##EQU3##
      where d = x.sub.1 + x.sub.2, which is called the parallax. If, therefore,
      the mutual displacement (x.sub.1 +x.sub.2) of the corresponding points
      P.sub.1, P.sub.2 shown in the stereoscopic photographs is found, then the
      elevation h of point P can be measured by the equation (4).
PAR  The prior art process of measuring the elevation of a three-dimensional
      foreground subject consists in determining the interrelationship of the
      minute areas including the corresponding points indicated in the paired
      stereoscopic photographs and judging the minute areas whose
      interrelationship gives a maximum value to be the substantially
      corresponding ones and calculating the mutual displacement of said minute
      areas as that of the corresponding points.
PAR  With the above-mentioned prior art process, however, distortion will take
      place in the stereoscopic photograph, as any selected points in the minute
      areas of the stereoscopic photographs denote the different elevation of
      the foreground subject. In photography, data on elevation are all shown in
      a plane. Therefore, in stereoscopic photographs taken at different points,
      data on heights present different patterns according to the direction in
      which said photographs are taken, thus resulting in the distortion of the
      images obtained. Though the contour map of the hill of FIG. 1 normally
      shows the pattern of FIG. 3a, the photographs of said hill taken at points
      A, B of FIG. 1 indicate such contour patterns as are illustrated in FIGS.
      3b, 3c respectively. Though, therefore, the corresponding minute areas may
      be determined from two stereoscopic photographs, the central points of
      said areas do not always represent the actually corresponding points, if
      any given points in said areas denote the different elevation of the hill.
      Accordingly, the prior art process can not accurately determine the
      displacement of the corresponding points of two stereoscopic photographs,
      failing to effect the correct measurement of the elevation of the hill.
PAR  As described with reference to FIG. 1, the apparatus according to this
      invention for measuring the elevation of a three-dimensional foreground
      subject consists in first determining the corresponding minute areas from
      composite pictures such as stereoscopic photographs and then accurately
      defining the displacement of said corresponding minute areas using an
      electric image-processing device capable of carrying out a feedback
      function, thus correctly measuring the elevation of said foreground
      subject.
PAR  There will now be described the case where the elevation of a
      three-dimensional foreground subject is measured by aeronautic
      stereoscopic photographs, using the elevation-measuring apparatus of this
      invention.
PAR  First, two aeronautic stereoscopic photographs of FIGS. 4a, 4b are first
      provided. For convenience, the picture of FIG. 4a photographed at point A
      is referred to as the first image and the picture of FIG. 4b photographed
      at point B is referred to as the second image. The hatched sections of the
      first and second images are regarded as the corresponding areas. The
      reason why the corresponding areas present different patterns is that said
      areas denote the different elevation of the foreground subject.
PAR  A minute area M having a prescribed size is selected from the first image,
      and search is made in the second image for a minute area corresponding to
      said minute area M. The shades of the sampled ones of numerous dots
      included in said minute area M are stored in a digital form in a
      separately provided memory device. Similarly, the shades of the sampled
      ones of numerous dots included in any minute area of the second image
      having the same size as the minute area M of the first image are stored in
      a digital form in another memory device. The distributions of the shades
      of the sampled dots included in the minute areas of both first and second
      images are compared by a comparator to define an interrelationship
      therebetween. Of the minute areas of the second image, that which bears a
      maximum value of interrelationship with the minute area M of the first
      image is defined as a minute area N corresponding to said minute area M.
PAR  When the corresponding minute areas M, N of the first and second images are
      determined through the above-mentioned process, then it is indeed possible
      to define the elevation h of the points P.sub.1, P.sub.2 with the
      displacement of said corresponding minute areas M, N namely, the
      displacement d = x.sub.1 -X.sub.2 of the points P.sub.1, P.sub.2, using
      the aforesaid equation (4). But the above-mentioned process simply attains
      agreement between the distributions of the shades of the sampled ones of
      numerous dots included in the corresponding minute areas M, N. Where,
      however, said minute areas M, N denote the different elevation of a
      foreground subject, then distortion will appear, as previously described,
      in the respective stereoscopic images. Consequently, the central points
      P.sub.1, P.sub.2 do not always represent the true corresponding points. As
      apparent from FIGS. 4a, 4b, the point of the second image of FIG. 4b which
      truly corresponds to point P.sub.1 of the first image of FIG. 4a is not
      point P.sub.2, but point P.sub.3 displaced therefrom. As the result, the
      elevation h determined from the displacement of points P.sub.1, P.sub.2
      does not denote the true elevation of point P. Therefore, the
      elevation-measuring apparatus of this invention carries out the
      undermentioned operation to determine the substantially true elevation of
      points P.sub.1, P.sub.2.
PAR  According to this invention, the corresponding minute areas M, N of the
      first and second images are first determined, and the aforesaid operation
      of defining the displacement of points similar to said corresponding
      minute areas M, N is carried out all over the first and second images.
      Data on the displacements of all the corresponding points of the first and
      second images are fed back. The pseudo-pattern of the second image is
      composed from the fed back data and the first image. Said composite image
      can be easily obtained from a reverse operation from that which is used in
      determining the displacement of the central points of the corresponding
      minute areas of the first and second images, using an electronic computer.
      FIG. 4c shows a pseudoimage thus composed. This pseudoimage is not
      acutally reproduced in the form of a photograph. It is simply stored, as
      later described, in the memory device of the electronic computer in the
      form of image data.
PAR  Interrelationship is determined between the second image and its
      pseudoimage by the same process as is used in defining the
      interrelationship of the first and second images, so as to find the
      corresponding minute areas N, N.sub.1 as shown in FIGS. 4b, 4c. In this
      case, the pseudoimage which was composed from the displacement of the
      corresponding two points does not coincide with the second image.
      Consequently, the central points P.sub.2, P.sub.4 of the corresponding
      minute areas N, N.sub.1 do not fall on each other, thus indicating the
      displacement X.sub.2 -X.sub.3 of points P.sub.2, P.sub.4.
PAR  Data on the displacement of point P.sub.2 of the second image and point
      P.sub.4 of a first pseudoimage is fed back to compose the second
      pseudoimage of FIG. 4d. Next, interrelationship is determined between the
      second image and the second pseudoimage in the same manner as previously
      described to define a minute area N.sub.2 corresponding to the minute area
      N, thereby finding the displacement X.sub.2 -X.sub.4 of the central points
      P.sub.2, P.sub.5 of said corresponding minute areas N, N.sub.2.
PAR  Data on the displacement of each pair of the corresponding points of the
      first and second images is fed back, as described above, to compose a
      fresh pseudoimage from said displacement and the second image. Further,
      interrelationship is determined between said fresh pseudoimage and second
      image. This operation is repeated until the displacements of the
      respective pairs of corresponding points fall within a prescribed range.
      After completion of said repeated operations, an algebraic sum is made of
      all the displacements of the respective pairs of the corresponding points
      defined by the repeated operations. If the elevation of the respective
      points is determined from said algebraic sum using the previously
      described equation (4), then the value obtained will substantially
      approach true value.
PAR  There will now be described by reference to FIG. 5 the circuit of the
      elevation-measuring apparatus of this invention which is designed to
      repeat the above-mentioned operation of determining the displacement of
      each pair of corresponding points of the first and second images.
PAR  The first image 51a and second image 51b are scanned by a photoelectric
      conversion device, for example, a photomultiplier 52 to provide electric
      signals corresponding to said first and second images 51a, 51b. Data on
      the shades of the sampled ones of numerous dots included in the
      corresponding minute areas of the first and second images 51a, 51b are
      successively scanned to provide time series digital signals. The digital
      signals associated with the first image 51a are stored in a memory device
      53a and those associated with the second image 51b are stored in another
      memory device 53b. Data stored in both memory devices 53a, 53b are
      extracted by the corresponding control circuits 54a, 54b for each minute
      area having a prescribed size and delivered to a correlater 55. This
      correlater determines interrelationship between a given minute area in the
      first image 51a and the corresponding minute area of the second image 51b
      having a prescribed size, and repeats this comparing operation finally to
      define the minute area of the second image 51b which bears a maximum value
      of interrelationship with the aforesaid minute area of the first image
      51a. In brief, the correlater 55 defines the minute area N of the second
      image 51b of FIG. 4b which corresponds to the minute area M of the first
      image 51a of FIG. 4a. The correlater 55 comprises a correlation circuit 64
      for calculating the value of interrelationship between data on the minute
      area of the first image 51a delivered from the memory device 53a and data
      on the corresponding minute area of the second image 51b drawn out from
      the memory device 53b and a correlating value buffer memory 65 for
      temporarily storing the value of interrelationship supplied from said
      circuit 64. When the values of interrelationship of all pairs of
      corresponding minute areas of the first image 51a and the second image 51b
      are calculated, then the computed values are conducted to a maximum
      value-detecting circuit 66 which finally defines that minute area of the
      second image 51b indicates a maximum value of interrelationship of the
      corresponding minute area of the first image 51a. The maximum
      value-detecting circuit 66 supplies the calculator 56 with a signal
      denoting data on the location of the minute area of the second image 51b
      presenting a maximum value of interrelationship with the corresponding
      minute area of the first image 51a in the form of a coordinate value.
PAR  In this case, the signals supplied to the calculator 56 bear integral
      values. To improve the precision of measurement, however, it is advised to
      apply, as later described, a coordinate system capable of indicating a
      maximum value of interrelationship in decimals.
PAR  This decimal coordinate system is often used in estimating the relative
      coordinate values of scattered points from data only obtained at scattered
      points. This process consists in choosing a given scattered point
      indicating a maximum value of interrelationship and two points on both
      sides of said scattered point, calculating a curve of secondary degree and
      taking a point representing the maximum value of said curve of secondary
      degree as a corrdinate value showing a maximum interrelationship. In this
      case, the correlater 55 supplies real numbers to the calculator circuit
      56. Said real numbers are also stored in a memory device 57 connected to
      the rear side of said calculating circuit 56 to be successively stored
      with maximum values of interrelationship delivered from the calculating
      circuit 56.
PAR  There will now be further detailed the operation of the calculator 56. This
      circuit 56 calculates the displacement of the central points of those of
      the corresponding minute areas of the first and second images 51a, 51b
      which indicate a maximum value of interrelationship, namely, a distance
      between both central points. The operation of determining the
      corresponding minute areas of the first and second images and computing
      the displacement of the corresponding minute areas is carried out with
      respect to the whole of the first and second images. Values of the
      displacements of the central points of the respective pairs of the
      corresponding minute areas are successively stored in the designated
      addresses of the memory 57.
PAR  Data on said displacements recorded in the memory 57 are delivered to an
      adder 59, an output signal from which is stored in a memory device 61. An
      output signal from the latter memory 61 is fed back to the adder 59 to be
      added to an output signal from the former memory 57 and thereafter again
      stored in the latter memory 61. Namely, the adder 59 has a function of
      carrying out the addition of data stored in the memory cells of the
      memories 57, 61 having the same address and recording the results of
      addition in the corresponding address of the memory 61.
PAR  An output signal from the calculator 56 is also supplied to a decision
      circuit 60. Where on output signal from the calculator 56 indicates a
      prescribed value, namely, where the values of the displacements of the
      respective pairs of the corresponding minute areas of the first and second
      images fall to below a prescribed level, then the decision circuit 60
      gives forth a start signal to a calculator 62 for the initiation of its
      operation. The input side of the latter calculator 62 is connected to the
      memory 61, causing a signal already stored in the memory 61 to be
      delivered to the calculator 62 when it is supplied with a start signal.
      This calculator 62 calculates the elevation of points P.sub.1, P.sub.2
      from a combination of a signal supplied from the memory 61 denoting the
      displacements of the respective pairs of the corresponding minute areas of
      the first and second images 51a, 51b, the previously specified height H of
      a flight passage, a distance L between the two points A, B of
      photographing and the focal length f of the camera lens, using the
      aforesaid equation (4), and gives forth the results of said calculation in
      the form of analogue voltage or a digital signal. It will of course be
      understood the parameters such as a distance L, focal length f and height
      H are values which are pre-set into the calculator 62.
PAR  The above-mentioned image processing circuitry further comprises a
      calculating circuit 58 for correcting the pattern of the first image
      stored in the memory 53a by the extent of displacement. This calculating
      circuit 58 comprises a controller 67 designed to draw out data from the
      memory 57 and record data therein, an X-counter 68 and Y-counter 69 for
      designating the addresses of the memory devices 57, 53a, and a line buffer
      memory 70 for temporarily storing a signal associated with a minute area
      constituting one line of an image so as to change data already stored in
      the memory 53a. The controller 67 is operated by a start signal delivered
      from the later described control circuit 63, thereby clearing all the
      X-counter 68, Y-counter 69 and line buffer memory 70. The controller 67
      draws out those parts of the content of the memory 53a which are
      designated by the X-counter 68 and Y-counter 69 and records the data of
      said parts in that address of the line buffer memory 70 which is
      designated by the data of the memory 57 specified by the X- and Y-counters
      68, 69. Upon completion of said recording, the controller 67 increases the
      content of the X-counter 68 by one and carries out recording in the same
      manner as described above. Where the recording operation is successively
      carried out until the content of the X-counter 68 overflows, then the
      controller 67 writes the content of the line buffer memory 70 in one line
      of the memory 53a designated by the data of the Y-counter 69 and also
      increases the content of the Y-counter 69 by one, thereby correcting that
      data of the memory 53a which corresponds to said one line of the image.
      The above-mentioned operation is repeated until the data of the Y-counter
      69 overflows.
PAR  The control circuit 63 comprises three registers or X-counters 71, 72 and
      Y-counter 73 for storing the addresses of the corresponding minute areas
      of the first and second images 51a, 51b. The address of the minute area of
      the first image 51a has its X-axis value stored in the X-counter 72 and
      its Y-axis value stored in the Y-counter 73. The address of the minute
      area of the second image 51b has its X-axis value stored in the X-counter
      71 and its Y-axis value stored in the common Y-counter 73 as in the case
      of the first image 51a. The reason why the common Y-counter 73 is used
      with respect to Y-axis values is that the corresponding minute areas of
      the first and second stereoscopic images whose positions have been aligned
      have the same Y-axis value.
PAR  Output signals from the X-counter 72 and the common Y-counter 73 are
      supplied to the control circuit 54a corresponding to the memory device
      53a. Upon receipt of said output signals, the control circuit 54a reads
      out those parts of the content of the memory device 53a which correspond
      to the coordinate values indicated by said output signals in the
      prescribed order, for example, by raster scanning. The data thus read out
      are conducted to the correlater 55. At this time, output signals from the
      X-counter 71 and Y-counter 73 are delivered to the control circuit 54b
      corresponding to the memory 53b. As the result, the control circuit 54b
      supplies the content of the memory 53b to the correlater 55 as in the case
      of the first image. Said correlater 55 calculates the value of
      interrelationship between the corresponding minute areas of the first and
      second images 51a, 51b from output signals from both control circuits 54a,
      54b, causing the content of the Y-counter 73 to be increased by one and
      consequently the corresponding minute area of the second image to be
      shifted by one bit in the direction of X. This operation is repeated until
      the content of the X-counter 71 exceeds the prescribed level. When the
      content of said X-counter 71 overflows, then said counter 71 generates a
      signal to start the calculator 56. This calculating circuit 56 calculates
      the displacement of the corresponding areas of the first and second images
      51a, 51b from that of the X axis values of output signals delivered from
      the correlater 55 which indicates a maximum degree of interrelationship.
      The calculated maximum value of interrelationship is recorded in the
      address of the memory 57 which is designated by the X-counter 72 and the
      Y-counter 73. The overflow signal from the X-counter 71 increases the
      content of the other X-counter 72 by one, causing the corresponding minute
      area of the first image to be shifted by one bit in the direction of X.
      The above-mentioned operation is repeated until the content of the
      X-counter 72 overflows. The overflow signal from the X-counter 72
      increases the content of the Y-counter 73 by one, causing the associated
      minute area of the first image 51a to be shifted by one bit in the
      direction of Y. This is also the case with the second image 51b.
PAR  The above-mentioned operation is repeated until the content of the
      Y-counter 73 overflows. At the time of said overflow, calculation is made
      of the displacements of all the minute areas of the first image 51a. Data
      on said calculated displacements are written in the memory 57. The
      overflow signal from the Y-counter 73 is supplied as a start signal to the
      calculating circuit 58.
PAR  The main points of the operation of the above mentioned image-processing
      circuitry will now be briefly described by reference to FIGS. 4a to 4d.
      The first image 51a corresponds to FIG. 4a and the second image 51b to
      FIG. 4b. The corresponding minute areas of the first and second images
      51a, 51b whose interrelationship has been determined are designated as M,
      N. The calculating circuit 58 produces the pseudo-pattern of the second
      image shown in FIG. 4c. The memory 53a is now stored with said
      pseudo-pattern in place of the first image 51a. Interrelationship is
      determined between the pseudopattern and second image. As the result, the
      calculating circuit 58 provides a second pseudo-image shown in FIG. 4d.
      The memory 53a is stored with said second pseudo-pattern instead of the
      first pseudo-pattern. As this operation is repeated, the displacements of
      the corresponding minute areas of the first and second images 51a, 51b
      becomes smaller. When said displacements are decreased to a lower level
      than prescribed, then the calculator 62 is operated to calculate the
      elevation of a three-dimensional foreground subject from the decreased
      displacements and other parameters. The process of this invention is
      carried out on all the points of the foreground subject, providing an
      accurate contour map.
PAR  The foregoing description refers to the case where the elevation-measuring
      apparatus of this invention was used in determining the elevation of a
      three-dimensional foreground subject from aeronautic stereoscopic
      photographs. However, the apparatus of this invention is also applicable
      in other fields. For example, this apparatus is adapted for the design of
      underwear and the cutting of clothing by photographing the outline of a
      human body to provide data on a contour pattern. The apparatus is further
      applicable in obtaining data on the depth of a three-dimensional
      foreground subject using two photographic apparatuses, as when it is
      desired to detect the overall outline of said foreground subject during
      its assembly.
PAR  As used herein, the term "elevation" is not limited to a narrow meaning
      such as the elevation of a hill on the ground which is determinable from
      aeronautic photographs, but denotes the elevation of the uppermost plane
      of a three-dimensional subject measured from the prescribed base level.
PAR  In the foregoing embodiment, a pair of stereoscopic images were used.
      However, it is not always necessary to provide such stereoscopic pictures.
      It is also possible to carry out photoelectric conversion simultaneously
      with image pickup and record the resultant electric image data in a memory
      device.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for measuring the elevation of a three-dimensional
      foreground subject by first and second images photographed at two points
      of known height and having a distance therebetween, which comprises:
      photoelectric conversion means for generating electric signals
      representing said photographed first and second images each divided into a
      plurality of minute areas; a first memory coupled to said photoelectric
      conversion means for storing electric signals representing said first
      image supplied from said conversion means; a second memory coupled to said
      photoelectric conversion means for storing electric signals representing
      said second image supplied from said conversion means; a correlator
      coupled to said first and second memories for determining from output
      signals supplied from the first and second memories a minute area of said
      second image which has a shade most similar to that of a certain minute
      area of said first image; calculating means coupled to said correlator for
      calculating displacement of said determined minute area of the second
      image and said certain minute area of the first image; correcting means
      coupled to said calculating means for correcting a pattern of one image to
      the extent of said calculated displacement, said memory for said one
      image, correlator, calculating means and correcting means constituting a
      feed back circuit which is operated until the value of said displacement
      comes to have a prescribed level; adding means coupled to said calculating
      means for algebraicly summing all calculated displacements when operation
      of said feed back circuit is completed; and measuring means coupled to
      said adding means for measuring by said algebraic sum, said elevation of
      said three-dimensional foreground subject, said height of said two points
      and said distance therebetween.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein: said photoelectric
      conversion means comprises a photoelectric conversion device for producing
      signals corresponding to light and shade in said first and second images.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein: said first and second
      memories respectively comprise corresponding control circuits and are
      loaded with data on all minute areas of said first and second images by
      said control circuits.
NUM  4.
PAR  4. An apparatus according to claim 3, wherein: said correlator comprises a
      correlation circuit for correlating all minute areas of said second image
      and said certain minute area of said first image and a maximum
      value-detecting circuit for finding one minute area of said second image
      having a maximum degree of correlation to said certain minute area of said
      first image.
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ABST
PAL  There is provided a digital acceleration detecting system for rotating
      bodies comprising a first counter for counting the number of pulse signals
      corresponding to the rotational speed of a rotating body, a second counter
      for counting the number of the pulse signals later than the first counter,
      and a control circuit for generating an output signal corresponding to the
      difference between the counts of the first and second counters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an acceleration detecting system for
      rotating bodies of the type which may for example be incorporated
      advantageously in an anti-skid control system for preventing an irregular
      gyration of a vehicle which results when the rotation of the wheels is
      stopped by an excessively large braking force during the braking of the
      vehicle.
PAR  2. Description of the Prior Art
PAR  For example, anti-skid control systems for vehicles are known in the art
      which comprises a generator for generating a DC voltage corresponding to
      the rotational speed of a wheel, a differentiation circuit for generating
      an output voltage only when the DC voltage changes suddenly, and a braking
      force control unit for forcibly releasing the braking force applied to the
      wheel only when the differentiation circuit generates an output voltage,
      whereby when the rotation of the wheel decreases rapidly so that there is
      a tendency for the wheel to lock, the braking force is released to prevent
      the locking of the wheel.
PAR  However, due to the fact that the sudden deceleration of the wheel rotation
      is detected in terms of a variation of the DC voltage or in terms of a
      negative acceleration obtained by differentiating the wheel speed, the
      anti-skid control system of the above type has a disadvantage and any
      attempt to overcome this disadvantage inevitably tends to make the system
      considerably high in cost and complicated in construction. In other words,
      though small in quantity, the output voltage of the generator includes a
      ripple component. That is, even the output voltage of a DC generator or
      the output voltage obtained by rectifying and smoothing the output voltage
      of an AC generator necessarily contains a ripple component and therefore
      the output voltage varies due to the ripple component even when the
      rotation of the wheel is smooth, causing an erroneous operation of the
      system in which the differentiation circuit is caused by the ripple
      component to erroneously generate an output voltage and the braking force
      control unit is energized to release the braking force.
PAR  While, in an attempt to overcome the foregoing difficulty, the number of
      poles in a generator may be increased to reduce the ripple voltage, this
      has the effect of making the generator bulkier and heavier. In this case,
      if the size and weight of the generator are not increased, the output
      voltage is decreased so that the superposition of external noise or the
      like on this DC output voltage may cause the system to operate
      erroneously. Further, if a capacitor or the like is connected to the
      generator to smooth the DC output voltage to a greater extent, contrary to
      the above-mentioned case, when the rotation of the wheel actually
      decreases suddenly, the resultant DC output voltage fails to follow this
      sudden deceleration so that at the expiration of a considerable time
      following the sudden deceleration of the wheel, the differentiation
      circuit generates an output voltage to release the braking force. This has
      a very detrimental effect so that in an extreme case the braking force
      will be released only after the stoppage of the wheel rotation.
PAR  There is another disadvantage that in order to detect variations of the DC
      voltage the DC voltage must always assume a value proportional to the
      rotational speed of the wheel, otherwise the same time rate of change or
      the angular acceleration of the wheel rotational speed shows a difference
      between the high wheel rotational speed and the low wheel rational speed.
      Also, with the differentiation circuit, if its output is allowed to vary
      with the magnitude of the DC voltage, it gives rise to a difficult
      situation in which the rate of change of the DC voltage or the time rate
      of change (acceleration) of the wheel rotation cannot be detected
      accurately. While all of these difficulties arise from the fact that the
      rotational speed of a wheel is converted into a DC voltage which is an
      analog quantity and this DC analog voltage value is then differentiated,
      any attempts to overcome these difficulties by using a generator which
      operates with a high degree of accuracy, that is, a generator which is
      capable of always generating the same output voltage for variations in the
      ambient temperature and the like and by reducing the variations in the
      performance of individual elements of the same type caused during the
      manufacturing process, inevitably have the disadvantage of making the
      system expensive. Also with the differentiation circuit, the operating
      characteristics of its component elements such as transistors vary
      considerably with temperature changes and their characteristics also vary
      with variations of the power supply voltage. Consequently, it is necessary
      to use many component elements such as a temperature compensating circuit,
      a voltage compensating circuit, etc., which are necessary for controlling
      the variations of the characteristics below the predetermined values, but
      which have no direct bearing on the essential operation of the system,
      that is, there are also the disadvantages of making the system expensive,
      unnecessarily complicated in construction and difficult to operate.
PAC  SUMMARY OF THE INVENTION
PAR  With a view to overcoming the foregoing difficulty, it is an object of the
      present invention to provide a digital acceleration detecting system
      comprising a first counter and a second counter for respectively counting
      the number of pulse signals corresponding to the rotational speed of a
      rotating body subjected to detection, a control circuit for determining
      the beginning and end of the counting operation of the first and second
      counters, respectively, and generating an output signal having a duration
      corresponding to the count of the first and second counters, respectively,
      and a clock pulse oscillator for generating clock pulses having a
      predetermined frequency and used for actuating the control circuit,
      wherein the first counter counts the number of the pulse signals during a
      time period T.sub.1 from a time t.sub.1, the second counter counts the
      pulse signals for T.sub.1 seconds from a time t.sub.2 which is .DELTA.t
      seconds later than the time t.sub.1 and thereafter the clock pulses are
      counted by the first and second counters from a time t.sub.3 to generate
      an output signal corresponding to the difference between the count of the
      one counter obtained during the T.sub.1 seconds and the count of the other
      counter obtained during T.sub.1 seconds.
PAR  The system according to the invention has among its great advantages the
      fact that it is capable of eliminating the danger of erroneous operation
      due to ripple components by using a novel computing method in which the
      number of pulse signals corresponding to the rotational speed of a
      rotating object subjected to detection such as a wheel is counted.
PAR  Another great advantage of the system of the invention is that where the
      number of pulse signals per revolution of the wheel is increased to detect
      small variations of the wheel rotation, the use of the pulse signals or
      digital signals in place of a DC voltage value or analog voltage value
      used in the conventional system makes it possible to readily amplify and
      rectify the output voltage of any small value and at the same time
      external noise is not easily superposed on the output signal.
PAR  Still another great advantage of the invention is that since the pulse
      signals express a meaning only by the presence or absence of a pulse
      signal and this is independent of their voltage value, any slight
      variation in the amplitude of these pulse signals does not cause any
      operating difficulty, i.e., the use of a temperature compensating circuit
      or the like for maintaining the pulse amplitude at a present value is
      eliminated, making the system simple in construction, easy to operate and
      inexpensive.
PAR  Still another great advantage of the system is the use of a so-called
      digital differentiation in which the second counter starts counting the
      pulse signals at the expiration of .DELTA.t seconds after the first
      counter has started counting the pulse signals and thereafter the
      difference between the counts of the first and second counts is detected
      to detect the rate of change of the rotational speed of the wheel.
      Consequently, as compared with the conventional differentiation methods of
      analog type, the system of this invention is not affected by temperature
      changes, voltage variations, etc., and hence it is free from erroneous
      operation, thus requiring no compensating actions for temperature and
      voltage variations.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram showing an embodiment of an anti-skid control
      system for vehicle incorporating a digital acceleration detecting system
      according to the present invention.
PAR  FIG. 2 is a wiring diagram showing an exemplary form of the clock pulse
      oscillator used in the system of FIG. 1.
PAR  FIG. 3 is a wiring diagram showing an exemplary form of the speed sensor
      used in the system of FIG. 1.
PAR  FIG. 4 is a wiring diagram showing an exemplary form of the first and
      second counters used in the system of FIG. 1.
PAR  FIG. 5 is a wiring diagram showing an exemplary form of the control circuit
      used in the system of FIG. 1.
PAR  FIGS. 6 and 7 are wiring diagrams showing exemplary forms of the two
      different types of frequency divider circuit used in the control circuit
      shown in FIG. 5.
PAR  FIGS. 8 and 9 are wiring diagrams showing exemplary forms of the two
      different types of 6-bit shift registers.
PAR  FIG. 10 is a wiring diagram showing an exemplary form of the 3-bit shift
      register used in the control circuit shown in FIG. 5.
PAR  FIGS. 11 and 12 are waveform diagrams showing the voltage waveforms
      generated at various points in the system for explaining the operation
      thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention will now be described in greater detail with
      reference to the illustrated embodiment. In the embodiment shown in FIG.
      1, the digital acceleration detecting system according to the invention is
      incorporated in an anti-skid control system for a vehicle.
PAR  Referring first to FIG. 1, numeral 100 designates a first counter for
      counting the number of pulse signals correlated to the rotation of a
      vehicle wheel during a predetermined period of time and counting the
      number of clock pulses of a predetermined frequency during the subsequent
      predetermined period of time. Numeral 200 designates a second counter for
      counting the number of the pulse signals correlated to the rotation of the
      wheel during the predetermined time starting at a time .DELTA.t seconds
      later than the initiation of the counting by the first counter and for
      counting the number of the clock pulses of the predetermined frequency
      during the succeeding predetermined period. Numeral 300 designates a
      control circuit for supplying to the first counter 100 and the second
      counter 200, respectively, pulse signals wc correlated to the rotation of
      the wheel only during the predetermined period and clock pulses CP1 during
      the succeeding predetermined period and for generating, as its output
      signal, a signal for releasing the braking force applied to the wheel for
      a period of time corresponding to the difference between the counts of the
      first and second counters 100 and 200. Numeral 400 designates a clock
      pulse oscillator for always oscillating at a predetermined frequency and
      supplying the clock pulses CP1 for counting purposes to the first counter
      100 and the second counter 200 through the control circuit 300, 500 a
      speed sensor comprising a sensor mounted on the axle shaft of the wheel
      for generating the pulse signals we correlated with the rotational speed
      of the wheel. Numeral 600 designates a braking force control unit whereby
      when it is energized, the braking force is forcibly released to prevent
      the locking of the wheel even when the brake pedal is being depressed by
      the driver to apply the braking force to the wheel, whereas when it is
      deenergized, the braking action is effected as desired by the driver by
      depressing the brake pedal. Here, the construction and operation of the
      braking force control unit 600 will not be described in detail, since it
      is identical with the one used in the known anti-skid control systems.
PAR  The clock pulse oscillator 400 for generating the clock pulses CP1 is
      constructed as shown in FIG. 2, in which numerals 401 and 402 designate
      resistors. Numerals 403 and 404 designate capacitors, 405, 406 and 407
      two-input NAND elements. These two-input NAND elements are known in the
      art as monolithic integrated circuits and therefore they will not be
      described in detail. Numeral 400a designates an output terminal where
      there are generated the clock pulses CP1 shown in FIG. 12(A) and having a
      predetermined frequency determined by the values of the resistors 401 and
      402 and the capacitors 403 and 404. The operation of the oscillator 400
      constructed as described is well known to those skilled in the art and
      therefore it will not be described in any detail. Further, the clock pulse
      oscillator used in the system of this invention is not limited to the
      exemplary form shown in FIG. 2 and thus a crystal oscillator employing a
      crystal resonator may also be used as the clock pulse oscillator without
      any inconvenience.
PAR  The speed sensor 500 is constructed as shown in FIG. 3, in which numeral
      510 designates a toothed wheel of a magnetic material which is formed with
      a plurality of projections 510a on its circumference and which is driven
      from the axle shaft of the wheel, 520 a pulse sensor, 521 a winding, 522 a
      fixed core arranged to provide a certain gap between it and the
      projections 510a of the toothed wheel 510, 523 a permanent magnet for
      applying a magnetic flux through the fixed core 522 so that the magnetic
      flux changes with the movement of the projections 510a on the toothed
      wheel 510, 520a and 520b output terminals of the pulse sensor 520. Numeral
      530 designates an amplifier for amplifying and reshaping into a
      rectangular wave the output voltage generated across the output terminals
      520a and 520b in accordance with the rotation of the toothed wheel 510,
      531 a terminal for connection to a power source. With the construction
      described, the rectangular waves or pulse signals wc generated at the
      output terminal 500a are correlated with the rotational speed of the
      toothed wheel 510, i.e., the rotational speed of the wheel, and the number
      of the pulse signals wc generated in unit time is proportional to the
      rotational speed of the wheel. Therefore, the rotational speed V of the
      wheel is given us
      ##EQU1##
      where K = proportionality constant
PA1  n = number of pulse signals we generated in unit time T.
PAL  The construction and operation of the amplifier 530 will not be described
      in detail, since it is well known in the art.
PAR  The first counter 100 and the second counter 200 are constructed as shown
      in FIG. 4. The first counter 100 comprises a binary counter in which
      numerals 101, 102, 103, 104, 105, 106, 107 and 108 designate flip-flops
      (hereinafter referred to as FF's), T1 an input terminal for receiving
      pulse signals to be counted, R1 a reset terminal which goes to a high (H)
      level for causing the FF's 101 through 108 to perform the counting and
      which goes to a low (L) level for resetting all the FF's, C1 a carry
      output terminal which goes to the L level when all of output terminals Q
      of the FF's 101 through 108 go to the H Level and then a pulse signal is
      applied to the input terminal T1. The construction and operation of the
      FF's 101 through 108 are well known in the art and therefore they will not
      be described in detail. The second counter 200 comprises a binary counter
      identical in construction and operation with the first counter 100, in
      which numerals 201, 202, 203, 204, 205, 206, 207 and 208 designate FF's,
      T2 an input terminal for receiving pulse signals to be counted, R2 a reset
      terminal which goes to the H level for causing the counter 200 to perform
      the operation of counting and which goes to the L level for resetting the
      counter 200, C2 a carry output signal which goes to the L level by a pulse
      signal applied to the input terminal T2 after all of output terminals Q of
      the FF's 201 through 208 have gone to the H level.
PAR  The control circuit 300 is constructed as shown in FIG. 5, in which numeral
      400a' designates an input terminal for receiving clock pulses CP1, 500a'
      designates an input terminal for pulse signals wc, and C1', T1' and R1'
      designate, respectively a carry input terminal, a pulse output terminal
      and a reset output terminal. Terminals C1; T1' and R1' are respectively
      connected to the carry output terminal C1, the pulse input terminal T1 and
      the reset terminal R1 of the first counter 100. Similarly, designated as
      C2', T2' and R2' are a carry input terminal, a pulse output terminal and a
      reset output terminal respectively connected to the carry output terminal
      C2, the pulse input terminal T2 and the reset terminal R2 of the second
      counter 200. Numerals 310, 311 and 312 designate two-input AND elements,
      313 and 314 NOT elements, 315 and 316 OR elements, 317, 319, 318 and 320
      two-input AND elements. Designated as R, S1, S2, A and An are terminals
      where there are respectively delivered a reset signal r, signal s1,
      signals  s2, signal a and signal an. Numerals 321, 322, 323 and 324
      designate two-input AND elements for respectively generating the reset
      signal r, signal s1, signal s2 and signal a, 340 a frequency divider
      circuit, 340T an input terminal for receiving pulse signals which are to
      be subjected to frequency division. The terminal An constitutes an output
      terminal for the signal an divided by the frequency divider circuit 340.
      Numeral 350 designates a D-type flip-flop (hereinafter referred to as a
      D-FF) whereby the signal an supplied to its D input terminal is delivered
      to its output terminal Q after a delay of one bit period. Numeral 390
      designates a frequency divider circuit whereby the input clock pulses CP1
      shown in FIG. 12(A) are divided to produce a clock pulse CP2 shown in FIG.
      12(B), 390T an input terminal for receiving the clock pulses CP1, 390Q an
      output terminal for the clock pulse CP2 obtained by frequency dividing the
      clock pulses CP1. Numeral 360 designates a 6-bit shift register, 360D an
      input terminal, 360T an input terminal for the clock pulse CP2, 360Q an
      output terminal where the signal applied to the input terminal 360D
      appears after a delay of three bit periods, 360Q an inverted output
      terminal where the signal generated at the output terminal 360Q appears
      after a further delay of three bit periods and in its inverted form.
      Numeral 370 designates a 6-bit shift registor, 370D an input terminal,
      370T an input terminal for receiving the clock pulse CP2, 370Q an output
      terminal where an output is produced after a delay of 6 bit period after
      the application of a signal to the input terminal 370D 370Q an inverted
      output terminal where an output signal is always generated which is
      opposite in level to the output signal generated at the output terminal
      370Q. Numeral 380 designates a 3-bit shift register, 380D an input signal,
      380T an input terminal for the clock pulse CP2, 380Q an inverted output
      terminal where an inverted output replica of the input signal to the input
      terminal 380D appears after a delay of 3 bit periods.
PAR  The circuit construction of the frequency divider circuit 340 is shown in
      FIG. 6, in which numeral 348 designates a five-input AND element, 341,
      342, 343, 344, 345, 346 and 347 FF's. The five-input AND element 348 is of
      a known type and therefore its construction and operation will not be
      described.
PAR  The construction of the frequency divider circuit 390 is shown in FIG. 7,
      in which 390T designates an input terminal for receiving the clock pulses
      CP1, 390Q an output terminal for the frequency divided clock pulse CP2,
      391, 392, 393, 394, 395, 396 and 397 FF's.
PAR  The 6-bit shift register 360 is constructed as shown in FIG. 8, in which
      numerals 361, 362, 363, 364, 365 and 366 designate D-FF's.
PAR  The 6-bit shift register 370 is constructed as shown in FIG. 9, in which
      numeral 371, 372, 373, 374, 375 and 376 designate D-FF's, 370Q1 an output
      terminal of the D-FF 371.
PAR  The 3-bit shift register 380 is constructed as shown in FIG. 10, in which
      numerals 381, 382 and 383 designate D-FF's.
PAR  FIGS. 11-an, 11-r, 11- s1, 11-s2, 11-a and 11-f respectively show the
      voltage waveforms in time of the signals generated at the terminals An, R1
      and R2, S1, S2, A and F. FIGS. 12(A) and 12(B) show respectively the
      waveforms of the clock pulses CP1 and CP2 in time.
PAR  With the construction described above, the anti-skid control system
      incorporating the system of this invention operates as follows. In the
      first place, the operation of the system, particularly the operation of
      the first and second counters 100 and 200, the clock pulse oscillator 400,
      the speed sensor 500 and the control circuit 300 will be described and
      later the operation of the braking force control unit 600 will be
      described with respect to different driving conditions of a vehicle by the
      driver, that is, (1) when the vehicle is driven at a constant speed, (2)
      when the brake pedal is depressed so that the rotational speed of the
      wheel is continuously decreasing under the influence of the braking force
      applied to the wheel (deceleration driving condition of the vehicle), and
      (3) the accelerator pedal is depressed so that the rotational speed of the
      wheel is increasing (acceleration driving condition of the vehicle).
PAR  The operation will be described by referring first to FIGS. 5 and 11. When
      the signal an generated at the terminal An by dividing the clock pulses
      CP2 in the frequency divider circuit 340 goes to the H level at a time
      t.sub.o, the reset signal r is generated at the terminal R by the D-FF 350
      through the AND element 321, so that the first and second counters 100 and
      200 clear their previously stored counts and are reset to zero. Then, at a
      time t.sub.1, the shift register 360 causes the signal s1 to go to the H
      level through the AND element 322. Consequently, the pulse signals wc are
      applied to the AND element 311 through the AND element 319 and the OR
      element 315. At this time, the carry output terminal C1 is of course at
      the L level, since the count of the counter 100 is zero. As a result, the
      output terminal of the NOT element 313 goes to the H level, with the
      result that the pulse signals wc generated at the OR element 315 are
      applied to the pulse input terminal T1 through the AND element 311 and the
      counter 100 starts counting the pulse signals wc from the time t.sub.1 and
      on. In this case, since the signals s2 and a at the terminals S2 and A are
      both at the L level, no clock pulses CP1 are applied to the counter 100.
      On the other hand, both the pulse signals wc and the clock pulses CP1 are
      not applied to the counter 200, and the count of the counter 200 is zero.
PAR  After expiration of .DELTA.t seconds from the time t.sub.1, that is, at a
      time t.sub.2, the signal s2 at the terminal S2 changes from the L level to
      the H level by the operation of the shift register 370 through the AND
      element 323. Consequently, the pulse signals wc are generated at the
      output terminal of the OR element 316 through the AND element 320. In this
      case, the carry terminal C2 of the counter 200 is at the L and hence the
      output terminal of the NOT element 314 is at the H level, thus causing the
      pulse signals wc to be applied to the counter 200 through the AND element
      312. The foregoing process may be summarized as follows: (1) The counters
      100 and 200 are both reset at the time t.sub.o, (2) the counter 100 starts
      counting the number of the pulse signals wc at the time t.sub.1, and (3)
      the counter 200 starts counting the number of the pulse signals wc at the
      time t.sub.2, and then at the expiration of the T1 seconds from the time
      t.sub.1, i.e., at the time t.sub.3 the signal sl at the terminal Sl is
      changed to the L level by the shift register 360 through the AND element
      322. When this occurs, no pulse signals wc appear at the output terminal
      of the AND element 319 and thus the counter 100 stops the counting of the
      pulse signals wc. In this case, as mentioned earlier, the count of the
      counter 100 attained during the T1 seconds has a value corresponding to
      the rotational speed of the wheel as mentioned previously. At this time,
      the signal r at the terminal R and the signal a at the terminal A are both
      at the L level so that the counter 100 is not reset and it also does not
      count the clock pulses CP1. Then, at a time t.sub.4 after the expiration
      of the T.sub.1 seconds from the time t.sub.2, the signal s2 at the
      terminal S2 is changed to the L level by the shift register 370 through
      the AND element 323. As a result, no pulse signals wc applied to the AND
      element 320 are passed to its output terminal and hence the counter 200
      stops counting the pulse signals wc from the time t.sub.4 and on. In this
      case, the count stored in the counter 200 by this time assumes a value
      corresponding to the rotational speed of the wheel as in the case of the
      counter 100. Consequently, if the rotational speed of the wheel is
      constant during the time periods t.sub.1 .about. t.sub.2 .about. t.sub.3
      .about. t.sub.4, the count of the counter 100 is equal to the count of the
      counter 200. On the other hand, if the rotational speed of the wheel
      varies during the time periods t.sub.1 .about. t.sub.3 and t.sub.2 .about.
      t.sub.4, the count of the counter 100 naturally differs from that of the
      counter 200. Thereafter, at the time t.sub.4, the signal a at the terminal
      A is changed to the H level by the shift register 380 through the AND
      element 324. Consequently, the clock pulses CP1 are applied to the OR
      elements 315 and 316 through the AND elements 317 and 318. In this case,
      the terminals R, S1 and S2 are all at the L level and therefore the pulse
      signals wc are not applied to the OR elements 315 and 316 through the AND
      elements 319 and 320. Further, the counters 100 and 200 are not reset. The
      carry output terminals C1 and C2 of the counters 100 and 200 are also at
      the L level and hence the output terminals of the NOT elements 313 and 314
      are at the H level, with the result that the clock pulses CP1 generated at
      the output terminals of the OR elements 315 and 316 are applied to the
      counters 100 and 200. Thereafter, the counters 100 and 200 continue to
      count the clock pulses CP1 until a time t.sub.6 at which the signal a at
      the terminal A again goes to the L level. In this case, if the counts of
      the counters 100 and 200 which were stored respectively during the time
      periods t.sub.1 .about. t.sub.3 and t.sub.2 .about. t.sub.4 are equal to
      each other, the carry output terminals C1 and C2 of the counters 100 and
      200 simultaneously go to the H level during a time period t.sub.4 .about.
      t.sub.6. And the signal f at the output terminal F remains at the L level.
      The reason is that while the signal at one input terminal of the AND
      element 310 was at the H level and the signal at the other input terminal
      was at the L level when both of the carry output terminals C1 and C2 were
      previously at the L level, the signal at one input terminal of the AND
      element 310 is still at the H level and the signal at the other input
      terminal is at the L level when the carry output terminals C1 and C2
      simultaneously go to the H level. On the contrary, if the rotational speed
      of the wheel is decreasing, the count stored in the counter 100 during the
      time period t.sub.1 .about. t.sub.3 is greater than the count stored in
      the counter 200 during the time period t.sub.2 .about. t.sub.4 and thus
      the signal f at the output terminal F goes to the H level at a time
      t.sub.5 which is later than the time t.sub.4. This results from the fact
      that while the carry output terminals C1 and C2 were both at the L level
      before the time t.sub.5 as mentioned earlier, the counters 100 and 200
      start counting the clock pulses CP1 at the time t.sub.4 thus causing only
      the carry output terminal C1 of the counter 100 to go to the H level at
      the time t.sub.5. Thereafter, the output terminal of the NOT element 313
      goes to the L level and therefore the clock pulses CP1 are not applied to
      the counter 100. On the other hand, the carry output terminal C2 of the
      counter 200 is still at the L level and therefore the counter 200 counts
      the clock pulses CP1. Thereafter, the signal f at the output terminal F
      goes to the L level at the time t.sub.6 at which the signal a at the
      terminal A goes to the L level or before the time t.sub.6 if the carry
      output terminal C2 of the counter 200 goes to the H level before the time
      t.sub.6. On the contrary, if the rotational speed of the wheel is
      increasing, the count stored in the counter 100 during the time period
      t.sub.1 .about. t.sub.3 is smaller than the count stored in the counter
      200 during the time period t.sub.2 .about. t.sub.4, so that when the clock
      pulses CP1 are to be counted by the counters 100 and 200, the carry output
      terminal C2 goes to the H level first and then the carry output terminal
      C1 goes to the H level. Consequently, the signal f at the terminal F which
      was at the L level before the time t.sub.4 remains at the L level after
      the time t.sub.4, and thus it is always maintained at the L level not only
      at that time, i.e., when only the carry output terminal C1 goes to the H
      level first, but also the carry output terminal C1 goes to the H level
      later. When both of the carry output terminals C1 and C2 go to the H
      level, the outputs of the NOT elements 313 and 314 go to the L level, so
      that after that time no clock pulses CP1 are applied to the input
      terminals T.sub.1 and T.sub.2 and the counters 100 and 200 terminate their
      operation as mentioned earlier.
PAR  In other words, when the rotational speed of the wheel is increasing during
      the time period t.sub.1 .about. t.sub.4 or when the wheel is driven at a
      constant speed, no output signal is generated at the output terminal F
      during the time period t.sub.4 .about. t.sub.6. Namely, the signal f
      remains at the L level, and only when the rotational speed of the wheel is
      decreasing during the time period t.sub.1 .about. t.sub.4, the output
      signal, i.e., the H level signal f is generated at the output terminal F
      during the time period t.sub.4 .about. t.sub.6 for a time corresponding to
      the difference between the first rotational speed of the wheel and the
      second rotational speed of the wheel counted .DELTA.t seconds later.
PAR  Thereafter, at a time t.sub.o ', the H level signal r is again generated at
      the terminal R, so that the counters 100 and 200 which stopped counting in
      the manner described above are reset and restored to their initial state
      or the zero state, after which the same sequence of operations are
      repeated at times t.sub.1 ', t.sub.2 ', t.sub.3 ' . . . . In this
      operation, since the rotational speed of the wheel is counted during the
      time period T.sub.1 by the first counter 100 and the second counter 200
      counts the rotational speed of the wheel during the same time period
      T.sub.1 but .DELTA.t seconds later, if the rotational speed of the wheel
      counted by the first counter 100 is represented as V.sub.1 and V.sub.2
      represents the wheel rotational speed counted by the second counter 200
      and if the H level output signal generated at the output terminal F after
      the time t.sub.4 is represented as f(t), then we obtain
      ##EQU2##
      where K = proportionality constant
EQU  V.sub.1 &gt; V.sub.2 = 0
PAR  accordingly, when the rational speed of the wheel decreases rapidly in a
      short period of time the value of the output signal f(t) is increased,
      whereas when the rotational speed of the wheel decreases gradually the
      value of the output signal f(t) is decreased. Here, it should readily be
      appreciated that the values of .DELTA.t, T.sub.1, T.sub.2 as well as the
      values of the clock pulse CP1 and the pulse signal wc may be selected as
      desired entirely as a matter of design.
PAR  While there has been described the operation for generating an output
      signal at the output terminal F during the deceleration period of the
      rotational speed of the wheel, the operation of the braking force control
      unit 600 during such a deceleration period will now be described. As
      mentioned earlier, when the braking force control unit 600 is energized,
      it comes into operation in a direction which decreases the braking force.
      Consequently, when the rotational speed of the wheel is constant or when
      it is increasing, the braking force is not released as described above. On
      the other hand, when the rotational speed of the wheel is decreasing, as
      mentioned previously, the output signal f(t) of varying time width which
      is dependent on the rate of decrease of the rotational speed of the wheel
      or the magnitute of the negative acceleration, is generated at the output
      terminal F at predetermined intervals of time. Consequently, the braking
      force control unit 600 actually acts in a direction which decreases the
      braking force during the time f(t) in the time period t.sub.o .about.
      t.sub.o ', in FIG. 11, and therefore a time Rt during which the braking
      force applied to the wheel is released, is given as
      ##EQU3##
      where T = time period between t.sub.o and t.sub.o ',
PA1  K = time delay efficiency determined by the characteristics of braking
      force control unit 600 and the brake system of vehicle
PAR  As a result, after the application of the braking force to the wheel, in
      accordance with the value of the time Rt which is determined in the
      above-described manner by the ratio between the braking force application
      time T and the time f(t) during which the control unit 600 acts in a
      direction which decreases the braking force, the braking force is
      decreased until the vehicle is brought to a stop. In other words, when the
      rate of decrease of the wheel rotation is low, the corresponding decrease
      in the braking force is small, whereas when the wheel rotation decreases
      rapidly, the braking force is reduced in an increased amount. When the
      rate of decrease of the wheel rotation becomes lower as the consequence of
      the decrease in the applied braking force, the rate of decrease in the
      braking force is reduced, whereas when the rotation of the wheel is
      brought to a constant speed or it gains speed again, the braking force is
      reapplied. The process just described is repeated until the vehicle is
      brought to a complete stop.
PAR  It will thus be seen from the foregoing description that since the system
      according to the present invention comprises a first counter for counting
      the number of pulse signals corresponding to the rotational speed of a
      rotating body, a second counter for counting the number of the pulse
      signals during the same time interval but at a later time than the first
      counter, and a control circuit for causing the first and second counter to
      count clock pulses after the completion of the counting of the pulse
      signals and generating an output signal having a time width which
      corresponds to the time interval between the instant that the count of one
      of the counters attains a predetermined value and the instant that the
      count of the other counter attains a predetermined value, it is possible
      to detect the rotational speed V.sub.1 of the rotating body by the first
      counter and detect by the second counter the rotational speed V.sub.2 of
      the rotating body after the expiration of .DELTA.t seconds whereby to
      provide a control signal having a duration time corresponding to the rate
      of decrease in the rotational speed of the rotating body. The effect of
      this novel feature is that the operation of the system is stabilized
      against changes in the ambient temperature, variations of the power supply
      voltage, etc., which have heretofore been encountered in the conventional
      systems, and moreover there is no possibility of any erroneous operations
      due to ripple components and external noise thus eliminating the use of
      any special circuits for temperature compensation and voltage
      compensation. Further, since the rotational speed of the rotating body is
      detected at two points different by .DELTA.t seconds to quickly detect the
      acceleration of the rotating body and provide the required control signal,
      the system of this invention can be advantageously used in such an
      application as an acceleration detecting system for an anti-skid control
      system to positively prevent the occurrence of skidding following the
      initiation of the braking action on the wheels.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital acceleration detecting system comprising:
PA1  detecting means for generating pulse signals having a frequency
      corresponding to the speed of a rotating body to be detected;
PA1  a first counter for counting said pulse signals from said detecting means
      during a predetermined period of time;
PA1  a second counter for counting said pulse signals during said predetermined
      period of time which begins at a time different by a unit time from the
      time of the beginning of the counting by said first counter;
PA1  an oscillator for generating clock pulses of a constant frequency; and
PA1  control means for blocking the pulse signals from the detecting means after
      the elapse of both of the predetermined periods of said counters, for
      applying the clock pulses from said oscillator to said counters
      simultaneously for continuing the counts accumulated by said counters
      during said predetermined periods of time, and for generating an output
      pulse with a duration from the time when the count of said first counter
      reaches a predetermined value until the time when the count of said second
      counter reaches a predetermined value.
NUM  2.
PAR  2. A digital acceleration detecting system according to claim 1, wherein
      said detecting means includes speed sensor for generating pulse signals
      with a frequency corresponding to the rotational speed of the wheel.
NUM  3.
PAR  3. A digital acceleration detecting system according to claim 1, wherein
      said first and second counters each count in the same polarity.
NUM  4.
PAR  4. A digital acceleration detecting system comprising:
PA1  detecting means for generating pulse signals having a frequency
      corresponding to the speed of a rotating body to be detected;
PA1  an oscillator for generating clock pulses with a constant frequency;
PA1  a first gate means connected to said detecting means and said oscillator,
      for passing the pulse signals from said detecting means for a
      predetermined period, and for blocking said pulse signals thereafter and
      passing the clock pulses from said oscillator after the elapse of a given
      time of the blocking;
PA1  a second gate means connected in parallel with said first gate means, for
      passing the pulse signals from said detecting means for a predetermined
      period from the time delayed by a given period from the beginning of the
      gating of said first gate means, and for blocking said pulse signals
      immediately thereafter and passing the clock pulses from said oscillator
      simultaneously with said first gate means;
PA1  a first counter connected to said first gate means, for counting said pulse
      signals and said clock pulses passed by the gating of said first gate
      means;
PA1  a second counter connected to said second gate means, for counting said
      pulse signals and said clock pulses passed by the gating of said second
      gate means; and
PA1  a third gate means for generating an output pulse having duration from the
      time when the count of said first counter reaches a predetermined value
      until the time when the count of said second counter reaches a
      predetermined value.
NUM  5.
PAR  5. A digital acceleration detecting system comprising:
PA1  detecting means for generating pulse signals having a frequency
      corresponding to the speed of a rotating body to be detected;
PA1  a first counter for counting said pulse signals from said detecting means
      during a predetermined period of time;
PA1  a second counter for counting said pulse signals during said predetermined
      period of time which begins at a time different by a unit time from the
      time of the beginning of the counting by said first counter;
PA1  an oscillator for generating clock pulses with a constant frequency; and
PA1  control means for blocking the pulse signals from said detecting means
      after the elapse of both of the predetermined periods of said counters,
      and for applying the clock pulses from said oscillator to said counters
      for a further period whereby the control means generates an output pulse
      having a duration corresponding to the difference between the counts of
      said counters just before the application of said clock pulses.
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ABST
PAL  A digital processor for discretely sampled information signals, of the type
      such as radar return signals and communication signals. Means are
      disclosed for determining the positions and values of extrema and the
      positions of the leading and trailing edges of extended pulses occurring
      between sampling instants. Means are also disclosed for determining the
      duration of such extended pulses.
GOVT
PAR  The invention described herein was made in the course of or under a
      contract or subcontract with the Department of the Navy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Any digital representation of a continuous analog function involves
      describing the function as a sequence of discrete samples. However, the
      information to be extracted from the function may reside in attributes or
      characteristics of the waveform that are lost in the sampling process.
PAR  For example, in surveillance and communications systems, there is a need to
      determine extreme values (minimum or maximum values) in a function and the
      location of such extrema. However, in discrete or digital processors, only
      discretely sampled values of the function, not necessarily including such
      extrema, are available.
PAR  A specific example is a pulsed radar, which receives successive echoes,
      corresponding to a given range, as its antenna beam scans over a target.
      Usually, the information desired from the echoes is the position of the
      antenna beam as its maximum sweeps over the target, that is, the position
      of maximum return. However, the successive echoes from the target are
      separated in time by the interval between transmitted pulses.
      Consequently, unless the scanning rate is slow compared to the interval
      between transmit pulses, there may be no echo at the peak of the beam.
      Thus, the returned echoes "straddle" the beam maximum, resulting in
      increased uncertainty in the time at which the beam maximum passed over
      the target and a possible reduction in the size (amplitude) of the echo.
PAR  Similarly, in the processing of a particular sweep or range trace, the echo
      is sampled at times corresponding to particular ranges. Thus, the
      resultant range output is quantized in steps corresponding to the
      particular sampled ranges. Consequently, when sampling times "straddle"
      the position of the peak of a processed echo there is an error in
      estimation of the time of occurrence of the peak. Such a situation, in
      particular, occurs in digital processing of the trace.
PAR  Time quantization errors also occur in determining the leading and trailing
      edges of an extended pulse, e.g., in radar the return from a target whose
      range extent is larger than the range resolution of the radar system.
PAR  Related errors occur in digital communications, in radio direction finding,
      and radio navigation.
PAR  Such time quantization errors may be reduced by interpolating the values of
      the sampled function during the interval occurring between sampling times.
      The present invention provides a method and apparatus for performing such
      interpolations.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a signal processor for data signals
      indicative of discrete sequential samples of a function. Grouping means
      receive the data signals and generate signals manifesting the respective
      values of a group of a predetermined number of the samples in a sequence.
      Collocation means receive the group signals, collocate a predetermined
      continuous function to the group of samples and generate information
      signals indicative of desired information of a predetermined
      characteristic of the sampled function. The predetermined function has a
      waveform that approximates the predetermined characteristic of the sampled
      function.
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PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a curve plot of typical sampled function.
PAR  FIG. 2 is a block diagram of one embodiment of a parabolic interpolator
      according to the invention.
PAR  FIG. 2a is a block diagram of one embodiment of a Gaussian interpolator in
      accordance with the present invention.
PAR  FIGS. 3 and 4 are the respective curve plots of the leading and trailing
      edges of a sampled function.
PAR  FIG. 5 is a block diagram of a cubic interpolator according to the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Time quantization errors often occur when a physical "state", represented
      by a continuous analog wafeform, or, in general, a continuous function, is
      discretely sampled. In particular, time quantization errors occur when an
      analog waveform or function is converted into a digital representation for
      transmission to a remote processor.
PAR  The present invention provides a digital processor which reduces time
      quantization errors in such digital or discretely sampled systems.
PAR  In general terms, the processor iteratively collocates a specified type of
      curve or function to selected groups of the received sample values. The
      specified function is chosen to "approximate" the shape of a particular
      characteristic or attribute of the sampled function which contains or
      manifests desired information. As will be more fully discussed below, the
      iterative collocation or "fitting" process, in effect, reconstructs the
      pertinent portions of the sampled function, in the processor and,
      consequently, extracted information is not subject to time quantization
      error. Specified applications, hereinafter discussed, respectively utilize
      polynomials and Gaussian functions. It should be noted however, that any
      continuous function, approximating the shape of a desired characteristic
      or attribute of the sampled function may be used to carry out the
      invention.
PAR  More specifically, given a plurality of discrete samples (f(pT)) of a
      sampled function f(t), (applied to a processor in accordance with the
      present invention), a portion of interest of the continuous curve f(t) is
      to be approximated by, for example, a polynomial of fixed degree passing
      through the measured samples. FIG. 1 illustrates four such discrete
      samples, 10, 12, 14 and 15 respectively, taken from a measured function
      (waveform) with a uniform sampling period T. The sampling instant of one
      of the samples, here 12, is initially designated time zero, (t.sub.0).
      Accordingly, samples 10, 14, and 15 occur at times (t.sub.0 -T), (t.sub.0
      +T) and (t.sub.0 +2T) respectively. The values of the samples 10, 12, 14
      and 15 may thus be respectively designated f.sub.-.sub.1, f.sub.0, f.sub.1
      and f.sub.2.
PAR  The collocation polynomial of a given degree for a given set of samples,
      that is, the polynomial which passes through all the samples, is unique
      and the coefficients thereof may be determined by application of a
      suitable mathematical formula. For a detailed description of such formulae
      reference can be made to "Theory and Problems of Numerical Analysis" by F.
      Scheid, Schaum's Outline Series, McGraw Hill Book Co., New York 1968, and
      "Handbook of Mathematical Functions" by M. Abramovitz and I. A. Stegun,
      N.B.S. Applied Math. Series 55, Washington, D.C., 1964. One such formula
      is that of Lagrange by which a predetermined function may be fit in the
      vicinity of some arbitrary time t.sub.0. The Lagrange interpolation
      formula for fitting a specified curve to a group of sample points,
      neglecting the remainder, may be represented as:
      ##EQU1##
      where T is equal to the sampling interval, each f.sub.k is equal to the
      known sample value at the times t.sub.0 + kT, i.e.
EQU  f.sub.k = f(t.sub.0 + kT)                                  (2)
PAL  where k is an integer satisfying
EQU  -(1/2)(n-2).ltoreq.k.ltoreq.n/2, n even
      -(1/2)(n-1).ltoreq.k.ltoreq.(1/2)(n-1), n odd             (3)
PAL  Each A.sub.k.sup.n is a polynomial in p of degrees n-1 and is termed a
      "Lagrangian interpolation coefficient".
      ##EQU2##
PAR  Table 1 gives the values (in p) of the Lagrangian interpolation
      coefficients and the first and second p-derivatives thereof for n=3 and
      n=4. Further tabulations of such Lagrangian interpolation coefficients can
      be found in the above cited "Handbook of Mathematical Functions".
TBL                TABLE I                                                     
     ______________________________________                                    
     Lagrangian Interpolation Coefficients and Derivatives                     
     n=3               n=4                                                     
     ______________________________________                                    
     A.sub..sub.-1.sup.3                                                       
              (p.sup.2 -p)/2                                                   
                           A.sub..sub.-1.sup.4                                 
                                      -(p.sup.3 -3p.sup.2 +2p)/6               
     A.sub.0.sup.3                                                             
              1-p.sup.2    A.sub.0.sup.4                                       
                                      (p.sup.3 -2p.sup.2 -p+2)/2               
     A.sub.1.sup.3                                                             
              (p.sup.2 +p)/2                                                   
                           A.sub.1.sup.4                                       
                                      -(p.sup.3 -p.sup.2 -2p)/2                
     dA.sub..sub.-1.sup.3 /dp                                                  
              p-1/2        A.sub.2.sup.4                                       
                                      (p.sup.3 -p)/6                           
     dA.sub.0.sup.3 /dp                                                        
              -2p          dA.sub..sub.-1.sup.4 /dp                            
                                      -(3p.sup.2 -6p+2)/6                      
     dA.sub.1.sup.3 /dp                                                        
              p+1/2        dA.sub.0.sup.4 /dp                                  
                                      (3p.sup.2 -4p-1)/2                       
     d.sup.2 A.sub..sub.-1.sup.3 /dp.sup.2                                     
              1            dA.sub.1.sup.4 /dp                                  
                                      -(3p.sup.2 -2p-2)/2                      
     d.sup.2 A.sub.0.sup.3 /dp.sup.2                                           
              -2           dA.sub.2.sup.4 /dp                                  
                                      (3p.sup.2 -1)/6                          
     d.sup.2 A.sub.1.sup.3 /dp.sup.2                                           
              1            d.sup.2 A.sub..sub.-1.sup.4 /dp.sup.2               
                                      1-p                                      
                           d.sup.2 A.sub.0.sup.4 /dp.sup.2                     
                                      3p-2                                     
                           d.sup.2 A.sub.1.sup.4 /dp.sup.2                     
                                      1-3p                                     
                           d.sup.2 A.sub.2.sup.4 /dp.sup.2                     
                                      p                                        
     ______________________________________                                    
PAR  It should be noted that the representation of the function given by
      equation (1) comprises n terms, one term for each sample point to which
      the cuurve is to be fit. Moreover, it follows from the use of both
      positive and negative values for k in accordance with equation (3), that
      sample values occur at times both before and after the sampling instant
      designated time 0(t.sub.0).
PAR  Setting t.sub.0 =0, equation (1) becomes
      ##EQU3##
      where the respective f.sub.k 's equal the values of the function at the
      sampling times kT, (f.sub.k = f(kT)). Thus, the interpolation formula fits
      a polynomial of degree n-1 to the n points "surrounding" the sampling
      point designated time 0(t.sub.0). It should be noted that a n-degree
      polynomial must be fit to a minimum of n+1 samples at a time. Thus, a
      second degree polynomial (parabola) and third degree polynomial (cubic)
      must be fit to respective groupings of at least 3 and 4 samples at a time,
      i.e., n=3 and n=4.
PAR  Equation (5) is applied to each successive grouping of n points, by
      successively translating the designated time 0 by the sampling period T.
      For example, in FIG. 1 with n=3, the instant of sampling point 12 is first
      designated as time 0(t.sub.0), thereby defining the polynomial to fit the
      first three points 10 and 12 and 14. Subsequently, the time zero point is
      translated by the sampling peroid T and the time of sampling point 14 is
      designated as the instantaneous time 0(t.sub.0). The polynomial, then, is
      defined by points 12, 14 and 15. The above procedure is followed for all
      sampling points.
PAR  It is often desired to determine information manifested by particular
      attributes or characteristics of the continuous function (waveform).
      Typically, the position and value of extrema (maxima or minima) in the
      sampled function or the position and duration of an extended pulse in the
      sampled function represent the desired information to be extracted from
      the function.
PAR  According to the present invention, it is noted that, in the vicinity of an
      extremum, a sampled function is generally parabolic in shape. Hence the
      extrema of the function are found by collocating a second or higher order
      polynomial to each succession of n sample points, as described above, and
      testing the collocated polynomial, within each grouping, for an extremum.
      An extremum occurs when the p-derivatives of f(pT) vanishes, i.e., goes to
      zero. Denoting the value of p for which the extremum occurs as p.sub.m,
      ##EQU4##
PAR  For the exemplary case of n=3 being described, it follows from table I that
      equation (5) becomes
EQU  f(pT)=(1/2)(p.sup.2 - p)f.sub..sub.-1 +(l-p.sup.2)f.sub.0 +(1/2)(p.sup.2 +
      p)f.sub.1                                                 (7)
PAL  Thus an extremum occurs for that value p.sub.m of p that satisfies:
EQU  (p-1/2)f.sub.-.sub.1 -2pf.sub.0 +(p+1/2)f.sub.1 =0, p=p.sub.m (8)
PAL  Therefore,
      ##EQU5##
      From the second p-derivative it can be determined whether the extremum at
      p.sub.m is a maximum or a minimum. Accordingly:
EQU  f.sub.-.sub.1 - 2f.sub.0 + f.sub.1 &lt; 0 indicates that p.sub.m is the
      location of a maxima                                      (10a) 1
EQU  f.sub.-.sub.1 - 2f.sub.0 + f.sub.1 &gt; 0 indicates that p.sub.m is the
      location of a minimum                                     (10b)
PAR  FIG. 2 shows a parabolic interpolator for giving the position and estimated
      value of an extremum in a sampled function in accordance with the present
      invention.
PAR  In general, a signal representative of the function as sampled, f(pT), is
      applied to means, generally indicated as 16 for defining the instantaneous
      n-sample grouping, here, for a parabola, three samples. The values of the
      respective samples within the instantaneous grouping are applied to means,
      generally indicated as 17, for locating the position of extrema within the
      portion of continuous function f(t) defined by the instantaneous sample
      grouping. The position of an extremum, if any, found by means 17, is in
      turn applied to control means 18 which, as will be explained, ensures that
      a particular extremum will be indicated only once and that only the
      desired type of extremum, e.g., maximum, is indicated. Means 18
      accordingly gates the extremum location to means, generally indicated as
      19, for calculating the value of the extremum.
PAR  More specifically, the signal representative of the function as sampled
      f(pT), is applied to an input terminal 20 and therefrom over conductors
      22, 24, 26 and 27 to a first conventional delay means 28, suitably a shift
      register, the plus input terminal of a first conventional subtractor 30,
      the minus input terminal of a second conventional subtractor 32, and a
      first conventional multiplier 33, respectively. The output signals of
      delay means 28, are applied over a conductor 34, and therefrom over a
      conductor 36 to a second conventional delay means 38, over a conductor 40
      to the minus input terminals of first subtractor 30 and a third
      conventional subtractor 42. The output signals of delay means 28 are also
      directed from conductor 34 over a conductor 41 to a second conventional
      multiplier 43. The output terminal of second delay means 38 is
      electrically connected, by way of a conductor 44 and therefrom conductors
      45, 46 and 48, to a third conventional multiplier 49 and the plus input
      terminals of second subtractor means 32, and third subtractor 42,
      respectively. The output signals of first subtractor 30 and third
      subtractor 42 are respectively applied over conductors 50 and 52 to a
      conventional adder 54, the output terminal of which being electrically
      connected via a conductor 56 and therefrom conductors 58 and 60 to a
      suitable comparator 62 in control means 18 and to the denominator input of
      a suitable divider 64, respectively. The output of signals of second
      subtractor 32 are, in turn, applied through a conventional divider (by 2)
      66 and over conductor 68 to the numerator input of divider 64.
PAR  The output terminal of divider 64 is connected by conductor 70 to control
      means 18. Specifically, conductor 70 is connected, by conductors 71 and
      73, to a suitable comparator 72 and one input terminal of a conventional
      three input gate 76, respectively, both comparator 72 and AND gate 76
      being within control means 18. The output signals of comparator 72 are
      applied to a second input terminal of AND gate 76 over conductor 74. The
      third input terminal of AND gate 76 is receptive of the output signals of
      first comparator 62 as applied over conductor 78. Output signals from AND
      gate 76 are applied over conductor 80 to means 19 for calculating the
      value of the extremum. More specifically, the output signals of AND gate
      76 are applied to suitable means for determining the polynomial
      coefficients, in the preferred embodiment a ROM "lookup table" 82. ROM
      (read only memory) 82 gererates three output signals, respectively,
      representative of polynomial coefficients in accordance with table I,
      which are respectively applied over conductors 84, 86 and 88 to
      multipliers 33, 43 and 49. The output of multipliers 33, 43 and 49 are
      respectively applied over conductors 90, 92 and 94 to a conventional adder
      96, the resultant sum being applied over conductor 98 to a suitable output
      device 100.
PAR  For detailed descriptions of suitable adders, subtractors, multipliers,
      comparators, and dividers reference is made to "Handbook of Automation,
      Computation and Control," Volume 2, by Grabbe, Ramo, and Wooldridge,
      published by John Wiley and Sons, Inc., New York, 1959, Chapter 18.
PAR  In operation, means 16 defines the instantaneous grouping of samples, to
      which the polynomial is to be fitted. More specifically, delays 28 and 38
      suitably have values equal to the sampling period T, thus, at a given
      sampling instant the respective output signals thereof are the two samples
      immediately previous to the sample instantaneously applied to the input
      terminal 20. Hence, the sample values at input terminal 20, the output of
      delay 28 and the output of delay 38 are respectively f.sub.1, f.sub.0 and
      f.sub.-.sub.1. Moreover, the n-grouping of samples defined by means 16 is
      "shifted" by the application of subsequent samples in input terminal 20,
      in accordance with uniform sampling period T. It will be appreciated by
      those skilled in this art that means 16 may alternatively comprise other
      suitable storage and retrieval devices. The values of the samples
      instantaneously generated by means 16 as f.sub.-.sub.1, f.sub.0 and
      f.sub.1 are simultaneously applied in parallel to means 17 which functions
      to perform electronically the arithmetic operations of equation 8 and
      thereby determine the position of any extremum within the instantaneous
      sample grouping. Means 17 also provides for those arithmetic operations,
      in accordance with the relationships (10), i.e. (f.sub.-.sub.1 - 2f.sub.0
      + f.sub.1), needed to determine whether a particular extremum is a maximum
      or a minimum. Specifically, the output of adder 54 is indicative of this
      arithmetic term for the instantaneous samples and is accordingly applied,
      as noted above, over conductor 58 to comparator 62 in control means 18.
      Comparator 62, in accordance with the relationships (10), compares the
      resultant term to zero and generates an output signal (logical 1) only
      when the term indicates the desired type of extremum. For example,
      comparator 62 may be arranged to produce a one only when the resultant
      term is less than zero, thereby indicating a maximum. The output signals
      of comparator 62 are utilized to enable AND gate 76. Thus, AND gate 76
      passes only those positions of extrema which are the desired type of
      extrema, e.g., maxima.
PAR  As previously noted, control means 18 also ensures that a particular
      extremum is indicated only once. In more specific terms, the iterative
      method of grouping, i.e., the translation of the instantaneous times zero
      (t.sub.0), causes a particular interval between sampling points to be
      included in a plurality of sample groupings and an extremum in the
      interval would thus be indicated, if not otherwise provided for, in each
      grouping, Thus, it is desirable to process a particular extremum only
      once, for example, when it is close to the instantaneous times zero. This
      is accomplished by limiting the acceptable values of p.sub.m to values
      between plus or minus 1/2. Accordingly, calculated values p.sub.m from
      means 17 are applied, as noted above, to "comparator" 72 in control means
      18. Comparator 72 serves to enable AND gate 76 only for those values of
      p.sub.m within the defined limits.
PAR  Acceptable values of p.sub.m are applied, as noted above, from AND gate 76
      in control means 18, over conductor 80, to means 19, wherein the value of
      the extremum for the particular p.sub.m is calculated in accordance with
      equation (7), and applied to a suitable output device 100. More
      specifically, the value of p.sub.m is applied to ROM lookup table 82 which
      serves to determine and thus calculate the respective Lagrangian
      interpolation coefficients in accordance with table I. It should be noted
      that limiting the acceptable values of p.sub.m to between plus or minus
      one half facilitates the utilization of such a ROM lookup table. However,
      it will be appreciated by those skilled in the art that the coefficients
      may be calculated by direct digital hardware implementation similar to
      that of means 17. Corresponding calculated coefficients and sample values
      are respectively multiplied in multipliers 33, 43 and 49, with the results
      being summed in accordance with equation 7 by adder 96. The resultant
      value of the extremum is displayed or otherwise suitably utilized by
      output device 100.
PAR  While the interpolator of FIG. 2 utilized a parabola to represent the
      particular characteristics of interest of the sampled function, i.e., the
      shape of the sample function in the vicinity of an extremum, the extremum
      regions of certain functions more closely resemble Gaussian curves. For
      example, many antenna beam patterns are more closely matched by Gaussian
      curves than parabolas in the vicinity of their maxima. Another example of
      such a function is the impulse response of a matched filter with time
      sidelobe suppression.
PAR  A Gaussian curve has the form
EQU  g(t) = A exp [-a(t-t.sub.m).sup.2]                         (11)
PAL  However, it should be noted that the logarithm (to any base) of a Gaussian
      curve in accordance with equation 11 yields a parabola. Moreover, the
      logarithm of a positive function is monotonic with the function and,
      therefore, both the Gaussian function and the logarithm thereof achieve
      their maxima at the same instant. Thus, a Gaussian interpolation, in
      accordance with the present invention, may be performed by taking the
      logarithm of the respective sample values of a sampled function and
      applying the resulting sequence of sample to a parabolic interpolator such
      as that illustrated in FIG. 2. Such a Gaussian interpolator is shown in
      FIG. 2a. The logarithm of the samples may be taken by any suitable
      logarithmic function generator 300 or by a suitable ROM lookup table. It
      should be noted that the logarithmic operation should not be applied
      previous to any filtering or processing of the sample values intermediate
      to the actual calculation of the extrema.
PAR  As previously noted the position and duration of an extended pulse in the
      sampled function (waveform) may represent the desired information to be
      extracted from the function. According to the present invention, it is
      noted, that while an ideal step function has infinite slope at its
      transition, realistically, there is no discontinuity at the transitions
      but rather the transitions are single valued functions of time that may be
      represented by third or higher order polynomials. Thus, the position and
      duration of extended pulses in the sampled function are found by fitting a
      third or higher polynomial to each succession of n sample points, as
      described above, and testing the polynomial within each n-sample grouping,
      for points of inflection indicative of the leading or trailing edge of the
      pulse.
PAR  A point of inflection occurs at those points where the second p-derivative
      of f(pT) goes to zero. Thus, denoting the value of p for which the point
      of inflection occurs as p.sub.I and taking the second derivative of
      equation (5), may be represented as:
      ##EQU6##
PAR  For the case of n=4, it follows from table I, that equation (5) becomes
EQU  f(pT)=(-1/6)(p.sup.3 - 3p.sup.2 + 2p)f.sub.-.sub.1 +(1/2)(p.sup.3 -
      2p.sup.2 -p+2)f.sub.0 -(1/2)(p.sup.3 - p.sup.2 - 2p)f.sub.1 +(1/6)(p.sup.3
      - p)f.sub.2                                                (13)
PAR  Thus, a point of inflection occurs for that value p.sub.I that satisfies:
      ##EQU7##
PAR  Therefore,
      ##EQU8##
PAR  FIGS. 3 and 4 respectively illustrate typical leading and trailing edges of
      an extended pulse represented by a plurality of discrete measured samples,
      taken at a uniform sampling period T, in FIG. 3: 100, 102, 104 and 106
      respectively, and in FIG. 4: 110, 112, 114 and 116 respectively. In FIG.
      3, the instant of sample 102 is instantaneously designated time 0
      (t.sub.0). Accordingly, the values of sample points 100, 102, 104 and 106
      are respectively denoted f.sub.-.sub.1, f.sub.0, f.sub.1 and f.sub.2.
      Similarly, in FIG. 4 the time of sample 112 is instantaneously designated
      as time zero (t.sub.0). Accordingly, the values of samples 110, 112, 114
      and 116 may be respectively denoted as f.sub.-.sub.1, f.sub.0, f.sub.1 and
      f.sub. 2. It should be apparent from FIGS. 3 and 4, that given a point of
      inflection in an instantaneous sample grouping it may be determined to be
      indicative of an upward transition (leading edge) or a downward transition
      (trailing edge) by comparing the value of the sample at times 0 with that
      of the subsequent sample. Thus, if the f.sub.1 is greater than f.sub.0 it
      follows that the transition is upward; if f.sub.0 is greater than f.sub. 1
      it follows that the transition is downward.
PAR  FIG. 5 is a block diagram of a cubic interpolator, in accordance with the
      present invention, for giving the position and duration of an extended
      pulse in a sampled function. In general, a signal representative of the
      function as sampled, f(pT), is applied to means, generally indicated as
      120, for selecting the instantaneous n-sample grouping, here, four
      samples. The values of the respective samples within the instantaneous
      grouping are applied to means, generally indicated as 122, for locating
      the position of points of inflection in a continuous third degree curve
      fitted to the selected group of sample points. The position of the points
      of inflection, if any, found by means 122, are applied to means 124,
      which, as will be explained, calculates the duration of extended pulses in
      the sample function. The position of the leading edge and duration as
      determined by means 124 are applied to a suitable output device 126.
PAR  More specifically, the signal representative of the function as sampled,
      f(pT), is applied to an input terminal 130 and therefrom over conductor
      132 to a first conventional delay means 136 in sample group selection
      means 120. The output signals of delay means 136 are applied over a
      conductor 140 to a second conventional delay means 142, the output signals
      of which are in turn, applied over a conductor 144 to a third conventional
      delay 146.
PAR  As noted above, the values of the respective samples within the
      instantaneous grouping defined by means 120 are applied to means 122 for
      determining points of inflection in a cubic curve fitted to the sample
      points. More specifically, the incoming signals at terminal 130 are
      applied to, in addition to delay means 136, a first conventional
      subtractor 138 in means 122, over conductor 134, similarly, the output
      signals from first delay means 136 are applied also over a conductor 148
      and therefrom over conductors 150, 152 and 154 to the plus input terminal
      of subtractor 138, the plus input terminal of a second conventional
      subtractor 156 and the minus input terminal of a third conventional
      subtractor 158. Likewise, the output signals of second delay means 142 are
      applied also over a conductor 160 and therefrom over conductors 162, 164
      and 166 to the minus input terminal of second subtractor 156, the plus
      input terminal of subtractor 158, and to a minus input terminal of a
      fourth conventional subtractor 168. Output signals from third delay means
      146 are applied over a conductor 170 and therefrom over conductors 172 and
      174 to the plus input terminal of subtractor 168 and the minus input
      terminal of a fifth conventional subtractor 176, respectively. The plus
      input terminal of subtractor 176 is receptive of the output signals of
      third subtractor 158, as applied from subtractor 158 over conductor 178
      and therefrom over conductor 180. The output signals of subtractor 158 are
      also applied, from conductor 178, over a conductor 182 to a sixth
      conventional subtractor 184, the plus input terminal of which is receptive
      of the output signals of subtractor 138 as applied over conductor 186. The
      output signals of subtractors 184 and 176 are respectively applied over
      conductors 188 and 190 to the plus and minus input terminals of a seventh
      conventional subtractor 192. Similarly, the output signals of subtractors
      156 and 168 are respectively applied over conductors 194 and 196 to the
      input terminals of a conventional adder 198. The output signals of
      subtractor 192 and adder 198 are respectively applied over conductor 200
      and 202 to the numerator and denominator input terminals of a suitable
      divider 204.
PAR  The output signals from divider 204 are applied over conductor 206 to means
      124 for determining the duration of extended pulses i.e., the time
      interval between an upward transition and a subsequent downward
      transition. More specifically, the signals from divider 204 on conductor
      206 are applied, over conductors 208 and 210, to a suitable comparator 212
      and to one input of a conventional two input AND gate 214, respectively.
      The other input terminal of AND gate 214 is receptive of signals from
      comparator 212, over conductor 216. The output of comparator 212 is also
      applied over conductor 218 to a conventional JK flip-flop 220, arranged to
      operate in a toggle mode. The Q output terminal of flip-flop 220 is
      connected by way of conductor 222 to the enable terminal of a conventional
      counter 224. Counter 224 is also receptive of, over conductor 226, of
      clock pulses from a conventional clock 228 operating at the sampling rate,
      T pulses per second.
PAR  The output terminal of AND gate 214 is connected by conductor 230 to
      suitable temporary storage means 232. Storage means 232 is suitably a
      two-word, sequential access, memory device, which is well known in the art
      for example, a random access core memory with a sequential counter
      providing the address or n parallel shift registers, where n is the number
      of bits in two words. It should be apparent to those skilled in the art,
      that provisions can be made for loading the positions of a particular
      point of inflection into an appropriate location in storage means 232 in
      accordance with the upward/downward transition test set forth above, e.g.,
      a comparator (not shown), receptive of the output signals of subtractor
      158, could assign an address in storage means 232 to a particular point of
      inflection in accordance with the sign of the instantaneous input signal
      thereto.
PAR  Storage means 232 provides, upon command (command circuitry not shown), a
      first and a second output signal, respectively indicative of the position
      of the leading and trailing points of inflection. The p.sub.I  (lead)
      signal is applied over a conductor 234 and therefrom over conductors 236
      and 238, to the minus input of a conventional subtractor 240 which is also
      receptive of the output signals from counter 224 which are applied over
      conductor 242. The p.sub.I (trail) signal from storage means 232 is
      applied over conductor 244 to a conventional two-input adder 246, the
      other input terminal of which being connected to output terminal of
      subtractor 240 by conductor 248. The output signal of adder 246 is applied
      over a conductor 250 to output device 126.
PAR  In the operation of the cubic interpolator shown in FIG. 5, means 120
      serves to define the instantaneous grouping of samples, here four samples,
      to which the polynomial is to be fitted. Specifically, the delays imparted
      by delay means 136, 142 and 146 suitably have values equal to sampling
      period T. Thus, at a given sampling instant, the respective output signals
      thereof are the three samples immediately previous to the sample
      instantaneously at the input terminal 130. The group of samples
      instantaneously defined by means 120 is therefore "shifted" by the
      sampling period T, by the application of subsequent samples, to input
      terminal 130, in accordance with the uniform sampling period T. Again, it
      should be appreciated by those skilled in this art that means 120 may
      alternatively comprise other suitable storage and retreival devices.
PAR  As noted above, the values of samples instantaneously within the group
      defined by means 120 are applied to means 122. Means 122 serves to perform
      electronically the arithmetic operations of equation 15. Thus, the output
      signals from means 122 on conductor 206 represent the position of points
      of inflection by equation 12, and, as previously noted, are applied to
      means 124. In general, means 124 serves to calculate the time interval
      between the upward transition (leading edge) and downward transition
      (trailing edge) of an extended pulse in the sampled function. More
      specifically, the signals indicative of the position of a point of
      inflection, p.sub.I, are applied, as noted above, to comparator 212.
      Comparator 212 performs a control function analogous to that of comparator
      72 in the parabolic interpolator of FIG. 2 in that it generates an output
      signal only when the instantaneous p.sub. I is within prescribed limits,
      i.e., plus or minus one half. Hence, comparator 212 generates an output
      signal only once for a given point of inflection, that is, when the point
      of inflection is in the vicinity of the instantaneous time zero. When the
      given p.sub. I is within the prescribed limits, comparator 212 enables AND
      gate 214 and the given p.sub.I is loaded into an appropriate location in
      the temporary storage means 232, in accordance with whether it is a
      leading or trailing edge, as explained above. As noted above, the output
      of comparator 212 is utilized to toggle JK flip-flop 220. JK flip-flop 220
      is initially in a reset state and is subsequently set by the first p.sub.I
      (upward transition) within the prescribed limit of comparator 212.
      Flip-flop 220, in turn, enables counter 224, which increments from zero at
      the sample rate until flip-flop 224 is reset by the next p.sub.I (downward
      transition) that comes within the prescribed limits of comparator 212. It
      should be apparent, to those skilled in the art, that provisions can be
      made to ensure that counter 224 is enabled only by a leading edge and
      stopped by a trailing edge of an extended pulse. For example, flip-flop
      220 may alternatively be an R-S type flip-flop with the R and S input
      terminals being respectively receptive of the output signals of comparator
      212, respectively AND gated with the appropriate output signals of the
      comparator (not shown) utilized to assign locations in storate means 232.
PAR  After the positions of both the leading and trailing edges have been stored
      in memory 232, a command sequence is initiated (logic not shown), causing
      the contents of counter 224 and the p.sub.I (lead) signal from storage
      means 232 to be simultaneously applied to subtractor 240. Subsequently,
      the p.sub.I (trail) output signal of memory 232 and the output signal of
      subtractor 240 are simultaneously applied to adder 246. Subtractor 240 and
      adder 246 serve to perform the arithmetic operation required to determine
      duration of extended pulse. The position of the leading edge and pulse
      width of extended pulse are displayed or otherwise suitably utilized by
      output device 126.
PAR  While the interpolator of FIG. 5 utilizes a cubic function to represent the
      transitions of extended pulses in the sampled function, certain functions,
      for example those functions wherein the extremum regions closely match a
      Gaussian curve, the transitions of extended pulses may be more closely
      represented by an error function (erf(t)) equal to the integral of a
      Gaussian curve. That is:
EQU  erf(t) = 2/.sqroot..pi. .intg..sub.o.sup. t exp (-x.sup.2)dx (16)
PAR  However, it should be noted that the derivatives of such curves are
      Gaussian functions, and consequently, Gaussian interpolation, as described
      above, can be applied to the derivatives. The position of an extremum of
      the Gaussian curve is at the same instant as the point of inflection of
      the corresponding error function curve. A maximum of the Gaussian curve
      corresponds to an upward transition in the error function curve.
      Similarly, a minimum corresponds to a downward transition. Thus, an error
      function interpolation can be realized by applying the respective samples
      of the sampled function to a suitable discrete or digital differentiator,
      applying the differentiated samples to a suitable logarithmic function
      generator, and applying the output signals thereof to a parabolic
      interpolator such as that shown in FIG. 2. It should be noted that the
      digital differentiator is not simply a differencing device, but rather a
      device which provides sample values of the continuous derivative of the
      sampled function. Concerning the design of such digital differentiators,
      reference is made to "Digital Filters" by Kaiser, Chapter 7 in "Systems
      Analysis by Digital Computer" by Kuo and Kaiser, eds., New York, Wiley,
      1966,   "Computer Aided Design of Recursive Digital Filters" by Steiglitz,
      and "The Design of Wideband Recursive and Nonrecursive Digital
      Differentiators" by Rabiner and Steiglitz, respectively on pages 123
      through 129 and 204 through 209 of IEEE Transactions on Audio and
      Electroacoustics, Volume AU-18, No. 2, June 1970. The implementation
      described may be performed using sample values represented as voltage
      levels on a single line or as digital words represented by multiple lines.
PAR  It should be noted, that while the conductors interconnecting various
      elements in the drawings are shown as single lines, they may actually
      comprise plural connections.
PAR  It should be appreciated from the foregoing description of the preferred
      embodiment that the present invention provides means for processing
      discretely sampled data, that is relatively immune to time quantization
      error. This is accomplished as described above by successively collocating
      a specified function representative of the characteristic or attribute of
      the sampled function containing the desired information, to successive
      groups of sample values. Thus, the pertinent portions of the sampled
      function are, in effect, reconstructed within the processor and,
      consequently, information extracted from the reconstructed function is not
      subject to the time quantization error inherent in, for example, analog to
      digital conversion.
PAR  It should be appreciated that the present invention has particular utility
      in the fields of digital communications, radio direction finding and radio
      navigation.
PAR  In digital communication, where an information bearing waveform is
      converted to digital symbols, as by a plurality of different filters, the
      present invention allows the use of slower sampling rates with little
      information loss.
PAR  Moreover, in some forms of telegraphic transmission, transmitted symbols
      are recognized by duration or pulse width of the signals. A digital
      interpolator in accordance with the present invention finds particular
      utility in such systems in processing digital versions of the received
      waveforms where low or moderate sampling rates are used.
PAR  In addition, the time of occurrence of a leading edge or of a peak of a
      synchronizing symbol is required to be determined in many synchronization
      techniques. Such synchronization techniques are used in many forms of
      communication and broadcasting such as, for example, television. The
      present invention allows for low sampling rates to be used in such
      communication systems using digital processing in the receiver, without
      appreciable loss in accuracy in locating the desired edges or peaks of the
      signals.
PAR  Many radio direction finding systems seek a null in a received waveform as
      the system antenna scans through an angular interval. The present
      invention is useful in detecting such nulls, where the envelope of the
      received waveform is converted into digital form. A digital interpolator
      in accordance with the present invention allows for accurate location even
      with a low sampling rate of the null or minimum in the waveform.
PAR  Hyperbolic navigation techniques, e.g., Loran, commonly involve the
      alignment of pulses or waveform portions such as the leading edge or peak
      thereof. The present invention may be utilized in a digital processor in
      such a system, to provide accurate alignment at low sampling rates.
PAR  It will be understood that the above description is of illustrative
      embodiments of the present invention, and that the invention is not
      limited to the specific forms shown. Modifications may be made in the
      design and arrangement of elements without departing from the spirit of
      the invention as will be apparent to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A signal processor for extracting desired information from discrete
      sequential samples of a time-varying function, said information relating
      to extrema or durations of predetermined portions of said time-varying
      function, and being manifested in said time-varying function by a
      characteristic shape, comprising:
PA1  first means, receptive of data signals indicative of said sequential
      samples, for iteratively selecting consecutive groups of a predetermined
      number of said sequential samples and generating signals consecutively
      indicative of the respective values of such samples within each
      consecutive group of samples;
PA1  second means, receptive of said group signals, for collacating a
      predetermined continuous function in sequence to each respective
      consecutive group of samples, said predetermined function having a
      predetermined shape that approximates said characteristic shape in said
      time-varying function, said second means generating an output signal
      indicative of the instant of occurrence of indicia of said desired
      information in said predetermined function with respect to a given one of
      said samples within each of said groups;
PA1  third means, receptive of said occurrence signal, for comparing said
      instant of occurrence to preset threshold values, and providing an output
      signal indicative of said occurrence only when said location is within
      said preset threshold values, ensuring thereby that the information
      manifested by a particular occurrence of said indicia is indicated in only
      one of said consecutive groups; and
PA1  fourth means, receptive of said third means output signal, for deriving
      from said third means output signal a signal indicative of said desired
      information, whereby said information is interpolated from said discrete
      samples.
NUM  2.
PAR  2. The signal processor of claim 1 wherein said desired information is the
      value of extrema of said sampled time-varying function, and wherein
      further:
PA1  said first means generates signals indicative of the respective values of
      consecutive groups of first, second and third sequential samples;
PA1  said second means comprises:
PA1  first, second and third subtractors, each having a positive and a negative
      input terminal, for generating output signals having a value equal to the
      value of signals applied to the respective positive input terminals minus
      the value of signals applied to the respective negative input terminals;
      an adder for generating an output signal having a value equal to the sum
      of the values of respective signals applied thereto; a first divider for
      generating an output signal having a value equal to the values of signals
      applied thereto divided by two; and a second divider, having first and
      second input terminals, for generating an output signal having a value
      equal to the value of signals applied to the first input terminal thereof
      divided by the value of signals applied to the second input terminal
      thereof;
PA1  said first sample signal being applied to the positive input terminals of
      said second and third subtractors; said second sample signal being applied
      to the negative input terminals of said first and third subtractors; said
      third sample signal being applied to the positive input terminal of said
      first subtractor and the negative input terminal of said second
      subtractor; said second subtractor output signal being applied to said
      first divider; said first and third subtractor output signals being
      applied to said adder; said first divider output signal being applied to
      said first input terminal of said second divider; and said adder output
      signal being applied to said second input terminal of said second divider;
PA1  said second divider output signal being indicative of the instants of
      occurrence of said extrema in said predetermined function with respect to
      said second sample.
NUM  3.
PAR  3. The signal processor of claim 2, wherein said fourth means comprises:
PA1  fifth means, responsive to said third means output signal, for generating
      signals indicative of respective Lagrangian interpolation coefficients of
      a third degree polynomial function in accordance with said instants of
      occurrence and
PA1  sixth means, responsive to said coefficient signals and said first, second
      and third sample signals, for generating a signal indicative of the value
      of said sampled function at said extrema.
NUM  4.
PAR  4. The signal processor of claim 3, wherein said predetermined function is
      a Gaussian curve; and wherein further:
PA1  said first means includes means for generating signals indicative of the
      logarithm of said sequential samples and generates signals indicative of
      the logarithm of the respective values of said consecutive groups of
      first, second and third samples.
NUM  5.
PAR  5. The signal processor of claim 2 further including fifth means,
      responsive to said adder output signal, for sensing the sign of said adder
      output signal, to determine thereby whether said extrema are maximums or
      minimums.
NUM  6.
PAR  6. The signal processor of claim 1, wherein: said first means generates
      signals indicative of consecutive groups of first, second, third and
      fourth samples;
PA1  and said second means comprises:
PA1  first, second, third, fourth, fifth, sixth, and seventh subtractors, each
      having a positive and a negative input terminal, for generating signals
      having values equal to the value of signals applied to the respective
      positive input terminals minus the values of signals applied to the
      respective negative input terminals; an adder for generating an output
      signal having a value equal to the sum of the values of the respective
      signals applied thereto; and a divider having first and second input
      terminals for generating an output signal having a value equal to the
      value of signals applied to the first input terminal divided by the value
      of signals applied to the second input terminal;
PA1  said first sample signal being applied to the positive input terminal of
      said fourth subtractor; said second sample signal being applied to the
      negative input terminals of said second and fourth subtractors, and to the
      positive input terminal of said third subtractor; said third sample signal
      being applied to the positive input terminals of said first and second
      subtractors and to the negative input terminal of said third subtractor;
      said fourth sample signal being applied to the negative input terminal of
      said first subtractor; said first subtractor output signal being applied
      to the positive input terminal of said sixth subtractor; said second
      subtractor output signal being applied to said adder; said third
      subtractor output signal being applied to the positive input terminal of
      said fifth subtractor and to the negative input terminal of said sixth
      subtractor; said fourth subtractor output signal being applied to said
      adder and to the negative input terminal of said fifth subtractor; said
      fifth subtractor output signal being applied to the negative input
      terminal of said seventh subtractor; said sixth subtractor output signal
      being applied to the positive input terminal of said seventh subtractor;
      said seventh subtractor output signal being applied to said second
      terminal of said divider; and said adder output signal being applied to
      said first input terminal of said divider;
PA1  said divider output signal being indicative of the instants of occurrence
      of points of inflection in said predetermined function with respect to
      said second sample.
NUM  7.
PAR  7. The signal processor of claim 6, wherein said information is the
      duration of an extended pulse within said time varying function, and
      wherein further, said fourth means comprises:
PA1  fifth means, responsive to said third means output signal for generating
      first and second output signals respectively indicative of the instants of
      occurrence of first and second consecutive points of inflection;
PA1  sixth means, receptive of said third means output signal, for generating a
      signal indicative of the number of samples occurring between said first
      and second inflection points;
PA1  an eighth subtractor, receptive of said sixth means output signal and said
      fifth means first output signal, for generating an output signal having a
      value equal to said number of samples minus said instant of occurrence of
      said first point of inflection; and
PA1  a second adder, receptive of said eighth subtractor output signal and said
      signal indicative of the instant of occurrence of said second point of
      inflection, for generating an output signal having a value equal to the
      sum of the values of said eighth subtractor output signal and said instant
      of occurrence of said second point of inflection;
PA1  said second adder output signal being indicative of said pulse width.
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ABST
PAL  Random access memory addressing system for mapping data into a memory
      according to one schema and retrieving the stored data according to
      another schema using minimum storage locations.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder, with the Department of the Air Force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to memory addressing systems for manipulating
      arrays.
PAR  Array manipulations are common in data processing. For example, the time
      serial output signals from processors, especially array processors, often
      require reordering. A specific example of such an arrangement is cascaded
      Fast Fourier Transform (FFT) processors, which are cascaded to provide
      coarse and fine resolutions of frequency coefficients extracted from
      sample data in frequency surveillance or "zoom" systems.
PAR  The output signals from a first FFT processor are in bit-reversed order and
      are usually reordered for several reasons. For instance, in a step
      transform system, the successive output signals from the first FFT
      processor are processed diagonally by the second FFT processor. That is,
      the second FFT processor input signals are the first frequency coefficient
      in the first time frame, the second coefficient in the second time frame,
      and so on, from the first processor. The general input signal, n, to the
      second processor is the nth coefficient in the nth time frame from the
      first processor. The output signals from the first processor, whether in
      serial or parallel form, must be stored over successive time frames in
      order to provide the input signals to the second processor. The first
      complete set of input signals to the second processor is not available
      until n time frames have been sampled by the first processor.
PAR  Heretofore, a memory having n.sup.2 storage locations has been used to
      store the output signals from the first processor for reordering as input
      signals to the second processor. The invention described herein discloses
      a reordering memory system using only the minimum required memory size of
      n(n-1)/2 storage locations.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In a system for coupling two processors wherein the data from the first
      processor is stored according to one schema and the data to the second
      processor is to be retrieved according to another schema, a first memory
      is provided for storing the output data from the first processor. A second
      memory stores a list of addresses corresponding to the other schema in the
      first memory. In response to timing signals, successive addresses from the
      second memory are extracted and added to counter values to produce
      successive addresses from which the data is extracted from the first
      memory and coupled to the second processor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a system in which the invention is useful.
PAR  FIG. 2 is a block diagram of a multiplexed memory system embodiment of the
      invention.
PAR  FIG. 3 is a detailed block diagram of a preferred embodiment of the
      invention.
PAR  FIG. 4 is a timing diagram associated with various signals in the circuit
      of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a system in which the invention described herein would
      be useful. A first FFT processor 11 is used to process successive input
      samples. The input samples are complex numbers derived from sampled time
      domain signals to be analyzed. The analysis of the input data is performed
      in accordance with the well known butterfly diagram of the Cooley-Turkey
      Fast Fourier Transform algorithm. Accordingly, for 2m sample points, the
      first m input samples must be stored before processing in the FFT
      processor 11 can begin. A shift register 12, capable of storing m data
      points, comprises w parallel shift registers, each of which is m bits
      long. The value of w is equal to the number of bits in a word. For
      purposes of illustration, the FFT processors 11 and 14 can be radix-two
      floating point FFT processors such as described in U.S. Pat. No.
      3,800,130. For eight bit mantissas, the value of w in a floating point
      system is 22, i.e., the real and imaginary values each comprise eight
      information bits plus sign bits with a common four bit exponent.
PAR  In FIG. 1, when the first sample reaches the FFT processor 11 from the
      shift register 12, the (m+1)-th sample is available at the other input to
      the processor 11. The FFT processor 11 processes the information serially
      and generates successive output signals which are stored in a reorder
      memory 15.
PAR  Each sample group of 2m input samples is referred to as a time frame.
      Successive time frame samples are processed by the FFT processor 11 and
      stored in the reorder memory 15. For applications such as the processing
      of a step transform, described in more detail in application Ser. No.
      357,198 filed May 4, 1973, now abandoned, but shown in continuation
      application Ser. No. 525,444 filed Nov. 20, 1970, assigned to the same
      assignee, the signals from the reorder memory 15 are read out in a
      diagonal sequence for further processing by a second FFT processor 14.
      Correction circuits 13 can be provided for various purposes such as
      quadratic phase correction as explained in the above-referenced
      application. The output signals from the second FFT processor 14 are
      further processed in accordance with whatever procedure desired.
PAR  The above description serves merely as background for the use of the
      invention which is embodied in the reorder memory 15 of FIG. 1. Table I
      illustrates a generalized array of samples stored in an m.sup.2 memory.
      Column numbers represent time frames and row numbers represent samples.
      The samples are stored by column until m.sup.2 samples have been stored.
      In general, the j-th sample in the k-th time frame is stored in location
      (k-1)m+j. When m.sup.2 samples have been stored, the first diagonal can be
      extracted and contains the samples stored at the locations 1, m+2, 2m+3, .
      . . , (k-1)m+k, . . . , (m-1)m-1, m.sup.2.
PAR  The samples stored beneath the diagonal of Table I are not required for
      processing by the second processor. Eliminating the storage locations for
      the unused data words results in a required storage of m(m+1)/2 locations.
      The first diagonal, however, can be read out at the time the last data
      point, m.sup.2, is available. Gating the data point m.sup.2 directly to
      the second processor as the other samples are read from memory results in
      a minimum memory size of m(m-1)/2.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Generalized Array                                                         
                   Time Frame Number                                           
     Sample                                                                    
     Number                                                                    
         1   2   3   ...                                                       
                       k     ...                                               
                               m-1   m                                         
     __________________________________________________________________________
     1   1   m+1 2m+1                                                          
                     ...                                                       
                       (k-1)m+1                                                
                             ...                                               
                               (m-2)m+1                                        
                                     (m-1)m+1                                  
     2   2   m+2 2m+2                                                          
                     ...                                                       
                       (k-1)m+2                                                
                             ...                                               
                               (m-2)m+2                                        
                                     (m-1)m+2                                  
     3   3   m+3 2m+3                                                          
                     ...                                                       
                       (k-1)m+3                                                
                             ...                                               
                               (m-2)m+3                                        
                                     (m-1)m+3                                  
     .   .   .   .     .       .     .                                         
     .   .   .   .     .       .     .                                         
     .   .   .   .     .       .     .                                         
     j   j   m+j 2m+j                                                          
                     ...                                                       
                       (k-1)m+j                                                
                             ...                                               
                               (m-2)m+j                                        
                                     (m-1)m+j                                  
     .   .   .   .     .       .     .                                         
     .   .   .   .     .       .     .                                         
     .   .   .   .     .       .     .                                         
     m-1 m-1 2m-1                                                              
                 3m-1                                                          
                     ...                                                       
                       km-1  ...                                               
                               (m-1)m-1                                        
                                     m.sup.2 -1                                
     m   m   2m  3m  ...                                                       
                       km    ...                                               
                               (m-1)m                                          
                                     m.sup.2                                   
     __________________________________________________________________________
PAR  As shown in FIG. 2, the reorder memory can be implemented as multiplexed
      submemory systems. This arrangement has the advantage of faster operation
      since retrieval and storage cycles can be executed simultaneously in
      different memory subsystems. Although a multiplexed system will be
      described in detail, it is understood that the same principle can be
      applied to a single memory which results in a simpler but slower system.
      The explanation of a multiplexed memory system will make clear the
      implementation of a single memory system.
PAR  In FIG. 2, the memory subsystems 26a-26d are arranged with input switches
      22-25 controlled by an address sequencer 21 so that the input data to the
      1A and 1B memories 26a and 26b are coupled alternately to the S-input
      signals. The memories 2A and 2B are alternately coupled to the D-input
      signals. The S-input signals refer to the output signals from the adder
      and the D-input signals refer to the output signals from the subtractor in
      the FFT processor 11 (FIG. 1). The S- and D-input signals are provided
      simultaneously from a radix-2 FFT processor as described in the
      aforementioned patent. The address sequencer 21 provides addresses to the
      memories 26a-26d including read/write and timing signals.
PAR  The address sequencer 21 closes switches 22 and 24 while switches 23 and 25
      remain open. When the data has been stored, the switches 23 and 25 are
      closed while switches 22 and 24 are open. The output signals from the 1A
      and 1B memories 26a and 26b can be wire-Ored or otherwise coupled together
      to provide the S-output signals. The output signals from the 2A and 2B
      memories 26c and 26d are similarly coupled. A switch 27 is provided to
      couple the D-output signal to the memory or to the D-input signal under
      control of the address sequencer 21. The switch 27 is usually in a
      position to couple the D-output signals from the memory, but when the last
      data word, m.sup.2, is available, the switch 27 couples the D-output
      signal to the D-input signal to bypass the memory. This eliminates the
      time required to write (and subsequently to read) the last data point by
      coupling it directly to the following processor. This will result in the
      minimum memory size.
PAR  The address sequence or schema in which successive samples are stored in
      the memory 26 can be sequentially arranged during storage in the memory
      and the retrieval addresses provided by the address sequencer 21 in the
      desired retrieval schema sequence. Alternatively, the data can be
      retrieved from the memory from sequential locations and stored in the
      memory in the order that will provide a diagonal retrieval. Therefore, the
      reordering can be done during either the storage or the retrieval cycle.
      In the detailed system to be described, the reordering is performed during
      the storage cycle so that the retrieval addresses are sequential.
PAR  Table II shows the storage of coefficients from the first processor in
      multiplexed memories. (The coefficient numbers are zero-indexed). The
      input locations refer to S- and D-signals during times t.sub.1 through
      t.sub.4. Alternate times correspond to alternate memories. The circled
      numbers are those comprisng the first output diagonal. Successive output
      signals do not appear on the same diagonal. This is a factor that must be
      taken into account when storing the data for sequential diagonal
      retrieval.
PAR  A detailed multiplex reordering random access memory system is shown in
      FIG. 3. FIG. 4 illustrates waveforms at various points in the circuit or
      FIG. 3.
TBL                Table II                                                    
     ______________________________________                                    
     Unordered Radix-2 FFT Output                                              
            Time Frame Number                                                  
     Input                                                                     
     Location 1      2      3    4    5    6    7    8                         
     ______________________________________                                    
     S-t1     0      8      16   24   32   40   48   56                        
     S-t2     2      10     18   26   34   42   50   58                        
     S-t3     1      9      17   25   33   41   49   57                        
     S-t4     3      11     19   27   35   43   51   59                        
     D-t1     4      12     20   28   36   44   52   60                        
     D-t2     6      14     22   30   38   46   54   62                        
     D-t3     5      13     21   29   37   45   53   61                        
     D-t4     7      15     23   31   39   47   55   63                        
     ______________________________________                                    
PAR  A detailed multiplex reordering random access memory system is shown in
      FIG. 3. FIG. 4 illustrates waveforms at various points in the circuit of
      FIG. 3.
PAR  The memory of the system is divided into four submemory systems, each of
      which is divided into a first (S) and second (D) memory. The memory system
      31 is used to store the S-input signals and is divided into four submemory
      systems 31a-31d. The memory system 32 stores the D-signals and is divided
      into four memory subsystems 32a-32d. The 1A memory 31a and 31b are divided
      into X and Y submemories as are the 1B memory subsystems 31c and 31d and
      those of the memory subsystems 2A and 2B. The number of bits per word,
      denoted by w, determines the number of parallel memory units required and
      the number of sample points, denoted by 2m, determine the number of
      cascaded memories required. The memories can be constructed from
      commercially available memory integrated circuits such as an SN74200
      (Texas Instruments, Inc.). In the example where 22 bits are required for
      each word, 22 of the above integrated circuits would be required to store
      256 data words. This would be equivalent to a 16 .times. 16 array for
      storing 22 coefficients. That is, 22 is the largest integer m for which
      m(m-1)/2 is not greater than 256. The above-mentioned circuits can be
      coupled in parallel to provide multiples of 256 storage locations as
      described in the application notes therefor.
PAR  The second memory 32 requires only half the number of storage locations as
      the first memory 31 because most of the discarded data, i.e., m(m-1)/2
      initial input words, are from the subtractor of the first FFT processor.
      Commercially available memories are usually available only in sizes that
      are integral powers of two. That is, the number of storage locations is
      given by 2.sup.i, where i is an integer. The minimum memory size as noted
      above is given by m(m-1)/2. The equation m(m-1)/2 = 2.sup.i has an integer
      solution only for the trivial case where i=0 and m=2. Since 2.sup.i
      .gtoreq.m(m-1)/2, then i.gtoreq.[log.sub.2 m + log.sub.2 (m-1)] -1.
      Therefore, in the example where 64 data points are sampled, m = 32 and
      i.gtoreq.8.9542 or, for the next higher integer, i = 9. Thus, 512
      locations will be provided even though the minimum number requied is 496.
PAR  The use of a multiplexed memory will require only 2.sup.8 locations in the
      second memory for the reasons explained above. The locations in second
      memory will, however, be cycled twice as often as those in the first
      memory.
PAR  The memory system illustrated in FIG. 3 will, for purposes of illustration,
      be understood to comprise 512 locations in each of the first memory
      subsystems 31a-31d and 256 locations in each of the second memory
      subsystems 32a-32d. The addresses supplied by four address multiplexors
      34a-34d are each nine bits wide, but the second memory subsystems 32a-32d
      utilize only eight of the bits, disregardng the most significant bit.
      Therefore, the storage locations in the second memory 32 will be accessed
      twice as often as the locations in the first memory 31.
PAR  The basic timing is derived from an oscillator 36 which has a frequency
      equal to the data rate. Because of the memory multiplexing, the memory
      systems are driven at half the data rate thereby permitting fast data
      rates with slow speed commercially available memory circuits.
PAR  The oscillator 36 drives a counter 37. The counter 37 can be a simple,
      state-of-the-art, nine-bit ripple counter which is well-known in the art
      and need not be described in detail.
PAR  The read addresses can be taken directly from the output signals of the
      counter 37 since it was noted above that the illustrated embodiment
      retrieves the data in sequential locations and the reordering is performed
      during the storage cycles.
PAR  The input data signal rate is matched to the memory rate by input circuits
      which hold the input data over the interval of time required to store them
      in the memory. The circuit illustrated in FIG. 3 uses D-type flip-flops
      for the data input storage. The input flip-flops 33a and 33b each comprise
      w flip-flops in parallel--where w is the number of bits in each
      word--which are clocked at half the data rate. The input circuit 33c for
      the secondary memory 32 is the same as that shown in detail for the first
      memory 31.
PAR  The input clocking signals LDX and LDY are actually complementary signals
      since the data to the X and Y halves of the memories are alternately
      loaded. Therefore, the LDX aND LDY signals can be taken from the least
      significant bit (LSB) output signal from the counter 37 since that bit
      will be changing at half the clock rate and therefore at half the data
      rate. The LDY signal is taken directly from the LSB of the counter 37 and
      the LDX signal, from an inverter 39 which coupled to the LSB of the
      counter 37. The LDY signal is coupled as the control signal to a pair of
      multiplexors 35a and 35b to select the correct memory output signals.
PAR  An enable signal is required by the memory subsystems. In the SN74200
      circuit, the enable signal is actually three signals coupled to the inputs
      of an AND gate so that address decoding can be performed with three of the
      address bits. For purposes of the illustrated embodiment, the three enable
      signals of each memory system are coupled together. The enable signal for
      the X memories 31a, 31c, 32a, and 32c is the LDY signal and that for the Y
      memories 31b, 31d, 32b and 32d is the LDX signal.
PAR  Each SN74200 circuit also requires a Write Enable signal which, in the
      illustrated embodiment, is the R/W signal. The R/WAX signal is coupled as
      the Write Enable signal of the AX memory subsystems 31a and 32a. The Write
      Enable signals for the other memory subsystems are the R/WAY signal for
      the AY memory subsystems 31b and 32b, the R/WBX signal for the BX
      subsystems 31c and 32c, and the R/WBY signal for the BY subsystems 31d and
      32d.
PAR  The R/W signal used for each memory subsystem's Write Enable signal is also
      coupled to the address signal multiplexor 34a-34d providng the address to
      the associated memory subsystem. The AX multiplexor 34a provides the
      address to the AX memory subsystems 31a and 32a; the AY multiplexor 34b,
      to the AY memory subsystems 31b and 32b; and so on.
PAR  The R/WAX signal is taken from an inverter 38, the input of which is
      coupled to the second LSB (2.sup.1) of the counter 37. The R/WBX signal is
      coupled directly to the second LSB of the counter 37. The R/WAY signal is
      the Exclusive-OR function of the LSB and the second LSB (2.sup.0 and
      2.sup.1) of the counter 37 and R/WBY is its complement. These signals are
      shown as generated by an Exclusive-OR-NOR gate 310.
PAR  The read addresses are supplied directly from the output signals of the
      counter 37. The counter bits are coupled directly to the multiplexors 34a
      and 34b for coupling to the AX memory subsystems 31a and 32a and to the AY
      memory subsystems 31b and 32b, respectively. Because the counter value
      will change before the B systems have completed their cycles at the given
      address, a latch 315 is supplied to hold the addresses between successive
      cycles. The latch 315 can simply be nine parallel D-type flip-flops with a
      common clock signal, R/WAY, for storing each of the counter bits.
      Commercially available integrated circuits such as an SN74174 (Texas
      Instruments, Inc.) (six D-type flip-flops) and an SN74175 (four D-type
      flip-flops) can be used to implement the latch 315.
PAR  The multiplexors 34a-34d and 35a-35d can be implemented from AND-OR gate
      combinations in a way which is well known in the art. Alternatively,
      commercially available integrated circuits such as an SN74157 (Texas
      Instruments, Inc.) can be used. The SN74157 circuit provides four output
      signals so three cicuits must be used for each of the multiplexors 34a and
      34b whereas only two will be needed for each of the multiplexors 34c and
      34d. The input connections are made so that when the select signal (R/W
      signal) is low, the read addresses are coupled to the memory address lines
      and when the select signal is high, the write addresses are coupled to the
      memories. The strobe line used with the above-identified commercially
      available circuits can be coupled to ground or logical zero as it is not
      required in this circuit.
PAR  The multiplexors 35a and 35b can be constructed from the same circuit as
      the other multiplexors except that eleven such circuits will be required
      for two output cables of 22 bits each. The select signal is coupled so
      that the X memories are gated while LDY is high and the Y memories, when
      it is low.
PAR  The generation of the write addresses is more complicated than the read
      addresses because the reordering is performed during the write cycle.
      Table III illustrates a portion of an effective write addressing scheme
      for the example of a 64 sample point FFT system. Note that the S- and
      D-signals are stored together so that each time frame comprises only 32
      sample times. The first column shows the sample time within a given time
      frame. The next two columns are the respective S- and D-signals derived
      during the corresponding sample time. The fourth column shows in which
      memory subsystem the samples are stored and the fifth column shows the
      read address from which they are retrieved. The remaining columns indicate
      the write addresses at which they are stored for a unit slope diagonal.
      The input signals occur in bit-reversed sequence. The AX write addresses
      will be described in more detail below. The AY write addresses are the AX
      addresses plus 128 since there are eight coefficients per 64 point FFT
      time frame in the AY memory and 8 .times. 16 or 128 addresses must be
      passed before obtaning the desired coefficient which occurs for the next
      coefficient in the diagonal being written.
PAR  Similarly, the BX Write addresses are the AX addresses plus 64 and the BY,
      AX plus 192. The additions shown are understood to be modulo-512 for first
      memory 31 and modulo-256 for the second memory 32. The modulo additions
      are accomplished by discarding the high order carries from the ninth bit
      position. In Table III, the write address for the eighth sample time in
      the second diagonal is shown as two numbers. The address in parenthesis is
      that of the D-input signal since 162 is 418 mod 256.
PAR  The AX addresses must be determined to reorder the data in the memory.
      Table IV shows the AX addresses and other values for various samples
      sizes. As shown, the AX addresses in the first diagonal for the example
      being discussed are 1, 34, 19, and so on. Subsequent diagonals are
      determined by adding eight as shown in Table III.
TBL                                    Table III                               
     __________________________________________________________________________
     Write Addresses For 64 Sample Points                                      
     Input Signals    Read                                                     
                          Write Address Sequence                               
     Sample       Memory                                                       
                      Memory                                                   
                          1st 2nd    Nth Diag                                  
     Time S    D  Subsys                                                       
                      Addr                                                     
                          Diag                                                 
                              Diag ...                                         
     __________________________________________________________________________
     1    0    32 AX  1   1   9      8(N-1)+1                                  
     2    16   48 AY  1   129 137    8(N-1)+129                                
     3    8    40 BX  1   65  73     8(N-1)+65                                 
     4    24   56 BY  1   193 201    8(N-1)+193                                
     5    4    36 AX  2   34  42     8(N-1)+34                                 
     6    20   52 AY  2   162 204    8(N-1)+162                                
     7    12   44 BX  2   98  106    8(N-1)+98                                 
     8    28   60 BY  2   226 418    8(N-1)+226                                
                              (162)                                            
     9    2    34 AX  3   19  27     8(N-1)+19                                 
     .    .    .  .   .   .   .      .                                         
     .    .    .  .   .   .   .      .                                         
     .    .    .  .   .   .   .      .                                         
     29   7    39 AX  8   64  72     8(N-1)+64                                 
     30   23   55 AY  8   192 200    8(N-1)+192                                
     31   15   47 BX  8   128 136    8(N-1)+128                                
     32   31   63 BY  8   256 264    8(N-1)+256                                
     __________________________________________________________________________
TBL                Table IV                                                    
     ______________________________________                                    
     Write Address Sequences (AX)                                              
     Sample    Number of Stages (FFT1-FFT2)                                    
     Number    4-4     4-5     5-5   5-6   6-6                                 
     ______________________________________                                    
     1         1       1       1     1     1                                   
     2         4       6       10    18    34                                  
     3         3       3       7     11    19                                  
     4         6       8       16    28    52                                  
     5         5       5       5     5     13                                  
     6         8       10      14    22    46                                  
     7         7       7       11    15    31                                  
     8         10      12      20    32    64                                  
     AY=AX+    8       16      32    64    128                                 
     BX=AX+    4       8       16    32    64                                  
     BY=AX+    12      24      48    96    192                                 
     DIAG.     4       2       2     1     1                                   
     SEQUENCE                                                                  
     ADDRESS   5       6       7     8     9                                   
     BITS                                                                      
     ______________________________________                                    
PAR  The illustrated embodiment uses a Read Only Memory (ROM) 311 for storing
      the AX address increments. The three low order bits from the counter 37
      address the decoder, or address register, of the ROM 311 to read out the
      six bits specifying the corresponding AX increment. The increment from the
      ROM data register is added to the value of the counter to derive the AX
      address by means of an adder 312. Such adders are well known and are
      commercially available; see, for example, SN7483  (Texas Instruments,
      Inc.).
PAR  A latch circuit 313, such as previously described, is used to store the
      output value from the adder 312 because the counter values will change
      before the memory subsystems have completed their cycles. The output
      signals from the latch 313 are used directly as the write address for the
      AX memory subsystems. The AY write address is calculated by adding the
      constant 128 by means of an adder 314. The BX address is calculated from
      the AX address by adding a constant 64 in an adder 316 and the BY address,
      by adding a constant 192 in an adder 317.
PAR  Three other input bits to the ROM 311 are shown from a control circuit 318
      which also supplies the constants added to the AX address to obtain the
      other addresses. For purposes of a unit slope diagonal, the three address
      bits from the control circuit 318 can be considered to be all zeroes and
      the constants to be as described above. The address of the ROM 311 is
      therefore determined by the three least significant bits of the counter
      37. The control circuit 318, which can be implemented as a plurality of
      switches, is used for changing the slope of the diagonal read from the
      memory which requires only that a new sequence of AX increments be used
      and the constants adjusted accordngly. A change in memory size can also be
      made for different configurations as shown in Table IV.
PAR  The waveshapes of various signals from FIG. 3 are shown in FIG. 4. The
      clock oscillator 36 output signals are shown in FIG. 4(a). The LSB signals
      from the counter are shown in FIG. 4(b); from the second LSB bit, in FIG.
      4(c); and from the third LSB, in FIG. 4(d). These last three bits form the
      address of the ROM 311. The LDY signal is shown in FIG. 4(e) and coincides
      with the LSB signal of the counter 37, FIG. 4(b). The LDX signal is
      illustrated in FIG. 4(f). The R/WAX, R/WAY, R/WBX and R/WBY signals are
      shown in FIGS. 4(g) through 4(j), respectively.
PAR  The embodiment shown and described in FIG. 3 does not show the gating
      necessary for bypassing the memory during the last sample time of each
      time frame as is illustrated in FIG. 2. Such an addition would be within
      the skill of the art by using a set of w AND gates, all of which are gated
      by the m-th count decoded from the counter 37 by another AND gate and the
      resulting signals coupled to the D-output signals from the multiplexor 35b
      by means of w OR gates. For purposes of clarity and since it is within the
      skill of the art to construct it from the above description, this facility
      was not included in the circuit of FIG. 3.
PAR  Although described for cascaded processors, it is clear to one of ordinary
      skill in the art that the second processor can actually be the first
      processor. In applications such as vector and matrix processing, the
      output signals from the first processor can be reprocessed by the first
      processor in the way described above. Such systems would be slower but
      less complex than the illustrated embodiment.
PAR  Various modifications to the systems and circuits described and illustrated
      to explain the concepts of and modes of practicing the invention might be
      made by those of ordinary skill in the art within the principle or scope
      of the invention as expressed in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for coupling output signals from a first processor to the
      input means of a second processor wherein the input signals to said second
      processor are represented by a different schema from the schema of the
      output signals from said first processor, the improvement comprisng:
PA1  first memory means for storing the output signals from said first
      processor, said first memory means having data input means, data output
      means, and addressing means;
PA1  second memory means for storing signals specifying a first group of first
      memory addresses corresponding to the schema of input signals to said
      second processor, said second memory having addressing means and output
      means;
PA1  timing signal means for producing a pluraity of signals in time sequence
      representing successive binary numbers;
PA1  means for coupling said timing signals to the addressing means of said
      first memory means as a first address;
PA1  means for coupling a subset of said timing signals to the addressing means
      of said second memory means;
PAR  first adder means responsive to said output means of said second memory and
      to said timing signals for producing sum output signals;
PA1  means for coupling said sum output signals from said first adder means to
      the addressing means of said first memory means as a second address;
PA1  means responsive to said timing signals for storing data in said first
      memory means at one of said addresses and for retrieving data from said
      first memory means at the other of said addresses;
PA1  means for coupling the output signals from said first processor to the data
      input means of said first memory means; and
PA1  means for coupling the data output means from said first memory means to
      the input means of said second processor.
NUM  2.
PAR  2. The invention claimed in claim 1 wherein said first memory means
      comprises a pluraity of submemory means, each having input means, output
      means, and addressing means;
PA1  means for producing signals representative of constants; and
PA1  further adder means responsive to said constants signals and the sum
      signals from said first adder means for producing second address signals
      to said submemory systems.
NUM  3.
PAR  3. The invention as claimed in claim 2 further including control means for
      altering the address to said second memory whereby said data is coupled to
      said secondary processor according to another schema.
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PAL  A data processing system includes a data processing unit and a number of
      communication units for coupling a corresponding number of terminal
      devices for transmission and reception of signals over a number of
      communication lines. Apparatus checks the operation of the communication
      units and includes logic circuits which couple to the receiver and
      transmitter circuits of each unit, circuits for transmitting checking
      signals to the receiver circuits of the unit and circuits for receiving
      signals transmitted by the transmitter circuits of the units.
      Additionally, each of the logic circuits couples to the data processing
      unit and are arranged to be enabled in succession by the data processing
      unit for transmission and reception of the checking signals and response
      signals respectively while still allowing the units not being checked to
      operate normally.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Use
PAR  The present invention relates to an arrangement for maintaining means of
      communication between a main station and various communications centres,
      the means in question being capable of conveying messages at different
      speeds using transmission methods which will be explained below. This
      arrangement, which allows considerable savings in time to be made, is
      particularly suited to the data-processing field.
PAR  2. Prior Art
PAR  In the more and more widely used technique of remote processing,
      information exchanged between the central unit and the terminal systems is
      exchanged over very long distances at very high speed. Remote processing
      is used at the present time by banks for operations carried out between a
      head office and its branches, by transportation companies to reserve
      seats, and in telegraphic dealings between a central unit and remote
      terminals.
PAR  The items of information, which are transmitted in binary code or bits,
      grouped into messages are conveyed at different speeds and by different
      methods. The "asynchronous" method of communication may be used in which
      each character in a message is made up from a number of bits plus a
      so-called "start" signal which precedes the character and a so-called
      "stop" signal which follows it. The "synchronous" method of communication
      may also be used. With this method one or more synchronizing characters
      are placed at the beginning of the message, on the one hand to synchronize
      the clock used in sampling the bits in the message, and on the other hand
      to identify at the receiving apparatus, the beginning of the message
      following the synchronizing characters. Synchronizing characters may also
      be transmitted so as to keep a transmitter and a receiver synchronized.
PAR  In the majority of systems for transmitting information between a
      processing unit and distant terminals, communications means are provided
      to adapt the characteristics of the interfaces associated with each line
      of communication to those of the interfaces associated with the processing
      unit. These means are arranged in series with each line and are generally
      known as communications adapters.
PAR  Upon reception, the adapters receive the bits from the lines at different
      speeds, and transmit them to the processing unit. Upon transmission, the
      bits intended for the various lines are directed by the processing unit to
      the adapters, which then transfer them to the appropriate lines. Each
      adapter may have a buffer register which may be capable of containing a
      number of characters.
PAR  Transmission systems become more complicated when the question is one of
      maintaining or checking the operation of the communication means and in
      particular the operation of the adapters. The maintenance system which
      allows the operation of the adapters to be checked in fact needs to
      contain circuits, the complexity of which is related to the method of
      operation used by the adapters which it has to check. These adapters are
      of differing types depending on whether communication is synchronous or
      asynchronous, the selected speed of communication, the number of bits per
      character in the message, and the length of the "stop" signal. Thus, if a
      user wishes to add a new type of terminal at the end of a line which
      communicates with the processing unit, it is first of all necessary for
      the existing adapter on this line to be replaced by another adapter
      suitable to the new type of communication between the terminal and the
      processing unit. More importantly, it is necessary to modify the
      maintenance system to allow this new adapter to be checked. Added to this
      is the necessity for an adapter to be disconnected physically from its
      associated line when its operation is to be checked. This means an
      unfortunate loss of time to the user and may also require the presence of
      an engineer.
PAR  It is an object of the present invention to substantially reduce or
      overcome the above drawbacks and in particular to make it possible to
      provide a choice between various methods of communication without the
      necessity for altering the maintenance arrangement or physically
      disconnecting the communications line associated therewith when it is
      desired to check same.
PAR  It is another object to provide rapid maintenance at reduced cost.
PAR  It is still a further object to provide an arrangement for maintaining
      means of communications between a main station and various communications
      centres including transmission and reception circuits and for controlling
      a communication line between the main station and a terminal.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are achieved in a preferred embodiment of the present
      invention which include a maintenance arrangement which comprises:
PAR  a. a circuit for transmitting checking signals which is connected to the
      receiver circuits of the communications means;
PAR  b. a circuit for receiving signals transmitted in response to the checking
      signals which is connected to the transmission circuits of the
      communications means; and
PAR  c. a logic circuit for each of the communications means which enables the
      communications means in question to be connected by electrical means to
      its corresponding line. Each connection circuit is controlled electrically
      by the main station in such a way that all the communications means may be
      disconnected in succession so that they may be checked.
PAR  The invention will now be further described, by way of example, with
      reference to the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an arrangement for maintaining means of communication between
      a main station and various communications centres.
PAR  FIG. 2 shows an application of the arrangement of FIG. 1 when the main
      station is a data-processing unit and the various centres are terminal
      systems.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The arrangement for maintaining communications means shown in FIG. 1 is
      used to check the means of communication between a main station 20 and
      outlying centres 30, 40, 50. Communication is via lines 60, 70, 80 and
      these may be telephone or telegraph lines. The communications units marked
      190, 200 and 210 allow the lines to be connected to the main station. For
      ease of representation it has been assumed that only three lines and three
      centres are connected to the main station but this number could obviously
      vary and in particular could be increased. Each of the communications
      units 190, 200 and 210 has transmission and reception circuits. It will be
      assumed that the transmission circuit associated with a communications
      unit enables a centre to receive information from the main station 20 and
      the reception circuit enables a centre to transmit information to the main
      station 20.
PAR  The arrangement for maintaining the communications units comprises circuit
      270 for transmitting checking signals which is connected to the reception
      circuits 240 associated with each of the communications units, and a
      circuit 260 for receiving signals transmitted in response to the checking
      signals and is connected to the transmission circuits 230 associated with
      each of the communications units. The maintenance arrangement further
      includes logic circuits 250 for connecting each of communications units to
      the lines to which they connect. Each of the logic circuits 250 enable the
      communications units and the lines corresponding to them to be connected
      and disconnected by electrical means, without the need for an operator, by
      means of signals from the main station 20.
PAR  When it is necessary to check the operation of communications unit 190,
      when the other units 200 and 210 are operating, the logic circuits 250
      which connect communication unit 190 to line 60 are inhibited by signals
      from the main station 20. These signals may be logic or binary 0 signals
      which are applied to the inputs of AND gates (not shown) which connect the
      unit to line 60. Once this logic disconnection has been brought about,
      checking of communications unit 190 begins. The transmission circuit 270
      of the maintenance arrangement transmits checking signals to the receiver
      circuit 240 of its communications units and the checking signals cause the
      unit to transmit via its transmission circuit 230 response signals to the
      receiver circuit 260 of the maintenance system. The receiver circuit 260
      includes means for analyzing and recording the response signals. In
      effect, the signals from the adapter unit generated in response to the
      checking signals either are indicative of the fact that the communications
      unit is operating satisfactorily or has a malfunction or failure in one of
      its circuits.
PAR  The maintenance system controlled by the main station 20 enables all the
      units by which the station communicates with the various centres to be
      checked in succession.
PAR  An embodiment of the maintenance arrangement will now be described with
      reference to FIG. 2 where communication is established between a
      data-processing unit 2 and outlying terminals 3, 4, 5, which may be, for
      example, teleprinters or devices for transmitting data signals to the
      processing unit 2. The communications take place via transmission lines 6,
      7, and 8, which may be telephone or telegraph lines. Signal converters 9,
      10, 11 and 12, 13, 14 are connected at either end of the lines 6, 7, and
      8. The converters may be of the telegraphic type wherein data is
      transmitted over telegraph lines or may be modulator/demodulators termed
      "MODEMS" for transmitting data over telephone lines. Such signal
      converters are well known to those skilled in the art. For example,
      reference may be made to U.S. Pat. No. 3,752,923 issued Aug. 14, 1973.
PAR  The communications units marked 19, 20 and 21 connect together the two
      interfaces 15 and 16 represented by broken lines. The interface 15 allows
      the communications units or adapters to be connected to the processing
      unit 2 while the interface 16 allows the adapters to be connected to the
      telephone communications lines via modems. This interface 16 conforms to
      well known international communications standards.
PAR  For ease of explanation, it is assumed that only three communications lines
      and three terminals are connected to the processing unit 2 but this number
      could obviously vary and in particular could be increased. Also, in the
      description which follows, it will be assumed that communications between
      the processing unit 2 and the terminals are of a semi-duplex or
      half-duplex nature. That is, the processing unit 2 can transmit data to a
      terminal but during that transmission, the receiving terminal cannot
      transmit to the processing unit 2. Only when the processing unit 2
      signifies that it has finished its transmission by means of an end of
      block or end of message character will it be then possible for the
      terminal to transmit to the processing unit 2 upon having recognized or
      detected this character. This two-way exchange is represented in FIG. 2 by
      single arrows pointing in two directions. Also shown is a multiplexer 17
      which is in two-way communication with the processing unit 2 through the
      interface 15. In one direction, it transfers data received from the
      various communication lines via the adapters to the processing unit 2. In
      the opposite direction, it distributes data transmitted by the processing
      unit 2 to those communication lines which are designated by appropriate
      address codes. A clock 18 applies timing signals to the adapters which are
      used chiefly for asynchronous communications.
PAR  Each of the adapters 19, 20 and 21 shown in the Figure may be of the
      synchronous type for synchronous communications, or they may be of the
      asynchronous type for asynchronous communications, but they may not handle
      both types of communications at the same time.
PAR  Finally, the communications system of FIG. 2 incorporates a maintenance
      arrangement which allows the operation of the adapters to be checked. The
      arrangement includes a receiver circuit 26, a transmitter circuit 27, and
      logic connecting circuits 25 controlled by the processing unit 2 which
      allow the adapters to be connected to their corresponding lines.
PAR  The adapters and the arrangement for their maintenance will now be examined
      in greater detail. Each adapter has a transmission circuit 23 and a
      reception circuit 24. The transmission circuit of an adapter allows a
      terminal to receive data from the processing unit 2 and the reception
      circuit allows data to be transmitted from a terminal to the processing
      unit 2. The transmission and reception circuits of the adapters are made
      up of components which are selected on the basis of the nature of the
      communications which are to take place. That is, in the case of
      synchronous and asynchronous communications, the selection of circuits is
      based upon the speed of communication, and the number of bits per
      character in the message to be transmitted, and in the case of
      asynchronous communications, upon the number of "stop" signals. The
      transmission circuit 23 of each adapter is connected to a receiver circuit
      26 and in the maintenance system and conversely the receiver circuit 24 of
      each adapter is connected to a transmission circuit 27 in the maintenance
      system.
PAR  The logic circuits 25 for connecting the adapters to the communications
      lines form part of the maintenance arrangement and they allow an adapter
      to be disconnected from the line associated therewith by means of signals
      from the processing unit 2 without the necessity for physical
      disconnection. While the system shown in the Figure is operating, the
      adapters are disconnected in succession but not simultaneously, when their
      operational state is to be checked.
PAR  The operation of the arrangement of which the lay-out has just been
      described will now be explained in greater detail. It is assumed that the
      operation of adapter 19 is to be checked while adapters 20 and 21 operate
      to maintain communications between the processing unit 2 and terminals 4
      and 5. For the purposes of this check, the logic circuits 25 for
      connecting the adapter to transmission line 16 are inhibited by signals
      applied from the processing unit 2. These signals may, for example, be
      logic binary 0 signals which are applied to one of the inputs of output
      AND gates (not shown) and which provide a link to modem 12.
PAR  Once this logic disconnection has been carried out, checking of the adapter
      begins. Transmission circuit 27 of the maintenance arrangement transmits
      checking signals to the receiver circuit 24 of the adapter and this in
      turn causes the transmitter circuit 23 in response to the checking signals
      to transmit response signals to the receiver circuit 26 of the maintenance
      arrangement. This receiver circuit 26 incorporates means for analyzing the
      response signals, as well as recording means. The signals from the adapter
      received in response to the checking signals are in fact indicative either
      of the fact that the adapter is operating satisfactorily or that a
      malfunction has occurred in one of its circuits.
PAR  It will then be within the capacity of those skilled in the art to draw up
      a checklist of malfunctions and thus to trace possible faults on the basis
      of the contents of the recording means, not shown, but which are included
      in the receiver circuits 26 of the maintenance system. The analyzing means
      may be so designed as to give an alarm signal in the event of major
      faults. The maintenance arrangement is controlled by the processing unit
      and its transmitter circuit includes programmable means. Since the
      adapters may be either of the synchronous or the asynchronous type and
      since they contain components which are selected on the basis of the
      rapidity with which messages are to be exchanged and of the number of bits
      per character in the message (and of the number of stop signals in the
      case of asynchronous communication), it is necessary for the transmission
      circuit of the maintenance arrangement to include members which can be
      programmed in response to these parameters. These members are registers,
      not shown, in the Figures and whose contents are altered, as dictated by
      the values of the aforementioned parameters.
PAR  The maintenance arrangement controlled by the processing unit 2, allows all
      the adapters to be checked in succession during which time the adapters
      with the exception of the one being checked operate simultaneously. It is
      possible by means of this arrangement to check asynchronous adapters
      capable of a speed of 2400 bauds, and synchronous communications adapters
      capable of speeds equal to or better than 2400 bauds. For further
      information regarding types of adapters, reference may be made to U.S.
      Pat. No. 3,500,466 which issued Mar. 10, 1970.
PAR  This arrangement for maintaining communications lines provides very
      considerable time-savings when checking line-adapters since it eliminates
      the need to have the adapter which is to be checked to be disconnected
      physically from its line. The arrangement requires only that the logic
      circuits at the output of the adapter to be disconnected by electrical
      means while the other adapters are allowed to continue operation. In this
      way it is possible for all the adapters to be checked in succession and
      repeatedly all the time that communications take place. Furthermore, the
      programmable members of the maintenance arrangement make it possible for
      different types of adapters to be checked without the need to alter the
      circuits of the maintenance system. This in addition to providing a saving
      in time also provides an appreciable reduction in cost.
PAR  It should be clear that in the system described, certain changes can be
      made to the circuits described without exceeding the scope of the present
      invention. It is also apparent that the maintenance arrangement described
      in the context of communications adapters could also be used for the
      maintenance of different types of communication means.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. An arrangement for maintaining communication apparatus coupled between a
      main station and a plurality of communication terminals by a plurality of
      communication lines, said communication apparatus including a plurality of
      communication means, each including a plurality of reception and
      transmission circuits and being operative to control transmission over a
      communication line coupled between said main station and one of said
      terminals, said arrangement comprising:
PA1  a. circuit means for transmitting checking signals, said circuit being
      connected to each of said reception circuits of said communication means;
PA1  b. circuit means connected to each of said transmission circuits of said
      communications means for receiving signals transmitted in response to said
      checking signals; and,
PA1  c. a logic circuit means coupled to each of said reception and transmission
      circuits of each of the communication means for enabling said
      communication means to be operatively coupled to a corresponding one of
      said lines, each of said logic circuit means being connected to said main
      station and conditioned by said main station so as to enable all said
      communications means to be disconnected in succession for reception and
      transmission of said checking signals.
NUM  2.
PAR  2. The arrangement of claim 1 wherein said circuit means for receiving said
      response signals includes means for recording and analyzing the said
      response signals.
NUM  3.
PAR  3. A maintenance arrangement for maintaining communication apparatus
      coupled between a data processing unit and a plurality of terminals, a
      plurality of communications means, each including receiver circuits and
      transmitter circuits, each coupled to a line and operative to control
      signal communication over said line between said processing unit and a
      different one of said terminals, said maintenance arrangement comprising:
PA1  a. circuit means for transmitting checking signals, said circuit means
      being connected to each of said receiver circuits of each of said
      communications means.
PA1  b. circuit means for receiving signals transmitted in response to the
      checking signals, said circuit being connected to each of said
      transmission circuits of each of said communications means,
PA1  c. logic circuit means coupled to said receiver circuits and transmitter
      circuits of each said communication means for coupling said communications
      means to a corresponding one of said lines, each said logic circuit means
      being coupled to be controlled by said processing unit so as all said
      communications means may be disconnected in succession from said line for
      reception and transmission of said checking signals and said response
      signals.
NUM  4.
PAR  4. The arrangement of claim 2 wherein said circuit means for receiving said
      response signals includes means for recording and analyzing the said
      response signals.
NUM  5.
PAR  5. The arrangement of claim 2 wherein said circuit means for transmitting
      checking signals includes members which can be programmed from said
      processing unit on the basis of parameters characteristic of the
      communications transmitted by said communications means.
NUM  6.
PAR  6. The arrangement of claim 4 wherein said programmable members are
      registers whose contents are coded to define the types of communications
      to be transmitted as either synchronous or asynchronous and the speed of
      said communications.
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PAL  The data is stored in the digital mode. The device comprises a sampler and
      converter from the analogue to the digital mode, a first set or cascade of
      shift registers for data, a computing and comparison unit with switching
      means, a second set or cascade of shift registers for the time intervals,
      addition units adding one digit (+  1), subtraction units, a logical unit
      with control units, and a memory or storing unit. The device may be used
      in a high voltage station for monitoring an electrical network to detect
      possible faults.
PAR  The object of this invention, is to provide a method and a device for
      recording, in real time, non uniformly varying data with compression of
      data during periods of relatively slow variation thereof.
PAR  Already known are data recording methods and devices which store, in
      digital form, data representing a variable phenomenon, the variation of
      which is produced at variable frequency, for example when it is a matter
      of both a permanent process (or operation) and a transient process (or
      operation).
PAR  In this case, it is necessary, if it is wished to avoid making use of a
      very big storage capacity, to proceed with the compression of data during
      periods when the phenomenon under study varies slowly with respect to
      time.
PAR  For example, the "fan" method is known. In this method, the frequency with
      which the sampled data is stored, follows a very complex law, which makes
      it difficult to code the instants of sampling, at the same time involving
      material errors between the compressed signal which is stored, and the
      original signal which corresponds to the phenomenon under study.
PAR  It was also suggested to carry out the recording at a slow rate for the
      permanent process and at a very high rate for the transient process, but
      problems arose concerning the transfer from one rate to the other and the
      synchronization between the recording and the phenomenon.
PAR  The storing of data on a magnetic record in analog form was also used but
      such a method requires a very wide pass band, and therefore, in the
      corresponding device, a very high tape speed of the magnetic recording
      carrier (tape or disk) relatively to the magnetic recorder heads which
      limits the duration of the phenomenon being stored unless very cumbersome
      mechanisms and carriers are used. Such a magnetic record also needs high
      precision rotary devices to be used and generally has to be operated in a
      controlled environment.
PAR  The object of this invention is to provide a method and a device which
      allows an efficient compression, and therefore a smaller storage capacity
      for the recording of a relatively long phenomenon, with a small error
      between the reproduced signal from the recording and the original signal
      produced by the phenomenon under study.
PAR  The method, according to the invention, for recording, in real time, non
      uniformly variable data, with the compression of data during periods of
      relatively slow variation thereof, is characterized by the fact that it
      comprises in combination,
PAR  ON THE ONE HAND, THE FOLLOWING SUCCESSIVE OPERATIONS:
PAR  CONSTANT RATE SAMPLING OF DATA IN DIGITAL FORM;
PAR  STORING THE SAMPLED DATA IN THE FORM OF A SERIES WITH A DETERMINED NUMBER
      OF SUCCESSIVE SAMPLED DATA;
PAR  STUDYING, DURING NORMAL FUNCTIONING OF A SET OF THREE SUCCESSIVE DATA
      STORED FROM THAT SERIES TO CHECK IF THE DIFFERENCE BETWEEN THE CENTRE DATA
      OF THIS SET OF THREE AND THE ARITHMETIC MEAN OF THE TWO EXTREME DATA
      THEREOF IS SUPERIOR OR INFERIOR, IN ABSOLUTE VALUE, TO A GIVEN LIMIT;
PAR  PERFORMING IN RESPONSE TO SAID CHECKING, OF ONE OR THE OTHER OF THESE TWO
      OPERATIONS: THE FIRST, WHICH IS CARRIED OUT IF THE AFORESAID DIFFERENCE IS
      INFERIOR, IN ABSOLUTE VALUE, TO THE SAID LIMIT, CONSISTS IN SUPPRESSING
      THE CENTRE DATA OF THE SET OF THREE AND TO INCREMENT BY ONE ROW IN THE
      SERIES ALL THE DATA WHICH COME AFTER THE SUPPRESSED MIDDLE DATA, THE
      SECOND, WHICH IS CARRIED OUT IF THE DIFFERENCE IS SUPERIOR, IN ABSOLUTE
      VALUE, TO SAID LIMIT, CONSISTS IN MEMORIZING THE OLDEST DATA OF THE SERIES
      BY INCREMENTING BY ONE ROW ALL THE STORED DATA OF THE SERIES OF DATA;
PAR  STORING A SAMPLED DATA IN THE MOST RECENT ROW OF STORAGE WHICH HAS JUST
      BEEN VACATED BY THE FORWARD MOVEMENT OF PART OR ALL OF THE DATA ALREADY
      STORED; AND
PAR  ON THE OTHER HAND, IN PARALLEL WITH THE PRECEDING OPERATIONS OF STORING,
      STUDYING FORWARD MOVEMENT AND MEMORIZING OF SUCCESSIVE DATA, THE
      SUCCESSIVE OPERATIONS OF STORING AND MEMORIZING THE TIME INTERVALS
      SEPARATING THE EFFECTIVELY STORED, AND THEN MOMORIZED DATA.
PAR  A device, also according to the invention, for embodying said method
      comprises, in combination:
PAR  a constant rate sampler for data in digital form;
PAR  a first cascade set of shift registers, the input of the first register of
      this stage being connected to the output of the sampler, for the storing
      of sampled data;
PAR  a calculator and comparator unit, with three data inputs, designed to
      differentiate between the signal on its second input and the arithmetic
      mean of the signals on the first and third inputs and to compare the
      absolute value of this difference with a limit value applied in the form
      of a signal on a fourth input;
PAR  switching means, the inputs of which are connected to the outputs of the
      shift registers of the first set and which is designed to switch to their
      three outputs, which are connected to the three inputs of the comparator
      unit, three consecutive outputs chosen from among the outputs of the
      aforesaid registers;
PAR  a second cascade set of shift registers, the number of which is equal to
      the number of registers of the first set less one unit, for recording the
      time intervals between data stored in the registers of the first set;
PAR  adder units to add one unit to the signal applied on its input, connected
      between the successive registers of the second set of registers as well as
      being upstream the first register of this set;
PAR  subtracter units to subtract the value of the input of the adder unit
      preceding it from the value of the output of the registers of the second
      state;
PAR  a logic unit, the inputs of which are connected to the outputs of the
      aforesaid subtractor units and which determines the three successive
      registers of the first stage the outputs of which will be connected
      through said switching means to the calculator and comparator unit;
PAR  a control unit transmitting the decisions of the logic unit to the
      switching means to the registers of the first and second sets and to the
      adder units; and
PAR  a storing or memory unit with one part, the input of which is connected to
      the output of the last register of the first set, and a second part, the
      input of which is connected to the output of the last register of the
      second set.
DRWD
PAR  The invention will be better understood with the help of the following
      detailed description as well as with the help of the attached drawings,
      both given mainly as an illustrative example.
PAR  FIGS. 1 and 2 are diagrammatic representations of the means of compression
      used in the method and the device of the invention.
PAR  FIG. 3 is a block diagram of the whole of the device of the invention,
      using the method of the invention.
PAR  FIG. 4 is a diagrammatic illustration of the switching equipment of the
      device illustrated in FIG. 3.
PAR  FIG. 5 is a block diagram of the calculator and comparator unit of the
      device illustrated in FIG. 3.
PAR  FIG. 6, finally, gives an outline of a cell of the logic unit of the
      device, illustrated in FIG. 3, and the associated cell of the control unit
     .
DETD
PAR  With reference first of all to FIGS. 1 and 2, an explanation will be given
      as to the compression steps used in the method and device according to the
      invention.
PAR  The aim is to store in memory the smallest quantity of data enabling the
      reproduction, with an error below a given limit, of the variations of the
      phenomenon under study. To this effect, the successive data are stored at
      a variable rate, the rate being greater when the phenomenon evolves
      rapidly.
PAR  According to the invention, a method is used which consists in
      systematically comparing the mean value of the two outer data of a set of
      three successive data, separated by two equal time intervals, with the
      centre data of this set of three. If the difference between this mean
      value and the centre data is small (in fact smaller than a predetermined
      limit), the variation is substantially linear for the duration of the set
      of three data, and the storing of the centre data gives hardly any
      additional information; if, on the other hand, the deviation between the
      mean value of the two outer data and the centre data is great (in fact, if
      it exceeds the aforesaid predetermined limit) there was a rapid variation
      over the duration of the set of the three data and so it is important to
      keep the centre data value in memory.
PAR  In FIG. 1, two successive sets of three data are represented, namely A with
      data a, b, and c, and B with data c, d, and e. A first comparison may be
      made on the set c, d, e, and if data d deviates only slightly from the
      mean of data c and e, data d is eliminated. In the same way, in the
      following comparison on set A, if data b differs only slightly from the
      mean of data a and c, data b is eliminated. There will then remain set C,
      made up of data a, c and e (data d and b having been suppressed) and the
      comparison will be made between the centre data c with the mean value of
      the outer data a and e, data c being kept or not, depending on whether
      data c is very different or only slightly different from the mean of data
      a and e.
PAR  It will be noted that the comparison is made between three successive data
      c, d, e, or a, b, c, or, finally, a, c, e, with an equal time interval
      between the first and second data, on the one hand, and the second and
      third data on the other, of the set of three data on which the comparison
      is made (.DELTA.t being the constant time interval between a and b, b and
      c, c and d, d and e).
PAR  In FIG. 2 there is an illustration of a curve D (in solid line)
      representing the phenomenon, the range E being plotted against the time t.
      On this curve D, there are successive data a, b, c, of a set of three
      data, the two time intervals between data b and a, on the one hand, and
      the data c and b, on the other being equal to the elementary sampling
      interval .DELTA. t. The mean between the ranges a.sub.o a and c.sub.o c of
      data a and c is b.sub.o b', close to b.sub.o b, the amplitude of data b.
      It is seen that if b' is close to b, the variation between a and c is
      substantially linear and that consequently the information lost through
      the suppression of data b is negligible.
PAR  On the other hand, if attention is turned to curve D' (chain-dotted line)
      with the successive data a, b" and c, with a difference b' b" much greater
      than the difference b' b, it is desirable to store data b", without which
      there would be a great loss of information, since the variation between
      the data a and c is far from being linear (the amplitude of the mean
      b.sub.o b' is very different from b.sub.o b",  the amplitude of the data
      b").
PAR  The process of compression having been explained with reference to FIGS. 1
      and 2, there will follow, with reference to FIGS. 3 to 6, a description of
      the device as set out in the invention using the method also set out in
      the invention. FIG. 3 is a view of the whole device, whilst FIGS. 4, 5,
      and 6 illustrate with more detail some of the components in FIG. 3.
PAR  With reference now to FIG. 3, it is seen that the device includes first of
      all an analog-to-digital sampler-converter 1 receiving on its signal input
      2, the analog signal f representing the phenomenon under study; the signal
      f can, for example, be generated by a suitable pick-up delivering an
      electric signal directly proportional to the amplitude of the phenomenon
      under study. This converter 1 converts the range of the analog signal f
      into a number of n bits in the pure binary code, that is to say into a
      number including n binary digits (only 0s and 1s). In the diagrams all the
      n conductors designed to transmit a number of n bits are represented by
      one single conductor crossed by an oblique line with the letter n.
PAR  The converter 1 also has a control input 3 which receives pulses g from a
      clock 98 at regular time intervals .DELTA.t, these pulses g causing the
      sampling, at a constant rate and in digital (binary) form, of the data
      from the signal f. For example, the rate of the pulses g may be 10.sup.6
      cycles per second (one pulse g every microsecond:.DELTA.t = 10.sup..sup.-6
      second).
PAR  To the output 4 of the analog/digital converter 1 is connected a first set
      of shift registers 5.sub.0, 5.sub.1, 5.sub.2 . . . 5.sub.13, 5.sub.14,
      5.sub.15, supposing that the first set includes, as in the illustrated
      device, sixteen registers.
PAR  The input 6.sub.0 of the first register 5.sub.0 is connected to the output
      4 of the converter 1, whilst the input 6.sub.1, 6.sub.2, . . . 6.sub.13,
      6.sub.14, 6.sub.15 of each of the other registers 5.sub.1 to 5.sub.15 is
      connected to the output 7.sub.0 to 7.sub.14 of the preceding register of
      the set (for example, the input 6.sub.1 of register 5.sub.1 is connected
      to the output 7.sub.0 of register 5.sub.0).
PAR  Each register 5.sub.0 to 5.sub.15 of the first set of shift registers also
      has a control input 8.sub.0 to 8.sub.15 which is designed to control, in
      reply to a control pulse h.sub.0 to h.sub.15, the transfer of the data in
      binary form contained in that register to the following register (on the
      right) through the connection between the output of 7 of that register and
      the input 6 of the following register (on the right).
PAR  The device includes also a second set of shift registers 9.sub.1, 9.sub.2,
      . . . 9.sub.13, 9.sub.14, 9.sub.15, which are intended to store the number
      of elementary time intervals .DELTA.t separating the data which are
      actually in the corresponding registers 5.sub.0 to 5.sub.15 of the first
      set.
PAR  Upstream of each register 9.sub.1 to 9.sub.14 is an adder 10.sub.1,
      10.sub.2, . . . 10.sub.13, 10.sub.14, 10.sub.15, which is designed to add
      one unit each time that its control input 11.sub.1 to 11.sub.15 is
      activated by an impulse i.sub.1 to i.sub.15.
PAR  Then there is successively, starting from an input 12, which normally
      receives the number 0: a first adder unit 10.sub.1, the input 13.sub.1 of
      which is connected to the input 12, a first register 9.sub.1 the input
      14.sub.1 of which is connected to the output 15.sub.1 of the adder
      10.sub.1, an adder 10.sub.2 the input 13.sub.2 of which is connected to
      the output 16.sub.1 of the register 9.sub.1, a register 9.sub.2 the input
      14.sub.2 of which is connected to the output 15.sub.2 of the adder
      10.sub.2, and so on until register 9.sub.15, the input 14.sub.15 of which
      is connected to the output 15.sub.15 of the adder 10.sub.15.
PAR  Each register 9 of the second set also has a shift control input 17.sub.1
      to 17.sub.15 which is designed to receive, as are the inputs 8.sub.0 to
      8.sub.14 of the registers 5.sub.0 to 15.sub.14, the shift pulses h.sub.0
      to h.sub.14.
PAR  The output 7.sub.15 of the register 5.sub.15 of the first set of registers
      and the output 16.sub.15 of the register 9.sub.15 of the second set are
      connected respectively to the data input 18.sub.a and to the time interval
      input 18 b of a memory 18 with two parts 18c and 18d for data and time
      intervals respectively; this memory is intended to store the significant
      data, which are not eliminated in the compression process, and the time
      intervals separating the successive recorded data, all of which is for
      later use. The memory 18 also receives shift pulses h.sub.15 for the
      recording of data at successive intervals.
PAR  Associated with this memory 18 is an address unit 19 which enables a
      selection, via line 20, to be made of the successive cells of the memory
      in which the data storing takes place, and, via line 21, the addition of
      one unit to the address of the address-zeroing-pulses j that can be
      applied to the input 22 of the unit 19.
PAR  The choice of the set of three data, which is submitted to the comparison
      intended to determine whether or not there is a good case for compression,
      is made by switching means made up of three multiplexors 23a, 23b, 23c,
      which have data inputs, such as 24, and a control input 25a, 25b, 25c.
      There are (q-1) inputs 24 for each multiplexer whilst the first set has q
      gates and the second set has (q-1) gates.
PAR  In the illustrated embodiment, the multiplexer 23a has 15 data inputs 24,
      the first of which is connected to the output 4 of the converter 1 and the
      others are connected to the outputs 7.sub.0 to 7.sub.13 of the registers
      5.sub.0 to 5.sub.13 ; the fifteen data inputs 24 of the multiplexer 23b
      are connected to the outputs 7.sub.0 to 7.sub.14 of the registers 5.sub.1
      to 5.sub.14 ; finally the fifteen inputs 24 of the multiplexer 23c are
      connected respectively to the outputs 7.sub.1 to 7.sub.15 of the registers
      5.sub.1 to 5.sub.15. It is easily understood that the first item of a set
      of three data, transmitted by the multiplexer 23a, cannot be one of the
      last two data of the registers 5.sub.14 and 5.sub.15 which come before the
      recording in memory (in 18c), that the second data of the set of three
      transmitted by the multiplexer 23b can be neither the first data leaving
      the converter 1, nor the last data leaving the register 5.sub.15 prior to
      storage, and that finally the multiplexor 23c cannot treat as the last
      data of a set of three the first two data of the converter 1 or of the
      register 5.sub.0.
PAR  As for the control inputs 25a, 25b and 25c, they are controlled from an
      address unit of the multiplexers forming part of the control unit, as
      described below.
PAR  In FIG. 4, there is a more detailed illustration of the structure of a unit
      such as 23a, 23b or 23c.
PAR  Each of these units has 15 AND gates 27.sub.1 to 27.sub.14, more generally
      (q-1) gates, with two inputs, one 24 (see also FIG. 3), which receives the
      data from an output of the type 4 or 7.sub.0 to 7.sub.15 (FIG. 3), and the
      other 25, which receives the selection order from a decoder 28 with four
      inputs 29 and fifteen outputs 30.sub.1 to 30.sub.15, that is one output
      per gate 27.sub.1 to 27.sub.15. This decoder receives on its four inputs
      29 the indication of the data to be transmitted, and therefore of the AND
      gate 27 to actuate in the parallel binary form (the 15 series numbers of
      the fifteen sets of the three data determined by the seventeen outputs 4,
      7.sub.0, 7.sub.1, 7.sub.2, . . . 7.sub.13, 7.sub.14, 7.sub.15 can be
      represented by means of a four bit binary number, given that 2.sup.4 =
      16).
PAR  According to the series number arriving at the inputs 29 via four lines 31
      from the unit 26, the decoder 28 feeds one, and only one, of its outputs
      30, namely the output feeding, via the line 32.sub.1 to 32.sub.15, the
      input 25 of the AND gate 27 corresponding to this series number. Only this
      gate 27, of the fifteen gates 27.sub.1 to 27.sub.15, has its input 25 fed,
      and so transmits on its output 33.sub.1 to 33.sub.15, the signal arriving
      at the input 24. The outputs 33.sub.1 to 33.sub.15 are connected to the
      inputs 34.sub.1 to 34.sub.15 of an OR gate 36. Consequently the OR gate 36
      will transmit, on its output 37, the bit 1 or 0 depending on whether the
      input 24 of the AND gate 27, the input 25 of which is fed, receives a 1 or
      0.
PAR  Given that the data comprise n bits, there are really, for each multiplexer
      23, n sets of the type illustrated in FIG. 4: in fact each unit
      illustrated in FIG. 4 is formed by a plug-in card 38 and in this case n
      cards 38 are required to make up a unit 23a. It will be the same for units
      23b and 23c. Consequently there will be 3n units of the type illustrated
      in FIG. 4 to make up the set of multiplexors 23a, 23b and 23c forming the
      switching equipment which directs towards a calculator and comparator unit
      39, three successive items of data, making up a set of three, from the
      converter 1 and the registers 5.sub.0 to 5.sub.15.
PAR  The calculator and comparator unit 39 (FIG. 3) is illustrated in detail in
      FIG. 5 in which may be found first of all the three outputs 37a, 37b and
      37c of the multiplexers 23a, 23b and 23c respectively. 37a and 37c
      transmit the two outer data (for example, data a and c) of the set of
      three and 37b transmits the centre data (for example data b) of the set of
      three (see FIG. 1 about data a, b and c).
PAR  Unit 39, illustrated in detail in FIG. 5, includes first of all an adder
      40, which carries out the addition of the data arriving at its inputs 40a
      and 40c from the aforesaid outputs 37a and 37c, it being understood that
      each of these data has n bits. This sum is normally made up of (n+1) bits,
      namely n bits on the outputs 41.sub.1 to 41.sub.n and one bit on the
      carry-over output 41(n+1). The division by two, to acquire the means of
      the data coming in 40a and 40c is performed by suppressing the last bit
      (the bit with the least weight) normally developed by output 41.sub.1
      which does not deliver its output to any other device. The output of the
      highest row 41 (n+1) delivers the carry figure (if there is one). If the
      digital values of the amplitudes Ea and Ec of data a and c (FIG. 2) are
      called Ya and Yc, the adder 40 works out, with the suppression of the bit
      generated by output 41.sub.1, (Ya + Yc)/2, in other words the arithmetic
      mean of Ya and Yc.
PAR  Unit 42 is also an adder which receives, on the one hand on its inputs 43,
      the bits coming from outputs 41.sub.2 to 41.sub.(n.sup.+1) of the adder
      40, on other words (Ya + Yc)/2, and, on the other hand on its input 44 the
      n bits from the output 45 of an inverter 46, the input 47 of which is
      connected to the output 37b of the multiplexor 23a, in other words the
      digital value Yb of the range Ec (FIG. 2) of the data b, the output 45
      delivering -Yb.
PAR  The adder 42 works out the addition of (Ya + Yc)/2, coming from the unit
      40, and -Yb, that is the difference between the arithmetic mean of the two
      outer values Ya and Yc of the set of three and the centre value Yb of the
      same set.
PAR  It will be noted that the carry-over of the adder 42, available on output
      48, is sent on to an additional input 49 of this adder: that is a planned
      contrivance in this particular embodiment, to carry out the inversion and
      the algebraic sum in units 46 and 42: in unit 46, the inversion by
      complementation to 1 is carried out, by inverting each bit (the 1s being
      converted into 0s and the 0s into 1s) by use on to n elementary NOT gates
      for the n bits of Yb in the unit 46, whilst in unit 42, the algebraic sum,
      in fact the difference, is worked out by complementation to 2, by adding
      one bit in case of carry-over, whence the connection via line 50 between
      the output 48 and the input 49 of the unit 42.
PAR  The output 51 of the unit 42 is connected to the first input 52 of a unit
      53 which receives at its second input 54 the carry-over generated by
      output 48 of the unit 42 having passed through an inverter 55. The unit 53
      determines the absolute value of the difference (Ya + Yc)/2 -Yb delivered
      by output 51 of unit 42 due to the following arrangement: the unit 53 has
      an exclusive OR gate, the output 56 of which is fed only if one input, and
      only one, 52 or 54 is fed.
PAR  It is known that if the input signals .beta. and .beta. are applied to of
      an exclusive OR gate the output may be represented by .alpha..beta. +
      .alpha..beta.. In this particular case, .beta. represents for example what
      is applied on the input 52, i.e. each bit of the aforesaid difference (Ya
      + Yc)/2 -Yb, whilst .alpha. represents the sign of that difference
      arriving at 54. If the sign is positive, it is represented by a 1 at
      output 48 and by a 0 at 54, after inversion in the inverter 55; the output
      signal of the unit 53, equal to .alpha..beta. + .alpha..beta., will then
      be 0 + .beta. (since .alpha. = 0 and .alpha. = 1): so appearing at 56
      there will be .beta. which is positive. If, on the other hand, the sign is
      negative, at the output of 48, there will be the bit 0 and consequently at
      54 the bit 1; so at 56 there will be .alpha..beta. + .alpha..beta. =
      -.beta. + 0 (since .alpha. = 1 and .alpha. = 0), so the absolute value of
      .beta., since .beta. is negative.
PAR  So at 56, at the output of unit 53, the absolute value of the difference
      (Ya + Yc)/2 -Yb, that is (Ya + Yb)/2 -Yb, is obtained.
PAR  Finally, unit 57 is a properly called comparator which receives at 58, via
      the set of n lines represented in 59, the n bits of the absolute value of
      the aforesaid difference, and also at 60, via all the n lines 61, the n
      bits of the limit k which serves to sort out the data to be eliminated: if
      the difference is smaller, in absolute value, than the limit k, the data
      in question is eliminated; if this difference is greater, in absolute
      value, than the limit k, it is kept (depending on the case, there is a
      choice between keeping or eliminating the centre data if the absolute
      value of the difference and k are equal).
PAR  The output 62 of 57 is fed or not, depending on whether or not there is
      reason to keep the data Yb in question. The output 62 of the comparator 57
      is connected (FIG. 3), through a conductor 63, to the control unit 64 of
      the summation circuits 10.sub.1 to 10.sub.15 and also to the shift control
      unit of the registers 5.sub.0 to 5.sub.15 as well as 9.sub.1 to 9.sub.15
      under the control of the priority logic unit 66.
PAR  With reference to FIG. 6, there will follow a description of the priority
      logic unit 66 and the control means (control units 64 and 65 and address
      unit 26 of the multiplexers 23) in FIG. 3. It will be noted that in FIG. 6
      there is an illustration of a single cell corresponding to a particular
      register 9 (there are in fact (q-1) cells of this type).
PAR  However, prior to this, a few explanations will be given on the method
      used, in the priority logic unit 66, to choose the set of three data which
      will be dealt with in the calculator and comparator unit 39.
PAR  The purpose of the priority logic unit 66 is to determine, from among the
      pairs of equal time intervals between three successive data stored in the
      registers 5.sub.0 to 5.sub.15 of the first set or leaving the converter 1,
      which are those for which these intervals are the biggest, and, in the
      event of there being simultaneously several pairs of successive equal
      intervals, which are those which are the furthest to the right, that is to
      say, closest to memory 18.
PAR  To this effect, the difference is determined between the output of each
      register 9.sub.1 to 9.sub.15 of the second set and the input of the adder
      10.sub.1 to 10.sub.15 which precedes it, in the subtracter units 67.sub.1
      to 67.sub.15. Owing to the fact that, as explained below, each adder 10
      adds one unit in the event of suppression of the data stored in the
      corresponding register 5, each register 9 encloses the number of
      elementary intervals .DELTA.t, the data of the corresponding register 5 is
      shifted in relation to the data in the register 5 immediately to the left.
      Each unit 67 determines the number of elementary intervals .DELTA.t
      between the data of two successive registers 5. The role of the priority
      logic unit 66 is to compare the number of intervals .DELTA.t determined by
      the units 67.
PAR  The logic unit 66 (FIG. 6) includes first of all an AND gate 68, the first
      input 69 of which is connected to the output 70 of the associated
      subtracter unit 67 and the second input 71 of which is connected to the
      output 72 of the identical cell of the unit 66 on its right; the cell
      furthest to the right, the input 70 of which is connected to the output
      70.sub.15 of the unit 67.sub.15, receives on its input 71 the
      initialization bit "1".
PAR  The AND gate 68 developes a signal on its output 73 if the two inputs 69
      and 71 simultaneously receive a "1".
PAR  Each elementary cell of the unit 66 also includes an inverter 74 and a
      second AND gate 75, the first input 76 of which receives the same signal
      as the input 71 of the gate 68, since it is connected to the output 72 of
      the cell immediately to the right, and the second input 77 of which
      receives the same signal as the input 69 of the gate 68, but after
      inversion in the inverter 74, since it is connected to the output 70
      through said inverter.
PAR  The AND gate 75 delivers on its output when its two inputs 76 and 77
      simultaneously receive a 1, that is to say when 72 delivers a 1 and 70 a
      0. So it is noted that, if the gate 68 delivers, the output 70 delivers a
      1, and so 77 receives a 0 and consequently the gate 75 does not deliver on
      its output 72 (in the diagram it has been supposed that it is the cell of
      row 13 in question and the two shown outputs 72 have been given the
      subscripts 13 and 14.)
PAR  By to the addition of +1 at each adder 10.sub.1 -10.sub.15 there will be in
      the successive registers 9.sub.1, 9.sub.2, . . . 9.sub.13, 9.sub.14,
      9.sub.15 bigger and bigger numbers. The successive subtraction units
      67.sub.1, 67.sub.2, . . . 67.sub.14, 67.sub.15 determine the differences
      between these numbers and will show the equal differences between the
      biggest numbers furthest to the right, and so the set of three data on
      which the possible compression will have to be carried out.
PAR  The output signal of the set of units 67 reaching the logic unit 66 will be
      a binary number of (n-1) bits, for example (with n = 16) 010100101100100.
      The cells of the logic unit 66 will receive on their input 69, from the
      right, first of all 0  s, then a 1 will appear.
PAR  In reply to a zero on the input 69 of a cell of the unit 66, its AND gate
      68 will not deliver. On the other hand, the AND gate 75 furthest to the
      right will deliver since its input 76 is initialized to 1: this 1,
      transmitted through the output 72 of the gate 75 furthest to the right,
      will be transferred to the following cell on the left and so on to the
      left as long as there are cells receiving a 0 on their input 69.
PAR  On the other hand, when this 1 reaches a cell, the input 69 of which is
      connected to an output 70 delivering a 1, it will be the AND gate 68 of
      that cell which will deliver, since its two inputs 69 and 71 receive a 1,
      whilst the AND gate 75 of this cell will not deliver since its input 77
      receives a 0 owing to the fact of inversion in the inverter 69. This 0
      will be transferred towards the left all along the cascade of cells of
      unit 66 since all the inputs 76 of the gates 75 will receive a 0, so the
      gates 68 of these cells will receive a 0 on their input 71 and will not
      deliver.
PAR  The result is that only one gate 68 delivers, that is the gate of the cell
      furthest to the right which receives a 1 on its input 69. So, if the
      number leaving the units 67 by the outputs 70 is, as indicated above
      010100101100100, only the underlined 1 will be transferred (by the cell of
      row 13, that is, the one illustrated), the output 73 of row 13 being the
      only one fed from among the (n-1) outputs 73.sub.1 to 73.sub.15. So the
      priority logic unit will deliver 000000000000100. This corresponds to a
      same maximum time difference between the three data of a set of three in
      the registers 5.sub.11, 5.sub.12 and 5.sub.13, the difference having been
      determined by unit 67.sub.13 between the output of the register 9.sub.13
      and the register 9.sub.12.
PAR  Still with reference to the FIG. 6, it will now be explained how the
      indication of selection delivered by the outputs 73.sub.1 to 73.sub.15 of
      the logic unit 66 is used in the units 64, 65 and 26 (FIG. 3).
PAR  The fifteen outputs 73 of the logic unit 66 are applied to the address unit
      26 of the multiplexors 23a, 23b, 23c, which, via the four lines 31, feed
      the decoder 28 in FIG. 4. So the logic comparator unit 66 controls the
      addressing in the multiplexors 23a, 23b, and 23c, of the set of three
      data, delivered by the converter 1 and the registers 5.sub.0 to 5.sub.15,
      on which the unit 39 will work out the comparison. In this case, it is the
      set of data in the registers 5.sub.11, 5.sub.12, 5.sub.13, which is dealt
      with.
PAR  The output 73 of each AND gate 68 also acts to control the units 64 and 64
      thanks to the other gates illustrated in FIG. 6, of a cell of units 64 and
      65.
PAR  Each cell of the shift control unit 65 has an AND gate 78, the first input
      79 of which is connected to the output 73 of the AND gate 68 of the same
      cell and the second input 80 of which receives a signal m, via the line
      63, of the output 62 of the calculator and comparator unit 39. If the AND
      gate 78 is fed at the same time at 79 and 80, it delivers on its output 81
      a signal h which is sent both to the register 5 and its corresponding
      register 9. So one AND gate 78 will transmit on its output 81 the shift
      order of the corresponding registers 5 and 9 if the unit 39 decides that
      there is good reason to keep the content of the corresponding register 5
      (signal m on the input 80), the selection of the registers 5 and 9
      depending just on the cell the gate 78 of which receives a 1 from its
      associated gate 68. A pulse g (FIG. 3) ensures, in the AND gate 95,
      synchronism with the sampling in the unit 1 which also receives g. To this
      end, the gate 95 receives h on its input 96 and g on its input 97.
PAR  To finish the description of the device as set out in the invention, with
      reference to the lower part of FIG. 6, there follows an explanation of the
      operation of the summation control unit 64, which controls by the pulses
      i.sub.1 to i.sub.15 the addition of one unit in the adders 10.sub.1 to
      10.sub.15, in fact in the adder 10 which corresponds to the register 5
      whose data was suppressed in the suppression process.
PAR  On the suppresion of the centre data of a set of three data, the time
      interval between the two outer remaining data which are going to occupy
      two successive registers is modified and this modification must be
      recorded in a register 9. To this end, line 63 transmits the information
      as to whether or not the centre data has been suppressed, not only to the
      shift control unit 65, but also to the summation control unit 64, which
      has, as illustrated in FIG. 6, three gates, i.e. OR gate 82, NAND gate 83,
      AND gate 84, in cascade.
PAR  The OR gate 82 has two inputs 85 and 86, the first of which receives the
      output signal of the AND gate 68 and the second of which receives a signal
      from the cell of the unit 64, immediately to the left (cell of row 12),
      that is from the output 87.sub.12 of the gate 82 of that cell immediately
      to its left, the initialization of the input 86 of the cell furthest to
      the left of the unit 64 being effected at 0. The output 87.sub.13 of the
      gate 82 of the cell illustrated, not only sends via line 88 the output
      signal on the input 86 of the cell immediately to the right, but also on
      the input 89 of the NAND gate 83 which has a second input 90 connected to
      the line 63 to receive the signal sent through output 62 of the calculator
      and comparator unit 39.
PAR  Finally the AND gate 84 has two inputs 91 and 92; the first 91 is connected
      to the output 93 of the gate 83 and the second 92 receives the timer
      signal g which is also applied to the converter 1 and to the unit 65 from
      the timer 98.
PAR  The output 94 of the AND gate 84 delivers the output signal i, from the
      unit 64, which is sent to the control input 11 of the corresponding adder
      10.
PAR  The unit 64, one cell of which was illustrated in FIG. 6, operates as
      follows:
PAL  Its OR gate 82 transmits a pulse if one of its inputs or both inputs 85,
      86, are fed, that is to say if there is a signal on the output of the AND
      gate 68 and/or if its second input 86 receives a pulse from the cell
      immediately to the left, that is to say if, by recursion, any OR gate 82
      to its left delivers. So the OR gate 82 of the unit 64, the associated AND
      gate of which delivers and the OR gates 82 which are to the right of an OR
      gate which delivers, feed their output 87. The corresponding line 88 will
      then feed the OR gate 82 immediately to its right on the input 86 and, by
      recursion, the inputs 86 of the OR gates 82 to its right.
PAR  Furthermore, the input 89 of the NAND gate 83 is fed. If, at the same time,
      the input 90 of this gate 83 is also fed from the output 62 of the unit 39
      (FIG. 3), the NAND gate 83 will not deliver. This gate will only deliver
      if either of its two inputs 89 and 90 are not fed, that is to say if the
      gate 82 of its cell does not deliver (and so if the corresponding gate 68
      and the gates 68 further to the left do not deliver), or if the unit 39
      has given the order for the suppression of the centre data of the set of
      three data which it has been considering. In that case, the output 93 will
      deliver a signal which the gate 84 synchronizes with the time signals g
      for an output in 94 of the unit 64.
PAR  The summation order i available on the output 94 is applied to the
      corresponding summing circuit 10.
PAR  To explain the invention better there will now follow a view of the global
      operation of the device as shown in FIGS. 3 to 6, using the procedure for
      compression of data, which was explained with reference to FIGS. 1 and 2.
PAR  The analog signal f, arising from the phenomenon under study, is sampled by
      the analog/digital converter 1 at regular intervals determined by the
      pulses g from the timer 98. The converter 1 transforms the analog signal
      into a binary number of n bits which move successively from left to right
      in the cascade or set of registers 5. Proportionately as the successive
      registers are filled by shift from left to right under the influence of
      the signal h, comparison between the three data of sets of three data
      chosen by the priority logic unit 66 are worked out in the calculator and
      comparator unit 39, each set of three data being channelled through the
      multiplexers 23a, 23b and 23c under control from the address unit 26 of
      the multiplexers, controlled by unit 66.
PAR  If there is no reason for suppressing the centre data of a set of three
      which has been considered by unit 39, the data all move one row in the
      registers 5, under the control of pulse h from the unit 66: the data which
      was in the last register on the right, 5.sub.15, is transferred into part
      18c of memory 18, whilst a new data is inscribed in the first register
      5.sub.0 from the converter 1.
PAR  At the same time as the unit 65 is ordering the shift of the content of the
      registers 5 to the right, it is ordering the shift of the content of the
      registers 9, also to the right; each register 9 encloses the number of
      elementary time intervals .DELTA.t separating the data contained in the
      two corresponding successive registers 5. The number with p digits, which
      is in the last register 9.sub.15, is recorded in part 18d of memory 18 at
      the same time as the corresponding data is recorded (from the register
      5.sub.15) in the part 18c of memory 18.
PAR  On the other hand, if the calculator and comparator unit 39 decides that
      there is good reason to suppress the centre data of the set of three which
      it is considering, the shift control unit 65 only orders the shift to the
      right in the set of registers 5 on the left of the register 5 which
      contains this centre data to be suppressed, and the same for the
      corresponding registers 9. In these conditions the data of this register 5
      and the number of the corresponding register 9, which are to be
      suppressed, are not shifted towards the right, and so are automatically
      erased by the movement of the data and the number which are in the
      register 5 and the register 9 immediately on their left. In this case, no
      storing takes place in memory 18 from the registers 5.sub.15 and 9.sub.15,
      the content of which is not transferred.
PAR  The preceding operations of shift to the right of all the registers 5 and 9
      with storing in parts 18c and 18d of memory 18, or of shift to the right
      of only a certain number of registers 5 and 9 (on the left of the register
      5 containing the data to be suppressed and of the corresponding register
      9) with no recording in memory, are repeated until the phenomenon under
      study is finished, or unit memory 18 is completely filled. In this last
      case, arrangements must be planned to stop the device operation, or to
      switch the device to another memory of the same type as memory 18, or,
      from time to time, to empty the content of memory 18 into another memory
      with greater capacity.
PAR  It therefore seems that a device according to the invention compared to the
      other existing devices of the type in question, presents numerous
      advantages, particularly the following:
PAR  The device as set out in the invention does not pose the delicate problem
      of synchronization, since it is the signal itself which orders the rate of
      sampling best adapted to its frequency characteristics: the slowly
      variable part of the phenomenon under study is translated by a small
      number of data recorded in memory, most of the space in this memory being
      devoted to the variations of the phenomenon; this occurs automatically
      without any outside intervention, thereby avoiding any waste of memory
      space.
PAR  It is entirely static and consequently does not involve the drawback of
      devices which use rotary parts.
PAR  The device as set out in the invention respects the signal under study
      providing a sampling frequency is chosen that is more than double the
      maximum frequency of the spectrum of the analog signal representing the
      phenomenon under study.
PAR  The device according to the invention can be made entirely automatic.
PAR  It is particularly suitable for the quick recording of data in memory, for
      example in the field of measurement acquisitions.
PAR  With a relatively reduced memory, it enables the important information to
      be stored, eliminating redundant information.
PAR  With such a device a multi-track system may be operated, by synchronizing
      several simple devices of the type described or by planning for the
      devices of the system a common part at the level of compression of data in
      the event of correlated phenomena.
PAR  The device as set out in the invention may be used in measuring
      disturbance, that is to say to record transient phenomena, the beginning
      of the disturbance itself causing the increase in frequency of recordings
      in memory.
PAR  One use to which the device may be put is the monitoring, in a high voltage
      station, of possible faults of the electricity distribution network; the
      relevant data when a fault appears are automatically recorded at a very
      quick sampling rate, so that it is possible to use a memory of reduced
      capacity.
PAR  It can also be used for the recording of transients in the checking of
      electric transformers and disjunctor units.
PAR  Although there has been described the preferred embodiment of this novel
      invention, many variations and modifications will now be apparent to those
      skilled in the art. Therefore, this invention is to be limited, not by the
      specific disclosure herein, but only by the appending claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for recording, in real time, non uniformly varying data, with
      the compression of data during periods of relatively slow variation
      thereof, characterized by the fact that it comprises, in combination,
PA1  the following successive operations:
PA1  constant rate sampling of data in digital form;
PA1  storing the sampled data in the form of a series of a predetermined number
      of successive sampled data;
PA1  comparing a set of three successive data from the series to check if the
      difference between the centre data of this set of three data and the
      arithmetic mean of the two extreme data thereof is greater of smaller, in
      absolute value, to a given limit;
PA1  performing in response to said checking, of one or the other of these two
      operations: the first, which is carried out if the aforesaid difference is
      less, in absolute value, to the said limit, consists in suppressing the
      centre data of the set of three and to increment by one row in the series
      all the data which come after the suppressed centre data, the second,
      which is carred out if the difference is greater, in absolute value, to
      said limit, consists in memorizing the oldest data of the series by
      incrementing by one row all the stored data of the series of data;
PA1  storing a sampled data in the most recent row of storage which has just
      been vacated by the forward movement of part or all of the data already
      stored; and
PA1  simultaneously with the preceding operations of storing, comparing,
      performing and storing successive data, the successive operations of
      storing and memorizing the time intervals separating the effectively
      stored, then memorized data whereby each of the memorized data is
      identified as to its time occurrence.
NUM  2.
PAR  2. A device for compressing data and recording the compressed data,
      characterized by the fact that it comprises, in combination:
PA1  a constant rate sampler for data in digital form;
PA1  a first cascade set of shift registers, the input of the first register of
      the set being connected to the output of the sampler, for the storing of
      sampled data;
PA1  a calculator and comparator unit, with three data inputs coupled to
      respective ones of said registers, designed to differentiate between the
      signal on its second input and the arithmetic mean of the signals on the
      first and third inputs and to compare the absolute value of this
      difference with a limit value applied in the form of a signal on a fourth
      input;
PA1  switching means, the inputs of which are connected to the outputs of the
      shift registers of the first set and which is designed to switch to their
      three outputs, which are connected to the three inputs of the comparator
      unit, three consecutive outputs chosen from among the outputs of the
      aforesaid registers;
PA1  a second cascade set of shift registers, the number of which is equal to
      the number of registers of the first set less one unit, for recording the
      time intervals between sampled data stored in the registers of the first
      set;
PA1  adder units to add one unit to the signal appled on its input, connected
      between the successive registers of the second set of registers as well as
      upstream the first register of this set;
PA1  subtractor units associated with each register of said second set of
      registers and each adder, for subtracting the value of the input of the
      adder unit preceding it from the value of the output of the associated
      register of the second stage set;
PA1  a logic unit, the inputs of which are connected to the outputs of the
      aforesaid subtractor units and which determines the three successive
      registers of the first stage the outputs of which will be connected
      through said switching means to the calculator and comparator unit;
PA1  a control unit transmitting the decisions of the logic unit to the
      switching means, the registers of the first and second sets and the adder
      units; and
PA1  a storing or memory unit with one part, the input of which is connected to
      the output of the last register of the first set, and a second part, the
      input of which is connected to the output of the last register of the
      second set whereby each sampled data stored therein is identified as to
      its time occurrence.
NUM  3.
PAR  3. Device according to claim 2, characterised by the fact that the
      calculator and comparator unit includes: a first adder with two inputs,
      which works out of the sum of the signals applied on its first input,
      which forms the first input of the calculator and comparator unit, and its
      second input, which forms the third input of the calculator and comparator
      unit; a second adder which receives, on the one hand, the output of the
      first adder, except for the lowest order bit, and also has an input which
      is connected to the second input of the calculator unit through an
      inverter; an "exclusive OR" circuit which receives, on a first input, the
      output of the second adder and, on its second input, the sign of the
      output of the second adder after inversion in an inverter: and a
      comparator unit which compares the output of the "exclusive OR" circuit
      with the limit value.
NUM  4.
PAR  4. Device according to claims 2 characterised by the fact that the
      switching means are made up of three multiplexers, each with: a decoder,
      which receives, from the control unit, the indication of the output of the
      register of the first set, to be sent to the calculator and comparator
      unit; AND gates, connected in parallel with two inputs, one of which is
      connected to the output of a register of the first set and the other is
      connected to an output of the aforesaid decoder: and an OR circuit, each
      input of which is connected to an output of the aforesaid AND gates.
NUM  5.
PAR  5. Device according to claims 4 characterised by the fact that the logic
      unit has, for each register of the second set, a cell with a first AND
      gate, a first input of which is connected to the output of the
      corresponding subtractor unit, and the second input of which is connected
      to the logic unit cell downstream; and a second AND gate, the first input
      of which is also connected, through an inverter, to the output of the
      aforesaid corresponding subtracter unit.
NUM  6.
PAR  6. Device according to claims 5, characterised by the fact that the control
      unit comprises an address unit for the switching means, a shift control
      unit and a summation control unit, the address unit being fed from the
      logic unit to select the switching means, the shift control unit being
      connected to the control inputs of the shift registers of the first and
      second sets and the summation control unit operating the adder units so
      that they may add one unit.
NUM  7.
PAR  7. Device according to claims 6 characterised by the fact that the address
      unit is a coder, the outputs of which are connected to the inputs of the
      corresponding decoder of the multiplexers, whilst its inputs are connected
      to the outputs of the first AND gates of the logic unit.
NUM  8.
PAR  8. Device according to claim 6 characterised by the fact that the shift
      control unit has, for each register of the second set, a cell with a first
      AND gate, a first input of which is connected to the output of the first
      AND gate of the logic unit associated with the same register of the second
      set whereas a second input is connected to the output of the calculator
      and comparator unit, and a second AND gate, the first input of which is
      connected to the output of the first AND gate of that shift control unit
      cell and a second input of which receives synchronization pulses.
NUM  9.
PAR  9. Device according to claim 6, characterised by the fact that the
      summation control unit has, for each register of the second set, a cell
      with an OR gate, the first input of which receives the output of the first
      AND gate of the cell of the logic unit associated with the same register
      of the second set, and a second input which receives the output of the
      cell of the summation control unit placed upstream; a NAND gate, a first
      input of which is connected to the output of the OR gate of the same cell
      of the summation control unit and a second input connected to the output
      of the calculator and comparator unit and an AND gate, the first input of
      which is connected to the output of the aforesaid NAND gate, and the
      second input of which receives synchronization pulses.
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ABST
PAL  A radix converter comprises a plurality of automata each of combined Moore
      and Mealy design. The automata are connected in cascade with the digits of
      the input number applied serially to one of the automata. The Moore output
      of each automaton stage is utilized to provide the final state of the
      stage and is representative of a respective coefficient of the number in
      the transformed radix. The Mealy output of each stage is an untransformed
      residue transferred to the next identically designed automaton circuit.
      For numbers of integral value each automaton operates in accordance with
      the equation:
      ##EQU1##
      For numbers of fractional value each automaton is instrumented in
      accordance with the equation:
      ##EQU2##
      Where in the above equations: S = Present state of the stage S* = Next
      state of the stage
PA1  r.sub.a = Current radix
PA1  r.sub.b = Desired radix
PA1  Z = Mealy output to the next stage
PA1  I.sub.0 (r.sub.a).sup.0 = Weighted input or residue digit in integral
      number conversion
PA1   I.sub.-.sub.1 (r.sub.a).sup.-.sup.1 = Weighted input or residue digit in
      fractional number conversion
PA1  S.sub.f = Final state of the stage
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is concerned with radix converters and is particularly
      designed utilizing automata.
PAR  2. Description of the Prior Art.
PAR  In digital computer systems when a data entry and display panel is located
      remotely from the computer, generally the decimal information to and from
      the panel is transmitted serially in the form of binary coded deciman
      digits. Radix conversion to and from the required binary base is often
      performed by the software of the computer necessitating utilizing
      expensive computer time as well as memory space for the requisite
      programs. Alternatively the data panel is at times designed to utilize a
      base 8 radix for the entry and display of the data avoiding the necessity
      for software radix conversion but resulting in increased computer operator
      difficulty.
PAR  Hardware radix converters have been utilized in the prior art but these
      have generally been expensive because heretofore there hadn't been any
      simple logical relationship between the binary and binary coded decimal
      codes. The prior art hardware radix converters normally utilized both
      decimal and binary counters, adders, shift registers and translation
      matrices which achieved the radix conversion in an indirect manner. These
      prior art implementations are normally dependent on the length of the
      numbers to be converted and generally did not provide a meaningful result
      until all of the digits of the number to be transformed had been applied
      to the converter. Many of these prior art devices required high speed
      clocks relative to the system basic bit clock for time subdivision.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the aforedescribed disadvantages of prior
      art radix converters by utilizing one or a plurality of identical modular
      logic circuits or automata where the plurality of automata are connected
      as cascade stages with the digits of the input number to be converted
      applied serially to one of the stages. Each automation is of combined
      Moore and Mealy design of which the final state of the stage provides the
      Moore output representative of a coefficient of the transformed number and
      the Mealy output provides a untransformed residue transferred to the next
      identically designed stage. For conversion of numbers having integral
      values each automaton stage operates in accordance with the following
      equation:
      ##EQU3##
PAR  For the conversion of numbers of fractional value each automaton operates
      in accordance with the following equation:
      ##EQU4##
      Where in the above equations: S = Present state of the stage
PA1  S* = Next state of the stage
PA1  r.sub.a = Current radix
PA1  r.sub.b = Desired radix
PA1  Z = Mealy output to the next stage
PA1  I.sub.O (r.sub.a).sup.O = Weighted input or residue digit in integral
      number conversion
PA1  I.sub.-.sub.l r.sub.a).sup.-.sup.l = Weighted or input residue digit in
      fractional number conversion
PA1  S.sub.f = Final state of the stage
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a state diagram for a radix 2 to radix 10 automaton for integral
      number conversion;
PAR  FIG. 2 is a state diagram for a radix 10 to radix 2 automaton for integral
      number conversion;
PAR  FIG. 3 is a state diagram for a radix 3 to radix 5 automaton for integral
      number conversion;
PAR  FIG. 4 is a state diagram for a radix 5 to radix 3 automaton for integral
      number conversion;
PAR  FIG. 5 is a logic block diagram of a radix 2 to radix 10 automaton in
      accordance with the state diagram of FIG. 1;
PAR  FIG. 6 is a schematic block diagram illustrating the interconnections of
      the automata of FIG. 5;
PAR  FIG. 7 is a logic block diagram of a radix 10 to radix 2 automaton in
      accordance with the state diagram of FIG. 2;
PAR  FIG. 8 is a schematic block diagram illustrating the interconnections of
      the automata of FIG. 7;
PAR  FIG. 9 is a schematic block diagram illustrating an alternative arrangement
      of FIG. 8;
PAR  FIG. 10 is a state diagram for a radix 2 to radix 10 automaton for
      fractional number conversion;
PAR  FIG. 11 is a state diagram for a radix 10 to radix 2 automaton for
      fractional number conversion;
PAR  FIG. 12 is a state diagram for a radix 3 to radix 5 automaton for
      fractional number conversion;
PAR  FIG. 13 is a state diagram for a radix 5 to radix 3 automaton for
      fractional number conversion;
PAR  FIG. 14 is a logic block diagram of a radix 2 to radix 10 automaton in
      accordance with the state diagram of FIG. 10;
PAR  FIG. 15 is a schematic block diagram illustrating the inter-connections of
      the automata of FIG. 14;
PAR  FIG. 16 is a logic block diagram of a radix 10 to radix 2 automaton in
      accordance with the state diagram of FIG. 11;
PAR  FIG. 17 is a schematic block diagram illustrating the interconnections of
      the automata of FIG. 16; and
PAR  FIG. 18 is a schematic block diagram illustrating an alternative
      arrangement of FIG. 17.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In order to facilitate an understanding of the structure and scope of the
      invention the underlying theory and development thereof will first be
      explained. A known method of radix conversion for integral numbers is
      repeated division by the desired radix with each remainder being a
      coefficient of the transformed number. For example, to transform the radix
      7 number 140 into a radix 3 number, the following procedure is utilized:
     3       .vertline.140                                                     
     3       .vertline.34                                                      
                      (R=2)       b.sub.0 = 2                                  
     3       .vertline.11                                                      
                      (R=1)       b.sub.1 = 1                                  
     3       .vertline.2                                                       
                      (R=2)       b.sub.2 = 2                                  
             0        (R=2)       b.sub.3 = 2                                  
PAR  Thus the number 140 in radix 7 is equivalent to 2212 in radix 3. The
      divisor 3 is a base 7 number and the division process is a base 7
      operation.
PAR  Similarly a conventional radix conversion procedure for fractional numbers
      utilizes repeated multiplications by the desired radix with each overflow
      integer being a coefficient of the transformed number. For example, 0.14
      in radix 7 is transformed to a radix 3 number in the following manner:
TBL  0.14 .times. 3 = 0.45                                                     
                      b.sub..sub.-1 = 0                                        
     0.45 .times. 3 = 2.01                                                     
                      b.sub..sub.-2 = 2                                        
     0.01 .times. 3 = 0.03                                                     
                      b.sub..sub.-3 = 0                                        
     0.03 .times. 3 = 0.12                                                     
                      b.sub..sub.-4 = 0                                        
     0.12 .times. 3 = 0.36                                                     
                      b.sub..sub.-5 = 0                                        
     0.36 .times. 3 = 1.44                                                     
                      b.sub..sub.-6 = 1                                        
     .                .                                                        
     .                .                                                        
     .                .                                                        
PAR  Thus, 0.14 in radix 7 is equivalent to 0.020001 . . . in radix 3. Again the
      multiplier 3 is a base 7 number and the multiplication process is a base 7
      operation.
PAR  In accordance with the development of the present invention sequential
      logic theory is applied to the above conversion procedures to develop
      respective automata for instrumenting radix converters in accordance with
      the present invention. An appreciation of the precepts of sequential logic
      theory and automata theory may be had from the textbook "Switching and
      Finite Automata Theory" by Zvi Kohavi published by McGraw-Hill Book
      Company in 1970. A further appreciation for the discipline of sequential
      logic theory may be had from the textbook "Finite State Models for Logical
      Machines" by F. C. Hennie, published by John Wiley and Sons, Inc. in 1968.
PAR  Applying automata theory to the integral number conversion procedure a
      plurality of identical automata are utilized, one for each of the
      coefficients of the transformed number. The digits of the number to be
      transformed are applied serially to one of the automaton stages, most
      significant digit first. The automata are connected in cascade fashion.
      Considering the conversion method as it would be performed by the first
      automaton stage after starting with the most significant digit of the
      number to be converted, the digits accumulated to the present time are
      shifted left, summed with the incoming digit and then divided by the
      desired radix. The integer portion of the quotient is transferred to the
      next automaton stage wherein the process is repeated thereon while the
      remainder or fractional portion of the quotient is retained. Considering
      the above given example of transforming the radix 7 number 140 into a
      radix 3 number, the first accumulation is 0. The 0 is shifted left, summed
      with the first incoming digit 1, and divided by 3 resulting in a quotient
      of 0+1 mod 3.  The 0 is transferred to the next stage and the 1 is
      retained. This 1 is shifted left, summed with the next incoming digit 4,
      and divided by 3 resulting in a quotient of 3 + 2 mod 3. As before, the
      integer 3 is transferred to the next stage and the fractional portion 2 is
      retained. Finally, the last cycle of the conversion results in a quotient
      of 4 + 2 mod 3. Thus the first transformed coefficient is b.sub.O = 2, and
      the integral number 34 has been transferred to the next stage that
      performs the above described process thereon.
PAR  Further, in accordance with the development of the invention, this process
      is transformed into an algorithm suitable for a sequential logic machine
      or automaton where the automaton is of combined Moore and Mealy design
      generally as discussed in the said Kohavi textbook. Consider the state of
      the machine to be the fractional part of the quotient and the Mealy output
      to be the integer transferred to the next stage which performs in
      identical fashion and consider the Moore output of the machine to be the
      final transformed coefficient for a specific digit. Finally, considering
      that a shift left operation is equivalent to multiplication by the radix,
      the following equation represents the algorithm for transforming an
      integral number from radix a to radix b:
      ##EQU5##
      where: S = Present state of the stage
PA1  S* = Next state of the stage
PA1  r.sub.a = Current radix
PA1  r.sub.b = Desired radix
PA1  Z = Mealy output to the next stage
PA1  I.sub.O (r.sub.a).sup.O = Weighted input or residue digit in integer
      conversion
PA1  S.sub.f = Final state of the stage
PA1  S.sub.v .sym..lambda. = Transformed final state which is the Moore output
      representing the transformed coefficient
PA1  .sym..lambda. = a transformation operation performed on S.sub.f which in a
      manner to be described is rendered equal to unity in the preferred
      embodiment of the invention.
PAR  Now applying sequential logic theory to the conversion method given above
      for fractional numbers, again a plurality of cascade connected automata
      are utilized and the digits of the input number are serially applied to
      the first stage least significant digit first. In accordance with the
      development of the invention, the digits accumulated are shifted right and
      summed with the product of the incoming digit and the desired radix. The
      fractional portion of the product is transferred to the next stage and the
      integral portion is retained. In the example given above of transforming
      the radix 7 number 0.14 to a radix 3 number, the first accumulation 0 is
      shifted right and summed with the product of the incoming digit 0.4 and 3
      resulting in a product of 1 + 5 mod 7. The 1 is retained and the 5 is
      transferred to the next stage. The 1 is shifted right, summed with the
      product of 0.1 and 3, resulting 0 + 4 mod 7. Thus the first coefficient
      B.sub.-.sub.1 = 0, the fractional portion 0.45 having been transferred to
      the next stage.
PAR  Further in the development of the present invention, this process is
      transformed into a algorithm suitable for a sequential logic machine by
      considering the state of the machine to be the integral part of the
      product, the Mealy output to be the fractional part transferred to the
      next stage which performs in identical fashion and the Moore output of the
      machine to be the final transformed coefficient for a specific digit.
      Finally, considering that a shift right operation is equivalent to
      division by the radix, the following equation represents the algorithm for
      transforming a fractional number from radix a to radix b:
      ##EQU6##
      Where most of the parameters are defined as above with regard to equation
      1 and
EQU  I.sub.-.sub.1 (r.sub.a) .sup.-.sup.1 = Weighted input or residue digit in
      fractional conversion.
PAR  It will be appreciated that equations 1 and 2 are applicable for
      conversions between all radices, the specific implementation being
      dependent on the specific radices involved.
PAR  Consider now the application of equation 1 to integral number conversions.
      For example, for a binary to decimal converter where r.sub.a = 2 and
      r.sub.b = 10, assuming the state of the machine is 7 and an input of 1
      occurs:
      ##EQU7##
EQU   = 1 + 5 mod 10
PAL  Thus, an output Z = 1 is generated, and the resulting state of the machine
      is 5.
PAR  Similarly, for BCD or decimal to binary conversion where r.sub.a = 10 and
      r.sub.b = 2, assuming S = 1 and I = 8:
      ##EQU8##
EQU   = 9 + 0 mod 2
PAL  Thus, an output Z = 9 is generated, and the resulting state of the machine
      is 0.
PAR  It is thus appreciated that by assuming all possible states and inputs,
      state tables of automata for converting numbers in one radix to numbers in
      another radix for integral numbers may be developed in accordance with the
      precept of sequential logic theory as discussed in the said Kohavi and
      Hennie textbooks. For example, the state table (Table 1) for converting
      radix 2 to radix 10 is as follows:
TBL                TABLE 1                                                     
     ______________________________________                                    
             NS(mod 10)    Z                                                   
     PS(mod 10)                                                                
               I = 0     I = 1     I = 0  I = 1                                
     ______________________________________                                    
     0 mod 10  0 mod 10  1 mod 10  0      0                                    
     1 mod 10  2 mod 10  3 mod 10  0      0                                    
     2 mod 10  4 mod 10  5 mod 10  0      0                                    
     3 mod 10  6 mod 10  7 mod 10  0      0                                    
     4 mod 10  8 mod 10  9 mod 10  0      0                                    
     5 mod 10  0 mod 10  1 mod 10  1      1                                    
     6 mod 10  2 mod 10  3 mod 10  1      1                                    
     7 mod 10  4 mod 10  5 mod 10  1      1                                    
     8 mod 10  6 mod 10  7 mod 10  1      1                                    
     9 mod 10  8 mod 10  9 mod 10  1      1                                    
     ______________________________________                                    
PAL  where in accordance with conventional sequential logic nomenclature PS =
      present state and NS = new state.
PAR  Similarly the state table (Table 2) for converting radix 10 to radix 2 is
      as follows:
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     NS(Mod 2)                          Z                                      
     PS(M2)                                                                    
          I=0                                                                  
             I=1                                                               
                I=2                                                            
                   I=3                                                         
                      I=4                                                      
                         I=5                                                   
                            I=6                                                
                               I=7                                             
                                  I=8                                          
                                     I=9                                       
                                        0 1 2 3 4 5 6 7 8 9                    
     __________________________________________________________________________
     0Mod2                                                                     
          0M2                                                                  
             1M2                                                               
                0M2                                                            
                   1M2                                                         
                      0M2                                                      
                         1M2                                                   
                            0M2                                                
                               1M2                                             
                                  0M2                                          
                                     1M2                                       
                                        0 0 1 1 2 2 3 3 4 4                    
     1Mod2                                                                     
          0M2                                                                  
             1M2                                                               
                0M2                                                            
                   1M2                                                         
                      0M2                                                      
                         1M2                                                   
                            0M2                                                
                               1M2                                             
                                  0M2                                          
                                     1M2                                       
                                        5 5 6 6 7 7 8 8 9 9                    
     __________________________________________________________________________
PAL  where M is a convenient designation for "mod".
PAR  The state table (Table 3) for a radix 3 to radix 5 automaton is as follows:
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     NS(mod 5)               Z                                                 
     PS(mod 5)                                                                 
           I = 0 I = 1 I = 2 I=0                                               
                                I=1                                            
                                   I=2                                         
     __________________________________________________________________________
     0 mod 5                                                                   
           0 mod 5                                                             
                 1 mod 5                                                       
                       2 mod 5                                                 
                             0  0  0                                           
     1 mod 5                                                                   
           3 mod 5                                                             
                 4 mod 5                                                       
                       0 mod 5                                                 
                             0  0  1                                           
     2 mod 5                                                                   
           1 mod 5                                                             
                 2 mod 5                                                       
                       3 mod 5                                                 
                             1  1  1                                           
     3 mod 5                                                                   
           4 mod 5                                                             
                 0 mod 5                                                       
                       1 mod 5                                                 
                             1  2  2                                           
     4 mod 5                                                                   
           2 mod 5                                                             
                 3 mod 5                                                       
                       4 mod 5                                                 
                             2  2  2                                           
     __________________________________________________________________________
PAR  The state table (Table 4) for a radix 5 to radix 3 automata is as follows:
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     NS(Mod 3)           Z                                                     
     PS(M3)                                                                    
          I=0                                                                  
             I=1                                                               
                I=2                                                            
                   I=3                                                         
                      I=4                                                      
                         I=0                                                   
                            I=1                                                
                               I=2                                             
                                  I=3                                          
                                     I=4                                       
     __________________________________________________________________________
     0Mod3                                                                     
          0M3                                                                  
             1M3                                                               
                2M3                                                            
                   0M3                                                         
                      1M3                                                      
                         0  0  0  1  1                                         
     1Mod3                                                                     
          2M3                                                                  
             0M3                                                               
                1M3                                                            
                   2M3                                                         
                      0M3                                                      
                         1  2  2  2  3                                         
     2Mod3                                                                     
          1M3                                                                  
             2M3                                                               
                0M3                                                            
                   1M3                                                         
                      2M3                                                      
                         3  3  4  4  4                                         
     __________________________________________________________________________
PAR  Referring now to FIG. 1, the state diagram corresponding to the binary to
      decimal conversion of Table 1 is illustrated. Each state is represented by
      a circle with a letter designating the state shown therein as well as a
      legend indicating the numerical value of the state. The numerators of the
      legends associated with the leads represent the input to a stage in the
      designated state and the denominator of the legend represents the output
      from that stage, the associated line leading to the new state for the
      stage. Thus it is appreciated that the automaton associated with FIG. 1 is
      a 10 state device that changes from state to state in accordance with the
      diagram in response to the inputs as indicated and providing the
      associated indicated outputs. The nomenclature and interpretation of state
      diagrams and state tables are generally well known in sequential logic
      theory supra and will not be further described herein for brevity. It will
      be appreciated, however, that the state diagrams and state tables
      illustrated herein and derived from novel equations 1 and 2 above are
      themselves novel and provide the basis for the preferred embodiment of the
      invention to be described below.
PAR  Referring now to FIGS. 2, 3 and 4, state diagrams corresponding to Tables
      2, 3 and 4 above with regard to integral number conversions from radix 10
      to radix 2 (decimal or BCD to binary), radix 3 to radix 5 and radix 5 to
      radix 3 respectively are illustrated. Thus it is appreciated that by
      utilizing equation 1, state diagrams and state tables may be derived for
      converting integral numbers between any two radices.
PAR  By applying sequential logic theory as taught in the said Kohavi and Hennie
      textbooks to the state diagrams of FIGS. 1-4 in a manner well known to
      those skilled in the art, corresponding automata circuits may be derived
      to provide radix converters in accordance with the invention. The
      derivation of circuits from the state diagrams of FIGS. 1-4 is routine and
      the details thereof will not be described herein for brevity. Since the
      Moore output of each automaton is to represent a coefficient in the
      converted radix, the state assignment code is set equal to the desired
      Moore output thereby eliminating the necessity for the translation
      function .lambda. described above with regard to equations 1 and 2. By
      utilizing a standard J-K flip-flop excitation function and by utilization
      of appropriate "don't care" conditions, equations for converting radix 2
      to radix 10 are as follows:
     J.sub.1 = Q.sub.2 Q.sub.3 Q.sub.4                                         
                          K.sub.1 = Q.sub.4                                    
     J.sub.2 = Q.sub.3 + Q.sub.1 Q.sub.4                                       
                          K.sub.2 = Q.sub.3 + Q.sub.4                          
     J.sub.3 = Q.sub.1 Q.sub.4 + Q.sub.1 Q.sub.2 Q.sub.4                       
                          K.sub.3 = Q.sub.2 Q.sub.4 + Q.sub.2 Q.sub.4          
     J.sub.4 = X          K.sub.4 = X                                          
     Z = Q.sub.1 + Q.sub.2 (Q.sub.3 + Q.sub.4)                                 
PAL  Where: Moore output = BCD character = f(Q.sub.1, Q.sub.2, Q.sub.3, Q.sub.4)
      Similarly, equations for converting radix 10 to radix 2 are:
     J = d               K = d                                                 
     A = Qa + Qbc        B = Qa + Qac + Qbc                                    
     C = Qb + Qbc + bc   D = Qc + Qc                                           
PAL  where:
PA1  Moore output = binary character = f(Q)
PA1  Mealy output = BCD character = f(A,B,C,D)
PA1  Input X = BCD character = f(a,b,c,d)
PAR  Referring now to FIG. 5, a 10 state automaton implemented in accordance
      with the above equations for converting radix 2 to radix 10 developed from
      the state diagram of FIG. 1 is illustrated. The automaton comprises four
      conventional J-K flip-flops 10 with J-K inputs and Q and Q outputs
      interconnected through combinational logic 11 to instrument the above
      given excitation equations utilizing standard NOR/NAND gates. The input to
      the automaton is applied on a terminal 12 and the residue Mealy output to
      the next stage is provided on a lead 13. The state of the automaton is
      provided on leads 14, the final state thereof providing the automaton
      Moore output representative of BCD coefficient in the transformed radix
      10. Prior to a conversion a signal on a reset terminal 15 resets all of
      the flip-flops 10 to the zero state thus placing the automaton in its zero
      state a (FIG. 1). Clock pulses that are utilized for controlling the
      serial application of the input digits of the number to be converted in a
      conventional manner (not shown) are applied to a terminal 16 to sequence
      the flip-flops 10 from state to state in accordance with the combinational
      logic 11 as indicated by the state diagram of FIG. 1.
PAR  Referring now to FIG. 6 in which like reference numerals correspond to like
      elements with respect to FIG. 5, the interconnections of the automata of
      FIG. 5 are illustrated. Each of the blocks 20-23 comprises a circuit
      identical to that illustrated in FIG. 5. The binary to decimal radix
      converter of FIG. 6 is implemented to receive integrally valued binary
      numbers which are applied in serial fashion to a terminal 24 with the most
      significant digit of the number applied first.
PAR  The operation of the converter of FIGS. 5 and 6 will be explained with
      regard to a typical example in which the binary number (MSD)
      1101011100010111 is converted into decimal. Since 16 bits are utilized,
      2.sup.16 -1.apprxeq. 64,000 so that 5 converter stages such as that
      illustrated in FIG. 5 are required. Each sequential machine begins in the
      a-state (FIG. 1) and all stages operate synchronously. Exactly 16 clock
      times are utilized for the conversion, and after any clock time the
      conversion is exact relative to the accumulation of input data. The
      following Table 5 shows the timing sequence:
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     CP   1 2 3 4 5 6 7 8 9  10                                                
                                11                                             
                                   12                                          
                                      13                                       
                                         14                                    
                                            15                                 
                                               16                              
     X.sub.1                                                                   
          1 1 0 1 0 1 1 1 0  0  0  1  0  1  1  1                               
     S.sub.1                                                                   
          a b d g d g d h f a  a  a  b  c  f  b  d                             
     Z.sub.1 =X.sub.2                                                          
          0 0 0 1 0 1 0 1 1  0  0  0  0  0  1  0                               
     S.sub.2                                                                   
          a a a a b c f a b d  g  c  e  i  g  d  g                             
     Z.sub.2 =X.sub.3                                                          
          0 0 0 0 0 0 1 0 0  0  1  0  0  1  1  0                               
     S.sub.3                                                                   
          a a a a a a a b c e  i  h  e  i  h  f  a                             
     Z.sub.3 =X.sub.4                                                          
          0 0 0 0 0 0 0 0 0  0  1  1  0  1  1  1                               
     S.sub.4                                                                   
          a a a a a a a a a a  a  b  d  g  d  h  f                             
     Z.sub.4 =X.sub.5                                                          
          0 0 0 0 0 0 0 0 0  0  0  0  0  1  0  1                               
     S.sub.5                                                                   
          a a a a a a a a a a  a  a  a  a  b  c  f                             
     Z.sub.5                                                                   
          0 0 0 0 0 0 0 0 0  0  0  0  0  0  0  0                               
     __________________________________________________________________________
PAL  The respective final states of the machines are:
EQU  S.sub.f = ffagd
EQU    = 55063 which is the decimal equivalent of the input number.
PAR  Referring now to FIG. 7, a two state automaton implemented in accordance
      with the J-K excitation equations given above for converting radix 10 to
      radix 2 developed from the state diagram of FIG. 2, is illustrated. The
      automaton comprises a conventional J-K flip-flop 30 with J and K inputs
      and Q and Q outputs and associated combination logic 31 responsive to the
      flip-flop 30 and instrumenting the above given excitation equations
      utilizing standard NOR/NAND gates. The input to the automaton is applied
      to the combination logic 31 on leads 32 as designated by the legends a, b,
      c, and d. The residue Mealy output to the next stage is provided by the
      combinational logic 31 on leads 33 carrying the signals designated as A,
      B, C and D. The state of the automaton is provided on a lead 34, the final
      state thereof providing the automaton Moore output representative of a
      binary coefficient in the transformed radix 2. Prior to a conversion a
      signal on a reset terminal 35 resets the flip-flop 30 to the zero state
      thus placing the automaton in its zero state a (FIG. 2). Clock pulses that
      are utilized for controlling the serial application of the input digits of
      the number to be converted in a conventional manner (not shown) are
      applied to a terminal 36 to sequence the flip-flop 30 from state to state
      in accordance with the combinational logic 31 as indicated by the state
      diagram of FIG. 2.
PAR  Referring now to FIG. 8 in which like reference numerals designate like
      elements with respect to FIG. 7, the inter-connections of the automata of
      FIG. 7 are illustrated. Each of the blocks 40-43 comprises a circuit
      identical to that illustrated in FIG. 7. The BCD or decimal to binary
      radix converter of FIG. 8 is implemented to receive integrally valued
      binary coded decimal numbers which are applied in serial fashion to
      terminals 44 with the most significant digit of the number applied first.
PAR  The operation of the converter of FIGS. 7 and 8 will be explained with
      regard to a typical example in which the decimal number 55063 is converted
      into binary. Since 16 binary digits are required to express this number,
      16 stages such as that illustrated in FIG. 7 are required. Each sequential
      machine begins in the A-stat (FIG. 2) and all stages operate
      synchronously. Exactly five clock times are utilized for the conversion,
      and after any clock time the conversion is exact relative to the
      accumulation of input data. The following Table 6 shows the timing
      sequence:
TBL                TABLE 6                                                     
     ______________________________________                                    
     CP              1       2     3     4     5                               
     ______________________________________                                    
     X.sub.1         5         5       0       6       3                       
     S.sub.1   a           b       b       a       a       b                   
     Z.sub.1 =X.sub.2                                                          
                     2         7       5       3       1                       
     S.sub.2   a           a       b       b       b       b                   
     Z.sub.2 =X.sub.3                                                          
                     1         3       7       6       5                       
     S.sub.3   a           b       b       b       a       b                   
     Z.sub.3 =X.sub.4                                                          
                     0         6       8       8       2                       
     S.sub.4   a           a       a       a       a       a                   
     Z.sub.4 =X.sub.5                                                          
                     0         3       4       4       1                       
     S.sub.5   a           a       b       a       a       b                   
     Z.sub.5 =X.sub.6                                                          
                     0         1       7       2       0                       
     S.sub.6   a           a       b       b       a       a                   
     Z.sub.6 =X.sub.7                                                          
                     0         0       8       6       0                       
     S.sub.7   a           a       a       a       a       a                   
     Z.sub.7 =X.sub.8                                                          
                     0         0       4       3       0                       
     S.sub.8   a           a       a       a       b       a                   
     Z.sub.8 =X.sub.9                                                          
                     0         0       2       1       5                       
     S.sub.9   a           a       a       a       b       b                   
     Z.sub.9 =X.sub.10                                                         
                     0         0       1       0       7                       
     S.sub.10  a           a       a       a       a       b                   
     Z.sub.10 =X.sub.11                                                        
                     0         0       0       5       3                       
     S.sub.11  a           a       a       a       b       b                   
     Z.sub.11 =X.sub.12                                                        
                     0         0       0       2       6                       
     S.sub.12  a           a       a       a       a       a                   
     Z.sub.12 =X.sub.13                                                        
                     0         0       0       1       3                       
     S.sub.13  a           a       a       a       b       b                   
     Z.sub.13 =X.sub.14                                                        
                     0         0       0       0       6                       
     S.sub.14  a           a       a       a       a       a                   
     Z.sub.14 =X.sub.15                                                        
                     0         0       0       0       3                       
     S.sub.15  a           a       a       a       a       b                   
     Z.sub.15 =X.sub.16                                                        
                     0         0       0       0       1                       
     S.sub.16  a           a       a       a       a       b                   
     Z.sub.16        0         0       0       0       0                       
     ______________________________________                                    
PAL  The respective final states of the machines are:
EQU  S.sub.f = bbababbbaaababbb
EQU   = 1101011100010111 Which is the binary equivalent of the decimal input.
PAR  Referring now to FIG. 9 in which like reference numerals designate like
      components with regard to FIG. 8 an alternative arrangement of FIG. 8 is
      illustrated. In FIG. 8, each BCD digit is applied to the terminals 44 in
      parallel. If the bits of the individual BCD digits are provided serially
      the arrangement of FIG. 9 may be utilized. The bit serial BCD digits are
      applied via a terminal 45 to a conventional four-bit serial to parallel
      converter 46. The four line output of the converter 46 is applied to the
      input 32 of the first automaton stage 40. Since the serial bits applied to
      the terminal 45 have a data rate four times greater than that of the input
      to the converter stage 40 as well as to the stages 41-43 (FIG. 8), a clock
      pulse signal of a frequency four times the normal clock pulse rate is
      applied to the converter 46 via a terminal 47. The clock pulse signal
      applied to the terminal 47 is also applied via a conventional divide by
      four circuit 48 to the converter stages 40-43 to perform the clocking
      operations described with regard to FIG. 8. It will be appreciated that
      although a serial to parallel conversion must be performed at the input to
      the converter of FIG. 9, the Mealy outputs of the stages 40-43 are already
      of the proper form within the converter chain itself.
PAR  Consider now the application of the above given equation 2 to fractional
      number conversions. For example, for a binary to decimal converter where
      r.sub.a = 2 and r.sub.b = 10, assuming the state of the machine is 7 and
      an input of 1 occurs:
      ##EQU9##
EQU   = 3 + 1 mod 2 + 5 + 0 mod 2
EQU   = 8 + 1 mod 2
PAL  Thus, the new state of the machine is 8 and an output is 1 is generated.
PAR  Similarly for BCD or decimal to binary conversion where r.sub.a = 10,
      r.sub.b = 2, assuming S = 1 and I = 8:
      ##EQU10##
EQU   = 0 + 1 mod 10 + 1 + 6 mod 10
EQU   + 1 + 7 mod 10
PAL  Thus, the new state of the machine is 1 and the Mealy output to the next
      stage is 7.
PAR  In a manner similar to that described above with regard to integral number
      conversions, state tables of automata for converting numbers in one radix
      to numbers in another radix for fractional numbers may be developed. For
      example, the state tables (Tables 7-10) for converting radix 2 to radix 10
      (BCD), radix 10 to radix 2, radix 3 to radix 5 and radix 5 to radix 3, are
      as follows respectively:
TBL                TABLE 7                                                     
     ______________________________________                                    
            NS        Z(mod 2)                                                 
     PS       I=0     I=1     I=0     I=1                                      
     ______________________________________                                    
     0        0       5       0 mod 2 0 mod 2                                  
     1        0       5       1 mod 2 1 mod 2                                  
     2        1       6       0 mod 2 0 mod 2                                  
     3        1       6       1 mod 2 1 mod 2                                  
     4        2       7       0 mod 2 0 mod 2                                  
     5        2       7       1 mod 2 1 mod 2                                  
     6        3       8       0 mod 2 0 mod 2                                  
     7        3       8       1 mod 2 1 mod 2                                  
     8        4       9       0 mod 2 0 mod 2                                  
     9        4       9       1 mod 2 1 mod 2                                  
     ______________________________________                                    
TBL                                    TABLE 8                                 
     __________________________________________________________________________
     NS           Z(Mod 10)                                                    
     PS 0 1 2 3 4 5 6 7 8 9                                                    
                  I=0 I=1 I=2 I=3 I=4 I=5 I=6 I=7 I=8 I=9                      
     __________________________________________________________________________
     0  0 0 0 0 0 1 1 1 1 1                                                    
                  0M10                                                         
                      2M10                                                     
                          4M10                                                 
                              6M10                                             
                                  8M10                                         
                                      0M10                                     
                                          2M10                                 
                                              4M10                             
                                                  6M10                         
                                                      8M10                     
     1  0 0 0 0 0 1 1 1 1 1                                                    
                  1M10                                                         
                      3M10                                                     
                          5M10                                                 
                              7M10                                             
                                  9M10                                         
                                      1M10                                     
                                          3M10                                 
                                              5M10                             
                                                  7M10                         
                                                      9M10                     
     __________________________________________________________________________
TBL                TABLE 9                                                     
     ______________________________________                                    
     NS                Z(mod 3)                                                
     PS    I=0     I=1     I=2   I=0    I=1    I=2                             
     ______________________________________                                    
     0     0       1       3     0mod3  2mod3  1mod3                           
     1     0       2       3     1mod3  0mod3  2mod3                           
     2     0       2       4     2mod3  1mod3  0mod3                           
     3     1       2       4     0mod3  2mod3  1mod3                           
     4     1       3       4     1mod3  0mod3  2mod3                           
     ______________________________________                                    
TBL                                    TABLE 10                                
     __________________________________________________________________________
     NS                     Z(mod 5)                                           
     PS I=0 I=1 I=2 I=3     I=0  I=1                                           
                                    I=2 I=3 I=4                                
     __________________________________________________________________________
     0  0   0   1   1   2   0M5 3M5 1M5 4M5 2M5                                
     1  0   0   1   2   2   1M5 4M5 2M5 0M5 3M5                                
     2  0   1   1   2   2   2M5 0M5 3M5 1M5 4M5                                
     __________________________________________________________________________
PAR  In a manner similar to that described above with regard to integral number
      conversions, the state diagrams corresponding to the Tables 7-10 are
      derived and are illustrated in FIGS. 10-13 respectively. Thus, it is
      appreciated from the foregoing that by utilizing equation 2 given above,
      state diagrams and state tables may be derived for converting fractional
      numbers between any two radices.
PAR  Again as described above with regard to the integral number conversion,
      automata circuits may be derived corresponding to the state diagrams of
      FIGS. 10-13 to provide radix converters in accordance with the invention.
      As described above, the state assignment code is set equal to the
      converted digit and hence the Moore output becomes the state assignment
      itself. Again, by utilizing a standard J-K flip-flop excitation function
      and by utilization of appropriate "don't care" conditions, equations for
      converting radix 2 to radix 10 are as follows:
     J.sub.1 = XQ.sub.2 Q.sub.3                                                
                    K.sub.1 = X                                                
     J.sub.2 = XQ.sub.1 + XQ.sub.1                                             
                    K.sub.2 = X + Q.sub.3                                      
                                   Z = Q.sub.4                                 
     J.sub.3 = Q.sub.2                                                         
                    K.sub.3 = XQ.sub.2 + XQ.sub.2                              
     J.sub.4 = XQ.sub.3 + XQ.sub.3                                             
                    K.sub.4 = J.sub.4                                          
PAL  Where: Moore output = BCD character = f(Q.sub.1, Q.sub.2, Q.sub.3, Q.sub.4)
PAR  Similarly equations for converting radix 10 to radix 2 are:
     J = a + bc + bd   K = J                                                   
     A = ad + bcd      B = ad + bc + cd                                        
     C = ad + abd + bcd                                                        
                       D = Q                                                   
PAL  Where:
PA1  Moore output = binary character = f(Q)
PA1  Mealy output = BCD character = f(A,B,C,D)
PA1  Input X = BCD character = f(a,b,c,d)
PAR  Referring now to FIG. 14, a 10 state automaton implemented in accordance
      with the above equations for converting radix 2 to radix 10 developed from
      the state diagram of FIG. 10 is illustrated: The automaton comprises four
      conventional J-K flip-flops 50 with J-K inputs and Q and Q outputs
      interconnected through combinational logic fractionally to instrument the
      above given excitation equations utilizing standard NOR/NAND gates. The
      input of the automaton is applied on a terminal 52 and the residue Mealy
      output to the next stage is provided on a lead 53. The state of the
      automaton is provided on leads 54, the final state thereof providing the
      automaton Moore output representative of a BCD coefficient in the
      transformed radix 10. Prior to a conversion, a signal on a reset terminal
      55 resets all of the flip-flops 50 to the zero state thus placing the
      automaton in its zero state a (FIG. 10). Clock pulses that are utilized
      for controlling the serial application of the input digits of the number
      to be converted in a conventional manner (not shown) are applied to a
      terminal 56 to sequence the flip-flops 50 from state to state in
      accordance with the combination logic 51 as indicated by the state diagram
      of FIG. 10.
PAR  Referring now to FIG. 15 in which like reference numerals designate like
      elements with regard to FIG. 14, the inter-connections of the automata of
      FIG. 14 are illustrated. Each of the blocks 60-63 comprises a circuit
      identical to that illustrated in FIG. 14. The binary to decimal radix
      converter of FIG. 15 is implemented to receive frictionally valued binary
      numbers which are applied in serial fashion to a terminal 64 with the
      least significant digit of the number applied first.
PAR  The operation of the converter of FIGS. 14 and 15 will be explained with
      regard to a typical example in which the binary number 0.101101011 is
      converted into decimal. Exactly nine clock times are utilized for the
      conversion and after any clock time the conversion is exact relative to
      the accumulation of input data. The number of converter stages depends
      upon the desired accuracy but since in this example the conversion is
      exact, nine stages are required. Each sequential machine begins in the
      a-state (FIG. 10) and all stages operate synchronously with the least
      significant digit applied first to the converter chain input. The
      following table 11 shows the timing sequence:
TBL                TABLE 11                                                    
     ______________________________________                                    
     CP     1      2      3    4    5    6    7   8   9                        
     ______________________________________                                    
     X.sub.1                                                                   
            1      1      0    1    0    1    1   0   1                        
     S.sub.1                                                                   
            a      f      h    d    g    d    g   i   e   h                    
     Z.sub.1 =X.sub.2                                                          
            0      1      1    1    0    1    0   0   0                        
     S.sub.2                                                                   
            a      a      f    h    i    e    h   d   b   a                    
     Z.sub.2 =X.sub.3                                                          
            0      0      1    1    0    0    1   1   1                        
     S.sub.3                                                                   
            a      a      a    f    h    d    b   f   h   i                    
     Z.sub.3 =X.sub.4                                                          
            0      0      0    1    1    1    1   1   1                        
     S.sub.4                                                                   
            a      a      a    a    f    h    i   j   j   j                    
     Z.sub.4 =X.sub.5                                                          
            0      0      0    0    1    1    0   1   1                        
     S.sub.5                                                                   
            a      a      a    a    a    f    h   d   g   i                    
     Z.sub.5 =X.sub.6                                                          
            0      0      0    0    0    1    1   1   0                        
     S.sub.6                                                                   
            a      a      a    a    a    a    f   h   i   e                    
     Z.sub.6 =X.sub.7                                                          
            0      0      0    0    0    0    1   1   0                        
     S.sub.7                                                                   
            a      a      a    a    a    a    a   f   h   d                    
     Z.sub.7 =X.sub.8                                                          
            0      0      0    0    0    0    0   1   1                        
     S.sub.8                                                                   
            a      a      a    a    a    a    a   a   f   h                    
     Z.sub.8 =X.sub.9                                                          
            0      0      0    0    0    0    0   0   1                        
     S.sub.9                                                                   
            a      a      a    a    a    a    a   a   a   f                    
     Z.sub.9                                                                   
            0      0      0    0    0    0    0   0   0                        
     ______________________________________                                    
PAL  The respective final states of the machines are:
EQU  S.sub.f = haijiedhf
EQU   = 0.708984375 which is the decimal equivalent of the input number.
PAR  Referring now to FIG. 16, a 2-state automaton implemented in accordance
      with the above given J-K excitation equations for converting radix 10 to
      radix 2 developed from the state diagram of FIG. 11 is illustrated. The
      automaton comprises a conventional J-K flip-flop 70 with J and K inputs
      and Q and Q outputs and associated conbinational logic 71 to instrument
      the above given excitation equations utilizing standard NOR/NAND gates.
      The input to the automaton is applied to the combinational logic 71 on
      terminals 72 as designated by the legends a, b, c, and d. The residue
      Mealy output to the next stage is provided on leads 73 carrying the
      signals designated as A, B, C and D. The state of the automaton is
      provided on a lead 74, the final state thereof providing the automaton
      Moore output representative of a binary coefficient in the transformed
      radix 2. Prior to a conversion a signal on a reset terminal 75 resets the
      flip-flop 70 to the zero state thus placing the automaton in its zero
      state a (FIG. 11). Clock pulses that are utilized for controlling the
      serial application of the input digits of the number to be converted in a
      conventional manner (not shown) are applied to a terminal 76 to sequence
      the flip-flop 70 from state to state in accordance with the combinational
      logic 71 as indicated by the state diagram of FIG. 11.
PAR  Referring now to FIG. 17 in which like reference numerals designate like
      elements with respect to FIG. 16, the inner-connections of the automata of
      FIG. 16 are illustrated. Each of the blocks 80-83 comprises a circuit
      identical to that illustrated in FIG. 16. The BCD or decimal to binary
      radix converter of FIG. 17 is implemented to receive fractionally valued
      BCD or decimal numbers which are applied in serial fashion to terminals 84
      with the least significant digit of the number applied first.
PAR  Referring now to FIG. 18 in which like reference numerals indicate like
      components with regard to FIG. 17, an alternative arrangement of FIG. 17
      is illustrated. The structure and operation of the components 95-98 are
      identical to the components 45-48 respectively of FIG. 9 and will not be
      further described herein for brevity.
PAR  The operation of the converter of FIGS. 16-18 will be explained with regard
      to a typical example in which the decimal numbr 0.708984375 is converted
      into binary. In a similar manner to that of the reverse conversion example
      given above, exactly nine clock times are required for the transformation
      and the number of converter stages depends upon the accuracy desired.
      Since in this example the conversion is exact, nine stages are utilized.
      Each sequential machine begins in that a state (FIG. 11) and all stages
      operate synchronously. After any clock time the conversion is exact
      relative to the accumulation of input data. The following Table 12 shows
      the timing sequence:
TBL                TABLE 12                                                    
     ______________________________________                                    
     CP        1     2     3   4   5   6   7   8   9                           
     X.sub.1   5     7     3   4   8   9   8   0   7                           
     S.sub.1   a     b     b   a   a   b   b   b   a   b                       
     Z.sub.1 =X.sub.2                                                          
               0     5     7   8   6   9   7   1   4                           
     S.sub.2   a     a     b   b   b   b   b   b   a   a                       
     Z.sub.2 =X.sub.3                                                          
               0     0     5   7   3   9   5   3   8                           
     S.sub.3   a     a     a   b   b   a   b   b   a   b                       
     Z.sub.3 =X.sub.4                                                          
               0     0     0   5   7   8   1   7   6                           
     S.sub.4   a     a     a   a   b   b   b   a   b   b                       
     Z.sub.4 =X.sub.5                                                          
               0     0     0   0   5   7   3   4   3                           
     S.sub.5   a     a     a   a   a   b   b   a   a   a                       
     Z.sub.5 =X.sub.6                                                          
               0     0     0   0   0   5   7   8   6                           
     S.sub.6   a     a     a   a   a   a   b   b   b   b                       
     Z.sub.6 =X.sub.7                                                          
               0     0     0   0   0   0   5   7   3                           
     S.sub.7   a     a     a   a   a   a   a   b   b   a                       
     Z.sub.7 =X.sub.8                                                          
               0     0     0   0   0   0   0   5   7                           
     S.sub.8   a     a     a   a   a   a   a   a   b   b                       
     Z.sub.8 =X.sub.9                                                          
               0     0     0   0   0   0   0   0   5                           
     S.sub.9   a     a     a   a   a   a   a   a   a   b                       
     Z.sub.9   0     0     0   0   0   0   0   0   0                           
     ______________________________________                                    
PAL  The respective final states of the machines are:
EQU  S.sub.f = babbababb
EQU   = 0.101101011 which is the binary equivalent of the input number.
PAR  The operation of the converter in FIGS. 16, 17 and 18 will be further
      explained with regard to another example in which the decimal number 0.7
      is converted into binary. It is appreciated that only one clock time is
      required and the conversion can be as accurate as desired in accordance
      with the number of cascade connected automata utilized. Again each
      sequential machine begins in the a state (FIG. 11) and all stages operate
      synchronously. The following table 13 shows the timing sequence for the
      conversion:
TBL                TABLE 13                                                    
     ______________________________________                                    
             CP     1                                                          
     ______________________________________                                    
             X.sub.1                                                           
                    7                                                          
             S.sub.1                                                           
                    a b                                                        
             Z.sub.1 =X.sub.2                                                  
                    4                                                          
             S.sub.2                                                           
                    a a                                                        
             Z.sub.2 =X.sub.3                                                  
                    8                                                          
             S.sub.3                                                           
                    a b                                                        
             Z.sub.3 =X.sub.4                                                  
                    6                                                          
             S.sub.4                                                           
                    a b                                                        
             Z.sub.4 =X.sub.5                                                  
                    2                                                          
             S.sub.5                                                           
                    a a                                                        
             Z.sub.5 =X.sub.6                                                  
                    4                                                          
             .      .                                                          
             .      .                                                          
             .      .                                                          
     ______________________________________                                    
PAL  The respective final states of the machines are:
EQU  S.sub.f = babbaabba(aaba) . . . (abba) . . .
EQU   = 0.101100110(0110) . . . (0110) . . . which is the binary equivalent of
      the input number.
PAR  Although the above described converters have been explained in terms of
      positive number conversions, it will be appreciated that negative numbers
      may also be transformed. The above described apparatus may convert numbers
      that are in absolute magnitude and sign format in the manner described
      above. However, the apparatus may also be utilized to transform negative
      numbers in radix complement format. In this event the converter will
      provide the transformed number in radix complement format. It will be
      appreciated, however, that the sign digit must be trapped and separately
      displayed and should not be permitted to enter the conversion chain.
PAR  The operation of the above described converters with regard to negative
      numbers will be explained via a typical example with regard to the decimal
      to binary converter of FIGS. 16-18 in which the decimal number -0.828125
      is converted into binary. The radix complement of the number is 0.171875
      and the conversion sequence is shown in the following Table 14:
TBL                TABLE 14                                                    
     ______________________________________                                    
     CP                 1     2   3   4   5   6                                
     ______________________________________                                    
     X.sub.1            5     7   8   1   7   1                                
     S.sub.1            a     b   b   b   a   b   a                            
     Z.sub.1 =X.sub.2   0     5   7   3   4   3                                
     S.sub.2            a     a   b   b   a   a   a                            
     Z.sub.2 =X.sub.3   0     0   5   7   8   6                                
     S.sub.3            a     a   a   b   b   b   b                            
     Z.sub.3 =X.sub.4   0     0   0   5   7   3                                
     S.sub.4            a     a   a   a   b   b   a                            
     Z.sub.4 =X.sub.5   0     0   0   0   5   7                                
     S.sub.5            a     a   a   a   a   b   b                            
     Z.sub.5 =X.sub.6   0     0   0   0   0   5                                
     S.sub.6            a     a   a   a   a   a   b                            
     Z.sub.6            0     0   0   0   0   0                                
     ______________________________________                                    
PAL  The respective final states of the machines are:
EQU  S.sub.f = aababb
EQU   = -0.001011 which is the complemented binary transform.
PAR  As stated above, the conversion relative to the instantaneous input data is
      exact at the end of each clock time. This is illustrated in the following
      Table 15 by a pulse by pulse analysis of the sequence for the example
      given above with regard to FIGS. 16-18 where the decimal number
      0.708984375 is converted into binary.
TBL                TABLE 15                                                    
     ______________________________________                                    
     CP       Accumulated     Conversion                                       
                input                                                          
     ______________________________________                                    
     0        0.0             0.000000000                                      
     1        0.5             0.100000000                                      
     2        0.75            0.110000000                                      
     3        0.375           0.011000000                                      
     4        0.4375          0.011100000                                      
     5        0.84375         0.110110000                                      
     6        0.984375        0.111111000                                      
     7        0.8984375       0.111001100                                      
     8        0.08984375      0.000101110                                      
     9        0.708984375     0.101101011                                      
     ______________________________________                                    
PAL  Thus it is appreciated that the transformation relative to the input
      sequence of digits is exact at each instant of time with all the
      transformed digits simultaneously available.
PAR  It is furthermore appreciated that identical modular logic circuits may be
      utilized and connected in cascade fashion as described to transform a
      number from one radix to another on a digit by digit basis. Each converter
      instrumented in accordance with the invention is independent of input word
      length and for fractional number conversion any desired accuracy may be
      obtained merely by the addition of further modular logic circuits to the
      chain. By the foregoing the process of radix conversion is related to
      sequential logic machine state with Mealy and Moore outputs within the
      discipline of sequential logic theory as generally explained in the said
      Kohavi and Hennie textbooks.
PAR  It is further appreciated that accuracy is a function of the converter
      chain length with any number of converter modules being cascaded without
      modifying the basic converter. Only one clock time per input digit is
      required for the transformation and the prior art requirement for high
      speed clocks for time subdivision is obviated. If the decimal quantity 0.7
      is entered into a converter chain comprising ten identical automata, then
      within one clock time the simultaneous binary output 0.1011001100 is
      generated. If fifteen sequential machines had been interconnected, then
      the simultaneous binary output would have been 0.101100110011001.
      Transformation is exact to within the summation of the remaining digits
      from 2.sup.-.sup.16 to 2.sup.-.sup..infin.. If at this time a second digit
      enters the converter -- 0.47 -- then the output at the second clock time
      would be 0.0111100001 which is equivalent to 0.4697265625. As explained
      above, greater accuracy is achieved merely by increasing the length of the
      converter chain.
PAR  Thus it is appreciated that if converters in accordance with the present
      invention as described above are installed either at the computer or at
      the data panel, the BCD data from the panel would be transformed directly
      into binary code and would be available to the computer when the last
      digit has been transferred. Conversely, the binary data would have been
      converted and displayed in decimal form as soon as the last bit had been
      transferred from the computer to the panel.
PAR  Although implementations of the invention were described above in terms of
      binary and decimal converters, it will be appreciated that by utilizing
      the precepts given above other equations may be readily derived resulting
      in other implementations. It is furthermore appreciated that with regard
      to the binary and decimal converters other excitation equations may be
      derived utilizing sequential logic theory as described in the said Kohavi
      and Hennie textbooks to provide differently configured binary and decimal
      converters. Furthermore, other flip-flop types such as R-S and
      D-flip-flops may be utilized with appropriate excitation functions to
      implement converters in accordance with the invention.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than limitation and that changes may be made within the
      purview of the appended claims without departing from the true scope and
      spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for converting number representations from one radix to
      another comprising a plurality of automaton circuits each having an input,
      a Mealy output and a Moore output, each said automaton circuit being
      instrumented to operate in accordance with the equation:
      ##EQU11##
      where S = Present state of said automaton circuit
PA1  S* = Next state of said automaton circuit
PA1  r.sub.a = Current radix of said number representation
PA1  r.sub.b = Desired radix of said number representation
PA1  Z = Said Mealy output of said automaton circuit
PA1  I.sub.O (r.sub.a).sup.O = Weighted input digit of said number
      representation
PA1  S.sub.f = Final state of said automaton circuit,
PA1  said final state of said automaton circuit providing said Moore output
      representation of a digit of said number representation in said desired
      radix,
PA1  said automaton circuits being coupled in cascade with said input digits of
      said number representation being applied in serial fashion to the input of
      one of said automaton circuits and with the input of each of the remaining
      of said automaton circuits being coupled to the Mealy output of the
      preceding one of said automaton circuits,
PA1  each said automaton circuit comprising a device having r.sub.b stable
      states.
NUM  2.
PAR  2. The apparatus of claim 1 in which said apparatus comprises a binary to
      BCD converter for integrally valued number representations with said input
      digits being applied most significant digit first, each said automaton
      circuit being a ten-state device comprising
PA1  four J-K flip-flops each having a J and a K input and a Q and a Q output,
      and
PA1  a combinational logic circuit connecting said outputs of said J-K
      flip-flops to the inputs thereof in accordance with the equations:
TBL  J.sub.1 = Q.sub.2 Q.sub.3 Q.sub.4                                         
                       K.sub.1 = Q.sub.4                                       
     J.sub.2 = Q.sub.3 + Q.sub.1 Q.sub.4                                       
                       K.sub.2 = Q.sub.3 + Q.sub.4                             
     J.sub.3 = Q.sub.1 Q.sub.4 + Q.sub.1 Q.sub.2 Q.sub.4                       
                       K.sub.3 = Q.sub.2 Q.sub.4 + Q.sub.2 Q.sub.4             
     J.sub.4 = X       K.sub.4 = X                                             
     Z = Q.sub.1 + Q.sub.2 (Q.sub.3 + Q.sub.4)                                 
PAL  where
PA1  X = said input to said automaton circuit and said Moore output = BCD output
      digit = f(Q.sub.1, Q.sub.2, Q.sub.3, Q.sub.4).
NUM  3.
PAR  3. The apparatus of claim 1 in which said apparatus comprises a BCD to
      binary converter for integrally valued number representations with said
      input digits being applied most significant digit first, each said
      automaton circuit being a two-state device comprising,
PA1  a J-K flip-flop having a J and a K input and a Q and a Q output, and
PA1  a combinational logic circuit responsive to said input of said automaton
      circuit and to said outputs of said J-K flip-flops for providing signals
      to said J and K inputs of said J-K flip-flop and for providing said Mealy
      output of said automaton circuit in accordance with the equations
     J = d            K = d                                                    
     A = Qa + Qbc     B = Qa + Qac + Qbc                                       
     C = Qb + Qbc + bc                                                         
                      D = Qc + Qc                                              
PAL  where:
PA1  said Moore output = binary output digit = f(Q)
PA1  said Mealy output = BCD digit = f(A, B, C, D)
PA1  said Input to said automaton circuit =BCD digit = f(a, b, c, d).
NUM  4.
PAR  4. Apparatus for converting number representations from one radix to
      another comprising a plurality of automaton circuits eacch having an
      input, a Mealy ouput and a Moore output, said automaton circuit being
      instrumented to operate in accordance with the equation:
      ##EQU12##
      where: S = Present state of said automaton circuit
PA1  S* = Next state of said automaton circuit
PA1  r.sub.a = Current radix of said number representation
PA1  r.sub.b = Desired radix of said number representation
PA1  Z = Said Mealy output of said automaton circuit
PA1  I.sub.-.sub.1 (r.sub.a).sup.-.sup.1 = Weighted input digit of said number
      representation
PA1  S.sub.f = Final state of said automaton circuit,
PA1  said final state of said automaton circuit providing said Moore output
      representative of a digit of said number representation in said desired
      radix,
PA1  said automaton circuits being coupled in cascade with said input digits of
      said number representations being applied in serial fashion to the input
      of one of said automaton circuits and with the input of each of the
      remaining of said automaton circuits being coupled to the Mealy output of
      the preceding one of said automaton circuits,
PA1  each said automaton circuit comprising a device having r.sub.b stable
      states.
NUM  5.
PAR  5. The apparatus of claim 4 in which said apparatus comprises a binary to
      BCD converter for fractionally valued number representations with said
      input digits being applied least significant digit first, each said
      automaton circuit being a ten-state device comprising,
PA1  four J-K flip-flops each having a J and a K input and a Q and a Q output,
      and
PA1  a combinational logic circuit connecting said outputs of said J-K
      flip-flops to the inputs thereof in accordance with the equations
TBL  J.sub.1 = XQ.sub.2 Q.sub.3                                                
                        K.sub.1 = X                                            
     J.sub.2 = XQ.sub.1 + XQ.sub.1                                             
                        K.sub.2 = X + Q.sub.3                                  
     J.sub.3 = Q.sub.2  K.sub.3 = XQ.sub.2 + XQ.sub.2                          
     J.sub.4 = XQ.sub.3 + XQ.sub.3                                             
                        K.sub.4 = J.sub.4                                      
     Z = Q.sub.4                                                               
PAL  where
PA1  x = said input to said automaton circuit and said Moore output = BCD output
      digit = f(Q.sub.1, Q.sub.2, Q.sub.3, Q.sub.4).
NUM  6.
PAR  6. The apparatus of claim 4 in which said apparatus comprises BCD to binary
      converter for fractionally valued number representations with said input
      digits being applied least significant digit first, each said automaton
      circuit being a two-state device comprising,
PA1  a J-K flip-flop having a J and a K input and a Q and a Q output, and
PA1  a combinational logic circuit responsive to said input of said automaton
      circuit for providing signals to said J and K inputs of said J-K flip-flop
      and for providing said Mealy output of said automaton circuit in
      accordance with the equations:
     J = a + bc + bd    K = J                                                  
     A = ad + bcd       B = ad + bc + cd                                       
     C = ad + abd + bcd D = Q                                                  
PAL  where:
PA1  said Moore output = binary output digit = f(Q)
PA1  said Mealy output = BCD digit = f( A,B,C,D)
PA1  said Input to said automaton circuit = BCDdigit = f(a,b,c,d).
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ABST
PAL  A lighting arrangement on a vehicle, using light from a headlight to
      illuminate a compartment in the front end of the vehicle when a hood
      normally closing the compartment is in open position. Light is reflected
      into the compartment via two mirrors mounted on the inside of the hood.
BSUM
PAR  The present invention relates to a lighting arrangement for a body
      compartment, for example an engine compartment or a baggage compartment,
      located in the front portion of a vehicle having forward pointing
      headlights, said body compartment being closable by means of a hood
      opening forward in the lengthwise direction of the vehicle, said hood
      being arranged to have an open rest position.
PAR  Service and repair work which is to be carried out in the engine
      compartment of a motor vehicle often calls for good lighting in order to
      allow work to be performed in a satisfactory manner. This lighting can be
      arranged in a simple and practical manner in garages and service
      localities but, when repair or service measures are to be carried out at
      other places, for example on the roadside, it is often difficult to obtain
      the necessary lighting. This is especially true if some malfunction in the
      engine compartment is to be dealth with during the dark portion of the
      day. In such cases, lighting is normally lacking entirely or one only has
      access to a simple flashlight. This makes localizing of the malfunction
      difficult and thwarts the possibilities for even simple measures to be
      carried out.
PAR  The purpose of the present invention is to eliminate the disadvantages
      mentioned above and to provide a lighting arrangement which provides
      satisfactory illumination of body compartment in the front portion of a
      motor vehicle.
PAR  In a lighting arrangement according to the invention, the hood supports a
      first and a second mirror means, the first of which mirror means being
      arranged, when in position for use and when the hood is in an open rest
      position, to be located in the beam of light from a headlight and to be so
      aligned that light from the headlight is reflected, on the side of the
      hood facing the body compartment, to the second mirror means which is
      arranged, when in position for use, to reflect light coming from the first
      mirror means into the body compartment.
PAR  In this simple manner, light from a headlight can be directed into the body
      compartment, thus eliminating the need for a separate source of light such
      as a torch.
DRWD
PAR  The invention shall be described in more detail below with reference to the
      enclosed drawing which shows a schematic sideview of a portion of a motor
      vehicle equipped with an embodiment of the arrangement according to the
      invention.
DETD
PAR  The forward portion of a motor vehicle 1 is equipped with an engine hood 2
      which, in a closed position, forms a portion of the outer surface of the
      vehicle. The hood 2 can be tipped forwards during opening movements by
      means of it being hingedly connected to the body of the vehicle by means
      of two pivotable brackets 3 which are journalled in the body. The
      pivotable brackets are arranged to allow an upward swinging of the back
      end of the hood 2 to an upper open position in which position the engine
      compartment is exposed. The pivotable brackets 3 guide therewith the
      opening movement so that the forward end of the hood 2 is directed
      downwards in front of the front section of the vehicle 1 so as to assume a
      set terminal position which corresponds to the open rest position of the
      hood 2. The opening movement is limited by means of the construction of
      the pivotable brackets 3, and the hood 2 is maintained in the open rest
      position by means of its own weight in connection with known toggle-joint
      effect. In such an open position, the forward end of the hood 2 will lie
      in front of a pair of the vehicle's headlights 4, the latter being mounted
      in a conventional manner in the front section of the vehicle so as to
      illuminate the road in front of the vehicle when said headlights have been
      turned on.
PAR  Two mirrors 5, 6 are attached to the inside of the hood, preferably with
      attachments allowing pivoting of the mirrors. One mirror 5 is so mounted
      that the mirror, when the hood is in the opened position, is in a position
      for use in front of a headlight 4. The other mirror 6 is mounted in the
      upper section of the hood 2, said upper section constituting the rear end
      of the hood 2 when said hood is in the closed position. In use, the mirror
      5 is so aligned that, when the headlights 4 are lit, the mirror 5 will
      reflect the light from the headlights 4 essentially parallel with the
      inner plane of the hood 2 to the upper mirror 6. The mirror 6 is aligned
      to reflect the beam of light received from the mirror 5 in a direction
      towards the engine compartment so as to illuminate the same. The mirror 6
      can suitably be manually adjustable so that the light can be directed
      towards selected points in the engine compartment. The beam path is shown
      with broken lines 7 in the drawing.
PAR  Naturally, the invention is not restricted to the example described above.
      Rather, several modifications are possible within the scope of the
      invention. Depending on the shape of the hood, it can be desirable to make
      at least one of the mirrors movable between a position for use and a
      position for rest so that the mirror can be moved from its position for
      rest with the hood closed to a position for use when the hood is open. For
      example, the morror 5 can, when the hood does not reach as far down as in
      the figure, be mounted on an arm which is movable relative to the hood so
      that the mirror from a rest position at the interior of the hood can be
      moved to a position for use in front of a headlight.
PAR  In order to spread the light falling into the body compartment, the
      reflecting surface of the mirror 6 can be made convex. The two mirrors 5
      and 6 can cooperate with one or more headlights, and they can also be
      removably mounted on the hood in order to be mounted only when needed.
      Preferably then, the hood is provided with prepared attachment points or
      attachment means.
PAR  The above described compartment in the vehicle body could equally well be a
      baggage compartment on a vehicle having a rearmounted engine.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an automobile having body compartments,
PA1  at least one set of headlights,
PA1  a hood for closing one of the body compartments having interior and
      exterior surfaces,
PA1  means for attaching said hood to the automobile so as to allow said hood to
      be moved in a forward direction to an open position, the improvement
      comprising a light reflecting device for lighting said one body
      compartments of said automobile having
PA1  a first mirror means for reflecting light from the headlights, said first
      mirror means being attached on the inerior surface of said hood and
      positioned adjacent the forward portion of said hood,
PA1  a second mirror means for reflecting light from the headlights, said second
      mirror means being attached on the interior surface of said hood and
      positioned adjacent the back portion of said hood so as to be in the path
      of light reflected by the first mirror means,
PA1  said first and said second mirror means being aligned so that the light
      beam from the headlights is intercepted and reflected by said first mirror
      means along the interior of said hood when said hood is in an open
      position to said second mirror means and thereafter from said second
      mirror means into said body compartment.
NUM  2.
PAR  2. A light-reflecting device according to claim 1, wherein the second
      mirror means is pivotably mounted so that light can be directed to a
      selected part of the body compartment.
NUM  3.
PAR  3. A light-reflecting device according to claim 2, wherein the reflecting
      surface of the second mirror means is convex so that the reflected light
      is spread.
NUM  4.
PAR  4. A light-reflecting device according to claim 1 wherein the first mirror
      means is pivotably mounted.
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ABST
PAL  A luminous safety device for vehicle doors which includes a push-pull
      button of electrical insulating material, the head having transparent
      walls and a sleeve portion connected to an actuating rod of the
      door-locking mechanism, said rod being connected to ground and making
      contact with one of the poles of a lamp placed within the interior of the
      head of the button, said lamp having its other pole connected to an
      electrically conducting ring mounted on the outer surface of the sleeve
      portion of the button, said ring making contact with a conducting
      projection inserted in an insulating shell which surrounds the button and
      which is secured by its upper edge in the orifice in the door in which the
      actuating button slides; and because the conducting projection is
      connected to a source of energy, when the button is pulled and contact is
      made between the button conducting ring and the conducting projection the
      lamp is energized and lights, indicating clearly that the door-locking
      safety has not been engaged.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Up to the present time no luminous devices have existed to indicate that a
      vehicle door is closed with its safety lock engaged, for which reason
      numerous accidents have occurred to children and adults by the unforeseen
      opening of a door, or by such contingencies as a crash or overturning of
      the vehicle when in motion, as well as thefts of articles left inside the
      vehicle in which the door lock was not engaged through oversight of the
      vehicle user.
PAR  Up to the present time, the only way to determine if the door-lock is
      engaged in a vehicle door has been to look at the head or upper end of the
      rod or button for engaging the lock, to see if it is in the upper or lower
      position; if by means of a lamp or luminous indication the attention of
      the user of the vehicle could be attracted to indicate to him that the
      door lock has not been set, a great number of accidents would be
      eliminated, as well as theft not only of articles left inside the vehicle,
      but of the vehicle itself as well.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing it is an object of this invention to provide a
      luminous means for attracting the attention of the user of a vehicle when
      the door safety lock is not engaged.
PAR  Another object of this invention is to provide a luminous button as the
      actuator of the door-locking pin of vehicles doors, which is energized or
      de-energized depending on whether or not the safety lock is engaged or
      not.
PAR  Still another object of this invention is to provide a button for actuating
      the rod which engages the lock of vehicle doors, in which is included a
      light-reflecting surface so as to indicate to the vehicle user visibly or
      by luminous reflection whether the safety lock or the door is engaged or
      not.
PAR  The invention includes a simple circuit which permits replacement of the
      actuating button of the rod which engages the safety lock with a bulb or
      luminous button which is energized or not depending on whether or not the
      safety lock is engaged.
PAR  One embodiment of the invention includes a shell or cylinder connected at
      its upper end to the orifice in vehicle doors through which the safety
      lock button projects; inside the said shell slides a button connected to
      the threaded portion of the rod which actuates the safety lock, said
      button including a conducting ring at its lower end connected to one of
      the poles of a lamp mounted in a space inside the head of the button, and
      having its other pole electrically connected to the safety lock rod, which
      is connected to ground. The shell in which the actuating button of the
      safety lock rod slides includes an electrically conducting projection
      which is connected to a power source of the vehicle; this electrically
      conducting projection stands out in the interior of the shell in such a
      manner as to coincide with and bear against the conducting ring extending
      out from the bottom of the actuating button of the safety lock rod, either
      when the safety lock has been set or when it has been disengaged, and
      thereby when the ring coincides with the projection, the lamp of the
      button will light as the circuit is closed.
PAR  In another embodiment of the invention, instead of the actuating button of
      the safety lock rod of vehicles doors having a space in its head for
      locating a lamp within, the whole button which can be mounted on the rod
      is itself a lamp; that is to say, the head of the button instead of
      housing a lamp contains the incandescent filament thereof directly
      mounted. Naturally, in both embodiments a part or all of the head of the
      button should be translucent to permit the passage of the light of the
      bulb or of the incandescent filament, and may also contain, in order to
      assure a good electrical contact between the safety lock rod and one pole
      of the bulb, a spring conductor which serves in addition as a stop for the
      threaded portion of the threaded safety lock rod as it penetrates into the
      bulb.
PAR  In another embodiment of the invention the shell of the preceding
      embodiments is not required and the actuating button of the safety lock
      rod should have an outer diameter practically the same as that of the
      orifice in the door in which it slides so that it rubs therein as it is
      moved upward and downward, and formed into the insulating material of the
      said button is a ring which is an electrical conductor standing out
      slightly from the exterior walls of the button and electrically connected
      to one pole of a lamp housed in the inside of the head of the button which
      actuates the safety lock rod, a portion or the entire wall of said head
      being translucent, the other pole of the lamp being electrically connected
      to an electrically conducting ring partially embedded in to and partially
      outstanding from the bottom of the actuating button of the safety lock
      rod, this ring being so placed that when the actuating button is screwed
      onto the threaded portion of the said safety lock rod, it bears against a
      similar and coinciding ring which is insulatedly mounted on said safety
      lock rod; said latter ring insulatedly mounted on safety lock rod is
      connected to a source of energy, whereby such energy is fed to the lamp
      and thence to the first conducting ring above mentioned, which coincides
      in one of its two positions as it engages or releases the safety lock rod
      with the edge of the orifice in the door which is connected to ground,
      whereby in that one of the cited positions in which the conducting ring
      makes contact with the edge of the orifice, the lamp will be lighted and
      in the other position it will be out.
PAR  Another embodiment of the invention consists simply of an actuating button
      of the safety lock rod which is translucent with an internal reflective
      covering in the upper part of the head, which transmits by reflection the
      lighting of a lamp located inside the door, energized by a switch which is
      actuated by the safety lock mechanism of the door in such a manner that
      when the safety lock rod is raised or lowered and said lamp is energized
      or de-energized thus indicating by luminous reflection to the user if the
      safety is on or not.
PAR  These and other objects to be attained through the use of this invention
      will be more fully understood and appreciated in the text of the following
      description which refers to the drawings of the preferred embodiments
      thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a semi-schematic view of one embodiment of the luminous safety
      device of the present invention which comprises an actuating button for
      the safety lock rod of vehicle doors, in a conventional lengthwise
      section; in this embodiment there is included a shell in addition to the
      button and a lamp is located inside the head of the button with its walls
      being partially or entirely translucent; in addition the electric circuit
      for lighting the lamp is schematically shown.
PAR  FIG. 2 is a view in conventional lengthwise section similar to that of FIG.
      1, of an embodiment of the invention in which the actuating button of the
      safety lock is an integral lamp with translucent head and incandescent
      filament located in its interior.
PAR  FIG. 3 is a view in conventional lengthwise section similar to that of
      FIGS. 1 and 2 of an embodiment which does not require a shell and in which
      the electric circuit of the lamp is completed with the edge of the hole in
      the door through which the actuating button of the safety lock slides.
PAR  FIG. 4 is a view in conventional lengthwise section similar to that of
      FIGS. 1 to 3, which illustrates an embodiment in which the indicating bulb
      is outside of the actuating button of the safety lock, which latter has an
      internal surface reflecting the light falling upon it.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The embodiment of the luminous safety device of the present invention 11,
      illustrated in FIG. 1, includes a shell or hollow cylinder 12 composed of
      insulating material and secured by its upper end 13 in the rim 14 of door
      10 of a vehicle which is partly shown, said shell 12 having inserted in it
      electrically conductive strip 15 a portion of which projects inside the
      shell.
PAR  Within shell 12 there slides up and down a sleeve 16 which constitutes the
      lower portion of button 17 actuating rod 18 to apply or disengage the
      safety lock of the door of the vehicle. Sleeve 16 composed of electrically
      insulating material has at its lower end and mounted on its outer wall
      electrically conductive ring 19 which, either in its lower or its upper
      position, as illustrated in FIG. 1, makes electrical contact with strip 15
      extending inwardly of shell 12, said ring 19 connecting with electrical
      conductor 20, with pole 21 of lamp 22 of which the other pole 23 is
      electrically connected by spring means 24 to the upper end of rod 18 which
      actuates the safety lock, said rod 18 having its upper end 25 threaded and
      connected to the hollow inner portion of the bottom end of button 17.
      Since conductor 20 which connects conducting ring 19 with pole 21 of lamp
      22 should be insulated from rod 18, said conductor 20 must be sunk into
      the wall of the lower end of button 17 and pass through an orifice
      therein, or otherwise as shown in FIG. 1 pass through the inside wall of
      sleeve 16 and the outside wall of a second internal sleeve 26, within
      which rod 18 is threadedly mounted.
PAR  Since rod 18 is connected to ground 27 when ring 19 makes contact with
      strip 15, as is illustrated in FIG. 1, an electric circuit is closed from
      ground 27 through safety lock actuating rod 18, spring 24 and pole 23 of
      lamp 22, other pole 21 thereof, electrical conductor 20, conducting ring
      19, strip 15 connected by conductor 28, to a source of power 29, thus
      lighting lamp 22. In FIG. 1 it is shown that lamp 22 lights when safety
      lock actuating rod 18 is in its upper position, that is, when the safety
      is on. The lighted condition of the lamp can of course be inverted by
      simply changing the position of conducting strip 15; the electric circuit
      may include a regulating resistance 30 or some other control element.
PAR  The embodiment illustrated in FIG. 2 of the luminous safety device of the
      present invention, in addition to shell 12 of insulating material mounted
      by its upper end 13 on the rim of orifice 14 of door 10 of a vehicle,
      partly shown, and electrical conducting strip 15 of which a portion
      projects inside of shell 12 and which is connected by means of conductor
      28 to a power source 29, also includes lamp 31 which comprises an
      incandescent filament 32 within a housing 33 whose walls 34 are wholly or
      partially translucent and the lower end of which includes a tube or sleeve
      receptacle 35 which is directly attachable to the upper threaded portion
      25 of safety lock rod 18 which in turn is connected to ground 27; said
      incandescent filament 32 has its other pole 37 connected to conducting
      metal ring 38 by means of conducting portion 39 thereof which is embedded
      in receptacle or sleeve 35. Said ring 38 projects from the outside surface
      of sleeve 35 near the lower end thereof in such fashion that either in the
      upper position of safety lock actuating rod 18 as illustrated in FIG. 2 or
      in the corresponding lower position thereof it makes electric contact with
      the strip 15 which projects into the inside of shell 12, thus closing the
      circuit and causing the lamp to light.
PAR  In the embodiment illustrated en FIG. 1, lamp 22 can be replaceable, by
      making portion 40 of the wholly or partially translucent head of button 17
      removable, which is not possible in the embodiment of FIG. 2, because if
      filament 32 of lamp 31 burns out the entire unit must be replaced and not
      just lamp 22 as in the embodiment illustrated in FIG. 1.
PAR  FIG. 3 shows an embodiment of the invention which does not require shell 12
      with strip 15 of the preceding embodiments. In this embodiment luminous
      safety device 41 is composed of button 42 to actuate rod 18, which engages
      or disengages the safety lock of the door of a vehicle, with a lower
      portion or tubular sleeve 43 which has an outside diameter practically the
      same as that of orifice 44 of door 45, partially shown, of vehicle in
      which the invention is applied. Said lower portion or sleeve 43 has an
      electrically conductive ring 46 embedded in it and extending slightly
      beyond its outer diameter, which ring makes contact with the inner edge of
      orifice 44 above mentioned, either in the lower or in the upper position
      of rod 18 which actuates the safety lock, as indicated en FIG. 3.
PAR  The said rod 18 includes at a certain level a fixed support 47 composed of
      insulating material and projecting radially outward, in which is partially
      embedded ring 48 which is spaced from and concentric with rod 18, said
      ring 18 standing out slightly from the upper face of support 47 in such a
      manner that, when button 42 is screwed onto the threaded upper portion 25
      of rod 18, another ring 49 like ring 48 already described makes direct
      contact with ring 48, so that they practically form a single ring, latter
      ring 49 being embedded in the lower edge 50 of the tubular portion or
      sleeve 43 of button 42. In turn, said electrically conducting ring 49 is
      connected by means of an electrical conductor 51 with pole 52 of a lamp 53
      housed inside a space 54 in head 55 of button 42. This head 55 has sides
      which are totally or partially translucent.
PAR  Conductor 51 which connects ring 49 with pole 52 of the lamp must be
      insulated from rod 18, and hence is embedded in the walls of the lower
      portion or sleeve 43 of button 42, or alternatively passes through an
      orifice extending the length of these latter pieces; or, as indicated in
      FIG. 3, it passes between the inside wall of sleeve 43 and the outside
      wall of a second internal sleeve 56, which is the one to be coupled to the
      upper threaded portion 25 of rod 18 actuating the safety lock.
PAR  The other pole 57 of the lamp is connected by means of electrical conductor
      58 to electrically conducting ring 46 which in one of the two positions of
      button 42 makes direct contact with orifice 44 of door 45 which is
      connected to ground 27, in this way closing the electrical circuit to
      light lamp 53 of this embodiment by means of the energy source 29, passing
      through some control resistance element 30, electrical conductor 58, ring
      46, orifice 44 of door 45, and ground 27. Thus bulb 53 will light when the
      safety lock is not engaged and will go out when it is engaged, that is,
      when button 42 is pushed to the position indicated with dotted lines 59.
PAR  Finally another embodiment of the invention may be as represented
      semi-schematically in FIG. 4, wherein the luminous safety device comprises
      a button 61 with a translucent lower portion thereof 62 corresponding to
      that portion of the button sleeve which engages with the upper threaded
      portion 25 of safety lock actuating rod 18, button 61 including a head 63
      which is hollow and the inside covered with reflecting material 64
      illuminated by the incidence thereon of a light beam produced by lamp 65
      turned on by microswitch 66 activated by the end 67 of safety lock
      mechanism. Thus microswitch 66 closes the circuit which includes a power
      source 29 when the safety lock is not engaged, that is, when safety lock
      actuator rod 18 is in its raised position; at this moment lamp 65, which
      is located inside the door 68 of the vehicle, partially shown, lights and
      rays therefrom pass through transparent portion 62 of button 61 and are
      reflected by the reflective covering 64, thus luminously indicating to the
      user that the safety lock is not engaged.
PAR  While the foregoing description refers to certain specific embodiments of
      the invention, it will be understood by those well-versed in the subject
      that changes in form or detail such as the location of the light sources,
      operation of the electric circuit or the shape of the actuating button are
      comprehended within the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A luminous safety device for vehicle doors comprising:
PA1  an orifice in the door of the vehicle,
PA1  an acuating rod having one end attached to the safety lock mechanism and
      having the other end threaded,
PA1  a push-pull button connected to the said threaded end of the said rod with
      a head portion having translucent walls and a sleeve portion which engages
      the threaded portion of the said rod and passes through the said orifice
      in said vehicle door,
PA1  an electric circuit comprising a light source for illuminating said
      push-pull button, and switch means actuated by said push-pull button for
      energizing said light source when said push-pull button is in a given
      position.
NUM  2.
PAR  2. A vehicle door safety device in accordance with claim 1, wherein is
      included a hollow tubular shell of electrically insulating material which
      is secured by its upper end to the orifice in the door, a conducting strip
      inserted in the said shell and extending slightly inside said shell and
      being connected to a power source, the said sleeve portion of the
      push-pull button having at its lower end an electrically conducting ring,
PA1  a lamp connected at one of its poles to the said electrically conducting
      ring and connected at the other of its poles to the said actuating rod
      which is connected to ground,
PA1  spring means which electrically connects one end of the said actuating rod
      to one pole of the lamp.
NUM  3.
PAR  3. A luminous safety device for vehicle doors in accordance with claim 2,
      wherein the said switch means consists of the said strip extending into
      the inside of the said shell, and the said ring secured to said sleeve
      portion of said push-pull button.
NUM  4.
PAR  4. A luminous safety device for vehicle doors as set forth in claim 1,
      wherein the push-pull button comprises:
PA1  a lamp connected to the threaded end of the actuator rod with a head
      portion having translucent walls which has one of the poles of the
      incandescent filament electrically connected to the said actuating rod
      connected to ground, and an electrically conducting ring connected to the
      other pole of the incandescent filament, and including a hollow shell of
      electrically insulating material surrouding the push-pull button connected
      at its upper end to the orifice of the said door, the lamp including a
      translucent head portion and a sleeve portion on which is mounted the
      electrically conducting ring and spring means which provide structural and
      electrical connection between the end of said actuator rod and the pole of
      the said lamp.
NUM  5.
PAR  5. A luminous safety device for vehicle doors as claimed in claim 4,
      wherein the said switch means is composed of the said strip extending into
      the inside of the said shell, and the said ring secured to the sleeve
      portion of the said push-pull button.
NUM  6.
PAR  6. A luminous safety device for vehicle doors as claimed in claim 1,
      wherein the said push-pull button has on the said sleeve portion a first
      electrically conducting ring which extends slightly outside of the
      exterior diameter of the said sleeve portion, this ring being connected to
      one of the poles of the said lamp which has its other pole connected to a
      second ring mounted on the sleeve portion at the lower end thereof and
      extending slightly outward, and a third ring which is insulatedly fixed
      upon and supported by the said actuator rod, the third ring being
      connected electrically and solidly to the said second ring, and to a power
      source, the said orifice in the door having an inside diameter practically
      the same as that of the sleeve portion of the push-pull button and being
      connected to ground.
NUM  7.
PAR  7. A luminous safety device for vehicle doors as claimed in claim 1,
      wherein the push-pull button is made of transparent material and has an
      internal reflective covering in the upper portion of the said head, and a
      lamp inside the said door not connected to said push-pull button which,
      when the said button is pulled, is turned on by a switch means activated
      by the end portion of the said safety lock mechanism, so that the light
      from the lamp passes through the said push-pull button and is reflected by
      the same reflective covering.
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ABST
PAL  There is described a decorative lamp fixture having its main components
      detachably connected to a flat base structure so that the assembly can be
      disassembled into pieces to allow packing or storage in a small space. The
      assembly includes chains of decorative elements of a light transmissive or
      reflective material. The chains of the decorative elements are arranged
      around an electric lamp in a density suitable for hiding the lamp from
      direct external view. When the lamp is lit, the light rays are transmitted
      through or reflected on the surfaces of the chained decorative elements
      producing splendid optical effects which add beauty to a room or other
      places.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a disassemblable decorative light fixture or
      assembly employing chains of decorative elements hung around a lamp in a
      desired density and length to obtain optimum decorative effects.
PAR  More particularly, the invention concerns a decorative light fixture
      assembly which can be easily separated into pieces and put away in a
      reduced volume to allow the entire fixture to be packed or stored in a
      small container. The light fixture employs decorative elements which are
      so shaped that they can be easily connected into chains of a suitable
      length and hung around the lamp in a suitable density to hide the lamp
      from direct outer view. The chains of the decorative elements arranged
      around the lamp glow and gleam when the lamp is lit to create a delightful
      atmosphere in a room or other places.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a decorative light
      fixture having component parts connected detachably to one another so that
      the assembly may be easily dismantled into pieces when desired.
PAR  It is another object of the present invention to provide a decorative light
      fixture having strands of chained decorative elements detachably hung
      around an electric lamp.
PAR  It is still another object of the present invention to provide a
      disassemblable decorative light fixture of the nature mentioned above, the
      assembly employing decorative elements which are so shaped as to allow
      easy linkage with one another to form chains around an electric lamp.
PAR  It is a further object of the present invention to provide a disassemblable
      decorative light fixture of the nature mentioned above, the assembly
      employing decorative elements of a light transmissive or reflective
      material around an electric lamp so that the decorative elements glow and
      gleam when the lamp is lit.
PAR  It is still further object of the present invention to provide a decorative
      light fixture having component parts connected detachably to one another
      so as to facilitate cleaning of the component parts and replacement of the
      lamp.
PAR  According to the present invention, there is provided a decorative light
      fixture which comprises a flat base structure of a rigid material; a
      socket means securely mounted on and accessible from beneath the base
      structure; an elongated lamp support member having a mount at the upper
      end thereof with a plug member for electrical connection with said socket
      means and at the lower end thereof with an electric lamp; means for
      detachably holding said upper end of said lamp support member securely
      with respect to said socket means and said base structure; a plurality of
      decorative elements linked one to another to form strands of chained
      decorative elements; and a plurality of hook members mounted on the lower
      surface of said base structure for releasably hanging therefrom the
      chained decorative elements.
PAR  In a more particular form of the invention, the decorative light fixture
      comprises a flat base structure of a rigid material having an upper
      mounting plate and a lower reflective plate securely connected to said
      upper mounting plate; a socket means securely mounted on said upper
      mounting plate of said base structure and having an externally threaded
      portion projected downwardly outwardly through an aperture formed in said
      lower reflective plate; an elongated lamp support member having a mount at
      the upper end thereof with a plug member for electrical connection with
      said socket means and at the lower end thereof with an electric lamp; an
      internally threaded ring member fitted over said plug member and adapted
      to engage with the externally threaded portion of said socket means for
      holding said lamp support member securely with respect to said socket
      means and said base structure; a plurality of decorative elements linked
      one to another to form a plurality of strands of chained decorative
      elements; and a plurality of hook members mounted on the lower surface of
      said reflective plate for releasably hanging therefrom said chained
      decorative elements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, features and advantages of the invention will
      become clear from the following description and appended claims, taken in
      conjunction with the accompanying drawings which show by way of example a
      preferred embodiment of the invention and wherein:
PAR  FIG. 1 is a perspective view showing a disassemblable decorative light
      fixture embodying the instant invention;
PAR  FIG. 2 is a side view partially in section showing on an enlarged scale the
      component parts of the decorative light fixture; and
PAR  FIG. 3 is a perspective view showing on an enlarged scale the manner for
      connecting individual decorative elements to one another.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the disassemblable decorative light fixture
      of the invention is provided with a flat base structure 10 comprising a
      mounting plate 12 and a reflecting plate 13 coextensive with and covering
      the lower surface of the mounting plate 12. The base structure 10 is
      generally in a rectangular or circular form and has mounted on the
      mounting plate 12 a suitable number of sockets 14 each with an external
      thread 14a. The reflecting plate 13 is formed with openings 15 for
      receiving the externally threaded portion 14a of the socket 14. The socket
      14 is attached by means of, for example, a nut (no number) to a U-shaped
      support which is fixed to the mounting plate 12.
PAR  A bulb support pipe 16 is hung from the base body 10 and is provided at the
      upper end thereof with a plug member 17 for engagement with one of the
      sockets 14, and at the lower end with an electric bulb or lamp 18. The
      plug 17 has an annular flange and has fitted thereover an internally
      threaded ring member 19 which is threaded over the socket 14 by engagement
      with the external thread 14a, thus allowing the for detachably fixing of
      the bulb support pipe 16 with respect to the base body 10.
PAR  A plurality of chains of ornamental or decorative elements 20 are hung from
      the reflecting plate 13 of the base structure 10 at a suitable space from
      one another. Each chain consists of a number of linked decorative elements
      20 which are, in the particular example shown in FIG. 3, formed by molding
      a transparent material such as acrylic resin in a substantially fancyful
      "C" shape with a multiple number of stepped reflective surfaces 20a on the
      sides thereof.
PAR  The decorative elements 20 are chained to a suitable length by passing a
      succeeding element through a space between the disconnected ends 21 of a
      preceeding element and a number of strands of chained decorative elements
      20 are hung on hook members 22 which are securely mounted in suitable
      positions on the base structure 10, detachably by means of link members 23
      each of a ring shape and with a flexible arm 23a.
PAR  It is preferred that the strands of the chained decorative elements be hung
      around the lamp 18 in sufficient number for hiding the lamp 18 from direct
      external view. Where the light fixture is mounted on a lofty or coved
      ceiling or opening, it is desirable to employ a long pipe for the support
      pipe 16 of the lamp 18, and at the same time to use a ball chain or other
      suitable metallic chains instead of the connecting ring 23 to arrange the
      decorative elements 20 around the lamp 18.
PAR  With the disassemblable decorative light fixture of the invention as
      described above, when the lamp 18 is lit, the light rays from the lamp 18
      are transmitted through or reflected on the reflective surfaces of the
      decorative elements which are arranged around the lamp 18, brilliantly
      illuminating the clusters of decorative elements, without directly showing
      the lamp 18. The optical effects of the decorative elements 20 can be
      changed as desired by selecting suitable material therefor. In this
      connection, it is preferable that the decorative elements 20 be of
      transparent or translucent material, either with or without a color, in
      order not to destroy the transmission of the light rays from the lamp 18.
PAR  It will be appreciated from the foregoing description that, with the
      decorative light fixture of the invention, the decorative elements 20 may
      be provided in any desired shape, number and color and arranged in any
      desired form to give the most suitable optical and decorative effects to a
      room or other environment. As mentioned hereinbefore, the light fixture
      can be disassembled easily to allow the entire fixture to be packed or
      stored in a reduced volume. Particularly in the embodiment shown above,
      the base body 10 and the decorative elements 20 are provided with flat
      surfaces, so that the disassembled parts might occupy an extremely reduced
      volume and therefore might require only a small space when packing them or
      storing them.
PAR  The decorative elements 20 are herein shown and described as having a C
      shape in side view; however, it will be appreciated that they can be of
      various other shapes so long as they can form chains or elongated strands.
PAR  The invention has been described in detail with particular reference to a
      preferred embodiment thereof but it will be understood that many
      variations and modifications can be effected within the spirit and scope
      of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A decorative light fixture comprising:
PA1  a flat base structure of a rigid material;
PA1  a socket means securely mounted on and accessible from beneath said base
      structure;
PA1  an elongated lamp support member having mounted at the upper end thererof a
      plug member for electrical connection with said socket means the lower end
      of the lamp support member being adapted to receive an electric lamp;
PA1  means for detachably holding said upper end of said lamp support member
      securely with respect to said socket means and base structure;
PA1  a plurality of decorative C-shaped elements loosely and removably linked
      directly one to another to form a flexible strand the length of which is
      determined by the number of said elements therein, there being provided a
      plurality of said strands of chained decorative elements; and
PA1  a plurality of hook members mounted on the undersurface of said base
      structure, each said hook member including means for releasably supporting
      one of said strands of linked decorative elements in a vertical plane.
NUM  2.
PAR  2. A decorative light fixture as defined in claim 1, wherein:
PA1  said flat base structure includes an upper mounting plate and a lower
      light-reflecting plate securely connected to said upper mounting plate and
      spaced therefrom;
PA1  said socket means being securely mounted on said upper mounting plate of
      said base structure and having an externally threaded portion projecting
      downwardly through an aperture formed in said lower reflecting plate;
PA1  an internally threaded ring member fitted over said plug member and adapted
      to engage with the external thread on said socket means for holding said
      lamp support member securely with respect to said socket means and said
      base structure;
PA1  said hook members being mounted on the lower surface of said
      light-reflecting plate for releasably hanging therefrom said linked
      decorative elements.
NUM  3.
PAR  3. A decorative lamp assembly as defined in claim 1, wherein said
      supporting means comprises a number of link members for releasably-hanging
      said linked decorative elements on the respective hook members.
NUM  4.
PAR  4. A decorative light fixture as defined in claim 3, wherein said link
      member is in the form of a ring.
NUM  5.
PAR  5. A decorative light fixture as defined in claim 1, wherein said
      decorative elements are transparent.
NUM  6.
PAR  6. A decorative light fixture as defined in claim 1, wherein said
      decorative elements are translucent.
NUM  7.
PAR  7. A decorative light fixture as defined in claim 1, wherein said
      decorative elements are formed in a substantially flat shape and are
      provided with reflective surfaces on opposite sides thereof.
NUM  8.
PAR  8. A decorative light fixture as defined in claim 3, wherein said
      decorative elements are hung in a density suitable for hiding the lamp
      support member from direct external view.
NUM  9.
PAR  9. A decorative light fixture as defined in claim 2, wherein said elongated
      lamp support member is in the form of a hollow tube.
PATN
WKU  039433544
SRC  5
APN  4592964
APT  1
ART  211
APD  19740809
TTL  Multiple purpose low voltage sealed beam lamp
ISD  19760309
NCL  2
ECL  1
EXP  Greiner; Robert P.
NDR  1
NFG  3
INVT
NAM  Neal; Kathleen T.
CTY  York
STA  PA
ASSG
NAM  Penguin Pools, Inc.
CTY  York
STA  PA
COD  02
CLAS
OCL  240 26
XCL  240 522
EDF  2
ICL  F21V 3100
FSC  240
FSS  26;8.14;52.2;54 R;54 A;8.2;8.3;1.2
FSC  174
FSS  52 PE
UREF
PNO  1064515
ISD  19130600
NAM  Miller
OCL  240  8.3
UREF
PNO  1933511
ISD  19331000
NAM  Manson
OCL  240 26
UREF
PNO  2757276
ISD  19560700
NAM  Campbell
OCL  240 26
UREF
PNO  2812423
ISD  19571100
NAM  Penna
XCL  240 52.2
UREF
PNO  2931895
ISD  19600400
NAM  Wagenhauser
XCL  240 26
UREF
PNO  3349232
ISD  19671000
NAM  Robertson et al.
OCL  174 52PE
UREF
PNO  3801812
ISD  19740400
NAM  Palumbo et al.
XCL  240 26
LREP
FR2  Caldwell; Wilfred G.
ABST
PAL  Apparatus for illuminating under water without ground fault interrupters
      comprising a 12-volt sealed beam lamp, electrical cord, and cigarette
      lighter plug for powering from the electrical system of a vehicle. A
      housing is recessed to receive the lamp and two types of sealers, one
      sealing the terminals and the other generally filling the void between the
      lamp and recess. A threaded stud with threaded fastener and washer is
      embedded in the void filling material and penetrates the housing to
      receive a vacuum cup suitable for holding the lamp on the side or bottom
      of a pool.
BSUM
PAR  The present invention is a versatile lighting arrangement primarily
      intended for use with swimming pools, either above ground or under water.
PAR  The invention includes a low voltage, preferable 12-volt sealed beam lamp
      of the type used for vehicle headlights mounted in a plastic housing and
      equipped with an extension cord terminating at a cigarette lighter plug so
      that the light may only be powered from a vehicle battery. This avoids the
      requirement for ground fault interrupters and other safety devices
      required by safety regulations, while providing a totally acceptable
      source of illumination without hazard regardless whether it is located
      above or below the water line.
PAR  Several factors cooperate to insure a water-tight arrangement, avoiding
      short circuiting when the lamp is used under water. First, a sealed beam
      light is used with its exposed terminals connected to the electrical cord
      and the junction thereof sealed by silicone caulking or the like. This is
      a rubbery like material that adheres well to the glass, metal, and cord
      while maintaining its flexibility. A further sealer in the form of
      phenolic resin, or the like, which sets up over the silicone caulking,
      generally fills in the void between the lamp and recess, serving to form a
      rigid coupling of the light to housing.
PAR  The second sealer of filler also serves a further purpose in supporting a
      portion of a threaded stud for positive attachment of the lamp to the
      housing while providing a convenient protruding threaded portion to which
      a vacuum cup is threadably engaged, providing a verstile means of
      attachment of the lamp to the walls or floor of a pool, even including
      those having vinyl liners.
PAR  A threaded fastener is screwed onto the stud near one end and embedded in
      the resin before it hardens. A washer is placed against the threaded
      fastener or spaced therefrom but disposed to contact the lowest portion of
      the recess internally about an aperture provided for the extending portion
      of the threaded stud. A tightening of the vacuum cup onto the threaded
      extension outside of the housing serves to secure the configuration
      together and also to provide an axially aligned support. The cord extends
      through the two sealers and also penetrates the housing to exit therefrom
      near the bottom of the recess with the vacuum cup providing a clearance
      between the lower portion of the housing and the wall, floor or ground
      supporting the lamp for the cord in order to permit the lamp to assume a
      vertical or horizontal position without resting on the cord.
PAR  The housing is preferably circular with a peripheral flange tapering
      slightly outwardly and a recess deeper than the light to permit the
      sealers and other structure snugly to fit therein so that the lip of the
      housing recess forms a rim of the light. The material of the housing is
      preferably plastic for ease of fabrication and durability.
DRWD
PAR  The invention will further be described in detail, reference being had to
      the accompanying drawings wherein:
PAR  FIG. 1 is a sectional view of a pool showing the light affixed to a
      vertical wall under water and the extension cord running to a vehicle,
PAR  FIG. 2 is a view in perspective of the illuminating apparatus of the
      present invention, and
PAR  FIG. 3 is a view of the low voltage lamp in side elevation with the
      supporting and connecting structure partly in section and partly in
      elevation.
DETD
PAR  In FIG. 1, the lamp 11 is shown sticking to the vertical wall 13 of pool 15
      beneath the water level 17. The electrical cord 19 extends to the vehicle
      21 for attachment of the cigaret lighter plug 23 (FIG. 2) in the cigarette
      lighter socket of the vehicle. The cord is preferably 75 feet or more in
      length so that vehicle 21 may even be housed in an adjacent garage and the
      cord extended there.
PAR  Although the pool 15, depicted in FIG. 1, is shown with a concrete wall 13
      it will be appreciated that the vacuum cup 23 (FIG. 3) will adhere to
      either vinyl liners or concrete sides or other structures.
PAR  The light 11 is thus a self-contained unit which permits the average pool
      owner to install it themselves either beneath the water line 17, adjacent
      the pool, on their boats, or wherever desired. Since it operates from the
      vehicle batteries, there are no extra batteries to buy and it is
      economical to use. The cigarette lighter plug 23 insures that the lamp
      cannot be plugged into 110-volts thereby avoiding the necessity for ground
      fault interrupters and other complicated safety devices.
PAR  For extended periods of use, the vehicle may be idled for a period to
      recharge its own battery and the modern alternator is particularly capable
      of quickly replenishing the slight current drawn. It has been found that
      car batteries in reasonable condition are not harmed by as much as 6 to 8
      hours of continuous lamp use and actually the lamp has been used as much
      as 30 hours continuously without damage to the vehicle electrical system
      or battery. It is also useful for emergency lighting, including tire
      changing and other repairs because it is so compact and can easily be
      carried in the automobile.
PAR  The water-proofing and supporting structure is best seen in FIG. 3, wherein
      the plastic housing 31 includes a circular recess 33 and a peripheral
      flange 35. The rim 37 of the sealed beam light 39 rests on the lip of
      recess 33, being drawn snugly thereagainst by vacuum cup 23 or nut 41
      drawing stud 43 downwardly.
PAR  Also from FIG. 3 it may be seen that the cord 19 includes the wires 45 and
      47, respectively connected to the light terminals 48 and 49. This junction
      is covered by sealing material 51, such as silicone caulking to prevent
      any water from reaching the bare wires 45 and 47.
PAR  The stud 43 receives a threaded fastener 61 and a washer 63 within the
      recess 33 with the stud penetrating the housing 31 axially of the circular
      mouth thereof to receive nut 41 and vacuum cup 23. Nut 41 can of course be
      incorporated in the vacuum cup 23 if the latter is suitably threaded. The
      stud 43 is anchored to the structure by virtue of the resin filler 65
      between light 30 and the wall of recess 33, preferably phenolic resin is
      used as it sets up and hardens to unite the structure, sticking to the
      glass of lamp 39, as well as to stud 33 and associated components. It also
      covers the caulking 51 and serves as a further waterproofing seal.
PAR  The cord 19 exits from the housing 31 via an aperture in recess 33 and it
      may be seen that the spacing between the point of attachment of cup 23 and
      the lower edge of the housing 31 enables the cord to pass freely beneath
      the housing without interfering with the attachment.
PAR  In the event that it is desirable to energize the lamp from a 12 volt
      battery, rectifier, or other source, conventional spring clips may be
      substituted for the cigarette lighter for attachment to the respective
      terminals of such conventional sources.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for illuminating regions including underwater regions without
      ground fault interrupters comprising in combination,
PA1  a low-voltage sealed beam lamp and electrical cord combination;
PA1  a cigarette lighter plug connected to the end of the electrical cord remote
      from said lamp, and adapted for plug-in connection with the cigarette
      lighter socket of a vehicle;
PA1  a housing for the lamp including a recess contoured to receive the lamp and
      having a depth in excess of the depth of the lamp;
PA1  means sealing the junction of the cord and lamp;
PA1  means filling the excess space in the housing between the lamp and wall of
      the recess;
PA1  said housing including an aperture, and said cord extending through the
      filling means and said aperture to exit from the housing;
PA1  a threaded stud;
PA1  a threaded fastener carried by the stud;
PA1  a washer carried by the stud in spaced relation to the fastener;
PA1  said fastener, washer and a portion of the stud being embedded in the
      filling means with the stud other than said portion extending outwardly of
      the filling means and penetrating the recess wall and extended
      therebeyond; and,
PA1  a suction cup carried by the extending end of the stud.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the washer is disposed within the
      recess and against the inner side of the recess wall; said housing
      comprising a substantially circular peripheral flange about the recess,
      and the suction cup being axially located relative to the flange.
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ABST
PAL  A spring-loaded, plunger-type unit operating within a recess about a window
      panel in a luminaire and its housing. Preferable two such units operate
      within one recess and two other such units operate in an opposite parallel
      recess so that either pair may be operated as latches while the other pair
      operate as hinges. Alternatively, all four may operate as latches to
      permit removal of the panel. The units are substantially flush to conform
      to the outline of the luminaire, but are easily operable without special
      tools.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to luminaires and more specifically to latch and
      hinge mechanisms for fastening a removable panel, preferably the panel
      including a window, to a luminaire.
PAR  2. Description of the Prior Art
PAR  Luminaires are required to be both highly functional and artistically
      pleasing in their surroundings. These two qualities are not always
      entirely compatible. For example, it is highly desirable for a luminaire
      to be completely sealed so that the lamp operates in as nearly a dust-free
      and moisture-free environment as possible. Should the luminaire allow dust
      to collect therein, the light efficiency will be greatly reduced requiring
      high maintenance or cleaning cost. Extreme conditions can even cause
      shorting to occur, thereby reducing the length of life of the lamp or
      lamps within the fixture and degrading the electrical connections.
      Moisture accumulation can have the same effects. If dust and
      moisture-proofing the fixture were the only consideration, luminaires
      would be permanently sealed and there would be no removable panels.
PAR  However, luminaires must be readily and quickly accessible to permit
      changing of bulbs and for other maintenance purposes. To meet this
      requirement, the access panel must be equipped with latches that are
      quickly operable and operable without requiring special tools. One common
      type of latch that has been used in the past has been the trunk-type
      latch. This type of latch permits quick access without special tools and
      permits sealing or compression of a gasket between frame members to
      minimize dust and moisture entry.
PAR  However, a trunk-type latch does not externally conform to the profile of
      the luminaire and therefore is artistically unacceptable in many
      installations. Further, flush ceiling mounting of the luminaire, and other
      similar installation, make trunk latches functionally awkward if not
      impossible.
PAR  Screws have been used to provide both the gasket pressure installation
      feature and the flush mounting. However, screws do require a special tool,
      particularly inconvenient in an overhead installation. By using a wingnut
      and screw or other hand manipulated screw arrangement, the "flush"
      installation feature is lost. Further, screws and their receiving screw
      holes do strip out after a number of uses, requiring difficult and
      expensive maintenance to the overall luminaire.
PAR  A further shortcoming of all these prior art latching mechanisms is that
      they perform only the function of latching and not of hinging. That is,
      when they are removed or unlatched, the panel is disconnected. This is
      particularly unhandy in an overhead situation where it is awkward to
      handle a disconnected panel while at the same time trying to change out a
      light bulb. Therefore, the prior art mechanisms have required a hinging
      arrangement in addition to a latching mechanism when complete removal of
      the panel was to be avoided. When this was done, however, then it made
      complete removal of the panel, as is sometimes required, a cumbersome and
      time-consuming undertaking.
PAR  It is therefore a feature of this invention to provide a luminaire with an
      improved latch that conforms with the overall structure and which is easy
      to unlatch without special tools.
PAR  It is another feature of this invention to provide a luminaire with an
      improved latch that also functions as a hinge to permit removal of a panel
      secured therewith or alternatively to permit swinging of the panel to
      provide access to the luminaire for bulb changing and the like.
PAR  It is still another feature of this invention to provide an improved latch
      that is flush with the luminaire when in its closed position, which is
      operable without special tools and which provides a biasing pressure when
      secured to allow sealing of a gasket around the panel periphery.
PAC  SUMMARY OF THE INVENTION
PAR  A preferred embodiment of the invention comprises in a luminaire, four
      spring-loaded plunger-type rods acting within recesses between the window
      panel and the frame of the luminaire. These rod latches operate in pairs
      such that a first pair are on a common axis in one recess while the other
      pair are on a second common axis in a parallel recess on the opposite side
      of the panel. The rods are biased outwardly from the corners of the panel
      and enter respective openings in the frame or housing of the luminaire.
      The rods are tapered so that they press a lip on the panel forming the
      bottom of the recess against an oppositely-aligned, gasket-covered edge of
      the luminaire. An indention or recess on the rods allow a blunt
      instrument, which may merely be a fingernail, to be inserted to unlatch
      the rods. If desired two rods on a common axis may be unlatched to permit
      the panel to swing open, the latched rods acting as hinges. Alternately,
      the removal of all four rods allows the panel to be completely removed
      from the luminaire.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  So that the manner in which the above-recited features, advantages and
      objects of the invention, as well as others which will become apparent,
      are attained and can be understood in detail, more particular description
      of the invention briefly summarized above may be had by reference to the
      embodiments thereof which are illustrated in the appended drawings, which
      drawings form a part of this specification. It is to be noted, however,
      that the appended drawings illustrate only typical embodiments of the
      invention and are therefore not to be considered limiting of its scope,
      for the invention may admit to other equally effective embodiments.
DETD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is an isometric view of a typical luminaire incorporating a latch
      and hinge embodiment in accordance with the present invention.
PAR  FIG. 2 is a partial plan view of the latch and hinge embodiment
      incorporated in the luminaire shown in FIG. 1.
PAR  FIG. 3 is a cross-sectional view taken at section 3--3 in FIG. 2.
PAR  FIG. 4 is a cross-sectional view taken at section 4--4 in FIG. 3.
PAR  FIG. 5 is a partial plan view of an alternate latch and hinge embodiment in
      accordance with the present invention, shown in the closed position.
PAR  FIG. 6 is a partial plan view of the embodiment of the present invention
      shown in FIG. 5, shown in the open and locked back position.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now referring to the drawings and first to FIG. 1, a luminaire 10 is shown
      for mounting so that the opening 12 therein allows light to shine from the
      luminaire in the downward direction. In many installations the luminaire
      will be substantially flush with the ceiling. As will be described more
      fully hereinafter, a window panel 14 is secured in the opening so as to
      hinged at latch and hinges 16 and 18 after latch and hinges 20 and 22 are
      unlatched. Alternatively, latch and hinges 16 and 18 may be open to permit
      window panel 14 to be hinged at hinges 20 and 22. Finally, when all latch
      and hinges 16, 18, 20 and 22 are opened window panel 14 is completely
      disconnected from luminaire 10.
PAR  Now referring to FIG. 2, a preferred embodiment of the hinge and latch
      arrangement in accordance with the present invention is shown more fully
      in detail. Frame or housing 24 of the luminaire includes an opening
      therein which accommodates window panel 14.
PAR  Window panel 14 includes a frame member 26 to which the lens 28 is secured.
      A gasket 30 surrounds the end of lens 28 and is compressed to hold the
      lens within the frame. It should be noted that frame 26 is L-shaped
      underneath lens 28 to reside in a receiving groove in gasket 42. To
      further describe a preferred embodiment of gasket 42, the shape of the
      gasket on the non-lens side of the L-shaped portion of frame 26 forms two
      extended nubs 30 and 32.
PAR  At the external side of the lens, frame member 26 includes a recess 33 for
      receiving the rods. As is illustrated, this recess is surrounded by the
      frame member more than 180.degree. so that the accommodated rods acting
      therein cannot pull sideways out of the recess. In a preferred embodiment,
      elongate recessed are described on all four sides of the panel. However,
      it is within two parallel recesses of this periphery arrangement that the
      latch and hinge units in accordance with the present invention are
      mounted.
PAR  Again referring to FIG. 2, a stationary or fixed part 34 of the latch and
      hinge is secured within recess 33 near one corner of the panel. A plunger
      rod 36 is allowed to act or operate through an opening in fixed part 34,
      the plunger rod also being slipped through compression spring 38.
PAR  Rod 36 is secured to an enlarged and tapered portion 40. Hence, portion 40
      is biased away from fixed part 34 along the recess and outwardly at the
      corner of the panel. A hole in the side of the lens extrusion or frame
      member 26 that is at right angles to the recess to which the plunger
      operates, permits plunger 40 to pass through the opening and into an
      aligned opening within the housing.
PAR  It may be seen that two complementary acting latch and hinge units
      co-axially operate within the same recess, but in opposite directions and
      at opposing corners of the panel. The left hand plunger in FIG. 2 is shown
      in the closed position. The right hand plunger is shown in the open
      position. It should be noted that indentation 41 in plunger 40 permits a
      blunt instrument to engage the plunger for opposing the compression spring
      to thereby permit the plunger to be removed from the housing of the
      luminaire as well as the opening in the adjacent frame member of the
      panel. Any blunt instrument suitable for overcoming the spring tension is
      suitable, even a fingernail.
PAR  As may be noted by referring to FIGS. 3 and 4, as plunger 40 enters into
      the opening in the housing, the taper thereon causes panel 14 to bear
      against gasket 42 on a depressed edge 44 of the housing which is aligned
      opposite the L-shaped portion of frame 26. This pressure secures the panel
      so as to minimize dust and moisture leakage. Plunger 26 also may be angled
      slightly to further ensure this compression force. Note that nubs 30 and
      32 are deformed against edge 44 to further complete the desired seal.
PAR  FIG. 4 shows a rounding of edge 35 of the panel frame so that when the
      latch and hinge at the corner shown is used as a hinge, the panel may
      swing down without binding.
PAR  Now referring to FIGS. 5 and 6, an alternate embodiment of the present
      invention is shown. The only difference between this embodiment and the
      one previously described is that a raised portion 46 is secured to the
      large end of plunger 40 and there is no indentation or notch in the larger
      end. This raised portion may be used in the same manner as the indentation
      shown in FIG. 2 for opening the latch and hinge unit. The inside of frame
      member 26, or alternatively the outside of frame member 26, may have an
      accommodating recess 48 to permit locking of the latch in the open
      position, as best shown in FIG. 6. The locking is accomplished by merely
      rotating the plunger 40 until raised portion 46 enters into recess 48. At
      this time, plunger 40 is cleared of the opening in the housing.
PAR  Although the embodiments which are illustrated show a recess 33 which is
      formed by frame 26 surrounding more than 50% of the recess, please note
      that the recess may be less than 50%. In such case fixed part 34 may be
      joined either to frame 26 or to the inside of the housing wall which is
      now adjacent fixed part 34. In this latter event, the latch is a part of
      the housing and not a part of the panel, so that when the panel is removed
      the latch and hinge stays in place. However, there must be ample room to
      permit rotation and removal of the panel from the housing underneath the
      plunger arrangement. Also, the latch and hinge units in only one of the
      two parallel recesses may be connected to the housing to permit panel
      opening or removal.
PAR  In assembly of parts of the embodiment shown in FIG. 4, the rod and related
      assembly is inserted from the end, or else a corner of frame 26 is milled
      off to permit insertion. In the embodiment where the surrounding frame
      covers less than 50% of the recess, not only is fixed part 34 secured, but
      also it is particularly important to secure the small part of the plunger
      in such a manner so as to permit movement, but so that it will not fall
      out.
PAR  In operation of the panel on the preferred embodiment (as shown in FIG. 4),
      it may be seen that opening of all four latch and hinges permits complete
      removal of panel 14. Alternatively, operating of two latches which are
      axially aligned in the same recess permits the panel to hingedly open with
      respect to the pair of hinges operating in the parallel recess. Either set
      of latches may be operated as hinges in this manner, as desired.
PAR  While particular embodiments of the invention have been shown, it will be
      understood that the invention is not limited thereto since many
      modifications may be made and will become apparent to those skilled in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A luminaire adapted to be supported above an area to be lighted and
      having a hinged access panel that is capable of being removed and is also
      capable of pivotal movement to an open position allowing personnel to gain
      access to the interior of the housing, comprising
PA1  a housing having an opening on one side thereof for receiving a pivotally
      movable and removable panel,
PA1  a movable and removable panel having an elongate recess defined on at least
      one side thereof,
PA1  at least one spring-loaded latch and pivot element positioned within said
      recess, said latch and pivot element having a fixed part thereof being
      secured to said panel adjacent said recess, said latch also having a
      movable part thereof being urged to project from an end of said recess,
PA1  said housing being formed to define a hole for receiving the movable part
      of said latch and pivot element,
PA1  said latch and pivot element being substantially flush with said panel and
      accessible for operating as an external latch for securing said panel to
      said housing, being movable to an unlatching position to render said panel
      removable and when in engagement with said hole, serving as a pivot to
      retain said panel in pivotal relation with said housing,
PA1  said panel to which said fixed part of said latch and pivot element is
      secured including a depression,
PA1  said movable part of said latch and pivot element including a projection to
      fit into said depression when said movable part is moved in opposition to
      its biasing clear of said hole in said housing and rotated, and
PA1  said movable part of said latch and pivot element being both linearly
      movable and rotatable to accomplish locking within said hole and latching
      within said depression.
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ABST
PAL  An apparatus for sensing the speed of a rotating anode of an X-ray tube and
      for providing signals responsive to the detected rotating speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  X-ray tubes having rotatable anodes or anode rotors are commonly and widely
      used in the X-ray field. The rotating anode provides a constantly changing
      target area for the generated X-rays so that the heat generated by the
      X-rays is more effectively dissipated. Such heat dissipation permits
      higher energy levels to be utilized thereby resulting in an increased
      X-ray current output as compared with tubes having a fixed anode.
PAR  IN SUCH ROTATING ANODE TYPE OF TUBES, IT IS NECESSARY TO PROVIDE A MEANS TO
      ASSURE THAT THE ANODE HAS ATTAINED A SELECTED ROTATIONAL SPEED PRIOR TO
      THE APPLICATION OF HIGH VOLTAGE POWER TO THE ANODE AND THE SUBSEQUENT
      GENERATION OF X-rays. Various prior art systems utilize time dependent
      apparatus for accelerating the anodes, and after a selected time
      initiating the X-ray exposure. In such prior art devices, a boost or
      acceleration signal is applied to the anode to start the anode rotating,
      and the generation of the X-rays and the bombardment of the anode is
      delayed for a fixed period of time to enable to anode to reach a selected
      rotational speed before the X-rays bombard on the anode. However, in
      boosting the speed of the anode to the desired speed, the prior art relies
      on boost power which is applied to the associated stator for a
      pre-selected fixed time and there is no other control to assure that the
      tube is actually rotating at the selected desired speed at the termination
      of the time period of the boost power.
PAR  Problems arise, since as a tube is used repeatedly, the associated
      mechanical and support assembly heats up and more resistance power is
      dissipated in the stator windings. As the tube housing gets hotter, the
      associated stator loses efficiency since its resistance goes higher, while
      the inductance remain fixed and causes more power to be dissipated in the
      form of heat in the windings and less power is transmitted to the anode
      rotor. Thus, it has been found that after the tube gets hot, most stators
      do not receive the required amount of energy to drive the anode to attain
      the desired running speed within the normal fixed boost time period.
PAR  Another problem of rotating anode tubes is the vibration caused by the
      mechanical resonance of the anode system. In presently available tubes,
      the mechanical resonance of the system is at approximately 6,000 RPM.
      Accordingly, it is desirable that the anode be accelerated and decelerated
      through this mechanical resonance point in a minimum of time to reduce any
      wear and damage caused by vibration as the anode speed goes through this
      point.
PAR  Another type of prior art comprises a mechanical vibrating reed tachometer.
      Frequently, the amplitude of mechanical vibrations of the rotating anode
      is not enough to excite the vibrating reeds at all running speeds. Tubes
      are normally designed to give minimum vibration at their desired operating
      speed, and it is extremely difficult to measure the vibration particularly
      at the low operating speeds.
PAR  Another type of prior art consists of a tachometer approach including a
      light which shines upon the rotating anode and a marker applied to the
      anode which reflects light at each revolution of the anode. The
      information is reflected to a light sensing device to develop an
      electrical signal, proportional to rotational speed of the anode. A
      disadvantage of this type of device is that markers must be placed on each
      anode; and, further, photo-optic circuits are often unreliable.
PAR  An important advantage of the inventive system is the provision of signals
      indicating selected rotating speeds of the anode for enabling control
      signals to be generated responsive thereto, to thereby control the
      acceleration and the deceleration of the anode rotor. More specifically,
      the inventive system senses vibrations of the mechanical housing of the
      rotating tube, translates that to a frequency related to the rotational
      speed and converts that into an electrical signal which is processed to
      provide a control signal.
PAR  The present invention conveniently obtains a signal from a position
      external to the tube. The present system thus does not require cutting
      into the electrical leads which supply power to the associated split phase
      motor which is used to drive the anode, and does not otherwise require any
      modification of presently available X-ray tubes.
PAR  An advantage of the inventive circuit is that it can be connected in the
      circuit or inter-locked to insure that the boost or accelerated signal
      continues to be applied until the tube is rotating at the desired speed
      before X-rays are directed to bombard the anode, thereby protecting the
      anode from destruction or damage. Also, the present circuit can assure not
      only that the tube is brought up to speed during the boost period, but
      also that the tube remains at that desired speed during the entire X-ray
      exposure period. For example, if the speed of the tube is reduced for any
      reason, such as by a mechanical lock-up or electrical power reduction, the
      present circuit would deactivate the X-ray sources.
PAR  During the boost periods when the X-ray starter is powered to accelerate
      the anode, the filament is brought up to high brightness, high current
      level in anticipation of the X-ray exposures. The longer the time required
      to boost the tube to the proper operating speed, the longer the filament
      must remain on high brightness condition. Thus, another advantage is that
      the circuit provides a signal such that the filament can be energized to a
      high brightness condition only for the time period required; the foregoing
      tends to extend filament life.
PAR  Another advantage of the present invention is that by putting the inventive
      circuit as a feedback control, the amount of boost time required on every
      exposure is reduced. For instance, if the tube is coasting at 2,500 RPM
      and a boost signal is provided, a minimal boost period is required to
      accelerate the tube to the selected speed, say 3,000 RPM, to prepare it
      for X-ray exposure.
PAR  Another important advantage of the present circuit is that a tube should
      decelerate rapidly from 9,000 RPM to a point below 6,000 RPM to minimize
      the effects of the tremendous vibration which results at the mechanical
      resonance of the tube which is at about 6,000 RPM. Normally, the anode is
      accelerated to a high speed, and after X-ray exposure, the anode is braked
      for a pre-selected fixed time to decelerate the anode quickly through
      6,000 RPM point so as to minimize vibration damage to the filament and
      associated structure.
PAR  The present circuit will assure that braking is done properly and that the
      anode does not coast down through the damaging mechanical resonance point.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention as illustrated in the accompanying
      drawings wherein:
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of one embodiment of the inventive system;
PAR  FIG. 2 is a block diagram of a second embodiment of the invention which may
      be useful in certain applications;
PAR  FIG. 3 is a schematic diagram based on the block diagram of FIG. 1;
PAR  FIG. 4 shows the curves of the response of the band pass A and B of FIGS. 1
      and 2.
PAR  FIG. 5 shows the curves of the responses of the 3,000 RPM and 9,000 RPM
      detectors of FIGS. 1 and 2;
PAR  FIG. 6 shows a curve of the response of the system of FIGS. 1 and 3;
PAR  FIG. 7 is a block diagram showing an application of the invention in a
      closed loop control system;
PAR  FIGS. 8 and 9 are block diagrams of other embodiments of the invention;
      and,
PAR  FIG. 10 shows a basic concept of the invention in block diagram form.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a block diagram, generally labeled 11, of the inventive system
      indicating its use to monitor the speed of rotation of the rotatable anode
      of an X-ray tube 13. FIG. 1 shows a portion of the X-ray tube 13 including
      the rotatable anode 14 and an X-ray generator 16.
PAR  A vibration transducer 15 is mounted on the housing 18 for the X-ray tube
      13. Vibration transducer 15 is a commercially available piezoelectric
      crystal transducer.
PAR  As is well known, when the crystal is stressed such as a result of
      mechanical vibrations, the crystal generates an electrical signal. It is
      the purpose of the transducer to sense mechanical vibrations responsive to
      anode rotation.
PAR  To insure that the transducer is sensing rotation of the anode, the
      transducer is mounted on an axis perpendicular to the axis of the rotor.
      This also tends to reject noise, or undesired signals from other sources,
      since it has been found that the mounting of the X-ray tube, the
      positioning of the tube, attitude of the tube, type of accessories
      attached to the tube, all affect the overall vibration on the tube
      housing.
PAR  The electrical signal from the transducer is coupled to a buffer or
      interface stage 17 comprising a source follower amplifier of any suitable
      known design. Buffer 17 has a high input impedance to minimize any
      electrical loading of the transducer 15.
PAR  The output of the buffer 17 is coupled to a first band pass or tuned
      resonant stage 19 which is tuned to resonance at about 170 Hz. Band pass
      stage 19 is coupled to series to a second band pass stage 21 which is
      tuned to resonance at 60 Hz. Band pass stages 19 and 21 comprise one form
      of frequency shaping circuits, and this operation will be described more
      fully hereinbelow with reference to FIGS. 3, 4 and 5.
PAR  The combined output of the band pass stages 19 and 21 is coupled to a
      variable gain amplifier 23 and thence to a limiter circuit 25 which limits
      the amplitude of the output voltage to thereby insure an output which is
      only frequency sensitive.
PAR  The output of the limiter 25 is connected in parallel to the 60 Hz or 3,000
      RPM detector 27 and to the 170 Hz or 9,000 RPM detector 29. Detectors 27
      and 29 also comprise tuned circuits which are tuned to peak at the
      frequency representative of the mechanical vibrations at the indicated RPM
      of the anode. In response to the indicated frequencies, the detectors 27
      and 29 energize respective delays K1 and K2 to provide a signal indicating
      that the tube anode is rotating respectively at 3,000 RPM or 9,000 RPM.
PAR  Refer now to the schematic diagram of FIG. 3. An electrical signal from the
      transducer 15 representative of the vibration of the tube 13 is coupled
      through a capacitor 61 to the buffer stage 17 comprising an operational
      amplifier 65 of any suitable known design. A resistor 63 is connected from
      capacitor 61 and the input of amplitude 65 to ground. Capacitor 61 and
      resistor 63 provide a high pass filter which increases input impedance at
      low frequencies reducing the system response to frequencies below 40 Hz.
PAR  The signal from buffer 17 is coupled to a first band pass stage 19
      comprising an operational amplifier 67 with a tuned parallel resonance
      circuit. Operational amplifier 67 is of any suitable known design and the
      stage 19 has an approximate gain of 6 and a sharpness of resonant factor
      or Q of two. The resonant frequency of band pass stage 19 is adjusted by
      variable resistor or potentiometer 69.
PAR  The output of band pass stage 19 is connected to band pass 21 which is
      essentially identical to band pass 19.
PAR  In one embodiment, band pass stage 19 is tuned to resonance at 170 Hz and
      band pass stage 21 is tuned to resonance at 60 Hz for purposes to be
      explained.
PAR  The stagger tuning of band pass stages 19 and 21 is an important feature of
      the invention. Referring to FIG. 4, and as stated above, the output of the
      two stages is combined and provides an output indicated by the dashed
      lines. As shown, stages 19 and 21 provide a maximum output at the two
      extreme points and a minimum output at approximately 86 Hz. This feature
      not only enables the selection of a low frequency representative of
      rotation of the tube anode at 3,000 RPM and of the high frequency
      representative of rotation of the tube anode at 9,000 RPM, but also
      enables the rejection of the undesired frequencies including the frequency
      of 120 Hz which results from the relatively large mechanical vibration of
      the stator coil which occurs during boost operations.
PAR  The output of band pass stages 19 and 21 are combined in series in a broad
      band adjustable gain non-inverting amplifier 23 whose gain is adjustable
      by variable resistor 73. The output amplifier 23 is then applied to a
      limiter 25 consisting of a series resistor 75 and parallel connected
      diodes 77 and diodes 79 which diodes are connected in relative inverse
      relation to each other. The limiter 25 limits the output to a pre-set
      amplitude level, in one embodiment the level being 0.7 volts.
PAR  The output of the limiter 25 is then applied to both the 3,000 RPM rotation
      detector 27 and the 9,000 RPM rotation detector 29 in parallel. Detectors
      27 and 29 are essentially identically tuned circuits with the associated
      capacitors being responsive to the frequency of 60 and 150 Hz,
      respectively, see also FIGS. 4, 5 and 6.
PAR  Referring to detector 29, it includes an operational amplifier 81 of any
      suitable known design and its circuit is tuned by adjustable resistor 83.
      The operational amplifier drives a capacitive load 89. The circuit
      reactive load impedance changes with the frequency, therefore, below
      resonant frequency, the circuit draws less current than it does above
      resonant frequency. The total current of amplifier 81 is sensed by means
      of connecting current sensing resistors 85 and 87 from the output of
      operational amplifier 81 to ground to measure the voltage drop across
      these combined resistors. At resonance, the amplifier 81 draws maximum
      current and the voltage across the two sensing resistors is at a maximum,
      that in turn, is used to turn on the transistor 91 to saturation to pass
      current through a relay coil K2 and energize the relay. A capacitor 95,
      connected from collector of transistor 91 to ground, filters out
      pulsations appearing at the output of the operational amplifier 81 and
      also delays the turn off of the relay K2 once it is pulled-in or
      energized.
PAR  An advantage of providing a capacitive load is that it gives a response
      which is not symetrical about the resonant frequency. A more selective
      skirt is provided for the lower edge of the resonant frequency which is
      exactly what is desired for descriminating against frequencies below 160
      Hz or 150 Hz or 60 Hz and 150 Hz. In contrast, the conventional tuned
      circuit has equal response above and below the resonant frequency. The
      present circuit thus, has a relatively high rejection below the resonant
      frequency which enhances the operation of the device.
PAR  The center frequency of both band pass stages 19 and 21 can be tuned and
      the detectors 27 and 29 can also be tuned, as shown in FIG. 3, therefore,
      the circuit is a unit which can be conveniently adapted for almost any
      type tube and any power source frequency operation. The latter feature is
      suggested in FIG. 6; that is, the system response can be varied along the
      frequency axis. Thus, one of the advantages in providing for tuneable band
      pass stages and tuneable detectors is that in certain countries other than
      the U.S.A., operational power line frequencies may be 50 Hz and,
      therefore, the resonant frequency is 3,000 instead of 3,600 RPM and 9,000
      RPM instead of 10,800 RPM. The system of the invention can thus be tuned
      to accomodate these power sources of different frequencies.
PAR  The contacts of the operation relays K1 and K2 and the associated lamp
      units indicated generally as 88 and 90 for the 3,000 RPM speed and the
      9,000 RPM speed, respectively, are available at the mounting panel 100 to
      be connected to circuitry in the generator to inhibit or control exposures
      to that time wherein the target is at its desired operating speed. The
      lamp 88 when lit, indicates rotation of the anode at 3,000 RPM and lamp
      90, when lit, indicates rotation of the anode at 9,000 RPM.
PAR  In the embodiment shown, the circuit is designed to operate from a 24 DC
      unregulated power. The 24 volts is coupled to a 15 volt regulator 86 whose
      output is used to provide a stable constant voltage to the electronic
      circuitry. A mid-voltage for providing the reference signal to the
      operational amplifiers in the circuit is established by dividing the 15
      volts with the resistors 96 and 98 to a value of roughly 71/2  volts which
      is filtered to ground by by-pass capacitor 102.
PAR  Resistor 108 and capacitor 110 establishes a low frequency signal by-pass,
      (upper left hand corner of FIG. 3).
PAR  A diode 92 is included in the circuit to prevent damage to the circuit
      should the 24 volt power supply to the input terminals be reversed.
PAR  The circuit includes hold-over circuits 103 and 109 for assuring that a
      momentary signal from the transducer during transient frequency condition
      or other mechanical impulses does not result in the relay momentary drop
      out. Such momentary drop out, could inhibit or terminate high current
      exposure resulting in damage to the generator or other associated such
      equipment. Since the target is of a considerable mass, even if a momentary
      interruption of the anode drive signal occurs, anode would continue to
      rotate and thus avoid any damage to the anode.
PAR  The hold-over or transient protection circuit 103 is connected to 9,000 RPM
      detector 29 through a series resistor 101, and the contact a of relay K2
      and capacitor 105 to ground. When the relay K2 is in the normal off
      position, the capacitor 105 charges from the positive 15 volts applied
      through resistor 107, and the normally closed contacts b of relay K1. Once
      the relay K1 is pulled in, contacts b open and contacts a close and
      previously charged capacitors 105, is connected through a contact a to
      resistor 101 and the base of transistor 91. Should the signal to
      transistor 91 be momentarily interrupted, capacitor 105 provides power
      during the period of momentary interruption to drive transistor 91.
PAR  Hold-over circuit 109 is essentially identical to holdover circuit 103.
PAR  FIG. 7 shows an X-ray tube control system including the rotation sensing
      detector of the present invention, an X-ray generator of any suitable
      known design, and an X-ray starter, which drives the tube, and which may
      be of the type disclosed and claimed in Reissue U.S. Pat. No. Re 28,618
      and which is assigned to the same assignee as the present invention.
      Assume, it is desired to obtain an exposure with X-rays at the low current
      level. When activated, the rotation detector will allow the X-ray starter
      to apply low speed boost power through contact a of the relay K1 to
      accelerate the tube anode until the 3,000 RPM speed is attained at which
      time relay K1 will be energized opening contact a to terminate the boost
      signal, and concurrently contact b of relay K1 will interlock the X-ray
      generator allowing an exposure to be made.
PAR  Similarly, for high speed operation, the rotation detector controls the
      boost signal through relay K2 to insure the tube anode attains 9,000 RPM
      speed before X-ray exposure is initiated.
PAR  Also, when braking down from the high speed operation, the low speed relay
      K1 such as through contact c can be used to control the braking signal
      until the anode decelerates down to the 3,000 speed range at which time
      the brake cycle will terminate, and the tube can coast down to a stop or
      an additional signal can be applied thereto.
PAR  FIG. 2 shows another embodiment of the invention useful in certain
      applications. In the embodiment of FIG. 2, the signal from transducer 15
      is coupled to the broad band amplifier 36 when the signal is amplified and
      then coupled to a rectifier 37 to rectify the signal. The rectified output
      from rectifier 37 is coupled to an operational amplifier 39. The output of
      the operational amplifier is coupled in parallel to an acceleration
      comparator 41 and to a run comparator 43, and the outputs from comparators
      41 and 43 are then combined in a AND circuit 45. If the outputs from both
      comparators 41 and 43 are present, this will indicate a selected vibration
      plus a change in the rate of vibration to provide a valid acceleration-run
      sequence. The circuit of FIG. 2 is useful where noise signals, and signals
      other than those related directly to the speed of the anode can be ignored
      or are not a factor in obtaining speed indications.
PAR  It has been found that there is an optimum point on the tube and tube
      housing which will give a maximum vibration. It has also been found that
      vibration resulting in the two frequencies of interest tend to be obtained
      such as from two different positions on the end cap of the tube; that is,
      one position will result in a maximum vibration signal at 3,000 RPM:
      another position will result in maximum vibration signal at 9,000 RPM.
      Accordingly, a second vibration transducer may be placed on the end cap
      with each transducer being positioned to give a maximum output for the
      frequency of interest, and the outputs can be processed and then combined
      at the input of the detector circuits, (see also FIG. 8).
PAR  The circuit of the invention may include a disabling circuit for the
      rotation detector which opens up the current return lead from each of the
      relays K1 and K2 and the associated lamp circuits 88 and 90, thereby
      preventing any relays from being energized or pulled in as a result of any
      vibration when the tube is not operating, such as when it is being
      re-positioned for a subsequent examination. This prevents the relays from
      being pulled in from impulses applied to the transducer when the tube is
      not being used. It might be pointed out that although relays K1 and K2 are
      open at the time, the remainder of the circuit is On or operable.
PAR  Refer to the hold-over circuits 103 and 109. Other circuits utilizing the
      hysteresis effect wherein a high level is required to energize pull in the
      relay but a much lower level will allow it to drop out, have been found to
      operate substantially as satisfactory as hold-over circuits 103 and 109.
PAR  FIG. 8 shows a modification of the system of FIG. 1 wherein a low frequency
      transducer 15A is mounted on the tube housing. Transducer 15A is arranged
      to provide a maximum output at the lower frequency of interest, i.e. in
      the present embodiment, 50 Hz. A second transducer 15B is arranged to
      provide a maximum output at a relatively higher frequency, i.e. in this
      instance 150 Hz.
PAR  As mentioned above, it has been found that the transducer can be mounted on
      the tube housing at different positions to provide a maximum output at
      different frequencies. Thus, position of low frequency transducer 15A and
      of high frequency transducer 15B can be emperically determined to provide
      a maximum output from each of the transducers. The output of the two
      transducers can then be combined in a summing circuit 51 of any suitable
      known construction and then coupled to the buffer 17 and the rest of the
      circuitry of FIG. 1.
PAR  FIG. 9 shows a circuit which might be useful in certain applications. FIG.
      9 shows the band pass stages 19 and 21 being connected to receive the
      signals in parallel and provide an output which is combined in amplifier
      23. Note also that band pass stages 19 and 21 could comprise a low pass
      filter, a high pass filter to pass the frequencies of interest and a notch
      filter to reject the 120 Hz signal representative of the mechanical
      resonance vibration of the system, as discussed above.
PAR  FIG. 10 shows a basic concept of the invention wherein the transducer 15C
      itself can provide a proper signal or inter-face directly with the
      frequency shaping circuit 19A of the system.
PAR  As mentioned hereinabove, the frequency shaping circuits can be suitable
      stages to provide maximum output at the selected frequencies and a minimum
      output at other frequencies. The output from the frequency shaping circuit
      is amplitude limited by any suitable circuitry 23A known in the art to
      provide an output which is only frequency sensitive and independent of any
      amplitude variations. The frequency detection circuit 27A detects the
      frequency of interest and provides a control signal in response thereto.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for sensing the rotational speed of the rotatable anode of an
      X-ray tube, comprising, in combination, means for sensing the vibrations
      of the rotating anode, means for converting said vibrations into
      alternating current signals of different frequencies, means for selecting
      signals at a frequency responsive to a vibration depicting a given
      rotational speed of the anode, and means for providing an output
      indicative of the selected frequency and thereby of the given rotational
      speed of the anode.
NUM  2.
PAR  2. A system as in claim 1 wherein said means for selecting a frequency
      comprises frequency shaping circuit means for providing a maximum level
      output at a frequency representative of selected rotational speeds of said
      anode, means for limiting the amplitude of the output of said frequency
      shaping circuit means, and detecting means tuned to a selected frequency
      representative of a selected rotational speed whereby the system provides
      signals representative only of the frequency associated with the vibration
      or imbalance of the rotatable anode rotating at selected rotational
      speeds.
NUM  3.
PAR  3. A system as in claim 2 wherein said frequency shaping circuit comprises
      a first frequency band pass stage tuned to a first frequency to provide a
      maximum output at a first selected rotational speed of said anode, a
      second frequency band pass stage tuned to a second frequency to provide a
      maximum output at a second selected rotational speed of said anode, means
      for combining the outputs of said first and second band pass stages for
      providing maximum responses at the selected frequencies and a reduced
      response at frequencies therebetween, first and second frequency detectors
      arranged to respectively provide a maximum output in response to
      frequencies indicative of said first and second selected speeds
      respectively, and means for connecting said output to provide a control
      signal therefrom.
NUM  4.
PAR  4. A system as in claim 3 wherein the output of said detectors is coupled
      to a capacitance load whereby the rejection of the signals adjacent the
      lower edge of the tube frequency is maximized.
NUM  5.
PAR  5. A system as in claim 3 wherein said first and second band pass stages
      are tuned to provide maximum output at approximately 60 Hz and 150 Hz at
      selected frequencies and a minimum output at approximately 120 Hz.
NUM  6.
PAR  6. A rotation detector as in claim 3 further including a plurality of
      transducers each positioned and arranged to selectively provide a maximum
      vibration indicative of a given rotational speed of the anode.
NUM  7.
PAR  7. A system as in claim 3 further including a hold circuit comprising means
      for maintaining an output from each of said detectors through a
      momentarily loss of signal whereby transients and noises do not cut off
      the system.
NUM  8.
PAR  8. A system as in claim 1 wherein said means for sensing the vibration of
      the tube comprises a transducer mounted externally of said tube.
NUM  9.
PAR  9. A system as in claim 1 further including band pass stages connected in
      series and said detecting means are connected in parallel.
NUM  10.
PAR  10. A system as in claim 1 wherein a single band pass stage is employed to
      select a single frequency and thereby select a single rotating speed.
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PAL  Remote controlled vehicle systems for the surveillance of and/or action on
      objects spaced from the point of control including a control or
      information receiving station and means for modulating a beam of light
      receivable at the control or information receiving station by intelligence
      bearing signals generated at the vehicle.
PAL  The beam of light receivable at the control station may be a laser beam or
      a light beam carried by an optically conductive fiber or fiber bundle.
PAL  Control signals may be transmitted to the vehicle by a modulated laser beam
      or a fiber-carried beam or by radio frequency signals.
BSUM
PAR  The invention relates to remotely controlled vehicles for the surveillance
      of and/or action on objects spaced from the point of control.
PAR  Remotely piloted vehicles require two way communication between the vehicle
      and the control station. Relatively small band width capability is
      required from control station to the vehicle for purposes of control
      commands. Relatively large band width capability is required from the
      vehicle to the control station (i.e., video signals) to enable the
      controller to properly pilot the vehicle. The invention relates to vehicle
      systems made feasible by the use of unique optical communication systems.
PAR  The communication systems of the invention include a control station and
      means for modulating a beam of light receivable at the control station by
      intelligence bearing signals generated at the vehicle. The beam of light
      receivable at the control station may be a laser beam or a light beam
      carried by an optically conductive fiber or fiber bundle.
PAR  In one form of the invention the vehicle is associated in an assembly with
      a beam-modulating retroreflector receiving a laser beam from and returning
      informational signals to a control station. The control station may be
      land based or carried on a land vehicle, a boat, or an aircraft. The
      return beam from the retroreflector to the control station is modulated,
      for example, by means more fully described hereinafter, to impress thereon
      informational signals carrying intelligence picked up by sensing devices
      carried by the vehicle, such as a television camera which may have a
      variable direction field of view and which may be aimed by the control
      station operator, for example, by the head motion of the operator.
PAR  The retroreflector is mounted in association with the vehicle for
      separation therefrom in response to a signal from the control station and
      carrier means such as parachutes, floats, drone planes or the like, are
      provided to support the separated retroreflector in substantially the
      location and altitude at which it is separated. An extensible filament,
      such as an electroconductive wire or an optically conductive fiber,
      carried in a coil or other extensible mountings on the vehicle and perhaps
      also on the retroreflector, serves to maintain communication between the
      vehicle and the retroreflector after separation of the retroreflector from
      the vehicle.
PAR  The vehicle may carry explodable charges actuated on impact, by proximity
      or by remote control from the control station through the extensible
      filament. It may be propelled, for example, by one or more wing-mounted
      propellers driven by battery-actuated electric motors, or by jet nozzles
      supplied with a combustible gas stream or by other means of propulsion.
PAR  Modulation of the laser beam retroreflector is advantageously effected by
      means of the Stark effect, for example, by NH.sub.2 D modulation of the
      10.6 .mu. line of a CO.sub.2 laser as described by Johnston and Melville
      in an article entitled "Stark-Effect Modulation of a CO.sub.2 Laser by
      NH.sub.2 D" in Applied Physics Letters; Vol. 18, No. 12 (Dec. 1971) at
      pages 503-506.
DRWD
PAR  The invention will be further described with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a diagrammatic representation in side view of one form of remote
      controlled vehicle system embodying the principles of the invention;
PAR  FIG. 2 is a rear view of the vehicle system of FIG 1;
PAR  FIG. 3 is a diagrammatic representation in partial section of a Stark
      effect laser beam modulated retroreflector which may be used in the
      vehicle system of the invention;
PAR  FIGS. 4 and 5 are diagrammatic representations of two forms of filament
      pay-out guides which may be used in the vehicle system of the invention;
PAR  FIG. 6 is a diagrammatic representation of a modified form of the vehicle
      system of the invention; and
PAR  FIGS. 7 through 11 are schematic representations of further forms of the
      remote controlled vehicle systems of the invention.
DETD
PAR  In FIGS. 1 and 2, 1 is the main body of the vehicle carrying at its forward
      end a television camera 2 and propelled by wing-mounted propellers 3
      driven by battery-actuated electric motors (not shown) positioned in the
      wings. Mounted on the rear end of the vehicle are the retroreflector 4,
      shown in more detail in FIG. 3, and optical receiver 4', a container 5 for
      a parachute which is connected to retroreflector 4 and receiver 4', and a
      filament real 6, representative forms of which are shown in more detail in
      FIGS. 4 and 5.
PAR  The modulatable retroreflector shown by way of example in FIG. 3 comprises
      a corner cube 7, mounted in container 8, having a germanium window 9 and
      containing NH.sub.2 D gas. Modulating voltage is supplied from the
      television camera 2 of FIG. 1 or other sensing device through conductors
      10, 10' to electrodes 11, 11'.
PAR  In the filament payout reel of FIG. 4, filament 12 is paid out from the
      outside of coil 13 mounted on guide 14, while in the payout reel of FIG. 5
      the filament 12' is paid out from the inside of coil 13' mounted on guide
      14'. In either form a filament payout reel will be mounted on or in the
      vehicle body with the fixed end of the filament connected to the sensors
      and controls carried by the vehicle body. The payed out end may be
      connected to the retroreflector assembly either directly or through
      another filament payout reel mounted on the retroreflector assembly.
PAR  In the form of the invention shown in FIG. 6 at a late stage in the
      utilization thereof, a vehicle 15 carrying a sensing device 16 and
      wing-mounted propellers 17 as in FIGS. 1 and 2 is shown at or near its
      target area after separation from the carrier 18, shown as a drone plane,
      on which the retroreflector/optical receiver assembly 19, in the line of
      sight of laser beam 20 from control station 21, is mounted. Filament 22,
      connecting the retroreflector/optical receiver assembly 19 and the vehicle
      15, is paid out from reels 23 and 23' mounted respectively on carrier 18
      and vehicle 15 and provides communication from vehicle 15 to the control
      station via retroreflector/optical receiver assembly 19. Communication
      from the control station to the vehicle 15 is via the laser beam 20 which
      is received by retroreflector/optical receiver assembly 19 and thence
      relayed over filament 22 to vehicle 15.
PAR  In FIGS. 7 through 11, C.sub.1, C.sub.2, C.sub.3, C.sub.4 and C.sub.5
      represent control stations, V.sub.1, V.sub.2, V.sub.3, V.sub.4 and V.sub.5
      represent remote controlled vehicles, R.sub.1 and R.sub.2 represent
      separable retroreflector assemblies, R.sub.3 and R.sub.4 represent
      retroreflector assemblies fixed to the vehicles, RF indicates radio
      frequency signals, Las indicates laser beams and OF indicates light
      carrying filaments. Arrows indicate the direction of information flow.
PAR  In FIG. 7, a laser beam from control station C.sub.1 is modulated at
      retroreflector R.sub.1 to transmit intelligence data received from vehicle
      V.sub.1 via filament OF back to the control station which actuates
      retroreflector assembly R.sub.1 via the RF signal to transmit control
      signals to vehicle V.sub.1 via filament OF.
PAR  In FIG. 8, the control signals from control station C.sub.2 based on
      intelligence signals transmitted by filament OF to retroreflector R.sub.2
      and thence to the control station via the modulated laser beam, are sent
      directly to vehicle V.sub.2 as radio frequency signals.
PAR  In FIG. 9, the control signals from control station C.sub.3 based on
      intelligence signals from vehicle V.sub.3, transmitted by modulated
      retroreflected laser beam from R.sub.3, are transmitted to vehicle V.sub.3
      via the laser beam from the control station.
PAR  The system of FIG. 10 is similar to that of FIG. 9, except that the control
      signals based on the modulated retroreflected laser beam from R.sub.4 are
      sent from control station C.sub.4 as radio frequency signals.
PAR  In the system of FIG. 11, intelligence signals from vehicle V.sub.5 and
      control signals from station C.sub.5 are carried between the vehicle and
      the station by filament OF.
PAR  In all of these forms of the invention, the control station may be based on
      land, or carried on a land vehicle, a boat or an aircraft and the vehicles
      may be aircraft, land vehicles or boats.
PAR  It will be seen that the remote controlled vehicle systems of the invention
      are very useful for the observation and/or destruction of objects out of
      the line of sight of a control station because of an intervening ridge or
      when the objects are disposed in rough terrain or immersed in a water
      body, while avoiding detection of the control station, exposing minimal
      components to detection from the vicinity of the object or elsewhere.
PAR  By the use of a laser beam addressing a beam-modulatable retroreflector
      carried in the line of sight of the control station, as in the embodiments
      shown in FIGS. 6 and 9, radiation of radar or lower frequency radiation
      from the control station or from the retroreflector support may be
      eliminated. The laser control beam is detectable only in the direct line
      of sight between the control station and the retroreflector support and
      the filaments connecting the retroreflector and the observing and/or
      destruct vehicle are virtually undetectable because of their small aspect,
      nonrectilinear path and minimal energy radiation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A communication system for the remote control of a vehicle, control
      mechanism carried by the vehicle to be controlled, a control station,
      means for generating electromagnetic control signals at said control
      station, means for generating intelligence bearing signals at the vehicle,
      means for modulating a beam of light receivable at the control station by
      said intelligence bearing signals generated at the vehicle wherein the
      vehicle is controlled by electromagnetic signals imposed at the control
      station and wherein the modulating means comprises a retroreflector
      carried by the vehicle.
NUM  2.
PAR  2. A communication system as defined in claim 1 wherein the beam of light
      is a laser beam.
NUM  3.
PAR  3. A communication system as defined in claim 2 wherein the laser beam is
      generated at the control station.
NUM  4.
PAR  4. A communication system as defined in claim 1 wherein the retroreflector
      is separably associated with the vehicle.
NUM  5.
PAR  5. A communication system as defined in claim 1 including a laser beam
      generating means at the control station and the electromagnetic signals
      comprise signals imposed on said laser beam.
NUM  6.
PAR  6. A communication system as defined in claim 1 wherein the vehicle is
      controlled by radio frequency signals generated at the control station.
NUM  7.
PAR  7. A communication system as defined in claim 1 wherein the laser beam
      signals are modulated by the use of the Stark effect upon a gas-filled
      cell in the path of the beam to the retroreflector.
NUM  8.
PAR  8. A communication system as defined in claim 1 wherein the retroreflector
      is a corner cube retroreflector.
NUM  9.
PAR  9. A remotely piloted assembly as defined in claim 8 wherein the laser beam
      signals are modulated by the use of the Stark effect upon a gas-filled
      cell in the path of the beam to the retroreflector.
NUM  10.
PAR  10. A remotely piloted assembly including a vehicle, a beam-modulating
      retroreflector receiving laser-beam-carried control signals from a control
      station, means for releasably mounting the retroreflector to the vehicle
      and optical filament means connecting the vehicle and the retroreflector
      for transmitting signals between the vehicle and the control station.
NUM  11.
PAR  11. A communication system as defined in claim 10 wherein the beam of light
      is carried by said optical filament means.
NUM  12.
PAR  12. A remotely piloted assembly as defined in claim 10 wherein the laser
      beam signals are modulated by the use of the Stark effect upon a
      gas-filled cell in the path of the beam to the retroreflector.
NUM  13.
PAR  13. A remotely piloted assembly as defined in claim 10 including a
      parachute extendible to support the retroreflector.
NUM  14.
PAR  14. A remotely piloted assembly as defined in claim 10 wherein the
      retroreflector is mounted on a separate independently controllable carrier
      means.
NUM  15.
PAR  15. A remotely piloted assembly as defined in claim 10 wherein the filament
      means is an electroconductive wire.
NUM  16.
PAR  16. A remotely piloted assembly as defined in claim 10 wherein the filament
      means is an optically conductive fiber.
NUM  17.
PAR  17. A remotely piloted assembly as defined in claim 10 wherein the
      retroreflector is a corner cube retroreflector.
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PAL  In the telecommunication system using optical fibers, each terminal or
      repeater station comprises negative feedback via an optical channel, the
      output electroluminescent diode being coupled to the input photodiode by
      an optical fiber.
BSUM
PAR  It appears possible to replace conventioned telephone cables by bundles of
      glass fibers which act like microwave wave guides with regard to light
      rays. Usually the light rays are modulated. Unfortunately the fibers, like
      coaxial cables, cause considerable losses of light energy and repeater
      amplifiers are required for telecommunication purposes.
PAR  The amplifiers are connected to the output of a fiber. The optical signal
      is detected so as to extract the information in the form of an electric
      signal. The signal is amplified and modulates an electroluminescent
      transmitter.
PAR  It has been found that the transfer characteristic of electroluminescent
      diodes is not linear. In other words, the intensity of the transmitted
      beam is not a linear function of the amplitude of the electric signal, and
      this causes distortion. This is a disadvantage in repeater amplifiers and
      terminal stations adapted for transmission lines.
PAR  The invention relates to a repeater amplifier for an optical fiber cable
      wherein the aforementioned distortions are eliminated.
PAR  The repeater amplifier according to the invention comprises detection means
      for extracting the electrical signal to be amplified from the optical
      signal, and also comprises an electro-optical transducer for converting
      the electric signal into an amplified optical signal.
PAR  According to the invention a feedback loop is provided between the input of
      the detection means and the output delivering the amplified optical
      signal, the feedback loop comprising an optical-fibre.
DRWD
PAR  The invention will be more clearly understood from the following
      description with reference to the accompanying drawings in which:
PAR  FIG. 1 is a diagram of an optical transmission line;
PAR  FIG. 2 shows the characteristics of the light intensity of an
      electroluminescent diode;
PAR  FIG. 3 shows the circuit of a repeater amplifier according to the
      invention;
PAR  FIG. 4 shows an embodiment of the output of the repeater according to the
      invention;
PAR  FIG. 5 shows how the input diode of a receiver is assembled.
PAR  FIGS. 6 and 7 show variants of the device according to the invention.
DETD
PAR  The invention is based on the fact that an electroluminescent diode has
      light-intensity characteristics which are non-linear functions of the
      current flow.
PAR  FIG. 1 shows an optical transmission line comprising a transmitter 101 a
      receiver 103 and a repeater 102 interconnected by two bundles 104 of
      optical fibers. The repeater is adapted to compensate transmission losses.
      If it is desired not to use repeaters capable of directly amplifying the
      optical information carrying signal, the information in the optical signal
      has to be demodulated by using photodiodes and by using a conventional
      amplifier having its output connected to an electroluminescent diode and
      thus modulates the light radiation transmitted by the diode.
PAR  FIG. 2 gives curves showing the power of the transmitted radiation as a
      function of the current through the diode. A number of anomalies can be
      seen:
PAR  a. light radiation occurs only when the electric current through the diode
      reaches a certain threshold (marked A on the curve);
PAR  b. the light power curve is linear between two well-defined current values
      i.sub.1 and i.sub.2 (part B);
PAR  c. above i.sub.2, there is a tendency to saturation;
PAR  d. finally, a well-defined curve corresponds to each ambient temperature.
      The power decreases with temperature.
PAR  The result is a distortion in the modulation of the light power, since the
      gain or ratio of light power to current intensity is not constant even in
      the linear portion of the characteristics, since it depends on the ambient
      temperature.
PAR  Furthermore, the power of the transmitted light depends on the frequency of
      the input signal.
PAR  It is clear, therefore, that an amplifier, even if very linear, cannot give
      good results.
PAR  The invention provides a means of compensating the aforementioned
      distortions by using a feedback loop which will be described.
PAR  FIG. 3 shows a repeater comprising an amplifier 1 whose input is connected
      at one terminal of a photodiode 2 by means of a capacitor 40. The same
      terminal is connected to the positive pole of a high-voltage source via a
      resistance bridge 3, the other terminal of diode 2 being earthed. The
      diode is exposed to light radiation from the input optical fiber 104. The
      output of amplifier 1 is connected to the power supply of the output
      electroluminescent diode 6, via a capacitor 4 which, together with a
      resistor 5, forms a high-pass filter and eliminates any d.c. component at
      the amplifier output. The supply system comprises a regulated supply 7
      whose positive pole is connected, via two transistors 8 and 9 in cascade,
      and a resistance 43 to one terminal of diode 6, the other terminal being
      earthed. A resistance bridge 41-42 connects the regulated power supply to
      the ground.
PAR  Diode 6 illuminates the input of the output optical fiber 104, and also
      illuminates an optical fiber 11 connected to the input fiber in front of
      photodiode 2.
PAR  The assembly operates as follows:
PAR  When no modulation is applied to diode 6, the diode is directly biassed and
      emits light radiation which is transmitted by the output optical fiber.
PAR  Let E.sub.o be the input signal detected by the photodiode applied to the
      input of amplifier 1; the signal is e.g. an amplitude-modulated carrier
      wave having a frequency f.
PAR  Let E.sub.s be the corresponding output carrier wave. Any information
      .DELTA. E.sub.e is shown by an increase or decrease in the amplitude of
      the carrier wave. Let G be the amplifier gain and .beta. be the negative
      feedback rate due to the loop 11.
PAR  The output carrier wave E.sub.s will undergo a variation in amplitude
      .DELTA. E.sub.s so that:
EQU  (.DELTA. E.sub.i + .beta. E.sub.s) G = .DELTA. E.sub.s
PAL  by equating the amplitude variation .DELTA. E.sub.s of the carrier wave
      E.sub.s with the amplitude variation of the input carrier wave multiplied
      by the amplifier gain.
PAR  This amplitude variation is equal to .DELTA. E.sub.1 + .beta. .DELTA.
      E.sub.s, since the fraction of the output signal is fed back to the input.
      Consequently, we have:
      ##EQU1##
PAR  Consequently, .DELTA. E.sub.s is proportional to .DELTA. E.sub.e and these
      two values have opposite signs.
PAR  The assembly can be used as a unit for the input terminal station, the
      repeaters and the output terminal station, since the amplifier 1 of the
      transmitter station can directly receive the carrier wave and deliver its
      modulation to the optical channel.
PAR  As shown in FIG. 3, the amplifier can be used as a repeater and receiver
      the signal via the optical channel and deliver the amplified signal to the
      optical channel. Similarly, it can be used as the output terminal station
      and deliver the carrier wave to an electric channel.
PAR  FIG. 4 shows an embodiment of the output of a repeater according to the
      invention.
PAR  The output comprises the diode 6. The diode, made of gallium arsenide, is
      mounted on a metal holder 10 having a terminal 15 connected to earth and a
      terminal 16 connected to a power source 7. The metal holder has wires 13,
      14 for securing the output fiber 104 and the negative feedback fiber 11.
      These fibers have diameter e.g. of the order of 10 to 30 microns.
PAR  FIG. 5 shows the input photo-diode of the repeater. Photo-diode 2 rests on
      a substrate 20 similar to substrate 10, being separated therefrom by a
      layer of aluminium 21. Diode 2 comprises a layer of silicon made up of two
      parts which are doped so as to have opposite types of conductivity and
      form a junction. The diode is covered with a layer of gold 22 and exposed
      to radiation from input fiber 10 and negative feedback fiber 12.
PAR  The negative feedback ratio is determined by the position of a diaphragm 23
      which obturated fiber 12 to an extent which varies with its position,
      which can be adjusted by means of a rod 24 sliding in a holder 25.
PAR  Other devices can be used without departing from the invention.
PAR  The example in FIG. 6 shows a transmitter which is identical with that in
      FIG. 1. The electroluminescent diode 61 of transmitter 101 is not coupled
      to a negative feedback fiber. Instead, diode 62 of the terminal receiver
      is connected by line 11 to diode 21 of transmitter 101, thus dispensing
      with a negative feedback line. This system is applicable in certain cases
      only.
PAR  Let L be the distance between 101 and 102. The propagation time in both
      directions of the signal is t=2 L/c n, c being the velocity of light and n
      being the fiber index. This time should be small compared with the period
      l/f of the carrier wave and we should have:
      ##EQU2##
PAR  At a spacing of 1 km, the maximum frequency should be much less than
      10.sup.5 Hz = 100 kHz.
PAR  FIG. 7 shows an example wherein the optical negative feedback is produced
      by direct radiation from diode 6 to diode 2.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An optical fiber telecommunication system comprising a transmitting
      station, at least one repeating station, and a receiving station, optical
      fibers for interconnecting said stations and propagating light energy
      carrying an electric signal respectively transmitted, repeated and
      received by said stations; each repeating station having an input, a
      photodiode connected to said electric input for detecting said signal, an
      amplifier having an input connected to said photodiode for amplifying said
      electric signal and an output, an electroluminescent diode connected to
      said amplifier output for transmitting amplified light energy modulated by
      said electric signal, and optical fiber means coupled to said
      electroluminescent diode for taking a portion of said amplified light
      energy and for transmitting said portion backward to said input photodiode
      of one of said repeating stations disposed between said receiving station
      and said transmitting station.
NUM  2.
PAR  2. A system according to claim 1 further comprising means connected to said
      electroluminescent diode for adjusting said portion of said amplified
      light energy.
PATN
WKU  039433595
SRC  5
APN  480242&
APT  1
ART  256
APD  19740617
TTL  Apparatus for relatively positioning a plurality of objects by the use
      of a scanning optoelectric microscope
ISD  19760309
NCL  10
ECL  1
EXA  La Roche; E. R.
EXP  Borchelt; Archie R.
NDR  5
NFG  12
INVT
NAM  Matsumoto; Yoshio
CTY  Yokohama
CNT  JA
INVT
NAM  Okamoto; Keiichi
CTY  Yokohama
CNT  JA
ASSG
NAM  Hitachi, Ltd.
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730615
APN  48-66880
PRIR
CNT  JA
APD  19730615
APN  48-66881
CLAS
OCL  250201
XCL  250237R
XCL  318640
XCL  356152
EDF  2
ICL  G01J  120
FSC  250
FSS  201;237;578
FSC  356
FSS  138;139;152;172
FSC  318
FSS  640
UREF
PNO  3683195
ISD  19720800
NAM  Johannsmeier
XCL  250237
UREF
PNO  3739247
ISD  19730600
NAM  Yamaguchi et al.
XCL  250200
UREF
PNO  3744914
ISD  19730700
NAM  Gonda
XCL  250233
UREF
PNO  3796497
ISD  19740300
NAM  Mathisen et al.
OCL  356152
UREF
PNO  3809987
ISD  19740500
NAM  Suhr et al.
XCL  250201
LREP
FRM  Craig & Antonelli
ABST
PAL  A positioning apparatus comprising marks for position detection which are
      respectively formed on a plurality of objects, means to cause optical
      images of the position detecting marks from the respective objects to
      reach a scanning mechanism, the scanning mechanism scanning the optical
      images at the same time, a plurality of detectors, each of which consists
      of a slit and a photoelectric element, the slits being arranged on an
      identical optical axis so that the optical images of the position
      detecting marks of the respective objects as scanned by the scanning
      mechanism may be detected respectively and individually, and a driving
      device which moves one of the plurality of objects on the basis of signals
      from the detectors, to effect the relative positioning of the plurality of
      objects.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an apparatus for relatively positioning a
      plurality of objects, for example, minute precision components such as
      semiconductor elements, by the use of a scanning optoelectric microscope.
PAR  2. Description of the Prior Art
PAR  A prior art optoelectric microscope has been constructed so that a division
      of an object to be measured is positioned to a reference slit or the
      center of oscillation of a slit provided within the microscope. With
      reference to FIG. 1, description will be made of the prior art
      optoelectric microscope with which the division of an object to be
      measured is positioned to the center of oscillation of the slit provided
      within the microscope. Numeral 1 designates a stand for an object to be
      measured, 2 the object to be measured, 3 a mark for the position detection
      as provided on the object to be measured, 4 an objective lens, 5 a source
      of light, and 6 a half mirror. A slit plate 7 is mounted on a vibrator 9,
      and is provided with a slit 8 at one end. Shown at 10 is a photoelectric
      element, which detects a reflected light image from the object to be
      measured 2 through the medium of the slit 8 and which outputs the detected
      image in the form of an electric signal. An amplifier circuit 11 amplifies
      the signal from the photoelectric element 10, and delivers its output
      signal to a phase detection circuit 13. Numeral 12 indicates a reference
      signal generator, which outputs a reference signal to the phase detection
      circuit 13 and the vibrator 9. The phase detection circuit 13 outputs to a
      motor driver circuit 14 a signal of the phase difference between the
      signal from the amplifier circuit 11 and the signal from the reference
      signal generator 12. A driving motor 15 moves the stand 1 for the object
      to be measured. The amount of drive of the motor 15 is controlled on the
      basis of an output signal from the motor driver circuit 14.
PAR  With the foregoing construction, light given out by the light source 5
      impinges upon the position detecting mark 3 on the object to be measured
      2, and is turned into reflected light on the position detecting mark 3.
      The reflected light leads to the slit 8 through the objective lens 4 and
      the half mirror 6. The vibrator 9 vibrates the slit plate 7 in synchronism
      with the reference signal from the reference signal generator 12. A change
      in the quantity of light of a light flux passing through the slit 8
      provided in the slit plate 7 is detected by the photoelectric element 10,
      and is converted into the electric signal. The detection signal converted
      into the electric signal is transmitted via the amplifier circuit 11 to
      the phase detection circuit 13, and is phase detected therein by the
      reference signal from the reference signal generator 12. At this time,
      where the position detecting mark 3 deviates from the center of
      oscillation of the slit 8, a D.C. signal is outputted from the phase
      detection circuit 13. It drives the stand 1 for the object to be measured
      via the motor driver circuit 14 and by the driving motor 15, so as to
      adjust the position detecting mark 3 to the center of oscillation of the
      slit 8.
PAR  In the case of performing the relative positioning of a plurality of
      objects by the use of the optoelectric microscope, the centers of
      oscillations of a plurality of slits provided within the optoelectric
      microscope are made references, and the position detecting marks on the
      respective objects are separately adjusted thereto. Therefore, the
      positioning accuracy lowers. A further disadvantage is that since a
      plurality of detecting systems and driving systems are required for each
      positioning in one direction, the apparatus becomes complicated.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an apparatus in which accurate
      positioning of a plurality of objects can be carried out.
PAR  It is another object of this invention to provide an apparatus having
      rather simple mechanisms.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be explained in detail hereinbelow with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a diagram showing the construction of a prior art positioning
      apparatus in which a division of an object to be measured is positioned to
      the center of oscillation of a slit;
PAR  FIG. 2 is a diagram showing the relations for use in the present invention
      between slits and position detecting marks respectively formed on a
      plurality of objects;
PAR  FIG. 3 is a diagram showing the relations for use in the present invention
      between position detecting marks and slits as are different in form from
      FIG. 2; FIG. 4 is a diagram showing the relations according to the present
      invention between position detecting marks and slits as enable positioning
      in directions of two dimensions;
PAR  FIG. 5 is a constructional diagram of an apparatus for relatively
      positioning a plurality of objects by the use of a scanning optoelectric
      microscope, the apparatus being an embodiment of the present invention;
PAR  FIGS. 6A to 6D are diagrams showing the waveforms of signals outputted from
      various circuits of the apparatus in FIG. 5;
PAR  FIG. 7 is a diagram showing a modification of the circuit arrangement of
      the apparatus in FIG. 5;
PAR  FIG. 8 is a constructional diagram showing an embodiment of an apparatus
      according to the present invention for relatively positioning a plurality
      of objects in two dimensions by the use of a scanning optoelectric
      microscope; and
PAR  FIG. 9 is a block diagram of circuits employed in the relative positioning
      apparatus in FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 2, description will be first made of position detecting
      marks formed on a plurality of objects as constitute the basic principle
      of the present invention and the relations of relative positions between
      the position detecting marks and slits confining the regions of optical
      images. Symbol 16a indicates a transparent object on one side to be
      positioned relatively, which object is formed with an opaque lineal mark
      17a. Symbol 18a denotes an object on the other side for executing the
      relative positioning under the state under which it is placed on the
      object 16a. The object 18a is formed with a lineal mark 19a which differs
      in brightness from the surrounding part thereof, and which is arranged
      substantially in parallel with the lineal mark 17a. Slits 20 and 21 are
      provided on an identical optical axis 22 of a single optical system within
      a scanning microscope, and are arranged in the relations of positions
      respectively corresponding to the lineal mark 17a on the object 16a and
      the lineal mark 19a on the object 18a. Lying on the identical optical axis
      22, they are scanned in the direction of arrows at the same time.
      Reflected light rays (optical images) from the objects having such
      position detection marks 17a and 19a proceed via the scanning microscope
      constructed of the single optical system, and pass through the slits 20
      and 21 provided on the identical optical axis 22a. They are individually
      detected by means of photoelectric elements independent of each other. One
      of the two objects 16a and 18a is moved so that electric signals for the
      respective lineal marks 17a and 19a detected may coincide with each other
      in time. Thus, the relative positioning of the two objects is executed.
PAR  As will be stated hereunder, there is another form of position detecting
      marks. As illustrated in FIG. 3, an object on one side 16b has a half
      surface made transparent and the other half surface made opaque. The
      opaque half surface is provided with a lineal mark 17b. At the
      positioning, the object 18a for the relative positioning is placed on the
      object 16b, and the slits 20 and 21 lying on the identical optical axis 22
      are simultaneously scanned in the direction of arrows. By thus detecting
      the respective lineal marks 17b and 19a, the relative positioning of both
      the objects 16b and 18a is carried out. Herein, since the opaque area
      exists in the object on one side 16b, it is avoided that one slit 20
      detects also the lineal mark 19a of the object on the other side 18a. This
      brings about the merit that the allowable ranges in which both the objects
      16b and 18a are positioned beforehand are expanded.
PAR  With reference to FIGS. 5 and 6, there will be described a case where an
      embodiment of the relative positioning of a plurality of objects according
      to the present invention is applied to the mask alignment of a
      semiconductor integrated circuit.
PAR  As shown in FIG. 5, a semiconductor wafer 24 which is formed with a lineal
      mark 19a of a brightness different from that of the surroundings is placed
      on a wafer carriage 25 in order to be positioned. The wafer carriage 25 is
      provided so as to be slidable on a foundation bed 26, and is slid in one
      direction by a driving motor 27. On the other hand, a mask (a photographic
      plate for photoresist) 23, which has a predetermined part made opaque and
      which is formed with a transparent lineal mark 17b in the opaque area, is
      placed on a supporting base (not shown) secured to the foundation bed 26.
PAR  As means to scan optical images of the lineal marks 17b and 19a, a scanning
      microscope is included. The scanning microscope is composed of an
      objective lens 28, a source of light 29, a half mirror 30, a parallel
      prism 31, and a motor 32 for rotating and driving the parallel prism 31.
      Further, means to detect the scanned optical images is included, and it is
      composed of a half mirror 33, a slit 20 provided in a slit plate 34, a
      slit 21 provided in a slit plate 35, a photoelectric element 36 for
      detecting the optical image having passed through the slit 20, and a
      photoelectric element 37 for detecting the optical image having passed
      through the slit 21. The slits 20 and 21 are arranged so as to lie on an
      identical optical axis (at 22 in FIG. 3).
PAR  A circuitry which, on the basis of signals from the device for detecting
      the optical images, drives the driving motor 27 for sliding the wafer
      carriage 25 is composed of phase delay circuits 38 and 39, differential
      amplifier circuits 40 and 41, zero intersection detector circuits 42 and
      43, a coincidence circuit 44, and a driver circuit 45.
PAR  With the foregoing construction, light given out by the light source 29
      impinges on the mask 23 and the wafer 24 through the half mirror 30 and
      the objective lens 28. The impinging light passes through the transparent
      area of the mask 23, gets onto the wafer 24 and is turned into reflected
      light on the wafer 24. Thus, the reflected light fluxes from the lineal
      mark 17b of the mask 23 and from the lineal mark 19a on the wafer 24
      arrive at the parallel prism 31 through the objective lens 28 and the half
      mirror 30. At this time, the parallel prism 31 being rotated at a fixed
      speed by the motor 32 moves the light fluxes in parallel. The light fluxes
      moved in parallel are split into two beams by the half mirror 33. The
      beams pass through the respective slits 20 and 21, and get to the
      respective photoelectric elements 36 and 37. That is, in the beams split
      by the half mirror 33, the optical image of the lineal mark 17b of the
      mask 23 is singly passed through the slit 20 and detected by the
      photoelectric element 36, while the optical image of the lineal mark 19a
      on the wafer 24 is singly passed through the slit 21 and detected by the
      photoelectric element 37. When scanned, both the optical images change in
      the quantities of light passing through the respective slits 20 and 21.
      The optical images can be detected by the photoelectric elements 36 and
      37. An output waveform from the photoelectric element 36 of the elements
      36 and 37 is represented by a signal 46 shown in FIG. 6A. The phase delay
      circuit 38 bestows a suitable phase delay on the signal 46, and outputs a
      signal 47 shown in FIG. 6B. The differential amplifier circuit 40
      amplifies the difference between the signals 46 and 47, and outputs a
      signal 48 shown in FIG. 6C. The zero intersection detector circuit 42
      switches the signal 48 at an intersection point E.sub.0 of zero voltage,
      and outputs a needle-shaped pulse signal 49 shown in FIG. 6D.
PAR  Likewise, since a signal 55 detected from the photoelectric element 37 in
      correspondence with the lineal mark 19a is a signal reverse to the signal
      46 detected from the photoelectric element 36, it is inverted by an
      inverter circuit 50 to thus obtain a signal 51 having the same waveform as
      the output signal 46 shown in FIG. 6A. The phase delay circuit 39 delays
      the phase on the basis of the signal 51, and outputs a signal 52 of the
      waveform shown in FIG. 6B. The differential amplifier circuit 41 subjects
      the output signals 51 and 52 to the differential amplification, and
      outputs a signal 53 of the waveform shown in FIG. 6C. The zero
      intersection detector circuit 43 switches the signal 53 at the
      intersection point E.sub.0 of zero voltage, and outputs a needle-shaped
      pulse signal 54 shown in FIG. 6D. Both the pulse signals 49 and 54 are fed
      to the coincidence circuit 44. When they deviate in time from each other,
      a "1" signal being positive or negative is outputted from the coincidence
      circuit 44, while when they are coincident in time with each other, a "0"
      signal is outputted. On the basis of the positive or negative "1" signal
      from the coincidence circuit 44, the driver circuit 45 determines the
      rotational direction of the driving motor 27 and rotates it. When the
      output from the coincidence circuit 44 becomes the "0" signal, the driver
      circuit stops the rotation of the driving motor. Thus, the wafer carriage
      25 moves by a desired amount, and the lineal mark 19a on the wafer 24 is
      aligned with reference to the lineal mark 17b of the stationary mask 23.
PAR  Besides the circuit arrangement stated above, a circuit arrangement shown
      in FIG. 7 may be used. In the figure, numerals 56 and 57 indicate
      amplifier circuits which amplify the signals 46 and 55 from the respective
      photoelectric elements 36 and 37. Numeral 58 designates a circuit which
      inverts a signal from the amplifier circuit 57. Shown at 59 and 60 are
      peak detector circuits, which detect the peak values of a signal 61 from
      the amplifier circuit 56 and a signal 62 from the inverter circuit 58 and
      transmit the needleshaped pulse signals 49 and 54, respectively. The other
      parts of the circuit arrangement are the same as those shown in FIG. 5.
      With this measure, at the time when the lineal marks 17b and 19a are
      optically scanned and coincide with the centers of the slits 20 and 21 (on
      the optical axis 22), the needle-shaped pulse signals 49 and 54 are
      transmitted from the peak detector circuits 59 and 60, respectively. The
      needle-shaped pulse signals 49 and 54 are compared in time in the
      coincidence circuit 44, and the wafer carriage 25 with the wafer 24 placed
      thereon is moved until they coincide in time. As the result, the lineal
      mark 19a on the wafer 24 and the lineal mark 17b of the mask 23 are
      positioned on a straight line and aligned.
PAR  Although, in the foregoing embodiments, the slit plates 34 and 35 are
      arranged in two directions by the use of the half-mirror 33, this is not
      restrictive. The slit plates 34 and 35 may be arranged in close proximity
      on an identical plane if such arrangement is allowable in point of
      dimensions. Although the lineal mark 19a on the wafer 24 has been
      described as being formed of the dark portion, it is not restricted only
      to the dark portion. A bright portion is also possible if it differs in
      brightness from the surroundings.
PAR  While, in the foregoing embodiments, description has been made of the
      relative positioning in one direction, the actual positioning requires
      positionings in two axial directions and rotational directions. An
      embodiment in which the present invention is applied to the positioning in
      the two-dimensional directions will be explained hereunder with reference
      to the drawing. FIG. 4 is a diagram which illustrates the positional
      relations among position detecting marks formed on an object 70, position
      detecting marks formed on an object 71, and slits provided on identical
      optical axes in order to detect optical images of the respective position
      detecting marks. The flat object 70 and the flat object 71 to be
      positioned are superposed, and a portion A and a portion B are arranged at
      a suitable distance at both ends of the respective objects 70 and 71. At a
      part of the portion A of the object 70, there is formed an opaque portion
      72, which is formed with transparent lineal marks 73 and 74 in X- and
      Y-directions orthogonal to each other. Further, in the portion A of the
      other object 71 superposed on the object 70 and for executing the relative
      positioning, lineal marks 75 and 76 differing in brightness from their
      surrounding parts are formed in the X- and Y-directions orthogonal to each
      other. Slits 77 and 78 for independently and separately detecting the
      lineal marks 73 and 75, respectively, are provided on an identical optical
      axis 79 (identical straight line) in the X-direction. Slits 80 and 81 for
      independently and separately detecting the lineal marks 74 and 76,
      respectively, are provided on an identical optical axis 82 (identical
      straight line) in the Y-direction. On the other hand, at a part of the
      portion B of the object 70, an opaque portion 83 is formed, in which a
      transparent lineal mark 84 is formed in the X-direction. Further, in the
      portion B of the other object 71 superposed on the object 70, a lineal
      mark 85 differing in brightness from its surrounding part is formed in the
      X-direction. Slits 86 and 87 for independently and separately detecting
      the lineal marks 84 and 85, respectively, are provided on the same optical
      axis 79 (identical straight line) as that of the slits 77 and 78.
PAR  With the foregoing construction, the object 70 is previously placed on a
      stationary frame (not shown) having a certain relation with a microscope
      so that a straight line coupling the lineal marks 73 and 84 formed on the
      object 70 may become substantially parallel to the optical axis 79
      (straight line) of the slits 77 and 86 provided within the microscope and
      that it may be positioned substantially at the center of the scanning
      ranges of the slits 77 and 86. Since the previous positioning is not
      strict, a reference end face 88 of the object 70 may be mechanically
      brought into coincidence with a reference face of the stationary frame
      (not shown) disposed in predetermined relations with the slits 77 and 86.
      Subsequently, the object 71 is arranged under the object 70, and the slits
      77, 78, 86, and 87 are scanned in the Y-direction at the same time. At
      this time, the quantities of light passing through the slits 77 and 78 are
      detected by means of photoelectric elements and pulse shaping circuits
      connected thereto, so that the positional deviation between the lineal
      marks 73 and 75 is detected in the form of a period of time .+-. Ta
      between respective pulse signals outputted from the pulse shaping
      circuits. Simultaneously therewith, the quantities of light passing
      through the slits 86 and 87 are detected by means of photoelectric
      elements and pulse shaping circuits connected thereto, so that the
      positional deviation between the lineal marks 84 and 85 is detected in the
      form of a period of time .+-. Tb between respective pulse signals
      outputted from the pulse shaping circuits. Until the periods of time .+-.
      Ta and .+-. Tb become coincident also in sign, the object 71 is rotated.
      Thereafter, until the period of time .+-. Ta or .+-. Tb becomes zero, the
      object 71 is moved in the Y-direction. Subsequently, the slits 80 and 81
      are scanned in the X-direction, and the positional deviation between the
      lineal marks 74 and 76 is detected by means of photoelectric elements
      located behind the slits 80 and 81 and pulse signal generator circuits
      connected to the photoelectric elements. Until the period of time between
      respective pulse signals outputted from the pulse signal generator
      circuits becomes zero, that is, until the respective pulse signals become
      coincident in time, the object 71 is moved in the X-direction. Thus, the
      relative positionings between the objects 70 and 71 in the X-direction,
      the Y-direction and the rotational direction are completed.
PAR  Referring to FIGS. 8 and 9, description will be made of an embodiment of a
      positioning apparatus in the case where the two-dimensional relative
      positioning according to the present invention is applied to a mask
      alignment in the manufacture of semiconductor elements. A wafer 71 is
      formed with lineal marks 75, 76, and 85 different brightness from their
      surrounding parts in the positional relations illustrated in FIG. 4.
      Further, the wafer 71 is placed on a rotatable supporting base 154. A
      toothed wheel is  provided at the periphery of the supporting base 154. A
      gearing 155 which consists of the toothed wheel and a worm meshing
      therewith is coupled with a driving device 156. The supporting base 154
      includes parts of a positioning device 157. The positioning device 157 is
      further provided with tables 158 nd 159 which are slidable in a manner to
      cross each other. The tables 158 and 159 are slid in the X- and
      Y-directions by driving devices 160 and 161, respectively. The positioning
      device 157 is mounted on a bed 162. A stationary frame (not shown)
      attached to the bed 162 has both ends of a mask 70 placed thereon, and it
      is provided with a reference face (not shown) for mechanically placing the
      mask 70 at a predetermined position. The mask 70 is formed with
      transparent lineal marks 73, 74, and 84 in an opaque portion in the
      positional relations illustrated in FIG. 4. An optical device 167 for
      detecting the lineal marks is mounted on the bed 162. The optical device
      167 is divided into the first optical system 168 for detecting the optical
      image of the portion A formed of the lineal marks 75, 76, 73 and 74, and
      the second optical system 169 for detecting the optical image of the
      portion B formed of the lineal marks 85 and 84. The first optical system
      168 includes a light source 90 as well as a half mirror 91 for
      illuminating the portion A, and a collimator lens 93 for causing a
      reflecting image from the portion A to reach a half mirror 92. The half
      mirror 92 transmits and reflects the optical image of the portion A along
      optical paths 94 and 95 as the first and second optical images,
      respectively. Arranged within the optical path 94 of the first optical
      image is an image rotating prism 96. The first optical image passing
      through the image rotating prism 96 is rotated by 90 degrees within a
      plane normal to the optical axis. The first optical image rotated arrives
      through reflectors 97 and 98 at a parallel prism 99 being a scanning
      mechanism. On the other side, the parallel prism 99 receives the second
      optical image, not rotated, through a reflector 100 provided in the
      optical path 95. Further, light given out from a light source 101 is
      caused to impinge on the portion B by a half mirror 102 and the third
      optical image reflected from the portion B gets to a reflector 104 owing
      to a collimator lens 103. The third optical image is rotated by 90 degrees
      within a plane normal to the optical axis by means of an image rotating
      prism 105, and reaches the parallel prism 99. The parallel prism 99 is a
      columnar prism having several pairs of opposing parallel planes, and is
      rotated at a predetermined speed about an axis 107 by a motor 106. The
      first, second and third optical images having reached the surface of the
      parallel prism 99 permeate through the interior of the parallel prism 99,
      are focused by oculars 108, 109 and 110, and scan on the planes of
      scanning plates 111, 112 and 113, respectively. The scanning plate 111 is
      provided with slits 114 and 115 which are perforated on a straight line
      likewise to the slits 77 and 78 in the positional relation illustrated in
      FIG. 4. Photoelectric elements 116 and 117 are provided behind the slits
      114 and 115, respectively. The scanning plate 112 is provided with slits
      118 and 119 which are perforated on a straight line likewise to the slits
      80 and 81 in the positional relation illustrated in FIG. 4. Photoelectric
      elements 120 and 121 are provided behind the slits 118 and 119,
      respectively. In the scanning plate 113, slits 122 and 123 which have the
      same optical axis as that of the slits 114 and 115 (this means that the
      slits are arranged on an identical axis optically) and which are
      perforated on a straight line are provided likewise to the slits 86 and 87
      in the positional relation illustrated in FIG. 4. Photoelectric elements
      124 and 125 are provided behind the slits 122 and 123, respectively. Thus,
      in the first optical image having scanned on the scanning plate 111, the
      optical image of the lineal mark 75 on the wafer 71 passes through the
      slit 114 and is detected by the photoelectric element 116, to produce an
      electric signal S.sub.WAY. In the first optical image, the optical image
      of the lineal mark 73 of the mask 70 passes through the slit 115 and is
      detected by the photoelectric element 117, to produce an electric signal
      S.sub.MAY. Similarly, in the second optical image having scanned on the
      scanning plate 112, the optical image of the lineal mark 76 on the wafer
      71 passes through the slit 118 and is detected by the photoelectric
      element 120, to produce an electric signal S.sub.WAX. In the second
      optical image, the optical image of the lineal mark 74 of the mask 70
      passes through the slit 119 and is detected by the photoelectric element
      121, to produce an electric signal S.sub.MAX. Further, in the third
      optical image having scanned on the scanning plate 113, the optical image
      of the lineal mark 85 on the wafer 71 passes through the slit 122 and is
      detected by the photoelectric element 124, to produce an electric signal
      S.sub.WBY. In the third optical image, the optical image of the lineal
      mark 84 of the mask 70 passes through the slit 123 and is detected by the
      photoelectric element 125, to produce an electric signal S.sub.MBY.
PAR  The electric signal S.sub.WAY outputted from the photoelectric element 116
      is converted by a pulse shaping circuit 126 into a needle-shaped pulse
      signal 141 corresponding to the lineal mark 75, and the pulse signal is
      inputted to a time memory circuit 132 and a coincidence circuit 135. The
      electric signal S.sub.MAY outputted from the photoelectric element 117 is
      coverted by a pulse shaping circuit 127 into a needle-shaped pulse signal
      142 corresponding to the lineal mark 73, and the pulse signal is inputted
      in the time memory circuit 132 and the coincidence circuit 135. Likewise,
      the electric signal S.sub.MBY outputted from the photoelectric element 125
      is converted by a pulse shaping circuit 128 into a needle-shaped pulse
      signal 143 corresponding to the lineal mark 84, and the pulse signal is
      inputted to a time memory circuit 133 and a coincidence circuit 136. The
      electric signal S.sub.WBY outputted from the photoelectric element 124 is
      converted by a pulse shaping circuit 129 into a needle-shaped pulse signal
      144 corresponding to the lineal mark 85, and the pulse signal is inputted
      to the time memory circuit 133 and the coincidence circuit 136. Thus, the
      time memory circuit 132 sequentially records the period .+-. Ta from the
      time at which the pulse signal 142 is outputted to the time at which the
      pulse signal 141 is outputted, with reference to the pulse signal 142.
      Similarly, the time memory circuit 133 sequentially records the period
      .+-. Tb from the time at which the pulse signal 143 is outputted to the
      time at which the pulse signal 144 is outputted, with reference to the
      pulse signal 143. A time comparator circuit 134 sequentially makes
      comparisons between the period of time .+-. Ta sequentially outputted from
      the time memory circuit 132 and the period of time .+-. Tb sequentially
      outputted from the time memory circuit 133. Until the periods of time
      become coincident in both the magnitude and the sign, the comparator
      circuit 134 holds a driver 139 operative to feed a control signal
      C'.theta. to the driving device 156. The supporting base 154 is
      accordingly kept rotating, to effect the parallelling between the lineal
      marks 73, 84 of the mask 70 and the lineal marks 75, 85 of the wafer 71
      with reference to the lineal marks 73, 84 of the mask 70.
PAR  Until the pulse the pulse 141 from the pulse shaping circuit 126 and the
      pulse signal 142 from the pulse shaping circuit 127 become coincident in
      time, the coincidence circuit 135 holds a driver 138 operative to feed a
      control signal C'.sub.Y to the driving device 161 and to move the table
      159 in the Y-direction. Thus, the relative positioning in the Y-direction
      between the mask 70 and the wafer 71 is completed. At this time, if the
      pulse signals 143 and 144 inputted to the coincidence circuit 136 are not
      coincident in time, the coincidence circuit 136 will output an alarm
      signal R to readjust the optical system or electric system of the
      positioning apparatus.
PAR  Further, the electric signal S.sub.WAX outputted from the photoelectric
      element 120 is converted by a pulse shaping circuit 130 into a
      needle-shaped pulse signal 145 corresponding to the lineal mark 76, which
      is inputted to a coincidence circuit 137. The electric signal S.sub.MAX
      outputted from the photoelectric element 121 is converted by a pulse
      shaping circuit 131 into a needle-shaped pulse signal 146 corresponding to
      the lineal mark 74, which is inputted to the coincidence circuit 137.
      Until the pulse signals 145 and 146 become coincident, the coincidence
      circuit 137 holds a driver 140 operative to feed a control signal C'.sub.X
      to the driving device 160 and to move the table 158 in the X-direction.
      Thus, the relative positioning in the X-direction between the mask 70 and
      the wafer 71 is completed. In this way, the alignment between the mask 70
      and the wafer 71 is fully completed.
PAR  As explained above, according to the present invention, the relative
      positioning apparatus is provided with marks for position detection which
      are respectively formed on a plurality of objects, slits which are the
      same number as that of the position detecting marks and which are provided
      on an identical optical axis of a single optical system, photoelectric
      elements which are respectively provided behind the slits and which detect
      optical images of the position detecting marks, respectively, converter
      circuits which convert signals from the photoelectric elements into pulse
      signals corresponding to the respective position detecting marks, and
      driving means to keep moving one of the plurality of objects until the
      signals from the respective converter circuits become coincident, so that
      the relative positioning accuracy of a plurality of objects is remarkably
      enhanced in comparison with that of the prior art apparatus. Furthermore,
      according to the present invention, a device for generating a reference
      signal for positioning the objects need not be provided within a scanning
      optoelectric microscope, so that the apparatus of the present invention
      for relatively positioning a plurality of objects by the use of a scanning
      optoelectric microscope can be made simple in construction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for relatively positioning two objects each having marks
      for position detection formed thereon at least at two spaced regions of
      the respective objects, comprising optical means for detecting said marks
      on said objects including at least first and second optical system means
      for dividing a reflecting optical image from said marks into first,
      second, and third optical images, a parallel prism for scanning and
      permeating said first, second, and third optical images, scanning plates
      each having a pair of slits therein and being arranged behind said
      parallel prism on a respective optical axis of said optical means to
      intercept a respective one of said optical images, photoelectric detecting
      means positioned behind each of said scanning plates to detect said
      optical images of said position detection marks, respectively, converter
      means for converting the output of said photoelectric detecting means into
      pulse signals, driving means for moving one of said objects, and
      coincidence means for operating said driving means until the signals from
      said converter means become coincident.
NUM  2.
PAR  2. An apparatus as defined in claim 1, wherein said optical means includes
      at least one light source and means for directing light from said light
      source to said position detecting marks on said objects.
NUM  3.
PAR  3. An apparatus as defined in claim 2, wherein said scanning plates are
      positioned so that the pair of slits therein each scan a corresponding
      position detection mark on the pair of objects.
NUM  4.
PAR  4. An apparatus as defined in claim 3, wherein one of said objects is
      disposed to cover at least a portion of the other object, the one object
      being opaque in the area of the position detection marks thereon which are
      provided as transparent areas.
NUM  5.
PAR  5. An apparatus as defined in claim 4, wherein said objects each are
      provided with two lineal orthogonally disposed position detection marks in
      a first corresponding area and at least one lineal position detection mark
      in a second corresponding area.
NUM  6.
PAR  6. An apparatus as defined in claim 5, wherein said first optical system is
      disposed to detect the marks at said first area of said objects and
      comprises a half mirror which divides the optical image of said first area
      into said first and second optical images and an image rotating prism
      positioned to rotate one of said first and second optical images.
NUM  7.
PAR  7. An apparatus as defined in claim 6, wherein said second optical system
      is disposed to detect the marks at said second area of said objects.
NUM  8.
PAR  8. An apparatus as defined in claim 7, wherein said photoelectric detecting
      means includes a photoelectric detector positioned behind each slit in
      said scanning plates.
NUM  9.
PAR  9. An apparatus as defined in claim 8, wherein said coincidence means
      comprises a plurality of coincidence circuits each receiving at the inputs
      thereof the outputs of the photoelectric detectors associated with a
      respective scanning plate.
NUM  10.
PAR  10. An apparatus as defined in claim 9, wherein said driving means
      comprises first, second, and third driving devices for moving one object
      in orthogonal directions and in rotation, respectively, each driving
      element being connected to the output of a respective coincidence circuit.
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ABST
PAL  Pulse detection apparatus for optical signal pulses including ultra-violet
      and infra-red frequencies. A photoconductive detector cell has four ohmic
      output electrode terminals disposed in a rhombic pattern and a centrally
      disposed input electrode terminal coupled to a source of direct current
      bias signal. Each pair of oppositely disposed output terminals defines an
      axis orthogonal to that defined by the other pair. Each pair of output
      terminals is coupled to a signal translation device such as a transformer
      with a center tapped primary or a differential amplifier. A pair of output
      signals are produced indicative of the degree of unbalance of the cell due
      to an optical signal impinged thereon.
PARN
PAR  This is a continuation of application Ser. No. 453,804, filed May 6, 1965,
      now abandoned.
BSUM
PAR  The present invention relates generally to radiation sensing apparatus and
      devices. More particularly, the invention relates to optical and near
      optical sensing apparatus and devices. More especially, the invention
      relates to apparatus and devices for detecting, displaying and tracking
      infra red signals.
PAR  This application presents an improvement relating to copending applications
      entitled Radiant Energy Detector, Ser. No. 253,503, filed Jan. 23, 1963;
      Tracking System, Ser. No. 253,504 filed Jan. 23, 1963, now U.S. Pat. No.
      3,657,548; Tracking circuit, Ser. No. 272,181, filed Apr. 5, 1963; Sensing
      and Tracking Apparatus, Ser. No. 316,203, filed Oct. 10, 1963; Radiant
      Energy Detection Apparatus, Ser. No. 399,111, filed Sept. 24, 1964; and
      Multiple Element Sensing Apparatus, Ser. No. 409,355, filed Nov. 4, 1964,
      now U.S. Pat. No. 3,700,905.
PAR  The expression "radiation responsive, variable impedance" as used herein,
      includes but is not limited to impedance changes due to electromagnetic
      radiation in its various forms impingent for example upon a detector
      element. Such changes in impedance may be due to the well known
      photoelectric effect or to any energy absorbtion in an atomic or quantum
      mechanical sense. Impedance changes may be thermoelectric in character due
      to variations in temperature of the detector element derived from
      impingent radiation.
PAR  In the above noted copending applications sensing apparatus, devices and
      systems are disclosed which produce an output signal in accordance with
      the position of a radiation source. Such systems however have the
      disadavantage of becoming exceedingly complex particularly in the biasing
      circuits when it is desired to detect signals characterized by relatively
      short bursts of radiant energy such as, for example, a micro-second or
      less. The present invention relates to an improvement directed to a
      simplified system which is adapted readily to detect and track short burst
      s signals as well as signals which may be modulated at relatively high
      rates.
PAR  It is therefore an object of the invention to provide an improved radiant
      energy pulse sensing apparatus for producing an indication of the presence
      and location of a remote source of radiation presenting relatively short
      bursts of radiant energy.
PAR  A further object of the invention is to provide an improved sensing
      apparatus of the character described for producing indications of the
      presence aned location of a remote source of radiation which
      simultaneously producing indications of intensity variations of the source
      without mechanically moving parts.
PAR  Another object of the invention is to provide an improved sensing apparatus
      of the character described which is relatively simple in structure and
      reliable in operation.
PAR  In accordance with the invention there is provided a radiant energy pulse
      sensing apparatus. The apparatus includes a radiation responsive, variable
      impedance detector means. The detector means include a first impedance
      region variable with respect to a second impedance region. Biasing means
      are coupled to the detector means for providing an axis-defining signal
      through each of the impedance regions. Load means are provided having a
      first load impedance element coupled in series with the first impedance
      region and the bias signal. A second load impedance element is coupled in
      series with the second impedance region and the bias signal. The load
      means is coupled in parallel with the detector means. Output position
      means are coupled to the element for providing an output position signal
      derived from the change of the bias signal current proportional to the
      differential impedance between the regions in response to a radiant energy
      pulse impingent upon one of the regions. The output position signal is
      indicative of the position of a source of radiant energy signal pulses.
      Output intensity means are coupled to the detector means for providing an
      output intensity signal derived from the change of the bias signal current
      proportional to the diferential impedance between the detector impedance
      and the load impedance in response to the radiant energy signal pulses.
PAR  Other and further objects of the invention will be apparent from the
      following description of the invention taken in connection with the
      accompanying drawings and its scope will be pointed out in the appended
      claims.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating the principles of operation of
      the invention;
PAR  FIG. 2 is a schematic circuit diagram of an embodiment of the invention;
PAR  FIG. 3 is a schematic circuit diagram of another embodiment of the
      invention;
PAR  FIG. 4 is a detailed schematic circuit diagram further illustrating the
      circuit in FIG. 3.
DETD
PAR  Referring now to the drawings and with particular reference to FIG. 1 there
      is here illustrated a schematic circuit diagram illustrating the
      principles of operation. In the rotating field detector system as
      illustrated in some of the copending applications, a pair of orthogonally
      phased bias signals are applied along orthogonal reference axes of a
      detector element. This produces the effect of a rotating electric field in
      the element. As discussed in the copending applications radiation
      impingent on an area produces a differential impedance which in turn
      produces a composite signal resolvable into vertical and horizontal
      alternating current components.
PAR  Here as shown in FIG. 1 a bias signal 12 is introduced to the junction X
      between a pair of variable impedance detector elements 10 and 11 which are
      connected together. The element 10 is connected to a load 13 and then
      through the junction Y to a load 14. The element 11 is connected to the
      other end of the load 14. The voltage across the loads 13 and 14 is
      indicated as E.sub.o. The bias signal 12 is connected to the junction Y
      between the loads 13 and 14. Thus the loads 13 and 14 are connected in
      parallel with the elements 10 and 11. The load 13 is connected in series
      with the element 10 and the bias signal 12. The load 14 is connected in
      series with the element 11 and the bias signal 12.
PAR  The system in theory operates perfectly well with an alternating current
      bias signal connected in this manner. It is preferable however to use a
      direct current bias signal source. Assuming then that the bias signal 12
      is a direct current and the polarities are as indicated in FIG. 1, the
      voltages across the loads 13 and 14 are equal and opposite in polarity.
      The resultant output voltage E.sub.o is zero.
PAR  Consider the effect of the impingment of a burst of radiant energy such as
      infra-red energy on the element 10. The impedance of the element 10
      decreases; hence, the voltage across the load 13 increases with a greater
      voltage negative in sign appearing at the upper terminal of the output
      voltage E.sub.o. Conversely if energy is impingent upon element 11 its
      impedance is reduced and a greater voltage appears across the load 14 with
      the greater voltage being negative at the lower terminal of the output
      voltage E.sub.o. Thus with the system as shown in FIG. 1 it is possible to
      produce an output direct current signal the amplitude of which is a
      function of the intensity of the impingent energy and the polarity of
      which represents the vertical direction of the signal with respect to an
      arbitrary boresight axis.
PAR  By appropriately shaping the detector elements the position of the
      impingent energy with respect to the contacts or terminals produces an
      output varying in amplitude. Since the amplitude also varies with
      intensity, it is desirable to divide out the intensity from the signal for
      the purpose of producing an output signal which varies only with the
      relative angular position of the impingent radiation.
PAR  Although not shown in FIG. 1, it is possible to obtain an output intensity
      signal by adding the voltages across the loads 13 and 14. This principle
      will be discussed in greater detail with regard to FIGS. 3 and 4.
PAC  DESCRIPTION AND EXPLANATION OF THE CIRCUIT IN FIG. 2
PAR  Referring now to FIG. 2 there is here illustrated an embodiment of the
      invention utilizing transformer output. Here a direct current bias signal
      is supplied by a battery 16 which is bypassed by a capacitor 17. The
      direct current bias signal is coupled directly to the central electrode
      24a of the detector element 15 having four output terminals 21-25 arranged
      in a rhombic pattern. The terminals 22, 24 define a horizontal axis and
      the terminals 21, 23 define a vertical axis. A transformer 19 has its
      primary winding connected in parallel with the element, 15 through the
      terminals 21 and 29. The center tap of the primary winding of the
      transformer 19 is grounded. The secondary of the transformer 19 is coupled
      to an amplifier 20 to provide an output vertical position signal. A
      transformer 18 has its primary winding connected in parallel with the
      element 15 through the terminals 22 and 24. Again the canter tap of the
      primary winding of the transformer 18 is grounded and the secondary is
      coupled to an amplifier 21 to produce a horizontal output position signal.
PAR  Here it is to be noted that the cell is so shaped as to vary the electric
      potentials along the horizontal and vertical axis. When no signal is
      present a direct current bias signal passes through the central terminal
      to the terminal through the element and the terminal 23 to the primary of
      the transformer 19 to ground and returns to the battery 16. Similarly bias
      currents are coupled through the element 15 to the terminal 21 to the
      primary 19 to ground; through the terminal 22 to the primary of the
      transformer 18 to ground; and through the terminal 24 through the primary
      of the transformer 18 to ground.
PAR  An example of a cell useful in the present invention is described and
      illustrated in the above-referenced copending U.S. patent application Ser.
      No. 253,504.
PAR  When no signal is present that is when no energy is impingent on the cell,
      the transformer primary voltages are equal and opposite and steady state.
      Thus no signal is coupled through the transformers to the amplifiers 20
      and 21. It will be apparent that the impedance of the cell 15 is
      distributed amongst impedance regions which vary relative to each other in
      response to radiant energy impingent upon one of the regions. Thus for
      example if energy is impingent on the cell between the central terminal
      24a and the vertical terminal 23, the impedance of that region is
      decreased relative to the region between the central terminal 24a and the
      vertical terminal 21. For a short burst a momentary change in current is
      coupled to the upper half of the primary of the transformer 19 to ground.
      The current through the lower half of the primary of the transformer 19
      does not change; hence, a signal is coupled through the transformer 19 to
      the amplifier 20 and appears as a vertical position signal. Similarly if a
      signal is impingent on the area between the central electrode and the
      terminal 24, the voltage across the corresponding portion of the primary
      winding of the transformer 18 increases producing a pulse which is coupled
      through the secondary of the transformer 18 to the amplifier 21 to produce
      an output horizontal position signal.
PAC  DESCRIPTION AND EXPLANATION OF THE CIRCUIT IN FIG. 3
PAR  Referring now to FIG. 3, there is here illustrated a modification of the
      embodiment in FIG. 2 utilizing differentiating circuits involving
      resistor-capacitor combinations. The output along a given axis is coupled
      through differentiating circuits to a differential amplifier and then to a
      divider circuit. The differentiated signals are added to provide an output
      intensity signal and are also coupled to a divider circuit to produce
      output position signals having variations independent of intensity. The
      intensity signal is coupled to a demodulator circuit for demodulating any
      modulation signal that may be superimposed on the received radiant energy.
PAR  The cell 15 and bias circuit battery 16 and coupling capacitor 17 are the
      same as shown in FIG. 2 and are correspondingly referenced. The vertical
      axis-defining terminals 21 and 23 are coupled to resistors 25 and 27 as
      shown to ground. The resistors are coupled to capacitors 26 and 28 to
      resistors 29 and 30 to ground. The resistors 29 and 30 are coupled to a
      differential amplifier 31 for producing a vertical position signal. The
      amplifier 31 is coupled to a vertical divider 32. The capacitors 26 and 28
      are also coupled through resistors 41 and 44 to an adder amplifier 45. An
      output of the amplifier 45 is coupled back to the divider 32.
PAR  The horizontal axis-defining terminals 22 and 24 are coupled through
      resistors 33 and 34 to ground and through capacitors 35 and 36 to
      resistors 37 and 38 to ground. The capacitors 35 and 36 are coupled to a
      horizontal differential amplifier 39 and thence to a horizontal divider
      circuit 40. The capacitors 35 and 36 are also coupled to resistors 42 and
      43 to the adder circuit 45 and thence to the horizontal divider 40. The
      output of the horizontal divider circuit is a horizontal position signal
      which varies independently of the intensity. A direct output of the adder
      circuit 45 is the intensity signal. A further output of the adder circuit
      45 is coupled to a demodulator circuit 46 through a capacitor 47 and
      across a resistor 48 to ground. The signal is coupled through a
      demodulation amplifier 49 to produce an output modulation signal.
PAR  With no signal impingent on the detector element the bias current is
      applied across the resistors 25 and 27 in opposite directions to produce
      equal and opposite voltages at the capacitors 26 and 28. There is then no
      output. Similarly in the horizontal channel the voltages across the
      resistors 33 and 34 are equal and opposite producing no unbalance in the
      system and the output of the differential amplifier is again zero. Thus
      with no signal present there is no vertical or horizontal output position
      signal. In the steady state or quiescent condition there is no unbalance
      voltage appearing across the resistor 25 relative to the resistor 27 or
      the resistor 33 relative to the resistor 30; hence, no signal is coupled
      through the capacitors 26 and 28 or the capacitors 35 and 36. The output
      of the adder circuit is then zero producing an output indication of
      intensity which is zero.
PAR  Given a momentary burst or modulated signal appearing on the cell, the
      signal is differentiated and appears across the resistors 29 and 30 and
      applied to the differential amplifier 31. If for example a signal appears
      between the central electrode 24a and the vertical electrode 23 the
      voltage across the resistor 29 is more negative than that across the
      resistor 30. The output of the differential amplifier 31 is a signal the
      sign and amplitude of which indicate its vertical position on the cell.
      However this signal also varies with intensity. The voltages across the
      resistors 29 and 30 are also coupled through the resistors 41 and 44 to
      the adder circuit 45 which produces an output intensity signal coupled to
      the divider 32. The output of the divider 32 is then a true vertical
      position signal.
PAR  In a similar manner the horizontal components are coupled from the
      capacitor 35 and 36 to the horizontal differential amplifier 35 which
      subtracts the horizontal components and produces an output signal
      indicative of the horizontal position which however varies with intensity.
      The capacitors 35 and 36 are also coupled through the resistors 42 and 43
      to the adder circuit 45. An output of the adder circuit 45 is an intensity
      signal which is applied to the horizontal divider circuit 40. The circuit
      40 operates to divide the horizontal position and intensity signal by
      intensity to produce an output of pure horizontal position which varies
      independently of the intensity.
PAR  Many sources of radiant energy produce a modulated signal which serves to
      identify the source or provides actual communication as for example a
      voice channel. The modulation is superimposed on the radiant energy signal
      in a characteristic manner. Such modulation of the intensity signal is
      coupled through the capacitor 47 and resistor 48 to the demodulation
      amplifier 49. The output of the amplifier 49 is the modulation signal
      which may be, for example, a voice communication channel.
PAC  DESCRIPTION AND EXPLANATION OF THE CIRCUIT IN FIG. 4
PAR  Referring now to FIG. 4 there is here illustrated a modification of the
      circuit shown in FIG. 3. For greater clarity, the demodulation and divider
      circuits are not shown. Here a number of operational amplifiers are
      utilized in order to insure the proper gain throughout the system. The
      operational amplifiers shown in FIG. 4 are preferably model SA3 as
      manufactured by Nexus Research Laboratories, 480 Neponset Street, Canton,
      Mass.
PAR  Thus again we have a cell 100 with an input central electrode 105 and
      output electrodes 101-104. The electrode 105 is coupled through a bypass
      capacitor 106 to ground and through a resistor 107 to a source of negative
      voltage labeled C-, preferably -15 volts. The electrodes 101 and 103
      define a vertical axis and are coupled to the vertical channels associated
      with operational amplifiers 115, 116, 123, 124, and 132. The electrodes
      101 and 103 are coupled to a pair of resistors 110 and 111 to ground and
      through a pair of capacitors 109 and 112 across resistors 113 and 114 to
      ground. A grounded terminal 108 is connected to a shield for the element
      100. The resistors 113 and 114 are coupled to the positive side of the
      differential amplifiers 115 and 116. The amplifier 115 is coupled back to
      its negative terminal through a resistor 119 and a resistor 120.
PAR  The ratio of resistances between the resistor 119 and the resistor 120
      defines the gain of the amplifier 115. Preferably the resistor 119 is
      100,000 ohms and the resistor 120 is 10,000 ohms to provide a gain of 10.
      If it is so desired the resistor 120 may be 1000 ohms to provide a gain of
      100. The amplifier 115 is coupled through a resistor 121 to a linear
      rectifier operational amplifier 124. The output of the amplifier 124 is
      coupled through a diode 129 to its negative terminal through a diode 130
      and resistor 125 to its negative terminal. The output of the amplifier 124
      is also coupled to a resistor 136 and appears across a resistor 135 to
      ground and at a vertical position signal terminal 169. In the bottom leg
      of the vertical channel the amplifier 116 is coupled through resistors 117
      and 118 to ground and through resistor 117 to its negative terminal. The
      amplifier 116 is coupled through a resistor 122 to a linear rectifier
      operational amplifier circuit associated the amplifier 123. The output of
      the amplifier 123 is coupled through a diode 127 to its negative terminal
      and through a diode 128 and resistor 126 to its negative terminal. The
      positive terminals of the amplifiers 123 and 124 are grounded. The output
      of the amplifier 123 is coupled through a resistor 131 to an operational
      amplifier 132 which may invert the signal. The positive input of the
      amplifier 132 is grounded and its output is coupled through a resistor 133
      to its negative terminal. The output of the inverter is coupled through a
      resistor 134 to appear across the resistor 135 to ground at the vertical
      terminal 169.
PAR  The horizontal axis-defining terminals 102 and 104 are coupled to resistors
      142 and 143 to ground. The resistors are coupled through capacitors 144
      and 144a to resistors 145 and 146 to ground. The horizontal channel
      includes the circuitry associated with the operational amplifiers 147,
      150, 153, 161, and 166. Horizontal channel circuitry is identical to that
      for the vertical channel. Thus the output of the amplifier 150 is coupled
      through a resistor 152 to its negative terminal and through resistor 151
      to ground. The output of the amplifier 150 is coupled to the negative
      terminal of the amplifier 153. The output of the amplifier 153 is coupled
      through a diode 156 to its negative terminal and through a diode 157 and a
      resistor 155 to its negative terminal. The positive terminal of the
      amplifier 153 is grounded. The output of the amplifier 153 is coupled
      through a resistor 158 to appear across a resistor 159 to ground and to a
      horizontal position signal output terminal 171. The lower leg of the
      horizontal channel is coupled from the capacitor 144a to the positive
      terminal of the amplifier 147. The output of the amplifier 147 is coupled
      through a resistor 149 to its negative terminal through a resistor 141 to
      ground. The output of the amplifier 147 is coupled through a resistor 160
      to the negative terminal of the amplifier 161.
PAR  The output of the amplifier 161 is coupled through a diode 162 to its
      negative terminal through a diode 164 and a resistor 163 to its negative
      terminal. The positive terminal is grounded. The output of the amplifier
      161 is coupled through a resistor 165 to the negative terminal of an
      inverter amplifier 166. The positive terminal is grounded. The output of
      the amplifier 166 is coupled through the resistor 167 to its negative
      terminal. The output of the amplifier 166 is coupled through a resistor
      168 to appear across the resistor 159 to ground. The output of the
      amplifiers 153 and 161 are coupled through resistors 140 and 141 to appear
      across a resistor 139 to ground and to an output intensity signal terminal
      107. The output of the amplifiers 123 and 124 are coupled through
      resistors 137 and 138 to appear across the resistor 139 to ground and at
      the intensity signal terminal 107.
PAR  When a signal is impingent for example in the impedance region between the
      terminals 101 and 105 a negative voltage appears across the resistor 110
      which is coupled through the capacitor 111 to the positive terminal of the
      amplfier 115. The signal is amplified to appear as a negative signal at
      the negative terminal of the amplifier 124. The circuit associated with
      the amplifier 124 is designed to overcome the liitations of square law
      detection. The circuits as shown operates as a linear rectifier down to
      very small voltages. This action is due to the characteristic gain and
      feedback associated with the amplifier 124. Signal output is then applied
      through the resistor 136 across the resistor 135 to ground, appearing at
      the terminal as a relatively large positive voltage. The voltage across
      the resistor 111 is positive as shown and coupled through the capacitor
      112 to the positive terminal of the amplifier 116. The signal is then
      amplified and appears as a negative going signal applied to the negative
      terminal of the amplifier 123. At that point it is rectified and the
      output positive going signal is applied to the negative terminal of the
      inverted amplifier 132 to produce a negative going signal in the output
      which appears across the resistor 135. The resultant positive signal
      appears at the terminal 169 and may be used for example to drive a direct
      current servo motor to orient the cell along the vertical or elevation
      angle to coincide with the tracking angle of a remote source of radiant
      energy. Given an unbalance along the horizontal axis, the horizontal
      channel operates in a similar manner. The signal outputs of the amplifiers
      123 and 124 are coupled to the resistors 137 and 138 to appear across the
      resistor 139. The outputs of the amplifiers 153 and 161 are coupled
      through the resistors 140 and 141 to appear across the resistor 139 and
      provide an output intensity signal.
PAR  It will be apparent from the foregoing description of the invention that
      the present invention presents an important step forward in the detection,
      displaying and tracking of information relating to a remote source of
      modulated or short bursts of radiant energy.
PAR  While there has hereinbefore been described what at present are considered
      to be the preferred embodiments of the invention, it will be apparent to
      those of ordinary skill in the art that many modifications and changes may
      be made thereto without departing from the true spirit and scope of the
      invention.
PAR  It will be considered, therefore, that all those changes and modifications
      which fall fairly within the scope of the invention shall be a part of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for detecting the position of radiant energy emitted in pulses
      by a remote target comprising
PA1  a single radiation responsive variable impedance detector element having a
      first impedance region which is variable with respect to a second
      impedance region,
PA1  direct current biasing means coupled to said detector element for providing
      an axis defining bias signal current through each of said impedance
      regions,
PA1  a load coupled in parallel with said detector element, having a first load
      impedance element coupled in series with said first impedance region and
      said biasing means, and having a second load impedance element coupled in
      series with said second impedance region and said biasing means,
PA1  said biasing means providing a first bias signal current from said biasing
      means through said first impedance region and said first load impedance
      element back to said biasing means, and a second bias signal current from
      said biasing means through said second impedance region and said second
      load impedance element opposing said first bias signal current back to
      said biasing means,
PA1  differential output means coupled to said detector element for providing a
      position output signal derived from a change in said bias signal currents
      due to a change in impedance of one of said first and second impedance
      regions upon the impingement thereon of at least one pulse of radiant
      energy,
PA1  summing means coupled in parallel to said detector element for providing a
      signal representative of the intensity of said radiant energy pulse, and
PA1  means coupled to said differential output means and said summing means for
      dividing said position output signal by said intensity signal.
NUM  2.
PAR  2. Apparatus for detecting of radiant energy emitted in pulses by a remote
      target comprising
PA1  a single radiation responsive variable impedance detector element having
      first and second impedance regions which are variable with respect to
      third and fourth impedance regions respectively,
PA1  direct current biasing means coupled to said detector element for providing
      a pair of orthogonal axes-defining bias signal currents through each of
      said impedance regions,
PA1  a first load coupled in parallel with said detector element having a first
      load impedance element coupled in series with said first impedance region
      and said biasing means, and having a second load impedance element coupled
      in series with said second impedance region and said biasing means,
PA1  a second load coupled in parallel with said detector element having a third
      load impedance element coupled in series with said third impedance region
      and said biasing means, and having a fourth load impedance element coupled
      in series with said fourth impedance region and said biasing means,
PA1  said biasing means providing a first bias signal current from said biasing
      means through said first impedance region and said first load impedance
      element back to said biasing means, a second bias signal current from said
      biasing means through said second impedance region and said second load
      impedance element opposing said first bias signal current back to said
      biasing means, a third bias signal current from said biasing means through
      said third impedance region and said third load impedance element back to
      said biasing means, and a fourth biasing signal current from said biasing
      means through said fourth impedance region and said fourth load impedance
      element opposing said third bias signal current back to said biasing
      means,
PA1  first differential output means coupled to said detector element for
      providing a horizontal position output signal derived from a change in
      said first and second bias signal currents due to a change in impedance of
      one of said first and second impedance regions upon the impingement
      thereon of at least one pulse of radiant energy, and
PA1  second differential output means coupled to said detector element for
      providing a vertical position output signal derived from a change in said
      third and fourth bias signal currents due to a change in impedance of one
      of said third and fourth impedance regions upon the impingement thereon of
      at least one pulse of radiant energy
PA1  means coupled to said first and second output means for summing the output
      signals thereof to thereby provide a signal representative of the
      intensity of said radiant energy pulse, and
PA1  first and second means coupled to said first and second output means
      respectively and to said summing means for dividing each said horizontal
      and vertical position output signals by said intensity signal.
NUM  3.
PAR  3. Apparatus as recited in claim 2 wherein
PA1  said detector comprises a photoconductive detector having
PA2  four output ohmic terminals disposed in a rhombic pattern thereon, and
PA2  an input ohmic terminal centrally disposed with respect to said pattern.
NUM  4.
PAR  4. Apparatus as recited in claim 2 further including
PA1  demodulator means coupled to said summing means.
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ABST
PAL  A system for measuring a lineal dimension of a light reflective object.
      Sequentially generated light markers forming a raster are projected toward
      the object to be measured, with the markers traveling along individual,
      parallel paths which are uniformly spaced-apart along the dimension being
      measured. Markers intercepted and reflected back by the object are
      photoelectrically detected and counted to determine the size of the object
      along the measured dimension.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a method and apparatus for
      optically measuring physical objects, particularly objects which are
      remote or inaccessible for direct measurement. More specifically, the
      invention relates to the use of a projected light raster for measuring
      lineal dimensions of such objects.
PAR  There frequently is a need to measure stationary or moving objects in
      situations where, for various reasons, the use of mechanical measuring
      devices is undesirable, impractical or impossible. For example, it may be
      necessary to measure an object which is at a distance or otherwise
      inaccessible, or which is radioactive or at a high temperature. A number
      of different optical systems have been proposed for making measurements in
      such situations. According to one system, for example, the size of an
      object moving along a path through a measuring zone is determined by
      photoelectrically measuring the length or degree of obscuration of a light
      beam directed across the zone. In such a system, if the dimensional
      measurement is related to the degree of obscuration, changes in light
      source intensity or lateral movement of the object through the measuring
      zone may result in inaccurate determinations. According to another system,
      a grid of uniformly spaced, parallel light beams is projected
      simultaneously across a measuring space. A dimension of an object
      traveling through the space is measured by counting the number of beams
      which are not intercepted by the object, i.e., the number which pass by
      the object, and are detected by a photoelectric device on the opposite
      side. As in the earlier-described system, the light beam source and its
      photoelectric detection device must be disposed on opposite sides of the
      measured object's travel path. This requirement prevents the use of such
      systems in applications where access to only one side is available.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, apparatus is provided for projecting a
      set of time-separated pulses, or markers, of light along individual,
      parallel paths toward a corresponding set of uniformly spaced-apart points
      in a measuring zone. A dimension of a light reflecting object within the
      zone is determined from the number of markers it intercepts and reflects
      back. The apparatus of the invention suitably includes means for producing
      a narrow beam of light, and a plurality of reflectors, one for each marker
      in the set, mounted for movement through the beam one at a time, with each
      reflector intercepting the beam at the same angle but at a different
      distance from its source. Thus, as each reflector momentarily intercepts
      the beam, it projects a marker of light along a path at an angle to the
      beam toward a corresponding point in the measuring zone.
PAR  According to a preferred embodiment, such apparatus includes a collimated
      light beam source, and an elongate cylindrical body journaled for rotation
      about its longitudinal axis. A plurality of reflectors is mounted on the
      body at uniformly spaced-apart locations along a helical path concentric
      with its axis of rotation. The reflector-bearing body and the light source
      are suitably disposed whereby, upon rotation of the body, the reflectors
      swing through the beam one at a time, projecting a raster consisting of
      elongate light markers toward a remote measuring zone. A photodetection
      system is provided for counting the number of markers intercepted and
      reflected back by a stationary or moving object within the zone, and for
      indicating the count, from which the object's dimension is determined.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in greater detail, by reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a schematic illustration of a measuring system according to a
      preferred embodiment of the invention;
PAR  FIG. 2 is a more detailed end view of the measuring system illustrated in
      FIG. 1;
PAR  FIG. 3 is a fragmentary side view of the conveyor and measured object in
      FIG. 2, as viewed along line 3--3;
PAR  FIG. 4 is a diagram of representative electrical signals produced by the
      photodetector in FIG. 1;
PAR  FIGS. 5 and 6 schematically illustrate one form of light marker projection
      apparatus according to the invention; and
PAR  FIGS. 7 and 8 illustrate another form of light marker projection apparatus.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning now to the drawings, and first to FIG. 1, the present invention
      will be described by reference to an optical system for measuring
      articles, such as cartons, traveling on a conveyor. Thus, indicated
      generally at 10 is an optical measuring system for determining the length
      of cartons, such as a carton 12, carried by a conveyor 14 in the direction
      of arrow 16. System 10 includes a means or source, 18 for producing a
      narrow, collimated light beam 20. Source 18 suitable is a low power
      continuous wave laser, a 5 milliwatt helium-argon 6328 A laser, for
      example. The art skilled are well aware of other means for producing
      suitable light beams, however.
PAR  Referring now to FIGS. 2 and 3 along with FIG. 1, system 10 further
      includes light beam reflecting means 22 for sequentially deflecting beam
      20 along multiple parallel paths 24 toward uniformly spaced-apart point 26
      (FIG. 3) in a remote measuring zone 28 (FIG. 1). Means 22 comprises an
      elongate cylindrical body, or drum, 30 disposed with its longitudinal axis
      30a parallel with and horizontally offset from beam 20. Drum 30 is
      journaled for rotation about axis 30a in the direction of arrow 32,
      powered by drive means, or motor, 34. A plurality of reflectors 36 is
      mounted on the drum's curved surface 30b at uniformly spaced-apart
      locations along a helical path concentric with axis 30a. For clarity in
      illustrating the invention, only seven such reflectors, designated 36a,
      36b, . . . 36g, are shown in FIG. 1. A much larger number is typical,
      however, as will be explained later on.
PAR  As best shown in FIG. 2, reflectors 36 are mounted on drum 30 a radial
      distance from its axis 30a equal to the offset of the axis from beam 20.
      Each of the reflectors is inclined at the same angle, suitably 45.degree.,
      with respect to axis 30a. Upon rotation of drum 30, reflectors 36 pass
      through beam 20 in succession, each one intercepting the beam a different
      distance from source 18. As each reflector momentarily intercepts and is
      impinged by beam 20, it deflects light from source 18 along a different
      path 24 normal to the beam toward a corresponding point 26 in measuring
      zone 28. Because, as will be understood, the reflectors travel along an
      arcuate path through beam 20, light from the source is deflected, or
      projected, in descending vertical sweeps along paths 24, as indicated in
      FIG. 2, with each sweep along a path producing an elongate vertical marker
      38 (FIG. 3). Thus, with rotation of drum 30, reflectors 36a, 36b, . . .
      36g move through beam 20 in succession, deflecting light from source 18
      along corresponding parallel paths 24a, 24 b, . . . 24g toward uniformly
      spaced-apart points 26a, 26b, . . . 26g in zone 28 to provide a raster
      consisting of parallel projected light markers 38a, 38b, . . . 38g. As
      will be apparent from FIG. 2, the length of the markers in a raster
      increases with the distance they are projected. If desired, therefore, a
      suitable mask may be provided in paths 24 to limit the markers' projected
      length.
PAR  Referring now to FIGS. 1-4, optical measuring system 10 further includes a
      photodetector 40 for detecting light markers 38 intercepted and reflected
      back by an object, such as carton 12, in measuring zone 28, and for
      providing a correlative electrical output signal. As shown in FIGS. 1 and
      2, the photodetector is located on the same side of conveyor 14 as
      reflecting means 22, the left side in the figures, disposed to view light
      reflected along paths 42 from cartons moving through a measuring zone.
      Photodetector 40 includes a wide angle lens 40a focused on a
      photosensitive device (not shown) inside an enclosure 40b. A suitable
      photosensitive device for detecting light at 6328 A is a United Detector
      Technology PIN-10 large area detector. The type of photodetector used is
      not considered critical. Knowing the wave length of light from source 18
      and the minimum intensity of reflected light at the photodetector
      location, a suitable photodetector can easily be selected by one skilled
      in the art. If desired, a filter 44, such as a narrow passband
      interference filter, may be provided in the path of the reflected light
      markers to ensure that the photodetector responds only to light at the
      desired wavelength.
PAR  Referring to FIG. 1, photodetector 40 is operatively connected to indicator
      means 46, which may be a conventional electrical pulse counter. If
      desired, the indicator means may be adapted to give a direct reading of
      the dimension being measured as a function of the number of reflected
      light markers.
PAR  Describing now the operation of system 10 in determining the length of
      cartons carried on conveyor 14, and referring particularly to FIGS. 1, 3
      and 4, with motor 34 energized, reflectors 36a . . . 36g on rotating drum
      30 pass through collimated light beam 20 in succession, intercepting the
      beam at uniformly spaced-apart points along a line parallel with the
      drum's longitudinal axis. As the beam impinges each reflector in turn,
      time-separated pulses of light forming elongate vertical markers 38a . . .
      38g are projected in succession through a region overlying conveyor 14,
      along corresponding parallel paths 24a . . . 24g normal to the beam and to
      the conveyor. Markers 38 constitute a projected light raster which defines
      the limits of a measuring zone 28 through which the cartons are carried.
      Zone 28 has a height X equal to the length of markers 38, a length Y equal
      to the distance between end markers 38a and 38g, and, as will be
      appreciated, an indeterminate depth.
PAR  A carton moving through the measuring zone will intercept one or more of
      the markers in the projected raster, the number being independent on the
      length of the carton and its location within the zone. As shown in FIGS. 1
      and 3, carton 12 intercepts five of the seven markers, including markers
      38b through 38f, shown in solid line. Markers 38a and 38g, shown in
      phantom line, are not intercepted. Light from markers 38b . . . 38f is
      reflected along corresponding paths 42b . . . 42f to photodetector 40,
      which supplies a correlative output signal 48 (FIG. 4) to indicator means
      46. As shown, signal 48 comprises a train of pulses 48b . . . 48f, one for
      each reflected marker. The number of pulses in counted and indicated by
      indicator means 46.
PAR  It will be noted that the pulses have different amplitudes (a), indicating
      variations in the reflected intensity of the markers. Such variations may
      be caused, for example, by source intensity variations, dust or other
      light scatterning material in paths 24 or 42, or variations in the
      reflectivity of carton 12. However, as long as the detecting and counting
      means are sufficiently sensitive to count the weakest reflected light
      pulse, the measuring system is independent of reflected light intensity
      variations.
PAR  Knowing the distance between adjacent markers 38 in the projected raster,
      the length of carton 12 is determined as a function of the number of
      markers intercepted and subsequently detected and counted. For example, if
      adjacent light markers 38 are spaced one inch apart, the interception of
      five markers by carton 12 indicates that it is between 4 and 6 inches
      long.
PAR  As will be evident, the spacing between adjacent markers in a projected
      raster determines the precision of the resultant measurement, since the
      determination of a dimension by the disclosed method involves detecting
      and counting the number of markers reflected from the measured object.
      Thus, the maximum error in the determination of the dimension will be
      equal to twice the marker spacing. This assumes, of course, that the
      reflected markers are not counted until the object is entirely within the
      measuring zone, and that during the time required to project the markers
      forming a complete raster, any movement of the object along the measured
      dimension is less than the distance between adjacent markers. To satisfy
      the first-mentioned condition, means (not shown) may be provided for
      maintaining indicator means 46 in a noncounting condition until and unless
      an object being measured is fully within the measuring zone. To minimize
      or eliminate measurement error from object movement in the direction of
      the measured dimension, reflector-bearing drum 30 is rotated at a high
      rate of speed, suitably several thousand revolutions per minute. Because a
      complete raster is projected with each revolution of the drum, an object
      may be measured a number of times as it passes through the zone, depending
      on its rate of movement and the size of the zone, and the results averaged
      to improve measurement precision.
PAR  Now referring to FIGS. 5 and 6, according to one embodiment of the light
      marker projection apparatus of the invention, reflectors 36 are disposed
      on drum 30 at uniformly spaced-apart locations along a single turn helical
      path extending substantially the length of the drum. With rotation of the
      drum, the reflectors along the path intercept the beam in consecutive
      order. As should be evident, the spacing between adjacent markers in the
      projected light raster is determined by the axial distance (x) between
      adjacent reflectors along the path on the drum. Because of practical
      difficulties in mounting reflectors sufficiently close together on the
      drum, it is difficult to provide rasters of closely spaced markers with
      the arrangement shown in FIGS. 5 and 6. It will also be appreciated that
      the reflector-bearing drum shown in the figures is dynamically unbalanced,
      and vibration can be a problem at high rotational speeds, particularly in
      applications requiring wide measuring zones, and hence employing
      relatively long reflector-bearing drums.
PAR  To overcome these drawbacks, the reflectors may be disposed along a
      multiple turn helical path in accordance with another embodiment of the
      invention, shown in FIGS. 7 and 8. According to this embodiment, a
      plurality of reflectors 37 is disposed at uniformly spaced-apart locations
      along a constant pitch, multiple turn helical path extending substantially
      the length of a drum 31. Upon rotation of the drum, the reflectors along
      the path intercept beam 20 in a nonsuccessive, staggered fashion. Thus,
      referring to FIG. 8, upon rotation of drum 31 in the direction of arrow
      32, beam 20 is initially deflected along path 25a by reflector 37a in turn
      T.sup.1. With continued rotation the beam is next intercepted and
      deflected along path 25b by reflector 37b in turn T.sup.2, then along path
      25c by reflector 37c in turn T.sup.3, etc. Following deflection along path
      25j by reflector 37j in path T.sup.10, reflector 37k (turn T.sup.1)
      intercepts the beam and deflects it along path 25k. Thus, it will be seen
      that adjacent markers in the resulting projected light raster will still
      be spaced apart the axial distance between successive reflectors along the
      path, the distance (y) between reflectors 37a and 37k. However, because of
      the much greater distance between adjacent reflectors on the drum, rasters
      of closely spaced markers may be provided without encountering the
      previously mentioned reflector mounting problems. In addition, the
      reflector arrangement of this embodiment provides excellent dynamic
      balance and permits the use of high drum rotational speeds.
PAR  The projected light raster measuring system disclosed herein provides a
      number of advantages. For example, by detecting only the number of light
      markers which are reflected back from an object in a remote measuring
      zone, a single-sided measuring system is provided, i.e., one in which all
      of the apparatus is located on one side of the measured object or its path
      of travel. This provides a relatively compact system which has added
      utility since it can be used in applications where the object to be
      measured is accessible from only one side. Because the markers are of
      collimated light and are projected along parallel paths, measurement
      accuracy is independent of the distance from the marker generator to the
      measured object, so long as the distance is not so great that divergence
      of the projected light causes excessive spreading of the markers and
      "blurring" of the raster, and so long as the intensity of any reflected
      marker is above the sensitivity threshold of the detector.
PAR  Although exemplary embodiments of the invention have been disclosed herein
      for purposes of illustration, it will be understood that various changes,
      modifications and variations are possible without departing from the
      spirit of the invention as defined by the claims which follow.
CLMS
STM  It is claimed and desired to secure by Letters Patent:
NUM  1.
PAR  1. Apparatus for projecting markers of optical radiation along
      predetermined, multiple, parallel, generally coplanar paths, comprising
PA1  source means for providing a beam of optical radiation,
PA1  a plurality of spaced-apart reflectors for reflecting such a beam in a
      preselected direction along said predetermined paths, each reflector being
      located at a different respective distance from said source means, and
PA1  rotary means operatively connected to said reflectors, operable with
      rotation on its axis to move the reflectors, one at a time, in a
      predetermined sequence along different arcuate paths which intersect said
      beam.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said rotary means comprises a
      cylindrical element journaled for rotation about its longitudinal axis,
      and wherein said reflectors are distributed along a helical path
      concentric with said axis.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said optical radiation source means
      comprises a substantially collimated, monochromatic light source.
NUM  4.
PAR  4. The apparatus of claim 1, wherein said rotary means comprises a
      cylindrical element journaled for rotation about its longitudinal axis,
      and said reflectors are uniformly distributed along a single turn helical
      path on said element, whereby, with rotation of said element about said
      axis, the reflectors along the path consecutively intercept said beam.
NUM  5.
PAR  5. The apparatus of claim 1, wherein said rotary means comprises a
      cylindrical element journaled for rotation about its longitudinal axis,
      and said reflectors are uniformly distributed along a multiple turn
      helical path on said element, each reflector being located at a different
      circumferential position with respect to said element, and being arranged
      whereby each interception of said beam by a reflector on one of the
      multiple turns along said path is followed by interception of the beam by
      a reflector on a different turn along said path.
NUM  6.
PAR  6. Apparatus for projecting markers of optical radiation along
      predetermined, multiple, parallel, generally coplanar paths, comprising
PA1  a source for producing a beam of such radiation which beams intersects said
      paths,
PA1  a rotary element, and
PA1  a plurality of spaced-apart reflectors mounted on said rotary element at
      different respective distances from said source for intercepting a beam
      produced by the same in a predetermined sequence with rotation of the
      element, said reflector being distributed along a single turn helical
      course defined on the outside of said element,
PA1  said source, elements, and reflectors being so oriented relative to one
      another that rotation of the element causes different successive adjacent
      reflectors to move along arcuate paths which, in a predetermined
      time-spaced sequence, intersect said beam at the different points where
      said beam intersects said paths.
NUM  7.
PAR  7. Apparatus for projecting markers of optical radiation along
      predetermined, multiple, parallel, generally coplanar paths, comprising
PA1  a source for producing a beam of such radiation which beam intersects said
      paths,
PA1  a rotary element, and
PA1  a plurality of spaced-apart reflectors mounted on said rotary element at
      different respective distances from said source for intersecting a beam
      produced by the same in a predetermined sequence with rotation of the
      element, said reflectors being distributed along a multiple turn helical
      course defined on the outside of said element, with the reflectors being
      located at different respective circumferential positions respecting the
      element, said reflectors being arranged whereby each intersection of said
      beam by a reflector on one of the multiple turns along said course is
      followed by intersection of the beam by a reflector on a different turn
      along said course.
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PAL  Disclosed is a well logging system for performing a continuous log of the
      oxygen and silicon content of earth formations in the vicinity of a well
      bore. A downhole sonde housing a pulsed source of 14 mev neutrons is used
      to irradiate earth formations in the vicinity of the well bore. A NaI (T1)
      detector spaced approximately 253/8 inches from the source detects gamma
      rays caused by neutron activation of elemental oxygen and silicon in the
      formations and produces voltage pulses representative of the elemental
      oxygen and silicon. The voltage pulses are transmitted to the surface
      where they are separated, corrected for background radiation and plotted
      continuously as a function of bore hole depth. The resultant well log
      traces may be interpreted in terms of lithology or formation water
      saturation by the use of disclosed techniques.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to well logging and more particularly to
      neutron activation well logging for the determination, in a direct manner,
      of oil sands from water sands.
PAR  2. Description of Prior Art
PAR  With the advent of pulsed neutron well logging, it has become common
      practice in well workovers to log cased well bores with some type of
      pulsed neutron log in order to determine the water saturation and
      hydrocarbon content of sands disposed externally of the casing in a cased
      well bore. While the neutron lifetime well log using a pulsed neutron
      source had proven to be an accurate and reliable indicator of sands
      containing salt waters in the pore spaces between the sand grains, it
      often occurs in various areas of the world in which petroleum is being
      produced that the hydrocarbon located in the pore spaces of the sands is
      associated with fresh water rather than with salt water. Since the neutron
      lifetime (or thermal neutron decay time) well log is heavily dependent
      upon the chlorine content of the fluid filling the pore spaces in the
      earth formation surrounding the borehole, the log is ambigious in cases in
      which such spaces are filled with a fresh water and oil mixture rather
      than a salt water and oil mixture. In these cases, it is desirable to
      employ some other type well log which can distinguish the fluids in the
      pore spaces of the earth formation wherein fresh water is contained in the
      pore spaces rather than salt water or hydrocarbons.
PAR  It has been proposed in the prior art to perform neutron activation well
      logs based on the neutron activation of the element oxygen which is
      contained in the earth formations surrounding the well bore hole. The
      prior art has also proposed performing neutron activation well logs based
      on the neutron activation of the element silicon which is also contained
      in earth formations surrounding a well bore hole. In these prior art
      proposals however, it has never been proposed to simultaneously make a
      determination of the oxygen and silicon content of earth formations
      surrounding the well bore using neutron activation well logging
      techniques. Typically, in the prior art proposals for neutron activation
      well logging, it has been proposed to irradiate earth formations
      surrounding the well bore hole with neutrons and to utilize and extremely
      far spaced detector (from the neutron source) to detect gamma rays due to
      the decay of the unstable radioactive isotope aluminum 28 which is
      produced by the neutron activation of silicon in earth formations
      surrounding a bore hole. Because aluminum 28 has a relatively long decay
      half life, 2.3 minutes the gamma ray detector to neutron source spacing
      proposed in prior art suggestions for this type of well logging as been
      extremely long.
PAR  Similarly, prior art proposals of oxygen activation logging of earth
      formations in the vicinity of a well bore hole generally have provided for
      means for irradiating the earth formation surrounding the bore hole with
      high energy (or fast) neutrons of sufficient energy to provide the
      transmutation of the oxygen 16 nucleus to the unstable radioactive nucleus
      nitrogen 16. By then monitoring the 6.13 mev gamma ray emitted by the
      decay of nitrogen 16 to a stable isotope the oxygen content of earth
      formations can be measured. The radioactive half life of this nuclear
      reaction is 7.3 seconds which is very short compared with the 2.3 minute
      radioactive half life associated with the decay of aluminum 28. For this
      reason it has generally been considered incompatible in the prior art to
      perform a simultaneous log of both the silicon and oxygen components of
      earth formation in the vicinity of the well bore hole.
PAR  Accordingly, it is an object of the present invention to provide method and
      apparatus for performing neutron activation well logging in a simultaneous
      manner of both the oxygen and silion components of earth formations
      surrounding a well bore hole.
PAR  It is another object of the present invention to provide a simultaneous
      oxygen and silicon neutron activation well log utilizing a single high
      energy neutron source and a single detector to perform the simultaneous
      well log.
PAR  A still further object of the present invention is to provide a
      simultaneous silicon and oxygen neutron activation well log which can be
      interpreted as a direct indicator of hydrocarbon in the earth formation
      surrounding a well bore hole.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  A simultaneous determination of the relative content of the earth formation
      surrounding a well bore hole of the elements silicon and oxygen is
      provided in the present invention by a well logging method and apparatus
      comprising a downhole fluid tight well logging housing or sonde member
      which contains a pulsed source of high energy (14 mev) neutrons from a
      deuterium-tritium type neutron accelerator. The well logging sonde also
      contains a sodium iodide thallium (I1) activated crystal detector of gamma
      rays which is optically coupled to a photomultiplier tube and which
      furnishes electrical pulse signals representative of gamma rays detected
      in the vicinity of the detector in the well bore hole from elements which
      are activated by the neutron bombardment of the pulsed neutron source.
      Voltage pulses whose height is proportional to the energy of the gamma
      rays impinging upon the crystal detector are sent to the surface from the
      downhole sonde. Reference voltage pulses of known amplitude are also
      provided for stabilizing the gain of the electronic circuitry in the
      system to provide a linear measurement of the height of the representative
      gamma ray pulses. Pulse height stabilization signals and synchronization
      signals are also provided to the surface equipment from the downhole
      sonde.
PAR  At the surface, the gamma ray voltage pulse signals are time gated relative
      to the activation of the neutron source and supplied to a multichannel
      pulse height analyzer which separates gamma rays produced by the decay of
      the unstable radioactive isotope nitrogen 16 and those produced by the
      decay of the unstable radioactive isotope aluminum 28. The oxygen induced
      activation gamma ray signals are supplied to a well logging recorder which
      is moved as a function of the depth in the bore hole in the downhole sonde
      and also to a ratio circuit. The aluminum 28 (silicon) produced gamma ray
      signals are supplied to a background correction circuit and thence to the
      well logging recorder and the ratio circuit. The ratio circuit is used to
      form the ratio of the silicon to oxygen content of the earth formations in
      the vicinity of the downhole sonde which is also recorded as a function of
      depth. The corrected silicon gamma ray count signals are also recorded as
      a function of bore hole depth by appropriate interpretative techniques.
      The recorded signals may then be interpreted in terms of the content of
      the pore spaces of the fluid content of the pore spaces of the media
      surrounding the well bore hole in the vicinity of the downhole sonde.
PAR  The invention is pointed out with particularity in the appended claims. The
      present invention is best understood by reference to the following
      detailed description thereof when taken in conjunction with the
      accompanying drawings in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram illustrating the well logging apparatus
      of the present invention;
PAR  FIG. 2 is a schematic illustration of a typical neutron activation gamma
      ray spectrum and illustrating the relative location of energy windows used
      to discriminate silicon activation gamma rays from oxygen activation gamma
      rays in the present invention;
PAR  FIG. 3 is a timing diagram illustrating the neutron burst width and the
      relative counter activation period subsequent thereto for detecting
      neutron activation gamma rays from the detector;
PAR  FIG. 4 is a graphical representation showing the relative counts in the
      oxygen window and in the silicon window (corrected for background) using
      the well logging system according to the present invention;
PAR  FIG. 5 is a graphical illustration showing the amount of background
      radiation produced by detector crystal activation as a function of the
      neutron source to gamma ray detector spacing in the present invention; and
PAR  FIG. 6 is a diagramatic representation of a well log in accordance with the
      concepts of the invention illustrating the usefulness of the measurement
      of the well logging system of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  It has been proposed in the prior art to perform both oxygen and silicon
      activation logs of earth formations by bombarding the earth formations
      surrounding a well bore hole with high energy neutrons. However, due to
      discrepancies in the manner of measurement of these two different nuclear
      reactions it has not been proposed previously to simultaneously make these
      determinations. Oxygen and silicon activation logs are useful in measuring
      the relative oxygen and silicon concentrations in elemental form in the
      earth formations and formation fluids surrounding a well bore hole through
      which a well logging sonde is moving. A sand formation containing fresh
      water has more elemental oxygen content than a sand formation containing
      hydrocarbon. Therefore a decrease in oxygen counting rate in such a zone
      would be an indication that the zone could be of possible interest for
      producing hydrocarbon. If the sand containing fresh water and the sand
      containing hydrocarbon had the same porosity there would be no change in
      the relative elemental silicon activation gamma ray counting rate in this
      zone.
PAR  In performing an oxygen activation well log by bombarding earth formations
      surrounding a bore hole with neutrons it is mandatory that the neutron
      cloud provided for the bombardment contain neutrons of sufficiently high
      energy to cause the reaction to take place. The particular reaction of
      interest for the oxygen activation well logging is the O.sup.16
      (N,P)N.sup.16 reaction. This reaction can be measured by monitoring the
      6.13 mev gamma ray emitted when the radioactive isotope nitrogen 16 decays
      to a stable isotope. The half life of this reaction is about 7.3 seconds.
      The reaction of interest for silicon activation logging is the Si.sup.28
      (N,P)Al.sup.28 reaction. This reaction can be measured by monitoring the
      1.78 mev gamma ray produced by the decay of the radioactive isotope
      aluminum 28. The half life of this reaction is approximately 2.3 minutes.
PAR  Referring initially to FIG. 1 a well logging system suitable for performing
      a simultaneous silicon and oxygen activation well log is illustrated
      schematically. A fluid filled well bore hole 11 is shown penetrating earth
      formations 12, 13, 14 and 15 whose characteristics are desired to be
      measured. The bore hole 11 is surrounded by a steel casing 16 which is
      cemented in place by a cement layer or annulus 17. A downhole fluidtight
      body member or sonde 18 is shown suspended in the bore hole 11 by an
      armored well logging cable 19 which is connected to surface equipment
      which will be described in more detail subsequently.
PAR  The well logging cable 19, which may be of conventional multi-conductor
      design or can be an armored coaxial single conductor cable if desired,
      passes over a sheave wheel 20 which rotates as the cable is drawn across
      it. The sheave wheel 20 is either electrically or mechanically coupled in
      a manner well known in the art to a conventional well logging recorder 21
      which plots quantities of interest on a record medium 22 as a function of
      the depth in the borehole 11 of the well logging sonde 18. Thus a
      continuous recording of the measured quantities of interest is provided by
      the system of the present invention.
PAR  The downhole sonde 18 is provided on the interior portion thereof with a
      pulsed neutron source 22 of the deuterium-tritium accelerator type. A
      pulser 23 provides electrical control signals to the neutron source 22 for
      its operation. Circuitry of conventional design in the art (not shown)
      accepts the signal from the pulser 23 and causes the neutron source 22 to
      be activated for a predetermined period of time beginning with the receipt
      of the signal from the pulser 23. The pulser 23 also provides, via line
      24, a stabilized amplitude control pulse to an amplifier circuit 25 within
      the sonde or housing 18. At the surface this pulse is used for
      synchronizing the operation of the surface equipment with the downhole
      tool and for controlling the gain of the amplification equipment in the
      system in order to provide linear measurements.
PAR  The downhole sonde 18 is also provided with a NaT(T1) radiation detector
      26. Optically coupled to the sodium iodide thalium activated crystal 26 is
      a conventional photomultipler tube 27. As is well known in the art, when a
      gamma ray penetrates the detector crystal 26 it causes disruption of the
      crystal lattice structure therein and causes a flash of light in the
      transparent detector crystal whose intensity is proportional to the energy
      of the gamma ray creating the disturbance. The photomultiplier tube 27 and
      its associated circuitry converts these light flashes into voltage pulses
      having an amplitude functionally related to the intensity of the light
      flashes and hence functionally related to the energy of the gamma ray
      entering the detector crystal 26.
PAR  The pulse signals from the photomultiplier tube 27 are conducted via line
      28 to a discriminator circuit 29 which is used to discriminate against low
      energy background gamma radiation which may be present from naturally
      occurring radioactive sources in the vicinity of the bore hole. In the
      practice of the present invention, for example, it has been found
      desirable to set the level of the discriminator 29 at a level adequate to
      prevent voltage pulses representative of gamma rays having an energy less
      than 0.5 mev from entering the cable transmission system for transmission
      to the surface. Output signals from the discriminator 29 are supplied via
      line 30 to the amplifier 25, for linear amplification prior to
      transmission to the surface. The output of amplifier 25 is provided to the
      cable driving amplifier 31 which amplifies the signals to a level suitable
      for transmission to the surface in a linear manner and which couples the
      count pulse signals appropriately to a cable 19 conductor for this
      transmission.
PAR  Power for the operation of the circuit elements in the downhole sonde is
      provided along conductors of the cable 19 which may be a conventional
      multi-conductor well logging cable or the armored coaxial type if desired.
      In any event, power from the surface power supply 32 is supplied over the
      cable 19 conductors to the downhole sonde 18 and converted therein by
      power supplies (not shown) of a conventional type to the voltage levels
      required to operate the circuitry within the downhole portion of the
      system.
PAR  At the surface the voltage pulses representative of the gamma rays detected
      in the detector crystal 26 in the downhole sonde 18 and the stabilization
      and synchronization pulses provided by the pulser 23 are routed to an
      amplifier circuit 33 whose gain is controlled by a pulse stabilizer
      circuit 34. The signals are also supplied to the pulse stabilizer circuit
      34 directly via line 35. The pulse stabilizer circuit 34 which may be of
      the type shown in U.S. Pat. No. 3,767,921 which is assigned to the
      assignee of the present invention if desired, functions to provide output
      control signals which control the gain of the amplifier 33 to provide a
      linear amplification of the pulse count signals from the downhole detector
      26. Thus amplifier 33 functions as a gain control linear amplifier whose
      gain is always held at such a value by the pulse stabilizer circuit 34 so
      as to assure that the amplitude of the representative gamma ray voltage
      count pulses from the downhole equipment is maintained at a constant input
      level to the remaining circuitry.
PAR  The pulse stabilizer circuit 34 also provides output control pulses to a
      time gating circuit 36. The time gate circuit 36 admits count pulses from
      the downhole equipment which have been amplified by the amplifier 33 to
      the succeeding circuitry only upon receipt of a conditioning signal from
      the pulse stabilizer circuit 34. These signals are provided at a
      predetermined time following the receipt of a voltage pulse stabilization
      signal from the downhole equipment by the pulse stabilization circuit 34.
      Thus the operation of the surface equipment is synchronized with the
      operation of the downhole neutron generator 22.
PAR  Referring now to FIG. 3 the relative timing of the system is illustrated
      schematically. It has been found preferable in the present invention to
      have the downhole pulser 23 provide control signals to the downhole
      neutron source 22 at a rate of approximately 100 pulses per second. These
      pulses are then used to activate the neutron generator 22 to produce a
      burst of fast neutrons having a time duration of approximately 1
      millisecond as illustrated in FIG. 3. This also provides approximately a 9
      millisecond time interval between bursts from the downhole neutron
      generator 22. In order to allow thermal neutron stabilization following
      the neutron burst and to allow gamma radiation resulting from the capture
      of thermal neutrons by the elements in the material surrounding the bore
      hole to substantially die out and leave substantially only gamma rays
      resulting from the activation of relatively long lived radioactive
      isotopes the detector signals are gated off for a period of approximately
      three milliseconds following each burst of fast neutrons from the
      accelerator. Thus the pulse stabilization circuitry 34 located at the
      surface provides a gating signal to the time gate 36 approximately 4
      milliseconds following the receipt of the calibration and stabilization
      pulse from the downhole pulser 23.
PAR  The voltage pulse output signals from the time gate 36 are supplied as
      input to a multichannel pulse height analyzer 37. Multichannel pulse
      height analyzer 37 separates the gamma ray voltage pulses on the basis of
      their height, which it will be recalled corresponds to the energy of the
      gamma rays impinging upon the crystal 26 in the downhole sonde 18.
PAR  Referring now to FIG. 2 the gamma ray pulses are separated into two regions
      or energy windows based on the height thereof. These two windows are
      illustrated in FIG. 2 and labelled "silicon window" and "oxygen window".
      The silicon activation gamma ray energy window encompasses gamma rays
      which fall in an energy range from approximately 0.5 mev to 2.0 mev. The
      oxygen activation gamma ray energy window extends from 2.0 mev to 7.25
      mev. The oxygen activation gamma ray window includes gamma ray events such
      as the photopeak (6.13 mev), the two escape peaks frompair production, and
      some of the Compton scattering event gamma rays produced by Compton
      scattering of gamma rays in the crystal. The oxygen energy window is set
      this wide in order to increase the oxygen counting rate and thereby
      provide optimum counting statistics for the well log.
PAR  The silicon energy window encompasses the 1.78 mev aluminum 28 photopeak
      together with energy ranges corresponding to some of the Compton gamma ray
      scattering events in the crystal. However, the pair production escape
      peaks are not covered by the silicon energy window. Falling within the
      silicon energy window is some background gamma radiation produced from
      crystal activation by thermal neutrons and gamma rays which have been
      energy deteriorated by Compton scattering. The background from both of
      these sources may be corrected by using calibration information. The
      crystal activation background counting rate is determined by measuring the
      count rate in the silicon energy window with the well logging sonde 18
      suspended in air after making a well logging run through a test bore hole.
      The background falling in the silicon energy window from deteriorated
      Compton scattered gamma rays due to the oxygen activation may be
      determined by measuring the count rate in the silicon window while the
      sonde is suspended in a pure limestone formation (i.e. containing no
      silicon). Under this condition the count rate measured in the formation is
      the sum due to crystal activation and oxygen activation deteriorated gamma
      ray background. By first determining the crystal activation background
      count rate as described, the oxygen background count rate can then be
      determined by subtracting the air count rate from the count rate in the
      pure limestone formation (in the silicon energy window).
PAR  This technique provides the two correction terms which are applied to the
      counts detected in the silicon energy window in the multichannel pulse
      height analyzer 37 by the background correction circuit 38 of FIG. 1. The
      background correction circuit 38 subtracts these two predetermined terms
      from the counts detected in the silicon energy window in the multichannel
      pulse height analyzer 37 and provided as input to it on input line 39. The
      output from the background correction circuit 38 is supplied as one input
      to a ratio circuit 40 and additionally as an input to the recorder 21
      where it is plotted directly as a function of bore hole depth on the
      record medium 22 as previously discussed.
PAR  The oxygen activation gamma ray counts output from the multichannel pulse
      height analyzer 37 is supplied to the opposite input of the ratio circuit
      40. The ratio circuit 40, in turn, produces an output signal which is the
      ratio of its two input signals (or silicon/oxygen ratio) which is, as
      indicated in FIG. 1, supplied to the well logging recorder 21. Recorder 21
      plots this ratio quantity as a function of bore hole depth in the manner
      previously described. Finally the oxygen counts are also supplied from the
      multichannel pulse height analyzer 37 to the well logging recorder 21 and
      plotted as a function of bore hole depth.
PAR  In conventional well logging operations the logging tool is typically
      lowered to the lowermost depth desired to be logged and then moved
      upwardly through the bore hole while performing the well logging
      operation. In the present invention it is then readily apparent that the
      distance between the source and detector and the speed at which the well
      logging tool is moved through the bore hole determine the time lag between
      the irradiation of a particular depth level in a formation with neutrons
      and the detection of the activation gamma rays subsequently occurring as
      measured by the gamma ray detector. Commercially, it is desirable to log
      as fast as possible in order to occupy less time on the well site.
      However, this must be compromised against the necessity for obtaining
      sufficient counting statistics to insure an accurate measurement.
PAR  While the well logging sonde 18 is provided with a layer of shielding
      material 41 between the pulsed neutron source 22 and the detector crystal
      26 some direct neutron irradiation of the crystal 26 occurs and crystal
      activation takes place as the neutrons are not entirely stopped by the
      radiation shielding material 41. Accordingly, this factor must be taken
      into account in determining the optimum source to detector spacing to
      ensure a commercially feasible well logging speed without undue activation
      of the detector crystal which can raise the background radiation level to
      an undesirable amount.
PAR  Referring now to FIG. 5 a plot of counts of per second of crystal
      activation gamma rays versus source to detector spacing is illustrated. It
      will be observed that as the source to detector spacing is decreased from
      25 to 20 inches that neutron activation of the detector crystal increases
      a rapid rate. Increasing the source to detector spacing from 25 to 30
      inches does not noticeably decrease the crystal activation. By the use of
      this graphical representation and other experimental techniques it has
      been determined that in the case of the present invention an optimum
      source to detector spacing of approximately 255/8 inches between centers
      produces satisfactory results with a commercially useable logging tool
      speed of approximately ten feet per minute.
PAR  Referring now to FIG. 4, a cross plot of the detected silicon energy window
      counting rate versus the oxygen energy window counting rates for earth
      formations having known water saturations ranging between 0 and 100
      percent is illustrated. It will be observed that these data fall along a
      family of lines having a separation based on the oxygen content between
      the 0 percent water saturation and 100 percent water saturation lines. By
      use of a family of calibration curves such as that shown in FIG. 4 then,
      it is possible to determine the percent of water saturation of a given
      earth formation in the vicinity of a well bore hole by comparing the
      corrected silicon energy window and oxygen energy window count rates in
      the manner illustrated. If desired this comparison may be implemented on a
      small general purpose digital computer at the well site or it may be done
      at a remote site at a later time.
PAR  The sand content of a given formation, it has been determined, may be found
      by taking the ratio silicon/oxygen counting rates in the manner
      illustrated in FIG. 1 and plotting this as a function of bore hole depth.
      This ratio has been found to be fairly independent of porosity but there
      is a large change in the ratio when the formation changes from sand (which
      contains a high percentage of silicon) to lime (which contains only a
      trace, if any) of silicon. Thus the silicon to oxygen ratio curve
      illustrated in FIG. 1 may be considered a lithology indicator and
      sandstone detector. The individual silicon and oxygen well logging curves
      may be utilized, for example by the use of techniques such as those
      discussed with respect to FIG. 4, in order to determine the water
      saturation of a depth zone of interest.
PAR  FIG. 6 illustrates a portion of a well logged in a field test with a well
      logging system in accordance with the concepts of the present invention.
      In this well the zone from 5320 feet to the bottom of the well was
      perforated and produced 325 barrels of pipe line oil per day. The well was
      later choked back to around 160 barrels per day. It will be noted in FIG.
      6 that the relative silicon activation gamma ray counting rate and oxygen
      activation counting rate are both logged as a function of bore hole depth
      but the silicon over oxygen ratio is not recorded on this particular log.
      In the oil zone (5320 feet) it will be observed that there is a sharp
      decrease in the oxygen activation gamma ray counting rate while the
      silicon activation counting rate reamins relatively unchanged. This is an
      indication of sand formation having a hydrocarbon in the pore spaces
      between the sand grains as previously discussed.
PAR  The above description may make other alternative embodiments of the present
      invention apparent to those skilled in the art. For example, it may be
      possible to use other than a sodium iodide thallium activated crystal
      detector. It may be contemplated to add detectors or to use other neutron
      or gamma ray detectors known in the art. Other than a deuterium-tritiun
      accelerator pulsed neutron source could be used, provided that the source
      emitted neutrons having a sufficient energy to trigger the oxygen
      activation. Also slight variations on the placement of the energy windows
      and the time after neutron bursts of the detector activation could be made
      without departing from the true spirit of the invention.
PAR  Accordingly it is the aim in the appended claims to cover the invention so
      as to encompass all such changes and modifications which are rendered
      obvious to those skilled in the art by this disclosure.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for determining simultaneously the oxygen and silicon content
      of earth formations in the vicinity of a well borehole, comprising the
      steps of:
PA1  passing a pulsed source of fast neutrons through a well borehole and
      repetitively irradiating earth formations in the vicinity of the borehole
      with bursts of fast neutrons of energy sufficient to cause the nuclear
      reaction 0.sup.16 (N,P)N.sup.16 ;
PA1  detecting radiation occurring from the decay of unstable radioactive
      isotopes of elements in the vicinity of the borehole created by the
      capture of neutrons from said repetitive bursts of fast neutrons and
      generating voltage signals representative of the energy of said detected
      radiation;
PA1  separating, according to a predetermined energy relationship, said detected
      radiations into at least two energy components corresponding to the decay
      of radioactive isotopes produced by the capture of neutrons by the
      elements silicon and oxygen and making counts representative thereof;
PA1  correcting said representative counts of the radiation produced by the
      decay of unstable isotopes produced by the capture of neutrons by silicon
      for background radiation due to the degradation of gamma radiation
      produced by the decay of radioactive isotopes produced by the capture of
      neutrons by oxygen by Compton scattering of said gamma radiation; and
PA1  recording said representative counts of radioactive isotopes produced by
      the capture of neutrons by silicon and oxygen as a function of borehole
      depth.
NUM  2.
PAR  2. The method of claim 1 and further including the step of forming a ratio
      signal of said corrected representative counts of radiation produced by
      isotopes produced by the capture of neutrons by silicon and representative
      counts of radiation produced by isotopes produced by the capture of
      neutrons by oxygen and recording said ratio signal as a function of
      borehole depth.
NUM  3.
PAR  3. The method of claim 1 wherein the step of separating said detected
      radiations into at least two energy components is performed by separating
      gamma radiation produced by the decay of unstable isotopes into an energy
      region extending from approximately 0.5 MEV to 2.0 MEV for silicon
      produced isotopes and from approximately 2.0 MEV to 7.25 MEV for oxygen
      produced isotopes.
NUM  4.
PAR  4. The method of claim 1 wherein the steps of repetitively irradiating
      earth formations in the vicinity of a well borehole with fast neutrons is
      performed by repetitively irradiating said formations with bursts of
      approximately 14 MEV neutrons produced by a pulsed neutron source of the
      deuterium-tritium accelerator type.
NUM  5.
PAR  5. The method of claim 1 wherein the step of repetitively irradiating earth
      formations in the vicinity of a well borehole with fast neutrons is
      performed by repetitively irradiating said formation with bursts of
      approximately 14 MEV neutrons of approximately 1 millisecond time
      duration.
NUM  6.
PAR  6. The method of claim 5 wherein the step of detecting radiation occurring
      from the decay of unstable isotopes produced by the capture of neutrons
      from said repetitive irradiation bursts is performed by detecting gamma
      radiations so produced with a thallium activated sodium iodide crystal
      detector optically coupled to a photomultiplier tube.
NUM  7.
PAR  7. The method of claim 6 wherein said detecting step is performed
      subsequent to each repetitive neutron burst of approximately 1 millisecond
      duration after the elapse of approximately a 3 millisecond time interval
      to allow the thermal neutron population from each neutron burst to
      substantially die away.
NUM  8.
PAR  8. The method of claim 7 wherein said detecting step is performed
      subsequent to each repetitive neutron burst and after said elapsed
      interval by detecting gamma radiation resulting from the decay of unstable
      radioactive isotopes for a time interval of approximately 6 milliseconds.
NUM  9.
PAR  9. A method of radioactivity well logging to locate potential oil producing
      zones of earth formations in the vicinity of a well borehole, comprising
      the steps of:
PA1  passing a pulsed source of fast neutrons through a well borehole and
      repetitively irradiating earth formations in the vicinity of the borehole
      with bursts of fast neutrons of energy sufficient to cause the nuclear
      reaction 0.sup.16 (N,P)N.sup.16 ;
PA1  delaying for a time sufficient to substantially allow the thermal neutron
      population in the borehole vicinity to substantially die away and then
      detecting gamma radiation produced by the decay of unstable radioactive
      isotopes produced by said neutron bombardment and generating voltage
      signals representative of the energy of gamma radiation produced by the
      decay of such unstable isotopes;
PA1  separating, according to a predetermined energy relationship, said detected
      gamma radiation into at least two energy components corresponding to the
      decay of radioactive isotopes produced by the capture of neutrons by
      silicon and oxygen and making counts representative thereof;
PA1  correcting the counts of said silicon produced gamma rays for background
      due to the Compton scattering of said oxygen produced gamma rays; and
PA1  recording said corrected silicon and oxygen gamma ray count signals as a
      function of borehole depth.
NUM  10.
PAR  10. The method of claim 9 and further including the step of forming a ratio
      signal of said corrected silicon counts and said oxygen counts and
      recording said ratio signal as a lithology indicator as a function of
      borehole depth.
NUM  11.
PAR  11. The method of claim 9 wherein the step of separating said detected
      gamma radiation is performed by separating gamma radiation produced by the
      decay of unstable isotopes produced by the capture of neutrons by silicon
      in an energy region from approximately 0.5 MEV to 2.0 MEV and by the decay
      of unstable isotopes produced by the capture of neutrons by oxygen in an
      energy region from approximately 2.0 MEV to 7.25 MEV.
NUM  12.
PAR  12. The method of claim 9 wherein the neutron bombardment step is performed
      by repetitively irradiating the earth formations in the vicinity of the
      borehole for a duration of approximately 1 millisecond with fast neutrons
      of approximately 14 MEV energy produced by a deuterium-tritium accelerator
      type neutron source.
NUM  13.
PAR  13. The method of claim 12 wherein the detecting step is performed by
      delaying approximately 3 milliseconds after each neutron burst and then
      detecting gamma rays produced by the decay of unstable isotopes for an
      interval of approximately 6 milliseconds.
NUM  14.
PAR  14. The method of claim 13 wherein a thallium activated sodium iodide
      scintillation crystal of generally cylindrical configuration and
      approximately 2 inch diameter and 4 inch length is used with a separation
      distance from its center to the center of the neutron source being
      approximately 253/8 inches, and said crystal is optically coupled to a
      photomultiplier tube.
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ABST
PAL  Analysis of the composition of polyphase gas or liquid mixtures circulated
      continuously within pipe systems is carried out by withdrawing samples
      from primary circulation loops at regular intervals and passing them into
      a mass spectrometer connected to a computer for recording the results of
      analysis and controlling chemical processes which yield the different
      mixtures as effluents. Withdrawal and analysis of samples are performed in
      real time without any manual operation in order to permit adjustments of
      the unit in which the mixtures under analysis are circulated.
BSUM
PAR  This invention relates to a device for the automatic analysis by mass
      spectrometry of two-phase mixtures (gaseous and/or liquid mixtures) which
      circulate continuously within pipe systems.
PAR  In this device, the mass spectrometer is connected in real time to a
      computer which is employed both for recording the results of analysis and
      for controlling chemical processes which yield the different mixtures as
      effluents. This mass spectrometer serves especially to cary out analyses
      of effluents derived from the fractionating chains of a stream cracker in
      petrochemical processes or from a catalytic cracker in petroleum refining.
PAR  It is known that mass spectrometry is an extremely convenient and rapid
      means for performing accurate and rapid analyses of gas mixtures. In these
      spectrometers, the gas mixture to be analyzed is ionized, the different
      components having different masses being then separated in a magnetic
      prism in which the magnetic field B is perpendicular to the direction of
      the ionized particles. In the prior art, the spectrometer was connected to
      a computer but this was only for the analysis of spectra, the introduction
      being carried out either by hand or in a noncontinuous manner by means of
      samples taken from the different pipes in which the mixture was
      circulated; moreover, the operating parameters of the spectrometer were
      adjusted by hand. If it is desired to carry out continuous checking of the
      operating conditions of a steam-cracking unit, for example, it is
      important to check the composition of the various mixtures at regular
      intervals at precise points of the unit and to perform these checking
      operations in real time so that, by making use of the analytical results
      delivered by a printing machine connected to the computer (which counts
      the mass spectra produced by the analyzer), it is accordingly possible to
      modify certain settings of the unit in order to optimize the reactions
      which take place in the chemical treatment process. The parameters of the
      chemical reactions can equally well be adjusted automatically by the
      computer as a function of a program which utilizes the analytical results
      delivered by the device.
PAR  The present invention relates to a device for the automatic analysis by
      mass spectrometry of two-phase mixtures which circulate continuously
      within main pipes so as to permit quantity determination of the different
      compounds which circulate within a pipe, said pipe being chosen according
      to the indications given by the operator; these quantity determinations
      are performed at regular intervals and the results are indicated in a very
      short time.
PAR  In more exact terms, the device in accordance with the invention
      essentially comprises:
PAR  PIPES CONSTITUTING A PLURALITY OF PRIMARY LOOPS B.sub.i, each of said
      primary loops B.sub.i being connected to one of the main pipes and fitted
      with a flow regulating valve and a flowmeter in series;
PAR  pipes T.sub.i, each of said pipes T.sub.i being such as to connect a branch
      point in a primary loop B.sub.i to a pneumatic valve V.sub.j through the
      intermediary of a dust filter F.sub.i and a needle valve for regulating
      the flow rate;
PAR  pneumatic valves V.sub.j for operably connecting one of the pipes T.sub.i
      to a traced pipe T';
PAR  a sampling cell at the extremity of the pipe T';
PAR  a sampling pipe T" for connecting the outlet of the sampling cell to a
      recycling circuit through a delivery valve V' and a flowmeter in series;
PAR  means for measuring the pressure within the sampling cell;
PAR  means for regulating the pressure within the interior of the sampling cell
      by regulating th opening of the valve V' as a function of the difference
      between a value of the reference pressure and the pressure which is
      measured within the sampling cell;
PAR  a traced pipe T'" for connecting the sampling cell to a pneumatic valve V";
PAR  a capillary tube for connecting the pneumatic valve V" to a chamber E;
PAR  pumping means for creating a vacuum within the chamber E;
PAR  a pipe for connecting the chamber E to the ionization chamber of a mass
      spectrometer;
PAR  electronic means for simultaneously initiating the application of voltage
      to the accelerating electrodes of the mass spectrometer and the opening of
      the pneumatic valve V";
PAR  means for initiating the opening of the pneumatic valves V.sub.j according
      to the mixture of the gases to be analyzed.
PAR  In accordance with the invention, the first pneumatic valve V.sub.1 which
      is connected to the two pipes T.sub.1 and T.sub.2 operably connects one of
      said two pipes to the pipe T'.
PAR  The mixtures to be analyzed are continuously circulated through the primary
      loops B.sub.i which are connected in parallel to the pipes employed for
      carrying said mixtures so that the sample withdrawn at the branch point
      should be representative of the mixture to be analyzed at the moment of
      analysis. The dusts filter removes the majority of fine solid particles
      entrained by the mixture; this filter is particularly essential in the
      analysis of the furnace effluents of a steam cracker since these latter
      contain a high proportion of small particles of solid carbon which would
      clog the different orifices of the device if they were not stopped by said
      filter. The pipes are traced or in other words fitted with a system for
      heating the external wall of the pipe in order that the compounds should
      remain gaseous at the pressure which prevails within the interior of said
      pipe. Tracing consists for example of an electrical resistance wire
      through which a current circulates as is the case with the tracing of the
      capillary tube according to the invention, that is to say a resistor which
      is wound with a variable pitch according to the quantity of heat which it
      is desired to supply to the pipe. Tracing can also consist of steam
      tracing and in this case the pipes are traced by winding a copper tube in
      which is circulated a fluid at high temperature such as steam, for
      example, said copper tube being wound around the pipe to be traced in a
      helix having a variable pitch.
PAR  The pipes can be traced by providing a sleeve made of a tube which is
      concentric with the pipe and in which is passed a fluid such as steam at
      high temperature, for example.
PAR  Regulation of the pressure of the sampling cell is performed by means of
      the valve V' which is controlled by a pressure regulator. The connection
      between the sampling cell and the mass spectrograph is established by
      means of a capillary tube connected to the outlet of a pneumatic valve
      which is fixed on the side of the cell and the inlet of which is in
      continuous communication with this latter. In accordance with the
      invention, said pneumatic valve V" is operated simultaneously with the
      application of high voltage to the electrodes of the mass spectrometer.
      This makes it possible to prevent the ionization filament from being
      continuously swept by the gases outside periods of analysis and from being
      thus subject to premature wear. In accordance with the invention, the
      gases to be analyzed circulate in the vicinity of the filament only when
      it is desired to perform an analysis. The concentrations of various
      substances of the gaseous mixture which is injected into the sampling cell
      are obtained from selected peak heights in the spectrum produced by the
      mass spectrometer, by solving a system of linear equations whose
      coefficients result from calibration of the apparatus by means of pure
      substances.
PAR  If P.sub.k is the partial pressure of the constituent k per unit of
      pressure and H.sub.j is the height of the peak corresponding to the mass j
      of the mixture, these two values are related by:
EQU  h.sub.kj P.sub.k = H.sub.j.
PAL  The index k varies from 1 to m and the index j varies from 1 to n. The
      coefficients h.sub.kj are measured by means of preliminary calibration of
      the apparatus. The heights of the peaks H.sub.j are measured by the mass
      spectrometer. The system of linear equations is solved as a function of
      the data h.sub.kj and H.sub.j, thus giving the partial pressures P.sub.k
      which it is desired to know. The matrix is not necessarily a square matrix
      since a number of substances having different chemical configurations or
      even different chemical compositions but the same mass can contribute to a
      peak H.sub.j which corresponds to a predetermined atomic mass. In this
      case, the matrix is rectangular. The solution of these equations is
      performed in the computer which is associated with the mass spectrometer.
      The results of the analysis are printed. Depending on the results of this
      analysis and by comparing the concentrations of certain substances with
      analytical predictions obtained in accordance with the physical and
      chemical parameters of the apparatus in which the reactions are carried
      out, it is possible to modify these parameters in order to obtain enhanced
      efficiency of the apparatus.
PAR  In accordance with the invention, the mixture of compounds to be analyzed
      is selected and is circulated within one of the primary circulation loops
      B.sub.i, in which the index i varies from 1 to N; this selecting device
      essentially comprises:
PAR  a preselection key having two positions such that in the first position a
      direct-current voltage source is connected to N manual selection keys and
      that the directcurrent voltage source is connected in a second position to
      the input of an automatic switch;
PAR  N manual selection keys each intended to establish a contact between the
      direct-current voltage source and one of the N leads which supplies said
      voltage to an array of electrovalves;
PAR  a switch for connecting the direct-current voltage source to one of the N
      leads aforesaid which constitute the N outputs of the switch controlled by
      the digital values applied to K inputs.
PAR  The value of K is higher than or equal to Log N/Log 2; in fact if there are
      N outputs, the selection of one of said N outputs is performed by means of
      a digital control which transcribes the number of said output in the
      binary system.
PAR  The invention further comprises an array of N -1 pneumatic valves V.sub.j
      of the slide-valve type and each having two inputs 1' and 2' and one
      output, said valves being connected in series in such a manner as to
      ensure that the output of the valve j - 1 is connected to the input 1' of
      the valve j, the traced pipe T.sub.j + 1 being connected to the input 2'
      of the valve j, two electrovalves being adapted to control each pneumatic
      valve V.sub.j, the first electrovalve being activated by the voltage
      supply lead j + 1 and adapted to control the lead which connects the
      output of the pneumatic valve to the input 2' of said valve j, the second
      electrovalve being adapted to control the lead which connects the input 1'
      to the output of the pneumatic valve j when said second electrovalve is
      activated by any one of the supply leads 1 to j and the output of the last
      pneumatic valve being connected to the traced pipe T'.
PAR  The first pneumatic valve V.sub.1 which is connected to the two pipes
      T.sub.1 and T.sub.2 is controlled by two electrovalves, the first
      electrovalve which is activated by the lead 1 being adapted to couple the
      input 1' connected to the pipe T.sub.1 to the output and the second
      electrovalve which is activated by the lead 2 being adapted to couple the
      input 2' connected to the pipe T.sub.2 to the same output, said output
      being in turn coupled to the input 1' of the valve V.sub.2.
PAR  By means of this arrangement of pneumatic valves and electrovalves, the
      mixture derived from one of the pipes T.sub.j is sent into the traced pipe
      T'. In the case of effluents to be analyzed which are at low pressure, a
      circuit is chosen through the multiple pneumatic valves of minimum length,
      especially when said effluents are liable to condense. In the case of
      light effluents such as hydrogen, they can be passed through all the
      electrovalves without any attendant difficulty or danger of condensation.
      This multiplexing system controlled by electrovalves makes it possible to
      connect to the traced pipe T' any one of the supply pipes through which
      the mixtures to be analyzed are circulated.
PAR  In one embodiment of the invention, the device is distinguished by the fact
      that a number of main pipes carrying the mixtures of products to be
      analyzed are under pressure; this is particularly the case when the
      mixtures to be analyzed are the effluents derived from fractionating
      chains of a steam cracker or a catalytic cracker.
PAR  In this case, the device in accordance with the invention is distinguished
      by the fact that all the pipes for the circulation of products under
      pressure to be analyzed are stainless steel tubes each fitted with an
      expansion valve on the downstream side and close to the point at which
      they are branched on the main duct.
PAR  The circulation pipes or tubes aforesaid are fitted with more or less
      complex systems according to the nature of the effluent to be transported.
PAR  If the sampling operation is performed in the gas phase and there is not
      attendant danger of condensation of certain components of the effluent at
      room temperature, the line is made up of a single stainless steel tube
      fitted with an expansion valve downstream of the point at which it is
      branched on the main duct. Said expansion valve is placed very close to
      the branch point in order to limit the pressure within the greater part of
      the tube (as a safety precaution); the expansion valve also makes it
      possible to set at a final and definite value the pressure to be
      maintained at the level of the analysis selection panel at the end of the
      line, taking into account the desired rate of flow within said line. Said
      analysis selection panel is constituted by the complete assembly of
      pneumatic valves and electrovalves employed for controlling the connection
      of a pipe T.sub.j to the traced pipe T'.
PAR  If the effluent is gaseous at the branch point but is subject to the danger
      of partial condensation at room temperature and at the operating pressure
      of the pipe, provision is made in accordance with the invention for steam
      tracing downstream of the expansion valve either by winding a copper tube
      around the stainless steel tube or by means of a sleeve which is swept by
      the steam.
PAR  If the effluent is gaseous but at very low pressure which is below the
      operating pressure of the selecting panel, a pumping system is necessary
      and located near the branch point if possible in order to employ the line
      as a pressure-variation filter. This filter is formed by the capacity of
      the line which integrates the pressure variations arising from the pumping
      system.
PAR  The fact of increasing the pressure can result in the appearance of
      condensates which are vaporized by tracing of the line.
PAR  If the effluent is liquid, the assembly in accordance with the invention is
      provided from the branch point with a vaporizer followed by an expansion
      valve and a traced pipe if necessary. If the pressure of the effluent is
      such that its temperature is close to the vaporization temperature of the
      liquid, the expansion valve performs the function of vaporizer on
      condition that the expansion is not liable to result in icing of said
      valve.
PAR  If the gaseous effluent contains compounds which condense at the
      temperature of the tracing steam at a pressure slightly higher than
      atmospheric pressure and solid particles (for example carbon derived from
      the cracking of naphtha), the supply line becomes more complex and more
      costly.
PAR  In the case just mentioned, said supply line is provided according to the
      invention with a system for sampling by means of loops, filters, heat
      exchangers and flash drums from which is delivered a mixture which remains
      gaseous at the tracing temperature. The flash drum employed is of the type
      described in French Pat. No. 7333933 of Sept. 21st, 1973.
PAR  In accordance with the invention, the device for controlling the mass
      spectrometer essentially comprises:
PAR  means for regulating the initial mass point of the analysis stream;
PAR  means for varying the velocity of sweeping of the magnetic field in the
      magnetic prism of the mass spectrometer.
PAR  Said sweeping velocity varies linearly or exponentially with time.
PAR  In the last-mentioned case of an exponential sweeping velocity, the width
      of the peaks of the spectrum delivered by the mass spectrometer remains
      constant throughout the analysis, that is to say irrespective of the
      position of the peaks within the spectrum at a given peak. At the same
      time, the interval between the peaks decreases exponentially. For a given
      analysis, the resolving power applies to the width of the peaks and not to
      the time of analysis, thereby facilitating the choice of an exponential
      sweep.
PAR  In a preferential embodiment of the invention, the output of the mass
      spectrometer comprises an electron multiplier connected in series with an
      amplifier A.sub.1 having a low output impedance. The measurement signal
      derived from the electron multiplier at the output of the mass
      spectrometer is adapted by an amplifier having a very low output impedance
      in order to ensure that transmission of the analog signal to the measuring
      chain of the computer takes place under good conditions, that is to say
      without distortion of the signal.
PAR  In order to eliminate the multiple spurious components of 50 c/s frequency
      which interfere with the measurement signal, the device in accordance with
      the invention comprises an apparatus for integrating in 20 milliseconds
      connected in series after the output cable of the amplifier which has a
      low output impedance. The device in accordance with the invention is
      further distinguished by the fact that it comprises after the integrator:
PAR  an amplifier A.sub.2 having a gain which is programmable according to the
      height of the peak;
PAR  a computer for storing the values of the heights of the peaks and the times
      of appearance of the peaks to be counted from the time of commencement of
      the sweep;
PAR  a printing unit for displaying the results of analysis obtained in real
      time and expressed in percentages by weight.
PAR  The computer further comprises couplers for transmitting logical control
      signals to the mass spectrometer and the selection panels and for
      recording the logical signals which transcribe the control signals
      delivered by the computer.
PAR  In accordance with the invention, the computer further comprises a device
      for controlling the operation of the analyzer, said device being
      controlled by a signal corresponding to any one of the following events:
PAR  a break in the filament which is the ion source of the analyzer;
PAR  failure of the high-voltage supply to the mass spectrometer;
PAR  insufficient vacuum within the mass spectrometer chamber;
PAR  absence of magnetic field in the mass spectrometer.
PAR  These different safety measures are useful for informing the operator
      immediately when one of the parameters of the measuring system attached to
      the mass spectrometer is defective.
PAR  The device in accordance with the invention is also distinguished by the
      fact that it comprises at least one clock for initiating at adjustable
      time intervals the successive analysis of a number of mixtures by
      controlling on the one hand the opening of suitable pneumatic valves and
      on the other hand the analytical cycle of the mass spectrometer.
PAR  Thus the request for analysis can be made either manually by depressing one
      of the function keys of the computer dialogue console and by specifying
      the number of the desired analysis, or automatically at predetermined
      clock times.
PAR  In order to comply with current safety standards in the petroleum and
      chemical industries, the device in accordance with the invention
      essentially comprises:
PAR  a pressurized enclosure containing the mass spectrometer, the associated
      electronic devices, and an air pressurizer (non-flameproof equipment);
PAR  the traced capillary tube which couples the sampling chamber to the mass
      spectrometer, which traverses one wall of the pressurized enclosure and
      connects the mass spectrometer to the sampling cell located in another
      ventilated enclosure;
PAR  the ventilated enclosure containing the pneumatic valves V.sub.j, the
      electrovalves and the sampling pipes T.sub.j.
PAR  In this manner, the delicate units such as the mass spectrometer and
      associated electronic equipment are separate from the pipes employed for
      supplying the different mixtures to be analyzed as well as from the
      different pneumatic valves. The two enclosures are connected together by
      the single capillary tube in which the gas flow rate is very low; in order
      to achieve enhanced safety, the room in which the delicate devices are
      located, is at a continuous excess air pressure in order that no
      explosible gas is liable to be introduced from the exterior into the
      pressurized enclosure.
DRWD
PAR  A clearer understanding of the invention will in any case be gained from
      the following description of one exemplified embodiment of the invention
      which is given without any implied limitation, reference being made to the
      accompanying figures, in which:
PAR  FIG. 1 is a diagram of the device according to the invention in which
      provision is made for two sampling loops;
PAR  FIG. 2 is a diagram of the electrovalve control panel comprising eight
      power supply leads;
PAR  FIG. 3 is a diagram of the device for controlling the pneumatic valves by
      means of electrovalves and voltage supplies;
PAR  FIG. 4 is a diagram of the complete system.
DETD
PAR  As already mentioned in the foregoing, the invention consists in
      withdrawing samples of mixtures to be analyzed from primary circulation
      loops and sending said samples into a mass spectrometer, the withdrawal
      and analysis of said samples being performed in real time without any
      manual operation in order to permit the possibility of modifying the
      adjustments of the unit in which the different mixtures under analysis are
      circulated; this makes it possible to check the good operation of the unit
      and to optimize this latter; furthermore, an excessive or insufficient
      concentration of a substance facilitates identification of a defective
      apparatus.
PAR  There is shown in FIG. 1 a diagram of the sampling device which comprises
      main pipes 2 and 4 through which are circulated two mixtures to be
      subjected to analysis, a sampling loop B.sub.1 connected in parallel to
      the pipe 2 and a sampling loop B.sub.2 connected to the pipe 4, the
      sampling loop B.sub.1 being fitted with the valve 6 and with the flowmeter
      8 whilst the sampling loop B.sub.2 is fitted with the valve 10 and with
      the flowmeter 12. The mixtures circulate within the different main pipes
      in the direction of the arrows 14 and 16. The mixtures circulate within
      the circulation loop B.sub.1 in the direction of the arrows 18 and 20 and
      within the pipe B.sub.2 in the direction of the arrows 22 and 24.
PAR  The primary loops and the pipe 44 are connected to a catchpot 25, the
      contents of which are recycled to the unit in the direction of the arrow
      27. Each primary sampling loop is connected through filters such as the
      filters 26 and 28, then through valves such as the valves 32 and 34, to
      the inputs of a pneumatic valve 30. Said pneumatic valve connects either
      the input 1' or the input 2' to the pipe T' according to the control
      operation of the two electrovalves 36 and 38. The pneumatic valve 30 is of
      the so-called slide-valve type. When the valve 36 is activated, the input
      1' of the pneumatic valve 30 is connected to the pipe T'; when the valve
      38 is activated, the input 2' is connected to the output of the valve 30,
      that is to say to the pipe T'; the pipe T' connects the output of the
      pneumatic valve 30 to a sampling chamber 40. The gases under pressure are
      supplied to the pneumatic valve from a gas source (not shown) and
      circulate in the direction of the arrow 41.
PAR  The sampling chamber aforesaid is provided with an output connected to a
      pipe T" which is fitted with a delivery valve V' and with a flowmeter 42.
      Said pipe T"  recycles or eliminates the different compounds which are
      directed into the sampling chamber 40 and circulate within the pipe 44.
      The sampling chamber 40 is equipped with an instrument 46 for measuring
      the pressure of gases within said sampling chamber 40. Said instrument 46
      controls the opening of the valve V' by means of the electrical lead wire
      48. The sampling chamber 40 is connected by means of the pipe T'" to a
      valve V" which is in turn connected through a valve 48 to a chamber E via
      a capillary tube 50 traced by an electrical resistance wire 52 which is
      wound around the external surface of said tube. A voltage supply is
      applied to the terminals 54 and 56 of the electrical resistance wire 52.
PAR  The chamber E is equipped with pumping means (not shown in the figure)
      which are connected to said chamber E by means of valves 58 and 60. The
      same chamber E is connected to the ionization chamber 62 of the mass
      spectrometer through a valve 64 which also serves to measure in the branch
      66 of said valve both the leakages and the pressure of gases within the
      interior of the ionization chamber and of the chamber E.
PAR  When it is desired to measure the composition of the mixture which
      circulates within the pipe 14, the valve 6 is adjusted so as to ensure a
      constant and representative flow rate within the loop B.sub.1, whereupon
      the valve 34 is opened so that the inlet 2' of the pneumatic valve 30 is
      supplied with gas derived from the primary loop B.sub.1 ; the electrovalve
      38 is then activated and initiates the connection of the input 2' to the
      pipe T' of the pneumatic valve 30; the gas flow rate is adjusted within
      the sampling cell by means of the valve V' which is controlled by the
      pressure-measuring instrument 46; voltage is applied to the filament of
      the mass spectrometer at 62 and the valve V" opens at the same time, with
      the result that part of the gas mixture which is present within the
      sampling chamber is sent into the chamber E. After a sufficient sweeping
      time, the magnetic field is set up within the mass spectrometer (which is
      not shown in detail in the figure) in order to analyze the various
      components of the mixture having different masses.
PAR  FIG. 2 shows the electronic circuit arrangement for controlling the
      different electrovalves. A d.c. voltage source is connected to the
      terminal 101; a preselection key 103 connects said d.c. voltage source
      either to an array of eight leads in the case of manual control in which
      case the connection is made when the key is connected to the terminal 102
      or to a set of relay contacts such as those designated by the reference
      numerals 104, 106, 108 and so forth, said contacts being connected in a
      series-parallel circuit arrangement. These contacts are controlled by
      electromagnets designated by the reference numerals 112, 114 and 116. When
      all these electromagnets are activated, the connections are established as
      shown in FIG. 2. The automatic selection system connects one of the eight
      arms of the circuit consisting of current supply leads designated by the
      reference numerals 121, 122, 123, 124, 125, 126, 127 and 128 to the d.c.
      voltage source 108. In the case of FIG. 2, it is the lead 128 which is
      connected to the key 101. Depending on the digital values 0 or 1 applied
      to the coils of the electromagnets which control the relays such as 106,
      108, the connection between the voltage at 101 and one of the leads is
      established in accordance with the rules laid down by the following truth
      table in which the digital values are applied at a, b and c.
TBL  ______________________________________                                    
            a     b       c       channel                                      
     ______________________________________                                    
            0     0       0       121                                          
            0     0       1       122                                          
            0     1       0       123                                          
            0     1       1       124                                          
            1     0       0       125                                          
            1     0       1       126                                          
            1     1       0       127                                          
            1     1       1       128                                          
     ______________________________________                                    
PAR  Under manual control, the relay 103 connects the terminal 101 to the
      terminal 102. One of the eight manual selection keys serves to connect one
      of the eight supply leads and only one of the eight leads to the terminal
      102 which is in turn connected to the d.c. voltage source 101.
PAR  There is shown in FIG. 3 the array of seven pneumatic valves which serve to
      connect to the pipe T' one of the eight inputs connected to the pipes
      T.sub.1, T.sub.2, T.sub.3, T.sub.4, T.sub.5, T.sub.6, T.sub.7, T.sub.8.
      Pairs of electrovalves such as 130 and 132 control the connection of the
      inputs 1' or 2' to the outputs of the pneumatic valves. The output of each
      pneumatic valve is connected to the input 1' of the adjacent pneumatic
      valve. The electrovalves which control the connection of the outputs of
      the pneumatic valves to the inputs such as 2' are connected to the supply
      leads 122, 123, 124, 125, 126, 127 and 128. The valves such as the valve
      132 which connect the inputs such as 1' to the outputs of the pneumatic
      valves are connected to all the leads corresponding to the electrovalves
      of lower order in the series. Thus the manual control, for example, of the
      key which connects the voltage terminal 101 to the supply lead 124 of FIG.
      2 energizes the electrovalve 140 which is connected to the lead 124, with
      the result that the pipe T.sub.4 is connected to the output of the third
      pneumatic valve. As a result of the energization of all the following
      electrovalves, namely those which connect the inputs 1' to the outputs of
      the pneumatic valves, the gases circulated within the pipe T.sub.4 pass
      through the following four pneumatic valves and terminate in the pipe T'.
PAR  It is apparent that in the particular example of eight channels which has
      just been given, it is thus possible to initiate the connection of the
      valve T' to any one of the pipes from T.sub.1 to T.sub.8. In order that
      the gases to be analyzed should not pass through an excessive number of
      pneumatic valves, it is sometimes an advantage to group the pneumatic
      valves together in parallel branches. Accordingly, if it is desired to
      carry out the quantity determination of gas derived from 32 pipes T.sub.1
      to T.sub.32, it is an advantage to assemble the pneumatic valves in series
      in groups of eight, that is to say to place four series of eight pneumatic
      valves connected in parallel to a single outlet pipe T'.
PAR  In FIG. 4, there is shown a diagram of the complete system comprising a
      sampling panel 200 for directing to the mass spectrometer 202 a gaseous
      effluent such as the effluent carried by the pipe 204 and derived from one
      of the branch points connected to said panel; the mass spectrometer is
      equipped with a device for continuously introducing gas to be analyzed as
      described earlier and indicated by the arrow 206. An electronic interface
      208 ensures adaptation of information in the direction of computer to mass
      spectrometer and conversely; the digital computer 210 carries out all the
      control operations defined in the foregoing in the direction of the three
      assemblies, namely the sampling panel, the mass spectrometer and the
      interface; said computer serves to obtain and process the spectra and to
      control the good operation of the mass spectrometer. The arrow 212 which
      connects the mass spectrometer to the computer carries an electrical
      signal which is proportional to the height of the peaks: this is the
      measurement signal; the arrow 214 which proceeds from the mass
      spectrometer to the computer through the interface represents the
      communication of the mass spectrometer cutoff signals to the computer. The
      arrow 216 represents the leads which establish a communication between the
      digital outputs derived from the computer and the interface, which are
      brought out of said interface and passed to the mass spectrometer in the
      direction of the arrow 218 for a sequential control of the mass
      spectrometer and in the direction of the arrow 220 towards the sampling
      panel 200 for a sequential control of said panel.
PAR  The example of construction as described below relates to the steam cracker
      which is installed in the ELF refinery at Feyzin, France. The system
      comprises two series of pneumatic valves, one series being made up of
      eight analytical channels and the other series being made up of six
      analytical channels. The nature of the charge of the steam cracker is
      naphtha (light gas oil) and ethane derived from the fractionation of the
      cut C.sub.2. The cuts C which are followed by a numeral denote pipes in
      each of which is circulated a gas mixture containing the same number of
      carbon atoms in each component of the mixture as the numeral which follows
      the letter C of the cut. Accordingly, the gases which have two carbon
      atoms, namely acetylene, ethylene and ethane, are circulated in the cut
      C.sub.2.
PAR  The twelve possible analyses within the twelve channels are analyses of:
PA1  1. the cut C.sub.2 prior to passing into the hydrogenation reactors;
PA1  2. the cut C.sub.2 after passing into the hydrogenation reactors;
PA1  3. the hydrogen gas prior to Joule-Thomson expansion;
PA1  4. the hydrogen gas after Joule-Thomson expansion;
PA1  5. the gas supplied to the steam cracking furnaces;
PA1  6. the gas produced by the Feyzin plant;
PA1  7. the gas exported by the steam cracking reactor;
PA1  8. the cut C.sub.3 upstream of the hydrogenation reactor;
PA1  9. the flare gas of the unit;
PA1  10. the light gasoline of the hydro-treatment section;
PA1  11. the intermediate gasoline of the hydro-treatment section;
PA1  12. the effluents which pass out of the cracking furnaces.
PAR  Analyses 1, 2, 3, 4, 5, 6 and 7 entail the use of single lines each
      equipped with an expansion valve located behind the branch point. The
      pressure attains 25 bars in certain branch points. Analysis 8 calls for a
      single line with expansion valve and heater. The expansion must be
      fractionated owing to the very high pressure at the branch point which
      would result in icing of a single expansion valve.
PAR  Analysis 9 entails the need for a line traced with steam and for a pump,
      the flare pressure being lower than the operating pressure of the sampling
      panels. Coupling of analyses 10 and 11 is carried out by means of traced
      lines each fitted with an expansion valve. Analysis 12 calls for the
      installation of a special sampling system, namely the flash drum described
      in French Pat. application No. 7333933.
PAR  The pressure at the pneumatic-valve inlets is 1.3 bar relative, that is to
      say 1.3 bar above atmospheric pressure. The regulated pressure within the
      sampling cell is 70 g/cm.sup.2. The gas flow rate within the sampling cell
      is approximately 12 liters per minute. The flow rate within the capillary
      sampling tube is 1 to 2 liters per minute and the resolving power chosen
      for the mass spectrometer in the case of these values of flow rate is 300.
      This value is sufficient for the quantity determination of substances from
      hydrogen to naphthalene. The duration of the analyses is 45 seconds in the
      case of the cuts C.sub.2 and two minutes in the case of the effluents at
      the outlet of the furnace. The accuracy of the measuring chain is 2.5
      .times. 10.sup.-.sup.4.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for the automatic analysis by mass spectrometry of polyphase
      mixtures which circulate continuously within main pipes, wherein said
      device comprises:
PA1  pipes constituting a plurality of primary loops (B.sub.i), each of said
      primary loops (B.sub.i) being connected to one of the main pipes and
      fitted with a flow regulating valve and a flowmeter in series;
PA1  pipes (T.sub.i), each of said pipes (T.sub.i) being such as to connect a
      branch point in a primary loop (B.sub.i) to a pneumatic valve (V.sub.j)
      through the intermediary of a dust filter (F.sub.i) and a needle valve for
      regulating the flow rate;
PA1  pneumatic valves (V.sub.j) for operably connecting one of the pipes
      (T.sub.i) to a pipe (T');
PA1  a sampling cell at the extremity of the pipe (T');
PA1  a sampling pipe (T") for connecting one outlet of the sampling cell to a
      recycling circuit through a delivery valve (V') and a flowmeter in series;
PA1  means for measuring the pressure within the sampling cell;
PA1  means for regulating the pressure within the interior of the sampling cell
      by regulating the opening of the valve (V') as a function of the
      difference between a value of the reference pressure and the pressure
      which is measured within the sampling cell;
PA1  a traced pipe (T'") for connecting the sampling cell to a pneumatic valve
      (V");
PA1  a capillary tube for connecting the pneumatic valve (V") to a chamber (E);
PA1  pumping means for creating a vacuum within the chamber (E);
PA1  a pipe for connecting the chamber (E) to the ionization chamber of a mass
      spectrometer;
PA1  electronic means for simultaneously initiating the application of voltage
      to the accelerating electrodes of the mass spectrometer and the opening of
      the pneumatic valve (V");
PA1  means for initiating the opening of the pneumatic valves (V.sub.j)
      according to the mixture to be analyzed.
NUM  2.
PAR  2. A device according to claim 1, wherein said device comprises means for
      ensuring that the first pneumatic valve (V.sub.1) which is branched on the
      two pipes (T.sub.1 and T.sub.2) operably connects one of said two pipes to
      the traced pipe (T').
NUM  3.
PAR  3. A device according to claim 1 for selecting the mixture of compounds to
      be analyzed which is circulated within one of the primary circulation
      loops (B.sub.i in which the index i varies from 1 to N), wherein said
      device comprises:
PA1  a preselection key having two positions such that a direct-current voltage
      source is connected in the first position to N manual selection keys and
      that said direct-current voltage source is connected in a second position
      to the input of an automatic switch;
PA1  N manual selection keys each intended to establish a contact between the
      direct-current voltage source and one of the N leads which supplies said
      voltage to an array of electrovalves;
PA1  a switch for connecting the direct-current voltage source to one of the N
      leads aforesaid which constitute the N outputs of the switch controlled by
      the digital values applied to K inputs;
PA1  an array of N-1 pneumatic valves (V.sub.J) of the slide-valve type and each
      having two inputs (1' and 2') and one output, said valves being connected
      in series in such a manner as to ensure that the output of the valve (j-1)
      is connected to the input (1') of the valve (j) the traced pipe
      (T.sub.j.sub.+l) being connected to the input (2') of the valve (j), two
      electrovalves being adapted to control each pneumatic valve (V.sub.j), the
      first electrovalve being activated by the voltage supply lead (j+1) and
      adapted to control the lead which connects the output to the input (2') of
      said pneumatic valve (j), the second electrovalve being adapted to control
      the lead which connects the input (1') to the output of the pneumatic
      valve (j) when said electrovalve is activated by any one of the supply
      leads (1 to j) and the output of the last pneumatic valve being connected
      to the traced pipe (T').
NUM  4.
PAR  4. A device according to claim 3, wherein the first pneumatic valve
      (V.sub.1) which is connected to the two pipes (T.sub.1 and T.sub.2) is
      controlled by two electrovalves, the first electrovalve which is activated
      by the lead (1) being adapted to couple the input (1') connected to the
      pipe (T.sub.1) to the output and the second electrovalve which is
      activated by the lead (2) being adapted to couple the input (2') connected
      to the pipe (T.sub.2) to the same point, said output being in turn coupled
      to the input (1') of the valve (V.sub.2).
NUM  5.
PAR  5. A device according to claim 1 wherein the main pipes for the circulation
      of mixtures of products to be analyzed are under pressure.
NUM  6.
PAR  6. A device according to claim 5 for sampling and analysis of gaseous
      products at room temperature, wherein all the pipes for the circulation of
      said products are stainless steel tubes each fitted with an expansion
      valve on the downstream side and close to the point at which they are
      branched on the main duct.
NUM  7.
PAR  7. A device according to claim 5 for sampling and analysis of products
      which are liquid at room temperature after passing through the expansion
      valve, wherein all the pipes for the circulation of said products are
      traced at a temperature such that said products are in the gas phase.
NUM  8.
PAR  8. A device according to claim 5 for sampling gaseous products at low
      pressure, wherein said device comprises means for pumping said products in
      the vicinity of the branch points in the main pipes and directing said
      products under pressure into the primary circulation loops (B.sub.i).
NUM  9.
PAR  9. A device according to claim 5 for the analysis of liquid products,
      wherein the traced pipes corresponding to said sampling operation comprise
      a vaporizer in the pipe (B.sub.i) near the branch point.
NUM  10.
PAR  10. A device according to claim 1, wherein the pipes are traced by winding
      a copper tube in which a fluid at high temperature is circulated, said
      copper tube being wound around the stainless tube with a variable winding
      pitch.
NUM  11.
PAR  11. A device according to claim 1, wherein a fraction of each pipe is
      traced by placing a sleeve formed of a tube which is concentric with said
      pipe, said sleeve being swept by a fluid at high temperature.
NUM  12.
PAR  12. A device according to claim 10, wherein the fluid at high temperature
      is steam at high pressure.
NUM  13.
PAR  13. A device according to claim 1 wherein a fraction of each pipe passes
      through a flash drum located upstream of the mass spectrometer.
NUM  14.
PAR  14. A device according to claim 1 wherein the device for controlling the
      mass spectrometer comprises:
PA1  means for regulating the initial mass point of the analysis stream;
PA1  means for varying the velocity of sweeping of the magnetic field in the
      magnetic prism of the mass spectrometer.
NUM  15.
PAR  15. A device according to claim 14, wherein said device comprises means for
      varying the sweeping velocity linearly with time.
NUM  16.
PAR  16. A device according to claim 14, wherein said device comprises means for
      varying the sweeping velocity exponentially with time.
NUM  17.
PAR  17. A device according to claim 14, wherein the output of the mass
      spectrometer comprises an electron multiplier connected in series with an
      amplifier (A.sub.1) having a low output impedance.
NUM  18.
PAR  18. A device according to claim 17, wherein said device comprises an
      integrator in series after the output cable of the amplifier (A.sub.1).
NUM  19.
PAR  19. A device according to claim 18, wherein said device comprises after the
      integrator:
PA1  an amplifier (A.sub.2) having a gain which is programmable according to the
      height of the peak corresponding to the mass of one of the analyzed
      products;
PA1  a computer for storing the values of the peaks and the instants of
      appearance of said peaks;
PA1  a printer for displaying the results of analysis obtained in real time.
NUM  20.
PAR  20. A device according to claim 19, wherein the computer comprises a unit
      for recording and indicating the all-or-none logical signals corresponding
      to stoppage of sweeping of the mass spectrometer.
NUM  21.
PAR  21. A device according to claim 19 wherein the computer comprises a cut-off
      circuit for interrupting the storage of data, said circuit being
      controlled by a signal corresponding to any one of the following events:
PA1  a break in the source filament;
PA1  a failure of the high-voltage supply to the mass spectrometer;
PA1  insufficient vacuum within the mass spectrometer chamber;
PA1  absence of magnetic field in the mass spectrometer.
NUM  22.
PAR  22. A device according to claim 1 wherein said device comprises at least
      one clock for initiating at adjustable time intervals the successive
      analyses of a number of mixtures by controlling the opening of suitable
      pneumatic valves and the analytical cycle of the mass spectrometer.
NUM  23.
PAR  23. A device according to claim 1 wherein said device comprises:
PA1  a pressurized enclosure containing the mass spectrometer, the associated
      electronic devices and an air pressurizer;
PA1  the traced capillary tube which traverses one wall of the pressurized
      enclosure and connects the mass spectrometer to the sampling cell located
      in another ventilated enclosure;
PA1  the ventilated enclosure containing the pneumatic valves (V.sub.j), the
      electrovalves and the sampling pipes (T.sub.j).
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ABST
PAL  Homogeneity of bulk control serum is determined when making production
      fills of clinical chemistry control serum using a radioactive tracer in
      the bulk control serum tank. A radioactive tracer is added to the control
      serum along with any other added constituents. After standard bottles are
      filled, they are analyzed for radioactivity in a radiation counter for
      measuring the amount of radioactive tracer in each bottle and thereby
      determining the homogeneity of the contents of the bottles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of determining homogeneity of the
      contents of a number of bottles filled on a production line of control
      materials used in clinical chemistry.
PAR  Control materials which simulate analytical samples are essential for the
      accurate and reliable performance of many clinical tests. These control
      materials are usually complex mixtures and are commonly derived, in part,
      from natural sources. They are desirably prepared as a collection of
      identical samples and are expected to be stable over a designated period
      of time.
PAR  Clinical chemistry control materials are designed for use in analytical
      systems and in quality control programs to provide means for estimating
      precision and detecting deviations which result from reagent or
      instrumentation defects. These control materials also are useful for
      proficiency testing and interlaboratory surveys. If constituent levels are
      established with sufficient accuracy and precision, they may also be used
      as calibration standards.
PAR  Illustrative of such clinical chemistry control materials are those
      described in U.S. Pat. Nos. 3,466,249; 3,558,522; 3,629,142; 3,682,835;
      3,705,110; 3,728,226; 3,729,427; and 3,753,925.
PAR  Recognizing the need for effective control materials used in the
      performance of clinical laboratory testing, the National Committee for
      Clinical Laboratory Standards has recently proposed that certain standards
      be set up for control materials sold in the United States; Clinical
      Chemistry, Vol. 18 , pp. 585-8 (1972). Among the criteria established by
      the NCCLS is that in the preparation of batches of controls, the
      manufacturer must ensure that there is a sufficient degree of vial-to-vial
      uniformity in the product so that the user may achieve reproducible
      results. One prerequisite of this uniformity is the homogeneity of the
      material being delivered into individual containers. The importance of
      homogeneity is readily apparent when it is considered that a control serum
      may contain from a few up to 30 different constituents. These constituents
      normally are admixed in a large container such as 1000 or 2000 liter
      kettle and then dispensed into unit vials of various sizes. According to
      the standards proposed by the National Committee for Clinical Laboratory
      Standards, inter-vial differences in concentration in the final product
      due to combined errors of homogeneity and dispensing shall not exceed .+-.
      1.0 percent of the mean value in more than 5 percent of the vials. This
      represents a coefficient of variation (assuming a normal distribution) of
      0.5 percent.
PAR  It is difficult to measure homogeneity in a batch of control liquid because
      the best biochemical test heretofore available is the assay system for
      sodium. Sodium has a coefficient of variation of about 11/2 to 2 percent
      in its assay procedures with a flame photometer. This assay requies a
      dilution of 1:200 and numerous errors can occur in this dilution series,
      as well as in readings on the instrumentation. In seeking a desired small
      coefficient of variation on the order of 0.1 to 0.5 percent for resolving
      power, this chemical approach is completely unfeasible for use in
      evaluating homogeneity of control serum, as adequate resolving power is
      not present in the method to be used statistically.
PAR  Physical methods also have been tried in an attempt to measure homogeneity
      of control serum, including use of an instrument to measure density of
      solutions to six significant places. The instrument must be held to within
      0.01.degree.C., while making the measurements with a constant temperature
      thermostated system, and each measurement takes approximately 15 minutes
      to make. Because of the length of time required to make density
      measurements, and the fact that in a control group there may be as many as
      1000 vials at a time to measure, this procedure is unfeasible in
      production work for measurement of homogeneity of control serum. Moreover,
      the value obtained for the density of water must be subtracted from the
      total density value in order to obtain the density of the solids contained
      in the solution measured. When the values were subtracted for water, the
      density values obtained were slightly above the numbers for sodium. The
      sodium values obtained were approximately 150, or three figures in a very
      low range. In the density measurements, the values obtained after
      subtracting the density of water from the density of the control serum
      were in the range of 300. The resolving power of this density measurement
      system thus was not sufficient, since multiple measurements of the same
      serum did not yield coefficients of variation less than 1%.
PAR  A method employing the refractive index of the solutions has also been used
      to measure homogeneity of control serum, but this too has been found
      unsatisfactory, even with the use of a five-place refractometer. The
      problem with this method is that it requires subtraction of the density
      value for water in order to obtain the refractive index of the solids
      contained in the control serum. This system is not sufficiently reliable
      statistically to give a low coefficient of variation. The values obtained
      after the values of water were subtracted from the values obtained for the
      control serum yielded density values in the 500 to 600 value range, which
      is insufficient significant figures for the accuracy required. The system
      required precision temperature control within 0.01.degree.C. and each
      value took about 5 minutes to measure which was totally unfeasible for
      production work.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that homogeneity of clinical control materials
      can be determined by adding a radioactive tracer into the bulk control
      serum tank and mixing with other components so that the radioactive tracer
      simulates one of the components that is being incorporated in the control
      serum. The containers filled with the control serum are then analyzed for
      radioactivity to determine homogeneity of the contents.
PAR  Since it is necessary to run quantitative analyses for the various chemical
      components present in control serum, a selected tracer component must be
      used, as it can affect some of the biochemical results being tested in the
      control. Additionally, if a very hot radioactive material with a long
      half-life is added to the control serum, the control serum can not be used
      as a control for certain radioactive experiments because the radioactivity
      present in the serum itself interferes with the reactions to be counted.
PAR  Radioactive .sup.131 Iodine has been found to be an ideal radioisotope to
      use to determine homogeneity of control serum because of its half-life of
      8.07 days, as the radioactivity present in the control serum does not
      affect the value of the control serum approximately one month after
      addition of .sup.131 I when radioactive measurements are made on it for
      certain biochemical constituents of the thyroid. For this reason, certain
      other radioisotopes can not be used in the control serum, for example,
      .sup.125 I, which has a half-life of 56 days. Since the usual half-life
      measurements are rated over five half-lives, there would be approximately
      10 months' worth of radioactivity in the control serum with the use of
      .sup.125 I. Radioactive .sup.59 Iron has been ruled out because of the
      excessive longevity of its half-life of 45.3 days, even though with strict
      control of the amount of iron added to the control serum the added iron
      would not interfere with the biochemical quantitation of serum iron or
      total iron-binding capacity. Radioactive .sup.197 Mercury, which has a
      half-life of 65 hours, has an insufficiently long total radioactivity,
      about 300 hours, in which to take all the measurements, including any
      repeat measurements, and make the necessary mathematical calculations of
      the decay rate. The decay rate in this case is so rapid that, inasmuch as
      the counting of each bottle takes place for the two or three minutes
      required to obtain sufficient radioactivity counts to reduce the error of
      counting, substantial corrections would have to be made for the change in
      radioactivity in the control serum.
PAR  It has now been discovered that the homogeneity of control serum can be
      accurately measured by adding about one millicurie of .sup.131 I to 1000
      liters of control serum, or about one microcurie of .sup.131 I per liter
      of control serum. The tracer is mixed in as one of the constituents of the
      control serum. This level of added iodine is well below any level of
      iodine which causes any problems in control serum in carrying out
      experimentations with protein-bound iodine and butanol extractable iodine.
      It is well-known that excessive amounts of iodine in the control serum
      yield poor results for assays on certain biochemical constituents deemed
      important for endocrine functions of the thyroid. The amount of radiation
      added to the control serum according to the present invention has a
      theoretical initial count of approximately 2200 disintegrations per minute
      per ml. of serum, assuming 100% efficiency. The half-life of radioactive
      .sup.131 Iodine is 8.07 days, and therefore, after 26 days, less than 10
      percent of this activity remains in solution.
PAR  The radioactive .sup.131 Iodine is added to the control serum and mixed
      therein in the same manner as any of the other constituents, such as by
      stirring, as the bottles are filled in a normal filling line. After the
      bottles have been given their computer analysis for fill variation, they
      are subjected to a radioactivity count to measure the amount of
      radioactivity in the fill as a result of the dispersion of the radioactive
      .sup.131 Iodine throughout the fill. By counting milliliters of solution
      for several minutes, a statistical analysis procedure is provided which
      embraces mathematics in the low 0.1 percent coefficient of variation. It
      is thereby practical to accurately determine the homogeneity of fills for
      control serum in conformity with the standards proposed by the National
      Committee for Clinical Laboratory Standards.
PAR  Other radioactive tracers, including radioisotopes and radio-labeled
      compounds, having half-lives ranging from about 4 days to about 15 days
      also can be used in the practice of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  EXAMPLE 1
PAR  The homogeneity of a control serum is determined as follows: one millicurie
      of .sup.131 I radiation is added to 1000 liters of control serum to obtain
      a radiation count of 2200 disintegrations/min/ml of serum. This is
      wellmixed into the serum by stirring. Samples of the control serum which
      are used to check for weight variation are tested by withdrawing 1 ml. to
      10 ml. aliquots into standard containers and checking the samples in a
      scintillation counter set up automatically to produce a tape readout.
PAR  This example is based on the calculation that one microcurie of radiation
      is equal to about 22 .times. 10.sup.5 disintegrations/min. By adding 1
      microcurie of .sup.131 I radiation to one liter of control serum,
      approximately 2200 disintegrations/min/ml of serum are obtained. The
      half-life of .sup.131 Iodine is 8.07 days, with both beta and gamma
      emission. Therefore, after 26 days, less than 10 percent of the activity
      of the .sup.131 I remains in the control serum.
PAC  EXAMPLE 2
PAR  A production line of control serum is set up to provide a fill rate of 150
      vials per minute in the 5 ml. fill, or 100 vials per minute in the 10 ml.
      fill, or 50 vials per minute in the 50 ml. fill, from a 1000 liter batch
      of control serum dispensed through 6 or 8 heads. Thus, employing the 10
      ml. fill size, 100,000 vials are filled in about 1000 minutes. Homogeneity
      of the control serum is determined by employing the radioactive tracer
      method as in Example 1 and the inter-vial differences in concentration are
      found to be equivalent to a coefficient of variation less than 0.5%,
      employing a 1-2% statistical sample.
PAR  It will be understood that the specific examples of the present invention
      set forth above are given by way of illustration and not limitation and
      that many modifications and variations of the compositions of this
      invention can be made without departing from the spirit and scope of the
      invention. Accordingly, this application for Letters Patent is intended to
      cover all such modifications and variations as would reasonably fall
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of determining homogeneity of clinical control serum comprising
      adding batchwise to the bulk control serum a radioactive tracer having a
      halflife of from about 4 days to about 15 days, filling standard
      containers with the control serum containing the radioactive tracer,
      analyzing said filled standard containers in a radiation counter to
      determine the amount of radioactivity present in said containers and
      comparing the inter-container differences in said radioactivity.
NUM  2.
PAR  2. The method of claim 1 wherein the radioactive tracer is .sup.131 Iodine.
NUM  3.
PAR  3. The method of claim 2 wherein one microcurie of .sup.131 I is added per
      liter of control serum.
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ABST
PAL  A method of detecting stacks with leaky fuel elements in a
      liquid-metal-cooled reactor, consisting in that prior to withdrawing a
      coolant sample, gas is accumulated in the coolant of the stack being
      controlled, the reactor being shut down, separated from the sample by
      means of an inert carrier gas, and the radioactivity of the separated gas
      is measured. An apparatus for carrying out said method comprises a sampler
      in the form of a tube parallel to the reactor axis in the hole of a
      rotating plug and adapted to move along the reactor axis. Made in the top
      portion of the tube are holes for the introduction of the inert carrier
      gas and the removal thereof together with the gases evolved from the
      coolant, while the bottom portion of the tube is provided with a sealing
      member.
BSUM
PAR  The present invention relates to nuclear engineering, and more particularly
      to a method of detecting stacks with leaky fuel elements in a
      liquid-metal-cooled reactor and an apparatus for carrying out this method.
PAR  Known in the art are methods of detecting stacks with leaky fuel elements
      in a liquid-metal-cooled reactor and apparatus for effecting same.
PAR  In a prior art method of detecting stacks with leaky fuel elements in a
      liquid-metal-cooled reactor, fuel element stacks are successively checked
      after they are transferred, one by one, from the reactor core into a
      special test chamber filled with an inert carrier gas. Then, radioactive
      gases evolving from leaky fuel elements are accumulated in the inert
      carrier gas, their radioactivity is measured, and the inert carrier gas is
      sampled together with the gases evolved the faulty stacks. Whether a fuel
      element is leaky or not is determined by the degree of activity of the gas
      samples. After stacks with leaky fuel elements have been detected, they
      are removed from the reactor core and stacks with leakproof fuel elements
      are recharged therein.
PAR  An apparatus for carrying out the above method is known, comprising a
      sampler in the form of a test chamber the top and bottom portions whereof
      accomodate tubes for introducing an inert carrier gas and removing it
      together with the gases evolved from leaky fuel elements. The inner space
      of the chamber communicates with a means for measuring the radioactivity
      of the inert carrier gas mixed with the gases evolved from leaky fuel
      elements.
PAR  A disadvantage of said method of detecting stacks with leaky fuel elements
      and the apparatus carrying out this method resides in that it takes too
      much time to check one fuel element stack, since a check comprises the
      steps of removing a fuel element stack from the reactor core, accumulating
      evolving gases in the inert carrier gas, measuring the radioactivity of
      the evolved gases and recharging the stack into the core; on the whole, it
      takes several hours to complete a check.
PAR  Another disadvantage of the above method and apparatus is that such a check
      results in a prolonged shutdown of the reactor, for removing fuel element
      stacks, checking them and recharging new ones can only be done in a
      shut-down reactor, which, as has been already mentioned, is time-consuming
      and economically impractical.
PAR  Still another disadvantage of the above method and apparatus is that the
      fuel element stack checking procedure may result in contamination of the
      stack discharge zone with nuclear fuel if the shell of the leaky element
      being removed is cracked, which is inconsistent with safety regulations.
PAR  The above method and apparatus suffer from yet another disadvantage which
      resides in a possibility of a fuel element's meltdown in the stack under
      the action of an intensive afterheat.
PAR  Another method of detecting stacks with leaky fuel elements is known, this
      time without shutting down the reactor, also consisting in successive
      checking of fuel element stacks by withdrawing coolant samples from the
      stack being controlled, separating gas from a smaple by means of an inert
      carrier gas, and measuring the radioactivity of the resulting gas mixture.
      In this case, the inert carrier gas is injected under pressure into the
      coolant at the outlet of each stack, mixed with the sampled coolant and
      the resulting mixture in the form of an emulsion is degassed, and the
      evolved gases are removed from the reactor. Checking is done without
      removing fuel element stacks from the reactor core, and stacks with leaky
      fuel elements are detected by measuring the radioactivity of the resulting
      gas mixture.
PAR  An apparatus is known for carrying out the latter method and designed for
      operation in a widely known reactor provided with a recharging mechanism
      with a guide tube movable with the aid of a drive and two rotating plugs.
      One of the rotating plugs has at least one hole and is arranged internally
      of the other. The apparatus comprises a sampler for withdrawing samples
      from each individual fuel element stack, made in the form of a plurality
      of tubes the number thereof corresponds to that of the fuel element stacks
      to be controlled in the reactor core, with an inert carrier gas being fed
      under pressure from a source into each sampler tube and the inner space of
      the sampler communicating with a means for measuring the radioactivity of
      the inert carrier gas from the sampler mixed with the gases evolved from a
      coolant sample.
PAR  The coolant sample is degassed inside the sampler tubes communicating with
      a collector in which the inert carrier gas is accumulated together with
      gases evolving from the coolant sample.
PAR  This apparatus for detecting stacks with leaky fuel elements, however,
      suffers from a disadvantage residing in the complexity of its structure
      which comprises a sampler with a multitude of tubes, disposed inside the
      reactor, a collector and a special distributing device for introducing the
      inert carrier gas under pressure successively into each sampler tube, as
      well as means for introducing the inert carrier gas into the sampler tubes
      and removing it from the collector. Such a structure renders the
      recharging and rearrangement of fuel element stacks in the core in the
      usual manner impossible, and mounting and dismantling of the whole
      apparatus is too labour-consuming. All this substantially complicates the
      reactor maintenance and requires additional time. Besides, in addition to
      consuming too much time, the dismantling procedure involves risks of
      exposure to radioactive matter contaminating the equipment inside the
      reactor.
PAR  It is an object of the present invention to provide a method of detecting
      stacks with leaky fuel elements and an apparatus for effecting same, with
      such sampling facilities that will allow for effecting successive check of
      fuel element stacks in a shut-down liquid-metal-cooled reactor without
      withdrawing them from the reactor core and for removing faulty fuel
      element stacks therefrom.
PAR  With this and other objects in view, the invention resides in that the
      method of detecting stacks with leaky fuel elements by successively
      checking fuel element stacks comprises the steps of separating a coolant
      sample from the coolant in the fuel element stack being checked,
      separating gas from the sample by means of an inert carrier gas and
      measuring the radioactivity of the separated gas, with gases being
      accumulated, according to the invention, prior to sampling in the coolant
      of the fuel element stack being checked with the reactor being shut down.
PAR  In a reactor with stationary coolant, the accumulation of gases in the
      coolant of the fuel element stack being checked should preferably be
      effected by bringing the reactor to steady-state operating conditions
      prior to the check within a time period corresponding to the time of
      convective exchange in the fuel element stack coolant.
PAR  In a reactor with circulating coolant, the accumulation of gases in the
      coolant of the fuel element stack being checked should preferably be
      effected by stopping the circulation of the coolant in the fuel element
      stack being checked for a time period limited by the time required for the
      fuel elements to be heated to a temperature level below critical as far as
      their integrity is concerned.
PAR  The circulation of the coolant in the fuel element stack being checked can
      most effectively be stopped by means of a counterpressure built up by the
      inert carrier gas.
PAR  It is expedient, with a low afterheat prior to accumulation, to free the
      fuel element stack being checked from the coolant during a time period
      determined by the afterheat of the fuel elements and by the time required
      for their heating to a temperature level below critical as far as their
      physical, structural or operative integrity is concerned, whereby the
      process of accumulation of gases in the coolant of the fuel element stack
      being checked is accelerated.
PAR  It is advisable that an apparatus for carrying out the proposed method of
      detecting stacks with leaky fuel elements in a reactor, provided with a
      recharging mechanism including a guide tube movable with the aid of a
      drive and two rotating plugs, one of the plugs, having at least one hole,
      being arranged internally of the other, should have a sampler for
      separating coolant samples from the coolant in each individual fuel
      element stack being checked with the coolant samples being degassed in the
      inner space thereof, which space communicates with a means for measuring
      the radioactivity of the inert carrier gas together with the gases evolved
      from a coolant sample, removed from the sampler, said sampler being made,
      according to the invention, in the form of a first tube having a plug and
      being arranged parallel to the reactor axis and adapted to move therealong
      through the hole in the first rotating plug with the aid of the recharging
      mechanism drive, with holes being made in the top portion of the tube,
      which, in the course of operation of the apparatus, is above the rotating
      plugs, for introducing the inert carrier gas and removing it together with
      the gases evolved from the coolant, while provided in the bottom portion
      of the tube is a sealing member for cutting off the flow of coolant from
      the fuel element stack being checked and making for the accumulation of
      gases in the coolant under the counterpressure built up by the inert
      carrier gas.
PAR  In a reactor with stationary coolant, the proposed apparatus should
      preferably have a second tube arranged internally of the firt tube, the
      first end whereof is passed through the hole for introducing the inert
      carrier gas, while the second end is disposed in proximity to the cap of
      the fuel element stack being checked below the level of the coolant in the
      first tube, a hole being made in the second tube in immediate proximity to
      an end thereof for introducting the inert carrier gas into the first tube,
      and at least one hole being made in the wall of the first tube above the
      fuel element stack and below the coolant level for the coolant to flow
      from the stack into the first tube.
PAR  The second tube may be arranged coaxially with the first tube and movably
      along the reactor axis until it butts up against the cap of the fuel
      element stack, thus preventing the first tube from gripping the stack as
      they are disengaged after the check is over.
PAR  In a reactor with forced circulating coolant, the apparatus should most
      preferably have a third and fourth tubes for introducing the inert gas
      carrier into the first tube and removing it therefrom, a baffle and a
      nozzle disposed in the bottom portion of the first tube above the cap of
      the fuel element stack so that the whole of the coolant from the stack
      being checked would enter the nozzle and be sprayed above the coolant
      level in the first tube, while the baffle should be arranged above the
      nozzle in the top portion of the first tube to provide for additional
      spraying of the coolant from the nozzle and to prevent the coolant from
      penetrating the space above the baffle and solidifying therein, the third
      and fourth tubes being so arranged internally of the first tube that the
      first end of the third tube is coupled to the hole for removing the inert
      carrier gas, the first end of the fourth tube is coupled to the hole for
      removing the inert carrier gas, together with the gases evolved from the
      coolant, from the first tube, and the second ends of the third and fourth
      tubes are disposed below the baffle and above the coolant level, while at
      least one hole may be made in the wall of the first tube below the nozzle
      and above the fuel element stack for removing the coolant from the first
      tube.
PAR  It is also desirable that the proposed apparatus have a fifth tube disposed
      in the hole of the first rotating plug and adapted to move along the
      reactor axis, so that the first tube is arranged internally of the fifth
      tube the bottom end whereof is disposed above the fuel element stack below
      the coolant level in the reactor to prevent the first tube from gripping
      the stack as they are disengaged after the check is over.
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PAR  The invention will now be described in greater detail with reference to
      preferred embodiments thereof taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a plan view of a liquid-metal-cooled reactor, according to the
      invention;
PAR  FIG. 2 is a section taken along line II--II of FIG. 1;
PAR  FIG. 3 is an elevation view of an apparatus for detecting stacks with leaky
      fuel elements in the liquid-metal-cooled reactor, according to the
      invention;
PAR  FIG. 4 is an elevation view of another embodiment of the apparatus for
      detecting stacks with leaky fuel elements in the liquid-metal-cooled
      reactor, according to the invention.
DETD
PAR  The method of detecting stacks with leaky fuel elements in a
      liquid-metal-cooled reactor according to the present invention consists in
      the following.
PAR  In a shut-down reactor, the radioactive gas evolving from leaky fuel
      elements is accumulated in the coolant of the fuel element stack being
      checked, a sample of the coolant is separated or isolated from the
      coolant, the accumulated gas is separated from this sample by means of the
      inert carrier gas, and the radioactivity of the separated gas is measured;
      thus, all the fuel element stacks in the reactor core are checked one by
      one.
PAR  The accumulation of gases in the coolant of the fuel element stack being
      checked is effected, in a shut-down reactor with stationary coolant, by
      bringing the reactor to steady-state conditions prior to checking. By
      steady-state conditions we mean a state when such parameters of the
      reactor as the coolant temperature and coolant level in the reactor vessel
      are maintained constant, and all operations involving circulation of the
      coolant in the reactor vessel are eliminated. The steady-state conditions
      are maintained for a specific period of time corresponding to the time of
      convective exchange in the coolant of a fuel element stack, which usually
      amounts to 5 to 15 hours (depending on the amount of afterheat).
PAR  In a shut-down reactor with circulating coolant, to accumulate gases in the
      coolant of the fuel element stack being checked, the circulation of
      coolant is stoped in the latter. The coolant circulation is stopped for a
      period of time limited by the time required for the fuel elements in the
      stack to be heated to a temperature level critical thereof, i.e. to a
      level up to which fuel-element jackets remain intact. Stopping the coolant
      circulation is effected by the counterpressure built up by the inert
      carrier gas.
PAR  In case the amount of afterheat in fuel elements is small both with
      stationary and circulating coolant, to accelerate the process of gas
      accumulation in the coolant of the fuel element stack being checked, it is
      most expedient that the stack be freed from the coolant prior to
      accumulation. The time period for which the fuel element stack being
      checked is rid of the coolant is determined by the afterheat of the fuel
      elements in the stack and the time required for their heating to a
      temperature level permissible for their integrity. Then the coolant is
      returned to the stack and the process of gas accumulation is commenced.
      This process is accelerated due to the heating of the fuel elements in the
      absence of coolant and a more intensive liberation of gas from the heated
      leaky fuel elements. The stack is freed from the coolant by the
      counterpressure built up by the inert carrier gas and reduced, during gas
      accumulation, to a level required to effect this process.
PAR  Referring now to FIG. 1, the reactor 1, used wherein is an apparatus for
      carrying out the method of the present invention, comprises a vessel 2
      with a core disposed under rotating plugs 3 and 4. The plug 4 is arranged
      internally of the plug 3 and is provided with holes 5 and 6, both plugs
      being adapted to rotate axially in any sense.
PAR  Turning now to FIG. 2, the core 7 of the reactor 1 accomodates fuel element
      stacks 8 washed by a liquid-metal coolant 9. The reactor 1 also has a lid
      10, and disposed externally of the vessel 2 and lid 10 is a recharging
      mechanism 11 with a drive 12 for moving a guide tube 13 of the recharging
      mechanism 11. The holes 5 and 6 (FIG. 1) in the plug 4 receive the guide
      tube 13 (FIG. 2).
PAR  The apparatus for detecting stacks with leaky fuel elements used in the
      reactor 1 with stationary coolant, comprises a main tube 14 (FIG. 3) with
      a plug 15. The tube 14 is mounted parallel to an axis 16 of the reactor 1
      in the hole 5 of the rotating plug 4 and adapted to move axially with the
      aid of the drive 12 of the recharging mechanism 11 (FIG. 2).
PAR  Made in the top portion of the tube 14 (FIG. 3), which, in the course of
      operation of the apparatus, is disposed above the plugs 3 and 4, are a
      hole 17 for introducing the inert carrier gas and a hole 18 for removing
      the inert carrier gas together with the gas evolved from the coolant 9.
      Disposed in the bottom portion of the tube 14, which, in the course of
      operation of the apparatus, is under the plugs 3 and 4, is a sealing
      member 19 for cutting off the flow of the coolant 9 from the fuel element
      stack 8 and for enabling the accumulation of gases in the coolant 9 of the
      stack 8 under the counterpressure built up by the inert carrier gas. The
      inner space of the tube 14 communicates through the hole 18 and a pipe 20
      with a means 21 for measuring the radioactivity of the inert carrier gas
      removed from the tube 14 together with the gases evolved from a sample of
      the coolant 9, which means is a conventional instrument for measuring
      concentration of radioactive gases. The apparatus for detecting stacks
      with leaky fuel elements also comprises a hollow tube 22 arranged
      internally of the tube 14 so that the first end thereof is passed through
      the hole 17 for introducing the inert carrier gas, while its second end is
      disposed in proximity to the cap of the stack 8 below the level B of the
      collant 9 in the tube 14, C designating the level of the coolant 9 in the
      reactor 1. A hole 23 is made in the second end of the tube 22 for the
      inert carrier gas to flow therefrom into the main tube 14. A doser 24
      arranged as a conventional gas doser and supplying the inert carrier gas
      is coupled to the hollow tube 22 via a pipe 25. When a small amount of gas
      is discharged by the controlled stacks it is, therefore, expedient to
      accumulate in advance the gas discharged by the stack to the heat carrier
      under stationary conditions of the shut-off reactor. Made in the wall of
      the tube 14 above the stack 8 and below the level B of the coolant 9 in
      the tube 14 and the level C of the coolant 9 in the reactor 1 is a hole 26
      for the coolant 9 to flow from the stack 8 being checked into the main
      tube 14. Any number of holes 26 may be used.
PAR  To prevent the tube 14 from gripping the stack 8, as they are disengaged
      after the check is over, the hollow tube 22 is arranged coaxially
      therewith and is adapted to move along its axis until it butts up against
      the cap 27 of the stack 8. The tube 22 can be moved with the aid of any
      appropriate known means (not shown).
PAR  In contrast to the apparatus of FIG. 3, the apparatus for detecting stacks
      with leaky fuel elements, shown in FIG. 4, is intended for use in a
      reactor with forced circulation of the coolant 9. Arranged internally of
      the tube 14 are two hollow tubes 28 and 29, the tube 28 serving to
      introduce the inert carrier gas, and the tube 29 serving to remove it from
      the main tube 14.
PAR  Provided in the bottom portion of the main tube 14 is a nozzle 30 disposed
      above the cap 27 of the stack 8 so that all of the coolant 9 from the
      stack 8 enters the nozzle 30 and is sprayed above the level B of the
      coolant 9 in the tube 14. A baffle 31 is arranged above the nozzle 30 to
      provide for additional spraying of the coolant 9 outgoing from the nozzle
      30 and to prevent the coolant 9 from penetrating the space above the
      baffle 31 and solidifying there. The hollow tube 28 for introducing the
      inert carrier gas is so arranged that its first end is coupled to the hole
      17 for introducing the inert carrier gas, while the hollow tube 29 for
      removing the inert carrier gas together with the gases evolved from the
      coolant 9 is so arranged that the first end thereof is coupled to the hole
      18 for removing the inert carrier gas together with the evolved gases from
      the main tube 14. The second ends of the hollow tubes 28 and 29 are
      disposed below the baffle 31 and above the level B of the coolant 9 in the
      tube 14. Made in the wall of the main tube 14 above the stack 8 and below
      the nozzle 30 is a hole 32 for removing the coolant 9 from the main tube
      14. Any number of holes 32 can be used.
PAR  To prevent the tube 14 from gripping the stack 8, as they are disengaged
      after the check is over, the apparatus is additionally provided with a
      tube 33 arranged internally of the hole 5 of the plug 4 so that the main
      tube 14 is disposed inside the additional tube 33 coaxially therewith. The
      latter is adapted to move with the aid of a drive 34 along the axis 16 of
      the reactor 1 and is so arranged that in operation the bottom end thereof
      is located above the stack 8 being checked and below the level C of the
      coolant 9 in the reactor 1.
PAR  Consider now the operation of the apparatus for detecting stacks with leaky
      fuel elements, as shown in FIG. 3, in the shut-down reactor 1 with
      stationary liquid-metal coolant.
PAR  Consecutive check of the fuel element stacks 8 is commenced after the
      reactor 1 is shut down. Therewith, steady-state conditions (steady-state
      parameters of the reactor 1) are maintained in the reactor 1 prior to the
      check during a period of time determined by the convective exchange in the
      coolant 9 of the stack 8. The batters's duration is different for reactors
      with different characteristics, as well as the time period during which
      the steady-state conditions are maintained.
PAR  By turning the plugs 3 and 4, the tube 14 (FIG. 3) is positioned above a
      next stack 8 to be checked and is lowered, by means of the drive 12, until
      the sealing member 19 engages with the stack 8. At that moment, the
      circulation of the coolant 9 through the stack 8 being checked
      discontinues. After the tube 14 has been properly positioned on top the
      stack 8, an inert carrier gas is fed thereto under pressure and at a
      particular rate from the doser 24 through the pipe 25 and the hollow tube
      22. As the inert carrier gas emerges from the hole 23 under a pressure
      slightly higher than the pressure of the coolant 9 in the tube 14, it
      makes the coolant 9 bubble in the inner space of the tube, forcing, at the
      same time, the coolant 9 from the stack 8 to the hole 26 in the wall of
      the tube 14, wherethrough the coolant 9 flows into the vessel of the
      reactor 1. The sample is the heat carrier of the controlled stack which
      circulates, as a result of the process described above, in the inner part
      of the tube 14 from the stack 8 to the hole 26. The above-described
      process is referred to as the sampling process. In the course of bubbling,
      the coolant sample is degassed. The resulting gas mixture goes up to the
      top portion of the tube 14 and passes through the hole 18 and pipe 20 on
      to the means 21 for measuring the radioactivity of the gas mixture, with
      any appropriate instrument for measuring concentration of radioactive
      gases being used as said means. The radioactivity of the gas mixture is
      indicative of a leak in the stack 8 being checked.
PAR  After a stack 8 has been checked, the drive 12 is used to move the tube 14
      up until the sealing member 19 is disengaged from the checked stack 8, and
      the tube 14 is positioned so that when it is moved to be engaged with
      another stack 8, it does not touch the cap of the latter.
PAR  By moving the main tube 14 in the above manner (with the aid of the drive
      12 and by rotating the plugs 3 and 4), all the fuel element stacks
      disposed in the liquid-metal-cooled reactor core are checked one by one
      with the radioactivity of the gas from each stack 8 being measured. It is
      by the degree of radioactivity of said gas that leaky fuel elements are
      detected in the stack 8 being checked.
PAR  In the case of a small amount of afterheat in the shutdown reactor 1 with
      stationary liquid-metal coolant 9 the freeing of the controlled stack of
      the heat carrier consists of the following. The tube 14 (used without
      holes 26) together with the fuel element stack 8 being checked is sealed,
      and the doser 24 supplies the pressurized inert carrier gas through the
      pipe 25 into the hollow tube 28, which inert carrier gas forces the
      coolant 9 out of the stack 8. This state is maintained during a period of
      time sufficient for the radioactive gase evolving from the leaky fuel
      elements to be heated and partially accumulated in the stack 8 being
      checked. Thereafter, the overpressure is reduced and the pressure of the
      inert carrier gas is brought down to that of the coolant 9 in the stack 8,
      under which the level B of the coolant 9 in the tube 14 is maintained.
PAR  If the reactor 1 (FIG. 4) uses a means for circulating the coolant 9 by
      force (not shown), the latter starts to vigorously flow from the stack 8
      into the nozzle 30 which sprays the coolant 9 in the inner space of the
      tube 14 below the baffle 31, the latter additionally spraying the coolant
      9 into finer particles. As a result, the accumulated gases are separated
      from the coolant 9. The resulting mixture of the separated gases and the
      inert carrier gas is blown through the hollow tube 29 and the pipe 20 into
      the means 21 for measuring the radioactivity of said mixture, whereby
      leaky fuel elements in the stack 8 being checked are detected. The coolant
      9 then returns to the vessel of the reactor 1 through the hole 32 in the
      wall of the main tube 14. The process of the heat carrier circulation from
      the controlled stack 8 to the nozzle 30 installed in the inner cavity of
      the tube 14 and then, upon dispersion, flowing into the tank of the
      reactor 1 through the hole 32, is the sampling from the stack to the tube
      14.
PAR  To prevent the tube 14 from gripping the checked stack 8 as they are
      disengaged after the check is over, use is made of the additional tube 33
      which is lowered, by means of the drive 34, until its bottom end touches
      the stack 8 to retain it in place as the tube 14 is being lifted. Then,
      the tube 33 is lifted by means of the drive 34 and positioned above the
      stack 8 so that when it is moved towards a next stack 8, it does not touch
      the cap 27 of the latter. The measurement of the radioactivity of the
      inert carrier gas together with the gases separated from the coolant 9 is
      effected by the means 21 after the gas mixture is fed thereinto.
PAR  The proposed method of detecting stacks with leaky fuel elements and
      apparatus for effecting same permit of consecutive checking of fuel
      element stacks in the core of a shut-down reactor using a liquid-metal
      coolant with the aim of detecting those with leaky fuel elements without
      withdrawing them from the reactor core and with subsequent removal of the
      faulty stacks therefrom.
PAR  The application of the proposed method and apparatus in the Soviet BN-350
      and BN-600 reactors has made it possible to substantially reduce the
      reactor shut-down time, required to detect stacks with leaky fuel
      elements, and to save hunderds of thousands of roubles. In addition, the
      proposed apparatus is highly reliable in operation and ensures safe
      maintenance of the reactor.
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STM  What is claimed is:
NUM  1.
PAR  1. A method of detecting stacks with leaky fuel elements in a
      liquid-metal-cooled reactor, consisting in consecutive checking of said
      stacks with said fuel elements by accumulating gas in the coolant of said
      fuel element stack being checked with the reactor being shut down,
      separating a sample of said coolant from the coolant in said fuel element
      stack being checked, separating said gases from said sample by means of an
      inert carrier gas, and measuring the radioactivity of said separated
      gases.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein, in the case of said coolant in
      said reactor being stationary, said accumulation of said gases in said
      coolant of said fuel element stack being checked is effected by bringing
      said reactor to steady-state conditions for a period of time corresponding
      to the time of convective exchange in said coolant of said fuel element
      stack.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein, in the case of forced
      circulation of said coolant in said reactor, said accumulation of said
      gases in said coolant of said fuel element stack being checked is effected
      by stopping said circulation of said coolant in said fuel element stack
      for a period of time limited by the time required for said fuel elements
      to be heated to temperatures below critical with respect to their
      structural and operational integrity.
NUM  4.
PAR  4. A method as claimed in claim 3, wherein said circulation of said coolant
      in said fuel element stack being checked is stopped by means of the
      couterpressure built up by said inert carrier gas.
NUM  5.
PAR  5. A method as claimed in claim 1, wherein said fuel element stack being
      checked is freed of said coolant prior to said accumulation of said gases
      in said coolant for a period of time determined by the afterheat of said
      fuel elements and the time required for their heating to temperatures
      below critical with respect to their structural and operational integrity,
      whereby said accumulation of said gases in said coolant of said fuel
      element stack being checked is accelerated.
NUM  6.
PAR  6. An apparatus for detecting stacks with leaky fuel elements for a reactor
      provided with a recharging mechanism with a guide tube movable with the
      aid of a drive and two rotating plugs, one of said plugs, having at least
      one hole being arranged internally of the other, comprising: a hollow
      sampler for separating a coolant sample from the coolant in each
      individual fuel element stack being checked, with an inert carrier gas
      being fed under pressure into the inner space thereof, said coolant sample
      being degassed in the inner space of said sampler; a means for measuring
      the radioactivity of said gas separated from said sample of said coolant
      by means of said inert carrier gas, which means communicates with said
      inner space of said sampler in the direction of gas flow; said sampler
      being made in the form of a first tube having a plug and being arranged
      parallel to the axis of said reactor in said hole of said first rotating
      plug thereof, which tube is adapted to move along said axis of said
      reactor with the aid of said drive of said recharging mechanism; a sealing
      member for cutting off the flow of said coolant from said stack and
      providing for the accumulation of said gases in said coolant under the
      counter-pressure built up by said inert carrier gas, which sealing member
      is disposed in the bottom portion of said first tube which, in the course
      of operation of the apparatus, is under said rotating plugs; a hole for
      the introduction of said inert carrier gas, made in the top portion of
      said first tube which, in the course of operation of the apparatus, is
      above said rotating plugs; a hole for removing said inert carrier gas
      together with said gases evolved from said coolant sample, made in the top
      portion of said first tube which, in the course of operation of the
      apparatus, is above said rotating plugs; a second tube disposed internally
      of the first tube and having a first and a second ends; said first end of
      said second tube being passed through said hole for the introduction of
      said inert carrier gas; said second end of said second tube being in
      proximity to the cap of said fuel element stack below the level of said
      coolant in said first tube; a hole for said inert carrier gas to enter
      said first tube, made in direct proximity to said second end of said
      second tube.
NUM  7.
PAR  7. An apparatus as claimed in claim 6, wherein said second tube is arranged
      coaxially with said first tube and is movable along said axis of said
      reactor until it butts up against said cap of said stack, thus preventing
      said first tube from gripping the latter as they are disengaged after the
      check is over.
NUM  8.
PAR  8. An apparatus as claimed in claim 6, wherein said first tube has at least
      one hole for said coolant to flow from said stack being checked into the
      said first tube, said hole located in the wall of said first tube above
      said stack being checked and below the level of said coolant in said first
      tube.
NUM  9.
PAR  9. An apparatus for detecting stacks with leaky fuel elements for a reactor
      provided with a recharging mechanism with a guide tube movable with the
      aid of a drive and two rotating plugs, one of said plugs, having at least
      one hole being arranged internally of the other, comprising: a hollow
      sampler for separating coolant sample from the coolant in each individual
      fuel element stack being checked, with an inert carrier gas being fed
      under pressure into the inner space thereof, said coolant sample being
      degassed in the inner space of said sampler; a means for measuring the
      radioactivity of said gas separated from said sample of said coolant by
      means of said inert carrier gas, which means communicates with said inner
      space of said sampler in the direction of glas flow; said sampler being
      made in the form of a first tube having a plug and being arranged parallel
      to the axis of said reactor in said hole of said first rotating plug
      thereof, which tube is adapted to move along said axis of said reactor
      with the aid of said drive of said recharging mechanism; a sealing for
      cutting off the flow of said coolant from said stack and providing for
      said accumulation of said gases in said coolant under the counterpressure
      built up by said inert carrier gas, which sealing member is disposed in
      the bottom portion of said first tube which, in the course of operation of
      the apparatus, is under said rotating plugs; a hole for removing said
      inert carrier gas together with said gases evolved from said coolant
      sample, made in the top portion of said first tube which, in the course of
      operation of the apparatus, is above said rotating plugs; a second tube
      disposed internally of said first tube and having a first and a second
      ends; a third tube disposed internally of said first tube and having a
      first and a second ends; a nozzle disposed internally of said first tube
      in the bottom portion thereof so that all of said coolant from and stack
      being checked enters said nozzle and is sprayed above the level of said
      coolant in said first tube; a baffle disposed above said nozzle in the top
      portion of said first tube to additionally spray coolant outgoing from
      said nozzle, as well as to prevent said coolant from penetrating the space
      above said baffle and solidifying there; said first end of said second
      tube being coupled to said hole for the introduction of said inert carrier
      gas; said first end of said third tube being coupled to said hole for
      removing said inert gas together with said evolved gases from said first
      tube; said second ends of said second and third tubes being disposed below
      said baffle above the level of said coolant in said first tube; at least
      one hole for removing said coolant from said first tube made in the wall
      of said first tube below said nozzle above said stack.
NUM  10.
PAR  10. An apparatus as claimed in claim 9, comprising: a fourth tube arranged
      internally of said hole in said first rotating plug and movable along said
      axis of said reactor, the bottom end of said fourth tube being disposed
      above said stack and below the level of said coolant in said reactor, said
      first tube being disposed inside said fourth tube coaxially therewith so
      as to prevent said first tube from gripping said stack as they are
      disengaged after the check is over.
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ABST
PAL  A collimator for a ray diagnosing device for taking pictures produced by
      gamma rays or similar penetrating rays consists of a honeycomblike
      constructed body with many holes, the walls of which absorb the rays. The
      invention is particularly characterized in that the walls of the
      collimator are made of strips which extend parallel to each other in their
      longitudinal directions and are so folded transversely to their
      longitudinal extension that when two strips are placed next to each other
      one side of a strip makes a series of holes with the adjacent side of the
      following strip, the holes having a symmetry axis which coincides with the
      line separating the two strips.
BSUM
PAR  This invention relates to a collimator for a ray diagnosing device for the
      taking of pictures produced by gamma rays or similar penetrating rays and
      consisting of a honeycomblike constructed body with many holes.
PAR  Such bodies are particularly located at the inlet of the measuring probe of
      isotope examining devices and isotope cameras. Their purpose is to hold
      low the base of the exposure which would be otherwise produced by rays
      which do not belong to the rays making the picture.
PAR  In existing gamma cameras collimators are used the holes of which are made
      either by perforated sheets which are placed one over the other or by
      making the holes as tubes which are then glued together. All these
      procedures have the drawback that the manufacture is expensive and that
      the stability of the collimator is limited.
PAR  An object of the present invention is the provision of a collimator of the
      described type which is simple and inexpensive in manufacture and has a
      stable structure.
PAR  Other objects of the present invention will become apparent in the course
      of the following specification.
PAR  In the accomplishment of the objectives of the present invention it was
      found desirable to make all walls of the collimator from strips which
      extend parallel to each other in their longitudinal directions and are so
      folded transversely to their longitudinal extension that then two strips
      are placed next to each other one side of a strip makes a series of holes
      with an adjacent side of the following strip, the holes having a symmetry
      axis which coincides with the line separating the two strips.
PAR  The collimator made in accordance with the present invention can consist of
      a very finely linked perforated plate which is different from those known
      in prior art. In known plates the thickness of intermediate walls cannot
      be made less than about 2 mm in stamped plates, 0.25 to 0.6 mm in bored
      plates and about 0.8 mm in little tubes which are glued together, wound or
      cast. On the other hand according to the present invention intermediate
      walls can be made the thickness of which can be lowered to 0.05 mm.
      Furthermore, the present invention avoids that, as in the case of little
      tubes glued to each other, two adjacent walls would constitute a double
      wall thickness. On the contrary it is now possible to make walls which
      join each other with one half wall thickness, so that there are everywhere
      walls of the same thickness.
PAR  The strips or laminas used in accordance with the present invention can be
      easily made by passing a strip between gear wheels located at
      corresponding distances from each other. It is advantageous to provide
      already the strip material with waves the depth and width of which should
      at least approximately correspond to the final folds, to avoid a tearing
      or distortion of the strips. As material for the strips lead is generally
      used since it can be comparatively easily treated. However, other
      materials which can be shaped as folded strips can be also used.
PAR  It is possible to heat the strip to produce sufficient softness prior to
      folding, with an induction coil or the like.
PAR  The invention will appear more clearly from the following detailed
      description when taken in connection with the accompanying drawing showing
      by way of example only, a preferred embodiment of the inventive idea.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a front view, partly in section, of a gamma camera provided with
      a collimator of the present invention.
PAR  FIG. 2 is section through an inlet portion of the camera.
PAR  FIG. 3 is a diagram showing two interengaging gear wheels for folding a
      strip of absorbing material.
PAR  FIG. 4 is a partial top view of a collimator having the strips folded in
      accordance with the arrangement of FIG. 3.
DETD
PAR  FIG. 1 shows a box 1 containing the apparatus used for operating the gamma
      camera 2. In the lower part 3 of the box 1 are located electrical elements
      for operating the camera 2. In the upper part 4 of the box 1 is located a
      viewing device 5 upon which are visible images taken by the camera 2 and
      transmitted by the conduit 6. A patient 8 resting upon the table has
      received prior to the photographing a specific dose of radioactive
      isotopes, for example, Jod 130, which are then fed into the organ being
      examined, such as the thyroid gland. The camera 2 includes a screening
      cover 9 which is attached by an arm 10 to the box 1. The actual setting
      upon the organ being examined takes place at the hinges 11 and 12 which
      can be used to direct the ray inlet 13 of the image magnifying tube 14
      upon the patient 8. Rays emanating from the part of the body being
      examined fed by the isotopes, pass through the collimator 15 into the
      image magnifier 14. There they are strengthened electronically and are
      reproduced by electrodes, the anode 16 of which is visible, upon the light
      screen 17. A light image produced on the screen is transmitted by light
      conductors 18 to an optically electronic transformer 19. The electrical
      measurements produced therein are transmitted by the conduit 6 to the
      device in box 1 and are represented as pictures upon the screen 5.
PAR  FIG. 2 shows in section a part of the collimator 15. It is shown that the
      light screen 13 is coupled to the image magnifier 14 by an additional
      fibrous optical device 20.
PAR  The size of the strips used in accordance with the present invention for
      the making of a collimator depends upon the quality of the rays. For
      example, the making of a collimator for the rays of Tc 99.sup. m takes
      place from strips of lead sheets having a width of 50 mm and a thickness
      of 0.2 mm. They are produced from a band which prior to the actual folding
      in the desired profile, is brought into a wave-like shape, namely, is
      preliminarily folded. The band which is so prepared is then moved as strip
      21 between the teeth 22 and 23 of the gear wheels 24 and 25 (FIG. 3). Thus
      a folded strip 26 is produced the profile of which has half - six corners
      of the side length of 1 mm. The strip 26 is separated into pieces
      corresponding to the desired dimensions of the collimator 15. Then, as
      shown in FIG. 4, they are placed so next to each other that their layers
      27 can be provided with visible glue. These glued sections consist of cast
      resins and are located between walls 28 extending parallel to each other
      and to diagnols formed by the open side in the half - six corners of the
      folding of the strip 26. The wall thickness of the cells of the collimator
      15 is about 0.2 mm. Thus the sides 28 in the strips are half as thick.
      This distribution of thicknesses is produced by the shape of teeth 22
      which at the side limits are separated from each other to double the
      extent at the bottom and front surfaces of the half - six corners which
      determine their shape.
PAR  When a band 21 of tungsten is used, the softness required for the folding
      between the edges 24 and 25 can be produced by heat from the induction
      coil 29.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A Collimator for a ray diagnosing device, comprising a body having walls
      which absorbe the rays, said walls consisting of a plurality of strips
      which extend parallel to each other, each of said strips having a series
      of uniform and uniformly spaced outwardly extending portions and uniform
      flat portions between said outwardly extending portions, the flat portions
      of two adjacent strips engaging each other, the outwardly extending
      portions of two adjacent strips extending in opposite directions, whereby
      the strips form a series of parallel holes, wherein each outwardly
      extending portion consists of a middle part extending parallel to the flat
      portions and two inclined parts joining the middle part to adjacent flat
      portions, the interengaging flat portions being glued to each other, and
      wherein the interengaging portions have one half of the thickness of other
      strip portions.
NUM  2.
PAR  2. A device for making for a collimator strips having outwardly extending
      portions and flat portions, said device comprising two wheels having
      interengaging teeth, said teeth having the shape of outwardly extending
      strip portions and having means pressing the flat portions to one-half of
      their original thickness, the strips being introduced as deformable bands
      between the teeth.
NUM  3.
PAR  3. A device in accordance with claim 2, comprising an induction coil
      heating the strips before they are introduced between the teeth.
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PAL  A voltage probe is provided for measuring high frequency transients during
     lectromagnetic pulse simulator testing of electronic devices. A probe tip
      module including input terminals for receiving transient voltages, a
      differential amplifier producing a representative output voltage in
      response to the transients received and a lamp driver amplifier
      selectively driving one or another of a pair of light emitting diodes in
      logarithmic response to the output of the differential amplifier is
      coupled with the testing geometry. The light output of the diodes is
      coupled through two respective fiber optics devices to respective
      photodetector inputs of two signal channels which convert the
      photodetector outputs to suitable driving signals for a dual trace
      oscilloscope.
GOVT
PAR  The invention described herein may be manufactured, used and licensed by or
      for the United States Government for governmental purposes without the
      payment to me of any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In EMP (electro-magnetic pulse) simulator testing of defense electronics
      and the like, one of the parameters monitored is high frequency transient
      voltages. Problems have arisen with voltage probe devices utilized to
      monitor these transients due to EMP induced voltages on probe leads where
      remote sensors are employed to reduce the actual physical size of the
      portion of the probe in the EMP coupling geometry of the system under
      test.
PAR  Such small physical size and the remote sensor are desireable, however, to
      minimize the interaction between the probe and the coupling geometry.
PAR  It is, therefore, an object of the present invention to provide a new and
      novel differential voltage probe.
PAR  It is another object of the present invention to provide a new and novel
      voltage probe for measuring high frequency transients in EMP testing of
      electronic equipment which minimizes interaction with EMP coupling
      geometry and obviates the need for probe leads while providing minimum
      physical size of the probe.
PAR  Still another object of the present invention is to provide a new and novel
      minature high frequency, optically coupled, differential voltage probe
      device with logarithmic response characteristics.
PAR  These and other objects of the present invention will become more fully
      apparent with reference to the following specification and drawing which
      relate to a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic circuit diagram of the voltage probe of the
      present invention.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  A probe tip module including input terminals receiving transient voltages,
      a differential amplifier producing a representative output voltage in
      response to the transients received and a lamp driver amplifier
      selectively driving one or the other of a pair of GaAs light emitting
      diodes in logarithmic response to the output of the differential amplifier
      is coupled with the EMP testing geometry. The light output of the GaAs
      diodes is then coupled through two respective fiber optics devices to the
      respective photodetector inputs of two signal channels which convert the
      photodetector outputs to suitable driving signals for driving a dual trace
      oscilloscope or the like.
PAR  The invention thus provides a probe module with a minimum number of
      components to permit optimum minaturization optically coupled to a remote
      sensor and driver network for causing the display of the sensed values on
      a suitable oscilloscope or the like.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring in detail to the drawing, input voltage signals ein- and ein+ are
      received at first and second input terminals 10A and 10B, respectively, of
      a probe module 12. The respective input terminals 10A and 10B are
      connected to ground through respective resistors RA and RB which may be,
      for example, 1 megohm in value, and are thence connected to the input
      terminals 14A and 14B of a differential amplifier A1 through coupling
      capacitors CA and CB and coupling resistors R2 and R3, respectively, in
      series with those capacitors. Exemplary values for the capacitors CA and
      CB are 1 picofarad and for the resistors R2 and R3, 1 megohm.
PAR  The output terminal 14C of the differential amplifier A1 is coupled to the
      first input terminal 14A through a feedback resistor R1; and the second
      input terminal 14B is connected to ground through a resistor R4.
PAR  The output terminal 14C provides a voltage signal hereinafter designated
      V.sub.o1 which is directed through a variable coupling resistor R7 to a
      first input terminal 16A of a lamp driver amplifier A2, the latter having
      a grounded second input terminal 16B.
PAR  The output terminal 16C of the driver amplifier A2 is connected through a
      parallel opposed diode feedback branch D1, D2, the diode D1 have its
      forward direction into the input terminal 16A and the diode D2 have its
      forward direction into the output terminal 16C.
PAR  This diode feedback branch D1, D2 results in a logarithmic output voltage
      VO2 at the output terminal 16C which will be hereinafter described in
      detail.
PAR  The output terminal 16C is connected to ground through a pair of GaAs
      photoemitters PA and PB having their forward directions into ground and
      the output terminal 16C, respectively.
PAR  These photoemitters PA and PB selectively conduct when ein-&gt;ein+ and
      ein+&gt;ein-, respectively, as will be more fully described hereinafter.
PAR  The light outputs from the photoemitters PA and PB are respectively
      connected through fiber optics FOA and FOB to first and second silicon
      photodetectors PDA and PDB comprising the inputs to first and second
      signal channels A and B, respectively.
PAR  The probe module 12 is thus connected to the signal channels A and B
      through optical couplings, thereby eliminating metallic leads and
      precluding EMP induced signals on the connection between the probe module
      12 and signal channels A and B.
PAR  A common ground lead G is provided for the signal channels A and B. The
      signal channel A comprises a photocurrent-to-voltage amplifier stage A3,
      and a pair of successive amplifier stages A4 and A5 which serve,
      respectively, to eliminate the d.c. component of the input stage A3 and a
      variable gain buffer amplifier to drive an oscilloscope or the like. The
      signal channel B comprises a photocurrent-to-voltage amplifier A6 with
      successive amplifier stages A7 and A8 which are counterparts of the
      amplifier stages A4 and A5, respectively, of channel A.
PAR  The input amplifier A3 includes first and second input terminals 18A and
      18B and an output terminal 18C (18A being the negative and 18B being the
      positive terminal). The output terminal 18C is connected to the first
      input terminal 18A through a feedback diode D3 having its forward
      direction into the first input terminal 18A. The second input terminal 18B
      is connected through a resistor R8 (exemplary value 10K) to a source of
      positive bias (exemplary value +15V) as well as to the common ground lead
      G through a Zener diode AZ (exemplary rating 5.6V). The circuit to the
      input stage A3 is completed by the first photodetector PDA connected
      between the common ground lead G and the first input terminal 18A with the
      forward direction of the said photodetector PDA into the said first input
      terminal 18A.
PAR  An output voltage VO3 appears at the output terminal 18C of the input stage
      A3 and is directly coupled to the positive input terminal 20B of the
      amplifier stage A4, the latter also including a negative input terminal
      20A and an output terminal 20C. The output terminal 20C is connected to
      the negative input terminal 20A through a feedback resistor R9. The
      negative input terminal 20A is in turn connected through a resistor to R10
      to the variable tap of a potentiometer R11 (exemplary value 10K) and
      through a capacitor CA2 to the common ground lead G. The The potentiometer
      R11 is connected at one end to the common ground lead G and at its other
      end to a source of positive bias (exemplary value +15V).
PAR  The output 20C of the amplifier A4 is connected to the positive input
      terminal 22B of the buffer amplifier A5 through a coupling resistor R12,
      the said positive input terminal also being connected through a resistor
      R13 to the common ground lead G. The negative input terminal 22A of the
      buffer amplifier A5 is connected to the common ground lead G through a
      fixed resistor R14 (exemplary value 2K) and a parallel variable resistor
      R15 (exemplary maximum value 20K) to provide selective gain control for
      the said buffer amplifier A5.
PAR  The output terminal 22C of the buffer amplifier A5 comprises the ultimate
      output for signal channel A and is adapted for connection to an
      appropriate input of a dual trace oscilloscope or the like.
PAR  The signal channel B is a mirror image of the circuits of channel A.
PAR  The input stage A6 of channel B is a photocurrent-to-voltage amplifier
      having a negative input terminal 24A, a positive input terminal 24B and an
      output terminal 24C, the latter being connected through a feedback diode
      D4 to the positive input terminal 24B with the forward direction of the
      said feedback diode D4 into the said positive input terminal 24B.
PAR  The negative input terminal 24A is connected through a resistor R16
      (exemplary value 10K) to a source of positive bias (exemplary value +15V)
      as well as to the common ground lead G through a Zener diode ZB (exemplary
      rating 5.6V). The circuit to the input stage A6 is completed by the second
      photodetector PDB connected between the common ground lead G and the
      positive input terminal 24B with the forward direction of the said
      photodetector PDB into the said positive input terminal 24B.
PAR  The output terminal 24C directly drives the positive input terminal 26B of
      the amplifier stage A7, the latter also including a negative input
      terminal 26A and an output terminal 26C. The output terminal 26C is
      connected to the negative input terminal 26A through a feedback resistor
      R17. The negative input terminal 26A is in turn connected through a
      resistor R18 to the variable tap of a potentiometer R19 (exemplary value
      10K) and through a capacitor CB2 to the common ground lead G. The
      potentiometer R19 is connected at one end to a source of positive bias
      (exemplary value +15V) and at its other end to the common ground lead G.
PAR  The output 26C of the amplifier A7 is connected to the positive input
      terminal 28B of a buffer amplifier A8 through a coupling resistor R20, the
      said positive input terminal 28B also being connected through a resistor
      R21 to the common ground lead G. The negative input terminal 28A of the
      buffer amplifier A8 is connected to the common ground lead G through a
      fixed resistor R22 (exemplary value 2K) and a parallel variable resistor
      R23 (exemplary maximum value 20K) to provide selective gain control for
      the said buffer amplifier A8.
PAR  The output terminal 28C of the buffer amplifier A8 comprises the ultimate
      output for signal channel B and is adapted for connection to an
      appropriate input of a dual trace oscilloscope or the like in conjunction
      with the output of channel A.
PAC  OPERATION OF THE INVENTION
PAR  The input amplifier A1 of the probe module 12 is a high impedance
      differential amplifier producing the output voltage V.sub.o1 as follows:
EQU  V.sub.o1 = A (e.sub.in .sub.+ - e.sub.in .sub.-)
PAL  where
EQU  A = R.sub.1 /R.sub.2 = R.sub.4 /R.sub.3
PAR  the lamp driver amplifier A2 provides the logarthmic output voltage
      V.sub.o2 as follows:
PAR  The voltage V across the parallel opposed diode branch D1, D2 is
EQU  V = kT/e log I.sub.t /I.sub.o for I.sub.
EQU  &gt;&gt;I.sub.o
PAL  where
PAR  I.sub.t = total current through the diode pair D1, D2
PAR  I.sub.o = current in the reverse biased diode D3
PAR  k = Boltzman constant
PAR  T = Temperature .degree.K
PAR  e = charge on an electron
PAR  Therefore, the voltage V.sub.o2 can be defined as
EQU  V.sub.o2 = kT/e log (I.sub.f2 /I.sub.o)
PAL  where (where I.sub.f2 is the feedback current into the negative input
      terminal 16A).
      ##EQU1##
PAR  Now, since the output intensity (Pout) of the GaAs photoemitters PA and PB
      is proportional to their respective junction currents (I.sub.d) i.e.,
PAR  Pout .alpha. I.sub.d, and
      ##EQU2##
      then:
EQU  Pout .alpha. I.sub.d = A/R.sub.7 (e.sub.in .sub.+ - e.sub.in .sub.-) -
      I.sub.o
PAR  The photoemitter PA will conduct when e.sub.in .sub.-&gt; e.sub.in.sub.+.
PAR  The photoemitter PB will conduct when e.sub.in.sub.+&gt; e.sub.in.sub.-.
PAR  Excitation of one of the photoemitters PA, PB results in excitation of a
      respective one of the photodetectors PDA, PDB by the light output of the
      former being transmitted through a respective one of the fiber optics FOA,
      FOB.
PAR  Since channel A and channel B perform identically, it will be assumed that
      e.sub.in -&gt;e.sub.in.sub.+  and that the photoemitter PA and photodetector
      PDA are energized as a result, causing a voltage V.sub.o3 to appear at
      this output terminal 18C of the photocurrent-to-voltage amplifier A3. In
      further reference to the Zener diode ZA, this serves to back bias the
      photodetector PDA to improve the response time of the latter. Now, since
      the feedback diode D3 provides for a logarithmic response, the output
      voltage V.sub.o3 can be expressed as follows:
      ##EQU3##
      where the parenthetical portion of the latter equation is a constant d.c.
      term. It is this d.c. component that is removed by the succeeding stage
      A4.
PAR  In the foregoing equation I.sub.f3 is the current through the feedback
      diode D3; V.sub.z is the Zener diode voltage; and I.sub.o is the diode
      saturation current.
PAR  The output current of the photodetector PDA is proportional to the light
      intensity of the photoemitter PA which in turn is proportional to the
      voltage difference (e.sub.in.sub.+ - e.sub.in.sub.-) at the inputs 10A,
      10B the probe module 12.
PAR  The output of the buffer stage A5 is thus proportional to the logarithm of
      the voltage difference (e.sub.in.sub.+ - e.sub.in.sub.-) sensed at the
      inputs 10A, 10B of the probe module 12 and can be controlled in magnitude
      for calibration purposes by adjusting the gain.
PAR  The photodetectors PDA, PDB comprise remote sensors and the signal channels
      A, B logarithmic amplifiers optically and remotely coupled to the probe
      module 12.
PAR  This permits the probe module 12 to be contained a small shielded package
      of a volume less than one cubic inch whereby the interaction of the probe
      with EMP coupling geometry of the system under test can be minimized.
CLMS
STM  I claim:
NUM  1.
PAR  1. Differential voltage probe means comprising:
PA1  a probe module having positive and negative voltages input terminals,
      differential amplifier and driver circuit means providing voltage output
      signals as a function of the logarithm of the voltage differences at said
      input terminals, and first and second light emitting means selectively
      driven by said circuit means as function of the relative magnitudes of the
      respective voltages at said input terminals and providing first and second
      light outputs of intensities proportional to the said voltage differences;
PA1  a dual channel amplifier means comprising first and second photodetector
      means responsive to the light outputs of said first and second light
      emitting means, respectively, each photodetector means serving as an input
      sensor for a respective one of said channels and providing first and
      second current inputs, respectively, proportional to said first and second
      light outputs, and first and second current-to-voltage and buffer circuit
      means comprising said dual channels energized in respective response to
      said first and second light emitting means for providing output signals
      proportional to the said voltage differences sensed by said probe module;
      and
PA1  optical coupling means connecting said first and second light outputs of
      said first and second light emitting means to said first and second
      photodetector means, respectively.
NUM  2.
PAR  2. The invention defined in claim 1, wherein, said optical coupling means
      comprises first and second fiber optic means connected, respectively,
      between said first light emitting means said first photodetector means and
      said second light emitting means and said second photodetector means.
NUM  3.
PAR  3. The invention defined in claim 1, wherein said differential amplifier
      and driver circuit means comprises a differential amplifier responsive to
      said input voltages and providing a differential voltage output
      representative thereof;
PA1  a driver amplifier, having an input driven by said differential voltage
      output, an output terminal, and an opposed parallel diode feedback path
      connected from said input to said output terminal; and
PA1  said light emitting means comprises first and second parallel opposed light
      emitting diodes driven by said output terminal.
NUM  4.
PAR  4. The invention defined in claim 3, wherein said optical coupling means
      comprises first and second fiber optic means connected, respectively
      between said first light emitting means said first photodetector means and
      said second light emitting means and said second photodetector means.
NUM  5.
PAR  5. The invention defined in claim 1, wherein said amplifier and buffer
      circuit means in each channel of said dual channel amplifier means
      comprises:
PA1  first amplifier means responsive to the photocurrent output of a said
      photodetector means providing a first proportional output voltage;
PA1  second amplifier means driven by said proportional output voltage for
      removing direct current components therefrom and providing a second
      proportional output voltage; and
PA1  third amplifier means responsive to said second proportional output voltage
      for providing an output driver signal proportional to the logarithm of
      said differential voltage measure by said probe.
NUM  6.
PAR  6. The invention defined in claim 5, wherein said optical coupling means
      comprises first and second fiber optic means connected, respectively
      between said first light emitting means said first photodetector means and
      said second light emitting means and said second photodetector means.
NUM  7.
PAR  7. The invention defined in claim 5, wherein said differential amplifier
      and driver circuit means comprises a differential amplifier responsive to
      said input voltages and providing a differential voltage output
      representative thereof;
PA1  a driver amplifier, having an input driven by said differential voltage
      output, an output terminal, and an opposed parallel diode feedback path
      connected from said input to said output terminal; and
PA1  said light emitting means comprises first and second parallel opposed light
      emitting diodes driven by said output terminal.
NUM  8.
PAR  8. The invention defined in claim 7, said optical coupling means comprises
      first and second fiber optic means connected, respectively between said
      first light emitting means said first photodetector means and said second
      light emitting means and said second photodetector means.
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ABST
PAL  A method and apparatus is described for compensating for reflection losses
      in an optical path length modulated absorption-absorption gas analyzer
      used for determining the density of a reference gas in an unknown gas
      sample. The apparatus comprises a first chamber for containing a first gas
      including a reference gas at a known partial density and a second chamber
      for containing a second gas including a sample of the reference gas at an
      unknown partial density. A source of radiant energy is provided for
      passing radiant energy through the first and second chambers. Means are
      provided for modulating the path length of the radiant energy in the
      chambers. Additionally, a chopper wheel comprising a plurality of gas
      cells containing a sample of the reference gas is interspersed by a
      plurality of gas cells containing a gas excluding the reference gas. The
      chopper wheel is provided between the first and the second chambers and a
      radiant energy sensing means for intercepting the radiant energy emerging
      from the first and second chambers before it reaches the radiant energy
      sensing means. Signal processing means responsive to the radiant energy
      sensing means and the position of the chopper cells with respect to the
      radiant energy path provides a signal proportional to the density of the
      reference gas in the unknown gas sample.
GOVT
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to gas analyzing apparatus in general and in
      particular to an optical path length modulated absorption-absorption trace
      gas detection apparatus with means for providing compensation for
      reflection losses.
PAR  In U.S. Pat. No. 3,679,899 issued to the applicant and assigned to the
      assignee of the present application, there is described several techniques
      and apparatus for detecting trace quantities of gas by means of non-linear
      mixing in two samples of the gas to create a cross-correlation (or
      heterodyne) signal. The techniques described in the patent depend on
      dynamic changes of the total absorption of radiant energy in a reference
      gas sample and in a sample of gas containing an unknown quantity of the
      reference gas, with the dynamic changes being produced by changing the
      density of the gas samples in containers of fixed optical path length or
      by changing the optical path length in a pair of containers wherein the
      gas is maintained at a fixed density. The former technique requires
      relatively large volumes and powers to allow suitable fractional
      modulation of density. The latter technique suffers from adverse effects
      on signals due to the effect of variable optical geometry and the
      resulting effects introduced by variable reflection from the various
      optical surfaces involved.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, a principal object of the invention is a path
      length modulated absorption-absorption trace gas detection apparatus with
      means for reducing the effect of variable optical geometry on the signals
      obtained.
PAR  While the principles of the invention are applicable to both single
      reflection geometries and multiple reflection geometries, they will be
      described herein only in terms of the multi-reflection geometries, their
      application to single reflection geometries being readily apparent
      therefom.
PAR  Thus, in accordance with the present invention, there is provided, as
      described herein with respect to a preferred embodiment, a means forming a
      first chamber for containing a reference gas at a predetermined density
      and a means forming a second chamber for containing a sample of the
      reference gas at an unknown density. A radiant energy source is provided
      for passing radiant energy serially through the chambers. In each of the
      chambers, there is provided a means for modulating the length of the path
      of the radiant energy in the chamber at a predetermined frequency, the
      frequency of modulation in the two chambers being different. Located
      between the chambers and a radiant energy sensing means there is a chopper
      wheel. In the chopper wheel there are provided two sets of interleaved gas
      cells. One set contains a sample of the reference gas. The second set
      contains other gases excluding the reference gas. Means are provided for
      rotating the cells of each set successively into the path of the radiant
      energy emerging from the chambers before it reaches the radiant energy
      sensing means. For generating a signal proportional to the density of the
      reference gas in the second chamber, there is further provided, coupled to
      the radiant energy sensing means, a signal processing means responsive to
      both the output of the sensing means and the position of the chpper cells
      relative to the radiant energy path. The output of the signal processing
      means provides a signal which is proportional to the density of the
      reference gas in the second chamber and may also be coupled by
      conventional feedback circuitry to control the system gain.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, features and advantages of the present
      invention will become appaarent from the following detailed description of
      the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of a preferred embodiment of the invention.
PAR  FIG. 2 is a block diagram of the signal processor of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is provided a source 1 for producing a beam of
      radiant energy as illustrated by three parallel arrows and a broken line.
      Located in a position to intercept the beam of radiant energy from source
      1 is a first chamber 2 having a pair of wall members 3 and 4 which are
      provided to be transparent to the radiant energy. For reflecting the
      energy beam within chamber 2 there is provided a pair of spaced nominally
      parallel plane mirrors 5 and 6. Mirror 5 is coupled to a motor means 7
      which may comprise a tuning fork, a galvanometer movement or other like
      mechanism for rotating the mirror 5 in a reciprocating fashion relative to
      the mirror 6 at a frequency .omega..sub.1. If desired in a particular
      application, mirror 6 may also be moved by a means similar to motor means
      7, but, in that case, it is recommended that the mirror be counterrotated
      relative to the mirror 5.
PAR  Adjacent to chamber 2 and in a position to intercept radiant energy
      emerging from chamber 2 is a second chamber 12 which is also provided with
      a pair of wall members 13 and 14 which are transparent to the radiant
      energy produced by source 1. Mounted within chamber 12 there is a pair of
      spaced nonimally parallel plane mirros 15 and 16. Like mirror 5, mirror 16
      is coupled for rotation at a frequency .omega..sub.2 which is different
      from .omega..sub.1 to a motor means 17 which may comprise a tuning fork, a
      galvanometer movement or like mechanism. Similarly, if desired for a
      particular application, mirror 15 may also be adapted with like means not
      shown for counter-rotational movement relative to the mirror 16.
PAR  On the down-stream side of chamber 12, there is provided a chopper wheel 20
      having disposed about its periphery in alternate locations a plurality of
      gas cells 21 and 22. Only a few of the cells 21 and 22 are shown for
      purposes of clarity. A motor means 23 is coupled to wheel 20 for rotating
      the cells 21 and 22 successively into the radiant energy path to intercept
      the radiant energy emerging from the chamber 12. Adjacent to chopper 20
      and downstream therefrom there is further provided a spectrum limited
      filter 24 and a radiant energy sensitive photodetector 25. Detector 25
      outputs an electrical signal corresponding to the radiant energy it
      detects. Coupled to detector 25 is a signal processor 26 which receives a
      control signal on a line 27 from a chopper wheel position sensing element
      28 for driving a recorder 29.
PAR  Referring to FIG. 2, there is provided, in a preferred embodiment of the
      signal processor 26, an amplifier 30 and a gain control circuit means 31.
      Coupled in parallel to circuit 31 is a pair of tuned filters 32 and 33,
      tuned respectively to .omega..sub.2 and .omega..sub.1. To the output of
      filter 32 there is coupled a first pair of synchronous detectors 34 and
      35. To the output of filter 33, there is coupled a second pair of
      synchronous detectors 36 and 37. To synchronize detectors 34, 35, 36 and
      37, the control line 27 from chopper wheel means 20 is coupled directly to
      the detectors 35 and 36 and through a phase reversal circuit 38 to the
      detectors 34 and 37. The control signal generated by element 28 is an
      on-off signal phased with the positions of the gas cells 21 and 22. To the
      output of detectors 35 and 36 there is coupled, respectively, an amplifier
      40 and 41. The output of amplifier 40 and detector 34 is coupled to a
      difference amplifier 42. The output of amplifier 41 and detector 37 is
      coupled to a difference amplifier 43. A divider circuit 44 is further
      provided for receiving the outputs of amplifiers 42 and 43 for driving the
      recorder 29.
PAR  In operation, a reference gas of interest is received in chamber 2 having a
      predetermined partial density. A sample of gas, which may include an
      amount of the reference gas but having an unknown partial density, is
      received in chamber 12. Gas cell 21 in chopper wheel 20 is filled with a
      predetermined sample of the reference gas and a suitable admixture of
      other gases. Gas cell 22 is filled only with the admixed gases. Valve
      means for filling and emptying chambers 2 and 12 and gas cells 21 and 22
      are conventional and consequently are not illustrated.
PAR  Once the chambers and cells are filled, radiant energy from source 1 is
      directed through the chambers to the detector 25. The mirrors 5 and 16 are
      moved in a reciprocating movement for modulating the length of the path of
      the radiant energy in the chambers at the angular frequencies
      .omega..sub.1 and .omega..sub.2, respectively, and chopper wheel 20 is
      rotated at an angular frequency .omega..sub.3. The frequencies
      .omega..sub.1, .omega..sub.2 and .omega..sub.3 are chosen such that
      .omega..sub.1 and .omega..sub.2 are different one from the other and high
      compared to the chopper frequency .omega..sub.3. During the time that
      chopper cell 21 is in the optical path and depending on the density of the
      reference gas contained therein, it absorbs all, or at least a portion of
      the radiant energy in the spectral regions normally affected by the
      reference gas in chambers 2 and 12. The detected intensity variations
      occurring at .omega..sub.1 and .omega..sub.2, therefore, provide
      information on the intensity variations introduced by reflection losses
      within the chambers 2 and 12, respectively. When the chopper wheel is
      rotated so that the light beam traverses cell 22 before impinging on the
      detector 25, the signals obtained at .omega..sub.1 and .omega..sub.2
      provide information on the combined effect of mirror reflection and gas
      absorption in the chambers 2 and 12, respectively. When properly combined,
      these signals provide an indication on the recorder 29 which is
      proportional to the density of the reference gas in the chamber 12.
PAR  More analytically, the light intensity impinging on the photodetector 25 of
      the apparatus described above can be computed from the equation
EQU  I = I.sub.0 R.sub.2.sup.n R.sub.12.sup.m e
      .sup.-.sup..mu..sup..rho..sbsp.n.sup.x.sbsp.n e
      .sup.-.sup..mu..sup..rho..sbsp.m.sup.x.sbsp.m.sbsp.m      (1)
PAL  where
PAR  I.sub.0 is the average intensity of the light impinging on the
      photodetector and is wavelength dependent,
PAR  R.sub.2, R.sub.12 are the average reflection coefficients of the mirror
      systems 5, 6 and 15, 16 within chambers 2 and 12, respectively.
PAR  n, m are the number of additional reflections resulting from displacement
      of the mirrors 5 and 16 from their average position in chambers 2 and 12,
      respectively,
PAR  .mu. is the mass absorption coefficient of the reference gas of interest,
PAR  .rho..sub.n, .rho..sub.m are the densities of the reference gas of interest
      in chambers 2 and 12, respectively, and
PAR  x.sub.n, x.sub.m are the changes in the path lengths of the beams The
      equation (1) can be rewritten in the form
EQU  I = I.sub.0 exp [(n 1n R.sub.4 -.mu..rho..sub.n x.sub.n).sub..omega..sbsb.1
      + (m 1n R.sub.6 -.mu..rho..sub.m X.sub.m).sub..omega..sbsb.2] (2)
PAL  where the subscript .omega. is a reminder that all terms within the served
      parenthesis are modulated at the angular frequencies, .omega..sub.1 and
      .omega..sub.2, of the respective mirrors.
PAR  If it is assumed that the fluctuations are small, one may approximate the
      exponential by using the expression
EQU  e .apprxeq.1 + .DELTA.                                     (3)
PAL  and rewrite the equation for light intensity in the form
EQU  I .apprxeq. I.sub.0 [1 + (n 1n R.sub.4 -.mu..rho..sub.n X.sub.n) + (m 1n
      R.sub.6 -.mu..rho..sub.m X.sub.m.sub..omega..sbsb.2 ]     (4)
PAR  If one separates the intensity into its frequency components as by the use
      of appropriate electronic filters, one may write
EQU  I.sub..omega..sbsb.1 = I.sub.01 n 1n R.sub.4 + I.sub.02 (n 1n R.sub.4
      -.mu..rho..sub.n X.sub.n)                                 (5)
PAL  for the intensity variation at .omega..sub.1 and
EQU  I.sub..omega..sbsb.2 = I.sub.01 m 1n R.sub.6 +  I.sub.02 (m 1n R.sub.6
      -.mu..rho..sub.m X.sub.m)                                 (6)
PAL  for the intensity variation at .omega..sub.2
PAL  where
PAR  I.sub.01 is the intensity of that portion of the emergent light beam in the
      spectral region which is not affected by the reference gas to be measured
      and I.sub.02 is the portion which is in the affected spectral region.
PAR  For the case wherein cells 21 contain an optically thick sample of the
      reference gas for 100% absorption of the spectral lines normally affected
      by the reference gas such that chopper wheel 20 introduces a periodic
      modulation which causes I.sub.02 to be zero during the times when the
      sample of the reference gas in cell 21 is in the ray path (the measured
      intensities during those times being designated by the superscript.sup.0)
      and allows I.sub.02 to reach its normal value during the intervening
      periods (the measured intensities during these periods being designated by
      the superscript.sup.1), one may write
EQU  I.sub..omega..sbsb.1.sup.0 - I.sub..omega..sbsb.1.sup.1 = -I.sub.02 (n 1n
      R.sub.4 - .mu..rho..sub.n X.sub.n)                        (7)
PAL  and
EQU  n 1n R.sub.4 = I.sub..omega..sbsb.1/I.sub.01
PAL  combining the above, one obtains
      ##EQU1##
      One may write, similarly
      ##EQU2##
      and solve these two equations simultaneously to give
      ##EQU3##
PAR  For a particular optical geometry and for a particular set of mirror drive
      amplitudes, the ratio of X.sub.n to X.sub.m is constant. Variation of
      relative drive amplitude allows a mechanism for "nulling" the response in
      conformance with normal feedback control practices (the calibration in
      this instance being derived from the relative magnitudes of the mirror
      drives required for balance) or a mechanism for adjusting the instrument
      gain.
PAR  The ratio of I.sub.02 to I.sub.01 is dependent only on the spectral
      distribution of the light source, and the distribution of the absorption
      spectrum of the reference gas of interest, and, while it must be
      calibrated for the particular instrument configuration, remains constant.
PAR  While the above discussion has described the instrument in terms of
      chambers involving nominally parallel mirrors with oscillations imposed on
      the angle therebetween, spherical chambers may be substituted therefor. In
      such an arrangement, each chamber has a mirrored interior. A portion of
      the interior of each chamber is provided with a chopping device that
      alternately reflects and passes (or absorbs) the radiation impinging
      thereon. The chopping device may comprise a window with an oscillating
      mirror therebehind which periodically passes by the window and reflects
      the radiation falling thereon. Alternatively, a spinning disk with
      alternate reflective and non-reflective segments may be positioned by the
      window in place of the oscillating mirror so that radiation is
      periodically reflected. Radiation admitted to the first spherical chamber
      is reflected from the walls and the chopping device and allowed to enter
      the second spherical chamber. In the second spherical chamber the
      radiation is reflected from the walls and the second chopping device
      before it passes through chopper wheel 20 and impinges on detector 25.
PAR  Each chamber might also be configured as a "White Cell" using confocal
      mirrors with the number of passes therebetween controlled by angular
      modulation of one of the mirrors.
PAR  In addition to the various optical geometries, the electrical processing of
      the signal can proceed according to various options. It is apparent from
      the equation that the density to be measured .rho..sub.m is proportional
      to the ratio of the amplitudes of the signals modulating the frequencies
      .omega..sub.2 and .omega..sub.1 respectively. In accordance with the
      teachings, for example of U.S. Pat. No. 3,679.899, it is possible to
      repeat the analysis above looking at higher order terms in the series
      expansion for the exponential (that is at the terms .DELTA..sup.2 /2! +
      .DELTA..sup.3 /3! + - - - dropped from the approximation) using harmonics
      of the drive frequencies or sum and difference frequencies generated by
      the non-linear absorption process.
PAR  In each instance, however, it is apparent that the disclosed device
      provides the highly desirable features of:
PAR  a. Specificity -- since the mathematics assume that the chopper wheel
      filter, the reference and the unknown gas chambers all operate on the same
      detailed spectrum,
PAR  b. Stability -- since the equation for density of the unknown gas does not
      depend on the intensity of the light source or an attenuation of the beam
      by window fogging, etc.,
PAR  c. Sensitivity -- since it is possible to use the fundamental frequency of
      the absorption signal rather that the higher (and smaller amplitude)
      harmonics, and since large modulations of path length can be achieved,
PAL  and
PAR  d. Simplicity -- since the signal levels are higher, and the mechanical
      work required to produce a significant periodic tilting of the mirrors is
      considerably less than the mechanical work required to produce a
      significant periodic change in the density of a gas through compression.
PAR  Although other modifications of the present invention will undoubtedly
      become apparent to those skilled in the art after having read the above
      disclosure, it is understood that the appended claims are to be
      interpreted as covering all such embodiments and subsequent modifications
      which fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A modulated optical path length analyzing apparatus comprising:
PA1  means forming a first chamber for containing a reference gas at a
      predetermined density;
PA1  means forming a second chamber for containing a sample of said reference
      gas at an unknown density;
PA1  a source of radiant energy;
PA1  said chambers each having an entrance and exit wall that is transparent to
      said radiant energy;
PA1  said first chamber being arranged between said radiant energy source and
      said second chamber so that radiant energy from said radiant energy source
      passes through said entrance and exit walls of said first chamber before
      it passes through said entrance and exit walls of said second chamber;
PA1  means for modulating the length of the path of said radiant energy in said
      first and said second chambers at a first and a second frequency,
      respectively;
PA1  chopper means including a first cell for containing a first gas including
      an optically thick sample of said reference gas sufficient to absorb all
      of the radiant energy emerging after passage through said first and said
      second chambers in the spectral regions normally affected by said
      reference gas and a second cell for containing a second gas excluding said
      reference gas;
PA1  means for periodically positioning said first and said second chopper cells
      in the path of said radiant energy emerging after passage through said
      first and said second chambers; and
PA1  means responsive to the radiant energy emerging from said chopper cells and
      the position and said chopper cells with respect to said radiant energy
      path for generating a signal proportional to the density of said reference
      gas in said second chamber.
NUM  2.
PAR  2. A gas analyzing apparatus according to claim 1 wherein said modulating
      means comprises at least one pair of facing surfaces for reflecting said
      radiant energy therebetween in each of said first and said second chambers
      and means for moving at least one of said surfaces relative to the other
      in each of said pairs at said first and said second frequencies
      respectively.
NUM  3.
PAR  3. A gas analyzing apparatus according to claim 2 wherein said means for
      moving said reflecting surfaces comprises means for moving said surfaces
      in a reciprocating fashion.
NUM  4.
PAR  4. A gas analyzing apparatus according to claim 3 wherein said moving of
      said surfaces in a reciprocating fashion comprises rotating said surfaces
      about an axis parallel with said surfaces.
NUM  5.
PAR  5. A gas analyzing apparatus according to claim 4 wherein said reflecting
      surfaces comprise surfaces on a mirror means.
NUM  6.
PAR  6. A gas analyzing apparatus according to claim 1 wherein said means for
      positioning said chopper cells comprises means for rotating said first and
      said second chopper cells into said radiant energy path at a third
      frequency.
NUM  7.
PAR  7. A gas analyzing apparatus according to claim 6 wherein said means for
      positioning said chopper cells further comprises means for rotating said
      first and said second chopper cells into said radiant energy path
      successively at a third frequency which is lower than said first and said
      second frequencies.
NUM  8.
PAR  8. A gas analyzing apparatus according to claim 1 wherein said signal
      generating means comprises:
PA1  a radiation sensing means responsive to the radiant energy from said
      chopper cells for providing an electrical signal containing a first and a
      second component at said first and said second frequencies;
PA1  means coupled to said sensing means for filtering out of said electrical
      signal said first and said second frequency components;
PA1  means including detecting means coupled to said filtering means and
      responsive to the position of said chopper cells with respect to said
      radiant energy path for detecting said first and said second frequency
      components when each of said chopper cells is in said radiant energy path;
PA1  means including a subtracting means coupled to said detecting means for
      providing a first signal proportional to the difference in the amplitude
      of said first frequency component when said first and said second chopper
      cells are in said radiant energy path and a second signal proportional to
      the difference in the amplitude of said second frequency component when
      said first and said second chopper cells are in said radiant energy path;
      and
PA1  means including a dividing means coupled to said subtracting means for
      providing a signal proportional to the ratio of said difference signals at
      said first and said second frequencies.
NUM  9.
PAR  9. A gas analyzing apparatus according to claim 1 wherein said
      predetermined sample of said reference gas in said first cell of said
      chopper means comprises an optically thick sample of said reference gas
      sufficient to absorb substantially all of the radiant energy emerging
      after passage through said first and said second chambers in the spectral
      regions normally affected by said reference gas.
NUM  10.
PAR  10. A gas analyzing method comprising the steps:
PA1  providing a quantity of a reference gas and a quantity of an unknown gas
      removed therefrom; directing radiant energy serially, in time and space,
      through said reference gas and said unknown gas in such a manner that said
      radiant energy is at least partially absorbed in passing therethrough;
PA1  modulating the absorption of said radiant energy in said reference and said
      known gases by periodically varying the length of the path taken by said
      radiant energy in passing through said gases at a first and a second
      frequency, respectively;
PA1  periodically absorbing the radiant energy modulated at said first and said
      second frequencies after passage through said reference and unknown gases
      in the spectral regions normally affected by said reference gas and in the
      spectral regions normally unaffected by said reference gas at a third
      frequency; and
PA1  detecting the radiant energy after said periodic absorption at said third
      frequency for developing an electrical signal proportional to the density
      of said reference gas in said unknown gas.
NUM  11.
PAR  11. A method according to claim 10 wherein said step of periodically
      absorbing the radiant energy modulated at said first and said second
      frequencies comprises periodically absorbing at said third frequency
      substantially all of the radiant energy in the spectral regions normally
      affected by said reference gas and, at least partially, the radiant energy
      in the spectral regions normally unaffected by said reference gas.
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ABST
PAL  The optical transitions of extrinsically optically active insoluble
      materials become optically active and circularly dichroic when in contact
      with optically negative liquid crystalline materials thereby providing
      unusual and highly advantageous properties. The circularly dichroic
      optical properties induced in the extrinsically optically active insoluble
      materials can be utilized for information transfer applications.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This information relates to liquid crystalline materials and, more
      specifically, to uses of compositions comprising optically negative liquid
      crystalline materials and insoluble extrinsically optically active
      materials which become optically active when in contact with optically
      negative liquid crystalline materials.
PAR  Liquid crystalline substances exhibit physical characteristics, some of
      which are typically associated with liquids and others which are typically
      unique to solid crystals. The name "liquid crystals" has become generic to
      substances exhibiting these dual properties. Liquid crystals are known to
      appear in three different forms: the smectic, nematic, and cholesteric
      forms. These structural forms are sometimes referred to as mesophases
      thereby indicating that they are states of matter intermediate between the
      liquid and crystalline states. The three mesophase forms of liquid
      crystals mentioned above are characterized by different physical
      structures wherein the molecules of the compound are arranged in a manner
      which is unique to each of the three mesomorphic structures. Each of these
      three structures is well known in the liquid crystal art.
PAR  Some liquid crystalline substances possess optically negative
      characteristics. Birefringence, also referred to as double refraction, is
      an optical phenomenon characteristic of some solid crystals and most
      liquid crystal substances. When a beam of unpolarized light strikes a
      birefringent substance, it is split into two polarized components whose
      transverse vibrations are at right angles to each other. The two
      components are transmitted at different velocities through the substance
      and emerge as beams of polarized light. By the term "liquid crystalline
      substances which have optically negative characteristics", as used herein,
      is meant those for which the extraordinary index of refraction .eta..sub.E
      is smaller than the ordinary index of refraction .eta..sub.o. Cholesteric
      liquid crystal substances exhibit this property. For a detailed
      description of this phenomenon, see Optical Crystallography, Wahlstrom,
      Fourth Edition, Wiley and Sons, Inc., New York.
PAR  The molecules in cholesteric liquid crystals are arranged in very thin
      layers with the long axes of the molecules parallel to each other and to
      the plane of the layers within each layer. Because of the asymmetry and
      steric nature of the molecules, the direction of the long axes of the
      molecules in each layer is displaced slightly from the corresponding
      direction in adjacent layers. This displacement is cumulative over
      successive layers so that overall displacement traces out a helical path.
      A comprehensive description of the structure of cholesteric liquid
      crystals is given in Molecular Structure and the Properties of Liquid
      Crystals, G. W. Gray, Academic Press, 1962.
PAR  Cholesteric liquid crystals have the property that when the propagation
      direction of plane polarized or unpolarized light is along the helical
      axis thereof, i.e., when the light enters in a direction perpendicular to
      the long axes of the molecules, (neglecting absorption considerations),
      this light is essentially unaffected in transmission through thin films of
      such liquid crystals except for a wavelength band centered about some
      wavelength .lambda..sub.o where .lambda..sub.o =  2np with n representing
      the index of refraction of the liquid crystal substance and p the pitch or
      repetition distance of the helical structure. The bandwidth
      .DELTA..lambda..sub.o of this wavelength band centered about
      .lambda..sub.o will typically be of the order of about .lambda..sub.o /14.
      For light of a wavelength .lambda..sub.o, the cholesteric liquid crystal,
      under these conditions, exhibits selective reflection of the light such
      that approximately 50% of the light is reflected and approximately 50% is
      transmitted, assuming negligible absorption which is usually the case,
      with both the reflected and transmitted beams being approximately
      circularly polarized in opposite directions.
PAR  For light having wavelengths around .lambda..sub.o but not at
      .lambda..sub.o, the same effect is present but not as pronounced. The
      transmitted light is not circularly polarized but is instead elliptically
      polarized. The cholesteric liquid cyrstals which exhibit this property of
      selective reflection of light in a region centered around some wavelength
      .lambda..sub.o are said to be in the Grandjean or "disturbed" texture. If
      .lambda..sub.o is in the visible region of the spectrum, the liquid
      crystalline film appears to have the color corresponding to .lambda..sub.o
      and if .lambda..sub.o is outside the visible spectral region, the film
      appears colorless.
PAR  Depending upon the intrinsic rotary sense of the helix, i.e., whether it is
      right-handed or left-handed, the light that is transmitted in the region
      about .lambda..sup.o is either right-hand circularly polarized light
      (RHCPL) or left-hand circularly polarized light (LHCPL). The transmitted
      light is circularly polarized with the same sense of polarization as that
      intrinsic to the helix. Thus, a cholesteric liquid crystal having an
      intrinsic helical structure which is left-handed in sense will transmit
      LHCPL and one having a helical structure which is right-handed in sense
      will transmit RHCPL.
PAR  Hereinafter, these cholesteric liquid crystal substances will be identified
      in order to conform with popular convention, by the kind of light which is
      reflected at .lambda..sub.o. When a film is said to be right-handed, it is
      meant that it reflects RHCPL, and when a film is said to be left-handed,
      it is meant that it reflects LHCPL.
PAR  A right-handed cholesteric liquid crystal substance transmits LHCPL
      essentially completely at .lambda..sub.o whereas the same substance
      reflects almost completely RHCPL. Conversely, a left-handed film is almost
      transparent to RHCPL at .lambda..sub.o and reflects LHCPL. Since plane
      polarized or unpolarized light contain equal amounts of RHCPL and LHCPL, a
      cholesteric liquid crystal film is approximately 50% transmitting at
      .lambda..sub.o for these sources when the liquid crystal is in its
      Grandjean texture.
PAR  A further unique optical property of optically negative liquid crystal film
      is that contrary to the normal situation when light is reflected, such as
      by mirror, where the sense of the circular polarization of the reflected
      light is reversed, this same phenomenon does not occur with light
      reflected by these liquid crystal films. The sense of the circular
      polarization of light reflected from these liquid crystal substances is
      not reversed but rather remains the same as it was before it came into
      contact with the liquid crystal substance. For example, if RHCPL having a
      wavelength .lambda..sub.o =  2np is directed at a right-hand film, it is
      substantially completely reflected and, after reflection, remains RHCPL.
      If the same light were to be directed on a metallized mirror, in reflected
      light would be LHCPL.
PAR  Because of these optical properties, optically negative liquid crystalline
      substances have been found to be highly advantageous for use in a number
      of applications. U.S. Pat. No. 3,669,525 and 3,679,290 disclose the use of
      such liquid crystalline materials in optical filter systems. U.S. Pat. No.
      3,744,920 discloses the use of these materials in a detection system which
      can identify physical surface and/or electrical conductivity
      irregularities in a surface of interest.
PAR  Extremely large extrinsic circular dichroism has been observed within the
      electronic transitions of achiral (optically inactive) solutes dissolved
      in cholesteric mesophases as reported in recently issued U.S. Pat. No.
      3,780,304 to F. D. Saeva et al and in the following articles by F. D.
      Saeva et al appearing in the Journal of the American Chemical Society
      (JACS): "Cholesteric Liquid-Crystal-Induced Circular Dichroism (LCICD) of
      Achiral Solutes. A novel Spectroscopic Technique", Vol. 94, JACS, page
      5135 (1972); "Cholesteric Liquid-Crystal-Induced Circular Dichroism
      (LCICD). V. Some Mechanistic Aspects", Vol. 95, JACS, page 7656 (1973);
      "Cholesteric Liquid-Crystal-Induced Circular Dichroism (LCICD). VI. LCICD
      Behavior of Benzene and Some of its Mono- and Disubstituted Derivatives",
      Vol. 95, JACS, page 7660 (1973); and "Cholesteric Liquid-Crystal-Induced
      Circular Dichroism (LCICD). VII. LCID of Achiral Solutes in Lyotropic
      Cholesteric Mesophases", Vol. 95 JACS, page 7882 (1973).
PAR  Circular dichroism has not been previously reported as induced in
      extrinsically optically inactive insoluble materials and it has
      heretobefore been thought by those working in the art as evidenced by the
      above articles that two mechanisms were important to the existence of
      Liquid Crystal Induced Circular Dichroism in dissolved materials: (1)
      helical organization of solute, and (2) the exposure of solute to a
      helical organization of liquid crystal molecules. Shortly after the
      invention of this Application, data was reported which indicated that
      mechanism (1) was not required for the observation of extrinsic LCICD
      within solutes in the cholesteric mesophase. That is, the solute molecules
      need not be ordered into helical organization by the mesophase in order to
      exhibit liquid crystal induced circular dichroism. The date is reported in
      "The Optical Activity of Achiral Molecules in a Cholesteric Solvent",
      J.C.S. Chem. Comm., page 712, 1973.
PAR  It is known that the pitch of cholesteric liquid crystalline substances is
      responsive to various foreign stimuli such as heat, pressure, electric
      fields, magnetic fields, etc. In some cases this characteristic is a
      highly desirable advantage, such as where the substance is used in a
      detection system to indicate the presence, or a change in the amount
      present, of any particular stimulus. However, according to some uses of
      these substances, the fact that their performance is affected by foreign
      stimuli is not an advantage and it would be desirable to have materials
      whose performance in a particular mode would be essential independent of
      the presence of the above mentioned stimuli.
PAR  In rapidly growing areas of technology such as liquid crystals new methods,
      apparatus, compositions and articles of manufacture are often discovered
      for the application of the new technology in a new mode. The present
      invention relates to novel and advantageous uses of extrinsically
      optically active insoluble materials in contact with optically negative
      liquid crystalline materials.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide an optical system
      having the above mentioned desirable features.
PAR  It is another object of the invention to provide an optical system
      employing optically negative liquid crystalline compositions which system
      is operative essentially independently of the presence of foreign stimuli.
PAR  It is a still further object of the invention to provide an information
      transfer system utilizing circular dichroism induced in extrinsically
      optically active insoluble materials in contact with an optically negative
      liquid crystalline material.
PAR  The above mentioned objects and advantages and others are realized in
      accordance with the invention by employing optically negative liquid
      crystalline substances in contact with extrinsically optically active
      insoluble materials whose electronic transitions, i.e., effect obtained
      from the interaction of light energy with the electrons of the molecules,
      become circularly dichroic (i.e., show a large preferential absorption of
      either LHCPL or RHCPL) when in contact with an optically negative liquid
      crystalline material. It should be understood that by the term
      "extrinsically optically active insoluble materials" we mean both
      intrinsically optically active and intrinsically optically inactive
      insoluble materials which are optically active or inactive, respectively,
      out of contact (or when not in contact) with optically negative liquid
      crystalline substances. Both intrinsically optically active insoluble
      materials and optically inactive insoluble materials become extrinsically
      optically active when contacted with an optically negative liquid
      crystalline material. This extrinsic induced behavior may overwhelm and
      dominate over any intrinsic activity since the specific rotations and
      molecular ellipticities in the former case are normally substantially
      larger than that observed for intrinsically optically active insoluble
      materials.
PAR  "Insoluble" is used herein to mean that dissolution of the material added
      to or contacted by the optically negative liquid crystalline material can
      not be detected by conventional photometric techniques, such as circular
      dichroism and optical absorption.
PAR  It has been found that when such extrinsically optically active insoluble
      materials are placed in or otherwise contacted by cholesteric mesophases,
      optical activity is induced in the optically inactive materials and they
      exhibit circularly dichroic behavior within their absorption bands. The
      optical behavior induced in the normally optically inactive insoluble
      materials is due to absorption whereas the circular dichroic behavior of
      optically negative liquid crystalline substances in the region
      .lambda..sub.o is due to selective reflection of one type of circularly
      polarized light. The insoluble materials which acquire the induced optical
      activity, as opposed to the optically negative liquid crystalline
      substances, absorb both RHCPL and LHCPL; however, they show a large
      preference for one type more than for the other type.
PAR  Thus, such insoluble materials may be utilized in devices which can be
      tuned to the absorption band of the insoluble materials rather than the
      reflection band of the optically negative liquid crystalline substance; or
      use may be made of both absorption bands of such insoluble materials and
      reflection bands of optically negative liquid crystalline materials.
DRWD
PAR  The invention will be more fully understood from the following detailed
      description of various preferred embodiments thereof particularly when
      read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 shows the circular dichroism and absorption spectra of Calcium
      Bonadur Red particles suspended in the cholesteric mesophases of
      cholesteryl oleyl carbonate and cholesteryl chloride.
PAR  FIG. 2 shows the circular dichroism and absorption spectra of soluble and
      insolubilized anthracene-9-carboxylic acid in the cholesteric mesophase of
      cholesteryl chloride (60 wt. %) - cholesteryl nonanoate (40 wt. %).
PAR  FIG. 3 is a schematic illustration of one embodiment of a scheme whereby
      information on circular dichroism is read from a liquid crystalline film
      by the transmission of light therethrough and the conversion of the
      information so read into synchronized signals.
PAR  FIG. 4 is a schematic illustration of a scheme whereby the synchronized
      signals produced by the schemes depicted in FIGS. 3 and 5 are converted to
      optical information which addresses optical information recording devices.
PAR  FIG. 5 schematically illustrates a scheme whereby circular dichroism
      information is read from a liquid crystalline film by optical reflection
      therefrom and whereby such read information is converted into synchronized
      signals.
DETD
PAR  Referring now to FIG. 1, there is seen the circular dichroism and
      absorption spectrum of a thin film (about 5 microns thick) of insoluble
      Calcium Bonadur Red pigment particles suspended in the cholesteric
      mesophases of cholesteryl oleyl carbonate and cholesteryl chloride. The
      pigment particles are insoluble in the cholesteric mesophase and are much
      larger in size than the liquid crystal molecules. Surprisingly, it was
      found that the insoluble particles exhibited liquid crystal induced
      circular dichroism not withstanding the fact that their large size
      relative to the molecules of the cholesteric mesophase prevented their
      being ordered into helical organization by the helical array of molecules
      of the cholesteric mesophase.
PAR  In the right-handed cholesteric helix CD bands of negative sign (E.sub.R &gt;
      E.sub.L) appear at about 450,520, and 580 nm while positive CD bands
      appear at about 340 and 620 nm. In the left-handed cholesteric helix the
      above mentioned CD bands are of opposite sign to that found in the
      right-handed cholesteric helix. A major peak of absorption appears at
      about 580 nm of light and a shoulder at about 520 nm of light in the
      absorption spectrum. These wavelengths are within the visible region. The
      absorption and circular dichroism exhibited within the visible region is
      attributable solely to circular dichroism induced in the particles. It was
      further found, as seen from comparing particles sizes in Examples 1 and 2,
      below, that the phenomenon of circular dichroism induced in the particles
      may be a surface phenomenon. The ratio of circular dichroism to optical
      density increases in intensity with increase in surface area provided by
      the particles. That is, for the same weight amount of insoluble particles
      suspended in the cholesteric mesophase, a greater ratio is exhibited by
      smaller sized particles than by larger sized particles. The sign of
      extrinsic circular dichroism in the particles is independent of the
      position of the cholesteric pitch band .lambda..sub.o.
PAR  FIG. 2 presents for comparison the absorption and circular dichroism
      spectra of soluble and insolubilized anthracene-9-carboxylic acid. It is
      noted that while the soluble anthracene-9-carboxylic acid in the
      cholesteric mesophase (60 wt. %) cholesteryl chloride - 40 wt. %
      cholesteryl nonanoate) exhibits a change in sign in circular dichroism
      which is dependent upon the position of the cholesteric pitch band .sub.o,
      the insolubilized anthracene-9-carboxylic acid remains positive in sign in
      circular dichroism (E.sub.L &gt; E.sub.R) notwithstanding change in position
      of the cholesteric pitch band .lambda..sub.o. Previously, it was observed
      with solutes in cholesterics that the sign of circular dichroism induced
      in the solute was dependent upon the position of .lambda..sub.o relative
      to solute absorption as well as the handedness of the cholesteric
      mesophase.
PAR  Of course, it will be recognized that the particular insoluble materials of
      FIGS. 1 and 2 are typical of the insoluble optically inactive materials of
      the invention and are used to illustrate what effect is obtained; similar
      results can be obtained with any of the insoluble optically inactive
      materials encompassed by the invention.
PAR  Experimental results with insoluble materials indicate that the intensity
      of the induced circularly dichroic absorption band varies with variation
      in pitch of the cholesteric mesophase, as well as with the chirality of
      the cholesteric helix. The sign of the extrinsic circular dichroism
      changes with chirality of the cholesteric helix. However, the sign of the
      extrinsic dichroism is independent of the wavelength location of the
      optically negative liquid crystalline pitch band .lambda..sub.o relative
      to the wavelength location of the absorption band of the insoluble
      material.
PAR  An important advantage derived from exploiting the induced circular
      dichroic optical activity of the absorption band of the insoluble
      materials contacted with the optically negative liquid crystalline
      material is that the absorption band will always remain substantially in
      the same position and will not be shifted to any significant extent by the
      presence of foreign stimuli. The magnitude of the optically active effect
      will typically change when a foreign stimulus acts upon the composition
      but the position of the band will not. This behavior is opposite to that
      of the pitch band of the optically negative liquid crystalline composition
      when acted upon by a foreign stimulus since, as is appreciated by those
      skilled in the art, the location of the pitch band changes but the
      amplitude thereof is always substantially the same. For example, when a
      stimulus acts upon the optically negative liquid crystalline environment,
      the pitch may become larger causing .lambda..sub.o to become larger (since
      .lambda..sub.o =  2np).
PAR  Thus, it can be seen that the addition of extrinsically optically active
      insoluble materials whose absorption bands become highly optically active
      when in contact with an optically negative liquid crystalline environment
      permits a novel and highly advantageous means for tailoring the properties
      of optically negative liquid crystal systems to achieve novel and
      extremely useful results. The above mentioned additives can be used to
      provide a circularly dichroic absorption band for the composition.
PAR  The additives which can be placed in contact with optically negative liquid
      crystalline substances according to the invention should be insoluble (as
      previously defined) in such a liquid crystalline environment and should
      have optical transitions which become circularly dichroic in some region
      of the electromagnetic spectrum. Any suitable extrinsically optically
      active insoluble material can be used according to the invention. Typical
      suitable extrinsically optically active insoluble materials include, among
      others, organic and inorganic pigments, aromatic insoluble compounds such
      as insolubilized benzene, napthalene, anthracene and the like; insoluble
      azo compounds such as insolubilized arylazonaphthols, azobenzenes, etc.;
      insoluble nitro compounds such as insolubilized nitrobenzene,
      nitroarylazonaphthols and the like; insoluble nitroso compounds such as
      insolubilized nitrosonaphthalene and the like; insoluble compounds such as
      insolubilzed benzylidene aniline, etc.; insoluble carbonyl compounds such
      as insolubilized acetone, acetophenone, benzophenone and the like;
      insoluble thiocarbonyls such as insolubilized thioacetophenones,
      thioacetone, thiobenzophenone, and the like; insoluble alkenes such as
      insolubilized butadiene, cyclohexane, etc.; insoluble heterocyclics such
      as insolubilized furans, aziridines, pyridines and the like, insoluble
      alkanes such as insolubilized hexane, dodecane and the like; metallic
      complexes; dyes such as polymethin, sulfur, indigo and anthraquinone dyes;
      and mixtures thereof.
PAR  Typical methods of insolubilizing include adsorbing on suitable surfaces
      and converting to ionic derivatives.
PAR  Generally speaking, it is preferred to use extrinsically optically active
      additive materials that absorb in the visible region of the spectrum such
      as, for example, inorganic and organic pigments in the novel compositions
      of the invention since the colored additives will provide preferred
      results when the compositions are utilized in various modes of application
      as will be discussed in detail hereinafter. For example, in a preferred
      embodiment of the invention where the compositions of the invention are
      employed in an imaging mode the use of colored additive materials will
      permit readout in the visible region of the spectrum of an image where the
      optical input is not in the visible spectral region of the electromagnetic
      spectrum.
PAR  Of course, it should be recognized that the above classes of materials are
      intended to be illustrative only of the insoluble additives which will
      provide the previously described induced behavior.
PAR  The amount of insoluble material which can be incorporated into an
      optically negative liquid crystalline can vary over an extremely wide
      range. The amount added in any particular instance is dependent primarily
      upon the intended use of the particular composition. For example, where it
      is intended to exploit the induced optical activity of the absorption band
      of the additive as little as up to about 10% by weight of optically
      inactive material can provide the induced optical activity. Of course, the
      upper limit of the amount of additive which can be incorporated into any
      particular optically negative liquid crystal composition, and which can go
      as high as about 90% by weight, is controlled by the requirement that the
      total environment must retain its optically negative liquid crystalline
      character after the addition of the optically inactive material.
PAR  Any suitable cholesteric liquid crystal substance, mixtures thereof or
      compositions having liquid crystalline characteristics may be employed in
      the invention. Typical suitable cholesteric liquid crystals include
      derivatives from reactions of cholesterol and inorganic acids, for
      example: cholesteryl chloride, cholesteryl bromide, cholesteryl iodide,
      cholesteryl fluoride, cholesteryl nitrate; esters derived from reactions
      of cholesterol and carboxylic acids, for example, cholesteryl crotonate;
      cholesteryl nonanoate, cholesteryl hexanoate; cholesteryl formate;
      cholesteryl docosonoate; cholesteryl proprionate; cholesteryl acetate;
      cholesteryl valerate; cholesteryl vacconate; cholesteryl linolate;
      cholesteryl linolenate; cholesteryl oleate; cholesteryl erucate;
      cholesteryl butyrate; cholesteryl caproate; cholesteryl laurate;
      cholesteryl myristate; cholesteryl clupanodonate; ethers of cholesterol
      such as cholesteryl decyl ether; cholesteryl lauryl ether; cholesteryl
      oleyl ether; cholesteryl dodecyl ether; carbamates and carbonates of
      cholesterol such as cholesteryl decyl carbonate; cholesteryl oleyl
      carbonate; cholesteryl methyl carbonate; cholesteryl ethyl carbonate;
      cholesteryl butyl carbonate; cholesteryl docosonyl carbonate; cholesteryl
      cetyl carbonate; cholesteryl-p-nonylphenyl carbonate;
      cholesteryl-2-(2-ethoxyethoxy) ethyl carbonate;
      cholesteryl-2-(2-butoxyethoxy) ethyl carbonate;
      cholesteryl-1-2-(2-methoxy-ethoxy) ethyl carbonate; cholesteryl geranyl
      carbonate; cholesteryl heptyl carbamates; and alkyl amides and aliphatic
      secondary amines derived from 3.beta.amino.DELTA.5-cholestene and mixtures
      thereof; peptides such as poly-.gamma.-benzyl-L-glutamate; derivatives of
      beta sitosterol such as sitosteryl chloride; and amyl ester of cyano
      benzilidene amino cinnamate. The alkyl groups in said compounds are
      typically saturated or unsaturated fatty acids, or alcohols, having less
      than about 25 carbon atoms, and unsaturated chains of less than about 5
      double-bonded olefinic groups. Aryl groups in the above compounds
      typically comprise substituted benzene ring compounds. Any of the above
      compounds and mixtures thereof may be suitable for cholesteric liquid
      crystalline materials in the advantageous system of the present invention.
PAR  Mixtures of liquid crystals can be prepared in organic solvents such as
      chloroform, petroleum ether and others, which are typically evaporated
      from the mixture leaving the liquid crystal composition. Alternatively,
      the individual components of the liquid crystalline mixture can be
      combined directly by heating the mixed components above the isotropic
      transition temperature.
PAR  The above lists of typical suitable optically negative liquid crystalline
      substances are intended to encompass mixtures of the above. These lists
      are intended to be representative only and are not to be construed as
      being exhaustive or limiting the invention to the specific materials
      mentioned. Although any liquid crystalline composition having cholesteric
      liquid crystalline characteristics is suitable for use in the present
      invention, it should be recognized that various different cholesteric
      liquid crystal substances or mixtures thereof or combinations of
      cholesteric liquid crystal substances with other substances such as those
      mentioned above will only possess the necessary properties which make them
      suitable for use according to the invention at some specific temperature
      range which may be at room temperature or substantially below or above
      room temperature. However, all of the various substances, mixtures or
      combinations thereof will function according to the method at some
      temperature. Typically, the materials of the invention will be used at or
      near room temperature. Thus, it is preferred to employ liquid crystal
      substances which have a liquid crystal state at or near room temperature.
      Generally speaking, the liquid crystal substance will preferably be in the
      liquid crystal state at the desired operational temperature.
PAR  Typical suitable thicknesses of films or layers of optically negative
      liquid crystalline material are from about 0.5 to about 50 microns,
      although any thickness which will provide the desired effect can be used.
PAR  The invention will now be described further in detail by way of examples,
      it being understood that these are intended to be illustrative only and
      the invention is not limited to the conditions, materials, procedures,
      etc., recited therein. All parts and percentages listed are by weight
      unless otherwise specified.
PAC  EXAMPLE I
PAR  The calcium salt of
      3'-ethyl-4'-chloro-6'-sulfonyl-phenylazo-2-hydroxy-3-naphthoic acid
      (Calcium Bonadur Red) is finely ground between two pieces of ground glass
      to an average particle size of about 10 microns. About 0.1 gm. of the
      particles are uniformly dispersed in about 11 gm. of the cholesteric
      mesophase of cholesteryl oleyl carbonate and cholesteryl chloride (50/50
      wt. %). The dispersion is placed between circular quartz plates about 1
      in. .times. 1/8 in. in dimension. The absorption spectrum of the prepared
      sample is analyzed with a Carey 15 Spectrophotometer. The prepared sample
      is analyzed with a Carey 61 Spectropolarimeter for circular dichroism.
      FIG. 1 graphically illustrates the resulting circular dichroism spectrum.
PAR  The absorption spectrum shows a major peak at about 580 nm and a shoulder
      at about 520 nm. The circular dichroism spectrum shows bands of negative
      sign (E.sub.R &gt; E.sub.L) at about 520 nm.
PAR  The dispersion was then centrifuged and the dispersed particles thereby
      separated from the cholesteric mesophase. The cholesteric mesophase was
      then re-examined spectrophotometrically and shows no absorption or
      circular dichroism in the visible region of the spectrum. This eliminates
      the possibility of particles having dissolved in the mesophase and
      indicates that circular dichroism may arise from a surface effect.
PAR  Example I demonstrates that circular dichroism can be induced in insoluble
      materials by dispersing same in an optically negative liquid crystalline
      material.
PAC  EXAMPLE II
PAR  Example I is repeated except that the particles are ground to an average
      particle size of about 2 microns. The ratio of circular dichroism to
      optical density is determined to be larger with these about 2 micron
      particles than with the about 10 micron particles of Example I. This
      buttresses the indication of Example I that the induced circular dichroism
      in insoluble materials may be a surface phenomenon because the smaller
      particles present a larger surface area in contact with the optically
      negative crystalline substance.
PAR  Except for the difference in the ratio, the same results are obtained in
      Example II as are obtained in Example I.
PAC  EXAMPLE III
PAR  Two samples are prepared as follows: each sample contains the cholesteric
      mesophase of 60% cholesteryl chloride-40% cholesteryl nonanoate. In sample
      I, anthracene-9-carboxylic acid dissolved in the mesophase. In sample II,
      particles of insoluble calcium anthracene-9-carboxylic acid are dispersed
      in the mesophase. The absorption and circular dichroism spectrums of
      samples I and II are determined in the manner of Example I. FIG. 2
      graphically illustrates the resulting spectra.
PAR  The circular dichroism induced in the dissolved acid in sample I changes
      sign at about 355 nm indicating a change in polarization of the electronic
      transitions. The dispersed insoluble particles of calcium
      anthracene-9-carboxylic acid in sample II exhibit induced circular
      dichroism which does not change sign with polarization of the electronic
      transition.
PAR  The circular dichroism of insoluble particles in sample II exhibits bands
      which are slightly blue shifted from the absorption bands for the
      particles. The relative intensities of the circular dichroism bands of the
      particles in sample II are more similar to the relative intensities of the
      absorption bands of the dissolved acid in sample I than to those of the
      absorption bands of the insoluble particles in sample II. The sign of the
      circular dichroism induced in the insoluble particles of sample II is
      positive (E.sub.L &gt; E.sub.R) and independent of whether .lambda..sub.o for
      the cholesteric mesophase is at larger or smaller wavelengths than the
      absorption band of the particles.
PAR  The difference in depending upon position of .lambda..sub.o between the
      dissolved acid in sample I and undissolved particles in sample II
      indicates a difference in mechanism between induced circular dichroism in
      solutes and induced circular dichroism in insoluble materials in intimate
      contact with optically negative liquid crystalline materials.
PAC  EXAMPLE IV
PAR  Vanadyl phthalocyanine (VOPC) is heated in a vacuum to sublime a film of
      VOPC upon a quartz disc about 1 in. .times. 1 in. .times. 1/8 in. The VOPC
      film is overcoated with a layer of the cholesteric mesophase of
      cholesteryl oleyl carbonate (COC) which, in turn, is contacted with a
      glass plate to produce a glass-VOPC-COC-quartz disc sandwich.
PAR  The absorption and circular dichroism spectrum of the COC-VOPC combination
      was examined and the circular dichroism was observed in the region of the
      visible electronic transitions of VOPC. This observation demonstrates that
      circular dichroism induced in insoluble materials in intimate contact with
      optically negative liquid crystalline materials is due to specific
      interaction between the two materials.
PAC  EXAMPLE V
PAR  Example IV is repeated except that the VOPC is replaced with copper
      phthalocyanine (CuPC). Circular dichroism is observed in the visible
      electronic transition of CuPC.
PAC  EXAMPLE VI
PAR  Example I is followed except that Bonadur Red is replaced by copper
      phthalocyanine (CuPC).
PAR  The absorption spectrum shows major peaks at about 600 nm and about 690 nm.
      The circular dichroism spectrum shows bands of positive sign (E.sub.R &gt;
      E.sub.L) at about 595 nm and about 680 nm.
PAR  The CuPC particles are centrifuged out and the liquid crystalline material
      re-examined spectrophotometrically; no absorption or circular dichroism in
      the visible region is exhibited. This eliminates the possibility that
      circular dichroism was exhibited by dissolved molecules rather than by
      insoluble particles.
PAC  EXAMPLE VII
PAR  Particles of calcium anthracene-9-carboxylic acid are dispersed in a
      supercooled cholesteric mesophase of 60% cholesteryl chloride - 40%
      cholesteryl nonanoate. The dispersion is sandwiched at a thickness of
      about 7 microns between two tin-oxide coated quartz discs 1 in. .times. 1
      in. .times. 1/8 in. A.D.C. voltage is applied to the oxide coatings to
      apply an electric field across the dispersion while the dispersion is
      being examined for circular dichroism induced in the particles. Upon
      application of the field, a change in both sign and magnitude of the
      induced circular dichroism is observed within the absorption bands of the
      dispersed particles.
PAR  The circular dichroism intensity is substantially completely eliminated
      when the applied voltage is about 400 volts D.C.
PAR  Example VII demonstrates that the application of electric fields across
      cholesteric mesophases in contact with an insoluble material, alters both
      the sign and magnitude of the induced (extrinsic) circular dichroism.
PAR  The invention described herein may be practiced with conventional
      apparatus, the availability of which is well known to those people skilled
      in the art of information transfer. In accordance with the present
      invention, however, a novel electro-optic effect, circular dichroism
      induced in extrinsically optically active insoluble materials in contact
      with optically negative liquid crystalline materials, is utilized to
      generate the information which is transferred and subsequently converted
      into synchronized signals at the transmitting station and subsequently
      reconverted into optical information at the receiving station utilized to
      address an optical information recording device at the receiving station.
PAR  Referring now to FIG. 3, there is seen a light source 1 which generates
      light of very narrow range of wavelengths, preferably of about a single
      wavelength, the optical output of which is linearly polarized by linear
      polarizer 2. The linearly polarized light passing through linear polarizer
      2 then passes through an electro-optic modulator which produces
      alternately right-hand circularly polarized light and left-hand circularly
      polarized light, in sequence, to produce pulses of light which, in
      succession in the direction of propagation, comprises a repetitive
      sequence of alternating right-hand circularly polarized light pulse
      followed by a left-hand circularly polarized pulse and so forth. For
      convenience of description, the term circularly polarized pulses
      (hereafter denoted CPLP) is used herein to refer to the sequence of a
      right-hand circularly polarized pulse of light followed by a left-hand
      circularly polarized pulse of light followed by a right-hand circularly
      polarized pulse of light followed by a left-hand circularly polarized
      pulse of light and so on, in repetitive sequence. The CPLP then passes
      through a focusing lens 4 which focuses the CPLP onto scanner 7 which, by
      reflection, is adapted to direct the CPLP across the surface of liquid
      crystalline film 8 in the direction from left to right or right to left
      (as in a line of typing) and in the direction of from top to bottom or
      bottom to top (as in the spacing of typed lines). The CPLP passes through
      liquid crystal film 8, in optical transmission. Since, as previously
      stated above, circular dichroism is by definition, the difference in
      absorption of left-hand circularly polarized light and right-and
      circularly polarized light, or vice versa, depending upon the sign of the
      circular dichroism, it can be seen that the CPLP is affected in the
      relative amounts of magnitude or strength of the individual right-hand
      circularly polarized light pulses and left-hand circularly polarized light
      pulses passing through liquid crystal film 8. The CPLP is thus changed
      from CPLP comprising right-hand circularly polarized light pulses and
      left-hand circularly polarized light pulses of equal magnitude which
      exists prior to impingement of liquid crystal film 8 into a CPLP which is
      modulated in accordance to the presence or absence of circular dichroism
      at a particular point in liquid crystal film 8, in accordance with the
      sign of circular dichroism present at a particular point in film 8, in
      accordance with the magnitude of circular dichroism present at a
      particular point in film 8, and so forth, as previously described above.
      The modulated CPLP then passes through a collecting lens 9 which focuses
      the modulated CPLP from any point in liquid crystal film 8 into intensity
      detector 10. Intensity detector 10 detects alternate strengths or
      magnitudes of right-hand circularly polarized light and left-hand
      circularly polarized light and, in that sense, reads the modulated CPLP. A
      signal is generated by the intensity detector 10 which is modulated in
      real time in accordance with the intensity detected. The modulated signal
      from detector 10 enters signal transmitter and processor 11 which
      generates synchronized pulses or signals for transmission to the receiving
      station where it is responded to by the readout scheme depicted in FIG. 4.
PAR  The synchronized pulse or signal produced by signal transmitter and
      processor 11 in FIG. 3 is received at the receiving station by
      synchronizer 20, schematically illustrated in FIG. 4. Synchronizer 20 is
      operatively connected to modulator 22, which modulates the intensity of
      light from light source 21, and is also operatively connected to scanner
      24 which, by reflection, directs intensity modulated light from light
      source 21 upon the surface of optical information receiving member 25. In
      real time, synchronizer 20 positions scanner 24 so that the point of
      receiving member 25 that is addressed by the reflected intensity modulated
      light corresponds in an information sense (for example, the same relative
      position in an image) to the point in liquid film 8 of FIG. 3 which
      produced the modulation in the CPLP detected by intensity detector 10 and
      transmitted by element 11 of FIG. 3 in the form of synchronized pulses or
      signals. In this manner, the loop is closed between a point in liquid
      crystal film 8 of FIG. 3 and a corresponding point in an information sense
      in receiving member 25 of FIG. 4. Thus, it can be seen that the image
      transfer system herein described is a system which reads information bit
      by bit. The information read, of course, is information concerning
      circular dichroism in the extrinsically optically active insoluble
      material in contact with the optically negative liquid crystalline
      material of liquid crystal film 8 in FIG. 3.
PAR  In operation, the readout scheme illustratively depicted in FIG. 4 can be
      practiced with any conventional readout scheme and by using apparatus well
      known to those skilled in the art. Preferably, light source 21 in FIG. 4
      is identical with light source 1 of FIG. 3 in order to minimize any
      distortions, difficulties, or inconveniences caused by the use of two
      different sources in a synchronized mode. Lasers are preferred as a light
      source for the reasons stated above. Modulator 22 can be selected from a
      broad range of modulators but is to be selected as to be compatible with
      receiving member 25. That is, if receiving member 25 is micro-film or a
      photo-conductive drum, modulator 22 is conveniently an intensity modulator
      which modulates the intensity of the output of light source 21 into pulses
      of varying intensities corresponding to the relative strengths of
      right-hand circularly polarized light and left-hand circularly polarized
      light transmitted through liquid crystal film 8 of FIG. 3. As clearly
      indicated, this is on a synchronized basis so that the modulated light
      striking any particular point on receiving member 25 of FIG. 4 presents
      information to that particular point on receiving member 25 which
      corresponds to the circular dichroism information on the corresponding
      particular point, in the informational sense, of liquid crystal film 8 of
      FIG. 3. In this connection, input element 12 of transmitter and processor
      11 of FIG. 3 is operatively connected to output element 12' of scanner 7
      of FIG. 3 so that the synchronized pulses or signals generated by
      transmitter 11 contains information on the position of scanner 7 as well
      as information on the relative strengths of right-hand circularly
      polarized light and left-hand circularly polarized light.
PAR  Referring now to FIG. 5, there is seen schematically illustrated an
      embodiment of a readin scheme which is the reflection equivalent of the
      transmission scheme depicted in FIG. 3. That is, like numerals refer to
      like elements. Readin by optical reflection is accomplished in FIG. 5 by
      the insertion of a beam splitter such as a half-silvered mirror 31 between
      scanners 7 and liquid crystal film 8. Beam splitter 31 acts essentially as
      a one-way mirror, allowing light reflected from scanner 7 through lens 30
      to pass through beam splitter 31 and impinge upon liquid crystal film 8
      but which prevents light reflected from liquid crystal film 8 from passing
      back through beam splitter 31, but rather, causes light reflected from
      film 8 to be directed into collecting lens 9.
PAR  Any suitable apparatus may be selected for the particular elements depicted
      in FIGS. 3, 4, and 5 so long as they are selected to be system compatible.
      Typical suitable apparatus for the various elements include, for example,
      a raster or digital scan scanner for scanner 7 and scanner 24; a laser or
      an incandescent light source used in conjunction with appropriate filters
      and modulators for light source 1 and light source 21; Polaroid Sheet for
      linear polarized 2, available from the Polaroid Corporation; quarter
      waveplates available from the Polaroid Corporation oscillated between two
      positions approximately 90.degree. apart, each position providing an
      orientation of the retardation axis of the quarter waveplate to the
      transmission direction of the linear polarizer 2 of about 45.degree. can
      conveniently constitute electro-optic modulator 3; liquid crystal film 8
      can comprise any of the aforementioned optically negative liquid
      crystalline materials in contact with any of the aforementioned
      extrinsically optically active insoluble materials, said insoluble
      materials being either dispersed in particles in liquid crystal film 8 or
      being in layer configuration in contact with the optically negative liquid
      crystalline material of film 8; a square law detector, such as, for
      example, the EG and G light mike available from the EG and G Company;
      signal transmitter and processor 11 can be selected from a host of
      electronic amplifiers currently commercially available; similarly,
      intensity modulator 22, synchronizer 20, optical information recording
      element 25, beam splitter 31 and the various lenses can be selected from
      any of the many commercially available respective elements provided that
      they are system compatible.
PAR  As can be seen from the above description, circular dichroism is induced in
      extrinsically optically active materials which are in contact with
      optically negative liquid crystalline materials and which are insoluble
      while in contact with optically negative liquid crystalline materials.
      This inducement of circular dichroism results in a circular dichroism in
      the absorption band of the extrinsically optically active insoluble
      material and as discussed above, the induced circular dichroism can be
      altered in sign, can be selectively created, and can be tailored in
      intensity by the application of foreign stimuli and by the selection of
      the optically negative liquid crystalline materials having predetermined
      intrinsic helical sense. Thus, differences in circular dichroism can be
      selectively created at predetermined locations on liquid crystal film 8;
      such as, for example, an imagewise pattern of circular dichroism against a
      background of no circular dichroism, or, an imagewise configuration of
      circular dichroism which is positive in sign against a background of
      circular dichroism which is negative in sign, or, an imagewise
      configuration of circular dichroism which is of relatively great magnitude
      or strong intensity against a background of circular dichroism which is of
      relatively low intensity or small magnitude; or, combinations thereof.
PAR  It will be appreciated, of course, that the light produced by light source
      1 and light source 21 should at least contain light at a wavelength within
      the absorption band of the extrinsically optically active insoluble
      materials in which circular dichroism is induced by contact with the
      optically negative liquid crystalline material selected.
PAR  While the invention has been described in detail with respect to certain
      embodiments thereof it is not intended to be limited thereto, but rather
      it will be appreciated by those skilled in the art that modifications and
      variations are possible which are within the spirit of the invention and
      the scope of the claims.
PAR  For example, scanners 7 and 24 may be selected such that they operate in
      timed sequence with respect to corresponding informational points of
      liquid crystal film 8 and receiver or recorder member 25. In that case,
      output 12' and input 12 in FIGS. 3 and 5 may be dispensed with, and, in
      that case, synchronizer 20 may additionally be selected so that it need
      not be operatively connected to scanner 24 in the readout scheme.
PAR  Generally speaking, this invention involves a bit by bit read-in sequence
      of liquid crystal induced dichroism such as, for example, an imagewise
      pattern of liquid crystal induced circular dichroism intensity, induced in
      extrinsically optically active insoluble material in contact with an
      optically negative liquid crystalline material. Any suitable apparatus may
      be used such as, for example, the use of a light source whose output is
      first linearly polarized and subsequently converted into alternating left
      and right hand circularly polarized light pulses by means of a properly
      oriented electro-optic modulator. Other suitable apparatus such as, a
      lens, scanner, and collecting lens can be employed to transfer the liquid
      crystal induced circular dichroism information bit by bit into an
      intensity detector-signal transmitter and processor component which
      detects the alternate strengths of left and right hand circularly
      polarized light. The apparatus is selected and operatively connected,
      typically, so that pulses of both right-hand circularly polarized light
      and left-hand circularly polarized light in the CPLP impinge upon the same
      information point of the liquid crystal film; so that a comparison can be
      made by the intensity detector as to the relative strengths of right and
      left-hand circularly polarized light either transmitted (as in FIG. 3) or
      reflected (as in FIG. 5) by the material in which circular dichroism is
      induced; so that if, for example, there is no difference in absorption of
      left and right-handed circularly polarized light, the synchronizer in the
      information transfer read-in system and which controls the intensity
      modulator and scanner of the read-in system, will not be activated; and,
      so that when circular dichroism is detected and electronic pulse is sent
      to the synchronizer so that the sychronizer activates the intensity
      modulator and the scanner allowing the output of the light source, such as
      a laser beam, to write onto microfilm or a photoconductive drum or other
      optical information recording device to thereby produce a permanent record
      of the circular dichroism image.
PAR  Further, the optical properties of the normally extrinsically optically
      inactive insoluble material can be altered to provide the capability of
      reading image or background areas to provide a corresponding positive or
      negative readout. For example, materials which undergo chromic changes
      such as photochromic, electrochromic, thermo-chromic, crystallization,
      isomerization, dimerization, oligomerization, and piezochromic changes can
      be employed to selectively shift the absorption bands of the insoluble
      materials in contact with the optically negative liquid crystalline
      material.
PAR  This selective shift can be caused to occur either in imagewise or
      background areas of pre-existing images or can be utilized to create the
      image and background.
PAR  The result of this selective shift is that the induced circular dichroism
      occurs at different wavelengths.
PAR  For example, a thermochromic insoluble material such as lead iodide changes
      color from red to yellow upon application of heat. If heat is applied in
      imagewise configuration to either a dispersion or layer of lead iodide in
      contact with an optically negative liquid crystalline material, then a
      yellow image on a red background results. If the dispersion or layer is
      examined by light of a wavelength within the absorption bands of the
      imagewise configured yellow lead iodide and outside the absorption bands
      of the background configured red lead iodide, the circular dichroism in
      image areas can be monitored by the examining light but the examining
      light cannot monitor the circular dichroism induced in the background
      configured red lead iodide. The readout is a positive image. Vice versa,
      if the same dispersion or layer is examined by light of a wavelength
      within the absorption bands of the red lead iodide (background) and
      outside the absorption bands of the yellow-lead iodide (image) a negative
      readout is obtained because the circular dichroism of only the red lead
      iodide can be monitored by the examining light.
PAR  Any of the aforementioned chromic changes can be used to provide similar
      selective shifting of the absorption bands of the insoluble material. For
      example, cis to trans isomerization of azo compounds can be utilized to
      provide such a selective shift.
PAR  It will be appreciated, of course, that the selective shift described above
      can be used in conjunction with previously described changes in the
      optically negative liquid crystalline materials to provide a variety of
      combinations for selectively changing the circular dichroism behavior of
      the dispersion or layer of insoluble material.
PAR  Finally, it will be appreciated that insoluble material having different
      absorption bands can be utilized to form a fixed image and background,
      each of which image and background has circular dichroism induced at
      wavelengths different from the other.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for transferring information, comprising:
PA1  a. providing a layer of optically negative liquid crystalline material in
      contact with an insoluble material; said insoluble material becoming
      extrinsically optically active, and having an absorption band within which
      circular dichroism is induced, by said contact with said optically
      negative liquid crystalline material;
PA1  b. directing at least one right-handed circularly polarized light pulse and
      at least one left-handed circularly polarized light pulse upon a point of
      interest of said layer of optically negative liquid crystalline material
      in contact with said insoluble material, said light pulses being of equal
      intensity and having a wavelength within the absorption band of said
      insoluble material; and
PA1  c. converting into a signal the relative magnitudes of said at least one
      right and left-handed circularly polarized light pulses emerging through
      said layer of optically negative liquid crystalline material in contact
      with said insoluble material.
NUM  2.
PAR  2. The method according to claim 1 wherein said insoluble material is
      dispersed in said optically negative liquid crystalline material.
NUM  3.
PAR  3. The method of claim 2 wherein said insoluble material constitutes from
      about 10% to about 90% by weight of the dispersion.
NUM  4.
PAR  4. The method of claim 1 wherein said insoluble material is in layer
      configuration.
NUM  5.
PAR  5. The method of claim 1 wherein said insoluble material comprises material
      capable of undergoing chromic changes further including between step (a)
      and step (b) the step of altering the color of a portion of said insoluble
      material thereby shifting the absorption bands of said portion of
      insoluble material.
NUM  6.
PAR  6. An information transfer device, comprising:
PA1  a. a layer of optically negative liquid crystalline material in contact
      with an insoluble material; said insoluble material being extrinsically
      optically active, and having an absorption band within which circular
      dichroism is induced, when in contact with said optically negative liquid
      crystalline material;
PA1  b. means for sequentially producing right-handed circularly polarized light
      pulses and left-handed circularly polarized light pulses of equal
      intensity and having a wavelength within the absorption band of said
      insoluble material;
PA1  c. means for directing at least one of said right-handed circularly
      polarized light pulses and at least one of said left-handed circularly
      polarized light pulses upon a point of interest of said layer of optically
      negative liquid crystalline material in contact with said insoluble
      material; and
PA1  d. means for detecting the relative magnitudes of said at least one
      right-handed and left-handed circularly polarized light pulses emerging
      through said layer of optically negative liquid crystalline material in
      contact with said insoluble material and for converting the relative
      magnitudes into a signal.
NUM  7.
PAR  7. The device of claim 6 wherein said insoluble material is dispersed in
      said optically negative liquid crystalline material.
NUM  8.
PAR  8. The device of claim 7 wherein said insoluble material constitutes from
      about 10% to about 90% by weight.
NUM  9.
PAR  9. The device of claim 6 wherein said insoluble material is in layer
      configuration.
NUM  10.
PAR  10. The device of claim 6 wherein said insoluble material comprises
      material capable of undergoing chromic changes.
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ABST
PAL  A friction-drive electricity generating method and equipment utilizing the
      driving wheel of motor cars, where, in order to make it possible to
      generate electricity efficiently for a long period by using the engine
      power of motor cars, a base plate with a jack attached is fixed to one of
      driving wheels of the motor car in such a manner that it may be held
      between them and then a dymamo is installed, removably and tilting freely,
      on the said base plate so that the driving wheel may be lifted up with the
      said jack and so that electricity may be generated by pressing the dynamo
      shaft against the driving wheel while it is being revolved by the motor
      car engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improvement of the method and equipment
      for generating electricity by revolving a dynamo by means of the driving
      wheel of motor cars.
PAR  It is well-known in the conventional method and equipment of this kind that
      a base plate provided with multiple rollers of small diameter in parallel
      can be driven by one of driving wheels of a motor car and, after all the
      other wheels are stopped, the said driving wheel is revolved by the motor
      car engine to turn the small rollers, whose revolution in turn is
      transmitted directly or indirectly through a flexible shaft to a dynamo
      shaft, eventually generating electricity.
PAR  According to the conventional method and equipment the driving wheel of the
      motor car on the small rollers loads a part of the motor car body weight
      and always presses a certain limited surface area of each roller. For this
      reason, the driving wheel tire is pressed whenever it contacts the small
      rollers and released whenever it leaves. These actions are repeated
      throughout electricity generation. As a result, the frictional resistance
      between the tyre and the small rollers becomes so large that their
      temperature rises excessively even if operation is continued for only a
      few minutes or a quarter of an hour, and the process must be halted.
PAR  Of course, such over-heating of the tyre and rollers due to frictional
      resistance may be prevented either by arranging a number of small-diameter
      rollers in parallel in an arc surrounding the circumference of the tyre to
      disperse the frictional resistance or by adopting rollers of large
      diameter. These countermeasures, however, make the equipment heavier and
      less portable. In particular, the former is awkward as the arrangement of
      the small rollers must be adjusted in radius according to the tyre
      diameter, while the latter is not practical as it will be difficult to let
      the driving wheel ride on the rollers.
PAR  Furthermore, even if the overheating problem can be resolved, the said
      large frictional resistance between the tyre and rollers will make it
      difficult to achieve high-speed revolution of the driving wheel. When the
      clutch of a motor car driving on the road is depressed, the driving wheels
      continue to revolve due to inertia because of the car body weight and
      speed, permitting gear changes. On the other hand, the driving wheel
      revolving on rollers has only a small inertia and therefore it will stop
      so soon that gear changes may not be possible.
PAR  Since driving in low gear or second gear thus becomes inevitable, the speed
      of the driving wheel will have to be raised to the stipulated speed by
      accelerating the engine, resulting in an increase in noise and fuel
      consumption.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the above defects, the primary purpose of the present invention
      is to offer an improved and satisfactory friction-drive electricity
      generating method and equipment utilizing the driving wheel of motor cars.
PAR  Additional purpose of the prevent invention is to provide such an
      electricity generating method and equipment of this kind that may be fixed
      very conveniently to the driving wheel of motor cars.
PAR  Another purpose of the present invention is to offer equipment of this kind
      that may be split into a base plate part and a dynamo for portability.
PAR  A further purpose of the present invention is to offer equipment of this
      kind that is simple in construction and inexpensive.
PAR  In order to achieve the said purposes in the present invention, a flat base
      plate provided with a notch at one side is employed. After a jack is
      attached to it, it is fixed to one of driving wheels of the motor car so
      as to hold the driving wheel by means of the notch. Then, the driving
      wheel is lifted up with the jack attached to the said base plate, while a
      dynamo is attached, tilting freely, on the base plate at the other side.
      Thus, electricity may be generated by revolving the said driving wheel by
      driving the motor car engine and by pressing the shaft of the said dynamo
      against the driving wheel.
PAR  In this case, since the driving wheel of the motor car is revolved
      independently of the car body weight, it may be driven at the top gear by
      changing gear or even from the start. Thus, electricity may be generated
      while minimizing engine noise and fuel consumption. Furthermore, since the
      base plate carrying the jack and dynamo has a notch at one side, and since
      the dynamo is attached removably on the base plate, the present equipment
      may not only be fixed conveniently to the driving wheel of motor cars but
      also may be split readily into the base plate part and the dynamo, thus
      making it readily portable. As a result, it is possible to offer such
      electricity generating equipment that is simple in construction and
      inexpensive.
PAR  The above and other purposes, features and performances of the present
      invention will be clarified further by the following explanation, with an
      application example, referring to the appended figures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagonal view showing an application example of the
      friction-drive electricity generating equipment of the present invention.
PAR  FIG. 2 is a diagonal view of the base plate with the jack attached.
PAR  FIG. 3 is a diagonal view of the dynamo.
PAR  FIGS. 4 and 5 illustrate applications.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the diagonal view shows an example of the friction-drive
      electricity generating equipment 10 utilizing the driving wheel of a motor
      car according to the present invention. This equipment consists of a base
      plate 12 with a jack attached and a dynamo 70 installed, removably and
      tilting freely, on the said base plate 12.
PAR  The base plate 12, as seen in FIG. 2, consists of the main plate parts 12a
      12b set in parallel at a stipulated distance and an ancillary plate part
      12c connecting the said two main plate parts at each end. These parts form
      a flat plate having a notch 14 at one side. In order to fabricate it as
      light as possible for portability, it is advisable to make the base plate
      12 of thin steel sheet, etc., so as to form a hollow structure.
PAR  The main plate parts 12a 12b of the said base plate 12 are provided with a
      cap body 16 and a fastener 18 at the open mouth ends so as to attach the
      dynamo 70, removably and tilting freely. The cap body 16 is made of
      cylindrical material and is fixed to a stipulated position on the main
      plate part 12a by welding or some other procedure. The fastener 18
      consists of two fixing plates 20 22 which face each other and are fixed by
      welding or some other procedure to the main plate part 12b at the position
      stipulated according to the said cap body 16 on the other main plate part
      12a.
PAR  A guide cylinder 24 is fixed as one body by welding or some other procedure
      to the outside surface of one 20 of the said fixing plates of the fastener
      18 and a fastening rod 26 is inserted sliding freely in the horizontal
      direction through the fixing plate 20 and the guide cylinder 24. The said
      fastening rod 26 is always pressed towards the other fixing plate 22 by a
      spring (not shown in the figure) incorporated in the guide cylinder 24.
      When it is turned to allow a pin 28 set at its base end to fit in a notch
      30 bored in the guide cylinder 24 side, it will be protruded by the said
      spring force to a position where its top end contacts the fixing plate 22.
      On the other hand, when it is drawn and turned, the pin 28 will be removed
      from the notch 30 of the guide cylinder 24 and be caught by its edge,
      while the top end of the fastening rod 26 will be indented from the
      surface of the fixing plate 20.
PAR  Two nuts 32, 34 are fixed by welding or some other procedure to the main
      plate part 12b of the base plate 12 along the outer edge of the centre
      part, and a bolt 36 is screwed into these nuts 32, 34 from outside. This
      bolt 36 forms a turnbuckle supporter.
PAR  In this example, a conventional hydraulic jack 38 of separate type
      consisting of a ram cylinder 40 and a hydraulic pump 50 connected with a
      hose 64 is employed. The ram cylinder 40 consists of a cylinder part 42
      and a ram 44 inserted in it and moving freely. It is fixed to the base
      part of the main plate part 12a of the base plate 12 with bolts 48 through
      a flange 46 fixed at the lower end of the said cylinder part 42. The
      hydraulic pump 50 consists of a storage tank 52 a pump 56 for delivering
      the hydraulic fluid stored in the said tank 52 to the hose 64 side by the
      up-and-down operation of its handle 54. The tank 52 and the pump part 56
      are both fixed to the base end of the main plate part 12b of the base
      plate 12 with bolts 60 through a flange 58 arranged at their lower end. In
      addition, a relief valve (not shown in the figure) for controlling the
      connection between the tank 52 and the hose 64 is incorporated in the said
      pump 56 and a pick-up 62 for switching the relief valve protrudes from one
      side. The hose 64 connecting the said ram cylinder 40 and the pump 50 is
      fixed with clips 66 midway on the ancillary plate part 12c of the base
      plate 12.
PAR  Thus, when the relief valve of the pump 50 is closed and the handle 54 is
      operated up-and-down, the hydraulic fluid in the tank 52 will be sent
      through the hose 64 to the ram cylinder 40 to lift the ram 44. When the
      ram 44 is lifted and the pick-up 62 is turned to open the relief valve,
      the ram 44 will descend due to the load thereon while the hydraulic fluid
      in the cylinder part 42 is passed back to the tank 52 through the hose 64.
PAR  The dynamo 70 is, as shown in FIG. 3, provided with a plug socket 72 at one
      side and its shaft 74 extends from the other side. In order to attach the
      dynamo 70, removably and tilting freely, to the aforementioned cap body 16
      and fastener 18 of the base plate 12, the said dynamo 70 is attached with
      a bracket 76 as one body by welding or some other procedure at the lower
      surface. Also, the bracket 76 is combined with another bracket 80
      protruded from the supporting rod 78 side as one body by means of a bolt
      82 so as to fix the supporting rod 78 to the dynamo 70. This supporting
      rod 78 is made of a material such as round steel rod and extends parallel
      to the shaft 74 of the dynamo 70. It is attached with a stay 84 as one
      body by welding or some other procedure near the top. The stay 84 has a
      head forming a bearing part 86, which supports the top end of the shaft 74
      of the said dynamo 70.
PAR  The top end of the said supporting rod 78 is inserted, revolving freely,
      into the said cap body 16 of the base plate 12 side. In this case, a
      groove 88 is prepared beforehand in the supporting rod 78 part between the
      fixing plates 20, 22 of the fastener 18 of the base plate 12 side. When
      the fastening rod 26 of the fastener 18 is protruded from the fixing plate
      20, it will fit into the said groove 88 of the supporting rod 78. Thus,
      the supporting rod 78 is only allowed to revolve when it is prevented from
      moving in the axial direction by the presence of the fastening rod 26 in
      the groove 88, so that the dynamo 70 may be attached, tilting freely, to
      the base plate 12.
PAR  In addition, a handle 90 is attached with bolts 92 to the upper part of the
      said dynamo 70 so as to make it conveniently portable, while a connecting
      ring 94 is arranged at one of the fastening parts of the handle 90 so as
      to connect with a turnbuckle 96 at one end. After the dynamo 70 is
      attached, tilting freely, to the base plate 12 with the cap body 16 and
      the fastener 18, the turnbuckle 96 is connected at its top end to the bolt
      36 screwed into the nut, 32 or 34, of the base plate 12 side so that the
      dynamo 70 may be turned around the supporting rod 78, tilting freely, as
      it expands or shrinks. The said shaft 74 of the dynamo 70 is coated along
      the circumference with rubber of some other material having a large
      friction coefficient so as to realize an effective friction drive when it
      is pressed against the driving wheel of motor cars.
PAR  The friction-drive electricity generating equipment 10 fabricated as stated
      above according to the present invention is used in the following manner.
PAR  As seen in FIGS. 4 and 5, wheel stoppers (not shown in the figures) are
      installed on all the wheels of a stopped motor car 100 except one 102 of
      the driving wheels. Then, the base plate 12 is fixed to the driving wheel
      102 not provided with a wheel stopper so as to fit the wheel into the
      notch 14 of the base plate 12 and so as to let the ram cylinder 40 of the
      jack 38 fixed on the base plate 12 face the motor car 100 side, for
      instance, the suspension spring 106.
PAR  As the ram 44 of the ram cylinder 40 is lifted from the said position by
      operating the handle 54 of the jack 38 up-and-down, the suspension spring
      106 of the motor car 100 side will be raised by the upper end of the said
      ram 44 and the driving wheel 102 will be lifted simultaneously. Next, the
      supporting rod 78 of the dynamo 70 is fitted to the cap body 16 and the
      fastener 18 of the base plate 12 side so as to attach the dynamo 70,
      tilting freely, to the base plate 12, while the turnbuckle 96 is fitted at
      its top end to the bolt 36, a turnbuckle supporter, of the base plate 12.
      Upon lifting the driving wheel 102 with the said jack 38, if an adequate
      space is available, depending on the type of the motor car 100, the dynamo
      70 may be fixed on the base plate 12 between its lower surface 108 and the
      base plate 12, prior to lifting the driving wheel 102 with the jack 38.
PAR  After that, the dynamo 70 is turned around the supporting rod 78 by
      manipulating the said turnbuckle 96 so as to press its shaft 74 against
      the driving wheel 102 of the motor car 100. Then, the driving wheel 102 is
      revolved by driving the motor car 100 engine. Alternatively, the driving
      wheel 102 is started first and then the shaft 74 of the dynamo 70 is
      pressed against it by manipulating the turnbuckle 96. These are adjusted
      to produce enough friction to permit the shaft 74 of the dynamo 70 to
      revolve with the revolution of the driving wheel 102 of the motor car 100.
      Thus, electricity generation may be achieved.
PAR  It is advisable to keep the contact position between the driving wheel 102
      and the shaft 74 of the dynamo 70 lower than the height of the axle 110 as
      shown in FIGS. 4 and 5.
PAR  In this way, the present equipment 10 may be fixed very easily to the
      driving wheel 102 of the motor car 100. Furthermore, since the driving
      wheel 102 of the motor car 100 is driven independently of the weight of
      the motor car body throughout electricity generation, it becomes possible
      to change gear or to drive in top gear from the start. Thus, it becomes
      possible to generate electricity efficiently while keeping the engine
      revolution rate low, i.e., while minimizing the noise and fuel
      consumption.
PAR  When electricity generation is over, the present equipment 10 may be
      removed from the motor car 100 by the following procedure. Namely, after
      the shaft 14 of the dynamo 70 is withdrawn form the driving wheel 102 by
      manipulating the turnbuckle 96, the top end of the turnbuckle 96 is
      removed from the bolt 36 of the base plate 12. Then, the dynamo 70 is
      removed from the base plate 12 by releasing its supporting rod 78 from the
      fastener 18.
PAR  Next, the relief valve pick-up 62 of the jack 38 is opened so that the ram
      44 of the ram cylinder 40 descends together with the motor car 100 and the
      driving wheel 102 descends to the ground. Finally, the base plate 12 is
      withdrawn from the driving wheel 102 and the dynamo 70 is detached from
      the base plate 12 so as to permit these parts to be hand-carried
      separately as necessary. Thus, the present equipment 10 is easily and
      conveniently portable.
PAR  We have explained hitherto a preferred example of the present invention.
      However, for instance, although a notch 14 is arranged in the base plate
      12 so as to facilitate the setting up of the present equipment 10 on the
      driving wheel 102, the base plate may also be a plain flat plate of square
      form and attachment to the driving wheel 102 of the motor car 100 or
      removal from it may be done by driving the motor car 100. In this case,
      since the base plate itself could be fabricated in the form of a
      relatively thin flat plate, its attachment or removal would not be very
      difficult.
PAR  As can be seen from the said example, the present invention is applicable
      in a number of modified forms and methods without deviating from the
      present principles. It is hoped, therefore, that the following claims will
      cover all such modified forms and methods that may produce substantially
      the same effects as the present invention by means of equipment
      substantially identical or equivalent to that of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of generating electricity utilizing a driven wheel of a motor
      vehicle, comprising the steps of raising a driven wheel of a motor vehicle
      out of ground contact; pivotally mounting a generator adjacent the
      periphery of said driven wheel; letting the generator tilt so that a drive
      shaft of the generator rests against the periphery of said driven wheel
      and maintaining the drive shaft in contact with periphery so that the
      wheel rotates the drive shaft to cause the generator to produce
      electricity while the transmission of frictional forces to said wheel due
      to the generation of electricity is maintained at a minimum.
NUM  2.
PAR  2. A method as defined in claim 1, said generator being mounted on a plate
      having a notch; and further comprising the step of positioning said wheel
      in said notch preparatory to the generation of electricity.
NUM  3.
PAR  3. A method as defined in claim 1; and further comprising the step of
      tilting said generator by means of a turn buckle.
NUM  4.
PAR  4. A friction-drive electricity generating device utilizing a driven wheel
      of a motor vehicle, comprising a base plate; means on said base plate for
      lifting a vehicle tire out of ground contact; a generator mounted on said
      base plate for free tilting movement relative thereto; means for tilting
      said generator so that a drive shaft of the generator rests freely under
      the weight of the generator against the periphery of said driven wheel and
      the wheel rotates the drive shaft to cause the generator to produce
      electricity while the transmission of frictional forces to said wheel due
      to the generation of said electricity is maintained at a minimum, and
      means for maintaining said drive shaft in engagement with said periphery
      of said wheel.
NUM  5.
PAR  5. Device as defined in claim 4 wherein a turnbuckle is utilized as an
      expandable member connecting the base plate and the generator.
NUM  6.
PAR  6. Device as stated in claim 4 wherein the shaft of the generator to be
      revolved by contact with the wheel is coated along its circumference with
      a material having a large coefficient of friction so as to increase the
      efficiency of friction driving.
NUM  7.
PAR  7. Device as stated in claim 4, where the base plate has a notch so as to
      enable it to be fixed against the driving wheel of a motor car from one
      side.
NUM  8.
PAR  8. Device as stated in claim 7, where the lifting means is a jack on the
      base plate is of the hydraulic and separate type consisting of a pump part
      and a ram cylinder connected by a hose.
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ABST
PAL  A gas turbine power plant is provided with an industrial gas turbine which
      drives a generator coupled to a power system through a breaker. The
      turbine-generator plant is operated by a hybrid control system having
      digital function capability during sequenced startup, synchronizing, load
      buildup and steady state load, and shutdown operations. The control system
      also contains monitoring and protective subsystems which function through
      all stages of operation, with redundancy and permissive features which
      maximize turbine availability.
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PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  U.S. Ser. No. Application S. N. 319,114 filed by J. Reuther and T. Giras,
      on Dec. 29, 1972 as a continuation of U.S. Pat. Application Ser. No.
      82,470 filed on Oct. 20, 1970 and now abandoned entitled IMPROVED SYSTEM
      AND METHOD FOR OPERATING INDUSTRIAL GAS TURBINE APPARATUS AND GAS TURBINE
      ELECTRIC POWER PLANTS PREFERABLY WITH A DIGITAL COMPUTER CONTROL SYSTEM,
      and assigned to the present assignee.
PAR  U.S. Pat. Application Ser. No. 323,595 filed by R. Yannone and R. Kiscaden,
      on Jan. 15, 1973 as a continuation of U.S. Pat. Application Ser. No.
      189,632 filed on Oct. 15, 1971 and now abandoned entitled IMPROVED DIGITAL
      COMPUTER CONTROL SYSTEM AND METHOD FOR MONITORING AND CONTROLLING
      OPERATION OF INDUSTRIAL GAS TURBINE APPARATUS TO DRIVE SIMULTANEOUSLY AN
      ELECTRIC POWER PLANT GENERATOR AND PROVIDE EXHAUST GASES TO AN INDUSTRIAL
      PROCESS, and assigned to the present assignee.
PAR  Reference is also made to the following co-filed and commonly assigned
      applications, all filed by R. A. Yannone and J. J. Shields:
PAR  U.S. Pat. Application Ser. No. 371,625 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS HAVING A MULTIPLE BACKUP CONTROL SYSTEM;
PAR  U.S. Pat. Application Ser. No. 371,626 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS INCLUDING A SPEED/LOAD HOLD AND LOCK SYSTEM;
PAR  U.S. Pat. Application Ser. No. 371,628 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS INCLUDING AN AMBIENT TEMPERATURE RESPONSIVE CONTROL
      SYSTEM;
PAR  U.S. Pat. Application Ser. No. 371,627 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS INCLUDING A TWO-SHOT SHUTDOWN SYSTEM;
PAR  U.S. Pat. Application Ser. No. 371,623 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS INCLUDING A TEMPERATURE RESET STARTING CONTROL SYSTEM
      AND AN IGNITION PRESSURE CONTROL SYSTEM;
PAR  U.S. Pat. Application Ser. No. 371,630 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS HAVING IMPROVED MONITORING AND ALARM ELEMENTS;
PAR  U.S. Pat. Application Ser. No. 371,629 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS INCLUDING A LOAD CONTROL SYSTEM; and
PAR  U.S. Pat. Application Ser. No. 371,624 entitled BEARING TEMPERATURE SYSTEM
      FAILURE DETECTION APPARATUS SUITABLE FOR USE IN POWER PLANTS AND LIKE
      APPARATUS.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to gas or combustion turbine apparatus, gas
      turbine electric power plants and control systems and operating methods
      therefor.
PAR  Industrial gas turbines may have varied cycle, structural and aerodynamic
      designs for a wide variety of uses. For example, gas turbines may employ
      the simple, regenerative, steam injection or combined cycle in driving an
      electric generator to produce electric power. Further, in these varied
      uses the gas turbine may have one or more shafts and many other rotor,
      casing, support and combustion system structural features which can vary
      relatively widely among differently designed units. They may be aviation
      jet engines adapted for industrial service as described for example in an
      ASME paper entitled "The Pratt and Whitney Aircraft Jet Powered 121MW
      Electrical Peaking Unit," presented at the New York Meeting in
      November-December 1964.
PAR  Other gas turbine uses include drive applications for pipeline or process
      industry compressors and surface transportation units. An additional
      application of gas turbines is that which involves recovery of turbine
      exhaust heat energy in other apparatus such as electric power or
      industrial boilers or other heat transfer apparatus. More generally, the
      gas turbine air flow path may form a part of an overall process system in
      which the gas turbine is used as an energy souroce in the flow path.
PAR  Gas turbine electric power plants are usable in base load, mid-range load
      and peak load power system applications. Combined cycle plants are
      normally usable for the base or mid-range applications while the power
      plant which employs a gas turbine only as a generator drive, typically is
      highly useful for peak load generation because of its relatively low
      investment cost. Although the heat rate for gas turbines is relatively
      high in relation to steam turbines, the investment savings for peak load
      application typically offsets the higher fuel cost factor. Another
      economic advantage for gas turbines is that power generation capacity can
      be added in relatively small blocks such as 25MW or 50MW, as needed, for
      expected system growth thereby avoiding excessive capital expenditure and
      excessive system reserve requirements. Further background on peaking
      generation can be obtained in articles such as "Peaking Generation" a
      Special Report of Electric Light and Power dated November 1966.
PAR  Startup availability and low forced outage rates are particularly important
      for peak load power plant applications of gas turbines. Thus, reliable gas
      turbine startup and standby operations are particularly important for
      power system security and reliability.
PAR  In the operation of gas turbine apparatus and electric power plants,
      various kinds of controls have been employed. Relay-pneumatic type systems
      form a large part of the prior art, but have heretofore not provided the
      flexibility desired, particularly in terms of decision making.
      Furthermore, such prior art systems have been characterized by being
      specially designed for a given turbine plant, and accordingly are not
      adaptable to provide different optional features for the user. More
      recently, electronic controls of the analog type have been employed as
      perhaps represented by U.S. Pat. No. 3,520,133 entitled Gas Turbine
      Control System and issued on July 14, 1970 to A. Loft or by the control
      referred to in an article entitled Speedtronic Control, Protection and
      Sequential System and designated as GER-2461 in the General Electric Gas
      Turbine Reference Libary. See also U.S. Pat. No. 3,662,545, which
      discloses a particular type of analog acceleration control circuit for gas
      turbine; U.S. Pat. No. 3,340,883, relating to an analog acceleration,
      speed and load control system for a gas turbine. A wide variety of
      controls have been employed for aviation jet engines including electronic
      and computer controls as described for example in a March 1968 ASME Paper
      presented by J. E. Bayati and R. M. Frazzini and entitled Digatec (Digital
      Gas Turbine Engine Control), an April 1967 paper in the Journal of the
      Royal Aeronautical Society authored by E. S. Eccles and entiteld "The Use
      of a Digital Computer for On-Line Control of a Jet Engine," or a July 1965
      paper entitled "The Electronic Control of Gas Turbine Engines" by A.
      Sadler, S. Tweedy and P. J. Colburn in the July 1967 Journal of the Royal
      Aeronautical Society. However, the operational and control environment for
      jet engine operation differs considerably from that for industrial gas
      turbines.
PAR  The aforereferenced U.S. application W.E.40,062, assigned to the present
      assignee, presents an improved system and method for operating a gas
      turbine with a digital computer control system. In this system, one or
      more turbinegenerator plants are operated by a hybrid digital computer
      control system, wherein logic macro instructions are employed in
      programming the computer for logic operations of the control system.
PAR  In referencing prior art publications or patents as background herein, no
      representation is made that the cited subject matter is the best prior
      art.
PAR  While industrial gas turbine apparatus gas turbine power plants have
      attained a great sophistication, there remain certain operational
      limitations in flexibility, response speed, accuracy and reliability.
      Further limits have been in the depth of operational control and in the
      efficiency or economy with which single or multiple units are placed under
      operational control and management. Limits have existed on the economics
      of industrial gas turbine application and in particular on how close
      industrial gas turbines can operate to the turbine design limits over
      various speed and/or load ranges.
PAR  In gas turbine power plants, operational shortcomings have existed with
      respect to plant availability and load control operations. Compressor
      surge control response has been limited, particularly during startup.
      Temperature limit control has been less protective and less responsive
      than otherwise desirable.
PAR  Generally, overall control loop arrangements and control system embodiments
      of such arrangements for industrial gas turbines have been less effective
      in operations control and systems protection than is desirable.
      Performance shortcomings have also persisted in the interfacing of control
      loop arrangements with sequencing controls.
PAR  With respect to industrial gas turbine startup, turbine operating life has
      been unnecessarily limited by conventional startup schemes. Sequencing
      systems have typically interacted with startup controls less effectively
      than desirable from the standpoint of turbine and power plant
      availability. More generally, sequencing systems have provided for
      systematic and protective advance of the industrial gas turbine operations
      through startup, run and shutdown, but in doing so have been less
      efficient and effective from a protection and performance standpoint than
      is desirable.
PAR  Restrictions have been placed on operations and apparatus management
      particularly in gas turbine power plants in the areas of maintenance and
      plant information acquisition. Further management limits have existed with
      respect to plant interfacing with other power system points, operator
      panel functionality, and the ability to determine plant operations through
      control system calibration and parameter changes.
PAR  The computerized gas turbine control as disclosed in W.E. application Ser.
      No. 319,114 has been highly successful in providing control capability and
      flexibility of control options that had not previously been incorporated
      into an all hardware type system. However, while the computerized, or
      software control system provides substantial advantages due to its logic
      performing capability, historical data storage and diagnostic programs, it
      also has a number of shortcomings. The interface between the turbine and
      its associated analog signals and the computer controller presents areas
      for future development and improvement. The analog input system is a
      complex multiplexing arrangement requiring sharing of the scan time by the
      variables which must be scanned or read "independently". In the system
      disclosed, there is a scanning rate of 30 per second, meaning that 30
      input variables per second can be read, imposing a limitation on the
      ability of the system to respond rapidly to a given input variable when
      program running time is also added to the delay. In addition, the computer
      system itself incorporates elaborate techniques of self-diagnosis of
      failure, which can result in turbine shut-downs when the computer has
      determined that something has failed within the central processor,
      input-output, or peripheral hardware. It is most difficult for the
      computer to determine whether the failure is of a sufficiently critical
      nature to require shutdown. In fact, it has been found that failures in
      the analog input-output system may not be readily differentiated, leaving
      the computer no choice but to shut down the entire turbine system for a
      failure which may not justify loss of load availability. Since all
      monitoring and protection paths are channeled through a central processor,
      a self-determination of failure in the central processor, analog input
      multiplexing or output system by the computer controller necessitates
      blocking off all channels, such that complete system shutdown is required.
      Furthermore, even during normal operation, the computerized system
      provides low visibility with respect to the health of the control system.
      The essential intermixing of the control paths through the central
      processor makes it difficult for the operator to obtain information as to
      the mode of control at any moment, or to obtain quantitative information
      as to the relative magnitudes of the different control signals. In short,
      the increased flexibility of the software system is achieved at the
      expense of operator visibility such as permits optimum maintenance
      procedures. Accordingly, there is a great need in the art for a turbine
      system having a control with the logic capability of a digital system, but
      retaining the advantages which are inherent in simpler designs.
PAR  The gas turbine control system as disclosed herein incorporates novel
      features which are specifically designed to meet the above general
      requirements, and which go further in providing operating capability not
      heretofore available in any turbine control system. The control system of
      this invention includes a plurality of continuously closed control loops,
      each of which continuously generates a control signal adapted to control
      the turbine fuel system, and thereby control available fuel to the
      turbine, thereby controlling turbine operation itself. Each of the control
      loops contains logic capability, is adaptable to be constructed in
      different hardware forms, and provides continuous visual indication for
      the operator and continuous monitoring for alarm or turbine shutdown. In
      this manner, should failure, or even a lesser malfunction, occur in any of
      the control paths, a backup control signal is available to take over
      turbine control, without the failure causing loss of turbine availability.
      Furthermore, means are provided by which the operator can immediately
      determine the source and, in many instances, the nature of the
      malfunction, so that corrective maintenance can be quickly and efficiently
      undertaken.
PAR  Another specific improvement is the provision of adapting the turbine
      control for changes in ambient temperature, such as occur between summer
      and winter operation. In prior art systems, which are dependent solely on
      monitoring of internal turbine conditions, unwanted operating limitations
      are imposed by changes in ambient temperature. Such limitations have been
      reduced substantially by the novel adaptive control means disclosed
      herein.
PAR  Another area of great importance in gas turbine contnrol is that of
      immediately meeting load demand upon generator breaker closing. Past
      controls have generally provided for a continuous buildup of load,
      starting from zero load at generator breaker closing and proceeding
      roughly linearly to a desired load level. However, there are a number of
      applications where it is required, or at least highly desirable, to
      provide an essentially instantaneous pickup of load. Accordingly, this
      invention provides novel means for controlling the turbine fuel flow so as
      to provide capability for such immediate load pickup.
PAR  A critical portion of the operation of any turbine involves the starting
      sequence, at which time the turbine undergoes severe temperature changes,
      with possible resulting damage due to thermal stress. The turbine control
      system of this invention accordingly incorporates novel features to limit
      turbine speed change as a function of monitored turbine temperature, and
      to schedule the fuel supplied to the turbine combustor element so as to
      minimize risk of thermal damage during the starting operation. One of the
      novel techniques employed in this respect is the specific means by
      scheduling bypass fuel flow in the turbine fuel system during startup, so
      as to control the fuel pressure at the combustor nozzles. A bypass
      temperature limiter valve suitable in this operation, with which desired
      combustor nozzle fuel pressure is obtained during ignition, is disclosed
      in co-pending U.S. Pat. application Ser. No. 261,192, assigned to the same
      assignee. The technique disclosed herein involves novel means of utilizing
      apparatus such as is disclosed in Ser. No. 261,192.
PAR  One of the greatest needs in any turbine control system is that of
      providing operator flexibility, and in particular providng the operator
      with the capability of efficiently changing load as desired. Most prior
      art turbine control systems are quite limited in the degree of flexibility
      available to the operator, e.g., only discrete operating load levels are
      available, or the available means of changing the load level to a desired
      level is cumbersome and/or cannot be achieved at a desired rate.
      Accordingly, the control system of this invention provides novel means
      having essentially unlimited flexibiliity for operator change of the load
      level, rate of change of such load level, the ability to hold load at any
      desired level, the ability to return to any predetermined load level. This
      capability is constantly backed up by temperature control capability, such
      that no matter what the operator attempts to do, operational limits are
      automatically imposed as a function of sensed turbine temperatures.
PAR  A yet further need in a turbine control system is that of providing a
      reliable and workable monitoring system. As pointed out hereinabove, in
      computerized turbine control systems all monitoring and protection paths
      are channeled through a central processor, which frequently results in the
      computer requiring complete shutdown when, in fact, the turbine is being
      operated within safe limits. Also, even during normal operation, the
      computerized system frequently does not permit the degree of monitoring
      visibility which is highly advantageous for providng the operator with
      optimum ability to oversee the turbine operation. In order to overcome
      these difficulties and provide improved visibility and reliability, while
      maintaining maximum turbine availability, there is a need for a control
      system designed so as to provide continuous visual indication as to the
      current mode of turbine control, so that the operator can determine the
      health of the control system. This may be achieved by providing discrete
      modularized control paths which are in constant communication with the
      turbine and which generate independent control signals, and means for
      determining and displaying which of said independent signals is at any
      given moment in control of the turbine operation.
PAR  Turbine availability may also be greatly enhanced by providing means for
      automatically restarting the turbine after an automatic shutdown, and upon
      a determination that safe conditions exist for such restarting. In many
      cases, the condition which caused the turbine to be placed in shutdown is
      corrected, or corrects itself, shortly after shutdown is initiated.
      However, in conventional turbine control systems, the turbine must be
      brought substantially completely to the shutdown state, and then restarted
      all over again. It is clear that this results in avoidable loss of turbine
      availability, and that there is a need to minimize the loss of
      availability by restarting as soon as turbine conditions permit. The gas
      turbine monitoring system as disclosed herein provides a shutdown
      subsystem having a novel arrangement for automatically restarting the
      turbine after correction of the malfunction which caused shutdown.
PAR  The monitoring system of this invention also incorporates a unique system
      and method for optimizing load availability while providing an alarm or
      other means to alert the operator to the existence of a control
      malfunction which must be corrected but which does not merit immediate
      turbine shutdown. This unique system avoids the inflexibility of currently
      used monitoring circuits which are designed either to be fail-safe (in
      which case load availability is sacrificed to ensure shutdown), or which
      are designed to fail in a designated direction, (thus always proividing
      continuing availability, but at the cost of not shutting down in instances
      where shutdown might be required).
PAC  SUMMARY OF THE INVENTION
PAR  An industrial gas turbine or gas turbine-generator power plant is operated
      by a hybrid control system which is particularly adapted to optimize
      interfacing of control loops, sequencing controls and monitoring
      functions, so as to maximize turbine availability. The control system
      operates in a gas turbine control loop arrangement to control fuel flow
      and thereby provide speed, load and loading rate control over the turbine,
      and also to provide backup temperature limit control. The control paths
      have independent input interfaces with the turbine, and further provide,
      along with the monitoring subsystem, high reliability through redundancy
      and multiplicity features.
PAR  Specifically, there is provided a turbine control system which gives the
      turbine step-up of load at generator breaker closing. In accordance with
      such a control feature, there is provided a control system for controlling
      the operation of a gas turbine power plant, which control system generates
      a signal which is initiated at generator breaker closing and which is
      adapted to control the supply of fuel to the turbine element in a manner
      so as to provide the turbine with the capability of immediate pickup of
      load by the turbine driven generator. In the preferred embodiment, the
      control system produces a pneumatic control signal having a step change at
      generator breaker closing, which pneumatic signal directly operates a
      throttle valve in the turbine fuel system so as to supply an increase of
      fuel at generator breaker closing sufficient to accommodate the desired
      pickup of load.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a top plan view of a gas turbine power plant arranged to
      operate in accordance with the principles of the invention.
PAR  FIG. 2 shows a front elevational view of an industrial gas turbine employed
      in the power plant to drive a generator and is shown with some portions
      thereof broken away.
PAR  FIG. 3 shows portions of the ignition system apparatus used in the turbine
      of FIG. 2.
PAR  FIG. 4 shows a block diagram of the electro-pneumatic fuel flow system for
      the gas turbine of FIG. 2.
PAR  FIG. 5 shows a block diagram of the control paths for generating the
      primary control signal for controlling speed and load of the turbine of
      FIG. 2.
PAR  FIG. 6A shows a schematic diagram of the temperature control paths of the
      electro-pneumatic control system for the turbine of FIG. 2.
PAR  FIG. 6B shows temperature-P.sub.2C curves for different load modes for the
      turbines of FIG. 2.
PAR  FIG. 6C shows a diagram of the manner in which the operating parameters of
      the turbine are modified as a function of ambient temperature.
PAR  FIG. 7A shows a schematic diagram of the speed and load control paths of
      the electro-pneumatic control system for the turbine of FIG. 2.
PAR  FIG. 7B illustrates the manner in which the control system of this
      invention enables a step load pickup at generator closing.
PAR  FIG. 8A shows a block diagram of the fuel starter control system employed
      to generate starting signals for the turbine of FIG. 2.
PAR  FIG. 8B shows a block diagram of the manner in which the starting signals
      are used to control fuel flow to the turbine of FIG. 2.
PAR  FIG. 8C shows a circuit diagram of an electronic embodiment of the sequence
      control portion of the novel ignition pressure control subsystem of this
      invention.
PAR  FIG 8D shows a schematic diagram of the pneumatic embodiment of the
      ignition pressure control subsystem of this invention.
PAR  FIG. 8E shows curves depicting the operation of the ignition pressure
      control subsystem of this invention.
PAR  FIG. 9 shows typical start curves for the turbine.
PAR  FIG. 10 shows typical loading curves for the turbine.
PAR  FIG. 11 shows a schematic diagram of a portion of the speed control
      circuitry of the control system for the turbine.
PAR  FIG. 12 shows a schematic diagram of a portion of the load control
      circuitry of the control system for the turbine.
PAR  FIG. 13 shows a schematic diagram of the electrical circuity for selection
      of the mode of load control.
PAR  FIG. 14A shows a schematic diagram of the "2-shot" circuitry associated
      with the turbine protective portion for protecting the turbine.
PAR  FIG. 14B shows a first block diagram of the logic functions of the 2-shot
      protective system.
PAR  FIG. 14C shows a second block diagram of the logic functions of the 2-shot
      protective system.
PAR  FIG. 14D illustrates a start-up sequence utilizing the 2-shot protective
      system.
PAR  FIG. 15 shows a block diagram of a portion of the control system for
      operating the turbine in the minimum load mode.
PAR  FIG. 16 shows a block diagram of the control system for operating the
      turbine in the base load mode.
PAR  FIG. 17 shows a block diagram of a portion of the control system for
      operating the turbine in the peak load mode.
PAR  FIG. 18 shows a block diagram of the control system for operating the
      turbine in the system reserve mode.
PAR  FIG. 19 shows a block diagram of a portion of the control system for
      operating the turbine in the fast load mode.
PAR  FIG. 20 shows a block diagram of a portion of the control system for
      operating the turbine in the starting fuel control mode.
PAR  FIG. 21 shows a block diagram of a portion of the control system for
      operating the turbine in the manual load mode.
PAR  FIG. 22A shows a first portion of a schematic diagram of the circuity for
      the speed/load hold and lock subsystem.
PAR  FIG. 22B shows a second portion of a schematic diagram of the circuitry for
      the speed/load hold and lock subsystem.
PAR  FIG. 23A shows a schematic diagram of an embodiment of the turbine control
      system of this invention having both closed loop "load" control and closed
      loop "speed" control.
PAR  FIG. 23B shows a modification of the embodiment of FIG. 23A, adapted to be
      used with the speed/hold load and lock subsystem of FIGS. 22A and 22B.
PAR  FIG. 24 shows a schematic diagram of the master relay portion of the
      protective portion of the electro-hydraulic control system of this
      invention, and a first portion of the circuitry for controlling the
      ignition sequence.
PAR  FIG. 25 shows a schematic diagram of a further portion of the ignition
      sequence circuitry.
PAR  FIG. 26A shows a representation of the operating ranges of a thermocouple
      used in the novel protection circuit of this invention.
PAR  FIG. 26B shows a schematic diagram of the novel alarm/failure protection
      circuit of this invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  A. POWER PLANT
PAC  General Structure
PAR  Referring now to FIG. 1, there is shown a gas turbine electric power plant
      100 which includes an AC generator 102 driven by a combustion or gas
      turbine 104 through a reduction gear unit 27. In this application of the
      invention, the gas turbine 104 may be the W-251G simple cycle type
      manufactured by Westinghouse Electric Corporation. In other power plant
      generator applications, other industrial drive applications, and combined
      steam and gas cycle applications of various aspects of the invention,
      industrial gas turbines having larger or smaller power ratings, different
      cycle designs, or a different number of shafts than the W-251G can be
      employed.
PAR  The plant 100 may be housed in an enclosure (not shown) and then placed on
      a foundation approximately 106 to 115 feet long dependent upon the number
      of optional additional plant units to be accommodated thereon. Three or
      more additional units may be provided. Exhaust silencers 29 and 36,
      coupled respectively to inlet and exhaust duct works 31 and 38,
      significantly reduce noise characteristicly associated with turbine power
      plants.
PAR  Startup or cranking power for the plant 100 is provided by a starting
      engine 26, such as a diesel engine. Starting engine 26 is mounted on an
      auxiliary bedplate and coupled to the drive shaft of the gas turbine 104
      through a starting gear unit 28. A DC motor 54 operates through a turning
      gear 56 which is also coupled to the gas turbine shaft starting gear 28 to
      drive the gas turbine at turning gear speed.
PAR  A motor control center 30 is also mounted on the auxiliary bedplate and it
      includes motor starters and other devices to provide for operating the
      various auxiliary equipment items associated with the plant 100.
PAR  A plant battery 32 is disposed adjacent to one end of the auxiliary
      bedplate or skid. The battery provides power for emergency lighting,
      auxiliary motor loads, and other control power for a period following
      shutdown of the plant 100 due to a loss of AC power. The battery also
      supplies power for the DC lube pump, DC turning gear, DC/AC inverter, and
      is available for block plant starting. Also included on the auxiliary skid
      is pressure switch and gauge cabinet 55 which contains the pressure
      switches, gauges, regulators and other miscellaneous elements needed for
      gas turbine operation.
PAR  A switchgear pad 42 is included in the plant 100 for switchgear including
      the generator breaker as indicated by the reference characters 44, 46 and
      48. Excitation switchgear 50 associated with the generator excitation
      system is also included on the switchgear pad 42.
PAC  Gas Turbine
PAC  a. Compressor
PAR  The gas turbine 104 is suitably of the single shaft simple cycle type
      having a standard ambient pressure ratio of 9.0 to 1 and a rated speed of
      4894 rpm, and is illustrated in greater detail in FIG. 2. Filtered inlet
      air enters a multistage axial flow compressor 81 through a flanged inlet
      manifold 83 from the inlet ductwork 31. An inlet guide vane assembly 82
      includes vanes supported across the compressor inlet set at an optimum
      position for controlling machine airflow. The angle at which all of the
      guide vanes are disposed in relation to the gas stream is uniform and
      mechanically fixed by a positioning ring coupled to the vanes in the inlet
      guide vane assembly 82.
PAR  The compressor 81 is provided with a casing 84 which is split into base and
      cover parts along a horizontal plane. The turbine casing structure
      including the compressor casing 84 provides support for a turbine rotating
      element including a compressor rotor 86 through bearings 88 and 89.
      Vibration transducers (not shown) are provided for these two main gas
      turbine bearings 88 and 89.
PAR  The compressor casing 84 also supports stationary blades 90 in successive
      stationary blade rows along the air flow path. Further, the casing 84
      operates as a pressure vessel to contain the air flow as it undergoes
      compression. Bleed flow is obtained under valve control from intermediate
      compressor stages to prevent surge during startup.
PAR  The compressor inlet air flows annularly through a total of eighteen stages
      in the compressor 81. Blades 92 mounted on the rotor 86 by means of wheels
      94 are appropriately designed from an aerodynamic and structural
      standpoint for the intended service. A suitable material such as 12%
      chrome steel is employed for the rotor blades 92. Both the compressor
      inlet and output air temperatures are measured by suitably supported
      thermocouples.
PAC  b. Combustion System
PAR  Pressurized compressor outlet air is directed into a combustion system 96
      comprising a total of eight combustor baskets 98 conically mounted within
      a section 80 of the casing 84 about the longitudinal axis of the gas
      turbine 104. Combustor shell pressure is detected by a suitable sensor
      (not shown) which is coupled to the compressor-combustor flow paths and is
      located in the pressure switch and gauge cabinet 55.
PAR  As schematically illustrated in FIG. 3, the combustor baskets 98 are
      cross-connected by cross-flame tubes 302 for ignition purposes. Ignition
      system 304 includes igniters 306 and 308 associated with respective groups
      of four combustor baskets 98. In each basket group, the combustor baskets
      98 are series cross-connected and the two groups are cross-connected at
      one end only as indicated by the reference character 310.
PAR  Generally, the ignition system 304 includes an ignition transformer and
      wiring to respective spark plugs which form a part of the igniters 306 and
      308. The spark plugs are mounted on retractable pistons within the
      igniters 306 and 309 so that the plugs can be withdrawn from the
      combustion zone after ignition has been executed. The spark plugs withdraw
      automatically as compressor discharge pressure increases.
PAR  A pair of ultraviolet flame detectors 312 are located in each of the two
      end combustor baskets in the respective basket groups in order to verify
      ignition and continued presence of combustion in the eight combustor
      baskets 98. The flame detectors 312 can for example be Edison flame
      detectors Model 424-10433.
PAC  c. Fuel
PAR  Generally, either liquid or gaseous or both liquid and gaseous fuel flow
      can be used in the turbine combustion process. Various gaseous fuels can
      be burned including gases ranging from blast furnace gas having low BTU
      content to gases with high BTU content such as natural gas, butane or
      propane.
PAR  With respect to liquid fuels, the fuel viscosity must be less than 100 SSU
      at the nozzle to assure proper atomization. Most distillates meet this
      requirement. Heavier fuels must be heated.
PAR  A portion of the compressor outlet air flow combines with the fuel in each
      combustor basket 98 to produce combustion after ignition and the balance
      of the compressor outlet air flow combines with the combustion products
      for flow through the combustor basket 98 into a multistage reaction type
      turbine 34 (FIG. 2). The combustor casing section 80 is coupled to a
      turbine casing 85 through a vertical casing joint 87.
PAC  d. Turbine Element
PAR  The turbine element 34 (FIG. 2) is provided with three reaction stages
      through which the multiple stream combustion system outlet gas flow is
      directed in an annular flow pattern to transform the kinetic energy of the
      heated, pressurized gas into turbine rotation, i.e., to drive the
      compressor 81 and the generator 102. The turbine rotor is formed by a stub
      shaft 39 and three disc blade assemblies 41, 43 and 45 mounted on the stub
      shaft by through bolts.
PAR  High temperature alloy rotor blades 51 are mounted on the discs in forming
      the disc assemblies 41, 43 and 45. Individual blade roots are cooled by
      air extracted from the outlet of the compressor 81 and passed through a
      coolant system in the manner previously indicated. The blade roots thus
      serve as a heat sink for the rotation blades 51. Cooling air also flows
      over each of the turbine discs to provide a relatively constant low metal
      temperature over the unit operating load range. Thermocouples (not shown)
      are supported within the cooled disc cavities to provide cavity
      temperature signals for the control system. The performance of the cooling
      air flow is detected by these thermocouples.
PAR  In addition to acting as a pressure containment vessel for the turbine
      element 34, turbine casing 85 supports stationary blades 49 which form
      three stationary blade rows interspersed between the rotor blade rows. Gas
      flow is discharged from the turbine element 34 substantially at
      atmospheric pressure through turbine cylinder 53 to exhaust manifold 38.
PAR  The generator and gas turbine vibration transducers can be conventional
      velocity transducers or pickups which transmit basic vibration signals to
      a vibration monitor for input to the control system. A pair of
      conventional speed detectors 78 (FIG. 4) are associated with a notched
      magnetic wheel supported at appropriate turbine-generator shaft locations.
      Signals generated by the speed detectors are employed in the control
      system for speed control and speed monitoring.
PAR  Further, thermocouples 180 (FIG. 4) for the blade path are supported about
      the inner periphery of the turbine cylinder 53 to provide a fast response
      indication of blade temperature for control system usage particularly
      during plant startup periods. Exhaust temperature detectors 57 are
      disposed in the exhaust manifold 38 primarily for the purpose of
      determining average exhaust temperature for control system usage during
      load operations of the power plant 100. Suitable high response shielded
      thermocouples for the gas turbine 104 are those which use compacted
      alumina insulation with a thin-wall high alloy swaged sheath or well
      supported by a separate heavy wall guide.
PAC  B. TURBINE FUEL CONTROL SUBSYSTEM
PAR  Referring now to FIG. 4, there is illustrated a detailed block diagram of
      the electro-pneumatic system of this invention employed to control liquid
      fuel flow for the gas turbine power plant of FIG. 1. An exciter 33 is
      shown connected to a generator 102, which is coupled to the turbine
      through reduction gear unit 27. A main lube pump 35 is also driven from
      unit 27, to provide pressure for the turbine oil system. The turbine unit
      is shown in diagrammatic form as comprising compressor 81, combustion
      system 96 (having 8 baskets) and turbine element 34. Starting engine 26 is
      coupled to the turbine through starting gear unit 28 as is turning gear
      56. A pressure representative of the ambient temperature at compressor 81
      is developed by transmitter 71. Pressure switch 70 provides a signal when
      ignition speed is reached in the compressor. Similarly, thermocouple
      system 180, also comprising two groups of thermocouples, is positioned in
      turbine element 34 to provide a signal representative of blade path
      temperature, and thermocouple system 57 provides a signal representative
      of turbine exhaust temperature.
PAR  The liquid fuel system is powered by main fuel pump 40, (driven from
      reduction gear unit 27) which draws fuel from supply 93. Pump 40 is
      operative unless deenergized by pneumatic overspeed trip mechanism and
      valve 91, and is limited by relief valve 105 connected across pump 40.
      Trip valve 91 is powered by a pneumatic autostop trip signal derived from
      a trip pressure system (not shown) and functions to prevent fuel from
      reaching the combustors at overspeed. The trip valve 91 is set to trip at
      1.1 times synchronous speed.
PAR  From main pump 40, the fuel flows through normally open overspeed fuel trip
      valve 103, throttle valve 99, and fuel oil isolation valve 101 to
      conventional fuel distributor 107, which distributes the fuel to the
      various combustion baskets 98 of combustion system 96. Trip valve 103 is
      normally open, permitting fuel flow to the distributor, but closes to shut
      off fuel flow upon sensing a drop in pressure which occurs on operation of
      the overspeed trip valve 91 (or upon operation of a manual trip valve, not
      shown). Isolation valve 101 is opened when pressure in the overspeed trip
      system is detected to equal at least 40 psi at which time solenoid valve
      108 is energized, permitting passage of actuating air through to valve
      101.
PAR  Fuel throttle valve 99 is positioned by the fuel throttle valve signal
      communicated thereto through throttle solenoid 119 which is energized at
      ignition (as described in more detail hereinbelow). The throttle valve is
      shunted by a pressure-temperature (PT) limiter valve 109 as well as pump
      discharge valve 97. The PT valve is actuated by air from the isolation
      valve air system, such that when isolation valve solenoid 108 is
      energized, the PT valve is positioned to a fixed opening providing a
      limiting function at ignition. Pump discharge valve 97 is positioned by a
      fuel starting signal as described hereinafter, such that it controls a
      constant fuel pump discharge pressure from 50% speed to full load after
      first ramping pressure from the Ignition-20% speed condition.
PAR  The turbine system of this invention also contains a parallel gas fuel
      system, not illustrated in detail in the drawings. The gas fuel system
      also similarly interposes an auto stop trip valve, a throttle valve and an
      isolation valve between the gas supply and the turbine combustion system.
      A starting valve, having a positioner actuated by the starting signal as
      described hereinbelow, shunts the throttle valve.
PAR  FIG. 4 also indicates a number of sensing devices which provide important
      inputs to the turbine control system. A pressure switch 70 is activated
      when compressor pressure reaches a value corresponding to ignition speed.
      An ambient temperature transmitter 71 produces a signal representative of
      the ambient temperature into the compressor inlet. Exhaust thermocouples
      57 monitor the turbine exhaust temperature, and blade path (B/P)
      thermocouples 180 monitor the blade path temperature. Speed sensors 78
      provide a signal representative of the turbine speed.
PAC  C. GAS TURBINE MULTIPLE BACKUP CONTROL SYSTEM
PAC  a. General Description
PAR  The preferred form of the apparatus of this invention for gas turbine speed
      and load control utilizes electro-pneumatic control components arranged in
      a manner so as to carry out digital computer-type logic functions with the
      reliability of special-purpose hardware. The operational sequence is
      accomplished by conventional control relays, with a combination of
      electro-pneumatic fuel scheduling, and is combined with an all solid state
      protective monitoring system. The control system features permissible
      manual local control, while being designed for completely automatic fully
      remote control. Areas of critical control operation such as starting
      temperature control, loading temperature control and speed control are
      supplied with total redundancy to permit continued operation upon failure
      of one section, and generous indication of fuel control modes is provided
      by light indication for ease of operation and maintenance.
PAR  Six control channels are used, namely load, speed-load, acceleration
      (surge), load-rate, exhaust temperature and blade path temperature. Speed
      control is effectuated through a pneumatic speed changer with backup
      control from both the acceleration channel and the blade path channel.
      Primary load control is achieved through a pneumatic load scheduler with
      backup temperature control from the blade path channel (for transient
      control) and from the exhaust temperature channel (for steady state
      control). When acting as a backup to speed control, the blade path channel
      produces a signal which is a function both of compressor discharge
      pressure and ambient temperature. During loading, the signals of both the
      blade path and exhaust temperature channels are referenced to a common
      compressor discharge pressure signal biased in accordance with the chosen
      load mode.
PAR  The output signals generated in each of the six control channels are
      provided as inputs to a low pressure selector, a pneumatic device which
      gates through to its output the lowest of its pneumatic inputs. The output
      of the low pressure selector (LPS) is supplied to a fuel gas valve servo
      control or to a fuel oil valve servo control, depending upon the selection
      of fuel. The lift of the fuel throttle valve (either oil or gas) is
      proportional to the output pressure of the LPS. When such output pressure
      is 3 PSI (or 1 volt, for analog system), or less, the throttle valve is at
      minimum lift position, and the turbine is under control of the PT or Pump
      Discharge Pressure Control Valves. When the LPS output exceeds about 3 PSI
      or 1 volt (about 50% speed) the throttle valves begin to open, and open
      proportionately up to a maximum lift position, corresponding to a signal
      of about 15 PSI (or 10 volts analog).
PAR  The exhaust temperature control is the normal controlling mode under load
      conditions. In the exhaust temperature control loop, the setpoint is
      obtained from a signal proportional to the compressor discharge pressure
      (a function of ambient temperature and compressor performance), and biased
      variously for either base load operation, peak load operation, or system
      reserve operation. Thus, these three modes of load operation are
      temperature-control modes. Each of these modes requires a specific fuel
      flow for a definite average temperature at the turbine inlet. Due to the
      high level of this temperature, it is not practical to measure a
      representative turbine inlet temperature, and therefore the exhaust
      temperature is measured and is used to calculate the inlet temperature.
      The exhaust temperature loop utilizes a PID (proportional, integral and
      derivative action) controller to generate the control signal (a function
      of both exhaust temperature and compressor discharge pressure). The
      exhaust temperature is sensed by 16 thermocouples, averaged in two groups
      of eight thermocouples each. The electrical signals from these two groups
      are transduced to pneumatic signals (or amplified in the analog
      embodiment), and a high (pressure) selector is utilized to select the
      higher value to prevent shutdown when pressure failure occurs at the
      output of one of the transducers. This multiplicity feature is exemplary
      of the manner in which this system provides improved reliability and load
      availability. The high (pressure) selector output is connected to a direct
      derivative device which functions to speed up the exhaust temperature
      control system. The exhaust thermocouples react slower to turbine
      temperature changes due to their downstream location, and the derivative
      device compensates for this slower response.
PAR  The blade path temperature control is used as backup for the exhaust
      control. For this reason, the blade path pneumatic controller is biased
      slightly higher than that of the exhaust temperature controller, while
      receiving the same setpoint pressure under load control operations. During
      starting, the blade path controller receives its reference signal from a
      compressor discharge pressure signal which is biased by an ambient
      temperature signal, to provide a blade path control signal usable as
      backup control during the starting sequence.
PAR  Another unique feature of the reliability by multiplicity is demonstrated
      in the event of the unlikely loss of the total redundant exhaust measuring
      system. The blade path starting temperature control is rebiased to pick up
      this function while alarming and continuing to supply power in the run
      position.
PAR  Besides the fuel scheduling system, reliability by multiplicity is likewise
      inherent in the turbine protective system. The speed control, exhaust and
      blade path temperature system, disc cavity and bearing protection, as well
      as the ignition, flame, and vibration systems, all, by the way they are
      designed, embody "load availability." If components or portions of these
      systems fail, the design criteria embodied in this invention provides that
      the turbine continue producing power by alarming the condition, but
      selectively auctioneering the need to cause turbine shutdown. This is in
      marked contrast to computer-controlled systems, as well as prior art
      analog controlled systems.
PAR  Although some redundancy, where feasible and effective, is used to
      accomplish the Perpetual Power Production ("PPP") objective, duplication
      of components is not the only means for accomplishing this goal. The
      bearing monitoring system employs a unique means of detecting open
      thermocouples while the machine is running, and at the same time, causing
      a shutdown if a hot bearing warrants this action. The disc cavity
      monitoring system requires 2 alarms in the same cavity to produce a
      shutdown, based upon the premise that 2 open thermocouples in the same
      cavity at the same time are unlikely. Since the turbine system will shut
      down on a high exhaust or blade path temperature average, open
      thermocouples can do little more than change the non-controlling average.
      Also, failure of one side of the loop results in an automatic shift to the
      other side and an alarm display to notify the operator. This is likewise a
      feature of the vibration systems, where a pickup failure is alarmed while
      the turbine continues to run.
PAR  The speed system is unique in that dual pickups dual channels, and
      auctioneering circuits are provided to alarm outage greater than 5%. The
      speed system continues running by selecting the higher of two inputs --
      once again based on the design premise that high readings under failure
      are unlikely.
PAR  In addition, as is discussed hereinbelow in relation to the specific
      embodiments, the system of this invention utilizes a modularity concept
      for functions and hardware employed to obtain reliability by multiplicity.
      Each control function, and each corresponding hardware portion, may be
      either pneumatic, analog or digital, or a hybrid combination. In contrast
      to prior art systems where hardware is multiplexed to accomplish
      functions, each control loop is independent and not time shared. The
      failure of one function or component in the system does not cause starting
      to abort or turbine to shut down. As a result, no local additional
      maintenance control system is necessary since the system has
      self-contained back-up control.
PAR  In the detailed description of the electropneumatic embodiment which
      follows, only those elements important for an understanding of the system
      are illustrated. However, it is recognized that the total system comprises
      a number of additional elements which are necessary components of the
      entire system. The following is a partial list of such backup elements,
      which are not illustrated in the drawings:
PAR  a. Turbine cooling air system. This system provides cooling air to the
      turbine blading and disc cavities and for the rotor cooling.
PAR  b. Atomizing air system. When oil fuel is used an atomizing device is
      required to break up and atomize the fuel oil into minute particles to
      obtain maximum combustion of the fuel mixture during the ignition period.
PAR  c. Instrument air system. This system consists of an independent
      compressor, reservoir filters and several control devices. The independent
      compressor functions only during initial starting, and at a lower capacity
      after shutdown. When the turbine compressor pressure is sufficient, the
      independent compressor is shut off and the turbine compressor supplies the
      instrument air. The instrument air system provides the required air supply
      for all of the pneumatic devices illustrated as components of the control
      system. In the discussion to follow, air pressures are recited as being
      PSI, although such pressures are in fact gauge pressures.
PAR  The specific pneumatic devices which are discussed in detail hereinbelow
      are all commercially available devices, and no claim is made as to the
      novelty of any such pneumatic devices. The controllers, transmitters,
      pilot relays, reducing relays, amplifying relays, direct derivative units,
      low pressure selector, high pressure selectors, high limit relays, bias
      relays, and totalizing relays are all available from Moore Products Co.,
      Springhouse, Pa. See, for example, the Moore publication titled "Nullmatic
      Controllers", Bulletin 5018, which describes in detail the pneumatic
      controllers as specified hereinbelow.
PAC  b. Detailed Description
PAR  Referring now to FIG. 5, there is shown a block diagram of the control
      paths for generating, from different inputs, control signals suitable for
      control of turbine fuel flow, and consequently of turbine speed and load.
      In the embodiment as illustrated by this block diagram, each control path
      develops a pneumatic signal, and the plurality of pneumatic signals thus
      developed are connected to a low pressure select element 231, which
      selects that signal having the lowest pressure and produces it as the
      output control signal. While the system as thus illustrated in FIG. 4 is
      primarily pneumatic, it is to be understood that the same functions may be
      performed with equivalent analog or digital means.
PAR  The turbine combustor shell pressure (compressor discharge pressure)
      P.sub.2C is communicated from the turbine combustion system 96 and is
      operated upon, as shown in block 250, to produce a pneumatic pressure
      which is a function of P.sub.2C. Also communicated to block 250 is
      information concerning whether the turbine is being operated in the base,
      peak or system reserve load mode, and the operation at block 250 produces
      an output which is a different function of P.sub.2C depending upon the
      chosen mode. As seen in FIG. 6B, the T.sub.2T -P.sub.2C curve varies as a
      function of the load level carried by the turbine, where T.sub.2T
      represents B/P or EXH temperature. The output from 250 is connected to
      block 203. Also connected to block 203 is a pressure signal from block 251
      representing a function of the exhaust temperature as measured by
      thermocouples positioned at the turbine exhaust location. The operation at
      block 203 comprises proportional, integral and derivative action to
      produce an output signal which is a function of the measured exhaust
      temperature as compared to the setpoint as produced by the output of block
      250. The signal from block 203 thus represents a constraint on exhaust
      temperature as a function of shell pressure, in accordance with the known
      relationship between these two variables (as illustrated in FIG. 6B). The
      output of block 203, designated EXH, is connected to the input of the low
      pressure select block 231.
PAR  A second control path is employed to derive a control signal which is a
      function of the blade path temperature. As shown at block 258, the blade
      path temperature is determined from thermocouples placed in the blade
      path, and such determined temperature is converted into an appropriate
      pressure which is a function of blade path temperature, T.sub.2T. In
      addition, the combustor shell pressure P.sub.2C is converted into a
      corresponding pressure at block 252 and the ambient temperature is sensed
      and converted to a respective corresponding pressure at block 253. These
      two pressures are totaled at block 190, to give an output pressure
      representative of the algebraic sum of such two input pressures. The
      signal from block 258 is connected to block 204 as an input variable
      signal, and the signal from block 190 is connected as a setpoint signal,
      and both are operated on at block 204 by proportional and integral action
      to develop the blade path (B/P) signal, comprising the second input to
      block 231.
PAR  The third control path comprises totaling, at 209, the P.sub.2C signal as
      well as a bleed path (B/V) signal representative of turbine surge. The
      output of this totaling step produces an acceleration limit signal.
PAR  A fourth control path, designated speed load, produces a signal which is a
      function of sensed speed as compared to a variable speed setpoint. As
      shown at block 260, speed is sensed by appropriate sensors, and converted
      to a pressure signal representative of such speed, which pressure signal
      is introduced at block 205 as a variable input. A variable speed setpoint
      is produced by a speed changer 65S, which in the preferred embodiment is a
      pneumatic generator. The speed changer output, designed to accelerate the
      turbine from 50% speed to 100% speed, is introduced to block 205 as the
      setpoint. A signal is developed at block 205 proportional to the
      difference between the setpoint and the variable, and is communicated to
      block 231 as the speed load signal.
PAR  A fifth control path produces a load signal, and comprises generating a
      programmable signal at load changer block 65L, the output of which may be
      modified at block 65-FN to produce a fast changing or normal changing load
      signal, the output of block 65-FN in turn being connected to the select
      block 231. In addition, a sixth variable control signal is generated at
      block 188, which has as its input the output of the low signal select
      block 231, and produces an output which limits the limit or rate of change
      of the control signal.
PAR  At block 231, the six inputs are compared and the low value is chosen and
      gated through to the output at terminal T231. This signal is employed to
      control the throttle valve, or valves, which in turn control the amount of
      fuel being delivered to the turbine combustors. For normal operation, the
      exhaust and B/P signals, which are temperature control signals, are biased
      higher than the speed and load signals, so that during normal trouble-free
      operation, they do not control. However, these control signals are present
      as backup control, and in the preferred embodiment of the invention at all
      times during operation of the turbine, system temperature backup control
      is available.
PAR  Referring now to FIG. 6A, there is illustrated a schematic diagram of the
      temperature control paths of the control system of this invention. As
      discussed with respect to the basic control block diagram of FIG. 5, the
      backup temperature control signals are generated as a function of
      compressor discharge pressure P.sub.2C and the corresponding measured
      control temperature. P.sub.2C, obtained at the combustor as illustrated in
      FIG. 4, is connected to the pressure switch 153, and thence to
      transmitters 207 and 208, each of which provide pneumatic signals
      representative of P.sub.2C. The signal from transmitter 208 is in the
      range of 3 to 15 PSI and is coupled to the inputs of bias relays 158 and
      152 respectively, as well as a first input to solenoid valve 137. Bias
      relay 152 biases the signal from 208 with about 2 PSI which signal is then
      connected to a first input of solenoid operated valve 136. Bias relay 158
      biases the signal from transmitter 208 with about 1 PSI, which signal is
      then connected to a second input to valve 137. The output of valve 137 is
      connected to a second input to valve 136, and the output of valve 136 is
      communicated to input R of exhaust controller 203. The exhaust temperature
      controller 203 is a proportional, integral and derivative action
      controller having direct controller action such that the output at CO
      varies directly with the input at C. The input signal to controller 203 is
      derived from 16 thermocouples, averaged in two groups of 8 thermocouples
      each, indicated at 57 in FIG. 4.
PAR  Thermocouples 57 monitor turbine exhaust temperature, which is
      representative of the turbine inlet temperature. Due to the high level of
      turbine inlet temperature, it is not possible to directly measure a
      representative turbine inlet temperature. As seen in FIG. 6B, each mode of
      power generation has a limiting temperature-P.sub.2C curve, and hence
      requires a certain fuel flow for a definite average temperature at the
      turbine inlet.
PAR  The two temperature channels are each fed by eight type J (iron-constandan)
      thermocouples which are paralleled using a swamping network, so that each
      channel provides an average temperature. The thermocouples have a range of
      550.degree.- 1150.degree.F for each channel and are used with analog
      transmitters of the Bell and Howell 18111A type having an output of 4 to
      20 ma with reverse action (i.e., 4 ma at 1150.degree. and 20 ma at
      550.degree.F) and current going to zero upon a channel's thermocouples
      failing open. Both channels are set to give a temperature alarm at
      1050.degree.F. The parallel thermocouple paths carry current signals
      representative of the two averaged temperatures, and between the paths
      there is connected a differential alarm circuit 262, designating a
      differential current detector and appropriate alarm circuitry. The alarm
      circuit 262 indicates thermocouple signal differences greater than a fixed
      percentage, e.g., 5%, providing a visual or audible signal to the operator
      when one path diverges from the other. In this manner, the thermocouple
      circuits are monitored without causing shutdown. In addition, the signals
      from the thermocouple channels may be directly monitored (by meters not
      shown) to provide a continuous indication of their condition.
PAR  The thermocouple inputs are connected to I/P transducers 212 and 213, which
      convert the analog input in the range of 4 - 20 ma to a pneumatic output
      in the range of 3 - 15 PSI. Thus, the output pressures of the transducers
      are proportional to the current input which, in turn, is inversely
      proportional to the sensed temperature. The outputs of transducers 212 and
      213 are connected to high pressure selector 220, which selects the higher
      value to prevent shutdown when pressure failure occurs at the output of
      one of the transducers (the current goes to zero upon a channel's
      thermocouples failing open). The output of the selector 220 (3.15 PSI) is
      connected to a direct derivative device 228, which produces a pneumatic
      output proportional to the derivative of the input, and which functions to
      speed up the exhaust temperature control system to compensate for the fact
      that the thermocouples react slowly to turbine temperature changes because
      of their downstream location with accompanied low gas velocities. The
      output of direct derivative device 228 is connected to the input variable
      connection of exhaust controller 203.
PAR  The blade path control path commences with two channels each fed by four
      paralleled thermocouples ranged similar to the exhaust temperature
      channel, and indicated at 180 in FIG. 4. The inputs from such channels, at
      4 to 20 ma reverse action, representing a temperature differential between
      1300.degree. and 700.degree.F respectively, are connected to I/P
      transducers 223 and 224 respectively. Differential alarm circuit 263 acts
      in the same manner as does 262. The transducer outputs, at 3-15 PSI, are
      similarly connected to a high pressure selector 219, which transmits the
      high pressure to input C of controller 204.
PAR  The output of transmitter 207 provides a pneumatic signal proportional to
      P.sub.2C in the range of 3-15 PSI. This signal is transmitted to
      totalizing relay 190, which also receives a pneumatic signal proportional
      to ambient temperature T.sub.IC (from 71), and produces an output
      proportional to the algebraic sum of such two inputs. The output of
      totalizing relay 190 is connected to a first input of solenoid valve 179,
      while the output of solenoid valve 136 is connected to a second input of
      valve 179. The output of valve 179 is connected to the reset input
      (designated R) of controller 204. Controller 204 provides direct
      proportional and integral action, the same as exhaust controller 203.
      Because of the thermocouple locations in the blade path, controller 204
      gives a better response than the exhaust controller, and accordingly no
      derivative device is needed to operate on the input. The output of the low
      signal selector (LSS) from T231 is used as a feedback signal to both the
      exhaust and B/P controllers. This prevents the phenomenon known as "RESET
      WINDUP."
PAR  Comparing FIG. 6A with FIG. 5, the energization of valve 179 (due to the
      breaker closing, i.e., 52X) corresponds to gating the P.sub.2C signal
      through AND circuit 266. When the breaker is not closed, valve 179 is
      deenergized, corresponding to passing a signal through NOT circuit 267 and
      AND circuit 268. In either case, the B/P setpoint signal comes out of the
      output of valve 179, corresponding to OR circuit 269.
PAR  Connected between the LSS output (terminal T231) and the output of
      controller 203 is a pressure switch 218 which operates a control light
      218L (FIG. 16) to indicate when the exhaust controller output is the low
      signal, and thus is controlling. Switch 218 operates when its two pressure
      inputs are equal, or within a fixed limit, and thereby signals when the
      LSS signal is in, fact, the exhaust loop signal. In a similar manner,
      pressure switch 238 provides for an indication at 238L (FIG. 16) when the
      blade path loop is producing the controlling signal.
PAR  In operation, when the base load mode is selected, valve 136 is
      de-energized, such that the signal from transmitter 208, biased with about
      2 PSI at relay 152, is communicated to the setpoint input of exhaust
      controller 203, thus providing it with its highest setpoint. The highest
      setpoint for controller 203 yields the lowest output (around 14 PSI) upon
      stabilization of turbine temperature. For peak load operation, valve 136
      is energized and valve 137 is deenergized, such that the output of valve
      136 is biased lower, producing a lower setpoint for the exhaust
      temperature controller, which lower setpoint in turn makes possible a
      higher temperature in the combustors by permitting a higher throttle valve
      signal for higher fuel admission.
PAR  In system reserve load mode, both valves 136 and 137 are energized such
      that there is no biasing of the P.sub.2C signal transmitted from
      transmitter 208. In this instance, the setpoint for controller 203 is the
      lowest of the three modes of operation, such that the exhaust controller
      output (CO) is accordingly higher for given sensed exhaust temperatures.
      This permits a still higher controlled temperature in the combustors via a
      higher fuel flow. It is to be noted that for exhaust controller 203,
      higher sensed exhaust temperatures produce lower inputs at the input
      variable C, while the greater the load called for, the lower the setpoint
      input (since setpoint is inverse to load demand). Consequently a higher
      sensed exhaust temperature results in a lower control signal, while higher
      load demand, as set by selection of the load mode, results in a higher
      control signal.
PAR  The blade path temperature control is used as a backup for the exhaust
      control. For this reason, the biasing of the blade path controller 204 is
      set slightly higher than its normal setting while solenoid valve 179 is
      energized, during which time both the exhaust controller and blade path
      controller receive the same changing setpoint derived from the P.sub.2C
      signal. During starting, the blade path control acts as a backup to the
      speed-load controller, and valve 179 is de-energized such that the blade
      path setpoint is biased higher due to the action of totalizing relay 190,
      which biases the P.sub.2C signal in accordance with sensed ambient
      temperature. It is to be noted that quick temperature changes are detected
      and controlled by the blade path control while the exhaust control detects
      and controls the relatively slow, or steady state changes.
PAR  The means of generating the blade path controller setpoint during starting
      provides the control system with the capacity to vary the temperature
      backup control as a function of ambient temperature. A "floating"
      temperature control line, as illustrated in FIG. 6C, is effectively
      achieved to provide changing blade path control between the ambient limits
      of -40.degree.F and +120.degree.F. The shaded area between the
      -40.degree.F and 120.degree.F lines represents the range of ambient
      temperature throughout which adaptive control is provided. By combining
      both the T.sub.IC and P.sub.2C signals in the totalizing relay 190, the
      setpoint for B/P controller 204 is caused to vary as a function of the
      ambient temperature. For a given compressor discharge pressure P.sub.2C,
      as the ambient temperature goes up (corresponding to normally less
      available starting torque) the setpoint goes up, and as the ambient
      temperature goes down (corresponding to normally higher available starting
      torque) the setpoint is lowered. Thus, the blade path channel adapts to
      limit starting temperatures to a lower than normal level at low ambient
      temperatures and to permit higher starting temperatures at higher ambient
      temperatures, thereby compensating for changes in available starting
      torque which result from changes in ambient temperature. As seen in FIG.
      6C, during summer, a higher than normal blade path temperature is
      automatically permitted, while during winter the turbine is constrained to
      a lower than normal blade path temperature. The uniqueness of the
      "summer-winter" control is that, for the first time, a turbine system is
      provided which not only provides temperature backup control during
      starting, but which provides an adaptive temperature control which
      compensates for performance changes which otherwise occur with changes in
      the ambient temperature. While this feature has been illustrated with a
      pneumatic embodiment, it is noted that equivalent analog and digital means
      are also embraced.
PAR  In an electrical analog embodiment, the speed changer signal previously
      described is provided by a conventional ramp generator. At the breaker
      closing, an additional DC signal (of a value according to the desired
      stepup in load) is gated with the ramp to provide the stepup in signal.
      The load changer signal, provided by another ramp generator, is adjusted
      to provide a ramp which starts from a level equal to the speed signal
      immediately after the DC signal has been gated to it. In a similar manner,
      the load pickup can be accomplished with a wholly digital embodiment, the
      speed control signal having a programmed step up at the moment that the
      breaker closing is communicated to the control computer. Thus, the
      technique is equally adaptable to both hardware and software embodiments.
PAR  Referring now to FIG. 7A, there is shown a block diagram with details of
      the speed and load control paths, and the manner in which the control
      signals derived therefrom are inputted along with the temperature control
      signals to the low signal (low pressure) select element 231. The primary
      elements utilized in generating the load and speed control signals are
      motorized regulators, designated load changer 65L and speed changer 65S
      respectively. The preferred load changer used in this electro-pneumatic
      embodiment is a synchro-regulator, as manufactured by Moore Products Co.,
      having an AC motor drive and providing a 3-15 PSI output. The motor is
      timed to provide a ramp output from 7 PSI to 16 PSI in 12 minutes.
      Similarly, the speed changer 65S is suitably a Moore synchro-regulator
      providing a 3-15 PSI output, and having an AC motor drive, the motor
      having a timer set to provide a ramp output from 3 PSI to 15 PSI in 6
      minutes. It is understood, of course, that these operating characteristics
      are exemplary only, and may be varied according to the application. The
      electric control of the load changer and speed changer are discussed in
      more detail hereinbelow in connection with the description of FIGS. 11 and
      13. As is noted further hereinbelow, the functions of 65L and 65S may be
      performed by electronic function generators in an alternate embodiment.
PAR  Pressure switch 197, for providing load scheduler wind back, is connected
      to the output of load changer 65L. The output is also connected through a
      first path to amplifying relay 226, and through a second path to a first
      input of load scheduler solenoid valve 155. The output of amplifying relay
      226 provides the other input to the valve 155. When valve 155 is
      de-energized, corresponding to normal rate of loading, the unamplified
      output of load changer 65L is connected through to one of the six inputs
      of low signal select element 231. When fast loading is called for, valve
      155 is energized, such that the amplified output from 226, corresponding
      to 2 minute loading, is connected through to 231.
PAR  The output of speed changer 65S is amplified through amplifying relay 232,
      the output of which is connected to a first input of solenoid valve 187.
      The output of 232 is also connected through bias relay 230, used for
      establishing a higher initial load setpoint, the output of which is
      connected to the other input of valve 187. The output of valve 187 is
      coupled to the speed load controller 205 as the reference, or setpoint
      signal.
PAR  The inputs to speed transducers 216 and 217 come from separate speed
      sensors 78, which provide an input in the range of 10-50 ma. Between the
      inputs there is connected a differential alarm circuit 222 which provides
      an output when the difference between the inputs exceeds a given amount,
      e.g., 5%. The outputs of transducers 216, 217 (3-27 PSI) are compared in
      high pressure select element 218, which selects the higher pressure and
      communicates it to amplifying relay 229, and thence to direct derivative
      element 227, the output of which is communicated to speed load controller
      205 as the input variable (C). The use of high pressure select element 218
      prevents the loss of speed signal and maximum fuel to the turbine when
      pressure failure occurs at the output of one of the transducers. The
      direct derivative device 227 improves the response of the speed control
      system. Controller 205 is a proportional action pneumatic controller,
      suitably Moore Products Co. model 55A, where the measured variable (C) and
      the output (CO) are inversely proportional. The output signal, CO, thus
      increases with the increasing setpoint provided from speed changer 65S,
      and is inversely proportional to the sensed speed. The output of
      controller 205 is directly connected to one of the inputs of the low
      signal select element 231. A feedback path 156 from T231 provides the LSS
      output at point 157. Speed load control pressure switch 200 is connected
      between the output of speed load controller 205 and point 157, and
      activates a panel light 200L (FIG. 16) when the pressure differential
      thereacross is nominally zero, indicating that the LSS output is the speed
      output. Similarly, load control pressure switch 199 is connected between
      point 157 and the load control input to LSS element 231, and activates a
      load control panel light 199L (FIG. 16) when the pressure thereacross
      becomes nominally zero. Switches 237 and 239 provide similar indications
      for the load rate path and acceleration path respectively. By this
      arrangement, the operator has a clear indication of how the turbine is
      being controlled, and when control is passed from one path to another. The
      outputs of switches 199, 200, 218, 237, 238 and 239 may be connected to a
      recorder (not shown) to provide a record of how the turbine has been
      controlled. It is to be noted that where the signals to the LSS are
      electrical in form, the corresponding switches are electronic differential
      detectors.
PAR  Acceleration limit totalizer 209 is employed for surge control protection
      and as a maximum fuel limiter. The output pressure of totalizer 209 is
      limited by the surge line pressure and thus limits the opening of the
      throttle valve. The acceleration limit control is designed to control fuel
      flow before the speed control system comes into operation at 50% speed.
      After this portion of the starting operation, the acceleration limit
      control functions only as a backup control. The surge maximum fuel line is
      measured from the compressor discharge pressure which constitutes a first
      input to totalizer 209. The surge maximum fuel line is changed when
      closing the bleed valves such that the acceleration limiter is reset at
      such moment. This reset is provided by a second input derived from
      compressor bleed solenoid valve 132, which provides a signal when the
      bleed valves are closed. The totalizer thus provides an algebraic addition
      of signals representing compressor discharge pressure and the bleed valve
      position. This output is connected to and provides one of the six inputs,
      designated acceleration, to low signal select element 231.
PAR  The sixth control path which provides an input to LSS 231 is the load rate
      limit loop. The LPS output from element 231 is connected to a pneumatic
      load rate limiter 188, which introduces a time delay of approximately 2
      minutes, such that the output thereof represents the delayed LPS signal.
      This output is connected to a bias relay 189, which functions to inhibit
      the action of limiter 188 during starting and permit control only during
      loading. Limiter 188 begins controlling when its output exceeds the
      setting of relay 189 at about 25% load. Above this point, the output of
      189 equals the output of 188 and the time delay function becomes active.
PAR  Making reference to FIG. 7B, the method by which the control system of this
      invention picks up load at the time the circuit breaker is closed
      connecting the generator to the load, can be understood. During startup,
      the speed control channel controls turbine operation. Speed synchro 65S
      takes the turbine linearly from about 50% speed up to idle speed where
      synchronization is achieved and the generator breaker is closed. At
      breaker closing, load changer 65L in the load control channel is energized
      and produces an increasing ramp output which starts at a minimum load
      somewhere within the range of 10% to 25%. The load changer produces a
      linearly rising signal which increases at a slower rate than the speed
      control signal, such that it takes over control. It is seen that at the
      time of breaker closing, the speed control signal is automatically stepped
      up through energization of solenoid 187 which valves the speed control
      signal through bias relay 230 so as to add an increment to the setpoint
      signal corresponding to the initial step load requirement. The amount of
      this increment can be varied by fixing the bias introduced at relay 230.
      In this manner, at breaker closing, the speed control signal is stepped up
      to the starting level of the load control signal, which then assumes
      control due to its lower rate of increase. Loading may, of course, then be
      accomplished in a shorter time than that programmed by load changer 65L by
      valving the load changer output through amplifying relay 226. There is
      thus incorporated into the system the capability of immediately providing
      capacity to pick up dead load, such as occurs after power brownouts and
      blackouts. This capability is combined with continuous temperature backup
      control from starting through load pickup and continuously after steady
      state load is achieved.
PAR  Referring to FIG. 23A, there is shown a modification of the control system
      of FIG. 7A, wherein the load path is closed loop, providing closed loop
      load control. A detector 260 produces an electrical signal representative
      of load delivered by the turbine-driven generator, and the load signal is
      transduced at transducer 261 to provide an appropriate pressure signal.
      The pressure signal, representing load, is provided as the input signal to
      load controller 265, the load controller taking its setpoint signal from
      load synchro 65L. The output of the load controller, in this embodiment,
      constitutes the low signal which is connected to one of the inputs of the
      low signal select device 231.
PAR  The closed loop load (kilowatt) control functions to maintain a constant
      load regardless of frequency, compressor efficiency, or ambient
      temperature changes. This feature is useful on small systems and in
      locations where the day and evening temperatures vary considerably.
      Normally, as evening approaches the ambient temperature drops and the gas
      turbine power output increases, or vice versa. This may be undesirable
      where the load is fixed and, therefore, the operator will be required to
      manually compensate for these ambient temperature changes. However, this
      is not necessary in the closed loop load control system.
PAR  The open loop kilowatt control is simpler than closed loop control, due to
      providing a fixed fuel input. Load is controlled within a defined
      tolerance band and the variation is normally acceptable in larger systems.
      It is also acceptable for "spinning reserve" applications where the
      turbine is being controlled by the loading synchro (65L) at or slightly
      above minimum load in preparation for an eventual dispatcher call for base
      load.
PAR  It is seen that the turbine load control system, as described above,
      provides an expanded capability for load control, with the specific
      capabilities of varying load setpoint while on speed control or on load
      control, with three temperature limiting control curves as a function of
      compressor discharge pressure (i.e., base, peak, system reserve). Either
      open loop fixed fuel control or closed loop power control with megawatt
      reset capability is available, depending upon the system or user
      preference. Means is provided for either normal or fast loading rates.
      Loading can be accomplished by means of the speed path or load path, by
      either open loop load setpoint or closed loop load setpoint. In addition,
      the load can be scheduled as a function of ambient temperature. Thus,
      there are provided a plurality of alternative methods, available to the
      operator, for obtaining load control. These are particularly useful on
      different types of electrical systems and are employed for different
      reasons. Manual load selection via the speed controller (as discussed
      hereinbelow) is also available, and is most effective on isolated systems
      where the frequency varies and sudden load increases are probable. Under
      these conditions, the speed control responds to pick up 25 % load (normal)
      instantaneously, plus additional load, at the rate limited by the load
      rate limiter. The load rate limiter functions to protect the gas turbine
      from accepting excessive instantaneous load.
PAC  D. STARTING CONTROL SUBSYSTEMS
PAC  Temperature Reset Starting Control
PAR  Turbine operation is controlled during a portion of the startup as a
      function of both compressor discharge pressure and blade path temperature.
      The turbine is brought up from turning gear speed by a diesel starter to
      about 20% (Ignition) speed. At this point the admission of fuel is
      controlled by the combination of the pressure-temperature (PT) valve 109
      and pump discharge control valve 97 (FIG. 4). From 20% speed to about 50%
      speed, the turbine operation is under control of a fuel (either oil or
      gas) starting signal derived as a function of P.sub.2C and the P/B signal
      derived from the blade path controller. There is disclosed, in the next
      portion of this specification, a method of controlling the PT valve to
      implement a fuel schedule which controls ignition fuel nozzle pressure in
      a manner so as to improve turbine vane life.
PAR  Referring to FIG. 8A, the output of the blade path controller (which is
      inversely proportional to the detected blade path temperature) is
      connected through a bias relay 234 and reduced by a reducing relay 233
      (reduces the blade path signal to a range of about 0-4 PSI), the output of
      the reducing relay being one of the inputs to a high pressure selector
      221. The output of the low signal selector is connected to pilot relay
      235. This relay connects supply pressure (not shown) to its output when
      the LSS input (which is also the fuel throttle valve signal) reaches the
      preset value of about 5 PSI. This value corresponds to just above the
      point of lifting of the throttle valve from minimum position. The output
      of relay 235 is connected as a second input to the HPS 221. Thus, until
      the throttle valve signal rises to about 5 PSI (at about 75% speed) the
      only input to the HPS is the blade path input. At speeds above about 75%
      speed, the blade path signal (reduced at 233) becomes ineffective because
      it is overridden by the LSS signal through the high pressure selector.
PAR  The output of high pressure selector 221 (being the B/P signal for about
      20% speed to about 75% speed) is connected to one chamber of fuel pressure
      control totalizer. 210. Totalizer 210 is supplied with air when isolation
      valve 101 is open. Another chamber of 210 receives the compressor
      discharge pressure, P.sub.2C. The totalizer 210 provides an output
      directly proportional to the algebraic sum of the two inputs. Thus, as
      P.sub.2C rises, the totalizer output rises. Also, it is noted that up to
      about 75% speed, if blade path temperature rises, the B/P signal drops,
      thereby dropping the totalizer output and providing adjustment of the
      controller reset signal. Above 55% speed, this control function is passed
      to the LSS signal. The output of totalizer 210 is supplied to a high limit
      relay 225 which limits the reset signal at 10 PSI. This high limit relay
      functions to limit the maximum oil fuel pressure of the main fuel pump
      outlet at 950 PSI. The HLR output is connected to the controller 206 as
      the reset signal.
PAR  The fuel oil pump discharge pressure is converted to a pneumatic pressure
      by transmitter 236, providing a variable output signal of about 3-15 PSI.
      This signal is connected to the measured variable input (c) of controller
      206. Controller 206 is a PI controller (proportional and integral action)
      and is reverse acting to produce an output signal proportional to the
      difference between the variable setpoint signal from 225 (introduced at R)
      and the discharge pressure signal from 236.
PAR  The output of HPS 221 is also connected to a gas totalizer 211, which has a
      second input the P.sub.2C signal. Totalizer 211 functions in the same
      manner as fuel oil pressure totalizer 210, and produces an output which is
      limited at 225G. As with the path for developing the oil signal, it is
      seen that the signal is limited by blade path temperature up to about 75%
      speed, and thereafter is limited by the LSS signal.
PAR  The two totalizers 210, 211, the two high limit relays 225, 225G and the
      controller 206 are all supplied with air through isolation valve 101 which
      opens when the machine begins the starting process.
PAR  Referring now to FIG. 8B, there is illustrated the manner in which the
      starting signals and the throttle valve signal (from LSS 231) coordinate
      the controlled starting of the turbine. Fuel oil, from a supply not shown,
      is connected through the oil throttle valve 99 to the combustion system.
      Similarly, gas fuel may be connected through gas throttle valve 99G to the
      combustion system. When fuel oil is being used, the control signal from
      controller 206 is connected to the pump discharge valve 97, which
      regulates the pump discharge pressure and which is open at startup. Valve
      97 closes partially in conjunction with the PT limiter valve 109 (FIG. 4)
      to maintain 200 PSI fuel oil pump discharge pressure. After reaching 20%
      speed, as the P.sub.PD controller signal increases due to increasing
      P.sub.2C, regulating valve 97 is closed as a function of such increasing
      P.sub.2C, such that fuel oil pump discharge pressure rises to about 950
      PSI at about 50% speed. At 50% speed, the LSS signal rises from a minimum
      of 3 PSI, at which point throttle valve 99 begins to open, and thereafter
      the system is controlled through the action of the LSS signal on the
      throttle valve.
PAR  IF gas fuel is used, the gas starter signal opens gas starter valve 81, to
      provide increase of gas fuel to the combustion system between the speeds
      of about 20% to 55%. The LSS signal also begins to open the gas throttle
      valve 99G at about 50% speed, after which the system is under control of
      the LSS signal. As shown by the dashed lines, a transfer switch 124 may be
      employed to transfer operation between fuel oil and gas fuel, or to
      proportion amounts of respective fuels fed to the combustion system.
PAR  There is thus disclosed a system for temperature reset of the pump
      discharge pressure during starting, which additional temperature control
      offers a unique backup capability which improves starting reliability. In
      the event of a control component failure in the main control loops, or
      improper throttle valve setting or drift for any other reason, there
      exists an additional temperature backup control derived from blade path
      temperature, which maintains control on pump discharge pressure. Because
      of this unique reset capability, the number of transient temperature
      excursions above the absolute turbine trip level are minimized and thermal
      shock is avoided. After the turbine has attained a speed of approximately
      75%, this temperature control loop is effectively deactivated due to the
      action of relay 235, and temperature control is passed to the low signal
      select signal.
PAC  Ignition Pressure Control Subsystem
PAR  As has been set forth hereinabove, the turbine system of this invention is
      provided with a bypass pump pressure regulator valve 97 and a bypass
      limiter valve 109, which valves function together to provide stable fuel
      pressure operation during ignition and other turbine operating periods.
PAR  With respect to plant startup operations, a plant which has fast startup
      capability and high reliability is characterized as having high
      availability, which is a factor especially important to peaking
      applications of gas turbine electric power plants. Reliability in large
      measure results from the plant design and the quality of plant
      manufacture, and is enhanced by the basic design of the control. As seen
      above, the control design of this invention includes multiple provisions
      for controlling or limiting particular plant variables. Thus, plant
      availability is enhanced through reliability by multiplicitiy. Normally,
      faster gas turbine plant startups cause greater temperature or thermal
      stress cycling damage to the turbine blades and other metal parts.
      Therefore, some balance must be achieved between startup speed and turbine
      life, i.e., the long term cost of turbine damage caused by thermal stress
      cycling. To improve the plant life expectation or to improve startup
      availability of gas turbine electric power plants by faster startup
      without added metal damage, it is desirable to identify avoidable causes
      of stress damage and determine improvement means by which such damage can
      be avoided compatibly with all other plant operating considerations. Added
      benefit is realized if the improvement means also provides reliability by
      multiplicity.
PAR  One cause of thermal stress damage occurs in the supply of fuel, and
      especially liquid fuel, to the turbine nozzles. In the turbine plant of
      this invention, liquid fuel is supplied to the turbine from a fuel source
      by a turbine driven pump. The pump develops fuel pressure as a function of
      the turbine speed, and the nozzle fuel pressure is typically kept within
      tolerances by positive regulation of the pump discharge pressure. Fuel
      pressure regulation is achieved by regulating the flow of bypass fuel from
      the fuel supply line back to the fuel source. Fuel pressure fluctuations
      due to transient conditions not correctable by the pressure regulator can
      cause excessive thermal stress cycling of the turbine metal parts during
      ignition and at other operating time periods, including idle operation and
      light load operation.
PAR  The PT limiter valve 109, which is in parallel with the bypass valve 97, is
      utilized to optimize the responsiveness of the bypass subsystem during
      ignition and other operating time periods, to prevent rapid transient fuel
      pressure oscillations and thermal cracking of turbine vane sections
      attributable to differential expansion of components. A suitable PT
      limiter valve is disclosed in detail in co-pending U.S. Application Ser.
      No. 261,192, filed June 9, 1972, and assigned to this assignee. The
      subsystem disclosed herein provides an improved method and apparatus for
      aiding combustor light-off by optimally scheduling the combustor nozzle
      pressure.
PAR  Referring to FIGS. 8C, 8D and 8E, there are shown means for controlling the
      PT limiter valve, and the consequent method of controlling nozzle
      pressure, to provide an optimum sequence of nozzle pressure during
      ignition and startup. Before the isolation valve 101 is opened and
      ignition is commenced, the nozzle pressure is at 0 (throttle valve has not
      been raised) and the PT limiter valve 109 is at a low prefire position.
      When ignition is commenced, light-off of the combustors is aided by
      raising the nozzle pressure to a high value, e.g., 10 PSI. This nozzle
      pressure is referred to as the "pop" pressure, and is maintained until
      flame is sensed. The time during which nozzle pressure is raised to and
      maintained at the "pop" pressure is referred to as the pop period.
PAR  Upon detection of flame, the PT valve 109 is dropped to a lower position,
      producing a drop in nozzle pressure during a timed period which is
      referred to as the "glide" period. During the glide period, the nozzle
      pressure ramps upward, due to the action of the reset subsystem, as
      described immediately hereinabove. At the end of the timed glide period,
      the PT valve returns to its full position (run position), enabling buildup
      of nozzle pressure under speed control. The glide period provides the
      turbine with a period of reduced fuel input immediately after detection of
      flame, so that the thermal impact upon the turbine is lessened, thus
      reducing thermal strain.
PAR  The pop and glide fuel schedule is accomplished by a unique method of
      controlling the PT limiter valve. When fuel is on, corresponding to
      opening of the isolation valve 101, switch 271 provides power through to
      the sequence circuitry, as shown in FIG. 8C. This immediately commences
      operation of ignition timer 273, which times the length of ignition. At
      the same time, isolation valve 101 provides air pressure through
      deenergized pop and glide valve 277, thereby providing an input to
      positioner 109P which causes setting of the PT valve 109 to its full, or
      pop position. When the nozzle pressure reaches its predetermined (pop)
      maximum, nozzle pressure switches 275, 276 cause closing of their
      respective contacts, thus initiating pop timer 274, which times out
      through self-operated contacts 274-1. Nozzle pressure is limited at the
      pop level by positioner 109P. When light-off occurs as sensed by the flame
      detectors, the popping pressure is reduced to the glide requirement.
      Therefore, the pre-set time period determined by the pop timer is the
      maximum time that the popping pressure can exist, since the pressure is
      automatically reduced when and if flame is established. It is to be noted
      that, since the pop timer is initiated by the pressure switches 275, 276,
      the time period during which pop pressure is maintained is limited, thus
      limiting the initial thermal surge.
PAR  When flame is detected, contacts FLM7 and FLM8 close, initiating glide
      timer 272, which times out a glide period in the range of 70 to 140
      seconds. Relay FLMX is energized and maintained closed through contacts
      FLM1. Contacts FLM2 are also closed, thus energizing solenoid 279, which
      energizes pop and glide valve 277. This provides a decreased pressure
      transmitted through pop and glide regulator 278 to positioner 109P,
      resulting in changing to the lower PT valve position. As described before,
      this provides a corresponding drop in nozzle pressure. At the end of the
      timed glide period, contacts 272S are opened, thus de-energizing solenoid
      279, and the PT valve returns to its full, or run position. Note that the
      pop and glide solenoid must be energized to glide, and consequently
      permits full load operation in the event of solenoid failure. Failure of
      the solenoid during starting results in either over temperature control or
      over temperature shutdown on blade path position. If failure results in
      continued pop pressure over the established pop time period (maximum of 15
      seconds), a second time check set at 2 additional seconds actuates an
      alarm to indicate that the pop and glide is non-operative. Failure to
      light off with the pop system within the allowed ignition period results
      in dumping of the overspeed pressure purging in a second repeated pop and
      glide attempt.
PAR  While the preferred embodiment of the "pop and glide" apparatus is
      electro-pneumatic, it is understood that other forms are readily adapted
      to the turbine power plant. For example, where a digital computer is
      utilized, ignition start, pressure switch and flame detect signals are
      inputted to the computer, and PT valve position signals are outputted,
      with the sequencing and logic functions being provided by the computer.
PAR  Referring now to FIGS. 9 and 10, there are shown curves representing a
      typical start and a typical loading, respectively. These curves illustrate
      the operation of the control system as has been described to this point.
      Referring first to FIG. 9, there are plotted curves of LSS inputs against
      time, for a typical start. Those inputs which are lowest, and therefore
      controlling, are shown as solid curves, while the non-controlling inputs
      are represented by dashed line curves. From the time of startup, until the
      time designated as A, the turbine is brought up to speed under the action
      of the diesel starter. At time A, and extending to time B, the turbine is
      under control of the PT valve. At time B, control is switched to the fuel
      pump discharge pressure control, as illustrated in FIGS. 8A and 8B. At
      time C, the turbine is placed under speed control, and thereafter is under
      throttle valve control, the throttle valve being controlled by the LSS
      output signal.
PAR  In FIG. 9, the solid line represents the minimum input to the LSS, and thus
      the LSS output. The dashed lines represent other LSS inputs. The load
      scheduler and load rate limiter signals are shown as constants throughout
      the typical start procedure. The acceleration signal is seen to be the low
      input, and thus the LSS output, up to the point where control is passed to
      speed control, corresponding to about 50% speed. However, during this time
      the acceleration signal does not control the turbine since its value is
      less than 3 PSI. It is to be remembered that the throttle valve does not
      commence lifting until the LSS signal exceeds 3 PSI. From 50% speed on,
      the speed control signal, generated from unit 65S, is the controlling
      signal. It is noted that at relatively low speeds, the blade path input
      signal is quite high, but is reduced in magnitude to a minimum value
      roughly corresponding to the point where the speed changer starts to
      produce the ramp output for speed control. For higher speeds, the blade
      path signal again increases. This reflects the fact that at lower and
      higher speeds, the blade path temperature is generally lower, and that the
      blade path temperature generally maximizes at or near 50% speed. Of
      course, it is to be understood that if, for any reason, the blade path
      temperature were to become sufficiently great such that the blade path
      curve were to dip below the speed control curve, then the B/P signal would
      take over control of turbine operation, thus limiting speeds.
PAR  Referring now to FIG. 10, there are shown typical loading curves
      representing LSS inputs as a function of time, during a normal loading
      procedure. Also indicated is the load, in MW, corresponding to the
      limiting load control signal. The heavy continuous line represents the
      lowest of the inputs to the LSS unit, and consequently the LSS output
      which controls the throttle valve. Time is designated as starting at the
      point when the breaker is closed, the turbine being at synchronous speed
      and being presumed to be maintained at synchronous speed throughout
      loading. At time of breaker close, there is an immediate stepup in power
      (to approximately 3.5 MW), as accomplished by the load pickup means
      discussed elsewhere in this specification. At that time, the load signal
      generated by unit 65L starts to ramp upward, and for a period of time is
      the controlling signal. The load rate limiter output takes control after
      breaker close, and controls the loading operation until the exhaust
      temperature control signal drops to a lower level, at which time the
      turbine is in temperature control.
PAR  As explained elsewhere in the specification, immediately after the stepup
      of the speed control signal, to provide the initial stepup in load, the
      speed changer 65S ramps upward at a high rate, and, except for manual
      operation described hereinafter, is not a control signal during loading.
      The load output from unit 65L ramps at a constant rate to 15 PSI. The load
      rate limiter signal is time delayed with respect to the 65L output, and
      rises at a slower rate of increase, such that it takes over control from
      the load signal shortly after breaker close (approximately two minutes
      after breaker close). The acceleration limiter output does not participate
      in control of loading. It is shown as rising, due to the fact that its
      output goes up as P.sub.2C goes up. The exhaust temperature and blade path
      temperature control curves are seen to drop down at a substantially
      constant rate with increased loading of the turbine, reflecting the fact
      that as the temperature goes up from turbine loading, the temperature
      control signals go down. The blade path control signal, during most of the
      starting period, is the lower signal, due to its quicker temperature
      response. During loading both the exhaust temperature controller and blade
      path temperature controller receive the same reset signal, since solenoid
      valve 179 is energized. However, during steady state operation the blade
      path temperature control is used as a backup for exhaust control, and
      therefore the biasing of blade path controller 204 is put slightly higher
      while valve 179 is energized, such that the blade path controller output
      is slightly higher. This is seen from the curves, it being noted that each
      controller reaches its setpoint corresponding to an output of
      approximately 14  PSI, with the exhaust controller output being slightly
      lower, and accordingly being the controlling output.
PAC  E. SPEED AND LOAD CONTROL CIRCUITS
PAR  Referring now to FIG. 11, there is shown a schematic diagram of a portion
      of the speed mode control circuits used in the control system. The circuit
      diagram of FIG. 11, like that of the outer circuit diagram figures, has
      bus bars marked (+) and (-) respectively. Unless otherwise indicated, the
      voltage across such bars is 110 volts DC. It is, of course, understood
      that other voltage values may be utilized according to particular designs.
      Respective parallel paths between the two bus bars are numbered, and
      reference will be made throughout the following discussion to different
      circuits by their respective circuit numbers.
PAR  A "lower" push button 148L and "raise" push button 148R are connected in
      series with relay coils LX and RX respectively, at circuits 170 and 171.
      Energization of LX permits lowering of speed or, in certain modes, load,
      and energization of relay RX permits raising of speed or load. The choice
      of controlling either speed or load is made at other points in the control
      circuitry. The circuits for lowering the output of speed changer 65S are
      shown at circuit 172, while the circuits for raising the output of speed
      changer 65S are shown at circuit 173. When the generator breaker is open,
      relay 52X (circuit 178) is unenergized and contacts 52X remain closed. If
      control is local (see FIG. 24, circuits 242, 243) relay LX is energized,
      and contacts 52X are closed, speed changer lower relay 65SL may be
      energized by operator push button through the action of the closed LX
      contacts, upon the condition that relay 65SR is not energized. When master
      switch 4Y1 contacts are closed (circuit 244) and the speed changer wind
      back relay 195X (6319SX) is energized (circuit 176), relay 65SL is
      energized and the speed changer output is lowered. Likewise, for manual
      control, the synchro switch SSX in the synchro circuitry is closed, and
      the breaker is open so that contacts 52X are closed. When switch 148L is
      closed and the ready to load contacts RTLX are closed (this occurs when
      certain permissive conditions are met), 65SL is energized through the
      closed wind back contacts 195X. Finally, 65SL is also energized when
      synchro switch SSX is closed and the auto synchronizing relay (not shown)
      is energized, closing contacts 255.
PAR  Speed changer 65S is raised by energization of relay 65SR, under similar
      conditions. Energization of relay RX causes energization of relay 65SR
      through closed contacts RX when in local operation and before the
      generator breaker is closed. Closing of synchro switch SSX and field
      breaker contacts 255 also causes energization. When raise button 148R is
      closed, 65SR is energized (circuit 173) through the synchronizing circuit
      as long as the normal stop contacts NS1 are not opened, the speed changer
      has not reached its maximum output (194 remains closed), and the ready to
      load contacts RTLX are closed. 65SR can also be energized through normally
      closed contacts TSLX (closed as long as the turbine is not in the base,
      peak or system reserve load mode) upon closing of the generator breaker
      contacts 52X, or when the 50% speed switch contacts 201 are closed and the
      turbine is not ready to load (RTLX contacts closed). Closing of contacts
      201 at 50% speed provides normal automatic energization of speed changer
      65S, to produce an upward ramp, during the normal starting procedure, and
      before ready to load.
PAR  Referring to circuit 174, there is a schematic diagram of the components of
      speed changer 65S. It is seen that an inverter 65SI provides AC power,
      which is connected across the RAISE coil when contacts 65SR are closed,
      and across the LOWER coil when contacts 65SL are closed, corresponding to
      energization of relays 65SL and 65SR respectively.
PAR  Referring now to FIG. 12, there are illustrated circuit diagrams of the
      load control circuits. The auto load scheduler 65L is shown at circuit 135
      and, like the speed scheduler 65S, has an inverter 65LI and RAISE and
      LOWER operating coils, energized through contacts 65LR and 65LL,
      respectively. At circuit 133, it is seen that relay 65LL is energized,
      thereby closing contacts 65LL and causing the output of the auto load
      scheduler to be lowered. When the load scheduler wind back pressure switch
      197 (circuit 177) causes closing of contacts 197X (6319LX), the 37LX
      contacts are closed (they open above 10% load; see circuit 139), and
      either minimum load has been called for (thus closing contacts MX2) or a
      normal stop has been called for, thus closing contacts NS1 (circuit 145).
      Referring to circuit 134, it is seen that 65LR is energized under the
      conditions where the generator breaker has been closed, thus closing
      contacts 52X, normal stop is not called for, the load scheduler has not
      reached its maximum position (such that contacts 196 (6318L) remain
      closed), and the turbine is in either base, peak, or system reserve
      operation. At circuit 140, solenoid 187 (20--20) is energized at breaker
      closing to give the initial load setpoint, as discussed with respect to
      FIG. 7B.
PAR  The fast loading controls are illustrated at circuits 141 and 143. A fast
      loading push button LF is provided at both a local (L) and remote (R)
      location, and when depressed causes energization of coil FLX, upon the
      condition that contacts RTLX are closed. Upon energization of coil FLX,
      contacts FLX are closed, thus holding coil FLX energized after button LF
      is released, under the condition that master switch 4Y1 is energized (thus
      closing contacts 4Y1). As long as coil FLX is energized, load scheduler
      solenoid valve 155 (20-19) is energized (see FIG. 7A), thus causing an
      increase in the rate of increase of the output of load changer 65L.
PAR  Circuit 145 shows the normal stop control circuitry. A push button NS is
      provided at both local and remote locations, and when depressed causes
      energization of coils NS1 and NS2. These coils are self-locking through
      contacts NS2 as long as master relay 4Y is energized, closing contacts 4Y.
      Coils NS1 and NS2 can be de-energized, thus holding the normal stop
      control, by pressing the NSC cancel button at either the local or remote
      location.
PAR  Referring now to FIG. 13, there are illustrated circuit diagrams of the
      loading mode control circuits used in the control system of this
      invention. The circuits are designated as those which control the minimum
      load mode, base load mode, peak load mode and system reserve mode,
      respectively. Corresponding to each mode, circuits are designated which
      control operating and reset functions.
PAR  The operating circuit for the minimum load control is at 110, and the reset
      circuit at 111. Minimum load control is obtained by temporarily closing
      the LM contacts, in either local or remote control. Closing the LM
      contacts causes energization of the operation (O) coil of relay M.sub.x,
      and switching of the M.sub.x switch to the reset (R) circuit. This causes
      closing of the M.sub.x contacts at circuit 112, and energization of relays
      MX1 and MX2. Upon energization of relay MX2, contacts 4XA (circuit 245)
      are opened, such that the reset portion of M.sub.x is not energized after
      the LM button is released and the LM contacts in circuit 111 have been
      closed. However, upon deenergization of relay 4XA, or operator placement
      of control into either the base mode load, peak load mode or system
      reserve mode, contacts BX1, PX1 or SRX1 are closed, causing reset of the
      M.sub.x switch to contact the operating M.sub.x coil, whereupon the
      M.sub.x contacts are opened and control is taken out of the minimum load
      mode.
PAR  The base load and peak load control circuitry is identical in configuration
      and operation to that of the minimum load circuitry.
PAR  The system reserve circuitry, circuits 126-129, is identical to the maximum
      load circuitry, with the exception of contacts 52X in circuit 126,
      providing that the generator breaker need be closed before the turbine can
      be put in system reserve control. In addition, at circuit 122a, coil 131
      is energized when the system is either in peak load or system reserve
      control, thereby energizing solenoid valve 136 (FIG. 6A). Also, at circuit
      129, when the turbine is placed in the system reserve mode, contacts
      SR.sub.X are closed, thus energizing solenoid valve 137 (also discussed in
      FIG. 6A).
PAR  Referring now to FIG. 24, the master relays are shown at circuits 244 and
      245. The trip reset contacts 259 comprise a series of contacts which, when
      closed, energize relay 4Y. These contacts are set forth hereinbelow in
      Table B. The RTS contacts are closed when all the permissives set forth in
      Table B are met. Upon closing of the trip reset contacts and the RTS
      contacts, and placement of the turbine system in minimum, base or peak
      mode, master relay 4XA is energized, which is self locking through
      contacts 4XA. Closure of contacts 4XA, along with closure of contacts 257
      (the lube oil pressure switch) energizes timer TD2 which times out 20
      seconds, and then through closure of contacts TD2 energizes master relays
      4, 4Y1 and 4Y2.
PAR  Referring to circuits 337, 342-344 (FIG. 24) and 251, 355-58, 360-64 (FIG.
      25), there is illustrated the circuitry for controlling the ignition
      sequence. When the turbine reaches ignition speed, pressure switch 70
      closes, energizing coils 70X1 and 70X2. Closure of contacts 70X2 energizes
      solenoid 178, the purge relay PGX having been initially energized (circuit
      364) to close contacts PG. Energization of solenoid 178 causes a buildup
      of overspeed trip air pressure, closing contacts 147, which remain closed
      as long as the air pressure is maintained above a predetermined limit.
      This causes energization of relays 198X1 and 198X2, in turn energizing
      relay 198X. Energization of relay 198X1 allows ignition (circuit 355) by
      energizing solenoid valve 119 (see FIG. 4). Additionally, energization of
      198X1 energizes the ignition transformer 250 (circuit 251). As seen at
      circuit 356, energization of 198X initiates timer TD1, which times out 35
      seconds for establishing flame on both detectors. After 35 seconds, timer
      TD1 pulls in. If flame is established in all combustor baskets, contacts
      7A2 or 7B2 and 8A2 or 8B2 of the flame detection monitors are actuated,
      whereupon flame detection relay FDX is energized. After the 35 seconds
      timed out by TD1, relay TD1X2 is energized (circuit 363), energizing relay
      TD1Y (circuit 357), which causes de-energization of the ignition
      transformer. The purge relay PGX (circuit 364) remains energized, and the
      flame detect light is lit (circuit 360).
PAR  However, if both flame detectors of basket 7 or 8 sense loss of flame after
      the 35 second ignition period, neither relay FDX nor TD1Y are energized,
      and the purge relay PGX is de-energized. This causes deenergization of the
      overspeed solenoid 178, and consequently the overspeed pressure
      disappears. As a result, contacts 147 open and relays 198X1 and 198X2 are
      de-energized, the ignition transformer being switched off as a
      consequence. As seen at circuit 361, de-energization of 198X2 also closes
      the circuit to counter 79, causing it to count down. Counter 79 may be
      reset from 2 shot line 618, and thus a second startup is permitted
      automatically. Similar logic circuitry, not shown, provides for shutdown
      in case of "outfire" or loss of flame, during running. If flame is lost at
      both sensors of either basket, immediate shutdown is effected and an alarm
      is set. At the same time, the detection of flame loss at any one of the
      four detectors is signaled by a respective outfire lamp, to indicate the
      condition to the operator. If only one sensor of either basket indicates
      outfire (in which case the sensor or related circuitry is at fault),
      system operation is maintained.
PAC  F. TWO SHOT SHUTDOWN
PAR  A two-shot shutdown control is provided in the system of this invention
      whereby an automatic procedure permits multiple restarting remotely, under
      selective malfunction, without jeopardizing turbine life. When a turbine
      malfunction occurs causing shutdown, the control system is automatically
      reset when the condition is corrected after the first shutdown. If a
      second shutdown signal occurs within a preset time (adjustable) of the
      first shutdown while the unit is starting or running, the control is
      locked out of automatic restart. The system can then only be started by
      manual control (at the turbine, not at the remote control) by the local
      maintenance operator. However, if a second shutdown does not occur within
      an hour, the control is automatically reset to a two-shot condition, such
      that restart is again available following the next shutdown.
PAR  In accordance with the above, the control system provides differentiation
      and proper response for the following three conditions:
     1.    Alarm only    Multiple restarts unlimited.                          
     2.    1 shot shutdown                                                     
                         Malfunction implies possible                          
                         damage if restarting is                               
                         permitted.                                            
     3.    2 shot shutdown                                                     
           or multiple   Permits multiple limited re-                          
                         starting attempts after                               
                         abort and within a pre-                               
                         scribed time period.                                  
PAR  Referring to FIG. 14B, there is shown an OR gate having a plurality of
      inputs, each connected so as to transmit a signal representing the failure
      of a condition requiring shutdown. Examples of such conditions are
      de-energization of the exhaust temperature relay, blade path relay, and
      vibration relay (due to fail-open of a respective switch). The output of
      the OR gate is connected to an AND gate, having a second input from master
      control (4Y1). Thus, whenever the master control relay is energized and
      any one of the two-shot shutdown conditions exist, an output is passed to
      the shutdown counter. The counter is normally set at 2, and counts down in
      increments to 1 and 0. The counter has two output terminals, for
      transmitting signals when the counter has counted down to 1 and 0
      respectively, and an automatic reset terminal for introducing a signal to
      reset the counter from 1 to 2.
PAR  In operation, upon the first shutdown, the counter counts down to 1,
      causing a trigger signal to be connected to the one hour timer (TD8). At
      the end of one hour, an output signal is generated by the timer which is
      coupled to the reset terminal of the counter. If the counter is still at
      1, it is reset to 2. If it is at 0, it cannot be reset by this signal. As
      shown, the counter may also be reset to 2 through a manual reset circuit
      located locally at the turbine. If two shutdowns occur within an hour, a
      lockout signal appears at the 0 count terminal, and the counter cannot be
      automatically reset.
PAR  Referring now to FIG. 14C, there are shown the conditions which must be met
      for automatic restart. Three inputs are connected to an OR circuit,
      carrying signals designating that the system is in either the minimum,
      base, or peak load state. When the system is in any one of such
      conditions, the OR circuit produces an output signal, designated the LSX
      (load select) signal. When this signal is present, and the lockout signal
      is not present, the two-shot restart signal R2X is generated, which
      permits automatic restart when the shutdown condition is corrected.
PAR  As seen in FIG. 14A, there is shown at 164 a manual push button 241 in
      series with reset relay RRX. The counter (designated 79) is shown at
      circuit 166, in series with switch 4Y1 (closed when the master relay is
      energized), and in series with a plurality of switches connected in
      parallel. These switches constitute the OR circuit, as shown in the upper
      block diagram, and are normally open when conditions are satisfactory.
      When a malfunction occurs for which a second try is permitted, the
      corresponding switch in circuit 166 is closed, thus triggering counter 79.
      The reset terminal of counter 79 is connected through switch TD8-1 to the
      positive bus line, and through diode 76.1 to the manual reset line 619.
PAR  At circuit 167, the timer TD8 is shown in series with normally open switch
      79-1 (which closes when the counter counts to 1) and normally closed
      switch 79-0 (which opens when the counter counts to zero). Also in series
      with switch 79-0 is switch LSX and relay R2X. At circuit 181, parallel
      switches MX1, BX, and PX form the OR circuit shown in the lower block
      diagram, and are in series with relay LSX. Switch R2X, closed when relay
      R2X is energized, is connected between the plus line and line 618
      (two-shot line). Switch RRX, closed when reset relay RRX is energized,
      connects the plus line with both line 618 and the one shot bus reset line
      619.
PAR  Circuit 183, the blade path temperature start circuit, contains blade path
      switches 295.1 and 295.2 in parallel, which switches are normally closed
      when the temperature is below 1300.degree.F. These switches are in series
      with relay BSX. It is seen that when only one of the two thermocouple
      switches fails open, the circuit is not affected. However, when both fail
      open (both sense temperatures exceeding 1300.degree.F) relay BSX is
      de-energized. This in turn causes the opening of a switch (not shown) in
      the shutdown circuit, causing system shutdown. The two temperature
      switches are connected through seal contact BSX to the plus line, and
      through blocking diode 76.13 to one-shot line 619.
PAR  In a similar fashion, shutdown relays BRX (circuit 184) and EX (circuit
      185) are de-energized upon fail open of both of a pair of thermocouple
      switches. These circuits are connected through diode 76.14 and 76.15
      respectively to two-shot line 618. At circuits 190 and 192, the vibrations
      and bearing temperature circuits respectively, the normally energized
      relays VBX and BT1X respectively are de-energized upon fail open of any
      one of the series contacts. The vibration circuit is connected through
      diode 76.20 to the two-shot line 618, and the bearing temperature circuit
      is connected through diode 76.21 to the one-shot reset line 619.
PAR  The operation of the two-shot control can be illustrated by examination of
      malfunctions of one of the turbine functions. For purposes of examination,
      it is assumed that the malfunction occurs in the turbine exhaust
      temperature limit circuit 185. When both switches 295.5 and 295.6 open,
      representing detection of exhaust temperature greater than 1050.degree.F,
      relay EX is de-energized and contact EX at circuit 166 is closed, setting
      counter 79 from 2 to 1. At the same time, another EX contact in the
      shutdown circuit (not shown) is open, causing shutdown of the turbine
      system. Under these circumstances, switch 79-1 in circuit 167 closes,
      initiating timing of a one hour period at timer TD8. Assuming selection of
      either manual, base, or peak operation at circuit 181, contact LSX is
      closed, causing energization of relay R2X and closing of switch R2X, such
      that the positive line is connected through to the two-shot line. Under
      these circumstances, it is seen that as soon as either one or both of the
      switches 295.5, 295.6 closes again, representing correction of the
      shutdown condition, relay EX is re-energized through diode 76.15. The
      shutdown circuit is then reset, permitting system restart. Assuming no
      further shutdowns, timer TD8 times out one hour, at which time switch
      TD8-1 closes, transmitting a reset signal to counter 79, resetting it to a
      2 count.
PAR  If, after automatic restart, a second shutdown occurs before the one hour
      period terminates, counter 79 is counted to 0. Switch 79-0 at circuit 167
      then opens, causing de-energization of relay R2X and opening of contact
      R2X, such that two-shot line 618 is not energized. Under these
      circumstances, the shutdown relay (e.g., EX) cannot be energized from the
      two-shot line even when the condition is corrected (or corrects itself).
      When the 1 hour is up, the signal through switch TD8-1 does not reset the
      timer, as this reset signal cannot reset it from a count of 0. The system
      can be restarted, and the counter reset only by the local operator by
      depressing push button 241. This causes closing of relay contact RRX
      (circuit 183) which connects positive voltage to the two-shot line 618.
PAR  The operation of the automatic turbine control restart circuitry is
      illustrated in FIG. 14D. At time T.sub.1, the malfunction occurs, causing
      a first abort. At time T.sub.2, the malfunction is corrected or corrects
      itself, and turbine restart is automatically enabled. At time T.sub.3, at
      the speed where the malfunction occurred during the first start, the
      malfunction does not re-occur, permitting continuation of a successful
      start. This action provides safe automatic turbine control restart,
      without a second command during the time the unit is decelerating. This
      option enhances the turbine starting reliability by permitting the
      starting control to automatically re-sequence for those type of
      malfunctions that may not occur on the second try. It is to be noted that
      more than two "shots" may be programmed for different malfunctions, the
      number of shots allocated to each condition being a matter of design
      choice.
PAR  Referring now to FIGS. 15-21, there are shown block diagrams of the speed
      and load control functions performed by the apparatus of this invention.
      The functions described are carried out by the apparatus as hereinabove
      described. However, it is to be understood that where such functions have
      been described as being carried out by pneumatic hardware, they can also
      be carried out by equivalent solid state hardware. For example, the speed
      changer and load changer functions may be performed by equivalent
      electronic function generators. In a similar manner the pneumatic
      controllers, totalizers, limiters, etc. may be replaced with equivalent
      solid state devices.
PAR  Referring now to FIG. 15, there are shown the conditions for achieving
      minimum load control. When the breaker has been closed and 99% speed
      attained, the output of the speed changer is adjusted upward according to
      the initial load setpoint. This upward adjustment brings the speed changer
      output directly up to the load scheduler minimum output (see FIG. 10).
      Under the conditions where the load scheduler is not energized, the speed
      load controller output produces the minimum signal which is communicated
      to the throttle valve, causing the load to increase to minimum load. As
      soon as the load scheduler begins to produce a ramp output, it takes over
      control and the turbine passes from minimum load control.
PAR  Referring now to FIG. 16, there is shown a block diagram of the base load
      control apparatus of this invention. The turbine, when ascending to base
      load, may be under control of the speed load controller, the load
      scheduler, the blade path controller, or the temperature exhaust
      controller, depending upon which of these is producing the lowest output
      signal. Note that, for any given day, base load is only a load point
      controlled by temperature control. The ramp generators are used to ascend
      to "base" and descend from "base," but it is the temperature control which
      maintains the turbine at base load. See FIG. 10, where after the 12 minute
      ramp, the exhaust temperature signal is controlling. When the generator
      breaker has been closed but the speed changer limit has not been reached,
      the speed changer produces an output which, when modified by the initial
      setpoint step up, forms an input to the speed load controller which
      provides an output during the time period from the closing of the
      generator breaker to initial load scheduler action. A load scheduler
      output is produced when the base load mode has been selected and as long
      as the load scheduler limit has not been reached. If the fast load mode
      has not been selected, the load scheduler output produces an output for
      normal loading, nominally in 12 minutes. If the operator has made a
      request for fast loading, the load scheduler output is modified to produce
      a fast loading signal, causing loading of the turbine in approximately 2
      minutes.
PAR  Still under base load control, when the generator breaker has been closed
      and base load has been selected, the P.sub.2C signal is combined with the
      blade path temperature signal to produce an input to the temperature
      controller, which provides a transient backup signal which, if lower than
      either the speed load controller or load scheduler signals, provides
      control of the throttle valve through an OR gate (the low signal select
      device 231). Similarly, when base load has been selected, the P.sub.2C
      signal is combined with the temperature exhaust signal and forms the input
      to the temperature exhaust controller, producing a steady state backup
      signal, as a second temperature backup throttle valve control. Thus, under
      base load control, after the generator breaker has been closed the speed
      load controller signal controls the throttle valve for the short period of
      time until the load scheduler signal assumes control and ramps the turbine
      up to base load. During the increase of load, both the blade path and
      exhaust signals are available as backup control signals. When the exhaust
      temperature signal becomes the smallest signal, it maintains the turbine
      at base load (see FIG. 10).
PAR  Referring now to FIG. 17, there is illustrated a block diagram of the means
      for providing control in the peak load mode. As with the base load mode,
      the load control signal which controls the throttle valve operation during
      ascent to "peak" may be derived either from the speed load controller or
      from the load scheduler. Again, when the generator breaker has been closed
      and the speed changer limit has not been reached, the speed changer
      provides an output which, adjusted by the initial load setpoint, provides
      an input to the speed load controller. It is to be noted that as soon as
      the speed changer limit is reached switch 194 opens to stop the synchro
      ramp. The load scheduler continues to produce an output as long as the
      load schedular limit has not been reached (switch 196 not open). However,
      as with the base mode, when the exhaust temperature setpoint is reached,
      the exhaust control takes over. The choice of load control determines the
      setpoint, and accordingly the steady state load level.
PAR  Referring to the blade path loop, it is seen that a signal representing
      P.sub.2C is produced when the generator breaker is closed, and is a
      function of whether the turbine system has been placed in peak load and/or
      system reserve load mode. This relates to the energization or
      de-energization of solenoids 136 and 137 respectively, which alter the
      biasing of the P.sub.2C signal which acts as a setpoint signal to the
      blade path controller. Similarly, the choice of load mode control affects
      the P.sub.2C signal which combines with the temperature exhaust signal to
      provide the inputs to the temperature exhaust control.
PAR  FIG. 18 illustrates the control when in the system reserve mode. This
      control is similar to that as described hereinabove for peak mode control,
      with the choice of system reserve mode altering the setpoint P.sub.2C
      signal for the blade path controller and exhaust temperature controller
      respectively.
PAR  Referring now to FIG. 19, there is shown the block diagram for fast loading
      selection. Fast loading may be selected either remotely (R) or locally
      (L). When such selection is combined with closing of the master relay, and
      the turbine has not passed 99% of full speed, a request for fast loading
      signal (FLX) is produced. If a flame is also detected, an output is
      provided to the fast loading pulse counter.
PAR  FIG. 20 represents the functional conditions for speed control during
      startup, or starting fuel control. The detection of instrument air,
      blowdown valve close, the P.sub.2C signal and the ambient air temperature
      signal, as well as the absence of any load control, produces a signal
      (representative of P.sub.2C) which is combined with a blade path
      temperature signal to provide the variable and setpoint inputs for the
      blade path controller. The output of the blade path controller can be
      utilized as a signal in controlling the starting valve for speeds up to
      about 45%. For speeds from about 45% to 100% of synchronous speed, speed
      control is normally effective as the main control parameter via speed load
      controller. For speeds less than 95% when the bleed valves are open, the
      acceleration limiter produces an output which is a linear function of
      P.sub.2C. For speeds greater than 95%, when the bleed valves are closed,
      the acceleration limiter is translated downward but continues as a linear
      function of P.sub.2C. The lowest selected signal among the acceleration
      limiter, the blade path signal, and the speed load controller signal, is
      delivered to the throttle valve. For speeds greater than 2100 r.p.m. (45%)
      and less than 99%, with the turbine not ready to load (RTL), there is
      produced a linear ramp speed changer output. If the system is ready to
      load and speed has passed over 99%, and the system is in automatic or
      manual synchro, the speed changer also provides an output. The speed
      changer output and the speed signal are combined to produce an error
      signal at the speed load controller which provides speed control from 2100
      r.p.m. to synchronous speed.
PAR  Referring now to FIG. 21, there is shown a block diagram for the functional
      operations under manual load control. When the operator has placed the
      system in base, peak, or system reserve control (but not minimum load),
      and the load scheduler limit switch has been closed (indicating that the
      load scheduler went to maximum position) manual load control through
      manual operation of the speed changer may be achieved. The operator may
      choose to raise or lower load and may do so by manually depressing either
      a RAISE or LOWER manual control button, under the conditions where the
      load is above minimum load, and as long as the speed changer limit switch
      is not closed (the speed changer has not reached its maximum position).
      Under these conditions, manual pressing of either the RAISE or LOWER
      button causes corresponding increasing or decreasing output of the speed
      changer 65S, producing an output from the speed load controller which is
      lower than the output of the load scheduler, thus providing control of the
      throttle valve between loads of 10% and 100%. In the increase loading
      direction the load rate limiter imposes a time delay in the manual load
      mode. It is inactive in the lower direction.
PAC  G. SPEED-LOAD HOLD AND LOCK SUBSYSTEM
PAR  Referring now to FIGS. 22A and 22B, there is shown an alternate embodiment
      of the speed and load control circuits, which alternate embodiment is
      designed to give the operator greater flexibility and choice for holding
      and locking any desired load level. This embodiment provides a degree of
      operator flexibility not previously available in any other known analog or
      digital control systems for a turbine. In the following discussion of
      FIGS. 22A and 22B, reference will be made to the individual circuits which
      comprise the subsystem, which are designated by capital letters.
PAR  Most of the circuit components of the subsystem of this embodiment are
      similar to those described hereinabove, and in such cases the same numeral
      identifications are utilized. The primary component difference in this
      embodiment is that the loading synchro is comprised of two distinct
      loading synchros, namely a 12 minute loading synchro designated 65L-2,
      which provides a linear ramp loading signal which reaches its full output
      in 12 minutes, and a two minute loading synchro 65L-1 which reaches its
      full output in 2 minutes. The two loading synchros are interconnected,
      with the output of each being connected as a tracking input signal to the
      other. The air supply to the respective loading synchros is controlled
      such that the selected synchro provides its normal output, while the other
      synchro tracks along, such that at any given time both synchros are at a
      position so that they provide the same output. In this manner, selection
      can be switched from one to the other at any time during loading or
      unloading. In this way a continuous load signal is maintained. Under
      normal operation, synchro 65L-2 (12 minute) is energized, 65L-1 being
      energized only when specifically selected or when a load hold or manual
      load point is desired.
PAR  In the discussion to follow, reference is also made to Table D hereinbelow,
      which sets forth the operating conditions of a number of the subsystem
      components.
TBL                TABLE 1                                                     
     ______________________________________                                    
     196:    pressure switch; contacts open when 65L                           
             output reaches 100%.                                              
     197:    pressure switch; contacts open when 65L                           
             output reaches its minimum position.                              
     193:    pressure switch; contacts close at 99%                            
             speed.                                                            
     195:    speed changer windback switch; contacts                           
             closed during windback, and open at mini-                         
             mum output.                                                       
     194:    pressure switch; contacts open at full 65S                        
             output, to stop 65S.                                              
     201:    pressure switch; starts speed changer at                          
             50% speed.                                                        
     RTLX:   contacts close at ready to load.                                  
     52:     switches at generator breaker closing.                            
     37L:    pressure switch; contacts open at MIN load.                       
     ______________________________________                                    
PAR  As is seen in FIG. 22B, circuits S and T, this subsystem utilizes just one
      RAISE button and one LOWER button, each button being utilized for raising
      and lowering the speed control signal as well as the load control signal.
      Upon closing of the RAISE button 65RB, relay 65RX is energized as long as
      the LOWER button 65LB is not closed. Conversely, when the LOWER 65LB
      button is pressed, relay 65LX is energized, on the condition that the 65RX
      relay is not energized.
PAR  Operation of the overall speed and load control subsystem is derived from
      the following operations:
PAR  1. When the MIN load button is pushed (see FIG. 13), normal start, the two
      65L synchros stay at MIN position and the 65S synchro automatically goes
      to full position, 65SR being energized through circuit M until contacts
      194 (6318S) are opened at the full speed synchro position. This
      automatically allows 10% load. It is noted that in this operation neither
      65RX nor 65LX is energized.
PAR  2. When the base load mode is selected (FIG. 13), normal start, 65L-2
      automatically goes to its full position, 65LR being energized through
      circuit C until contacts 196C open at full load signal (upon energization
      of relay 196X). Synchro 65S goes to full output, 65SR being energized
      through circuit M until contacts 194 open at full output. (196X opens when
      contacts 196 open at full synchro speed output). This permits loading to
      the limit of the base temperature curve.
PAR  3. After the turbine is in the MIN load position, either the RAISE or LOWER
      button is pushed. This gives manual control of load synchro 65L-1, either
      through circuits B, C or B, E respectively. In either case, speed synchro
      65S goes to full position through circuit M.
PAR  4. All manual operation and selection of RAISE/LOWER automatically switches
      to 65L-1.
PAR  5. After the system has been placed in the base load mode, pushing either
      the RAISE or LOWER button causes grabbing manual control of 65S after the
      load synchro reaches full output through circuit C. When it reaches this
      position, and the RAISE or LOWER button is pushed, relay TSLX is energized
      through circuit Q, and consequently either 65SL or 65SR is energized
      through circuit I when the TSLX contacts there close. This permits manual
      raising or lowering of load on speed control. When the turbine is at base,
      peak or system reserve load level, and the MIN button is pushed, synchro
      65L-1/65L-2 automatically goes to the MIN level, due to energization of
      65LL through circuit E.
PAR  6. At the same time, 65S stays up at its full level. This action permits
      automatic load reduction to the low limit. If manual control of
      65L-1/65L-2 has been previously obtained (by pushing MIN to get manual
      control of 65L), and then MIN is pushed, no changes in the position of 65L
      takes place. If it is desired to return to MIN load, this must be done
      manually. Once minimum load is reached, 65S goes to full output, if not
      already there.
PAR  7. If the turbine is on base, peak or system reserve control, and 65L is at
      full output, and then either the RAISE or LOWER button is pushed, manual
      control of 65S is obtained through circuit I, since contacts TSLX are then
      closed. 65L stays at full output, since 196X is open in circuit C.
PAR  8. When under manual control of 65S, and the MIN button is pushed, 65L
      automatically goes to the MIN position through circuit E, and is stopped
      when contacts 37Lx open at MIN level (10%). Synchro 65S stays where it
      was. This permits unit to be held at 10% load.
PAR  9. When under manual control of 65S, and MIN is momentarily pushed and then
      base is re-pushed, 65L is already at full output (see 5 above), and stays
      there. 65S automatically goes to full where it is limited by the opening
      of contacts 194 through circuit M, thereby putting the turbine in base
      temperature limit control.
PAR  10. When under manual control of 65L, and base is pushed, 65S is already at
      full, and 65L automatically goes to full through circuit C, to get to base
      temperature limit control.
PAR  11. When at base load, and either the RAISE or LOWER button is pushed after
      also pushing MIN, (see 6 above), 65L starts to lower until either 65LX or
      65RX are closed in circuit P, thereby energizing MSLX and opening contacts
      MSLX in circuit E, thereby de-energizing 65L-1 to hold load at this level.
PAR  12. When in the base mode (65S and 65L are at full positions), and the
      normal shutdown button (NSC) is pushed, 65L automatically returns to MIN
      through circuits D, E to prepare for shutdown. 65S stays where it is until
      after shutdown.
PAR  13. When normal shutdown is pushed from any other position but base, 65L
      automatically goes back to the MIN position through circuits D, E, and 65S
      stays where it was until after shutdown, or until it is manually changed
      through circuits J, L, or where the automatic synchronizer grabs it
      through circuit L.
PAR  14. If the shutdown cancel (NSC) is pushed at circuit Y, shutdown is
      interrupted due to the opening of contacts 130 in circuit D.
PAR  15. If the generator circuit breaker goes on base, peak, system reserve or
      MIN mode, thus opening contacts 52, 65S returns to resync and reload,
      while 65L stays at full position.
PAR  The use of the speed-load control subsystem in operation can now be
      described. The selectable options for load provision may be described as
      follows:
PAR  A. Minimum -- Initial 10% load step and manual load control from 0 to base
      load. This position is used to hold load independent of system frequency
      change.
PAR  B. Base Load -- Initial 10% load step and ramp to preset base line as a
      function of combustor pressure and turbine exhaust temperature. Part load
      operation can be had by reducing the speed reference and automatically
      removing the machine from temperature control to speed control by use of
      the speed/load lower button (after the unit has reached temperature
      control as sensed by the loading synchro reaching full position).
PAR  C. Peak Load -- Initial 10% load step and ramp to preset peak line as a
      function of combustor pressure and turbine exhaust temperature. Part load
      operation can be had by reducing the speed reference and automatically
      removing the machine from temperature control to speed control by use of
      the speed/load lower button (after the unit has reached temperature
      control as sensed by the loading synchro reaching full position).
PAR  D. System Reserve -- Can only be selected after the generator breaker is
      closed, and permits the unit to ramp to a pre-set system reserve line as a
      function of combustor pressure and exhaust temperature. Part Load
      operation can be had by reducing the speed reference and automatically
      removing the machine from temperature control to speed control by use of
      the speed/load lower button (after the unit has reached temperature
      control as sensed by loading synchro reaching full position).
PAR  In minimum control operation minimum load is selected by the operator. The
      65S synchro motor is energized by the pressure switch at 50% speed, and
      proceeds until it is stopped at full output by a pressure switch 194.
      Operator control permits manual raise/lower control over synchro 65S to
      permit overspeed checkout of controls with the generator breaker open. At
      ready to load (98% speed) the synch circuit is armed. If the unit
      interlocks are ready for synchronizing, the autosynch raise/lower pulses
      begin on 65S to match speeds. When synchronizing conditions are met, the
      generator breaker is automatically closed. Solenoid 187 (circuit W) is
      energized to permit the 10% step to the minimum power level, whatever has
      been selected to accommodate a dead load pickup, within 25% of machine
      capability. Synchro motor 65S drives to full position and de-energizes.
      The turbine is now under constant load control, with the power output
      holding roughly constant with changing ambient temperature and line
      frequency, even though speed varies to the low frequency or low speed
      limit.
PAR  While under minimum control, if higher or lower load is required, the
      subsystem provides for requesting a new setpoint by use of the common
      raise/lower push buttons. Change in load is accomplished by energizing 65L
      to a raised or lower output, the maximum output being limited by base load
      temperature control and the minimum limited only by reverse power
      limitation.
PAR  If it is desired to establish the turbine on temperature control, the
      operator, as in the earlier described embodiment, places the turbine in
      either base, peak or system reserve mode of operation. On the command for
      one of the above load modes, 65L is driven automatically to its full
      position and deenergized. A temperature light corresponding to the
      selected control mode is illuminated. The selection of a temperature
      control mode nullifies load control and, after the load synchro reaches
      full position, permits manual speed control reduction of the load.
PAR  When in base, peak or system reserve operation, if it is desirable to
      reduce load or to put the unit on speed control for load sharing from the
      temperature control mode, it can be accomplished by lowering mode control
      temperature via the common "LOWER" button until the control signal output
      is less than the temperature limit, thereby selecting speed control as the
      controlling variable. The control acts to identify this mode of operation
      by causing the speed control light to be lighted.
PAR  If it is desirable to return to the MIN position for maintenance of
      "Spinning Reserve," it is only necessary to reselect MIN position by
      selecting that button. At that time, the base, peak or system reserve
      light will be extinguished and the MIN position button lighted. The
      control system drives 65L to the MIN load position, where it is
      de-energized by 37LX. The 65S synchro remains at its pre-set condition and
      can serve as a load limiter. If it is desired to go above it, the operator
      may position to base and the 65S synchro will then auto wind-out to full
      position.
PAR  Normal shutdown is achieved by selection of the normal shutdown button,
      which drives 65L to the minimum load. If the operator receives a charge
      from the dispatcher calling for load while programming back to MIN load,
      he may depress the "cancel" normal shutdown button. The control will then
      re-ramp 65L to its full position, or can be stopped at the discretion of
      the operator.
PAR  A unique feature built in to the control permits the operator by visual
      inspection to inhibit auto lead decrease or increase from either
      temperature control (B, P, SR) to minimum (load control) or from MIN to
      base (speed control), simply by depressing the raise or lower button to
      stop the auto movement of the required synchro (65L load control, 65S
      speed control).
PAR  The auto lock circuitry then anticipating manual control will permit manual
      change in setpoint. Request for reautomation if in MIN is permitted by
      pushing for Base, Peak or System Reserve.
PAR  If while operating at load the generator breaker trips, the machine is then
      only sensitive to "SPEED CONTROL." At this point, the unit generator
      breaker will trip and the 65S synchro is returned by the auto synchronizer
      to the synchronous speed condition. Deactivation of the auto synchronizer
      will require that the operator return speed from 105% to the idle position
      for the next manual synchronizing.
PAR  As discussed above, there are two operator selectable automatic loading and
      unloading rates, normal and fast. However, when the raise/lower buttons
      are pushed, the fast rate is automatically selected for manual load or
      speed control to give fast response from the push buttons. The loading or
      unloading of the machine is at the operator's discretion. This ability to
      change at any time the loading rates (65L-1, 65L-2) is due to the tracking
      feature described hereinabove.
PAR  If the unit is on speed control at part load (i.e., less than 100%) under
      manual control, the TSLX relay will be energized to inhibit the automatic
      circuitry of 65S for manual over-riding. From this position the operator
      may return the unit to base, peak or system reserve limit by manually
      depressing the raise push button to cause 65S to drive to its full
      position. The travel of the 65S synchro can be completed in as short as
      (20) seconds by the operator, but the load rate limiter will schedule load
      to the (2) minute loading rate.
PAR  The temp locking relay will remain energized and sealed until minimum load
      is selected or the breaker trips.
PAR  If it is desirable to release the lock relay and permit the unit to reload
      automatically to base, peak or system reserve, it is only necessary to
      momentarily push the MIN button and then the desired loading button (B, P,
      SR). This action releases the TSLX lock and engages the auto circuit to
      drive the 65S synchro to its full position (as accomplished above on
      manual).
PAR  If the unit is on load control at part load under manual control, the MSLX
      relay will be energized to inhibit the automatic circuitry of 65L for
      manual over-riding. From this part load position, the operator may raise
      the unit to base temperature limit manually by depressing the raise button
      to cause 65L to drive to its full position. If it is desired to release
      the lock relay and permit the unit to load automatically to base, peak, or
      system reserve, it is only necessary to momentarily push the desired
      selection button. This will cause release of the MSLX lock and engage the
      65L synchro to its full position (as accomplished above on manual).
PAR  Return to MIN load automatically from any partial load can be accomplished
      by pushing base, peak, or system reserve momentarily, and then re-pushing
      MIN position to cancel the TSLX lock and re-engagae the 65L synchro drive.
PAR  As discussed hereinabove, the load control path of the control system of
      this invention may be either open loop or closed loop. FIG. 23A
      illustrates the essential components of the load and speed control paths,
      for the closed loop system. Pressure switches 196 and 194 limit the
      outputs of load synchro 65L and speed synchro 65S respectively. FIG. 23B
      shows a modification of the apparatus for providing the reset signal to
      load controller 265, where the closed loop load control is used with the
      speed/load hold and lock system. In this case, the load synchro 65L is
      replaced with two load synchros, 65L-1 and 65L-2, each adapted to track
      the selected one, and providing 2 minute and 12 minute ramps respectively.
      Air is supplied to the selected load synchro through solenoid valve FL-S,
      and the tracking synchro input is shunted from the air supply by valve
      FL-A, which vents the input of the tracking synchro to atmosphere. Thus,
      when 65L-1 is chosen, both FL-S and FL-A are de-energized, such that air
      is supplied to 65L-1 and the input to 65L-2 is vented to atmospheric
      pressure. When 65L-2 is chosen, both FL-S and FL-A are energized. However,
      the tracking inputs T-1, T-2 enable the non-selected synchro to track the
      chosen synchro, such that switchover from one to the other can be effected
      immediately.
PAR  Operation of the closed loop load and speed control, combined with the
      speed/load hold and lock system described hereinabove, provides
      substantially infinite adjustability of load on either speed or load
      control. When minimum load is called for, manual control of 65L-1 in
      either ascending or descending direction is obtainable. Correspondingly,
      when base load is called for by pushing the base switch, manual control
      65S is obtainable. The maximum points of 65S and 65L-1, 65L-2 are
      interlocked by contacts 194 and 196 respectively.
PAC  H. MONITORING SYSTEM
PAR  The turbine power plant of this invention has, as a necessary adjunct to
      the control system, a monitoring system which provides display, alarm and
      shutdown functions. Portions of such monitoring system have been described
      hereinbefore. In particular, with regard to the two shot feature described
      hereinabove, reference was made to monitoring bearing temperature and
      exhaust temperature. A disclosure has also been made of the means provided
      for displaying which control path is generating the low select signal.
      Table 2 below presents a partial list of alarm and shutdown functions
      carried out by the turbine monitoring system of this invention:
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     ALARM AND SHUTDOWN FUNCTIONS                                              
             LOCAL   REMOTE  2   1                                             
     NAME    START RUN                                                         
                     START RUN                                                 
                             SHOT                                              
                                 SHOT                                          
                                     ALARM SETTING                             
     __________________________________________________________________________
     BP START                                                                  
     OT No.1*                                                                  
             SD  --  SD  --      X                                             
                                     X    1300.degree.F                        
     BP START                                                                  
     OT No.2*                                                                  
             SD  --  SD  --      X                                             
     BP RUN* SD  SD  SD  SD  X                                                 
                                     X    1080.degree.F                        
     BP RUN* SD  SD  SD  SD  X                                                 
     BP DIFF                         X    100.degree.F                         
     TURB EXH.*                                                                
             SD  SD  SD  SD  X                                                 
                                     X    1050.degree.F                        
     TURB EXH.*                                                                
             SD  SD  SD  SD  X                                                 
     TURB EXH.                                                                 
     DIFF     A   A   A   A               100.degree.F                         
     DISC CAVITY                                                               
              A   A   A   A          X                                         
     LOW LUBE                                                                  
             SD  SD  SD  SD  X       X                                         
     HI GAS                                                                    
     PRESS   Permissive                                                        
                                     X                                         
     LOW GAS                                                                   
     PRESS   SD  SD  SD  SD  X                                                 
     TURB                                                                      
     OVERSPD SD  SD  SD  SD  X       X                                         
     110 VDC SD  SD  SD  SD  X       X                                         
     VB1-S VI-                                                                 
     BRATION                                                                   
     (5M)     A  --  SD  --  X       X                                         
     VB1-R ABOVE                                                               
     95%N(3M)                                                                  
             --   A  --  SD  X       X                                         
     VB1-0 OPEN                                                                
     P.V.     A   A   A   A          X                                         
     (for each                                                                 
     monitored                                                                 
     position)                                                                 
     BEARING SD  SD  SD  SD      X   X    200.degree.F                         
     BEARING SD  SD  SD  SD      X   X    230.degree.F                         
     BEARING SD  SD  SD  SD      X   X    230.degree.F                         
     BEARING SD  SD  SD  SD      X   X    230.degree.F                         
     BEARING SD  SD  SD  SD      X   X    170.degree.F                         
     BEARING SD  SD  SD  SD      X   X    170.degree.F                         
     LUBE LEVEL                                                                
              A   A  SD  SD  X       X    --                                   
     BRG. OIL                                                                  
     TEMP     A   A  SD  SD  X       X    140.degree.F                         
     SPD SYST                                                                  
     FAILURE  A   A   A   A          X    5% Diff.                             
     7A OUTFIRE*                                                               
             SD  SD  SD  SD  X                                                 
                                     X    (option 1,                           
     8A OUTFIRE*                                                               
             SD  SD  SD  SD  X            2, 3 tries)                          
     7B OUTFIRE*                                                               
             SD  SD  SD  SD  X                                                 
                                     X                                         
     8B OUTFIRE*                                                               
             SD  SD  SD  SD  X                                                 
     __________________________________________________________________________
      *Takes one to alarm, two to shut down.                                   
PAR  From inspection of Table 2, it is seen that control can be maintained by
      the operator at either a local or remote station. Depending upon the point
      of control, alarm and/or shutdown functions may be scheduled differently.
      In addition, any given function may be subject to one-shot, two-shot, or
      n-shot control, where n is any number of shots that the user may want to
      have available. The system provides complete flexibility in providing
      which functions are to be subject to 2-shot or n-shot control. Further,
      the alarm and shutdown functions may be made dependent upon predetermined
      ranges of operation. As shown in the Table, the alarm and shutdown
      functions may be varied depending upon whether the turbine is in the start
      mode of operation or run mode. This may be accomplished either by plural
      sensing circuits, or sensing circuits which are switchable upon passage of
      the turbine from one operating point to a next, such that the alarm or
      shutdown loop is switched from the single shot to two shot form of
      operation, or vice versa.
PAR  The design philosophy of the control system and the monitoring system of
      this invention is that of providing "load availability," i.e., to make
      every effort to continue supplying power. To meet this need it is
      imperative that turbine shutdown occur only in response to actual shutdown
      conditions, and be prevented unless damage is probable. It is also
      necessary that the control scheme alert the operator, without causing
      shutdown, when it is the monitoring system or control system itself which
      is malfunctioning, i.e., when sensor or component failures cause the
      alarm. In such cases, it is highly desirable to provide a maximum amount
      of information to the operator without interrupting load availability.
PAR  Two basic approaches to obtaining reliability in a monitoring circuit are
      seen in examples set forth in this disclosure. The design illustrated in
      the exhaust and blade path circuits, FIG. 6A, involves plural hardware
      paths with auctioneering selection of designated direction of failure for
      the final output signal. This approach is based upon the premise that,
      when the hardware fails, it fails in a designated direction. Specifically,
      the high pressure select element effectively eliminates the path
      containing a failure, and selects the high signal path which presumably
      does not contain a failure. It is understood that this approach, by its
      nature, is not a "fail safe" approach, since both paths may be producing
      erroneously low signals. In the "fail safe" type of design, the monitored
      condition must be properly sensed by a plurality of sensors, and if any
      one of the sensor paths fails, failure is indicated. Reliability of this
      approach can be improved by complete redundancy of each given sensor
      function. Thus, in the disc cavity protection circuit of this turbine
      control system thermocouple pairs are utilized with paralleling of the
      final output contacts. The parallel contact pairs are in turn connected in
      series so that, if any one of the thermocouple pairs fails open, shutdown
      is caused. However, there remains a great requirement for a compromise
      design between the non-fail safe drive direction arrangement which negates
      any possible shutdown, and the fail safe arrangement which causes
      shutdown, and therefore non-availability.
PAR  Referring now to FIGS. 26A and 26B, there is illustrated a unique apparatus
      and method which achieves the desired compromise, and which clearly
      distinguishes the existence of an alarm condition from a condition of
      component or thermocouple failure, without causing shutdown. In the
      embodiment shown, there is provided an operational amplifier 404 having
      inputs connected to a thermocouple (designated T/C). The input to the
      operational amplifier is adjusted by positioning variable resistor 401,
      and the downdrive (thermocouple open) input is connected at terminal 403.
      The output of the operational amplifier is connected to a pair of
      comparators 409 and 410 having setpoint adjustment resistors 406 and 407
      respectively connected between their inputs and ground. The output of the
      comparators are connected to relays 411 and 412 respectively. In addition,
      the output of comparator 409 is connected through normally closed contacts
      411-1 to an indicator 414, and the output of comparator 410 is connected
      through normally closed contacts 412-1 to indicator 415. Normally open
      output contacts 411-2 and 412-2, operated by relays 411 and 412
      respectively, provide the alarm (or shutdown) outputs.
PAR  The operation of the arrangement of 26B is understood in conjunction with
      FIG. 26A, showing a typical characteristic of a thermocouple. When an
      actual alarm condition is reached, e.g., over temperature in a bearing
      protection circuit, the high alarm setpoint is reached, causing an output
      at comparator 409. This energizes relay 411, thus opening contacts 411-1
      and turning off light 414, and closing contacts 411-2 to provide the alarm
      signal. This alarm signal is unequivocal, and represents a high alarm
      condition.
PAR  In the event of thermocouple open, or failure elsewhere in the elctronic
      circuitry, the operational amplifier is driven to negative saturation. The
      setpoint adjustment resistor 407 is set to a temperature equivalent of
      -50.degree.F, to establish a "nonreasonable" condition that is distinct
      from the high setpoint alarm condition, and which would not reasonably be
      reached under operating conditions since -50.degree.F is out of the normal
      range of expected temperature. Consequently, utilization of this setpoint
      does not subject the control arrangement to nuisance alarming which would
      be the expected response from any typical temperature control having a
      setpoint in the operating range. Upon thermocouple or component failure,
      the output of operational amplifier 404 drops below the -50.degree.F
      setpoint, causing an output from comparator 410. This in turn energizes
      relay 412 and opens contacts 412-1, thus turning off the indicator light
      415. In addition, contacts 412-2 are closed, providing the alarm failure.
      When this alarm failure occurs, the operator can see that light 414
      remains on, and that consequently the high condition has not been reached
      but that there is thermocouple or other component failure. The circuit
      thus provides an unambiguous representation of the type of failure which
      has been sensed, and provides the desired compromise between the fail safe
      and non-fail safe type of monitoring arrangements.
PAR  From the above, it is seen that there is disclosed a gas turbine electric
      power plant having a control system which possesses a logic capability
      comparable to digital computer-controlled systems, but having reliability
      and adaptability features which are an improvement over present digital
      control systems. In the turbine control system of this invention, each of
      the separate control paths has a continuously operating and independent
      turbine-control system interface. The control system is structured with a
      modularity that permits great flexibility in design and provides for an
      enhanced visual output, or indication to the operator of system
      conditions. Thus, while the preferred embodiment of the control system as
      illustrated is pneumatic, the entire system, or discrete portions thereof,
      may be constructed in alternate forms, e.g., solid state electronic
      hardware. Each of the illustrated control loops, as well as the
      temperature reset starting control subsystem, wherein function generators
      are utilized, can be adapted to use solid state components, if desired. As
      used herein to describe portions of the control system, the term modular
      means that the portion as a unit (or module) can be replaced with a unit
      which is different structurally, but which performs the same function, and
      without impairment of the control system display.
PAR  It is also to be noted that many of the unique features of the control
      system of this invention may be incorporated in digital, or software form.
      Thus, the logic and scheduling steps of the illustrated bearing protective
      subsystem may be carried out by a programmed digital computer, with
      suitable conventional interface between the turbine and the subsystem. In
      a similar manner, the "pop and glide" sequence control and the "two shot"
      method of automatic restart after shutdown can be carried out with
      equivalent software means. The speed-load hold and lock system has
      likewise been described in an electronic-pneumatic form, but may be
      embodied in software form.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gar turbine electric power plant comprising:
PA1  a. a gas turbine having compressor, combustion and turbine elements;
PA1  b. a generator coupled to said gas turbine for drive power;
PA1  c. a generator breaker for coupling said generator to a power system;
PA1  d. a fuel system for supplying fuel to said gas turbine combustion element;
PA1  e. means for operating said fuel system so as to control said supplied
      fuel; and
PA1  f. a control system which produces a control signal for controlling said
      fuel system operating means, including means for automatically changing
      said control signal at generator breaker closing to provide for an
      immediate pickup of load by said generator wherein said automatic changing
      means produces a control signal having a step change at generator breaker
      dosing, and said step change causes a step change in said supplied fuel
      said control system further including a plurality of control paths, said
      control paths including at least a speed control path for generating a
      speed control signal and a load control path for generating a load control
      signal, and means for selecting said control signal from among said
      control path signals wherein said speed control path is adapted to start
      speed signal rising before generator breaker closing, said load control
      path is adapted to start said load signal rising upon generator breaker
      closing at a level substantially the same as said speed signal at such
      closing, and said load signal increases at a slower rate than said speed
      signal after generator breaker closing, such that said speed signal
      normally is the selected control signal before generator breaker closing
      and said load signal normally is the selected control signal only after
      generator breaker closing.
NUM  2.
PAR  2. The gas turbine electric power plant as set forth in claim 1 further
      comprising means to alter the rate of increase of said load signal.
NUM  3.
PAR  3. The gas turbine electric power plant as set forth in claim 2, wherein
      said load signal and speed signals are pneumatic signals, and wherein said
      speed control path includes means for adding a step increase to said speed
      signal at generator breaker closing.
NUM  4.
PAR  4. The gas turbine electric power plant as set forth in claim 3 wherein
      said means for adding a step includes means for adjusting said step
      increase.
NUM  5.
PAR  5. The gas turbine electric power plant as set forth in claim 4 wherein at
      least one of said plurality of control paths of said control system
      produces a signal responsive to a temperature at a predetermined portion
      of said turbine, which signal is normally higher than said speed signals
      before generator closing and higher than said load signal after generator
      closing, and which acts as a temperature backup signal.
NUM  6.
PAR  6. A gas turbine electric power plant comprising:
PA1  a. a gas turbine having compressor, combustion and turbine elements;
PA1  b. a generator coupled to said gas turbine for drive power;
PA1  c. a generator breaker for coupling said generator to a power system;
PA1  d. a fuel system for supplying fuel to said gas turbine combustion element;
PA1  e. means for operating said fuel system so as to control said supplied
      fuel; and
PA1  f. a control system which produces a control signal for controlling said
      fuel system operating means, said control system including a speed control
      path for generating a speed signal, a load control path for generating a
      load signal, means for automatically adding a step to said speed signal at
      closing of said generator breaker, means for selectively adapting said
      load signal generator at said breaker closing to produce said load signal
      at a level substantially equal to that of said speed signal, and means for
      continuously comparing said speed signal and load signal and deriving said
      control signal as a predetermined function of said comparison.
NUM  7.
PAR  7. The gas turbine electric power plant as set forth in claim 6 wherein
      said control system further includes a plurality of control paths,
      including at least a speed control path for generating a speed control
      signal and a load control path for generating a load control signal, and
      means for selecting said control signal from among said control path
      signals.
NUM  8.
PAR  8. The gas turbine electric power plant as set forth in claim 7 wherein
      said speed control path is adapted to start said speed signal rising
      before generator breaker closing, said load control path is adapted to
      start said load signal rising upon generator breaker closing at a level
      substantially the same as said speed signal at such closing, and said load
      signal increases at a slower rate than said speed signal after generator
      breaker closing, such that said speed signal normally is the selected
      control signal before generator breaker closing and said load signal
      normally is the selected control signal only after generator breaker
      closing.
NUM  9.
PAR  9. The gas turbine electric power plant as set forth in claim 8 further
      comprising means to alter the rate of increase of said load signal.
NUM  10.
PAR  10. The gas turbine electric power plant as set forth in claim 9 wherein
      said load signal and speed signals are pneumatic signals, and wherein said
      speed control path includes means for adding a step increase to said speed
      signal at generator breaker closing.
NUM  11.
PAR  11. The gas turbine electric power plant as set forth in claim 10 wherein
      said means for adding a step includes means for adjusting said step
      increase.
NUM  12.
PAR  12. The gas turbine electric power plant as set forth in claim 11 wherein
      at least one of said plurality of control paths of said control system
      produces a signal responsive to temperature at a predetermined portion of
      said turbine, which signal is normally higher than said speed signal
      before generator closing and higher than said load signal after generator
      closing, and which acts as a temperature backup signal.
NUM  13.
PAR  13. The gas turbine electric power plant as set forth in claim 6 wherein
      said load control path is open loop.
NUM  14.
PAR  14. The gas turbine electric power plant as set forth in claim 6 wherein
      said load control path is closed loop.
NUM  15.
PAR  15. A gas turbine electric power plant comprising:
PA1  a. a gas turbine having compressor, combustion and turbine elements;
PA1  b. a generator coupled to said gas turbine for drive power;
PA1  c. a generator breaker for coupling said generator to a power system;
PA1  d. a fuel system for supplying fuel to said gas turbine combustion element;
PA1  e. means for operating said fuel system so as to control said supplied
      fuel; and
PA1  f. a control system which produces a control signal for controlling said
      fuel system operating means, said control system including a speed-load
      control path for generating a speed-load signal and means for
      automatically producing a step change in said speed-load signal at closing
      of said generator breaker, a load control path for generating a load
      signal, and means for selecting said speed-load signal or said load signal
      as said control signal after said generator breaker closing.
NUM  16.
PAR  16. The gas turbine electric power plant as described in claim 15 wherein
      said selecting means is adaptable to make said selection depending upon
      the desired load level provided by said generator.
NUM  17.
PAR  17. The gas turbine electric power plant as described in claim 16 wherein
      for a first selected load level, said load control path does not generate
      a load signal following breaker closing, and said speed control path
      generates an increasing signal after breaker closing until said selected
      load level is reached.
NUM  18.
PAR  18. The gas turbine electric power plant as described in claim 16 further
      comprising means for initiating generating of said load signal at said
      breaker closing to produce said load signal at a level substantially equal
      to that of said speed-load signal for predetermined selected load levels,
      and means for continuously comparing said speed-load signal and said load
      signal and deriving said control signal as a predetermined function of
      said comparison.
NUM  19.
PAR  19. A gas turbine electric power plant comprising:
PA1  a. a gas turbine having compressor, combustion and turbine elements;
PA1  b. a generator coupled to said gas turbine for drive power;
PA1  c. a generator breaker for coupling said generator to a power system;
PA1  d. a fuel system for supplying fuel to said gas turbine combustion element;
PA1  e. means for operating said fuel system so as to control said supplied
      fuel;
PA1  f. a control system which produces a control signal for controlling said
      fuel system operating means, including means for automatically changing
      said control signal at generator breaker closing to provide for an
      immediate pickup of load by said generator wherein said automatic changing
      means produces a control signal having a step change at generator breaker
      closing, and said step change causes a step change in said supplied fuel;
PA1  g. said control system having a plurality of control paths each generating
      respective control signals, at least one of said signals being a function
      of the turbine ambient temperature, and having means for selecting one of
      said control path signals as said control signal in accordance with a
      predetermined comparison of said control path signals said plurality of
      control paths including a speed control path for generating a speed
      control signal and a load control path for generating a load control
      signal, wherein said speed control path is adapted to start said speed
      signal rising before generator breaker closing, said load control path is
      adapted to start said load signal rising upon generator breaker closing at
      a level substantially the same as said speed signal at such closing, and
      said load signal increases at a slower rate than said speed signal after
      generator breaker closing, such that said speed signal normally is the
      selected control signal before generator breaker closing and said load
      signal normally is the selected control signal only after generator
      breaker closing.
NUM  20.
PAR  20. The gas turbine electric power plant as set forth in claim 19
      comprising means to alter the rate of increase of said load signal.
NUM  21.
PAR  21. The gas turbine electric power plant as set forth in claim 20 wherein
      said load signal and speed signals are pneumatic signals, and wherein said
      speed control path includes means for adding a step increase to said speed
      signal at generator breaker closing.
NUM  22.
PAR  22. The gas turbine electric power plant as set forth in claim 21 wherein
      said means for adding a step includes means for adjusting said step
      increase.
NUM  23.
PAR  23. The gas turbine electric power plant as set forth in claim 22 wherein
      at least one of said plurality of control paths of said control system
      produces a signal responsive to temperature at a predetermined portion of
      said turbine, which signal is normally higher than said speed signal
      before generator closing and higher than said load signal after generator
      closing, and which acts as a temperature backup signal.
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ABST
PAL  A combined cycle electric power plant includes gas and steam turbines and
      steam generators and a digital/analog control system. The control system
      includes an automatic control and a backup control which are interfaced to
      operate the gas turbine throttle valve for speed and load control purposes
      and to provide for manual/auto transfers. The backup control includes a
      startup control which functions on the basis of a feedforward fuel
      schedule ramp function. Between ignition speed and 78% synchronous speed,
      the ramp function is a linear function of fuel demand versus speed with a
      predetermined slope. From 78% of synchronous speed to idle speed, the ramp
      function is a linear function with a lesser slope.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to the following patent applications:
PAR  1. Ser. No. 399,790, filed on Sept. 21, 1973 by L. F. Martz, R. W. Kiscaden
      and R. Uram, entitled "An Improved Gas Turbine And Steam Turbine Combined
      Cycle Electric Power Generating Plant Having A Coordinated And Hybridized
      Control System And An Improved Factory Based Method For Making And Testing
      Combined Cycle And Other Power Plants And Control Systems Therefor,"
      assigned to the present assignee and hereby incorporated by reference.
PAR  2. Ser. No. 319,114, filed by T. Giras and J. Reuther on Dec. 29, 1972 as a
      continuation of an earlier filed application Ser. No. 082,470, entitled
      "An Improved System And Method For Operating Industrial Gas Turbine
      Apparatus And Gas Turbine Electric Power Plants Preferably With A Digital
      Computer Control System" and assigned to the present assignee, and related
      cases referred to therein.
PAR  3. Ser. No. 371,625, filed on June 20, 1973 by R. Yannone and R. A.
      Shields, entitled "Gas Turbine Power Plant Control Apparatus Having A
      Multiple Backup Control System," and assigned to the present assignee, and
      related cases referred to therein.
PAR  4. Ser. No. 495,765, filed concurrently herewith by Lyle F. Martz and
      Richard J. Plotnick, entitled "Combined Cycle Electric Power Plant Having
      A Control System Which Enables Dry Steam Generator Operation During Gas
      Turbine Operation," assigned to the present assignee and hereby
      incorporated by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to combined cycle electric power plants and
      more particularly to improved gas turbine startup controls especially
      useful in the operation of backup control systems for gas turbines in
      combined cycle electric power plants.
PAR  A gas turbine that is used for electric power generation is typically
      started with a diesel engine or other power assist device. When the
      turbine reaches the ignition speed which may be 20% of synchronous speed,
      lightoff occurs and the diesel continues to drive the turbine until it
      reaches a self-sustaining speed which may be 60% of synchronous speed.
      Thereafter, the turbine is accelerated to synchronous speed and
      synchronization is performed under automatic or operator control. In
      combined cycle and other electric power plant applications, it is
      important that startup occur rapidly without unnecessary foreshortening of
      turbine life and that the plant availability be highly rated because of
      the reliability with which turbine startup can be expected to occur.
PAR  Various types of startup control have been employed for electric power gas
      turbines with various types of hardware technologies including
      relay-pneumatic, analog electropneumatic, and digital/analog
      electropneumatic. With respect to the different types of controls, it has
      been common to start a gas turbine with a temperature control loop, i.e.
      the turbine is caused to accelerate to synchronous speed at a rate allowed
      by an exhaust temperature limit and in some cases with a surge limit
      override. Faster startups are permitted on cold days with temperature
      limit startup control.
PAR  In a digital computer/analog hybrid control set forth in the previously
      referenced patent application Ser. No. 082,470, fixed time gas turbine
      startup is disclosed in which a speed reference is digitally generated and
      applied to a speed control loop so that startup occurs in a fixed time
      even though day-to-day ambient temperature variations occur. Another
      electropneumatic startup control is disclosed in Ser. No. 371,635 assigned
      to the present assignee.
PAR  In U.S. Loft Pat. No. 3,520,133, an automatic startup control is disclosed
      in which analog electronic and pneumatic hardware is employed and in which
      a feedforward startup control is employed with temperature and
      acceleration limit control. In the Loft patent, the startup control is a
      part of the primary control system.
PAR  In much of the prior art, little consideration is given to backup startup
      controls for the primary and usually automatic control loop. Often this is
      because of the presence of multiple control loops in the automatic
      controller itself which serve to some degree as backup for each other
      especially when the control loops are embodied in relatively independent
      hardware paths as in an analog electropneumatic control. In digital
      computer/analog hybrid controls, the need for a backup control for startup
      and other control purposes can be greater because the whole automatic
      control may be put out of service with the failure of the computer. Thus,
      in copending and coassigned patent application Ser. No. 476,182 entitled
      "Local Maintenance Controller For Gas Turbine Power Plants Having A
      Primary Control System" filed by R. A. Yannone et al on June 4, 1974,
      there is a disclosed a backup control for a turbine control system which
      employs a general purpose digital computer.
PAR  In various power plant applications, it is generally desirable to provide a
      simple yet reliable control for gas turbine startup operation. More
      particularly, in various electric power plants and especially in combined
      cycle power plants, it is desirable to provide a plant control system with
      a simple yet reliable gas turbine startup control which can serve as a
      backup startup control for the automatic controller in the event of a
      failure of the automatic controller or which can serve to provide plant
      startup or turbine startup upon operator selection of the manual mode.
PAR  The description of prior art herein is made on good faith and no
      representation is made that any prior art considered is the best
      pertaining prior art nor that the interpretation placed on it is
      unrebuttable.
PAC  SUMMARY OF THE INVENTION
PAR  A gas turbine or combined cycle electric power plant includes turbine and
      generator apparatus and a control system preferably having an automatic
      primary control and a backup control which are coupled to a turbine valve
      control to control the fuel flow and the gas turbine operating level. The
      backup control includes a feedforward startup control which generates a
      fuel schedule signal preferably in accordance with two different ramps
      applicable over different parts of the startup speed range and preferably
      when transfer is made to backup control by automatic or operator selection
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic view of a combined cyle electric power plant in
      which there is employed a gas turbine in accordance with the principles of
      the invention;
PAR  FIGS. 2A and 2B illustrate a gas turbine structure which can be employed in
      the plant of FIG. 1;
PAR  FIG. 3 shows a schematic view of a control system arranged to operate the
      plant of FIG. 1 in accordance with the principles of the invention;
PAR  FIG. 4 shows a schematic diagram of the plant control system with elements
      of a simplified backup startup control illustrated to indicate more
      particularly the preferred manner of embodying the invention;
PAR  FIG. 5 shows a plot of the fuel demand generated by the startup control as
      a function of time during the startup period;
PAR  FIGS. 6A through 6H show a more detailed functional diagram of the backup
      startup control and FIG. 6I shows how these Figures are tied together;
PAR  FIGS. 7A and 7H show circuitry which can be employed to embody various
      functional blocks in FIGS. 6A through 6H and FIG. 7I shows how these
      Figures are tied together; and
PAR  FIG. 8 shows a schematic diagram of a circuit card which provides a hybrid
      interface between the digital computer circuitry and the analog circuitry
      employed in the gas turbine control system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  A. General Plant Description
PAR  Referring to FIG. 1 of the drawings, there is shown a functional block
      diagram of a representative embodiment of a combined cycle electric power
      generating plant constructed in accordance with the present invention.
      Reference numeral 10 is used to identify the combined cycle plant as a
      whole. As such, the plant 10 includes a first gas turbine 12 (sometimes
      referred to as "gas turbine No. 1") which drives a first electric
      generator 13. Fuel is supplied to the gas turbine 12 by way of a fuel
      control valve or throttle valve 14. Air enters the gas turbine 12 by way
      of a variable inlet guide vane mechanism 15 which controls the degree of
      opening of the turbine air intake and which is used to adjust air flow
      during the startup phase and to increase part load efficiency. The fuel
      supplied by the throttle valve 14 is burned in the gas turbine 12 and the
      resulting high temperature exhaust gas is passed through an afterburner 16
      and a heat recovery steam generator 18 and is thereafter exhausted into
      the atmosphere.
PAR  Heat recovery steam generator 18 (sometimes referred to as "heat recovery
      steam generator No. 1") includes therein various sets of boiler tubes
      which are heated to a relatively high temperature by the gas turbine
      exhaust gas passing through the steam generator 18. Afterburner 16
      includes a burner mechanism for further increasing the temperature of the
      gas turbine exhaust gas before it enters the steam generator 18. Fuel is
      supplied to the burner mechanism in the afterburner 16 by way of a fuel
      control valve or throttle valve 19. The primary heat source for the steam
      generator 18 is the gas turbine 12, the afterburner 16 being in the nature
      of a supplemental heat source for providing supplemental heat when needed.
      In terms of typical fuel usage, approximately 80% of the fuel is used in
      the gas turbine 12 and 20% is used in the afterburner 16.
PAR  The combined cycle plant 10 further includes a second gas turbine 22
      (sometimes referred to as "gas turbine No. 2") which drives a second
      electric generator 23. Fuel is supplied to the gas turbine 22 by way of a
      fuel control valve or throttle valve 24. Air enters the gas turbine 22 by
      way of a variable inlet guide vane mechanism 25 which is used to adjust
      air flow during turbine startup and to increase part load efficiency. The
      fuel supplied by throttle valve 24 is burned in the gas turbine 22 and the
      resulting high temperature exhaust gas is passed through an afterburner 26
      and a heat recovery steam generator 28 and is thereafter exhausted into
      the atmosphere.
PAR  Heat recovery steam generator 28 (sometimes referred to as "heat recovery
      steam generator No. 2") includes various sets of boiler tubes which are
      heated to a relatively high temperature by the gas turbine exhaust gas
      passing through the steam generator 28. Afterburner 26 includes a burner
      mechanism for further increasing the temperature of the gas turbine
      exhaust gas before it enters the steam generator 28. Fuel is supplied to
      the burner mechanism in the afterburner 26 by way of a fuel control valve
      or throttle valve 29. The primary heat source for the steam generator 28
      is the gas turbine 22, the afterburner 26 being in the nature of a
      supplemental heat source for providing supplemental heating when needed.
      In terms of typical total fuel consumption, approximately 80% of the fuel
      is used in the gas turbine 22 and 20% is used in the afterburner 26.
PAR  A condensate pump 30 pumps water or condensate from a steam condenser 31 to
      both of the steam generators 18 and 28, the condensate flowing to the
      first steam generator 18 by way of a condensate flow control valve 32 and
      to the second steam generator 28 by way of a condensate flow control valve
      33. Such condensate flows through the boiler tubes in each of the steam
      generators 18 and 28 and is converted into superheated steam. The
      superheated steam from both of the steam generators 18 and 28 is supplied
      by way of a common header or steam pipe 34 and a steam throttle valve or
      control valve 35 to a steam turbine 36 for purposes of driving such steam
      turbine 36. The steam from the first steam generator 18 flows to the
      header 34 by way of a steam pipe 37, an isolation valve 38 and a steam
      pipe 39, while steam from the second steam generator 28 flows to the
      header 34 by way of a steam pipe 40, an isolation valve 41 and a steam
      pipe 42.
PAR  The spent steam leaving steam turbine 36 is passed to the condenser 31
      wherein it is condensed or converted back into condensate. Such condensate
      is thereafter pumped back into the steam generators 18 and 28 to make more
      steam. Steam turbine 36 drives a third electric generator 44.
PAR  A steam bypass path is provided for use at appropriate times for diverting
      desired amounts of steam around the steam turbine 36. This steam bypass
      path includes a steam turbine bypass valve 45 and a desuperheater 46, the
      output side of the latter being connected to the condenser 31 by way of a
      pipe 47. A drain valve 48 is provided for the first steam generator 18,
      while a drain valve 49 is provided for the second steam generator 28.
PAR  The operation of the combined cycle electric power generator plant 10 is
      controlled by a control system 50, typical control signal lines 51 being
      shown in a broken line manner. As will be seen, the control system 50
      offers a choice of four different control operating levels providing four
      different degrees of automation. From highest to lowest in terms of the
      degree of automation, these control operating levels are: (1) plant
      coordinated control; (2) operator automatic control; (3) operator analog
      control; and (4) manual control. The control system 50 includes an analog
      control system which is constructed to provide complete and safe operation
      of the total plant 10 or any part thereof. The control system 50 also
      includes a digital computer that provides a real-time digital control
      system that works in conjunction with the analog control system at the
      higher two levels of control to coordinate and direct the operation of the
      analog control system. Failure of the digital control computer results in
      no loss of power generation because the analog control system provides for
      complete operation of the plant 10.
PAR  When operating at the highest level of control, namely, at the plant
      coordinated control level, the control system 50, among other things,
      automatically coordinates the settings of the fuel valves 14, 19, 24 and
      29, the inlet guide vanes 15 and 25 and the steam turbine throttle and
      bypass valves 35 and 45 to provide maximum plant efficiency under static
      load conditions and optimum performance during dynamic or changing load
      conditions.
PAR  The control system 50 also enables a coordinated automatic startup or
      shutdown of the plant 10 such that the plant 10 can be brought from a hot
      standby condition to a power generating condition or vice versa in a
      quick, efficient and completely automatic manner. For example, the entire
      plant 10 can be started and brought to full load from a hot standby
      condition in approximately 60 minutes time by having the plant operator
      simply dial in the desired load setting and push a master plant start
      button.
PAR  As an indication of the flexibility and reliability of the power generating
      plant 10, it is noted that the plant 10 can be operated in any one of the
      following configurations: (1) using one steam turbine and two gas
      turbines; (2) using one steam turbine and one gas turbine; (3) using two
      gas turbines only; and (4) using one gas turbine only. The steam turbine
      36 will, of course, not operate by itself, it being necessary to use at
      least one of the gas turbines 12 and 22 in order to use the steam turbine
      36. In order to obtain the benefits of combined cycle operation, it is, of
      course, necessary to use the steam turbine 36 and at least one of the gas
      turbines 12 and 22. When one of the gas turbines, for example the gas
      turbine 12, is not being used or is shut down for maintenance purposes,
      then its associated steam generator 18 can be removed from the system by
      closing its condensate flow valve 32 and its steam isolation valve 38.
      When, on the other hand, the steam turbine 36 is not being used or is shut
      down for maintenance purposes, the steam generated by the steam generators
      18 and 28 can be bypassed to the condenser 31 by way of steam bypass valve
      45 and the desuperheater 46. As an alternative, when the steam turbine 36
      is not being used, either one or both of the steam generators 18 and 28
      can be drained and vented by the appropriate setting of condensate valves
      32 and 33, steam isolation valves 38 and 41 and drain valves 48 and 49. In
      other words, each of the steam generators 18 and 28 is constructed so that
      its respective gas turbine can be operated with the steam generator in a
      dry condition.
PAR  The combined cycle plant 10 affords a high degree of reliability in that
      failure of any one of the major apparatus components will not reduce total
      plant power generation capacity by more than 50%. In this regard and by
      way of example only, a combined cycle plant 10 has been developed having a
      nominal maximum power generating capacity of 260 megawatts. In such plant,
      each of the gas turbines 12 and 22 is capable of producing a maximum of
      approximately 80 megawatts of electrical power under ISO conditions
      (59.degree. Fahrenheit at sea level) and the steam turbine 36 is capable
      of producing a maximum of approximately 100 megawatts of electrical power.
      Thus, loss of any one of the turbines 12, 22 and 36, for example, would
      not reduce total plant capacity by as much as 50%.
PAR  It is noted in passing that the functional block diagram of FIG. 1 has been
      simplified in some respects relative to the actual plant apparatus to be
      described hereinafter, this simplification being made to facilitate an
      initial overall understanding of the combined cycle plant 10. A major
      simplification in FIG. 1 concerns the fuel valves 14, 19, 24, and 29. As
      will be seen in the actual embodiment of the combined cycle plant
      described herein, provision is made for operating the gas turbines 12 and
      22 and the afterburners 16 and 26 on either of two different kinds of
      fuel, namely, either natural gas or distillate type fuel oil. As a
      consequence, each of the gas turbines 12 and 22 and each of the
      afterburners 16 and 26 is actually provided with two fuel throttle valves,
      one for natural gas and the other for fuel oil. Also, various other valves
      and devices employed in the actual fuel supply systems have been omitted
      from FIG. 1 for the sake of simplicity. Other simplifications employed in
      FIG. 1 are of a similar character.
PAC  B. Gas Turbine Mechanical Structure
PAR  Referring now to FIGS. 2A and 2B, there is shown a longitudinal, partially
      cross-sectional, elevational view of the No. 1 gas turbine 12. FIG. 2A
      shows the left-hand half of the view and FIG. 2B shows the right-hand half
      of the view. The No. 2 gas turbine 22 is of this same construction and
      whatever is said concerning the construction of the No. 1 gas turbine 12
      also applies to the No. 2 gas turbine 22. With this in mind, the gas
      turbine 12 is a W-501 gas turbine manufactured by Westinghouse Electric
      Corporation, Gas Turbine Systems Division, Lester, Pa. It is of the simple
      open cycle type and employs a single-shaft twobearing construction in
      which no bearings are located in a high pressure, high temperature zone.
      It is constructed for operation at a rated speed of 3,600 r.p.m. and is
      capable of driving an electric generator for producing in excess of 80
      megawatts of electrical power. It includes an axial flow air compressor
      section 160, a combustion section 161 and a turbine section 162. The
      compressor section or compressor 160 is comprised of interspersed sets of
      stationary blades 163 and rotary blades 164, the latter being located on a
      rotor structure 165 which extends substantially the entire length of the
      gas turbine 12.
PAR  The combustion section 161 includes a combustor housing or combustor shell
      166 which receives the compressed air from the compressor 160. Located in
      the combustor shell 166 is a set of 16 combustion chambers or combustors,
      one of which is indicated at 167a. These combustors 167a -167p are
      arranged in an evenly spaced concentric manner around the longitudinal
      center axis of the gas turbine 12. Considering in detail only the
      combustor 167a, compressed air enters the interior thereof by multiple
      ports 168a. Fuel enters the combustor 167a by way of a fuel nozzle 169a, a
      spark plug 170 a serving to provide for the initial ignition of the fuel.
      This fuel is burned in the combustor 167a and the resulting high
      temperature, high pressure gas is supplied by way of a combustor outlet
      duct 171a to the inlet of the turbine section 162.
PAR  The turbine section 162 is a four stage turbine having interspersed sets of
      stationary blades 172 and rotary blades 173, the latter being located on
      the rotor structure 165. The high temperature high pressure gas from all
      of the combustors 167a-167p enters the turbine section 162 and expands
      through the turbine blades 172 and 173 to cause rotation of the rotary
      blades 173 and thereby drive the rotary blades 164 of the compressor 160
      on the same rotor structure 165. The hot exhaust gas leaving the turbine
      section 162 exhausts axially by way of an exhaust duct 174 from whence it
      flows into the inlet duct for the heat recovery steam generator 18.
PAR  The variable inlet guide vane mechanism 15 is located just inside the air
      intake structure 175 of the compressor section 160, just ahead of the
      first set of compressor blades 163 and 164. The inlet guide vanes 15 are
      used to adjust the compressor air flow during the starting cycle and to
      increase part load efficiency.
PAR  The two bearings which support the single rotor structure 165 of the gas
      turbine 12 are indicated at 176 and 177. As seen, these bearings 176 and
      177 are located outside of any high pressure temperature zone. The
      electric generator 13 is coupled to the cold or compressor end 178 of the
      rotor structure 165 to avoid potential misalignment problems. Some air is
      removed from the compressor 160 by way of outlet 180, externally cooled
      and filtered by an air cooler and returned to the turbine section 162 to
      cool the first two sets of stationary blades 172 and the first set of
      rotary blades 173. The cooling air for the stationary blades 172 enters
      through inlets 181 and 182, while the cooling air for the first set of
      rotary blades 173 enters via inlet 183.
PAR  For more detail on the structure of other apparatus in the plant 10,
      reference is made to Ser. No. 495,765.
PAC  Plant Control System
PAR  The plant control system 50 is organized to operate the plant equipment
      safely through startup and loading with high reliability so that the plant
      is highly and quickly available to meet power demanded from it. To achieve
      this purpose, the plant control system is preferably embodied in
      digital/analog hybrid form, and the digital/analog interface is preferably
      disposed in a way that plant protection and plant availability are
      enhanced.
PAR  Generally, the total plant power is controlled by controlling the operating
      level of the turbines and the afterburners, but the steam turbine goes
      into a follow mode of operation once the steam bypass valves are closed
      and the steam turbine inlet valves are fully opened. In the follow mode,
      the steam turbine produces power at a level dependent on the steam
      conditions generated by the heat inputs to the steam generators.
PAR  As shown in FIG. 3, the control system 50 includes a digital control
      computer 58G, a digital monitor computer 100C and various analog controls
      for operating the plant equipment in response to process sensors 101C
      while achieving the described objectives. In this instance an automatic
      startup control for the steam turbine 36 is largely embodied in the
      monitor computer 100C. An operator panel 102C provides numerous pushbutton
      switches and various displays which make it possible for the plant to be
      operated by a single person. The pushbutton switches provide for numerous
      operator control actions including plant and turbine mode selections and
      setpoint selections.
PAR  In the operator analog or manual mode of operation, the operator sets the
      fuel level for the gas turbines 12 and 22 and the afterburners 16 and 26
      through gas turbine controls 104C and 106C during loading, but an analog
      startup control included in each of the gas turbine controls 104C and 106C
      automatically schedules fuel during gas turbine startups. In addition,
      sequencers 108C start and stop auxiliary equipment associated with the gas
      turbines during gas turbine startups. The turbine bypass steam flow and
      the turbine inlet steam flow are controlled by operator valve positioning
      implemented by a steam turbine control 110C during steam turbine startup
      and loading in the operator analog mode. Certain automatic control
      functions are performed for the steam and gas turbines by the controls
      104C, 106C and 110C in the operator analog mode.
PAR  In the operator automatic mode, the computers 58G and 100C perform various
      control functions which provide for automatic startup and automatic
      loading of the gas and steam turbines under the direction of the operator
      on a turbine-by-turbine basis. Afterburner controls 112C and 114C and
      boiler controls 116C and 118C operate under operator setpoint control
      during the operator analog and operator automatic modes. Respective
      digital/analog hybrid circuits 120C, 122C and 124C interface the digital
      and analog controls.
PAR  Under plant coordinated control, the computer 58G generally directs the
      plant operation through startup, synchronization and loading to produce
      the plant power demand. The extent of coordinated plant control is
      dependent on the existing plant configuration, i.e. according to the
      availability of apparatus for operation or for coordinated operation. For
      example, if a gas turbine is shut down, it is excluded from coordination.
      Similarly, if the gas turbine has been excluded from coordinated control
      by the operator, the computer 58G will operate accordingly. In all
      coordinated control cases, the boiler controls 116C and 118C function
      separately, i.e. they react automatically to operator setpoints and
      signals generated by the process sensors 101C to control the steam
      generators according to plant conditions produced by coordinated turbine
      and afterburner operations. The computer 58G provides setpoint signals for
      the afterburners in the coordinated control mode but not in the operator
      automatic mode. Coordinated control provides the highest available level
      of plant automation, and the operator automatic and operator analog modes
      provide progressively less automation. Some parts of the analog controls
      function in all of the plant modes.
PAR  Generator synchronization is performed by a synchronizer 126C under
      operator control or under computer control in the coordinated mode.
      Generally, the respective generators are sequenced through synchronization
      by switching actions applied to the synchronizer inputs and outputs.
PAR  Once the plant reaches hot standby and either gas turbine or both gas
      turbines have been started, the steam turbine can be started when minimum
      steam supply conditions have been reached. Thereafter, the turbines are
      accelerated to synchronous speed, the generators are synchronized and the
      fuel and steam valves ae positioned to operate the turbines at the demand
      load levels. The manner in which the control system 50 is configured and
      the manner in which it functions throughout startup and loading depends on
      the selected plant mode and the selected or forced plant configuration and
      the real time process behavior.
PAC  D. Startup Control Especially Useful As A Backup Control For A Primary
      Automatic Controller
PAR  As shown in FIG. 4, the preferred embodiment comprises a backup startup
      control system 301G which is included in the plant control system 50 to
      provide increased plant availability in an efficient and simplified
      manner. Generally, automatic startup control for the gas turbine 12 is
      provided by the digital computer 58G and a sequencer 299G. The gas turbine
      throttle valve is progressively opened by a throttle valve control
      included in block 303G in response to a fuel demand signal from a
      digital/analog hybrid interface block 305G under surge limit and overspeed
      limit protection from a block 307G. In the automatic mode, the hybrid
      block 305G is operated by the digital computer. The sequencer 299G
      generates the signals necesary to govern ignition, starting device assist
      and other startup events. In this case, the starting device is an electric
      motor which provides relatively high torque over its operating speed
      range. If the computer should fail during automatic gas turbine startup,
      i.e. during an entire plant startup or during gas turbine startup after
      the entire plant has been operating, the gas turbine startup attempt would
      fail and the associated generation capacity would be unavailable unless a
      backup mode of operation is provided. Thus, in this case with backup
      control, a computer failure detector 310G automatically causes a
      switchover from automatic control to backup control through
      manual/automatic logic 312G when the computer fails or rejects to manual
      and turbine and plant availability are accordingly increased by this
      provision.
PAR  On switchover, the backup startup control 301G takes control of the turbine
      12 bumplessly because the hybrid block 305G holds at its last fuel demand
      output and after switchover increases or decreases the fuel demand output
      according to increase or decrease signals generated by the backup startup
      control 301G through up/down logic 314G. During automatic startup, exhaust
      temperature limit control is placed on the operation of the gas turbine 12
      by programmed operation of the digital computer 58G. On switchover to the
      backup startup control 301G, temperature limit control is provided by an
      analog circuit block 316G through the up/down logic 314G. More complete
      disclosure is provided on this subject in a copending and coassigned
      patent application Ser. No. 495,694 "A Combined Cycle Electric Power Plant
      And A Gas Turbine Having Improved Exhaust Temperature Limit Control" and
      filed by J. R. Smith and T. J. Reed concurrently herewith.
PAR  As already indicated, surge limit and overspeed limit protection are
      provided by the block 307G, through a low select block 297G, and such
      protection is provided by analog circuitry in the block 307G during both
      automatic and backup modes of operation. If the surge limit control or the
      overspeed limit control become operative, a track or cutback block 318G
      functions through the up/down logic 314G to cause the output from the
      hybrid block 305G to track or to cut back relative to the downstream
      limited control signal value until the limit action ceases.
PAR  The startup control system 301G can function as a simplified and otherwise
      improved primary control for the gas turbine 12 under operator selection
      from an operator panel 320G. It can function as a backup startup control
      for the automatic digital computer controller in the manner already
      indicated.
PAR  If flame detectors indicate that the flame is on as indicated by block 322G
      and if block 324G indicates that the breaker is open, a startup control
      logic block 326G operates a switch 328G. The block 326G also triggers the
      up/down logic 314G to cause the output from the hybrid block 305G to
      increase in voltage value along a ramp as a function of time.
PAR  As shown in FIG. 5, the ramp generation function is made up of a first part
      328G and a second part 330G. The first ramp 328G functions during the time
      period when the turbine 12 is accelerating from the ignition speed of 20%
      synchronous value to a higher speed equal to 78% of synchronous value.
      From 78% synchronous speed to approximately 98% synchronous speed, the
      second and preferably lower sloped ramp 330G is controlling. Thereafter,
      turbine speed is held or placed under the control of a synchronizer (not
      shown). Over a first part of the first ramp 328G, a downstream low limit
      block 295G applies a low limit signal to the throttle valve control for
      ignition purposes. When the NHC fuel reference value is ramped
      sufficiently high by the startup control, the NHC fuel reference output
      becomes controlling.
PAR  The slope of the first ramp 328G at lower speeds is valued to allow the
      fuel to be scheduled by feedforward operation of the startup control
      system 301G normally without temperature limit action by the temperature
      limit control 316G. The second ramp 330G is provided with a slope
      different from that of the first ramp 328G to permit turbine operation
      normally without temperature limit action over the higher speed range and
      to do so while permitting the turbine to reach synchronous speed within a
      specified time which enhances generation availability. The crossover speed
      between the two ramps 328G and 330G is set in this case at 78%, although
      the crossover value is subject to variation according to turbine and
      control system design considerations. Generally, as illustrated in FIG.
      5D, some allowable maximum fuel ramp defined by cycle temperature limits
      can be defined for a gas turbine. In most cases, starting time from
      ignition to synchronization as indicated by line 293G is specified for the
      turbine. To reach synchronization in the specified time, the fuel
      reference required at synchronous speed must be reached along a fuel
      reference function which is equivalent to the illustrated average fuel
      ramp. Each turbine has characteristic power assist requirements and a
      characteristic self-sustaining speed as represented by dotted line 291G.
      Starting devices vary significantly in power rating and cost and in how
      long they can function under maximum drive operation before they must be
      uncoupled from the turbine as indicated by dotted line 293G. The dotted
      lines 291G and 293G shift along the abscissa according to the
      characteristics of particular turbines and starting devices. Therefore,
      substantial constraint normally exists on the selection of starting
      devices for a particular gas turbine as indicated by the shaded arcs.
PAR  In the present case, the ramp function 328G, 330G is characterized with a
      higher sloped first part since the rating of the starting electric motor
      is sufficiently high to permit fast accelerations during power assist
      operation. With lower power starting devices a ramp such as the ramp 295R
      might be usable. Thus, the analog startup control provides significant
      flexibility in selecting starting devices which meet performance
      requirements while economizing in manufacturing cost.
PAR  A speed sensor 332G generates a signal which permits startup control and
      which indicates which of the two ramps 328G and 330G is to be generated.
      The switch 328G functions through blocks 334G and 336G to set the ramp
      generation in the hybrid block 306G.
PAR  Generally, with the ramp operation of the startup control, a reasonably
      fast startup speed schedule is provided, and although the speed schedule
      is not an optimum one it is relatively simplified, reliable and suited to
      turbine performance objectives. As a backup control, unnecessary turbine
      shutdowns are avoided by the functioning of the backup startup control
      301G and an automatic turbine startup which is interrupted is bumplessly
      continued by the backup control system 301G without requiring a hold at
      turbine speed which could cause damaging turbine blade vibrations.
PAC  SYSTEM FUNCTIONS
PAR  Portions of the backup startup control system 301G are shown in somewhat
      greater functional detail in FIGS. 6A through 6H. Thus, a fuel reference
      is generated by the NHC hybrid interface card 112G as indicated by the
      reference character 115G. Fast and normal raise and lower pushbuttons
      212G, 214G, 216G and 218G in box 100G on the operator panel function
      through RAISE AND and OR blocks 213G and 215G and LOWER AND and OR blocks
      217G and 219G to apply inputs to the NHC card 112G which enable the fuel
      reference to be raised or lowered in the operator analog and manual modes.
      The normal raise and lower pushbutton signals are also applied to AND
      blocks 221G and 223G to set a normal ramp through the NHC analog clock for
      as long as the pushbutton is depressed. Similarly, fast raise and lower
      signals generate a fast ramp through AND block 225G and OR block 227G.
      Swithces 229G and 231G are operated to generate the normal and fast ramp
      control signals. In the automatic mode, the computer 58G applies signals
      to the NHC card 112G to generate the output fuel reference from the NHC
      card 112G.
PAR  During the period prior to breaker closure, the normally selectable fast
      and normal ramp rate are inhibited by AND block 251G and AND block 221G
      (FIG. 6A). Thus, during the acceleration period the operator is blocked
      from requesting a different raise rate from that specified by the
      automatic backup conrol. Further, the operator can override the automatic
      analog starting ramp by generating a reference lower signal, and upon
      release of the lower pushbutton the startup ramp operation is resumed.
PAR  The automatic mode is selected by a pushbutton 220G if a computer READY
      signal is received from the NHC card 112G. The system functions in the
      manual or operator analog mode if a manual pushbutton 222G is pushed or if
      the computer rejects to manual as indicated by boxes 224G and 226G.
      Generally, the NHC card 112G responds to the automatic and manual mode
      signals to interface the manual mode control loops with the automatic mode
      control loops and to couple these loops with continuously functioning
      downstream control loops and the downstream fuel valve control.
PAR  If the turbine is placed in the startup mode and the backup control is
      operating, the power assist device drives the turbine 12 to ignition speed
      and, when ignition occurs and the flame is detected as indicated by a
      logical input to AND block 233G, a ramp request is generated by AND block
      235G since the breaker status input signal indicates an open breaker and
      since the turbine speed is less than the synchronizer switchover speed of
      98% rated. The raise request signal is transmitted to the NHC card through
      the OR raise request block 215G and the AND block 213G provided that no
      fuel hold or cutback request exists.
PAR  The ramp request is also applied to the input of an AND block 237G which
      sets the clock on the NHC card 112G for generation of the second lower
      sloped ramp through a switch 239G if the turbine speed is greater than 78%
      rated. Similarly, an AND block 241G sets the clock on the NHC card 112G
      for generation of the first higher sloped ramp through a switch 243G if
      the turbine speed is less than 78%.
PAR  As shown in FIGS. 6G and 6H, a signal representing speed being greater than
      78% is generated by a monitor block which compares a 78% speed set point
      with a high selected turbine speed feedback signal. The first ramp causes
      the gas turbine to accelerate automatically in the backup control mode
      from ignition speed to 78% speed normally free of overtemperature limit
      control. At the 78% speed point, the second ramp causes the turbine to
      accelerate to 98% speed at a lower acceleration rate normally free of
      overtemperature limit control. Thereafter, the turbine is in an idle where
      it can be placed under synchronizer control for generator synchronization.
PAR  Generally, the scheduling of fuel to a gas turbine during startup is a
      critical matter. At ignition, the amount of fuel supplied must be
      controlled accurately because the air flow from the compressor is low and
      too much fuel can cause excess turbine inlet temperatures while too little
      fuel can cause flameout and reduced turbine availability by shutdown. As
      the turbine accelerates, the air flow increases and the fuel flow is
      increased to maintain the acceleration. The rate at which fuel flow
      increases determines the rate of acceleration and it is accurately and
      reliably controlled in a simplified manner by the described system to
      provide highly available gas turbine and combined cycle plant generation
      capacity.
PAR  As shown in FIG. 5B, smooth turbine fueling operation is achieved during
      lightoff. As schematically shown in FIG. 5C an ignition fuel low fuel
      limiter generates a fuel reference 261G at lightoff and a short time later
      an acceleration low fuel limiter generates a slightly lower fuel reference
      263G. The analog ramp 328G is started at ignition and continues to rise
      without controlling effect because of downstream low select action until
      it reaches the acceleration low limit value at point 265G. At that time,
      the feedforward ramp 328G takes control smoothly and accordingly results
      in reliable lightoff with relatively low thermal shock to the unit. The
      fact that the fuel schedule function is composed of at least two ramps
      provides extended flexibility in plant design and operation relative to
      the constraints of turbine cycle temperature limits, allowable turbine
      cycle temperature limits, allowable turbine startup time, allowable
      starting device operating time for the selected sizes of the turbine and
      the starting device and the speed at which the turbine becomes self
      sustaining. Further, the startup control is independent of any sensors
      which might not be able to operate accurately in the low speed range
      region near lightoff. With feedforward startup control, smooth control
      action is achieved on switchover from automatic to manual backup control
      and fuel demand swings are avoided that otherwise could have a
      significantly adverse effect in the startup period.
PAR  As shown in FIG. 6A, temperature limit control can become controlling
      during the startup mode if abnormal conditions develop. Thus, either the
      OR block 219G or an AND hold block 245G (FIG. 6B) function during startup
      to drop the fuel demand signal or to hold the fuel demand signal at its
      existing value, i.e. to override the startup ramp.
PAR  As shown in FIGS. 6D through 6F, if the downstream surge limit becomes
      controlling, a monitor block 247G causes an OR block 249G to generate a
      fuel cutback signal which is applied to OR block 219G so that the fuel
      reference output from the NHC card 112G is moved back to keep the NHC fuel
      reference lined wih the actual fuel demand applied to the valve position
      controls.
PAC  DIGITAL/ANALOG HYBRID COUPLER (NHC) CARD
PAR  As shown in greater detail in FIG. 8, the fuel reference raise and lower
      signals are applied to the input of an NHC register control which causes
      an up/down counter register to count up or count down according to whether
      a raise demand or lower demand is in effect. On hold operation, an
      operator raise request is defeated, and on a cutback operation or a track
      down operation, a fuel reference lower demand is generated at the input of
      the register control to cause the register to count down. The register
      output is converted to pulses which in turn are converted to an analog
      output for application as a fuel reference to the fuel valve control as
      indicated by the reference character 115G.
PAR  An NHC card (FIG. 8) converts a 12 bit binary number from the computer to
      an analog output signal. This card operates in either the manual or the
      automatic mode. In the automatic mode, the NHC card output can be set or
      read by a computer peripheral channel. In the manual mode, the NHC card
      output is controlled by signals generated outside the computer which raise
      or lower the output.
PAR  In automatic operation, if the computer does not update the NHC card within
      a set time period, the card is set to the manual mode by an alive circuit.
      The alive circuit has a timing device which can be set for 1, 5, or 20
      seconds. The time period is selectable by resistor and capacitor values.
PAR  In manual operation, clock pulses determine the rate of change of the
      analog output signal. The clock pulses may be generated by either an
      external or an internal clock.
PAC  Automatic Operation
PAR  The computer uses a 14 bit word to send and receive data and status. When
      the address recognition circuit senses that the computer is addressing the
      NHC card, it gates the data and status bits through the output gates. The
      status bits are routed to the register control and the data bits are
      routed to the up/down counter. The status bits are decoded and appropriate
      action is taken. The output of the up/down counter (which contains the
      last word from the computer) is converted to a pulse train by the
      digital/pulse converter. The pulse train is then converted to an analog
      signal. The output of the up/down counter and the status bits are routed
      to the input gates and sent to the computer.
PAC  Manual Operation
PAR  In the manual mode, the count in the up/down counter is regulated by
      external raise (RPBIDL) and lower (LPBIDL) signals generated either by
      pushbuttons from a manual/automatic control station or by logic circuitry.
      The clock will increment or decrement the counter as long as the raise or
      lower signal is present. Roll over is inhibited; that is, the up/down
      counter cannot count past 4095 or below 0. The clock rate, which is
      adjustable by analog control, i.e. by means of a variable voltage at pins
      4 and 5, determines the amount of time it takes to change the signal
      level. When the raise or lower signal goes low, i.e. logical zero, the
      count in the up/down counter is held; thus, the analog output signal
      remains constant at that level. The D/A register consists of a set of
      binary up/down counters which accept parallel data and act as latches in
      the Automatic mode. In Manual mode the operator (or external logic) has
      control of the counters and can count them up or down. The raise/lower
      logic and the clock control this process. The raise and lower inputs
      control which direction the counters move. The counting rate is determined
      by the clock. If both raise and lower are enabled simultaneously the
      counters will do nothing.
PAC  Manual/Auto Transfer
PAR  If forced to Manual mode, the analog output signal remains unchanged at its
      last value until increased or decreased manually; thus, the transfer is
      bumpless. The external interrupt alerts the computer to a change in the
      card's operating mode. It is activated when the card goes from Auto to
      Manual or from Manual to Auto for any reason. A manual to auto transfer
      may be initiated only by the operator depressing the "Auto" pushbutton.
      The card will remain in Manual mode if any internal or external "Go To
      Manual" signal exists. A "Ready" output indicates that the card is in
      Manual mode and that no "Go To Manual" signal is present. The card can be
      forced to Manual by a "Go To Manual" signal. An internal "Go To Manual" is
      generated by the computer outputting a "Go To Manual" status, by either a
      "Raise" or "Lower" input, or by the Keep Alive circuit. After an Auto to
      Manual transition, the last number set in the D/A register by the computer
      remains until changed by the operator.
PAC  SYSTEM CIRCUITRY
PAR  In FIGS. 7A-7H, there is shown circuitry preferably employed to implement
      functions described in connection with FIGS. 6A-6H. In FIG. 7A, resistors
      201G function as pickup resistors to assure proper binary operation of
      logic circuit elements. To determine the operating mode, the pushbutton
      and computer reject to manual outputs are applied to mode detection
      circuitry 254G (FIG. 7A). Thus, AND block 256G generates a manual signal
      if the manual pushbutton 222G has been operated and the computer has not
      rejected to manual and the computer has not failed. An AND block 258G
      generates an automatic mode signal if block 260G indicates the computer is
      ready for the automatic mode and the automatic pushbutton 220G has been
      operated. The auto and manual signals are applied to the NHC card 112G,
      and the manual signal is used for logic and display purposes in various
      circuits.
PAR  The raise and lower pushbuttons 212G, 214G, 216G and 218G generate outputs
      which are applied to AND logic circuits 262G and 264G respectively. A
      raise AND block 266G applies a raise signal through AND block 268G to the
      NHC card 112G if a panel raise request exists or a startup ramp is
      operative on manual control with a raise permissive (i.e., no fuel hold or
      fuel cutback in effect). A lower AND 270G 270 applies a lower signal
      through an AND block 272G to the NHC card 112G if the fuel cutback channel
      or the track down channel is active or a panel lower request has been made
      on manual control.
PAR  As shown in FIG. 7E, signals applied to potentiometer inputs for an
      amplifier circuit 340G are controlled by a post ignition ramp relay 332G,
      a presynchronization ramp relay 334G, a normal relay 336G and a fast relay
      338G. The amplifier output voltage level is fixed by the relay applied
      input, and in turn it controls the analog clock to produce a corresponding
      ramp output from the NHC card 112G. Logic circuit 342G generates the
      signals to operate the startup ramp relays 332G and 334G in the manner
      previously described. Similarly, logic circuitry 334G operates the normal
      and fast relays 336G and 338G in the manner previously described. An AND
      block 346G (FIG.7A) operates in the startup mode to generate a ramp
      request for the post ignition ramp and presynchronization ramp relays 332G
      and 334G. AND blocks 343G and 345G (FIG. 7D) generate post ignition and
      presynchronization ramp operating signals according to whether the turbine
      speed is greater than or less than 78% rated.
PAR  As shown in FIGS. 7F-7H, the surge limit is generated by an amplifier
      circuit 348G and a fuel cutback signal is generated by AND block 350G
      (FIG. 7H) when the surge limit is reached and the fuel is to be cut back.
      The surge cutback signal is implemented through the lower AND block 270G
      (FIG. 7B) at the same time that the raise AND block 266G is logically
      disabled by the cutback signal. Thus, on surge cutback, the startup ramp
      operation is interrupted and the turbine fuel is cut back by the NHC card
      112G.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combined cycle electric power plant comprising at least one gas
      turbine, means for generating steam in response to heat energy from said
      gas turbine, a steam turbine driven by steam supplied to it from said
      steam generating means, means for generating electric power under the
      driving power of said turbines, means for controlling the operation of
      said turbines and said steam generating means, said controlling means
      including a gas turbine control system having an automatic control and a
      backup control, said gas turbine control system including means for
      controlling the flow of fuel to said gas turbine under automatic and
      backup control, means for transferring between said automatic and backup
      controls under predetermined conditions, said backup control including
      means for manually raising and lowering a fuel demand signal applied to
      said fuel control means at least to control gas turbine load during the
      load mode of operation, means for limiting the operation of said fuel flow
      controlling means to limit the turbine outlet gas temperature, and circuit
      means for generating a feed-forward startup signal which increases as a
      function of time and which is applied to said fuel flow controlling means
      to provide for turbine acceleration normally without operation of said
      temperature limiting means to a speed at which synchronization control is
      to occur.
NUM  2.
PAR  2. A combined cycle electric power plant as set forth in claim 1 wherein
      means are provided for generating a signal representative of gas turbine
      speed, and said startup signal generating means responds to said speed
      signal generating means to generate the feedforward startup signal
      according to a first curve over one speed range and according to a second
      curve over another speed range.
NUM  3.
PAR  3. A combined cycle electric power plant as set forth in claim 1 wherein
      said automatic control includes a digital computer and said transferring
      means includes a hybrid interface circuit for generating a fuel demand
      signal bumplessly during transfers between the backup and automatic
      control modes for application to said fuel controlling means.
NUM  4.
PAR  4. A combined cycle electric power plant as set forth in claim 2 wherein
      the first curve is a first linear ramp of fuel demand versus time and the
      second curve is a second linear ramp of fuel demand versus time with a
      different slope from that of the first curve.
NUM  5.
PAR  5. A combined cycle electric power plant as set forth in claim 2 wherein a
      breaker is provided for a generator driven by the gas turbine and wherein
      means are provided for generating a breaker status signal and said startup
      signal generating means is made operative when said breaker status signal
      generating means and said speed signal generating means indicate the
      breaker is open and the speed is below a predetermined value.
NUM  6.
PAR  6. A combined cycle electric power plant as set forth in claim 2 wherein
      means are provided for overriding the startup control signal to avoid
      surge and exhaust overtemperature operation during startup in the backup
      mode of operation wherein said startup signal generating means starts the
      first curve signal at ignition and wherein means are provided for limiting
      the fuel demand signal to a minimum value during and just after ignition
      until the first curve signal exceeds the minimum value.
NUM  7.
PAR  7. A gas turbine electric power plant comprising a compressor section and a
      turbine section, a plurality of combustors for energizing the driving gas
      flow for the turbine section, means for generating electric power under
      the driving power of the turbine, a gas turbine control system having an
      automatic control and a backup control, means afor controlling the flow of
      fuel to said gas turbine under automatic and backup control, means for
      transferring between said automatic and backup controls under
      predetermined conditions, said backup control including means for manually
      raising and lowering a fuel demand signal applied to said fuel control
      means at least to control gas turbine load during the load mode of
      operation, means for limiting the operation of said fuel flow controlling
      means to limit the turbine outlet gas temperature, circuit means for
      generating a feedforward startup signal which increases as a function of
      time and which is applied to said fuel flow controlling means to provide
      for turbine acceleration without operation of said temperature limiting
      means to a speed at which synchronization control is to occur, means for
      generating a signal representative of gas turbine speed, and said startup
      signal generating means responding to said speed signal generating means
      to generate the feedforward startup signal according to a first curve over
      one speed range and according to a second curve over another speed range.
NUM  8.
PAR  8. A gas turbine electric power plant as set forth in claim 7 wherein the
      first curve is a first linear ramp of fuel demand versus time and the
      second curve is a second linear ramp of fuel demand versus time with a
      different slope than that of the first curve.
NUM  9.
PAR  9. A control system for an electric power plant gas turbine comprising an
      automatic control and a backup control, means for controlling the flow of
      fuel to said gas turbine under automatic and backup control, means for
      transferring between automatic and backup controls under predetermined
      conditions, said backup control including means for manually raising and
      lowering a fuel demand signal applied to said fuel control means at least
      to control gas turbine load during the load mode of operation, means for
      limiting the operation of said fuel flow controlling means to limit the
      turbine outlet gas temperature, circuit means for generating a feedforward
      startup signal which increases as a function of time and which is applied
      to said fuel flow controlling means to provide for turbine acceleration
      without operation of said temperature limiting means to a speed at which
      synchronization control is to occur, means for generating a signal
      representative of gas turbine speed, and said startup signal generating
      means responding to said speed signal generating means to generate the
      feedforward startup signal according to a first curve over one speed range
      and according to a second curve over another speed range.
NUM  10.
PAR  10. A control system as set forth in claim 9 wherein said manual raising
      and lowering means include means for generating raise and lower signals
      for application to said interface circuit, said temperature limiting means
      includes means for generating a temperature override signal, and a logic
      circuit is provided for uncoupling the raise and lower signals from said
      fuel controlling means and for coupling the temperature override control
      signal to said fuel controlling means under overtemperature conditions.
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ABST
PAL  A gas turbine power plant is provided with an industrial gas turbine which
      drives a generator coupled to a power system through a breaker. The
      turbine-generator plant is operated by a hybrid control system having
      digital function capability during sequenced startup, synchronizing, load
      buildup and steady state load, and shutdown operations. The control system
      also contains monitoring and protective subsystems which function through
      all stages of operation, with redundancy and permissive features which
      maximize turbine availability.
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PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  U.S. Pat. application Ser. No. 319,114 filed by J. Reuther and T. Giras on
      Dec. 29, 1972 as a continuation of U.S. Pat. Application Ser. No. 82,470
      filed on Oct. 20, 1970 and now abandoned, entitled IMPROVED SYSTEM AND
      METHOD FOR OPERATING INDUSTRIAL GAS TURBINE APPARATUS AND GAS TURBINE
      ELECTRIC POWER PLANTS PREFERABLY WITH A DIGITAL COMPUTER CONTROL SYSTEM,
      and assigned to the present assignee.
PAR  U.S. Pat. application Ser. No. 323,593 filed by R. Yannone and R. Kiscaden
      on Jan. 15, 1973 as a continuation of U.S. Pat. Application Ser. No.
      189,632 filed on Oct. 15, 1971 and now abandoned, entitled IMPROVED
      DIGITAL COMPUTER CONTROL SYSTEM AND METHOD FOR MONITORING AND CONTROLLING
      OPERATION OF INDUSTRIAL GAS TURBINE APPARATUS TO DRIVE SIMULTANEOUSLY AN
      ELECTRIC POWER PLANT GENERATOR AND PROVIDE EXHAUST GASES TO AN INDUSTRIAL
      PROCESS, and assigned to the present assignee.
PAR  Reference is also made to the following co-filed and commonly assigned
      applications, all filed by R. A. Yannone and J. J. Shields:
PAR  U.S. Pat. application Ser. No. 371,625 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS HAVING A MULTIPLE BACKUP CONTROL SYSTEM;
PAR  U.S. Pat. application Ser. No. 371,621 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS INCLUDING AUTOMATIC LOAD PICKUP;
PAR  U.S. Pat. application Ser. No. 371,628 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS INCLUDING AN AMBIENT TEMPERATURE RESPONSIVE CONTROL
      SYSTEM;
PAR  U.S. Pat. application Ser. No. 371,627 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS INCLUDING A TWO-SHOT SHUTDOWN SYSTEM;
PAR  U.S. Pat. application Ser. No. 371,623 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS INCLUDING A TEMPERATURE RESET STARTING CONTROL SYSTEM
      AND AN IGNITION PRESSURE CONTROL SYSTEM;
PAR  U.S. Pat. application Ser. No. 371,630 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS HAVING IMPROVED MONITORING AND ALARM ELEMENTS;
PAR  U.S. Pat. application Ser. No. 371,629 entitled GAS TURBINE POWER PLANT
      CONTROL APPARATUS INCLUDING A LOAD CONTROL SYSTEM; and
PAR  U.S. Pat. application Ser. No. 371,624 entitled BEARING TEMPERATURE SYSTEM
      FAILURE DETECTION APPARATUS SUITABLE FOR USE IN POWER PLANTS AND LIKE
      APPARATUS.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to gas or combustion turbine apparatus, gas
      turbine electric power plants and control systems and operating methods
      therefor.
PAR  Industrial gas turbines may have varied cycle, structural and aerodynamic
      designs for a wide variety of uses. For example, gas turbines may employ
      the simple, regenerative, steam injection or combined cycle in driving an
      electric generator to produce electric power. Further, in these varied
      uses the gas turbine may have one or more shafts and many other rotor,
      casing, support and combustion system structural features which can vary
      relatively widely among differently designed units. They may be aviation
      jet engines adapted for industrial service as described for example in an
      ASME paper entitled "The Pratt and Whitney Aircraft Jet Powered 121MW
      Electrical Peaking Unit," presented at the New York Meeting in
      November-December 1964.
PAR  Other gas turbine uses include drive applications for pipeline or process
      industry compressors and surface transportation units. An additional
      application of gas turbines is that which involves recovery of turbine
      exhaust heat energy in other apparatus such as electric power or
      industrial boilers or other heat transfer apparatus. More generally, the
      gas turbine air flow path may form a part of an overall process system in
      which the gas turbine is used as an energy source in the flow path.
PAR  Gas turbine electric power plants are usable in base load, mid-range load
      and peak load power system applications. Combined cycle plants are
      normally usable for the base or mid-range applications while the power
      plant which employs a gas turbine only as a generator drive, typically is
      highly useful for peak load generation because of its relatively low
      investment cost. Although the heat rate for gas turbines is relatively
      high in relation to steam turbines, the investment savings for peak load
      application typically offsets the higher fuel cost factor. Another
      economic advantage for gas turbines is that power generation capacity can
      be added in relatively small blocks such as 25MW or 50MW, as needed, for
      expected system growth thereby avoiding excessive capital expenditure and
      excessive system reserve requirements. Further background on peaking
      generation can be obtained in articles such as "Peaking Generation" a
      Special Report of Electric Light and Power dated November 1966.
PAR  Startup availability and low forced outage rates are particularly important
      for peak load power plant applications of gas turbines. Thus, reliable gas
      turbine startup and standby operations are particularly important for
      power system security and reliability.
PAR  In the operation of gas turbine apparatus and electric power plants,
      various kinds of controls have been employed. Relay-pneumatic type systems
      form a large part of the prior art, but have heretofore not provided the
      flexibility desired, particularly in terms of decision making.
      Furthermore, such prior art systems have been characterized by being
      specially designed for a given turbine plant, and accordingly are not
      adaptable to provide different optional features for the user. More
      recently, electronic controls of the analog type have been employed as
      perhaps represented by U.S. Pat. No. 3,520,133 entitled Gas Turbine
      Control System and issued on July 14, 1970 to A. Loft or by the control
      referred to in an article entitled Speedtronic Control, Protection and
      Sequential System and designated as GER-2461 in the General Electric Gas
      Turbine Reference Libary. See also U.S. Pat. No. 3,662,545, which
      discloses a particular type of analog acceleration control circuit for gas
      turbine; U.S. Pat. No. 3,340,883, relating to an analog acceleration,
      speed and load control system for a gas turbine. A wide variety of
      controls have been employed for aviation jet engines including electronic
      and computer controls as described for example in a March 1968 ASME Paper
      presented by J. E. Bayati and R. M. Frazzini and entitled Digatec (Digital
      Gas Turbine Engine Control), an April 1967 paper in the Journal of the
      Royal Aeronautical Society authored by E. S. Eccles and entitled "The Use
      of a Digital Computer for On-Line Control of a Jet Engine," or a July 1965
      paper entitled "The Electronic Control of Gas Turbine Engines" by A.
      Sadler, S. Tweedy and P. J. Colburn in the July 1967 Journal of the Royal
      Aeronautical Society. However, the operational and control environment for
      jet engine operation differs considerably from that for industrial gas
      turbines.
PAR  The aforereferenced U.S. application W.E. 40,062, assigned to the present
      assignee, presents an improved system and method for operating a gas
      turbine with a digital computer control system. In this system, one or
      more turbine-generator plants are operated by a hybrid digital computer
      control system, wherein logic macro instructions are employed in
      programming the computer for logic operations of the control system.
PAR  In referencing prior art publications or patents as background herein, no
      representation is made that the cited subject matter is the best prior
      art.
PAR  While industrial gas turbine apparatus and gas turbine power plants have
      attained a great sophistication, there remain certain operational
      limitations in flexibility, response speed, accuracy and reliability.
      Further limits have been in the depth of operational control and in the
      efficiency or economy with which single or multiple units are placed under
      operational control and management. Limits have existed on the economics
      of industrial gas turbine application and in particular on how close
      industrial gas turbines can operate to the turbine design limits over
      various speed and/or load ranges.
PAR  In gas turbine power plants, operational shortcomings have existed with
      respect to plant availability and load control operations. Compressor
      surge control response has been limited, particularly during startup.
      Temperature limit control has been less protective and less responsive
      than otherwise desirable.
PAR  Generally, overall control loop arrrangements and control system
      embodiments of such arrangements for industrial gas turbines have been
      less effective in operations control and systems protection than is
      desirable. Performance shortcomings have also persisted in the interfacing
      of control loop arrangements with sequencing controls.
PAR  With respect to industrial gas turbine startup, turbine operating life has
      been unnecessarily limited by conventional startup schemes. Sequencing
      systems have typically interacted with startup controls less effectively
      than desirable from the standpoint of turbine and power plant
      availability. More generally, sequencing systems have provided for
      systematic and protective advance of the industrial gas turbine operations
      through startup, run and shutdown, but in doing so have been less
      efficient and effective from a protection and performance standpoint than
      is desirable.
PAR  Restrictions have been placed on operations and apparatus management
      particularly in gas turbine power plants in the areas of maintenance and
      plant information acquisition. Further management limits have existed with
      respect to plant interfacing with other power system points, operator
      panel functionality, and the ability to determine plant operations through
      control system calibration and parameter changes.
PAR  The computerized gas turbine control as disclosed in W.E. application Ser.
      No. 319,114 has been highly successful in providing control capability and
      flexibility of control options that had not previously been incorporated
      into an all hardware type system. However, while the computerized, or
      software control system provides substantial advantages due to its logic
      performing capability, historical data storage and diagnostic programs, it
      also has a number of shortcomings. The interface between the turbine and
      its associated analog signals and the computer controller presents areas
      for future development and improvement. The analog input system is a
      complex multiplexing arrangement requiring sharing of the scan time by the
      variables which must be scanned or read "independently". In the sytem
      disclosed, there is a scanning rate of 30 per second, meaning that 30
      input variables per second can be read, imposing a limitation on the
      ability of the system to respond rapidly to a given input variable when
      program running time is also added to the delay. In addition, the computer
      system itself incorporates elaborate techniques of self-diagnosis of
      failure, which can result in turbine shutdowns when the computer has
      determined that something has failed within the central processor,
      input-output, or peripheral hardware. It is most difficult for the
      computer to determine whether the failure is of a sufficiently critical
      nature to require shutdown. In fact, it has been found that failures in
      the analog input-output system may not be readily differentiated, leaving
      the computer no choice but to shut down the entire turbine system for a
      failure which may not justify loss of load availability. Since all
      monitoring and protection paths are channeled through a central processor,
      a self-determination of failure in the central processor, analog input
      multiplexing or output system by the computer controller necessitates
      blocking off all channels, such that complete system shutdown is required.
      Furthermore, even during normal operation, the computerized system
      provides low visibility with respect to the health of the control system.
      The essential intermixing of the control paths through the central
      processor makes it difficult for the operator to obtain information as to
      the mode of control at any moment, or to obtain quantitative information s
      to the relative magnitudes of the different control signals. In short, the
      increased flexibility of the software system is achieved at the expense of
      operator visibility such as permits optimum maintenance procedures.
      Accordingly, there is a great need in the art for a turbine system having
      a control with the logic capability of a digital system, but retaining the
      advantages which are inherent in simpler designs.
PAR  The gas turbine control system as disclosed herein incorporates novel
      features which are specifically designed to meet the above general
      requirements, and which go further in providing operating capability not
      heretofore available in any turbine control system. The control system of
      this invention includes a plurality of continuously closed control loops,
      each of which continuously generates a control signal adapted to control
      the turbine fuel system, and thereby control available fuel to the
      turbine, thereby controlling turbine operation itself. Each of the control
      loops contains logic capability, is adaptable to be constructed in
      different hardware forms, and provides continuous visual indication for
      the operator and continuous monitoring for alarm or turbine shutdown. In
      this manner, should failure, or even a lesser malfunction, occur in any of
      the control paths, a backup control signal is available to take over
      turbine control, without the failure causing loss of turbine availability.
      Furthermore, means are provided by which the operator can immediately
      determine the source and, in many instances, the nature of the
      malfunction, so that corrective maintenance can be quickly and efficiently
      undertaken.
PAR  Another specific improvement is the provision of adapting the turbine
      control for changes in ambient temperature, such as occur between summer
      and winter operation. In prior art systems, which are dependent solely on
      monitoring of internal turbine conditions, unwanted operating limitations
      are imposed by changes in ambient temperature. Such limitations have been
      reduced substantially by the novel adaptive control means disclosed
      herein.
PAR  Another area of great importance in gas turbine control is that of
      immediately meeting load demand upon generator breaker closing. Past
      controls have generally provided for a continuous buildup of load,
      starting from zero load at generator breaker closing and proceeding
      roughly linearly to a desired load level. However, there are a number of
      applications where it is required, or at least highly desirable, to
      provide an essentially instantaneous pickup of load. Accordingly, this
      invention provides novel means for controlling the turbine fuel flow so as
      to provide capability for such immediate load pickup.
PAR  A critical portion of the operation of any turbine involves the starting
      sequence, at which time the turbine undergoes severe temperature changes,
      with possible resulting damage due to thermal stress. The turbine control
      system of this invention accordingly incorporates novel features to limit
      turbine speed change as a function of monitored turbine temperature, and
      to schedule the fuel supplied to the turbine combustor element so as to
      minimize risk of thermal damage during the starting operation. One of the
      novel techniques employed in this respect is the specific means of
      scheduling bypass fuel flow in the turbine fuel system during startup, so
      as to control the fuel pressure at the combustor nozzles. A bypass
      temperature limiter valve suitable in this operation, with which desired
      combustor nozzle fuel pressure is obtained during ignition, is disclosed
      in co-pending U.S. Pat. application Ser. No. 261,192, assigned to the same
      assignee. The technique disclosed herein involves novel means of utilizing
      apparatus such as is disclosed in Ser. No. 261,192.
PAR  One of the greatest needs in any turbine control system is that of
      providing operator flexibility, and in particular providing the operator
      with the capability of efficiently changing load as desired. Most prior
      art turbine control systems are quite limited in the degree of flexibility
      available to the operator, e.g., only discrete operating load levels are
      available, or the available means of changing the load level to a desired
      level is cumbersome and/or cannot be achieved at a desired rate.
      Accordingly, the control system of this invention provides novel means
      having essentially unlimited flexibiliity for operator change of the load
      level, rate of change of such load level, the ability to hold load at any
      desired level, and the ability to return to any predetermined load level.
      This capability is constantly backed up by temperature control capability,
      such that no matter what the operator attempts to do, operational limits
      are automatically imposed as a function of sensed turbine temperatures.
PAR  A yet further need in a turbine control system is that of providing a
      reliable and workable monitoring system. As pointed out hereinabove, in
      computerized turbine control systems all monitoring and protection paths
      are channeled through a central processor, which frequently results in the
      computer requiring complete shutdown when, in fact, the turbine is being
      operated within safe limits. Also, even during normal operation, the
      computerized system frequently does not permit the degree of monitoring
      visibility which is highly advantageous for providing the operator with
      optimum ability to oversee the turbine operation. In order to overcome
      these difficulties and provide improved visibility and reliability, while
      maintaining maximum turbine availability, there is a need for a control
      system designed so as to provide continuous visual indication as to the
      current mode of turbine control, so that the operator can determine the
      health of the control system. This may be achieved by providing discrete
      modularized control paths which are in constant communication with the
      turbine and which generate independent control signals, and means for
      determining and displaying which of said independent signals is at any
      given moment in control of the turbine operation.
PAR  Turbine availability may also be greatly enhanced by providing means for
      automatically restarting the turbine after an automatic shutdown, and upon
      a determination that safe conditions exist for such restarting. In many
      cases, the condition which caused the turbine to be placed in shutdown is
      corrected, or corrects itself, shortly after shutdown is initiated.
      However, in conventional turbine control systems, the turbine must be
      brought substantially completely to the shutdown state, and then restarted
      all over again. It is clear that this results in avoidable loss of turbine
      availability, and that there is a need to minimize the loss of
      availability by restarting as soon as turbine conditions permit. The gas
      turbine monitoring system as disclosed herein provides a shutdown
      subsystem having a novel arrangement for automatically restarting the
      turbine after correction of the malfunction which caused shutdown.
PAR  The monitoring system of this invention also incorporates a unique system
      and method for optimizing load availability while providing an alarm or
      other means to alert the operator to the existence of a control
      malfunction which must be corrected but which does not merit immediate
      turbine shutdown. This unique system avoids the inflexibility of currently
      used monitoring circuits which are designed either to be fail-safe (in
      which case load availability is sacrificed to ensure shutdown), or which
      are designed to fail in a designated direction, (thus always providing
      continuing availability, but at the cost of not shutting down in instances
      where shutdown might be required).
PAC  SUMMARY OF THE INVENTION
PAR  An industrial gas turbine or gas turbine-generator power plant is operated
      by a hybrid control system which is particularly adapted to optimize
      interfacing of control loops, sequencing controls and monitoring
      functions, so as to maximize turbine availability. The control system
      operates in a gas turbine control loop arrangement to control fuel flow
      and thereby provide speed, load and loading rate control over the turbine,
      and also to provide backup temperature limit control. The control paths
      have independent input interfaces with the turbine, and further provide,
      along with the monitoring subsystem, high reliability through redundancy
      and multiplicity features.
PAR  In accordance with the objectives of this invention, there is provided a
      load control system for operating a gas turbine in a gas turbine electric
      power plant, which load control system provides the operator with optimum
      flexibility in changing load from one level to another, and at desired
      rates of change. In particular, such turbine load control system employs
      means for automatically bringing turbine load from a minimum level to a
      selected one of a plurality of temperature limited load levels, means for
      changing load from a temperature limited load level at a selected rate,
      and means for stopping and holding load at any available level. The load
      control system further comprises means for automatically lowering load to
      the minimum load level from any given load level, means for initiating
      shutdown of the turbine, and means for cancelling the turbine shutdown
      operation and returning the turbine to a selected load level.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a top plan view of a gas turbine power plant arranged to
      operate in accordance with the principles of the invention.
PAR  FIG. 2 shows a front elevational view of an industrial gas turbine employed
      in the power plant to drive a generator and is shown with some portions
      thereof broken away.
PAR  FIG. 3 shows portions of the ignition system apparatus used in the turbine
      of FIG. 2.
PAR  FIG. 4 shows a block diagram of the electro-pneumatic fuel flow system for
      the gas turbine of FIG. 2.
PAR  FIG. 5 shows a block diagram of the control paths for generating the
      primary control signal for controlling speed and load of the turbine of
      FIG. 2.
PAR  FIG. 6A shows a schematic diagram of the temperature control paths of the
      electro-pneumatic control system for the turbine of FIG. 2.
PAR  FIG. 6B shows temperature-P.sub.2C curves for different load modes for the
      turbine of FIG. 2.
PAR  FIG. 6C shows a diagram of the manner in which the operating parameters of
      the turbine are modified as a function of ambient temperature.
PAR  FIG. 7A shows a schematic diagram of the speed and load control paths of
      the electro-pneumatic control system for the turbine of FIG. 2.
PAR  FIG. 7B illustrates the manner in which the control system of this
      invention enables a step load pickup at generator closing.
PAR  FIG. 8A shows a block diagram of the fuel starter control system employed
      to generate starting signals for the turbine of FIG. 2.
PAR  FIG. 8B shows a block diagram of the manner in which the starting signals
      are used to control fuel flow to the turbine of FIG. 2.
PAR  FIG. 8C shows a circuit diagram of an electronic embodiment of the sequence
      control portion of the novel ignition pressure control subsystem of this
      invention.
PAR  FIG 8D shows a schematic diagram of the pneumatic embodiment of the
      ignition pressure control subsystem of this invention.
PAR  FIG. 8E shows curves depicting the operation of the ignition pressure
      control subsystem of this invention.
PAR  FIG. 9 shows typical start curves for the turbine.
PAR  FIG. 10 shows typical loading curves for the turbine.
PAR  FIG. 11 shows a schematic diagram of a portion of the speed control
      circuitry of the control system for the turbine.
PAR  FIG. 12 shows a schematic diagram of a portion of the load control
      circuitry of the control system for the turbine.
PAR  FIG. 13 shows a schematic diagram of the electrical circuitry for selection
      of the mode of load control.
PAR  FIG. 14A shows a schematic diagram of the "2-shot" circuitry associated
      with the turbine protective portion for protecting the turbine.
PAR  FIG. 14B shows a first block diagram of the logic functions of the 2-shot
      protective system.
PAR  FIG. 14C shows a second block diagram of the logic functions of the 2-shot
      protective system.
PAR  FIG. 14D illustrates a start-up sequence utilizing the 2-shot protective
      system.
PAR  FIG. 15 shows a block diagram of a portion of the control system for
      operating the turbine in the minimum load mode.
PAR  FIG. 16 shows a block diagram of the control system for operating the
      turbine in the base load mode.
PAR  FIG. 17 shows a block diagram of a portion of the control system for
      operating the turbine in the peak load mode.
PAR  FIG. 18 shows a block diagram of the control system for operating the
      turbine in the system reserve mode.
PAR  FIG. 19 shows a block diagram of a portion of the control system for
      operating the turbine in the fast load mode.
PAR  FIG. 20 shows a block diagram of a portion of the control system for
      operating the turbine in the starting fuel control mode.
PAR  FIG. 21 shows a block diagram of a portion of the control system for
      operating the turbine in the manual load mode.
PAR  FIG. 22A shows a first portion of a schematic diagram of the circuitry for
      the speed/load hold and lock subsystem.
PAR  FIG. 22B shows a second portion of a schematic diagram of the circuitry for
      the speed/load hold and lock subsystem.
PAR  FIG. 23A shows a schematic diagram of an embodiment of the turbine control
      system of this invention having both closed loop "load" control and closed
      loop "speed" control.
PAR  FIG. 23B shows a modification of the embodiment of FIG. 23A, adapted to be
      used with the speed/hold load and lock subsystem of FIGS. 22A and 22B.
PAR  FIG. 24 shows a schematic diagram of the master relay portion of the
      protective portion of the electro-hydraulic control system of this
      invention, and a first portion of the circuitry for controlling the
      ignition sequence.
PAR  FIG. 25 shows a schematic diagram of a further portion of the ignition
      sequence circuitry.
PAR  FIG. 26A shows a representation of the operating ranges of a thermocouple
      used in the novel protection circuit of this invention.
PAR  FIG. 26B shows a schematic diagram of the novel alarm/failure protection
      circuit of this invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  A. POWER PLANT
PAC  General Structure
PAR  Referring now to FIG. 1, there is shown a gas turbine electric power plant
      100 which includes an AC generator 102 driven by a combustion or gas
      turbine 104 through a reduction gear unit 27. In this application of the
      invention, the gas turbine 104 may be the W-251G simple cycle type
      manufactured by Westinghouse Electric Corporation. In other power plant
      generator applications, other industrial drive applications, and combined
      steam and gas cycle applications of various aspects of the invention,
      industrial gas turbines having larger or smaller power ratings, different
      cycle designs, or a different number of shafts than the W251G can be
      employed.
PAR  The plant 100 may be housed in an enclosure (not shown) and then placed on
      a foundation approximately 106 to 115 feet long dependent upon the number
      of optional additional plant units to be accommodated thereon. Three or
      more additional units may be provided. Exhaust silencers 29 and 36,
      coupled respectively to inlet and exhaust duct works 31 and 38,
      significantly reduce noise characteristicly associated with turbine power
      plants.
PAR  Startup or cranking power for the plant 100 is provided by a starting
      engine 26, such as a diesel engine. Starting engine 26 is mounted on an
      auxiliary bedplate and coupled to the drive shaft of the gas turbine 104
      through a starting gear unit 28. A DC motor 54 operates through a turning
      gear 56 which is also coupled to the gas turbine shaft starting gear 28 to
      drive the gas turbine at turning gear speed.
PAR  A motor control center 30 is also mounted on the auxiliary bedplate and it
      includes motor starters and other devices to provide for operating the
      various auxiliary equipment items associated with the plant 100.
PAR  A plant battery 32 is disposed adjacent to one end of the auxiliary
      bedplate or skid. The battery provides power for emergency lighting,
      auxiliary motor loads, and other control power for a period following
      shutdown of the plant 100 due to a loss of AC power. The battery also
      supplies power for the DC lube pump, DC turning gear, DC/AC inverter, and
      is available for block plant starting. Also included on the auxiliary skid
      is pressure switch and gauge cabinet 55 which contains the pressure
      switches, gauges, regulators and other miscellaneous elements needed for
      gas turbine operation.
PAR  A switchgear pad 42 is included in the plant 100 for switchgear including
      the generator breaker as indicated by the reference characters 44, 46 and
      48. Excitation switchgear 50 associated with the generator excitation
      system is also included on the switchgear pad 42.
PAC  Gas Turbine
PAC  a. Compressor
PAR  The gas turbine 104 is suitably of the single shaft simple cycle type
      having a standard ambient pressure ratio of 9.0 to 1 and a rated speed of
      4894 rpm, and is illustrated in greater detail in FIG. 2. Filtered inlet
      air enters a multistage axial flow compressor 81 through a flanged inlet
      manifold 83 from the inlet ductwork 31. An inlet guide vane assembly 82
      includes vanes supported across the compressor inlet set at an optimum
      position for controlling machine airflow. The angle at which all of the
      guide vanes are disposed in relation to the gas stream is uniform and
      mechanically fixed by a positioning ring coupled to the vanes in the inlet
      guide vane assembly 82.
PAR  The compressor 81 is provided with a casing 84 which is split into base and
      cover parts along a horizontal plane. The turbine casing structure
      including the compressor casing 84 provides support for a turbine rotating
      element including a compressor rotor 86 through bearings 88 and 89.
      Vibration transducers (not shown) are provided for these two main gas
      turbine bearings 88 and 89.
PAR  The compressor casing 84 also supports stationary blades 90 in successive
      stationary blade rows along the air flow path. Further, the casing 84
      operates as a pressure vessel to contain the air flow as it undergoes
      compression. Bleed flow is obtained under valve control from intermediate
      compressor stages to prevent surge during startup.
PAR  The compressor inlet air flows annularly through a total of eighteen stages
      in the compressor 81. Blades 92 mounted on the rotor 86 by means of wheels
      94 are appropriately designed from an aerodynamic and structural
      standpoint for the intended service. A suitable material such as 12%
      chrome steel is employed for the rotor blades 92. Both the compressor
      inlet and output air temperatures are measured by suitably supported
      thermocouples.
PAC  b. Combustion System
PAR  Pressurized compressor outlet air is directed into a combustion system 96
      comprising a total of eight combustor baskets 98 conically mounted within
      a section 80 of the casing 84 about the longitudinal axis of the gas
      turbine 104. Combustor shell pressure is detected by a suitable sensor
      (not shown) which is coupled to the compressor-combustor flow paths and is
      located in the pressure switch and gauge cabinet 55.
PAR  As schematically illustrated in FIG. 3, the combustor baskets 98 are
      cross-connected by cross-flame tubes 302 for ignition purposes. Ignition
      system 304 includes igniters 306 and 308 associated with respective groups
      of four combustor baskets 98. In each basket group, the combustor baskets
      98 are series cross-connected and the two groups are cross-connected at
      one end only as indicated by the reference character 310.
PAR  Generally, the ignition system 304 includes an ignition transformer and
      wiring to respective spark plugs which form a part of the igniters 306 and
      308. The spark plugs are mounted on retractable pistons within the
      igniters 306 and 309 so that the plugs can be withdrawn from the
      combustion zone after ignition has been executed. The spark plugs withdraw
      automatically as compressor discharge pressure increases.
PAR  A pair of ultraviolet flame detectors 312 are located in each of the two
      end combustor baskets in the respective basket groups in order to verify
      ignition and continued presence of combustion in the eight combustor
      baskets 98. The flame detectors 312 can for example be Edison flame
      detectors Model 424-10433.
PAC  c. Fuel
PAR  Generally, either liquid or gaseous or both liquid and gaseous fuel flow
      can be used in the turbine combustion process. Various gaseous fuels can
      be burned including gases ranging from blast furnace gas having low BTU
      content to gases with high BTU content such as natural gas, butane or
      propane.
PAR  With respect to liquid fuels, the fuel viscosity must be less than 100 SSU
      at the nozzle to assure proper atomization. Most distillates meet this
      requirement. Heavier fuels must be heated.
PAR  A portion of the compressor outlet air flow combines with the fuel in each
      combustor basket 98 to produce combustion after ignition and the balance
      of the compressor outlet air flow combines with the combustion products
      for flow through the combustor basket 98 into a multistage reaction type
      turbine 34 (FIG. 2). The combustor casing section 80 is coupled to a
      turbine casing 85 through a vertical casing joint 87.
PAC  d. Turbine Element
PAR  The turbine element 34 (FIG. 2) is provided with three reaction stages
      through which the multiple stream combustion system outlet gas flow is
      directed in an annular flow pattern to transform the kinetic energy of the
      heated, pressurized gas into turbine rotation, i.e., to drive the
      compressor 81 and the generator 102. The turbine rotor is formed by a stub
      shaft 39 and three disc blade assemblies 41, 43 and 45 mounted on the stub
      shaft by through bolts.
PAR  High temperature alloy rotor blades 51 are mounted on the discs in forming
      the disc assemblies 41, 43 and 45. Individual blade roots are cooled by
      air extracted from the outlet of the compressor 81 and passed through a
      coolant system in the manner previously indicated. The blade roots thus
      serve as a heat sink for the rotation blades 51. Cooling air also flows
      over each of the turbine discs to provide a relatively constant low metal
      temperature over the unit operating load range. Thermocouples (not shown)
      are supported within the cooled disc cavities to provide cavity
      temperature signals for the control system. The performance of the cooling
      air flow is detected by these thermocouples.
PAR  In addition to acting as a pressure containment vessel for the turbine
      element 34, turbine casing 85 supports stationary blades 49 which form
      three stationary blade rows interspersed between the rotor blade rows. Gas
      flow is discharged from the turbine element 34 substantially at
      atmospheric pressure through turbine cylinder 53 to exhaust manifold 38.
PAR  The generator and gas turbine vibration transducers can be conventional
      velocity transducers or pickups which transmit basic vibration signals to
      a vibration monitor for input to the control system. A pair of
      conventional speed detectors 78 (FIG. 4) are associated with a notched
      magnetic wheel supported at appropriate turbine-generator shaft locations.
      Signals generated by the speed detectors are employed in the control
      system for speed control and speed monitoring.
PAR  Further, thermocouples 180 (FIG. 4) for the blade path are supported about
      the inner periphery of the turbine cylinder 53 to provide a fast response
      indication of blade temperature for control system usage particularly
      during plant startup periods. Exhaust temperature detectors 57 are
      disposed in the exhaust manifold 38 primarily for the purpose of
      determining average exhaust temperature for control system usage during
      load operations of the power plant 100. Suitable high response shielded
      thermocouples for the gas turbine 104 are those which use compacted
      alumina insulation with a thin-wall high alloy swaged sheath or well
      supported by a separate heavy wall guide.
PAC  B. TURBINE FUEL CONTROL SUBSYSTEM
PAR  Referring now to FIG. 4, there is illustrated a detailed block diagram of
      the electro-pneumatic system of this invention employed to control liquid
      fuel flow for the gas turbine power plant of FIG. 1. An exciter 33 is
      shown connected to a generator 102, which is coupled to the turbine
      through reduction gear unit 27. A main lube pump 35 is also driven from
      unit 27, to provide pressure for the turbine oil system. The turbine unit
      is shown in diagrammatic form as comprising compressor 81, combustion
      system 96 (having 8 baskets) and turbine element 34. Starting engine 26 is
      coupled to the turbine through starting gear unit 28 as is turning gear
      56. A pressure representative of the ambient temperature at compressor 81
      is developed by transmitter 71. Pressure switch 70 provides a signal when
      ignition speed is reached in the compressor. Similarly, thermocouple
      system 180, also comprising two groups of thermocouples, is positioned in
      turbine element 34 to provide a signal representative of blade path
      temperature, and thermocouple system 57 provides a signal representative
      of turbine exhaust temperature.
PAR  The liquid fuel system is powered by main fuel pump 40, (driven from
      reduction gear unit 27) which draws fuel from supply 93. Pump 40 is
      operative unless deenergized by pneumatic overspeed trip mechanism and
      valve 91, and is limited by relief valve 105 connected across pump 40.
      Trip valve 91 is powered by a pneumatic autostop trip signal derived from
      a trip pressure system (not shown) and functions to prevent fuel from
      reaching the combustors at overspeed. The trip valve 91 is set to trip at
      1.1 times synchronous speed.
PAR  From main pump 40, the fuel flows through normally open overspeed fuel trip
      valve 103, throttle valve 99, and fuel oil isolation valve 101 to
      conventional fuel distributor 107, which distributes the fuel to the
      various combustion baskets 98 of combustion system 96. Trip valve 103 is
      normally open, permitting fuel flow to the distributor, but closes to shut
      off fuel flow upon sensing a drop in pressure which occurs on operation of
      the overspeed trip valve 91 (or upon operation of a manual trip valve, not
      shown). Isolation valve 101 is opened when pressure in the overspeed trip
      system is detected to equal at least 40 psi at which time solenoid valve
      108 is energized, permitting passage of actuating air through to valve
      101.
PAR  Fuel throttle valve 99 is positioned by the fuel throttle valve signal
      communicated thereto through throttle solenoid 119 which is energized at
      ignition (as described in more detail hereinbelow). The throttle valve is
      shunted by a pressure-temperature (PT) limiter valve 109 as well as pump
      discharge valve 97. The PT valve is actuated by air from the isolation
      valve air system, such that when isolation valve solenoid 108 is
      energized, the PT valve is positioned to a fixed opening providing a
      limiting function at ignition. Pump discharge valve 97 is positioned by a
      fuel starting signal as described hereinafter, such that it controls a
      constant fuel pump discharge pressure from 50% speed to full load after
      first ramping pressure from the Ignition-20% speed condition.
PAR  The turbine system of this invention also contains a parallel gas fuel
      system, not illustrated in detail in the drawings. The gas fuel system
      also similarly interposes an auto stop trip valve, a throttle valve and an
      isolation valve between the gas supply and the turbine combustion system.
      A starting valve, having a positioner actuated by the starting signal as
      described hereinbelow, shunts the throttle valve.
PAR  FIG. 4 also indicates a number of sensing devices which provide important
      inputs to the turbine control system. A pressure switch 70 is activated
      when compressor pressure reaches a value corresponding to ignition speed.
      An ambient temperature transmitter 71 produces a signal representative of
      the ambient temperature into the compressor inlet. Exhaust thermocouples
      57 monitor the turbine exhaust temperature, and blade path (B/P)
      thermocouples 180 monitor the blade path temperature. Speed sensors 78
      provide a signal representative of the turbine speed.
PAC  C. GAS TURBINE MULTIPLE BACKUP CONTROL SYSTEM
PAC  a. General Description
PAR  The preferred form of the apparatus of this invention for gas turbine speed
      and load control utilizes electro-pneumatic control components arranged in
      a manner so as to carry out digital computer-type logic functions with the
      reliability of special-purpose hardware. The operational sequence is
      accomplished by conventional control relays, with a combination of
      electro-pneumatic fuel scheduling, and is combined with an all solid state
      protective monitoring system. The control system features permissible
      manual local control, while being designed for completely automatic fully
      remote control. Areas of critical control operation such as starting
      temperature control, loading temperature control and speed control are
      supplied with total redundancy to permit continued operation upon failure
      of one section, and generous indication of fuel control modes is provided
      by light indication for ease of operation and maintenance.
PAR  Six control channels are used, namely load, speed-load, acceleration
      (surge), load-rate, exhaust temperature and blade path temperature. Speed
      control is effectuated through a pneumatic speed changer with backup
      control from both the acceleration channel and the blade path channel.
      Primary load control is achieved through a pneumatic load scheduler with
      backup temperature control from the blade path channel (for transient
      control) and from the exhaust temperature channel (for steady state
      control). When acting as a backup to speed control, the blade path channel
      produces a signal which is a function both of compressor discharge
      pressure and ambient temperature. During loading, the signals of both the
      blade path and exhaust temperature channels are referenced to a common
      compressor discharge pressure signal biased in accordance with the chosen
      load mode.
PAR  The output signals generated in each of the six control channels are
      provided as inputs to a low pressure selector, a pneumatic device which
      gates through to its output the lowest of its pneumatic inputs. The output
      of the low pressure selector (LPS) is supplied to a fuel gas valve servo
      control or to a fuel oil valve servo control, depending upon the selection
      of fuel. The lift of the fuel throttle valve (either oil or gas) is
      proportional to the output pressure of the LPS. When such output pressure
      is 3 PSI (or 1 volt, for analog system), or less, the throttle valve is at
      minimum lift position, and the turbine is under control of the PT or Pump
      Discharge Pressure Control Valves. When the LPS output exceeds about 3 PSI
      or 1 volt (about 50% speed) the throttle valves begin to open, and open
      proportionately up to a maximum lift position, corresponding to a signal
      of about 15 PSI (or 10 volts analog).
PAR  The exhaust temperature control is the normal controlling mode under load
      conditions. In the exhaust temperature control loop, the setpoint is
      obtained from a signal proportional to the compressor discharge pressure
      (a function of ambient temperature and compressor performance), and biased
      variously for either base load operation, peak load operation, or system
      reserve operation. Thus, these three modes of load operation are
      temperature-control modes. Each of these modes requires a specific fuel
      flow for a definite average temperature at the turbine inlet. Due to the
      high level of this temperature, it is not practical to measure a
      representative turbine inlet temperature, and therefore the exhaust
      temperature is measured and is used to calculate the inlet temperature.
      The exhaust temperature loop utilizes a PID (proportional, integral and
      derivative action) controller to generate the control signal (a function
      of both exhaust temperature and compressor discharge pressure). The
      exhaust temperature is sensed by 16 thermocouples, averaged in two groups
      of eight thermocouples each. The electrical signals from these two groups
      are transduced to pneumatic signals (or amplified in the analog
      embodiment), and a high (pressure) selector is utilized to select the
      higher value to prevent shutdown when pressure failure occurs at the
      output of one of the transducers. This multiplicity feature is exemplary
      of the manner in which this system provides improved reliability and load
      availability. The high (pressure) selector output is connected to a direct
      derivative device which functions to speed up the exhaust temperature
      control system. The exhaust thermocouples react slower to turbine
      temperature changes due to their downstream location, and the device
      compensates for this slower response.
PAR  The blade path temperature control is used as backup for the exhaust
      control. For this reason, the blade path pneumatic controller is biased
      slightly higher than that of the exhaust temperature controller, while
      receiving the same setpoint pressure under load control operations. During
      starting, the blade path controller receives its reference signal from a
      compressor discharge pressure signal which is biased by an ambient
      temperature signal, to provide a blade path control signal usable as
      backup control during the starting sequence.
PAR  Another unique feature of the reliability by multiplicity is demonstrated
      in the event of the unlikely loss of the total redundant exhaust measuring
      system. The blade path starting temperature control is rebiased to pick up
      this function while alarming and continuing to supply power in the run
      position.
PAR  Besides the fuel scheduling system, reliability by multiplicity is likewise
      inherent in the turbine protective system. The speed control, exhaust and
      blade path temperature system, disc cavity and bearing protection, as well
      as the ignition, flame, and vibration systems, all, by the way they are
      designed, embody "load availability." If components or portions of these
      systems fail, the design criteria embodied in this invention provides that
      the turbine continue producing power by alarming the condition, but
      selectively auctioneering the need to cause turbine shutdown. This is in
      marked contrast to computer-controlled systems, as well as prior art
      analog controlled systems.
PAR  Although some redundancy, where feasible and effective, is used to
      accomplish the Perpetual Power Production ("PPP") objective, duplication
      of components is not the only means for accomplishing this goal. The
      bearing monitoring system employs a unique means of detecting open
      thermocouples while the machine is running, and at the same time, causing
      a shutdown if a hot bearing warrants this action. The disc cavity
      monitoring system requires 2 alarms in the same cavity to produce a
      shutdown, based upon the premise that 2 open thermocouples in the same
      cavity at the same time are unlikely. Since the turbine system will shut
      down on a high exhaust or blade path temperature average, open
      thermocouples can do little more than change the non-controlling average.
      Also, failure of one side of the loop results in an automatic shift to the
      other side and an alarm display to notify the operator. This is likewise a
      feature of the vibration systems, where a pickup failure is alarmed while
      the turbine continues to run.
PAR  The speed system is unique in that dual pickups, dual channels, and
      auctioneering circuits are provided to alarm outage greater than 5%. The
      speed system continues running by selecting the higher of two inputs --
      once again based on the design premise that high readings under failure
      are unlikely.
PAR  In addition, as is discussed hereinbelow in relation to the specific
      embodiments, the system of this invention utilizes a modularity concept
      for functions and hardware employed to obtain reliability by multiplicity.
      Each control function, and each corresponding hardware portion, may be
      either pneumatic, analog or digital, or a hybrid combination. In contrast
      to prior art systems where hardware is multiplexed to accomplish
      functions, each control loop is independent and not time shared. The
      failure of one function or component in the system does not cause starting
      to abort or turbine to shut down. As a result, no local additional
      maintenance control system is necessary since the system has
      self-contained back-up control.
PAR  In the detailed description of the electropneumatic embodiment which
      follows, only those elements important for an understanding of the system
      are illustrated. However, it is recognized that the total system comprises
      a number of additional elements which are necessary components of the
      entire system. The following is a partial list of such backup elements,
      which are not illustrated in the drawings:
PAR  a. Turbine cooling air system. This system provides cooling air to the
      turbine blading and disc cavities and for the rotor cooling.
PAR  b. Atomizing air system. When oil fuel is used an atomizing device is
      required to break up and atomize the fuel oil into minute particles to
      obtain maximum combustion of the fuel mixture during the ignition period.
PAR  c. Instrument air system. This system consists of an independent
      compressor, reservoir filters and several control devices. The independent
      compressor functions only during initial starting, and at a lower capacity
      after shutdown. When the turbine compressor pressure is sufficient, the
      independent compressor is shut off and the turbine compressor supplies the
      instrument air. The instrument air system provides the required air supply
      for all of the pneumatic devices illustrated as components of the control
      system. In the discussion to follow, air pressures are recited as being
      PSI, although such pressures are in fact gauge pressures.
PAR  The specific pneumatic devices which are discussed in detail hereinbelow
      are all commercially available devices, and no claim is made as to the
      novelty of any such pneumatic devices. The controllers, transmitters,
      pilot relays, reducing relays, amplifying relays, direct derivative units,
      low pressure selector, high pressure selectors, high limit relays, bias
      relays, and totalizing relays are all available from Moore Products Co.,
      Springhouse, Pa. See, for example, the Moore publication titled "Nullmatic
      Controllers," Bulletin 5018, which describes in detail the pneumatic
      controllers as specified hereinbelow.
PAC  b. Detailed Description
PAR  Referring now to FIG. 5, there is shown a block diagram of the control
      paths for generating, from different inputs, control signals suitable for
      control of turbine fuel flow, and consequently of turbine speed and load.
      In the embodiment as illustrated by this block diagram, each control path
      develops a pneumatic signal, and the plurality of pneumatic signals thus
      developed are connected to a low pressure select element 231, which
      selects that signal having the lowest pressure and produces it as the
      output control signal. While the system as thus illustrated in FIG. 4 is
      primarily pneumatic, it is to be understood that the same functions may be
      performed with equivalent analog or digital means.
PAR  The turbine combustor shell pressure (compressor discharge pressure)
      P.sub.2C is communicated from the turbine combustion system 96 and is
      operated upon, as shown in block 250, to produce a pneumatic pressure
      which is a function of P.sub.2C. Also communicated to block 250 is
      information concerning whether the turbine is being operated in the base,
      peak or system reserve load mode, and the operation at block 250 produces
      an output which is a different function of P.sub.2C depending upon the
      chosen mode. As seen in FIG. 6B, the T.sub.2T -P.sub.2C curve varies as a
      function of the load level carried by the turbine, where T.sub.2T
      represents B/P or EXH temperature. The output from 250 is connected to
      block 203. Also connected to block 203 is a pressure signal from block 251
      representing a function of the exhaust temperature as measured by
      thermocouples positioned at the turbine exhaust location. The operation at
      block 203 comprises proportional, integral and derivative action to
      produce an output signal which is a function of the measured exhaust
      temperature as compared to the setpoint as produced by the output of block
      250. The signal from block 203 thus represents a constraint on exhaust
      temperature as a function of shell pressure, in accordance with the known
      relationship between these two variables (as illustrated in FIG. 6B). The
      output of block 203, designated EXH, is connected to the input of the low
      pressure select block 231.
PAR  A second control path is employed to derive a control signal which is a
      function of the blade path temperature. As shown at block 258, the blade
      path temperature is determined from thermocouples placed in the blade
      path, and such determined temperature is converted into an appropriate
      pressure which is a function of blade path temperature, T.sub.2T. In
      addition, the combustor shell pressure P.sub.2C is converted into a
      corresponding pressure at block 252 and the ambient temperature is sensed
      and converted to a respective corresponding pressure at block 253. These
      two pressures are totaled at block 190, to give an output pressure
      representative of the algebraic sum of such two input pressures. The
      signal from block 258 is connected to block 204 as an input variable
      signal, and the signal from block 190 is connected as a setpoint signal,
      and both are operated on at block 204 by proportional and integral action
      to develop the blade path (B/P) signal, comprising the second input to
      block 231.
PAR  The third control path comprises totaling, at 209, the P.sub.2C signal as
      well as a bleed path (B/V) signal representative of turbine surge. The
      output of this totaling step produces an acceleration limit signal.
PAR  A fourth control path, designated speed load, produces a signal which is a
      function of sensed speed as compared to a variable speed setpoint. As
      shown at block 260, speed is sensed by appropriate sensors, and converted
      to a pressure signal representative of such speed, which pressure signal
      is introduced at block 205 as a variable input. A variable speed setpoint
      is produced by a speed changer 65S, which in the preferred embodiment is a
      pneumatic generator. The speed changer output, designed to accelerate the
      turbine from 50% speed to 100% speed, is introduced to block 205 as the
      setpoint. A signal is developed at block 205 proportional to the
      difference between the setpoint and the variable, and is communicated to
      block 231 as the speed load signal.
PAR  A fifth control path produces a load signal, and comprises generating a
      programmable signal at load changer block 65L, the output of which may be
      modified at block 65-FN to produce a fast changing or normal changing load
      signal, the output of block 65-FN in turn being connected to the select
      block 231. In addition, a sixth variable control signal is generated at
      block 188, which has as its input the output of the low signal select
      block 231, and produces an output which limits the limit or rate of change
      of the control signal.
PAR  At block 231, the six inputs are compared and the low value is chosen and
      gated through to the output at terminal T231. This signal is employed to
      control the throttle valve, or valves, which in turn control the amount of
      fuel being delivered to the turbine combustors. For normal operation, the
      exhaust and B/P signals, which are temperature control signals, are biased
      higher than the speed and load signals, so that during normal trouble-free
      operation, they do not control. However, these control signals are present
      as backup control, and in the preferred embodiment of the invention at all
      times during operation of the turbine, system temperature backup control
      is available.
PAR  Referring now to FIG. 6A, there is illustrated a schematic diagram of the
      temperature control paths of the control system of this invention. As
      discussed with respect to the basic control block diagram of FIG. 5, the
      backup temperature control signals are generated as a function of
      compressor discharge pressure P.sub.2C and the corresponding measured
      control temperature. P.sub.2C, obtained at the combustor as illustrated in
      FIG. 4, is connected to the pressure switch 153, and thence to
      transmitters 207 and 208, each of which provide pneumatic signals
      representative of P.sub.2C. The signal from transmitter 208 is in the
      range of 3 to 15 PSI and is coupled to the inputs of bias relays 158 and
      152 respectively, as well as a first input to solenoid valve 137. Bias
      relay 152 biases the signal from 208 with about 2 PSI which signal is then
      connected to a first input of solenoid operated valve 136. Bias relay 158
      biases the signal from transmitter 208 with about 1 PSI, which signal is
      then connected to a second input to valve 137. The output of valve 137 is
      connected to a second input to valve 136, and the output of valve 136 is
      communicated to input R of exhaust controller 203. The exhaust temperature
      controller 203 is a proportional, integral and derivative action
      controller having direct controller action such that the output at CO
      varies directly with the input at C. The input signal to controller 203 is
      derived from 16 thermocouples, averaged in two groups of 8 thermocouples
      each, indicated at 57 in FIG. 4.
PAR  Thermocouples 57 monitor turbine exhaust temperature, which is
      representative of the turbine inlet temperature. Due to the high level of
      turbine inlet temperature, it is not possible to directly measure a
      representative turbine inlet temperature. As seen in FIG. 6B, each mode of
      power generation has a limiting temperature-P.sub.2C curve, and hence
      requires a certain fuel flow for a definite average temperature at the
      turbine inlet.
PAR  The two temperature channels are each fed by eight type J (iron-constandan)
      thermocouples which are paralleled using a swamping network, so that each
      channel provides an average temperature. The thermocouples have a range of
      550.degree. - 1150.degree.F for each channel and are used with analog
      transmitters of the Bell and Howell 18111A type having an output of 4 to
      20 ma with reverse action (i.e., 4 ma at 1150.degree. and 20 ma at
      550.degree.F) and current going to zero upon a channel's thermocouples
      failing open. Both channels are set to give a temperature alarm at
      1050.degree.F. The parallel thermocouple paths carry current signals
      representative of the two averaged temperatures, and between the paths
      there is connected a differential alarm circuit 262, designating a
      differential current detector and appropriate alarm circuitry. The alarm
      circuit 262 indicates thermocouple signal differences greater than a fixed
      percentage, e.g., 5%, providing a visual or audible signal to the operator
      when one path diverges from the other. In this manner, the thermocouple
      circuits are monitored without causing shutdown. In addition, the signals
      from the thermocouple channels may be directly monitored (by meters not
      shown) to provide a continuous indication of their condition.
PAR  The thermocouple inputs are connected to I/P transducers 212 and 213, which
      convert the analog input in the range of 4 - 20 ma to a pneumatic output
      in the range of 3 - 15 PSI. Thus, the output pressures of the transducers
      are proportional to the current input which, in turn, is inversely
      proportional to the sensed temperature. The outputs of transducers 212 and
      213 are connected to high pressure selector 220, which selects the higher
      value to prevent shutdown when pressure failure occurs at the output of
      one of the transducers (the current goes to zero upon a channel's
      thermocouples failing open). The output of selector 220 (3.15 PSI) is
      connected to a direct derivative device 228, which produces a pneumatic
      output proportional to the derivative of the input, and which functions to
      speed up the exhaust temperature control system to compensate for the fact
      that the thermocouples react slowly to turbine temperature changes because
      of their downstream location with accompanied low gas velocities. The
      output of direct derivative device 228 is connected to the input variable
      connection of exhaust controller 203.
PAR  The blade path control path commences with two channels each fed by four
      paralleled thermocouples ranged similar to the exhaust temperature
      channel, and indicated at 180 in FIG. 4. The inputs from such channels, at
      4 to 20 ma reverse action, representing a temperature differential between
      1300.degree. and 700.degree.F respectively, are connected to I/P
      transducers 223 and 224 respectively. Differential alarm circuit 263 acts
      in the same manner as does 262. The transducer outputs, at 3-15 PSI, are
      similarly connected to a high pressure selector 219, which transmits the
      high pressure to input C of controller 204.
PAR  The output of transmitter 207 provides a pneumatic signal proportional to
      P.sub.2C in the range of 3-15 PSI. This signal is transmitted to
      totalizing relay 190, which also receives a pneumatic signal proportional
      to ambient temperature T.sub.IC (from 71), and produces an output
      proportional to the algebraic sum of such two inputs. The output of
      totalizing relay 190 is connected to a first input of solenoid valve 179,
      while the output of solenoid valve 136 is connected to a second input of
      valve 179. The output of valve 179 is connected to the reset input
      (designated R) of controller 204. Controller 204 provides direct
      proportional and integral action, the same as exhaust controller 203.
      Because of the thermocouple locations in the blade path, controller 204
      gives a better response than the exhaust controller, and accordingly no
      derivative device is needed to operate on the input. The output of the low
      signal selector (LSS) from T231 is used as a feedback signal to both the
      exhaust and B/P controllers. This prevents the phenomenon known as "RESET
      WINDUP."
PAR  Comparing FIG. 6A with FIG. 5, the energization of valve 179 (due to the
      breaker closing, i.e., 52X) corresponds to gating the P.sub.2C signal
      through AND circuit 266. When the breaker is not closed, valve 179 is
      deenergized, corresponding to passing a signal through NOT circuit 267 and
      AND circuit 268. In either case, the B/P set point signal comes out of the
      output of valve 179, corresponding to OR circuit 269.
PAR  Connected between the LSS output (terminal T231) and the output of
      controller 203 is a pressure switch 218 which operates a control light
      218L (FIG. 16) to indicate when the exhaust controller output is the low
      signal, and thus is controlling. Switch 218 operates when its two pressure
      inputs are equal, or within a fixed limit, and thereby signals when the
      LSS signal is in, fact, the exhaust loop signal. In a similar manner,
      pressure switch 238 provides for an indication at 238L (FIG. 16) when the
      blade path loop is producing the controlling signal.
PAR  In operation, when the base load mode is selected, valve 136 is
      de-energized, such that the signal from transmitter 208, biased with about
      2 PSI at relay 152, is communicated to the setpoint input of exhaust
      controller 203, thus providing it with its highest setpoint. The highest
      setpoint for controller 203 yields the lowest output (around 14 psi) upon
      stabilization of turbine temperature. For peak load operation, valve 136
      is energized and valve 137 is deenergized, such that the output of valve
      136 is biased lower, producing a lower setpoint for the exhaust
      temperature controller, which lower setpoint in turn makes possible a
      higher temperature in the combustors by permitting a higher throttle valve
      signal for higher fuel admission.
PAR  In system reserve load mode, both valves 136 and 137 are energized such
      that there is no biasing of the P.sub.2C signal transmitted from
      transmitter 208. In this instance, the setpoint for controller 203 is the
      lowest of the three modes of operation, such that the exhaust controller
      output (CO) is accordingly higher for given sensed exhaust temperatures.
      This permits a still higher controlled temperature in the combustors via a
      higher fuel flow. It is to be noted that for exhaust controller 203,
      higher sensed exhaust temperatures produce lower inputs at the input
      variable C, while the greater the load called for, the lower the setpoint
      input (since setpoint is inverse to load demand). Consequently a higher
      sensed exhaust temperature results in a lower control signal, while higher
      load demand, as set by selection of the load mode, results in a higher
      control signal.
PAR  The blade path temperature control is used as a backup for the exhaust
      control. For this reason, the biasing of the blade path controller 204 is
      set slightly higher than its normal setting while solenoid valve 179 is
      energized, during which time both the exhaust controller and blade path
      controller receive the same changing setpoint derived from the P.sub.2C
      signal. During starting, the blade path control acts as a backup to the
      speed-load controller, and valve 179 is de-energized such that the blade
      path setpoint is biased higher due to the action of totalizing relay 190,
      which biases the P.sub.2C signal in accordance with sensed ambient
      temperature. It is to be noted that quick temperature changes are detected
      and controlled by the blade path control while the exhaust control detects
      and controls the relatively slow, or steady state changes.
PAR  The means of generating the blade path controller setpoint during starting
      provides the control system with the capacity to vary the temperature
      backup control as a function of ambient temperature. A "floating"
      temperature control line, as illustrated in FIG. 6C, is effectively
      achieved to provide changing blade path control between the ambient limits
      of -40.degree.F and +120.degree.F. The shaded area between the
      -40.degree.F and 120.degree.F lines represents the range of ambient
      temperature throughout which adaptive control is provided. By combining
      both the T.sub.IC and P.sub.2C signals in the totalizing relay 190, the
      setpoint for B/P controller 204 is caused to vary as a function of the
      ambient temperature. For a given compressor discharge pressure P.sub.2C,
      as the ambient temperature goes up (corresponding to normally less
      available starting torque) the setpoint goes up, and as the ambient
      temperature goes down (corresponding to normally higher available starting
      torque) the setpoint is lowered. Thus, the blade path channel adapts to
      limit starting temperatures to a lower than normal level at low ambient
      temperatures and to permit higher starting temperatures at higher ambient
      temperatures, thereby compensating for changes in available starting
      torque which result from changes in ambient temperature. As seen in FIG.
      6C, during summer, a higher than normal blade path temperature is
      automatically permitted, while during winter the turbine is constrained to
      a lower than normal blade path temperature. The uniqueness of the
      "summer-winter" control is that, for the first time, a turbine system is
      provided which not only provides temperature backup control during
      starting, but which provides an adaptive temperature control which
      compensates for performance changes which otherwise occur with changes in
      the ambient temperature. While this feature has been illustrated with a
      pneumatic embodiment, it is noted that equivalent analog and digital means
      are also embraced.
PAR  In an electrical analog embodiment, the speed changer signal previously
      described is provided by a conventional ramp generator. At the breaker
      closing, an additional DC signal (of a value according to the desired
      stepup in load) is gated with the ramp to provide the stepup in signal.
      The load changer signal, provided by another ramp generator, is adjusted
      to provide a ramp which starts from a level equal to the speed signal
      immediately after the DC signal has been gated to it. In a similar manner,
      the load pickup can be accomplished with a wholly digital embodiment, the
      speed control signal having a programmed step up at the moment that the
      breaker closing is communicated to the control computer. Thus, the
      technique is equally adaptable to both hardware and software embodiments.
PAR  Referring now to FIG. 7A, there is shown a block diagram with details of
      the speed and load control paths, and the manner in which the control
      signals derived therefrom are inputted along with the temperature control
      signals to the low signal (low pressure) select element 231. The primary
      elements utilized in generating the load and speed control signals are
      motorized regulators, designated load changer 65L and speed changer 65S
      respectively. The preferred load changer used in this electro-pneumatic
      embodiment is a synchro-regulator, as manufactured by Moore Products Co.,
      having an AC motor drive and providing a 3-15 PSI output. The motor is
      timed to provide a ramp output from 7 PSI to 16 PSI in 12 minutes.
      Similarly, the speed changers 65S is suitably a Moore synchro-regulator
      providing a 3-15 PSI output, and having an AC motor drive, the motor
      having a timer set to provide a ramp output from 3 PSI to 15 PSI in 6
      minutes. It is understood, of course, that these operating characteristics
      are exemplary only, and may be varied according to the application. The
      electric control of the load changer and speed changer are discussed in
      more detail hereinbelow in connection with the description of FIGS. 11 and
      13. As is noted further hereinbelow, the functions of 65L and 65S may be
      performed by electronic function generators in an alternate embodiment.
PAR  Pressure switch 197, for providing load scheduler wind back, is connected
      to the output of load changer 65L. The output is also connected through a
      first path to amplifying relay 226, and through a second path to a first
      input of load scheduler solenoid valve 155. The output of amplifying relay
      226 provides the other input to the valve 155. When valve 155 is
      de-energized, corresponding to normal rate of loading, the unamplified
      output of load changer 65L is connected through to one of the six inputs
      of low signal select element 231. When fast loading is called for, valve
      155 is energized, such that the amplified output from 226, corresponding
      to 2 minute loading, is connected through to 231.
PAR  The output of speed changer 65S is amplified through amplifying relay 232,
      the output of which is connected to a first input of solenoid valve 187.
      The output of 232 is also connected through bias relay 230, used for
      establishing a higher initial load setpoint, the output of which is
      connected to the other input of valve 187. The output of valve 187 is
      coupled to the speed load controller 205 as the reference, or setpoint
      signal.
PAR  The inputs to speed transducers 216 and 217 come from separate speed
      sensors 78, which provide an input in the range of 10-50 ma. Between the
      inputs there is connected a differential alarm circuit 222 which provides
      an output when the difference between the inputs exceeds a given amount,
      e.g., 5%. The outputs of transducers 216, 217 (3-27 PSI) are compared in
      high pressure select element 218, which selects the higher pressure and
      communicates it to amplifying relay 229, and thence to direct derivative
      element 227, the output of which is communicated to speed load controller
      205 as the input variable (C). The use of high pressure select element 218
      prevents the loss of speed signal and maximum fuel to the turbine when
      pressure failure occurs at the output of one of the transducers. The
      direct derivative device 227 improves the response of the speed control
      system. Controller 205 is a proportional action pneumatic controller,
      suitably Moore Products Co. model 55A, where the measured variable (C) and
      the output (CO) are inversely proportional. The output signal, CO, thus
      increases with the increasing setpoint provided from speed changer 65S,
      and is inversely proportional to the sensed speed. The output of
      controller 205 is directly connected to one of the inputs of the low
      signal select element 231. A feedback path 156 from T231 provides the LSS
      output at point 157. Speed load control pressure switch 200 is connected
      between the output of speed load controller 205 and point 157, and
      activates a panel light 200L (FIG. 16) when the pressure differential
      thereacross is nominally zero, indicating that the LSS output is the speed
      output. Similarly, load control pressure switch 199 is connected between
      point 157 and the load control input to LSS element 231, and activates a
      load control panel light 199L (FIG. 16) when the pressure thereacross
      becomes nominally zero. Switches 237 and 239 provide similar indications
      for the load rate path and acceleration path respectively. By this
      arrangement, the operator has a clear indication of how the turbine is
      being controlled, and when control is passed from one path to another. The
      outputs of switches 199, 200, 218, 237, 238 and 239 may be connected to a
      recorder (not shown) to provide a record of how the turbine has been
      controlled. It is to be noted that where the signals to the LSS are
      electrical in form, the corresponding switches are electronic differential
      detectors.
PAR  Acceleration limit totalizer 209 is employed for surge control protection
      and as a maximum fuel limiter. The output pressure of totalizer 209 is
      limited by the surge line pressure and thus limits the opening of the
      throttle valve. The acceleration limit control is designed to control fuel
      flow before the speed control system comes into operation at 50% speed.
      After this portion of the starting operation, the acceleration limit
      control functions only as a backup control. The surge maximum fuel line is
      measured from the compressor discharge pressure which constitutes a first
      input to totalizer 209. The surge maximum fuel line is changed when
      closing the bleed valves such that the acceleration limiter is reset at
      such moment. This reset is provided by a second input derived from
      compressor bleed solenoid valve 132, which provides a signal when the
      bleed valves are closed. The totalizer thus provides an algebraic addition
      of signals representing compressor discharge pressure and the bleed valve
      position. This output is connected to and provides one of the six inputs,
      designated acceleration, to low signal select element 231.
PAR  The sixth control path which provides an input to LSS 231 is the load rate
      limit loop. The LSS output from element 231 is connected to a pneumatic
      load rate limiter 188, which introduces a time delay of approximately 2
      minutes, such that the output thereof represents the delayed LPS signal.
      This output is connected to a bias relay 189, which functions to inhibit
      the action of limiter 188 during starting and permit control only during
      loading. Limiter 188 begins controlling when its output exceeds the
      setting of relay 189 at about 25% load. Above this point, the output of
      189 equals the output of 188 and the time delay function becomes active.
PAR  Making reference to FIG. 7B, the method by which the control system of this
      invention picks up load at the time the circuit breaker is closed
      connecting the generator to the load, can be understood. During startup,
      the speed control channel controls turbine operation. Speed synchro 65S
      takes the turbine linearly from about 50% speed up to idle speed where
      synchronization is achieved and the generator breaker is closed. At
      breaker closing, load changer 65L in the load control channel is energized
      and produces an increasing ramp output which starts at a minimum load
      somewhere within the range of 10% to 25%. The load changer produces a
      linearly rising signal which increases at a slower rate than the speed
      control signal, such that it takes over control. It is seen that at the
      time of breaker closing, the speed control signal is automatically stepped
      up through energization of solenoid 187 which valves the speed control
      signal through bias relay 230 so as to add an increment to the setpoint
      signal corresponding to the initial step load requirement. The amount of
      this increment can be varied by fixing the bias introduced at relay 230.
      In this manner, at breaker closing, the speed control signal is stepped up
      to the starting level of the load control signal, which then assumes
      control due to its lower rate of increase. Loading may, of course, then be
      accomplished in a shorter time than that programmed by load changer 65L by
      valving the load changer output through amplifying relay 226. There is
      thus incorporated into the system the capability of immediately providing
      capacity to pick up dead load, such as occurs after power brownouts and
      blackouts. This capability is combined with continuous temperature backup
      control from starting through load pickup and continuously after steady
      state load is achieved.
PAR  Referring to FIG. 23A, there is shown a modification of the control system
      of FIG. 7A, wherein the load path is closed loop, providing closed loop
      load control. A detector 260 produces an electrical signal representative
      of load delivered by the turbine-driven generator, and the load signal is
      transduced at transducer 261 to provide an appropriate pressure signal.
      The pressure signal, representing load, is provided as the input signal to
      load controller 265, the load controller taking its setpoint signal from
      load synchro 65L. The output of the load controller, in this embodiment,
      constitutes the low signal which is connected to one of the inputs of the
      low signal select device 231.
PAR  The closed loop load (kilowatt) control functions to maintain a constant
      load regardless of frequency, compressor efficiency, or ambient
      temperature changes. This feature is useful on small systems and in
      locations where the day and evening temperatures vary considerably.
      Normally, as evening approaches the ambient temperature drops and the gas
      turbine power output increases, or vice versa. This may be undesirable
      where the load is fixed and, therefore, the operator will be required to
      manually compensate for these ambient temperature changes. However, this
      is not necessary in the closed loop load control system.
PAR  The open loop kilowatt control is simpler than closed loop control, due to
      providing a fixed fuel input. Load is controlled within a defined
      tolerance band and the variation is normally acceptable in larger systems.
      It is also acceptable for "spinning reserve" applications where the
      turbine is being controlled by the loading synchro (65L) at or slightly
      above minimum load in preparation for an eventual dispatcher call for base
      load.
PAR  It is seen that the turbine load control system, as described above,
      provides an expanded capability for load control, with the specific
      capabilities of varying load setpoint while on speed control or on load
      control, with three temperature limiting control curves as a function of
      compressor discharge pressure (i.e., base, peak, system reserve). Either
      open loop fixed fuel control or closed loop power control with megawatt
      reset capability is available, depending upon the system or user
      preference. Means is provided for either normal or fast loading rates.
      Loading can be accomplished by means of the speed path or load path, by
      either open loop load setpoint or closed loop load setpoint. In addition,
      the load can be scheduled as a function of ambient temperature. Thus,
      there are provided a plurality of alternative methods, available to the
      operator, for obtaining load control. These are particularly useful on
      different types of electrical systems and are employed for different
      reasons. Manual load selection via the speed controller (as discussed
      hereinbelow) is also available, and is most effective on isolated systems
      where the frequency varies and sudden load increases are probable. Under
      these conditions, the speed control responds to pick up 25 % load (normal)
      instantaneously, plus additional load, at the rate limited by the load
      rate limiter. The load rate limiter functions to protect the gas turbine
      from accepting excessive instantaneous load.
PAC  D. STARTING CONTROL SUBSYSTEMS
PAC  Temperature Reset Starting Control
PAR  Turbine operation is controlled during a portion of the startup as a
      function of both compressor discharge pressure and blade path temperature.
      The turbine is brought up from turning gear speed by a diesel starter to
      about 20% (Ignition) speed. At this point the admission of fuel is
      controlled by the combination of the pressure-temperature (PT) valve 109
      and pump discharge control valve 97 (FIG. 4). From 20% speed to about 50%
      speed, the turbine operation is under control of a fuel (either oil or
      gas) starting signal derived as a function of P.sub.2C and the B/P signal
      derived from the blade path controller. There is disclosed, in the next
      portion of this specification, a method of controlling the PT valve to
      implement a fuel schedule which controls ignition fuel nozzle pressure in
      a manner so as to improve turbine vane life.
PAR  Referring to FIG. 8A, the output of the blade path controller (which is
      inversely proportional to the detected blade path temperature) is
      connected through a bias relay 234 and reduced by a reducing relay 233
      (reduces the blade path signal to a range of about 0-4 PSI), the output of
      the reducing relay being one of the inputs to a high pressure selector
      221. The output of the low signal selector is connected to pilot relay
      235. This relay connects supply pressure (not shown) to its output when
      the LSS input (which is also the fuel throttle valve signal) reaches the
      preset value of about 5 PSI. This value corresponds to just above the
      point of lifting of the throttle valve from minimum position. The output
      of relay 235 is connected as a second input to the HPS 221. Thus, until
      the throttle valve signal rises to about 5 PSI (at about 75% speed) the
      only input to the HPS is the blade path input. At speeds above about 75%
      speed, the blade path signal (reduced at 233) becomes ineffective because
      it is overridden by the LSS signal through the high pressure selector.
PAR  The output of high pressure selector 221 (being the B/P signal for about
      20% speed to about 75% speed) is connected to one chamber of fuel pressure
      control totalizer 210. Totalizer 210 is supplied with air when isolation
      valve 101 is open. Another chamber of 210 receives the compressor
      discharge pressure, P.sub.2C. The totalizer 210 provides an output
      directly proportional to the algebraic sum of the two inputs. Thus, as
      P.sub.2C rises, the totalizer output rises. Also, it is noted that up to
      about 75% speed, if blade path temperature rises, the B/P signal drops,
      thereby dropping the totalizer output and providing adjustment of the
      controller reset signal. Above 55% speed, this control function is passed
      to the LSS signal. The output of totalizer 210 is supplied to a high limit
      relay 225 which limits the reset signal at 10 PSI. This high limit relay
      functions to limit the maximum oil fuel pressure of the main fuel pump
      outlet at 950 PSI. The HLR output is connected to the controller 206 as
      the reset signal.
PAR  The fuel oil pump discharge pressure is converted to a pneumatic pressure
      by transmitter 236, providing a variable output signal of about 3-15 PSI.
      This signal is connected to the measured variable input (c) of controller
      206. Controller 206 is a PI controller (proportional and integral action)
      and is reverse acting to produce an output signal proportional to the
      difference between the variable setpoint signal from 225 (introduced at R)
      and the discharge pressure signal from 236.
PAR  The output of HPS 221 is also connected to a gas totalizer 211, which has a
      second input the P.sub.2C signal. Totalizer 211 functions in the same
      manner as fuel oil pressure totalizer 210, and produces an output which is
      limited at 225G. As with the path for developing the oil signal, it is
      seen that the signal is limited by blade path temperature up to about 75%
      speed, and thereafter is limited by the LSS signal.
PAR  The two totalizers 210, 211, the two high limit relays 225, 225G and the
      controller 206 are all supplied with air through isolation valve 101 which
      opens when the machine begins the starting process.
PAR  Referring now to FIG. 8B, there is illustrated the manner in which the
      starting signals and the throttle valve signal (from LSS 231) coordinate
      the controlled starting of the turbine. Fuel oil, from a supply not shown,
      is connected through the oil throttle valve 99 to the combustion system.
      Similarly, gas fuel may be connected through gas throttle valve 99G to the
      combustion system. When fuel oil is being used, the control signal from
      controller 206 is connected to the pump discharge valve 97, which
      regulates the pump discharge pressure and which is open at startup. Valve
      97 closes partially in conjunction with the PT limiter valve 109 (FIG. 4)
      to maintain 200 PSI fuel oil pump discharge pressure. After reaching 20%
      speed, as the P.sub.PD controller signal increases due to increasing
      P.sub.2C, regulating valve 97 is closed as a function of such increasing
      P.sub.2C, such that fuel oil pump discharge pressure rises to about 950
      PSI at about 50% speed. At 50% speed, the LSS signal rises from a minimum
      of 3 PSI, at which point throttle valve 99 begins to open, and thereafter
      the system is controlled through the action of the LSS signal on the
      throttle valve.
PAR  IF gas fuel is used, the gas starter signal opens gas starter valve 81, to
      provide increase of gas fuel to the combustion system between the speeds
      of about 20% to 55%. The LSS signal also begins to open the gas throttle
      valve 99G at about 50% speed, after which the system is under control of
      the LSS signal. As shown by the dashed lines, a transfer switch 124 may be
      employed to transfer operation between fuel oil and gas fuel, or to
      proportion amounts of respective fuels fed to the combustion system.
PAR  There is thus disclosed a system for temperature reset of the pump
      discharge pressure during starting, which additional temperature control
      offers a unique backup capability which improves starting reliability. In
      the event of a control component failure in the main control loops, or
      improper throttle valve setting or drift for any other reason, there
      exists an additional temperature backup control derived from blade path
      temperature, which maintains control on pump discharge pressure. Because
      of this unique reset capability, the number of transient temperature
      excursions above the absolute turbine trip level are minimized and thermal
      shock is avoided. After the turbine has attained a speed of approximately
      75%, this temperature control loop is effectively deactivated due to the
      action of relay 235, and temperature control is passed to the low signal
      select signal.
PAC  Ignition Pressure Control Subsystem
PAR  As has been set forth hereinabove, the turbine system of this invention is
      provided with a bypass pump pressure regulator valve 97 and a bypass
      limiter valve 109, which valves function together to provide stable fuel
      pressure operation during ignition and other turbine operating periods.
PAR  With respect to plant startup operations, a plant which has fast startup
      capability and high reliability is characterized as having high
      availability, which is a factor especially important to peaking
      applications of gas turbine electric power plants. Reliability in large
      measure results from the plant design and the quality of plant
      manufacture, and is enhanced by the basic design of the control. As seen
      above, the control design of this invention includes multiple provisions
      for controlling or limiting particular plant variables. Thus, plant
      availability is enhanced through reliability by multiplicity. Normally,
      faster gas turbine plants startups cause greater temperature or thermal
      stress cycling damage to the turbine blades and other metal parts.
      Therefore, some balance must be achieved between startup speed and turbine
      life, i.e., the long term cost of turbine damage caused by thermal stress
      cycling. To improve the plant life expectation or to improve startup
      availability of gas turbine electric power plants by faster startup
      without added metal damage, it is desirable to identify avoidable causes
      of stress damage and determine improvement means by which such damage can
      be avoided compatibly with all other plant operating considerations. Added
      benefit is realized if the improvement means also provides reliability by
      multiplicity.
PAR  One cause of thermal stress damage occurs in the supply of fuel, and
      especially liquid fuel, to the turbine nozzles. In the turbine plant of
      this invention, liquid fuel is supplied to the turbine from a fuel source
      by a turbine driven pump. The pump develops fuel pressure as a function of
      the turbine speed, and the nozzle fuel pressure is typically kept within
      tolerances by positive regulation of the pump discharge pressure. Fuel
      pressure regulation is achieved by regulating the flow of bypass fuel from
      the fuel supply line back to the fuel source. Fuel pressure fluctuations
      due to transient conditions not correctable by the pressure regulator can
      cause excessive thermal stress cycling of the turbine metal parts during
      ignition and at other operating time periods, including idle operation and
      light load operation.
PAR  The PT limiter valve 109, which is in parallel with the bypass valve 97, is
      utilized to optimize the responsiveness of the bypass subsystem during
      ignition and other operating time periods, to prevent rapid transient fuel
      pressure oscillations and thermal cracking of turbine vane sections
      attributable to differential expansion of components. A suitable PT
      limiter valve is disclosed in detail in co-pending U.S. application S.N.
      261,192, filed June 9, 1972, and assigned to this assignee. The subsystem
      disclosed herein provides an improved method and apparatus for aiding
      combustor light-off by optimally scheduling the combustor nozzle pressure.
PAR  Referring to FIGS. 8C, 8D and 8E, there are shown means for controlling the
      PT limiter valve, and the consequent method of controlling nozzle
      pressure, to provide an optimum sequence of nozzle pressure during
      ignition and startup. Before the isolation valve 101 is opened and
      ignition is commenced, the nozzle pressure is at 0 (throttle valve has not
      been raised) and the PT limiter valve 109 is at a low prefire position.
      When ignition is commenced, light-off of the combustors is aided by
      raising the nozzle pressure to a high value, e.g., 10 PSI. This nozzle
      pressure is referred to as the "pop" pressure, and is maintained until
      flame is sensed. The time during which nozzle pressure is raised to and
      maintained at the "pop" pressure is referred to as the pop period.
PAR  Upon detection of flame, the PT valve 109 is dropped to a lower position,
      producing a drop in nozzle pressure during a timed period which is
      referred to as the "glide" period. During the glide period, the nozzle
      pressure ramps upward, due to the action to the reset subsystem, as
      described immediately herinabove. At the end of the timed glide period,
      the PT valve returns to its full position (run position), enabling buildup
      of nozzle pressure under speed control. The glide period provides the
      turbine with a period of reduced fuel input immediately after detection of
      flame, so that the thermal impact upon the turbine is lessened, thus
      reducing thermal strain.
PAR  The pop and glide fuel schedule is accomplished by a unique method of
      controlling the PT limiter valve. When fuel is on, corresponding to
      opening of the isolation valve 101, switch 271 provided power through the
      the sequence circuitry, as shown in FIG. 8C. This immediately commences
      operation of ignition timer 273, which times the length of ignition. At
      the same time, isolation valve 101 provides air pressure through
      deenergized pop and glide valve 277, thereby providing an input to
      positioner 109P which causes setting of the PT valve 109 to its full, or
      pop position. When the nozzle pressure reaches its predetermined (pop)
      maximum, nozzle pressure switches 275, 276 cause closing of their
      respective contacts, thus initiating pop timer 274, which times out
      through self-operated contacts 274-1. Nozzle pressure is limited at the
      pop level by positioner 109P. When light-off occurs as sensed by the flame
      detectors, the popping pressure is reduced to the glide requirement.
      Therefore, the pre-set time period determined by the pop timer is the
      maximum time that the popping pressure can exist, since the pressure is
      automatically reduced when and if flame is established. It is to be noted
      that, since the pop timer is initiated by the pressure switches 275, 276,
      the time period during which pop pressure is maintained is limited, thus
      limiting the initial thermal surge.
PAR  When flame is detected, contacts FLM7 and FLM8 close, initiating glide
      timer 272, which times out a glide period in the range of 70 to 140
      seconds. Relay FLMX is energized and maintained closed through contacts
      FLM1. Contacts FLM2 are also closed, thus energizing solenoid 279, which
      energizes pop and glide valve 277. This provides a decreased pressure
      transmitted through pop and glide regulator 278 to positioner 109P,
      resulting in changing to the lower PT valve position. As described before,
      this provides a corresponding drop in nozzle pressure. At the end of the
      timed glide period, contacts 272S are opened, thus de-energizing solenoid
      279, and the PT valve returns to its full, or run position. Note that the
      pop and glide solenoid must be energized to glide, and consequently
      permits full load operation in the event of solenoid failure. Failure of
      the solenoid during starting results in either over temperature control or
      over temperature shutdown on blade path position. If failure results in
      continued pop pressure over the established pop time period (maximum of 15
      seconds), a second time check set at 2 additional seconds actuates an
      alarm to indicate that the pop and glide is non-operative. Failure to
      light off with the pop system within the allowed ignition period results
      in dumping of the overspeed pressure purging in a second repeated pop and
      glide attempt.
PAR  While the preferred embodiment of the "pop and glide" apparatus is
      electro-pneumatic, it is understood that other forms are readily adapted
      to the turbine power plant. For example, where a digital computer is
      utilized, ignition start, pressure switch and flame detect signals are
      inputted to the computer, and PT valve position signals are outputted,
      with the sequencing and logic functions being provided by the computer.
PAR  Referring now to FIGS. 9 and 10, there are shown curves representing a
      typical start and a typical loading, respectively. These curves illustrate
      the operation of the control system as has been described to this point.
      Referring first to FIG. 9, there are plotted curves of LSS inputs against
      time, for a typical start. Those inputs which are lowest, and therefore
      controlling, are shown as solid curves, while the non-controlling inputs
      are represented by dashed line curves. From the time of startup, until the
      time designated as A, the turbine is brought up to speed under the action
      of the diesel starter. At time A, and extending to time B, the turbine is
      under control of the PT valve. At time B, control is switched to the fuel
      pump discharge pressure control, as illustrated in FIGS. 8A and 8B. At
      time C, the turbine is placed under speed control, and thereafter is under
      throttle valve control, the throttle valve being controlled by the LSS
      output signal.
PAR  In FIG. 9, the solid line represents the minimum input to the LSS and thus
      the LSS output. The dashed lines represent other LSS inputs. The load
      scheduler and load rate limiter signals are shown as constants throughout
      the typical start procedure. The acceleration signal is seen to be the low
      input, and thus the LSS output, up to the point where control is passed to
      speed control, corresponding to about 50% speed. However, during this time
      the acceleration signal does not control the turbine since its value is
      less than 3 PSI. It is to be remembered that the throttle valve does not
      commence lifting until the LSS signal exceeds 3 PSI. From 50% speed on,
      the speed control signal, generated from unit 65S, is the controlling
      signal. It is noted that at relatively low speeds, the blade path input
      signal is quite high, but is reduced in magnitude to a minimum value
      roughly corresponding to the point where the speed changer starts to
      produce the ramp output for speed control. For higher speeds, the blade
      path signal again increases. This reflects the fact that at lower and
      higher speeds, the blade path temperature is generally lower, and that the
      blade path temperature generally maximizes at or near 50% speed. Of
      course, it is to be understood that if, for any reason, the blade path
      temperature were to become sufficiently great such that the blade path
      curve were to dip below the speed control curve, then the B/P signal would
      take over control of turbine operation, thus limiting speeds.
PAR  Referring now to FIG. 10, there are shown typical loading curves
      representing LSS inputs as a function of time, during a normal loading
      procedure. Also indicated is the load, in MW, corresponding to the
      limiting load control signal. The heavy continuous line represents the
      lowest of the inputs to the LSS unit, and consequently the LSS output
      which controls the throttle valve. Time is designated as starting at the
      point when the breaker is closed, the turbine being at synchronous speed
      and being presumed to be maintained at synchronous speed throughout
      loading. At time of breaker close, there is an immediate stepup in power
      (to approximately 3.5 MW), as accomplished by the load pickup means
      discussed elsewhere in this specification. At that time, the load signal
      generated by unit 65L starts to ramp upward, and for a period of time is
      the controlling signal. The load rate limiter output takes control after
      breaker close, and controls the loading operation until the exhaust
      temperature control signal drops to a lower level, at which time the
      turbine is in temperature control.
PAR  As explained elsewhere in the specification, immediately after the stepup
      of the speed control signal, to provide the initial stepup in load, the
      speed changer 65S ramps upward at a high rate, and, except for manual
      operation described hereinafter, is not a control signal during loading.
      The load output from unit 65L ramps at a constant rate to 15 PSI. The load
      rate limiter signal is time delayed with respect to the 65L output, and
      rises at a slower rate of increase, such that it takes over control from
      the load signal shortly after breaker close (approximately two minutes
      after breaker close). The acceleration limiter output does not participate
      in control of loading. It is shown as rising, due to the fact that its
      output goes up as P.sub.2C goes up. The exhaust temperature and blade path
      temperature control curves are seen to drop down at a substantially
      constant rate with increased loading of the turbine, reflecting the fact
      that as the temperature goes up from turbine loading, the temperature
      control signals go down. The blade path control signal, during most of the
      staring period, is the lower signal, due to its quicker temperature
      response. During loading both the exhaust temperature controller and blade
      path temperature controller receive the same reset signal, since solenoid
      valve 179 is energized. However, during steady state operation the blade
      path temperature control is used as a backup for exhaust control, and
      therefore the biasing of blade path controller 204 is put slightly higher
      while valve 179 is energized, such that the blade path controller output
      is slightly higher. This is seen from the curves, it being noted that each
      controller reaches its setpoint corresponding to an output of
      approximately 14  PSI, with the exhaust controller output being slightly
      lower, and accordingly being the controlling output.
PAC  E. SPEED AND LOAD CONTROL CIRCUITS
PAR  Referring now to FIG. 11, there is shown a schematic diagram of a portion
      of the speed mode control circuits used in the control system. The circuit
      diagram of FIG. 11, like that of the outer circuit diagram figures, has
      bus bars marked (+) and (-) respectively. Unless otherwise indicated, the
      voltage across such bars is 110 volts DC. It is, of course, understood
      that other voltage values may be utilized according to particular designs.
      Respective parallel paths between the two bus bars are numbered, and
      reference will be made throughout the following discussion to different
      circuits by their respective circuit numbers.
PAR  A "lower" push button 148L and "raise" push button 148R are connected in
      series with relay coils LX and RX respectively, at circuits 170 and 171.
      Energization of LX permits lowering of speed or, in certain moded, load,
      and energization of relay RX permits raising of speed or load. The choice
      of controlling either speed or load is made at other points in the control
      circuitry. The circuits for lowering the output of speed changer 65S are
      shown at circuit 172, while the circuits for raising the output of speed
      changer 65S are shown at circuit 173. When the generator breaker is open,
      relay 52X (circuit 178) is unenergized and contacts 52X remain closed. If
      control is local (see FIG. 24, circuits 242, 243) relay LX is energized,
      and contacts 52X are closed, speed changer lower relay 65SL may be
      energized by operator push button through the action of the closed LX
      contacts, upon the condition that relay 65SR is not energized. When master
      switch 4Y1 contacts are closed (circuit 244) and the speed changer wind
      back relay 195X (6319SX) is energized (circuit 176), relay 65SL is
      energized and the speed changer output is lowered. Likewise, for manual
      control, the synchro switch SSX in the synchro circuitry is closed, and
      the breaker is open so that contacts 52X are closed. When switch 148L is
      closed and the ready to load contacts RTLX are closed (this occurs when
      certain permissive conditions are met), 65SL is energized through the
      closed wind back contacts 195X. Finally, 65SL is also energized when
      synchro switch SSX is closed and the auto synchronizing relay (not shown)
      is energized, closing contacts 255.
PAR  Speed changer 65S is raised by energization of relay 65SR, under similar
      conditions. Energization of relay RX causes energization of relay 65SR
      through closed contacts RX when in local operation and before the
      generator breaker is closed. Closing of synchro switch SSX and field
      breaker contacts 255 also causes energization. When raise button 148R is
      closed, 65SR is energized (circuit 173) through the synchronizing circuit
      as long as the normal stop contacts NS1 are not opened, the speed changer
      has not reached its maximum output (194 remains closed), and the ready to
      load contacts RTLX are closed. 65SR can also be energized through normally
      closed contacts TSLX (closed as long as the turbine is not in the base,
      peak or system reserve load mode) upon closing of the generator breaker
      contacts 52X, or when the 50% speed switch contacts 201 are closed and the
      turbine is not ready to load (RTLX contacts closed). Closing of contacts
      201 at 50% speed provides normal automatic energization of speed changer
      65S, to produce an upward ramp, during the normal starting procedure, and
      before ready to load.
PAR  Referring to circuit 174, there is a schematic diagram of the components of
      speed changer 65S. It is seen that an inverter 65SI provides AC power,
      which is connected across the RAISE coil when contacts 65SR are closed,
      and across the LOWER coil when contacts 65SL are closed, corresponding to
      energization of relays 65SL and 65SR respectively.
PAR  Referring now to FIG. 12, there are illustrated circuit diagrams of the
      load control circuits. The auto load scheduler 65L is shown at circuit 135
      and, like the speed scheduler 65S, has an inverter 65LI and RAISE and
      LOWER operating coils, energized through contacts 65LR and 65LL,
      respectively. At circuit 133, it is seen that relay 65LL is energized,
      thereby closing contacts 65LL and causing the output of the auto load
      scheduler to be lowered. When the load scheduler wind back pressure switch
      197 (circuit 177) causes closing of contacts 197X (6319LX), the 37LX
      contacts are closed (they open above 10% load; see circuit 139), and
      either minimum load has been called for (thus closing contacts MX2) or a
      normal stop has been called for, thus closing contacts NS1 (circuit 145).
      Referring to circuit 134, it is seen that 65LR is energized under the
      conditions where the generator breaker has been closed, thus closing
      contacts 52X, normal stop is not called for, the load scheduler has not
      reached its maximum position (such that contacts 196 (6318L) remain
      closed), and the turbine is in either base, peak, or system reserve
      operation. At circuit 140, solenoid 187 (20--20) is energized at breaker
      closing to give the initial load setpoint, as discussed with respect to
      FIG. 7B.
PAR  The fast loading controls are illustrated at circuits 141 and 143. A fast
      loading push button LF is provided at both a local (L) and remote (R)
      location, and when depressed causes energization of coil FLX, upon the
      condition that contacts RTLX are closed. Upon energization of coil FLX,
      contacts FLX are closed, thus holding coil FLX energized after button LF
      is released, under the condition that master switch 4Y1 is energized (thus
      closing contacts 4Y1). As long as coil FLX is energized, load scheduler
      solenoid valve 155 (20-19) is energized (see FIG. 7A), thus causing an
      increase in the rate of increase of the output of load changer 65L.
PAR  Circuit 145 shows the normal stop control circuitry. A push button NS is
      provided at both local and remote locations, and when depressed causes
      energization of coils NS1 and NS2. These coils are self-locking through
      contacts NS2 as long as master relay 4Y is energized, closing contacts 4Y.
      Coils NS1 and NS2 can be de-energized, thus holding the normal stop
      control, by pressing the NSC cancel button at either the local or remote
      location.
PAR  Referring now to FIG. 13, there are illustrated circuit diagrams of the
      loading mode control circuits used in the control system of this
      invention. The circuits are designated as those which control the minimum
      load mode, base load mode, peak load mode and system reserve mode,
      respectively. Corresponding to each mode, circuits are designated which
      control operating and reset functions.
PAR  The operating circuit for the minimum load control is at 110, and the reset
      circuit at 111. Minimum load control is obtained by temporarily closing
      the LM contacts, in either local or remote control. Closing the LM
      contacts causes energization of the operation (O) coil of relay M.sub.x,
      and switching of the M.sub.x switch to the reset (R) circuit. This causes
      closing of the M.sub.x contacts at circuit 112, and energization of relays
      MX1 and MX2. Upon energization of relay MX2, contacts 4XA (circuit 245)
      are opened, such that the reset portion of M.sub.x is not energized after
      the LM button is released and the LM contacts in circuit 111 have been
      closed. However, upon deenergization of relay 4XA, or operator placement
      of control into either the base mode load, peak load mode or system
      reserve mode, contacts BX1, PX1 or SRX1 are closed, causing reset of the
      M.sub.x switch to contact the operating M.sub.x coil, whereupon the
      M.sub.x contacts are opened and control is taken out of the minimum load
      mode.
PAR  The base load and peak load control circuitry is identical in configuration
      and operation to that of the minimum load circuitry.
PAR  The system reserve circuitry, circuits 126-129, is identical to the maximum
      load circuitry, with the exception of contacts 52X in circuit 126,
      providing that the generator breaker need be closed before the turbine can
      be put in system reserve control. In addition, at circuit 122a, coil 131
      is energized when the system is either in peak load or system reserve
      control, thereby energizing solenoid valve 136 (FIG. 6A). Also, at circuit
      129, when the turbine is placed in the system reserve mode, contacts
      SR.sub.X are closed, thus energizing solenoid valve 137 (also discussed in
      FIG. 6A).
PAR  Referring now to FIG. 24, the master relays are shown at circuits 244 and
      245. The trip reset contacts 259 comprise a series of contacts which, when
      closed, energize relay 4Y. These contacts are set forth herinbelow in
      Table B. The RTS contacts are closed when all the permissives set forth in
      Table B are met. Upon closing of the trip reset contacts and the RTS
      contacts, and placement of the turbine system in minimum, base or peak
      mode, master relay 4XA is energized, which is self locking through
      contacts 4XA. Closure of contacts 4XA, along with closure of contacts 257
      (the lube oil pressure switch) energizes timer TD2 which times out 20
      seconds, and then through closure of contacts TD2 energizes master relays
      4, 4Y1 and 4Y2.
PAR  Referring to circuits 337, 342-344 (FIG. 24) and 251, 355-58, 360-64 (FIG.
      25), there is illustrated the circuitry for controlling the ignition
      sequence. When the turbine reaches ignition speed, pressure switch 70
      closes, energizing coils 70X1 and 70X2. Closure of contacts 70X2 energizes
      solenoid 178, the purge relay PGX having been initially energized (circuit
      364) to close contacts PG. Energization of solenoid 178 causes a buildup
      of overspeed trip air pressure, closing contacts 147, which remain closed
      as long as the air pressure is maintained above a predetermined limit.
      This causes energization of relays 198X1 and 198X2, in turn energizing
      relay 198X. Energization of relay 198X1 allows ingition (circuit 355) by
      energizing solenoid valve 119 (see FIG. 4). Additionally, energization of
      198X1 energizes the ignition transformer 250 (circuit 251). As seen at
      circuit 356, energization of 198X initiates timer TD1, which times out 35
      seconds for establishing flame on both detectors. After 35 seconds, timer
      TD1 pulls in. If flame is established in all combustor baskets, contacts
      7A2 and 7B2 and 8A2 or 8B2 of the flame detection monitors are actuated,
      whereupon flame detection relay FDX is energized. After the 35 seconds
      timed out by TD1, relay TD1X2 is energized (circuit 363), energizing relay
      TD1Y (circuit 357), which causes de-energization of the ignition
      transformer. The purge relay PGX (circuit 364) remains energized, and the
      flame detect light is lit (circuit 360).
PAR  However, if both flame detectors of basket 7 or 8 sense loss of flame after
      the 35 second ignition period, neither relay FDX nor TD1Y are energized,
      and the purge relay PGX is de-energized. This causes deenergization of the
      overspeed solenoid 178, and consequently the overspeed pressure
      disappears. As a result, contacts 147 open and relays 198X1 and 198X2 are
      de-energized, the ignition transformer being switched off as a
      consequence. As seen at circuit 361, de-energization of 198X2 also closes
      the circuit to counter 79, causing it to count down. Counter 79 may be
      reset from 2 shot line 618, and thus a second startup is permitted
      automatically. Similar logic circuitry, not shown, provides for shutdown
      in case of "outfire" or loss of flame, during running. If flame is lost at
      both sensors of either basket, immediate shutdown is effected and an alarm
      is set. At the same time, the detection of flame loss at any one of the
      four detectors is signaled by a respective outfire lamp, to indicate the
      condition to the operator. If only one sensor of either basket indicates
      outfire (in which case the sensor or related circuitry is at fault),
      system operation is maintained.
PAC  F. TWO SHOT SHUTDOWN
PAR  A two-shot shutdown control is provided in the system of this invention
      whereby an automatic procedure permits multiple restarting remotely, under
      selective malfunction, without jeopardizing turbine life. When a turbine
      malfunction occurs causing shutdown, the control system is automatically
      reset when the condition is corrected after the first shutdown. If a
      second shutdown signal occurs within a preset time (adjustable) of the
      first shutdown while the unit is starting or running, the control is
      locked out of automatic restart. The system can then only be started by
      manual control (at the turbine, not at the remote control) by the local
      maintenance operator. However, if a second shutdown does not occur within
      an hour, the control is automatically reset to a two-shot condition, such
      that restart is again available following the next shutdown.
PAR  In accordance with the above, the control system provides differentiation
      and proper response for the following three conditions:
     1.    Alarm only     Multiple restarts unlimited.                         
     2.    1 shot shutdown                                                     
                          Malfunction implies possible                         
                          damage if restarting is                              
                          permitted.                                           
     3.    2 shot shutdown                                                     
           or multiple    Permits multiple limited re-                         
                          starting attempts after                              
                          abort and within a pre-                              
                          scribed time period.                                 
PAR  Referring to FIG. 14B, there is shown an OR gate having a plurality of
      inputs, each connected so as to transmit a signal representing the failure
      of a condition requiring shutdown. Examples of such conditions are
      de-energization of the exhaust temperature relay, blade path relay, and
      vibration relay (due to fail-open of a respective switch). The output of
      the OR gate is connected to an AND gate, having a second input from master
      control (4Y1). Thus, whenever the master control relay is energized and
      any one of the two-shot shutdown conditions exist, an output is passed to
      the shutdown counter. The counter is normally set at 2, and counts down in
      increments to 1 and 0. The counter has two output terminals, for
      transmitting signals when the counter has counted down to 1 and 0
      respectively, and an automatic reset terminal for introducing a signal to
      reset the counter from 1 to 2.
PAR  In operation, upon the first shutdown, the counter counts down to 1,
      causing a trigger signal to be connected to the one hour timer (TD8). At
      the end of one hour, an output signal is generated by the timer which is
      coupled to the reset terminal of the counter. If the counter is still at
      1, it is reset to 2. If it is at 0, it cannot be reset by this signal. As
      shown, the counter may also be reset to 2 through a manual reset circuit
      located locally at the turbine. If two shutdowns occur within an hour, a
      lockout signal appears at the 0 count terminal, and the counter cannot be
      automatically reset.
PAR  Referring now to FIG. 14C, there are shown the conditions which must be met
      for automatic restart. Three inputs are connected to an OR circuit,
      carrying signals designating that the system is in either the minimum,
      base, or peak load state. When the system is in any one of such
      conditions, the OR circuit produces an output signal, designated the LSX
      (load select) signal. When this signal is present, and the lockout signal
      is not present, the two-shot restart signal R2X is generated, which
      permits automatic restart when the shutdown condition is corrected.
PAR  As seen in FIG. 14A, there is shown at 164 a manual push button 241 in
      series with reset relay RRX. The counter (designated 79) is shown at
      circuit 166, in series with switch 4Y1 (closed when the master relay is
      energized), and in series with a plurality of switches connected in
      parallel. These switches constitute the OR circuit, as shown in the upper
      block diagram, and are normally open when conditions are satisfactory.
      When a malfunction occurs for which a second try is permitted, the
      corresponding switch in circuit 166 is closed, thus triggering counter 79.
      The reset terminal of counter 79 is connected through switch TD8-1 to the
      positive bus line, and through diode 76.1 to the manual reset line 619.
PAR  At circuit 167, the timer TD8 is shown in series with normally open switch
      79-1 (which closes when the counter counts to 1) and normally closed
      switch 79-0 (which opens when the counter counts to zero). Also in series
      with switch 79-0 is switch LSX and relay R2X. At circuit 181, parallel
      switches MX1, BX, and PX form the OR circuit shown in the lower block
      diagram, and are in series with relay LSX. Switch R2X, closed when relay
      R2X is energized, is connected between the plus line and line 618
      (two-shot line). Switch RRX, closed when reset relay RRX is energized,
      connects the plus line with both line 618 and the one shot bus reset line
      619.
PAR  Circuit 183, the blade path temperature start circuit, contains blade path
      switches 295.1 and 295.2 in parallel, which switches are normally closed
      when the temperature is below 1300.degree.F. These switches are in series
      with relay BSX. It is seen that when only one of the two thermocouple
      switches fails open, the circuit is not affected. However, when both fail
      open (both sense temperatures exceeding 1300.degree.F) relay BSX is
      de-energized. This in turn causes the opening of a switch (not shown) in
      the shutdown circuit, causing system shutdown. The two temperature
      switches are connected through seal contact BSX to the plus line, and
      through blocking diode 76.13 to one-shot line 619.
PAR  In a similar fashion, shutdown relays BRX (circuit 184) and EX (circuit
      185) are de-energized upon fail open of both of a pair of thermocouple
      switches. These circuits are connected through diode 76.14 and 76.15
      respectively to two-shot line 618. At circuits 190 and 192, the vibrations
      and bearing temperature circuits respectively, the normally energized
      relays VBX and BT1X respectively are de-energized upon fail open of any
      one of the series contacts. The vibration circuit is connected through
      diode 76.20 to the two-shot line 618, and the bearing temperature circuit
      is connected through diode 76.21 to the one-shot reset line 619.
PAR  The operation of the two-shot control can be illustrated by examination of
      malfunctions of one of the turbine functions. For purposes of examination,
      it is assumed that the malfunction occurs in the turbine exhaust
      temperature limit circuit 185. When both switches 295.5 and 295.6 open,
      representing detection of exhaust temperature greater than 1050.degree.F,
      relay EX is de-energized and contact EX at circuit 166 is closed, setting
      counter 79 from 2 to 1. At the same time, another EX contact in the
      shutdown circuit (not shown) is open, causing shutdown of the turbine
      system. Under these circumstances, switch 79-1 in circuit 167 closes,
      initiating timing of a one hour period at timer TD8. Assuming selection of
      either manual, base, or peak operation at circuit 181, contact LSX is
      closed, causing energization of relay R2X and closing of switch R2X, such
      that the positive line is connected through to the two-shot line. Under
      these circumstances, it is seen that as soon as either one or both of the
      switches 295.5, 295.6 closes again, representing correction of the
      shutdown condition, relay EX is re-energized through diode 76.15. The
      shutdown circuit is then reset, permitting system restart. Assuming no
      further shutdowns, timer TD8 times out one hour, at which time switch
      TD8-1 closes, transmitting a reset signal to counter 79, resetting it to a
      2 count.
PAR  If, after automatic restart, a second shutdown occurs before the one hour
      period terminates, counter 79 is counted to 0. Switch 79-0 at circuit 167
      then opens, causing de-energization of relay R2X and opening of contact
      R2X, such that two-shot line 618 is not energized. Under these
      circumstances, the shutdown relay (e.g., EX) cannot be energized from the
      two-shot line even when the condition is corrected (or corrects itself).
      When the 1 hour is up, the signal through switch TD8-1 does not reset the
      timer, as this reset signal cannot reset it from a count of 0. The system
      can be restarted, and the counter reset only by the local operator by
      depressing push button 241. This causes closing of relay contact RRX
      (circuit 183) which connects positive voltage to the two-shot line 618.
PAR  The operation of the automatic turbine control restart circuitry is
      illustrated in FIG. 14D. At time T.sub.1, the malfunction occurs, causing
      a first abort. At time T.sub.2, the malfunction is corrected or corrects
      itself, and turbine restart is automatically enabled. At time T.sub.3, at
      the speed where the malfunction occurred during the first start, the
      malfunction does not re-occur, permitting continuation of a successful
      start. This action provides safe automatic turbine control restart,
      without a second command during the time the unit is decelerating. This
      option enhances the turbine starting reliability by permitting the
      starting control to automatically re-sequence for those type of
      malfunctions that may not occur on the second try. It is to be noted that
      more than two "shots" may be programmed for different malfunctions, the
      number of shots allocated to each condition being a matter of design
      choice.
PAR  Referring now to FIGS. 15-21, there are shown block diagrams of the speed
      and load control functions performed by the apparatus of this invention.
      The functions described are carried out by the apparatus as hereinabove
      described. However, it is to be understood that where such functions have
      been described as being carried out by pneumatic hardware, they can also
      be carried out by equivalent solid state hardware. For example, the speed
      changer and load changer functions may be performed by equivalent
      electronic function generators. In a similar manner the pneumatic
      controllers, totalizers, limiters, etc. may be replaced with equivalent
      solid state devices.
PAR  Referring now to FIG. 15, there are shown the conditions for achieving
      minimum load control. When the breaker has been closed and 99% speed
      attained, the output of the speed changer is adjusted upward according to
      the initial load setpoint. This upward adjustment brings the speed changer
      output directly up to the load scheduler minimum output (see FIG. 10).
      Under the conditions where the load scheduler is not energized, the speed
      load controller output produces the minimum signal which is communicated
      to the throttle valve, causing the load to increase to minimum load. As
      soon as the load scheduler begins to produce a ramp output, it takes over
      control and the turbine passes from minimum load control.
PAR  Referring now to FIG. 16, there is shown a block diagram of the base load
      control apparatus of this invention. The turbine, when ascending to base
      load, may be under control of the speed load controller, the load
      scheduler, the blade path controller, or the temperature exhaust
      controller, depending upon which of these is producing the lowest output
      signal. Note that, for any given day, base load is only a load point
      controlled by temperature control. The ramp generators are used to ascend
      to "base" and descend from "base," but it is the temperature control which
      maintains the turbine at base load. See FIG. 10, where after the 12 minute
      ramp, the exhaust temperature signal is controlling. When the generator
      breaker has been closed but the speed changer limit has not been reached,
      the speed changer produces an output which, when modified by the initial
      setpoint step up, forms an input to the speed load controller which
      provides an output during the time period from the closing of the
      generator breaker to initial load scheduler action. A load scheduler
      output is produced when the base load mode has been selected and as long
      as the load scheduler limit has not been reached. If the fast load mode
      has not been selected, the load scheduler output produces an output for
      normal loading, nominally in 12 minutes. If the operator has made a
      request for fast loading, the load scheduler output is modified to produce
      a fast loading signal, causing loading of the turbine in approximately 2
      minutes.
PAR  Still under base load control, when the generator breaker has been closed
      and base load has been selected, the P.sub.2C signal is combined with the
      blade path temperature signal to produce an input to the temperature
      controller, which provides a transient backup signal which, if lower than
      either the speed load controller or load scheduler signals, provides
      control of the throttle valve through an OR gate (the low signal select
      device 231). Similarly, when base load has been selected, the P.sub.2C
      signal is combined with the temperature exhaust signal and forms the input
      to the temperature exhaust controller, producing a steady state backup
      signal, as a second temperature backup throttle valve control. Thus, under
      base load control, after the generator breaker has been closed the speed
      load controller signal controls the throttle valve for the short period of
      time until the load scheduler signal assumes control and ramps the turbine
      up to base load. During the increase of load, both the blade path and
      exhaust signals are available as backup control signals. When the exhaust
      temperature signal becomes the smallest signal, it maintains the turbine
      at base load (see FIG. 10).
PAR  Referring now to FIG. 17, there is illustrated a block diagram of the means
      for providing control in the peak load mode. As with the base load mode,
      the load control signal which controls the throttle valve operation during
      ascent to "peak" may be derived either from the speed load controller or
      from the load scheduler. Again, when the generator breaker has been closed
      and the speed changer limit has not been reached, the speed changer
      provides an output which, adjusted by the initial load setpoint, provides
      an input to the speed load controller. It is to be noted that as soon as
      the speed changer limit is reached switch 194 opens to stop the synchro
      ramp. The load scheduler continues to produce an output as long as the
      load scheduler limit has not been reached (switch 196 not open). However,
      as with the base mode, when the exhaust temperature setpoint is reached,
      the exhaust control takes over. The choice of load control determines the
      setpoint, and accordingly the steady state load level.
PAR  Referring to the blade path loop, it is seen that a signal representing
      P.sub.2C is produced when the generator breaker is closed, and is a
      function of whether the turbine system has been placed in peak load and/or
      system reserve load mode. This relates to the energization or
      de-energization of solenoids 136 and 137 respectively, which alter the
      biasing of the P.sub.2C signal which acts as a setpoint signal to the
      blade path controller. Similarly, the choice of load mode control affects
      the P.sub.2C signal which combines with the temperature exhaust signal to
      provide the inputs to the temperature exhaust control.
PAR  FIG. 18 illustrates the control when in the system reserve mode. This
      control is similar to that as described hereinabove for peak mode control,
      when the choice of system reserve mode altering the setpoint P.sub.2C
      signal for the blade path controller and exhaust temperature controller
      respectively.
PAR  Referring now to FIG. 19, there is shown the block diagram for fast loading
      selection. Fast loading may be selected either remotely (R) or locally
      (L). When such selection is combined with closing of the master relay, and
      the turbine has not passed 99% of full speed, a request for fast loading
      signal (FLX) is produced. If a flame is also detected, an output is
      provided to the fast loading pulse counter.
PAR  FIG. 20 represents the functional conditions for speed control during
      startup, or starting fuel control. The detection of instrument air,
      blowdown valve close, the P.sub.2C signal and the ambient air temperature
      signal, as well as the absence of any load control, produces a signal
      (representative of P.sub.2C) which is combined with a blade path
      temperature signal to provide the variable and setpoint inputs for the
      blade path controller. The output of the blade path controller can be
      utilized as a signal in controlling the starting valve for speeds up to
      about 45%. For speeds from about 45% to 100% of synchronous speed, speed
      control is normally effective as the main control parameter via speed load
      controller. For speeds less than 95% when the bleed valves are open, the
      acceleration limiter produces an output which is a linear function of
      P.sub.2C. For speeds greater than 95%, when the bleed valves are closed,
      the acceleration limiter is translated downward but continues as a linear
      function of P.sub.2C. The lowest selected signal among the acceleration
      limiter, the blade path signal, and the speed load controller signal, is
      delivered to the throttle valve. For speeds greater than 2100 r.p.m. (45%)
      and less than 99%, with the turbine not ready to load (RTL), there is
      produced a linear ramp speed changer output. If the system is ready to
      load and speed has passed over 99%, and the system is in automatic or
      manual synchro, the speed changer also provides an output. The speed
      chamber output and the speed signal are combined to produce an error
      signal at the speed load controller which provides speed control from 2100
      r.p.m. to synchronous speed.
PAR  Referring now to FIG. 21, there is shown a block diagram for the functional
      operations under manual load control. When the operator has placed the
      system in base, peak, or system reserve control (but not minimum load),
      and the load scheduler limit switch has been closed (indicating that the
      load scheduler went to maximum position) manual load control through
      manual operation of the speed changer may be achieved. The operator may
      choose to raise or lower load and may do so by manually depressing either
      a RAISE or LOWER manual control button, under the conditions where the
      load is above minimum load, and as long as the speed changer limit switch
      is not closed (the speed changer has not reached its maximum position).
      Under these conditions, manual pressing of either the RAISE or LOWER
      button causes corresponding increasing or decreasing output of the speed
      changer 65S, producing an output from the speed load controller which is
      lower than the output of the load scheduler, thus providing control of the
      throttle valve between loads of 10% and 100%. In the increase loading
      direction the load rate limiter imposes a time delay in the manual load
      mode. It is inactive in the lower direction.
PAC  G. SPEED-LOAD HOLD AND LOCK SUBSYSTEM
PAR  Referring now to FIGS. 22A and 22B, there is shown an alternate embodiment
      of the speed and load control circuits, which alternate embodiment is
      designed to give the operator greater flexibility and choice for holding
      and locking any desired load level. This embodiment provides a degree of
      operator flexibility not previously available in any other known analog or
      digital control system for a turbine. In the following discussion of FIGS.
      22A and 22B, reference will be made to the individual circuits which
      comprise the subsystem, which are designated by capital letters.
PAR  Most of the circuit components of the subsystem of this embodiment are
      similar to those described hereinabove, and in such cases the same numeral
      identifications are utilized. The primary component difference in this
      embodiment is that the loading synchro is comprised of two distinct
      loading synchros, namely a 12 minute loading synchro designated 65L-2,
      which provides a linear ramp loading signal which reaches its full output
      in 12 minutes, and a two minute loadinig synchro 65L-1 which reaches its
      full output in 2 minutes. The two loading synchros are interconnected,
      with the output of each being connected as a tracking input signal to the
      other. The air supply to the respective loading synchros is controlled
      such that the selected synchro provides its normal output, while the other
      synchro tracks along, such that at any given time both synchros are at a
      position so that they provide the same output. In this manner, selection
      can be switched from one to the other at any time during loading or
      unloading. In this way a continuous load signal is maintained. Under
      normal operation, synchro 65L-2 (12 minute) is energized, 65L-1 being
      energized only when specifically selected or when a load hold or manual
      load point is desired.
PAR  In the discussion to follow, reference is also made to Table D hereinbelow,
      which sets forth the operating conditions of a number of the subsystem
      components.
TBL                TABLE 1                                                     
     ______________________________________                                    
     196:     pressure switch; contacts open when 65L                          
              output reaches 100%.                                             
     197:     pressure switch; contacts open when 65L                          
              output reaches its minimum position.                             
     193:     pressure switch; contacts close at 99%                           
              speed.                                                           
     195:     speed changer windback switch; contacts                          
              closed during windback, and open at mini-                        
              mum output.                                                      
     194:     pressure switch; contacts open at full 65S                       
              output, to stop 65S.                                             
     201:     pressure switch; starts speed changer at                         
              50% speed.                                                       
     RTLX:    contacts close at ready to load.                                 
     52:      switches at generator breaker closing.                           
     37L:     pressure switch; contacts open at MIN load.                      
     ______________________________________                                    
PAR  As is seen in FIG. 22B, circuits S and T, this subsystem utilizes just one
      RAISE button and one LOWER button, each button being utilized for raising
      and lowering the speed control signal as well as the load control signal.
      Upon closing of the RAISE button 65RB, relay 65RX is energized as long as
      the LOWER button 65LB is not closed. Conversely, when the LOWER 65LB
      button is pressed, relay 65LX is energized, on the condition that the 65RX
      relay is not energized.
PAR  Operation of the overall speed and load control subsystem is derived from
      the following operations:
PA1  1. When the MIN load button is pushed (see FIG. 13), normal start, the two
      65L synchros stay at MIN position and the 65S synchro automatically goes
      to full position, 65SR being energized through circuit M until contacts
      194 (6318S) are opened at the full speed synchro position. This
      automatically allows 10% load. It is noted that in this operation neither
      65RX nor 65LX is energized.
PAR  2. When the base load mode is selected (FIG. 13), normal start, 65L-2
      automatically goes to its full position, 65LR being energized through
      circuit C until contacts 196C open at full load signal (upon energization
      of relay 196X). Synchro 65S goes to full output, 65SR being energized
      through circuit M until contacts 194 open at full output. (196X opens when
      contacts 196 open at full synchro speed output). This permits loading to
      the limit of the base temperature curve.
PAR  3. After the turbine is in the MIN load position, either the RAISE or LOWER
      button is pushed. This gives manual control of load synchro 65L-1, either
      through circuits B, C or B, E respectively. In either case, speed synchro
      65S goes to full position through circuit M.
PAR  4. All manual operation and selection of RAISE/LOWER automatically switches
      to 65L-1.
PAR  5. After the system has been placed in the base load mode, pushing either
      the RAISE or LOWER button causes grabbing manual control of 65S after the
      load synchro reaches full output through circuit C. When it reaches this
      position, and the RAISE or LOWER button is pushed, relay TSLX is energized
      through circuit Q, and consequently either 65SL or 65SR is energized
      through circuit I when the TSLX contacts there close. This permits manual
      raising or lowering of load on speed control. When the turbine is at base,
      peak or system reserve load level, and the MIN button is pushed, synchro
      65L-1/65L-2 automatically goes to the MIN level, due to energization of
      65LL through circuit E.
PAR  6. At the same time, 65S stays up at its full level. This action permits
      automatic load reduction to the low limit. If manual control of
      65L-1/65L-2 has been previously obtained (by pushing MIN to get manual
      control of 65L), and then MIN is pushed, no changes in the position of 65L
      takes place. If it is desired to return to MIN load, this must be done
      manually. Once minimum load is reached, 65S goes to full output, if not
      already there.
PAR  7. If the turbine is on base, peak or system reserve control, and 65L is at
      full output, and then either the RAISE or LOWER button is pushed, manual
      control of 65S is obtained through circuit I, since contacts TSLX are then
      closed. 65L stays at full output, since 196X is open in circuit C.
PAR  8. When under manual control of 65S, and the MIN button is pushed, 65L
      automatically goes to the MIN position through circuit E, and is stopped
      when contacts 37Lx open at MIN level (10%). Synchro 65S stays where it
      was. This permits unit to be held at 10% load.
PAR  9. When under manual control of 65S, and MIN is momentarily pushed and then
      base is re-pushed, 65L is already at full output (see 5 above), and stays
      there. 65S automatically goes to full where it is limited by the opening
      of contacts 194 through circuit M, thereby putting the turbine in base
      temperature limit control.
PAR  10. When under manual control of 65L, and base is pushed, 65S is already at
      full, and 65L automatically goes to full through circuit C, to get to base
      temperature limit control.
PAR  11. When at base load, and either the RAISE or LOWER button is pushed after
      also pushing MIN, (see 6 above), 65L starts to lower until either 65LX or
      65RX are closed in circuit P, thereby energizing MSLX and opening contacts
      MSLX is circuit E, thereby de-energizing 65L-1 to hold load at this level.
PAR  12. When in the base mode (65S and 65L are at full positions), and the
      normal shutdown button (NSC) is pushed, 65L automatically returns to MIN
      through circuits D, E to prepare for shutdown. 65S stays where it is until
      after shutdown.
PAR  13. When normal shutdown is pushed from any other position but base, 65L
      automatically goes back to the MIN position through circuits D, E, and 65S
      stays where it was until after shutdown, or until it is manually changed
      through circuits J, L, or where the automatic synchronizer grabs it
      through circuit L.
PAR  14. If the shutdown cancel (NSC) is pushed at circuit Y, shutdown is
      interrupted due to the opening of contacts 130 in circuit D.
PAR  15. If the generator circuit breaker goes on base, peak, system reserve or
      MIN mode, thus opening contacts 52, 65S returns to resync and reload,
      while 65L stays at full position.
PAR  The use of the speed-load control subsystem in operation can now be
      described. The selectable options for load provision may be described as
      follows:
PAR  A. Minimum -- Initial 10% load step and manual load control from 0 to base
      load. This position is used to hold load independent of system frequency
      change.
PAR  B. Base Load -- Initial 10% load step and ramp to preset base line as a
      function of combustor pressure and turbine exhaust temperature. Part load
      operation can be had by reducing the speed reference and automatically
      removing the machine from temperature control to speed control by use of
      the speed/load lower button (after the unit has reached temperature
      control as sensed by the loading synchro reaching full position).
PAR  C. Peak Load -- Initial 10% load step and ramp to preset peak line as a
      function of combustor pressure and turbine exhaust temperature. Part load
      operation can be had by reducing the speed reference and automatically
      removing the machine from temperature control to speed control by use of
      the speed/load lower button (after the unit has reached temperature
      control as sensed by the loading synchro reaching full position).
PAR  D. System Reserve -- Can only be selected after the generator breaker is
      closed, and permits the unit to ramp to a pre-set system reserve line as a
      function of combustor pressure and exhaust temperature. Part load
      operation can be had by reducing the speed reference and automatically
      removing the machine from temperature control to speed control by use of
      the speed/load lower button (after the unit has reached temperature
      control as sensed by loading synchro reaching full position).
PAR  In minimum control operation minimum load is selected by the operator. The
      65S synchro motor is energized by the pressure switch at 50% speed, and
      proceeds until it is stopped at full output by a pressure switch 194.
      Operator control permits manual raise/lower control over synchro 65S to
      permit overspeed checkout of controls with the generator breaker open. At
      ready to load (98% speed) the synch circuit is armed. If the unit
      interlocks are ready for synchronizing, the autosynch raise/lower pulses
      begin on 65S to match speeds. When synchronizing conditions are met, the
      generator breaker is automatically closed. Solenoid 187 (circuit W) is
      energized to permit the 10% step to the minimum power level, whatever has
      been selected to accommodate a dead load pickup, within 25% of machine
      capability. Synchro motor 65S drives to full position and de-energizes.
      The turbine is now under constant load control, with the power output
      holding roughly constant with changing ambient temperature and line
      frequency, even though speed varies to the low frequency or low speed
      limit.
PAR  While under minimum control, if higher or lower load is required, the
      subsystem provides for requesting a new setpoint by use of the common
      raise/lower push buttons. Change in load is accomplished by energizing 65L
      to a raised or lower output, the maximum output being limited by base load
      temperature control and the minimum limited only by reverse power
      limitation.
PAR  If it is desired to establish the turbine on temperature control, the
      operator, as in the earlier described embodiment, places the turbine in
      either base, peak or system reserve mode of operation. On the command for
      one of the above load modes, 65L is driven automatically to its full
      position and deenergized. A temperature light corresponding to the
      selected control mode is illuminated. The selection of a temperature
      control mode nullifies load control and, after the load synchro reaches
      full position, permits manual speed control reduction of the load.
PAR  When in base, peak or system reserve operation, if it is desirable to
      reduce load or to put the unit on speed control for load sharing from the
      temperature control mode, it can be accomplished by lowering mode control
      temperature via the common "LOWER" button until the control signal output
      is less than the temperature limit, thereby selecting speed control as the
      controlling variable. The control acts to identify this mode of operation
      by causing the speed control light to be lighted.
PAR  If it is desirable to return to the MIN position for maintenance of
      "Spinning Reserve," it is only necessary to reselect MIN position by
      selecting that button. At that time, the base, peak or system reserve
      light will be extinguished and the MIN position button lighted. The
      control system drives 65L to the MIN load position, where it is
      de-energized by 37LX. The 65S synchro remains at its pre-set condition and
      can serve as a load limiter. If it is desired to go above it, the operator
      may position to base and the 65S synchro will then auto wind-out to full
      position.
PAR  Normal shutdown is achieved by selection of the normal shutdown button,
      which drives 65L to the minimum load. If the operator receives a charge
      from the dispatcher calling for load while programming back to MIN load,
      he may depress the "cancel" normal shutdown button. The control will then
      re-ramp 65L to its full position, or can be stopped at the discretion of
      the operator.
PAR  A unique feature built in to the control permits the operator by visual
      inspection to inhibit auto lead decrease or increase from either
      temperature control (B, P, SR) to minimum (load control) or from MIN to
      base (speed control), simply by depressing the raise or lower button to
      stop the auto movement of the required synchro (65L load control, 65S
      speed control).
PAR  The auto lock circuitry then anticipating manual control will permit manual
      change in setpoint. Request for reautomation if in MIN is permitted by
      pushing for Base, Peak or System Reserve.
PAR  If while operating at load the generator breaker trips, the machine is then
      only sensitive to "SPEED CONTROL." At this point, the unit generator
      breaker will trip and the 65S synchro is returned by the auto synchronizer
      to the synchronous speed condition. Deactivation of the auto synchronizer
      will require that the operator return speed from 105% to the idle position
      for the next manual synchronizing.
PAR  As discussed above, there are two operator selectable automatic loading and
      unloading rates, normal and fast. However, when the raise/lower buttons
      are pushed, the fast rate is automatically selected for manual load or
      speed control to give fast response from the push buttons. The loading or
      unloading of the machine is at the operator's discretion. This ability to
      change at any time the loading rates (65L-1, 65L-2) is due to the tracking
      feature described hereinabove.
PAR  If the unit is on speed control at part load (i.e., less than 100%) under
      manual control, the TSLX relay will be energized to inhibit the automatic
      circuitry of 65S for manual over-riding. From this position the operator
      may return the unit to base, peak or system reserve limit by manually
      depressing the raise push button to cause 65S to drive to its full
      position. The travel of the 65S synchro can be completed in as short as
      (20) seconds by the operator, but the load rate limiter will schedule load
      to the (2) minute loading rate.
PAR  The temp locking relay will remain energized and sealed until minimum load
      is selected or the breaker trips.
PAR  If it is desirable to release the lock relay and permit the unit to reload
      automatically to base, peak or system reserve, it is only necessary to
      momentarily push the MIN button and then the desired loading button (B, P,
      SR). This action releases the TSLX lock and engages the auto circuit to
      drive the 65S synchro to its full position (as accomplished above on
      manual).
PAR  If the unit is on load control at part load under manual control, the MSLX
      relay will be energized to inhibit the automatic circuitry of 65L for
      manual over-riding. From this part load position, the operator may raise
      the unit to base temperature limit manually by depressing the raise button
      to cause 65L to drive to its full position. If it is desired to release
      the lock relay and permit the unit to load automatically to base, peak, or
      system reserve, it is only necessary to momentarily push the desired
      selection button. This will cause release of the MSLX lock and engage the
      65L synchro to its full position (as accomplished above on manual).
PAR  Return to MIN load automatically from any partial load can be accomplished
      by pushing base, peak, or system reserve momentarily, and then re-pushing
      MIN position to cancel the TSLX lock and re-engagae the 65L synchro drive.
PAR  As discussed hereinabove, the load control path of the control system of
      this invention may be either open loop or closed loop. FIG. 23A
      illustrates the essential components of the load and speed control paths,
      for the closed loop system. Pressure switches 196 and 194 limit the
      outputs of load synchro 65L and speed synchro 65S respectively. FIG. 23B
      shows a modification of the apparatus for providing the reset signal to
      load controller 265, where the closed loop load control is used with the
      speed/load hold and lock system. In this case, the load synchro 65L is
      replaced with two load synchros, 65L-1 and 65L-2, each adapted to track
      the selected one, and providing 2 minute and 12 minute ramps respectively.
      Air is supplied to the selected load synchro through solenoid valve FL-S,
      and the tracking synchro input is shunted from the air supply by valve
      FL-A, which vents the input of the tracking synchro to atmosphere. Thus,
      when 65L-1 is chosen, both FL-S and FL-A are de-energized, such that air
      is supplied to 65L-1 and the input to 65L-2 is vented to atmospheric
      pressure. When 65L-2 is chosen, both FL-S and FL-A are energized. However,
      the tracking inputs T-1, T-2 enable the non-selected synchro to track the
      chosen synchro, such that switchover from one to the other can be effected
      immediately.
PAR  Operation of the closed loop load and speed control, combined with the
      speed/load hold and lock system described hereinabove, provides
      substantially infinite adjustability of load on either speed or load
      control. When minimum load is called for, manual control of 65L-1 in
      either ascending or descending direction is obtainable. Correspondingly,
      when base load is called for by pushing the base switch, manual control
      65S is obtainable. The maximum points of 65S and 65L-1, 65L-2 are
      interlocked by contacts 194 and 196 respectively.
PAC  H. MONITORING SYSTEM
PAR  The turbine power plant of this invention has, as a necessary adjunct to
      the control system, a monitoring system which provides display, alarm and
      shutdown functions. Portions of such monitoring system have been described
      hereinbefore. In particular, with regard to the two shot feature described
      hereinabove, reference was made to monitoring bearing temperature and
      exhaust temperature. A disclosure has also been made of the means provided
      for displaying which control path is generating the low select signal.
      Table 2 below presents a partial list of alarm and shutdown functions
      carried out by the turbine monitoring system of this invention:
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     ALARM AND SHUTDOWN FUNCTIONS                                              
             LOCAL    REMOTE   2   1                                           
     NAME    START RUN                                                         
                      START RUN                                                
                               SHOT                                            
                                   SHOT                                        
                                       ALARM SETTING                           
     __________________________________________________________________________
     BP START                                                                  
     OT No. 1*                                                                 
             SD   --  SD   --      X                                           
                                       X    1300.degree.F                      
     BP START                                                                  
     OT No. 2*                                                                 
             SD   --  SD   --      X                                           
     BP RUN* SD   SD  SD   SD  X                                               
                                       X    1080.degree.F                      
     BP RUN* SD   SD  SD   SD  X                                               
     BP DIFF                           X    100.degree.F                       
     TURB EXH.*                                                                
             SD   SD  SD   SD  X                                               
                                       X    1050.degree.F                      
     TURB EXH.*                                                                
             SD   SD  SD   SD  X                                               
     TURB EXH.                                                                 
     DIFF     A    A   A    A               100.degree.F                       
     DISC CAVITY                                                               
              A    A   A    A          X                                       
     LOW LUBE                                                                  
             SD   SD  SD   SD  X       X                                       
     HI GAS                                                                    
     PRESS            Permissive                                               
                                       X                                       
     LOW GAS                                                                   
     PRESS   SD   SD  SD   SD  X                                               
     TURB                                                                      
     OVERSPD SD   SD  SD   SD  X       X                                       
     110 VDC SD   SD  SD   SD  X       X                                       
     VB1-S VI-                                                                 
     BRATION                                                                   
     (5M)     A   --  SD   --  X       X                                       
     VB1-R ABOVE                                                               
     95%N(3M)                                                                  
             --    A  --   SD  X       X                                       
     VB1-0 OPEN                                                                
     P.V.     A    A   A    A          X                                       
     (for each                                                                 
     monitored                                                                 
     position)                                                                 
     BEARING SD   SD  SD   SD      X   X    200.degree.F                       
     BEARING SD   SD  SD   SD      X   X    230.degree.F                       
     BEARING SD   SD  SD   SD      X   X    230.degree.F                       
     BEARING SD   SD  SD   SD      X   X    230.degree.F                       
     BEARING SD   SD  SD   SD      X   X    170.degree.F                       
     BEARING SD   SD  SD   SD      X   X    170.degree.F                       
     LUBE LEVEL                                                                
              A    A  SD   SD  X       X    --                                 
     BRG. OIL                                                                  
     TEMP     A    A  SD   SD  X       X    140.degree.F                       
     SPD SYST                                                                  
     FAILURE  A    A   A    A          X    5% Diff.                           
     7A OUTFIRE*                                                               
             SD   SD  SD   SD  X                                               
                                       X    (option 1,                         
     8A OUTFIRE*                                                               
             SD   SD  SD   SD  X            2,3 tries)                         
     7B OUTFIRE*                                                               
             SD   SD  SD   SD  X                                               
                                       X                                       
     8B OUTFIRE*                                                               
             SD   SD  SD   SD  X                                               
     __________________________________________________________________________
       *Takes one to alarm, two to shut down.                                  
PAR  From inspection of Table 2, it is seen that control can be maintained by
      the operator at either a local or remote station. Depending upon the point
      of control, alarm and/or shutdown functions may be scheduled differently.
      In addition, any given function may be subject to one-shot, two-shot, or
      n-shot control, where n is any number of shots that the user may want to
      have available. The system provides complete flexibility in providing
      which functions are to be subject to 2-shot or n-shot control. Further,
      the alarm and shutdown functions may be made dependent upon predetermined
      ranges of operation. As shown in the Table, the alarm and shutdown
      functions may be varied depending upon whether the turbine is in the start
      mode of operation or run mode. This may be accomplished either by plural
      sensing circuits, or sensing circuits which are switchable upon passage of
      the turbine from one operating point to a next, such that the alarm or
      shutdown loop is switched from the single shot to two shot form of
      operation, or vice versa.
PAR  The design philosophy of the control system and the monitoring system of
      this invention is that of providing "load availability," i.e., to make
      every effort to continue supplying power. To meet this need it is
      imperative that turbine shutdown occur only in response to actual shutdown
      conditions, and be prevented unless damage is probable. It is also
      necessary that the control scheme alert the operator, without causing
      shutdown, when it is the monitoring system or control system itself which
      is malfunctioning, i.e., when sensor or component failures cause the
      alarm. In such cases, it is highly desirable to provide a maximum amount
      of information to the operator without interrupting load availability.
PAR  Two basic approaches to obtaining reliability in a monitoring circuit are
      seen in examples set forth in this disclosure. The design illustrated in
      the exhaust and blade path circuits, FIG. 6A, involves plural hardware
      paths with auctioneering selection of designated direction of failure for
      the final output signal. This approach is based upon the premise that,
      when the hardware fails, it fails in a designated direction. Specifically,
      the high pressure select element effectively eliminates the path
      containing a failure, and selects the high signal path which presumably
      does not contain a failure. It is understood that this approach, by its
      nature, is not a "fail safe" approach, since both paths may be producing
      erroneously low signals. In the "fail safe" type of design, the monitored
      condition must be properly sensed by a plurality of sensors, and if any
      one of the sensor paths fails, failure is indicated. Reliability of this
      approach can be improved by complete redundancy of each given sensor
      function. Thus, in the disc cavity protection circuit of this turbine
      control system thermocouple pairs are utilized with paralleling of the
      final output contacts. The parallel contact pairs are in turn connected in
      series so that, if any one of the thermocouple pairs fails open, shutdown
      is caused. However, there remains a great requirement for a compromise
      design between the non-fail safe drive direction arrangement which negates
      any possible shutdown, and the fail safe arrangement which causes
      shutdown, and therefore non-availability.
PAR  Referring now to FIGS. 26A and 26B, there is illustrated a unique apparatus
      and method which achieves the desired compromise, and which clearly
      distinguishes the existence of an alarm condition from a condition of
      component or thermocouple failure, without causing shutdown. In the
      embodiment shown, there is provided an operational amplifier 404 having
      inputs connected to a thermocouple (designated T/C). The input to the
      operational amplifier is adjusted by positioning variable resistor 401,
      and the downdrive (thermocouple open) input is connected at terminal 403.
      The output of the operational amplifier is connected to a pair of
      comparators 409 and 410 having setpoint adjustment resistors 406 and 407
      respectively connected between their inputs and ground. The output of the
      comparators are connected to relays 411 and 412 respectively. In addition,
      the output of comparator 409 is connected through normally closed contacts
      411-1 to an indicator 414, and the output of comparator 410 is connected
      through normally closed contacts 412-1 to indicator 415. Normally open
      output contacts 411-2 and 412-2, operated by relays 411 and 412
      respectively, provide the alarm (or shutdown) outputs.
PAR  The operation of the arrangement of 26B is understood in conjunction with
      FIG. 26A, showing a typical characteristic of a thermocouple. When an
      actual alarm condition is reached, e.g., over temperature in a bearing
      protection circuit, the high alarm setpoint is reached, causing an output
      at comparator 409. This energizes relay 411, thus opening contacts 411-1
      and turning off light 414, and closing contacts 411-2 to provide the alarm
      signal. This alarm signal is unequivocal, and represents a high alarm
      condition.
PAR  In the event of thermocouple open, or failure elsewhere in the elctronic
      circuitry, the operational amplifier is driven to negative saturation. The
      setpoint adjustment resistor 407 is set to a temperature equivalent of
      -50.degree.F, to establish a "nonreasonable" condition that is distinct
      from the high setpoint alarm condition, and which would not reasonably be
      reached under operating conditions since -50.degree.F is out of the normal
      range of expected temperature. Consequently, utilization of this setpoint
      does not subject the control arrangement to nuisance alarming which would
      be the expected response from any typical temperature control having a
      setpoint in the operating range. Upon thermocouple or component failure,
      the output of operational amplifier 404 drops below the -50.degree.F
      setpoint, causing an output from comparator 410. This in turn energizes
      relay 412 and opens contacts 412-1, thus turning off the indicator light
      415. In addition, contacts 412-2 are closed, providing the alarm failure.
      When this alarm failure occurs, the operator can see that light 414
      remains on, and that consequently the high condition has not been reached
      but that there is thermocouple or other component failure. The circuit
      thus provides an unambiguous representation of the type of failure which
      has been sensed, and provides the desired compromise between the fail safe
      and non-fail safe type of monitoring arrangements.
PAR  From the above, it is seen that there is disclosed a gas turbine electric
      power plant having a control system which possesses a logic capability
      comparable to digital computer-controlled systems, but having reliability
      and adaptability features which are an improvement over present digital
      control systems. In the turbine control system of this invention, each of
      the separate control paths has a continuously operating and independent
      turbine-control system interface. The control system is structured with a
      modularity that permits great flexibility in design and provides for an
      enhanced visual output, or indication to the operator of system
      conditions. Thus, while the preferred embodiment of the control system as
      illustrated is pneumatic, the entire system, or discrete portions thereof,
      may be constructed in alternate forms, e.g., solid state electronic
      hardware. Each of the illustrated control loops, as well as the
      temperature reset starting control subsystem, wherein function generators
      are utilized, can be adapted to use solid state components, if desired. As
      used herein to describe portions of the control system, the term modular
      means that the portion as a unit (or module) can be replaced with a unit
      which is different structurally, but which performs the same function, and
      without impairment of the control system display.
PAR  It is also to be noted that many of the unique features of the control
      system of this invention may be incorporated in digital, or software form.
      Thus, the logic and scheduling steps of the illustrated bearing protective
      subsystem may be carried out by a programmed digital computer, with
      suitable conventional interface between the turbine and the subsystem. In
      a similar manner, the "pop and glide" sequence control and the "two shot"
      method of automatic restart after shutdown can be carried out with
      equivalent software means. The speed-load hold and lock system has
      likewise been described in an electronic-pneumatic form, but may be
      embodied in software form.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas turbine electric power plant including a gas turbine having
      compressor, combustion and turbine elements, a generator coupled to said
      gas turbine for drive power, a generator breaker for coupling said
      generator to a power system so as to provide means for delivering power to
      the power system, a fuel system for supplying fuel to said gas turbine
      combustion element including control means for regulating the fuel flow as
      a function of a fuel scheduling control signal developed thereby, and a
      fuel scheduling control system for controlling the load accepted by said
      turbine, said fuel scheduling control system comprising:
PA1  a. a first means for accepting turbine load at breaker closing of a
      predetermined minimum level;
PA1  b. second means for automatically raising accepted turbine load from said
      minimum level to, and maintaining it at, one of a plurality of temperature
      limited turbine load levels, upon selection of one of said turbine load
      levels;
PA1  c. third means for changing accepted turbine load from one of said
      temperature limited turbine load levels to another; and
PA1  d. fourth means for interrupting changes in accepted turbine load and
      holding it at any available level, said first, second, third and fourth
      means being all cooperatively coupled to said fuel system and adapted to
      commensurately modify said fuel scheduling control signal developed
      thereby in accordance with the turbine load to be accepted.
NUM  2.
PAR  2. The gas turbine electric power plant as set forth in claim 1 wherein
      said fuel scheduling control system includes means for limiting load at a
      level which is a function of temperature at at least one given turbine
      location.
NUM  3.
PAR  3. The gas turbine electric power plant as set forth in claim 2 wherein
      said load limiting second means includes means for selecting said load
      level as any one of said temperature limited load levels.
NUM  4.
PAR  4. The gas turbine electric power plant as set forth in claim 1 further
      comprising:
PA1  a. first means for generating, upon command, a first control signal
      suitable for controlling fuel scheduling in accordance with a first
      schedule;
PA1  b. second means for generating, upon command, a second control signal
      suitable for controlling fuel scheduling according to a second schedule;
PA1  c. third means for generating at least one temperature limiting control
      signal; and
PA1  d. means, operatively coupled to said first, second and third means for
      generating, for comparing said first control signal, said second control
      signal and at least one temperature limiting control signal and for
      selecting said fuel scheduling signal thereamongst in accordance with a
      predetermined relationship of said signals.
NUM  5.
PAR  5. The gas turbine electric power plant as set forth in claim 4 wherein
      said second means for automatically raising turbine load includes means
      for commanding generation of one of said control signals.
NUM  6.
PAR  6. The gas turbine electric power plant as set forth in claim 1, wherein
      said fuel scheduling system further comprises means for lower accepted
      turbine load to said minimum load level from one of said temperature
      limited load levels.
NUM  7.
PAR  7. The gas turbine electric power plant as set forth in claim 6 further
      comprising means for initiating shutdown of said turbine, and means
      responsive thereto cancelling the turbine shutdown operation and returning
      the turbine to a selected load level.
NUM  8.
PAR  8. The gas turbine electric power plant as set forth in claim 1 wherein
      said third means for changing load includes means for changing accepted
      turbine load at a selected one of a plurality of available load change
      rates, and means for changing said loading rate while load is being
      changed.
NUM  9.
PAR  9. The gas turbine electric power plant as set forth in claim 8 wherein
      said means for changing load is manually operable.
NUM  10.
PAR  10. The gas turbine electric power plant as set forth in claim 9 wherein
      said third means for changing load includes two loading synchros in
      tracking relationship.
NUM  11.
PAR  11. The gas turbine electric power plant as set forth in claim 10 wherein
      said loading synchros produce pneumatic signals, and said fuel control
      signal is a pneumatic signal.
NUM  12.
PAR  12. A gas turbine electric power plant including a gas turbine having
      compressor, combustion and turbine elements, a generator coupled to said
      gas turbine for drive power, a generator breaker for coupling said
      generator to a power system so as to provide means for delivering power to
      the power system, a fuel system for supplying fuel to said gas turbine
      combustion element including control means for regulating the fuel flow as
      a function of a fuel scheduling control signal developed thereby, and a
      fuel scheduling control system for controlling the load accepted by said
      turbine, said fuel scheduling control system comprising:
PA1  a. first means for accepting turbine load at breaker closing of a
      predetermined minimum level;
PA1  b. second means for raising accepted turbine load from said minimum level
      at a load change rate selectable from two different rates;
PA1  c. third means for maintaining turbine load at one of a plurality of
      temperature limited turbine load levels, upon selection of one of said
      turbine load levels;
PA1  d. fourth means for changing accepted turbine load from one of said
      temperature limited turbine load levels to another; and
PA1  e. fifth means for interrupting changes in accepted turbine load and
      holding it at any available level, said first, second, third, fourth and
      fifth means being all cooperatively coupled to said fuel system and
      adapted to commensurately modify said fuel scheduling control signal
      developed thereby in accordance with the turbine load to be accepted.
NUM  13.
PAR  13. The gas turbine electric power plant as set forth in claim 12 wherein
      said fuel-scheduling control system includes means for limiting load at a
      level which is a function of temperature at at least one given turbine
      location.
NUM  14.
PAR  14. The gas turbine electric power plant as set forth in claim 13 wherein
      said load limiting second means includes means for selecting said load
      level as any one of said temperature limited load levels.
NUM  15.
PAR  15. The gas turbiine electric power plant as set forth in claim 12
      comprising:
PA1  a. first means for generating, upon command, a first control signal
      suitable for controlling fuel scheduling in accordance with a first
      schedule;
PA1  b. second means for generating, upon command, a second control signal
      suitable for controlling fuel scheduling according to a second schedule;
PA1  c. third means for generating at least one temperature limiting control
      signal; and
PA1  d. means, operatively coupled to said first, second and third means for
      generating, for comparing said first control signal, said second control
      signal and at least one temperature limiting control signal and for
      selecting said fuel scheduling control signal thereamongst in accordance
      with a predetermined relationship of said signals.
NUM  16.
PAR  16. The gas turbine electric power plant as set forth in claim 15 wherein
      said generated control signals and said fuel scheduling control signals
      are pneumatic.
NUM  17.
PAR  17. The gas turbine electric power plant as set forth in claim 16 wherein
      said second means for raising turbine load includes means for commanding
      generation of one of said control signals.
NUM  18.
PAR  18. The gas turbine electric power plant as set forth in claim 12 wherein
      said fuel scheduling control system further comprises means for lowering
      accepted turbine load to said minimum load level from one of said
      temperature limited load levels.
NUM  19.
PAR  19. The gas turbine electric power plant as set forth in claim 18 further
      comprising means for initiating shutdown of said turbine, and means
      responsive thereto for cancelling the turbine shutdown operation and
      returning the turbine to a selected load level.
NUM  20.
PAR  20. The gas turbine electric power plant as set forth in claim 19 wherein
      said third means for changing load includes two synchros in tracking
      relationship.
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PAL  Electrical power generating plant of the pumped storage or air storage type
      comprising a unidirectional turbine, a unidirectional motor/generator and
      a unidirectional pump or compressor, with a synchronous toothed clutch
      between the motor/generator and the pump or compressor.
PAL  According to the invention the clutch is in an arrangement such that its
      coacting clutch teeth interengage automatically when the motor/generator
      tends to rotate in its normal direction relative to the pump or
      compressor, or when the pump or compressor tends to rotate in the
      direction opposite to its normal direction of rotation relative to the
      motor/generator, and the clutch is capable of being set when required to a
      bi-directionally free condition such that when the plant is operating in
      the generating mode the motor/generator can be driven by the turbine
      without the pump or compressor being driven by the turbine.
BSUM
PAR  This invention relates to electrical power generating plant of the type
      that comprises a unidirectional turbine, a unidirectional motor/generator
      and a unidirectional pump or compressor. Pumped storage plant of this type
      comprises a hydraulic turbine and a pump, and the plant has two principal
      modes of operation, namely a generating mode during which the
      motor/generator acting as a generator is driven by the hydraulic turbine,
      the pump being inoperative; and a pumping mode during which the pump is
      driven by the motor/generator acting as a motor, the hydraulic turbine
      being inoperative. During operation of the plant in the pumping mode the
      pump raises water to an elevated reservoir, and during operation of the
      plant in the generating mode water from the reservoir is used to drive the
      hydraulic turbine. Air storage plant of the said type comprises a gas
      turbine and a compressor, and the plant has two principal modes of
      operation, namely a generating mode during which the motor/generator
      acting as a generator is driven by a gas turbine, the compressor being
      inoperative, and a compressing mode during which the compressor is driven
      by the motor/generator acting as a motor, the gas turbine being
      inoperative. During operation of the air storage plant in the compressing
      mode the compressor delivers compressed air to a reservoir, and during
      operation in the generating mode air from the reservoir is mixed with
      fuel, is burnt and expanded through the gas turbine, which drives the
      motor/generator.
PAR  U.S. Pat. No. 3,733,095 discloses power generating plant of the type
      referred to above, wherein a synchronous toothed clutch is provided
      between the motor/generator and the pump or compressor. The clutch is in
      what may be termed as "inverted" arrangement, that is to say its clutch
      teeth interengage automatically when the motor/generator tends to rotate
      in the direction opposite to its normal direction of rotation relative to
      the pump or compressor, or when the pump or compressor tends to rotate in
      its normal direction of rotation relative to the motor/generator. The
      clutch is provided with locking means which when the clutch teeth are
      interengaged can be operated to prevent disengagement of the clutch teeth,
      such that during operation of the plant in the pumping or compressing mode
      the motor/generator can drive the pump or compressor through the clutch,
      the teeth of which would automatically disengage if the locking means were
      not engaged, owing to the inverted arrangement of the clutch. In order to
      interengage the clutch teeth when operation in the pumping or compressing
      mode is required, turning means are provided for producing appropriate
      relative rotation between the motor/generator and the pump or compressor.
      The turning means may operate to rotate the motor/generator in the
      direction opposite to its normal direction of rotation, relative to the
      pump or compressor, or to rotate the pump or compessor in its normal
      direction of rotation, relative to the motor/generator.
PAR  When, in the last-described plant, the motor/generator is driving the pump
      or compressor, owing to the inverted arrangement of the clutch the driving
      torque from the motor/generator is transmitted to the pump or compressor
      through the clutch teeth, and through the locking means, hence a high load
      is exerted on the locking means. From this aspect it would be desirable to
      use a clutch in which during operation of the plant in the pumping or
      compressing mode the driving torque is transmitted from the
      motor/generator to the pump or compressor through the clutch teeth and
      transmission of torque is not effected through locking means. Such an
      arrangement has in fact been proposed in connection with pumped storage
      plant wherein the clutch is a non-synchronous clutch, but the machinery is
      complicated by the need to provide means for synchronising the clutch in
      preparation for engagement, the said means including a synchronous clutch
      between the turbine and the pump, with turning mechanism operable to
      rotate the pump so as to engage the synchronous clutch, whereupon the
      turbine is employed to drive the pump up to synchronous speed with the
      motor/generator, the non-synchronous clutch then being engaged by means of
      a servo mechanism.
PAR  It is customary to provide, between the turbine and the motor/generator, a
      synchronous toothed clutch in a "non-inverted" arrangement, that is to say
      in an arrangement such that this clutch tends to engage when the turbine
      tends to overrun the motor/generator when rotating in its normal direction
      of rotation, the clutch disengaging when the motor/generator rotates in
      its normal direction of rotation relative to the turbine so that the
      motor/generator can, during the pumping or compressing mode, drive the
      pump or compressor without driving the turbine. It would be advantageous
      to be able to use a similar clutch, viz. a non-inverted clutch, between
      the motor/generator and the pump or compressor, but the use of a
      non-inverted clutch between the motor/generator and the pump or compressor
      has hitherto been thought to be impracticable for the reason that during
      operation of the plant in the generating mode, when the turbine is driving
      the motor/generator, the non-inverted clutch would engage so that the
      turbine would drive also the pump or compressor.
PAR  It has now been realised that a clutch in a non-inverted arrangement can be
      employed provided that the clutch is capable of being set selectively to a
      bi-directionally free condition when operation of the plant in the
      generating mode is required, whereby to enable the motor/generator to be
      driven by the turbine without the pump or compressor being simultaneously
      driven.
PAR  In accordance with the present invention there is provided electrical power
      generating plant comprising a unidirectional turbine, a unidirectional
      motor/generator and a unidirectional pump or compressor, with a
      synchronous toothed clutch between the motor/generator and the pump or
      compressor, wherein the clutch is in a non-inverted arrangement such that
      the clutch teeth interengage automatically when the motor/generator tends
      to rotate in its normal direction of rotation relative to the pump or
      compressor, or when the pump or compressor tends to rotate in the
      direction opposite to its normal direction of rotation relative to the
      motor/generator, the clutch being capable of being set when required to a
      bidirectionally free condition such that when the plant is operating in
      the generating mode the motor/generator can be driven by the turbine
      without the pump or compressor being driven by the turbine.
PAR  A clutch for use in a non-inverted arrangement can be manufactured with
      greater accuracy than a clutch with selectively operable locking means,
      for use in an inverted arrangement where under torque transmitting
      conditions the concentricity of the clutch teeth is more likely to be
      adversely affected by the combined effects of inaccuracies in the mating
      components including the locking means. The provision of means for setting
      the non-inverted clutch to a bidirectionally free condition involves a
      relatively simple addition to the clutch, which may be of a standard
      over-running type. Where a clutch in a non-inverted arrangement is
      provided between the turbine and the motor/generator, a similar addition
      may be made to this clutch. The two clutches may therefore be of identical
      construction instead of being of different constructions as in the prior
      arrangements referred to above.
PAR  Desirably, the clutch provided between the motor/generator and the pump or
      compressor is of the type comprising pawl and ratchet mechanism operative
      upon passage of the clutch input and output parts through rotational
      synchronism in one direction of relative rotation to shift an intermediate
      member helically relative to one of the said clutch parts to effect at
      least initial interengagement of the coacting clutch teeth. In this case
      the means for setting the clutch to a bidirectionally free condition may
      be, for example, operable to bring the clutch to a condition in which the
      pawls are axially withdrawn relative to the ratchet teeth, or to a
      condition in which the noses of the pawls are radially withdrawn from the
      ratchet teeth, such that the pawls are incapable of ratcheting relative to
      the ratchet teeth or of engaging with them according to the direction of
      relative rotation of the input and output parts of the clutch. Either of
      these conditions of the clutch may be termed a pawl-free condition.
DRWD
PAR  In the accompanying drawings,
PAR  FIG. 1 is a diagrammatic view of an example of electrical power generating
      plant according to the invention;
PAR  FIG. 2 is a view in side sectional elevation of an example of a synchronous
      self-shifting toothed clutch employed in the plant shown in FIG. 1. The
      upper half of FIG. 2 shows the clutch in a bidirectionally free condition
      and the lower half of FIG. 2 shows the clutch in a unidirectionally free
      condition;
PAR  FIG. 3 is a view of the upper half of the clutch in side sectional
      elevation, showing the clutch in the engaged condition;
PAR  FIG. 4 is a sectional view on the line IV--IV of FIG. 2;
PAR  FIGS. 5, 6 and 7 are detail sectional views, on a larger scale than FIG. 2,
      showing baulking teeth and a baulking ring in the relative positions that
      they assume for various conditions of the clutch;
PAR  FIGS. 5a, 6a and 7a are development views of baulking teeth and blocking
      teeth, these Figures corresponding respectively to FIGS. 5, 6 and 7; and
PAR  FIG. 8 is a detail view illustrating a modification of the baulking teeth
      and blocking teeth.
DETD
PAR  Referring to FIG. 1, which illustrates the application of the invention to
      air storage plant, the shaft 1 of a gas turbine 2 is drivably connected to
      one end of the shaft 3 of a motor/generator 4, through a synchronous
      self-shifting toothed clutch 5. The other end of the shaft 3 of the
      motor/generator 4 is drivably connected to the shaft 6 of a compressor 7
      through a synchronous self-shifting toothed clutch 8 which is capable of
      being set selectively to a unidirectionally free condition or to a
      bidirectionally free condition, as will be described hereinafter with
      reference to FIGS 2 to 8. In the unidirectionally free condition the
      clutch 8 engages automatically when the motor/generator 4 rotating in its
      normal direction of rotation tends to overrun the compressor 7, and
      disengages automatically to a unidirectionally free condition when the
      compressor 7 rotating in its normal direction of rotation tends to overrun
      the motor/generator 4.
PAR  Referring now to FIGS. 2 to 8, the clutch 8 is of the construction
      disclosed in British Patent Specification No. 1,291,773. The clutch
      includes a first rotary part 9 formed with external left-hand helical
      splines 10 with which the engaged internal helical splines 11 in an
      intermediate member 12, which is thereby constrained for helical movement
      relative to the clutch part 9, the said helical movement being limited in
      one direction by an axial stop formed by an annular shoulder 13 on the
      clutch part 9 and in the other direction by an axial stop formed by an
      annular flange 14 on a ring 15 fixed to the rotary clutch 9, the flange 14
      cooperating with a radially inwardly projecting annular flange 16 in the
      intermediate member 12. The intermediate member 12 is formed with a ring
      of external clutch teeth 17, and carries pawls 18 the noses of which point
      in anti-clockwise direction as viewed from the right-hand end of the
      clutch (FIG. 4). The pawls 18 are mounted on pawl pins 19 and are provided
      with control springs 20 which urge the noses of the pawls radially
      outwardly. The intermediate member 12 is also formed with a ring of
      external baulking teeth 21, each of which (FIGS. 5a, 6a and 7a) has a
      straight flank 22 and a flank 23 which is stepped to form a part 24 of
      reduced circumferential thickness at one end of the tooth. As seen from
      the left-hand end of the clutch in FIG. 2, the straight flanks 22 of the
      baulking teeth 21 face in the anticlockwise direction and the stepped
      flanks 23 face in the clockwise direction.
PAR  A second rotary clutch part is constituted by a sleeve 25 carrying a ring
      of internal clutch teeth 26 and a ring of internal ratchet teeth 27. The
      sleeve 25 also carries annular members 28 and 29 shaped so as to provide
      between them an internal groove, in which is accommodated a ring 30
      forming part of a blocking tooth carrier. A white metal bearing 31 is
      provided between the ring 30 and its groove. The blocking tooth carrier
      also includes a cylindrical member 32 which projects from the inner
      periphery of the ring 30 and carries a ring of internal blocking teeth 33
      which are interengaged with the baulking teeth 21.
PAR  With the clutch in the unidirectionally free condition, as shown in the
      lower half of FIG. 2, the external clutch teeth 17 are out of engagement
      with the internal clutch teeth 26, and the pawls 18 are in ratcheting
      relationship with the ratchet teeth 27. With the rotary clutch part 25
      rotating in anticlockwise direction relative to the rotary clutch part 9
      as seen from the right-hand end of the clutch (see FIG. 4), the pawls 18
      ratchet relative to the ratchet teeth 27 and the clutch 8 overruns.
PAR  The ring 30 forming part of the blocking tooth carrier is rotatably
      slidable in its lubricated bearing 31. When the clutch parts 9 and 25 are
      in relative rotation in the overrunning direction as above described, the
      drag on the ring 30 of the blocking tooth carrier, due to the friction
      between the ring 30 and the bearing 31, is such that the blocking teeth 33
      are maintained in contact with the straight flanks 22 of the baulking
      teeth 21.
PAR  When the direction of relative rotation of the clutch parts 9 and 25
      reverses, pawls 18 engage ratchet teeth 27, and the intermediate member 12
      is thereby shifted helically, to the right in FIG. 2, along the clutch
      part 9 so as to bring the external clutch teeth 17 into the partial
      interengagement with the internal clutch teeth 26, whereupon the
      interaction of the clutch teeth 17 and 26 in conjunction with the
      interaction of the helical splines 10 and 11 draws the intermediate member
      12 into full toothed engagement with the clutch part 25 and against the
      axial stop 13, so that the clutch is engaged (FIG. 3). When the direction
      of relative rotation of the clutch parts 9 and 25 again reverses, the
      interaction of the clutch teeth 17 and 26 in conjunction with the
      interaction of the helical splines 10 and 11 shifts the intermediate
      member 12 to the left so as to bring the external clutch teeth 17 out of
      engagement with the internal clutch teeth 26 and to bring the pawls 18
      back into ratcheting engagement with the ratchet teeth 27, as shown in the
      lower half of FIG. 2. During these movements of the intermediate member 12
      the straight flanks 22 of the baulking teeth 21 slide relative to the
      blocking teeth 33.
PAR  As so far described, the clutch is unidirectionally free, that is to say
      for one direction of relative rotation of the clutch parts 9 and 25 the
      clutch overruns with the pawls 18 ratcheting relative to the ratchet teeth
      27, whereas upon reversal of the direction of relative rotation of the
      clutch parts 9 and 25 the clutch engages as above described.
PAR  In order to bring the clutch to a condition of bi-directional freedom,
      viz., the pawl free condition, the intermediate member 12 is shifted to
      the left from the position shown in the lower half of FIG. 2 to a position
      in which the pawls 18 are axially clear of the ratchet teeth 27, as shown
      in the upper half of FIG. 2. This movement of the intermediate member 12
      may for example be effected by operating by means of a servo motor 34
      (FIG. 1) an axially movable control fork 35 engaged with lost motion in an
      external annular groove 36 in the intermediate member 12. During this
      movement of the intermediate member 12 the baulking teeth 21 move so far
      to the left that the blocking teeth 33 move on to the parts 24 of the
      baulking teeth 21 of reduced circumferential width. So long as the
      direction of relative rotation of the clutch part 9 and the intermediate
      member 12 relative to the clutch part 25 corresponds to the ratcheting
      direction of relative rotation of the pawls 18 and ratchet teeth 27, as
      shown by the arrow in FIG. 5, the blocking teeth 33 are held in contact
      with the straight flanks 22 of the baulking teeth 21 (FIG. 5 a) by the
      frictional drag on the blocking tooth carrier due to the friction between
      the ring 30 and the surfaces of the bearing 31 in which it is
      accommodated. Under these conditions it is possible, by operating the
      control fork 35, to shift the intermediate member 12 to the right to bring
      the pawls 18 into ratcheting relationship with the ratchet teeth 27 (lower
      half of FIG. 2). If, however, while the clutch is in the pawl free
      condition the direction of relative rotation of the clutch parts 9 and 25
      is in the opposite direction (indicated by the arrow in FIG. 6) the
      blocking teeth 33 are held, by frictional drag, against the flanks of the
      narrow parts 24 of the baulking teeth 21, on the stepped sides 23 thereof
      as shown in FIG. 6a. Hence if under these conditions an attempt is made to
      shift the intermediate member 12 to the right the steps 36 on the baulking
      teeth 21 come into axial engagement with the blocking teeth 33 so as to
      prevent further movement of the intermediate member 12 to the right such
      as would bring the pawls 18 into contact with the ratchet teeth 27 and
      cause damage.
PAR  The operator is therefore obliged to wait for the direction of relative
      rotation of the clutch parts 9 and 25 to reverse before the intermediate
      member 12 can be shifted to the right. When such reversal takes place, the
      frictional drag on the blocking tooth carrier bring the blocking teeth 33
      on to the straight flanks of the baulking teeth 21 (FIG. 5a), so that
      there is no longer any obstruction to movement of the intermediate member
      12 to the right to bring the pawls 18 into ratcheting relationship with
      the ratchet teeth 27.
PAR  As illustrated in FIG. 8, the baulking teeth 21 and the blocking teeth 33
      may be undercut so as to provide an interlocking action between the
      baulking teeth and the blocking teeth.
PAR  When the clutch 8 is incorporated in the plant shown in FIG. 1, a flange 37
      on the clutch part 25 is bolted to a flange 38 on the shaft 3 of the
      motor/generator 4, and a flange 39 on the clutch part 9 is bolted to a
      flange 40 on the shaft 6 of the compressor 7.
PAR  During operation of the plant in the generating mode, the clutch 8 is in
      the bi-directionally free condition (upper half of FIG. 2) such that the
      gas turbine 2 can drive the motor/generator 4 without the compressor 7
      being driven. When it is required to change over to the compressing mode
      the motor/generator 4 is disconnected from the mains and the gas turbine 2
      is shut down while the motor/generator 4 still continues in rotation due
      to its inertia, with the clutch 5 overrunning. The compressor 7 is then
      rotated at a low speed in its normal direction of rotation by means of an
      auxiliary motor of low power (not shown) driving through reduction gearing
      41, 42 and a synchronous self-shifting clutch 43. When the speed of the
      motor/generator 4 has decreased to a speed lower than the speed of the
      compressor 7 that is maintained in rotation by the auxiliary motor, the
      pawls 18 and ratchet teeth 27 are rotating at relative speeds such that it
      is feasible to set the clutch 8 to the unidirectionally free ratcheting
      condition (lower half of FIG. 2). The auxiliary motor is then shut down,
      and the gas turbine 2 is operated to accelerate the motor/generator 4
      through the clutch 5, such that at rotational synchronism between the
      motor/generator 4 and the compressor 7 the clutch 8 will automatically
      engage, so that the compressor 7 can be driven up to full speed by the
      power of the gas turbine 2 transmitted through the shaft of the
      motor/generator 4, which is then connected to the mains to operate as a
      motor. Thereupon the turbine 2 is shut down, and the clutch 5 between the
      gas turbine 2 and the motor/generator 4 disengages automatically when the
      turbine is retarded and brought to rest.
PAR  When it is required to change over from the compressing mode to the
      generating mode, the motor/generator 4 is disconnected from the mains and
      decelerates while the compressor 7 is maintained in rotation at low speed
      by the aforesaid auxiliary motor. As soon as the speed of the
      motor/generator 4 falls below the speed of the compressor 7 the clutch 8
      will be set to the bidirectionally free condition (upper half of FIG. 2)
      whereupon the gas turbine 2 can be used to drive the motor/generator 4
      through the clutch 5 up to high speed without the compressor 7 being
      driven.
PAR  Clearly the invention may be applied to pumped storage plant wherein a
      hydraulic turbine is provided in place of the gas turbine 2, and wherein a
      pump is provided in place of compressor 7.
CLMS
STM  I claim:
NUM  1.
PAR  1. Electrical power generating plant of the type comprising a
      unidirectional turbine, a unidirectional motor/generator and a
      unidirectional pump, wherein a synchronous clutch having coacting sets of
      clutch teeth is provided between the motor/generator and the pump, with
      the improvement that the clutch is in a non-inverted arrangement such that
      the coacting sets of clutch teeth interengage automatically upon rotation
      of the shaft of the motor/generator in its normal direction of rotation
      relative to the shaft of the pump, and that the clutch is capable of being
      set selectively to a bi-directionally free condition such that during
      operation of the plant in the generating mode motor/generator can be
      driven by the turbine without the pump being driven by the turbine.
NUM  2.
PAR  2. Electrical power generating plant of the type comprising a
      unidirectional turbine, a unidirectional motor/generator and a
      unidirectional compressor, and wherein a synchronous clutch having
      coacting sets of clutch teeth is provided between the motor/generator and
      the compressor, with the improvement that the clutch is in a non-inverted
      arrangement such that the coacting sets of clutch teeth interengage
      automatically upon rotation of the shaft of the motor/generator in its
      normal direction of rotation relative to the shaft of the compressor, and
      that the clutch is capable of being set selectively to a bi-directionally
      free condition such that during operation of the plant in the generating
      mode the motor/generator can be driven by the turbine without the
      compressor being driven by the turbine.
NUM  3.
PAR  3. Electrical power generating plant of the type comprising a
      unidirectional gas turbine, a unidirectional motor/generator and a
      unidirectional compressor, wherein a synchronous clutch having sets of
      coacting clutch teeth is provided between the motor/generator and the
      compressor, with the improvement that the clutch is in a non-inverted
      arrangement such that the coacting sets of clutch teeth interengage
      automatically upon rotation of the shaft of the motor/generator in its
      normal direction of rotation relative to the shaft of the compressor, and
      that the clutch is capable of being set selectively to a bi-directionally
      free condition such that when the plant is operating in the generating
      mode the motor/generator can be driven by the gas turbine without the
      compressor being driven by the gas turbine.
NUM  4.
PAR  4. Electrical power generating plant of the type comprising a
      unidirectional hydraulic turbine, a unidirectional motor/generator and a
      unidirectional pump, and wherein a synchronous clutch having coacting sets
      of clutch teeth is provided between the motor/generator and the pump, with
      the improvement that the clutch is in a non-inverted arrangement such that
      the coacting sets of clutch teeth interengage automatically upon rotation
      of the shaft of the motor/generator in its normal direction relative to
      the shaft of the pump, and that the clutch is capable of being set
      selectively to a bi-directionally free condition such that when the plant
      is operating in the generating mode the motor/generator can be driven by
      the hydraulic turbine without the pump being driven by the hydraulic
      turbine.
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ABST
PAL  An on-off switch having a time delayed "off" position provided by a
      series-connected PTC thermistor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical circuit switches and more particularly
      to residential wall-mounted light switches.
PAR  Such switches typically comprise single-pole double-throw switches
      connected as the sole on-off control for a room lighting circuit, or as a
      pair of on-off switches connected in a three-way arrangement at two
      locations. Although widely used, these common on-off switches can pose a
      considerable inconvenience and even create a hazardous condition in
      certain applications. For example, consider a person awkwardly attempting
      to get into bed in the dark after turning off a bedroom wall switch, or
      walking through a darkened machine shop toward an exit after turning off a
      remote light-switch, or entering a car and driving out of a garage at
      night after switching off the lights.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is an object of this invention to provide an
      improved switch for electrical circuits.
PAR  A particular object is to provide a light-switch having a delayed "off"
      function which is adapted for compact, low cost packaging in a unit
      interchangeable with conventional on-off switches.
PAR  These and other objects, advantages and features are attained, in
      accordance with the invention, by providing a switch position having a
      positive-temperature-coefficient (PTC) thermistor series connected
      therewith, the thermistor being selected to delay deenergization of the
      switch circuit for a predetermined period of time upon actuation from the
      "on" position to said thermistor position, whereby a time delayed off
      function is provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  This invention will be more fully described hereinafter in conjunction with
      the accompanying drawing, the single FIGURE of which is a schematic
      diagram of a circuit including a three-position switch with a PTC
      thermistor connection in accordance with the invention, the thermistor
      being illustrated in perspective.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to the drawing, a three-position switch 2, in accordance with the
      invention, is shown connected in a simple AC circuit arrangement including
      an AC source 4, which may typically comprise a 60 cycle, 120 volt supply,
      and a load 6, which may be representative of lamps, light fixtures,
      appliances, etc. The load 6 and switch 2 are series-connected in circuit
      across the AC source 4.
PAR  Switch 2 basically may comprise a single-pole double-throw wall switch with
      an off position and be adapted for residential lighting circuits. The
      switch has a common terminal 8 adapted for connection to the circuit, a
      selective switching means 10 connected to the common terminal 8, and
      first, second and third position contacts 12, 14 and 16, respectively; for
      selective engagement by the  switching means 10. Position contact 12 is
      adapted for connection to the circuit whereby, upon engagement by the
      switching means 10 (as indicated by the dashed line between terminal 8 and
      contact 12), a closed circuit on condition can be provided; i.e., the load
      6 will be fully energized. In the drawing, common terminal 8 is connected
      to the AC source 4 and contact 12 is connected to load 6.
PAR  Position contact 16, as indicated, is an open circuit contact whereby upon
      engagement by switching means 10, an off condition is provided, i.e., the
      load 6 is not energized.
PAR  In accordance with the invention, the switch further includes a
      positive-temperature-coefficient (PTC) thermistor 18 connected between
      position contacts 14 and 12. For example, as illustrated, the body of
      thermistor 18, typically a semiconductor composition coated with epoxy,
      may be formed in a disc-type configuration, with a pair of lead wires 20
      and 22 electrically attached to opposite flat sides of the disc. One lead
      wire 20 is electrically connected to the contact 14, while the other lead
      wire 22 may be connected to a terminal post 24 to which contact 12 is
      connected, terminal post 24 then being connected to load 6 in the circuit
      arrangement.
PAR  To consider operation of the PTC thermistor arrangement, assume that switch
      2 is connected in the circuit shown and that the switching means 10 has
      been actuated from position contact 12 (the closed circuit on condition)
      to position contact 14 (as indicated by the dashed lines between terminal
      8 and contact 14). In this position, PTC thermistor 18 is series-connected
      with the closed switch in the circuit, and load current flows through the
      device. The PTC thermistor is selected to have a relatively low zero-power
      (cold) resistance, e.g., about 27 ohms at 25.degree.C. When current passes
      through the device, resistance heating occurs until the PTC switching
      temperature is reached. Then the resistance increases sharply and the disc
      body 18 becomes heated rapidly to an equilibrium condition.
PAR  The resistance versus temperature characteristic of the typical PTC device
      shows a somewhat negative slope as the temperature initially rises from
      the "cold" condition. Then at a given temperature region, the device
      ideally switches from a semiconductive state to that of an insulator, and
      the resistance rises sharply over a very narrow temperature range. A
      selected temperature in this switching region is referred to as the
      switching temperature of the thermistor. As the resistance versus
      temperature slope is sharply positive in this region, the thermistor will
      have a substantially stabilized body temperature at approximately the
      rated switching temperature of the device. A PTC thermistor selected to
      have a switching temperature of 60.degree.C is particularly suitable for
      the present application.
PAR  Assuming that load 6 comprises lamps and/or light fixtures, and that the
      switching means 10 has been actuated from contact 12 to contact 14, the
      illumination level provided by the lighting system load will remain at
      substantially the same level (with some diminution due to the resistance
      of the thermistor as it heats up) until the PTC thermistor 18 is heated to
      its switching temperature, whereupon in the period of a second or two the
      circuit will be deenergized, except for a trickle of current which
      continues to pass through the circuit to keep the thermistor heated and,
      thus, maintain its state as an insulator. In this manner, the second
      switch position provides a time delayed off function.
PAR  The time to thermistor switching and, thus, the period of time by which
      deenergization of the circuit is delayed, upon actuation of the switching
      means from contact 12 to contact 14, may be substantially predetermined by
      appropriate selection of thermistor characteristics. For example, the
      delay time (switch time) can be extended by selecting either a higher
      switching temperature or a lower zero-power resistance. Further, the delay
      time can also be extended by increasing the mass of the device to extend
      the heat-up time; for example, the mass may be increased by encapsulating
      or coating the device in an insulating material, such as epoxy. Of course,
      in this application an insulating coating is desirable for safety purposes
      in any event.
PAR  According to one specific embodiment, switch 2 was connected in a circuit
      having a 60 cycle, 120 volt AC source and a 75 watt light bulb as load 6.
      PTC thermistor 18 was of the epoxy coated disc-type and selected to have a
      zero-power resistance of about 27 ohms at 25.degree.C, a voltage rating of
      up to 132 volts AC, and a switching temperature of 60.degree.C. Upon
      switching from contact 12 to contact 14, the thermistor controlled the
      time delay function of the switch so that the 75 watt light bulb was
      turned off in about seven seconds. That is, it took the thermistor about 7
      seconds to heat up to the switching temperature (60.degree.C); thereafter,
      the light was essentially extinguished in about one second.
PAR  Although the invention has been described with respect to specific
      embodiments, it will be appreciated that modifications and changes may be
      made by those skilled in the art without departing from the true spirit
      and scope of the invention. For example, it is clear that the invention is
      not limited to the illustrated three-position switch, as the thermistor
      arrangement may be employed in other switch types, such as a switch having
      only two positions, namely, an on position and a time delayed off
      position.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A switch for an electrical circuit, said switch comprising: a common
      terminal adapted for connection to said circuit; selective switching means
      connected to said common terminal; at least first and second position
      contacts for selective engagement by said switching means, said first
      position contact being adapted for connecting to said circuit whereby upon
      engagement by said switching means a closed-circuit on condition can be
      provided; and a positive-temperature-coefficient thermistor connected
      between said second and first position contacts whereby, upon connection
      of said switch in said circuit and engagement of said second position
      contact by said switching means, said thermistor is series connected with
      said switch in said circuit; said thermistor being selected to delay
      deenergization of said circuit for a predetermined period of time upon
      actuation of said switching means from said first to said second position
      contact whereby a time delayed off function is provided.
NUM  2.
PAR  2. The switch of claim 1 further including a third position contact for
      selective engagement by said switching means, said third position contact
      being an open circuit contact whereby upon engagement by said switching
      means on off condition can be provided.
NUM  3.
PAR  3. The combination of claim 2 wherein said switch comprises a single-pole
      double-throw wall switch with an off position and is adapted for
      residential lighting circuits.
NUM  4.
PAR  4. The switch of claim 1 wherein said delay time is substantially
      predetermined by selection of the zero-power resistance and switching
      temperature of said thermistor.
NUM  5.
PAR  5. The switch of claim 4 wherein said thermistor is encapsulated in an
      insulating material, the mass of which is selected to extend the heat-up
      time of said thermistor, when energized, to thereby extend said delay
      time.
NUM  6.
PAR  6. The switch of claim 1 wherein the switching temperature of said
      thermistor is approximately 60.degree.C.
NUM  7.
PAR  7. The switch of claim 6 wherein the zero power resistance of said
      thermistor at 25.degree.C is about 27 ohms, and said thermistor has a
      voltage rating of up to 132 volts AC.
NUM  8.
PAR  8. The switch of claim 7 wherein said thermistor is of a disc-type
      configuration and is epoxy coated.
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ABST
PAL  Occupancy detector apparatus including a metallic electrode disposed to
      cooperate with the body of an automobile to form an occupant sensing
      capacitor, a reference capacitor, and an IC capacitance detecting and
      logic generating circuit. The IC includes a current source for
      continuously supplying charging current to the sensing capacitor and the
      reference capacitor, a first charge detecting circuit for detecting the
      charge on the sensing capacitor, a second charge detecting circuit for
      detecting the charge on the reference capacitor, and a comparator circuit
      for comparing the output signals developed by the first and second charge
      detecting circuits and for developing a logic output commensurate with the
      relationship between the capacitances of the sensing capacitor and the
      reference capacitor.
PARN
PAR  This is a division of application Ser. No. 408,681, filed Oct. 23, 1973,
      now U.S. Pat. No. 3,898,472, issued Aug. 5, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  The present invention relates generally to automotive safety systems and
      more particularly to a capacitive occupancy detection apparatus for
      sensing the presence of a driver or passenger in a particular seat of an
      automobile and developing electronic logic when can be used in an
      automotive safety system.
PAR  2. Discussion of the Prior Art
PAR  For the past several years substantial legislative activity has concerned
      itself with requiring not only installation but enforced use of safety
      equipment in private automobiles. The first legislation enacted dealt
      simply with the required provision of safety equipment such as seat belts.
      This legislation was followed by subsequent laws requiring the provision
      of alarm devices to encourage use of the seat belts and subsequent
      standards now require that certain interlocking systems be provided in new
      model automobiles which prohibit operation of the automobile if the seat
      belt is not used. In order to assure that the seat belts are in fact used,
      the latest standards even require that a certain sequence of events occur
      before the engine may be started. This latter requirement serves a dual
      purpose of preventing operation of the vehicle unless the seat-belts are
      used, while at the same time making it more difficult for one temporarily
      incapacitated due to a state of inebriation, or the like, to operate the
      vehicle.
PAR  One of the problems encountered in implementing such requirements has been
      the lack of availability of suitable detecting apparatus capable of
      accurately detecting the presence of an occupant in a particular vehicle
      seat. Early detection apparatus utilized one or more mechanical switches
      which were actuated by body weight upon the seat. However, that type of
      detector has been found to be generally inadequate since its operation
      depends upon such variables as the structural characteristics of the seat
      materials, the temperature characteristics of the seat materials, the
      location of the switch relative to the seat structure itself, and the
      position and weight of a seat occupant.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It is therefore a principal objective of the present invention to provide
      an occupant detection apparatus which avoids the use of mechanical sensing
      devices, and which includes electronic detection components that can be
      produced in integrated circuit form.
PAR  Briefly, the present invention includes a metallic electrode which is
      disposed to cooperate with the body of an automobile to form an occupant
      sensing capacitor, a reference capacitor, and an integrated circuit
      capacitance detecting and logic generating circuit. The integrated circuit
      includes a current source for continuously supplying charging current to
      the sensing capacitor and the reference capacitor, a first charge
      detecting circuit for detecting the charge on the sensing capacitor, a
      second charge detecting circuit for detecting the charge on the reference
      capacitor, and a comparator circuit for comparing the output signals
      developed by the first and second charge detecting circuits and for
      developing a logic output commensurate with the relationship of the
      capacitances of the sensing capacitor and the reference capacitor.
PAR  The several advantages of the present invention will no doubt become
      apparent to those of ordinary skill in the art after having read the
      following detailed description of a preferred embodiment illustrated in
      the several figures in the drawing.
DRWD
PAR  FIG. 1 is a block diagram generally illustrating occupant detection
      apparatus in accordance with the present invention;
PAR  FIG. 2 is an equivalent circuit diagram representative of the detector
      probe apparatus shown in FIG. 1;
PAR  FIG. 3 is a schematic representation of a circuit illustrating a preferred
      embodiment of the charge detectors illustrated in FIG. 1;
PAR  FIG. 4 is a timing diagram illustrating operation of the embodiment of the
      present invention shown in FIG. 1, and,
PAR  FIG. 5 is a schematic representation of the occupant detection apparatus in
      accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawing, a simplified block diagram is shown
      generally illustrating an automotive safety system including an occupant
      detection apparatus 10 in accordance with the present invention. The
      system includes an occupant detection apparatus 10 for each seat to be
      monitored, other detectors 12, 14, 16 . . . which might for example sense
      auto ignition status detector, seatbelt lock/unlock detector, gear shift
      position detector, etc., and logic circuitry 20 which responds to the
      outputs developed by the several detectors to either enable or disable the
      operation of the vehicle. The occupant detection 10 apparatus includes
      means forming an occupant responsive probe capacitor C.sub.P, a reference
      or balancing capacitor C.sub.x, and capacitive detecting and comparing
      circuit means 30 for comparing the capacitances of capacitors C.sub.P and
      C.sub.x, and developing an appropriate logic signal at its output terminal
      32.
PAR  In the preferred embodiment, the probe capacitor C.sub.P is comprised of a
      metallic plate 34 which is placed beneath the seat to be monitored and
      forms one plate of the capacitor. The other plate of the capacitor C.sub.p
      is formed by the auto body and is represented by the dashed line 36. Plate
      34 may alternatively be formed of a wire grid, a section of metallic
      fabric forming a portion of the seat to be monitored or other suitable
      means. The reference capacitor C.sub.x is comprised of a simple fixed
      capacitor which may be placed close to plate 34 or within the circuit
      means 30 and is chosen to have a predetermined capacitance relative to
      that of capacitor C.sub.p when the seat is unoccupied.
PAR  Probe capacitor C.sub.p and reference capacitor C.sub.x are respectively
      coupled to a pair of terminals 38 and 40 by means of suitable conductors
      37 and 39 which are preferably of equal length and twisted as indicated at
      35 to reduce as much as possible the introduction of spurious signals. In
      the preferred embodiment, strips of twinflex cabling were found quite
      adequate.
PAR  Circuit means 30 includes an electric charge detecting means 42, a
      switching signal source 44 and a comparator circuit 46. In the preferred
      embodiment source 44 is a multivibrator circuit capable of generating a
      train of switching pulses as indicated at 60. Charge detecting means 42
      includes a pair of detector circuits 41 and 43 having first input leads
      connected to terminals 38 and 40 respectively, and second input leads
      connected to the output lead 45 of switching source 44. Charge detector
      circuit 41 is responsive to the capacitance of probe capacitor C.sub.p and
      periodically develops a signal corresponding thereto on line 47 when
      actuated by the pulses generated by switching source 44. The second charge
      detector circuit 43 is responsive to the capacitance of reference
      capacitor C.sub.x and when actuated by source 44 develops a signal
      corresponding thereto on line 48. The signals developed on lines 47 and 48
      are compared by comparator circuit 46 when in turn develops a responsive
      logic signal on output line 32. In accordance with the present invention,
      the logic signals developed on line 32 have a logic 0 state when the seat
      is unoccupied and a logic 1 state when the seat is occupied.
PAR  In addition to the capacitance of probe capacitor C.sub.p and the
      capacitance of reference capacitor C.sub.x, as shown schematically in FIG.
      2 there will also exist a small lead-to-body capacitance C.sub.w1 due to
      the lead line 37 and a small lead-to-body capacitance C.sub.w2 due to the
      lead line 39. There will also be a small mutual capacitance C.sub.m
      existing between the lead lines 37 and 39. However, as will be explained
      below, since the capacitors C.sub.p and C.sub.x will be charged to the
      same potential, the capacitance C.sub.m will not conduct any current, so
      it may be neglected, and any differences in the capacitances C.sub.w1 and
      C.sub.w2 can easily be balanced out by adjustment of the reference
      capacitor C.sub.x.
PAR  Turning now to FIG. 3 of the drawing, a simplified schematic of the charge
      detector 41 is shown to illustrate the functional operation of this
      portion of the device. This portion of the device includes a current
      source 50, a switching transistor Q, a second current source 52 and a load
      resistor R.sub.L. Current source 50 develops a constant current I.sub.c
      for application to output terminal 38 to continuously supply charging
      current to the probe capacitance C.sub.p. Switching transistor Q is a PNP
      transistor which responds to a switching signal applied to terminal 45 to
      discharge capacitor C.sub.p through resistor R.sub.L. The second current
      source 52 supplies a bias current I.sub.b to the load resistor R.sub.L to
      maintain a predetermined quiescent potential at terminal 47. When the
      voltage applied to terminal 45 is more positive than that applied to the
      emitter of transistor Q, the transistor will be non-conductive, thereby
      permitting I.sub.c to flow into capacitor C.sub.p causing it to charge. At
      the same time current I.sub.b flows through load resistor R.sub.L
      developing a quiescent output potential between terminal 47 and circuit
      ground.
PAR  When the switching potential goes negative and pulls the base of transistor
      Q more negative than its emitter, the transistor will conduct and cause
      capacitor C.sub.p to discharge through resistor R.sub.L. The resulting
      discharge current i.sub.d adds to the bias current I.sub.b to develop a
      spike in the load current I.sub.L, and thus a spike in the output voltage
      V developed across load resistor R.sub.L. Since the transient discharge
      current i.sub.d during the discharge cycle may be expressed as
      ##EQU1##
      where E.sub.cp is the charged voltage of capacitor C.sub.p and t is the
      time following the turn-on of transistor Q, the amplitude of the spike in
      the voltage V developed at output terminal 47 will be proportional to the
      charge stored on capacitor C.sub.p and indicative of the capacitance of
      capacitor C.sub.p. In other words, since the magnitude of i.sub. d for any
      instant of time is related to the capacitance of capacitor C.sub.p and the
      capacitance of C.sub.p is proportional to the dielectric constant of its
      dielectric, a simple change in the dielectric will be reflected in the
      voltage V. The dielectric constant for a volume of space between a pair of
      capacitor plates i.e., the plate 34 and automotive body 36 forming
      C.sub.p, including a human body has a higher value than the same space in
      the absence of the human body. Accordingly, during the discharge cycle
      i.sub.d and thus V will increase when the seat corresponding to capacitor
      C.sub.p is occupied no matter how large or small the occupying body, and
      will be relatively independent of the temperature and actual body loading
      applied to the seat per se.
PAR  If charge detectors 41 and 47 in the embodiment of FIG. 1 are designed to
      duplicate the function illustrated by the schematic of FIG. 3, the
      operation of the detection apparatus 10 can be explained by referring to
      the timing diagram shown in FIG. 4. In FIG. 4, curve 60 illustrates the
      train of switching pulses V.sub.s generated by signal source 44 at its
      output 45; curve 62 represents the voltage v.sub.x developed across
      reference capacitor C.sub.x for any instant of time; and curve 64
      represents the voltage v.sub.p developed across the probe capacitor
      C.sub.p for any particular instant of time. Curve 66 represents the
      voltage V.sub.48 developed by detector 43 at its output 48; curve 68
      represents the voltage V.sub.47 developed by detector 41 at its output 47
      and curve 70 illustrates the logical output T.sub.32 developed by
      comparator 46 at its output terminal 32.
PAR  In operation, with the seat corresponding to capacitor C.sub.p unoccupied,
      capacitor C.sub.x selected to have a predetermined relationship to the
      capacitor C.sub.p during the unoccupied seat condition, and V.sub.s
      driving transistor Q conductive, the capacitors C.sub.p and C.sub.x will
      be discharged and the charging currents I.sub.c and the biasing currents
      I.sub.b will flow through the load resistors R.sub.L of each detector to
      develop output voltages v.sub.47 and V.sub.48 respectively. Voltages
      v.sub.47 and V.sub.48 are initially at some quiescent values that, when
      sampled by comparator 46, causes the comparator to develop a logic 0
      output at terminal 32 indicating there is no occupant in the seat. As the
      first switching pulse 71 occurs at time t.sub.1, the transistors Q in
      detectors 41 and 43 will be simultaneously biased nonconductive allowing
      capacitors C.sub.p and C.sub.x to be charged by the currents I.sub.c, as
      illustrated by the sloped lines 72 and 74 of curves 62 and 64. The
      respective capacitors will then be charged to a voltage determined by the
      base-to-emitter characteristics of the transistors Q.
PAR  When the switching pulse 71 terminates at a subsequent time t.sub.2, the
      transistors Q will be driven conductive allowing the capacitors C.sub.p
      and C.sub.x to discharge through the load resistors R.sub.L developing
      transitory voltage spikes 78 and 80 due to the discharge currents i.sub.d.
      If the capacitances of capacitors C.sub.p and C.sub.x are equal, the
      discharge currents i.sub.d will also be equal and comparator 52 will not
      detect a difference between its two inputs and accordingly, its output
      T.sub.32 will remain in the zero logic state as indicated at 70. If,
      however, at some later time, the seat is occupied, the capacitance of
      capacitor C.sub.p will increase, and upon the occurence of the next
      switching pulse 82, capacitor C.sub.p will charge to a higher level than
      capacitor C.sub.x. Thus, at time t.sub.3, as the trailing edge of pulse 82
      occurs and the transistors Q are again driven conductive, capacitors
      C.sub.p and C.sub.x will discharge through their respective load resistors
      causing voltage spike 90 and 92 to be developed. Since the charge q stored
      on capacitor C.sub.p is larger than the charge stored on C.sub.x and since
EQU  i.sub.d = dq/dt
PAL  the resultant discharge currents i.sub.d and corresponding output voltages
      V will be unequal.
PAR  Accordingly, during the following discharge period, the amplitude of the
      voltage spike 90 developed on line 47 will exceed the amplitude of the
      spike 92 developed on line 48. Comparator 46 will detect the difference in
      amplitudes of the spikes and switch the state of its output T.sub.82 to a
      logic 1. T.sub.32 will remain in the logic 1 state so long as the voltage
      differences between subsequent spikes exceed some predetermined threshold.
      The logic 1 output of course indicates the presence of an occupant in the
      seat.
PAR  If at some later time, the occupant exits the car or moves to another seat,
      the capacitance of capacitor C.sub.p will decrease, the detected voltage
      across the corresponding load resistor will return to its non-occupied
      value, and the output T.sub.32 developed at terminal 32 will change to the
      logic 0 state. It will thus be appreciated that since occupant detection
      is determined on the basis of a change in the dielectric of a capacitor,
      detection is completely independent of weight-load applied to the seat; is
      independent of ambient temperature since both capacitor C.sub.p and
      capacitor C.sub.x are equally affected by any change in ambient
      temperature; and is independent of any of the mechanical characteristics
      of the seat materials.
PAR  In FIG. 5 of the drawing, an integrated circuit embodiment of the detecting
      and comparing means 30 shown generally in FIG. 1 is illustrated, with like
      numerals corresponding to like parts in both figures. Signal source 44 may
      be described as a flipflop multivibrator essentially comprised of a
      multi-collector, current source transistor Q.sub.1 and a plurality of
      bipolar transistors Q.sub.2 -Q.sub.6. The PNP transistor Q.sub.1 has three
      of its collectors connected to its base and to circuit ground through
      resistor R.sub.1. Each of the other five collectors of transistor Q.sub.1
      is connected to the collector of one of the NPN transistors Q.sub.2
      -Q.sub.6 and serves as a current source for that particular transistor.
      Transistors Q.sub.2 and Q.sub.3 are connected as common emitter amplifier
      stages with regenerative feedback capacitively coupled from the collector
      of each transistor to the base of the other transistor by means of the
      capacitors C.sub.1 and C.sub.2. The diode connected transistors Q.sub.4
      and Q.sub.5 stabilize the loop gain which is set by the resistors R.sub.4
      and R.sub.5. Transistor Q.sub.6 is an output transistor having its base in
      common with transistor Q.sub.2 and therefore follows the operation of
      Q.sub.2.
PAR  When power is initially applied to the circuit at terminal 100, current
      flowing through the resistor R.sub.1 biases transistor Q.sub.1 conductive,
      causing current to flow through the various collectors of Q.sub.1 into the
      collectors of transistors Q.sub.2 -Q.sub.6. Initially, the same amount of
      current tends to flow through Q.sub.2 and Q.sub.3. However, since a
      perfect balance between the two currents is unlikely, if the current
      through transistor Q.sub.2 for example, should increase without an
      attendant increase in that through transistor Q.sub.3, the multivibrator
      will tend to oscillate.
PAR  As the current through transistor Q.sub.2 increases, the resultant decrease
      in collector voltage is immediately coupled to the base of transistor
      Q.sub.3 by the discharge of capacitor C.sub.1 through diode Q.sub.5 and
      resistor R.sub.5. This negative voltage at the base of transistor Q.sub.3
      reduces the current through Q.sub.3, and its collector voltage rises. The
      charge of capacitor C.sub.2 through resistor R.sub.4 and diode Q.sub.4
      couples the increase in voltage at the collector of transistor Q.sub.3 to
      the base of transistor Q.sub.2 and further increases the flow of current
      through Q.sub.2 causing the collector voltage of Q.sub.2 to decrease even
      more and the base of Q.sub.3 to be driven more negative.
PAR  As a result of this regenerative action, transistor Q.sub.2 is driven into
      saturation almost instantaneously and just as quickly transistor Q.sub.3
      is cut off. This condition is maintained as long as the charge current of
      capacitor C.sub.2 develops sufficient voltage across R.sub.4 to hold
      Q.sub.2 on. The collector current of Q.sub.1, and capacitance of C.sub.2
      therefore determine the time that Q.sub.3 remains cut off and Q.sub.2
      remains ON, i.e., the duration of the negative half cycle of the
      squarewave output since output transistor Q.sub.6 follows Q.sub.2. During
      this period, the voltage at the output terminal 45 is the collector
      saturation potential of transistor Q.sub.6.
PAR  Charge current from C.sub.2 remains constant until the associated collector
      of Q.sub.1 goes into saturation, then the current becomes so small that
      the voltage developed across R.sub.4 is insufficient to hold Q.sub.2 ON.
      The increase in collector voltage that results when Q.sub.2 goes off is
      coupled by C.sub.1 and R.sub.5 to the base of Q.sub.3. Current flow
      through Q.sub.3 then increases and the collector voltage of this
      transistor falls. Q.sub.6 of course follows Q.sub.2. The negative swing of
      the voltage at the collector of Q.sub.3 is coupled by C.sub.2 and R.sub.4
      to the base of Q.sub.2 to increase further the cutoff of Q.sub.3.
PAR  The regenerative action of the multivibrator then quickly drives Q.sub.3 to
      saturation and Q.sub.2 to cutoff with the length of time that this
      condition is maintained being determined by the time constant of C.sub.2
      and R.sub.1. During this period, which represents the positive half cycle
      of the squarewave output, the voltage at the output terminal is
      substantially equal to the DC supply voltage V.sub.cc.
PAR  Turning now to the charge detecting means outlined at 42, it will be noted
      that this section of the circuit is comprised of a current source 100, a
      bias network 102, and the charge detector circuits 41 and 43. The current
      source 100 includes a multi-collector PNP transistor Q.sub.7 having its
      base and one collector coupled to circuit ground through resistor R.sub.7
      to maintain conduction at a fixed level. Current flowing through the
      remaining three collectors is fed to the emitters of PNP transistors
      Q.sub.11 and Q.sub.12 and to the collector of Q.sub.8.
PAR  Bias network 102 is comprised of the diode connected transistor Q.sub.8, a
      resistor R.sub.8 and a pair of NPN transistors Q.sub.9 and Q.sub.10. Diode
      Q.sub.8 and resistor R.sub.8, in combination with the constant current
      provided by Q.sub.7 provide turn-on potentials for Q.sub.9 and Q.sub.10
      which develop constant biasing currents I.sub.b1 and I.sub.b2 at their
      respective emitters.
PAR  Charge detector 41 is comprised of a switching PNP transistor Q.sub.11
      which has its base 104 connected to switching source terminal 45, its
      emitter 106 connected to one of the collectors of current source Q.sub.7
      and to capacitor C.sub.p through terminal 38, and its collector 108
      connected to ground through resistor R.sub.11. Note that the collector of
      Q.sub.11 is also coupled to the emitter of Q.sub.10 and to the detector
      output terminal 47. Similarly, detector 43 includes a PNP transistor
      Q.sub.12 having its base 110 coupled to signal source terminal 45, its
      emitter 112 coupled to the reference capacitor C.sub.x through terminal
      40, and to one of the collectors of current source Q.sub.7, and its
      collector 114 coupled to circuit ground through a resistor R.sub.12.
      Collector 114 is also connected to the emitter of Q.sub.9 and the detector
      output terminal 48.
PAR  In operation, with the emitter of Q.sub.7 coupled to V.sub.cc at terminal
      116, current flowing through the biasing resistor R.sub.7 causes Q.sub.7
      to provide equal currents to the biasing diode Q.sub.8 and the emitters
      106 of Q.sub.11 and 112 of Q.sub.12. The biasing circuit 102 is thereby
      caused to supply continuous biasing currents I.sub.b1 and I.sub.b2 through
      resistors R.sub.11 and R.sub.12 respectively, which in turn cause equal
      quiescent potentials to be developed at terminals 47 and 48 respectively.
      During the time that the switching signal at input terminal 45 is in its
      positive half cycle, the positive potentials at bases 104 and 110 cause
      transistors Q.sub.11 and Q.sub.12 to be reverse biased thus
      non-conducting. Current will thus flow from current source Q.sub.7 into
      capacitors C.sub.p and C.sub.x through terminals 38 and 40 causing them to
      become charged.
PAR  During the negative going half-cycle of signal source 44, transistors
      Q.sub.11 and Q.sub.12 are forward biased and operative to discharge
      capacitor C.sub.p through R.sub.11 and to discharge resistor C.sub.x
      through R.sub.12 thereby developing voltage spikes on the quiescent
      potentials continuously appearing at terminals 47 and 48. The relative
      amplitudes of these spikes will of course be determined by the relative
      capacitances of capacitors C.sub.p and C.sub.x as explained previously.
PAR  The comparator and logic generating circuit enclosed within the dashed
      lines 46 includes a bistable multivibrator or flip-flop 120 and an output
      circuit 122. Flip-flop 120 is comprised of a pair of multi-collector PNP
      transistors Q.sub.13 and Q.sub.14, a PNP transistor Q.sub.20, three NPN
      transistors Q.sub.15, Q.sub.16 and Q.sub.17 and resistances R.sub.15 and
      R.sub.16. The base and one of the collectors of Q.sub.13 are coupled
      together and to the collector of transistor Q.sub.15. The other two
      collectors of Q.sub.13 are coupled to the base of Q.sub.14 and to the
      collector of Q.sub.16. Transistor Q.sub.17 is diode connected to bias
      transistor Q.sub.19 to a current dependent on V.sub.cc and R.sub.16.
PAR  The base and one of the collectors of Q.sub.14 are connected to the
      collector of transistor Q.sub.16. The other two collectors of Q.sub.14 are
      connected to the collector of transistor Q.sub.15. The base of Q.sub.14 is
      connected to the base Q.sub.20. The collector of Q.sub.20 is connected
      through the resistor R.sub.14 to circuit ground. The emitters of Q.sub.13,
      Q.sub.14 and Q.sub.20 are connected to V.sub.cc at terminal 124. The base
      of transistor Q.sub.15 is coupled to terminal 47 and the base of Q.sub.16
      is coupled to terminal 48. The emitters of both Q.sub.15 and Q.sub.16 are
      coupled through resistor R.sub.15 to ground.
PAR  Output circuit 122 is comprised of the resistor R.sub.14 and a pair of NPN
      transistors Q.sub.18 and Q.sub.19. The base of transistor Q.sub.18 is
      connected to the top side of resistor R.sub.14 while its collector is
      connected to V.sub.cc and its emitter is connected to output terminal 32.
      The base of transistor Q.sub.19 is connected to the collector of Q.sub.17
      while its collector is connected to output terminal 32 and its emitter is
      connected to circuit ground.
PAR  In operation, with the collector current in Q.sub.16 equal to the collector
      current in Q.sub.15, a portion of the Q.sub.16 collector current will flow
      in the commonly connected collector and base of Q.sub.14. Twice this
      current will pass from the two other collectors of Q.sub.14 into the node
      130 at the collector of Q.sub.15. This will reduce the current flowing
      from the collector of Q.sub.15 into the base and one collector of
      Q.sub.13. The current sourced by the other two collectors of Q.sub.13 will
      be reduced by twice this amount and thereby permit more of the current
      from Q.sub.16 to pass into the collector and base of Q.sub.14. The net
      result of this regenerative action is that Q.sub.14 draws the collector
      current of both Q.sub.15 and Q.sub.16, and Q.sub.13 is turned off.
      Q.sub.20 follows Q.sub.14 and turns on the output transistor Q.sub.18 so
      as to raise the output voltage at terminal 32.
PAR  If now the voltage at the base of Q.sub.15 is higher than that at the base
      of Q.sub.16 such that the collector current of Q.sub.15 is twice that of
      Q.sub.16, there will be insufficient bias on Q.sub.14 to draw all of the
      current of Q.sub.15. Consequently, Q.sub.13 will become conductive and by
      a similar regenerative action Q.sub.14 will turn off so that Q.sub.13
      carries all of the current of Q.sub.15 and Q.sub.16. The output 32 will
      then go low. Thus this flip-flop requires sufficient differential input
      voltage between 47 and 48 to cause a 2:1 ratio of collector currents in
      Q.sub.15 and Q.sub.16 before it will change state. At normal operating
      temperatures this voltage is approximately .+-.20mV.
PAR  In the above described embodiment of the present invention, the entire
      circuit illustrated in FIG. 5 could be integrated on a single chip
      requiring only voltage supply, ground and output connection terminals. It
      will of course be appreciated however, that a similar circuit could be
      provided using any suitable combination of integrated and discrete
      components. Also, it will be appreciated that other oscillator circuits or
      other comparator circuits could just as well be substituted for those
      illustrated in FIG. 5.
PAR  It will further be appreciated that the present invention will have utility
      in application outside those of automotive safety. For example, a similar
      capacitive detection apparatus could be used as an anti-intrusion alarm
      triggering means for use in homes, offices and warehouses. Furthermore,
      the detection apparatus could be used in automobiles, airplanes and other
      vehicles as an anti-theft alarm triggering means.
PAR  It is contemplated that many other uses, alterations and modifications of
      the present invention will become apparent to those of ordinary skill in
      the art having read the foregoing detailed description. Accordingly, it is
      to be understood that this disclosure is intended to be exemplary rather
      than limiting and that the appended claims are to be interpreted as
      covering all alterations and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Occupant presence detecting means comprising:
PA1  means forming an occupant sensing capacitor having a first capacitance in
      the presence of an occupant and a second capacitance in the absence of an
      occupant;
PA1  means forming a reference capacitor having a capacitance independent of the
      presence or absence of an occupant;
PA1  means for supplying charging current to said sensing capacitor and said
      reference capacitor;
PA1  first, second and third terminals;
PA1  charge detecting means responsive to a first signal applied to said first
      terminal and operative to simultaneously develop second signal at said
      second terminal which is commensurate with the capacitance of said
      occupant sensing capacitor and a third signal at said third terminal which
      is commensurate with the capacitance of said reference capacitor; and
PA1  comparator means responsive to said second and third signals and operative
      to develop an output signal having a first state when the capacitances of
      said sensing capacitor and said reference capacitor have a first
      predetermined relationship, and a second state when said capacitors have a
      second predetermined relationship.
NUM  2.
PAR  2. Occupant presence detecting means as recited in claim 1 wherein said
      charge detecting means includes a first transistor having a first
      electrode coupled to said occupant sensing capacitor, a second electrode
      coupled to said first terminal and a third electrode coupled to said
      second terminal, and a second transistor having a fourth electrode coupled
      to said reference capacitor, a fifth electrode coupled to said first
      terminal and a sixth electrode coupled to said third terminal.
NUM  3.
PAR  3. Occupant presence detecting means as recited in claim 2 wherein said
      charge detecting means further includes a first impedance means coupled
      between said second terminal and circuit ground, and a second impedance
      means coupled between said third terminal and circuit ground, and biasing
      means for continuously causing biasing current to flow through and said
      first and second impedance means.
NUM  4.
PAR  4. Occupant presence detecting means as rated in claim 7 wherein said
      occupant sensing capacitor includes a metallic electrode positioned so as
      to be separated from a ground plane by a volume of space in which the
      presence of an occupant is to be detected.
NUM  5.
PAR  5. Occupant presence detecting means as recited in claim 4 wherein said
      metallic electrode and said reference capacitor are coupled to said charge
      detecting means by electrical conductors of substantially equal length.
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ABST
PAL  A logic circuit arrangement consisting of insulated gate field effect
      transistors of opposite channel types wherein the drain electrode of a
      single first insulated gate field effect transistor of one channel type is
      connected to the drain electrode of at least one second insulated gate
      field effect transistor of the opposite channel type constituting a logic
      gate. The gate electrode of second transistor is supplied with a data
      signal and the gate electrode of first transistor and the source electrode
      of second transistor are supplied with clock pulse signals bearing a
      complementary relationship with each other. The source electrode of first
      transistor may receive a clock pulse signal supplied to the source
      electrode of second transistor or constant voltage; and an output signal
      from the logic circuit is delivered from the junction of the first and
      second transistors.
PARN
PAR  This is a division of application Ser. No. 358,877, filed May. 10, 1973,
      and now U.S. Pat. No. 3,866,186.
BSUM
PAR  This invention relates a logic circuit arrangement using insulated gate
      field effect transistors and more particularly to a logic circuit
      arrangement using insulated gate field effect transistors of opposite
      channel types.
PAR  An electronic computer has a considerable number of logic gates provided as
      the components of an integrated circuit. In this case, it is demanded that
      as many logic gates as possible be provided in a single integrated
      circuit. To this end, logic gates attaining the same function should each
      consist of as few semiconductor elements as possible.
PAR  There has been known a logic circuit using insulated field effect
      transistors, wherein the conduction path of a single first transistor of
      one channel type and the conduction paths of a plurality of second
      transistors of the opposite channel type are connected in series across a
      D.C. source; the gate electrode of first transistor and that of one second
      transistor are supplied with a common clock pulse; and the gate electrodes
      of the remainder of the second transistors constituting logic gates are
      supplied with data signals; and the aforesaid first and second transistors
      supplied with a common clock pulse are so designed that while one of them
      is rendered conducting, the other becomes inoperative and vice versa.
      Since the conduction path of a single first transistor and those of a
      plurality of second transistors are not supplied with direct current from
      the D.C. source, power consumption is indeed saved. But the
      above-mentioned prior type of logic circuit needs two clock transistors.
      Though one of the second transistors supplied with a clock pulse signal
      may be used in common to a plurality of logic circuits, yet the current
      capacity and in consequence mutual conductance gm of the clock transistor
      must be increased, causing the transistor to occupy a large space.
PAR  It is accordingly an object of this invention to provide a logic circuit
      which requires only one clock transistor and yet saves power consumption.
PAR  Another object of the invention to provide a logic circuit arrangement
      including very few constituent elements and adapted for formation of an
      integrated circuit.
PAR  According to an aspect of this invention, there is provided a logic circuit
      arrangement comprising: a single first insulated gate field effect
      transistor of one channel type having a first and a second electrode
      defining a conduction path therebetween and a gate electrode; a logic gate
      means including at least one second insulated gate field effect transistor
      of the opposite channel type having a first and a second electrode
      defining a conduction path therebetween and a gate electrode; means for
      connecting the second electrode of the first transistor and the second
      electrode of the second transistor, the junction of the first and second
      transistors being used to draw out an output signal; means for supplying
      the gate electrode of the first transistor and the first electrode of the
      second transistor with a first and a second clock pulse signal
      respectively which have a complementary relationship with each other; and
      means for supplying a data signal to the gate electrode of the second
      transistor.
PAR  To eliminate erroneous operations likely to accompany the cascade
      connection of many logic circuits, this invention supplies cascade
      connected logic circuits with clock pulse signals whose pulse width
      progressively increases toward the terminal unit of the cascade series.
PAR  According to another embodiment, all the logic circuits are supplied with
      common clock pulses and inverters are disposed between the preceding and
      succeeding logic circuits.
PAR  According to still another embodiment, the first transistors of the
      preceding and succeeding logic circuits are of opposite channel types and
      in consequence the second transistors of the circuits are similarly are of
      opposite channel types. All these logic circuits are supplied with common
      clock pulse signals.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in connection with reference to the accompanying
      drawings, in which:
PAR  FIG. 1A is a logic circuit according to an embodiment of this invention;
PAR  FIG. 1B is a modification of the logic circuit of FIG. 1A;
PAR  FIG. 1C represents the wave forms associated with the operation of the
      logic circuit of FIG. 1A;
PAR  FIG. 2 shows a logic circuit arrangement according to an embodiment of the
      invention capable of preventing any erroneous operation that might occur
      where the logic circuits of the invention are cascade connected;
PAR  FIG. 3A indicates the wave forms associated with the operation of the logic
      circuit of FIG. 2;
PAR  FIG. 3B is a wave form diagram illustrating the manner in which an
      erroneous operation is likely to occur where the cascade connected logic
      circuits of the invention are supplied with common clock pulses;
PAR  FIG. 4 shows a logic circuit arrangement according to another embodiment of
      the invention capable of eliminating any erroneous operation that might
      arise where the logic circuits of the invention are cascade connected;
PAR  FIG. 5 represents the wave forms associated with FIG. 4;
PAR  FIG. 6 indicates a logic circuit arrangement according to still another
      embodiment of the invention capable of preventing any erroneous operation
      that might take place the logic circuits of the invention are cascade
      connected;
PAR  FIG. 7 illustrates the wave forms associated with FIG. 6; and
PAR  FIGS. 8, 9 and 10 present read only memory circuits utilizing logic
      circuits of the invention.
DETD
PAR  Referring to FIG. 1A showing the logic circuit of this invention,
      referential numeral 11 denotes an n-channel type first insulated gate
      field effect transistor constituting a load. Referential numerals 12 and
      13 represent p-channel type second insulated gate field effect transistors
      jointly constituting a logic gate 14. The drain or second electrode of the
      n-channel type first transistor 11 is connected to that of one p-channel
      type second transistor 12 whose source or first electrode is connected to
      the drain electrode of the other second transistor 13. The semiconductor
      substrate of the first transistor 11 is connected to a power source of -E
      volts, and the semiconductor substrates of the second transistors 12 and
      13 are grounded. The gate and source electrodes of the first transistor 11
      are supplied with first and second clock pulse signals CP and CP bearing a
      complementary relationship with each other. The source electrode of the
      second transistor 13 is supplied with the clock pulse signal CP. The gate
      electrodes of the second transistors 12 and 13 jointly constituting the
      logic gate 14 are supplied with data signals A and B respectively. An
      output signal is delivered from the junction of the first transistor 11
      and the second transistor 12. A notation CL represents an output
      capacitance.
PAR  Where the gate electrode of the n-channel type first transistor 11 is
      supplied with a voltage bearing a positive relationship with respect to
      the substrate, then the conduction path defined between the source and
      drain is rendered conducting to present a low impedance. Conversely where
      the gate electrode of the n-channel type first transistor 11 is supplied
      with a voltage having the same level as that impressed on the substrate,
      then the aforesaid conduction path becomes inoperative to display a high
      impedance. On the other hand, where the gate electrodes of the p-channel
      type second transistors 12 and 13 are supplied with a voltage having the
      same level as that impressed on the substrate, then the conductive paths
      of both transistors 12 and 13 are rendered nonconducting to present a high
      impedance, whereas, when the gate electrodes are supplied with a voltage
      bearing a negative relationship with respect to the substrate, then the
      conduction paths of the transistors 12 and 13 become conducting to
      indicate a low impedance.
PAR  There will now be described by reference to FIG. 1C the operation of the
      logic circuit of FIG. 1A. Now let it be assumed that the clock pulses CP
      and CP and data signals A and B have a voltage level of either -E volts or
      0 volt as shown in FIG. 1C. Where the clock pulse signal CP has a voltage
      level of 0 volt and in consequence the complenetary clock pulse signal CP
      has a voltage level of -E volts, then the first transistor 11 is rendered
      conducting, causing the output capacitance CL to be charged up to -E volts
      through the conduction path of the first transistor 11, regardless of
      whether the second transistors 12 and 13 become operative or nonoperative.
      Where the clock pulse signals CP and CP have the voltage level reversed to
      -E volts and 0 volt respectively, then the first transistor 11 is rendered
      non-conducting. Under this condition, the voltage across the output
      capacitance CL varies with the condition of the second transistors 12 and
      13. Where either of the data signals has a voltage level of 0 volt, then
      the serially connected conduction paths of the second transistors 12 and
      13 collectively present a high impedance. Accordingly, the output
      capacitance CL charged to -E volts maintains this voltage level. Though
      leakage across the source and drain of a nonconducting transistor actually
      leads to the discharge of the capacitance CL, yet the amount of the
      discharge is negligible small.
PAR  Where both data signals A and B have a voltage level of -E volts, then the
      second transistors 12 and 13 are rendered conducting so that the output
      capacitance CL has its voltage level raised to 0 volt by being discharged
      through the conduction paths of the second transistors 12 and 13.
      Actually, however, the capacitance CL is discharged, as shown in a dotted
      line in FIG. 1C, with a certain time constant due to resistance occurring
      in the second transistors 12 and 13 when they are rendered conducting.
PAR  In the positive logic where, as apparent from the wave form diagram of FIG.
      1C, a high voltage level is designated as "1" and a low voltage level as
      "0", the logic circuit of FIG. 1A functions as a NOR circuit (S = A+B). In
      the negative logic where a high voltage level is denoted by "0" and a low
      voltage level by "1", the logic circuit acts as a NAND circuit (S =
      A.sup.. B).
PAR  The logic circuit of this invention requires only one clock pulse
      transistor as shown in FIG. 1A. Following is the reason. Where the gate
      electrodes of the second transistors 12 and 13 are impressed with a
      voltage of -E volts, while the output capacitance CL is charged, namely,
      while the first transistor 11 remains conducting, then both second
      transistors 12 and 13 become operative. Since, however, the source
      electrodes of the first transistor 11 and the second transistor 13 are
      supplied with the same clock pulse signal CP (-E volts), the potentials at
      both ends of a circuit path defined by the conduction paths of the first
      transistor 11 and the second transistors 12 and 13 are made equal, thereby
      preventing the passage of direct current through the circuit path. Through
      the conduction paths of the transistors 11, 12 and 13 only flow switching
      current or transient current. Therefore, the logic circuit of this
      invention prominently saves power consumption.
PAR  The foregoing description refers to the case where the clock pulse signal
      CP was supplied to the source electrodes of the first transistor 11 and
      the second transistor 13. However, it is not always necessary to supply
      the source electrode of the first transistor 11 with the clock pulse
      signal. As easily understood, connection of the source electrode to the
      power source of -E volts will attain the same object. The second
      transistors 12 and 13 constituting the logic gate 14 may, if required, be
      connected parallel. It is further possible to connect additional
      transistors in series with the second transistors 12 and 13 or to
      connected additional transistors parallel to serially connected
      transistors. The logic gate 14 may be formed of a single transistor 12. In
      this case, the logic circuit of FIG. 1A acts as an inverter or NOT circuit
      (S = A).
PAR  The load transistor may be replaced by a transistor of p-channel type and
      the second transistors 12 and 13 constituting the logic circuit 14 may be
      substituted by transistors of n-channel type as shown in FIG. 1B. The
      parts of FIG. 3B the same as those of FIG. 1A are denoted by the same
      notations, description thereof being omitted. Referring to FIG. 1B, the
      gate electrode of the first transistor 11 is supplied with the clock pulse
      signal CP and the source electrode of the second transistor 13 is supplied
      with the complementary clock pulse signal CP. The source electrode of the
      first transistor 11 is grounded or supplied with a clock pulse signal CP.
      The logic circuit of FIG. 1B acts as a NAND circuit in the case of the
      positive logic and as a NOR circuit in the case of the negative logic.
PAR  A read only memory often consists of a plurality of cascade connected logic
      circuits. FIG. 2 represents a plurality of cascade connected logic
      circuits of this invention. A logic circuit 1 is cascade connected to a
      logic circuit 3 and a logic circuit 2 to the logic circuit 3. This logic
      circuit may be further cascade connected to the following logical circuit.
      In each logic circuit, load transistors 11-1, 11-2 and 11-3 consist, as in
      FIG. 1A, a n-channel type transistors, and the logic gates 14-1, 14-2 and
      14-3 are formed of three groups of two parallel connected p-channel type
      transistors 12-1, 13-1; 12-2, 13-2; and 12-3, 13-3. The gate electrodes of
      the transistors 12-1 and 13-1 constituting the logic gate 14-1 are
      supplied with data signals A and B respectively. The gate electrodes of
      the transistors 12-2 and 13-2 constituting the logic gate 14-2 are
      supplied with data signals C and D respectively. The transistors 12-3 and
      13-3 constituting the logic gate 14-3 are supplied with output signals S1
      and S2 from the logic circuits 1 and 2 respectively. In the case of the
      positive logic, the logic circuits 1, 2 and 3 act as NAND circuits and, in
      the case of the negative logic, act as NOR circuits.
PAR  The embodiment of FIG. 2 is characterized in that clock pulse signals CP2
      and CP2 supplied to the second stage logic circuit 3 have a larger pulse
      width than clock pulse signals CP1 and CP1 supplied to the first stage
      logic circuits 1 and 2. This object resides in to prevent the later
      described erroneous operation which might take place in the logic circuit
      3.
PAR  The capacitances C1, C2 and C3 indicated in FIG. 2 are output load
      capacitances each indicated by a total of the diffusion capacitance (PN
      junction capacitance) through the junction of the drain and substrate,
      wiring capacitance and the gate capacitance of the transistor of the
      succeeding logic circuit. The insulated gate field effect transistors
      constituting the logic gates may be connected in series as occasion
      demands and have different channel widths and in consequence different
      values of mutual conductance gm. Accordingly, the time constant of
      discharge determined by the load capacitances C1, C2 and C3 and the
      conductance gm are likely to increase depending on the number and the
      connection of transistors used in the logic circuits.
PAR  As the result, there occur, as shown in FIGS. 3A and 3B, time delays t1 and
      t2 in causing the capacitances C1 and C2 to be discharged to 0 volt after
      being charged to -E volts.
PAR  Where the logic circuits 1, 2 and 3 are supplied with common clock pulse
      signals CP and CP, the capacitances C1, C2 and C3 are all charged to -E
      volts due to the load transistors 11-1, 11-2 and 11-3 being rendered
      conducting at the same time. Where data signals A, B, C and D alike have a
      voltage level of -E volts after the load transistors 11-1, 11-2 and 11-3
      become inoperative, then the transistors 12-1, 13-1, 12-2 and 13-2 are
      jointly rendered conducting to give rise to the discharge of the
      capacitances C1 and C2. If, in this case, discharge is immediately carried
      out and the output signals S1 and S2 from the logic circuits 1 and 2
      respectively are quickly made to have 0 volt, then the transistors 12-3
      and 13-3 constituting the logic gate 14-3 will become inoperative,
      preventing the capacitance C3 from being discharged, and in consequence
      the output signal S3 from the logic circuit 3 will maintain a voltage
      level of -E volts to attain a proper logic operation. Since, however, time
      delays arise in discharge as described above, the transistors 12-3 and
      13-3 constituting the logic gate 14-3 are kept conducting for some time
      and thereafter become inoperative. As the result, while the transistors
      12-3 and 13-3 remain conducting, the capacitance C3 continues to be
      discharged to 0 volt, thereby causing, as shown in a dotted line in FIG.
      3B, the output signal S3 from the logic circuit 3 to present a wrong
      voltage level.
PAR  The will now be described by reference to FIG. 3A the case where the clock
      pulse signals supplied to the preceding logic circuits 1 and 2 and the
      succeeding logic circuit 3 are made to have different pulse widths.
      According to this invention, the period in which the load transistor 11-3
      of the succeeding logic circuit 3 is rendered conducting by clock pulse
      signals CP2 and CP2 is made longer than the conduction period of the load
      transistors 11-1 and 11-2 of the preceding logic circuits 1 and 2. Namely,
      the output capacitance C3 of the succeeding logic circuit 3 has a longer
      charging period to a required extent than the output capacitances C1 and
      C2 of the preceding logic circuits 1 and 2. Therefore, even when the
      transistors 12-3 and 13-3 constituting the logic gate 14-3 are rendered
      conducting by output signals S1 and S2 from the preceding logic circuits 1
      and 2 until the voltages of the output signals S1 and S2 reach the gate
      threshold voltage of the transistors 12-3 and 13-3, the capacitance C3
      still continues to be charged, thereby preventing the output signal S3
      from the succeeding logic circuit 3 from presenting a wrong voltaage level
      due to the aforesaid premature discharge of the capacitance C3.
PAR  As mentioned above, where a plurality of cascade connected logic circuits
      are supplied with clock pulse signals whose width progressively increases
      toward the terminal unit of the cascade series, then no erroneous
      operation will result even though there occurs a delay on the generation
      of an output signal from any of the preceding and succeeding logic
      circuits. Therefore, after clock pulse signals are supplied to the
      terminal unit of a series of logic circuits, output data can be used.
PAR  However, if clock pulse signals supplied to the cascade connected logic
      circuits are made to have such width as progressively increases in the
      sequential order of the cascade connection, then numerous kinds of clock
      pulses will be required, resulting in the complicated construction of a
      clock pulse generator, the difficulty of designing the pattern of an
      integrated circuit and the enlargement of chip sizes, thereby limiting the
      number of logic circuits being cascade connected from practical
      application.
PAR  FIG. 4 represents a logic circuit arrangement according to another
      embodiment of the invention which can eliminate the above-mentioned
      drawbacks of the embodiment of FIG. 2. Between the preceding logic circuit
      1 and the succeeding logic circuit 3 is disposed a known first inverter
      means 20 consisting of an n-channel type transistor 21 and a p-channel
      type transistor 22. Also between the preceding logic circuit 2 and the
      succeeding logic circuit 3 is provided a known second inverter means
      formed of an n-channel type transistor 24 and a p-channel type transistor
      25. In the succeeding logic circuit 3, the transistors 12-3 and 13-3 have
      the conduction paths connected in series.
PAR  Where the load transistors 11-1, 11-2 and 11-3 are jointly rendered
      conducting by clock pulse signals CP and CP, then the output capacitances
      C1, C2 and C3 are all charged to -E volts. Accordingly, output signals S1
      and S2 from the first and second inverters 20 and 23 alike have 0 volt.
      Under this condition, the transistors 12-3 and 13-3 constituting the logic
      gate 3 are rendered nonconducting. Where the load transistors 11-1 and
      11-2 are rendered nonconducting, then the capacitances C1 and C2 are
      discharged to 0 volt or kept at a voltage level of -E volts according as
      the transistors 12-1, 13-1, 12-2 and 13-2 are rendered conducting or
      nonconducting. If, in this case, the data signals A, B, C and D all have a
      voltage level of -E volts as shown in FIG. 5, then the capacitances C1 and
      C2 will be discharged. However, the capacitances C1 and C2 are not
      immediately brought to 0 volt due to the time constant of discharge. Since
      the transistors 21 and 24 remain nonconducting until the voltage levels of
      the capacitances C1 and C2 are changed from -E volts to the gate threshold
      voltage level of the transistors 21 and 24, output signals S1 and S2 from
      the first and second inverter means 20 and 23 are kept at 0 volt. Namely,
      even when the capacitances C1 and C2 begin to be discharged, the
      transistors 12-3 and 13-3 constituting the logic gate 14-3 are not
      immediately rendered conducting. Therefore, supply of the same type of
      clock pulse signal to the preceding and succeeding logic circuits does not
      give rise to the erroneous operation of logic circuits. In the embodiment
      of FIG. 4, the source electrodes of the p-channel type transistors 22 and
      25 constituting the first and second inverters 20 and 23 may be supplied
      with clock pulse signal CP, and the gate electrodes of the transistors
      with clock pulse signal CP, and the source electrodes of the n-channel
      type transistors 21 and 24 with clock pulse signal CP.
PAR  However, the embodiment of FIG. 4 has the drawback that it requires
      inverters, resulting in the increased number of elements used. FIG. 6
      presents still another embodiment of this invention which eliminates the
      necessity of using such inverters. According to the embodiment of FIG. 6,
      where the load transistors 11-1 and 11-2 of the preceding logic circuits 1
      and 2 are of n-channel type, the load transistor 11-3 of the succeeding
      logic circuit 3 is of n-channel type and in consequence the transistors
      12-3 and 13-3 constituting the logic gate 14-3 of the succeeding logic
      circuit 3 are of n-channel type. The source electrode of the load
      transistor 11-3 of the succeeding logic circuit 3 is supplied with a clock
      pulse signal CP and the gate electrode thereof with a clock pulse signal
      CP.
PAR  Where the output capacitances C1 and C2 are discharged starting with -E
      volts, the transistors 12-3 and 13-3 constituting the succeeding logic
      gate 14-3 nonconducting until the voltages of the capacitances C1 and C2
      reach the gate threshold voltages of the transistors 12-3 and 13-3,
      thereby maintaining the voltage level of the output signal S3 from the
      succeeding logic circuit 3 at 0 volt. In the embodiment of FIG. 6, the
      transistors 12-3 and 13-3 constituting the succeeding logic gate 14-3 may
      be considered to have a function of acting as the inverter of FIG. 4. As
      in FIG. 4, the succeeding logic circuit of FIG. 6 do not present any
      erroneous operation even when it is supplied with common clock pulse
      signals CP and CP. FIG. 7 indicates the wave forms associated with the
      embodiment of FIG. 6.
PAR  The aforementioned logic circuits of this invention are adapted for use
      with a read only memory. FIGS. 8, 9 and 10 illustrate a ROM device using
      the logic circuits of the invention. While the ROM device has various
      applications, there will now be described the case where the ROM device is
      used as a digit decoder in a desk top type electronic calculator and the
      like.
PAR  FIGS. 8, 9 and 10 indicate read only memory devices ROM1 and ROM2. The ROM1
      device is a memory device for converting or decoding binary-coded decimal
      signals (A, A, B, B, C, C, D, D) into decimal signals (0 to 9). Upon
      receipt of output signals from the ROM1 device, the ROM2 device generates
      seven output signals SA to SG for selection of the seven electrode
      segments of a single digit-indicating tube. This tube displays one digit
      by combining some of the seven electrode segments. However, the ROM2
      device is not required where there is used a digit-indicating tube
      commercially known as the Nixie tube which is provided with ten digit
      electrodes bearing the shapes of digits 0 to 9 respectively.
PAR  The ROM1 device has 10 memory units 30 to 39 matching ten digits 0 to 9.
      Each memory unit, for example, the memory unit 30 includes one first
      transistor 41 and four second transistors 42. Data signals are supplied to
      the gate electrodes of the four second transistors 42 of the respective
      memory units in predetermined combinations.
PAR  The ROM 2 device includes seven memory units (50 to 56) matching seven
      electrode segments. For example, the memory unit 50 has one first
      transistor 61 and eight second transistors 62. The gate electrodes of the
      eight second transistors 62 are supplied with output signals from the ROM1
      device in a predetermined combination. The memory unit 50 selects an
      electrode segment A, showing that indication of numerals 0, 2, 3, 5, 6, 7,
      8 and 9 of the ten digits must select the electrode segment A.
PAR  FIG. 8 corresponds to the embodiment of FIG. 2. Accordingly, the gate
      electrodes of the first transistors 41 of the ROM1 device and the source
      electrodes of the second transistors 42 of the ROM1 device are supplied
      with first and second clock pulse signals CP1 and CP1 bearing a
      complementary relationship with each other. The gate electrodes of the
      first transistors 61 of the ROM2 device and the source electrodes of the
      second transistors 62 of the ROM2 device are supplied with another group
      of clock pulse signals CP2 and CP2 which have a larger width than the
      first group of clock pulse signals CP1 and CP1.
PAR  FIG. 9 corresponds to the embodiment of FIG. 4. Between the ROM1 and ROM2
      devices are connected inverters 65. As in FIG. 4, the ROM1 and ROM2
      devices of FIG. 9 are supplied with common complementary clock pulse
      signals CP and CP.
PAR  FIG. 10 corresponds to the embodiment of FIG. 6. The first transistors of
      the ROM1 device and the first transistors of the ROM2 device are of
      opposite channel types, and further supplied with common complementary
      clock pulse signals CP and CP.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A logic circuit arrangement comprising:
PA1  a plurality of logic circuits, outputs of at least two preceding logic
      circuits being coupled to inputs of a succeeding logic circuit;
PA1  a source of first and second clock pulses;
PA1  each of said at least two preceding logic circuits including first and
      second power supply terminals, a first output terminal, at least one first
      input terminal for receiving a data input signal, a first insulated gate
      field effect transistor of a first channel type having gate, source and
      drain electrodes, the source-drain path of said first insulated gate field
      effect transistor being coupled between said first power supply terminal
      and said first output terminal and the gate electrode of said first
      insulated gate field effect transistor being coupled to receive a first
      clock pulse, and at least one second insulated gate field effect
      transistor of a second channel type having gate, source and drain
      electrodes, the source-drain path of said at least one second insulated
      gate field effect transistor being coupled between said first output
      terminal and said second power supply terminal and the gate electrode of
      said at least one second insulated gate field effect transistor being
      coupled to said at least one first input terminal;
PA1  said succeeding logic circuit comprising third and fourth power supply
      terminals, a second output terminal, at least two second input terminals
      coupled to said first output terminals of said at least two preceding
      logic circuits, respectively, a third insulated gate field effect
      transistor of said first channel type having gate, source and drain
      electrodes, the source-drain path of said third insulated gate field
      effect transistor being coupled between said third power supply terminal
      and said second output terminal, and the gate electrode of said third
      insulated gate field effect transistor being coupled to receive a second
      clock pulse, and at least two fourth insulated gate field effect
      transistors of said second channel type each having gate, source and drain
      electrodes, the source-drain paths of said at least two fourth insulated
      field effect transistors being coupled between said second output terminal
      and said fourth power supply terminal, and the gate electrodes of said at
      least two fourth insulated gate field effect transistors being coupled to
      said second input terminals, respectively;
PA1  said clock pulse source providing said first and second clock pulses each
      of which has a first voltage level period and a second voltage level
      period following said first voltage level period, the first voltage level
      period of said first and second clock pulses starting at the same time and
      the first voltage level period of the second clock pulse being longer than
      that of the first clock pulse to thereby render a conducting period of
      said third transistor longer than that of said first transistor; and
PA1  means for supplying third and fourth clock pulses which are respectively
      complementary to said first and second clock pulses, to said second and
      fourth power supply terminals, respectively.
NUM  2.
PAR  2. A logic circuit arrangement comprising:
PA1  a plurality of logic circuits, outputs of at least two preceding logic
      circuits being coupled to inputs of a succeeding logic circuit;
PA1  a source of a first clock pulse;
PA1  each of said at least two preceding logic circuits including first and
      second power supply terminals, a first output terminal, at least one first
      input terminal for receiving a data input signal, a first insulated gate
      field effect transistor of a first channel type having gate, source and
      drain electrodes, the source-drain path of said first insulated gate field
      effect transistor being coupled between said first power supply terminal
      and said first output terminal and the gate electrode of said first
      insulated gate field effect transistor being coupled to receive a first
      clock pulse, and at least one second insulated gate field effect
      transistor of a second channel type having gate, source and drain
      electrodes, the source-drain path of said at least one second insulated
      gate field effect transistor being coupled between said first output
      terminal and said second power supply terminal and the gate electrode of
      said at least one second insulated gate field effect transistor being
      coupled to said at least one first input terminal;
PA1  said succeeding logic circuit comprising third and fourth power supply
      terminals, a second output terminal, at least two second input terminals
      coupled to said first output terminals of said at least two preceding
      logic circuits, respectively, a third insulated gate field effect
      transistor of said first channel type having gate, source and drain
      electrodes, the source-drain path of said third insulated gate field
      effect transistor being coupled between said third power supply terminal
      and said second output terminal, and the gate electrode of said third
      insulated gate field effect transistor being coupled to receive said first
      clock pulse, and at least two fourth insulated gate field effect
      transistors of said second channel type each having gate, source and drain
      electrodes, the source-drain paths of said at least two fourth insulated
      field effect transistors being coupled between said second output terminal
      and said fourth power supply terminal, and the gate electrodes of said at
      least two fourth insulated field effect transistors being coupled to said
      second input terminals, respectively;
PA1  first and second inverters coupled between said first output terminals of
      said at least two preceding logic circuits and said at least two second
      inputs of said succeeding logic circuit, respectively, each of said first
      and second inverters comprising a pair of complementary insulated gate
      field effect transistors the source-drain paths of which are coupled in
      series with each other and across a supply source; and
PA1  means for supplying a second clock pulse, which is complementary to said
      first clock pulse, to each of said second and fourth power supply
      terminals.
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ABST
PAL  A multi-state CMOS synchronous binary counter is implemented utilizing a
      CMOS transmission gate look-ahead carry circuit requiring only a fraction
      of the area required for AND or NAND gate carry structures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Binary ripple-type counter are well known and have been implemented
      utilizing CMOS technologies. However, the disadvantage of binary ripple
      carry type counters is that the input clock pulse must ripple through each
      flip-flop stage of the binary counter. A typical CMOS flip-flop
      propagation delay is of the order of 60 nanoseconds. Therefore, as an
      example, in a 24-state counter, the time required for the clock
      information to reach the last stage output is of the order of 1.5
      microseconds. A synchronous counter would in many applications be much
      more desirable because the total counter clock to output propagation delay
      would never exceed one flip-flop propagation delay. However, for many
      state counters, this has not been attempted using CMOS technology because
      the die area required to implement a binary synchronous counter has been
      excessive.
PAR  Synchronous CMOS binary counters having a small number of stages have been
      manufactured. However, AND or NAND gates have been required to perform the
      look-ahead carry function that is required. However, the number of inputs
      required on each input NAND gate which is required for each state of the
      counter increases by one for each stage of the counter. Implementation of
      AND or NAND gates in the CMOS technology quickly becomes impractical to
      implement because the amount of die area required therefor multiplies
      rapidly as the number of inputs increases. A conventional binary counter
      having an AND gate at the input of each counter stage which indicates when
      logical "1"s are stored in previous counter stages is described in U.S.
      Pat. No. 3,422,254, inventor S. J. R. Lundin.
PAC  SUMMARY OF THE INVENTION
PAR  A binary counter includes a plurality of divider stages. Each of the
      divider stages is coupled to a following divider stage, except that the
      last stage is coupled to an output of said binary counter. The first
      divider stage has an output coupled directly to the input of the second
      divider stage. Each divider stage includes a flip-flop. Each divider stage
      except the input divider stage includes a CMOS transmission gate including
      a P-Channel MOSFET and and N-Channel MOSFET coupled in parallel and having
      a gate clectrode coupled to a separate one of the outputs, respectively,
      of the particular divider stage. One main terminal of each transmission
      gate is coupled to the toggle input of the associated divider stage. The
      other main terminal of each CMOS transmission gate is connected to a first
      node. A discharge MOSFET is connected between each said first node and a
      ground conductor and has its gate coupled to an output of the associated
      divider stage. A fast, low area AND function is thereby implemented which
      indicates when a state of a preceding divider stage is at a logical "1" at
      said first node.
PAR  It is an object of this invention to provide a binary CMOS counter having
      simplified look-ahead carry circuit means.
PAR  It is another object of the invention to provide a CMOS binary counter with
      look-ahead carry means implemented by means of a single CMOS transmission
      gate associated with each divider stage except an input divider stage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a four-stage CMOS synchronous binary
      counter embodying the transmission data carry structure according to the
      invention.
PAR  FIG. 2 is a timing diagram illustrating waveforms in the circuit of FIG. 1
      and is useful in describing the operation of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1 of the drawings, CMOS synchronous binary counter 10
      includes four toggle flip-flops 14, 20, 36 and 50. Each of the flip-flops
      includes a Q output, a Q output, a clock input C.sub.L, and a toggle input
      T. A clock conductor 16 has a clock signal applied thereto and is
      connected to the clock input C.sub.L of each of the flip-flops. Input
      flip-flop 14 has its T input connected to V.sub.DD conductor 12 and has it
      Q output Q1 connected to node 18, which is also connected to the T input
      of second flip-flop 20.
PAR  The flip-flops used in FIG. 1 are of the type wherein if the T input is a
      logical "1", the flip-flop will change state when a positive clock
      transition occurs. The flip-flop will not change state if the T input is a
      logical "0".
PAR  The Q output of flip-flop 20, Q2, is connected to node 22 and a Q output is
      connected to node 24. A CMOS transmission gate including P-Channel MOSFET
      28 and N-Channel MOSFET 26 is coupled between node 18 and node 30. A CMOS
      transmission gate consists of a P-Channel MOSFET and an N-Channel MOSFET
      connected in parallel. It may be considered as having two main electrodes,
      which function as the sources and drains of the P and N-Channel MOSFETs.
      (Whether a particular main electrode is functioning as a source or a drain
      depends on the relative voltages, as is known to those skilled in the art.
      For a P-Channel MOSFET, the main electrode with the higher voltage is the
      source and for the N-Channel MOSFET the main electrode with the lower
      voltage is the source). A gate of P-Channel MOSFET 28 is connected to node
      24. The gate electrode of MOSFET 26 is connected to node 22, and one main
      electrode of the CMOS transmission gate is connected to node 18 and the
      other main electrode is connected to node 30. Discharge MOSFET 32 is an
      N-Channel MOSFET having its drain connected to node 30 and its source
      connected to ground conductor 34 and having its gate electrode connected
      to node 24.
PAR  A second CMOS transmission gate including P-Channel MOSFET 44 and N-Channel
      MOSFET 42 connected in parallel therewith has one main electrode connected
      to node 30, also designated by the letter A and another main electrode
      connected to node 46, also designated by Letter B. The gate of P-Channel
      MOSFET 44 is connected to node 40, which is also connected to Q output Q3
      of flip-flop 36. N-Channel MOSFET 42 has a gate electrode connected to
      node 38 which is also connected to Q output Q3 of flip-flop 36. N-Channel
      MOSFET 48 is connected between node 46 and ground conductor 34 and has its
      gate connected to node 40. Flip-flop 36 has its T input connected to node
      30.
PAR  Flip-flop 50 has its Q output Q4 connected to node 52 and its Q output Q4
      connected to node 54 and has its toggle input T connected to node 46. A
      third CMOS transmission gate including P-Channel MOSFET 56 and N-Channel
      MOSFET 58 has one main electrode connected to node 46 and another main
      electrode connected to output node 60. The gate of P-Channel MOSFET 56 is
      connected to node 54 and the gate of N-Channel MOSFET 58 is connected to
      node 52. N-Channel MOSFET 62 is connected between output node 60 and
      ground conductor 34 and has its gate connected to node 54.
PAR  It is seen that the transmission gate including P-Channel MOSFET 28 and
      N-Channel MOSFET 26 functions, in conjunction with N-Channel MOSFET 32, as
      a two-input AND gate having node 18 as one input and node 22 as the other
      input. The complementary signal on node 24 turns P-Channel MOSFET 28 on
      and off at the same time that N-Channel MOSFET 26 is turned on and off,
      and also turns on N-Channel MOSFET 32 when a logical "0" is stored in
      flip-flop 20. Node 30 is the output of the above mentioned AND gate. The
      CMOS transmission gate including P-Channel MOSFET 44 and N-Channel MOSFET
      42 similarly acts as a two-input AND gate having one input connected to
      the output 30 of the above-described AND gate and the other input
      connected to Q3 of flip-flop 36.
PAR  Thus, a logical "1" will appear at node B only when there is a logical "1"
      on node 18, on node 22, and on node 38. The CMOS transmission gate
      including MOSFETS 56 and 58 function similarly.
PAR  It is seen, with reference to FIG. 1 and also the timing diagram of FIG. 2,
      a logical "1" will appear at the output of each transmission gate only if
      a logical "1" is stored in the flip-flop whose outputs are connected to
      the gate electrodes of the transmission gate and also if the output of the
      preceding (less significant) flip-flop is also at a logical "1". Referring
      to FIG. 2, at transition C of C.sub.L, the T input of flip-flop 14 is
      high, being tied to V.sub.DD. Therefore, after one propagation delay, Q1
      changes from a "1" to a "0" at transition D. As is seen from the C.sub.L
      waveform and the Q1 waveform, flip-flop 14 divides the frequency of
      C.sub.L by a factor of 2. Referring to waveform Q2, it is seen that in
      response to transition C of C.sub.L, Q2 undergoes transition E, Waveform A
      also undergoes transition F, following Q1, since both Q1 and Q2 were at a
      logical "1" at transition C.
PAR  For example, if flip-flop stages 14, 20 and 36 are at a logical "1" CMOS
      transmission gates 26, 28 and 42, 44 are in the conducting state.
      Therefore, the logical "1" at Q1, node 18, will be applied to the T input
      of flip-flops 20, 36 and 50. Therefore, with the occurrence of a positive
      transition of C.sub.L, flip-flops 14, 20 and 36 will change to a "0" and
      flip-flop 50 will change to a logical "1".
PAR  While the invention has been described in relation to a preferred
      embodiment thereof, those skilled in the art will recognize that variation
      in arrangement and placement of parts may be made to satisfy varying
      requirements within the scope and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A binary counter comprising a plurality of sequentially coupled divider
      stages with each stage having a first and second output terminal and
      further including a plurality of CMOS transmission gate means each coupled
      to an input terminal and to said first output terminal of a single one of
      said divider stages of said plurality of stages and coupled to an input
      terminal of a following one of said plurality of divider stages for
      providing a logical AND function in response to an input signal at said
      input terminal of said respective single divider stage and an output
      signal at said first output terminal of said respective single divider
      stage wherein each of said transmission gate means includes a P-channel
      MOSFET and an N-channel MOSFET coupled in parallel between the input
      terminal of said respective single divider stage and the input terminal of
      said following divider stage, the respective gate electrodes of each of
      said MOSFETs being coupled to a respective one of said first and second
      output terminals of said respective divider stages, wherein said output
      terminals of each of said respective single divider stages produce
      complementary logic output signals.
NUM  2.
PAR  2. The binary counter as recited in claim 1 wherein a discharge MOSFET is
      coupled between said input of said following divider stage and a reference
      voltage conductor and has a gate electrode coupled to said second output
      of said divider stage.
NUM  3.
PAR  3. The binary counter as recited in claim 2 wherein each of said plurality
      of divider stages except a first stage has CMOS transmission gate means
      coupled thereto.
NUM  4.
PAR  4. A binary counter including an input flip-flop stage having a toggle
      input, a clock input, and a Q output, and a plurality of other flip-flop
      stages, each having a toggle input, a clock input, a Q output and a Q
      output, each of said flip-flops having its clock input coupled to a clock
      conductor adapted for having a clock signal applied thereto, each of said
      plurality of flip-flop stages having coupled thereto a CMOS transmission
      gate having a first and second main electrode and including a P-Channel
      MOSFET and an N-Channel MOSFET coupled in parallel and a discharge MOSFET,
      said P-Channel MOSFET having a gate electrode coupled to said Q output of
      said flip-flop and each N-Channel MOSFET having a gate electrode coupled
      to said Q output of said flip-flop and each discharge MOSFET having a gate
      electrode coupled to said Q output of said flip-flop, said first main
      electrode of each CMOS transmission gate being coupled to said toggle
      input of said flip-flop and said second main electrode coupled to a first
      node, each said first node being coupled to said toggle input of a
      following flip-flop except said first node of a last flip-flop which is
      coupled to an output of said binary counter.
NUM  5.
PAR  5. The binary counter as recited in claim 4 wherein said flip-flops are of
      a type which change state on a positive edge of a clock signal applied to
      said clock conductor.
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ABST
PAL  Logic circuit for dividing an input frequency symmetrically by an odd
      number without producing spurious transients.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to logic circuits for symmetrically dividing an
      input frequency by an odd modulus.
PAR  2. History of the Prior Art
PAR  Frequency dividing circuits produce signals that are symmetrical or
      asymmetrical. The symmetrical signal is one which has a duty cycle of
      substantially 50%. In other words, for a sqaure wave or logic signal, the
      duration of the signal indicating a logical one is substantially
      equivalent to the duration of the signal designating a logical zero.
      Digital circuits are especially applicable to dividing circuits because of
      devices such as clocked flip-flops and gating circuits.
PAR  When the modulus of division is even, the output waveform is usually
      symmetrical. When the modulus of division is odd, however, the output
      signal is usually asymmetrical if the design objective is to keep the
      associated circuit as simple as possible.
PAR  In countdown circuits where the portion of the signal that is most
      important is the leading or falling edge of the signal, an asymmetrical
      signal will perform satisfactorily. Some applications, however, notably in
      communications work, require symmetrical waveforms which contain fewer
      harmonics in a given bandwidth. This increases the power in the frequency
      of interest, usually extracted by filters. A symmetrical square output
      waveform consists only of odd harmonics so that less complex filters are
      required. The output signal from some odd modulus dividers contain
      transients, which result from finite rise and fall times as well as
      inherent circuit delays.
PAR  This disclosure describes an invention which produces a substantially
      symmetrical output signal in an odd modulus divider circuit without
      producing the undesirable transients described above even when the
      frequency of the input signals is nearly equal to the reciprocal of the
      delay through various stages.
PAC  SUMMARY OF THE INVENTION
PAR  A logic circuit for symmetrically dividing input pulses by an odd modulus
      has several flip-flops and includes a complementor to furnish the
      complement of the input pulses. The input pulses control a first portion
      of the flip-flops and the complemented input pulses control the remaining
      flip-flops. The signals in the flip-flops only are gated to produce a
      substantially symmetrical output signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a logic diagram of a typical prior art circuit for producing a
      symmetrical output signal equivalent to an input frequency divided by
      three.
PAR  FIG. 2 is a logic circuit illustrating one embodiment of the invention.
PAR  FIG. 3 is a timing diagram showing the time relations of the signals at
      various points in the circuit of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The prior art logic circuit of FIG. 1 includes two JK-type flip-flops 11
      and 13. The contents of the A flip-flop 11 are shifted by each input
      signal to the B flip-flop 13. The J-input signal to the A flip-flop 11 is
      a constant logical one so that each input signal tends to set the A
      flip-flop 11 unless the B flip-flop 13 is set. When the output signal from
      the B flip-flop 13 produces an input signal to the K-input terminal of the
      A flip-flop 11, the A flip-flop is triggered to the opposite state by each
      input pulse. (For a detailed description of the operation of various types
      of flip-flops, refer to U.S. Pat. No. 3,588,545.)
PAR  An OR gate 15 produces an output signal when a zero is stored in the B
      register 13 or during an input signal pulse via an AND gate 17 when the A
      flip-flop 11 is set.
PAR  The circuit of FIG. 1 produces a substantially symmetrical output waveform
      which is one-third the frequency of the input waveform. The sequence of
      setting and resetting the A and B flip-flops is such that the A flip-flop
      and B flip-flop are set for two cycles of the input pulse and reset for
      one, but the cycle during which both are reset is not the same. When both
      the A flip-flop 11 and the B flip-flop 13 are set, it is only during the
      positive half of the input cycle that an ouput signal can be produced via
      the AND gate 17 through the OR gate 15. During the negative portion of the
      input pulse, the AND gate 17 is disabled and, since the B flip-flop is
      set, neither input to the OR gate 15 is activated. The next positive
      excursion of the input signal acts to trigger the flip-flop A to the reset
      condition which disables the AND gate 17. The input signal, however, is
      coupled directly to the AND gate and the resetting of the A flip-flop 11
      is delayed intrinsically so that the output of the AND gate 17 is
      momentarily activated during the delay before the set output signal from
      the A flip-flop 11 goes low. The width of the resulting spurious output
      signal is equal approximately to the delay time between the clock input
      and the change in the output signals from the A flip-flop 11. Various
      delays might be inserted at the input to the AND gate 17 but they tend to
      skew the symmetry of the output signal and must be matched to the delay
      characteristics of the A flip-flop. Even then, a transient can occur due
      to the finite rise and fall times of the signals.
PAR  The circuit of the invention as shown in FIG. 2 avoids the transient
      problem by the addition of a third flip-flop. The flip-flops 21 and 23
      operate in a manner similar to the flip-flops 11 and 13 in FIG. 1. That
      is, the contents of the A flip-flop 21 are shifted into the B flip-flop 23
      by each input signal pulse. When both the A flip-flop 21 and the B
      flip-flop 23 are set, a zero is shifted into the A flip-flop 21 by the
      action of a NAND gate 27 which produces a zero output signal when both
      inputs are activated. The third flip-flop 28 is clocked 180.degree. out of
      phase with the input signal by the action of an inverter 29. During the
      negative portion of the input signal, the contents of the B flip-flop 23
      are gated into the C flip-flop 28. A NAND gate 25 produces an output
      signal according to the contents of the B flip-flop 23 and the C flip-flop
      28.
PAR  The timing diagrams of FIG. 3 illustrate the operations of the circuit
      embodiment shown in FIG. 2. FIG. 3(a) is an idealized waveform of the
      input signal frequency. FIG. 3(b) is an idealized waveform of the 1 output
      signal from the flip-flop 21; 3(c), of the 1 output signal from the B
      flip-flop 23; and 3(d), of the 1 output signal from the C flip-flop 28.
      FIG. 3(e) is the output signal from the NAND gate 25.
PAR  The first three figures, 3(a)-3(c), apply to the circuit of FIG. 1 as well
      as to the circuit of FIG. 2. The addition of the flip-flop C, whose timing
      is shown in FIG. 3(d), removes the input signal from the output gating. By
      using the inverted input signal to contol the C flip-flop 28, the
      requirement of using a timing signal as a control on the output gating is
      avoided. Therefore, the circuit of the invention produces an odd modulus,
      substantially symmetrical count without transients by isolating the input
      signal from the output gating.
PAR  The suppression of transients can be seen by an examination of the circuit
      of FIG. 2 in connection with the timing diagram of FIG. 3. The output
      signal is a function of the B flip-flop 23 and the C flip-flop 28 via the
      gate 25. FIGS. 3(c) and 3(d), showing the output waveforms of the two
      flip-flops, reveals that the changes in the two flip-flops are spaced at
      least a half cycle apart so that no transitions occur at the same time.
      This prevents transients in the output signal. A comparison of FIGS. 3(b)
      and 3(c), the signals of the flip-flops indicates that the output signal
      of the A flip-flop 11 and the B flip-flop 13 in FIG. 1 have a common
      transition edge with each other and with the timing signals. The common
      transition times between the input signal and the flip-flops of FIG. 2 is
      not a problem since the output signal does not depend directly on the
      input signal.
PAR  The general rule for constructing a divide by m circuit, where m is an odd
      modulus, according to the invention is as follows. The number of stages
      (flip-flops) required is given by n where n = (m+3)/2. The stages are
      coupled as a standard shift register except that the last stage is clocked
      by the inverted input signal. The input signal to the first stage is the
      NAND function of the stages n-2 and n-1, i.e., the penultimate and
      antepenultimate stages. The output signal is the AND function (including
      NAND) of the stages n-1 and n, i.e., the ultimate and penultimate stages.
PAR  The NANd input function to the input of the first stage is understood to
      include variations in the circuits of other than D-type flip-flops where
      the NAND function is implicit. For example, if the stages are comprised of
      clocked JK-type flip-flops, the J-input signal to the first stage will be
      the complement of the output signal from the antepenultimate stage, i.e.,
      J.sub.A = Q.sub.n-2. The K-input signal to the first stage will be the
      output signal from the penultimate stage, i.e., K.sub.A = Q.sub.n-1.
PAR  To show how the above connections perform the NAND function, the following
      sequence of inputs will be interpreted in terms of the effect on the first
      flip-flop. The sequence that will be followed by Q.sub.n-2 and Q.sub.n-1
      will be, in terms of logical signals: Q.sub.n-2 = Q.sub.n-1 = 0; Q.sub.n-2
      = 1 and Q.sub.n-1 = 0; Q.sub.n-2 = Q.sub.n-1 = 1; Q.sub.n-2 = 0 and
      Q.sub.n-1 = 1; and back to Q.sub.n-2 = Q.sub.n-1 = 0. The above sequence
      is due to the shift register connection of the stages. In terms of the
      signals to the first flip-flop; the sequence followed is: (1) Q.sub.n-2 =
      1 and Q.sub.n-1 = 0 so that J.sub.A = 1 and K = 0; (2) Q.sub.n-2 =
      Q.sub.n-1 = 0 so that J.sub.A = K.sub.A = 0; (3) Q.sub.n-2 = 0 and
      Q.sub.n-1 = 1 and that J.sub.A = 0 and K.sub.A = 1; and (4) Q.sub.n-2 =
      Q.sub.n-1 = 1 so that J.sub.A = K.sub.A = 1. In case (1), the flip-flop
      will be set; in case (2), it will not change so it will remain set; in
      case (3), it will be reset; and in case (4), it will be toggled from the
      reset to the set condition. Therefore, the only time the flip-flop will be
      reset is case (3) in which Q.sub.n-2 = 0 and Q.sub.n-1 = 1 or Q.sub.n-2 =
      Q.sub.n-1 = 1. That is, for D.sub.A = 0 (input signal for a D-type
      flip-flop), D.sub.A = Q.sub.n-2 . Q.sub.n-1 which is the same NAND
      function to reset the JK-type flip-flop as shown above.
PAR  Various modifications to the circuits described and illustrated to explain
      the concepts and modes of practicing the invention might be made by those
      of ordinary skill in the art within the principle or scope of the
      invention as expressed in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circuit for symmetrically dividing by an odd modulus m comprising
PA1  n flip-flop means for storing signals,
PAL  where n = (m+3)/2;
PA1  a source of input pulses to be divided;
PA1  complementing means for complementing said input pulses;
PA1  first coupling means for controlling the first (n - 1) flip-flop means with
      said input pulses;
PA1  second coupling means for controlling the nth flip-flop means with said
      complemented input pulses;
PA1  means for coupling the signal stored in the i-th flip-flop means to the
      j-th flip-flop means for storage, where i = 1, 2, . . . , n-1 and j = 2,
      3, . . . , n;
PA1  first gating means responsive to the signals stored in the (n-1)th and
      (n-2)th flip-flop means for producing a signal which is stored in the
      first flip-flop means by each input pulse; and
PA1  second gating means responsive to the signals stored in the nth and (n-1)th
      flip-flop means for producing an output signal.
NUM  2.
PAR  2. A logic circuit for symmetrically dividing an input signal by three
      comprising the combination:
PA1  source of input signals to be divided;
PA1  first and second flip-flop means responsive to the input signals for
      storing a signal between input signals equivalent to the value of an
      applied second signal at the leading edge of the input signal;
PA1  third flip-flop means responsive to a 180.degree. phase shift of the input
      signal for storing a signal between shifted input signals equivalent to
      the value of an applied second signal at the leading edge of the shifted
      input signal;
PA1  means for coupling the stored signal in said first flip-flop means as the
      applied second signal to said second flip-flop means;
PA1  means for coupling the stored signal in said second flip-flop means as the
      applied second signal to said third flip-flop means;
PA1  first gating means responsive to the stored signals of said first and
      second flip-flop means for providing an applied second signal to said
      first flip-flop means; and
PA1  second gating means responsive to the signals stored in said second and
      third flip-flop means for producing an output signal.
NUM  3.
PAR  3. The invention as claimed in claim 2 wherein said first gating means is a
      NAND gate.
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ABST
PAL  In the "on" condition of the circuit, a current mirror supplies a constant
      current to a comparator, a voltage divider circuit supplies a reference
      voltage to one input terminal of the comparator, and the input voltage to
      be compared to the reference voltage is applied to the other input
      terminal of the comparator. In the "off" condition of the circuit, the
      current mirror, the comparator and the voltage divider circuit are all cut
      off to reduce to substantially zero the power consumption of the circuit.
BSUM
PAR  The display of a light emitting diode wristwatch is normally off in order
      to reduce power consumption. When it is desired to observe the time, the
      watch wearer actuates a manual switch and alternating current power is
      applied to appropriate ones of the diodes to cause them to emit light. The
      power may be in the form of unipolarity pulses and the pulse duration is a
      measure of the amount of power being employed.
PAR  It is desirable in the operation of a wristwatch such as described above
      that during the time the display is off, the circuits for operating the
      display employ minimal standby power. The reason is to extend, as long as
      possible, the life of the small battery providing the power. It is also
      desirable, for the same reason, that the amount of power employed to
      operate the display, that is, the duration of the unipolarity pulses, be
      the minimum necessary to create a pleasing and legible display. However,
      the amount of power needed to accomplish the latter will depend upon the
      ambient lighting conditions. A display which looks pleasing at a low level
      of ambient light, for example that present within a reasonably well
      lighted room, may look "washed out" in daylight. In order to deal with
      this problem, circuits have been developed which sense the amount of
      ambient light and adjust the pulse duration in accordance therewith so
      that less power is applied to the display when the ambient light intensity
      is relatively low and more power is applied to the display when the light
      intensity is relatively high.
PAR  The circuit of the present application represents an improved solution to
      the problem discussed above and is also useful in many other applications,
      especially where relatively low power dissipation is desired.
DRWD
PAR  The invention is illustrated in the drawing in which:
PAR  FIG. 1 is a block and schematic circuit diagram of a preferred embodiment
      of the invention; and
PAR  FIG. 2 is a drawing of waveforms produced by the ramp generator of FIG. 1.
DETD
PAR  The circuit of FIG. 1 includes a current mirror amplifier 10, a comparator
      12 and a reference voltage circuit 14.
PAR  The current mirror amplifier includes a complementary-symmetry,
      metal-oxide-semiconductor (COS/MOS) inverter P.sub.1 N.sub.1. The
      conduction paths of these transistors are connected in series between the
      supply terminals 16 and 18 for voltages V.sub.DD and V.sub.SS. Terminal 16
      may also be considered the "common" terminal of the current mirror and
      terminal 32 a control terminal. Voltage V.sub.DD may be a level such as
      +2.5 volts and V.sub.SS may be at a reference level, such as ground.
PAR  Transistor P.sub.2 connected gate-to-drain electrode, serves as the
      reference signal establishing means for the current mirror. Its conduction
      path is connected across the conduction path of transistor P.sub.1.
      Transistor P.sub.3 is connected at its gate electrode to the drain-gate
      connection of transistor P.sub.2 and at its source electrode to the
      V.sub.DD terminal 16. Terminal 20 at the drain electrode of transistor
      P.sub.3 serves as the output terminal of the current mirror and current
      I.sub.0 flows from this output terminal when the current mirror is turned
      on.
PAR  The comparator 12 includes the differential pair of P-type transistors
      P.sub.4 and P.sub.5 which are connected at their source electrodes to the
      output terminal 20 of the current mirror 10. The comparator includes also
      N type transistor N.sub.2 which is connected gate electrode-to-drain
      electrode and which forms a current mirror with transistor N.sub.3. The
      drain-gate connection of transistor N.sub.2 is connected to the drain
      electrode of transistor P.sub.4 and to the gate electrode of transistor
      N.sub.3. The source electrodes of transistors N.sub.2 and N.sub.3 are
      connected to the V.sub.SS terminal 18. The drain electrode of transistor
      N.sub.3 is connected to the drain electrode of transistor P.sub.5 at
      comparator output terminal 40. Ramp generator 22 supplies its output to
      the gate electrode of transistor P.sub.4. While the wave produced by
      generator 22 is shown as a linear ramp, it may instead be non-linear and
      in one design was an exponential ramp.
PAR  The reference voltage establishing circuit 14 comprises a voltage divider
      R.sub.1, R.sub.2 in series with the conduction path of N type transistor
      N.sub.5. The conduction path of P type transistor P.sub.6 is connected
      across the voltage divider resistors R.sub.1, R.sub.2. The tap 24 between
      resistors R.sub.1 and R.sub.2 connects to the gate electrode of transistor
      P.sub.5.
PAR  The operation of the circuit of FIG. 1 will be given in the context of its
      use for supplying power to the display of light emitting diodes (not
      shown). However, it is to be understood that the keyed comparator
      illustrated has much wider use than this.
PAR  The switch 30 may be considered to correspond to the manually actuated
      switch on the wristwatch (although, in practice, there may be a circuit
      between the switch and the circuit input terminal 32). The ramp generator
      22 may be considered to include in its RC time constant circuit, a light
      sensitive resistance element, that is, one whose resistance varies as a
      function of the ambient light it receives. As the light intensity
      increases, the resistance exhibited by this resistor decreases. As a
      result, the slope of the sawtooth wave produced by the ramp generator
      varies as a function of the light intensity, decreasing with decreasing
      light intensity.
PAR  FIG. 2 illustrates the sawtooth wave (in somewhat idealized form) under two
      different light conditions. As already mentioned, in practice this wave
      may be of exponential rather than linear form; however, the operating
      principles remain the same. The upper wave V.sub.X1 is the sawtooth
      produced at a relatively low level of light and the lower wave V.sub.X2 is
      the sawtooth produced at a relatively high level of light. Note that at
      the relatively low light level, the ramp exceeds the reference voltage
      level V.sub.R for a relatively short interval t.sub.2 -t.sub.3 each period
      of the ramp voltage, and that at the relatively high light level, the ramp
      exceeds the reference voltage level V.sub.R for a relatively longer time
      t.sub.1 -t.sub.3 each period of the ramp voltage.
PAR  When the switch 30 is off, V.sub.SS is applied to the gate electrodes of
      transistors P.sub.1 and N.sub.1. This turns transistor N.sub.1 off and
      accordingly the current mirror amplifier 10 is turned off. In other words,
      no current I.sub.B flows and no current I.sub.0 flows. Transistor P.sub.1
      is on and serves as a discharge path for any charge which may be present
      at node 33 and places this node at V.sub.DD.
PAR  The voltage V.sub.SS is also applied to the gate electrodes of transistors
      N.sub.5 and P.sub.6. This turns off transistor N.sub.5. Accordingly, no
      current flows through the resistors R.sub.1 and R.sub.2 and no power is
      dissipated in the reference voltage circuit.
PAR  As no current I.sub.0 flows, no power is dissipated in the comparator 12.
PAR  The COS/MOS inverter 34 (which is similar in structure to inverters 36 and
      38) translates the V.sub.SS level to a V.sub.DD level which it applies to
      the gate electrode of transistor N.sub.4. This causes this transistor to
      conduct and to apply an input V.sub.SS to inverter 36. This both
      discharges the capacitance at the input node of the inverter and prevents
      the node from "floating" which, if not prevented, could lead to undesired
      power dissipation. While inverter 34 has its P type transistor on, the
      output terminal of this transistor connects to the gate electrode of
      transistor N.sub.4 so that inverter 34 dissipates essentially no power. In
      similar fashion, as the transistors N.sub.6 and P.sub.8 of inverters 36
      and 38 are off, these inverters dissipate essentially no power.
PAR  Summarizing the above, when the switch 30 is off, that is, when the keyed
      comparator system is keyed off, essentially no power is dissipated in the
      circuit of FIG. 1. The current mirror amplifier 10 draws no current; the
      voltage reference circuit 14 is disabled and draws no current; the
      comparator 12 is disabled and draws no current; the inverters 34, 36 and
      38 draw essentially no power.
PAR  When the switch 30 is turned on, V.sub.DD is applied to the COS/MOS
      inverter P.sub.1, N.sub.1. This turns transistor N.sub.1 on and transistor
      P.sub.1 off. The reference current establishing transistor P.sub.2 now
      turns on and the input current I.sub.B flows through transistors P.sub.2
      and N.sub.1. The size of the MOS transistor N.sub.1, that is, its width
      and length, are chosen to minimize the current I.sub.B to the desired
      value such as 10 microamperes (.mu.A). The input current flow is:
      ##EQU1##
      where V.sub.TP is the threshold voltage of transistor P.sub.2, and
      Z.sub.N1 is the impedance of the conduction channel of transistor N.sub.1
      (V.sub.SS being assumed to be zero).
PAR  The input current I.sub.B flowing in the current mirror will cause a
      proportional output current I.sub.0 to flow through the conduction path of
      transistor P.sub.3. The proportion of these currents will depend on the
      respective geometries of the devices P.sub.2 and P.sub.3. If, for example,
      transistors P.sub.2 and P.sub.3 are substantially identical, then I.sub.0
      = I.sub.B, independently of the drain to source voltage of transistor
      P.sub.3 as long as transistor P.sub.3 is in saturation (V.sub.GS
      -V.sub.TH) .ltoreq. V.sub.DS.
PAR  The output current I.sub.0 of the current mirror flows to the comparator
      12. The reference voltage V.sub.R applied to the comparator is that
      present at circuit point 24.
PAR  Referring now to the reference voltage circuit 14, when the switch 30 is
      placed in the "on" position, V.sub.DD is applied to the COS/MOS inverter
      N.sub.5, P.sub.6. This turns on N type transistor N.sub.5 and turns off P
      type transistor P.sub.6. Current now flows through the voltage divider
      comprising resistors R.sub.1 and R.sub.2 and the conduction path of
      transistor N.sub.5. The resistors R.sub.1 and R.sub.2 are of relatively
      high value (R.sub.1 + R.sub.2 may be in the 100 kilohm range) and the
      impedance of the conduction channel of transistor N.sub.5, when this
      transistor is on, is much much lower than R.sub.2. The high total
      resistance R.sub.1 + R.sub.2 reduces to a minimum the power dissipated in
      the reference voltage circuit 14 relative to the power required to operate
      the display (not shown).
PAR  The reason that it is possible in the present circuit to employ a high
      value of R.sub.1 + R.sub.2 is that the comparator 12 is formed of MOS
      transistors. Thus, as contrasted to the case of employing a bipolar
      transistor comparator for circuit 12, there is essentially no current flow
      from the node 24 into the gate electrode of transistor P.sub.5 in view of
      the extremely high impedance exhibited by the gate circuit of transistor
      P.sub.5. So, there is no shunt path across resistor R.sub.2 and the latter
      can be chosen to be of very high value and R.sub.1 therefore can be chosen
      also to be of high value in the desired proportion to R.sub.2.
PAR  Were the comparator 12 a bipolar transistor circuit, there would be a
      relatively low impedance base current path connected to node 24. The
      amount of base current drawn would vary as a function of the beta of the
      transistor which can vary widely. This variation in beta would lead to a
      corresponding variation in the value of the reference voltage at 24 and,
      of course, this would be highly undesirable. The present circuit, on the
      other hand, operates as a substantially ideal voltage divider in view of
      the extremely high impedance of the gate circuit of transistor P.sub.5.
PAR  Another feature of the circuit 14 is its insensitivity to process
      variations. At the present state of the integrated circuit art, it is
      difficult to reproduce, to great accuracy, a transistor such as N.sub.5,
      from chip-to-chip. However, as the channel resistance of transistor
      N.sub.5 is made relatively low compared to R.sub.2, its (the transistors
      resistance) value has substantially no effect on the voltage V.sub.R
      produced at node 24. On the other hand, the ratio between R.sub.1 and
      R.sub.2 can be reproduced, chip-to-chip, with great accuracy, even using
      processes where R.sub.1 individually or R.sub.2 individually can vary.
      This is a characteristic of integrated circuit manufacture. Thus so called
      "P well" resistors, or ion implanted resistors or even pinch resistors may
      be used for R.sub.1 and R.sub.2.
PAR  The ramp generator 22 supplies the second input to the comparator, this one
      to the gate electrode of transistor P.sub.4. When the voltage V.sub.X is
      lower than the voltage reference V.sub.R applied to the gate electrode of
      transistor P.sub.5, transistor P.sub.4 conducts and transistor N.sub.2
      conducts. Transistor N.sub.3 turns on as its gate electrode is more
      positive than its source electrode by the voltage drop across the
      conduction path of transistor N.sub.2. This places the output terminal 40
      of the comparator a relatively low voltage level close to V.sub.SS and the
      inverter 36 drives the inverter 38. The latter drives the voltage level at
      the terminal 42 to V.sub.SS.
PAR  It may appear that when transistor N.sub.3 goes on, transistor P.sub.5 also
      should turn on and pass a portion of the current I.sub.0. However, in
      practice, as long as the voltage V.sub.X is less than the voltage V.sub.R,
      and the current I.sub.0 is chosen to be a suitable value, the voltages
      present at terminals 20 and 24 (the source to gate voltage of transistor
      P.sub.5) will be lower than the threshold voltage V.sub.TP of transistor
      P.sub.5. Therefore, transistor P.sub.5 will remain off and transistor
      P.sub.4 will remain on and the voltage at terminal 40 will remain close to
      V.sub.SS. Inverter 36 drives inverter 38 and the output voltage is at
      V.sub.SS.
PAR  When the voltage V.sub.X becomes equal to V.sub.R, the difference between
      the voltages present at terminals 20 and 24 becomes slightly greater than
      V.sub.TP and equal to the voltage difference between the gate electrode of
      transistor P.sub.4 and terminal 20. Hence, the current I.sub.0 splits
      equally through the conduction paths of transistors P.sub.4 and P.sub.5.
      The voltage at terminal 40 is proportional to the ratio of the impedances
      of transistors P.sub.5 to N.sub.3. The input circuit to inverter 36 and
      conduction path of device N.sub.4, which is off, represent very high
      impedances and therefore do not affect this voltage. Since transistor
      P.sub.5 rapidly becomes a relatively low impedance compared to transistor
      N.sub.3, due to the increasing input voltage V.sub.X, the voltage at node
      40 will rapidly approach the voltage at node 20, where the voltage at node
      20 is given by
      ##EQU2##
      where K is a constant,
PA1  W is the width of the conduction channel of transistor P.sub.5 ; and
PA1  L is the length of this conduction channel.
PAR  Since it is desirable to have a full digital swing at the output of the
      comparator when V.sub.X = V.sub.R and the voltage swing at node 40 is not
      a full digital signal (is not of amplitude V.sub.SS or V.sub.DD),
      inverters 36 and 38 are employed to convert the low level voltage swing of
      node 40 to a full digital swing at the output. To accomplish this the
      conduction channel of device N.sub.6 is made of larger cross section than
      that of device P.sub.7, that is, to make transistor N.sub.6 of lower
      impedance, when it conducts, than the impedance of transistor P.sub.7,
      when it conducts. With this design, inverter 36 drives inverter 38 which
      drives the output of V.sub.DD.
PAR  When the voltage V.sub.X exceeds V.sub.R, the voltage at node 20 follows
      V.sub.X directly as
      ##EQU3##
      Since transistors P.sub.4 and P.sub.5 will be of relatively lower
      impedance than transistors N.sub.2 and N.sub.3 because of the relative
      magnitudes of their gate to source potentials, the current split of
      I.sub.0 will be dependent only on the relative magnitudes of the
      impedances of transistors N.sub.2 and N.sub.3. Since transistors N.sub.2
      and N.sub.3 are identical in device size, and their gate to source
      potentials are equal, the current split of I.sub.0 is close to half. As
      the voltage at node 20 approaches V.sub.DD, the difference between the
      voltage at node 20 and V.sub.X (the voltage at the gate electrode of
      transistor P.sub.4) becomes less than V.sub.TP and this causes transistor
      P.sub.4 to cut off. This terminates the current flow through transistor
      P.sub.4 so that transistor N.sub.2 cuts off. This causes transistor
      N.sub.3 to turn off. Transistor P.sub.5 will remain conducting, thus
      maintaining node 40 at a potential equal to V.sub.DD. However, since
      transistor N.sub.3 is turned off, the current I.sub.0 approaches zero
      because the only load remaining at node 40 is a capacitive load.
PAR  In the operation of the comparator 12, it is found that a relatively small
      amount of current fully charges the capacitance at node 40 very quickly
      and causes the output very quickly to switch from V.sub.SS to V.sub.DD.
      Accordingly, it has been found that even with relatively low gain MOS
      transistors in the comparator, the circuit has very good resolution--it
      will switch at the voltage V.sub.R .+-. 0.05 volts, where V.sub.R is the
      voltage at node 24. At the frequency involved, that is, a frequency of
      roughly 500 Hz for wave V.sub.X, this was found to be quite adequate in
      the practical example discussed here by way of example.
PAR  The operation described above continues for so long as the switch 30 is in
      the "on" position. The amount of time during each ramp period that the
      output is at V.sub.DD will depend upon the slope of the ramp. At
      relatively low ambient light levels, where the ramp may have the form
      V.sub.X1 in FIG. 2, each output pulse will have a relatively short
      duration t.sub.2 -t.sub.3 and the power consumption will be relatively
      low. This relatively short pulse will cause the light emitting diodes to
      emit light at a relatively low level. When the ambient light is relatively
      high, the ramp generator will produce a sawtooth wave such as V.sub.X2
      shown in FIG. 2. Now the output will be at V.sub.DD for the interval
      t.sub.1 -t.sub.3 of each ramp period and the power will be relatively
      higher. The light emitting diodes, in this case, will emit light at a
      substantially higher light intensity.
PAR  When the switch 30 is returned to the "off" position, transistor N.sub.1 is
      turned off, turning off the current mirror amplifier 10. Transistor
      N.sub.5 is turned off turning off the reference voltage circuit 14.
      Transistor P.sub.6 is turned on to discharge any capacitance which may be
      present at node 44, that is, at the drain of transistor N.sub.5. This also
      places node 24 at V.sub.DD to place the gate electrode of P.sub.5 at
      V.sub.DD. Also, inverter 34 applies the V.sub.DD level to the gate
      electrode of transister N.sub.4, as already mentioned, to cause transistor
      N.sub.4 to conduct and to place the V.sub.SS level at the common gate
      connection of inverter 36.
PAR  The circuit described above is easily reproducible in integrated circuit
      form and its characteristics remain the same chip-to-chip. Substantially
      no power is dissipated in the off condition of the circuit. When the
      circuit is turned on, the reference voltage circuit 14 dissipates very
      little power compared to the light emitting diode display and the circuit
      has an abrupt and reproducible voltage transistion point.
PAR  While the circuit has been described in terms of its use in a wristwatch
      employing a light emitting diode display, it is to be understood that it
      is not limited to this use. Moreover, while the input wave as shown to be
      a ramp having a slope proportional to ambient light, in other applications
      other waves of other shapes could be employed instead. For example, in one
      common application, namely, threshold detection, wave V.sub.X is simply an
      analog voltage and the circuit produces an output which indicates whether
      or not V.sub.X is greater than the threshold level V.sub.R. Regardless of
      the shape of the input wave, the circuit will have a reproducible transfer
      characteristic, that is, the output at terminals 42 will switch from
      V.sub.SS to V.sub.DD and vice versa at the reference voltage established
      by the voltage divider R.sub.1, R.sub.2 to within narrow limits.
PAR  In one particular design of the circuit, R.sub.1 was chosen to have a value
      of 75 kilohms and R.sub.2 a value of 25 kilohms. The conduction channel
      resistance of transistor N.sub.5 is relatively low compared to these
      values and is ignored in the calculation below. The reference voltage
      level is:
      ##EQU4##
      for the case where V.sub.SS is zero volts.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination:
PA1  two terminals across which an operating voltage may be applied;
PA1  reference voltage establishing means comprising a voltage divider and a
      switch connected in series between said terminals;
PA1  a current amplifier comprising input current path means, including a switch
      in series in said path means, said path means connected between one of
      said terminals serving as the input terminal of said amplifier and the
      other of said terminals serving as the common terminal of said amplifier,
      and output current path means connected between said common terminal and
      the output terminal of said current amplifier, said switch, when open,
      serving to terminate the flow of current between said input terminal and
      said common terminal of said amplifier and thereby to terminate also the
      flow of current between said common terminal and said output terminal of
      said amplifier;
PA1  a comparator comprising a differential amplifier having a common terminal,
      an output terminal, and two signal input terminals, said common terminal
      of said comparator connected to said output terminal of said current
      amplifier, one of said input terminals connected to a point along said
      voltage divider and the second input terminal for receiving a voltage
      which may vary to values greater and less than that at said point along
      said voltage divider; and
PA1  means coupled to said switch of said reference voltage establishing means
      and to said switch of said current amplifier for concurrently closing and
      opening these switches.
NUM  2.
PAR  2. In the combination as set forth in claim 1, said voltage divider
      comprising a resistive voltage divider and said switch of said reference
      voltage establishing means comprising a metal oxide semiconductor first
      control transistor having a conduction path and a control electrode for
      controlling the conductivity of said path, said conduction path being in
      series with said voltage divider, and said conduction path having a
      resistance, when it conducts, which is much smaller than that of said
      voltage divider.
NUM  3.
PAR  3. In the combination as set forth in claim 2, further including a metal
      oxide semiconductor second control transistor of opposite channel
      conductivity type than said first control transistor, said second control
      transistor having a conduction path connected across said voltage divider
      and a control electrode connected to the control electrode of said first
      control transistor.
NUM  4.
PAR  4. In the combination as set forth in claim 1, said current amplifier
      comprising first and second metal oxide semiconductor transistors of
      opposite channel conductivity types and a reference current establishing
      means, the conduction path of said first transistor serving as said output
      current path means, and said input current path means comprising the
      conduction path of said second transistor, serving as said switch, in
      series with said reference current establishing means, the latter being
      connected between the control electrode of said first transistor and said
      common terminal of said current amplifier for controlling the potential of
      said control electrode.
NUM  5.
PAR  5. In the combination as set forth in claim 1, said switch in said
      reference voltage establishing means being ganged to said switch of said
      current amplifier.
NUM  6.
PAR  6. A keyed bias circuit comprising, in combination:
PA1  two terminals between which an operating voltage may be applied;
PA1  two metal oxide semiconductor transistors of opposite channel conductivity
      types, each having a gate electrode and a conduction path, said conduction
      paths connected in series between said two terminals and said gate
      electrodes connected to a control terminal;
PA1  means for applying voltage levels to said control terminal for switching
      said transistors between conducting and non-conducting states;
PA1  a voltage divider connected across the conduction path of one of said
      transistors and having an output voltage tap, said divider having a
      resistance which is much higher than that of the conduction path of the
      other of said transistors;
PA1  and a circuit connected to said tap having an input resistance which is
      much much higher than the resistance of said voltage divider.
NUM  7.
PAR  7. A circuit as set forth in claim 6 wherein said circuit connected to said
      tap comprises the unbypassed gate electrode of an MOS transistor.
NUM  8.
PAR  8. A comparator system comprising, in combination:
PA1  a first current mirror having a common, an input, and an output terminal;
PA1  a pair of transistors, each having an input, an output and a control
      electrode, said input electrodes connected to a common terminal, one
      output electrode connected to the input terminal of the current mirror,
      the other output electrode connected to the output terminal of the current
      mirror, and said control electrodes serving as the signal input terminals
      of said comparator;
PA1  a second current mirror having a common, an input and an output electrode,
      said output electrode connected to the common terminal to which said input
      electrodes are connected;
PA1  first and second operating voltage terminals, the first connected to the
      common terminal of the first current mirror and the second connected to
      the common terminal of the second current mirror;
PA1  means for coupling the input terminal of said second current mirror to said
      first operating voltage terminal and
PA1  wherein said second current mirror comprises a first field-effect
      transistor of one channel conductivity type having a conduction path
      through which the input current of said second current mirror flows,
      connected between the input and common terminals of said current mirror, a
      second field-effect transistor of the same channel conductivity type
      having a conduction path in parallel with that of said first field-effect
      transistor, wherein said means for coupling comprises a third field-effect
      transistor of opposite channel conductivity type to said first and second
      transistors having a conduction path in series between said input terminal
      and said first operating voltage terminal, and having a control electrode
      connected to the control electrode of said second transistor, and a fourth
      field-effect transistors of the same channel conductivity type as said
      first transistor having a conduction path connected between the common and
      output terminals of said second current mirror and having a control
      electrode connected, in common, to the control electrode of said first
      transistor and the input terminal of said second current mirror.
NUM  9.
PAR  9. In combination:
PA1  first and second field-effect transistors of opposite channel conductivity
      types, each having a conduction path and a control electrode, said
      conduction paths connected in series between two operating voltage
      terminals and said control electrodes connected to a control terminal;
PA1  a resistive voltage divider connected across the conduction path of the
      first of said transistors;
PA1  means coupled to said control terminal for applying voltage levels thereto
      for switching said first transistor on and said second transistor off and
      vice versa;
PA1  a field-effect transistor comparator circuit having two input terminals,
      one at the control electrode of a third field effect transistor and the
      other at the control electrode of a fourth field-effect transistor;
PA1  a tap on said voltage divider connected to one of said input terminals; and
PA1  means for applying a voltage to be compared with that at said tap to said
      other input terminal.
NUM  10.
PAR  10. In the combination as set forth in claim 9, wherein said transistors in
      said comparator circuit each has a conduction path and wherein said
      comparator circuit includes a current source and two current paths one
      such path through one of its transistors and the other through the other
      of its transistors, the relative values of the signals at said two input
      terminals controlling the relative current flow in said two current paths,
      and further including:
PA1  means for concurrently interrupting the flow of current from said current
      source and for applying a signal to said control terminal of a sense to
      switch said first transistor on and said second transistor off.
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PAL  A pulse generating apparatus which generates rectangular wave signal by
      opening and closing of a mechanical contact and has a differentiation
      circuit to output such pulse signal as corresponding to the rising
      position of said signal. Said apparatus has a rectangular wave generating
      means to generate rectangular wave signal by opening and closing a
      mechanical contact, a differentiation circuit to receive the rectangular
      wave signal from said rectangular wave generating means and to
      differentiate the same, and a high impedance element connected to the
      discharge circuit within said differentiation circuit. By this the
      discharging time constant factor of the differentiation circuit becomes
      large, sharply reducing the chattering pulse which parasitises to the
      rectangular wave signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a generating apparatus of such pulse
      signal as corresponding to the building up phase of the rectangular wave
      signal generated by opening and closing of a mechanical contact,
      particularly to a pulse generating apparatus having a prevention circuit
      for erroneous function by chattering, improper contact, etc., at the time
      of opening and closing of a contact.
PAR  2. Description of the Prior Art
PAR  An apparatus to generate such pulse signal as corresponding to a rotating
      speed of a rotating machine by opening and closing a mechanical contact
      with rotation of the machine to put the current ON or OFF, and to control
      the rotation of other rotating machines to secure synchronism is generally
      used as, for example, a synchronizing equipment between a magnetic
      reproducing machine and a cine-projector, and between a magnetic sound
      recording equipment and a cine-camera, etc. In such apparatus employing
      the opening and closing of a mechanical contact, unnecessary pulse may be
      generated by chattering, improper contact, etc. which take place in
      opening and closing the contact, and erroneous functioning may be caused
      thereby, which need to be prevented. That is, when the rectangular wave
      output generated by opening and closing of a contact is differentiated by
      a differentiation circuit to make it pulse signal, as it becomes
      rectangular wave signal accompanying short pulse at the time of opening
      and closing by chattering, etc. of the contact, if it is simply
      differentiated to take out such pulse signal as corresponding to the
      building up phase, false pulse is mixed into normal driving pulse, thereby
      causing erroneous action in control of the equipment being controlled.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The object of the present invention is to provide a pulse generating
      apparatus with very simple arrangement, in which the above mentioned
      short-comings of conventional apparatus are eliminated and such false
      pulse as causing erroneous functioning will not be mixed in the pulse
      control signal generated by opening and closing a mechanical contact.
PAR  Another object of the present invention is to provide a pulse generating
      apparatus having a differentiation pulse to differentiate the rectangular
      wave signal generated by opening and closing of mechanical contact and to
      generate such pulse signal as corresponding to its building up phase,
      wherein said rectangular wave signal is impressed to high resistance
      through a diode connected in series in a normal direction, and the
      terminal voltage of said high resistance is impressed to the above
      mentioned differentiation circuit.
PAR  Further other objects of the present invention will become clear by the
      detailed explanation of the invention made below together with explanation
      of the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit connection diagram showing an example of a conventional
      pulse generation apparatus.
PAR  FIG. 2 are wave form drawings of each part of the apparatus in FIG. 1.
PAR  FIG. 3 is a circuit connection diagram to show an example of the pulse
      generation apparatus according to the present invention.
PAR  FIG. 4 shows wave forms of each part of the apparatus of FIG. 3.
PAR  FIG. 5 is a circuit connection diagram to show other example of the pulse
      generation apparatus according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a circuit connection diagram to show an example of a conventional
      pulse generation apparatus.
PAR  In the drawing, E is a power source, S.sub.1 is an opening and closing
      switch by a mechanical contact, for example a drum switch installed to a
      rotating axle, etc. of the apparatus. R.sub.1 and R.sub.2 are series
      resistances employing rectangular wave signal generated at the terminal of
      the resistance R.sub.2. C.sub.1 and R.sub.3 are a condensor and a
      resistance composing a differentiation circuit, generating pulse signal
      between the output terminals O.sub.1, O.sub.2 utilizing commonly known CR
      time constant factor.
PAR  FIG. 2 are waveform drawing for each part of the apparatus shown in FIG. 1.
      In this drawing the axis of abscissas shows time while the axis of
      ordinates shows amplitude. The function of the apparatus in FIG. 1 is such
      that when the switch S.sub.1 is mechanically opened and closed causing
      chattering, the current being made ON or OFF by the S.sub.1 and flows from
      the power source E to the resistances R.sub.1, R.sub.2 becomes such
      rectangular wave as shown in FIG. 2(A). That is, such pulse with small
      width as shown in the drawing as (a) is accompanied at the time of rising
      and coming down of the rectangular wave.
PAR  When the rectangular wave signal of FIG. 2 (A) is differentiated by such
      differentiation circuit as shown in FIG. 1, the pulse as shown in FIG. 2
      (B) can be obtained. When it is sliced with an appropriate circuit (not
      shown in the drawing), such pulse in normal direction as shown in FIG. 2
      (C) can be obtained. In the drawing a.sub.1 and a.sub.2 are normal driving
      pulses, but b.sub.1 through b.sub.5 are unnecessary pulses, by which the
      devices controlled are caused to make erroneous function.
PAR  Next, FIG. 3 is a circuit connection diagram to show an example of a pulse
      generating apparatus according to the present invention. Some parts in
      this drawing as in FIG. 1 are shown with same identification number or
      code. D.sub.1 in the drawing is an element having one way conducting
      characteristics for example a diode, and R.sub.4 is a high resistance, and
      these parts are different from the apparatus shown in FIG. 1. In the
      apparatus of this drawing the fact that the reverse direction impedance of
      the diode D.sub.1 has high value is used and by using the same and the
      high resistance R.sub.4 the input end of the differentiation circuit is
      made to have high impedance, thereby the discharge time constant factor of
      C.sub.1 is made long. FIG. 4 shows wave form of each part of the apparatus
      shown in FIG. 3. When chattering takes place at the time of opening and
      closing the mechanical contact S.sub.1, the current flowing from the power
      source E to R.sub.1, R.sub.2 will become as shown in FIG. 4 (A). When the
      rectangular wave signal of FIG. 4 (A) is impressed to the high resistance
      R.sub.4 through the diode D.sub.1, its output waveform will become as
      shown in FIG. 4 (B). This is because the discharge time constant factor of
      C.sub.1 becomes long by the diode D.sub.1 and the high resistance R.sub.4,
      and as it is differentiated by a differentiation circuit consisting of
      C.sub.1, R.sub.3, such pulse as shown in FIG. 4 (C) can be obtained. In
      the waveform of FIG. 4 (C), the pulses a.sub.1, a.sub.2 which are in
      synchronism with the opening and the closing of the switch S.sub.1 have
      distinctly different amplitudes and directions from those in other pulses,
      therefore by slicing the same such normal pulses a.sub.1, a.sub.2 only as
      in FIG. 4 (D) can be obtained. By controlling the equipment to be
      controlled with the pulse of said waveform, normal synchronized driving
      can be secured and erroneous function can be prevented.
PAR  FIG. 5 is a circuit connection diagram to show another example of the pulse
      generating apparatus according to the present invention, wherein the high
      resistance R.sub.4 shown in FIG. 3 is connected in parallel with the diode
      D.sub.1. In this case as the electric charge of the condensor C.sub.1 is
      discharged through the high resistance R.sub.4, the resistance R.sub.2,
      false pulse caused by chattering, etc. will be eliminated same as in the
      example shown in FIG. 3.
PAR  According to the pulse generating apparatus of the present invention the
      generation of false pulse caused by the chattering, etc. by opening and
      closing of a mechanical contact can be prevented by simple circuit as
      mentioned above, therefore it has great effect as applied to various
      equipment and is usefully industrially.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for transmitting the movement of a switch from one position
      to another between one circuit containing the switch and another circuit,
      said switch having an expected rate of contact bounce, comprising a
      capacitance, circuit means for connecting said capacitance in series
      between the one circuit and the other, characterized in that said circuit
      means includes means for charging said capacitance to a voltage appearing
      at the switch at a rate at least as fast as the expected contact bounce
      when the switch assumes one of its positions and for discharging said
      capacitance at a rate substantially slower than the contact bounce when
      the switch assumes its other position, said means in said circuit
      including a unidirectional current carrying member connected in series
      between the one circuit and the capacitance.
NUM  2.
PAR  2. An apparatus as in claim 1, wherein said unidirectional member is a
      diode.
NUM  3.
PAR  3. An apparatus as in claim 2, wherein said diode is poled for easy current
      flow to said capacitance when the switch means is closed.
NUM  4.
PAR  4. An apparatus as in claim 1, wherein said means in said circuit means
      includes a resistance shunting the other portion of the circuit and having
      a value sufficiently small to allow charging of the capacitance at a rate
      faster than the contact bounce rate.
NUM  5.
PAR  5. A pulse generating apparatus for eliminating contact bounce noise
      generated by connecting and disconnecting a contact switch and having
      characteristic repetition times, comprising;
PA1  a. differentiating circuit means having an output terminal and at least one
      capacitor to receive said contact bounce noise;
PA1  b. electrical means connecting said differentiating circuit means to said
      contact switch so as to actuate said differentiating circuit means in
      response to the connection of said contact switch, and
PA1  c. impedance means in said electrical means and connected to said
      differentiating circuit means for forming a discharge path for the
      capacitor in said differentiating circuit means, said impedance means
      having a sufficiently high resistance so that said impedance means and
      said capacitor produce a long time constant substantially longer than the
      repetition times of the contact bounce noise.
NUM  6.
PAR  6. A pulse generating apparatus according to claim 5, wherein the impedance
      means is shunted across said differentiating circuit means.
NUM  7.
PAR  7. A pulse generating apparatus according to claim 5, wherein said
      differentiating circuit means comprises a capacitor and a resistor
      electrically connected in series, said capacitor being operatively
      coupleable to the electrical power supply means by said contact switch.
NUM  8.
PAR  8. A pulse generating apparatus according to claim 7, wherein the output
      terminal is electrically connected to said differentiating circuit means
      between said capacitor and said resistor.
NUM  9.
PAR  9. A pulse generating apparatus according to claim 5, wherein said
      impedance means includes a resistor with high resistance.
NUM  10.
PAR  10. An apparatus as in claim 9, wherein the time constant of said resistor
      and capacitor is longer than three times the repetition period of the
      noise.
NUM  11.
PAR  11. A pulse generating apparatus for eliminating repetitive contact bounce
      noise generated by connecting and disconnecting a contact switch,
      comprising;
PA1  a. a D.C. power supply means,
PA1  b. voltage dividing resistance means connected with and disconnected from
      said D.C. power source by said contact switch,
PA1  c. differentiating circuit having an output terminal and at least one
      capacitor coupled to respond to the bounce noise, and connected across
      said voltage dividing resistance means, and
PA1  d. impedance means connected to said differentiating circuit and forming a
      discharge path for the capacitor in the differentiating circuit, said
      impedance means having high resistance which, with the capacitor in said
      differentiating circuit means, forms a time constant longer than the
      repetition period of the contact bounce noise.
NUM  12.
PAR  12. A pulse generating apparatus according to claim 11, wherein further
      comprising a unidirectional current carrying member for connecting said
      differentiating circuit in parallel with said voltage dividing resistance
      means in such a manner that the capacitor in said differentiating circuit
      stores said contact bounce noise.
NUM  13.
PAR  13. A pulse generating apparatus according to claim 12, wherein said
      unidirectional current carrying member comprises a diode.
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ABST
PAL  A switching circuit which is actuated when the frequency of an input signal
      falls below a specified value, includes an input circuit for providing a
      rectangular pulse train consisting of pulses having durations indicative
      of the frequency of the input signal. The rectangular wave train is used
      to actuate a pair of one-shot multivibrators adjusted to produce output
      pulses having durations such that the pulses from the first one-shot
      correspond to an upper reference frequency slightly below that of a
      nominal input frequency, and the pulses from the second one-shot
      correspond to a lower reference frequency equal to the minimum acceptable
      input frequency. The output signals from the one-shot multivibrators are
      applied to clock terminals of first and second edge-triggered flip-flops,
      whereas the D input terminals of the same flip-flops are actuated by the
      rectangular pulse train. Each edge-triggered flip-flop operates so that
      the first positive-going clock pulse transfers the instantaneous value of
      its D input signal to its output terminal. The transferred signals from
      the two flip-flops are applied to clear and preset terminals,
      respectively, of a latching flip-flop which produces a disabling signal
      when the frequency of the input signal falls below the minimum acceptable
      value and retains the disabling signal until the input frequency is
      increased to a level at least as high as that represented by the upper
      reference frequency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to frequency sensitive switches and more
      specifically to frequency sensitive switches having a hysteresis
      characteristic.
PAR  2. Description of the Prior Art
PAR  Various kinds of frequency sensitive switches are known in the prior art.
      Many of these switches employ resonant means as a reference. In one
      variety of such switches, for instance, a mechanical member such as a
      resonant reed is used as a reference. Such switches, however, are
      temperature sensitive and therefore require additional means to compensate
      for such sensitivity if the switch is to be used in critical applications.
PAR  Still other prior art frequency sensitive switches employ a resonant
      circuit as a reference. Such circuits, however, are sensitive to input
      voltage fluctuations.
PAR  The circuit of the present invention overcomes the excessive temperature
      and voltage sensitivity characteristics of these prior art circuits.
PAC  SUMMARY OF THE INVENTION
PAR  A switch for monitoring power line frequencies converts the input signals
      into a rectangular pulse train and compares the duration of the pulses in
      this train to upper frequency reference pulses having durations
      corresponding to a frequency slightly below the nominal power line
      frequency and lower frequency reference pulses having durations
      corresponding to the minimum acceptable input frequency. The switch
      provides a disabling signal when the input frequency falls below a value
      corresponding to the lower reference frequency and retains this disabling
      signal until the input frequency is increased to a value corresponding to
      the upper reference frequency.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating a presently preferred embodiment
      of the invention; and
PAR  FIGS. 2 and 3 are timing diagrams useful in explaining the operation of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a typical circuit employing the principles of the
      invention. For purposes of convenience, positive logic TTL components will
      be described. The input voltage at a frequency f.sub.i is applied to a
      transformer 1 whose output is rectified in a diode 2 and reduced in a
      voltage divider comprising the resistors 3 and 4 to a level suitable for
      driving a conventional Schmitt trigger 5. The output signal from the
      Schmitt trigger consists of a train of negative-going pulses having a
      repetition rate equal to the frequency of the applied line voltage as
      depicted in FIG. 2. The pulses from the Schmitt trigger are applied to the
      clock input of a conventional flip-flop 6. In a typical circuit, a
      commercially available integrated circuit such as Texas Instrument model
      54/7474 flip-flop may be used for this purpose. The Q output terminal
      provides complementary output pulses and is connected to the D input
      terminal so that the flip-flop Q output is reversed in response to the
      trailing edges of successive pulses from the Schmitt trigger. The Q output
      terminal of the flip-flop 6 provides a train of true output pulses which
      are applied to the input terminal of a conventional one shot multivibrator
      7. Conveniently, a commercially available monostable multivibrator such as
      the Texas Instrument model 54/74121 monostable multivibrator may be used
      for this purpose. An RC timing network including a capacitor 8, a variable
      resistor 9 and a fixed resistor 10 may be used for adjusting the
      quasi-stable pulse duration of the multivibrator 7 in accordance with well
      known principles.
PAR  The Q output terminal of the flip-flop 6 is also connected to a second one
      shot multivibrator 11 containing a similar RC timing network including a
      capacitor 12, a variable resistor 13, and a fixed resistor 14.
PAR  The timing network associated with the one shot multivibrator 7 is adjusted
      so that the quasi-stable pulse duration of this device is equal to the
      pulse duration of the output signals from the flip-flop 6 when the input
      frequency f.sub.i is at its minimum acceptable value. Thus the one shot
      multivibrator 7 serves to provide a lower frequency reference signal.
PAR  The timing circuit for the one shot multivibrator 11 is adjusted so that
      the quasi-stable pulse duration of this multivibrator is equal to the
      duration of the pulses from the flip-flop 6 when the input frequency
      f.sub.i is slightly below the nominal frequency and thus provides an upper
      frequency reference.
PAR  Typically, for a nominal input frequency of 400 Hz, the one shot
      multivibrator 7 may be adjusted to provide a lower frequency reference,
      f.sub.1, equivalent to 385 Hz whereas the one shot multivibrator 11 may be
      adjusted to provide an upper frequency reference, f.sub.u, equivalent to
      390 Hz. The differential between the upper and lower frequency references
      permits the circuit to display a desirable hysteresis effect as will be
      described.
PAR  The signal pulse width is compared with the reference pulses from the one
      shot multivibrators in the pulse width comparator flip-flops 15 and 16.
      The D input terminals of the flip-flops 15 and 16 are connected to the Q
      and Q output terminals respectively of the flip flop 6 whereas the clock
      input terminals of the flip flops 15 and 16 are connected to the Q, output
      terminals of the one shot multivibrators 7 and 11 respectively.
PAR  The Q output terminals of the pulse width comparator flip-flops 15 and 16
      provide command signals which are applied to the CLEAR and PRESET
      terminals of a latching flip-flop 17, whose input terminal D is grounded.
      Any one of a variety of commercially available flip-flops may be used for
      components 15, 16 and 17. Texas Instruments model 54/7474, for instance,
      may be used for this purpose.
PAR  According to known principles, under these conditions a low level signal or
      ZERO applied to the PRESET input sets the Q output to a ONE. A ZERO
      applied to the CLEAR input sets the Q output to a ZERO. If a ONE is
      applied to both the CLEAR and PRESET inputs, the Q output stays the same
      as it was before the input conditions were established. This mode of
      operation is summarized in the table in FIG. 1.
PAR  The Q output terminal of the latching flip-flop 17 is coupled to a suitable
      switching transistor 18 which may be used to control an external load.
PAR  The flip-flops 15, 16 and 17 constitute a logic circuit which provides
      enabling and disabling signals in accordance with relative pulse widths.
PAR  The operation of the circuit under normal conditions wherein the frequency
      of the applied line voltage is greater than both references, may be
      understood with the help of FIG. 2, which illustrates circuit conditions
      when the input signal is at its nominal frequency value.
PAR  Under these conditions, the upper frequency reference pulses, f.sub.u, have
      a duration slightly longer than the duration of the Q pulses from the
      flip-flop 6. The positive-going edge of a Q pulse triggers the one shot
      multivibrator 11. When the one shot multivibrator 11 switches at the end
      of its quasi-stable state, the Q output terminal of the flip-flop 6 is at
      a low voltage level. The positive-going edge of the pulse from the one
      shot multivibrator 11 at this time actuates the flip-flop 16 so that a low
      level command signal is transferred through its Q output terminal to the
      PRESET terminal of the latching flip-flop 17. The positive-going edge of
      the corresponding f.sub.1 pulse from the one shot multivibrator 7 is
      applied to the clock input terminal of the flip-flop 15 when the Q output
      terminal of the flip-flop 6 is at a high level so that the flip-flop 15
      provides a high level command signal to the CLEAR terminal of the latching
      flip-flop 17. Under these conditions, the flip-flop 17 will be switched so
      that a high level signal will appear at its output terminal Q and the
      transistor 18 will be driven into conduction so as to permit normal
      operation of the load.
PAR  FIG. 3 (a) illustrates circuit conditions when the input frequency becomes
      lower than the minimum acceptable value and FIG. 3 (d) illustrates circuit
      conditions when the input frequency is between the threshold values.
PAR  Referring specifically to FIG. 3(a), under conditions wherein the input
      frequency has dropped to an unacceptable level, the Q6 output pulses will
      have durations longer than the durations of the pulses from either one
      shot multivibrator. The f.sub.1 pulses will be compared with the Q6 pulses
      in the pulse width comparator flip-flop 15. The positive-going edge of the
      f.sub.1 pulse will occur when the Q6 pulse is at a low (ZERO) level and
      this value will be transferred to the CLEAR terminal of the latching
      flip-flop 17. At the same time, the f.sub.u reference pulses from the
      multivibrator 11 will be compared with the Q6 pulses from the input
      flip-flop 6 pulses from the input flip-flop 6 in the pulse width
      comparator flip-flop 16. The positive-going portion of the f.sub.u pulses
      occur when the Q6 pulse is at a high (ONE) level so that this value will
      be transferred to the Q16 terminal and appear as a ONE level at the PRESET
      terminal of the latching flip-flop 17. Under these conditions, the Q
      output of the flip-flop 17 will be switched to a ZERO level and the
      transistor 18 will become non-conductive thus disabling the external load.
PAR  The circuit conditions that obtain when the input frequency is between the
      threshold references are illustrated in FIG. 3(b). Under these conditions,
      the pulses from the flip-flop 6 have a duration which is shorter than the
      f.sub.1 pulses but longer than the f.sub.u pulses. The positive-going
      portion of the f.sub.1 pulses occur when the Q6 pulses are at a high level
      and thus serve to drive the CLEAR input terminal of the latching flip-flop
      17 to a ONE level. Since the f.sub.u pulses are compared with the Q6
      pulses, the positive-going portions of the f.sub.u pulses also serve to
      transfer a high level signal to the output of the pulse width comparator
      flip-flop 16 and thus drive the PRESET terminal of the flip-flop 17 to a
      ONE level. Thus with the input frequency between the two threshold values,
      both the CLEAR and PRESET terminals of the flip-flop 17 are at a ONE level
      and this flip-flop will experience no change.
PAR  The action of the circuit under various operating conditions may be readily
      visualized by referring to the following truth table:
PAR  As can be seen from the foregoing table, the two reference frequencies, 390
      Herz and 385 Herz, provide a hysteresis effect which disables the load
      only when the input frequency drops below the minimum acceptable value and
      maintains this disabled condition until the input frequency again
      increases through the upper frequency reference level.
PAR  The combination of this hysteresis and the latching function provided by
      the flip-flop 17 cooperate to minimize erratic action which might
      otherwise occur because of transient conditions and jitter when the input
      frequency approached a threshold limit. The differential between the
      reference frequencies is ordinarily adjusted so that it is greater than
      the power line frequency instability.
PAR  Because the circuit uses digital techniques, it is substantially
      insensitive to ambient temperature changes and line voltage fluctuations.
PAR  It will be appreciated that although specific circuit components have been
      described, these have been mentioned by way of illustration only. A wide
      variety of circuit components for performing the same functions are
      available in the known prior art.
PAR  Furthermore, although the circuit has been described with particular
      combinations of circuit connections, it will be obvious that the circuit
      may be revised to use suitable combinations of complementary signals to
      produce the same results within the teaching of the invention.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than limitation and that changes may be made within the
      purview of the appended claims without departing from the true scope and
      spirit of the invention in its broader aspects.
CLMS
STM  We claim:
NUM  1.
PAR  1. A frequency operated switch comprising input means for providing a first
      train of rectangular pulses having durations indicative of the period of
      an alternating input signal frequency to be monitored, reference means
      synchronized by pulses in said first train for providing second and third
      trains of rectangular reference pulses, the pulses in said second train
      having durations corresponding to a lower reference frequency equal to the
      minimum acceptable input signal frequency, the pulses in said third train
      having durations corresponding to an upper reference frequency
      intermediate the nominal signal frequency and the minimum acceptable
      frequency, logic means responsive to the pulses in the three pulse trains
      for initiating a disabling signal when the duration of the pulses in said
      first train exceeds the duration of the pulses in said second train and
      for maintaining a disabling signal until the duration of the pulses in
      said third train exceed the duration of the pulses in said first train.
NUM  2.
PAR  2. The switch of claim 1 wherein the reference means includes first and
      second one-shot multivibrators for producing said second and third pulse
      trains respectively, each of said one-shot multivibrators being triggered
      by the leading edges of the pulses in said first train and having
      quasi-stable period adjusted to provide the desired pulse durations in the
      respective second and third pulse trains.
NUM  3.
PAR  3. The switch of claim 2 wherein the logic means includes bistable pulse
      width comparator means for producing a first command signal which is
      switched to a first binary value when and only when the duration of the
      pulses in said first train exceeds the duration of the pulses in said
      second train and for producing a second command signal which is switched
      to said first binary value when and only when the duration of the pulses
      in said first train becomes less than the duration of the pulses in said
      third train, said logic means further including bistable latching means
      responsive to said command signals and arranged to initiate a disabling
      signal in response to a first command signal having said first binary
      value and to terminate a disabling signal in response to a second command
      signal having said first binary value.
NUM  4.
PAR  4. A frequency operated switch for monitoring frequency deviations in an
      applied alternating input signal,
PA1  said switch including input means for producing true and complementary
      rectangular pulse trains in which the individual pulses have durations
      equal to the period of the input signal,
PA1  one-shot multivibrator means responsive to the leading edges of the pulses
      in said true pulse train, said multivibrator means being constructed and
      arranged to provide a train of lower frequency reference pulses having
      durations corresponding to a lower reference frequency equal to the
      minimum acceptable input frequency and a train of upper frequency
      reference pulses having durations corresponding to an upper reference
      frequency intermediate the nominal signal frequency and the minimum
      acceptable frequency,
PA1  logic means including first and second bistable pulse width comparator
      means and a bistable latching means,
PA1  said first and second bistable pulse width comparator means being coupled
      to receive lower and upper frequency reference pulses, respectively, from
      said one-shot multivibrator means and complementary and true pulses,
      respectively, from said input means,
PA1  said first pulse width comparator means being constructed and arranged to
      transfer the instantaneous binary value of the applied complementary pulse
      to its output terminal in response to the termination of an associated
      reference pulse,
PA1  said second pulse width comparator means being constructed and arranged to
      transfer the instantaneous binary value of an applied true pulse to its
      output terminal in response to the termination of an associated reference
      pulse,
PA1  said bistable latching means having first and second input terminals and an
      output terminal, said first and second input terminals being coupled to
      the output terminals of said first and second output comparators,
      respectively, said latching means being constructed and arranged to switch
      to a first binary state in response to a low level signal applied to said
      first input terminal and to switch to a second binary state in response to
      a low level signal applied to said second input terminal, said latching
      means further including output terminal means for coupling a voltage
      representative of the binary state of the latching means to an external
      load.
NUM  5.
PAR  5. The switch of claim 4 wherein the input means includes first flip-flop
      means arranged to switch to alternate bistable states in response to
      successive cycles of the applied output signal,
PA1  said first flip-flop means having a pair of output terminals for providing
      said true and complementary pulse trains, one of the output terminals of
      said first flip-flop means being coupled to the input of said one-shot
      multivibrator means for simultaneously initiating said upper and lower
      frequency reference pulses in response to the initiation of a true pulse
      and to an input terminal on said second pulse width comparator,
PA1  the other of said first flip-flop output terminals being connected to an
      input terminal on said first pulse width comparator means.
NUM  6.
PAR  6. The switch of claim 5 wherein each of said pulse width comparator means
      includes a flip-flop of the type having Q and Q output terminals, signal
      input terminals and a clock pulse terminal, said clock pulse terminal
      being connected to switch the flip-flop to a binary state determined by
      the instantaneous value of a signal applied to its signal input terminal
      upon the reception of a signal at its clock pulse terminal,
PA1  the clock pulse terminals of the first and second pulse width comparator
      flip-flops being coupled to receive said lower and upper reference pulse
      trains respectively.
NUM  7.
PAR  7. The switch of claim 6 wherein said bistable latching means includes a
      flip-flop of the type having clear and preset terminals constructed and
      arranged so that a low level signal applied to one of the clear or preset
      terminals will switch the flip-flop to a first or second binary state
      respectively,
PA1  said clear and preset terminals being connected to the Q terminals of said
      first and second pulse width comparators, respectively,
PA1  said latching means flip-flop further having an output terminal for
      coupling a voltage representative of the binary state of that flip-flop to
      an external load.
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ABST
PAL  A binary circuit is provided having a first and second Josephson device
      connected in series, each of the devices exhibiting a superconductive
      state and a resistive state. A first circuit is connected in parallel with
      said first device and has current flowing therein when said first device
      switches to said resistive state. A second circuit is connected in
      parallel with said second device and has current flowing therein when said
      second device switches to said resistive state. Each of these circuits has
      a common connection between the first and second Josephson devices.
      Control current means are provided associated with each of the Josephson
      devices for selectively switching said devices to said resistive state.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a binary circuit using switching devices and more
      particularly, to superconductive circuitry utilizing Josephson tunneling
      devices capable of providing a bipolar output for a unipolar input.
PAC  DESCRIPTION OF PRIOR ART
PAR  Binary circuits can be used in all kinds of apparatus requiring a switching
      function for processing binary coded data. If the switching behavior of
      the circuits is bistable, memories, shift registers, counters, etc., can
      be easily designed. If the switching behavior of the circuits is
      monostable, they reset between each input signal. These binary switching
      circuits are useful to construct logical connective circuits and are
      especially useful, in this case, to provide a bipolar output for a
      unipolar input.
PAR  The term "superconductivity" means the complete disappearance of the
      electrical resistivity of a number of metals and alloys at very low
      temperatures near absolute zero. Superconductivity occurs suddenly below a
      certain temperature. This so-called critical temperature differs from
      material to material. It is known that electrons may be driven across a
      potential barrier between two conductors separated by a thin,
      non-conducting layer. The barrier is crossed by tunneling. Hence, this
      effect is called "the tunnelling effect." When the conductors are
      superconductive, single electrons may tunnel through such areas, whereby
      they overcome a potential difference corresponding to the value of the gap
      voltage. However, besides this single electron tunnelling effect there
      exists a further super-conductive tunnelling effect involving bound
      electron pairs. In a superconductive metal, the prevailing charge carriers
      involved are electron pairs coupled with the lattice by the electron
      phonon interaction. Such electron pairs are called "Cooper pairs" after
      the scientist of that name. It has been predicted by B. D. Josephson, that
      a tunnelling effect involving Cooper pairs as carriers should occur
      between two adjacent superconductive metals separated by a sufficiently
      thin insulating layer. The insulating layer of material behaves like a
      superconductive metal in this Josephson tunnelling effect. With this kind
      of tunnelling, no potential difference is passed and, accordingly, no
      resistance is encountered by the current. The basic paper covering the
      Josephson tunnelling effect is the "Possible New Effects In
      Superconductive Tunnelling," published by B. D. Josephson in issue No. 7,
      Vol. No. 1 of the periodic Physic Letters, dated July 1, 1962 on pages 251
      through 253. Generally the Josephson element or junction consists of a
      thin oxide barrier layer between two superconductive leads. At least one
      control line is provided for controlling the switching behavior of the
      element. The superconductive Josephson elements operate at a temperature
      of a few degrees kelvin and can take two different states depending on the
      passing current. In the region below the maximum Josephson current Imax, a
      Cooper pair tunnelling current is flowing. This is called "pair
      tunnelling," and the voltage drop across the element is zero. The element
      is in the superconductive state. When the current value Imax is exceeded
      the element switches to the other state, the finite voltage state. The
      current obtained is a tunnelling current which, however, involves
      essentially single charge carriers or quasi-particles. The particle
      tunnelling process is accompanied by a voltage drop caused by the
      tunnelling current, which voltage drop corresponds to the energy gap
      voltage Vg.
PAR  In the so-called finite voltage state of a Josephson element, the leads
      remain in the superconducting state, and a particle tunnelling current
      flows across the isolating interface. In Josephson elements a very small
      voltage drop occurs, which results in very little heat dissipation. When
      the current is reduced or removed after switching into the finite voltage
      state, a hysteresis effect occurs, i.e., resetting by changing to the
      superconducting state occurs at a current value considerably below the
      value Imax. The maximum Josephson current value Imax can be influenced by
      controlling magnetic fields applied by the current passing through the
      adjacent control lines. The maximum Josephson current value at which
      switching from the no voltage or superconducting state to the finite
      voltage state occurs can be varied by the design of the Josephson device.
PAR  Since Josephson elements can take two distinguishable states, they can be
      utilized in binary circuits. In U.S. Pat. No. 3,281,609, a superconductive
      switching element utilizing tunnelling effects is described. Input
      currents to be connected are applied through a Josephson junction. If the
      current flowing through the Josephson junction overcomes the maximum
      Josephson value, the junction switches to the finite voltage state. The
      resulting output current flows through a load resistance connected in
      parallel to the Josephson junction. U.S. Pat. No. 3,626,391 is an example
      of the application of Josephson elements to a memory application. The
      binary values are represented by the direction of circulating current in
      superconducting loops. Switching the current direction and sensing the
      storage value is effected by Josephson elements.
PAR  A paper by J. Matisoo, "The Tunnelling Cryotron -- A Superconductive Logic
      Element Based on Electron Tunnelling" appears in the February 1967 issue
      of the Proceedings of the IEEE, issue No. 2, Vol. 55. This paper describes
      an application of Josephson elements as logic gates. It is concerned
      essentially with the switching behavior of a single element. It is
      suggested in one of the figures, that the current distribution in two
      branches of a superconducting loop can be controlled.
PAR  In U.S. Pat. No. 3,758,795, filed June 30, 1972 a binary logic circuit has
      been proposed which utilizes Josephson elements, whereby, a line
      terminated by its characteristic impedance is connected in parallel to a
      Josephson junction. In the superconducting state, the current flows
      essentially through the Josephson junction, but in the normal conducting
      state it flows through the parallel line. Subsequent elements can be
      controlled by the current in the line. However, this kind of a binary
      circuit is not capable of converting a binary unipolar input signal into a
      bipolar binary output.
PAR  Even with the knowledge of these superconducting Josephson tunnelling
      effects and its application to logic circuits and switching devices, it
      was not readily apparent how the Josephson tunnelling effect could be
      applied to reliable binary circuits, especially one that can convert the
      unipolar input signals into bipolar output signals. A coincident control
      pulse and timing pulse causes an output signal of one polarity, while a
      time pulse occurring alone causes an output signal of the other polarity.
PAR  Accordingly, it is the main object of the present invention to provide a
      binary circuit utilizing Josephson tunnelling devices to provide a bipolar
      output for a unipolar input.
PAR  It is another object of the present invention to provide a binary circuit
      using Josephson tunnelling devices which circuit is useful for the logical
      connection of binary coded data.
PAR  It is a further object of the present invention to provide a trigger
      circuit which can operate in response to pulses to give various outputs
      depending on design.
PAR  It is still a further object of the invention to provide Josephson
      tunnelling device circuits which can be easily fabricated using
      conventional planar technology.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A binary circuit is provided having a first and second Josephson device
      connected in series, each of the devices exhibiting a superconductive
      state and a resistive state. A first circuit is connected in parallel with
      the first Josephson device and has current flowing therein when said first
      device switches to said resistive state. A second circuit is connected in
      parallel with said second device and has current flowing therein when said
      second device switches to said resistive state. Each of these first and
      second circuits has a common connection between the first and second
      Josephson devices. Control current means are provided associated with each
      of the Josephson devices for selectively switching said devices to said
      resistive state.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a superconductive binary circuit of
      the invention utilizing Josephson tunneling devices;
PAR  FIG. 2 is a graph showing the gate current Ig versus the input current IIN
      for both Josephson junctions shown in FIG. 1;
PAR  FIG. 3 is a pulse diagram showing the input pulses and output pulses
      obtained in FIG. 1;
PAR  FIG. 4 is a schematic illustration of a superconductive binary circuit
      utilizing Josephson tunnelling devices having the Josephson devices
      connected serially in the reversed order;
PAR  FIG. 5 is a graph showing the plot of gate current Ig versus voltage Vg;
      and
PAR  FIG. 6 is a diagram illustrating the structure of the circuit shown
      schematically in FIGS. 1 and 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows schematically the essential elements of the basic binary
      circuit of the invention. The superconductive circuit consists of a first
      and second Josephson device 10 and 12 connected in series. Each of the
      Josephson devices has a resistive circuit 14 and 16 connected therewith in
      parallel, respectively. It should be noted, that each of the parallel
      circuits 14 and 16 have a common connection 18 to the circuit between the
      Josephson junctions 10 and 12. In this case, the connection is made by a
      common line 20 of the two parallel circuits 14, 16. The circuit lines
      themselves are superconductive strip lines which are insulated from a
      superconductor ground plane 22 by insulation 24. The input to or control
      of the circuit is in the form of a superconductive stripline 26 which is
      arranged to pass in close proximity to the Josephson junctions J1 and J2
      so as to electromagnetically effect the junction when a signal is carried
      thereby. It should be noted, that this input line 26 allows the input
      signals to pass in one direction across junction 10 and the other
      direction across the junction 12. The control line 26 does not have to be
      a continuous single line, as shown, but can be separately synchronized
      input lines, for each Josephson device. The gate current Ig for the
      Josephson series-connected devices is supplied by a current pulse source
      IS. The current carried by the control line 26 affects the Josephson
      device over which it passes by controlling the critical current at which
      the Josephson device switches from its no voltage to its finite voltage
      state. The control line 26 is not limited to a single line but can consist
      of several lines passing over the Josephson junction or junctions. The
      effect is the result of the combination of the several lines. These input
      lines can be combined and only a single control line allowed to pass over
      the Josephson junction with a signal thereon which is a combination of the
      signals of each of the plurality of separate lines. As can be seen in FIG.
      1, the Josephson devices themselves are of different sizes. This is
      represented by the larger size junction 12 being of a darker
      representation than the junction 10. The different sizes provide Josephson
      devices having different critical current switching values giving the
      Josephson junction different switching points. It is possible that this
      same condition could be obtained by additional controlling currents, which
      could act on a single one or both of the Josephson elements. Probably the
      easiest way of obtaining Josephson junctions of different characteristics
      is to build it into the design. This can be done by utilizing Josephson
      junctions of different areas.
PAR  Before proceeding to the operation of the circuit, the operation of a
      Josephson device or junction will be reviewed in connection with FIG. 5.
      This is a plot of Josephson junction gate current Ig through a Josephson
      tunnel junction plotted as a function of the voltage Vg across the
      junction. The plot shows the conventional curve denoting pair tunnelling
      through the junction in the zero voltage state and single particle
      tunnelling through the junction in the finite voltage state. That is,
      current up to a magnitude of Ig1 will flow through the junction in its
      zero voltage state. When current Ig through the junction exceeds this
      critical or maximum value Ig1, the junction will rapidly switch to a
      finite voltage state at which time the voltage across the junction will be
      the band gap voltage. This switching is denoted by dashed line L1 in FIG.
      5. When current to the junction is decreased to a value less than Ig1, the
      voltage across the junction will follow the curve indicated by A and B
      back to the zero voltage state. Assume that the junction is in its zero
      voltage state and a current Ig equal to Ig1 flows through the device. If a
      sufficient magnetic field now couples to the junction through the control
      line such that the critical current value Ig1 falls to a value less than
      Ig, tunnel device J1 will immediately switch to a finite voltage state. If
      the current Ig is lowered such that it is less than Ig1, the tunnelling
      device will switch back to its zero voltage state.
PAR  The binary circuits of the present invention are built based on the
      characteristics of the Josephson devices. More particularly, the circuits
      depend on the switching ability of the Josephson tunnelling devices
      between the zero voltage state and the finite voltage state.
PAR  Referring now to FIG. 2, there is shown a graph plotting the current Ig
      versus the input current IIN applied to the Josephson junctions of the
      circuit of FIG. 1. The current gain characteristics of the Josephson
      junctions J1 and J2 are plotted. The current gain characteristic of
      junction J1 is shown increasing with an increase of current IIN, where IIN
      is plotted as the abscissa and Ig as the ordinate in the graph. Similarly,
      J2 is shown plotted on the graph as increasing in current Ig with a
      decrease in the input current IIN. Thus, the slopes of junction J1 and J2
      are approximately opposite because of the opposite reaction thereto with
      respect to the opposite direction of IIN on the control line 26. It should
      also be noted, that the current gain characteristics of the two junctions
      are different due to the differing characteristics built into the devices
      such as difference of area of J2 with respect to J1. It can be seen, that
      with a gate current Ig1 from the current pulse source Is,  and with no
      input current IIN, that the current value Ig1 is above the critical
      current value designated as Imax1 at which switching takes place for
      junction J1. Therefore, junction J1 is switched. Similarly, the current
      Ig1 is less than Imax2 for junction J2 and, accordingly, is below the gain
      characteristic curve for J2 which indicates that the junction J2 is not
      switched. The switched junction J1 is operating in the finite voltage
      state and the non-switched junction J2 is operating in the zero voltage
      state. Referring to FIG. 1, it can be seen that junction J1, if it is in
      the switched condition, has a finite voltage and, accordingly, current IL1
      will flow through the branch circuit 14 which includes resistor 15. The
      current IB2 flowing through line 20 will serve as the output of the
      circuit and is shown as the positive pulse 30 in the bottom line of FIG.
      3.
PAR  The situation where the input current IIN is applied as a positive current
      pulse concurrent with the gate pulse Ig, as shown in FIG. 3, the operating
      point P2 moves to P1 as shown in FIG. 2. With the simultaneous application
      of the input current IIN on the control line and the gate current Ig2, the
      critical current value Imax2 of J2 is exceeded causing it to switch into
      its finite voltage state. Similarly the critical current value Imax1 of
      junction J1 is not reached so that this junction remains in its zero
      voltage state. Accordingly, current IL2 flows in parallel circuit 16. In
      this condition, the current, when measured in line 20 will be flowing
      essentially in the opposite direction to the current flow in the
      above-discussed condition and, accordingly, a negative current pulse 32,
      shown in FIG. 3, results. In other words, there will be no current IL1 in
      the first parallel circuit since junction J1 is in its zero voltage state
      and, accordingly, is non-resistive. The gate current Ig will pass through
      junction J1 and will pass along line 20 since junction 12 is in its finite
      voltage state and presents a resistance to the flow of current. Current
      IL2 in the middle leg 20 of the two parallel circuits 14 and 16 is
      considered to be flowing in the negative direction and, accordingly, can
      be seen as the negative pulse 32 in IB2 of FIG. 3. By designing the two
      Josephson junctions J1 and J2 as shown in FIG. 2, the direction of the
      current IB2 in branch 20 can be controlled. If IIN is zero, J1 will switch
      but J2 will not. If IIN is equal to Ii, then J2 switches, but not J1. The
      appropriate timing of the circuits is shown in FIG. 3. The desired output
      is the current IB2 in the common middle branch 20. It should be noted that
      ##EQU1##
PAR  Also, it should be noted that
      ##EQU2##
      where Vg = the gap voltage of the respective Josephson junction. The
      output current from IB2 can now drive other circuitry.
PAR  FIG. 4 shows the same circuit as FIG. 1 except that the Josephson devices
      J1 and J2 are reversed in characteristics. Thus, a junction J1 has the
      current gain characteristic shown in FIG. 2 for J2. Similarly, junction J2
      in FIG. 4 has the same characteristics as J1 shown in FIG. 2. When only
      the gate current pulse Ig is applied to the series-connected Josephson
      junctions J1 and J2 and no effective input control signal is present,
      Josephson gate J1 is in the superconducting state and Josephson gate J2 is
      in the finite voltage state. Thus, a current IL2 is developed in the
      second parallel circuit 16 which proceeds, in line 20, toward resistor 17,
      which is the direction selected to be negative. If the circuit has an
      effective input signal IIN applied to the control line 26, Josephson gate
      J1 switches to the finite voltage state, and Josephson gate J2 switches to
      the zero voltage state. In this situation, a current IL1 is developed in
      circuit 14 which proceeds in what has been selected as the positive
      direction in line 20 providing a positive output.
PAR  FIG. 6 shows an example of how the circuit according to FIGS. 1 and 4 can
      be built utilizing integrated technology. Common parts are designated with
      the same reference characters. The circuit is arranged on a
      superconductive base plate or a ground plane 22 (not shown in FIG. 6).
      This ground plane may be of Niobium having a first isolating layer, for
      example, of Niobium oxide. Metal strip patterns are produced forming the
      superconductive leads and the electrodes of the Josephson junctions. These
      consist of the superconductive stripline extending from the current pulse
      source IS to the Josephson junction J1 as well as the lead extending to
      the upper end of the resistor 15. In the same metallization, the return
      stripline from the bottom of resistor 17 in the second parallel circuit 16
      and the portion forming the bottom electrode of junction J2 and extending
      to the pulse source IS is formed. These metallizations may consist, for
      example, of lead alloys. The closely hatched areas of the drawing
      represent the oxide layers forming the insulator barriers for the
      junctions J1 and J2. A further metallization is utilized to complete the
      upper electrodes of the junctions and the circuitry connecting therefrom.
      For example, the inverted L-shaped part 27 and the tuning fork part 29
      which extends to the resistors 15 and 17 are formed. In another step of
      the fabrication process the resistances 15 and 17 are evaporated from
      suitable materials. These superconductive striplines introduce inductance
      into the circuit. An isolating layer (not shown) covers the circuit, for
      example, silicon oxide. The control lines 34, 35 are then produced on top
      of the isolating layer.
PAR  FIG. 6 shows two control lines 34 and 35 rather than the one control line
      26 as shown in FIGS. 1 and 4. Actually the number of control lines is
      limited only by the size of the junction which it overlays. It will be
      appreciated that the control lines can be combined into one so that the
      current inputs on the separate lines are combined in the single control
      line. Referring to the control lines in FIG. 6, it can be seen that they
      act in an opposite sense with respect to Josephson gates J1 and J2. For
      example, in the circuit of FIG. 1 the current in control line 26 is
      flowing parallel to the direction of the current through the Josephson
      junction J1 and in the opposite direction. However, the current direction
      is inverted in the control line of the Josephson gate J2 so that the
      current IIN flows parallel to the Josephson junction J2 but, in the same
      direction to the gate current Ig. In a practical design a control line
      forming loops is avoided, since a larger number of fabrication steps would
      be necessary to isolate the overlapping portions of the control lines.
      Instead, the part of the circuitry forming the upper electrode of the
      Josephson junctions J1 and the upper electrode of junction J2 is made in
      an inverted L-shape with the junction J1 at one end and the junction J2 at
      the other end. It can be seen from FIG. 6, that the control lines 34 and
      35 cross over junction J1 in one direction and cross over junction J2 in
      the opposite direction because of the inversion of the junction J2 by the
      inverted L-shaped piece.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various changes in form and detail may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A binary circuit for converting unipolar coded data signals to bipolar
      data signals comprising:
PA1  a first and second Josephson element having a zero voltage state and a
      resistive state connected in series in the circuit;
PA1  a first resistive circuit connected in parallel with said first Josephson
      element and having current flowing therein when said first Josephson
      element switches to said resistive state;
PA1  a second resistive circuit connected in parallel with said second Josephson
      element and having current flowing therein when said second Josephson
      element switches to said resistive state;
PA1  said first and second resistive circuits having a common connection between
      said first and second Josephson elements;
PA1  control means for selectively switching said first and second Josephson
      elements to said resistive state; and
PA1  said control means includes a current carrying conductor which is parallel
      to said first and second Josephson elements, the current through which
      flows in the same direction as current flowing through one of said first
      and second Josephson elements and flows in the opposite direction with
      respect to current flowing through the other of said first and second
      Josephson elements to produce opposite effects on said first and second
      Josephson elements.
NUM  2.
PAR  2. A binary circuit according to claim 1, further including means for
      supplying electrical current to said Josephson elements.
NUM  3.
PAR  3. A binary circuit according to claim 1, wherein said control means is
      common to said first and second Josephson elements.
NUM  4.
PAR  4. A binary circuit according to claim 1, wherein said control means
      includes means for simultaneously placing one of said first and second
      Josephson elements in said resistive state and the other in said
      superconducting state.
NUM  5.
PAR  5. A binary circuit according to claim 1, wherein said first and second
      Josephson elements exhibit different gain characteristics.
NUM  6.
PAR  6. A binary circuit according to claim 2, wherein said means for supplying
      electrical current to said Josephson elements is a pulse source.
NUM  7.
PAR  7. A binary circuit according to claim 5, wherein said different gain
      characteristics are achieved by providing different physical sizes of said
      first and second Josephson elements.
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ABST
PAL  A monostable trigger arrangement comprises a monostable trigger stage
      controlled by a switch unit which is triggered by a control pulse to
      release a pulse from the monostable trigger stage and is returned to its
      untriggered state by an erase signal.
BSUM
PAC  BACKGROUND OF THE INVENTION are
PAR  The invention relates to a monostable trigger arrangement.
PAR  The invention is based on the knowledge that in the case of a monostable
      trigger stage, it can occur that more pulses than foreseen are released as
      a result of disturbing pulses which are caused for example by potential
      fluctuations. This is not acceptable for many purposes. Thus for example,
      in the transformation of the output pulses of a phase segment control with
      pulse repeaters per half wave of the mains frequency, only one output
      pulse may be produced, since pulse repeaters can no longer be
      demagnetized, if a supersaturation occurs as a result of the double pulse
      formation.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a monostable trigger stage
      which with disturbing pulses does not release any undesired pulses.
PAR  According to a first aspect of the invention, there is provided a
      monostable trigger stage, characterized in that a switch unit is provided
      which is triggered by a controlling pulse and in so doing releases an
      output pulse of the trigger stage, in that the triggered stage of the
      switch unit persists up to the arrival of an erase or reset signal, and in
      that the triggered switch unit merely responds to the erase signal, which
      returns the switch unit again to the untriggered state.
PAR  According to a second aspect of the invention, there is provided a
      monostable trigger arrangement comprising a monostable trigger stage for
      producing output pulses, a switch unit connected in front of the
      monostable trigger stage for controlling said monostable trigger stage and
      means for applying a control pulse to the switch unit to trigger said
      switch unit and release a pulse from the monostable trigger stage and for
      applying an erase signal to the switch unit for returning the switch unit
      to its untriggered state.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will now be described by way of example, with reference to
      the drawings wherein:
PAR  FIG. 1 is a circuit diagram of one embodiment of the invention; and
PAR  FIG. 2 shows the waveforms at the input, at the output and at various
      locations of the circuit of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Basically, the invention proposes that a switch unit be provided which is
      triggered by a control pulse, in so doing, an output pulse of the trigger
      stage is released, which switch unit persists in the triggered state up to
      the arrival of an erase signal and in the triggered state merely responds
      to the erase signal, which returns the switch unit again into the
      untriggered state.
PAR  The switch unit has for example a thyristor which is brought into the
      conductive state by the controlling pulse and back into the blocking state
      by the erase signal. As a result of an appropriate circuit in conjunction
      with the thyristor, the switch unit is prevented from responding to
      undesired pulses. For as long as the thyristor is in the conducting state
      no disturbing pulse can release a pulse from the monostable trigger stage.
      Only if the thyristor is transferred by a certain erase signal from the
      conducting state into the blocking state, can the monostable trigger stage
      respond to a pulse. Thus for example if it is to be achieved that during
      one period of a pulse controlling the monostable trigger stage, no
      disturbing pulse releases an undesired pulse of the monostable trigger
      stage, then care is taken that, as a result of the control pulse releasing
      the monostable trigger stage, the thyristor, connected in front, is
      brought from the blocking into the conducting state which is maintained
      until the arrival of the erase signal at the end of the period. If the
      switch unit is so constructed in conjunction with the monostable trigger
      stage that disturbing pulses, in the conducting state of the thyristor,
      cannot reach the monostable trigger stage or actuate the latter, then
      obviously the monostable trigger stage only emits one pulse during the
      period in question, which pulse is released in the desired manner by a
      control pulse, while disturbing pulses do not have any effect during this
      period due to the conducting state of the thyristor and thus cannot
      release any further undesired pulse of the monostable trigger stage. For
      example, a bistable trigger stage can be provided instead of a thyristor
      as the store element.
PAR  Referring now to the drawings, FIG. 1 shows a monostable trigger stage 1
      and a switch unit 2 connected in front thereof in accordance with the
      invention, which switch unit can also be referred to as a store circuit on
      account of its storing properties.
PAR  A thyristor 3, which is provided as the store and switch element, forms the
      most important part of the switch unit 2. The store unit 2 is controlled
      by a control pulse which is fed between the gate or trigger electrode 4 of
      the thyristor and the ground point 5 of the switch unit. A control pulse
      arriving at the gate electrode 4 acts, in the blocked state of the
      thyristor, such that the thyristor is first switched through, i.e. is
      brought into the conducting state from the blocking state. If the
      thyristor 3 is switched through, then the point 6 of the circuit receives
      approximately the potential of the gate electrode 4 (approximately 1V
      below that) and the point 7 of a voltage divider comprising resistances 8
      and 9 receives such a potential that the transistor 10 becomes conductive.
      If the operating voltage between point 11 and the ground point 5 is for
      example 15V, then a resistance value of 10 KOhm is recommended for the
      resistance 8, a resistance value of 4.7 KOhm for the resistance 9 and a
      resistance value of 15 KOhm for the resistance 21. The resistance 21 has
      the task, after application of the erase signal at gate 4, of providing a
      rapid switch-off of the thyristor 3. The diode 12 takes care that the
      thyristor blocks safely. The diode 12 is so connected in the circuit that
      the current flow through the diode 12 is cut off by a voltage at point 4
      which corresponds to the potential of point 11 (erase signal).
PAR  If the thyristor is switched through by the control pulse and also the
      emitter-collector path of the transistor 10 is made conductive, the
      monostable trigger stage 1 produces a pulse as required. This pulse occurs
      in that, as a result of the switch operation of the transistor 10, the
      plate or coating of the capacitance 16 leading to the diode 18 assumes a
      negative voltage. The transistor 19 controlled previously by means of the
      resistance 17 and the diode 18 is in this way blocked and the collector
      potential of the transistor 19 assumes the potential of the point 11.
PAR  The time for the blocking phase of the transistor 19 is determined by the
      discharge time of the capacitance 16 through the resistance 17. The
      blocking phase of the transistor 19 is the output pulse time of the
      monostable trigger stage 1, the signal of which can be taken off at the
      collector of the transistor 19.
PAR  The output pulse can only arise in the monostable trigger stage 1 if,
      during the time duration of the erase signal applied to gate 4, point 13
      is at a positive potential, preferably at the potential of point 11 and
      thus the capacitor 16 determining the pulse time charges up to almost the
      potential of the point 11.
PAR  The diode 14 has the task of seeing that no premature discharge through the
      resistance 15 takes place at the termination of the charging operation of
      the capacitance 16 by the application of a voltage at the potential of
      point 5. The diode 14 in this case is in the blocked state. The diode 18
      prevents the breakthrough of the base-emitter characteristic of the
      transistor 19 for the case in which the plate or coating of the
      capacitance facing the diode 18 assumes a negative potential.
PAR  If the operational voltage between the point 11 and the ground point
      amounts to, for example, 15V, then a resistance value of 680 Ohm is
      recommended for the resistance 15, for example, and a resistance value of
      8.2 KOhm is recommended for the resistance 20, for example.
PAR  If the output pulse time of the monostable trigger stage 1 amounts to, for
      example, 1.5 ms, then, for example, a capacitance value of 47 nF is
      recommended for the capacitance 16 and a resistance value of 50 KOhm is
      recommended for the resistance 17.
PAR  The operation of the circuit of FIG. 1 will now again be briefly described
      with reference to FIG. 2. With the thyristor 3 in its conductive state,
      the application of an erase or reset signal 21 (FIG. 2b) to the gate 4 of
      thyristor 3 will switch the thyristor 3 back to its non-conducting state
      and the switch unit 2 to its untriggered state. At the same time, a
      charging signal 22 (FIG. 2a) applied to the point or terminal 13 causes
      the capacitor 16 to be charged via resistor 15 in order to enable the
      monostable trigger stage 1 to produce an output pulse.
PAR  A control pulse 23 (FIG. 2b) subsequently applied to the gate 4 switches
      the thyristor 3 to its conductive state which is maintained until the
      application of another erase or reset pulse to the gate 4, as indicated by
      the rise in the voltage at point 6 (FIG. 2c). The rise in the voltage at
      point 6 causes the transistor 10 to become conductive and its collector
      voltage to drop (FIG. 2d). This causes the plate of the capacitor 16
      connected to the diode 18 to assume a negative voltage (FIG. 2e) which
      blocks the previously conductive transistor 19, resulting in the desired
      output pulse (FIG. 2f) at its collector.
PAR  As long as the thyristor 3 is in the conductive state, any further control
      signals, e.g. signals 24, 25 of FIG. 2b, are ineffective and will not lead
      to the generation of an output pulse at the collector of transistor 19.
      Only upon the occurrence of a further erase or reset pulse 26 at gate 4
      (FIG. 2b) and a charging pulse 27 at point 13 (FIG. 2a) will the circuit
      of FIG. 1 be able to respond to a subsequent control pulse to produce a
      further output pulse at the collector of transistor 19.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications changes and adaptations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A monostable trigger arrangement comprising: a monostable trigger stage
      for producing an output pulse; a bistable switching circuit means having
      its output connected to said monostable trigger stage, and responsive to a
      control pulse for switching said bistable switching circuit means from an
      untriggered state to a triggered state and to an erase pulse for switching
      same from said triggered state back to said untriggered state, for
      controlling said monostable trigger stage to release an output pulse only
      when said switching circuit means is switched to said triggered state,
      said bistable switching circuit means including a thyristor connected
      across a pair of voltage supply terminals and having a single gate
      electrode for receipt of said control and said erase pulses, said
      thyristor being rendered conductive, and thus switched to said triggered
      state, in response to a control pulse applied to said gate electrode, and
      being rendered nonconductive, and thus switched back to the untriggered
      state, in response to an erase pulse applied to said gate electrode.
NUM  2.
PAR  2. A monostable trigger arrangement as defined in claim 1, wherein said
      erase signal is fed to said gate electrode at a certain time point of the
      period of said control pulse.
NUM  3.
PAR  3. A monostable trigger arrangement as defined in claim 2, wherein said
      erase signal is fed to said gate electrode at the end of a period of said
      controlling pulse.
NUM  4.
PAR  4. A monostable trigger arrangement as defined in claim 1 wherein said
      switching circuit means further includes a voltage divider connected in
      series with said thyristor between said voltage supply terminals, and
      wherein said monostable trigger stage includes a first transistor having
      its base connected to the output of said voltage divider and controlled by
      the output voltage of same so that said first transistor will be rendered
      conductive when said thyristor is in the conductive state.
NUM  5.
PAR  5. A monostable trigger arrangement as defined in claim 4 wherein said
      first transistor has its base-emitter path connected between said output
      of said voltage divider and one of said pair of voltage supply terminals
      and its collector connected to an input terminal for a source of pulsed
      charging voltage; and wherein said monostable trigger stage further
      includes a second transistor having its emitter collector path connected
      between said pair of voltage supply terminals, circuit means connected to
      the base of said second transistor for normally biasing same into the
      blocking state, and a capacitor connected between the collector of said
      first transistor and the base of said second transistor.
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ABST
PAL  This relates to a circuit for use in a car interlock and permits restarting
      of the motor for about three minutes after the unfastening of the safety
      belt. The circuit contains a difference amplifier, a first input switching
      the supply voltage of a capacitor charging circuit and a second input
      directly switching the charging circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a monolithic integrable circuit having a
      delayed starting storage behavior due to a first input signal, and having
      a substantially longer delayed stoppage of the storage behavior due to a
      second input signal. The two switching time delays are effected with the
      aid of the constantcurrent charging and the free discharging of a parallel
      RC-circuit.
PAR  Such a circuit may be used, for example, as a time switch with a
      switch-back time delay in the order of minutes, or as a storage circuit
      having a storage time in the order of minutes. The problem of providing
      such a circuit arises, for example, in cases where a safety-belt and
      seat-controlled start blocking system in motor cars requires, on one hand,
      that the starter, independently of the safety-belt seat-controlled
      blocking, can be re-actuated within a period of a few minutes if the motor
      has previously been running for at least a short period of time, after
      which the ignition has been switched off and the driver's seat is no
      longer occupied, and, on the other hand, in cases where the starter is
      again to be connected to the start blocking system after the lapse of the
      aforementioned period of a few minutes. In this way it is possible for the
      driver, for example, in front of the garage, to switch off the ignition,
      to open the garage door, to get into the car again and to drive the car
      into the garage without having to fasten the seat belt.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a time-switch circuit
      having a switch-back time delay in the order of a few minutes.
PAR  According to a broad aspect of the invention, there is provided a circuit
      having a delayed starting storage behavior in response to a first input
      signal and having a substantially longer delayed stoppage of said storage
      behavior in response to a second input signal, comprising: means for
      receiving a supply voltage; an RC parallel circuit having one end coupled
      to the zero point of the circuit; a first diode; a first current mirror
      circuit having first and second current outputs, said first output coupled
      to said first diode for charging said RC-circuit; a second diode; a first
      transistor having a base for receiving said second input signal, an
      emitter coupled to the zero point of the circuit via said second diode,
      and a collector coupled to said first current mirror circuit for switching
      on and off said second current output; a source of a fixed predetermined
      voltage; a differential amplifier having a first input coupled to said
      RC-circuit and a second input coupled to said source; a second current
      mirror circuit coupled between the zero point of the circuit and said
      differential amplifier; a third current mirror circuit coupled between
      said means for receiving and said differential amplifier; a second
      transistor having a base coupled to said third current mirror circuit and
      to said differential amplifier, a collector coupled to the collector of
      said first transistor, and an emitter for serving as a first output; a
      third transistor having an emitter coupled to the zero point of the
      circuit, a collector coupled to said means for receiving, and a base for
      receiving said first input signal; and a fourth transistor having an
      emitter coupled to said means for receiving, a base coupled to the
      collector of said third transistor and a collector coupled to said first
      current mirror circuit.
PAR  The above and other objects of the present invention will be more clearly
      understood from the following detailed description taken in conjunction
      with the accompanying drawings, in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a first embodiment of the inventive
      circuit;
PAR  FIG. 2 shows pulse diagrams for explaining the mode of operation of the
      example of embodiment according to FIG. 1;
PAR  FIG. 3 is a schematic diagram of a second embodiment of the inventive
      circuit; and
PAR  FIG. 4 shows pulse diagrams for explaining the mode of operation of the
      example of embodiment according to FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A first embodiment of the invention as shown in FIG. 1 substantially
      consists of the parallel RC-circuit R, C, of the differential amplifier
      containing the transistors T2, T3, and of the current mirror circuit
      enabling the charging of the capacitor C and comprising the double
      collector transistor T9 and the resistors R3, R4. As a current mirror
      circuit there is used the two-transistor circuit known from the journal
      "Funktechnik," 1973, pp. 313 and 314, with the aid of which it is possible
      to generate a second current which is either equal to or in proportion to
      a first current. This current mirror circuit consists of two transistors
      whose base-emitter paths are connected in parallel with one another while
      the collector of the one transistor is connected to both base electrodes
      directly. This has been realized, as shown in FIG. 1, by means of the
      double-collector transistor T9. For adjusting the two currents there is
      used a resistor arranged in the collector lead-in conductor of that
      particular transistor whose collector is connected to the base electrodes.
      In FIG. 1, this is the resistor R4. In addition thereto, the resistor R3
      is provided for in FIG. 1, connecting the base of transistor T9 to the
      emitter thereof.
PAR  The collector of transistor T9 which is not connected to the base, serves
      to supply the parallel RC-circuit with current via the diode D1 operated
      in the forward direction, i.e., this collector is connected via the
      forward diode D1 to the junction of capacitor C and the resistor R. The
      second junction is coupled to the zero point of the circuit.
PAR  The terminal of resistor R4 which is not connected to the base of
      transistor T9, is connected to the second input signal terminal E2, via
      the transistor T4, i.e. the aforementioned terminal of the resistor R4 is
      applied to the collector of this transistor while the base thereof serves
      as the input, with the emitter thereof being connected to the zero point
      of the circuit via the diode D2 which is operated in the forward
      direction. Transistor T4 is of the npn-conductivity type, hence this
      transistor is complementary to the transistor T9 which is of the
      pnp-conductivity type.
PAR  The input E1 for the first input signal is applied to the base of a
      transistor, i.e. to the base of transistor T10 whose emitter is connected
      to the zero point of the circuit, and whose collector is coupled to the
      positive voltage-conducting pole of the source of supply voltage U.sub.B
      through resistors R2 and R1. The common connecting point of the two
      resistors R1 and R2 is coupled to the base of transistor T1 which is of
      the same conductivity type as the transistor T9, hence of the
      pnp-conductivity type, with the emitter thereof coupled to the positive
      voltage-conducting pole of the source of supply voltage U.sub.B.
PAR  The current mirror circuit is connected at the collector of transistor T1
      to the emitter of the double collector transistor T9 and the resistor R3,
      so that in the manner according to the invention, the current mirror
      circuit is acted upon by the input signal E1 with the switched supply
      voltage U'.sub.B. Accordingly, in the current mirror circuit a current can
      only flow, on one hand, when the input signal E1 causes the transistor T10
      to be rendered conductive and, on the other hand, when the input signal E2
      causes the transistor T4 to be rendered conductive.
PAR  The differential amplifier containing the transistors T2 T3 which are
      likewise of the pnp-conductivity type, comprises in its common emitter
      circuit the current mirror circuit consisting of the further
      pnp-transistors T11 and T12 and of the resistors R5 and R6, so that the
      current mirror circuit acts as a high dynamic emitter resistance. This
      current mirror circuit, together with the emitters of the two transistors
      T11 and T12, is applied to the positive voltage-conducting pole of the
      source of supply voltage U.sub.B.
PAR  The resistor R5 which is connected with its one terminal to the collector
      and the base of the transistor T12, is applied with its other terminal to
      the base of the differential transistor amplifier T3 and to the resistor
      R6, while the other terminal thereof is connected to the zero point of the
      circuit. Accordingly, the base of transistor T3 is applied to the fixed
      potential U.sub.s which may be adjusted by correspondingly selecting the
      resistance values of the resistors R5 and R6. As the collector resistances
      of the differential amplifier there is used a third current mirror circuit
      including the transistors T7 and T8 which are of the npn-conductivity
      type.
PAR  The base of transistor T5 is connected to the collector of transistor T3,
      hence to the collector of that particular transistor whose base is applied
      to the common connecting point of the resistors R5 and R6. The transistor
      T5 is complementary to the differential transistor amplifiers T2 and T3.
      The collector of transistor T5 is applied to the collector of transistor
      T4 while its emitter serves as the output A1. It is also possible,
      however, as is shown in FIG. 1, to control the base of the further
      npn-transistor T6 from the emitter of transistor T5, with the emitter of
      transistor T6 being applied to the zero point of the circuit and with the
      collector thereof serving as the output A2. To this output there may be
      connected, for example, the control winding of a relay whose other
      terminal is applied to the positive voltage-conducting pole of the source
      of supply voltage U.sub.B.
PAR  The mode of operation of the embodiment shown in FIG. 1 will now be
      explained in greater detail with reference to the pulse diagrams shown in
      FIG. 2. It is assumed that the first input signal E1 which is applied to
      the base of transistor T10, actually exists and causes this transistor to
      be rendered conductive. This causes the transistor T1 to be rendered
      conductive and, consequently, provides the supply voltage U'.sub.B for the
      current mirror circuit. This is shown in FIG. 2a. In a practical
      application of the circuit according to the invention in a safety belt
      seat-controlled start-blocking system of a motorcar, it is possible to use
      as the input signal E1, the signal for the occupied driver's seat or the
      turned on ignition, with both of these signals also being capable of being
      applied via an OR-configuration. This would require a further transistor
      to be connected in parallel with the collecor-emitter path of transistor
      T10, to the base of which there will then be applied the other one of
      these input signals.
PAR  The input signal shown in FIG. 2b will appear at the second input E2 in the
      time position t.sub.o, causing the transistor T4 to be rendered
      conductive, so that the series-connected resistors R3 and R4 will be
      connected to the zero point of the circuit via the diode D2, thus causing
      a current to flow in the current mirror circuit. This initiates the
      charging of the capacitor C, as may be taken from the showing of FIG. 2c.
      In the aforementioned practical application of the invention for serving
      as a start blocking system in a motorcar, there is used as a second input
      signal a signal providing information concerning the running motor. For
      example, an electrical signal may be derived from the oil pressure switch.
PAR  If now, as shown in FIG. 2b, the second input signal is switched off before
      the capacitor voltage U.sub.C has reached the threshold voltage value
      U.sub.s as adjusted with the aid of the voltage divider R5 and R6, the
      capacitor C is discharged across the resistor R in accordance with the
      known exponential function.
PAR  Supposing now that the second input signal is re-applied at the time
      position t'.sub.o, and for the time until the capacitor voltage U.sub.C
      reaches the threshold voltage U.sub.s. At this moment the differential
      amplifier reaches its operating range, so that the hitherto blocked
      transistor T5 and, consequently, also its subsequently arranged transistor
      T6 become conductive. The input signal E2 may now be switched off at any
      desired time position without causing the capacitor to be discharged
      again. In fact, charging of the capacitor C is continued until reaching
      the maximum possible capacitor voltage U.sub.Cmax.
PAR  In FIG. 2, the time position of exceeding the threshold voltage U.sub.s is
      indicated by t'.sub.1 while the time position of switching off the second
      input signal is indicated by t".sub.1. The free selection of disconnecting
      the input signal E2 is indicated in FIG. 2b by the double arrow.
PAR  When the transistor T5 is rendered conductive upon exceeding the threshold
      voltage U.sub.s the emitter current I.sub.A1 rises suddenly as shown in
      FIG. 2D.
PAR  The described state is maintained until the first input signal E1 is
      switched off. Here again two cases are possible. In the first case it is
      assumed that the first input signal is switched off at the time position
      t.sub.2, thus initiating the free discharge of capacitor C across the
      resistor R. It is assumed, however, that at a time position t.sub.3, the
      first input signal is switched on again, at which time the capacitor
      voltage U.sub.C has not yet again reached the threshold voltage U.sub.s.
      In this case, charging of the capacitor is restarted because the
      differential amplifier again causes the transistor T5 to be rendered
      conductive. Within the active range of a differential amplifier the output
      voltages move between their final values, i.e. this is the zone in which
      the current changes from one side of the differential amplifier to the
      other. Referred to the inputs, the active range in the invention has a
      width of about 50 mV.
PAR  With respect to the second possible case it is assumed that the first input
      signal is switched off at the time position t.sub.2 ', by which there is
      again initiated the free discharge of the capacitor C. The discharge
      continues until time position t.sub.3 ' at which time the capacitor
      voltage U.sub.C is below the value of the threshold voltage U.sub.s. On
      account of this, and at the time position t.sub.4 the current of the
      differential amplifier is switched over to the other side causing the
      transisor T5 to be rendered non-conductive so that in FIG. 2d the emitter
      current of transistor T5 will again drop back to zero.
PAR  The input signal E1, after having fallen below the switching threshold, has
      no influence any more, so that after t.sub.4 the time positions t.sub.3
      for the repeated switching on, and t.sub.3 " for the following switching
      off are again variable which is indicated by the double arrows.
PAR  Accordingly, the circuit of FIG. 1 has a turn-on time delay t.sub.1 '  -
      t.sub.o " which is required to lapse before the storage behavior starts,
      and a turn-off time delay t.sub.4 -  t.sub.2 ' which is required to lapse
      before the storage behavior ceases. It is to be emphasized that the
      turn-on and turn-off processes shown as a function of time in FIG. 2 are
      not exactly to scale, in particular the charging is effected very rapidly
      so that the turn-on time delay t.sub.1 ' - t.sub.0 ' is substantially
      shorter than the turn-off time delay t.sub.4 - t.sub.2 '. In a practical
      embodiment of the circuit serving the aforementioned start blocking of a
      motorcar, the turn-on time delay amounted to several seconds, and the
      turn-off time delay lasted a few minutes.
PAR  FIG. 3 shows a second embodiment of the invention having a storage
      behavior. This circuit differs from the embodiment shown in FIG. 1, in
      that now the current mirror circuit as arranged in the emitter circuit of
      the differential amplifier and including the transistors T11 and T12, is
      connectted to a supply voltage provided by the first input signal, namely
      to the supply voltage U.sub.B ", and that the emitter of transistor T4
      which is associated with the second input E2 is no longer connected to the
      zero point of the circuit via the second forward diode D2, but is directly
      connected to the emitter of transistor T5.
PAR  Although the foregoing has no effect upon the storage behavior of the
      circuit compared to that of the arrangement shown in FIG. 1, the curve of
      the output signal has a different shape as a function of time because the
      output signal, hence the current I.sub.A1 as shown in FIG. 4b, from the
      time position of applying the second input signal, i.e. from t.sub.o or
      t.sub.o ' to the time position of exceeding the threshold voltage U.sub.s,
      will follow the input signal E2 and, above the threshold voltage, will
      follow the input signal E1, whereas in the case of the embodiment
      according to FIG. 1, the output signal only exists above the threshold
      voltage.
PAR  In particular, it may be seen in FIG. 4 that when an input signal E1 is
      applied and, thereafter, when the input signal E2 is applied at the time
      position t.sub.o, there will again start the current-constant charging of
      the capacitor C, but that at the same time there also exists the output
      current I.sub.A1 which, at this particular time position, consists of the
      emitter current of transistor T4. Turning on the second input signal at
      time position t.sub.1 prior to reaching the switching threshold will
      effect, with respect to the storage behavior, the same result as in FIG. 1
      but, with respect to the output signal, the output current will again
      become zero.
PAR  Any new turning on of the second input signal at the time position t.sub.o
      ' will again result in the appearance of the output current I.sub.A1. If
      now the charging of the capacitor is continued until the capacitor voltage
      U.sub.C exceeds the threshold voltage U.sub.s at the time position t.sub.1
      ', then the second input signal may be turned off later at any arbitrary
      time position t.sub.1 " without causing the output signal to disappear,
      because upon turning off the second input signal after the time poisition
      t.sub.1 ', the emitter current of transistor T5 will take over the
      function of the output signal I.sub.A1, and via the collector thereof also
      the current mirror circuit including the transistor T9 will remain on.
PAR  If now, at the time position t.sub.2, the first input signal and,
      consequently, also the supply voltage U.sub.B " for the current mirror
      circuit and the differential amplifier is turned off, the free discharge
      of the capacitor C is initiated across the resistor R. If, prior to
      reaching the threshold voltage U.sub.s, the first input signal is again
      turned on at the time position t.sub.3, the output signal will re-appear
      and the constant-current charging of the capacitor C is re-started.
PAR  If the first input signal is turned off again at the time position t.sub.2
      ', and if this turning off continues beyond the time position t.sub.4 of
      reaching the threshold voltage U.sub.s, the output signal will again be
      turned off at the time position t.sub.2 ', but a new turning on at the
      time position t.sub.3 ', however, can no longer cause an output signal
      because both the differential amplifier and the transistor T4 are blocked.
PAR  The second embodiment of the circuit according to the invention has a
      somewhat simpler behavior than the embodiment according to FIG. 1, but is
      actually well adapted to the given conditions in a motorcar. Under the
      aforementioned presumption that the first input signal contains the
      information concerning the occupied driver's seat or the turned-on
      ignition, or both, and that the second input signal contains the
      information concerning the running motor, while the output signal serves
      the on-off switching of the starter, the the starter can only be actuated
      after the ignition has been turned on, so that the reverse order of
      switching sequence is not possible.
PAR  The circuit according to the invention offers the advantage of being
      completely insensitive to disturbing or interfering voltages superimposed
      upon the supply voltage U.sub.B, i.e. that it, in particular, cannot be
      switched on or off by such interferences. By selecting the way in which
      the inputs are connected in accordance with the invention, and in
      particular by the fact that, on one hand, the second input signal is used
      to switch on the current mirror circuit permitting the circuit according
      to the invention to operate and, on the other hand, by the fact that the
      first input signal switches on the supply voltage for the current mirror
      circuit and, in the second example of embodiment, also that of the
      differential amplifier, positive as well as negative disturbing or
      interfering voltage peaks (noise crashes) superimposed upon the supply
      voltage U.sub.B, are prevented from causing the circuit according to the
      invention to operate.
PAR  An added advantage of the circuit according to the invention resides in the
      fact that upon exceeding the threshold voltage U.sub.s, hence upon
      reaching the storage behavior level, the supply voltage may even intermit
      or fail temporarily, with the time duration of this supply voltage
      interruption only needing to be smaller than the above mentioned turn-off
      time delay t.sub.4 - t.sub.2 '.
PAR  While the principles of the invention have been described above in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation on
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit having a delayed starting storage behavior in response to a
      first input signal and having a substantially longer delayed stoppage of
      said storage behavior in response to a second input signal, comprising:
PA1  means for receiving a supply voltage;
PA1  an RC parallel circuit having one end coupled to the zero point of the
      circuit;
PA1  a first diode;
PA1  a first current mirror circuit having first and second current outputs,
      said first output coupled to said first diode for charging said
      RC-circuit;
PA1  a second diode;
PA1  a first transistor having a base for receiving said second input signal, an
      emitter coupled to the zero point of the circuit via said second diode,
      and a collector coupled to said first current mirror circuit for switching
      on and off said second current output;
PA1  a source of a fixed predetermined voltage;
PA1  a differential amplifier having a first input coupled to said RC-circuit
      and a second input coupled to said source;
PA1  a second current mirror circuit coupled between the zero point of the
      circuit and said differential amplifier;
PA1  a third current mirror circuit coupled between said means for receiving and
      said differential amplifier;
PA1  a second transistor having a base coupled to said second current mirror
      circuit and to said differential amplifier, a collector coupled to the
      collector of said first transistor, and an emitter for serving as a first
      output;
PA1  a third transistor having an emitter coupled to the zero point of the
      circuit, a collector coupled to said means for receiving, and a base for
      receiving said first input signal; and
PA1  a fourth transistor having an emitter coupled to said means for receiving,
      a base coupled to the collector of said third transistor and a collector
      coupled to said first current mirror circuit.
NUM  2.
PAR  2. A circuit according to claim 1 further including a fifth transistor
      having a base coupled to the emitter of said second transistor, an emitter
      coupled to the zero point of the circuit, and a collector for serving as a
      second output.
NUM  3.
PAR  3. A circuit according to claim 2 wherein said first current mirror circuit
      comprises:
PA1  first and second series connected resistors coupled between the collector
      of said fourth transistor and the collector of said first transistor; and
PA1  a dual collector transistor having an emitter coupled to the collector of
      said fourth transistor, a first collector coupled to said first diode, a
      base coupled to a junction between said first and second resistors and a
      second collector coupled to said base.
NUM  4.
PAR  4. A circuit according to claim 3 wherein said second current mirror
      circuit comprises sixth and seventh transistors each having a base,
      collector and emitter, the base of said sixth transistor coupled to the
      base of said seventh transistor and to the collector of said sixth
      transistor, and the emitters of said sixth and seventh transistors coupled
      to the zero point of the circuit.
NUM  5.
PAR  5. A circuit according to claim 4 wherein said differential amplifier
      comprises eighth and ninth transistors, each having a base, emitter and
      collector, the emitter of said eighth transistor coupled to the emitter of
      said ninth transistor, the base of said eighth transistor connected
      between said RC-circuit and said first diode, the base of said ninth
      transistor coupled to said source, the collector of said eighth transistor
      coupled to the collector of said sixth transistor, and the collector of
      said ninth transistor coupled to the collector of said seventh transistor
      and the base of said second transistor.
NUM  6.
PAR  6. A circuit according to claim 5 wherein said third current mirror circuit
      comprises:
PA1  tenth and eleventh transistors each having a base, emitter and collector,
      the emitter of said tenth transistor coupled to the emitter of said
      eleventh transistor and to said means for receiving, the base of said
      tenth transistor coupled to the base and collector of said eleventh
      transistor, the collector of said tenth transistor coupled to the emitters
      of said eight and ninth transistors, and the collector of said eleventh
      transistor coupled to said source.
NUM  7.
PAR  7. A circuit having a delayed starting storage behavior in response to a
      first input signal and having a substantially longer delayed stoppage of
      said storage behavior in response to a second input signal, comprising:
PA1  means for receiving a supply voltage;
PA1  an RC parallel circuit having one end coupled to the zero point of the
      circuit;
PA1  a first diode;
PA1  a first current mirror circuit having first and second current outputs,
      said first output coupled to said first diode for charging said
      RC-circuit;
PA1  a first transistor having a base for receiving said second input signal,
      and a collector coupled to said first current mirror circuit for switching
      on and off said second current output;
PA1  a source of a fixed predetermined voltage;
PA1  a differential amplifier having a first input coupled to said RC circuit
      and a second input coupled to said source;
PA1  a second current mirror circuit coupled between the zero point of the
      circuit and said differential amplifier;
PA1  a third current mirror circuit coupled between said means for receiving and
      said differential amplifier;
PA1  a second transistor having a base coupled to said second current mirror
      circuit and to said differential amplifier, a collector coupled to the
      collector of said first transistor, and an emitter for serving as a first
      output and coupled to the emitter of said first transistor;
PA1  a third transistor having an emitter coupled to the zero point of the
      circuit, a collector coupled to said means for receiving and a base for
      receiving said first input signal; and
PA1  a fourth transistor having an emitter coupled to said source of supply
      voltage, a base coupled to the collector of said third transistor and a
      collector coupled to said first current mirror circuit.
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ABST
PAL  The device comprises flame detection means and a generating circuit adapted
      to deliver a signal when a flame signal, generated by the flame detection
      means, is applied to one of its inputs. The generating circuit is arranged
      so as to be unable to deliver an actuating signal in the case of failure
      of one of its elements, even if a flame signal is applied to said input.
      The circuit comprises oscillator means including a triggering input
      adapted to receive a triggering signal of low value and means for applying
      the flame signal to said triggering input. The oscillator means is
      arranged to generate a periodic signal of substantially constant peak to
      peak amplitude and of value substantially higher than that of the
      triggering signal, when a signal appears on said triggering input having a
      value between pre-determined limits.
BSUM
PAR  This invention relates to a burner fuel supply control signal generating
      device. It relates more particularly to a generating device is adapted to
      deliver a control signal if a flame signal, representing the presence of a
      burner flame, is applied to one of its inputs. In addition, the device is
      arranged so as not to deliver a control signal in case one of its elements
      fails.
PAR  The device in accodance with this invention is used advantageously but not
      exclusively in combination with a flame detection device adapted to
      deliver a flame signal of very low value, of the order of a microampere.
      Such a flame detection device can be for example of the "ionization" type,
      that is to say that it uses the rectifying properties of the flame to
      generate said flame signal.
PAR  The invention relates also to improvements in or to a flame detection
      device of the ionization type.
PAR  Of course, the generating devices concerned must only supply a control
      signal if a flame signal is applied to the input. In other words, such
      devices, must not permit the supply of fuel to a burner when the flame
      signal ceases to be applied to the input.
PAR  Such devices which include an amplifier are already known, but known
      assemblies of this type are complex, expensive or bulky and their
      operation does not always provide the necessary safety.
PAR  It is an object of the invention to overcome the above-mentioned drawbacks
      and especially to supply a generating device of the type concerned which
      is simple and economic to manufacture and in which failure of any one of
      its components prevents the supply of a control or actuating signal.
PAR  Another object of the invention is to supply an actuating device which is
      not sensitive to interference having the frequency of the electric current
      supply system.
PAR  It is a further object of the invention to enable the production of such an
      actuating device which can be used with a burner for which the flame
      signal is capable of varying within a wide range.
PAR  Another object of the invention is to provide a flame detection device of
      the ionization type which can be supplied with electrical energy by any
      type of supply system.
PAR  A generating device for a burner fuel supply actuating signal of the type
      concerned is, according to the invention, characterized in that it
      comprises oscillator means includidng a triggering input of small
      magnitude and means for applying the flame signal to said triggering
      input, the oscillator means being arranged to generate a periodic signal
      of substantially constant peak to peak amplitude and of a value distinctly
      higher than the triggering signal, on the appearance of a signal on said
      triggering input whose value is between predetermined limits.
PAR  Preferably the oscillator means comprise a multivibrator including a field
      effect transistor and a bi-polar transistor, the triggering input being
      connected to the gate of said field effect transistor.
PAR  The flame detection device of the instant invention is a fail safe device
      and includes a first and second electrode between which the flame appears,
      this flame having substantially the properties of a diode between these
      electrodes. Two input terminals are provided which are adapted to be
      connected to an alternating current supply system. Further according to
      the invention, the flame detection device comprises a first resistance of
      high value and a first connecting capacitor in series between the first
      input terminal and the assembly of a second resistance and of a second
      capacitor installed in series so that one of the plates of this second
      capacitor is connected to the second input terminal, the terminal of the
      second resistance which is not connected to the second capacitor being
      connected to said first electrode and the second electrode being connected
      to the second input terminal through a third resistance of high value.
DRWD
PAR  Other objects, advantages and features of the invention will appear in the
      course of the description of preferred embodiments of the invention which
      follows, this description being given with reference to the accompanying
      drawings by way of non-limiting examples, and in which:
PAR  FIG. 1 shows one embodiment of an actuating device according to the
      invention, and,
PAR  FIG. 2 illustrates a modification of the embodiment shown in FIG. 1 in
      combination with a flame detection device according to the invention.
DETD
PAR  The embodiment of the invention which is shown in FIG. 1 comprises an
      oscillator 1 which in turn comprises a multivibrator composed essentially
      of a field effect transistor 2, of the N band type, and a bipolar
      transistor 3 of the NPN conductivity type. In addition, a reaction circuit
      comprising, a resistor 4 of high value and a capacitor 5, permits the
      operation of this multi-vibrator as an oscillator under conditions which
      will be described below.
PAR  The signal generated by the oscillator means 1 is employed by rectifier
      means 6 to supply an actuating signal to the terminals of a coil 7a of an
      electrovalve for supplying fuel to the burner (not shown). In this
      embodiment shown in FIG. 1, the rectifier means comprise a device of the
      voltage doubler type which will be described below.
PAR  A DC source (not shown) delivers the necessary supply signal for the
      operation of this actuating device. In the embodiment shown this source
      applies a positive potential (+) to a terminal 7 and a zero potential (O)
      to a terminal 8.
PAR  In the example, the emitter of the transistor 3 is connected to the source
      9 of the transistor 2 and the drain 10 of the transistor 2 is connected to
      the base of the transistor 3 through a resistance 11.
PAR  The gate 12 of the field effect transistor 2 is connected to the terminal 7
      (+) through the resistance 4 and a resistance 13 in series. Moreover, the
      terminal common to the resistances 4 and 13 is connected to the drain 10.
PAR  The base of the transistor 3 is connected to the terminal 8 by means of a
      resistance 14. A resistance 15, of low value, ensures connection between
      the source 9 (and hence the emitter of the transistor 3) and said terminal
      8.
PAR  The input 16 adapted to receive the flame signal is connected to the gate
      12 of FET transistor 2 by means of a resistance 17. The capacitor 5 is
      connected between the gate 12 of the transistor 2 and the terminal 8. A
      resistance 18, lastly, connects the collector of the transistor 3 to the
      terminal 7.
PAR  Rectifier means 6 of the voltage doubler type comprise a capacitor 20
      connected to the collector of the transistor 3, a first diode 21 whose
      cathode is connected to a plate of the capacitor 20 and whose anode is
      connected to the terminal 7. This voltage doubler comprises in addition, a
      second diode 22 whose anode is connected to the cathode of the diode 21
      and whose cathode is connected to the terminal 7 by means of a capacitor
      23. The capacitor 23 is in parallel with the coil 7a.
PAR  As regards the operation of the generating device which has just been
      described with relation to FIG. 1, it should be indicated that the
      operation as an oscillator of this assembly is rendered possible
      particularly due to the presence of the reaction circuit composed of the
      resistance 4 and the capacitor 5. Moreover, as will be seen below, this
      operation as an oscillator is only possible when the magnitude of the
      current absorbed by resistor 17 is between predetermined limits, that is
      to say when the potential applied to the terminal 16 is also between
      predetermined limits. In other words, if the signal appearing at the
      terminal 16 has too low or too high a value the oscillator 1 will not
      supply a signal to the output and the coil 7a can not be supplied and,
      finally, fuel can not be delivered to the burner.
PAR  It is also important to indicate that the flame signal occurs in such a way
      that the potential applied to the terminal 16 is at a level less than that
      applied to the terminal 8; in other words, this potential is negative.
PAR  If it is assumed that the field effect transistor 2 is, initially, the
      conductive state and if a negative potential (flame signal) is applied to
      the terminal 16, the currents flowing through the resistors 4 and 17 will
      permit the application of a negative potential to the gate 12 which causes
      the current in transistor 2 to be pinched off. When transistor 2 is off or
      in the blocked state, the potential of the drain 10 increases to a
      positive value and the current flowing through the resistors 4 and 17
      enables the application of a positive potential to the gate 12. The
      transistor 2 can, thus, return to the conductive state and this assembly
      can hence operate well as an oscillator. It must however be noted that the
      frequency of oscillation of the oscillator 1 depends on the capacity of
      the capacitor 5.
PAR  It was indicated above that the operation of the oscillator was only
      possible if the potential of the terminal 16 was between pre-determined
      limits. In fact, if the potential of this terminal 16 is too negative
      transistor 2 can remain constantly, in the blocked state and,
      reciprocally, if the absolute value of the potential applied to the
      terminal 16 is too low the potential of the gate 12 of the transistor 2
      can remain constantly positive and this transistor 2 then remains
      constantly conducting. In both cases operation as an oscillator would not
      be possible.
PAR  It should be noted that preferably a high value will be selected, of the
      order of several megohms, for the resistor 4 so that the electric current
      absorbed by the resistor 17 has a low value, preferably of the order of
      some microamperes, so as to be able to use a flame detection device
      employing the rectifying properties of said flame, which detection device
      will be described with reference to FIG. 2.
PAR  It will be noted also that the frequency of oscillation of the oscillator 1
      has, in the preferred embodiment of the invention, a high value. To this
      end, the capacity of the capacitor 5 has a low value, of the order of some
      tens of picofarads. In the example this frequency is comprised between 800
      and 3000 Herz. The latter feature enables the use of capacitors 20 and 23
      having capacities of the order of a microfarad and capable of being
      constructed with reduced dimensions according to the so-called metallized
      film technique.
PAR  In fact, for lower frequencies (for example 50 Hz) it would be necessary,
      on the contrary, to use capacitors of the electrochemical type. Moreover,
      the high frequency of the signals supplied by the oscillator 1 renders the
      device insensitive to interference which could arise from the AC electric
      supply system whose frequency is generally of the order of 50 or 60 Hz.
PAR  This advantage of reduced bulk is further increased since the assembly
      described does not include a transformer.
PAR  It will be observed that the fact of fixing the potential of the terminal
      16 at a negative value, with respect to that of terminal 8, offers also a
      guarantee of safety for operation of the device, especially in the case of
      possible faulty insulation.
PAR  It will be noted lastly that oscillator 1 does not deliver a signal to the
      output when one of its components is cut or short-circuited. Moreover, a
      change in values of the characteristics of the components can only either
      reduce the output power supplied at the terminals of the coil 7a, or block
      the oscillator 1 (that is to say prevent the supply of a signal tothe
      terminals of said coil 7a).
PAR  Thus, in the case of a considerable increase in temperature, a leakage
      current would appear countering the current absorbed in the resistor 17
      and in this case, the potential of the gate 12 can remain positive,
      preventing the operation of the assembly with transistors 2 and 3 as an
      oscillator. It was also noted that faults in insulation of the electrode
      of the gate 12 with respect to the other electrodes of the field effect
      transistor 2 could also not maintain the oscillator 1 in oscillation.
PAR  The voltage doubler device enables the potential of the terminal of the
      coil 7a to be fixed, which coil is not connected to the terminal 7 at a
      potential higher than this terminal. This feature also offers the
      necessary safety guarantee in case of failure.
PAR  There will now be described with relation to FIG. 2 a modification of the
      generating device shown in FIG. 1, this generating device being associated
      with a flame detection device according to the invention.
PAR  In the embodiment of the generating device there is provided, similarly to
      FIG. 1, an oscillator 1a comprising a field effect transistor 2a and a
      bipolar transistor 3a, as well as a voltage doubler device comprising two
      capacitors 20a and 23a and two diodes 21a and 22a mounted in the same
      manner as in the embodiment shown in FIG. 1.
PAR  However, in this embodiment, there is provided an impedance adaptation
      assembly between the output (collector of the transistor 3a) of the
      oscillator 1a and the input of the voltage doubler device. This impedance
      adaptation assembly comprises a bipolar transistor 30 of the same
      conductivity type, namely the NPN type, as the transistor 3a and a diode
      31.
PAR  In FIG. 2, the base of the transistor 30 is connected to the collector of
      the transistor 3a and the collector of said transistor 30 is connected to
      the terminal 7' (+) through a resistor 32 of low value. The anode of the
      diode 31 is connected to the emitter of the transistor 30 and the cathode
      of this diode is connected to the collector of the transistor 3a.
PAR  Thus, the output impedance of the oscillator 1a  is less than in the
      absence of such an assembly and the power delivered at the input of the
      voltage doubler is hence greater. Moreover, it is possible to show that
      this impedance adaptation assembly also guarantees the safety of operation
      of the device according to the invention, that is to say that any failure
      of one of its components can only prevent the supply of a signal to the
      terminals of the coil 7a.
PAR  The actuating signal generating device shown in FIG. 2 is distinguished
      from that shown in FIG. 1 by another feature, that will be described
      below, and which enables the limits between which the flame signal must be
      comprised to be extended.
PAR  To this end, there is provided an additional capacitor 33 of which a first
      plate 33a is connected to the terminal 8a of lower potential of the
      electrical energy supply source of the oscillator 1a and whose other plate
      is connected to that (36) of the terminals of the resistor 4a which is not
      connected to the plate of the field effect transistor 2a. In addition, a
      resistor 34, is interposed between the terminal 36 and the drain 10a of
      transistor 2a. A diode 35, lastly, is connected in parallel with the
      resistor 34 so that its cathode is connected to the terminal 36.
PAR  With this arrangement, the charging of the capacitor 33 is effected by
      means of the diode 35 and the discharging of said capacitor is effected
      through the resistor 34. In this way, the discharging of the capacitor 33
      is slower than its charging. Thus the discharging of the capacitor 33 can
      be incomplete when the transistor switches from the conductive state to
      the blocked state. Therefore, the potential of the terminal 36 has a value
      greater than it would have, in the absence of said capacitor 33. This
      permits the limits between which the potentials of the terminals 16a must
      be held for the oscillator 1a to be able to deliver an actuating signal to
      be well extended. In other words, the current absorbed by the resistor 17a
      can have greater values. For example, in the absence of the capacitor 33,
      of the resistor 34 and the diode 35, the intensity of the current passing
      through the resistor 17a, which enables the triggering of the oscillator
      1a, must be between 0.5 and 1 microampere whilst with said elements this
      intensity can be between 0.5 and 5 microamperes.
PAR  The fact that the maximum intensity of the admissible current in the
      resistor 17a has been increased due to the capacitor 33 and to its
      charging and discharging circuits does not spoil the safety of operation
      of the generating device according to the invention. On the contrary, this
      feature is particularly advantageous in various circumstances. In
      particular, in the characteristics of the electronic components of the
      generating device or of the flame detection device which will be described
      below vary in minor proportion, the generating device will be able to
      operate normally. In addition, if as shown in FIG. 2, the flame detection
      device is supplied with alternating current by a distributing network it
      will then be possible to supply this detection device through various
      types of such supply networks and the over or under-voltages of this
      network will not inadvertently disturb the operation of the generating
      device. Finally, in the case where the flame detection device uses the
      rectifying properties of said flame, the variations in resistance of the
      flame diode will not disturb the operation of the generating device. The
      conductibility of the flame depends in fact on its dimensions and on its
      oxidizing or reducing nature.
PAR  There will now be described the flame detection device which is shown in
      FIG. 2 and which can be used with the actuating signal generating device
      according to the invention; this detection device can however also be used
      for other applications.
PAR  This flame detection circuit is connected between the terminals 40 and 41
      of an electrical energy distributing system. This flame detection device
      uses the rectifying properties of the flame 42. It is known in fact that a
      flame has substantially the characteristics of a diode; however, the
      direct resistance of such a "flame diode" is relatively high: it can reach
      100 megohms. In order to illustrate the characteristics of this diode
      there is shown, in FIG. 2, below the flame 42, in interrupted lines, a
      diode 43. In the example shown the electrode 44, connected to the body of
      the burner, constitutes the cathode of the flame diode and the electrode
      45 constitutes the anode of said flame diode.
PAR  According to the invention, the flame detection device which is adapted to
      generate a flame signal and to deliver it to the input 16a of the
      actuating signal generating device, according to the invention, comprises,
      firstly, a resistor 46 of high value of which one terminal is connected to
      the terminal 40 and a capacitor 47 in series with the resistance 46.
PAR  This flame detection device comprises also said flame diode 42 which is
      connected, on one side, to one plate of the capacitor 47 and on the other
      side, to a resistance 48 of high value, this resistance 48 being connected
      to the terminal 41. Thus, the elements 46, 47, 42 and 48 are connected in
      series between the terminals 40 and 41.
PAR  In addition, the terminal 47a, common to the capacitor 47 and to the
      electrode 45, is connected to the terminal 16a through a resistor 49 which
      also has a high value. Moreover, a capacitor 50 connects the terminal 16a
      to the terminal 41 (or 8a).
PAR  It is to be noted that the electrode 44 is connected to earth and that the
      elements 46 and 47 may be permuted.
PAR  The flame diode rectifies the signal delivered between the terminals 47a
      and 44 and thus the flame signal applied to the terminal 16a or, more
      accurately, between the plates of the capacitor 50, is a substantially
      continuous signal. The resistance 49 and the capacitor 50 serve also for
      filtering this signal.
PAR  It is to be noted also that the high value of the resistance 48 connecting
      the mass of the burner to the terminal 41 limits the possible leakage
      currents which could be dangerous. This resistance 48 of high value hence
      avoids the use of an isolation transformer and limits the bulk of the
      device.
PAR  Preferably the ratios of the values of the resistors 46 and 49 are between
      0.25 and 4 so that the detection device can supply a flame signal whatever
      the type of distribution network for alternating current used. In fact,
      with this arrangement, it is not necessary to set the neutral or to
      operate a distinction between the phases.
PAR  It will be noted lastly that said ratio between the values of the resistors
      46 and 49 is advantageously equal to 0.5 or 2.
PAR  It can be easily demonstrated that this flame detection device can not
      supply a flame signal in the case of failure of one of its components or
      of one of its connecting elements.
PAR  In the preferred embodiment of the invention which is shown in FIG. 2,
      there are also provided rectifying means enabling the actuating signal
      generating device to be supplied with direct current, (between the
      terminals 7' and 8a) thereby rectifying the alternating signal provided
      between the terminals 40 and 41.
PAR  This rectifier is a voltage doubler comprising a resistance 51 of which one
      terminal is connected to terminal 40 and of which the other terminal is
      connected to a first place of a capacitor 52. The second plate of the
      capacitor 52 is connected to the anode of a diode 53 of which the cathode
      is connected directly to the terminal 7'. A filtering capacitor 54 is
      installed between the terminals 7' and 8a (or 41). The cathode of a Zener
      diode 55, lastly, is connected to the common terminal to the capacitor 52
      and to the diode 53; the anode of this diode 55 being connected to the
      terminals 41.
PAR  This arrangement, in which a Zener diode is used, enables substantially
      constant continuous voltage to be supplied to the terminals of the
      capacitor 54 that is to say between the terminals 7' and 8a. In addition,
      in the case of failure, especially of the Zener diode 55, an over-voltage
      cannot be produced. It will be noted lastly that the capacitor 52 can not
      heat up (this is, by nature, a reactive element); the reliability and
      safety of the assembly shown in FIG. 2 are hence further improved. In
      fact, there is usually employed, in place of this capacitor 52, whose role
      is to reduce the voltage applied between the terminals of the Zener diode
      55, a resistor which dissipates energy in the form of the Joule effect.
PAR  As regards the assembly shown in FIG. 2 it will lastly be mentioned that a
      fuse 60 connects terminal 40 to the resistor 51 of low value.
PAR  In a particular embodiment of the device shown in in FIG. 2, the following
      values are selected for certain of the elements of this assembly:
     resistor 4a          4.7 M .OMEGA.                                        
     resistor 34          100 K .OMEGA.                                        
     capacitor 33         1 nF                                                 
     capacitor 50         10 nF                                                
     resistor 17a         22 M .OMEGA.                                         
     resistors 46                                                              
     and 49               22 M .OMEGA.                                         
     resistor 48          2  M .OMEGA.                                         
     capacitor 47         470 pF                                               
     resistor 51          470 .OMEGA.                                          
     capacitor 52         1.5 .mu.F                                            
     capacitor 54         100 .mu.F                                            
PAR  The generating device which has been described with regard to FIGS. 1 and 2
      can lend itself to numerous modifications without departing from the scope
      of the invention.
PAR  Among these modifications, it should be indicated that the field effect
      transistor could be of the P-band type; in this case the bipolar
      transistor is of the PNP conductivity type.
PAR  It will also be noted that the voltage doubler device which rectifies the
      signal delivered at the output of the oscillator 1 (or 1a) and applies the
      rectified signal to the terminals of the coil 7 a is not indispensable in
      certain cases. In fact, an electrovalve sensitive to alternating current
      could be used.
PAR  As regards the assembly comprising capacitor 33 and its charging and
      discharging circuits, as a modification it could be indicated that the
      said discharging circuit could comprise resistors 4a and 17a and in this
      case, the resistor 34 could then be omitted.
PAR  In another modification, which relates also to the oscillator 1a, the two
      transistors could both be of the bipolar type.
PAR  Besides the advantages which have already been indicated above for the
      generator device and the detection device it can also be mentioned that
      the latter can be incorporated in an ignition and monitoring control
      assembly for a burner, especially an automatic sequence control device.
      Finally, the assemblies shown in FIGS. 1 and 2, may be constructed in the
      form of integrated, hydrid or monolithic circuits.
PAR  As is self-evident from the foregoing, the invention is in no way limited
      to the types of application and embodiments which have been described.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a system for generating a control signal for supplying fuel to a
      burner comprising flame detector means for providing a voltage responsive
      to detection of a flamae and a circuit for generating said control signal
      responsive to detection of a flame by said flame detector means, whereby
      failure of elements of said circuit inhibits production of said control
      signal; the improvement wherein said circuit comprises an astable
      multivibrator consisting of a field effect transistor with means
      regeneratively interconnecting the drain and gate of said field effect
      transistor, so that output oscillations by said multivibrator is dependent
      upon the potential at the gate of said field effect transistor, and
      resistor means connected to apply said voltage to said gate, so that said
      multivibrator oscillates only when said flame detecting voltage has an
      amplitude between determined values, and means deriving said control
      signal from said output oscillations.
NUM  2.
PAR  2. The system of claim 1 comprising a source of operating potential of
      polarity opposite said voltage with respect to a given reference point,
      said multivibrator comprising first said second resistor means, means
      connecting said first resistor means between said drain and gate, means
      connecting said second resistor means between said drain and reference
      point, a first capacitor connected between said gate and reference point,
      and means connecting the source of said field effect transistor to said
      reference point.
NUM  3.
PAR  3. The system of claim 2 further comprising a bi-polar transistor, means
      connecting the emitter of said bi-polar transistor to the source of said
      field effect transistor, said means connecting said source of said field
      effect transistors to said point comprising third resistor means, a
      resistive divider connected between said drain and reference point, means
      connecting the base of said bi-polar transistor to a point on said
      divider, and means deriving said output oscillations from the collector of
      said bi-polar transistor.
NUM  4.
PAR  4. The system of claim 1 wherein said means deriving said control signal
      comprises voltage doubling means, and means coupling said voltage doubling
      means to receive said output oscillations.
NUM  5.
PAR  5. The system of claim 2 further comprising voltage doubling means coupled
      to receive said output oscillations, said voltage doubling means
      comprising a first rectifier having one electrode connected to said
      source, an output terminal, a second rectifier connected between said
      output terminal and the other electrode of said first rectifier, a second
      capacitor coupled between the junction of said rectifiers and the output
      of said multivibrator, and a third capacitor connected between said output
      terminal and said source, whereby a continuous signal of amplitude
      substantially equal to the peak to peak amplitude of said output
      oscillations is provided at said output terminal.
NUM  6.
PAR  6. The system of claim 3 further comprising impedance matching means
      connected between said collector of said bi-polar transistor and said
      source.
NUM  7.
PAR  7. The system of claim 6 wherein said impedance matching means comprises a
      second bi-polar transistor of the same conductivity type as the first
      mentioned bi-polar transistor, separate resistance means coupled between
      said source and the base and collector of said second bi-polar transistor,
      means connecting the base of said second bi-polar transistor to the
      collector of said first mentioned bi-polar transistor, and diode means
      coupled between the base and emitter of said second bi-polar transistor,
      whereby said output oscillations are derived at the emitter of said second
      bi-polar transistor.
NUM  8.
PAR  8. The system of claim 2 wherein said source is a direct current source
      having a minimum potential greater than the maximum potential of said
      voltage.
NUM  9.
PAR  9. The system of claim 2 wherein said first resistor means comprises a pair
      of serially connected reistors, and further comprising a second capacitor
      connected between the junction of said serially connected transistors and
      said reference point, and a diode connected between said drain and the
      junction of said serially connected resistors for effecting the rapid
      charging and slow discharging of said second capacitor.
NUM  10.
PAR  10. The system of claim 2 wherein said source comprises first and second
      terminals for receiving an alternating power voltage, said second terminal
      being connected to said reference point, and rectifier means between said
      terminals for producing said operating potential.
NUM  11.
PAR  11. The system of claim 10 wherein said first capacitor has a capacitance
      whereby the oscillating frequency of said multivibrator is substantially
      greater than the frequency of the power voltage.
NUM  12.
PAR  12. The system of claim 10 wherein said flame detector means comprises a
      series circuit of a third resistor, a second capacitor, a fourth resistor
      and a third capacitor connected in that order between said first terminal
      and said reference point, said first mentioned resistor means being
      connected between said gate electrode and the junction of said fourth
      resistor and third capacitor, a first electrode connected to the junction
      of said second capacitor and fourth resistor, a second electrode, and high
      resistor means connecting said second electrode to said reference point,
      whereby a flame extending between said electrodes acts as a diode to
      produce said voltage at said second electrode.
NUM  13.
PAR  13. The system of claim 1 wherein said flame detector means comprises first
      and second input terminals adapted to be connected to an alternating power
      source, a first resistor, a first capacitor, a second resistor and a
      second capacitor connected in that order between said first and second
      terminals, a first electrode connected between the junction of said first
      capacitor and second resistor, a second electrode, high resistance means
      connecting said second electrode to said second terminal, said first
      mentioned resistor means being connected between said gate and the
      junction of said second resistor and second capacitor, whereby a flame
      extending between said first and second electrodes acts as a diode to
      produce said voltage at said first electrode.
NUM  14.
PAR  14. A flame detector system comprising first and second electrodes, first
      and second terminals adapted to be connected to an alternating power
      source, a first resistor, a first capacitor, a second resistor and a
      second capacitor connected in that order between said first and second
      terminals, means connecting said first electrode to the junction of said
      first capacitor and second resistor, high resistance means connecting said
      second electrode to said second terminal, whereby a flame extending
      between said first and second electrodes acts as a diode to result in a
      direct voltage across said second capacitor responsive to said flame.
NUM  15.
PAR  15. The system of claim 14 wherein said second resistor has a value between
      0.25 and 4 times the value of said first resistor.
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ABST
PAL  Process for the production of a piezoelectric body which contains a
      ferroelectric material which may be polarized in an aligned, permanent
      fashion and also contains a bonding material, the process comprises mixing
      a bonding material selected so that at least in a temperature range below
      the Curie temperature of the ferroelectric material, it has a specific
      electric conductivity .sigma..sub.B &gt; E.sub.C .times. .sigma..sub.K
      /E.sub.B, where .sigma..sub.K is the specific conductivity of the
      ferroelectric material, E.sub.C is the coercivity field strength of the
      ferroelectric material, and E.sub.B is the electric breakdown field
      strength of the bonding material with a granular ferroelectric material
      having a known Curie temperature, forming a desired body shape from such
      mixture, heating the resultant body to a temperature at least sufficient
      for the bonding material to exhibit its specific conductivity and applying
      an electric voltage of sufficient intensity to the body to produce a
      permanent polarization alignment in the ferroelectric material within such
      body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a process for producing a piezoelectric body which
      contains a ferroelectric material which may be polarized in an aligned,
      permanent fashion, and which also contains a bonding material.
PAR  In the production of piezoelectric ceramics by sintering appropriate
      starting materials, it is known to employ organic bonding agents in the
      dross. These bonding agents are converted into a volatile state during the
      sintering process and are no longer present in the finished material.
PAR  A French Pat. No. 2,005,462 (which corresponds to British Pat.
      Specifications 1,266,143; 1,266,144 and 1,266,145) discloses mixing
      powdery, ferroelectric material with a synthetic resin as bonding agent,
      and the manufacture of piezoelectric bodies therefrom. In this case, the
      bonding agent remains, as such, in the finished piezoelectric body.
PAR  It has been established that a mixed body composed of a ferroelectric
      material and a bonding material cannot be polarized in a satisfactory
      fashion and, in particular, cannot be polarized in a determinate fashion.
      The term "polarization" as used herein is to be understood as meaning the
      fundamentally unidirectional alignment of permanently existing
      polarizations of elementary domains of the ferroelectric material, as a
      result of the application of an electric voltage or the introduction of
      the material into an electric field.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a novel process for the production of a
      piezoelectric body which contains a ferroelectric material which may be
      polarized in an aligned permanent fashion and which also contains a
      bonding material which is selected as being one which, in a temperature
      range below the Curie temperature of the ferroelectric material has a
      specific conductivity of .sigma..sub.B &gt;E.sub.C .times. .sub.K
      .sigma.E.sub.B E.sub.B, where .sigma..sub.K is the specific conductivity
      of the ferroelectric material, E.sub.C is the coercivity field strength of
      the ferroelectric material, and E.sub.B is the electric breakdown field
      strength of the bonding material. The body being produced thereby is
      brought or heated to at least the temperature at which the aforesaid
      conductivity condition of the bonding material prevails. At least at this
      temperature, an electric voltage necessary to produce a permanent
      polarization alignment of the ferroelectric material is applied.
PAR  The present invention also is directed to a novel product produced by the
      above described novel process.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings included herewith diagrammatically illustrate a piezoelectric
      body produced in accordance with the process of the present invention, and
      further illustrate the manner in which the permanent polarization is
      aligned.
PAR  FIG. 1 of the drawings shows a piezoelectric body according to the
      invention as a fragmentary perspective view; and
PAR  FIG. 2 shows the piezoelectric body of FIG. 1 in a side view partially in
      section and partially diagrammatically, inside of a heating chamber in the
      form of a tubular body.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The novel process of the present invention is characterized by the fact
      that a bonding material B is selected, which, at least in a temperature
      interval below the Curie temperature of a ferroelectric material K, has a
      specific electric conductivity .sigma..sub.B &gt;E.sub.C .times..sigma..sub.K
      /E.sub.B where .sigma..sub.K is the specific conductivity of the
      ferroelectric material, E.sub.C is the coercivity field strength of the
      ferroelectric material, and E.sub.B is the electric breakdown field
      strength of the bonding material. Such a bonding material is mixed with a
      granular ferroelectric material having a known Curie temperature and a
      desired cohesive body shape, for example a thin film, is manufactured
      therefrom. Thereafter the body is heated to a temperature at which the
      aforementioned conductivity condition prevails, and further that at least
      at this temperature, the electric voltage necessary to produce the
      alignment of the permanent polarization of the ferroelectric material, is
      applied.
PAR  The value of the specific electric conductivity .sigma..sub.B of the
      bonding material should be selected to be so low that on the application
      of the minimum electric voltage (generally an intensity sufficient to heat
      the mixed body to a temperature below 100.degree. C), required to achieve
      the desired alignment of the permanent polarization of the ferroelectric
      material, during the necessary duration of the application of the voltage,
      the mixed body is not traversed by an electric current of such magnitude
      that the mixed body, in particular the bonding material, would suffer
      damage due to overheating.
PAR  Preferably the specific electric conductivity .sigma..sub.B is selected in
      accordance with the equation .sigma..sub.B = n .times. .sigma..sub.K
      wherein n is an integer ranging from 0.1 to 100.
PAR  When the body is used as piezoelectric transducer, in particular in the
      case of high frequency excitation, it can be of advantage to use a bonding
      material which, at room temperature, has a specific electric conductivity
      in accordance with the equation .sigma..sub.B = m.sub.x .epsilon..sub.O
      .times. .epsilon..sub.K /T, where .epsilon..sub.K is the dielectric
      constant of the ferroelectric material, T is the duration period or pulse
      duration of the excitation voltage, and m is a value between 0.1 and 10.
      It is thus ensured that the applied excitation voltage drops across the
      ferroelectric granules to a substantial extent.
PAR  The bonding material is preferably an organic synthetic material.
PAR  Together, with a piezoelectric material on a base of
      lead-zirconate-titanate with a magnesium niobium additive, it has proved
      advantageous to use an epoxy resin, such as Araldite D, with a hardener
      such as HY 956 produced by the Ciba Company. This hardener is a
      triethylenetetramine which is oxymethylized with nitrogen. The mixture of
      the aforementioned materials is hardened at temperatures of around
      80.degree.C. At these temperatures, the specific electric conductivity of
      the piezoelectric material and of the Araldite is approximately equal, and
      amounts to approximately 10.sup.10 ohm-cm. At room temperature the
      aforementioned bonding material is approximately four grades more ohmic
      than the aforementioned piezoelectric material. A metal oxide or a mixture
      of such oxides, e.g., a glass, can also be used as bonding material.
PAR  Preferably, in the case of a bonding material which is already very hard or
      stiff at the instant of polarization, it is advantageous to employ a
      piezoelectric material which suffers a relatively slight change of shape
      during the polarization, i.e., during the uniform alignment of existing
      permanent dipoles. Such a material is e.g., a Perowskit composed of
      lead-zirconate-titanate with a lead magnesium-niobium complex component.
      If the selected bonding material does not already inherently exhibit the
      suitable value of electric conductivity at the temperature of the
      polarization process, it is advisable to add to the bonding material a
      homogeneous component which allows the desired electric conductivity to be
      reached.
PAR  For the process in accordance with the invention, a granular, ferroelectric
      material is used. For various purposes of use, it can be advantageous to
      use a specific granularity. For example, in an application as
      piezoelectric plate in a device for recording the instantaneous location
      of a recording probe as disclosed in U.S. Pat. No. 3,790,709, it is
      advantageous to have a granularity with granule dimensions which are
      considerably smaller than the acoustic wave length in the piezoelectric
      material of the plate. By homogeneously distributing fine granule material
      of this type the straying of the continuous acoustic wave can be kept very
      low.
PAR  Also in a piezoelectric ceramic sintered body, straying of acoustic waves
      has been established on granules of the material. On the other hand,
      however, it has not previously been possible to provide very small granule
      sizes, e.g., in the order of 1.mu.m in a sintered body, without the
      piezoelectric properties, in particular the degree of the polarization
      alignment, being considerably smaller than in rough crystalline sintered
      bodies.
PAR  In a mixed body in accordance with the process of this invention, however,
      even in the event of small granules, for example, having a diameter
      ranging from 0.1 to 1.mu.m, a high degree of alignment of the permanent
      dipoles in the electric polarization field is achieved. In particular, in
      accordance with the process of this invention, it is, for example,
      possible to use lead titanate as the ferroelectric material, it being
      known that the latter as a sintered body, can be polarized (i.e.,
      permanently aligned) only to a small extent. In accordance with the
      process of the invention, lead titanate can be used in a very advantageous
      fashion as lead titanate is not a mixed crystal and it also has an
      inherent very high spontaneous polarization. Other ferroelectric materials
      can also be processed accordingly, by the process in accordance with the
      invention, to form piezoelectric bodies for which this ferroelectric
      material is not suitable as a sintered body.
PAR  It has been established that the process of grinding in order to achieve
      the granular ferroelectric material for the execution of the process in
      accordance with the invention involves drops in spontaneous polarization
      in the ground material as compared with the values of the sintered
      starting material. An increased electric conductivity of the granules was
      also established on occasion. It has been discovered, in accordance with a
      further development of the invention, that as a result of tempering the
      ground ferroelectric material, the favorable electromechanical values of
      the starting material are practically regained. The tempering is carried
      out at temperatures so far below the sintering temperature that the
      granularity is not lost.
PAR  A piezoelectric mixed body produced by a process in accordance with the
      invention in particular, can be in the form of a thin layer whose
      thickness is, for example, only a few .mu.m. It is of advantage for the
      execution of the polarization if the granule size is approximately equal
      to the layer thickness. In particular, the layer can be applied to a base.
      The layer is preferably produced by rolling.
PAR  As already mentioned above, unsatisfactory results occurred when mixed
      bodies were produced via prior art techniques from a ferroelectric
      material and bonding material. Intensive investigations as to the cause of
      this established that the insufficiently high polarization, i.e.,
      insufficiently uniform alignment of existing permanent polarization in
      elementary zones of the ferroelectric material, and the drastically
      differing degree of the total polarization achieved is due to the fact
      that the ferroelectric material and the bonding material have electrical
      properties which are considerably different to one another. It was
      established that by adapting the electric properties of the materials to
      one another, as in accordance with the invention, i.e., by selecting a
      suitable bonding material, the failures which previously occurred can be
      entirely eliminated.
PAR  In accordance with the invention, the polarization is carried out at a
      temperature which, in particular, is below the Curie temperature of the
      ferroelectric material. When selecting this temperature, it is advisable
      also to take into account any special polarization properties of the
      ferroelectric material with respect to the polarization temperature.
PAR  Since synthetic bonding material has a conductivity which, with increasing
      temperature, increases considerably more than that of the ferroelectric
      material here in question, it may, as has been established by experiments,
      be advantageous to select a particularly suitable polarization temperature
      at which the specific conductivity of the bonding material and the
      specific conductivity of the ferroelectric material are in agreement, in
      accordance with the above equation.
PAR  During the polarization process, in which an electric voltage of sufficient
      magnitude is applied to the mixed body, and effects the mixed body, an
      ohmic voltage distribution occurs between the bonding agent and the
      ferroelectric material. When bonding material and ferroelectric material
      possess equal resistance values, the field strength in the ferroelectric
      material is at least approximately equal to that in the bonding material.
      At room temperature, however, a synthetic material as described has a
      highly insulating effect.
PAR  A preferred use of a mixed body produced as in accordance with this
      invention is for a piezoelectric membrane foil in a microphone. Another
      particularly advantageous use is that as a plate of piezoelectric material
      in a device for recording the instantaneous location of a recording probe
      in accordance with U.S. Pat. No. 3,790,709. Precisely for the latter use,
      a body produced by the process in accordance with the invention is
      suitable in the form of a thin layer which is preferably applied, for
      example, rolled onto a base plate serving to conduct an acoustic wave.
      This layer is of very fine granules, while still retaining good
      piezoelectric properties; for example, the layer may include granular
      ferroelectric material having a granule size of between 0.1 and 1.mu.m,
      and, as mentioned above, exhibit minimalized acoustic straying. A plate
      consisting of aluminum, for example, of about a thickness of 1.mu.m has
      proved advantageous as base plate. To this base plate was applied an
      approximately 100.mu.m thick layer composed of a mixture of
      lead-zirconate-titanate with a lead-magnesium-niobium - complex component,
      as known from "Journal of the American Ceramic Society"  Volume 48, No.
      12, page 630 with DER 332, silane A187 and isophorondiamine as bonding
      material, and then hardened.
PAR  For the practical use of a piezoelectric mixed body produced in accordance
      with this invention, it is advantageous if such body has as large as
      possible a volume component of the ferroelectric material. A high volume
      component is achieved, for example, by the following process: The
      ferroelectric granular material is mixed with the desired quantity of a
      hardenable synthetic resin as bonding material and with a solvent. By the
      addition of the solvent, even small quantities of synthetic resin are
      uniformly distributed among the granules. When the solvent has evaporated,
      the mixture of synthetic resin and ferroelectric material is pressed into
      the determined shape and subsequently hardened.
PAR  The piezoelectric body produced in accordance with the method above
      described and the manner in which permanent polarization alignment is
      obtained is shown in FIGS. 1 and 2 of the drawing. In these drawings,
      piezoelectric body 1 is provided with preliminary electrodes 3 and 4. A DC
      voltage source 5 is then connected through conductors 6 and 7 to the
      preliminary electrodes 3 and 4. The voltage from source 5 is of a value
      sufficient to provide for the alignment of the permanent polarization. The
      electrodes 3 and 4 may later be removed from the body 1. In FIG. 2, a
      tubular body 10 is shown which provides a heating chamber in which the
      piezoelectric body 1 is raised to a predetermined temperature necessary
      for polarization.
PAR  It will be apparent to those skilled in the art that many modifications and
      variations may be effected without departing from the spirit and scope of
      the novel concepts of the present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for producing a piezoelectric body which may be polarized in
      an aligned permanent fashion comprising:
PA1  mixing a select amount of a granular ferroelectric material having a Curie
      temperature greater than 200.degree. C. with a sufficient amount of a
      fluidized bonding material to bind said granular ferroelectric material
      into a cohesive body,
PA1  said bonding material being characterized by a specific conductivity below
      said Curie temperature of the ferroelectric material in accordance with
      the formula
EQU  .sigma..sub.B .gtoreq. E.sub.C .times. .sub.K /E.sub.B
PAL  wherein .sigma..sub.B is the specific conductivity of the bonding material;
PA2  E.sub.c is the coercive field strength of the ferroelectric material;
PA2  .sigma..sub.K is the specific conductivity of the ferroelectric material;
      and
PA2  E.sub.b is the electric breakdown field strength of the bonding material;
PA1  shaping said mixture into a solid predetermined body shape; heating said
      solid body to a temperature sufficient to exhibit said specific
      conductivity in the bonding material but below said Curie temperature of
      the ferroelectric material; and
PA1  applying an electric voltage of sufficient intensity to said heated solid
      body to produce a permanent polarization alignment in the ferrorelectric
      material within said solid body but below that required to heat damage the
      bonding material.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the specific conductivity
      .sigma..sub.B of the bonding material is determined in accordance with the
      equation:
EQU  .sigma..sub.B = n .times. .sigma..sub.K
PAL  wherein n is an integer ranging from 0.1 to 100.
NUM  3.
PAR  3. A process as defined in claim 1 wherein the application of electric
      voltage to produce a permanent polarization alignment in the ferroelectric
      material within the solid body occurs while the solid body is maintained
      for at least one minute at a temperature sufficient for the bonding
      material to exhibit the specific conductivity thereof.
NUM  4.
PAR  4. A process as defined in claim 3 wherein the application of electric
      current to produce a permanent polarization alignment in the ferroelectric
      material within the solid body occurs while the solid body is maintained
      at a temperature sufficient for the bonding material to exhibit the
      specific conductivity thereof and for a time period sufficient to
      establish a basically constant electric current through the solid body.
NUM  5.
PAR  5. A process as defined in claim 1 wherein the applied electric voltage is
      of an intensity sufficient to only heat the solid body to a temperature
      below 100.degree. C.
NUM  6.
PAR  6. A process as defined in claim 1 wherein the granular ferroelectric
      material is subjected to a tempering process prior to mixing such material
      with the bonding material, said tempering process occurring at a
      temperature below that required to sinter such granular material into a
      mass and loose the grnularity thereof.
NUM  7.
PAR  7. A process as defined in claim 1 wherein the bonding material comprises
      an organic synthetic material.
NUM  8.
PAR  8. A process as defined in claim 7 wherein the organic synthetic material
      comprises an epoxy resin.
NUM  9.
PAR  9. A process as defined in claim 1 wherein the granular ferroelectric
      material is formed of individual granules having a diameter ranging from
      0.1 to 1 .mu.m.
NUM  10.
PAR  10. A process as defined in claim 1 wherein the bonding material exhibits a
      specific conductivity at room temperature in accordance with the equation:
EQU  .sigma..sub.B = m.times.E.sub.O .times. E.sub.K /T
PAL  wherein E.sub.K is the dielectric constant of the ferroelectric material; T
      is the time period for the applied electric voltage; and m is an integer
      ranging from 0.1 to 10.
NUM  11.
PAR  11. A process as defined in claim 1 wherein the bonding material includes a
      homogeneously distributed electrically conductive component in an amount
      sufficient to achieve the specific conductivity of the bonding material.
NUM  12.
PAR  12. A process as defined in claim 1 wherein the bonding material is
      dissolved in a suitable solvent therefore prior to mixing with the
      granular ferroelectric material and the solvent is evaporated prior to
      shaping such mixture into a solid predetermined body shape.
NUM  13.
PAR  13. A process as defined in claim 1 wherein the shaping of the mixture into
      a solid predetermined body shape includes pressing the mixture into a
      desired body shape and hardening such pressed body shape.
NUM  14.
PAR  14. A process as defined in claim 1 wherein the shaping of the mixture into
      a solid predetermined body shape comprises applying the mixture as a layer
      onto a base plate.
NUM  15.
PAR  15. A process as defined in claim 14 wherein application of the mixture as
      a layer onto a base plate is accomplished by rolling.
NUM  16.
PAR  16. A process as defined in claim 14 wherein the base plate is composed of
      aluminum.
NUM  17.
PAR  17. A process as defined in claim 1 wherein the granular ferroelectric
      material is composed of lead titanate.
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ABST
PAL  The invention describes a low cost transducer construction utilizing a
      vibratile diaphragm to form a closure for a cylindrical tubular housing.
      The sound radiating surface of the diaphragm is of a concave shape to
      achieve an increased diaphragm thickness at its periphery. The concave
      diaphragm design permits the precise adjustment of the resonant frequency
      of large quantities of mass produced transducers by machining the surface
      of the thick rim portion of the diaphragm. Greater precision in the
      adjustment of the resonant frequency is achieved with this design because
      the frequency change is less critically dependent on the amount of
      material removed than is the case with a conventional flat diaphragm
      surface as used in prior art designs.
BSUM
PAR  This invention relates to electroacoustic transducers, and more
      particularly to electroacoustic transducers of the vibratile diaphragm
      type which employ a peripherally clamped diaphragm driven in a flexural
      resonant mode of vibration; such as, for example, are illustrated in the
      structures shown in FIG. 2 of U.S. Pat. No. 3,128,532 and FIG. 1 of U.S.
      Pat. No. 3,638,052. The vibratile diaphragm in this type of transducer may
      be operated at either its fundamental resonant frequency mode or at an
      overtone resonant mode, such as is exemplified, for example, in FIGS. 7
      and 8 of U.S. Pat. No. 3,638,052. Although this invention is not limited
      to the high frequency region, it is of particular economic value when used
      at the higher audible frequencies or in the ultrasonic frequency region.
PAR  When manufacturing large quantities of this type of transducer, it is
      difficult to precisely control all of the manufacturing tolerances of the
      structural elements which affect the resonant frequency of the vibrating
      system. As a result, increased production costs are incurred when it is
      desired to achieve a high degree of uniformity among the
      frequency-response characteristics of the transducers. One method for
      controlling the uniformity of the frequency-response characteristics among
      mass-produced transducers of the vibratile diaphragm type is described in
      U.S. Pat. No. 3,128,532, col. 5, lines 5- 13, and consists in setting the
      mechanical tolerances of the components such that the transducer assembly
      resonates at a frequency higher than the desired frequency of operation
      and then sufficient material is removed from the surface of the diaphragm
      after assembly until the resonant frequency is lowered to the precise
      desired value.
PAR  In the case of transducers utilizing thin diaphragms which are generally
      less than 1 mm thick, two time-consuming limitations are introduced by the
      described frequency adjustment procedure. When the diaphragm is very thin
      and material from the surface of the diaphragm is to be removed, the rate
      of removal of the material must be carefully controlled to prevent
      excessive heating of the thin diaphragm which might damage the
      piezoelectric element which is bonded to the opposite surface of the
      diaphragm as illustrated in FIG. 2 of U.S. Pat. No. 3,128,532. The
      necessity for carefully controlling the machining operation over the
      surface of the diaphragm results in increased production costs. A second
      limitation is introducd during the machining of the diaphragm surface when
      adjusting the resonant frequency for prior art thin diaphragm structures
      because the resonant frequency of a thin diaphragm changes rapidly with
      small changes in diaphragm thickness and therefore it becomes more
      difficult to control the critical machining operation which is required
      during the final removal of the exact tiny amount of material from the
      diaphragm surface during the precise adjustment of the resonant frequency.
      This limitation also necessitates added time for the manufacturing
      operation which, in turn, results in additional increased production cost.
      The present invention overcomes these limitations by providing a novel
      diaphragm construction which makes the resonant frequency of the
      transducer less critically dependent on the amount of material removed
      from the diaphragm surface.
PAR  The primary object of this invention is to improve the design of an
      electroacoustic transducer employing a vibratile diaphragm whereby the
      resonant frequency of lrge quantities of manufactured transducers may be
      economically adjusted to a uniform value.
PAR  Another object of this invention is to provide an improved construction of
      an electroacoustic transducer employing a vibratile diaphragm whereby the
      operating efficiency is improved.
PAR  A still further object of this invention is to provide a simple low-cost
      structure for an electroacoustic transducer in which the vibratile
      diaphragm forms a closure for a cylindrical tubular housing and the sound
      radiating surface of the diaphragm is shaped generally concave to achieve
      an increased diaphragm thickness at its periphery relative to its central
      region for permitting the adjustment of the resonant frequency of the
      transducer in a simpler and more accurately controlled manner over prior
      art structures.
PAR  In keeping with one aspect of this invention, these and other objects are
      accomplished by providing a vibratile disc driven by a piezoelectric
      element.
DRWD
PAR  These and other objects, features, and advantages of the invention will
      become more apparent from a study of the following description when taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a cross-sectional view of a transducer assembly incorporating one
      embodiment of my invention.
PAR  FIG. 2 is a graphical representation of the change in the first overtone
      resonant frequency mode of vibration of the transducer illustrated in FIG.
      1 as a function of the amount of material (t) removed from the outer
      surface of the vibratile diaphragm structure.
DETD
PAR  Referring more particularly to the figures, FIG. 1 illustrates one
      embodiment of this invention. The reference character 1 represents a
      housing structure which comprises a cylindrical wall portion and a closed
      end portion having a flat internal surface 2 and a generally tapered
      concave outer surface 4 as illustrated. The closed end portion behaves as
      a circular disc clamped at its periphery and serves as a vibratile
      diaphragm which may be driven at either its fundamental resonant frequency
      mode of vibration or at an overtone resonant mode of vibration such as
      described and illustrated in U.S. Pat. No. 3,638,052. The concave outer
      surface 4 of the vibratile diaphragm portion of the housing structure
      results in a minimum wall thickness near the center portion of the
      diaphragm and a gradually increasing wall thickness toward the outer
      peripheral clamped portion of the diaphragm. The vibratile diaphragm is
      driven in a conventional manner by a polarized ceramic disc 5 which is
      attached to the center of the inside surface 2 of the diaphragm with a
      suitable rigid cement 6, such as epoxy. In this type of construction the
      epoxy cement 6 is of the electrically conducting type in order that
      electrical connection may be established between the diaphragm surface 2
      and the electrode surface 7 of the ceramic element. The opposite electrode
      surface 8 of the ceramic is connected to one end of a flexible wire 9 by
      means of solder 10; the opposite end of the wire 9 is electrically
      connected to the terminal pin 11 by the solder 12. The terminal pin 11 is
      attached to the center of an electrical insulating washer 13 as
      illustrated. A metal washer 14 having a tab portion 15 near its center
      opening is clamped in position as illustrated by spinning over the edge 16
      of the housing. External electrical power for operating the transducer is
      connected to terminals 11 and 15.
PAR  The general construction of the transducer illustrated in FIG. 1 is similar
      to the construction used in prior art structures of the same type with the
      exception that in this instance the outer radiating surface of the
      vibratile diaphragm is concave instead of plane, which is the basic
      difference between this invention and the prior art structures. The
      purpose of the concave outer surface of the vibratile diaphragm is to
      permit a precise adjustment of the resonant frequency of the transducer
      without the disadvantages inherent in making similar adjustments in prior
      art structures employing conventional flat diaphragms.
PAR  The improved effectiveness in adjusting the resonant frequency of a
      finished transducer incorporating the teachings of this invention is
      illustrated by the experimental data plotted in FIG. 2 which shows the
      change in resonant frequency of the first overtone mode of vibration as a
      function of the amount of material (t) removed from the outer surface of
      an actual transducer built in accordance with the teachings of this
      invention and which is desired to operate at 22 kHz. The mechanical
      tolerances of the structural components are such that the transducers as
      assembled resonate within a frequency range between approximately 23 kHz
      and 25 kHz. The specific transducer used to obtain the data shown in FIG.
      2 had an initial measured overtone resonance frequency equal to 24 kHz as
      assembled. The structure is approximately 1 inch diameter and utilizes an
      aluminum housing which includes a vibratile diaphragm portion which is
      approximately 0.010 inch thick at its central region and has an external
      taper, as illustrated in FIG. 1, which increases the diaphragm thickness
      by approximately 0.004 inch at its outer periphery. FIG. 2 shows the
      change in the overtone resonant frequency of the assembled transducer as a
      function of the amount of surface material (t) removed. The adjustment of
      the transducer to the desired lower operating resonant frequency is very
      simply made by removing the required amount of material from the annualar
      outer region of the diaphragm surface as illustrated by t in FIG. 1. The
      rate of change in resonant frequency as a function of the amount of
      material (t) removed is much less rapid for the structure employing the
      teachings of this invention than would be the case were the removal of
      material taken over the entire surface of a conventional diaphragm of
      uniform thickness such as used in prior art transducers.
PAR  The one piece housing structure illustrated in FIG. 1 includes a vibratile
      diaphragm portion which is uniformly and rigidly clamped at its periphery
      which results in a more uniformly controlled stiffness at the clamped
      periphery than is possible to achieve with a conventional prior art
      diaphragm cemented to the open end of tubular housing. The unitary housing
      and diaphragm construction lends itself to the economical manufacture of
      mass production quantities of the transducer.
PAR  Transducer structures employing aluminum diaphragms ranging in size from
      approximately 1/2 inch diameter to 3 inch diameter and designed for
      operating at resonant frequencies ranging from 15 kHz to 75 kHz have been
      tested during the development of this invention and experimental data has
      shown that it is possible to obtain conversion efficiencies from
      electrical input to acoustic output in excess of 10 percent when the
      average thickness of the vibratile portion of the diaphragm is less than
      approximately 71/2 percent of the wavelength of sound radiated in air at
      the operating frequency of the transducer. Using these experimental test
      data it is possible to establish the relationship between the maximum
      thickness of an aluminum diaphragm which may be employed in a transducer
      employing a peripherally clamped vibratile diaphragm as a function of the
      operating frequency of the transducer in order to achieve efficiencies
      greater than 10 percent.
PAR  During the development of a line of transducers incorporating the teachings
      of this invention, a correlation of experimental data indicates that in
      order to realize conversion efficiencies greater than 10 percent for a
      transducer employing a peripherally clamped aluminum diaphragm when driven
      by a polarized ceramic disc bonded to the center of one side of the
      diaphragm the diaphragm thickness must be less than approximately 71/2
      percent of the wavelength in air at the operating frequency. This
      relationship may be expressed as,
EQU  t &lt; .075 .lambda. approximately                            (1)
PAL  where,
EQU  t = diaphragm thickness in inches
EQU  .lambda. = wavelength of sound in air in inches
      ##EQU1##
      for air,
      ##EQU2##
      substituting (2) ) in (1),
      ##EQU3##
PAR  Thus to achieve an efficiency greater than 10 percent for a transducer
      employing a peripherally clamped aluminum diaphragm driven by a small
      piezoelectric ceramic disc attached at the center of one side of the
      diaphragm, it is required that the diaphragm thickness in inches be made
      less than the reciprocal of the operating frequency in kHz. If a
      transducer is designed to operate at 25 kHz, for example, the diaphragm
      thickness should be made less than 1/25 inch. It may be required in some
      cases to achieve efficiencies substantially greater than 10 percent in
      which case the thickness of the aluminum diaphragm must be made
      substantially less than the maximum limit given by equation (3). If
      materials of higher density than aluminum are used for the diaphragm the
      efficiencies will be correspondingly reduced. It is therefore preferable
      to employ lower density materials such as titanium instead of stainless
      steel, for example, when aluminum cannot be used in severe environmental
      applications. To avoid the relatively high reduction in efficiency caused
      by higher density materials such as steel, copper and brass, it is
      desirable to limit the choice of materials to be used for vibratile
      diaphragms to those whose specific gravity is less than 4.
PAR  Following is a summary of the advantages of a transducer incorporating the
      teachings of this invention:
PAR  The reduction in resonant frequency of the assembled transducer during its
      adjustment is relatively much more gradual as a function of the amount of
      surface material (t) which is removed from the tapered diaphragm
      construction of this invention as compared to the reduction in frequency
      which results from the removal of material from the flat surface of a
      conventional prior art diaphragm. For example, in an actual transducer
      about 1 inch diameter using an aluminum diaphragm of the inventive design
      with an average thickness of 0.010 inch over most of its vibratile
      surface, and having a tapered increase in thickness of approximately 0.004
      inch at its outer peripheral clamped region, and which resonates at 24 kHz
      at the first overtone mode of vibration, the removal of .001 inch of
      material (t) causes a resonant frequency reduction of 1 kHz as shown in
      FIG. 2. If a conventional prior art flat diaphragm 0.010 inch thick were
      used in the design, the removal of 0.001 inch from the diaphragm surface
      would cause a frequency change about 21/2 times greater thus making it
      much more difficult to control the precise adjustment of the resonant
      frequency during production and correspondingly would result in increased
      production cost.
PAR  An additional disadvantage results when attempting to remove material from
      the flat surface of a conventional prior art diaphragm of uniform
      thickness such as, for example, by touching the transducer surface against
      a flat moving abrasive surface. The central portion of the flat diaphragm,
      being more flexible than the outer edge portion will be held against the
      abrasive machining surface with less effective pressure thereby
      introducing a nonuniform cutting rate over the diaphragm surface which
      introduces an additional variable to be controlled in production.
PAR  Another disadvantage associated with the conventional prior art flat
      diaphragm construction is that heat will be generated over the thin center
      region of the diaphragm while it is in contact with the abrasive machining
      surface which in turn may overheat the thin ceramic disc attached to the
      opposite center surface of diaphragm and cause changes in the operating
      characteristics of the transducer. If the heat is not sufficient to
      depolarize the ceramic to render the transducer inoperative, it may easily
      be sufficient to cause a temporary change in the piezoelectric properties
      of the ceramic which would result in the adjustment of the resonant
      frequency of the transducer to an erroneous unstable value which would
      change during storage and thus could drift outside of specification
      tolerances when subsequently placed in service.
PAR  All of the disadvantages cited above for the flat prior art diaphragm
      construction are removed by using the tapered diaphragm construction
      disclosed in this invention. The adjustment of the resonant frequency of
      the assembled inventive transducer is simply achieved by the removal of
      material only from the rigid rim portion of the concave diaphragm surface
      as illustrated by (t) in FIG. 1. The machining operation is thus more
      positive and the admustment to the desired resonance frequency is less
      critically dependent on the amount of material removed. Since the concave
      shape does not require any contact with the central portion of the
      vibratile diaphragm during machining the risk of overheating the ceramic
      is materially reduced.
PAR  Although the preferred embodiment has been described as a one piece housing
      structure as illustrated in FIG. 1, it will be obvious to one skilled in
      the art that the benefits of this invention can also be achieved if the
      tapered diaphragm portion of the structure is constructed as a separate
      disc and then bonded to an open end of a tubular housing portion.
PAR  Although this invention has been illustrated with a transducer designed for
      operating in air it will be obvious to one skilled in the art that the
      teachings of this invention, including the use of the concave diaphragm
      construction, could be advantageously applied to underwatr transducers in
      which case the diaphragm thickness would generally be greater than the
      diaphragm thickness required for air and the values derived in equation
      (3) would obviously not apply to underwater transducers because of the
      difference in magnitude of the radiation impedance of water as compared to
      air. Some specific types of underwater transducers in which the teachings
      of this invention could be applied are illustrated in FIGS. 4 and 5 of
      U.S. Pat. No. 3,510,698.
PAR  Several specific embodiments of this invention have been illustrated and
      described and it will be obvious to one skilled in the art that additional
      modifications may be made without departing from the true spirit and scope
      of the invention; therefore, the appended claims are intended to cover all
      equivalents that will fall within the true spirit and scope of this
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination in an electroacoustic transducer, a tubular housing
      structure, a vibratile diaphragm peripherally clamped to said housing
      structure, said diaphragm characterized in that it operates in a flexural
      resonant mode of vibration at a prescribed resonant frequency, said
      vibratile diaphragm further characterized in that its external radiating
      surface is concave whereby the thickness of said diaphragm increases from
      the center portion of said vibratile diaphragm to the outer peripheral rim
      portionn of said vibratile diaphragm, said vibratile diaphragm still
      further characterized in that the increased flexural stiffness of said
      diaphragm resulting from the increased thickness of said diaphragm near
      its peripheral region has a substantial influence in the determination of
      the flexural resonant frequency of said electroacoustic transducer, said
      diaphragm still further characterized in that the increased flexural
      stiffness resulting from said increase in thickness of said diaphragm near
      its peripheral region is sufficient to cause an increase in the flexural
      resonant frequency of said electroacoustic transducer above the prescribed
      resonant frequency of operation of said transducer, electromechanical
      transducer means for converting alternating electrical signals to
      alternating mechanical forces, said electromechanical transducer means
      adapted for driving said flexural vibratile diaphragm means, and
      electrical terminal means connected to said electromechanical transducer
      means.
NUM  2.
PAR  2. The method for reducing the resonant frequency of the transducer
      described in claim 1 which includes the step of removing material from the
      surface of the peripheral portion of said concave external radiating
      surface of said vibratile diaphragm.
NUM  3.
PAR  3. The invention in claim 1 further characterized in that the thickness of
      said vibratile diaphragm at its minimum thickness region is less than 1/
      finch, where f is the operating frequency of the transducer in kHz.
NUM  4.
PAR  4. The invention in claim 1 further characterized in that said diaphragm
      has a specific gravity less than 4.
NUM  5.
PAR  5. In combination in an electroacoustic transducer, a one piece housing
      structure including a tubular wall portion and a vibratile diaphragm
      portion which serves as a closure for one end of said tubular wall
      portion, said vibratile diaphragm portion having a flat internal surface
      and a concave external surface whereby the thickness of said vibratile
      diaphragm portion is a minimum near the central region of said vibratile
      diaphragm portion and the thickness increases toward the outer peripheral
      region of said vibratile diaphragm portion, said diaphragm characterized
      in that it operates in a flexural resonant mode of vibration at a
      prescribed resonant frequency, said diaphragm further characterized in
      that the increased flexural stiffness resulting from the increased
      thickness of said diaphragm near its peripheral region has a substantial
      influence in the determination of the resonant frequency of said
      electroacoustic transducer, said diaphragm still further characterized in
      that the increased flexural stiffness resulting from said increase in
      thickness of said diaphragm near its peripheral region is sufficient to
      cause an increase in resonant frequency of said electroacoustic transducer
      above the prescribed resonant frequency of operation of said transducer,
      electromechanical transducer means for converting alternating electrical
      signals to alternating mechanical forces, said electromechanical
      transducer means adapted for driving said flexural vibratile diaphragm
      means, and electrical terminal means connected to said electromechanical
      transducer means.
NUM  6.
PAR  6. The method for reducing the resonant frequency of the transducer
      described in claim 5 which includes the step of removing material from the
      surface of the peripheral portion of said concave external radiating
      surface of said vibratile diaphragm.
NUM  7.
PAR  7. The invention in claim 5 further characterized in that the minimum
      thickness of said vibratile diaphragm is less than 1/ f inch, where f is
      the operating frequency of said electroacoustic transducer in kHz.
NUM  8.
PAR  8. The invention in claim 4 further characterized in that said one piece
      housing structure comprises a material having a specific gravity less than
      4.
NUM  9.
PAR  9. The invention in claim 8 further characterized in that said material is
      aluminum.
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ABST
PAL  A surface acoustic wave (SAW) structure is disclosed wherein a SAW device
      is incorporated as an exterior lamina within a composite laminate in order
      to temperature stabilize the acoustic device. The composite laminate is
      synthesized to selectively mismatch the thermal expansion characteristics
      of the piezoelectric material, which is the body of the acoustic device,
      along the axis of acoustic propagation and simultaneously approximately
      match the thermal expansion properties along the orthogonal axis.
      Compressive force is thereby applied to the acoustic device to keep the
      substrate length constant and thus provide an approximately zero
      temperature coefficient over a preferred range of temperatures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Widespread interest now exists in surface acoustic wave (SAW) devices
      wherein the wave energy propagates along the surface of a material much as
      a ripple on a pond. In fact, if viewed microscopically, the surface of the
      material supporting these waves would resemble such a pond, complete with
      wave crests and valleys. One of the great advantages of SAW devices
      results from the fact that the surface waves travel at acoustic (sound)
      velocities which are much slower than electromagnetic wave propagation. A
      second equally important advantage is that the acoustic wave energy is
      continuously accessible along its propagation path. Because the
      wavelengths are shorter and the energy accessible, components such as
      delay lines, amplifiers, attenuators, filters and couplers of
      microminiature construction can be utilized to modify and process
      electronic signals.
PAR  In its simplest form a SAW circuit comprises a source of rf energy, a
      smooth slab-like element or substrate of material capable of supporting
      propagating surface waves and a utilization device. Electromechanical
      transducers are coupled to the substrate to convert the rf energy to
      surface waves in the material and vice versa. Thus configured, the basic
      surface wave device is primarily useful as a delay line. Frequently, it is
      desired to modify the propagating surface wave in a manner such as to
      enhance the operation of the basic devices and to form new devices having
      unique properties.
PAR  In general, piezoelectric materials are utilized in fabricating the surface
      wave substrate. With such substrates, the input and output transducers
      commonly take the form of arrays of thin film conductive interdigitated
      electrodes which are fabricated on the substrate surface. By properly
      designing the transducers, it is possible to obtain delay lines with
      desired characteristics of delay time and frequency response. Because of
      these properties, such devices are termed delay line filters, and find use
      in a broad range of communications and radar systems.
PAR  Because SAW devices usually have large time delays as compared to LC
      networks, the temperature coefficient of time delay becomes an important
      parameter. It is difficult to compensate for temperature effects with
      simple network techniques. In bandpass filter applications the center
      frequency, phase shift and time delay are temperature-dependent. In the
      case of matched filters used in chirp radars, range ambiguities are
      introduced due to a substrate temperature variation. In phase coded
      matched filters, the processing gain is seriously degraded as the
      temperature is varied.
PAR  The basic approach taken to date on compensating for delay time changes due
      to temperature on surface wave substrates has centered on a thin film
      composite material approach. This approach is characterized by the use of
      a thin film oxide layer on a surface wave substrate which permits the
      temperature coefficient of one material to compensate for the temperature
      coefficient of the other material. Control of the temperature coefficient
      of delay to small values has been achieved through the use of ZnO film
      layers on fused quartz and isopaustic glass. This layered film concept has
      been extended to ZnO film layers on other cuts of quartz and SiO.sub. 2
      films on lithium niobate. Specific cuts of quartz and selected glasses
      have negative temperature coefficients while lithium niobate and zinc
      oxide possess positive coefficients.
PAR  Other approaches have included the butt-joint bonding of ST-quartz to
      LiNbO.sub. 3 and a resistive film heating arrangement using a phase-lock
      feedback loop. Placing the surface wave device in a temperature controlled
      oven is a direct but somewhat clumsy solution to the problem. It would be
      advantageous to identify a means of temperature compensation which is more
      simple.
PAR  To date, the approaches taken have met with only limited experimental
      success. It appears against basic structural properties of matter to
      simultaneously have a high coupling efficiency and low temperature
      coefficiency in a single material. The best condition obtainable would be
      that of inducing a temperature stable state in a material of high coupling
      efficiency and low propagation loss without degrading these properties. It
      would also be of tremendous benefit if the technique could be adapted to a
      variety of materials and would be fabricationally simple and reliable.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a technique for
      making surface wave (SAW) devices that have temperature stable
      characteristics.
PAR  It is another object of this invention to provide the technique that is
      relatively inexpensive, reliable and fabricationally simple.
PAR  It is another object of this invention to provide the technique by means of
      applying compressive force to keep the SAW substrate length constant over
      the temperature range of interest.
PAR  It is still another object of this invention to provide a technique for
      making SAW devices that have high coupling efficiency, low propagation
      loss, and small temperature coefficient of time delay.
PAR  In accordance with the invention, the SAW device is made to have
      temperature stable characteristics. The surface wave device is
      incorporated as an exterior lamina in a composite laminate and defines a
      SAW structure. The composite laminate is synthesized in accordance with
      the particular thermal properties attributed to the type of piezoelectric
      material used as the acoustic device in order to temperature compensate
      the acoustic device. The composite laminate is composed of an array of
      composite laminae comprising unidirectional, high modulus, graphite fibers
      disposed in a heat resistant epoxy matrix. The number, orientation and
      position of the graphite laminae within the laminate cross section is
      established to selectively mismatch the thermal expansion characteristics
      of the acoustic device along the axis of acoustic propagation and
      simultaneously approximately match the thermal expansion properties along
      the orthogonal material property axis of the acoustic device.
PAR  Various other objects and advantages will appear from the following
      description of the preferred embodiments of the invention and the novel
      features will be particularly pointed out hereinafter in connection with
      the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified pictorial view of a surface acoustic wave (SAW)
      delay line filter.
PAR  FIG. 2 is an illustration of a structure for offsetting the temperature
      effect on a SAW device by means of the compressive force induced by a
      graphite composite laminate to which the substrate of the device is
      bonded.
PAR  FIG. 3 is a pictorial view of the FIG. 2 structure wherein the delay line
      filter of FIG. 1 is the SAW device.
PAR  FIG. 4 is a graph of the center frequency of the delay line filter of FIG.
      1 as a function of temperature.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more specifically to the drawings, FIG. 1 is a simplified
      pictorial view of a surface acoustic wave (SAW) delay line filter. In FIG.
      1, a substrate 10 of piezoelectric material is provided with an input
      transducer 11 and an output transducer 12. A source of rf energy indicated
      generally by block 13 is electrically coupled to input transducer 11.
      Source 13 can also include suitable electromagnetic tuning elements as are
      well known in the art. A utilization circuit indicated generally as block
      14 is, in turn, electrically coupled to the output transducer 12. The
      piezoelectric material from which substrate 10 is fabricated is of the
      type suitable for the propagation of acoustic surface waves. Many suitable
      materials have been employed for this purpose and their characteristics
      can be found in the recent technical literature. New materials like
      lithium niobate and bismuth germanium oxide have been found to combine
      strong piezoelectric coupling with low acoustic propagation loss and large
      time delay per unit length. Crystalline quartz, which has become so widely
      used in bulk acoustic wave devices, is also important for SAW devices
      because new orientations of this material have been found which have very
      low temperature coefficients of time delay. The most popular materials are
      quartz, because of its low cost and temperature stability and lithium
      niobate, because of its high piezoelectric coupling.
PAR  Generally, the surface of substrate 10 is ground and polished to an optical
      quality finish in order to reduce surface imperfections to a minimum.
      Input and output transducers 11 and 12 are deposited, bonded or otherwise
      mechanically attached to the upper polished surface of substrate 10.
      Transducers 11 and 12 can be formed of any suitable electrically
      conductive material such as aluminum or gold. The thickness of the
      deposited conductive material comprising the transducers is not critical
      and can typically be on the order of 500 to 1,000 Angstroms or more.
PAR  As shown in FIG. 1, each transducer consists of a number of interleaved
      metal electrodes. In the simplest case, the width and spacing of these
      electrodes is equal and is uniform throughout the transducer pattern. When
      a harmonic voltage is applied to the transducer terminals, the transducer
      pattern excites a periodic electric field which penetrates into the
      piezoelectric substrate. The substrate responds by periodically expanding
      and contracting in unison with these fields. With the proper choice of
      substrate orientation, which in the present invention is of the Y-cut and
      Z propagating direction, this piezoelectric excitation gives rise to SAWs
      which propagate in the two directions normal to the transducer electrodes.
PAR  As might be expected by analogy with bulk acoustic wave devices, the peak
      SAW output from the transducer occurs near the center frequency f.sub.o,
      defined by the SAW velocity (v) and the periodic length (L) of the
      transducer pattern, as: (a)
EQU  f.sub.o = v/L
PAR  the time delay, or time (.tau.) for the surface acoustic wave to travel the
      distance (l) between transducers is:
EQU  .tau. = l/v                                                (B)
PAR  as mentioned above, there are two principle materials that find application
      as acoustic surface wave substrates. Lithium niobate (LiNbO.sub. 3) has
      the highest coupling coefficient, but a large linear temperature
      coefficient of delay (i.e., 94 ppm/.degree. C.). This temperature
      coefficient is too large for many practical applications. The second
      material is ST-quartz which has a zero first order temperature coefficient
      of delay. However, its coupling efficiency is approximately 30 times lower
      than that of LiNbO.sub. 3. Thus the insertion loss becomes a problem in
      applications requiring a large fractional bandwidth. Furthermore, the
      surface wave attenuation coefficient of ST-quartz is larger than 2dB/.mu.s
      at 1 GHz and its second order temperature coefficient exhibits a parabolic
      dependence with temperature coefficients greater than 30 ppm/.degree. C.
      at temperatures of 35.degree. C. away from room temperature.
PAR  Ideally one would like a material having the strong coupling and low
      propagation loss of LiNbO.sub.3 and the small temperature coefficient of
      ST-quartz. A technique for accomplishing this, which utilizes LiNbO.sub. 3
      in conjunction with a temperature compensating material, is described
      below.
PAR  As the temperature of a LiNbO.sub. 3 substrate increases, l in equation (B)
      increases and v in equation (B) decreases; therefore, the delay time,
      .tau., increases as a result of each of the two effects. Applying
      compressive force along the longitudinal axis of the substrate causes l to
      decrease and v to increase and thus will compensate for the effects of
      temperature increase on delay time.
PAR  Also, as the temperature of the substrate increases, L in equation (A)
      increases and v decreases; therefore, f.sub.o decreases as a result of
      each of these two effects. Again, applying compressive force along the
      longitudinal axis of the substrate causes L to decrease and v to increase
      and thus will compensate for the effects of temperature on f.sub.o.
PAR  By rigidly bonding a LiNbO.sub. 3 substrate 20 to a composite laminate 21
      of unidirectional, high modulus fibers 22 imbedded in a heat resistant
      epox matrix 23, as illustrated by FIG. 2 and described in more detail
      below, compressive force as described above is created on the substrate,
      said force increasing as temperature increases. Thus, a means of
      compensating for temperature effects on delay time and filter center
      frequency can be obtained. The theory for this temperature compensation
      means is discussed briefly below.
PAR  The temperature dependence of elastic acoustic wave propagation in a solid
      is characterized by its temperature coefficient of time delay. Considering
      the time delay, .tau., path length, l, divided by a velocity v,
EQU  .tau. = l/v,                                               (1)
PAL  the first order temperature coefficient of delay is given by
      ##EQU1##
      where T is the temperature. The fractional change in length with
      temperature .delta. (1nl)/.delta.T is the thermal expansion coefficient,
      .alpha.. The thermal expansion coefficient is normally positive
      (increasing length with increasing temperature) and for most materials is
      on the order of 10.sup.-.sup.5 /.degree. C. The temperature coefficient of
      velocity is generally a negative quantity (velocity decreases as
      temperature increases) and its magnitude is on the order of 10.sup.-.sup.4
      /.degree. C. The net effect can be a fairly substantial value for the
      temperature coefficient of delay. For example, in YZ lithium niobate the
      thermal expansion coefficient is 8 ppm/.degree. C. and the temperature
      coefficient of velocity is -86 ppm/.degree. C. This gives a substantial
      positive value of temperature coefficient of delay of 94 ppm/.degree. C.
PAR  In general, an acoustic velocity is equal to the square root of an
      appropriate elastic constant, c, divided by density, .rho.,
EQU  v = .sqroot. c/.rho.                                       (3)
PAL  Thus the temperature coefficient of velocity can be given by
      ##EQU2##
      The temperature change of density is directly related to thermal expansion
      coefficient and, for example, in the case of an isotropic material
      ##EQU3##
      Using this expression together with equations (2) and (4), the temperature
      coefficient of time delay becomes in a very simplified form.
      ##EQU4##
PAR  R. E. Newnham, ("Elastic Properties of Oxides and the Search for
      Temperature Compensated Materials", Air Force Cambridge Research
      Laboratories Scientific Report, AFCRL-TR-73-0220, Mar. 30, 1973), has
      developed a simple classical mechanical analog in which springs represent
      atomic bonds in order to represent the change in elastic constant in terms
      of basic mechanical parameters.
PAR  In a mechanical spring model assuming isotropic identical springs the
      elastic coefficient will be directly proportional to force constant, k,
      and inversely proportional to bond length, l,
EQU  c .congruent. k/l                                          (7)
PAR  If we take the approximate expression given by (7) and calculate the
      temperature change of c,
      ##EQU5##
      where we have used the fact the change in k depends primarily upon bond
      length. Substituting this expression into equation (6)
      ##EQU6##
      and with a final simplification substitution for c,
      ##EQU7##
      Substitution of values typical for quartz gives a
      .delta.1n.music-sharp./.delta.T value equal to 30 ppm/.degree. C.
PAR  The simple spring force constant model gives the right order of magnitude
      value that is observed experimentally. In practice the actual crystal
      structure is considerably more complicated and the spring constant model
      cannot be used to accurately predict the temperature coefficient of delay.
      It does serve to place in focus those physical characteristics which
      dominate the change in time delay with temperature. From expression (11)
      it is apparent that the temperature coefficient of time delay is directly
      proportional to thermal expansion coefficient and the parameters relating
      fractional changes of bond length and spring constant.
PAR  The conclusion to be drawn is that the temperature coefficient of delay
      will become zero if the change in bond length with temperature is zero. It
      is this approach which is used for stabilizing the temperature coefficient
      to a zero value.
PAR  Composite structures have been used for some time to compensate for
      undesirable property changes which can occur in a single material.
PAR  The word composite implies that two or more materials are utilized as
      macroscopic components to form a composite material which has a desired
      set of physical characteristics. Composites may be formulated and used to
      advantage in lieu of conventional materials in many applications since
      they usually exhibit the best qualities of their constituents plus some
      qualities that no single constituent possesses alone. Unique properties
      may be tailored to fit specific requirements of a particular application
      by varying constituent material types, quantity, orientation and geometry.
      Apparent (macroscopic) properties of a specific composite and interaction
      of its constituents may be reliably predicted on the basis of known
      constituent material characteristics, the principles of solid mechanics,
      and composite theory.
PAR  For temperature compensating acoustic devices it is seen, that to first
      order, if the material is prevented from expanding, a temperature
      coefficient of time delay near zero can be obtained. This would be a
      structure which physically restricts expansion. For example, if the
      surface wave substrate is bonded to a material whose properties prevent
      expansion at the surface through induced stress changes, this should
      produce the desired zero temperature coefficient. The selection of the
      material to which the substrate is bonded and the bonding material are
      critical items.
PAR  One approach taken is the use of a graphite laminate composite whose
      properties may be tailored to achieve the desired stress levels. An
      illustration of such a structure is shown in FIG. 2. The structure
      incorporates a surface wave substrate 20 as an exterior lamina in a
      laminated composite plate element. The balance of the laminate consists of
      composite laminae 21 comprised of unidirectional, high modulus, graphite
      fibers 22 embedded in a heat resistant epoxy matrix 23. The number, type,
      orientation, and geometric array of the composite laminae is a function of
      the substrate crystal type, thickness, and orientation (cut) which is to
      be temperature compensated. The laminate is tailored to selectively match
      or mismatch material properties of the surface wave substrate lamina and
      thereby induce controlled stress levels in the device when the laminate is
      exposed to variations in thermal environment. In this manner, properties
      of the laminate are exploited to compensate undesirable thermally induced
      expansion and material property variations at the surface of the
      substrate.
PAR  The design of the laminate is based upon composite plate theory as taught
      by J. E. Ashton, et al, Primer on Composite Materials: Analysis, Technomic
      Publishing Co., Stanford, Connecticut, 1969. The theory is applicable to a
      laminate formed from an arbitrary number and array of anisotropic laminae.
      An internal compressive stress is developed along a selected material axis
      of the surface wave lamina by designing in a selective mismatch between
      its thermal expansion characteristics and those of the balance of the
      laminate. Simultaneously, it is necessary to tailor the composite such
      that off-axis stress levels in the lithium niobate are maintained within
      acceptable levels.
PAR  Composite laminae in the form of a thin tape prepreg can be used. For
      instance, NARMCO 5208T-300 carbon prepreg, made by NARMCO Materials
      Division, Whittaker Corporation, is a modified epoxy resin reinforced with
      unidirectional Thornal 300 carbon fibers and is supplied as a tape
      approximately 0.007 inches thick. The laminate is formed from a lay-up of
      several layers of this tape. Individual lamina are placed in the lay-up
      such that their principal material axes are oriented at a prescribed angle
      with the principal axes of the laminate. Laminae number, orientation, and
      position are formulated according to the net material properties required
      for the laminate. After lay-up the laminate is cured at elevated
      temperature and under moderate pressure.
PAR  After completion of the initial composite laminate, the final laminate is
      formed by bonding the surface wave crystal in its prescribed position and
      orientation.
PAR  The results of an application of this technique will now be described. The
      LiNbO.sub. 3 substrate filter embodiment of FIG. 1 comprised of substrate
      10 and transducers 11 and 12 is bonded to a 15 layer graphite composite
      laminate 30 as described above and as shown by FIG. 3 in simplified form.
      The frequency vs. temperature characteristic of the filter is shown by the
      graph of FIG. 4. As indicated, the frequency remains nearly constant over
      the temperature range of 20.degree. C. to 70.degree. C., corresponding to
      a temperature coefficient of less than 10 ppm/.degree. C.
PAR  The temperature range and its central value for nearly zero temperature
      coefficient can be regulated in various ways, such as: by changing the
      composite laminate structure and orientation angle of the graphite fibers;
      by changing the bonding materials and temperature at which bonding takes
      place.
PAR  This temperature compensation technique is also applicable to other surface
      acoustic wave substrate materials and to other composite laminate
      structures and materials. Other methods can also be used to apply
      compressive force to keep the substrate length constant and thus provide a
      nearly zero temperature coefficient over the temperature range of
      interest.
PAR  The above-described temperature stabilization techniques are also
      applicable to all other SAW devices in addition to the delay line filter
      of the preferred embodiment.
PAR  One of the major concerns in the industry today pertaining to SAW devices
      is a relatively simple, reliable and inexpensive means of maintaining high
      coupling efficiency low propagation loss, and a small temperature
      coefficient of delay. This invention will provide such means and will
      enable a substantial increase in the use of SAW devices in military, space
      and commercial equipment.
CLMS
STM  We claim:
NUM  1.
PAR  1. A temperature compensated surface acoustic wave structure including a
      surface acoustic wave device comprising a body of piezoelectric material
      having a first planar surface on which surface waves are generated and a
      second planar surface, said temperature compensated surface acoustic wave
      structure comprising in combination:
PA1  a composite laminate substrate composed of an array of laminae;
PA1  said composite laminate substrate being laminated to the second surface of
      the surface acoustic wave device with the surface acoustic wave device
      forming an exterior lamina of a composite laminate;
PA1  said substrate having a thermal expansion coefficient selectedly mismatched
      to the thermal expansion coefficient of the surface acoustic wave device
      along the axis of acoustic propagation for inducing controlled stress
      changes with temperature at the surface of the device;
PA1  said substrate having a thermal expansion coefficient substantially matched
      to the thermal expansion characteristics of the device along the
      orthogonal material property axis of the device; and
PA1  said induced controlled stress changes along the axis of acoustic
      propagation causing the temperature coefficient of delay of the surface
      wave device to be essentially zero over a predetermined temperature range.
NUM  2.
PAR  2. The temperature compensated surface acoustic wave structure of Claim 1
      wherein:
PA1  said substrate being comprised of an array of composite lamina comprising
      unidirectional, high modulus graphite fibers disposed in a heat resistant
      epoxy matrix; and
PA1  the number, orientation, and position of said graphite lamina within the
      laminate cross section of said substrate is predetermined to selectively
      mismatch the thermal expansion characteristics of the surface acoustic
      wave device along the axis of acoustic propagation and simultaneously
      match the thermal expansion properties of the surface acoustic wave device
      along the orthogonal material property axis.
NUM  3.
PAR  3. The temperature compensated surface acoustic wave structure of claim 2
      wherein:
PA1  approximately 65 percent of said substrate's volume is comprised of said
      graphite fibers; and
PA1  said substrate is comprised of 15 laminae.
NUM  4.
PAR  4. In combination with a surface wave device including a Y-cut,
      Z-propagating lithium niobate piezoelectric crystal having a first and
      second planar surface and at least two transducers for respectively
      exciting and receiving surface waves on the first surface of the surface
      wave device, a structure for providing temperature stabilization of the
      surface wave device, the improvement comprising:
PA1  a composite laminate substrate having predetermined material properties for
      inducing controlled stresses to selectively match and mismatch thermal
      expansion characteristics of the piezoelectric crystal to thereby
      establish temperature stabilization of said piezoelectric crystal, said
      composite laminate structure being bonded to the second surface of the
      surface wave device such that the excited surface waves are not
      transmitted therethrough, said composite laminate structure including
      graphite fibers disposed in a heat resistant epoxy matrix with said
      graphite fibers being disposed unidirectionally in each lamina.
NUM  5.
PAR  5. The temperature stable surface acoustic wave structure of claim 4
      wherein said composite laminate structure comprises in combination:
PA1  graphite fibers disposed in a heat resistant epoxy matrix; and
PA1  said graphite fibers being disposed unidirectionally in each lamina.
NUM  6.
PAR  6. The temperature stable surface acoustic wave structure of claim 4
      wherein:
PA1  said substrate is composed of 15 laminae; and
PA1  said graphite fibers are disposed in each of said 15 laminae at a
      predetermined orientation with respect to the axis of propagation of the
      surface acoustic wave.
NUM  7.
PAR  7. The temperature stable surface acoustic wave structure of claim 4
      wherein said substrate is comprised of graphite fibers in the ratio of
      approximately 65 percent with respect to the total volume of said
      substrate.
NUM  8.
PAR  8. In combination with a surface wave device including a Y-cut,
      Z-propagating lithium niobate piezoelectric crystal having a first and
      second planar surface and at least two transducers for respectively
      exciting and receiving surface waves on the first surface of the surface
      wave device, a structure for providing temperature stabilization of the
      surface wave device, the improvement comprising:
PA1  graphite fibers disposed in a heat resistant epoxy matrix;
PA1  said graphite fibers being disposed unidirectionally in each lamina;
PA1  said substrate is composed of 15 laminae;
PA1  said graphite fibers are disposed in each of said 15 laminae at a
      predetermined orientation with respect to the axis of propagation of the
      surface acoustic wave; and
PA1  said substrate is comprised of graphite fibers in a ratio of approximately
      65 percent with respect to the total volume of said substrate.
NUM  9.
PAR  9. A temperature stable surface wave structure comprising:
PA1  a body of piezoelectric material having first and second opposing planar
      surfaces;
PA1  excitation means for exciting surface waves on said first planar surface of
      said body of said piezoelectric material in response to electromagnetic
      signals being supplied thereto;
PA1  a composite laminate structure having predetermined material properties for
      providing temperature compensation of said piezoelectric material by
      inducing controlled stress changes in said piezoelectric material thereby
      establishing the temperature stable surface wave structure, said composite
      laminate structure being bonded to said second surface of said
      piezoelectric material
PA1  said composite laminate substrate induces said controlled stresses along
      said axis of propagation of said surface waves to selectively mismatch the
      thermal expansion coefficient of said piezoelectric material; and
PA1  said composite laminate substrate induces controlled stress to
      substantially match the thermal expansion characteristics of the
      piezoelectric material along the orthogonal axis to said axis of
      propagation of said excited surface waves.
NUM  10.
PAR  10. The temperature stable structure of claim 9 wherein:
PA1  said composite laminate structure comprises a plurality of individual
      lamina layers, each layer having graphite fibers unidirectionally disposed
      in an epoxy matrix; and
PA1  said graphite fibers of said individual lamina layers being at a
      predetermined orientation to the axis of propagation of said excited
      surface waves to selectively match and mismatch thermal expansion
      characteristics of said piezoelectric material by inducing said controlled
      stresses.
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ABST
PAL  In a deceleration detecting device, magnetic induction electromotive force
      is utilized as a signal for expanding an air bag, and magnitude of this
      magnetic induction electromotive force is proportional to a speed
      variation ratio of a movable magnetic substance transferred by
      deceleration exceeding a predetermined value of a vehicle in order to
      decrease a detecting time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  The present invention relates to a detecting device for expanding an air
      bag upon collision of a vehicle so as to protect a driver safely before
      crash.
PAR  2. Description Of The Prior Art
PAR  As well known recently, apparatus have been developed that expand an air
      bag upon collision of a vehicle to prevent a driver from crashing on to a
      steering wheel, a front window, an instrument panel etc., thereby
      accidents resulting in loss of human life can be eliminated effectively.
PAR  In this case, a detecting time for expansion of an air bag is an important
      problem and influences and affects filling of an air bag, therefore slow
      action frequently cannot protect a driver safely.
PAR  Performance of a sensor of this sort in the prior art is that of a movable
      member transferred by deceleration produced at collision in no-brake
      condition or sudden brake action just before an obstacle is struck and the
      movable member contacts with an opposite contact member, thereby an
      electric circuit for acting an the air bag is closed to open a gas valve
      so that expanded gas is introduced into the air bag.
PAR  The above performance corresponds to an integral of a second order with
      respect to "deceleration" converted into "displacement."
PAC  SUMMARY OF THE INVENTION
PAR  In a deceleration detecting device in accordance with the invention a
      movable member is arranged at a prescribed position of a vehicle for
      controlling of expanding of an air bag and a valve for an air bag filling
      gas is operated by transfer of the movable member so as to protect a
      driver at the vehicle's collision. A magnetic path is provided which has a
      gap varying in the movable member transfer direction and includes the
      movable member coactive with a magnetic sensing element. The transfer
      speed of the movable member according to the deceleration produced upon
      vehicle collision can be detected early in the transferring state by means
      of the magnetic sensing element in order to decrease the detecting time.
PAC  OBJECTS OF THE INVENTION:
PAR  An object of the present invention is the decrease of a detecting time for
      an air bag operation which performs effective expansion of the air bag to
      assure safety of a driver.
PAR  Another object of the present invention is that magnetic induction voltage
      is used as an electric signal for an air bag operation so as to decrease a
      detecting time.
PAR  A further object of the present invention is in that a movable member of
      magnetic material is transferred by means of deceleration of a vehicle and
      additionally acting magnetic attractive force wherein speed variation in
      the transferring state is converted to magnetic electromotive force which
      is proportional to the speed variation of the movable magnetic substance
      for shortening a detecting time.
DRWD
PAR  Other objects and features of the invention will be apparent more fully
      from the following description taken in connection with the accompaning
      drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE is a sectional view illustrating an embodiment of
      deceleration detecting device according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The drawing illustrates an embodiment of a detecting device (sensor) or
      sensing electromagnetic generator according to the invention.
PAR  The sensor is arranged at a suitable position in a vehicle, and supports 3,
      3' of non-magnetic material are mounted respectively on two brackets 10,
      10' which are rigidly secured holding a set distance with each other on a
      member of vehicle.
PAR  The two brackets 10, 10' are provided with holes for inserting a shaft 4
      herein later described. One support 3 mounted on one bracket 10 is
      provided with a lateral recess for enclosing a head of the shaft 4, while
      the other support 3' has a hollow 12 and a bottom of the hollow 12 is
      provided with a hole for inserting therein the shaft 4.
PAR  Annular step portions are formed in opposite surfaces of the two supports
      3, 3', between which a tube or outer sleeve 6 of magnetic material is
      supported, each step portion defining a corresponding step of the support.
      This outer sleeve is a casing for the device.
PAR  In an inner part of the magnetic tube 6 is formed inwardly extending flange
      6b with a hole at its center.
PAR  At one side of the flange 6b, that is, at the side of the support 3' and
      within the magnetic tube 6, are enclosed a magnetic sensing element (an
      annular coil 7 in the illustrated embodiment) for controlling operating of
      a bag-filling action and an annular magnet 5 which is supported through a
      rubber bushing 9 attached to the support 3', thereby a fixed magnetic
      circuit is constituted.
PAR  A magnetic inner sleeve 1 extends through the center hole of the flange 6b,
      the annular coil 7 and the annular magnet 5. A stem or tubular portion 1b
      of the sleeve 1 is movable and supported slidably on a non-magnetic shaft
      4 with an axial step portion inserted with the center hole of the sleeve
      and not contacting with the inner circumference and concentric with the
      hole. A flat head 1a of the movable magnetic sleeve 1 forms a gap 11
      between the support 3 and the flange 6b, and a separator 8 of non-magnetic
      material is interposed within the gap 11.
PAR  A head of the shaft 4 is held in the recess formed outside of the support
      3, while a threaded portion at another end of the shaft passes through the
      support 3' to a hole of the bracket 10' and is fastened by a nut from
      outside of 10'.
PAR  In the hollow 12 of the bracket 3' is enclosed a spring 2 which is inserted
      around the shaft 4 between an end surface of the movablve magnetic inner
      sleeve 1 and a bottom of the hollow 12 with a prescribed tension. The head
      1a of the movable magnetic body or sleeve is usually pushed by the
      prescribed tension toward an inner surface of the support 3, thereby a
      necessary width of the gap 11 is maintained between the inner end surface
      of the head 1a and a surface of the flange 6b of the fixed magnetic
      substance.
PAR  In the drawing, the separator 8 prevents the head of the movable magnetic
      sleeve and the flange 6b from direct contacting at the working state
      described afterwards.
PAR  The annular magnet 5 has an S-pole the inner side and an N-pole at the
      outer side, thereby and magnetizes the magnetic tube 6 by means of
      magnetic lines of force passing through the center hole of the annular
      coil 7.
PAR  Magnetic flux passes through a magnetic path extending from the magnet 5
      through the outer periphery 6a of the magnetic tube 6, gap 11, the movable
      magnetic sleeve 1 to the center hole of the annular coil 7.
PAR  The movable magnetic sleeve 1 is made of ferromagnetic material such as
      iron and the flange 6b attracts the head 1a of the movable magnetic sleeve
      1, however, the magnetic attractive force induced at the gap 11 is weaker
      than the prescribed or preselected tension of the spring 2.
PAR  The annular coil 7 is electrically connected to a switch mechanism for
      controlling valve operation of the air bag (not shown), and in a normal
      state, that is, when the gap 11 is maintained, current does not flow in a
      coil therefore the switch mechanism for the valve operation is an off
      condition.
PAR  In addition, diamagnetic material such as brass is used as a substance for
      the brackets 10, 10', the shaft 4 etc. while well-known ferromagnetic
      material such as iron, nickel, cobalt or alloy thereof is used for the
      movable magnetic sleeve 1 and the magnetic tube 6. Further, the separator
      8 is made of diamagnetic material such as non-magnetic metal or plastics.
PAR  Now, operation of the present invention will be explained. In a normal
      drive state, the movable magnetic sleeve 1 is pushed an opposite
      direction, against the vehicle drive direction by the spring 12, thereby
      the gap 11 between the movable magnetic sleeve head 1a and the flange 6b
      is maintained at a required width.
PAR  When the vehicle collides in a no-brake state or a sudden brake action is
      performed just before colliding with an obstacle, vehicle speed decreases.
      When deceleration exceeds a prescribed value, the movable magnetic sleeve
      1 compresses the spring 2 by means of inertia and transfers in a vehicle
      drive direction (arrow "a" direction), thereby the gap 11 between the
      movable magnetic sleeve head 1a and the flange 6b decreases.
PAR  Therefore the magnetic reluctance of the magnetic path decreases and flux
      passing through the annular coil 7 increases to produce an induction
      electromotive force in the coil. As magnetic reluctance is in inverse
      proportion to the square of width of the gap 11, the smaller the gap 11
      the greater the flux variation.
PAR  Since magnetic attractive force is in inverse proportion to square of the
      distance, the decrease of the gap 11 strengthens the attractive force.
      Therefore the movable magnetic sleeve 1 is subjected to the deceleration
      of the vehicle (acceleration with respect to the movable magnetic sleeve
      1) and in addition to acceleration due to the magnetic attractive force.
PAR  Magnetic induction electromotive force is proportional to flux variation,
      therefore the magnitude of the induced voltage changes are in proportion
      to speed variation of the movable magnetic substance per unit time. This
      induced voltage is used as a signal for the valve operation switch
      mechanism, and by opening the valve the air bag is filled with air and it
      expands instantaneously to protect a driver from a crash.
PAR  In the above embodiment, an annular coil is used as a magnetic sensing
      element. In order to use magnetic induction electromotive force as an
      electric signal, a Hall element and a magnetic diode etc. may be utilized
      with similar working effect.
PAR  Also instead of using a magnet a fixed magnetic substance side, a movable
      plumb may be a magnet in a similar principle.
PAR  Moreover, bellows made of elastic material such as rubber, or plastics may
      be used in place of a spring in a space between a movable magnetic
      substance and an inner flange of a magnetic tube.
PAR  The present invention which utilizes speed variation of a movable magnetic
      substance in a transferring state by means of vehicle deceleration and
      additionally acting magnetic attractive force, that is, a method of
      utilizing an integral value of a first order, has a fast detecting time
      and can expand an air bag effectively in comparison to a conventional
      system in which a movable magnetic substance is transferred and a contact
      member is contacted at an end point of transfer to obtain a signal for
      opening a valve of an air bag gas, that is a method of utilizing integral
      value of second order.
CLMS
STM  What I claim and desire by Letters Patent:
NUM  1.
PAR  1. An acceleration sensing device for a vehicle comprising, a cylindrical
      casing of magnetic material having at one end thereof a radially inner
      shoulder, end closure caps secured to opposite ends of said casing and
      mounted on a stationary portion of the vehicle, an annular magnet arranged
      at the other end of said cylindrical casing, an annular induction coil
      disposed between said shoulder of the casing and said annular magnet, a
      bolt disposed through coaxial aligned openings of said shoulder and said
      coil, and said magnet to mutually secure said cylindrical casing and said
      end closure caps, a sleeve member of magnetic material slidably mounted on
      said bolt and provided with a radially outer flange which faces said
      shoulder of the casing, and a coil spring disposed between one of said end
      closure caps and one end of said slidable sleeve member to normally hold a
      predetermined clearance between said shoulder of the casing and said
      flange of the movable sleeve member.
NUM  2.
PAR  2. An acceleration sensing electromagnetic generator comprising, an outer
      magnetic sleeve having a radially inwardly projecting annular flange with
      an aperture therethrough, an acceleration sensor comprising an inner
      magnetic sleeve extending axially through said aperture and having a head
      on one free end thereof, said head having a surface opposed to the annular
      sleeve and spaced therefrom defining an air gap therebetween, an elongated
      slide extending axially through said inner sleeve for guiding axial
      sliding travel of said inner sleeve thereon in a direction in which said
      head travels toward said annular flange in response to acceleration sensed
      thereby, a spring biasing said inner sleeve axially in a direction for
      maintaining said air gap corresponding to a direction opposite to a
      direction said inner sleeve travels in response to acceleration sensed
      thereby, a pickup coil in said outer magnetic sleeve about said inner
      sleeve and disposed in contact with said annular flange, an annular
      permanent magnet against said pick-up coil internally of said outer
      magnetic sleeve and circumferentially of said inner magnetic sleeve
      defining a magnetic circuit in conjunction with said outer and inner
      sleeves and providing lines of flux through said magnetic circuit and
      electromagnetically coupled to said pick-up coil, and mounting means
      mounting said slide, said inner sleeve and said outer sleeve coaxially in
      assembled relationship and providing means for securing thereof
      stationarily on a vehicle with said inner sleeve oriented for sensing
      deceleration of the vehicle, whereby said pick-up coil has a voltage
      induced therein upon decrease of said gap in response to acceleration of
      said inner sleeve upon deceleration of said vehicle.
NUM  3.
PAR  3. An acceleration sensing electromagnetic generator according to claim 2,
      including a separator in said air gap made of a non-magnetic material for
      precluding said head from directly contacting said annular flange.
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ABST
PAL  The electromagnetic winding is made up of a plurality of insulated coils
      which are formed by a wound-up sheet metal strip. The strip is of a
      material having high magnetic permeability so that the coils eliminate the
      need for a magnetic core. The coils can be insulated from each other by a
      wound strip of insulating material such as paper or by means of a
      synthetic lacquer.
PAL  The electromagnetic coupler can be of the synchronous or asynchronous type
      and can be in the form of a clutch or brake.
BSUM
PAR  This invention relates to an electromagnetic coupler of the synchronous or
      asynchronous type having an electromagnetic winding and particularly a
      winding comprising a magnetic circuit and a conductor winding.
PAR  As is known, the conductive winding of a magnetic circuit normally consists
      of a coil having a certain number of windings of a wirelike or striplike
      material of high electrical conductivity. According to the principles of
      physics, a flow of electric current directly through the coil produces a
      magnetic field, whose magnetic lines run lengthwise in the interior of the
      coil and close outside the coil into a closed circuit. It is moreover well
      known that the magnetic field in the interior of the coil can be
      substantially strengthened by the introduction of a core of material which
      is highly permeable magnetically, e.g., a material such as soft iron.
      Also, it is known that the core can be extended at both ends via
      pole-shoes which are likewise highly permeable, so as to channel the
      magnetic flux outside the coil. This can be done either to obtain a close
      magnetic coupling to another coil, or else to obtain a great density of
      the magnetic flux in an air-gap whose form and dimensions are adapted to
      the function of the construction concerned.
PAR  In making excitation coils for known electromagnetic devices, use is made
      of metals which have good electrical conductivity and which are
      practically non-magnetizable, for example, copper, aluminum, silver,
      super-conductive or other metals. The core and the pole-shoes are made of
      soft iron or some other metal which is magnetically highly permeable and
      are either made solid, for example, where the magnetic field is to be
      constant, or as a packet of laminations where an alternating flux is to be
      obtained and the losses resulting from Foucault currents can be kept
      small. In order to reduce loss currents still further, it is advantageous
      to use materials having a high specific electrical resistance. Generally,
      the cross-section of the core and pole-shoes are dimensioned relatively
      liberally, so as to obtain an optimum induced magnetic flux with a minimum
      of excitation ampere-coils.
PAR  However, in these previously known constructions, the cross-section and the
      volume of the magnetizable material, at least in the core zone of the
      magnetic circuit of the coupler, have been relatively large. As a result,
      the constructions have been relatively expensive.
PAR  Accordingly, it is an object of the invention to provide a conductive
      winding which is of compact inexpensive construction.
PAR  It is another object of the invention to provide an electromagnetic coil
      which utilizes a minimum of magnetic material.
PAR  Briefly, the invention provides an electromagnetic coupler of the
      synchronous or asynchronous type with a winding comprising a magnetic
      circuit and a conductor winding. The coupler has at least one rotor
      fastened on a rotatable shaft and an excitable magnetic circuit formed in
      part by the coupler housing. The circuit is excitable by means of the
      winding which is disposed concentrically of the rotor shaft. The circuit
      includes an air-gap in which a rotatable ring of stamped poles are carried
      by the rotor shaft. The conductor winding is made magnetizable in a
      lengthwise direction, at least in part, and consists of windings insulated
      from one another, laid flat over one another and made of magnetically
      highly permeable strip material, and in that the winding forms at least a
      part of the magnetizable coil core of the magnetic circuit of the coupler.
PAR  The winding is useful not only for the passage of the excitation current
      but also for passage of the magnetic flux. The winding is in the form of a
      disk, whose thickness approximately corresponds to the width of the flat
      strip out of which the winding is wound. The winding may, however, also be
      cylindrical, and on occasion with a polygonal cross-section, whereby the
      length of cylinder corresponds to the sheet metal strip width. As a whole
      the winding is of great magnetic permeability in its lengthwise direction,
      i.e., in the direction of the magnetic flux flow. In the radial direction,
      in which the permeability is impaired by the numerous insulating layers
      between the individual windings which act as air-gaps, and also in the
      peripheral direction in which the metal sheet is flowed through by the
      excitation current, the magnetic permeability plays no significant part.
PAR  Because the specific electrical resistance of the materials which usually
      have high magnetic permeability is relatively high, the magnetizable strip
      material, used for making the winding can be provided with a layer of
      material of high electrical conductivity. In this way, the specific
      performance of the winding can be increased or can be reduced for a given
      nominal output depending on the space-requirement of the coupler. In this
      case, it is particularly advantageous to make this highly-conductive layer
      of an anodically oxidized aluminum foil wherein the layer of oxide is
      thick enough to serve as an insulation between the superposed windings.
      Becuase the difference of potential between two successive windings is
      generally small, this kind of windings-insulation is adequate and saves
      much space.
PAR  Furthermore, in order to obtain an inner insulation of the coil of
      magnetizable sheetmetal strip, use may be made of any of the known
      processes and materials. The metal sheet may, for example, be coated on
      one or both sides with paper or adhesive foil, as is the case with the
      known sheetmetal for transformers; or else the sheetmetal may be covered
      with a well-adhering lacquer, preferably one which can be polymerized by
      the action of heat, so that the excitation winding may subsequently be
      baked to form, with all its parts, magnetizable or not, a strong
      self-supporting block.
PAR  The connecting wires for the magnetic winding of metal sheet may be
      connected to the sheet ends by welding or hard-soldering, or else in any
      other known way, as is for example usual in the fabrication of condensers.
PAR  For the outer windings of the winding, the inner magnetizable windings take
      over a part of the task falling to the usual magnetic core. Hence, these
      inner windings replace the core. On the other hand, the outer windings
      form, for the part of the operative flux induced by the inner windings, a
      bridging-over or magnetic shunting of the air-gap situated outside the
      coil. The core of the inner windings is formed by a solid piece of
      magnetically permeable material. The form of the magnetic path and the
      arrangement of the operative air-gap therefore plays a great part.
PAR  In order to decrease the short-circuiting or bridging-over of the outer
      coils on the flux induced by the inner coils, the electrically conductive
      winding is divided into a first inner part winding made of magnetizable
      strip or sheetmetal material, and a surrounding second outer part winding
      made in a known way by using a wire or strip of non-magnetizable material
      of high electric conductivity. The first part winding complements or
      replaces the magnetic core of the second part winding and thereby
      contributes to the closing of the magnetic circuit formed by the coupler
      housing and to exciting the second part winding. Such an arrangement
      permits a saving of bulk and weight in comparison with known forms of
      construction.
PAR  The magnetizable excitation winding may consist of an annular stator core
      installed in a stationary manner in the housing of a coupler or may be
      sub-divided into part-windings which are wound in the same direction and
      disposed ringwise, i.e., concentrically, over the periphery of a rotor. In
      each case, the coupler housing may form at least a part of the poles.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 illustrates a simplified schematic representation, partly in
      section, of an electromagnetic winding installed in a coupler according to
      the invention;
PAR  FIG. 2 illustrates a view of a winding consisting of various
      strip-materials according to the invention during fabrication;
PAR  FIG. 3 illustrates a simplified sectional view through a coupler in
      accordance with the invention having a composite winding, one part being
      of magnetizable sheetmetal, with a second part wound in classic fashion
      using a conductor wire;
PAR  FIG. 4 illustrates a view similar to FIG. 3 of a magnetic brake with a
      composite winding according to the invention;
PAR  FIG. 5 illustrates a sectional view of a coupler having an excitation
      winding sub-divided into two series of magnetizable part windings
      distributed annularly over two rotors to form their poles; and
PAR  FIG. 6 illustrates a view taken on line VI--VI of FIG. 5.
PAR  In the different figures, analogous elements are given the same reference
      numerals.
DETD
PAR  Referring to FIG. 1, a magnetizable cylindrical winding 1 consists of a
      number of windings of sheetmetal strip of highly permeable material, which
      are insulated in a known manner and are wound flat upon one another. In
      order to produce a magnetic circuit, the winding 1 carries two pole-shoes
      2, 2', whose free ends delimit a main or operative air-gap 3 of the
      magnetic circuit. The winding 1 and the pole-shoes 2, 2', are held
      together by a screw 4 of magnetizable material which extends axially
      through the winding 1, and itself forms a part of the coil core. A
      supplementary insulating layer 5, 5', is inserted at each end of the
      winding 1 between the winding 1 and the associated pole-shoes 2, 2'. These
      insulating layers 5, 5' form, with respect to the magnetic circuit, two
      small secondary air-gaps whose influence is normally negligible but which,
      however, play a certain part when the main air-gap 3 of the magnetic flux
      offers only small resistance or when the air-gap is completely lacking.
PAR  As is familiar to every specialist, the pole-shoes 2, 2', are made of solid
      material, e.g., soft iron when used in an element for DC operations. In
      the case of an element for AC operation, they are made lamellar, e.g., of
      transformer sheetmetal or of a special alloy of especially high
      permeability, whereby the individual lamella are insulated from one
      another, as is known, to diminish losses through Foucault eddy currents.
PAR  As is shown in FIG. 2, the winding 1 consists of a sheetmetal strip 11,
      which may be kept thin and consists of a highly permeable material, e.g.,
      of rolled-up transformer sheetmetal. The individual windings are wound
      flat over one another, and are insulated from one another in known manner.
      The insulation may be, for example, paper strip, a strip 12 of synthetic
      material, or some other suitable insulating material by which the
      sheetmetal strip 11 is covered. The insulation may also be a
      tightly-adhering coating of lacquer of the usual kind. In this case, use
      is preferably made of a polymerizable synthetic lacquer, which permits the
      superposed windings, in known manner, to be stuck together into a solid
      block under heat treatment.
PAR  The width and thickness of the sheetmetal strip 11, and also the number of
      coils in the winding 1, are determined by known methods to suit the
      desired use. If the specific electric resistance of the winding is to be
      of reduced value, a layer or coating 12' of highly conductive material is
      applied on the magnetizable strip 11. The thickness and dimensions of the
      layer can be suited to requirements and can, as shown in FIG. 2, be
      included along with the magnetizable strip 11 in the winding, so that each
      coil consists of a combination conductor. Of course, care must be taken to
      have adequate insulation of the coils. For this purpose, the conductive
      layer or the strip 12' is either applied directly on the suitably
      pretreated magentizable strip 11, so that intimate contact exists for the
      entire coiled length between the two components, and thus-obtained
      bimetallic conductor is insulated as a whole; or else each partconductor
      may be insulated individually, so that the two strips are wound up
      parallel with or upon one another. The essential criteria is only that the
      successive conductor coils shall receive adequate insulation of their
      coils.
PAR  The connection wires 13 of the winding 1 are shown in FIG. 2 merely for the
      sake of completeness. Since this is a matter of a well-known detail, whose
      practical execution is determined by the circumstances of the chosen
      design, and is of no particular interest for the present invention, these
      connections are omitted in the other Figures.
PAR  Referring to FIG. 3, a synchronous electromagnetic coupler, e.g., a clutch
      of a known type of construction can be constructed to use a partly
      magnetizable stator winding in accordance with the invention. In this
      case, the travel of the magnetic lines of flux 14 is improved by a pair of
      part-windings 1, 7, disposed in stationary fashion in the stator and
      machine housing, which forms the form 2, 2' and the innermost core 4 of
      the magnetic circuit. As shown, the housing forms part of the excitable
      magnetic circuit while the circuit has an air gap. The outer part-winding
      7 is made of non-magnetizable highly electrically conductive material and
      is laid around the inner annular part-winding 1 which is made of
      magnetizable sheet metal. The annular main or operative air-gap is
      divided, by the pole-rings 23, 33 of the two rotors of the clutch fastened
      to the disks 22, 32, into three part-lengths 3, 3', 3". When the
      drive-shaft 21, mounted rotatably in the bearings 24 concentrically within
      the part-windings 1, 7, turns in the direction of the arrow 25, the
      tooth-like poles of the primary pole-ring 23, which become magnetized
      through the stationary flux in the air-gap 3, 3', 3", in their turn
      attract the corresponding pole 33, and thus carry along the driven shaft
      31 in their rotary motion for as long as the excitation current remains
      switched on. The stator winding can be supplied with DC or AC.
PAR  In order to have an electrical efficiency comparable with that of a motor
      of the same power, the surfaces delimiting the air-gap of the stator poles
      2, 2' between which the pole-rings 22, 23, of the two rotors are rotatably
      situated are made as smooth rotation-surfaces. The rotor poles consist
      advantageously of transformer sheetmetal packets, in which the individual
      sheets are set in radial planes.
PAR  By a suitable adaptation of the individual above-described elements in a
      known manner, it is possible to make further types of couplers. For
      example, coupler for the asynchronous transmission of torque, or with
      asynchronous starting and synchronous continuous running can be made while
      making use of a stator winding which is at least partly magnetizable. To
      this end, it is sufficient to apply a conductive layer 17, or a
      short-circuit winding 16, 16', similar to the familiar cage armature
      winding on the driven rotor.
PAR  Thus, for example, and as shown in FIG. 4, the driven rotor may be replaced
      by the stator 2,2', so that the driving rotor 21 to 23 becomes coupled to
      the stationary stator 2, 2'. The stator winding is advantageously supplied
      with DC. The rotor poles 23 may be made of transformer sheetmetal packets,
      set advantageously in radial planes.
PAR  Such a coupler can be used as an asynchronous brake when the stator has one
      or more short-circuit windings 16, 16', and/or when a layer 17 of a
      material having low specific electric resistance is applied on the stator,
      in which Foucault currents can form because of the rotation of the
      pole-rings 23 of the rotor, and thus because of the local greatly varying
      field strength. With such an arrangement the braking moment varies as a
      function of the excitation current. If the number of stator poles equals
      the number of rotor poles, then in theory, the rotor can be "synchronized"
      with the stator. That is, so long as the torque that is to be braked does
      not exceed a certain value determined by the dimensioning of the coupler
      and the maximum allowable stator current, the rotor is held in an angular
      position in which the rotor poles are opposite the stator poles.
PAR  The invention is not limited to the forms of construction of the coupler
      described in FIGS. 3 and 4, wherein a stationary magnetizable excitation
      or stator winding is used with a substantially cylindrical air-gap
      situated coaxially of the rotor shaft(s) through which magnetic flux
      passes radially. It is, for example, possible to make a coupler which is
      especially compact and can be constructed economically in largescale
      production, while borrowing known coupler arrangements that do not however
      have the advantages of the magnetizable excitation winding. As shown in
      FIGS. 5 and 6, an asynchronously-starting synchronizable coupler can be
      constructed. In this case, the coupler has two rotors 22, 32 and two
      bearing brackets 2,2' which are made alike, i.e., interchangeable to
      simplify serial manufacture. The rotors consist essentially of
      nonmagnetizable round disks 22, 32, of good electrical conductivity,
      splined or shrunk or otherwise fastened immovably on the shafts 21, 31
      which are mounted in ball-bearings 24, 34. A number, four for example, of
      magnetizable part-coils or windings 1, 1' are wound the coil cores 4, 4'
      and each of which is surrounded by a coil of traditional make 7, 7', (of
      wire or strip that is a good conductor). These part-coils 1'1, are
      inserted in corresponding recesses in the rotor disks 22, 32 and are
      distributed in annular fashion over the periphery of the rotor disk. The
      individual part-windings are wound and connected in known manner so that
      they all become magnetized similarly, through the intermediary of
      connection terminals 18, 18', and slip-rings, by the excitation current,
      preferably DC. The magnetic flux induced in part-windings 1, 1' passes
      axially through the air-gap 3, 3', 3", and closes the magnetic circuit 14
      shown dotted over the bearing brackets 2, 2' acting as stator poles and
      the stator ring 8 of the coupler housing. At the side turned toward the
      other rotor, all part-coils are covered by a thin layer or metal sheet 17,
      17', of non-magnetizable material which is a good electric conductor.
      Alternatively, a thin disk-like metal sheet of the same diameter as the
      rotor disks 22, 32, however without cut-outs for the part-coils, may be
      used. These coverings, and the parts of the rotor disks 22, 32, situated
      between the two coils and not cut out may be used for asynchronous
      coupling between the rotors. If the driving rotor 22 turns at constant
      speed, then the driven rotor 32 will start asynchronously at the switch-on
      of the excitation current. As soon as the rotary speed approximates that
      of the driving rotor 22, the two rotors, via the attracting force acting
      between their poles, are held in a position relative to one another in
      which the poles are opposite. The coupler then continues running
      synchronously so long as the part-coils of the excitation winding have a
      sufficiently strong excitation current flowing through them.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electromagnetic coupler comprising
PA1  a housing defining part of an excitable magnetic circuit having an air-gap
      therein and a solid magnetizable core of said circuit;
PA1  a drive shaft rotatably mounted in said housing;
PA1  a rotor fixedly mounted on said shaft;
PA1  a single ring of poles mounted on said rotor and disposed in said air-gap;
PA1  a driven shaft spaced from said first shaft;
PA1  a second rotor fixedly mounted on said driven shaft;
PA1  a single ring of poles mounted on said second rotor and disposed about said
      first ring of poles;
PA1  a substantially annular excitation winding disposed concentrically about
      said drive shaft and said core, said winding having a plurality of coils
      disposed in insulated manner with respect to each other, said coils being
      of a magnetically highly permeable strip material to form at least a part
      of said magnetizable core of said magnetic circuit with said winding being
      magnetizable in a longitudinal direction thereof; and
PA1  a non-magnetizable part-winding concentrically about said excitation
      winding.
NUM  2.
PAR  2. An electromagnetic coupler comprising
PA1  a housing defining part of an excitable magnetic circuit having an air-gap
      therein;
PA1  at least one shaft rotatably mounted in said housing;
PA1  a rotor fixedly mounted on said shaft; and
PA1  a plurality of substantially annular excitation windings distributed
      annularly about said rotor to form at least a part of a ring of poles
      thereof in said air gap, each said winding being divided into two
      part-windings with the inner windings having coils disposed in insulated
      manner with respect to each other, said coils being of a magnetically
      highly permeable strip material to form at least a part of a magnetizable
      core of said magnetic circuit with each said winding being magnetizable in
      a longitudinal direction thereof.
NUM  3.
PAR  3. An electromagnetic coupler comprising
PA1  a housing defining part of an excitable magnetic circuit having an air-gap
      therein;
PA1  a shaft rotatably mounted in said housing;
PA1  a rotor fixedly mounted on said shaft;
PA1  a ring of poles mounted on said rotor and disposed in said air-gap; and
PA1  a substantially annular excitation winding disposed concentrically about
      said shaft, said winding having an inner part-winding and an outer
      part-winding surrounding said inner part-winding, said outer part winding
      being made of non-magnetizable highly-conductive material and said
      inner-part winding being of a magnetically highly permeable strip material
      to form at least a part of a magnetizable core of said magnetic circuit
      with said winding being magnetizable in a longitudinal direction thereof.
NUM  4.
PAR  4. An electromagnetic coupler comprising
PA1  a housing defining part of an excitable magnetic circuit having an air-gap
      therein;
PA1  a shaft rotatably mounted in said housing;
PA1  a rotor fixedly mounted on said shaft;
PA1  a ring of poles mounted on said rotor and disposed in said air-gap;
PA1  a substantially annular excitation winding disposed concentrically about
      said shaft, said winding having a plurality of coils disposed in insulated
      manner with respect to each other, said coils being of a magnetically
      highly permeable strip material to form at least a part of a magnetizable
      core of said magnetic circuit with said winding being magnetizable in a
      longitudinal direction thereof; and
PA1  at least one short-circuit winding on each pole-shoe of a stator formed by
      said housing.
NUM  5.
PAR  5. An electromagnetic coupler comprising
PA1  a housing defining a stator part of an excitable magnetic circuit having an
      air-gap therein and pole shoes;
PA1  a shaft rotatably mounted in said housing;
PA1  a rotor fixedly mounted on said shaft;
PA1  a ring of poles mounted on said rotor and disposed in said air-gap;
PA1  a substantially annular excitation winding disposed concentrically about
      said shaft, said winding having a plurality of coils disposed in insulated
      manner with respect to each other, said coils being of a magnetically
      highly permeable strip material to form at least a part of a magnetizable
      core of said magnetic circuit with said winding being magnetizable in a
      longitudinal direction thereof;
PA1  a driven shaft coaxially spaced from said first shaft;
PA1  a second rotor fixedly mounted on said driven shaft; and
PA1  a ring of poles mounted on said second rotor and disposed in said air-gap
      to divide said air-gap into a three part air-gap with said first ring of
      poles, and wherein said pole-shoes of said stator formed by said housing
      have smooth surfaces opposite said air-gap.
NUM  6.
PAR  6. An electromagnetic coupler comprising
PA1  a housing defining part of an excitable magnetic circuit having an air-gap
      therein;
PA1  a shaft rotatably mounted in said housing;
PA1  a rotor fixedly mounted on said shaft;
PA1  a ring of poles mounted on said rotor and disposed in said air-gap;
PA1  a substantially annular excitation winding disposed concentrically about
      said shaft, said winding having a plurality of coils disposed in insulated
      manner with respect to each other, said coils being of a magnetically
      highly permeable strip material to form at least a part of a magnetizable
      core of said magnetic circuit with said winding being magnetizable in a
      longitudinal direction thereof; and
PA1  a solid piece of magnetically permeable material forming a part of said
      core.
NUM  7.
PAR  7. An electromagnetic coupler comprising
PA1  a housing defining part of an excitable magnetic circuit having an air-gap
      therein;
PA1  a shaft rotatably mounted in said housing;
PA1  a rotor fixedly mounted on said shaft;
PA1  a ring of poles mounted on said rotor and disposed in said air-gap;
PA1  at least one short-circuit winding mounted in said housing about said ring
      of poles to define stator poles; and
PA1  a substantially annular excitation winding disposed concentrically about
      said shaft, said winding having a plurality of coils disposed in insulated
      manner with respect to each other, said coils being of a magnetically
      highly permeable strip material to form at least a part of a magnetizable
      core of said magnetic circuit with said winding being magnetizable in a
      longitudinal direction thereof.
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ABST
PAL  A U-shaped slot liner is provided with a porous spongy longitudinal rib on
      each leg. The ribs mate with complementary grooves in the dynamoelectric
      machine coil slot, side walls and the conductor bar side walls. When the
      assembled machine element is impregnated by a thermosetting liquid, the
      ribs absorb the liquid and become hard when heated.
BSUM
PAR  This invention pertains in general to dynamoelectric machines and more
      particularly to means for both insulating and retaining the conductor bars
      or coil sides of such machine rotors and stators fixed within their
      winding slots.
PAR  Various means have, in the past, been employed to retain the coils of
      motors and other electrical equipment fixed within the slots of rotors or
      stators, such means being known commonly as slot wedges or closures which
      usually take the form of flat pieces of glass, fabric, wood, fiber, paper
      and the like. In some instances, such wedges are made in the form of
      channels which, after implacement of the coil sides, are slid through the
      slot over the coil side to prevent migration of the coil out of the slots
      before varnish treatment of the windings and later during operation of the
      machine. In some instances, the wedging function is combined with the
      so-called slot cells which may be in the form of sheet insulation which
      serves to line the complete slot.
PAR  These known modes for securing and insulating the conductors in the motor
      slots do not, in many instances, permit locating the tops of the
      conductors very close to the gap between the stator and rotor. This is
      usually due to the thickness of the wedges and the height of the
      attachment means of the wedges to the slot. Consequently, the conductors
      remain recessed in the stator or rotor slots relatively far away from the
      inner surface of the gap between the stator and rotor.
PAR  When current flows through the conductors, a fairly large number of flux
      lines is formed directly around the conductors without traversing the air
      gap and consequently without producing a flux linkage with the conductors
      of the other motor element. This results in a rather high value of leakage
      reactance. In certain cases of alternating current machines where
      particular operating conditions are sought, it can be useful to reduce the
      leakage reactance to a small value. For this it is necessary to bring the
      conductors as near as possible to the zone where the energy exchange
      occurs, i.e., at the gap between the rotor and the stator.
PAR  Furthermore, heat dissipation can be a problem if the slot wedge causes the
      top of the conductor bar to be spaced any significant distance from the
      air gap. Considerably more heat can be dissipated by positioning the
      conductor bar as close to the air gap as possible and by exposing as much
      of the conductor bar as possible to the air gap.
PAR  It is the intention and general object of this invention to provide a slot
      liner which both insulates and holds the conductor bars in the slots and
      which permits location of the conductor bars very close to the air gap.
PAR  An additional object of the subject invention is to provide a slot liner of
      the hereinbefore described type which permits the surface of the coil side
      facing the air gap to be uncovered.
PAR  A more specific object of the subject invention is to provide a slot liner
      of the hereinbefore described type which is U-shaped in cross section
      having longitudinally extending ribs constructed of a spongy porous
      material which mate with grooves in the conductor bars and in the coil
      slots and which absorb thermosetting liquid and become hard when heated.
DRWD
PAR  These and other objects of the subject invention will become more fully
      apparent as the following description is read in light of the attached
      drawing wherein:
PAR  FIG. 1 is a partial isometric view of a slot liner constructed in
      accordance with the subject invention;
PAR  FIG. 2 is a sectional view of a dynamoelectric machine showing the slot
      liner of FIG. 1 in place.
DETD
PAR  Referring to the drawing wherein like reference characters refer to the
      same or similar elements, 6 refers generally to the preferred form of slot
      liner. The slot liner is generally U-shaped in cross section having a pair
      of spaced legs 7 and 8 connected together by a bottom portion 9. A pair of
      longitudinally extending ribs 11 and 12 is provided in the legs. The ribs
      extend along both the inside and outside of each leg 7 and 8.
PAR  The slot liner 6 may be constructed of any well known electrically
      insulating material. Regardless of the type of material utilized, the ribs
      11 and 12 must be of a spongy or resilient absorbent material for reasons
      that will be later apparent. As an example, the ribs may be constructed of
      felt or braided rope.
PAR  Referring to FIG. 2, an element of a dynamoelectric machine such as a rotor
      13 is shown. The rotor is provided with a plurality of coil slots 14. A
      pair of longitudinally extending grooves 16 and 17 is provided on the
      inner surface side walls of the coil slots 14. The slot liner is inserted
      into the coil slot with the ribs 11 and 12 in the grooves 16 and 17. Due
      to the spongy or resilient make-up of the ribs, they can be forced into
      the grooves with ease.
PAR  Conductor bars or coil sides 18 are provided with longitudinally extending
      grooves 19 on each outer side thereof. These grooves are complementary to
      and align with the ribs 11 and 12 when the coil sides are in place. Here,
      again, because of the spongy or resilient nature of the ribs, the coil
      sides can be easily inserted into the slot liner 6.
PAR  Once all conductor bars are in place, the machine element is, in any well
      known manner, impregnated by a thermosetting liquid such as epoxy or
      polyester. The ribs absorb the liquid and upon exposure to sufficient
      heat, become hard. Once hardened, both the slot liner and the conductor
      bars are firmly held in the coil slots 14.
PAR  From the above description, it can be seen that an inexpensive slot liner
      has been provided which permits the conductor bars to be firmly held in
      the coil slots with the surface of the coil side exposed and positioned
      closely adjacent to the machine air gap.
CLMS
STM  The embodiments of an invention in which an exclusive property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. In a dynamoelectric machine including a core having a plurality of slots
      defined by side walls for receiving conductor bars, the improvement
      comprising: longitudinally extending grooves in said side walls; a
      substantially U-shaped slot liner defined by a pair of spaced legs, said
      slot liner having a longitudinally extending rib protruding from each side
      of each of said legs which aligns and mates with said coil slot side wall
      grooves when said lining is in the operative position; and a
      longitudinally extending groove in the sides of said conductor bars, said
      conductor bar grooves being in alignment and mating with said slot liner
      ribs when they are in the operative position, said slot liner ribs being
      constructed of a resilient absorbent material which after being
      impregnated with a thermosetting material and heated will cure and harden
      to securely hold said liner and conductor bars in said slots.
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ABST
PAL  An electron discharge device such as an X-ray tube having a filamentary
      cathode arranged to discharge electrons onto an adjacent anode wherein the
      filament is an elongated member fixed at its ends to respective filament
      support posts which are each mounted within a metal eyelet fastened within
      the bore of a nonconductive sleeve, respective lead wires being connected
      to opposite ends of the posts by flexible metal connectors whereby upon
      applications of heat to the assembly mechanical and thermal stresses, as
      might normally cause distortion of the parts and particularly of the
      filament, will be absorbed by the connectors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of electron discharge devices employing a cathode which
      emits electrons onto an anode, the electronemitting member is frequently a
      filamentary coil of relatively small diameter wire which is heated to
      incandescence by the application of suitable filament current. During this
      process copious supplies of electrons are directed onto a selected area of
      the anode.
PAR  In such devices, and particularly in X-ray tubes, the filament is precisely
      controlled as to length and diameter so as to form a specifically shaped
      electron beam which will be focused onto a single discrete area of the
      anode surface known as the focal spot, which area is of a predetermined
      size. In an X-ray tube the anode surface will be angled at an inclination
      of about 10.degree. - 15.degree., for example, and the focal spot will be
      a rectangular shape. However, when viewed from one side, the virtual focal
      spot will appear as substantially square, having four sides about 1.2 mm
      long, for example.
PAR  In order to achieve a focal spot of the desired size and shape, the
      filament may be mounted within a metal focusing cup or head to which
      suitable electrical potential is applied so as to aid in shaping the
      electron beam to produce the desired spot. This is fully explained in U.S.
      Pat. No. 3,103,591 and further described in U.S. Pat. No. 3,743,836, both
      of which patents are assigned to the assignee of this application.
PAR  It has been found that during operation of a tube having a filament type
      cathode of this nature the focal spot sometimes becomes altered in size
      and shape. This is believed to be due to the fact that the filament
      support structure becomes subjected to extremely high temperatures such as
      about 900.degree. - 950.degree. C, for example, which creates thermal and
      mechanical stresses tending to distort the parts and consequently, to also
      deform the filament.
PAR  The ends of the filament are fixed to the ends of spaced metal posts with
      substantially their entire lengths spanning the space between the posts.
      The posts, which are conveniently of molybdenum, are supported within
      sleeves or eyelets of nickel which are in turn mounted within bores formed
      in insulators, preferably of ceramic, fixed to the cathode head. Lead
      wires of nickel or the like are welded to the eyelets for providing the
      filament with suitable filament potential. It is believed that heat
      stresses within the lead wire-eyelet-post assembly causes the aforesaid
      undesirable distortion of the filament which produces undesirable
      alternation of the electron beam. In some cases distortion of the filament
      has been severe enough to cause shorting of the filament with closely
      spaced portions of the cathode head.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objections to prior art cathode structures are
      overcome by the present invention wherein the filament-supporting posts
      are connected to lead wires by flexible metal connectors which, during
      operation of the device, will absorb stresses and strains and prevent them
      from being transmitted to the filament.
PAR  The filament ends are fixed to respective metal posts which are positioned
      within metal sleeves or eyelets of nickel carried by ceramic insulating
      members mounted in the cathode head. In accordance with this invention,
      one end of a flexible nickel connector is attached at one end to each
      eyelet by a titanium bond, which material efficiently alloys with the
      eyelet and the connector and bonds to the ceramic for a stable joint. The
      lead wires are welded to the connectors without introducing any
      appreciable strain on the eyelets.
PAR  Thereafter, during operation of the tube and consequent subjection of the
      assembly to high temperatures, any thermal and mechanical stresses from
      the leads are absorbed by the flexible connectors without substantial
      transference to the eyelets. Thus, no shorting occurs and no distortion of
      the filament, electron beam or focal spot results.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objectives of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings, wherein:
PAR  FIG. 1 is an elevational view of an X-ray tube having a cathode structure
      embodying the invention;
PAR  FIG. 2 is one end view of the cathode structure showing a pair of filaments
      therein;
PAR  FIG. 3 is an opposite end view of the cathode head shown in FIG. 2 without
      a cap thereon;
PAR  FIG. 4 is a vertical sectional view through the cathode structure taken
      along line 4--4 of FIG. 3 looking in the direction of the arrows; and
PAR  FIG. 5 is an enlarged fragmentary longitudinal sectional view through a
      filament-supporting assembly embodying the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings wherein like characters of
      reference designate like parts throughout the several views, FIG. 1
      depicts an X-ray tube of the rotating anode type as an example of an
      electron discharge device in which the invention may be embodied.
PAR  The x-ray tube 10 comprises a dielectric envelope 12 of glass, ceramic or
      the like having an anode structure 14 in one end and a cathode structure
      16 in the other end. The anode structure 14 includes a disc-like target 18
      which is mounted on one end of a rotatable shaft 20 which is in turn
      disposed within a suitable rotor structure 22 for rotation about a
      longitudinal axis.
PAR  The cathode structure 16 includes a support 21 which is suitably affixed to
      an end portion of the envelope 12 by means not shown in a manner whereby
      lead wires 23 extend therefrom through the envelope wall for connection to
      a suitable external source of filament current. To the inner end of the
      support 20 is fixed one end of a support plate 24, the other end of the
      plate 24 extending substantially radially within the envelope and having a
      cathode head 26 mounted thereon.
PAR  The cathode head 26 comprises a focusing cup 28 in a form of a metal block
      having a generally planar face wherein there is disposed an elongated
      recess 30 or series of communicating cavities, each having a generally
      rectangular configuration. Within the recess is disposed a longitudinally
      extending filament 32 which is a helical winding of wire of a material
      which is known to emit substantial supplies of electrons when heated by
      electrical current. The filament 32 is connected at its ends, by means to
      be described, to leads 23 for application of filament current thereto.
PAR  The cathode head 26 is adapted to be disposed with the filament 32 located
      opposite an inclined marginal surface 34 of the target 18 at a
      predetermined interelectrode spacing therefrom. Upon application of
      current to the filament 32, electrons will be emitted in the form of a
      beam 36 which is directed toward the inclined surface 34 of the target 18.
      The point of impact of the electron beam upon surface 34 is known as the
      focal spot, and this focal spot is precisely controlled as to size and
      shape in the manner set forth in the aforementioned U.S. Pat. Nos.
      3,103,591 and 3,743,836. To achieve this control of the focal spot,
      suitable different potentials are applied between the focusing cup 28 and
      the anode 14 and, through the shaping of the recess 30, forms the electron
      beam to the desired contour which will provide the desired focal spot. As
      shown in FIG. 1 by dotted lines 38, the focal spot 40 will appear as a
      small square when viewed from the side along a line perpendicular to the
      axis of the anode structure 14. Upon such electron bombardment of the
      target surface 34, the focal spot will emit X-radiation which is directed
      outwardly through the side wall of the envelope.
PAR  The X-ray focal spot size is the subject of industrial and medical
      standards which set limits on the maximum dimensions permissible. Since
      the power ratings of the tube varies, accurate control of the focal spot
      dimensions is essential.
PAR  As shown in FIG. 5, the filament 32 is welded or otherwise securely
      connected at each end to a metal post 42 which is disposed within a metal
      sleeve or eyelet 44 carried by a ceramic insulator 46 which is in turn
      fixed within a suitable opening extending through the cathode head 28. In
      prior art cathode structures of this nature the lead wires 22 have been
      welded directly to the respective eyelets 44 and when the tube is
      subsequently operated it has been found that thermal and mechanical
      stresses occur in the filament support structure to such a degree that the
      filament 32 becomes distorted and sometimes even shorts against a wall of
      the recess. This distortion, of course, results in the production of an
      improperly shaped electron beam, with a resultant alteration of the size
      and shape of the focal spot. The shorting will cause burnout of the
      filament.
PAR  In accordance with this invention, the filament 32 is secured to the
      adjacent end of the post 42 as heretofore. However, the eyelet 44 is
      provided with a circumferential flange 48 which overlies the outer end of
      the insulator, and a flexible metal connector 50 is positioned
      therebetween. Connector 50 comprises an elongated thin metal member which
      has one end welded to a lead wire 22 and has an opening in its opposite
      end through which the eyelet 44 extends. Between the connector and the
      eyelet there is disposed a ring 52 of titanium which material is known,
      when heated and melted, to alloy with the material of the eyelet and to
      bond securely to the material of the insulator, thus forming a stable
      joint therebetween.
PAR  The lead wires 22, eyelet 44 and connector 50 are preferably formed of
      nickel, and the insulator is preferably made of ceramic. With such a
      structure, it has been found that during tube operation, generation of
      heat up to as high as 900.degree. - 950.degree. C, for example, or higher
      has no substantial effect on the structure since the flexible connector 50
      absorbs resultant mechanical and thermal stresses. Therefore, the filament
      32 and the focal spot retain their original desired sizes and shapes.
PAR  While the invention has been described in connection with one filament 32
      only, it will be apparent that additional filaments such as filament 53
      may be additionally provided in cathode head 28 and will be similarly
      connected to respective lead wires 22 with similar results. In some cases,
      both filaments will be connected to a common lead 22 as by attaching two
      connectors 50 together at their free ends, which ends are then secured by
      welding to the common lead.
PAR  The sides of the cathode head 28 may be enclosed within a casing 54 and a
      cap 56 places thereover as shown in FIG. 4, an opening being provided in
      the cap so that the lead wires 22 may project therefrom.
PAR  From the foregoing it will be apparent that an improved connection
      structure is provided for attaching lead wires to filament terminals of
      electron discharge devices whereby the problems encountered in prior art
      devices of this character are overcome. It will also be apparent that the
      invention may be applied to electron discharge of types other than
      rotating anode x-ray tubes with similar success. Therefore, it will be
      understood that various modifications and changes may be made in the
      invention shown and described by those skilled in the art without
      departing from the spirit of the invention as expressed in the
      accompanying claims. Accordingly, all matter shown and described should be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electron discharge device having an envelope with at least one
      electrode therein, an electrode support comprising an insulating member,
      electrically conductive support means carried by said insulating member
      and attached at one end to said electrode, a lead wire penetrating said
      envelope and having an end portion terminating adjacent said support
      means, and a flexible electrically conductive member connecting said
      support means and adjacent end portion of the lead wire in
      stress-relieving relation thereto, said support means comprising a tubular
      member fixed within the insulating member, and a metal pinlike member
      mounted within the tubular member, the electrode being attached to the
      pinlike member, and the flexible member being attached to the tubular
      member, said tubular member having a circumferential flange thereon
      overlying the insulating member, a portion of said flexible member being
      disposed between said flange and insulating member in stable fixed
      relation therewith.
NUM  2.
PAR  2. An electron discharge device as set forth in claim 1 wherein said flange
      and flexible member are nickel, said insulating member is ceramic, and the
      flexible member is affixed thereto by a titanium seal.
NUM  3.
PAR  3. An electron-discharge device comprising an envelope with at least one
      electrode therein, a plurality of lead wires penetrating the envelope, an
      electrode support structure comprising insulating means, a plurality of
      electrically conductive support members carried by said insulating means,
      spaced portions of said electrode being connected to at least two of said
      support members, and flexible electrically conductive members connecting
      respective support members and lead wires in stress-relieving relation
      thereto, said insulating means comprising separate ceramic supports for
      each of said support members, said support structure further including a
      metal member having said insulating means mounted thereon, each of said
      support members having a circumferential flange thereon overlying the
      insulating member, and a portion of a flexible member being disposed
      between the flange and insulating member in stable fixed relation
      therewith.
NUM  4.
PAR  4. An electron discharge device as set forth in claim 3 wherein said flange
      and flexible member are nickel, said insulating member is ceramic, and the
      flexible member is affixed thereto by a titanium seal.
NUM  5.
PAR  5. An electron discharge device comprising an envelope, a cathode structure
      mounted within the envelope and including a filament for emitting
      electrons, a target positioned within the envelope and spaced from the
      cathode structure for receiving electrons from the filament, and lead
      wires extending through the envelope for connecting the filament to an
      external source of filament current, said cathode structure further
      comprising a rigid metal head, conductive filament support means extending
      insulatingly through said head and respectively connected to opposite end
      portions of the filament, and flexible metal connectors conductively
      connecting the support means to respective lead wires in stress-relieving
      relation therewith, said cathode head comprising a metal block, said
      insulating means comprising separate annular insulators mounted on said
      block, and said filament support means comprising a pair of conductive
      tubular members mounted in respective insulators, a pair of pinlike
      conductive members mounted in respective tubular members, the ends of the
      pinlike members being attached to respective opposite ends of the
      filament, the metal connectors being attached to the tubular members, said
      tubular members each having a circumferential flange thereon overlying the
      insulator, and a portion of said flexible connector being disposed between
      said flange and insulator in stable fixed relation therewith.
NUM  6.
PAR  6. An electron discharge device as set forth in claim 5 wherein said flange
      and flexible connector are nickel, said insulating member is ceramic, and
      the flexible member is affixed thereto by a titanium bond.
NUM  7.
PAR  7. An X-ray tube comprising a dielectric envelope, an anode including a
      target rotatably mounted in said envelope, a cathode structure fixedly
      mounted within the envelope and having at least one electron-emitting
      filament disposed in predetermined spaced relation to said target, and
      lead wires extending through the envelope for connecting the filament to
      an external source of filament current, said cathode structure further
      comprising a rigid metal head, conductive filament support means extending
      insulatingly through said head and respectively connected to opposite end
      portions of the filament, and flexible metal connectors conductively
      connecting the support means to respective lead wires in stress-relieving
      relation therewith.
NUM  8.
PAR  8. An X-ray tube as set forth in claim 7 wherein said cathode head
      comprises a metal block, and said insulating means comprises separate
      annular insulators mounted on said block, and said filament support means
      comprises a pair of conductive tubular members mounted in respective
      insulators, and a pair of pinlike conductive members mounted in respective
      tubular members, the ends of the pinlike members being attached to
      respective opposite ends of the filament, and the metal connectors being
      attached to the tubular members.
NUM  9.
PAR  9. An X-ray tube as set forth in claim 7 wherein each of said support
      members has a circumferential flange thereon overlying the insulating
      member, and a portion of a flexible member is disposed between the flange
      and insulating member in stable fixed relation therewith.
NUM  10.
PAR  10. An X-ray tube as set forth in claim 7 wherein said tubular member has a
      circumferential flange thereon overlying the insulating member, and a
      portion of said flexible member is disposed between said flange and
      insulating member in stable fixed relation therewith.
NUM  11.
PAR  11. An X-ray tube as set forth in claim 10 wherein said flange and flexible
      member are nickel, said insulating member is ceramic, and the flexible
      member is affixed thereto by a titanium seal.
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ABST
PAL  There is disclosed a multiple gaseous discharge display/memory panel having
      an electrical memory and capable of producing a visual display, the panel
      being characterized by an ionizable gaseous medium in a gas chamber formed
      by a pair of opposed dielectric material charge storage members which are
      respectively backed by an array of conductor (electrode) members, the
      conductor array behind each dielectric material member being appropriately
      oriented with respect to the conductor array behind the opposing
      dielectric material member so as to define a plurality of discrete
      discharge volumes constituting a discharge unit, the surface of at least
      one dielectric material member comprising at least one inorganic non-oxide
      lead compound, said compound being present in an amount sufficient to
      improve the operating characteristics of the panel, especially more
      uniform and/or lower panel operating voltages. Although the invention
      typically comprises display/memory panels having opposed dielectric
      members, it is contemplated using this invention with panels having only
      one insulated electrode and/or only one dielectric member such as in a
      monolithic type device.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of copending U.S. patent
      application Ser. No. 204,700 filed Dec. 3, 1971, now abandoned, which is a
      continuation-in-part of U.S. patent application Ser. No. 70,745, filed
      Sept. 8, 1970, now U.S. Pat. No. 3,634,719.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel multiple gas discharge display/memory
      panels or units which have an electrical memory and which are capable of
      producing a visual display or representation of data such as numerals,
      letters, television display, radar displays, binary words, etc.
PAR  Multiple gas discharge display and/or memory panels of one particular type
      with which the present invention is concerned are characterized by an
      ionizable gaseous medium, usually a mixture of at least two gases at an
      appropriate gas pressure, in a thin gas chamber or space between a pair of
      opposed dielectric charge storage members which are backed by conductor
      (electrode) members, the conductor members backing each dielectric member
      typically being appropriately oriented so as to define a plurality of
      discrete gas discharge units or cells.
PAR  In some prior art panels the discharge cells are additionally defined by
      surrounding or confining physical structure such as apertures in
      perforated glass plates and the like so as to be physically isolated
      relative to other cells. In either case, with or without the confining
      physical structure, charges (electrons, ions) produced upon ionization of
      the elemental gas volume of a selected discharge cell, when proper
      alternating operating potentials are applied to selected conductors
      thereof, are collected upon the surfaces of the dielectric at specifically
      defined locations and constitute an electrical field opposing the
      electrical field which created them so as to terminate the discharge for
      the remainder of the half cycle and aid in the initiation of a discharge
      on a succeeding opposite half cycle of applied voltage, such charges as
      are stored constituting an electrical memory.
PAR  Thus, the dielectric layers prevent the passage of substantial conductive
      current from the conductor members to the gaseous medium and also serve as
      collecting surfaces for ionized gaseous medium charges (electrons, ions)
      during the alternate half cycles of the A.C. operating potentials, such
      charges collecting first on one elemental or discrete dielectric surface
      area and then on an opposing elemental or discrete dielectric surface area
      on alternate half cycles to constitute an electrical memory.
PAR  An example of a panel structure containing non-physically isolated or open
      discharge cells is disclosed in U.S. Pat. No. 3,499,167 issued to Theodore
      C. Baker, et al.
PAR  An example of a panel containing physically isolated cells is disclosed in
      the article by D. L. Bitzer and H. G. Slottow entitled "The Plasma Display
      Panel -- A Digitally Addressable Display With Inherent Memory", Proceeding
      of the Fall Joint Computer Conference, IEEE, San Francisco, Calif.,
      November 1966, pages Calif., 541-547. Also reference is made to U.S. Pat.
      No. 3,559,190.
PAR  In the construction of the panel, a continuous volume of ionizable gas is
      confined between a pair of dielectric surfaces backed by conductor arrays
      typically forming matrix elements. The two conductor arrays may be
      orthogonally related sets of parallel lines (but any other configuration
      of conductor arrays may be used). The two arrays define at their
      intersections a plurality of opposed pairs of change storage areas on the
      surfaces of the dielectric bounding or confining the gas. Thus, for a
      conductor matrix having H rows and C columns the number of elemental or
      discrete areas will be twice the number of elemental discharge cells.
PAR  In addition, the panel may comprise a so-called monolithic structure in
      which the conductor arrays are created on a single substrate and wherein
      two or more arrays are separated from each other and from the gaseous
      medium by at least one insulating member. In such a device the gas
      discharge takes place not between two opposing electrodes, but between two
      contiguous or adjacent electrodes on the same substrate; the gas being
      confined between the substrate and an outer retaining wall.
PAR  It is also feasible to have a gas discharge device wherein some of the
      conductive or electrode members are in direct contact with the gaseous
      medium and the remaining electrode members are appropriately insulated
      from such gas, i.e., at least one insulated electrode.
PAR  In addition to the matrix configuration, the conductor arrays may be shaped
      otherwise. Accordingly, while the preferred conductor arrangement is of
      the crossed grid type as discussed herein, it is likewise apparent that
      where a maximal variety of two dimensional display patterns is not
      necessary, as where specific standardized visual shapes (e.g., numerals,
      letters, words, etc.) are to be formed and image resolution is not
      critical, the conductors may be shaped accordingly (e.g., a segmented
      digit display).
PAR  The gas is one which produces visible light or invisible radiation which
      stimulates a phosphor (if visual display is an objective) and a copious
      supply of charges (ions and electrons) during discharge.
PAR  In the prior art, a wide variety of gases and gas mixtures have been
      utilized as the gaseous medium in a number of different gas discharge
      devices. Typical of such gases include pure gases and mixtures of CO;
      CO.sub.2 ; halogens; nitrogen; NH.sub.3 ; oxygen, water vapor; hydrogen;
      hydrocarbons; P.sub.2 O.sub.5 ; boron fluoride; acid fumes; TiCl.sub.4 ;
      air; H.sub.2 O.sub.2 ; vapors of sodium, mercury, thallium, cadmium,
      rubidium, and cesium; carbon disulfide; laughing gas; H.sub.2 S;
      deoxygenated air; phosphorus vapors; C.sub.2 H.sub.2 ; CH.sub.4 ;
      naphthalene vapor; anthracene; freon; ethyl alcohol; methylene bromide;
      heavy hydrogen; electron attaching gases; sulfur hexafluoride; tritium;
      radioactive gases; and the so-called rare or inert Group VIII gases.
PAR  In an open cell Baker, et al. type panel, the gas pressure and the electric
      field are sufficient to laterally confine charges generated on discharge
      within elemental or discrete dielectric areas within the perimeter of such
      areas, especially in a panel containing non-isolated discharge cells. As
      described in the Baker, et al. patent, the space between the dielectric
      surfaces occupied by the gas is such as to permit photons generated on
      discharge in a selected discrete or elemental volume of gas to pass freely
      through the gas space and strike surface areas of dielectric remote from
      the selected discrete volumes, such remote, photon struck dielectric
      surface areas thereby emitting electrons so as to condition at least one
      elemental volume other than the elemental volume in which the photons
      originated.
PAR  With respect to the memory function of a given discharge panel, the
      allowable distance or spacing between the dielectric surfaces depends,
      inter alia, on the frequency of the alternating current supply, the
      distance typically being greater for lower frequencies.
PAR  While the prior art does disclose gaseous discharge devices having
      externally positioned electrodes for initiating a gaseous discharge,
      sometimes called "electrodeless discharge", such prior art devices
      utilized frequencies and spacing or discharge volumes and operating
      pressures such that although discharges are initiated in the gaseous
      medium, such discharges are ineffective or not utilized for charge
      generation and storage at high frequencies; although charge storage may be
      realized at lower frequencies, such charge storage has not been utilized
      in a display/memory device in the manner of the Bitzer-Slottow or Baker,
      et al. invention.
PAR  The term "memory margin" is defined herein as
      ##EQU1##
      where V.sub.f is the half amplitude of the smallest sustaining voltage
      signal which results in a discharge every half cycle, but at which the
      cell is not bi-stable and V.sub.E is the half amplitude of the minimum
      applied voltage sufficient to sustain discharges once initiated.
PAR  It will be understood that the basic electrical phenomenon utilized in this
      invention is generation of charges (ions and electrons) alternately
      storable at pairs of opposed or facing discrete points or areas on a pair
      of dielectric surfaces backed by conductors connected to a source of
      operating potential. Such stored charges result in an electrical field
      opposing the field produced by the applied potential that created them and
      hence operate to terminate ionization in the elemental gas volume between
      opposed or facing discrete points or areas of dielectric surface. The term
      "sustain a discharge" means producing a sequence of momentary discharges,
      at least one discharge for each half cycle of applied alternating
      sustaining voltage, once the elemental gas volume has been fired, to
      maintain alternate storing of charges at pairs of opposed discrete areas
      on the dielectric surfaces.
PAR  As used herein, a cell is in the "on state" when a quantity of charge is
      stored in the cell such that on each half cycle of the sustaining voltage,
      a gaseous discharge is produced.
PAR  In addition to the sustaining voltage, other voltages may be utilized to
      operate the panel, such as firing, addressing, and writing voltages.
PAR  A "firing voltage" is any voltage, regardless of source, required to
      discharge a cell. Such voltage may be completely external in origin or may
      be comprised of internal cell wall voltage in combination with externally
      originated voltages.
PAR  An "addressing voltage" is a voltage produced on the panel X - Y electrode
      coordinates such that at the selected cell or cells, the total voltage
      applied across the cell is equal to or greater than the firing voltage
      whereby the cell is discharged.
PAR  A "writing voltage" is an addressing voltage of sufficient magnitude to
      make it probable that on subsequent sustaining voltage half cycles, the
      cell will be in the on state.
PAR  In the operation of a multiple gaseous discharge device, of the type
      described hereinbefore, it is necessary to condition the discrete
      elemental gas volume of each discharge cell by supplying at least one free
      electron thereto such that a gaseous discharge can be initiated when the
      cell is addressed with an appropriate voltage signal.
PAR  The prior art has disclosed and practiced various means for conditioning
      gaseous discharge cells.
PAR  One such means of panel conditioning comprises a so-called electronic
      process whereby an electronic conditioning signal or pulse is periodically
      applied to all of the panel discharge cells, as disclosed for example in
      British patent specification No. 1,161,832, page 8, lines 56 to 76.
      Reference is also made to U.S. Pat. 3,559,190 and "The Device
      Characteristics of the Plasma Display Element" by Johnson, et al., IEEE
      Transactions On Electron Devices, Sept., 1971. However, electronic
      conditioning is self-conditioning and is only effective after a discharge
      cell has been previously conditioned; that is, electronic conditioning
      involves periodically discharging a cell and is therefore a way of
      maintaining the presence of free electrons. Accordingly, one cannot wait
      too long between the periodically applied conditioning pulses since there
      must be at least one free electron present in order to discharge and
      condition a cell.
PAR  Another conditioning method comprises the use of external radiation, such
      as flooding part or all of the gaseous medium of the panel with
      ultraviolet radiation. This external conditioning method has the obvious
      disadvantage that it is not always convenient or possible to provide
      external radiation to a panel, especially if the panel is in a remote
      position. Likewise, an external UV source requires auxiliary equipment.
      Accordingly, the use of internal conditioning is generally preferred.
PAR  One internal conditioning means comprises using internal radiation, such as
      by the inclusion of a radioactive material.
PAR  Another means of internal conditioning, which we call photon conditioning,
      comprises using one or more so-called pilot discharge cells in the
      on-state for the generation of photons. This is particularly effective in
      a so-called open cell construction (as described in the Baker, et al.
      patent) wherein the space between the dielectric surfaces occupied by the
      gas is such as to permit photons generated on discharge in a selected
      discrete or elemental volume of gas (discharge cell) to pass freely
      through the panel gas space so as to condition other and more remote
      elemental volumes of other discharge units. In addition to or in lieu of
      the pilot cells, one may use other sources of photons internal to the
      panel.
PAR  Internal photon conditioning may be unreliable when a given discharge unit
      to be addressed is remote in distance relative to the conditioning source,
      e.g., the pilot cell. Accordingly, a multiplicity of pilot cells may be
      required for the conditioning of a panel having a large geometric area. In
      one highly convenient arrangement, the panel matrix border (perimeter) is
      comprised of a plurality of such pilot cells.
DRWD
PAC  DRAWINGS ILLUSTRATING GAS DISCHARGE DISPLAY/MEMORY PANEL
PAR  Reference is made to the accompanying drawings and the hereinafter
      discussed FIGS. 1 to 4 shown thereon illustrating a gas discharge
      display/memory panel of the Baker, et al. type.
PAR  FIG. 1 is a partially cut-away plan view of a gaseous discharge
      display/memory panel as connected to a diagrammatically illustrated source
      of operating potentials.
PAR  FIG. 2 is a cross-sectional view (enlarged, but not to proportional scale
      since the thickness of the gas volume, dielectric members and conductor
      arrays have been enlarged for purposes of illustration) taken on lines
      2--2 of FIG. 1.
PAR  FIG. 3 is an explanatory partial cross-sectional view similar to FIG. 2
      (enlarged, but not to proportional scale).
PAR  FIG. 4 is an isometric view of a gaseous discharge display/memory panel.
PAR  FIG. 5 illustrates one practice of this invention utilizing a
      cross-sectional view as in FIG. 4.
DETD
PAR  The invention utilizes a pair of dielectric films 10 and 11 separated by a
      thin layer or volume of a gaseous discharge medium 12, the medium 12
      producing a copious supply of charges (ions and electrons) which are
      alternately collectable on the surface of the dielectric members at
      opposed or facing elemental or discrete areas X and Y defined by the
      conductor matrix on non-gas-contacting sides of the dielectric members,
      and a plurality of pairs of elemental X and Y areas. While the
      electrically operative structural members such as the dielectric members
      10 and 11 and conductor matrixes 13 and 14 are all relatively thin (being
      exaggerated in thickness in the drawings) they are formed on and supported
      by rigid nonconductive support members 16 and 17 respectively.
PAR  Preferably, one or both of nonconductive support members 16 and 17 pass
      light produced by discharge in the elemental gas volumes. Preferably, they
      are transparent glass members and these members essentially define the
      overall thickness and strength of the panel. For example, the thickness of
      gas layer 12 as determined by spacer 15 is usually under 10 mils and
      preferably about 4 to 8 mils, dielectric layers 10 and 11 (over the
      conductors at the elemental or discrete X and Y areas) are usually between
      1 and 2 mils thick, and conductors 13 and 14 about 8,000 angstroms thick.
      However, support members 16 and 17 are much thicker (particularly in
      larger panels) so as to provide as much ruggedness as may be desired to
      compensate for stresses in the panel. Support members 16 and 17 also serve
      as heat sinks for heat generated by discharges and thus minimize the
      effect of temperature on operation of the device. If it is desired that
      only the memory function be utilized, then none of the members need be
      transparent to light.
PAR  Except for being nonconductive or good insulators the electrical properties
      of support members 16 and 17 are not critical. The main function of
      support members 16 and 17 is to provide mechanical support and strength
      for the entire panel, particularly with respect to pressure differential
      acting on the panel and thermal shock. As noted earlier, they should have
      thermal expansion characteristics substantially matching the thermal
      expansion characteristics of the dielectric layers 10 and 11. Ordinary 1/4
      inch commercial grade soda lime plate glasses have been used for this
      purpose. Other glasses such as low expansion glasses or devitrified
      glasses can be used provided they can withstand processing and have
      expansion characteristics substantially matching expansion characteristics
      of the dielectric coatings 10 and 11. For given pressure differentials and
      thickness of plates, the stress and deflection of plates may be determined
      by following standard stress and strain formulas (see R. J. Roark,
      Formulas for Stress and Strain, McGraw-Hill, 1954).
PAR  Spacer 15 may be made of the same glass material as dielectric films 10 and
      11 and may be integral rib formed on one of the dielectric members and
      fused to the other members to form a bakeable hermetic seal enclosing and
      confining the ionizable gas volume 12. However, a separate final hermetic
      seal may be effected by a high strength devitrified glass sealant 15S.
      Tubulation 18 is provided for exhausting the space between dielectric
      members 10 and 11 and filling that space with the volume of ionizable gas.
      For large panels small beadlike solder glass spacers such as shown at 15B
      may be located between conductor intersections and fused to dielectric
      members 10 and 11 to aid in withstanding stress on the panel and maintain
      uniformity of thickness of gas volume 12.
PAR  Conductor arrays 13 and 14 may be formed on support members 16 and 17 by a
      number of well-known processes, such as photoetching, vacuum deposition,
      stencil screening, etc. In the panel shown in FIG. 4, the center-to-center
      spacing of conductors in the respective arrays is about 17 mils.
      Transparent or semi-transparent conductive material such as tin oxide,
      gold, or aluminum can be used to form the conductor arrays and should have
      a resistance less than 3000 ohms per line. Narrow opaque electrodes may
      alternately be used so that discharge light passes around the edges of the
      electrodes to the viewer. It is important to select a conductor material
      that is not attacked during processing by the dielectric material.
PAR  It will be appreciated that conductor arrays 13 and 14 may be wires or
      filaments of copper, gold, silver or aluminum or any other conductive
      metal or material. For example 1 mil wire filaments are commercially
      available and may be used in the invention. However, formed in situ
      conductor arrays are preferred since they may be more easily and uniformly
      placed on an adhered to the support plates 16 and 17.
PAR  Dielectric layer members 10 and 11 are formed of an inorganic material and
      are preferably formed in situ as an adherent film or coating which is not
      chemically or physically affected during bake-out of the panel. One such
      material is a solder glass such as Kimble SG-68 manufactured by and
      commercially available from the assignee of the present invention.
PAR  This glass has thermal expansion characteristics substantially matching the
      thermal expansion characteristics of certain soda-lime glasses, and can be
      used as the dielectric layer when the support members 16 and 17 are
      soda-lime glass plates. Dielectric layers 10 and 11 must be smooth and
      have a dielectric breakdown voltage of about 1000 v. and be electrically
      homogeneous on a microscopic scale (e.g., no cracks, bubbles, crystals,
      dirt, surface films, etc.). In addition, the surfaces of dielectric layers
      10 and 11 should be good photoemitters of electrons in a baked out
      condition. Alternately, dielectric layers 10 and 11 may be overcoated with
      materials designed to produce good electron emission, as in U.S. Pat. No.
      3,634,719, issued to Roger E. Ernsthausen. Of course, for an optical
      display at least one of dielectric layers 10 and 11 should pass light
      generated on discharge and be transparent or translucent and, preferably,
      both layers are optically transparent.
PAR  The preferred spacing between the facing surfaces of the two dielectric
      films is about 4 to 8 mils with conductor arrays 13 and 14 having
      center-to-center spacing of about 17 mils.
PAR  The ends of conductors 14-1 . . . 14-4 and support member 17 extend beyond
      the enclosed gas volume 12 and are exposed for the purpose of making
      electrical connection to interface and addressing circuitry 19. Likewise,
      the ends of conductors 13-1 . . . 13-4 on support member 16 extend beyond
      the enclosed gas volume 12 and are exposed for the purpose of making
      electrical connection to interface and addressing circuitry 19.
PAR  As in known display systems, the interface and addressing circuitry or
      system 19 may be relatively inexpensive line scan systems or the somewhat
      more expensive high speed random access systems. In either case, it is to
      be noted that a lower amplitude of operating potentials helps to reduce
      problems associated with the interface circuitry between the addressing
      system and the display/memory panel, per se. In addition, by providing a
      panel having greater uniformity in discharge characteristics throughout
      the panel, manufacturing tolerances of the interfacing circuitry can be
      made less rigid.
PAR  One mode of initiating operation of the panel will be described with
      reference to FIG. 3, which illustrates the condition of one elemental gas
      volume 30 having an elemental cross-sectional area and volume which is
      quite small relative to the entire volume and cross-sectional area of gas
      12. The cross-sectional area of volume 30 is defined by the overlapping
      common elemental areas of the conductor arrays and the volume is equal to
      the product of the distance between the dielectric surfaces and the
      elemental area. It is apparent that if the conductor arrays are uniform
      and linear and are orthogonally (at right angles to each other) related
      each of elemental areas X and Y will be squares and if conductors of one
      conductor array are wider than conductors of the other conductor arrays,
      said areas will be rectangles. If the conductor arrays are at transverse
      angles relative to each other, other than 90.degree., the areas will be
      diamond shaped so that the cross-sectional shape of each volume is
      determined solely in the first instance by the shape of the common area of
      overlap between conductors in the conductor arrays 13 and 14. The dotted
      lines 30' are imaginary lines to show a boundary of one elemental volume
      about the center of which each elemental discharge takes place. As
      described earlier herein, it is known that the cross-sectional area of the
      discharge in a gas is affected by, inter alia, the pressure of the gas,
      such that, if desired, the discharge may even be constricted to within an
      area smaller than the area of conductor overlap. By utilization of this
      phenomena, the light production may be confined or resolved substantially
      to the area of the elemental cross-sectional area defined by conductor
      overlap. Moreover, by operating at such pressure charges (ions and
      electrons) produced on discharge are laterally confined so as to not
      materially affect operation of adjacent elemental discharge volumes.
PAR  In the instance shown in FIG. 3, a conditioning discharge about the center
      of elemental volume 30 has been initiated by application to conductor 13-1
      and conductor 14-1 firing potential V.sub.x ' as derived from a source 35
      of variable phase, for example, and source 36 of sustaining potential
      V.sub.s (which may be a sine wave, for example). The potential V.sub.x '
      is added to the sustaining potential V.sub.s as sustaining potential
      V.sub.s increases in magnitude to initiate the conditioning discharge
      about the center of elemental volume 30 shown in FIG. 3. There, the phase
      of the source 35 of potential V.sub.x ' has been adjusted into adding
      relation to the alternating voltage from the source 36 of sustaining
      voltage V.sub.s to produce a voltage V.sub.f ', when switch 33 has been
      closed, to conductors 13-1 and 14-1 defining elementary gas volume 30
      sufficient (in time and/or magnitude) to produce a light generating
      discharge centered about discrete elemental gas volume 30. At the instant
      shown, since conductor 13-1 is positive, electrons 32 have collected on
      and are moving to an elemental area of dielectric member 10 substantially
      corresponding to the area of elemental gas volume 30 and the less mobile
      positive ions 31 are beginning to collect on the opposed elemental area of
      dielectric member 11 since it is negative. As these charges build up, they
      constitute a back voltage opposed to the voltage applied to conductors
      13-1 and 14-1 and serve to terminate the discharge in elemental gas volume
      30 for the remainder of half cycle.
PAR  During the discharge about the center of elemental gas volume 30, photons
      are produced which are free to move or pass through gas medium 12, as
      indicated by arrows 37, to strike or impact remote surface areas of
      photoemissive dielectric members 10 and 11, causing such remote areas to
      release electrons 38. Electrons 38 are, in effect, free electrons in gas
      medium 12 and condition each other discrete elemental gas volume for
      operation at a firing potential V.sub.f which is lower in magnitude than
      the firing potential V.sub.f ' for the initial discharge about the center
      of elemental volume 30 and this voltage is substantially uniform for each
      other elemental gas volume.
PAR  Thus, elimination of physical obstructions or barriers between discrete
      elemental volumes, permits photons to travel via the space occupied by the
      gas medium 12 to impact remote surface areas of dielectric members 10 and
      11 and provides a mechanism for supplying free electrons to all elemental
      gas volumes, thereby conditioning all discrete elemental gas volumes for
      subsequent discharges, respectively, at a substantially uniform lower
      applied potential. While in FIG. 3 a single elemental volume 30 is shown,
      it will be appreciated that an entire row (or column) of elemental gas
      volumes may be maintained in a "fired" condition during normal operation
      of the device with the light produced thereby being masked or blocked off
      from the normal viewing area and not used for display purposes. It can be
      expected that in some applications there will always be at least one
      elemental volume in a fired condition and producing light in a panel, and
      in such applications it is not necessary to provide separate discharge or
      generation of photons for purposes described earlier.
PAR  However, as described earlier, the entire gas volume can be conditioned for
      operation at uniform firing potentials by use of external or internal
      radiation so that there will be not need for a separate source of higher
      potential for initiating an initial discharge. Thus, by irradiating the
      panel with ultraviolet radiation or by including a radioactive material
      within the glass materials or gas space, all discharge volumes can be
      operated at uniform potentials from addressing and interface circuit 19.
PAR  Since each discharge is terminated upon a build-up or storage of charges at
      opposed pairs of elemental areas, the light produced is likewise
      terminated. In fact, light production lasts for only a small fraction of a
      half cycle of applied alternating potential and, depending on design
      parameters, is typically in the submicrosecond range.
PAR  After the initial firing or discharge of discrete elemental gas volume 30
      by a firing potential V.sub.f ', switch 33 may be opened so that only the
      sustaining voltage V.sub.s from source 36 is applied to conductors 13-1
      and 14-1. Due to the storage of charges (e.g., the memory) at the opposed
      elemental areas X and Y, the elemental gas volume 30 will discharge again
      at or near the peak of negative half cycles of sustaining voltage V.sub.s
      to again produce a momentary pulse of light. At this time, due to reversal
      of field direction, electrons 32 will collect on and be stored on
      elemental surface area Y of dielectric member 11 and positive ions 31 will
      collect and be stored on elemental surface area X of dielectric member 10.
      After a few cycles of sustaining voltage V.sub.s, the times of discharge
      become symmetrically located with respect to the wave form of sustaining
      voltage V.sub.s. At remote elemental, volumes, as for example, the
      elemental volumes defined by conductor 14-1 which conductors 13-2 and
      13-3, a uniform magnitude or potential V.sub.x from source 60 is
      selectively added by one or both of switches 34-2 or 34-3 to the
      sustaining voltage V.sub.s, shown as 36', to fire one or both of these
      elemental discharge volumes. Due to the presence of free electrons
      produced as a result of the discharge centered about elemental volume 30,
      each of these remote discrete elemental volumes have been conditioned for
      operation at uniform firing potential V.sub.f.
PAR  In order to turn "off" an elemental gas volume (i.e., terminate a sequence
      of discharges representing the "on" state), the sustaining voltage may be
      removed. However, since this would also turn off other elemental volumes
      along a row or column, it is preferred that the volumes be selectively
      turned off by application to selected on elemental volumes a voltage which
      can neutralize the charges stored at the pairs of opposed elemental areas.
PAR  This can be accomplished in a number of ways, as for example, varying the
      phase or time position of the potential from source 60 to where that
      voltage combined with the potential from source 36' falls substantially
      below the sustaining voltage.
PAR  It is apparent that the plates 16-17 need not be flat but may be curved,
      curvature of facing surfaces of each plate being complementary to each
      other. While the preferred conductor arrangement is of the crossed grid
      type as shown herein, it is likewise apparent that where an infinite
      variety of two dimensional display patterns are not necessary, as where
      specific standardized visual shapes (e.g., numerals, letters, words, etc.)
      are to be formed and image resolution is not critical, the conductors may
      be shaped accordingly. Reference is made to British patent specification
      No. 1,302,148 and U.S. Pat. No. 3,711,733 wherein non-grid electrode
      arrangements are illustrated.
PAR  The device shown in FIG. 4 is a panel having a large number of elemental
      volumes similar to elemental volume 30 (FIG. 3). In this case more room is
      provided to make electrical connection to the conductor arrays 13' and
      14', respectively, by extending the surfaces of support members 16' and
      17' beyond seal 15S', alternate conductors being extended on alternate
      sides. Conductor arrays 13' and 14' as well as support members 16' and 17'
      are transparent. The dielectric coatings are not shown in FIG. 4 but are
      likewise transparent so that the panel may be viewed from either side.
PAC  THE INVENTION
PAR  In accordance with this invention, the operating characteristics of a
      gaseous discharge display/memory panel are enhanced and improved by
      applying to at least one dielectric surface a beneficial amount of at
      least one inorganic non-oxide lead compound.
PAR  The inorganic non-oxide lead compound is applied to the dielectric surface
      as a continuous or discontinuous layer.
PAR  As used herein, the term "layer" is intended to be all inclusive of other
      similar terms such as film, deposit, coating, finish, spread, covering,
      etc.
PAR  The inorganic compound is applied to the dielectric surface (or over a
      previously applied dielectric layer) by any convenient means including not
      by way of limitation vapor deposition; vacuum deposition; chemical vapor
      deposition; wet spraying upon the surface a mixture or solution of the
      layer substance suspended or dissolved in a liquid followed by evaporation
      of the liquid; dry spraying of the layer upon the surface; thermal
      evaporation using direct heat, electron beam, or laser; plasma flame
      and/or arc spraying and/or deposition; and sputtering target techniques.
PAR  In one embodiment hereof, a layer of the inorganic non-oxide lead compound
      is applied to the dielectric surface, such as by one of the foregoing
      methods, especially electron beam evaporation.
PAR  Although the inorganic non-oxide lead compound is typically applied on the
      charge storage side of the dielectric member, it is contemplated that such
      may be applied to a non-charge storage side, such as on the electrode
      array side of a dielectric.
PAR  Typical inorganic non-oxide compounds include: lead azide; lead
      borofluoride; lead bromide; lead carbonate; lead chlorate; lead chloride;
      lead sulfide-chloride; lead chlorite; lead cyanate; lead cyanide; lead
      fluoride; lead fluorochloride; lead iodate; lead basic iodide; lead
      diiodide; lead monoiodide; lead nitrate; lead oxychloride; lead
      metaphosphate; lead orthophosphate; lead pyrophosphate; lead selenide;
      lead sulfate; lead basic sulfate; lead sulfide; lead sulfite; lead
      thiosulfate; lead telluride; and lead thiocyanate.
PAR  One or more layers of other substances may be used in combination with the
      inorganic compounds of this invention, especially compounds of lead,
      aluminum, titanium, silicon, zirconium, hafnium, Group IIA, rare earths,
      cesium, and phosphor materials. Typically such substances will be oxides.
      However, non-oxides are contemplated. Such layers may be applied to the
      dielectric before and/or after the inorganic lead compounds of this
      invention.
PAR  Each layer, including the layer of this invention, is applied to the
      dielectric, as a surface or sub-layer, in an amount sufficient to obtain
      the desired beneficial result, usually to a thickness of at least about
      100 angstrom units with a range of about 200 angstrom units per layer up
      to about 1 micron (10,000 angstrom units) per layer.
PAR  In the fabrication of a gaseous discharge panel, the dielectric material is
      typically applied to and cured on the surface of a supporting glass
      substrate or base to which the electrode or conductor elements have been
      previously applied. The glass substrate may be of any suitable composition
      such as a soda lime glass composition. Two glass substrates containing
      electrodes and cured dielectric are then appropriately sealed together,
      e.g., using thermal means, so as to form a panel.
PAR  In one preferred practice of this invention, the lead compound layer, and
      any other layer, is applied to the surface of the cured dielectric before
      the panel heat sealing cycle, with the substrate temperature during
      applicationg ranging from about 150.degree. to about 600.degree. F.
PAR  The use of the inorganic lead compound layer in accordance with this
      invention, has many potential beneficial results. In one particular
      practice, the gaseous discharge panel voltage uniformity or stability as a
      function of panel operating time may be significantly improved and
      enhanced. Likewise, the required panel aging time cycle may be reduced.
PAR  In FIG. 5 there is illustrated substrates 16 and 17, electrodes 13 and 14,
      dielectric members 210 and 211, gaseous medium 12, and dielectric
      overcoats 210a and 211a.
PAR  Although not illustrated in FIG. 5, additional dielectric overcoats or
      undercoats of other selected materials may be used.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a gaseous discharge display/memory device characterized by an
      ionizable gaseous medium in a gas chamber formed by a pair of opposed
      dielectric material charge storage members having surfaces in contact with
      the gaseous medium and at least one electrode insulated from the gaseous
      medium by a dielectric member, the improvement wherein each dielectric
      surface is at least partially coated with a layer of at least one
      inorganic non-lead oxide lead compound, said compound being present in an
      amount sufficient to improve the operating characteristics of the device
      by substantially decreasing preliminary aging and providing stable
      operating voltages for a given period of operating time.
NUM  2.
PAR  2. The invention of claim 1 wherein each dielectric surface is at least
      partially coated with the lead compound to a layer thickness of at least
      about 100 angstrom units.
NUM  3.
PAR  3. The invention of claim 2 wherein the layer thickness ranges from about
      200 angstrom units up to about 10,000 angstrom units.
NUM  4.
PAR  4. In a gaseous discharge display/memory device comprising an ionizable
      gaseous medium in a gas chamber formed by a pair of opposed dielectric
      material charge storage members having surfaces in contact with the
      gaseous medium backed by electrode members which are insulated from the
      gaseous medium by said dielectric members, the electrode members behind
      each dielectric material surface being oriented with respect to the
      electrode members behind the opposing dielectric material surface so as to
      define a plurality of discharge units, the improvement wherein at least
      one inorganic non-lead oxide lead compound is applied to each opposed
      dielectric material surface in an amount sufficient to substantially
      decrease preliminary aging and to provide stable operating voltages for a
      given period of operating time.
NUM  5.
PAR  5. As an article of manufacture, a dielectric material body having a
      structural configuration for use in a gaseous discharge display/memory
      device, said dielectric body having at least one electrode on one side
      thereof and on the opposite side thereof containing a surface deposit of
      at least one inorganic non-lead oxide lead compound, said compound being
      deposited in an amount sufficient to provide operating voltages when said
      dielectric material body is used in said device which do not substantially
      change over a given period of operating time.
NUM  6.
PAR  6. The invention of claim 5 wherein the dielectric body is coated with the
      compound to a thickness of at least about 100 angstrom units.
NUM  7.
PAR  7. The invention of claim 6 wherein the compound thickness ranges from
      about 200 angstrom units up to about 10,000 angstrom units.
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PAL  In a tubular, double ended electric incandescent lamp in which the filament
      comprises coiled segments spaced from each other, the filament coiled
      segments are electrically connected by means of skip space wire sections
      coiled at each end thereof, which are threaded onto the filament segments.
BSUM
PAC  THE INVENTION
PAR  This invention relates generally to tubular, elongated, double ended
      electric incandescent lamps having an axially extending coiled filament.
      Such lamps are used, for example, in photocopy equipment and for infrared
      heating purposes.
PAR  In some cases, where the designed lamp wattage is low in relation to the
      length of the lamp, it is impractical to make a coiled filament continuous
      for the entire length of the lamp; in such cases, the filament can consist
      of coiled segments spaced apart from each other and is called a segmented
      filament.
PAR  In a tubular lamp having a segmented filament, the axial coil segments must
      be connected by some means to make a complete filament. If the filament
      were made of one continuous wire, coiled in segments with relatively
      straight wire sections between the coiled segments, the filament might not
      remain axially centered with respect to the lamp envelope for the
      following reason. When the lamp is switched on and off, the coiled
      segments of the filament may shift with respect to the axis of the lamp.
      This action is caused primarily by the straight wire sections of the
      filament. When the lamp is switched on, the entire filament is heated by
      the current passing through the wire. The coiled sections tend to expand
      in diameter but the straight sections expand linearly and distort the coil
      from a straight axial position. Repetition of this action by switching the
      lamp on and off fatigues the coil and causes premature failure of the
      lamps.
PAR  The prior art method of solving this problem involved the use of threaded
      rods between coil segments. The threaded rods were of relatively large
      diameter and did not heat up greatly; consequently the expansion of these
      rods was negligible and the segmented filament was not distorted. But
      threaded rods are expensive and require additional filament supports in
      order to support the added weight of the rods.
PAR  The purpose of this invention is to provide a simpler, improved, less
      expensive means of connecting such coiled filament segments.
PAR  In our invention, the coiled filament segments are connected by spacer wire
      sections coiled at each end. Each spacer wire section is made of a single
      length of wire, the end portions thereof being coiled and the center
      portion thereof being relatively uncoiled. Such spacer wire sections can
      be readily formed on so-called 4G coiling machines, which can
      automatically and continuously wind wire from a spool into coils having
      predetermined dimensions and spaced apart by a skip-space, so-called, in
      which the wire is relatively uncoiled.
PAR  The coiled ends of the spacer wire sections are designed to thread onto the
      coiled filament segments in order to provide a secure mechanical and
      electrical connection therebetween. In addition, the spacer wire section
      is made of wire having a larger diameter than the filament wire so that,
      during operation, the spacer wire section does not heat up sufficiently to
      cause appreciable expansion thereof.
DRWD
PAR  In the drawing,
PAR  FIG. 1 is a broken elevational view of an incandescent lamp in accordance
      with this invention.
PAR  FIG. 2 is a detail view on a larger scale of a spacer wire section of the
      invention.
DETD
PAR  An example of an incandescent lamp 1, in accordance with this invention,
      comprises an elongated tubular glass envelope 2 having press seals 3 at
      each end thereof. Axially disposed within evnelope 2 is a segmented
      filament comprising filament coiled segments 4 separated by spacer wire
      sections 5. The ends of the filament are connected, by wires 6, to thin
      molybdenum ribbons 7, embedded in press seals 3, which in turn are
      connected to external contacts 8 by means of wires 9. The filament is
      maintained axially within envelope 2 by means of filament supports 10.
PAR  Spacer wire section 5 is made of larger diameter wire than the wire of
      filament coiled segment 4 in order that spacer wire section 5 not be
      heated up as much as filament coiled segment 4 during lamp operation. Each
      end 11 of spacer wire section 5 is coiled to a diameter and pitch that
      permits it to be threaded onto the end of filament coiled segment 4 and to
      form a secure mechanical and electrical connection therebetween. The
      intermediate portion 12 of spacer wire section 5, between ends 11, is,
      although not straight, relatively uncoiled or, in other words, coiled at a
      considerably lower pitch than end 11, such as would be obtained from a
      skip-space coiling machine, for example, a 4G coiling machine.
PAR  In a 1000 watt, 280 volt, T21/2 lamp in accordance with this invention,
      envelope 2 was made of quartz and had an overall length of 16 inches. The
      filament consisted of eight filament coiled segments 4, made of 5.8 mil
      diameter tungsten wire coiled on a 24 mil mandrel at 108 turns per inch,
      and seven spacer wire sections 5, made of 9 mil diameter tungsten wire
      coiled on a 34 mil mandrel. The segments 4 at each end of the filament had
      a body length of 33 mm and the other six segments 4 had a body length of
      16 mm.
PAR  The spacer wire sections 5 at each end of the filament had an overall
      length of 17 mm, which consisted of a coil 11 having a length of about
      11/2 mm, at 106 TPI, at each end thereof and a skip-space portion 12 that
      was about 14 mm long; said portion 12 had about two coiled turns stretched
      throughout its length. In the other five spacer wire sections 5, coils 11
      were the same but each skip-space portion 12 was 31 mm long and had about
      four coiled turns stretched throughout its length.
PAR  The filament was axially maintained within envelope 2 by means of a
      filament support 10 on each intermediate coiled segment 4 and three
      supports 10 on each end coiled segment 4.
PAR  In this example, the ratio of the wire diameter of spacer wire section 5 to
      the wire diameter of filament coiled segment 4 was 1.55 to 1. In order
      that spacer wire section 5 have sufficient mass to prevent excessive
      heating thereof, which could cause appreciable expansion, but without
      requiring additional support therefor, such as by additional filament
      supports 10, such ratio should be between about 1.3 and 1.8.
PAR  In some photocopy applications, a lamp having a segmented filament is moved
      back and forth to scan the area to be reproduced. In prior art lamps, in
      which the segmented coils are connected with threaded rods, the filament
      may distort during this back and forth motion. The distortion is caused by
      the added weight of the solid threaded rod. Additional filament supports
      could limit this distortion but, because of the manufacturing tolerances
      of the supports and the glass envelopes, could not eliminate it. In lamps
      made in accordance with this invention, filament distortion in scanning
      applications was negligible.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an elongated, tubular, double-ended incandescent lamp of the type
      where the filament is axially located and comprises separated filament
      coiled segments, the improvement which comprises spacer wire sections
      between said coiled segments, each spacer wire section consisting of a
      single length of wire and further consisting of a coil at each end thereof
      with an intermediate skip-space therebetween, each of said coils being
      electrically and mechanically fastened to the adjacent filament coiled
      segment by being threaded onto the end of said adjacent filament coiled
      segment, the diameter of the wire of said spacer wire section being larger
      than the diameter of the wire of said filament coiled segment.
NUM  2.
PAR  2. The lamp of claim 1 wherein the ratio of said respective diameters is
      between about 1.3 and 1.8.
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PAL  Arc electrodes formed of the sinter of lanthanum chromite or of a compound
      having a part of the lanthanum component of lanthanum chromite replaced by
      at least one member selected from the group consisting of calcium,
      magnesium and strontium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to arc electrodes.
PAR  Arc electrodes have heretofore been made by using, as materials therefor,
      carbon or metals such as tungsten, iron, copper and nickel. When a DC
      potential is applied between electrodes formed of bars of such a material,
      the impulsion of ions which immediately ensues elevates the temperature of
      the cathode and consequently accelerates the discharge of thermal
      electrons, with the result that the arc discharge is continuous and takes
      place at a relatively low temperature. The arc lamp which utilizes the
      phenomenon of this arc discharge has advantages such as high luminous
      intensity, low brightness temperature and high electric power efficiency.
      Thus, it finds extensive utility in cine-projectors, photographic
      illuminators, flood lights, etc.
PAR  The conventional arc electrodes, when used in the atmosphere, provide
      neither fully satisfactory luminous intensity nor spectral distribution
      approximating that of white light. When they are used in the air, they are
      deficient in stability and the high-temperature zones of the electrodes
      undergo heavy oxidative corrosion and cause oxides of low
      electroconductivity to deposit on the surface thereof.
PAR  A primary object of this invention is to provide arc electrodes which give
      sufficient luminous intensity and produce spectral distribution
      approximating that of white light even in the atmosphere.
PAR  Another object of this invention is to provide arc electrodes which are
      stable in the air and which involve no appreciable oxidative corrosion.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  To accomplish the end described above, the arc electrodes of this invention
      are formed of a sinter which is composed preponderantly of lanthanum
      chromite.
PAR  This invention also embraces arc electrodes which are formed of the sinter
      of a compound having a part of the lanthanum component of lanthanum
      chromite replaced by any of calcium, magnesium and strontium or a mixture
      thereof.
PAR  By the present invention, it is made possible to manufacture arc electrodes
      which have sufficient luminous intensity and produce spectral distribution
      approximating that of white light in the atmosphere and which are stable,
      involve no appreciable oxidative corrosion and enjoy excellent
      electroconductivity even in the air.
PAR  Other and further objects of this invention will become obvious upon an
      understanding of the illustrative embodiments described herein or will be
      indicted in the appended claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to arc electrodes formed of a sinter of lanthanum
      chromite (LaCrO.sub.3) or of the sinter of a compound having a part of the
      lanthanum component of said lanthanum chromite replaced by at least one
      member selected from the group consisting of calcium, magnesium and
      strontium.
PAR  Hereinafter, the term "lanthanum chromite" referred to in the specification
      hereof shall be interpreted as embracing lanthanum chromite the lanthanum
      component of which is partly replaced by at least one member selected from
      the group consisting of calcium, magnesium and strontium.
PAR  The arc electrodes according to the present invention are excellent in
      heatproofness and electroconductivity. The arc lamp using these arc
      electrodes provides high luminous intensity and produces spectral
      distribution approximating that of white light even in the atmosphere and
      enjoys the pronounced advantage that stable performance is retained even
      at temperatures exceeding 2500.degree.C.
PAR  Now the process followed for the manufacture of the arc electrodes will be
      described.
PAR  As the raw material, lanthanum chromite is used in the form of
      finely-divided particles generally of a particle diameter not greater than
      325 mesh (measured by Tyler Standard screen). Particularly in producing
      arc electrodes having increased resistance to thermal impacts,
      electrically fused particles (obtained by having a carbon electrode
      inserted in lanthanum chromite, passing therethrough a current of
      electricity and cooling and coarsely dividing) having a particle diameter
      of 100 - 200 mesh are added to the raw material particles at a rate of 20
      - 50 percent by weight based on the latter particles. The sintering
      temperature can be lowered by further adding a sintering-accelerating
      agent to the lanthanum chromite as the raw material at a rate of 0.5 - 2.0
      percent by weight based on the raw material. A typical example of the
      sintering -accelerating agent is boron oxide. Paraffins are also
      effective. The sintering-accelerating agent is added in the form of power
      or aqueous solution to the lanthanum chromite. Then the raw material is
      sintered in the atmosphere under normal pressure or under an increased
      pressure. When the sintering is made under an increased pressure, desired
      sintering is obtained by having a graphite mold filled with the raw
      material and keeping the raw material in the mold under a pressure of
      about 150 - 250 kg/cm.sup.2 at a temperature of 1200.degree.  -
      1400.degree.C for 20 to 60 minutes.
PAR  The sinter produced by the treatment described above generally exhibits a
      large value of resistance on the order of 100 K.OMEGA.-cm. Therefore, the
      sinter is further subjected to an oxidizing treatment so as to acquire
      enough resistance expected of arc electrodes. This oxidizing treatment is
      accomplished by allowing the sinter to stand in the atmosphere at
      1500.degree.C for 1 to 2 hours. The oxidized sinter is used as an arc
      electrode in its unaltered form or after having been shaped to a required
      form.
PAR  Microscopically, this sinter has a structure in which coarsely-divided
      particles of varying shape 70 to 150 .mu. in particle diameter and
      finely-divided particles having a particle diameter of the order of 10
      .mu. are intimately mixed.
PAR  The lanthanum chromite as the raw material is used in the form of
      LaCrO.sub.3 or of La.sub.1.sub.-n M.sub.n CrO.sub.3 (wherein, M stands for
      at least one member selected from the group consisting of calcium,
      magnesium and strontium and n for 0.01 - 0.15). When the value of n is
      smaller than the lower limit 0.01 of the range, no sufficient increase in
      the electroconductivity is obtained. When it is greater than the upper
      limit 0.15, then the sintering property is seriously degraded.
PAR  Two arc electrodes formed of the sinter produced as described above were
      used as a pair of opposed electrodes and caused to produce arc discharge,
      with the luminous intensity of the arc measured with a brightness meter.
      The spectral distribution was measured in the range of from 2300 to 7000 A
      by a spectrograph. In the spectrograph, numerous strong lines were
      observed to occur substantially continuously. The observation well agrees
      with the theory that La and Cr give rise to many spectral lines. Thus, the
      arc has been shown to have high luminous intensity and give spectral
      distribution approximating that of white light. In this test, the arc
      discharge was stable even when the temperature of the electrodes rose
      above 2500.degree.C.
PAR  When the raw material has incorporated therein an oxidation accelerator,
      the sintering temperature can be lowered by about 300.degree.C from the
      level of temperature at which the same raw material excluding the
      oxidation accelerator is normally sintered.
PAR  The sintering may be carried out under normal pressure. The sinter obtained
      in this case, however, has inferior compaction of particles compared with
      the sinter obtained under an increased pressure and permits occurrence of
      numerous voids. Nonetheless, this sinter is sufficiently practical. In
      terms of electrical properties, for example, it is not appreciably
      inferior to the sinter produced under an increased pressure.
PAR  The electric contact of the arc electrode with the electrode terminal can
      be improved by applying silver paste to one end of the side face of the
      sintered body and burning the deposited paste in accordance with a method
      commonly practiced. Possible fluctuation of the plane of arc discharge can
      be precluded and possible damage of electrodes due to thermal shock can be
      prevented by having the opposed ends of the arc electrodes ground in
      advance in the shape of cones.
DETD
PAR  The following examples are included merely to aid in the understanding of
      the invention, and variations may be made by one skilled in the art
      without departing from the spirit and scope of the invention.
PAC  EXAMPLE 1
PAR  Lanthanum-calcium chromite (La.sub.0.95 Ca.sub.0.05 CrO.sub.3) particles
      having particle diameters not greater than 325 mesh and Lathanum-calcium
      chromite (La.sub.0.90 Ca.sub.0.10 CrO.sub.3) particles obtained by
      electric fusion and having particle diameters in the range of 100 to 200
      mesh were mixed at a ratio of 70  to 30 percent by weight, and 1 percent
      by weight, based on the resultant mixture of particles, of boron oxide
      prepared in the form of aqueous solution was admixed thereto. Four
      cylindrical holes 10mm in diameter and 80mm in depth formed in a graphite
      mold were filled each with 18g of the powder prepared as described above
      and the charged powder was sintered by means of a hot press. The sintering
      was carried out by allowing the charge to stand at 1360.degree.C under 200
      kg/cm.sup.2 for 30 minutes. The sintered bodies thus obtained had a
      relative density (apparent density) of 88 percent. The resistance offered
      by the sintered bodies was 100 K.OMEGA.-cm. Then, the sintered bodies were
      held at 1500.degree.C in the atmosphere to be oxidized. After this
      oxidation, the resistance offered was 1.7 .OMEGA.-cm, a value sufficient
      for the sintered bodies to serve as arc electrodes. The relative density
      was 83.5 percent. The dimensions were 10mm in diameter and 37mm in length.
PAR  Subsequently, silver paste was applied to a width of about 15mm on the side
      face at each end of the sintered bodies and heated in the atmosphere at
      930.degree.C for 10 minutes to produce a silver electrode thereon by
      burning.
PAR  The electrodes thus produced were tested for arc discharge performance
      under the following conditions:
PA1  Electric current used -- DC 200 V, 5A, 10A
PA1  Duration of arc discharge -- 7 to 16 minutes
PA1  Gap separating electrode tips -- 3 to 6 mm
PAL  The results of the test were as follows:
PAR  1. Surface temperature of the arc discharge zone of electrodes --
      2000.degree.to 2900.degree.C
PAR  2. Loss of electrode due to corrosion
PA1  Anode -- 1.5 mg/min
PA1  Cathode -- 6.9 mg/min
PAR  3. Illumination -- 131 luxes
PAR  4. Color brightness -- 23000 cd/m.sup.2
PAR  5. In the spectrograph taken of the range of 2300 to 7000 A, numerous
      intensive lines are observed to occur substantially continuously,
      indicating that the light of this arc discharge closely resembles
      incandescent light.
PAR  For the purpose of comparison, the performance of the conventional
      countertype carbon electrodes under the aforementioned test conditions are
      given below.
PAR  1. Loss of electrode due to corrosion
PA1  Anode -- c8 43 mg/min
PA1  Cathode -- 29 mg/min
PAR  2. Illuminataion -- 6 luxes
PAR  3. Color brightness -- 908 cd/m.sup.2
PAR  From these test results, it is seen that the arc electrodes according to
      this invention are superior to the conventional electrodes in terms of
      resistance to loss due to corrosion, illumination and color brightness.
PAC  EXAMPLE 2
PAR  Lanthanum-calcium chromite (La.sub.0.95 Ca.sub.0.05 CrO.sub.3) particles
      having particle diameters not greater than 325 mesh was combined with 0.7
      percent by weight of boron oxide prepared in the form of aqueous solution
      and mixed and dried. The resultant dry powder was placed in a graphite
      mold and sintered by being held at 1360.degree.to 1380.degree.C under 200
      kg/cm.sup.2 for 60 minutes. The sintered body had a relative density of
      89.4 percent. This sintered body was oxidized by being held at
      1500.degree.C in the atmosphere for 1 hour. After this oxidation, the
      sintered body showed an electric resistance of 1.7 .OMEGA.-cm and a
      relative density of 86percent.
PAR  To give the shape of a truncated cone having a top 5mm in diameter to one
      end of the sintered body now measuring 10mm in diameter and 33cm in
      length, the edge portion of the body was ground off. To the other end of
      the sintered body, silver paste was applied and burnt to produce a test
      electrode. The arc electrode was tested for arc discharge performance
      under the following conditions:
PA1  Electric current used -- AC 200 V, 5A
PA1  Duration of arc discharge -- 30 seconds
PA1  Gap separating electrode tips -- 3 mm
PAL  The results of the test were as shown below:
PAR  1. Temperature at the tip of electrode -- 2000.degree. to 2900.degree.C
PAR  2. Loss of electrode due to corrosion -- 4.9 mg/min as average per
      electrode
PAR  3. Illumination -- 12000 cd/m.sup.2
PAR  4. Spectral distribution -- Approximating incandescent light
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arc electrode for producing a spectral distribution, approximating
      that of white light formed of a sinter comprising essentially lanthanum
      chromite.
NUM  2.
PAR  2. An arc electrode of claim 1, wherein a part of the lanthanum component
      of lanthanum chromite is replaced by at least one member selected from the
      group consisting of calcium, magnesium and strontium.
NUM  3.
PAR  3. An arc electrode of claim 1, wherein the sinter is obtained by sintering
      lanthanum chromite particles of which between 20 and 50 percent by weight
      of said lanthanum chromite particles consists of particles produced by
      electric fusion.
NUM  4.
PAR  4. An arc electrode of claim 2, wherein the sinter is obtained by sintering
      lanthanum chromite particles of which between 20 and 50 percent by weight
      of said lanthanum chromite particles consists of particles produced by
      electric fusion.
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PAL  In a theater lighting system that regulates the luminescence of
      incandescent lamps, a main power unit is constructed of unitized
      components which include a chassis, main power apparatus drawers,
      electronic control circuit boards, a power bus unit and equipment rack.
      The drawers and boards are removably located in separate sections of the
      equipment cabinet remote from each other. The operator's console contains
      a plurality of sources of control signals which are supplied to the
      equipment cabinet to control the output power of main power apparatus.
      Main power apparatus of different power ratings are interchangably usable
      in each such system.
PARN
PAC  RELATED DISCLOSURES
PAR  This application is a continuation-in-part of application Ser. No. 423,073,
      filed Dec. 10, 1973, and now abandoned, which was copending with
      application Ser. No. 386,039 for "Solid State Electronic Stage Lighting
      Control Circuit", filed Aug. 6, 1973, now U.S. Pat. No. 3,835,349, issued
      Sept. 10, 1974, the disclosure of which is hereby incorporated by
      reference.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field
PAR  This invention relates to theater (stage) lighting systems which regulate
      the luminescence of incandescent lamps. Specifically, this invention
      provides for a unitized main power unit for use in a theater lighting
      system wherein the cabinet includes a chassis, main power apparatus
      drawers, control circuit boards, a power bus unit and equipment rack.
PAR  2. State of the Art
PAR  A typical theater (stage) lighting system of today is a combination of
      electrical and electronic components and circuitry. Many of these systems
      employ solid state electronic circuitry to control the conductivity and,
      in turn, the power passed by controllable solid state main power apparatus
      (e.g., silicon-controlled rectifiers (SCR's) and TRIACS) to the
      incandescent lamps. Normally a plurality of external signal sources supply
      control signals to a corresponding plurality of control circuits. The
      control circuits in turn control the conductivity of a corresponding
      plurality of main power apparatus. The main power apparatus typically
      supply the power (as regulated by the control circuit) to a selectably
      variable number of lamps through a patch panel.
PAR  Conventionally, each system is made to order (physically and electrically)
      for a specific application. As constructed, these systems often include a
      control console which contains the external signal sources and one or more
      equipment cabinets which contain a plurality of drawers. The drawers,
      which are removably installed in a chassis contain the control circuitry
      and the main power apparatus.
PAR  The systems as above described are quite costly and difficult to maintain.
      The main power apparatus generate an appreciable amount of heat which
      adversely affects the other components and circuitry located in each
      drawer. Heat induced failures are not uncommon. Notably the drawers are
      very costly as they contain many components and much circuitry. Thus, many
      users are inhibited by cost alone from procuring a readily available spare
      or from acquiring a replacement after failure. In many cases replacement
      drawers are totally unavailable because the drawers for the particular
      system were tailor made and have no interchangable counterpart. Similarly,
      intermediate distributors are prohibited from stocking replacement drawers
      because of their singular application and/or high cost.
PAR  Moreover, it is quite difficult to repair a failed drawer. First, the
      components and circuitry are fixedly secured (e.g., hard wired) in the
      drawer, making replacement of defective components difficult. Secondly,
      sophisticated trouble shooting, often with the drawer energized
      (hazardous), is needed to diagnose the failure and pinpoint the defect.
      Accordingly the costly services of a highly skilled technician are needed.
      Returning a defective drawer to its manufacturer for repair is a feasible
      alternative; but this too is costly and the time delay may frequently be
      intolerable by the very nature of the theater business itself.
PAR  Many of the dimming systems above described also include direct on-off
      (non-dim) circuits. A few non-dim circuits are normally provided in each
      dimming system. These circuits are included because they provide
      operational flexibility. The non-dim circuits normally include an on-off
      device in series with a main power apparatus drawer. The on-off device is
      normally comprised of mercury contacts and holding relays. The voltge
      applied to the lamps by a non-dim circuit is generally higher (e.g., about
      6 volts) than the maximum voltage available from a dimmed circuit. The
      result is inconsistent maximum illumination between dimmed and non-dim
      circuits. Operator confusion and error is a frequent result. Further, the
      cost of providing a non-dim circuit is quite high. An expensive main power
      apparatus drawer of the same type and configuration as used elsewhere in
      the system are normally used. Extensive engineering costs arise from the
      design work needed to provide the non-dim circuit capability. Also
      additional costs are incurred in obtaining the extra components (e.g.,
      switches and relays) needed for the non-dim circuit. Additional
      maintenance costs also arise.
PAC  SUMMARY OF THE INVENTION
PAR  A unitized main power unit in a theater (stage) lighting system is provided
      which includes main power apparatus drawers installed in a matrix in a
      first section of the chassis. Electronic control circuit boards are
      installed in a control circuit section of the same equipment chassis. The
      main power apparatus drawers are positioned remote from the control
      circuits to limit control circuit failures induced by the heat generated
      by main power components in the drawers. The main power drawers include
      one or more main power apparatus and are formed to be heat transfer means
      and connectors. Drawers of differing ratings (i.e., drawers containing one
      or more main power apparatus of different KVA capacity) are constructed
      which are interchangably usable in the cabinet by providing a premade
      connector arrangement adapted for such drawers. Maintenance is facilitated
      because the drawers and boards are all removably connected in the cabinet
      and because leads, terminals and connectors are readily accessible. With
      accessible leads and the use of thyristors, non-dim circuits can be
      cheaply constructed by shorting the gate signal leads of the thyristors.
PAR  A plurality of bus bars are positioned in the chassis with spaced-apart
      main power connectors positioned along their lengths to form a matrix of
      connection sites for the main power drawers. The bus bars may be secured
      to insulator means which extend along the length of the bus bars. The
      insulator means may in turn be secured to vertical support members which
      have a plurality of spaced-apart output connectors positioned along their
      lengths. The output connectors may be conductively connected to an output
      terminal positioned at one end of the vertical connector member for
      connection to an external circuit. The vertical connector members may also
      be secured to horizontal support members to form a removable power bus
      unit.
PAR  An equipment rack is also positioned in the first section of the chassis.
      It has support members to support the drawers. Control connectors are
      positioned along the length of the support members to correspond with and
      connect to control signal input connectors of the drawers. The equipment
      rack may extend between the first section and second section of the
      chassis. A circuit board housing may be secured to the rack. A removable
      unitized equipment rack may be formed by respectively securing the
      opposite ends of the support members and circuit board housing to two
      opposite and substantially parallel support members.
PAR  In one form of the invention the first section is positioned above the
      second section. In another, the drawers contain sidewall members having
      vanes to transfer heat to air passing through the open bottom and top of
      the drawer.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which illustrate the best mode presently contemplated for
      carrying out the invention:
PAR  FIG. 1 shows a unitized main power unit of this invention in combination
      with other elements of a theater lighting system;
PAR  FIG. 2 is a front view of a unitized main power unit of this invention with
      its front panel (door) removed;
PAR  FIG. 3 is a cut-away perspective view of the upper portion of the unit of
      FIG. 2;
PAR  FIG. 4 is a side view of a main power apparatus drawer of the type
      installed in the unit of FIG. 2;
PAR  FIG. 5 is a top view of the main power apparatus drawer of FIG. 4;
PAR  FIG. 6 is an electronic circuit diagram of the main power apparatus drawer
      of FIG. 5;
PAR  FIG. 7 is a side view of a main power apparatus drawer containing two main
      power apparatus;
PAR  FIG. 8 is a bottom view of the main power apparatus drawer of FIG. 7;
PAR  FIG. 9 is an electronic circuit diagram of one of the main power apparatus
      in the drawer of FIGS. 7 and 8;
PAR  FIG. 10 is a main power apparatus drawer containing four main power
      apparatus;
PAR  FIG. 11 is a bottom view of the main power apparatus drawer of FIG. 10;
PAR  FIG. 12 is a front view of the main power apparatus drawer of FIG. 10;
PAR  FIG. 13 is an electronic circuit diagram of one main power apparatus in the
      main power apparatus drawer of FIGS. 10, 11, and 12;
PAR  FIG. 14 is a signal diagram showing a power signal into a filter reactor
      and a power out signal from a filter reactor;
PAR  FIG. 15 shows one vertical connector member for use in the unit of FIG. 2;
PAR  FIG. 16 is a front view of a power bus unit;
PAR  FIG. 17 is a front view of an equipment rack; and
PA1  Fig. 18 is a partial perspective view of the equipment rack of FIG. 17.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  FIG. 1 illustrates a main power unit I of this invention in combination
      with a control console 10, a patch panel 12 and incandescent lamps 14. The
      control console 10 receives power (e.g., 115v 60hz) via cable 16 and
      supplies control signals to main power unit I via multiconductor cable 18.
      The control signals are preferably direct current signals generated by
      direct current rectifiers in combination with adjustment means (i.e.,
      external signal sources). The adjustment means illustrated are slide
      potentiometers 20 combined with the rectifiers (not shown) in a generally
      well known manner. The main power unit I receives main power via cable 21.
      The control signals are processed in unit I to control the amount of main
      power supplied to the lamps 14.
PAR  The main power unit I may be regarded as being divided into three sections
      which are a control circuit section 22, a main power apparatus section 24
      and a terminal and interconnecting conductor section 26. The patch panel
      12, which may be any one of several commercially available units, receives
      the output of the main power apparatus via cable 28. The panel 12 allows
      an operator to vary the number of lamps 14 and/or groups of lamps 14 being
      powered by a particular main power apparatus.
PAR  FIG. 2 illustrates the main power unit I of this invention in more detail.
      As shown, the main power apparatus section 24 is constructed to accept 18
      main power drawers 30 in a matrix consisting of three vertical and six
      horizontal rows. The control circuit section 22 is constructed to accept
      an equal number (18) of control circuit boards 32. The control circuit
      boards 32 are constructed as conventional electronic circuit boards in a
      generally well-known manner. They contain circuits such as those disclosed
      in U.S. Pat. No. 3,335,318 (Yancey), U.S. Pat. No. 2,920,240 (Macklem) and
      U.S. Pat. No. 3,835,349 (Yancey). Three vertical connector members 34 are
      shown extending into the terminal and interconnecting conductor section
      26. Also shown are three 24 volt power supplies 36, each of which supply
      power to six control circuits 32.
PAR  In the arrangement shown in FIG. 2, the exact number of drawers 30 and
      corresponding control circuit boards 32 positioned in the unit I is but a
      function of the size (dimensions) of the unit I. The unit I as illustrated
      in FIG. 2 is about 71 inches high, about 26 inches wide and about 22
      inches deep. A unit I of this size is preferred over larger or smaller
      sized cabinets because it is the most flexible and adaptable to a variety
      of applications. The unit I as shown has sufficient capacity (in the
      number of drawers 30 and boards 32) to meet the requirements of many, if
      not most, stage lighting systems. For systems requiring more drawers 30
      and boards 32 than available in unit I, additional cabinets I may be
      provided.
PAR  Of note is the positioning of the control circuit boards 32. Specifically
      they are positioned below the drawers 30. In such a position the control
      circuits, which are more heat sensitive and prone to heat induced failure,
      are removed and in effect insulated from the substantial amounts of heat
      generated by the main power components in the drawers 30. The boards 32
      could also be located horizontally adjacent to the drawers 30. Such an
      arrangement would provide many of the advantages arising from the
      illustrated positioning (i.e., boards 32 below drawers 30. But the
      illustrated positioning is preferred because it is simple to construct and
      because it permits use of vertical connector members 34 and a power bus
      section as more fully discussed hereinafter.
PAR  A perspective cut-away of the upper portion of the main power apparatus
      section 24 is provided in FIG. 3. As illustrated, a drawer 30 is supported
      in its matrix position by support member 38. Guide piece 40 is fixed to
      the member 38 and operates to guide and fix the position of drawer 30.
      Conductors 42 are secured under and to the support member 38, and supply
      the output of a control circuit 32 to control connectors 44, 46, 48, 50
      fixedly secured in the support member 38. The connectors 44, 46, 48, 50
      are juxtaposed opposite corresponding and cooperative control signal input
      connectors (not shown) of the drawer 30. A variety of male-female
      connector arrangements are available for this purpose. The support member
      38 is positioned with respect to the drawer 30 so that the electrical
      connection to connectors 44, 46, 48, 50 is made when the drawer 30 is
      fully inserted in its matrix position. As more fully described
      hereinafter, the drawers 30 also electrically connect with connectors 52,
      54 positioned on the vertical connector member 34.
PAR  It should be noted that the support member 38 is flanged and `D` shaped in
      section. It is also preferably made of a fiberglass material. The flanged
      D shape allows for more than adequate structural strength notwithstanding
      use of fiberglass material. Also such shape permits the drawers 30 to be
      inserted and removed from the cabinet I without any interference from or
      hazard to (e.g., chaffing) wires 42, because the wires 42 are fixed within
      and protected by the D portion of the member 38. Also the potential for
      electrical shorts in the main power unit I is reduced because fiberglass
      is an insulator (non-conductor).
PAR  The main power drawer 30 of FIG. 3 contains a main power apparatus capable
      of delivering up to about 6 kilo-volt-amps (KVA). Drawer 30 is illustrated
      more fully in FIGS. 4 and 5. It includes a front facing panel 56, a handle
      58 and base track 60. Also included are circuit breakers 62, 64, SCR's 66,
      68, input vane base 70, output vane base 72 and an insulating separator
      74. The vane bases 70, 72 act as the drawer 30 side wall members. Main
      power is supplied to the drawer 30 from the main power bus 76 through a
      filter-reactor 78. The main power bus bar 76 is mounted to a D shaped
      vertical insulating member 80 which is mounted to vertical support member
      34. The bus bar 76 may also be mounted directly to the support member 34.
      The power from the reactor 78 passes through clip connector 52 and knife
      connector 82 to input vane base 70. The output of drawer 30 is supplied
      via output vane base 72, through knife connector 84, clip connector 54 and
      ring connector 86, to output power conductor 88.
PAR  As best shown in FIG. 5, the vertical insulating member 80 is flanged and D
      shaped in section. It is preferably constructed of a fiberglass material
      which provides adequate structural strength while minimizing the potential
      for electrical shorts. The D shape of member 80 creates a space 90 between
      support member 34 and the insulating member 80. The bus bar 76 is
      positioned within the space 90 to minimize the shock hazard during
      maintenance and cleaning operations. The space 90 also acts as a wire run
      for the output conductors 88 of drawers 30.
PAR  The insulating separator 74 is preferably made of melamine, fiberglass, or
      some other suitable structurally strong insulating material. It provides
      structural strength to the drawer 30.
PAR  The SCR's 66, 68 are mounted in direct physical contact with vane bases 70,
      72. Electrical contact is thereby effected while providing a surface
      contact betwen the SCR's 66, 68 and vane bases 70, 72 to transfer the heat
      generated by the SCR's 66, 68 to their respective vane bases 70, 72.
PAR  As illustrated in FIGS. 4 and 5, a plurality of heat dissipating vanes 92
      are part of the structure of input vane base 70 and output vane base 72.
      Air in contact with the vanes 92 is heated and rises. The result is, in
      effect, an air cooled heat exchanger. A blower or fan (not shown) may be
      provided if desired near the bottom of unit I to blow air up into the main
      power drawer section 24 to improve heat transfer. The vanes 92 and vane
      bases 70, 72 are preferably constructed of aluminum. Aluminum is an
      acceptable electrical conductor and an excellent heat conductor. Thus, the
      electrical conductor and heat dissipation functions are performed by the
      same structure (i.e., vanes 92 and vane bases 70, 72). Also, the vanes 92
      and vane bases 70, 72 act as the side wall members of drawer 30. They are
      electrically insulated from other structural members of the drawer 30.
      Further, the vane bases 70, 72 are formed with knife connectors 82, 84 to
      mate with clip connectors 52, 54. Thus the combined structure of the vanes
      92 and vane bases 70, 72 perform many functions. Manufacturing of the
      drawer 30 is thereby simplified and costs significantly reduced. That is,
      the use of a single component which performs a multitude of functions
      eliminates the need to purchase and to install individual components to
      perform those functions.
PAR  FIG. 6 depicts the electrical circuit diagram of the main power apparatus
      in drawer 30. The main power apparatus utilized two thyristors (e.g.,
      SCR's) in the inverse parallel connection. Power is received by the filter
      reactor 78 from the main power bus 76 via conductor 94. Power is then
      supplied to the input vane base 70 through conductor 96 and connectors 52,
      82 (not shown). SCR 66 is conductively connected to vane base 70. The SCR
      gate signal is received from connector 44 (FIG. 3) and supplied to SCR 66
      via conductor 98. The SCR cathode signal is received from connector 46
      (FIG. 3) and supplied to SCR 66 via conductor 102. Gate and cathode
      signals for SCR 68 are received from connectors 48 and 50 via conductors
      104 and 106 respectively. The anode-cathode cross-connections 108 and 110
      respectively contain circuit breakers 62 and 64 in series. The circuit
      breakers 62, 64 provide overload protection and permit various circuits to
      be selectively de-energized to facilitate maintenance. SCR 68 is
      conductively connected to output vane base 72. The main power apparatus
      output signal, which is in this case the drawer 30 output signal, is
      supplied from the output vane base 72 to output conductor 88 via
      connectors 54 and 84 (not shown).
PAR  FIGS. 7 and 8 illustrate a main power drawer 112 containing two main power
      apparatus each capable of delivering up to about 4 KVA. The drawer 112 is
      designed to fit in a matrix position just as drawer 30 (FIG. 3), and thus
      is substantially identical to drawer 30 in dimension. The drawer 112 is
      also physically constructed of components substantially identical to those
      of drawer 30. However, provisions are made to physically and electrically
      accommodate two main power apparatus. Electrical power is supplied to each
      vane base 114 of drawer 112 through knife connectors 116. The upper SCR is
      directly mounted to base 114 to effect electrical connection and permit
      thermal conduction between the SCR and base 114. The lower SCR 120 is
      mounted to base 114 by nut 122. Thermally conductive electrical insulating
      discs 124 electrically isolate the SCR 120 from the base 114. The output
      of each main power apparatus is supplied to two electrical connectors 126,
      128 which are mounted to insulating separator 130. Eight control signal
      connectors 132 are provided to receive required control signals for both
      SCR's of each main power apparatus. The illustrated base track 134 of
      drawer 112 is different from base track 60 of drawer 30 (FIGS. 3 and 4) to
      illustrate an acceptable alternate. The base track 134 is "L" shaped in
      section. It provides added structural strength to the drawer 112 and is
      cheaper to manufacture.
PAR  FIG. 9 is a circuit diagram of one main power apparatus of drawer 112.
      Power is supplied to vane base 114 via conductors 136 and 138 and filter
      reactor 140. Upper SCR 142 and lower SCR 120 receive their respective gate
      and cathode signals from connectors 132 via conductors 144, 146, 148 and
      150. The apparatus output is supplied via circuit breaker 152 and
      conductors 154 and 156 to connector 126 (or 128). The lower SCR 120 is
      shown as electrically insulated from base 114 by a thermally conductive
      electrical insulator 158.
PAR  FIGS. 10, 11 and 12 illustrate a main power drawer 160 containing four main
      power apparatus each capable of delivering up to about 2 KVA. The drawer
      160 differs from drawers 30 and 112 in that it must physically accommodate
      four main power apparatus. Electrical power is supplied to four separate
      vane bases 162 through knife connectors 164. The vane bases 162 supply
      power to their respective TRIACS 166 which are mounted to bases 162 in a
      manner to effect electrical and thermal conduction. Output power is
      supplied to four output connectors 168. Four circuit breakers 170, one per
      main power apparatus, are also supplied.
PAR  The vanes bases 162 of drawer 160 are preferably manufactured by simply
      cutting a vane base 70, 72 of drawer 30 (FIG. 5) or a vane base 114 of
      drawer 112 (FIG. 7) horizontally in half. The insulating separator 172
      provides needed structural support to maintain the gap 174 existing
      between two vertically adjacent bases 162.
PAR  FIG. 13 is a circuit diagram of one main power apparatus in drawer 160.
      Power is supplied to vane base 162 via conductors 176, 178 and filter
      reactor 180. The TRIAC 166 receives its power from the base 162 and
      supplies an output to connector 168 via conductors 180, 182 and circuit
      breaker 70. TRIAC control signals are received from connectors 184 via
      conductors 186 and 188.
PAR  FIG. 5 shows a single filter reactor 78 for use with drawer 30 having a
      single main power apparatus. For drawer 112 two filter reactors 140 are
      required. And for drawer 160, four filter reactors 180 are required. For
      drawer 112 the filter reactors 140 are placed vertically one above the
      other and mounted to member 80 in a manner similar to that of filter
      reactor 78. For drawer 160, the four reactors 180 are mounted in groups of
      two. The two reactors 180 of each group are mounted adjacent to each other
      in the same horizontal plane, one behind the other. One group is mounted
      vertically above the other. Electrical connections are effected in a
      manner similar to that depicted in FIG. 5.
PAR  FIG. 14 illustrates the effect of a filter reactor 78. The vertical axis of
      the graph of FIG. 14 is voltage; and the horizontal axis is time. Input
      main power to a main power apparatus is preferably 120 volt 60 Hz (single
      phase sine wave) power. Signal A represents dimmed power (sine wave) at
      90.degree. conduction with no filter reactor 78 in circuit. Signal B
      represents dimmed power at 90.degree. conduction with a filter reactor 78
      in circuit. By comparing signal A and B, it can be seen that the filter
      reactor 78 lowers the initial peak voltage and reduces the rate of
      increase of voltage. Thus the possibility of voltage-shock damage to the
      SCR's is reduced. Also, radio frequency (RF) harmonics are eliminated,
      reducing possible RF interference with other nearby devices (e.g., an
      audio amplifier system). Physical vibration of the filaments of the lamps
      14 is also reduced, eliminating audible noise which may interfere with
      stage activities.
PAR  As presently configured, the illustrated drawer 30 of FIGS. 4 and 5 is
      adapted to accommodate a pair of thyristors 66, 68 in a single main power
      apparatus capable of delivering up to about 6 KVA. With appropriate
      modification to the vertical member 34 and support member 38 as more fully
      discussed below, a drawer 30 having similar structural characteristics
      (ie., drawers 112 and 160) and containing several main power apparatus
      with different electrical characteristics (i.e., KVA capacity) may be
      substituted for the illustrated drawer 30. Main power apparatus having
      different electrical characteristics (i.e., KVA capacities) are often
      needed to meet the requirements of specific lighting systems. That is, a
      smaller sized (KVA rating) apparatus should be used for a lighting system
      having lighting circuits (i.e., lamp 14 load per main power apparatus)
      rated substantially less (e.g., 3 KVA) than the 6 KVA available from the
      apparatus in the illustrated drawer 30. Similarly, a smaller sized
      apparatus (e.g., 2 KVA) should be used for systems having lighting
      circuits rated substantially less than 3 KVA.
PAR  As shown in FIG. 1, the main power apparatus section 24 is constructed as a
      matrix providing positions for 18 main power drawers 30 (112 or 160) in
      three vertical rows and six horizontal rows. A vertical connector member
      34 is positioned behind each of the three vertical rows. As best shown in
      FIGS. 4 and 5, the member 34 serves a variety of functions. Specifically
      it acts as the mounting board for connectors 52 and 54 and acts as a back
      stop for drawer 30 (112 or 160). It also serves as the mounting board for
      insulating member 80 and indirectly for bus 72 and filter reactor 78 (140
      or 180). Thus unnecessary structure is eliminated; and, as more fully
      explained below, a simple replacable unit of components is provided.
PAR  As can be seen from FIGS. 2 and 3, the vertical connector member 34
      illustrated in FIG. 15 extends the length of the main power apparatus
      section 24 and the control circuit section 22 and into the terminal
      section 26. Mounting tabs 190 (or other appropriate mounting means)
      provide for attachment to cross supports 192 which are in turn fixed to
      the chassis 194 of unit I (FIG. 3). As shown, the main power bus 76
      extends below the lower end 195 of member 34, and has a terminal 196
      affixed thereto for connection to external main power. Load conductors 88
      (FIG. 5) from each matrix position are connected to terminal boards 198 on
      the side opposite that shown. Load leads 202 are connected to the terminal
      boards 198 on the side shown in FIG. 6. The leads 202 are further
      connected to the system load, i.e., lamps 14, through terminals 198 (FIG.
      15) and patch panel 12 (FIG. 1).
PAR  As stated above, the vertical connector member 34, and the components
      thereto attached are in effect a simple replacable unit. This effect is
      achieved by mounting all the components (e.g., vertical insulating member
      80 to the vertical connector member 34). Thus a unit (of components) is
      created which may simply be installed or removed.
PAR  As illustrated in FIG. 16, the vertical connector members 34 are preferably
      assembled into a power bus unit 220. The power bus unit 220 is assembled
      prior to installation in the chassis 194 of unit I. Mounting tabs 190
      provide for attachment to cross supports 192 by removable securing means
      222 which are preferably a conventional nut and bolt arrangement. The
      cross supports 192 are secured to vertical supports 224 by removable
      securing means 226. The cross supports 192 and vertical supports 224 are
      dimensioned so that the total horizontal dimension 228 is just slightly
      less than inside horizontal dimension 230 of chassis 194 (FIG. 2). With
      such dimensions, the power bus unit 220 can be easily and simply
      positioned within the chassis 194 and fastened thereto by a nut and bolt
      arrangement through appertures 231 formed in the side 232 of chassis 194
      (FIG. 3) and apertures 234 formed in the vertical supports 224 (FIG. 16).
PAR  As hereinabove stated the power bus unit 220 is assembled prior to
      installation in chassis 194. That is, the vertical connector member 34,
      vertical insulating member 80, filter reactors 78, power bus 76,
      connectors 52, 54 (FIG. 5), 204 (FIG. 15), and related components are
      assembled and mounted together outside the chassis 194 on, for example, a
      work bench or assembly line.
PAR  Prewiring is also accomplished during such assembly. That is, all required
      conductors are positioned and connected to their appropriate connectors
      and terminals. For example conductors 86, 88, 94 and 96 (FIG. 5) are
      positioned in the unit and connected to connectors 52, 54 (FIG. 5) and to
      terminal boards 198 (FIG. 15). Such preassembly is highly preferred
      because assembly is faster, easier and in turn more efficient and less
      costly. The result is a preassembled unit 220 which is easily and readily
      installed in the chassis 194. Replacement of the entire unit 220 or
      separate vertical connector members 34 for maintenance is also facilitated
      at lower cost.
PAR  Because the vertical connector member 34 is easily removable, several types
      may be used interchangably. That is, a different member 34 having
      different components attached thereto may be provided to be specifically
      adaptable to one of the drawers 112 or 160. The member 34 illustrated in
      FIG. 15 shows the connectors 204 needed to connect with connectors 164 and
      168 (FIG. 11) of drawer 160. Vertical connector members 34 having
      connector arrangements for drawer 30 and 112 are substantially identical
      except for the number and arrangement of connectors and the number of
      filter reactors mounted to it.
PAR  Preferably, a premanufactured connector member 34 is constructed to
      accommodate only one size (KVA rated) drawer 30, 112 or 160 in its six
      matrix positions. However, it may be desirable to supply a member 34
      having connector arrangements for all available drawers. That is,
      connectors may be provided in each matrix position so that each of drawers
      30, 112 and 160 may be installed. To preclude the possibility of forcing a
      drawer 30 into an improper matrix position, the connectors (e.g.,
      connectors 52, 54 and 204) on vertical connector member 34 and the
      connectors (e.g., connectors 44, 46, 48 and 50) on support member 38 are
      physically positioned so that it is physically impossible to electrically
      connect an improperly sized drawer 30.
PAR  FIGS. 17 and 18 depict a unitized and preassembled equipment rack 240 for
      positioning in the chassis 194. The rack 240 provides structural support
      for drawers 30 and boards 32 along with necessary interconnecting wiring.
      The rack 240 includes support members 242 which are secured at their
      opposite ends to the vertical mounting members 244 by mounting means. The
      mounting means as here illustrated is a conventional nut and bolt 246
      positioned through a slot 248 in the support member 242 and an aperture in
      the vertical mounting member 244. The support members 242 are comparable
      to the support members 38 hereinbefore illustrated (FIG. 3) and described,
      differing only with respect to cross sectional projection. Guide pieces 40
      are secured to the support members 242 to guide and fix the position of
      drawers 30.
PAR  A circuit board housing assembly 254 is also included in the preassembled
      equipment rack 240. It includes support members 256, circuit board guides
      258 and circuit board connectors 260 which are assembled to accept control
      circuit boards 32. A terminal point unit 262 is secured to the support
      members 256. Conductors 264 interconnect the board connectors 260 with the
      terminal point unit 262. Conductors 266 interconnect the board connectors
      260 with drawer connectors 268 positioned in the support member 242 as
      connectors 44, 46, 48 and 50 are positioned in support member 38 (FIG. 5).
      The conductors 266 are assembled into bundles and positioned within and
      secured to the support members 242 and vertical mounting members 244. The
      circuit board housing assembly 254 is secured to the vertical mounting
      member 244 by fastening means which, as illustrated, is a conventional nut
      and bolt 270 system.
PAR  The equipment rack 240 is horizontally dimensioned 272 similar to the power
      bus unit 220. That is, it is dimensioned to be just slightly less than the
      inside horizontal dimension 230 of chassis 194 (FIG. 2). With such
      dimension, the equipment rack 240 can be easily and simply positioned
      within the chassis 194 and fastened thereto by a nut and bolt system
      through apertures 272 in the side 232 of the chassis 194 and the apertures
      274 in the vertical mounting members 244. Preassembling of the equipment
      rack 240 may be accomplished on a work bench or assembly line. It is
      highly preferred because it is simpler, easier and cheaper to use than
      non-unitized components.
PAR  The main power apparatus drawers 30, 112 and 160 are easily adapted for use
      in non-dim (on-off) circuits. One need only short the gate control signal
      leads (drawer 30, conductors 98 and 106, FIG. 6; drawer 112, conductors
      144 and 150, FIG. 9; drawer 160, conductor 184, FIG. 13) to make a non-dim
      controller. The circuit breakers act as the on-off switch; and the
      power/voltage delivered to lamps 14 is identical to the power deliverable
      at maximum illumination from a dimmed circuit. Shorting of gate leads is
      simply effected because the connectors (e.g., 44, 46, 184, 132) are
      readily accessible. Further, electronic control circuit boards 32 need not
      be provided. Thus a non-dim circuit can be provided with substantial
      savings in cost and having preferred operational functionability.
PAR  The preferred main power unit I as herein described is simple to assemble
      and install. A conventional cabinet chassis 194 may be manufactured or
      purchased. The power bus unit 220 and equipment rack 240 are assembled and
      installed as hereinbefore described. Main power drawers 30 and control
      circuit cards 32 are also preassembled for simple removable installation.
      On site installation of the main power unit I may then be effected by
      connecting control signal inputs to terminal unit 262 (FIG. 17), main
      power leads to connectors 196 (FIG. 15) and output connectors to lamps 14
      at terminals 198 (FIG. 15) 280 (FIG. 16).
PAR  Maintenance operations for systems having power units I as above described
      are quite simple and easy to perform. Specifically if a lighting circuit
      will not dim properly suggesting a failure, drawers 30 and cards 32 from
      properly operating circuits may simply be interchanged with the suspect
      ones to ascertain the source of failure. Since replacement drawers and
      cards are standardized and pre-manufactured, a replacement drawer or card
      should be readily available. The cost should be minimal too. Of course, if
      the failure is in the main power circuitry (bus 76 through thyristors to
      lamps 14), the circuit breakers 52 may provide an obvious indication of
      the defect. If a defect has arisen in the interconnecting wiring between
      any of the components, the connectors and terminals of the cabinet are
      readily accessible to effect standarized resistance and continuity checks.
      Should repair be required, the power bus unit 220, vertical connector
      member 34 or equipment rack 240 are easily and simply removed for repair
      or replaced.
PAR  It is to be understood that the embodiments of the invention
      above-described are merely illustrative of the application of the
      principles of the invention. Reference herein to details of the
      illustrated embodiment is not intended to limit the scope of the claims
      which themselves recite those features regarded as essential to the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A main power unit for use in a theater lighting system which regulates
      the luminescence of incandescent lamps, comprising:
PA1  a chassis having a first section and a second section remote from said
      first section;
PA1  a plurality of substantially parallel bus bars positioned within said
      chassis and adjacent said first section and secured to said chassis, each
      said bus bar being conductively connected to an external source of main
      power and having a plurality of spaced apart main power connectors
      positioned along their lengths to form a matrix of bus bar connection
      sites;
PA1  a plurality of drawers slidably and removable positioned in said first
      section of said chassis and grouped in rows to correspond with said bus
      bar connection sites, each of said drawers having a main power apparatus
      positioned therein, a drawer input connector conductively connected to
      said main power apparatus for connection with a said main power connector,
      a drawer output connector conductively connected to said main power
      apparatus, and a control signal input connector conductively connected to
      said main power apparatus;
PA1  equipment rack means having a plurality of substantially parallel support
      members secured to said chassis and positioned within said first section
      of said chassis to support said drawers, each said support member having
      control connectors positioned along their lengths to correspond with and
      connect to said control signal input connectors of said drawers;
PA1  a plurality of output means conductively connected to said drawer output
      connectors and to said incandescent lamps; and
PA1  a plurality of control circuits positioned in said second section of said
      chassis, each of said circuits being conductively connected to receive
      control signals from an external source and to supply control signals to
      said support member control connectors.
NUM  2.
PAR  2. The main power unit of claim 1 wherein each said bus bar is secured to
      electrical insulator means extending substantially along the entire length
      of said bus bar.
NUM  3.
PAR  3. The main power unit of claim 2 wherein said electrical insulator means
      is secured to a vertical connector member extending substantially along
      the length of said electrical insulator means, each said vertical
      connector member having spaced-apart output connectors along its length to
      correspond with and connect to said drawer output connectors, and each of
      said spaced-apart output connectors being conductively connected to an
      output terminal positioned at one end of said vertical connector member
      for connection to an external circuit.
NUM  4.
PAR  4. The main power unit of claim 3 wherein each said vertical connector
      member is secured to horizontal support members to form a unitized power
      bus unit removably secured within said chassis.
NUM  5.
PAR  5. The main power unit of claim 1 wherein said equipment rack means extends
      between said first section and said second section of said chassis, said
      control circuit means are electronic circuit boards removably positioned
      in a circuit board housing which is secured to said equipment rack means
      in second section of said chassis, and said control circuits are
      conductively connected to supply said control signals to said support
      member control connectors by conductors positioned adjacent said support
      members and interconnecting said support member control connectors with
      circuit board connectors for said circuit boards in said circuit board
      housing.
NUM  6.
PAR  6. The main power unit of claim 5 wherein said support members and said
      circuit board housing have opposite ends secured respectively to two
      opposite and substantially parallel support members to form a unitized
      equipment rack removably secured within said chassis.
NUM  7.
PAR  7. The main power unit of claim 1 wherein each said drawer includes:
PA1  two substantially parallel, electrically and thermally conductive side wall
      members, one said side wall member carrying said drawer input connector
      and the other said side wall member carrying said drawer output connector;
PA1  front panel means electrically insulated from and secured to said side wall
      members; and
PA1  a thyristor secured to each said side wall member.
NUM  8.
PAR  8. The main power unit of claim 7 wherein said side wall members are
      comprised of a vane base and a plurality of vanes which extend away from
      said vane base to constitute heat transfer means, and said drawer has an
      open top and bottom so that air may flow therethrough.
NUM  9.
PAR  9. The main power unit of claim 8 wherein each said drawer includes
      electrical overload protection means in electrical circuit with said main
      power apparatus.
NUM  10.
PAR  10. The main power unit of claim 9 wherein said electrical overload
      protection means is an electrical circuit breaker secured to said front
      panel of said drawer.
NUM  11.
PAR  11. The main power unit of claim 10 wherein said main power apparatus in
      said drawer includes two thyristors each having gate control leads which
      when shorted together provide on-off full illumination control for said
      incandescent lamps by operation of said electrical circuit breaker.
NUM  12.
PAR  12. The main power unit of claim 11 wherein said first section is spaced
      vertically above said second section.
NUM  13.
PAR  13. The main power unit of claim 1 wherein each said drawer has four said
      main power apparatus and includes:
PA1  two substantially parallel, electrically and thermally conductive side wall
      members each divided into two substantially parallel and symmetric halves,
      each said half being electrically insulated from the other, each formed to
      be alternately and selectively said drawer input and output connectors,
      and four thyristors, one secured to each of said halves; and
PA1  front panel means electrically insulated from and secured to said side wall
      members.
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ABST
PAL  The present invention relates to an electronic tube with cylindrical
      electrodes. In tubes of this kind, where the cathode generally consisting
      of a wire mesh 1, the space located within same is tightly coupled with
      the other inter-electrode spaces of the tube. The invention, in order to
      avert parasitic resonances at the harmonics closest to the operating
      frequency, which can occur in said space in operation, provides for the
      arrangement in said space of a certain number of metal sleeves 8, 9 and 10
      coaxial with the electrodes, constituting low-inductance coaxial line
      sections.
PAL  Application to high-power, short-wave (20 MHz) triodes for transmitting
      applications.
BSUM
PAR  The present invention relates to a cylindrical electronic tube, in which
      the various electrodes, namely the cathode, the grid or grids, and the
      anode, which are cylindrical in shape, are arranged about a common axis,
      namely the axis of the tube.
PAR  In tubes exhibiting this kind of structure, and this applies to the
      majority of power tubes, triodes, tetrodes used for short-wave radio
      transmission purposes, the various electrodes define between one another
      resonant volumes. If, moreover, and this is frequently the case, the major
      part of the cathode, of cage-type, is constituted by spaced wires (the
      cathode will for example be a metal mesh coiled to form a cylinder) the
      space located inside the cathode will be tightly coupled with the other
      free spaces between the tube electrodes.
PAR  At certain operating frequencies and at certain power levels, this space
      will start to resonate due to the coupling effect. This is due in
      particular to the presence inside said space, of rods used for the double
      purpose of supporting the cathode and of the supplying the current
      required in order to heat it. These rods constitute lines which have a
      high inductance, so that said resonance can occur, if not at the tube
      operating frequency at any rate at one of the near harmonics thereof. It
      has to be added, where tubes of this kind are concerned, which are
      generally class C operated, that these harmonics are numerous and certain
      of them very strong.
PAR  Resonances of this kind are of course prejudicial to the proper operation
      of the tube due to the consequent power absorption in particular, and may
      in certain cases impair the tube life.
PAR  The object of the invention is a tube equipped with a cathode device which
      makes it possible to overcome these difficulties. In accordance with the
      invention, means associated with the cathode are provided in order to
      shift to a higher level the resonance frequencies of the space delimited
      by the cathode, so that these frequencies are effectively outside the
      range of the harmonics generated by the tube in operation, or in order, at
      any rate, to sufficiently raise the order of the harmonics involved in
      such resonance to ensure that, because of their low level, they cannot
      give rise to any serious difficulty in the operation of the tube.
PAR  The invention will be better understood from a consideration of the ensuing
      description and the attached single FIGURE, the latter illustrating by way
      of non-limitative example an embodiment of the cathode device in the tubes
      in accordance with the invention.
PAR  In the FIGURE, which is a cut-away perspective view, there can be seen a
      cylindrical cathode 1 constituted by a wire mesh, barium-coated tungsten
      for example; the mesh is attached at its ends, on the one hand to a bottom
      constituted by a metal disc 2 and on the other to a ring, likewise of
      metal, 3. To the disc and the ring there are attached two sets of metal
      rods, numbering three in each set in the example chosen, only one rod
      having been marked in each set: references 4 and 5. These rods are
      respectively in contact with metal dished components 6 and 7 which act as
      connections with the generator supplying the heating current; the
      generator has not been shown; fixed to these dished components, the rods
      serve to support the cathode.
PAR  In accordance with the invention, and as the FIGURE shows in fact, the
      cathode device comprises, furthermore, a hollow metal cylinder 8 attached
      to the base 2 and extending over the whole height of the rods 4,
      surrounding the latter and in contact with the dished component 6. It will
      be seen, furthermore, from the example shown in the FIGURE, that there are
      two cylinders 9 and 10, attached in each case, to one of the edges of the
      ring 3 and extending over the full height of the rods 5 up to the dished
      components 7 with which they are in contact. The rods 5 are located inside
      the cylindrical ring delimited by the two cylinders 9 and 10. In the
      FIGURE, 11 illustrates the dished component connecting the grid of the
      tube, which grid, in order not to overburden the drawing, has not been
      shown, whilst 12 illustrates the insulating spacers. The cylinders 8, 9
      and 10 will for example be constituted by foils of a refractory metal,
      molybdenum or tantalum for example, which have been wrapped and welded; in
      addition, they will for example be spot-welded to the dished components,
      to the bottom and to the ring and can in this case be equipped with flat
      flanges to simplify welding.
PAR  The construction of these sleeves 8, 9 and 10 and their fitting in
      position, are carried out in a general way in accordance with the prior
      art methods employed in electronic tubes, the detail of which requires no
      discussion here since it is of no importance from the point of view of the
      invention.
PAR  This construction is, furthermore, open to several variations only one of
      which has been described. In this variation, the metal foil cylinders,
      numbering three altogether, 8, 9, 10 and extending over the full height of
      the rods, are attached at both their ends to components of the tube.
      However, it goes without saying that arrangements differing from those
      described here, both in terms of the material of which the cylinders are
      made and in terms of their number, their shape and their dimensions, are
      possible in order to achieve the same end and an equivalent effect, and
      the choice of the arrangement will depend upon the specific conditions
      applying to each tube. All these variant embodiments are within the scope
      of the invention.
PAR  By means of these sleeves, there are created inside the cathode a certain
      number of sections of low-inductance coaxial line, whose resonant
      frequencies, because of the low inductance, are, other things being equal,
      those of high order harmonics of the operating frequency of the tube.
PAR  Thus, triodes and tetrodes for transmitter applications, operating in the
      range from 3 to 26 megahertz, at various levels up to 500 kilowatts, have
      been built, which do not exhibit the drawbacks of equivalent prior art
      tubes.
PAR  Of course, the invention is not limited to the embodiment described and
      shown which was given solely by way of example.
CLMS
STM  What is claimed, is:
NUM  1.
PAR  1. An electronic tube with cylindrical electrodes constituted by cylinders
      arranged around a common axis, the cathode of which, constituted by a
      metal mesh wrapped to form a cylinder fixed at one of its ends to a metal
      disc and at the other end to a ring, is supported by two sets of rods, the
      rods of one of said sets being fixed at one of their ends to said metal
      disc and at the other ends to a first support parallel to said metal disc,
      and the rods of the other set being fixed at one of their ends to said
      ring and at the other ends to a second support parallel to the first
      support, characterised in that the tube comprises sleeves numbering at
      least three altogether, one sleeve, attached to said metal disc and to
      said first support, surrounding the rods of the first set, and the two
      other sleeves, fixed to said ring and to said second support, and disposed
      to either opposite sides of the rods of the second set.
NUM  2.
PAR  2. An electronic tube as claimed in claim 1, characterised in that said
      sleeves are made of rolled metal foils.
NUM  3.
PAR  3. An electronic tube with cylindrical electrodes constituted by cylinders
      arranged around a common axis, the cathode of which, constituted by a
      metal mesh, is wrapped to form a cylinder attached at one of its ends to a
      top disc and at the other end to a ring, and is supported by a first set
      of rods, secured to said top disc and to a first support parallel to said
      disc, and by second set of rods secured to said ring and to a second
      support parallel to said ring, characterised in that the tube it comprises
      coaxial sleeves numbering three, arranged around said axis, one of which
      extends from said top disc to said first support with the rods of said
      first set located within, and in that the two other sleeves extend from
      said ring to said second support with said second set located between said
      two sleeves.
NUM  4.
PAR  4. An eletronic tube as claimed in claim 3, characterised in that said
      sleeves are made of rolled metal foils.
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ABST
PAL  This disclosure depicts a color cathode ray tube of the shadow mask type,
      and especially depicts suspension systems for detachably supporting a
      rectangular, non-self-rigid, torsionally flexible shadow mask on the
      envelope of a color cathode ray tube. Each suspension system illustrated
      includes four suspension devices, one at each corner of a faceplate
      portion of the envelope on a diagonal thereof, for mechanically coupling
      the shadow mask to the envelope. Each device comprises envelope-mounted
      means and mask-mounted means for retentively but detachably engaging the
      envelope-mounted means to cause the mask to assume a fixed position in
      space relative to the tube of the faceplate. In the preferred embodiment
      illustrated, the envelope-mounted means and the mask-mounted means mate
      with a snap-in, self-guiding, self-locating engagement such that the mask
      may be quickly and precisely mounted on the envelope by a push-click
      insertion operation.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 395,106, filed Sept. 7, 1973 (now abandoned) and is related to, but in
      no way dependent upon, copending applications Ser. No. 395,334, filed
      Sept. 7, 1973 (now U.S. Pat. No. 3,912,963), Ser. No. 424,018, filed Dec.
      12, 1973 (now U.S. Pat. No. 3,894,260), and Ser. No. 285,985, filed Sept.
      5, 1972 (abandoned in favor of continuation application Ser. No. 498,836,
      filed Aug. 19, 1974, all assigned to the assignee of the present invention
     .
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to cathode ray tubes of the shadow mask type, and
      particularly to a system for suspending a shadow mask in such a tube.
PAR  In conventional color cathode ray tubes there is provided a shadow mask
      assembly including a heavy frame to which is welded a dished, apertured
      mask. The frame is, by design, extremely rigid and provides the necessary
      rigidity for the mask. The mask-frame assembly is mounted in a
      conventional tube by a suspension system comprising three or four leaf
      springs which are welded to the frame at spaced points around the
      periphery thereof. The springs have apertures at their distal ends which
      engage studs projecting inwardly from a rearward flange on the tube
      faceplate when the assembly is mounted in a tube. The mask-frame assembly
      is capable of being demounted and precisely remounted in a tube by
      depressing the springs to disengage the said studs. This type of system
      has proven to be commercially viable, however the mask-frame assembly is
      undesirably expensive.
PAR  A different type of shadow mask and suspension system therefor is disclosed
      in the patent to Fyler -- U.S. Pat. No. 2,961,560. This patent shows a
      frameless shadow mask supported at a multiplicity of spaced peripheral
      points directly by the concave screen-bearing surface of the tube
      faceplate. By this approach, the rigidity of the faceplate is used, in
      effect, to impart rigidity to the mask, thus eliminating the necessity for
      the mask to also be rigid. This approach, as disclosed by Fyler, however,
      suffers, inter alia, (1) from an undue difficulty and inconvenience in the
      demounting and remounting of the shadow mask in the tube, as is required
      by conventional screening practices, (2) a difficulty in seating the mask
      uniformly on the multiplicity of support elements provided on the
      faceplate, (3) uncontrollability of the spatial position of the mask
      corners, and thereby a loss of color purity in the corners of the
      displayed images, (4) a shifting of the geometrical center of the mask
      upon thermal expansion and contraction thereof, due to the non-equalized,
      frictional retention of the mask in the Fyler mask mounting system, (5)
      difficulty in achieving a commercially satisfactory "Q" compensation of
      the mask, and (6) its relatively high cost of manufacture and assembly.
PAR  The present invention represents a departure from these and other prior art
      approaches. The best features of both approaches discussed are abstracted
      without also acquiring the disadvantageous qualities thereof. By the
      present approach, a low cost, lightweight, torsionally flexible mask is
      provided. The faceplate is used to impart the necessary rigidity to the
      mask. However, rather than affixing the mask directly to the faceplate, a
      novel suspension system is provided which furnishes a mechanically rigid
      link between the faceplate and the mask, and yet which permits the mask to
      be conveniently and repeatably demounted and precisely remounted in the
      tube.
PAR  A system of the type taught by this invention has imposed upon it a number
      of requirements and constraints not presented in conventional systems in
      which a rigid frame is used to impart rigidity to the mask. Before
      enumerating these requirements and constraints, a discussion of certain
      principles underlying this invention will be engaged, A shallow mask of
      the type with which this invention is concerned may be modeled as a
      rectangular four bar linkage affixed to a stiff but flexible sheet. Such a
      model is shown in FIG. A. The four rigid bars of the linkage are
      designated A, B, C and D; the sheet is labeled S. As is well known, a four
      bar linkage is not inherently a rigid structure. The rectangular four bar
      linkage, in its free state, might, e.g., quite easily be skewed into a
      parallelogram geometry. It is evident, however, that the FIG. A model
      cannot be skewed in its plane to take a parallelogram shape since it is
      affixed to the sheet S.
PAR  The linkage can, however, be torsionally twisted about its diagonals, as
      shown for example in FIG. B. In FIG. B, the model has been twisted as
      follows -- the linkage bar A has been rotated toward the reader (see
      arrows); the linkage bar C has been rotated away from the reader. The
      corners 1 and 3 have been displaced upwardly and the corners 2 and 4 have
      been displaced downwardly. The sheet S is thus stressed convexly along
      diagonal 2-4 and somewhat concavely at the ends of diagonal 1-3. The model
      may thus be thought of as being twisted about one of its diagonals. It can
      be noted that the model configuration, after twisting, is changed
      substantially less along its major axis M.sub.a and minor axis M.sub.i
      than along the diagonal 2-4. Thus, a four bar linkage affixed to a
      flexible sheet is relatively stiff with respect to its major and minor
      axes (due to the rigidity of the bars), but is relatively flexible in
      torsion. When torsionally flexed (twisted) about its diagonals, the
      corners are displaced, but points on the major and minor axes remain
      relatively stationary.
PAR  As will be pointed out in more detail hereinafter, the lightweight shadow
      mask with which this invention is concerned closely corresponds to the
      described model in its mechanical characteristics.
PAR  The principles of this invention, though not limited to such application,
      are most useful when embodied in a color cathode ray tube having a
      flangeless faceplate. A flangeless faceplate, because of its lack of a
      stiffening flange, as found in conventional front panels, tends to vary in
      its shape from unit-to-unit. Specifically, flangeless faceplates will tend
      to vary (from unit-to-unit) in a twist-wise sense. Thus, one of the
      necessary requirements imposed on a mask intended for use with a
      flangeless faceplate is that it must be able to adapt to such twist-wise,
      tolerance-related deviations in a faceplate with which it is mated. Stated
      another way, the mask may be capable of flexing or twisting about its
      diagonals in the same way faceplates are apt to twist-wise vary from
      unit-to-unit in their contour. As will become evident as this description
      proceeds, the shadow mask with which this invention is concerned is
      uniquely capable of meeting this requirement.
PAR  Secondly, and of equal significance -- with respect to any given faceplate,
      since the mask is non-self-rigid, the suspension system for the mask must
      effectively transfer the rigidity of the faceplate to the mask. The
      suspension system must also fix the spatial position relative to the inner
      surface of the faceplate in spite of repeated demountings and remountings
      thereof, and in spite of mechanical configuration shifts resulting from
      stress relieving of the mask and appurtenant structures. Further, the
      suspension system must be capable of substantially immobilizing the
      geometrical center of the mask upon thermal expansion and contraction
      thereof in order to prevent temperature-related color degradation in the
      reproduced pictures.
PAR  The afore-discussed Fyler (U.S. Pat. No. 2,961,560) mask suspension system,
      in addition to suffering from a mounting-demounting inconvenience and the
      other drawbacks described, demounting and remounting thereof during
      screening, suffers also from the manner in which it causes the mask to be
      suspended. The Fyler system utilizes six or more off-corner mask support
      points aand three mask indexing points (one on the mask minor axis and the
      other two in opposite corners of the mask). It is noted above in
      connection with the discussion of FIG. B, that it is the corners of a
      torsionally flexible mask which are uncontrollable, while points on the
      major and minor axes tend to remain relatively stationary. The Fyler
      patent fails to disclose mask suspension points at all corners of the
      mask. As will be easily understood from a consideration of FIGS. A and B,
      a suspension system of this nature does not control or arrest the corners
      of the mask adjacent that point, as it must. The result is that a
      suspension system of the Fyler type will be apt to have color purity
      errors, especially in the corners.
PAR  Further, because of the inherent (by design) non-self-rigid nature of the
      mask with which this invention is concerned, it may be easily distorted by
      excessive or improperly directed forces applied thereto. Also, such a mask
      is apt to undergo configurational changes during stress relief operations,
      and is otherwise easily influenced in its shape by forces exerted thereon.
      It is also desirable in a mask suspension system of the type taught by
      this invention that no force components, especially tangential force
      components, be imparted to the mask in the plane of the mask which might
      tend to rotate, mislocate, twist or distort the mask.
PAR  The present invention provides a detachable spring suspension system by
      which a non-self-rigid shadow mask is supported at its four corners. The
      teachings of the prior art, including the discussed Fyler patent would be
      totally inadequate to provide a commercially viable system for supporting
      a non-self-rigid mask of the type with which this invention is concerned.
      Because the structure and mounting requirements of this novel mask are so
      radically different from the prior art mask structures and mounting
      requirements, the mask suspension systems which have been developed for
      use in prior art tubes are not suitable for suspending the described novel
      mask.
PAC  OTHER PRIOR ART
TBL  United States            British                                          
     ______________________________________                                    
     3,537,159 - Gartner      1,278,633                                        
     3,529,199 - Duistermaat et al                                             
                              1,278,634                                        
     3,548,235 - Dridijk et al                                                 
                              1,278,635                                        
     3,497,746 - Duistermaat et al                                             
     3,524,973 - Rigdon                                                        
     3,330,980 - Schrader                                                      
     3,573,527 - Hafkenscheid et al                                            
     3,350,593 - Lindeman et al                                                
     2,222,197 - Engels                                                        
     2,562,163 - Hiensch et al                                                 
     2,922,063 - Haas                                                          
     ______________________________________                                    
PAC  OBJECTS OF THE INVENTION
PAR  It is a general object of this invention to provide an improved suspension
      system for supporting a shadow mask in a color cathode ray tube.
PAR  It is a less general object of this invention to provide an improved shadow
      mask suspension system which is especially useful for suspending a novel
      rectangular mask of lightweight, non-self-rigid, torsionally flexible
      construction upon the envelope or directly upon the faceplate of a color
      cathode ray tube.
PAR  It is another object of this invention to provide such an improved shadow
      mask suspension system which is effective to accurately fix the position
      of the mask in space relative to a tube faceplate in spite of thermal
      expansion and contraction thereof, and to cause the mask to conform to
      twist-wise, tolerance-related deviations in flangeless-type faceplates.
PAR  It is another object to provide such a mask suspension system which is
      capable of suppressing the generation of tangential force components on
      the mask in the plane thereof which might tend to rotate, mislocate, twist
      or distort the mask.
PAR  It is still another object to provide a shadow mask suspension system which
      has the above-noted properties and features, and yet which occupies a
      modest amount of space within a tube, thus allowing the use of a more
      compact and less expensive tube envelope.
PAR  It is an important object to provide an improved shadow mask suspension
      system by which a mask may be quickly and precisely mountable on the
      faceplate of a color tube by a simple push-click insertion operation.
PAR  It is yet another object of this invention to provide a rapid-mount shadow
      mask suspension system which places the mask when mounted under tension
      and thus which minimizes the build-up of stresses in the mask during
      thermal cycling operations encountered during tube manufacture and during
      normal tube operation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the invention which are believed to be novel and unobvious
      are set forth with particularity in the appended claims. The invention,
      together with further objects and advantages thereof, may best be
      understood by reference to the following description taken in conjunction
      with the accompanying drawings, in which:
PAR  FIGS. A and B are schematic diagrams of a four bar linkage model useful in
      understanding the mechanical properties of a shadow mask of the type with
      which this invention is concerned;
PAR  FIG. 1 is a perspective view of a novel color cathode ray tube as seen from
      the rear, with a portion of the envelope cut away to reveal a shadow mask
      suspension system implementing the principles of this invention;
PAR  FIG. 1A is a side elevational view, partially sectioned, of a mask
      suspension device shown in FIG. 1;
PAR  FIG. 2 is an elevational view, partially sectioned, of the FIG. 1 tube
      showing particularly the shadow mask and its suspension system;
PAR  FIG. 3 is a plan view of one of the mask suspension devices illustrated in
      FIGS. 1 and 2;
PAR  FIG. 4 illustrates a stud which constitutes a part of three of the four
      mask suspension devices utilized in the FIGS. 1-3 apparatus;
PAR  FIG. 5 illustrates a stud constituting a part of the fourth mask suspension
      device utilized in the FIGS. 1-3 apparatus;
PAR  FIG. 5A is a partially schematic view of a faceplate mask assembly shown in
      FIGS. 1-5; the figure is useful in understanding certain mask suspension
      principles which underlie this invention;
PAR  FIG. 6 is a perspective view of a mask suspension device representing
      another embodiment of the principles of this invention;
PAR  FIG. 7 is a partially sectioned side elevational view of the FIG. 6 device;
      and
PAR  FIGS. 8-9 and FIG. 10 illustrate yet other embodiments of this invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This invention is directed to provide an improved shadow mask suspension
      system which is especially useful for suspending upon the envelope of a
      color cathode ray tube a lightweight, torsionally flexible shadow mask of
      a character as described and claimed in the referent copending application
      Ser. No. 395,334. As used herein, the term "shadow mask" is intended to
      encompass all tubes, including post deflection focus tubes, in which a
      color selection mask or electrode achieves a shadowing effect, whether
      total or only partial. The present suspension system includes four
      suspension devices, one at each corner of the mask. The general concept,
      however, of a lightweight, torsionally flexible mask which is supported at
      its corners so as to permit it to conform to the contour of a cathode ray
      tube faceplate is described and claimed in the above-noted copending
      application of K. Palac, Ser. No. 285,985.
PAR  FIGS. 1-5 illustrate a color cathode ray tube 10 incorporating a mask
      suspension system which implements the principles of this invention. The
      tube 10 is depicted as having an envelope comprising a funnel 12 sealed to
      a generally rectangular, flangeless front panel or faceplate 14. The tube
      10 includes a lightweight, rectangular non-self-rigid, torsionally
      flexible shadow mask 16 of novel character, as described in detail and
      claimed in the referent U.S. Pat. No. 3,912,963.
PAR  Before engaging in a discussion of the structural details of the mask 16
      and its novel suspension system, a brief explanation of certain mask
      suspension principles underlying this invention will be given,
      particularly with reference to FIG. 5A. In FIG. 5A there is shown, in
      partially schematic form, a face plate 14 on which is mounted a shadow
      mask 16. The suspension system for the shadow mask is shown as comprising
      four suspension devices 31, one in each corner of the faceplate on a tube
      diagonal. The preferred structures for the suspension devices 31 will be
      described in more detail hereinafter. Only those parts of the suspension
      devices 31 which are pertinent to this discussion of principles will be
      mentioned at this point.
PAR  Each of the suspension devices includes an envelope-mounted component, here
      shown as a stud 46, having thereon means for coupling the stud to a
      mask-mounted component of the suspension device. The coupling means is
      here shown as taking the form of an aperture, the function of which will
      be described in more detail hereinafter. The suspension devices each also
      include a mask-mounted component, here shown as comprising a bracket 27 on
      which is mounted a leaf spring 32. As shown in FIG. 5A, the leaf spring 32
      carries provision (here shown as a lug 34) for engaging the coupling means
      on the envelope-mounted means (here shown as the lug-receiving opening 50
      in the stud 46). It is here noted that the functions performed by the
      mask-mounted and envelope-mounted components may be interchanged, i.e.,
      the spring may be envelope-mounted and the cooperating structure may be
      mask-mounted.
PAR  In the system according to this invention, the faceplate 14 is used, in
      effect, to impart rigidity to the mask 16. The suspension system acts as a
      rigid coupling between the faceplate 14 and the mask 16. Yet, by the
      provision of the spring suspension system, the mask 16 may be demounted
      and precisely remounted any number of times, as is required during
      conventional faceplate screening operations.
PAR  In accordance with an aspect of this invention, when the spring 32 is
      deflected the lug 34 on the leaf spring 32 moves to achieve stud
      disengagement in a plane including a tube diagonal and the mask/tube axis
      (the mask and the faceplate portion of the envelope being coaxial). By
      this arrangement, there is suppressed the generation of tangential force
      components on the mask in the plane thereof which might tend to rotate,
      mislocate, twist or distort the mask. Stated another way, the generation
      of purely radial force components on the mask is enhanced.
PAR  As shown in FIG. 5A, the said diagonal for the studs 46 in the front left
      and rear right corners of the faceplate 14 is designated D.sub.1. The said
      plane in which the lug 34 moves when the spring 32 is deflected is
      designated P.sub.1 in FIG. 5A, Line D.sub.2 represents the other diagonal;
      the plane P.sub.2 is the plane in which the lugs in the suspension devices
      in the rear left and front right corners of the FIG. 5A faceplate move
      when their associated springs 32 are deflected.
PAR  Because the non-self-rigid mask 16 lacks structural strength, it is easily
      warped or twisted about its diagonals. Another important aspect of the
      suspension system of this invention is the location of the suspension
      devices at the corners of the electrode 11. By introducing the suspension
      forces along the diagonals, with the effect that the mask corners are
      immobilized, the mask is held inflexibly and is precisely positioned with
      respect to the faceplate 14. Further in accordance with an aspect of this
      invention, the springs 22 are matched so as to apply a substantially
      equivalent load at the mask corners to thereby substantially immobilize
      the geometrical center of the mask upon thermal expansion or contraction
      thereof. The spring rate of the springs is relatively low so as not to
      deform the mask.
PAR  Details of the construction of the shadow mask 16 and its novel suspension
      system will now be given. Briefly, the shadow mask in its illustrated form
      comprises a sheet of electrically conductive material having a curved
      central portion 18 which has formed therein a pattern of
      electron-transmissive apertures 20. The mask includes a stiffening portion
      circumscribing the central portion 18 which causes the mask to be
      relatively stiff with respect to its major and minor axes yet torsionally
      flexible with respect to its diagonals. The stiffening portion includes a
      strengthening channel 22 surrounding and joined with the central portion
      18 and a skirt 24. For these details, see FIGS. 1-3.
PAR  The skirt 24 is of substantially constant depth and surrounds and is joined
      with the channel 22. The skirt 24 includes a forwardly directed, outwardly
      flared body portion terminating in a leading edge portion 28. As described
      in detail in the referent copending application, the configuration of the
      strengthening channel 22 and of the skirt 24 is such as to maximize the
      strength of the mask and to shield, to the maximum degree possible, the
      phosphor screen 29 on the inner surface of the panel 14 from stray or
      over-scanned electrons from the electron beams.
PAR  The flared body portion of the skirt 24 has formed along each side a
      plurality of strengthening rib elements 30. The rib elements on each side
      of the mask are individually straight, mutually parallel and orthogonal to
      the tube axis. The rib elements 30 are successively offset laterally and
      arranged such that as a group they follow the contour of the mask central
      portion 18. Individually they are arranged as sections of chords of the
      curved contour of the skirt. The strengthening ribs are effective to
      substantially synthesize a load-bearing beam having an effective
      load-bearing depth which is greater than the depth of any individual rib
      element but which is less than the overall depth of the skirt.
PAR  This invention is directed to the provision of a color cathode ray tube of
      the shadow mask type having a novel corner spring suspension system for
      detachably supporting a shadow mask of the character described.
PAR  In general terms, the novel mask suspension system detachably supports the
      shadow mask at a predetermined spacing from the inner surface of the
      faceplate and couples the mask and said faceplate such that said faceplate
      provides rigidity for said mask while permitting said mask to be
      repeatably removed from and precisely remounted in the tube. The
      suspension system comprises four suspension devices, one located at each
      corner of the mask on a diagonal thereof so as to permit the mask to flex
      about a diagonal, if necessary, to conform to the contour of the inner
      surface of the faceplate, and yet so as to accurately fix the spatial
      position thereof relative to the faceplate. At least three, and desirably
      all four, of said suspension devices include a faceplate-mounted component
      affixed to the faceplate on a diagonal thereof, and a mask-mounted
      component secured to the outside of the stiffening portion of the mask.
      The mask-mounted component preferably includes bracket means and matched
      leaf spring means on the bracket means having provision for detachably
      engaging coupling means on the faceplate-mounted component substantially
      along an electrode diagonal. This provision moves when the leaf spring
      means is deflected, substantially in a plane which includes said diagonal
      and the mask axis in order to suppress the generation of tangential force
      components on the mask in the plane thereof which might tend to rotate,
      mislocate, twist or distort the mask.
PAR  The envelope-mounted means and the mask-mounted means are preferably
      structured and arranged, in accordance with an aspect of the invention,
      such that they mate with a snap-in, self-guiding and self-locating
      engagement. As will become apparent as this description proceeds, the
      functions of the mask-mounted means and the envelope-mounted means may be
      interchanged consistent with the principles of this invention.
PAR  A more detailed description of the mask and mask suspension structures
      discussed in general terms above will now be given. FIGS. 1-5 depict a
      preferred execution of the invention wherein the mask-mounted means
      comprises spring means in the form of a leaf spring 32 which carries
      convergent lug means, here shown as a conically tapered lug 34. The leaf
      spring 32 is supported upon a bracket 27 comprising a bimetal member 36,
      which is in turn affixed at a corner of the mask 16 by a pair of arms 38,
      40 which bridge the corner of the mask and are welded thereto on opposite
      sides of the corner.
PAR  The bimetal member 36 and the functions it performs are described and
      claimed in copending application Ser. No. 424,018. Briefly, the bimetal
      member 36 comprises two strips of metal having different coefficients of
      thermal expansion which are edge-bonded together. The member 36 deflects,
      when heated, in its own plane. The member 36 is caused to assume an angle
      relative to the faceplate 14 which is such that the member will have a
      component of flexure, when heated, which is effective to reduce radial
      stresses in the mask introduced by thermal expansion of the mask.
PAR  In the illustrated FIGS. 1-5 embodiment, the envelope-mounted means is
      shown as comprising a stud 46 anchored to the faceplate 14. The stud 46
      may be embedded in the faceplate 14 in a manner well known in the art, or
      bonded thereto.
PAR  The stud 46 integrally defines a tapered, inclined guide channel 48 for
      receiving the lug 34 carried by the leaf spring 32 during a mask insertion
      operation. The guide channel 48 directs the lug into a snap-in,
      self-locating engagement with an opening 50 constituting a seat for the
      lug 34.
PAR  The spring 32 is preferably of the "broom clip" construction, as shown,
      which has the property of providing a force-deflection characteristic
      which is desirably flat, and a relatively low spring rate (e.g., .5-2
      pounds) so as not to deform the mask (particularly when in a thermally
      expanded state).
PAR  To mount the mask 16 in the tube 10, the operator, or an automated mask
      insertion instrumentality, merely orients the mask to correspond to the
      orientation of the faceplate 14 and translates it along the tube axis
      until the lugs 34 engage the guide channels 48 in the studs 46. Upon the
      application of a force on the mask along the tube axis, the springs 32
      deflect back and permit the lugs 34 to follow the inclined guide channels
      48 into snap-in engagement with the openings 50. Completion of the
      insertion operation is indicated by the "clicks" which occur as the lugs
      seat themselves in the openings 50.
PAR  It is manifest that the mask suspension system of this invention will
      permit a shadow mask to be quickly and precisely mountable in a cathode
      ray tube by a simple "push-click" insertion operation.
PAR  As described, because the lugs move, when the spring 32 is depressed, in a
      plane including the mask axis and a faceplate diagonal, tangential force
      components on the mask are suppressed.
PAR  As pointed out in detail in the referent copending Palac application -- in
      a mask suspension system according to that invention, mask suspension
      devices are provided at the four corners of the mask, however, only three
      of the four suspension devices locate the mask in X, Y and Z coordinates.
      Assuming the tube axis to represent the Z axis, all four of the devices
      locate the mask in the Z coordinates, i.e., relative to the faceplate
      whereas only three of the four devices fix the position of the mask in the
      X and Y coordinates, i.e., in the plane of the mask. The fourth suspension
      device is redundant in the X-Y plane.
PAR  To this end, one of the mask suspension devices, shown in FIG. 5 at the
      upper right mask corner in FIG. 1, has a guide channel 48 and an opening
      50 which are elongated parallel to the faceplate 14 permitting the mask to
      float in the X-Y plane while affixing its axial spacing from the faceplate
      14.
PAR  It can be seen in the FIGS. 1-5 embodiment that the leaf spring 32 supports
      the lug 34 facing outwardly away from the mask 16 and that the guide
      channel 48 is oriented facing inwardly such that upon mounting of the
      mask, the leaf spring 32 is biased inwardly to place the mask in
      compression. FIGS. 6-7 illustrate another embodiment of the invention in
      which the mask, when mounted, is placed in tension. The advantages of
      placing the mask in tension will be described after a discussion of the
      FIGS. 6-7 structure.
PAR  The FIGS. 6-7 mask suspension device 56 comprises maskmounted means in the
      form of an arched leaf spring 58 supported on a bimetal member 60 which is
      in turn affixed across the corners of a mask 62 by a pair of arms 64, 66.
      The spring 58 carries a conically tapered, inwardly facing lug 68. The
      suspension device 56 is similar in structure and function to the device 31
      in the FIGS. 1-5 embodiment, with the exception that the leaf spring has a
      different configuration and supports an inwardly facing lug, rather than a
      lug which faces outwardly away from the mask.
PAR  The FIGS. 6-7 device includes a stud 70 similar to the stud 46 in the FIGS.
      1-5 embodiment which is embedded in a faceplate 72. The stud 70 has a
      guide channel 74 formed integrally therein, at the termination of which is
      a circular opening 76 for receiving the lug 68 on spring 58. FIG. 7
      reveals by the use of broken lines the manner in which the spring is
      deflected outwardly during a mask-mounting operation as lug 68 is guided
      by the channel 74 into a self-locating engagement in the openings 76.
PAR  As noted above, the FIGS. 6-7 embodiment cause the mask 62 to be placed in
      tension. By this arrangement, when the mask expands during thermal cycling
      of the tube during manufacture, or during normal operation of the tube,
      stresses created in the spring 58 during mounting of the mask are
      relieved, rather than augmented. As is well known, in the prior art
      compression suspension arrangements, during thermal cycling operations
      high stresses are introduced in the mask-mounting spring members which
      place the mask assembly under high compressive loading.
PAR  The compressive stressing of the mask during thermal cycling is of
      particular concern when considered in connection with lightweight,
      frameless masks of the type with which this invention is particularly
      useful. The introduction of high compressive stresses on such masks during
      thermal cycling is apt to cause a permanent deformation thereof. By the
      arrangements shown in FIGS. 6-7 wherein the leaf spring 58 engages the
      stud 70 so as to place the mask 62 in tension, expansion of the mask
      serves to relieve, rather than to augment, the forces acting upon the mask
      62.
PAR  Another important feature of the FIGS. 6-7 embodiment is the provision of a
      leaf spring (58) which is affixed at one end to a bracket and which has at
      its distal end a provision (here shown as lug 68) for engaging the stud
      70. The spring 58 deflects, when stressed, in a plane including a
      faceplate diagonal and the mask axis to suppress the generation of
      tangential force components on the mask which might tend to rotate,
      mislocate, twist or distort the mask.
PAR  In the above-discussed embodiments, the mask-mounted means is illustrated
      as the means which carries the convergent lug means; the faceplate-mounted
      means has been illustrated as the means defining the lug-receiving seat.
      It is within the purview of this invention that the functions provided by
      the faceplate-mounted means and the mask-mounted means be interchannged.
      FIGS. 8-9 illustrate yet another embodiment of the invention wherein the
      convergent lug means is carried by the panel and the lug-receiving seat
      comprises part of the mask-mounted means.
PAR  The FIGS. 8-9 mask suspension device 78 is illustrated as comprising a leaf
      spring 80 mounted upon a bimetal member 82 which is in turn mounted across
      the corner of a mask 84 by a pair of arms 86, 88. A stud 90 anchored in
      the front panel 92 carries an outwardly facing, conically-shaped lug 94.
      In this embodiment, the leaf spring 80 defines a guide channel terminating
      in a seat for the lug 94. In more detail, the leaf spring 80 has been
      formed to have a pair of wings 96, 98 which are deflected out of the plane
      of the spring to define a tapered guide channel for guiding the lug 94
      into an opening 100 at the end of the guide channel.
PAR  The FIGS. 8-9 embodiment, like the FIGS. 6-7 embodiment, is effective to
      place the mask, when mounted, in tension rather than in compression. As in
      the FIGS. 1-5 embodiment, a complete suspension system incorporating
      devices 78 as shown in FIGS. 8-9 or FIGS. 6-7 would include three devices
      which fix the position of the mask in space in X, Y and Z coordinates and
      a fourth device modified to permit the mask to move in X or Y coordinates,
      but not along the tube axis.
PAR  In each of the above-described embodiments, mask suspension systems have
      been illustrated which are especially adapted for mounting the shadow mask
      directly upon the faceplate of a color cathode ray tube. The principles of
      this invention, however, are equally applicable to the mounting of a
      shadow mask on the flange or skirt of a conventional skirted front panel.
PAR  FIG. 10 is a corner cross-sectional view of yet another embodiment, of the
      invention in which a lightweight mask 102 of the character described above
      is corner mounted on a skirted front panel 103 by four suspension devices
      104 (only one of which is shown). The device 104 is illustrated as
      comprising mask-mounted means similar to the mask-mounted means shown in
      the FIGS. 8-9 embodiment, for example, but comprising a leaf spring 106
      having a tip portion 108 which is formed so as to be concave outwardly,
      rather than concave inwardly.
PAR  The tip portion 108 has formed therein an aperture 110 adapted to engage a
      conical tip 112 on lug 114 embedded or otherwise affixed to the skirt
      portion 116 of the front panel 103. The FIG. 10 embodiment functions in
      substantially the same manner as the afore-described embodiments. To mount
      mask 102 in the front panel 103, the mask-mounted means and the lug 114
      are aligned and the mask is then translated along the tube axis. The
      mask-mounted means and the lug 114 mate with a snap-in, self-guiding,
      self-locating arrangement to accurately mount the mask in the tube at a
      predetermined distance from the faceplate portion 118 of the front panel
      103.
PAR  The invention is not limited to the particular details of construction of
      the embodiments depicted and other modifications and applications are
      contemplated. For example, masks of constructions other than that shown
      may be suspended using the suspension system of this invention. The
      structure shown for achieving temperature compensation is illustrative
      only -- other means suitable for achieving temperature compensation may be
      employed. Other structures for accomplishing the self-locating engagement
      of the mask and for guiding the mask into its proper location on the tube
      faceplate or front panel may be employed. Spring means suitable
      construction may have forms other than is illustrated. Certain other
      changes may be made in the above-described apparatus without departing
      from the true spirit and scope of the invention herein involved and it is
      intended that the subject matter in the above depiction shall be
      interpreted as illustrative and not in a limiting sense.
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STM  What is claimed is:
NUM  1.
PAR  1. For use in a color cathode ray tube having an envelope which includes an
      approximately rectangular, flangeless, curved faceplate supporting on a
      concave inner surface thereof in a central region a phosphor screen
      comprising a pattern of red-emissive, blue-emissive and green-emissive
      phosphor triads, said faceplate being subject, due to its flangeless
      rectangular configuration, to twist-wise deformations in its configuration
      which may occur with respect to its diagonals, the combination comprising:
PA1  an approximately rectangular non-self-rigid shadow mask having a curved
      central portion containing a pattern of electron-transmissive apertures
      registerable with said pattern of phosphor triads and a stiffening portion
      circumscribing said central portion, said stiffening portion permitting
      said mask to flex with respect to its diagonals; and
PA1  a mask suspension system for supporting said shadow mask at a predetermined
      spacing from said inner surface of said faceplate portion, comprising four
      suspension devices, one at each corner of the faceplate portion, for
      mechanically coupling said mask to said envelope such that said mask can
      flex about a diagonal, if necessary, to conform to the contour of said
      faceplate, at least three of said suspension devices including a metal
      stud on said faceplate in a corner region thereof on an area of said
      concave inner surface which extends outwardly beyond said phosphor screen,
      and a mask-mounted component on the outside of said stiffening portion of
      said mask, said mask-mounted component including spring means having
      provision for retentively engaging said stud.
NUM  2.
PAR  2. The apparatus defined by claim 1 wherein said mask-mounted component
      includes an edge-bonded bimetallic component which deflects when heated to
      cause said mask to be displaced toward said faceplate.
NUM  3.
PAR  3. The apparatus defined by claim 1 wherein said mask-mounted component
      includes a bracket secured to said stiffening portion of said mask so as
      to extend around a corner on the outside thereof, said spring means
      comprising a leaf spring attached at one end to said bracket and having at
      its distal end said provision for engaging said stud.
NUM  4.
PAR  4. For use in a color cathode ray tube having an envelope which includes an
      approximately rectangular, flangeless, curved faceplate supporting on a
      concave inner surface thereof in a central region a phosphor screen
      comprising a pattern of red-emissive, blue-emissive and green-emissive
      phosphor triads, said faceplate being subject, due to its flangeless
      rectangular configuration, to twist-wise deformations in its configuration
      which may occur with respect to its diagonals, the combination comprising:
PA1  a rectangular, non-self-rigid shadow mask having a central portion of
      curvature related to that of the faceplate and containing a pattern of
      electron-transmissive apertures, said shadow mask also having a stiffening
      portion circumscribing said central portion causing said mask to be
      relatively stiff with respect to its major and minor axes, yet relatively
      torsionally flexible with respect to its diagonals; and
PA1  a mask suspension system for detachably supporting said shadow mask at a
      predetermined spacing from said inner surface of said faceplate,
      comprising four suspension devices, one at each corner of the faceplate,
      for mechanically coupling said shadow mask to said faceplate such that
      said mask can flex about a diagonal, if necesary, to conform to the
      contour of said faceplate, at least three of said suspension devices
      including a faceplate-mounted component on a diagonal of said faceplate on
      an area of said concave inner surface of said faceplate which extends
      outwardly beyond said phosphor screen, and including a mask-mounted
      component on the outside of said stiffening portion of said mask, one of
      said mask-mounted and faceplate-mounted components including leaf spring
      means having provision for detachably engaging coupling means on the other
      of said mask-mounted and faceplate-mounted components substantially along
      a mask diagonal, said provision moving when said leaf spring means is
      deflected substantially in a plane which includes said diagonal and the
      mask axis in order to suppress the generation of tangential force
      components on the mask in the plane thereof which might tend to rotate,
      mislocate, twist or distort the mask.
NUM  5.
PAR  5. The apparatus defined by claim 4 wherein said mask-mounted component
      includes a bracelet secured to said stiffening portion of said mask so as
      to extend around a corner on the outside thereof, said leaf spring means
      being attached at one end to said bracket and having at its distal end
      said provision for detachably engaging said faceplate-mounted component.
NUM  6.
PAR  6. The apparatus defined by claim 5 wherein said faceplate-mounted
      component comprises a metal stud affixed to said faceplate and having an
      aperture oriented on said diagonal, and wherein said leaf spring means
      carries a lug for making engagement in said aperture in said stud along
      said diagonal.
NUM  7.
PAR  7. For use in a color cathode ray tube having an envelope which includes a
      curved faceplate portion supporting on an inner surface thereof, in a
      central region, a phosphor screen comprising a pattern of red-emissive,
      blue-emissive and green-emissive phosphor element triads, the combination
      comprising:
PA1  a rectangular, non-self-rigid shadow mask having a central portion of
      curvature related to that of the faceplate portion and containing a
      pattern of electron-transmissive apertures, said shadow mask also having a
      stiffening portion circumscribing said central portion causing said mask
      to be relatively stiff with respect to its major and minor axes, yet
      relatively torsionally flexible with respect to its diagonals; and
PA1  a mask suspension system for detachably supporting said shadow mask at a
      predetermined spacing from said inner surface of said faceplate portion,
      comprising four suspension devices, one at each corner of the faceplate
      portion, for mechanically coupling said shadow mask to said envelope, each
      of said suspension devices including an envelope-mounted component affixed
      to said envelope on a diagonal of said faceplate portion and a
      mask-mounted component secured to the outside of said stiffening portion
      of said mask, said mask-mounted component including bracket means mounted
      on the outside of said stiffening portion of said mask and a leaf spring
      connected at one end to said bracket means, the distal end of said spring
      having provision for detachable engaging coupling means on said
      envelope-mounted component substantially along a mask diagonal, said leaf
      spring means deflecting, when stressed, substantially in a plane which
      includes said diagonal and the mask axis in order to suppress the
      generation of tangential force components on the mask in the plane thereof
      which might tend to rotate, mislocate, twist or distort the mask.
NUM  8.
PAR  8. For use in a color cathode ray tube having an envelope which includes a
      curved faceplate portion supporting on an inner surface thereof, in a
      central region, a phosphor screen comprising a pattern of red-emissive,
      blue-emissive and green-emissive phosphor element triads, the combination
      comprising:
PA1  a rectangular, non-self-rigid shadow mask having a central portion
      curvature related to that of the faceplate portion and containing a
      pattern of electron-transmissive apertures, said shadow mask also having a
      stiffening portion circumscribing said central portion causing said mask
      to be relatively stiff with respect to its major and minor axes, yet
      relatively torsionally flexible with respect to its diagonals; and
PA1  a mask suspension system for detachably supporting said shadow mask at a
      predetermined spacing from said inner surface of said faceplate portion,
      comprising four suspension devices, one at each corner of the faceplate
      portion, for mechanically coupling said shadow mask to said envelope, each
      of said suspension devices including an envelope-mounted component affixed
      to said envelope on a diagonal of said faceplate portion and a
      mask-mounted component secured to the outside of said stiffening portion
      of said mask, said mask-mounted component including leaf spring means
      having provision for detachably engaging coupling means on said
      envelope-mounted component substantially along a mask diagonal, said
      provision moving when said leaf spring means is deflected substantially in
      a plane which includes said diagonal and the mask axis in order to
      suppress the generation of tangential force components on the mask in the
      plane thereof which might tend to rotate, mislocate, twist or distort the
      mask, three of said suspension devices fixing in the plane of the mask the
      spatial position of the mask relative to said inner surface of said
      faceplate portion and a redundant fourth suspension device having
      provision for permitting the fourth corner of the mask to seek an
      equilibrium position in said plane of the mask.
NUM  9.
PAR  9. The apparatus defined by claim 8 wherein said mask-mounted component
      includes a bracket secured to said stiffening portion of said mask so as
      to extend around a corner on the outside thereof, said leaf spring means
      being attached at one end of said bracket and having at its distal end
      said provision for detachably engaging said envelope-mounted conponent.
NUM  10.
PAR  10. The apparatus defined by claim 9 wherein said envelope-mounted
      component comprises a metal stud affixed to said faceplate portion and
      having an aperture oriented on said diagonal, and wherein said leaf spring
      means carries a lug for making engagement in said aperture in said stud
      along said diagonal.
NUM  11.
PAR  11. The apparatus defined by claim 10 wherein said redundant fourth
      suspension device is like the other three devices except that the aperture
      in said stud is a slot elongated in a direction transverse to said
      diagonal but parallel to said faceplate portion.
NUM  12.
PAR  12. In a color cathode ray tube, the combination comprising:
PA1  a rectangular, rigid, flangeless, three-dimensionally curved glass
      faceplate having a concave inner surface supporting in a central region
      thereof a phosphor screen comprising a pattern of red-emissive,
      blue-emissive and green-emissive phosphor triads;
PA1  a lightweight, rectangular, non-self-rigid shadow mask having a central
      portion of curvature related to that of the faceplate and containing a
      pattern of electron-transmissive apertures, said shadow mask also having a
      stiffening portion circumscribing said central portion causing said mask
      to be relatively stiff with respect to its major and minor axes, yet
      relatively torsionally flexible with respect to its diagonals;
PA1  a mask suspension system for detachably supporting said shadow mask at a
      predetermined spacing from said inner surface of said faceplate and for
      coupling said mask and said faceplate such that said faceplate provides
      rigidity for said mask while permitting said mask to be repeatably removed
      from and precisely remounted in the tube, said suspension system
      comprising four suspension devices, one located at each corner of the mask
      on a diagonal thereof so as to permit the mask to flex about a diagonal,
      if necessary, to conform to the contour of the inner surface of the
      faceplate, and yet so as to accurately fix the spatial position thereof
      relative to the faceplate, each of said suspension devices including a
      faceplate-mounted component affixed to said faceplate on a diagonal
      thereof, and a mask-mounted component secured to the outside of said
      stiffening portion of said mask, said mask-mounted component including
      bracket means and leaf spring means on said bracket means having provision
      for detachably engaging coupling means on said faceplate-mounted component
      substantially along a mask diagonal, said provision moving when said leaf
      spring means is deflected, substantially in a plane which includes said
      diagonal and the mask axis in order to suppress the generation of
      tangential force components on the mask in the plane thereof which might
      tend to rotate, mislocate, twist or distort the mask.
NUM  13.
PAR  13. The apparatus defined by claim 12 wherein said faceplate-mounted
      component comprises a metal stud affixed to said faceplate and having an
      aperture oriented on said diagonal, and wherein said leaf spring means
      carries a lug for making engagement in said aperture in said stud.
NUM  14.
PAR  14. The apparatus defined by claim 13 wherein three of said suspension
      devices fix in the plane of the mask the spatial position of the mask
      relative to said inner surface of said faceplate and a redundant fourth
      suspension device has provision for permitting the fourth corner of the
      mask to seek an equilibrium position in the said plane of the mask.
NUM  15.
PAR  15. The apparatus defined by claim 14 wherein said redundant fourth
      suspension device is like the other three devices except that the aperture
      in said stud is a slot elongated in a direction transverse to said
      diagonal but parallel to said faceplate.
NUM  16.
PAR  16. For use in a color cathode ray tube, a mask suspension system for
      supporting a shadow mask on the envelope of the tube including a plurality
      of mask suspension devices spaced around the mask, each comprising:
PA1  envelope-mounted means for supporting said mask secured in a precise
      location upon the inside of the envelope; and
PA1  mask-mounted means for retentively but detachably engaging said
      envelope-mounted means to cause said mask to assume a fixed position in
      space relative to said envelope,
PA1  said envelope-mounted means and said mask-mounted means mating with a
      snap-in, self-guiding and self-locating engagement such that said mask is
      quickly and precisely mountable in the tube by a push-click insertion
      operation.
NUM  17.
PAR  17. The system defined by claim 16 wherein one of said mask-mounted means
      and said envelope-mounted means includes convergent lug means, and the
      other of said mask-mounted means and said envelope-mounted means includes
      a seat for receiving and precisely locating said convergent lug means in a
      predetermined position.
NUM  18.
PAR  18. The system defined by claim 17 wherein other of said mask-mounted means
      and said envelope-mounted means includes means defining a tapered guide
      channel for receiving said convergent lug means and for guiding it into
      said seat.
NUM  19.
PAR  19. The system defined by claim 18 wherein said mask-mounted means includes
      spring means carrying said convergent lug means and wherein said
      envelope-mounted means includes a stud which has an opening constituting
      said seat for receiving said lug means and which defines said guide
      channel for guiding said lug means against the restorative force of said
      spring into snap-in engagement in said opening.
NUM  20.
PAR  20. The system defined by claim 18 wherein said one of said mask-mounted
      means and said envelope-mounted means includes spring means supporting
      said convergent lug means.
NUM  21.
PAR  21. The system defined by claim 20 wherein said guide chennel and said lug
      means are oriented such that upon mounting of the mask on the envelope,
      said spring means is biased so as to place the mask in tension.
NUM  22.
PAR  22. The system defined by claim 21 wherein said mask-mounted means includes
      said spring means and wherein said envelope-mounted means includes a stud
      which has an opening constituting said seat for receiving said lug means
      and which defines said guide channel for guiding said lug means against
      the restorative force of said spring means and into snap-in engagement in
      said opening.
NUM  23.
PAR  23. The system defined by claim 20 wherein said guide channel and said lug
      means are oriented such that upon mounting of the mask on the envelope,
      said spring means is biased so as to place the mask in compression.
NUM  24.
PAR  24. The system defined by claim 23 wherein said mask-mounted means includes
      said spring means and wherein said envelope-mounted means includes a stud
      which has an opening constituting said seat for receiving said lug means
      and which defines said guide channel for guiding said lug means against
      the restorative force of said spring means and into snap-in engagement in
      said opening.
NUM  25.
PAR  25. In a color cathode ray tube, the combination comprising:
PA1  an envelope including a funnel and a substantially rectangular, skirtless
      faceplate sealed therewith;
PA1  a substantially rectangular shadow mask formed from a sheet of electrically
      conductive material and having therein a pattern of electron-transmissive
      apertures; and
PA1  a mask suspension system for supporting said shadow mask on said faceplate
      including four mask suspension devices, one at each corner of the mask, at
      least three of said devices comprising:
PA2  faceplate-mounted means for supporting said mask secured in a precise
      location upon the inside of the faceplate, and
PA2  mask-mounted means for retentively but detachably engaging said
      faceplate-mounted means to cause said mask to assume a fixed position in
      space relative to said faceplate,
PA2  said faceplate-mounted means and said mask-mounted means mating with a
      snap-in self-guiding and self-locating engagement such that said mask is
      quickly and precisely mountable in the tube by a push-click insertion
      operation.
NUM  26.
PAR  26. The combination defined by claim 25 wherein one of said mask-mounted
      means and said faceplate-mounted means includes convergent lug means and
      the other of said mask-mounted means and said faceplate-mounted means
      includes a seat for receiving and precisely locating said convergent lug
      means in a predetermined position.
NUM  27.
PAR  27. The combination defined by claim 26 wherein other of said mask-mounted
      means and said faceplate-mounted means includes means defining a tapered
      guide channel for receiving said convergent lug means and for guiding it
      into said seat.
NUM  28.
PAR  28. The combination defined by claim 27 wherein said mask-mounted means
      includes leaf spring means carrying said convergent lug means and wherein
      said faceplate-mounted means includes a stud which has an opening
      constituting said seat for receiving said lug means and which defines said
      guide channel for guiding said lug means against the restorative force of
      said spring into snap-in engagement in said opening.
NUM  29.
PAR  29. The combination defined by claim 27 wherein said one of said
      mask-mounted means and said faceplate-mounted means includes resilient
      leaf spring means supporting said convergent lug means.
NUM  30.
PAR  30. The combination defined by claim 29 wherein said guide channel and said
      lug means are oriented such that upon mounting the mask upon the
      faceplate, said leaf spring means is biased so as to place the mask in
      tension.
NUM  31.
PAR  31. The combination defined by claim 30 wherein said mask-mounted means
      includes said leaf spring means and wherein said faceplate-mounted means
      includes a stud which has an opening constituting said seat for receiving
      said lug means and which defines said guide channel for guiding said lug
      means against the restorative force of said spring means into snap-in
      engagement in said opening.
NUM  32.
PAR  32. The combination defined by claim 29 wherein said guide channel aand
      said lug means are oriented such that upon mounting of the mask upon the
      faceplate, said leaf spring means is biases so as to place the mask in
      compression.
NUM  33.
PAR  33. The combination defined by claim 28 wherein in said system, in three of
      said suspension devices said seat in said stud has a circular seating area
      and wherein the fourth device is similar to said three devices but
      comprises a faceplate-mounted stud having a seating area elongated in a
      direction parallel to said faceplate such that said fourth device fixes
      the spacing of the mask from the faceplate while permitting the mask
      freedom of movement parallel to the faceplate.
NUM  34.
PAR  34. The combination defined by claim 25 wherein said mask is frameless and
      includes a forwardly directed, outwardly flared skirt and wherein said
      mask-mounted means is secured to said flared skirt.
NUM  35.
PAR  35. In a color cathode ray tube, the combination comprising:
PA1  an envelope including a funnel and a substantially rectangular, skirtless
      faceplate sealed therewith;
PA1  a substantially rectangular shadow mask formed from a sheet of electrically
      conductive material and having therein a pattern of electron-transmissive
      apertures; and
PA1  a mask suspension system for supporting said shadow mask on said faceplate
      of the tube including four mask suspension devices, one at each corner of
      the mask, at least three of said devices comprising:
PA2  a stud for supporting the mask, secured in a precise location upon the
      inside of the faceplate, said stud defining a seat and a guide channel
      leading to said seat, and
PA2  mask-mounted means including spring means supporting convergent lug means
      adapted to be received in said guide channel during a mask mounting
      operation and to follow said guide channel into a snap-in, self-locating
      engagement with said seat to thereby cause said mask to assume a
      predetermined fixed position in space relative to said stud and to said
      faceplate,
PA2  said mask being quickly and precisely mountable in the tube by a push-click
      insertion operation.
NUM  36.
PAR  36. The combination defined by claim 35 wherein said spring means supports
      said lug means facing inwardly toward said mask and wherein said channel
      is oriented such that, upon mounting of the mask in the tube, said spring
      means is biased outwardly so as to place the mask in tension.
NUM  37.
PAR  37. The combination defined by claim 35 wherein said spring means supports
      said lug means facing outwardly away from the mask and wherein said
      channel is oriented such that, upon mounting of the mask in the tube, said
      spring means is biased inwardly so as to place the mask in compression.
NUM  38.
PAR  38. The combination defined by claim 35 wherein in said three suspension
      devices said seat in said stud has a circular seating area and wherein the
      fourth device is similar to said three devices, but comprises a
      faceplate-mounted stud having a seating area elongated parallel to said
      faceplate so that said fourth device fixes the spacing of the mask from
      the faceplate while permitting the mask freedom of movement parallel to
      the faceplate.
NUM  39.
PAR  39. The combination defined by claim 35 wherein said mask is frameless and
      flexible and includes a forwardly directed, outwardly flared skirt, and
      wherein said mask-mounted means is secured to said flared skirt.
NUM  40.
PAR  40. For use in a color cathode ray tube a mask suspension system for
      supporting a shadow mask on a faceplate of the tube including a plurality
      of mask suspension devices spaced around the mask comprising:
PA1  faceplate-mounted means for supporting said mask secured in a precise
      location upon the inside of the faceplate; and
PA1  mask-mounted means for retentively but detachably engaging said
      faceplate-mounted means to cause said mask to assume a fixed position in
      space relative to said faceplate, one of said mask-mounted means and said
      faceplate-mounted means including spring means supporting a convergent lug
      means and the other of said mask-mounted means and said faceplate-mounted
      means including a seat for receiving and precisely locating said covergent
      lug means in a predetermined position, said faceplate-mounted means and
      said mask-mounted means mating such that said spring means places said
      mask under tension.
NUM  41.
PAR  41. In a color cathode ray tube, the combination comprising:
PA1  an envelope including a funnel and a substantially rectangular, skirtless
      faceplate sealed therewith;
PA1  a substantially rectangular shadow mask formed from a sheet of electrically
      conductive material and having therein a pattern of electron-transmissive
      apertures; and
PA1  a mask suspension system for supporting said shadow mask on said faceplate
      of the tube including four mask suspension devices, one at each corner of
      the mask, at least three of said devices comprising:
PA2  a stud for supporting the mask secured in a precise location upon the
      inside of the faceplate, said stud defining a seat facing outwardly from
      said mask, and
PA2  mask-mounted means including spring means supporting convergent lug means
      facing inwardly toward said mask and adapted to be received in
      self-locating engagement with said seat to cause said mask to be placed in
      tension and to assume a predetermined fixed position in space relative to
      said stud and to said faceplate.
NUM  42.
PAR  42. In a color cathode ray tube, the combination comprising:
PA1  an envelope including a funnel and sealed therewith a substantially
      rectangular front panel having a faceplate portion and a rearwardly
      directed skirt portion;
PA1  a substantially rectangular shadow mask formed from a sheet of electrically
      conductive material and having therein a pattern of electron-transmissive
      apertures; and
PA1  a mask suspension system for supporting said shadow mask on said skirt
      portion of said front panel which includes four mask suspension devices,
      one at each corner of the mask, at least three of said devices comprising:
PA2  panel-mounted means for supporting said mask secured in a precise location
      upon the inside of the skirt portion of said front panel, and
PA2  mask-mounted means for retentively but detachably engaging said
      panel-mounted means to cause said mask to assume a fixed position in space
      relative to said faceplate portion of said front panel,
PA1  said panel-mounted means and said mask-mounted means mating with a snap-in,
      self-guiding and self-locating engagement such that said mask is quickly
      and precisely mountable in the tube by a push-click insertion operation.
NUM  43.
PAR  43. The combination defined by claim 42 wherein said panel-mounted means
      includes convergent lug means and said mask-mounted means includes a leaf
      spring having formed therein an aperture and a lug guide channel leading
      to said aperture for receiving and guiding said lug means into snap-in
      engagement with said aperture.
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ABST
PAL  A cathode-ray tube particularly for flying spot scanners, provided with a
      luminescent silicate activated by cerium, defined by the formula
      Li.sub.1-x Na.sub.x Y.sub.1-p Ce.sub.p SiO.sub.4, in which 0 .ltoreq. x
      .ltoreq. 0.90 and 0.0001 .ltoreq. p .ltoreq. 0.25, which silicate has the
      olivine crystal structure.
PARN
PAR  This is a division of application Ser. No. 217,833, filed July 14, 1972,
      now U.S. Pat. No. 3,855,143.
BSUM
PAR  The invention relates to a cathode-ray tube provided with a luminescent
      screen which comprises a luminescent silicate activated by trivalent
      cerium. Furtheremore the invention relates to a method of manufacturing
      such a luminescent silicate and to the luminescent silicate itself.
PAR  Cathode-ray tubes provided with a luminescent screen which emits radiation
      upon excitation by electrons generated in the tube are used for many
      purposes, for example, for displaying television images, for recording
      oscillograms and for flying spot scanners. Dependent on their use the
      luminescent materials to be used in the luminescent screens must have
      different properties, for example, as regards spectral energy
      distribution, decay time, saturation, etc. A property which is always
      desired is that the energy conversion of the incident electrons into
      radiation is effected with a high efficiency.
PAR  For some uses, for example, in flying spot scanner a very important factor
      is the decay time of the radiation of the luminescent material. (The decay
      time is to be understood to mean in this case and hereinafter the period
      during which the intensity of the radiation emitted by the luminescent
      material, after discontinuation of the electron bombardment, decreases to
      1/e times the value of the intensity just before the electron bombardment
      is discontinued).
PAR  In flying spot scanners the luminescent screen exclusively serves as a
      light source. The electron beam with which the luminescent screen is
      excited moves in accordance with a given pattern, sometimes referred to as
      raster, across the luminescent screen in such apparatus. The electron beam
      is then not modulated. As a result a fast moving light spot of constant
      intensity is produced on the screen. The light of this moving light spot
      is projected onto a document to be displayed, for example, a lantern
      slide, a film or a security paper and is partly passed or reflected
      thereby. The passed or reflected light is received by a photo-electric
      cell in which it is converted into an electrical signal. This electrical
      signal may then be transmitted by known communication means to an
      apparatus in which an image of the document is formed.
PAR  During scanning in the flying spot scanner the requirement must be imposed
      that the radiation incident on the photo-electric cell is correlated as
      much as possible exclusively with the optical absorption at the area of
      the spot of the document which is to be displayed at that moment. This
      leads to the requirement that the decay time of the luminescent radiation
      relative to the period of the electron beam being present at a given area
      must not be long. If, as is common practice, the rate of scanning the
      luminescent screen is equal to the rate at which a normal television
      display screen is scanned, this leads to the requirement that the decay
      time must be shorter than approximately 10.sup.-.sup.7 sec.
PAR  A number of luminescent materials have been found which satisfy this
      requirement. One of these materials, which is frequently used, is the
      so-called gehlenite (Ca.sub.2 Al.sub.2 SiO.sub.7) which is activated by
      trivalent cerium. The maximum emission of this material upon electron
      excitation is at approximately 410 nm and the energy conversion efficiency
      is approximately 5%.
PAR  A drawback of ghlenite is that, although the decay time is sufficiently
      short, a considerable quantity of radiation is emitted during a relatively
      long period after the instant which the intensity has reached the value of
      1/e times the maximum intensity. This so-called persistence is still
      clearly noticeable sometimes after 0.1 second and causes a disturbing
      electrical signal in the photo-electric cell. A number of silicates
      activated by trivalent cerium are described in Netherlands Patent
      Application No. 6811326 which persist to a very slight extent only. These
      silicates are defined by the formula Y.sub.2(1.sub.-q) Ce.sub.2q Si.sub.p
      O.sub.(3.sub.+2p), in which p has the value of 1 or 2 and in which
      2.10.sup.-.sup.4 .ltoreq.  q .ltoreq. 2.10.sup.- .sup.1. Particularly the
      silicates with p=1 are suitable for flying spot scanners as a result of
      their favourable spectral distribution of the emission (maximum at 400-430
      nm) and their high conversion efficiency (approximately 6%). The silicates
      proposed in the above-mentioned Netherlands Patent Application can
      generally be manufactured with difficulty because the formation of these
      silicates through diffusion reactions between solid materials must be
      effected at a high temperature. The use of so-called melting salts in this
      method often gives rise to an unwanted increase of the persistence period
      of the luminescent silicate.
PAR  The object of the invention is to provide a luminescent silicate activated
      by trivalent cerium which upon electron excitation has a short decay time
      and substantially does not persist and whose manufacture does not cause
      special difficulties.
PAR  According to the invention a cathode-ray tube is provided with a
      luminescent screen which comprises a luminescent silicate activated by
      trivalent cerium and is characterized in that the silicate is defined by
      the formula Li.sub.1.sub.-x Na.sub.x Y.sub.1.sub.-p Ce.sub.p SiO.sub.4, in
      which 0 .ltoreq. x .ltoreq. 0.90 and 0.0001 .ltoreq. p .ltoreq. 0.25, and
      that the silicate has the olivine crystal structure.
PAR  According to the invention a cathode-ray tube comprises a cerium-activated
      silicate of lithium and of yttrium in which up to a maximum of 90 mol % of
      lithium may be replaced by sodium. The silicate of lithium and yttrium
      (LiYSiO.sub.4) may occur in two crystal structures, namely the olivine
      structure which is stable at low temperatures and the .beta.-calcium
      silicate structure which is stable at high temperatures. The transition
      temperature between these two structures is approximately 1080.degree. C.
      It has been found that a large part of lithium in LiYSiO.sub.4 having the
      olivine structure may be replaced by sodium (namely to approximately 90
      mol.%) while the olivine structure is maintained. The pure NaYSiO.sub.4,
      however, has a different crystal structure.
PAR  Experiments which have led to the invention have shown that LiYSiO.sub.4
      having the olivine structure constitutes a very efficient luminescent
      material upon activation by cerium. Upon electron excitation brightnesses
      are achieved with this material which are approximately 150% of that of
      the above-mentioned known gehlenite. The decay time of the luminescence is
      very short and is of the same order as that of gehlenite (shorter than 100
      n sec.). It is found that the luminescent silicate according to the
      invention as well as the silicates known from the said Netherlands Patent
      Application No. 6811326 do not show substantially any persistence. The
      spectral distribution of the emitted radiation of cerium-activated lithium
      yttrium silicate according to the invention consists of a comparatively
      broad band having a maximum at approximately 405 nm.
PAR  When partly replacing lithium by sodium in a luminescent silicate according
      to the invention the luminescent properties of the silicates slightly
      change. The maximum of the spectral distribution of the emitted radiation
      shifts with increasing sodium content to larger wavelengths to
      approximately 430 nm for the compound Li.sub.0.1 Na.sub.0.9 YSiO.sub.4
      -Ce. The decay time and the persistence period remain short. The
      brightness upon excitation by electrons slightly decreases with increasing
      sodium content and is found to be of the same order for higher value of x
      as that of the known gehlenite. A great advantage of the sodium-containing
      luminescent silicates according to the invention is that they have a very
      constant brightness when used in cathode-ray tubes during the lifetime of
      these tubes. Likewise as the known gehlenite, LiYSiO.sub.4 according to
      the invention which does not contain sodium is found to lose approximately
      20 to 25% of the initial brightness after an operation period of 1000
      hours in a cathode-ray tube. On the other hand a silicate according to the
      invention in which, for example, 80 mol% of lithium is replaced by sodium
      has a decline in brightness of approximately 1-2% after 1000 hours.
      Therefore cathode-ray tubes according to the invention are preferred which
      comprise a silicate defined by the above-given general formula which x has
      a value of between 0.50 and 0.80.
PAR  In the luminescent silicates according to the invention a small portion of
      yttrium may be replaced by one or more of the rare earth metals, for
      example, gadolinium or lanthanum. The luminescent properties of the
      silicate substantially do not change if the olivine crystal structure is
      maintained. Such a replacement does not, however, yield extra advantages.
PAR  Experiments have proved that in case of partial replacement of lithium by
      potassium in cerium-activated lithium yttrium silicate a luminescent
      material is produced which in addition to the blue emission exhibits an
      intensive green emission upon electron excitation. However, the green
      emission of this material which does not have the olivine structure
      disappears gradually during operation in a cathode-ray tube. The decline
      in brightness of this material during operation is very large so that this
      material is not very suitable for practical uses.
PAR  It is to be noted that cerium-activated sodium yttrium silicate which, as
      stated above, does not have the olivine structure has a brightness upon
      electron excitation which is only approximately 15% of that of lithium
      yttrium silicate according to the invention. Consequently, this material
      is not very suitable for practical uses. This likewise applies to
      cerium-activated lithium yttrium silicate having the .beta.-calcium
      silicate structure whose brightness upon electron excitation is only a
      faction of the brightness of cerium-activated lithium yttrium silicate
      having the olivine structure.
PAR  The cerium content which is denoted by p in the general formula for the
      luminescent silicates according to the invention is to be chosen within
      the above-mentioned range. For values of p of less than 0.0001 or more
      than 0.25 materials having too little brightness are obtained. The maximum
      brightnesses are achieved for values of p between the relatively wide
      limits of 0.002 and 0.10. In this range, which is preferred, the
      brightness is found to be only little dependent on the chosen value of p.
PAR  As a result of the favourable spectral distribution of the emitted
      radiation and of the short decay time and persistence period the silicates
      according to the invention are particularly suitable for use in flying
      spot scanners. In many cases, particularly for use in flying spot scanners
      for generating colour television signals, the emission of the luminescent
      screen of a cathode-ray tube according to the invention is to be increased
      in the green and red parts of the spectrum by incorporating a further
      luminescent material in the screen the emission of which luminescent
      material lies in the said part of the spectrum. Such a material may be
      mixed, for example, with the silicate according to the invention, but may
      alternatively be provided in a separate layer on the screen. Of course,
      such a material must also have a short decay time, namely shorter than
      10.sup.-.sup.7 sec. Cerium-activated yttrium aluminate having the garnet
      structure known from the Netherlands Patent Application No. 6706095
      corresponding to U.S. Pat. No. 3,564,322 the disclosure of which is
      incorporated by reference may be advantageously used for this second
      material.
PAR  A further advantageous use of the luminescent silicates according to the
      invention is found in oscilloscopes for recording very fast phenomena.
PAR  A great advantage of the silicates according to the invention is that they
      can be readily manufactured at comparatively low temperatures. For this
      manufacture a method is preferably used in which a mixture is made of
      oxides of the metals stated in the general formula or of compounds which
      can produce these oxides together with a quantity of silicon dioxide. This
      mixture is then heated in air for 0.5 to 5 hours at a temperature of
      between 600.degree. and 1200.degree. C. After cooling and homogenising of
      the product thus obtained it is subjected to a second heat treatment in a
      reducing atmosphere at a temperature below the transition temperature
      between the olivine crystal structure of the .beta.-calcium silicate
      crystal structure. This transition temperature is approximately
      1080.degree. C.
PAR  Due to the presence of lithium oxide and/or a lithium salt in a molten
      condition in the firing mixture one is not exclusively dependent on a
      diffusion of solid materials for the manufacture of the silicates
      according to the invention. Consequently the formation reaction proceeds
      faster and better than is the case for manufacturing the said known
      silicates. It has been found that it is generally advantageous to start
      from a firing mixture which comprises the composite components in
      quantities corresponding to the stoichiometry of the desired compound.
      However, lithium is to be used in a small excess. It is preferred to use
      yttrium in the firing mixture in quantities which are not smaller than is
      stoichiometrically required, because a deficiency of yttrium promotes the
      formation of the .beta.-calcium silicate structure. The firing temperature
      at the second heat treatment is preferably chosen to be as high as
      possible, because then luminescent silicates having the maximum
      brightnesses are obtained as will be proved hereinafter. At this second
      heat treatment the temperature must, however, not exceed the said
      transition temperature.
PAR  If necessary, the luminescent silicate obtained by the method described
      above may be ground until a desired mean grain size is obtained. The
      luminescent silicates according to the invention are found to have the
      advantage that such a grinding operation has only a very slight influence
      on the brightness of these materials. This is in contrast with many known
      luminescent materials which exhibit a strong decrease in brightness as a
      result of a grinding operation.
DRWD
PAR  The invention will now be further described with reference to some
      examples, number of measurements and a drawing.
PAR  FIG. 1 of the drawing diagrammatically shows a cathode-ray tube according
      to the invention.
PAR  FIG. 2 of the drawing shows in a graph the spectral energy distribution of
      the emitted radiation of the luminescent silicate according to the
      invention upon electron excitation.
DETD
PAC  EXAMPLES
PAR  I. A mixture is made of
PA1  2.458 g SiO.sub.2 (contains 2.34 % by weight of H.sub.2 0)
PA1  4.628 g Y.sub.1.98 Ce.sub.0.02 O.sub.3
PA1  0.084 g LiCl
PA1  1.476 g Li.sub.2 CO.sub.3
PAR  This mixture is heated in air for 2 hours in a furnace at a temperature of
      1100.degree. C. After cooling the product obtained is ground and subjected
      to a second heat treatment for 2 hours in a reducing carbon
      monoxide-containing atmosphere at a temperature of 1070.degree. C. The
      reducing atmosphere is obtained by placing a quantity of carbon in the
      vicinity of the firing mixture in the furnace. After cooling and, if
      necessary, light grinding and sieving the product is ready for use in a
      cathode-ray tube according to the invention. The luminescent silicate
      obtained is defined by the formula LiY.sub.0.99 Ce.sub.0.01 SiO.sub.4. It
      has been shown with the aid of X-ray diffraction analysis that the
      silicate has the olivine crystal structure. Upon electron excitation in a
      cathode-ray tube this silicate has a brightness which is approximately
      150% of that of the known gehlenite. The spectral distribution of the
      emitted radiation of the silicate has a maximum at 405 nm. The silicate
      has a decay time of 70 nsec and does not show substantially any
      persistence. Upon electron bombardment under standard circumstances in a
      cathode-ray tube which can be disassembled the silicate manufactured in
      accordance with this example is found to have a decline in brightness of
      13%. The decline in brightness of the known gehlenite under these
      circumstances is substantially equally large.
PAR  II. Operations are carried out in the same manner as described in example I
      in which, however, the said quantity of Li.sub.2 CO.sub.3 is replaced by
      0.591 g Li.sub.2 CO.sub.3 and 1.272 g Na.sub.2 CO.sub.3. A silicate
      defined by the formula Li.sub.0.4 Na.sub.0.6 Y.sub.0.99 Ce.sub.0.01
      SiO.sub.4 having the olivine crystal structure is obtained. The brightness
      of this silicate is found to be of the same order as that of the known
      gehlenite. The silicate has a decay time of 80 nsec. and does not show
      substantially any persistence. The decline in brightness under standard
      conditions in a cathode-ray tube which can be disassembled is found to be
      only 2%.
PAR  III. In the same manner as described in example I a luminescent silicate is
      obtained which is defined by the formula Li.sub.0.2 Na.sub.0.8 Y.sub.0.99
      Ce.sub.0.01 Si0.sub.4 which has the olivine structure. The quantity of
      Li.sub.2 CO.sub.3 mentioned in example I is replaced by 0.296 g Li.sub.2
      CO.sub.3 and 1.696 g Na.sub.2 CO.sub.3. The brightness of this silicate is
      substantially the same as that of the known gehlenite. The silicate has a
      decay time of 100 nsec and shows substantially no persistence. The maximum
      of the spectral distribution of the emitted radiation is located at
      approximately 430 nm. The decline in brightness under standard conditions
      in a tube which can be disassembled is found to be substantially 0%.
PAR  IV. To check the influence of the cerium content a number of silicates is
      manufactured in a manner completely analogous to example I in which,
      however, p has the values of 0.005, 0.01, 0.02 and 0.04. All these
      materials are found to have substantially the same brightness, namely
      approximately 150% of the brightness of the known gehlenite. Also the
      location of the maximum of the spectral distribution is found to be the
      same for these materials, namely 405 nm.
PAR  V. The influence of the firing temperature at the second (reducing) heat
      treatment on brightness is checked by repeating the method of example I
      several times in which, however, different values of the firing
      temperature T at the second heat treatment are used. The table below gives
      the relative brightness H (in arbitrary units) of the silicate obtained
      for each value of T. It is clearly shown that the maximum brightnesses are
      achieved at temperatures near the transition temperature between the
      olivine and the .beta.-calcium silicate structure. If the firing
      temperature T exceeds this transition temperature, lower brightnesses are
      obtained.
TBL  ______________________________________                                    
               T in .degree.C                                                  
                       H                                                       
     ______________________________________                                    
               1000    113                                                     
               1020    123                                                     
               1050    143                                                     
               1070    171                                                     
               1085    150                                                     
               1100    148                                                     
     ______________________________________                                    
PAR  In FIG. 1 of the drawing 1 denotes the wall of the cathode-ray tube. 2
      denotes the face plate which is coated on its inner side with a
      luminescent layer 3 which comprises a luminescent silicate according to
      the invention.
PAR  In FIG. 2 of the drawing a graph is shown in which the wavelength .lambda.
      is plotted in nm on the abscissa and the radiated energy E is plotted in
      arbitrary units on the ordinate. The curve shows the spectral energy
      distribution of the silicate according to example I upon electron
      excitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cathode ray tube for flying spot scanners, said cathode-ray tube being
      provided with a faceplate coated with a luminescent layer comprising a
      luminescent silicate having the olivine crystal structure, said silicate
      being activated by trivalent cerium and having the formula Li.sub.1.sub.-
      x Na.sub.x Y.sub.1.sub.- p Ce.sub.p SiO.sub.4 wherein 0.50 &lt; x &lt; 0.80 and
      0.0001 .ltoreq. p .ltoreq. 0.25 and means to produce an electron beam to
      excite said silicate to luminescence.
NUM  2.
PAR  2. The cathode-ray tube of claim 1 wherein 0.002 .ltoreq. p .ltoreq. 0.10.
NUM  3.
PAR  3. The cathode-ray tube of claim 1 wherein the luminescent layer comprises
      in addition a yttrium aluminate activated by trivalent cerium, having the
      garnet structure, an emission in the green and red parts of the spectrum
      and a decay time of less than 10.sup.-.sup.7 sec.
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ABST
PAL  A lamp holding fixture for exciting an electrodeless lamp by high frequency
      power has a switchable characteristic impedance for impedance matching the
      lamp to the power source during both the starting and operating modes. The
      fixture has an inner conductor and two outer conductors of different
      dimensions in cross section. During the starting mode the inner conductor
      and the larger diameter outer conductor form the power coupling conductors
      for the fixture thereby providing a high characteristic impedance for
      matching the lamp impedance to the source output impedance. After
      starting, the smaller diameter outer conductor may be moved along its
      longitudinal axis until it contacts the power coupling end of the larger
      diameter outer conductor so that the inner conductor and the smaller
      diameter outer conductors form the power coupling conductors during the
      operating mode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electrodeless light sources and, more
      particularly, to such sources which are excited by high frequency power,
      such as in the range of 100 MHz to 300 GHz.
PAR  There have been, historically, three basic methods of exciting discharges
      without electrodes. The first method uses the discharge as a lossy part of
      either the capacitance or inductance of a "tank" circuit. This method is
      used to advantage only at frequencies where the dimensions of the lamp are
      much smaller than the wavelength of excitation. Also, in this method,
      there are power losses due to radiation and shifts in frequency upon
      start-up. A second method of exciting electrodeless lamps with microwave
      power is to place the lamp in the path of radiation from a directional
      antenna. However, since free propagation of microwave power occurs, there
      is an inherent inefficiency and some of the power is scattered, thereby
      endangering persons in the area.
PAR  A third method uses a resonant cavity which contains the lamp, a frequency
      tuning stub and a device for matching the lamp-cavity impedance to that of
      the source and transmission line. Examples of devices according to this
      method may be found in "Microwave Discharge Cavities Operating at 2450
      MHz" by F. C. Fehsenfield et al., Review of Scientific Instruments, Volume
      36, Number 3 (March, 1965). This publication describes several types of
      tunable cavities. In one type, cavity #5, the discharge cavity transfers
      power from the source to the lamp, and the resonant structure of the
      cavity increases the electric field in the gas of the lamp. The presence
      of a discharge in the resonator changes the resonant frequency and also
      changes the loaded Q factor. Therefore, it is necessary to provide both
      tuning (frequency) and matching (impedance) adjustments to obtain
      efficient operation over a wide range of discharge conditions. The tuning
      stub is first adjusted for a minimum reflected power with the minimum
      probe penetration. Next, the probe (impedance) is adjusted. Since these
      two operations are not independent, successive readjustments are required
      to achieve optimum efficiency.
PAR  All of these tunable cavities have features which make them less than
      ideally suited for use in an electrodeless light source. To make cavity
      type systems useful economically, the cavity must be small enough so that
      it would be feasible to use such systems in place of the conventional
      electrode containing lamp. Resonant cavities are too large and must be
      larger if lower microwave frequencies are used. One resonant cavity for
      2450 MHz operation has four inches as its greatest dimension; the size
      would be even larger for operation at 915 MHz which is a standard
      microwave frequency for consumer use, such as with microwave ovens.
      Operation at this lower frequency is also advantageous from the view that
      the greater the frequency the more expensive the microwave power source
      becomes. The known tunable cavity has a less than optimum shape because
      the lamp is substantially enclosed by the resonant cavity housing, thereby
      impeding the transmission of light.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an electrodeless light
      source having an improved lamp holding fixture.
PAR  It is another object to provide a lamp fixture with a switchable
      characteristic impedance so that the fixture has one impedance at the
      starting mode and another impedance during the operation mode.
PAR  It is still another object to provide an electrodeless light source with no
      starting assist devices external to the termination fixture for the lamp.
PAR  According to the present invention, there is provided a termination fixture
      for use in an electrodeless light source which is excited by power at a
      high frequency. More specifically, the fixture includes an inner
      conductor, a first outer conductor disposed around the inner conductor and
      a second outer conductor disposed around the first outer conductor. The
      inner conductor and the second outer conductor have dimensions in cross
      section such that the fixture has a characteristic impedance which
      substantially matches the lamp impedance at starting to the output
      impedance of the power source. During starting only these two conductors
      of the three couple power to the lamp. A device is provided for causing
      only the inner conductor and the first outer conductor to couple power to
      the lamp during the operating mode; these two conductors having dimensions
      in cross section and length to produce a characteristic impedance which
      matches the real part of the lamp operating impedance to the source output
      impedance.
PAR  In a preferred embodiment, the first outer conductor may be moved along its
      longitudinal axis during the operate mode so that it comes into contact
      with the power source coupled end of the second outer conductor. Also, the
      conductors are circular in cross section and concentric with respect to
      each other. The conductor lengths are substantially a quarter wavelength
      long. Various arrangements are described for moving the first outer
      conductor with devices external to the walls of the termination fixture.
      Preferably, the arrangement is a non-conducting member attached to the
      first outer conductor and extending through a longitudinal slot formed in
      the second outer conductor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a sectional view of a lamp holding fixture according to the
      invention wherein the conductors are arranged for use in the lamp starting
      mode;
PAR  FIG. 2 is a view of the embodiment of FIG. 1 with the conductors arranged
      for use in the lamp running or operating mode;
PAR  FIG. 3 is a partial sectional view of an alternative embodiment of a means
      for switching the fixture conductors, the fixture being shown for use in
      the lamp starting mode; and
PAR  FIG. 4 is a view of the embodiment of FIG. 3 with the conductors being
      arranged for use in the lamp running or operating mode.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In an exemplary embodiment of the present invention, as illustrated in
      FIGS. 1 and 2, there is provided a termination fixture, represented
      generally by the reference numeral 10, for use in a high frequency powered
      electrodeless light source. The light source includes an electrodeless
      lamp 12 which has an envelope made of a light transmitting material and a
      fill material enclosed by the envelope, the fill material emitting light
      upon breakdown and excitation. A source of power at a high frequency (not
      shown) couples power to the fixture by way of the input connector 14. As
      used herein, the phrase "high frequency" is intended to include
      frequencies in the range from 100 MHz to 300 GHz. Preferably, the
      frequency is in the ISM band (i.e., Industrial Scientific and Medical
      Band) which ranges from 902 MHz to 928 MHz. In a preferred embodiment, the
      frequency is 915 MHz. One of many commercially available power sources
      which may be used is an Airborne Instruments Laboratory power source, type
      25. One suitable electrodeless lamp 12 which may be used includes a
      quartz, spherical envelope (15 mm ID) and a fill material comprising 9.1
      mg. of mercury and 10 torr of argon. This lamp thus includes a volatile
      fill material which produces light upon breakdown and excitation. Several
      known fill materials may be used for the lamp 12.
PAR  The fixture 10 has an inner conductor 20 having a first end which is
      adapted to be coupled to the source of high frequency power and a second
      end 22 adapted to be in field coupling relationship to the lamp 12.
      Preferably, the inner conductor includes a lamp holding element 23. A
      first outer conductor 26 is disposed around the inner conductor 20. Also,
      a second outer conductor 28 is disposed around the first outer conductor
      26, the second conductor 28 having a first end adapted to be coupled to
      the source of high frequency power. The inner conductor 20 and the second
      outer conductor 28 have dimensions in cross section which are selected to
      produce a characteristic impedance which is effective to initiate
      breakdown in the lamp.
PAR  In accordance with the present invention, means are provided for moving the
      first outer conductor 26 along its longitudinal axis to cause the
      conductor 26 to contact the second outer conductor 28 at the source
      coupled end of the fixture 10. Also, the inner conductor 20 and the first
      outer conductor 26 have dimensions in cross section selected to produce a
      characteristic impedance which matches the real part of the lamp impedance
      during the operative mode to the output impedance of the source.
PAR  In FIGS. 1 and 2 the contacting means includes a pair of non-conducting
      members 32 and 34 which are attached to the first outer conductor 26 and
      which extend through a pair of longitudinal slots 36 and 38 formed in the
      second outer conductor 28. In operation, FIG. 1 illustrates the position
      of the first outer conductor 26 during the starting mode. FIG. 2
      illustrates the position of the first outer conductor 26 for use in the
      operating mode.
PAR  Preferably, the conductors 20, 26 and 28 are circular in cross section and
      concentric with respect to each other. The inner conductor 20 is formed
      with a length L1 as illustrated in FIG. 1; for reasons to be described
      subsequently, this length L1 is preferably equal to one-quarter
      wavelength. A pair of non-conducting support rings 40 and 42 are located
      between the first and second outer conductors 26 and 28 respectively for
      maintaining the conductors concentric with respect to the inner conductor
      20. Also, a dome-shaped member 50 is located over the end of the second
      outer conductor 28, the member 50 being made of a light transmitting
      material 52, and including therein a metallic mesh 54. Similarly, a second
      dome-shaped member 56 is located over the end 22 of the first inner
      conductor 20, the member 56 being made of a light-transmitting material 58
      and including a metallic mesh 60 within the light-transmitting material
      58.
PAR  Referring now to FIGS. 3 and 4, the means for moving the first outer
      conductor 26 includes a conductive sleeve 70 threaded on its inner
      diameter disposed around the smaller diameter outer conductor 26 which is
      threaded to accept the sleeve 70. This sleeve is adapted to rotate in a
      manner such that the sleeve 70 may come into contact with an end member
      72. The sleeve 70 is conductive so that when it contacts the element 72 as
      shown in FIG. 4, the power coupling conductors of the fixture become the
      inner conductor 20 and the first outer conductor 26. One suitable manner
      of rotating the sleeve 70 is to provide a gear assembly which may be
      adjusted externally to the fixture 10.
PAR  The following describes the basic operation of the improved lamp holding
      fixture of the present invention. The basic idea is to provide a method by
      which the fixture may be switched from one characteristic impedance to
      another without disturbing the position or the continuity of the center
      conductor 20 or the overall symmetry of the termination fixture. When
      incorporated as the impedance matching section in a termination fixture,
      this provides sufficient impedance matching to start an electrodeless lamp
      and when switched to another position will provide a nearly perfect match
      to the lamp operating condition. The advantage of this system is that the
      impedance matching is physically closer to the lamp thereby reducing power
      losses associated with standing waves in the line between the lamp during
      the operating state and any external matching network. In addition, this
      invention allows an impedance transformation selection for the starting
      condition which is independent of operating condition impedance matching
      considerations. This results in the capability of producing higher
      voltages at the lamp for easier starting.
PAR  The characteristic impedance of the termination fixture can be determined
      using the following equation:
      ##EQU1##
      Where .epsilon..sub.r = dielectric constant of the medium between the
      conductors
PA1  .mu..sub.r = permeability of the medium between the conductors
PA1  b = inner diameter of the outer conductor
PA1  a = diameter of the inner conductor By changing the value of (b) without
      changing the value of (a) in the termination fixture an altered
      characteristic impedance results. As illustrated in FIGS. 1 and 2, the
      characteristic impedance for the FIG. 1 embodiment is higher than the
      characteristic impedance for the embodiment shown in FIG. 2. It should be
      noted that when the low impedance outer conductor is isolated from the
      high impedance outer conductor it will have no effect on the system. When
      an isolated thin cylindrical conducting surface with a circular cross
      section is positioned coaxially between the inner conductor and the outer
      conductor of a circular-type coaxial line it will have a negligible effect
      on the field configuration in the line. When the first outer conductor 26
      is in use, the high impedance outer conductor or the second outer
      conductor 28 is out of the circuit.
PAR  The following criteria are followed for designing the geometry of the
      termination fixture 10. First, the output impedance of the source is
      determined; in the preferred embodiment the output impedance of the source
      was 50 ohms. Then the impedance of the lamp prior to starting and during
      the operating mode are determined. Conventionally known techniques such as
      measurements of the magnitude and position of voltage standing waves
      provide these impedance values. Knowing these impedance values, one may
      determine what the characteristic impedance of the fixture 10 must be to
      match the lamp impedance to the output impedance of the source. If the
      length of the inner conductor 20 is substantially equal to one-quarter
      wavelength of the applied high frequency power and the effective impedance
      of the lamp Z.sub.L is real, the problem becomes simplified in that the
      equation for determining the characteristic impedance of the fixture
      becomes as follows:
PAR  Where Z.sub.s equals the output impedance of the source
PAR  In its broadest aspect, the present invention contemplates the idea of
      altering the physical geometry of the conductors comprising the
      termination fixture to produce one of two characteristic impedances for
      the lamp for the termination fixture.
PAR  The embodiments of the present invention are intended to be merely
      exemplary and those skilled in the art shall be able to make numerous
      variations and modifications to them without departing from the spirit of
      the present invention. All such variations and modifications are intended
      to be within the scope of the present invention as defined in the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a light source having an electrodeless lamp with an envelope made of
      a light transmitting substance and enclosing a volatile fill material
      which emits light upon breakdown and excitation a termination fixture for
      coupling high frequency power to the lamp including:
PA1  a. an inner conductor having a first end adapted to be coupled to a source
      of high frequency power and a second end adapted to be in field coupling
      relation to the lamp,
PA1  b. a first outer conductor disposed around and insulated from the inner
      conductor,
PA1  c. a second outer conductor disposed around the first outer conductor, the
      second conductor having a first end adapted to be coupled to the source of
      high frequency power, the inner conductor and the second outer conductor
      having dimensions in cross section which are selected to produce a first
      characteristic impedance which is effective to initiate breakdown in the
      lamp, and
PA1  d. means for moving the first outer conductor along its longitudinal axis
      to cause the first outer conductor to contact the second outer conductor
      at the source coupled end, the inner conductor and the first outer
      conductor having dimensions in cross section selected to produce a
      characteristic impedance which matches the lamp impedance during operation
      to the output impedance of the source.
NUM  2.
PAR  2. The fixture according to claim 1, wherein the conductors are circular in
      cross section and concentric with respect to each other.
NUM  3.
PAR  3. The fixture according to claim 2, wherein the contacting means includes
      a non-conducting member attached to the first outer conductor and
      extending through a longitudinal slot formed in the second outer
      conductor.
NUM  4.
PAR  4. The fixture according to claim 1, wherein the contacting means includes
      an internally threaded sleeve disposed around an externally threaded end
      of the first outer conductor, the sleeve being adapted to rotate such that
      the sleeve comes into contact with the source end of the second conductor.
NUM  5.
PAR  5. The fixture according to claim 2 further including non-conducting
      support rings located between the first and second outer conductors for
      maintaining the conductors concentric with respect to the inner conductor.
NUM  6.
PAR  6. The fixture according to claim 2 further including a first dome-shaped
      member located over the end of the second outer conductor, the first
      member being made of a light transmitting material and including a
      metallic mesh within the material.
NUM  7.
PAR  7. The fixture according to claim 6 further including a second dome-shaped
      member located over the end of the first outer conductor, the second
      member being made of a light transmitting material and including a
      metallic mesh within the material.
NUM  8.
PAR  8. The fixture according to claim 1, wherein the high frequency ranges from
      902 MHz to 928 MHz.
NUM  9.
PAR  9. The fixture according to claim 8, wherein the frequency is 915 MHz.
NUM  10.
PAR  10. The fixture according to claim 1 further including the conductors
      having an effective length substantially equal to one quarter wavelength
      long.
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ABST
PAL  An improved termination fixture for an electrodeless light source matches
      the complex impedance of an electrodeless lamp during excitation to the
      output impedance of a high frequency power source coupled to the fixture.
      The inner conductor of the fixture has a first and a second section. The
      dimensions of the first section are such as to produce an input impedance
      whose reactive impedance part is much smaller than the reactive impedance
      part of the lamp impedance. The dimensions of the second section are such
      as to match the input impedance to the source output impedance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electrodeless light source and, more
      particularly, to such sources which are excited by high frequency power,
      such as in the range of 100 MHz to 300 GHz.
PAR  There have been, historically, three basic methods of exciting discharges
      without electrodes. The first method uses the discharge as a lossy part of
      either the capacitance or inductance of a "tank" circuit. This method is
      used to advantage only at frequencies where the dimensions of the lamp are
      much smaller than the wavelength of excitation. Also, in this method,
      there are power losses due to radiation and shifts in frequency upon
      start-up. A second method of exciting electrodeless lamps with microwave
      power is to place the lamp in the path of radiation from a directional
      antenna. However, since free propagation of microwave power occurs, there
      is an inherent inefficiency and some of the power is scattered thereby
      endangering persons in the area.
PAR  A third method uses a resonant cavity which contains the lamp, a frequency
      tuning stub and a device for matching the lamp-cavity impedance to that of
      the source and transmission line. Examples of devices according to this
      method may be found in "Microwave Discharge Cavities Operating at 2450
      MHz" by F. C. Fehsenfield et al., Review of Scientific Instruments, Volume
      36, Number 3, (March, 1965). This publication describes several types of
      tunable cavities. In one type, cavity number 5, the discharge cavity
      transfers power from the source to the lamp, and the resonant structure of
      the cavity increases the electric field in the gas of the lamp. The
      presence of a discharge in the resonator changes the resonant frequency
      and also changes the loaded Q factor. Therefore, it is necessary to
      provide both tuning (frequency) and matching (impedance) adjustments to
      obtain effiecient operation over a wide range of discharge conditions. The
      tuning stub is first adjusted for a minimum reflected power with the
      minimum probe penetration. Next, the probe (impedance) is adjusted. Since
      these two operations are not independent, successive readjustments are
      required to achieve optimum efficiency.
PAR  All of these tunable cavities have features which make them less than
      ideally suited for use in an electrodeless light source. To make cavity
      type systems useful ecomonically, the cavity must be small enough so that
      it would be feasible to use such systems in place of the conventional
      electrode-containing lamp. Resonant cavities are too large and must be
      larger if lower microwave frequencies are used. One resonant cavity for
      2450 MHz operation has 4 inches as its greatest dimension; the size would
      be even larger for operation at 915 MHz which is a standard microwave
      frequency for comsumer use, such as with microwave ovens. Operation at
      this lower frequency is also advantageous from the view that the greater
      the frequency the more expensive the microwave power source becomes. The
      known tunable cavity has a less than optimum shape because the lamp is
      substantially enclosed by the resonant cavity housing, thereby impeding
      the transmission of light.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an improved electrodeless light
      source of the type excited by high frequency power.
PAR  It is another object to provide a light source having a termination fixture
      for holding the lamp in which the fixture design is such as to match the
      complex impedance of the lamp during excitation to the output impedance of
      the power source.
PAR  It is a further object to provide a fixture capable of matching the lamp
      impedance having a reactive impedance part which can be greater than the
      real impedance part without the need for tuning devices which are external
      to the fixture.
PAR  It is an additional object to provide a fixture design which can match the
      lamp complex impedance to the source output impedance by multiple sections
      of different values of characteristic impedance.
PAR  According to the present invention, a light source includes a high
      frequency power source, an electrodeless lamp containing a volatile fill
      material and a termination fixture which is coupled to the source and
      which couples power to the lamp. The fixture has an inner conductor and a
      outer conductor disposed around the inner conductor. The fixture has at
      least two impedance matching sections. The lengths and values of
      characteristic impedance of these sections are selected to match the
      complex impedance of the lamp to the output impedance of the source.
PAR  Preferably, where the lamp reactive impedance part is greater than the real
      impedance part, the first section is adjacent to the lamp, and the
      conductors have dimensions such as to transform the reactive impedance
      part of the lamp impedance to a low value at the input to the first
      section. In the second section, the conductors have dimensions effective
      to match the input impedance of the first section to the output impedance
      of the source. By dividing the fixture into two sections, the fixture
      dimensions are compatible with desirable features of the fixture other
      than for impedance matching, while at the same time an impedance match is
      provided where the lamp impedance has a large reactive impedance part.
      More importantly, a multiple section fixture can provide impedance
      matching for values of lamp impedance which can not be impedance matched
      with a single section of a uniform characteristic impedance.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a block diagram illustrating major components of the light source
      according to the present invention;
PAR  FIG. 2 is a partial sectional view of the termination fixture according to
      the present invention wherein the inner conduction has two sections of
      different dimensions in cross section; and
PAR  FIG. 3 is a preferred embodiment of a termination fixture in which the
      sections have lengths of .lambda./8 and .lambda./4.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In an exemplary embodiment of the present invention, as shown in FIG. 1, 2
      and 3, a light source, indicated by the reference numeral 10, includes a
      source 12 of power at a high frequency, an electrodeless lamp 14 and a
      termination fixture 16 coupled to the source, such as by a transmission
      cable 18. As used herein, the phrase "high frequency" is intended to
      include frequencies in the range generally from 100 MHz to 300 GHz.
      Preferably, the frequency is in the ISM band (i.e., industrial, scientific
      and medical band) which ranges from 902 MHz to 928 MHz. In the preferred
      embodiments, the frequency used was 915 MHz. One of many commercially
      available power sources which may be used is an Airborne Instruments
      Laboratory Power Signal Source, type 125. The lamp 14 has an envelope made
      of a light transmitting substance, such as quartz. The envelope encloses a
      volatile fill material which produces a light emitting discharge upon
      excitation. The lamp envelope may have several configurations, such as
      being spherical in shape, as shown in FIG. 2 and 3, or being cylindrical
      in shape. Several known fill materials may be used, such as effective
      amounts of mercury and argon to produce a high pressure discharge. One
      suitable lamp is a spherical quartz envelope (15 mm ID) and a fill
      material having 9.1 mg mercury and 10 torr of argon. The lamp and coupling
      scheme 14 is of the type which has a complex impedance while operating.
      This impedance is designated Z.sub.L and is equal to R .+-. j X, where R
      is the arc resistance and .+-. j X is the reactive part of the impedance
      of the lamp. Most often, the reactive components or imaginary part is
      negative (capacitive) and generally X is greater than R. One main feature
      of the present invention is matching the output impedance of the source to
      the lamp impedance when the lamp's reactive impedance is quite high and/or
      when the real impedance part is less than the output impedance of the
      source.
PAR  In practicing the invention, the complex impedance of the lamp in a fully
      operational or excited state must first be determined. This is
      accomplished by several known measuring techniques, such as by noting
      position and magnitude of voltage standing waves along a power coupling
      line of known characteristic impedance or by using a network analyzer,
      such as the Hewlett Packard HP84105 System.
PAR  The termination fixture 16, as shown in FIGS. 2 and 3, has inner conductor
      20 and an outer conductor 22 disposed around the inner conductor 20. These
      conductors have a first end, represented at 24, which is in field coupling
      relation to the lamp and a second end 26 which is coupled to the source
      12. The outer conductor may have a screen 30 disposed over the first end
      24.
PAR  In accordance with the present invention, the conductors 20 and 22 have a
      first section, designated L.sub.1, which extends from the first end 24 to
      a junction 32. In the first section L.sub.1, the conductors 20 and 22 have
      dimensions in cross section and length which are selected to provide an
      input impedance, as viewed toward the lamp from the junction 32 which has
      a reactive impedance part which is substantially lower than the reactive
      impedance part of the lamp 14 while operating. Further, the fixture 16 has
      a second section L.sub.2 extending from the second end 26 to the junction
      32. In this section L.sub.2, the conductors have dimensions in length and
      cross section which are selected to match the junction input impedance to
      the output impedance of the source 12.
PAR  The above-mentioned requirements are carried out as follows: First the
      general equation for a real input impedance (Z.sub.1) at junction 32 for a
      given lamp impedance is as follows:
      ##EQU1##
      Where R = the arc resistance of the lamp during excitation
PA1  X = the reactive impedance of the lamp during operation held at the end of
      the inner conductor
PA1  .beta. = 2.pi./.lambda.
PA1  l.sub.1 = the length of the section L.sub.1
PA1  .lambda. = the wavelength for the high frequency power which is applied
PA1  Zc.sub.1 = the characteristic impedance for the first section
PAL  For a given R and X a length and characteristic impedance is chosen which
      reduces the reactive impedance (X.sub.1) as given by (1) to a value
      substantially lower than X. Then for this value of Z.sub.1, a length
      (l.sub.2) and a characteristic impedance Zc.sub.2 for the second section
      L.sub.2 is determined by the following equation:
      ##EQU2##
      Where Z.sub.s = the impedance of the source
PA1  Zc.sub.2 = the characteristic impedance of the second section
PA1  l.sub.2 = the length of the section L.sub.2
PAL  The characteristic impedance is defined in terms of the dimensions of the
      section in terms of its cross section. In the preferred embodiments, the
      conductors are circular in cross section and disposed concentrically with
      respect to each other. For such a case, Zc.sub.1 or Zc.sub.2 is determined
      by the following expression.
      ##EQU3##
      Where .epsilon..sub.r = dielectric constant of the medium between the
      conductors
PA1  .mu..sub.r = permeability of the medium between the conductors
PA1  b = inner diameter of the outer conductor
PA1  a = diameter of the inner conductor
PAL  Thus, the characteristic impedance Zc is a function of the ratio of
      conductor diameters. In the preferred embodiments, the proper ratio is
      obtained by keeping (b) constant and selecting an (a) which provides the
      proper value of Zc. This gives the fixture a uniform external appearance.
      However, it is to be understood that the proper ratio could be obtained by
      varying (b) over the sections L.sub.1 and L.sub.2 and either maintaining a
      uniform external appearance by varying the outer conductor thickness or
      obtaining a non-uniform external appearance by maintaining a constant
      outer conductor thickness.
PAR  Referring again to FIG. 2, the junction 32 is preferably tapered to provide
      a smooth transition between the smaller and larger diameter sections of
      the inner conductor. Also, the fixture 16 may include a capacitor 40
      connected across the conductors at the second end 26. This capacitor may
      be used for fine tuning the value of the reactive impedance of the fixture
      input impedance. Preferably, the first section L.sub.1 has a length
      ranging from zero to a quarter wavelength.
PAR  Referring now to FIG. 3, an embodiment is illustrated in which the first
      section L.sub.1 has a length of an eighth wavelength, and the second
      section has a length of a quarter wavelength. Making L.sub.1 equal to
      .lambda./8 provides a low value for both Z.sub.1 at junction 32 and Zc for
      the first section. For such a length Z.sub.1 and Zc.sub.1 in equations (1)
      and (2), respectively, reduce the following:
      ##EQU4##
EQU  Zc.sub.1 = (R.sup.2 + X.sup.2).sup.1/2
PAR  The function of the quarter wave section L2 is then to transform the real
      impedance Z.sub.1 at the junction 32 to the output impedance of the source
      12. To do this, the second section L2 must have a characteristic impedance
      Zc.sub.2 of (Z.sub.1 Z.sub.s).sup.1/2 where Z.sub.s equals the output
      impedance of the source.
PAR  There are several advantages of the termination fixture illustrated in
      FIGS. 2 and 3. First of all, the fixture provides a good impedance match
      and good power transfer from the coupled power source, such as by way of
      the coaxial cable 18, to a high frequency discharge light source having a
      complex impedance. Also, the fixture provides complete matching within the
      fixture without the need for an external tuner. Lastly, the fixture
      reduces the power loss.
PAR  If desired, fine tuning elements of various types may be used to accomodate
      various lamp types and variations in mechanical dimensions. A starting
      device, such as a UV source, may be used to assist in starting the lamp.
PAR  The embodiment illustrated in FIG. 2 and 3 may be used with several types
      of lamp geometries and fill materials. For example, one suitable lamp has
      a cylindrical shaped quartz envelope having a length 15 mm., an outer
      diameter of 5 mm and with a wall thickness of 1 mm. The fill material may
      comprise mercury and argon with additives of either ScI and NaI.sub.3 or
      NbOB.sub.3. Another lamp has a spherically shaped quartz envelope of 15 mm
      diameter. In this configuration, the fill material was mercury and argon
      with additives of either niobium oxybromide or tin iodide. With such
      lamps, good results are obtained, with less than 1% power reflected from
      the fixture in some cases. Both lamp configurations may be brought to a
      perfect match (&lt;1% power reflected) by the use of fine tuning elements. It
      was noted that, although different conductor geometries were required for
      different lamp fills, within the same group, the same fixture worked
      extremely well for all the lamps. Also, the fixture matches to the lamp
      over a wide power range.
PAR  The embodiments of the present invention are intended to be merely
      exemplary and those skilled in the art shall be able to make numerous
      modifications and variations of them without departing from the spirit of
      the present invention. All such variations and modifications are intended
      to be included within the scope of the invention as described within the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A light source including,
PA1  a. a source of power at a high frequency,
PA1  b. an electrodeless lamp having an envelope made of a light transmitting
      substance, the envelope enclosing a volatile fill material which emits
      light upon breakdown and excitation, the lamp having a complex impedance
      in the operating condition; and
PA1  c. a termination fixture coupled to the source, the fixture having an inner
      conductor and an outer conductor disposed around the inner conductor, the
      conductors, having a first end which couples power to the lamp and a
      second end which is coupled to the source, the fixture having at least
      first and second sections of different values of characteristic impedance,
      the values of characteristic impedance and the lengths of the sections
      being selected to match the complex impedance of the lamp in the operating
      condition to the output impedance of the source.
NUM  2.
PAR  2. The light source according to claim 1, wherein the complex impedance of
      the lamp has a reactive impedance part which is greater than the real
      impedance part and wherein the first section extends from the first end to
      a junction in which the dimensions in cross section and in length of the
      conductors are selected to provide a junction input impedance which has a
      reactive impedance part which is a substantially lower than the reactive
      impedance part of the lamp in the operating condition and the second
      section extends from the second end to the junction, the second section
      having dimensions in length and cross section which are selected to match
      the junction input impedance to the output impedance of the source.
NUM  3.
PAR  3. The light source according to claim 2, wherein the dimension in cross
      section of the outer conductor is constant throughout the first and second
      sections.
NUM  4.
PAR  4. The light source according to claim 3, wherein the dimension in cross
      section of the inner conductor at the first section is smaller than the
      dimension in cross section of the inner conductor at the second section.
NUM  5.
PAR  5. The light source according to claim 1, wherein the conductors are
      circular in cross section and are disposed concentrically with respect to
      each other.
NUM  6.
PAR  6. The light source according to claim 1, wherein the dimension in length
      of the first section ranges from zero to one quarter wavelength.
NUM  7.
PAR  7. The light source according to claim 5, wherein the dimension in length
      of the first section is one eighth wavelength thereby producing a junction
      input impedance having only a real impedance part.
NUM  8.
PAR  8. The light source according to claim 7, wherein the dimension in length
      of the second section is equal to one quarter wavelength.
NUM  9.
PAR  9. The light source according to claim 4, wherein the inner conductor is
      circular in cross section and wherein the inner conductor is tapered at
      the junction.
NUM  10.
PAR  10. The light source according to claim 2 wherein the reactive impedance of
      the lamp is capacitive and further including a capacitor connected across
      the conductors at the second end for fine tuning the matching of the
      fixture input impedance to the output impedance of the source.
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PAL  A termination fixture for use in an electrodeless light source has an input
      impedance which is matched to the output impedance of a high frequency
      power source, even though the lamp which forms the termination for the
      fixture has a complex impedance when the lamp is in an excited state. The
      fixture has a pair of coaxial conductors of at least a quarter wavelength,
      the conductors being coupled to the source at one end and to the lamp at
      the other end. The conductors are shaped to create an impedance which
      matches the real component of the lamp impedance to the source impedance.
      A capacitor is formed across the inner and outer conductors at the source
      coupled end to compensate for the series capacitive reactance part of the
      lamp impedance at the lamp coupled end of the conductors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electrodeless light sources and, more
      particularly, to such sources which are excited by high frequency power,
      such as in the range of 100 MHz to 300 GHz.
PAR  There have been, historically, three basic methods of exciting discharges
      without electrodes. The first method uses the discharge as a lossy part of
      either the capacitance or inductance of a "tank" circuit. This method is
      used to advantage only at frequencies where the dimensions of the lamp are
      much smaller than the wavelength of excitation. Also, in this method,
      there are power losses due to radiation and shifts in frequency upon
      start-up. A second method of exciting electrodeless lamps with microwave
      power is to place the lamp in the path of radiation from a directional
      antenna. However, since free propagation of microwave power occurs, there
      is an inherent inefficiency and some of the power is scattered, thereby
      endangering persons in the area.
PAR  A third method uses a resonant cavity which contains the lamp, a frequency
      tuning stub and a device for matching the lamp-cavity impedance to that of
      the source and transmission line. Examples of devices according to this
      method may be found in "Microwave Discharge Cavities Operating at 2450
      MHz" by F. C. Fehsenfield et al., Review of Scientific Instruments, Volume
      36, No. 3, (March, 1965). This publication describes several types of
      tunable cavities. In one type, cavity No. 5, the discharge cavity
      transfers power from the source to the lamp, and the resonant structure of
      the cavity increases the electric field in the gas of the lamp. The
      presence of a discharge in the resonator changes the resonant frequency
      and also changes the loaded Q factor. Therefore, it is necessary to
      provide both tuning (frequency) and matching (impedance) adjustments to
      obtain efficient operation over a wide range of discharge conditions. The
      tuning stub is first adjusted for a minimum reflected power with the
      minimum probe penetration. Next, the probe (impedance) is adjusted. Since
      these two operations are not independent, successive readjustments are
      required to achieve optimum efficiency.
PAR  All of these tunable cavities have features which make them less than
      ideally suited for use in an electrodeless light source. To make cavity
      type systems useful economically, the cavity must be small enough so that
      it would be feasible to use such systems in place of the conventional
      electrode containing lamp. Resonant cavities are too large and must be
      larger if lower microwave frequencies are used. One resonant cavity for
      2450 MHz operation has four inches as its greatest dimension; the size
      would be even larger for operation at 915 MHz which is a standard
      microwave frequency for consumer use, such as with microwave ovens.
      Operation at this lower frequency is also advantageous from the view that
      the greater the frequency the more expensive the microwave power source
      becomes. The known tunable cavity has a less than optimum shape because
      the lamp is substantially enclosed by the resonant cavity housing, thereby
      impeding the transmission of light.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved
      electrodeless light source.
PAR  It is another object of the present invention to provide a termination
      fixture for an electrodeless lamp wherein the fixture impedance may be
      adjusted so that several different lamps may be run efficiently in a
      single fixture and any lamp may be run efficiently over a wide range of
      input power.
PAR  It is still another object of the present invention that the impedance
      matching be accomplished internally to the termination fixture by an
      adjusting element accessible from the exterior of the fixture.
PAR  According to the present invention, a source of high frequency power is
      coupled to a termination fixture which in turn couples high frequency
      power to an electrodeless lamp of the type having an envelope made of a
      light transmitting material and a fill material which emits light upon
      excitation. The termination fixture has an inner conductor and an outer
      conductor disposed around the inner conductor. The first ends of the
      conductors are coupled to the lamp so that the lamps forms a termination
      load for the fixture, and the second ends of the conductors are coupled to
      the source of high frequency power. The conductors have a length
      preferably of one quarter wavelength and have dimensions in cross-section
      such that the fixture characteristic impedance mathces the real component
      of the lamp impedance to the output impedance of the source (i.e., Z.sub.C
      = .sqroot.R.sub.S . R.sub.L, where R.sub.S = source impedance and R.sub.L
      = real part of load impedance). The fixture further includes a reactive
      impedance matching device disposed in the region between the conductors
      preferably one quarter wavelength from the lamp for compensating for the
      reactive part of the lamp impedance. The device must have a reactance
      X.sub.M = R.sub.S . R.sub.L /X.sub.L where X.sub.L is the imaginary part
      of the load impedance. Thus, the input impedance of the fixture during
      lamp excitation is matched to the output impedance of the source. A higher
      impedance fixture can be used (i.e., Z.sub.C &gt;  .sqroot.R.sub.S .
      R.sub.L); in this case a shorter fixture, less than a quarter wavelength,
      is required.
PAR  Usually, the reactive impedance of the lamp is capacitive, and the reactive
      impedance matching device is a capacitor since the quarter wavelength
      fixture converts the capacitive lamp impedance to an inductive impedance
      at that point. Several preferred types of capacitors may be used.
      Preferably, the capacitors are adjustable externally to the fixture so
      that a given fixture may be used to excite many types of lamps or any
      given lamp over a wide range of input power even though the lamp impedance
      varies with input power.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a block diagram of the light source in accordance with the
      present invention;
PAR  FIG. 2 is an equivalent circuit for the lamp and fixture when the lamp is
      excited;
PAR  FIG. 3 is an equivalent circuit for the termination fixture at a location
      one quarter wavelength from the lamp;
PAR  FIG. 4 is an equivalent circuit in which a parallel capacitor is used one
      quarter wavelength from the lamp to match the quarter wave transformed
      capacitive impedance of the lamp;
PAR  FIG. 5 is a partial sectional view of one embodiment of a termination
      fixture having a parallel, fixed value capacitor for impedance matching;
PAR  FIG. 6 is a partial sectional view of an alternative embodiment of a
      termination fixture in which the value of the capacitance is adjustable;
PAR  FIG. 7 is a sectional view of the embodiment in FIG. 6 taken along lines
      A--A;
PAR  FIG. 8 is a partial sectional view of another alternative embodiment of a
      termination fixture;
PAR  FIG. 9 is a plan view of the termination fixture in FIG. 8 with some
      portions removed;
PAR  FIG. 10 is a partial sectional view of still another alternative embodiment
      of a termination fixture having an adjustable high Q capacitor;
PAR  FIG. 11 is a partial sectional view of an additional alternative embodiment
      of a termination fixture having an adjustable iris; and
PAR  FIG. 12 is a partial sectional view of a further alternative embodiment of
      a termination fixture having an impedance matching capacitor.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  One preferred range of frequencies is the industrial, scientific and
      medical (ISM) band ranging from 902 MHz to 928 MHz. The frequency which
      was found preferable within this ISM band is 915 MHz.
PAR  The lamp 14 has an envelope made of a light transmitting material, such as
      quartz, and a volatile fill material within the envelope, the fill
      material emitting light upon breakdown and excitation. Several known lamp
      compositions may be used, the following being examples.
PAC  EXAMPLE I
PAR  Fill Material
PA1  9.1 mg. of mercury
PA1  10 torr of argon
PAR  Envelope
PA1  Quartz sphere having a 15 mm. ID
PAC  EXAMPLE II
PAR  Fill Material
PA1  8.9 mg. of mercury
PA1  1.5 mg. of ScI.sub.3
PA1  1.7 mg. NaI
PA1  20 torr of argon
PAR  Envelope
PA1  Quartz sphere having a 15 mm. ID
PAC  EXAMPLE III
PAR  Another contemplated fill material is 2 or 3 atoms of sodium for each
      mercury atom to yield under operating conditions 200 torr sodium partial
      pressure and about 1,000 torr mercury partial pressure. The envelope is a
      material which is resistant to sodium such as translucent A1.sub.2
      0.sub.3.
PAR  In accordance with the present invention, the termination fixture, such as
      in FIG. 5, includes an inner conductor 20 and an outer conductor 22
      disposed around the inner conductor. The upper or first ends of these
      conductors are coupled to the lamp so that the lamp 14 forms the
      termination load for the fixture. The lower or second ends of the
      conductors are coupled to the source 12 such as with a connector,
      represented generally by the reference numeral 24. The conductors 20 and
      22 have dimensions in length and cross-section such that the fixture 16
      has an impedance which matches the real component of the complex impedance
      of the lamp during excitation to the output impedance of the source 12. In
      the preferred embodiments, these dimensions are a length of one quarter
      wavelength and cross-sections of circular, concentric shape whose
      diameters are determined by the following formula:
      ##EQU1##
      where Z.sub.C = the characteristic impedance of the fixture
PA1  R.sub.s = the source impedance
PA1  R.sub.l = real part of the load impedance
PA1  .epsilon..sub.r = dielectric constant of the medium between the conductors
PA1  .mu..sub.r = permeability of the medium between the conductors
PA1  b = inner diameter of the outer conductor
PA1  a = diameter of the inner conductor
PAL  However, it should be understood that other dimensions are possible which
      obtain the same result. The fixture 16 further includes a reactive
      impedance device in the region between the conductors near the lower end
      for compensating for the reactive part of the lamp complex impedance. By
      this device, the output impedance of the fixture 16 during the excited
      state of the lamp 14 is matched to the impedance of the coupled source 12.
PAR  FIGS. 5 through 12 illustrate various embodiments of the present invention
      in which the termination fixture provides complex impedance matching. The
      purpose of this invention is to provide better coupling to a wide variety
      of lamps when used with the same termination fixture. When, as is usually
      the case, the reactive impedance of the lamp is capacitive, the reactive
      impedance device at the input of the fixture consists of a small capacitor
      in parallel at the fixture input. This capacitor allows the fixture to be
      used for several lamps or for one lamp over a large range of input power.
PAR  When a quarter wave termination fixture is used, the input impedance to the
      fixture is usually not the same as that of the characteristic impedance of
      the source 12 illustrated in FIG. 1. FIG. 2 illustrates basically the
      electrical circuit of the quarter wave termination fixture. The load,
      which is the lamp in the excited state, is termed Z.sub.L and equals
      R.sub.L - j X.sub.L, where R.sub.L is the arc resistance and - j X.sub.L
      is the net capacitive reactive impedance of the lamp. FIG. 3 is an
      equivalent circuit of the termination fixture as viewed from the input.
      The input impedance is Z.sub.i and is equal to R.sub.i + j X.sub.i, where
      R.sub.i is the real component of the fixture impedance which is equal to
      the characteristic impedance of the source and j X.sub.i is the inductive
      component of the fixture input impedance. This inductive component arises
      because the lamp impedance has a negative capacitive component and the
      quarter wave fixture transforms this component to a positive inductive
      value. As illustrated in FIG. 4, a parallel capacitor of an appropriate
      value at the input of the fixture cancels this inductive component. With
      the addition of this capacitive reactance (-j X.sub.c) at the input in
      FIG. 4, the input impedance is as follows:
      ##EQU2##
      If X.sub.c = R.sub.i.sup.2 /X.sub.i + X.sub.i, the input impedance will
      have only a real component.
PAR  At the high frequencies which are used in this light source, such as the
      ISM band of microwave frequencies, a very small capacitor of several
      picofarads provides sufficient capacitive reactance.
PAR  In FIG. 5, the capacitor comprises a conductive washer 70 which is disposed
      around the inner conductor 20 and a dielectric washer 72 disposed around
      the inner conductor 20 and between the conductive washer 70 and the outer
      conductor 22. Among the suitable materials which may be used as the
      dielectric wahser 72 are mylar, kapton, and mica. In FIG. 5, the
      conductive washer 70 has a fixed position and provides a constant
      capacitive reactance. The outer conductor 22 has a fixture end wall 74
      connected thereto and the dielectric material forms an insulation between
      the conductive washer 70 and the fixture end wall 74. When it is desired
      to use this termination fixture for different types of lamps or the same
      lamp but at a different power range, different washers and thicknesses of
      dielectric materials are selected to effect a perfect impedance match.
PAR  FIGS. 6-12 illustrate another preferred form of this invention in which the
      capacitance is tunable so that an impedance match may be obtained for the
      fixture input impedance during various lamp operating conditions and for
      different types of electrodeless lamps. In FIGS. 6 to 9, the tuning device
      comprises forming internal threads 76 on the conductive washer 70 and
      matching external threads 78 on the inner conductor 20 so that the
      position of the washer along the length of the inner conductor 20 may be
      adjusted by rotating the conductive washer 70. The termination fixture
      also preferably includes a device which is suitable for rotating the
      washer 70 but being operable externally to the fixture. In FIGS. 6 and 7,
      this device includes a flexible element 80, such as a belt or cord, which
      is disposed in a concave portion 82 of the periphery of the conductive
      washer 70. The cord 80 extends through a pair of apertures 84 and 86 which
      are formed in the outer conductor 22 so that motion of the cord in the
      direction of arrows 90 produces rotation of the conductive washer 70.
PAR  FIGS. 8 and 9 illustrate an alternative embodiment of a device for rotating
      the conductive washer 70, this device being a gear assembly represented
      generally by the reference numeral 92. The gear assembly 92 may include a
      worm gear 94 which engages external threads 96 formed on the periphery of
      the conductive washer 70. The gear 94 is affixed to a shaft 95 which is
      disposed through a pair of apertures 98 and 100 in the outer conductor 22.
      The gear assembly may preferably include a tuning element 102 which when
      rotated about the shaft 95 causes a movement of the conductive element 70
      in one direction of the arrows 104 in FIG. 8.
PAR  Referring now to FIG. 10, the capacitive device may also include an
      externally tunable ceramic high Q capacitor 106. A tuning element 108
      permits the capacitor 106 to be adjusted to the proper value. One suitable
      capacitor is Johanson No. 5202 (0.8 to 8 pFd). FIG. 11 illustrates another
      preferred embodiment in which the capacitive device includes an adjustable
      iris 110 between the inner and outer conductors 20 and 22, respectively.
      Also, as illustrated in FIG. 12, the capacitive device may also include a
      sliding washer 112 which can be moved axially and is disposed around the
      inner conductor 20. The washer 112 is preferably made of a high dielectric
      constant material.
PAR  The embodiments of the present invention are intended to be merely
      exemplary and those skilled in the art shall be able to make numerous
      variations and modifications to them without departing from the spirit of
      the present invention. All such variations and modifications are intended
      to be within the scope of the present invention as defined in the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A light source including:
PA1  a. a source of power at a high frequency,
PA1  b. an electrodeless lamp having an envelope made of a light transmitting
      material and a volatile fill material within the envelope, the fill
      material emitting light upon breakdown and excitation, and
PA1  c. a termination fixture coupled to the source, the fixture including an
      inner conductor and an outer conductor disposed around the inner
      conductor, the first ends of the conductors being coupled to the lamp so
      that the lamp forms a termination load for the fixture, the second ends of
      the conductors being coupled to the source, the conductors having
      dimensions in length and cross section such that the fixture impedance
      matches the real component of the complex impedance of the lamp during
      excitation to the output impedance of the source, the fixture further
      including a reactive impedance device disposed in the fixture in the
      region between the conductors near the second end for compensating for the
      reactive part of the lamp complex impedance, whereby the input impedance
      of the fixture during the excited state of the lamp is matched to the
      impedance of the coupled source.
NUM  2.
PAR  2. The source according to claim 1 wherein the inner conductor has a length
      of one quarter wavelength.
NUM  3.
PAR  3. The source according to claim 1 wherein the reactive impedance of the
      lamp is capacitive and the reactive impedance of the matching device is
      capacitive.
NUM  4.
PAR  4. The source according to claim 3 wherein the capacitor comprises a fixed
      conductive plate disposed around the inner conductor and a fixed
      dielectric plate disposed around the inner conductor and between the
      conductive plate and the outer conductor.
NUM  5.
PAR  5. The source according to claim 3 further including means for tuning the
      capacitance to match the fixture input impedance during various lamp
      operating conditions and for several different types of electrodeless
      lamps.
NUM  6.
PAR  6. The source according to claim 5 wherein the capacitance includes a
      conductive plate disposed around the inner conductor and a dielectric
      plate disposed around the inner conductor and between the conductive plate
      and the outer conductor and wherein the tuning means includes forming
      internal threads on the conductive plate and matching external threads on
      the inner conductor so that the position of the plate along the length of
      the inner conductor may be adjusted by rotating the conductive plate.
NUM  7.
PAR  7. The source according to claim 6 further including means operable
      externally to the fixture for rotating the plate.
NUM  8.
PAR  8. The source according to claim 7 wherein the rotating means includes a
      flexible element disposed in a concave portion of the periphery of the
      conductive plate, the flexible element extending through a pair of
      apertures formed in the outer conductor so that motion of the flexible
      element produces a rotation of the conductive plate.
NUM  9.
PAR  9. The source according to claim 7 wherein the rotating means includes a
      gear assembly.
NUM  10.
PAR  10. The source according to claim 9 wherein the gear assembly includes a
      worm gear engaging external threads on the periphery of the conductive
      plate, the gear being affixed to a shaft disposed through a pair of
      apertures in the outer conductor.
NUM  11.
PAR  11. The source according to claim 3 wherein the capacitive device includes
      an externally tunable, high Q capacitor connected directly between the
      inner and outer conductors.
NUM  12.
PAR  12. The source according to claim 3 wherein the capacitor includes an
      adjustable iris between the inner and outer conductors.
NUM  13.
PAR  13. The source according to claim 3 wherein the capacitive device includes
      a slidable washer which is adjustable to positions along the length of the
      inner conductor and is disposed around the inner conductor, the washer
      being made of a high dielectric constant material.
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PAL  A termination fixture for exciting an electrodeless lamp with high
      frequency power matches a capacitive complex impedance of the lamp in an
      excited state to the output impedance of the high frequency source coupled
      to the fixture. The fixture has a pair of coaxial conductors which have a
      length of one quarter wavelength and which have a ratio of diameters
      effective to match the real impedance of the lamp to the impedance of the
      source. A helical coil couples the end of the inner conductor to the lamp.
      The purpose of the coil is to make the impedance of the lamp, as viewed,
      electrically, from the end of the inner conductor appear as having only
      the real component. The quarter wave fixture then matches the real
      impedance to the source impedance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electrodeless light sources and, more
      particularly, to such sources which are excited by high frequency power,
      such as in the range of 100 MHz to 300 GHz.
PAR  There have been, historically, three basic methods of exciting discharges
      without electrodes. The first method uses the discharge as a lossy part of
      either the capacitance or inductance of a "tank" circuit. This method is
      used to advantage only at frequencies where the dimensions of the lamp are
      much smaller than the wavelength of excitation. Also, in this method,
      there are power losses due to radiation and shifts in frequency upon
      start-up. A second method of exciting electrodeless lamps with microwave
      power is to place the lamp in the path of radiation from a directional
      antenna. However, since free propagation of microwave power occurs, there
      is an inherent inefficiency and some of the power is scattered thereby
      endangering persons in the area.
PAR  A third method uses a resonant cavity which contains the lamp, a frequency
      tuning stub and a device for matching the lamp-cavity impedance to that of
      the source and transmission line. Examples of devices according to this
      method may be found in "Microwave Discharge Cavities Operating at 2450
      MHz" by F. C. Fehsenfield et al., Review of Scientific Instruments, Volume
      36, Number 3, (March, 1965). This publication describes several types of
      tunable cavities. In one type, cavity 5, the discharge cavity transfers
      power from the source to the lamp, and the resonant structure of the
      cavity increases the electric field in the gas of the lamp. The presence
      of a discharge in the resonator changes the resonant frequency and also
      changes the loaded Q factor. Therefore, it is necessary to provide both
      tuning (frequency) and matching (impedance) adjustments to obtain
      efficient operation over a wide range of discharge conditions. The tuning
      stub is first adjusted for a minimum reflected power with the minimum
      probe penetration. Next, the probe (impedance) is adjusted. Since these
      two operations are not independent, successive readjustments are required
      to achieve optimum efficiency.
PAR  All of these tunable cavities have features which make them less than
      ideally suited for use in an electrodeless light source. To make cavity
      type systems useful economically, the cavity must be small enough so that
      it would be feasible to use such systems in place of the conventional
      electrode-containing lamp. Resonant cavities are too large and must be
      larger if lower microwave frequencies are used. One resonant cavity for
      2450 MHz operation has four inches as its greatest dimension; the size
      would be even larger for operation at 915 MHz which is a standard
      microwave frequency for consumer use, such as with microwave ovens.
      Operation at this lower frequency is also advantageous from the view that
      the greater the frequency the more expensive the microwave power source
      becomes. The known tunable cavity has a less than optimum shape because
      the lamp is substantially enclosed by the resonant cavity housing, thereby
      impeding the transmission of light.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an electrodeless light source is
      provided in which the problems previously mentioned have been overcome.
      The light source includes a termination fixture which is coupled to a
      source of high frequency power. The fixture has an inner conductor and an
      outer conductor disposed around the inner conductor. These conductors have
      lengths of a quarter wavelength and cross-sectional dimensions selected to
      produce a fixture characteristic impedance which matches the real
      component of the complex impedance of an electrodeless lamp, which forms a
      termination to the conductors, to the impedance of the coupled source. The
      fixture includes a reactive impedance device which is coupled between the
      outer end of the inner conductor and the lamp. This device compensates for
      the reactive component of the complex impedance of the termination when
      the lamp is in the excited state. Usually, the reactive component of the
      lamp impedance is capacitive so that the compensating device is an
      inductance in series between the inner conductor and the lamp. Preferably,
      the inductance is a helical coil.
PAR  In the present invention, it is possible to obtain a perfect impedance
      match, despite the load impedance being complex. The compensating coil
      reduces fixture losses since the largest standing waves are confined to
      the lamp-coupler region. Also, the coil is a high thermal resistance
      element by virtue of its length and cross-section, thus reducing heat
      conduction losses from the lamp.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a block diagram of an improved electrodeless light source
      according to the present invention;
PAR  FIG. 2 is a diagram of the quarter wavelength fixture and illustrating the
      lamp arc in the excited state and various components involved in
      determining impedance quantities in the fixture and lamp combination;
PAR  FIG. 3 is a diagram illustrating the various values of capacitance which
      are associated with the lamp and the fixture during excitation;
PAR  FIG. 4 is a schematic diagram of an equivalent circuit for the lamp at the
      location of the lamp when the lamp is excited;
PAR  FIG. 5 is a diagram of an embodiment of a center conductor termination
      fixture having a helical coil to balance the capacitive reactance
      illustrated in FIGS. 3 and 4;
PAR  FIG. 6 is a diagram of an alternative embodiment of a helical coil which
      closes upon itself; and
PAR  FIG. 7 is a diagram of another alternative embodiment of a helical coil
      which terminates in a lamp holding device.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In an exemplary embodiment of the present invention, as shown in FIGS. 1, 2
      and 5, a light source, indicated by the reference numeral 10, includes a
      source 12 of power at a high frequency, an electrodeless lamp 14 and a
      termination fixture 16 coupled to the source, such as by a transmission
      cable 18. As used herein, the phrase "high frequency" is intended to
      include frequencies in the range generally from 100 MHz to 300 GHz.
      Preferably, the frequency is in the ISM band (i.e., industrial, scientific
      and medical band) which ranges from 902 MHz to 928 MHz. In the embodiment
      of FIG. 2, the frequency used was 915 MHz. One of many commercially
      available power sources which may be usd is an Airborne Instruments
      Laboratory Power Signal Source, type 125. The lamp 14 has an envelope made
      of a light transmitting substance, such as quartz. The envelope encloses a
      volatile fill material which produces a light emitting discharge upon
      excitation. The following are specific examples of lamps and fill
      materials which may be used.
PAC  EXAMPLE I
PAR  Fill Material
PA1  9.1 mg. of mercury
PA1  10 torr of argon
PAR  Envelope
PA1  Quartz sphere having a 15 mm. ID
PAC  EXAMPLE II
PAR  Fill Material
PA1  8.9 mg. of mercury
PA1  1.5 mg. of Sc I.sub.3
PA1  1.7 mg. NaI
PA1  20 torr of argon
PAR  Envelope
PA1  Quartz sphere having a 15 mm. ID
PAC  EXAMPLE III
PAR  Another fill material is 2 or 3 atoms of sodium for each mercury atom to
      yield under operating conditions 200 torr sodium partial pressure and
      about 1,000 torr mercury partial pressure. The envelope is a material
      which is resistant to sodium such as translucent A1.sub.2 O.sub.3.
PAR  The fixture 16 (FIG. 2) has an inner conductor 20 and an outer conductor 22
      around the inner conductor. In the preferred embodiment, the conductors
      have a circular cross-section and are located concentrically with respect
      to each other. The conductors of the fixture have lengths of a quarter
      wavelength and cross-sectional dimensions selected to produce a fixture
      characteristic impedance which matches the real portion of the lamp
      impedance in the excited state to the impedance of the coupled source,
      assuming the source impedance is a real quantity. In the present
      embodiment, this is accomplished by making the characteristic fixture
      impedance equal to .sqroot. Z.sub.S. R.sub.L , where Z.sub.S is the source
      impedance and R.sub.L is the real component of the lamp impedance during
      the excited state. For circular conductors, the fixture impedance is a
      function of conductor diameters:
      ##EQU1##
      where .epsilon..sub.r = dielectric constant of the medium between the
      conductors
PA1  .lambda..sub.r = permeability of the medium between the conductors
PA1  b = inner diameter of the outer conductor
PA1  a = diameter of the inner conductor.
PAR  Before describing the features of the present invention, it may be helpful
      to describe some of the electrical effects of lamp excitation with the aid
      of FIGS. 2 through 4. The method of coupling to the lamp 14 involves
      placing the lamp at the end of the inner conductor 20 of the termination
      fixture. The end of the inner conductor 20 may be shaped to receive the
      lamp, such as is indicated generally by a device 24 in FIG. 2, but the
      shaping usually does not significantly alter the electrical character of
      the coupling. It has been found that the lamp 14 placed at the end of the
      center conductor can, and usually does, form a termination of a complex
      impedance. FIGS. 3 and 4 illustrate the origin of the complex impedance. A
      capacitance C1 is coupled from the end of the inner conductor 20 to the
      arc 28. Since this capacitance C1 is usually dominant, the termination
      impedance of the lamp during excitation often appears capacitive. A pair
      of capacitors C3 and C2 are coupled from the arc to the outer conductor 22
      via a screen 30.
PAR  Referring now to FIG. 4, the equivalent circuit of the termination
      impedance of the lamp is illustrated in which a resistance R represents
      the arc resistance. Since it is not possible to achieve a perfect match to
      a complex impedance using a quarter wavelength line, the quarter wave
      termination fixture illustrated in FIG. 2 will not provide perfect
      coupling of high frequency power to the lamp when the lamp has a complex
      impedance. The lamp may also have a series inductance L.
PAR  According to the present invention, the fixture includes a reactive
      impedance device 40 which is coupled between the end of the inner
      conductor 20 and the lamp 14. The device 40 is selected to vary the
      reactive portion of the complex impedance of the lamp in the excited state
      to enhance the impedance match between the lamp and the source.
      Preferably, the reactive device 40 has a reactive impedance which cancels
      the reactive component of the complex impedance of the lamp so that the
      source and lamp have perfect impedance matching. Since the dominant
      reactive impedance of the lamp is usually capacitive, the device 40
      preferably is inductive. The inductive device 40, as illustrated in FIG.
      5, is preferably a helical coil having a first end 42 in contact with the
      end of the inner conductor 20 and a second end 44 in contact with the lamp
      14. In FIG. 5, coil 40 is formed with a bend 46 such that the first end 42
      may be positioned in a receiving opening 48 formed in the end of the inner
      conductor 20. This provides a useful technique for holding the coil in a
      stationery position with respect to the inner conductor. The second end of
      the coil may be formed with a spherically shaped element to avoid high
      field breakdown.
PAR  There are several possible techniques for suitably holding a lamp stable
      with respect to the helical coil. First, the second end 44 of the coil 40
      may terminate upon another portion of the coil to form a holding fixture
      for the lamp such as in FIG. 6. Also, a conductive holding element 60 in
      FIG. 7 may be attached to the second end 44 of the coil for holding the
      lamp in place. Alternatively, a ceramic adhesive may be used around a
      portion of the lamp for holding the lamp in place.
PAR  The following describes the operation and advantages of this embodiment of
      the present invention. The helical coil overcomes the imperfect coupling
      by providing a compensating series inductance. This is done by the use of
      a short helical extension to the center conductor of the termination
      fixture. This coil has an inductance as follows:
      ##EQU2##
      whereA equals the cross-sectional area of a single turn;
PA1  .mu..sub.o is the permeability of free space;
PA1  N equals the number of turns; and
PA1  l equals the length of the coil. In order that the termination impedance be
      purely real it is necessary that
      ##EQU3##
      where X.sub.c is the capacitive reactance of the lamp and
PA1  f is the frequency of applied high frequency power.
PAL  That is, the capacitance of the lamp is exactly compensated by the coil
      inductance, and the high frequency source impedance may be matched to this
      termination by the use of a quarter wave termination fixture. There are
      several advantages to this scheme of coupling. First, this embodiment
      makes it possible to run lamps with complex impedances quite efficiently.
      The coil reduces fixture losses since the largest standing waves are
      confined to the lamp coupler region and it provides a high thermal
      resistance element by virtue of its length and cross- section, thus
      reducing heat conduction losses from the lamp.
PAR  The primary purpose of the coil at the lamp is to provide some impedance
      matching for the lamp in the excited state. However, it is a series
      element in the circuit and so can reduce the applied voltage to the lamp
      at start-up. At start-up, the load impedance is nearly an open circuit,
      consisting of only some capacitive coupling from the end of the center
      conductor to the outside. If the inductance is too high, the voltage drop
      across the capacitor will be low. In this case, the lamp will not have a
      sufficiently strong field to produce breakdown.
PAR  An approximate upper limit to coil inductance is reached when it equals
      .about.1000 ohms, the calculated capacitive reactance of the center
      conductor end. For very specific conditions; i.e., Pi .about. 40 watts,
      helical coil length 1 cm., diameter 0.635 cm., the number of turns is
      limited to about 3, for reliable starting of mercury/argon lamps with
      additives. If higher input power is available, or if any of the other
      variables are changed, the coil could be bigger; i.e., more turns or
      bigger cross-section.
PAR  The embodiments of the present invention are intended to be merely
      exemplary and those skilled in the art shall be able to make numerous
      variations and modifications to them without departing from the spirit of
      the present invention. All such variations and modifications are intended
      to be within the scope of the present invention as defined in the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A light source including:
PA1  a. a source of power at a high frequency,
PA1  b. an electrodeless lamp having an envelope made of a light transmitting
      substance and a volatile fill material capable of emitting light upon
      excitation enclosed within the envelope, and
PA1  c. a termination fixture coupled to the source, the fixture including an
      inner conductor and an outer conductor disposed around the inner
      conductor, the conductors having lengths of a quarter wavelength and
      cross-sectional dimensions selected to produce a fixture characteristic
      impedance which matches the real portion of the lamp impedance in the
      excited state to the impedance of the coupled source, and
PA1  d. the fixture further including a reactive impedance device coupled
      between the end of the inner conductor and the lamp, the device being
      selected to cancel a portion of the reactive part of the complex impedance
      of the lamp in the excited state, thereby enhancing the impedance match
      between the lamp and the source.
NUM  2.
PAR  2. The light source according to claim 1 wherein the dominant reactive
      impedance of the lamp is capacitive coupling between the end of the inner
      conductor and the arc within the lamp in the excited state and wherein the
      reactive impedance device is inductive.
NUM  3.
PAR  3. The light source according to claim 2 wherein the inductive device
      includes a helical coil having a first end in contact with the end of the
      inner conductor and a second end in proximity to the lamp.
NUM  4.
PAR  4. The light source according to claim 3 wherein the coil is formed with a
      bend such that the first end may be positioned in a receiving opening
      formed in the end of the inner conductor.
NUM  5.
PAR  5. The light source according to claim 3 wherein the helical coil is made
      of tungsten.
NUM  6.
PAR  6. The light source according to claim 3 wherein the second end of the coil
      is terminated with a spherically-shaped element to avoid high field
      breakdown.
NUM  7.
PAR  7. The light source according to claim 3 wherein the second end of the coil
      terminates upon another portion of the coil to form a holding fixture for
      the lamp.
NUM  8.
PAR  8. The light source according to claim 3 further including a conductive,
      cup-shaped member attached to the second end of the coil for holding the
      lamp in place.
NUM  9.
PAR  9. The light source according to claim 3 further including a ceramic
      adhesive for holding the lamp stable with respect to the second end of the
      coil.
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PAL  A system of capacitive discharge ignition for automobile vehicles with a
      converter governed by a multi-vibrator, maintains constantly the maximum
      working current in the power circuit, independently of the feed voltage,
      by the control of the time of commutation of the multi-vibrator, by using
      a diode of the Zener type. The diode is connected in parallel with the
      collector-emitter section of the transistor of the multi-vibrator which is
      normally shorted to charge the commutation condenser at a fixed voltage
      which is lower than the lowest value of the voltage of utilization. A
      transistor with a battery sensor circuit short-circuits part of the
      resistance of the charging circuit of the condenser when the voltage is
      higher than a pre-fixed value.
BSUM
PAR  The present invention is concerned with a capacitive discharge electronic
      ignition system for automobile vehicles with a converter governed by a
      multi-vibrator.
PAR  Ignition systems of capacitive type are known in which by means of a
      converter with a transformer of saturable core, a condenser is charged to
      a pre-fixed voltage value, which, at the appropriate moment, discharges
      into the primary of a high tension coil or transformer, the secondary of
      which is connected to the distributer. The spark plugs of the vehicle are
      connected to the distributer. These systems of ignition present various
      disadvantages such as:
PAR  A. THE NECESSITY OF UTILIZING TRANSISTORS OF HIGH INTENSITIES, SINCE WHEN
      THE CORE OF THE TRANSFORMER IS SATURATED, THE COLLECTOR CURRENT TENDS TO
      REACH A VALUE GIVEN BY Ic=h.sub.FE Ib and consequently it is necessary to
      effect a selection of transistors for static gain of current, or to adjust
      the base current to a maximum value for each transistor, or to utilize
      transistors of very high intensities.
PAR  B. ANOTHER DISADVANTAGES, FROM THE ECONOMIC POINT OF VIEW, IS THE USE OF
      THE SATURABLE CORE, WHICH INVOLVES A HIGH COST AND A DIFFICULT SUPPLY.
PAR  C. A FURTHER DISADVANTAGE IS THE SHORT DURATION OF THE ARC BETWEEN
      ELECTRODES, WHICH GIVES RISE TO GREATER POLLUTION BECAUSE OF A DEFICIENT
      BURNING OF THE MIXTURE. To a certain extent, the duration of the arc has
      been lengthened by means of systems claimed in our previous U.S. Pat.
      applications Ser. No. 264,458, now U.S. Pat. No. 3,824,429 and Ser. No.
      429,549 filed Jan. 2, 1974.
PAR  D. AN ADDITIONAL DISADVANTAGE IS THE NECESSITY OF UTILIZING SOME TYPE OF
      SENSOR CIRCUIT OF THE BATTERY VOLTAGE TO CHARGE THE CONDENSER IN VARIOUS
      CYCLES WHEN THE SAID VOLTAGE IS INFERIOR TO A PRE-DETERMINED VALUE.
PAR  The purpose of the present invention refers to a procedure for eliminating
      the disadvantages indicated above, by means of the utilization of a core
      of magnetic sheet in the transformer, and controlling the time of
      conducting of the power transistor thus governing the maximum intensity in
      the said transistor.
PAR  To avoid charging the condenser in several cycles of the converter, a
      circuit is used that acts on the charging constant of a circuit R-C
      lengthening the time of conducting of the power transistor and, therefore,
      the charging voltage of the condenser. A notable advantage of this system
      is that better ignition characteristics can be obtained with low battery
      voltage than in normal functioning, allowing a better starting of the
      vehicle. To improve the duration of the arc between electrodes, advantage
      is taken of the discharge of a condenser into an auxiliary winding wound
      on the same core of the high tension coil, whose time of discharge is that
      of the arc between contacts.
PAR  In order that the object of the invention may be better understood, it will
      be described in what follows, reference being made to the annexed figures.
DRWD
PAR  FIG. 1 represents a circuit diagram of a monostable multi-vibrator
      constructed in accordance with the present invention.
PAR  FIG. 2 represents a graph of the voltage of the condenser relative to time,
      during the unstable state of the multi-vibrator.
DETD
PAR  The present invention will now be described where FIG. 1 is the drawing of
      a realization, without it having a limitative effect on the invention,
      constituted by a monostable multi-vibrator which comprises two transistors
      NPN, T1 and T3 with their emitters connected to the negative of the
      battery A and their collectors through the resistances R to the positive
      of the same battery. The collector of T1 is connected through the
      condenser C3 and diode D to the base of T3; this condenser C3 with the set
      R1--R2--R3--R4 constitutes the resistance-condenser network of the
      monostable which controls the time of functioning in the unstable state.
      There is a transistor T2 connected with its collector-emitter section
      between the point of connection of R1 and R2 and the condenser C3 and
      diode D and its base through a Zener diode Z2 to the point of connection
      of R3 and R4. The signal of collector of T3 feeds a chain of amplifiers
      T4--T5--T6 for controlling the primary current of a transformer Tr1; said
      transformer has its secondary connected to the condensors C1 and C2
      through some rectifying diodes and at the same time to the primaries A1
      and A2 of a high tension coil which secondary A3 is connected to the
      distributor in a conventional and known way. Z1, Z2, are diodes of the
      Zener type, whose purpose will be indicated and understood in the
      explanations of the functioning.
PAR  Tr1 is a transformer with a magnetic sheet core.
PAR  Tr2 is the high tension coil constitued by the windings A1, A2 and A3,
      which will be hereinafter denominated as follows:
PA1  A1 = principal primary winding
PA1  A2 = auxiliary primary winding
PA1  A3 = secondary winding, whose insulating outlet is connected to the
      distributor (B) in the conventional and known form.
PAR  The R3--R4--Z2--T2 circuit modifies the time constant of the charge of the
      condenser C3.
PAR  The functioning of the system is as follows:
PAR  For a clearer understanding we shall assume that the starting phase of the
      vehicle has been completed and that the battery voltage has a normal
      functioning voltage of 12.5 to 15V; under these circumstances the
      selection of R3 and R4 is such that the Zener conducts, and therefore, R2
      is short-circuited by the collector-emitter section of the transistor T2
      which is in ON.
PAR  The state of the transistors is the following:
EQU  T1 .fwdarw. OFF
EQU  T2 .fwdarw. ON
EQU  T3 .fwdarw. ON
EQU  T4--T5--T6 .fwdarw. OFF
PAR  the condenser C3 is charged, with the polarity indicated in the figure, to
      a voltage value given by the voltage value of the Zener diode Z1.
PAR  By means of the breaker of the distributor or magnetic pick-up,
      opto-electronic or other type, a pulse reaches the points G (thyristor)
      and H (monostable), by means of which the two following functions are
      effected:
PAR  a. discharge of the condensers C1 and C2 into the primary windings A1 and
      A2, there being obtained, by means of the discharge of the condenser C1
      into the principal primary winding A1 a voltage in the secondary winding
      A3, which is high tension, and a very short time of rise, and by means of
      the discharge of the condenser C2 into the auxiliary primary winding A2 a
      sufficiently long duration of arc (of the order of 0.5 m. seconds) for the
      correct functioning of the vehicle.
PAR  (b) the state of the mono-stable changes, with the result that the
      transistors remain in the following state:
EQU  T1 .fwdarw. ON
EQU  T2 .fwdarw. ON
EQU  T3 .fwdarw. OFF
EQU  T4, T5, T6 .fwdarw. ON
PAR  the ON time is given by the circuit R1-C3 which tends to become charged in
      a sense contrary to that indicated in FIG. 1, with a time constant
      .tau..sub.1 = R1C3; during this time a current is established in the
      primary winding of the transfomer Tr1, whose value is defined by the
      following:
      ##EQU1##
      r = ohmic resistance of the primary L = inductance of the primary
PA1  E = feed voltage
PAR  When the condensor has discharged, the mono-stable changes its state,
      returning to the original situation; the commutation of the transistors
      T5-T6 gives rise to a voltage in the primary which is transferred to the
      secondary, condensers being again charged, with the result that a new
      trigger pulse will repeat the previous cycle.
PAR  Reference will now be made to the necessity and functioning of the
      resistances R3-R4, the Zener diode Z2, the transistor T2 and the Zener
      diode Z1, reference being made to the attached FIG. 2.
PAR  It has previously been stated that during the stable time of the
      monostable, the condenser C3 is charged to the value of the Zener diode
      Z1. During the unstable time (tON) the condenser tends to become charged
      to the value V.sub.B (with a polarity inverse to that indicated in FIG. 1)
      with a time constant .tau..sub.1 = R1.C3; the change of state of the
      multi-vibrator will be effected at the point 1, and consequently, the ON
      time of the transistors T5 and T6 is represented by 0-1 in FIG. 2.
PAR  At the moment of the starting of the vehicle in which the battery voltage
      can reach as low values as 6V, if the time of ON of T5 and T6 is
      maintained, the power stored in the inductance of the primary is so small
      that the condensers C1 and C2 would charge to a voltage value considerably
      lower than that of normal functioning and, therefore, upon discharging
      them on the coil of A.T., the voltage available in the spark-plug would be
      very low and posing problems in the starting.
PAR  For avoiding this, resistances R3 and R4 are selected in such a way that
      with 9 volts of feed voltage, the Zener Z2 does not conduct nor does,
      therefore, the transistor T2 which passes to OFF. Therefore, during the
      starting phase, the condenser C3 which was charged at the voltage of the
      Zener diode Z1 (&lt;6V) is discharged now having a V'.sub.B with a time
      constant
EQU  .tau. = (R1 + R2). C3
PAL  carrying out the change of state in point 2 of the figure in which it can
      be observed that t.sub. ON =  0-2 is greater than before with which the ON
      time of T5 and T6 is greater, being more energy stored in the primary and
      allowing to obtain greater charging voltage in the condensers C1 and C2,
      and consequently greater power available in the spark-plugs.
PAR  An adequate selection of the different components of the system allows for
      better spark-plug ignition characteristics at the time of the starting
      than in normal functioning of the vehicle.
PAR  In the estimate of the time constants, the resistances R3 and R4 have not
      been kept in mind since the ohmic value of the same is much greater than
      the R1 and R2, and, therefore, their contribution is minimum.
PAR  With respect to the improvement of duration of the arc, this consists, as
      has already been stated in the explanation, in utilizing an auxiliary
      primary winding with high values of resistance or inductances, with the
      aim that the discharge of the condenser C2 will be slow, and consequently,
      the arc will be maintained between electrodes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for capacitive discharge ignition for automobile vehicles
      having a battery, a distributer and associated spark-plugs, said system
      including means for maintaining constant ignition characteristics of the
      spark-plugs independently of feed voltage from the battery, said means
      including a monostable multi-vibrator connected between the battery and
      the distributer, control means for controlling time of communtation of
      said monostable multi-vibrator, said control means including a
      resistance-condenser network, diode means for charging a condenser of said
      resistance-condenser network to a constant voltage value lower than lowest
      value of the voltage of the battery and for discharging said condenser at
      a time constant which is dependent upon the feed voltage to provide
      greater power to the spark-plugs than can be obtained normally from the
      battery when at low voltage, said diode means including a Zener-type diode
      connected in parallel with a collector-emitter of a first transistor of
      said monostable multi-vibrator, said first transistor being normally in
      OFF for charging said condenser, and a second transistor of said
      monostable multi-vibrator being connected to a resistance of said
      resistance-condenser network to shortcircuit said resistance when the feed
      voltage is higher than a prefixed value.
NUM  2.
PAR  2. A system as claimed in claim 1, wherein said monostable multi-vibrator
      includes a high tension coil connected to the distributer and an auxiliary
      condenser, said auxiliary condenser being discharged into an auxiliary
      primary winding of said high tension coil so that there is obtained a
      duration of arc dependent on capacity, resistance and inductance of said
      auxiliary winding for correct functioning of the spark-plugs.
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ABST
PAL  Circuits and auxiliary elements for use with a device for controlling the
      emission of light pulses from a flash unit, which light pulses are
      produced by the discharge of current pulses from a capacitor, the device
      including a light sensing element for receiving light produced by the
      flash unit and reflected from an object in the light path. One such
      circuit includes two zener diodes for providing threshold voltages for use
      in comparing the output of the light sensing element. Another such circuit
      compensates for nonlinearities in the response of certain components of
      the device.
PARN
PAC  CROSS-REFERENCE OF RELATED APPLICATION
PAR  This application is a division of application Ser. No. 17,634, filed Mar.
      9th, 1970, now U.S. Pat. No. 3,749,921, which itself is a
      continuation-in-part of application Ser. No. 799,554, filed Feb. 13th,
      1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention concerns additional novel elements and circuits for use with
      the devices disclosed in our copending application Ser. No. 17,634, filed
      Mar. 9, 1970, now U.S. Pat. No. 3,749,921. That application discloses
      various devices for controlling the impulses generated by the discharge of
      a capacitor placed either in series or in parallel with a load and, in the
      case of a parallel connection, having no more than one electronic switch.
      The application also discloses novel switching tubes for uses as such
      switch.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an improved measurement,
      computation and control of the light produced by a flash unit.
PAR  Another object of the present invention is a control device for pulses
      which are produced by the discharge from a capacitor, and which are
      delivered, for example, to the flash tube of an electronic flash unit. The
      control device employs two zener diodes as threshold value detectors and
      which is also provided with a circuit which compensates the time delay of
      certain components and the fluctuations in the zener voltage of the zener
      diodes, thereby to permit the flash unit to be controlled at different
      light intensity settings. The device is supplemented by a photoelectronic
      remote triggering device provided with a system which permits use even
      with indirect flashes from the flash unit. Means are provided to permit
      automatic switching between the devices.
PAR  Any of the light control devices described in our copending U.S.
      application Ser. No. 17,634 may be supplemented with a threshold value
      detector consisting of two zener diodes, a resistor for the compensation
      of the delays and variations in certain components, and a switch which
      permits operation of the light control device with a full light intensity
      output or a partial light intensity output of the flash unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram of a basic circuit with which the
      improvements according to the present invention can be used.
PAR  FIG. 2 is a schematic circuit diagram of another form of construction of
      the circuit of FIG. 1.
PAR  FIG. 3 is a more detailed circuit diagram containing a more detailed
      showing of one embodiment of a flash duration control circuit.
PAR  FIG. 4 is a view similar to that of FIG. 3 of another embodiment of a flash
      duration control circuit.
PAR  FIG. 5 is a view similar to that of FIG. 3 of still another embodiment of a
      flash duration control circuit.
PAR  FIG. 6 is a view similar to that of FIG. 3 of yet another form of
      construction of a flash duration control circuit.
PAR  FIG. 7 is a circuit diagram of a modified light duration control circuit
      according to the invention.
PAR  FIG. 8 is a perspective view of an automatically controlled flash unit
      according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows the circuit of an electronic photoflash equipped with a
      control device having only one switch whose purpose is to arrest the
      capacitor discharge when a predetermined amount of light has been
      produced.
PAR  The arrangement of such a unit is as follows:
PAR  An energy storage capacitor 100 is charged through a voltage source 101. A
      flash tube 102 of the usual type is connected to the capacitor terminals
      through a switch 103 which is preferably. a gate-turn-out thyristor or
      thyratron, etc., provided, if necessary, with suitable supplementary
      circuitry. A light sensor 104, composed of a photodiode, phototransistor,
      photoresistance, or other, is connected to an integrating circuit 105 of
      any well-known type. A firing circuit 106 triggers the firing of the flash
      tube 102. This device works as follows:
PAR  The capacitor 100 having been charged by the source 101, the ionization of
      the flash tube 102 is induced by the action of the firing circuit 106. The
      light sensor 104 supplying an instantaneous current proportional to the
      illumination on subject 107, to the integrating circuit 105, the latter,
      when the total amount of light received by the light sensor 104 reaches a
      predetermined value, causes a circuit to "swing", thus supplying an
      impulse to the switch 103 which then interrupts the discharge of the
      capacitor 100.
PAR  Thus, the light emission of the flash tube is arrested after producing the
      requisite amount of light, without any energy being withdraw from the
      capacitor other than that used for producing the light, and possibly for
      commutating the circuit.
PAR  The arrangement of FIG. 1 may be completed in the following manner: by
      connecting a voltmeter 108 to the terminals of the integrator circuit 105,
      which is designed for such a connection, an integrating photometer, or
      chronometer, can be produced, which device has scales in different
      measuring units.
PAR  Another variant is illustrated in FIG. 2 in which we describe a control
      device connected both in series and parallel with the load and combined
      with a compensating device, capable of also being used with the preceding
      embodiment, constituted by an induction coil.
PAR  The discharge capacitor 200 is charged through the voltage source 201. The
      flash tube 202 is connected to the terminals of the capacitor 200 through
      the intermediary of the induction coil 203. A thyratron 204 is connected
      in parallel with the flash tube 202. A light sensor 205 is coupled to the
      integrating circuit 206, receives reflected light from subject 209 and
      controls the firing electrode 207 of the thyratron 204. A firing circuit
      208 acts to fire the flash tube 202. Meter 210 is connected to circuit
      206.
PAR  The operation of the circuit of FIG. 2 differs from that of FIG. 1 as
      follows:
PAR  After reaching the predetermined signal value, the circuit of the
      integrator 206 triggers the firing electrode 207 of the thyratron 204 in
      parallel with the flash tube 202. The induction coil 203 allows for a
      short period during which the thyratron is practically in short-circuit.
      Consequently, the flash tube 202 has enough time to deionize, and hence to
      become extinguished.
PAR  A modification is illustrated in FIG. 3. This control device is combined
      with both an electronic gate and an optical device of regulation of the
      sensitivity.
PAR  The control device consists of an electronic device 30 which is identical
      with the device 50 of FIG. 5, of the photo-flash unit 31 and of an
      electronic switch 32.
PAR  In this device, a light sensor 301 generates a current proportional to the
      reflected light from the subject. This current ia integrated by a
      capacitor 302 to give a voltage proportional to the amount of the
      reflected light. This voltage is applied to a unijunction transistor 304
      or to a four-layer diode or to some other element or device which would
      serve as suitable substitute, which develops a positive impulse in the
      resistance 305 as soon as the threshold "swing" or switching level, of
      this component 304 has been reached.
PAR  This impulse is conducted by the capacitor 306 to open a semiconductor
      switch, or other element, 308 by means of its firing circuit which
      controls the electronic switch 32 so as to terminate the capacitor
      discharge and thereby extinguish the flash tube of the photoflash 31.
PAR  As soon as the cycle is ended, the voltage across a resistance 303 sets the
      system back to its initial condition. A resistance 307 prevents a
      premature opening of the semiconductor switch 308. The unit 31 contains
      the elements of the photo-flash which are not individually referenced. The
      electronic device 30 contains as its principal element a semiconductor
      switch, such as a thyristor (SCR), or else a gas-filled switching tube,
      preferably of the arc arrester type or a special arc arrester, or another
      suitable component.
PAR  An improvement of the flash control device consists in equipping this
      device with an electronic gate which acts upon the reflected light sensor
      circuit.
PAR  FIG. 3 also illustrates the electronic gate arrangement. When the flash
      tube is fired, the voltage at the flash tube terminals decreases sharply.
      This results in a current in the circuit of the capacitor 309, the
      resistance 310 and the zener diode 311. A voltage equal to that across the
      zener diode is to appear at the terminals of the light sensor circuit so
      as to place it in operation. The current intensity depends on the
      resistance value of resistor 310. The opening duration of the electronic
      gate of the light sensor circuit depends on the value of the capacitor
      309.
PAR  THe regulation of the sensitivity of the control device is effected by the
      user with the help of an adjustable optical device 315 composed of a
      diaphragm, a set of filters, or others, placed in front of the light
      sensor 301 of the control device.
PAR  A further explanation is given with reference to FIG. 4 which shows a light
      control device for the flash of an electronic photoflash, consisting of
      the electronic device 40, which is similar to the device 30 of FIG. 3 and
      the device 50 of FIG. 5 and which is therefore only partially shown, of
      the photoflash 41, which is similar to the device 31, and of an electronic
      switch 42, which is similar to the device 32, connected in series with the
      flash tube circuit.
PAR  This device and its operation are essentially identical to those described
      and illustrated previously, namely:
PAR  The thyristor 421, which is fired upon closing of the camera
      synchronization contacts, applies the voltage of the discharge capacitor
      411 across the flash tube 412, the latter having received previously a
      fraction of this voltage, the value of which fraction is determined by the
      resistances 404 and 423, and to the tube firing circuit consisting of a
      capacitor 413 and a transformer 414, thus firing the flash. When the
      thyristor 401 becomes conductive due to the subject having been
      sufficiently illuminated, it discharges the capacitor 402, which was
      previously charged, into the thyristor 421, which results in reversing the
      anode voltage of the thyristor for a short period so as to cause it to
      block and thus arrest the discharge of the capacitor 411. The capacitance
      value of the capacitor 402 is selected so as to obtain an impulse of
      sufficient duration to allow the extinction, or blocking, of the thyristor
      421. The capacitance value of the capacitor 422 is selected so as to
      obtain the shortest possible impulse so that the extinction of the
      thyristor 421 may occur as rapidly as possible. The resistance 424 and 425
      are used to polarize the capacitor 422. The value of resistance 403 must
      be selected in order to give a current lower than the maintenance current
      of the thyristor 401 so as to prevent the capacitor 411 from continuing to
      discharge itself through the thyristor 401. A compensation device, such as
      an induction coil, 415 modifies the discharge impulse in the flash tube.
      Among other things, it lengthens the discharge duration, etc.
PAR  FIG. 5 shows a control device combined with an electronic gate and with an
      optical device for the regulation of sensitivity. This control device
      consists of an electronic device 50 and the photoflash 51.
PAR  The components and operation of this device are identical to those
      described with reference to FIG. 3, with the difference that an impulse
      transmitted by the capacitor 506 opens a semi-conductor switch, or a
      special arc arrester, etc., 508, via its firing circuit and thereby
      extinguishes the flash tube 512 of the photoflash while disharging the
      capacitor 513 of the latter.
PAR  In FIG. 6, we describe another embodiment equipped with a special arc
      arrester combined with an electronic gate and with an electric device
      having several capacitors for the regulation of sensitivity. A special arc
      arrester 611 and its firing device, which consists of the thyristor 606,
      the resistances 607 and 608, the capacitor 609 and the transformer 610,
      serve as a substitute for the thyristor 508 of FIG. 5. Here, we make use
      of an electric circuit for adjusting the sensitivity, the circuit
      consisting of a switch 615 connected to select one of the capacitors 603
      and 604 having different capacitance values.
PAR  FIG. 7 illustrates one embodiment of a circuit possessing other novel
      features according to the invention. In this case two zener diodes 3401
      and 3402 are employed in a series connection so that the total voltage
      across them determines the supply voltage of the light-sensing
      phototransistor 3403. The voltage across the zener diode 3402 alone
      determines the value which the voltage across the integration capacitor
      3404 must reach in order to fire the thyristor 3405.
PAR  The circuit includes a resistor 3406 across which is produced a voltage
      proportional to the nonlinearity error of the control device, which error
      is caused by voltage fluctuations of the zener diodes 3401 and 3402, by
      the switching delays of the thyristor 3405 and by the arc arrester 3407.
      The resistor 3406 is connected in such a way as to compensate this error.
PAR  When thyristor 3405 fires, i.e., becomes conductive, it causes capacitor
      3412 to discharge through the primary winding of a transformer 3413 whose
      secondary winding is connected to arrester 3407. The voltage to which
      capacitor 3412 is charged prior to the firing of thyristor 3405 is
      determined in part by the value of resistors 3409, 3410 and 3411.
PAR  A switch 3408 is connected across resistor 3409 and when this switch is
      opened resistors 3409, 3410 and 3411 determine the voltage of the firing
      capacitor 3412, corresponding to the full power output of the flash.
PAR  When switch 3408 is closed, only the resistors 3410 and 3411 determines the
      voltage of the firing capacitor corresponding to a partial power output
      from the flash.
PAR  In case it is desired to produce an "indirect" flash, i.e. the flash unit
      is directed toward the ceiling or the wall, the light-sensitive element of
      a known light duration control device would receive reflected light form
      the ceiling or the wall, but not from the subject being photographed, so
      that the control device would not be responsive by the illumination of the
      subject being photographed.
PAR  To avoid these difficulties the present invention provides the use of one
      or a plurality of light-sensitive elements whose position may be
      adjustable and which may be provided with light conductors, which
      themselves may also be adjustable. The setting of these elements may occur
      manually or automatically.
PAR  FIG. 8 shows an electronic flash unit incorporating such an arrangement.
      The unit is capable of being oriented to produce a direct flash or a
      bounce flash. The light beam of the flash is directed and shaped in the
      usual manner by a lens 3604. The reflected light to be measured is
      received by an optical fiber element 3602 whose front face is directed
      toward the source of reflected light to be measured and whose rear face is
      directed toward the light sensitive element 3601 of a control circuit
      according to the invention. The front face of element 3602 is aligned with
      a slot 3603 in the unit housing and is connected to any suitable
      mechanical arrangement (not show) for undergoing a pivotal movement to
      direct its front face toward the light to be measured. For direct flash,
      the element 3602 has the position indicated in solid lines and receives
      light coming in the direction of the solid arrow; for bounce flash where
      the unit radiates light at right angles to the subject, unit 3602 has the
      position shown in broken lines and senses light coming from the subject in
      the direction indicated by the broken-line arrow. For intermediate bounce
      flash directions, unit 3602 can be placed in any intermediate position
      between the two extremes illustrated.
PAR  In the case where the device contains a plurality of light-sensitive
      elements which are oriented in different directions, the selection of the
      light-sensitive element or elements employed can be made by electric,
      electronic, optical, or mechanical means, etc. The selection may be manual
      and/or automatic.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for controlling the light flashes generated by a flash tube in
      response to the pulses produced by the discharge of a capacitor, the
      device including a light sensitive element for measuring received light,
      and a circuit connected between the element and the tube for terminating a
      light flash when a predetermined quantity of light has been received by
      the element, wherein the improvement comprises a light conductor having a
      light input end and a light output end, and support means supporting said
      conductor for movement between a plurality of positions in each of which
      its light input end faces in a respectively different direction and its
      light output end is directed toward said element, for receiving
      reflections of light flashes produced by said tube from any one of the
      respectively different directions, independent of the general direction
      produced by said tube, and for conducting the light received at its said
      light input end to said element.
NUM  2.
PAR  2. In a device for controlling the duration of a pulse generated during the
      discharge of a capacitor into a load of a type which converts such pulse
      into an output, the control being effected in response to a measurement of
      such output, which device includes sensing means arranged to monitor such
      output and having an electrical conductivity which varies as a function of
      the value of such output, indicating means connected to the sensing means
      for providing a voltage representative of the current through the sensing
      means, and trigger means connected to the indicating means for producing a
      signal for controlling the pulse when the voltage across said indicating
      means reaches a selected value, the improvement comprising two zener
      diodes connected in series with one another; means connecting the series
      arrangement of said zener diodes across the capacitor; means operatively
      connecting the series arrangement of said two zener diodes to said sensing
      means for causing the total voltage across said series arrangement to
      provide the operating voltage for said sensing means; and means connecting
      the junction between said two zener diodes to said trigger means for
      causing the voltage across one of said two zener diodes to control the
      value which the voltage at said indicating means must reach in order to
      cause said trigger means to produce such signal, whereby the value which
      the voltage at said indicating means must reach for such purpose remains a
      predetermined proportion of the value of the operating voltage for said
      sensing means.
NUM  3.
PAR  3. A device as defined in claim 2 wherein said indicating means comprises
      an integrating element providing a voltage representative of the time
      integral of the current through said sensing means, and said trigger means
      comprises a thyristor having a control electrode connected to receive the
      output from said indicating means.
NUM  4.
PAR  4. A device as defined in claim 3 wherein said zener diodes are connected
      to said trigger means to cause the voltage at the point of connection
      between said two zener diodes to be applied to one of the main electrodes
      of said thyristor.
NUM  5.
PAR  5. A device as defined in claim 4 wherein said trigger means further
      comprises a trigger transformer and a trigger capacitor, with said trigger
      capacitor being connected in series with the primary winding of said
      transformer and the series arrangement of said primary winding and said
      trigger capacitor being connected between the main electrodes of said
      thyristor.
NUM  6.
PAR  6. A device as defined in claim 5 wherein said trigger means further
      comprises a voltage divider having its input connected to receive the
      voltage across the capacitor and having an output tap operatively
      connected to said trigger capacitor for preliminarily charging said
      trigger capacitor to a voltage determined by the ratio between the voltage
      at the input of said divider and the voltage at the output tap thereof.
NUM  7.
PAR  7. An arrangement as defined in claim 2 further comprising a resistive
      compensating element connected in series with the series arrangement of
      said two zener diodes for compensating for fluctuations in the voltage
      across the series arrangement of said zener diodes.
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ABST
PAL  A method and apparatus for producing ions wherein an ion generator produces
      periodic pulses of electric energy of a single polarity for some
      applications and alternating positive and negative polarities for other
      applications. A plurality of the electric pulses are limited in amplitude
      by a substantially sinusoidal half-wave envelope and the positive and
      negative pulses are preferably of different amplitudes. The ground
      electrode is arranged about and upstream and downstream of the ionizing
      electrode to provide a highly effective electric field substantially
      normal to the gas flow. A heater heats the gas to increase ionization. An
      ultrasonic sound wave generator pulses the gas with sound waves prior to,
      during or after ionization of the gas to group the ions of a like charge
      in distinct pressure wave fronts or distinct areas so as to reduce
      recombination of ions thereby making more ions available per volume and
      also increasing the total energy of the ions produced. Multiple sound wave
      generators increase the energy of the base frequency or selected
      harmonics. An inlet passage to the generator of a selected length
      increases the energy. A discharge passage of a selected length reinforces
      and/or eliminates selected harmonics. A discharge nozzle with angularly
      inclined and outwardly enlarged venturis cool the heated ionized gas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field
PAR  This invention in general relates to the ionization of gases and more
      particularly to an improved method and apparatus for producing greater
      quantities of usable ions and ions at greater energy levels with a minimum
      of ozone.
PAR  2. Description of the Prior Art
PAR  In U.S. Pat. No. 3,711,743 there is described a novel method and apparatus
      for generating ions in an efficient manner with a minimum of ozone
      utilizing the application of periodic, oscillatory positive and negative
      pulses of electric energy. In a later filed patent application entitled
      "Method and Apparatus for Producing Ions at Ultrasonic Frequencies", U.S.
      Pat. No. 3,878,469, there is described a combination of gas ionizing and
      ultrasonic sound wave pulsing of the gas using a resonant-type ultrasonic
      cavity which increases the energy levels of the ions by increasing the
      velocity thereof and groups ions of like charges in distinct wave fronts
      which has been found highly effective for a wide range of applications
      including the cleaning of particulate from a charged surface, spray
      painting and improving the efficiency of and removing discharge pollutants
      from internal combustion engines.
PAR  Accordingly, it is a general object of the present invention to provide an
      improved method and apparatus for generating greater quantities of ions at
      higher energy levels.
PAR  Another object of this invention is to provide improved electric ion
      generator circuits characterized by producing continuous oscillations of
      positive and negative pulses of electric energy in an envelope with no
      significant time delay between pulses or between cycles.
PAR  Another object of the present invention is to provide a novel and improved
      resonant cavity ultrasonic generator structure for use in enhancing the
      effectiveness of the ions produced in a gas.
PAR  Still a further object of the present invention is to provide a novel
      method and apparatus for increasing the ionization of a gas by the heating
      of the gas in which the ions are generated.
PAR  Yet another object of the present invention is to provide a novel method
      and apparatus for increasing the energy in a stream of gas by passing it
      through a discharge nozzle of a selected length in relation to the
      frequency of the electric energy.
PAR  Still another object of the present invention is to provide a novel method
      and apparatus for generating ions having particular effectiveness in use
      as a non-contact cleaning tool, increasing the efficiency of an internal
      combustion engine, reduction of pollutants from exhaust gases and in
      improving the results in spray painting.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided an electric
      circuit which produces periodic pulses of electric energy having a
      plurality of the pulses limited in amplitude by a sinusoidal envelope, the
      pulses applied to an ionizing electrode spaced from a ground electrode. A
      heating element heats the gas to increase ionization. The ground electrode
      is spaced outwardly from as well as extending upstream and downstream from
      the ionizing point so that the flux lines move normal to the stream of
      gas. Multiple resonant cavity ultrasonic generators are arranged in series
      to amplify the base frequency or amplify selected harmonics for increased
      energy. The ionization of a gas with particles improves spray painting and
      the application of the high energy ions to the gas passing into the
      induction pipe of a carburetor increases engine efficiency and its
      application to the exhaust gas passing from the manifold reduces pollution
     .
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other objects, advantages, and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings which:
PAR  FIG. 1 is a schematic electric circuit diagram for an electric ion
      generator in accordance with the present invention;
PAR  FIG. 1A is a voltage regulator circuit which may be used in the circuit
      diagram of FIG. 1 as an alternative to a series resistor;
PAR  FIG. 1B is a rectifier circuit adapted to cut off one of the periodic
      pulses to provide only one type of ion from the circuit of FIG. 1;
PAR  FIG. 2 is an illustration representing waveforms produced by the electric
      ion generator of FIG. 1;
PAR  FIG. 3 is an alternative schematic electric circuit diagram for an electric
      ion generator in accordance with the present invention;
PAR  FIG. 4 is a vertical sectional view of a gun-type ion generator used in
      conjunction with the circuits of FIG. 1 through 3;
PAR  FIG. 4A is a vertical sectional view of a heater attachment for heating the
      gas flowing into the ion generator of FIG. 4;
PAR  FIG. 4B is a vertical sectional view of an alternative form of ion
      generator with a heater in the ionizing chamber;
PAR  FIG. 5 is a sectional view taken along lines 5--5 of FIG. 4;
PAR  FIG. 6 is a schematic electric circuit diagram showing an alternative
      manner of connecting the heater in the ion generator from that shown in
      FIG. 1;
PAR  FIG. 7 is a schematic electric circuit diagram showing a control
      arrangement for the electric heater;
PAR  FIG. 8 is a waveform illustrating the control of the power applied to the
      heater by the circuit of FIG. 7;
PAR  FIG. 9 is a vertical sectional view of an alternative form of output nozzle
      for the ion generator shown in FIG. 4 having multiple ultrasonic sound
      wave generator units;
PAR  FIG. 10 is a vertical sectional view of a portion of another form of ion
      generator having the ultrasonic energy applied by two cascaded cavities to
      the stream of gas prior to ionization;
PAR  FIG. 11 is a vertical sectional view of another form of ion generator with
      internal heater for heating the stream of gas prior to ionization thereof;
PAR  FIG. 11A is a vertical sectional view of a tuned inlet for the resonant
      cavity of FIG. 11.
PAR  FIG. 12 is a vertical sectional view of another form of ion generator
      apparatus with the heating and ionization taking place in the same
      chamber;
PAR  FIG. 13 is a vertical sectional view of an alternative form of nozzle
      member with angularly inclined and outwardly enlarged venturis;
PAR  FIG. 14 is a schematic diagram of a system for ionizing both the intake gas
      and exhaust gas of an internal combustion engine in accordance with the
      present invention;
PAR  FIG. 15 is an illustration of the waveform produced in the secondary
      winding of the coil shown in FIG. 14;
PAR  FIG. 16 is a side elevation view of an ionizing electrode assembly adapted
      to be placed in the air filter in the engine of the system of FIG. 14;
PAR  FIG. 17 is a top plan view of the ionizing electrode assembly of FIG. 16;
PAR  FIG. 18 is a side elevation view of an ionizing electrode assembly adapted
      to be placed across the manifold of an engine in the system of FIG. 14;
PAR  FIG. 19 is a top plan view of an ionizing electrode assembly of FIG. 18;
PAR  FIG. 20 is a side elevation view of an ionizing electrode assembly used in
      the system of FIG. 14 adapted to be placed across the exhaust pipe leading
      from the manifold;
PAR  FIG. 21 is a top plan view of the ionizing electrode assemby of FIG. 20.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The electric circuit forming a part of the ion generator shown in FIG. 1
      has power input terminals 5, 6, and 7 to which typically a 115 volt,
      sinusoidal AC line power represented by a signal generator 4 is applied.
      The line power is applied across terminals 5 and 6 and terminal 7 is
      grounded. A fuse 8 is connected in the line of terminal 5 as a protective
      device protecting the circuit components against short circuits. The power
      applied to input terminals 5 and 6 is applied to a full wave bridge
      rectifier circuit 9 comprised of four diodes electrically connected in a
      bridge in a conventional manner. This bridge rectifier circuit 9 converts
      the convention 60 cycle sinusoidal line power input to a pulsating
      sinusoidal half-wave voltage having a frequency of 120 cycles or pulses
      per second with a full cycle of the waveform designated A and illustrated
      in FIG. 2. A light-emitting diode 11 is connected in series with a
      voltage-dropping resistor 12 which is then connected across one rectifier
      of the bridge rectifier circuit 9 so that the light-emitting diode 11
      indicates that the circuit has an input voltage being applied to it. The
      output terminals of the bridge rectifier circuit 11 are designated 13 and
      14. A resistor 16 is connected in the line between terminal 13 and an
      input terminal 24 of the oscillator portion of the circuit described
      hereinafter which resistor functions as a protective device should a short
      occur at the output of the ion generator circuit.
PAR  The oscillator portion of the ion generator circuit of FIG. 1 includes a
      NPN transistor 17 having emitter, base and collector electrodes which in
      effect functions to alternately couple and uncouple the electric power
      from the bridge rectifier circuit 11 to the transformer T-1. The
      transformer T-1 has a primary winding 18, a feedback winding 19 and a
      secondary winding 21, the windings 18, 19 and 21 being wrapped on a common
      core 22. A voltage divider includes a resistor 23 connected across the
      base and collector electrodes of the transistor 17 with the collector
      electrode being connected to the input terminal 24 which in turn is
      connected to the end of resistor 16 opposite terminal 13 together with a
      resistor 25 connected between the base electrode and feedback winding 19.
      A series circuit including a resistor 25, feedback winding 19 and resistor
      26 are connected across the emitter and base electrodes of the transistor.
      A series circuit including the primary winding 18, resistor 26 and emitter
      and collector electrodes are connected across terminals 24 and 14. An
      unidirectional current flow element in the form of a diode 27 is connected
      across the base and emitter electrodes which in turn places it across a
      series circuit inclusive of resistor 25, feedback winding 19, and resistor
      26. The output of the ion generator circuit is across the secondary
      winding 21 and designated as terminals 31 and 32 with terminal 32 being
      connected to ground. Terminal 31 is connected to the ionizing electrodes
      described hereinafter.
PAR  In the operation of ion generator circuit of FIG. 1 with particular
      reference to the waveforms A and B of FIG. 2, as the voltage applied to
      the transistor 17 is increased or goes positive, current begins to flow
      through the voltage divider resistors 23 and 25, primary winding 18 and
      feedback winding 19. A voltage divider action takes place and as the
      voltage across resistor 25 and feedback winding 19 applied to the base
      electrode reaches the turn-on voltage of the transistor 17, the transistor
      turns on and emitter electrode current starts to flow. The emitter
      electrode current passes through resistor 26 and primary winding 18. This
      current flow in primary winding 18 causes a voltage to be generated in
      feedback winding 19 which feeds back to the base electrode and saturates
      the transistor so that further increase of emitter electrode current has
      no effect.
PAR  As shown in FIG. 2, the voltage across the secondary winding 21 at
      terminals 31 and 32 having a full cycle designated B follows that of the
      primary winding 18, with a full cycle designated C, except the polarity is
      reversed. The voltage across the feedback winding 19 has the same waveform
      as the primary winding and a full cycle is designated D. Referring first
      to the primary winding 18, waveform designated C at first it is in the
      form of sharply rising positive pulse a with the feedback winding having a
      corresponding sharply rising positive pulse b. The secondary winding 21
      has corresponding, sharply dropping negative pulse c.
PAR  When there is no flux in the transformer core 22 the current in the
      feedback winding 19 reduces to zero and the base-emitter electrode voltage
      designated E reduces until the transistor 17 is no longer at saturation.
      The collector electrode current of the transistor 17 then reduces which in
      turn reduces the current in the primary winding 18 and causes a collapse
      of the field in the core 22 causing an instantaneous reversal in the
      voltage across the primary winding 18 and this turns the transistor 17 off
      and drives the voltage in primary winding 18 to a greater negative voltage
      than was the positive voltage forming a negative flyback pulse in the
      primary winding 18 designated d with the feedback winding 19 having a
      corresponding negative pulse designated e. This negative voltage remains
      across the primary winding 18 until the flux in the core has fully
      collapsed and starts to increase in the opposite direction. New flux lines
      then build up in a reverse direction in an oscillatory manner. When the
      new flux lines collapse, the voltage applied to the base of the transistor
      17 through resistor 25 via feedback winding 19 turns on the transistor
      again completing the cycle of operation, the cycle repeats in a continuous
      manner with no appreciable time delay between the positive and negative
      going pulses or between successive cycles so the waveform has what is
      herein referred to as continuous oscillations of repetitive positive and
      negative pulses. In a like manner, the output waveform B is observed as
      having no appreciable time delay between pulses or between cycles and this
      increases ionization or the amount of available ions per volume of gas.
PAR  The diode 27 prevents the reverse base-emitter voltage of transistor 17
      from exceeding the voltage-emitter-to-base (veb) rating of the transistor
      17. The diode 27 thus acts as a clipper so that the base-emitter voltage
      never exceeds maximum voltage such as 1 volt.
PAR  In the illustrative embodiment shown the frequency of the electric energy
      of the oscillator portion applied to the transformer is about 3,000 Hz so
      that the time for a full cycle having a positive and negative output
      pulses c and f is about 0.3 milliseconds. The frequency of the envelope is
      about 120 cycles so that time for one half cycle of the line frequency
      waveform A is about 8.3 milliseconds. Therefore, as best seen by the
      composite waveform F at the output of the secondary winding 21 there are
      several cycles of oscillations in the transformer during each pulse of the
      full wave rectifier. The bridge rectifier circuit therefore forms an
      envelope repeating at a frequency of 120 Hz which limits the amplitude of
      the pulses and inside the envelope there are the pulses having a frequency
      of about 3,000 Hz. The envelope has been found to reduce the cost of the
      circuitry by eliminating components and reduces transformer noise. It is
      noted that for some applications the frequency may be changed by changing
      the turns on the transformer T-1. For the static bar the frequency may be
      as high as 20,000 Hz by reducing the turns of the primary winding 18.
PAR  It is noted that the voltages for the waveforms of FIG. 2 are designated V+
      for the positive peak voltage and V- for the negative peak voltage.
      Typically, V+ for waveform B is about 4,400 volts and V- about 4,000
      volts; V+ for waveform C is about 17 volts and V- about 21 volts; V+ for
      waveform D is about 10 volts and V- about 13 volts.
PAR  An alternative to resistor 16 in the circuit of FIG. 1 is a transistor
      voltage regulator circuit shown in FIG. 1A which is comprised of an NPN
      transistor 33, two resistors 34 and 35 connected in series between
      terminals 13 and 14 with the base and collector electrodes connected
      across resistor 34 and the emitter and collector between terminals 13 and
      24. The regulator circuit of FIG. 1A permits the change in the amplitude
      of the output voltage of transformer 21 using the same transformer. A
      change in the value of resistor 34 changes the output voltage. Moreover,
      the regulator circuit protects the circuit so that the transistor 17 is
      not overloaded during a short circuit.
PAR  Referring now to FIG. 1B there is shown added circuitry associated with the
      secondary winding 21 inclusive of a resistor 36 in series therewith at
      terminal 31 and a diode 37 connected across the winding 21 and resistor
      with the resultant output being across diode 37. For one half of the cycle
      the diode 37 draws no current and the output pulse will be applied to the
      load. However, for the other half cycle diode 37 conducts and the voltage
      is dropped across resistor 36 with no pulse across the diode. The positive
      or negative portion of the waveform B may in this way be cut off so that
      ions of only one polarity are generated. This is particularly applicable
      to the spray painting application described hereinafter.
PAR  In an alternative form of circuit for the ion generator shown in FIG. 3,
      the input terminals 13 and 14 represented in FIG. 3 lead from the full
      wave bridge rectifier circuit 9 above described with reference to FIG. 1.
      This rectified voltage in turn is dropped across a line resistor 38. The
      oscillator portion of this ion generator circuit has a transformer T-2
      with primary winding having a center tap so as to be divided into two
      windings designated 41 and 42 and a secondary winding 43 wound on a common
      core 44. The output terminals for the circuit at the ends of the secondary
      winding 43 are designated 45 and 46 with terminal 46 connected to ground.
      A capacitor 57 is shown connected across output terminals 45 and 46 has
      been found to increase the ionizing current particularly for the static
      bar application. Note this capacitor may also be used across terminals 31
      and 32. The output terminal 45 is connected to the ionizing electrodes
      described hereinafter. The center tap of the primary winding is connected
      to the input line terminal 13 via resistor 38. Two NPN transistors 47 and
      48 are connected in series with one another and across the primary winding
      and are connected so that the emitter electrodes are common and they in
      turn are connected to input terminal 14. The collector electrodes of the
      transistors 47 and 48 are connected to opposite ends of the primary
      windings 41 and 42. The base electrode of transistor 48 is connected via a
      resistor 49 to the collector electrode of transistor 47 connected to the
      end of winding 41. The base electrode of transistor 47 is connected via a
      resistor 50 to the collector electrode of transistor 48 connected to the
      end of winding 42.
PAR  In the operation of the circuit of FIG. 3 the output of transformer 43 is
      similar to that of transformer 21. When a positive voltage from the line
      is applied to the common emitters of transistors 47 and 48, transistor 48
      turns on and takes control and current flows through winding 42 and the
      collector of the transistor 48. In the circuit, terminals 13 is always
      positive with respect to terminal 14. As current flows through winding 42,
      a voltage is induced in winding 41 in a feedback action in such a manner
      as to increase the voltage across resistor 49 which increases the base
      electrode current of transistor 48 turning the transistor 48 on even
      harder until the transistor 48 saturates at which time full line voltage
      is applied across winding 42. This is coupled to the secondary winding 43
      in the form of a negative output pulse similar to pulse c of FIG. 2. When
      the transformer T-2 has no changing current in its primary winding 42, the
      feedback voltage in winding 41 drops, reducing the current through
      resistor 49 and the base electrode of transistor 48. As soon as the
      current drops, the transistor 48 starts to turn off. Due to the second
      transistor 47 and the flyback effect of the transformer T-2, current is
      induced through the resistor 50 and the base-emitter junction of the
      transistor 47 which turns on and draws the collector current through
      winding 41 and the cycle begins again only this time there is a reverse in
      the output pulse in winding 43 causing a reverse pulse similar to the
      represented f in FIG. 2. The principal difference in operation of the
      circuit of FIG. 3 from that of FIG. 1 resides in the fact that the latter
      circuit adds energy from the power source applied to terminals 13 and 14
      at the end of each pulse (180.degree.) when one of the two transistors
      turns on and drives while the circuit of FIG. 1 adds energy from the power
      source at the end of each full cycle (360.degree.).
PAR  The energy dispersing structure shown in FIGS. 4 and 5 with which the
      circuits above described are operatively associated comprises an outer
      tubular housing 51 made of an electric insulator material such as plastic
      shaped with an intermediate axially extending tubular portion 52, a rear
      end wall portion 53 and a front end wall portion 54, the housing 51 being
      split longitudinally into an upper section 52a and a lower section 52b,
      the upper section 52a having offset protruding edges 55 which overlap the
      edges of the lower section 52b so that the protruding edges of the upper
      section fits down over a portion of the lower section. The lower section
      also has a downwardly extending depressed section 57 in a lower central
      portion thereof.
PAR  A gas input fitting 61 with an internal axial flow passage 62 is mounted in
      the housing and has an externally threaded rear end portion 63 projecting
      through an opening in the rear end wall 53 of the housing and an
      externally threaded front end portion 64, the fitting 61 having a section
      of reduced size within the housing on which there is mounted the
      transformer T-1 connected in the electric circuit above described with
      reference to FIG. 1.
PAR  A generally tubular member 71 of an electric insulator material such as
      plastic has an internal axial passage forming an ion chamber 72 in the
      housing 51 in coaxial alinement with the gas input fitting 61, the
      ionizing chamber 72 being arranged in coaxial alinement and in flow
      communication with flow passage 62. The member 71 has an internally
      threaded, rear, axial bore section 73 of reduced size threading over the
      forward end portion 64 of the gas input fitting 61 and has an internally
      front bore section 75. A support ring 77 made of an electric conductive
      material is mounted in an inner recessed section of the tubular member 71
      about flow passage 62 and supports three ionizing electrodes 78 arranged
      at circumferentially spaced 120.degree. intervals around the outlet of the
      passage 62, the passage 62 being concentric with an imaginary circle
      containing the centers of electrodes 78. The gas ionizing structure also
      includes an arcuate ground electrode 79 in the form of a semi-circular
      shaped electrically conductive foil located and supported in the upper
      section 52a of the housing and extending around the upper portion of the
      ionizing chamber 72 in a concentric relation thereto. This location and
      shape of the ground electrodes 79 and extends upstream and downstream of
      the ionizing points. This arrangement produces an electric field with the
      lines of force in a vertical direction substantially normal to the
      direction of the flow of the stream of gas passing via fitting 61 in
      contrast to horizontal or axially directed lines in the passage of the
      ionizing apparatus shown in my earlier filed gun-type application and has
      resulted in a substantiated improvement in the amount of ionization being
      produced. For example, it was found that the output voltage of the circuit
      applied to the ionizing electrode could be reduced from about 12,000 volts
      peak to about 4,000 to 4,500 volts peak with increased ionization.
PAR  The light emitting diode lamp 11 is mounted in the housing to indicate when
      the electric power is on. The electric power for the devices comes in an
      electric conduct 82 up through a grommet 83 in an aperture in the lower
      housing section 52b.
PAR  A nozzle member 81 is mounted in a grommet 84 in an aperture in the front
      wall 54 with a portion of the nozzle member in a portion projecting
      forwardly beyond the housing. Nozzle member 81 has an axial
      through-passage with a washer-like member 85 fitted in a counter bore in
      the inlet end providing a central restricted inlet orifice 86 leading into
      a resonant cavity 87 of a larger diameter than the inlet orifice, the
      resonant cavity having a selected axial length to generate sound waves of
      a selected frequency. The resonant cavity has a central restricted outlet
      88 the same diameter and in coaxial alinement with the inlet 86 leading
      into the nozzle passage. The size of the inlet orifice 86 is a function of
      the desired air volume at a particular inlet pressure and this inlet
      orifice 86 produces an expansion of the gases in the resonant cavity 87
      which starts the supersonic waves or vibrations. The length of the
      resonant cavity is one half of wave length for an open-ended type air
      column so that for a frequency vibration of 30,000 cycles the length of
      the resonant cavity is about one-third inch. The size of the outlet 88 is
      equal to that of the inlet orifice 86 for a continuous flow under pressure
      without a change of pressure in the resonant cavity 87. The resonant
      cavity 87 differs from the previous application in that it has only a
      single central outlet and inlet of the same size. The outlet section 89 of
      nozzle member 81 has a length of one half wave length or a multiple
      thereof in relation to the frequency of the resonant cavity so as not to
      interfere with the ultrasonic vibrations produced in the cavity 87 and/or
      to reinforce selected harmonics. The nozzle member 81 has radial holes 90
      to provide gas flow in case of a plugging or stoppage at the outlet of the
      nozzle and internal threads 91 at the outlet end. The radial holes 90 are
      located at one half wave length or multiples thereof in relation to the
      resonant frequency of the resonant cavity so as not to interfere with the
      ultrasonic waves being generated. The provision of an outlet section 88
      the same size as the outlet of the resonant cavity 87 facilitates cleaning
      and moves air at a higher velocity than if it is enlarged as described
      hereinafter. Printed circuit boards 92 for the electric components are
      supported on each side of the tubular member 71 inside the housing 51.
PAC  OPERATION
PAR  In the full sequence of operation of the apparatus of FIGS. 4 and 5
      including the associated electric circuits, a stream of gas, usually air,
      under pressure is delivered via the inlet passage 62 past the ionizing
      electrode pins 78 in the ionizing chamber 72 where it is pulsed by the
      continuous, oscillatory positive and negative electric pulses being
      applied thereto. The alternating positive and negative pulses of electric
      energy generate ions of a positive polarity and then of a negative
      polarity. The stream of ionized gas passes through inlet 86 into the
      ionizing chamber 87 where the ions are accelerated to ultrasonic
      velocities and groups of ions of like polarity are present in pressure
      waves with positive and negative ions in discrete pockets or areas are
      produced as fully described in my copending application entitled "Method
      and Apparatus for Producing Ions at Ultrasonic Frequencies." The ionized
      stream of gas is then passed through the outlet section 88 of the nozzle
      member 81 to the point of use.
PAR  An ion generator gun of the type described using ultrasonic energy has been
      found to greatly enhance the propagation of ionization as a non-contact
      cleaning tool. The ultrasonic energy not only adds its own effect in
      removing a charge and particulate from surfaces but enhances the
      propagation of ionization through slots, tubing, duct work and the like.
      Prior known devices were not satisfactory for propagating ionization
      through slots etc. because of surface recombination.
PAR  It has also been found that the production of ions in the apparatus above
      described may be increased appreciably by heating the stream of gas
      (usually air) above the usual ambient temperatures. This may be done prior
      to, during or after ionization and may be done with or without the use of
      the ultrasonic sound wave generator provided by the resonant cavity 87.
PAR  In the embodiment shown in FIG. 4A, a heater is provided in the form of a
      tubular member 93 provided with a heater element 94 in the form of an
      electric resistor to which an electric potential is applied to heat the
      gases passing through member 93. This tubular member is suitably coupled
      to fitting 61 in FIG. 4 to heat the gas prior to entry into the ionizing
      chamber or to the outlet nozzle 81 to heat the ionized gas.
PAR  For heating during ionization there is shown a modified construction in
      tubular member 71 in FIG. 4B, wherein a layer of insulation 66 is provided
      in the ionizing chamber 72 and the heater element 94 is mounted therein to
      heat the gas during ionization.
PAR  Referring again to FIG. 1 the heating element 94 is shown as connected in
      the circuit in series with a thermal overload device 67, the series
      circuit being connected across input terminals 5 and 6. In this way, when
      the temperature of the gas moving through the ion chamber becomes
      excessive, the heat sensitive contacts 67 open, disconnecting the power to
      the heater and the heater 94 cools off until a preselected lower
      temperature is reached at which time the contacts of device 67 close and
      the power is applied to the heater element 94. This protects the ion
      generator device against excessive temperatures.
PAR  In an alternative circuit arrangement for the heater element shown in FIG.
      6 the full line voltage 15 is applied across the heater element 94 but
      only a portion of the line voltage is applied to the bridge rectifier
      circuit 9 to produce ions by virtue of the use of the tap 94a which takes
      only a portion of the voltage across element 94. This has been found to
      reduce the cost of transistor 17 since a lower voltage transistor may be
      used.
PAR  In another circuit arrangement for the heater element which is shown in
      FIG. 1 and designated 94', an isolation transformer winding 68 is
      connected in series with the secondary winding 21 at terminal 31 and the
      heater element 94' is connected across isolation transformer winding 68.
      This arrangement makes the heating simultaneous and syncronized with
      ionization using for example the structure of FIG. 4B with the heater in
      the ionizing chamber.
PAR  In an automatic control for the heater shown in FIG. 7, a conventional
      Triac control member 69 is connected in series therewith and a
      conventional electric heat sensor 70 senses the temperature of the gas.
      The sensor 70 controls one of the electrodes of the Triac control member
      69 as shown in FIG. 7. The Triac control member 69 functions to clip off a
      portion of the cycle of the AC power as represented by waveform P in FIG.
      8 in relation to the temperature being sensed by sensor 70 and provides
      substantially constant heat for the stream of gas being conveyed through
      the ion chamber. There is further provided in the circuit of FIG. 7 a
      pressure sensitive relay comprised of a contact portion 76 connected
      between terminal 6 and fuse 8, which contact portion is opened and closed
      by a pressure control portion 77 coupled in the gas input line leading
      into the ion generator represented at 62 in FIG. 4. The pressure sensitive
      relay is set to close the relay portion when gas is flowing and open the
      circuit when gas is not flowing.
PAC  PLURAL ULTRASONIC GENERATORS
PAR  Referring now to FIG. 4, there is shown a nozzle member 95 having two
      cascaded ultrasonic generators in the form of resonant cavities 96 and 97
      arranged one after the other in series so that the ionized gas stream
      passing from resonant cavity 96 is applied to the resonant cavity 97 with
      the output gas stream of resonant cavity 97 then passing into the
      discharge section 100 of the nozzle member 95. In this embodiment resonant
      cavity 96 is formed by a cup-like body 98 which inserts into the axial
      passage of the member 95 at the inlet end. The cup-like body 98 has a
      smaller inlet section 99 and a larger cavity section 101 formed therein in
      coaxial alinement with one another.
PAR  The resonant cavity 97 is formed by a similar cup-like body 102 and has a
      smaller inlet section 103 and a larger cavity section 104. The body 102 is
      inserted first into member 95 and fits against an inside flange 104
      forming the outlet 107 of the second resonant cavity 97. A retaining ring
      105 holds the cup-like bodies 98 and 102 in place in a nozzle member 95.
      The outlet section 100, of the nozzle member is enlarged relative to
      outlet 107 so that the ionized gases expand and has a plurality of radial
      holes 106. The expansion of the outlet passage has been found to amplify
      the lower frequency harmonics, for example 8,000 cycles.
PAR  The use of multiple ultrasonic cavities as shown in FIG. 9 are useful for
      either amplification of the energy of the base frequency of the first
      generator or for amplifying the energy of a selected harmonic of the base
      frequency. For example if resonant cavity 96 resonates at 24,000 Hz and
      resonant cavity 97 at 24,000 Hz then there is simply amplification or
      energy increase in the base frequency. However, if it is desirable to
      amplify the energy level of other selected harmonics for certain cleaning
      purposes then resonant cavity 97 may be constructed to resonate at 72,000
      Hz and in this way amplify the third harmonic waves produced in the
      resonant cavity 96.
PAR  In another form of plural ultrasonic generator arrangement shown in FIG.
      10, the ultrasonic sound wave energy is applied to the gas in two
      successive stages prior to ionization of the gas. An inner tubular member
      111 made of an electric insulation material inside the housing 51 is
      coupled to a gas inlet fitting 112 and carries two cascaded cup-like
      bodies 113 and 114 forming successive ultrasonic resonant cavities 115 and
      116, respectively, with successive outlets 117 and 118, respectively. An
      output nozzle member 121 threads into the downstream end of the tubular
      member 111 forming the downstream end wall of a cavity 122 downstream of
      the ultrasonic resonant cavities 115 and 116. Three ionizing electrode
      pins 123 on a conductive ring 124 are provided in the ionizing cavity 122
      which has a restricted outlet 125 leading into an enlarged discharge
      section 127 of the output nozzle member 121. The electrode pins are at 120
      degree intervals similar to electrodes 78 above described and terminate in
      ionizing points. Again radial holes 126 are provided in the nozzle member
      at a selected distance along the length thereof.
PAR  Another form of ion generator structure with internal gas heating shown in
      FIG. 11 has a tubular housing 131 shown as having a circular transverse
      cross-section with a counter bore 132 at each end in which there is
      provided at the gas inlet end an inlet fitting 133 having an enlarged
      disc-like portion fitted in the counter bore and an externally threaded
      end portion adapted to receive a pipe fitting to couple gas thereto. The
      fitting 133 has a gas flow passage 134 through which the gas stream enters
      and then expands into an inner enlarged chamber 135 inside housing 131. A
      helically wound heating coil 136 is wrapped on a ceramic core 137 which in
      turn is mounted on a central electrically conductive shaft 138 with core
      137 and shaft 138 forming a hub extending axially through the central
      portion of the housing. The helical coil 136 has a plurality of turns each
      spaced from one another for additional heating of the gas. A pair of
      axially spaced end plates or discs 139 and 140 fit on the ends of the
      shaft and are held by nuts 141 preferably threading on the ends of the
      shaft 138. Upstream disc 139 has a plurality of circumferentially spaced
      inlet openings 142 spaced at equal intervals forming an inlet which pass
      the gas stream from chamber 135 around the coil 136 in a heating chamber
      131a and disc 140 has a plurality of circumferentially spaced outlet
      openings 143 spaced at equal intervals forming an outlet to pass the
      heated gas from the heating chamber 131a. A layer of insulation 144 is
      provided along the inside of the housing between discs 139 and 140 and
      spaced outwardly of the coil 136 to heat insulate the housing 131. The
      ionizing chamber 145 is formed in the downstream end portion of the
      housing 131 beyond downstream plate 140. Three circumferentially spaced
      ionizing electrode pins 146 at 120.degree. like that shown in FIG. 5 are
      supported on a conductive ring 147 on the shaft 138. A circular plate 155
      extends along the inside of the housing 131 and encompasses the ionizing
      electrode pins forming the ground electrode. The ground electrode 155
      extends both upstream and downstream of the ionizing pins. A layer of
      insulation 156 heat insulates the ionizing chamber 145. Shaft 138 is
      electrically conductive and carries current to conductive ring 147. The
      downstream end of the housing 131 has a disc 148 fitted in the counter
      bore at the outlet of the housing with a central restricted orifice 148a
      which forms the downstream end of the ionizing chamber 145. The nozzle
      member 149 at the outlet end of the housing has an enlarged cup-shaped
      portion which fits in the counter bore of the housing against disc 148 to
      form a resonant cavity 150 downstream of the ionizing chamber 145. A
      smaller diameter bore 151 in nozzle member 149 leading from the ultrasonic
      resonant cavity 150 and leads into enlarged outlet passage 152 having
      radial openings 153. The transformer T-1 and circuitry on plates 92 are
      supported on a suitable casing structure disposed below the housing 131.
      The resonant cavity 150 is considerably wider in radial extent than it is
      long and has been found to generate additional ultrasonic energy. The
      shortened nozzle member 149 has a passage 152 selected in length so as to
      eliminate lower or audio frequencies such as around 8,000 Hz and below.
      The modification shown in FIG. 11A includes a pipe section 157 on the
      inlet end of disc 148 making a passage 159 having a selected length in
      relation to the resonant frequency of the resonant cavity 150 to increase
      the energy level. A length of five times the diameter has been found
      highly effective.
PAR  A modified ion generator structure shown in FIG. 12 has a conductive ring
      161 connected on shaft 138 and held by a nut 162 so that the ionizing pins
      163 are carried by the upstream plate and are located inside the heating
      chamber 131a. In this way the gas stream passes between electric ground
      and the pins 163 and heating takes place substantially simultaneously with
      ionization. A ground electrode plate 159 is spaced outwardly of the
      ionizing electrode pin 163. The heated ions pass into an outlet chamber
      165 and into the ultrasonic generator (not shown) like chamber 150 above
      described via outlet 148. The outlet chamber 165 is heat insulated by a
      layer of insulation 160.
PAR  Referring now to FIG. 13, there is shown a modified nozzle member 171 with
      a resonant cavity 172 formed at the inlet end and an enlarged nozzle
      outlet section 173. This nozzle member 171 may be used with or without the
      ultrasonic chamber 172 and is used where the gas is heated. The nozzle
      member 171 has circumferentially spaced outwardly enlarged verturi
      openings 173 characterized by increasing in diameter toward the outer end
      and inclined toward the upstream end. These venturi openings 174 draw
      additional gas into the gas stream and have been found effective in
      increasing the volume of gas thereby cooling the gas discharged from the
      nozzle member when the heating of the gas is used.
PAR  The ion generator apparatus shown in FIGS. 11 through 13 with the circuit
      of FIGS. 1 or 3 having the modification of FIG. 13 has particular
      application to electrostatic spray painting wherein a fluidizing bed with
      a fine powder is coupled by a line to the input fitting 134. The
      fluidizing bed has a pressure line from a compressor or like pressure
      source. The powder passes through input line and over the heating coil 136
      to be heated and is ionized in chamber 145 with a single polarity pulse,
      ultrasonically pulsed with sound waves in chamber 150 and then directed by
      the nozzle member 149 to an object being sprayed which is connected at
      ground potential. In the spray gun application the heating coils 135 are
      preferably sealed so as not to contact the powder or like particles being
      sprayed.
PAR  Referring now to FIG. 14 there is illustrated schematically portions of the
      conventional internal combustion engine of a motor vehicle or the like in
      which a stream of air represented by arrows 201 is drawn into the air
      cleaner 202 and then through the induction pipe 203 which in turn is
      coupled to the intake side of the engine 204. The inside of the induction
      pipe is usually narrowed to a reduced diameter at an intermediate position
      to increase the velocity thereof and the pressure decreases to suck the
      fuel out of the carburetor 205 supplied by a tank represented at 206, with
      the fuel being atomized in the induction pipe 203. In the operation of the
      conventional engine, the tiny atomized droplets of fuel are carried along
      into the intake portion of the engine by the air stream. As a result of
      the heat of absorption on the way to the cylinder, these droplets are
      vaporized and the vapor-air fuel mixture enters the combustion chamber 208
      of the engine. The throttle valve 209 in the inlet pipe is operated by the
      accelerator pedal by the operator to regulate the fuel flow.
PAR  The distributor portion of a conventional internal combustion engine shown
      schematically in FIG. 14 includes contacts shown in the form of an
      electric switch 211 with an ignition cam 212 arranged to rotate as the
      engine rotates and open and close the contacts 211 in accordance with the
      ignition timing. A capacitor 213 is connected across the contacts 211 to
      prevent sparking. In this arrangement, the coil of the vehicle normally
      supplying spark for the spark plugs and represented at T-3 is used as the
      transformer to increase the electrical power for generating positive and
      negative ions. The coil T-3 has a primary winding 214 and two secondary
      windings designated 215 and 216 wound on a common core 217. Preferably,
      the vehicle battery designated 218 is utilized as the source of electric
      power. The battery voltage is applied to the contacts 211 via a resistor
      221.
PAR  A control circuit is operatively coupled between the battery 218, contacts
      211 and primary winding 216 to alternately couple and uncouple the power
      from the battery to the primary winding via the conducts 211. The control
      circuit includes a voltage divider comprised of resistor 222,
      potentiometer 223 and resistor 224 is connected across the battery 218. A
      transistor 225 has its collector and emitter electrodes connected between
      the output of the voltage divider and the collector electrode of a second
      transistor 226 to serve as a voltage regulator as it the circuit of FIG.
      1A. The emitter electrode of transistor 226 is connected to the ungrounded
      side of the primary winding 214. The base electrode of transistor 225 is
      connected to a center tap on potentiometer 223 so that a change in the
      setting of the tap on potentiometer 223 varies the output voltage of the
      secondary winding. The base electrode of transistor 226 is connected
      between contacts 211 and resistor 221. In this way contacts 211 control
      the conduction of the transistor 226 and the energization of winding 214.
      As long as the contacts 211 are closed current flows in the primary
      winding 214 and a magnetic field is formed in the coil core 217. At the
      instant when the cam 212 interrupts the primary current by opening the
      contacts 211 this magnetic field breaks and the sudden change of the
      magnetic field induces a voltage in the secondary windings 215 and 216
      which in normal engine operation produces a spark in the spark plugs of
      the vehicle. A double pole, double throw reversing switch 227 is coupled
      between the secondary winding 215 and the electrode assembly in air filter
      202 to reverse the polarity of the pulses applied thereto.
PAR  Additional ignition timing of the engine is controlled by a negative
      pressure in the induction pipe 203 behind the throttle valve 209 which is
      normally transmitted by linkage to the contact-breaker plate inside the
      distributor. This linkage includes a tubular section 231 opening into the
      induction pipe 203, a diaphram 232 connected to a linkage bar 233 and a
      diaphram spring 234 biasing the diaphragm in one direction. The linkage
      bar 233 is coupled to the movable tap on potentiometer 233 via a
      conventional linear-to rotary motion converter 235 coupled to the movable
      tap so that as the ignition timing is altered there is a change in the
      setting of the tap on potentiometer 223.
PAR  In the operation of the circuit of FIG. 14 and with reference to the
      waveform of FIG. 15, when contacts 211 are open transistor 226 turns on
      and current flows in winding 214 producing a positive pulse P. When the
      contacts close there is some time delay d-1 before the positive pulse
      reaches zero and then there is a negative flyback pulse N for a time
      duration designated n. When contacts 211 are again opened there is another
      time delay d-2 before another positive pulse P appears followed by a
      negative pulse N. Each positive pulse and negative pulse produces positive
      and negative ions in the air stream passing through the air filter 202 and
      in the exhaust gases at the manifold 246 by its application to one or more
      ionizing electrodes as described hereafter.
PAR  It is understood that while the coil of the vehicle affords a convenient
      generator for producing periodic oscillatory pulses of electric energy,
      that the circuits of FIGS. 1 through 8 may also be used to apply the
      pulses generated therein to the electrode assemblies in the air cleaner or
      in the exhaust system.
PAR  The ionizing electrode assembly 240 contained in the air filter 202 is
      shown in detail in FIGS. 16 and 17 includes a high voltage conductive
      metal ring 241 with a plurality of ionizing electrode pins 242 secured at
      equally spaced intervals around the periphery of the ring 241. The output
      of the secondary winding 215 is coupled to the inner ring 231 via a line
      228 to convey the ionizing power to the ionizing points. The ring 241
      passes through a plurality of upright support spacers 243 made of a
      non-conductive material arranged along the middle of the inner side edges
      thereof. Upper and lower metal ground plates 244 and 245 pass through the
      support spacers at the outer side edges. As best seen in FIG. 16, there
      are six spacers 243 at about 60.degree. intervals and 20 ionizing pins 242
      arranged at 18.degree. intervals. This places the ionizing points midway
      between the upper and lower ground plates 244 and 245. In operation, the
      ionizing assembly is placed inside the center of the air filter of the
      vehicle so that the incoming air passing into the induction pipe 203
      passes through an electric field between the ionizing points and ground
      plates and is ionized.
PAR  The exhaust manifold represented diagrammatically at 246 in FIG. 14 is
      provided with one or more ionizing pins 251 in the exhaust manifold for
      the purpose of breaking up the hycrocarbons, nitrons oxide products and
      promote the formation of water, oil, and carbon dioxide. To this end the
      ionizing electrode pins 251 shown are mounted on a manifold gasket 252
      shown in detail in FIGS. 18 and 19. The manifold gasket has openings with
      a cross-shaped central section 254 on which there is mounted an ionizing
      pin 251. A power supply line connects to each of the pins to carry the
      current from the secondary winding of the coil. A ground electrode ring
      255 surrounds or encircles each of the ionizing electrode pins and fits
      into the head or block of the engine in a frictional engagement therewith
      to ground the electrode ring or the head or block itself may be directly
      used as the ground.
PAR  An alternative to the locations of several ionizing points at the ports of
      the exhaust manifold is to provide an exhaust gasket 258 at the end of the
      manifold where it connects to the tailpipe with a cross-section over the
      port and a single ionizing electrode pin 259 with a surrounding ground
      electrode ring 260.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of producing ions in a gas with greater efficiency and a
      minimum of ozone, the steps of:
PA1  generating continuous periodic pulses of electric energy, said pulses
      having a controlled undamped amplitude and having a plurality of
      successive of said pulses limited in amplitude by repetitive,
      substantially sinusoidal half-wave envelopes, said envelopes having a
      frequency less than the frequency of said electric energy pulses, and
PA1  applying the generated electric energy to a stream of gas to generate ions.
NUM  2.
PAR  2. In a method of producing ions in a gas as set forth in claim 1 wherein
      the step of generating periodic pulses of electric energy includes pulses
      with a frequency in the range of about 2,000 Hz to 20,000 Hz and the
      frequency of said envelope is about 120 Hz.
NUM  3.
PAR  3. In a method of producing ions in a gas as set forth in claim 1 wherein
      the step of generating periodic pulses of electric energy includes
      positive pulses that have a voltage of about 4,400 volts peak.
NUM  4.
PAR  4. In a method of producing ions in a gas as set forth in claim 1 wherein
      the step of generating periodic pulses of electric energy includes
      negative pulses that have a voltage of about 4,000 volts peak.
NUM  5.
PAR  5. In a method of producing ions in a gas as set forth in claim 1 wherein
      the step of applying the generated electric energy to a gas includes
      particles in the gas to be sprayed onto a surface.
NUM  6.
PAR  6. In a method of producing ions in a gas as set forth in claim 1 wherein
      the step of applying the generated electric energy to a gas to generate
      ions includes the directing of said generated ions into the air stream of
      the induction pipe of an internal combustion engine.
NUM  7.
PAR  7. In a method of producing ions in a gas as set forth in claim 1 wherein
      the step of applying the generated electric energy to a gas to generate
      ions includes the directing of said generated ions into the exhaust gases
      of an internal combustion engine to reduce pollution.
NUM  8.
PAR  8. In a method of producing ions in a gas with greater efficiency and a
      minimum of ozone, the steps of:
PA1  generating continuous periodic oscillatory pulses of electric energy, said
      pulses having a controlled undamped amplitude and having a plurality of
      successive of said pulses limited in amplitude by substantially sinusoidal
      half-wave envelopes, said pulses having successive alternating positive
      and negative components with no substantial time delay between pulses and
      between cycles, and
PA1  applying the generated electic energy to a stream of gas to produce ions.
NUM  9.
PAR  9. In a method of producing ions in a gas as set forth in claim 8 wherein
      the step of generating periodic pulses of electric energy includes pulses
      of positive and negative components of an uneven amplitude.
NUM  10.
PAR  10. In a method of producing ions in a gas with greater efficiency and a
      minimum of ozone, the steps of:
PA1  generating continuous periodic pulses of electric energy having a
      controlled amplitude,
PA1  applying said periodic pulses of electric energy to a stream of gas to
      generate ions, and
PA1  successively pulsing the gas with ultrasonic sound waves that are
      approximately multiples of the frequency of the electric energy in a
      series of separate successive stages to successively amplify a selected
      base or harmonic frequency of the electric energy.
NUM  11.
PAR  11. In a method of producing ions in a gas with greater efficiency and a
      minimum of ozone, the steps of:
PA1  generating continuous periodic pulses of electric energy having a
      controlled amplitude,
PA1  applying said periodic pulses of electric energy to a stream of gas to
      generate ions, and
PA1  heating the gas wherein the heat is generated independently of the
      generating of said ions to increase the quantity of available ions in the
      gas per unit volume.
NUM  12.
PAR  12. In a method of producing ions in a gas as set forth in claim 11 further
      including the step of inducing additional gas into the ionized gas stream
      prior to the discharge of the ions to cool the gas.
NUM  13.
PAR  13. In a method of producing ions in a gas as set forth in claim 11 further
      including the step of:
PA1  pulsing the gas with ultrasonic sound wave vibrations to produce groups of
      the ions in distinct pressure fronts at higher energy levels.
NUM  14.
PAR  14. In apparatus for producing ions in a gas with greater efficiency and a
      minimum of ozone, the combination comprising:
PA1  electric ion generator means for generating continuous periodic pulses of
      electric energy, said pulses having a controlled undamped amplitude and
      having a plurality of successive of said pulses limited in amplitude by
      repetitive substantially sinusoidal half-wave envelopes having a frequency
      less than that of the electric energy, and
PA1  energy dispersing structure for said electric energy including an ionizing
      electrode terminating in an ionizing point and a ground electrode spaced a
      preselected distance from the ionizing electrode, said electric energy
      being applied to said ionizing electrode to form an electric field between
      the ionizing point and ground electrode for producing ions.
NUM  15.
PAR  15. In apparatus for producing ions in a gas as set forth in claim 14
      including a full wave bridge rectifier for converting the line power to
      half cycle sinusoidal waves at twice the line power frequency to form the
      envelope for the electric energy pulses.
NUM  16.
PAR  16. In apparatus for producing ions in a gas with greater efficiency and a
      minimum of ozone, the combination comprising:
PA1  electric ion generator means for generating continuous periodic oscillatory
      pulses of electric energy, said pulses having a controlled undamped
      amplitude and having successive positive and negative components with no
      substantial time delay between pulses and between cycles, and
PA1  energy dispersing structure for said electric energy including an ionizing
      electrode terminating in an ionizing point and a ground electrode spaced a
      preselected distance from the ground electrode, said electric energy being
      applied to said ionizing electrode to form an electric field between the
      ionizing point and ground electrode for producing ions.
NUM  17.
PAR  17. In apparatus for producing ions in a gas as set forth in claim 16
      wherein said electric ion generator means includes power input terminals,
      a transformer having a primary and secondary winding wound on a common
      core, and oscillator circuit means to alternately couple and uncouple the
      power to the primary winding in a repetitive duty cycle to produce the
      periodic pulses of electric energy.
NUM  18.
PAR  18. In apparatus for producing ions in a gas as set forth in claim 17
      wherein said oscillator circuit means includes a feedback winding wound on
      the core, a transistor having base, emitter and collector electrodes, said
      emitter and collector electrodes being connected across the power input
      terminals through the primary winding, a voltage divider including a
      resistor coupled across the base and collector electrodes and a resistor
      connected between the base electrode and feedback winding so that the
      transistor alternately conducts and non-conducts to alternately connect
      and remove the electric power at the input terminals to the primary
      winding to produce periodic oscillations of positive and negative pulses
      in the secondary winding.
NUM  19.
PAR  19. In apparatus for producing ions in a gas as set forth in claim 18
      including an unidirectional current flow element connected across the base
      and emitter electrodes of the transistor to limit the feedback voltage in
      the feedback winding.
NUM  20.
PAR  20. In apparatus for producing ions in a gas as set forth in claim 17
      including a regulator circuit coupled between the input terminals and
      oscillator circuit means including a pair of resistors connected across
      the terminals and a transistor connected in series between one terminal
      and the oscillator circuit means and associated with one of said resistors
      to facilitate the adjustment of the amplitude of the electric energy
      pulses by changing the values of one of the resistors.
NUM  21.
PAR  21. In apparatus for producing ions in a gas as set forth in claim 17
      including an unidirectional current flow element connected across the
      secondary winding of the transformer to limit the output to only one type
      of pulse component whereby to produce only periodic pulses of electric
      energy to generate ions in the gas of only one polarity.
NUM  22.
PAR  22. In apparatus for producing ions in a gas as set forth in claim 17
      including a capacitor connected across said secondary winding to increase
      the energy level of the ionized gas.
NUM  23.
PAR  23. In apparatus for producing ions in a gas as set forth in claim 21
      wherein said oscillator circuit means includes two transistors, each
      having emitter, base and collector electrodes, the emitter and collector
      electrodes being connected in series with one another across the primary
      winding, one of said input terminals being coupled to a center tap on the
      primary winding and the other of said input terminals being coupled to a
      common emitter electrode of the transistors, the base electrode of each
      transistor being coupled to opposite sides of the primary winding for each
      of said positive and negative pulses of electric energy being generated.
NUM  24.
PAR  24. In apparatus for producing ions in a gas with greater efficiency and a
      minimum of ozone, the combination comprising:
PA1  ion generator and dispersing means for applying continuous periodic pulses
      of electric energy to a stream of gas under pressure to produce ions, said
      pulses having a controlled undamped amplitude, and heating means
      independent of said ion generator and dispersing means for heating the
      stream of gas to increase ionization.
NUM  25.
PAR  25. In apparatus for producing ions in a gas as set forth in claim 24
      wherein said means for heating includes a heater element coupled to the
      ion generator and dispersing means to receive electric power therefrom and
      positioned in proximity to the gas to heat the gas to increase ionization.
NUM  26.
PAR  26. In apparatus for producing ions in a gas as set forth in claim 25
      including a temperature sensing switch operatively associated with said
      heater element to disable the heater when the temperature of the gas being
      ionized exceeds a pre-determined amount.
NUM  27.
PAR  27. In apparatus for producing ions in a gas as set forth in claim 25
      wherein said heater element is powered by the pulses generated at the
      output of said ion generator and dispersing means to make the heating
      simultaneous and syncronized with the ionization of the gas.
NUM  28.
PAR  28. In apparatus for producing ions in a gas as set forth in claim 25
      wherein said heater element is coupled to said ion generator and
      dispersing means via an isolation transformer.
NUM  29.
PAR  29. In apparatus for producing ions in a gas as set forth in claim 25
      wherein said ion generator and dispersing means has power input terminals
      for coupling to a power source, said heater element being coupled to the
      input terminals and having only a portion of the electric power coupled to
      the ionizing electrodes.
NUM  30.
PAR  30. In apparatus for producing ions in a gas as set forth in claim 25
      including an automatic control circuit for the electric power to the
      heating element to maintain a substantially constant temperature, said
      control circuit including means to sense the temperature of the gas and to
      vary the electric power to the heater element in relation to the
      temperature of the gas.
NUM  31.
PAR  31. In apparatus for producing ions in a gas as set forth in claim 30
      wherein said control circuit includes a three electrode control element
      having one electrode connected to a resistor and another electrode
      connected to the heater element.
NUM  32.
PAR  32. In apparatus for producing ions in a gas as set forth in claim 25
      including pressure sensitive switch means responsive to the flow of the
      gas to alternately couple the electric power to the heater element when
      gas is flowing and uncouple the electric power to the heater element when
      the gas is not flowing.
NUM  33.
PAR  33. In apparatus for producing ions in a gas with greater efficiency and a
      minimum of ozone, the combination comprising:
PA1  electric ion generator means for generating continuous periodic pulses of
      electric energy, said pulses having a controlled undamped amplitude and
      having a plurality of successive of said pulses limited in amplitude by
      repetitive substantially sinusoidal half-wave envelopes having a frequency
      less than that of the electric energy, and
PA1  energy dispersing structure for said electric energy including an ionizing
      electrode terminating in an ionizing point and a ground electrode spaced a
      preselected distance from the ionizing electrode, said electric energy
      being applied to said ionizing electrode to form an electric field between
      the ionizing point and ground electrode for producing ions,
PA1  said energy dispersing structure including a means forming a chamber
      through which a stream of gas is passed, said chamber having an ionizing
      electrode terminating in an ionizing point in the chamber and a ground
      electrode disposed outwardly of the ionizing point to provide an electric
      field substantially normal to the flow of gas through the chamber, said
      ground electrode being relatively long in relation to the ionizing point
      to extend both upstream and downstream of the ionizing point.
NUM  34.
PAR  34. In apparatus for producing ions in a gas with greater efficiency and a
      minimum of ozone, the combination comprising:
PA1  electric ion generator means for generating continuous periodic pulses of
      electric energy, said pulses having a controlled undamped amplitude,
PA1  energy dispersing structure for said electric energy including an ionizing
      electrode terminating in an ionizing point and a ground electrode spaced a
      preselected distance from the ionizing electrode, and
PA1  an ultrasonic sound wave generator including an imperforate axial wall of a
      selected axial extent and axially spaced upstream and downstream end walls
      meeting with the axial wall to form a resonant cavity, said upstream end
      wall having only a single restricted central inlet and said downstream end
      wall having only a single restricted central outlet for pulsing the gas in
      the resonant cavity with ultrasonic sound wave vibrations to generate
      groups of ions in a gas in distinct pressure fronts at higher energy
      levels.
NUM  35.
PAR  35. In apparatus for producing ions in a gas as set forth in claim 34
      further including a nozzle member downstream of said ultrasonic generator
      coupled in flow communication therewith, said nozzle member having a flow
      passage of a selected length of about one-half wave length or multiples in
      relation to the frequency of the ultrasonic generator.
NUM  36.
PAR  36. In apparatus for producing ions in a gas as set forth in claim 35
      including radial openings in said nozzle member located at a distance of
      about one-half wave length or multiples in relation to the frequency of
      the ultrasonic generator.
NUM  37.
PAR  37. In apparatus for producing ions in a gas as set forth in claim 34
      wherein said ultrasonic sound wave generator has an inlet passage of a
      selected length to increase the energy level of the ultrasonic wave energy
      generated therein.
NUM  38.
PAR  38. In apparatus for producing ions in a gas as set forth in claim 34
      including a plurality of ultrasonic sound wave generators cascaded in a
      series to amplify the energy level of the gas as it passes therethrough.
NUM  39.
PAR  39. In apparatus for producing ions in a gas as set forth in claim 38
      further including a nozzle member downstream of said series of sound wave
      generators having an internal flow passage of a selected length.
NUM  40.
PAR  40. In apparatus for producing ions in a gas with greater efficiency and a
      minimum of ozone, the combination comprising:
PA1  a housing having an inlet end and an outlet end,
PA1  a hub extending axially in the housing having axially spaced upstream and
      downstream end plates at opposite ends of the hub and heat insulation
      between the plates and along the inside of the housing forming a chamber
      for confining a stream of gas, the upstream end plate having an inlet for
      passing the gas into the chamber and the downstream plate having an outlet
      for passing the gas from the chamber,
PA1  a heating element mounted on the hub in the chamber for heating the stream
      of gas passing through the chamber, and
PA1  ion generator and dispersing means including an ionizing electrode and a
      ground electrode independent of said heating element for applying
      continuous periodic pulses of electric energy having a controlled undamped
      amplitude to the gas for ionizing the gas.
NUM  41.
PAR  41. In apparatus for producing ions in a gas as set forth in claim 40
      wherein said ion generator and dispersing means for ionizing the gas
      includes at least one ionizing electrode carried by the upstream end plate
      and positioned radially inwardly of the inlet and a ground electrode
      outwardly of the ionizing electrode to ionize the gas during the heating
      thereof.
NUM  42.
PAR  42. In apparatus for producing ions in a gas as set forth in claim 40
      wherein said housing has an ionizing chamber downstream of the heating
      chamber, said ionizing chamber having at least one ionizing electrode
      carried by the downstream end plate downstream of the heating chamber and
      a ground electrode in the housing located around and outwardly spaced from
      the ionizing electrode.
NUM  43.
PAR  43. In apparatus for producing ions in a gas as set forth in claim 40
      wherein said heating element is in the form of a helical coil mounted on
      said hub and extending along the hub.
NUM  44.
PAR  44. In apparatus for producing ions in a gas as set forth in claim 40
      further including a nozzle member downstream of said chamber and in flow
      communication therewith having plurality of circumferentially spaced
      venturi-type openings in the nozzle member between the ends thereof, said
      openings enlarged outwardly so as to be wider at the outer ends and being
      inclined toward the upstream end of the nozzle member to draw additional
      gas into the discharge stream.
NUM  45.
PAR  45. In apparatus for producing ions in a gas as set forth in claim 40
      further including an imperforate axial wall and axially spaced upstream
      and downstream end walls, said upstream end wall having only a single
      restricted central inlet and said downstream end wall having only a single
      restricted central outlet for forming a resonant cavity downstream of the
      chamber for pulsing the ionized gas with ultrasonic sound waves.
NUM  46.
PAR  46. In apparatus as set forth in claim 45 wherein said means for forming
      the resonant cavity includes a flat member downstream of the ionizing
      electrode, and a nozzle member with a cup-shaped portion fitted against
      the flat member, said flat member and cup-shaped portion being fitted in a
      counter bore in the housing.
NUM  47.
PAR  47. In apparatus for producing ions as set forth in claim 44 wherein said
      resonant cavity is shorter in axial extent than in radial extent.
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ABST
PAL  A load dump circuit for a wye connected electric generating machine
      includes a silicon controlled rectifier connected between the common
      terminal of the wye and one of the output terminals of the machine. A
      Zener diode sensing circuit is connected to the common wye terminal and to
      the control terminal of the controlled rectifier for rendering the
      controlled rectifier conductive to shunt the output windings in the event
      of an excessive voltage being developed thereacross as a result of a rapid
      load reduction or similar condition. Means are also provided to terminate
      field excitation during the shunting condition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to over-voltage protection circuits and,
      more particularly, to circuits for preventing excessive voltage build-up
      at the output of an electric machine when an electrical load is removed
      therefrom.
PAR  An electric generating machine such as a three phase alternator provides an
      output voltage that is dependent upon the field excitation provided to the
      machine and to the amount of current being drawn by the load connected to
      the machine. In general, the amount of excitation current required to
      provide a predetermined output voltage is proportional to the amount of
      current being drawn by the load. Voltage regulating circuitry may be
      provided to adjust the excitation current to maintain the output voltage
      substantially constant for various load conditions. Such voltage regulator
      circuits are effective to maintain the output voltage substantially
      constant for relatively slowly varying load conditions, however, for
      rapidly varying loading conditions, output voltage transients cannot be
      prevented by controlling the excitation current. For example, when the
      battery of an automobile has been disconnected from an automotive
      alternator, resulting in a loss in the filtering provided thereby, and
      subsequently a large power consuming accessory such as an air conditioner
      is turned off, large voltage transients can occur at the output of the
      alternator due to the magnetic energy stored in the field even though the
      voltage regulator has terminated the field excitation.
PAR  Several techniques for eliminating the voltage transients resulting from a
      rapid change in the electrical load on a generating machine are known.
      Such techniques generally employ circuitry for sensing the output voltage
      of the machine and for shunting or otherwise isolating the output windings
      of the machine when an over-voltage condition is sensed. Representative
      systems are described in U.S. Pat. Nos. 3,488,560, issued Jan. 6, 1970, to
      R. L. Konopa, and 3,581,150, issued May 25, 1971, to T. E. Kirk et al.
PAR  Whereas these techniques provide a way to effectively suppress an
      over-voltage transient, in a poly-phase machine having several windings,
      the prior art techniques require a separate switching circuit for each
      phase winding of the machine. The separate switching circuits result in
      relatively complex circuitry which is expensive and prone to failure as a
      result of the complexity thereof.
PAR  Accordingly, it is an object of the present invention to provide a
      simplified over-voltage protection circuit for a wye connected electric
      generating machine.
PAR  It is another object of the present invention to provide a shunt type
      over-voltage protection system for a multiple phase generating machine
      that requires only a single power switching element.
PAR  In accordance with a preferred embodiment of the invention, the phases of
      the power generating machine are connected together in a wye
      configuration, and rectifier means are provided for connecting the
      windings to a pair of output terminals of the machine. An electronic
      switching circuit comprising a silicon controlled rectifier is connected
      to the common wye terminal of the machine and to one of the output
      terminals, generally the ground or common terminal. A voltage sensing
      circuit including a Zener or avalanche diode is connected between the
      common wye terminal and a control terminal of the silicon controlled
      rectifier to render the silicon controlled rectifier conductive to shunt
      the wye terminal to the output terminal when the voltage at the wye
      terminal exceeds a predetermined level. The voltage sensing Zener diode is
      also connected to field energizing circuitry for removing the excitation
      current from the field during the over-voltage condition.
PAR  The invention together with the above and other objects and advantages may
      be best understood from the following detailed description of the
      embodiments of the invention shown in the accompanying drawing, where:
DRWD
PAR  The single FIGURE is a schematic diagram showing the over-voltage
      protection circuit according to the invention used in conjunction with a
      three-phase alternator.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the FIGURE, there is shown an electric power generating
      alternator system usable in a vehicular electrical system. An alternator
      generally denoted by the numeral 10 includes a field coil 18, serving as
      an excitation winding, and three output windings 12, 14 and 16 connected
      together in a wye configuration. Although the alternator 10 shown in the
      FIGURE is a three-phase machine having three output windings, it should be
      noted that any wye connected machine having any number of phases such as,
      for example, six phases, may be used and still fall within the scope of
      the invention. Six diodes 21-26 are connected together and to the wye
      connected windings 12, 14 and 16 to form a three phase full wave rectifier
      circuit for the alternator 10. The output terminals of the rectifier
      circuit are connected to a source of common potential, such as ground, and
      to a load 29 and a battery 28.
PAR  The field or excitation winding 18 is connected to the output of the
      rectifier circuit and to a voltage regulating excitation circuit or
      energizing means comprising the transistors 30, 32 and 34 and associated
      circuitry. The transistor 30 of the voltage regulating excitation circuit
      has a collector connected to the field coil 18 and an emitter connected to
      ground. A diode 36 is connected across the field coil 18, and the base of
      the transistor 30 is connected to the collector of the transistor 32 and
      to the common wye junction of the windings 12, 14 and 16 by means of a
      resistor 38. The base of the transistor 32 is connected to the emitter of
      the transistor 34, the transistor 34 having a collector connected to the
      positive output terminal of the alternator 10 via a resistor 40. The base
      of the transistor 34 is connected to the positive output terminal of the
      alternator 10 by means of resistors 42, 48 and a pair of Zener or
      avalanche diodes 44, 46. A positive feedback capacitor 50 is connected
      between the collector of the transistor 30 and the anode of the Zener
      diode 46 to provide more positive switching of the transistor 30. A filter
      capacitor is connected between the cathode of the Zener diode 46 and
      ground.
PAR  The electronic over-voltage suppressing circuit of the embodiment shown in
      the FIGURE comprises a silicon controlled rectifier 54 having an anode
      connected to the common wye terminal of the alternator 10 and a cathode
      terminal connected to ground potential by means of a pair of diodes 56 and
      58. The rectifier 54 and the diodes 56, 58 form a switch means for
      shunting excessive energy to ground. Although a silicon controlled
      rectifier is shown in the present embodiment, another thyristor, such as a
      triac or similar electronic switch may also be used. A Zener diode 60 is
      connected between the anode and control terminals of the silicon
      controlled rectifier 54 and to the base of the transistor 32 by means of a
      diode 62 and a resistor 64. A biasing resistor 66 is connected between the
      control and cathode terminals of the silicon controlled rectifier 54.
PAR  In operation, regulation of the alternator output voltage is provided by
      the transistors 30, 32 and 34. When the output voltage of the alternator
      is below a predetermined regulating voltage, current is applied to the
      base of the transistor 30 from the wye junction by means of the resistor
      38, thereby rendering the transistor 30 conductive to complete the current
      path through the field winding 18 to provide excitation current to the
      field. Under the aforementioned conditions, the transistors 32 and 34 are
      maintained in a nonconductive state because the output voltage is below
      the avalanche voltage of the Zener diodes 44 and 46. When the output
      voltage of the alternator exceeds a predetermined level, such as, for
      example, 12 or 24 volts, the output voltage causes the Zener diodes 44 and
      46 to be driven into a conductive avalanche condition thereby rendering
      the transistors 32 and 34 conductive. When the transistor 32 is rendered
      conductive, the current flowing through the resistor 38 is shunted to
      ground, thereby causing the transistor 30 to be rendered nonconductive and
      removing the excitation current from the field coil 18.
PAR  The voltage regulating circuitry described above provides voltage
      regulation for the output voltage of the alternator 10 for normally
      occurring changes in the load, such as, those caused by the normal
      charging of the battery 28, and by the switching of other loads such as
      lights and motors, etc. If an abnormal situation occurs wherein a large
      portion of a load is suddenly removed from the alternator output and no
      battery filtering effect is present, as in the case of an accidental
      disconnecting of the battery 28 followed by a disconnecting of the load
      29, the magnetic energy stored in the field coil 18 will continue to
      excite the alternator 10 even after the transistor 30 has been rendered
      nonconductive. In such an event, the output voltage surge of the
      alternator could exceed 200 to 300 volts in spite of the regulating action
      of the voltage regulator, thereby damaging the regulator circuit and other
      equipment connected to the alternator. The over-voltage protection circuit
      according to the invention is designed to prevent the over-voltage surges
      caused by such abnormal conditions.
PAR  The silicon controlled rectifier 54 of the protection circuit is connected
      between the common wye terminal of the alternator 10 and ground potential
      by means of the diodes 56 and 58. In the event of a decrease in the load
      too rapid to be compensated by the regulating circuit, the voltage at the
      common wye junction of the alternator 10 reaches an amplitude sufficient
      to cause breakdown or avalanche of the Zener diode 60. The breakdown of
      the Zener diode 60 renders the diode 60 conductive to forward bias the
      gate of the silicon controlled rectifier 54. In an alternate embodiment,
      the Zener diode 60 or other voltage sensing means could be connected to
      one of the output terminals or any other convenient point on the
      alternator that provides an indication of excessive voltage at the
      alternator output. Forward biasing the gate of the silicon controlled
      rectifier 54 causes the rectifier 54 to be rendered conductive to shunt
      the common wye terminal to the ground potential source, thereby causing
      the output voltage at the common wye terminal to be reduced to within four
      diode junction drops of ground potential, thereby limiting the output
      voltage of the alternator.
PAR  Due to the rectifying action of the diodes 21-26, the current flowing
      through the silicon controlled rectifier 54 is a uni-directional current.
      As a result, the controlled rectifier 54 is maintained conductive until
      the speed of the alternator is reduced or until the magnetic energy stored
      in the field winding 18 drops to a sufficiently low value to reduce the
      current flowing through the controlled rectifier 54 to a value below the
      holding current of the rectifier. The aforementioned rectifier action
      assures that in machines capable of generating current in the absence of
      excitation, the controlled rectifier 54 remains conductive until the
      output voltage of the alternator is reduced sufficiently to drop the
      output current to a value below the holding current of the controlled
      rectifier. To reduce the output current below the holding current of the
      controlled rectifier, it may be necessary to reduce the alternator speed.
      This feature is particularly important for machines wherein the residual
      magnetism may provide an excessively high output voltage at high rpm under
      no load conditions even though no field excitation is applied by the
      regulator circuit.
PAR  When the silicon controlled rectifier 54 is rendered conductive, the output
      voltage of the alternator 10 drops substantially to ground potential. The
      output voltage is sensed by the transistor 34 and tends to render the
      transistor 30 conductive to energize the field 18. In order to prevent the
      undesirable excitation of the field 18 when the controlled rectifier 54 is
      rendered conductive following an over-voltage condition, the base of the
      transistor 32 is connected to the anode of the Zener diode 60 by means of
      a diode 62 and a resistor 64. The connection to the base of the transistor
      32 causes a forward biasing potential to be applied to the transistor 32
      upon breakdown of the Zener diode 60 to render the transistor 32
      conductive whenever an over-voltage condition sufficient to avalanche the
      Zener diode 60 exists. The diodes 56 and 58 are employed to bias the
      cathode of the controlled rectifier 54 above ground to assure that the
      forward biasing potential at the gate of the controlled rectifier 54 is
      sufficient to forward bias the base of the transistor 32. Current flowing
      through the diodes 56, 58 when the rectifier 54 is conductive results in a
      bias voltage capable of maintaining the transistor 32 conductive as long
      as the rectifier 54 is maintained conductive.
PAR  Although the present invention has been described with reference to the
      details of the illustrated embodiment, it should be understood that other
      modifications and embodiments will be apparent to those skilled in the
      art. The details of the illustrated embodiment are not intended to limit
      the scope of the present invention as set forth in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electric power generating system comprising:
PA1  a plurality of output windings connected together in wye configuration at a
      common junction;
PA1  first and second power output terminals;
PA1  means connecting said output windings to said output terminals;
PA1  voltage sensing means responsive to a voltage indicative of an excessive
      voltage condition between said power output terminals; and
PA1  switch means having first and second main terminals and a control terminal,
      said first main terminal being connected to said common junction, said
      second main terminal being connected to one of said power output
      terminals, and said control terminal being coupled to said voltage sensing
      means, said switch means being responsive to said voltage sensing means
      for electrically connecting said common junction to said one output
      terminal when the voltage between said power output terminals exceeds a
      predetermined amplitude.
NUM  2.
PAR  2. A power generating system as recited in claim 1 further including an
      excitation winding and energizing means connected to said excitation
      winding for applying excitation current thereto, said energizing means
      being responsive to said excessive voltage condition for preventing the
      application of excitation current to said excitation winding when said
      common junction is electrically connected to said one power output
      terminal.
NUM  3.
PAR  3. A power generating system as recited in claim 2 wherein said switch
      means includes a thyristor having main electrodes coupled to said common
      junction and said one of said output treminals and a control electrode
      coupled to said voltage sensing means.
NUM  4.
PAR  4. A power generating system as recited in claim 3 wherein said voltage
      sensing means includes a breakdown diode coupled to said common junction
      and said control electrode.
NUM  5.
PAR  5. A power generating system as recited in claim 4 wherein said thyristor
      is a controlled rectifier.
NUM  6.
PAR  6. A power generating system as recited in claim 2 wherein said energizing
      means is further connected to said output terminals for sensing the output
      voltage thereat, said energizing means being responsive to said output
      voltage for applying said excitation current to said excitation winding
      when said output voltage drops below a second predetermined amplitude.
NUM  7.
PAR  7. A power generating system as recited in claim 6 wherein said connecting
      means includes a plurality of rectifier diodes.
NUM  8.
PAR  8. An electronic load dump circuit for an electric generating machine
      having an excitation winding, a pair of output terminals and a plurality
      of output windings connected together at a common junction in a wye
      configuration and coupled to said output terminals, said system
      comprising:
PA1  avalanche means having a conductive and a non-conductive state electrically
      coupled to one of said output windings, said avalanche means being
      responsive to the voltage at said one output winding and operable to said
      conductive state when the voltage exceeds a predetermined amplitude;
PA1  electronic switch means having main terminals connected to said common
      junction and to one of said output terminals, and a control terminal; and
PA1  means connecting said control terminal to said avalanche means, said
      electronic switch means being responsive to said conductive state for
      providing a low impedance path between common junction and said one of
      said output terminals for effectively short circuiting said common
      junction to said one output terminal.
NUM  9.
PAR  9. A load dump circuit as recited in claim 8 further including voltage
      regulating means connected to said excitation winding for providing
      excitation current thereto, said voltage regulating means being responsive
      to voltage provided by said electric generating means for preventing the
      application of excitation current to said excitation windings when the
      voltage between said output terminals exceeds a predetermined amplitude.
NUM  10.
PAR  10. A load dump circuit as recited in claim 9 wherein said voltage
      regulating means including means for preventing the application of
      excitation current to said excitation windings when an electrically
      conductive path is provided by said electronic switch means between said
      common junction and said one of said output terminals.
NUM  11.
PAR  11. A load dump circuit as recited in claim 10 wherein said electronic
      switch means includes a controlled rectifier.
NUM  12.
PAR  12. A load dump circuit as recited in claim 11 wherein said electronic
      switch means includes a diode connected in series with said controlled
      rectifier.
NUM  13.
PAR  13. A load dump circuit as recited in claim 11 wherein said avalanche means
      includes a Zener diode.
NUM  14.
PAR  14. In an electrical power system having a pair of output terminals and
      employing a plurality of output windings, said windings being connected
      together in a wye configuration at a common junction, an over-voltage
      protection system comprising:
PA1  voltage sensing means electrically coupled to one of said output windings
      for sensing the voltage thereat; and
PA1  switch means coupled between said common junction and one of said output
      terminals, said switch means being further coupled to said voltage sensing
      means and responsive thereto for electrically connecting said common
      junction to said one of said output terminals when the voltage at one of
      said windings exceeds a predetermined amplitude.
NUM  15.
PAR  15. A power system as recited in claim 14 wherein said switch means
      includes a controlled rectifier having main electrodes connected in a
      series circuit between said common junction and said one output terminal,
      and a control electrode coupled to said voltage sensing means.
NUM  16.
PAR  16. A power system as recited in claim 15 wherein said voltage sensing
      means includes breakdown means connected in a series circuit between said
      common junction and said control electrode.
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ABST
PAL  A monitor assembly comprising an indicator, such as a lamp, operable when a
      ground fault occurs in a protected circuit to show that the circuit has
      been interrupted. A separate power source is provided for the indicator
      circuit to keep the lamp lit throughout the time the protected circuit is
      interrupted, with electronic switching means in the indicator circuit to
      turn on the indicator lamp upon receipt of a voltage signal from the
      ground fault interruption circuit indicating interruption of the protected
      circuit. A test circuit is provided, also powered by the separate power
      source, to test operation of the ground fault interruption circuit. A
      manually operated switch is provided to energize the test circuit. For
      convenience, the indicator is described in this embodiment as a lamp but
      it may be any electrically operable indicating means, audible as well as
      visual.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the field of indicators and associated circuitry
      that provide a signal when a protected circuit has been interrupted,
      particularly circuits protected against ground faults, and which
      incorporate testing means therein.
PAR  Heretofore, such indicators and testing means have utilized power from the
      protected circuit. Indicators which rely on power from the protected
      circuit become inoperative after a ground fault occurs that interrupts
      such circuit. It is desirable to provide a continuous signal to indicate
      presence of a ground fault interruption throughout its duration. It is
      also desirable to have a separate power source to energize a test circuit.
PAR  The testing and indicating components and circuitry of this invention
      provide such separate power source independent of the circuit being
      protected, including associated electronic means for regulating voltage,
      detecting an interruption voltage signal and switching to activate an
      indicator upon occurrence of a circuit interruption and throughout the
      duration thereof.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide improved testing and
      indicating means for a ground fault protection system, said testing and
      indicating means being incorporated in a monitor panel assembly.
PAR  It is an object of this invention to provide testing and indicating
      components and circuitry incorporated in a monitor panel for a ground
      fault protection system in which the testing and indicating circuit is
      powered independently of the protected circuit.
PAR  It is an object of this invention to provide electrically energized signal
      means to indicate that a protected circuit has been interrupted due to a
      ground fault, and to so indicate throughout the duration of such circuit
      interruption.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front elevation view of a monitor panel showing an indicator
      lamp and a test button mounted therein in accordance with this invention.
PAR  FIG. 2 is a schematic diagram of the indicating and test circuit and
      components in accordance with this invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The test and indicator assembly in FIG. 1 includes a monitor panel 1 having
      an indicator lamp 2 and a test push button 3 mounted for viewing and
      operation respectively on the front face thereof. The circuitry and
      components shown in FIG. 2 are mounted on the back of monitor panel 1. The
      assembly is used in conjunction with a ground fault protection system,
      part of which is shown schematically in FIG. 2. A ground fault sensing
      device is shown consisting of differential transformer 4, and passing
      through as a single turn primary are power conductors 5 and 6 plus neutral
      conductor 7.
PAR  A voltage is induced in secondary winding 8 on the leg of the differential
      transformer when a ground fault occurs causing an imbalance between power
      and neutral conductors. Secondary winding 8 leads to the ground fault
      protection circuit which includes conductors 9 and 10 and trip coil 11,
      the latter being connected to switch means not shown which open and
      interrupt the protected circuit on occurrence of a ground fault sufficient
      to energize trip coil 11.
PAR  These portions of the ground fault interruption circuit are illustrated to
      show the relationship of the test and indicator assembly, and its
      associated circuits which will now be described.
PAR  A separate AC power source 12 is provided for connection to terminals 13
      and 14 of the monitor panel assembly. Conductor 15 leads from terminal 13
      to charge capacitor 16 through diode 17 and resistor 18 to the zener
      voltage of Zener diode 19.
PAR  This provides the D.C. power for operation of the test and indicator
      circuit.
PAR  Transistors 20 and 21, of the P-N-P type, together with resistors 22, 23,
      24, 25 and 26 form a bistable circuit. When power is supplied, capacitor
      27 and resistor 28 provide a momentary current through the base of
      transistor 20 turning it on to assure that the appropriate initial state
      is obtained, i.e. that triac 29 is not energized.
PAR  When shunt trip coil 11 is energized, by voltage induced on occurrence of a
      ground fault, the same voltage appears across terminals 14 and 30 of the
      monitor panel assembly. This also causes a voltage to appear across
      capacitor 31. When the voltage across capacitor 31 reaches the switching
      voltage of bilateral trigger 32, capacitor 31 is discharged through
      resistor 33. This causes either (1) a current to flow out of the base of
      transistor 21 thereby turning it on, or (2) a reverse bias voltage to
      appear across the base of transistor 20 causing it to turn off, depending
      on the polarity of the voltage appearing on capacitor 31. Diodes 34 and 35
      steer the pulses to the appropriate transistor, for example negative
      voltage directed to the base of transistor 21 through diode 34 and
      positive voltage directed to the base of transistor 20 through diode 35.
PAR  As transistor 21 turns on, current flows through resistor 23, resistor 22
      and the base emitter junction of N-P-N transistor 36 turning the
      transistor on. This energizes the gate circuit of triac 29 turning it on,
      current thereby flowing through conductor 37 and resistor 38 to light
      indicator lamp 2. The resistor 38 is provided to protect against inrush
      current. Capacitor 39 is connected in parallel with triac 29 for voltage
      rise protection. Resistor 40 sets the drive level on the gate of triac 29
      while capacitor 41 and resistor 42 act as noise suppressors to prevent
      false turn on of triac 29.
PAR  Resistor 43 acts as a current limiter when the voltage on capacitor 31 is
      negative with respect to terminal 30. Resistor 44 provides the necessary
      impedance to prevent excessive loading on trip coil 11 if capacitor 31
      fails as a short circuit thus assuring that the trip coil will pick up.
      Resistor 45 has a high value of resistance to provide a discharge path for
      capacitor 31. Resistor 44 and capacitor 31 form a low pass filter to help
      prevent transient turn on.
PAR  Push button 3 is provided to close a switch that actuates the test circuit,
      comprising conductors 46 and 47, resistor 50 and test winding 48 wound on
      a leg of differential transformer 4 with an end of the test winding
      connected to secondary winding 8. Conductor 46 is connected to power
      source 12 through conductor 15 to supply power to the test circuit. When
      push button 3 is depressed to close the normally open switch and energize
      the test circuit, the secondary winding 8 and ground fault interruption
      circuit including trip coil 11 are energized for testing the operation
      thereof. Indicator lamp 2 will light indicating an interruption of the
      protected circuit if the ground fault interruption means is operating
      properly.
PAR  A second push button 49 may be provided to open a normally closed switch in
      series with indicator lamp 2. When depressed to open the circuit, current
      is momentarily interrupted through triac 29 thus turning it off and also
      turning off indicator lamp 2. When push button 49 is released to again
      close the indicator circuit, a pulse of current flows through capacitor
      27, resistor 28 and the base of transistor 20 to assure that transistor 21
      is turned off and triac 29 is not energized. The circuit is then in a
      non-conducting ready condition to again light indicator lamp 2 on
      occurrence of a ground fault interruption or to again test the ground
      fault interruption circuit.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A monitor assembly for testing and indicating presence of a ground fault
      interruption in a protected circuit, including electrically powered
      indicator means therein operable to provide a signal during the existence
      of a ground fault interruption in said protected circuit, including an
      alternating current power source independent of the protected circuit, an
      indicator circuit and associated components being incorporated in said
      monitor assembly, said independently powered indicator circuit including
      said indicator means, rectifying means to provide a rectified power supply
      for said indicator circuit, voltage regulation means to regulate the
      voltage in said indicator circuit, detecting means responsive to ground
      fault interruption in said protected circuit, and electronic switch means
      operably associated with said detecting means to close said independently
      powered indicator circuit and energize said indicator means upon
      occurrence of a ground fault interruption in said protected circuit and to
      supply power to continuously energize said indicator means during the
      existence of said ground fault interruption, wherein said electronic
      switch means includes a bistable circuit having first and second
      transistors connected in parallel, a bilateral trigger component having a
      pre-selected switching voltage value in conjunction with a capacitor and a
      resistor connected to said detecting conductors for receiving said signal
      voltage, two diodes connected in parallel between said bilateral trigger
      component and a respective one of said transistors, the anode of one of
      said diodes connected to the base of the said first transistor thereby
      turning it on, the cathode of the other of said diodes connected to the
      base of said second transistor to cause a reverse bias voltage to appear
      across said base of said second transistor to cause it to turn off, a
      triac component connected between said bistable circuit and said indicator
      means, a third transistor in said circuit, said third transistor connected
      between said bistable circuit and the gate of said triac component for
      energization thereof upon current flow from said bistable circuit to said
      third transistor to turn it on and thereby energize said triac for current
      flow from said independent power source through said triac and to said
      indicator means causing it to produce an indicating signal upon receipt of
      said signal voltage indicating a ground fault interruption in said
      protected circuit and to remain energized continuing to indicate ground
      fault interruption after current has ceased to flow in said interrupted
      protected circuit.
NUM  2.
PAR  2. A monitor assembly as set forth in claim 1, wherein said indicator means
      is an indicator lamp, said indicator lamp also being mounted on said panel
      for viewing from the front face thereof.
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ABST
PAL  A light assembly for use with apparatus for the inspection of conduits such
      as underground sewer lines is presented. The light assembly includes a
      plurality of low energy light sources, and a current interrupting device
      which interrupts the current to the light sources when the voltage across
      the light sources exceeds a given voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to methods and apparatus for the inspection for
      faults in conduits such as underground pipelines. More particularly, it
      deals with methods and apparatus for illuminating the interior sidewalls
      of the conduits for use with said inspection apparatus.
PAR  2. Background of the Invention
PAR  Closed circuit television has recently been used for sewer inspection and
      with grouting apparatus for making repairs. With closed circuit
      television, location of leaks, points of infiltration, paved-over
      manholes, pipeline breaks, and lost articles can be accomplished without
      the disadvantages accompanying the digging up of the pipeline.
PAR  A major problem in the use of cameras in a pipeline is satisfactory
      illumination of the interior pipeline wall which will allow the camera to
      obtain a satisfactory closeup view of the wall. In the past, high
      intensity light sources such as quartz lamps have been used to give bright
      light in the visible range for use with a conventional camera. These lamps
      are undesirable because of the large amount of heat generated.
PAR  Lower power light sources have been used with large parabolic reflectors to
      concentrate the light in the desired locations on the pipeline sidewalls.
      These systems, however, are bulky and in some cases too large to be used
      in smaller diameter pipelines. Also, since the reflectors are generally
      fixed, a different light assembly must be used for each diameter of
      pipeline to be inspected.
PAR  This invention provides a light assembly for use in a pipeline inspection
      system wherein the light assembly has low energy light sources, and the
      assembly also has an electrical circuit which supplies electrical current
      to the light sources when the voltage across the sources is equal to or
      below a predetermined value, and which interrupts the electrical current
      when the light source voltage exceeds the predetermined value.
PAR  The invention also provides a light assembly for use with a pipeline
      inspection system and having a cylindrical body with a central bore for
      receiving the inspecting camera of the pipeline inspection system; and
      also having light sources located in one end of the cylindrical body for
      providing illumination for the inspecting camera.
PAR  The invention further provides a light assembly which has low power
      requirements, and which is suited for pipeline inspection use in a sewer
      line environment.
PAR  The invention also provides a light assembly for use as a universal source
      of illumination for the inspection of a wide range of pipeline sizes.
PAR  The invention further provides a light assembly which can easily be mounted
      on and removed from the camera of a pipeline inspection system.
PAR  The invention also provides a light assembly for use in underground
      conduits and having a current interrupting circuit which provides a simple
      and certain method for setting and holding the voltage across a plurality
      of light sources in the light assembly at an optimum value for maximum
      light output and minimum degradation to the life of the light sources.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation in section through a pipeline showing the light
      assembly as it is used with a sewer line inspection system.
PAR  FIG. 2 is a side view in section of the light assembly.
PAR  FIG. 3 is a front view of the light assembly showing the arrangement of the
      light sources.
PAR  FIG. 4 is a rear view of the light assembly showing arrangement for
      clamping the assembly to a camera.
PAR  FIG. 5 is a schematic of the current interrupting circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A sewer line inspection system is shown in FIG. 1, and is typical of the
      environment in which the present invention is used. A cable 19 is first
      stretched from manhole 13 to manhole 14 in sewer line 10. An inspection
      camera assembly 11 with light assembly 12 is then attached to cable 19,
      and an electrical cable 20 is plugged into the inspection camera assembly
      11. The inspection assembly 11 is then drawn through the sewer conduit 10
      by taking up cable 19 on a winch 18 and playing out electrical cable 20
      from a winch 15. Sufficient electrical cable 20 to make the run from
      manhole 13 to manhole 14 is stored on cable reel 16. A television monitor
      17 is provided to view the interior of the conduit 10 as seen by the
      inspection camera assembly 11 as it is drawn from manhole 13 to manhole
      14.
PAR  The electrical cable 20 is used to supply power to a television camera in
      the inspection assembly 11, and the light assembly 12, and also to return
      television signals from inspection assembly 11 to television monitor 17.
PAR  The present invention deals with light assembly 12 which is shown in detail
      in FIGS. 2, 3, and 4.
PAR  FIG. 2 shows that the body of light assembly 12 is made up of an outer
      sleeve 25 and an inner sleeve 26. The bore of the inner sleeve 26 is open
      so that a camera may be inserted and locked into place.
PAR  The inner sleeve 26 extends beyond the outer sleeve 25 on the rear end of
      the assembly, and the extended portion is slotted as shown to form a
      plurality of resilient fingers 27.
PAR  A ring 28 is positioned between the sleeves 25 and 26 to form an annular
      space between the sleeves, and is held in place by shoulders 49 and 50 in
      the outer sleeve 25 and inner sleeve 26 respectively.
PAR  A resin 29 is filled in behind the ring 28 in the annular space between
      sleeves 25 and 26 as shown and is hardened by an appropriate catalyst. The
      ring 28 is recessed from the front end of the sleeve 25 and 26 to leave an
      open annular chamber for receiving a plurality of low energy light sources
      such as the lamps 30 shown in FIG. 2 and FIG. 3. The lamps are mounted in
      sockets 31 which are spaced in the ring 28 in the circular pattern shown
      in FIG. 3.
PAR  That portion 32 of the inner sleeve 26, and that portion 33 of the outer
      sleeve 25 which are in the open annular chamber are buffed to act as
      reflecting surfaces for the light given off by light sources 30.
PAR  Conductors 34 are embedded in the resin 29 behind the ring 28 and are
      connected to each socket 31 to supply electrical energy to the light
      sources 30.
PAR  A window ring 35 of transparent material such as acrylic covers the front
      end of the open annular chamber and is held in place by screws 36. The
      screws 36 absorb some of the heat given off by light sources 30, and may
      become hot enough to damage the window ring 35. Thus, to prevent heat
      damage to window ring 35, the holes 51 in the window ring 35 through which
      screws 36 pass have larger diameters than the diameter of the screws 36.
      Washers 37 additionally isolate the head of screws 36 from the window ring
      35.
PAR  Channels 38 and 39 are provided in the window ring 35 to receive O-rings 40
      and 41. O-rings 40 and 41 are large enough that when screws 36 are
      tightened, a waterproof seal is established between window ring 35 and
      sleeves 25 and 26, and a gap is left between window ring 35 and sleeves 25
      and 26. This gap is also provided to prevent damage to window ring 35 from
      heat absorbed by sleeves 25 and 26.
PAR  A cavity 42 is left in the resin 29 which is between outer sleeve 25 and
      inner sleeve 26. A metal bar 43 is located in the cavity 42, and acts as a
      heat sink and a chassis for a current interrupting circuit 44. FIG. 4
      shows the heat sink bar 43 which is formed in an open U to fit in the
      annular space between sleeves 25 and 26. The current interrupting circuit
      44 is divided into components 44a, 44b, and 44c and mounted on heat sink
      bar 45 such that the entire circuit will fit in cavity 42 as shown.
PAR  The cavity 42 around circuit 44 is filled with a soft medium such as
      paraffin. A thin layer of resin 45 is then filled in over the paraffin to
      complete the fill between the sleeves 25 and 26. If the interrupting
      circuit 44 should fail, it is relatively easy to remove layer 45 and dig
      the circuit 44 out of the paraffin encapsulation for repair.
PAR  An electrical power supply cable 46 is provided with a suitable connector
      plug for connection with the system power supply cable 20. Electrical
      conductors (not shown) are located in the annular space between sleeves 25
      and 26 to connect cable 46 with interrupting circuit 44, and to connect
      interrupting circuit 44 with lamp conductors 34.
PAR  A strap 47 and adjustable clamping means 48 is provided around the slotted
      end of the inner sleeve 26. When the adjustable clamping means 48 such as
      the hose clamp shown is tightened, the resilient fingers 27 are forced
      inwardly by strap 47 to claim and hold the light assembly 12 onto the
      camera of the inspecting assembly 11 which is positioned in the bore of
      inner sleeve 25 as shown in FIG. 1.
PAR  The light sources 30 are designed to operate at a given voltage. The
      preferred light sources are 28 V. incandescent lamps. By increasing the
      voltage across the lamps by 10%, it is possible to increase the light
      output by 90% without appreciably shortening the life of the lamp element.
PAR  Raising the voltage above 10% of the rated voltage of the lamps will not
      significantly increase the light output above that realized at 10% over
      voltage, but will significantly decrease the life of the lamp element.
      Also, the additional heat generated will have harmful effects on many of
      the heat sensitive elements of the light assembly such as O-rings 40, 41,
      the window ring 35, and the electronic components of circuit 44.
PAR  Thus, current interrupting circuit 44 is designed to turn off current to
      light sources 30 when the voltage across the sources 30 exceeds a desired
      predetermined value. In this case, the preferred value is about 10% over
      the rated lamp voltage, or about 31 volts.
PAR  A circuit breaker having current interrupting contacts can be used. In this
      case the contacts would be in series with the light sources 30, and would
      be opened by a conventional relay when the voltage exceeded the
      predetermined value.
PAR  As the inspecting assembly 11 is dragged through conduit 10, it is subject
      to jolts and shocks as the assembly 11 passes over irregularities and pipe
      joints. Thus, it is possible for the current interrupting contacts to be
      jolted open, causing the illumination from the light sources 30 to
      flicker, and the contacts to arc and burn. For this reason the solid state
      circuit of FIG. 5 is preferred.
PAR  Terminals 60 and 61 would be connected to power supply cable 46, while
      terminals 71 and 72 would be connected to light sources 30 as shown.
      Current is supplied to terminal 71 by transistors 69 and 70 which are
      connected in a Darlington configuration. It can be seen that the current
      to terminal 71 is interrupted if the base circuit voltage of the
      Darlington pair is sufficiently low. An SCR 67 is used for this purpose.
      When SCR 67 conducts, the Darlington pair is turned off and current to
      terminal 71 is interrupted, and when SCR 67 is non-conducting, current is
      supplied to terminal 71.
PAR  The conduction of SCR 67 is in turn controlled by a source of current
      connected to its gate through a Zener diode 66 in the emitter-base path of
      transistor 64. Resistors 62 and 63 form a voltage divider such that
      circuit 44 is switched off when the terminal voltage across terminals 60
      and 61 is at the selected value. It can be seen that the voltage across
      terminals 71 and 72 is essentially the same as the voltage across
      terminals 60 and 61 when the Darlington pair is on, differing only by the
      collector-to-emitter voltage of transistor 70.
PAR  In operation, when the voltage on terminal 60 is raised from 0 volts, the
      voltage at the emitter of transistor 64 is likewise raised until the Zener
      voltage of Zener diode 66 is reached. At this point, Zener diode 66
      conducts current to the gate of SCR 67 causing SCR 67 to turn on. When SCR
      67 turns on, the base voltage of transistor 69 is suddenly reduced to the
      point that the current being supplied by transistors 69 and 70 to terminal
      71 and light sources 30 is interrupted.
PAR  After the source voltage between terminals 60 and 61 is lowered
      sufficiently, the voltage across Zener diode 66 will be lowered below its
      Zener voltage and the gate current to SCR 67 will be interrupted. However,
      the "holding current" of SCR 67 will continue to hold the Darlington pair
      off by keeping the voltage at the base of transistor 69 near zero. Thus,
      the current flow to light sources 30 cannot be reestablished until the
      source voltage is either slightly lowered and momentarily interrupted, or
      is reduced sufficiently that the holding current of SCR 67 can no longer
      be sustained.
PAR  If the source voltage is raised sufficiently for circuit 44 to interrupt
      the current, it is more advantageous to lower the source voltage to zero
      and then increase it again to a point just below the interrupting value.
      This practice lengthens the life of the light sources 30 because the full
      voltage is never instantaneously placed across them.
PAR  The preferred circuit elements are as follows:
PA0  62: Resistor, selected dependent on the desired interrupting voltage
PA0  63: Resistor, 2K ohm, 1W, 1%
PA0  64: transistor, Motorola MJE521
PA0  65: resistor, 2.7K ohm, 1W, 5%
PA0  66: zener Diode, IN5242 B
PA0  67: scr 2n4441
PA0  68: resistor, WW, 1K ohm, 3W, 5%
PA0  69: transistor, Motorola, MJE521
PA0  70: transistor, Motorola, MJE3055
PAR  For circuit 44 to interrupt current to light sources 30 when the voltage
      between terminals 71 and 72 is approximately 32 volts, resistor 62 is a
      3.3K ohm, 1W, 1% resistor. To decrease the interrupting voltage, the
      resistance of resistor 62 can be decreased, or to increase the
      interrupting voltage, the resistance of resistor 62 can be increased.
PAR  As set out above, the interrupting circuit is important in that the light
      intensity can be significantly increased by over-exciting the light
      sources 30 by a desired amount. However, raising the voltage too high will
      greatly reduce the life of the sources 30 and will generate excessive
      heat. The interrupting circuit 44 is designed to interrupt the electrical
      current to the light sources 30 when the desired maximum voltage is
      exceeded. Thus, circuit 44 allows the light sources 30 to be over-excited
      to increase their light output, but limits the over-excitation before the
      life of the light sources 30 is greatly affected.
PAR  The interrupting circuit also provides a significant advantage when a
      longer than normal run is being made with the inspection system 11. When
      additional power supply cable 20 is plugged into the system, it is
      possible that the resistance of the additional cable will lower the
      voltage at the light sources 30 sufficiently that the light emitted will
      not be bright enough to properly illuminate the larger pipe sizes. The
      voltage at the source end of the cable 20 can be increased until the
      interrupting circuit 44 in the light assembly 12 causes the light sources
      30 to go out. The voltage can then be reduced to zero and again increased
      to a point just below the interrupting value. Thus, the proper voltage
      will be applied across the light sources 30 to supply the maximum amount
      of light without harm to the light sources 30.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential characteristics thereof. The
      presently disclosed embodiments are therefore to be considered in all
      respects as illustrative, and not restrictive, the scope of the invention
      being indicated by the appended claims rather than by the foregoing
      description, and all changes which come within the meaning and range of
      equivalency of the claims are therefore intended to be embraced therein.
CLMS
STM  What is claimed and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A light assembly for use with an apparatus having a camera for
      inspecting a conduit comprising:
PA1  a cylindrical outer sleeve;
PA1  a cylindrical inner sleeve spaced concentrically within said outer sleeve
      forming an annular chamber therebetween;
PA1  a plurality of light sources located in the annular chamber and near one
      end of said inner and outer sleeves;
PA1  an electrical cable secured to one of said sleeves for supplying electrical
      current; and
PA1  an electrical circuit located in said annular chamber and connecting said
      electrical cable to said light sources for passing electrical current when
      the voltage across said light sources does not exceed a predetermined
      value, and for interrupting electrical current when the voltage across
      said light sources does exceed said predetermined value.
NUM  2.
PAR  2. The light assembly of claim 1 further comprising a transparent window
      ring positioned on the one end of said inner and outer sleeves and
      covering the annular chamber over said light sources.
NUM  3.
PAR  3. The light assembly of claim 2 further comprising a spacing ring located
      in the annular chamber between said inner and outer sleeves; for
      maintaining the spacing between said inner and outer sleeves, for
      supporting said light sources which are mounted thereon in that portion of
      the annular chamber between said spacing ring and said window ring, and
      for closing the annular chamber between said light sources and said
      electrical circuit.
NUM  4.
PAR  4. The light assembly of claim 3 further comprising:
PA1  sealing means between said window ring and said inner and outer sleeves for
      forming a waterproof seal over the one end of the annular chamber between
      said inner and outer sleeves; and
PA1  means filling that portion of the annular chamber between said spacing ring
      and the second end of said outer sleeve for embedding said electrical
      circuit and for forming a waterproof seal over the second end of the
      annular chamber between said inner and outer sleeves.
NUM  5.
PAR  5. The light assembly of claim 1 wherein the second end of said inner
      sleeve extends beyond the second end of said outer sleeve, and the
      extended portion of said inner sleeve has a plurality of longitudinal
      slots.
NUM  6.
PAR  6. The light assembly of claim 5 further comprising a clamping means around
      the extended portion of said inner sleeve for biasing said extended
      portion radially inwardly when said clamping means is tightened.
NUM  7.
PAR  7. The light assembly of claim 1 wherein said electrical circuit comprises
      a semiconductor device having a controllable first terminal passing
      current to said light sources and having a second terminal controlling
      said first terminal such that said first terminal passes current when the
      voltage between said first and second terminals is above a set value, and
      said first terminal does not pass current when the voltage between said
      first and second terminals is not above the set value; and means connected
      between said first and second terminals for lowering the voltage between
      said terminals below the set value when the voltage across said light
      sources exceeds the predetermined value.
NUM  8.
PAR  8. The light assembly of claim 7 wherein said voltage lowering means
      continues to maintain the voltage between said terminals below the set
      value until the voltage across said light sources is lowered below a
      predetermined minimum value.
NUM  9.
PAR  9. The light assembly of claim 8 wherein said semiconductor device is a
      pair of transistors having;
PA1  a common base connection,
PA1  the emitter of the first transistor of said transistor pair connected to
      the base of the second transistor of said transistor pair,
PA1  the emitter of said second transistor is said first terminal, and
PA1  the base of said first transistor is said second terminal.
NUM  10.
PAR  10. The light assembly of claim 9 wherein said voltage lowering means
      comprises a silicon controlled rectifier, a third transistor for passing
      gate current to said silicon controlled rectifier, and a Zener diode in
      the base-emitter circuit of said third transistor.
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PAL  Subject-matter of the invention is an overload protection and display
      circuit, in particular for operation in conjunction with high-power sound
      radiators, and including one or more protective circuits therein. Each
      circuit senses the real value of the electrical sign applied to their
      inputs. The moment of interference depends on the averaged real output of
      an adequately long memory period preceding the interference. Consequently
      the sound radiators may be operated controlled by an output considerably
      in excess of the usual.
PAL  Improved results are achieved by connecting an indirectly heated thermistor
      in series with the winding of an interfering relay, and using a Zener
      diode connected for operation in the reverse direction, while the filament
      windings of the indirectly heated thermistor are terminated on the input
      points of the protective circuit through a resistance.
PARN
PAR  This application is a Continuation-in-Part application of our application
      serial No. 287,077 filed Sept. 7, 1972.
BSUM
PAR  The subject matter of the invention is an overload protection and display
      circuit designed for use in particular with high-power sound radiators
      which in a manner departing from the known solutions senses the real
      output of an electrical signal applied to its input and where unlike the
      methods so far known the moment of interference depends on the real output
      averaged for a sufficiently long memory period preceding the interference
      and not on the momentary overload, in a manner that with a rising ambient
      temperature the memory time of the circuit tends to decrease in the same
      way as the load carrying capacity of the feature to be protected, in the
      present instance a sound radiator, also tends to decrease with the rise of
      the ambient temperature. After an overload has been applied, yet before
      the interference, the circuit sends out a warning signal to the operator
      and if the operator lifts removes the overload, no interference takes
      place.
PAR  For sake of uniformity of the description references have been listed at
      the end of the patent specification under their respective serial numbers
      appearing in brackets in the text.
PAR  Sound amplification in large structures such as sports halls, covered
      stadiums, theatres, etc. confronts the design engineers with tasks
      continually growing in gravity. In a modern sound system in the first
      place requirements of quality have to be met, and secondary demands for
      greater volume and loudness. The demand of quality, e.g. a wide
      transmission band, uniformity of the directional characteristic (1) from
      the very outset specifies certain technical solutions, and according to
      experience their satisfaction in general detracts from the efficiency of
      the loudspeakers. The (1) in the preceding sentence is the first one of
      the references relied on in the present disclosure. Consequently the
      demand for loudness, e.g. for the transmission of beat music, can be
      satisfied only with sound radiators possessing a high load carrying
      capacity, inasmuch as the improvement of the efficiency of sound radiators
      is limited by the quality of the magnetic materials avilable in the market
      (2).
PAR  As taught by experience, the permissible warming up of the moving coil sets
      a limit to the load carrying capacity of the sound radiators, provided
      that by applying an appropriate pasting method care is taken of clamping
      them with vibrating structural elements of the sound radiator (moving
      coil, centralizer, diaphragm) with satisfactory rigidity. Since modern
      adhesives allow of the assembly of the components of sound radiators
      satisfying the condition of rigidity, the load on a sound radiator cannot
      be increased beyond a temperature still sustained by the moving coil.
      Again experience teaches that a moving coil wound on a plastic-impregnated
      paper core and of a plastic-coated wire will endure an operating
      temperature of about 100.degree.C. Hence the problem of overload
      protection will boil down to one of the limitations of overheating of the
      moving coil. However, since the temperature of the moving coil depends on
      the fed-in sound output as well as on the ambient temperature, preferably
      a method should be contrived for overload protection which takes into
      account the ambient temperature in a way that the protective circuit
      interferes more readily for rising ambient temperatures.
PAR  Obviously the protective circuit will come into action following upon the
      overload so as to prevent the moving coil of the sound radiator from
      warming up in excess of the permissible between the setting in of the
      overload and the moment of interference. At the same time when overload
      ceases, the protective circuit too will have to cease to interfere
      automatically, and this the sooner the better, lest the operation of the
      sound radiator should be disturbed for too long a time.
PAR  The definition of the signal, i.e. the programme signal applied to the
      sound radiator is a matter of special consideration. In point of fact this
      signal is not one of constant amplitude, e.g. a sinusoidal signal, but a
      signal varying stochastically in the temporal order. Obviously the
      electroacoustic chain as whole, and so the sound radiator must be capable
      of processing even the highest momentary value of the programme signal. On
      the other hand, the wrong course would be taken if the load carrying
      capacity of the sound radiator were defined by the output measured with
      the sinusoidal signal which agrees with the highest short-term peak output
      of the programme signal. Tests have been made regarding the statistical
      properties of a programme signal averaged for short periods. If the peak
      factor K of the programme signal averaged with an instrument measuring the
      effective value for a short term of 250 msecs were, in terms of decibels
      defined by the difference between the voltage level of the programme
      signal averaged for 250 msec associated with the probability of W = 0.99
      and the voltage level of the programme signal averaged for a long term,
      then we find widely differing peak factors for the particular categories
      of programmes (3). This difference manifests itself not only for works
      belonging to the same artistic form (e.g. symphonic music, dance music,
      beat music, etc.) but also in the various interpretations of the very same
      work of art (4). For all programmes so far tested the peak factor was in
      all cases 20 log K = 9 dB in a way that the lowest values were obtained
      for beat music. For all other programmes considerably higher values were
      measured.
PAR  In other words the result is an indication that the output warming up the
      moving coil of the sound radiator is at most 12 per cent. of the
      short-term peak output averaged for a period of 250 msec. Hence the peak
      output is not characteristic of the warming up of the moving coil. What is
      characteristic is the long-term average output of the programme signal. It
      is essential therefore that the load carrying capacity of the sound
      radiator be preferably defined by the output measured with the sinusoidal
      signal, which warms up the moving coil to the same temperature as a
      programme signal applied to it for a long term.
PAR  Since at the sinusoidal output the short-term peak output of the programme
      signal is by at least 9 dB higher than this sinusoidal output, when for
      reasons of safety only a value of 6 dB is accepted, the amplifier
      supplying the sound radiator should be calculated for delivering the
      short-term output, which in this way will be four times the output limited
      by the warming up of the sound radiator.
PAR  As taught by experience the temperature of the moving coil of the
      loudspeaker of a sound radiator supplied with a sinusoidal voltage by an
      amplifier or a voltage source of a negligibly low internal resistance will
      tend to decrease with the rise of the frequency, contrary to what may be
      found in literature (5). On the other hand for properly calculated
      loudspeakers the highest temperature may be discovered in the frequency
      range where the absolute value of the impedance has a minimum. Dependent
      on the dimensions and design of the loudspeaker this frequency is in
      general between 200 and 800 Hz.
PAR  Now the load carrying capacity of the sound radiator limited by warming up
      may be defined either by the output associated with the sinusoidal signal
      which when fed in will keep warming up of the moving coil of the
      loudspeaker irrespective of the frequency of the signal below a
      permissible value, or by taking into consideration the
      frequency-dependence too of the output limited by warming up. In the
      former instance it will suffice when the protective circuit interfaces at
      an output in excess of the one associated with the above frequency and
      responsible for the permissive warming up, whereas in the latter instance
      interference will have to be frequency-dependent.
PAR  For the sake of completeness it should be noted that according to
      experience accumulated in practice in the majority of cases it will
      suffice when the protective circuits interferes regardless of frequency.
      Since the amplifier feeding the sound radiator is a voltage source, the
      output fed into the radiator will be proportionate to the r.m.s. value of
      the voltage appearing on the terminals of the sound radiator. The
      protective circuit should preferably respond to this value.
PAR  Obviously in an electroacoustic chain designed for an optimum value, i.e.
      one capable of being loaded up to the limit of warming up, the sound
      radiator must be protected against the contingent warming up of the moving
      coil by the output supplied by the amplifier to a temperature where it
      might be damaged. Under operating conditions, and on the assumption of
      proper handling, a case of this kind is unlikely to occur. Still it may
      happen that at the measurement of the electroacoustic chain with a
      sinusoidal signal, e.g. owing to the energization of the electroacoustical
      chain, or perhaps owing to overdrive caused by faulty operation, the
      moving coil will be overheated. It is the function of the overload
      protection circuit to prevent this irregular operation of the system that
      departs from the legitimate operating condition.
PAR  However, from the point of view of the user of the equipment interference
      in consequence of incorrect operation or overdrive, though always
      indispensable for the protection of the sound radiator, might often be
      unwelcome. As a matter of fact an audience is by far less sensitive to an
      overdrive of the electroacoustic chain than to a total breakdown of
      programme transmission, or its continuation with considerably reduced
      intensity. Therefore the protective circuit has to be designed in a way
      that sensing of the overload owing to incorrect operation or overdrive and
      its display shall take place by far before actual interference. If as soon
      as the trouble condition has been sensed the operator takes action to
      remove overdrive, preferably no interference shall come about.
PAR  In the following discussion the thermic heating up time constant of an
      element accommodated in a surrounding of constant temperature will be
      defined by the period elapsing between the beginning of heating and the
      moment the temperature of the element has attained the (1 -
      e.sup.-.sup.1)th part of the final temperature. Similarly the cooling down
      time constant of the heated element will be defined by the period elapsing
      between the moment heating has been laid off and the moment when the
      element has cooled down to the (e.sup.-.sup.1)th part of the initial
      temperature.
PAR  Furthermore by agreement the period between the moment the overload has
      been applied to the protective circuit and the moment of the actual
      interference of the protective circuit shall receive the designation of
      the memory period of the circuit. Similarly by agreement the period
      between the moment the overload has been applied to the circuit and the
      moment of the sensing and display of overload shall receive the
      designation of the moment of display of the protective circuit.
PAR  At the present state of technology for a solution of the problem as
      outlined above the following has to be postulated:
PA1  I. the protective circuit shall sense the output of the electrical signal
      applied to the input of the sound radiator, possibly in a manner dependent
      on the permissible warming up of the sound radiator, yet independently of
      the development or wave form of the signal in the temporal order, in a
      manner that sensing shall be proportionate to the r.m.s. signal voltage
      value applied to the input.
PA1  Ii. the heating up and cooling down time constant of the protective circuit
      shall be lower than that of the sound radiator, however, sufficiently
      large to prevent trouble conditions in the sound radiator to be controlled
      by the programme signal.
PA1  Iii. the memory period of the protective circuit shall decrease with
      increasing overload and ambient temperature.
PA1  Iv. the protective circuit shall operate without the need for a special
      supply voltage source, and its power consumption shall be negligible.
PA1  V. notwithstanding the interference of the protective circuit to the output
      terminals of the amplifier supplying the sound radiator permanently, a
      finite impedance other than zero shall be applied.
PA1  Vi. the protective circuit shall at an appropriate moment before actual
      interference signal the overload condition to the operator; no
      interference shall take place if the operator removes the overload in
      time.
PAR  The methods and solutions described in professional literature satisfy part
      only of these requirements. In general instead of the output of the signal
      advanced to the input the circuits in question sense the average of the
      short-term output peaks in the temporal order only, and consequently come
      into action dependent on the average of the short-term output peaks in the
      temporal order, and not dependent on the average output referred to the
      memory period of the programme signal.
PAR  The operation of these circuits relies on the principle that in the
      protective circuit incorporating the sound radiator and terminated on the
      output points of the amplifier, the audio frequency a.c. voltage
      fluctuating in the temporal order, over a frequency-dependent network,
      feeds a rectifier whose rectified voltage passes to the winding of a relay
      connected in parallel to a capacitor. If the value of the current flowing
      in the relay winding exceeds the threshold value for the relay operation,
      the relay will operate and connect a resistor in series with the
      loudspeaker. In response to this action the current flowing in the
      loudspeaker will drop below the permissible value.
PAR  By an essentially method the relay cuts off the sound radiator in the event
      of an overload.
PAR  As will be made clear subsequently, the invention eliminates all critical
      deficiencies and shortcomings of these circuits. The circuit according to
      the invention differs from the circuits so far known in that an indirectly
      heated thermistor is connected in series with the relay winding, and then
      to these circuits in series, a Zener diode operating in the return
      direction is connected in parallel, while the filament winding of the
      indirectly heated thermistor is terminated on the input points of the
      protective circuit through a resistor in series with it.
DRWD
PAR  The subject matter of the invention and further details of it will be
      described in detail on hand of several embodiments of the invention and
      the attached drawings, wherein
PAR  FIG. 1 presents the circuit diagram of the simplest design of an overload
      protective device according to the invention, with only one protective
      circuit;
PAR  FIG. 2 is a variant of the embodiment according to FIG. 1;
PAR  FIG. 3 is an improved embodiment of the solution according to FIG. 2;
PAR  FIGS. 4 to 7 present different variations of the protective device
      according to the invention, each having only one protective circuit;
PAR  FIG. 8 presents an embodiment with two protective circuits according to
      FIG. 2 of the invention;
PAR  FIG. 9 shows an embodiment with two protective circuits according to FIG.
      3;
PAR  FIG. 10 presents an embodiment with two protective circuits according to
      FIG. 4;
PAR  FIG. 11 presents an overload protective device with two protective circuits
      according to FIG. 5;
PAR  FIG. 12 presents an embodiment with two protective circuits according to
      FIG. 6;
PAR  FIG. 13 presents an embodiment with two protective circuits according to
      FIG. 7;
PAR  FIG. 14 presents a variant of the protection circuit according to FIG. 2;
PAR  FIG. 15 presents another variant of the protective circuit according to the
      invention; and
PAR  FIG. 16 presents an embodiment comprising two protective circuits according
      to FIG. 14.
DETD
PAR  The known protective devices satisfy the earlier-discussed requirements
      (II), (IV) and (V) at most, however, they fail to meet the conditions of
      particular importance specified in (I), (II), or (VI). What is
      particularly unwelcome with said devices is the failure to sense the
      output of the signal advanced to the input. Instead they sense the average
      of the short-term output peaks in the temporal order, and consequently the
      device will interfere only dependent on the average of the short-term
      output peaks in the temporal order, and not dependent on the average
      output referred to the memory period of the programme signal. So e.g. for
      symphonic music the memory period of the circuit will be less than a
      second, whereas for dance music it will be of a value of barely a few
      seconds (5).
PAR  Such a device with a protective circuit operates on the following
      principle: In the protective circuit terminated on the output points of an
      amplifier, equipped with a loudspeaker attached to the circuit, an audio
      frequency a.c. voltage fluctuating in the temporal order via a
      frequency-dependent network comprising a variable resistor and a capacitor
      in parallel, supplies a diode, whose rectified voltage passes to the
      operating winding of a relay connected in parallel to a capacitor. If the
      value of the current flowing through the relay winding exceeds the
      threshold value for operation, the relay operates and connects a further
      resistor in series to the loudspeaker.
PAR  In response to this action the current flowing in the loudspeaker will drop
      to the permissible value. Since the rectifier circuit is essentially a
      peak rectifier loaded with the resistance of the relay winding, the memory
      period of the protective circuit will depend on the momentary peak values
      and not on the output of the signal advanced to the input points of the
      circuit, although for the purpose of warming up, the momentary peak values
      are meaningless.
PAR  Another disadvantage of the known circuit is the dependence of its memory
      period, owing to the use of a peak rectifier, on the wave form of the
      signal applied to the input, and on the other hand, its independence of
      the temperature. Furthermore the operation of the circuit critically
      depends on the stability of the properties of the relay in the temporal
      order.
PAR  In another known protective circuit (6) the difference is only that said
      relay is supplied by a full-wave rectifier. Consequently owing to the
      moderately pulsating d.c. voltage the operation of the relay will become
      somewhat more reliable. On the other hand at the same time in the event of
      overload conditions the circuit cuts off the loudspeaker, so that
      requirement (V) is not satisfied. Apart from these differences this
      protective circuit too labours with the same deficiencies as the one prior
      described.
PAR  The protective device according to the invention satisfies the requirements
      specified in (I), (II), (III), (IV), (V), a relevant, exemplary circuitry
      being shown in FIG. 1. The circuit operates on the following principle:
PAR  For the time being let it be assumed that the value of a resistor R.sub.2
      in the circuit is extremely high, so that for practical purposes no
      current flows through it. In response to the voltage advanced to points A,
      B, a rectifier D will supply a pulsating d.c. voltage increasing
      proportionately to the input voltage. For protective purposes, a resistor
      R.sub.1 is also included in the circuit, in series with the rectifier D.
      The voltage so supplied will be smoothed by a capacitor C.sub.1. A Zener
      diode Z.sub.1 stabilizes this growing d.c. voltage above an appropriately
      selected voltage (see reference 7). In this way the voltage at the poles
      of the Zener diode will become constant above a certain input voltage
      irrespective of the increase of the voltage of the signal advanced to
      points A, B, and of the wave form of the signal. The Zener diode is
      preferably selected so that its Zener voltage should be higher by about 10
      per cent than the minimum voltage in response of which relay J.sub.1
      operates.
PAR  Parallel to the Zener diode an indirectly heated thermistor TK.sub.1 in
      series (8) and the operating winding of a relay J.sub.1 are connected. If
      an appropriate resistance is specified for these elements, the current
      flowing through the thermistor will, independently of the fluctuations of
      the input voltage U, be too significant to suffice for the operation of
      relay J.sub.1. However, if the filament winding of thermistor TK.sub.1 is
      by connecting the resistor R.sub.2 of an adequate, yet finite value in
      series, terminated on points A-B, as shown in FIG. 1, then it will become
      directly evident that the filament output of the thermistor and so its
      thermistor will, in a manner independent of the progress of the electrical
      signal advanced to points A, B in the temporal order, depend on the output
      of the signal applied to terminals A, B.
PAR  A loudspeaker H is shown connected to the output of the circuit, behind a
      normally closed contact of the relay J.sub.1 . Since apart from a constant
      factor the output is proportionate to the square of the r.m.s. value, the
      temperature of the thermistor will in this way be proportionate to the
      square of the r.m.s. value of the signalling voltage advanced to points A,
      B. Consequently the r.m.s. signal voltage applied to points A, B exceeds a
      value preferably calculated from the output of the sound radiator to be
      protected limited by the warming up, the indirectly heated thermistor will
      warm up, and since its resistance tends to drop with the rise of the
      temperature, the d.c. voltage source stabilized by the Zener diode Z.sub.1
      will, through the circuit composed of the thermistor TK.sub.1 and relay
      J.sub.1, advance a current sufficient for the operation of the relay.
      Since the resistance of the thermistor is a function of the temperature,
      which in turn is controlled for a given ambient temperature by the current
      flowing through the filament circuit of the thermistor, the protective
      circuit will, dependent on the thermic warming up time constant of the
      thermistor, i.e., a value for a given thermistor variable by changing the
      value of resistor R.sub.2, with the aid of the relay remove loudspeaker H
      from points A, B before any damage has occurred to the loudspeaker.
PAR  At the same time since the memory period is a function of the current
      flowing in the filament winding of the thermistor, with rising overload
      interference will come about sooner. Furthermore since the resistance of
      the thermistor depends on the current flowing in the filament winding as
      well as on the ambient temperature the resistance will tend to decrease,
      the memory period will in like way decrease with the rise of the ambient
      temperature.
PAR  If now the overload suddenly comes to an end, the voltage appearing along
      the Zener diode will rapidly decrease by a time constant .tau..sub.1 =
      C.sub.1 (R.sub.T +  R.sub.j) defined by the thermal resistance R.sub.T of
      thermistor TK.sub.1 and the ohmic resistance R.sub.j of the winding of
      relay J.sub.1 in series with it, so that the relay will again close the
      circuit for the sound radiator. On the other hand if the overload is
      suddenly re-applied then the voltage appearing on the Zener diode with a
      time constant .tau..sub.2 = C.sub.1 (R.sub.1 + R.sub.D), where R.sub.D is
      the forward resistance of the diode, will for practical purposes
      immediately on its appearance again connect the loudspeaker provided that
      the time constant of the thermistor's cooling off is sufficiently large.
PAR  With tolerable approximation the protective circuit will load the amplifier
      with a resistance of R = R.sub.1 R.sub.2 (R.sub. 1 + R.sub.2).sup.-.sup.1,
      since the values of R.sub.D and R.sub.Z, i.l.e. the differential
      resistance of the Zener diode may be ignored in comparison to R.sub.1.
      similarly the resistance of the filament winding of the thermistor may
      also be ignored in comparison to R.sub.2.
PAR  Provided that the appropriate circuit features have been selected, the
      loading impedance of the protective circuit may be ignored for practical
      purposes in view of the sound-radiator impedance.
PAR  In an actually built circuit the following values have been used for the
      particular components:
PAR   R.sub.1 = 285 ohms, R.sub.2 = 3.6 kiloohms, C.sub.1 = 400 /.mu.F, Zener
      voltage of the Zener diode Z.sub.1 = 18 V, resistance of the operating
      winding of relay J.sub.1 = 685 ohms. The indirectly heated thermistor is
      of the Type TI 40 (manufactured by kobanyai Porcelangyar, Budapest,
      Hungary), whose resistance is at room temperature about 40 kiloohms, the
      cooling off time constant 25 secs. The protective circuit has been set in
      a way that as soon as the output advanced to the input exceeds the value
      of 50 W it disconnects the 50-watt sound radiator of a load carrying
      capacity limited by the rate of warming up from the points A, B. For an
      input corresponding to 80 watts the circuit removes the sound radiator
      within four seconds following the connection of the load, for an output of
      200 watts this period will become three seconds, i.e. the memory period is
      respectively four and three seconds. If the ambient temperature rises from
      20.degree.C. to 40.degree.C., the memory period will drop by about 20 per
      cent. Within about 0.4 sec. following upon the cessation of the overload
      condition the protective circuit will restore the sound radiator. If again
      overload comes about immediately following upon the restoration of the
      loudspeaker, the protective circuit will for practical purposes disconnect
      again within about 0.3 sec. This welcome property of the circuit is due to
      the fact that during the very short time of about 0.7 sec for practical
      purposes the thermistor will not cool off, the cooling off time constant
      being 25 secs.
PAR  With a tolerable approximation the protective circuit represents a loading
      resistance of about R = R.sub.1 R.sub.2  R.sub.1 + R.sub.2).sup.-.sup.1
      .apprxeq.  275 ohms, a value sufficiently small to permit its being loaded
      by the amplifier permanently, and at the same time high enough compared to
      the 15-ohm impedance of the sound radiator so that the loss of output
      caused by the protective circuit remains about 0.20 dB, a negligibly low
      value.
PAR  The protective circuit executed in accordance with the invention therefore
      possesses all properties formulated in (I) to (V), in particular those of
      (I), (II) and (III).
PAR  In the embodiment shown in FIG. 2 instead of a single-way rectifier
      preferably a full-wave two-way rectifier has been used. Consequently as
      compared to the method presented in FIG. 1 a lower value has been chosen
      for condenser C.sub.1. The value of C.sub.1 = 200 /.mu.F has proved
      satisfactory.
PAR  Although the method according to the invention, two embodiments of which
      have been shown in FIGS. 1 and 2, on the whole satisfies the conditions
      specified in (I) to (V), yet further improvement has been achieved by
      developing the circuit shown in FIG. 3. Here on the junction points of
      thermistor TK.sub.1 and relay J.sub.1 a resistor R.sub.3 bridging the
      thermistor TK.sub.1 has been terminated. This resistor constitutes a shunt
      for the thermistor, and consequently the protective circuit will operate
      with greater safety and accuracy. As a matter of fact by choosing a value
      for resistor R.sub.3 suiting the cold resistance of the thermistor it can
      be guaranteed that as long as a negligible current will load the filament
      winding of the thermistor the current flowing through relay J.sub.1 will
      predominantly flow through resistor R.sub.3.
PAR  If the voltage applied to points A, B increases, the current flowing
      through the filament winding of the thermistor will increase too, so that
      there will be a drop in the resistance of the thermistor, and consequently
      the surplus current for the operation of relay J.sub.1 will flow through
      the thermistor. By this method the self-heating of the thermistor could be
      prevented, and consequently a by far longer memory period could be
      guaranteed.
PAR  Consequently as compared to the methods in FIGS. 1 and 2 the set-up shown
      in FIG. 3 carries the advantage that by preserving all other benefits of
      the method the memory period of the circuit is raised to four or five
      times the earlier one. The memory period so increased with the aid of
      other modifications of the circuit to be detailed subsequently allows the
      operator time enough on receipt of an appropriate display to take action
      for lifting the overload due to incorrect handling. The design shown in
      FIG. 3 in this way provides facilities for meeting condition (III). As a
      matter of fact, as taught by experience, the cooling off conditions of the
      moving coil of a modern sound radiator are such, dependent on the value of
      the overload applied, as to permit the endurance of an overload in general
      for about ten seconds without any damage to the moving coil.
PAR  Another advantage of the method according to FIG. 3 is the improved safety
      of the operation of relay J.sub.1. As a matter of fact a relatively great
      current will flow through the relay owing to resistor R.sub.3 in series
      with it when for practical purposes thermistor TK.sub.1 will still figure
      as a break in the circuit. At the same time, since thermistor TK.sub.1 has
      ceased to be self-heating, the circuit will preferably respond more
      readily to changes in the ambient temperature.
PAR  In a practical realization of the invention satisfactory results were
      achieved when 470 ohms had been chosen as the value of resistor R.sub.3.
      The values of all other components agreed with those specified for the
      circuit shown in FIG. 2.
PAR  A design capable of fully satisfying the condition specified in (VI) is
      shown in FIG. 4. Here thermistor TK.sub.1 is connected in series with a
      diode D.sub.2 operating in the forward direction. If the resistance of the
      thermistor is high, i.e. the current flowing through the filament winding
      is small, so that the sound radiator operates without an overload, then
      only an extremely small current will flow through the diode. On the other
      hand if overload conditions supervene, the current flowing through the
      diode will tend to rise rapidly.
PAR  The potential building up on the poles of the diode is applied to the input
      points of a logical NO-function pulse inverter using a conventional
      semi-conductor of known design. The elements of the inverter circuit
      should preferably be selected by having recourse to one or the other of
      the known processes (9). If e.g. a relay is inserted in the collector
      circuit of the inverter, no current will flow through the relay before the
      potential generated by the current flowing through the diode D.sub.2 has
      exceeded the threshold voltage of the inverter. If the threshold voltage
      has been exceeded the inverter will become conducting and a maximum
      current defined by the circuit elements of the inverter will flow through
      the operating winding of a relay J.sub.2 inserted in the collector
      circuit. In response to this current relay J.sub.2 will operate.
PAR  An appropriately calculated circuit will cause relay J.sub.2 to operate
      before relay J.sub.1. Hence the contacts of relay J.sub.2 may, dependent
      on the technical conditions specified be used conveniently for signalling
      the overload on the sound radiator in time and also for disconnecting the
      sound radiator unless the overload has been removed. The display period of
      the circuit may preferably be regulated by the appropriate selection of
      the diode D.sub.2 operated in the forward direction, namely in a way that
      the display time will decrease if the slope of the forward voltage versus
      current characteristic of the actually used diode is steeper.
PAR  In one of the circuits actually executed a Tungsram Type AY 107 germanium
      diode was used. All other components were identical with those specified
      for the circuit according to FIG. 3.
PAR  According to FIG. 5 the resistor R.sub.3 is applied similarly to FIG. 3,
      bridging the series circuit of the diode D.sub.2 and the thermistor
      TK.sub.1 of FIG. 4. The arm of the resistor R.sub.3 is the same as
      discussed in detail in connection with FIG. 3.
PAR  As taught by experience the periods of time appearing in the exemplary
      circuit are wholly sufficient for the operator to take action in order to
      remove overload conditions due to a possible fault in operation, e.g. the
      overdrive of the electroacoustic chain.
PAR  The display time may even be reduced by means of a resistor R.sub.4 in
      series with diode D.sub.2 as demonstrated in FIGS. 6 and 7 respectively
      with reference to FIGS. 4 and 5 respectively. The value of the resistor
      R.sub.4 is preferably a few hundred ohms. E.g. for a resistance of R.sub.4
      = 200 ohms the display time will drop by 20 per cent.
PAR  Each of the embodiments of the invention provides reliable protection for
      single-path sound radiators, i.e. sound radiators where the voltage
      advanced to the input points proceeds without the insertion of an
      electrical filter to the loudspeakers forming the sound radiators.
      However, for multi-path sound radiators, or in other words sound radiator
      systems, where by inserting an electrical filter the audio frequency band
      is split up into at least two frequency bands, the divided audio frequency
      signal of the bands supplies separate sound radiators. Obviously here too
      the load carrying capacity of the sound radiators constituting the sound
      radiating system should preferably be exploited to its full extent.
PAR  A system of this type is shown in FIG. 8, for sake of simplicity for a
      two-path sound radiating system based on the protecting circuit of FIG. 2.
      Since in the event of an overload arising at anyone of the sound radiators
      the system as a whole will have to be cut off, according to the invention
      this may be achieved in a way that a single voltage stabilizer consisting
      of a single commoned Zener diode Z.sub.1 is provided for the multiple
      protective circuit. The Zener voltage of this diode should preferably be
      specified so as to be higher by about 10 per cent than the minimum voltage
      at which the relay J.sub.1 operates.
PAR  In the dual protective circuit of the example one point of the capacitors
      C.sub.1 and C.sub.1 is respectively commoned. These points are at the same
      time terminated on one of the terminals of the Zener Diode Z.sub.1,
      whereas the other terminals of the capacitors, with a diode D.sub.6 and a
      diode D.sub.5 respectively inserted, close the protective circuit for
      loudspeakers H and H' respectively. The protective circuit of loudspeaker
      H' is connected by diode D.sub.5 into the protective circuit of
      loudspeaker H, namely at the junction of Zener diode Z.sub.1 and diode
      D.sub.6. In this manner any other protective circuit may be connected to
      the system. Since at the over-drive of any one of the sound radiators of
      the sound radiating system, the system as a whole will have to be cut off,
      the relays J.sub.1 and J.sub. 1 ' preferably form a logical OR connection.
PAR  In similar manner demonstrates FIG. 9 a dual protective device on the basis
      of FIG. 3; and FIG. 10 on the basis of FIG. 4. By way of example the
      inverter is connected to the diodes D.sub.2 and D'.sub.2 over a logical OR
      gate built up of the diodes D.sub.3 and D.sub.4.
PAR  FIG. 11 is the correspondent dual realisation of the protection device of
      FIG. 5; and FIG. 12 is in similar manner a dual realisation of the device
      according to FIG. 6. The resistors R.sub.4 and R'.sub.4 have a value of
      about 50 ohms. For the compensation of the voltage drop on the OR gate
      circuit built up of diodes D.sub.3 and D.sub.4 with the aid of the
      resistances R.sub.4 and R'.sub.4 the, points of one of the inputs of the
      OR gate are terminated on the terminals of a chain formed of the diode
      D.sub.2 and the resistance R.sub.4 in series with it, whereas the points
      of the other input are terminated on the terminals of a chain formed of
      the diode D'.sub.2 and the resistance R'.sub.4 in series with it.
PAR  FIG. 13 represents a dual protecting device on the basis of FIG. 7. The
      above-described details also apply to this device.
PAR  In the dual protective circuits of the examples the same components have
      been used as in the circuits shown in the single protective circuits. The
      diodes D.sub.2, D'.sub.2, D.sub.5, D.sub.6 are of Tungsram Type BAY 41,
      the resistors R.sub.4, R'.sub.4 have a value of 43 ohms.
PAR  In practice it may occur that the current needed for the operation of the
      available relay J.sub.1 is by far in excess of the current discharged by
      the relay in operated condition. When a relay of this property is used the
      hysteresis of the protective circuit will become too large, i.e. the
      protective circuit will after the cessation of overload restore the sound
      radiator to the amplifier only if the voltage on the terminals A, B of the
      protective circuit, and so the output P.sub.o fed into the sound radiator,
      is by far below the load carrying capacity limited by warming up. The
      ratio of the output values, i.e. the hysteresis may, expressed in terms of
      decibels, amount to 10 log P.sub.o /P.sub. o' = 10 dB.
PAR  This impermissibly high hysteresis may be reduced to a value below one
      decibel, i.e. to a negligible value, by an appropriate modification of the
      protective circuit in a way that parallel to relay J.sub.1 a further
      capacitor C.sub.2, not shown), is connected, and to the parallel circuit
      formed of the winding of relay J.sub.1 and the capacitor C.sub.2 a further
      (not shown) resistor R.sub.5, is connected in series. This resistor should
      then be connected in parallel to a further pair of back contacts of relay
      J.sub.1. So until the protective circuit cuts off the sound radiator the
      back contact pair of relay J.sub.1 will short-circuit resistor R.sub.5,
      i.e. there will be no change in the process of disconnecting the sound
      radiator.
PAR  After the sound radiator has been cut off resistor R.sub.5 will be
      connected in series to the winding of relay J.sub.1. The value of the
      hysteresis may be controlled by selecting a resistor R.sub.5 of
      appropriate value. By using capacitor C.sub.2 a periodic ON-OFF
      (flip-flop) operation of relay J.sub.1 may be prevented. With a capacitor
      C.sub.2 = 200 .mu.F and R.sub.5 = 250 ohms the hysteresis of the
      protective circuit of the example could be reduced to 0.5 dB. In the
      absence of this capacitor and resistor, with the use of a relay J.sub.1 of
      poor quality, the hysteresis of the circuit reaches a value of &gt; 10 dB.
PAR  Satisfactory results have been obtained by discarding the back contact pair
      of relay J.sub.1, short-circuiting in the normal state of the relay
      capacitor C.sub.2 and resistor R.sub.5. On the other hand a resistor
      R.sub.5 of constant value has been replaced by a voltage dependent
      resistor (VDR) (10) as demonstrated in FIG. 15. Prefereably a VDR should
      be selected whose value is below that of the resistance of the winding of
      relay J.sub.1 with the relay "ON", whereas with the relay "OFF" the value
      of the VDR should be at least twice that of the resistance of the winding.
      Satisfactory results, i.e. a hysteresis of &lt; 1 dB has been obtained with a
      Philips Type 232,255,401,181 VDR.
PAR  Similarly satisfactory results have been obtained with a VDR directly
      substituted for resistor R.sub.1 according to FIG. 14, with a chain of
      resistors formed of the connection in series and/or parallel of
      resistor(s) of a constant value and VDR(s), and inserted in the place of
      R.sub.1. The value of both the VDR replacing R.sub.1 and the resistor
      chain incorporating VDR(s) substituted for resistor R.sub.1 should
      preferably be specified in a way that when a voltage is applied to points
      A, B at which the Zener diode Z.sub.1 stabilizes the d.c. voltage, the
      value of the VDR or of the resistor chain should approximately agree with
      the value of R.sub.1. In the present instance a Philips Type
      232,225,501,161 voltage dependent resistor inserted in the place of
      R.sub.1  has produced a hysteresis of less than one decibel.
PAR  FIG. 16 demonstrates a dual circuit built on the basis of the protective
      circuit of FIG. 14, the earlier disclosure being valid in this case too.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An overload protective device for processing non-uniform program signals
      such as speech and music, from a high-power source such as an amplifier
      means, to at least one high-power electro-acoustic transducer means such
      as loudspeakers or sound radiators, said device comprising at least one
      protective circuit, including a first relay therein having a winding and
      at least one pair of back contacts; a first resistor, a rectifier and a
      capacitor in a first series chain connection: the sound radiator being in
      series with said back contacts, connected in parallel with said first
      chain connection; a reverse-operating Zener diode connected in parallel
      with said capacitor; a first circuit including in series an indirectly
      heated thermistor and said relay winding, said first circuit also being
      connected parallel with said capacitor; said thermistor including a
      filament winding connected in series with a second resistor; and a second
      circuit connected in parallel with said first chain connection;
      constituting means for sensing an overload condition at the output of the
      high-power source, means for temporarily interrupting full load to the
      sound radiator upon occurrence of the overload condition, means for
      immediately re-establishing the full load when the overload condition has
      subsided, and means for providing a predetermined time lag in the
      activation of at least one of said interrupting and said re-establishing
      means.
NUM  2.
PAR  2. The overload protective device as defined in claim 1, further comprising
      a third resistor in at least one of said protective circuits, connected in
      parallel with said thermistor.
NUM  3.
PAR  3. The overload protective device as defined in claim 1, further comprising
      a voltage-dependent fourth resistor in at least one of said protective
      circuits, connected in series with said first relay.
NUM  4.
PAR  4. The overload protective device as defined in claim 1, wherein said first
      resistor is voltage-dependent.
NUM  5.
PAR  5. The overload protective device as defined in claim 1, further comprising
      a diode connected in series with said first circuit in at least one of
      said protective circuits, for operation in the forward direction, and a
      transistorized pulse-inverter circuit having input terminals to which the
      poles of said series diode are connected, and including a transistor, the
      emitter of the latter being connected to one terminal of said Zener diode
      while the collector of said transistor is connected in series with a
      winding of a second relay, which latter is in turn connected to the other
      terminal of said Zener diode.
NUM  6.
PAR  6. The overload protective device as defined in claim 5, further comprising
      a fifth resistor in at least one of said protective circuits, connected in
      parallel with the poles of a second series chain connection, which latter
      includes said series diode and said thermistor.
NUM  7.
PAR  7. The overload protective device as defined in claim 5, further comprising
      a sixth resistor in at least one of said protective circuits, connected in
      series with said series diode, and wherein said input terminals of the
      pulse-inverter circuit are connected in parallel to the terminals of a
      third circuit consisting of said series diode and said sixth resistor.
NUM  8.
PAR  8. The overload protective device as defined in claim 7, further comprising
      a seventh resistor in at least one of said protective circuits, connected
      in parallel with the poles of a third series chain connection, which
      latter includes said sixth resistor, said series diode and said
      thermistor.
NUM  9.
PAR  9. The overload protective device as defined in claim 5, comprising at
      least two of said protective circuits, with said Zener diode in only one
      of said protective circuits, wherein one of said protective circuits has a
      second diode for operation in the forward direction, connected in series
      with said Zener diode, while in the other of said protective circuits a
      junction point of said capacitor and said first circuit is connected to
      said capacitor of the one protective circuit, while in said other
      protective circuits another junction point of said capacitor and said
      first circuit is connected to a junction point of said Zener diode and
      said second diode via a third diode for operation in the forward
      direction, and wherein the sound radiator in each protective circuit is
      connected in series with said back contacts of the first relays of said
      other protective circuits.
NUM  10.
PAR  10. The overload protective device as defined in claim 9, wherein said
      poles of the series diode are connected to said input teriminals of the
      pulse-inverter circuit via an OR gate, said emitter of the transistor is
      connected to said one termminal of the Zener diode in said one protective
      circuit, while said second relay winding is in turn connected to said
      other terminal of the Zener diode in said one protective circuit.
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ABST
PAL  An electrical component container assembly includes at least one receptacle
      or case having a generally cylindrical body portion to contain at least
      one electrical component, a mounting track or guide with first and second
      channels, and a wire guard or cover to protect or cover electrical
      component leads projecting from the body portion. The case has a pair of
      legs which extend radially from the outer periphery of the body portion
      and which snap or slide into the first channel of the mounting track to
      mount the case on the track. The body portion also has a pair of spaced
      and rounded projections extending longitudinally along a part of the outer
      periphery of the body portion. These projections are received within
      mounting recesses on the wire guard to detachably mount the cover or guard
      on the body portion. Slidably insertable into the second channel of the
      mounting track are appropriate mounting studs or one of a plurality of
      T-shaped projections on a cluster mounting bracket.
PARN
PAR  The present application is a continuation application of U.S. Pat.
      application Ser. No. 322,634, filed on Jan. 11, 1973, and now abandoned.
BSUM
PAR  This invention relates to electrical component container assemblies and,
      more particularly, to a new and improved receptacle or case for electrical
      components which snap or slide into a mounting track and on which snaps or
      slides a wire guard.
PAR  In order to improve the transmission characteristics of voice cables or
      transmission lines, such as those utilized in telephone communication
      systems, various electrical components, such as load coils, build out
      capacitors, lattice networks and the like, are coupled to the telephone
      lines. Under many circumstances these electrical components are located in
      buried cable terminal housings which offer a limited amount of space for
      such components and a limited amount of working space for a person
      coupling the components to the transmission line. In order to place an
      optimal number of electrical components in the limited space available for
      the components, a number of such electrical components can be encapsulated
      in rigid cases. Normally these cases are available with a specific number
      of electrical components therein, and cases containing different
      combinations or numbers of electrical components must be specially
      ordered. Moreover, if an individual electrical component in the unit or
      case becomes defective, the entire unit needs to be replaced,
      notwithstanding the fact that the other electrical components therein are
      still operative.
PAR  In order to decrease the amount of inventory of pre-assembled units and to
      allow more latitude in the number of electrical components added to or
      removed from such transmission lines, certain modular cases for electrical
      components have been developed and made commercially available. However,
      one form of these modular cases is not desirable in certain applications
      because each of the cases is interlocked with each of the adjacent cases
      so that it is difficult to replace one of the cases without disturbing the
      adjacent cases.
PAR  Modular component packages of another type, such as the type disclosed in
      U.S. Pat. No. 3,691,294, have an elongated case in which a number of
      individual electrical components are insertable. The elongated case has a
      longitudinally extending slot which can be pulled apart near an individual
      electrical component when removing the component from the case. However,
      these packages also suffer certain disadvantages. As an example, it is
      quite difficult to pull the slot apart adjacent the electrical component
      while at the same time extracting the component through the slot. In so
      doing, there is a tendency to either turn the component sideways in the
      case so as to disturb adjacent electrical components or pull on the leads
      extending from the electrical components resulting in damage to such
      leads.
PAR  Accordingly, one object of the present invention is to provide a new and
      improved electrical component container assembly.
PAR  Another object of the present invention is to provide a new and improved
      electrical component container assembly having individual receptacles or
      cases that snap or slide into a mounting track for easy installation
      and/or removal of any individual case without disturbing adjacent cases
      and without damaging the leads extending from the electrical components.
PAR  Yet another object of the present invention is to provide a new and
      improved electrical component container assembly in which the wire guard
      is detachably mountable on individual cases containing electrical
      components.
PAR  In accordance with these and many other objects, an embodiment of the
      present invention comprises an electrical component container assembly
      having a wire guard to protect leads extending from the electrical
      components, a mounting track with first and second channels, and a
      plurality of receptacles or cases. Each of the cases has a generally
      cylindrical body portion containing the electrical components with a pair
      of spaced and rounded projections which extend longitudinally along a
      portion of the outer periphery of the body portion and onto which is
      detachably mountable the wire guard. Also extending radially from the
      outer periphery of the body portion are a pair of spaced legs that
      detachably mount on the mounting track by snapping or sliding into the
      first channel. The second channel of the mounting track slidably receives
      appropriate mounting studs to secure the mounting track in a buried cable
      terminal housing or the like or slidably receives one of a plurality of
      projections of a cluster mounting bracket that enables a number of
      container assemblies to be installed in a buried cable terminal housing or
      the like.
DRWD
PAR  Many other objects and advantages of the present invention will become
      apparent from considering the following detailed description in
      conjunction with the drawings in which:
PAR  FIG. 1 is a perspective view of a container assembly for electrical
      components embodying the present invention;
PAR  FIG. 2 is a cross sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is an end view of a plurality of container assemblies of the type
      shown in FIG. 1 clustered together on a cluster mounting bracket;
PAR  FIG. 4 is a cross sectional view taken along line 4--4 of FIG. 2 but with
      the wire guard of FIG. 2 completely removed;
PAR  FIG. 5 is a top plan view of one of the cases of the container assembly
      shown in FIG. 1;
PAR  FIG. 6 is a cross sectional view of a container assembly similar to that
      shown in FIG. 2 and illustrating the detachability of the wire guard and
      the mounting track from an electrical component case;
PAR  FIG. 7 is an enlarged cross sectional view of the mounting track used with
      the container assembly shown in FIG. 1; and
PAR  FIG. 8 is a cross sectional view of the wire guard of the container
      assembly shown in FIG. 1.
DETD
PAR  Referring now more specifically to FIG. 1 of the drawings, an electrical
      component container assembly which embodies the present invention is there
      shown and indicated generally by the reference numeral 20. The container
      assembly 20 can be utilized with various electrical components, such as
      load coils, build out capacitors, lattice networks or the like, and
      includes a plurality of individual, side-by-side receptacles or cases
      22-27 of generally similar, substantially cylindrical configuration, a
      mounting track or guide 30 extending along the side-by-side receptacles
      22-27, and a wire guard or protector 32 spaced from the mounting track 30
      and also extending along the side-by-side receptacles 22-27. When any one
      or more of the cases 22-27 is properly inserted into the mounting track 30
      and the wire guard 32 is positioned over the inserted cases 22-27, the
      container assembly 20 is mounted in a buried cable terminal housing or the
      like by a plurality of spaced apart mounting studs or bolts, two of which
      are indicated by the numerals 34 and 36.
PAR  As illustrated in connection with the case 22 and with specific reference
      to FIGS. 1, 2, 4 and 5, each of the cases 22-27 has a body portion 38
      which, in the disclosed embodiment, is generally cylindrical in shape and
      is made of plastic. As is best shown in FIG. 4, one end 40 of the body
      portion 38 is substantially open and another end 42 is substantially
      closed. Along the longitudinal axis of the body portion 38, a hub or tube
      44 extends from a hole 46 located centrally in the closed end 42. As is
      shown in FIGS. 2 and 4, a number of parallel, equally spaced ribs 48-51
      extend along the interior of a wall or cylinder 52 of the body portion 38
      and together with the hub 44 facilitate the installation of electrical
      components, such as load coils or the like in the body portion 38. These
      electrical components, once installed can be encapsulated within the body
      portion 38 by appropriate encapsulating methods known in the art.
PAR  Extending generally radially out or away from an outer wall or periphery 54
      of the body portion 38 and longitudinally along at least a portion of the
      outer periphery 54 are a pair of spaced apart deflectable, L-shaped legs
      56 and 58. The legs 56 and 58 have rounded end portions 60 and 62,
      respectively, extending away from each other to fit into opposed guide
      tracks or rails of the mounting track or guide 30.
PAR  More specifically and as is best shown in FIG. 7, the mounting track 30 is
      generally rectangular in shape or cross section with an upper channel or
      slot 63. The slot 63 includes a pair of recesses 64 and 65 formed by a
      middle or support wall or section 66 and generally L-shaped upper sides 68
      and 69. The slot 63 also includes an opening 70 formed between the sides
      68 and 69. A lower channel or slot 71 of the mounting track 30 includes
      recesses 72 and 73 formed by the middle section 66 and a pair of L-shaped
      lower sides 74 and 76. The slot 71 also has an opening 78, smaller than
      the opening 70, formed between the sides 74 and 76.
PAR  In order to mount the case 22 on the mounting track 30, the end portions 60
      and 62 are slid into the recesses 64 and 65, respectively, with the legs
      56 and 58 extending through the opening 70. Thereafter, additional cases
      23-27 are sequentially placed into the upper channel 63 of the mounting
      track 30 and moved into side-by-side position with the other cases. Of
      course, because of the symmetry of both the track 30 and the legs 56 and
      58 together with the end portions 60 and 62, either of the end portions 60
      and 62 can be placed into either of the recesses 64 or 65 whenever
      mounting the case 22 on the track 30.
PAR  Advantageously, the legs 56 and 58 of the case 22 not only slide into the
      channel 63 of the mounting track 30, but also snap into the channel 63 so
      that any one of the cases 22-27 can be removed from the mounting track 30
      without disturbing the other cases. A new case can then be installed in
      the space that was created by removal of one of the cases.
PAR  As illustrated in FIG. 6, the legs 56 and 58 have a certain amount of
      flexibility so that by placing sufficient force against the body portion
      38, one of the deflectable legs, for example, the leg 56, and particularly
      its end portion 60, snaps out of the recess 64 allowing the leg 56
      including the end portion 60 to be removed from the channel 63 through the
      opening 70. Thereafter, the other end portion 62 is removed from the
      recess 65, and the leg 58 is moved through the opening 70. Similarly, the
      deflectable end portion 62 can be first snapped from the recess 65 so as
      to remove the legs 56 and 58 from the channel 63. Thus, whenever one of
      the cases 22-27, such as the case 22, needs to be removed from the
      mounting track 30, the leg 56 or 58 can be snapped out of engagement with
      the track 30, and the case 22 can be removed from the track 30 without
      disturbing the remaining cases 23-27 located along the track 30.
PAR  A pair of generally rounded elongated projections 80 and 82 extend parallel
      to each other and longitudinally along a portion of the outer periphery 54
      of the body portion 38. Between the projections 80 and 82 are disposed
      four holes or recesses 83-86 (FIG. 5) in the body portion 38 near the open
      end 40 so as to accommodate leads 87 to 90 (shown in FIG. 1),
      respectively, which connect to the electrical component or components in
      the case 22. In the disclosed embodiment, the projections 80 and 82 and
      the recesses 83-86 therebetween are not disposed on the outer periphery 54
      of the case 22 diametrically opposite from the legs 56 and 58. Instead,
      the projections 80 and 82 are offset from such a position so that the
      leads 87-90 project from the body portion 38 at an acute angle from the
      legs 56 and 58. Of course, the projections 80 and 82 may be disposed
      diametrically opposite the legs 56 and 58 so that the leads 87-90 project
      from the body portion 38 directly away from the mounting track 30.
PAR  Since the cases 22-27 are not placed into any case or container, the outer
      periphery 54 can be easily grasped by a person installing or removing the
      cases 22-27. Accordingly, there is little danger that the leads 87-90 will
      be pulled or damaged when the case 22 is being installed in or removed
      from the track 30.
PAR  The wire guard 32 that protects the leads 87-90 and the leads from the
      other cases 23 to 27, generally indicated in FIG. 1 as a group as 92, is
      detachably mountable on the projection 80 and 82. To this end, as is shown
      in FIG. 8, the wire guard 32 has a generally channel-shaped central
      section 94 and a pair of diverging, deflectable side sections 96 and 98
      depending outwardly therefrom. The side section 96 has a curved lower
      portion 100 that forms a recess or notch 102, and the side section 98 has
      a curved lower portion 104 that forms a recess or notch 106. When the wire
      guard 32 is slid into its assembled position, the projection 80 readily
      fits within the recess 102, and the projection 82 fits within the recess
      106. Thus, after the cases 22-27 have been mounted on the mounting track
      30, the wire guard 32 can be slid into position over the projections 80
      and 82 so that the leads 92 and 87-90 fit within and are protected by the
      wire guard 32.
PAR  Moreover, since each of the cases 22-27 can be individually installed on or
      removed from the mounting track 30 by snapping the legs 56 and 58 into or
      out of engagement in the channel 63, the wire guard 32 does not have to be
      slid away from all of the cases 22-27. For example, if the case 22 is to
      be removed from the mounting track 30, the wire guard 32 merely has to be
      slid away from the case 22, as shown in FIG. 1. Thereafter, the case 22
      can be snapped out of engagement from the mounting track 30, and after the
      leads 87-90 are uncoupled from the transmission line, the case 22 can be
      removed from the container assembly 20.
PAR  In many instances, it is inconvenient to slide the wire guard 32 away from
      or onto the cases 22-27 (i.e., the ends of the container assembly may be
      obstructed so that a relatively long wire guard 32 cannot be slid onto or
      off of the assembly 20). Advantageously, and as illustrated in FIG. 6, the
      curved portion 100 can be deflected and snapped onto or disengaged from
      the projection 80 by applying a suitable amount of force to one side of
      the central section 94 of the wire guard 32. Similarly, the curved portion
      104 can be deflected and snapped onto or disengaged from the projection 82
      by applying an appropriate amount of force to the other side of the
      central section 94.
PAR  As was previously mentioned, each of the cases 22-27 includes a
      substantially closed end 42 and a substantially open end 40. When
      installed in the container assembly 20, the closed end 42 of one of the
      cases, such as the case 23, is mounted next to the open end 40 of the
      adjacent case 24. In order to close or seal the open end 40 of the cases
      22-27, a cover, such as the cover 110 associated with the cases 22, is
      insertable into the open end 40 and substantially covers the open end 40
      so as to protect the electrical components within the cases 22-27.
PAR  Once the cases 22-27 have been mounted on the track 30 and the wire guard
      32 disposed over the leads 87-90 and 92, the mounting studs 34 and 36 are
      positioned in the channel 71 of the mounting track 30. As shown with
      respect to the stud 36 in FIG. 2, each of the studs 34 and 36 has an upper
      disk-shaped or other suitably shaped head 112 which slidably fits within
      the recesses 72 and 73 of the channel 71. The stud 36 also has a threaded
      shank portion 113 that extends from the head 112 through the opening 78 so
      that the stud 36 can be positioned anywhere along the mounting track 30.
      When the stud 36 is properly positioned along the track 30 so as to be
      mounted in a cable terminal housing or the like, the stud 36 is secured in
      place by a nut 114.
PAR  In some circumstances, it is desirable to mount a group or plurality of
      container assemblies 20 on a cluster mounting bracket. As shown in FIG. 3,
      three container assemblies 116, 118, and 120, each of which assemblies is
      similar to the container assembly 20, are mounted on a single cluster
      bracket 122. The cluster bracket 122 has a central stem 124 forming a
      lower, rectangular channel 126 to receive a disk-shaped head 128 of one or
      more mounting studs 130, each of which is similar to the mounting stud 34
      or 36 previously described. Extending from the central stem 124 of the
      bracket 122 are three projections 132, 134, and 136. The projections 132,
      134, and 136 are generally T-shaped with the top of the T portions 138,
      140, and 142, respectively, being slidably insertable within mounting
      tracks 144, 146, and 148. Advantageously, each of the mounting tracks 144,
      146, and 148 is the same as the mounting track 30 shown in connection with
      the container assembly 20. Accordingly, the same mounting track 30 can be
      utilized when installing a single container assembly 20 or a plurality of
      assemblies 116, 118, and 120.
PAR  Although the present invention is described with reference to a single
      illustrative embodiment thereof, it should be understood that numerous
      other modifications and embodiments of the invention can be devised by
      those skilled in the art that will fall within the spirit and scope of the
      principles of this invention.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A container assembly having load coils, build out capacitors, or lattice
      networks, each of which has at least one conductor, said container
      assembly comprising:
PA1  a mounting track having a channel means, and
PA1  a plurality of individual cases in each of which at least one of said load
      coils, build out capacitors, or lattice networks is encased and out of
      each of which said conductor extends, each of said cases having leg means
      cooperating with said channel means detachably securing each case to said
      mounting track.
NUM  2.
PAR  2. A container assembly as set forth in claim 1 wherein said leg means have
      deflectable portions which snap into said channel means to permit each
      case to be attached to or removed from said track by deflecting said
      portions.
NUM  3.
PAR  3. A container assembly as set forth in claim 1 wherein each of said cases
      has a body portion generally cylindrical in shape and said leg means
      extend radially away from the outside wall of said cylindrical body
      portion.
NUM  4.
PAR  4. The container assembly as set forth in claim 1 wherein each of said
      cases has a longitudinal axis along the channel means and said assembly
      includes
PA1  projection means extending along said longitudinal axis on a portion of the
      outer periphery of each of said cases, said projection means being
      positioned on both sides of the conductor extending out of each of said
      cases, and
PA1  a wire guard detachably mounted on said projection means covering said
      conductor.
NUM  5.
PAR  5. A container assembly having electrical components, each of which
      electrical components has a plurality of electrical leads, said assembly
      comprising:
PA1  a plurality of individual cases, each of which cases contains at least one
      of said electrical components and has a plurality of access means through
      which access means said leads are extended,
PA1  an elongated mounting track having a first channel portion with first and
      second elongated recesses,
PA1  leg means extending along a portion of and away from an outer periphery of
      each of said cases, said leg means having first and second end means
      detachably mounted in said first and second recesses, respectively,
PA1  first and second spaced apart projections extending longitudinally along a
      portion of the outer periphery of each of said cases, and
PA1  a wire guard detachably mounted on said first and second projections.
NUM  6.
PAR  6. The container assembly as set forth in claim 5 wherein said first end
      means extends generally transverse to said leg means, is generally rounded
      in shape, and is mountable into said first recess, and said second end
      means extends generally transverse to said leg means, is generally rounded
      in shape, and mountable into said second recess by snapping said second
      end means into said second recess.
NUM  7.
PAR  7. The container assembly as set forth in claim 5 wherein said mounting
      track has a second channel portion, and
PA1  fastening means insertable into said second channel portion of said
      mounting track.
NUM  8.
PAR  8. The container assembly as set forth in claim 5 wherein said first
      channel portion has an opening through which said leg means is extendable
      and said first and second end means are slidable within said first and
      second recesses.
NUM  9.
PAR  9. A mounting assembly having electrical components, each of which
      components has a plurality of leads, said assembly comprising:
PA1  a plurality of groups of individual cases, each of said cases containing at
      least one of said components,
PA1  a plurality of mounting tracks, each of said tracks being associated with
      one of said groups of said cases and each of said tracks having a first
      channel and a second channel,
PA1  first and second leg means extending from each of said cases, said first
      and second leg means being detachably received in said channel of each of
      said mounting tracks,
PA1  a cluster mounting bracket having a plurality of T-shaped portions, each of
      which T-shaped portions is received in one of said second channels of, and
PA1  fastening means secured to said cluster mounting bracket for mounting said
      mounting bracket to a support.
NUM  10.
PAR  10. An assembly having a plurality of electrical components, each of said
      electrical components having leads connected thereto, said assembly
      comprising:
PA1  a plurality of side-by-side cases, each of which cases contains one of said
      electrical components and has access means through which said leads
      extend,
PA1  projections on the exterior of each case and longitudinally aligned along
      said assembly, said projections being positioned on both sides of said
      access means,
PA1  a wire guard detachably secured said projections to covering said leads,
PA1  mounting legs formed on the exterior of each of said cases and
      longitudinally aligned along the assembly, and
PA1  a guide track cooperating with said mounting legs supporting the cases in
      side-by-side relationship.
NUM  11.
PAR  11. The assembly as set forth in claim 10 wherein said mounting legs are
      deflectable so that each of said cases is detachable from said guide track
      without removing any of the other cases.
NUM  12.
PAR  12. The container assembly as set forth in claim 3 wherein said case has at
      least one hole in said body portion through which said conductor extends,
      said hole being offset from a position diametrically opposite of said leg
      means.
NUM  13.
PAR  13. The container assembly as set forth in claim 5 wherein said mounting
      guide has a second channel means formed by said support wall and a pair of
      L-shaped second side walls extending away from said first side walls and a
      mounting means slidably insertable into said second channel means.
NUM  14.
PAR  14. A container assembly having electrical components comprising:
PA1  a generally elongated mounting guide having a first channel means formed by
      a support wall and a pair of first generally L-shaped side walls extending
      from said support wall such that a pair of first recesses is formed by
      said support wall and said first side walls and a first opening is formed
      between said side walls, and
PA1  means containing said electrical components, said receptacle means having a
      body portion and leg means extending outwardly from the body portion, said
      leg means fits into said first recesses and against said support wall to
      permit sliding movement of said receptacle along said guide and said leg
      means cooperating with said mounting guide to permit removal of said leg
      means from said first recesses, whereby said receptacle means may be
      detached from said mounting guide.
NUM  15.
PAR  15. A container assembly having electrical components comprising:
PA1  means containing receptacle the electrical components, said receptacle
      means having a body portion and leg means extending outwardly from the
      body portion, said body portion having one end substantially open and
      another end substantially closed and having a plurality of openings in the
      outer periphery at the open end,
PA1  a mounting guide cooperating with said leg means to support said and
      supporting said receptacle means, said mounting guide being generally
      elongated and having a first channel means formed by a support wall and a
      pair of first generally L-shaped side walls extending from said support
      wall such that a pair of first recesses and a first opening are formed by
      said support wall and said first side walls,
PA1  projection means extending longitudinally along a portion of the exterior
      of the body portion of the receptacle means, said projection means being
      adjacent said openings,
PA1  a wire guard detachably mounted on said projection means,
PA1  wire leads from said electrical components extending from said openings,
      and
PA1  a cover substantially enclosing said open end of said body portion.
NUM  16.
PAR  16. A container assembly having electrical components comprising:
PA1  a mounting guide having a pair of side walls along its elongated axis,
      which side walls have projections thereon, and which are interconnected by
      a support wall such that along said elongated axis a pair of recesses are
      formed between said support wall and said side walls and an opening is
      formed between said side walls, and
PA1  case means enclosing said electrical components, said case means having leg
      means fitting through said opening and into said pair of recesses and
      abutting against said support wall to permit sliding movement along said
      guide and cooperate with said mounting guide to permit removal of said leg
      means from said recesses.
NUM  17.
PAR  17. A container assembly having electrical components comprising:
PA1  receptacle means containing the electrical components, said receptacle
      means having a body portion with leg means,
PA1  a mounting guide cooperating with said leg means and supporting said
      receptacle means, said mounting guide being generally elongated and having
      channel means formed by a support means and first and second side walls
      having projections thereon such that a first recess is formed between said
      first side wall and said support means and a second recess is formed
      between said second side wall and said support means and,
PA1  said leg means extending away from said body portion and having first and
      second end portions that are detachably mounted in said first and second
      recesses, respectively, such that said first and second end portions abut
      against said support means to support said receptacle on said mounting
      guide.
NUM  18.
PAR  18. The container assembly as set forth in claim 14 wherein said leg means
      includes first and second leg portions having first and second end
      portions, respectively, insertable into said first recesses, said first
      and second leg portions being deflectable so that said receptacle means is
      detachably mounted on said mounting guide.
NUM  19.
PAR  19. The container assembly as set forth in claim 5 wherein said first end
      means has a first round end portion which extends into said first recess
      and said second end means has a second round end portion which extends in
      a direction opposite of the direction of said first round end portion and
      which extends into said second recess.
NUM  20.
PAR  20. The container assembly as set forth in claim 5 wherein said leg means
      includes first and second deflectable portions.
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ABST
PAL  A watthour meter of the self-contained detachable type has a protected
      meter testing arrangement. An isolated external test contact and an
      internal terminal blade connector are independently connected to a common
      terminal end of the meter voltage winding. The connector is manually
      disconnectable for testing the meter through the external test contact in
      an "open-link" watthour meter testing method.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to tamperproof induction watthour meters and more
      particularly to such watthour meters including an improved protected
      testing arrangement for preventing unathorized tampering of the meter from
      outside of the meter enclosure.
PAR  It is known to provide self-contained watthour meters of the detachable or
      socket-type so as to minimize tampering of the meter movement or
      associated metering circuits to alter or decrease accurate electric power
      billing registration of the meter. In copending application Ser. No.
      485,675, filed by Finnen et al., July 3, 1974, concurrently with this
      application, a permanently locked watthour meter enclosure is disclosed
      and claimed for preventing access to the watthour meter movement by
      separating the meter cover from the meter base assembly. Such meters are
      often referred to as secure or tamperproof meters since they include
      additional anti-tamper design features from more conventionally provided
      watthour meter design features.
PAR  Even in watthour meters which are permanently locked, as disclosed in the
      aforementioned copending application, it is possible upon removal of the
      watthour meter from a meter socket to open a voltage winding disconnect
      link which is universally provided in commercially available watthour
      meters at the rear of the meter base assembly. For normal meter operation,
      the disconnect or potential link is positioned to externally close two
      auxiliary terminals to interconnect one end of the meter voltage winding
      and a terminal blade. If the meter is removed from the utility customer's
      socket and the disconnect link is moved to an open position and the meter
      is replaced in the meter socket, the customer's load is connected through
      the meter to the utility company's power lines, but the watthour meter
      movement will not operate since the voltage winding is deenergized.
PAR  One of the two auxiliary terminals associated with a disconnect link forms
      a test contact having a standardized predetermined external location on
      the meter base assembly. The link includes a segment of conductive
      material to provide a conductive path between the second auxiliary
      terminal and the auxiliary terminal having the test contact. The test
      contact terminal is connected internally directly to one terminal end of
      the voltage winding and the second auxiliary terminal is connected
      internally to one of the terminal blades. In Electrical Metermen's
      Handbook, Seventh Edition, published 1965 by Edison Electric Institute,
      750 Third Avenue, New York, N.Y. 10017 in Chapters 15 and 19, watthour
      meter testing circuits are described including the so-called open-link
      method. This open-link method is one of the most common commercial methods
      of testing watthour meters. In the open-link method, the watthour meter
      metering circuit is tested by short-circuiting the meter current windings.
      The short circuit is accomplished by placing a wire jumper across the two
      bottom terminal blades and disconnecting one terminal end of the voltage
      winding from one of the upper terminal blades. Opening the disconnect link
      on the outside of the meter base assembly isolates the voltage winding
      from the short circuit test connection and the external test contact
      provides connection of the voltage winding to the test circuit. The
      open-link meter test circuits are included in test facilities including
      test tables or boards having meter test sockets. These meter test sockets
      usually include a spring biased test terminal positioned for contacting
      the test contact on the meter base assembly. Therefore, it is a standard
      practice for meter manufacturers to provide such test contacts at a
      standardized location on the meter base. The test contacts are then
      adapted for universal use in the standard meter test sockets of commercial
      watthour meter test facilities typically used by meter manufacturers and
      electric utility meter test departments.
PAR  In the U.S. Pat. No. 2,701,859 issued Feb. 8, 1955 to Coleman, a watthour
      meter is disclosed including a test circuit which includes test terminals
      that are wholly located within the meter enclosure. While the cover must
      be removed to perform testing, as in the instant invention, there are no
      externally exposed test contacts disclosed connected with the watthour
      metering circuit.
PAR  Accordingly, it is desirable to provide a secure watthour meter including a
      testing arrangement for performing open-link test circuit methods at an
      external test contact while preventing tampering of the meter externally
      of the meter enclosure to cause deenergization of the meter voltage
      winding circuit after it has been altered and the meter is replaced in
      service to connect a customer's load to an electric utility company's
      power lines.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a tamperproof watthour meter
      includes a protected testing arrangement for use in open-link test
      circuits while preventing access to alter the voltage winding metering
      circuit externally of a self-contained detachable meter enclosure. a
      watthour meter movement is mounted on a base assembly to form a basic
      meter chassis assembly. The meter chassis assembly includes terminal
      blades extending through the base assembly for connecting the metering
      circuit with mating terminals of a meter socket. A separate meter cover is
      attachable in locked relationship to the base assembly to permanently
      enclose the meter movement within a protective enclosure chamber. The
      meter movement includes an electromagnetic structure including a voltage
      winding having one coil end connected to an inner side of a single
      auxiliary terminal having an externally exposed test contact. The test
      contact has a fixed predetermined position at the rear of the base
      assembly. The one voltage winding terminal end is further disconnectable
      and connectable to one of the terminal blades by a manually releasable
      connector located within the protective chamber or space of the meter
      enclosure. The connector is mounted adjacent the one terminal blade so as
      to be accessible when the meter movement is permanently assembled in the
      meter chassis assembly.
PAR  It is a feature of this invention to provide a tamperproof watthour meter
      having an isolated test contact adapted for use in watthour meter testing
      circuit arrangements and further including an internal connector mounted
      adjacent one of the meter terminal blades to replace an external
      disconnect link arrangement. The connector is located within the
      protective enclosure chamber for manually disconnecting one end of the
      voltage winding from the terminal blade for meter testing when the meter
      cover is removed and for manual reconnection of the winding for placing
      the meter in service so that upon attachment of the meter cover to the
      base assembly tampering of the voltage winding metering circuit is
      prevented externally of the meter enclosure. A still further feature of
      this invention is to provide a tamperproof meter having a permanently
      locked enclosure which is testable prior to the cover being permanently
      locked to the base assembly by providing a manually releasable connector
      at one of the terminal blades for electrically disconnecting the voltage
      winding from the terminal blade during a meter test and thereafter
      manually reconnecting the voltage winding to the terminal blade. A further
      feature of this invention is to provide an improved protected voltage
      winding disconnect testing arrangement within a watthour meter enclosure
      wherein the arrangement includes a two-part manually separable connector
      having male and female mating parts with one of the mating parts connected
      at a common connection with one end of a voltage winding at an inner
      portion of a terminal blade wherein the connector is accessible in a meter
      chassis assembly for manual connection and disconnection with the other
      mating part, which is connected by a wire lead to one end of the voltage
      winding and wherein a single external test contact is also commonly
      connected to the winding end for external connection of the voltage
      winding in an open-link testing circuit when the connector disconnects the
      voltage winding from the terminal blade.
PAR  Other features and advantages of this invention will become apparent from
      the detailed description of the invention as shown in the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view with parts broken away of a tamperproof
      watthour meter including a protected testing arrangement made in
      accordance with this invention;
PAR  FIG. 2 is a front elevational view of FIG. 1 with parts removed;
PAR  FIG. 3 is an enlarged fragmentary view of a portion of FIG. 2 illustrating
      a manually releasable connector in a disconnected operative condition;
PAR  FIG. 4 is a partial rear elevational view of the base assembly of the
      watthour meter shown in FIG. 1 with the watthour metering circuit elements
      illustrated schematically; and
PAR  FIG. 5 illustrates an alternative mounting embodiment of a manually
      releasable connector illustrated in FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein this same numeral is used to
      designate the same or like parts throughout the several figures, and more
      particularly to FIGS. 1 and 2 wherein there is shown a tamperproof
      watthour meter 10 made in accordance with the present invention and
      including a protected meter testing arrangement 12. A meter 10 is an
      induction watthour integrating meter type including a meter movement 14
      having a frame 15 carrying an electromagnetic structure which drives an
      electroconductive disk 16 having an associated shaft 17 which in turn
      drives the meter register 18.
PAR  The electromagnetic structure of the meter movement 14 generally includes a
      voltage section and a current section including a voltage winding 21 and a
      pair of current windings 22 and 23. The windings are made in a
      conventional manner which does not form a part of this invention with the
      voltage winding 21 wound on a stator core 25 and the currrent coils 22 and
      23 wound on a current stator core 26. As is known, the voltage winding 21
      and the current windings 22 and 23 are energized to inductively drive the
      disk 16 and, in turn, the register 18.
PAR  The watthour meter 10 described herein is a single phase, three-wire type
      which is further characterized as being of a self-contained, detachable or
      socket-type utilized for billing electric power supplied by an electric
      utility company to a customer's loads. The meter movement 14 is carried on
      a base assembly 28 by mounting the frame 15 in a permanently attached
      relationship, such as by rivets, not shown, to form a meter chassis
      assembly 27. The meter enclosure 29 is formed by the base assembly 28 and
      a cover 30 attached to the base assembly 28. In accordance with one
      intended use of this invention, it is preferable to permanently lock the
      cover to the base assembly by a locking clip arrangement 31 as disclosed
      in application Ser. No. 485,675. As described in the aforementioned
      application, the cover 30 is mounted to attachment lugs at the outer
      periphery of the base assembly 28 by means of a cover locking rim 32
      having locking tabs 33 so that the cover is detachable when the clip 31 is
      not included. The cover 30 is preferably made of a high impact resistant
      material such as a polycarbonate plastic which substantially resists
      accidental or intentional breakage to expose the meter movement 14. The
      interior portions of the cover 30 and of the base assembly 28 form a
      protective meter chamber 34 for the meter movement 14 which is permanently
      locked and is inaccessible when the cover 30 and base assembly 28 are
      assembled together with the locking clip arrangement 31. Even when a
      utility company installs meter sealing wire means on the meter socket
      housing, these sealing wires may be broken to permit the meter to be
      removed from the associated meter socket at the customer's premises. When
      this is done, the rear of the base assembly is then accessible.
PAR  The meter chassis assembly 27 further includes four bayonet-type terminal
      blades 35, 36, 37 and 38 which extend rearwardly through the body 39 of
      the base 28 to make the metering connections to the meter movement 14. The
      terminal blades have a sealed relationship to the base assembly and are
      held in place by cotter pins 40. The terminal blades mate with jaw
      contacts of a meter socket, not shown, in a well-known manner. The
      interior side of each of the blades 35, 36, 37 and 38 includes a metal
      washer 41 and a sealing gasket 42 for preventing moisture and dirt
      particles from entering through the blade apertures of the base body 39.
PAR  As is understood by those skilled in the art, one current winding is
      connected in series with upper and lower ones of one pair of the terminal
      blades to form a series connection between the utility company power lines
      and the customer's loads. Accordingly, terminal ends 22A and 22B of the
      current winding 22 are connected in series with the pair of terminal blads
      35 and 37 and terminal ends 23A and 23B of the current winding 23 are
      connected in series with the pair of terminal blades 36 and 38. For in
      service metering operation, terminal ends 45 and 46 of a wire coil forming
      the voltage winding 21 are connected across the blades 35 and 36, in
      accordance with the present invention for being connected across the
      customer's loads.
PAR  Referring further to FIG. 2, the voltage winding 21 has the winding
      terminal end 45 connected by a lead wire conductor 48 to an extending ear
      portion 49 of an inner portion of the terminal blade 35 by brazing or
      other suitable conductive fastening means. The end 22A of the current
      winding 22 is further brazed to the blade ear 49 as provided prior
      watthour meters. An auxiliary terminal 53, shown in FIG. 1, includes a
      stud 54 made of a conductive material extending through a hole in the base
      body 39 and is held in place by a nut 55 threaded to the inner end of the
      stud 54. A conductive screw 56 is threaded to the external end of the stud
      54 and the screw head defines an external test contact 57. The external
      test contact has predetermined location, as described further hereinbelow,
      and in accordance with provision of such test contacts in commercially
      available watthour meters.
PAR  FIG. 4 illustrates the position of the test contact 57 as vieweed from the
      rear of the meter base assembly 28. The location of the test contact 57 is
      established from the center 59 of the base assembly 28 which has a
      generally circular configuration. In accordance with the EEI publication
      No. MSJ 10-1966 and NEMA publication No. EL 20-1967 of the AEIC-EEI-NEMA
      Standards For Watthour Meters, the test contact 57 is at a distance A in a
      horizontal direction from the center 59 equal to 1.59 cm (0.625 inch) and
      at a vertical distance B from the center 59 equal to (0.500 inch). These
      distances are specified as standard so that the meter chassis assembly 27
      may be plugged into universal test jacks or sockets of test metering
      boards or panels utilized, for example, by electric utility meter test
      departments. These test facilities provide methods for testing the
      watthour metering circuit including the voltage winding 21 and the current
      windings 22 and 23 and for calibration of the meters by the so-called
      open-link testing circuit methods described in the Electrical Metermen's
      Handbook, Seventh Edition published 1965 by the Edison Electric Institute,
      as noted hereinabove, in Chapters 15 and 19. As is described in the
      aforementioned handbook, the open-link meter test circuit method provides
      that the bottom terminal blades 37 and 38 are to be short-circuited
      together by means of a jumper wire, not shown, which is provided
      internally of the meter test facility. Therefore, the voltage winding 21
      must be disconnected from across terminal blades 35 and 36 since the shunt
      provided across the terminal blades 37 and 38 would effectively
      short-circuit the winding 21. In the prior art watthour meters, an
      external voltage winding disconnect link is provided between the
      conductive screw 56 of one auxiliary terminal and an additional auxiliary
      terminal extending through base body 39 and connected to the terminal
      blade 36. In accordance with the present invention, an external voltage
      disconnect link is not provided so that it is impossible to open the
      voltage winding circuit from the outer and exterior side of the watthour
      meter enclosure and the protective chamber formed therein. The importance
      of this feature is because the meter 10 must be inserted into the
      associated meter socket to connect the utility company power lines to the
      customer loads through the current windings 22 and 23. If this is done
      with the external disconnect link of the prior art watthour meters
      tampered with to open the voltage winding circuit, the watthour meter will
      conduct electric power to the customer's loads without being operative to
      register the electric energy being consumed.
PAR  In accordance with the present invention, lead wire conductors 61 and 62
      each have one end connected to the terminal end 46 of the voltage winding
      21. The other end of lead wire 61 is connected to the terminal blade 36 by
      means of a manually releasable connector 63. It is an important feature of
      this invention that the connector 63 is accessible for manual manipulation
      or operation for establishing the alternate operative connecting and
      disconnecting states when the meter movement is mounted in a permanent
      relationship on the base assembly to form the meter chassis assembly 27.
      The other end of the lead wire 62 is permanently connected to the inner
      end of the stud 54, as shown in FIG. 1.
PAR  The connector 63 is illustrated as being a two-part clip type having a
      first part including a male part 64 and a second part including a female
      part 65 mating in conductive relationship to the part 64. The female part
      65 is pushed onto the male part 64 or the parts are pulled apart manually
      since there is sliding frictional engagement therebetween that provides
      adequate contact for electrically connecting the terminal end 46 to the
      terminal blade 36. The engaging and separated conditions of the parts 64
      and 65 establish the connecting and disconnecting operative states,
      respectively, of the connector 63. In FIG. 2 the male connector part 64 is
      illustrated permanently fastened directly to the ear part 49 in a fixed
      relationship on the interior portion of the terminal blade 36 and the end
      23A of the current winding 23 is fastened to the blade 36 on top of rear
      portion of the connector part 64. The connector part 64 projects outwardly
      toward the outer peripheries of the base assembly 28 and of the meter
      movement 14 since the connector 63 is located between the rear of the
      meter frame 15 and the front and inner side of the base body 39 as shown
      in FIG. 2.
PAR  In FIG. 3 there is shown a fragmentary view of the inner portion of the
      terminal blade 36 as shown in FIG. 2 with the connector parts 64 and 65
      separated to disconnect the lead wire 61 and the voltage winding terminal
      end 46 from the terminal blade 36. This is required in accordance with the
      open-link meter test circuit method as noted hereinabove.
PAR  FIG. 5 shows a separate view of the terminal blade 36 in which the male
      connector part 64 has a different mounted position from that shown in
      FIGS. 2 and 3. The end 23A of the current coil 23 is fastened directly to
      the ear portion 49 of the blade 36 and the male part 64, in turn, is
      conductively connected to the top or forward portion of the current
      winding end 23A as shown. Either of the connector parts 64 or 65 can be
      mounted in a fixed conductive relationship adjacent or in the general
      vicinity of the inner end of the terminal blade 36. It is apparent that
      other suitable positions and orientations of the connector 63 may be used
      in which the connector parts 64 and 65 are accessible and in a conductive
      relationship with the terminal blade 36.
PAR  An operation of the present invention, it is desired to test the meter
      movement 14 in the basic meter chassis assembly in which the meter
      movement 14 is permanently mounted to the base assembly 28 by the meter
      manufacturer. Testing is performed both at the manufacturer and at the
      utility company test facilities. The meters are shipped to the utility
      company with the cover 30 in a detachably mounted relationship. The
      locking clip arrangement is not used to permanently lock the cover 30 to
      the base assembly 28 until just prior to installation at a customer's
      permises. In accordance with normal practices, the watthour meters as
      received from the manufacturer are either sample tested or are all tested
      at the utility company meter test facilities. When the open-link method of
      testing is utilized, the connector 63 is opened by removing the female
      part 65 from the male part 64 by manually pulling and sliding the female
      part 65 from the part 64. When this is done, only test contact 57 is
      connected through the lead wire 62 to the voltage winding terminal end 46.
      The meter 10 may then be plugged into the utility company's or the meter
      manufacturer's test facilities to check the operation and calibration of
      the watthour metermovement 14.
PAR  In accordance with the open-link test method, the testing circuit is
      connected to the watthour meter metering circuit through the blades 35,
      36, 37 and 38 and the external contact 57. Upon completion of the tests,
      the disconnected position of the connector 63 as shown in FIG. 3 is
      returned to the connected operative position as shown in FIGS. 1 and 2.
      Prior to installation at a customer's premises, the cover 30 is attached
      to the meter base assembly 28 and permanently locked in place by the
      locking clip arrangement 31 so as to form a permanently locked enclosure
      which prevents any access to the enclosure chamber without destruction of
      the enclosure. Since only a single isolated external heat contact 57 is
      exposed on the rear of the base assembly 28, there is not provided any
      external means to tamper or interfere with the operation of the watthour
      meter by opening the voltage winding circuit between the terminal blades
      36 and 36. It is contemplated that there may be other modifications and
      changes made to the preferred embodiments of this invention as disclosed
      hereinabove without departing from the spirit and scope of this invention.
      For example, the manually disconnectable or releasable connector 63 may be
      replaced by other known types of such connectors. Also, the protective
      meter testing arrangement 12 disclosed herein for the single phase
      watthour meter movement 14 can be used in meter movements having two or
      more voltage windings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-contained, detachable watthour meter subject to testing in a
      meter test socket of a test facility, said meter comprising;
PA1  a watthour meter movement including a metering circuit having a voltage
      winding for metering the consumption of electrical energy, said voltage
      winding including a pair of terminal ends;
PA1  a base assembly including inner and exterior sides, said inner side
      supporting said meter movement to define an integral meter chassis
      assembly, said base assembly including means for attaching the open end of
      a cup-shaped cover to said chassis assembly to form a protective chamber
      enclosing said meter movement;
PA1  plural terminal blades extending through said base assembly, said terminal
      blades having outer portions extending from said exterior side for
      detachably mounting said meter at a meter socket and inner portions
      extending from said inner side, one of said inner portions of one of said
      terminal blades being fixedly connected to one of said pair of terminal
      ends; and
PA1  a protected testing arrangement including only one auxiliary terminal
      connected to the other of said pair of terminal ends and extending through
      said base assembly, said auxiliary terminal including an external test
      contact exposed at a fixed predetermined testing location on said exterior
      side of said base assembly for electrical connection to a testing circuit
      when said chassis assembly is mounted in the meter test socket, a manually
      releasable electrical connector means mounted on said chassis assembly
      adjacent said meter movement so as to be enclosed within the protective
      chamber when the cover is attached to said chassis assembly and having
      first and second mating parts, said first mating part being connected with
      another of said inner portions of another of said terminal blades, said
      second mating part being connected with said other of said pair of
      terminal ends, said electrical connector means being manually operable
      between connecting and disconnecting operative states, and conductor means
      extending adjacent said inner side of said base assembly and connecting an
      inner portion of said auxiliary terminal to said other of said pair of
      terminal ends of said voltage winding so that when said electrical
      connector means is in said disconnecting state, said another terminal
      blade is electrically disconnected from said voltage winding whereby said
      metering circuit is conditioned for testing through said external test
      contact at the meter test socket and when said electrical connector means
      is in said connecting state, said metering circuit is conditioned for
      metering the consumption of electrical energy.
NUM  2.
PAR  2. A self-contained, detachable watthour meter as claimed in claim 1
      wherein the electrical connector means includes first and second mating
      parts frictionally engaging in said connecting state and being slidably
      separable to establish said disconnecting state.
NUM  3.
PAR  3. A self-contained, detachable watthour meter as claimed in claim 2
      wherein the conductor means includes a first lead wire, first lead wirer
      being connected between the common terminal end of the voltage winding and
      the inner portion of said auxiliary terminal and wherein a second lead
      wire connects between the other of the pair of terminal ends of the
      voltage winding and the first mating part of the electrical connector
      means, and wherein the second mating part of the electrical connector
      means is fixedly connected to the another of the inner portions of the
      another of the terminal blades.
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PAL  An electronic system pallet having a girdered false deck for the
      installation of a plurality of electronic units or consoles thereon to
      form one or more electronic systems. The units or consoles are cabled
      together through the girdered false deck, and are connected to one or more
      connector junctions in the pallet edge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ships constructed from a plurality of modules (see U.S. Pat. No. 3,447,505,
      granted June 3, 1969, and assigned to the same assignee as the present
      invention) are being delivered for fitting to the specific requirement of
      a user. In military applications, these ships frequently require extensive
      electronic systems. These electronic systems are placed in the ship as one
      or more electronic suites. The complexity of these systems, which require
      periodic check-out, maintenance, and overhaul and repair, and the
      efficient utilization of space within each ship present a continuing
      problem not only to the ship designers but also the out-fitters.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide a new and improved
      electronic system pallet.
PAR  It is an object of the invention to provide an electronic system pallet
      that enhances installation, replacement, and check out of the electronic
      system.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, in accordance with the invention, a new and improved electronic
      system pallet is provided having a support panel formed by a plurality of
      apertured girders positioned in an internal grid and by a plurality of
      removable support panels positioned on the grid, and having at least one
      electronic unit or console positioned on the support panel and
      electrically interconnected through the apertured girders to a connector
      junction at a selected portion of an outer edge of the panel so that the
      pallet is self-contained and readily connectable to external electrical
      connectors.
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which may be regarded as the
      invention, the organization and method of operation, together with further
      objects, features, and the attending advantages thereof, may best be
      understood when the following description is read in connection with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE is a perspective view, partly exploded and partly broken
      away, of the electronic system pallet of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to the sole FIGURE, an electronic system pallet 10 formed in
      accordance with the invention has a support panel 12 that can be
      rectangular as illustrated although it is contemplated that the panel can
      be of any selected geometric configuration. An outer edge portion 14 of
      the support panel 12 provides a rigid frame for a plurality of similar
      girders 16 arranged in a grid pattern as illustrated. Again, it is
      contemplated that the grid pattern can be other than the rectangular grid
      pattern formed by the similar rectangular cells 18 as illustrated, and can
      be formed from plural-sided cells other than the four-sided cells 18.
      Selected girders 16 have suitably formed and preferably similar apertures
      20 that open adjacent cells 18 to each other.
PAR  The electronic system pallet 10 has a panel 26 covering the reverse surface
      28 of the support panel 12 although it is contemplated that the reverse
      panel 26 could be omitted in part or in total. A plurality of removable
      panels 30, such as 30a, 30b, 30c cover the obverse surface 32 of the
      support panel 12. The removable panels 30 can be either positioned under
      or positioned around one or more electronic units or consoles, such as
      electronic console 34 and electronic console 36 which is illustrated in an
      exploded and phantom relationship to the support panel 12.
PAR  Each electronic console, for example, electronic console 34, is
      electrically connected by a cable, here cable 38 for electronic console
      34, that passes through the selected apertures 20 in the girder members 16
      and related cells 18 between the obverse and reverse surfaces 32 and 28,
      respectively, to a connector junction, here connector junction 40 for
      cable 38, which is positioned in a selected portion 42 of the panel edge
      portion 14. Although it is preferred that the connector junctions, such as
      connector junction 40, be positioned within a recess, such as recess 44
      for connector junction 40, it is contemplated that the connector junction
      can extend outwardly from the edge portion 14 and not be positioned with a
      recess portion.
PAR  Compared to conventional techniques, the electronic system pallet 10 of the
      invention offers improved advantages in installation and checkout of an
      electronic system, and in particular, the electronic system of a ship. One
      or more electronic system pallets 10 may be produced and checked out prior
      to shipboard installation where subsystem pallets can be electrically
      interconnected and integrated. One advantage of this is that a number of
      electronic system pallets 10, each containing many electronic subsystems,
      can be checked out simultaneously. This capability to allow simultaneous
      construction, installation, and checkout, reduces the time required to
      outfit a ship with its electronic systems. It will be apparent that this
      is true for other pallet installations as well. A further advantage is the
      ease of maintenance, overhaul and repair, modernization, or conversion to
      accommodate new electronic systems, and with the electronic system pallet
      of the invention, new electronic system pallets may be produced to replace
      existing pallets.
PAR  As will be evidenced from the foregoing description, certain aspects of the
      invention are not limited to the particular details of construction as
      illustrated, and it is contemplated that other modifications and
      applications will occur to those skilled in the art. It is, therefore,
      intended that the appended claims shall cover such modifications and
      applications that do not depart from the true spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electronic system pallet comprising:
PA1  a. a single piece support panel having an outer periphery developing a
      frame section and a hollow inner section, and further generally developing
      an obverse surface and a reverse surface,
PA1  b. a plurality of integral girder members extending between and connected
      to portions of said outer frame section, selected ones of said girder
      members having a plurality of apertures,
PA1  c. a plurality of removable panels positioned on said obverse surface,
PA1  d. at least one electronic console positioned on said obverse surface,
PA1  e. at least one cable for said electronic console positioned through
      selected ones of said apertures from said electronic console to a selected
      portion of said outer section, and
PA1  f. a connector junction at said selected portion of said outer section for
      said cable so that said cable is electrically connected from said console
      to said connector junction and between said obverse and reverse surfaces.
NUM  2.
PAR  2. The electronic system pallet of claim 1 in which said electronic console
      is positioned on at least one of said removable panels.
NUM  3.
PAR  3. The electronic system pallet of claim 1 in which a panel is positioned
      on said reverse surface covering said girder members.
NUM  4.
PAR  4. The electronic system pallet of claim 1 in which said girder members are
      positioned in a grid having a plurality of cells.
NUM  5.
PAR  5. The electronic system pallet of claim 4 in which said apertures open
      adjacent cells to each other.
NUM  6.
PAR  6. The electronic system pallet of claim 4 in which each of said cells has
      a plurality of sides developing a geometric shape.
NUM  7.
PAR  7. The electronic system pallet of claim 6 in which said geometric shape is
      rectangular.
NUM  8.
PAR  8. The electronic system pallet of claim 1 in which said connector junction
      is recessed into said selected portion of said outer section.
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PAL  A timing circuit is disclosed which utilizes a principal transistor as a
      switch to control current flow through a load. The emitter and collector
      of this principal transistor are connected in a series with a load across
      DC terminals. Two control transistors are used to regulate when a current
      is passed by the principal transistor. The base of a first of these
      control transistors is connected between a resistor and a capacitor in an
      RC circuit which is connected so as to determine if a current is flowing
      in the first mentioned series circuit. The base of the other of the
      transistors is connected to the first mentioned series circuit through a
      resistor and a capacitor and is grounded through a resistor. As a result
      of charging of its associated capacitor and of feedback through this
      capacitor the first control transistor serves to render the principal
      transistor conductive after it has not conducted a current for a time
      interval determined by its associated resistor. The second control
      transistor serves to maintain the principal transistor conductive as its
      associated capacitor becomes charged and as the charge bleeds off of it.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention set forth in this specification pertains to new and improved
      timing circuits.
PAR  Many different timing circuits are of course known and utilized. It is not
      considered that an understanding of the present invention requires a
      detailed discussion of the most commonly known of such prior timing
      circuits. At the present time such timing circuits are normally
      constructed so as to utilize one or more transistors. They frequently
      employ one or more SCR's. They also employ various numbers of resistors
      and capacitors and frequently they also employ diodes.
PAR  In general such prior timing circuits have been comparatively complex and
      therefore comparatively expensive. In the electronic field this is quite
      important because cost considerations will mark the difference between a
      commercially salable product and a product which cannot be sold. Also many
      of such prior timing circuits have not been effective so as to supply a
      repetitive signal of a precise duration at precisely timed repetitive time
      periods to a load. Although many prior timing circuits can be used for
      this purpose, such prior circuits as have been used for this purpose are
      considered to have been unnecessarily complex and expensive and/or
      unsuitable in one manner or another for certain specific applications.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide new and improved timing
      circuits. More specifically an objective of the invention is to provide
      timing circuits which are relatively inexpensive to construct and which
      are more desirable for certain types of applications than various
      different known timing circuits. An objective of the present invention is
      also to provide timing circuits which will supply repetitive signals of a
      precise duration at precisely timed repetitive periods to a load.
PAR  In accordance with this invention these various objectives are achieved in
      a timing circuit for use in aupplying electric current to a load, this
      current flowing between two terminals when it is supplied to the load by
      the improvement which comprises:
PAR  SWITCH MEANS FOR PASSING SAID CURRENT AT REPETITIVE PERIODS, SAID SWITCH
      MEANS BEING CONNECTED IN A SERIES CIRCUIT WITH SAID LOAD BETWEEN SAID
      TERMINALS, SAID SWITCH MEANS BEING CAPABLE OF BEING ELECTRICALLY
      CONTROLLED, SWITCH CONTROL MEANS FOR USE IN CONTROLLING THE OPERATION OF
      SAID SWITCH MEANS SO AS TO PERMIT A CURRENT TO FLOW BETWEEN SAID TERMINALS
      AT REPETITIVE PERIODS, SAID SWITCH CONTROL MEANS BEING CONNECTED TO SAID
      SWITCH MEANS, FIRST CURRENT FLOW RESPONSIVE MEANS FOR ACTUATING SAID
      SWITCH CONTROL MEANS AT A TIME INTERVAL AFTER NO CURRENT HAS FLOWED
      BETWEEN SAID TERMINALS SO AS TO PERMIT CURRENT TO FLOW THROUGH SAID SWITCH
      MEANS, SAID FIRST CURRENT FLOW RESPONSIVE MEANS BEING CONNECTED TO SAID
      SWITCH CONTROL MEANS AND BEING CONNECTED TO SAID SERIES CIRCUIT, SAID
      FIRST CURRENT FLOW RESPONSIVE MEANS BEING CAPABLE OF BEING ACTUATED BY
      CURRENT FLOWING BETWEEN SAID TERMINALS WHEN CURRENT IS NOT FLOWING IN SAID
      SERIES CIRCUIT, SAID FIRST CURRENT FLOW RESPONSIVE MEANS BEING RESPONSIVE
      TO THE FLOW OF CURRENT IN SAID SERIES CIRCUIT SO AS TO NO LONGER ACTUATE
      SAID SWITCH CONTROL MEANS TO CAUSE SAID SWITCH CONTROL MEANS TO CONTROL
      SAID SWITCH MEANS SO THAT SAID SWITCH MEANS PASSES A CURRENT, OTHER
      CURRENT FLOW RESPONSIVE MEANS CONNECTED TO SAID SWITCH CONTROL MEANS AND
      TO SAID SERIES CIRCUIT FOR CAUSING SAID SWITCH CONTROL MEANS TO MAINTAIN
      SAID SWITCH MEANS CAPABLE OF PASSING A CURRENT FOR A TIME INTERVAL AFTER
      SAID SWITCH MEANS HAS COMMENCED PASSING A CURRENT AS THE RESULT OF THE
      ACTION OF SAID FIRST CURRENT FLOW RESPONSIVE MEANS.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention is best more fully explained with reference to the
      accompanying drawing in which:
PAR  FIG. 1 is a schematic view showing a presently preferred timing circuit in
      accordance with the invention; and,
PAR  FIG. 2 is a schematic view of a very closely related modified circuit in
      accordance with the invention.
DETD
PAR  These specific circuits embody certain essentially intangible concepts as
      are set forth and defined in the appended claims. It will be recognized
      that various modifications within the scope of routine skill in the
      electronic industry can be made in the circuits shown without departing
      from the scope of the invention as is set forth in these claims.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 of the drawing there is shown a circuit 10 in accordance with
      this invention which is used to supply a DC current to a solenoid coil 12
      serving as a load connected between a conventional B+ terminal and a
      conventional ground terminal. The latter terminals are not specifically
      indicated by numerals herein because of the manner in which they are
      designated in the drawing. This load 12 is connected in series with the
      emitter and collector of a transistor used as a principal transistor in
      the circuit 10. This transistor in the circuit 10 is a pnp transistor
      which serves as an electronic switch or switch means to determine when
      current flows to the load 12.
PAR  The base of this transistor T.sub.1 is connected to the emitter of a npn
      transistor T.sub.2 through a small resistor R.sub.4. The base of this
      transistor T.sub.1 is also connected through the resistor R.sub.4 to the
      collector of another npn transistor T.sub.3. The emitter of this
      transistor T.sub.3 is grounded; also the collector of this transistor
      T.sub.3 is grounded. In effect the transistors T.sub.2 and T.sub.3 are
      connected in what can be regarded as a type of parallel circuit to the
      base of the transistor T.sub.1 through the resistor R.sub.4. Because of
      their functions as subsequently indicated, these two transistors T.sub.2
      and T.sub.3 can be regarded collectively as a switch control means.
PAR  An R-C network or series circuit consisting of a resistor R.sub.1 and a
      capacitor C.sub.1 is connected around the emitter and collector of the
      transistor T.sub.1 as shown as as to in effect serve as a type of bypass
      around this transistor T.sub.1. The base of the transistor T.sub.2 is
      connected between the resistor R.sub.1 and the capacitor C.sub.1 so that
      current within the R-C network will serve to regulate or control the
      operation of the transistor T.sub.2. This R-C network consisting of
      R.sub.1 and C.sub.1 may be regarded as a first current flow responsive
      means because of its function as hereinafter indicated.
PAR  The circuit 10 also includes a second R-C network consisting of a capacitor
      C.sub.2 connected in series with a resistor R.sub.2 to the base of the
      transistor T.sub.3. Because of its function this second R-C network may be
      regarded as a second current flow responsive means. It will be noted that
      the capacitor C.sub.2 is connected so that one of its terminals is
      connected to R.sub.2 and so that the other of its terminals is connected
      between the collector of transistor T.sub.1 and the load 12. The base of
      the transistor T.sub.3 is grounded through another resistor R.sub.3.
PAR  During the use of the circuit 10 when a switch S associated with the B+
      power supply is closed current will not pass the transistor T.sub.1 but
      will flow through the resistor R.sub.1 so as to charge the capacitor
      C.sub.1. As this capacitor C.sub.1 becomes charged the charge on it will,
      of course, be conveyed to the base of the transistor T.sub.2, turning this
      transistor T.sub.2 on. The transistor T.sub.2 will then pass current
      through R.sub.4 to the base of the transistor T.sub.1, turning this
      transistor T.sub.1 on. As it becomes conductive a current will flow from
      B+ power supply through the load 12 to ground.
PAR  As the current initially flows in this manner there will be a feedback of
      the current to the capacitor C.sub.1 from the collector of the transistor
      T.sub.1. As this occurs the capacitor C.sub.2 will become charged as the
      result of the current flow through T.sub.1. This charge on the capacitor
      C.sub.2 will operate through the resistor R.sub.2 on the base of the
      transistor T.sub.3, rendering this transistor T.sub.3 conductive. For an
      interval both the transistors T.sub.2 and T.sub.3 will supply currents to
      the base of the transistor T.sub.1 so as to maintain this transistor
      T.sub.1 conductive. However, the amount of time when such current is
      supplied to the base of transistor T.sub.1 by the transistor T.sub.2 will
      be limited to a comparatively short interval.
PAR  This is because there will be a feedback from the current passed by the
      transistor T.sub.1 to the capacitor C.sub.1 which will act in opposition
      to the current originally serving to charge the capacitor C.sub.1. The
      capacitor C.sub.1 reaches a neutral state as the result of this feedback
      and the connected base of the transistor T.sub.2 will be affected so that
      this transistor T.sub.2 no longer supplies a current to the base of
      transistor T.sub.1. However, when T.sub.2 no longer supplies a current to
      the base of transistor T.sub.1 transistor T.sub.3 will continue to be
      operative to supply a current to the base of transistor T.sub.1 until such
      time as the charge on capacitor C.sub.2 will be gradually bled off to
      ground through the resistors R.sub.2 and R.sub.3. At this point transistor
      T.sub.3 will be turned off and the cycle of operation will begin again.
PAR  In order to achieve the mode of operation indicated the capacitor C.sub.2
      should have a smaller capacitance than the capacitor C.sub.1. Preferably
      the resistors R.sub.1 and R.sub.2 are variable resistors as shown so that
      they may be used to regulate the on and off times of the transistor
      T.sub.1. The resistor R.sub.1 serves to regulate the time interval or
      period during which no current will flow through transistor T.sub.1 as a
      result of its action in regulating the charging rate of the capacitor
      C.sub.1. The resistors R.sub.2 and R.sub.3 similarly serve to regulate the
      length of the time interval when the transistor T.sub.1 is conductive.
PAR  It will be apparent from the aforegoing that a number of different changes
      can be made in the circuit 10 without altering the essential character of
      this circuit. As an example of this the resistor R.sub.4 described in the
      preceding serves to limit the base current to the transistor T.sub.1 so as
      to prevent this transistor T.sub.1 from burning out. Under certain
      circumstances it is considered that this resistor R.sub.4 can be
      eliminated. In the circuit 10 a diode D.sub.1 is located in parallel
      around the load 12 so as to protect the transistor T.sub.1 from being
      subjected to a back voltage when current ceases to flow in the coil of
      load 12. Other similar loads can be powered using the circuit 10 and with
      certain of them the diode D.sub.1 will not be required.
PAR  Another modification of the circuit 10 is shown in FIG. 2. Here there is
      shown a circuit 20 which is substantially identical to the circuit 10
      except in several minor respects. In the interest of brevity corresponding
      points of the circuits 10 and 20 are designated as in the preceding and
      are not separately described herein. The manner of operation of the
      circuit 20 is substantially identical with the manner of operation of the
      circuit 10.
PAR  In the circuit 20 the previously described resistor R.sub.2 is omitted and
      another resistor R.sub.5 is connected between the emitter of the
      transistor T.sub.3 and ground. This change alters the operation of the
      transistor T.sub.3 so that it operates as an emitter-follower. This
      eliminates the effect of the emitter-input resistance as the transistor
      T.sub.3 operates. In the circuit 20 the on time during which the
      transistor T.sub.1 is conductive is determined by what may be regarded as
      an RC network consisting of the capacitor C.sub.2 and the Resistor
      R.sub.3.
PAR  The circuits 10 and 20 illustrated are considered to be effective,
      relatively inexpensive circuits for certain intended uses and are
      considered to be much more desirable for such usages than other prior
      related circuits. If desired these circuits 10 and 20 can be cascaded in
      accordance with conventional practice so as to obtain virtually any
      desired on or off periods.
CLMS
STM  I claim:
NUM  1.
PAR  1. A timing circuit for use in supplying an electric current to a load,
      said current flowing between two terminals when it is supplied to said
      load in which the improvement comprises:
PA1  switch means for passing said current at repetitive periods, said switch
      means being connected in a series circuit with said load between said
      terminals, said switch means being capable of being electrically
      controlled,
PA1  switch control means for use in controlling the operation of said switch
      means so as to permit a current to flow between said terminals as
      repetitive periods, said switch control means being connected to said
      switch means,
PA1  first current flow responsive means for actuating said switch control means
      at a time interval after no current has flowed between said terminals so
      as to permit current to flow through said switch means, said first current
      flow responsive means being connected to said switch control means and
      being connected to said series circuit, said first current flow responsive
      means being capable of being actuated by current flowing between said
      terminals when current is not flowing in said series circuit, said first
      current flow responsive means being responsive to the flow of current in
      said series circuit so as to no longer actuate said switch control means
      to cause said switch control means to control said switch means so that
      said switch means passes a current,
PA1  other current flow responsive means connected to said switch control means
      and to said series circuit for causing said switch control means to
      maintain said switch means capable of passing a current for a time
      interval after said switch means has commenced passing a current as the
      result of the action of said first current flow responsive means.
NUM  2.
PAR  2. A timing circuit as claimed in claim 1 wherein:
PA1  said switch means is a transistor and said switch control means are two
      transistors, one of which is connected to said first current flow
      responsive means and the other of which is connected to said other current
      flow responsive means.
NUM  3.
PAR  3. A timing circuit as claimed in claim 1 wherein:
PA1  said first current flow responsive means comprises an R-C network
      consisting of a resistor and a capacitor, said switch control means being
      connected to said network between said resistor and said capacitor.
NUM  4.
PAR  4. A timing circuit as claimed in claim 3 wherein said resistor is a
      variable resistor.
NUM  5.
PAR  5. A timing circuit as claimed in claim 1 wherein:
PA1  said other current flow responsive means includes a capacitor, said
      capacitor being connected to said series circuit and to said switch
      control means, and a resistor connected to said capacitor permitting said
      capacitor to be gradually discharged.
NUM  6.
PAR  6. A timing circuit as claimed in claim 5 wherein:
PA1  said resistor is a variable resistor.
NUM  7.
PAR  7. A timing circuit as claimed in claim 1 wherein:
PA1  said switch means is a principal transistor,
PA1  said switch control means comprise two control transistors,
PA1  said first current flow responsive means comprises a first R-C network
      consisting of a resistor and a capacitor connected in series, said first
      R-C network being connected between the emitter and collector of said
      first transistor, the base of one of said control transistors being
      connected to said R-C network between said resistor and said capacitor,
PA1  said other current flow responsive means includes another capacitor, said
      capacitor being connected to the base of the other of said control
      transistors and another resistor connected to said other capacitor and
      said base of the other of said control transistors so as to permit said
      other capacitor to be gradually discharged.
NUM  8.
PAR  8. A timing circuit as claimed in claim 7 wherein:
PA1  said other current flow responsive means includes a second resistor
      connected between said other capacitor and said base of the other of said
      control transistors.
NUM  9.
PAR  9. A timing circuit as claimed in claim 8 wherein:
PA1  said resistor of said first current flow responsive means and said second
      resistor of said other current flow responsive means are variable
      resistors.
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ABST
PAL  An electromagnetic switching device having an improved circuit for
      effecting energization and operation of the device. The device is
      comprised of a stationary magnetic member, a movable magnetic member in
      juxtaposition with the stationary magnetic member, and energizing coil
      magnetically coupled to the stationary and movable magnetic members, at
      least one stationary contact, and at least one movable contact in
      juxtaposition with the stationary contact and mechanically coupled to the
      movable magnetic member. The device is further comprised of full wave
      rectifying means for converting AC voltage from a source to DC voltage and
      applying the DC voltage across the energizing coil. Means responsive to
      movement of the movable magnetic member is further provided for converting
      the full wave rectifying means to half-way rectifying means to reduce the
      applied DC voltage across the energizing coil after the movable magnetic
      member has moved the movable contact into initial electrical contact with
      the stationary contact and before the movable and stationary contacts are
      brought into final sealed engagement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of The Invention
PAR  This invention relates to an electromagnetic device, and more particularly,
      to a contactor having an improved energizing circuit.
PAR  2. Description of The Prior Art
PAR  In large electromagnetic devices, such as DC contactors, it has been found
      that full wave rectified DC power from an AC power source can be applied
      to an energizing coil of the contactor in order to supply sufficient
      electromagnetic energy to insure complete closure of the main power
      switches, which switches are comprised of respective pairs of stationary
      and movable contacts. However, once the contacts of the contactor are
      brought into final engagement, it is no longer necessary to apply
      full-wave rectified DC power to the energizing coil in order to maintain
      the contacts in a sealed position. If a holding resistor is inserted in
      series with the energizing coil after the coil has been energized, in
      order to reduce the applied energy to the coil, the resistor would have to
      be quite large in physical dimension, and would also dissipate and waste
      an unnecessary amount of power.
PAC  OBJECT OF THE INVENTION
PAR  It is therefore an object of this invention to provide a self-contained DC
      electromagnetic switching device having an improved energizing circuit for
      assuring full application of energy to the energizing coil prior to
      closure of the main power contacts and reduced applied energy to the coil
      after closure of the main power contacts.
PAR  Other objects of the invention will be pointed out hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  According to a broad aspect of the invention, there is provided an
      electromagnetic switching device comprising a stationary magnetic member,
      a movable magnetic member in juxtaposition with the stationary magnetic
      member, an energizing coil magnetically coupled to the stationary and
      movable magnetic members, at least one stationary contact, and at least
      one movable contact in juxtaposition with the stationary contact and
      mechanically coupled to the movable magnetic member. The device is further
      comprised of full-wave rectifying means for converting AC voltage from a
      source to DC voltage and applying the DC voltage across the energizing
      coil, and means responsive to movement of the movable magnetic member for
      converting the full-wave rectifying means to half-wave rectifying means to
      reduce the applied DC voltage across the energizing coil after the movable
      magnetic member has begun to move toward the stationary magnetic member.
PAR  The full-wave rectifying means is comprised of a full-wave bridge
      rectifier, and the responsive means is comprised of first and second
      normally closed momentary contact switches and an actuating member having
      one end thereof mechanically coupled to the movable magnetic member.
      Another end of the actuating member is spaced from and positioned adjacent
      to an actuating plunger of the first momentary contact switch when the
      coil is deenergized, whereby after the coil is energized, the movable
      magnetic member moves toward the stationary magnetic member and causes the
      actuating member to depress the actuating plunger of the first momentary
      contact switch. The first momentary contact switch is in series with one
      of the diodes of the full-wave bridge rectifier thereby converting the
      bridge to a half-wave rectifier and, as a result, the DC voltage applied
      across the energizing coil is reduced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial sectional view of an electromagnetic switching device,
      including elements of its energizing circuit, prior to energization of the
      device;
PAR  FIG. 2 is a partial sectional view of the device shown in FIG. 1 after the
      device is energized; and
PAR  FIG. 3 is an electrical equivalent circuit of the coil energizing circuit
      shown in FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention will now be described with reference to FIGS. 1 through 3.
PAR  As shown in FIGS. 1 and 2, an electromagnetic switching device, such as a
      DC contactor 10 is comprised of a stationary magnetic member 12, a movable
      magnetic member 14, an energizing coil 16, at least one pair of stationary
      power contacts 18, one pair of movable power contacts 20, and one pair of
      external contact terminals 21 which are electrically connected to the
      stationary contacts. The movable contacts are in juxtaposition with the
      stationary contacts and are mechanically coupled to movable magnetic
      member 14 via an armature assembly 22. Coil 16 is mounted on stationary
      magnetic member 12, and is magnetically coupled to the stationary and
      movable magnetic members. The movable magnetic member is maintained in a
      position spaced apart from the stationary magnetic member, when the
      contactor is deenergized, by a pair of return springs 24, which springs
      are positioned between bosses 26 on a surface 28 of coil 16 and an
      undersurface 30 of armature assembly 22. Movable contacts 20 are attached
      to an electrically conductive contact bridge 31, which bridge is seated on
      a ledge within a window 32 of a vertical portion 33 of armature assembly
      22. Contact bridge 31 held on the ledge of the window by a tipspring 34.
      Further details of the armature assembly, the contactor housing, the other
      contactor components, and the physical operation of the contactor
      described above can be found in U.S. Pat. No. 3,806,849, entitled "Small
      Definite Purpose Contactor," inventor Philip Hughes, and assigned to the
      same assignee as the assignee of the present invention. At this point, it
      should also be understood that various other contactor assemblies and/or
      modifications of the above contactor can be suitable provided, and can be
      made part of the present invention.
PAR  Contactor 10 is further comprised of an actuating member 36, first and
      second normally closed momentary contact switches 38 and 40, a holding
      resistor 42, and a full-wave bridge rectifier comprised of first, second,
      third and fourth diodes 44, 46, 48 and 50. The cathodes of diodes 44 and
      46 are electrically connected to one terminal 52 of coil 16, and the
      anodes of diodes 48 and 50 are electrically connected to another terminal
      54 of coil 16. The anode of diode 44 and the cathode of diode 48 are
      electrically connected to one terminal L1 of an AC power source, while the
      anode of diode 46 and the cathode of diode 50 are electrically coupled to
      another terminal L2 of the AC power source. More specifically, normally
      closed switch 40 is electrically connected between the anode of diode 46
      and the cathode of diode 50, while the parallel combination of holding
      resistor 42 and normally closed switch 38 is electrically connected
      between the anode of diode 46 and terminal L2 of the AC power source.
      Normally closed momentary contact switches 38 and 40 have respective
      actuating plungers 56 and 58 which are mechanically interlocked in such a
      manner that, when plunger 56 is depressed, switches 38 and 40 are opened.
      By way of example only, switches 38 and 40 can be contained within one
      unit of a standard double pole single throw precision snap acting switch,
      containing two normally closed momentary contact switches, such as model
      No. CR115B422 sold by the General Purpose Control Products Department of
      the General Electric Company, Bloomington, Illinois. As shown in FIGS. 1
      and 2, actuating member 36 is comprised of a vertical leg 60 and a
      horizontal cross bar 62 attached to the top of leg 60. One end 64 of cross
      bar 62 is rigidly attached to movable armature assembly 22 in such a
      manner that a displacement of movable magnetic member 14 results in a
      comparable displacement in the position of the bottom 66 of leg 60 of
      actuating member 36. When the coil is deenergized, movable magnetic member
      14 is spaced from stationary magnetic member 12, and the bottom 66 of leg
      60 of actuating member 36 is spaced from actuating plunger 56 to the
      degree that momentary contact switches 38 and 40 remain in their normally
      closed position. After the contactor has been energized and the main power
      contacts are closed and sealed, the bottom 66 of leg 60 of actuating
      member 36 has moved to depress actuating plunger 56 sufficiently to cause
      momentary contact switches 38 and 40 to open.
PAR  The operation of the contact will now be explained. Upon initial
      application of AC power from an AC power source to the DC contactor,
      switches 38 and 40 are closed and full-wave rectified DC voltage is
      applied across terminals 52 and 54 of coil 16. The full application of
      full-wave rectified DC voltage to the coil provides the necessary
      electromagnetic energy to cause movable magnetic member 14 to move towards
      stationary magnetic member 12. The movable magnetic member continues
      moving toward stationary magnetic member 12 until movable contacts 20
      barely touch (kiss) stationary contacts 18. Since, some position after
      this point, the magnetic energy provided by the application of full-wave
      rectified DC voltage to the energizing coil is no longer necessary to
      maintain continued movement of the movable magnetic member toward the
      stationary magnetic member until the stationary and movable contacts are
      in their final closed or sealed condition, the bottom 66 of leg 60 of
      actuating member 36 is predeterminedly positioned to depress actuating
      plunger 56 and cause a corresponding depression of actuating plunger 58.
      In this manner, normally closed momentary contact switches 38 and 40 are
      opened at some point in time between the moment when movable contacts 20
      kiss stationary contacts 18 and when these movable and stationary contacts
      are in their final closed or sealed position. Upon opening of normally
      closed momentary contacts 38 and 40, current no longer flows from terminal
      L1 through diode 44, coil 16, diode 50 and back to terminal L2, and the
      full-wave bridge rectifier is immediately converted to a half-wave
      rectifier, wherein current only flows from terminal L2 through holding
      resistor 42, diode 46, coil 16, diode 48 and back to terminal L1.
PAR  Inasmuch as the full-wave bridge rectifier is now converted to a half-wave
      rectifier by the opening of normally closed momentary contact switch 40, a
      reduced amount of electromagnetic energy is applied to the coil, which
      energy is still sufficient to insure final closure of the main power
      contacts after they are brought into the kiss position and maintenance of
      the main power contacts in the final closed position. Furthermore, since
      the full-wave bridge rectifier has been converted into a half-wave
      rectifier, less power is dissipated by resistor 42 than would otherwise be
      the case if full-wave rectified power were still being applied to the
      coil. This results in the use of a less expensive, smaller wattage holding
      resistor than would otherwise be required. Thus, by converting the
      full-wave bridge rectifier to a half-wave rectifier, the output efficiency
      of the contactor is increased by the decrease in dissipation of power by
      holding resistor 42.
PAR  When the diode bridge is operating as a half-wave rectifier, no current
      flows from terminal L1 through diode 44, coil 16, diode 50 and back to
      terminal L2. During that part of the operating cycle when L1 is positive
      in polarity with respect to L2, diode 44 acts as a free wheeling diode and
      current flows through diode 44, coil 16, diode 48 and back to diode 44
      even though zero current is being drawn from the AC power source at this
      point in time. Thus, the free wheeling action provided by diode 44 insures
      continuation in the flow of current through coil 16 during the full
      operating cycle, and also insures smooth quiet operation of the contactor.
PAR  While the invention has been described with reference to the fact that end
      64 of cross bar 62 of actuating member 36 is fixed to movable armature
      assembly 22, it should be understood that end 64 of the cross bar of the
      actuating member could as easily and conveniently be mechanically and
      rigidly fixed directly to movable magnetic member 14.
PAR  Although the invention has been described with reference to a specific
      embodiment thereof, numerous modifications are possible without departing
      from the invention, and it is desired to cover all modifications falling
      within the spirit and scope of this invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. An electromagnetic switching device comprising:
PA1  a. a stationary magnetic member;
PA1  b. a movable magnetic member in juxtaposition with said stationary magnetic
      member;
PA1  c. an energizing coil magnetically coupled to said stationary and movable
      magnetic members;
PA1  d. at least one stationary contact:
PA1  e. at least one movable contact in juxtaposition with said stationary
      contact and mechanically coupled to said movable magnetic member;
PA1  f. full-wave rectifying means for converting AC voltage from a source to DC
      voltage and applying the DC voltage across said energizing coil, said
      full-wave rectifying means being comprised of first, second, third and
      fourth diodes, the cathodes of said first and second diodes being
      electrically coupled to one end of said coil and the anodes of said third
      and fourth diodes being electrically coupled to the other end of said
      coil, the anode of said first diode and the cathode of said third diode
      being electrically connected to one terminal of the AC voltage source; and
PA1  g. means responsive to movement of said movable magnetic member for
      converting said full-wave rectifying means to half-wave rectifying means
      to reduce the applied DC voltage across said energizing coil after said
      movable magnetic member has begun to move toward said stationary magnetic
      member, said responsive means being comprised of:
PA2  i. a first normally closed momentary contact switch having an actuating
      plunger, said first mementary contact switch being electrically connected
      in series only with said first and fourth of said first, second, third and
      fourth diodes;
PA2  ii. a second normally closed momentary contact switch having an actuating
      plunger mechanically coupled to said actuating plunger of said first
      momentary contact switch, said second momentary contact switch having one
      end electrically connected to another terminal of the AC voltage source
      and having another end electrically coupled to the anode of said second
      diode and to the cathode of said fourth diode;
PA2  iii. an actuating member having one end thereof mechanically coupled to
      said movable magnetic member, and another end thereof spaced from and
      positioned adjacent said actuating plunger of one of said first and second
      momentary contact switches when said coil is deenergized; and
PA2  iiii. a holding resistor electrically connected in parallel with said
      second momentary contact switch, whereby after said coil is energized,
      said movable magnetic member moves toward said stationary magnetic member
      and causes said actuating member to depress said actuating plunger of one
      of said first and second momentary contact switches to open said first and
      second momentary contact switches, and insert said holding resistor in
      series with said second diode, said energizing coil and said third diode
      as current passes from one terminal of the AC source to the other terminal
      of the AC source during each half cyclee cycle a signal from the AC
      source.
NUM  2.
PAR  2. An electromagnetic switching device according to claim 1, wherein said
      other end of said actuating member is spaced from said actuating plunger a
      predetermined distance sufficient to cause said first momentary contact
      switch to open after said movable contact is initially brought into
      electrical contact with said stationary contact and before said movable
      and stationary contacts are brought into final sealed engagement by the
      movement of said movable magnetic member.
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ABST
PAL  A compression trimmer for providing a range of capacitance values for an
      electrical circuit includes a plurality of capacitive plates spaced by one
      or more dielectric members and mounted on a substantially compliant, high
      temperature, molded plastic insulating base. The compression trimmer
      includes an elongated screw received within and threadedly engaging an
      elongated torque control hole of the compliant base. The length and
      diameter of the torque control hole may be ajdusted to provide a desired
      torque rating of the screw. Additionally, the improved interference fit
      between the screw and the compliant base reduces or eliminates screw
      vibration to thereby maintain the capacitance value of the trimmer
      constant. A plurality of conductive terminals extending through the
      compliant base are provided for connecting the trimmer in an electrical
      circuit, for example, by the soldering of the conductive terminals to a
      printed circuit board. The trimmer includes various protective features
      that reduce the possibility of damage or destruction of the trimmer
      resulting from the receipt of solder flux or solder within the base of the
      trimmer. These productive features include the maintenance of very close
      tolerances between the compliant base and the conductive terminals.
      Additionally, a plurality of hollowed-out portions or wells are formed in
      the compliant base immediately adjacent the conductive terminals for
      receiving and providing a cooling space for the solder flux and the solder
      that does enter the base 24 to thereby prevent the solder flux and the
      solder from damaging the capacitive plate structure of the trimmer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  The device of the present invention generally relates to variable
      capacitors that provide a variable compressive force to a pair of spaced
      capacitive plates to vary the capacitance value of such capacitors by
      varying the spacing between the capacitive plates. Such variable
      capacitors are commonly referred to as compression trimmers.
PAR  B. Description of the Prior Art
PAR  Compression trimmers are well known in the prior art and are used in radio
      circuits and other similar electrical circuits to provide small ranges of
      capacitance values for such electrical circuits. Typically, compression
      trimmers are connected in electrical circuits by being soldered to printed
      circuit boards. The soldering of relatively small or miniature prior art
      compression trimmers to printed circuit boards often results in a
      deterioration in their electrical characteristics resulting from the
      presence of solder flux or solder in their capacitive plate structures.
      Solder flux and solder are often drawn by capillary action along the
      relatively short conductive terminals of such miniature compression
      trimmers to their capacitive plate structures during a soldering
      operation. The problem does not often occur for relatively large
      compression trimmers due to the substantially greater spacing of such
      relatively large compression trimmers from printed circuit boards.
PAR  An additional problem often encountered in the field of compression
      trimmers stems from the attempts to provide specific torque ratings for
      the rotating trimmer screws of typical compression trimmers. Many devices
      have been used to provide such torque ratings. Such devices are typically
      characterized by their notable lack of precision and simplicity.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a new and improved
      electrical device.
PAR  Another object of the present invention is to provide a new and improved
      capacitor.
PAR  Another object of the present invention is to provide a new and improved
      variable capacitor of the compression trimmer type.
PAR  Another object of the present invention is to provide a new and improved
      compression trimmer having novel means for providing a desired torque
      rating for rotating an adjustable trimmer screw.
PAR  Another object of the present invention is to provide a new and improved,
      relatively small or miniature compression trimmer having novel protective
      features for reducing the possibility of damage to the compression trimmer
      as a result of the soldering of the compression trimmer to a printed
      circuit board.
PAR  Briefly, the device of the present invention comprises a variable capacitor
      or compression trimmer for providing a relatively small range of
      capacitance values for an electrical circuit. The compression trimmer
      includes a plurality of capacitive plates spaced by one or more dielectric
      members and mounted on a substantially compliant, high temperature, molded
      plastic insulating base. The compression trimmer includes an elongated
      trimmer screw that is received within and threadedly engages an elongated
      torque control hole of the compliant base and that provides a variable
      compressive force to the capacitive plates to vary the spacing between the
      capacitive plates. By varying the spacing between the capacitive plates,
      the capacitance value of the compression trimmer is varied.
PAR  Additionally, by varying the length of the inner diameter of the torque
      control hole or both, the torque rating of the trimmer screw may be
      varied. The improved interference fit between the compliant base of the
      compression trimmer and the threaded trimmer screw received therein
      reduces the possibility of drift in the capacitance value of the
      compression trimmer.
PAR  The compression trimmer includes various protective features that prevent
      the deterioration or destruction of its capacitive plate structure during
      a typical soldering operation in which the compression trimmer is
      electrically connected to a printed circuit board. Very close tolerances
      are provided between the compliant base and the conductive terminals
      extending therethrough to reduce the amount of solder flux or solder that
      may enter the compliant base during a soldering operation. Additionally,
      one or more hollowed-out portions or wells are provided in the compliant
      base adjacent each of the conductive terminals to provide a
      discontinuation of the capillary path and to provide a reservoir and
      cooling space for any solder flux or solder that may enter the compliant
      base. By capturing and confining the solder flux or solder in the
      hollowed-out portions or wells, the presence of solder flux or solder in
      the capacitive plate structure of the compression trimmer is prevented.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects and advantages and novel features of the
      present invention will become apparent from the following detailed
      description of an embodiment of the invention illustrated in the
      accompanying drawing wherein:
PAR  FIG. 1 is an upper, front perspective view of a preferred embodiment of a
      variable capacitor or compression trimmer constructed in accordance with
      the principles of the present invention;
PAR  FIG. 2 is a lower, rear perspective view of the device of FIG. 1;
PAR  FIG. 3 is an enlarged, cross-sectional view of the device of FIG. 1 taken
      along line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged, cross-sectional view of the device of FIG. 1 taken
      along line 4--4 of FIG. 3;
PAR  FIG. 5 is a cross-sectional view of the device of FIG. 1 taken along line
      5--5 of FIG. 3;
PAR  FIG. 6 is an enlarged, cross-sectional view, similar to the view of FIG. 4,
      illustrating the device of FIG. 1 in an assembled, noncompressed
      condition;
PAR  FIG. 7 is an enlarged, partially cut-away, perspective view of a portion of
      the device of FIG. 1;
PAR  FIG. 8 is an enlarged, exploded, perspective view of the device of FIG. 1;
      and
PAR  FIG. 9 is an enlarged, perspective view of a portion of the device of FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing and initially to FIGS. 1 and 2, there is
      illustrated a new and improved, relatively small or miniature variable
      capacitor or compression trimmer 20 constructed in accordance with the
      principles of the present invention. The trimmer 20 may be inserted in an
      electrical circuit to provide a variable amount of capacitance for that
      circuit. The capacitance of the trimmer 20 may be set or varied by
      rotating a trimmer screw 22 that is received within and threadedly engages
      a substantially compliant, high temperature, molded plastic insulating
      base 24. In a preferred embodiment, the base 24 is formed from
      polypropylene and the screw 22 is formed from steel and is nickel plated
      prior to its assembly in the trimmer 20.
PAR  The trimmer 20 includes a plurality of conductive terminals 26 electrically
      connected to at least one of the capacitive plates of the trimmer 20 and a
      conductive terminal 28 electrically connected to a different one of the
      capacitive plates of the trimmer 20. The terminals 26 and 28 are used to
      electrically connect the trimmer 20 in an electrical circuit, for example,
      by the soldering of the terminals 26 and 28 to a printed circuit board. In
      order to properly space the trimmer 20 above a printed circuit board, the
      base 24 includes a plurality of integrally formed spacing posts 29.
PAR  More specifically, with respect to FIGS. 3-9, the screw 22 of the trimmer
      20 includes a screw head 32 engageable by an adjusting tool, such as a
      screwdriver, and an elongated threaded shank portion 34 that is received
      within and threadedly engages a portion 36 of the inner surface of an
      elongated torque control hole 38 of the base 24. The torque control hole
      38 further includes an elongated undercut portion 40 having an inner
      surface 42 that is not threadedly engaged by the threaded shank portion 34
      of the screw 22. The improved interference fit between the portion 34 of
      the screw 22 and the portion 36 of the torque control hole 38 of the
      compliant base 24 reduces the possibility of undesired rotational
      movements of the screw 22 resulting from accident physical vibrations
      transmitted to the trimmer 20 to thereby reduce the possibility of an
      undesired change in the capacitance value of the trimmer 20 from its
      preset value.
PAR  In accordance with an important feature of the present invention, the
      torque rating for rotating the screw 22 may be varied and set to a desired
      level by adjusting either the inner diameter of the portion 36 of the
      torque control hole or by adjusting the length of the undercut portion 40
      or by adjusting both. Increasing or decreasing the inner diameter of the
      portion 36, decreases or increases, respectively, the torsional force
      required to rotate the screw 22 in the torque control hole 38 due to the
      decrease or increase respectively, in the amount of surface area of the
      threaded shank portion 34 contacted by the compliant base 24. Similarly,
      increasing or decreasing the length of the undercut portion 40 of the
      torque control hole 38, decreases or increases, respectively, the
      torsional force required to rotate the screw 22 in the torque control hole
      38 for the same reason.
PAR  The torque rating of the screw 22 could also conceivably be adjusted by
      utilizing screws 22 having slightly larger or smaller outer diameter
      threaded shank portions 34. Preferably, a specific torque rating for a
      screw 22 is achieved by maintaining both the outer diameters of the
      threaded shank portions 34 of screws 22 and the inner diameters of
      portions 36 of torque control holes 38 constant and by merely varying the
      lengths of the undercut portions 40.
PAR  The dotted line portions of FIGS, 3, 4 and 6 depict an embodiment of the
      present invention in which a substantially constant torsional force is
      required to be applied to a screw 22A in advancing the screw 22A from its
      position illustrated in FIG. 6 to its position illustrated in FIGS. 3 and
      4. In an alternate embodiment of the present invention as illustrated in
      the solid line portions of FIGS. 3, 4, and 6, a screw 22 is disclosed as
      having a substantially shorter threaded shank portion 34 than a
      corresponding portion 34A of the screw 22A to thereby require a minimal
      initial amount and a substantially continuously increasing amount of
      torsional force to be applied to the screw 22 in advancing the screw 22
      within the torque control hole 38 from the position illustrated in FIG. 6
      to its position illustrated in FIGS. 3 and 4.
PAR  The trimmer 20 further includes a substantially rigid first capacitive
      plate or ground plate 50 having a centrally disposed threaded aperture 52
      that receives and threadedly engages the threaded shank portion 34 of the
      screw 22. In a preferred embodiment, the plate 50 is formed from a 0.025
      inch thick brass plate that is electro-tin plated prior to its assembly in
      the trimmer 20.
PAR  The plate 50 is electrically connected to an electrical circuit through the
      integrally formed terminals 26. Each of the terminals 26 preferably
      includes a relatively narrow lower portion 26A for soldering the terminal
      26 to a printed circuit board and a substantially larger upper portion 26B
      for reducing the capillary attraction between the solder flux and the
      solder and the surface of the terminal 26 during a soldering operation.
      The portion 26B reduces the capillary attraction by providing an increased
      surface area of the terminal 26, simultaneously also providing a more
      effective heat sink for dissipating the heat present during a soldering
      operation.
PAR  Immediately positioned above the plate 50 is a first dielectric member or
      insulating washer 54 that includes a centrally disposed aperture 56 for
      passing the threaded shank portion 34 of the screw 22. In a preferred
      embodiment, the washer 54 is formed from mica with a thickness from 0.0005
      to 0.003 inch, as determined by the desired capacitance range of the
      trimmer 20.
PAR  Immediately adjacent the washer 54 is a substantially resilient second
      capacitive plate or center plate 58 that includes a centrally disposed
      aperture 60, the inner diameter of which is also determined by the desired
      capacitance range of the trimmer 20. Preferably, the plate 58 assumes a
      generally arcuate shape (FIGS. 6 and 8) in a noncompressed condition. As
      the screw 22 is rotatably advanced through the threaded aperture 52 and
      the torque control hole 38 to increase the compressive force on the plates
      50 and 58, the shape of the plate 58 becomes less arcuate and more planar
      to thereby reduce the physical spacing and the air between the opposed
      surface areas of the plates 50 and 58. As the compressive force on the
      plates 50 and 58 is reduced by rotating the screw 22 in an opposite
      direction, the shape of the plate 58 becomes less planar and more arcuate
      to increase the physical spacing and the air between the opposed surface
      areas of the plates 50 and 58.
PAR  In a preferred embodiment, the plate 58 is formed from a .008 inch thick
      sheet of brass and is spring-tempered and copper and electro-tin plated
      prior to its assembly in the trimmer 20. The inner diameter of the
      aperture 60 may vary from 0.109 to 0.218 inch depending upon the desired
      capacitance range of the trimmer 20.
PAR  The plate 58 is electrically connected to an electrical circuit through the
      integrally formed terminal 28. The terminal 28 preferably includes a
      relatively narrow lower portion 28A for soldering the terminal 28 to a
      printed circuit board and a substantially larger middle portion 28B for
      reducing the capillary attraction between the solder flux and the solder
      and the surface of the terminal 28 during a soldering operation. The
      portion 28B reduces the capillary attraction by providing an increased
      surface area of the terminal 28, simultaneously also providing a more
      effective heat sink for dissipating the heat present during a soldering
      operation. The terminal 28 also includes an axially offset upper portion
      28C for properly aligning and positioning the plate 58 on the washer 54.
PAR  A second dielectric member or insulating washer 72 having a centrally
      disposed aperture 74 is disposed above the plate 58 to physically space
      and electrically insulate the plate 58 from a third capacitive plate or
      top plate 76. The washer 72 may be formed from the same material and in
      the same manner as the washer 54. The plate 76 includes a centrally
      disposed aperture 78 and is directly electrically connected to the plate
      50 by any suitable means, such as a spot weld 82 (FIG. 9). The physical
      spacing and the air between the plate 58 and the plate 76 is reduced or
      increased to vary the capacitance of the trimmer 20 in substantially the
      same manner as set forth above with respect to the plates 50 and 58. In a
      preferred embodiment, the plate 76 is formed from 0.003 inch thick sheet
      of brass that is spring-tempered and electro-tin plated prior to assembly
      in the trimmer 20.
PAR  Positioned between the under surface of the screw head 32 and the plate 76
      is a rigid compression washer 84 having a centrally disposed aperture 86.
      The washer 84 is used in conjunction with the plate 50 to apply a variable
      compressive force to the plate structure of the trimmer 20. In a preferred
      embodiment, the washer 82 is formed from a 0.031 inch thick sheet of steel
      and is nickel plated prior to assembly in the trimmer 20. In an alternate
      embodiment of the present invention in which the plate 76 is not included
      in the trimmer 20, the washer 84 is formed from a rigid dielectric
      material.
PAR  In accordance with an important feature of the present invention, the
      torque control hole 38 is formed in and the plate structure of the trimmer
      20 is mounted on top of a generally centrally disposed, integrally molded,
      pedestal portion 92 of the base 24. The portion 92 is used to space the
      plate structure of the trimmer 20 above an upper interior plane or base
      portion 94 and a lower interior plane or base portion 96 of the base 24.
PAR  Opening onto the plane 94 is a hole or aperture 98 through the base 24. The
      aperture 98 permits the terminal 28 to pass through the base 24 to thereby
      electrically connect the plate 58 in an electrical circuit. The aperture
      98 includes a lower portion 102 dimensioned to maintain a substantially
      tight contacting or sealing engagement between the base 24 and the
      terminal 28 to thereby reduce or eliminate the possibility of the entry of
      solder flux or solder within the base 24 as drawn by capillary action
      along the terminal 28 during a soldering operation. Disposed along the
      lower portion 102, the aperture 98 includes an upper, hollowed-out portion
      or well 104 formed by a plurality of generally downwardly sloping side
      walls 106 and 108 disposed on opposite sides of the terminal 28 and
      extending from the plane 94 to the lower portion 102 of the aperture 98.
      The well 104 provides a discontinuation of the capillary path along the
      terminal 28 and a storing and cooling space or reservoir for any solder
      flux or solder that does enter the base 24 as drawn by capillary action
      along the terminal 28 during a soldering operation. The well 104 thereby
      prevents such solder flux or solder from being drawn to the plate
      structure of the trimmer 20.
PAR  Similarly, opening onto the plane 96 are a pair of substantially
      identically formed holes or apertures 112 that permit the terminals 26 to
      pass through the base 24 to thereby electrically connect the plate 50 in
      an electrical circuit. Each of the apertures 112 includes a lower portion
      114 dimensioned to maintain a substantially tight contacting or sealing
      engagement between the base 24 and one of the terminals 26 to thereby
      reduce or eliminate the possibility of the entry of solder flux or solder
      within the base 24 as drawn by capillary action along the terminal 26
      during a soldering operation. Disposed above the lower portion 114, each
      of the apertures 112 also includes an upper, hollowed-out portion or well
      115 formed by a plurality of generally downwardly sloping side walls 116,
      118, 120 and 122 disposed on opposite sides of one of the terminals 26 and
      extending from the plane 96 to the lower portion 114 of one of the
      apertures 112. The wells 115 provide discontinuations of the capillary
      paths along the terminals 26 and storing and cooling spaces or reservoirs
      for any solder flux or solder that does enter the base 24 as drawn by
      capillary action along one or both of the terminals 26 during a soldering
      operation. The wells 115 thereby prevent such solder flux or solder from
      being drawn to the plate structure of the trimmer 20.
PAR  The planes 94 and 96 are positioned either at the same vertical level
      within the base 24 or at different vertical levels depending on the
      specific design of the trimmer 20. As depicted in the drawing, the plane
      94 is generally disposed at a higher vertical level than the plane 96 to
      provide additional support or rigidity for the relatively thin terminal
      28. Additionally, by disposing the planes 94 and 96 at different vertical
      levels, the possibility of the mixture or any overflow of solder flux or
      solder from the well 104 with any overflow of solder flux or solder from
      the wells 115 is reduced or eliminated. Thus, a possible cause for the
      electrical short circuiting of the trimmer 20 is eliminated.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. Thus, it is to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A variable capacitor comprising
PA1  a first conductive capacitive plate,
PA1  a second conductive capacitive plate physically spaced from and
      electrically insulated from said first plate,
PA1  means for varying the spacing between said first and second plates to vary
      the capacitance value of said capacitor, said varying means comprising a
      rotatable screw having an elongated threaded shank portion,
PA1  means for physically supporting said first and second plates and for
      resiliently biasing said screw agains rotational movement, said supporting
      and biasing means comprising an insulating base formed from a compliant
      dielectric material, said base including means receiving said threaded
      shank portion, said receiving means comprising a first elongated aperture
      formed in said base, at least a first elongated portion of said first
      aperture having an inner diameter of a magnitude less than the magnitude
      of the outer thread diameter of said threaded shank portion prior to the
      receipt of said threaded shank portion to thereby enable the threaded
      engagement of said first elongated portion of said first aperture by said
      threaded shank portion and to thereby provide continuous torsional
      resistance to the rotational movement of said screw and to thereby prevent
      vibrational rotational movement of said screw during the operational life
      of said capacitor.
NUM  2.
PAR  2. A variable capacitor as defined in claim 1 wherein said first elongated
      aperture includes a second elongated portion having an inner diameter of a
      magnitude greater than said magnitude of said outer thread diameter of
      said threaded shank portion, said second elongated portion being adjacent
      to and substantially coaxially aligned with said first elongated portion,
      the ratio between the axial lengths of said second elongated portion and
      said first elongated portion being variably preselectable to predetermine
      the magnitude of said resistance to the rotational movement of said screw.
NUM  3.
PAR  3. A variable capacitor as defined in claim 1 further comprising
PA1  a first conductive terminal for electrically connecting said first plate
      into an electrical circuit,
PA1  a second conductive terminal for electrically connecting said second plate
      into an electrical circuit,
PA1  a second elongated aperture in said base through which said first terminal
      extends for connection to an electrical circuit and
PA1  a third elongated aperture in said base through which said second terminal
      extends for connection to an electrical circuit.
NUM  4.
PAR  4. A variable capacitor as defined in claim 3 wherein said first terminal
      and said second terminal are integral portions of said first plate and
      said second plate, respectively.
NUM  5.
PAR  5. A variable capacitor as defined in claim 3 wherein said first terminal
      includes a lowermost portion of a first cross-sectional area for
      physically engaging and for being directly electrically connected by a
      soldering operation to a printed circuit board.
NUM  6.
PAR  6. A variable capacitor as defined in claim 5 wherein said first terminal
      includes an upper portion adjacent said lowermost portion of a second
      cross-sectional area, said second cross-sectional area being substantially
      greater than said first cross-sectional area.
NUM  7.
PAR  7. A variable capacitor as defined in claim 3 wherein said second elongated
      aperture includes a lower portion having inner dimensions configured to
      enable the tight contacting or substantially sealing engagement of said
      base with said first terminal.
NUM  8.
PAR  8. A variable capacitor as defined in claim 7 wherein said base includes a
      first, inner, generally planar surface and wherein said second elongated
      aperture includes first means for storing and cooling solder flux or
      solder that enters said base through said second elongated aperture, said
      first storing and cooling means comprising a first hollowed-out portion or
      well formed in said base extending from said first planar surface to said
      lower portion of said second elongated aperture.
NUM  9.
PAR  9. A variable capacitor as defined in claim 8 wherein said third elongated
      aperture includes a lower portion having inner dimensions configured to
      enable a tight contacting or substantially sealing engagement of said base
      with said second terminal.
NUM  10.
PAR  10. A variable capacitor as defined in claim 9 wherein said base includes a
      second, inner, generally planar surface and wherein said third elongated
      aperture includes second means for storing and cooling solder flux or
      solder that enters said base through said third elongated aperture, said
      second storing and cooling means comprising a second hollowed-out portion
      or well formed in said base extending from said second planar surface to
      said lower portion of said third elongated aperture.
NUM  11.
PAR  11. A variable capacitor as defined in claim 10 further comprising a third
      conductive terminal for electrically connecting said first plate into an
      electrical circuit and a fourth elongated aperture in said base through
      which said third terminal extends for connection to an electrical circuit.
NUM  12.
PAR  12. A variable capacitor as defined in claim 11 wherein said third terminal
      is an integral portion of said first plate and wherein said fourth
      elongated aperture includes a lower portion having inner dimensions
      configured to enable a tight contacting or substantially sealing
      engagement of said base with said third terminal.
NUM  13.
PAR  13. A variable capacitor as defined in claim 12 wherein said fourth
      elongated aperture includes third means for storing and cooling solder
      flux or solder that enters said base through said fourth elongated
      aperture, said third storing and cooling means comprising a third
      hollowed-out portion or well formed in said base extending from said first
      planar surface to said lower portion of said fourth elongated aperture.
NUM  14.
PAR  14. A variable capacitor as defined in claim 10 wherein said first well and
      said second well each include a plurality of sides that form acute angles
      with said first terminal and said second terminal, respectively.
NUM  15.
PAR  15. A variable capacitor as defined in claim 10 wherein said first planar
      surface is disposed in said base on a first, generally horizontal plane
      and wherein said second planar surface is disposed in said base on a
      second, generally horizontal plane, said first plane being vertically
      spaced below said second plane.
NUM  16.
PAR  16. A variable capacitor as defined in claim 10 wherein said base includes
      an integrally formed, generally centrally disposed, raised pedestal
      portion for positioning said first and second plates above said first and
      second planar surfaces.
NUM  17.
PAR  17. A variable capacitor as defined in claim 16 wherein said first
      elongated aperture extends through said pedestal portion in the direction
      of the longitudinal axis of said pedestal portion.
NUM  18.
PAR  18. A variable capacitor as defined in claim 10 further comprising a third
      conductive capacitive plate physically spaced from said first and second
      plates, electrically insulated from said second plate and directly
      electrically connected to said first plate.
NUM  19.
PAR  19. A capacitor comprising
PA1  a first conductive capacitive plate,
PA1  a second conductive capacitive plate physically spaced from and
      electrically insulated from said first plate,
PA1  means for housing said first and second plates, said housing means
      comprising an insulating body formed from a dielectric material, said
      insulating body including a first, inner, generally planar surface,
PA1  a first conductive terminal for electrically connecting said first plate
      into an electrical circuit,
PA1  a second conductive terminal for electrically connecting said second plate
      into an electrical circuit,
PA1  a first elongated aperture in said insulating body through which said first
      terminal extends for connection to an electrical circuit,
PA1  a second elongated aperture in said insulating body through which said
      second terminal extends for connection to an electrical circuit,
PA1  said first elongated aperture including a lower portion having inner
      dimensions configured to maintain a substantially tight or contacting
      sealing engagement between said insulating body and said first terminal to
      thereby reduce or eliminate the possibility of the entry of solder flux or
      solder within said insulating body through said first elongated aperture
      as drawn by capillary action along said first terminal during a soldering
      operation and including first means for storing and cooling solder flux or
      solder that enters said insulating body through said first elongated
      aperture, said first means for storing and cooling comprising a first
      hollowed-out portion or well formed in said insulating body extending from
      said first planar surface to said lower portion of said first elongated
      aperture.
NUM  20.
PAR  20. A capacitor as defined in claim 19 wherein said second elongated
      aperture includes a lower portion having inner dimensions configured to
      maintain a substantially tight or contacting sealing engagement between
      said insulating body and said second terminal to thereby reduce or
      eliminate the possibility of the entry of solder flux or solder within
      said insulating body through said second elongated aperture as drawn by
      capillary action along said second terminal during a soldering operation.
NUM  21.
PAR  21. A capacitor as defined in claim 20 wherein said insulating body
      includes a second, inner, generally planar surface and wherein said second
      elongated aperture includes second means for storing and cooling solder
      flux or solder that enters said insulating body through said second
      elongated aperture, said second means for storing and cooling comprising a
      second hollowed-out portion or well formed in said insulating body
      extending from said second planar surface to said lower portion of said
      second elongated aperture.
NUM  22.
PAR  22. A capacitor as defined in claim 21 further comprising a third
      conductive terminal for electrically connecting said first plate into an
      electrical circuit and a third elongated aperture in said base through
      which said third terminal extends for connection to an electrical circuit.
NUM  23.
PAR  23. A capacitor as defined in claim 22 wherein said third elongated
      aperture includes a lower portion having inner dimensions configured to
      maintain a substantially tight or contacting sealing engagement between
      said insulating body and said third terminal to thereby reduce or
      eliminate the possibility of the entry of solder flux or solder within
      said insulating body through said third elongated aperture as drawn by
      capillary action along said third terminal during a soldering operation.
NUM  24.
PAR  24. A capacitor as defined in claim 23 wherein said third elongated
      aperture includes third means for storing and cooling solder flux or
      solder that enters said insulating body through said third elongated
      aperture, said third storing and cooling means comprising a third
      hollowed-out portion or well formed in said insulating body extending from
      said first planar surface to said lower portion of said third elongated
      aperture.
NUM  25.
PAR  25. A capacitor as defined in claim 21 wherein said first well and said
      second well each include a plurality of sides that form acute angles with
      said first terminal and said second terminal, respectively.
NUM  26.
PAR  26. A capacitor as defined in claim 21 wherein said first planar surface is
      disposed in said insulating body on a first, generally horizontal plane
      and wherein said second planar surface is disposed in said insulating body
      on a second, generally horizontal plane, said first plane being vertically
      spaced below said second pulse.
NUM  27.
PAR  27. A capacitor as defined in claim 21 wherein said insulating body
      includes an integrally formed, generally centrally disposed, raised
      pedestal portion for positioning said first and second plates above said
      first and second planar surfaces.
NUM  28.
PAR  28. A capacitor as defined in claim 21 further comprising a third elongated
      aperture extending through said pedestal portion in the direction of the
      longitudinal axis of said pedestal portion and means for varying the
      physical spacing between said first and second plates, said varying means
      comprising a rotatable screw having an elongated threaded shank portion
      positioned in said third elongated aperture.
NUM  29.
PAR  29. A capacitor as defined in claim 28 wherein said insulating body
      includes means for providing substantial resistance to the rotational
      movement of said screw, said resistance providing means comprising the
      inner surface of at least a first elongated portion of said third
      elongated aperture, the inner diameter of said first elongated portion of
      said third elongated aperture being less than the outer thread diameter of
      said elongated threaded shank portion of said screw prior to the receipt
      of said threaded shank portion to thereby enable the threaded engagement
      of said insulating body by said screw.
NUM  30.
PAR  30. A capacitor as defined in claim 29 wherein said dielectric material
      comprises a compliant dielectric material.
NUM  31.
PAR  31. A capacitor as defined in claim 30 wherein said compliant dielectric
      material comprises polypropylene.
NUM  32.
PAR  32. A capacitor as defined in claim 19 further comprising means for spacing
      said capacitor above the surface of a printed circuit board, said spacing
      means comprising a plurality of spacing posts integrally formed with said
      insulating body from said dielectric material and extending from an outer
      surface of said insulating body generally in the direction of said first
      and second terminals.
NUM  33.
PAR  33. A compression trimmer comprising
PA1  a first conductive capacitive plate,
PA1  a second conductive capacitive plate physically spaced from and
      electrically insulated from said first plate,
PA1  means for applying a variable compressive force to the surfaces of said
      first and second plates, said compressive force applying means comprising
      a rotatable screw having an elongated threaded shank portion, and
PA1  means for housing said first and second plates and for resiliently biasing
      said screw against rotational movement, said housing and biasing means
      comprising an insulated body formed from a compliant dielectric material
      and having an elongated aperture of a fixed length through said insulating
      body receiving said threaded shank portion, said aperture including a
      first elongated portion having an inner surface of a diameter less than
      the outer thread diameter of said threaded shank portion prior to the
      receipt of said threaded shank portion to enable the threaded engagement
      of said insulating body by said screw and to thereby provide substantial
      resistance to the rotational movement of said screw.
NUM  34.
PAR  34. A compression trimmer as defined in claim 33 wherein the magnitude of
      said resistance is generally inversely proportional to said diameter of
      said inner surface of said first elongated portion prior to the receipt of
      said threaded shank portion.
NUM  35.
PAR  35. A compression trimmer as defined in claim 33 wherein said elongated
      aperture includes a second elongated portion substantially coaxially
      aligned with said first elongated portion and having an inner surface of a
      diameter greater than the outer thread diameter of said threaded shank
      portion, the sum of the axial lengths of said first and second elongated
      portions being equal to said fixed length of said elongated aperture.
NUM  36.
PAR  36. A compression trimmer as defined in claim 35 wherein said magnitude of
      said resistance is generally directly proportional to the axial length of
      said first elongated portion and generally inversely proportional to the
      axial length of said second elongated portion.
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ABST
PAL  A corona charging device includes a U-shaped corona wire which is mounted
      between a pair of insulating blocks. One of the blocks has a spring biased
      plunger which engages the closed end of the wire to thereby place the wire
      in tension while the other block supports the legs of the wire. The legs
      of the wire have contact portions thereon which extend into a slot in the
      associated block. The contact portions are held in engagement with an
      electrical connector by a wedge. With this arrangement, the corona
      charging wire is readily replaceable.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to corona charging devices and, more
      particularly, corona charging devices that are used in electrophotographic
      reproduction apparatus to give the photoconductive surfaces an
      electrostatic charge prior to light exposure.
PAR  2. Technical Considerations and Prior Art
PAR  Generally, corona charging devices use a U-shaped wire which is preferably
      placed between two supports of insulating material which are inserted in
      the two ends of a metal screen which forms a grounded gutter. The wires
      have free ends which must always be perfectly taut and are connected to a
      high voltage source of electricity which causes the corona effect by
      giving rise to a current that generates a charge.
PAR  Like all fine wires subjected to a high voltage current, the wires of this
      device must be changed frequently because they attract dust from the air
      charged with tribo-electricity. This dust accumulates on the wires,
      modifying the properties thereof which produced local over-voltages
      thereon rapidly, causing charge defects. The wires, therefore, require
      replacement.
PAR  Replacement of these wires is a delicate and complicated operation because
      the wires have to be strung correctly while avoiding excess tautness which
      might break the wires. After they are strung, they must then be connected
      to the high voltage source. It is, of course, desirable to replace these
      wires rapidly to minimize the downtime of the apparatus using the wires.
      This change, therefore, requires the intervention of an experienced
      person, if not of a specialist.
PAR  To obtain the correct tension of the wire, the wire is wound in several
      turns around the smooth part of the shank of a screw which is fastened in
      the input support. Then the wire is strung along a path which connects it
      to the opposite support and is brought back to the input support where it
      is fastened in the same way by winding around another screw.
PAR  The wire tension is regulated by modifying the winding of the wire around
      these two screws. This is accomplished by screwing the screws in or
      backing them off. Considerable experience is required to regulate these
      screws suitable without breaking the wire, and the prior art approach is
      not immune from relaxation of friction that loosens the wire, which can
      cause disturbances of the charge and damage to the device. Generally, an
      effort is made to compensate for this relaxation by using a spring that
      extends from one of the ends of the wire.
PAC  OBJECTS OF THE INVENTION
PAR  In view of the afore-mentioned deficiencies in prior art corona discharge
      wires, it is an object of this invention to provide a new and improved
      corona charging device.
PAR  It is another object of the instant invention to provide a new and improved
      corona charging device in which a corona charging wire used therein is
      conveniently replaceable.
PAR  It is still another object of the instant invention to provide a new and
      improved corona charging device which is uncomplicated in structure.
PAR  It is a further object of the instant invention to provide a new and
      improved corona discharge wire which may be replaced by one who is not
      necessarily skilled in such an operation.
PAR  It is an additional object of the instant invention to provide a new and
      improved corona discharge wire which is readily adjustable after its
      installation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a U-shaped corona discharge wire which
      has a median part that goes around a spring tensioner placed in one of the
      ends. This tensioner provides the wire with suitable tension. The free
      ends of the wire fit into a slot at the other end where they come into
      contact with the surface of a metal rod. The contact is assured by a key
      inserted by force into the slot. One of the metal rods is connected to a
      high voltage source of the corona charging device.
PAR  The key may be of trapezoidal shape with opposite faces which are almost
      parallel. The key assures positive fastening of the end of the wire with
      minimum time while the appropriate tension is imparted by the spring bias
      tensioner. Excellent electrical contact is established with the metal rod
      which is also secured through action of the key.
PAR  Preferably, the rod is sunk in the corresponding insulating end and
      oriented perpendicular to the path of the electric wires, in a housing
      provided for this purpose. The rod is also preferably cylindrical and
      includes two shoulders which prevent lateral sliding of the wires when
      they are inserted. Beyond one of the shoulders, an extension is provided
      over which a standard commercial female connector is fitted to connect to
      a high voltage source.
PAR  The invention will be better understood from the accompanying drawings
      which illustrate an embodiment of the invention and which are not to be
      construed as limiting.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view schematically illustrating a prior art type
      corona charge device of the type of which the instant invention is an
      improvement.
PAR  FIG. 2 is a perspective view of one end of the device of FIG. 1 showing how
      a corona charging wire is mounted.
PAR  FIG. 3 is a perspective view of the opposite end of the device of FIG. 1
      showing how the other end of the corona charging wire is mounted.
PAR  FIG. 4 is a top planar view showing a spring tensioning device according to
      the instant invention placed in the end illustrated in FIG. 2.
PAR  FIG. 5 is a section through the end illustrated in FIG. 3 showing how the
      end of a corona charging wire is secured in place.
PAR  FIG. 6 is a top view of the arrangement shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is schematically shown a corona charging
      device, designated generally by the numeral 10, which is illustrative of
      the apparatus of the prior art. In this device, a corona charging wire 11
      is bent into a U-shape and fitted around a projection 12 at its closed end
      13. The projection 12 extends from an insulating block 14 which is made of
      a material such as nylon. The corona charging wire 11 has two legs 16 and
      17 which have their free ends contained in slots 19 and 20, respectively,
      which are formed in a second insulating block 21. The blocks 14 and 21 are
      contained in a metal channel 22 which is grounded by a wire 23 wrapped
      around a pin 24 extending from the channel. This prior art embodiment is
      subject to all of the deficiencies set forth in the discussion of the
      prior art above.
PAR  Referring now to FIGS. 2 and 4, an embodiment of the instant invention is
      shown where the projection 12 is no longer integral with the block 14.
      Rather, as seen in FIG. 4, the projection 12 is slidably mounted in a
      retainer 26 which projects from the block 14. The projection 12 is biased
      outwardly by a spring 28 having one end which abuts a shoulder 29 in the
      retainer and an inside end 31 of the projection. The two legs 16 and 17
      extend past the retainer 26 through a pair of slots 32 in block 14.
PAR  Referring now to FIGS. 3, 5 and 6, there is shown an embodiment
      illustrating how the legs 16 and 17 of the corona charging wire 11 are
      secured to the insulating block 21 in accordance with the principles of
      the instant invention. As seen in FIGS. 3 and 5, the legs 16 and 17 have
      bent portions 40 and 41 which fit over the exterior surface 42 of the
      insulating block 21. As seen specifically in FIG. 5, the bent portion 40
      projects from a straight portion 44 which is parallel to the leg 16. The
      bent portion 41 projects from a similar parallel portion 45 which is shown
      in FIG. 6. The parallel portions 44 and 45 are joined to the legs 16 and
      17 by U-shaped portions 47 which cooperate with bent portion 40 to fit
      around a shoulder or lip 48 projecting up from the block 21.
PAR  The shoulder or lip 48 cooperates with another shoulder 49 also projecting
      from the block 21 to form a cavity 51 into which the U-shaped portion 47
      fits. An electrical connector in the form of a rod 52 is received in the
      cavity 51 and has a pair of shoulders 53 and 54 therearound which serve to
      laterally hold the corona charging wire 11 in place. In addition, the
      connector 52 includes a plug portion 55 extending therefrom onto which a
      female connector (not shown) is mounted to connect the connector to a high
      voltage source (not shown). The corona charging wire 11 is held in firm
      engagement with the connector 52 by a wedge or key 56 inserted in the
      U-shaped portions 47 of the corona charing wire. The key 56 preferably has
      a trapezoidal shape wherein the opposite sides which engage the U-shaped
      portion are not quite parallel.
PAR  In order to avoid contact between the corona charging wire 11 and other
      apparatus, the insulating block 21 has grooves 58 and 59 which receive the
      legs 16 and 17, respectively, and grooves 61 and 62 which receive parallel
      portions 44 and 45, respectively.
PAR  As shown in FIG. 3, the key 56 can be divided into two portions 56a and 56b
      to create an arrangement for conveniently adjusting tension on the wire
      11. This is accomplished by adjusting the insertion depth of one of the
      keys 56a or 56b after the other key has been inserted to hold one of the
      legs 16 or 17 in position.
PAR  The afore-described key arrangement, either with a single key 56 or with a
      pair of keys 56a and 56b, cooperates with the spring bias projection 12 to
      apply the proper tension to the corona charging wire 11.
PAR  The above description is merely illustrative of an embodiment of the
      instant invention which is to be limited only by way of the following
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A corona charging device comprising:
PA1  a corona charging wire which is substantially U-shaped in configuration
      with a closed end portion and first and second legs extending therefrom;
PA1  a first insulator for supporting the closed end portion of the corona
      charging wire, said insulator having a projection extending therefrom
      which is biased against the end portion in a direction opposite the extent
      of said legs;
PA1  a second insulator spaced from said first insulator for supporting the legs
      of said corona charging wire adjacent the free ends of said legs;
PA1  a slot extending in said second insulator for receiving contact portions of
      said legs;
PA1  an electrical contact in said slot for engagement by said contact portions;
      and
PA1  means for urging said contact portions into engagement with said electrical
      contact.
NUM  2.
PAR  2. The device of claim 1, wherein the contact portions of said legs are
      U-shaped in configuration and wherein said urging means is a wedge which
      is received in said U-shaped portion to spread said U-shaped portion into
      engagement with the electrical contact and a wall of said slot.
NUM  3.
PAR  3. The apparatus of claim 2, wherein the slot extends transverse to the
      extent of said legs and wherein the electrical contact extends parallel to
      the extent of said slot.
NUM  4.
PAR  4. The apparatus of claim 3, wherein each leg further includes a portion
      extending from U-shaped portion which hooks over a shoulder defined by the
      slot and an exterior surface of said second insulator.
NUM  5.
PAR  5. The apparatus of claim 4, wherein the second insulator includes a pair
      of slots therein which extend perpendicular to said slot and which receive
      said first and second legs, and wherein said first insulator includes
      slots therein which receive said first and second legs adjacent said
      closed end portion.
NUM  6.
PAR  6. The apparatus of claim 1, wherein the second insulator includes a pair
      of slots therein which extend perpendicular to said slot and which receive
      said first and second legs, and wherein said first insulator includes
      slots therein which receive said first and second legs adjacent said
      closed end portion.
NUM  7.
PAR  7. The device of claim 1, wherein said projection which engages said closed
      end of said corona charging device is seated in a retainer extending from
      said insulator and wherein means for biasing said projection is seated
      between said retainer and said projection.
NUM  8.
PAR  8. The device of claim 7, wherein said projection is a plunger.
NUM  9.
PAR  9. The device of claim 2, wherein said wedge means is divided into two
      sections, one of which engages the contact portion of one leg and the
      other of which engages the contact portion of the other leg to facilitate
      tensioning of said corona charging wire.
NUM  10.
PAR  10. The device of claim 1, wherein the first and second insulators are
      joined by a metal channel which is grounded and wherein the electrical
      contact is adapted for connection to a high voltage source.
NUM  11.
PAR  11. The apparatus of claim 1, wherein the electrical contact is a rod
      having a pair of shoulders thereon outboard of said legs to assist in
      holding said legs and said electrical contact in said first insulator.
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ABST
PAL  This invention concerns a protective device for at least one thyristor.
      Separate measuring sensors are provided for determining the thyristor
      parameters of current and the magnitude and rising slope of the thyristor
      voltage. The measuring sensors are followed by a comparison stage which
      compares the parameters with definite, predetermined conditions, and
      transmits a trigger pulse for the thyristor. With the protective device
      according to the invention, the thyristor can be fired by means of its
      control electrode during the recovery time of the thyristor, if an
      overvoltage occurs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns a protective device for at least one thyristor.
PAR  2. Description of the Prior Art
PAR  Thyristors can be destroyed by overvoltages which exceed the permissible
      peak voltage of the thyristor or by an excessive rate of rise of the
      voltage. External overvoltage circuits, for instance, with overvoltage
      arresters and RLC members are in the prior art for the purpose of
      protecting thyristors, such as are described, for instance, in the book
      "Thyristor Handbook," page 193 to 195.
PAR  These external overvoltage circuits are particularly important for
      thyristor switches for high-voltage applications, i.e., in HGU
      installations. These thyristor switches are formed by connecting in series
      an appropriate number of thyristors, which are controlled by means of
      magnetic pulse transformers.
PAR  These thyristor switches can be subjected to an overvoltage stress at any
      time by external causes such as flashovers at insulators or by lightning
      strokes hitting the transmission lines. Extensive protection of the
      switches against high voltages is achieved with an external overvoltage
      circuit mentioned above, in which the switches are shunted by overvoltage
      arresters which limit the magnitude of the overvoltage to permissible
      values for the thyristors and in which the rate of rise of the voltage for
      the thyristors within a switch is limited by the use of RCL members which
      are arranged distributed in the switch.
PAR  Only if overvoltages occur during a certain time interval, i.e., during the
      recovery of the thyristors which follows the current conduction time, can
      renewed firing of each thyristor occur if a positive voltage should appear
      at its anode-cathode path at a specific voltage value. This voltage value
      which can renew firing depends on the electric stress and the individual
      thyristor unit. It should further be mentioned here that the recovery time
      of a thyristor increases with the rate of rise and with the magnitude of
      the anode voltage from negative toward positive values. Renewed switching
      on of thyristors by means their anode-cathode voltage without a control
      pulse, so-called "high-level firing," may lead to the destruction of
      thyristors, which cannot be avoided completely with known external
      overvoltage circuits.
PAR  It is an object of this invention to provide a protective device such that
      high-level firing of the thyristor is impossible is overvoltages occur
      during the recovery time of the thyristor.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided one measuring sensor each for
      determining the thyristor current and the rising slope of the thyristor
      voltage connected to a comparison stage which delivers a trigger pulse for
      the thyristor when definite, predetermined conditions are reached.
      Preferably, a further measuring sensor for determining the magnitude of
      the thyristor voltage is arranged, whose output is also fed to the
      comparison stage.
PAR  With the protective device according to the invention, a triggering of the
      thyristor by means of the control electrode is achieved if an overvoltage
      occurs during the recovery time. The thyristor is switched on for
      protection within a certain time after its current conduction time in a
      programmed manner by a control pulse from the pulse amplifier as a
      function of the rate of rise of the recurring voltage. The time, after
      which this firing takes place, depends on predetermined values of the
      ratio of the measured quantities, whereby the dependence of the recovery
      time, i.e., its increase with increasing rate of rise and increasing
      amplitude of the recurring anode voltage can be taken into consideration.
PAR  The comparison stage responsive to the voltage and voltage rate measuring
      sensors contains at least one limit indicator for each sensor and the
      outputs of these limit indicators are applied to a logic element. Only one
      limit indicator is associated with a thyristor current measuring sensor.
      This limit indicator addresses multiple monostable flip-flops which have
      different output pulse on times. The outputs of these monostable
      flip-flops are connected with one of the logic elements. With this design
      of the comparison stage, the values for different conditions of the
      measured quantities of thyristor current, magnitude of the thyristor
      voltage and rate of voltage rise can be combined to provide a thyristor
      and control pulse under different conditions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a thyristor with measuring sensors for thyristor parameters of
      voltage, current, and rate of increase of voltage along with a comparison
      stage for comparing these parameters with predetermined values and means
      responsive to this comparison stage for generating a control firing pulse
      for the thyristor.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows several thyristors 1, which, for instance, form a thyristor
      switch, and are connected in series between a positive voltage +V and
      ground. Thyristor units with several thyristors connected, in parallel can
      also be used as the thyristors 1. To the control electrode of each
      thyristor a trigger pulse can be applied for the purpose of triggering,
      which is generated by a trigger pulse generator not shown in the drawing.
PAR  Each thyristor 1 is shunted by a capacitor 2, 3 or 4 and a resistor 5, 6 or
      7. The capacitors 2 to 4 are equalizing capacitors to avoid unequal
      voltage distribution because of the iterative conductor effect. At the
      cold end of the series circuit, i.e., at reference or zero potential,
      there is connected in series with the last thyristor 1 a current
      transformer for the thyristor current, which in the example of the
      embodiment is a resistor 8. As a measuring sensor for the rate of rise or
      rising slope of the thyristor voltage, the capacitor 4 is supplemented in
      the embodiment example by a resistor 9 to form an R-C member. The voltage
      at the resistor 9 is proportional to the current through the equalizing
      capacitor 4 and therefore, proportional to the rising slope of the voltage
      at the thyristor 1. As the measuring sensor for the thyristor voltage, a
      resistor 10 is connected in series with the resistor 7.
PAR  The measured voltages of the three measuring sensors 8, 10, and 4 and 9
      which represent the magnitude of the thyristor current, the thyristor
      voltage and the rate of rise of the thyristor voltage, are applied to a
      comparison stage 11 by means of lines 12, 13 and 14. Limit indicators 15,
      16 and 17 are arranged in the comparison stage 11. The line 14, at which
      the value of the voltage appears which represents the slope of the
      thyristor voltage, is applied to three limit indicators 15a 15b and 15c
      which generate output pulses only when input voltages achieve limit values
      of a sufficient value. The thyristor voltage is likewise applied by means
      of line 13 to three limit indicators 16a to 16c, which likewise have
      different response values. The value of the voltage which represents the
      thyristor current appears at the line 12 which is applied to a limit
      indicator 17 which drives three monostable flip-flops 17a to 17c, which
      have different pulse output times.
PAR  The output of the related limit indicators or flip-flops which belong to
      the respective measuring sensors, i.e., for instance, the output of the
      limit indicators 15a and 16a and of the monostable flip-flop 17a, are
      applied to a respective logic element 18, 19 or 20. In the example of the
      embodiment the logic elements 18, 19 or 20 are AND gates. The outputs of
      the AND gates 18 to 20 are applied to the OR input 21a of a pulse
      generator stage 21. The pulse generator, not shown, generates pulses which
      can fire the thyristors 1.
PAR  To explain the operation of the circuit, assume that thyristors 1 are used,
      in which the limit (variation from unit to unit) of the recovery time is
      300 .mu.sec for a change of the voltage from .sym.600 V to +600 V with a
      maximum rate of rise of 50 V/.mu.sec. Through the choice of the response
      values for the limit indicators 15 and 16 and the switching times of the
      monostable flip-flops 17, which are shown in FIG. 1, conditions for the
      quantities measured by the measuring sensors 7, 8, 4 and 9 are
      predetermined, for which a trigger pulse is formed and by which protection
      of the thyristors 1 is insured in the event of an overvoltage during the
      recovery time. The limit indicator 17 then passes on a signal to one of
      the three succeeding monostable flip-flops 17a, 17b, 17c if the current in
      the thyristor 1 falls below a given limit. The interrelation of the
      individual limit indicators and flip-flops with respect to each other and
      to the succeeding logic element is arranged so that the monostable
      flip-flop 17a with the longest switching time is connected, together with
      the limit indicator 15a for the steepest slope of the thyristor voltage
      and the limit indicator 16a for the lowest thyristor voltage, is connected
      to an AND gate 18, and vice versa, the monostable flip-flop 17c with the
      shortest time, together with the limit indicator 15c with the smallest
      slope and with the limit indicator 16c with the highest voltage is
      connected to another AND gate. With this association of the limit
      indicators and the flip-flops it is insured that for any dangerous case of
      overvoltage during the recovery time of the thyristors, uncontrolled
      firing of the thyristors 1 is converted into an intentional triggering by
      means of the control input and thereby, a programmed emergency firing of
      the thyristors, dependent on the rate of change of the voltage dv/dt, is
      obtained during the recovery time.
PAR  It should be noted that by increasing the number of limit indicators and
      the monostable flip-flops a further refinement of the response values can,
      of course be obtained, wherein the protective device performs the
      programmed firing of the thyristors during the recovery time. Thus, a
      protective device is obtained which is inexpensive to build and which
      insures, in combination with known external overvoltage circuits, complete
      overvoltage protection of thyristors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for protecting a thyristor during its recovery time
      comprising:
PA1  means for generating a signal proportional to the thyristor current,
PA1  means for generating a slope signal proportional to the arising slope of
      the thyristor voltage,
PA1  means for generating a signal proportional to the magnitude of the
      thyristor voltage,
PA1  means for generating comparison signals if said current signal, slope
      signal, and voltage signal are each different from predetermined values,
      and
PA1  means responsive to said comparison signals for generating a firing pulse
      for the thyristor.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for generating a signal
      proportional to the thyristor current is a current transformer in series
      with said thyristor.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said means for generating a slope
      signal proportional to the rising slope of the thyristor voltage is a
      series connected resistor and capacitor in parallel with said thyristor,
      wherein said slope signal is generated at the connection of said resistor
      and capacitor.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said means for generating comparison
      signals comprises:
PA1  at least one first limit indicator to generate a first pulse if said slope
      signal is greater than a predetermined voltage slope value,
PA1  a second limit indicator to apply a signal, if said current signal falls
      below a predetermined current value, to at least one monostable
      multivibrator which generates a predetermined pulse time length, and
PA1  an AND circuit responsive to the ouput to said first limit indicator and
      the output of said monostable multivibrator.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said means for generating a slope
      signal proportional to the rising slope of the thyristor voltage is a
      series connected resistor and capacitor in parallel with said thyristor,
      wherein said slope signal is generated at the connection of said resistor
      and capacitor.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said means for generating a signal
      proportional to the magnitude of the thyristor voltage is a resistor in
      parallel with said thyristor.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said means responsive to said
      comparison signals for generating a firing pulse for the thyristor is a
      pulse generator.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said means for generating comparison
      signals comprises:
PA1  at least one first limit indicator to generate a first pulse if said slope
      signal is greater than a predetermined voltage slope value,
PA1  a second limit indicator to apply a signal, if said current signal falls
      below a predetermined current value, to at least one monostable
      multivibrator which generates a predetermined pulse time length,
PA1  at least one third limit indicator to generate an output pulse if said
      voltage signal is greater than a predetermined voltage value,
PA1  an AND circuit responsive to the output of said first limit indicator, the
      output of said third limit indicator, and the output of said monostable
      multivibrator.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said means for generating a signal
      proportional to the thyristor current is a current transformer in series
      with said thyristor.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said means responsive to said
      comparison signals for generating a firing pulse for the thyristor is a
      pulse generator.
NUM  11.
PAR  11. The apparatus of claim 8 in which the signal from said second limit
      indicator is applied to three separate monostable multivibrators each
      generating a predetermined pulse time length which is different.
NUM  12.
PAR  12. The apparatus according to claim 11 wherein:
PA1  a. three first limit indicators each having separate predetermined slope
      voltage values are provided;
PA1  b. three third limit indicators each having different predetermined voltage
      values are provided;
PA1  c. three seaprate AND circuits are provided, the first AND circuit having
      as inputs the output of the first limit indicator having the highest
      predetermined voltage slope value, the output of the third limit indicator
      having the smallest predetermined voltage value and the output of the
      monostable multivibrator generating the longest pulse length, the second
      AND gate having as inputs the outputs of the first limit indicator having
      predetermined slope voltage between those of the other two first limit
      indicators, the output of the third limit indicator having a predetermined
      voltage value between those of the other two thrid limit indicators and
      the output of the monostable multivibrator having a pulse time length
      between those of the other two monostable multivibrators, the third AND
      gate having as inputs the output of the first limit indicator having the
      smallest predetermined voltage slope value, the third limit indicator
      having the highest perdetermined voltage value and the monostable
      multivibrator having the shortest predetermined pulse time length; and
      further including;
PA1  d. an OR gate having as intputs the outputs of said first, second and third
      AND gates.
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ABST
PAL  A battery vehicle having a normal speed range for house to house deliveries
      and an extended speed range for lengthy journeys such as to and from
      delivery rounds. The extended speed range is engageable by operation of a
      manual range control. The manual range control is rendered inoperative on
      startup so that the extended speed range is not immediately available.
      After a delay, of predetermined period, or after a delay of predetermined
      period during which the speed has been held at, or above, a determined
      limit, or after the vehicle has covered a predetermined distance, the
      manual range change is enabled.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to electric vehicles and to control circuits
      therefor. It particularly relates to road delivery vehicles.
PAR  It would be an advantage to provide higher road speeds than are currently
      available on electric delivery vehicles, particularly as now there is a
      tendency, with centralisation of supply, for the individual delivery round
      to become longer - it may extend up to ten miles or more from the depot.
      However, this results in a greater energy requirement and there is
      obviously a finite amount of energy available per trip, or between charges
      in the case of a battery-operated vehicle. Furthermore, if a driver is
      given a higher speed capability and he attempts to use it on every
      possible occcasion there will be frequent stoppings from high speed which
      is very wasteful of energy and the latter may not suffice to enable the
      round to be completed. In any case high speeds are not necessary when a
      vehicle is on a frequent stop-start run and do not materially affect the
      total delivery round time.
PAR  In one prior art arrangement the vehicle battery is in two sections. These
      sections are initially connected, by means of switches, so that they are
      in parallel across a series circuit comprising a rheostat controller and
      the drive motor. When the driver wishes to go faster than can be provided
      by this circuit arrangement the connections are switched so that the
      sections are connected in series. The speed is then regulated by means of
      a further rheostat connected in the series circuit. This arrangement
      permits the driver to select the higher speed range at any time and is
      therefore not satisfactory for delivery vehicles. The additional rheostat
      furthermore wastes energy.
PAR  In a further arrangement, which is similar to the previously mentioned one,
      diodes are connected in place of switches in series with the individual
      sections of the battery and these diodes become back-biassed when the
      batteries are switched to a series connection thus preventing short
      circuits on the batteries. This arrangement offers considerable economies
      but still allows the driver to select the higher speed range whenever it
      suits him.
PAR  It is an object of this invention to provide an electric battery powered
      vehicle having an extendable speed range which may be used only on
      relatively long journeys.
PAR  According to the present invention, there is provided an electric battery
      powered vehicle having both a variable speed controller and a manual range
      control for changing the speed range capability of the vehicle by at least
      one step, and further comprising a delay means which temporarily renders
      the manual range control inoperative when the vehicle starts so as to
      prevent the upper fraction of the speed range being available to the
      driver during short journeys such as occur with house to house deliveries.
      If, for example, it is impossible for the driver to achieve more than half
      speed for a period of, say, ten seconds, short distance house to house
      vehicle movements will perforce be made in the low speed mode, without the
      energy losses consequent upon frequent stopping from high speeds, and yet
      the higher speed capability will be available for longer distances.
PAR  In a preferred embodiment, the driver depresses a footswitch to accelerate
      the vehicle from rest in a fully controlled manner but during the first
      ten seconds, say, of travel the top speed is limited to half of the
      overall maximum speed. At the end of the timed period, a visual indication
      may be provided to the driver that maximum speed is now available but the
      vehicle does not accelerate beyond half speed unless the driver operates a
      control, e.g., a switch or button, for this purpose. When the high speed
      indication is showing and the driver's control is operated the vehicle
      accelerates under full control to maximum speed (and full power).
PAR  In both modes of operation of the preferred embodiment, the actual power
      supplied to the traction motor through the controller is under the control
      of the driver via the footswitch. However, it will be understood that, in
      the limited or half speed mode, there need not always be a restriction to
      half power in all cases because the vehicle may need more power to climb a
      steep gradient at low speed. But when the vehicle is travelling on level
      road, the half-speed mode will involve a limitation of the power available
      to that appropriate to maintain that speed.
PAR  As a further feature, attempts by the driver to operate the top speed
      button during the initial timed period may be arranged to cause the timer
      to reset and the timing period to recommence. This is expected to
      discourage undesirably early attempts to achieve the top speed mode. The
      timer may also be arranged to reset as a consequence of slowing down or
      stopping of the vehicle and this will prevent the driver from using his
      waiting period or some part of it during some short journeys so that on a
      later journey he may immediately assume a high speed operation.
DRWD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  Other objects, features and advantages will occur from the following
      description of preferred embodiments and acompanying drawings in which:
PAR  FIG. 1 shows a relatively simple pre-art series-parallel controller for a
      traction motor,
PAR  FIG. 1a shows the controller of FIG. 1 adapted to include the invention,
PAR  FIG. 2 shows another form of series-parallel controller which may be
      adapted to include the invention in a similar manner to the arrangement
      shown in FIG. 1a,
PAR  FIG. 3 shows a general schematic diagram of a control system incorporating
      the invention using a single battery, and
PAR  FIG. 4 shows a detailed schematic diagram of a modified form of the control
      system shown in FIG. 3.
DETD
PAR  In the prior art controller for the traction motor 2 of an electric vehicle
      shown in FIG. 1 the electrical storage battery is divided into two equal
      parts 3 and 4, which are initially switched in parallel by closing
      switches 5a and 5b together. The vehicle speed may be regulated by
      adjustment of variable resistor 7 which resistor is controlled from the
      driver's footswitch. The resistor 7 could, for example, be a carbon pile
      regulator. When the speed of the vehicle has built up sufficiently,
      switches 5a and 5b may be opened and switch 8 closed. Operation of these
      switches will then put battery sections 3 and 4 into series and the
      vehicle speed can be further increased by adjustment of a regulator 9. The
      invention provides enabling means, as shown in FIG. 1a, whereby the
      change-over of the connections of the battery sections from a parallel to
      a series arrangement cannot be effected until an indication signal occurs.
PAR  The circuit of FIG. 1a is similar to that of FIG. 1 except that the
      switches 5a, 5b of FIG. 1 become isolating switches and the change-over
      function is now provided by contacts 6b, 6c and 6d operated by a relay 6a
      under the control of controller 10. When the driver wishes to start his
      vehicle he must first close isolating switches 5a, 5b. These are ganged
      with contacts 5c which, when they close, operate delay means 18. The
      latter defines a delay, lasting about ten seconds, at the end of which a
      signal is fed to controller 10 which is then enabled. Lamp 19 provides an
      indication to the driver at the end of the delay that he may engage the
      extended speed range. To proceed at a faster speed the driver depresses
      operator 21 which closes contacts 20 and causes the controller to energise
      the relay 6a. As a consequence contacts 6b and 6c open and contacts 6d
      close, thereby connecting the battery sections in series. Until the
      control is enabled by the signal from the delay means 18, prior closing of
      contacts 20 will be ineffective, relay 6a remaining de-energised. Delay
      device 18 may be a timer which provides a prescribed delay period.
      Alternatively, delay device 18 may be responsive to a displacement signal
      provided by displacement means 15 over connection 15a whereby the enabling
      of controller 10 is delayed until the vehicle has covered a predetermined
      distance from startup.
PAR  The prior art controller shown in FIG. 2 achieves parallel series switching
      of the two sections of the battery 3, 4 by using diodes 11 and 12 in place
      of the switches 5a and 5b of FIG. 1, which diodes are back-biassed when
      switch 8 is closed. Switch 8 connects the two parts of the batteries in
      series. The circuit may be adapted to incorporate the invention by
      replacing manual switch 8 with relay operated contacts and control means
      similar to the controller 10 and the delay means 18 shown in the
      arrangement of FIG. 1a. Likewise, displacement means 15 may be fitted to
      provide a displacement signal to the delay means 18.
PAR  So far, I have described circuits that effectively reduce the voltage
      applied to the drive motor during the initial progress of the vehicle and
      have referred to the use of a time delay or distance indicator that allows
      selection of top speed after a predetermined time or distance has been
      run. In the case of the circuits already described, there will be little
      point in using a vehicle speed, e.g. maintained for a preset period, as an
      indication of when to permit a change to top speed, since with reduced
      voltage supplied to the motor it is probable that the vehicle will not be
      able to achieve the preset speed in the low speed condition on gradients.
PAR  In the case of the control system shown in FIG. 3 the storage battery 13 is
      not divided into separate parts as in the other schemes, but speed control
      and the regulation of the power supply to the motor 2 is provided by a
      solid state controller (thyristor chopper) 14. This type of circuitry is
      known to provide efficient speed control on an electric vehicle. The
      actual power taken from the battery and supplied to the motor is
      controlled by varying the pulsing rate of the chopper controller, such
      pulsing rate being determined by the position of the driver's foot on the
      accelerator pedal of the vehicle except initially upon starting the
      vehicle when an inbuilt ramp function controls the pulsing rate of the
      controller to prevent excessive acceleration.
PAR  In addition to this, a signal representative of the rotational speed of the
      motor, and hence the vehicle speed, is continuously fed back to the solid
      state controller by a magnetic sensor head 15 coupled to a toothed or
      apertured disc 16 on the output shaft 17 of the motor. A standard
      tachogenerator could also be used for this purpose. An electronic timing
      circuit 18 is also coupled to the solid state controller 14.
PAR  On the driver initially depressing the foot pedal the vehicle accelerates
      away from rest and the timing circuit 18 commences to measure elapsed
      time. During the timing period, should the actual speed of the vehicle, as
      indicated by the feedback signal, attempt to exceed the predetermined
      lower value, the pulsing rate of the solid state controller will be
      automatically reduced irrespective of the demands made by the driver at
      the foot pedal. This condition will continue until the preset time period
      has elapsed on the timer, as indicated by a lamp 19, whereafter it will be
      possible for the driver to select the higher speed condition by pressing a
      push button switch 20 and effectively override the speed signal feedback
      circuit.
PAR  The elapsing of the fixed time period is signalled to the driver by the
      lighting of a lamp 19. It is left to the driver to press the push button
      21 of switch 20 if he wishes to obtain a higher speed from the vehicle.
      Should this high speed button be depressed before the timing period is
      elapsed, then it will cause no action.
PAR  A modified form of the system of FIG. 3 utilising a logic circuit to
      control the operation of a thyristor chopper is shown in detail in FIG. 4,
      wherein devices having the same function as in the system of FIG. 3 are
      given identical reference numbers.
PAR  A conventional series d.c. motor 2 is connected in series with a thyristor
      chopper controller 22, contacts 23a of an isolating contactor 23 and a
      traction battery 13. The isolating contactor contacts 23a are operated by
      energising contactor coil 24. The latter is connected via a line 25 over
      normally closed contacts 23c to a normally open set of contacts 26
      conveniently provided by a micro switch, which are operated by the
      accelerator pedal of the vehicle (not shown). These contacts are
      momentarily closed during the first few percent of the accelerator pedal
      traverse causing the contactor 23 to draw in. Contacts 23c open when the
      contactor 23 is energised thus isolating the contactor from the logic
      circuit. A holding circuit is provided for the contactor via contacts 23b.
PAR  Upon energisation, the controller 22 provides a succession of substantially
      constant duration periods during which current may flow from the battery
      to the motor. The rate at which these periods occur is governed by the
      rate at which pulses are delivered to a control input 27. These pulses are
      provided by a variable rate pulse generator 28 which has inputs 29 and 30.
      Input 29 is connected to receive a voltage tapped from a variable
      potentiometer 31 the setting of which is controlled by the accelerator
      pedal. As the pedal is depressed the voltage on input 29 increases. In an
      alternative arrangement (not shown) the same effect is produced by varying
      the mark space ratio. Obviously in other alternative arrangements both
      pulse rate and mark space ratio may vary.
PAR  An apertured disc 16, of magnetic material, is mounted upon the output
      shaft 17 of motor 2. A perception head 15 detects rotary movement of this
      disc and provides an alternating current signal output the frequency of
      which is proportional to the speed of the motor and hence the vehicle
      speed. A frequency to analog converter 32 receives this square wave signal
      and converts it into a d.c. voltage.
PAR  A line 34 connects to the output of the converter 32 also to an input 35 of
      a threshold amplifier 36 and to the inputs 37 and 38 of level detectors 39
      and 40. Threshold amplifier 36 provides an analog output on line 41 when
      the voltage on input 35 exceeds a reference voltage, called a threshold
      reference signal, on input 42. Level detector 39 provides a high level
      logical signal on line 43 when the voltage on input 37 exceeds a second
      reference voltage, also called a threshold reference signal, on input 44.
      Level detector 40 provides a high level logical signal on line 45 when the
      voltage on input 38 exceeds a third reference voltage, likewise called a
      threshold reference signal, on input 46.
PAR  The analog signal on line 41 passes through a gate 47 and is fed via line
      48 to an input 30 of generator 28. Disc 16, head 15, converter 32, line
      34, amplifier 36, lines 41 and 48 constitute a negative feed back loop the
      signal on which opposes the input from the potentiometer 31.
PAR  The output of level detector 39 is always either high or low. The low level
      output is complemented in inverter 50 and is fed to one input of an AND
      gate 51. The output of gate 51 is fed to the reset input 52 of a flip-flop
      53. A second input to AND gate 51 is connected to the line 49. Flip-flop
      53 is therefore put in a reset condition when the accelerator pedal is
      initially depressed. A high level output 54, corresponding to the reset
      condition of flip-flop 53 is fed to a junction 55. A line 56 connects
      junction 55 to an enabling input 57 of gate 47. The high level signal on
      input 57 opens gate 47 and allows the analog signal on line 41 to pass
      through to line 48. A low level signal on input 57 closes the gate 47 and
      breaks the said negative feed back loop. The high level signal on junction
      55 is also fed via line 58 to an enabling input 59 of AND gate 60. The
      output of AND gate 60 energises lamp 61. Line 43 feeds the output of level
      detector 39 to a timer 62 which commences a timing period in response to a
      high level signal input. Timer 62 provides a high level signal on line 63
      upon completion of the timing period provided it has received a continuous
      high level input during the timing period. Line 63 forms a second enabling
      input 64 to AND gate 60. When the timer 62 times-out lamp 61 becomes
      illuminated.
PAR  A set of contacts 64, having a manual push-button 65, when closed provide a
      high level signal to an enabling input 66 of an AND gate 67. A second
      enabling input 68 to gate 67 is provided by the high level output of timer
      62. The output of gate 67 is connected to the set input 69 of flip-flop
      53. It will be seen that the latter controls the state of the gate 47 and
      constitutes a memory therefor. Flip-flop 53 will not permit a change in
      the mode of operation of the electric vehicle until certain conditions are
      detected by the logic circuit just described.
PAR  Line 45 connects the output of level detector 40 to an audible alarm 70.
      Alarm 70 operates when a high level signal appears in line 45. Detector 40
      and alarm 70 do not constitute part of the logic system controlling the
      operation of controller 22 and therefore may be omitted from the circuit
      without affecting its operation.
PAR  The operation of the system is described hereinafter. At rest coil 24 is
      de-energised, hence the motor 2 is isolated from the battery 13. When the
      driver wishes to proceed he depresses the accelerator pedal which has the
      immediate effect of momentarily closing contacts 26 which in turn causes
      contactor 23 to draw in. Further depression of the accelerator pedal
      alters the setting of potentiometer 31 which then provides a voltage
      signal to input 29 of the variable rate pulse generator 28. The latter
      commences to generate pulses which causes the controller 22 to supply
      bursts of power to the motor 2. As the motor rotates an alternating
      current signal is generated by the magnetic perception head. This signal
      is converted to an analog signal representative of frequency (hence speed
      of rotation of the motor, and hence vehicle road speed) in converter 32
      and applied to line 34. Within the generator 28 delay means prevents an
      immediate full response of the generator to a large input signal from the
      potentiometer 31, thereby limiting the power supply to the motor 2 at any
      instant. Eventually, however, the motor reaches a speed corresponding to
      the setting on the potentiometer.
PAR  This mode of operation will exist whenever the speed of the vehicle is less
      than the value corresponding to the magnitude of the threshold reference
      signal 42 applied to amplifier 36. In the present embodiment this
      threshold is set to a value corresponding to speeds within the limits of
      10 to 16 mph.
PAR  Assume now the driver operates his vehicle under normal loading conditions
      at a speed in excess of the limit set by the threshold reference signal 42
      but does not place the vehicle into its second, or fast, mode of
      operation. Upon depression of the accelerator pedal the repetition rate of
      the pulses provided by the generator 28 increases thus causing more power
      to be supplied to the motor, the motor speed increases and the magnetic
      perception head 15 provides a higher frequency input to the converter 32.
      At the output of the converter the analog signal increases in magnitude
      until it rises above the value of the threshold reference signal 42. At
      this point amplifier 36 switches on and a negative feedback signal is
      provided on line 41 which now increases with an increasing magnitude of
      the input signal on line 34. Gate 47, being normally open at this time,
      passes the signal via line 48 to the input 30 of the generator 28. The
      negative feedback has the effect of forcing a balance between the
      accelerator setting and the power supplied to the motor such that the
      motor runs at a lower speed than it would otherwise do. As the speed rises
      above the threshold of amplifier 36 the feedback increases and eventually
      speed limitation effectively occurs, any further increase of speed
      thereafter resulting in the power being withdrawn from the motor. The
      point at which this speed limitation is imposed is determined by the gain
      of the amplifier 36 and the magnitude of the threshold reference signal
      42. Preferably amplifier 36 has a non-linear characteristic such that its
      output increases slowly at first for a small increase of the input above
      the threshold but increases more steeply as the input rises towards its
      maximum value.
PAR  When the speed of the vehicle falls, control thereof via the accelerator
      pedal is restored to the driver, irrespective of the actual setting of the
      pedal. Hence, under heavy loading conditions, for example during hill
      climbing, the full battery power becomes available to propel the vehicle.
PAR  The second, or fast, mode of operation of the vehicle is effected by
      switching out the negative feedback, i.e. by opening gate 47. This gate is
      normally locked on by means of the logic circuit constituted by the level
      detector 39, flip-flop 53, timer 62 and the associated AND gates 51, 59,
      67 to prevent selection of the fast speed mode of operation during short
      journeys. For this purpose, during operation of the vehicle in its low
      speed mode, a high level gate control signal for gate 47 is provided on
      line 56 by flip-flop 53, the latter being in its reset state. Flip-flop 53
      is automatically switched into this state whenever the accelerator pedal
      is depressed through the first part of its travel and there is a
      coincident low level signal on line 43, contacts 26 being thereby
      momentarily closed. This arrangement, as will be apparent, permits the
      driver to retain the fast speed facility even though he may take his foot
      from the pedal, as when slowing up in traffic.
PAR  When the speed of the vehicle rises above the threshold corresponding to
      the threshold reference signal 44, which in our present example is set to
      correspond to about 8 mph, level detector 39 provides a high level output
      on line 43. This signal resets timer 62 which in turn now commences a
      timing period. At the conclusion of the predetermined period the output of
      the timer on line 63 becomes a high level output. This signal passes
      through gate 60, the latter being enabled by the existing high level
      signal at the output of the flip-flop 53, and serves to energise lamp 61.
      At time point in time the driver has available the high speed capability
      of his vehicle. Should he not choose to use it, the capability will remain
      so long as the speed of the vehicle does not fall below the threshold of
      level detector 39. However, if he stops or slows down below this
      threshold, then the timer 62 automatically resets and does not recommence
      its timing operation until a high level signal is once again provided on
      line 43.
PAR  Lamp 61 is arranged to provide a visual indication to the driver that the
      high speed capability is available. Adjacent to the lamp, or even combined
      with it, there is provided a manual push button 65 pressure on which
      causes the making of contacts 64 thereby providing a high level signal at
      the enabling input 66 of gate 67. The other enabling input, 68 is
      connected to the output of the timer 62, which timer provides a high level
      signal at this time. Hence the high level signal provided by the contact
      64 passes to the said input 69 of flip-flop 53 thereby causing the latter
      to change to its set state. In response to the change in state of the
      flip-flop 53 the output 54 provides a low level signal at junction 55.
      This low level signal, transmitted through line 56, closes the gate 47
      thereby removing the negative feedback provided on line 48. Simultaneously
      the low level signal on line 58 disables gate 60 and thereby removes the
      energising high level signal supplied to lamp 59 the illumination of which
      is then extinguished. With the removal of the negative feedback the speed
      of the vehicle may now continue to rise, dependent upon the setting of the
      accelerator pedal, through its full range. The capability of operating
      within this range without having to wait for the recycling of the timer 62
      will prevail as long as the accelerator pedal is not released.
PAR  Should the accelerator pedal be released and the speed of the vehicle falls
      below the threshold of level detector 39 then gate 51 is pulsed by the
      contacts 26 at the same time that a low level signal appears on line 43.
      This low level signal provides, via inverter 50, an enabling input to gate
      51. The output from gate 51 resets flip-flop 53 to produce a high level
      signal on enabling input 57 of gate 47. This high level signal opens the
      gate 47 and restores the negative feedback to junction 49. In order to
      restore the fast speed capability after flip-flop 53 has been reset, it is
      necessary once again to recycle timer 62 and wait until the lamp 59
      illuminates. Previous operation of the push button 65 will have no effect,
      since the low level signal on enabling input 68 of gate 67 disables the
      latter and prevents a high level signal being fed to the set input of the
      flip-flop 53.
PAR  As has been remarked earlier, timer 62 automatically resets, whether it is
      in the middle of its timing operation or has already timed out, whenever
      the signal on line 43 switches to a low level, and if the vehicle is in
      the low speed mode of operation the driver then has to wait for the full
      timing period before he can reselect the high speed mode of operation.
      This arrangement debars the driver from saving up increments of the
      waiting time during a succession of previous short journeys for use in
      achieving a rapid getaway on other short journeys and it also prevents him
      from storing up the waiting time whilst waiting, for example, for the
      lights to change at traffic signals. On reasonably long journeys, however,
      the initial waiting period will not introduce any significant delay and he
      can slow down, as for example during traffic manoeuvres, without
      necessarily losing the instant high speed capabiltiy. Commercially
      available timers have a reset input which may optionally be used to bring
      about a resetting of the timer during the first mode of operation. For
      sxample, this reset input may be connected to the output of a one-shot
      device (not shown) which is connected through an additional set of
      contacts (also not shown), under the control of the push button 65, to a
      suitable triggering potential source so that the timer is always reset
      when the button 65 is pressed. During the first mode of operation
      resetting of the timer will delay the instant at which the fast speed mode
      can be engaged and hence the driver will be positively discouraged from
      pressing the button before the capability is there. Once this capability
      is present then the delay provided by the one-shot device enables the
      flip-flop 53 to set before a reset pulse reaches the reset input of the
      timer thus removing the enabling input on gate 67 as the timer resets.
      Flip-flop 53 will therefore remain set once the second mode of operation
      is established and be insensitive to the resetting of the timer so long as
      the speed of the vehicle is maintained above the 8 mph threshold.
PAR  Level detector 40 is responsive only to signals on line 34 which represents
      speeds in excess of some predetermined maximum value. The limit is set by
      adjusting the value of the reference threshold signal 46. In the present
      example the speed limit is set to 30 mph. When this speed is exceeded a
      high level signal at the output of the level detector 40 operates the
      alarm 70.
PAR  In the preferred embodiment gate 47 is arranged to have a slow progressive
      turn-off characteristic to prevent a sudden removal of the negative
      feedback on line 48. The characteristic prevents current surges being fed
      to the motor.
PAR  It will be appreciated by those skilled in the art that the logic circuit
      used to control the gate 47 may take forms other than those disclosed in
      this description. The description is provided merely by way of example and
      all circuits which are effective to control the operation of the thyristor
      controller 22 and in particular the opening of the gate 57, to produce the
      vehicle operating facility as set out in the claims attached hereto are
      considered within the ambit of this invention. In particular normal
      negative feedback, in addition to the switched feedback, may be provided
      so that, during normal progress, and except at the limits of the low speed
      mode, the speed of the vehicle is rendered always a direct function of the
      accelerator control setting.
PAR  In addition, the isolating switches, or start switches, and the variable
      speed controllers referred to in connection with the various embodiments
      described herein may have either a common operator or separated operators
      as is well known in the art and the operator (or operators) may be hand or
      foot actuated; such arrangements all come within the ambit of the
      expression start/variable speed controller used in the succeeding claims.
      The manual operators provided for the range change facilities may also be
      foot actuated.
CLMS
STM  The embodiments of the invention in which an exclusive property or right is
      claimed are defined as follows:
NUM  1.
PAR  1. An electric battery powered vehicle comprising:
PA1  a start/variable speed controller;
PA1  manual speed range means for changing the speed range capability of the
      vehicle by at least one step;
PA1  an electric drive motor responsive to the setting of said start/variable
      speed controller and said manual speed range means to provide the desired
      speed of operation;
PA1  said manual speed range means including a settable manual operation and
      control means responsive to the setting of said manual operator for
      expanding the range of drive voltages applied to said drive motor by said
      at least one step;
PA1  wherein said control means includes delay means operative to temporarily
      render said control means non-responsive to the actuation of said operator
      upon startup of the vehicle so as to prevent the upper fraction of the
      speed range being available to the driver during short journeys such as
      occur with house to house deliveries.
NUM  2.
PAR  2. A vehicle according to claim 1 wherein said control means further
      comprises displacement transducer means connected to the said delay means
      for providing a signal thereto when the vehicle has traversed a
      predetermined distance from its startup position, said delay means being
      responsive to said signal to enable said control means to respond to
      actuation of the manual operator.
NUM  3.
PAR  3. A vehicle according to claim 1 wherein said delay means comprises a
      timer operatively coupled to the said start/variable speed controller so
      as to having a timing cycle initiated when the said controller is moved
      from a non-driving to a driving position.
NUM  4.
PAR  4. In an electric vehicle, traction means comprising:
PA1  a. a battery-operated drive motor;
PA1  b. first and second batteries;
PA1  c. switching means for connecting the first and second batteries each in
      parallel with the motor in a first state of the switch means and for
      connecting the first and second batteries each in series with the motor in
      a second state thereof;
PA1  d. a start/variable speed controller in series with said batteries and said
      motor;
PA1  e. control means having a manual operator and including means for operating
      the said switching means; and
PA1  f. delay means connected to the said control means for temporarily
      disabling the said control means upon startup of the vehicle so as to
      delay the operation of the switching means and thus prevent the upper
      fraction of the speed range being available to the driver during short
      journeys such as occur with house to house deliveries.
NUM  5.
PAR  5. Traction means according to claim 4 further comprising displacement
      transducer means coupled to the said drive motor and connected to the said
      delay means for providing a signal thereto when the said vehicle has
      traversed a predetermined distance from startup.
NUM  6.
PAR  6. Traction means according to claim 4 wherein said delay means comprises a
      timer which is coupled to the said start/variable speed controller so as
      to have a timing cycle initiated when the said controller is moved from a
      non-driving to a driving position.
NUM  7.
PAR  7. Traction means according to claim 4 wherein the said two batteries are
      connected in series via a first normally open switch which is initially
      locked out by said control means and are connected in parallel through a
      pair of normally closed switches which are open circuited when the said
      first switch is closed.
NUM  8.
PAR  8. Traction means according to claim 4 wherein the said two batteries are
      connected in series via a first normally open switch which is initially
      locked out by the said control means, and the batteries are connected in
      parallel via rectifiers which are back-biassed when the said first switch
      is closed.
NUM  9.
PAR  9. In an electric battery powered vehicle having a start/variable speed
      controller and a manual speed range facility for changing the speed range
      capability of the vehicle by at least one step, a solid state controller
      comprising:
PA1  a. a pulse rate generator, having a first input connected to the variable
      speed controller;
PA1  b. a thyristor chopper which receives pulses from the pulse rate generator
      and delivers pulses of direct current to the vehicle drive at a rate
      dependent upon the pulse rate of the said pulse rate generator;
PA1  c. a manual operator for selecting a wider speed range;
PA1  d. velocity feedback means connected via a feedback loop to a second input
      of the said pulse rate generator for limiting the rate at which current
      pulses are supplied thereby so that the speed of the vehicle corresponds
      with the setting of the variable speed controller; and
PA1  e. delay means which, after a short period of operation of the vehicle from
      startup, and upon operation of the said manual operator, disconnects the
      velocity feedback from the solid state controller.
NUM  10.
PAR  10. A solid state controller according to claim 9 wherein the delay means
      comprises timing means.
NUM  11.
PAR  11. A solid state controller according to claim 10 further comprising a
      first level detector which has a first input connected to receive a
      reference signal from a first reference potential source, a second input
      connected to receive the velocity feedback signal and an output connected
      to the said timing means to provide an enabling signal thereto initiating
      a timing cycle when the magnitude of the velocity feedback signal exceeds
      the value of the reference signal, the said timing means providing a
      disabling output signal at the end of its timing cycle which disconnects
      the velocity feedback signal from the pulse rate generator.
NUM  12.
PAR  12. A solid state controller according to claim 11 comprising a memory
      means, a first gate having a first input provided by the said manual
      operator when the latter is actuauted and an output connected to an input
      of the memory means, a controlled switch having a main conductive path
      which is connected in series with the said feedback loop and a control
      input connected to the output of the memory means, said switch being held
      in its conductive condition by an enabling signal provided by the memory
      means when the latter is in a first state, said timing means having an
      output connected to the second input of said first gate and providing an
      enabling signal thereto at the end of its period which, subject to the
      provision of a signal from the said manual operator, causes the memory
      means to change to a second state in which it provides a disabling signal
      to the control input of the said controlled switch, thereby rendering the
      latter non-conductive.
NUM  13.
PAR  13. A solid state controller according to claim 12 further comprising an
      indicating lamp and a second gate having an output connected to the said
      indicating lamp, a first input connected to the output of the said timing
      means and a second input connected to the output of the said memory means,
      said second gate being enabled when the timing means reaches the end of
      its period and the said memory means is in its first state, thereby
      energising the said indicating lamp.
NUM  14.
PAR  14. A solid state controller according to claim 12 wherein the said memory
      means has a second input which is connected to the output of the said
      first level detector via a third gate connected in series with an inverter
      and wherein the signal provided at the said second input when the velocity
      feedback signal falls below the value of the reference signal causes the
      memory means to assume its first state.
NUM  15.
PAR  15. A solid state controller according to claim 14 wherein said timing
      means is adapted to reset whenever the output of the said level detector
      corresponds to a condition in which the velocity feedback signal is less
      than the said reference signal.
NUM  16.
PAR  16. A solid state controller according to claim 14 wherein the third gate
      has a conditioning input which is connected to the vehicle start
      controller.
NUM  17.
PAR  17. A solid state controller according to calim 14 wherein the memory means
      comprises a flip-flop which in its reset state provides a high level
      signal to the control input of the said controlled switch to cause the
      latter to be conductive and in its set state provides a low level signal
      to the said controlled switch causing the controlled switch to be
      non-conductive.
NUM  18.
PAR  18. A solid state controller according to claim 12 further comprising a
      threshold amplifier connected in the negative feedback loop in series with
      the controlled switch, said threshold amplifier having a first input
      connected to the velocity feedback means and a second input connected to
      receive a reference signal from a second reference potential source, said
      reference signal being higher in value than the signal provided by the
      first reference potential source.
NUM  19.
PAR  19. A solid state controller according to claim 18 wherein the said
      threshold amplifier has a non-linear transfer characteristic, there being
      a smaller change of the output thereof for changes in low level input
      signals as compared with the change produced at the output for changes in
      high level input signals.
NUM  20.
PAR  20. A solid state controller according to claim 18 further comprising
      warning means and a second level detector having a first input connected
      to receive the velocity feedback signal and a second input connected to
      receive a reference signal derived from a third reference potential
      source, the said reference signal being of higher magnitude than the
      reference signal provided at the second input of the said threshold
      amplifier and an output connected to the said warning means whereby an
      alarm signal is provided when the speed of the vehicle rises above a
      predetermined maximum.
NUM  21.
PAR  21. A solid state controller according to claim 9 wherein said velocity
      feedback means comprises an apertured disc coupled to the drive motor of
      the vehicle for rotation therewith, a magnetic perception head arrannged
      in a functional relationship with the said apertured disc and a
      frequency-to-analog converter which is coupled to receive the signal
      provided by the magnetic perception head and provide an analog output
      signal representative of the speed of the motor.
NUM  22.
PAR  22. An electric vehicle according to claim 12 wherein said timer has a
      reset input and further comprising resetting signal generating means
      responsive to the operation of the said manual operator before the expiry
      of said timing cycle for providing a reset input to said timer thereby
      causing a restarting of the timing cycle.
NUM  23.
PAR  23. An electric vehicle according to claim 22 wherein said resetting signal
      generating means comprises a one-shot device having its output connected
      to the reset input of the timer and having an input connected to
      energising contacts which are operated by said manual operator, said
      one-shot device delaying the resetting of the timer with respect to the
      operation of said manual operator so that when engaging the second mode of
      operation following the completion of a timing cycle the memory is placed
      into its said second state before the said timer resets in response to the
      said reset input.
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ABST
PAL  A cooking utensil provided with a device for selecting a rotational speed
      of the cooking utensil such as a mixer, a device for selecting a
      processing time thereof and an indicating device therefor in which when
      one of the names of food marked upon the indicating device is selected, a
      rotational speed or processing time for optimum processing of ingredients
      of a selected food may be automatically set.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In general a speed of a motor for driving a cooking utensil such as a mixer
      is varied depending upon ingredients to be processed. However in the
      conventional cooking only the indication of rotational speeds such as
      "high, medium and low" or "numerals from 1 to 10" are marked upon the
      casing thereof. Therefore the speed of the cooking utensil must be
      selected depending upon an optimum speed found in a cookbook or the like
      for ingredients to be processed. However, this method is very cumbersome
      so that the ingredients are often processed at a random speed. Furthermore
      a cooking utensil in which two variables such as rotational speed and
      processing time can be controlled is known. However, these two controlled
      variables are generally independently marked upon the casing of the
      cooking utensil so that the correlation between these two controlled
      variables cannot be seen. The two controlled variables must be also
      selected with reference to a cookbook. This method is further very
      cumbersome.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention was made to overcome the defects encountered in the
      conventional cooking utensils.
PAR  A first object of the present invention is therefore to provide a cooking
      utensil in which when a user selects one of various modes of processing
      the ingredients, operation of the cooking utensil according to the
      selected mode may be automatically obtained.
PAR  A second object of the present invention is to provide a cooking utensil
      which may be used in a very simple manner by correlating the rotational
      speed and processing time indications based upon food to be prepared. One
      of the surfaces of an indicator indicating a name of food to be prepared
      is selected by rotating operating means such as a change lever, and then a
      pointer is moved by an operating knob to indicate the name of food on the
      surface. Then the optimum rotational speed and processing time for a
      selected food are automatically set. Therefore the cumbersome operation
      for setting an optimum rotational speed and processing time with reference
      to a cookbook may be eliminated, and the cooking utensil of the present
      invention may be used in a very simple manner. In other words, the second
      object of the present invention is to provide a cooking utensil which has
      the functions of a cookbook which is a soft ware of the cooking utensil,
      and in which the rotational speed and the processing time are correlated
      with each other based upon food to be prepared.
PAR  A third object of the present invention is to provide an arrangement for
      establishing one-to-one correspondence between the variation in the
      rotational speed of an electric motor and the change-over of the
      indicating surfaces of an indicator. By every operation of a change lever,
      an indicator may be rotated through 360.degree./n in synchronism with a
      selection switch. Means is provided to ensure the positive and quick
      rotation of the indicator through 360.degree./n and the change-over of the
      selection switch, whereby their erratic operations may be prevented.
PAR  A fourth object of the present invention is to provide a mechanism which
      may establish one-to-one correspondence between the change-over of a
      selection switch and the rotation of an indicator through a predetermined
      angle. The change-over of the selection switch and the rotation of the
      indicator cannot be accomplished unless a slider makes one complete
      reciprocation so that the rotation of the indicator or the change-over of
      the selection switch can be prevented when the change-over of the
      selection switch or the rotation of the indicator is not made.
PAR  A fifth object of the present invention is to eliminate means for
      interconnecting between a selection switch for selecting a speed of a
      motor and an indicator for indicating names of food to be prepared, to
      obtain the reliable direct coupling between the selection switch and the
      indicator by simple means, and to reduce the cost by eliminating the
      interconnection means and the coupling means.
PAR  A sixth object of the present invention is to provide a cooking utensil in
      which an indicator is rotated through a predetermined angle in synchronism
      with a selection switch when means is operated such that a selected
      indicating surface is correctly brought to a position where it can be
      seen.
PAR  A seventh object of the present invention is to mount a selection switch,
      an indicator and their associated parts upon a control panel attached to
      the front side of a casing of a cooking utensil, thereby facilitating the
      assembly, adjustment and repair thereof.
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following description of some
      preferred embodiments thereof taken in conjunction with the accompanying
      drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a first embodiment of the present
      invention;
PAR  FIG. 2 is a front view thereof;
PAR  FIG. 3 is a side view thereof;
PAR  FIG. 4 is a sectional view taken along the line IV -- IV of FIG. 2;
PAR  FIG. 5 is a sectional view taken along the line V -- V of FIG. 3;
PAR  FIG. 6 is a sectional view taken along the line VI -- VI of FIG. 2;
PAR  FIG. 7a - 7d are views used for the explanation of operation of erratic
      indication preventive means;
PAR  FIG. 8 is a perspective exploded view of three sections of the first
      embodiment shown in FIG. 1;
PAR  FIG. 9 is a perspective view of an indicating device disposed within a
      casing;
PAR  FIG. 9a is a view illustrating, on enlarged scale, a lever 19 shown in FIG.
      9;
PAR  FIG. 9b is view illustrating, on enlarged scale, a lever 18 shown in FIG.
      9;
PAR  FIG. 9c is a view illustrating, on enlarged scale, a change lever 24 shown
      in FIG. 8;
PAR  FIG. 10 is a perspective view illustrating the rotation of an indicator of
      the indicating device disposed within the casing;
PAR  FIG. 11 is a perspective view of a second embodiment of the present
      invention;
PAR  FIG. 12 is a side view, partly in section, thereof;
PAR  FIG. 13 is a sectional view taken along the line XIII XIII in FIG. 12;
PAR  FIG. 14 is a perspective view thereof;
PAR  FIGS. 15 and 16 are views taken along the line XV XV in FIG. 13;
PAR  FIGS. 17 and 18 are views taken along the line XVII XVII in FIG. 13;
PAR  FIGS. 19 and 20 are a side view and a perspective view illustrating a
      variation of a mechanism shown in FIGS. 17 and 18 and
PAR  FIG. 21 is a block diagram of the electrical circuit of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  First Embodiment, FIGS. 1 - 10
PAR  Referring to FIGS. 1 - 10, the first embodiment of the present invention
      will be described hereinafter. Upon a casing 1 incorporating therein a
      motor (not shown) is detachably mounted a cup 2 for receiving ingredients
      to be processed and a cutter 3 is disposed within the cup 2 and adapted to
      be coupled to the motor disposed within the casing 1. When the ingredients
      are processed, the cup 2 is closed with a top cover 4. Upon a control
      panel 5 attached to the front side of the casing 1 are disposed means for
      controlling the rotational speed and processing time of the motor and
      means for indicating them. Reference numeral 6 denotes a plate covering
      the bottom of the casing 1.
PAR  A rotary type selection switch 7 for selecting one of the four rotational
      speeds of the motor is fixed to a frame 8 disposed within the casing 1 as
      best shown in FIG. 6. In the instant embodiment, the rotary switch 7 has
      been described as being used to select one of the four speeds, but it will
      be understood that the switch may be designed to vary in any number of
      steps as needs demand. Upon an actuating disk 9 fixed to the operating
      shaft of the rotary switch 7 are equiangularly disposed actuating pins 10,
      the number of which corresponds to the steps of the speed of the motor. An
      indicator comprising quadrangular prism 11 having four indicating side
      surfaces 14 is rotatably supported by the frame 8 with rotary shafts 12
      and 13. The upper portion of the rotary shaft 12 has a square cross
      sectional configuration as in the case of the indicator 11 and is
      sandwiched by a pair of leaf springs 15 so as to ensure the stepwise
      rotation of the indicator 11. The indicator 11 is provided with actuating
      pins 16 corresponding to the four actuating pins 10 on the actuating disk
      9. A slider 17 is mounted on the frame 8 so as to be slidable in the
      longitudinal direction as best shown in FIG. 9, and is adapted to actuate
      the selection switch 7 and the indicator 11 simultaneously. That is, the
      slider 17 is provided with an actuating disk actuating lever 18 and an
      indicator actuating lever 19 which engage with the pins 10 of the
      actuating disk 9 and the pins 16 of the indicator 11, respectively, so as
      to rotate the actuating disk 9 and the indicator 11 through 90.degree..
      Therefore the speed of the motor is varied and the indicating surface 14
      corresponding to the selected motor speed is displayed. When the slider 17
      is displaced to the right in FIG. 4, the levers 18 and 19 are positioned
      at right angles to the direction of displacement of the slider 17, but
      when the slider is displaced to the left, they are caused to rotate in the
      clockwise direction. The levers 18 and 19 are rotated in the
      counterclockwise direction with respect to the slider 17, and stopper
      means are provided in order to stop their counterclockwise rotation at the
      position at a right angle to the slider 17. Therefore they are not rotated
      when the slider 17 is displaced to the right and engage with the pins 10
      and 16, thereby causing the disk 9 and the indicator 11 to rotate through
      90.degree.. When the slider 17 is displaced to the left, the levers 18 and
      19 engage with the pins 10 and 16 respectively, but are not in engagement
      with stopper means so that the actuating disk 9 and the indicator 11
      remain in the same position and only the slider 17 is returned to the
      initial position. That is in response to one reciprocation of the slider
      17, the selection switch 7 and the indicator 11 are rotated through
      90.degree. so that the motor speed and the display are varied. The slider
      17 is normally biased to move to the left under the force of a spring 20
      loaded between the frame 8 and the slider 17.
PAR  A bifurcated projection with a slot 21 is formed integral with the slider
      17, and engages with a lever pin 23 of a lever 22 so that the slider 17
      may be displaced. The lever 22 is fixed to the rotary shaft of a change
      lever 24 which in turn is rotatably fixed to the upper surface of the
      control panel 5 so that the lever 22 may be rotated in unison with the
      rotation of the change lever 24 which is manually operated. A stop 26
      fixed to the frame 8 is fitted into an elongated slot 25 of the slider 17
      so that the latter may be slidable upon the frame 8. As shown in FIGS.
      7a-7d, teeth 27 are formed at the right upper end of the slider 17 and
      constitutes erratic indication preventive means 29 together with a pawl 28
      in order to ensure the positive synchronous actuation of the selection
      switch 7 with the indicator 11. The pawl 28 is pivotably fixed to the
      frame 8 and is biased to be normally positioned at a right angle to the
      slider 17 under the force of a coiled spring 30 loaded between the pawl 28
      and the frame 8. The pawl 28 engages with the toothed portion 27 of the
      slider 17 so as to prevent the reverse movement of the slider 17. When the
      slider 17 is displaced from the position shown in FIG. 7a to the position
      shown in FIG. 7b where the pawl 28 engages with the toothed portion 27,
      the pawl 28 rides over the teeth 27 as long as the slider 27 moves to the
      right. However when the slider 17 stops in the position shown in FIG. 7b,
      the spring 20 tends to return the slider 17 to the initial position, but
      the pawl 28 firmly engages with the teeth 27 so that the return of the
      slider 17 to the initial position may be prevented. Therefore in order to
      return the slider 17 to the initial position, it must be further displaced
      to the right so that the toothed portion 27 is moved completely past the
      pawl 28 pass as shown in FIG. 7c. Thereafter when the slider 17 is
      returned to the left, the pawl rides over the teeth 27 as shown in FIG. 7d
      so that the return to the initial position of the slider 17 is not
      prevented at all. The pawl 28 has a rectilinear left side and a curved
      right side so that the above operation of the pawl may be ensured.
PAR  Therefore, when the change lever 24 on the top of the control panel 5 is
      rotated from its initial position in the counter-clockwise direction and
      then stopped before it reaches its final position, the erratic indication
      preventive means 29 stops the displacement of the slider 17 in its half
      way so that the changeover of the selection switch 7 and the indicator 11
      are not accomplished. In other words, unless the lever 24 is further
      rotated in the counter clockwise direction it is not permitted to return
      to its initial position so that the changeover of the selection switch 7
      and the indicator 11 are not permitted. Therefore an erratic operation
      that the indicating surface 14 is not changed even when the selection
      switch 7 is changed over or vice versa may be prevented. That is, one to
      one correspondence between the rotations of the selection switch 7 and the
      indicator 11 may be secured.
PAR  The setting time, that is a time interval the motor is driven is set by a
      timer 31 fixed to the frame 8 as shown in FIG. 6. A rope 37 passes over a
      rotary drum 32 fixed to the rotary shaft 33 of the timer 31, and a pair of
      vertically spaced apart pulleys 34 and 35 rotatably fixed to the frame 8
      adjacent to the upper and lower ends of the indicator 11 as shown in FIG.
      5. A pointer 36 is securely fixed to the rope 37 so as to move over the
      indicating surface 14 of the indicator 11 as the timer 31 is rotated,
      thereby indicating a setting time. Processing modes such as shearing and
      blending corresponding to the four speeds of the motor are marked upon the
      respective indicating surfaces 14 of the indicator 11 and foods such as
      dessert sauce, egg, etc. which may be prepared in one of the above
      precessing modes are marked upon the associated indicating surface 14 of
      the indicator 11 along the time axis such that each mark of food is
      arranged at a position corresponding to an optimum setting time of the
      motor for the food. For example when the timer 31 is set so that the
      pointer 36 indicates "Dessert Sauce", the ingredients are processed with
      the optimum speed of the motor and the optimum processing time. A switch
      38 (See FIG. 6) has a contact for starting the timer 31 after it has been
      set and on-off contacts for starting and stopping the motor when the timer
      31 is not used, and is operatively coupled to a "start" button 39, "on"
      button 40 and a "off" button 41. An operating knob 42 is fixed to the
      rotary shaft 33 of the timer 31 so as to control the timer 31 from the
      exterior of the control panel 5, and a transparent sheet 43 is attached to
      the control panel 5 to permit the observation of the indicating surface 14
      of the indicator 11.
PAR  Next the mode of operation will be described. The cover 4 is removed from
      the cup 2, and the ingredients to be processed are charged into the cup 2.
      Next, if the ingredients should be blended, the change lever 24 is
      operated so that the indicating surface 14 with the marking of BLEND, STIR
      (See FIG. 5) may be viewed through the window of the control panel 5, and
      thereafter the knob 42 is rotated so that the pointer 36 indicates a
      desired food such as Dessert Sauce or the most similar to the desired food
      marked on the indicating surface 14. Then the start button 39 is depressed
      so that the motor starts driving to blend or stir the ingredients with an
      optimum speed and setting time. When the automatic blending is not
      required, the blending is continued for a desired time by depressing the
      "on" and "off" buttons 40 and 41.
PAC  Second Embodiment, FIGS. 11 - 18
PAR  Next the second embodiment of the present invention will be described with
      reference to FIGS. 11 - 16. Reference numeral 101 denotes a casing which
      houses a motor 102, a bottom plate 103, rubber legs 104, a cup receiving
      stand 105, a cup 106, a frame 107 upon which are mounted a timer 108, a
      timer start switch 109, an instant switch 110, a manual-off-auto switch
      110a, and a continuous-intermittent selection switch 111. A pulley 112 is
      fixed to the shaft 113 of the timer 108 around pulley 112 is wrapped a
      rope 116 having a pointer guide 115. When a timer knob 117 fitted over the
      shaft 113 of the timer 108 is rotated, the timer 108 is wound up and the
      rope 116 which also passes over small pulleys 118, 119 and 120 is moved to
      bring a pointer 114 to a desired position.
PAR  Reference numeral 121 denotes an indicator which is a food guide drum and
      which is square in cross section and has four side surfaces marked with
      foods to be processed. The indicator 121 is supported between the frames
      107a and 107b, and a rotary switch 122 for selecting the speeds of the
      motor 102 is disposed in coaxial relation with the indicator 121. Switch
      122 consists of four contacts disposed two on each side of cam 122'
      mounted on shaft 123 and having two cam lobes spaced axially from each
      other and 90.degree. apart to operate one contact of switch 122 for ecah
      90.degree. of revolution of indicator 121.
PAR  The shaft 123 of the indicator 121 has a square cross section as shown in
      FIGS. 15 and 16 and is sandwiched by a pair of leaf springs 124a and 124b
      so as to control the stepwise rotation of the indicator 121. FIGS. 17 and
      18 show a pushbutton 125, a pushbutton lever 126, an actuating rod 127,
      and coiled springs 128 and 129. The pushbutton lever 126 is supported by
      the frame 107a (FIG. 14), and when the pushbutton 125 is depressed, the
      actuating rod 127 engages with a cam 130 fixed to the side surface of the
      indicator 121 so that the indicator 121 is rotated through 90.degree..
      When the pushbutton 125 is released after the indicator 121 has been
      rotated through 90.degree., the pushbutton lever 126 is returned to the
      initial position under the force of the coiled spring 129. When the
      pushbutton lever 126 is returned to the initial position and the actuating
      rod 127 engages again with the cam 130, the rod is moved back against the
      force of the coiled spring 128 so as to pass over the cam 130.
PAR  Variation, FIGS. 19 and 20
PAR  One variation of means for rotating the indicator 121 will be described
      with reference to FIGS. 19 and 20. Reference numeral 126' denotes a
      pushbutton lever; 132, a rack formed on the pushbutton lever 126'; 129', a
      coiled spring; and 137, a clutch gear having teeth 137a which engages with
      the rack 132 when the pushbutton 125 is depressed. The clutch gear 137 is
      slidably carried by the shaft 133 of the indicator 121 and is normally
      pressed against the side surface thereof under the force of a coiled
      spring 134 loaded between the frame 107a and the clutch gear 137. A
      saw-toothed projection 135 on the side surface of the clutch gear 137 on
      the side of the indicator 121 is adapted to engage with a mating
      saw-toothed projection 136 on the side surface of the indicator 121 only
      when the clutch gear 137 rotates in one direction, but not to engage with
      the projection 136 when the clutch gear 137 rotates in the other
      direction. When the pushbutton 125 is depressed, the indicator 121 is
      rotated, and when the pushbutton lever 126 is returned to its initial
      position under the force of the coiled spring 129, the projection 135
      slips over the projection 136 so that the indicator will not be rotated.
PAR  Referring back to FIGS. 15 and 16 the shaft 123 of the indicator 121 is
      interposed between the pair of leaf springs 124a and 124b, the indicator
      121 is not rotated unless the rotational force overcomes the forces of the
      springs 124a and 124b as shown in FIG. 16, and when the indicator 121 is
      rotated through 90.degree., it may be securely arrested by the springs
      124a and 124b.
PAR  Referring back to FIG. 11, reference numeral 131 denotes a window.
PAR  The advantage of the second embodiment described hereinabove over the first
      embodiment resides in the fact that the selection switch is positively
      rotated in synchronism with the rotation of the indicator 121 because the
      switch is disposed coaxially thereof, so that the erratic indication
      preventive means of the first embodiment may be eliminated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a food processing apparatus having means rotatably acting on
      foodstuffs for processing the foodstuffs; and a motor for driving said
      rotatable processing means, apparatus for controlling the operation of
      said processing means, comprising: a selection switch for selecting one of
      n-step speeds of said motor; a rotatable indicator in the form of a prism
      having n side surfaces in parallel with the axis thereof, each of said n
      side surfaces having names of food marked thereupon which are intended to
      be processed at each of said n-step speeds of the motor; means for
      rotating said indicator to bring one of said side surfaces to an
      indication position; and means for operatively coupling said selection
      switch to said indicator to switch said selection switch to select the
      speed of the motor corresponding to the names of food marked upon the side
      surface of said indicator brought to said indication position.
NUM  2.
PAR  2. A food processing control apparatus according to claim 1, further
      comprising: a timer for setting a time interval during which said motor is
      driven; and a pointer operatively coupled to said timer and being slidable
      in a direction parallel with the axis of rotation of said indicator over
      the side surface of said indicator located in the indication position for
      indicating a time interval set by said timer on said side surface, each of
      the names of food marked upon each of said side surfaces of the indicator
      being arranged in a corresponding relationship with a time interval to be
      set by said timer which is predetermined to be an optimum processing time
      for the associated food.
NUM  3.
PAR  3. A food processing control apparatus according to claim 2, wherein: said
      selection switch is of the rotary type including a rotatable shaft; and
      said means for operatively coupling said selection switch to said
      indicator comprises an actuating disk securely fixed to the shaft of said
      selection switch and provided with a number of n actuating pins projecting
      therefrom in parallel with the axis of said selector switch shaft and in
      circumferentially equi-spaced relation with each other, said indicator
      being disposed with its axis in parallel with the axis of the selector
      switch shaft and provided with a number of n actuating pins projected
      therefrom in parallel with the axis of the indicator and in
      circumferentially equi-spaced relation with each other, a slider extending
      between said selection switch and said indicator, means for sliding said
      slider between two positions, two levers pivoted to the opposite end
      portions of said slider, stopper means provided on said slider for
      preventing each lever from rotating in one direction, said levers engaging
      with one of actuating pins of said actuating disk and one of actuating
      pins of said indicator respectively to rotate said selection switch and
      said indicator through an angle equivalent to 360.degree./n when said
      slider is moved from one of said positions to the other position.
NUM  4.
PAR  4. A food processing control apparatus according to claim 2, wherein: said
      selection switch is of the rotary type and disposed with its axis in
      parallel with the axis of said indicator; and said means for operatively
      coupling said selection switch to said indicator comprises a slider
      extending between said selection switch and said indicator, means for
      sliding said slider between two positions, means for operatively
      connecting said slider to said selection switch and said indicator only
      when said slider slides from one of said positions to the other position
      so as to rotate said selection switch and said indicator through an angle
      equivalent to 360.degree. /n, an engaging portion comprising teeth formed
      along one edge of said slider, the length of said engaging portion being
      less than the sliding distance of said slider, an engaging pawl pivoted to
      a stationary member adjacent to the mid point of said sliding distance and
      having a pointed end portion which engages said engaging portion of said
      slider, and means for biasing said engaging pawl toward a position
      substantially perpendicular to the direction of sliding movement of said
      slider, the length between the stationary pivot member and the pointed end
      of said engaging pawl being longer than that of the perpendicular from the
      stationary pivot member to the trough level of said teeth of said slider.
NUM  5.
PAR  5. In a food processing apparatus having means rotatably acting on
      foodstuffs for processing the foodstuffs; and a motor for driving said
      rotatable processing means, apparatus for controlling the operation of
      said food processing means, comprising: a rotary type selection switch for
      selecting one of n-step speeds of said motor; a rotatable indicator in the
      form of a prism fixed to a rotatable shaft and having n side surfaces in
      parallel with the axis thereof corresponding to said n-step speeds of the
      motor respectively and being disposed in coaxial relation with said
      selection switch so as to rotate in unison with the movable contact of
      said selection switch; operating means for rotating said indicator through
      an angle equivalent to 360.degree. /n upon every operation so as to bring
      one of said side surfaces to an indication position; a timer for setting a
      time interval during which said motor is driven; a pointer operatively
      coupled to said timer and being slidable in a direction parallel with the
      axis of rotation of said indicator over the side surface of said indicator
      to an indication position for indicating a time interval set by said timer
      on said side surface, each of said n side surfaces having names of food
      marked thereupon which are intended to be processed at the speed of the
      motor corresponding to the associated side surface, each of the names of
      food marked upon each of said side surfaces being arranged in a
      corresponding relationship with a time interval to be set by said timer
      which is predetermined to be an optimum processing time for the associated
      food.
NUM  6.
PAR  6. A food processing control apparatus according to claim 5, wherein said
      operating means for rotating said indicator comprises: a clutch gear
      rotatably fitted over the shaft of said indicator and biased to move
      toward said indicator along the shaft thereof, said clutch gear engaging
      said indicator only in one direction of rotation thereof, and a pushbutton
      lever having a rack which engages teeth formed on the periphery of said
      clutch gear for rotating said clutch gear.
NUM  7.
PAR  7. A food processing control apparatus according to claim 5, wherein said
      operating means for rotating said indicator comprises a pushbutton lever
      extending near the shaft of said indicator and being reciprocatively
      slidable between two positions in a direction perpendicular to the shaft
      of said indicator, a cam securely fixed to the shaft of said indicator and
      provided with n lobes, an actuating rod slidably mounted on said
      pushbutton lever and biased to move toward said cam in a direction
      substantially perpendicular to the direction of movement of said
      pushbutton lever for engagement with one of said lobes, each of said lobes
      being formed in such a configuration that when said pushbutton lever is
      moved toward one of said positions said cam is rotated through an angle
      equivalent to 360.degree. /n by said actuating rod in engagement with the
      associated lobe and when said pushbutton lever is moved toward the other
      position said actuating rod is retracted without imparting rotational
      movement to said cam.
NUM  8.
PAR  8. A food processing control apparatus according to claim 7, wherein said
      shaft of the indicator is provided with n side surfaces in parallel with
      the axis thereof at one end portion thereof and a pair of leaf springs are
      disposed in opposite axial relation with each other and resiliently
      interposing said end portion of the shaft therebetween.
NUM  9.
PAR  9. In a food processing apparatus having means rotatably acting on food for
      processing the food, a motor for driving said rotatable processing means,
      and a casing for housing therein said motor, apparatus for controlling the
      operation of said food processing means, comprising: a control panel
      detachably attached to said casing, said control panel having mounted
      thereupon a selection switch for selecting one of n-step speeds of said
      motor; means for actuating said selection switch; a rotatable indicator
      having a number of n indicating surfaces in parallel with the axis thereof
      and operatively coupled to said selection switch to bring to an indication
      position one of said n indicating surfaces corresponding to the speed of
      said motor selected by said selection switch; a timer for setting a time
      interval during which said motor is driven; means for actuating said
      timer; and a pointer operatively coupled to said timer and slidable in a
      direction parallel with the axis of rotation of said indicator for
      indicating a time interval set by said timer over the side surface of said
      indicator located in the indication position.
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ABST
PAL  In the automatic reading of a weave design from a pattern including weft
      rows and warp rows, the advance of the reading assembly (photo-electric
      cells) from one weft row to the next one is effected by a step-by-step
      electric motor which receives "secondary" pulses from a ring counter to
      which "primary" pulses are applied, whenever the number of such "primary"
      pulses received by said counter is equal to the quotient of the number of
      "primary" pulses required to displace said assembly from one extreme weft
      row to the other one, divided by the number of weft rows minus one unit,
      this quotient being taken as an integer.
PAL  The incremental advance of the reading assembly for each step of the motor
      is much smaller than the centering tolerance of said assembly required to
      place it in front of each weft row, and the number of "primary" pulses
      required to determine such a step is selected much higher so that the
      error which results from the fact that the quotient is limited to an
      integer is also negligible.
BSUM
PAR  The designs which are to be reproduced on patterned fabrics are previously
      established to an enlarged scale in an appropriate number of colors as
      "squares" on rectangular coordinate paper, the rows of squares in one
      direction corresponding to the weft threads of the fabric and the rows in
      the other direction to the warp threads. In the conventional art the sheet
      of coordinate paper, generally called the "design", is disposed with its
      weft rows directed horizontally and an operator "reads in" the successive
      rows from left to right while actuating the control members of a
      conventional card perforating machine in accordance with the colors of the
      successive squares, each color corresponding to a particular weave. More
      recently the reading operation has been effected photoelectrically by
      means of color-responsive cells which actuate automatically the card
      perforating machine. With such an automatic system the horizontal
      disposition of the rows of squares corresponding to the weft looses any
      significance and it may then only be said that the sheet of squared paper
      or "design" is comprised of weft rows and warp rows, the photo-electric
      device following the successive weft rows. The color of each square is
      generally read at the center of the square and for this purpose an
      auxiliary photo-electric device may be provided to detect only the lines
      of the squared paper directed in the warp direction (the lines which
      define the successive warp rows), the said auxiliary device being
      angularly offset with respect to the axis of the main one in such manner
      as to emit a pulse whenever the latter is in front of the center of a
      square. When the last square of a weft row has been read, the reading
      assembly should be centered in the front of the first square of the next
      weft row, which requires a relative displacement both in the weft and in
      the warp directions.
PAR  The displacement in the weft direction merely requires a return stroke in
      the row scanning direction and it sets no problem. It is possible for this
      purpose either to reverse the electric motor which scans the reading
      assembly along the weft rows (or scan the design in this same direction
      with respect to a stationary reading assembly), or else it is possible to
      dispose the disign on a rotating drum in such manner that when the reading
      assembly has left one side of the design, it automatically beings again on
      the other side without having to effect any return stroke proper. However,
      on the other hand, the displacement in the warp direction, which
      corresponds to the intermittent advance from one weft row to the next one,
      has hitherto been much more difficult to realize.
PAR  It is impossible to provide for this purpose a predetermined mechanical
      advance of the reading assembly since the paper of the design is sensitive
      to atmospheric moisture content and is not therefore perfectly stable in
      its dimensions. An auxiliary photo-electric cell may be provided to detect
      the lines of the rectangular coordinate paper which are parallel to the
      weft rows. But while the dimensions of the squares as measured in the
      direction of the weft are practically standardized, they often vary in the
      direction of the warp and therefore either the auxiliary cell would have
      to be adjusted in position with respect to the main reading device for
      each particular case, or the designers should be asked to use squared
      paper with squares of uniform dimensions.
PAR  According to the present invention, the intermittent displacement of the
      reading assembly in the warp direction from weft row to weft row is
      effected by means of a step-by-step electric motor, the transmission
      between this motor and the said assembly being such that the smallest
      incremental advance of the latter corresponding to each pulsed angular
      step of the motor will be small than the admissible tolerance required for
      the centering of the reading assembly with respect to each weft row of the
      design. The step-by-step motor is energized by successive secondary
      electric pulses so as to rotate each time through one angular step in
      response to a large predetermined number of primary pulses. The total
      number of secondary pulses required to displace the assembly from the
      center of one of the extreme weft rows of the design to the center of the
      opposed extreme weft row is counted, and this total number of pulses is
      divided by total the number of weft rows minus one to obtain a quotient in
      the form of an integer, and the advance of the reading assembly at the end
      of each weft row is achieved by applying to the step-by-step motor a
      number of secondary pulses equal to the said integer.
PAR  It will be understood that if the number of primary pulses which
      corresponds to one angular step of the motor is sufficiently high, the
      error resulting from the fact that the quotient is taken as an integer
      becomes negligible, even taking into account the fact that the said error
      is repeated when passing from each weft row to the next one. As to the
      error which results from the fact that the minimal angular step of the
      motor cannot be divided, it is not repeated and it is therefore sufficient
      that the corresponding incremental displacement of the reading assembly
      should be smaller than the admissible tolerance concerning the centering
      of the said assembly in front of a square.
PAR  The apparatus used for the carrying into practice of the above-defined
      method preferably comprises means which, during a preparatory period, will
      displace the reading assembly from an extreme weft row of the design to
      the opposed one, means to count the total number of motor stepping pulses
      emitted during this preparatory step, means to receive the indication of
      the number of weft rows minus one and to divide said total number of
      pulses by the said number of rows minus one to obtain a quotient limited
      to an integer, and means which, during the reading period, are actuated
      when the reading assembly has reached the end of a weft row to displace
      the said assembly to the next weft row by moving it in the direction of
      the warp through a distance which corresponds to a number of pulses equal
      to the said quotient.
DRWD
PAR  In the annexed drawings
PAR  FIG. 1 is a diagrammatic perspective view illustrating a first embodiment
      of a mechanical apparatus for the photo-electrical reading of a weaving
      design.
PAR  FIG. 2 is a view in elevation of another embodiment.
PAR  FIG. 3 shows the block diagram of a circuitry for the carrying into
      practice of the invention.
DETD
PAR  In FIG. 1 a reading device comprises a drum 1 on the periphery of which the
      design 2 laid out on a rectangular coordinate paper is disposed with its
      weft rows perpendicular to the axis of the drum, i.e. of its supporting
      shaft 3. A guide 4 extends along drum 1 in parallel relation to the axis
      thereof and it slidably receives a carriage on which the reading assembly
      5 is disposed, this assembly including in the conventional manner a number
      of photo-electric cells associated with appropriate color selecting means
      and with an auxiliary cell adapted to detect the warp lines of the
      rectangular coordinate paper. Assembly 5 is connected via flexible
      conductors such as 6 with conventional electric reading circuits which
      decode the signals from the main cells to actuate a Jacquard card
      perforating machine (not shown). The displacement of assembly 5 along
      guide 4 is intermittently effected after each weft row is scanned by
      appropriate means which in the example illustrated are comprised of a
      screw 7 which cooperates with a nut (not illustrated) secured to the
      movable carriage of the assembly 5, the said screw being rotated by a
      speed-reducing gearing 8 driven by an electric motor 9.
PAR  The drum 1 rotates continuously to scan the weft rows past the reading
      assembly 5 and thus when the reading assembly 5 has left the trailing
      longitudinal edge of the design 2, it again meets the leading longitudinal
      edge thereof without having to effect any return stroke. But in the
      meantime, the screw 7 should be rotated through such an angle that the
      assembly 5 will be displaced longitudinally, i.e. in the warp direction,
      through a distance equal to the width of a weft row of the design.
PAR  FIG. 2 illustrates a modification in the mechanical arrangement of the
      device. Here the rectangular coordinate design 2 is fixed on an
      appropriate flat support or plate 10. This plate is carried by slides 11
      movable on parallel lateral guiding rods 12 to move the plate beneath the
      reading assembly 5 and scan the rows therepast. Each slid 11 is driven by
      a rotating screw 13 parallel to each of the rods 12, these screws being
      mechanically connected with each other by means of a chain 14 and one of
      them being rotated by a speed-reducing gearing 15, the input shaft of
      which is driven by an appropriate electric motor. Here again the reading
      assembly is slidably carried by a guiding bar 4 which extends between
      slides 11 and it is displaced on this bar or guide by a screw 7 driven by
      an electric motor 9 through a reducing gearing 8. The weft rows of design
      2 are parallel to screws 13. With the arrangement described each time a
      weft row has been read, the plate 10 must be returned beneath the guiding
      bar 4 before reading in the next row.
PAR  In both cases, the electric motor 9 is of the step-by-step type, i.e. it
      advances through a pre-determined angle each time it receives an electric
      pulse signal of sufficient value. This angular step of motor 9 and the
      transmission ratio of the reducing gearing 8 are so selected that the
      incremental advance of the reading assembly 5 with respect to the design 2
      in the warp direction which results from such a step of the motor should
      be noticeably smaller than the smallest permissible tolerance for the
      centering of the said reading assembly with respect to the design in the
      aforesaid direction. Stated in other words, if the motor is displaced
      through one step when assembly 5 is exactly centered on a weft row, the
      reading operation remains nevertheless perfectly correct.
PAR  In the logic circuitry shown in FIG. 3, reference numeral 16 designates a
      free-running pulse generator adapted to emit "primary" pulses at a
      relatively high rate. The output 17 of generator 16 is connected with the
      first inputs, respectively 18, 19, of two AND gates 20, 21 the outputs,
      respectively 22, 23 of which are connected with the first and second
      inputs, respectively 24, 25 of an OR gate 26. The output 27 of OR gate 26
      is connected with the input 28 of a first counter or advance counter 29.
      This counter is of the ring type, that is to say that it counts a number n
       of pulses and returns to zero, and so on. Each time it passes from n to
      zero, advance counter 29 generates on a first output 30 a "secondary"
      pulse which is applied to the motor 9 of FIGS. 1 and 2 to cause same to
      advance through one step.
PAR  The direction of rotation of motor 9 is determined by two conductors 31 and
      32 which select respectively forward and backward running in response to
      each secondary pulse received by the said motor from the wire 30. The
      reverse selecting conductor 32, which remains normally ineffective during
      the reading operation of a weft row, is connected with a current source
      terminal 33 through a manual push-button switch 34. The output downstream
      of the push-button switch 34 (starting from terminal 33) is connected by a
      conductor 35 with the second input 36 of AND gate 20. As to the forward
      running selecting conductor 31 it receives electric current from the
      output 37 of a first bistable memory 38 which is connected by a conductor
      39 with the second inlet of AND gate 21. Memory 38 has two inputs 41 and
      42. The first one is adapted to receive an "end row" signal when the
      reading assembly 5 has read the last square of a weft row adjacent to the
      edge of the pattern. In the case of the arrangement illustrated in FIG. 1
      no return stroke of the pattern beneath the reading assembly 5 is to be
      provided and the end row signal may be triggered by the rotation of drum 1
      itself or by a cam associated therewith. In the case of FIG. 2 it may be
      assumed, for instance, that when the reading of a weft row is terminated,
      the table 10 beneath the reading assembly still advances to trigger a
      switch or the like which initiates the return stroke of the table 10 and
      emits the signal applied to inlet 41 to cause the motor 9 to move the
      assembly 5 into the next weft row to be scanned. Whatever may be the
      mounting selected, under the effect of this signal 41, the memory 38
      generates an output adapted to set motor 9 for forward running. As to the
      second input 42 of memory 38, it is adapted to reset the memory to zero
      and thus to render the motor inoperative, as discussed below.
PAR  There is further provided a second counter or weft row counter 43, the
      input 44 of which is connected with the input 28 of the advance counter
      29. The output 45 of this second counter 43 is connected in parallel with
      the input 46 of a first comparator or display comparator 47 having
      manually operated means, such as switches, whereby any desired number may
      be preset thereinto as a reference for comparison with the content of
      counter 43. When the content of counter 43 is equal to the reference
      number preset in display comparator 47, the latter generates a signal on
      an output 48 connected with the first input 49 of an AND gate 50, the
      output 51 of which is connected by a conductor 52 with the input 53 of a
      third counter or quotient counter 54. The output 55 of this third counter
      and the output 45 of the second counter 43 are connected by conductors 56,
      57 with the first and the second inputs, respectively 58, 59 of a second
      comparator or divider comparator 60. When the contents of counters 43 and
      54 are equal, comparator 60 emits a signal on its output 61 to the first
      input 62 of an AND gate 63. The second inputs 64, 65 of the AND gates 50
      and 63 are connected with each other through an inverter 66.
PAR  The diagram of FIG. 3 further comprises two other manual push-button
      switches 67 and 68 which correspond respectively to the reset to zero and
      to the Start reading functions, these switches being connected by
      respective conductors 69 and 70 with the first and second inputs,
      respectively 71, 72, of a second bistable memory 73, the output 74 of
      which is connected by a conductor 75 with the second input 65 of AND gate
      63 and, through inverter 66, with the second input 64 of AND gate 50.
      Conductor 69 is further connected by a conductor 76 with another conductor
      77 which is connected with the respective zero reset inputs 78 and 79 of
      the advance counter 29 and of the quotient counter 54. This conductor 77
      is further connected with the first input 80 of an OR gate 81 having three
      inputs. The second input 82 of gate 81 is connected with conductor 52,
      that is to say with the output of AND gate 50, while the third input 83 is
      connected by a conductor 84 with the output 85 of AND gate 63. The output
      86 of OR gate 81 is connected with the zero reset input 87 of counter 43.
PAR  Finally a conductor 88 extends between conductor 84, that is to say the
      output 85 of AND gate 63, and the second input 42 of the first memory 38.
PAR  The operation is as follows:
PAR  It will be supposed that at rest counters 29, 43, 54 and memories 38, 73
      are all at zero. During a preparatory step, the operator places in any
      appropriate manner the reading assembly in front of the crossing of the
      first warp row and of the last weft row of the design. He counts the
      number N of squares along the warp rows (at least if this number is not
      already known) and he manually enters the said number minus 1 or N - 1 in
      the display comparator 47 by means of the actuating switches of the
      latter. It should be noted that N of course obviously represents the
      number of wefts of the design and that N - 1 is therefore equal to the
      number of elementary displacements of the width of a weft row which should
      be imparted to the reading assembly to cause same to pass from the center
      of the first weft square to the center of the last weft square of the
      design. Then the operator actuates the reverse running push-button switch
      34 which he maintains depressed. This has for its effect on the one hand
      to prepare motor 9 for backward running (through conductor 32), and on the
      other hand to enable AND gate 20 which then passes the primary pulses from
      generator 16. These pulses pass through OR gate 26 and thus reach the
      advance counter 29 which counts their total. Each time the number of
      primary pulses reaches the value n for which the counter has been set, the
      latter returns to zero and generates at its output 30 a secondary pulse
      which causes motor 9 to rotate through one angular step in the backward
      direction, that is to say in the right-to-left direction which corresponds
      to the return of the reading assembly towards the first weft row by
      traveling it along the first warp row of the design.
PAR  But at the same time the primary pulses from the output 27 of OR gate 26
      also reach the input 44 of the weft row counter 43. Each time the counted
      number reaches a value equal to N - 1, i.e. to the number N of the weft
      rows of the design less one unit, the display comparator 47 finds
      coincidence with the number manually entered therein and emits a signal on
      its output 48. Memory 73 being presently at "0", the output of inverter 66
      is at "1" and consequently AND gate 50 is conditioned to pass the signal
      from comparator 47. This signal is transmitted by conductor 52 to step the
      quotient counter 54 and also to the input 82 of OR gate 81 through which
      it passes to reach the zero reset input 87 of counter 43 which thus is
      enabled to again begins counting N - 1 primary pulses to again advance
      quotient counter 54 through one unit, and so on as long as button switch
      34 is maintained closed. The dividing comparator 60 is ineffective during
      this operative step because the signal from its output 61 cannot pass
      through AND gate 63 the second input 65 of which is at "0" as is the
      outlet 74 of memory 73.
PAR  The operator releases the backward running push-button switch 34 in order
      to stop the return of the reading assembly when the latter reaches the
      center of the first weft row. If T designates the total number of primary
      pulses emitted by generator 16 during the operative step, it may be seen
      that when the reading assembly is fully returned, the counter 54 has
      registered the quotient Q = T/N - 1
PAL  with an error which corresponds to a division remainder lower than N - 1.
      In order to simplify the discussion, it may be first assumed that this
      error is equal to zero.
PAR  The operator then effects the reading step proper. For this purpose, he
      first actuates the push-button Start switch 68 which causes the output of
      bistable memory 73 to pass from " 0"  to " 1", thus enabling AND gate 63
      on its input 65 and disabling AND gate 50 on its input 64 through inverter
      66 which transforms the "1" into "0".  With the reading assembly aligned
      at the center of the first weft row, the system then proceeds in the
      conventional manner by moving the pattern for the purpose of displacing
      the reading assembly 5 of FIGS. 1 or 2 along the first weft row of the
      design 2. When the row is terminated the reading assembly 5 is returned
      towards the first wrap row to begin scanning again in a new weft row
      either automatically in the case of the drum of FIG. 1, or by a backward
      return stroke in the case of FIG. 2 using the drive 15 and the lead screws
      13. But at the same time the end row signal reaches the input 41 of the
      first memory 38 and the output of the latter, which was initially at "0"
      during the preparatory step, thus passes to "1". This has two effects.
      First, motor 9 is switched to forward running by conductor 31, conductor
      32 then being ineffective owing to the opening of push-button switch 34.
      Secondly AND gate 21 is enabled through its input 40, so that the primary
      pulses of generator 16, which could no longer pass through AND gate 20 to
      reach the input 24 of OR gate 26, may reach the other input 25 thereof
      through AND gate 21. Counter 29 then resumes its ring counting operation
      to advance motor 9 step-by-step in the direction to align the assembly 5
      with the next weft row that is to say to displace the reading assembly in
      the warp direction from the first weft row to the second one.
PAR  However, since AND gate 50 is disabled, display comparator 47 can no longer
      advance quotient counter 54. Furthermore, owing to the enabling of AND
      gate 63, when weft row counter 43 has received a number of pulses equal to
      the quotient Q = T/N - 1 which is still registered in counter 54, the
      output then emitted by dividing comparator 60 follows conductor 84 and
      reaches input 83 of or gate 81 through which it passes to return counter
      43 to zero, while at the same time it reaches memory 38 through conductor
      88 and also returns this memory to zero, thus stopping the supply of the
      primary pulses to counters 29 and 43. Motor 9 is therefore stopped and it
      is easy to see that it has displaced the reading assembly through a
      distance equal to the spacing between the centers of two successive weft
      rows, since its angular displacement corresponds to the quotient
      representing the total number of primary pulses required to displace the
      said assembly from one extreme weft row to the other one on the design,
      divided by the number of such rows less one unit (N - 1 ), that is to say
      by the number of elementary displacements of the width of one weft row
      which are required to obtain the aforesaid total displacement across the
      pattern of the design.
PAR  The mechanism will then read the next weft row and when this reading it
      terminated, the same operating cycle of the motor 9 takes place.
PAR  The invention thus permits of realizing the automatic displacement of the
      reading assembly without having to take into account either the pitch of
      the paper rectangular coordinate between weft rows in the warp direction,
      or the possible dimensional variations of the said paper resulting from
      the ambient conditions.
PAR  As to the accuracy obtained, two points are to be noted:
PAR  1. Concerning the quotient Q = T/N - 1 any desired accuracy may be obtained
      by selecting a very large number of primary pulses to corrrespond to one
      advancing step of the motor.
PAR   2. As to the error which results from the fact that the displacement
      caused the fact that by one step of the motor is undivisible, the size of
      such a step need be made only smaller than the centering tolerance of the
      reading assembly, which is easily realized.
PAR  It should besides be noted that the preceding description is only
      illustrative and that anyone skilled in the art may imagine many
      modifications. For instance, instead of counting the number N of the weft
      rows it would be possible to count the number N' of the lines of the
      rectangular coordinate paper, i.e. lines which assembly 5 intersects when
      it passes from the first weft row to the last one. It is easy to see that
      N' = N - 1 and that by proceeding in this manner it may be avoided that an
      inattentive operator should forget to effect the subtraction N - 1 and may
      manually enter N in comparator 47.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of automatically moving a reading assembly to scan a
      rectangular coordinate weaving design pattern in the form of crossing weft
      rows and warp rows where the reading assembly and the pattern are advanced
      cyclically one with respect to the other, the advancing cycles bringing
      the reading head into alignment with successive weft rows by displacements
      within a predetermined tolerance from the center of one weft row to the
      center of the next weft row during each advancing cycle until the pattern
      has been scanned from the first weft row to the last weft row thereof, the
      improvement residing in displacing the reading assembly according to the
      following steps:
PA1  providing a series of electrical drive pulses;
PA1  coupling the drive pulses to displace the reading assembly in response to
      said pulses through a series of discrete increments each of which is
      smaller than said predetermined tolerance;
PA1  counting the total number of drive pulses required to displace the reading
      assembly across the pattern for a distance equal to the total distance
      between the center of the first weft row and the center of the last weft
      row;
PA1  dividing said total number of pulses by the number of weft rows to be
      actually traversed during said displacing of the reading assembly between
      the first and the last row to obtain the nearest integer as the quotient;
      and
PA1  then automatically displacing the reading assembly through a number of
      discrete increments equal to said integer after each scanning of a weft
      row during an advancing cycle.
NUM  2.
PAR  2. The method as set forth in claim 1, wherein said step of providing drive
      pulses includes the steps of generating a series of primary pulses at a
      rate which is high as compared with the rate of said drive pulses each of
      which represents an increment of displacement of the reading assembly and
      then dividing the primary pulses by a predetermined divisor to obtain said
      drive pulses, whereby it requires a predetermined number of primary pulses
      to displace the reading assembly through one increment, said predetermined
      divisor being selected such that the cumulative error in a series of
      increments resulting from the selection of the nearest integer as said
      quotient is less than said predetermined tolerance.
NUM  3.
PAR  3. Apparatus for scanning and reading a rectangular coordinate weaving
      design pattern in the form of crossing warp rows and weft rows including a
      first weft row and a last weft row, comprising:
PA1  a photoelectric reading assembly disposed opposite means for supporting the
      design pattern;
PA1  means for moving the reading assembly and the design pattern relative to
      each other such that the reading assembly scans the pattern in the
      direction of the weft rows;
PA1  step-by-step motor means operative to displace the reading assembly through
      a fixed increment of motion in the direction of the warp for each step of
      the motor means;
PA1  means for generating a series of primary pulses;
PA1  motor actuating means coupled to receive said primary pulses and operative
      when enabled to deliver a secondary drive pulse to step said motor means
      through one increment in response to each generating of a predetermined
      number of primary pulses;
PA1  means to divide the number of primary pulses required to displace the
      reading assembly across the pattern for a distance equal to the distance
      between the center of the first weft row and the center of the last weft
      row by the number of weft rows that must be actually traversed during
      displacing of the reading assembly between the first and the last weft row
      to obtain a quotient selected as the nearest integer;
PA1  controlling means operative to disable said actuating means during scanning
      of each weft row and operative to enable said actuating means when a weft
      row has been scanned to the end of the row; and
PA1  reversing means operative to disable said controlling means and to reverse
      the stepping direction of the motor and to enable the actuating means to
      deliver pulses to the motor to displace the reading assembly from the last
      weft row to the first weft row.
NUM  4.
PAR  4. The apparatus as set forth in claim 3, wherein said actuating means
      comprises a first counter comprising a ring counter operative to deliver
      to the motor means a secondary pulse in response to each receiving of a
      predetermined number of primary pulses.
NUM  5.
PAR  5. The apparatus as set forth in claim 3, wherein said means to divide
      includes a second counter connected to count the primary pulses from said
      generating means required to displace the reading assembly by one weft row
      and to deliver an output; first comparator means operative to compare the
      number of said outputs with the number of weft rows traversed during
      reversing of the motor means to move the reading assembly from the last
      weft row to the first weft row, the first comparator means delivering upon
      coincidence a reset pulse to reset the second counter to zero; and a third
      counter to count the reset pulses of the first comparator means during
      reversing of the motor means and to store the number of said reset pulses
      which is equal to said integer; and a second comparator means operative
      during enabling of the actuator means to pulse the motor means to displace
      the reading head from one weft row to the next, to compare the integer
      number stored in the third counter means with the number of pulses counted
      in the second counter means, and to deliver upon coincidence a reset pulse
      to disable the motor actuator means.
NUM  6.
PAR  6. The apparatus as set forth in claim 3, said controlling means including
      gate means interposed between said pulse generating means and said
      actuating means.
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ABST
PAL  Disclosed is an improved circuit for recharging batteries. It can be used
      with alternating current power sources having a wide range of voltage and
      frequencies and also with low voltage direct current power sources. A
      transistor switch is connected in a feedback circuit to have, in effect, a
      variable resistance such that the charging current is high when the source
      potential is low and decreases to zero as the source potential increases.
      Charging efficiency is thereby significantly increased.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 392,225, filed Aug. 28, 1973, now abandoned, for Battery Charging
      Circuit.
BSUM
PAR  This invention relates to a battery charging circuit for battery operated
      or so-called cordless hand tools and more particularly is directed to a
      simplified and inexpensive battery charger which may be incorporated
      directly into the hand tool.
PAR  Battery operated hand tools such as electric shavers, grass shears,
      electric drills and the like are evidencing an increased popularity
      largely due to the convenience afforded by these so-called cordless
      devices. Devices of this type are customarily provided with a small
      electric motor energized by one or more rechargeable battery cells
      incorporated within the tool housing along with the electric drive motor
      for the tool. The elimination of the conventional electrical cord for
      connecting the tool to an electric outlet increases the freedom with which
      the user of the tool may move about, eliminates the inconvenience of
      clearing the power cord from obstacles with which it may become entangled,
      and reduces the necessity for always having an electric outlet available.
      This latter feature can be an important advantage for those who travel or
      may spend time in remote locations where a convenient electrical power
      outlet is not always readily available.
PAR  Because of the not insignificant amount of electrical power drawn by even
      one of the small electric motors in a cordless hand tool, and because of
      the limited amount of power available from the relatively small batteries
      incorporated in devices of this type, it has become customary to provide
      the cordless hand tools with rechargeable batteries so as to avoid the
      necessity for frequent battery replacement. Present day rechargeable
      batteries, if properly maintained with a sufficient charge, have an
      extended life and greatly enhance the convenience with which the tool may
      be operated.
PAR  Since most cordless hand tools operate from a battery potential of only a
      few volts, it has been thought necessary in the past to recharge the
      batteries from a conventional 177 volt - 60 Hz electrical outlet through a
      voltage step-down transformer. These transformers are necessarily of
      substantial size and increase not only the size but also the cost and
      weight of the battery charger. The size and weight of the battery charger,
      in particular the step-down transformer, has made it impossible to
      incorporate the charging circuit directly into a hand tool and for this
      reason most cordless hand tools are provided with separate battery
      chargers. The separate battery charger represents both an added cost
      factor in the price of a hand tool and an inconvenience in handling and
      storage as well as packaging of the charger.
PAR  The present invention overcomes these difficulties by providing a charging
      circuit for the small batteries of a hand operated tool of simplified and
      inexpensive construction and one which in particular eliminates the
      relatively bulky and heavy voltage step-down transformer incorporated in
      previous battery chargers of this type. Because of its simplicity and
      small size and weight, the battery charger of the present invention may be
      incorporated directly into the housing of a hand tool without
      significantly increasing its cost and weight or size, so that no provision
      need be made for packaging, handling or storing a separate battery
      charger. When recharging of the hand tool batteries is necessary, a simple
      cord connection to a conventional 117 volt household outlet is sufficient
      to recharge the tool batteries.
PAR  In the present invention, the tool batteries are recharged from a
      conventional household outlet through a novel transistor switching circuit
      which supplies a series of periodic recharging impulses to the batteries
      at voltage and current levels compatible with the low voltage
      nickel-cadmium batteries conventionally used in present day cordless hand
      tools. Important features of the invention include the provision of a
      simplified and inexpensive transistor charging circuit which can be used
      to charge a nickel-cadmium battery from a conventional 117 volt AC outlet,
      a conventional 240 volt AC outlet, or from a low voltage direct current
      power source such as a 12 volt automotive or truck battery or alternator.
      A further important feature of the invention is the provision of a novel
      charging circuit in which the charging current to the battery is high when
      the source voltage is low so as to provide increased charging
      efficiencies.
PAR  In the present invention, the battery cell or cells to be charged are
      connected to a conventional 117 volt - 60 Hz power outlet by what is in
      effect a variable resistance switch. The switching device is in the form
      of a PNP junction transistor which is switched at an appropriate time in a
      cycle of the AC input to supply charging current to the battery to be
      recharged. By connecting the transistor switch in a novel feedback
      arrangement, the effective resistance of the switch may be made to vary in
      accordance with the instantaneous input voltage so that as the
      instantaneous input voltage rises substantially above the potential of the
      battery to be charged, the charging current is decreased to zero. Because
      of this feedback, the charging current is high when the source voltage is
      low and vice versa. That is, the charging current falls to zero when the
      source voltage greatly exceeds the battery potential. The result is
      maximum charging efficiency such that the charging efficiency with
      feedback is increased by a factor of 2 or 3 over the charging efficiency
      without feedback.
PAR  Also disclosed is a manual switch for switching the battery from a charge
      position to an operate position in which the battery energizes the hand
      tool motor, a charging rate varying circuit for decreasing the charging
      rate as the battery potential is brought up to near full charge, and the
      incorporation in the circuit of a light bulb used both as an indicator and
      as a variable resistor to compensate for changes in supply voltage.
PAR  It is therefore one object of the present invention to provide an improved
      battery charger for recharging the relatively small batteries of a hand
      tool or the like from a conventional 117 volt household outlet.
PAR  Another object is to provide a hand tool battery charger which can be
      operated from both AC and DC.
PAR  Another object of the present invention is to provide an improved
      switching-type battery charger for hand tools which eliminates the need
      for a step-down transformer or other inductors.
PAR  Another object of the present invention is to provide a pulse charging
      circuit for the batteries of battery operated electrical motors having
      increased charging efficiency.
PAR  Another object of the present invention is to provide a simplified,
      inexpensive, small and light-weight battery charger which may be
      incorporated directly into the housing of a hand tool without
      significantly increasing its cost, size or weight.
PAR  Another object of the present invention is to provide a simplified type of
      switching battery charger for charging relatively small rechargeable
      batteries of all types.
PAR  Another object of the present invention is to provide a battery charger
      which may be used on conventional 117 volt and 240 AC power or on
      relatively low DC power such as the 12-volt DC power supply of an
      automobile, truck, boat or the like.
PAR  Another object of the present invention is to provide a battery operated or
      cordless hand tool which may be recharged by a simple cord connection to a
      conventional 117 volt AC electrical power outlet.
PAR  Another object of the present invention is to provide a simplified and
      inexpensive battery charger which may be manufactured at least for the
      most part as an integrated circuit.
DRWD
PAR  These and further objects and advantages of the invention will be more
      apparent upon reference to the following specification, claims, and
      appended drawings, wherein:
PAR  FIG. 1 is a perspective view of a hand tool in the form of a battery
      operated grass shear constructed in accordance with the present invention;
PAR  FIG. 2 is a circuit diagram of the basic charging circuit of the present
      invention as incorporated in the housing of the hand tool of FIG. 1;
PAR  FIGS. 3A, 3B and 3C are voltage and current waveforms at various locations
      in the circuit of FIG. 2;
PAR  FIG. 4 is a plot of charging current and charging voltage as a function of
      time during a small portion of a 60 Hz input cycle;
PAR  FIG. 5 is a plot of efficiency ratios; and
PAR  FIG. 6 is a circuit diagram similar to that of FIG. 2 showing a modified
      battery charging circuit in accordance with this invention.
DETD
PAR  Referring to the drawings, FIG. 1 shows a cordless or a battery operated
      hand tool in the form of a grass shear or a grass clippers 10. The grass
      shear 10 comprises the shearing blades 12 supported from a housing 14
      which is apertured as at 16 to provide an integral handle portion 18.
      Within the housing 14 is an electric motor connected to drive blades 12
      and a power supply battery for the motor, as more fully shown in FIG. 2.
      On the side of the housing 14 is a socket 20 which acts as a receptacle
      for a power supply plug 22 connected to one end of a power supply cord.
      The other end of the cord 24 contains the usual prongs 26 for insertion
      into a conventional 117 volt - 60 Hz household power outlet. During normal
      operation, the plug 22 is removed from the socket 20 but when the battery
      is to be recharged, the cord 24 is connected to the household outlet and
      plug 22 is inserted into socket 20 to recharge the battery. When charging
      has been completed, plug 22 is removed.
PAR  FIG. 2 is a detailed circuit diagram of the basic charging circuit of the
      present invention adapted to be incorporated into the housing 14 of the
      grass shear 10 of FIG. 1. Also shown in FIG. 2 is the electric motor 28
      for driving the shear blades 12 and the motor energizing battery 30. By
      way of example only, motor 28 may be a small permanent magnet electric
      motor having an armature 32 with inductive windings 33 to which electrical
      connection is established by the motor brushes 34 and 36. Battery 30 in
      this embodiment may comprise four conventional 1.3 volt nickel-cadmium
      rechargeable battery cells in series to provide a battery voltage of
      approximately 5.2 volts when fully charged.
PAR  The battery charging circuit is generally indicated at 36 and is connected
      to battery 30 labeled E, by a manual switch 38 having a movable contact 40
      for selective engagement with the stationary contact 42 which is the
      "charge" position of the switch. When contact 40 is moved to engage
      stationary contact 44, the charger is taken out of the circuit and in this
      "operate" position of the switch, the battery 30 energizes motor 28.
PAR  The basic charging circuit 36 of FIG. 2 has been used to charge both 2.6
      volt and 5.2 volt nickel-cadmium batteries from 117 volt - 60 Hz power
      supplies, and also from a 12-volt storage battery. It comprises a pair of
      input terminals 46 and 48 labeled A and B, respectively, with terminal 48
      connected to the negative side of battery 30. Movable contact 40 is
      connected to the positive side of the battery. The other input terminal 46
      is connected through a diode 50 labeled D1 to a capacitor 52 labeled C1.
      Diode 50 is also connected through a resistor 54 labeled R4 to the
      collector of a switching transistor 56 labeled Q1. In the preferred
      embodiment, transistor 56 is an NPN junction transistor. Switching
      transistor 56 is in turn connected to NPN junction transistors 58, 60 and
      62, labeled Q2, Q3, and Q4, respectively, which, taken together, form a
      Darlington amplifier generally inidcated at 64. The emitter of transistor
      62 (Q4) is returned to the positive side of battery 30 by way of a
      resistor 66 labeled R1.
PAR  Input terminal 46 is also connected through a second diode 68 labeled D2 to
      the collectors of the Darlington transistors 58, 60 and 62, and through a
      resistor 70 labeled R3 to the base of switching transistor 56. Switching
      transistor 56 has its base also connected to the emitter of transistor 62
      (Q4) through a feedback circuit comprising a resistor 72 labeled R2 in
      parallel with a capacitor 74 labeled C2.
PAR  A source of power, as indicated by the voltage source e.sub.1, is connected
      between the input terminals A and B. The battery 30 to be charged is
      connected between terminals B and C when switch 38 is in the position
      shown. FIG. 3A is a plot of voltage as a function of time and shows the
      input or source voltage e.sub.1 for a conventional 117 volt RMS 60 Hz
      household outlet power supply. FIG. 3B is the waveform of the rectified
      supply voltage e.sub.2 at the output of rectifier diode 68 (D2) as well as
      the voltage e.sub.3 developed across capacitor 52 (C1). The voltage
      waveforms are shown in FIGS. 3A and 3B for a little over 11/2 cycles of
      the 60 Hz input. FIG. 3C is a corresponding waveform for the charging
      current indicated by the arrow 76 in FIG. 2 through resistor 66 and into
      the positive side of the battery 30. As can be seen in FIG. 3C there are
      two current spikes 78 and 80 for each cycle of the AC input.
PAR  FIG. 4 is a plot of the charging current 82 and the source voltage 84 and
      in fact is a greatly amplified view of a small portion of the
      corresponding waveform 82 of FIG. 3C and 84 of FIG. 3A during the period
      over which the first spike 78 exists. FIG. 5 is a plot of the ratio of the
      charging efficiency with feedback to that without feedback as a function
      of operating voltages as more fully described below.
PAR  Referring again to FIG. 2, diode D1 and capacitor C1 provide a source of
      input current for the Darlington amplifier consisting of transistors Q2,
      Q3, and Q4. The voltage across capacitor C1 is shown in FIG. 3B at 86 and
      is labeled e.sub.3. Capacitor C1 discharges through resistor R4.
PAR  Diode D2 provides a unipolar signal to the collectors of transistors Q2,
      Q3, and Q4 and to the base of transistor Q1 through resistor R3.
PAR  When the source voltage 84 (e.sub.1) is positive and slightly greater than
      the battery potential (E.sub.B), transistor Q1 does not conduct and the
      discharge current from C1 flows through resistor R4 into the base of
      transistor Q2. This current is amplified by transistors Q2, Q3 and Q4, and
      flows through resistor R1 into the battery, thereby charging the battery.
PAR  Referring to FIG. 2, the transistor Q.sub.1 and its collector load resistor
      R.sub.3 along with the Darlington amplifier (Q.sub.2, Q.sub.3 and Q.sub.4)
      may be thought of as forming an electronic signal amplifier. The supply
      voltage for this amplifier is the potential e.sub.2. The input terminal
      for the amplifier is the base of transistor Q.sub.1 and the output
      terminal is the emitter of Q.sub.4. The common terminal for the input and
      output signals is the emitter of Q.sub.1. The voltage gain of the
      amplifier is negative, i.e., as the input voltage increases the output
      voltage decreases. Resistors R.sub.1, R.sub.2 and R.sub.3 form a feedback
      network external to the amplifier. Operation of the amplifier with
      feedback is as follows:
PAR  When the voltage source (e.sub.1) is positive and exceeds the battery
      potential slightly, transistor Q.sub.4 conducts and conventional current
      flows from the emitter of Q.sub.4 through resistor R.sub.1 into battery
      30. A potential equal to R.sub.1 i.sub.charge is developed across resistor
      R.sub.1 and is coupled to the input terminal of the amplifier at the base
      of Q.sub.1 by the resistors R.sub.2 and R.sub.3.
PAR  The supply potential e.sub.2 (which is equal to the source voltage e.sub.1
      less the battery potential E.sub.B) is also coupled to the amplifier input
      terminal by resistors R.sub.1, R.sub.2 and R.sub.3. The amplifier, in
      feedback, operates so that a small amount of current flows into the base
      to emitter junction of transistor Q.sub.1. When Q.sub.1 is a silicon
      transistor, the potential across this base to emitter junction is
      maintained at approximately 0.6 volts by the feedback action.
PAR  The resistors R.sub.1, R.sub.2 and R.sub.3 are proportioned so that when
      the amplifier supply voltage is small the output current is controlled
      primarily by the potential across R.sub.1. This potential is coupled to
      the base of Q.sub.1 by the network consisting of R.sub.2 and R.sub.3. Thus
      when the amplifier supply voltage is small, the output current is at
      maximum. As the amplifier supply voltage increases, less output current is
      required to maintain the base to emitter junction potential at
      approximately 0.6 volt so the output current is automatically reduced. As
      the amplifier supply voltage, e.sub.2, is increased still further, the
      output current is reduced to zero.
PAR  If the voltage source is a sine wave with peak amplitude considerably
      greater than the voltage of the battery to be charged, the charging
      current takes the form of impulses as shown in FIG. 3C. These impulses
      peak when the amplifier supply voltage, e.sub.2, is at the lowest value
      which will sustain the peak current. When the source voltage is greater
      than the value which produces maximum charging current, the charging
      current is reduced by the feedback action described previously. The
      charging current is reduced to zero when the amplifier supply voltage is
      large enough to saturate transistor Q.sub.1 via the resistor network
      consisting of R.sub.1, R.sub.2 and R.sub.3. The charging current remains
      at zero for all values of e.sub.2 which are greater.
PAR  This method of shaping the impulses of battery charging current results in
      relatively high efficiency battery charging if the voltage source is a
      sine wave. The following equations illustrate, in approximate form, the
      current shaping and the efficiency of the process.
PAR  The feedback network consisting of resistors R1, R2 and R3 causes the
      charging current to be large when the source voltage is small and to
      decrease to zero as the source voltage increases. The following equations
      illustrate this relationship in idealized form:
      ##EQU1##
EQU  e.sub.el = E.sub.B
PAL  where
PA1  e.sub.bl = voltage at base of Q1
PA1  e.sub.el = voltage at emitter of Q1
      ##EQU2##
PAR  When such a variable resistance electronic switch is connected in series
      with a battery to be charged, and this series combination is connected to
      a conventional source of alternating current power, a relatively high
      efficiency charging of the battery occurs. The following equations
      illustrate the efficiency of this charging process wherein the highest
      charging current occurs at the lower supply voltages and vice versa.
PAR  e.sub.1 = E.sub.1 sin .omega.t is the input voltage. During the first
      charging interval shown in FIG. 3C, e.sub.1 is approximated by the
      following equation:
EQU  e.sub.1 .congruent. E.sub.1 .omega.t
EQU  e.sub.2 .congruent. E.sub.1 .omega.t - E.sub.B
      ##EQU3##
PAR  FIG. 4 is an expanded graph of the critical waveforms existing in the first
      charging interval shown in FIGS. 3A and 3C.
PAR  The following equations show the amount of energy required from the power
      source to produce any one of the impulses of charge in FIG. 3C when the
      source resistance and the series resistance of the transistor switch are
      negligible. For convenience, the energy dissipated in resistors R.sub.2,
      R.sub.3 and R.sub.4 and transistor Q.sub.1 is ignored.
PAR  In FIG. 4, E.sub.co is the magnitude of e.sub.1 when the charging current
      (i.sub.CHARGE) is controlled to zero by the feedback network described
      previously. E.sub.B /.omega.E.sub.1 is the time when e.sub.1 just equals
      the battery voltage and E.sub.co /.omega.E.sub.1 is the time when the
      charging current has just been reduced to zero or cut off.
      ##EQU4##
PAR  The amount of energy which enters the battery during each impulse is equal
      to the charge entering the battery times the battery voltage.
      ##EQU5##
PAR  This integral is equal to the area under the current curve 82 in FIG. 4
      multiplied by E.sub.B and is:
      ##EQU6##
PAR  If charging were accomplished without the feedback feature described above,
      and the switch were turned on at e.sub.1 = E.sub.B and off at e.sub.1 =
      E.sub.co (and vice versa later in the cycle) with a constant series
      resistance, the efficiency of charging a battery would equal E.sub.B
      /E.sub.co. This assumes that switching is accomplished twice per cycle as
      shown in FIG. 3C. The ratio of the charging efficiencies is:
      ##EQU7##
PAR  FIG. 5 is a graph of this function which illustrates that for practical
      values of the ratio E.sub.co /E.sub.B, the ratio of improvement with
      feedback is in excess of two.
PAR  FIG. 6 shows a modified charging circuit 90 constructed in accordance with
      the present invention in which like parts bear like reference numerals. It
      is understood that the circuit 90 of FIG. 6 can be incorporated in the
      housing 14 in the same manner as the circuit of FIG. 2 and that the
      battery 30 in FIG. 6 is connected to a hand tool motor 28 in the same
      manne as previously described. These features have been omitted from the
      embodiment in FIG. 6 for the sake of clarity.
PAR  The modified circuit 90 of FIG. 6 is in all respects identical to the basic
      circuit of FIG. 2 but with three exceptions, namely, the diode D2 in FIG.
      2 is replaced in FIG. 6 by a full wave rectifier bridge 92, resistor R1 in
      FIG. 6 is replaced by an incandescent lamp 94, and finally, the embodiment
      of FIG. 6 includes an automatic charging rate circuit comprising a
      resistor 96 and a zener diode 98.
PAR  In FIG. 6, the diode rectifier bridge 92 acts to double the output current
      with no change in the efficiency. This causes four charging impulses per
      cycle of the input wave as opposed to the two pulses previously described.
      In the preferred construction in FIG. 6, the diode 50 (D1) is connected to
      the output of the diode bridge since this permits a reduction in the
      capacity of capacitor C1.
PAR  Resistor 94 in FIG. 6 is preferably an incandescent light bulb to provide
      regulation for changes in the supply voltage. As the charging current
      increases with decreasing supply voltage, the bulb resistance increases,
      thereby tending to hold the charging current constant. The circuit of FIG.
      6 also includes an automatic charging rate circuit comprising resistor 96
      and Zener diode 98 which act to reduce the charging current as the battery
      approaches full charge.
PAR  It is apparent from the above, that the present invention provides an
      improved charging circuit which, while described in conjunction with
      battery operated hand tools or so-called cordless tools, can be used to
      charge all types of relatively low potential rechargeable batteries.
      Important features of the present invention in addition to relative
      simplicity and small size and expense is the increased charging
      efficiencies obtainable, as well as the versatility of the circuit in
      being usable for charging batteries from alternating current power sources
      with a wide range of voltages and frequencies while at the same time also
      usable to charge batteries from a low voltage direct current power source.
      Although the invention is described as using junction transistors, it is
      apparent that similar results can be achieved with field effect
      transistors and that the circuit of the present invention can be
      constructed, at least to a substantial extent, using integrated circuit
      techniques. It is possible to construct the circuit so that batteries may
      be charged from 117 volts AC, 240 volts AC or 12 volts DC without any
      manual adjustment or switching. The charging circuit can be constructed in
      considerably smaller volume than a transformer and rectifier system of
      equivalent charging capacity and is particularly adapted for incorporation
      directly into a battery operated device.
PAR  By way of example only, the following is a list of typical values for the
      circuit parameters of the basic circuit illustrated in FIG. 2:
PA1  r.sub.1 = 0.18 .OMEGA.
PA1  r.sub.2 = 6,800 .OMEGA.
PA1  r.sub.3 = 270,000 .OMEGA.
PA1  r.sub.4 = 120,000 .OMEGA.
PA1  q1, q2, q3, q4 = ge-32
PA1  d1, d2 = ge-510
PA1  c1 = 1.0 .mu.f
PA1  C2 = 0.047 .mu.f
PA1  I.sub.AVE = 0.12 Ampere when source is 120V, 60Hz.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are, therefore, to be considered in all respects as
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims rather than by the foregoing description,
      and all changes which come within the meaning and range of equivalency of
      the claims are, therefore, intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A battery charger comprising a pair of battery terminals for connection
      to a rechargeable battery, a pair of input terminals for connection to an
      electrical power source, and an electrical charging circuit coupling said
      input terminals to said battery terminals for supplying a charging current
      to said battery terminals, said charging circuit comprising a switching
      transister having a control electrode and a current amplifier coupled to
      said input terminals permitting charging current flow to said battery
      terminals when a conventional 60 Hz. household outlet electrical source is
      applied to said input terminals only during those portions of a source
      cycle when the source voltage is below a predetermined voltage level
      substantially less than its maximum, and negative feedback means coupling
      the output of said current amplifier to said control electrode of said
      transistor whereby greater charging current flows at lower source voltage
      levels.
NUM  2.
PAR  2. A battery charger according to claim 1 wherein said charging circuit
      starts to reduce said charging current when said source potential exceeds
      approximately six times the battery potential.
NUM  3.
PAR  3. A battery charger according to claim 2 wherein said charging circuit
      comprises means for reducing said charging current to zero when the source
      potential at said input terminals exceeds the potential of a battery
      connected to said battery terminals by a predetermined amount.
NUM  4.
PAR  4. A battery charger according to claim 3 wherein said charging circuit
      reduces said charging current to zero when said source potential exceeds
      approximately nine times the battery potential.
NUM  5.
PAR  5. A battery charger according to claim 1 wherein said charging circuit
      provides charging current only when the source potential has a magnitude
      between about one and ten times the battery potential.
NUM  6.
PAR  6. A battery charger according to claim 1 including at least one rectifier
      diode coupling said input terminals to said current amplifier.
NUM  7.
PAR  7. A battery charger according to claim 1 wherein said charging circuit
      includes an incandescent lamp for compensating for variations in supply
      voltage.
NUM  8.
PAR  8. A battery charger according to claim 1 wherein said charging circuit
      comprises means for automatically varying the charging rate in accordance
      with the charge on a battery connected to said battery terminals.
NUM  9.
PAR  9. A battery charger according to claim 8 wherein said automatic rate
      varying means comprises a resistor and a zener diode coupled across said
      battery terminals.
NUM  10.
PAR  10. A battery charger according to claim 1 comprising a hand tool housing,
      said charging circuit being located in said housing, an electrical motor
      in said housing for operating said tool, and means in said housing for
      coupling said motor to said battery terminals.
NUM  11.
PAR  11. A battery charger according to claim 10 wherein said housing includes
      an electrical AC power connector coupled to said charging circuit, and a
      cord for directly connecting said AC power connector to a conventional
      household power outlet.
NUM  12.
PAR  12. A battery charger comprising a pair of battery terminals for connection
      to a rechargable battery, a pair of input terminals for connection to an
      electrical power source, and an electrical charging circuit coupling said
      input terminals to said battery terminals for supplying a charging current
      to said battery terminals, said charging circuit comprising a switch
      coupled to said input terminals permitting charging current flow to said
      battery terminals when a conventional 60 Hz. household outlet electrical
      source is applied to said input terminals only during those portions of a
      source cycle when the source voltage is below a predetermined voltage
      level substantially less than its maximum, said switch comprising a
      transistor and feedback means coupled to said transistor for varying the
      impedance of said switch in accordance with variations in source voltage
      whereby greater charging current flows at lower source voltage levels,
      said charging circuit including means for increasing said charging current
      with increasing source potential below said predetermined level.
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ABST
PAL  Apparatus for switching a silicon controlled rectifier (SCR) into an off
      state and maintaining it there is disclosed. The apparatus uses a diode
      and an inductor in series with the cathode of the SCR. The voltage
      developed across the diode is negatively applied across the gate to
      cathode electrodes to maintain the SCR in an off condition. The diode
      voltage is applied to the SCR electrodes by a switching transistor. An
      alternator regulator system which uses the SCR control apparatus is also
      disclosed.
BSUM
PAC  BACKGROUND
PAR  SCRs are commonly used to control large currents. When an SCR fires, and
      the SCR maintains a conducting state between its anode and cathode until
      the through current falls below a minimum holding current level. The gate
      to cathode voltage determines the anode to cathode voltage at which the
      SCR will fire. A normal method of operating an SCR device is to apply a
      positive and negative going AC voltage across the anode to cathode
      terminals, thus when the positive anode to cathode voltage is large
      enough, the SCR fires and when the anode to cathode voltage becomes zero,
      the gate regains control over the device. Prior art circuits either short
      circuit the gate to cathode terminals or apply a small positive voltage
      equal to the saturation voltage of a transistor across the gate to cathode
      terminals to hold the SCR in an off condition. These prior art techniques
      do not insure that the SCR will stay in a non-conducting state because
      with any small positive gate to cathode voltage, the SCR will still fire
      at a large positive anode to cathode voltage, or when the anode voltage
      rise per unit time is large. Thus prior circuits must prevent large anode
      to cathode voltages from being applied to the SCR. Even with zero volts
      applied between the gate and cathode terminals, the SCR may still fire at
      some positive anode to cathode voltage, and this anode to cathode voltage
      is extremely dependent upon temperature. Thus prior art circuits do not
      immunize an SCR firing control circuit against temperature variations.
PAR  Alternator regulator systems have used SCR control circuits to energize the
      field coil of the generator. Both the battery voltage and the output
      voltage of a generator winding have been used in prior art circuits to
      energize the field coil winding. In all cases where an SCR was used to
      control the field coil winding. In all cases where an SCR was used to
      control the field coil excitation, complex feedback circuits were
      necessary to insure that the SCR would turn off and stay in an off
      condition when the battery attained a fully charged condition.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide a simplified and improved SCR
      control system which energizes an inductor, such as the field coil in an
      alternator.
PAR  A further object of this invention is to provide an SCR control system that
      has improved temperature stability characteristics.
PAR  An additional object of this invention is to provide an SCR control system
      that uses a control transistor having a high saturation voltage for
      biasing the gate to cathode voltage of an SCR.
PAR  The present specification discloses an SCR, having an AC voltage applied
      across the anode to cathode terminals, which energizes a coil by passing
      SCR cathode through current first through the anode to cathode electrodes
      of a diode and then through the high to low potential terminals of an
      inductor, which is a generator field coil in the present embodiment. A
      control device, an NPN transistor in the preferred embodiment, has its
      emitter connected to the high potential side of the inductor and its
      collector connected to the gate of the SCR. A standard fly-wheel diode has
      its cathode connected to the cathode of the SCR and its anode connected to
      the low potential side of the inductor. The fly-wheel diode prevents
      voltage transients from appearing at the high potential side of the
      inductor when the SCR excitation is terminated. The control device is
      normally open circuited between its collector and emitter terminals and
      the gate of the SCR is coupled to a source of potential to bias the SCR,
      so that the SCR will fire at a low anode to cathode voltage. When a
      control signal is received at the base of the control transistor, the
      transistor will saturate and effectively short the collector to the
      emitter electrode. The voltage across the series diode, which is feeding
      current to the inductor, will then be negatively applied across the gate
      to cathode terminals of the SCR. The negative gate to cathode voltage will
      be substantially maintained when the SCR shuts off because the inductor
      will generate a voltage to maintain the inductor current, since the
      current in an inductor cannot change instantaneously. Thus when the SCR is
      turned off by reducing the SCR current to zero, the SCR is maintained in
      an off condition because of the reverse bias applied to the gate to
      cathode SCR terminals.
PAR  An alternator regulator system, which uses the disclosed silicon controlled
      rectifier control system to excite the field coil of a generator, is also
      described. The source of the potential applied to the anode of the SCR is
      the voltage developed at one terminal of an output generator winding, and
      the control signal received by the base of the control transistor is a
      measure of battery voltage detected by a voltage divider and a zener
      diode. Three output generator windings connected in a delta configuration
      are shown charging the battery through diodes which create a full wave
      rectification circuit.
DRWD
PAC  DESCRIPTIONS OF THE DRAWINGS
PAR  For a more complete understanding of the invention reference should be made
      to the drawings in which:
PAR  FIG. 1 is a circuit diagram of an alternator regulator system using the
      inventive SCR control system;
PAR  FIG. 2 is a circuit diagram of another alternator regulator system using
      the inventive SCR control system.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  FIG. 1 shows an alternator regulator system 10 which has three generator
      output windings, 11, 12 and 13, connected in a delta configuration. Each
      junction of the generator output windings forms a terminal 14, 15 and 16,
      with output winding 12 being between terminals 14 and 15. Each of
      terminals 14, 15 and 16 is connected to the anode of a diode 21, 22 and 23
      respectively. The cathodes of diodes 21, 22 and 23 are connected to a
      battery terminal 20. Each of terminals 14, 15 and 16 is also connected to
      the cathode of a diode 24, 25 and 26 respectively. The anodes of diodes
      24, 25 and 26 are connected to ground. Output generator windings 11, 12
      and 13 and diodes 21 to 26 represent a full wave rectification circuit for
      charging a battery 27 having its positive terminal connected to terminal
      20 and its negative terminal connected to ground.
PAR  An SCR 30 has its anode connected to terminal 15, and also has its anode
      connected to its gate through a resistor 31. It is understood that the
      anode of SCR 30 could be connected to any one of terminals 14, 15 or 16.
      The cathode of SCR 30 is connected to the cathode of a fly-wheel diode 32
      and the anode of a series diode 33. The cathode of diode 33 is coupled to
      the anode of diode 32 through a field excitation coil 34, and the anode of
      diode 32 is connected to ground. An NPN control transistor 35 has its
      collector connected to the gate of SCR 30, its emitter connected to the
      cathode of diode 33, and its base connected to ground through a resistor
      36. A zener diode 37 has its anode connected to the base of control
      transistor 35 and has its cathode connected to terminal 20 through
      resistor 38 and to ground through resistor 39. Resistors 38 and 39 form a
      voltage divider network between battery terminal 20 and ground that has an
      internal tap point connected to the cathode of zener diode 37. Terminal 15
      is connected to terminal 20 through a resistor 40.
PAR  When field excitation coil 34 is excited, output generator windings 11, 12
      and 13 generate voltages which charge battery 27 connected to terminal 20.
      In this embodiment inductor 34 receives its excitation from the output
      voltage generated at terminal 15 causing the SCR cathode through current
      to energize inductor 34 and diode 33. Initially SCR 30 receives its anode
      voltage through resistor 40; however after field coil 34 is initially
      excited, the anode voltage of SCR 30 is supplied by the output voltage of
      the generator windings. Resistors 38 and 39 form a voltage divider between
      terminal 20 and ground and therefore sense the battery voltage. When the
      battery voltage present at terminal 20 is above a specified level, zener
      diode 37 will be activated by a current flowing through resistors 38 and
      36. The voltage drop across resistor 36 will then cause control transistor
      35 to saturate. If the voltage present at terminal 20 does not exceed a
      specified level, zener diode 37 will not be energized, the voltage across
      resistor 36 will be approximately zero, and transistor 35 will be in an
      off condition. When transistor 35 is off, its collector and emitter
      terminals are essentially open circuited and the bias voltage present at
      the gate of SCR 30 is supplied through resistor 31. The voltage waveform
      present at terminals 14, 15 and 16 is approximately a square wave which
      varies between -0.7 volts below ground and +0.7 volts above the battery
      voltage present at terminal 20. Thus SCR 30 will be activated by the
      positive half of the square wave present at terminal 15, since this plus
      voltage will be coupled to the gate of SCR 30 through resistor 31. When
      SCR 30 fires, a large current passes through diode 33 and field coil 34.
      The current passing through field coil 34 causes voltages to be generated
      in generator coils 11, 12 and 13. This embodiment is specifically
      adaptable to automobile generators wherein either the field coil or the
      generator coils are rotated. During the negative portion of the square
      wave SCR 30 will shut off since its anode to cathode current will fall
      below the minimum holding current. When SCR 30 is shut off, field coil 34
      will generate a voltage, due to the collapsing field current, to maintain
      current flow in coil 34 since current cannot change instantly in an
      inductor. Fly-wheel diode 32 limits the transient voltage spike caused by
      the collapsing field current in coil 34. Fly-wheel diodes are commonly
      used in the state of the art for this purpose.
PAR  When the battery is charged to a sufficient voltage, control transistor 35
      will be driven into saturation as previously described. The voltage at the
      gate of SCR 30 will then be only a few tenths of a volt above the voltage
      at the emitter of transistor 35. The field coil winding 34 will maintain a
      current through the series connected device, diode 33, and thus the
      voltage applied across the gate to cathode terminals of SCR 30 will be a
      negative voltage. The negative gate to cathode SCR voltage will prevent
      SCR 30 from being turned on by subsequent positive going pulses and the
      gate to cathode voltage will remain negative for a substantial time due to
      the large amount of inductance represented by field coil winding 34. Thus
      the addition of diode 33 has produced a negative SCR gate to cathode
      voltage which will prevent the SCR from being turned on by further
      positive going pulses. Although only one diode is shown as diode 33, the
      principle can easily be extended to a series diode string replacing diode
      33 and having the effect of applying a much larger negative gate to
      cathode bias to SCR 30. Also a series diode string can replace fly-wheel
      diode 32 if desired.
PAR  If diode 33 were not present in FIG. 1 and the cathode of SCR 30 were
      directly connected to field coil 34, the gate to cathode voltage of SCR 30
      would be the saturation voltage of control transistor 35. This saturation
      voltage represents a small positive voltage and therefore could easily
      result in an undesired firing of SCR 30. Even if the saturation voltage of
      control transistor 35 were extremely small, the temperature
      characteristics of the SCR could result in an undesired firing occuring
      even at a gate to cathode voltage of the zero volts. Therefore, the
      disclosed SCR system can use control devices having noncritical saturation
      voltages and also provides a stable SCR control at high temperatures or
      with rapidly rising anode voltages.
PAR  FIG. 2 shows an embodiment of an alternator regulator system 50 which
      agrees in every manner to system 10 described in FIG. 1 except that the
      cathode of zener diode 37 is now connected to terminal 14 through resistor
      39 instead of being connected to ground through resistor 39. With this new
      connection the voltage divider network is now also sensitive to the
      voltage drop across the rectifying diodes. The advantage of this
      connection is fully described by the inventor in U.S. Pat. No. 3,716,774.
PAR  While numerous improvements on the concepts disclosed herein will be
      obvious to persons skilled in the art, all such improvements which retain
      the basic underlying concepts are within the scope of the inventon.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control system for an SCR regulator including;
PA1  voltage supply means,
PA1  an SCR connected for regulating the SCR through current supplied by the
      voltage supply means and having a gate, an anode, and a cathode electrode,
PA1  a switching device having a control terminal, a first terminal and a second
      terminal, the first and second terminals having voltages applied
      therebetween and being substantially isolated from each other until a
      control signal exceeding a predetemined level is present at the control
      terminal whereupon the first and second terminals are substantially
      shorted together,
PA1  wherein the improvement comprises:
PA1  a series coupled device and inductor being energized by the SCR cathode
      through current flowing first through the device and subsequently through
      the inductor, the series device exhibiting a voltage drop due to the SCR
      through current,
PA1  the first and second terminals of the switching device being coupled to the
      gate of the SCR and the junction between the series device and inductor
      respectively, and
PA1  shunting means coupled across the series coupled device and inductor for
      shunting transient voltages created by the inductor,
PA1  whereby during the period when the control signal is applied to the
      switching device the series device provides a negative bias between the
      gate and cathode of the SCR for keeping the SCR in a non-conductive state.
NUM  2.
PAR  2. The system of claim 1 wherein said series device includes at least a
      first diode having its cathode coupled to the inductor and its anode
      coupled to the cathode of the SCR.
NUM  3.
PAR  3. The system of claim 2 wherein said shunting means comprises at least a
      second diode having its cathode coupled to the cathode of the SCR.
NUM  4.
PAR  4. The system of claim 3 wherein said shunting means consists only of a
      said second diode connected across the series connection of only a said
      first diode and said inductor, and the cathode of said second diode is
      connected to the cathode of said SCR.
NUM  5.
PAR  5. The system of claim 3 wherein said switching device includes a
      transistor having its base electrode corresponding to said control
      terminal.
NUM  6.
PAR  6. The system of claim 5 wherein said switching transistor has its
      collector and emitter electrodes correspond to said first and second
      control terminals respectively.
NUM  7.
PAR  7. The system of claim 6 wherein said voltage supply means includes an AC
      potential source coupled to the anode of said SCR and supplying said SCR
      with through current.
NUM  8.
PAR  8. The system of claim 7 wherein the gate of said SCR is connected to the
      anode of SCR through a resistor.
NUM  9.
PAR  9. The system of claim 8 wherein said inductor is the field coil winding of
      a generator.
NUM  10.
PAR  10. The system of claim 9 wherein the system includes apparatus for
      measuring the voltage of a battery and converting the voltage into said
      control signal.
NUM  11.
PAR  11. An Alternator-Regulator system comprising:
PA1  generator means including an output winding having a first and a second
      terminal and a field coil winding having a first and a second terminal;
PA1  voltage supply means;
PA1  rectification means for coupling said output winding to said supply means
      for charging said supply means for the voltage generated in said output
      winding;
PA1  voltage sensing means for monitoring the supply voltage and generating a
      control signal; and
PA1  regulation means for energizing said field coil in response to said control
      signal including, a switching device having a control terminal for
      receiving said control signal and a first and a second terminal having
      voltages applied therebetween and being substantially isolated from each
      other until said control signal exceeds a predetermined level whereupon
      said first and second terminals are substantially shorted together, and
      SCR having its gate connected to said first switching termminal and
      coupled to a source of bias potential, a series device coupled in series
      with said field coil at said first field coil terminal and both being
      energized by the SCR cathode through current being coupled first through
      said series device and subsequently through said field coil, said series
      device exhibiting a voltage drop due to the SCR through current, said
      second switching terminal being coupled to the junction between said
      series device terminal and said field coil, shunting means coupled across
      the series coupled device and said field coil for shunting transient
      voltages created by said field coil, and a field coil exciting potential
      being applied between the anode of said SCR and said second field coil
      terminal.
NUM  12.
PAR  12. The system of claim 11 wherein said series device comprises a first
      diode having its anode coupled to the cathode of said SCR and its cathode
      coupled to said first field coil terminal.
NUM  13.
PAR  13. The system of claim 12 wherein said shunting means comprises a second
      diode having its anode coupled to said second field coil terminal and its
      cathode coupled to the cathode of said SCR.
NUM  14.
PAR  14. The system of claim 13 wherein said switching device is a transistor
      having its base, collector and emitter terminals corresponding to said
      control and first and second switching terminals respectively.
NUM  15.
PAR  15. The system of claim 14 wherein the gate of said SCR is coupled to a
      source of bias potential by being connected to the anode of said SCR
      through a resistor.
NUM  16.
PAR  16. The system of claim 15 wherein the said field coil exciting potential
      is obtained by coupling the anode of said SCR to said first output winding
      terminal and coupling said second field coil terminal to said second
      output winding terminal.
NUM  17.
PAR  17. The system of claim 16 wherein said voltage sensing means includes a
      series resistor divider network connected between said voltage supply
      means and ground, said network having an internal tap point connected to
      the cathode of a zener diode, the anode of said zener diode being
      connected directly to the base of said transistor and connected to ground
      through a resistor.
NUM  18.
PAR  18. The system of claim 16 wherein said voltage sensing means includes a
      series resistor divider network connected between said voltage supply
      means and said second terminal of said output winding, said divider having
      an internal tap point connected to the cathode of a zener diode, the anode
      of said zener diode being connected directly to the base of said
      transistor and connected to ground through a resistor.
NUM  19.
PAR  19. The system of claim 18 wherein said rectification means includes a pair
      of series diodes associated with each of said output winding terminals,
      said diode pair having the anode of one diode connected to the cathode of
      the other diode and to said associated output winding terminal, said diode
      pair having its external anode connected to ground and its external
      cathode connected to said battery means.
NUM  20.
PAR  20. An Alternator-Regulator system comprising:
PA1  generator means including an output winding having a first and a second
      terminal and a field coil winding having a first and a second terminal;
PA1  voltage supply means;
PA1  rectification means for coupling said output winding to said supply means
      for charging said supply means from the voltage generated in said output
      winding;
PA1  voltage sensing means for monitoring the supply voltage and generating a
      control signal; and
PA1  regulation means for energizing said field coil in response to said control
      signal including, a switching device having a control terminal for
      receiving said control signal and a first and a second terminal having
      voltages applied therebetween and being substantially isolated from each
      other until said control signal exceeds a predetermined level whereupon
      said first and second terminals are substantially shorted, said second
      switching terminal being connected to said first field coil terminal, an
      SCR having its gate connected to said first switching terminal and coupled
      to a source of bias potential, a first diode having its anode connected to
      the cathode of a second diode and the cathode of said SCR, said first
      diode having its cathode coupled to said first field coil terminal, said
      second diode having its anode coupled to said second field coil terminal,
      and a field coil exciting potential coupled between the anode of said SCR
      and said second field coil terminal.
NUM  21.
PAR  21. The system of claim 20 wherein said switching device is a transistor
      having its base, collector and emitter terminals corresponding to said
      control and first and second switching terminals respectively.
NUM  22.
PAR  22. The system of claim 21 wherein the gate of said SCR is coupled to a
      source of bias potential by being connected to the anode of said SCR
      through a resistor.
NUM  23.
PAR  23. The system of claim 22 wherein the said field coil exciting potential
      is obtained by coupling the anode of said SCR to said first output winding
      terminal and coupling said second field coil terminal to said second
      output winding terminal.
NUM  24.
PAR  24. The system of claim 23 wherein said voltage sensing means includes a
      series resistor divider network connected between said voltage supply
      means and ground, said network having an internal tap point connected to
      the cathode of a zener diode, the anode of said zener diode being
      connected directly to the base of said transistor and connected to ground
      through a resistor.
NUM  25.
PAR  25. The system of claim 23 wherein said voltage sensing means includes a
      series resistor divider network connected between said voltage supply
      means and said second terminal of said output winding, said divider having
      an internal tap point connected to the cathode of a zener diode, the anode
      of said zener diode being connected directly to the base of said
      transistor and connected to ground through a resistor.
NUM  26.
PAR  26. The system of claim 25 wherein said rectification means includes a pair
      of series diodes associated with each of said output winding terminals,
      said diode pair having the anode of one diode connected to the cathode of
      the other diode and to said associated output winding terminal, said diode
      pair having its external anode connected to ground and its external
      cathode connected to said battery means.
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ABST
PAL  A single pulse blocking converter for generating of a constant output
      voltage has a switching transistor and a transformer wherein a feedback
      effect of the transformer supplies the base current of the switching
      transistor by way of the collector-emitter path of a driving transistor.
      The driving transistor is controlled by means of a control transistor in
      dependence upon a measured voltage which is in proportion to the output
      voltage of the blocking converter. The circuit is particularly
      characterized in that an auxiliary circuit is provided with a transistor
      which, during the transition of the switching transistor from the
      conductive into the blocked condition, applies a blocking voltage to the
      control path of the switching transistor and in that, by means of a
      periodic resetting of the auxiliary circuit by the pulses from a pulse
      generator, the blocking voltage is switched off and a new switching period
      is initiated for the switching transistor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a single pulse blocking converter for the
      creation of a constant output voltage, and more particularly to such a
      blocking converter having a switching transistor and a transformer wherein
      a feedback effect of the transformer supplies the base current of the
      switching transistor by way of the emitter-collector path of a drive
      transistor, and the driving transistor is controlled by means of a control
      transistor in accordance with the voltage which is in proportion to the
      output voltage of the blocking converter.
PAR  2. Description of the Prior Art
PAR  A circuit arrangement of the general type noted above is disclosed in the
      publication "Elektronische Rundschau", Nov. 6, 1963, Page 291,
      illustration 4; however, this circuit does not have the advantageous
      benefits set forth below which are provided by the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to eliminate, in blocking
      converters, the disadvantage of a strong dependency of the switching
      frequency on the input voltage and on the load.
PAR  According to the invention, the aforementioned object is achieved through
      the provision of an auxiliary circuit in which a transistor is provided
      which, during the transition of the switching transistor from the
      conducting condition into the blocking condition, applies a blocking
      voltage to the control path of the switching transistor, and a pulse
      generator is provided to generate periodic pulses which effect a periodic
      resetting of the auxiliary circuit so that the blocking voltage is
      switched off and the initiation of a new switching period of the switching
      transistor is provided.
PAR  According to the invention, an arrangement of the converter in Telex
      machines and data recorders advantageously renders such apparatus
      independent of network fluctuations such as may occur, for example, during
      the operation of such devices in airplanes, ships or in regions with
      uncontrolled network voltages. Such fluctuations can have very negative
      effects, in particular in devices equipped with integrated circuits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects, features and advantages of the invention, its organization,
      construction and operation will be best understood from the following
      detailed description of an exemplary embodiment of the invention, taken in
      conjunction with the accompanying drawing, on which the single FIGURE is a
      schematic circuit diagram of a controlled single pulse blocking converter
      constructed in accordance with the principles of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A blocking converter circuit, which is known in principle, basically
      comprises a switching transistor T3, the oscillation transformer Tr having
      a primary winding I and a feedback winding III in the base circuit of the
      switching transistor and a secondary winding II and a diode D1, a
      smoothing capacitor C1 and a load resistor L. This basic circuit is fed
      from a voltage source U.
PAR  It is a main feature of the blocking converter that magnetic energy which
      is accepted during a conductive condition of the switching transistor T3
      is only released by a respective poling of the diode D1 during the
      blocking phase of the switching transistor T3.
PAR  In order to obtain a controlled output voltage of the blocking converter,
      the transformer Tr is provided with a further winding IV which, together
      with a rectifier diode D3 and a charging capacitor C2, creates a measuring
      voltage which is in proportion to the output voltage. Part of this
      measuring voltage is compared with a reference voltage created at a Zener
      diode Z1 via a measuring voltage divider R.sub.M connected in the control
      circuit of a control transistor T4. The control amplifier controls a
      driver transistor T2 whose emitter-collector path is connected in series
      with the feedback winding III in the base-emitter circuit of the switching
      transistor T3.
PAR  A constant current circuit having a transistor T1 supplies the maximum base
      current for the driver transistor T2 and the switching transistor T3 which
      become conductive. The output voltage is then applied to the transformer
      winding I. The voltage which is induced in the feedback winding III of the
      transformer drives a collector current, via the transistor T2, which
      switches through the switching transistor T3. The collector current of the
      switching transistor T3 increases because of the constant inductivity of
      the transformer, in a linear way, until the current amplifier of the
      switching transistor prevents a further increase. The switching transistor
      then takes up voltage and switches off the current.
PAR  The voltage at the inductance reverses polarity and effects a release of
      the magnetic energy to the load circuit, which means current flows by way
      of the diode D1 into the load capacitor C1 and via the diode D3 into the
      capacitor C2 and the measuring voltage divider R.sub.M.
PAR  The control transistor T4 compares the voltage created at the measuring
      winding IV and across the capacitor C2 with the reference voltage of the
      Zener diode Z1. If the voltage at the capacitor C2, which is in proportion
      to the output voltage at the load L, becomes too large, a part of the base
      current of the driver transistor T2 is released by way of the control
      transistor T4. The maximum value of the collector current to the switching
      transistor T3 will be smaller during the next passing phase and,
      therefore, also the accepted energy will be smaller.
PAR  The frequency dependence of the switching frequency of the blocking
      converter is eliminated by an auxiliary circuit comprising a voltage
      divider R3, R4, a pulse generator T which provides repetitive pulses and a
      transistor T5 which operates as a switch and which is controlled by the
      voltage divider and the pulse generator. The voltage divider is located
      parallel to a series circuit consisting of the emitter-collector path of
      the switching transistor and the capacitor C2 which conducts the
      rectifying measuring voltage. The junction in the voltage divider is
      connected with the base of the transistor T5. In the conductive condition
      of the transistor T5, the measuring voltage drives a current toward the
      capacitor C2 by way of the diodes D4 and D5 which are, in each case,
      connected parallel to the emitter-base path of the switching and driving
      transistor with such a polarity that at both control paths a definitive
      blocking voltage is created. This blocking voltage is only removed if the
      pulse generator, which may be a flip-flop circuit, goes into the negative
      flip-flop condition for a short time. When this happens, the transistor T5
      is blocked and the switching transistor T3 is activated (U.sub.CE
      .apprxeq.OV.)
PAR  The voltage which is divided by the resistors R3, R4 is now so small that
      the transistor T5 can no longer be activated. When bringing the pulse
      generator back, a coupling diode D2 prevents a reactivation of the
      transistor T5. Only if the switching transistor T3 blocks and accepts
      voltage at its emitter-collector path is blocking voltage applied during
      the remainder of the duration of the period.
PAR  The activation time of the switching transistor depends on the input
      voltage and on the load performance. In case of input voltages which
      exceed the nominal input voltage, or in the case of partial loading,
      respectively, the magnetic flux in the transformer may be zero during a
      certain time.
PAR  The pulse generator T which may be designed as an integrated circuit is fed
      by the measuring voltage, as indicated in the drawing.
PAR  Although we have described our invention be reference to a particular
      illustrative embodiment thereof, many changes and modifications of the
      invention may become apparent to those skilled in the art without
      departing from the spirit and scope of the invention. We therefore intend
      to include within the patent warranted hereon all such changes and
      modifications as may reasonably and properly be included within the scope
      of our contribution to the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A single pulse blocking converter for generating a constant output
      voltage, comprising:
PA1  a transformer including an input winding, an output winding for providing
      an output voltage, a feedback winding and a measuring winding;
PA1  a switching transistor including a base, an emitter and a collector, the
      collector-emitter path of said switching transistor connected in series
      with said input winding;
PA1  a driving transistor for driving said switching transistor to conductive
      and blocked conditions including a base, an emitter, and a collector, the
      collector-emitter path of said driving transistor connected to said
      feedback winding and to the base of said switching transistor to supply
      base current thereto;
PA1  a control transistor for controlling said driving transistor including a
      base, an emitter and a collector, the base-emitter path of said control
      transistor connected to said measuring winding and the emitter-controller
      path connected to the base-emitter circuits of said driving and switching
      transistors to control the operation of said driving transistor in
      accordance with the voltage developed at said measuring winding which is
      proportional to the output voltage; and
PA1  an auxiliary circuit comprising generating means for producing periodic
      pulses and a further transistor including a base, an emitter and a
      collector, said base connected to said pulse generating means and to said
      collector of said switching transistor, and the collector-emitter path of
      said further transistor connected in parallel with the collector-emitter
      path of said control transistor, said further transistor operable to apply
      a blocking voltage to said switching transistor during the transition of
      said switching transistor toward the blocked condition and remove the
      blocking voltage in response to a potential shift of a pulse from said
      generating means.
NUM  2.
PAR  2. The blocking converter of claim 1, comprising a diode a reference
      voltage source; and a voltage divider connected in parallel to the
      collector-emitter path of said switching transistor and connected to said
      reference voltage source; said base of said further transistor connected
      to said voltage divider, the emitter-collector path of said further
      transistor connected to the base of said switching transistor so that said
      reference voltage source is applied as a blocking voltage source to said
      base of said switching transistor, said base of said further transistor
      connected to said generating means via said diode.
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ABST
PAL  The invention concerns a thyristor column with disc thyristors which are
      stacked on top of each other and are mounted resiliently. A heat sink,
      which serves simultaneously as a conductor of electric current, is
      interposed on each side of each disc thyristor. Between the heat sinks of
      succeeding disc thyristors, a spacer element is inserted, on which ferrite
      cores are lined up. In this embodiment, the transient current is limited
      by the choke formed by the spacer element and the ferrite cores. The
      resistors of the external R-C components can therefore be designed for
      less power.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns a thyristor column with disc thyristors which are
      stacked on top of each other and are mounted resiliently. Heat sinks serve
      simultaneously for the conduction of the electric current, and are
      interposed on each side of each disc thyristor.
PAR  2. Description of the Prior Art
PAR  Such thyristor columns are known, for instance, from the German
      Offenlegungsschrift No. 1,914,790. They find use where several disc
      thyristors are to be connected in series. The disc thyristors must then be
      protected against excessive currents by separate external circuit
      components. From the book "Siliziumstromrichter-Handbuch" (Silicon
      rectifier handbook) of BBC, Baden, Switzerland, page 83, for instance, it
      is known to use for this purpose an R-L-C circuit, in which a common
      blocking choke precedes all the series-connected disc thyristors and each
      thyristor of the thyristor column is shunted by an R-C member. The
      blocking choke, which is always common to several thyristors takes a large
      volume and has considerable weight, whereby the volume and the weight of
      the equipment, in which the thyristor column is to be installed, is
      greatly influenced. In this circuit arrangement, the resistors of the R-C
      members must, furthermore, be designed for relatively large power.
PAR  The object of this invention is to provide a thyristor column of the kind
      mentioned at the outset in such a manner that the external circuit can be
      provided at low cost, saves space and does not add appreciably more weight
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows several series-connected disc thyristors with associated heat
      sinks and spacer elements around which are fitted ferrite cores;
PAR  FIG. 2 is a schematic diagram showing series-connected thyristors with
      associated choke inductors and external R-C circuit elements;
PAR  FIG. 3 shows a section from a thyristor column which depicts multiple
      concentric ferrite cores around the spacer element.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention provides that between heat sinks of succeeding disc
      thyristors at least one spacer element each is interposed and that the
      space formed by the spacer element is bridged by an electric conductor
      which is equipped with ferrite cores. Toroidal cores are preferably
      provided as the ferrite cores, which are lined up on the conductor.
PAR  In the thyristor stack according to the invention, a separate blocking
      choke is provided as an external circuit component for each thyristor.
      This separate blocking choke for each thyristor is formed by the conductor
      and the ferrite cores which are disposed in the space defined by the
      spacer element. The spacer element transmits the pressure force necessary
      for providing contact for the disc thyristors without affecting the
      ferrite cores. It is advantageous to design the spacer element as an
      electrical conductor, on which the ferrite cores are lined up.
PAR  In connecting external components to the thyristor column according to the
      invention, current limitation is achieved, when the thyristors are
      switched on, by a separate blocking choke associated with each thyristor
      and not, as in the prior art, by the resistors. The resistors of the R C
      members can therefore be designed for less power. In addition, the large
      volume required in the known connection for the common blocking choke is
      substantially reduced, as the separate blocking chokes built up with the
      ferrite cores require less space than a common blocking choke. In order to
      reduce the volume further, the ferrite cores can be arranged
      concentrically with each other.
PAR  The thyristor column shown in FIG. 1 contains several series-connected disc
      thyristors 1, with a heat sink 2 provided next to each disc thyristor. In
      the example of the embodiment, a liquid-cooled thyristor column is
      depicted. Heat sinks for liquid-cooling such a thyristor column are known,
      for instance, from the German Offenlegungsschrift No. 2,160,302. Line
      sections 4 are placed on contact posts 3 of the heat sinks 2. This forms
      the flow path for the liquid cooling medium, in which at least part of the
      thyristors of the thyristor column are thermally connected in series.
PAR  By means of insulators 5 and a pressure element 6, the disc thyristors 1
      and the heat sinks 2 are clamped in a frame which is essentially formed by
      two threaded bolts 7 and 8 and two clamping plates 9 and 10. One of the
      insulators 5 is connected with the clamping plate 10 by a screw 11, and
      the other insulator 5 rests on the pressure element 6. Regarding the
      design of the pressure element, reference is made by way of example to the
      above-mentioned German Offenlegungsschrift No. 1,914,790. The pressure
      element 6 comprises essentially cup springs 12 as energy storage devices,
      which exert an elastic pressure force on the heat sinks and the disc
      thyristors, whereby electrical and thermal contact between the heat sinks
      and the disc thyristors is ensured. The electrical connections for the
      disc thyristors can be brought directly to the heat sinks 2, as is
      described, for instance, in the already mentioned German
      Offenlegungsschrift No. 2,160,302.
PAR  Between the heat sinks of two succeeding disc thyristors 1, a spacer
      element 13, which transmits the pressure force from one heat sink 2 to the
      following heat sink, is arranged in the example embodiment shown in FIG.
      1. On the spacer element 13, which is made of electrically conductive
      material, toroidal cores 14 of ferrite are lined up, which are shown in
      cross section in FIG. 1. The toroidal cores 14 are separated by washers 15
      and all toroidal cores which are arranged on a spacer element 13, are
      between two support washers 16 which are fastened at the bolts 7 and 8.
      The ferrite cores 14, together with the current-carrying spacer element
      13, form a blocking choke.
PAR  The connection of external components to the thyristor column according to
      the invention is shown in FIG. 2. With each thyristor 1, a separate
      blocking choke 17 is associated, in addition to the connection of an R-C
      member 18, 19. Each blocking choke 17 is constructed of a conductor and
      ferrite cores 14, which are located in the space defined by the spacer
      element 13 between succeeding heat sinks 2. Here, the spacer element 13
      may be the conductor, as in the example of the embodiment according to
      FIG. 1. It was already mentioned that in this circuit connection, contrary
      to the known connection mentioned, the current limitation is achieved not
      by the resistors 19 of the R-C members, but by the blocking choke 17 which
      is associated with each of the disc thyristors 1. This leads to the
      structural advantages which have already been discussed.
PAR  In FIG. 3, a section from a thyristor column according to the invention is
      shown which depicts a different arrangement of the ferrite cores. In this
      embodiment example, further ferrite cores 14a are concentrically added to
      the ferrite cores 14. The structural height of the thyristor column can be
      reduced thereby. In addition to the concentric arrangement of the ferrite
      cores 14 and 14a shown, other space-saving arrangements are, of course,
      also possible; it should further be mentioned in this connection that in
      addition to the spacer 13, a separate conductor can be provided for the
      ferrite cores 14 and that the blocking choke for each of the disc
      thyristors can be designed not only with toroidal cores, but also with
      other, commerically available ferrite cores.
PAR  In summary, it should be emphasized that with the thyristor column
      according to the invention, means have been provided which insure a
      space-saving installation of the thyristor column in an equipment and
      which simplifies the external components for the thyristors considerably.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thyristor column having a column axis comprising:
PA1  a first disc thyristor;
PA1  two heat sinks stacked on either side of said first disc thyristor, said
      heat sinks being constructed of an electrically conducting material and
      providing electrical connection to said first thyristor, said heat sinks
      and the first thyristor being arranged along said column axis;
PA1  at least a second disc thyristor;
PA1  two further heat sinks stacked on either side of said second disc
      thyristor, said further heat sinks being constructed of an electrically
      conducting material and providing electrical connection to said second
      thyristor, said further heat sinks and the second thyristor being arranged
      along said column axis;
PA1  at least one spacer element being arranged between one heat sink of said
      first disc thyristor and the succeeding further heat sink of said second
      disc thyristor;
PA1  at least one electrical conductor being arranged between said one heat sink
      of said first disc thyristor and the succeeding further heat sink of said
      second disc thyristor; and
PA1  at least one ferrite core fitting around said electrical conductor.
NUM  2.
PAR  2. A thyristor column having a column axis comprising:
PA1  a first disc thyristor;
PA1  two heat sinks stacked on either side of said first disc thyristor, said
      heat sinks being constructed of an electrically conducting material and
      providing electrical connection to said first thyristor, said heat sinks
      and the first thyristor being arranged along said column axis;
PA1  at least a second disc thyristor;
PA1  two further heat sinks stacked on either side of said second disc
      thyristor, said further heat sinks being constructed of an electrically
      conducting material and providing electrical connection to said second
      thyristor, said further head sinks and the second thyristor being arranged
      along said column axis;
PAR  at least one spacer element being constructed of a conducting material and
      providing electrical connection between one heat sink of said first disc
      thyristor and the succeeding further heat sink of said second disc
      thyristor; and
PA1  at least one ferrite core fitting around said spacer element.
NUM  3.
PAR  3. A thyristor column of claim 2 wherein more than two disc thyristors are
      stacked so that for each disc thyristor in the stack there is provided two
      associate heat sinks, one on each side of said thyristor and a spacer,
      each heat sink and spacer being electrically connected in series in the
      stack.
NUM  4.
PAR  4. A thyristor column of claim 2 wherein one or more ferrite cores are
      fitted concentrically around said spacer element.
NUM  5.
PAR  5. The thyristor column of claim 4 wherein said ferrite cores comprise
      first and second concentric rings, said second concentric rings being
      fitted concentrically about said first concentric rings.
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ABST
PAL  An apparatus for protecting the thyristors of a high-voltage controlled
      converter against overvoltage, said thyristors being connected to form a
      chain of successively connected thyristor modules, each of which comprises
      at least one thyristor. The protecting apparatus consists of an additional
      circuit comprising at least one link formed by two avalanche diodes
      connected in series opposition, said circuit being connected parallel to
      the chain of thyristor modules. The additional circuit serves to limit the
      magnitude of the voltage applied to the thyristor modules. The protecting
      apparatus further includes a surge arrester controlled by signals from a
      current sensor whose input is connected in said additional circuit. In
      accordance with signals from the current sensor, the controlled surge
      arrester limits the voltage across the additional circuit in case of
      overvoltage. The apparatus is intended for protecting a chain of thyristor
      modules of high-voltage controlled converters used, for instance, in
      rectifier and inverter substations of direct current transmission lines,
      against overvoltage.
BSUM
PAR  The present invention relates to the field of power semiconductor
      engineering, and more particularly to high-voltage semiconductor
      converters employed at the rectifying and inverting substations of d.c.
      power transmission lines.
PAR  Over the last decade considerable advances have been made in the
      development of power semiconductor valves (thyristors and diodes). The
      inherent advantages of thyristors over ionic tubes are well known.
      Thyristors are largely insensitive to environmental conditions and, hence,
      can operate in a far wider range of ambient temperatures; they require no
      special maintenance, have no propensity for arc-backs, feature minimized
      control power consumption requirements and are always ready to be
      energized. Semiconductor devices are highly transportable and capable of
      sustaining considerable mechanical load. The useful life of semiconductor
      instruments reaches 500,000 hours and even more.
PAR  These advantages of semiconductor instruments account for their wide use,
      above all in low- and medium-voltage devices.
PAR  Practice has borne out the excellence of power semiconductor devices.
PAR  What with the advancement of power semiconductor technology, engineers
      naturally started to look into the possibility of employing semiconductor
      devices in high-voltage converters for voltages on the order of scores and
      hundreds of kilovolts.
PAR  The main semiconductor device employed in high-voltage converters is a
      high-power controlled semiconductor rectifier or thyristor.
PAR  Since the available and future thyristors (meaning those that can be
      expected to appear in the forseeable future) have current and voltage
      ratings that are much lower than those required for a valve coupled into
      each arm of a converter bridge, thyristors can be used for such
      applications only in the form of strings of series-parallel-connected
      thyristors forming a unit.
PAR  However, it is not presently practical to mass produce high-power
      thyristors having precisely matching transient and steady-state
      characteristics, such as thyristor resistance, turn-on and turn-off times,
      etc., which creates certain difficulties as far as high-voltage
      application of thyristor strings is concerned. What with the difference in
      characteristics currents and voltages are unequally shared among
      individual thyristors, a feature which as often as not may be prohibitive
      for thyristor employment.
PAR  The low current and voltage overload capability of high-power thyristors
      also militates against the reliability of a semiconductor converter.
      Finally, the rates of rise of current and voltage may likewise prove to be
      critical parameters for thyristors.
PAR  Improving thyristor reliability by increasing the number of series-parallel
      thyristors in a semiconductor converter is not an ideal solution either,
      for it tends to increase the weight, size, cost and losses of the
      thyristor; moreover, such a measure sometimes falls short of the
      objective.
PAR  If a converter is to be reliable and exhibit excellent economic and
      engineering characteristics, it must be provided with thyristor protection
      devices arranged both to equalize and limit the values of current and
      voltage experienced by the thyristor.
PAR  Prior art devices include a voltage dividing R and R-C bypass network.
      Steady-state voltage sharing among thyristors in series is provided by
      paralleling each thyristor of a thyristor string with an identical
      resistor R.
PAR  To obtain this effect, however, resistance R must be less than that of the
      highest-leakage thyristor by at least one order of magnitude, which
      results in considerable additional losses.
PAR  Transient voltage sharing is obtained by shunting series-connected
      thyristors with additional R-C strings (see, for example, U.K. Pat. Nos.
      1155749, 1160920, 1176923, 1205693;  U.S. Pat. Nos. 3423664, 3508135;
      French Pat. No. 496049; Federal Republic of Germany Pat. Nos. 1095384,
      1245501, 1263173; Swiss Pat. No. 397059; Swedish Pat. Nos. 217954, 227622,
      309805, 321290, 322285; Japanese Pat. No. 9925 published in 1969).
PAR  The resistor R (in an R-C string) is needed to limit the capacitor
      discharge current through the thyristor at the instant it is turned on.
      The capacitance of the capacitor must considerably exceed the thyristor
      self-capacitance.
PAR  However, R-C strings do not protect thyristors from voltage overshoots, if
      the transition between blocking and conducting states of all thyristors in
      the string is not likely to occur simultaneously, because when the string
      is fired the voltage supply is shared by the series-coupled thyristors
      having the longest turn-on times, whereas when the string is turned off
      the voltage supply is shared by the thyristor sections having the least
      electric strength recovery times.
PAR  Therefore, R-C strings do not allow dispensing with the need to select
      thyristors having identical transition periods.
PAR  Nor do R-C strings protect thyristors against external overvoltages in the
      converter, for they do not limit voltage rise either in the thyristor
      string as a whole or across individual thyristors. In such a case the
      protective function is taken over by the converter surge arrestor. In view
      of the fact that the high-voltage surge arrestor trigger times and
      voltages widely fluctuate, thyristor strings must have a margin of voltage
      blocking capability, that is to say the number of series-coupled
      thyristors must be increased, with the resultant increase in the cost and
      size of the converter as well as in its losses.
PAR  Also known is a voltage-limiting device comprising series-coupled
      thyristors and additional strings of opposition-series-connected diodes
      with avalanche characteristics (see, for example, U.K. Pat. No. 1179605;
      French Pat. Nos. 1541367 and 1545137; Swiss Pat. No. 492334).
PAR  Those familiar with the art also know a semiconductor converter developed
      by AEG, Siemens and BBC companies (see "Brown Boveri Mitteilungen," 1969,
      56 /2, "thyristors tromrichter fur 100 kv Bruckengleichspannung") where a
      string of thyristor modules comprising a pair of thyristors in parallel is
      protected by an additional string of opposition-series-coupled avalanche
      diodes. This converter was taken by the authors as a prototype.
PAR  In this converter the strings of avalanche diodes do not provide for
      voltage sharing among series-coupled thyristors, but only limit the
      non-uniformity of voltage distribution.
PAR  The opposition-coupled avalanche diodes, forming banks shunting the
      protected thyristors, limit the voltage across the thyristors to the value
      of the avalanche diode breakdown voltage chosen to be below the inflexion
      point on the thyristor current-voltage characteristic.
PAR  Since the avalanche diodes are connected in mutual series opposition, the
      voltage-limiting effect is obtained for voltages of both polarities.
PAR  The voltage across the thyristors is also limited by switching the
      three-phase converter bridge arms.
PAR  It should be noted that avalanche diodes employed instead of R-C strings
      reduce the probability of thyristor damage under the possible effect of
      their resistance fluctuation in operation.
PAR  Thus, avalanche diodes limit the value of voltage across the thyristors
      under conditions of normal steady-state operation with forward and reverse
      voltage impressed on the thyristor string, when the voltage is distributed
      among the string elements non-uniformly due to non-matching turned-off
      thyristor resistances; during the thyristor string turning-on process
      when, due to firing time spread, forward voltage is applied to the slow
      thyristors; during the thyristor string turning-off process when, due to
      thyristor turning-off time spread, reverse voltage is first impressed on
      the fastest (first-off) thyristors.
PAR  Nevertheless, voltage overshoot protection of the thyristors of said
      converter should be provided by surge arrestors, and the number of
      series-coupled thyristors must be chosen on the basis of the upper surge
      arrestor breakdown voltage, i.e., converter reliability is raised at the
      expense of its weight, size, cost and power losses.
PAR  It is an object of the present invention to provide means of overvoltage
      protection for the thyristors of a high-voltage controlled converter,
      which would ensure reliable operation of thyristors under conditions of
      overvoltage without increasing their number.
PAR  The invention is based on a new design of high-voltage converter thyristor
      overvoltage protection means which is sure to find wide application,
      particularly on high-voltage d.c. power transmission lines.
PAR  In carrying out the invention, there is provided means for overvoltage
      protection of the thyristors of a high-voltage controlled converter
      comprising at least two identical strings of thyristor modules, each of
      which is connected in parallel with an additional string including at
      least one bank of two opposition-series-coupled avalanche diodes; the
      surge arrestor of the invention is adapted to be controlled by the signals
      of a current overload sensor, with the latter's input connected in series
      relation with said additional string.
PAR  It is desirable that the control unit of said controlled surge arrestor be
      provided with a current-integration device the input of which will be
      coupled to the output of the current overload sensor.
PAR  It is also desirable to connect into the controlled surge arrestor circuit
      at least one uncontrolled surge arrestor in series therewith, with each
      two adjacent electrically connected electrodes of the controlled and
      uncontrolled surge arrestors coupled via a coupling resistance to two
      electrically connected anodes (cathodes) of the avalanche diodes of at
      least two adjacent banks of the additional string.
PAR  It is also desirable to connect at least one avalanche diode into the
      circuit of at least one thyristor module and one corresponding bank of the
      additional string.
PAR  The device according to the invention limits the overvoltage amplitudes
      across the string of series-coupled thyristor modules by the permissible
      voltage values and causes the controlled surge arrestor to operate in a
      selective manner in accordance with the overvoltage experienced by the
      system.
PAR  In the device of this invention the choice of the required number of
      thyristor modules is made on the basis of the operating voltage amplitude
      across the string of thyristor modules, rather than by the level of
      permissible overvoltages, which enables the number of modules to be
      minimized, with the consequent reduction of the cost, weight, size and
      power losses.
PAR  A device of this invention has been put to industrial tests and proved to
      be an effective means of overvoltage protection of high-voltage controlled
      converter thyristors on a 100-kV 150-A d.c. transmission line.
PAR  The device provided for reliable thyristor operation in a three-phase
      bridge converter under transient and emergency conditions at overvoltages
      amounting to a double or triple operating voltage amplitude.
PAR  The invention will be better understood from the following detailed
      description with reference to the accompanying drawings where, for the
      sake of clarity, use is made of concrete narrow terminology. Yet, the
      invention is not confined to the accepted narrow terms, and one should
      bear in mind that each term stands to cover all the equivalent elements
      operating on an analogous principle and employed to solve the same
      problems as are involved in the present invention.
PAR  Thus, for instance, the thyristor herein implies both the one-way and the
      double-way or fully controlled thyristor. The thyristor module stands to
      denote a single thyristor or several parallel-connected thyristors. The
      current overload sensor should be understood as a current transformer or
      any other kind of current overload sensors.
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PAR  It should also be borne in mind that the various objects and advantages of
      the present invention will be more fully appreciated from the description
      and the drawings, wherein:
PAR  FIG. 1 is a schematic circuit diagram of a device of overvoltage protection
      of a string of thyristor modules of a high-voltage controlled converter,
      comprising, by way of example, one thyristor, and employing a controlled
      surge arrestor;
PAR  FIG. 2 is a schematic circuit diagram of the overvoltage protection device
      shown in FIG. 1 comprising a multi-electrode controlled surge arrestor;
PAR  FIG. 3 is a schematic circuit diagram of the overvoltage protection device
      of FIG. 1 comprising additional opposition-series avalanche diodes in
      thyristor modules and string banks.
DETD
PAR  According to the invention, an apparatus for protecting the thyristors of a
      high-voltage converter from overvoltage is coupled into each arm of a
      three-phase converter and comprises a string 1 (FIG. 1) of series-coupled
      thyristor modules 2a-2n in shunt with an additional string 3 of banks each
      of which is defined by a pair of opposition-series avalanche diodes 4a-4n,
      5a-5n. A controlled surge arrestor 8 is connected with its terminals 6, 7
      in parallel to the strings 1, 3.
PAR  The input terminal of a current overload sensor 9 is connected in parallel
      to the string 3, the former being the primary winding of a current
      transformer, with the secondary winding thereof connected to the input of
      a current integrator 10 of a control unit 11 of the surge arrestor 8.
PAR  The current integrator 10 comprises a rectifier 12 built around diodes
      13-16.
PAR  The output of the rectifier 12 through a resistor 18 is connected to a
      storage capacitor 17. The capacitor 17 is paralleled by a resistor 19.
PAR  The output terminal of the current integrator 10 is coupled to the control
      electrode of a thyristor 20 through a coupling diode 21, a dinistor 22 and
      a balast resistor 23 as well as to the cathode of the thyristor 20.
PAR  To the cathode of the diode 21 and the anode of the dinistor 22 is
      connected the cathode of a diode 24, and to its anode is connected a
      string comprising a capacitor 25 and of a Zener diode 26 in parallel
      relation, with the Zener diode anode and the free plate of the capacitor
      25 connected to the cathode of the thyristor 20, whereas a d.c. voltage
      source 27 is coupled in parallel with the Zener diode 26.
PAR  The thyristor 20 is connected into a circuit including a primary winding 28
      of a pulse transformer 29 and a capacitor 30, the latter connected through
      a resistance 31 to a d.c. voltage source 32.
PAR  A secondary winding 33 of the pulse transformer 29 is coupled to the main
      terminal 7 and an ignitor electrode 34 of the controlled surge arrestor 8.
PAR  Under normal conditions of converter operation the voltage across the
      string 1 does not exceed the total avalanche breakdown voltage of the
      in-phase avalanche diodes 4a-4n or 5a-5n (depending on the polarity of the
      voltage applied to the string) hence, all the in-phase diodes cannot
      operate simultaneously in an avalanche mode. The current flowing through
      the primary of the current transformer (current overload sensor 9) is an
      avalanche diode leakage current insufficient to energize the surge
      arrestor 8 of the control unit 11.
PAR  When overvoltages arise in the converter, the voltage across the thyristor
      string rises to the total avalanche breakdown voltage of the diodes 4a-4n
      or 5a-5n, whereupon all the in-phase diodes commence operating in an
      avalanche mode, and the voltage across the string 1 stops rising. The
      circuit 3 of avalanche diodes starts conducting overload current with an
      amplitude and duration thereof depending on the electric parameters of the
      converter and the type of fault. This current may attain a value of scores
      and even hundreds of amperes.
PAR  The overvoltage protection means of this invention is capable of limiting
      voltage across the thyristor string 1 and across each of the thyristors
      2a-2n subjected to overvoltage until the energy generated in the avalanche
      diodes 4a-4n or 5a-5n has surpassed a permissible value or until the
      current through the avalanche diodes has reached a breakdown value.
PAR  In this case the unit 11 generates a signal energizing the controlled surge
      arrestor 8 which fully or partially removes voltage from the thyristor
      string 1.
PAR  Since the avalanche diode breakdown voltage of the string 3 may be
      considered in the first approximation as invariable, the energy generated
      in the diodes operating in an avalanche mode is proportional to the
      integral of current flowing through the diodes, that is to say the amount
      of electricity through the string 3.
PAR  The energy generated in the string 3 is sporadically compared with the
      permissible value in the unit 11. For this purpose the control unit 11 is
      furnished with the built-in integrator 10 which sporadically integrates
      current in the string 3. Integration is carried out by the storage
      capacitor 17, charged through the bridge rectifier 12 comprising the
      diodes 13-16 with the current through the string 3 which is fed to the
      input of the current integrator 10 from the secondary winding of the
      current transformer (current overload sensor 9).
PAR  The voltage across the capacitor 17 is proportionate to the energy
      generated in the string 3. The dinistor 22 switching voltage is the
      voltage setting. As soon as the voltage across the capacitor 17 and
      resistor 18 attains the dinistor 22 switching voltage value, the dinistor
      22 commences conduction and provides a circuit for the discharge of an
      auxiliary capacitor 25 precharged from a source 27. The circuits of the
      capacitors 17 and 25 are decoupled by diodes 21 and 24. The voltage across
      the capacitor 25 is stabilized by the Zener diode 26, this voltage being
      substantially lower than the switching voltage of the dinistor 22. The
      discharge of the capacitor 25 forms a pulse which through the coupling
      diode 22 and the limiting resistor 23 triggers the thyristor 20. As the
      thyristor 20 is triggered, the capacitor 30 precharged from the source 32
      through the resistor 31 is discharged through the primary winding 28 of
      the step-up pulse transformer 29, the secondary winding 33 thereof being
      coupled to the ignitor electrode 34 and the main terminal 7 of the surge
      arrestor 8.
PAR  The control unit 11 is adjusted in such a way as to cause the dinistor 22
      to switch either as a result of generation in the string 3 of the maximum
      allowable energy, or else if the value of current through the avalanche
      diodes of the string 3 exceeds, if only for a short time, a certain
      predetermined magnitude, which arrangement helps protect the avalanche
      diodes from electric breakdown due to excessive current.
PAR  The resistor 18 of the integrator 10 serves for adjustment for current
      cut-off operation, whereas the resistor 19 serves for sporadically
      discharging the capacitor 17.
PAR  In case the energy dissipated in the diodes of the string 3 does not exceed
      an allowable value and the value of current does not exceed the cut-off
      setting, the discharger 8 will not be rendered operative. Then the
      protective function of the device will be just to limit the overvoltage
      across the thyristor string 1 to the permissible value of the total
      breakdown voltage of the avalanche diodes of the string 3. Overvoltages of
      this variety include practically all overvoltages caused by failures in
      the converter proper.
PAR  However, overvoltages resulting from emergency voltage overshoots on power
      transmission lines (for example, in cases when a rectifier operates into a
      non-conducting inverter) or from excessive voltages in a.c. systems (for
      example, when high-power transformers are switched to a no-load condition)
      may be beyond the overvoltage-suppression capability of this device, for
      the energy-dissipation duty imposed on the diode string 3 could exceed its
      rating.
PAR  Then the control unit 11 gives off a signal triggering the surge arrestor
      8. The controlled surge arrestor operation in such a case should be
      regarded as correct functioning of the protection device.
PAR  In designing protecting apparatus, high demands must be placed on the
      reliability of the thyristors of the module 2n which is essential for
      actuating the current sensor 9. The thyristors of the module 2n must be
      switched on, reliably and without delay, by control pulses. Failure or
      delay in the operation of the thyristors 2n would allow current of the
      power circuit to flow through the sensor 9, which may result in a false
      signal being generated to actuate the surge arrestor 8.
PAR  Further measures are to be taken to prevent the switching over of the
      anodes of the thyristors 2n under the effect of surges of the forward
      voltage. If the anodes of the thyristors 2n are actuated by overvoltage in
      the converter, the current sensor 9 is shunted, which is likely to cause
      failure of the protecting apparatus.
PAR  The protecting apparatus is also likely to fail upon the breakdown of the
      thyristors 2n. To enhance the reliability of the protecting apparatus, it
      is expedient to provide at least one additional set of a current sensor 9
      and a control unit 11, for instance, in an adjacent thyristor cell 2n-1.
PAR  The device described above (FIG. 1) is recommended for converters having an
      output voltage of the order of 100 kV, the voltage of both polarities
      applied to the thyristor strings having the same amplitude.
PAR  Converters having an output voltage in excess of 100 kV should preferably
      be provided with an overvoltage-suppression device having a
      multi-electrode controlled surge arrestor 35 (FIG. 2) comprising the
      controlled surge arrestor 8, with one or several uncontrolled surge
      arrestors 36 (FIG. 2 shows one uncontrolled surge arrestor) connected in
      series therewith depending on the converter voltage rating. Each pair of
      adjacent electrically coupled electrodes of the surge arrestors 8 and 36
      are coupled, through a coupling resistor 37, to two electrically coupled
      anodes (cathodes) of the avalanche diodes of at least two adjacent banks
      of the string 3.
PAR  The breakdown voltage of the in-phase avalanche diodes shunting the
      discharge spacing must be smaller than the breakdown voltage of this
      spacing if the surge arrestor 8 is not fired.
PAR  The maximum voltage across the discharge spacings is rigorously maintained
      at a constant value which is attained by parallel connection of avalanche
      diode banks. This feature improves the multiplicity factor of the surge
      arrestor voltage operation. The sequential breakdown of the interelectrode
      discharge spacings of the surge arrestor following ignitor breakdown
      reduces the time of operation and improves reliability.
PAR  For converters where the reverse voltage amplitude across thyristor strings
      exceeds the forward voltage amplitude (as, for example, in single-bridge
      low-power converters) the strings 1,3 of thyristors and protective
      avalanche diodes should be preferably arranged to include, respectively,
      additional avalanche diodes 38a-38m and 39a-39m (FIG. 3).
PAR  This arrangement conduces to a reduced number of series thyristor modules
      in a string. The number of thyristor modules having additional avalanche
      diodes depends on the forward and reverse voltage amplitude ratio at the
      input of the strings.
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STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for protecting the thyristors of a high-voltage controlled
      converter against overvoltage, the thyristors forming a string of
      successively connected thyristor modules each of which includes at least
      one power thyristor, for instance, for use in direct current power
      transmission lines, comprising:
PA1  at least one additional string comprising at least one bank formed by two
      avalanche diodes connected in series opposition and connected parallel to
      the string of thyristor modules;
PA1  said additional string limiting the value of voltage applied to the
      thyristor modules; and
PA1  at least one surge arrestor adapted to be controlled by the signals from a
      current sensor, with the input thereof connected in the circuit of said
      additional string;
PA1  said controlled surge arrester limiting, in accordance with signals from
      the current sensor, the value of voltage across the additional string in
      case of overvoltage.
NUM  2.
PAR  2. Means for protecting the thyristors of a high-voltage controlled
      converter from overvoltage, as of claim 1, comprising:
PA1  a control unit of said controlled surge arrestor furnished with a current
      integrator, with a current overload sensor coupled to the input thereof;
PA1  said unit, integrating the magnitude of current in the additional string
      and giving off signals causing a breakdown of the spacing between the
      additional and working electrodes of the controlled surge arrestor with
      the resultant breakdown of the discharge spacing between the working
      electrodes thereof which leads to a voltage drop across the additional
      string.
NUM  3.
PAR  3. An apparatus for protecting the thyristors of a high-voltage controlled
      converter from overvoltage, as of claim 2, wherein:
PA1  at least one uncontrolled surge arrestor is coupled into the controlled
      surge arrestor circuit in series therewith;
PA1  said uncontrolled surge arrestor increasing the surge arrestor breakdown
      voltage;
PA1  a coupling resistor coupled to two electrically connected anodes (cathodes)
      of the avalanche diodes of at least two adjacent banks of the additional
      string, and to two adjacent electrically connected electrodes of the
      controlled and uncontrolled surge arrestors;
PA1  said resistor arranged to divide voltage among the individual surge
      arrestors with the help of the additional string.
NUM  4.
PAR  4. An apparatus for protecting the thyristors of a high-voltage controlled
      converter from overvoltage, as of claim 2, wherein:
PA1  at least one avalanche diode is coupled into the circuit of at least one
      thyristor module of the thyristor string and one corresponding bank of the
      additional string;
PA1  said avalanche diode arranged to reduce the required number of thyristor
      modules in a string in case the reverse voltage amplitude across the
      thyristor strings exceeds the forward voltage amplitude.
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ABST
PAL  A DC voltage source of amplitude below the DC voltage requirement of a load
      to be energized drives a pair of complementary transistors which are
      alternately turned on and off to apply supply voltage alternately to each
      of two capacitors connected in series. The sum voltage of the two
      capacitors is applied, in one embodiment, directly to a voltage regulator
      and filtered and, in another embodiment, is added to the DC source voltage
      prior to being regulated and filtered. The converter output is
      capacitively coupled to the DC supply voltage, thus furnishing a common AC
      connection.
PARN
PAR  This is a continuation-in-part of application Ser. No. 418,236 filed Nov.
      23, 1973, and now abandoned.
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PAC  INTRODUCTION
PAR  This invention relates to DC voltage amplitude converters, and more
      particularly to DC voltage doublers and triplers having well-regulated
      output voltage.
PAR  Portable battery-operated devices, of which many types are commonly used
      throughout the world, have never been standardized to operate from a
      single power supply voltage. Different types of apparatus usually require
      different power supply voltage levels, and different manufacturers of
      similar apparatus frequently establish different power supply voltage
      levels for their products.
PAR  Often the need to employ a power supply of higher voltage level may be met
      by increasing the total number of battery cells to be used with the
      product. Since the cells that are used in portable devices requiring
      sufficient current to drive a motor are usually rated at 1.5 volts each,
      the number of cells required to furnish rated DC voltage to some portable
      battery-operated devices may become so great as to detract from the
      portability or small size of the device. It is under such circumstances
      that DC to DC voltage converters may advantageously be incorporated into
      these devices to step up the DC level furnished by the power supply
      without requiring additional battery cells.
PAR  Because some portable battery-operated devices require rather precise
      levels of voltage for proper operation, it heretofore has often been
      unfeasible to employ converters in such apparatus because of their
      inadequate voltage regulation characterisics. The present invention,
      however, is directed to a DC to DC voltage converter which exhibits close
      regulation of its output voltage.
PAR  Accordingly, one object of the invention is to provide a DC to DC voltage
      converter that maintains a well-regulated level of output voltage.
PAR  Another object is to provide a DC voltage doubler capable of conducting
      alternating current between the voltage source and the load.
PAR  Another object is to provide a DC voltage tripler capable of conducting
      alternating current between the voltage source and the load.
PAR  Another object is to provide a transformless DC to DC converter empolying
      complementary transistors to charge each one of a pair of capacitors in
      alternate manner.
PAR  Briefly, in accordance with a preferred embodiment of the invention, a DC
      to DC voltage converter comprises pulse generator means, and gating means
      coupled to the pulse generator means. First and second charge storage
      means are coupled to the gating means. The gating means furnishes a
      current path to the first charge storage means in response to a
      positive-going change in voltage produced by the pulse generator means and
      furnishes a current path to the second charge storage means in response to
      a negative-going change in voltage produced by the pulse generator means.
      Output circuit means are connected in series with the first and second
      charge storage means, the first and second charge storage means being
      connected in series-aiding relationship.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the invention believed to be novel are set forth with
      particularity in the appended claims. The invention itself, however, both
      as to organization and method of operation, together with further objects
      and advantages thereof, may best be understood by reference to the
      following description taken in conjunction with the accompanying drawing
      in which:
PAR  FIG. 1 is a schematic diagram of one embodiment of a DC to Dc voltage
      converter constructed in accordance with the instant invention; and
PAR  FIG. 2 is a schematic diagram of another embodiment of a DC to DC voltage
      converter constructed in accordance with the instant invention.
DETD
PAC  DESCRIPTION OF TYPICAL EMBODIMENTS
PAR  FIG. 1 illustrates a DC to DC voltage converter including an astable
      multivibrator 10 of conventional configuration. Thus the multivibrator
      comprises first and second active elements 11 and 12 respectively, such as
      NPN transistors, each with its emitter electrode connected to the negative
      side of a power supply 9, its collector electrode connected through a load
      resistance 13 and 14, respectively, to the positive side of the power
      supply, and its base electrode connected through a bias resistance 15 and
      16, respectively, to the positive side of the power supply. In addition, a
      coupling capacitor 17 is connected between the collector of transistor 12
      and the junction of the base of transistor 11 and resisttance 15, and a
      coupling capacitor 18 is connected between the collector of transistor 11
      and the junction of the base of transistor 12 and resistance 16. An AC
      signal source 35 may be connected so as to be energized by power supply 9.
PAR  The collector of transistor 12, representing the output of multivibrator
      10, is connected to the base electrode of each of transistors 20 and 21.
      Transistors 20 and 21 are of complementary configuration, transistor 20
      being of the NPN type and transistor 21 being of the PNP type. The
      collector electrode of transistor 20 is connected to the positive side of
      power supply 9 while the collector electrode of transistor 21 is connected
      to the negative side of the power supply. The emitter electrodes of
      transistors 20 and 21 are connected in common to one side of each of a
      pair of capacitances 22 and 23. A diode 24 is connected in the
      forward-biased direction between the collector of transistor 20 and the
      other side of capacitance 22, while a diode 25 is connected in the
      forward-biased direction between the collector of transistor 21 and the
      other side of capacitance 23.
PAR  Connected in series across the series combination of capacitances 22 and 23
      are a resistance 26, a zener diode 27, and a diode 28, the cathode of
      diode 28 being connected to the anode of diode 25 and the anode of diode
      28 being connected to the anode of zener diode 27. The base electrode of
      an NPN transistor 30 is connected to the junction of resistance 26 and the
      cathode of zener diode 27, while the collector electrode of transistor 30
      is connected to the cathode of diode 24. A filter capacitance 31 is
      connected between the emitter electrode of transistor 30 and the junction
      of the anodes of diodes 27 and 28. DC output vltage is provided across
      capacitance 31 from transistor 30, operated in an emitter follower
      configuration, to a load 34. If load 34 is a signal processor, such as an
      AC signal amplifier energized by the voltage across capacitance 31, output
      signals from AC signal source 35 are supplied to the input of amplifier
      34. A coupling capacitance 33 is connected between the cathode of diode 25
      and the anode of diode 28.
PAR  During operation of the DC to DC converter of FIG. 1, multivibrator 10
      produces pulses at the collector of transistor 12 in a well-known manner.
      Assuming transistor 11 is nonconductive and transistor 12 is conductive at
      any given instant of time, the collector-to-emitter voltage on transistor
      12 is approximately zero and the collector-to-emitter voltage on
      transistor 11 is approximately equal to the voltage of power supply 9.
      Under these conditions, collector current drawn by transistor 12 causes
      current to flow through resistances 14 and 15, in turn causing a charge
      buildup on capacitance 17 tending to bias the base of transistor 11
      positive.
PAR  When capacitance 17 has charged through resistance 15 to a sufficiently
      high voltage, transistor 11 becomes conductive and draws collector current
      through resistances 13 and 16. Base voltage on transistor 12 thus drops to
      a low value, switching the transistor into its nonconductive condition.
      Collector voltage thereupon rises sharply on transistor 12, producing a
      positive-going voltage thereon. Subsequently, capacitance 18 acquires a
      charge tending to bias the base of transistor 12 positive.
PAR  When capacitance 18 has charged through resistance 16 to a sufficiently
      high voltage, transistor 12 again becomes conductive, drawing current
      through resistance 14 so that collector voltage abruptly drops to
      approximately zero. At that time, a negative-going voltage is produced on
      the collector of transistor 12, and transistor 11 is driven into
      nonconduction. These cycles repeatedly continue as long as multivibrator
      10 remains energized, producing a series of positive pulses on the
      collector of transistor 12 of amplitude approximately equal to that of
      power supply 9.
PAR  Transistor 20 is rendered conductive whenever a positive voltage is applied
      to its base, while transistor 21 is rendered conductive whenever its base
      voltage is approximately zero. Conduction of transistor 20 causes current
      flow through capacitance 23 and diode 25, while conduction of transistor
      21 causes current flow through capacitance 22 and diode 24. Thus it is
      evident that the voltages which build up across capacitances 22 and 23 are
      in series-aiding relationship. Moreover, the amplitude of voltage on each
      of capacitances 22 and 23 approaches that of the power supply due to the
      low series voltage drop across either of transistors 20 and 21, when in
      the conductive state, and the associated forward-biased diode 25 or 24,
      respectively. When capacitances 22 and 23 are charged so that their total
      voltage amplitude exceeds that of power supply 9, diodes 24 and 25 prevent
      them from discharging back to the power supply. Diodes 24 and 25 also
      prevent capacitances 22 and 23, respectively, from discharging through
      transistors 20 and 21, repsectively, when the transistor is in a
      conductive condition.
PAR  The total voltage across capacitances 22 and 23, which is approximately
      double the voltage of power supply 9, is applied across the series
      combination of resistance 26, zener diode 27, and forward-biased diode 28.
      The size of resistance 26 is selected to cause diode 27 to operate in its
      reverse breakdown state so as to maintain a constant voltage on the base
      of transistor 30 irrespective of the amount of current flow through
      resistance 26. Because the voltage across the base to emitter junction of
      a transistor is approximately constant when the transistor is energized,
      it follows that even though the resistance of load 34 may vary within a
      given range, the voltage across the load is maintained essentially
      constant in accordance with the base to emitter voltage on transistor 30
      which remains essentially constant.
PAR  Filter capacitance 31, typically of the electrolytic type, serves to filter
      transient currents produced by multivibrator 10, from the output of the
      circuit. This keeps multivibrator-produced transient currents from
      adversely affecting operation of the load. Additionally, capacitance 31
      filters pulses that would otherwise appear at the load as a result of
      repetitively charging and discharging capacitances 22 and 23.
PAR  Coupling capacitance 33 is preferably of relatively large size in order to
      produce a low impedance alternating current path between voltage source 9
      and load 34 if and when desired, bypassing diodes 25 and 28. This AC path
      allows alternating current, separately applied directly to load 34 from AC
      signal source 35, to return to AC source 35 from the load. Capacitaance 31
      filters pulses created by the on-and-off switching of diode 28, along with
      any transients associated with such pulses. Those skilled in the art will
      recognize that, as an alternative embodiment, an AC signal source may be
      substituted for load 34 and supply AC signals to a signal processing
      circuit substituted for AC signal source 35, where circumstances warrant.
PAR  Diode 28 prevents capacitance 33 from discharging therethrough when
      transistor 20 becomes conductive. This production occurs because, when
      transistor 21 becomes conductive, the cathode voltage of diode 25 remains
      unchanged, while the anode voltage on diode 25 and cathode voltage on
      diode 28 drops by an amount equal to the voltage across capacitance 23
      (neglecting the collector-to-emitter voltage drop across transistor 21),
      which is almost equal to the voltage of power supply 9. Diode 25 is thus
      reverse-biased. At the same time, the anode voltage of diode 28 is driven
      negative as capacitance 33 acquires a charge caused by discharge of
      capacitance 23 through transistor 21 and diode 28 in series. When
      transistor 21 is next driven into nonconduction and transistor 20 into
      conduction, diode 24 becomes reverse-biased and the anode voltage on diode
      25 and cathode voltage on diode 28 rises by an amount equal to the voltage
      across capacitance 22 (neglecting the collector-to-emitter voltage drop
      across transistor 20), which is almost equal to the voltage of power
      supply 9. Diode 25 is thus once again forward-biased. At the same time,
      the anode of diode 28 is maintained at a negative voltage by virtue of the
      charge acquired by capacitance 33 during the conduction interval of
      transistor 21. Thus diode 28 is maintained reverse-biased during the
      conduction interval of transistor 20 and thereby substantially prevents
      capacitance 33 from discharging therethrough during the conduction
      interval of transistor 20. Hence when transistor 21 is next driven into
      conduction, the voltage stored on capacitance 33 prevents any substantial
      discharge therethrough from capacitance 23, insuring that the voltage
      stored on capacitance 23 will remain sufficient high to drive the load
      with proper voltage amplitude at all times.
PAR  It should be noted that load 34 need not be responsive to signals from an
      AC signal source 35. In such case, AC signal source 35 is not employed,
      and there would be no need for capacitance 33, while a conductive
      connection would be substituted for diode 28.
PAR  In the voltage converter of FIG. 2, astable multivibrator 10, of circuit
      configuration as illustrated in FIG. 1, is energized by power supply 9. AC
      signal source 35 may also be connected for energization by power supply 9.
PAR  The output of multivibrator 10 is connected to the base electrode of each
      of complementary transistors 20 and 21. The collector electrode of
      transistor 20 is connected to the positive side of power supply 9 while
      the collector electrode of transistor 21 is connected to the negative side
      of the power supply. The emitter electrodes of transistors 20 and 21 are
      connected in common to one side of each of capacitances 22 and 23. Diode
      24 is connected in the forward-biased direction between the collector of
      transistor 20 and the other side of capacitance 22, while diode 25 is
      connected in the forward-biased direction between the collector of
      transistor 21 and the other side of capacitance 23. Thus far described,
      the circuitry of FIG. 2 is substantially identical to that of FIG. 1.
PAR  The cathode of diode 28 is connected to the anode of diode 25 as in the
      embodiment of FIG. 1, while the anode of a diode 40 is connected to the
      cathode of diode 24. A first storage capacitance 41 is connected between
      the anode of diode 28 and the cathode of diode 25, while a second storage
      capacitance 42 is connected between the anode of diode 24 and the cathode
      of diode 40. A third storage capacitance 43 is connected between the anode
      of diode 28 and the cathode of diode 40. Resistance 26 and zener diode 27
      are connected in series between the anode of diode 28 and the cathode of
      diode 40, the anode of zener diode 27 being connected to the anode of
      diode 28. The base electrode of transistor 30 is connected to the junction
      of resistance 26 and the cathode of zener diode 27, while the collector
      electrode of transistor 30 is connected to the cathode of diode 40. Filter
      capacitance 31 is connected between the emitter electrode of transistor 30
      and the anode of diode 28. DC output voltage is provided across
      capacitance 31 from transistor 30, operated in an emitter follower
      configuration, to load 34. Since load 34 is typically a signal processor,
      such as an AC signal amplifier energized by the voltage across capacitance
      31, output signals from signal source 35 are supplied to the input of
      amplifier 34.
PAR  During operation of the DC to DC converter of FIG. 2, multivibrator 10
      produces positive pulses as described in conjunction with the circuit of
      FIG. 1, NPN transistor 20 being rendered conductive whenever a positive
      voltage is applied to its base and PNP transistor 21 being rendered
      conductive whenever its base voltage is approximately zero. When
      transistor 21 becomes conductive, drawing collector-to-emitter current
      through diode 24 and capacitance 22 in series, the cathode voltage of
      diode 25 remains unchanged, while the anode voltage on diode 25 and
      cathode voltage on diode 28 drops by an amount equal to the voltage across
      capacitance 23 (neglecting the emitter-to-collector voltage drop across
      transistor 21), which is almost equal to the voltage of power supply 9.
      Diode 25 is thus reverse-biased. At the same time, the anode voltage of
      diode 28 is driven negative as capacitance 41 acquires a charge from
      capacitance 23 discharging through transistor 21 and diode 28 in series.
      In this fashion, capacitance 41 acquires a DC voltage substantially equal
      in amplitude to the voltage of power supply 9.
PAR  When transistor 21 is next driven into nonconduction and transistor 20 into
      conduction drawing emitter-to-collector current through capacitance 23 and
      diode 25 in series, diode 24 becomes reverse-biased since the anode
      voltage of diode 24 remains unchanged, while the cathode voltage on diode
      24 and anode voltage on diode 40 is increased by an amount equal to the
      voltage across capacitance 22 (neglecting the collector-to-emitter voltage
      drop across transistor 20), which is almost equal to the voltage of power
      supply 9 after but a few cycles of operation of multivibrator 10. At the
      same time, the cathode voltage of diode 40 is driven positive as
      capacitance 42 acquires a charge from capacitance 22 discharging through
      transistor 20 and diode 40 in series. In this fashion, capacitance 42
      acquires a DC voltage substantially equal in amplitude to the voltage of
      power supply 9.
PAR  When transistor 20 is again driven into nonconduction and transistor 21
      into conduction, diode 25 again becomes reverse-biased and the cathode
      voltage on diode 24 and anode voltage on diode 40 drops by an amount equal
      to the voltage across capacitance 23 (neglecting the emitter-to-collector
      voltage drop across transistor 21), which is almost equal to the voltage
      of power supply 9. Diode 24 is thus once again forward-biased.
      Consequently, capacitance 43 becomes charged with a DC voltage equal to
      the sum of the voltages on capacitances 41 and 42 and the voltage of power
      supply 9, all of which are connected in series-aiding relationship,
      thereby reaching substantially three times the amplitude of voltage
      furnished by power supply 9. The polarity of voltage on capacitance 43 is
      such that diodes 40 and 28 prevent discharge through capacitances 22 and
      23, respectively, and, in conjunction with diodes 24 and 25, respectively,
      also prevent discharge of capacitance 43 back through power supply 9.
PAR  The tripled voltage of power supply 9, appearing across capacitance 43, is
      applied across the series combination of resistance 26 and zener diode 27.
      The size of resistance 26 is selected to cause diode 27 to operate in its
      reverse breakdown state so as to maintain a constant voltage on the base
      of transistor 30 irrespective of the amount of current flow through
      resistance 26. Because the voltage across the base to emitter junction of
      transistor 30 is thus approximately constant, the voltage across load 34
      is maintained essentially constant.
PAR  Filter capacitance 31 serves to filter transient currents produced by
      multivibrator 10, from the output of the circuit so as to keep such
      currents from adversely affecting operation of the load. Capacitance 31
      also filters pulse that would otherwise appear at the load as a result of
      repetitively charging and discharging capacitances 22 and 23 and storage
      capacitances 41, 42 and 43, including pulses created by the on-and-off
      switching of diodes 28 and 40 along with any transients associated with
      such pulses.
PAR  Storage capacitances 41 and 42 are preferably of relatively large size in
      order to produce a low impedance alternating current path between voltage
      source 9 and load 34 if and when desired, bypassing diodes 25 and 28. This
      AC path allows alternating current, separately applied directly to load 34
      from AC signal source 35, to return to AC source 35 from the load. Storage
      capacitance 43 adds filtering to the circuit. As an alternative
      embodiment, an AC signal source may be substituted for load 34 and supply
      AC signals to a signal processing circuit substituted for AC signal source
      35, where circumstances warrant.
PAR  When diode 25 is forward-biased during conduction of transistor 20, the
      anode of diode 28 is maintained at a negative potential by virtue of the
      charge previously acquired by capacitance 41 during the conduction
      interval of transistor 21. Thus diode 28 is maintained reverse-biased
      during the conduction interval of transistor 20. When transistor 21 is
      next driven into conduction, the voltage stored on capacitance 41 prevents
      any appreciable discharge therethrough from capacitance 23, insuring that
      the voltage stored on capacitance 23 will remain sufficiently high to
      maintain proper voltage amplitude at all times on capacitance 41.
      Similarly, when diode 24 is forward-biased, the cathode of diode 40 is
      maintained at a positive potential by virtue of the charge previously
      acquired by capacitance 42 during the conduction interval of transistor
      20. Thus diode 40 is maintained reverse-biased during the conduction
      interval of transistor 21. When transistor 20 is next driven into
      conduction, the voltage stored on capacitance 42 prevents any appreciable
      discharge therethrough from capacitance 22, insuring that the voltage
      stored on capacitance 22 will remain sufficiently high to maintain proper
      voltage amplitude at all times on capacitance 42. Thus the voltage stored
      across capacitances 22 and 23 in series is not directly applied to the
      load since diodes 40 and 28 conduct on alternate half cycles,
      respectively, of the multivibrator output voltage.
PAR  The foregoing describes a DC to DC voltage converter that maintains a
      well-regulated level of output voltage. The converter, which may be
      operated as either a doubler or tripler of DC voltage, capable of
      conducting alternating current between the voltage source and the load, is
      transformerless and employs complementary transistors to charge each one
      of a pair of capacitances in alternate manner.
PAR  While only certain preferred features of the invention have been shown by
      way of illustration, many modifications and changes will occur to those
      skilled in the art. It is, therefore, to be understood that the appended
      claims are intended to cover all such modifications and changes as fall
      within the true spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A DC to DC voltage converter for use with a load which is also
      responsive to an AC source comprising:
PA1  pulse generator means;
PA1  gating means coupled to said pulse generator means;
PA1  first and second charge storage means coupled to said gating means, said
      gating means furnishing a current path to said first charge storage means
      in response to a positive-going change in voltage produced by said pulse
      generator means and furnishing a current path to said second charge
      storage means in response to a negative-going change in voltage produced
      by said pulse generator means;
PA1  output circuit means connected in series with said first and second charge
      storage means, said output circuit means including voltage regulator
      means, said first and second charge storage means being connected in
      series-aiding relationship;
PA1  capacitance means coupling said output circuit means to said pulse
      generating means; and
PA1  unidirectional conducting means coupling said first charge storage means to
      said voltage regulator means and poled so as to be reverse-biased each
      time said gating means furnishes a current path to said first charge
      storage means and thereby prevent said capacitance means from discharging
      through said unidirectional conducting means at said time.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said gating means comprises first and
      second transistors each having a base electrode, an emitter electrode, and
      a collector electrode, each of said collector electrodes being coupled to
      one side of each of said first and second charge storage means,
      respectively, each of said base electrodes being connected to said pulse
      generator means, and each of said emitter electrodes being connected in
      common to the other side of each of said first and second charge storage
      means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said pulse generator means comprises an
      astable multivibrator having first and second active elements, and first
      transistor being rendered conuctive and said second transistor
      nonconductive in response to a rise in voltage across said first active
      element and said second transistor being rendered conductive and said
      first transistor nonconductive in response to a rise in voltage across
      said second active element.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said first and second transistors are
      of complementary configuration and said base electrodes are connected in
      common.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said first and second transistors are
      of complementary configuration and each of said base electrodes is
      connected to said first active element.
NUM  6.
PAR  6. A converter for increasing voltage amplitude furnished from a DC power
      supply, said converter comprising:
PA1  pulse generator means;
PA1  gating means coupled to said pulse generator means;
PA1  first and second charge storage means coupled to said gating means, said
      gating means furnishing a charging current path to said first charge
      storage means in response to a change in voltage of one polarity direction
      produced by said pulse generator means and furnishing a charging current
      path to said second charge storage means in response to a change in
      voltage of opposite polarity direction produced by said pulse generator
      means;
PA1  third charge storage means coupled to said gating means, said gating means
      furnishing a current path from said first charge storage means to said
      third charge storage means in response to said change in voltage of
      opposite polarity direction produced by said pulse generator means; and
PA1  output circuit means connected in series with said third charge storage
      means, said third charge storage means being connected in series-aiding
      relationship with said power supply.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said output circuit means includes
      voltage regulator means.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said gating means comprises first and
      second transistors each having a base electrode, an emitter electrode, and
      a collector electrode, each of said collector electrodes being coupled to
      one side of each of said first and second charge storage means,
      respectively, each of said base electrodes being connected to said pulse
      generator means, and each of said emitter electrodes being connected in
      common to the other side of each of said first and second charge storage
      means.
NUM  9.
PAR  9. The apparatus of claim 6 including fourth charge storage means coupled
      to said gating means, said gating means further furnishing a current path
      from said second charge storage means to said fourth charge storage means
      in response to said change in voltage of one polarity direction produced
      by said pulse generator means, said fourth charge storage means being
      connected in series with said output circuit means and in series-aiding
      relationship with said power supply and said third charge storage means.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said output circuit means includes
      voltage regulator means.
NUM  11.
PAR  11. The apparatus of claim 9 wherein said gating means comprises first and
      second transistors each having a base electrode, an emitter electrode, and
      a collector electrode, each of said collector electrodes being coupled to
      one side of each of said first and second charge storage means,
      respectively, each of said base electrodes being connected to said pulse
      generator means, and each of said emitter electrodes being connected in
      common to the other side of each of said first and second charge storage
      means.
NUM  12.
PAR  12. The apparatus of claim 9 including fifth charge storage means connected
      in parallel with said output circuit means.
NUM  13.
PAR  13. The apparatus of claim 10 including fifth charge storage means
      connected in parallel with said output circuit means.
NUM  14.
PAR  14. The aparatus of claim 11 including fifth charge storage means connected
      in parallel with said output circuit means.
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ABST
PAL  An improved method and apparatus for operating an inverter comprising two
      sub-inverters having their outputs connected with each other through a
      choke with a center tap in which the outputs are controlled such that two
      AC output voltages displaced in phase with respect to each other are
      applied to the choke. According to the present invention in order to
      minimize the voltage-time area at the choke, the two AC voltages are
      reversed in polarity within the range of the control angle at least once
      with reversals in the two voltages always taking place at the same time
      and in opposite directions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to inverters of the type comprising two
      sub-inverters in general and more particularly to an improved method and
      apparatus for controlling such an inverter so as to minimize the size of
      choke needed.
PAR  It has been recognized that by connecting in parallel two identical
      inverters, hereinafter referred to as sub-inverters, an inverter having an
      advantageous control characteristic can be constructed. Typically, the
      sub-inverters will be provided with thyristors or switching transistors
      used as controlled rectifiers. The advantage of a self-commutating
      inverter of a design of this nature is that on one hand the output power
      is increased and on the other hand, the output voltage can be controlled
      in fine steps by assigning an individual switching pattern to each
      sub-inverter.
PAR  The typical converter of this type comprises two three-phase sub-inverters
      having inputs connected to a DC voltage source. Typical of this type
      inverter is that described in the conference report "Conference Report,
      IEEE International Semiconductor Power Converter Conference," Baltimore,
      Md., USA, May 8 to 10, 1972, page 2-4-1 to 2-4-6., particularly FIG. 3.
      The respective output terminals of the sub-inverters are connected through
      a choke which has a center tap. The three-phase voltage output of the
      inverter is then taken off at the three center taps. The two AC output
      voltages provided as inputs to the choke are displaced with respect to
      each other by an adjustable control angle. The chokes insure that the AC
      output voltages are averaged. In this prior art inverter, the resulting
      voltage and thus, the voltage at the load is controlled by changing the
      control angle. A control unit is used to displace the control pulses which
      are provided to the sub-inverters with respect to each other such that the
      desired control angle and as a result, the desired voltage at the load is
      obtained. This method is referred to as the slewing method, addition
      method or the rotary transformer principle.
PAR  From the dissertation of H. Stemmler "Control Methods for Single- and
      Multi-pulse Subharmonic Inverters for the supply of Squirrel-Cage Rotor
      Motors," Rheinish-Westphalian Technical University Aachen, 1970, FIG.
      5/III.4 on page 363 and the accompanying description on page 81, the
      three-phase inverter described above is known but without the above
      mentioned slewing method. As described, a total of six single phase
      sub-inverters supplied from a common DC voltage source are provided. These
      are combined in pairs to form single-phase inverters with the two
      sub-inverters of a pair connected together through a suction coil with a
      center tap. The center taps of the three coils or chokes are connected to
      a Y-connected three phase rotating field machine. The magnetic design of
      each of the three chokes must be such that it can withstand the difference
      voltage time area of the AC output voltages of the two sub-inverters.
      Thus, each choke maintains a share of the DC voltage being supplied for
      certain time intervals. This requires that the choke be of considerable
      size in turn resulting in a large weight of the three inverters. This is a
      severe disadvantage, particularly where the volume and/or weight of the
      inverter must be kept as small as possible. An example of such an
      application is where the inverter is to be used for the propulsion of a
      self-propelled electric vehicle. In such a case, the smallest possible
      chokes must be used to save weight and at the same time, reduce cost.
PAR  Thus, it can be seen that there is a need for an inverter that offers the
      advantages of the slewing method as noted above but at the same time can
      be constructed using a smaller choke than would otherwise be necessary.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method of operating an inverter of this
      nature and a circuit arrangement for carrying out this operation which
      enables the minimum possible size or choke to be used, therefor resulting
      in a lightweight and inexpensive inverter.
PAR  This is accomplished according to the present invention by reversing the
      two AC output voltages applied to the two sides of the choke within the
      range of the control angle (during which time they have opposite polarity)
      at least once and carrying out this reversal so that the two voltages are
      always reversed at the same time and in opposite directions. By operating
      in this fashion when within the range of the control angle where positive
      and negative voltage time areas are generated, the voltage time areas are
      limited to a maximum width which is only a fraction of the control angle.
      This substantially reduces the magnetic stress which is applied to the
      choke permitting a choke design adapted for a smaller voltage time area.
      As a result, the size and thus the cost of the choke is substantially
      reduced.
PAR  A particular advantage of the method of the present invention is that the
      resulting voltage formed by the two AC voltages is not influenced by the
      reversals occuring within the range of the control angle. The output
      voltage is always zero during this period. As a result, the voltage at the
      output of the inverter can be, for full drive, the maximum theoretical
      value predetermined by the magnitude of the input voltage. Since the
      repeated reversal of the two AC voltages occurs only in the range of the
      control angle, the present system can be referred to as a partially pulsed
      inverter. Its switching frequency can be kept relatively low as compared
      to fully pulsed operation. As a result, the required equipment for
      controlling the inverter is much less than that required to control an
      inverter with the same range of control and which operates according to
      the prior art method of pulse width modulation using pulsed output
      voltages. As an example of such operation, see Siemens Zeitschrift Vol. 45
      (1971), no. 3, pages 154 to 161.
PAR  In accordance with a further feature of the present invention, the range of
      the control angle is sub-divided by the reversals of the two sub-inverters
      into a number of equal sections. This leads to a particularly simple
      design of the control unit since the reversing commands can then be given
      at equal time intervals. As the control angle changes, the time spacing
      between two reversals will also change with the number of sections being
      kept constant. In accordance with a further feature of the invention,
      proper operation of the inverter is insured by a type of operation such
      that, with a reduction of the control angle, the time spacing between two
      reversals is not allowed to fall below a lower limit which is determined
      essentially by the recovery time of the controlled rectifiers of the
      sub-inverters.
PAR  Such can be accomplished by switching the inverter off when the lower limit
      is reached. However, an interruption of operation of this nature can be
      avoided instead by reducing the number of sections when the control angle
      is reduced and the lower limit reached. This results in an increase of the
      width of the remaining sections so that there is no possibility of
      operation below the lower limit. On the other hand, if the control angle
      increases, the procedure is reversed and the number of sections increased
      in steps. Summarizing this further feature of the invention, it can be
      said that the number of sections into which the control angle region is
      divided changes as the control angle changes to always insure that the
      voltage time area at the choke is maintained at a minimum value which does
      not go below a predetermined lower limit.
PAR  In changing over the number of sections, it is preferable that the number
      be always increased or decreased by steps of one. As noted above, with
      increasing control angles, the number of sections between two respective
      reversals or switching operations can be increased in steps. It is
      preferable in this connection if a predetermined upper time limit which
      must not be exceeded in view of the choke design is established. Starting
      with these consideratiions in mind, a further feature of the method of the
      present invention provides that with decreasing operating frequency of the
      two sub-inverters and/or increasing control angle, an increase in the
      number of sections takes place whenever the time spacing between the two
      reversals has become equal to a predetermined upper limit. Preferably, the
      upper limit is chosen to be equal to twice the lower limit which as noted
      above is determined essentially by the recovery time of the controlled
      rectifiers of the sub-inverters.
PAR  A circuit for carrying out the method of the present invention is
      disclosed. In this circuit, a frequency generator provides two modified
      triangular voltages having equal frequency and amplitude but phase shifted
      relative to each other by one half their period. Two comparator means,
      each having a plurality of comparators have the modified triangular
      voltages and a number of fixed voltages comprising equal portions of a
      common control voltage obtained by means of a voltage divider as inputs.
      The outputs of the comparators are provided to two modulation means which
      from these inputs determine the timing of the desired AC voltages of the
      sub-inverters in the range of the control angle in such a manner that a
      reversal takes place each time one of the comparators is switched.
PAR  Details of the various circuits such as comparator circuits, voltage
      divider circuits and modulation means are disclosed in detail.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a block diagram of a three-phase inverter circuit having three
      inverters, each consisting of two sub-inverters along with control
      circuits for carrying out the method of the present invention.
PAR  FIGS. 2 through 5 are voltage-time diagrams illustrating the known method
      of slewing operation.
PAR  FIGS. 6 to 9 are voltage time diagrams illustrating operation according to
      the method of the present invention.
PAR  FIG. 10 is a graph illustrating range changes as operating frequency and
      control angle are changed according to the present invention.
PAR  FIG.. 11 is a block diagram of a circuit arrangement for implementing the
      method according to the present invention.
PAR  FIGS. 12 to 30 are wave-form diagrams illustrating operation of the circuit
      arrangement of FIG. 11.
PAR  FIG. 31 is a schematic diagram of the voltage divider and switching
      arrangement of FIG. 11.
PAR  FIG. 32 is a logic diagram of the modulation means of FIG. 11.
PAR  FIG. 33 is a logic diagram of the phase signal transmitter of FIG. 11.
PAR  FIG. 34 is a schematic diagram of the setting-signal means of FIG. 11.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a three-phase inverter circuit having three inverters
      W1, W2 and W3 providing power to a three-phase load designated B. Each of
      the three inverters W1, W2 and W3 comprises two similarly constructed
      sub-inverters W11, W12; W21; and W31, W32. The inputs to each of the
      sub-inverters is connected to a common DC voltage source. As illustrated,
      this may comprise positive and negative DC buses designated P and N
      respectively between which an uncontrolled voltage U.sub.g appears. The
      voltage may be obtained from the third rail of a self-propelled vehicle or
      may be from the output terminals of an uncontrolled rectifier or battery.
      A virtual neutral designated M and helpful in an understanding of the
      present invention is shown on the figure. Thus, between the virtual
      neutral and the positive bus P, a voltage +U.sub.g /2 will appear and
      between the virtual neutral and negative bus, a voltage -U.sub.g /2.
PAR  The outputs of the sub-inverters W11, W12 are connected to the two ends A11
      and A12 respectively of a center tapped choke D1. Similarly, the two
      sub-inverters W21 and W22 are coupled to the terminal points A21 and A22
      of a second choke D2. The outputs of the sub-inverters W31 and W32 are
      connected to the terminals A31 and A32 of the center tapped choke D3. As
      illustrated, the two component windings of each of the chokes are
      magnetically coupled with a common magnetic core being indicated by the
      line above the chokes. The chokes D1, D2 and D3 act as suction chokes and
      may also be considered as auto-transformers. They combine the AC output
      voltages furnished by the sub-inverters W11, W12; W21, W22; and W31, W32
      to form resulting voltages which can be taken off at the taps R, S and T.
PAR  The load B which may be a rotating field machine of fairly large rating
      such as that found in electric railroad vehicle or steel mill is shown as
      being Y-connected and coupled to the taps R, S and T. A control unit ST is
      provided for controlling the sub-inverters W11, W12 . . . W32. Control
      unit ST supplies the sub-inverters with control signals over control
      lines. In order to keep the figure simple, only a total of two control
      lines are shown leading from the control unit ST to the sub-inverters W31
      and W32. The control unit ST controls the remaining two inverters W1 and
      W2 in similar fashion and in such a manner that the resulting voltages
      U.sub.RM, U.sub.SM, and U.sub.TM taken off at the taps R, S and T when
      measured against the neutral M are separated from each other by
      120.degree. in phase.
PAR  The control unit ST is provided with an input frequency control voltage
      U.sub.St which is generated in a voltage control circuit R. Voltage
      control circuit R has provided to it the actual value of the AC output
      voltages through an actual valve transmitter G such as a voltage
      transformer coupled to the taps R, S and T and a reference value input U*
      obtained from a reference value transmitter P.sub.f such as a
      potentiometer. In well known fashion, the actual voltage from transmitter
      G is compared with a desired voltage U* to provide an output to control
      the apparatus to bring the two into correspondence. Since the voltage and
      frequency are controlled in proportion to each other, a voltage U.sub.f
      may be taken from the potentiometer P.sub.f to provide a frequency control
      voltage U.sub.f to the control unit ST.
PAR  In the illustrated embodiment, the sub-inverters W11 and W32 are designated
      so that they have an off-on characteristic. Their electrical output
      voltage measured at the output terminals all through a32 must be able to
      alternate between the positive potential of the positive DC bus bar and
      the negative potential of the negative DC bus bar N.
PAR  Sub-inverters which meet this requirement are well known in the art. They
      employ either transistors or thyristors as controlled rectifiers.
      Typically, a total of six self-commutating pulsed inverters such as those
      described in Siemens Zeitschrift vol. 45 (1971), no. 3, pages 154 to 161,
      FIG. 8 and which are equipped with two commutation chokes between the main
      rectifiers can be used as the sub-inverters W11 to W32. Also useful for
      the sub-inverters of FIG. 1 are those shown and described in BBC
      Nachrichten, vol. 48 (1966) no. 1/66, pages 46 to 52, FIG. 1. In addition
      to sub-inverters W11 to W22 may comprise the type shown in the textbook
      "Principles of Inverter Circuits" by B. D. Bedford and R. G. Hoft, John
      Wilely & Sons, New York, London, Sidney, 1964, page 167, FIG. 7.1.
PAR  The AC output voltages of the sub-inverters W11 to W32 are squarewave
      voltages, whose fundamental frequency is the operating frequency at which
      the load B is operated. There is always a phase shift between the AC
      output voltages of associated sub-inverters W11 to W32 which can be used
      for control or regulating purposes to regulate the resulting voltages
      provided thereby. Such control is known by the term slewing method,
      addition method or method according to the rotary transformer principle.
      This known method will now be described using the embodiment of FIG. 1 and
      the waveforms of FIGS. 2 through 5. The explanation deals with the
      inverter W1 but is equally applicable to the inverters W2 and W3. The only
      difference is that the output voltages of these inverters are shifted
      120.degree. with respect to each other.
PAR  FIGS. 2 and 3 show the wave shape of the AC output voltages U.sub.11 and
      U.sub.12. FIG. 4 shows the waveshape of the choke voltage U.sub.D1 and
      FIG. 5 the waveshape of the resulting voltage U.sub.RM all as a function
      of time t with the angular frequency .omega.= 2.pi.  f fixed, where f is
      the operating frequency of the inverter W1. As shown, there is a phase
      shift by the angle 2 .alpha. between the AC output voltages U.sub.11 and
      U.sub.12. This is adjustable and is hereinafter referred to as the control
      angle 2 .alpha. . As a result of this control, a control signal for the
      main rectifiers of the first sub-inverters W11 are phase shifted relative
      to the corresponding control signals of the second inverter by this
      control sngle 2 .alpha. . During the time interval 2 .alpha./.omega.
      corresponding to the control angle 2 .alpha. the AC output voltages
      U.sub.11 and U.sub.12 have different polarities. As a result, the
      resulting voltage U.sub.RM obtained by addition is zero as shown on FIG.
      5. The resultant voltage U.sub.RM thus appears "gated," i.e., the r.m.s.
      value of its fundamental decreases with an increase of the half control
      angle .alpha. according to the cosine function.
PAR  In the time intervals 2 .alpha./.omega. corresponding to the control angle
      2 .alpha., the choke D1 must withstand the full DC voltage. The choke
      voltage U.sub.D1 over the full winding is illustrated in FIG. 4 and marked
      by shading. It is alternatingly +U.sub.g and -U.sub.g. The voltage-time
      area which stresses the choke D1 magnetically thus has an amplitude
      U.sub.g and a width corresponding to the control angle 2 .alpha. .
PAR  It is clear from an examination of FIGS. 2 through 5 that as the control
      angle 2 .alpha. increases, the voltage time area stressing choke
      increases. Thus, if operation over a wide range is to be provided in a
      conventional system such as that just described, the choke must be
      designed to withstand large stresses.
PAR  FIGS. 6 to 9 illustrate the type of operation according to the method of
      the present invention which is used to reduce the maximum stress placed on
      the choke and thereby permit smaller and less costly chokes to be used.
      Essentially, what is done is to operate the system in a pulsed manner
      within the range of the control angle 2 .alpha. so that the voltage time
      areas at the choke D1 are considerably reduced. Note that pulsed operation
      takes place only within the range of the control angle 2 .alpha. . As
      illustrated, there are two such ranges within the period of the two AC
      output voltages U.sub.11 and U.sub.12. Within these two ranges, the two AC
      output voltages are reversed at least once and are always reversed at the
      same time. The example shown on FIGS. 6 to 9 is one in which during the
      range of the control angle 2 both AC output voltages U.sub.11 and U.sub.12
      are simultaneously reversed two times, i.e., n = 2. The number n refers to
      the number of reversals or switch overs occuring during the range of the
      control angle 2 .alpha. . The beginning and the end of the range is not
      counted in designating the number of switche overs. As will be seen below,
      the number n can be considerably larger than two.
PAR  FIGS. 6 and 7 illustrate the waveshape of the partially pulsed AC output
      voltages U.sub.11 and U.sub.12. FIG. 8 shows the waveshape of the choke
      voltage U.sub.D1 and FIG. 9 shows the waveshape of the corresponding
      resultant voltage U.sub.RM. From the figures, it is evident that two
      additional reversals take place between the angles .phi..sub.1, and
      .phi..sub.2 at the angles .phi..sub.11 and .phi..sub.12. The changes occur
      simultaneously and in opposite direction as shown by FIGS. 6 and 7. In
      similar fashion, two addtional reversals occur at the angle between the
      angles .phi..sub.3 and .phi..sub.4 at the angles .phi..sub.31 and
      .phi..sub.32. Also shown are two additional reversals between the angles
      .phi..sub.5 and .phi..sub.6 occuring at the angles .phi..sub.51 and
      .phi..sub.52. The switching frequency f of each AC output voltage U.sub.11
      and U.sub.12 is thus increased to (n+1) = 3 times the operating frequency
      f. As illustrated by FIGS. 6 and 7, the reversals are preferably made such
      that the range of the control angle 2 is subdivided into a number (n+1) of
      sections which are all of the same size.
PAR  Since, just as noted, the additional switching of the voltages within the
      control angle range subdivide the control angle 2 .alpha. into sections of
      equal length, the voltage time area across the choke is not a voltage
      block of width 2 .alpha. as shown on FIG. 4 but instead a total of (n+1) =
      3 voltage blocks of alternating polarity each having a width .omega.
      .DELTA. t = 2 .alpha./(n+1) = 2 .alpha./3 as shown on FIG. 8. The choke
      thus need only be designated to handle one of those voltage blocks and its
      stress is thereby reduced by a factor of 1/(n+1) = 1/3.
PAR  It should be remembered that in general cases, n additional reversals cause
      an increase of the switching frequency to (n+1) times the operating
      frequency f and a reduction of the stress of the choke D1 proportional to
      a factor 1(n+1). It should further be noted that the resulting voltage
      U.sub.RM shown on FIG. 9 remains unchanged at zero, in the range of the
      control angle 2 .alpha. . Thus, it is the same as that shown on FIG. 5.
      This results because the two sub-inverters W11 and W12 furnish constant AC
      output voltages U.sub.11 and U.sub.12 which are always of different
      polarity. As a result, the voltage U.sub.RM and therefor the overall
      output voltage of the inverters W1, W2 and W3 is not influenced by the
      pulsing within the control angle range.
PAR  In order to bring about a substantial reduction of the physical size of the
      chokes, the number of additional reversals should be selected as high as
      possible. However, the switching frequency of the sub-inverters W11 and
      W12 increases with the number n. This results in decreased spacing of the
      DC switching edges and thus decreased width of the sections within the
      control angle range. This width cannot fall below a certain minimum time
      .DELTA. t.sub.min in view of the commutation processes occuring in the
      sub-inverters W11 and W12. Thus, an optimum number n is obtained for each
      output frequency f and for each control angle 2 .alpha. taking into
      consideration the permissible operating data.
PAR  Where a large control range with regard to operating frequency in output
      voltage is to be provided, the number n must be varied from range to
      range. The curve in solid lines on FIG. 10 illustrates the time spacing
      .DELTA. t between two additional reversals, i.e., the width .DELTA. t of
      the individual voltage blocks such as those on FIGS. 4 and 8 at the choke
      D1 as a function of the operating frequency f referred to the maximum
      operating frequency f.sub.max (f/f.sub.max). On this figure, it is assumed
      that the resultant voltage U.sub.RM is changed by means of the control
      angle 2 .alpha. proportional to the operating frequency f. Such a
      proportionality is normally required where a rotating-field machine, such
      as an asynchronous machine, is the load B. The time spacing .DELTA. t is
      thus a measure of the time voltage area and the stress on the choke.
PAR  In the region of maximum operating frequency f.sub.max (f/f.sub.max = 1)
      the number n = 0. This corresponds to the known operating method
      illustrated by FIGS. 2 to 5. With decreasing operating frequency f, the
      control angle 2 .alpha. increases and thus the time spacing .DELTA. t of
      the control angle increases therewith. When the spacing .DELTA. t reaches
      a predetermined maximum vlaue .DELTA. t.sub.max at an operating frequency
      f.sub.1, the number n is increased from zero to one and the time spacing
      .DELTA. t is therefor cut to half the value of .DELTA. t.sub.min..
PAR  The maximum value .DELTA. t.sub.max is preferably equal to twice the
      minimal time .DELTA. t.sub.min of the inverter which is determined, for
      example, by the recovery time of the devices used therein. As the
      operating frequency f decreases further, the maximum value .DELTA.
      t.sub.max is again reached at the operating frequency f2. At this point,
      the number n is again increased to n = 2 and the control angle 2 .DELTA.
      is now divided into n = 3 sections. Operation continues in the manner
      illustrated by the sawtooth waveshape shown at the bottom of FIG. 10. It
      will be recognized that this waveshape can be traversed in either the
      forward or reverse direction, i.e., the number n can be increased or
      decreased. It should be noted that the increase or decrease of the number
      n need not be in steps of one. With higher numbers n, steps of 2 or more
      may be indicated. In any case, the design of the choke depends on the
      relatively low maximum value .DELTA. t.sub.max.
PAR  For purposes of comparison, there is also plotted on FIG. 10, a curve
      .DELTA. t which illustrates operation of the type disclosed in connection
      with FIGS. 2 through 5. That is, where n remains at zero. It is evident
      that with decreasing frequency an increase of the time spacing .DELTA. t
      occurs. Thus, the greater the frequency range control to be provided, the
      larger must be the physical size of the choke. The final curve plotted on
      FIG. 10 on the top right-hand side plots switching frequency f.sub.s of
      one of the sub-inverters W11, W12 against the maximum operating frequency
      f.sub.max as a function of the relative operating frequency f/f.sub.max.
      From this curve, it is evident that with the method according to the
      present invention, the necessary relative switching frequency change is
      within the range of about 1 to 2.5 where the voltage is controlled between
      100 and 50 percent of the maximum value.
PAR  FIG. 11 illustrates an embodiment of the control unit ST shown on FIG. 1
      for carrying out the method of the present invention. Although it was
      indicated on FIG. 1 that one potentiometer P.sub.s could be used for
      providing both a frequency and voltage reference value, FIG. 11
      illustrates the more general case where separate potentiometers P.sub.s
      and P.sub.f are employed. The potentiometer or reference value transmitter
      P.sub.s provides a control voltage U.sub.St and the reference value
      transmitter or potentiometer, a frequency control voltage U.sub.f.
PAR  The frequency control voltage U.sub.f is an input to a voltage control
      oscillator 0 which provides as an output a triangular voltage D, the
      waveshape of which is shown with respect to time on FIG. 12. It also
      provides as an output a square wave voltage V synchronized with the
      triangular voltage V. This square wave voltage V is shown on FIG. 13. In
      well known fashion, the frequency of the two voltages D and V at the
      output of the oscillator 0 will be controlled by the input voltage
      U.sub.f. As will become evident, the frequency of these two voltages is
      three times the desired fundamental frequency of the resultant voltage
      such as the voltage U.sub.RS shown on FIG. 1. The period for the
      fundamental frequency is shown on FIG. 12 by T.sub.0.
PAR  The triangular voltage D is provided to summing means F. Summing means F
      has as an additional input, a voltage -D.sub.m set in using a
      potentiometer P.sub.d. The amplitude of this voltage is equal to the
      amplitude of the triangular voltage D. In appropriate summing amplifiers
      the fixed voltage -D.sub.m is combined with the waveform D to provide two
      triangular voltage outputs DI and DII shown on FIGS. 14 and 20
      respectively. As is evident, these waveforms are obtained by summing the
      voltage D with the voltage D.sub.m, in one case the voltage waveform D is
      inverted. The result is two triangular waveforms which vary between zero
      and 2 D.sub.m and which have their phase shifted by T.sub.0 /6. The
      voltages DI and DII are fed to respective comparator means CI and CII.
      Each of the comparator means CI, CII contains a plurality of analog
      voltage comparators of conventional design.
PAR  On FIG. 11, the control voltage U.sub.St is shown as being fed to a voltage
      divider P. The voltage divider P divides the control voltage U.sub.St into
      a number of partial voltages having equidistant steps. Thus, at the output
      of the voltage divider, there is provided in addition to the control
      voltage U.sub.St, a number of voltages U.sub.1, U.sub.2 . . . each of
      which is a fraction of the voltage U.sub.St.
PAR  The voltage divider P is shown in detail on FIG. 31. The illustrated
      embodiment is set up for use where the maximum number n of reversals is 6.
      The number n of reversals is the number of reversals in the range of the
      control angle 2 .alpha. referred to above. As illustrated, the voltage
      divider comprises seven resistors WO - W6 of equal value in series between
      the voltage U.sub.St and ground. From the resistor WO, the voltage
      U.sub.st is taken off. At each junction point, a line is taken to one side
      of a switch. A plurality of five switches are thus provided labelled Z0,
      Z1 . . . Z5. The other side of each of the switches is connected in common
      to ground. A voltage U.sub.1 is provided from the junction of the
      resistors W1 and W2, a voltage U.sub.2 from the junction of the resistors
      W3 and W4 and a voltage U.sub.3 from the junction of the resistors W5 and
      W6. It should be noted that in general, n+1 resistors are required where a
      maximum of n  additional reversals are to be provided within the control
      angle range. Although the switches Z0 through Z5 are shown as mechanical
      switches, it is preferable that they be electronic switches such as field
      effect transistors. These switches are driven by control commands
      designated N0 through N5. These control commands correspond to the number
      of additional reversals desired during the control angle 2 .alpha. . Thus,
      if zero reversals are desired, the switch N0 will be closed if one
      reversal is required, the switch N1, and so on. The manner in which these
      signals are obtained will be described in detail below.
PAR  The embodiment of FIG. 31 permits a maximum of six additional reversals,
      i.e., six reversals are possible with all switches open. As an example,
      the case where five additional reversals are required will be considered.
      The switch Z5 will be closed in response to the command N5. In such a
      case, the resistor W6 is shorted to ground and the voltage U3 will
      similarly be at ground. The remainder of the resistors W0 through W5
      divide the voltage U.sub.St into three equal portions. Thus, the voltage
      U.sub.2 will be one-third of the voltage U.sub.St and the voltage U.sub.1
      two-thirds of the voltage U.sub.St. Thus, starting with the control
      voltage U.sub.St, the partial voltage U.sub.1, U.sub.2 and U.sub.3 always
      have the same difference between each other; in the present case,
      one-third U.sub.St. If a different number of additional reversals is
      required, another of the switches Z0 to Z5 is closed by means of the
      control commands N0 to N5.
PAR  The voltages U.sub.St and the voltages U.sub.1 through U.sub.3 are provided
      to the comparator means CI and CII as shown on FIG. 11. Each of the
      comparator means contain a comparator for each of the control voltages,
      i.e., there is a comparator for the voltage U.sub.St, one for the voltage
      U.sub.1, one for the voltage U.sub.2 and one for the voltage U.sub.3.
      Thus, in the present embodiment, there are four comparators and each
      comparator means CI and CII.
PAR  FIGS. 14 and 20 illustrate the waveshape of all the voltages which are
      provided into the comparator means CI and CII respectively. Thus, on FIG.
      14 there is shown the triangular voltage D1 and the voltages U.sub.St,
      U.sub.1, U.sub.2 and U.sub.3, and on FIG. 20, the same control voltages
      along with the triangular voltage D2.
PAR  In well known fashion, the comparators in the comparator means will change
      state when the two compared voltages are equal. The figures illustrate the
      example assumed above where n = 5. Thus, referring to FIG. 14 as an
      example, as the triangular voltage D1 increases and becomes equal to the
      voltage U.sub.2, a comparator output state will change. This is
      illustrated by the waveform A21 of FIG. 17. As the triangular voltage
      further increases to the point where it equals the voltage U1, another
      comparator will switch over as illustrated by the voltage A1I of FIG. 16.
      Finally, as the voltage U.sub.St is equaled, its associated comparator
      will switch over to form the waveform A0I shown on FIG. 15. In similar
      fashion, the waveforms A0II, A1II and A2II are formed in the comparator
      means CII. Since in each case the voltage waveform A3I or A3II which would
      be generated by the comparator associated with voltage U.sub.3 will always
      remain at zero, it has not been shown on the figures.
PAR  As shown on FIG. 11, these outputs of the comparator means CI and CII are
      provided to respective modulation means MI and MII respectively. The
      modulation means provide, at their output, the voltage waveforms
      designated LI and LII shown respectively onn FIGS. 19 and 25. These
      outputs determine the shape of the AC output voltage such as the voltages
      U.sub.11 and U.sub.12 on FIG. 2 within the ange of the control angle 2
      .alpha. . Where an even number n of desired reversls is selected, the
      output signals A0I through A3II are sufficient as information carriers.
      However, where n is an odd number, this information is not sufficient
      since one additional switching operation at the zero points of the
      modified triangular voltages DI and DII is necessary. The additional
      information is obtained from a correction means designated K which forms
      correction signals KI and KII from the square voltage V of the oscillator
      O whenever a signal designated X indicates that the number n is odd. The
      correctionn signal KI is identical to the waveshape of the square wave
      voltage V. The correction signals KI, KII are shown on FIGS. 18 and 24. It
      will be recognized that the correction means K need only comprise an
      inverter with the voltage waveform V being provided directly therefrom as
      the voltage KI and its inverse through the inverters as the voltage KII.
PAR  An example of an embodiment of the modulation means MI and MII is shown on
      FIG. 32. It will be recognized that, although only modulation means MI is
      shown, both are of identical construction. As illustrated, the modulation
      stage includes nine NAND gates Y0 through Y8 coupled together. In general
      terms, gates Y0 - Y3 result in a modulation signal which causes a switch
      over of its associated voltage each time the triangular wave reaches a
      point where it equals the one of the voltages U.sub.St, U.sub.1, U.sub.2
      or U.sub.3 shown on FIG. 14. As noted above in the example under
      consideration, A31 is zero. NAND gate Y3 acts as an inverter so that its
      output will remain at a logical "1." Considering the waveforms of FIGS. 14
      through 19, it is seen that at the beginning of the presentation shown
      there, all of the remaining inputs A0I, A1I and A2I are high or logic
      "1"'s. Thus, gate Y2 has two "1" inputs and will have a "0" output. Gate
      Y1 will have a "0" input and one "1"  input and will thus have a "1"
      output. Gate Y0 with two "1" inputs will have a "0" output. As shown, the
      signal KI is also high during this period. Thus, Y5 which acts as an
      inverter will have a "0" output. Gate Y4 which has a "0" input from gate
      Y0 will have a "1" output. As a result, gate Y7 will also have a "1"
      output. Gate Y6 which has one "0" and one "1" input will also have a "1"
      output and thus gate Y8 with two "1" outputs will have a "0" output as
      indicated by FIG. 19. When the voltage A21 goes from a "1" level to a "0"
      level as a triangular waveform DI equals the voltage U.sub.2, gate Y2 will
      now have a "1" input and a "0" input and its output will go from "0" to
      "1." Gate Y1 now has two "1" inputs and its output goes to "0." Gate Y0
      will now have a "1" input and a "0" input so that its output changes to a
      "1." The output of gate Y4 will thus be a "0" as will the output of gate
      Y5 as indicated above. These two "0" inputs to gate Y7 will result in a
      "1" output. Gate Y6 will have a "1" input from the voltage K1 and a "1"
      input from the gate Y0 and thus its output will be a "0." The change in
      the output of Y6 results in gate Y8 no longer having two "1" inputs and
      its output then goes to a "1" as shown on FIG. 19. When the voltage U1 is
      exceeded, the input A1I goes low. In the manner described above, this
      changes the output of the gate Y0 which, through the gate Y4 and Y7
      changes an output at the gate Y8. Note that an additional change occurs
      when signal K1 changes. Thus, it can be seen that the gates Y0 through Y3
      causes a change every time one of the levels is exceeded and that the
      signal K1, through gates Y4 - Y8, causes an additional change at the peaks
      of the triangular waveform where an odd number of changes is required. The
      corresponding modulation signal for the modulation means M2 is shown as
      the output 12 on FIG. 25.
PAR  As illustrated by FIG. 11, the square wave voltage V is also provided as
      inputs to two ring counters BI and BII each having three output lines.
      Squarewave signals ZI1, ZI2, ZI3 and ZII1, ZII2 and ZII3 of duration T/3
      are provided from the output lines of the ring counters. The signals are
      provided in sequence with the sequence repeated for each period T. The
      signals ZI1, ZI2 and ZI3 are shifted relative to each other by T/3 and
      relative to the corresponding signals ZII1, ZII2 and ZII3 by the time T/2.
      The signals from the ring counter BI change at the maximum of the modified
      triangular voltage DI and the signals of the ring counter BII at the
      maximum of the modified triangular voltage DII. These outputs are shown
      schematically in FIGS. 26 and 27.
PAR  Three identically constructed phase signal transmitters H1, H2 and H3 which
      are associated with the individual inverters W1, W2 and W3 respectively of
      FIG. 1 have as their inputs the signals ZI1 to ZII3 of the ring counters
      BI and BII respectively. At the same time, the modulation signals LI, LII
      and the output signals A0I and A0II of the comparator means CI and CII are
      also provided as inputs to the phase signal transmitters. These signals
      are combined in a phase signal transmitter to furnish two phase signals
      per inverter, i.e., the signals J11, J12; J21, J22 and J31, J32. These
      control respectively, the switching timing of the sub-inverters W11, W12;
      W21, W22 and W31. The phase signals J11 to J32 of which the phase signals
      J11, J12 are shown in FIGS. 28 and 29 as a function of the time t, are
      then provided to the signal converters E11 through E32 which use these
      inputs to supply output variables required for the inverter rectifiers. If
      the inverters W1, W2 and W3 contain thyristors as controlled rectifiers,
      the signal converters E11 to E32 form the necessary firing pulses therefor
      in conventional fashion. The outputs of the signal converters E11 to E32
      are designated on FIG. 11 as r1, r2; s1, s2 and t1, t2, representing
      similarly labelled values shown as outputs from the control unit ST in
      FIG. 1. FIG. 30 illustrates the resultant voltage U.sub.RM whose amplitude
      is equal to the supply voltage U.sub.g.
PAR  An embodiment of phase signal transmitter H1 is shown on FIG. 33. It will
      be recognized that the phase signal transmitters H2 and H3 are similarly
      constructed. The phase signal transmitter H1 is made up of a number of
      NAND gates Y9 to Y25 which are logically tied together. The manner in
      which this logic arrangement provides the outputs J11 and J12 shown on
      FIGS. 28 and 29 will be evident to those skilled in the art from an
      examination of the figure.
PAR  In essence, the phase signal transmitter H1 results in the distribution of
      the input signals within four-fixed time areas a, b, c, d, to the two
      outputs, i.e., to the phase signals J11 and J22. The time areas a, b, c, d
      are shown on FIGS. 28 and 29. The time areas b and d correspond to the
      range of the control angle 2 .alpha. . In these areas, the phase signals
      J11 and J12 are modulated, i.e., reversed several times. This is
      accomplished by using the modulation signal LII in the time area b and the
      modulation signal LI in the time area d. The signal LI is coupled directly
      to the output J11 and the signal LII to the output J12 in an inverted
      manner as is evident from the drawings. The logic arrangement is
      constructed so that in the areas a, c the phase signals J11, J12 are not
      modulated. This is done through a logical combination of signals A0I, ZI1,
      ZI3, ZII2, A0II and ZI11.
PAR  As noted above, the switches Z0 to Z5 of the group of switches Q of FIG. 31
      are set in response to control signals N0 through N5 to select the number
      n of the reversals. As can be seen from FIG. 11, the control signals N0
      through N5 are formed in a forward-backward counter VR. Only one of the
      control commands N0 to N5 is present at one time. The forward-backward
      counter VR has two inputs to which counting signals SV and SR can be
      provided. A change of the setting signal SV from "1" to "0" at the one
      input causes an advance of the forward-backward counter VR. Thus, if N2
      was present before such a change, the count would advance to provide the
      N3 output. A change of the setting signal SR from "1" to "0" at the other
      input results in a change in the backward direction so that if, for
      example, the count was providing the N5 signal and such a change occured,
      it would be counted down to the next number N4. Whether the count and thus
      the number n of additional reversals in the range of the control angle 2
      .alpha. is even or odd, is indicated by a signal X which may also be taken
      from the forward-backward counter VR. To obtain this signal, it is only
      necessary to provide the control commands N1, N3 and N5, i.e., the odd
      count outputs in an inverted form to a NAND gate having three inputs with
      the signal X taken from the output thereof. In essence, what is being done
      here is an ORing of the odd outputs so that if any odd output is present,
      the signal X will be provided.
PAR  The setting signals SV and SR are developed from a setting signal means SB.
      Means SB insures that the time spacing .DELTA. t between two reversals
      does not drop below the lower limit as the control angle 2 .alpha. is
      reduced and does not exceed an upper limit when the control angle 2
      .alpha. is increased or the operating frequency is decreased. The setting
      signal SV is generated if the time spacing of the switching edges, .DELTA.
      t between any two switch overs in the range of the control angle 2 .alpha.
      [see FIG. 28] exceeds an upper limit equal to twice the lower limit 2
      .DELTA. t.sub.min of the inverter. The signal SR is generated if the
      spacing .DELTA. t between two switching operations falls below a minimum
      value equal to the lower limit .DELTA. t.sub.min of the inverter.
PAR  To determine the spacing .DELTA. t, one of the output signals A0I or A0II
      from the comprator means CI or CII and in addition, the corresponding
      modulation signal LI or LII are fed to the means SB. In the present
      embodiment, the signals used are A0II and LII.
PAR  An example of the means SB is shown on FIG. 34. Two mono-stable
      multi-vibrators MK1 and MK2 each with a delay time .DELTA. t.sub.min and
      two mono-stables MK3 and MK4 each with a delay time 2 .DELTA. t.sub.min
      are provided. Also included are NAND gates Y26 through Y31. Monostables
      MK2 and MK3 are driven driectly by the modultion signal LII and the
      monostables MK1 and MK4 by the signal LII inverted through NAND gates Y26
      and Y27. Monostables MK1 and MK4 thus have outputs occuring on the rising
      edge and the monostables MK2 and MK3 output signals occuring for the
      falling edge of the modulation signal LII. The output signals of the
      monostables MK1 and MK2 are inputs to NAND gate Y28 which has as a further
      enabling input the signal A0II. The output of NAND gate Y28 is inverted
      through a further NAND gate Y29 to provide the signal output SR. In
      operation, monostable MK1 fires on the rising edge of the signal LII and
      the monostable MK2 fires on the falling edge. The pulse width of an LII
      pulse shown in FIG. 25 represents the width of a section such as one of
      the sections shown on FIG. 8. If this width falls below the minimum value
      .DELTA. t.sub.min, the "1" signal from the output of monostable MK1 will
      still be present when the output of monostable MK2 goes to "1". If this
      occurs, during the control range 2 .alpha. as indicated by the enabling
      signal from A0II, gate Y28 will have an output going from "1" to "0"
      causing the forward-backward counter to be counted backward one count.
      Similarly, the monostables MK3 and MK4, the inverted outputs of which are
      provided to the NAND gate Y30, are used to generate a signal SV which
      increases the count in the forward-backward counter by one. In this case,
      on the leading edge of the pulse from the signal LII, the monostable MK3
      is fired and its output coupled to the gate Y30 goes from a logical "1" to
      a logical "0" state. At the end of the time 2 .DELTA. t.sub.min it goes
      back to the logical "1" state. If the width of the LII pulse is less than
      2 .DELTA. t, the monostable MK4 will have been fired by this time and its
      output coupled to the gate Y30 will be a "0" state resulting in the output
      of gate Y30 remaining unchanged. However, if the pulse width is longer
      than 2 .DELTA. t.sub.min, the monostable MK4 will not yet have fired and
      its output will be at a "1." Thus, during the period when the gate Y30 is
      enabled by the signal A0II, should this occur, the output of Y30 will
      become a logical "1" resulting in a logical "0" signal at the output of
      gate Y31. This signal designated SV will then cause the counter to advance
      one count to cause the control range 2 .alpha. to be subdivided by one
      more unit.
PAR  Thus, an improved method of operating an inverter made up of sub-inverters
      coupled together through a choke having a center tap which permits keeping
      the choke to a minimum size has been shown. Although a specific embodiment
      has been illustrated and described, it will be obvious to those skilled in
      the art that various modifications may be made without departing from the
      spirit of the invention, which is intended to be limited solely by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of operating an inverter comprising two sub-inverters whose
      inputs are connected to a DC voltage source and whose outputs are
      connected together through a choke having a center tap where the AC output
      voltages of the sub-inverters shifted relative to each other by an
      adjustable control angle are combined through the choke to form a
      resultant voltage which is available at the center tap, comprising the
      steps of:
PA1  a. reversing the two AC output voltages within a reversal portion defined
      as the range of the control angle during which the two voltages have
      opposite polarity; and
PA1  b. carrying out said reversal at least once at each reversal portion in
      such a manner that both voltage are reversed simultaneously and in
      opposite directions.
NUM  2.
PAR  2. The method accordint to claim 1 and further including the step of
      controlling the number of reversals such that the time spacing between two
      reversals does not fall below a lower limit determined essentially by the
      recovery time of the controlled rectifiers of the sub-inverters.
NUM  3.
PAR  3. The method according to claim 1 and further including the step of
      subdividing reversal portion of the control angle into n+1 sections of
      equal size by n reversals of the two sub-inverters.
NUM  4.
PAR  4. The method accordint to claim 3 and further including the step of
      controlling the number of reversals so that the time spacing between two
      reversals does not fall below a lower limit .DELTA.t.sub.min determined
      essentially by the recovery time of the controlled rectifiers of the
      sub-inverters.
NUM  5.
PAR  5. The method according to claim 3 and further including the step of
      changing the number of sections as a function of the change in control
      angle.
NUM  6.
PAR  6. The method according to claim 5 wherein said step of changing the number
      of sections is always carried to result in an increase or decrease of one.
NUM  7.
PAR  7. The method according to claim 5 wherein the step of changing the number
      of sections in the increasing direction is carried out when the time
      spacing .DELTA..tau. between two reversals becomes equal to a
      predetermined upper limit .DELTA..tau..sub.max.
NUM  8.
PAR  8. The method accordint to claim 7 wherein said upper limit
      .DELTA..tau..sub.max is equal to twich the lower limit
      .DELTA..tau..sub.max.
NUM  9.
PAR  9. In an inverter consisting of two sub-inverters whose inputs are
      connected to a DC voltage and whose outputs are connected with each other
      through a choke having a center tap such that the AC output voltages of
      the sub-inverters shifted relative to each other by an adjustable control
      angle are combined using the choke to form a resultant voltage at the
      center tap, apparatus for reversing, within the range of the control
      angle, the two AC output voltages at least once and simultaneously in
      opposite directions comprising:
PA1  a. a frequency generator furnishing first and second modified triangular
      voltages having the same frequency and amplitude but phase shifted
      relative to each other by one-half their period;
PA1  b. first and second comparator means each made up of a plurality of
      comparators having as first inputs said two modified triangular voltages
      respectively;
PA1  c. means for providing as further inputs to both said first and second
      comparator means a plurality of voltages, the difference in voltages
      between each two voltages being equal, said means comprising a voltage
      divider provided with a common control voltage used for determining the
      control angle;
PA1  d. first and second modulation means having the outputs of said respective
      first and second comparator means as inputs and providing outputs to
      control the sub-inverters in the range of the control angle such that a
      reversal takes place each time a comparator in one of said comparator
      means switches over.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said frequency generating means
      comprises:
PA1  a. an oscillator having a triangular voltage output; and
PA1  b. summing means having as inputs the outputs of said oscillator and a
      fixed DC voltage, said summing means adding said fixed DC voltage to the
      triangular voltage output of said oscillator to form said first and second
      triangular voltage waveforms.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein three identical inverters each
      comprising two sub-inverters are used to provide a three-phase output and
      further including:
PA1  a. first and second ring counters having an outout of said frequency
      generating means as inputs;
PA1  b. first, second and third phase signal means having the outputs of said
      ring counter and the outputs of said modulation means as inputs said phase
      signal means providing phase signal outputs for switching the three pairs
      of sub-inverters.
NUM  12.
PAR  12. Apparatus according to claim 10 and further including means coupled to
      said voltage divider for adjusting the ratio of said voltage divider.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein said means comprise a plurality
      of switches each responsive to a separate control signal input and a
      forward-backward counter providing as outputs the control signal inputs to
      said group of switches.
NUM  14.
PAR  14. Apparatus according to claim 13 and further including means for
      providing forward and backward inputs to said counter, said means
      comprising first and second monostable multi-vibrators having a delay time
      equal to a minimum time .DELTA. t.sub.min which time between two reversals
      cannot drop below and logic means to combine the outputs of said two
      monostables to provide a backward count input to said counter, if the time
      between two reversals drops below said time .DELTA. t.sub.min.
NUM  15.
PAR  15. Apparatus according to claim 14 and further including means to provide
      a forward count input to said forward-backward counter, said means
      comprising:
PA1  a. third and fourth monostable multi-vibrators having a delay time equal to
      twice the minimum time .DELTA. t.sub.min said delay time being the maximum
      time desired between two reversals; and
PA1  b. means combining the outputs of said third and fourth monostables to
      provide a forward count input to increase the count of said
      forward-backward counter if the time between the reversal exceeds the time
      twice .DELTA. t.sub.min.
NUM  16.
PAR  16. Apparatus according to claim 15 wherein said voltage divider comprises
      a series circuit of equal resistances coupled between said control voltage
      and ground, with taps for partial voltages being taken off after every
      second resistor starting with resistor coupled to said control voltage.
NUM  17.
PAR  17. Apparatus according to claim 16 wherein at the tap between each two
      resistors in said voltage divider one of said plurality of switches is
      coupled with the other side of all switches coupled to ground.
PATN
WKU  039434303
SRC  5
APN  4811860
APT  1
ART  212
APD  19740620
TTL  Circuitry for reducing thyristor turn-off times
ISD  19760309
NCL  11
ECL  1
EXP  Shoop; William M.
NDR  7
NFG  36
INVT
NAM  Kumano; Masayoshi
CTY  Amagaski
CNT  JA
ASSG
NAM  Mitsubishi Denki Kabushi Kaisha
CTY  Tokyo
CNT  JA
COD  03
CLAS
OCL  321 45C
XCL  307252C
XCL  307305
EDF  2
ICL  H02M  3135
FSC  321
FSS  45 R;45 C
FSC  307
FSS  252 B;252 C;252 M;252 R;305
UREF
PNO  3353032
ISD  19671100
NAM  Morgan et al.
OCL  307252B
UREF
PNO  3404293
ISD  19681000
NAM  Harris et al.
OCL  307252J
UREF
PNO  3501650
ISD  19700300
NAM  Phoenix
OCL  307252J
UREF
PNO  3544818
ISD  19701200
NAM  Harris
OCL  307305
UREF
PNO  3667021
ISD  19720500
NAM  Anderson et al.
OCL  321 45C
UREF
PNO  3846644
ISD  19741100
NAM  Takagi et al.
OCL  307252J
LREP
FRM  Oblon, Fisher, Spivak, McClelland & Maier
ABST
PAL  A circuit for reducing thyristor turn-off time includes a thyristor
      connected between a power source and a load. A voltage source is connected
      between the anode and the cathode of the thyristor for applying across the
      anode and the cathode of the thyristor, upon actuation of a switch, an
      electrical signal sufficient to block the forward current of the
      thyristor. A rectifier and an impedance connected between the gate and the
      cathode of the thyristor cause a reverse current to flow in the gate of
      the thyristor upon application of the voltage source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to electric power control devices of the type
      using thyristors, and more particularly to an electric power control
      device having means for improving the commutation characteristics of the
      thyristor. The invention therefore relates more particularly to an
      electric power control device in which reverse bias power, i.e., a revese
      voltage or current, is applied across the anode and the cathode of the
      thyristor to cause a reverse current to flow in the gate whereby the
      thyristor is turned off.
PAR  2. Description of the Prior Art
PAR  It is well known in the art that, to turn off a thyristor, a reverse
      voltage is applied across the anode and the cathode for a period longer
      than the turn-off time. To this end, a forced commutation circuit has been
      used in the inverter or chopper associated with the thyristor circuit. In
      such a circuit, the turn-off time has been rather prolonged. Nevertheless,
      no substantial improvements have been achieved with respect to the
      turn-off time characteristic, especially with thyristors used with high
      voltage or heavy current. This has necessitated the use of an intricate
      turn-off means. In addition, a considerable amount of loss has been
      incidental to prior art turn-off circuitry.
PAR  The gate turn off thyristor (briefly, GTO) has been known in the art. To
      turn off this type of thyristor, a negative current is supplied to the
      gate. Turn-on and turn-off can be controlled only by the gate signal. The
      turn-off characteristics of a GTO is such that the turn-off current gain
      is nor large enough in the neighborhood of the rated value and rapidly
      decreases with an increase in the anode current. Accordingly, with a
      thyristor of large capacity, a large reverse gate current is needed for
      turn-off. Furthermore, the turn-off characteristic cannot be improved
      except by the sacrifice of turn-on gain and an increase in the holding
      current. This has hampered the manufacture of GTO's for heavy current or
      high voltage applications.
PAR  A gate turn-on circuit has been used to turn on the thyristor. In such a
      circuit, the turn-on energy is sypplied from a turn-on power source
      through a control switch. Generally, the use of an isolating transformer
      is required because the cathode potential of the thyristor differs from
      the potential of the turn-on power source. If the turn-on power source is
      of commercial power, the size of the transformer becomes quite large, with
      the result that the stray capacitance and the leakage inductance increase,
      the rise of the turn-on pulse becomes diminished, and the potential
      variation on the secondary side of the transformer causes a false turn-on
      signal to be supplied through the stray capacitance to other thyristors.
      To prevent false turn-on, the prior art has been required to use a
      sophisticated turn-on circuit.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, an object of the invention is to provide an improved commutation
      means for power control devices of the type using a hybrid turn-off
      thyristor (hereinafter briefly, HTO) wherein, as in the usual thyristor,
      an external commutation circuit is provided from which a reverse bias
      power is applied across the anode and the cathode. This bias power is used
      to cause a reverse current to flow in the gate of the thyristor whereby
      the thyristor is turned off in a short period of time. Thus, according to
      the invention, the anode current is reduced by the use of the external
      circuit and the thyristor is turned off by the reverse gate current. For
      this reason, the reverse gate current may be small even if the turn-off
      gain is small.
PAR  Another object of the invention is to provide a power control device in
      which the thyristor turn-off time is reduced and the turn-off
      characteristic is improved.
PAR  Another object of the invention is to provide a power control device in
      which the thyristor used is of large capacity, yet is capable of turn-off
      in a short time.
PAR  Still another object of the invention is to provide a control device in
      which a reverse voltage or current supplied across the anode and the
      cathode of the thyristor is utilized to cause a reverse current to flow in
      the gate thereof whereby the need for the conventional reverse gate
      current power sourse is eliminated.
PAR  Still another object of the invention is to provide a power control device
      in whcih the thyristor turn-off time is reduced whereby the operation
      frequency characteristic is improved, the capacity of the commutation
      circuit is reduced, and the operating efficiency is increased.
PAR  A further object of the invention is to provide a power control device in
      which the reverse gate current used to turn off the thyristor is stored
      for use as energy to turn on the thyristor whereby the turn-off time is
      reduced and the turn-on means is simplified.
PAR  With these and other objects in view, the invention provides a power
      control devce comprising first means for supplying across the anode and
      the cathode of a thyristor connected between the power source and the load
      an electrical signal sufficient to block the forward current of the
      thyristor; and second means for causing a reverse current to flow in the
      gate of the thyristor. The first means comprises a voltage source or a
      current source adapted to the characteristics of the thyristor. When the
      thyristor is of the usual type capable of blocking the voltage in the
      reverse direction, the first means applies a reverse voltage across the
      anode and the cathode of the thyristor. The second means comprises an
      impedance means in series with a diode connected between the gate and the
      anode of the thyristor whereby the diode conducts in the direction
      allowing a reverse current to flow in the gate.
PAR  The second means may comprise a series circuit comprising an impedance
      means and an auxiliary thyristor connected between the gate and the anode
      of the thyristor whereby the auxiliary thyristor conducts in the direction
      allowing a reverse current to flow in the gate.
PAR  The thyristor may be a "reverse conducting thyristor" having a thyristor
      characteristic in the forward direction and a diode characteristic in the
      reverse direction and having voltage blocking ability. The thyristor may
      be connected in reverse parallel with a diode. In these instances, the
      first means comprises a series circuit comprising a capacitor, an
      impedance means and a switching means wherein the charge stored across the
      capacitor is released as a reverse current when the switching means makes
      contact. The second means comprises a diode wherein the anode is connected
      to the gate terminal of the thyristor and the cathode is connected to the
      junction between the capacitor and the impedance means. The second means
      may comprise a current transformer installed in the path of the reverse
      current provided by the first means, the transformer having its secondary
      winding connected between the gate and the cathode of the thyristor. When
      this transformer is located on the side of the cathode of the thyristor,
      the primary and secondary windings may not necessarily be isolated from
      each other, and an autotransformer may be used instead.
PAR  According to the invention, a third means may be used in addition to the
      first and second means. The third means comprises a series circuit having
      a switching means and a capacitor which is charged with the reverse
      current following in the gate of the thyristor. The charge stored in the
      capacitor is discharged through the gate of the thyristor when the
      switching means closes its contact. The energy thus released from the
      capacitor turns on the thyristor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of its attendant
      advantages thereof will be readily obtained as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a circuit diagram showing the fundamental concept of the
      invention;
PAR  FIG. 2 is a circuit diagram useful for illustrating the principle of
      turn-off in the thyristor;
PAR  FIG. 3 is a circuit diagram showing a bistable multi-vibrator used
      according to the invention;
PAR  FIG. 4a is a circuit diagram and FIG. 4b is a graphic diagram showing
      another bistable multivibrator used according to the invention,
PAR  FIG. 5 is a circuit diagram showing another example of a fundamental
      arrangement of the invention,
PAR  FIGS. 6 to 8 are circuit diagrams showing inverter circuits used according
      to the invention,
PAR  FIG. 9a is a sectional diagram and FIG. 9b is a graphic diagram
      illustrating a reversely conducting thyristor used in accordance with the
      invention,
PAR  FIG. 10 is a circuit diagram showing a basic arrangement in which the
      thyristor of FIG. 9 is used,
PAR  FIGS. 11 and 12 are circuit diagrams showing other basic arrangements of
      the invention,
PAR  FIGS. 13 and 14 are circuit diagrams showing modifications derived from the
      arrangement of FIG. 12,
PAR  FIG. 15 is a circuit diagram showing a DC chopper circuit in accordance
      with the invention,
PAR  FIG. 16 is a circuit diagram showing an inverter circuit in accordance with
      the invention,
PAR  FIG. 17a is a circuit diagram and FIG. 17b is a graphic diagram
      illustrating a device with a turn-on means according to the invention, and
PAR  FIGS. 18a, 18b, 18c, 18d, 19, 20a, 20b, 20c and 20d illustrate other
      embodiments with turn-on means according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference now to FIG. 1, a basic circuit of the invention is shown
      wherein the reference numeral 7 denotes an ordinary thyristor (i.e., a
      thyristor capable of blocking voltage in the reverse direction), 8 a
      capacitor charged in the direction in which a reverse voltage is applied
      across the anode A and the cathode K of the thyristor, 10 a reverse
      voltage applying means comprising a semiconductor switch 9 through which
      the capacitor 8 is connected across A and K, and 13 a gate drive turn-off
      circuit connected between the anode A and the gate G comprising a series
      circuit of a current limiting impedance 12 and a rectifier 11 which
      supplies the gate terminal with a reverse current produced due to the
      reverse voltage from the means 10.
PAR  The thyristor 7 is turned-off in the following manner. The switch 9 is
      closed to cause the voltage across the capacitor 8 to be applied as a
      reverse voltage across A and K of the thyristor. As a result, the anode
      current abruptly decreases and becomes a reverse current whereby the
      recombination of residual carriers stored in the thyristor element occurs.
      At the same time, the reverse voltage is applied across A and G to cause a
      reverse current to flow in the gate through the rectifier 11 and impedance
      12 whereby the residual carrier is displaced and the turn-off drive is
      accelerated.
PAR  Principles of turn-off operation will be described by referring to FIG. 2
      and to FIG. 1. The thyristor 7 is a PNPN four-layer structure having an
      anode electrode A, a cathode electrode K and a gate electrode G. FIG. 2a
      is a circuit diagram showing the state in which a reverse bias is applied
      at the anode. This reverse biasing serves to release the carriers in the
      neighborhood of junctions J.sub.1 and J.sub.3 resulting in a reverse
      current I.sub.ar. The reverse voltage developed thereby is blocked by the
      two junctions J.sub.1 and J.sub.3. In this state, some carriers remain
      near the junction J.sub.2. Therefore, the forward blocking function of the
      thyristor cannot be restored unless the recombination of these carriers
      takes place. However, it takes a considerable length of time to complete
      the recombination of carriers. It is this length of time on which the
      turn-off time has been largely dependent in the prior art.
PAR  FIG. 2b is a diagram showing the state in which a reverse bias is applied
      at the gate and anode in parallel. The residual carriers near J.sub.1 and
      J.sub.3 are released by the reverse anode bias V.sub.ar and a large amount
      of residual carriers near J.sub.2 are released by the reverse gate bias
      I.sub.gr. Thus the invention enables the forward blocking function to be
      quickly restored.
PAR  It is noted that the reverse gate bias applied before the reverse anode
      current I.sub.ar is sufficiently small so that it can hardly serve as a
      reverse bias on the junction J.sub.2 because in this state the reverse
      blocking function is not sufficiently restored in the junctions J.sub.1
      and J.sub.3. As a result, the reverse blocking function cannot effectively
      be restored in the junction J.sub.2. In other words, the turn-off cannot
      effectively be accelerated. The reverse gate biasing should therefore be
      made when the reverse anode current I.sub.ar is sufficiently reduced.
PAR  As shown in FIG. 2c, if the reverse gate bias is continued after forward
      voltage V.sub.af is applied, the reverse blocking function is not
      thoroughly restored in the junction J.sub.2, and a reverse gate biasing
      current remains even in the state where the forward leakage current is
      larger than the normal value with the result that the amount of carriers
      reaching the junction J.sub.3 decreases. This causes the current
      amplification factor to be reduced and prevents the thyristor from
      re-conducting in the forward direction. In the prior art thyristor which
      is turned off by reverse anode biasing, even after the number of carriers
      is sufficiently reduced, the reverse anode biasing is continued much
      longer than the period for which the reverse anode current is supplied in
      order to preclude the thyristor from re-turn-on. Whereas, according to the
      invention, the thyristor is reversely biased at the gate as well as at the
      anode whereby the re-turn-on preventive time is remarkably reduced.
      Because the invention allows most carriers to be released at the anode,
      the reverse gate biasing current can be quite reduced unlike the gate
      turn-off type thyristor which depends solely on the gate for the control
      of its turn-off.
PAR  Referring to FIG. 3, there is shown a bistable multivibrator circuit
      according to the invention wherein the numeral 1 denotes a DC power source
      with voltage Ed, 3a and 3b loads, 7a and 7b thyristors, 8 a commutation
      capacitor, 11a and 11b diodes, 13a, 13b, 14a and 14b resistors, and 15a
      and 15b diodes. A circuit for driving reverse current for the turn-off
      gate comprises a series circuit of diodes 11a and 11b and resistors 13a
      and 13b. A circuit driving forward current for the turn-on gate comprises
      resistors 14a and 14b and diodes 15a and 15b. The reference numerals 16a
      and 16b represent resistors for limiting the reverse gate voltage. These
      resistors are installed only when needed.
PAR  When a turn-on voltage pulse is applied to the terminal 17a, a forward
      current flows in the gate of the thyristor 7a, and this thyristor is
      turned on. At the same time, a DC voltage Ed is applied across the load
      3a. A circuit formed of DC power source 1, load 3b, capacitor 8, and
      thyristor 7a permits the capacitor to be charged to the potential Ed at a
      polarity indicated in FIG. 3. Then, when a turn-on pulse is applied to the
      terminal 17b, the thyristor 7b is turned on and the voltage from the
      capacitor 8 is applied reversely across the anode and the cathode of
      thyristor 7a to turn off this thyristor. Since, as shown, the thyristor 7a
      has its gate connected to its anode through the diode 11a and resistor
      13a, and to its cathode through the resistor 16a, the reverse voltage
      across the anode and the cathode is divided by the proportion of
      resistance 13a to 16a. Therefore this reverse voltage serves to reversely
      bias the gate and the cathode to cause a reverse current to flow in the
      gate thereby accelerating the turn-off drive. In this state, the capacitor
      8 continues to discharge until its potential reaches Ed. This is a half
      cycle of operation.
PAR  FIG. 4 shows another bistable multivibrator circuit according to the
      invention. FIG. 4a is a circuit diagram and 4b a waveform diagram. This
      embodiment is similar to the one shown in FIG. 3 except that reactors 18a
      and 18b are used instead of the resistor 13. Thus, unlike the circuit of
      FIG. 3 wherein the reverse gate current flows only for the period during
      which the thyristor is reversely biased, in the embodiment shown in FIG. 4
      the reverse gate current i.sub.g flows longer than the reverse voltage
      V.sub.CR, and the peak of i.sub.g is delayed and brought near zero
      thyristor current where the gate turn-off effect is greatest. Accordingly,
      the capacity of the capacitor 8 can be reduced.
PAR  Referring to FIG. 5, there is shown a basic circuit arrangement embodying
      the invention wherein the numeral 7 denotes a thyristor, 10 a reverse
      voltage applying means as in FIG. 1, and 13 a turn-off gate circuit for
      supplying a reverse current to the gate. The circuit 13 comprises an
      auxiliary thyristor 19 (which corresponds to the rectifier shown in FIG.
      1) and a delay circuit 20 which generates a pulse with a delay of a given
      time with respect to the reverse voltage (i.e., the turn-on signal)
      applied across A and K of the thyristor 7. Thus the timing for the reverse
      current to flow in the gate can be determined to be near the anode current
      of the thyristor 7 by suitably adjusting the delay time of the pulse
      applied to the gate of the auxiliary thyristor 7. Because of this feature,
      the turn-off efficiency can be maximized.
PAR  FIGS. 6 to 8 illustrate inverter circuits to which the invention is
      applied.
PAR  Referring to FIG. 6, there is shown a known inverter called a
      McMurrey-Bedford inverter which is capable of generating an AC output
      through thyristors 7a and 7b which are alternately driven from a DC power
      source 1. The inverter comprises a commutation capacitor 8, a commutation
      reactor 21, an output transformer 22, and feedback diodes 23a and 23b.
PAR  This inverter is operated in the following manner. Assume that the
      thyristor 7a is turned off and the thyristor 7b is turned on. The
      capacitor 8 is charged to about Ed at the polarity indicated immediately
      before commutation. When the thyristor 7b is turned on, a voltage of about
      4 Ed is developed across the commutation reactor 21. As a result, a
      reverse voltage about 2 Ed is applied across A and K of the thyristor 7a
      whereby a reverse current flows in the gate through the rectifier 11a and
      impedance 12a, as in the previous embodiment, to cause this thyristor to
      be quickly turned off.
PAR  FIG. 7 is a circuit diagram of a known parallel inverter wherein, by
      turning on the thyristor 7b, a revese voltage is applied from the
      commutation capacitor 8a across A and K of the thyristor 7a. As a result,
      a reverse current flows in the gate of the thyristor 7a so that this
      thyristor is quickly turned off. The purpose of diodes 24a, b, c and d is
      to prevent the capacitors 8a and b from releasing their charge through a
      load 3. This capacitor is not needed for the sinusoidal output inverter
      (high frequency inverter) or the like.
PAR  In the foregoing examples where the invention is applied to inverters, an
      auxiliary thyristor of opposite phase is used as a switching means for
      applying a reverse voltage. The example shown in FIG. 8 uses a thyristor
      only for commutation. When power is supplied from a DC power source 1 to
      an output terminal 25 through a thyristor 7a, a commutation capacitor 8a
      is charged to about voltage Ea at a polarity shown in FIG. 8 by auxiliary
      power source 26. Under this condition, when commutation thyristor 27a is
      turned on, a discharge loop is formed comprising commutation reactor 21
      and diode 23a, and a reverse voltage is applied from the capacitor 8a
      across A and K of the thyristor 7a whereby a reverse current flows in the
      gate of this thyristor.
PAR  As described above, the invention is readily applicable to prior art
      choppers and inverters using thyristors for which commutation is achieved
      by the use of a reverse voltage. According to the invention, the
      commutation characteristics regarding turn-off speed can be improved. Thus
      the switching circuit including the commutation circuit can be constructed
      to be small in size, light in weight, yet large in capacity. Furthermore,
      the frequency characteristic for the switching operation can be improved
      which is conducive to improvements on the device as a whole with respect
      to operating characteristics, size and weight reduction.
PAR  The foregoing description relates to thyristors of the type capable of
      blocking voltage in the reverse direction. Besides this thyristor, a
      reverse conducting thyristor as shown in FIG. 9 may be used in accordance
      with the invention. The reverse conducting thyristor exhibits a diode
      characteristic where voltage is not blocked in the reverse direction. A
      diode may be used in reverse parallel relationship with an ordinary
      thyristor to function as a reverse conducting thyristor. The invention can
      enhance the usefulness of this type of thyristor (hereinafter referred to
      as HTO, including the reverse parallel thyristor-diode circuit).
      Application examples of this type of thyristor are described below.
PAR  With reference to FIG. 9a, the structure of a hybrid turn-off HTO is
      illustrated wherein the numeral 107 denotes a base layer comprising four
      layers (PNPN) partly including two layers (NP) 108 and 109 which represent
      anode and cathode electrodes connected to terminals A and K. The P base
      layer is connected to gate terminal G. In FIG. 9a, the structure on the
      left half is of a thyristor and that on the right half is that of a diode.
      This multi-layer element exhibits a thyristor characteristic in the
      forward direction, a diode characteristic in the reverse direction, and
      has no voltage blocking function.
PAR  FIG. 10 is a circuit diagram showing a basic arrangement using a HTO
      according to the invention wherein the numeral 100 denotes the HTO. The
      capacitor 111 and a semiconductor switch 112 are serially connected
      between A and K of the thyristor HTO. The capacitor 111 is charged in the
      direction allowing a reverse current to flow across A and K. One end of
      the series circuit of capacitor 111 and switch 112 is connected to K and
      the other end to A through an impedance 113 and also to gate G through
      rectifier 114 installed in the direction allowing a reverse current to
      flow in the gate.
PAR  The thyristor is turned off in the following manner. The switch 112 is
      closed whereby a closed loop is formed of capacitor 111, switch 112, HTO
      100, and impedance 113. As a result, the capacitor discharges to cause a
      reverse current to flow across A and K. This gives rise to a voltage drop
      thereby reversely biasing HTO to turn off HTO. At the same time, another
      closed loop is formed of capacitor 111, switch 112, HTO 100, and rectifier
      114. Through this loop, part of the reverse current flows as a reverse
      gate current which serves to displace the residual carriers stored in the
      base layer of HTO and to expedite the turn-off action.
PAR  FIG. 11 shows another fundamental arrangement according to the invention
      wherein the numeral 115 represents a current transformer having its
      primary winding connected to the anode A of HTO 100 and its secondary
      winding to the gate G thereof.
PAR  The thyristor is turned off in the following manner. The switch 112 is
      closed whereby a closed loop is formed of capacitor 111, switch 112, HTO
      100 and primary winding impedance 113 of CT 115. Through this loop, the
      charge stored in the capacitor is discharged. The discharge current flows
      as a reverse current across A and K of HTO whereby HTO undergoes turn-off.
      At the same time, a current induced in the secondary winding of the
      current transformer as a reverse current in the gate of HTO 100
      accelerates the turn-off action.
PAR  FIG. 12 illustrates another fundamental arrangement according to the
      invention wherein the numeral 116 denotes a reactor operated as the
      impedance shown in FIGS. 10 and 11. The numeral 111 denotes a capacitor
      similar to the one shown in FIG. 10 but located in a different position.
PAR  A switch 112 is closed to turn off HTO 100 whereby a closed loop is formed
      of capacitor 111, reactor 116, switch 112, and HTO 100. A voltage is
      applied from the capacitor to the reactor 116, and, at the same time, the
      capacitor discharges. The discharge current flows as a reverse current in
      HTO causing turn-off. While the capacitor continues to discharge and when
      the voltage polarity of the capacitor becomes inverted, the voltage of the
      reactor is inverted. Consequently, the rectifier 114 conducts and the
      reverse anode current is switched to flow as a reverse current in the
      gate. Thus the turn-off action is accelerated.
PAR  An intermediate tap may be installed as shown by the broken line through
      which the reactor is connected to the rectifier 114. By this arrangement,
      the value of the reverse gate current can be adjusted.
PAR  FIG. 13 shows another example derived from the embodiment shown in FIG. 12.
      In FIG. 13, a reactor 116 is divided into two parts a part of which, as
      indicated by the numeral 117, is operated as a turn-on di/dt control
      reactor in series with HTO in the load current path. A thyristor 118 is
      used in place of the switch 112. This circuit operates in the same manner
      as the one shown in FIG. 12 for commutation.
PAR  FIG. 14 is also a modification of the embodiment shown in FIG. 12. In this
      example, the reactor 116 is omitted and a thyristor 119 is used in place
      of the rectifier 114. The commutation thyristor 118 is not included in the
      loop of reverse gate current. With this arrangement, the relationship
      between the commutation current (i.e., the discharge current from the
      capacitor) and the timing in the beginning of the flow of the reverse gate
      current can be adjusted to be most efficient for commuation.
PAR  FIG. 15 shows examples of DC chopper circuits according to the invention.
      FIG. 15a shows a circuit using the basic circuit shown in FIG. 10. In FIG.
      15a, the numeral 100 denotes a thyristor HTO operated as the main switch
      of the chopper, 119 denotes a reverse conducting thyristor wherein
      turn-off acceleration is not dependent on reverse gate current. This
      thyristor is used as a commutation switch for HTO 100. The numeral 120
      denotes an impedance installed when necessary to control the value of the
      reverse gate current.
PAR  When the reverse conducting thyristor is turned on to turn off the chopper,
      a commutation closed-loop is formed of capacitor 111, thyristor 119, HTO
      100, and reactor 116 whereby the capacitor discharges to cause HTO 100 to
      be turned off in the same manner as illustrated in FIG. 10. At the end of
      the turn-off cycle, the capacitor 111 is charged to a polarity opposite to
      the one shown in FIG. 15a. Then, when HTO 100 is turned on to turn on the
      chopper, a loop is formed in the direction opposite to the first loop
      whereby the voltage across the capacitor 111 is inverted to a polarity
      shown in the figure to be ready for the next commutation.
PAR  FIG. 15b is another example illustrating the basic circuit of FIG. 11. This
      circuit is operated in the same manner as illustrated in FIGS. 11 and 15a.
PAR  FIG. 15c is another example based on the basic circuit of FIG. 10. The
      function of this circuit as a chopper circuit is different from that of
      FIGS. 15a or b. In FIG. 15c, the reference 100a denotes a thyristor HTO
      operated as the main switch, 100b a thyristor as an auxiliary switch for
      commutation with respect to the thyristor 100a, 221 a reverse current
      blocking rectifier.
PAR  When HTO 100b is turned on to turn off the chopper, a loop is formed of
      capacitor 111, reactor 116 and HTO 100b. The capacitor, charged at a
      polarity indicated in the figure, discharges causing the voltage across
      the capacitor to be inverted. As the capacitor continues to discharge, the
      current becomes inverted. In this state, another loop is formed of
      capacitor 111, HTO 100a, rectifier 221 and reactor 116. As a result, the
      capacitor charging current is shunted to the two loops to cause the two
      thyristors 100a and 100b to be turned off, and a reverse current flows in
      the gates thereof whereby turn-off is accelerated. The numeral 121
      indicates an impedance installed when necessary to balance the currents
      flowing in the two loops during commutation.
PAR  FIG. 15d is another example according to the basic circuit shown in FIG.
      12. This chopper is similar to that shown in FIG. 15c and hence the
      description of its operation is omitted.
PAR  Referring to FIG. 16, examples of monophase inverter circuits are
      illustrated in connection with the invention.
PAR  FIG. 16a shows an inverter circuit using the basic circuit shown in FIG.
      12. This example is such that two HTO's 100a and 100b are turned on and
      off alternately so that AC power is obtained at output terminal 122 from
      DC power source 101.
PAR  Assume that HTO 100a is conducting. When the commutation thyristor 118a is
      turned on to turn off HTO 100a, a closed loop is formed of capacitor 111,
      reactors 116 and 117a, HTO 100a, and thyristor 118a. As a consequence, the
      capacitor discharges its stored charge current to cause HTO 100a to be
      reversely biased. In this state, HTO 100a becomes turned off. When the
      capacitor current begins to decrease with the result that the voltage
      across the capacitor is inverted, a reverse current flows in the gate of
      HTO 100a by the function of reactor 117a thereby accelerating the turn-off
      action. When HTO 100b is turned on after the thyristor 118a has completed
      its turn-off, the output terminal 122 stands at a negative potential, and
      the capacitor is charged at a polarity opposite to the one shown in the
      figure and thus is made ready for the next half cycle of operation.
PAR  FIG. 16b shows another example of the basic circuit of FIG. 12 for the
      commutation of HTO 100a, and the basic circuit of FIG. 11 for the
      commutation of HTO 100b. A tap is provided on the primary winding of
      commutation reactor 116, and the secondary winding is isolated from the
      primary winding, to make this reactor operate as a current transformer.
      The operation of the inverter is the same as that shown in FIG. 16a and
      hence the description thereof is omitted.
PAR  FIG. 16c shows another example wherein a commutation current transformer
      122 is used instead of the foregoing commutation reactor 116, and the
      discharge current from the commutation capacitor 111 is controlled
      according to the value of the load current whereby the charge stored in
      the commutation capacitor is effectively used. At the same time, the
      capacity of the commutation capacitor can be reduced. The commutation
      tranformer is provided with secondary and tertiary windings through which
      a reverse current is supplied to the gates of the HTO's.
PAR  As has been described in detail, the invention can be effectively applied
      to power control devices using reverse conducting thyristors or ordinary
      thyristors connected with diodes in reverse parallel relationship which
      have no voltage blocking function in the reverse direction. In this
      application, the invention enables commutation characteristics (or
      turn-off speed) to be much improved. This leads to improvements of
      switching circuits of power control devices including commutation circuits
      with respect to size, weight reduction, increase in capacity and frequency
      of switching operation. It is evident that these features make it feasible
      to improve the characteristics of the device as a whole, as well as to
      reduce the size and weight thereof.
PAR  Other useful features of the invention are described below by way of
      example in relation to a power control device in which a thyristor, when
      turned off, is reversely biased across the anode and the cathode. The
      reverse bias power is utilized to effect a reverse bias on the gate. The
      energy of reverse gate biasing power is stored for use during the
      subsequent turn-on and thus both turn-off and turn-on characteristics are
      improved.
PAR  Referring to FIG. 17a, the numeral 501 denotes a thyristor, 502 a power
      source, 505 a load, 600 an anode reversely biasing device comprising an
      anode reversely biasing switch 531 and an anode reversely biasing power
      source 522a. The numeral 700 represents a gate circuit comprising a
      voltage divider 506 for dividing the voltage between the anode and the
      cathode of thyristor 501, a capacitor 507, a gate control switch 503, and
      a delay device 508 installed if necessary. The gate reversely biasing
      power source 522a  may be replaced with an anode reversely biasing
      capacitor 522b as indicated by the broken line.
PAR  The operation of this circuit will be described by referring to FIG. 17b.
      The control switch 503 is closed at timing t.sub.1 to cause a forward gate
      current Igf to flow. By this operation, the thyristor 501 is turned on and
      the anode current Iaf flows. The anode voltage Va is only a forward
      voltage drop.
PAR  To turn off the thyristor 501, the switch 531 is closed, and reverse anode
      biasing voltage Var is applied from the device 600 for the period from
      t.sub.2 to t.sub.4. At timing t.sub.5, the thyristor voltage Va reaches
      nearly the normal forward voltage Vaf. The period from t.sub.4 to t.sub.5
      is one during which the excess re-rise forward voltage is raised. The
      period from t.sub.2 to t.sub.4 is for reversely biasing the anode.
PAR  While the anode is reversely biased, the current Ia of the thyristor 501
      becomes reverse current Iar at timing t.sub.2 and the stored carriers are
      released. At the same time, the reverse anode bias is applied to the
      voltage divider 506 of the gate circuit 700. The gate is reversely biased
      by the divided voltage to cause a reverse gate bias current to flow. As a
      result of the reverse gate current, the gate capacitor 507 is charged to
      be ready for the subsequent turn-on. When the stored carriers are nearly
      completely released and the reverse current Iar vanishes, the anode
      reverse biasing is terminated to restore the forward voltage of the
      thyristor.
PAR  To enhance the effect of the invention, the delay device 508 (e.g., a
      reactor) is provided in the gate circuit 700 as shown in FIG. 17a. Thus,
      even in the process where the anode reverse biasing is terminated at
      timing t.sub.4 to restore the forward voltage, it is feasible to maintain
      gate reverse biasing till t.sub.6 as indicated by the broken line in FIG.
      17b. In other words, the gate can be effectively subjected to reverse
      biasing thereby minimizing the time needed to turn off the thyristor.
PAR  The effect which the invention has on turn-off has been described
      hereinbefore. Another noteworthy feature of the invention is that the
      reverse bias used to bring about effective turn-off is utilized to provide
      energy for turn-on as described below.
PAR  In FIG. 17a, the reverse bias applied when the thyristor is turned off
      serves to reversely bias the gate. The resultant reverse bias current Igr
      causes the gate capacitor 507 to be charged to a polarity indicated in the
      figure. The capacitor holds this charge.
PAR  Then, assume that a forward voltage is applied to the anode of the
      thyristor to turn on the thyristor. The control switch 508 is closed
      whereby a closed loop is formed of capacitor 507, thyristor 501 through
      gate and cathode, and voltage divider 506. The voltage across the
      capacitor and part of the thyristor forward voltage (i.e., a divided
      voltage from the voltage divider) are applied to the gate whereby the
      thyristor is turned on. Even if the voltage between the anode and the
      cathode of the thyristor is reduced to the value of the forward voltage
      drop, sufficient gate current can be supplied from the capacitor, and thus
      a more stable turn-on can be realized. Furthermore the invention dispenses
      with the need for a gate-insulated transformer thereby reducing the
      possibility of misturn-on.
PAR  FIG. 18 schematically illustrates other embodiments of the invention. In
      these examples, only thyristor 501 and gate circuit 700 are shown and
      other associating circuits such as anode reversely biasing device 600 are
      not shown.
PAR  FIG. 18a shows an example wherein a light switch 531 such as a light diode
      and a light thyristor is used as the control switch 503, a series circuit
      of resistors 561 and 562 is used as the voltage divider 506, and a reactor
      581 and a series diode 582 are connected in reverse-parallel relationship
      with the light switch 531 for use as a delay device which delays the gate
      reverse biasing current with respect to the anode reverse biasing voltage
      for turn-off. In this curcuit, the rise of the reverse gate bias current
      is delayed with respect to the reverse anode bias voltage by the function
      of reactor 581 with the result that the reverse gate bias current is
      sustained for a predetermined duration even after forward anode biasing is
      restored. Thus the thyristor can be efficiently turned off as in the
      previous embodiments. Because a light switch is used for turn-on control,
      the thyristor circuit can readily be isolated from a high voltage circuit.
PAR  FIG. 18b is an example wherein a resistor 583 and a capacitor 584 are used
      in place of the foregoing reactor for the delay device. This circuit is as
      usefull as the one shown in FIG. 18a.
PAR  FIG. 18c is another example wherein the control switch 503 is used in a
      different place. This circuit operates like the one shown in FIGS. 18a and
      18b.
PAR  FIG. 18d is another example wherein a nonlinear element comprising a zener
      diode 584 and a diode 585 is disposed between the gate and the cathode.
      Thus, a reverse bias voltage is established at the gate during reverse
      anode biasing to maintain stable reverse gate biasing.
PAR  In the above examples, a reverse voltage is used to reversely bias the
      anode. A reverse current may be used instead of the reverse voltage in the
      following manner.
PAR  Referring to FIG. 19, there is shown a circuit diagram of another
      embodiment of the invention wherein a current source 524 is used in place
      of the voltage source 522a of the anode reversely biasing means 600, and a
      current transformer (shunt) 506a is used in place of the voltage divider
      506 of the gate circuit 700 as in FIG. 17a.
PAR  In FIG. 19, when the anode reversely biasing switch 531 is closed, a closed
      loop is formed of current source 524, the primary winding 506a.sub.1 of
      current transformer 506a, and diode 511 connected in reverse-parallel with
      the thyrister 501. The thyristor 501 is reversely biased by the forward
      voltage drop across the diode 511. At this moment, another closed loop is
      formed of the secondary winding 506a.sub.2 of current transformer 506a,
      the gate of thyristor 501, and capacitor 507 whereby a reverse bias
      current flow in the gate. By this current, the capacitor 507 is charged to
      be ready to supply the subsequent turn-on energy. In other words, reverse
      anode biasing in parallel with reverse gate biasing can assure stable
      turn-off drive and provide turn-on energy at the same time. The purpose of
      the delay element 508 is to delay the reverse gate bias a predetermined
      time with respect to the reverse anode bias as in the foregoing examples.
      According to the invention, an anode reversely biasing capacitor 525 may
      be used in place of the current source 524, or instead, a series circuit
      of a capacitor and an impedance 526 may be used. A reverse conducting
      thyristor may be used in place of the thyristor 501. In such a case, the
      use of diode 511 can be eliminated.
PAR  FIGS. 20a through 20d are diagrams showing gate circuits according to the
      invention. In these circuits, the anode reversely biasing device 600 is
      not shown.
PAR  Referring to FIG. 20a, a current transformer 566 is installed on the side
      of the anode of the thyristor 501. When the diode 511 conducts and the
      thyristor 501 is reversely biased at the anode, a current is induced in
      the secondary winding of current transformer 566. This current passes
      through the anode and gate of the thyristor 501 and diode 582 and charges
      the capacitor 507 to a polarity indicated in FIG. 20a. At the same time,
      the gate is reversely biased. When the light switch 531 is turned on, the
      charge stored in the capacitor 507 is supplied to the gate of the
      thyristor 501 through the light switch 531 to cause the thyristor to be
      turned on. In the figure, the numeral 586 denotes a dummy load on the
      current transformer.
PAR  FIG. 20b shows another example wherein a current transformer CT is
      installed on the cathode side of thyristor 501. In this arrangement, the
      transformer may be an autotransformer, instead of one having primary and
      secondary windings. If necessary, a zener diode 587 may be used in
      parallel with the capacitor 507 whereby the capacitor can be prevented
      from being over-charged and a sufficient period can be secured for reverse
      gate biasing. The impedance 588 us installed, if necessary, to be used for
      the intial turn-on.
PAR  FIG. 20c shows another example wherein a current transformer 506b is
      installed only in the path of reverse biasing diode 511 and a reactor 583
      is used as the delay element. A nonlinear element 584 and a diode 585 are
      installed, if necessary, for use as means for protecting the gate against
      reverse voltage.
PAR  FIG. 20d shows another example wherein a delay circuit comprising a
      capacitor 584 and a resistor 583 is used as the gate delay device which
      operates like the one shown in FIG. 8b.
PAR  In the above examples, a commutation circuit associated with the prior art
      chopper or inverter may be used instead of the anode reversely biasing
      means. The invention is applicable not only to forced commutation circuits
      such as choppers and inverters but also to rectifier circuits such as
      power commutation circuits.
PAR  In the above examples, the gate circuit is described as a circuit
      comprising discrete circuit elements. Part or all of these constitutent
      elements, plus thyristor elements, may be integrated since, according to
      the invention, the energy needed for turn-on, as well as the reverse gate
      biasing energy for turn-off is small.
PAR  Thus, according to the invention, as has been described above, the
      thyristor is reversely biased at the anode in order to turn off the
      thyristor and, at the same time, a reverse bias is applied to the gate at
      a given timing and for a given period of time whereby the turn-off time is
      markedly reduced and the turn-off means is simplified. Furthermore,
      reverse gate biasing is effected by the reverse anode biasing power
      (either current of voltage), thereby simplifying the gate reversely
      biasing means. The reverse biasing energy is stored to be used for the
      subsequent turn-on drive, which makes it possible to simplify the turn-on
      circuit.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A circuit comprising:
PA1  a thyristor connected between a power source and a load having the function
      of blocking voltage in the reverse direction;
PA1  first means connected between the anode and the cathode of the thyristor
      for applying a reverse voltage to the thyristor;
PA1  second means connected between the gate and the anode of the thyristor for
      causing a reverse current flow in the gate of the thyristor by the reverse
      voltage provided by said first means;
PA1  said second means comprising a series circuit of an impedance means and an
      auxiliary thyristor connected between the gate and the anode of the
      thyristor, the auxiliary thyristor having a diode characteristic in the
      reverse direction and being operable in the direction allowing a reverse
      current to flow in the gate of the thyristor.
NUM  2.
PAR  2. A circuit comprising:
PA1  a thyristor connected between a power source and a load;
PA1  first means connected between the anode and the cathode of the thyristor
      for applying across the anode and the cathode of the thyristor an
      electrical signal sufficient to block the forward current of the
      thyristor;
PA1  second means for causing a reverse current to flow in the gate of the
      thyristor by the electrical signal provided by the first means;
PA1  third means comprising a series circuit connected between the gate and
      cathode of the thyristor having at least a switching means and a capacitor
      charged with the reverse current flowing in the gate of the thyristor
      wherein when the switching means is closed, the charge stored in the
      capacitor is discharged through the gate of the thyristor and the
      thyristor is turned on by the discharge from the capacitor.
NUM  3.
PAR  3. A circuit comprising:
PA1  a thyristor connected between a power source and a load having the function
      of blocking voltage in the reverse direction;
PA1  first means connected between the anode and the cathode of the thyristor
      for applying a reverse voltage to the thyristor;
PA1  second means connected between the gate and the anode of the thyristor for
      causing a reverse current to flow in the gate of the thyristor by the
      reverse voltage provided by said first means;
PA1  third means comprising a series circuit connected between the gate and
      cathode of the thyristor having at least a switching means and a capacitor
      charged with the reverse current flowing in the gate of the thyristor
      wherein the charge stored in the capacitor is discharged through the gate
      of the thyristor and the thyristor is turned on by the discharge from the
      capacitor.
NUM  4.
PAR  4. An electric power control device as claimed in claim 3 wherein the
      switching means is a light switch.
NUM  5.
PAR  5. A circuit comprising:
PA1  a thyristor connected between a power source and a load having the function
      of blocking voltage in the reverse direction;
PA1  first means connected between the anode and the cathode of the thyristor
      for applying a reverse voltage to the thyristor;
PA1  second means connected between the gate and the anode of the thyristor for
      causing a reverse current to flow in the gate of the thyristor by the
      reverse voltage provided by said first means;
PA1  said second means comprising a series circuit of an impedance means and a
      diode connected between the gate and the anode of the thyristor, the diode
      being operated in either direction allowing a reverse current to flow in
      the gate of the thyristor;
PA1  a capacitor connected in series with the diode and charged with the reverse
      current flowing in the gate of the thyristor;
PA1  a switching means connected in series with the capacitor and in parallel
      with the diode and being capable of causing the capacitor to be discharged
      through the gate of the thyristor and allowing the thyristor to be turned
      on by the discharge from the capacitor.
NUM  6.
PAR  6. A circuit comprising:
PA1  a thyristor connected between a power source and a load, having a thyristor
      characteristic in the forward direction, a diode characteristic in the
      reverse direction and having no other voltage blocking function;
PA1  first means disposed between the cathode and anode of the thyristor
      comprising a series circuit having at least a reverse biased capacitor, an
      impedance means and a switching means and being capable of causing the
      reverse charge stored in the capacitor to be immediately released as a
      reverse current to the thyristor when the switching means is closed; and
PA1  second means connected between the gate and anode of the thyristor for
      shunting part of said reverse current to the gate of the thyristor.
NUM  7.
PAR  7. A circuit as claimed in claim 6 wherein the switching means is a light
      switch.
NUM  8.
PAR  8. An electric power control device as claimed in claim 6 wherein said
      second means comprises a diode having it anode connected to the gate
      terminal of the thyristor and its cathode connected to the junction
      between the capacitor and the impedance means.
NUM  9.
PAR  9. An electric power control device as claimed in claim 6 wherein said
      second means comprises a current transformer installed in the path of the
      reverse current provided by said first means and having its secondary
      winding connected between the gate and the cathode of the thyristor.
NUM  10.
PAR  10. An electric power control device as claimed in claim 9 wherein the
      current transformer is installed in the reverse current path on the side
      of the cathode of the thyristor.
NUM  11.
PAR  11. An electric power control device as claimed in claim 9 further
      comprising: a capacitor connected into the secondary winding circuit of
      the current transformer and charged with the reverse current flowing in
      the gate of the thyristor; and a switching means connected in series with
      the capacitor and being capable of causing the capacitor to be discharged
      through the gate of the thyristor and allowing the thyristor to be turned
      on by the discharge from the capacitor.
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PAL  A current-splitting network comprises a voltage divider having first and
      second output terminals, the potentials at the first and second output
      terminals having a predetermined ratio. A first amplifier is coupled
      between one end of a first resistor and the first output terminal for
      holding the potential of the one end of the first resistor substantially
      at the potential of the first output terminal. A second resistor has a
      resistance value which has a predetermined ratio to the resistance value
      of the first resistor, and a second amplifier is coupled between one end
      of the second resistor and the second output terminal to hold the
      potential of the one end of the second resistor substantially at the
      potential of the second output terminal. A constant-current source is
      connected in common to the other end of the first and second resistors
      such that a constant current fed from the constant-current source is split
      to flow through the first and second resistors. This current-splitting
      ratio is determined by the ratio between the resistance values of the
      first and second resistors and the ratio between the potentials at the
      first and second output terminals.
BSUM
PAR  The present invention relates generally to a current-splitting network, and
      more particularly to a current-splitting network suitable for application
      to a digital-to-analog converter for converting a digital value to an
      analog value (hereinafter referred to as a D-A converter).
PAR  A D-A converter generates a particular magnitude of an electric component
      in response to the existence of a particular bit signal applied to its
      digital input. The sum of the respective current components which have
      been generated in this manner in response to the existence of the
      respective bit signals in the digital input signal thus constitutes an
      output electric current having an analog value corresponding to the
      digital value represented by the input digital signal. By way of example,
      in the case of a 6-bit D-A converter, as a means for responding to the
      existence of the respective weighted bit signals, six current switching
      circuits are provided. An electric current must be split in a correct
      proportion and then fed to the respective ones of the six current
      switching circuits which are responsive to the respective six weighted bit
      signals. Heretofore, in order to form such means for splitting a current,
      an R-2R resistor ladder network and six current splitting transistors were
      required.
PAR  The formation of such a D-A converter in a monolithic integrated circuit
      type is accompanied with difficulties. Despite the requirement that the
      ratio between the respective resistance values of the resistors forming
      the R-2R resistor ladder network be maintained at a desired value with
      high precision it is difficult to do so. Moreover, despite the fact that
      the ratio between the emitter areas of the current splitting transistors
      also must be selected at a ratio proportional to the electric currents
      flowing through the respective transistors, it is difficult to maintain
      this ratio between the emitter areas at a desired value with high
      precision. Furthermore, when a large number of bits are involved, the
      emitter areas of these transistors are necessarily increased.
PAR  Generally it is difficult to enhance the precision of the ratio of
      resistance values between a large number of resistors. Especially, in the
      case of a resistor ladder network, the number of resistors is large, and
      further an R-2R resistor ladder network is composed of resistors having
      resistance values of R and 2R and the resistor having a resistance value
      of 2R is made of two serially connected resistors each having a resistance
      value of R, so that the number of the resistors is further increased. It
      is thus very difficult to obtain a precise resistance ratio.
PAR  It is an object of the invention to provide a current-splitting network in
      which the number of resistors whose resistance values are required to be
      maintained at a given ratio with high precision is reduced.
PAR  It is another object of the present invention to provide a
      current-splitting network in which there is no need to preselect emitter
      areas of transistors in proportion to the values of the electric currents
      flowing therethrough, while still obtaining a highly precise
      current-splitting ratio.
PAR  It is still another object of the present invention to provide a
      current-splitting network with high precision that is suitable for
      inclusion in a D-A converter of monolithic IC type.
PAR  The current-splitting network according to the present invention comprises
      a voltage divider having first and second output terminals the, potentials
      at the first and second output terminals having a predetermined ratio. A
      first amplifier is coupled between one end of a first resistor and the
      first output terminal for holding a potential of the one end of the first
      resistor substantially at the potential of the first output terminal. A
      second resistor has a resistance value which has a predetermined ratio to
      the resistance value of the first resistor, and a second amplifier is
      coupled between one end of the second resistor and the second output
      terminal for holding the potential of the one end of the second resistor
      substantially at the potential of the second output terminal. A constant
      current source is connected in common to the other ends of the first and
      second resistors, such that a constant current fed from the constant
      current source is split to flow through the first and second resistors.
      This current splitting ratio is determined by the ratio between the
      resistance values of the first and second resistors and the ratio between
      the potentials at the first and second output terminals. Therefore, if the
      resistance values of the first and second resistors are selected equal to
      each other, then the aforementioned constant current is split at the ratio
      between the potentials of the first and second output terminals of the
      voltage divider.
PAR  As described, according to the present invention, it is only necessary to
      maintain the potential ratio between the output terminals of the voltage
      divider at a given value with high precision and to maintain the
      resistance ratio between the first and second resistors at a given value
      with high precision. Therefore, when the voltage divider consists of
      resistors in series connection, it is not necessary at all to take into
      consideration the precision of the ratio between the voltage dividing
      resistors and the first and second resistors. It is only necessary to
      consider the precision of the ratio between resistors among a small number
      of resistors. As a result, according to the present invention, a
      current-splitting network having a highly precise current splitting ratio
      can be obtained.
DRWD
PAR  In order to make the present invention more comprehensible, it will be
      described in more detail hereinunder with reference to the accompanying
      drawing, in which:
PAR  FIG. 1 is a circuit diagram of an amplifier which can be employed to
      advantage in a current-splitting network according to the present
      invention, and
PAR  FIG. 2 is a circuit diagram of a current-splitting network according to one
      embodiment of the present invention as applied to a 6-bit D-A converter.
DETD
PAR  Referring now to FIG. 1, a well-known amplifier to be used in the
      current-splitting network according to an embodiment of the present
      invention is illustrated, in which a differential amplifier 101 has a
      voltage gain A. The output of amplifier 101 is connected to a base of the
      NPN transistor 102, whose emitter is in turn connected to a terminal 103
      and to an inverted input of the differential amplifier 101 to apply active
      feedback thereto. It is assumed that an uninverted input of the
      differential amplifier 101 is applied with a voltage V.sub.i, and that a
      voltage Vo appears at an output of amplifier 101. Accordingly, the
      inverted input of the differential amplifier 101 is applied with a voltage
      Vo - V.sub.BE, where V.sub.BE represents the base-emitter voltage of the
      transistor 102. Therefore, the following equation is established:
      ##EQU1##
      Accordingly, the following equation is derived from the above equation:
      ##EQU2##
      Since the gain A of amplifier 101 is generally large with respect to
      unity, the above equation can be approximated by V.sub.o = V.sub.i +
      V.sub.BE. Accordingly, the emitter potential of the transistor 102 becomes
      equal to V.sub.i, which means that a voltage equal to the input voltage
      V.sub.i appears at the terminal 103 of the amplifier shown in FIG. 1. In
      the amplifier of FIG. 1, the transistor 102 may also be a PNP transistor.
PAR  FIG. 2 is a circuit diagram of one example of the current-splitting network
      according to one embodiment of the present invention constructed by making
      use of the amplifiers shown in FIG. 1, as applied to a 6-bit D-A
      converter. In this figure, to the respective collectors of NPN transistors
      1 to 6, each corresponding to the transistor 102 in the amplifier shown in
      FIG. 1, are connected the corresponding movable contacts of switches 15 to
      20 which are adapted to be switched in response to a 6-bit digital input
      signal (not shown). Switches 15 to 20 are generally constructed of
      well-known current switching circuits. The fixed contacts b of the
      switches 15 to 20 are connected in common and grounded, while the fixed
      contacts a of the switches are connected in common to an input of a buffer
      amplifier 22.
PAR  The emitters of the transistors 1 to 6 are respectively connected to one
      end of the corresponding resistors 8 to 13, and the emitter of an
      additional transistor 7 is connected to one end of the resistor 13 in
      common to the emitter of the transistor 6. The other ends of the resistors
      8 to 13 are connected in common at a point 83 and to a negative source
      terminal 67 via a constant-current source 53. Between the respective bases
      and emitters of the transistors 1 to 6 are connected differential
      amplifiers 45 to 50, respectively, each corresponding to the differential
      amplifier 101 in FIG. 1, in the same manner as shown in FIG. 1, so that
      the emitter potentials of the transistors 1 to 6 are respectively held at
      the uninverted input potentials of the corresponding differential
      amplifiers 45 to 50. A collector and a base of the transistor 7 are
      connected to a positive source terminal 55 and to a base of the transistor
      6, respectively, to split the current flowing through the resistor 13 into
      halves in cooperation with the transistor 6.
PAR  A diode 56 serving as a constant voltage element is connected between the
      positive source terminal 55 and a constant current source 57, and a fixed
      potential is obtained by this diode 56 at a junction point 80 at which the
      diode 56 and the current source 57 are commonly connected.
PAR  In this embodiment, a voltage divider 200 is connected between the junction
      points 80 and 83, and comprises voltage dividing resistors 61 to 64
      connected in series. Potentials of both ends 81 and 82 of the series
      connection of resistors 61 to 64 are held at potentials of points 80 and
      83 by amplifiers 59 and 60, respectively. More particularly, one end 81 of
      the series connection of resistors 61, 62, 63 and 64 is connected to an
      emitter of a transistor 65, whose collector is connected to the positive
      source terminal 55. The base-emitter path of transistor 65 is connected to
      the differential amplifier 59 so as to achieve active feedback, and the
      uninverted input terminal of the amplifier 59 is connected to the junction
      point 80 which is maintained at a fixed potential. The other end 82 of the
      series connection of resistors 61-64 is connected to the negative source
      terminal 67 via an emitter-collector path of a PNP transistor 66. The
      base-emitter path of transistor 66 is connected to a differential
      amplifier 60 so as to achieve active feedback, and the uninverted input
      terminal of the amplifier 60 is connected to a junction point 83 between
      the resistor 9 and the constant-current source 53.
PAR  One ends of the resistors 8, 9 and 10 on the transistor side are
      respectively held at the potentials of the output terminals 81, 84 and 85
      of the voltage divider 200 by means of the differential amplifiers 45, 46
      and 47, respectively. For this purpose, the output terminal 81 of the
      voltage divider 200 is connected to an uninverted input terminal of the
      amplifier 45, the output terminal 84 between the resistors 62 and 63 is
      connected to an uninverted input terminal of the amplifier 46, and the
      output terminal 85 between the resistors 63 and 64 is connected to an
      uninverted input terminal of the amplifier 47.
PAR  In the embodiment of FIG. 2 the uninverted input terminal of the amplifier
      45 may be connected to the junction point 80 whose potential is equal to
      that of the output terminal 81.
PAR  In the illustrated embodiment, the voltage at the output terminal 85 is
      further divided, and one end of the resistors 11, 12 and 13 are held at
      the divided voltages. A voltage divider 201 consisting of a series
      connection of resistors 67, 68, 69 and 70 is provided. One end 86 of the
      series connection of resistors is connected to the positive source
      terminal 55 via an emitter-collector path of a transistor 72, and the
      other end 87 of the same series connection is connected to a negative
      source terminal 67 via an emitter-collector path of a PNP transistor 73.
      Active feedback to a differential amplifier 74 is applied through the
      base-emitter path of the transistor 72 and the uninverted input terminal
      of the differential amplifier 74 is connected to the output terminal 85
      between the resistors 63 and 64 in the voltage divider 200. Active
      feedback is applied to a differential amplifier 75 via the base-emitter
      path of the transistor 73, and whose uninverted input terminal is
      connected to the constant-current source 53. Output terminal 88 between
      the resistors 68 and 69 in the voltage divider 201 is connected to the
      uninverted input terminal of the differential amplifier 48, and an output
      terminal 89 between the resistors 69 and 70 is connected to the uninverted
      input terminals of the differential amplifiers 49 and 50. The resistance
      values of the resistors 8 to 13 are selected at 2R, the resistance values
      of the resistors 61 to 64 are selected at R, and the resistance values of
      the resistors 67 to 70 are selected at R/2.
PAR  In the aforementioned circuit, the potentials at one end 90 of the resistor
      8 and at one end 81 of the resistor 61 are made equal to the potential at
      the reference potential point 80 by means of the differential amplifiers
      45 and 59, respectively. The potential at one end of the resistor 64 is
      made equal to the potential at the junction point 83 by means of the
      differential amplifier 60. Since the resistance values of the resistors 61
      to 64 are equal to each other, the voltage between the tap point 84 and
      the junction point 82 is equal to one-half of the voltage between the
      opposite ends 81 and 82 of the series connection of the voltage dividing
      resistors. The potential at one end 91 of the resistor 9 is made equal to
      the potential at the output terminal 84 by means of the differential
      amplifier 46. Thus the voltage applied across the resistor 9 is equal to
      one-half of the voltage applied across the resistor 8. Since the
      resistance values of the resistors 8 and 9 are both equal to 2R, currents
      I.sub.1 and I.sub.2 respectively flowing through the resistors 8 and 9
      satisfy the relation of I.sub.1 = 2I.sub.2. Similarly, the voltage applied
      across the resistor 10 is equal to one-fourth of the voltage applied
      across the resistor 8, so that currents I.sub.1 and I.sub.3 respectively
      flowing through the resistors 8 and 10 satisfy the relation of I.sub.1 =
      4I.sub.3. In a similar manner, a voltage equal to one-fourth of the
      voltage applied across the resistor 8 is applied across the voltage
      divider resistor 71, and owing to the voltage dividing effects of the
      voltage divider resistor 71, voltages equal to one-eighth and
      one-sixteenth of the voltage applied across the resistor 8 are
      respectively applied across the resistor 11 and across the resistor 12, so
      that split electric currents I.sub.4 and I.sub.5 respectively flowing
      through the resistors 11 and 12 satisfy the relation of I.sub. 1 =
      8I.sub.4 = 16 I.sub.5. In addition, in the same manner ss the resistor 12,
      a voltage equal to one-sixteenth of the voltage applied across the
      resistor 8 is applied across the resistor 13, resulting in a current of
      I.sub.5 = (1/16), I.sub.1 flowing through the resistor 13. Current I.sub.5
      is split into halves by means of the transistors 6 and 7, so that a
      current of I.sub.6 = I.sub.1 /32 can be obtained through the transistor 6.
PAR  In this way, the current fed from the constant-current source 53 is split
      into binary-weighted currents I.sub.1 through I.sub.6. In the
      above-described construction of the 6-bit D-A converter, the switches 15
      to 20 are selectively actuated in accordance with the respective bits in a
      6-bit digital signal. If a digital input signal of, for instance, 100100
      is applied to the D-A converter, switches 15 and 18 corresponding to bit 1
      are switched to the side of the contacts a, and the remaining switches 16,
      17, 19 and 20 corresponding to bit O are held on the side of the contacts
      b, in response to the digital input signal a current corresponding to the
      input digital signal of I.sub.1 + I.sub.4 is thus applied to the amplifier
      22 and the corresponding analog signal voltage is obtained at an output
      terminal of the amplifier 22.
PAR  In the current-splitting network according to the present invention, in
      order to improve the precision of the ratio between the respective split
      currents, it is only necessary to independently enhance the precision of
      the resistance value ratio between the resistors 8 to 13, the precision of
      the resistance value ratio between the resistors 61 to 64, and the
      precision of the resistance value ratio between the resistors 67 to 70,
      respectively. Especially, with regard to the most significant three bits,
      the precision of the resistance ratio between the resistors 8, 9 and 10
      having a resistance value of 2R, and the precision of the resistance ratio
      between the resistors 61 to 64 having resistance values of R, are
      principal factors for determining the precision of the current ratios
      between the fixed electric currents I.sub.1 to I.sub.3. In this way, a
      number of resistors whose resistance ratio must be determined with high
      precision are divided into blocks, each one of the blocks includes a small
      number of resistors, and the precision of the resistance ratio between a
      resistor in the block consisting of the resistors 8 to 10 and another
      resistor in the block consisting of the resistors 61 to 64 can be
      relatively low. For resistors assembled in a semiconductor integrated
      circuit, it is relatively easy to obtain high precision of the resistance
      ratio between a small number of resistor elements having an equal shape.
      However, if the number of the resistors is increased, the cumulative
      effect of a temperature gradient on the semiconductor chip, fluctuations
      and irregularities during the diffusion process, and the like, make it
      difficult to maintain a high precision of the resistance ratio between the
      resistors.
PAR  In the above-described embodiment of the invention, when attention is paid
      to the most significant three bits, it is only necessary to enhance the
      precision of the resistance ratio among at most four resistors. Whereas in
      the conventional current splitting network including a resistance ladder
      network, when attention is paid to the most significant three bits, the
      precision of the resistance ratio among six resistors must be enhanced,
      and in addition, since the resistor having a resistance of 2R is
      practically composed of two resistors each having a resistance of R, the
      number of the resistors whose resistance ratio must be maintained with
      high precision is further increased to nine.
PAR  Still further, in case that all the six bits are taken into consideration,
      in the network of the present invention, the precision of the resistance
      ratio among the six resistors 8 to 13, among the four resistors 61 to 64,
      and among the four resistors 67 to 70, respectively, is significant; in
      other words, precision of the resistance ratio among at most six resistors
      is important. On the other hand, in the conventional current-splitting
      network, the precision of the resistance ratio among 18 resistors each
      having a resistance value of R is required. In the current-splitting
      network according to the present invention, a current division of a
      precisely determined ratio can be realized by merely maintaining high
      precision of the resistance ratio among a small number of resistors that
      is one-half the number of resistors for which such precision is required
      in the conventional current-splitting network.
PAR  In addition, as will be apparent from FIG. 2, in the current-splitting
      network according to the present invention, the emitter areas of the
      respective transistors 1 to 6 could be made identical, and there is no
      need to increase the emitter areas of these transistors in proportion to
      the current to be passed therethrough as is the case with the conventional
      current-splitting network. As a result, the present invention is extremely
      effective for forming a current-splitting network in an integrated circuit
      type.
PAR  It will be understood that although the network of the invention has been
      specifically described hereinabove with respect to a single embodiment,
      modifications can be made therein without necessarily departing from the
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A current splitting network comprising a reference point, a voltage
      divider having a reference terminal connected to said reference point and
      first and second output terminals and generating a first voltage at said
      first output terminal and a second voltage at said second output terminal,
      said first voltage having a first value with respect to the potential of
      said reference point and said second voltage having a second value with
      respect to the potential of said reference point, said first and said
      second values having a predetermined ratio to one another, a first
      resistor, a first amplifier coupled between one end of said register and
      said first output terminal for holding the voltage at said one end of said
      first resistor substantially at said first voltage, a second resistor of a
      resistance value having a predetermined ratio to the resistance value of
      said first resistor, a second amplifier coupled between one end of said
      second resistor and said second output terminal for holding the voltage at
      said one end of said second resistor substantially at said second voltage,
      the other ends of said first and second resistors being connected to said
      reference point, and a constant current source connected to said reference
      point, whereby a current fed by said constant-current source is split to
      flow through said first and second resistors in accordance with the ratio
      between said first and second voltages and the ratio between the
      resistance values of said first and second resistors.
NUM  2.
PAR  2. The current-splitting network according to claim 1, in which said
      voltage divider comprises a plurality of voltage divider resistors in
      series connection, a third amplifier for holding the potential of one end
      of said series connection of said voltage divider resistors at a
      predetermined potential, and a fourth amplifier for holding the potential
      of the other end of said series connection of said voltage divider
      resistors at the potential of said other ends of said first and second
      resistors.
NUM  3.
PAR  3. The current-splitting network according to claim 1, further comprising a
      second voltage divider having a first and a second reference terminal
      supplied respectively with the potential of said reference point and with
      said first voltage and third and fourth output terminals and generating a
      third voltage at said third output terminal and generating a fourth
      voltage at said fourth output terminal, said third voltage having a third
      value with respect to the potential of said reference point and said
      fourth voltage having a fourth value with respect to the potential of said
      reference point and said third and fourth values having a predetermined
      ratio to one another, a third resistor, a third amplifier coupled between
      one end of said second register and said third output terminal for holding
      the voltage at said one end of said third resistor substantially at said
      third voltage, a fourth resistor of a resistance value having a
      predetermined ratio to the resistance value of said third resistor, and a
      fourth amplifier coupled between one end of said fourth amplifier coupled
      between one end of said fourth resistor and said fourth output terminal
      for holding the voltage at said one end of said fourth resistor
      substantially at said fourth voltage, the other ends of said third and
      fourth resistors being connected to said reference point, whereby said
      current fed by said constant-current source is also split to flow through
      said third and fourth resistors in accordance with the ratio between said
      third and fourth voltages and the ratio between the resistance values of
      said third and fourth resistors.
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PAL  An electronic feeding bridge for a telephone line uses a two-stage circuit
      to provide high a.c. impedance between the load and the line and between
      the line and the load. The first stage includes one NPN type transistor
      and one PNP type transistor with their bases coupled together by a
      capacitor. The second stage includes one PNP type transistor and one NPN
      type transistor with their bases coupled together by a capacitor. The
      emitters of the transistors of the first stage are connected to the
      emitters of the transistors of the second through of a pair of resistors.
      The collectors of the second stage are connected to the load through of a
      pair of diodes, and the collectors of the transistors of the first stage
      are connected directly to the line.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to the modifications of, improvements and
      additions to "electronic feeding bridge for a telephone line" such as that
      disclosed in the French Pat. Application No. 73 03357 filed on Jan. 31,
      1973 by the applicant.
PAC  BACKGROUND OF THE INVENTION
PAR  It is of particular interest, especially for reasons of cost and
      cumbersomeness, to be able to replace large units by a fully electronic
      circuit of smaller height and volume. A classical solution for supplying
      direct current to a telephone line consists of using of two symmetrical
      windings wound on the same magnetic core in opposite winding direction so
      that, in common mode, only the difference in symmetry of windings causes a
      differential voltage to appear. The more matched the inductances, the
      slighter the differential voltage. A symmetrical and fully electronic
      circuit was described in the above-mentioned parent patent application.
      Such a circuit, which shall be called "electronic feeding bridge" in the
      following description, insulates the power source from the point of view
      of a.c. current from the telephone line, i.e. the feeding bridge presents
      a high impedance to the telephone line. On the other hand this presents a
      low impedance to the power source. Thus, if alternating signals exist in
      the power source, they are transmitted with almost no attenuation to the
      telephone line through the feeding bridge. Therefore, it is understood how
      the crosstalk coupling which exists between the various lines of the
      network by means of the power source is undesirable. It is of particular
      interest to be able to use a circuit for providing a.c. insulation between
      the power source and the telephone line to be supplied or in general
      between a circuit and the source designed to supply the circuit, when both
      the circuit and the source are the source of alternating signals.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide an electronic circuit
      permitting a load to be supplied with a d.c. current while at the same
      time providing a.c. insulation of the power source when alternating
      currents exist in the load and of the load when an undesirable alternating
      voltage appears in the power source.
PAR  According to one feature of the present invention, the circuit includes a
      first stage having a high input impedance and a low output impedance and a
      second stage having a low input impedance and a high output impedance.
PAR  According to another feature of this invention a virtual inductance appears
      between the input terminals of the first stage and between the output
      terminals of the second stage of the circuit. This inductance prevents
      alternating signals from passing from the input terminals of the first
      stage to the output terminals of the second stage and vice versa.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows one embodiment of the feeding bridge circuit according to the
      invention;
PAR  FIG. 2 shows an a.c. equivalent circuit of the feeding bridge of FIG. 1;
      and
PAR  FIG. 3 shows another a.c. equivalent circuit of the feeding bridge of FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows the electronic feeding bridge of the instant invention, used
      to supply a d.c. voltage to a subscriber's telephone line. The input
      terminals A and B of the circuit are connected to terminals of a d.c.
      power source (-48 volts), while the output terminals C and D of the
      circuit are connected to the two wires of the subscriber's line to be
      supplied with a d.c. current. The first stage of the circuit includes
      transistors T3 of NPN type and T4 of PNP type, their bases being connected
      to each other through a capacitor C2. For each transistor (T3 and T4), the
      collector is connected to the base through a resistor R3. The collector of
      T3 is connected to the ground (positive terminal of the power source) by
      the terminal A whereas the collector of T4 is connected to the negative
      terminal (-48 volts) of the power source by the terminal B. The second
      stage of the circuit is such as the feeding bridge described in the
      above-mentioned parent patent application. Two diodes D1 and D2 were added
      to the feeding bridge of the said parent patent application. These diodes,
      in series with the collector of T1 (diode D1) and the collector of T2
      (diode D2), T1 and T2 being the respective PNP and NPN transistors of the
      said second stage, are designed for protecting transistors T1 and T2 when
      inopportune surges occur on the line and they do not modify the operating
      of circuit especially as far as the alternating signals are concerned.
      Thus, one again finds in second stage two transistors of complementary
      type T1 and T2. The bases of said transistors are connected to each other
      through a capacitor C1 and the collectors are connected to the wires of
      the telephone line through the protective diodes D1 and D2 and the
      terminals C and D. Resistors R1 are connected one between the base of the
      transistor T1 and the terminal C and the other between the base of the
      transistor T2 and the terminal D.
PAR  The emitter of T1 of said second stage is connected to the emitter of T3 of
      said stage through a resistor R2. Likewise the emitter of T2 is connected
      to the emitter of T4 through another resistor R2. If resistors R2 are
      considered each being the sum of two serially connected resistors of the
      same value, the circuit according to the invention and shown in FIG. 1 may
      be then considered as two feeding bridges placed side by side, such as
      that described in the above-mentioned parent patent application and
      symmetrical with respect to the link between stages. Therefore, throughout
      the following study of the a.c. operating of the circuit according to the
      invention, it will be referred to the study of the feeding bridge made in
      the parent patent application and the result of which will be recalled
      briefly.
PAR  FIG. 2 shows an equivalent circuit of the feeding bridge according to the
      invention when applying an a.c. voltage 2v between terminals C and D. In
      this equivalent circuit transistors T1 and T2 have been replaced by the
      current generators G1 and G2 respectively, and their input impedance hie;
      the reverse voltage amplification factor hre has been considered
      negligible for each transistor. By taking into account the fact that the
      power source is equivalent to a short-circuit for alternating signals, the
      current generators G3 and G4 represent the transistors T3 and T4
      respectively.
PAR  FIG. 3 shows another equivalent circuit derived from the first one in which
      the base and collector-emitter circuits have been divided into two
      branches and U is an impedance whose value is 2 hie + 2 R2 (1 + .beta.),
      where .beta. is the current gain of transistors, and Y is an impedance
      whose value depends on the resistance of R2. The current generators G'1
      and G'2 represent the current generators G1, G2, G3 and G4 of the
      equivalent circuit of FIG. 2. It has been found as a result in the parent
      patent application that the circuit of FIG. 3 is equivalent to an
      inductance in parallel with a resistor of the value 2 R1. It has been also
      found as a first approximation that the value of the virtual inductance is
      a direct function of the sole values of R1, R2 and C1.
PAR  Thus, the circuit according to the present invention behaves, in relation
      to the a.c. signals existing on the line similar to the feeding bridge of
      the aforementioned French patent application. The said circuit being, as
      shown earlier, symmetrical with respect to the interstage link, so that it
      also behaves like an inductance with respect to the a.c. signals existing
      in the power source. Experiments achieved on this circuit have shown that
      the a.c. signals coming from either the power source or the load are very
      much attenuated by the circuit according to the invention, making the
      circuit suitable for supplying from a d.c. power source a subscriber's
      telephone line.
PAR  Although the present invention has been described in relation with a
      particular embodiment, it is not limited to this example and is capable of
      other variations and modifications falling within its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic circuit for supplying electrical power from a d.c. power
      source to a subscriber's telephone line comprising:
PA1  a first feeding bridge having a high a.c. input impedance and low a.c.
      output impedance, including a first pair of complimentary transistors
      having their bases connected by a first capacitor, the input terminals of
      said bridge connected each to a terminal of said d.c. power source, and
      said terminals being common to the collector and to the resistor between
      base and collector of each transistor of said complimentary pair of
      transistors;
PA1  a second feeding bridge having a low a.c. input impedance and a high a.c.
      output impedance including a second pair of complimentary transistors
      having their bases connected by second capacitor, the output terminals of
      said bridge connected each to a wire of said subscriber's line, are common
      to the collector and to the resistor between base and collector of each
      transistor of said second complimentary pair of transistors, and
PA1  the output of said first pair of complimentary transistors being connected
      to the input of said second pair of complimentary transistors by resistive
      coupling between the corresponding emitters, whereby
PA1  the combination of said first and second feeding bridge provides high
      impedance to a.c. signals originating in said d.c. power source and on
      said subscriber line, to isolate the flow of a.c. signals between said
      d.c. power source and said subscriber's line and between said subscriber's
      line and said d.c. power source.
NUM  2.
PAR  2. The circuit of claim 1 wherein said second pair of complimentary
      transistors each include a diode connected between the collector and its
      associated output terminal.
PATN
WKU  039434338
SRC  5
APN  4710185
APT  1
ART  212
APD  19740517
TTL  Measuring transformer arrangement for a high-voltage installation
      carrying several conductors
ISD  19760309
NCL  66
ECL  1
EXP  Goldberg; Gerald
NDR  2
NFG  5
INVT
NAM  Hermstein; Wolfgang
CTY  Nurnberg
CNT  DT
INVT
NAM  Schiemann; Heinz
CTY  Berlin
CNT  DT
ASSG
NAM  Siemens Aktiengesellschaft
CTY  Munich
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730517
APN  2325451
CLAS
OCL  323 44R
XCL  174 99R
XCL  174DIG10
XCL  307147
XCL  323 93
XCL  336175
EDF  2
ICL  H01F 2706
ICL  H01B  906
FSC  307
FSS  147;149
FSC  323
FSS  93;44 R;60;61
FSC  174
FSS  28;27;99 R;99 B;DIG. 10
FSC  336
FSS  175
UREF
PNO  1873977
ISD  19320800
NAM  Naef
OCL  174DIG.10
UREF
PNO  3701944
ISD  19721000
NAM  Amalric
OCL  174 11BH
UREF
PNO  3730968
ISD  19730500
NAM  Szente-Varga
OCL  174 27
UREF
PNO  3767837
ISD  19731000
NAM  Graybill
OCL  174 27
LREP
FRM  Kenyon & Kenyon Reilly Carr & Chapin
ABST
PAL  A measuring transformer arrangement is provided for a fluid-insulated
      high-voltage installation with metal encapsulation carrying several
      conductors. The measuring transformer arrangement includes at least one
      conducting or semiconducting tube surrounding each conductor whereat at
      least one current transformer core with a system of secondary windings
      mounted on it is attached on the outside of the tube. The tubes are
      connected with each other and are attached to the metal encapsulation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention concerns a measuring transformer for a gas-insulated or
      liquid-insulated high-voltage switching installation with metal
      encapsulation, carrying several conductors.
PAR  From Deutsche Offenlegungsschrift 2,125,297 which corresponds to U.S. Pat.
      No. 3,763,378, a measuring transformer is known with which a current and
      voltage measurement in a single-phase high-voltage switching installation
      can be performed. Within the metal encapsulation of the high-voltage
      switching installation, this measuring transformer includes an insulator
      which carries a conducting layer on its inside surface facing the
      high-voltage conductor. The insulator contains a current transformer core
      with a system of secondary windings mounted on it. In this measuring
      transformer, the conducting layer forms a surface-type electrode which, in
      cooperation with the high-voltage conductor surrounded by it, forms the
      high-potential capacitor of a capacitive voltage divider. The
      low-potential capacitor, followed by an amplifier, is located outside the
      metal encapsulation. The known measuring transformer is suited for the
      measurement of current and voltage in single-phase high-voltage switching
      installations and cannot be used in high-voltage switching installations
      carrying several conductors.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a measuring
      transformer arrangement for making current measurement in high-voltage
      installations carrying several conductors. It is another object of the
      invention to provide such a measuring transformer arrangement for also
      making voltage measurements in a high voltage installation equipped with
      several conductors.
PAR  According to the measuring transformer arrangement of the invention, each
      conductor is surrounded by a tube which is conducting or semiconducting at
      least on its surface facing the conductor. At least one current
      transformer core with a system of secondary windings mounted thereon is
      located on the outside of each tube, and the tubes are connected with each
      other and are fastened at the metal encapsulation.
PAR  A single-conductor transformer for use in a fluid-insulated metal-clad,
      high-voltage installation is disclosed in the patent application of Heinz
      Schiemann entitled: Single-Conductor Transformer for High-Voltage
      Installations, Ser. No. 470,903, filed on May 17, 1974.
PAR  The measuring transformer arrangement according to the invention affords
      the primary advantage that it is of simple configuration and can therefore
      be installed easily. The measuring transformer arrangement is furthermore
      of a construction that makes it possible to accommodate the same in the
      metal encapsulation of the installation without having to enlarge the
      encapsulation or to provide extensions. The space required for the
      high-voltage installation is therefore not increased by the measuring
      transformer arrangement according to the invention.
PAR  The measuring transformer arrangement according to the invention has the
      further advantage that the individual current transformer cores with the
      systems of secondary windings mounted on them are not embedded in cast
      resin, so that pressure due to shrinkage cannot affect the current
      transformers detrimentally as to their transformation accuracy. With the
      measuring transformer arrangement according to the invention it is
      furthermore possible to make a turn adjustment still during the
      installation in the metal encapsulation; the secondary winding systems are
      accessible during the installation due to the absence of an encapsulation
      made of cast resin or the like.
PAR  In the measuring transformer arrangement according to the invention, the
      tubes may be configured in different ways. It is considered advantageous
      if the tubes are plastic tubes which have semiconducting or conducting
      coatings as control electrodes at least on the surface facing the
      corresponding conductor. If plastic tubes are used, the current
      transformer cores with the secondary winding system can be attached by
      cementing. The use of plastic tubes facilitates, furthermore, the
      manufacture of a combined current and voltage transformer.
PAR  It may also be advantageous to make the tubes of metal. This applies
      particularly for the case that a multi-phase current transformer is to be
      created.
PAR  In the measuring transformer arrangement according to the invention, the
      tubes may be held in the metal encapsulation by a different number of
      support discs. If the tubes are relatively short because, for instance,
      only a single current transformer core with secondary windings is to be
      attached on them, it may be sufficient to arrange a single support disc
      about in the middle of the tubes. The relatively short tubes can be held
      at the support disc by means of fastening attachments.
PAR  It is also considered advantageous if the tubes, with at least one support
      disc, form a cast structure, as this is advantageous from a design and
      manufacturing point of view.
PAR  If the tubes are relatively long, it is advantageous if each tube has
      fastening attachments at both ends and the fastening attachments are
      connected with one support disc each at both ends of the tubes. In order
      to enable the tubes to expand freely in the direction of the longitudinal
      axis of the metal encapsulation in the event of temperature changes, only
      a single support disc is preferably connected rigidly with the metal
      encapsulation if the arrangement is provided with two support discs; the
      other support disc rests against the metal encapsulation and is therefore
      movable in the direction of the longitudinal axis of the high-voltage
      installation according to the thermal expansion of the tubes. Buckling of
      the tubes in the event of temperature changes is thus impossible. Through
      the use of the support discs the further advantage is obtained that it is
      easy to center the individual metallic tubes in relation to the conductors
      of the high-voltage switching installation.
PAR  The iron cores with the systems of secondary windings mounted thereon can
      be attached at the individual tubes in different ways. It is, for
      instance, considered advantageous if for each tube, at least one mounting
      element is arranged on the iron core by means of which the iron core with
      the secondary winding system mounted thereon is fastened to the tube. A
      mounting element of metal is advantageously used because it can be
      attached at the corresponding tube made of metal by welding.
PAR  Another advantageous possibility of attaching the iron cores at the tubes
      is seen in clamping the iron core with the secondary winding system
      mounted thereon between the fastening attachments of the corresponding
      tube by means of a clamping device. The fastening attachments are thereby
      utilized twice, that is, once for mounting the individual tubes at the
      support discs and again, for mounting the iron cores at the tubes. The
      clamping device may advantageously consist of pressure screws.
PAR  If it is intended to only measure the currents in the conductors of the
      high-voltage installation by means of the measuring transformer
      arrangement according to the invention, then each tube is grounded. Each
      tube consists advantageously of a tube portion with a rounded end-face and
      of a further tube portion with a further rounded end-face which is joined
      to the first tube portion. The two tube portions are metallically
      connected with each other and form an equipotential surface, this being
      technically advantageous for insulation reasons. The high-voltage is
      brought down between this equipotential surface and the respective
      high-voltage conductor through the use of the insulating medium of the
      high-voltage installation. Such a tube, consisting of two parts, is of
      course, necessary only if a ring band-core is to be used, so that this
      core can be placed on the tube. If, on the other hand, cut band cores are
      to be used, then a tube made of one piece, which is bent outward at both
      its ends in order to obtain an equipotential surface, can also be used if
      this appears more advantageous for manufacturing reasons.
PAR  A ring band-core is a magnetic circuit wound from high permeability shut
      metal so as to have an annular configuration. A cut band-core is a ring
      band-core which is cut to simplify production and assembly of the coil.
PAR  For manufacturing reasons it may also be advantageous if each grounded tube
      consists of a center section and two outer parts with rounded end faces
      which are connected with the center section.
PAR  With this configuration of the tubes, the center section always carries
      fastening attachments and the outer parts always have fastening lugs.
      Fastening lugs at the outer part are braced against the fastening
      attachments and against the one supporting disc at the one end of the
      corresponding tube, and the fastening lugs at the other outer part against
      the fastening attachments of the other end of the tube and against the
      further support disc. This construction of the tubes has the advantage
      that the fastening attachments can be used additionally for forming a tube
      which has rounded end faces and consists of several parts.
PAR  The tubes can be grounded in different ways, for example, by means of a
      wire which is connected on the one side metallically with the tubes and on
      the other side metallically with the metal encapsulation of the
      high-voltage installation. However, it is considered as particularly
      advantageous if one support disc consists of metal, which is connected on
      the one side metallically with the tubes and on the other side
      metallically with the metal encapsulation due to its attachment at the
      latter.
PAR  However, the measuring transformer arrangement according to the invention
      not only allows, as explained above, to measure currents in the conductors
      of a high-voltage installation, but it can also be used as a combined
      current and voltage transformer for a multi-phase high-voltage
      installation. To this end, the tubes are always arranged insulated from
      the metal encapsulation and, together with the respective conductors of
      the high-voltage installation surrounded by them, form a high-potential
      capacitor of a capacitive voltage divider, always with a low-potential
      capacitor connected to the high-potential capacitor; at both ends of the
      tubes, tube sections forming guard ring electrodes are preferably
      arranged, insulated from the tubes. In this construction of the measuring
      transformer arrangement according to the invention, the tubes form not
      only the support structures for the iron cores with systems of secondary
      windings mounted on them, but they are utilized in addition as
      surface-type electrodes for forming high-potential capacitors.
PAR  In a measuring transformer arrangement configured as a combined current and
      voltage transformer in accordance with the invention, the tube portions
      can be attached to the tubes in different ways. It is considered
      advantageous if the tube portions are each provided with fastening lugs; a
      support disc of insulating material is arranged in each case between the
      fastening lugs at the one tube portion and the fastening attachments at
      the one end of the tubes, and a further support disc of insulating
      material is attached between the fastening lugs at the other tube portion
      and the fastening attachments of the other end of the tubes. The screws
      clamping fastening lugs to the fastening attachments are always insulated
      against the fastening lugs or fastening attachments by annular spacers. In
      this connection, the fastening lugs can advantageously be formed by
      flanges bent out of the tube portions.
PAR  For reasons of construction, it is considered as particularly advantageous
      if the tube portions forming the guard ring electrodes are cemented to the
      tubes; here, the tube portions and the tubes each have layers of
      insulating material on the surfaces which are to be cemented together.
      These layers can be applied, for instance, by coating with powder or
      spin-sintering.
PAR  Although the invention is illustrated and described herein as a measuring
      transformer arrangement for a high-voltage installation carrying several
      conductors, it is nevertheless not intended to be limited to the details
      shown, since various modifications may be made therein within the scope
      and the range of the claims. The invention, however, together with
      additional objects and advantages will be best understood from the
      following description and in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram, partially in section, illustrating a
      measuring transformer arrangement according to the invention arranged in
      the metal encapsulation of a high-voltage installation having a plurality
      of conductors.
PAR  FIG. 2 is a plan view of the measuring transformer arrangement of FIG. 1.
PAR  FIG. 3 illustrates a structural detail of the portion of the measuring
      transformer arrangement in FIG. 1 within the broken-line circle.
PAR  FIG. 4 illustrates how the transformer core units can be mounted on
      corresponding tube members according to a subsidiary embodiment of the
      invention as well as showing how the tube member can be made up of two
      parts joined together.
PAR  FIG. 5 illustrates details of how the transformer core units can be mounted
      on the tube members according to another subsidiary embodiment of the
      invention. This view also shows how the tube member can be attached to the
      insulating discs according to a subsidiary embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring to FIGS. 1 to 3 of the drawing, three conductors 3, 4 and 5 are
      run in the metal encapsulation 1 of a high-voltage switching installation
      2. Each of the conductors 3 to 5 is surrounded by a corresponding tube 6
      in the form of a metal cylinder. The tubes 6 are provided at one end with
      fastening brackets 7 and at the other end with further fastening brackets
      8. To the ends of each tube 6 are cemented tube portions 9 and 10,
      respectively. The tube portions 9 and 10 are bent outward and form
      protective ring-electrodes because they carry on their respective surfaces
      cemented to the tube 6, a layer of insulation 11, as may be seen
      particularly in FIG. 3 and are therefore arranged insulated from the tubes
      6.
PAR  The fastening attachments 7 and 8 of the tubes 6 are connected to support
      discs 14 and 15 by means of screws 12 and 13, respectively. One of the
      support discs 14 and 15 is firmly connected with the metal encapsulation
      1; while the other disc rests against the metal encapsulation 1 as a
      support element. The discs 14 and 15 are made of insulating material to
      avoid a metallic connection between the tubes 6 and the grounded metal
      encapsulation 1. In order to be able to center the individual tubes 6
      relative to the corresponding conductors 3 to 5 disposed therein, the
      support discs 14 and 15 are provided with holes 17 having a diameter
      larger than the shank of the screw 13. It is thereby possible to shift the
      individual tubes 6 in the radial direction into the centered position
      before tightening the screws 12 and 13.
PAR  As may be seen particularly from FIGS. 1 and 2, each tube 6 is provided
      with attachment sets which include fastening shoulders 7 and 8. Each
      attachment set has three fastening shoulders 7, 8 which are uniformly
      spaced about the circumference of the tube 6.
PAR  Within the constricted region conjointly defined by the tube 6 and the two
      tube portions 9 and 10 are disposed an iron core 20 and a further iron
      core 21, each with a secondary winding system 22 and 23, respectively. The
      cores 20 and 21 are held in place in the constricted area by means of a
      clamping device 24 which can, for example, be in the form of pressure
      screws. The iron cores are clamped between the respective fastening
      shoulders 7 and 8 by means of the clamping device with pressure pieces 25,
      26 and 27 interposed. At the output terminals, not shown, of the secondary
      windings, a measurement quantity can then be taken off, which corresponds
      to the current in the respective conductors 3 to 5 of the high-voltage
      switching installation 2.
PAR  Referring to FIG. 1, the tube 6 is at the same time used also for measuring
      the voltage; this tube, together with the respective conductors 3 to 5
      disposed in it always forms a high-potential capacitor of a capacitive
      voltage divider whose low-potential capacitor 29 may be arranged outside
      the metal encapsulation 1. As a rule, an amplifier 32 is connected to the
      low-potential capacitor.
PAR  According to an alternate embodiment, it is also possible to configure the
      low-potential capacitor as a circularly wound capacitor and to arrange it
      also in the area which is formed by the tube and the tube portions. It is
      then only necessary to see to it that the tube is made correspondingly
      long. It is an advantage of this solution that no additional space is
      needed outside the metal encapsulation for accommodating the low-potential
      capacitors. A further advantage is that the low-potential capacitor is
      subjected to the same temperature changes as the high-potential capacitor,
      which has a favorable effect on the constancy of the division ratio of the
      capacitive voltage divider.
PAR  The measuring transformer according to the invention is suitable for a
      gas-insulated or liquid-insulated high-voltage installation carrying
      several conductors and can be manufactured simply and affords favorable
      measurement properties.
PAR  FIG. 4 illustrates how a transformer core unit can be mounted on a tubular
      member. The transformer core unit includes an iron core 140 and a
      secondary winding system 160 mounted thereon. Holding means in the form of
      a holding element 180 is provided for securing the transformer core unit
      to the tube member 40. The tube member 40 and the holding element 180 can
      be made of metal. The holding element 180 is shown welded to the outer
      surface of the tube member 40.
PAR  The tube member 40 is made up of a first tubular part 50 having a rounded
      end-face 60 and a second tubular part 70 having a rounded end-face 80. The
      second tubular part 70 is connected to the first tubular part 50 at the
      interface 90.
PAR  FIG. 5 illustrates another configuration of the tube member wherein the
      tube member includes a central tube part 34 and two outer parts 35 and 36
      connected to respective ends of the center tube part 34. Each of the outer
      parts has a rounded end-face 37, 38 facing away from the center tube part
      34. One of the outer parts 35 adjoins the center tube part 34 at one end
      thereof and the other outer part 36 adjoins the center tube part 34 at the
      other end thereof. The mounting means for mutually connecting the tube
      members and for mounting the tube members in the metal encapsulation can
      include two supporting discs 14 and 15.
PAR  Two attachment sets corresponding to each of the tube members are provided
      for attaching the same to the discs 14 and 15, respectively. The
      attachment sets are disposed at the respective locations where the outer
      parts 35 and 36 adjoin the center tube part 34. One of the attachment sets
      includes a fastening shoulder 41 extending from the center tube part 34 at
      one end thereof and a fastening tab 39 extending from the outer part 35.
      The fastening shoulder 41 and the fastening tab 39 are tightly connected
      to supporting disc 14. The other one of the attachment sets includes a
      fastening shoulder 42 extending from the center tube part 34 at the other
      end thereof and a fastening tab 40 extending from the other outer part 36.
      Fastening shoulder 42 and fastening tab 40 are both tightly connected to
      the supporting disc 15.
PAR  Insulating clamping means 45 clamps the fastening shoulder 41 with the
      fastening tab 39 so as to insulate the shoulder 41 from the tab 39.
      Insulating clamping means 47 is provided in a like manner for fastening
      shoulder 42 and fastening tab 40. FIG. 5 also shows in greater detail the
      clamping device 24.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A measuring transformer arrangement for a metal-encapsulated,
      fluid-insulated, high-voltage installation equipped with a plurality of
      conductors comprising: a plurality of tube members disposed in surrounding
      relation to corresponding ones of the conductors, each of said tube
      members having an inner surface portion facing the conductor disposed
      therein, said surface portion having a value of electrical conductivity
      selected from a conductivity value in the range extending from the value
      of electrical conductivity of a semiconductor to the value of electrical
      conductivity of metal; a plurality of transformer core units corresponding
      to said tube members, respectively, each of said transformer core units
      including an iron core, and a secondary winding system mounted on said
      core; mounting means for mutually connecting said tube members and for
      mounting said tube members on the metal encapsulation, said mounting means
      comprising a supporting disc mounted to the metal enclosure of the
      high-voltage installation, said tube members being mounted in said
      supporting disc; and, holding means for mounting said transformer core
      units to said tube members respectively.
NUM  2.
PAR  2. The measuring transformer arrangement of claim 1, each of said tube
      members comprising an annular member of plastic material, said surface
      portion being a conductive coating carried by said annular member.
NUM  3.
PAR  3. The measuring transformer arrangement of claim 1, each of said tube
      members being made of metal.
NUM  4.
PAR  4. The measuring transformer arrangement of claim 1, said tube members and
      said supporting disc being a single cast body.
NUM  5.
PAR  5. The measuring transformer arrangement of claim 1 wherein the metal
      encapsulation is filled with an insulating fluid which also occupies the
      space enclosed by said tube members whereby the insulating fluid in said
      space constitutes the insulating medium between said tube members and the
      conductors respectively.
NUM  6.
PAR  6. The measuring transformer arrangement of claim 1 comprising cast resin
      disposed within each of said tube members filling the space of each of
      said tube members so as to constitute an insulating medium therein.
NUM  7.
PAR  7. The measuring transformer arrangement of claim 1 comprising a plurality
      of insulating discs corresponding to respective ones of said tube members,
      each of said insulating discs being disposed between the tube member and
      the conductor therein for spacing and centering the tube member from the
      conductor.
NUM  8.
PAR  8. The measuring transformer arrangement of claim 7, each of said
      insulating discs being configured so as to extend the leakage path between
      the conductor and the tube member whereby an increase in dielectric
      strength is obtained.
NUM  9.
PAR  9. The measuring transformer arrangement of claim 1, said mounting means
      comprising an additional supporting disc for supporting said tube members,
      and two attachment sets corresponding to each one of said tube members,
      said attachment sets being at respective ends of said tube members for
      attaching said tube member to said discs respectively.
NUM  10.
PAR  10. The measuring transformer arrangement of claim 9 wherein each of said
      tube members is grounded, each of said tube members comprising a first
      tubular part having a rounded endface, and a second tubular part having a
      rounded end-face and being connected to said first tubular part.
NUM  11.
PAR  11. The measuring transformer arrangement of claim 9 wherein each of said
      tube members is grounded, each of said tube members comprising a center
      tube part, and two outer parts connected to respective ends of said center
      tube part, each of said outer parts having a rounded end-face facing away
      from said center tube part.
NUM  12.
PAR  12. The measuring transformer arrangement of claim 11, each of said tube
      members comprising an annular member of plastic material, said surface
      portion being a conductive coating carried by said annular member.
NUM  13.
PAR  13. The measuring transformer arrangement of claim 11, each of said tube
      members being made of metal.
NUM  14.
PAR  14. The measuring transformer arrangement of claim 11 wherein the metal
      encapsulation is filled with an insulating fluid which also occupies the
      space enclosed by said tube members whereby the insulating fluid in said
      space constitutes the insulating medium between said tube members and the
      conductors respectively.
NUM  15.
PAR  15. The measuring transformer arrangement of claim 11 comprising cast resin
      disposed within each of said tube members filling the space of each of
      said tube members so as to constitute an insulating medium therein.
NUM  16.
PAR  16. The measuring transformer arrangement of claim 11 comprising a
      plurality of insulating discs corresponding to respective ones of said
      tube members, each of said insulating discs being disposed between the
      tube member and the conductor therein for spacing and centering the tube
      member from the conductor.
NUM  17.
PAR  17. The measuring transformer arrangement of claim 16, each of said
      insulating discs being configured so as to extend the leakage path between
      the conductor and the tube member whereby an increase in dielectric
      strength is obtained.
NUM  18.
PAR  18. The measuring transformer arrangement of claim 11 comprising holding
      means for mounting said transformer core units to said tube members
      respectively.
NUM  19.
PAR  19. The measuring transformer arrangement of claim 18, each of the
      attachment sets comprising a fastening shoulder, the fastening shoulders
      corresponding to each of said tube members being mutually adjacent, said
      holding means being a clamping device for clamping said iron core of the
      corresponding transformer core unit between said mutually adjacent
      fastening shoulders.
NUM  20.
PAR  20. The measuring transformer arrangement of claim 19, said clamping device
      comprising a plurality of pressure screws.
NUM  21.
PAR  21. The measuring transformer arrangement of claim 11 wherein one of said
      outer parts adjoins said center tube part at one end thereof, and the
      other one of said outer parts adjoins said center tube part at the other
      end thereof; said mounting means comprising at least two supporting discs
      for supporting said tube members, and two attachment sets corresponding to
      each one of said tube members for attaching the same to said discs
      respectively, said attachment sets being at the respective locations where
      said outer parts adjoin said center tube part; one of said attachment sets
      including a fastening shoulder extending from said center tube part at
      said one end thereof, and a fastening tab extending from said one outer
      part, said fastening shoulder and said fastening tab both being tightly
      connected to one of said supporting discs; the other one of said
      attachment sets including a fastening shoulder extending from said center
      tube part at said other end thereof, and a fastening tab extending from
      said other one of said outer parts, said last-mentioned fastening shoulder
      and said last-mentioned fastening tab both being tightly connected to the
      other one of said supporting discs.
NUM  22.
PAR  22. The measuring transformer arrangement of claim 21, at least one of said
      supporting discs being made of metal for electrically connecting said tube
      members with the metal enclosure of the high-voltage installation whereby
      said tube members are grounded.
NUM  23.
PAR  23. The measuring transformer arrangement of claim 9, each of said tube
      members and the conductor corresponding thereto conjointly defining a
      high-voltage capacitor, said arrangement further comprising a low-voltage
      capacitor connected to said high-voltage capacitor to conjointly define
      therewith a capacitive voltage divider.
NUM  24.
PAR  24. The measuring transformer arrangement of claim 23, each of said tube
      members comprising an annular member of plastic material, said surface
      portion being a conductive coating carried by said annular member.
NUM  25.
PAR  25. The measuring transformer arrangement of claim 23, each of said tube
      members being made of metal.
NUM  26.
PAR  26. The measuring transformer arrangement of claim 23 wherein the metal
      encapsulation is filled with an insulating fluid which also occupies the
      space enclosed by said tube members whereby the insulating fluid in said
      space constitutes the insulating medium between said tube members and the
      conductors respectively.
NUM  27.
PAR  27. The measuring transformer arrangement of claim 23 comprising cast resin
      disposed within each of said tube members filling the space of each of
      said tube members so as to constitute an insulating medium therein.
NUM  28.
PAR  28. The measuring transformer arrangement of claim 23 comprising a
      plurality of insulating discs corresponding to respective ones of said
      tube members, each of said insulating discs being disposed between the
      tube member and the conductor therein for spacing and centering the tube
      member from the conductor.
NUM  29.
PAR  29. The measuring transformer arrangement of claim 28, each of said
      insulating discs being configured so as to extend the leakage path between
      the conductor and the tube member whereby an increase in dielectric
      strength is obtained.
NUM  30.
PAR  30. The measuring transformer arrangement of claim 23 comprising holding
      means for mounting said transformer core units to said tube members
      respectively.
NUM  31.
PAR  31. The measuring transformer arrangement of claim 30, each of the
      attachment sets comprising a fastening shoulder, the fastening shoulders
      corresponding to each of said tube members being mutually adjacent, said
      holding means being a clamping device for clamping said iron core of the
      corresponding transformer core unit between said mutually adjacent
      fastening shoulders.
NUM  32.
PAR  32. The measuring transformer arrangement of claim 31, said clamping device
      comprising a plurality of pressure screws.
NUM  33.
PAR  33. The measuring transformer arrangement of claim 23, comprising two
      protective ring-electrodes corresponding to each one of said tube members,
      each of said ring-electrodes being configured as a tubular part, said
      tubular parts being mounted at respective longitudinal ends of the tube
      member so as to be electrically insulated therefrom.
NUM  34.
PAR  34. The measuring transformer arrangement of claim 33, said tubular parts
      being cemented to the tube member corresponding thereto.
NUM  35.
PAR  35. The measuring transformer arrangement of claim 33 wherein one of said
      tubular parts is mounted on said tube member at one end thereof, and the
      other one of said tubular parts is mounted on the tube member at the other
      end thereof; said mounting means comprising at least two supporting discs
      made of insulating material for supporting said tube members, and two
      attachment sets corresponding to each one of said tube members for
      attaching the same to said discs respectively, said attachment sets being
      at respective locations where said tubular parts are mounted on said tube
      member; one of said attachment sets including a fastening shoulder
      extending from said tube member at said one end thereof, a fastening tab
      extending from said one tubular part, one of said supporting discs being
      between said fastening shoulder and said fastening tab, and insulating
      clamp means for clamping said fastening shoulder to said fastening tab so
      as to insulate said shoulder from said tab; and the other one of said
      attachment sets including a fastening shoulder extending from said tubular
      member at said other end thereof, a fastening tab extending from said
      other one of said tubular parts, the other one of said supporting discs
      being between said last-mentioned fastening shoulder and said
      last-mentioned fastening tab, and insulating clamping means for clamping
      said last-mentioned fastening shoulder to said lastmentioned fastening tab
      so as to insulate said last-mentioned shoulder from said last-mentioned
      tab.
NUM  36.
PAR  36. The measuring transformer arrangement of claim 35, each of said tubular
      parts having a bent-over edge portion constituting the fastening tab
      thereof.
NUM  37.
PAR  37. The measuring transformer arrangement of claim 35, each of said
      insulating clamping means comprising screw means for clamping the
      fastening shoulder to the fastening tab; and annular spacer means for
      insulating said screw means from said fastening tab.
NUM  38.
PAR  38. The measuring transformer arrangement of claim 38, each of said
      insulating clamping means comprising screw means for clamping the
      fastening shoulder to the fastening tab; and annular spacer means for
      insulating said screw means from said fastening shoulder.
NUM  39.
PAR  39. The measuring transformer arrangement of claim 1, said holding means
      comprising a plurality of holding elements corresponding to respective
      ones of said transformer core units for securing said transformer core
      units to said tube members respectively.
NUM  40.
PAR  40. The measuring transformer arrangement of claim 39 wherein each of said
      tube members is grounded, each of said tube members comprising a first
      tubular part having a rounded endface, and a second tubular part having a
      rounded end-face and being connected to said first tubular part.
NUM  41.
PAR  41. The measuring transformer arrangement of claim 39 wherein each of said
      tube members is grounded, each of said tube members comprising a center
      tube part, and two outer parts connected to respective ends of said center
      tube part, each of said outer parts having a rounded end-face facing away
      from said center tube part.
NUM  42.
PAR  42. The measuring transformer arrangement of claim 31, each of said tube
      members comprising an annular member of plastic material, said surface
      portion being a conductive coating carried by said annular member.
NUM  43.
PAR  43. The measuring transformer arrangement of claim 41, each of said tube
      members being made of metal.
NUM  44.
PAR  44. The measuring transformer arrangement of claim 41, said tube members
      and said supporting disc being a single cast body.
NUM  45.
PAR  45. The measuring transformer arrangement of claim 41 wherein the metal
      encapsulation is filled with an insulating fluid which also occupies the
      space enclosed by said tube members whereby the insulating fluid in said
      space constitutes the insulating medium between said tube members and the
      conductors respectively.
NUM  46.
PAR  46. The measuring transformer arrangement of claim 41 comprising cast resin
      disposed within each of said tube members filling the space of each of
      said tube members so as to constitute an insulating medium therein.
NUM  47.
PAR  47. The measuring transformer arrangement of claim 41 comprising a
      plurality of insulating discs corresponding to respective ones of said
      tube members, each of said insulating discs being disposed between the
      tube member and the conductor therein for spacing and centering the tube
      member from the conductor.
NUM  48.
PAR  48. The measuring transformer arrangement of claim 47, each of said
      insulating discs being configured so as to extend the leakage path between
      the conductor and the tube member whereby an increase in dielectric
      strength is obtained.
NUM  49.
PAR  49. The measuring transformer arrangement of claim 41, each of said tube
      members being made of metal, and each of said holding elements also being
      made of metal and being welded to the outer surface of the tube member.
NUM  50.
PAR  50. The measuring transformer arrangement of claim 41 wherein one of said
      outer parts adjoins said center tube part at one end thereof, and the
      other one of said outer parts adjoins said center tube part at the other
      end thereof; said mounting means comprising at least two supporting discs
      for supporting said tube members, and two attachment sets corresponding to
      each one of said tube members for attaching the same to said discs
      respectively, said attachment set being at the respective locations where
      said outer parts adjoin said center tube part; one of said attachment sets
      including a fastening shoulder extending from said center tube part at
      said one end thereof, and a fastening tab extending from said one outer
      part, said fastening shoulder and said fastening tab both being tightly
      connected to one of said supporting discs; the other one of said
      attachment sets including a fastening shoulder extending from said center
      tube part at said other end thereof, and a fastening tab extending from
      said other one of said outer parts, said last-mentioned fastening shoulder
      and said last-mentioned fastening tab both being tightly connected to the
      other one of said supporting discs.
NUM  51.
PAR  51. The measuring transformer arrangement of claim 50, at least one of said
      supporting discs being made of metal for electrically connecting said tube
      members with the metal enclosure of the high-voltage installation whereby
      said tube members are grounded.
NUM  52.
PAR  52. The measuring transformer arrangement of claim 39, each of said tube
      members and the conductor corresponding thereto conjointly defining a
      high-voltage capacitor, said arrangement further comprising a low-voltage
      capacitor connected to said high-voltage capacitor to conjointly define
      therewith a capacitive voltage divider.
NUM  53.
PAR  53. The measuring transformer arrangement of claim 52, each of said tube
      members comprising an annular member of plastic material, said surface
      portion being a conductive coating carried by said annular member.
NUM  54.
PAR  54. The measuring transformer arrangement of claim 52, each of said tube
      members being made of metal.
NUM  55.
PAR  55. The measuring transformer arrangement of claim 52, said tube members
      and said supporting disc being a single cast body.
NUM  56.
PAR  56. The measuring transformer arrangement of claim 52 wherein the metal
      encapsulation is filled with an insulating fluid which also occupies the
      space enclosed by said tube members whereby the insulating fluid in said
      space constitutes the insulating medium between said tube members and the
      conductors respectively.
NUM  57.
PAR  57. The measuring transformer arrangement of claim 52 comprising cast resin
      disposed within each of said tube members filling the space of each of
      said tube members so as to constitute an insulating medium therein.
NUM  58.
PAR  58. The measuring transformer arrangement of claim 52 comprising a
      plurality of insulating discs corresponding to respective ones of said
      tube members, each of said insulating discs being disposed between the
      tube member and the conductor therein for spacing and centering the tube
      member from the conductor.
NUM  59.
PAR  59. The measuring transformer arrangement of claim 58, each of said
      insulating discs being configured so as to extend the leakage path between
      the conductor and the tube member whereby an increase in dielectric
      strength is obtained.
NUM  60.
PAR  60. The measuring transformer arrangement of claim 52, each of said tube
      members being made of metal, and each of said holding elements also being
      made of metal and being welded to the outer surface of the tube member.
NUM  61.
PAR  61. The measuring transformer arrangement of claim 52 comprising two
      protective ring-electrodes corresponding to each one of said tube members,
      each of said ring-electrodes being configured as a tubular part, said
      tubular parts being mounted at respective longitudinal ends of the tube
      member so as to be electrically insulated therefrom.
NUM  62.
PAR  62. The measuring transformer arrangement of claim 61, said tubular parts
      being cemented to the tube member corresponding thereto.
NUM  63.
PAR  63. The measuring transformer arrangement of claim 61 wherein one of said
      tubular parts is mounted on said tube member at one end thereof, and the
      other one of said tubular parts is mounted on the tube member at the other
      end thereof; said mounting means comprising at least two supporting discs
      made of insulating material for supporting said tube members, and two
      attachment sets corresponding to each one of said tube members for
      attaching the same to said discs respectively, said attachment sets being
      at respective locations where said tubular parts are mounted on said tube
      member; one of said attachment sets including a fastening shoulder
      extending from said tube member at said one end thereof, a fastening tab
      extending from said one tubular part, one of said supporting discs being
      between said fastening shoulder and said fastening tab, and insulating
      clamping means for clamping said fastening shoulder to said fastening tab
      so as to insulate said shoulder from said tab; and the other one of said
      attachment sets including a fastening shoulder extending from said tubular
      member at said other end thereof, a fastening tab extending from said
      other one of said tubular parts, the other one of said supporting discs
      being between said last-mentioned fastening shoulder and said
      last-mentioned fastening tab, and insulating clamping means for clamping
      said last-mentioned fastening shoulder to said lastmentioned fastening tab
      so as to insulate said last-mentioned shoulder from said last-mentioned
      tab.
NUM  64.
PAR  64. The measuring transformer arrangement of claim 63, each of said
      insulating clamping means comprising screw means for clamping the
      fastening shoulder to the fastening tab; and annular spacer means for
      insulating said screw means from said fastening tab.
NUM  65.
PAR  65. The measuring transformer arrangement of claim 63, each of said
      insulating clamping means comprising screw means for clamping the
      fastening shoulder to the fastening tab; and annular spacer means for
      insulating said screw means from said fastening shoulder.
NUM  66.
PAR  66. The measuring transformer arrangement of claim 63, each of said tubular
      parts having a bent-over edge portion constituting the fastening tab
      thereof.
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ABST
PAL  An improved arrangement for measuring temperatures in which a bridge
      containing two temperature dependent resistances is used. A first branch
      of the bridge consists of a parallel connection of two series circuits
      each consisting of a constant resistance and a temperature-dependent
      resistance and a second branch of the bridge consists of a series circuit
      of two constant resistances. Means are provided to impress a constant
      current on the first bridge branch so that the current divides between the
      two constant resistances at the input and flows out between the two
      temperature dependent resistances. At the second bridge branch, a voltage
      corresponding to the voltage generated in the first bridge branch is
      impressed. A junction of the second bridge branch is at the same potential
      as the current sink of the first bridge branch. The output for measuring a
      temperature proportional voltage is taken across the junction of the two
      constant resistances in the second bridge branch and the junction between
      one constant and one temperature dependent resistance in the first bridge
      branch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to temperature measurement in general, and more
      particularly to an improved bridge circuit for providing a temperature
      proportional output.
PAR  With the increasing use of digital voltmeters in measurement and
      automation, along with the acquisition of measurement data controlled by
      process computers, transducers whose output voltages are proportional to
      the measurement quantity converted into an electrical signal are required
      in order to avoid the burdensome conversions.
PAR  For use in temperature measurements, the most popular temperature
      transducers aside from thermocouples, are resistance thermometers having a
      characteristic R(t) = R.sub.0 (1 + .alpha.t+  .beta.  t.sup. 2 + .gamma.
      t.sup. 3). These are commonly employed in a bridge circuit. If the bridge
      operates using a deflection system, the voltage generated in the bridge
      diagonal is not strictly proportional to the measured temperature. This is
      a well known phenomenon [See ATM J 910, Oct. 14, 1968, pp. 217 to 220.]
      However, it can be corrected if indicating meters are used by using a
      non-linear scale. Since this is not possible when using digital
      voltmeters, circuit must be provided to linearize the readings. It is well
      known that the quadratically temperature dependent term in the diagonal
      bridge can be eliminated by suitable design of the simple Wheatstone
      bridge, using nickel resistance thermometers. It is also known that this
      is not a simple possibility if instead the more commonly used platinum
      resistance thermometers are used. As is well known, these are more
      important because of their reproducibility and larger permissible
      temperature range.
PAR  Thus, complex circuits are required to linearize the outputs of bridges
      using platinum resistance thermometers. In the above cited literature
      reference, such a circuit using two platinum resistance thermometers and
      multiple bridges is shown but without any design procedures and attainable
      results given. A multiple bridge system is also known from German
      Auslegeschrift 1,182,873, which describes the temperature measuring
      circuit with linear indications. Another circuit arrangement for
      linearizing the characteristics of thermo resistors by means of active
      circuit elements with negative feedback elements is shown in German
      Auslegeschrift 1,138,251. In this arrangement, the non-linearity of the
      resistance change is reduced in a negative-feedback circuit using
      transistors.
PAR  Another prior art resistance thermometer described in German
      Offenlegungsschrift 1,573,167 teaches linearizing using suitable
      interconnection of resistances with opposite sign for the resistance term
      which is a square-law function of temperature. This method is not suited
      for a bridge circuit, since even a resistance depending linearly on the
      temperature leads to a bridge voltage which is not temperature
      proportional. The combination of different materials required for this
      proposed linearization narrows the combination to the temperature range
      permissible with nickel, if standard resistors are to be used. In the
      absence of further parameters, the combination is further fundamentally
      limited to the elimination of the terms which depend on the temperature
      quadratically. Another prior art temperature measuring amplifier which is
      described in the magazine "Electronic Journal" of June, 1970, No. 6, pp.
      48 to 51, is subject to the same limitation. In the arrangement disclosed
      therein, a voltage proportional to the resistance increase is squared in a
      multiplier and provided with a suitable scale factor, and then added to
      the voltage, since the cubic term depending on the temperature can
      fundamentally not be eliminated in the output voltage if the square term
      is to vanish.
PAR  Thus, it can be seen that there is a need for a temperature measuring
      arrangement of this nature in which a simply designed bridge can be used
      for the temperature measurement with the diagonal voltage of the bridge
      having both square and cubic temperature dependent terms which vanish,
      without requiring the use of expensive circuit units such as multipliers.
PAC  Summary of the Invention
PAR  The present invention provides such a circuit in which the first branch of
      a bridge consists of a parallel connection of two series circuits each
      consisting of a constant resistance and a temperature dependent
      resistance, and with the second branch of the bridge consisting of a
      series circuit of two constant resistances. In addition, a constant
      current is impressed in the first bridge branch in such a manner that the
      current is fed in and splits between the two constant resistances and the
      current sink is connected to the output of the two temperature dependent
      resistors. At the second bridge branch, a voltage is impressed
      corresponding to the voltage generated in the first bridge branch, so that
      a junction point of the second bridge branch is at the same potential as
      the current sink of the first bridge branch. The output for providing a
      temperature proportional voltage is connected between a first terminal at
      the junction between the two constant resistances of the second bridge
      branch and a second terminal between one constant and one temperature
      dependent resistance of the first bridge branch.
PAR  In the preferred embodiment, the voltage impressed on the second bridge
      branch is impressed by connecting the two bridge branches through a
      non-inverting amplifier. In addition, in the preferred embodiment, the two
      temperature dependent resistances are equal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The single FIGURE is a circuit diagram of the bridge circuit of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The single figure illustrates a preferred embodiment of the invention. As
      illustrated, a bridge is formed comprising a first branch made up of two
      series circuits. The series circuit consisting of constant resistor
      R.sub.5 and temperature dependent resistor R.sub.6 in series is connected
      in parallel with a second series combination of constant resistor R.sub.3
      and temperature dependent resistor R.sub.4. The second bridge branch
      consists of the two fixed resistors R.sub.1 and R.sub.2. A current i.sub.
      o is impressed using a conventional current source 11, in the first bridge
      branch and flows to ground therethrough. The voltage developed across the
      first bridge branch is impressed on the second bridge branch through a
      non-inverting amplifier V which is connected to point A through an input
      resistor R.sub.7. Amplifier V is arranged to have unity gain so that the
      voltage at point A indicated as U.sub.0 will appear at its output and be
      provided across the second bridge branch consisting of resistors R.sub.1
      and R.sub.2. Both bridge branches are referenced to the point B which will
      preferably be grounded. The voltage drop across the bridge branch between
      points A and B will be as follows:
      ##EQU1##
      This voltage, as noted above, is impressed across series resistors R.sub.1
      and R.sub.2 by the amplifier V which ensures that no current load will be
      placed on the first bridge branch. In contrast to the simple Wheatstone
      bridges and the proposed arrangement shown in ATM J 910 of October 14,
      1968, pp. 217 to 220, which shows arranging a second platinum resistor in
      the bridge diagonal, the diagonal bridge voltage U.sub.A generated between
      points C and D does not in the present arrangement approach a finite limit
      with increasing R.sub.4 (t) and R.sub.6 (t), i.e., with increasing
      temperature t, but only a magnitude proportional to R.sub.5. This is
      primarily due to the decoupling of the bridge branches through the
      amplifier V. Thereby, the lag of the diagonal bridge voltage behind the
      temperature, which is quite typical for present bridge circuits, is
      eliminated on one hand, and on the other hand, there are available through
      the ratios R.sub.2 /R.sub.1, R.sub.3 /R.sub.40 and R.sub.5 /R.sub.60 two
      variables which can be used for eliminating the square and cubic terms in
      the diagonal of the bridge, which terms depend on temperature. Thus, using
      two equal platinum resistors R.sub. 4 = R.sub. 6 = R.sub. 60 (1+  .alpha.
      t+  .beta. t.sup. 2 + .gamma. t.sup. 3) and with the standarized
      coefficients in such resistors of .alpha. =3.9.10.sup..sup.-3 / .degree.C,
      .beta. = -0. 6.10.sup.-.sup.6 /(.degree. C).sup.2 and .gamma. =
      4.35.10.sup.-.sup.10 / (.degree.C).sup.3, the following results can be
      obtained with the resistances ratios R.sub. 5 / R.sub.  60 = 5.82 and
      R.sub. 1 /R.sub.2 = R.sub. 3 /R.sub. 40 = 10.863
      ##EQU2##
      In an ideal measuring arrangement, the ratio (U.sub.A /i.sub. o) /ohm
      would be constant. As shown by the Table, for temperatures in the range
      from -200 .degree. to +200  .degree.C, a linearity of better than .+-.
      0.1% is obtained with the measurement of the present invention. The
      linearity between -200 .degree. and +500  .degree.C is better than .+-. 1%
      and over the entire range standarized for platinum resistors of -200
      .degree. to +800  .degree.C, a linearity of better than 1.65% is obtained.
      The two equal temperature dependent resistors preferably will be in a
      single four lead structural component of a type well known in the art, to
      ensure that both sense the same temperature.
PAR  Thus, an improved bridge circuit for measuring temperature which can be
      used with devices requiring a linear input, has been shown. Although
      specific embodiments have been illustrated and described, it will be
      obvious to those skilled in the art that various modifications may be made
      without departing from the spirit of the invention which is intended to be
      limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved bridge circuit for providing a temperature dependent output
      comprising:
PA1  a. a first bridge branch made up of the parallel combination of two series
      circuits, one series circuit including a first constant resistor and a
      first temperature dependent resistor and the other a second constant
      resistor and a second temperature dependent resistor with the constant
      resistors coupled together to form one terminal of the bridge branch and
      the ends of the two temperature resistances coupled together to form a
      second terminal of the bridge branch;
PA1  b. a second bridge branch comprising third and fourth constant resistors in
      series;
PA1  c. means coupled to said first terminal impressing a constant current
      through said first bridge branch;
PA1  d. a current sink coupled to said second terminal;
PA1  e. means coupling the voltage at said first terminal to one side of said
      second bridge branch; and
PA1  f. means coupling said current sink to the other side of said second bridge
      branch, whereby the voltage developed between the junction of said third
      and fourth resistors in said second branch and the junction between a
      constant resistor and a temperature dependent resistance in one of said
      series circuits in said first branch will be a voltage which is
      temperature dependent.
NUM  2.
PAR  2. The invention according to claim 1 wherein said means coupling said
      voltage is a non-inverting amplifier.
NUM  3.
PAR  3. The invention according to claim 1 wherein said temperature dependent
      resistances in said first and second series circuits are equal.
NUM  4.
PAR  4. The invention according to claim 3 wherein said temperature dependent
      resistances are located in a structural component having four leads.
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ABST
PAL  A coupling capacitor voltage transformer or potential transformer has its
      secondary winding tapped to provide a predetermined voltage across a
      portion of the secondary winding. The transformer is improved by an
      inductive reactance added in series with the secondary tap. The magnitude
      of the added inductive reactance is selected so that the sum of the added
      reactance and the leakage reactance between the transformer primary
      winding and the portion of the secondary winding referred to the primary
      is equal to the leakage reactance between the primary winding and the full
      secondary winding referred to the primary. Under this equality condition,
      the phase relation between the primary and secondary voltages will be the
      same for a standard type burden or equivalent burdens connected either
      across the portion of the secondary winding or across the full secondary
      winding. The added inductive reactance may also be used with a separate
      secondary winding having a lower referred leakage reactance to provide a
      phase relation for that secondary winding that is the same as the phase
      relation for the secondary winding having a higher referred leakage
      reactance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My invention relates to a coupling capacitor voltage transformer having a
      tapped secondary winding or separate secondary windings to which burdens
      may be arbitrarily connected, and particularly to such a transformer
      having improved phase shift characteristics between the primary winding
      and the secondary winding.
PAR  In high voltage power line systems, it is desirable or necessary that the
      line voltage and line phase be accurately measured or indicated so that
      power metering or other functions can be properly provided. Typically,
      this measurement is made with a plurality of capacitors connected in
      series between the high voltage line and ground. The primary winding of a
      coupling capacitor voltage transformer is connected in series with a
      tuning inductor, and this series circuit is connected between a point in
      the series of capacitors and ground or a reference point. The transformer
      is provided with one or more tapped secondary windings which provide
      isolation and the desired voltage magnitude, usually reduced with respect
      to the primary voltage. Measuring or switching equipment is connected to a
      secondary winding. This equipment may be connected across a full secondary
      winding or across only a portion of a tapped secondary winding, or across
      several windings, depending upon the characteristics and quantity of such
      equipment. The coupling capacitor voltage transformers I am aware of had a
      line to secondary voltage phase relation that depended upon and varied as
      a function of whether the burden was connected across the full secondary
      winding or across only a portion of the secondary winding. But since an
      accurate indication of the line to secondary voltage phase relation is
      needed to provide the proper measurement, a coupling capacitor voltage
      transformer having a more accurate line to secondary voltage phase
      relation is needed.
PAR  Accordingly, a primary object of my invention is to provide a new and
      improved coupling capacitor voltage or potential transformer which has a
      phase relation characteristic that is substantially constant for a burden
      connected across the full secondary winding of the transformer, or across
      only a portion of the secondary winding of the transformer, or across both
      windings.
PAR  Another object of my invention is to provide a new and improved coupling
      capacitor voltage or potential transformer having a secondary winding with
      an inductor connected to it so that the effective leakage inductance
      between the primary winding and this secondary winding is substantially
      equal to the effective leakage inductance between the primary winding and
      another secondary winding, thus providing a better primary to secondary
      voltage phase relation.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, these and other objects are achieved in accordance with my
      invention by a coupling capacitor voltage transformer having a primary
      winding adapted to be connected to a source of alternating electrical
      voltage. A secondary winding is coupled to the primary winding, and is
      provided with a tap between its ends to provide a portion having the
      desired ratio with respect to the full secondary winding. An inductor is
      connected in series with the tap of the secondary winding. The magnitude
      of the inductor is selected so that the sum of its inductive reactance
      added to the leakage reactance between the primary winding and a desired
      portion of the secondary winding and referred to the primary winding is
      substantially equal to the leakage reactance between the primary winding
      and the full secondary winding referred to the primary winding. If an
      inductor meeting this condition is provided in the tap, the phase relation
      between the primary and secondary windings are substantially the same,
      regardless of whether a given burden is connected across the full
      secondary winding, or across the desired portion of the secondary winding,
      or across both windings. Similarly, an inductor may be used for two
      separate secondary windings. Thus, a more accurate and more predictable
      voltage phase relation is provided by such a transformer, and hence a more
      accurate indication can be obtained.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The subject matter which I regard as my invention is particularly pointed
      out and distinctly claimed in the claims. The structure and operation of
      my invention, together with further objects and advantages, may be better
      understood from the following description given in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 shows a circuit diagram of a previously known coupling capacitor
      voltage transformer connected to a capacitor for measuring the voltage and
      phase of a power line;
PAR  FIG. 2 shows a circuit diagram of a coupling capacitor voltage transformer
      provided with an inductor in accordance with my invention and connected to
      a capacitor for measuring the voltage and phase of a power line;
PAR  FIG. 3 shows a chart or graph illustrating the operation of the transformer
      of FIG. 1 and of the transformer of FIG. 2; and
PAR  FIG. 4 shows another coupling capacitor voltage transformer arrangement
      provided with an inductor in accordance with my invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows, by way of example only, an application of a known prior art
      coupling capacitor voltage transformer T1 for measuring voltage and phase.
      In this application, a high voltage line 10, possibly in the order of
      hundreds of kilovolts, must have its voltage and phase accurately
      measured. As known, a coupling capacitor C1 is connected between a high
      voltage terminal HVT on the line 10 and ground (or a reference point).
      Typically, the coupling capacitor C1 comprises a number, depending upon
      the voltage rating, of serially connected capacitors. If, for example, the
      voltage on the line 10 is 100 kilovolts and each capacitor should sustain
      one kilovolt, then 100 such capacitors would be needed. Various protecting
      coils, switches, and spark gaps are used in addition to the circuit
      elements shown in FIG. 1, but these have been omitted for clarity.
      Basically, the known circuit comprises an inductive reactor L1 connected
      between a tap 11 in the capacitor series and one end of the primary
      winding 12 of a voltage or potential transformer T1. The other end of the
      winding 12 is connected to a reference point such as ground. The reactor
      L1 is provided to tune out the capacitive reactance at the line frequency.
      Coupled to the primary winding 12 are one or more secondary windings 13.
      This transformer T1 is designed to be used with the capacitor C1 to
      provide the desired voltage ratio between the high voltage terminal HVT
      and the secondary winding 13. Each secondary winding 13 may have a tap 14
      that provides a portion 15 having the desired voltage ratio with respect
      to the voltage across the full secondary winding 13. The ends of the
      secondary winding 13 are brought out to terminals X1, X3, and the tap 14
      is brought out to terminal X2. Generally, because of the relatively high
      voltage between the tap 11 and ground, the transformer T1 has its primary
      winding 12 and full secondary winding 13 in a voltage stepdown relation so
      that a smaller voltage is provided across each of the secondary windings
      13. Normally a coupling capacitor voltage transformer or potential
      transformer has a ratio on its nameplate which is designated "marked
      ratio". The marked ratio is the ratio of rated voltage between the high
      voltage terminal HVT and ground to rated secondary voltage. As an example
      of a transformer T1, the marked ratios are 600:1 for the full winding 13
      and 1000:1 for the portion 15. The voltage transformer is then calibrated
      with various burdens in terms of deviation from its marked ratios and in
      terms of deviation of secondary voltage phase from that of the line. Under
      specified conditions, the coupling capacitor and transformer circuit of
      FIG. 1 has a true ratio equal to the voltage at the high voltage terminal
      HVT divided by the voltage across the full secondary winding 13 or the
      secondary portion 15. Since the true ratio changes as a function of burden
      due to the voltage drop from internal impedances, the measured secondary
      voltage for a given burden must be multiplied by a corrected marked ratio
      in order to reflect the true voltage between the high voltage terminal HVT
      and ground or reference. Measuring equipment for voltage and/or phase may
      be connected across either the full secondary winding 13 (terminals X1,
      X3). Or, separate equipment may be respectively connected across the full
      winding 13 and the portion 15 at the same time. Whether the full secondary
      winding 13 or only the desired portion 15 of the secondary winding 13 is
      used depends upon the nominal voltage desired. In either case, however,
      the voltage and phase indicated by the transformer T1 should meet certain
      accuracy requirements for each standard type of burden or equipment
      connected to the transformer T1.
PAR  FIG. 3 shows a graph or chart illustrating the permissible limits of the
      0.3 accuracy class (accuracy in percent) of coupling capacitor and
      transformer circuits, such as shown in FIG. 1. The Y axis of FIG. 3 shows
      the correction factor for correcting (by multiplying) the marked ratio of
      the device so as to determine the line voltage associated with a given
      secondary winding voltage, and the X axis of FIG. 3 shows the phase
      relation of the line voltage to the secondary winding voltage, in minutes
      of angle. A correction factor of 1.000 and a phase relation of 0 minutes
      under all conditions are of course desirable and most accurate. However,
      in prior art coupling capacitor and transformer circuits this has been
      difficult to achieve, so limits have been set for the permissible
      variations in these voltage and phase relations. In FIG. 3, the four solid
      lines forming a parallelogram show the permissible limits of the 0.3
      accuracy class of coupling capacitor transformer circuits or potential
      transformers. These lines indicate that the line to secondary voltage
      phase relation must be between 0 and -16 minutes at a correction factor of
      1.003, and must be between 0 and +16 minutes at a correction factor of
      0.997. With respect to the circuit of FIG. 1, the point 31 shows a typical
      selected correction factor and phase angle error for no burden connected
      to any of the terminals X1, X2, X3 of the secondary winding 13. If a
      typical standard burden (designated Z by ANS C57.13-1968) of 200
      voltamperes and 0.85 lagging power factor is connected across the
      terminals X1, X3 of the secondary winding 13, then the point 32 typically
      shows the correction factor and the phase relation for that burden. It
      will be seen that the correction factor changes considerably due to
      circuit impedances. For the best accuracy, the phase relation is shifted
      in a negative direction by adjustment of the tuning inductor L1 with the
      burden connected. Since, with a given core, the transformer winding
      geometry determines the amount of leakage inductance between windings, it
      is difficult to provide windings having the effective leakage inductance
      between the primary winding and the full secondary winding equal to the
      effective leakage inductance between the primary winding and a portion of
      the secondary winding. For this reason, the same standard burden
      (designated Z but having different characteristics for the appropriate
      voltage basis) of 200 voltamperes and 0.85 lagging power factor is
      connected to the terminals X2, X3 for the portion 15 of the secondary
      winding 13, and if the tuning inductor L1 is not readjusted, the point 33
      typically shows the correction factors. The different corrections for the
      two points 32, 33 seriously affect the accuracy of the voltage and phase
      measuring equipment, and limit the types of burdens a user can connect to
      the transformer T1 and still have the outputs meet the 0.3 accuracy
      requirements.
PAR  In order to provide a more accurate indication and permit a wider range of
      burdens, I have provided an improvement to the coupling capacitor voltage
      transformer T1 as shown in FIG. 2. The circuit of FIG. 2 is similar to
      FIG. 1, so that corresponding parts have the same reference numerals. In
      accordance with my invention, I provide an inductive reactor L2 in series
      between the tap 14 of the secondary winding 15 and the terminal X2. The
      magnitude of the inductor L2 is chosen or may be varied so that the
      leakage reactance referred to the primary winding 12 when a given
      voltampere and power factor burden is connected to the terminals X2, X3 is
      equal to the leakage reactance referred to the primary winding 12 when the
      same given burden is connected to the terminals X1, X3. With the inductor
      L2 so selected, the correction for a given burden connected across either
      the full secondary winding 13 (terminals X1, X3) or the portion 15 of the
      secondary winding 13 (terminals X2, X3) will lie along the dashed line 34
      in FIG. 3 near the point 32. Subsequently, the line 34 may be rotated
      about the point 31 by further adjustment of the inductor L1. Thus, once
      the inductor L2 for the transformer T1 and burden are established, the
      burden may be connected across either the portion 15 or the full secondary
      winding 13 of the transformer T1, and substantially the same (along the
      line 34) correction factor and phase relation will be provided. The single
      line 34 for the correction provides greater flexibility within the
      accuracy limits for other burdens, and makes adjustment for several
      secondary windings easier. Thus, my invention increases the accuracy and
      ease of adjustment of a coupling capacitor transformer which is used to
      provide an indication of voltage magnitude and phase relation on high
      voltage power lines.
PAR  While FIG. 2 shows a coupling capacitor voltage transformer T1 having only
      one secondary winding 15, persons skilled in the art will appreciate that
      additional secondary windings may be provided, each of which has my
      inductor connected to its tap. Or, a coupling capacitor voltage
      transformer T2 may have the arrangement shown in FIG. 4. The primary
      winding 20 would be connected to the inductor L1 and ground as shown in
      FIG. 2. Two secondary windings 21, 22 are coupled to the primary winding
      20. The leakage reactance between the secondary winding 22 and the
      transformer primary winding 20 when referred to the primary winding 20 is
      less than that of the secondary winding 21 referred to the primary winding
      20. The secondary winding 22 is provided with an inductor L3 having a
      magnitude to satisfy the conditions set forth for the inductor L2 in FIG.
      2.
PAR  It will thus be seen that I have provided a new and improved coupling
      capacitor transformer arrangement which permits a given burden to be
      connected across the full transformer secondary winding or across a
      portion of the transformer secondary winding with substantially the same
      correction for the true ratio and for the phase relation in power line
      measurements. Several transformers have been provided with an inductor
      constructed in accordance with my invention. These tranformers and
      inductors provided relatively good burden correction such as points along
      the line 34 (or its extension) in FIG. 3. Persons skilled in the art will
      appreciate that my inductor may be used with potential transformers where
      the primary winding is connected directly to the high voltage line. Also,
      the inductors may be variable. Therefore, while my invention has been
      described with reference to a particular embodiment, it is to be
      understood that modifications may be made without departing from the
      spirit of the invention or from the scope of the claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. For use with a coupling capacitor voltage transformer, a potential
      transformer, or the like having a primary winding adapted to be connected
      to a source of alternating electrical voltage, and a secondary winding
      structure coupled to said primary winding, said secondary winding
      structure having a relatively high leakage reactance portion and a
      relatively low leakage reactance portion; an improved arrangement
      comprising: an inductor adapted to be connected to the low leakage
      reactance voltage portion, said inductor having a magnitude such that the
      leakage reactance of the high leakage reactance voltage portion referred
      to the primary winding is substantially the same as the leakage reactance
      of the low leakage reactance voltage portion referred to the primary
      winding.
NUM  2.
PAR  2. A coupling capacitor voltage transformer, comprising:
PA1  a. a primary winding;
PA1  b. at least one secondary winding coupled to said primary winding, said
      secondary winding having a tap connected thereto that provides an
      available portion of said secondary winding;
PA1  c. and an inductor connected to said secondary winding tap, said inductor
      having a magnitude such that it provides the difference in leakage
      reactance referred to said primary winding provided by all of said
      secondary winding and provided by said portion of said secondary winding.
NUM  3.
PAR  3. A coupling capacitor voltage transformer comprising:
PA1  a. a primary winding;
PA1  b. a first secondary winding coupled to said primary winding and having a
      leakage reactance between said transformer primary winding and said first
      secondary winding referred to said primary winding that is relatively
      high;
PA1  c. a second secondary winding coupled to said primary winding and having a
      leakage reactance between said transformer primary winding and said second
      secondary winding referred to the primary winding that is relatively low;
PA1  d. and an inductor connected to said second secondary winding, said
      inductor having a magnitude such that the sum of its reactance and the
      leakage reactance of said second secondary winding referred to said
      primary winding is substantially equal to the leakage reactance of said
      first secondary winding referred to said primary winding.
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PAL  A method of exploration for deposits of oil, gas and of other minerals in
      the earth including geothermal energy, which is based on the existence of
      electrotelluric currents that are generated spontaneously by such deposits
      because of the geochemical modifications caused by their presence within
      rocks in the proximity of such deposits, which method consists in
      measuring the magnetic perturbations created by said electrotelluric
      currents in the normaly existing earth magnetic field.
PAL  When such electrotelluric currents exist, closed line-integrals of the
      earth magnetic field performed at or near the earth's surface so not
      vanish and the residual values of such integrals are a direct function of
      the magnitude and of the polarity of the electrotelluric current flux
      densities generated by the underground mineral deposits sought.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to methods and apparatus for exploring the
      subsurface of the earth for valuable deposits of oil and/or gas, of other
      minerals and of geothermal energy resources by using some direct
      manifestation of the presence of such deposits, namely perturbations in
      the earth magnetic field created by the electro-telluric currents
      generated spontaneously by such deposits.
PAR  2. Description of the Prior Art
PAR  There are numerous exploration systems that have been proposed for locating
      in the earth deposits of oil and/or gas, of other minerals and of
      geothermal energy resources by outlining favorable geologic features such
      as structural (deformational) and/or stratigraphic (sedimentational)
      regions of entrapment or accumulation on the basis of favorable
      statistical association of such deposits with the said geologic features.
      However, there is no satisfactory system of exploration for such deposits
      that utilizes direct observation of physical and chemical properties, and
      of modifications of the lithologic environment in which such deposits are
      found, and in which the mode of migration and of accumulation of the
      minerals was responsible for geophysicochemical modifications created by
      the mere presence of such deposits.
PAR  Some exploration techniques, classed as geochemical prospecting, that use
      analysis of soil-air for hydrocarbon traces or that use the analysis of
      actual soils for the presence of absorbed light and heavy hydrocarbons,
      have been and they are still practiced with moderate success, but in view
      of the near surface nature of these observations, many disturbing factors
      are present in the measurements. Soil-air and soil analysis have not given
      the high success ratio in exploring for oil and/or gas that would be
      expected from a direct discovery technique and this geochemical method is
      not generally accepted as a satisfactory exploration method.
PAR  Geochemical exploration for minerals has generally proved satisfactory for
      discovering mineral deposits at shallow depths (of the order of 1000
      feet), but for greater depths it has proved of little value.
PAR  Exploration for geothermal energy resources is in its infancy and no
      satisfactory method is known up to this point in time which can pin-point
      superheated steam reservoirs at depths of one to two miles, or can
      delineate in the subsurface the boundaries of geothermal energy resources
      of magmatic origin.
PAR  Magneto-electric exploration is not to be confused with the Hayes patents
      of reference (U.S. Pat. No. 2,368,217 and U.S. Pat. No. 2,368,218) because
      these patents teach only the methods of detecting the electric currents
      generated by oil and gas fields by measuring the omhic potential drop
      effects at the surface of the earth and without giving a satisfactory
      explanation for the origin of said currents nor for their flow patterns.
      Nor should magneto-electric exploration be confused with the
      magneto-telluric method of Cagniard (U.S. Pat. No. 3,514,693) which
      records continuously the micropulsations of both the related magnetic and
      electric fields of the earth at one point, or simultaneously at two points
      in order to make deep crustal studies of the earth to depths of 50 to 100
      Km for the purpose of determining rock resistivities at such depths. In
      magneto-telluric studies it is necessary to measure two magnetic field
      components in the direction perpendicular to the direction of the measured
      electric field. When two stations are used, this requires at least a four
      trace continuous recorder. In addition a time-maker needs to be recorded.
      While the method of Cagniard may be used for shallower depths of
      investigation it is useless for the finding of oil directly, for all it is
      able to measure is earth resistivity as a function of depth on a very
      coarse scale and it lacks the fine vertical resolution required to find
      oil.
PAC  SUMMARY OF THE INVENTION
PAR  The concept of magneto-electric exploration and its subsequent verification
      by field tests established that the vertical electro-telluric currents
      generated in the earth by the "fuel cell" effect of oil and gas
      accumulations, of sulfide ore deposits and of geothermal heat sources give
      rise to anomalies in the static earth magnetic field.
PAR  The theory that explains the origin of vertical electro-telluric currents
      will be reviewed in some details.
PAR  That there should be a relation between such electro-telluric currents and
      perturbations in the static earth magnetic field should be evident by
      virtue of the well known Maxwell's equations of electro-magnetism.
      However, we deal here with a simpler case, namely steady state conditions
      in both the electric current and in the magnetic field. This makes the
      relationship quite simple and it is therefore possible to deduce the
      direction and magnitude of vertical electro-telluric currents from
      anomalies represented by maps of the earth magnetic field, that this be by
      the total vector, or by the horizontal component of the earth magnetic
      field, or that it was measured on the surface of the earth or by an
      airborne magnetometer (flux-gate or proton-precession type) does not
      matter. For magneto-electric exploration it is desirable to be able to
      make readings to an accuracy of one gamma (10.sup.-.sup.5 Oersted), but
      maps with contour intervals of 10 to 20 gammas are readily transformed
      into vertical electric current intensity maps and at any desired depth
      below the earth's surface. The depth of downward projection of the
      anomalies is selected to be approximately that at which the
      electro-chemical sources or "fuel cells" are expected.
PAR  In the data processing routine used in magneto-electric exploration, the
      effects of the basement rock structure and of rock magnetic polarization
      are removed and only the residual magnetic part related to vertical
      electric currents remains. The napping and contouring of the polarity and
      of the intensity of such currents therefore depicts the subsurface fuel
      cell anomalies and thereby outlines or delineates the probable areal
      extent and the probable depth at which economic mineral accumulations may
      be found.
PAR  The processing of geomagnetic data may be made from already existing
      contoured magnetic maps but it is also possible to computer-process
      directly the digital or analogue continuous recordings obtained from an
      airborne or truckborne magnetometer and to computer-plot contoured maps of
      the vertical electro-telluric currents at various desired depths.
PAR  Mangeto-electric interpretation of magnetic maps derives very rapidly the
      distribution of vertical electro-telluric currents present in an area,
      both in intensity and in direction. These electric currents are the same
      that are measured by Electro-telluric Exploration at the surface of the
      earth. Hence, the results of Magneto-electric (ME) interpretation may
      readily be checked by surface Electro-telluric (ET) surveys. Accordingly,
      the amount of electro-telluric field work required for checking a
      magneto-electric discovery is considerably reduced in those areas that
      have already been surveyed magnetically. This applies to land as well as
      to off-shore operations.
PAR  Magneto-electric surveys may also be made by truck-mounted land surveying
      instruments or by airborne instruments using appropriate cross-flight
      patterns in which instruments the directional magnetic sensor is
      constantly oriented in the direction of travel so as to provide means for
      a line integration of the measured magnetic intensities around closed
      profiles along adjacent grids and in sufficient number so as to cover the
      desired area of investigation.
PAR  Magneto-electric surveys may further be made on the surface of the ground,
      or for that matter at sea, by making selected ground spot measurements of
      the horizontal component of the earth magnetic field (in total value or in
      value relative to a base station) the measurements for the spot locations
      being so selected as to obtain a sequence of depth of investigation points
      substantially all of the same magnitude so as to obtain a subsurface map
      depicting the vertical electro-telluric current flux, in magnitude and in
      sign at that depth, and thereby delineate subterranean accumulations of
      oil, gas, geothermal energy, sulfide ore, and the like, which are known to
      generate electro-telluric currents.
PAR  If the areas to be explored are sufficiently restricted in areal extent
      that it is feasible to assume that within this area there are no
      substantial variations in the declination of the Magnetic North from the
      True North nor in the value of the angle of inclination of the total earth
      magnetic field vector from the horizontal plane, then an instrument that
      measures the total earth magnetic field is suitable for the purpose of
      Magneto-electric surveys. Such instruments are generally known as proton
      magneto-meter or optically pumped vapor magneto-meters. Acceptable
      variations less than substantial would be when they are less than one
      tenth of one degree of arc in declination or in inclination.
PAR  Broadly stated, our invention includes the steps of measuring at points
      along one or more closed continuous profile lines on the surface of the
      earth, or above it, or below the surface of the oceans, magnetic field
      perturbations in the earth magnetic field that are induced at least in
      part by the natural electric currents associated with oil- and/or
      gas-bearing formations, or with other valuable minerals such as suflide
      ore-bodies, or with geothermal steam energy resources.
PAR  It is, therefore, an object of the present invention to provide a
      Magneto-electric exploration method which utilizes the naturally occurring
      electro-telluric currents and their induced perturbation in the earth's
      magnetic field intensity whether in the total vector or in the horizontal
      component of the earth's magnetic field, and to provide methods for
      isolating and for separating such perturbations in intensity and in
      polarity in order to deduce from such perturbations the extent and the
      approximate depth of oil- and/or gas-bearing formations, or of other
      mineral deposits, or of geothermal energy resources.
PAR  It is another object of our invention to provide a Magneto-electric
      exploration method wherein the subsurface productive limits of oil and/or
      gas fields, of other mineral deposits, or of geothermal energy resources
      may be determined from one or more closed-line integrations of the earth
      magnetic field measured along designated profile lines, closed upon
      themselves.
PAR  It is a further object of our invention to provide a Magneto-electric
      exploration method for oil and/or gas fields, for other mineral deposits,
      and for geothermal energy resources wherein it is possible to distinguish
      between deep and shallow effects of superimposed electro-telluric current
      sources and to provide means for separating and identifying such effects
      and to determine the variations with depth of the electro-telluric
      currents flux densities.
PAR  It is still another object of our invention to provide a Magneto-electric
      exploration method which may be described as of a "single shot" type by
      enclosing by means of a single continuous closed profile of magnetic
      measurements a sufficiently large area of the earth's surface so as to
      determine whether or not such an area is economically petroliferous to a
      depth at least equal to the square root of the area so enclosed and so as
      to provide a spot test procedure for the purpose of evaluating drill sites
      in advance of drilling, leasing or other type of investment.
PAR  It is still a further object of our invention to provide a Magneto-electric
      exploration method which utilizes the naturally occurring electro-telluric
      currents generated by subterraneous accumulations of oil and/or gas, by
      other mineral deposits, and by geothermal energy resources to the
      exclusion of other extraneous sources of currents in the earth such as
      caused by variable magneto-telluric currents, by stray industrial
      currents, by corrosion currents, by cathodic protection currents, by
      electro-kinetic currents caused by water infiltration and flow in near
      surface porous and permeable rocks, etc., and to provide means for
      eliminating such variable effects on the desired results.
PAR  An additional object of our invention is to provide a direct detection
      method for oil and/or gas fields, for mineral deposits and for geothermal
      energy resources by the magneto-electric reinterpretation of existing
      ground and/or airborne magneto-meter surveys.
PAR  A further additional object of our invention is to provide a direct
      detection method for oil and/or gas fields, for mineral deposits, and for
      geothermal energy resources by surveying prospective areas for such
      deposits by means of a total magnetic field sensor or by means of a
      directional magnetic field sensor of the flux-gate type constantly
      oriented in the direction of travel either on land, at sea or in the air,
      according to designated travel paths or flight patterns so as to generate
      successive and adjacently closed-grid patterns and thus permit the
      evaluation of the line-integral of the measured magnetic field strength
      around each closed grid, and thereby evaluate the strength and polarity of
      the electro-telluric currents that are generated by such deposits.
PAR  Still, an additional object of our invention is to provide a direct
      detection method for oil and/or gas fields, for mineral deposits, and for
      geothermal energy resources by making selected ground spot measurements of
      the total or of the horizontal component of the earth magnetic field (of
      the total vector force or relative to a base station) around a series of
      closed profiles, successively enclosing larger and larger areas at the
      surface of the earth so as to obtain a sequence of depths of investigation
      that are gradually larger and larger so as to obtain a vertical sounding
      of the electro-telluric current flux density, in magnitude and in sign,
      and thereby ascertain the depth and intensity of various successively
      deeper formations as potential producers of oil and/or gas, of other
      minerals or of geothermal energy resources.
PAR  Yet, a further additional object of our invention is to provide a
      Magneto-electric method of exploration for oil and/or gas fields, for
      mineral deposits or for geothermal energy resources by making selected
      ground spot measurements of the total earth magnetic field or the
      horizontal component of the earth magnetic field (of the total vector or
      relative to a base station) around a series of closed profiles and
      enclosing adjacent and substantially equal areas at the surface of the
      earth so as to obtain a sequence of depths of investigation substantially
      all of the same magnitude and so as to obtain a map of the vertical
      electro-telluric current flux intensities in magnitude and in sign
      substantially at a constant depth of investigation and thereby delineate
      at that depth productive areas of oil and/or gas, of other minerals, and
      of geothermal energyy resources.
PAR  A final object of our invention is to provide a Magneto-electric method of
      exploration for oil and/or gas fields, for mineral deposits or for
      geothermal energy resources by mapping the electro-telluric current
      densities at least at two different depths of investigation that bracket
      the depths at which such deposits are expected to be found in order to
      ascertain the differential changes in the magnitudes and in the polarities
      of such electro-telluric currents between those two depths of
      investigation and thereby delineate the areal extent of such deposits
      within the bracketted depth interval.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an experimental oil field fuel cell that simulates the generation
      of electro-telluric potentials and currents.
PAR  FIG. 2 gives a graphic presentation of the electric potentials generation
      versus time resulting from various hydrocarbons injected into the cell of
      FIG. 1.
PAR  FIG. 3 gives the results of similar fuel cell experiments wherein clays of
      various composition were injected with methylcyclopentane.
PAR  FIG. 4 gives a generalized representation of the physico-chemical
      modifications generated by an oil and gas accumulation within a
      stratigraphic trap in the overlaying sediments and it indicates the paths
      taken by the vertical electro-telluric currents generated by the oilfield
      subsurface fuel cell.
PAR  FIG. 5 shows a ring of electrolytes of various oxidation levels in
      electrolytic contact through porous balsa wood partitions that prevent
      their physical mixing.
PAR  FIG. 6 is an electrolytic model of an oilfield fuel cell that simulates a
      portion of the oxidized-reduced contact on the side of a geochemical
      chimney overlaying an oil and gas field and that indicates the flow
      pattern, in direction and in sign of the electro-telluric currents.
PAR  FIG. 7 illustrates the self-potential (SP) gradients from three wells in
      and around a small oil field discovered in the Denver-Julesburg basin,
      Colorado.
PAR  FIG. 8 illustrates the various self-potential (SP) gradients that would be
      observed in various wells drilled in and around the hypothetical oil and
      gas field of FIG. 4, together with the gamma-ray intensity modifications
      of certain shaly marker beds such as have been observed above oil and gas
      fields.
PAR  FIG. 9 illustrates a simple manner by which clockwise line-integrals around
      a unit-grid of a magnetic survey of the total magnetic field may be
      evaluated.
PAR  FIG. 10 illustrates a four by four unit-grid used in filtering digitized
      airborne magnetic data in order to sift-out the magnetic perturbations
      created by vertical electro-telluric currents in the earth.
PAR  FIG. 11 shows the results of an airborne magneto-electric interpretation
      using a four-mile by four-mile filter over the North West Norge field,
      Oklahoma.
PAR  FIG. 12 shows the results of an airborne magneto-electric interpretation
      using a four-mile by four-mile filter over the Western region of the Elk
      City field, Oklahoma.
PAR  FIG. 13 shows how to perform a line integral of the total earth magnetic
      field around a closed grid loop and around which the total earth magnetic
      field has been recorded in a continuous manner.
PAR  FIG. 14 is a schematic wiring diagram of a portable field magnetometer
      designed for measuring the variations of the horizontal earth magnetic
      field intensity in magnitude and in direction at stations selected for a
      Magneto-electric survey.
PAR  FIG. 15 shows the results of a Magneto-electric survey made with the
      instrument described in FIG. 14 over the McMahan prospect, Texas.
PAR  FIG. 16 shows the results of a Magneto-electric survey made with the
      instrument described in FIG. 14 over the Manda-Lund prospect, Texas.
DETD
PAC  SCIENTIFIC BACKGROUND TO THE INVENTION
PAR  In the earth there are many localized sources of electric potentials and
      currents. First, those that have an economic significance and second,
      those without significance and that are considered disturbances which have
      to be eliminated or minimized in order to be able to derive a significance
      from the electric currents generated by the economic sources.
PAR  The hypothesis that an oil and gas accumulation in the earth acts as a
      giant fuel cell over geologic time will be presented at some length.
      First, it will be shown that the injection of hydrocarbons into a simple
      cell, packed with clayey earth material, creates a negative potential with
      respect to the control or non-injected side of the cell. While the
      physico-chemical mechanism of electric potential generation is not clear,
      it is definitely the result of the generation of a redox potential
      contrast whereby the presence of hydrocarbons creates a reduced
      environment. Since hydrocarbons escape continuously vertically upward from
      an oil and gas field under their bouyancy effect, a chimney or
      funnel-shaped volume of reduced rocks exists over an oil field and that
      extends to the surface of the earth eventhough the rate of vertical escape
      has been proved microscopic. Vertical hydrocarbon diffusion is not the
      only probable explanation mechanism; the vertical escape of waters
      expelled from shales by compaction, above and below the oil accumulations,
      which waters carry with them hydrocarbons in solution or in suspension,
      are also responsible for the observed changes in the redoxomorphic
      environment of oil and gas fields. In fact the water transport of escaping
      hydrocarbons may be the most important mechanism as it is known that the
      lowering of water temperature decreases hydrocarbon solubility, and more
      hydrocarbons are thus released from water solution as they reach shallower
      depths.
PAR  Such a redox potential contrast within the sedimentary rocks gives rise to
      electric currents; they issue from the outer boundary of the funnel, reach
      the near surface layer on the outside of the funnel and return downward
      inside the funnel. Such currents form large eddies, closed on themselves.
      This has been verified numerous times in field surveys as well as in
      laboratory experiments.
PAR  Laboratory tests have established that fuel cell type sources of electric
      potentials and currents exist in the earth wherever hydrocarbons and
      associated organic chemical compounds (hydrogen sulfide, salts or organic
      acids, traces of mercaptans, etc.) accumulate in the earth in structural
      and/or stratigraphic traps. This giant fuel cell in the earth was
      simulated in the laboratory on a small scale in a solid plastic tube
      (lucite) 5 inches long and 1.5 inches in diameter (FIG. 1). A permeable
      partition (a balsa wood sheet) was placed in the center of the tube and
      moist clayey loam was packed on both sides. The ends of the tube were
      sealed by rubber stoppers in each of which a gold electrode was inserted.
      When equilibrium was established, a negligible electric potential existed
      between the two gold electrodes. At various times, hydrocarbons of varying
      composition (methane, butane, methylpentane, hexane, etc.) were injected
      on one side; the other side remaining undisturbed for control. Immediately
      upon injection, a negative potential was observed at the electrode on the
      cell side that was injected with hydrocarbons. This potential reached a
      negative maximum very rapidly, at times as high as -200 millivolts with
      respect to the control side. With unsaturated hydrocarbons and those
      containing sulfur compounds, higher negative potentials were observed
      (-375 millivolts). At times such potentials persisted for more than ten
      days to two weeks without "refueling". FIG. 2 gives a graphic presentation
      of the results obtained by means of the cell of FIG. 1. It is observed
      that most hydrocarbons and organic acetate give immediately, upon
      injection, a sharp negative deflection which persists at least one day and
      in certain cases for several days. Injection with ring hydrocarbon
      compounds gave sharp and immediate positive deflections. A complete
      theoretical explanation for this behavior has not been found as yet, but
      it is believed to reside in the ability of clay minerals to form complexes
      with hydrocarbon molecules, complexes which are positively charged in the
      case of saturated hydrocarbons and negatively charged in the case of ring
      compounds. The type of clays and hydrocarbons involved should therefore
      influence the results obtained. In order to verify this hypothesis some
      experiments were carried out with a number of different clays. Redox
      potential measurements were made in a cell containing a slurry in which a
      calomel reference electrode and a redox sensitive electrode (platinum)
      were inserted. The redox potential was measured by means of a high
      impedance potentiometer and the results are represented on FIG. 3. The
      slurries of the various clays were injected with the same amount of
      methylcyclopentane. Natural clay and gypsum showed an immediate drop in
      redox potential whereas in the case of attapulgite and of aquagel, the
      redox potential increased at first and then declined. In the main the
      ultimate effect of hydrocarbons injection into clays was a net reduction
      in redox potential, i.e., the environment permeated by hydrocarbons became
      reduced or accepted electrons.
PAR  The conclusion from these experiments is then drawn that accumulations of
      hydrocarbons and associated chemicals in the earth give rise in overlaying
      regions to lowered redox potential with respect to the surrounding barren
      country rocks.
PAR  FIG. 4 gives a generalized idea of the physico-chemical modifications which
      the presence of oil and gas at depth creates in the overlaying sediments.
      The fundamental mechanism of oil and gas migration and accumulation which
      is implied here, and which is also generally accepted by the petroleum
      geology profession, is that formation waters which were expelled from
      shales under the compacting effect of the weight of the rock overburden
      and which contained highly disseminated hydrocarbon globules or
      hydrocarbons in solution because of the elevated formation water
      temperatures at depth, escaped vertically upward above the loci of oil and
      gas entrapment; i.e., structural or stratigraphic traps. Such expelled
      waters were filtered-out of their suspended hydrocarbons; oil and gas
      pools were thus formed. In their vertical escape paths, the waters
      released the hydrocarbons still in solution in a gradual manner as
      temperature declined at shallow depths, and these hydrocarbons rendered
      the overburden rocks more reduced than when they were originally laid-out,
      thus forming a "chimney" or "funnel" of reduced rocks which extended to
      the surface of the earth. When surface rocks were exposed to weathering
      agents, the reduced nature of the upper part of the chimney may have been
      partially oxidized. However, the escape of compaction waters and of
      hydrocarbons takes place continuously during geologic time and thus the
      fuel cell is being replenished continuously.
PAR  A permanent and durable physico-chemical contrast is thus created above oil
      and gas pools which is manifested in many ways, but for the present
      purpose, this contrast is mostly observed in the near surface rocks by
      their ability to generate electric potentials and currents as if from a
      giant fuel cell, the source of potential being distributed on the external
      surface of the subsurface chimney.
PAR  This fuel cell generates current flow lines closed on themselves, a few of
      which are represented on FIG. 4. Normally, the direction of the earth
      currents, or electro-telluric currents so generated is as shown over this
      stratigraphic trap. Such currents and their distribution in the earth last
      indefinitely during geologic time, or as long as the fuel cell is being
      resupplied with "fuel" in the form of escaping hydrocarbons in solution or
      in suspension in the compaction expelled waters or by molecular gas
      diffusion from the accumulation of oil and gas.
PAR  The mechanism of oil and gas migration and accumulation represented in FIG.
      4 and the development of a cylindrical geochemical anomaly over the oil
      accumulation as represented, has been verified by well documented
      articles, a short review of which will be given.
PAR  Reliable near surface hydrocarbon anomalies have been reported for over 30
      years as a result of geochemical exploration. Recently, Horwitz (Horwitz,
      Leo--Hydrocarbon Geochemical Prospecting after Thirty Years,
      "Unconventional Methods in Exploration for Petroleum and Natural Gas", SMU
      Symposium, Dallas, 1968, pp. 205 - 218.) has presented some very revealing
      data from the Hastings field, Texas, showing soil hydrocarbon maps
      measured in 1946 and in 1968 over the same area. In the intervening oil
      production period of 22 years the near surface anomaly had all but
      disappeared; the obvious conclusion is that the hydrocarbon leakage from
      the structure has ceased. However, this stoppage of hydrocarbon leakage
      cannot be the result of depleted reservoir pressure because the field is
      under active water drive; the reservoir pressure having dropped only a
      negligible amount in the Lower Frio sand from 2755 psi in 1934 (when
      discovered) to 2600 psi in 1956 during which period 50 million barrels of
      oil were produced. The explanation for the cessation of hydrocarbon
      leakage must be sought elsewhere than in the diffusion theory. As a result
      of the oil production and of water-influx into the reservoir, the
      compaction-expelled-water and its dissolved gases, which was originally
      escaping vertically at the edge of the field, has been encroaching into
      the oil reservoir rock itself for the last 36 years, where it replaced the
      oil produced. Hence, the near surface geochemical anomaly has not been
      resupplied with vertically escaping hydrocarbons and, over the years, soil
      bacteria have destroyed the near surface anomaly that existed in 1946.
      This one geochemical case history greatly supports the hypotehsis of a
      "geochemical chimney" associated with primary oil migration and
      accumulation.
PAR  An explanation of the origin of electro-telluric currents associated with
      oilfields is readily found in the hypothesis of an associated geochemical
      chimney.
PAR  The experiments with the fuel cell of FIG. 1 which have been briefly
      reported-on indicate that the inside of the chimney which has been
      permeated by compaction waters containing hydrocarbon in solution attain a
      redox potential much reduced from that of the same rocks permeated by
      waters devoid of such hydrocarbons. Hence, an electric potential
      difference is maintained between the two regions. When such a potential
      difference is present in a conductive medium such as sedimentary rocks
      electric currents must flow until the cell's energy is exhausted, unless
      continuous "refueling" by leaking hydrocarbon takes place.
PAR  While a physical model is not necessarily a proof of a theory or
      hypothesis, a satisfactory model is nevertheless very suggestive that the
      working hypothesis is worth pursuing.
PAR  Such a model has been made by means of a "closed chain of electrolytes".
      Some misleading statements appear in the literature to the effect that an
      electrolyte chain does not give rise to an electric current. This is true
      only when the ions of dissociated salts in aqueous solution do not readily
      change their oxidation states, i.e., when there is no change of valency
      involved. If the chain of electrolytes contains ions that change in
      valency, such as in the reaction Fe.sup.+.sup.+ = Fe.sup.+.sup.+.sup.+ +
      e, the liberated electrons (e) give rise to an electric current in a
      closed conductive circuit. Such a ring of electrolyte was made as shown in
      FIG. 5, where the solutions in contact are Manganous Chloride (MnCl.sub.2)
      and Ferric Chloride (FeCl.sub.3). The two solutions were prevented from
      mixing physically by thin balsa wood partitions between the electrolytes
      but which allow electric current flow. The connecting electrolyte in a
      separate compartment was ordinary tap water. Along the length of this
      compartment, an ohmic potential drop was registered immediately upon
      filling each compartment with its respective electrolyte, indicating that
      an external cell current was flowing from the oxidized solution
      (FeCl.sub.3) to the reduced solution (MnCl.sub.2).
PAR  The oxidized solution thus accepts electrons liberated from the reduced
      solution. The conventional electric current is of course in the opposite
      direction from the electronic current.
PAR  In the earth, the fuel cell generates electro-telluric currents closed upon
      themselves, the paths of which are as shown on FIG. 4. Many models of this
      situation have been made in the laboratory by Pirson and Negut (Pirson, S.
      J. and Negut, Aurelian: "Preliminary Model Experiments in Redox Well
      Logging", (with Applications to Mineral Exploration). SPE Paper No. 2593,
      October 1969. Also in Revue Roumaine de Geologie, Geophysique et
      Geographie -- Vol. 16, No. 1, pp. 145 - 167, (1972)), with the solutions
      cited above, but also with ferrous-ferric solutions. Such a cell is shown
      in FIG. 6 which can be visualized as representing the left section of the
      chimney associated with the stratigraphic trap of FIG. 4, the reduced zone
      being simulated by MnCl.sub.2, the oxidized zone by FeCl.sub.3, and the
      weathered, or near surface zone, by tap water. As expected, a conventional
      electric current flowed immediately upon completion of the electrolyte
      circuit in the simulated weathered zone and in the direction shown by
      arrows as evidenced by ohmic potential drops measured within the tap water
      section and graphed as the ET profile on FIG. 6. The two electrolyte
      solutions shown had highly different redox potential or Eh; namely
      Eh(MnCl.sub.2) = +920 mv and Eh(FeCl.sub.3) = +1040 mv. This redox
      potential difference was transmitted within a very short time to the tap
      water or weathered zone (original Eh = +375 mv) as evidenced by the Eh
      profile of FIG. 6. Therefore, over an oilfield, one may expect the rocks
      immediately below the surface weathered zone to reflect the
      electrochemical properties (Eh) of the formation fluid underlying it as
      indicated by the Eh profile.
PAR  The observations and hypothesis made above immediately suggest methods of
      exploration for deep seated oil and gas accumulations, as well as for any
      other minerals whose concentrations and accumulations are associated with
      changes of rock environment, from oxidized to reduced.
PAR  The methods described in the present invention are based upon the
      measurement of the magnetic perturbations created in the earth magnetic
      field by the earth's vertical electro-telluric currents and by virtue of
      Maxwell's law of electro-magnetic induction.
PAR  While the above discussion describes our preferred theory for the
      explanation of the generation mechanism for the electro-telluric currents,
      there are other mechanisms that may be operative jointly or separately
      with the oil field fuel-cell theory and the various effects of each may be
      superimposed on each other, such as the following described mechanisms:
PA0  1. Selective desorption of anions from clays by escaping hydrocarbons.
PAR  Laboratory tests on soils and shales have shown the release of anions and
      particularly chlorides as indicated by a chloride selective electrode when
      said soils and shales were injected with hydrocarbons.
PA0  2. Existence of a chimney-shaped salinity contrast over and around oil and
      gas fields.
PAR  An observation which has been made repeatedly from electric logs by one of
      the applicants is that the shale resistivities overlying an oil and gas
      field are of lesser magnitude (50% or more) than the resistivities of the
      same correlatable shale outside the oil field funnel. This is most evident
      in the 7000 ft., 7600 ft., and 8600 ft. shale sections overlying the Elk
      City field of the Anadarko basin, Oklahoma, but it has been observed in
      many other places, one of which is over the Coulommes field, Paris basin,
      France in the Gault clay.
PAR  There may be several explanations for this phenomenon (which one of the
      applicants has used successfully many times as a mapping prospecting
      parameter in Projective Well Log Interpretation), but the most plausible
      explanation is derived again from the generally accepted view of oil and
      gas migration and accumulation from a dilute suspension of hydrocarbons in
      the waters expelled by compaction from the shales encasing the reservoir
      rocks. At first the waters escaping from compacting shales are known to be
      quite salty (at least of the salinity of sea water; 35,000 ppm NaCl, a
      salinity which is known to have remained relatively constant over geologic
      time). They are the waters that escaped vertically over the oil
      accumulation after leaving behind the miriad of oil bubbles that coalesced
      into an oil pool. Later in geologic time and after the oil accumulation is
      complete, shale compaction continues though at a much reduced rate and
      additional shale waters are expelled, the salinity of which is known to be
      much reduced from the original sea water. This water must of necessity
      escape vertically around the oil field, thus a funnel or chimney of saline
      rocks overlays the oil accumulation whereas the outside rocks are
      permeated by realtively fresh waters. An electrolytic concentration cell
      therefore exists between the waters within the funnel and those in the
      outside rocks. Since the formation salts are mainly NaCl and since the ion
      Cl.sup.- has a higher mobility than Na.sup.+, the inside part of the
      funnel becomes positive with respect to the outside rocks and the earth
      currents so created flow from inside the funnel to the outside, then
      vertically up and then return downward inside the funnel. The electric
      current direction under this assumption is identical with that created by
      the redox oil field fuel cell.
PAR  This salinity contrast, all around a vertical chimney that delineates the
      oil and gas field, is responsible for a concentration (or diffusion)
      electric potential effect which is distributed throughout the vertical
      geologic section. Such electric diffusion potentials have been verified by
      laboratory experiments. The resulting electric currents directed downward
      through this funnel and their gradual downward external and radial flow
      away from the axis of the funnel give rise to electrophoresis, or
      transport and selective separation of cations away from the funnel. In
      particular, uranium ions are displaced away from the funnel and this is
      another plausible explanation of the "radioactivity low" associated with
      oil fields, not only at depth but also on the earth surface. Laboratory
      experiments by Coppens (Coppens, Rene -- "Action des Courants Electriques
      sur le Deplacement de l'Uranium dans les Roches" (Effect of Electric
      Currents on the Displacement of Uranium from Rocks) C. R. Acad. Sc. Paris
      258, No. 4, Jan. 27, 1964, pp. 1275 - 1277.) have definitely shown that
      rocks may be depleted of their uranium content through the passage of a
      weak electric current over long periods of time. The observed reduced
      radioactivity of shales overlaying an oil field, thus becomes another
      striking indirect proof of the existence of electro-telluric currents.
PA0  3. Proof of the existence of vertical electro-telluric currents by their
      direct observation from electric well logs.
PAR  The electro-telluric effect of oil and gas fields was first noted on
      electric well logs and maps of this effect, in intensity and in sign, were
      published in "Projective Well Interpretation" articles (Pirson, S. J. --
      "Projective Well Log Interpretation", World Oil -- October and November,
      1963 and August, September, October and November, 1964.; Pirson, S. J. --
      "Environmental Logging and Mapping in the Search for Minerals", Soc. Prof.
      Well Log Analysts -- May 1969 Symposium Houston -- Paper I.; Pirson, S. J.
      -- "Oil Finding by Systematic Well Log Analysis" -- The Log Analyst 6 No.
      5, pp. 4 - 17, January - March 1966.) under the name "Vertical Migration
      Parameter" or "VMP" as it was realized this effect was related to some
      vertical motion of matter. The mechanism by which currents are related to
      petroleum migration and accumulation was established only recently. The
      vertical migration parameter is merely an observation of the ohmic effect
      (or electric potential drop by application of Ohm' s law) that vertically
      downward electro-telluric currents exist over gas and oil fields within
      the chimney of chemically reduced rocks. Also, such currents return upward
      outside of this chimney and spread a considerable distance away from it.
PAR  FIG. 7 shows the probable subsurface distribution of electro-telluric
      current vortices around a small oil field in Colorado (Denver-Julesburg
      basin). Well A is producing oil and an upward positive SP gradient of
      about 10 mv between 5,540 and 6,040 feet indicates electro-telluric
      currents are flowing downward in this predominantly shale section.
PAR  Well C is in a barren region where electro-telluric currents flow upward in
      the said correlatable shale section as indicated by an SP gradient
      opposite in sign, but of similar current density.
PAR  Well B is intermediate in position between Wells A and C, presumably near
      the field's edge since the said correlatable shale shows a section
      traversed by downward currents (6,050-6,300  feet) and a section traversed
      by upward currents (5,800- 6,000 feet).
PAR  This is a random example selected from many Projective Well Log
      Interpretation surveys made during the last 10 years. This phenomenon has
      been encountered in such a generalized manner over a large number of oil
      fields that it must be considered as a law of nature.
PAR  The objective of magneto-electric surveys is to map at the surface, or from
      above the surface of the earth, the extent, the intensity and the shape of
      electrotelluric current vortices present at depth in association with
      commercial gas and oil accumulations, with other mineral deposits and with
      geothermal energy resources.
PAR  While the largest magneto-electric anomalies are observed at the surface of
      the earth, the significance of Magneto-electric surveys is enhanced
      greatly when they are projected downward to near the depths of
      electro-telluric current sources, i.e., levels of gas and oil
      accumulations.
PAR  These giant electro-telluric cells often may form a single current vortex
      extending from the oil accumulation to the surface of the earth. But more
      generally, superimposed current vortex cells of different polarity and
      intensity will be observed from electric well logs. Over a major oil
      field, individual cells show current vortices all in the same direction
      and electro-telluric effects often extend within near surface formations.
PAR  During the past 10 years, several gas and oil fields have been discovered
      in areas predicted to be favorable prior to discovery on the basis of
      subsurface electro-telluric current mapping from available electric logs.
      Such fields include Felda, West Felda, Leghigh Acres, Lake Tafford and
      Bear Island (Florida, 1965); N. Birch Creek Unit Extension (Wyoming,
      1965); Carpenter (Oklahoma, 1970); Peoria, North Peoria and Latigo
      (Colorado, 1971) and Womack Hill (Alabama). Years indicated are those of
      discovery; surveys were made considerably earlier than the dates of
      discoveries shown.
PAR  Subsurface mapping of VMP parameters requires the availability of electric
      logs of consistent quality, type of recording, type of SP electrode, etc.,
      conditions that cannot always be fulfilled. However, a major shortcoming
      is always that there are seldom a sufficient number of well logs in a
      prospective area for safe interpolation or extrapolation of contour lines
      and much must be left to the imagination in trying to visualize the
      distribution of subsurface electro-telluric currents for the purpose of
      delineating oil and gas fields. It is an object of Magneto-electric
      exploration to provide means for interpolating and extrapolating from
      favorable indications of oil and gas from existing wells as detected by
      well log analysis.
PAR  It is of interest to derive from the electric well logs shown in FIG. 7 an
      order of magnitude value for the intensities of the electro-telluric
      vertical current flux. This will now be done within the shale section
      immediately overlaying the D and J sands. Positive vertical SP gradients
      of 10 mv per 500 feet are observed in well A and similar negative values
      are observed in well B. The shales have an average resistivity of 5
      ohm.sup.. meters. Considering a horizontal surface one acre in area, and
      by application of Ohm's law, an electro-telluric current flux-density of
      53 milliamperes per acre is computed. It will be shown from example
      magneto-electric surveys that this current flux density is of comparable
      magnitude with that calculated over favorable oil and gas prospects.
PAR  FIG. 8 illustrates the various SP gradients that would be observed in
      various wells drilled in and around an oil field, in a stratigraphic trap
      such as represented in FIG. 4. Well No. 2 discovered oil in the reservoir
      sand trap and its SP curve gradient is toward the positive when traveling
      up-ward. Wells Nos. 1, 3, and 4 are dry holes and the upward SP gradients
      are reversed. In addition FIG. 8 illustrates the radioactive modifications
      of a marker shale bed as its potassium and uranium (also radium) ions are
      removed from above the oil fields by the action of the outward flowing
      electro-telluric currents through the process of electrophoresis. The
      reduction of the radioactivity of shales directly overlaying oil fields
      has been observed over at least 30 known oil and gas fields from
      radioactivity (gamma ray intensity) well logs. This observation has also
      been used successfully in predicting favorable petroliferous areas wherein
      the N. Heluma (Ellenburger) and the XBC (Devonian) fields were
      subsequently discovered in Upton County, Texas.
PAR  In addition to exploring for oil and gas fields, Magneto-electric surveys
      may solve the following mineral exploration problems by delineating the
      sub-surface sources of electric potential generated and the resulting
      distribution of electrotelluric currents.
PAR  1. Uranium Roll-Fronts
PAR  Uranium deposits that occur to the extent of 95% in sedimentary rocks are
      formed by the precipitation of Uraninite (Pitchblende or black ore) from
      solution in meteoric waters of infiltration at the contact between a zone
      of oxidation and a zone of reduction within permeable sands, which contact
      is generally called a roll-front. Such sands must exhibit a regressive
      character so that they will lend themselves to water infiltration at the
      outcrops. Transgressive sands are less likely to be mineralized because
      they do not offer an easy access to meteoric waters. Magneto-electric
      surveys can help locate and delineate the probable areas of uranium
      mineralization. At the roll-front, a redox fuel cell is generated, the
      effect of which results in the observation of a long, narrow electric
      current anomaly, the upward flowing part of which is upstream and the
      downward flowing part is downstream from the mineralizing waters of
      infiltration.
PAR  2. Sulfide Ore-bodies
PAR  The delineation of sulfide ore-bodies by electro-telluric means is well
      known and has been highly successful when such ore-bodies are partly
      exposed in the zone of oxidization and partly in the reduced zone. A redox
      cell is thereby generated which surface electric potential measurements
      can outline readily. This is the oldest known geophysical technique, its
      use having been reported by R. W. Fox in 1828. Much literature is
      available on the subject and it will not be belabored here.
PAR  The sulfide ore bodies most susceptible to discovery by electro-telluric
      surveys are those of copper, iron, cobalt, galena, manganese, mercury,
      etc.
PAR  The flow patterns of the electro-telluric currents may be mapped from the
      surface by means of Magneto-electric surveys, the interpretation of which
      is altogether similar in every respect to the interpretation of such
      surveys for oil and gas accumulations.
PAR  3. Native Sulfur Ore Bodies
PAR  Free sulfur develops in pockets of restricted areal extent within gypsum
      and anhydrite beds as a result of the action of anaerobic sulfate reducing
      bacteria which derive their energy from organic matter and their oxygen
      from sulfates (gypsum and anhydrite). In the course of this process, the
      bacteria create or develop a reduced environment.
PAR  The basis for the expectation that electro-telluric methods are applicable
      to sulfur exploration rests on the accepted theory of generation of free
      sulfur from gypsum and anhydrite by the action of anaerobic sulfate
      reducing bacteria when their required energy is supplied by organic
      matter, i.e., by leaking hydrocarbon gases or liquids that escape from an
      oil and gas field present below or laterally. The hydrocarbon escape would
      be through cracks and fissures usually associated with tectonic
      deformations. This combination of events would give rise underground to a
      giant fuel-cell with the generation of free sulfur and H.sub.2 S gas that
      would escape vertically through the over-burden and the surface soil. Not
      all hydrocarbons are consumed by this process and the combination of
      hydrocarbon and H.sub.2 S gas escape changes the physico-chemical
      environment of the rocks overlaying the locus of bacterial activity,
      modifying particularly their Eh and pH. The expectation is that the
      environment immediately overlaying a center of sulfate reducing activity
      becomes highly reduced.
PAR  The favorable sulfur generating environment extends some distance above the
      sulfur ore deposit, both laterally and vertically, by virtue of the fact
      that all escaping hydrocarbons and H.sub.2 S gases do not participate in
      the geochemical reactions.
PAR  Accordingly, a chimney of reduced rocks extends toward the surface from the
      site of the sulfur ore deposite thereby forming a contrast of rocks of
      different redox values and that will lead to electro-telluric currents of
      the type associated with oil and gas accumulations. Again, such deposits
      may be surveyed by Magneto-electric methods which essentially map the
      distribution of electro-telluric currents.
PAC  GEOTHERMAL ELECTRO-TELLURIC CELL
PAR  It is well known that geothermal energy resources are associated with a
      vertically decreasing temperature at a larger rate of decline than the
      normal geothermal gradient. Thus a chimney of rocks warmer than the
      country rocks overlies deposits of geothermal steam in much the same
      manner as the geochemical chimney previously discussed for oill and gas
      fields. It has been shown by laboratory experiments that a thermal
      gradient (i.e., when a temperature difference exists between two regions
      within an electrically conductive rock mass) generates electric potential
      difference in this rock mass and that an electric current will thereby be
      generated. For most rocks, the cold side is negative with respect to the
      hot side which is positive. In a geothermal chimney over a geothermal
      steam deposit, electro-telluric currents will therefore flow upward inside
      the geothermal chimney to return vertically downward outside of the
      chimney. These geothermal electro-telluric currents, therefore, form
      circulation patterns that are opposite to those observed in association
      with oil field fuel cells.
PAR  A proof of the existence of geothermal electro-telluric currents and of
      their polarity with respect to the geothermal gradient direction may be
      derived from the results of the Aardvark nuclear explosion experiments
      where the electric potential generated in the subsurface by the intense
      heat of the explosion was directed from positive above the locus of the
      bomb to negative at an electrode 3500 feet away from the explosion.
PAR  Again Magneto-electric surveys, as here described, should prove suitable
      for the delineation of the subsurface distribution of geothermally
      generated electro-telluric currents, but taking special note of the
      reversal in polarity.
PAR  While we have described in great details various mechanisms by which
      vertical electro-telluric currents are associated with oil and/or gas
      accumulations at depth and with certain mineral deposits in the earth, we
      do not wish to hold to any one theory as being more prevalent than another
      nor that any-one such theory is altogether satisfactory in explaining the
      vertical electro-telluric currents. In fact, no such theory is needed
      since vertical electric currents have been observed by their ohmic
      potential drop effects over and around oil and gas accumulations are
      overlain by thick uniform shales. Then the SP curve drifts within such
      shales are in opposite directions for dry holes and for oil and gas
      producers. One of the applicants has made hundreds of such observations
      which prove without a doubt the existence of vertical electro-telluric
      currents in association with oil and gas accumulations.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Applicants will now proceed with the disclosure of the methods and means
      for performing magneto-electric measurements at the surface of the earth
      in order to ascertain the existence and the distribution of significant
      electro-telluric current patterns and to relate them to the existence of
      oil and/or gas fields, to other mineral deposits or to geothermal energy
      deposits. Description of the invention had already been made in Disclosure
      Documents filed by applicants with the U.S. Patent Office: No. 009732,
      3/24/1972, S. J. Pirson -- Electrotelluric Exploration and No. 012998,
      8/24/1972, S. J. Pirson and J. E. Pirson -- Magnetoelectric Exploration.
PAC  Theoretical Basis
PAR  By virtue of Maxwell's electromagnetic equations, the earth electric and
      magnetic fields are related. When both fields are static, i.e., when
      invariable or nearly invariable with time, we may write the following
      equation around a closed path on the earth surface
EQU  (1) .intg..intg..sub.S curl H.sub.t .sup.. dS = 4.pi.i =
      4.pi..intg..intg..sub.S U.sub.n .sup.. dS
PAL  where:
PA1  i = .intg..intg..sub.S U.sub.n .sup.. dS is the total electric current
      through the surface S. The dot represents a scalar product of two vectors:
      U.sub.n and dS.
PA1  u.sub.n is the vector representing the current density through elementary
      surface dS and measured in a direction perpendicular to elementary surface
      dS.
PA1  s is a surface of the earth bounded by perimeter of length "l".
PA1  dS is a vector normal to surface S.
PA1  h.sub.t is the vector representing the total earth magnetic field
      intensity.
PA1  .intg..intg..sub.S represents a surface integral over surface S
PAR  By Stokes' theorem, we may write
EQU  (2) .intg..intg..sub.S curl H.sub.t .sup.. dS = .intg..sub.l H.sub.t .sup..
      dl
PAL  when the various force fields are expressed in electromagnetic units.
      .intg..sub.l represents a line integral of vector H.sub.t along a closed
      perimeter of length l and carried-out in a clockwise direction.
PAR  Combining equations (1) and (2) and writing them in electrostatic units, we
      have
      ##EQU1##
      where c is the velocity of light: 3 .times. 10.sup.10 cm/sec. Equation 3
      relates the total vertical electric current distributed in the earth under
      surface S to the line integral of the total earth magnetic force around
      the closed circuit l that encloses surface S. This line integral is
      substantially that of the horizontal component of the earth magnetic field
      around the same closed loop because the integral of the vertical component
      of the earth magnetic field is zero when the path l and the surface S are
      selected to be in the horizontal plane, or in a plane substantially
      horizontal at the surface of the earth.
PAR  Current i may then be considered to be the vertical electro-telluric
      current created by a subterraneous oil and gas accumulation, or other type
      of mineralization such as sulfides, or geothermal steam energy entrapped
      in the earth. It has been shown in the theoretical discussion that such
      mineralizations give rise to downwardly directed vertical electric
      currents that concentrate radially and horizontally near the surface of
      the earth after their return from their deep-seated sources where the
      currents are generated by electrochemical reactions between the
      mineralizations and their geologic environment.
PAR  There are two ways by which the vertical electric currents in the earth may
      be mapped magnetically, first by magneto-electric reinterpretation of
      existing magnetic maps, preferably those that have been surveyed with
      accuracy before oil and gas field development so that surface and
      subsurface metallic disturbances are not present and second by making a
      new Magneto-electric survey properly planned so as to measure only the
      magnetic vortices created by vertical earth electric currents and to the
      exclusion of the disturbing factors created by the vertical earth magnetic
      field, daily variations, abnormal magnetic polarization, etc.
PA0  1. Magnetoelectric reinterpretation of existing Magnetic Maps.
PAR  Among the existing magnetic maps the most suitable for this work are those
      that surveyed the distribution of the total earth magnetic field
      intensity. This vector-force includes the vertical and the horizontal
      components of the earth magnetic field. The vertical electro-telluric
      currents do not affect the vertical magnetic field intensity. Thus the
      value of a line integration of the total magnetic vector around a closed
      path on the earth surface is the result of the work done by the horizontal
      component. However, the declination angle is unknown. Therefore, a closed
      circuit integration is only an approximation of the desired result. The
      problem is to show that the results so obtained are nevertheless valuable.
      This will be done by statistical evaluation of the oil and gas well
      predictive ability of this technique which was used over an area exceeding
      1,500 square miles.
PAR  When a magnetic map of a prospective territory is available, the simplest
      manner by which line-integrals of the magnetic field intensities may be
      carried-out around numerous areas of finite size is to grid the map into
      squares of one half to one mile on the side. Preferably they should be
      oriented in the direction of the magnetic north. In this manner the line
      integrals along the north and south lines of each square are both nearly
      zero, since the horizontal component of the earth magnetic field is at
      right angle (90.degree.) to the integration path. Theoretically, all one
      needs to do is to integrate along the east and west sides of each grid
      square and add the results vectorially. If one chooses to integrate around
      each square clockwise, positive closed line-integral values correspond to
      downward electro-telluric current flow by virtue of the right hand screw
      rule that determines the direction of the magnetic flux due to an electric
      current in an infinitely long wire. In the case at hand, the electric
      current may be considered as flowing vertically down over an oil field in
      a half infinitely long tube; the horizontal lines of electric current flow
      near the surface of the earth having no magnetic effect on the horizontal
      magnetic vortex which it is intended to measure. Consider square A in the
      grid system of FIG. 9 which is oriented in the magnetic north direction.
      The curves on each side represent the horizontal variations in the total
      earth magnetic field intensity multiplied by cosine I; I being the angle
      of inclination of the total vector H.sub.t on the horizontal plane. We
      have H.sub.h =  H.sub.t cosine I and the integrated value of this function
      is represented by hachured areas under the curves A.sub.1 and A.sub.2. We
      have for the magnetic vortex LI in a clockwise direction over area A
EQU  (4) LI = .intg..sub.l H.sub.t cosine I.dl = A.sub.2 -  A.sub.1
PAL  the integration procedure is repeated at every square grid and for
      conformity, the line-integral is always taken in a clockwise direction.
      When the values of LI are positive, downward electro-telluric currents are
      indicated and, conversely when negative, the electro-telluric currents
      flow upward.
PAR  In practice, if variations in H.sub.t are not rapid and wild, it is
      possible to consider only the values of H.sub.t cosine I at the corners of
      the square, and their sum is twice the line-integral over the unit grid
      distance chosen. One may also leave out the value of cosine I if the angle
      of inclination is relatively constant within the area under investigation.
      This, is general, will be the case when the size of the squares in the
      grid are small enough to assume a linear variation in H.sub.t cosine I
      along each side of the square.
PAR  By way of example one may make the following calculations in order to
      obtain the magnitude of the electro-telluric currents under one square
      mile area of the earth surface when the line-integral (LI) is 20 gamma x
      miles. One gamma (.gamma.) is equal to 10.sup.-.sup.5 Oersted.
EQU  LI = 20 .times. 10.sup.-.sup.5 .times.  5280 .times. 30.5 Oersted .times.
      cm.
EQU  = 30 Oersted .times. cm.
PAL  By equation (3), in the emu system of units, we have for the
      electro-telluric current density:
EQU  30 Oersted .times. cm. = 4.pi.i.sub.emu
PAL  Thus, i = 2.4 emu .times. mile.sup.-.sup.2 = 37.5 milliamperes/acre which
      is of the same order of magnitude as the vertical current computed from
      certain electro-telluric and equipotential surveys of known oil fields.
PAR  In general, the reinterpretation of pre-existing magnetic maps is not
      altogether satisfactory because the original data have already been
      relaxed around closed contours and in so doind the magnetic vortices are
      partially eliminated. Hand contoured magnetic maps are preferable
      especially when they show the original data on a regular square grid
      pattern which may be used directly into the filtering process to be
      described.
PAR  Ground magnetic survey maps of the variations in the horizontal component
      of the total magnetic field vector would be better for the purpose at hand
      but they are seldom made in oil field territories, although they are made
      over mining prospects.
PAR  With respect to oil and gas exploration, the preferred type of reservoir to
      be explored for is the stratigraphic trap because it is not likely that
      magnetic polarization and basement relief structures will be associated
      with them. Thus a simple filtering technique is likely to extract the
      magnetic vortices due to the vertical electro-telluric currents generated
      by this type of oil and gas accumulation.
PAR  When the oil and gas entrapment is associated with a basement structure or
      an anomalous magnetic polarization effect, it is necessary to remove this
      effect in order to isolate the significant magnetic vortices. Some of the
      numerical filters to be discussed hereafter are designed to do this on
      magnetic maps regardless of the components of the earth magnetic field
      measured (total vector or horizontal vector) and of whether it is a ground
      or an airborne survey.
PAR  The numerical filtering process is achieved by a convolution of the
      observed data with a spatial filter operator so as to obtain a response or
      measurement of the magnetic field perturbations generated solely by the
      vertical electro-telluric currents in the earth that are associated with
      accumulations of oil, gas, uranium roll fronts, sulfide minerals and/or
      geothermal energy. (FIG. 10)
PAR  Among the two dozen, more or less, numeric filters that were tested, two
      proved to be more efficient than others in delineating the favorable oil
      and gas bearing regions in a prospective territory.
PAR  D2 filter: This is a differential filter that operates on the difference
      between the raw data, A(I,J), and their curvature, D(I,J), as given by the
      following equation:
EQU  D(I,J) = 2.0*A(I+1,J+1) - [A(I,J) + A(I,J+1) + A(I,J+2) + A(I+1,J) +
      A(I+2,J) + A(I+2,J+1) + A(I+2,J+2) + A(I+1,J+2) + A(I+1,J+1)] / 3.0
PAL  where the A's are the magnetic intensities read at the various points of
      coordinate I and J of the grid array. The following numerical filter is
      then applied to the D values as follows:
EQU  LI(I+1,J+1) = D(I,J+1) + D(I+1,J+2) + D(I+2,J+1) +D(I+1,J) - D(I,J) -
      D(I,J+2) - D(I+2,J+2) - D(I+2,J)
PA0  The values of LI are then plotted at their respective coordinates on the
      maps and the values are contoured, either by hand or by a mechanical
      plotter and contour routine.
PAR  FIG. 11 is an example of reinterpretation results obtained by filter D2
      over the NW Norge field of Grady County, Oklahoma that was discovered in
      Feb. 1971. The well locations, as of July 1972, are shown on the same map
      and the unusual correspondence between the actual limits of production and
      that predicted by the zero vertical electro-telluric current flux density
      in milliamperes per acre should be considered as positive proof of the
      existence of the magnetoelectric effect.
PAR  OM4 filter: This is a filter that operates on the original data, A(I,J),
      located on the sides of a square of grid unit 4 .times. 4. The formula for
      this filter is as follows:
EQU  LI(I,J) = A(I,J+1) + A(I,J+2) + A(I,J+3) + A(I+1,J+4) +A(I+2,J+4) +
      A(I+3,J+4) - A(I+4,J+3) - A(I+4,J+2) - A(I+4,J+1) - A(I+3,J) - A(I+2,J) -
      A(I+1,J) - 3.0*[A(I,J+4) - A(I+4,J)]
PAL  fig. 12 is an example of reinterpretation of original data obtained over
      the Elk City field, Beckham County, Oklahoma. Two sets of original data
      were available for this study; one that had been flown by the USGS
      probably within the period of 1947 - 1948 when the field was in its early
      development, and the other which was flown during 1949 - 1950 when many
      oil wells had been completed. The later map was therefore affected by the
      presence of steel well-casing and by metallic surface equipment. The
      earlier map was used to remove this spurious effect in an empirical manner
      from the second aeromagnetic map believed to be more accurate.
PAR  The results of the application of filter OM4 of the data so corrected are
      shown in FIG. 12. This map is of special interest because it covers the
      area of the deepest well in the World, the Lone Star Gas - Baden No. 1; as
      shown, it is evident that this well is not in a favorable area. In fact,
      all of the dry holes shown are in unfavorable magneto-electric areas as
      far as finding oil and gas is concerned. The GHK well, scheduled for a
      depth of 26,000 feet, has not reached total depth, but it is located on
      the edge of a favorable area and may well encounter production. The
      development wells of the Elk City field check reasonably well the
      predictions that would have been made by means of the OM4 filter prior to
      drilling.
PAR  Magneto-electric surveys were made over fifteen hundred square miles of
      airborne magnetometer map within the western Anadarko basin in order to
      evaluate this exploration method. As a result, the surveyed area is
      divided into two regions, a favorable and an unfavorable one. A total of
      240 wells have now been drilled in the total area, 140 of which are in the
      favorable area and of which 105 wells produce either oil or gas, or both.
      The predicted success ratio is therefore 75% in the favorable areas
      compared to 59% by combined conventional geology-geophysics. Some
      producing wells were drilled in the non-favorable areas, but the success
      ratio there was only 38%. These observations must be considered as
      statistical proof of the existence of the magneto-electric effect of oil
      and gas fields.
PA0  2. Intentional Magneto-electric Surveys
PAR  It is of course desirable to carry-out Magneto-electric surveys with the
      intention of measuring only the magneto-electric effect of oil and/or gas
      fields, other minerals, or geothermal energy deposits to the exclusion of
      other effects which are considered disturbing, in order to achieve the set
      goal of finding such deposits in the earth by sensing the electro-telluric
      currents which they generate. The objective of such field surveys is to
      measure directly the line integral segments such as shown in FIG. 9 as
      A.sub.1 and A.sub.2, from a continuously measuring instrument which is
      directionally sensitive such as the flux-gate magnetometer. To this end
      the instrument must be maintained horizontal throughout the survey and
      pointed at all times in the direction of travel. The output of the device
      may be digitally recorded on tape and it may also be recorded by an analog
      instrument. The data acquisition instrumentation is so designed as to
      integrate the readings continuously along the path of travel. An operator
      that observes the position of the surveying instrument at all times may
      punch a marker when the instrument reaches the corner of a grid such as
      the intersection of roads in sectionized territories. The flux-gate
      magnetic sensor may be mounted on a non-magnetic (aluminum) trailer some
      50 to 60 feet behind a surveying vehicle, or it may be trailed on a cable
      from an airplane or helicopter, or it may be trailed in water for marine
      surveys. Such surveying instruments exist commercially that will maintain
      the sensor satisfactorily oriented in a horizontal position and in the
      travel direction.
PAR  However, the field operations and the processing of the data are greatly
      simplified when it may be assumed that, in in the area under
      investigation, the angles of magnetic inclination from horizontal and of
      declination from the true North remain substantially constant as is the
      case in sedimentary basins containing rocks of low magnetic
      susceptibility, which are also the geologic basins in which oil and gas
      fields are found. Accordingly, field magneto-electric surveys may be made
      using atomic precession magnetometers such as the proton, cesium vapor,
      and other such instruments that measure the magnitude of the total earth
      magnetic field vector, but not its direction. Such magnetometers are
      available for use on land, airborne or below sea level as well as for spot
      measurements or for continuous recording. The magnitudes of the horizontal
      magnetic components are obtained by multiplying the recorded values by
      cosine I, where I is the angle of inclination of the total magnetic vector
      from the horizontal as known from magnetic maps.
PAR  In the practice of Magneto-electric surveys, the problem of diurnal
      variations and of reduction of the data to a base station does not exist
      as may be seen from FIG. 13 which represents a unit area ABCD of the
      square grid pattern. Each side of the square may have been surveyed at
      different times such that the horizontal magnetic field intensities at the
      various corners are given by the lower case letters in parentheses:
      A(a.noteq.a'), B(b.noteq.b'), C(c.noteq.c') and D(d.noteq.d'). Since each
      side of the square was surveyed rather rapidly it is not necessary to make
      diurnal variation corrections such as might be thought to exist between a
      and b, b and c, c and d, d and a, because the travel distance is surveyed
      before an appreciable diurnal change takes place, provided there is no
      magnetic storm during the measurements along this path.
PAR  Let the integrals:
      ##EQU2##
      where the dots represent scalar products between the horizontal magnetic
      field intensity H.sub.h and the the elementary travel vector dl. The
      values K and M, and L and N are of the same polarity when measured in the
      same direction; they are opposite in sign when the travel paths are
      opposite in direction.
PAR  The integral values K, L, M, N are measures of the areas shown on FIG. 13
      obtained from the recorded values of H.sub.t .sup.. cosine I without
      giving consideration to sign nor to normalization. Because of variation
      between the measurements at a particular point such as at corner A, it is
      necessary to normalize the values according to the recorded magnitude of
      H.sub.t at each of the corners. Such values are given as a and a' at A, b
      and b' at B, c and c' at C, and d and d' at D, where the "prime" values
      are read in the E - W direction and the non-primed values were surveyed in
      the N - S direction. In order to evaluate the closed line-integral of the
      intensity of the horizontal component H.sub.h, which makes an angle
      .alpha. with the E - W direction, it is necessary to normalize the
      readings to an amplitude such as a at corner A. Then, the value of the
      line-integral (LI) taken clockwise around the unit square of FIG. 13 is
      given by
      ##EQU3##
      The value of LI is then spotted at the center of the square ABCD for
      eventual contouring and interpretation when a number of such adjacent unit
      squares have been surveyed.
PAR  It is to be observed that the above calculations are all the reductions for
      diurnal variations which it is necessary to make. Measurements made at any
      other time will give the same LI readings. The only requirement is that
      the path of travel and measurement along each side of a unit square be
      made as rapidly as possible before any appreciable daily variations take
      place. It is not necessary to reduce readings to a base station value
      because each LI value is independently arrived at regardless of what the
      base station variations may be.
PAR  Therefore, a magneto-electric survey may be run by recording along
      extensive parallel profiles in one direction; then by recording at right
      angle along parallel intersecting profiles of equal spacing so as to
      obtain a grid of substantially uniform spacing. Calculations such as
      indicated in FIG. 13 are performed for every unit cell in the grid and the
      values of the closed line integrals are recorded in the center of each
      unit square. These values are then contoured either manually or by
      computer plotting and contouring routines.
PAR  The map so obtained represents the vertical electro-telluric current
      distribution in the earth within a layer approximately one mile in depth
      when the unit grid at the earth surface is 1 mile. If one wishes to obtain
      the electro-telluric current distribution at greater depth, such as within
      a 2 mile thick layer, the line integrals of four adjacent unit squares are
      added, allowing for their sign, and the results are optionally normalized
      to a one square mile area by dividing by 4. Then, the values are plotted
      at the center of the four units. This type of calculation is carried-out
      for all adjacent four unit cells in order to obtain a map that projects
      the anomalies in electro-telluric current distribution 2 miles in depth.
PAR  This process may be repeated in order to obtain maps of the
      electro-telluric current distribution to greater and greater depths in
      order to eventually delineate and separate the oil and gas accumulations
      at their respective depths. A certain degree of depth control is therefore
      possible in Magneto-electric exploration, the vertical resolution of the
      downward projection process being of the order of magnitude of the surface
      survey's grid mesh.
PAR  In field Magneto-electric surveys where the total or the horizontal
      magnetic field intensities are recorded continuously and where there is no
      obstacle to establishing traverses parallel to each other in the direction
      of the magnetic North-South axis, such as is the case for airborne
      surveys, at sea and over lakes and in desert regions, actual field
      operations, data processing and interpretation are greatly simplified,
      because then traverses need not be measured in the magnetic East-West
      direction since the line integrals along the East-West segments are always
      zero, the vector H.sub.h being always at 90.degree. to the East-West
      travel direction.
PAR  In the practice of Projective Well Log Interpretation and of the
      confirmation of the results by Magneto-electric surveys, it has been
      observed that fuel cells of different polarities, intensities and areal
      extent may be superimposed over each other and it may be desirable to
      probe the polarity, intensity and areal extent of the associated
      electro-telluric currents at a particular depth range or interval where a
      significant fuel cell may be expected. This appears particularly desirable
      when probing the earth for vapor dominated geothermal energy resources as
      such deposits are known to create electro-telluric vortices that are
      limited to the volume of rocks within which refluxing of steam under
      pressure forms large vertical upward convection currents of steam in the
      central area of the deposits and downward convection currents of condensed
      hot water on the outside of the geothermal deposits. By performing two
      magneto-electric surveys of grid-mesh sizes that enclose two different
      unit areas and the square roots of which areas give the depth of
      investigation of each survey, it is possible to ascertain the differential
      change in the intensity, polarity and areal extent of the fuel cell within
      a depth interval bracketed by the two probing investigation depths.
PAR  Another satisfactory procedure by which our invention may be practiced is
      by making spot magnetic field intensity measurements at discrete and
      selected ground stations. Such a procedure is especially suitable in
      difficult terrain not otherwise accessible by motor vehicle or where a
      prospect is of such limited areal extent that the cost of magnetic
      air-borne surveys or of continuous profiling would be prohibitive. For the
      purpose of carrying-out our invention by means of spot measurements,
      various types of portable field magnetometers are commercially available.
      Suitable instruments for the purpose are of two types: those that measure
      the total magnetic field intensity and those that measure only one or more
      components. For the purpose of our invention the only magnetic component
      of interest is the horizontal, because this is the one that will be
      integrated at the surface of the earth around closed profiles, traverses,
      or perimeters within the area under investigation.
PAR  Magnetometers that measure the total earth magnetic field are of the proton
      precession type; they afford an extremely precise method of measuring the
      earth magnetic field. If the area under investigation is not very
      extensive, i.e., not more than 10 by 10 miles, it may be assumed that the
      inclination (I) of the total earth magnetic vector from the horizontal
      plane remains fairly constant. If in addition, the area under study is
      made up of sedimentary rocks, the earth total magnetic field vectors will
      remain substantially parallel to each other within the restricted area
      under investigation. Under such conditions it may be expected that the
      horizontal component of the earth magnetic field will always point
      substantially northward in the northern hemisphere. Hence, the horizontal
      component may be computed from H.sub.t .sup.. cosine I where H.sub.t is
      the value of the total earth magnetic field vector and I is its angle of
      inclination measured from the horizontal plane. It is the value of H.sub.t
      .sup.. cosine I that is to be integrated around closed profiles according
      to the procedure to be described.
PAR  Magnetometers that measure the horizontal component of the earth magnetic
      field are not as readily available commercially as for the total field
      measurements and those available are rather slow and cumbersome to use.
      The applicants, therefore, designed their own instrument according to the
      schematic drawing of FIG. 14. The basic principle of the measurements
      revolves around measuring the electric current intensity required to null
      the horizontal earth field component at the center of two Helmholtz coils
      1, where a flux-gate sensor 2 is located, the nulling of the magnetic
      field being indicated by a zero reading at the Calex Model 70 instrument,
      3. The required constant current through coils 1 is supplied by a 15.0
      volt Ni-Cd battery, 4 through a Calex constant current device with
      required pin connector. The battery voltage is further stabilized by a
      Zener diode 6. A constant current is supplied through connector E. This
      current is divided through the 1400 ohm resistor 8 and the coil circuit
      that contains milliammeter 7 and a ten-turn wire wound potentiometer 9.
      The current required for nulling the field at the coils' center is read
      from a 10 turn Borg digital dial graduated from 0 to 999 fixed to the
      shaft of potentiometer 9. The Helmholtz coils are each 8 inches in
      diameter and they are 8 inches apart; each coil is wound with 200 turns of
      No. 22 enamel insulated magnet wire. When the coils are placed in series,
      a current of 27.2 milliamperes is required for nulling the horizontal
      component of the earth magnetic field in Austin, Tex. The sensitivity
      attainable with a ten turn digital dial potentiometer is 1 gamma per
      division (1 gamma = 10.sup.-.sup.5 Oersted). The Helmholtz coils are
      mounted vertically on a mounting non-magnetic platform which may be
      levelled when placed on a plane-table. The axes of the Helmholtz coils and
      of the flux-gate magnetic sensor coincide in space and in direction. The
      steps required for making field measurements are as follows:
PA0  1. Set up the tripod and plane-table level, place the instrument on the
      table and level it accurately and orient it in the East-West direction
      which will be indicated by a zero reading on the M70 instrument. Record
      this East-West direction of the instrument by drawing a reference line
      along its base. A magnetic North-South reference line may also be drawn by
      means of a Brunton compass.
PA0  2. Turn the instrument at 90.degree. from the said reference and readjust
      leveling if necessary. Note reading on digital dial 9.
PA0  3. Apply measuring current by turning on switch No. 11. With the ten-turn
      digital dial 9 adjust measuring current so that the reading on the M70
      instrument is again zero. The difference between the two dial readings
      multiplied by the sensitivity gives the difference in the horizontal
      magnetic field intensities between two stations (.DELTA.H.sub.h), assuming
      that the digital dial reading under step 2 was that at the preceding
      station.
PA0  4. Turn off the M70 instrument and move to the next measuring station.
PA0  5. A succession of measuring stations are occupied in this manner until
      readings have been completed around a closed profile, the station at the
      beginning of the traverse being remeasured, thus making it a base station
      in order to determine the existence and magnitude of possible drift. If
      such a drift exists, it is removed proportionately from each station by
      plotting the readings on a cartesian cross-section graph paper versus the
      time of day at which the readings were made and drawing a straight line
      between the readings at the base station and measuring the departures
      (.DELTA.H.sub.h) between the plotted points at each station and the
      straight line. It is advisable to make readings at the base station about
      five times per day.
PA0  6. The corrected readings are now used on a map of the surveyed area by
      plotting the (.DELTA.H.sub.h) deviations obtained in step 5 in gammas
      (i.e., in magnitude to a selected scale, in the North direction for
      positive deviations and in the South direction for negative deviations).
PA0  7. The various measuring stations on a closed traverse are then joined by
      straight line segments on a map of the area under investigation and the
      angles (.alpha.) made between the North direction and the direction of the
      said segments are measured.
PA0  8. The line-integral (LI) around a closed traverse is obtained by making
      the following algebraic sum:
      ##EQU4##
      where ds is the distance in miles between two adjacent stations: i and
      i+1, and n is the total number of stations in the profile. The value of LI
      is expressed in gamma .times. mile.
PA0  9. The vertical electro-telluric current flux density (i) through the
      horizontal area enclosed by the traverse is calculated by Gauss' theorem
      is amperes by i = 1.28 (LI) and the electro-telluric current flux is
      measured substantially at a depth equal to the square root of the area
      enclosed by the traverse.
PA0  By repeating such line-integral measurements along adjacent or overlapping
      closed traverses and by selecting the various traverses so that they will
      enclose successively and substantially the same area magnitude, it is
      possible to map the vertical flux of the electro-telluric currents in
      intensity and in direction at a substantially constant depth of
      investigation and thereby determine the boundaries of the subsurface
      accumulations of oil and/or gas, of other mineral deposits, and of
      geothermal steam energy deposits, the boundaries of said accumulations
      being indicated at the reversal in electro-telluric current flux or by the
      zero line of the contoured data.
PAR  FIG. 15 shows the results of a Magneto-electric survey made with the
      instrumentation described in FIG. 14 over a portion of the McMahan
      prospect, Texas. This part of the prospect shows a well established
      electro-telluric downward current flux to be 16.2 amperes through the
      enclosed area of approximately 100 acres. The magneto-electric effect
      calculated by the method of line integration just explained and using the
      measured magnetic anomaly vectors as shown on FIG. 15 computes to be 16.3
      .gamma. .sup.. miles. Using the formula shown under step 9 above, a
      vertical downward electro-telluric current of 20.9 amperes is obtained.
PAR  Considering the nature of the problem and the assumptions that had to be
      made, the current flux calculated from the two surveys must be considered
      as satisfactory and also to be a justification of the two methods of
      exploration, namely by Magneto-electric means and by Electro-telluric
      means. On a per acre basis, the current fluxes are respectively 162 and
      209 milliamperes per acre, which figures correspond adequately in
      magnitude with those derived from the electric well logs of FIG. 7 from
      which a current flux of 53 milliamperes per acre is derived. Although this
      derivation was made in another geologic province, over and in the vicinity
      of a known oil field, the result show nevertheless the magnitude of
      electro-telluric current fluxes to be expected in order to be significant
      of the presence of oil and gas in commercail quantities.
PAR  FIG. 16 shows the results of another magneto-electric survey over a portion
      of the Manda-Lund prospect, Texas, made with the instrumentation described
      in FIG. 14. This survey is composed of three closed traverses represented
      by solid lines along which the measuring stations are indicated and at
      which the deviations in the horizontal magnetic field intensities, in
      magnitude and in sign, are represented by scaled vectors parallel to the
      direction of the magnetic North. Line integrals along closed profiles that
      comprise part of the solid line real traverses and part of the dashed line
      imaginary traverses were computed and the values of LI so obtained are
      spotted as near as possible to the center of gravity of the areas enclosed
      by the traverses; then the values were contoured so as to delineate
      probable oil and gas production by the zero line. Accordingly, the depth
      of expected production is about 3000 to 4000 feet, which would place it in
      the Glen Rose or Sligo formations.
PAR  Having described and illustrated the present invention, it is recognized
      that numerous modifications and variations will occur to one skilled in
      the art without departing from the basic invention involved herein. It is
      further understood, of course, that the method and apparatus herein
      illustrated and described are intended to be representative only, as
      certain changes may be made therein without departing from the clear
      teachings of the disclosure. It is also understood that the examples
      given, the apparatus illustrated and described are all by way of
      illustration and are intended only to examplify the principles of the
      invention to one skilled in the art. Therefore, with this in mind, the
      present invention is to be limited only in accordance with the appended
      claims which determine the full scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of locating oil, gas, minerals, or geothermal energy deposits
      comprising the steps of:
PA1  a. measuring the total earth magnetic field intensity H.sub.t at a
      plurality of stations numbered from 1 to n and forming a closed traverse
      around an area to be investigated
PA1  b. evaluating the line-integral LI defined by
      ##EQU5##
      along said traverse,  wherein ds is an elementary length of the traverse,
      .alpha. is the angle between H.sub.t and ds and
      ##EQU6##
      denotes the algebraic summation of n terms of the form H.sub.t. ds. cosine
      .alpha. evaluated in the series of intervals 1-2, 2-3, . . . . (n-1)-n,
      n-1,
PA1  c. correlating the value of LI to the presence or absence of the deposits
      sought on the basis of its magnitude and its sign,  positive values of LI
      evaluated along the closed traverses in a clockwise direction are
      indicative of mineral deposits giving rise to downward electro-telluric
      current flow such as are generated by hydrocarbon accumulations, whereas
      negative values of LI are indicative of the presence of mineral deposits
      giving rise to upward electro-telluric currents such as are generated by
      geothermal energy, the aforesaid relationship between the polarity of LI
      and the electrotelluric current flow direction being reversed when the
      line integration is performed counterclockwise.
NUM  2.
PAR  2. The method of claim 1, in which:
PA1  a. the horizontal component of the earth magnetic field is measured and a
      line integration of said component is performed around a closed traverse.
NUM  3.
PAR  3. A method of locating oil, gas, minerals, or geothermal energy deposits
      comprising the steps of:
PA1  a. selecting a plurality of adjacent or over-lapping closed traverses
      enclosing areas to be investigated, preferably all substantially of the
      same area-magnitude
PA1  b. measuring the total earth magnetic field intensity H.sub.t at a
      plurality of stations numbered from 1 to n along each closed traverse
PA1  c. evaluating the line integral LI defined by
      ##EQU7##
      around each of the closed traverse, wherein ds is an elementary length of
      the profile, .alpha. is the angle between H.sub.t and ds, and
      ##EQU8##
      denotes the algebraic summation of n terms of the form H.sub.t.ds:cosine
      .alpha. evaluated in the series of intervals 1-2, 2-3, . . . . . (n-1)-n,
      n-1,
PA1  d. plotting the values of LI so obtained at the center of each of the areas
      surveyed for the purpose of evaluating the presence and the areal extent
      of the deposits sought,  positive values of LI evaluated along the closed
      traverses in a clockwise direction are indicative of mineral deposits
      giving rise to upward electrotelluric currents such as are generated by
      geothermal energy, the aforesaid relationship between the polarity of LI
      and the electrotelluric current flow direction being reversed when the
      line integration is performed counterclockwise.
NUM  4.
PAR  4. The method of claim 3, in which:
PA1  a. the horizontal component of the earth magnetic field is measured along a
      plurality of adjacent or overlapping closed traverses.
NUM  5.
PAR  5. A method of locating oil, gas, minerals, or geothermal energy deposits
      comprising the steps of:
PA1  a. selecting a plurality of long and substantially parallel traverses all
      oriented in the same direction and another plurality of such traverses
      intersecting the first set of traverses substantially at right angle and
      covering an area under investigation
PA1  b. recording continuously along such traverses the total intensity H.sub.t
      of the earth magnetic field
PA1  c. evaluating the line integral segment
EQU  LI = .intg. H.sub.t .sup.. ds .sup.. cosine .alpha.
PA1  along each intercept between the two groups of traverses, wherein ds is an
      elementary length of the traverse, .alpha. is the angle between H.sub.t
      and ds and ds and
      ##EQU9##
      denotes the algebraic summation of n terms of the form H.sub.t .ds.cosine
      .alpha. evaluated in series of intervals 1-2, 2-3, . . . . (n-1)-n, n-1
PA1  d. evaluating the closed line integrals LI.sub.c around each mesh grid
      formed by the two groups of traverses by adding algebraically the four
      LI's values around each grid
PA1  e. plotting the values of LI.sub.c so obtained at the centers of each of
      the mesh grid for the purpose of evaluating the presence and the areal
      extent of the deposits sought,  positive values of LI evaluated along the
      closed traverses in a clockwise direction are indicative of mineral
      deposits giving rise to downward flow of electrotelluric currents such as
      are generated by hydrocarbon accumulations, whereas negative values of LI
      are upward electrotelluric currents such as are generated by geothermal
      energy, the aforesaid relationship between the polarity of LI and the
      electrotelluric current flow direction being reversed when the line
      integration is performed counterclockwise.
NUM  6.
PAR  6. The method of claim 5, in which:
PA1  a. the horizontal component of the earth magnetic field is measured.
NUM  7.
PAR  7. A method of locating oil, gas, minerals, or geothermal energy deposits
      by intepreting maps of the total earth magnetic field intensity comprising
      the steps of:
PA1  a. gridding the area of interest on such maps and reading the magnetic
      field values A at each grid apex
PA1  b. transferring said values to computer cards or to magnetic tape for
      computer processing
PA1  c. evaluating the line integrals LI (I, J) around each four mesh grid by
EQU  LI (I, J) = A (I, J+1) + A (I, J+2) + A (I, J+3) + A (I, J+4) + A (I+2,2,
      4) + A (I+3, J+4) - A (I+4, J+3) - A (I+4, J+2) - A (I+4, J+1) - A (I+3,
      J) - A (I+2, J) - A (I+1, J) - 3.0 * [ A (I, J+4) - A (I+4, J)]
PA1  wherein A is the total earth magnetic field intensity at points of row
      number values I to I + 4 and of column number values J to J + 4.
PA1  d. plotting the values of LI so obtained at the center of each of the mesh
      grid for the purpose of evaluating the presence and the areal extent of
      the deposits sought.
NUM  8.
PAR  8. The method of claim 7, in which:
PA1  a. the horizontal component of the earth magnetic field is measured.
NUM  9.
PAR  9. The method of claim 7, in which the line integral LI around each four
      mesh grid is evaluated by
PA1  a. computing the curvature D (I, J) of the readings A by:
EQU  D (I, J) = 2.0*A (I+1, J+1) - [A (I, J) + A (I, J+1) + A (I, J+2) + A (I+1,
      J) + A (I+2, J) + A (I+2, J+1) + A (I+2, J+2)+ A (I+1, J+2) + A (I+1,
      J+1)] 1 3.0
PA1  b. computing the line integrals LI (I+1, J+1) around each four mesh grid
      by:
EQU  LI (I+1, J+1) = D (1, J+1) + D (I+1, J+2) +D (I+2, J+1) +D (I+1, J) - D (I,
      J) - D (I, J+2) - D (I+2, J+2) - D (I+2, J)
PA1  wherein A is the total earth magnetic field intensity and D is the
      curvature of a surface defined by the A values, the numerical values of A
      and D being represented at points of coordinates of row number values I to
      I + 2 and of column number values J to J + 2.
NUM  10.
PAR  10. The method of claim 9, in which:
PA1  a. the horizontal component of the earth magnetic field is measured.
NUM  11.
PAR  11. The method of claim 5, in which:
PA1  a. a single plurality of long and substantially parallel traverses are
      selected all in the magnetic North-South direction
PA1  b. the line integral of the total earth magnetic field intensity is
      evaluated along equal segments on two adjacent sides of mesh grids along
      the said traverses.
NUM  12.
PAR  12. The method of claim 11, in which:
PA1  a. the horizontal component of the earth magnetic field is measured.
NUM  13.
PAR  13. The method of locating oil, gas, minerals and geothermal energy
      deposits comprising the steps of:
PA1  a. measuring the total earth magnetic field intensity at a plurality of
      stations numbered from 1 to n along a first closed traverse in an area to
      be investigated and at another plurality of stations numbered from 1 to m
      along a second closed traverse in the same area and enclosing the said
      first traverse, totally or partially
PA1  b. evaluating the line integrals
      ##EQU10##
      and
      ##EQU11##
      along each of said traverse, wherein LI.sub.1 is the line integral
      evaluated along the first closed traverse comprising stations numbered 1
      to n,
      ##EQU12##
      denoting the algebraic sum of terms H.sub.t.ds.cosine .alpha., H.sub.t
      being the total earth magnetic field intensity measured at stations 1 to
      n, ds, is an elementary length of this traverse and .alpha., is the angle
      between H.sub.t and ds, whereas LI.sub.2 is the line integral along the
      second closed traverse comprising stations numbered 1 to m and performed
      in the same manner and in the same direction as LI.sub.1
PA1  c. evaluating the difference LI.sub.1 - LI.sub.2 in intensity and in
      polarity in order to determine the differential change in the
      electro-telluric currents within the depth interval bracketed by the
      depths of investigation of each closed profile.
NUM  14.
PAR  14. The method of claim 13, in which
PA1  a. the horizontal component of the earth magnetic field is measured.
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ABST
PAL  Apparatus for measuring the electrostatic properties of materials,
      particularly powder, in which a first fixed plate has a series of openings
      lying along the circumference of the circle the center of which lies on
      the axis of a rotor mounted adjacent the plate with its axis perpendicular
      to the plate, the motor carrying an electrode and probe spaced apart from
      one another in such positions that the electrode and the probe separately
      pass over each opening when the rotor rotates. The electrode is charged
      and means are provided for detecting the charge on the probe to detect the
      charge on the material. In order to hold the powdered material in the
      openings a second fixed plate is mounted under the first fixed plate and
      has cavities therein in register with the openings in the first fixed
      plate, each cavity having a porous element at the bottom, and suction is
      applied below the porous element to hold the powder in place.
BSUM
PAR  The present invention relates to apparatus for measuring the electrostatic
      properties of powder.
PAR  An apparatus has been described in U.S. Pat. No. 3,727,125 for
      investigating and measuring the electrostatic properties of materials,
      which can become charged and discharged at the surface, the apparatus
      being intended to be connected electrically to a continuous high tension
      current generator and to measuring components, forming a measuring head.
      This apparatus described includes:
PA1  A. a fixed block, made of a conducting material, carrying an earthing
      terminal, and having identical apertures uniformly distributed around a
      circle thereon;
PA1  B. an electric motor firmly fixed to the said block, the shaft of which,
      connected to an earthing terminal, is perpendicular to the block at the
      center of the circle;
PA1  C. a revolving plate fixed along its axis to the shaft of the motor,
      between the motor and the block;
PA1  D. a corona-effect charging electrode and a static induction measuring
      probe, fixed to the face of the revolving plate opposite the block,
      parallel to the latter and at an average distance from the axis of the
      plate equal to the average distance from the apertures to the centre of
      the circle defined above;
PA1  E. an electrical connection comprising a revolving contact which makes it
      possible to transmit to the charging electrode an electrical voltage with
      an absolute value of between 2 and 20 kV, and
PA1  F. an electrical connection comprising a revolving contact which makes it
      possible to transmit to the measuring components the signals captured by
      the measuring probe.
PAR  If this apparatus is used to measure the properties of pulverulent
      products, the rotation at a relatively high speed of the revolving plate
      in the vicinity of the product investigated leads to local air movements
      which generally prevent the pulverulent products from remaining stable,
      and this applies to a greater extent, the lighter and finer are the
      pulverulent products. It is true that the pulverulent products can be
      converted to pellet form, when this is possible, but their electrostatic
      behavior is generally changed by so doing.
PAR  According to the present invention there is provided an apparatus for
      measuring the electrostatic properties of materials, such apparatus
      comprising a first fixed plate, a rotor mounted to rotate about an axis
      perpendicular to the first fixed plate, openings in the first fixed plate,
      openings lying along the circumference of a circle, the center of said
      circle lying on said axis of said rotor, an electrode and a probe fixed to
      said rotor and spaced apart from one another and positioned whereby both
      the electrode and the probe separately overlie each of said openings in
      turn when the rotor rotates, means for charging said electrode, means for
      detecting the charge on said probe, and thereby detecting the charge on
      said materials, a second fixed plate having means to hold it against said
      first fixed plate, cavities in said second fixed plate at locations
      overlying the openings in said first fixed plate, at least one porous
      element at the bottom of each said cavity and means for sucking air at the
      bottom of the said cavities through said porous elements.
DRWD
PAR  In order that the invention may be better understood, the following
      description is given merely by way of example, reference being made to the
      accompanying drawings in which:
PAR  FIG. 1 is a view in section of the measuring head;
PAR  FIG. 2 is a diagrammatic view of the measuring head connected to a control
      box;
PAR  FIG. 3 is a view from below of the rotor of the measuring head along the
      section line cc of FIG. 4;
PAR  FIG. 4 is a view from the left of the rotor, positioned as in FIG. 1, of
      the measuring head; and
PAR  FIG. 5 is a sectional perspective view of the insulating bush and the
      measuring probe.
DETD
PAR  The measuring head, shown in FIG. 1, comprises a first plane fixed plate 1
      of conducting material, usually metallic, carrying an earthing terminal.
      This plate 1 is provided with equidistant openings 2 distributed over the
      circumference of a circle of diameter d. An electric motor 3 is fixed to a
      support 4 connected to the plate 1 by struts 5. These struts may be
      extended beyond the plate 1 by insulating feet, not shown, of a height of
      generally less than 5 mm. The shaft 6 of the motor is connected to a lead,
      not shown, for earthing it, and is arranged perpendicular to the plate 1
      at the center of the previously defined circumference. A circular rotor 7
      is fixed to the shaft 6; advantageously, it is secured by the screw 8 and
      can therefore be rotated by the motor. An electrode 9, charging by corona
      effect, and a measuring probe 10 are arranged in the rotor 7 opposite the
      plate 1, parallel to the latter and at a mean distance from the axis of
      the rotor equal to the mean distance of the openings 2 to the center of
      the circumference of a circle of diameter d. A handle (not shown) may also
      be provided to facilitate manipulation of the measuring head.
PAR  The charging electrode 9, generally consisting of a radial metal wire, is
      held by two insulating supports 11 and 12, for example of
      polytetrafluorethylene mounted in a cylindrical recess 13 of the rotor 7.
      The charging electrode 9 is connected to a rotating contact 14 permitting
      its electrical connection to a high-tension D.C. generator. The rotating
      contact may be a carbon wiper 14 held by a spring 15 against a conducting
      circular track 17, for example of metal, of means diameter D. The carbon
      wiper 14 is connected to the electrode 9 by a sheathed wire 16. It is
      moved by the action of a spring 15 in the interior of a recess in
      insulating material 49 fixed to the rotor 7. The track 17 is fixed to the
      plate 1 by means of an insulating support of the same diameter. The track
      is connected by a flexible cable 19 permitting its electrical connection
      to a high-tension generator, the whole being constructed to permit raising
      the charging electrode to a positive or negative potential of between 2
      and 20 kV.
PAR  The measuring probe 10 consists (see FIG. 5) of a metal plate of area
      substantially equal to that of the openings 2. It is extended by an axial
      shank 23 and is insulated from earth by a supporting sleeve 20, for
      example of polytetrafluorethylene. Preferably, the shank of the probe is
      provided with a passage 24 and the sleeve is cylindrical and is provided
      with two passages, one 21 axial, the other 22 radial. The shank 23 is
      forcibly inserted in the passage 21 until the passages 22 and 24 are in
      line with each other. The sleeve 20 is fitted in the recess 25 of the
      rotor (see FIG. 3).
PAR  The probe 10, fixed to the rotor 7, is connected electrically to a rotating
      contact permitting its connection to the measuring elements. Preferably,
      the rotating contact and its electrical connection are composed as
      follows:
PAR  The contact is formed of a ball bearing 32. The outer race of the bearing
      is connected to the probe 10 by a sheathed wire 26 housed in a passage 27
      of the rotor 7, and in the passage 22 extending the passage 27. This race
      is held inside an insulating piece 30 secured to the rotor 7 inside a
      cylindrical recess 31. The inner race of the bearing is fitted around a
      fixed rod 28 held on the plate 1 by the insulating strut 29. The rod 28 is
      connected to the measuring elements first by a sheathed wire 33 housed in
      a groove of the plate 1 as far as a strut 5, then from there to an
      armoured cable 34 to the control box shown in FIG. 2. (For greater
      clarity, the wire 33 has been shown in FIGS. 1 and 2 as being outside the
      plate 1.).
PAR  The openings 2 of the plate are preferably so distributed that the shortest
      distance between two consecutive openings is substantially equal to the
      width of an opening. Each opening has generally a symmetrical form
      relative to a radial plane (for providing a symmetrical signal); the
      dimensions of these openings and their interspacing are predetermined for
      providing a substantially sinusoidal measuring signal. For facility of
      construction, it is preferable to use circular openings.
PAR  The probe has preferably the same shape as the openings. Preferably the
      openings and probes are circular and of the same diameter.
PAR  The measuring head according to the invention may, for its use, be
      connected to any high-tension D.C. generator, the polarity of which may be
      selected and which may be capable of supplying a tension between 2 and 20
      kV. Generally, the charging electrode is supplied with a tension of
      between 3 and 10 kV. The measuring probe may be connected to any
      conventional apparatus capable of measuring electrical charges.
PAR  FIG. 2 shows the measuring head connected to a control box accommodating
      the high-tension generator and the measuring elements. A control box of
      this type permits full use to be made of the possibilities afforded by the
      measuring head. The charging electrode 9 is supplied by a conventional
      electrostatic generator 35 capable of supplying a continuous, effective
      high tension, the polarity of which may be selected by means of the high
      tension relays 36 and 37 and switch 38, connected by the connecting cable
      19 to the contact track 17. Connected to the probe 10 by a cable 34,
      leading to an insulated cable, is an amplifier 39 provided with a gain
      control by potentiometer 40. The amplifier is connected to a circuit 41
      for detecting the amplified signal and to a moving coil milliammeter 42.
      Advantageously, there may also be added to the milliammeter a timing
      circuit 43 comprising a generator 44 supplying electrical pulses at
      regular intervals, and one or more pulse counters, such as 45, each
      controlled by a relay 46, itself actuated on the passage of the
      milliammeter needle. There is thus determined automatically the time taken
      by the charge assumed by the material to fall to half, quarter or any
      other preselected fraction of its initial value (half-discharge time,
      three-quarters discharge time, etc.).
PAR  The control box may be connected to the mains or possibly it may be
      supplied by an independent source of voltage.
PAR  A second fixed plate 50 has its upper face 51 positioned opposite the first
      fixed plate 1 and a gasket 52 is preferably interposed between the block
      and the plate.
PAR  The plate 50 has a raised rim 53 and a lateral groove 54 corresponding to a
      lateral rib of the plate 1. These means make it possible to guide, center
      and hold the plate 1 in a fixed position relative to the plate 50.
PAR  A space 59 is provided inside the plate 50, and inside a part of this there
      can be placed two coaxial discs 55 and 56, having similar orifices 57 and
      60 corresponding to the openings 2 of the plate 1. These orifices are
      again equidistant and distributed over a circle of diameter d. A porous
      element 58 is placed inside each of these orifices so that there are
      facing the openings 2, the same number of cavities 60, which can
      preferably be superposed over the said openings. The remainder of the
      space 59 extends between the plate 50 on the one hand and the discs 55 and
      56 on the other hand, the space communicating with the exterior via a
      pipeline 61.
PAR  This pipeline connects the space 59 to means of any known type (not
      represented), such as a vacuum pump with its accessories, for sucking air
      through the porous elements 60.
PAR  The device according to the present application functions in the following
      way. Each cavity 60 above the porous element 58 is filled with the
      pulverulent or granular product to be investigated. The remainder of the
      apparatus is then placed on the plate 50 and thereafter, by means of the
      device for sucking air, air is sucked through the product to be
      investigated and the porous element. The suction effect is the stronger,
      the lower are the density and the particle size of the pulverulent
      product.
PAR  Measurements are then made, by connecting the apparatus to a high-tension
      generator and to a measuring apparatus, preferably to the previously
      described control box. The constant speed motor is started and rotates the
      rotor 7 and hence the charging electrode 9 and the measuring probe 10. A
      voltage is applied to the charging electrode after the desired polarity
      has been selected by means of the switch 38; the sheet is charged by
      corona effect.
PAR  When the measuring probe 10 is opposite an opening 2 allowing the charged
      specimens to appear, it acquires a charge by induction. This charge is
      substantially proportional to the potential to which the specimen is
      raised and to the capacitance of the probe relative to the specimen.
      During the rotation of the rotor 7, the area of the probe opposite the
      specimen varies, the capacitance of the whole varies and consequently so
      does the charge acquired by the probe.
PAR  The input circuit of the amplifier 39, to which the probe 10 is connected
      by the cable 34, is composed of resistances and consequently offers slight
      reactance; therefore the input signal received by the amplifier is
      proportional to the variation in time of the electric field to which the
      probe is subjected during its passage past the specimen opposite the
      openings. As a first approximation, the curve of variation of the signal
      is the derivative with respect to time of the charge acquired by the
      probe. This charge, first increasing and then decreasing, has the form of
      an alternation. Since the probe is periodically adjacent to two
      consecutive openings, two consecutive periods succeed each other without
      discontinuity and the variation of the potential of the probe appears in
      the form of an alternating periodical signal, which is easily amplified
      and detected. The amplitude of the signal is proportional to the potential
      to which the specimen is raised.
PAR  The charging tension is maintained for the necessary time (generally
      between 5 and 50 seconds) for the specimen to acquire a maximum charge;
      the gain control 40 of the amplifier 39 is operated to bring the needle of
      the milliammeter 42 to a predetermined position. The charging electrode is
      then disconnected from tension, which triggers the operation of the pulse
      generator 44 for producing on the pulse counters 45 the automatic display
      of the times of half-discharge, three-quarter discharge and generally
      preselected discharge fractions.
PAR  Before making measurements with the apparatus described, it may be
      necessary to calibrate it for verifying that it is functioning properly,
      for example after transport. To perform this calibration, it is possible
      for example to place under the plate 1 of the measuring head a conducting
      metal sheet insulated from the said plate and from earth. This plate is
      raised to a known potential supplied directly by the control box, the
      motor is started and the measuring circuit is connected up. The needle of
      the milliammeter 42 is then brought to a predetermined value
      (corresponding to the maximum of the scale) by means of the potentiometer
      40 and the value indicated by the potentiometer index is read. The
      apparatus is in working order when the value as read corresponds to the
      value predetermined in the laboratory.
PAR  During a measurement "in situ," for example on paint covering a wall, the
      apparatus may be used in two distinct ways for determining the
      characteristics of the material alone (paint) or the material of its
      support. In the first case, the plate 1 of the measuring head is placed
      directly on the paint. In the second case, highly insulating feet (not
      shown) are placed between the plate 1 and the material.
PAR  It may sometimes be of interest to obtain the charging and discharging
      curve of the material examined. For this purpose, it is possible to
      connect the automatic discharge time display device to an oscilloscope or
      to a recorder (not shown).
PAR  For the exact determination of discharge times less than a second, the use
      of an oscilloscope or recorder is necessary.
PAR  The apparatus shown in FIG. 1 may be the object of various embodiment
      modifications. For example, the ball bearing 32 may be replaced by a
      roller or needle bearing. It is also possible to use corresponding ball,
      roller or needle thrust bearings. Preferably, these elements are sealed,
      particularly against dust.
PAR  The transmission of the measuring signal may also be effected by means of a
      rotating contact formed by a flexible blade wiping a shaft. The track 17
      of the rotating contact supplying the charging electrode may be arranged
      on a diameter less than that of the recess 31. It may also be fixed either
      to the plate 1, support 4, or struts 5. It is also possible to change over
      the connections of the rotating contacts. Many other modifications will
      occur to the person versed in the art.
PAR  The function of the porous element is, on the one hand, to support and
      retain the pulverulent or granular product to be investigated, and on the
      other hand, to allow air to pass with a low pressure drop. The product to
      be investigated is thus held statically in the cavity 60, without the
      relative position of the elements of which it is composed being
      substantially changed at the surface, despite the air movements which take
      place during the measurements.
PAR  The electrostatic behavior of the product investigated during its discharge
      is thus not substantially changed. The device which forms the subject of
      the present application thus makes it possible to investigate the
      electrostatic behavior of pulverulent or granular products under the same
      conditions, and particularly with the same precision and the same
      reliability, as in the case of compact materials.
PAR  Grids, sieves, woven fabrics, non-woven fabrics and the like can be used as
      porous elements. Conducting materials, for example sintered metals, are
      preferably used. Of course, if desired, it is possible to superpose
      several porous elements of the same nature or of different nature.
PAR  The various parts such as the plate 50 of the discs 55 and 56 are
      advantageously made of conducting materials, for example metal. The plate
      50 generally possesses an earthing terminal (not shown).
PAR  The apparatus makes it possible to investigate the electrostatic behavior
      of pulverulent or granular materials of very diverse nature, and
      especially plastics, the particle size of which is most frequently between
      1 and 5,000 microns and more particularly between 20 and 500 microns.
PAR  It is known that pulverulent products can become charged with static
      electricity due to friction in handling installations (pneumatic
      transport) and storing installations, or in installations for effecting
      various treatments, for example drying. It becomes possible considerably
      to limit explosion risks in this type of installation if the electrostatic
      behavior of these products during their discharge is known, whether they
      are combustible or chemically inert when exposed to the atmosphere. The
      apparatus according to the present application makes it possible,
      especially, to carry out comparative experiments between different samples
      under conditions which are extremely similar to the actual use conditions.
PAR  The following example will illustrate the characteristics and the
      advantages of the present invention.
PAC  EXAMPLE
PAR  Apparatus as shown in the drawings is used. It has nine cavities of
      diameter 16 mm and depth 3 mm, distributed over a circle of diameter 80
      mm. The bottom of each cavity is lined with a sintered stainless steel
      disc of thickness 2 mm and porosity 10 .mu..
PAR  The disc which carries the charging electrode and the measuring probe is
      driven at a speed of 1,500 revolutions/minute. It moves at a distance of
      2.5 mm from the samples investigated. An absolute pressure of 10 mm of
      mercury is maintained under the porous elements.
PAR  A series of measurements are made under these conditions, the results of
      which are given in the following table:
     Ex-   Nature of State of   Charge:                                        
                                       Dis-  Percent-                          
     peri- the sample                                                          
                     the sample potent-                                        
                                       charge                                  
                                             age dis-                          
     ment                       ial    time  charge                            
     No.                        acquired                                       
                                       in    reached                           
                                in volts                                       
                                       secs.                                   
     ______________________________________                                    
     1     Polyvinyl Powder     330    900   7                                 
           chloride  200 .mu.                                                  
     2     Hydro-    powder     370    900   45                                
           quinone   &lt;50 .mu.                                                  
     3     Polye-    Powder     230    900   27                                
           thylene   between                                                   
                     200 and                                                   
                     500 .mu.                                                  
     4 a             Free       250    &lt;4    50                                
                     powder                                                    
           Glyceryl  80% &lt;125 .mu.                                             
           guaiacol                                                            
     4 b             Powder in  250    4     50                                
                     pellet                                                    
                     form                                                      
     5 a             Free       240    900   16                                
                     powder                                                    
                     between                                                   
           Acetyl-   160 and                                                   
           salicylic 200 .mu.                                                  
           acid                                                                
     5 b             Powder in  180    100   16                                
                     pellet                                                    
                     form                                                      
     ______________________________________                                    
PAR  This table shows the time necessary ("Discharge time in seconds" column)
      for a particular sample to be discharged to the extent, expressed as a
      percentage, indicated in the right-hand column.
PAR  The first three experiments show differences in the electrostatic behavior,
      during discharge, of samples of various natures.
PAR  The other experiments clearly show that the electrostatic behavior, during
      discharge, of a powder of a particular nature is very different and even
      difficult to predict, depending on whether it is in the free state or in
      pellet form.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for measuring the electrostatic properties of materials, said
      apparatus comprising, in combination:
PA1  a. a first fixed plate;
PA1  b. a rotor mounted to rotate about an axis perpendicular to said fixed
      plate;
PA1  c. means defining openings in said fixed plate, the openings lying along
      the circumference of a circle, the center of said circle lying on said
      axis of said rotor;
PA1  d. an electrode and a probe fixed to said rotor and spaced apart from one
      another and positioned whereby both the electrode and the probe separately
      overlie each of said openings in turn when the rotor rotates;
PA1  e. means for charging said electrode;
PA1  f. means for detecting the charge on said probe, thereby detecting the
      charge on said materials;
PA1  g. a second fixed plate having means to hold it against said first fixed
      plate;
PA1  h. means defining material containing cavities in said second fixed plate
      at locations overlying the openings in said first fixed plate;
PA1  i. at least one porous element at the bottom of each said cavity; and
PA1  j. means for sucking air at the bottom of the said cavities through said
      porous elements thereby holding said materials contained in said cavities
      against displacement.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, and further comprising a motor carried
      by said first plate for rotating said rotor at a constant speed.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein said porous element is made of
      sintered metal.
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ABST
PAL  For use in the manufacture of a cathode ray tube, an apparatus for testing
      a hermetic, glass-like frit seal interposed between the funnel and
      faceplate of an in-process cathode ray tube. The inside walls of the
      funnel have a conductive coating adapted to receive test voltage which is
      applied to an anode button located on the wall of the funnel. A
      discontinuity in the hermetic seal causes a high voltage breakdown in the
      seal when the test voltage is applied to the cathode ray tube. The
      apparatus comprises an elastomeric band which is capable of being
      stretched over the tube, conforming to the shape of the hermetic seal
      between the funnel and faceplate. It further includes means for supporting
      and locating the cathode ray tube in a position such that the tube may be
      tested. The apparatus also comprises band mounting means which hold the
      elastomeric band and stretch the band to fit around the tube's hermetic
      seal such that the band forms intimate and uninterrupted electrical and
      mechanical contact with the frit seal. The apparatus further comprises
      means for applying a test voltage across the frit seal between the
      conductive coating and the elastomeric band. A method for testing the frit
      seal of a cathode ray tube is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of cathode ray tubes for
      television receivers. The invention is embodied in an apparatus for
      testing the hermetic qualities of the seal between the front panel and
      funnel of the cathode ray tube, commonly termed the "frit" seal.
PAR  Prior art methods of testing the hermetic qualities of the seal utilize a
      standard fixture designed for an individual sized cathode ray tube. One
      limitation with the standard fixture is that only one size tube may be
      tested in each particular fixture, requiring multiple fixtures to
      accommodate the variety of tube sizes contemporaneously manufactured in
      the manufacturing process. An operator physically sets each tube to be
      tested face down upon the standard fixture and releases linkage allowing a
      spring-like device to close in around the frit seal and substantially
      contact the frit for the duration of the test. Prior art methods utilize a
      flat spring or a wire gauze "Brillo pad"-type structure in the fixture.
PAR  The test voltage is applied to the anode of the cathode ray tube. The
      spring or gauze serves as the ground completing the test circuit. Any
      defect or break in the seal will cause a breakdown through the seal to
      transfer current to the grounded wire gauze or flat spring surrounding the
      seal. The flat spring or wire gauze apparatus is limited in that the
      contact established with the seal around the entire periphery of the
      cathode ray tube is interrupted due to the qualities of the spring or
      gauze-type structure. Neither are sufficiently flexible to contact the
      frit seal at all points around the tube. At any point around the tube whre
      the frit seal does not contact the spring or gauze structure, the seal is
      not being tested and the possibility of a defective seal being passed by
      the test method is enhanced.
PAC  OBJECTS OF THE INVENTION
PAR  It is a general object of the invention to provide improved method and
      apparatus for testing a cathode ray tube.
PAR  More specifically, it is an object of the invention to provide new and
      improved method and apparatus for testing the hermetic seal between the
      faceplate and funnel of a cathode ray tube.
PAR  Another object is to provide an improved device for making contact with the
      hermetic seal on a cathode ray tube during the testing of the seal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The invention,
      together with further objects and advantages thereof, may best be
      understood by reference to the following description taken in conjunction
      with the accompanying drawings, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 is a side view of a typical color cathode ray tube;
PAR  FIG. 2 is a perspective view of cradle and handfinger-like structure of
      cathode ray tube test apparatus constructed according to this invention;
PAR  FIG. 3 is a top view of an elastomeric band constituting an important part
      of the FIG. 2 apparatus;
PAR  FIG. 3A is a perspective view of a discontinuous elastomeric band in situ;
PAR  FIG. 4A is a partial top perspective view of the hand-like structure shown
      in FIG. 2; and
PAR  FIG. 4B is a fragmentary, perspective view of one part of the hand-like
      structure shown in FIG. 4A and
PAR  FIG. 4C is a fragmentary perspective view of groups of pulleys actuated by
      an air cylinder.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the manufacture of cathode ray tubes, a hermetic, glass-like ("frit")
      seal 2 is established on the interface of the cathode ray tube faceplate 4
      and funnel 6. See FIG. 1. For the cathode ray tube to perform, it is
      imperative that the hermetic integrity of the frit seal be maintained. The
      inner walls of the funnel 6 are coated with a conductive coating 8 which
      carries a high voltage during the operation of the tube. The voltage is
      applied to an anode button 10, which is positioned on one wall of the
      funnel and coupled to the conductive coating.
PAR  The invention provides means for supporting the cathode ray tube in a
      position which will be suitable to test the hermetic integrity of the frit
      seal. A typical supporting device is shown in FIG. 2 wherein a cradle 12
      preferably designed to accept all sizes of cathode ray tubes is used to
      support the cathode ray tube during the test. The support surfaces 18 of
      the cradle 12 used in the preferred embodiment function as bumpers for the
      funnel of the cathode ray tube to prevent tube damage in the loading and
      testing operations. Preferably at least one of the bumpers has a sensor
      (not shown) to sense the presence or absence of a tube in the supporting
      cradle. In the preferred embodiment, the cradle 12 is fixed, having one
      set of standards to accommodate the various size cathode ray tubes
      although clearly it may be designed to adjust to each individual sized
      tube. Once the tube to be tested is adequately suppoted, an electrically
      conductive elastomeric band 14 is placed around the frit seal 2,
      preferably being capable of conforming to the shape of and establishing
      continuous mechanical and electrical contact with the frit seal around the
      perimeter of the cathode ray tube.
PAR  The integrity of the seal is generally tested by applying a high voltage
      across the seal. Preferably a 40-50 KV source is coupled to the cathode
      ray tube's anode for approximately 27  seconds, of a shorter period of
      time if there is a high voltage breakdown in the seal.
PAR  In the system employed in the preferred embodiment, if the hermetic
      integrity of the seal fails, essentially a high voltage breakdown occurs
      across the seal, causing current to flow through a meter relay, coupled
      between the electrically conductive elastomeric band and ground, through
      the effectively grounded elastomeric band, through the discontinuity in
      the frit seal to the high voltage power supply. The high voltage
      breakdown, thus the current flow through the meter, energizes the
      appropriate circuitry to shut off the high voltage power supply. If the
      hermetic integrity of the seal sustains the high voltage test, a timer on
      the high voltage power supply is activated and the appropriate circuitry
      causes de-energization and a shutting off of the high voltage power
      supply.
PAR  After the integrity of the seal has been determined, the elastomeric band
      around the frit seal is removed and the tested cathode ray tube is removed
      from the supporting means.
PAR  In the preferred embodiment of the invention, the elastomeric band's
      conductive properties comprises an impregnation of graphite making the
      band a suitable conductor of electric current. FIG. 3 shows the basic
      configuration of the elastomeric band 14 used in the preferred embodiment.
      The band is substantially circular in shape as shown in FIG. 3 and
      substantially oval in its cross-section dimension, being approximately 14
      5/8 inches in diameter, 2 1/2 inches wide and approximately 1/16 inch
      thick. On the substantially circular band, utilized in the preferred
      embodiment, are juxtapositioned four ear lugs 16, each having a
      predetermined position around the perimeter of the band 14, for coupling
      the band 14 to a band mounting means (to be described). It is preferable
      that the relative positions of the ear lugs correspond to the respective
      minor and major axes of a typically rectangular cathode ray tube
      faceplate.
PAR  FIG. 3 shows the ear lugs 16 corresponding to the minor axis of the
      faceplate closer together than the ear lugs corresponding to the major
      axis of the faceplate. From the geometric center of the circlar band the
      ear lugs corresponding to the minor axis are approximately 68.degree.
      apart and the ear lugs corresponding to the major axis are approximately
      90.degree. apart. Although the preferred embodiment is designed basically
      for a series of various sized rectangular shaped cathode ray tubes, the
      band 14 may be utilized equally as well with a circular or even a square
      faced cathode ray tube. It is preferable that the elastic properties of
      the band 14 permit it to be stretched over the tube and the frit seal so
      as to conform to the frit seal and establish continuous intimate
      mechanical and electrical contact with the seal.
PAR  The band mounting means 15 illustrated within the dotted line in FIG. 2 and
      further particularized in FIG. 4A holds, stretches and elevates the
      elastomeric band 14. In the preferred embodiment, the band mounting means
      includes a handfinger-like structure 22, hereafter referred to as
      structure 22, which may be cantilevered from an elevating means and which
      may include ball bearing-type slides 20 for holding and stretching the
      elastomeric band as the hand is elevated. The structure 22 may be designed
      to accommodate cathode ray tube faceplates of varying sizes by
      establishing a dome-shaped hand-like structure 34, hereafter referred to
      as the hand 34, having a predetermined slope from the top to the outer
      edges of the dome, FIG. 4B. In the preferred embodiment, a 15.degree. top
      to edge slope was found to provide an adequate slope to the hand to
      accommodate various size cathode ray tubes.
PAR  In the preferred embodiment, the structure 22 is coupled through lugs 24 to
      a support bracket 26 which may be cantilevered from the slides 20. Between
      the lugs 24 on the support bracket 26 the preferred embodiment establishes
      a pivoting means 28 for pivoting the hand 34 around the pitch axis. The
      pitch axis is the axis normal to the cantilevered portion 30 of support
      bracket 26, and parallel to the cross member portion 32 of the support
      bracket 26 which extends across the top of the hand 34. In turn, the
      entire support bracket 26 along with the coupled structure 22 may pivot on
      the roll axis (not shown) which is parallel to the cantilevered section 30
      of the support bracket 26.
PAR  The capability of pivoting around the pitch and roll axes, i.e., the gimbal
      freedom, allows the structure 22 to ascertain and align itself with the
      attitude of the faceplate on the supported cathode ray tube. In addition
      to pivoting capabilities, the structure 22 by virtue of the elevating
      means, may move vertically relative to the cradle supporting means 12,
      effectively coming to rest on the faceplate of a cathode ray tube
      positioned in the support cradle 12. The hand 34 of structure 22 may have
      sensor elements (not shown), positioned on the underside of the domed
      hands 34 that sense the structure's contact with the faceplate,
      effectively arresting the downward motion of the structure 22.
PAR  The structure 22 in FIG. 4A includes four identical parts, one of which is
      depicted in FIG. 4B. In describing one portion of the structure 22, it is
      to be noted that the other three parts of the structure are similarly
      constructed and operate in a similar manner. As displayed in FIG. 4B,
      section 36 of the hand 34 may have coupled to it and extending from the
      corner of the section a finger-like structure 38, hereafter referred to as
      a finger, which acts as an insulating buffer between the electrically
      conductive band 14 and the hand 34. The elastomeric band may be mounted by
      its ear lugs 16 to the finger 38 by means of common fasteners.
PAR  As shown in FIG. 4B, the movable finger 38 and a fixed pulley 42 are
      coupled by the cable 46 and respectively juxtapositioned on the bottom and
      top of the hand. The hand 34 has a slotted opening 40 from the periphery
      to the center of the hand along which the finger 38 may move. In the
      preferred embodiment center pulleys 44 are located on the top of the domed
      hand as shown in FIGS. 4A and 4B. They serve a common function to the four
      corners of the hand, i.e., to the four pulley-finger combinations. In the
      preferred embodiment, a cable couples pulley 42, center pulleys 44, a
      group of pulleys located in the back of the apparatus 43 and an air
      cylinder 45 (see FIG. 4C) to control the movement and position of the
      finger 38 along the slot 40.
PAR  The tension applied on the cables 46 should be commensurate with the amount
      of stretching the elastomeric band 14 must undergo prior to being placed
      around the frit seal. When the band is in a relaxed state, the finger 38
      52 is at point A, see FIG. 4B, along the slotted opening 40. When fully
      expanded, which is prior to being placed around a cathode ray tube frit
      seal, the finger 38 is at point B along the slotted opening. The position
      of the finger 38 during the testing of a cathode ray tube frit seal is
      dependent upon the size of the cathode ray tube being tested. For example,
      if a large tube is being tested, the finger 38 is positioned at a point
      further away from center pulleys 44 than if a small tube is being tested,
      i.e., the smaller the tube, the closer to the center of the hand the
      finger is positioned.
PAR  The finger 38 in FIG. 4B which forms the insulating buffer, has an
      electrical connection 48 to which is connected electrical lead 50. The
      preferred embodiment provides a power supply source to apply the test
      voltage to the anode of the cathode ray tube. The electrical leads to
      connection 48 on the finger 38 are grounded completing the circuitry for
      the testing apparatus.
PAR  The preferred method embodying the invention provides a means for placing a
      cathode ray tube to be tested onto the supporting cradle 12 thereby
      defining the basic position and location of the tube. The sensor located
      in the cradle senses the presence or absence of a tube and energizes the
      appropriate circuitry to commence the testing procedure. The high voltage
      test lead is attached to the anode on the conductive coated wall of the
      cathode ray tube funnel. The hand-finger-like structure 22 which is in its
      highest upward position when a test is not in process, is energized and
      commences its vertical downward movement which is arrested when the sensor
      buttons on the underside of the domed hand contact the faceplate of the
      supported cathode ray tube. The gimbal freedom established in the
      hand-finger structure 22 lets the structure 22 ascertain the attitude of
      the cathode ray tube faceplate.
PAR  During the time the band is not in contact with a tube, the finger 38 is
      fully extended thereby stretching the band a sufficient amount to allow
      the band to wrap around the large size tubes. After the structure is
      resting on the faceplate, the four-fingers, by means of the cable and
      pulley system, are energized and in combination with the elastic
      properties of the band, effect intimate mechanical and electrical contact
      between the band and the frit seal of the cathode ray tube. Once intimate
      contact is established, energization of the high voltage power supply
      establishes the high voltage application across the frit seal.
PAR  A discontinuity occurring or existing in the frit seal, effects a current
      flow from ground through a meter relay, through the electrically
      conductive elastomeric band, through the discontinuity in the frit to the
      high voltage power supply. The meter current energizes the appropriate
      circuitry to shut off the high power voltage supply, contemporaneously
      energizing the cable-pulley mechanism effecting the movement of the
      pulleyfinger combination which stretches the elastomeric band, causing it
      to break with the cathode ray tube frit seal. If there is no high voltage
      breakdown of the frit seal after approximately 27 seconds of applying the
      appropriate test voltage, usually 40-50 thousand volts, the appropriate
      circuitry is energized shutting off the high voltage power supply. The
      hand-finger-like structure 22 is then activated, stretching the band from
      around the seal. The elevating means then lifts the structure 22
      vertically away from the supported cathode ray tube which may then be
      removed from the supporting cradle.
PAR  The apparatus as described may be duplicated and placed on a rotor,
      merry-go-round-type mechanism, to provide as many test stations as
      desired. Each of the test stations would oerate in a similar manner as
      described hereinabove. Alternative embodiments may have test stations
      comprising hangers from an overhead conveyor instead of the cradle
      disclosed in the preferred embodiment. The conveyor-hanger support system
      may be cammed to mesh the transported tube with the rotating test
      apparatus thereby providing a totally automated system.
PAR  The invention is not limited to the particular details of construction of
      the embodiment depicted and other modifications and applications are
      contemplated. For example, whereas the elastomeric band, in its preferred
      configuration is a continuous loop, alternatively the elastomeric band may
      comprise a discontinuous piece of elastomeric material, see FIG. 3A,
      having fastening means on each end thereof. To make intimate mechanical
      and electrical engagement with the tube's frit seal, the band is stretched
      around the frit seal such that the ends of the band overlap, in which
      state the ends are secured by the fastening means. Certain changes may be
      made in the above-described method and apparatus without departing from
      the true spirit and scope of the invention herein involved. It is intended
      that the subject matter in the above depiction shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in the manufacture of a cathode ray tube an apparatus for
      testing a hermetic, glass-like, frit seal between the funnel and the
      faceplate of an in-process cathode ray tube wherein the inside of said
      funnel has a conductive coating adapted to receive a test voltage applied
      to an anode button on a wall of said funnel, and wherein a discontinuity
      in the hermetic seal causes a high voltage breakdown in the seal, said
      apparatus comprising:
PA1  an electrically conductive elastomeric band capable of being stretched over
      the tube so as to conform to said hermetic seal between said funnel and
      faceplate;
PA1  means for supporting and locating said cathode ray tube in a position to be
      tested;
PA1  band mounting means for holding said elastomeric band and for stretching
      said elastomeric band to a rectangular stretched configuration larger than
      the size of the faceplate of the tube to be tested, and for relaxing the
      band such that it makes a static fit around hermetic seal on said tube and
      conforms intimately to said seal to make an uninterrupted electrical and
      mechanical engagement therewith; and
PA1  means for applying a test voltage across the hermetic seal of said cathode
      ray tube between said conductive coating and said band.
NUM  2.
PAR  2. An apparatus in accordance with claim 1 wherein said elastomeric band is
      a discontinuous piece of elastomeric material having fastening means on
      each end thereof, whereby when stretched around said frit seal said ends
      overlap, conforming said band to the shape of said frit seal establishing
      continuous mechanical and electrical contact between said band and seal.
NUM  3.
PAR  3. An apparatus in accordance with claim 1 wherein said elastomeric band is
      a continuous piece of elastomeric material having a substantially circular
      shape and oval cross-section capable of conforming to and establishing
      intimate mechanical and electrical contact with the peripheral portion of
      said frit seal protruding from said funnel and faceplate interface.
NUM  4.
PAR  4. An apparatus in accordance with claim 1 wherein said band mounting means
      comprises an elevating means and a cantilevered hand and finger-like
      structure coupled to said elevating means, the fingers of said structure
      for stretching and relaxing said elastomeric band.
NUM  5.
PAR  5. An apparatus in accordance with claim 4 wherein said fingers are for
      producing relative movement with respect to said hand-like structure,
      coupling said elastomeric band to said hand-like structure, whereby on
      relative movement said fingers stretch or relax said band to fit around
      the frit seal on a predetermined size, in-process cathode ray tube.
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ABST
PAL  A method and apparatus for the high-speed testing of capacitors. A
      computing amplifier is connected with the capacitor under test to form an
      integrator which integrates a known excitation signal. The integration is
      initiated with no charge stored by the capacitor and at a zero crossing of
      the excitation signal. The integration occurs over a period which produces
      the maximum voltage across the capacitor. A peak detector measures the
      maximum voltage across the capacitor to produce a peak detection voltage
      inversely proportional to the value of the capacitor and directly
      proportional to a predetermined nominal value of the capacitor. The
      reciprocal of the output from the peak detector is formed to provide a
      measurement directly proportional to the capacitor value and inversely
      proportional to the nominal value of the capacitor.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  PROGRAMMABLE TESTER invented by RONALD N. BORRELLI and DOUGLAS W. RAYMOND,
      Ser. No. 537,563, filed Dec. 30, 1974, and assigned to ZEHNTEL,
      INCORPORATED.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention related to methods and apparatus for measuring
      capacitances.
PAR  While many techniques are know for measuring capacitances, the known
      techniques are not completely satisfactory for performing high-speed
      measurements in an economical manner. The ability to make high-speed
      capacitance measurements is particularly important in the field of
      automatic testing. in automatic testing, programmable circuit testers are
      employed to perform many tests. Both circuits and components within
      circuits are tested. The speed with which each test can be performed is,
      of course, important in determining the overall speed and efficiency of
      the automatic tester.
PAR  There is a need for improved test methods and apparatus for the high-speed
      testing of capacitors and particularly for methods and apparatus which are
      useful in high-speed, automatic testing of capacitors.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a method and apparatus for the high-speed
      measurement of capacitance.
PAR  An exciter circuit is provided for energizing a capacitor under test with a
      known magnitude AC excitation signal. The capacitor is connected with a
      computing amplifier to form a computing circuit. The output from the
      computingn circuit, produced in response to the excitation signal, is
      sensed by a peak detector. The output signal from peak detector is
      proportion to the value of the capacitor under test.
PAR  In one preferred embodiment of the present invention, the exciter circuit
      includes means for initiating the excitation signal at a zero crossing. In
      the computing circuit, the capacitor is connected between the input and
      the output of the computing amplifier in an integrating configuration.
      Under the conditions where the excitation signal commences at a zero
      crossing, the integrated output from the computing circuit is biased
      entirely on one side of the zero axis and is tangent to the zero axis.
      Accordingly, the peak detector measurement of the output from the
      computing amplifier is inversely proportional to the value of the
      capacitor under test.
PAR  Further, means are provided for selecting computing factors which define a
      nominal value for the capacitor under test. The computing factors include
      the amplitude of the excitation signal, the frequency of the excitation
      signal, the input resistance of the computing circuit, and a scaling
      factor related to the gross size of the capacitor under tests. With these
      scaling factors selected, the output from the peak detector is directly
      proportional to the nominal value of the capacitor under test and
      inversely proportional to the actual value of the capacitor under test.
PAR  In a further embodiment of the invention, the reciprocal of the output from
      the peak detector is formed in an analog divider circuit whereby the
      output signal is directly proportional to the value of the capacitor under
      test and inversely proportional to the nominal value of the capacitor
      under test.
PAR  An additional feature of the invention includes an analog-to-digital
      converter for converting the output signal to a digital value. The
      converter is initiated within approximately one cycle of the excitation
      signal so that a high-speed measurement of capacitance is performed.
PAR  In accordance with the above summary, the present invention achieves the
      objective of providing an improved method and apparatus for the high-speed
      measurement of capacitors where the capacitance measurement is available
      within approximately one cycle of an AC excitation signal.
DRWD
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiments of the invention
      have been set forth in detail in conjunction with the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts a schematic representation of an apparatus in accordance
      with the present invention.
PAR  FIG. 2 depicts a schematic representation of a portion of the converter
      within FIG. 1 which includes a scaler and a peak detector.
PAR  FIG. 3 depicts a schematic representation of a portion of the converter
      within FIG. 1 which includes a reciprocal and analog-to-digital converter.
PAR  FIG. 4 depicts wave forms representative of the operation of the FIG. 1
      apparatus.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, a measurement unit is shown which includes an exciter circuit
      (EXC CIR) 19, a computing circuit (COMP CIR) 20 and a converter circuit
      (CONV CIR) 21. The computing circuit 20 is interconnected with the circuit
      under test 8 by means of device connection switches 10, 11, and 12. The C1
      component 210 is the capacitor to be measured.
PAR  The excitation circuit 19, the computing circuit 20, and the converting
      circuit 21 are each controlled by a control unit 208. Control unit 208 in
      a preferred embodiment is the control circuitry disclosed and described in
      the above-identified cross-referenced application. Specifically, the
      control unit 208 corresponds to the processor 6 and the measurement unit
      controller 24 appearing generally in FIG. 1 of the cross-referenced
      application. The detailed description of processor 6 and the measurement
      unit controller 24 is described in connection with FIGS 1, 4 and FIG. 5
      through FIG. 11 of the cross-referenced application and that description
      hereby incorporated by reference in the present application for purpose of
      teaching one preferred embodiment of a control unit for generating control
      signals useful in connection with the present invention.
PAR  In FIG. 1, the exciter circuit 19 includes a number of signal generators
      including a first oscillator (OSC 1) 80, a second oscillator (OSC 2) 81
      and additional signal generators 82, 83, and 84. The oscillator 80
      typically generates an AC signal having a voltage output, Vex, which
      equals A sin wt. The second oscillator 81 typically generates an AC signal
      of the same form as the oscillator 80 but having a different frequency.
      Typically, the frequency of oscillator 80 is 10.sup.3  radians/sec (159.15
      Hz) and the frequency of oscillator 81 is 10.sup.4  radians/sec (1591.5
      Hz).
PAR  The signal source 80 through 84 are selected one at a time by the source
      selection circuit (S SEL) 85. Selection circuit 85 is a conventional
      multiplexor which provides on its output 94 one of the excitation signals
      under control of the 3-bit STIM A, STIM B, STIM C bus from the control
      unit 208 (see FIG. 9 of the cross-referenced applicaton).
PAR  The selected signal, in a typical embodiment described for the present
      application, is derived from oscillator 81. The output from oscillator 81
      is input to the inhibit (INH) circuit 86 and to the zero detect (ZERO DET)
      circuit 89. Inhibit circuit 86 is a conventional gate or other switch
      which is controlled in the conduction stage by a 1 from the Q output of
      the excitation (EXC) flip-flop 90. For capacitance measurements of the
      present application, synchronous excitation is desired. For synchronous
      operation, control unit 208 (see FIG. 6 of the cross-referenced
      application) initially provides a 0 to the reset (R) and D inputs of
      flip-flop 90 on the SYN GATE line. The SYN GATE signal resets flip-flop 90
      with a 0 on its Q output. Thereafter the SYN GATE signal goes to 1. When
      the zero detect circuit 89 detects a zero crossing of the signal on line
      94, its output clocks flip-flop 90 to produce a 1 on its Q output. The 1
      on the Q output of flip-flop 90 is received by the inhibit circuit 86
      which responsively allows the signal on line 94 to be passed to the
      multiplying digital-to-analog converter (MPLY DAC) 87. Zero detector 89 is
      a conventional device for detecting the positive-going zero crossing of
      any AC signal on line 94.
PAR  When a signal is input from line 94 to the multiplier 87, multiplier 87
      functions to multiply the magnitude of the input signal from circuit 86 by
      a program selected multiplication factor. The magnitude of the
      multiplication factor is controlled by the 10-bit binary BMC signal from
      the control unit 208 (see FIG. 6 of the cross-referenced application). The
      multiplier 87 is a conventional device which in a preferred embodiment is
      a 7520 DAC manufactured by Analog Devices Corporation. The output signal
      from the multiplier 87 is input to the voltage follower amplifier 88 to
      provide the desired excitation signal Vex on line 39 which in input to the
      computing circuit 20.
PAR  In FIG. 1, the computing circuit 20 is connected in the C mode for
      capacitance measurement (see the description of FIG. 13 in the
      cross-referenced application). In the C mode, the computing circuit 20 is
      connected in the form of an integrator. The input W resistor 92, having a
      value of R, connects directly to the negative input of the computing
      amplifier 93. The capacitor under test, the C1 component 210, having a
      capacitance value C to be measured, is connected between the input and the
      output of the computing amplifier 93 by program controllable switches 10
      and 11. Switches 10 and 11 are utilized in a preferred embodiment, (see
      FIGS. 2 and 3 in the cross-referenced application) to provide flexibility.
      Of course, the measurement method of the present invention can be employed
      without program controllable switches by directly connecting the capacitor
      210 across amplifier 93.
PAR  The W resistor 92 is preferably one of the six program selectable resistors
      (see FIG. 4 of the cross-referenced application) although in the present
      application for clarity, it is shown as a single resistor with value of R.
PAR  In FIG. 1, the computing amplifier 93 also has connected between its input
      and output a shunting resistor of 100 ohms which is selectably connected
      by the relay contact K7. The function of the shunting resistor is to
      insure that there is no initial charge across the capacitor under test at
      the time that the computation is initiated. The contact K7 is closed until
      the SQUELCH* signal goes from 0 to 1. The contact K7 is opened and closed
      by a relay (not shown) in response to the SQUELCH* (see FIG. 4, the
      contact selection (K SEL) circuit 91 of the cross-referenced application).
PAR  The function of the computing circuit 20 is to receive the Vex signal equal
      to A sin .omega.t on line 39 to produce an intergrated output signal, Vc,
      on line 40. The output Vc is the voltage across the Cl capacitor 210 as it
      appears on line 40. The integrated measurement signal on line 40 is input
      to the converter 21 where it is received by the scaler circuit 95. The
      scaler circuit 95 functions to invert and adjust the amplitude under
      command of the control unit 208 and its 4-bit SO*-S3* bus. The amplitude
      of scaler 95 is nominally a factor of 10 (0.1, 1, 10, 100) although in
      fact is slighly less in a preferred embodiment. The scaled measurement
      signal from scaler 95 is input to the fullwave rectifier (FW RECT) 96. In
      the present invention, rectifier 96 insures that all signals are greater
      than zero. Since the zero detector circuit 89 functions only to detect
      positive going transitions,, the output from the computing amplifier after
      inversion in scaler 95 always is greater than zero and hence in the
      present configuration the rectifier need not be employed. Its primary
      functiton is in connection with resistance measurements which are not the
      subject of the present application.
PAR  In the AC mode as occurs when a capacitance test is being made, the output
      from the rectifier 96 is input to the peak detector 97. The function of
      the peak detector 97, after being reset by the signal on the PD RESET line
      (see FIG. 10 of the cross-referenced application) is to provide a DC
      output level on line 71 equal to the highest peak input on line 103 from
      the rectifier 96.
PAR  In FIG. 1, the selection circuit 98 with a 1 for the AC signal from control
      unit 208 (see FIG. 10 of the cross-referenced application) connects the
      signal on line 71 as the peak detected output, Vp, on line 105 to the
      amplifier 109. The function of the amplifier 109 is to insure that the
      overall gain from line 40 to line 108 is some power of 10, specifically,
      0.1, 1, 10, or 100.
PAR  The output signal on line 108 from amplifier 109 is input to the analog
      division circuit 99 which functions to form an output signal, Vd, which is
      the reciprocal times 2 of the signal Vp on line 108 whenever a C TEST
      signal from control unit 208 (see FIG. 9 of the cross-referenced
      application) signifies that a capacitance test is being performed. The
      reciprocal signal, Vd, on line 79 from divider 99 is selected by the SHORT
      signal from the control unit 208 (see FIG. 9 of the cross-referenced
      application) during a capacitance test for input to the analog-to-digital
      converter 102.
PAR  Converter 102 is a conventional device for converting the signal level on
      line 107 to a digitally encoded value on the BCD bus 41. Converter 102 is
      caused to commence a conversion by an ADC START signal from control unit
      208 (see FIG. 10 of the cross-referenced application). An ADC COMP* signal
      occurs approximately 10 milliseconds after the ADC START signal to
      indicate when the conversion is complete.
PAR  In FIG. 2, the scaler 95, the full wave rectifier 96, the peak detector 97
      and the selection circuit 98 of the converter 21 of FIG. 1 are shown. In
      the selection circuit 95, a conventional selector 204 selects one of four
      contacts S0, S1, S2 and S3 in response to the respective SO*, S1*, S2*,
      and S3* signals from the control unit 208 of FIG. 1. The control line SO*
      through S3* are appropriately tied through 2K resistors through a diode to
      +15 volts and through a 100 ohm resistor to +5 volts. Closure of one of
      the contacts SO through S3 in selector 204 places a T-network of resistors
      in the feedback leg of the amplifier 206. The ratio of the 120K resistor
      with the selected T-network by closure of one of the switches S0 through
      S3 is designed to provide nominal gains of 0.1, 1, 10, or 100. In the
      preferred embodiment of FIG. 2, the actual gains are less than those
      values by a small quantity in order to insure that the saturation voltage
      10 volts in the full wave rectifier 96 is not exceeded. The deficiency in
      gain of the scaler 95 is compensated for by the added gain of amplifier
      109 in FIG. 3. Accordingly, the product of the gains in scaler 95 and
      amplifier 109 are the values 0.1, 1, 10 and 100 as a function of whether
      contacts S3, S2, S1, SO are closed, respectively. The signal, with the
      program selected gain from amplifier 206, is connected through the voltage
      follower amplifier 207 and is input to the full wave rectifier 96.
      Amplifier 206 operates to invert the polarity of the input signal on line
      40.
PAR  The full wave rectifier 96 is a conventional device. The rectifier 96 has
      unity gain. Rectifier 96 operates in a conventional manner and can be
      essentially ignored for capacitance measurements provided the inputs to
      peak detector 97 are otherwise assured as being unipolar.
PAR  In the AC mode, the output from the full wave rectifier 96 on line 103 is
      input to the peak detector 97. Peak detector 97 functions for positive
      input voltages to produce a DC output level on line 71 equal to the
      maximum peak input on line 103 measured relative to zero volts. The peak
      detector is reset to zero by the presence of a 1 on the PD RESET line from
      control unit 208 (see FIG. 10 of the cross-referenced application). Peak
      detector 97 is a conventional device and in one preferred embodiment is
      the Burr Brown model 4084/25 Peak Detector. The output from detector 97 on
      line 71 is selected by the AC signal input to the selector circuit 98 to
      provide the output on line 105 in the manner previously described in
      connection with FIG. 1.
PAR  In FIG. 3, the amplifier 109, the analog divider 99, the selection
      circuitry 101 and the analog-to-digital converter are shown in further
      detail.
PAR  The amplifier 109 receives the signal on line 105 and amplifies it to
      provide the peak detected signal, Vp, on line 108. The peak detected
      signal has an amplitude which is a DC level representing the peak to peak
      excusion of the capacitor measurement signal, Vc, on line 40 as multiplied
      by factors of 10 between 0.1 and 100. Amplifier 109 is a conventional
      device and in the preferred embodiment of FIG. 3 has a gain of
      approximately 1.2.
PAR  The peak detected voltage, Vp, is input to the analog divider 99. The
      analog divider 99 includes a conventional analog divider 212 which in a
      preferred embodiment is the Burr Brown model 4290. Divider 212 is
      appropriately biased to provide an output signal on line 79 which is equal
      to 10 times the input value on input N divided by the input value on input
      D. Accordingly, the transfer function of analog divider 99 from the input
      on line 108 to the output on line 79 is (10N)/D.
PAR  The N input to divider 212 is derived from a voltage divider network 213
      which connects through selectable contacts A and B to the divider 212. In
      a preferred embodiment, contacts A and B are unused portions of the
      selection circuit 101. The B input is selected under control of the C TEST
      signal and the A contact is selected under control of the C TEST* signal.
      The B contact when closed provides a 0.2 volt signal to the N input of
      divider 212 whenever the C TEST signal is 1. Whenever the C TEST signal is
      1, the A contact connects a 0.1 volt signal to the N input of divider 212.
      For the present invention, the 0.2 volt signal is always employed.
PAR  For the capacitance test of the present invention, the analog divider 99
      provides on the output 79 a signal equal to 2/ (Vp) where Vp is the input
      on line 108 from the amplifier 109.
PAR  Also for the capacitance test, the SHORT signal selects the D contact in
      the selection circuit 101 to provide the Vd signal on line 107 as the
      input to the analog-to-digital converter 102. The analog-to-digital
      converter 102 is a conventional device which in a preferred embodiment is
      a Function Modules, Inc. converter model number 105-BCD-P.
PAR  The polarity detector 125 is a conventional device not employed in the
      capacitance test of the present invention.
PAC  THEORY OF OPERATION
PAR  In FIG. 1, the excitation voltage, Vex, output on line 39 from the exciter
      circuit 19 is defined as follows:
EQU  Vex = A sin .omega.t                                       Eq. (1)
PAR  With the computing circuit 20 interconnected as shown with the C1 capacitor
      210 connected between the input and output of the computing amplifier 93,
      the current, i, through the W resistor 92 into the summing junction is
      given as follows:
EQU  i = (Vex)/R                                                Eq. (2)
PAR  In Eq. (2), R is the value of the W resistor 92. By substituting a value of
      Vex from Eq. (1) into Eq. (2), the current into the summing junction is
      given as follows:
EQU  i  = (A/R ) sin .omega.t                                   Eq. (3)
PAR  Since the computing circuit 20 and the capacitor under test 210 are
      connected as an integrator, the output, Vc, across the capacitor and
      output from the amplifier 93 on line 40 is given as follows:
      ##EQU1##
PAR  In Eq. (4), C is the value of the capacitor 210 under test, i is the
      current into the summing junction, dt is the time variable of integration,
      ta is the zero crossing time when input current in initiated and
      integration begins, and t b is the time at which integration effectively
      ends. The valuation of ta and tb will be described hereinafter.
PAR  The value of i from Eq. (3) is substituted into Eq. (4) as follows:
      ##EQU2##
PAR  The signal of Eq. (5) essentially appears on the output line 40 from the
      computing circuit 20. The signal Vc on line 40 is peak detected and
      multiplied by a proportionality constant, -P, to provide the peak detected
      signal, Vp, on line 108 as follows:
EQU  Vp  = .vertline.(=Vc) (-P).vertline.                       Eq. (6)
PAR  In Eq. (6), the integration is performed utilizing the value of Vc to
      produce the results as follows:
      ##EQU3##
PAR  In Eq. (7), the value of K is equal to zero. The value of K is zero since
      it represents the initial charge across the capacitor 210 in FIG. 1. The
      charge across the capacitor 210 is held to zero by the closed contact K7
      prior to the measurement time which starts at ta. In Eq. (7), the value of
      the lower limit of integration, ta, is equal to zero. The ta time is
      commenced when the zero detector 89 in the exciter circuit 19 of FIG. 1
      detects a zero crossing of the excitation signal on line 94. At that zero
      crossing time, inhibitor circuit 86 inputs a signal to the multiplier 87
      which appears as the excitation signal on line 39. The upper unit of
      integration, tb, is effectively .pi./.omega. as a result of the operation
      of the peak detector 97. The nature of the peak detector 97 is to detect
      and output the highest value input received regardless of whether the
      input on line 103 thereafter falls to a lower value. For a sine wave
      integrated as indicated in Eq. (5), the peak value of integration occurs
      when the argument, .omega.t, reaches .pi., that is, when t reaches
      .pi./.omega.. Accordingly, the maximum output from the peak detector 71
      occurs when tb in Eq. (7) equals .pi./.omega.. Evaluating Eq. (7) at the
      lower and upper limits of zero and .pi./.omega. produces a result as
      follows:
EQU  Vp = [A/(.omega.RC)] [-cos .pi.+cos 0] [P]                 Eq. (8)
PAR  Eq. (8) can be simplified as follows:
EQU  Vp = (2A)/(.omega.RC )(P) = 2[(AP)/(.omega.R)] [1/ C]      Eq. (9)
PAR  In Eq. (9), the value (AP)/(.omega.R) is equal to the nominal value, Cn, of
      the capacitor under test 210. Accordingly, the nominal value, Cn, of the
      capacitor under test is defined as follows:
EQU  Cn = (AP)/(.omega. R)                                      Eq. (10)
PAR  In Eq. (1), A is the amplitude of the excitation signal, P is the
      proportionality factor determined principally by the scaler 95, .omega. is
      the frequency of the excitation signal, and R is the value of the resistor
      92. Those values together are selected to provide a constant which is the
      nominal value, Cn, of the capacitor under test. Using Eq. (10) in the Eq.
      (9) produces the peak detected output, Vp, on line 108 as follows:
EQU  Vp = (2 Cn)/C                                              Eq. (11)
PAR  (11) indicates that the peak detected voltage Vp is equal to twice the
      ratio of the nominal value, Cn, divided by the measured value, C. The peak
      detected value of Eq. (11) is input to the analog divider circuit 99.
      Recalling that the divider 99 has a transformation ratio of 2/(Vp)
      indicates that the divided voltage output, Vd, on line 79 from divider 99
      is given as follows:
EQU  Vd = C/C n                                                 Eq. (12)
PAC  APPARATUS OPERATION
PAR  Referring to FIG. 4, the timing and measurement signals representative of
      the operation of the present invention are shown. The MEAS TRIG signal
      from the control unit 208 of FIG. 1 (see processor 6 of FIG. 1 in the
      cross-referenced application) produces a pulse at t0 to initiate the
      timing sequence. Approximately 2 milli-seconds later at  1, the SQUELCH*
      signal is switched from 0 to 1 (see FIG. 7, single-shot 129 and flip-flop
      130 of the cross-referenced application). With the SQUELCH* signal 1,the
      contact K7 in FIG. 1 is open thereby removing the short circuit across the
      C1 capacitor 210. At t0 the MEAS TRIG signal causes the PD RESET signal to
      go from 0 to 1 for approximately 3 milli-seconds (see FIG. 10, flip-flop
      163 in the cross-referenced application). When an AC test is being
      performed as in the present invention, the PD RESET signal from control
      unit 208 is followed by a SYN GATE signal at t2 (see FIG. 6, gate 118 and
      optical isolator 120 in the cross-referenced application).
PAR  After the SYN GATE signal has been generated as 1 by control unit 208 at
      t2, the excitation flip-flop 90 is no longer held in a reset state and
      flip-flop 90 is ready to be clocked to 1 on its Q output when a signal is
      received from the zero detect circuit 89. The zero detect circuit 89
      detects a positive-going zero crossing in the signal on line 94 at time t3
      so that at t3 the Q output, EXC-Q, from flip-flop 90 goes from 0 to 1. At
      the same time, the exciter circuit 19 provides on its output line 39 the
      excitation signal, Vex. In FIG. 4, the Vex signal has zero crossings at
      t3, t4, t5, t6, t7 and t8.
PAR  The computing circuit 20 responsively integrates the Vex signal as
      represented by the waveform Vc in FIG. 4. Note that the integrated output
      Vc is initially zero at t3 and is a maximum .pi. radians later at t4.
PAR  After t4, the voltage across the capacitor, Vc, is reduced since thhe
      excitation voltage between t4 and t5 is of the opposite polarity
      (negative) than what it was between t3 and t4 (positive). Note that the
      voltage swing of the voltage Vc is entirely on the negative side of the
      zero axis and is tangent to it. The one-sided negative nature of the Vc
      voltage results because the input to the capacitor was started at a
      positive-going zero crossing of the excitation signal. The tangent nature
      of the Vc waveform results the squelching operation of contact K7 which
      insures that no initial charge exists across the capacitor 210 coupled
      with the zero-crossing start.
PAR  The output, Vp, from the peak detector as it appears on line 108 of FIG. 1
      typically has some initial value at t0 resulting from a previous
      measurement. The operation of the PD RESET signal over the period from t0
      to t2 causes the waveform Vp to be returned to zero long prior to time t2.
      At time t2, the peak detector 97 is ready to receive an appropriately
      scaled input and to responsively produce an output on line 108 remains at
      zero until after the zero-crossing time t3. At time t3, peak detector 97
      commences to sense the increasing input in response to the raising Vc
      waveform. At t4, the Vc waveform has reached its maximum value and hence
      the waveform Vp reaches its maximum value, +(2 Cn)/C, as explained in
      connection with Eq. (11) above.
PAR  The analog divider output, Vd has a waveform which follows the reciprocal
      of the Vp waveform. Specifically, at t0, the Vd waveform has a value
      typically representing some previous measurement. As Vp is returned to
      zero, the Vd waveform goes into saturation prior to t2 and until t 3 when
      Vp has a value greater than zero. During the transition from t3 until t4,
      Vd follows the Eq. (12) relationship. After t4, Vd is at its minimum
      value, +C/Cn, as discussed in connection with Eq. (12) above.
PAR  At any time after t4, the output from divider 99 is available for
      analog-to-digital conversion in the converter 102 of FIG. 1. Specifically
      at t6+ time, the ADC START signal provides a pulse from control unit 208
      which commences the conversion. The ADC START pulse occurs a sufficient
      period after t2 to insure that at least one-half cycle of the excitation
      signal Vex has occurred. In the preferred embodiment of the
      cross-reference application, t6+ occurs 2 milli-seconds after t2 in the
      case where Vex has a 10.sup.4 radian frequency or occur 15 milli-seconds
      after t2 in the case where Vex has a 10.sup.3 radian frequency. The time
      when the ADC START pulse occurs is determined by the control unit 208 (see
      FIG. 10, single-shots 164 and 165 and flip-flop 169 of the
      cross-referenced application).
PAR  At the beginning of the ADC START signal at t9, the ADC COMP* signal is
      switched to 1 by the analog-to-digital converter 102. The ADC COMP* signal
      remains 1 until the conversion is complete which occurs in approximately
      0.75 milliseconds at t10 when it returns to 0. The ADC COMP* signal is
      connected to the control unit 208 for indicating that the apparatus of
      FIG. 1 is available for making a new measurement (see FIG. 10, flip-flop
      167 of the cross-referenced application).
PAR  A specific example of the operation of the present invention is given in
      connection with the following TABLE I. In TABLE I, the nominal value, Cn,
      is selected to be ten microfarads. TABLE I indicates the values of Vc, Vp,
      Vd, and the digital output (DIGITAL) when the actual value, C, is 25
      microfarads, 12.5 microfarads, 10 microfarads, 8.6 microfarads and 2
      microfarads.
TBL                TABLE I                                                     
     ______________________________________                                    
     Cn    C       Vc       Vp     Vd     DIGITAL                              
     ______________________________________                                    
     10.   25.0    -0.8     +0.8   +2.50  0250                                 
     10.   12.5    -1.6     +1.6   +1.25  0125                                 
     10.   10.0    -2.0     +2.0   +1.00  0100                                 
     10.    8.6    -2.3     +2.3   +0.86  0086                                 
     10.    2.0    -10.0    +10.0  +0.20  0020                                 
     ______________________________________                                    
PAR  While one preferred embodiment of the present invention is employed in
      connection with the programmable tester of the cross-referenced
      application, the invention also includes other testers and manual testing
      methods. Whenthe programmed operation of the cross-referenced application
      is employed, the sub-routine which correlates with a capacitance test
      appears as Step S31 in TABLE II of the cross-referenced application as
      follows:
EQU  (99C(010180(20080&(19"C" (98N:$*
PAR  while a preferred embodiment of the present invention employs a computing
      circuit in an integrating configuration, the invention also applies to
      utilizing a differentiating circuit by reversing the location of the
      capacitor under test and the W resistor. A differentiating configuration
      is achieved for the measurement unit of the present invention by employing
      the configurable measurement unit in the cross-referenced application when
      it is configured in the Y mode. The Y mode is described therein in
      connection with FIG. 13 which description is hereby incorporated by
      reference in the present application. In the Y mode, the analog divider
      circuit 99 is bypassed and the signal on line 108 is input directly to the
      A-to-D converter. When a differentiating configuration is employed, the
      signal output from the differentiating computing circuit is directly
      proportional to the capacitance under test. For a time varying excitation
      of the form A sin .omega.t, the output from the computing circuit is of
      the form A.omega.RC cos.omega.t where R is the resistor in the feedback
      loop. The quantity A.omega.R and a proportionality constant P (supplied by
      scaler 95) can be selected to be equal to the reciprocal of a nominal
      value, Cn, of capacitance. With this selection the peak detector output is
      C/Cn. In the case of a differentiator circuit, the initial charge across
      the capacitor and the zero-crossing of the excitation signal are
      unimportant. Also, the full-wave rectifier 96 of FIG. 1 can be replaced by
      a half-wave rectifier if desired.
PAR  Although a preferred embodiment of the invention employs a sinusoidal
      excitation signal, other forms of time-varying signals may be employed.
      For example, in the integrating configuration of the preferred embodiment,
      the excitation source may employ a unipolar pulse which imparts a known
      charge across the capacitor as a function of the value of the capacitor.
PAR  While in the preferred embodiment, the initial charge across the capacitor
      under test is held to a zero value by closure of the K7 contact, the
      requirement of the integrating configuration of the preferred embodiment
      is merely that the initial charge be known and not necessarily that it be
      zero. If a known, non-zero charge is employed across the capacitor, then
      the measurement value attributable to the initial known charge is
      thereafter subtracted from the measurement signal. For example, amplifier
      109 can be biased with a value which compensates for a known initial
      charge across the capacitor thereby subtracting from the measurement
      signal a quantity attributable to the initial charge.
PAR  Although a preferred embodiment of the present invention employs a
      zero-crossing detector for initiating the excitation signal in order to
      insure that the output from the computing circuit will be tangent to the
      zero axis, the present invention can be employed when the output is not
      tangent to the zero axis and when the output is on both sides of or on one
      side of the zero axis. In such a case, one or more peak detectors are
      employed to sense the excursion above the zero axis and the excursion
      below the zero axis with means for algebraically summing those quantities.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for measuring the capacitance of a capacitor under test
      comprising:
PA1  exciter circuit means for providing a time-varying excitation signal,
PA1  computing circuit means including an amplifier having a summing junction
      connected to the capacitor under test, said computing circuit means
      responsive to said excitation signal for producing a measurement signal as
      a function of the capacitance of said capacitor,
PA1  peak detector means for peak detecting said measurement signal to provide a
      measurement of the capacitance of said capacitor.
NUM  2.
PAR  2. An apparatus for measuring the capacitance of a capacitor under test
      comprising,
PA1  exciter circuit means for providing a time-varying excitation signal,
PA1  computing circuit means including an amplifier having an input summing
      junction and an output, including an input resistor connected to said
      summing junction, and including means for connecting the capacitor under
      test between said summing junction and said output whereby said computing
      circuit means integrates the excitation signal to form a measurement
      signal,
PA1  peak detector means connected to peak detect said measurement signal to
      form a peak detected signal having a magnitude proportional to the
      capacitance of said capacitor under test.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said exciter circuit means includes
      means for initiating said excitation signal at a zero crossing.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said exciter circuit means includes
      means for providing said excitation signal as a sinusoidal signal and
      means for initiating said excitation signal at a zero crossing of said
      sinusoidal signal.
NUM  5.
PAR  5. The apparatus of claim 2 including means for selectively shunting said
      capacitor under test prior to initiating said excitation signal.
NUM  6.
PAR  6. The apparatus of claim 2 wherein said exciter circuit means includes for
      providing a sinusoidal signal, inhibit means for selectively inhibiting
      said sinusoidal signal, zero detector means for providing a zero-detect
      signal at zero crossings of said sinusoidal signal, a flip-flop having an
      output connected to control said inhibit means, said flip-flop connected
      to receive said zero-detect signal whereby said flip-flop is switched to
      allow said inhibit means to pass said sinusoidal signal and initiate said
      excitation signal at a zero crossing of said sinusoidal signal.
NUM  7.
PAR  7. The apparatus of claim 2 including digitally controllable means for
      selecting the amplitude of the excitation signal.
NUM  8.
PAR  8. The apparatus of claim 2 including reciprocal circuit means for forming
      the reciprocal of said peak detected signal to provide a reciprocal signal
      having a magnitude directly proportional to the capacitance of said
      capacitor under test.
NUM  9.
PAR  9. The apparatus of claim 2 wherein the capacitance of said capacitor is C,
      wherein said resistor has a resistance of R, wherein said excitation
      signal is a sinusoid having an amplitude of A and a frequency of .omega.,
      and wherein said apparatus includes scaler means for providing a
      proportionality constant P whereby the quantity AP/.omega.R is equal to a
      preselected nominal value, Cn, of the capacitor under test and the
      magnitude of said peak detected signal is directly proportional to Cn/C.
NUM  10.
PAR  10. The apparatus of claim 9 including reciprocal circuit means for forming
      the reciprocal of said peak detected signal proportional to Cn/C to
      provide a reciprocal signal directly proportional to C/Cn.
NUM  11.
PAR  11. The apparatus of claim 9 including an analog-to-digital converter for
      converting said reciprocal signal to a digital value.
NUM  12.
PAR  12. The apparatus of claim 2 including means for reseting said peak
      detector means and means for initiating said excitation signal to commence
      a capacitance measurement.
NUM  13.
PAR  13. A method for measuring the capacitance of a capacitor under test
      comprising the steps of:
PA1  generating a time-varying excitation signal, applying said excitation
      signal to the summing junction of an amplifier connected to the capacitor
      under test to provide a measurement signal having an amplitude
      proportional to the capacitance of said capacitor under test,
PA1  peak detecting said measurement signal to provide a measurement of the
      capacitance of said capacitor under test.
NUM  14.
PAR  14. A method for measuring the capacitance of a capacitor under test
      comprising the steps of:
PA1  generating a time-varying excitation signal,
PA1  integrating said excitation signal with a computing circuit formed by a
      resistor and the capacitor under test connected to the summing junction of
      amplifier to form a measurement signal,
PA1  peak detecting said measurement signal to form a peak detected signal
      having a magnitude proportional to the capacitance of said capacitor under
      test.
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ABST
PAL  A power meter having a remote power transducer is provided with a circuit
      for measuring the value of a resistor in the transducer to indicate and
      automatically adjust the power measuring circuitry for the sensitivity of
      the transducer used.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Power meters are frequently used for measuring signal strength at microwave
      frequencies since the power level of a signal along a lossless
      transmission line will remain constant, while the current and the voltage
      components of the signal vary periodically with distance. For convenience
      in making measurements, the transducer which absorbs the signal to be
      measured is usually remote from the actual metering circuitry and is
      connected to the metering circuitry by a flexible cable. The sensitivity
      of power transducers commonly used with microwave power meters usually
      varies from unit to unit; and, thus, most power meters provide a front
      panel adjustment for setting the sensitivity of the metering circuitry to
      correspond with the sensitivity of the transducer being used in order to
      achieve calibrated readings. In addition, some power meters can be used
      with transducers covering different ranges, requiring a change in the
      meter scale factor when the transducer is changed.
PAR  To facilitate the use of transducers with various sensitivities, some power
      meters have provided coding circuits within the transducer. These coding
      circuits are connected to the power metering circuitry with a plurality of
      wires in the cable between the transducer and the power meter to adjust
      the sensitivity of the metering circuitry according to the code wired into
      the transducer as well as appropriately adjusting the display. Such
      display adjustments may comprise lighting different meter scales or adding
      a constant to a digital display. While this particular system increases
      operator convenience it is disadvantageous because it increases the cost
      and bulk of the transducer and cable assembly and requires more expensive
      connectors due to the increased number of wires and connector pins.
PAR  According to a preferred embodiment of the present invention a power
      transducer is provided with a coding resistor which is connected to the
      power metering circuit by a single wire. A current is driven through this
      resistor via the wire, using the gound conductor already present in the
      cable as a return path for the current. The voltage across the resistor is
      measured and coded in binary form by an analog-to-digital (A/D) converter
      circuit for adjusting the sensitivity of the metering circuit. The A/D
      converter uses a series of feed-forward comparators in which the output of
      a previous comparator is used to adjust the reference level against which
      the voltage across the resistor is compared. Since the A/D converter is
      static and free-running, it does not require a clock or elaborate chains
      of feedback comparators, thus reducing the cost and complexity of the
      system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a power meter connected to a power transducer via a cable.
PAR  FIG. 2 shows a block diagram of a preferred embodiment of the present
      invention.
PAR  FIG. 3 shows a schematic diagram of the analog-to-digital converter of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a power meter 10 connected to a transducer 12 via a cable 14.
      Typical microwave power meter transducers are thermocouples or thermistors
      which are configured as matched terminations for the transmission line
      carrying the signal to be measured. Some transducers also include signal
      conditioning circuitry such as a preamplifier. Signals from the transducer
      representing the power absorbed are carried via the cable to the metering
      circuitry in power meter 10, and the cable may also carry various bias and
      supply signals for circuitry in transducer 12. The meter in power meter 10
      will give a calibrated indication of the power absorbed by the transducer
      when the controls on the power meter are set appropriately.
PAR  As previously mentioned, power meters usually provide a means for adjusting
      the sensitivity of the metering circuitry to allow for variations in
      sensitivity from one transducer to the next. Such adjustments are
      necessary if the meter is to give a calibrated indication of the absolute
      level of the power measured and the meter operator must be careful to set
      the sensitivity adjustment correctly to avoid erroneous measurements. The
      preferred embodiment disclosed in the following paragraphs eliminates the
      inconvenience of having to set a sensitivity adjustment by providing means
      in the transducer and the power meter to automatically adjust the power
      meter sensitivity to correspond to the sensitivity of the transducer.
PAR  FIG. 2 shows a block diagram of a power measuring apparatus including a
      power transducer 12 connected by a cable 14 to a power meter 10 that
      includes a meter 16, meter circuitry 18 and a sensitivity selector circuit
      20. The sensitivity selector circuit 20 detects the value of a coding
      resistor in power transducer 12 and generates a digital signal to adjust
      the sensitivity of the meter circuitry accordingly. Such an adjustment,
      for example, might comprise adjusting the gain of an amplifier, activating
      a light to illuminate one of a plurality of scales on meter 16, adding or
      subtracting a numerical constant from a digital display or changing an
      indicator showing the units being measured. For example, a change from a
      high sensitivity to a lower sensitivity transducer might require a change
      in scale from microwatts to milliwatts. Since power transducers and
      various forms of power metering circuitry are well known in the art, they
      will not be further discussed here.
PAR  FIG. 3 shows sensitivity selector circuitry 20 connected via a wire 22 and
      cable 14 to a resistor 24 in the power transducer. A current is driven
      through coding resistor 24 by resistor 26 connected to the DC power source
      V.sub.s, which may be 15 volts, for example. A return path for the current
      is provided by connecting the coding resistor to a convenient ground 28,
      such as a ground conductor in cable 14. Coding resistor 24 is connected to
      the A/D converter by input resistor 30.
PAR  The A/D converter comprises 4 comparators 32, 34, 36, and 38. The positive
      or noninverting input of each comparator is connected to coding resistor
      24 via input resistor 30 and cable 14. The negative or inverting input of
      each comparator is connected to a reference voltage source.
PAR  The reference voltage for comparator 32 is provided by a voltage divider
      comprising resistors, 40, 42 and 44 where the reference point is between
      resistors 40 and 42. The voltage at the inverting input of comparator 32
      is selected so that the output of this comparator will be low,
      approximately 0 volts, whenever a coding resistor is present. The output
      will be high, e.g. about 13 volts (when a 15 volt power source is used) if
      a coding resistor is not present. Thus comparator 32 provides a go/no go
      signal that tells whether a coding resistor is actually present in the
      circuit.
PAR  The reference voltage for comparator 34 is provided by the voltage divider
      comprising resistors 40, 42 and 44, however the reference point for this
      comparator is between resistors 42 and 44. The voltage at this point,
      V.sub.R1, is approximately half the voltage, V, that is developed across
      the highest valued coding resistor. Thus the output of comparator 34 tells
      whether the value of the coding resistor in the circuit is greater or
      lesser than one half the greatest value of coding resistor, i.e. the
      median value, thus providing one binary digit of information.
PAR  The reference voltage, V.sub.R2, for comparator 36 can have one of two
      values depending upon the output of comparator 34. When the output of
      comparator 34 is low the reference voltage is V/4 since current from
      resistor 46, connected to power supply V.sub.s, flows through parallel
      resistors 48 and 50. When the output of comparator 34 is high the voltage
      at the inverting input of comparator 36 is 3/4 V since the reference
      voltage is now developed across resistor 50 which is supplied with current
      by both resistors 46 and 48.
PAR  The reference voltage for comparator 38 can have any one of four different
      values since the inverting input of comparator 38 is connected to the
      outputs of both comparators 34 and 36 through resistors 52 and 54. The
      relationship of the various reference voltages, comparator outputs and
      coding resistor values for each of the comparators are shown in Table I
      below:
TBL                TABLE I                                                     
     ______________________________________                                    
     Resistor 24                                                               
               V.sub.R1                                                        
                       V.sub.R2                                                
                               V.sub.R3                                        
                                     A    B    C    D                          
     ______________________________________                                    
     0 ohms    V/2     V/4     V/8   0    0    0    0                          
     1.62 K.OMEGA.                                                             
               "       "       "     0    0    0    1                          
     3.48 K.OMEGA.                                                             
               "       "       3V/8  0    0    1    0                          
     6.19 K.OMEGA.                                                             
               "       "       "     0    0    1    1                          
     10.0 K.OMEGA.                                                             
               "       3V/4    5V/8  0    1    0    0                          
     14.7 K.OMEGA.                                                             
               "       "       "     0    1    0    1                          
     21.5 K.OMEGA.                                                             
               "       "       7V/8  0    1    1    0                          
     34.8 K.OMEGA.                                                             
               "       "       "     0    1    1    1                          
     open      "       "       "     1    1    1    1                          
     ______________________________________                                    
PAR  Each of the digital outputs A, B, C and D are connected to the comparator
      outputs via a voltage divider which is used to scale the output voltage to
      the proper level for use by standard 5 volt logic circuitry. Thus when the
      output of a comparator is 0 volts the digital output will be a logical
      low, i.e. approximately 0 volts. Likewise when the output of a comparator
      is high the digital output will be a logical high, i.e. about 41/2 volts.
      It will be understood, however, that other logic levels can be used. In
      order to provide the maximum amount of noise immunity in the circuit, the
      values of the coding resistors have been picked so that the voltage
      developed across each one will fall half way between the reference voltage
      points that correspond to that particular resistance value. This resistor
      selection helps reduce the probability that noise induced on cable 14 will
      give an erroneous sensitivity reading.
PAR  The digital outputs are connected to the meter circuitry, as illustrated in
      FIG. 2, to adjust the sensitivity of that circuit or the scale of the
      display through the binary code shown in Table I. Circuitry for utilizing
      such binary codes is well known in the art and will thus not be discussed
      in detail here. It will also be appreciated that, while eight different
      sensitivities are provided for through the use of three stages in the A/D
      converter, a different number of sensitivities could be accomodated
      through the use of more or fewer stages.
CLMS
STM  I claim:
NUM  1.
PAR  1. A transducer sensitivity coding circuit for an electronic instrument
      having measurement circuits and a remote transducer unit connected to the
      electronic instrument by a cable, the electronic instrument employing
      different transducers for different measurement ranges, the transducer
      sensitivity coding circuit automatically providing information to the
      electronic instrument of the transducer sensitivity comprising:
PA1  a fixed value resistor mounted in the transducer unit having a value
      indicative of the sensitivity of a particular transducer unit;
PA1  a current supply circuit in the electronic instrument connected to the
      cable for supplying a current to the resistor to develop a resistor
      voltage across the resistor; and
PA1  comparator means in the electronic instrument, connected to the cable and
      the measurement circuits, for comparing the resistor voltage with a
      plurality of reference voltages for producing a signal indicative of the
      value of the resistor in the transducer unit to adjust the sensitivity of
      the measurement circuits.
NUM  2.
PAR  2. A transducer sensitivity coding circuit as in claim 1 wherein the
      comparator means comprises:
PA1  a first reference voltage supply;
PA1  a first comparator having a first input connected to the resistor via the
      cable, having a second input connected to the first reference voltage
      supply, and having an output, for comparing the resistor voltage with the
      first reference voltage for giving a first output signal when the resistor
      voltage is greater than the first reference voltage and a second output
      signal when the resistor voltage is less than the first reference voltage;
PA1  a second reference voltage supply connected to the output of the first
      comparator for supplying a second reference voltage which has a first
      value in response to the first comparator first output signal and a second
      value in response to the first comparator second output signal; and
PA1  a second comparator having a first input connected to the resistor via the
      cable, having a second input connected to the second reference voltage
      supply, and having an output, for comparing the resistor voltage with the
      second reference voltage for giving a first output signal when the
      resistor voltage is greater than the second reference voltage and a second
      output signal when the resistor voltage is less than the second reference
      voltage.
NUM  3.
PAR  3. A transducer sensitivity coding circuit as in claim 2 wherein the
      comparator means further comprises:
PA1  a third reference voltage supply connected to the outputs of the first and
      second comparators for supplying a third reference voltage which has a
      first value in response to the first comparator first output signal and
      the second comparator first output signal, a second value in response to
      the first comparator first output signal and the second comparator second
      output signal, a third value in response to the first comparator second
      output signal and the second comparator first output signal, and a fourth
      value in response to the first comparator second output signal and the
      second comparator second output signal; and
PA1  a third comparator having a first input connected to the resistor via the
      cable, having a second input connected to the third reference voltage
      supply, and having an output, for comparing the resistor voltage with the
      third reference voltage for giving a first output signal when the resistor
      voltage is greater than the third reference voltage and a second output
      signal when the resistor voltage is less than the third reference voltage.
NUM  4.
PAR  4. A transducer sensitivity coding circuit as in claim 3 wherein the
      comparator means further comprises a fourth comparator having an input
      connected to the cable and having an output connected to the measurement
      circuits for producing a signal to indicate whether the resistor is
      connected to the cable.
NUM  5.
PAR  5. A transducer sensitivity coding circuit as in claim 3 wherein:
PA1  the voltage that can be developed by the current supply circuit across a
      resistor having the highest of the plurality of values is V;
PA1  the first reference voltage is V/2;
PA1  the first value of the second reference voltage is V/4 and the second value
      of the second reference voltage is 3V/4; and
PA1  the first value of the third reference voltage is V/8, the second value of
      the third reference voltage is 3V/8, the third value of the third
      reference is 5V/8 and the fourth value of the third reference is 7V/8.
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ABST
PAL  A tamper-resistant electrical meter housing includes an unbreakable cover
      assembly that cooperates with a matable base to enclose a meter device
      supportable on the base. The cover assembly includes an annular ring
      secured to the cover. A locking leaf spring is coupled to the cover
      assembly. The leaf spring is aligned to slide along the top of a rim
      portion of the base and snap into a recess to lock the cover assembly
      against rotation and removal. Once the cover assembly is locked to the
      base, the leaf spring is substantially concealed from view, so that an
      unauthorized person cannot effect removal of the cover to obtain access to
      the meter. The base also includes a specific area in alignment with the
      recess, which area is identifiable only by an authorized person. A hole
      may be drilled in this area by an authorized person and a tool may then be
      inserted through this hole to effect disengagement of the leaf spring and
      removal of the cover assembly from the base.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a tamper-resistant electrical meter housing.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Electric utility companies have considerable difficulties with preventing
      unauthorized persons from tampering with their electrical meters. The most
      successful tampering by unauthorized persons has been accomplished by
      removing the cover of the meter and disconnecting the voltage coil so that
      the meter no longer operates to record power usage. Unauthorized persons
      have also removed the cover in order to either demesh the register, slow
      down the meter, or add drag to the rotor's magnetic bearing. Thus,
      electric utility companies have long desired a meter having a
      tamper-resistant unbreakable cover which is neither complicated in
      structure, nor expensive to manufacture.
PAR  Therefore, it is an object of this invention to provide a tamper-resistant
      meter that provides a positive lock against removal of the cover to obtain
      access to the meter.
PAR  Another object of this invention is to provide a tamper-resistant meter
      having a concealed locking means which prevents removal of the cover and
      access to the meter by unauthorized persons but still provides ready
      access by authorized personnel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of a tamper-resistant electrical meter housing.
PAR  FIG. 2 is a bottom view of the base of the electrical meter housing of FIG.
      1.
PAR  FIG. 3 is a partial broken away view of the top of the base of FIG. 2.
PAR  FIG. 4 is a perspective view of a locking leaf spring.
PAR  FIG. 5 is an elevation view of the leaf spring of FIG. 3.
PAR  FIG. 6 is a bottom view of the leaf spring of FIG. 4.
PAR  FIG. 7 is a perspective view of a cover ring clip.
PAR  FIG. 8 is a partial sectional view of the cover assembly, cover ring clip,
      leaf spring and base.
PAR  FIG. 9 is an enlarged top perspective view of the leaf spring engaging the
      cover ring clip and entering the base recess.
PAR  FIG. 10 is a bottom perspective view of the elements shown in FIG. 9.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  A tamper-resistant electrical meter includes an unbreakable cover assembly
      that cooperates with a matable base to enclose a meter supportable on the
      base. The base has a rim portion which rim includes a plurality of
      circumferentially spaced first recesses, a plurality of circumferentially
      spaced guiding means adjacent the first recesses, and a second recess
      positioned on a top surface of the rim spaced from the first recesses. The
      cover assembly includes an annular ring secured to the cover. The ring
      includes a plurality of circumferentially spaced clip means. A locking
      leaf spring is coupled to the cover assembly. The clip means are aligned
      to enter the first recesses and move in sliding engagement with the
      guiding means to mate the base with the cover assembly upon relative
      movement of the base and the cover assembly. The leaf spring is aligned to
      snap into the second recess and engage the second recess in spring biased
      tension to lock the cover assembly. The locking leaf spring is colored to
      match the color of the base to substantially conceal the spring from view
      in the normal usage of the meter. Reverse rotation of the cover by an
      unauthorized person to effect removal is prevented by the engagement of
      the locking leaf spring with the second recess.
PAR  Because the leaf spring is substantially concealed from view in the normal
      positioning of the meter, an authorized person cannot determine how to
      effect release of the locking leaf spring in order to rotate the cover to
      effect removal of the cover and obtain access to the meter. However, the
      base further includes an area in alignment with the second recess for
      effecting access to the leaf spring, whereby the authorized person can
      release the locking spring and remove the cover to obtain access to the
      meter.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2 of the drawing, an electrical meter housing 1
      comprises a cup-shaped rotatable cover assembly 2 which cooperates with a
      base 3 to define an enclosure within which a meter (not shown) may be
      mounted. Base 3 is formed to include a rim 4 (see FIG. 2) at its outer
      circumference. Rim 4 in turn includes a plurality of circumferentially
      spaced first recesses 5a, b, c extending through the thickness of rim 4.
      FIGS. 9 and 10 are illustrative of the construction of that portion of the
      base adjacent a first recess. That portion of base rim 4 includes a
      guiding means 6a formed on the bottom surface of rim 4, the guiding means
      being adjacent corresponding first recess 5a. Guiding means 6a has an
      inclined segment 7a adjacent corresponding first recess 5a, and a shoulder
      8a adjacent the end of the guiding means 6a. Rim 4 also includes a second
      recess 9, as illustrated in FIGS. 3 and 9 formed on the top surface of rim
      4 and spaced from first recess 5a. The recess 9 extends only partially
      through the rim 4 and includes wall 10.
PAR  As shown in FIGS. 2 and 3, base 3 still further includes an area 11 which
      is identifiable only by an authorized person. The area 11 is in alignment
      with second recess 9 and is marked or identified in a suitable manner to
      indicate to the authorized person a specific area where a small hole may
      be drilled to receive a suitable tool, such as a screwdriver or small rod.
PAR  As best illustrated by FIG. 1, cover assembly 2 comprises a cover 12
      preferably formed from a strong, breakage-resistant material such as a
      polycarbonate, for example that sold under the trademark "Lexan". It
      further comprises a ring 13 secured to cover 12. In its assembled position
      on the base 3 the ring 13 completely surrounds an outer circumferential
      surface portion of rim 4. Ring 13 is preferably constructed of a metal
      such as stainless steel.
PAR  Ring 13 includes three circumferentially spaced clip means 14a, b, c each
      adapted to be received in one of corresponding recesses 5a, b, c. A
      locking leaf spring 15 is coupled to cover assembly 2 and is adapted to be
      received in recess 9. Clip means 14a, b, c and spring 15 may be made of a
      metal such as stainless steel. The clip means 14a, b, c are fastened to
      ring 13 in any conventional manner, such as by spot welding. Clip means
      14a is typical of the clip means used in the invention. As best
      illustrated in FIG. 7, a clip means 14a includes a flange 20, which is
      spot welded or otherwise suitably secured to the ring 13 for mounting the
      clip means in properly spaced relationship on the ring. It also includes
      another flange 18, later described. The clip means 14a includes upwardly
      inclined resilient arms 19a, b for engaging inclined segment 7a of the
      corresponding guiding means 6a.
PAR  In the form shown, as best illustrated in FIGS. 4, 5, and 6, spring 15
      includes a notch 17 which secures the spring 15 to clip means 14a.
      Segments 17a, b are adapted to pass into the space between cover 12 and
      ring 13 and to engage flange 18 of clip means 14a. Spring 15 also includes
      tension arms 16a, b, inclined in a direction toward base 3. These arms are
      adapted to enter second recess 9 and engage wall 10 thereof.
PAR  Clip means 14a, b, c are so positioned on the ring 13 so as to be alignable
      with recesses 5a, b, c to facilitate mounting of the cover assembly on the
      base 3 to enclose the meter. The locking spring 15 is positioned on the
      ring in proper relationship to be received in the recess 9 when the cover
      assembly is in its assembled position. Segments 17a, b extend into a space
      between the ring 13 and cover 12 and engage clip 14a on both sides of
      flange 18. When the meter is assembled, clip means 14a and locking spring
      15 are inaccessible and are substantially concealed from view.
PAR  FIGS. 9 and 10 illustrate the operation for assembling the cover assembly 2
      on the base 3. For enclosing the meter the cover assembly is placed over
      the base with the clip means 14a in alignment with the recesses 5a. Clip
      means 14b, c are similarly aligned with corresponding first recesses 5b,
      c. The cover assembly 2 (only partially shown by a portion of ring 13) is
      then turned in a clockwise direction (as viewed from the top). This causes
      inclined resilient arm 19a of the clip means to engage the inclined
      segment 7a of the corresponding guiding means 6a. As the turning of the
      cover assembly continues the arms 19a, b ride along the inclined segment
      7a to provide increasing pressure holding the cover assembly 2 in firm
      engagement with the base 3. Turning movement is limited by engagement of
      the end of arm 19a with the corresponding shoulder 8a. Clip means 14b, c
      cooperate with their corresponding guiding means, inclined segments and
      shoulders in the same manner as 14a.
PAR  During this turning movement the tension arms 16a, b of the locking leaf
      spring 15 ride in tension along the top surface of the rim 4. At the time
      the end of the arm 19a engages the corresponding shoulder 8a, the tension
      arms 16a, b of the spring 15 are in alignment with the recess 9. The
      tension in segment 16 causes the tension arms 16a, b to spring into the
      recess 9, engaging the wall 10 and preventing clockwise and
      counterclockwise movement of the cover assembly. This locks the cover
      assembly in position as illustrated in FIG. 8 prevents unauthorized
      removal of the cover assembly and unauthorized access to the meter.
      Moreover, in the normal mounted position of the electrical meter the
      locking leaf spring is substantially concealed from view and color
      camouflaged to match the color of the base. As a result, an unauthorized
      person is unable to determine how the cover assembly is locked to the
      base. Any effort by such unauthorized person to obtain access to the meter
      without breaking the cover is frustrated.
PAR  On the other hand, access to the meter may be easily obtained by an
      authorized person, for example, for the purpose of testing or repairing
      the meter. Such authorized person may readily identify the area 11 from a
      relatively inconspicuous marking on the bottom of the base or from
      instructions available to him identifying the location of area 11 relative
      to visually identifiable parts of the base. This area being in line with
      the locking spring 15, it is only necessary for the authorized person to
      drill a small hole through the base in the area 11. A suitable tool, such
      as a small screwdriver or a small rod, may then be inserted through the
      drilled opening to raise the tension arm 16a of the spring 15 above the
      level of the top of rim 4. This permits counterclockwise rotation of the
      cover assembly 2 to effect separation of the cover assembly 2 from the
      base 3 and access to the meter.
PAR  After the testing or repairing of the meter has been effected the
      authorized person may seal the small drilled opening with a suitable
      filler material, such as epoxy, matching the texture and color of the base
      so as to effectively conceal any special significance of area 11 from
      unauthorized persons.
PAR  In the foregoing description of the preferred embodiment, the base mates
      with the cover assembly upon relative turning movement of the base and the
      cover assembly. To mate the base and the cover assembly, clip means 14a,
      b, c are aligned to enter first recesses 5a, b, c and move in sliding
      engagement with guiding means 6a, b, c. This particular mating means is
      advantageous because it is simple and easy to manufacture. However, those
      skilled in the art will appreciate that other means are available for
      mating the base and cover assembly. For example, the base and cover
      assembly may be mated upon a relative turning movement by properly
      threading the peripheral surface of the base and the interior surface of
      the cover ring.
PAR  While a specific embodiment of this invention has been shown and described
      the invention is not limited to the particular construction shown and
      described and it is intended by the appended claims to cover all
      modifications coming within the spirit and scope of the claims.
CLMS
STM  What is claimed as new and which it is desired to secure by Letters Patent
      of the United States is:
NUM  1.
PAR  1. A tamper-resistant electrical meter housing including a rotatable cover
      assembly cooperable with a matable base to enclose a meter supportable on
      the base wherein:
PA1  a. said base includes a rim having a recess positioned on a top surface of
      said rim;
PA1  b. said cover assembly includes a cover and a ring secured to said cover;
PA1  c. means for mating said base with said cover assembly upon relative
      turning movement of said base and said cover assembly;
PA1  d. a concealed locking means coupled to said cover assembly and receivable
      in said recess to prevent turning movement of said cover assembly relative
      to said base, thereby preventing unauthorized removal of said cover
      assembly from said base.
NUM  2.
PAR  2. The tamper-resistant meter housing as recited in claim 1, wherein said
      base includes
PA1  a. an area identifiable to an authorized person, said area being in
      alignment with said recess, said area being drillable by an authorized
      person to permit insertion therethrough of a suitable tool for releasing
      said concealed locking means to effect removal of said cover assembly from
      said base.
NUM  3.
PAR  3. The tamper-resistant meter housing as recited in claim 1, wherein:
PA1  a. said concealed locking means comprises a leaf spring, said spring
      including a segment inclined in a direction toward said base, said
      inclined segment riding on the top surface of said rim during relative
      turning movement of said cover assembly and said base, said leaf spring
      being movable into alignment with said recess to permit said segment to
      spring into said recess and engage a wall of said recess to prevent
      turning movement.
NUM  4.
PAR  4. A tamper-resistant electrical meter housing including a rotatable cover
      assembly cooperable with a matable base to enclose a meter supportable on
      the base, wherein:
PA1  a. said base includes a rim having a plurality of circumferentially spaced
      first recesses extending through said rim;
PA1  b. said rim further includes a plurality of circumferentially spaced
      guiding means on a bottom surface thereof adjacent said first recesses and
      a second recess positioned on a top surface of said rim and spaced from
      said first recesses;
PA1  c. said cover assembly includes a cover and a ring secured to said cover;
PA1  d. said ring includes a plurality of circumferentially spaced clip means
      aligned to enter said first recesses and to engage said guiding means,
      upon relative turning movement of said base and said cover assembly, said
      guiding means limiting such relative turning movement;
PA1  e. a concealed locking means coupled to said cover assembly and, receivable
      in said second recess to prevent movement of said cover assembly relative
      to said base, thereby preventing unauthorized removal of said cover
      assembly from said base.
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PAL  Trap densities in dielectric films can be determined by tunnel injection
      measurements when the film is incorporated in an insulated-gate
      field-effect transistor (IGFET). Under applied bias to the transistor
      gate, carriers (electrons or holes) tunnel into traps in the dielectric
      film. The resulting space charge tends to change channel conductance. By
      feeding back a signal from the source contact to the gate electrode,
      channel conductance is held constant, and by recording the gate voltage as
      a function of time, trap density can be determined as a function of
      distance from the dielectric-semiconductor interface. The process is
      repeated with the gate bias voltage at different levels in order to
      determine the energy distribution of traps as a function of distance from
      the interface.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 U.S.C. 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for measuring trap
      densities and distribution in dielectric films.
PAR  The properties of dielectric films such as SiO.sub.2 and Si.sub.3 N.sub.4
      used in integrated circuit devices, have an important bearing upon the
      ultimate performance and life expectancy of such devices. Their properties
      depend upon the nature and density of traps (i.e., defects in the film)
      unavoidably produced by various processing methods and by subsequent
      environmental stresses such as radiation. A trap is an energy state which
      may accept either or both polarities of charge (i.e., electrons or holes)
      depending on its exact nature. A simple and direct method for measuring
      trap density and distribution is useful in evaluating the quality and
      reliability of such films, and hence is useful in determining preferred
      processing techniques and limitations on device application (e.g.
      radiation exposure).
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a dielectric film is incorporated
      into an insulated-gate, field-effect transistor (IGFET) such that the
      dielectric film under test forms the insulating layer between the gate and
      the semiconductor in which a conducting channel can exist between source
      and drain electrodes. First the gate electrode is shorted to the source
      electrode to assure the trap states above the equilibrium Fermi-energy in
      the dielectric are empty. Then a potential is applied between the gate and
      source electrodes, thus allowing carriers (electrons or holes) to tunnel
      into empty trap states to change the space charge in the film. To detect
      the change of injected space charge as a function of time, the change in
      relationship between channel conductance and gate bias voltage is measured
      as a function of time for the purpose of determining trap density as a
      function of distance from the interface between the dielectric film and
      semiconductor substrate. The time dependence of the gate voltage gives the
      distribution of traps as a function of distance from the
      dielectricsemiconductor interface. The process is repeated with the gate
      bias voltage at different levels in order to determine the energy
      distribution of traps as a function of distance from the interface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating the concept of the method and
      apparatus of the present invention.
PAR  FIG. 2 is a simple band model useful in understanding the analysis of the
      present invention.
PAR  FIG. 3 is a graph of typical measurements made in accordance with the
      present invention to determine trap density and distribution.
PAR  FIG. 4 is a schematic diagram of an exemplary implementation of the concept
      illustrated in FIG. 1.
DETD
PAR  The novel features that are considered characteristic of this invention are
      set forth with particularity in the appended claims. The invention will
      best be understood from the following description when read in connection
      with the accompanying drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  When a voltage is applied across an MDS (metal dielectric-semiconductor)
      structure, empty trap states in the dielectric film are energetically
      aligned with filled electron (or hole) states in the semiconductor,
      allowing electrons (or holes) to tunnel into traps in the film. The charge
      carried by the electrons (or holes) creates a space charge in the film
      which normally changes the field at the dielectric-semiconductor
      interface.
PAR  The trap density and distribution in a dielectric film can be measured if
      an MDS structure is formed and incorporated in an insulated-gate,
      field-effect transistor (IGFET); that is, the dielectric film under test
      is made to form the insulating layer between the gate and the
      semiconductor in which a conducting channel can exist between the source
      and drain electrodes. A P-channel test on IGFET 10 shown in FIG. 1 is
      formed with a dielectric (SiO.sub.2) film 11 by first forming an MDS
      structure comprised of a metal layer 12 deposited on the top side of the
      dielectric film formed on a semiconductor 13, such as N-doped silicon.
      Ohmic contacts 14 and 15 are deposited on heavily doped regions 14a and
      15a of opposite type (P) as in the semiconductor substrate 13 to serve as
      source and drain contacts while the metal film 12 serves as a gate
      electrode. The structure to be tested is stored in a fixture which shorts
      the gate electrode to the source contact so that initially the trap
      occupancy is at equilibrium, that is, the trap states above the
      equilibrium Fermi-energy are empty. When some potential is initially
      applied between the gate and source electrodes, carriers (electrons or
      holes) tunnel into empty traps changing the space charge in the film,
      which in turn changes the channel conductance of the IGFET device.
PAR  A feedback circuit comprising a high-gain amplifier 16 senses small changes
      in channel conductance due to the change in space charge and adjusts the
      gate voltage so that channel conductance in the test IGFET 10 is
      maintained constant. Since channel conductance in a given device at a
      constant temperature depends solely upon the field at the
      dielectric-semiconductor interface, it follows that the interface field
      will also be held constant by maintaining constant the channel
      conductance.
PAR  As tunneling continues, the feedback voltage applied to the gate varies
      with time to compensate for the injected space charge. The gate voltage
      measured as a function of time determiness trap density as a function of
      distance from the semiconductor-dielectric interface. The distribution of
      traps over different energy levels can be determined by making a series of
      measurements at different gate voltage bias V.sub.go. Each value of
      V.sub.go determines a different field at the interface. A period of time
      is required between each of such measurements to allow emptying of the
      injected charge so that equilibrium conditions are established before each
      succeeding measurement. Measurements are normally made with the device at
      liquid nitrogen temperatures to minimize unwanted thermal effects and to
      simplify the analysis.
PAR  The gate voltage measured as a function of time for each value of channel
      conductance may be recorded by photographing traces of an oscilloscope 17
      for short time periods (e.g. ranging from one microsecond to 0.1 seconds)
      and by using a chart recorder 18 for longer periods. It is desirable to
      use a logarithmic time base to simplify analysis and to reduce the number
      of recordings required to cover the total time interval desired. The data
      in the form of a set of recordings or plots of gate voltage versus log
      time for each of several values of channel conductance can be readily
      analyzed to give the density and distribution of traps. The analysis makes
      use of the simple band model shown in FIG. 2 where the distance x is equal
      to a log t + b where a is a tunneling parameter (.apprxeq.2.3A) and b is a
      constant (.apprxeq. 30 A).
PAR  It can be shown that the density N.sub.t of traps per unit volume as a
      function of distance x from the dielectric-semiconductor interface is
      given by
      ##EQU1##
      where C.sub.g is the gate capacitance per unit area: q is the elementary
      charge .DELTA.V.sub.g is the measured change in gate voltage with respect
      to the initial value at time zero and t is the time (in seconds) after
      closing the test switch. N.sub.t (x) gives the total number of traps/unit
      volume at x in the energy range .DELTA.E from the equilibrium Fermi level
      as shown in FIG. 2, where
EQU  .DELTA.E = q(.DELTA.V.sub.s + Fx)                          (2)
PAL  .DELTA.V.sub.s is the change in semiconductor surface potential before and
      after closing the test switch (which is approximately the semiconductor
      band gap (1.1 volts for silicon) at liquid nitrogen temperatures) and F is
      the surface field determined by I.sub.O.
PAR  It can also be shown that the density of traps per unit volume and per unit
      energy at x and energy .DELTA.E from the equilibrium Fermi level is given
      by
      ##EQU2##
      where .epsilon. is the dielectric constant and V.sub.go is the gate
      voltage at time 0. Typical measurements made are shown in FIG. 3.
PAR  Operation of the basic trap density measurement circuit shown in FIG. 1
      will now be described. With a selected potential applied to the gate of
      the test IGFET 10, a drain potential V.sub.D provided by a regulated
      supply 19 drives a drain current I.sub.D through the conducting channel
      between the source and the drain contacts. A constant current generator 20
      drives a current I.sub.O into a junction A so that a small difference in
      current I.sub.D - I.sub.O passes through a resistor 21. The resulting
      voltage drop across that resistor is applied to the input of the amplifier
      16. At balance, that is, when I.sub.D equals I.sub.O, the amplifier
      produces zero output. When I.sub.D differs from I.sub.O, it produces an
      output voltage V.sub.gi that is proportional to the change in I.sub.D
      which corresponds to the change in channel conductance.
PAR  A selected initial bias potential V.sub.go is applied to the gate, G, from
      adjustable regulated voltage source 22 when fast electronic circuit switch
      S.sub.1 is closed and a suitable electronic switch S.sub.2 such as an
      MOSFET, is simultaneously opened. For a selected bias potential V.sub.go,
      a current I.sub.O is adjusted to give a zero output from the amplifier
      immediately after closing the switch. That is a balance condition in which
      I.sub.O is equal to I.sub.D. This balance condition is set by trial and
      error, i.e., by repeatedly observing the initial response and adjusting
      I.sub.O until this balance is achieved. This process should be performed
      at short time intervals so that equilibrium will be reestablished between
      trials. The initial balancing step is necessary to minimize the required
      amplifier output and thus reduce feedback error. The output voltage
      V.sub.gi at later times is then just the change in gate voltage required
      to compensate for the injected charge. The bias V.sub.go equal to the
      initial gate voltage after closing the switch is the unperturbed gate
      voltage (before space charge injection) and thus determines the field at
      the interface which is maintained constant during the measurement.
PAR  As time proceeds after simultaneously closing the switch S.sub.1 and
      opening switch S.sub.2, the output voltage V.sub.gi increases as required
      to compensate for the injected space charge so that the channel
      conductance and thus the interface field is maintained nearly constant
      (i.e., I.sub.D = I.sub.O). This change .DELTA.V.sub.g may be displayed as
      a function of time, or the log of time, on an oscilloscope and chart
      recorder, as mentioned previously.
PAR  A series of measurements at different interface fields are obtained by
      changing the gate bias voltage V.sub.go in discrete increments. Typically,
      V.sub.go might be 5 volts for the initial measurement with incremental
      steps of 3 volts for succeeding measurements. The actual values will
      depend on the dielectric film under investigation and the precision of
      results desired. Between measurements on a given IGFET, equilibrium is
      reestablished by allowing the charge to relax through a bleeder resistor
      23 connected from the gate electrode to circuit ground while the switch
      S.sub.1 is open for a period on the order of minutes to hours. The switch
      S.sub.2 is closed during this relaxation time to avoid saturation of the
      amplifier prior to initiating measurement. As mentioned, all measurements
      are preferably made at liquid nitrogen temperatures. That is for the
      purpose of facilitating any calculations that may be carried out based on
      the measurements made.
PAR  Referring to the graph of typical measurements shown in FIG. 3, the change
      in gate voltage, .DELTA.V.sub.g, is plotted as a function of log time in
      seconds. The scale of tunnel distance in Angstroms, which is proportional
      to log time, is shown across the top of the graph. The scale of effective
      density of traps, per unit area, N.sub.t, which is proportional to
      .DELTA.V.sub.g, is shown on the right. The density of traps per unit
      volume, N.sub.t, is the slope of these curves with the values indicated in
      FIG. 3.
PAR  A practical circuit for the measurement system is shown in FIG. 4 which
      attention is directed. Any significant drift or noise in the power
      supplies would affect the observed data adversely. Four separate regulated
      power supplies, VC1, VC2, VC3 and VC4 are therefore provided for powering
      the different operational amplifiers and to supply the potentials applied
      to the test device.
PAR  The constant current generator 20 utilizes a .mu.A 741 frequency
      compensated operational amplifier 31 in conjunction with a type 2N1132
      transistor Q.sub.1. It is powered by power supply VC1 having a negative 15
      volt terminal connected to a voltage dividing network comprising
      potentiometer P.sub.1 connected to the inverting input terminal of
      amplifier 31 and a trimming potentiometer P.sub.2.
PAR  The adjustable gate voltage source 22 for biasing the gate of the IGFET 10
      utilizes a .mu.A741 operational amplifier 32 and a type 2N1613 transistor
      Q.sub.2. It is powered by a regulated voltage source VC3. The transistor
      Q.sub.2 in turn regulates the voltage supplied by a source VC4 to the gate
      electrode. The amplifier 32 is in turn controlled by setting a
      potentiometer P.sub.3 and a trimming poteniometer P.sub.4. Capacitors
      C.sub.6 through C.sub.9 and resistors R.sub.1 through R.sub.3 form a
      filter network for the voltage supplied by the source VC4 to the gate
      electrode. It should be noted that the transistor Q.sub.2 has its
      collector-to-emitter resistance connected in parallel with that filter
      network so that its conduction (set by the potentiometer P.sub.3 via the
      amplifier 32) determines the gate voltage V.sub.go.
PAR  The feedback amplifier 16 is a high performance type AD46J operational
      amplifier which is powered by a regulated source VC2. This amplifier has
      an extremely fast slew rate which is essential for providing the changing
      gate voltage requirement.
PAR  Shielding represented by a dotted line 34 is provided to prevent stray AC
      pickup and other noise inputs which would obscure the actual test results.
      Tendencies to oscillate parasitically are suppressed by the use of a 2.5mh
      choke coil 35 in the current supply 20 and bypass capacitors C.sub.1
      through C.sub.5. Filtering of the output of source VC4 provided by the
      large filter capacitors C.sub.7, C.sub.8 and C.sub.9 reduces ripple to a
      negligible value and a 0.01 .mu.f bypass capacitor C.sub.10 shorts out any
      RF pickup.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art. It is therefore intended that
      the claims be interpreted to cover such modifications and variations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of determining trap densities in a dielectric film comprised of
      the steps of
PA1  incorporating said dielectric film as an insulator between a layer of metal
      and a semiconductor substrate,
PA1  incorporating said metal-insulator-semiconductor structure in an
      insulated-gate, field-effect transistor by using said metal layer as a
      gate electrode, and providing spaced apart ohmic contacts to regions doped
      opposite to said semiconductor substrate to serve as source and drain
      contacts,
PA1  applying bias voltage to said source and drain contacts for current to flow
      through a channel of said semiconductor layer between said source and
      drain contacts,
PA1  applying a bias voltage to said gate electrode, thus causing carriers to
      tunnel into traps in said dielectric film to create a space charge that
      tends to cause a change in conductance of said channel, and
PA1  detecting said change of injected space charge by measuring the change in
      relationship between channel conductance and gate bias voltage applied as
      a function of time to determine trap density as a function of distance
      from the dielectric-semiconductor interface.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the density, N.sub.t, of traps
      per unit volume as a function of distance x, from the interface between
      said dielectric film and said semiconductor substrate is calculated from
      the equation:
      ##EQU3##
      where C.sub.g is the gate capacitance per unit area; a is a tunneling
      parameter; q is the elementary charge; .DELTA.V.sub.g is the change in
      gate voltage with respect to the initial value at time 0 required to
      maintain channel conductance constant, and t is the time in seconds after
      applying said gate bias voltage.
NUM  3.
PAR  3. A method as defined in claim 2 wherein the entire process is repeated
      with a different bias voltage applied to said gate electrode for
      determination of energy distribution of said traps.
NUM  4.
PAR  4. A method as defined in claim 3 wherein the density of traps per unit
      volume and per unit energy at said distance x is calculated from the
      equation:
      ##EQU4##
      where .epsilon. is the dielectric constant, V.sub.go is the gate voltage
      at time 0.
NUM  5.
PAR  5. Apparatus for determining trap densities in a dielectric film, where
      said dielectric film is incorporated as an insulator between a layer of
      metal and a semiconductor substrate, and where the resulting
      metal-insulator-semiconductor structure is incorporated in an
      insulated-gate, field-effect transistor by using said metal layer as a
      gate electrode, and providing spaced apart ohmic contacts to regions doped
      opposite to said semiconductor substrate to serve as source and drain
      contacts, said apparatus comprising
PA1  means for applying bias voltage to said source and drain contacts for
      current to flow through a channel of said semiconductor layer between said
      source and drain contacts,
PA1  means for applying a bias voltage to said gate electrode, thus causing
      carriers to tunnel into traps in said dielectric film to create a space
      charge that tends to cause a change in conductance of said channel,
PA1  means for feeding back a signal from said channel to said gate electrode to
      hold channel conductance constant, and
PA1  means for recording the change in gate voltage applied as a function of
      time to determine trap density as a function of distance from the
      dielectric semiconductor interface.
NUM  6.
PAR  6. Apparatus as defined in claim 5 wherein said means for feeding back a
      signal from said channel to said gate electrode is comprised of
PA1  an operational amplifier having a negative feedback circuit from its output
      terminal to an inverting input terminal thereof,
PA1  a direct-current connection between said inverting input terminal and said
      source contact,
PA1  a source of bias voltage, and
PA1  a switch for additively connecting said source of bias voltage and said
      output terminal of said amplifier to said gate electrode.
NUM  7.
PAR  7. Apparatus as defined in claim 6 including a second switch connected
      across said amplifier from said inverting input terminal to said output
      terminal, said second switch being adapted to be closed while said bias
      voltage switch is open, and to be opened when said bias voltage switch is
      closed.
NUM  8.
PAR  8. Apparatus as defined in claim 7 wherein said source of bias voltage is
      variable.
NUM  9.
PAR  9. Apparatus as defined in claim 8 including means for recording the output
      of said amplifier as a functiion of time.
NUM  10.
PAR  10. Apparatus as defined in claim 9 wherein said recording means includes
      an oscilloscope for high speed recording over short periods of time and a
      chart recorder for low speed recording over longer periods of time.
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ABST
PAL  A speed detector for detecting the speed of a moving body is of the type
      including a magnetic core, a detection coil wound about the core, a magnet
      with one pole thereof faced toward the periphery of the detection coil
      with a definite air gap therebetween, and means for relatively moving the
      magnet with respect to the core and the coil in accordance with the
      movement of the moving body. the magnet is arranged such that the magnetic
      flux produced thereby crosses the detection coil two times, thereby
      inducing a direct current voltage in the detection coil having a magnitude
      proportional to the speed of movement of the moving body and a polarity
      depending upon the direction of movement thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a speed detector capable of detecting the speed
      of a linearly moving body without contacting the same, and more
      particularly to a speed detector constructed such that there is no limit
      of the range of movement of the body to be measured.
PAR  It has been almost impossible to directly detect the linear speed of a
      member actuated by an oil pressure driving device without contacting the
      member over a long stroke of several hundred milimeters. One example of a
      conventional contactless speed detector is illustrated in FIG. 1 of the
      accompanying drawing. The detector shown therein comprises a hollow
      cylindrical protective cover 1 of pure iron containing a detection coil 2
      wound on a hollow bobbin, not shown, and held in a predetermined position
      with respect to the protective cover 1, and a rod shaped permanent magnet
      3 having N and S poles and supported by a rod 3a at its one end. The
      magnetic flux produced by the magnet flows through the protected cover as
      shown by dotted lines 4.
PAR  As the magnet 3 is reciprocated by a moving body in the axial direction of
      the protective cover 1 into and out of the detection coil 2 a direct
      current voltage e will be induced across the terminals C.sub.1 and C.sub.2
      of the detection coil having a magnitude proportional to the relative
      speed between the magnet and the detection coil and a polarity depending
      upon the direction of movement of the magnet. The voltage e is expressed
      by the following equation
      ##EQU1##
      WHERE L: the length of the protective cover 1
PA1  Lc: the length of the detection coil 2
PA1  .PHI.: the magnetic flux linking the detection coil
PA1  U: the speed vector of a conductor (in this case the conductor  of the coil
      2) with respect to a fixed coordinate axes
PA1  B: the density of the magnetic flux vector
PA1  DL: the segment vector of the conductor along a path C
EQU  UBdL = U(BdL) = (U .times. B) .dL
PA1  Bn: A component of vector B in a direction perpendicular  to any closed
      curved surface S including the path C  in the outer periphery thereof.
PAR  In the conventional speed detector shown in FIG. 1, as the magnet is
      supported in a cantilever fashion, the magnet tends to vibrate while it is
      reciprocated, thus causing the induced voltage e to fluctuate. Moreover as
      it is necessary to increase its effective stroke Lc (the length of the
      detection coil) it is necessary to make the length of the protective cover
      to be more than two times that of the effective stroke.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a new and improved speed
      detector capable of eliminating various defects of the prior art speed
      detector.
PAR  Another object of this invention is to provide an improved speed detector
      capable of measuring at high sensitivities the speed of a boby moving over
      a large stroke.
PAR  In accordance with this invention, there is provided a speed detector for
      detecting the speed of a moving body, and including a core of magnetic
      material having uniform cross-section, a detection coil uniformly wound
      about the core, a permanent magnet with one pole thereof faced to the
      periphery of the detection coil with a definite air gap therebetween, and
      means for relatively moving the magnet with respect to the core and the
      coil in accordance with the movement of the moving body. The magnet is
      positioned such that the flux lines produced thereby cross the coil two
      times, thereby inducing a direct current voltage in the detection coil
      having a magnetitude proportional to the speed of movement of the moving
      body and a polarity depending upon the direction of movement thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 shows a longitudinal section of a prior art contactless type speed
      detector;
PAR  FIG. 2 is a perspective view of a model useful to explain the
      electromagnetic induction phenomenon utilized in this invention;
PAR  FIG. 3 is a diagrammatic represention similar to FIG. 2 but the orientation
      of the permanent magnet has varied 90.degree.;
PAR  FIG. 4 shows a perspective view of one embodiment of this invention;
PAR  FIg. 5 shows a perspective view of a modified embodiment of this invention;
PAR  FIG. 6 shows a perspective view of another modification of this invention;
PAR  FIG. 7 shows a longitudinal sectional view of the embodiment shown in FIG.
      5;
PAR  FIG. 8 is a view similar to FIG. 7 but with a yoke added;
PAR  FIG. 9 is a modification of FIG. 8 wherein horse shoe type permanent
      magnets are used; and
PAR  FIG. 10 is a graph showing the relationship between the DC voltage induced
      in the detection coil and the speed of movement of the magnet of the speed
      detector shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 2, about a round rod shaped core 21 of magnetic
      material is wound a coil 22 having a uniform turn pitch. A cubic permanent
      magnet 23 is disposed with its N pole opposed to the core 21, and a DC
      volmeter 24 is connected across the coil 22 to measure the voltage induced
      therein. When the permanent magnet 23 is moved in the directions of +X and
      -X along the core 21 with a constant gap therebetween, a DC voltage e will
      be induced in coil 22 having a magnitude proportional to the speed and a
      positive or negative polarity depending upon the direction of movement.
PAR  In the arrangement shown in FIG. 3, the permanent magnet has been rotated
      90.degree. from the position shown in FIG. 2 so that a line perpendicular
      to pole surfaces N and S extends in parallel with the axis of the core 21.
      The magnet 23 is mounted on a non-magnetic slidable base 23a and the
      opposite ends of the core 21 are supported by pedestals 21a and 21b,
      respectively. When the magnet 23 is moved in the directions of +X and -X
      as in the case of FIG. 2, no appreciable voltage is induced across the
      coil 22. Even when the induced voltage is amplified by a DC amplifier 25
      having an amplifying gain of 300 and observed by an oscilloscope 26 it is
      impossible to detect the induced voltage. From the result of the
      experiments described above it will be clear that the speed of the magnet
      23 can be more efficiently detected when the line perpendicular to the
      pole surfaces extends at right angles with respect to the axis of core 21
      than when the line extends in parallel with the axis of the core.
PAR  FIG. 4 shows one embodiment of this invention utilizing the result of
      experiments made in connection with FIGS. 2 and 3 for obtaining a definite
      output. This embodiment comprises a round rod shaped core 27 of pure iron
      and having a diameter of 8 mm, for example, and supported by pedestals 27a
      and 27b at its opposite ends, a detection coil 28 uniformly wound about
      the core 27, and a pair of permanent magnets 29 and 30 made of strontium
      containing ferrite for example, which are mounted on a slidable base 31 to
      oppose the periphery of the core with their N poles faced to the coil with
      a definite air gap therebetween. When the magnets are moved in the
      directions of +X and -X along the core a voltage as shown in FIG. 10 is
      obtained.
PAR  FIG. 5 shows a modification utilizing a ring shaped or annular permanent
      magnet 32 magnetized in the radial direction, that is N poles on the inner
      surface and S poles on the outer surface. The magnet is supported by a
      non-magnetic slidable base 33, and the detection coil 28 uniformly wound
      about a magnetic core 27 is connected across a DC voltmeter 34. With this
      arrangement since the poles of the magnet are disposed to surround the
      entire periphery of the core, and since it is possible to maintain
      constant the width of the air gap between the surfaces of N poles and the
      periphery of the detection coil, it is possible to increase the flux
      density in the core 27. For the reason described below in connection with
      equation 3, this arrangement increases the detection sensitivity (DC
      voltage/speed of movement).
PAR  However, ring shaped magnet 32 is relatively difficult to manufacture and
      is thus expensive, and where the stroke of the slidable base 33 is
      increased it is necessary to increase the length of the core 27. Where the
      magnet is moved in the horizontal direction, the core tends to sag
      downwardly due to its own weight so that it is necessary to increase
      somewhat the air gap between the inner surface of the ring shaped magnet
      and the detection coil. These defects can be overcome by a modification
      shown in FIG. 6 wherein a ring shaped magnet split into two halves 35a and
      35b is used. The magnet halves 35a and 35b are provided with integral
      magnetic yokes 36a and 36b respectively, the contour thereof being
      described in detail later. Air gaps 37 and 38 are defined between opposed
      magnet halves 35a and 35b. The core 27 is supported by a pair of spaced
      apart pedestals 39 and 40 to prevent the downward sag of the core. The
      lower air gap 37 prevents interference between pedestals 39 and 40 and the
      magnet halves 35a and 35b. The operation of this embodiment is similar to
      that of the embodiment shown in FIG. 5.
PAR  FIG. 7 shows a longitudinal sectional view of the embodiment shown in FIG.
      5. The purpose of FIG. 7 is to analyze the effect upon the induced voltage
      in the detection coil 28 of the relative arrangement of the core 27, coil
      28, the surfaces of the N and S poles in the arrangements shown in FIGS,
      4, 5 and 6.
PAR  When applying equation 1, for the sake of description, it is assumed now
      that instead of moving the magnet 32 in the horizontal direction, the core
      27 and the coil 28 are moved in the horizontal direction. Of course, the
      same output voltage can be obtained. As shown in FIG. 7 the magnetic flux
      lines Z and Z' produced by the N poles flow in the opposite directions
      towards the S poles through the air gap and the core 27 as shown by the
      dotted lines. The flux lines in the lower half are not shown. In this
      manner, the flux lines Z and Z' cross the detection coil 28 two times, as
      shown at a and b, so that the voltages induced in the coil by flux lines Z
      and Z' when the coil is moved in the horizontal direction cancel each
      other with the result that the net output voltage is zero.
PAR  For this reason, the first term o.sub.c (UBdL) in equation 1 is zero. The
      second term
      ##EQU2##
      represents the voltage induced in the coil by the flux lines inside the
      coil and extending in parallel with the axis of the coil, for example c
      and d in FIG. 7, when the coil and magnets are moved relatively. More
      particularly, assuming now that as the magnet is moved in the direction of
      +X, on the righthand side of the center line o -- o of the magnet, the
      direction of flux c coincides with direction +X, whereas on the lefthand
      side the direction of flux d is opposite to direction +X.
PAR  Further, on the advancing side of the magnet, that is on the righthand
      side, the magnitude of the flux inside the coil has a tendency to increase
      with time, whereas on the opposite side the magnitude of the flux tends to
      decrease with time. In other words, denoting the electromotive force
      induced in the righthand side of the coil caused by the variation with
      time of the flux density by
      ##EQU3##
      since as described above the magnitude or the absolute value of the flux
      increases on this side, and when it is assumed that the direction of flux
      c is positive, then
      ##EQU4##
      Accordingly
EQU   .DELTA. e.sub.z &lt; 0                                        (2)
PAR  However, on the lefthand side as the direction of flux d is opposite to
      that of flux c, by denoting the flux density by B.sub.n '
EQU   B.sub.n ' = - .vertline.B n'.vertline.                     (3)
PAR  Further, as pointed out above, since the magnitude, or the absolute value
      of the flux decreases
      ##EQU5##
PAR  The electromotive force induced in the lefthand side of the coil due to the
      variation with time of the flux density is expressed as follows.
      ##EQU6##
PAR  From equations 4 and 5
EQU   .DELTA. e '.sub.z &lt; 0                                      (6)
PAL  From equations 2 and 6 it can be noted that .DELTA. e.sub.z and
      .DELTA.e'.sub.z have the same sign.
PAR  Similarly, when the magnet is moved in the direction of -X with respect to
      the coil, .DELTA. e.sub.z and .DELTA.e'.sub.z have the same sign but of
      the opposite sign as those of the previous case. Denoting the values of
      .DELTA. e.sub.z and .DELTA. e'.sub.z by e.sub.z and e'.sub.z respectively,
EQU  e.sub.z = .intg..intg..DELTA.e.sub.z dS                    . . (7)
EQU  e'.sub.z = .intg..intg..DELTA.e'.sub.z dS                  . (8)
PAR  in these integrating operations since the sign does not change, the signs
      of e.sub.z and e'.sub.z are the same as those of .DELTA. e.sub.z and
      .DELTA. e'.sub.z. Accordingly e.sub.z and e'.sub.z have the same sign.
      Moreover, as the distribution of the flux is symmetrical on both sides of
      the center line o -- o so long as the flux density inside the coil is
      equal
EQU  .vertline.B.sub.n .vertline. = .vertline.B.sub.n '.vertline.. . . . . (9)
PAL  hence
EQU  .DELTA. e.sub.z = .DELTA.e'.sub.z
PAL  and
EQU  e.sub.z = e'.sub.z                                         . (10)
PAL  As a result, the DC output voltage is given by the following equation 11
      ##EQU7##
      Where the detection coil 28 is moved in the opposite direction
EQU  e = -2e.sub.z.
PAR  Since flux lines Z and Z' travel through air when they flow from the core
      27 to the poles S the reluctance of the air is much higher than that of
      core 27. Accordingly, when this path is replaced by a magnetic material,
      the sensitivity of the detector can be increased.
PAR  FIG. 8 shows such improved construction in which a ring shaped magnet 32 is
      surrounded by and nested in an annular magnetic yoke 41 having a U-shaped
      cross-sectional configuration.
PAR  FIG. 9 shows an improvement of FIG. 8 in which horse shoe shaped magnets 42
      and 43 are used with their N poles disposed longitudinally inwardly. This
      construction eliminates the necessity of using the yoke.
PAR  Instead of mounting the permanent magnets with their N poles faced to the
      detection coil, it is also possible to dispose the S poles to face the
      detection coil, the only difference being the reversal of the polarily of
      the induced voltage.
PAR  Although the embodiments described above are constructed to measure the
      linear speed of a body by using a linear core and a linear coil it is also
      possible to measure the rotational speed of a rotating body by using an
      annular core and an annular detection coil.
PAR  The speed detector of this invention is useful to measure the speed of an
      injection piston of an injection molding machine, for example. In such
      application, the core and coil or the magnet are connected to the piston
      to move therewith. As there is no limit to the length of the coil, it is
      possible to measure the speed of movement over a considerably large stroke
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a speed detector for detecting the speed of a moving body, said
      detector being of the type comprising a core of magnetic material having
      uniform cross-section, a detection coil uniformly wound about said core, a
      magnet positioned with one pole thereof faced to the periphery of said
      detection coil with a definite air gap therebetween, and means operatively
      connected to a moving body for relatively moving said magnet with respect
      to said core and coil in accordance with the movement of said moving body,
      the improvement wherein:
PA1  said magnet is positioned such that the magnetic flux produced thereby
      crosses said detection coil two times, comprising means for inducing a
      direct current voltage in said detection coil having a magnitude
      proportional to the speed of movement of said moving body and a polarity
      depending upon the direction of movement thereof.
NUM  2.
PAR  2. The improvement claimed in claim 1, wherein said permanent magnet
      comprises a pair of magnets with the respective poles thereof of the same
      polarity faced to the periphery of said stationary coil with a definite
      air gap therebetween.
NUM  3.
PAR  3. The improvement claimed in claim 1, wherein said permanent magnet
      comprises an annular magnet magnetized in the radial direction thereof.
NUM  4.
PAR  4. The improvement claimed in claim 3, wherein said annular magnet
      comprises a pair of semi-circular halves which are disposed to face each
      other with air gaps therebetween.
NUM  5.
PAR  5. The improvement claimed in claim 4, wherein each of said halves is
      provided with a yoke of magnetic material.
NUM  6.
PAR  6. The improvement claimed in claim 3, wherein said annular magnet is
      surrounded by and nested in a magnetic yoke having a U-shaped
      cross-sectional configuration.
NUM  7.
PAR  7. The improvement claimed in claim 1, wherein said permanent magnet
      comprises a pair of juxtaposed annular permanent magnets each having a
      U-shaped cross-sectional configuration, the legs of the respective
      U-shaped magnets having the same polarity being juxtaposed.
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ABST
PAL  During communication in a system for radio communication where stations are
      called with selective calls the participating stations watch for priority
      calls on a number of other radio channels. The watching is performed by
      listening in to the other channels at each switching from transmission to
      reception and vice versa and also at time intervals if the switching is
      overly late.
BSUM
PAR  The present invention refers to a method to keep watch in a radio
      communication system for calls directed to stations in the system which
      are engaged in communication. The procedure or method is specially
      intended to be applicable when some calls have higher priority than calls
      in general, and when calls with high priority may occur on more than one
      radio channel.
PAR  To watch means in radio communication to listen for calls to ones own
      station.
PAR  The stations participating in a communication, for example a conversation,
      cannot be reached by calls from other stations while the conversation
      continues. It is desirable in many cases that continuing conversations can
      be interrupted so that calls with higher priority may be allowed.
PAR  Known procedures for watching of priority calls consist in that calls to a
      station are listened to with an extra receiver during the time when the
      regular receiver of the station is occupied with a conversation. If a call
      is received at the extra receiver a signal is emitted which is discernible
      to the operator of the station.
PAR  Another known procedure is that the regular receiver of the station at
      times determined by a clock is switched from the continuing call and to
      the listening for calls on another radio channel. This listening takes
      place each time for such a short time that the continuing call is
      disturbed only insignificantly as long as the switching is done fairly
      seldom. If calls on several radio channels are watched in this manner the
      breaks need to be repeated so often that the disturbance in the continuing
      call becomes unacceptably strong.
PAR  With the procedure according to the invention, calls on several radio
      channels, for example four, can be watched from one receiver without the
      drawbacks which affect the usual procedures for watching. The procedure is
      characterized in that the radio channels on which calls are expected are
      listened to while both the stations participating in a conversation switch
      from sending to reception and vice versa. Time controlled breaks in the
      conversations are also appropriated, but only if the intervals between the
      switchings become to long. Because the breaks in the calls are preferably
      attributed to the switchings between sending and reception when some
      waiting time would occur normally, a minimum of disturbance in the
      conversations is obtained.
DRWD
PAR  The invention will be described more in detail in connection with an
      example of a radio communication system and with reference to the
      accompanying drawing, where
PAR  FIG. 1 schematically shows the parts of a station included in the radio
      communication system, and
PAR  FIGS. 2 and 3 show timing diagrams of procedures for watching according to
      the invention.
DETD
PAR  The procedure according to the invention is intended to be used in a radio
      communication system in which there is included several radio stations
      such as the one shown in FIG. 1. Most of the stations are arranged for
      sending and reception on several radio channels with separate carrier
      frequencies.
PAR  Each radio station contains a transmitter 1 arranged for sending over a
      transmit-receive antenna 11 selective calls, i.e. calls which are encoded
      to be received only by a selected receiver. The receiver 2 is a
      superheterodyne receiver whose local oscillator contains tuning circuits
      for a number of frequencies. The receiver 2 is also provided with a
      decoding device arranged for sorting out the call directed to the station.
      Transmitter-receiver stations with encoding-decoding means are already
      known, e.g. see U.S. Pat. No. 3,175,191.
PAR  The receiver of the station comprises a first channel selector switch 3
      which is arranged to alter the frequency of the local oscillator. A
      channel selector switch with this arrangement and also arranged to test
      several radio channels and to stop at a channel where a carrier is
      indicated is described in Swedish Pat. No. 360,234 laid open for
      publication 17 Sept. 1973 which is based on U.S. Pat. application No.
      848,628, Aug. 8, 1969, of R. H. Chapman et al now U.S. Pat. No. 3,614,621
      and assigned to Motorola, Inc. The first channel selector switch is
      arranged for beginning its scanning over the channels when the station is
      switched on.
PAR  A second channel selector switch 7 which is connected to the receiver 2 and
      the transmitter 1 is similar to the first channel selector switch 3, only
      that it switches a limited number of channels, four channels in this
      example.
PAR  A carrier detector 8 which is connected to the receiver 2 is of the type
      which is normally inherent in a squelch control and is described e.g. in
      U.S. Pat. No. 3,832,636.
PAR  A transmit-receive switch 6 is provided for switching the station between
      transmitting and receiving. The switch is arranged to be controlled from a
      control push-button 9 and also from a time control device 10 which
      comprises an analog time circuit with a loaded capacitor, thus a circuit
      known per se.
PAR  The station comprises also a receiver-microphone 4, a hanger switch 5 and
      an antenna 11.
PAR  When a certain receiving station is to be called from a transmitting
      station a call selector at the station is set to the intended calling code
      and a call button is operated. The channel switch 3 at the transmitter
      station proceeds with the continuous scanning and stops at the first free
      channel found. After this, coded calling signals are sent during a time
      determined in advance. On condition that the called station is free, its
      channel switch scans all channels on which calls may occur, and when a
      coded call is received which is directed to this receiver, it is
      registered in the called station, after which its transmitter sends an
      acknowledgement signal, and a signal lamp is lit as a token of a received
      call.
PAR  At the calling station, the channel switch has stopped at the channel where
      the call is sent, and at reception of the acknowledgement signal a signal
      lamp is lit at the station. The operator of the station lifts in this
      connection the receiver 4 of the station whereby the calling station is
      ready to receive a spoken answer from the called station.
PAR  When the signal for a received call has been noticed by the operator at the
      called station he lifts its receiver 4, its hanger switch 5 at once
      causing the channel selector switch 3 to set to the channel on which the
      call has been received. With the transmit-receive-switch 6 controlled by
      the transmit button 9, the transmitter of the called station is switched
      on and a spoken answer of the call is given. Each station included in the
      system is arranged for alternate transmitting and reception, so called
      simplex traffic; transmitting or reception are selected with the transmit
      button 9.
PAR  What has been described about the radio communication system is a known
      technique. In the procedure according to the invention there is included
      the possibility that watching can be carried out even when conversations
      between the stations are going on.
PAR  The procedure of switching between transmitting and reception is
      illustrated by FIG. 2 where A designates a time diagram for the sending
      station and B a time diagram for the receiving station. In the diagram a
      designates setting for sending on a radio channel, b setting for reception
      on the same radio channel, and c setting for listening in on a priority
      channel. In the communication system there is included, besides a number
      of radio channels, a number of priority channels, for example four, which
      preferably are intended for the sending of calls with such high priority
      that the person who receives such a call shall interrupt the continuing
      conversation.
PAR  The procedure at switching in the described example will be as follows:
PAR  At e in the diagram the transmit button 9 is released at the transmitting
      station A. This station then is set by the transmit-receive-switch 6 so
      that, with the aid of the second channel switch 7, it scans all four
      priority channels in sequence for determining if calls to the station in
      question are sent on any of these channels. Each channel is listened in
      for 100 ms.
PAR  At the receiving station B there is detected with the aid of the carrier
      detector 8 that the carrier wave has disappeared. The second channel
      detector 7 in station B is switched to the priority channel 1 for
      listening in for 100 ms and thereafter returns to listening on the speech
      channel. If no carrier is detected the station is switched after 25 ms to
      listening in on priority channel 2 and so on.
PAR  It is presumed in the example that the transmit button 9 in station B is
      pressed at the time f. One priority channel 4 is then not yet scanned, it
      is switched in immediately after the priority channel 3.
PAR  Meanwhile at the station A all priority channels have been scanned and
      there the set radio channel b is now listened to for 25 ms alternately so
      that the priority channels (1 and so on) are again listened to.
PAR  When all priority channels have been scanned at station B this station
      changes to transmitting at the time h in the diagram.
PAR  At the same time as transmitting from station B starts an indicating lamp
      is lit which shows that the operator can start speaking.
PAR  At station A there is detected at time j that a carrier exists, and
      consequently the station A stops at a setting for reception on the radio
      channel and the switching sequence is completed.
PAR  If a station happens to be set on transmitting for a long time a time
      controlled scanning of the priority channels is nevertheless made in the
      manner which appears from the time diagram in FIG. 3.
PAR  When, for example, station A has been set for transmitting for 7 seconds a
      time control device 10 causes a switching at the time k for listening in
      on priority channel 1 for 100 ms and thereafter a return to transmitting.
PAR  At the receiving station B, the disappearance of the carrier is detected at
      the time k', whereby at this station also the priority channel 1 is
      listened in during 100 ms after which return takes place to reception on
      the radio channel.
PAR  When one second has passed after the priority channel 1 has been listened
      in, station A is switched for listening in on priority channel 2 at time
      1, and at station B priority channel 2 is listened in at time 1'.
PAR  If the transmit button 9 at station A should not be released, all four
      priority channels are scanned in this manner, and the scanning is repeated
      7 seconds after the last priority channel has been listened in.
PAR  The times mentioned in the example may be varied within the limits
      indicated in the claims.
PAR  If, at the described listening in on the priority channels, a call has been
      received at either of the stations participating in the conversation, a
      visible or audible signal is emitted at this station. At this station the
      new calling station is switched in in a manner known per se and if it is
      found suitable, the conversation in progress is terminated and the
      conversation on the priority channel is commenced.
PAR  The described procedure for watching is intended to be used also for other
      types of radio communication than radio communication with speech.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a radio communication system having a plurality of transmitting and
      receiving stations and a plurality of radio channels which are intended
      for the transmission of selective calls, the method, while a communication
      is occurring between a transmitting station having a transmitter and a
      receiver and a receiving station, having a transmitter and a receiver
      performed by the transmitting station of watching for calls to the
      transmitting station on any of a plurality of selected radio channels on
      which calls are expected, said method comprising the steps of sequentially
      tuning the receiver of the transmitting station to each of the plurality
      of selected radio channels and sensing for signals on the selected radio
      channels for a given period of time whenever the transmitting station is
      switched from the transmit to receive mode.
NUM  2.
PAR  2. In a system for radio communication, which comprises a number of
      transmitting and receiving stations and a number of radio channels, and
      which is intended for the transmission of selective calls, the method
      while a communication between a transmitting and a receiving station, each
      including a transmitter on over a first communications channel, of
      watching a number of selected radio channels, on which calls are expected,
      for calls to the stations, said method comprising the steps:
PA1  tuning the receiver of the transmitting station to each selected radio
      channel in turn and listening for a given period of time for calls
      directed to the transmitting station each time the transmitting station is
      switched from transmission to reception; and
PA1  tuning the receiver of the receiving station to each selected radio channel
      in turn and listening for said given period of time for calls directed to
      the receiving station at each break in reception of signals from the
      transmitting station where the tuning to each selected radio channel is
      separated by tuning to the normal communication channel for a period of
      time which is a fraction of said given period of time.
NUM  3.
PAR  3. The method of claim 2 further comprising the step of periodically tuning
      the receivers of the transmitting and receiving stations to the selected
      radio channels whenever there is no switch between transmitting and
      receiving for a specified length of time.
NUM  4.
PAR  4. The method of claim 3 wherein said specified length of time is between
      five and fifteen seconds.
NUM  5.
PAR  5. The method of claim 4 wherein calls on the selected radio channels have
      priority over other communications in the system.
NUM  6.
PAR  6. The method of claim 2 further comprising the step of emitting a user
      recognizable signal whenever a call is detected on one of the selected
      radio channels.
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ABST
PAL  Apparatus to be attached to aircraft and containing signalling apparatus
      which is set into operation when the aircraft is downed either in water or
      on land. The apparatus includes a releasable element which, when the
      aircraft becomes submerged, floats to the surface. This element contains
      signalling means, and switch means which is operated to turn on the
      signalling means when the releasable element floats away from the
      aircraft. The apparatus also includes means for operating the switch means
      in the event of the aircraft crashing on land so as to turn on the
      signalling means.
BSUM
PAR  This invention relates to signalling apparatus for attachment to aircraft
      and operable when the aircraft crashes in water or on land to send out
      signals.
PAR  In spite of the fact that there are many different forms of signalling
      apparatus for aircraft that go down in remote places or in water, many
      aircraft which drop into the water are never found. Most of the known
      signalling apparatus is not operable when submerged in water, and
      signalling apparatus which is supposed to located submerged aircraft is
      judging by the results not successful, too complicated or heavy, or is not
      reliable.
PAR  The main purpose of the present invention is to provide very simple and
      relatively inexpensive signalling apparatus which will commence to operate
      when the aircraft is submerged, and which is substantially fool-proof.
      This apparatus is so simple that it can hardly fail to operate when
      needed. In addition, the apparatus is designed to send out signals if the
      craft crashes on land.
PAR  Signalling apparatus is accordance with this invention comprises a buoyant
      container having therein signalling means and a self-contained electrical
      operating system therefor, a base adapted to be secured to an aircraft at
      an outer surface thereof, latch means releasably securing the container to
      the base, and operating means in the base for said latch means and
      operable by hydrostatic pressure to cause said latch means to release the
      container and permit the latter to float to the surface when the portion
      of the craft to which the base is attached is submerged in water.
PAR  In the preferred form of the invention, the apparatus includes switch means
      in the electrical operating system normally rendering said system
      inoperative, and an operator for the switch means for causing said switch
      means to permit the electrical system to operate when the container
      separates from the base. The value of this apparatus is extended further
      by including means for causing said switch means to permit the electrical
      system to operate when the aircraft crashes on the ground.
DRWD
PAR  A preferred form of apparatus in accordance with this invention is
      illustrated by way of example in the accompanying drawings, in which
PAR  FIG. 1 is a diagrammatic plan view of an aircraft, showing one position
      where this signalling apparatus can be installed,
PAR  FIG. 2 is a perspective view of this signalling apparatus,
PAR  FIG. 3 is a side elevation, partly in section, of the apparatus,
PAR  FIG. 4 is a horizontal section taken on the line 4--4 of FIG. 3, and
PAR  FIG. 5 is a wiring diagram of a signalling system that can be used with
      this apparatus.
DETD
PAR  Referring to FIG. 1 of the drawings, 10 is an aircraft having signalling
      apparatus 11 in accordance with this invention installed thereon. In this
      example, the apparatus is mounted on top of the fuselage 12 of the craft
      and just ahead of the vertical tail fin 13. However, apparatus 11 can be
      mounted in any desired position on the aircraft, but preferably one that
      is least likely to be destroyed if the aircraft falls into the water or
      crashes on the ground.
PAR  A preferred form of apparatus 11 is illustrated in FIGS. 2 to 5. This
      apparatus includes a base 20 adapted to be mounted on an aircraft, the
      illustrated base being mounted on a section 21 of the skin of the craft
      and secured in position by bolts 22. A buoyant container 24 is associated
      with base 20, and is preferably mounted on the top thereof, as shown in
      FIGS. 2 and 3. Container 24 has therein signalling means and a
      self-contained electrical operating system, such as the one designated 28
      in FIG. 5. The signalling means may include a light beacon, although this
      is not absolutely necessary. Container 24 can be made water-tight for
      buoyancy reason, and/or it may be formed of suitable buoyant material. As
      it is desirable to cause chamber 24 to float in an upright position,
      batteries 35 for the electrical system can be positioned near the
      container bottom 39 to act as ballast, or a suitable weight, not shown,
      may be provided.
PAR  The electrical operating system includes a transmitter 42 of any well-known
      type, which is adapted to continuously or intermittently transmit a signal
      on which searching aircraft home, and an aerial 43 projecting from
      container 24. The system can also include a visual signal beacon 44, shown
      only in FIG. 5, and which is illuminated at the time the transmitter
      starts to operate. In the illustrated system 28, a normally open switch 46
      is provided so that when the switch is closed, the transmitter starts to
      operate.
PAR  As stated above, container 24 rests upon the top of base 20, and suitable
      latch means is provided for releasably connecting these two elements
      together. In this example, a latch 50 includes a latch arm 52 swingably
      mounted in base 20 on a pivot pin 53 and projecting upwardly from the base
      and through an opening 55 in the bottom 39 of the container. This latch
      arm has a catch 56 on its upper end which normally overlaps and engages a
      keeper 58 mounted on bottom 39 of the container.
PAR  Latch arm 52 is provided at its lower end with a horizontal section 60
      which overlies a cavity 62 in the base and having a diaphragm 63 supported
      therein spaced above its bottom 64. A link 65 connects the free end of arm
      section 60 with the central portion of the diaphragm. Suitable means is
      provided for exerting an adjustable resilient upward force on the lower
      surface of diaphragm 63, and in this example, a spring 69 is provided for
      this purpose, said spring extending between cavity bottom 64 and the lower
      surface of the diaphragm.
PAR  A plurality of holes 74 are formed in base 20 at cavity 62 to permit water
      to flow into said cavity when the aircraft with said base are submerged.
PAR  Suitable resilient means, such as a spring 78, is positioned between base
      20 and container 24 where it is normally compressed therebetween, said
      latch 50 retaining the spring in this state. When the latch is operated to
      release container 24, the spring forces the container away from the base.
PAR  Switch 46 of signalling system 28 is diagrammatically illustrated in FIG.
      3. This switch is normally held open by an operater which, in this
      example, is a finger 83 mounted on base 20 and projecting upwardly through
      a hole 84 in the bottom portion of the container. If switch 46 and finger
      83 are separated, the switch closes.
PAR  Finger 83 can be fixedly mounted in base 20, in which case switch 46 will
      close only when container 24 moves away from the base. However, it is
      preferable to provide means for normally holding the finger in its normal
      position, but will permit the finger to move downwardly in the event of
      the aircraft crashing on land, as shown.
PAR  A chamber 88 is formed in base 20, and a diaphragm 89 extends across this
      chamber above the bottom 90 thereof. Finger 83 extends into cavity 88 and
      is secured at its inner end to diaphragm 89. A fragile tube 93
      communicates at its end 94 with the portion of chamber 88 below diaphragm
      89, and said tube extends throughout portions of the aircraft which are
      subject to damage if the craft crashes on land, such as indicated by
      broken lines 93 in FIG. 1. The opposite end of this tube is sealed, and it
      and the lower portion of chamber 88 are filled with a suitable fluid under
      pressure. The fluid in the chamber supports diaphragm 89 so that finger 83
      is normally retained in its normal position holding switch 46 open.
      However, if any part of tube 93 is punctured or broken, as when the
      aircraft crashes on land, the pressure of the fluid in chamber 88 is
      released, permitting diaphragm 89 to draw finger 83 downwardly to allow
      switch 46 to close, thus causing transmitter 42 to send out a continuous
      or intermittent signal.
PAR  For the sake of convenience, base 20 is formed in upper and lower sections
      98 and 99 held together by a plurality of bolts 100 extending
      therethrough. With this arrangement, diaphragms 63 and 89 are actually a
      single diaphragm extending between the two sections of the base and are
      held in position when the base sections are clamped together by bolts 100.
PAR  Similarly, container 24 can be formed in two vertical sections 104 and 105
      held together by bolts 106 extending therethrough. Access can be gained to
      the interior of the container by removing these bolts.
PAR  Signalling apparatus 11 is normally inoperative, and is mounted on a
      section of aircraft 10 where it is out of the way, and is not subject to
      disturbance during normal servicing and repair of the aircraft. However,
      if trouble develops in the aircraft and the latter drops into the water,
      the water enters cavity 62 of base chamber 20, and when the hydrostatic
      pressure against diaphragm 63 reaches a predetermined level, the diaphragm
      depresses spring 69 and thereby swings latch arm 52 to disengage catch 56
      from keeper 58. This permits container 24 to float upwardly in the water
      away from the base chamber and to the water surface. This shifts switch 46
      away from finger 83 so that the switch is operated to cause transmitter 42
      and signal beacon 44, if the latter is present, to go into operation.
      Container 24 will float in the vicinity of the downed aircraft so that
      searchers can home on the transmitted signals.
PAR  On the other hand, if the aircraft crashes on land, tube 93 will be
      fractured to allow the fluid in cavity 88 to release diaphragm 89. In this
      case, the diaphragm draws finger 83 away from switch 46 to permit the
      latter to close, thereby starting the transmission of the homing signals.
PAR  If desired, base 20 may have a compartment, not shown, for a coiled cable,
      an end of which would be attached to container 24. With this arrangement,
      when the container floats away from the craft, it would draw the cable out
      of the base, so that the container would not float too far away from the
      craft. Furthermore, water-activated dye marker capsules may be included in
      the container.
CLMS
STM  I claim:
NUM  1.
PAR  1. Signalling apparatus for attachment to aircraft and operable when the
      aircraft crashes, comprising a buoyant container exposed to atmosphere and
      having therein signalling means and a self-contained electrical operating
      system therefor, switch means in said electrical operating system normally
      rendering said system inoperative, a base mountable on an aircraft at an
      outer surface thereof, latch means releasably securing the container to
      the base, operating means including a diaphragm mounted in said base and
      connected to said latch means, means to admit water into the base when the
      portion of the craft on which the base is mounted is submerged in water
      whereby hydrostatic pressure in the base and against said operating means
      causes the latter to operate said latch means to release the container and
      permit the latter to float to the surface, and an operator for the switch
      means for causing said switch means to permit the electrical system to
      operate when the container floats away from the base.
NUM  2.
PAR  2. Signalling apparatus as claimed in claim 1 in which said switch means
      comprises a switch in the electrical operating system, and said operator
      comprises a finger mounted on the base and projecting into the container
      and normally retaining said switch open, said switch closing when moved
      clear of the finger.
NUM  3.
PAR  3. Signalling apparatus as claimed in claim 1 in which said latch means
      comprises a latch arm movably mounted on the base and projecting into the
      container and having a catch thereon for engaging a keeper on the
      container, said operating means being operable to move the catch away from
      the keeper.
NUM  4.
PAR  4. Signalling apparatus for attachment to aircraft and operable when the
      aircraft crashes, comprising a base mountable on an aircraft at an outer
      surface thereof, a buoyant container mounted on the base so as to be
      exposed to atmosphere and having therein signalling means and a
      self-contained electrical operating system therefor, a chamber in the
      base, a fragile tube closed at one end and in communication at another end
      with said chamber and mountable along a portion of the aircraft subject to
      damage if the aircraft crashes, said tube breaking if said portion of the
      aircraft is subject to extraordinary force, a fluid under pressure in the
      tube and the chamber, switch means in the electrical operating system, an
      operator for the switch means extending from the base chamber into the
      container and normally retained by the fluid in said chamber in a position
      rendering the electrical operating system inoperative, latch means
      releasably securing the container to the base, and operating means
      including a diaphragm mounted in said base and connected to said latch
      means, means to admit water into the base when the portion of the craft on
      which the base is mounted is submerged in water whereby hydrostatic
      pressure in the base and against said operating means causes the latter to
      operate said latch means to release the container and permit the latter to
      float to the surface, said operator causing the switch means to permit the
      electrical system to operate when the container separates from the base or
      the fragile tube is broken to release the fluid from the chamber.
NUM  5.
PAR  5. Signalling apparatus as claimed in claim 4 in which said switch means
      comprises a switch in the electrical operating system and said operator
      comprises a finger mounted on the base and extending from the base chamber
      into the container and normally retaining said switch open, said switch
      closing when freed of the finger, and a diaphragm positioned in the base
      chamber and engaging the finger, the fluid in said chamber normally
      pressing against the diaphragm to retain said finger in its normal
      position.
NUM  6.
PAR  6. Signalling apparatus as claimed in claim 4 including resilient means
      normally compressed between the base and the container which, when the
      latch means releases the container, forces said container away from the
      base.
NUM  7.
PAR  7. Signalling apparatus as claimed in claim 4 in which said latch means
      comprises a latch arm swingably mounted in the base and projecting into
      the container and having a catch thereon for engaging a keeper on the
      container, said operating means being operable to move the catch away from
      the keeper.
NUM  8.
PAR  8. Signalling apparatus as claimed in claim 7 in which said operating means
      comprises means connecting one face of the diaphragm to the latch arm, and
      pressure means on an opposite face of the diaphragm resiliently retaining
      the diaphragm in a position to retain the latch catch in engagement with
      said keeper, water pressure on said one face of the diaphragm moving said
      catch away from the keeper.
NUM  9.
PAR  9. Signalling apparatus for attachment to aircraft and operable when the
      aircraft crashes, comprising a buoyant container having therein signalling
      means and a self-contained electrical operating system therefor, a base
      mountable on an aircraft at an outer surface thereof, latch means
      releasably securing the container to the base, operating means in the base
      for said latch means and operable by hydrostatic pressure to cause said
      latch means to release the container and permit the latter to float to the
      surface when the portion of the craft on which the base is mounted is
      submerged in water, said latch means comprising a latch arm movably
      mounted on the base and projecting into the container and having a catch
      thereon for engaging a keeper on the container, said operating means on
      being operated moving the catch away from the keeper.
NUM  10.
PAR  10. Signalling apparatus as claimed in claim 9 in which said operating
      means comprises a diaphragm, means connecting one face of the diaphragm to
      the latch arm, and pressure means on an opposite face of the diaphragm
      resiliently retaining the diaphragm in a position to retain the latch
      catch in engagement with said keeper, water pressure on said one face of
      the diaphragm moving said catch away from the keeper.
NUM  11.
PAR  11. Signalling apparatus as claimed in claim 9 including resilient means
      normally compressed between the base and the container which, when the
      latch means releases the container, forces said container away from the
      base.
NUM  12.
PAR  12. Signalling apparatus as claimed in claim 9 including switch means in
      said electrical operating system normally rendering said system
      inoperative, and an operator for the switch means for causing said switch
      means to permit the electrical system to operate when the container
      separates from the base.
NUM  13.
PAR  13. Signalling apparatus as claimed in claim 12 in which said switch means
      comprises a switch in the electrical operating system, and said operator
      comprises a finger mounted on the base and projecting into the container
      and normally retaining said switch open, said switch closing when moved
      clear of the finger.
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ABST
PAL  A system for controlling and maintaining the power output of a broadcast
      transmitter under varying line voltage conditions, including a pulse width
      modulator wherein a triangular wave acting as a reference input is
      compared to the audio input. Power is controlled by varying the amplitude
      of the triangular wave relative to the audio input which additionally
      includes a DC bias thereby increasing or decreasing the comparator square
      wave output duty cycle which output is used to control the transmitter's
      RF power amplifier. Three separate DC control inputs, respectively, for
      automatic power control, remote or local manual power control, and a slow
      start control are summed and fed to an operational DC amplifier which
      provides a composite DC output which is fed to a triangular waveform
      generator in order to control the amplitude of the triangular waveform
      generated thereby.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to means for controlling and maintaining
      power output of a broadcast transmitter constant under varying line
      voltage conditions and more particularly to means for providing power
      control without affecting modulation percentage while at the same time
      insuring against overmodulation.
PAR  2. Description of the Prior Art
PAR  The present invention utilizes pulse width or pulse duration modulation for
      controlling power wherein a triangular waveform is compared against the
      audio signal. Pulse width modulators responsive to an input signal for
      producing an essentially square wave output signal in which the width of
      the pulses is dependent upon the comparison between a triangular waveform
      and an audio input are, per se, well known. Such apparatus is taught for
      example in: U.S. Pat. No. 3,440,566, H. I. Swanson; U.S. Pat. 3,551,851,
      J. C. Engel; and U.S. Pat. No. 3,585,517, R. B. Herbert.
PAC  SUMMARY
PAR  Briefly, the subject invention is directed to improved means for
      controlling and maintaining a constant power output of a broadcast radio
      transmitter, operating under varying line voltage conditions, without
      affecting modulation percentage or allowing inadvertent overmodulation by
      the utilization of a pulse width modulated square wave whose duty cycle is
      increased or decreased by varying the amplitude of a triangular reference
      waveform applied to one input of a comparator whose other input comprises
      an audio input signal of a predetermined DC level. The amplitude of the
      triangular waveform is varied by means of a DC signal applied to a
      triangular waveform generator which DC signal comprises the output of an
      operational amplifier whose input is connected to a signal summing point.
      The summing point is adapted to have signals applied thereto corresponding
      to an automatic power control input which is responsive to the measure of
      the transmitter's RF amplifier input voltage, a remote and/or local manual
      power control input, and a "slow start" control input. The automatic power
      control input is obtained by sensing the voltage across the RF amplifier
      by utilizing an optical coupled sensor including a light emitting or photo
      diode and a photosensitive transistor coupled together by means of an
      optical coupler comprising a light tight housing or package. The remote
      and/or local manual power control is generated by an up-down digital
      counter coupled to a digital to analog converter whose output provides a
      DC signal indicative of the desired power output. The slow start control
      is activated each time the RF carrier is turned on and consists in
      developing a DC voltage across a capacitor in an RC charging circuit. RF
      power control is effected by the pulse width modulated square wave which
      is fed to a modulation switch which in turn is coupled between a point of
      reference potential or ground and one side of the power amplifier through
      a filter tuned to eliminate the frequency of the square wave.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrative of a radio transmitter controlled in
      accordance with the subject invention;
PAR  FIG. 2 is an electrical block diagram illustrative of the preferred
      embodiment of the subject invention; and
PAR  FIG. 3 is a set of waveforms helpful in understanding the operation of the
      subject invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and more particularly to FIG. 1, there is
      disclosed the operational environment of the subject invention which
      comprises, for example, a radio transmitter including an RF generator 10
      which is adapted to provide a carrier signal of predetermined RF
      frequency. The carrier signal is fed through one or more driver
      amplifiers, for example circuits 12 and 14 where it is then coupled to a
      modulated RF power amplifier 16 whose output is fed to a radiating
      antenna, not shown. The RF power amplifier 16 is modulated by means of a
      pulse width modulated square wave signal generated in a comparator circuit
      18 having as one input a variable amplitude triangular waveform having a
      fixed frequency relative to the RF carrier frequency which effectively
      acts as a subcarrier and comprises the reference signal against which an
      audio input signal is compared. The triangular waveform is shown being
      applied to terminal 20 while the audio input is applied to terminal 22.
      The pulse width modulated square wave is fed through a plurality of
      amplifiers for example circuits 24, 26, and 28 to a modulation switch 30.
      One side of the modulation switch 30 is connected to a point of reference
      potential, hereinafter referred to as ground, while the other side of the
      switch 30 is connected to a subcarrier filter 32 which is connected to one
      side of the RF power amplifier such as shown by terminal 34. The other
      side of the power amplifier is coupled to a B+ supply potential applied to
      terminal 36.
PAR  It can be seen therefore that the RF power amplifier 16 is returned to
      ground through the filter 32 and the modulation switch 30. Since the pulse
      width modulated square wave appearing at the output of the comparator 18
      includes sidebands containing the square wave frequency as well as audio
      frequencies, the filter 32 effectively removes the square wave, leaving an
      audio modulating signal of a predetermined DC level at terminal 34. Thus
      the RF carrier level provided by the RF generator 10 modulated and applied
      to the antenna for external radiation is determined by the DC level
      appearing at terminal 34.
PAR  Referring now to the preferred embodiment of the subject invention,
      reference is now made to FIG. 2. The broad concept of producing a pulse
      width modulated square wave by comparing an input signal against a
      triangular wave is known by those skilled in the art. However, it is the
      object of the subject invention to set the DC level of the input signal
      and then control, i.e. vary the amplitude of the triangular reference wave
      for increasing or decreasing the duty cycle (pulse width) of the square
      wave for controlling the output power from the RF power amplifier 16 shown
      in FIG. 1. This is due to the fact that the relative DC position of the
      audio signal to the triangular waveform determines the carrier level of
      the transmitter as established by the DC potential appearing at terminal
      34 of FIG. 1, while the swing of the audio relative to the triangular
      waveform determines the percentage of modulation.
PAR  Accordingly, the audio input to the comparator 18 is provided by an audio
      amplifier coupled to input terminals 38 and 40. The amplifier 36 amplifies
      the audio input signal to a relatively high level and is then coupled to a
      limiter stage 42 which is adapted to limit the audio on the positive
      peaks. It should be pointed out that this method of modulation is
      inherently going to limit the percentage of modulation to 100% on negative
      audio peaks if properly adjusted; however, the positive peaks could go
      above legal limits if not clipped at a predetermined level. This is the
      reason for the positive peak clipping. The output of the audio limiter 42
      is fed to primary winding of an audio transformer 44 whose secondary
      winding has one side coupled to terminal 46 to which is applied an audio
      feedback signal for overcoming distortion. The other side of the secondary
      winding of the transformer 44 is connected to input terminal 22 of the
      comparator 18. Additionally, a DC bias is also applied to input terminal
      22 by means of a potentiometer 48 coupled between ground and a +5 volt
      supply applied to terminal 50. The position of the slider element of the
      potentiometer 48 provides a gross power adjustment of the transmitter
      inasmuch as it is adapted to position the DC level of the audio input
      signal appearing at terminal 22 relative to the triangular wave appearing
      at terminal 20. Inasmuch as the potentiometer 48 is utilized for a gross
      power adjustment, its setting normally remains substantially unchanged
      once it has been made. Variation of the power transmitted around the gross
      power adjustment point set by the potentiometer 48, however, is effected
      by varying the amplitude of the triangular wave applied to terminal 20.
PAR  Three separate inputs are utilized to control the amplitude of the
      triangular waveform applied to terminal 20. First of all, a triangular
      waveform generator 52 well known to those skilled in the art receives a
      rectangular initiating input signal which is derived from the RF generator
      10 in order to maintain signal coherence, that is a fixed phase
      relationship between the RF carrier and the pulse width modulated square
      wave. The frequency of the RF generator 10 is reduced by means of a
      frequency divider (.div.N) circuit 54 and a count of two (.div.2)
      flip-flop circuit 56. The output of the flip-flop circuit 56 comprises a
      subcarrier, for example 70KHz, which is the frequency of the triangular
      waveform appearing at the output of the waveform generator 52. The purpose
      of the flip-flop 56 is to provide a relatively easy means for inhibiting
      application of the subcarrier input to the triangular waveform generator
      52 in the event of a transmitter fault. A suitable fault detector circuit
      58 is coupled both to the driver circuit 12 shown in FIG. 1 and the
      flip-flop 56 shown in FIG. 2 so that in the event of a fault occurring
      such as by lightning stroke or the like, the output of the RF generator 10
      can be temporarily blocked by suitably disabling the driver circuit 12 as
      well as inhibiting the flip-flop 56 so that the subcarrier applied to the
      waveform generator 52 is also momentarily rendered inoperative. Thus, in
      the event of a fault, the generation of the modulated square wave is
      temporarily inhibited as well as interrupting the carrier coupled to the
      RF power amplifier 16.
PAR  The amplitude of the triangular waveform from the output of the waveform
      generator 52 is controlled by a DC signal applied to the generator 52 from
      an operational DC amplifier 60. The input of the operational amplifier 60
      is connected to a signal summing point 62 whereupon any one of or a
      combination of three DC signal inputs can control the amplitude of the
      triangular waveform applied to the comparator 18. The first control
      comprises an automatic or closed servo loop control of the selected output
      power of the transmitter and consists of a light emitting or photo diode
      64 suitably coupled to the output of the RF power amplifier 16 shown in
      FIG. 1 by means of terminals 66 and 68. The diode 64 senses the power
      output of the transmitter and generates a light or photo signal
      accordingly. This signal is coupled to a photosensitive transistor 70 in a
      suitable optical coupler device 72 which may be, for example, a light
      tight housing or package. A capacitor 74 is coupled across the light
      emitting diode 64 in order to provide a smoothing or filtering action. The
      transistor 70 provides an electrical signal indicative of the photo diode'
      s 64 output across the emitter resistor 76. The emitter resistor comprises
      a potentiometer whose slider element is coupled to the summing point 62
      via the summing resistor 78.
PAR  In addition to the automatic control, a remote and/or local manual control
      is provided by suitable power selector means 80 coupled to an updown
      digital counter means 82 including a pulse source and an up/down digital
      counter which selectively counts up or down depending on the power output
      desired. The up-down counter is coupled to a digital to analog converter
      84 which provides a DC output in accordance with the desired power. The DC
      output of the digital to analog converter 84 is coupled to the summing
      point 62 by means of the summing resistor 86. The third control is a "slow
      start" control for bringing up the transmitter's power relatively slowly
      each time the carrier is turned on, i.e., the RF generator 10 is rendered
      operative after an OFF condition. The slow start control comprises a DC
      potential being applied to terminal 88, which terminal is connected to an
      RC (resistance-capacitance) charging circuit. The charging circuit is then
      coupled to the summing point 62 by means of the summing resistor 92. Thus
      the DC voltage appearing at the summing point 62 from either of the
      controls is suitably amplified in the operational amplifier 60 and applied
      to the triangular waveform generator 52.
PAR  Operation of the control system comprising the subject invention can best
      be understood by reference to the waveforms shown in FIG. 3. Assuming that
      an initial gross power adjustment is made by the setting of potentiometer
      48 whereupon an initial relative DC position of an audio signal 94 is made
      relative to a triangular waveform 96, the comparator circuit 18
      accordingly develops a pulse width modulated square wave 98 in accordance
      with the intersection of the rise and fall of the amplitude of the
      waveform 96 with the audio waveform 94. The high value of the waveform 98
      is adapted to turn the modulation switch 30 ON while the low value is
      adapted to turn it OFF. Since the frequency of the triangular waveform 96
      constitutes a subcarrier frequency, typically 70KHz, the pulse width
      modulated square wave 98 contains sidebands of the frequency of the
      resultant square wave 98 as well as the audio signal 94. The filter 32 is
      tuned to reject the frequency (70KHz) of the square wave 98 so that it
      effectively removes the sidebands corresponding to the square wave,
      leaving the audio waveform 94 and its DC conponent which then appears at
      terminal 34. Assuming now that a power change is desired such as reduced
      power output from the transmitter, it is merely necessary to increase the
      amplitude of the triangular waveform such as shown by waveform 96'. This
      can be done by varying the setting of control 80. Since the relative
      amplitude of the audio input 94 remains unchanged, a pulse width modulated
      square wave 100 will result. A comparison of waveforms 98 and 100 reveals
      that they are substantially identical in shape, but with the duty cycle
      changed, that is the relative times between when the modulation switch 30
      is turned on and off. For example, under normal power conditions, the ON
      time as indicated by the shaded area under the waveforms 98 and 100
      indicates that the ON time is relatively greater than that for the reduced
      power, although the action of the filter 32 would yield the same audio
      waveform 94. Thus by increasing the amplitude of the triangular waveform
      96 as commanded by either of the means coupled to the summing point 62,
      the modulation switch 30 is driven on and off in accordance with the pulse
      width modulated square wave to establish an average DC level at terminal
      34 relative to ground potential with the audio waveform swinging on either
      side of this DC level resulting in a power control which does not effect
      modulation percentage. The control afforded by the subject invention is
      particularly adapted for automatic power control of unattended broadcast
      transmitters.
PAR  Having thus described what at present is considered to be the preferred
      embodiment of the subject invention,
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for controlling the power output of a transmitter in response
      to the operation of a modulation switch turned on and off by a pulse width
      modulated substantially square wave, comprising in combination:
PA1  a. a comparator circuit coupled to said modulation switch and having first
      and second inputs respectively coupled to receive a DC biased modulating
      input signal and a regularly repetitive variable amplitude reference
      signal and producing said substantially square wave signal consisting of a
      pulse train in which the width and consequently the duty cycle of the
      pulses are proportional to the instantaneous amplitude of said DC biased
      modulating signal relative to the amplitude of the reference signal;
PA1  b. a waveform generator, adapted to produce said regularly repetitive
      variable amplitude reference signal of a predetermined frequency, coupled
      to said second input of said comparator circuit, said waveform generator
      being operable in response to an initiating signal of said predetermined
      frequency and additionally receiving a control signal which is adapted to
      vary the amplitude of said reference signal;
PA1  c. first circuit means responsive to the power output of said transmitter
      to generate at least a first signal indicative of the power output of said
      transmitter;
PA1  d. second circuit means responsive to an external signal to generate at
      least a desired power output signal indicative of the desired power output
      of said transmitter; and
PA1  e. combining circuit means for combining a plurality of signals to generate
      said control signal, said plurality of signals including at least said
      signal indicative of the power output of said transmitter and said desired
      power output signal, said control signal being coupled to said waveform
      generator such that the power output of said transmitter is controlled at
      the desired level.
NUM  2.
PAR  2. The system as defined by claim 1 further including a slow start control
      circuit comprising an RC charging circuit operable at transmitter turnon
      for providing to said combining circuit a slowly increasing DC signal to a
      predetermined level.
NUM  3.
PAR  3. The system as defined by claim 1 wherein said waveform generator
      comprises a triangular waveform generator and wherein said control signal
      applied thereto and generated by said combining circuit means comprises a
      DC signal.
NUM  4.
PAR  4. The system as defined by claim 1 further including circuit means for
      providing an audio feedback to said comparator thereby controlling
      distortion in the output signal of said transmitter.
NUM  5.
PAR  5. The system as defined by claim 3 wherein said combining circuit means
      includes:
PA1  a summing circuit coupled to said first and second circuit means for
      providing a composite signal therefrom; and
PA1  an operational amplifier coupled to said summing circuit, being responsive
      to said composite signal and providing said DC control signal coupled to
      said waveform generator.
NUM  6.
PAR  6. The system as defined by claim 5 wherein said first circuit means
      comprises:
PA1  a light emitting semiconductor diode responsive to the output of said
      transmitter;
PA1  optical coupler means; and
PA1  a photosensitive semiconductor signal translation device coupled to said
      light emitting diode by said optical coupler means and being operative to
      provide said DC control signal indicative of the power output of said
      transmitter, said DC control signal being coupled to said summing circuit.
NUM  7.
PAR  7. The system as defined by claim 6 wherein said semiconductor signal
      translating device comprises a transistor having an emitter circuit
      coupled to said summing circuit.
NUM  8.
PAR  8. The system as defined by claim 5 wherein said second circuit means
      comprises manual power control means providing said desired power output
      signal.
NUM  9.
PAR  9. The system as defined by claim 8 wherein said second circuit means is
      comprised of:
PA1  means for selecting a desired power output setting;
PA1  a digital counter circuit coupled to said power selector means and a pulse
      source;
PA1  a digital to analog converter coupled to said counter circuit providing a
      DC signal indicative of the selected power output, said DC signal being
      coupled to said summing circuit.
NUM  10.
PAR  10. A system as defined by claim 8 wherein said second circuit means
      additionally includes third circuit means comprising a slow start control
      circuit coupled to said summing circuit providing still another one of
      said plurality of control signals.
NUM  11.
PAR  11. The system as defined by claim 10 wherein said slow start control
      circuit comprises an RC charging circuit, operative to generate a third DC
      signal, coupled to said summing circuit.
NUM  12.
PAR  12. A modulator for modulating and controlling the average power output of
      an RF amplifier comprising in combination:
PA1  a comparator circuit having first and second inputs respectively coupled to
      receive a DC biased modulating input signal and a regularly repetitive
      variable amplitude reference signal and producing a substantially square
      wave signal consisting of a pulse train in which the width and
      consequently the duty cycle of the pulses are proportional to the
      instantaneous amplitude of said DC biased modulating signal relative to
      the amplitude of the reference signal;
PA1  input circuit means for providing said modulating input signal including
      means for providing said DC bias to produce said DC biased modulating
      input signal, said DC bias establishing a first DC position of said
      modulating input signal relative to said reference signal and accordingly
      a gross power output setting of said RF amplifier;
PA1  a waveform generator, for producing said regularly repetitive variable
      amplitude reference signal of a predetermined frequency, coupled to said
      second input of said comparator circuit, said waveform generator being
      operable in response to an initiating signal of said predetermined
      frequency and additionally receiving a control input signal for varying
      the amplitude of said reference signal;
PA1  control circuit means operable in response to a second power output setting
      of said RF amplifier, generating said control input signal including
      circuit means coupling said control input signal to said waveform
      generator; and
PA1  filter means coupled to receive said pulse train and produce therefrom a
      composite signal having an AC and a DC component with the DC component
      being primarily determined by the average duty cycle of said pulse train
      and the amplitude of the AC portion being determined by instantaneous duty
      cycle of said pulse train; and
PA1  means for coupling said composite signal to said RF amplifier such that the
      average power of the output signal of said RF amplifier is determined by
      said DC component and is modulated by said AC component.
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ABST
PAL  Existing CATV coaxial cable systems are found to present a transparent
      window, in both the upstream and downstream directions, to communications
      signals over a frequency band from 10-300KHz, whereby such signals follow
      the path of the 60Hz power signal throughout the system. Signals in this
      band do not interfere with the high frequency TV signals being
      transmitted, and are not subject to interference by such TV signals. This
      discovery is thus utilized to implement bi-directional communications
      between any two or more points linked by such a CATV system without
      requiring any substantial modifications or additions to the existing
      system components.
PAL  A specific application utilizes such a communications link to remotely
      control non-duplication switching in the head or antenna end of a CATV
      system.
PARN
PAR  This application is a continuation-in-part of patent application Ser. No.
      405,210, filed Oct. 10, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for effecting
      bi-directional communication within a given frequency band over an
      existing CATV coaxial cable system linking two or more remote points or
      stations.
PAR  2. Description of the Prior Art
PAR  With the advent in recent years of Community Antenna Television Systems,
      extensive and costly cable networks have been installed in many
      communities to link a central TV signal source, such as a mountain top
      antenna, to a plurality of remote subscribers. Once these cable networks
      are installed it is naturally tempting and desirable to utilize their
      signal carrying capacity to effect other forms of communication between
      the linked points or stations.
PAR  The presently used methods of providing such ancillary, bi-directional
      communications employ a radio frequency band of 5 - 32.5 MHz for upstream
      transmissions and the normal television carrier band of 50 - 300MHz for
      downstream transmissions. To enable such upstream carriage from a
      subscriber's home, for example, to a remotely located control center,
      additional equipment must be installed in the existing CATV system. Each
      downstream amplifier in the system must be provided with a diplexing
      filter to separate the 5 - 32.5MHz band from the 50 - 300MHz band, an
      upstream amplifier to compensate for the attenuation to the signal in the
      5 - 32.5MHz band, and a combiner to rejoin the two bands back onto the
      same cable. In a similar manner, filters must be provided at each bridging
      amplifier to route the 5 - 32.5MHz band from the off-trunk splitter,
      around the bridging amplifier, and into the upstream amplifier. These
      necessary modifications are both costly and troublesome, and thus
      represent a considerable drawback when using an existing CATV system for
      ancillary, bidirectional communications.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, it has been discovered that existing
      CATV systems present a transparent window, in both the upstream and
      downstream directions, to communications signals over a frequency band
      from 10 - 300KHz, whereby such signals follow the path of the 60Hz power
      signal throughout the system. Signals in this band do not interfere with
      the high frequency TV signals being transmitted and are not subject to
      interference by such TV signals. This discovery is thus utilized to
      implement bi-directional communications between any two or more points
      linked by such a CATV system without requiring any substantial
      modifications or additions to the existing system components.
PAR  Signal coupling into and out of the CATV cable is conveniently made through
      existing power inserters installed at various points throughout the system
      to couple in the necessary 60Hz power supplies, although other means of
      coupling the communications signals are certainly possible.
PAR  The active components in a CATV system include power coupling switches
      whereby the 60Hz power supply may be taken from the input side or the
      output side, and also passed on, either upstream or downstream, to the
      next active component. When an active component lies at the end of a
      powering run, a one microfarad capacitor is therefore coupled across the
      60Hz lines, as explained in greater detail below, in order to continue the
      otherwise broken path from the 10 - 300KHz communications signals. The
      power coupling switch in the adjacent end component is then set to the
      THRU position to eliminate any "dead" 60Hz cable, thereby completing the
      communications signal path.
PAR  In a specific application of the instant invention a communications link is
      provided to remotely control a non-duplication switching in the head or
      antenna end of CATV system. Commercially available non-duplication
      switchers are programmable switches whose function is to prevent the
      duplication of local or priority channel video on the CATV system by
      another channel carrying the same program. They are time controlled
      switches, and are typically set or programmed each week by a technician
      with the program schedules of the various stations received by the CATV
      system for the next week in hand. A typical non-duplication switcher is
      the Jerrold Program Commander Model PC-6 controlling the Jerrold model IF
      switcher. Since these non-duplication switchers are usually located at the
      antenna site, which is often in a remote area accessable only by very poor
      raods, the prior art procedure of setting them on-site each week entails
      substantial cost and inconvenience in terms of labor expenses and vehicle
      wear. According to the present invention the necessary programming and
      associated switching can efficiently and conveniently be done remotely, on
      a dialy basis if necessary, by simply transmitting the control signals
      upstream to the head end site over the indicated frequency band. A
      specific apparatus to implement such remotely controlled non-duplication
      switching is disclosed, which includes relay controlled tone generators to
      provide the necessary control signals in the communications band from 10 -
      300KHz, and decoders at the receiver end responsive to the frequencies
      developed by the tone generators.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 shows a block diagram of the major components of a typical CATV
      system including the additional equipment needed to implement upstream
      communications according to the prior art,
PAR  FIG. 2 shows a block diagram of the CATV system of FIG. 1 but incorporating
      an ancillary communications system according to the present invention,
PAR  FIG. 3 shows a more detailed block diagram of a communications system
      according to the present invention for implementing the remote control of
      a non-duplication switcher,
PAR  FIG. 4 shows a schematic circuit diagram of one of the switching and driver
      assemblies shown in FIG. 3,
PAR  FIG. 5 shows a schematic circuit diagram of a 60Hz power coupling switch
      for an amplifier shunted by a capacitor to complete the communications
      signal path, and
PAR  FIG. 6 shows a simplified schematic diagram of a power supply source
      coupled into the system through a low frequency signal isolation choke.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2 of the drawings, wherein the same reference
      numerals are used to designate like structural elements, a typical CATV
      coaxial cable system includes a head end or antenna site 12 feeding
      received, amplified, and possibly carrier switches r.f. signals to a
      plurality of subscriber taps 14 downstream. The essential system
      components include 60Hz power supply sources 16 coupled to the coaxial
      cable 18 through power inserters 20, trunk amplifiers 22, splitters 24 for
      branching out the cable network in pyramid fashion, bridger amplifiers 26,
      terminating bridger amplifiers 28, and extender amplifiers 30. A detailed
      description of the structure and operation of these components will not be
      presented since same form no part of the present invention, and is well
      known in the art. Suitable, commercially available examples of such
      components are listed, in the interests of completeness, as follows:
TBL                 FIGS. 1 and 2                                              
     ______________________________________                                    
     Power Inserter 20                                                         
                   C-COR Model (PS-1A)                                         
     Splitter 24   C-COR Model (SM-2)                                          
     Cable 18      ComScope (AL-75) 75 ohm coaxial                             
     Terminating Bridger                                                       
     Amplifier 28  AEL Communications Corp.                                    
                   Model (M4TB)                                                
                      FIG. 1 only                                              
     Trunk/Sub-band                                                            
     Amplifiers 22, 36                                                         
                   AEL Model (M4R)                                             
     Trunk/Sub-band/                                                           
     Bridger Amplifiers                                                        
     22, 26, 36    AEL Model (M4BR)                                            
     Extender/Sub-band                                                         
     Amplifiers 30, 36                                                         
                   AEL Model (M5ER)                                            
                      FIG. 2 only                                              
     Trunk Amplifier 22                                                        
                   AEL Model (M4)                                              
     Trunk/Bridger                                                             
     Amplifiers 22, 26                                                         
                   AEL Model (M4B)                                             
     Extender Amplifier 30                                                     
                   AEL Model (M5E)                                             
     ______________________________________                                    
PAR  In the prior art ancillary communications system shown in FIG. 1,
      downstream signals are transmitted over a 50 - 300MHz band, which is
      compatible with the CATV system since this is the band occupied by the
      carriers in the VHF channels. Upstream signals, for example from a
      subscriber outlet 32, are transmitted over a 5 - 32.5MHz band along a path
      shown in broken line form. As may be seen, additional equipment must be
      installed to implement the upstream transmission in the form of a
      diplexing filter 34 to separate the 5 - 32.5MHz band from the 50 - 300MHz
      band, sub-band amplifiers 36 to compensate for attenuation losses to the
      upstream signal, and combiners to rejoin the two bands back onto the cable
      18. All of these additional components have not been shown in the interest
      of simplicity, and it will be assumed that each sub-band amplifier also
      incorporates a diplexing filter at its input and a combiner at its output.
PAR  In the ancillary communications system of the present invention shown in
      FIG. 2, use is made of the discovery that signals in the 10 - 300KHz band
      see a transparent window and inherently follow the 60Hz power supply
      circuit in a CATV coaxial cable system in both the upstream and downstream
      directions. Signals in this band thus bypass the active components in the
      CATV system and do not in any way interfere with the r.f. signals being
      transmitted. The particular embodiment illustrated arbitrarily uses a
      lower portion of the total available band, from 100 - 200KHz, for upstream
      transmissions and an upper portion of the band, from 200 - 300KHz, for
      downstream transmissions, as shown by the directional arrows in FIG. 2.
      The communications signals propagate in all directions over the power
      supply path, as indicated by the broken line adjacent the cable 18. The
      small triangular arrowheads indicate exemplary communications signal
      inputs, while the chevron symbols designate outputs.
PAR  Although these communications signals may be transmitted between any two
      points or stations linked by the cable 18, FIG. 2 broadly shows an
      installation whereby signals originating at an encoder 34 may be
      transmitted upstream to a decoder 36 at the remote head end site to
      control the coaxial relays of a non-duplication switcher. The encoder 34
      and decoder 36 are conveniently coupled into the cable system through 60Hz
      power inserters 20. If no 60Hz source is coupled to the system at a
      location where a communications signal connection is desired, a separate
      power inserter may be easily installed for this purpose as generally
      indicated at 38. It will be noted that a 1.0 .mu.f capacitor 40 is coupled
      across the third trunk amplifier 22 from the head end 12. This amplifier
      is assumed to be the last one in a 60Hz powering run, and the details of
      the capacitor connection will be more fully described below with reference
      to FIG. 5.
PAR  It is not known with certainty why existing CATV systems, whose
      specifications are well standardized by both industry and the Federal
      Communications Commission, present this transparent window to
      communications signals in the 10 - 300KHz band, and indeed a detailed
      analysis would be extremely difficult since the circuit parameters
      associated with any high frequency transmission line system are many and
      complex. No such analysis will be attempted herein since same is not
      necessary for an understanding or an implementation of the present
      invention.
PAR  Turning now to FIG. 3, the encoder 34 may, for example, have six inputs,
      each one being coupled to ground through a coil 42 of a 24 volt d.c. relay
      44. When a selected coil 42 is energized by an appropriate input signal
      its associated relay switch is closed which couples a tone generator 46 to
      a class A output amplifier 48 through a combining resistor 50. Each tone
      generator 46 produces an individual signal within the prescribed upstream
      frequency band from 100 - 200KHz.
PAR  The encoder inputs are plug connected via a multi-wire cable to the outputs
      of the Jerrold Program Commander model PC-6 or similar device, not shown,
      programmed to apply a 24 volt d.c. signal to a selected one or ones of its
      output terminals at a desired time.
PAR  The output amplifier 48 is a complimentary pair driver stage capable of
      delivering sufficient power into the low impedance load that is exhibited
      at frequencies of 10 - 300KHz by a typical CATV coaxial cable system. The
      amplifier output level is set by a level adjuster 52 and passed through an
      entrance filter 54. The latter provides about 63 db of isolation between
      the 60Hz power signal in the coaxial system and the amplifier output
      signal. The amplified, level adjusted, and filtered tone generator signals
      are coupled to the coaxial system through a power inserter 20 as shown in
      FIG. 2, and travel through the system over the 60Hz power path to the
      decoder 36 at the head end site, where they are received and recovered.
PAR  The decoder 36 comprises, in sequence, an exit filter 56, a surge limiter
      58, a preamplifier 60, a level adjuster 62, tone decoders 64, 115 volt
      a.c. switching and driver assemblies 66, and an output terminal block 68.
      Only six tone generators and six tone decoders are shown in FIG. 3 due to
      the availability of only six outputs on commercially available
      non-duplication switchers. More tone channels may easily be used, if
      desired, with the total number being limited only by the available
      bandwidth of 10 - 300KHz.
PAR  The exit filter 56 isolates the 60Hz power signal from the communications
      signal by attenuating a 60Hz sinusoidal waveform about 200 db. The
      attenuation of a 60HZ square wave applied to the filter is still about 66
      db, thus ensuring sufficient signal separation even if the 60Hz signal is
      highly distorted. Any 60Hz spikes or surges are clipped by the surge
      limiter 58 to about 0.7 volt, thus protecting the input of the
      preamplifier 60.
PAR  The preamplifier 60 is preferably an operational amplifier externally
      compensated to attenuate high frequency signals, and provides
      approximately 40 db of gain for the desired communications signals. The
      level adjuster is set to provide a signal amplitude of approximately 0.8
      volt to the tone decoders 64.
PAR  Each tone decoder 64 is preferably a phase locked loop integrated circuit
      set to free run or oscillate at the frequency of its corresponding tone
      generator 46 in the encoder. Thus, the uppermost tone decoder marked A' in
      FIG. 3 responds to the uppermost tone generator marked A, decoder B'
      responds to generator B, and so on. Each decoder has a capture range, or
      bandwidth, set by an external capacitor, and an output that is normally at
      a logic "1" level. When a tone decoder locks onto a signal in its capture
      range its output switches to a logic "0" which triggers the associated
      switching and driver assembly 66. The latter in turn applies 115 volt a.c.
      across the associated decoder outputs in the terminal block 68, which
      energizes the Jerrold model IF switch or similar coaxial relay, not shown,
      which switches and thereby applies a different video signal to a
      particular TV channel of the coaxial system. Indicator lamps 70 may be
      provided, if desired, to visually signal the triggering of a selected
      decoder channel.
PAR  The details of a suitable switching and driver assembly 66 are shown in
      FIG. 4. When decoder 64 in the A - A' channel senses an input in its
      capture range from the corresponding tone generator 46 in the encoder, its
      output drops from the normal logic "1" level, which is equal to + Vc, to a
      logic "0" level. This applies a potential of + Vc across the lamp 72 to
      illuminate it, and the light therefrom reduces the resistance of the
      photocell 74 by a sufficient amount to apply a triggering and holding
      current to the gate of the Triac 76. The latter then becomes conductive,
      which applies the 115 volt a.c. signal across the decoder output terminals
      78 of channel A - A'.
PAR  FIG. 5 illustrates the manner in which 60Hz power is coupled to an active
      component in a CATV system, such as a trunk amplifier 22. The 60Hz signal
      in the cable 18 is blocked from the amplifier at both the input and output
      sides by suitable tank circuits or filters 80, and shunted through a
      by-pass line 82 which includes a four position coupling switch 84
      connected in series. The by-pass line 82 also includes choke coils and
      capacitors 85 at both ends to block the high frequency r.f. signals while
      passing the 60Hz power signal and the 10 - 300KHz communications signal.
      When the switch 84 is set in the OUT position as shown, as when the
      amplifier 22 is at the beginning of a powering run, 60Hz power is taken
      from the output side. Conversely, if the amplifier is at the end of a
      powering run the switch 84 would be set in the IN position to derive 60Hz
      power from the input side. If the amplifier is intermediate the ends of a
      powering run the switch 84 would be set to the THRU position to tap off
      power from the amplifier and pass it through to the next component in the
      chain.
PAR  When the switch 84 is in either the IN or OUT positions the 60Hz path,
      which the communications signals follows, is broken, and it therefore
      becomes necessary to connect a 1.0 .mu.f capacitor 40 across the IN and
      OUT terminals of the switch to bridge the gap and complete the
      communications path. At the same time, the power coupling switch of the
      next adjacent component, the next upstream component for the case shown in
      FIG. 5, must be set to the THRU position to eliminate any dead legs in the
      60 Hz path. The power coupling switch of the next upstream component,
      which would be at the end of the preceding powering run, would otherwise
      normally be set to the IN position.
PAR  With certain types of amplifiers, there may be an insufficient amount of
      isolation presented to the 10 - 300KHz band by the input to the amplifier
      power supply. In such cases it is necessary to incorporate a choke coil 86
      connected in series between the THRU terminal of the coupling switch 84
      and the power supply input terminal of the amplifier 22 in order to block
      the 10 - 300KHz communications signal from the amplifier. Such a choke
      coil is shown in FIG. 5, and preferably has an inductance of approximately
      250.mu.h.
PAR  When using a relatively low frequency communications signal, in the range
      from 10 - 50KHz, it is also preferable to provide additional power supply
      isolation. This may also take the form of a choke coil 88 of approximately
      250.mu.h connected in series between each power supply source 16 and its
      associated power inserter 20, as shown in FIG. 6. If an encoder or decoder
      is present, it would be coupled to the 60Hz power supply line between the
      choke coil and the power inserter.
PAR  Although the specific disclosed use of the invention relates to the remote
      programming of a non-duplication switcher, it is to be understood that the
      invention is by no means limited thereto but is broadly applicable to
      implementing general communications between any two or more points linked
      by a CATV coaxial cable system over a frequency band of 10 - 300KHz.
      Likewise, the communications signals are not limited to pure tone signals
      but may take any appropriate form within the prescribed frequency band,
      including both analog and digital signals.
PAR  The potential use for this invention include alarm and emergency signaling
      systems between subscribers and a central monitoring facility, a retail
      shopping service wherein orders are communicated by the invention to a
      central ordering and delivery facility, national defense communications,
      etc. Furthermore, it is to be understood that the principals of this
      invention apply with equal facility to CATV systems energized by 50Hz
      power supplies, as is used in many foreign countries. Additionally,
      although only three communications signal input - output stations have
      been shown in FIG. 2, any number of such stations could be employed
      provided that sufficient separation is maintained between their assigned
      communications signal frequencies within the indicated band. If digital
      coding is employed with each station being assigned a discrete address,
      then any number of stations can be accommodated on a time sharing basis.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for implementing ancillary communications between two or more
      points linked by a CATV coaxial cable system including a transmitting
      antenna site, a plurality of remote subscriber sites, coaxial cable means
      linking the transmitting/antenna site to each of the subscriber sites, a
      plurality of active and passive circuit components connected in the cable
      means to implement r.f. signal amplification, signal branching, etc., and
      at least one alternating current power supply source coupled to the cable
      means to supply electrical operating power to the active circuit
      components, said CATV coaxial cable system including at least one input
      station and at least one output station remotely located from one another
      at respective ones of said points, said method utilizing a frequency
      window of 10-300 KHz in said CATV coaxial cable system and comprising the
      steps of:
PA1  a. generating a communications signal in the frequency band from 10-300
      KHz,
PA1  b. coupling the communications signal to the coaxial cable means at said
      input station, said communications signal being bi-directionally
      propagated over the path followed by the power supply signal and
      by-passing those circuit components which implement r.f. signal
      amplification, and
PA1  c. receiving the communications signal at said output station on the
      coaxial cable means.
NUM  2.
PAR  2. A method as defined in claim 1 further comprising capacitively coupling
      the communications signal across any gaps that may be present in the power
      supply signal path within the coaxial cable system.
NUM  3.
PAR  3. A method as defined in claim 1 wherein there are a plurality of input
      stations and output stations and communications signals coupled to the
      coaxial cable means at the input stations are propagated in both the
      upstream and downstream directions, the upstream direction being toward
      the transmitting/antenna site and the downstream direction being away from
      the transmitting/antenna site, and further comprising generating
      communications signal for upstream propagation and reception in a first
      portion of the frequency band from 10-300 KHz and generating
      communications signal for downstream propagation and reception and a
      second, different portion of said frequency band, said first and second
      portions constituting said frequency band.
NUM  4.
PAR  4. A method for implementing the remote control of the relay switches of a
      non-duplication switcher in a CATV coaxial cable system including a
      transmitting/antenna site, at which the relay switches are located, a
      plurality of remote subscriber sites, coaxial cable means linking the
      transmitting/antenna site to each of the subscriber sites, a plurality of
      active and passive circuit components connected in the cable means to
      implement r.f. signal amplification, signal branching, etc., and at least
      one alternating current power supply source coupled to the cable means to
      supply electrical operating power to the active circuit components, said
      CATV coaxial cable system including at least one output station located at
      said transmitting/antenna site and at least one input station remotely
      located from said transmitting/antenna site, said method utilizing a
      frequency window of 10-300 KHz in said CATV coaxial system and comprising
      the steps of:
PA1  a. selectively generating control signals for the relay switches in the
      frequency band from 10-300 KHz at said input station remote from the
      transmitting/antenna site,
PA1  b. coupling the control signals to the coaxial cable means at the remote
      input station, said control signals being propagated to the
      transmitting/antenna site over the path followed by the power supply
      signal and by-passing those circuit components which implement r.f. signal
      amplification,
PA1  c. receiving the control signals at the transmitting/antenna site, and
PA1  d. controlling the relay switches in response to the received control
      signals.
NUM  5.
PAR  5. A method as defined in claim 4 further comprising capacitively coupling
      the control signal across any gaps that may be present in the power supply
      signal path within the coaxial cable system.
NUM  6.
PAR  6. A method as defined in claim 5 wherein the control signals comprise a
      plurality of discrete tone signals, the generating step comprises
      generating selected tone signals in accordance with a predetermined time
      program, and the receiving step comprises detecting the presence of said
      tone signals in the propagation path of the power supply signal.
NUM  7.
PAR  7. An apparatus for implementing ancillary communications between two or
      more points linked by a CATV coaxial cable system including a
      transmitting/antenna site, a plurality of remote subscriber sites, coaxial
      cable means linking the transmitting/antenna site to each of the
      subscriber sites, a plurality of active and passive circuit components
      connected in the cable means to implement r.f. signal amplification,
      signal branching, etc., and at least one alternating current power supply
      source coupled to the cable means to supply electrical operating power to
      the active circuit components, said CATV coaxial cable system including at
      least one input station and at least one output station remotely located
      from one another at respective ones of said points, said ancillary
      communication between said two or more points utilizing a frequency window
      of 10-300 KHz in said CATV coaxial system and comprising:
PA1  a. means for generating a communications signal in the frequency band from
      10-300 KHz,
PA1  b. means for coupling the communications signal to the coaxial cable means
      at said input station, said communications signal being bi-directionally
      propagated over the path followed by the power supply signal and
      by-passing those circuit components which implement r.f. signal
      amplification, and
PA1  c. means for receiving the communications signal at said output station on
      the coaxial cable means.
NUM  8.
PAR  8. An apparatus as defined in claim 7 further comprising capacitor means
      connected across any gaps that may be present in the power supply signal
      path within the coaxial cable system to thereby complete the propagation
      path for the communications signal.
NUM  9.
PAR  9. An apparatus for implementing the remote control of the relay switches
      of the non-duplication switcher in a CATV coaxial cable system including a
      transmitting/antenna sight, at which the relay switches are located, a
      plurality of remote subscriber sites, coaxial cable means linking the
      transmitting/antenna site to each of the subscriber sites, a plurality of
      active and passive circuit components connected in the cable means to
      implement r.f. signal amplification, signal branching, etc., and at least
      one alternating current power supply source coupled to the cable means to
      supply electrical operating power to the active circuit components, said
      CATV coaxial cable system including at least one output station located at
      said transmitting/antenna site and at least one input station remote from
      said transmitting/antenna site said apparatus for implementing the remote
      control of said relay switches utilizing a frequency window of 10-300 KHz
      in said CATV coaxial system and comprising:
PA1  a. means for selectively generating control signals for said relay switches
      in the frequency band from 10-300 KHz at said input station remote from
      the transmitting/antenna site,
PA1  b. means for coupling the control signal to the coaxial cable means at said
      remote input station, said control signals being propagated to the
      transmitting/antenna site over the path followed by the power supply
      signal and by-passing those circuit components which implement the r.f.
      signal amplification,
PA1  c. means for receiving the control signals at said output station at the
      transmitting/antenna site, and
PA1  d. means connected to said receiving means for applying control signals to
      said relay switches in response to the received control signals.
NUM  10.
PAR  10. An apparatus as defined in claim 9 wherein the selective generating
      means comprises a plurality of discrete tone signal generators, each
      having a different frequency within the band from 10 - 300KHz, and means
      for coupling the outputs of selected tone signal generators to the coaxial
      cable means in accordance with a predetermined time program, and the
      receiving means comprises a like plurality of tone decoders each
      responsive to a particular tone signal from one of the tone signal
      generators.
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PAL  An automatic digital modem receiving an input analog signal samples the
      input signal to provide a random multilevel data signal. This multilevel
      signal is equalized and phase corrected so that the characteristics of the
      modem are substantially synchronized with the characteristics of the input
      analog signal. A system error signal which is responsive to the random
      multilevel data signal is averaged to provide a synchronization quality
      signal. When the synchronization quality signal degrades to a
      predetermined magnitude, a restart signal adjusts the sampling, the
      equalization, and the phase correction of the modem to reduce the
      magnitude of the synchronization quality signal. The associated method
      includes the steps of adjusting only the phase correction of the modem for
      a particular interval of time and then jumping the sampling of the modem
      if the synchronization quality signal has not been reduced below the first
      predetermined magnitude.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to digital data modems and more
      specifically to apparatus responsive to a random multilevel data signal
      for synchronizing the characteristics of such a modem with the
      characteristics of an input analog signal.
PAR  2. Description of the Prior Art
PAR  Multipoint communication networks typically include a master station having
      a transmitter and a receiver which communicates through a channel with a
      plurality of slave stations also having a transmitter and a receiver. In
      these networks, the channel is typically a telephone party line connecting
      the master station with all of the slave stations. The line between the
      master station and a specific slave station has individual characteristics
      which affect differently the signals transmitted to or from other slave
      stations.
PAR  The signal transmitted to usually an analog signal which is sampled to
      provide a random multilevel data signal in the receiver. The analog signal
      has timing, phase, and line characteristics which are preferably matched
      by the receiver in order to provide for the detection of the data in the
      incoming signal. If these characteristics of the receiver are not
      adequately synchronized with the characteristics of the input analog
      signal, the data detected by the receiver is inaccurate and therefore
      useless.
PAR  When a receiver falls out of synchronization with the incoming signal, it
      is desirable to restart or resynchronize the receiver. In some systems of
      the prior art, this has been accomplished by stopping the normal data
      transmission and substituting a predetermined, usually bilevel, data
      sequence. In response to this known data sequence, the receiver has
      determined the timing and phase error and adjusted the associated
      characteristics of the receiver to provide the desired synchronization.
PAR  Although these systems which provide for the transmission of a known data
      sequence can provide rapid synchronization, they may not be desirable in a
      particular multipoint communication network where it is not convenient to
      stop the flow of normal data. In a specific system, for example, a master
      station might communicate simultaneously with hundreds of slave stations
      to transmit data associated with a weather report. If the receiver at one
      of the slave stations were to fall out of synchronization with the
      incoming signal, it would clearly be undesirable to stop all data
      transmission merely to synchronize the one receiver. This would severely
      reduce the data throughput of the system since all of the receivers would
      have to wait for the one receiver to synchronize.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention a modem is provided with a control network which
      is responsive to a random multilevel data signal to synchronize the
      characteristics of the modem with the characteristics of the incoming
      signal. No special data sequence is transmitted by the transmitter so that
      the normal flow of data can continue. Thus the particular receiver which
      has fallen out of synchronization can bring itself back into
      synchronization without interrupting the transmission of normal data to
      the receivers at the other slave stations.
PAR  In the present invention, the system error signal is averaged over a
      particular interval of time to provide a synchronization quality signal.
      This quality signal is continuously monitored and when its magnitude
      reaches a particular level indicative of poor synchronization, a restart
      signal is generated. In response to the restart signal, the phase
      characteristics of the receiver are first adjusted for a particular
      interval of time. Then if the magnitude of the quality signal has not been
      reduced below the particular level, the timing of the sampler is jumped.
      This adjustment of the phase characteristics followed by a timing jump can
      continue for a particular interval of time until the magnitude of the
      quality signal is reduced below the particular level.
PAR  At this point normal adjustment of the characteristics of the modem can
      continue. If these normal adjustments do not further reduce the magnitude
      of the quality signal below a second particular level, the timing of the
      sampler can again be jumped. In a particular method, these steps will
      iterate for the particular interval of time. If the magnitude of the
      quality signal is not reduced below the second predetermined level within
      the particular interval of time, an alarm can be activated.
PAR  Of particular advantage to the present invention is the individual updating
      of the receiver parameters in sequence instead of simultaneously. Since
      the modem is decision-directed, incorrect decisions of the incoming data
      will detune rather than improve the characteristics of the receiver. If
      the sampling time is approximately correct, the phase lock loop will
      converge if it is adjusted alone. Then after the phase lock loop has
      converged, the probability of wrong decisions of incoming data is
      significantly reduced. Only then is the equalization and timing of the
      receiver updated so that eventually the receiver is returned to normal,
      synchronized operation.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a multipoint communication network including a
      master station and a plurality of slave stations each including a
      transmitter and a receiver of the present invention;
PAR  FIG. 2 is a block diagram of a typical embodiment of one of the
      transmitters illustrated in FIG. 1;
PAR  FIG. 3 is a block diagram of a preferred embodiment of one of the receivers
      illustrated in FIG. 1 and which includes a synchronization quality signal
      generator and a master restart control of the present invention;
PAR  FIG. 4 is a block diagram of one embodiment of the synchronization quality
      signal generator of the present invention;
PAR  FIG. 5 is a flow chart illustrating the timing of various control functions
      in a preferred embodiment of the invention; and
PAR  FIG. 6 is a block diagram of one embodiment of the master restart control
      illustrated in FIG. 3.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A multipoint communication network is illustrated in FIG. 1 and designated
      generally by the reference numeral 11. The communication network 11
      includes a master station 13 and a plurality of slave stations 15, 17, and
      19 which transmit data over telephone lines 21 and 23. The master station
      13 typically includes a business machine 25 and a modem characterized by a
      transmitter 27 and a receiver 29. The business machine 25 interfaces with
      the telephone line 21 through the transmitter 27 and interfaces with the
      telephone line 23 through the receiver 29.
PAR  In this type of communication network 11, each of the slave stations 15,
      17, and 19 includes a business machine 31 and a modem characterized by a
      transmitter 33 and a receiver 35. At each of the slave stations 15, 17,
      and 19, the business machine interfaces with the telephone line 23 through
      the associated transmitter 33, and interfaces with the telephone line 21
      through the associated receiver 35. Although only three slave stations 15,
      17, and 19 are illustrated in FIG. 1, it will be understood that the
      communication network 11 can include a large number of slave stations.
PAR  The telephone lines 21 and 23 may be those designated by the Bell System as
      unconditional telephone channels. These channels are lease lines which
      include a pair of wires for each of the telephone lines 21 and 23. The
      modems at each of the master and slave stations 13, 15, 17, and 19 can be
      of the type disclosed and claimed in applicant's copending application
      Ser. No. 324,657 entitled AUTOMATIC DIGITAL MODEM filed on Jan. 18, 1973,
      and assigned of record to the assignee of record of the present
      application.
PAR  The procedure for transmitting data in such a communication network 11
      begins when the master station 13 selectively polls each of the slave
      stations 15, 17, and 19 to determine if there is any data to be
      transmitted. If the business machine 31 in the slave stations 15, 17, and
      19 has no data to send, it typically responds to the poll by transmitting
      a "not acknowledge" signal. In the American Standard Code for Information
      Interchange, such a signal is encoded NAK. Even though this message may be
      very short, the receiver 29 at the master station 13 must still adapt or
      synchronize to the characteristics of the incoming signal before it can
      accurately receive this signal or any data. These characteristics of the
      incoming signal vary with the chracteristics of the channel 23. Since the
      telephone channel 23 differs for each of the slave stations 15, 17, and
      19, it follows that the characteristics of the signal incoming to the
      receiver 29 will also differ for each of the slave stations 15, 17, and
      19.
PAR  The receivers 35 at the slave stations 15, 17, and 19 are "on line" at all
      times. In other words, the transmitter 27 at the master station 13 is
      connected at all times through the telephone line 21 to each of the
      receivers 35 at the slave stations 15, 17, and 19. When the receivers 35
      are initially turned on, they typically undergo considerable adaptation in
      order to synchronize with the characteristics of the incoming signal.
      Since the telephone channel 21 will not differ for a given one of the
      receivers 35, these receivers will typically remain synchronized.
      Nonetheless, the characteristics of the signals in the telephone line 21
      can vary and in some cases the characteristics of the receiver 35 will
      gradually fall out of synchronization with the incoming signal.
PAR  In some systems, when a receiver, such as the receiver 35, falls out of
      synchronization, the flow of normal data from the transmitter 27 to the
      receiver 35 has been inhibited in favor of a start-up data sequence. In
      another system, this start-up data sequence has consisted of alternating
      pairs of +3's and -3's. This bi-level data sequence has produced known
      characteristics in the receiver 35 so that the timing, equalization, and
      phase correction of the receiver 35 could be computed and corrected to
      provide synchronization. Unfortunately the interruption of the normal data
      transmission in the telephone channel has significantly reduced the data
      throughput of the systems of the prior art. Not only is the data
      interrupted to the particular receiver 35 which is out of synchronization,
      but is also interrupted to all of the other receivers 35 at the remaining
      slave stations 15, 17, and 19.
PAR  FIG. 2 illustrates in greater detail one of the transmitters, such as the
      transmitter 27, shown in FIG. 1. Following the associated business machine
      25, the transmitter 27 includes an encoder 37 which is adapted to receive
      digitized data from the business machine 25 at a particular rate, such as
      2400 bits per second or 4800 bps. Within the encoder 37, the incoming data
      is randomized, differentially encoded, and separated into an in-phase or I
      channel and a quadrature or Q channel.
PAR  At the output of the encoder 37, the signals in the I and Q channels
      include digital words or symbols dI.sub.j and dQ.sub.j, respectively,
      where the sub j implies the jth data symbol. Each of the data symbols
      dI.sub.j and dQ.sub.j expresses one of a plurality of data levels, the
      number of which depends on the speed of operation. For example if data is
      being transmitted at a rate of 2400 bps, the digital symbols will
      typically express data levels of .+-. 1. For 4800 bps operation, the
      symbols will typically express one of four levels such as .+-. 3 and .+-.
      1. The digital symbols will typically occur at the sample rate of 1200 per
      second so that the interval of time between adjacent symbols is 1/1200
      seconds. This interval is commonly referred to as the baud interval and
      the sample rate is commonly referred to as the baud rate. At the baud rate
      of 1200 symbols per second, the throughput of the modem is 1200 symbols
      per second, times two bits per symbol, times two channels or 4800 bps.
PAR  Properly encoded, the input data symbols can be introduced to a pair of
      digital lowpass filters 41 and 43 in the I and Q channels respectively.
      These filters 41 and 43 in combination with similar filters in the
      receiver 35 can be tuned to provide this system with (1, ) partial
      response signaling. This characteristic, as well as many of the other
      features of the receiver 35, is explained in greater detail in copending
      application Ser. No. 324,657 entitled AUTOMATIC DIGITAL MODEM and assigned
      of record to the assignee of record of the present application.
PAR  After being appropriately filtered, the signals in the I and Q channels can
      be introduced to multipliers 42 and 44, respectively, wherein they are
      multiplied at a carrier frequency, such as 1600 Hertz, by digital
      quantities from a sine/cosine ROM 45. These modulated signals can then be
      combined in an adder 47, converted to analog format in a digital-to-analog
      converter 49, and smoothed by an analog lowpass filter 51. In its analog
      format, the signal is then sent to the telephone line 23.
PAR  The characteristics of the signal transmitted on the telephone line 21 may
      be altered to a greater or lesser extent depending on the quality of the
      line 21. For example, the line 21 may cause the entire data spectrum to
      shift; this is typically referred to as frequency offset. If the telephone
      line 21 is of poor quality, it will typically produce phase jitter so that
      the carrier phase of the received signal varies in a sinusoidal manner
      with respect to the carrier phase of the transmitted signal. There may
      also be an initial difference between the carrier phase of the transmitter
      27 and the carrier phase of the receiver 35. This is commonly referred to
      as phase offset.
PAR  The telephone line 21 will also typically produce asymmetrical as well as
      symmetrical delay and attenuation distortion. This distortion is based on
      the treatment the telephone line 21 gives each particular frequency in the
      spectrum with respect to the carrier frequency For example, some of the
      frequencies of the spectrum will experience a greater delay than other
      frequencies in the spectrum. Similarly, the telephone line 21 may
      attenuate some frequencies more than others. It is, of course, desirable
      that the receiver 35 be able to compensate for all of these undesirable
      characteristics of the telephone line 21 in order to minimize the
      differences between the characteristics of the signal received and the
      characteristics of the signal transmitted.
PAR  The receiver 35 is illustrated in greater detail in FIG. 3. This receiver
      35 has properties for adapting to the characteristics of a channel, such
      as the telephone line 21, in response to random multilevel data. Thus the
      particular receiver 35 which has fallen out of synchronization with the
      incoming signal can resynchronize using the multilevel data of the
      incoming signal. The normal data sequence transmitted from the transmitter
      27 need not be interrupted in favor of a special data sequence so that the
      remaining receivers 35 in the network 11 can continue to receive
      meaningful data. Although the receiver 29 can also be of the type
      illustrated in FIG. 3, the multilevel synchronization characteristics of
      the present invention are particularly desirable for the receivers 35
      which will be out of synchronization less frequently than the receiver 29
      in the master station 13.
PAR  The receiver 35 can be of the general type disclosed and claimed in the
      copending application Ser. No. 324,657 previously mentioned. Thus the
      receiver 35 will typically receive the input analog signal from the
      telephone line 21 and will pass this signal through an analog bandpass
      filter 63 and an automatic gain control 65. The bandpass filter 63 selects
      the desired passband and the automatic gain control 65 provides the
      desired signal level. An analog-to-digital converter or sampler 67 is
      provided to sample the incoming analog signal at a rate, such as 4800
      times per second, corresponding to some multiple of the symbol or baud
      rate of the transmitter 27.
PAR  It will be noted that in this embodiment the signals throughout the
      remainder of the receiver 29 have a digital format.
PAR  The digital signal from the sampler 67 can be separately multiplied in each
      of a pair of multipliers 69 and 71 by a sine/cosine ROM 73. In this
      manner, the signal can be noncoherently demodulated and separated into an
      I channel and a Q channel in the receiver 35.
PAR  From the multipliers 69 and 71, the signals can be introduced to a pair of
      digital lowpass filters 75 and 77 in the respective I and Q channels to
      select the desired baseband for the demodulated signals. It is the filters
      75 and 77 in the receiver 29 which are tuned with the filters 41 and 43 in
      the transmitter 33 to provide the (1, 1) partial response signaling.
PAR  Following the filters 75 and 77, the two baseband signals in the I and Q
      channels which are commonly designated XI and XQ, respectively, can be
      introduced to an equalization network 79. This network 79 corrects for the
      asymmetrical as well as the symmetrical delay and attenuation distortion
      caused by the telephone line 21. The network 79 includes a pair of
      transversal equalizers for each of the I and Q channels. Each of these
      equalizers includes a plurality of taps sequentially multiplying the
      digital words in the XI and XQ signals by a variable multiplying
      coefficient. The resulting products are combined to provide the YI' and
      YQ' signals.
PAR  The equalized signals, which are commonly designated YI' and YQ', can then
      be introduced to a phase correction network 81 which compensates for the
      frequency offset, phase offset, and phase jitter of the incoming signal.
      At the output of the phase correction network 81, the equalized and phase
      corrected signals in the I and Q channels are usually designated YI and YQ
      respectively.
PAR  Following phase correction, the signals in the I and Q channels can be
      separately detected in a pair of slicers or detectors 83 and 85,
      respectively, and introduced to an error calculator 87 along with the
      signals from the phase correction network 81. At the output of the
      detectors 83 and 85, the detected signals are commonly designated DI and
      DQ. These signals DI and DQ can be expressed in terms of the data dI.sub.j
      and dQ.sub.j as follows:
EQU  DI.sub.j = dI.sub.j + dI.sub.j.sub.-1
EQU  DQ.sub.j = dQ.sub.j + dQ.sub.j.sub.-1
PAL  It follows that if the data symbols dI.sub.j and dQ.sub.j have one of four
      levels, such as .+-. 1 and .+-. 3, the detected symbols DI.sub.j and
      DQ.sub.j will have one of seven levels, such as zero, .+-. 2, .+-. 4, and
      .+-. 6. This type of operation is commonly referred to as 4/7 Operation.
PAR  Each of the signals XT and XQ, YI' and YQ', YI and YQ, and DI and DQ have a
      digital format. Each of these signals consists of a plurality of digital
      words or symbols each having digital characteristics which express one of
      a plurality of levels. During the transmission of normal data, these
      levels will appear at random depending on the data transmitted. As used
      herein, these signals will be referred to collectively as random
      multilevel data signals.
PAR  In the preferred embodiment, the error calculator 87 provides a system
      error signal for updating the sampling time of the sampler 67, the
      equalization of the network 79, and the phase correction of the network
      81. It is of particular advantage to the receiver 35 that with the
      provision of a single error calculator 87 which relies solely upon
      incoming data, the timing, equalization, and phase correction of the
      receiver 35 can be corrected to compensate for the deficiencies of the
      incoming signal. With the correction of these characteristics, the data
      detected by the detectors 83 and 85 can be introduced to a decoder 89
      wherein the signals are differentially decoded, derandomized and
      introduced to the business machine in the associated slave stations 15,
      17, and 19.
PAR  The error calculator 87 provides the system error signals EI and EQ in the
      respective I and Q channels. These signals can be expressed as follows:
EQU  EI = YI - DIl.sub.o
PAL  and
EQU  EQ = YQ - DQl.sub.o
PAL  where
PA1  YI and YQ are the equalized, phase corrected signals in the respective I
      and Q channels.
PA1  DI and DQ are the partial response detected signals; and
PA1  l.sub.o is an updated estimate of the first sample value of the impulse
      response of an ideal (1, 1) partial response signal which is commonly
      referred to as l.sub.o.
PAR  It will be noted that the system error signals EI and EQ have magnitudes
      which are dependent upon the degree to which the equalized and phase
      corrected signals YI and YQ differ from the ideal values of these signals
      DIl.sub.o and DQl.sub.o respectively. It will also be noted that the YI
      and YQ signals and the DI and DQ signals are random multilevel data
      signals as previously discussed.
PAR  An equalization control network 91 is responsive to the error signals EI
      and EQ and the detected signals DI and DQ to provide equalization error
      signals which control the taps of the equalization network 79. This
      equalization network 91 is discussed generally in the patent application
      Ser. No. 324,657 and more specifically in a copending application of the
      present inventors, Ser. No. 405,290 entitled EQUALIZER and assigned of
      record to the assignee of record of the present application.
PAR  These equalization error signals are introduced to a decision threshold
      control 93 which generates the quantity l.sub.o. This quantity l.sub.o is
      used to establish thresholds for the detectors 83 and 85 and is also used
      to calculate the system error terms EI and EQ as previously discussed.
PAR  A timing control network 94 can be made responsive to the EI and EQ signals
      from the error calculator 87 to control the timing of the sampler 67. The
      timing control network 94 is discussed generally in the patent application
      Ser. No. 324,657 and more specifically in a copending application of the
      present inventors Ser. No. 405,574,  entitled DIGITAL MODEM WITH AUTOMATIC
      TIMING AND CONTROL assigned of record to the assignee of record of the
      present application.
PAR  The timing control network 94 can also be of the type responsive to a
      particular signal in the equalization network 79 as disclosed in a
      copending application of the present inventors Ser. No. 505,052 entitled
      TIMING RECOVERY FOR AUTOMATICALLY EQUALIZED DATA MODEM assigned of record
      to the assignee of record of the present application.
PAR  The signals YI' and YQ' which appear between the equalization network 79
      and the phase correction network 81 in the respective I and Q channels
      have an undesirable phase angle .phi. which results from a difference in
      the carrier phase angles of the transmitter 27 and receiver 35. In order
      to correct this phase angle .phi., the phase correction network 81
      introduces the signal YI' to a pair of multipliers 95 and 97 and
      introduces the signal YQ' to a pair of multipliers 99 and 101. In the
      multipliers 95 and 101, the respective YI' and YQ' signals are multiplied
      by a quantity cosine .phi.'. Similarly in the multipliers 97 and 99, the
      respective signals YI' and YQ' are multiplied by a quantity - sine .phi.'.
      The products of the multipliers 95 and 99 are combined in an adder 103 to
      produce the YI signal, and the products from the multipliers 97 and 101
      are combined in a differential adder 105 to produce the YQ signal.
PAR  The quantities cosine .phi.' and - sine .phi.' are provided by a
      sine/cosine ROM 107. The angle .phi.' is an updated estimate of the
      undesirable phase angle .phi. and is generated by a filter 109 in response
      to an error term E.sub.PLL provided by the error calculator 87. For small
      differences between .phi. and .phi.', the error term E.sub.PLL is equal to
      .phi. - .phi.' or .DELTA..phi.. A loop provided by the phase correction
      network 81, the detectors 83, 85, the error calculator 87, and the filter
      109, is commonly referred to as the phase lock loop.
PAR  The present invention is concerned primarily with restart control apparatus
      for automatically synchronizing the characteristics of the receiver 35
      with the characteristics of the incoming signal. The restart control
      apparatus includes a generator 117 which is responsive to the magnitude of
      at least one of the system error signals EI and EQ from the error
      calculator 87 to provide a synchronization quality signal W. This signal W
      together with threshold signals l.sub.o /2 and l.sub.o /4 from the
      decision threshold control 94 provide inputs to a master restart control
      119. The master restart control 119 is clocked by pulses from a timer or
      clock 121. A pair of indicators such as the lights 129 and 131 can be
      alternatively activated by the master control 119 to signal normal and
      restart operation of the receiver 35. For example, the light 129 can be
      activated to indicate normal operation of the receiver 35 and the light
      131 can be activated to indicate operation in accordance with the restart
      procedure disclosed herein.
PAR  In response to a synchronization quality signal W of a particular
      magnitude, the master restart control 119 provides a signal on a conductor
      123 which is introduced to the decision threshold control 93 to control
      the magnitude of the quantity l.sub.o. Similarly a control signal on a
      conductor 125 can be introduced to the equalization control network 91 to
      control the multiplying coefficients of the taps in the equalization
      network 79. The master restart control 119 may also provide a control
      signal on a conductor 127 which is introduced to the timing control
      network 94 to control the timing of the sampler 67.
PAR  The system error signal EI is indicative of the synchronization of the
      receiver 35 with respect to a particular symbol in the YI signal. Thus the
      EI signal is indicative of synchronization at a particular instant in
      time. Since the instantaneous synchronization may vary somewhat, it is
      desirable to average these system error signals EI over a particular
      interval of time to provide the synchronization quality signal W. Thus the
      generator 117 provides a means for gradually tracking the synchronization
      on the receiver 35.
PAR  In a particular embodiment the generator 117 can be made responsive to the
      random multilevel data signals in either or both of the system error
      signals EI and EQ. For example, in the embodiment discussed herein, the
      generator 117 is responsive to the system error signal EI.
PAR  Mathematically the synchronization quality signal W can be calculated by
      the formula:
EQU  W.sub.i = [(.vertline.EI.sub.i .vertline. - W.sub.i.sub.-1)]/N +
      W.sub.i.sub.-1
PAL  where:
PA1  W.sub.i is the current value of W;
PA1  w.sub.i.sub.-1 is the immediately preceding value of W;
PA1  ei.sub.i is the current value of EI; and
PA1  N is a constant, such as 32, which determines length in bauds of the
      particular interval of time.
PAR  In order to provide this synchronization quality signal W, the generator
      117 can be implemented by the apparatus illustrated in FIG. 4. The signal
      EI.sub.i from the error calculator 87 can be introduced to a magnitude
      extractor 132 to provide the absolute value of the signal EI.sub.i. This
      quantity .vertline.EI.sub.i .vertline. can be introduced to the positive
      terminal of an adder 134. The quality signal in the preceding baud
      interval (W.sub.i.sub.-1) can be introduced to the negative terminal of
      the adder 134. The output of the adder 134 can be connected to a divide
      network 133 which divides the quantity (.vertline.EI.sub.i .vertline. -
      W.sub.i.sub.-1) by the divisor N. This quotient from the divide network
      133 can be introduced to an input terminal of an adder 135. The output of
      the adder 135 can be coupled through a one baud delay 137 to provide a
      second input to the adder 135. Thus the output of the adder provides the
      present synchronization quality signal W.sub.i which is equal to
EQU  [(.vertline.EI.sub.i .vertline. - W.sub.i.sub.- 1)/N] + W.sub.i.sub.-1
PAR  With respect to the generator 117, it will be noted that the
      synchronization quality signal W can be any signal responsive to a random
      multilevel data signal to provide an indication of receiver
      synchronization preferably over an extended period of time. In the
      particular apparatus illustrated in FIG. 4 the constant N can be any
      number. The larger values of N correspond to a relatively long particular
      interval of time while the smaller values of N correspond to a relatively
      short particular interval of time.
PAR  Operation of the apparatus for automatically synchronizing the receiver 25
      to the incoming telephone line using random multilevel data can proceed in
      accordance with the flow chart illustrated in FIG. 5. The flow chart of
      FIG. 5 shows a preferred sequence of steps in one method of the present
      invention which can be embodied by the apparatus illustrated in FIG. 6. In
      the following discussion, FIGS. 5 and 6 will be referred to
      simultaneously.
PAR  During normal four-level operation of the receiver 35, the synchronization
      quality signal W is continuously generated by the generator 117. When the
      magnitude of the quality signal W becomes particularly great, thereby
      indicating poor synchronization, the restart sequence can begin. Although
      the degree of synchronization which must be maintained may vary, in a
      preferred embodiment of the invention a magnitude of the quality signal W
      greater than l.sub.o /2 is considered to be intolerable. Thus the first
      step in the restart sequence of such an embodiment is to compare the
      magnitude of the signal W against a first predetermined magnitude such as
      l.sub.o /2. In FIG. 5 this step is illustrated by a diamond-shaped box
      133.
PAR  As shown in FIG. 6 the function associated with the box 133 can be
      implemented by introducing the W signal from the generator 117 to a
      comparator 136 along with threshold levels l.sub.o /2 and l.sub.o /4 which
      can be provided by the decision threshold control 93. At the output of the
      comparator 136, a signal A can be provided on a conductor 137 when the
      magnitude of the quality signal W is greater than the first predetermined
      magnitude. On a conductor 139, a signal B can be provided when the
      magnitude of the quality signal is greater than or equal to a second
      predetermined level, such as l.sub.o /4, and less than or equal to the
      first predetermined level, such as l.sub.o /2. These signals A and B can
      be used to enable various steps in the restart sequence.
PAR  The first and second predetermined magnitudes to which the quality signal W
      is compared can be any magnitude, but in general the second predetermined
      level will have a magnitude less than the first predetermined level. In a
      preferred embodiment, the first predetermined level is equal to l.sub.0 /2
      and the second predetmined level is equal to l.sub.o /4. These quantities
      are used in the preferred embodiment merely because they are readily
      available in the decision threshold control 93. Since l.sub.o does not
      vary greatly during operation of the receiver 35, these threshold levels
      are, for most practical purposes, constant values.
PAR  If the magnitude of the quality signal W is greater than the first
      predetermined magnitude, such as l.sub.o /2, the restart sequence can
      begin by activating the restart indicator 131 and deactivating the normal
      indicator 129.
PAR  Various steps in the restart sequence can be timed by signals from a
      counter K and a counter M illustrated in FIG. 6. The counters K and M are
      activated primarily by the signals A and B. The counter K provides a
      signal on an output conductor 141 when the count of the counter K reaches
      "256". A signal is provided on the conductor 143 when the count of the
      counter K is equal to 640. These signals can be inverted to provide the
      signals "K .noteq. 256" and "K .noteq. 640" respectively. At the output of
      the counter M, a signal is provided on a conductor 145 when the count of
      the counter M is equal to 32. The signal can also be inverted to provide
      the signal M .noteq. 32. These numbers 256, 640, and 32 are indicative of
      periods of time and will vary with different embodiments of the invention.
      The counter K can be of the conventional type including a reset terminal
      140 and a clock terminal 142. Similarly the counter M includes a reset
      terminal 144 and a clock terminal 146.
PAR  It is of particular advantage that the parameters of the receiver 35 are
      updated in sequence rather than simultaneously during the restart
      procedure. Since the receiver 35 is decision-directed, incorrect decisions
      of incoming data will detune rather than improve the receiver. With
      unknown four-level incoming data, if the sampling time is approximately
      correct, the phase lock loop will converge if it is adjusted alone. After
      the phase lock loop has converged, the probability of wrong decisions with
      respect to the incoming data is significantly reduced.
PAR  In the preferred embodiment, updating of the equalization network 79, the
      decision threshold control 93, and the sampler 67 is undertaken only after
      the phase lock loop has converged. Following this sequence, the entire
      receiver 35 is eventually synchronized and returned to normal operation.
PAR  After the restart indicator 131 has been activated, the count of the
      counter M can be set to zero as shown by the box 147 in FIG. 5. This can
      be accomplished by introducing the signal A on a conductor 149 to the
      reset terminal 144 of the counter M. After the counter M has been zeroed,
      the counter K can also be zeroed as shown by the box 151 in FIG. 5. This
      can be accomplished by introducting the signal A through an OR gate 153 to
      the reset terminal 140 of the counter K.
PAR  While the counter K is being zeroed, the taps of the equalization network
      79 can be set to zero and frozen, the quantity l.sub.o can be reset and
      frozen, and the quantity W can be set equal to l.sub.o. The taps in the
      equalization network 79 can be set to zero by an equalization restart
      control 155 illustrated to the right in FIG. 6. This equalization restart
      control 155 includes a generator 157 which provides a signal equivalent to
      "taps = zero." This signal can be enabled through an AND gate 159 by the
      signal A and introduced to the equalization control network 91 on the
      conductor 125. As long as the signal A exists, the taps of the
      equalization network 79 will be frozen to a zero magnitude by the restart
      control 155.
PAR  The quantity l.sub.o can be reset and frozen by a restart control 161 for
      the decision threshold control 93. The restart control 161 includes a
      generator 163 which provides a signal equivalent to l.sub.o = 1. This
      signal can be enabled through an AND gate 165 by the signal A and
      introduced to the decision threshold control 93 on the conductor 123. As
      long as the signal A exists, the quantity l.sub.o will be frozen to a
      magnitude of one by the instant control 161.
PAR  The magnitude of the quality signal W can be set to l.sub.o using an AND
      gate 167 shown to the left in FIG. 6. This AND gate 167 receives the
      quantity l.sub.o from the decision threshold control 93, the signal A from
      the comparator 135, and an ENABLE signal from an ENABLE signal generator
      169. When these signals appear simultaneously at the input to the AND gate
      167, the signals l.sub.o passes through an OR gate 168 to set the
      synchronization quality signal W equal to l.sub.o. The generator 169
      provides the ENABLE signal with a duration equivalent in time to the
      duration of the quantity l.sub.o. This insures that the quantity l.sub.o
      is introduced to the generator 117 only as long as the ENABLE signal is
      active. Thus the quality signal W is set to l.sub.o initially but is free
      to vary after the ENABLE signal is terminated. By setting the quality
      signal W equal to l.sub.o, a high degree of synchronization error is
      introduced into the receiver 35 so that correction of various parameters
      in the receiver 35 can proceed for a significant period of time.
PAR  Having implemented the functions associated with the box 151 in FIG. 5, the
      next step in the restart sequence can be to determine if the quality
      signal W is less than or equal to the first predetermined magnitude, such
      as l.sub.o /2. This decision is made in a diamond-shaped box designated by
      the reference numeral 171 in FIG. 5. Since the quality signal W is set
      equal to l.sub.o in the box 151, the decision in the box 171 will, at
      least initially, be negative so that the restart sequence will proceed to
      the left in FIG. 5.
PAR  With the taps of the equalization network 79 frozen and the quantity
      l.sub.o also frozen, the adjustment of the phase lock loop can proceed as
      shown by the box 173. This can proceed for the duration of a first trial
      period which, in a preferred embodiment, is equal to 256 counts by the
      counter K. As noted, this number of counts is arbitrary and will vary in
      different embodiments of the invention. The signal A is introduced to an
      AND gate 175 along with the signal K .noteq. 256 and clock pulses from the
      clock 121. The output of the AND gate 175 is introduced through an OR gate
      177 to the clock terminal 142 of the counter K. When the count of the
      counter K reaches 256, the signal K .noteq. 256 ceases as does the
      clocking of the counter K. The decision as to whether the counter K is
      equal to 256 is illustrated in a box 179 in FIG. 5. If this decision is
      negative, an additional count is added to the counter K as shown by the
      box 181. As long as the count of the counter K is not equal to 256, the
      restart sequence will proceed in the loop including the boxes 171, 173,
      179, and 181.
PAR  If the adjustment of the phase lock loop, as shown by the box 173, does not
      reduce the quality signal W to a level less than l.sub.o /2, as determined
      in the decision box 171, it may be advisable to jump the timing of the
      sampler 67 before proceeding with further adjustment of the phase lock
      loop. Thus the timing can be jumped and another trial period undertaken.
      These steps can iterate until a predetermined number of trial periods such
      as 32 are completed.
PAR  The count of the counter K determines the duration of each trial period
      while the count of the counter M determines the number of trial periods
      which have been undertaken. In the preferred embodiment, this number of
      trial periods is equal to 32 and the decision as to whether the count of
      the counter M is greater than or less than 32 is made in the box
      designated by the reference numeral 183.
PAR  If the count of the counter K is equal to 256 and the count of the counter
      M is not equal to 32, the restart sequence can proceed to the left of the
      box 183 in FIG. 5. Thus the timing of the sampler 67 can be jumped an
      increment of time, such as 1/16 baud as shown by the box 185.
PAR  The timing jumps associated with the box 185 in FIG. 5 can be made by the
      restart timing control 156 illustrated to the right in FIG. 6. Thus the
      signal A and the signals K = 256 and M .noteq. 32 can be introduced to an
      AND gate 158. The output of the AND gate 158 can be introduced through an
      OR gate 160 to provide a restart timing signal on the conductor 127. In
      response to the restart timing signal on the conductor 127, the timing
      control network 94 (FIG. 3) jumps the timing of the sampler 67 in
      increments such as 1/16 baud.
PAR  With each timing jump, an additional count can be added to the counter M as
      shown by the box 187. In FIG. 6, the signals A, M .noteq. 32 and K = 256
      can be introduced to an AND gate 188. The signal at the output of the gate
      188 can be introduced through an OR gate 190 to the clock terminal 146 of
      the counter M. In this manner, an additional count can be added to the
      counter M.
PAR  After updating the counter M, the restart sequence can proceed to box 151.
      At this point, the count of the counter K can be reset to zero by
      introducing the signals K = 256 and M .noteq. 32 to an AND gate 189. The
      output of the AND gate 189 can be introduced through the OR gate 153 to
      the reset terminal 140 of the counter K. Since the signal A will continue
      to be active under these conditions, the taps of the equalization network
      79 will continue to be frozen by the equalizaion restart control 155 and
      the quantity l.sub.o will also be frozen by the control 161.
PAR  The synchronization quality signal W can be returned to a magnitude of
      l.sub.o by an AND gate 191 connected to receive the signals l.sub.o, A, M
      .noteq. 32, K = 256,  and the ENABLE signal from the generator 169. The
      output of the AND gate 191 can be introduced to the generator 117 through
      the OR gate 168 to set the quality signal W equal to l.sub.o. Following
      these adjustments a new trial period can begin. As long as the quality
      signal W has a magnitude greater than or equal to the first threshold
      level such as l.sub.o /2, the restart sequence will proceed through the
      loops including the boxes 171, 173, 179, 181, 183, 185, and 187.
PAR  Eventually the adjusting of the phase lock loop by the box 173 and the
      jumping of the timing by the box 185 will reduce the level of the quality
      signal W to a magnitude less than the first predetermined level, such as
      l.sub.o /2. At this point the signal A will discontinue and the signal B
      will become active at the output of the comparator 135 (FIG. 6). Further
      steps in the restart sequence will proceed to the right of the box 171 in
      FIG. 5.
PAR  Initially the counter K can be reset equal to zero as shown by a box 192.
      This can be implemented by introducing the signal B directly through the
      OR gate 153 to the reset terminal 140 of the counter K. After the counter
      K has been reset, normal adjustment of the receiver 35 can be undertaken
      as shown by the box 193. Since the signal A is no longer active during
      this portion of the sequence, the signal l.sub.o = 1 will no longer be
      enabled through the gate 165 so that the quantity l.sub.o in the decision
      threshold control 93 will no longer be frozen. Similarly the signal taps =
      0 will no longer be enabled through the AND gate 159 so that the taps of
      the equalization network 79 are no longer frozen. The normal adjustment of
      the receiver 35 can continue either for a second predetermined interval of
      time or until the magnitude of the quality signal W is reduced below the
      second predetermined magnitude, such as l.sub.o /4. This decision as to
      whether the magnitude of the quality signal W is less than or equal to the
      second predetermined level is made in the box designated by the reference
      numeral 195 in FIG. 5. If this decision is negative, the restart sequence
      proceeds to the left in FIG. 5.
PAR  It may be desirable that the trial period associated with the normal
      adjustment of the receiver 35, as shown by the box 193 be greater than the
      trial period associated with the phase lock loop adjustment of the
      receiver 35, as shown by the box 173. Thus the normal adjustment may
      continue until the counter K achieves a count of 640. As noted, this
      number is arbitrary and will vary with different embodiments of the
      invention. The decision as to whether the count of the counter K is equal
      to 640 is made in the box designated by the reference numeral 197.
PAR  The clocking of the counter K when the signal B is active can be
      implemented by an AND gate 199 which receives the signals K .noteq. 640,
      B, and clock pulses from the timer 121. The output of the AND gate 199 can
      be introduced through the OR gate 177 to the clock terminal 142 of the
      counter K.
PAR  If the magnitude of the quality signal W is not less than the second
      predetermined level when the count of the counter K is equal to 640, and
      also if the number of trial periods is not equal to 32, it may be
      desirable to jump the timing of the sampler 67. Thus the restart sequence
      can proceed through the boxes 197, 183, 185, and 187 in the manner
      previously described. When the signal B is active, the timing can be
      jumped by the restart timing control 156 of FIG. 6. Thus the signal B, K =
      640 and M .noteq. 32 can be introduced to an AND gate 198; the signal at
      the output of the AND gate 198 can be introduced through the OR gate 160
      and onto the conductor 127 to jump the timing.
PAR  Also, when the signal B is active, the updating of the counter M can be
      accomplished with an AND gate 201 receiving input signals M .noteq. 32, K
      = 640 and B. The output of the AND gate 201 can be introduced through the
      OR gate 190 to the clock terminal 146 of the counter M.
PAR  When timing jumps (box 185) follow the normal adjustment of the receiver 35
      (box 193), the restart sequence preferably iterates to the box 151. The
      taps of the equalization network 79 and the quantity l.sub.o can be frozen
      in the manner previously discussed. Also the quality signal W can be set
      equal to l.sub.o as shown by an AND gate 203 in FIG. 6. In addition to the
      ENABLE signal from the generator 169, the AND gate 203 can be connected to
      receive the signals l.sub.o, B, M .noteq. 32, and K = 640. The output of
      the AND gate 203 is introduced through the OR gate 168 to the generator
      117 to set the signal W equal to l.sub.o.
PAR  If a particular number of trials, such as 32, have been completed and the
      magnitude of the quality signal W has not been reduced below the second
      predetermined level, such as l.sub.o /4, it may be desirable to
      discontinue the restart sequence and to activate an alarm as shown by the
      box 205 in FIG. 5. This step of the restart sequence can be implemented as
      shown in FIG. 6, by the alarm 205 which can be activated by the signal M =
      32 on the conductor 145.
PAR  If the magnitude of the quality signal W is less than or equal to the
      second predetermined magnitude, such as l.sub.o /4, within a particular
      number of trials, the restart sequence can proceed to the right of the box
      195 in FIG. 5. Thus the restart indicator 131 can be inhibited while the
      normal indicator 129 is activated. Finally the receiver 35 can be returned
      to normal four-level operation.
PAR  In the manner discussed, the method and apparatus of the present invention
      provides for the restarting or resynchronization of the receiver 35 in
      response to a random multilevel data signal. The transmission of normal
      data need not be inhibited in favor of a special restarting sequence of
      bilevel data. This is particularly desirable in a multipoint communication
      network 11 wherein many slave stations, such as the stations 15, 17, and
      19 simultaneously receive the normal data transmission. If a particular
      one of the receivers 35 falls out of synchronization, the normal data
      transmission can continue.
PAR  In response to the random multilevel data signal, the phase lock loop of
      the receiver can be adjusted alone while the other parameters are frozen.
      After the phase lock loop has converged, the probability of wrong
      decisions of the incoming signal is reduced, and the equalization network
      79, the decision threshold control 93, and the timing control network 94
      can be returned to normal operation.
PAR  Although the invention has been described with reference to particular
      steps and a particular sequence of the steps in the preferred method,
      other steps and other sequence will now be apparent to those of ordinary
      skill in the art to accomplish the same function.
PAR  The particular implementation of the invention can also vary significantly
      within the scope of the invention. For example the length of each trial
      period and the total number of trial periods may vary with a particular
      design. Similarly the total number of system error signals EI contributing
      to the average of the synchronization quality signal W may also vary. It
      should also be noted that the synchronization quality signal W can be
      derived from the error signal EQ individually or in combination with the
      error signal EI. Therefore, although the invention has been described with
      reference to particular embodiments, the scope of the invention should be
      ascertained only with reference to the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A receiver for receiving an analog data signal comprising:
PA1  sampling means for sampling the analog data signal to provide a random
      multilevel data signal;
PA1  equalization means for correcting at least some of the delay and
      attenuation distortion of the random multilevel signal to provide a
      substantially equalized data signal;
PA1  phase correction means for at least partially correcting the phase of the
      equalized data signal to provide a substantially phase corrected signal;
PA1  detection means responsive to the phase corrected signal for detecting the
      data in the phase corrected signal to provide a detected data signal;
PA1  error calculation means responsive to at least one of the phase corrected
      signal and the detected data signal for generating a system error signal,
      the system error signal having a magnitude dependent upon the degree of
      adaptation of the characteristics of the receiver to the characteristics
      of the analog data signal;
PA1  means responsive to the magnitude of the system error signal to provide a
      quality signal having a magnitude dependent upon the degree of adaptation
      of the characteristics of the receiver to the characteristics of the
      analog data signal;
PA1  first means responsive to the magnitude of the quality signal being at
      least of a first value for holding said sampling means and said
      equalization means against adjustment and adjusting the phase correction
      means to tend to reduce the magnitude of the system error signal; and
PA1  said first means including means responsive to the magnitude of the quality
      signal being at least of said first value after a first period for
      adjusting the sampling means and means for thereafter holding said
      sampling means and said equalization means against adjustment and
      adjusting the phase correction means to tend to reduce the magnitude of
      the system error signal.
NUM  2.
PAR  2. A receiver adapted to receive an input analog signal representative of
      data, comprising:
PA1  sampling means for sampling the input signal to provide a digital signal;
PA1  equalization means for adapting the equalization characteristics of the
      receiver to the equalization characteristics of the input signal;
PA1  phase correction means for adapting the phase characteristics of the
      receiver to the phase characteristics of the input signal;
PA1  detection means for detecting the data in the digital data signal;
PA1  means for coupling the sampling means, equalization means, phase correction
      means, and the detection means to each other;
PA1  error calculation means responsive to the digital signal for generating a
      system error signal;
PA1  signal generation means responsive to the system error signal to provide a
      quality signal having a value dependent upon the degree of adaptation of
      the characteristics of the receiver to the characteristics of the input
      signal;
PA1  control means responsive to the quality signal being within a first range
      of values for holding one of the equalization means and the phase
      correction means against adjustment and adjusting the other of the
      equalization means and the phase correction means to tend to adapt the
      characteristics of the receiver to the characteristics of the input
      signal; and
PA1  said control means including means responsive to the quality signal being
      within said first range after a first period for adjusting the sampling
      means and means for thereafter holding said one means against adjustment
      and adjusting said other means to tend to adapt the characteristics of the
      receiver to the characteristics of the input signal.
NUM  3.
PAR  3. A receiver as defined in claim 2 wherein said one means is the
      equalization means.
NUM  4.
PAR  4. A receiver as defined in claim 2 wherein said control means includes
      means responsive to the quality signal being within a second range of
      values for allowing adjustment of said one means.
NUM  5.
PAR  5. A receiver for receiving an analog input signal comprising:
PA1  adjustable means for adapting a plurality of characteristics of the
      receiver to the characteristics of the input signal, said receiver
      characteristics including phase, equalization, and timing characteristics;
PA1  error calculator means for providing a system error signal which is related
      to the degree to which the characteristics of the receiver are adapted to
      the characteristics of the input signal;
PA1  signal generation means responsive to the system error signal for providing
      a quality signal which is related to the value of the system error signal
      over an interval of time;
PA1  first means responsive to the quality signal being within a first range of
      values for holding the equalization and timing characteristics of the
      receiver against adjustment and adjusting the phase characteristic of the
      receiver; and
PA1  said first means including means responsive to the quality signal being
      within said first range of values after a first period for adjusting the
      timing characteristics of the receiver and then holding said equalization
      and timing characteristics against adjustment and adjusting the phase
      characteristic.
NUM  6.
PAR  6. A receiver as defined in claim 5 wherein said first means includes means
      responsive to the quality signal being within a second range of values for
      allowing adjustment of said equalization characteristic, said second range
      of values indicating better adaptation of the receiver to the input signal
      than said first range of values.
NUM  7.
PAR  7. A receiver for receiving an analog input signal comprising:
PA1  adjustable means for adapting a plurality of characteristics of the
      receiver to the characteristics of the input signal;
PA1  error calculator means for providing a system error signal which is related
      to the degree to which the characteristics of the receiver are adapted to
      the characteristics of the input signal;
PA1  first means responsive to said system error signal to adjust said
      adjustable means in accordance with either of a normal adjustment mode or
      a special adjustment mode, both of said adjustment modes tending to better
      adapt the characteristics of the receiver to the characteristics of the
      input signal;
PA1  signal generation means responsive to the system error signal for providing
      a quality signal which is related to the value of the system error signal
      over an interval of time;
PA1  said first means including means responsive to the quality signal being
      within a first range of values for inhibiting said normal adjustment mode
      and for adjusting said adjustable means in accordance with said special
      adjustment mode;
PA1  said first means including means responsive to the quality signal being
      within a second range of values for enabling the normal adjustment mode
      and inhibiting the special adjustment mode, said second range of values
      being indicative of better adaptation of the characteristics of the
      receiver to the characteristics of the input signal than said first range
      of values;
PA1  at least first and second of said characteristics of the receiver being
      adjustable in said normal adjustment mode; and
PA1  said first characteristic being held against adjustment and second
      characteristic being adjustable in said special adjustment mode.
NUM  8.
PAR  8. A receiver as defined in claim 7 wherein said first characteristic is an
      equalization characteristic and the second characteristic is a phase
      characteristic.
NUM  9.
PAR  9. A receiver as defined in claim 7 wherein said adjustable means includes
      sampling means having a timing characteristic for sampling the input
      analog signal to provide a digital signal, and said first means
      periodically changes the timing characteristic during the said special
      adjustment sequence.
NUM  10.
PAR  10. A receiver as defined in claim 9 wherein said first characteristic is
      an equalization characteristic and the second characteristic is a phase
      characteristic.
NUM  11.
PAR  11. A method of adapting a receiver to the characteristics of an analog
      input signal, said method comprising:
PA1  sampling the analog data signal to provide a digital data signal;
PA1  substantially equalizing the digital signal using an equalizer having a
      plurality of taps;
PA1  substantially phase correcting the digital signal;
PA1  generating a system error signal which is related to the degree to which
      the characteristics of the receiver are adapted to the characteristics of
      the input signal;
PA1  generating a quality signal which is related to the value of the system
      error signal over an interval of time;
PA1  comparing the magnitude of the quality signal to a first reference level;
PA1  continuing said step of phase correcting and setting said equalizer taps to
      a fixed value when the magnitude of the quality signal exceeds the
      magnitude of the first reference level;
PA1  adjusting the sampling of the analog signal if the magnitude of the quality
      signal exceeds the magnitude of the first reference level after a first
      period; and
PA1  continuing said step of phase correcting while maintaining said equalizer
      taps at said fixed value subsequent to said step of adjusting the
      sampling.
NUM  12.
PAR  12. A method as defined in claim 11 including allowing the equalizer taps
      to be set to other values after the quality signal drops below said first
      reference level.
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PAL  An electronic all channel television tuning system has a presettable
      counter for deriving the number of the receivable television channel by
      counting, on a continuing sample basis, the varactor diode tuner local
      oscillator frequency. The derived channel number is supplied as an input
      of a comparator which includes separate tens and units channel number
      comparison sections. A channel number selector supplies an encoded desired
      channel number to another input of the comparator and to a frequency band
      decoder which establishes appropriate preset information for the counter.
      The system local oscillator frequency is varied by a voltage ramp circuit
      having two pairs of matched current sources and sinks of different
      capacity for supplying current, through respective transmission gates, to
      charge or discharge a tuning capacitor at different rates. A difference in
      the tens section of the comparator activates the transmission gates for
      both the larger and smaller capacity source-sink pairs, producing the high
      ramp speed. After equality in the tens digits only one of the small
      capacity source-sink pair is activated, under control of the units section
      of the comparator, to produce the low ramp speed.
BSUM
PAC  CROSS-REFERENCE TO RELATED PATENT APPLICATIONS
PAR  This application is related to the following applications all of which are
      assigned to the assignee of the present application and all of which are
      hereby incorporated by reference. U.S. Pat. No. 3,851,254 entitled
      "Digital Systems and Method for Determining and Displaying a Television
      Channel Number," in the names of Richard G. Merrell and Akio Tanaka, Ser.
      No. 430,446, filed Jan. 3, 1974, entitled "Channel Seeking Tuning System"
      in the name of Akio Tanaka (hereafter referred to simply as the Tanaka
      application), Ser. No. 457,010, filed Apr. 1, 1974, entitled "Digital
      Signal Seeking Tuning SYstem," in the names of John Ma and Akio Tanaka,
      Ser. No. 466,579, filed May 3, 1974, entitled "All Electronic Digital
      Tuner System with Memory" in the names of John Ma and Akio Tanaka, Ser.
      No. 484,475, filed July 1, 1974, entitled "Band Decoder for All Channel
      Digital Tuning System" in the name of Akio Tanaka, and Ser. No. 492,365,
      filed July 29, 1974, entitled "Signal Seeking Tuning System with Illegal
      Channel Detection"  in the name of Akio Tanaka.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to tuning systems and more
      particularly to all channel electronic television tuning systems having a
      time-sequenced counting system for determining the system tuning condition
      by counting the frequency of a tunable element and comparing that with
      information of a desired channel number. Specifically, it relates to a
      television tuning system incorporating a multispeed ramp or tuning voltage
      circuit for changing frequency at a different rate depending upon the
      proximity of the tuning system frequency to the desired frequency.
PAR  A paper by Doyle and Mills (BTR, Vol. 15, No. 2, July, 1969), discusses a
      channel selection and indication system (in block diagram form) employing
      a varactor tuner and means for detecting the received television signal
      and comparing its frequency with the channel number input information. The
      detection methods described are a frequency synthesizer and a marker (or
      birdy) synchronizing synthesizer. A comparator compares the incoming
      signal frequency with the input channel number information and, at
      equality, operates to send a stop signal to a tuner ramp voltage drive. A
      later paper by Doyle et al. (BTR, Vol. 18, No. 4, Nov. '72) shows an all
      channel television tuning system of the birdy frequency synthesizer type
      which includes an additional reference divisor to provide finer control of
      tuning when the tuner approaches the desired frequency by providing a
      change in counting sensitivity.
PAR  U.S. Pat. No. 3,798,553 to Sakamoto shows another television frequency
      sweep operation involving the alternate sweeping by two separate
      oscillators through the television frequency spectrum in a step-by-step
      motion. Voltage sweep circuits feed each of the two local oscillators and
      logic circuitry for providing the sequential advancement of the frequency.
PAR  The prior art discloses a number of digital tuning systems having "constant
      speed" voltage ramp driving circuits. Constant speed is used to indicate
      that the ramp voltage generated is essentially linear (generally
      determined by the charge or discharge of a capacitor) and thus produces a
      fairly uniform frequency sweep depending upon the capacity to tuning
      voltage characteristic of the varactor diodes. The speed of any ramp
      voltage system is, of course, governed by the response time of the
      detection system and a slow ramp speed to accommodate the detection system
      may introduce unacceptably long channel change times.
PAC  OBJECTS OF THE INVENTION
PAR  An object of this invention is to provide a novel tuning system.
PAR  Another object of this invention is to provide an improved tuning system
      which minimizes the time required to change tuning.
PAC  SUMMARY OF THE INVENTION
PAR  A tuning control system comprises a tuner having a varactor diode tunable
      element, tuning frequency counting means for deriving from the frequency
      of the tunable element information identifying the coresponding receivable
      signal, signal selection means, comparison means coupled between the
      tuning frequency counting means and the signal selection means for
      determining the difference in information therebetween, and ramp voltage
      means coupled between the tunable element and the comparison means for
      driving the varactor diode tunable element to change frequency at a rate
      based upon the difference information.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts an embodiment of the tuning control system of the invention
      in block diagram form;
PAR  FIG. 2 shows the detail circuitry of comparator 51 of the tuning control
      system;
PAR  FIG. 3 shows the detail circuitry of the ramp voltage source of block 68.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a block diagram depicting a tuning control system constructed in
      accordance with the invention. A channel number keyboard 43 includes means
      for entering either desired channel number information or tuning commands
      to tune the tuner. The keyboard information is encoded into a special
      binary representation in encoder 44, supplies to a zero converter 47 and,
      both directly and through a time delay system 45, to a function/number
      decoder 46. The purpose of time delay system 45 is to eliminate spurious
      signals which might be generated by keyboard contact bounce. The directly
      supplied information to decoder 46 assists in the determination of the
      proper address or position in a memory 50. Zero converter 47 functions to
      alter the special binary representation used in the encoder to the
      standard binary representation employed in the remainder of the system.
      The output of zero converter 47 supplies channel number information in
      standard binary form to the designated position in memory 50.
PAR  The keyboard input can be either a channel number digit or an Up or Down
      tuning command. The word "command" is used throughout to indicate an Up or
      Down signal input. The function/number decoder fistly determines which of
      an Up or Down command has been given and secondly distinguishes between
      commands and channel numbers. If an Up or Down command is entered at the
      keyboard, address control 48 causes an advance to the next position of the
      memory. Additional commands result in address control 48 sequentially
      indexing memory 50 through its available memory positions. Connected to
      the output of memory 50 is a decode/display 49 which provides a visual
      indication of the channel number at that memory address. Thus, the viewer
      receives a visual indication of the selected channel information.
PAR  The tuning control system has two functional modes designated program and
      operate. In the program mode, information is entered by the keyboard and
      stored in the memory by use of the Up and Down commands which cause a
      serial advancement of accessible memory address positions, whereupon the
      channel number information is supplied from the keyboard. In the operate
      mode, an Up or Down command causes advancement to the next sequential
      address position and information is supplied from the memory to a
      comparator 51 to cause tuning to the channel represented by the stored
      channel information. In this mode, a "scratch pad" memory position is
      automatically accessed upon the input of a channel number and permits
      direct tuning by the viewer to any selected channel.
PAR  Another output of memory 50 is connected to a band decoder 52 which
      determines, from the encoded channel information stored in memory 50, (1)
      in which of the several discontinuous frequency bands the selected channel
      is; (2) whether UHF or VHF circuitry in the tuner is activated; and (3)
      the preset information supplied to the channel computing means for
      decoding of the oscillator frequency. Thus, an output of band decoder 52
      is connected to a varactor tuner 54 and another output is connected in
      common to a modular scaler 62, a units counter 64 and a tens counter 66. A
      conventionally derived automatic frequency control voltage source (AFC) 55
      is coupled to a ramp voltage source 68 for maintaining the oscillator
      frequency tuned to the received signal picture carrier frequency.
PAR  The output of a local oscillator frequency (LOF) scaler 56 and the output
      of a clock pulse generator 58 are coupled to the inputs of a logic gate
      60. The signal on the output of gate 60 constitutes the tuning information
      and comprises a train of oscillator frequency-related pulses in fixed time
      intervals. The oscillator frequency is determined by counting the number
      of pulses in an interval. The output of logic gate 60 is connected to
      modular scaler 62 which, in turn, is connected to units counter 64 which,
      in turn, is connected to tens counter 66. On a time sample basis, the
      tuning information is supplied to the appropriately preset modular scaler
      and counters which, in the preferred embodiment, determine the channel
      number corresponding to the television frequency to which the tuner is
      tuned. The circuitry from the LOF scaler to the comparator constitutes the
      channel computing means.
PAR  The outputs of modular scaler 62 and counters 64 and 66 are connected to
      comparator 51 which has a modular section 51C, a units section 51B and a
      tens section 51A, where the derived channel number is compared with the
      desired channel number. As each comparison is made, signals dependent upon
      the condition of comparator 51 are coupled to ramp voltage source 68 for
      controlling both the tuning voltage direction and rate of change. The
      output voltage from ramp voltage source 68 drives tuner 54 to make
      corrective changes in its local oscillator frequency, until comparator 51
      indicates equality between the derived channel number and desired channel
      number and, as fully described in the above mentioned Tanaka application,
      that the tuned signal is within a range of frequencies preselected by a
      "window."
PAC  DEFINITIONS
PAR  For simplicity, only logic connections are shown in the figures and only
      voltage sources and grounds necessary to establish the logic control
      signal levels are shown. Positive logic is used throughout the logic gates
      are simply referred to by their function names, i.e., AND, NAND, OR and
      NOR, without the word "gate." A 1 represents a high logic (or signal
      voltage) level and a 0 corresponds to a low logic level. Thus, an AND gate
      has its output at 1 only if all inputs are at 1; a NAND gate has its
      output at 0 only if all inputs are at 1; an OR gate has its output at 1 if
      any input is at 1; and a NOR gate has its output at 0 if any input is at
      1. Inverters function to interchange the 1 and 0 levels.
PAR  All binary representations are conventionally aranged in descending powers
      of 2 from left to right. Leads labelled D, B, C and A and D' and C'
      interchangeably represent binary digits or bits as well as lead
      identification. Similarly leads may be identified by the functional
      signals they carry.
PAR  The terms "input" and "output" generally indicate the device terminal
      unless signal is specified. An open circle on an input terminal designates
      a negative edge triggered device. .phi. represents a timing pulse signal
      and .phi. its inverse or complement. If .phi. is 0, .phi. is 1 and
      vice-versa. The term "inhibit" indicates the condition in which a gate
      output is no longer dependent upon signals applied to its remaining
      inputs. The term "enable" designates the condition in which a gate output
      is dependent upon the signals applied to the remaining inputs. As far as
      practical, the various portion of the tuning system will be described in
      detail on a functional basis. Complete detailed descriptions of the
      channel computing means, ramp generator (two speed), band decoder and
      clock are in the Tanaka application, which is incorporated by reference
      herein. For simplicity, however, these details will not be repeated here.
PAC  COMPARATOR 51 (FIG. 2)
PAR  FIG. 2 shows the tens and units comparator circuitry which compare the
      binary representation of the tens and units digits of the derived channel
      number from the channel number computer with the binary representation of
      the tens and units digits from memory 50 and the modular comparator which
      determines when the intrachannel fraction is with the window established
      by the two preselected modular comparator residues. Appropriate signals
      indicative of the state of comparator are sent to ramp voltage source 68
      for controlling tuner 54.
PAR  Both units comparator 51B and tens comparator 51A are of the sequential bit
      types having four bit-comparison stages, with each stage comprising two
      AND gates whose outputs are coupled to a NOR gate. In addition each stage
      has an appropriate output coupled to corresponding OR gates whose outputs
      indicate whether the larger bit string occurs in the derived channel digit
      from the channel computer or in the selected digit from the channel
      counter.
PAR  A complete discussion of an essentially identical comparator is in the
      above mentioned Tanaka application. A very brief summary of comparator
      operation follows. The BA and TD signals of the tri-flop of tens
      comparator 51A are for prevention of a condition resulting from a varactor
      failure mode and these signals may be ignored.
PAR  Sequential comparison is achieved by inhibiting the AND's and NOR gates of
      subsequent comparator stages until equality exists in the higher order
      stages (corresponding to more significant bits). This procedure determines
      the direction of the difference in the bit strings. The tens comparator
      51A includes a tri-flop (three state device) which monitors the comparator
      during the compare interval and retains the last determined state until
      the next comparison which occurs at the .phi..sub.1 timing pulse. The
      outputs of the tri-flop indicate that the binary signal from the LOF tens
      counter 66 is greater than, less than, or equal to the corresponding
      binary signal from memory 50 and are labelled TRD, TRE and TRU. These
      signals are sent to ramp voltage source 68 and to the input stage of units
      comparator 51B.
PAR  Units comparator 51B is also a four stage sequential bit comparator similar
      to the tens comparator with the exception that it does not include
      tri-flop circuitry. It compares information from LOF units counter 64 and
      memory 50. The tens comparator overrides units comparison so that if
      inequality is determined in the tens digit, a simultaneous equality
      determination (or inequality in the opposite direction) in a units digit
      will not affect control. As before control is sequentially transferred
      from stage to stage depending upon comparison of the bit strings and the
      last stage has three outputs labelled URD, URE and URU to indicate the
      status of the comparison. These output signals are supplied to the input
      of modular comparator 51C.
PAR  Modular comparator 51C monitors two leads from modular scaler 62 to
      determine the value of the modular residue. Unlike the previous comparator
      sections the modular comparator does not have four stages for binary
      string comparisons. Rather it identifies the residue (indicated by leads
      PB and PC) from modular scaler 62 as being less than, equal to, or greater
      than the two preselected residues selected to define the frequency window.
      This determination is retained with tri-flop circuitry similar to that
      incorporated in tens comparator 51A.
PAR  The frequency window may be skewed relative to the channel picture carrier
      frequency by selection of appropriate residues. In addition, as described
      in the Tanaka application, the base of the modular scaler may be increased
      (preferably by a multiple of six) and a new set of two or more residues
      chosen to tailor the window as desired.
PAR  As is true for the units comparator, the modular comparator is overriden
      when an inequality exists between the units (or tens digits). Thus, a
      determination of inequality in the units comparator overides the modular
      comparator, and it only controls the ramp voltage source when there is
      equality between both the tens and units digits of the derived and desired
      channel number. The state of the modular comparator is monitored by
      tri-flop circuitry whose outputs RD and RU are at 1 levels for ramp down
      and ramp up determinations, respectively. The RD and RU signals are
      supplied directly to ramp voltage source 68.
PAC  RAMP VOLTAGE SOURCE 68 (FIG. 3)
PAR  Referring now to FIG. 3, ramp voltage source 68 is supplied information as
      to the state of the comparator and produces appropriate voltages for
      adjusting the tuner by selective activation of a plurality of transmission
      gates coupled to appropriate current sources and sinks. Ramp source 68 has
      two "tuning speeds" or voltage characteristics, with a higher rate of
      voltage change occurring in response to an inequality in the tens
      comparator than for inequalities in the units or modular comparators. As
      will be seen, inequalities in the tens comparator activate both the tens
      and units transmission gates for the high ramp speed, whereas for units
      and modular comparator unequalities, only the units gate is activated for
      the low speed ramp. The ramp voltage drives an operational amplifier for
      developing the actual tuning voltages. The polarity or ramp direction is
      determined by whether the comparator "signals for" an increase or decrease
      in tuning frequency.
PAR  A source of voltage +V1 is connected to the gate electrodes and source
      electrodes of a FET 252 and a FET 254. Their drain electrodes are
      connected respectively to the inputs of a pair of transmission gates 356
      and 258. A pair of FET's 260 and 262 have their source and gate electrodes
      connected to ground and their drain electrodes connected respectively to
      the inputs of a pair of transmission gates 264 and 266. The outputs of
      transmission gates 256, 258, 264 and 266 are connected to one terminal of
      a tuning capactior 268, the other terminal being connected to ground. A
      resistor 270 is connected in parallel with capacitor 268.
PAR  A conventionally derived source of AFC voltage is supplied to the base of a
      transistor 276 which is coupled to ground through a capacitor 274. Another
      source of positive voltage +V2 is supplied across a voltage divider
      comprising a resistor 280 and a resistor 278. The junction of the divider
      connects to the emitter of transistor 276 and establishes proper operating
      bias. The collector of transistor 276 is connected through a resistor 282
      to tuning capacitor 268, and to the negative input terminal of an
      operational amplifier 286. The positive input terminal of the operational
      amplifier is connected to ground through a resistor 284 and through a
      resistor 288 to a collector terminal 290 of a transistor 292. A source of
      positive voltage +V3 is applied through a resistor 296 to terminal 290. A
      source of negative voltage -V4 is supplied through a resistor 294 to the
      emitter of transistor 292. -V4 also supplies power to operational
      amplifier 286. The base of transistor 292 is supplied with the output
      signal of the operational amplifier and the tuning voltage for the
      varactor tuner is taken from terminal 290, through a resistor 298. The
      transmission gates are well known in the art and a package of four such
      gates may be obtained under the RCA designation CD4016.
PAR  Each gate has a control terminal which is connected to the comparator. The
      control terminals of gates 256 and 264 are connected, respectively, to
      leads labelled RU and RD (ramp up and ramp down) in modular comparator
      51C. The control terminals of gates 258 and 266 are connected,
      respectively, to signal leads labelled TRU (tens ramp up) and TRD (tens
      ramp down) in tens comparator 51A.
PAR  The transmission gates are activated by a 1 level signal on their
      respective control terminals. The gates supply capacitor 268 which
      substantially maintains its voltage until charge is added or removed. The
      tuning capacitor voltage is applied to the varactor tuner through
      operational amplifier 286 and transistor 292 thus enabling control with
      low voltage circuitry suitable for integrated circuit applications.
PAR  The ramp direction is up (higher tuning frequency desired) for energization
      of gates 256 and 258 and down for energization of gates 264 and 266. FET's
      254 and 262 have higher current capabilities than their counterparts 252
      and 260. When a TRU or TRD signal is produced, the corresponding RU or RD
      signal is also produced. Thus the high speed ramp involves activation of
      both transmission gates 256 and 258 for up and both 264 and 266 for down.
      On the other hand only an RU or RD signal is developed for differences in
      either the units or modular comparators. Thus the system produces a higher
      rate ramp voltage for differences in the tens comparator than for
      differences in the units and modular comparators. When equality is reached
      in comparator 51 all transmission gates are in the off state and the
      effect of the conventional AFC in making incremental voltage changes on
      capacitor 268 is felt.
PAR  The AFC voltage which varies as a function of the received signal IF
      frequency deviations is applied to the base of transistor 276 and exerts
      control on the voltage level of tuning capacitor 268. If the AFC voltage
      goes down, transistor 276 is turned on charging capacitor 268 through
      resistor 282 to raise the voltage at junction 290 through operational
      amplifier 286. If the AFC voltage increases, transistor 276 is turned off
      and charge is slowly leaked from the capacitor through resistor 270 to
      reduce the tuning voltage.
PAR  The invention disclosed provides a varactor diode tuning system including a
      multi-speed ramp voltage circuit for changing the frequency of the tunable
      element at a rate depending upon the proximity of the tuning system to the
      desired frequency. It provides multi-speed in either increase or
      decreasing frequency directions to permit any selected tuning frequencies
      to be tuned in a minimal time.
PAR  While a particular embodiment of the invention has been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention in its
      broader aspects, and, therefore, the aim in the appended claims is to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tuning control system, comprising:
PA1  a tuner having a varactor diode tunable element operable in a frequency
      band containing a plurality of receivable signals;
PA1  tuning frequency counting means for determining from the frequency of said
      tunable element information identifying the corresponding receivable
      signal;
PA1  signal selection means;
PA1  comparison means coupled between said tuning frequency counting means and
      said signal selection means for determining the difference between
      information from said signal selection means and information from said
      tuning frequency counting means; and
PA1  ramp voltage driving means, coupled between said tunable element and said
      comparison means for impressing a ramp tuning voltage at a variable rate
      dependent upon said difference across said varactor diode to change the
      frequency of said tuner at a rate based upon said difference.
NUM  2.
PAR  2. The tuning control system of claim 1, wherein said rate is greater for a
      large magnitude in said difference.
NUM  3.
PAR  3. The tuning control system of claim 2, wherein said ramp voltage means
      includes a tuning capacitor for developing said tuning voltage and means
      for varying the charging rate of said capacitor as a function of said
      difference.
NUM  4.
PAR  4. The tuning control system of claim 3, wherein said means for varying the
      charging rate includes a plurality of electrical power sources, a
      corresponding plurality of transmission gates coupled between said power
      sources and said tuning capacitor and means coupling said transmission
      gates to said comparison means.
NUM  5.
PAR  5. The tuning control system of claim 4 wherein said plurality of power
      sources includes two power sources of different charge transfer
      capabilities providing two distinct charging rates for said tuning
      capacitor.
NUM  6.
PAR  6. The tuning control system of claim 5 wherein said plurality of
      receivable signals are each identifiable by designated channel numbers and
      wherein said comparison means compares desired channel numbers from said
      signal selection means with derived channel numbers from said tuning
      frequency counting means.
NUM  7.
PAR  7. The tuning control system of claim 6, wherein said comparison means
      separately determines the difference between digits of said selected and
      derived channel members.
NUM  8.
PAR  8. The tuning control system of claim 7, wherein said receivable signals
      are television signals having two digit channel numbers and wherein a
      first of said two power sources is activated by an inequality in the units
      digits of said derived and desired channel numbers to provide a first rate
      and a second of said two power sources is activated by an inequality in
      the tens digits to provide a second greater tuning rate.
NUM  9.
PAR  9. The tuning control system of claim 8, wherein said ramp voltage means is
      bi-directional and includes means for driving said tunable element in a
      direction to minimize said difference as determined by said comparison
      means.
NUM  10.
PAR  10. The tuning control system of claim 9, wherein said two power sources
      each comprises an equal capacity current source and current sink each
      coupled to said tuning capacitor through corresponding pairs of
      selectively operable transmission gates wherein activation of a source or
      sink transmission gate respectively by the difference detected in said
      comparision means increases or decreases the voltage across said tuning
      capacitor.
NUM  11.
PAR  11. The tuning control system of claim 10, wherein said comparison means
      includes means for activating an up or down units transmission gate
      whenever the corresponding up or down tens transmission gate is activated.
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ABST
PAL  A frequency converting or mixing device for a receiver, particularly
      employing hollow conductor or micro strip techniques, including signal and
      oscillator input means, a diode as a non-linear element, an intermediate
      frequency output and two stub circuits at the signal input side of the
      diode, at a mutual distance of approximately one-fourth signal input wave
      length, for effecting a blocking of currents, of the second harmonic of
      the oscillator frequency and the summation frequency of the signal input
      frequency and oscillator frequency, at the diode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is directed to a frequency converting device, i.e. a mixer
      for RF signals at receiver or the like, of the type employing signal and
      oscillator input means, a diode as a non-linear element and an
      intermediate frequency output, in which blocking circuits are provided in
      the vicinity of the diode for oscillations of the second harmonic of the
      oscillator frequency as well as the summation frequency of the oscillator
      frequency and the signal frequency.
PAR  An arrangement of this type is, for example, illustrated in U.S. Pat. No.
      3,659,206. In such an arrangement, the currents of the undesired
      oscillations are isolated from the rest of the circuit by a blocking
      circuit on both sides of the diode.
PAR  The invention is directed to the problem of producing a frequency
      converting device, of the type referred to, which exhibits as small as
      possible a reflection factor at the signal and carrier input means, and
      where a termination reflector is involved has as low a noise figure as
      possible.
PAC  A BRIEF SUMMARY OF THE INVENTION
PAR  The problem referred to is solved, in accordance with the invention by this
      provision at the signal input side of the diode, of two filter circuits
      disposed at a mutual distance of approximately one-fourth of the signal
      input wave length, i.e. (.lambda./4) which are operative to block the
      currents of the second harmonic of the oscillator frequency and summation
      frequency of the received signal for input frequency and the oscillator
      frequency, with respect to the diode.
PAR  Study has shown that, within the scope of the invention, a very small noise
      factor of the frequency converting device is achievable if the current
      flow for the frequencies 2 f.sub.LO, i.e. the second harmonic of the local
      oscillator and the frequency f.sub.S.sub.+LO, i.e. the summation frequency
      of the received input signal frequency and the oscillator frequency, is
      blocked at the diode. As a result of the measures according to the
      invention, namely the special, transforming filter circuits, in the direct
      proximity of the diode, the current for the mentioned frequencies is
      interrupted in such a way that an unlimited large impedance is transformed
      at the diode.
PAR  In the application of the invention to a frequency converting device for a
      receiver utilizing hollow conductor technique, whereby the diode is
      inserted in a coaxial line section extending transversely to the hollow
      conductor, the blocking filters, preferably constructed in the form of two
      radially extending lines, each with a radial length of approximately
      (.lambda./4), are disposed at the signal input side of the diode, whereby
      one filter is disposed directly at the diode and the second is disposed at
      a distance of approximately (.lambda./4) from the first.
PAR  Where the invention is employed in a frequency converting device for a
      receiver involving strip line technique, whereby the diode is inserted in
      a laminated circuit plate as the like, the blocking filters preferably are
      formed as two stub lines, of approximately (.lambda./4) in length, which
      are disposed on the signal input side of the diode at a distance of
      approximately (.lambda./4) from the diode and a mutual distance of
      approximately (.lambda./4).
PAR  In a further embodiment of the invention for a frequency converting device
      in micro strip technique, a hybrid circulating or signal ring may be
      employed as the coupling element, provided with two oppositely disposed
      inputs to which the input signal frequency and the oscillator frequency
      are respectively connected, and in which the two oppositely disposed
      outputs are provided with respective line branches, each of which contains
      a diode, which are circuited in parallel on the output side. Each of such
      line branches contains two blocking filters, each of which is designed as
      a stub line of approximately (.lambda./4) in length, disposed at the
      signal input side of the associated diode, with the first filter, in each
      case, being spaced a distance of approximately (.lambda./4) from the diode
      and the two filters having a mutual spacing of approximately (.lambda./4.
PAR  In a further preferred development of this embodiment of the invention,
      along the line branches containing the diodes, at least approximately in
      the vicinity opposite to the stub lines ground line sections are provided
      which form conductive paths through the circuit board, and further there
      may be provided, at the circumference of the signal ring, stub lines whose
      lengths are small in comparison to that of the operating wave length.
PAR  By suitable dimensioning of the radial or stub lines, respectively
      constituting the filter circuits, the current interruption, resulting from
      the presence of the filter circuits for the respective frequencies, is
      assured over a larger frequency range, and at the same time a suitable
      matching is effected with respect to the diodes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings wherein like reference characters indicate like or
      corresponding parts:
PAR  FIG. 1 illustrates a frequency converting device for a receiver employing
      hollow conductor technique, with part of the converting device shown in
      section;
PAR  FIG. 2 is a semi-diagramatic plan view of a frequency converting device for
      a receiver in micro strip technique; and
PAR  FIG. 3 is an isometric view of a further embodiment of the invention
      employing micro strip technique.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is illustrated a frequency converting device,
      employing hollow conductor technique, in which the coupling elements for
      the signal input frequency, and the oscillator frequency, for example
      circulators or directional couplers, are not illustrated. The received
      input signal of the frequency f.sub.S, and the frequency f.sub.LO of the
      local oscillator, are suitably directed to the adjacent end of a hollow
      conductor 1, the opposite end of which is terminated by a shorting plunger
      2. A coaxial conductor, with an inner conductor 3, is arranged
      transversely to the hollow conductor 1 with the diode 4 being inserted
      into a line section terminating in a hollow conductor side wall, and which
      line section, at the opposite side of the hollow conductor, forms the
      intermediate frequency output ZF of the frequency converting device of the
      receiver. In the immediate proximity of the diode 4, on the side of the
      signal input 2, radially extending lines 5, 6 are disposed which form the
      blocking filters for the currents of the two-fold oscillator frequency 2
      f.sub.LO, and the summation frequency of the received input signal
      frequency and the oscillator frequency (f.sub.S + f.sub.LO). The two
      radially extending lines 5 and 6 each have a radial length of
      approximately (.lambda./4), with one of the lines being directly connected
      to the diode 4 and the second of the lines disposed at a distance of
      approximately (.lambda./4) with respect to the first line. By means of
      such transforming filter circuits, in the form of radially extending lines
      5 and 6, an infinite impedance is transformed to the diode for currents of
      the second harmonic of the oscillator frequency and the summation
      frequency derived from the signal input frequency and the oscillator
      frequency, so that these currents are interrupted at the diode.
PAR  FIG. 2 illustrates a frequency converting device for a receiver involving
      micro strip technique, with the coupling elements for the signal input
      frequency and the frequency of the local oscillator likewise not being
      illustrated. In this embodiment, the circuit elements are applied by
      printing techniques to a laminated conductor plate 11. The conductor path
      12 at the right side of the figure forms the input for the received input
      signal having a frequency f.sub.S, and for the signal of the local
      oscillator having the frequency f.sub.LO. Disposed along the conductor
      path 12 are two stub lines 15, 16 which are arranged in the form of
      lateral branches. Such two stub lines 15, 16, which are spaced apart a
      distance of approximately (.lambda./4) and are each approximately
      (.lambda./4) in length, constitute the blocking filters for the
      frequencies 2 f.sub.LO (second harmonic of the oscillator frequency) and
      f.sub.LO .sub.+ S (summation frequency). The diode 14 is inserted into a
      bore or opening in the conducting plate 11, disposed in the conductor
      path, with the diode being spaced from the stub line 15 by a distance of
      approximately (.lambda./4). The intermediate frequency output ZF is, in
      this construction, located at the upper left corner of the conductor plate
      11. Additional conductor paths on the laminated conductor plate 11, which
      do not directly involve the subject matter of the invention, are not
      illustrated in detail.
PAR  FIG. 3 illustrates a further embodiment of the invention in connection with
      fabrication in micro strip technique. In this construction a hybrid signal
      ring 22 is provided having an input 31, at the end appearing at the right
      in FIG. 3, to which the received input signal having the frequency f.sub.S
      is supplied. A further input 32, displaced by approximately 120.degree.
      from the input 31, is operatively connected to the local oscillator
      frequency f.sub.LO by the centrally disposed conductor 22.
PAR  Between the two input arms 31, 32 of the ring 22 are two additional arms
      33, 34 which are respectively connected to line branches 29, 30 containing
      respective diodes 23 and 24, which are connected in parallel at the output
      side, whereby the common output ZF forms the intermediate frequency
      output. In accordance with the invention there are provided two stub
      lines, 25, 26 in the line 29 and two similar stub lines 27, 28 in the line
      30, each of which stub lines have a length of approximately (.lambda./4).
      The stub lines 25, and 27, adjacent the respective diodes 23 and 24, are
      each spaced from their associated diode by a distance of approximately
      (.lambda./4) and the adjacent stub lines 25, 26 and 27, 28 are spaced from
      one another by a distance of approximately (.lambda./4).
PAR  In this arrangement, as in the previous arrangements, the special
      transforming filter circuits in the direct proximity of the diodes are
      operative to interrupt the currents for the respective frequencies whereby
      at the diode chip an infinite impedance is transformed.
PAR  Line sections 35, 35' are provided along the respective line branches 29,
      30 containing the diodes 23, 24, approximately in the area located
      opposite to the respective stub lines 25, 26 or 27, 28 respectively, for
      effecting connection to the ground lamination on the bottom of the
      conductor plate 21, by means of the connecting through-contacts 36, 37
      whereby a good electrical connection between the line sections 35, 35' and
      the ground lamination is provided and good electrical isolation between
      the individual conductor paths is assured. For the precision adjustment of
      the signal ring 22, a capacitive load is provided comprising stub lines
      38, located at the circumference of the ring, which lines each have a
      length that is small in comparison to the operating wave length. By
      suitable dimensioning of the filter circuits, and a corresponding
      dimensioning of the width of the radial or stub lines respectively, the
      previously mentioned current interruption is assured over a larger
      frequency range and the diodes simultaneously are suitably matched.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently it is intended
      that the claims be interpreted to cover all such modifications and
      equivalents.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a frequency converting device for a receiver, particularly in hollow
      conductor, strip line and micro strip techniques, including signal and
      oscillator input means, a diode as a non-linear element, an input line
      connecting said input means and said diode, an intermediate frequency
      output, and blocking circuits in the proximity of the diode for
      oscillations of the second harmonic of the oscillator frequency as well as
      the summation frequency of the oscillator frequency and the signal
      frequency, said blocking circuits comprising a pair of filter elements,
      each having a length of approximately (.lambda./4) connected to the input
      line, said elements being spaced a distance of approximately (.lambda./4)
      apart, for effecting a current blockage of currents of the second harmonic
      of the oscillator frequency and the summation frequency of the signal
      frequency and oscillator frequency, at the diode.
NUM  2.
PAR  2. A frequency converting device according to claim 1, for a receiver
      fabricated in hollow conductor technique, in which the diode is inserted
      into a coaxial line section arranged transverse to the hollow conductor,
      wherein said filter elements are in the form of two radially extending
      lines disposed on the signal input side of the diode, said lines each
      having a radial length of approximately (.lambda./4), one of such lines
      being disposed directly at the diode and the second at a distance of
      approximately (.lambda./4) from the first line.
NUM  3.
PAR  3. A frequency converting device according to claim 2, wherein the radial
      lines comprising the filter circuits have dimensions such that the current
      interruption resulting from such filter circuits for the respective
      frequencies is achieved over a greater frequency range.
NUM  4.
PAR  4. A frequency converting device according to claim 1, for a receiver in
      strip line technique, in which the diode is inserted into a laminated
      circuit board, wherein said filter elements are designed as two stub lines
      each approximately (.lambda./4) in length, disposed on the signal input
      side of the diode at a distance of approximately (.lambda./4) from the
      diode and the distance between the two lines being approximately
      (.lambda./4).
NUM  5.
PAR  5. A frequency converting device according to claim 4, wherein the stub
      lines comprising the filter circuits have dimensions such that the current
      interruption resulting from such filter circuits for the respective
      frequencies is achieved over a greater frequency range.
NUM  6.
PAR  6. A frequency converting device according to claim 1, for a receiver, in
      micro strip technique, comprising a hybrid signal ring as a coupling
      element, having two oppositely disposed inputs to which the input signal
      and the oscillator frequency are respectively connected, and having two
      oppositely disposed outputs to which are connected respective line
      branches, each branch contains a said diode and a pair of said filter
      elements, said diodes being connected in parallel at their output sides,
      wherein the two blocking filters, in the form of stub lines each having a
      length of approximately (.lambda./4), are disposed at the signal input
      side of the respective diodes, in each case at a distance of approximately
      (.lambda./4) from the associated diode.
NUM  7.
PAR  7. A frequency converting device according to claim 6, wherein, at the
      circumference of the signal ring, there are connected stub lines whose
      lengths are short as compared to the operating wave length.
NUM  8.
PAR  8. A frequency converting device according to claim 6, wherein the stub
      lines comprising the filter circuits have dimensions such that the current
      interruption resulting from such filter circuits for the respective
      frequencies is achieved over a greater frequency range.
NUM  9.
PAR  9. A frequency converting device according to claim 6, wherein, line
      sections are located adjacent the line brances containing the diodes,
      which line sections are provided for the ground lamination and are
      contacted therewith.
NUM  10.
PAR  10. A frequency converting device according to claim 9, wherein, at the
      circumference of the signal ring, there are connected stub lines whose
      lengths are short as compared to the operating wave length.
NUM  11.
PAR  11. A frequency converting device according to claim 9, wherein said line
      sections are located opposite the portions of the line branches to which
      the respective pairs of stub lines are connected.
NUM  12.
PAR  12. A frequency converting device according to claim 11, wherein, at the
      circumference of the signal ring, there are connected stub lines whose
      lengths are short as compared to the operating wave length.
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ABST
PAL  A TV channel selector assembly includes a keyboard having ten keys
      corresponding to the decimal numbers zero through nine, inclusive. The
      desired channel may be selected merely by activating the appropriately
      numbered keys, there being no other keys required to be activated to
      effect a channel change. After activation of the first key, which may be
      either a units digit channel or the tens digit of a two digit channel, a
      delay circuit defines a timed interval of about two seconds. Each keyboard
      output is encoded into a four digital word. A control device transfers the
      first digital word to a units channel input if a second key is not
      activated during the timed interval. If a second key is activated during
      the timed interval, the first digital word is transferred to a tens
      channel output, and the second digital word is transferred to the units
      channel output.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the art of TV channel selector assemblies
      and, more specifically, to an assembly having a numeric keyboard wherein
      the channel is selected by activating one or two keys corresponding to the
      desired channel number.
PAR  Numeric keyboard TV selector assemblies are not, per se, novel. Typically,
      the keyboard would include digits zero through nine inclusive for
      selecting any UHF or VHF channel. However in one known system, to change a
      channel of only one digit one has to first activate the "zero" key to
      set-up the control circuitry for the second digit. In another known
      system, the keyboard includes an "enter" key which must be activated prior
      to entering the selected channel. Both of these known systems have certain
      inconveniences. The control circuitry has added complexity, since three
      keys must be activated for a two digit channel and two keys must be
      activated for a single digit channel. Furthermore, the operator is
      inconvenienced by having to select a channel in an unnatural fashion.
PAR  To the knowledge of the inventor, no keyboard selector assembly is known of
      the type described and claimed herein.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a TV channel selector
      assembly which does not have a leading zero key or an enter key and in
      which the channel is selected merely by activating the appropriate key or
      keys corresponding to the channel number.
PAR  It is an additional object of the present invention to provide a TV channel
      selector assembly wherein if the operator becomes confused as to what
      channel has been entered, he may wait for a short time interval and then
      re-enter the desired channel number.
PAR  It is still an additional object of the present invention to provide a TV
      channel selector assembly having reduced complexity of electronic
      circuitry and which operates in a convenient fashion.
PAR  According to the present invention, there is provided a TV channel selector
      assembly of the type providing an output to a TV receiver, the output
      being effective to select an VHF or UHF channel. The assembly includes a
      keyboard having ten keys, each of which corresponds to one of the decimal
      numbers zero through nine inclusive. The keyboard provides a defined
      output corresponding to the particular one of the keys which is activated.
      A delay device responds to the activation of any key and defines a timed
      interval commencing after the activation of the key. A control device
      responsive to the selected key and the delay device, allocates the
      keyboard output as a units channel if a second key activation does not
      occur during the timed interval. Alternatively, the control assembly
      allocates the keyboard output as a tens channel if a second key activation
      occurs during the timed interval. In this case the second keyboard output
      becomes the units digit of the channel. The assembly is effective to
      select a channel by merely activating the key or keys corresponding to the
      channel number whereby no separate channel select control key is
      necessary. In operation, the operator of the assembly activates in a
      natural way the tens digit of a dual digit channel and then activates the
      units digit. The operator has a few seconds in which to activate the
      second key before the assembly interprets the first key activation as
      being the selection of a single digit channel.
PAR  There are several additional features in the preferred embodiment of the TV
      channel selector assembly. First, an encoder is preferably provided for
      encoding the keyboard output into a four bit digital word. Further, the
      assembly includes a visual display device for indicating the selected
      channel. Additional features are present in the control circuit for
      accomplishing the desired results with a minimum of electronic circuitry.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram of the keyboard selector assembly according to
      the present invention, and
PAR  FIG. 2 is a more detailed diagram of the TV channel selector assembly.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The purpose of this invention is to collect and display digits presenting
      TV channel numbers entered from a numeric keyboard by the television
      operator. The invention is useful in a number of applications of digital,
      all-channel control of varactor tuned TV receivers. These applications
      include direct frequency synthesis using a programable divider and
      phase-locked loop, beat counting methods using harmonics, and non-volatile
      storage of TV tuning voltages.
PAR  The TV selector logic assembly allows the operator to enter one or two
      digits depending on the desired channel number and not be required to
      enter a leading zero or push an enter key as in other systems. The first
      digit that is activated appears in the units position of the display and
      is transferred to the tens position if a second digit is entered. The
      second digit that is entered appears in the units position. A timed delay
      is initiated by entering the first digit. If this delay has not expired
      when the second digit is activated, the first digit is considered as a
      tens digit and the second digit is considered as the units digit. The
      collected data is transferred to the output which is fed to the TV set
      either when the second digit is entered or when the delay expires. The
      timed delay is of the order of a few seconds to allow the user to enter a
      second digit if needed.
PAR  In an exemplary embodiment of the present invention, as illustrated in FIG.
      1, there is provided a TV selector assembly, represented generally by the
      numeral 10, of the type providing an output to a TV receiver 11. The
      output is effective to select any VHF or UHF channel. The television 11 is
      of the type which includes digital all-channel control of varaetor tuned
      TV receivers. A keyboard 12 has ten keys, each of which corresponds to one
      of the decimal numbers zero through nine, inclusive. The keyboard 12
      provides a defined output corresponding to the particular one of the keys
      which is activated. The keyboard output is represented generally by the
      reference numerals 14 and 15; the output 14 represents signals
      corresponding to the selection of digits "one" through "nine", inclusive,
      and the output 15 corresponds to selection of the digit "zero". The output
      15, as shown, does not go to the control logic of the assembly. The
      control assembly automatically generates a zero for the tens digit if a
      second digit is not activated and senses a zero for a second digit
      selection since keys one through nine have not been selected. A delay
      means 16 responds to the activation of any key and defines a first timed
      interval via a line 18. A control assembly 20 responds to the keyboard
      output and the delay means output. This assembly allocates the keyboard
      output as a units channel if a second key activation does not occur during
      the timed interval or, alternatively, allocates the first keyboard output
      as a tens channel if a second key activation occurs during the timed
      interval, the second keyboard output then becomes the units channel.
PAR  Preferably, the selector assembly 10 includes an encoder 22 which responds
      to the keyboard output 14 for encoding each activated key into a four bit
      digital word. Thus, an output 24 from the encoder 22 is a four bit digital
      word; preferably, the control assembly 20 includes a control logic 26
      which channels the various four bit digital words to either a units output
      device 28 or a tens output device 30. The output lines of the units and
      tens devices to the TV receiver 11 are designatd 32 and 34 respectively.
      In operation if a single digit number is selected, the units output 32 is
      a four bit digital word corresponding to the coded value, and the tens
      output is a four bit digital word equal to zero. If a two digit channel
      has been selected, the tens output is a four bit digital word
      corresponding to the first selected key, and the units digit output is a
      four bit digital word corresponding to the second selected key. The
      encoder 22 is a nine bit to four bit encoder; for example, if the channel
      nine is selected, the encoder output 24 would have a logic one in the
      least significant bit line and the most significant bit line and a logic
      zero on the second and third bit line. The delay means 16 is activated
      when any of the ten keys is selected.
PAR  Referring now to FIG. 2, there is provided a more detailed diagram of the
      preferred embodiment of the present invention. The encoder 22 may include
      an encoder module 40, such as one commercially available and designated
      SN74147, and a group of NAND gates 42.sub.1 through 42.sub.4 for inverting
      the encoder module outputs to make them compatable with the remaining
      portion of the logic. The NAND gates outputs are combined to form the
      output 24 which is directed to the control logic 26. An output 44 from a
      NAND gate 46 provides a logic one whenever any one of the ten keys is
      activated.
PAR  Preferably, a display device 48 is provided for visual indication of the
      selected channel. The device 48 includes a unit display 50 and a tens
      display 52. One suitable component for the display is a LED display module
      commercially available as SN7340. Each of the displays 50 and 52 has an
      enable input designated "E" and an unblanking input designated "U".
PAR  As stated previously, the control assembly in FIG. 2 includes a units
      output 28, the tens output 30 and the control logic 26. The units output
      28 includes an output register 56 and a data multiplexer 62. One suitable
      output register is commercially available device designated SN74174,
      having a clear input, designated CL, and a clock input designated CK. One
      suitable data multiplexer is a device designated SN74157 having an A and B
      input section. The A input of the data multiplexer 62 is provided with a
      grounded input on each line so that that section is loaded with logic
      zeros.
PAR  The delay means 16 includes a group of one shot devices designated
      16.sub.1, 16.sub.2, 16.sub.3, 16.sub.4, and 16.sub.5. The control logic 26
      includes a temporary storage register 70 (such as SN 74174), a pair of
      flip-flops 72 and 74 (SN7474), and NAND gates 76, 78, 80, 82, 84, and 86.
PAR  Referring now to the operation of the embodiment shown in FIG. 2, a network
      90 is connected at an arrangement of NAND gates 92 and 95. The network 90
      charges the capacitor 93 when the power is turned on with a delay and
      provides a high output from the NAND gate 92 for a short time after power
      turn on. Then the NAND gate 95 provides the proper polarity for power turn
      on initialization of the system. The flip-flops 72 and 74, as well as the
      output register 56 and 60, are reset by the outputs of NAND 95.
PAR  The keyboard 12 is connected such that one line on this output is grounded
      when a key is activated. The NAND gates 46 produce a logic one output when
      any key is activated. The inputs to this NAND gate are the inverted states
      of the key activation. For example, when no key is activated all inputs
      are logic one giving a zero output. When an input goes to a zero, the
      output goes to one. A positive going transition from the output 44 of the
      NAND gate 46 triggers the delay chain of one shot circuits. The delay
      circuit 16.sub.1 prevents contact bounce on release of a key from
      retriggering the delay circuit 16.sub.2. The delay circuit 16.sub.2 allows
      contact bounce when a key is depressed to subside and the code outputs of
      the encoder module 40 to become stable before further action occurs. The
      output of the delay circuit 16.sub.3 is a short pulse which enters the
      encoded and inverted data via the gates 42 into the units display 50 of
      the display device 48, and the flip-flop 74 on the trailing edge. Since on
      the first entry the delay device 16.sub. 4 has not been fired, there is a
      logic one at the output of the NAND gate 80 that loads the encoded and
      inverted keyboard data into the temporary storage register 70. The output
      of the NAND gate 76 remains a logic one and the tens display 50 is not
      loaded (since the E input requires a logic zero) and no clock is applied
      to the output storage registers 56 and 60.
PAR  The flip-flop 74 output (i.e. a logic one) unblanks the units LED display
      50, permitting the operator to see his first entered digit. The delay
      16.sub.4 is triggered from the trailing edge of the pulse from the delay
      device 16.sub.3. The delay 16.sub.4 is the timed delay which permits the
      user to enter a second digit for two digit channel numbers.
PAR  If no second digit is entered, no action happens until the delay 16.sub.4
      expires which triggers the delay 16.sub.5. A pulse is fed through the NAND
      gates 82, 84, and 86 to load the output registers 56 and 60. These
      registers are loaded from the output of the data multiplexers 58 and 62.
      For the condition of a single input digit, the data multiplexer 58 selects
      the A input from the storage device 70 and the data multiplexer 62 selects
      all zeros and the proper data is made available to the TV set. (How do
      they know whether to select the A or B words)
PAR  If within the time that the delay device 16.sub.4 is fired a second digit
      is entered, thereby triggering the delay chain starting with the delayed
      device 16.sub.2 again, then the flip-flop 72 is set, unblanking the ten
      display 52, and a pulse from the NAND gate 76 loads the encoded and the
      inverted keyboard data into the tens display 52 as well as generating a
      load pulse for the output register 56 and 60 through the NAND gates 84 and
      86. The data fed to the output register is selected from the B inputs of
      the multiplexers 58 and 62. This data is the stored first digit for the
      tens digit and the encoded and inverted keyboard data for the units digit.
PAR  Once the system has been used to select a channel, the operation is the
      same as from the power on clear state except the flip-flop 72 is reset,
      thereby blanking the tens display 52 when the first key is activated.
PAR  In the preferred embodiment, the delay devices 16 are all commercially
      available one shot circuits, such as those designated SN74121. One skilled
      in the art shall be able to use the appropriate values of resistance and
      capacitance with these one shot circuits to obtain the desired delay time.
      The following is a list of the preferred delay times generated through
      these devices.
PA1  16.sub.1    15 milliseconds
PA1  16.sub.2    10 milliseconds
PA1  16.sub.3    1 microsecond
PA1  16.sub.4    2 seconds
PA1  16.sub.5    1 microsecond.
PAL  The embodiments of the present invention are intended to be merely
      exemplary and those skilled in the art shall be able to make numerous
      variations and modifications of them without departing from the spirit and
      scope of the present invention. For example, the delay time of the delay
      16.sub.4 may be any variation which is long enough to allow the operator
      time to select a second key. All such variations and modifications are
      intended to be within the scope of the present invention as defined by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A TV channel selector assembly of the type providing an output to a TV
      receiver, the output effective to select any VHF or UHF channel,
      including:
PA1  a. a keyboard having ten keys each of which corresponds to one of the
      decimal numbers zero through nine inclusive, the keyboard providing a
      defined output corresponding to the particular one of the keys which is
      activated,
PA1  b. delay means responsive to the activation of any key for defining a first
      timed interval commencing after the activation of any key, and
PA1  c. control means responsive to the keyboard output and the delay means for
      allocating the keyboard output as a units channel if a second key
      activation does not occur during the timed interval and for allocating the
      keyboard output as a tens channel if a second key activation occurs during
      the timed interval, the second key activation forming a second keyboard
      output which is allocated as a units channel, the assembly selecting and
      changing channels by activating the numbered keys corresponding to the
      desired channel.
NUM  2.
PAR  2. The selector assembly according to claim 1 further including an encoder
      responsive to the activation of the keys for encoding each keyboard output
      into a four bit digital word.
NUM  3.
PAR  3. The selector assembly according to claim 2 further including a display
      means responsive to the digital words and the control means for visually
      displaying the decimal number corresponding to the selected channel.
NUM  4.
PAR  4. The selector assembly according to claim 3 further including means
      responsive to the activation of the keys for initiating the timed interval
      wherever any key is activated.
NUM  5.
PAR  5. The selector assembly according to claim 4 wherein the delay means
      includes means for defining a second timed interval preceding the first
      timed interval for allowing contact bounce from the key to subside.
NUM  6.
PAR  6. The selector assembly according to claim 5 wherein the control means
      includes
PA1  a. a storage register sequentially receiving the digital words from the
      encoder,
PA1  b. a units and tens multiplexer each having a first and second word storage
      device, the units multiplexer storing the same digital word in each
      storage device, the tens multiplexer storing the digital word in the first
      storage means and a digital word equal to zero in the second storage
      device,
PA1  c. a units and a tens output register receiving the outputs of the units
      and tens multiplexer and for transferring the outputs in response to a
      transfer signal, and
PA1  d. a means for transferring after the first timed interval the digital
      words in the first storage devices of the multiplexers to the respective
      output registers if a key is not activated during the first timed interval
      and for transferring the digital words in the second storage devices to
      the output register if a key is activated during the first timed interval.
NUM  7.
PAR  7. The selector assembly according to claim 6 wherein the first timed
      interval is of a duration effective to allow the operator to select
      another key after selecting a first key.
NUM  8.
PAR  8. The selector assembly according to claim 7 wherein the interval is about
      2 seconds.
NUM  9.
PAR  9. The selector assembly according to claim 6 further including means for
      displaying the units number if the key is not activated during the first
      timed interval and for displaying the units and display if displayif a key
      is activated during the first timed interval.
NUM  10.
PAR  10. The selector assembly according to claim 6 wherein the control means
      includes a first and second flip-flop and further including means
      responsive to initialization of electrical power for resetting the
      flip-flops and the output registers.
NUM  11.
PAR  11. The selector assembly according to claim 1 wherein the delay means is a
      one shot circuit.
NUM  12.
PAR  12. The selector assembly according to claim 10 wherein the control means
      further includes
PA1  a. means responsive to the end of the second timed interval for setting the
      first flip-flop, loading the storage register with the first digital word
      and the first and second storage of the device units multiplexer and the
      second storage device of the tens multiplexer and displaying the first
      digital word in units display means,
PA1  b. means responsive to the end of the first timed interval without receipt
      of a second key activation for loading the contents of the first storage
      devices of the units and tens multiplexer into the respective output
      registers and
PA1  c. means responsive to the receipt of a second key activation during the
      first timed interval for setting the second flip-flop, loading the second
      storage device of the units multiplexer with the second digital word,
      displaying the second digital word in the units display means, displaying
      the first digital word in the tens display means and loading the contents
      of the second storage devices of the multiplexers into the respective
      output registers.
NUM  13.
PAR  13. The selector assembly according to claim 12 wherein the delay means
      include
PA1  a. a first one shot circuit defining a 15ms delay,
PA1  b. a second one shot circuit triggered by the first one shot and defining a
      10ms delay, the two delays forming the second defined timed interval, a
      third one shot circuit triggered by the second one shot and defining a 1ms
      delay, a fourth one shot circuit triggered by the third one shot and
      defining the first timed interval and a fifth one shot circuit triggered
      by the fourth one shot and definfing a 1.mu.s delay.
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ABST
PAL  A system for transferring operation of a mechanism from one control signal
      to another control signal utilizing frequency modulation is disclosed. A
      rate multiplier generates pulses at an increasing frequency during a first
      portion of the transfer period up to a predetermined maximum frequency;
      and controlled to generate pulses at a decreasing frequency during the
      final portion of the transfer period. During the first portion of the
      transfer period, the peak and base of each pulse, corresponds to the value
      of the one and the other signal, respectively. During the final portion of
      the transfer period, the peak and base of the pulses are reversed to
      correspond to the opposite control signals. A filter averages the peaks
      and bases of the applied pulses during both portions of the transfer
      period to change gradually the average signal from the one control signal
      to the other.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  U.S. Pat. application Ser. No. 544,604 entitled "Improved Digital Transfer
      Control System for Dual Mode Turbine Operation" filed concurrently
      herewith by William E. Zitelli and Leland B. Podolsky, and assigned to a
      common assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates broadly to a system for transferring the
      response of an electrically controllably mechanism from one control system
      to another without an abrupt change in the mechanism in accomplishing such
      transfer. This is particularly desirable in tranferring the operation of
      the governor or control valves of the steam turbine between a single and
      sequential mode of operation.
PAR  In the single or full arc mode of operation, the valves are operated
      identically to control the flow of steam through a full arc of inlet
      nozzles to the turbine blading. In this mode, all the valves respond
      equally to a change in the flow demand or control signal. In the
      sequential or partial arc mode of operation, the valves are operated
      sequentially in a predetermined pattern to control the flow of steam
      through a partial arc of inlet nozzles to the turbine blading. In this
      mode, one or more valves respond differently to a change in the total flow
      demand or control signal.
PAR  Therefore, the valve position control signal for each of the valves when
      operating in the sequential mode is different than it is for each of the
      valves when operating in the single valve mode. To suddenly change
      operating modes, by switching abruptly between single and sequential
      control signals, could create an abrupt positional valve change that would
      introduce transients in the system. Such transients could possibly cause
      damage to the valves and/or the tubine blading.
PAR  Thus, it is desirable that a transfer from either the sequential mode or
      the single valve mode to the other be gradual; that is, that the value of
      the applied signal during the transfer gradually changes from the value of
      the one signal to the value of the other signal. Also, it is desirable for
      the mechanism, such as the valve control mechanism, for example to respond
      quickly to a change in either one of the control signals during such
      transfer without an abrupt change in the signal applied to the mechanism.
      A change in one of the control signals should affect the applied signal
      during such transfer depending on the percentage of transfer completion.
      Also, it is desirable that such transfer system be capable of effecting
      such a transfer effectively over an extended period of time, such as up to
      eight minutes, for example.
PAR  In U.S. Pat. Nos. 3,367,319 and 3,740,588 issued to Stratton et al., there
      is proposed a dual mode control system and method for changing between a
      single and sequential mode of valve operation. The proposed system
      utilizes what is termed time ratio switching for changing from one mode to
      another. The method used in the proposed system is to alternately switch
      between the two control signals at a given rate. This is accomplished by
      generating saw-tooth shaped pulses at a given or constant rate. A ramping
      voltage signal, which gradually increases throughout the transfer period,
      is compared with each saw-tooth waveform or pulse to produce at such given
      rate, a first series of output pulses that are successively greater in
      width, and a second series of output pulses that are successively narrower
      in width, until each expanding pulse is equal in duration to the
      repetition rate of the saw-tooth generated pulses and the narrowing pulses
      disappear. The width or duty cycle of each of the pulses is varied by a
      comparison circuit that chops each of the saw-tooth pulses at a different
      height in accordance with the progressively increasing ramp voltage.
PAR  A transfer system, which modulates the frequency of the generated pulses
      that are applied to the control mechanism, in contrast to a system where
      the generated pulses are varied in width or duty cycle to effect a
      transfer, can produce the desired results with the use of reasonable
      resistor and capacitor filter valves. The higher the frequency, the lesser
      are the component values of the filtering mechanism.
PAR  Also, a frequency modulation transfer system does not depend for
      reliability on a time-dependent constant-increasing voltage and its
      accompanying comparison circuit, which is difficult to control
      particularly during an extended transfer period.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved system and method for
      transferring control of an electrically responsive mechanism between two
      control signals without causing an abrupt change in the mechanism
      occasioned by such transfer. The pulse waveform, which is applied to a
      filter, is frequency modulated from a minimum to a maximum rate during the
      first portion of the transfer period, and frequency modulated from the
      maximum rate to the minimum rate during the last portion of the transfer
      period. The peak value of each of the pulses in the waveform during the
      first portion of the transfer period correspond to the control signal
      toward which the transfer is to be made; and are reversed to correspond to
      the control signal from which the transfer is made during the last portion
      of the transfer period. As a result thereof, the filtered signal gradually
      changes in value from the one control signal to the other throughout the
      transfer period.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic block diagram of a transfer control system according
      to one embodiment of the present invention;
PAR  FIG. 2 is a series of waveforms which illustrate the frequency modulation
      of the single and sequential control signal transfer pulses;
PAR  FIG. 3 illustrates graphically the gradual change in the value of the
      control signal during a transfer in accordance with the modulation of the
      pulses in both an increasing and decreasing direction;
PAR  FIGS. 4A and 4B are schematic circuit diagrams of a control system for
      transferring the operation of a plurality of valves between a single and
      sequential control signal in accordance with one embodiment of the present
      invention;
PAR  FIG. 5 is a block diagram of the state of the output terminals for applied
      pulses under various input terminal conditions of the flip-flop circuit
      components utilized in the circuit diagram of FIG. 4;
PAR  FIGS. 6A and 6B are timing diagrams illustrating the state of the digital
      counter and the digital output signals for the various flip-flop circuit
      components and gates in the transfer control system of FIG. 4;
PAR  FIG. 7 is a schematic block diagram of a system for transferring the
      control of a turbine between two different groups of valves in accordance
      with another embodiment of the present invention;
PAR  FIGS. 8 through 10 inclusive illustrate schematically the actual
      arrangement of the various components of the system of the present
      invention on individual cards; and
PAR  FIG. 11 is a schematic illustration of the voltage reference of the system
      of the present invention.
DETD
PAR  Referring to FIG. 1, there is illustrated a transfer system 10 for
      transferring the control of a mechanism 11 between a control signal 12 and
      a control signal 13. A switching mechanism 14 includes a contact 15 and a
      contact 16. When the contact 15 is closed a control signal is conducted
      from the block 12, over a conductor 17 and a conductor 18 to a filter 19
      for operating the controlled mechanism 11. When the contact 16 is closed a
      control signal is conducted from the block 13 over a conductor 20, the
      switch contact 16, the conductor 18, and through the filtering mechanism
      19, for operating the mechanism 11.
PAR  The switching mechanism 14 is shown in the described embodiment, as being
      normally in the position shown in FIG. 1, when a low level digital signal
      is applied to its actuating mechanism 21 over a conductor 22. In response
      to a high level signal over the conductor 22, the actuating mechanism 21
      closes the contact 16, and opens the contact 15 to transfer the response
      of the mechanism 11 from the control signal of the block 12 to the control
      signal of the block 13. In the description of the present invention, a low
      level signal is represented on the drawings as a (0), and the high level
      signal is represented as a (1). These low and high level signals which are
      referred to as zero and one, respectively, may be of different polarities,
      same polarity, or a signal of one polarity may represent a signal of one
      level while no signal on the conductor may represent a signal of the other
      level depending on the particular components and design.
PAR  An exclusive NOR gate 23 is connected to the conductor 22 of the operating
      mechanism 21 of the switch 14 to a driver-inverter circuit 24 for
      controlling the conduction of a high level or low level signal pulse for
      operating the switching mechanism 14. The gate 23 has two inputs referred
      to at 25 and 26 respectively. When both of the inputs 25 and 26 of the
      gate 23 conduct either a high level signal or a low level signal
      simultaneously, the output of the gate 23 is a low level signal. When one
      of the inputs 25 or 26 is conducting a low level signal, and the other of
      the inputs 25 or 26 is conducting a high level signal, a high level signal
      appears on the output of the gate 23. This low level or high level signal,
      whatever the case may be, is inverted by the driver-inverter 24 to apply a
      signal of the opposite level to the driving mechanism 21 of the switch 14.
      Thus, when both of the inputs 25 and 26 are conducting signals of the same
      level, a high level signal is applied to the operating mechanism 21 of the
      switch 14. When the signals applied to the inputs 25 and 26 are of
      different levels, a low level signal is applied to the switch mechanism
      21. The switch 14 is of the type that will follow the high and low level
      signals at a frequency, which in accordance with the illustrated
      embodiment is assumed to be at a maximum rate of approximately 500
      kilohertz. Although, a switch that is capable of responding to a much
      lower maximum frequency may be used, higher frequency permits a much
      faster response to any changes in the control signal during a transfer.
      Although, the switch 14 illustrates a contact 15 and a contact 16, it is
      understood that switches not having mechanical contacts are actually used.
PAR  A rate multiplier 27 generates high level pulses at the input 25 of the
      gate 23 at a frequency that is determined by a binary coded counter 28.
      Digital gating logic referred to at block 30 determines the presence of
      either a high level or a low level pulse at the input 26 of the gate 23.
      The rate multiplier 27 includes a reference clock 31, which in the
      described embodiment, is capable of operating the rate multiplier to
      produce output pulses at a maximum rate of 500 kilohertz. The binary
      counter 28 is connected to the rate multiplier to control the frequency of
      the output pulses in accordance with the binary count which is present in
      the counter 28. A clock 32 is provided to control the counting rate of the
      counter 28. An adjustable timer referred to as block 33 controls the rate
      of the clock 32. In the described embodiment it is contemplated that the
      adjustable timer may be operatd to vary the rate of the clock 32 so that
      the counter 38 is operated incrementally at a rate that results in the
      output frequency of the rate multiplier 27 to modulate between a minimum
      and maximum frequency during a period of time that may vary anywhere from
      one and a half to four minutes for example. Thus, as will be more fully
      described hereinafter, the total transfer time may be varied from three
      minutes to eight minutes, for example.
PAR  The gating logic 30 is controlled by what may be termed counter full logic
      referred to at block 33 and transfer control logic referred to at block 34
      in controlling the level of the output pulse on the input 26 of the gate
      23; and to control the direction of operation of counter 28; that is,
      whether or not the counter is to count in sequence upwardly or downwardly
      by way of the up/down input 34. The transfer control logic referred as
      block 35 is controlled to commence the transfer by operation of the
      pushbutton PBT; and controlled to "hold" or stop the transfer by means of
      the pushbutton PBH. The transfer control logic 35 also resets the counter
      28 by way of output 36 and starts and stops the operation of the clock 32
      over output 37. The counter full logic 33 controls over output 38 the
      transfer control logic 35 to stop the clock 32 upon the completion of a
      transfer. The transfer control logic 35 also controls the gate logic 30
      over output 40 in accordance with the direction in which a transfer is to
      be made in response to the operation of the pushbutton PBT.
PAR  Assuming that the control mechanism 11 is responding to a control signal
      from the block 12 through the closed contact 15 of the switch 14, the
      operation of the pushbutton PBT initiates a transfer of a predetermined
      duration until the control mechanism 11 is responding to the control
      signal from the block 13 through the closed contact 16 of the switch 14.
      To initiate a transfer, the operator depresses the pushbutton PBT which
      causes the transfer control logic 35 to start the operation of the clock
      32 for operating the counter 28. The counter 28 operates at a rate
      determined by the speed of the clock 32, which is manually adjustable by
      the timer 33. In response to each binary count of the counter 28, the rate
      multiplier 27 varies the frequency of the output pulses on line 25. For
      example, when the BCD counter 28 counts a "1", the rate multiplier
      produces output pulses at a rate that is 1/1000 of the maximum clock rate
      of the rate multiplier 27; in other words at a rate of 500 hertz. In
      response to the count of "2" the rate multiplier produces pulses at a rate
      of 1 kilohertz. This continues incrementally in accordance with the count
      of the counter 28 until the rate multiplier is producing an output of
      999/1000 of the maximum clock pulse rate or 499,500 hertz, which
      corresponds to the maximum count of 999 from the counter 28.
PAR  In response to each pulse from the rate multiplier 27, the gate 23 conducts
      to cause the driver-inverter 24 to operate the switch 14 through its
      mechanism 21, so that the contact 16 closes and the contact 15 opens, at
      the same frequency as the output pulses of the rate multiplier 27, which
      applies pulses having the same frequency, and a peak to base value
      corresponding to the difference between the control signals.
PAR  Referring to FIG. 2, straight line VSI represents one of the control
      signals and VSE represents the other control signal. The pulses which are
      applied to the filter 19, as represented by the lines between VSI and VSE
      have peaks VSIP and VSEP, which correspond in value to the respective
      control signals VSI and VSE. Pulse train referred to at 29 represents the
      maximum frequency or count midway in the transfer, at which point, the
      peaks of each of the pulses are switched, so that they correspond in value
      to the other control signal. When a transfer is occurring from control
      signal VSE (12) to control signal VSI (13) the pulses VSIP are increasing
      in frequency toward the train 29, and the pulses VSEP are decreasing from
      the train 29. When a transfer is made from VSI to signal VSE, the pulses
      VSEP are increasing in frequency to the line 29, and the pulses VSIP are
      decreasing in frequency. Thus, as the frequency increases, the filter 19
      averages the pulses of the signal toward which the transfer is being made
      with the control signal from which the transfer is being made and as the
      frequency decreases, the filter 19 averages the pulses of the signal from
      which the transfer is being made with the control signal toward which the
      transfer is made.
PAR  Referring to FIG. 3, the ordinate represents the percentage of transfer
      completion between a control signal VSE and a control signal VSI. The
      abscissa represents the number of minutes required to effect the transfer.
      A line 40 represents the filter 19 output in greatly expanded form for a
      transfer from signal VSE to VSI over a three minute period. At point 29A,
      where the maximum frequency occurs, the signal lever is approximately
      midway in value between two control signals. As the frequency decreases,
      the output of the filter continues to increase in value until the signal
      level corresponds to the signal VSI.
PAR  A line 41 of FIG. 3 represents the filter 19 output in greatly expanded
      form for a transfer from signal VSE to VSI over a period of eight minutes.
      Curve portions 42 and 43 represent grossly an increase in the value of
      control signal VSE and VSI during the transfer; and a curve portion 44
      represents grossly a corresponding change in the output level of the
      filter 19 caused by such change. Such a change in the control signals
      would typically be caused by a change in the total flow demand for the
      embodiment described.
PAR  Referring again to FIG. 1, in response to the maximum count of the counter
      28, the counter full logic 33 is operated to cause the gating logic to
      operate the counter 28 in a reverse direction and simultaneously govern
      the gating logic 30 to provide a low level signal on the input 26 of the
      exclusive NOR gate 23. In response to each incremental count in a downward
      direction of the counter 28, the output pulses of the rate multiplier 27
      decrease. However, because the gate 23 has a low level signal on its input
      26, it conducts a high level pulse in response to each output pulse of the
      rate multiplier 27. The high level pulse is inverted by the inverter 24,
      which provides a low level pulse in response to each output pulse from the
      rate multiplier 27. Thus, the contact 15 of the switch 14 is closed at a
      frequency rate corresponding to the output rate of the rate multiplier 27
      to modulate the control signal VSE from the block 12 in incrementally
      decreasing steps. The decreasing frequency of the pulses from the control
      signal VSI of block 12 produces an average output from the filter 19,
      which continues in a direction toward the control signal VSI and away from
      the control signal VSE as shown in FIG. 3.
PAR  When the counter reaches zero after counting in a downward direction from
      its maximum count, the counter full logic 33 governs the transfer control
      logic 35 to stop the operation of the clock 32. This results in a steady
      low level signal conducted to the input 25 of the gate 23. This, in turn,
      provides a high level steady signal from the switch actuating mechanism 21
      to maintain the switch 14 in a position with its contact 16 closed. The
      control mechanism 11 is now responding to the level of the signal from the
      block 13.
PAR  To transfer the response of the control mechanism 11 from the signal VSI of
      the block 13 back to the signal VSE of the block 12, the operator
      depresses the pushbutton PBT, which starts the operation of the clock 32,
      and controls the gate logic 30 to drive the counter 28 to commence
      counting in an upward direction. The input 26 of the gate 23 continues to
      conduct a low level signal, which causes the contact 15 to close at the
      same frequency as the output multiplier 27 in the same manner as described
      previously. As the contact closure 15 is modulated in an increasing
      manner, the output of the filter 19 averages the signal toward the signal
      VSE from the block 12, until the maximum frequency is obtained. In
      response to the maximum count of the counter 28, the counter full logic 33
      controls the gate logic 30 to cause the counter 28 to count downwardly and
      simultaneously to conduct a high level signal on the input 26 of the gate
      23. Thus, the contact 16 closes in response to each output pulse, to cause
      the filter 19 to continue averaging the transfer signal in a direction
      towards the signal VSE from the source 12. This continues, as shown in
      FIG. 3, until the counter reaches zero at which time the contact 15
      remains stationary in its closed position. This completes the transfer
      from the signal source 13 to the signal source 12, and the control
      mechanism 11 continues to respond to the signal VSE.
PAR  To stop the transfer intermediate its beginning and end, regardless of the
      direction of the transfer taking place, the operator depresses the button
      PBH which operates the transfer control logic 35 to inhibit or stop the
      operation of the clock 32. In this condition, the rate multiplier can
      continue to generate pulses at the appropriate frequency, depending upon
      the count which is stored in the counter, at the time the transfer stops.
      Thus, the switch 14 follows the frequency at the constant or given rate to
      maintain the output signal from the filter 19 at the level existing at the
      time of the clock stoppage. To again commence the transfer, after stopping
      at some point intermediate the beginning and the end, the operator again
      depresses the pushbutton PBH which starts the clock 32; and the transfer
      continues in the same manner as previously described.
PAR  To reverse the direction of transfer prior to the completion, thereof, the
      operator may either depress the pushbutton PBH, and then depress the
      pushbutton PBT, or merely operate the pushbutton PBT. In response to the
      operation of the pushbutton PBT, the transfer control logic is operated to
      reverse the direction of the counter 28 and to change the signal level on
      the input 26 to the gate 23 at the appropriate time in the control cycle
      as initiated by the gate logic 30. As previously described, this causes
      the opposite contact of the switch 14 to close in response to either the
      increasing or decreasing frequency of the pulses of the rate multiplier
      27, depending on the operating condition of the system at the time the
      pushbutton PBT is depressed.
PAR  Referring to FIG. 4, which illustrates in more detail the transfer control
      portion of the system described in connection with FIG. 1, particularly
      shows such transfer control system for transferring the control of a
      plurality of governor valves in a steam turbine between a single and
      sequential mode of operation. A flow demand or reference signal as
      referred at block 50 can be varied in any well known manner in accordance
      with the desired operation of the turbine. This signal source may be a
      load demand signal, or any other suitable demand reference signal in
      accordance with the particular turbine control system in which the
      transfer system is used. For single valve operation, the plurality of
      governor valves and their servo mechanisms, which are referred to at block
      51A, 51B, 51C, and 51D, are all operated in an identical manner in
      response to a reference or demand signal from the source 50. A signal is
      conducted over line 52, an inverter 53, and a conductor 54 to a respective
      associated switch referred at 14A, 14B, 14C, and 14D respectively. A
      signal on the line 54 is conducted through the closed contact 16A, and the
      filter 19A, for the valve 51A; through the closed contact 16B and the
      filter 19B for the valve 51b; and through the closed contact 16C and the
      filter 19C, for the valve 51C; and through the closed contact 16D and the
      filter 19D for the valve 51D. The switches 14A, 14B, 14C, and 14D are
      operated in the same manner as the switch mechanism 14 referred to in FIG.
      1. These switches may be of any suitable type which will follow the
      required frequency; and particularly may be of the well known two-channel
      junction-type field effect transistorized switches designed to function as
      single pole, single throw electronic switches. These switches have level
      shifting drivers that enable low level inputs to control the on-off state
      of each switch. The switch driver may be designed to provide a turn-off
      speed which is faster than the turn-on speed so that a break-before made
      action is achieved when switching from one channel to another.
PAR  To operate the system in a sequential mode, a signal from the signal source
      50 is conducted over the line 52 to a plurality of function generators
      55A, 55B, 55C, and 55D. The output of each of the function generators is
      connected to a contact 15A, 15B, 15C and 15D, respectively.
PAR  As shown by curve 56A in FIG. 4 of the block representing the function
      generator 55A, the valve 51A, in the sequential mode, does not begin to
      open until the flow demand signal is approximately 50% of its maximum
      value; and also controls the valve position at flows above the 50% level
      as illustrated by the curve 56A. The valves 51B and 51C begin to open as
      soon as a flow demand signal is present as shown by curves 56B and 56C in
      the respective blocks of the function generators 55B and 55C. The valve
      51D does not begin to open until the steam flow demand signal approximates
      75% of the maximum steam flow as shown by curve 56D of the block 55D. The
      valves represented by blocks 51B and 51C, which begin to open immediately
      in response to a flow demand signal have a lift position which is
      approximately 25% of their maximum flow-open position as shown by the
      curves 56B and 56C, at the time that valve 51A begins to open. At
      approximately 75% flow, the valve 51A is almost completely open, and 51B,
      and 51C are completely open as shown by the curves 56A, 56B, and 56C of
      their respective function generators. The valve 51D is just beginning to
      open as shown by the curve 56D. Therefore, it is apparent from the signal
      level at the output of each of the function generators may be different
      depending upon the value of the flow demand signal from the source 50. The
      characteristics of each of the function generators are assumed to be
      fixed; and will operate their respective valve mechanisms only when the
      associated respective switch contact 15A to 15B is closed. The driver for
      each of the switches 14A through 14B is referred to at 21A through 21B
      respectively. The drivers are connected to the output of the exclusive NOR
      gate 23 and conducted through an driver-inverter 24A through 24D to invert
      the signal at the output as described in connection with FIG. 1. The
      function generators 55A through 55B may be any well known operational
      amplifier having the required gain for various input voltages, such as a
      monolithic instrumentation operational amplifier utilizing solid-state
      devices, for example.
PAR  For ease of understanding, the various components described in detail in
      FIG. 4, are enclosed by dashed lines bearing the same reference numerals
      as corresponding blocks of the functional block diagram of FIG. 1.
PAR  The binary coded decimal counter 28 includes a digit module 28A, a tens
      module 28B and a hundreds module 28C, so that the clock 28 is capable of
      producing a binary count from the terminal 1 to numeral 999. The counter
      28 is reset to zero in response to the application of a high level voltage
      pulse on an input 57; and the direction of count is determined by either a
      high level or low level signal on its input 58. The BCD up/down counter 28
      may be any well known type which responds to a series of input signals to
      produce a binary coded decimal output count on the occurrence of each
      successive input signal.
PAR  The BCD rate multiplier 27 includes a digit module 27A connected to output
      terminals 60A of the counter digit module 28A; a tens module 27B connected
      to output terminals 60B of the counter module 28B; and a hundreds module
      27C connected to the output of the counter module 28C. The rate multiplier
      27 may be of the well known type that provides an output pulse rate based
      upon the binary coded decimal input number from a counter, such as the
      counter 28. The rate of the pulses generated by the rate multiplier 27
      over its output 25 is also determined by the reference clock 31. As
      previously mentioned, the reference clock 31 constantly produces pulses at
      a rate of 500 KHz or in other words 500,000 pulses per second. When the
      digit 1 is output from the counter 28, the pulse rate is equal to 1
      divided by 1,000 times 500,000, or in other words, 500 pulses per second.
      When the counter 28 inputs to the rate multiplier 27 a binary number
      corresponding to 15, for example, the number of pulses generated by the
      rate multiplier is 75,000 pulses per second. Thus, each incremental change
      in the counter 28, in the described embodiment, changes the frequency rate
      of the multiplier 28 by 500 hertz. Thus, when the count in the counter 28
      reaches 999, the frequency rate of the multiplier is 499,500 pulses per
      second. The rate at which the output pulses are modulated, or in other
      words, the rate at which the counter 28 incrementally changes from one
      count to another is determined by the operating frequency of the clock 32.
      The frequency of clock 32 can be varied by the adjustable timer 33 to
      provide for a transfer time of anywhere from 3 to 8 minutes, for example.
      For a transfer time of 3 minutes, clock 32 generates a 2,000 pulses during
      the 3 minute period. For a transfer time of 8 minutes, the clock 32 would
      generate the 2,000 pulses, required for the entire transfer, in the 8
      minute period.
PAR  The transfer control logic 34, the counter full logic 33, and the gate
      logic 30 include a plurality of multivibrators referred to as FF1 to FF6
      inclusive. Each of the flip-flop circuits of the present embodiment are of
      conventional construction and are of the well known type, commonly
      referred to as J-K flip-flop circuits of the type manufactured by RCA, for
      example. Each flip-flop circuit has input terminals for individual high or
      low level input signls; and has output terminals Q and Q that conduct
      either a high or low level signal depending upon the level of the signal
      applied to the various input terminals. The input terminals for the
      flip-flop circuits FF1 through FF6 are commonly referred to in FIG. 4 as
      S, J, C, K, and R. Referring to the table of FIG. 5, the output terminals
      Q and Q can be determined in accordance with the high or low level signals
      applied to the various input terminals. For example, as shown in the first
      horizontal column of the table FIG. 5, a low to high level signal applied
      to the flip-flop input terminal C, at times when a high level signal is
      applied to the J input terminal, a low level signal is applied to the
      input terminals S and R, and the output terminal Q is conducting a low
      level signal; the flip-flop switches such that the output terminal Q
      conducts a high level signal and the output terminal conducts a low level
      signal. Referring to the second horizontal column of FIG. 5, a low to high
      level pulse on the input C when the output terminals Q and Q are
      conducting a low level and a high level signal respectively, does not
      result in a switching of the flip-flop at times when the input terminal J,
      S, and R have a low level signal applied thereto. The remaining conditions
      of operation of the flip-flop circuit of FF1 through FF6 are evident from
      the table of FIG. 5 and will be described in detail in connection with the
      description of the operation of the system in so far as is necessary for
      an understanding of the invention.
PAR  The gate control logic within the dash lines referred to at 30 of FIG. 4
      also includes NAND gate 61, 62, and 63. Each of the NAND gates includes
      three input terminals and an output terminal. Each NAND gate may be of the
      well known type that conducts a high level signal when none of the input
      terminals are of the same level; and conducts a low level signal when the
      same high level signal is applied to all of the input terminals. A NAND
      gate 64 is included in that portion of the system within dashed line 35
      that includes two input terminals; and operates so that a high level
      signal is produced at its output 37 when signals of different levels are
      applied to both of its inputs. When signals of the same high level are
      applied to its input terminals, the NAND gate 64 conducts a low level
      signal. The transfer control logic 38 also includes well known
      conventional monostable multivibrators referred to as MVT and MVH, which
      produce a high level output pulse of a predetermined duration in response
      to the operation of its respective pushbutton PBT and PBH. Inverters 65
      and 66 merely serve to change a normal high level pulse into a low level
      pulse, and a low level pulse into a high level pulse.
PAR  The flip-flop circuit FF1 controls the state of input terminal 67 to the
      NAND gate 64, and the reset input 57, to reset the counter 28 to zero. The
      circuit FF1 is controlled by a low to high level signal applied to its
      terminal C from the output terminal Q of the flip-flop FF6 over input line
      68; and is also controlled by the operation of the one shot multivibrator
      MVT over line 70 which is connected to its input terminal S. The flip-flop
      circuit FF2 controls the condition of one of the inputs of the NAND gate
      61, and one of the inputs to the NAND gate 62 over the output lines 40
      from the terminals Q and Q, respectively in response to a high level pulse
      on the input terminal C from the multivibrator MVT. A flip-flop circuit
      FF3 controls the input 38 to the NAND gate 64 in conjunction with FF1 to
      either start or inhibit the operation of the clock 32 depending upon the
      operation of the pushbutton PBT or PBH. The output terminal Q of FF3 is
      not utilized in the present embodiment and Q merely switches between a low
      level and a high level output signal in response to an input pulse at
      terminal C from the multivibrator MVH.
PAR  The flip-flop circuit FF4 in the counter full logic portion 33 responds to
      a low to high level pulse applied to its input C over line 71 from the
      output of the inverter 66 from the accumulator of counter portion 28C; and
      is arranged so that its output terminal Q and Q switch between high and
      low level signals in response to a binary count of 999 from the counter
      28. The flip-flop circuit FF6 switches its output terminals Q and Q from
      one state to another in response to a high level pulse on its input
      terminal C from the line 71 in response to a zero count from the counter
      28. In response to such switching, FF6 operates FF1 to stop the operation
      of the clock 32 through the NAND gate 64. Also, the output Q of FF6
      governs the condition of one of the input terminals of the NAND gate 63
      over line 72.
PAR  The flip-flop circuit FF5 in the gate logic portion 30 of the system
      operates to change the output level of its terminals Q and Q in response
      to a signal that is applied to input C over line 73 upon the occurrence of
      a count of 999 as described in connection with FF4. Also, the signal from
      the output Q of FF5 controls the high or low level of the input terminal
      26 of the exclusive NOR gate 23 described in connection with FIG. 1. The
      NAND gates 61, 62 and 63 determine the direction of counting of the
      counter 28.
PAR  A master control power supply 75 generates a low level signal at its output
      76 and a high level signal at its output signal 77 when the electrical
      power is first turned on. The low level signal at output 76 insures that
      the multivibrator MVT and MVH do not generate a pulse in response to the
      initial application of power. Also, the output 77 is connected to the
      input terminals R of the flip-flop circuits FF1, FF2, FF3 and FF5 so that
      they will be in the proper condition for starting a transfer. FIG. 4
      includes a (1) or (0) adjacent the input and output terminals of the
      various flip-flop circuits, gates, and counters in the system. These
      reference numerals (0) and (1) represent the type of digital signal; that
      is, either a low level or a high level signal, that is present, or applied
      to the associated component when the system is first turned on. The system
      is illustrated in its quiescent state with the valves 51A through 51D
      being operated in the sequential mode through the closed contacts 15A
      through 15D effectively. Such a normal state is considered preferable, in
      view of the fact that the need to transfer from one mode of operation to
      another usually occurs when the valves are operating in their sequential
      mode. However, the system could be so arranged so that the transfer system
      would normally provide for operation of the valves in a single valve mode
      when the power is first turned on the system. FIG. 6, shows the various
      conditions of the flip-flop circuits and the gates during the operation of
      the system; and may be referred to for a more detailed understanding of
      the conditions of the components at any period of time during the
      transfer. A more detailed description of the various components of the
      system will be given in connection with the description of its operation.
PAR  When the system is turned on, the high voltage level applied to the reset
      input R of the flip-flop circuits FF1, FF2, FF3, FF5 and applied to the
      set input S of the flip-flop FF6 insures that the condition of these
      flip-flops are such that, with the exception of the output and Q of FF6,
      the outputs Q and Q are all conducting a low and a high level signal
      respectively. With the flip-flop circuits FF1 through FF6 in the condition
      shown, a lamp 81 is illuminated which indicates to the operator that the
      system is in the sequential mode. Also, inputs 67 and 38 of the NAND gate
      64 have applied a low level and a high level signal, respectively, which
      prevents the clock 32 from running. The outputs Q and Q of FF2 are in a
      low and high level condition respectively for conditioning the gates 61
      and 62.
PAR  The output of the gate 63 is a high level signal which controls the counter
      28 to count upwardly in response to the beginning of the transfer
      operation. This high level signal is also applied to an input 82 for the
      flip-flop circuits FF4 and FF6, so that the input terminals J and K are in
      such a condition, that FF4 responds to a high level pulse upon the count
      of 999 of the counter 28, and FF6 responds to a zero count of the counter
      28. The flip-flop FF5 applies a high level input pulse to the gate 23 so
      that the contacts 15A through 15D are closed when the rate multiplier
      output 25 to the input of the gate 23 is in a quiescent or low level
      condition.
PAR  Referring to FIG. 6, which has been included in this specification to
      provide an understanding of the condition of the various digital
      components of the transfer system under different operating condition, the
      operation of the pushbutton PBT and PBH is represented by elevated
      portions of horizontal lines 85 and 86, respectively. The operation of the
      monostable vibrators MVT and MVH in response to the operation of its
      associated pushbutton PBT and PBH are represented by elevated portions of
      horizontal lines 87 and 88. The levels of the output signals for terminals
      Q and Q of the flip-flop circuits FF1 through FF6 are represented by the
      appropriately labeled horizontal lines; and the signal level for each such
      horizontal line as indicated by the reference (1) and (0) at the extreme
      ends thereof for a high and low level signal output, respectively.
      Similarly, the output signal level for gates 61, 62 and 63 are represented
      by the appropriately labeled horizontal lines with the reference numerals
      (1) and (0) at the extreme ends thereof, to indicate a high or low level
      signal, respectively. The condition of the counter 28 is shown by the
      appropriately labeled horizontal line with the particular count of such
      counter being indicated by the numerals within each elevated portion
      thereof.
PAR  The dashed lines in FIG. 6 indicate the cooperation of the various
      components with the arrows on such dashed lines indicating the direction
      of control between components. By way of example, dashed line 90 indicates
      that the output terminal Q of FF3 is switched from a high level to a low
      level signal in response to the operation of the multivibrator MVH; and
      the multivibrator MVH response is indicated by dashed line 91 commencing
      at the elevated portion of the horizontal line representing the operation
      of the button PBH. Also, dashed line 92 indicates that the occurrence of
      the count 999 governs the flip-flop circuit FF4 to change the level of the
      signal conducted by its output terminal Q from a high level to a low level
      signal.
PAR  To transfer from the sequential to the single mode of operation, the
      operator adjusts the timer 33 to determine the total amount of transfer
      time, which is described as being any where from 3 to 8 minutes; but may
      be shorter or longer for installations where such a transfer time is
      desired. He then operates the transfer pushbutton PBT which causes the one
      shot multivibrator MVT to generate at its output 70 a pulse, which is
      applied to the input S of FF2, and also to the input S of FF1. The high
      level input to FF1 causes output Q to change to a high level signal, and Q
      to change to a low level signal. The high level signal on Q of FF1 removes
      the initial signal from the clock 32, and removes the reset signal from
      the counter 28 to start the operation of the counter.
PAR  Simultaneously, the outputs Q and Q of FF2 change to conduct to a high
      level and a low level signal respectively, which illuminates a lamp 82 and
      extinguishes the lamp 81 informing the operator that a transfer is being
      made toward the single mode. Also, the outputs Q and Q of FF2 which are
      input over conductor 40 to gates 61 and 62 change to a low and a high
      level signal respectively. This has no effect on the high level signal at
      the output of gate C but conditions the system for reversal to a
      sequential mode of operation either intermediate or at the end of the
      transfer to the single mode.
PAR  As the counter 28 is counting upwardly from one to 999, the frequency of
      the pulses from the rate multiplier occurring on output 25 is increasing
      from 1/500 kilohertz to 500 kilohertz incrementally, as described in
      connection with FIG. 1. The exclusive NOR gate 23 conducts at this
      frequency, which causes each of the switches 14A through 14D to open and
      close their contacts 16A at the same frequency. Since the switch 14
      operates to close its contacts 16A in response to each high level pulse,
      the signal from the source 50 on line 52 is averaged with the sequential
      signal that is conducted through contact 15A at an ever increasing rate.
      The filter 19A averages these pulses, which alternately are conducted
      through the closed circuits 16A and 15A, which causes the output signal
      from the filter 19 to gradually change toward the level of the single mode
      control signal VSI as shown in FIG. 3. When the counter 28 reaches a
      binary code equivalent to 999, an output pulse from the counter is applied
      to the input C over line 71 to FF4. Because, at this point in the
      transfer, a high level pulse is applied to the J input, and a low level
      pulse is applied to the K input of FF4, the output Q of FF4 changes to a
      high level pulse which is input over line 73 to FF5. The flip-flop FF5
      changes its output terminals Q and Q to a high level and low level signal
      respectively, which causes the gates 61 and 62 to conduct a low level
      output signal to the input of the gate 63. The gate 63 in turn conducts a
      low level signal which directs the counter 28 to commence counting
      downwardly. The output Q of FF5 is now a low level signal which results in
      the switches 14A through 14D being operated so that their respective
      contacts 15A through 15D close at a frequency corresponding to the output
      frequency from the rate multiplier 27. In this portion of the transfer
      less and less of the sequential signal VSE is being averaged with the
      single mode control signal VSI, and the resulting output of the filter
      continues toward the level of the single mode control signal VSI as shown
      in FIG. 3.
PAR  Thus, the control signal toward which a transfer is being made is being
      averaged with the signal from which the transfer is being made during the
      first portion of the transfer period until the counter reaches its maximum
      count. As the frequency of the closing of the contacts 16A through 16D
      increases, more and more of the signal is being averaged with the signal
      for which the transfer is being made. When the frequency is decreasing,
      the contacts 15A through 15D close at the same frequency; and less and
      less of the sequential mode signal VSE is being averaged and resulting
      signal from the output of each respective filter 19 moves closer and
      closer to the signal toward which such transfer is being made.
PAR  When the counter 28 reaches zero, the output Q of FF6 responds to a high
      level pulse over input 71 to its terminal C, and it switches from a low
      level to a high level pulse to apply a high level pulse to the line 37 for
      stopping the clock 32. Also, the output Q of FF6 switches to a low level
      signal which causes the input 72 to the gate 63 to change to a low level
      signal pulse which causes the gate 63 to conduct a high level signal pulse
      for preparing the counter 28 to count upwardly during the next transfer
      period. The output Q of FF5 is still conducting at a low level signal so
      that, at the end of the transfer to the single mode the switches 16A to
      16D are all in a closed condition; and thus, the valve mechanisms 51A
      through 51D are responding to the flow demand signal over the line 52, the
      inverter 53, and line 54.
PAR  To transfer from the single mode back to the sequential mode of operation,
      the pushbutton PBT is again depressed, which operates the flip-flops FF1
      and FF2 to start the clock 32, and to change the condition of the inputs
      over contacts 40 to the gates 61 and 62 in preparation for the next
      transfer back to the single valve mode. Also, the lamp 82 is extinguished
      and the lamp 81 is illuminated to indicate to the operator that a transfer
      is being made toward the sequential mode. The condition of the flip-flop
      FF5 with respect to its outputs Q and Q are the same during the first
      portion of the transfer from the single mode VSI to the sequential mode
      VSE as they were during the last portion of the transfer from the
      sequential to the single mode. Thus, the contacts 15A through 15D of the
      switches 14A through 14D will close at the increasing frequency to cause
      the filters 19A through 19D to average more and more of the sequential
      signal VSE with the single mode signal VSI until the maximum count is
      reached. When the counter reaches the count of 999, the flip-flop FF5 is
      operated so that its Q output becomes a low level signal in response to an
      input signal on line 73 from FF4 in the manner as previously described.
      This results in a high level signal being applied to the drivers 21A
      through 21D of the switches 14A through 14D, such that contacts 16A
      through 16D close at a decreasing frequency, to average less and less of
      the single mode signal VSI with the sequential mode signal VSE in the
      manner as previously described. When the counter reaches zero the contacts
      15A through 15D remain in a closed position in response to the stopping of
      the clock 32 as caused by the operation of the flip-flop FF1 in response
      to the switching of the Q output of FF6 from a low level to a high level
      signal. The output Q of FF6 and the output of Q of FF5 prepare the gates
      61, 62 and 63 for a subsequent transfer toward the single valve mode.
PAR  In the event that the operator desires to stop the transfer intermediate
      the beginning or the end, the pushbutton PBH is depressed, which switches
      the output Q of FF3 to a low level signal which in turn illuminates lamp
      88 to inform the operator that the system is in a "hold" condition and
      simultaneously changes the input 38 to the gate 64 for stopping the
      operation of the clock 32. The system may operate indefinitely in this
      condition, and the valves 51A through 51B will respond to the filtered
      signal at whatever level it receives in accordance with the particular
      frequency being applied to the switches 14A through 14B at the time the
      clock 32 is stopped. To continue the operation, the pushbutton PBH is
      again depressed which operates FF3 so that its output Q conducts a high
      level signal on line 38 which causes the gate 64 to conduct a low level
      signal and the clock 32 begins driving the counter 28 to continue the
      transfer.
PAR  The direction of transfer can be reversed at any time after it is commenced
      and before it is completed by depressing the pushbutton PBT. In this
      situation, a high level pulse on the output 70 applied to terminal S of
      FF1 does not stop the clock 32 because the output Q of FF1 is already
      conducting a high level signal (see FIG. 5). However, the high level pulse
      applied to input C of FF2 reverses the output pulse conducted by its
      output Q and Q, which reverses the direction of the counter 28 regardless
      of the direction in which it is counting prior to the operation of the
      pushbutton PBT.
PAR  For example, assuming that the counter 28 is counting upwardly prior to the
      operation of the pushbutton PBT, the output of the gate 63 is reversed in
      response to the switching of the flip-flop circuit FF2 as caused by
      changing the level of the input signals to the gates 61 and 62 that are
      input to the gate 63. The counter then merely starts counting in a
      direction opposite to the direction it was counting prior to the reversal.
      In the event that reversal is made while the frequency is increasing; that
      is, when the counter 28 is counting in an upwardly direction, the system
      starts counting downwardly until the operator again depresses the
      pushbutton PBT to again reverse the zero count and stops operation in the
      manner previously described. Assuming that the operator initiates a
      reversal while the counter 28 is counting downwardly, and the frequency
      pulses are decreasing, a reversal of the signal level on output Q and Q of
      FF2 results in the output signal level from the gate 63 changing to a high
      level signal for changing the direction of the counter in an upwardly
      direction.
PAR  During these repeated reversals, the gate 23 is controlled by the flip-flop
      circuit FF5 to change the level of the output pulse applied to the drivers
      21A through 21D of the switching devices 14A through 14D in response to
      each change of direction in modulation, which is caused by the counter 28
      reaching its maximum count of 999. Each time that the pushbutton PBT is
      operated, the flip-flop circuit FF2 changes the illumination of the lamps
      81 and 82 to inform the operator of the direction toward which such
      transfer is occurring.
PAR  With reference to FIG. 7, a system for transferring the operation of a
      steam turbine between a single and sequential mode wherein the stop valves
      SV1 through SV4 are utilized to control the turbine in a single mode; and
      the governor valves GV1 through GV4 are utilized to control the turbine in
      a sequential mode is shown.
PAR  The transfer system described and shown in FIG. 4 is connected through the
      exclusive NOR gate 23, the drive-inverter 24, and the switch actuating
      inputs 21A through 21D of the switches 14A through 14D respectively, in
      the same manner as described in connection with FIG. 4. A flow demand
      signal from the source 50 is connected through function generators
      55A-55D, contacts 16A-16D of the switches 14A-14B respectively, and
      filtering devices 19A-19D to the actuating mechanism of the governor
      valves GV1 through GV4 for operating their associated valves referred to
      by blocks 51A through 51B.
PAR  In the condition illustrated in FIG. 7, the valves SV1 through SV4 are
      responding to a signal from the source 50 through the closed contact 15S
      of the switch 14S. A voltage VO is connected to the input of filter 19S. A
      voltage VC is applied through closed contact 16S to the input of the
      filter 19S. The voltage VO is a bias voltage which operates the valves SV1
      through SV4 to a full open position. The voltage VC is a bias voltage
      which operates the valves SV1 through SV4 to a fully closed position. When
      the switch 14S is in the condition as shown in FIG. 7 with both contacts
      15S and 16S closed or conducting, the bias voltage VO and VC are connected
      through contacts 16S, which cancels out their effect on the control of the
      valves SV1 through SV4. Thus, the valves are responding solely to the flow
      demand signal from the source 50 through closed contact 15S. Similarly, a
      valve open bias voltage VO is applied to the input of each of the filters
      19A through 19D, and a valve closed bias voltage VC is applied to each of
      the filters 19A through 19D through contact 15A-15D, respectively, when
      the contacts are closed.
PAR  The flow demand signal from the source 50 is applied to the input of the
      filters 19A-19D, and through respective function generators 55A-55D when
      the contacts 16A-16D are in their conducting or closed condition. For the
      condition illustrated in FIG. 7, the valves GV1 through GV4 aer fully open
      as controlled by the valve open bias signal VO. When the contacts 15A
      through 15D and 16A through 16D are closed or conducting, the valve closed
      bias signal is connected to cancel out the valve open bias signal for each
      of the valves GV1 through GV4. Therefore, the valves are being controlled
      by the flow demand signal from the source 50 through their respective
      function generators 55A through 55D. With the system operating in the
      single valve mode, a transfer to the sequential valve mode causes the
      frequency of the output pulses from the rate multiplier 27 of FIG. 4 to
      drive the switches 14A through 14D and 14S at the same frequency as the
      output pulses. During the first portion of the cycle, as the frequency is
      being increased in accordance with the counting up of the counter 28, the
      voltage VO is being averaged with the flow demand signal from the source
      50 by the filter 19S to gradually change the signal level at its output
      toward the level of the valve open bias signal. Simultaneously, the
      switches 14A through 14D are operated to follow such frequency to average
      more and more of the signal from the function generators 55A through 55D
      with the valve open signal. Thus, during the first portion of the
      transfer, the valves SV1 through SV4 are gradually opening to their full
      open position as the frequency increases; and the valves GV1 through GV4
      are gradually being operated toward the signal level from the function
      generators 55A through 55D as the closing frequency of the contacts 15 and
      16 for each of the switches 14A through 14B increase. Thus, during the
      first portion of the transfer, the contacts of each of the switches are
      opening at the increasing frequency rate. During the final portion of the
      transfer, as previously described, the frequency of the output pulses is
      being modulated downwardly; and the closing of the contacts 15S and 16S
      follow the frequency of the pulses from the gate 23. During the final
      portion of the transfer for the governor valves GV1 through GV4, the
      opening of the contacts 15 and 16 for the switches 14A through 14D follow
      the frequency of the pulses generated by the rate multiplier 27 (FIG. 4).
      Thus, during this final portion of the transfer, less and less of the flow
      demand signal is being averaged by the filter 19S; and less and less of
      the valve open signal VO is being averaged with the signal at the output
      of the generators 55A through 55D. This continues in the same manner as
      previously described, until the transfer is complete; at which time, both
      contacts of the switch 14S are in an open position so that the valve open
      bias voltage VO is applied to the operating mechanism of the stop valves
      SV1-SV4. The switches 14A through 14D are in their closed position so that
      the flow demand signal is being steadily applied through the closed
      contacts 16H through 16D. The valve open bias signal VO is cancelled out
      by the valve closed bias signal VC through closed contacts 15A-15D. For
      transferring back from sequential to single, the system operates the same,
      except, in a reverse direction with respect to the conducting of the gate
      23, as described in connection with FIG. 4.
PAR  FIGS. 8, 9 and 10 shown actual arrangement of the various components on
      three individual digital cards. The major components of the system as
      shown in FIGS. 8, 9 and 10 bear similar reference numerals as the
      components in FIGS. 1 and 4. The details of the circuitry shown in FIGS.
      8, 9 and 10 which have not been described in connection with the
      description of FIGS. 1 through 4 form no part of the present invention,
      and are considered to be common circuit techniques that would be well
      known to anyone skilled in the art. However, FIGS. 8 through 10 have been
      included to illustrate the additional advantages of the invention with
      respect to its adaptability to implementation by digital integrated
      circuitry and will enable anyone skilled in the art to readily implement
      the system of the invention.
PAR  Although each of the digital electronic components are well known in the
      art, and have been in use or described in printed publications for more
      than a year prior to the filing of this application, the following
      components have been found satisfactory in an actual reduction to practice
      of the invention. The counter 28 may be one of the models MC14510, which
      is a BCD up/down counter manufactured by Motorola Semiconductors. The rate
      multiplier 27 may be one of the models MC14527, which provides an output
      pulse rate based upon the BCD counter input number manufactured by
      Motorola Semiconductors. The switch 14 may be one of the models DG188,
      which is a two-channel high speed driver with a single pole, single throw
      junction field effect transistor switch manufactured by Siliconix
      Incorporated. The monostable multivibrator MVT or MVH may be one of the
      models MC14528 which provides the function of a dual, retriggerable,
      resettable multivibrator manufactured by Motorola Semiconductors. The J-K
      flip-flop devices FF1-FF6 may be one of the models CD4027 having set and
      reset capability manufactured by RCA. The adjustable timer may be one of
      the models MC14536 manufactured by Motorola Semiconductors.
PAR  It is understood that different components and types of components may be
      substituted for the described components; and different circuit
      arrangements can be designed in practicing the invention. It is further
      understood that the present invention can be implemented in any digital
      computing machine.
PAR  In summary, the present invention provides improved digital transfer system
      and method which permits the adjustment of the sequencing of the valves
      for the sequential mode of operation to be performed in the same manner as
      is presently known. Also, the system permits an independent signal voltage
      level for each valve control mechanism for a unit flow demand. Further,
      such a system permits fast response to any flow demand changes during
      signal transfer and also during normal operation when a transfer is not
      being effected. Lengthy transfer times can be achieved and adjusted over a
      wide range without deleterious effects on the gradual change of the signal
      level from one control mode of operation to the other. Low cost filter
      components may be used for filtering the high frequency signals; and many
      reversal of operations can occur at any point in the system without in any
      way effecting its reliable operation. Also, the system adapted readily to
      integrated circuitry.
PAR  It is to be understood that in connection with the broad definition of FIG.
      1, that the arrangement of various components described as included in the
      FIG. 1 block diagram may differ from that described herein. Such
      description and grouping of components is made merely to facilitate an
      understanding and description of the present invention. Also, the number
      of incremental frequency changes occurring each portion of the transfer
      operation has been described as including a certain maximum number, such
      as 999, it is understood that such counter may operate either to a low or
      a high maximum number; and the frequency of the rate multiplier may be
      either higher or lower than as described for each incremental count
      depending upon the specific application of the system. Other modifications
      will be apparent to those of ordinary skill in the art which will in no
      way depart from the spirit of the invention and which will fall within the
      scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for transferring the operation of an electrically operable
      mechanism from one to the other of two control signals over a
      predetermined length of time with a minimum effect on the mechanism, said
      system comprising
PA1  a pulse generating means having at least one output for producing at said
      one output a series of pulses,
PA1  means connected to the pulse generating means to modulate the frequency of
      the pulses in both an increasing and decreasing direction during the
      transfer,
PA1  switching means to conduct one of the control signals only to the mechanism
      when operated to one condition and to conduct the other of the control
      signals only to the mechanism when operated to the other condition,
PA1  means connected to the output of the pulse generating means and the
      switching means to control the switching means to the one condition in
      response to each of the output pulses when the frequency of the pulse
      frequency modulating means modulates the series of pulses in an increasing
      direction and to operate the switching means to its other condition in
      response to each of the output pulses when the pulse frequency modulating
      means modulates the series of pulses in the decreasing direction, and
PA1  filtering means connected to the output of the switching means to average
      the frequency modulated control signals.
NUM  2.
PAR  2. A system according to claim 1 wherein the mechanism is being controlled
      by the one control signal, and the switch operating means operates the
      switch to its other condition in response to each pulse when the frequency
      of the pulses is modulated in an increasing direction, and operates the
      switch to one position in response to each pulse when the frequency of the
      pulse is modulated in a decreasing direction.
NUM  3.
PAR  3. A system according to claim 1 wherein the pulse generating means is a
      rate multiplier and the means to modulate the pulse generating means is a
      binary counter.
NUM  4.
PAR  4. A system according to claim 1 wherein the means to modulate the
      frequency of the pulses generated by the pulse generating means modulates
      the pulse frequency in an increasing direction for the first portion of
      the transfer period and modulates the pulse frequency in a decreasing
      direction during last portion of the transfer period.
NUM  5.
PAR  5. A system for transferring the operation of an electrically controllable
      mechanism from one to the other of two control signals with a minimum
      effect on the mechanism, said system comprising
PA1  a first and a second control signal; switching means operable to a first
      and a second condition, said switching means conducting the first signal
      to operate the mechanism when in the first condition and conducting the
      second signal to operate the mechanism when in the second condition, said
      switching means having means operative to alternate the switching means
      between its first and second condition; transfer means connected to the
      switch operating means when the switching means is in its first condition
      to operate the switching means repetitively to its second condition from a
      minimum to a maximum frequency during a first portion of the transfer and
      to operate the switching means repetitively to its first condition from
      the maximum to minimum frequency during a final portion of the transfer.
NUM  6.
PAR  6. A system according to claim 5 wherein the transfer means increases and
      decreases the frequency of operation of the switch operating means
      incrementally a predetermined number of times throughout the period of
      transfer.
NUM  7.
PAR  7. A system for transferring the operation of an electrically controllable
      mechanism from one to the other of two control signals,
PA1  means to generate a first control signal,
PA1  means to generate a second control signal,
PA1  an electrically controllable mechanism responsive to either the first or
      second control signal,
PA1  switching means when in one condition to conduct the first control signal
      only to the mechanism, and when in the other condition to conduct the
      second control signal only to the mechanism,
PA1  means to operate the switching means to its other condition repetitively at
      an increasing frequency to a predetermined maximum frequency at times when
      the switching means is controlled by the first control signal,
PA1  means to operate the switching means to its one condition repetitively at
      an increasing frequency to a predetermined maximum frequency at times when
      the switching means is controlled by the second control signal, and
PA1  means to operate the switching means to the opposite condition at a
      decreasing frequency at times when the switching means is operated to
      either the one condition or the other condition at the maximum
      predetermined frequency.
NUM  8.
PAR  8. A system for transferring the operation of an electrically controllable
      mechanism from a first control signal to a second control signal,
PA1  means to generate a first control signal,
PA1  means to generate a second control signal,
PA1  an electrically controllable mechanism normally connected electrically to
      the first signal operating means to respond to the first control signal,
PA1  switching means operable to connect and disconnect substantially
      simultaneously the second and first control signals respectively, and
PA1  means to operate the switching means first to connect and disconnect the
      second and first respective control signals repetitively at an increasing
      frequency to a predetermined maximum frequency and then to connect and
      disconnect the first and second control signals repetitively at a
      decreasing frequency whereby the switching means ultimately connects
      electrically the second signal generating means to the electrically
      operable mechanism.
NUM  9.
PAR  9. A method of transferring the operation of an electrically controllable
      mechanism from one to the other of two control signals having a first and
      second amplitude level comprising
PA1  controlling the mechanism in accordance with the first amplitude level of
      the one control signal,
PA1  switching the control signal to the second amplitude level repetitively at
      an increasing rate until a predetermined maximum frequency,
PA1  switching the control signal to the first amplitude level repetitively at a
      decreasing rate until the mechanism is controlled at the second amplitude
      level, and
PA1  filtering the first and second occurring amplitude signals during the
      switching at the increasing and decreasing frequency, whereby the
      mechanism is controlled by a filtered control signal having an amplitude
      that gradually changes from the first to the second amplitude during the
      transfer period.
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ABST
PAL  A high voltage rapid switching circuit having a capacity in relation to
      ground and on a charge from a switchable voltage generator, includes a
      reactive power supplement circuit constituted by series-connected
      installations, each having an inductance and an initially charged
      capacitor which are switchable on the said charge to form, respectively,
      oscillating circuits.
BSUM
PAR  The present invention concerns a high-voltage rapid switching circuit, more
      particularly for the applying of acceleration voltages having different
      values to the electron beam of a polychromatic display cathode tube.
PAR  In polychromatic tubes, of the variable penetration type, the cathode
      screen is provided with two superimposed luminescent layers. The first
      layer which undergoes directly the impact of the electron beam gives a red
      light radiation; the second layer which is separated from the first by a
      substance forming a potential barrier, gives a green light radiation at
      the time of the impact of the electron beam. It is a known method to
      effect the controlling of the display color by affecting the acceleration
      voltage of the electron beam meeting successively these two luminescent
      layers. Thus, if the electron beam is accelerated at a voltage of 6 kV,
      for example, the electrons stop in the first layer and excite exclusively
      the red luminescence. The second luminescent layer separated from the
      first by the potential barrier is not reached, so that it is not, or
      practically not, energized by that acceleration voltage. If, on the other
      hand, the acceleration voltage of the electron beam is brought to 14 kV,
      for example, the penetration of the electrons increases. They cross the
      potential barrier and energize greatly the second layer giving a green
      luminescence. In that case, the first layer is very slightly energized --
      only a green spot at the impact point of the electron beam appears on the
      screen.
PAR  A deflection of the electron beam and a switching of its acceleration
      enable green or red traces or traces of intermediated colors obtained for
      the intermediate values of the acceleration voltage to appear on the
      screen of the cathode tube.
PAR  That acceleration voltage is applied to the screen of the tube, the cathode
      of the electron gun being earthed. Now, the screen, which must
      compulsorily be conductive, to avoid the forming of a space charge at the
      time of the electron bombardment, has a great parasite capacity, in the
      order of 200 to 400 pF, in relation to the earthed protections of the
      tube. Consequently, each switching of the acceleration voltage, from a
      first value to a second, requires the charge or discharge of that
      capacity, that is, a generating of current intended to provide the
      alternate charge or discharge component of that capacity.
PAR  Moreover, it is known that acceleration voltage switching circuits must
      have switching times which are as short as possible with a view to not
      reducing excessively the representation capacity of the system.
PAR  With a view to meeting these requirements, there is a known switching
      circuit, described in U.S. Pat. No. 3,697,880 of Oct. 10, 1972, in the
      applicant's name, in which a switchable voltage generator, suitable for
      applying to the screen the required acceleration voltage values, is
      combined in a circuit providing a supplement of reactive power necessary
      for the rapid charge or rapid discharge of that screen capacity. For
      switching between two acceleration voltage values, that supplement of
      reactive power is obtained through two transformers fed by a pulse
      generator and whose secondary windings are arranged, each in series with a
      rectifier and a switching source, between the screen and the earth, to
      form a charge branch circuit and a discharge branch circuit for the
      capacity of the screen. The pulse generator is itself controlled by the
      said switchable voltage generator, with a view to applying, at the time of
      a switching from the lowest of these screen potentials to the highest, a
      pulse to the charge branch circuit of the screen capacity and, at the time
      of a switching from the highest of these potentials to the lowest, a pulse
      to the discharge branch circuit of the screen capacity.
PAR  Nevertheless, that switching circuit has a disadvantage due to the fact
      that the alternate supplementary energy supplied at each switching, not
      being recuperated, is dissipated in the switching sources necessary for
      the blocking of the rectifiers respectively connected together when the
      charge and discharge branch circuits are at rest, that is, once the
      supplement of energy is transmitted. This dissipating of energy in the
      switching sources causes the heating thereof and has the consequence of
      limiting the frequency of the switching operations.
PAR  The aim of the present invention is to produce a rapid switching circuit
      avoiding, moreover, the latter disadvantage.
PAR  The present invention has for its object a high-voltage rapid switching
      circuit for switching, between n different levels, the voltage at the
      terminals of a charge having a capacity in relation to the electric mass,
      comprising a switchable voltage generator, suitable for forming the n
      preset electric potential levels, characterized in that it comprises,
      moreover, at least n-1 switchable oscillating circuits comprising, on the
      one hand, in common, the said capacity set to a determined original
      potential and on the other hand, a series-connected circuit, each
      connected to the terminals of the said charge and comprising an
      inductance, a controlled switch and a starting up source for switching,
      constituted by a charged capacitor, whose original state is preset, to set
      the potential at the terminals of the said charge, from the said
      determined original potential to one of the said n levels at the time of
      the closing of said switch during a half cycle of the said corresponding
      oscillating circuit.
DRWD
PAR  Other characteristics and the advantages of the present invention will
      become apparent from the following description given hereinafter with
      reference to the accompanying drawing in which the single FIGURE shows an
      example of the implementing of the circuit according to the invention.
DETD
PAR  The circuit shown in that FIGURE is intended to supply the acceleration
      voltage of the electron beam of a polychromatic display cathode tube. That
      display tube is designated by the reference 1. The electron beam positive
      acceleration potential is applied to the screen 11 of that tube 1. The
      cathode of the electron gun has not been shown; it is brought to the
      potential of the electric mass. The screen 11 has, in relation to the
      electric mass, an interference capacity C, represented by a capacitor 12
      which is earthed.
PAR  The acceleration voltage applied to the screen 11 of the tube 1 is provided
      by a switchable high-voltage generator 2, of known type, connected to the
      screen 11 and suitable for applying to the said screen n required values
      of acceleration voltage, either, for example, 6, 9, 12 or 14 kV for the
      displaying of traces in red, orange, yellow or green. A general
      illustration of the embodiment of that switchable voltage generator is
      given in that FIGURE. It comprises on the one hand a supply generator 21
      providing a continuous voltage, for example of 21 kV and, on the other
      hand, a combined servo-controlled regulator. That regulator is
      constituted, as diagrammatically shown, by a charge resistor 22 connecting
      the supply generator 21 to the screen 11 of the tube 1 whose current
      crossing it is controlled by a vacuum triode 23, connected to a transistor
      24. The anode of the triode 23 is connected to the screen 11 of the tube 1
      and to the charge resistor 22. The cathode is connected to the collector
      of the transistor 24 and its grid is brought to a positive potential, for
      example, + 24 V. The emitter of the transistor 24 is connected up through
      a polarization resistor 30 to a fixed potential, for example, -24 V. The
      base of the transistor 24 is set to a control potential sent out by a
      saturable differential amplifier 25 receiving on its positive input
      terminal a switchable reference potential, by the controlling of an
      electronic switch 26, between four values and, on its negative input
      terminal, the potential coming from a resistive bridge 27 connected up
      between the earth and the screen 11 of the tube 1. The circuit supplying
      the switchable reference potential is diagrammatically shown by a source
      28 at whose terminals is installed a resistive divider 29 with which the
      switch 26 cooperates. In that FIGURE that switch 26 is represented as the
      mechanical type of switch; it cooperates with the four connections of the
      resisitve divider 29. Such a circuit enables, by the controlling of the
      transistor 24, the controlling of the current crossing the charge resistor
      22 and hence the potential drop through that resistor, that is, finally,
      the potential applied to the screen 11.
PAR  That switchable voltage generator 2 is combined with a starting up circuit
      intended for accelerating the charge or discharge of the screen 11 with a
      view to bringing it in a very short time to the required potential, the
      generator 2 having a time constant conditioned by the values of the
      resistor 22 and of the interference capacity 12, which is too great.
PAR  That starting up circuit is constituted by at least three branch circuits
      connected up in parallel to the capacity 12 and being switchable to form
      each, with the capacity 12, an oscillating circuit. These three branch
      circuits are similar: they each comprise, in series, an inductance 31, 41,
      or 51, a controlled switch 32, 42 or 52 of which the mechanical form is
      shown and a starting up source formed by a charged capacitor 33, 43 or 53.
      Each of these series assemblies is installed between the screen 11 and the
      earth. Regulated sources, not shown, will be, for example, combined with
      the capacitors 33, 43 and 53 with a view to charging them properly before
      the putting into service of the circuit. A logic circuit 6, not shown in
      detail, ensures the controlling (of the closing) of the switch 26 in one
      of the positions diagrammatically shown as well as the corresponding
      controlling of the switches 32, 42 and 52 as will be explained
      hereinafter.
PAR  In this embodiment, at the time of closing of one of the switches, the
      switch 42, for example, the elements 43, 41 and 12 form an oscillating
      circuit having a cycle of
      ##EQU1##
      L2 and C2 being the values of the inductance 41 and of the capacity 43, C
      being the value of the capacity 12.
PAR  In that oscillating circuit, there is an exchange of charges between the
      two capacitors 43 and 12 at the end of the first half-cycle of oscillation
      for which the current is nil in the switch 42. The reverse exchange of
      charges, bringing each of the capacitors 43 and 12 back to their original
      state, takes place at the end of the second half-cycle. The voltage at the
      terminals of the capacity 12 may thus be switched from an original value
      U.sub.o to a value U.sub.2 at the end of the first alternance and from the
      original value U.sub.o at the end of the second alternance, by a simple
      exchange of charges between the capacity 12 and the starting up source 43
      which is connected with it in the oscillating circuit formed.
PAR  This installation comprising three switchable oscillating circuits enables
      a rapid switching of the electron beam accelerating voltage between four
      different levels, one of the levels being defined by the original voltage
      applied to the screen 11 of the tube, that is, to the capacity 12 of the
      screen.
PAR  The switching of the electron beam acceleration voltage may thus be
      effected between four levels, the level U.sub.o applied to the screen and
      defining the original state of charge of the capacity 12 and one of the
      levels U.sub.1, U.sub.2, and U.sub.3 obtained, respectively, at the time
      of the closing of one of the switches 32, 42 and 52, during a half-cycle
      of the oscillating circuit between the capacity 12 and the corresponding
      starting up capacitor 33, 43 or 53. The original charge state of each of
      the capacitors 33, 43 and 53 is chosen taking into account the original
      state U.sub.o of the capacity 12 and of the values of the capacity 12 and
      of the capacity of each of the capacitor 33, 43 and 53.
PAR  During operation, the switching of the acceleration voltage from a first
      value, for example, U.sub.1, to a second value, for example U.sub.2, is
      effected passing back through the value U.sub.o of the original state of
      the capacity 12. In that example, the switching from U.sub.1 to U.sub.o is
      obtained by the closing of the switch 32 during a half-cycle of the
      oscillating circuit 12, 31 to 33, bringing the state of the capacity 12 of
      the value U.sub.1 back to the original state U.sub.o, then by closing of
      the switch 42 during a half-cycle of the oscillating circuit thus formed
      12, 41 to 43, bringing the state of the capacity 12 from the original
      value U.sub.o to U.sub.2.
PAR  The switching control means, at the time of a change in the color of the
      traces are provided by the logic circuit 6, which, on the one hand, sets
      the switch 26 in the required position and, on the other hand, temporarily
      closes two of the switches 32, 42, 52 in succession, with a view to
      enabling the rapid setting of the capacity 12 to the required new charge
      state, passing through the original state U.sub.o chosen as a reference
      state. In that case a memory is comprised in the logic circuit 6 with a
      view to keeping the data of the preceding color of the traces. That data
      is used therefor for bringing the capacity 12 back to the original charge
      state U.sub.o, chosen as a reference, in a half-cycle of oscillation of
      the corresponding oscillating circuit, by the closing of the last switch
      (32, 42, 52) to have been actuated. Although the logic control circuit 6
      has not been shown, it will be understood that if the state of charge of
      the capacity 12 is U.sub.o before or after a change in color, only one of
      the switches 32, 42, 52 will be actuated. In all other cases, two switches
      will be actuated successively.
PAR  With a view to producing exchanges of charges between capacitors 12, 33,
      43, 53 which are relatively low, it is possible, as a variant of
      operation, to control the exchanges of charges between the capacity 12 and
      the capacitors 33, 43, 53 exclusively by a jump to the value directly
      above or below. Thus, the original state of charge of the capacity 12
      being U.sub.o (U.sub.1 &lt;U.sub.o &lt;U.sub.2 &lt;U.sub.3) the state of charge of
      the capacity may be brought from U.sub.o to U.sub.1 by the transitory
      closing of the switch 32, from U.sub.o to U.sub.2 by the transitory
      closing of the switch 42, from U.sub.o to U.sub.3 by the transitory
      closing of the switch 42, then of the switch 52. Similarly, the charge
      state of the capacity 12 having the value U.sub.1 in order to make the
      state of the capacity changeover from U.sub.1 to U.sub.3, the switch 32
      (capacity 12 at U.sub.o), the switch 42 (capacity 12 at U.sub.2) and the
      switch 52 (capacity 12 at U.sub.2) and the switch 52 (capacity 12 at
      U.sub.3), will be successively actuated. The logic circuit 6 will shut off
      very temporarily the switches 32, 42, 52, one after another and in a
      determined order by the reference configuration of the charge states of
      the capacitors 33, 43, 53 to obtain a modification by jumps of the state
      of charge of the capacity 12 from its value to another value.
PAR  In that switching circuit, all dissipation of energy is avoided. Indeed,
      the alternate energy supplied, for the charge or the discharge of the
      capacity 12 by one or the other of the starting up sources, is recuperated
      by the capacity 12 (at the time of its charge) or by the starting up
      source (at the time of the discharge of the capacity 12) whereas the
      reverse transfer of the charges bringing the capacity 12 back to its
      original value U.sub.o has the effect of brining back, also, the starting
      up source considered to its original state.
PAR  It must be understood that the complete absence of dissipation is
      theoretical and in practice, slight leakages occur in the capacities and
      the choke coil. The effects of these leakages, which are slight in
      relation to the alternate energy supplied for the rapid charge or
      discharge of the capacity 12 have no practical influence on the frequency
      of the switching operations. They have, as a direct effect, the slight
      modifying of the original charge state of the elements of the circuit.
      These losses are compensated by the source 2 or the regulated sources for
      starting up the charge of the capacitors 33, 43 and 53, not shown in that
      circuit.
PAR  In practice, the switches 32, 42 and 52 of which the mechanical version is
      shown, will be of the electronic type. Their only characteristics in that
      application is that they bear a high voltage under vacuum, in the order of
      4 kV, that they may be primed and unprimed rapidly in order to pass
      respectively to the conductive state and to the blocked state, the
      unpriming thereof possibly being automatic at the end of a half-cycle of
      oscillation of the corresponding oscillating circuits at the end of which
      the current is canceled. Circuits for such switches, operating on a
      "hit-or-miss" basis, without dissipation of energy, without bearing
      over-voltages on the blocking thereof (current nil) and not required to
      ensure the cutting of the current, being known per se, the embodiment
      thereof is not shown in detail in the figure.
PAR  The high voltage switching device described supplies the alternate
      component of the current in the screen 11 of the tube enabling the rapid
      charge or discharge thereof. It must be understood that the active
      component of the current in the screen 11 is supplied from the regulated
      continuous source 2. The essential advantages derived from the use of that
      switching circuit reside in its simplicity, its rapidity of operation and
      the high frequency of possible switching operations.
PAR  By way of an example, the dimensioning of the elements of the oscillating
      circuits will be chosen as follows. The interference capacity 12 being 300
      pF, the capacitors 33, 43 and 53 will each have a capacity of 600 pF and
      the choke coils 31, 41 and 51 will have an inductance of 0.01 H. The high
      voltage switching operations being effected between 6, 9, 12 and 14 kV, at
      the original state of the capacity 12 will be brought to 9 kV and the
      capacitors 33, 43 and 53 will be brought to 6.75, 11.25 and 12.75 kV,
      respectively. For that installation, the oscillation cycle is then in the
      order of 9.mu.s.
PAR  The present invention has been described with reference to a particular
      embodiment shown in the figure. It is evident that without going beyond
      the scope of this invention, details may be modified and/or certain means
      may be replaced by other equivalent means. It will be observed, more
      particularly, that the choke coils 31, 41 and 51 may be replaced by a
      single chock coil forming a part of the three oscillating circuits.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high voltage rapid switching circuit for switching a voltage applied
      to a charged element having a particular electrical capacity between n
      different levels comprising switchable voltage generator means connected
      to said charged element for supplying n levels of d.c. high voltage,
      starting-up circuit means for connection to said charged element to form
      at least one oscillating circuit therewith for switching the potential of
      said charged element with respect to ground to one of said n levels of
      d.c. high voltage, and logic circuit means for controlling said switchable
      voltage generator means and said starting-up circuit means to the same of
      said n levels of d.c. high voltage.
NUM  2.
PAR  2. A high voltage rapid switching circuit as defined in claim 1 wherein
      said starting-up circuit means comprises a plurality of series-connected
      circuits connected to said charged element, each series-connected circuit
      including an inductance, a switch and a starting-up voltage source in the
      form of a precharged capacitor, the switch in each series-connected
      circuit being controlled by said logic circuit means.
NUM  3.
PAR  3. A high voltage rapid switching circuit as defined in claim 2 wherein
      said switchable voltage generator means comprises a d.c. high voltage
      source, a resistor connecting said high voltage source to said charged
      element and an oscillating circuit switchable to n-1 frequencies by said
      logic circuit means connected to the point between said resistor and said
      charged element.
NUM  4.
PAR  4. A high voltage rapid switching circuit as defined in claim 3 wherein
      said oscillating circuit comprises an operational amplifier and means for
      varying the frequency of the output of said operational amplifier in
      response to said logic circuit means.
NUM  5.
PAR  5. A high voltage rapid switching circuit as defined in claim 3 wherein
      said charged element is set to an original potential equal to one of said
      n levels of d.c. high voltage.
NUM  6.
PAR  6. A high voltage rapid switching circuit as defined in claim 1 wherein
      said starting-up circuit means comprises an inductance element connected
      to said charged element and a plurality of series-connected circuits
      connected to said inductance element, each series-connected circuit
      including a switch and a starting-up voltage source in the form of a
      precharged capacitor, the switches being controlled by said logic circuit
      means.
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ABST
PAL  The present invention provides means for deriving a single frequency signal
      from logic signals A(t) and B(t) by first applying the logic signals to a
      combining arrangement, which includes logic circuits and can be built
      using only standard integrated circuit components, e.g., flip-flops,
      gates, and amplifiers. The output of the combining means is the sum and
      difference frequencies, in digital form, of the logic signals A(t) and
      B(t). The single frequency is selected from the frequencies present at the
      output of the combining means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The invention relates to techniques used for generating or deriving single
      frequency signals as may be required in communication systems, as for
      example for pilot carrier frequencies, signaling tones, and the like; and
      more particularly to means and methods by which such signals may be
      derived from available logic signals of different frequencies.
PAR  2. Description of Prior Art
PAR  Heretofore, single frequency signals of the character described have been
      obtained by subdividing the frequency of a clock source, as by means of a
      counter, or by modulation wherein a beat signal is obtained having a
      frequency equal to the sum or difference of the frequencies of the two
      more basic signals used in the modulation process. The frequency division
      technique may be used only where the frequency division requirement
      corresponds with an available counter division ratio. Thus, given say a
      720 kHz clock source, an 8 kHz signal may be obtained by using a
      divide-by-90 counter. On the other hand, if there was available in the
      system say a 160 kHz signal and a 72 kHz signal was required, derivation
      of the latter by a division technique is not feasible. However, if in the
      same system an 8 kHz signal is available, the 160 kHz signal may be
      reduced to an 80 kHz signal by a divide-by-2 counter and then modulated
      with the 8 kHz signal to produce the required 72 kHz signal.
PAR  The usual method for obtaining the product P(t) = sin 2.pi.(f.sub.m .+-.
      f.sub.n)t is accomplished by the well-known process of modulation wherein
      the frequency of a single frequency wave (normally called the carrier
      wave) is varied in step with the instantaneous value of a second signal,
      called the modulating wave. The signals to be modulated A(t) = sin
      2.pi.f.sub.m t and B(t) = sin.pi.2 f.sub.n t may be either sine waves as
      indicated or square waves. These are fed into a modulator usually made up
      of diodes and/or transistors and quite often transformers; and a filter is
      placed at the output of the modulator to select the desired output signal
      sin 2.pi.(f.sub.m + f.sub.n) or sin 2.pi.(f.sub.m - f.sub.n)t. In
      equipment which uses mainly integrated digital logic circuits it is
      advantageous to use standard logic circuits whenever possible and to
      minimize the use of the discrete, analog components such as required by
      the usual modulator.
PAC  SUMMARY OF INVENTION
PAR  The present invention provides means for deriving a single frequency signal
      from logic signals A(t) and B(t) by first applying the logic signals to a
      combining arrangement, which includes logic circuits and can be built
      using only standard integrated circuit components, e.g., flip-flops,
      gates, and amplifiers. The output of the combining means is the sum and
      difference frequencies, in digital form, of the logic signals A(t) and
      B(t). The single frequency is selected from the frequencies present at the
      output of the combining means. Briefly then, the present invention may be
      used to generate a signal having a frequency f.sub.c which is the sum or
      difference of the frequencies f.sub.a and f.sub.b of signals available in
      logic level form. In this sense, the present invention differs from
      modulators in general in that the means and method of the present
      invention is used to provide a signal of single frequency.
PAR  The invention possesses other objects and features of advantage, some of
      which of the foregoing will be set forth in the following description of
      the preferred form of the invention which is illustrated in the drawings
      accompanying and forming part of this specification. It is to be
      understood, however, that variations in the showing made by the said
      drawings and description may be adopted within the scope of the invention
      as set forth in the claims.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to said drawings:
PAR  FIG. 1 is a graph of ideal waveforms in a modulation process using a
      unipolar carrier signal.
PAR  FIG. 2 is a graph of ideal waveforms in a modulation process using a
      bipolar carrier signal.
PAR  FIG. 3 is a schematic diagram of a signal derivation means constructed in
      accordance with the present invention.
PAR  FIG. 4 is a schematic diagram of a modified form of the invention.
PAR  FIG. 5 is a graph showing signal waveforms involved in the structure of
      FIG. 3.
PAR  FIG. 6 is a graph showing signal waveforms involved in the structure of
      FIG. 4.
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  Typical modulation waveforms using a unipolar carrier signal B(t) are
      illustrated in FIG. 1 wherein it may be seen that the modulated product
      M(t) is of the commonly understood form which may be expressed: M(t) =
      A(t) . B(t).
PAR  In a similar manner, ideal waveforms involved in a modulation process of
      signals A(t) and B(t), wherein B(t) is a bipolar signal, are shown in FIG.
      2. As will be observed, the modulation signal M(t) = A(t) . B(t).
PAR  The object of the present invention is to provide the aforementioned
      modulation signals M(t) not by the usual modulator but by the use of
      integrated circuit components as illustrated in FIGS. 3 and 4. The method
      of the present invention for obtaining a signal M(t) having a frequency
      equal to the sum or difference of a pair of logic signals A(t) and B(t)
      here consists briefly in the combining of logic signals A(t) and B(t) in a
      plurality of coincidence circuits wherein each coincidence circuit
      produces one specified output condition only when the input logic signals
      are of one like state and produces the other output condition for all
      other combinations of the logic signals. The appearance of logic signals
      A(t) and B(t) must naturally occur during an assigned time interval which
      interval is established by a conventional clock signal, not shown.
PAR  One circuit arrangement for practising the general method is shown in FIG.
      3 which may be used with a unipolar, i.e., binary, logic (carrier) signal
      B(t). A pair of logic signals, modulation signal A(t) and carrier signal
      B(t), are applied directly to the inputs of the first of a pair of
      coincidence circuits. The first coincidence circuit has a logic 1 output
      except when the true form of logic signals A(t) and B(t) are both logic 1
      during any particular assigned time interval. The second coincidence
      circuit has inputs of the true form of the carrier signal B(t) and the
      complement of the modulating signal A(t), i.e., A(t). As shown in FIG. 3,
      the second coincidence circuit has a 1 output except when both inputs,
      i.e., A(t) and B(t), are both logic 1 during any assigned time interval.
      The outputs of the two coincidence circuits are then summed. The summing
      operation is here shown accomplished in FIG. 3 by the use of a summing
      amplifier 11 having plus and minus inputs connected to outputs C and D of
      the respective first and second coincidence circuits, as shown. The
      amplifier 11 output at E is equal to the input differences, i.e., D input
      minus C input. As will be demonstrated, output E contains the desired
      modulation signal M(t) = A(t) . B(t). A narrow-band filter 16 selects the
      sum or difference frequency from the signals present at E so that the
      desired single frequency signal is available at F.
PAR  The aforementioned coincidence circuits here comprise simple NAND gates 12
      and 13 which provide selective outputs C and D in accordance with the
      following truth table:
TBL  A(t)       B(t)          C                                                
     ______________________________________                                    
     0          0             1                                                
     0          1             1                                                
     1          0             1                                                
     1          1              0.                                              
     ______________________________________                                    
PAL  Gate 13 functions in an identical manner to selectively provide output D
      for various inputs of A(t) and B(t) as shown in the truth table. In FIG. 3
      the signal A(t) and its complement A(t) are shown originating from a
      flip-flop 14. This is a convenient way of obtaining the true and
      complementary waveforms if a source voltage F(t) is available having a
      frequency of two times the frequency of signal A(t). However, if signal
      A(t) is directly available, A(t) can be obtained by running signal A(t)
      through an inverter. The essential thing insofar as the present invention
      is concerned is to provide the true and complement forms of one of the
      pair of signals to be modulated. The flip-flop 14 does this but also acts
      as a frequency divider. As will be seen from FIG. 3, signals A(t) and A(t)
      are applied to the inputs of NAND gates 12 and 13 as is also the second
      (carrier) signal B(t); and the outputs C and D of the NAND gates 12 and 13
      are connected to the minus and plus inputs of summing amplifier 11. A
      filter 16 is connected to the output of amplifier 11 to pick off the
      desired modulation product.
PAR  The operation of the apparatus of FIG. 3 may be better understood by
      reference to the waveforms illustrated in FIG. 5. The top three waveforms
      show the basic wave trains B(t), A(t), and A(t). The wave train depicted
      at C corresponds with the output C of NAND gate 12 and results from the
      NANDING of signals A(t) and B(t). The wave train depicted at D corresponds
      with the output of NAND gate 13 and results from the NANDING of signals
      A(t) and B(t). The wave train depicted at E corresponds with the output of
      amplifier 11 and is the result of summing the waveforms shown at C and D.
      Most importantly, it will be noted that the wave train shown at E
      corresponds with the wave train M(t) of FIG. 1 and hence the desired
      modulation has been accomplished using integrated circuit components
      rather than the usual modulator.
PAR  A modification of the circuitry is illustrated in FIG. 4 for obtaining
      modulation of signal A(t) by bipolar signal B(t) as shown in FIG. 2. In
      this case the true and complementary forms of both signals are used. As
      shown in FIG. 4, the true signals A(t) and B(t) are connected to a first
      coincidence circuit 18 providing an output C having a logical 1 in all
      cases except when both of the signals applied thereto are logical 1.
      Similarly, the complementary signals A(t) and B(t) are connected to a
      second coincidence circuit 19 providing an output D having a logical 1 in
      all cases except when both of the input signals are a logical 1. Outputs C
      and D are then connected to a third coincidence circuit 20 having an
      output E again providing an output having a logical 1 in all cases except
      when outputs C and D are a logical 1. Coincidence circuits 18, 19, and 20
      may comprise simple NAND gates providing a selective output in accordance
      with the truth table hereinabove set forth. The true and complementary
      forms of signals A(t) and B(t) may be obtained as here shown from a pair
      of flip-flops 22 and 23 as in the first described embodiment where signals
      F(t) and S(t) are available having frequencies of two times the
      frequencies of A(t) and B(t), respectively. A filter 24 is connected to
      output E of NAND gate 20 for picking off the desired modulation product.
PAR  The operation of the circuit of FIG. 4 may be better understood with
      reference to the waveforms shown in FIG. 6. The true and complementary
      forms of signals A(t) and B(t) are the waveforms shown on the first four
      lines of the FIGURE. The wave train depicted at C corresponds with the
      output C of NAND gate 18 and results from the NANDING of signals A(t) and
      B(t). The wave train as depicted at D corresponds with the output D of
      NAND gate 19 and results from the NANDING of signals A(t) and B(t). The
      wave train depicted at E corresponds with the output E of NAND gate 20 and
      results from the NANDING of outputs C and D. Most importantly, it will be
      noted that the waveform shown at E is the same as that shown at M(t) of
      FIG. 2 thus demonstrating the successful modulation of a bipolar carrier
      signal by use of integrated circuit components rather than the
      conventional modulator. There is a DC offset which is immaterial to the
      circuit application and has no consequence after the signal passes through
      filter 24.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for obtaining a signal having a frequency component equal to
      the algebraic sum of the fundamental frequencies of a pair of logic
      signals, A(t) and B(t), comprising:
PA1  means for deriving the complement of the true form of at least one of said
      pair of logic signals, whereby true and complementary forms of the signal
      are available;
PA1  combining means, including means for logically combining in selected pairs
      true and complementary forms of said pair of logic signals, the combining
      means providing at its output the sum and difference of the fundamental
      frequencies of said logic signals in digital form; and
PA1  selecting means having an output, and having an input connected to the
      output of the combining means, said selecting means providing at its
      output either the sum or the difference frequency.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein the combining means further comprises:
PA1  a first coincidence circuit having an output, a first input operatively
      connected to receive the true form of the first logic signal, a second
      input operatively connected to receive the true form of the second logic
      signal, the first coincidence circuit providing an output signal of one
      binary state when the input logic signals are both of one like state and
      providing an output signal of the other binary state for all other
      combinations of logic signals;
PA1  a second coincidence circuit having an output, a first input operatively
      connected to receive the complementary form of the first logic signal, a
      second input operatively connected to receive the true form of the second
      logic signal, the second coincidence circuit providing an output signal of
      one binary state when the respective complementary and true form of the
      logic signals are both of one like state and providing an output of the
      other binary state for all other combinations of the logic signals;
PA1  and means for summing the output signals from said first and second
      coincidence circuits.
NUM  3.
PAR  3. Apparatus as in claim 2 wherein the summing means is a differential
      amplifier.
NUM  4.
PAR  4. Apparatus as in claim 3 wherein the first and second coincidence
      circuits are NAND gates.
NUM  5.
PAR  5. Apparatus as in claim 4 wherein said selecting means is a bandpass
      filter.
NUM  6.
PAR  6. Apparatus as in claim 1 wherein the combining means further comprises:
PA1  a first coincidence circuit having an output, and first and second inputs
      operatively connected to receive the true form, respectively, of the first
      and second logic signals; and providing an output signal of one binary
      state when the first and second input logic signals are both of one like
      state, and providing an output signal of the other binary state for all
      other combinations of the input logic signals;
PA1  a second coincidence circuit having an output, and first and second inputs
      operatively connected to receive the complementary form, respectively, of
      the first and second logic signals; and providing an output signal of one
      binary state when the first and second input logic signals are both of one
      like state, and providing an output signal of the other binary state for
      all other combinations of the input logic signals; and,
PA1  a third coincidence circuit having an output, and a pair of inputs, a first
      input is operatively connected to the output of said first coincidence
      circuit, and a second input is connected to the output of the second
      coincidence circuit; and providing an output when the first and second
      inputs are of one like state and no output for all other combinations of
      inputs to the third coincidence circuit.
NUM  7.
PAR  7. Apparatus as in claim 6 wherein the selecting means is a bandpass
      filter.
NUM  8.
PAR  8. Apparatus as in claim 7 wherein said first, second, and third
      coincidence circuits are each a NAND gate.
NUM  9.
PAR  9. A method for obtaining a frequency equal to the sum or difference
      frequency of a pair of logic signals, A(t) and B(t), consisting of the
      steps of:
PA1  deriving the complement of the true form of at least one of the pair of
      logic signals;
PA1  combining selected pairs of the true and complementary forms of said pairs
      of logic signals to obtain the sum and difference frequencies in digital
      form; and
PA1  selecting the sum or difference frequency.
NUM  10.
PAR  10. A method as defined in claim 9 wherein one of said pair of logic
      signals is unipolar and the other said logic signal is bipolar.
NUM  11.
PAR  11. A method as defined in claim 10 wherein the step of combining further
      comprises:
PA1  combining the true form of a first of said pair of logic signals with the
      true form of a second of said pair in a first coincidence circuit
      providing an output of one binary state when the input logic signals are
      both of one like state and providing an output of the other binary state
      for all other combinations of the logic signals;
PA1  combining the complementary form of said first logic signal with the true
      form of said second of the pair in a second coincidence circuit providing
      an output of one binary state when the input logic signals are both of one
      like state and providing an output of the other binary state for all other
      combinations of the logic signals; and,
PA1  summing said first and second outputs to obtain the sum and difference
      frequency in digital form.
NUM  12.
PAR  12. A method as defined in claim 9 wherein each of said logic signals is
      bipolar.
NUM  13.
PAR  13. A method as defined in claim 12 wherein the step of combining further
      comprises:
PA1  combining the true form of A(t) and B(t) so as to obtain a first binary
      output, the first output being of one binary state when the true form of
      A(t) and B(t) is of one like state and the first output being of the other
      binary state for all other combinations of A(t) and B(t);
PA1  combining the complementary form of A(t) and B(t) so as to obtain a second
      binary output, the second output being of one binary state when the
      complementary form of A(t) and B(t) is of one like state and the second
      output being of the other binary state for all other combinations of A(t)
      and B(t); and,
PA1  combining the first and second binary outputs so as to obtain a third
      output in digital form which contains the sum and difference frequencies
      by providing an output when the first and second binary outputs are of one
      like state and producing no output for all other combinations of the first
      and second binary outputs.
NUM  14.
PAR  14. Apparatus for obtaining a signal having a frequency equal to the
      algebraic sum of a pair of logic signals comprising:
PA1  means for obtaining the true and complementary forms of one of said
      signals,
PA1  a first logic circuit having an input connected to receive the true form of
      said one signal and having another input connected to receive the other of
      said pair of signals, and providing an output having a logical 1 in all
      cases except when said true form and said other signal are both a logical
      1;
PA1  a second logic circuit having an input connected to receive said
      complementary form signal and having another input connected to receive
      said other signal and providing an output having a logical 1 in all cases
      except when said complementary and said other signal are both a logical 1;
      and,
PA1  means summing said outputs.
NUM  15.
PAR  15. Apparatus as defined in claim 14 wherein said second signal is
      unipolar.
NUM  16.
PAR  16. Apparatus as defined in claim 15 wherein said first and second logic
      circuits are NAND gates.
NUM  17.
PAR  17. Apparatus as defined in claim 16 wherein said first named means
      comprises a flip-flop.
NUM  18.
PAR  18. Apparatus as defined in claim 17 wherein said second named means is a
      summing amplifier.
NUM  19.
PAR  19. Apparatus for obtaining the product of a pair of first and second
      signals alternating between bipolar logic levels comprising:
PA1  means for obtaining the true and complementary forms of said first and
      second signals;
PA1  a first logic circuit connected to said true forms of said first and second
      signals and providing a first output having a logical 1 in all cases
      except when said true form signals are a logical 1;
PA1  a second logic circuit connected to said complementary forms of said first
      and second signals and providing a second output having a logical 1 in all
      cases except when said complementary signals are a logical 1; and,
PA1  a third logic circuit connected to said first and second outputs and
      providing an output having a logical 1 in all cases except when said first
      and second outputs are a logical 1.
NUM  20.
PAR  20. Apparatus as defined in claim 19, and a filter connected to the output
      of said last named logic circuit.
NUM  21.
PAR  21. Apparatus as defined in claim 19 wherein said logic circuits are NAND
      gates.
NUM  22.
PAR  22. Apparatus as defined in claim 21 wherein said means for obtaining
      comprises a pair of flip-flops having inputs connected to said first and
      second signals.
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ABST
PAL  An analog feedback circuit for producing a null or zero output for two
       eir in-phase or 180.degree. out-of-phase input signals applied to the
      circuit. The dc control voltage is applied along with the first input
      signal to a multiplier whose output is summed with the second input signal
      in an operational amplifier to provide the amplitude and phase of the
      control voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to analog feedback circuits and more
      particularly to an analog feedback circuit using a four quadrant
      integrated circuit multiplier as the active element.
PAR  Analog feedback circuits are used to continuously produce a dc voltage
      analog which results in an operational null point from the amplitude and
      phase difference of two input signals. The amplitudes of the two in-phase
      signals is controlled by varying the gain of the active elements. To
      achieve the operational null point, the analog feedback amplifier is
      connected with a limiter, a phase detector and sample and hold integrator
      to complete the feedback loop. In the past, one type of analog feedback
      circuit employed varistor semiconductors for the variable resistance
      elements therein. Though generally satisfactory, the prior art varistor
      analog feedback circuits were somewhat unstable and noisy. In addition,
      they tended to be nonlinear in operation and to lack a large dynamic
      signal range. Another type of analog feedback circuit employed rayistor
      semiconductors as the variable resistance elements therein. Again, while
      generally satisfactory, the rayistor type analog feedback device was
      somewhat unstable and lacked adequate temperature stability. Other designs
      employing nonlinear components as replacements for the varistors presently
      used have been developed but have been discarded as not demonstrating
      sufficient improvement in system performance.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, there has been provided a new analog feedback amplifier
      employing a four-quadrant integrated circuit multiplier as the active
      element, in place of the active varistor elements and the polarity
      inverter stage. The first ac voltage and the dc control voltage are
      supplied to the multiplier which provides an output either in-phase or
      out-of-phase with respect to the first voltage which is then summed in an
      operational amplifier with a second ac analog voltage. The output of the
      operational amplifier controls the dc control voltage through an external
      feedback loop whereby the operational amplifier output is caused to be
      nulled.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a new and
      improve analog feedback circuit.
PAR  Another object of the present invention is to provide an analog feedback
      amplifier employing a four-quadrant integrated circuit multiplier as the
      active element.
PAR  Still another object of the present invention is to provide an analog
      feedback circuit which is stable, quiet and provides simplified null
      adjustments.
PAR  Yet another object of the present invention is to provide an analog
      feedback circuit not having an inverter stage and exhibiting linear
      operation over a large dynamic range.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will be readily appreciated as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings wherein:
PAR  FIG. 1 is a block diagrammatic view of the overall analog circuit in
      accordance with the present invention; and
PAR  FIG. 2 is a detailed schematic diagram of a particular embidment of the
      analog feedback device in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings wherein like reference characters designate
      identical or corresponding parts throughout the several views, and more
      particularly to FIG. 1 thereof wherein the overall analog feedback circuit
      is shown with an integrated circuit multiplier 10 having a first input
      terminal 12 for application of a first ac analog summing voltage signal,
      and a second input terminal 14 for application of a dc analog control
      voltage signal. Since the summing and control voltage signal execursions
      can be both positive and negative, a four quadrant multiplier is employed,
      one such multiplier being a MC 1595 L Motorola which operates on the
      transconductance transistor concept and whose design is based on the
      "current-gain cell" to obtain linear amplification over the normal
      operating range. Multiplier 10 provides differential output signals which
      are either in-phase or 180.degree. out-of-phase with respect to the
      summing voltage, which are then supplied to conventional operational
      amplifier 16 to supply the necessary gain. Amplifier 16 also provides the
      needed high load impedance and common mode input voltage characteristics
      and supplies the multiplied signal to summing resistor 18. A third input
      terminal 20 provides for the application of a second ac analog voltage
      signal which is either in phase or 180.degree. out-of-phase with the first
      ac analog voltage signal and is to be nulled therewith. The second analog
      voltage signal is applied to a summing resistor 22 whose output is applied
      with the output from summing resistor 18 to be added in a conventional
      operational amplifier 24 to provide an output voltage at terminal 26. A
      feedback 28 which may include a phase detector, is coupled between output
      terminal 26 and input terminal 14 to vary the dc control voltage of
      positive or negative polarity depending upon the relative amplitude and
      phase at the first and second analog ac voltage input signals until the
      desired nulling effect is achieved. It should be understood that if the
      analog voltage input signals applied to terminals 12 and 20 are
      continuously changing, that the dc control voltage applied at terminal 14
      developed by feedback circuit 28 will allow for a nulled or zero output
      signal at output terminal 26 to be continuously and automatically
      maintained, i.e., whereby the outputs of summing resistors 18 and 22 are
      equal and opposite in phase by 180.degree.. Operational amplifiers 16 and
      24 may be of the 741 microcircuit type manufactured by both Fairchild and
      Motorola.
PAR  FIG. 2 shows a specific circuit which may be used to implement the
      combination of the invention illustrated in FIG. 1. The circuits of FIG. 2
      are by way of illustration only, since various other circuits may be
      utilized to implement the combination. More particularly, the X and Y
      inputs of multiplier 10 are connected to produce in-phase and 180.degree.
      out-of-phase summing outputs from positive and negative control voltages.
      Summing signal applied to terminal 12 is connected to the Y multiplier
      input and the control voltage applied to terminal 14 is connected to the X
      input since the linearity error of the X input is 1% and that of the Y
      input 2%. A balance potentionmeter 30, connected in series with a voltage
      divider between the .+-. 15 v dc power supplies, is provided at the X
      input to adjust the zero control voltage null point. The Y input is
      referenced to ground by resistors 32 and 34 since ac coupling in the
      signal circuitry precludes the need for a balance adjustment.
PAR  The differential output signal from multiplier 10 is connected to the input
      terminals of operational amplifier 16 to obtain the single ended in-phase
      or 180.degree. out-of-phase output signal applied to summing amplifier 24.
      Amplifier 16 also provides the needed high load impedence, common mode
      input voltage characteristics and produces the necessary gain of 20 dB to
      replace the signal loss through the multiplier 10. Control of the offset
      voltage in amplifier 16 is accomplished by adjusting potentionmeter 36 for
      a zero dc voltage at the analog feedback amplifier output terminal 26.
PAR  Summing amplifier 24 is connected for a gain of .theta. db and functions to
      produce an output null by summing the in-phase or 180.degree. out-of-phase
      signal from summing resistor 18 with that of summing resistor 22, both of
      which are accurate to 1%. Control of the multiplier 10 gain is
      accomplished by adjustment of potentionmeter 38 to the desired output
      amplitude for a given control voltage.
PAR  All signal circuitry is designed for minimum phase shift and adequate
      bandwidth for the nominal signal frequencies, with dc power supply
      decoupling provided for the multiplier 10 and operational amplifier 10.
PAR  It should be apparent that the instant analog feedback circuit employing a
      four-quadrant integrated circuit multiplier as the active element provides
      a circuit which is stable, quiet, exhibits linear operation over a large
      dynamic signal range. This new circuit also provides simplified null
      adjustments, eliminates the need for a summing signal polarity inverter
      stage and connection to a .+-. 20 V dc power supply, as required in
      previous circuits.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in the light of the above teachings. For example the dc
      control voltage may be provided by a manually opened selective switch
      across a dc supply. It is therefore to be understood that within the scope
      of the appended claims the invention may be practiced otherwise than as
      specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An analog feedback circuit comprising:
PA1  a four quadrant multiplier for receiving a first ac analog voltage input
      signal and a dc control voltage input signal and supplying an output
      signal;
PA1  a first summing resistor for receiving said multiplier output signal and
      providing an analog output therefrom;
PA1  a second summing resistor for receiving a second analog voltage input
      signal of either in-phase or 180.degree. out-of-phase relationship with
      said first analog voltage input signal and for providing an analog output
      therefrom;
PA1  means for summing said outputs from said first and second summing
      resistors; and
PA1  feedback circuit means coupled between said summing means and said dc
      control input for continously providing a nulled or zero output from said
      summing means by controlling said dc control voltage input signal.
NUM  2.
PAR  2. An analog feedback circuit as recited in claim 1 wherein said summing
      means comprises an operational amplifier, and wherein said feedback
      circuit includes a phase detector.
NUM  3.
PAR  3. An analog feedback circuit as recited in claim 2 further including an
      operational amplifier coupled between said multiplier and said first
      summing resistor for converting said multiplier output from a differential
      output signal to a single ended in-phase or 180.degree. out-of-phase
      output signal with respect to said first ac analog input voltage.
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ABST
PAL  An electronic musical instrument incorporates apparatus for producing, on
      either a triggered or a repetitive basis, a wave form which is employed to
      produce a variety of musical sounds upon being connected to a loudspeaker.
      The generator is provided with means for independently modifying the wave
      shape and frequency of a repetitive signal, each without changing the
      other.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  The present invention relates to electronic musical instruments, and more
      particularly to electronic synthesizers, in which a signal of desired
      amplitude and wave shape is produced under the control of a variety of
      manual controls. Such a signal must be produced either repetitively or
      when triggered by a control signal.
PAR  2. The Prior Art
PAR  In known designs for synthesizer instruments, the wave shape produced by
      the sound source is typically either a sine wave or a square wave. Both of
      these wave shapes are relatively easy to generate, and they may be
      transformed from one to the other without difficulty. Other wave shapes
      may be derived from them, with the result that a variety of wave shapes
      may be obtained simply by manipulation of sign and square waves.
PAR  Although such fundamental wave shapes can be used with great success, it is
      desirable to provide apparatus for making a greater variety of wave shapes
      available, with the use of a limited number of controls which may be
      adjusted by the operator or player of the instrument. In particular, it is
      desirable to have one control for varying the wave shape of a signal
      produced by the apparatus, without any effect on the frequency of the
      signal, and another control for varying the frequency of the signal
      without having any effect on its wave shape.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It is therefore a principal object of the present invention to provide a
      signal generator for producing a signal which may be controlled both in
      frequency and wave shape, independently, with only two controls, each of
      such controls controlling only one of the parameters without affecting the
      other.
PAR  It is another object of the present invention to provide a signal generator
      which produces a triangular wave form in which the output level increases
      linearly from a first level to a second level, and then declines linearly
      from the second level to the first level, with the slopes of both linear
      portions being adjustable.
PAR  A further object of the present invention is to produce a signal generator
      adapted for creating triangular wave forms in which the frequency of the
      triangular wave form is variable without affecting the wave shape of the
      output.
PAR  Another object of the present invention is to provide such a signal
      generator which is capable of being operated to produce a continuous
      series of cycles having a predetermined wave shape or a single such cycle
      triggered by a control signal.
PAR  These and other objects and advantages of the present invention will become
      manifest upon a review of the following description and the accompanying
      drawings.
PAR  In accordance with one embodiment of the present invention there is
      provided a current switching amplifier with means for integrating a
      constant level input at a first rate during a first portion of each cycle,
      and for integrating such constant level input at a second rate during a
      second portion of the cycle, with means for estblishing a fixed
      relationship between the first and second rates.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference will now be made to the accompanying drawings, in which:
PAR  FIGS. 1 and 3 are functional block diagrams of alternative embodiments of
      the present invention; and
PAR  FIGS. 2 and 4 illustrate certain wave forms produced in the opertion of the
      apparatus of FIGS. 1 and 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a system is shown which is adapted for the
      production of triangular waves of variable shape and frequency. An
      operational amplifier 10 has its non-inverting input connected to an input
      line 12 and its inverting input connected to a second line 14. A constant
      potential is applied to the line 12, but the potential applied to the line
      14 is variable, as described in more detail hereinafter. The function of
      the integrator 10, which includes an operational transconductance
      amplifier or OTA 9 and a capacitor 11, is to integrate the difference
      between the signals on the lines 12 and 14 at a rate dependent upon a bias
      current applied to a control input line 16. The result, on an output line
      18, is an increasing wave form which increases linearly from a first
      potential until a second potential is reached. An output line 20 connects
      the line 18 with a utilization device.
PAR  The line 18 is connected to one input of a comparator unit 22, the other
      input of which is connected to a line 24. A resistor 25 is provided as a
      load resistor for the comparator. The output of the comparator, which is
      produced on line 26, is bi-stable in nature, assuming one potential or the
      other, in dependence upon whether or not the potentials on the two lines
      18 and 24 are equal. The line 24 is connected to the line 26 by means of a
      voltage divider including resistors 19 and 21, to give a hysteresis to the
      operation of the comparator 22. The line 26 is connected to the line 14,
      to furnish a positive feedback for the integrator unit 10, so that the
      function of the integrator 10 is to integrate the input in a direction
      which causes the level on the output line 18 to approach the potential on
      the line 24. As soon as that potential is reached, the output of the
      comparator 22 changes its state, changing the level of input applied to
      the line 14, and causing the integrator to integrate in the opposite
      direction. The OTA 9 functions as a current switching amplifier,
      alternately supplying current to the capacitor 11 and drawing current from
      it, in proportion to the bias current supplied over the line 16.
PAR  The current supplied over the line 16 is determined by the setting of the
      potentiometer 34. The tap of the potentiometer 34 is connected to the line
      16, and the two end terminals of the potentiometer 34 are connected to
      outputs of two analog gates 36 and 38. One input of each of the gates 36
      and 38 is derived from a potentiometer 50, connected between a source of
      positive potential at a terminal 52 and ground, and the other input of
      each of the gates is individually connected to the two outputs Q and Q of
      an R-S flip-flop 28. The flip-flop 28 is caused to assume different ones
      of its two stable states on alternate half cycles of the signal produced
      on the line 26.
PAR  Only one of the gates 36 or 38 is enabled, in accordance with the state of
      the flip-flop 28. When the gate 36 is enabled, the potential on the line
      16 is dependent upon the amount of resistance in the circuit between the
      tap of the potentiometer 34 and the output of the gate 36. Similarly, the
      potential on the line 16 when the gate 38 is enabled is dependent on the
      resistance between the tap of the potentiometer 34 and the output of the
      gate 38. The time constant of the integration of the integrator 10 in each
      case is proportional to the resistance in the circuit, which determines
      the slope of the wave form produced on the line 18 during each half cycle.
      The total cycle time (one integration in each direction) is proportional
      to the sum of the time constants of the circuits associated with the two
      gates 36 and 38, it follows that the time constant is proportional to the
      total resistance of the potentiometer 34. As the total resistance does not
      vary, it is apparent that the slopes of the increasing and decreasing
      portions of the wave form are varied independently without changing the
      frequency of the output signal. An increase in slope of the rising portion
      is accompanied by a decrease in the slope of the falling portion, to
      maintain the same frequency.
PAR  The frequency is adjusted by changing the position of the tap of the
      potentiometer 50, connected between a source of positive potential at a
      terminal 52 and ground. In this way, the potential applied to an input of
      each of the gates 36 and 38 is varied, causing a corresponding variation
      in the output voltages of the gates. The voltage levels applied to the
      gates from the flip-flop 28 are bi-stable and fixed, so that only the
      potential applied to the gates from the potentiometer 50 and the total
      resistance of the potentiometer 34 affect the frequency of the output
      signal.
PAR  The R or reset input of the flip-flop 28 is connected directly to the line
      26, so that the flip-flop 28 is reset at the beginning of each
      negative-going half cycle of the signal on the line 26. A pair of gates 30
      and 32 are included in the circuit for rendering the operation of the
      apparatus shown in the drawing either continuous or intermittent in
      response to a control or trigger signal. The gate 30 is an AND gate having
      one input connected to the line 26 and the other connected to a control
      line 46. The gate 32 is a NOR gate and has one input connected to the
      output of the gate 30 and the other connected to a trigger line 42.
      Resistors 51 and 53 connect the lines 42 and 46 to ground. The trigger
      line 42 is normally held at a low level and is energized with a
      positive-going pulse to trigger each cycle when an intermittent mode of
      operation is desired, so that one cycle of operation is permitted,
      beginning with the setting of the flip-flop 28. The integration which
      follows ends with the production of a low level signal on the line 26,
      which resets the flip-flop 28 and begins the second integration, ending
      with the production of a high level signal on the line 26. If the gate 30
      is enabled, by a high signal on the line 46, the output of the gate goes
      high, producing a low signal at the output of the gate 32 which sets the
      flip-flop 28 and precipitates another cycle of operation. This continues
      as long as the line 46 is high. If the line 46 is low, only one cycle is
      produced in response to a pulse on the line 42. Of course, continuous
      operation may be initiated by a high signal on the line 42 without a pulse
      on the line 46.
PAR  A second gate 44 is interconnected between the Q output of the flip-flop 28
      and the input of the gate 36. One input of the gate 44 is connected to the
      Q output, and the other input is connected to the line 26 through an
      inverter 45. When the Q output is high, during the second integration
      period, the level on the line 26 is low, so the output of the inverter 45
      is high and the gate 44 is enabled to perform as described above. After
      the operation ceases, however, when the lines 42 and 46 are both low, the
      gate 44 is disabled, and so both of the gates 34 and 36 are also disabled
      and the integrator 10 is not functional until one of the lines 42 and 46
      goes high to initiate operation again.
PAR  The utilization device connected to the line 20 is preferably a modulator
      61 interconnected between an a.c. signal source 63 and an output system 65
      including a loudspeaker 67 adapted to produce sound waves corresponding to
      the a.c. signal, with an amplitude proportional to the voltage level on
      the output line 20. These sound waves form a packet of sound waves of a
      controlled duration, having controlled rates of increase and decrease of
      loudness, in accordance with the state of the various controls described
      above. A single such packet is produced when the line 42 is pulsed, and a
      continuous series of such packets is produced when the line 46 is at a
      high potential. When the operation is continuous, the apparatus of the
      present invention functions as an oscillator, and when the operation is
      intermittent, it functions like a contour generator, to control the wave
      shape and duration of the packet. It is apparent that the apparatus of the
      present invention may be used in other applications as well, wherever an
      oscillator having a controllable wave shape or a contour generator is
      desired.
PAR  The components of FIG. 1 are standard components which are commercially
      available. In a preferred form of the invention, the OTA 9 is an RCA model
      3080 integrated circuit, and the comparator 22 is also a model 3080
      integrated circuit. The various gates are standard CMOS series units, and
      the flip-flop 28 is a pair of cross-coupled NAND gates.
PAR  Referring now to FIG. 3, an alternative arrangement of the present
      invention is illustrated, in which the same reference numerals have been
      applied to corresponding components. The comparator 22 is shown in the
      form of an OTA. The apparatus of FIG. 3 functions in a slightly different
      manner from that described above in relation to FIG. 1. A flip-flop 60 is
      provided which functions as a start-stop flip-flop. It is normally in its
      reset state, but is set by operation of a push button switch 43 whenever
      operation is to begin. Single cycle or continuous operation is selected by
      means of a selector switch 45. As soon as the flip-flop 60 becomes set,
      the potential at its Q output goes low. The Q output of the flip-flop 60
      is connected by means of a line 62 to one input of each of two NOR gates
      64 and 66. Another input of the NOR gate 66 is connected to the NOR gate
      64. The two NOR gates 64 and 66 both function as inverters when the
      potential on the line 62 is low. When the potential on the line 62 is
      high, however, as it is when the flip-flop 60 is in its reset state, the
      outputs of both gates 64 and 66 are held at near ground potential and the
      two gates 36 and 38 are held off. The output of the gate 64 is connected
      to the control input of the analog gate 36, and the output of the NOR gate
      66 is connected to the control of the analog gate 38. Thus, as long as the
      line 62 is low, one or the other of the two gates 36 and 38 is energized.
      The second input of the NOR gate 64 is connected to the output of the
      comparator 22, which changes from a high level to a low level after the
      first half-cycle of the waveform. This causes the output of the gate 66 to
      go high to energize the gate 38 via line 39', while the output of the gate
      64 goes low to disable the gate 36. In this way, the gate 38 is operative
      during the second half-cycle of the waveform, and the gate 36 is disabled.
PAR  As long as the gate 68 is connected to the source of positive potential at
      the terminal 70, as shown, this potential is connected to the gate 68 over
      the line 40', and when the line 26 goes high at the end of the second
      half-cycle, the output of the gate 68 goes low to reset the flip-flop 60.
      This provides single cycle capability.
PAR  When the switch 45 is in its other condition, however, a ground potential
      is connected to the input of the gate 68, so that the gate 68 is held
      disabled and the flip-flop 60 remains in its set state to permit
      continuous operation.
PAR  The operation of FIG. 3 differs somewhat from that of FIG. 1 in that the
      push button switch 43 must be depressed to initiate operation in either
      mode in the apparatus of FIG. 3, whereas either the push button or the
      switch 45 initiates operation of the apparatus of FIG. 1.
PAR  Waveforms illustrating the operation of the embodiments of FIGS. 1 and 3
      are shown in FIGS. 2 and 4, respectively, both for single cycle operation
      and for continuous operation. As is apparent from these waveforms, the
      shape of the output waveform available on the line 18 is identical,
      whether single cycle or continuous operation is chosen.
PAR  As long as the setting of the potetiometer 50 remains unchanged, the period
      of the waveform remains constant, with the slope of the rising and falling
      portions of the waveform being adjustable by means of the potentiometer
      34. Adjustment of the potentiometer 50 changes the period of the waveform
      without changing the relative durations of the rising and falling portions
      thereof.
PAR  It is apparent from the foregoing that the present invention provides
      apparatus by which the shape and period of a waveform may be selectively
      modified, without influencing the other, and which may be controlled for
      single cycle or continuous operation. It will be apparent to those skilled
      in the art that various modifications and additions may be made without
      departing from the essential features of novelty, which are intended to be
      defined and secured by the appended claims.
PAR  One such modification, for example, is the replacement of the integrator
      circuit 10 with a conventional voltage integrator circuit, using a
      differential amplifier and capacitor. In this event, the line 14 is open
      circuited, with the non-inverting input of the differential amplifier
      being connected to ground. The line 16 is connected to the inverting input
      of the differential amplifier, and equal and opposite potentials are
      applied thereto through the gates 36 and 38 and the potentiometer 34. For
      this purpose, the input of one of the gates 36 and 38 is connected
      directly to the tap of the potentiometer 50 and the other is connected
      thereto through an inverting amplifier serving to provide an equal and
      opposite voltage to that present at the tap of the potentiometer 50. The
      output voltage on the line 18 is the time integral of the differential
      input voltage.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A signal generator comprising integrator means, comparator means
      connected to said integrator means and responsive thereto for producing
      two discrete output voltage levels on a single output line in response to
      a comparison of the output of said integrator means with a certain value,
      and connecting means connecting said line to said integrator for
      controlling the sign of the rate of change of the output of said
      integrator.
NUM  2.
PAR  2. Apparatus according to claim 1, including control means for causing said
      integrator means to integrate at two different rates, in response to which
      of said two output voltage levels is being produced by said integrator at
      any given time.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said connecting means controls
      the sign of integration of said integrator means oppositely for said two
      output voltage levels, said sign being always such as to cause the output
      of said integrator means to tend to approach the output voltage level of
      said comparator means.
NUM  4.
PAR  4. Apparatus according to claim 3, including means for causing said
      integrator means and said comparator means to operate continuously,
      whereby a triangular waveform is produced at the output of said integrator
      means, each cycle of said waveform having two different slopes under the
      control of said control means.
NUM  5.
PAR  5. Apparatus according to claim 1, including means for selectively
      disabling said integrator means.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said integrator means comprises
      an operational transconductance amplifier.
NUM  7.
PAR  7. For use in an electronic musical instrument, a signal generator for
      generating a single cycle of a triangular waveform, comprising integrator
      means, comparator means connected to said integrator means and responsive
      thereto for producing two discrete output voltage levels in response to a
      comparison of the output of said integrator means with a certain value,
      means connected to said integrator means and operative to control the sign
      of integration of said integrator means, said sign of integration being
      opposite for two successive integration periods, and means for
      discontinuing operation of said integrator means after a single cycle of
      operation including two successive integration periods.
NUM  8.
PAR  8. For use in an electronic musical instrument, a signal generator
      comprising variable rate integrator means, means connected with said
      integrator for controlling the sign of integration of said integrator,
      said sign of integration being opposite for successive integration
      periods, a potentiometer, first connecting means for connecting a first
      end of said potentiometer to a source of reference potential, second
      connecting means for connecting a second end of said potentiometer to said
      reference potential, means for connecting the tap of said potentiometer to
      said integrator for supplying a signal to said integrator means for
      controlling the rate of integration thereof, and means for operating said
      first and second connecting means one at a time during successive periods
      of operation of said integrator.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein said last named means comprises
      a bi-stable device connected with said comparator means and operative to
      energize said first and second means selectively in response to the output
      voltage of said comparator.
NUM  10.
PAR  10. Apparatus according to claim 8, including manually adjustable means for
      controlling the scale of the time rate of change of the output of said
      integrator means, whereby the period of the waveform produced at the
      output of said integrator may be controlled without affecting the wave
      shape of said waveform.
NUM  11.
PAR  11. Apparatus according to claim 8, wherein said last named means comprises
      a pair of inverters connected in series with the output of said
      comparator, means connecting the output of one inverter to energize said
      first circuit means, and means connecting the output of the other inverter
      to energize said second circuit means.
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ABST
PAL  A laser system for producing short optical pulses with higher energy and
      controllable shape from a high power solid state laser system. The system
      includes two gratings at the output with an adjustable interferometer
      between the laser source and an amplifier element. Thus, the output pulse
      may be tailored to a particular shape.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore high power solid state laser sources made use of a laser
      oscillator and pulse switch followed by a chain of rod and disc laser
      amplifiers. Such systems are limited by self focusing that occurs in the
      active material of the amplifier stage. Further, the outputs of these
      systems cannot be tailored to a specified shape which is desired in
      laser-plasma work. It is known that if a long radiation pulse is given a
      linear frequency modulation (chirp) before it is amplified, it can be
      compressed to shorter width with little energy loss by passing it through
      a suitable dispersive device at the output. Heretofore work has been
      performed to this end but has lacked the necessary flexibility and
      efficiency for compressing and shaping high power pulses.
PAR  Prior art pulse compression systems may be found in the following prior
      art. "Optical Pulse Compression with Diffraction Gratings", IEEE Journal
      Quantum Electronics, QE-5, p. 454, September 1969; "Chirped Optical
      Pulses" Annals New York Academy of Science 168, p. 400, February 1970.
      "Compression of Optical Pulses", IEEE Journal Quantum Electronics, QE-4,
      262, May 1968. "Interferometer Utilisable pour La Compression d Impulsions
      Lumineuses Modulees en Frequency", C.R. Academie des Sciences, Paris, p.
      258, 6112, June 1964.
PAC  SUMMARY OF THE INVENTION
PAR  The system which makes up this invention includes well-known elements
      arranged in a unique manner to produce short optical pulses with high
      energy and a controllable shape. An adjustable interferometer creates a
      radiation frequency dispersion which is adjustable. It converts a short
      time bandwidth limited pulse incident thereon into a longer pulse width
      with an adjustable frequency vs. time characteristic. The long pulse is
      then amplified by the laser amplifier. The output from the laser amplifier
      is directed through a grating pair which compresses and shapes the high
      energy pulse output.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates a schematic diagram of the system.
PAR  FIG. 2 illustrates in more detail the adjustable interferometer.
DETD
PAC  DESCRIPTION OF THE SYSTEM
PAR  Now referring to the drawing, there is shown by illustration a schematic of
      the system. The system includes an optical pulse source 11 such as a laser
      which produces an output having a width of about 20 picoseconds. The
      output is directed onto an interferometer 12 which creates a frequency
      dispersion such that the radiation emerging from the interferometer has a
      longer time width of about 200 picoseconds. The longer pulse output is
      directed onto a mirror 13 which reflects the radiation into a laser
      amplifier 14. The long pulse is then amplified by the laser amplifier to
      higher energies without experiencing prohibitively high peak intensities
      within the laser material. The output from the laser amplifier is directed
      onto a first grating 15 and from the first grating the radiation is
      directed onto a second grating 16 which reflects the radiation out into
      its desired path. In order to pass the high output energies produced by
      the laser amplifier, the gratings 15 and 16 should be large and very
      coarse reflection gratings of the echelle or echelon types.
PAR  The interferometer is formed by a transparent dielectric film or slab 21
      deposited onto a reflecting substrate 22. Thus, radiation incident on and
      reflected by the dielectric-film-air interface and the dielectric
      film-substrate interface creates a frequency dispersion as shown in FIG.
      2. Associated with the dielectric film substrate are at least two mirrors
      23, 24 which may have their angle of incidence adjusted independently of
      each other relative to the film-substrate. Therefore the dispersive angles
      may be adjusted as desired by arranging the different mirrors 23, 24, 25
      relative to the film-substrate. Adjustment and enhancement of the
      dispersion may be made by arranging the mirrors such that the angle of the
      first mirror is less than or equal to the angle of the second, etc, such
      as L.sub.1 .ltoreq. L.sub.2 .ltoreq. L.sub.3 .ltoreq. L.sub.n. The length
      and chirp behavior of a pulse emerging from the interferometer depends
      upon the dispersion law and is therefore adjusted by a suitable
      arrangement of the mirrors angularly positioned relative to the dielectric
      film substrate.
PAR  The amplifier system comprises one or more stages of standard Nd: Glass or
      Ruby amplifiers in tandem.
PAR  In operation, the radiation pulse source produces an output having a
      wavelength pulse with an appropriate time (t) of about 20 pico-seconds.
      The radiation is directed onto the dielectric film coated substrate at an
      angle relative thereto. Some of the radiation beam is reflected by the
      film surface and some by the film-substrate interface onto the first
      mirror. The first mirror reflects the incident radiation back to the film
      substrate at an angle relative thereto. The radiation is reflected back
      and forth between the mirrors and the film-substrate for as many mirrors
      as there are in use. The mirrors are independently adjustable relative to
      the incident beam and may be set at any desired operable angle to produce
      the desired dispersion of the radiation beam. The radiation is finally
      reflected from the film-substrate with a much longer energy pulse of about
      .DELTA.t.apprxeq.200 p sec. A mirror 13 in the output path of the
      interferometer reflects the radiation onto the rod and disc laser
      amplifier which amplifies the signal to high energies. The high energy
      output pulse of .DELTA.t.apprxeq.200 p sec is directed onto the first
      grating, then to the second grating which compresses the pulse back to a
      shorter width of about t = 20 p sec. The second grating directs the output
      beam in a path to its useful purpose.
PAR  The system produces high energy outputs with short pulses and provides
      pulse shaping capability. These advantages are brought about through the
      use of a plurality of independently adjustable mirrors in the
      interferometer and the two gratings which reflect the output from the rod
      and disc amplifier.
PAR  In the event that high pulse energy is not needed, one can obtain pulse
      shaping capability by placing a pair of gratings in the radiation path
      between the interferometer and the laser amplifier rather than in the
      output as set forth above. Alternatively the pair of gratings could be
      positioned in the radiation path between the last rod amplifier and the
      adjacent disc amplifier stage in the laser amplifier section.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. An optical pulse compression and shaping system; which comprises,
PA1  an interferometer for receiving radiation from a radiation pulse source,
PA1  a laser amplifier in the optical path of radiation emerging from said
      interferometer, and
PA1  a pair of gratings in optical alignment with each other and the output
      radiation path of said laser amplifier.
NUM  2.
PAR  2. An optical system as claimed in claim 1, in which,
PA1  said interferometer includes a plurality of adjustable reflective surfaces
      in combination with a fixed frequency dispersion base means.
NUM  3.
PAR  3. An optical system as claimed in claim 2, in which,
PA1  said fixed frequency dispersion base means includes a substrate having a
      reflective surface, and
PA1  a dielectric film on said reflective surface of said substrate with said
      dielectric film in optical alignment with said adjustable reflective
      surfaces.
NUM  4.
PAR  4. An optical system as claimed in claim 1; in which
PA1  said laser amplifier includes a laser rod and disc amplifier.
NUM  5.
PAR  5. An optical system as claimed in claim 2; in which,
PA1  said laser amplifier includes a laser rod and disc amplifier.
NUM  6.
PAR  6. An optical system as claimed in claim 3; in which,
PA1  said laser amplifier includes a laser rod and disc amplifier.
NUM  7.
PAR  7. An optical system as claimed in claim 1; in which
PA1  said pair of gratings are positioned in optical alignment between said
      interferometer and said laser amplifier.
NUM  8.
PAR  8. An optical system as claimed in claim 6; in which,
PA1  said pair of gratings are positioned in optical alignment within said laser
      amplifier between said rod and disc amplifiers.
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ABST
PAL  A means is provided for reducing gain shifts in multiplier tubes due to
      varying event count rates. It includes means for limiting the number of
      cascaded, active dynodes of the multiplier tube to a predetermined number
      with the last of predetermined number of dynodes being the output terminal
      of the tube. This output is applied to an amplifier to make up for the
      gain sacrificed by not totally utilizing all available active stages of
      the tube. Further reduction is obtained by illuminating the predetermined
      number of dynodes with a light source of such intensity that noise
      appearing at the output dynode associated with the illumination is
      negligible.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the UNITED STATES ATOMIC ENERGY COMMISSION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One of the major uses for the typical multiplier tube is in the field of
      scintillation counting. When a particle of ionizing radiation leaves
      energy in a suitable material such as a phosphor, a weak pulse of light is
      emitted which is detected by the multiplier tube. The photocathode of the
      tube is responsive to the incident light to develop electrons in
      proportion to the intensity of the incident light. The electrons emitted
      by the photocathode are directed so they strike an electrode known as the
      first dynode. The energy of incident electrons is given to electrons in
      the dynode and, on an average, several electrons are emitted from the
      surface of the dynode for each incident electron. This process is known as
      secondary emission and results in a net multiplication or gain in the
      number of electrons per radiation event. The emitted electrons are then
      directed to a second dynode where their number is again multiplied by the
      secondary emission process. Further multiplication takes place at
      succeeding dynodes until the electrons are collected at the final dynode
      or the tube anode. With 10 or more dynodes the multiplication factor of
      the tube or gain can be very great, up to 10.sup.8.
PAR  One particular problem associated with multiplier scintillation detectors
      is that as the rate at which radiation events to which the tube is to be
      responsive varies, shifts in the value of the multiplication factor or
      gain of the tube occur. Thus for one rate of occurrence of radiation
      events the gain of the tube will reach an equilibrium gain of one value,
      while for another rate the tube will reach another gain. These gain shifts
      are characterized not only by different tube outputs but also by a long
      time constant for the tube to reach the equilibrium gain. This
      necessitates continual monitoring and recalibration of the tube to utilize
      tube output amplitude for analytical purposes.
PAR  It is therefore an object of this invention to provide a means of operating
      a multiplier tube with reduced gain shifts due to varying event count
      rates.
PAR  Another object of this invention is to reduce the time constant associated
      with the multiplier tube reaching an equilibrium gain in response to
      varying event count rates.
PAC  SUMMARY OF THE INVENTION
PAR  Varying rates at which events occur to which a multiplier tube is
      responsive cause shifts in the magnitude of the gain of the tube.
      Reduction in gain shift is achieved by providing means for reducing the
      number of cascaded, active dynodes of the tube to a predetermined number
      with the last of the predetermined number of dynodes being the output
      terminal of the tube. Compensation for the reduced gain in the tube due to
      the smaller number of active dynodes is attained by applying the output of
      the tube to an amplifier, preferably an amplifier of high input impedance
      and low noise. Further reduction of gain shift and minimization of the
      time for the tube to reach equilibrium gain is achieved by illuminating
      the active dynodes with a light. The level of illumination is limited so
      that noise associated with the light, appearing at the output dynode, is
      negligible.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of a photomultiplier tube circuit embodying
      the principles of this invention; and
PAR  FIG. 2 is a drawing of the photomultiplier tube with a light source
      attached.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 there is shown a schematic diagram of a typical
      multiplier tube circuit, embodying the principles of this invention. In
      general, a multiplier tube 10 is provided with a photocathode 12, a
      focusing grid 14, a plurality of dynodes Nos. 20-29 and an anode 16. In
      the embodiment illustrated in FIG. 1, the multiplier tube has a series of
      10 cascaded dynodes, Nos. 20-29. It is to be understood that a multiplier
      tube with any number of dynodes may be used to practice this invention.
PAR  While there are various types of dynode structures, they all generally
      follow the same principles of operation. When the appropriate potentials
      are applied to each dynode to develop electrostatic fields, electrons
      emitted by one dynode strike the next succeeding dynode of the cascaded
      series of dynodes and do not miss a stage of multiplication or strike
      unintended tube parts. The initial electrons are developed by the
      photocathode 12 in response to a radiation event as previously described
      and are directed to the first dynode by the operation of photocathode 12
      or by a focusing grid 14. The potentials for each dynode are obtained by
      means of a resistor chain. When a light pulse occurs to which the
      photocathode is responsive, electrons are thereby emitted according to the
      quantity and magnitude of the light pulses. It has been observed that as
      the quantity or rate of occcurrence of light pulses varies the magnitude
      of amplification or gain of the multiplier tube shifts to a new
      equilibrium output gain, that is the gain does not remain constant. Each
      individual dynode of the tube introduces a particular amount of gain shift
      with each successive dynode of the series introducing its own shift and
      multiplying the shift of previous dynodes. In addition, the time taken by
      the tube to reach the equilibrium gain is relatively long. During this
      time the gain of the tube is constantly changing. These gain shifts are a
      serious inconvenience necessitating constant checking and calibration of
      the tube.
PAR  It has been observed that significant reduction in gain shifts associated
      with varying event count rates can be obtained by operating the multiplier
      tube with a reduced number of active secondary emission stages, and making
      up the gain with a low noise amplifier. The desirable number of active
      stages of the tube varies depending upon the gain realizable per active
      dynode stage and the total gain needed in the output of the multiplier
      tube to minimize the effect of the amplifier noise. For a typical tube
      with 10-14 dynodes and a high output light level scintillator such as a
      sodium iodide scintillator 5 is the desirable number of active stages. For
      the embodiment shown in FIG. 1 there is shown five active stages, dynodes
      20 through 24, with dynode 24 acting as the anode or collecting dynode of
      the tube. The collecting dynode 24 is the output terminal and the other
      dynodes 25-29 and anode 16 are made nonactive. The active or nonactive
      state of each dynode is determined by the biasing which is provided by a
      resistor chain including resistors 31-34 which bias the active stages and
      resistor 35 which controls biasing between photocathode 12 and grid 14.
      Resistors 37 and 38 provide the necessary biasing for the nonactive
      dynodes 25-29 and anode 16 to prevent the nonactive stages from attracting
      electrons. Since dynode 24, the fifth dynode of the series, is to be the
      output dynode, it is biased by a load resistor 40. Typical values for the
      resistors are: for resistor 35, 100 K ohms, for resistors 31-34, 50 K
      ohms, for resistor 37, 45 K ohms, for resistor 38, 5 K ohms and for
      resistor 40, 100 megohms. The resistor chain is coupled to a positive
      high-voltage source 39 of, for example, 500 volts to provide the biasing.
      The output of the dynode 24 is applied to amplifier 42. The output of
      amplifier 42 will be proportional to the output of the photomultiplier
      tube with reduced gain shifts.
PAR  Good results were obtained with amplifier 42 being of high input impedance,
      such as a charge sensitive amplifier (CSA). A CSA is a high input
      imnpedance capacitive-feedback amplifier which is responsive to charges
      applied to it, developing an output voltage proportional to the charge. As
      indicated above, the output gain of amplifier 42 must be sufficient to
      compensate for the reduced gain of the multiplier tube so that the final
      gain of the tube and amplifier combination is at a desirable value. Good
      results are obtained by operating a CSA with as low an equivalent input
      noise as possible. For example, a typical CSA gave best results with noise
      equivalent to an RMS uncertainty in pulse height of no more than 1000
      electron charges of the input. With this arrangement, gain shifts were
      seen to be reduced from approximately 90 parts to two or three parts out
      of 700 for event rate shifts from 40 events per second to 14,000 events
      per second. However, the long time constant for the output of the tube to
      reach an equilibrium gain was not entirely eliminated.
PAR  Referring to FIG. 1 and FIG. 2, there is shown a means for further reducing
      gain shifts and for reducing the long time constant associated with the
      tube reaching an equilibrium gain. A typical multiplier tube 50 is
      generally provided with a metallized area 52 on the inside of the tube's
      glass envelope near the window end 53 of the tube with the rest of the
      tube envelope being transparent. Typical operation of the tube usually
      involves covering the transparent portion with opaque material, such as
      opaque tape, to prevent outside light from impinging on the interior of
      the tubes and causing noise. To reduce the time constant associated with
      gain shifts, a light bulb 55 is attached, such as with tape, to the side
      of the tube along the transparent portion of the tube. The tube is then
      covered in the normal manner while allowing bulb 55 to illuminate the
      dynodes. The position of the light is such that with the light providing
      the necessary illumination, either directly or by reflection within the
      tube, at least the active dynode stages of the multiplier tube are
      illuminated. The photocathode should not be illuminated as this will
      greatly increase to be background noise. The level of illumination is the
      highest that will not produce an appreciable increase in background noise
      from the multiplier over the normal background noise resulting from
      thermionic emission from the cathode. A bulb illuminated to a dim red glow
      on the filament did not appreciably add to system noise and provided the
      necessary illumination. In particular, a No. 1829 bulb operated at 4 volts
      provided adequate illumination. The bulb and the transparent portion are
      covered as in normal multiplier tube operation, so that the only
      illumination provided to the dynodes is from bulb 55. Operated with
      reduced number of stages and amplification with the light, gain shift was
      reduced to one or two parts out of 700, with greatly reduced time for the
      tube to reach equilibrium gain and with noise associated with the light of
      about 10% of the other tube background noise such as that from the
      cathode. Operation without reduced number of stages and amplification, but
      with the light illuminating the dynodes produced no appreciable reduction
      in gain shift or response time.
PAR  Note that the principles of operation herein disclosed are applicable to
      electron multiplier tubes as well as photomultiplier tubes. An electron
      multiplier tube is similar in design and operation to a photomultiplier
      tube except that an electron multiplier tube is not provided with a
      photocathode for generating electrons. Instead an exterior source of
      electrons must be provided which directs electrons to the first dynode of
      the electron multiplier tube at which point the secondary emission process
      with the cascaded series of dynodes occurs as described above. Thus with
      use of a reduced number of active dynodes, an amplifier and an
      illumination source gain shift in an electron multiplier tube may be
      reduced.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A device for reducing gain shift in a multiplier tube due to varying
      event count rates, the multiplier tube having dynodes arrayed in a
      cascaded series such that with appropriate biasing any dynode of the
      cascaded series is capable of being responsive to incident electrons
      directed thereto to emit secondary electrons at a rate amplified from the
      rate at which incident electrons are applied thereto, the secondary
      electrons emitted by one dynode being applied as incident electrons to the
      next consecutive dynode of the cascaded series, with the last dynode of
      the series being the output terminal, comprising: means coupled to the
      dynodes for limiting the number of consecutive active dynodes of the
      cascaded series to a predetermined number by rendering inactive at least
      one dynode of said cascaded series, with the last of the predetermined
      number of said consecutive active dynodes being the output terminal of the
      tube, and an amplifier coupled to said last consecutive active dynode and
      being responsive to the number of electrons incident on said last
      consecutive dynode to develop an output signal whose magnitude is
      proportional to and the amplification of the number of electrons incident
      on said last consecutive dynode.
NUM  2.
PAR  2. The device of claim 1, further including a light source for illuminating
      said predetermined number of dynodes such that a background noise
      appearing at the output dynode associated with the illumination of the
      dynodes by said light source is not more than 10% of all other tube
      background noise.
NUM  3.
PAR  3. The device of claim 2 wherein the multiplier has at least 10 dynodes
      arrayed in a cascaded series and said predetermined number of active
      stages is five.
NUM  4.
PAR  4. The device of claim 3, wherein said light source is glowing at a dull
      red glow.
NUM  5.
PAR  5. The device of claim 3, wherein said amplifier is a charge sensitive
      amplifier operated with noise equivalent to an RMS uncertainty of no more
      than 1000 charges at the input.
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ABST
PAL  A variable frequency voltage controlled oscillator is tuned to a selected
      frequency by applying a varying voltage to the control port of the
      oscillator to sweep the oscillator signal through a frequency range which
      includes the frequency of a reference frequency source. The value of the
      varying voltage is stored at the instant the oscillator frequency
      coincides with the frequency of the reference source. A dc offset voltage
      is then added to the stored voltage to produce a sum voltage which is
      substituted for the varying voltage at the control port of the oscillator
      to tune the oscillator to the selected frequency. The offset voltage is
      equal to the difference in the control voltages at the selected and
      reference frequencies and may be determined from the oscillator control
      voltage characteristic.
PAL  The oscillator can be set reliably to a selected frequency without using
      temperature compensation, provided that, at each frequency in a range of
      interest, the rate of change df/dv of the oscillator frequency with
      respect to the change in control voltage is constant despite changes in
      temperature.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  This invention pertains to systems for tuning a variable frequency
      oscillator and more particularly to systems for accurately tuning a
      microwave local oscillator to any one of a plurality of selected
      frequencies using only a single reference frequency source.
PAR  2. Prior Art
PAR  The local oscillator in a microwave receiver usually includes a crystal
      controlled oscillator and a frequency multiplier. The crystal oscillator
      generates a signal at a precisely controlled frequency and the multiplier
      converts the relatively low frequency signal from the oscillator to a
      desired microwave frequency. In one type of conventional multichannel
      receiver, a separate crystal oscillator and multiplier are required for
      each RF channel, appreciably affecting the receiver's cost and volume. In
      another type of receiver, a single variable frequency microwave oscillator
      is tuned to all the local oscillator frequencies; however, additional
      costly components such as a synthesizer or multiple reference sources are
      generally necessary to obtain precise frequency control.
PAC  SUMMARY
PAR  In the present invention, the precise frequency control required of a local
      oscillator in a microwave receiver is achieved with a voltage controlled
      variable frequency oscillator and only one reference frequency source. The
      principal requirement of an oscillator for use in this invention is that,
      at each frequency within a range of interest, the rate of change df/dv of
      the oscillator frequency with respect to the change in control voltage
      must remain constant, despite changes in environmental conditions. This
      requirement, which will be referred to hereinafter as simply a requirement
      for a constant slope at each frequency, can be realized with either linear
      or nonlinear control characteristics. Each of the varactor tuned Gunn
      oscillators from the number evaluated for use in experimental models of
      the invention, exhibited a control characteristic which was generally
      nonlinear, but which met this requirement over a significant portion of
      its frequency range.
PAR  In the operation of an elementary system incorporating the invention, a
      varying voltage is applied to the control port of the variable frequency
      oscillator, sweeping it over a frequency range that includes the frequency
      of a reference frequency source. When the frequency of the oscillator
      coincides with the reference frequency, the instantaneous value of the
      varying voltage is stored. The oscillator is then set to the selected
      frequency by adding a dc offset voltage to the stored voltage to produce a
      sum voltage which is substituted for the varying voltage at the control
      port of the oscillator.
PAR  The offset voltage may be determined from a graph of the oscillator control
      characteristic. In a simple case, where the oscillator characteristic is
      essentially linear, the offset voltage is equal to the produce of the
      reciprocal of the slope of the control characteristic curve df/dv and the
      difference between the selected and reference frequencies. In all cases,
      even when the characteristic is nonlinear, the offset voltage for a
      particular selected frequency and a particular reference frequency must be
      constant, regardless of changes in temperature.
PAR  The use of a constant offset voltage that is independent of temperature
      reduces the complexity of the receiving system by eliminating the need for
      temperature compensation for the oscillator. A simple voltage divider may
      be used to produce a number of offset voltages. The receiver is tuned to a
      selected frequency by merely switching the appropriate offset voltage from
      the divider to a summing network. The offset voltage is added to the
      stored voltage in the summing network to produce the required oscillator
      control voltage for the selected frequency.
DRWD
PAC  DRAWING
PAR  FIG. 1 is a graph of a linear frequency control voltage characteristic of a
      voltage controlled oscillator.
PAR  FIG. 2 is a graph of a nonlinear frequency control voltage characteristic
      of a voltage controlled oscillator.
PAR  FIG. 3 is a graph of a frequency control voltage characteristic of a
      varactor tuned Gunn oscillator.
PAR  FIG. 4 is a block diagram of a preferred embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The principles of operation of the present invention are described with
      reference to FIGS. 1 and 2. In these Figures, temperature has been chosen
      to illustrate the effect of a change in an environmental parameter on the
      control characteristic of an oscillator. This invention is capable of
      operating satisfactorily with a change in any environmental parameter,
      provided the corresponding changes in the control characteristic meet
      requirements which will be described in the following paragraphs.
PAR  Referring to FIG. 1, an ordinate 1 and an abscissa 2 are the frequency and
      voltage axes, respectively, of a graph of a linear control characteristic.
      The oscillator control characteristics at two temperatures, A and B, are
      represented by curves 3 and 4. A reference and a selected frequency,
      arbitrarily chosen for illustrative purposes, are shown as horizontal
      lines 5 and 6. The control voltages to set the oscillator to the reference
      and selected frequencies are represented by vertical lines 9 and 10 for
      temperature A and by lines 11 and 12 for temperature B. The change in
      control voltage to tune the oscillator from the reference frequency to the
      selected frequency is represented by a voltage 7 for temperature A and by
      a voltage 8 for temperature B.
PAR  The control voltages to set the oscillator to the reference and selected
      frequencies are referred to herein as the reference frequency control
      voltage and selected frequency control voltage. The difference between
      these voltages is referred to as the offset voltage.
PAR  The slope df/dv of the frequency control characteristic graph shown in FIG.
      1 is constant throughout the curve and remains constant when the
      oscillator is exposed to a change in temperature. Observe that curves 3
      and 4 comprise a first set of linear, parallel lines. The reference and
      selected frequency lines 5 and 6 comprise a second set of parallel lines
      that intersect the first set. By projecting each point of intersection of
      these two sets of parallel lines on the voltage axis 2, two equal offset
      voltages, 7 and 8, are defined. The offset voltages at different
      temperatures for a particular selected frequency and reference frequency
      will always be equal for this type of control characteristic. This is
      illustrated by the fact that the line segments delineated by two sets of
      intersecting parallel lines are equal, and the projections of these equal
      line segments on an axis of a rectangular coordinate system are also
      equal.
PAR  In the operation of a system incorporating this invention, only one offset
      voltage is used to set the oscillator to a particular selected frequency.
      For a system to operate in this manner, the offset voltage for a
      particular set of selected and reference frequencies must remain constant
      regardless of changes in environmental conditions. As can be seen from
      FIG. 1, this requirement is met by oscillators that exhibit a linear
      control characteristic that retains a constant slope df/dv despite changes
      in environmental conditions.
PAR  In a fundamental system incorporating an oscillator with control
      characteristic curves similar to the linear, parallel curves shown in FIG.
      1, the oscillator is first set to a reference frequency and then an offset
      voltage is added to the reference control voltage to produce a sum voltage
      which sets the oscillator to the selected frequency. The offset voltage is
      equal to the product of the reciprocal of the slope df/dv and the
      difference between the reference and selected frequencies. The frequency
      difference is positive when the selected frequency is greater than the
      reference frequency and negative when the reverse is true.
PAR  Referring to FIG. 2, two identically shaped nonlinear control
      characteristic curves 13 and 14 at temperatures A and B are shown
      displaced from one another in the direction of the voltage axis. Although
      the nonlinearity of these two curves makes them appear to converge on the
      right-hand side of the Figure, the displacement between them in the
      direction of the voltage axis 2 is constant. The projection of the
      intersections of the reference and selected frequency lines 5 and 6 with
      the curves 13 and 14 again produces two offset voltages 43 and 44 that are
      identical in value. The two offset voltages are identical because the
      right-hand curve is produced by displacing the left-hand curve in the
      horizontal direction and the horizontal frequency lines intersect the two
      curves at points which are at the same relative locations on each curve.
      From FIG. 2, it can be observed that the offset voltage for particular
      reference and selected frequencies will remain constant for an oscillator
      with a nonlinear control characteristic if each point on the
      characteristic curve is shifted by an equal amount in the direction of the
      voltage axis. Note that at each frequency, the slope df/dv remains
      constant for both the linear curves in FIG. 1 and the nonlinear curves in
      FIG. 2. An oscillator with a nonlinear control characteristic of the type
      shown in FIG. 2 meets the requirement for a constant offset voltage and
      can be tuned to a selected frequency by the same steps used to tune an
      oscillator with linear characteristics.
PAR  Referring to FIG. 3, curves 15, 16 and 17 are the control characteristic
      curves of a varactor tuned Gunn oscillator at 0.degree.C, 30.degree.C and
      50.degree.C. These curves, when considered in their entirety, do not
      appear to be linear, parallel or equally displaced from one another in the
      direction of the voltage axis, nor do they have a slope that is constant
      at each frequency regardless of changes in environmental conditions;
      however, they do exhibit each of these characteristics to a reasonable
      approximation over limited frequency ranges. For example, over the range
      of 15,250 MHz to 15,285 MHz, the curves are essentially linear and
      parallel. Over a wider frequency range, such as 15,250 MHz, to 15,450 MHz,
      these curves are essentially identical and displaced from one another by a
      constant voltage. Therefore, a constant offset voltage may be computed
      from these characteristic curves over these frequency ranges to tune the
      oscillator from a particular reference frequency to a particular selected
      frequency.
PAR  Referring to FIG. 4, the invention is shown in a practical application,
      functioning as the local oscillator in a superheterodyne receiver. All of
      the superheterodyne circuitry, with the exception of the local oscillator,
      is contained in a device herein referred to as a comparator. The
      comparator serves a dual purpose. It functions as a receiver in one mode
      of operation and as a frequency comparator in a second mode of operation.
PAR  The principal elements of the invention, as shown in the application
      illustrated in FIG. 4, include a voltage controlled oscillator 21, a
      reference frequency generator 19, a frequency comparator 22, a source of a
      dc offset voltage 27, a voltage summing network 29, and a source of
      varying voltage comprising a clock pulse generator 33, a digital counter
      31, and a digital to analog converter 30.
PAR  In this system, the varying voltage is stored by cutting off the clock
      pulse signal to the digital counter; however, the storage function may be
      carried out apart from the generation of the varying voltage in a separate
      device such as a sample-and-hold circuit.
PAR  The remaining circuitry includes an adjustable voltage supply 35, switches
      20, 24, 25, 28, 32 and 37, and a switch driver 23. The switch driver 23 is
      a pulse generator with two output ports, 38 and 39. The outputs from these
      ports are control signals which are transmitted to a number of the switch
      control ports to transfer the receiver operation from a reception mode to
      an oscillator calibration mode. The switch driver may be designed to
      produce pulses alternately from each output to continuously recalibrate
      the oscillator, or the reception and calibration periods may be adjusted
      as necessary to meet the requirements of a particular application.
PAR  All of the switches are controlled either by the pulses from the switch
      driver 23 or a pulse from the output of comparator 22. A pulse from the
      driver port 38 switches the receiver to the reception mode. This pulse
      closes switches 25 and 37, connecting the comparator input and output
      ports 40 and 42 to the receiver input and output ports 18 and 26,
      respectively. This pulse also opens switches 20 and 24, disconnecting the
      comparator input port 40 from the reference frequency generator 19 and the
      comparator output port 42 from the control ports 41 and 36 of switches 28
      and 32.
PAR  In the reception mode, a received signal at the input port 18 passes
      through the switch 25, the comparator 22 and the switch 37 to the receiver
      output port 26. The comparator is a superheterodyne circuit that includes
      a mixer, IF amplifier and detector. The local oscillator signal for the
      superheterodyne circuit is supplied by the voltage controlled oscillator
      21.
PAR  A pulse from the driver output port 30 switches the receiver to the
      calibrate mode. This pulse closes switches 20, 24 and 32 and opens
      switches 25, 28 and 37. With the switches in these positions, the
      comparator is disconnected from the receiver input and output ports 18 and
      26 respectively, and connected to the reference frequency generator 19 and
      the control ports 41 and 36 of the switches 28 and 32.
PAR  In the calibration mode, the output of the clock pulse generator 33 passes
      through the switch 32 to the digital counter 31. The output of the counter
      is supplied to the digital to analog converter 30 to produce a varying
      voltage which is supplied through summing network 29 to the control port
      of the voltage controlled oscillator 21, sweeping the oscillator over a
      frequency range determined by the magnitude of the varying voltage.
PAR  A signal from reference frequency generator 19 passes through switch 20 to
      the comparator 22 where it mixes with the swept local oscillator signal.
      The swept local oscillator signal generates a swept IF signal which
      produces an output from the comparator only when the IF signal falls
      within the passband of the IF amplifier in the comparator. The frequency
      range over which the comparator responds can be reduced to less than the
      bandwidth of the IF amplifier by including a peak detector at the output
      of the amplifier. The peak detector produces an output only when the
      signal is at the comparator's frequency of maximum gain.
PAR  The comparator output is a pulse supplied through the switch 24 to the
      switch 32 as a control signal which opens the switch 32, cutting off the
      clock pulse input to the digital counter 31. The counter and digital to
      analog converter outputs remain at the values produced by the pulse
      immediately preceding the comparator output pulse, thereby storing the
      instantaneous value of the varying voltage at the time the local
      oscillator signal from the oscillator 21 tunes the comparator to the
      frequency of the reference generator.
PAR  The comparator output pulse is also supplied to the switch 28 as a control
      signal which closes the switch 28, supplying the dc offset voltage from
      the voltage source 27 to the summing network 29. The offset voltage is
      added in the summing network to the stored voltage to produce a sum
      voltage. The sum voltage is substituted for the varying voltage at the
      control port of the oscillator to tune the oscillator to a selected
      frequency.
PAR  In the fundamental system described above, the oscillator is first adjusted
      to the frequency of the reference generator. This implies that the
      comparator IF frequency is zero. To operate at or near zero frequency, the
      mixer and IF amplifier in the comparator are replaced by equivalent
      components designed to operate at low frequencies such as a phase detector
      and a dc coupled video amplifier.
PAR  In a system in which the IF frequency is not zero, the oscillator is first
      adjusted to a local oscillator frequency that tunes the comparator to the
      frequency of the reference generator. This local oscillator frequency,
      referred to herein as the secondary reference frequency, is separated from
      the reference frequency by a difference frequency equal to the IF
      frequency of the comparator. The secondary reference frequency is
      ordinarily the only local oscillator frequency at which the comparator
      produces an output pulse. Image responses are suppressed by any of a
      number of well known techniques such as preselection, image phasing, and
      limiting the range of variation of the oscillator control voltage.
PAR  In applications where a number of secondary reference frequencies are
      separated from each other by a constant frequency difference, the system
      may be designed to eliminate the need for image rejection. This is
      accomplished by setting the primary reference signals to frequencies
      midway between the secondary reference frequencies and by setting the IF
      amplifier in the comparator to a frequency equal to one-half the
      difference between the secondary reference frequencies. Although a
      comparator without any means of image rejection receives the adjacent
      primary reference signals immediately above and below a particular
      secondary reference signal, no undesired outputs are generated by the
      comparator. Either one of the adjacent primary reference signal acting
      alone or both together will produce an output from the comparator only
      when the oscillator is at a secondary reference frequency. The primary
      reference signals required for this system design are separated by a
      constant frequency difference and may be produced conveniently by a comb
      frequency generator.
PAR  Once the oscillator has been set to a secondary reference frequency, it is
      then shifted to the selected frequency. The selected frequency is the
      local oscillator frequency required to tune the comparator to a desired
      reception frequency. This frequency shift is accomplished by adding an
      offset voltage to the control voltage used to tune the oscillator to the
      secondary reference frequency. The offset voltage is equal to the
      difference in the control voltage at the selected frequency and at the
      secondary reference frequency. The offset voltage may be determined from a
      graph of the control characteristic.
PAR  Greater accuracy may be achieved in setting the oscillator to a selected
      frequency by reducing the frequency range over which the dc offset voltage
      is computed from a graph of the oscillator characteristics. Reference
      signals at a number of frequencies across a band of interest make it
      possible to reduce the difference between the reference and selected
      frequencies and thus reduce the degree of dependency on the oscillator
      characteristics. The reference frequencies may be produced by any
      convenient means such as a comb frequency generator or multiple reference
      sources. A number of reference signals may be present at the same time at
      the local oscillator port of the comparator without interfering with the
      operation of the system, provided the varying voltage is constrained to
      sweep the oscillator over a range that includes only one reference
      frequency signal. This may be carried out by limiting the amplitude of the
      varying voltage to sweep a range less than the difference between two
      reference signals and by adding a dc voltage to the varying voltage to set
      the approximate midpoint about which the oscillator is swept. The added dc
      voltage, referred to herein as the reference frequency selection voltage,
      may be obtained from a dc source such as the adjustable voltage supply 35
      in FIG. 4. The voltage from this supply is added to the varying voltage in
      the summing network 29.
PAR  A number of reference oscillators or a comb generator may be used to
      accommodate oscillators with control characteristics which do not exhibit
      a constant slope at each frequency over wide segments of their frequency
      range. In effect, the frequency range of the oscillator is divided by the
      reference signals into segments, each of which approximates the required
      characteristic. The amplitude of the varying voltage and the reference
      frequency selection voltage are adjusted to sweep the oscillator through a
      segment which contains a desired secondary reference frequency. The
      oscillator is then set to the secondary reference frequency and to the
      selected frequency within the segment in accordance with the normal
      operation of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for generating a signal at a selected frequency, comprising:
PA1  a. a voltage controlled oscillator having, at each frequency in a range of
      interest, a rate of change df/dv of frequency with respect to a change in
      control voltage that is constant despite changes in environmental
      conditions,
PA1  b. means for generating a primary reference frequency signal,
PA1  c. means for generating a varying control voltage to sweep the tuning of
      said oscillator through a first frequency range which includes a secondary
      reference frequency that differs from said primary reference frequency by
      a specified difference frequency,
PA1  d. means for applying said varying control voltage to the control port of
      the oscillator,
PA1  e. means for comparing the primary reference signal with the oscillator
      signal to produce an output pulse when the two differ by said specified
      difference frequency and said oscillator is at said secondary reference
      frequency,
PA1  f. means responsive to said output pulse to store the instantaneous value
      of said varying voltage,
PA1  g. means for producing a dc offset voltage equal to the difference in the
      control voltage at said secondary reference frequency and at said selected
      frequency,
PA1  h. a voltage summing network to add the stored voltage and the offset
      voltage to produce a sum voltage, and
PA1  i. means for substituting said sum voltage for said varying voltage at the
      control port of the oscillator.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein the specified difference
      frequency is zero.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein said control voltage
      characteristic is nonlinear and is shifted by the same voltage at all
      frequencies in a range of interest when the oscillator is subject to a
      change in environmental conditions.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, wherein said frequency control voltage
      characteristic is essentially linear and said characteristic is subject to
      variation with changes in environmental conditions, but retains a constant
      slope df/dv throughout a frequency range of interest, and said offset
      voltage is equal to the product of the reciprocal of said constant slope
      df/dv and the difference between said selected frequency and said
      secondary reference frequency.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, wherein said means for comparing
      comprises:
PA1  a. a superheterodyne circuit,
PA1  b. means for applying the reference frequency signal to the RF input port
      of said superheterodyne circuit, and
PA1  c. means for applying the oscillator signal to the local oscillator port of
      said superheterodyne circuit to sweep the RF tuning of said circuit
      through a second frequency range that includes the reference frequency
      signal, and to produce an output pulse from said circuit when the
      reference signal and oscillator signal have a frequency difference equal
      to the IF frequency of said circuit and the oscillator is at said
      secondary reference frequency.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, wherein the voltage controlled
      oscillator is a varactor tuned Gunn oscillator.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, wherein said means for producing said
      varying voltage comprises a clock pulse generator, a digital counter for
      counting the pulses from said clock generator, and a digital to analog
      converter for converting the output of said counter to an analog voltage.
NUM  8.
PAR  8. Apparatus as claimed in claim 7, wherein said means to store the control
      voltage includes means responsive to said output pulse to cut off the
      clock pulse input to the counter, whereby the outputs of said counter and
      said digital to analog converter remain at the values produced by the
      clock pulse immediately preceding said output pulse.
NUM  9.
PAR  9. Apparatus as claimed in claim 8, wherein said means for producing a
      reference frequency signal includes a comb generator which produces a
      plurality of discrete comb frequency signals.
NUM  10.
PAR  10. Apparatus as claimed in claim 9, wherein a plurality of secondary
      reference frequencies are separated from each other by a constant
      frequency difference, said plurality of discrete comb frequencies are
      separated by said constant frequency difference and each is displaced from
      a secondary reference frequency by one-half said constant frequency
      difference, and the IF frequency of said comparator is equal to one-half
      said constant frequency difference.
NUM  11.
PAR  11. Apparatus as claimed in claim 9, further comprising:
PA1  a. means for limiting the range of variation of said varying voltage to
      limit said second frequency range to less than the frequency difference
      between the closest discrete comb frequencies,
PA1  b. means for producing a dc reference frequency selection voltage,
PA1  c. means for applying said reference frequency selection voltage to said
      voltage summing network to produce a combined control voltage comprising
      the varying voltage and the reference frequency selection voltage, and
PA1  d. means for adjusting said reference selection voltage to sweep said
      superheterodyne circuit through a selected one only of said discrete comb
      frequencies.
NUM  12.
PAR  12. A method for tuning a voltage controlled oscillator to a selected
      frequency, said oscillator having at each frequency in a frequency range
      of interest a rate of change df/dv of frequency with respect to the change
      in voltage that is constant despite changes in environmental conditions,
      comprising the steps of:
PA1  a. generating a primary reference frequency signal,
PA1  b. generating a varying control voltage to sweep the tuning of said
      oscillator through a frequency range which includes a secondary reference
      frequency that differs from said primary reference frequency by a
      specified difference frequency,
PA1  c. applying the varying voltage to the control port of the oscillator,
PA1  d. comparing the frequency of the reference signal with that of the
      oscillator to produce an output pulse when the two differ by said
      specified difference frequency and said oscillator is at said secondary
      reference frequency,
PA1  e. storing the instantaneous value of said varying voltage in response to
      said output pulse,
PA1  f. producing a dc offset voltage equal to the difference in the control
      voltage at said secondary reference frequency and at said selected
      frequency,
PA1  g. adding the stored and the offset voltages to produce a sum voltage, and
PA1  h. substituting said sum voltage for said varying voltage at the control
      port of the oscillator.
NUM  13.
PAR  13. A method as claimed in claim 12, further comprising the steps of:
PA1  a. periodically removing the sum voltage from the oscillator control port
      and reapplying said varying voltage to said port,
PA1  b. recomparing the frequency of the oscillator to the primary reference
      frequency to correct the stored voltage for changes in the frequency
      control voltage characteristic of the oscillator caused by changes in
      environmental conditions,
PA1  c. adding the offset voltage and the corrected stored voltage to produce a
      corrected sum voltage, and
PA1  d. substituting the corrected sum voltage for the varying voltage at the
      control port of the oscillator.
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ABST
PAL  A frequency conversion system for converting high to low frequencies. The
      system comprises a first frequency dividing means for frequency dividing
      the frequency of an input signal into 1/MN of the same, a voltage
      controlled oscillator, a second frequency dividing means for frequency
      dividing the output frequency of the voltage controlled oscillator into
      1/(N + 1) of the same, a phase detector for controlling the voltage
      controlled oscillator such that the frequencies of the respective outputs
      of the first and second frequency dividing means are equal to one another,
      and means for sampling the input signal by using the output frequency of
      the voltage controlled oscillator to lower the frequency of the input
      signal to 1/N thereof.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to frequency conversion systems of the type useful
      for converting high frequencies to low frequencies.
PAC  BACKGROUND
PAR  One example of a known frequency conversion system as shown and discussed
      in greater detail hereinbelow and as shown in Japanese Patent Publication
      No. 21964-Showa 46 "Frequency Conversion System" is such that an input
      frequency f.sub.in is lowered to 1/N thereof by a frequency dividing
      circuit. The resultant frequency f.sub.in/N and an oscillation frequency
      .DELTA.f of another low frequency oscillator are combined by a carrier
      wave single side-band modulation system to produce a frequency of
      (f.sub.in/N) .sub.+ .sub..delta.f, and the input frequency f.sub.in is
      sampled to obtain as an output the product (N.sup.. .DELTA.f) of the
      frequency dividing ratio N and .DELTA.f, and this signal (N.sup.. .DELTA.
      f) is gated by .DELTA.f to produce a burst signal of N, and by lengthening
      a gate time in proportion to this N value a converted low frequency of
      (f.sub.in/N) is gated with the gate time set to N times, and the frequency
      is measured.
PAR  If, namely:
PA1  f.sub.in: input frequency
PA1  f.sub.in/N output frequency of synchronous frequency dividing circuit
PA1  f.sub.in/N .sub.+ .sub..delta. f: output frequency of frequency combining
      circuit (sampling frequency)
PA1  .DELTA. t: slued rate,
PAL  The slued rate .DELTA.t is the difference between the reciprocals of
      f.sub.in/N and (f.sub.in/N .sub.+ .sub..delta.f), that is,
      ##EQU1##
PAR  If, further, it is so assumed that fL is the low frequency of a sampler
      output,
      ##EQU2##
PAR  From the formulas (1) and (2), it results that
EQU  fL = N.sup.. .DELTA.f                                      (3)
EQU  fL .DELTA. f = N.sup.. .DELTA.f/ .DELTA.f = N              (4)
PAR  this circuit, however, requires obtaining a burst signal of N and also
      lengthening of the gate time of the counter by pre-setting this N value.
      Thus, the circuit is somewhat defective in that the circuit construction
      and operation are complicated. Also, the operation thereof is somewhat
      unstable in relation to an input signal which is extremely high in
      frequency.
PAC  SUMMARY OF INVENTION
PAR  An object of this invention is to simplify circuits of the above-noted type
      by the use of a digital type technique and to provide an improved
      frequency conversion system which can effect a stable operation even for
      high frequencies.
PAR  To achieve the above and other objects of the invention, there is provided
      a frequency conversion system for converting high to low frequencies. The
      system comprises a first frequency dividing means for frequency dividing
      the frequency of an input signal into 1/MN of the same, a voltage
      controlled oscillator, a second frequency dividing means for frequency
      dividing the output frequency of the voltage controlled oscillator into
      1/(N + 1) of the same, a phase detector for controlling the voltage
      controlled oscillator such that the frequencies of the respective outputs
      of the first and second frequency dividing means are equal to one another,
      and means for sampling the input signal by using the output frequency of
      the voltage controlled oscillator to lower the frequency of the input
      signal to 1/N thereof.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  This invention will next be explained in detail with reference to the
      accompanying drawing in which:
PAR  FIG. 1 is a block diagram showing one example of a frequency conversion
      circuit according to a conventional prior art sampling system;
PAR  FIG. 2 is a block diagram of a circuit of this invention;
PAR  FIG. 3 is a block diagram of an example of a 1/(N + 1) frequency dividing
      circuit which can be used in this invention; and
PAR  FIG. 4 is a timing chart of signals appearing at respective portions in the
      circuit of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1, a known circuit may be such that an input frequency
      f.sub.in is lowered to 1/N thereof by a frequency dividing circuit. The
      resultant frequency f.sub.in/N and an oscillation frequency .DELTA.f of
      another low frequency oscillator are combined by a carrier wave single
      side-band modulation system to produce a frequency of (f.sub.in/N) .sub.+
      .sub..delta.f, and the input frequency f.sub.in is sampled to obtain as an
      output the product (N.sup.. .DELTA.f) of the frequency dividing ratio N
      and .DELTA.f, and this signal (N.sup...DELTA. f) is gated by .DELTA.f to
      produce a burst signal of N, and by lengthening a gate time in proportion
      to this N value a converted low frequency of (f.sub.in/N) is gated with
      the gate time set to N times, and the frequency is measured. The equations
      for this circuit have been shown hereinabove.
PAR  FIG. 2 is a block diagram of the circuit of this invention. Element 1 is an
      input terminal for receiving an input signal f.sub.in. Circuit 2 is a
      sampler and circuit 3 is a stretcher gate which is a second gate for
      obtaining an envelope of the output signal of the sampler 2. Circuit 4 is
      a 1/M frequency dividing circuit and circuit 5 is a 1/N frequency dividing
      circuit. Circuit 6 is a phase difference detector and circuit 7 is a
      low-pass filter (LPF) for smoothing the output signal of the phase
      difference detector 5 and converting the same to a direct current level.
      Circuit 8 is a voltage controlled oscillator(VCO), circuit 9 is a 1/(N +
      1) frequency dividing circuit and element 10 is an output signal terminal.
PAR  The operation of the above circuit of the invention is next explained as
      follows:
PAR  The output frequency of the 1/N frequency dividing circuit 5 is
EQU  f.sub.in /M.N                                              (6)
PAR  if the output frequency of the VCO 8 is f.sub.v, the output frequ3ency of
      the
EQU  1/(N + 1)                                                  (7)
PAR  if a phase lock loop constructed by the phase difference detector 6, the
      LPF 7 and the VCO 8 are so controlled that the frequencies represented by
      the formulas (6) and (7) may be equal to one another, the following
      formula is established.
EQU  f.sub.in /M-N = f.sub.v / (N + 1)
PAL  Accordingly,
      ##EQU3##
PAR  If the slued rate is .DELTA.t,
      ##EQU4##
PAR  If the conversion output frequency of the output terminal 10 is f out,
      ##EQU5##
      Accordingly,
EQU  f out = f.sub.in /N                                        (10)
PAR  more particularly, as shown by formula (10), a low frequency signal
      converted to the frequency f.sub.in N is obtained at the output terminal
      10.
PAR  FIG. 3 is an example of the 1/(N + 1) frequency dividing circuit. Herein,
      element 9a is an input terminal for receiving a clock pulse CP and circuit
      9b is a 1/N frequency dividing circuit. Circuit 9c is a logical summation
      gate circuit and circuit 9d is a flip-flop circuit having Q,Q as outputs.
      Circuit 9e is a logical product gate circuit.
PAR  In FIG. 4, A, B, C, D and E show respective wave forms. As shown in FIG. 4,
      the output signal D of the flip-flop 9d exhibits a 1/(N + 1) frequency
      dividing output.
PAR  As explained above, according to the construction of this invention, all
      but the first and second analog gates of the sampler and the stretcher can
      be formed into a digital type circuit, so that simplification of the
      circuit and stabilization of the circuit operation can be achieved. If the
      arrangement is used as an input section of a digital counter or the like,
      a super high-frequency operation can be effected.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Frequency conversion apparatus for converting the frequency of an input
      signal, said apparatus comprising first frequency dividing means for
      dividing the frequency of the input signal by a factor MN, where M and N
      are respective frequency dividing factors, a voltage controlled
      oscillator, a second frequency dividing means for dividing the frequency
      of said oscillator by a factor N + 1, phase detector means controlling
      said oscillator so that the frequencies of the outputs of the first and
      second dividing means are equal, sampler means for sampling the input
      signal under the control of said oscillator, and a stretcher gate
      producing an output signal and being coupled and controlled by said
      oscillator and being coupled to and receiving an input from said sampler
      means, said second frequency dividing means comprising a frequency
      divider, an OR gate coupled to said divider, means to feed clock pulses to
      said divider, a flip flop coupled to said OR gate, and an AND gate
      receiving said clock pulses and signals from said flip flop and applying
      an output signal to said OR gate, said flip flop transmitting reset
      signals to said divider.
NUM  2.
PAR  2. Frequency conversion apparatus as claimed in claim 1 comprising a low
      pass filter coupling said phase detector means to said oscillator.
NUM  3.
PAR  3. Frequency conversion apparatus as claimed in claim 1 wherein said first
      frequency dividing means includes two series connected dividers with
      frequency dividing factors of M and N respectively.
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ABST
PAL  A high power multibeam laser has an improved output coupling mirror
      comprised of a plurality of mirror elements attached to an adjustable
      mirror-supporting member. The inner face of the output coupling mirror
      lies in a single plane which is perpendicular to the optical axis of the
      laser device and the outer face of the output coupling mirror has a convex
      curvature.
PARN
     This is a continuation-in-part of application Ser. No. 376,825 filed July
      5, 1973.
BSUM
PAR  This invention relates to high power lasers and more particularly to
      compact and small-sized lasers producing high output power in multibeams.
PAR  It is now well known that the coherent electromagnetic waves at optical
      frequencies having high energy density, which have been made feasible with
      the advent of high power lasers, has opened the door to such applications
      as thermonuclear fusion, various material working techniques, etc. The
      invention of the high power molecular gaseous laser was a milestone in
      this field. So far, emphasis has been placed upon the methods to increase
      the output power of this laser to the level where some of these
      applications have become possible at least in laboratories. The typical
      principles employed are, in the order of development, the lengthening of
      oscillator tubes, the convection cooling of medium gases and the chemical
      reaction of gases with and without triggering by electrical discharge.
      These methods, however, still possess certain inherent disadvantages which
      must be overcome before industrial applications are realized.
PAR  The laser with lengthened oscillator tube, which was the first version of
      all lasers to produce CW output power of killowatts order, utilizes the
      simple fact that the output power from a laser is proportional to the
      length of the oscillator tube, but failed to come into industrial
      applications because of the excessive length of the resulting apparatus.
      The convection-cooled laser, on the other hand, depends upon the physical
      principle that both output power and efficiency in molecular gaseous
      lasers increases upon cooling the medium gas due to the removal of the
      degradation of the population inversion which is inevitably caused when
      pump energy is introduced to produce CW kilowatts power at so short an
      active length as one meter, other problems still remain to be solved prior
      to industrial applications. First, being equipped with such components as
      large-scale gas circulator, heat exchanger etc., the overall apparatus
      becomes highly expensive in cost, heavy in weight and delicate in
      handling. Second, the optimum pressure of the medium gas is too high to
      sustain stable and uniform glow discharge unless some contrivance is
      devised. The chemical laser, which dispenses with electrical pumping
      power, possesses an overwhelming disadvantage for industrial applications,
      namely, extremely low overall efficiency. Merely increasing the mode
      volume by increasing the cavity diameter in conventional lasers or placing
      a plural number of oscillator tubes as being parallel to each other might
      seem to be simple substitutes for power enhancement. These schemes,
      however, are inadequate to produce high output power in an appropriate
      form for applications for various reasons already familiar to those
      skilled in the art. Thus it becomes necessary to devise a contrivance,
      which is the general purpose of this invention, to provide high power
      lasers which embrace many of the advantages of the aforedescribed versions
      and which possess none of the disadvantages.
PAR  It is an object of this invention to provide coherent electromagnetic waves
      at optical frequencies having high energy density from compact and
      small-sized, inexpensive and highly mobile lasers.
PAR  It is another object to provide the said electromagnetic waves without
      involving highly delicate operational procedures.
PAR  It is a further object to provide high power lasers which dispense with
      additional optical systems for focussing.
PAR  It is a still further object to provide high power lasers which are free
      from the occurrence of various high power internal damages.
DRWD
PAR  The above and other objects of this invention, its features and its mode of
      operation will be apparent to those skilled in the art from a reading of
      the following specification and claims in conjunction with the
      accompanying drawings which show, for illustrative purposes, only
      preferred forms of the invention and in which:
PAR  FIG. 1 is a longitudinal cross sectional view of a high power multibeam
      laser in accordance with the present invention;
PAR  FIG. 2 is a diagrammatic representation of the operation of a high power
      multibeam laser in accordance with the present invention;
PAR  FIG. 3 is a side elevational view of an output coupling mirror mounted onto
      the surface of a mirror reinforcing body in accordance with the present
      invention;
PAR  FIG. 4 is a side elevational view of an output coupling mirror forming one
      embodiment of the invention; and
PAR  FIG. 5 is a side elevational view of one modification of the embodiment
      shown in FIG. 4.
DETD
PAR  Referring first to FIG. 1, a high power multibeam gaseous laser 1 is shown
      having four laser oscillator tubes 2, each having a gaseous discharge tube
      3, a gas inlet 3a, a gas outlet 3b, cylindrical electrodes 4a and 4b which
      are mounted in close contact with the inner surface of the discharge tube
      3 and located near both ends thereof, an output coupling mirror 5
      positioned near one end of the tube 3 and a totally reflecting mirror 6
      mounted onto the other end of it. The discharge tubes 3, which are made of
      insulators such as glass, quartz, ceramics etc., are mounted parallel to
      each other at the accuracy determined by that introduced during boring of
      the supporting plates. The electrodes 4a and 4b are made of proper
      material such as nickel, tungsten etc. The totally reflecting mirrors 6,
      which are composed of glass, metal or semiconductor substrate and metal or
      dielectric multilayer coating evaporated onto the surfaces thereof having
      high reflectance in the spectral region at which the laser oscillation
      takes place, are so mounted with sealant onto the ends of the discharge
      tubes 3 as being perpendicular to the axes thereof.
PAR  The output coupling mirror 5 has a mirror supporting plate 8, which is
      described below in more detail, segmented mirror elements 5 having the
      property of transparency at the oscillation wavelength, which are mounted
      with adhesive into the holes cut in the mirror supporting plate 8 at the
      locations corresponding to each discharge tube 3 and which are so ground
      and polished on both surfaces thereof that all surfaces thereof constitute
      the two common flat planes, dielectric multilayer coating evaporated onto
      the inner surfaces of the mirror elements 5 possessing partial
      transmission suitable to laser oscillation and a dielectric multilayer
      antireflection coating evaporated onto the outer surfaces thereof. The
      outer tubing 7 is the common housing of cooling liquid for all the
      discharge tubes 3. This design comes from the special consideration to
      decrease the size of the apparatus and can be replaced by the conventional
      water jackets attached to individual discharge tubes.
PAR  The mirror supporting plate 8 is made of suitable air-tight materials such
      as metal, glass and ceramics and serves to hold the segmented mirror
      elements 5. The mirror reinforcing body 9, which is made of metal or
      ceramics, serves to prevent the distortion which might arise in the mirror
      supporting plate 8 due to the difference between inner and outer pressures
      and which might cause loss of parallelism among individual output beams.
      It also serves to align the output coupling mirror 5 by adjustment of the
      bellows 10 and screws 11. The output coupling mirror 5 is adjusted after
      the onset of the laser oscillation by means of the screws 11 for obtaining
      the highest output power. The gas inlet 3a is an integral part of the
      mirror reinforcing body 9. The electrodes 4a are in electrical contact
      with this body, which simplifies the electrical power supply thereto.
PAR  Referring now to FIG. 2, the basic principle of the operation of this
      invention is described wherein special explanation is given as to how the
      loss of parallelism and power of the output beams is suppressed in this
      invention even in the case where the strict parallelism among the
      discharge tubes is not maintained. The numbers designated here for each
      element correspond to those of FIG. 1. Further, let the deviation of a
      discharge tube from its correct position which is shown by the reference
      line P at the end be designated by .delta.mm, the radius of curvature of a
      totally reflecting mirror 6 by R, the center of it by C and finally the
      distance between the totally reflecting mirror 6 and an output coupling
      mirror 5 by d, then it is easily shown that the laser oscillation takes
      place strictly perpendicular to the plane output coupling mirror 5,
      neglecting the diffraction of the beam, off the center of the totally
      reflecting mirror 6 by the distance X=R.delta./d irrespective of the
      orientation of the discharge tube. Therefore, due to the fact that a
      single plane mirror is used in the laser shown in FIG. 1 commonly to all
      discharge tubes, the output beam from each discharge tube becomes strictly
      parallel to each other even in the case special alignment procedures are
      not taken for individual tubes. This fact that the multibeams possess
      strict mutual parallelism constitutes the essential part of this
      invention, because only such beams can be focussed into a
      diffraction-limited spot by means of aberration-free optical systems such
      as parabolic reflector, Cassegrain etc., resulting in extremely high
      energy density. The distance X is calculated to be 0.2 mm assuming the
      ordinary case consisting of .delta.=0.1 mm, R=2 M and d=1 M, which shows
      that the output power of each beam is decreased to a negligible order.
PAR  Referring now to FIG. 3, a modification of this invention is shown in which
      an output coupling mirror consisting of a single mirror element 12 is used
      instead of the composite one shown in FIG. 1 in combination with the
      mirror reinforcing body 13. A distinct improvement is obtained in this
      modification both in the accuracy of beam parallelism and the cooling
      efficiency of the mirror.
PAR  Referring now to FIG. 4, another modification of this invention is shown in
      which the inner surface 15 of the output coupling mirror 14 is so ground
      and polished as being flat while the outer one 16 is convex or hyperbolic
      dispensing with additional focussing optical systems.
PAR  Referring finally to FIG. 5, a further modification of this invention is
      shown in which the output coupling mirror is composed of segmented mirror
      elements 17 mounted with adhesive into the holes cut in the mirror
      supporting plate 18 as in the case of the aforedescribed composite output
      coupling mirror 5 shown in FIG. 1. This output coupling mirror also
      dispenses, as the one shown in FIG. 4, with additional focussing optical
      systems.
PAR  Summarizing, this invention offers as has been described in detail a useful
      and convenient method to obtain laser multibeams with diffraction-limited
      divergence which are strictly parallel to each other and which can be
      concentrated by means of aberration-free optical systems to a
      diffraction-limited spot with the resulting high energy density therein.
PAR  Further the output coupling mirror can act itself as an optical system for
      focussing the output beams by constituting the inner surface their of
      plane and the outer one convex or hyperbolic.
PAR  It should also be noted that the technique described in this invention is
      applicable to all kinds of lasers such as gaseous lasers, solid state
      lasers, dye lasers etc. as an extremely useful method to attain high
      energy density from a compact and small-sized apparatus.
PAR  Other similar arrangements and modifications can be derived by one skilled
      in the art without departing from the spirit and scope of this invention.
      For instance, it is possible to fix with adhesive the output coupling
      mirror directly to the ends of oscillation tubes in alignment with the
      axes thereof. In this case the occurrence of misalignment is prevented and
      the maintenance procedure becomes completely alignment-free. It is further
      possible to use a common totally reflecting mirror instead of a plural
      number of mirrors for individual tubes with considerable reduction in the
      manufacturing processes. An external mirror cavity instead of an internal
      mirror one can also be employed in this multibeam laser with slight
      modifications from the aforedescribed embodiments and with essentially the
      same effect in functions.
PAR  While the invention has been described in detail for the preferred forms
      shown, it will be understood that further modifications may be made within
      the scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a high power multibeam laser system including a plurality of
      oscillator tubes containing laser medium therein and positioned
      approximately parallel to one another, an output coupling mirror, and
      means for applying pump energy to said laser medium for establishing a
      population inversion therein, said multibeam laser system characterized in
      that said output coupling mirror is composed of segmented mirror elements
      with at least the inner surfaces thereof aligned in a single flat plane
      and in that the outer surface of said output coupling mirror has a convex
      configuration.
NUM  2.
PAR  2. A high power multibeam laser system according to claim 1, in which the
      outer surface of said output coupling mirror has a hyperbolic convex
      configuration.
NUM  3.
PAR  3. A high power multibeam laser system according to claim 1, including a
      mirror-supporting member having holes therein in which are mounted said
      segmented mirror elements.
NUM  4.
PAR  4. A high power multibeam laser system according to claim 3, including
      means for adjusting the position of said mirror-supporting member relative
      to said oscillator tubes to thereby effect adjustment of the inner faces
      of said segmented mirror elements.
NUM  5.
PAR  5. A high power multibeam laser system according to claim 4, wherein said
      means for adjusting includes adjustable bellows interposed between said
      mirror-supporting member and said oscillator tubes.
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PAL  Antireflection dielectric coatings on the output face of an injection laser
      provide a negative electric vector amplitude reflection coefficient which
      increases the obtainable power output. Like coatings are applied to the
      opposite reflective face. The output layers are preferably three
      quarter-wavelength coatings of titania, silica and titania. The opposite
      reflective layers are two quarter-wavelength coatings of titania and
      silica and an outer metallic layer of aluminum. Silicon monoxide can also
      be used in place of titania.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to injection lasers, and in particular to
      antireflection coatings for pulsed high power injection lasers.
PAR  2. Description of the Prior Art
PAR  There is a limit to the peak power that can be generated by an injection
      laser. If this threshold is exceeded the output facet of the laser is
      destroyed. The disruption of this output facet has been attributed to
      local heating resulting from residual optical absorption in the material
      of the lasing filament. The surface damage is then explained on the basis
      that the heating is most severe at the output facet because this is where
      the optical intensity is greatest.
PAR  The ratio of this peak value of optical intensity to the light output of
      the laser is related to the reflectivity of the facet. Thus it has been
      predicted that treatment of this facet to reduce its coefficient of
      optical intensity reflectivity (R) would produce an increase in the
      destruction threshold. This prediction has been verified by practical
      experiment. The destruction threshold of an untreated laser has been
      reduced by a factor of about 2 by the use of a reflection reducing coating
      consisting of a layer approximately a quarter-wavelength thick of silicon
      monoxide. The electric vector amplitude reflection coefficient (r) of a
      GaAs - air interface is positive, and this use of silicon monoxide
      provides the surface with a reduced amplitude reflection coefficient (r).
      (The coefficient of reflectivity (R) is also reduced because R = r.sup.
      2). Prior art articles discussing antireflection coatings for light
      emitting diodes and damage caused by high power laser pulses are found in
      the Journal of the Electrochemical Society, November 1963, pages 1124-1126
      and Applied Physics Letters, Oct. 15, 1972, pages 364-366.
PAR  Optical feedback is however required for laser action, and hence there is a
      lower limit to the value of R which can usefully be employed. This
      provides an upper limit to the increase in destruction threshold which can
      be obtained with a positive electric vector amplitude reflection
      coefficient (r).
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the primary object of the present invention to provide an
      increased power output for a laser and an increased destruction threshold.
      According to the invention, this is accomplished by providing the
      reflecting optical output facet of an injection laser with an optical
      interference coating having a negative electric vector amplitude
      reflection coefficient.
PAR  Physically this corresponds to the situation where the electric field
      components of the incident and reflected waves are in antiphase at the
      output facet. Normally a laser is required to have only one output facet,
      in which case the other facet is generally backed by a metal layer to
      provide substantially total reflection. This metal layer cannot normally
      be placed directly on the laser because this would have the effect of
      putting an electrical short circuit across it. Therefore, a dielectric
      layer is used as a spacer. When the output facet is provided with a
      positive electric vector amplitude reflection coefficient it is always the
      output facet which is destroyed rather than the totally reflecting one.
      With a negative electric vector amplitude reflection coefficient, it would
      however be possible for the conditions to be such that the totally
      reflecting facet would be destroyed before the threshold of the output
      facet was reached. This risk can be eliminated by a construction of
      dielectric spacer which provides a negative electric vector amplitude
      reflection coefficient at this facet also.
PAR  There follows a description of an injection laser embodying the invention
      in a preferred form.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically depicts a section through the laser, and
PAR  FIG. 2 is a graph showing the reflectivity changes which occur during the
      deposition of the interference coating on the output facet of the laser.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 a GaAs semiconductor laser die is depicted at 1 with
      its cleaved reflecting facets at 2 and 3, and its active region at 4.
PAR  The reflecting facet 2 is provided with a reflection enhancing coating
      comprising a metallic reflecting layer 5 of aluminum spaced from the facet
      2 by dielectric layers 6 and 7. The aluminum layer 5 may not be placed
      directly on the laser because that would short-circuit it. Layers 6 and 7
      are quarter-wavelength thickness layers of silica and titania respectively
      and cooperate with the metallic reflecting layer 5 to provide a negative
      electric vector amplitude reflection coefficient for this facet.
PAR  The reflecting facet 3 is the output facet of the laser, and is provided
      with an interference coating having a negative electric vector amplitude
      reflection coefficient comprising a quarter-wavelength thickness layer 8
      of silica sandwiched between two quarter-wavelength thickness layers 9 and
      10 of titania.
PAR  Analysis of the behavior of optical interference layers is not usually made
      in terms of amplitude reflection coefficients, but analogous problems are
      encountered in the field of microwave engineering where the analysis is
      commonly developed in terms of admittance. Therefore, the analysis of the
      behavior of alternate high and low refractive index layers in producing a
      negative electric vector reflection coefficient r will now be examined as
      an admittance problem. The characteristic admittance of a dielectric is
      proportional to its refractive index. A wave analysis involves the use of
      the three following facts:
PA1  a. The characteristic admittance of a dielectric is proportional to its
      refractive index,
PA1  b. For a wave going from a medium of characteristic admittance Y.sub.o into
      a medium with an admittance Y.sub.1 the reflection coefficient is given
      by:
EQU  r = (Y.sub.o - Y.sub.1)/(Y.sub.o + Y.sub.1)
PA1   and
PA1  c. The placing of a quarter-waveplate of characteristic admittance Y.sub.o
      in front of an admittance Y.sub.1 forms a quarter-wave transformer, and
      hence the admittance of the combination is Y.sub.o .sup.2 /Y.sub.1.
PAR  Analysis will now be given of the behavior of light emitted through
      reflecting facet 3 from the laser 1, refractive index n.sub.3, through the
      titania layer 9, refractive index n.sub.1, through the silica layer 8,
      refractive index n.sub.2, through the titania layer 10 refractive index
      n.sub.1, and into air, refractive index 1. Using relations (a) and (c) it
      can be seen that:-
PA1  1. the admittance of the layer 10 - air interface is 1,
PA1  2. the admittance of the layer 8 - layer 10 interface is n.sub.1 .sup.2,
PA1  3. the admittance of the layer 9 - layer 8 interface is n.sub.2 .sup.2
      /n.sub.1 .sup.2, and
PA1  4. the admittance of the layer 4 - layer 9 interface is n.sub.1 .sup.4
      /n.sub.2 .sup.2.
PAL  Using the relation (b) it is seen that the electric vector amplitude
      reflection coefficient r is given by the expression:-
EQU  r = (n.sub.3 n.sub.2 .sup.2 - n.sub.1 .sup.4)/(n.sub.3 n.sub.2 .sup.2 +
      n.sub.1 .sup.4)
PAL  Assuming that the refractive index of GaAs is 3.6, of silica is 1.43, and
      of titania is 2.4,
EQU  r = - 0.64
PAR  FIG. 2 shows the calculated changes of reflectivity which occur during the
      deposition of the three interference layers on the reflecting facet 3. It
      may be noted that the final (intensity) coefficient of reflectivity R is
      greater than the initial reflectivity R. The deposition of the two
      interference layers 6 and 7 on reflecting facet 2 follows the same
      procedure but is terminated at A whereafter the aluminum film is deposited
      by evaporation.
PAR  It is to be understood that many alternative interference layer structures
      and/or dielectric materials can be employed to form the requisite negative
      electric vector amplitude reflection coefficients. For instance, FIG. 2
      shows that a single quarter-wavelength thickness layer of titanium will
      produce a negative r. An example of the use of a different dielectric
      material is given by the use of silicon monoxide in place of titania for
      the high refractive interference layers 7, 9 and 10.
PAR  Other odd numbers of alternately high and low refractive index
      quarter-wavelength thickness layers satisfying the relationship n.sub.1
      .sup.2 (n.sub.1 /n.sub.2).sup.2p &gt; n.sub.3, where the number of layers is
      (2 p+ 1), will also produce a negative r. The coefficient goes more
      negative with increasing number of layers.
PAR  It is believed that, in the absence of any interference coating, the factor
      controlling the value of the peak power that can be generated is the value
      of the electric field at the output facet. It is therefore instructive to
      derive the relationship between the power output of the laser, the
      electric field at its output facet and the electric vector amplitude
      reflection coefficient at this facet.
PAR  The total electric field E.sub.t at the output facet is E(1 + r) where E is
      the incident field at the facet and r is its amplitude reflection
      coefficient. The power output P is E.sup.2 (1- r.sup.2).
PAR  Therefore
EQU  P = E.sub.t.sup. 2 (1 - r)/(1 + r)
PAR  Assuming a value of 3.6 for the refractive index of gallium arsenide, the
      reflectivity intensity coefficient of reflectivity of an uncoated facet is
      about 0.32 (corresponding to an electric vector amplitude reflectivity of
      + 0.56). Hence, by putting an anti-reflection coating on this facet to
      reduce its reflectivity to zero the power output can be increased by a
      factor of about 3.6 without increasing the total electric field at the
      output facet. In practice a certain minimum reflectivity is necessary for
      laser action, and so the whole of this factor of improvement is not
      achievable with a positive electric vector amplitude reflection
      coefficient. The three layer titania and silica coating of the preferred
      embodiment however possesses a calculated electric vector amplitude
      reflection coefficient of - 0.64. Therefore with this coating, the power
      output can be increased by a factor of about 16.5 without increasing the
      total electric field at the output facet. Adaptation of the formula
      derived for the three layer structure shows that a five layer titania and
      silica coating has a calculated electric vector amplitude reflection
      coefficient of -0.85.  Therefore for this five layer coating the power
      output can be increased by a factor of about 46.3 without increasing the
      total electric field at the output facet.
PAR  It is to be understood that the foregoing description of specific examples
      of this invention is made by way of example only and is not to be
      considered as a limitation on its scope.
CLMS
STM  I claim:
NUM  1.
PAR  1. A semiconductor injection laser comprising a semiconductor body having
      an active region and optical reflective facets at opposite ends, one of
      said ends being a light emitting output end, means applying an energizing
      voltage to said laser, and an optical interference antireflective
      dielectric coating on said output end facet having a negative electric
      vector amplitude reflection coefficient and including an odd number of
      alternately high and low refractive index quarter-wavelength thickness
      layers.
NUM  2.
PAR  2. The injection laser of claim 1 wherein the reflecting facet at the other
      end includes another optical interference dielectric coating having a
      negative electric vector amplitude reflection coefficient and an even
      number of alternately high and low refractive index quarter-wavelength
      thickness coatings with an outer reflective metallic layer.
NUM  3.
PAR  3. The injection laser of claim 2 wherein the intensity coefficient of
      reflectivity of the coated output facet is greater than that of the facet
      before it was coated and the electric fields of incident and reflected
      light at said output facet are out of phase.
NUM  4.
PAR  4. The injection laser of claim 3 wherein the laser is a GaAs laser.
NUM  5.
PAR  5. The injection laser of claim 4 wherein said antireflection dielectric
      coating is three layers of titania, silica and titania.
NUM  6.
PAR  6. The injection laser of claim 5 wherein said another optical interference
      dielectric coating is quarter-wavelength dielectric layers of titania and
      silica and said outer reflective metallic layer is aluminum.
NUM  7.
PAR  7. The injection laser of claim 3 wherein the coatings on each facet are
      silicon monoxide and silica.
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ABST
PAL  Disclosed is microwave oscillator or amplifier circuitry which is tunable
      over a wide bandwidth and which includes an improved variable loading on a
      negative resistance semiconductor diode, such as an IMPATT diode. This
      loading is provided in mutually perpendicular directions closely adjacent
      the diode. In one direction, a DC bias connection is mounted together with
      an adjustable coaxial filter thereon, and this filter serves as a series
      tuning element for the diode. A movable short is mounted for adjustment in
      a direction perpendicular to that of the above coaxial filter and provides
      parallel tuning for the diode. These series and parallel tuning elements
      are operative to match the real and imaginary components of the diode
      impedance to the real and imaginary components of the load impedance,
      respectively, at a particular operating frequency, thereby maximizing the
      power transfer and the DC to RF conversion efficiency of the circuitry.
      For ease of frequency adjustment, all of the frequency dependent
      parameters of the circuitry are contained in a removable and replaceable
      insert which fits securely into the waveguide housing.
PARN
PAR  This is a continuation of application Ser. No. 331,416, filed Feb. 12,
      1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to microwave oscillators and amplifiers
      and more particularly to improved tuning structures for use with
      millimeter wave diodes connected in these oscillators and amplifiers.
PAC  BACKGROUND
PAR  As is well known, certain microwave oscillators and amplifiers commonly use
      a semiconductor diode, such as an IMPATT or a TRAPATT diode, as the
      negative resistance element of the circuit necessary for sustaining
      microwave or millimeter wave oscillations therein. Normally this diode is
      mounted at a selected location in the oscillator or amplifier waveguide
      structure and is provided with a suitable DC bias connection so that the
      diode will conduct current and sustain oscillations at millimeter wave or
      microwave frequencies when the diode impedance is properly matched to a
      load impedance. When using a two terminal negative resistance device such
      as an IMPATT diode, it is frequently desirable to provide two degrees of
      tuning for the circuit, which are commonly referred to as series and
      parallel tuning. This versatile tuning characteristic makes it possible to
      match the real and imaginary components of the diode impedance with those
      of the load impedance. The latter is desirable in order to achieve a
      maximum power transfer and a maximum DC to RF conversion efficiency for
      the oscillator or amplifier at a chosen frequency of operation.
PAC  PRIOR ART
PAR  Hitherto, various techniques have been used in order to achieve the above
      two degrees of tuning in microwave structures, such as microwave
      oscillators and amplifiers. One of these techniques utilizes a movable
      tuning short positioned in a waveguide structure at a selected location on
      one side of the diode and further utilizes one or more tuning screws on
      the other side of the diode. The tuning short and tuning screws are
      adjustable respectively in mutually perpendicular directions to provide
      the above series and parallel tuning for the oscillator or amplifier
      circuit.
PAR  The disadvantage of using this latter prior art approach in the fabrication
      of millimeter wave structures resides in the difficulty of making certain
      necessary fine tuning adjustments by turning the tuning screws in their
      respective threaded housings. For example, in order to make a desired
      small change in the loading on a diode, it becomes necessary to make a
      corresponding small change in the displacement of the tuning screw in the
      order of one mil (0.001 inch). Using the smallest available American
      standard screw size (No. 0-80) with 80 threads to the inch, it becomes
      necessary to critically turn the tuning screw approximately 1/10th of a
      turn in order to achieve this displacement variation at the end of the
      tuning screw. Additionally, the threaded openings in the waveguide housing
      for receiving these screws render this structure very lossy at millimeter
      wave frequencies.
PAR  Another structure for providing the above-described two degrees of tuning
      is the so-called E-H tuner which comprises a pair of mutually
      perpendicular movable shorts which are adjustably positioned in waveguide
      housings which intersect at a common junction. This junction is adapted
      for mounting adjacent the microwave diode for varying the loading of the
      diode in two directions as the circuit is tuned. However, the E-H tuner is
      also difficult to tune as a result of the fact that the mutually
      perpendicular shorts are moved mechanically toward and away from the diode
      by the use of a threaded screw, making this structure as difficult to fine
      tune as the above-described tuning screws per se. Furthermore, this E-H
      tuner structure generally provides very narrow band tuning as a result of
      the fact that it is not normally possible to mount these two mutually
      perpendicular shorts closely adjacent to the diode to achieve maximum
      tuning sensitivity.
PAC  THE INVENTION
PAR  The general purpose of this invention is to provide a novel and alternative
      approach to the above prior art tuning schemes and one which possesses
      most, if not all, of the advantages of these prior art approaches, while
      possessing none of their aforedescribed significant disadvantages. To
      attain this purpose, we have provided a tunable structure for sustaining
      microwave oscillations, including a waveguide in which a negative
      resistance diode is mounted and a DC bias connector which extends through
      an opening in a waveguide member opposite the diode for providing a DC
      bias voltage to the latter. This structure features a novel tuning
      arrangement including a hollow RF filter member which is mounted coaxially
      with the bias connector and is adjustably disposed within the opening of
      the waveguide member, so that the filter member may be moved within this
      opening to vary the series loading on the diode. The DC bias connector
      provides the dual purpose of connecting a DC bias voltage to the diode
      while also serving as a slidable mount for the coaxial filter. This filter
      provides the dual purpose of RF filtering and series tuning the diode, and
      it combines with a movable waveguide short on the other side of the diode
      to impart both series and parallel tuning to the structure.
      Advantageously, a replaceable insert is used for the above waveguide
      member and it includes therein all of the frequency dependent parameters
      of the waveguide circuitry. Thus, the operating frequency of the circuitry
      can be changed merely by replacing this insert and without any further
      modification of the remaining waveguide structure.
PAR  Accordingly, an object of the present invention is to provide a new and
      improved tunable waveguide structure which exhibits an improved tuning
      capability.
PAR  Another object is to provide a waveguide structure of the type described
      which is operable over a wide frequency band to tune and match the real
      and imaginary components of a diode impedance with the real and imaginary
      components of an external load impedance thereon at a particular operating
      frequency.
PAR  Another object is to provide an improved waveguide structure of the type
      described which is economical of construction, reliable in operation, and
      which lends itself to rapid fabrication in production quantities.
PAR  A feature of the present invention is the provision of a tuning element
      which is coaxial with a DC bias connector for the diode. The bias
      connector serves as a slidable mount for this surrounding coaxial tuning
      element which doubles as the necessary RF filter to keep RF out of the
      bias supply. This feature serves to minimize the structural requirements
      for the waveguide assembly.
PAR  Another feature of this invention is the utilization of anodized aluminum
      coating (Al.sub.2 O.sub.3) on the surface of this coaxial tuning element
      for providing a suitable insulation between the DC bias connector and the
      opening into which the coaxial element is mounted. This insulating
      technique also minimizes fabrication costs and does not require a separate
      insulating member between the DC bias connector and the adjacent waveguide
      metal.
PAR  Another feature of the present invention is the provision of a replaceable
      frequency control insert member which is constructed to receive the DC
      bias connector, the coaxial tuning member, and a movable short. This
      member includes a step transformer at one end thereof and a groove of
      predetermined depth extending from the transformer to the other end
      thereof; and the depth of this groove and the geometrical configuration of
      the transformer establish the particular operating frequency of the
      microwave structure. This frequency may be readily changed by replacing
      this frequency control insert member with another insert member of
      different step transformer and groove configuration.
PAR  A still further feature of this invention resides in the mounting of a
      portion of the diode package beneath one surface area of a diode heat
      sink. This heat sink forms one wall of the wave guiding structure of the
      assembly, and this mounting serves to minimize electrical discontinuities
      on the latter surface which otherwise would tend to generate spurious
      modes of oscillation. The spurious effects of electrical discontinuities
      on the waveguiding surfaces (such as an abrupt step or gap therein) are
      large at millimeter wavelengths.
DRWD
PAR  These and other objects and features of the invention will become more
      fully apparent in the following detailed description of the accompanying
      drawings.
PAC  DRAWING
PAR  FIG. 1 is an exploded isometric view of the waveguide structure embodying
      the invention;
PAR  FIG. 2 is a cross-sectional view of FIG. 1 taken along lines 2--2 of FIG.
      1;
PAR  FIG. 3 is an enlarged cross-sectional view of the diode package and bias
      pin of FIGS. 1 and 2 above;
PAR  FIG. 4 is an enlarged cross-sectional view illustrating the critical tuning
      dimensions of the invention; and
PAR  FIG. 5 is an equivalent circuit for the waveguide structure illustrated in
      the previous figures.
DETD
PAR  Referring now to the drawings, there is shown in FIG. 1 a waveguide base
      support member 10 having a pair of shoulders 12 and 14 on opposite sides
      of an elevated mounting pedestal 16. This member 10 is machined from a
      suitable metal, such as brass, and it further includes two pairs of
      openings 18, 20, 22, and 24 as shown for receiving mounting screws 26, 28,
      30, and 32, respectively.
PAR  The outer mounting screws 26 and 32 are for the purpose of securing the
      waveguide assembly to an external support member (not shown), whereas the
      two inner mounting screws 28 and 30 serve to secure the base support
      member 10 to the cover member 34 which will be described further below.
PAR  The pedestal 16 is adapted to support a metal heat sink 36 of like
      configuration and having a pair of recesses or nests 38 and 40 therein,
      one of which receives a bottom diode contact and heat sink 36 for the
      diode package 42 to be described in further detail below (See FIG. 3).
      This bottom contact 96 for the diode package 42 is configured to fit into
      one of these recesses 38 in the assembled condition of the waveguide
      structure described, and the upper surface of the lower disc contact 96 of
      this diode package 42 lies in the same plane as the upper surface of the
      heat sink 36. As a result, the electrical discontinuities in the waveguide
      which is formed in part by this surface are minimized.
PAR  A replaceable metal insert 44 is the frequency determining member of the
      waveguide structure and is of identical overall length and width as the
      heat sink 36. The insert 44 is adapted to rest on the upper surface of the
      heat sink 36, and these two members define the geometry of the waveguide
      walls of the structure described. The member 44 includes a step
      transformer 46 at one end thereof, and a groove 48 of predetermined depth
      in the lower surface of the member 44 extends from the transformer 46 to
      the other end of the member 44. The geometries of the groove 48 and the
      transformer 46 determine the operating frequency of the waveguide
      structure. The insert 44 further includes a cylindrical passageway 50
      which is adapted to receive a hollow anodized aluminum sleeve 52 which
      serves both as the RF filter and the coaxial tuner for the waveguide
      structure of the invention. The sleeve 52 is integrally joined with an
      upper cap portion 54, and an opening 56 extends longitudinally through the
      cap 54 and sleeve 52 to accommodate a DC bias pin 58 which extends through
      this opening and makes electrical connection to the diode package 42
      resting within the recess 38.
PAR  The particular geometrical configuration of the step transformer 46 and the
      groove 48 sets the operating frequency for the waveguide assembly; thus,
      all of the frequency dependent substructures of the assembly are contained
      within this single replaceable insert member 46. This member 46 may be
      readily removed from the assembly and replaced with a different insert of
      the same overall shape but which is configured for a different operating
      frequency, and this may be done without the requirement for any machining
      or other modification of the remaining waveguide structure. Furthermore,
      one one or more thin flat annular spacers 60, on the order of 1-20 mils in
      thickness, are used to control the distance from the lower end 62 of the
      sleeve 52 to the diode package 42, and in this manner the diode within the
      package 42 can be series tuned in very small calibration steps without the
      use of a tuning screw. This fine tuning technique has particular advantage
      over the relatively coarse tuning provided by the tuning screws of the
      prior art as mentioned above.
PAR  A solid inverted U-shaped top housing cover 34 fits as indicated around the
      previously described members 16, 36, and 44 when these members are stacked
      adjacent one another in the assembled condition of the structure. In this
      assembled condition, the bias pin 58 partially extends into the opening 64
      within the cover 34 and there makes electrical contact with one end 66 of
      the external bias connector 68. A bellows seal 70 is adapted to fit around
      the end 66 of the external bias pin 68, and this bellows seal 70 may be
      fabricated of any suitable metal, such as brass. This seal may
      advantageously be soldered directly to the end 66 of the external bias
      connector 68 and it provides a desirable spring loading of the bias pin
      68.
PAR  An adjustable short 72, which is designed to rest in groove 48, is threaded
      as shown into an opening 74 of a hollow cylindrical housing 76, and the
      short 72 has a somewhat enlarged end portion 78 thereon which fits snugly
      into the rectangular groove 48 in the frequency determining insert member
      44. Thus, the end 78 of the short 72 may, if necessary, be adjustably
      positioned quite close to the diode package 42 in order to provide a
      degree of parallel tuning for the waveguide assembly. The exact nature of
      this tuning will be explained in more detail below with reference to the
      equivalent circuit of FIG. 5.
PAR  The cover member 34 includes a pair of openings or horizontal alignment
      passageways 80 and 82 which are utilized to align the member 34 with the
      housing 76. The cover member 34 also has an upright passageway 84 therein
      through which a locking screw 86 may be inserted and threadably secured as
      shown against the top surface of the movable short 72. This locking
      mechanism prevents any movement of the short 72 after the waveguide
      assembly has been tuned.
PAR  The short 72 extends as shown into the coaxial outer housing 76 where it is
      fastened to one end of the tuning screw 88. This screw 88 is in turn
      threaded into an inner sleeve 89 which sits tightly and coaxially within
      the housing 76, so that the right hand end of the screw 88 may be turned
      to move this screw 88 and the short 72 relative to both the housing 76 and
      to the waveguide groove 48. A locking nut 90 surrounds the end of the
      inner sleeve 89 and may be secured to the inner sleeve 89 by means of a
      small locking screw 92 which extends perpendicular to the axis of these
      latter members and through an opening in the nut 90 and into contact with
      the inner sleeve 89. Thus the nut 90 may be utilized to prevent any
      sliding movement between the sleeve 89 and the housing 76. Also, one or
      more smaller locking nuts 93 and 95 may be threaded onto the end of the
      tuning screw 88 and securely fastened against the end of the larger
      locking nut 90 to prevent any movement of the tuning screw 88 and thus the
      short 72 once the desired position of the latter has been set in
      accordance with the loading requirements for the oscillator or amplifier
      described.
PAR  Referring now to FIG. 3, the diode package generally designated 42 includes
      an IMPATT diode 94 which is thermocompression bonded to a metallic header
      96 which fits snugly within the cylindrical recess 38 of the heat sink 36
      as previously described. The upper surface 98 of the header 96 is flush
      with the upper surface of the heat sink 36, and the microwaves or
      millimeter waves which are propagated along the groove 48 and in the
      waveguide opening between the adjacent members 44 and 36 see no electrical
      discontinuities at the diode package 42 on the upper surface of the heat
      sink 36. This feature is especially advantageous from the standpoint of
      minimizing spurious resonances in the waveguide assembly at
      millimeter-wave operation. The diode package 42 also includes a hollow
      ceramic (or quartz) cylinder 100 which surrounds the diode 94, as shown,
      and which is bonded, metal-to-ceramic (or quartz), to both the metallic
      header 96 and to an upper electrical contact 102. The diode 94 makes good
      ohmic electrical connection to this upper package contact 102 by means of
      a gold ribbon 104 which is thermocompression bonded to the IMPATT diode 94
      prior to bonding the upper contact 102 to the ceramic cylinder 100. The
      flat upper contact 102 which is of a relatively large area enables good
      electrical contact to be made to the diode 94 by the cylindrical bias pin
      58.
PAR  Referring now to FIGS. 4 and 5, the two variable circuit parameters
      l.sub.SHRT and l.sub.COAX defined in FIG. 5 are utilized to control the
      susceptance, B.sub.SHRT, of the short 72, and the reactance, X.sub.COAX,
      of the coaxial section and thereby vary the loading on the IMPATT diode
      94. By turning the tuning screw 88 (FIG. 2), the short 72 can be very
      gradually moved horizontally toward or away from the diode package 42 to
      thus control l.sub.SHRT. The distance l.sub.COAX can be varied by
      inserting one or more of the thin washers 60 on the order of 1-20 mils in
      thickness between the cap 54 of the coaxial section 52 and the top of the
      replaceable insert 44 as shown.
PAR  In order to more fully understand how the structure of FIG. 4 may be finely
      tuned by varying the parameters jX.sub.COAX and jB.sub.SHRT in FIG. 5,
      consider first the expression for the total impedance seen by the diode 94
      which is given as:
      ##EQU1##
      where G.sub.L is the external load admittance, which is equal to the
      waveguide admittance, Y.sub.WG ; B.sub.SHRT is the susceptance of the
      movable short 44; and X.sub.COAX is the reactance of the coaxial section
      52, and Y.sub.DIODE is the admittance of the diode 94. The equivalent
      circuit for these waveguide circuit components is illustrated in FIG. 5,
      and the step transformer 46 therein couples this circuitry to the external
      load 105. The magnitudes of X.sub.COAX and B.sub.SHRT can be varied by
      adjusting the distances l.sub.COAX and l.sub.SHRT, respectively. That is,
      X.sub.COAX is related to l.sub.COAX by the expression:
EQU  X.sub.COAX =  Z.sub.COAX tan (.beta..sub.o l.sub.COAX)     Eq. (2)
PAL  and B.sub.SHRT is related to l.sub.SHRT by the expression:
EQU  B.sub.SHRT =  Y.sub.WG Cot(.beta..sub.WG l.sub.SHRT)       Eq. (3)
PAL  where Z.sub.COAX is the characteristic impedance of the cylindrical opening
      106, and .beta..sub.o is the propagation constant of the TEM mode in the
      cylindrical opening 106. Y.sub.WG is the characteristic admittance of the
      reduced height waveguide section (opening) 108 of the assembly and
      .beta..sub.WG is the propagation constant of the TE.sub.10 mode in the
      reduced height waveguide section 108. Thus, by varying B.sub.SHRT and
      X.sub.COAX as indicated, we are able to achieve a broad range of loading
      conditions for the IMPATT diode 94. We have obtained loaded Q values for
      this waveguide structure ranging from 5 for broadband amplification to
      greater than 300 for low noise oscillation, and we have successfully used
      the circuit described above in a broadband sweeper operating with a
      bandwidth from 10 GHz to 25 GHz at V-band and from 6 GHz to 10 GHz at
      Ka-band.
PAR  The interchangeable insert 44 contains, as mentioned, all of the frequency
      dependent elements of the circuit, viz., a reduced height waveguide
      section 108, an impedance transformer 46, and a cylindrical opening 106
      which may be varied in diameter to change the frequency of operation.
      Thus, by interchanging only this one insert 44 (and the diameter of the
      cylindrical opening 106, if desired), the circuit can, for example, be
      used for one broad frequency range, such as from 50 GHz to 75 GHz using
      one insert 44, and for another higher frequency range from 75 to 110 GHz
      by using another insert 44. Thus, the feature of the removable insert 44
      makes it possible to vary the operating frequency ranges at a very low
      cost.
PAR  Summarizing, therefore, the significant and novel features of the present
      invention include the combination of an adjustable coaxial RF filter
      section 52 and a movable short 72 to provide two degrees of freedom in
      tuning the circuit, which tuning provides a broad range of loading
      conditions for the IMPATT diode 94. Secondly, the interchangeable insert
      44 contains all of the frequency dependent elements of the circuit and
      enables the circuit to be operated over a broad frequency range covering
      frequencies from 50 GHz to 110 GHz. Thirdly, the device package 42 is
      mounted in such a manner that the diode header 96 electrically constitutes
      part of the waveguide section 36 and thereby minimizes electrical
      discontinuities and spurious mode resonances at millimeter wave
      frequencies. Fourthly, the mounting of the diode package 42 as described
      provides good heat sinking for the IMPATT diode 94, and finally, the
      coaxial section 52 may be displaced at finely controllable varying
      distances from the diode 94 by means of one or more thin spacers 60. This
      tuning technique eliminates the critical rotation normally associated with
      tuning screws of the prior art structures which are threaded through one
      wall of a waveguide.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tunable microwave structure for sustaining oscillations or achieving
      amplifications, including in combination:
PA1  a. a hollow waveguide structure,
PA1  b. a negative resistance diode mounted adjacent one wall of said hollow
      waveguide structure;
PA1  c. said structure having an opening in another wall thereof through which a
      DC bias connector is centrally disposed and makes electrical contact to
      said diode for providing a DC bias voltage thereto; and
PA1  d. filter means comprising a hollow member coaxial with said bias connector
      and disposed thereon within said opening, said member and said opening in
      said waveguide structure defining a cavity around said DC bias connector,
      whereby the position of said member on said connector establishes the
      loading on said diode and said bias connector serves as both the DC
      electrical connection for said diode and a slide member for said filter.
NUM  2.
PAR  2. The structure defined in claim 1 which further includes a movable short
      mounted adjacent said diode and adjustable in a direction mutually
      perpendicular to the logitudinal axis of said DC bias connector, whereby
      said short and said filter provide series and parallel tuning,
      respectively, for said structure.
NUM  3.
PAR  3. The structure defined in claim 1 which further includes at least one
      hollow spacer mounted between said filter means and an outer wall surface
      of said waveguide structure for closely controlling the spacing between
      one end of said hollow member and said diode.
NUM  4.
PAR  4. The structure defined in claim 3 which further includes a movable short
      in said waveguide structure and adjacent said diode, said short adjustable
      in a direction mutually perpendicular to the longitudinal axis of said DC
      bias connector, whereby both series and parallel tuning are provided for
      said diode.
NUM  5.
PAR  5. The structure defined in claim 4 wherein said hollow member has a
      T-shaped configuration and rests on said spacers, and said DC bias
      connector passes through the vertical leg of said T-shaped configuration.
NUM  6.
PAR  6. In a microwave or millimeter wave oscillator or amplifier having a
      negative resistance diode mounted on one wall of a waveguide structure and
      serially connectable via a bias pin to a DC supply, the improvement
      comprising: a hollow filter member positioned in an opening in a waveguide
      wall of said structure opposite said wall on which said diode is mounted
      and slidable on said bias pin toward and away from from said diode for
      varying the series loading on said diode, whereby the size and number of
      parts necessary to accomplish such loading is minimized.
NUM  7.
PAR  7. The invention defined in claim 6 wherein said hollow filter member has
      an insulating film of anodized aluminum, Al.sub.2 O.sub.3, thereon for
      providing a DC insulation between said bias pin and said waveguide
      structure, whereby said filter member, said film thereon and said
      waveguide structure also serve as plates of an RF filter capacitor for
      shunting RF from the DC bias supply.
NUM  8.
PAR  8. The invention defined in claim 6 wherein the waveguide wall receiving
      said hollow filter member comprises:
PA1  a. a frequency dependent replaceable insert having an opening therein
      through which said bias pin and said filter member pass and utilized for
      confining microwave or millimeter wave energy to predetermined paths in
      said circuit; and
PA1  b. said insert having a transformer at one end thereof for matching the
      impedance of the diode to that of an external load and further having a
      groove extending from said transformer to the other end of said inert; the
      depth of said groove and the configuration of said transformer setting the
      operating frequency of said circuit, whereby said insert may be easily
      removed and replaced to accomplish a wide range of tuning at a minimum
      cost.
NUM  9.
PAR  9. The invention defined in claim 8 wherein:
PA1  a. said transformer is a reduced height step transformer,
PA1  b. said groove has a rectangular cross-section and serves as one waveguide
      propagating surface of said circuit, and
PA1  c. a movable short is selectively positioned within said groove and
      slidable therein toward and away from said diode to provide the variable
      parallel loading on said diode, whereby said circuit exhibits two degrees
      of series and parallel tuning for said diode.
NUM  10.
PAR  10. In a microwave or millimeter wave oscillator or amplifier having a
      negative resistance diode mounted adjacent one wall of a waveguide
      structure and serially connected via a bias pin to a DC supply terminal,
      the improvement comprising:
PA1  a. a hollow RF filter member slidable on said bias pin for varying the
      series loading on said diode as a function of the distance between said
      diode and one end of said filter member,
PA1  b. a replaceable insert having an opening therethrough for receiving said
      filter member and said bias pin and serving to confine microwave or
      millimeter wave energy propagation within said circuit to a predefined
      path,
PA1  c. at least one spacer between said filter member and one wall of said
      insert for controlling said distance in (a) above,
PA1  d. said insert having a transformer configured in one end thereof for
      matching the impedance of said diode to that of an external load and
      further having a groove of predefined cross-section extending from said
      transformer to the other end of said insert, and
PA1  e. a parallel short positioned in said groove and movable toward and away
      from said diode for varying the parallel loading thereon, whereby both the
      parallel and series loading on said diode may be varied to tune said
      oscillator or amplifier over a wide frequency range.
NUM  11.
PAR  11. The oscillator defined in claim 10 wherein said filter member has an
      insulating film of anodizoed aluminum, Al O, thereon for providing a DC
      insulation between said filter member and said waveguide structure,
      whereby said filter member, said film and said waveguide structure also
      serve as plates of an RF filter capacitor for shunting RF energy from said
      DC bias supply terminal.
NUM  12.
PAR  12. The oscillator defined in claim 11 wherein said filter member has a
      T-shaped configuration and rests on one or more of said spacers, and said
      DC bias connector passes internally through the vertical leg of said
      T-shaped configuration.
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PAL  Either of two beams of coherent light has components which are phase
      shifted and/or attenuated; the phase shifting is alternatively provided in
      different embodiments by (a) transmitting the coherent light through a
      phase plate (which may be of variable opacity); (b) processing the
      coherent light in a second laser-acoustic delay line through which an
      acoustic wave has been transmitted, or (c) providing in the laser acoustic
      delay line two acoustic traveling waves, one of which interacts at the
      Bragg angle with the coherent light. An interaction at the Bragg angle
      between either of the light beams and a traveling wave generated in a
      laseracoustic delay line by an electrical rf signal provides a diffracted
      light beam having a frequency equal to the sum of the light beam frequency
      and that of the rf signal. A photodetector heterodynes the two light beams
      thereby providing a modulated rf signal with phase or amplitude modulation
      in accordance with the phase shift or attenuation of either of the light
      beams.
PARN
PAR  This is a continuation-in-part of an application Ser. No. 244,498, filed on
      Apr. 29, 1972, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to acousto-optical signal processing and more
      particularly to acousto-optical means for modulating electrical signals.
PAR  2. Description of the Prior Art
PAR  Simulation of the transmitted radar pulse and a target return signal is
      most often provided by generating a pulse modulated carrier in a delay
      line in response to a simulated radar transmission pulse. A delayed pulse
      provided by the delay line simulates the target return signal. Therefore,
      simulation of a target signal representative of a single point target at
      an arbitrary distance (range) from a radar apparatus is minimal in its
      complexity. Target signals from point targets, however, are atypical of
      signals received from actual radar targets. Typical radar targets may
      include combinations of chaff, extended targets and multiple targets.
PAR  A target signal received from an extended target may be phase modulated and
      of longer duration than the transmitted pulse. When the target is large
      and there is a variation of the range of different parts of the target,
      there may be a difference of time between the arrival at the radar antenna
      of portions of the target signal reflected from the different parts of the
      target, thereby causing a frequency modulation of the carrier and an
      elongation of the target signal.
PAR  Chaff and multiple targets provide a multiplicity of target signals in
      response to a single transmitted pulse. A realistic simulation of multiple
      target signals requires a simulated target signal corresponding to each
      target, the range of each target being associated with the time interval
      between the generation of a simulated transmitted pulse and the generation
      of a simulated target signal; the phase modulation and elongation of each
      target signal caused by the size of the corresponding target must also be
      simulated.
PAR  Movement of a target, towards or away from the radar antenna, frequency
      modulates the carrier of the target signal thereby causing a Doppler
      frequency shift of the carrier frequency; the Doppler shift must be
      provided in a realistic simulation which includes the movement of a
      target.
PAR  The inventions of Brienza disclosed in U.S. Pat. Nos. 3,463,573; 3,539,245
      and 3,644,742 and DeMaria et al in U.S. Pat. Nos. 3,544,806; 3,517,332;
      3,485,559 and 3,566,303, all assigned to the same assignee, describe how
      an electrical input signal may be processed by acousto-optical interaction
      whereby a processed electrical output signal is provided. These patents do
      not disclose a means for phase modulating the electrical signal which, for
      reasons explained hereinbefore, is required in applications such as the
      realistic simulation of coherent radar return signals.
PAR  A simulation of radar signals typically received by a radar receiver has
      not been known in the prior art because apparatus of great complexity has
      heretofore been required for a realistic simulation. One aspect of the
      present invention relates to the phase modulation of electrical signals
      whereby radar signals may be readily simulated.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide improved apparatus for
      simulating radar target signals.
PAR  A further object of the present invention is the provision of apparatus for
      providing combinations of phase, frequency and amplitude modulation of an
      electrical signal.
PAR  According to the present invention, an encoded beam of coherent light,
      comprising components which are phase shifted and attenuated in a manner
      varying with time, is received along the axis of acoustic propagation of a
      laser-acoustic delay line at a location which may vary with time; a
      coherent rf signal is applied to the delay line causing an acoustic
      traveling wave to be propagated therethrough; interaction at the Bragg
      angle between the encoded beam and the acoustic wave provides a diffracted
      light beam; heterodyning a coherent reference beam with the diffracted
      beam provides the rf signal with phase, frequency and amplitude
      modulation; the phase and amplitude modulation are in accordance with the
      phase shift and attenuation respectively of the components of the encoded
      beam; the frequency modulation is in accordance with the variation of the
      location of reception on said delay line.
PAR  The present invention provides for a realistic simulation of radar target
      signals.
PAR  The present invention provides apparatus for modulation of an rf signal
      being processed in a laser-acoustic delay line; an arbitrary time varying
      pattern of phase, frequency and amplitude modulation is provided.
PAR  Other objects, features and advantages of the present invention will become
      more apparent in the light of the following detailed description of
      preferred embodiments thereof as illustrated in the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic block diagram of a first embodiment of the invention
      that incorporates a phase plate;
PAR  FIG. 2 is a schematic block diagram of a second embodiment that
      incorporates a movable phase plate and an opaque slotted plate;
PAR  FIG. 3 is a schematic block diagram of a third embodiment that incorporates
      an acousto-optical delay line;
PAR  FIG. 4 is a schematic block diagram of a fourth embodiment using a single
      acousto-optical delay line; and
PAR  FIGS. 5 and 6 are schematic block diagrams showing alternative disposition
      of modulators with respect to the embodiment of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, in a first embodiment of the present invention a
      source of coherent light 10 comprising a laser apparatus, or any other
      suitable means, provides a collimated coherent light beam 12 and a
      coherent reference beam 13, both of an optical frequency f.sub.o. An
      optical phase plate 14, having an encoding pattern of construction causes
      a phase shift of components of the beam 12 in accordance with the pattern,
      whereby a phase encoded beam 16 consisting of phase shifted components is
      provided. The phase plate 14 may be a glass plate of variable thickness or
      any other suitable means for altering the phase of the components of the
      beam 12.
PAR  A laser-acoustic delay line 17, comprising an acoustic cell 18 and an
      acoustic transducer 20, is disposed to receive components of the encoded
      beam 16 at locations along the axis of acoustic propagation of the cell
      18. A suitable signal source, such as a pulse generator 22, provides on a
      signal line 24 a radio frequency (called rf, hereinafter) pulse 21 having
      a carrier frequency f.sub.s (typically, f.sub.s is above 100 megahertz).
      An acoustic wave, of the same duration and frequency as the rf pulse 21,
      is propagated along the axis of acoustic propagation of the cell 18 when
      the transducer 20 is actuated by the rf pulse 21. The cell 18 and the
      transducer 20 may be of the type disclosed in the aforementioned U.S. Pat.
      No. 3,463,573. As the acoustic wave propagates through the delay line 17
      it acts as a moving diffraction grating, providing a diffracted component
      of light in response to interaction at the Bragg angle between the
      acoustic wave and a component of the encoded beam 16. Accordingly,
      diffracted beam components 26 result from the successive interaction of
      the acoustic wave and components of the beam 16. In this embodiment, the
      diffraction causes frequency modulation of each of the beam components 26,
      whereby each modulated component has a frequency equal to the sum of
      f.sub.o and f.sub.s (other embodiments may provide modulated beam
      components having a frequency equal to the difference of f.sub.o and
      f.sub.s). A focusing lens 28 successively focuses each of the diffracted
      beam components 26. A photodetector 30 is disposed to receive and
      heterodyne the beam 13 with the focused beam components 26. Heterodyning
      causes the photodetector 30 to provide an output pulse which includes a
      difference signal having a frequency (f.sub.s) equal to the difference
      between the frequencies of the reference beam 13 (f.sub.o) and the beam
      components 26 (f.sub.o + f.sub.s). The phase of the difference signal has
      a modulation corresponding to the encoded pattern of the phase plate 14.
      In accordance with one aspect of the present invention, the phase
      modulation of the difference signal provided by the photodetector 30
      corresponds to the code of the encoded beam 16. It should be understood
      that the phase plate 14 may be of variable opacity, thereby causing a
      selective attenuation as well as a phase shift of the components of the
      beam 12. An encoded beam 16 having selective attenuation causes an
      amplitude modulation of the difference signal.
PAR  The invention may be used to realistically simulate coherent radar target
      signals received by a radar antenna in a plethora of environmental
      conditions, with the pulse 21 being a simulated transmitted radar pulse. A
      single target may be simulated by rendering the phase plate 14 opaque
      except for a narrow slot having its width co-aligned with the axis of
      acoustic propagation. The size of the target is determined by the length
      along the axis of acoustic propagation receiving light from the slot. The
      width of the slot is therefore representative of the size of the target
      (associated with the elongation of the target signal). At a displacement
      from one end 32 of the cell 18 there is an interaction of a portion of the
      encoded beam 16 which had passed through the slot. The displacement from
      the end 32 is associated with the simulated target range (the time for
      propagation of an acoustic wave from the end 32 to the area of
      interaction).
PAR  A plurality of targets are simulated by rendering the phase plate 14 opaque
      except for a plurality of narrow disjunctive slots.
PAR  Chaff may be simulated by varying the opacity of portions of the phase
      plate 14 thereby causing components of the encoded beam 16 to have varying
      attenuation when received by the delay line 17. Because of the varying
      attentuation, the amplitude of the difference signal is accordingly varied
      to thereby resemble a target signal from chaff. A Doppler frequency shift
      of the carrier frequency of a target signal is simulated by continously
      varying the displacement of the delay line 17 along its axis of acoustic
      propagation, causing a variation of location of the interaction of the
      encoded beam (or alternatively, varying the displacement of the phase
      plate 14 along a line parallel to the direction of the acoustic wave) in a
      manner representative of the motion of a target towards or away from the
      radar antenna. The Doppler shift is directly proportional to the rate of
      change of the position of the delay line 17, as disclosed in the
      aforementioned U.S. Pat. No. 3,539,245. A servo controller 34 upon which
      the delay line 17 is mounted, or any other suitable means, may be used to
      impart an axial motion providing a desired rate of change of the position.
PAR  A composite target signal is associated with a target having a Doppler
      signature as well as a range.
PAR  Providing a target Doppler signature requires, in addition to the Doppler
      shift, the simulation of the modulation of the radar signal caused by
      different portions of the target being at different ranges and having
      different rates of change of range. The modulation may be performed by
      providing a fixed encoding pattern or one that varies as a function of
      time within the slot. Referring now to FIG. 2, in a second embodiment of
      the present invention, an opaque slotted plate 36 is disposed to intercept
      the encoded beam 16. A slot 38 in the opaque plate 36 transmits
      therethrough portions of the encoded beam 16. An encoded beam of light 40
      from the slot 38 is incident upon the cell 18 whereby a diffracted beam 26
      is provided as described hereinbefore. A servo controller 42 imparts
      motion to the phase plate 14 (having variable thickness and opacity)
      thereby causing the phase shift and the attenuation of the beam 40 to
      change as a function of time. The changes cause a modulation of the
      encoding pattern that may be used to simulate the modulation of the radar
      signal caused by different portions of the target being at different
      ranges, having different rates of change of range and characteristics
      which cause variations in the amplitude of the target signal.
PAR  Referring now to FIG. 3, in a third embodiment of the present invention, an
      encoding delay line 44, similar to the delay line 17, receives the
      coherent light beam 12. A pulse generator 46 which is connected to the
      delay line 44 causes an acoustic wave to be transmitted therethrough in
      the manner described hereinbefore. The acoustic wave and the coherent beam
      12 interact at the Bragg angle thereby providing the encoded beam 16.
PAR  Referring to FIG. 4, in a fourth embodiment of the present invention a
      transducer 48 is mounted upon the end 50 of the delay line 17. The pulse
      generator 46 connected thereto causes transmission of an acoustic wave
      through the delay line 17 towards the transducer 20 thereby causing a
      diffraction and hence an encoding of the beam is provided within the delay
      line 17. The pulse generator 32 which causes an acoustic wave to be
      transmitted towards the transducer 48 causes a diffraction of the encoded
      beam whereby the diffracted beam 26 is provided.
PAR  Because of the fact that the present invention will provide at the detector
      30 an electric signal which is simply the difference between all of the
      components of frequency and phase of the two optical beams which are
      heterodyned thereon, the relative placement of the various optical
      modulators is extremely flexible. Considering the embodiment of FIG. 1,
      the same result may be achieved even though the optical phase plate 14 is
      placed after the laser-acoustic delay line 17 as illustrated in FIG. 5,
      such that the beam components 26a are at a frequency equal to the
      summation of the laser frequency and the frequency of the pulse 21, but
      does not include the phase modulation as do the beam components 26 in FIG.
      1. However, once passing through the optical phase plate 14b, the beam
      components 26b emanating therefrom do include the phase shifts caused by
      the optical phase plate 14b. Similarly, the same phase shifts may be
      introduced into the reference beam 13 of FIG. 1 as is illustrated in FIG.
      6. Therein, the reference beam 13 is applied to the phase plate 14c may be
      moved by a servo controller 42a (in the same fashion as is fully described
      with respect to FIG. 2 hereinbefore) so as to provide variable modulation
      in the beam 13a, which has a portion thereof selected by a slot 38a in an
      opaque plate 36a thereby to provide a narrow beam 13b which is phase
      modulated with respect to time, which when focused by a lens 28a is
      heterodyned with the beam 26c that does not have any code plate modulation
      in it. The heterodyning of the two beams will provide the same electric
      signal at the rf frequency of the pulse generator 22 (or other source)
      where the phase components introduced by the laser-acoustic delay line 17
      and the phase modulation of the servoed code plate 14c, in precisely the
      same fashion as does the embodiment of FIG. 2. In other words, any two
      mutually-coherent light beams (or more) having different phase, amplitude
      or frequency components in modulation imposed thereon may be heterodyned
      and detected so as to provide an electric signal reflecting the
      differences between the heterodyned coherent light beams.
PAR  Although the invention has been shown and described with respect to
      preferred embodiments thereof, it should be understood by those skilled in
      the art that the foregoing and various other changes and omissions in the
      form and detail thereof may be made therein without departing from the
      spirit and scope of the invention.
CLMS
STM  Having thus described a typical embodiment of our invention, that which we
      claim as new and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. Apparatus employing coherent light beams for processing an electrical
      signal provided by an electrical signal source, comprising:
PA1  means for heterodyning beams of light on a plurality of paths with each
      other to provide an electrical output signal having characteristics
      defined by differences between the heterodyned beams;
PA1  a source of coherent light providing a plurality of beams along respective
      paths to said heterodyning means;
PA1  optical means disposed in one of said paths to receive components of
      coherent light of the corresponding beam for phase shifting selected
      components thereof according to an encoding pattern thereby providing a
      phase modulated light beam in the related path;
PA1  a laser-acoustic processing delay line having at one end a transducer
      connected to the electrical signal source for generating an acoustic
      traveling wave along an axis of said processing delay line, said
      processing delay line being disposed in one of said paths to receive the
      related beam at the Bragg angle to said axis at a location thereon, a
      diffracted light beam being provided in response to interaction between
      the related beam and said acoustic wave; and
PA1  means for providing continuous, non-incremental moving of said optical
      means with respect to the related one of said paths, thereby providing a
      time varying phase modulation of the light beam in the related path.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said optical means additionally
      comprises means for attenuating the selected components.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said optical means comprises an
      optical phase plate, portions of said phase plate having varying opacity,
      thereby providing phase shifted components of light attenuated in
      accordance with said opacity.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said optical means additionally
      comprises an opaque slotted plate disposed to intercept said encoded beam,
      a portion of said encoded beam being transmitted through the slot in said
      opaque plate to said location, whereby the phase shift of said portion is
      changed in accordance with movement of the phase plate.
NUM  5.
PAR  5. In the method of utilizing coherent light in processing an electrical
      signal, the steps of:
PA1  directing a plurality of mutually coherent light beams along respective
      paths;
PA1  providing a laser-acoustic delay line having an electric signal applied
      thereto thereby generating an acoustic wave along an axis of said
      laser-acoustic delay line at the Bragg angle to said axis, interaction at
      the Bragg angle of the acoustic wave with the related beam generating a
      diffracted beam;
PA1  directing one of said beams through an optical modulator;
PA1  heterodyning said beams together to provide an electrical signal having
      characteristics determined by said acoustic wave and said optical
      modulator; and
PA1  causing continuous, non-incremental movement of said optical modulator to
      provide phase shift and attenuation to the beam varying continuously as a
      function of time.
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PAL  A carrier wave having a sub-audible frequency is modulated in amplitude by
      a modulating wave of a tone signal having an audible frequency, which
      produces a resultant modulated output signal having first and second side
      band components respectively deviated above and below the tone signal
      frequency by a deviation amount equal to the carrier frequency. The
      frequency of the carrier wave is much lower than that of the modulating
      wave. This frequency deviation technique is utilized to provide a tremolo
      effect or a chorus effect in an electronic musical instrument, wherein the
      frequency-deviated signal is admixed with the original non-deviated
      signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electronic musical instruments and more
      particularly to techniques in frequency deviation and in generating
      tremolo effects. More specifically, the invention relates to a new and
      advanced frequency-deviation method wherein the frequencies of specific
      signals such as voice signals or musical tone signals are caused to
      deviate slightly up and down and to a new method and apparatus for
      utilizing this frequency-deviation method to generate tremolo-effect
      signals.
PAR  One example of a method known heretofore whereby the frequency of a
      specific signal as, for example, a musical-tone signal, is caused to
      deviate slightly is that wherein (as indicated in FIG. 1 described
      hereinafter) a carrier signal f.sub.01 (e.g., 50 kHz) from an oscillator
      O.sub.1 of a frequency amply higher than that of the musical-tone signal
      (the signal usually comprises a plurality of frequency components thus
      constituting a frequency spectrum band, but for convenience in explanation
      in this specification, the spectrum band is represented by only a single
      frequency f) is subjected to balanced modulation by the musical-tone
      signal f in a balanced modulator M. The resulting double-size band (or
      both-side band) signal having frequency components of f.sub.01 - f and
      f.sub.01 + f is demodulated in a demodulator D through the use of a signal
      f.sub.02 of a frequency slightly higher (or lower) by .DELTA.f(for
      example, from 1 to 10Hz) than the above mentioned signal f.sub.01, the
      signal f.sub.02 being obtained from a second oscillator O.sub.2, whereupon
      a signal f-.DELTA.f and a signal f+.DELTA.f are produced as the
      demodulated output.
PAR  However, this known method requires a balanced modulator, a demodulator,
      and two oscillators, whereby the organization is complicated. Moreover, in
      the case where .DELTA.f is made small, an extremely high degree of
      frequency stability of both oscillators becomes necessary. For this
      purpose, oscillators of high precision are required and entail high cost.
PAR  Furthermore, the only tremolo devices of electronic musical instruments
      which have heretofore been reduced to practice are those in which
      musical-tone signals are subjected to amplitude modulation with a specific
      period and waveform, and in which electrical signals are converted into
      audible signals at a loudspeaker, during which operation, by a method such
      as rotating the loudspeaker with a specific period, a tremolo effect or a
      chorus effect (the result of modulated frequencies of from 5 to 10 Hz
      being ordinarily referred to as a tremolo effect, and that of modulated
      frequencies of from 0.5 to 2 Hz being ordinarily referred to as a chorus
      effect in electronic musical instruments) is obtained.
PAR  In the former method, however, since only amplitude modulation is resorted
      to, the frequency of the musical tone does not vary, and the tone is
      monotonous, whereby the resulting effect is extremely weak. In the latter
      method, a Doppler effect is produced by the rotation of the loudspeaker,
      and there are variations in the frequency, phase, and directivity of the
      musical-tone signal. Furthermore, variation in the signal level (amplitude
      modulation) is added and imparts a swelling to the sound, whereby the
      result is highly effective. On the other hand, however, the device for
      rotating the loudspeaker and the driving mechanism therefor is unavoidably
      complicated and expensive, and, furthermore, objectionable noises such as
      mechanical noises and the sound of rotating parts such as the loudspeaker
      traveling through the air are produced.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a
      frequency-deviation method and apparatus which are simple and inexpensive
      and, moreover, result in a stable operation, and which are based on a
      principle differing fundamentally from those of known techniques, that is,
      the principle whereby a sub-audio-frequency (ultra-low-frequency) signal
      is amplitude modulated with a musical-tone signal of a higher frequency.
PAR  A second object of the invention is to provide a frequency-deviation
      technique which comprises passing a modulating signal through a
      phase-difference, channel-separation filter (hereinafter referred to as a
      "phase separator") thereby to obtain two modulating signals mutually
      having a 90-degree phase difference, obtaining signals similarly having a
      90-degree phase difference as signals to be modulated of sub-audible
      frequencies, applying appropriate combinations of the modulating signals
      and signals to be modulated to respective amplitude modulators thereby to
      accomplish amplitude modulation thereof and obtain double-side band
      signals, mixing the resulting amplitude modulation outputs, and removing
      one of the side-bands thereby to produce signals whose frequencies are
      deviated above or below from those of the modulating signals by
      differences equal to the sub-audible frequencies of the signals to be
      modulated.
PAR  A third object of the invention is to provide a simple and inexpensive
      technique for generating tremolo effects by which tremolo effects wherein
      amplitude variations accompany frequency variations are obtained in a
      purely electrical manner and, at the same time, to provide apparatus for
      this purpose which is simple, inexpensive, and superior to those known
      heretofore.
PAR  A fourth object of the invention is to provide a technique for generating
      tremolo effects by which tremolo effects wherein amplitude variations
      accompany frequency variations are obtained in a purely electrical manner,
      and, at the same time, a polyphonic effect as though from a plurality of
      tone-generator systems is obtained with a single tone-generator system.
PAR  A fifth object of the invention is to provide apparatus for generating
      tremolo effects by appropriately forming combinations of two musical-tone
      (modulating) signals differing in phase by 90.degree. and two signals to
      be modulated of a frequency amply lower than that of the musical-tone
      signals and differing in phase by 90.degree., subjecting each resulting
      combination to amplitude modulation, adding together the resulting
      modulated outputs to produce a single-side-band signal, audibly rendering
      this signal and the original musical-tone signals separately, and
      producing a tremolo effect by spatial sound mixing.
PAR  A sixth object of the invention is to provide apparatus for generating
      tremolo effects by selectively forming combinations of two musical-tone
      (modulating) signals differing in phase by 90.degree. and two signals to
      be modulated of a frequency amply lower than that of the musical-tone
      signals and differing in phase by 90.degree., subjecting each resulting
      combination to amplitude modulation, adding together the resulting
      modulated outputs to produce a single-side-band signal, mixing this signal
      and the original musical-tone signal, audibly rendering the resulting
      mixture signal and the original musical-tone signal separately, and
      producing a tremolo effect by spatial sound mixing.
PAR  A seventh object of the invention is to provide apparatus for generating
      tremolo effects by selecting combinations of two musical-tone modulating
      signals differing in phase by substantially 90.degree. and two signals to
      be modulated of a frequency amply lower than that of the musical-tone
      modulating signals, subjecting the resulting combinations to amplitude
      modulation, adding together the resulting signals to produce
      upper-side-band and lower-side-band signals, and mixing these signals at
      respectively different amplitude levels with the original musical-tone
      signals thereby to produce electrically a tremolo effect.
DRWD
PAR  The manner in which the objects of invention are achieved, as well as the
      nature, principle, and utility of the invention will be more clearly
      apparent from the following detailed description with respect to preferred
      embodiments of the invention when read in conjunction with the
      accompanying drawings, in which like parts are designated by like
      reference characters.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram indicating a known frequency-deviation method;
PAR  FIG. 2 is a block diagram indicating one example of embodiment of the
      invention;
PAR  FIGS. 3(a) through 3(e), inclusive, are graphical representations
      indicating signal waveforms at various parts of the apparatus shown in
      FIG. 2 and a frequency spectrum (FIG. 3(d));
PAR  FIG. 4 is a block diagram indicating another example of embodiment of the
      invention;
PAR  FIG. 5 is a circuit diagram showing one example of a specific circuit
      organization for the embodiment of the invention indicated in FIG. 2;
PAR  FIG. 6 is a block diagram indicating still another example of embodiment of
      the invention;
PAR  FIGS. 7(a), 7(b), and 7(c) are graphical representations indicating signal
      waveforms at parts of the apparatus indicated in FIG. 6;
PAR  FIGS. 7(d), 7(e), and 7(f) are graphical representations indicating related
      frequency spectrums;
PAR  FIG. 8 is a circuit diagram indicating one example of a specific circuit
      organization for the embodiment of the invention indicated in FIG. 6;
PAR  FIG. 9 is a graphical representation indicating phase characteristics of
      the phase separator circuit indicated in FIG. 6;
PAR  FIG. 10 is a schematic diagram, mostly in block form, indicating one
      example of a tremolo effect generating device according to the invention;
PAR  FIGS. 11(a), 11(b), 11(c), and 11(f) are graphical representations
      indicating signal waveforms at parts of the apparatus indicated in FIG. 1;
PAR  FIGS. 11(d) and 11(e) are graphical representations indicating related
      frequency spectrums;
PAR  FIGS. 12 and 13 are connection diagrams indicating modifications of the
      mixing circuit indicated in FIG. 10;
PAR  FIG. 14 is a schematic diagram, mostly in block form, indicating another
      example of a tremolo effect generating device according to the invention;
PAR  FIGS. 15(a), 15(b), and 15(c) are graphical representations indicating
      signal waveforms at parts of the circuit indicated in FIG. 14;
PAR  FIGS. 15(d), 15(e), and 15(f) are graphical representations indicating
      related frequency spectrums;
PAR  FIGS. 16, 17, and 18 are connection diagrams indicating various
      modifications of the mixing circuit indicated in FIG. 14;
PAR  FIG. 19 is a schematic diagram, mostly in block form, indicating still
      another example of a tremolo effect generating device according to the
      invention;
PAR  FIGS. 20 and 21 are connection diagrams indicating different examples of
      the part for controlling the signal from the filter F to the amplifier
      AMP.sub.2 of the circuit shown in FIG. 19;
PAR  FIG. 22 is a schematic diagram, mostly in block form, indicating a further
      example of a tremolo effect generating device according to the invention;
PAR  FIGS. 23 and 24 are connection diagrams indicating different examples of
      the mixing circuit for mixing deviation musical-tone signals from the
      filter F in the circuit shown in FIG. 22 and the original musical-tone
      signals;
PAR  FIG. 25 is a schematic diagram, mostly in block form, indicating a still
      further example of a tremolo effect generating device according to the
      invention;
PAR  FIG. 26 is graphical representation indicating the frequency spectrum of
      the output signal of the device indicated in FIG. 25; and
PAR  FIGS. 27 and 28 are connection diagrams indicating different modifications
      of the mixing circuit in the circuit indicated in FIG. 25.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 2, there is indicated a frequency-deviation circuit
      according to the present invention wherein an output signal of an
      ultra-low-frequency (sub-audio-frequency) .DELTA. f of, for instance, from
      1 to 10 Hz obtained from an ultra-low-frequency (sub-audio-frequency)
      oscillator LFO, is applied to an input terminal T.sub.1 of an amplitude
      modulator M as a carrier wave (i.e. a signal to be modulated), and a
      modulating signal of, for instance, a musical-tone signal of a frequency
      f, which is far higher than that of the ultra-low-frequency oscillator
      LFO, is applied to an input terminal T (the terminal for a modulating
      signal) of the amplitude modulator M, whereby output signals having
      frequencies f .+-. .DELTA.f can be obtained.
PAR  The operation of the circuit shown in FIG. 2 will now be considered
      analytically with reference specifically to the graphical representations
      of wave forms in FIG. 3. A carrier wave
EQU  A cos .DELTA..omega. t   (wherein .DELTA..omega. = 2 .pi..DELTA.f)
PAL  obtained from the ultra-low-frequency oscillator LFO and indicated in FIG.
      3a is modulated with a modulating signal acos .omega.t (wherein .omega. =
      2 .pi.f) indicated in FIG. 3b, and a resultant amplitude-modulated wave
      representable by
      ##EQU1##
      can be obtained from the output terminal of the amplitude modulator M.
PAR  FIG. 3c shows the modulated output signal for the case of m = 0.5 (wherein
      m = Ka represents a modulation factor, and K represents a modulation
      sensitivity). The frequency spectrum of this output signal is composed of
      three frequency components .DELTA. f, f - .DELTA.f, and f + .DELTA. f as
      shown in FIG. 3d. When this output signal is passed through a high-pass
      filter F to cut-off the ultra-low-frequency component .DELTA.f, an output
      signal expressable by
      ##EQU2##
      can be obtained at the output terminal O (see FIG. 3e).
PAR  From this result, it is apparent that two frequency components f - .DELTA.f
      and f + .DELTA.f, which consist of the frequency f of the tone signal
      deviated by .DELTA.f on either of the upper and lower sides thereof, can
      be obtained from the output terminal O.
PAR  Referring to FIG. 4, there is indicated another embodiment of the present
      invention, wherein a balanced modulator M.sub.B is employed instead of the
      amplitude modulator M of the previous example, the carrier being .DELTA.f
      and the modulating signal being f. In this embodiment of the invention,
      output frequencies f - .DELTA.f and f + .DELTA.f can be obtained directly,
      and the filter F can be omitted.
PAR  More specifically, two of the amplitude-modulators M as described in the
      previous example are employed as the balanced modulator M.sub.B. On one of
      the amplitude modulators, the carrier signal and the modulating signal,
      both of 0.degree. phase angle are applied, and, on the other of the
      amplitude modulators, the carrier signal and the modulating signal, both
      of 180.degree. phase angle, are applied. Thus, the two amplitude
      modulators are operated as described before. In this case, since the
      output frequency components .DELTA.f from both of the amplitude-modulators
      are in opposite phase, the mixed resultant output signals include the
      frequency components f - .DELTA. f and f + .DELTA. f only.
PAR  A practicable circuit constructed in accordance with the example of FIG. 2
      is shown in FIG. 5, wherein the ultra-low-frequency oscillator LFO
      consists of an RC-Oscillator which can be easily oscillated in the
      ultra-low-frequency range of from 1 to 10 Hz. In the modulation stage M of
      the circuit, a field-effect transistor FET is employed, and by the
      application of a modulating signal to the gate G and a carrier signal to
      be modulated to the source electrode S of the transistor, an
      amplitude-modulated output signal can be obtained at the drain electrode D
      of the transistor FET.
PAR  In this circuit, since wide differences exist between the frequencies f
      .+-. .DELTA. f and the carrier frequency .DELTA. f, the organization of a
      filter to cut-off the frequency .DELTA.f can be extremely simple, and
      accurate filtering of the frequency can be easily realized.
PAR  FIG. 6 shows a frequency deviation circuit constituting still another
      embodiment of the invention. In this circuit, there are employed an
      ultra-low-frequency (sub-audio frequency) oscillator LFO, a phase
      separator PS, amplitude modulators M.sub.1 and M.sub.2, and a filter F.
      The ultra-low-frequency oscillator LFO employed in this circuit is of a
      type delivering two output signals as carriers to be modulated having a
      mutual 90.degree. phase difference (in this case, one signal being
      considered to have a 0.degree. phase angle and the other signal to have a
      -90.degree. phase angle). Likewise, the phase separator PS can divide a
      modulating signal applied to the input terminal a thereof into two output
      modulating signals having a mutual 90.degree. phase difference (in this
      case, signals of 0.degree. and -90.degree. phase angles being considered).
PAR  With the above described organization of the circuit, the modulating
      signals obtained from the output terminals b and c of the phase separator
      PS are provided with phase angles of 0.degree. and -90.degree., and also
      the phase angles of the carrier signals to be modulated obtained at the
      output terminals d and e of the ultra-low-frequency oscillator LFO are
      0.degree. and -90.degree. respectively. Accordingly, the amplitude
      modulator M.sub.1 amplitude-modulates the carrier signal from the LFO
      having a phase angle 0.degree. with a modulating signal having 0.degree.
      phase angle from the phase separator PS, and the amplitude modulator
      M.sub.2 amplitude-modulates another carrier signal from the LFO having
      -90.degree. phase angle with another modulating signal having -90.degree.
      phase angle from the phase separator PS.
PAR  Thus, if it is assumed that the modulating signals from the terminal b and
      c can be expressed as acos .omega. t and asin .omega.t (wherein .omega. =
      2 .pi.f), respectively, and that the carrier signals to be modulated
      obtained from the terminals d and e can be expressed as A cos
      .DELTA..omega. t and A sin .DELTA..omega. t (wherein .DELTA..omega. = 2
      .pi..DELTA.f), respectively, output signals from the amplitude modulators
      M.sub.1 and M.sub.2 can be expressed as follows.
      ##EQU3##
      wherein, m = Ka is a modulating factor.
PAL  These two output signals are added together at a circuit point Q, and a
      resultant output signal expressable by
PAR  A (cos .DELTA..omega.t = sin .DELTA..omega.t) + mA cos(.omega. -
      .DELTA..omega.)t is obtained. This output signal is then passed through a
      filter F, so that the .DELTA.f frequency component is cut-off, whereby a
      resultant output signal mA cos(.omega. - .DELTA..omega.)t can be obtained
      from the output terminal O.
PAR  FIGS. 7a, 7b and 7c graphically represent these relations more clearly. In
      these representations, FIG. 7a shows the output waveform of the amplitude
      modulator M.sub.1 wherein A.sub.1 represents a resultant modulated signal
      which is obtained by amplitude-modulating a carrier signal B.sub.1 from
      the terminal d by a modulating signal from the terminal b. The frequency
      spectrum of the output signal from the modulator M.sub.1 includes three
      frequency components f, f - .DELTA.f, and f + .DELTA.f as clearly shown in
      FIG. 7d.
PAR  Likewise, FIG. 7b shows the output waveform of the amplitude-modulator
      M.sub.2 wherein A.sub.2 represents a resultant modulated signal which is
      obtained by amplitude-modulating a carrier signal B.sub.2 from the
      terminal e by a modulating signal from the terminal c. The frequency
      spectrum of the output signal from the modulator M.sub.2 also includes
      three frequency components .DELTA.f, f - .DELTA.f, and f + .DELTA.f as
      shown in FIG. 7e. Of these frequency components shown in FIGS. 7d and 7e,
      the components having a frequency f - .DELTA.f are in the same phase
      relation, and the components having a frequency f - .DELTA.f are in the
      opposite phase relation.
PAR  Accordingly, if the two output signals from the amplitude-modulators
      M.sub.1 and M.sub.2 are added together at the circuit point Q, the two
      components having a frequency f + .DELTA.f are mutually cancelled, and the
      frequency components having f and f - .DELTA.f are obtained as shown in
      the frequency spectrum of FIG. 7f. FIG. 7c indicates the fact that the
      resultant output signal consists of a component having a frequency f -
      .DELTA.f and designated by A.sub.3, and another component having a
      frequency .DELTA.f and designated by B.sub.3. Accordingly, when the
      resultant output signal is passed through a filter F, and the frequency
      component of .DELTA.f is removed, the component having a frequency of f -
      .DELTA.f is obtained from the output terminal of the filter F.
PAR  Although in the above description of the example shown in FIG. 6, the
      circuit has been described as obtaining an output signal having a
      frequency of f - .DELTA.f, which is lower than the modulating frequency f
      of the tone signal by a frequency deviation amount of .DELTA.f, it will be
      apparent to those skilled in the art that a frequency higher than the tone
      signal frequency f by the frequency deviation .DELTA.f can also be
      obtained when either one of the modulating signal and the carrier signal
      is applied to the amplitude-modulator with a reversed phase as compared
      with the above-mentioned case.
PAR  FIG. 8 illustrates a more detailed practicable circuit of the embodiment of
      the invention shown in FIG. 6, wherein like members or components are
      designated by like reference numerals or characters. In the circuit shown
      in FIG. 8, there is provided a phase separator PS which divides the input
      signal into two output signals having phase angles separated from each
      other by a predetermined phase angle. That is, the phase angles of the
      output signals obtained from the terminals b and c are maintained
      different by an angle of 90.degree..
PAR  In FIG. 9, phase relations of various output signals in the circuit shown
      in FIG. 8 are represented, the input signal being taken as a basis. More
      specifically, the phase angle of the input signal is represented by a base
      line Ka, and the phase angles of the output signals obtained from the
      terminals b and c are indicated by characteristic curves Kb and Kc. From
      the difference between these curves Kb and Kc, it is apparent that the
      phase difference between the two output signals is substantially
      maintained at 90.degree. within a frequency range of from 20 Hz to 20 kHz.
PAR  FIG. 10 shows an example wherein the frequency deviation circuit shown in
      FIG. 2 is applied to a tremolo or chorus effect generating device. In the
      example shown in FIG. 10, there are provided a tone signal source MS of an
      electronic musical instrument, an ultra-low-frequency
      (sub-audio-frequency) oscillator LFO which can deliver an ultra-low
      frequency ranging, for instance, from 1 to 10 Hz, and an
      amplitude-modulator M which modulates the output signal from the
      ultra-low-frequency oscillator LFO with a tone signal delivered from the
      tone signal source MS of the musical instrument. The circuit further
      includes a high-pass filter F which cuts-off the ultra-low-frequency
      component included in the modulated signal, and mixing resistors VR,
      R.sub.1 and R.sub.2.
PAR  The operation of the circuit shown in FIG. 10 will now be described. It is
      assumed that the carrier signal to be modulated and delivered from the
      ultra-low-frequency oscillator LFO can be expressed as A cos.DELTA.
      .omega.t (.DELTA..omega. = 2 .pi..DELTA.f), the waveform of which is shown
      in FIG. 11(a), and the musical tone signal of a modulating signal can be
      expressed as a cos .omega.t (.omega. = 2 .pi.f), the waveform of which is
      shown in FIG. 11(b). Then, at the output side of the amplitude-modulator
      M, an amplitude-modulated output signal as indicated below can be
      obtained.
      ##EQU4##
      wherein m = Ka is a modulation factor and K is modulation sensitivity.
PAL  The waveform of the output modulated signal in the case of m = 0.5 is shown
      in FIG. 11(c). The frequency spectrum for the output signal is indicated
      in FIG. 11(d) wherein three frequency components .DELTA.f, f - .DELTA.f,
      and f + .DELTA.f are contained.
PAR  The output signal is thereafter passed through a high-pass filter F to cut
      the ultra-low-frequency component .DELTA.f, and a resultant signal
      ##EQU5##
      is obtained from the output terminal T.sub.1 of the filter F. In this case
      the resultant signal includes two frequency components deviated above and
      below the tone signal frequency f by a deviation equal to the carrier
      ultra-low-frequency .DELTA.f.
PAR  The resultant output signal is thereafter mixed with the original tone
      signal through a variable resistor VR and fixed resistors R.sub.1 and
      R.sub.2 so that an output signal consisting of the above mentioned two
      signals mixed together with a desired mixing ratio is obtained from the
      output terminal T.sub.2. The mixed output signal (see FIGS. 11e and 11f)
      can be expressed in the form of
EQU  a.sub.1 cos(.omega.t + .psi.) + a.sub.2 cos(.omega. + .DELTA..omega.)t +
      cos (.omega. - .DELTA..omega.)t
PAL  wherein a.sub.1 and a.sub.2 are the amplitudes of the two signals, and
      .psi. is the phase difference between the input signal and the output
      signal of the filter F.
PAR  This output signal is then passed through a suitable amplifier and an
      expression circuit (not shown) to a loudspeaker (not shown), and sound
      accompanied by a tremolo or chorus effect, wherein not only the amplitude
      of the sound but also the frequencies thereof are deviated, can be
      obtained. The tremolo effect is obtained when the ultra-low-frequency
      .DELTA.f is selected in a range of 5 to 7 Hz, and the chorus effect is
      obtained when the same frequency is selected in a range of 0.5 to 2 Hz.
PAR  The above described mixing circuit, wherein the output signal from the
      filter F and the original tone signal are mixed together can be realized
      in various ways other than in the above described circuit organization
      including a variable resistor and two fixed resistors. For instance, a
      switch SW may be provided as shown in FIG. 12 at the output side of the
      filter F, whereby selective switching between the pure tone signal and the
      tone signal with tremolo or chorus effect can be carried out. As another
      example, two variable resistors VR.sub.1 and VR.sub.2 may be provided in
      respective channels of the two signals, as indicated in FIG. 13, so that
      the mixing ratio of the two signals can be varied more effectively.
PAR  Furthermore, the tremolo or chorus effect rendering device according to the
      present invention can be adapted to be combined in any type of electronic
      musical instrument. For instance when the electronic musical instrument is
      of a type having upper and lower keyboards, the device may be incorporated
      with either one of the keyboards. Since the tremolo or chorus effect
      rendering device is of a fully electrical organization, it can be produced
      without requiring any-high-precision mechanical technique.
PAR  In FIG. 14, there is indicated another application of the
      frequency-deviation circuit according to the present invention. In this
      application, there are provided a tone signal source MS, a
      phase-separating circuit PS which supplies two output signals at its
      terminals b and c, these signals having 90.degree. mutual phase difference
      when a tone signal is applied at the input terminal a, and a two-phase
      ultra-low-frequency oscillator LFO which generates two signals of, for
      instance, from 1 to 10 Hz having a 90.degree. mutual phase difference from
      the terminals d and e.
PAR  The circuit further has amplitude-modulators M.sub.1 and M.sub.2 which
      modulate two carrier signals of a ultra-low frequency obtained from the
      terminals d and e with two musical tone signals obtained from the
      terminals b and c of the phase-separating circuit PS, respectively. A
      high-pass filter F is used to cut off the ultra-low-frequency component
      included in the resultant mixed output signal. The circuit is further
      provided with mixing resistors R.sub.1 and R.sub.2, an amplifier A, and a
      speaker SP.
PAR  It is assumed that the phase angle of the musical tone signal obtained from
      the terminal c of the phase-separating circuit PS is lagging by 90.degree.
      from that of the other musical tone signal obtained from the terminal b of
      the same PS circuit, and also that the phase angle of a signal to be
      modulated obtained from the output terminal e of the ultra-low-frequency
      oscillator LFO is lagging by 90.degree. from that of the terminal d of the
      same oscillator. Then the signals obtained from the terminals b, c, d and
      e can be expressed, respectively, as
EQU  a cos .omega. t (.omega. = 2 .pi.f),
EQU  a sin .omega. t (.omega. = 2 .pi.f),
EQU  A cos .DELTA..omega.t (.DELTA..omega. = 2 .pi..DELTA.f),
PAL  and
EQU  A sin .DELTA..omega.t (.DELTA..omega. = 2 .pi..DELTA.f).
PAR  As a result, when the signal obtained from the terminal d is
      amplitude-modulated in the amplitude modulator M.sub.1 with a tone signal
      from the terminal b, the output signal obtained from the amplitude
      modulator M.sub.1 can be expressed as follows.
      ##EQU6##
      wherein, m = Ka is a modulation factor (in which K is a modulation
      sensitivity).
PAR  Likewise, when the signal obtained from the terminal e is
      amplitude-modulated in the other amplitude modulator M.sub.2 with another
      tone signal from the terminal c, the output signal obtained from the
      modulator M.sub.2 can be expressed as
      ##EQU7##
      wherein, m = Ka is the modulation factor (in which K is modulation
      sensitivity).
PAR  The output signals from the modulators M.sub.1 and M.sub.2 are then added
      together at a point f, whereupon a resultant signal
EQU  A {cos .DELTA..omega.t = sin .DELTA..omega. t} + mA cos(.omega. -
      .DELTA..omega.)t
PAL  is obtained. This resultant signal is passed through the filter F for
      removing the frequency component .DELTA.f, whereby an output signal mA
      cos(.omega. - .DELTA..omega.)t is obtained from the output terminal g of
      the filter F. The frequency of this signal is lower than that of the tone
      signal delivered from the terminal a of the tone source MS by an frequency
      .DELTA.f. That is, the output frequency obtained from the filter F is
      lower than that of the tone signal by a decrement equal to the frequency
      .DELTA.f of the ultra-low-frequency oscillator LFO (called the lower
      side-band signal).
PAR  FIGS. 15(a) through 15(f) represent waveforms and frequency spectrums at
      various points of the circuit, wherein FIG. 15(a) shows the output
      waveform of the amplitude modulator M.sub.1, which includes a tone-signal
      component A.sub.1 obtained from the terminal b and an ultra-low-frequency
      component B.sub.1 obtained from the terminal d. FIG. 15(b) indicates the
      output waveform of the amplitude modulator M.sub.2, which includes another
      tone-signal component A.sub.2 obtained from the terminal c and another
      ultra-low-frequency component B.sub.2 obtained from the terminal e.
PAR  FIG. 15(c) indicates a resultant output signal obtained by adding together
      the outputs from the amplitude modulators M.sub.1 and M.sub.2. The
      frequency spectrums for the output signals from the amplitude modulators
      M.sub.1 and M.sub.2 are shown in FIGS. 15(d) and 15(e), and although the
      two frequency spectrums seem to be quite alike, the phase relations for
      the frequency f + .DELTA.f in the two frequency spectrums are opposite.
      Accordingly, when these two output signals are added together, the
      resultant frequency spectrum shown in FIG. 15(f) includes only two
      frequency components .DELTA.f and f - .DELTA.f, and when the frequency
      component .DELTA.f is removed by the filter F, only the frequency
      component f - .DELTA.f remains.
PAR  In this example circuit, the connections to the terminals b and c for the
      musical-tone signals led to the amplitude modulators M.sub.1 and M.sub.2,
      respectively, are mutually exchanged, or the connections to the terminals
      d and e of the ultra-low-frequency signals led to the amplitude modulators
      M.sub.1 and M.sub.2 are mutually interchanged, whereby an output signal
      including another frequency component f + .DELTA.f (upper side band) can
      be obtained from the output terminal of the filter F.
PAR  When either one of these output signals obtained from the output terminal
      of the filter F, which are hereinafter called frequency-deviated signals,
      is mixed with the tone signal obtained from the terminal a through mixing
      resistors R.sub.1 and R.sub.2, a resultant signal which can be expressed
      by a.sub.1 cos(.omega.t + .psi.) + a.sub.2 cos(.omega. .+-.
      .DELTA..omega.)t is obtained at the terminal h, wherein .psi. is the phase
      difference between the signal from the terminal a and the signal from the
      terminal b.
PAR  It will be apparent that the resultant signal is a signal which is
      amplitude-modulated and phase modulated simultaneously with the same
      ultra-low frequency .DELTA.f, and with this signal thereafter passed
      through an amplifier A to the loudspeaker SP, a tremolo or chorus effect
      equal to that obtained by rotating a loudspeaker can be obtained. In other
      words, the above described organization of the circuit may be considered
      to be an arrangement having two separate groups of tone sources, the
      frequencies of which are deviated by an ultra-low frequency generated from
      an ultra-low-frequency oscillator LFO, and for the reason, a resultant
      sound of extreme richness can be obtained.
PAR  The above described mixing circuit between the frequency-deviated tone
      signals from the filter F and the original tone signals may have various
      forms. For instance, the circuit may be formed as shown in FIG. 16
      including a switch SW on the output side of the filter F. The switch SW is
      operated selectively for changing over the circuit connection for
      transmitting the original tone signals only and for transmitting the mixed
      signals for rendering the tremolo or chorus effect sounds. Alternatively,
      the circuit may also be formed as shown in FIG. 17, wherein variable
      resistors VR.sub.1 and VR.sub.2 are provided in the paths of the two
      component signals, respectively, whereby the mixing ratio of the two
      component signals can be adjusted more closely. As another example, the
      mixing circuit may be otherwise constructed as shown in FIG. 18 wherein a
      variable resistor VR.sub.3 is employed on the output side of the filter F.
      In each of the above described cases, the mixing ratio between the two
      component signals is selected to be near 1, that is the output level of
      the original tone signals is made substantially equal to the output level
      of the filter F, or either one of the two output level is selected to be
      slightly lower than the other.
PAR  Furthermore, the above described phase differences, between the two output
      tone signals from the phase-separating circuit PS and between the two
      output signals from the ultra-low-frequency oscillator LFO, may also be
      selected to correspond to phase angles other than the above described
      90.degree. phase difference. In this case, a better result can be obtained
      because of the creation of an amplitude variation in the
      frequency-deviated tone signals.
PAR  FIG. 19 shows another circuit for producing tremolo or chorus effects
      employing the same frequency-deviation circuit as in the example shown in
      FIG. 14. As in the previous example, there is provided a tone signal
      cource MS, a phase-separating circuit PS producing two output signals
      having a 90.degree. mutual phase difference between each other at the
      terminals b and c, and a two-phase, ultra-low-frequency oscillator LFO
      which generates two signals of, for instance, from 1 to 10 Hz having a
      90.degree. mutual phase difference from the terminals d and e. The circuit
      further has amplitude-modulators M.sub.1 and M.sub.2 which modulate two
      signals from the terminals d and e of the ultra-low-frequency oscillator
      LFO with two musical-tone signals obtained from the terminals b and c of
      the phase-separating circuit PS, respectively. A high-pass filter F for
      cutting the ultra-low-frequency component generated from the
      ultra-low-frequency generator LFO is provided. As shown, mixing resistors
      R.sub.1 and R.sub.2, amplifiers AMP.sub.1 and AMP.sub.2, and loud-speakers
      SP.sub. 1 and SP.sub.2 are provided.
PAR  In this case also, a tone signal (a lower side-band signal) of a frequency
      lower than that of the tone signal generated from the tone signal source
      MS by a frequency generated from the ultra-low-frequency oscillator LFO
      can be obtained.
PAR  As in the example shown in FIG. 14, when the lead wires connected to the
      terminals b and c of the phase-separating circuit PS are mutually
      interchanged, or when the lead wires connected to the terminals d and e of
      the ultra-low-frequency oscillator LFO are mutually interchanged, a tone
      signal of a frequency higher than the tone signal generated from the tone
      signal source MS by a frequency .DELTA.f obtained from the ultra-low
      frequency oscillator LFO (a higher side-band signal) can be obtained at
      the output terminal of the filter F.
PAR  The above described frequency-deviated output signal from the filter F
      (hereinafter called a frequency-deviated signal) and a musical-tone signal
      from the terminal a of the musical-tone source MS are passed through the
      resistors R.sub.2 and R.sub.1, respectively, for suitably adjusting the
      signal levels, and the resultant signals are passed through the amplifier
      AMP.sub.2 and AMP.sub.1 to the speakers SP.sub.2 and SP.sub.1,
      respectively. As a result, the output sounds from the loudspeakers
      SP.sub.2 and SP.sub.1, added spatially together, can be expressed as
      a.sub.1 cos(.omega.t + .psi.) + a.sub.2 cos(.omega. - .DELTA..omega.)t,
      where a.sub.1 and a.sub.2 are constants representing amplitudes of the
      signals, and .psi. is the phase difference between the two signals
      obtained from the terminals a and b.
PAR  Although the above described formula represents a combination of an
      amplitude-modulated signal with a frequency .DELTA.f and a phase-modulated
      signal with the same frequency .DELTA.f, the sound thus spatially
      synthesized are more complicated because of the introduction of spatial
      factors such as the loudspeaker characteristics, locations of the
      loudspeakers, reflections of the sounds, and the transmission speed of the
      sounds in the listening room. For this reason, the sounds thus obtained
      will be more natural and rich than those delivered from the example shown
      in FIG. 14, where the tone signals are electrically mixed together and
      thereafter reproduced into sound, whereby the wide-spread sensation of
      sound obtained from rotating loudspeakers can be simulated more precisely.
PAR  Level adjustments of the musical-tone signals applied to the amplifiers
      AMP.sub.1 and of the frequency-deviated tone signals applied to the
      amplifier AMP.sub.2 may be carried out by means of a variable resistor VR
      provided in the circuit of the frequency-deviated signal, as indicated in
      FIG. 20, or may be carried out through gain-control elements included in
      the amplifiers themselves. If required, a switch SW may be provided in the
      path of the frequency-deviated signal as shown in FIG. 21 so that the
      circuit may be selectively switched between the ordinary musical tone and
      the tremolo or chorus effect. Furthermore, in this case also, if the phase
      differences, between the two output signals of the phase-separating
      circuit and also between the two output signals of the two-phase
      ultra-low-frequency oscillator LFO, are not exactly 90.degree. but are
      slightly deviated therefrom, an amplitude variation is caused in the
      frequency-deviated signal, and a far better result can be thereby
      obtained.
PAR  Still another example of the circuit for producing tremolo or chorus
      effects according to the invention is indicated in FIG. 22. In this
      example, all of the circuit components equivalent to those in the example
      shown in FIG. 19 are designated by like characters or symbols, and the
      only differences between this example and the previous example shown in
      FIG. 19 are that the musical-tone signals obtained from the tone-signal
      source MS is applied directly to the input terminal of the amplifier
      AMP.sub.2, the output of which is connected to the loudspeaker SP.sub.2,
      and that mixed signals from the tone-signal source MS and from the filter
      F, mixed through the resistors R.sub.1 and R.sub.2, are applied to the
      input terminal of the amplifier AMP.sub.1, the output of which is
      connected to the loudspeaker SP.sub.1.
PAR  With this organization of the circuit shown in FIG. 22, similar
      frequency-deviated signals, having a frequency lower than the frequency f
      of the original tone signal by a deviation frequency .DELTA.f, can be
      obtained from the output terminal of the filter F. However, as described
      before with respect to the examples shown in FIGS. 14 and 19, when the
      connections of the lead wires connected to the output terminals b and c of
      the phase-splitting circuit PS are mutually interchanged, or when the
      connections of the lead wires connected to the output terminals d and e of
      the ultra-low-frequency oscillator LFO are mutually interchanged, a
      musical-tone signal of a frequency higher than that of the tone signal by
      a frequency .DELTA.f obtained from the ultra-low-frequency oscillator LFO
      (a higher side-band signal) can be obtained at the output terminal of the
      filter F.
PAR  The output signal from the filter F and the original musical-tone signal
      are mixed together with the signal levels adjusted by means of mixing
      resistors R.sub.2 and R.sub.1, respectively. The resultant mixed signal
      thus obtained at a position h in the circuit can be expressed as
EQU  a.sub.1 cos(.omega.t + .psi.) + a.sub.2 cos(.omega. - .DELTA..omega.)t
PAL  wherein, a.sub.1 and a.sub.2 are amplitudes of the sinusoidal waves, and
      .psi. is the phase difference between the two signals obtained from the
      output terminals a and g. Thus it will be apparent that the resultant
      mixed signal includes a component amplitude modulated with a frequency
      .DELTA.f (angular velocity .DELTA..omega.) obtained from the
      ultra-low-frequency oscillator LFO and another component phase-modulated
      with the same frequency .DELTA.f.
PAR  The resultant mixed signal and the original tone signal from the terminal a
      are supplied respectively through amplifiers AMP.sub.1 and AMP.sub.2 to
      the loudspeakers SP.sub.1 and SP.sub.2, and the reproduced sounds
      therefrom are synthesized spatially in the listening room.
PAR  In this case also, spatial elements such as the characteristics, locations,
      phase relations, reflection features, and transmission speed of the sound
      after the nature of the sound, whereby sounds of more natural, rich, and
      wide-spreading audible sensation than those synthesized electrically can
      be obtained. Such sounds can simulate the tremolo or chorus effect sound
      produced from a loudspeaker rotated about a vertical axis. In other words,
      the tremolo or chorus effect rendering circuit of this example can be
      considered to be a system including two series of tone sources, the
      frequencies of which are deviated from each other by an oscillation
      frequency .DELTA.f obtained from an ultra-low-frequency oscillator.
PAR  The signal levels of the musical-tone signal and the frequency-deviated
      signal, both mixed together on the input side of the amplifier AMP.sub.1,
      may be adjusted by means of a variable resistor VR inserted in the path of
      the frequency-deviated tone signal, as shown in FIG. 23, or may be
      adjusted by means of a switch SW also inserted in the same passage of the
      frequency-deviated tone signal, as shown in FIG. 24. Alternatively, the
      amplifiers AMP.sub.1 and AMP.sub.2 may be so organized as to include
      volume controls therewithin, whereby the level adjustments of both the
      synthesized signal at a circuit position h and the musical-tone signal
      obtained from the terminal a can be carried out more effectively than
      those described in the previous examples.
PAR  In addition, a better result may be obtained if the phase difference
      between two musical-tone signals delivered from the phase-separating
      circuit and also the phase difference between the two ultra-low-frequency
      signals obtained from the ultra-low-frequency oscillator are slightly
      deviated from the above described 90.degree., because the amplitude of the
      frequency-deviated musical-tone signal obtained in that case can be varied
      in addition to that of the frequency deviation.
PAR  In FIG. 25, there is shown still another example of the tremolo or chorus
      effect producing circuit having a musical-tone-signal source MS; a
      phase-separating circuit PS which, upon reception of a musical-tone
      signal, delivers two output signals having a phase difference of
      approximately 90.degree. therebetween from the output terminals b and c;
      and an ultra-low-frequency oscillator LFO, which delivers two output
      signals of a frequency (for instance, from 0.5 to 7 Hz) amply lower than
      that of the musical-tone signal, the phase-difference of the two output
      signals being approximately 90.degree..
PAR  The circuit further includes four amplitude-modulators M.sub.1, M.sub.2,
      M.sub.11, and M.sub.21 which amplitude-modulate ultra-low-frequency
      signals from the output terminals d and e with musical-tone signals from
      the output terminals b and c, high-pass filters F.sub.o and F.sub.1 which
      cut-off the ultra-low-frequency component obtained from the
      ultra-low-frequency oscillator LFO included in the mixed output signals
      from the amplitude modulator pairs M.sub.1 and M.sub.2, and M.sub.11 and
      M.sub.21, mixing resistors R.sub.1, R.sub.2 and R.sub.21, an amplifier A,
      and a loudspeaker SP.
PAR  In this embodiment of the invention, a frequency-deviated musical-tone
      signal of a frequency f - .DELTA.f (a lower side-band signal) can be
      obtained from the output terminal of the filter F.sub.o. Since the signals
      from the ultra-low-frequency oscillator LFO applied to the
      amplitude-modulator pair M.sub.11 and M.sub.21 ara in a reversed phase
      relationship with respect to the signals delivered from the same
      ultra-low-frequency oscillator LFO and applied to the above described
      amplitude-modulator pair M.sub.1 and M.sub.2, a frequency-deviated
      musical-tone signal of a frequency f + .DELTA.f (an upper side-band
      signal) can be obtained from the output terminal of the filter F.sub.1.
PAR  When the original musical-tone signal from the terminal a and the above
      described two frequency-deviated signals delivered from the output
      terminals of the filters F.sub.o and F.sub.1 are mixed together through
      mixing resistors R.sub.1 and R.sub.2 and R.sub.21, the resultant signal
      obtained from a circuit position h can be expressed as
EQU  a.sub.1 cos .omega.t + a.sub.2 cos {(.omega. - .DELTA..omega.)t -
      .psi..sub.2 } + a.sub.3 cos {(.omega. + .DELTA..omega.)t + .psi..sub.3 }
PAL  wherein, a.sub.1, a.sub.2 and a.sub.3 represent amplitudes, and .psi..sub.2
      and .psi..sub.3 are phase differences between the musical-tone signals
      obtained from the terminals a and b, and also between those from the
      terminals a and c, respectively.
PAR  Accordingly, the resultant signal includes a component signal amplitude
      modulated with the frequency .DELTA.f which has approximately twice the
      amplitude in the case of the previous example and another component signal
      phase modulated with the same ultra-low-frequency signal. As a result, the
      output sound from the loudspeaker is considered to be obtained from a tone
      source system having three separate groups of tone sources, and a tremolo
      or chorus effect sound of rich and wide-apread sensation can be obtained.
PAR  The frequency spectrum of the resultant signal obtained from the circuit
      position h includes the upper side-band signal of a frequency f + .DELTA.f
      and the lower side-band signal of a frequency f - .DELTA.f, each included
      at different levels, as shown in FIG. 26. The mixing circuit consisting of
      the resistors R.sub.1, R.sub.2, and R.sub.21, may alternatively be
      arranged as shown in FIG. 27, wherein a variable resistor VR is further
      connected with the resistors R.sub.2 and R.sub.21, or the circuit may be
      arranged as shown in FIG. 28, wherein a switch SW is provided at the
      output side of the resistor R.sub.2 and R.sub.21 so that a rendition of
      the musical-tone signal only or a rendition with tremolo or chorus effect
      can be selectively obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A frequency-deviation apparatus comprising: phase separator means for
      receiving a signal and for supplying two modulating signals mutually
      having a 90-degree phase difference therefrom; an ultra-low-frequency
      oscillator means for generating two carrier signals to be modulated
      mutually having a 90.degree. phase difference and having a frequency
      .DELTA.f which is much lower than that of said modulating signals; two
      amplitude modulator means for receiving as inputs selected combinations of
      the modulating signals and carrier signals to be modulated to produce
      respective output signals each of a frequency deviated from the frequency
      of the corresponding modulating signal by an increment .+-. .DELTA.f of an
      absolute value equal to the frequency of the corresponding carrier signal
      being produced by mixing the outputs of the two amplitude modulators, and
      means for mixing said output signals.
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ABST
PAL  Amplitude samples of voice signals to be transmitted by pulse-code
      modulation are compared with a quasi-exponential reference voltage
      generated during each sampling interval while a binary counter receives a
      train of isochronous clock pulses, the reading of the counter at the
      instant of a match being stored in a memory for subsequent insertion into
      a message frame. Positive and negative signals are distinguished by a sign
      bit preceding the amplitude code; in one embodiment the reference voltage
      is sequentially generated with opposite polarities in successive halves of
      a sampling interval, the counter having an additional stage to generate
      the sign bit. Decoding at the receiving end is achieved with the aid of
      another binary counter whose output is compared with the amplitude code
      and, in the event of a match, causes the instantaneous value of a similar
      reference voltage to be sampled and stored for subsequent integration.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a telephone or other telecommunication
      system of the time-division-multiplex (TDM) type wherein a transmitting
      terminal, serving a multiplicity of incoming signal channels, is connected
      via a transmission line or other communication link with a receiving
      terminal serving a multiplicity of outgoing channels, with periodic
      sampling of the incoming channels at the transmitting terminal and coding
      of the amplitude samples in binary form, the resulting code words being
      interleaved during a sampling period for transmission within a message
      frame to the receiving terminal where they are decoded and distributed to
      the outgoing channels for which they are intended.
PAC  BACKGROUND OF THE INVENTION
PAR  The coding and decoding of the interleaved amplitude samples may be
      performed by a single coder and a single decoder common to all the
      channels served by the respective terminal, but this may give rise to
      objectionable crosstalk; moreover, such a common coder or decoder must
      operate at a very high speed commensurate with the number of bits in all
      the interleaved code words. Thus, the use of individual coders and
      decoders for the several channels is often preferred.
PAR  Conventional coders work with a ramp-function generator producing a
      linearly varying reference voltage whose instantaneous magnitude is
      compared with the signal amplitude to be encoded; the time required for
      the reference voltage to reach the signal amplitude is a measure of the
      value of the latter and can be translated into binary form by determining
      the number of counting pulses in a sequence of such pulses starting at the
      beginning of each coding interval. In order to limit the range of signal
      amplitudes to be encoded, it is desirable to operate on a generally
      exponential compression characteristic during coding and on a
      complementary expansion characteristic during decoding. This companding
      effect can be achieved by progressively decreasing the cadence of the
      counting pulses during a coding interval (and correspondingly increasing
      that cadence on decoding) so that the counting rate varies with the slope
      of the desired characteristic.
PAR  In such a companding system, however, pulses must be generated and counted
      during part of a cycle at a rate which is a multiple of the mean counting
      rate, i.e. the pulse-repetition frequency that would be required for
      linear coding. In the case of a bipolar characteristic whose positive and
      negative branches are each divided into eight straight segments
      approximating an exponential curve (see for example U.S. Pat. No.
      3,688,221),  the slope of the first two segments is 32 times as high as
      that of the final segment so that the initial counting speed must be 16
      times the mean. With a sampling rate of, say, 8 kHz and 2.sup.7 =128
      quantizing levels for the signal amplitude, semiconductors adapted to
      handle such high pulse cadences are quite costly.
PAC  OBJECTS OF THE INVENTION
PAR  The principal object of my present invention, therefore, is to provide a
      compander of the general type referred to in which these high pulse
      cadences are avoided and which therefore can make use of less expensive
      circuit components.
PAR  Another object is to provide in a TDM telecommunication system of this
      nature, with parallel coding and decoding of the several channels,
      centralized sources of timing pulses and reference voltages common to all
      coders and decoders.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my present invention, the transmitting and receiving
      terminals of a communication link are provided with synchronous timing
      means for generating respective sequences of 2.sup.n isochronous clock
      pulses during a coding interval occurring either once or twice per
      sampling period, the number 2.sup.n representing a multiplicity of
      quantizing amplitude levels subdivided into 2.sup.m groups of 2.sup.p
      levels per group so that n = m + p; in the specific case hereinafter
      considered in detail, m = 3 and p = 4. A first signal generator at the
      transmitting terminal and a second generator at the receiving terminal,
      controlled by the timing means, produces during each coding interval a
      reference voltage following a quasi-exponential curve divided into 2.sup.m
      straight segments each coinciding with a series of 2.sup.p clock pulses. A
      plurality of coders at the transmitting terminal, one for each incoming
      channel, include each a first comparator connected to the first signal
      generator for receiving its reference voltage and further connected to the
      respective incoming channel for receiving the amplitude samples to be
      coded, a first binary clock-pulse counter in each coder being connected on
      the one hand to the timing means for zero-setting at the beginning of each
      coding interval and on the other hand to the first comparator for halting
      its count whenever the instantaneous magnitude of the reference voltage
      equals the amplitude samples to be coded. The binary codes thus read out
      from the counters of the several coders are delivered, preferably after
      storage in respective binary registers, to a multiplexer which assembles
      them in an outgoing message frame as is well known per se. At the remote
      receiving terminal a demultiplexer distributes the arriving binary codes
      to the several decoders each including a second binary clock-pulse counter
      connected to the timing means for zero-setting at the beginning of a
      decoding interval of the same duration as the coding interval at the
      transmitting end. This latter counter works into a second comparator which
      is also connected to the demultiplexer, preferably by way of another
      binary register, to determine the instant when an arriving binary code
      matches its own count, the second comparator thereupon opening a normally
      closed sampling gate connected to the second signal generator for
      delivering to an output circuit a reconstituted amplitude sample
      determined by the instantaneous magnitude of the reference voltage from
      this signal generator. The output circuit advantageously includes storage
      means for this amplitude sample so as to provide a substantially
      continuous replica of the original signal wave.
PAR  If the signals to be transmitted are of the bipolar kind, as is usually the
      case in a telephone system, each binary code transmitted over the
      communication link should be supplemented by a sign bit as known per se.
      For this purpose I provide polarity-discriminating means in each coder,
      generating such a sign bit, and polarity-restoring means in each decoder
      responsive to the sign bit in the arriving code word.
PAR  According to a more specific feature of my invention, each sampling period
      encompasses two coding intervals in which the reference wave appears
      alternately with positive and negative polarity as determined by
      timer-controlled inverters. The polarity-discriminating means at each
      coder then simply comprises an additional, (n+1).sup.th stage in the first
      counter while the polarity-restoring means at each decoder comprises
      another such additional stage in the second counter. As more fully
      described hereinafter, such a counter with n+1 stages (i.e. eight stages
      in the specific example given) automatically produces the proper sign bit
      to indicate the opposite polarity when a comparison with a reference
      voltage of one polarity is inconclusive, i.e. when the counter is not
      stopped in the first coding interval of a sampling period.
PAR  According to a further feature of my invention, a signal generator adapted
      to produce a quasi-exponential reference voltage comprises a source of
      direct current connected across a resistive/capacitive network which
      includes a set of switches for altering its resistivity, these switches
      being controlled via a logic matrix by an ancillary counter with at least
      m binary stages connected to a frequency divider for stepping by
      successive switching pulses which occur at a rate of 2.sup.p pulses per
      coding (or decoding) interval. More particularly, the switching network
      comprises 2.sup.m - 1 resistors connected in parallel across the d-c
      source by way of a common capacitor, the first two resistors being of
      identical resistance R whereas the remaining resistors have respective
      resistances R/2, R/4 and so forth, progressively diminishing by a factor
      of 2. The switches within the network open-circuit all but the first
      resistor (of magnitude R) until the occurrence of the third switching
      pulse of a coding or decoding interval whereupon the remaining resistors
      are successively connected in circuit with the capacitor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a block diagram of a transmitting terminal and a receiving
      terminal combined into a single station at the end of a communication link
      forming part of a TDM telecommunication system equipped with my improved
      compander;
PAR  FIG. 2A is a graph of a reference voltage periodically generated in my
      improved compander;
PAR  FIG. 2B shows several cycles of the reference voltage of FIG. 2A occurring
      in successive sampling periods;
PAR  FIG. 3 is a more detailed circuit diagram of a signal generator producing
      the reference voltage of FIGS. 2A and 2B;
PAR  FIG. 4 is a timing diagram for the system of FIG. 1;
PAR  FIG. 5 shows in greater detail some of the elements of the system of FIG.
      1; and
PAR  FIG. 6 is a view similar to FIG. 5, illustrating a modification.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The system shown in FIG. 1 comprises a station 100 connected via a
      transmission line 101 to a similar station not shown, line 101 having an
      incoming branch 101r and an outgoing branch 101t. Station 100 is divided
      into a coding unit CD, forming part of a transmitting terminal, and a
      decoding unit DC, forming part of a receiving terminal. A control unit GS,
      common to both units CD and DC, includes a timer I, a clock circuit H
      controlled by timing pulses i from component I, a binary frequency divider
      A with a step-down ratio of 1:16 also controlled by the timing pulses i,
      and a signal generator G under the control of divider A as more fully
      described hereinafter with reference to FIG. 3. This divider receives a
      train of isochronous clock pulses h from circuit H and derives from every
      16th clock pulse a switching pulse a delivered to signal generator G. The
      latter, in turn, produces a recurrent bipolar reference voltage g
      described hereinafter with reference to FIGS. 2A and 2B.
PAR  Coding unit CD is connected to a multiplicity of incoming local lines
      c.sub.1 , c.sub.2 , . . . c.sub.k terminating at respective analog-type
      comparators CM.sub.1, CM.sub.2, . . . . CM.sub.k each having a second
      input connected to an output lead 102 of signal generator G carrying the
      refernece voltage g. Each comparator forms part of an individual coder
      also including a binary pulse counter CN.sub.1 , CN.sub.2, . . . CN.sub.k
      with input connections to a pair of conductors 103, 104 respectively
      carrying the timing pulses i and the clock pulses h. Each timing pulse i
      sets the counter to zero preparatorily to a counting of clock pulses h, a
      total of 256 such clock pulses occurring within two consecutive coding
      intervals T', T" (see FIGS. 2A, 2B and 4) which together are somewhat
      shorter than a sampling period T initiated by a timing pulse i; the part
      of the sampling period not occupied by the two consecutive coding
      intervals T', T" is utilized, in a conventional manner not further
      described or illustrated, for the transmission of synchronization signals
      to the remote station. Each pulse counter CN.sub.1  etc. is stopped by the
      associated comparator CM.sub.1 etc. whenever the latter detects an
      equality between the two analog signals applied thereto via incoming line
      c.sub.1 etc. and signal lead 102. The code then stored in the several
      stages of the counter is read out into a binary register MT.sub.1,
      MT.sub.2, . . . MT.sub.k ; the corresponding control leads from the
      comparators to the counters have been indicated at m.sub.1, m.sub.2, . . .
      m.sub.k.
PAR  A multiplexer 105 of conventional construction, controlled by the timer I
      via lead 103, receives the code words stored in registers MT.sub.1 -
      MT.sub.k and assembles them in a message frame, together with the
      aforementioned synchronization signals, for transmission over outgoing
      branch 101t to the remote station whose construction is assumed to be the
      same as that of station 100. Code words arriving over incoming branch 101r
      are distributed by a demultiplexer 106, likewise controlled by the timer I
      via lead 103, to a multiplicity of binary registers MR.sub.1, MR.sub.2, .
      . . MR.sub.k included in decoding unit DC, each of these registers forming
      part of a respective decoder individual to an outgoing line d.sub.1,
      d.sub.2, . . . d.sub.k. Registers MR.sub.1 etc. feed respective digital
      comparators CP.sub.1, CP.sub.2, . . . CP.sub.k also receiving the readings
      of associated binary counters CO.sub.1 , CO.sub.2, . . . CO.sub.k which
      are reset by timing pulses i and stepped by clock pulses h via leads 103
      and 104. The output lead 102 of signal generator G is connected to
      respective analog-type storage circuits CT.sub.1, CT.sub.2, . . .
      CT.sub.k by way of respective gates CA.sub.1, CA.sub.2, . . . CA.sub.k
      which are normally closed but which are opened by the associated
      comparator CP.sub.1 etc. at the instant when the binary code word in the
      corresponding register MR.sub.1 etc. matches the reading of counter
      CO.sub.1 etc. The instantaneous value of reference voltage g is thus
      stored in the analog registers CT.sub.1 - CT.sub.k which may be
      conventional holding circuits or integrators with a short time constant.
PAR  As FIG. 2A shows, reference voltage g is split into two branches g' and g"
      of positive and negative polarity generated, respectively, during coding
      intervals T' and T". Each of these branches is divided into 2.sup.3 = 8
      straight segments of progressively increasing slope, except for the first
      two sections which are of identical slope in order that the curve may
      start at the origin 0' or 0". Beginning with the third segment, the slope
      doubles from one segment to the next. FIG. 2B shows the alternation of
      curves g' and g" during consecutive sampling periods T of 125.mu.s. The
      upper and lower voltage limits of the amplitude range encompassed by the
      curves g' and g" have been given with +V and -V in FIG. 2A.
PAR  The rise of the positive branch g' of the reference voltage g starts in
      FIG. 2A at the origin 0' and continues for eight consecutive pulse cycles
      of frequency divider A (FIG. 1) ending at instants 1', 2', . . . 8', all
      these pulse cycles being of the same duration. The negative branch g"
      starts symmetrically at the origin 0" and continues over eight further
      pulse cycles ending at instants 1", 2", . . . 8". A pause .DELTA.' between
      points 8' and 0" is used to restore the pulse generator to zero. A similar
      pause .DELTA." intervenes between point 8" and the origin 0' of the next
      sampling period. Pause .DELTA.", which may be substantially larger than
      pause .DELTA.', may be used for the transmission and reception of the
      aforementioned synchronization signals. As more fully discussed
      hereinafter with reference to FIG. 3, clock circuit H is inhibited during
      these intervals .DELTA.' and .DELTA." so that counters CN.sub.1 -CN.sub.k
      and CO.sub. 1- CO.sub.k are not stepped.
PAR  Reference will now be made to FIG. 3 which shows a preferred embodiment of
      the signal generator G of FIG. 1. This generator comprises a
      direct-current source 107, shown diagrammatically as a battery, with a
      terminal voltage substantially higher than the absolute value of voltage
      levels .+-.V in FIG. 2A. Battery 107 is connected across an impedance
      network comprising a capacitor C in series with a combination of seven
      parallel resistors R.sub.1 -R.sub.7 of magnitudes, R, R, R/2, R/4, R/8,
      R/16 and R/32, respectively, each resistor lying in series with a normally
      open switch GT.sub.1 -GT.sub.7 here shown schematically as an amplifier.
      Switches GT.sub.1 -GT.sub.7 have control electrodes connected to
      respective output leads of a logic matrix D which receives the stage
      outputs of a four-stage binary counter B, the latter being stepped by the
      switching pulses a from frequency divider A so as to reach its full count
      16 times during a sampling period T.
PAR  Since clock circuit H is deactivated after the 256th pulse h, the pause
      .DELTA." may be of any convenient length as determined by the timer I. The
      relative values of voltage V, capacitance C and resistance R should be so
      chosen that the shortest time constant R.sup.. C/64 substantially exceeds
      a coding or decoding interval T', T", for near-linear charging.
PAR  The first switching pulse a of a sampling period T, occurring at instant 0'
      immediately after the start of clock H by a timing pulse i, places the
      counter B in a position (e.g. 0000) in which only the switch GT.sub.1 is
      closed so that capacitor C is charged solely through resistor R.sub.1.
      This condition continues after the arrival of the second switching pulse
      at time 1' so that the capacitor potential rises with a substantially
      constant slope in the period 0'-2' (see FIG. 2A). The third switching
      pulse, arriving at the time 2', closes the switch GT.sub.2 to place the
      resistor R.sub.2 in parallel with resistor R.sub.1, the combined
      resistance being now R/2. Thus, the slope of the charging curve doubles in
      the period 2'-3'. Next, the fourth switching pulse at instant 3' brings
      about the closure of switch GT.sub.3 and the connection of resistor
      R.sub.4 in parallel with its predecessors, making the total network
      resistance equal to R/4; this is reflected by another doubling of the
      slope in the period 3'-4'. The fifth switching pulse at time 4' initiates
      a further doubling of the slope in the period 4'-5' by closing the switch
      GT.sub.4 to include the resistor R.sub.4 in the parallel combination;
      thus, the network resistance is now R/8. At instant 5', the sixth
      switching pulse causes closure of switch GT.sub.5 to bring in the resistor
      R.sub.5, making the network resistance equal to R/16 and again doubling
      the slope in the period 5'-6'. The seventh switching pulse has the effect
      of closing the switch GT.sub.6 at time 6', with resulting closure of
      switch GT.sub.6 and connection of resistor R.sub.6 in series with
      capacitor C; with the network resistance now lowered to R/32, the charging
      rate and with it the slope of the curve doubles in the period 6'-7'.
      Finally, the eight switching pulse at time 7' closes the switch GT.sub.7,
      establishing a minimum network resistance of R/64  and doubling once again
      the slope of the charging curve in the period 7'-8'.
PAR  In the assumed case, the counter B now has the reading 0111 so that the
      next switching pulse, at instant 8', changes its count to 1000. Logic
      matrix D responds to this new reading by energizing a lead 108 which has
      the effect of switching a flip-flop 109 and tripping a monoflop 110 of
      off-normal period .DELTA.', which may be equal to one or more
      switching-pulse cycles 1'-2' etc. A pulse on an output lead 111 of this
      monoflop serves to inhibit the clock circuit H for the duration of this
      off-period. At the end of that period, monoflop 110 unblocks the clock H
      whereupon the next switching pulse a, at instant 0", resets the counter B
      to its initial position (0000), thereby starting a new coding interval
      analogous to the preceding interval T'. Energization of lead 108 during
      the off-period of monoflop 110 closes another electronic switch 113
      connected across capacitor C to discharge that capacitor. The switches
      GT.sub.1 -GT.sub.7 are open in this counter position.
PAR  The potential of capacitor C is transmitted to the lead 102 by way of two
      amplifiers in parallel, i.e. a noninverting amplifier 114' and an
      inverting amplifier 114" of like gain. Flip-flop 109, when set in the
      pause .DELTA.", unblocks the amplifier 114' so that the capacitor voltage
      reaches the lead 102 with its original positive polarity during the coding
      interval T'. On being reset in the next pause .DELTA.', flip-flop 109
      unblocks the inverting amplifier 114" so that the polarity of the
      capacitor voltage is reversed during the following coding interval T".
      This operation results in the alternately positive and negative voltage
      branches g' and g" of FIGS. 2A and 2B.
PAR  In FIG. 5 an incoming line, generically designated c.sub. j, is shown
      connected to the associated comparator CM.sub.j whose output m.sub.j stops
      the corresponding counter CN.sub.j as soon as the reference voltage on
      lead 102 equals the amplitude sample on line c.sub.j. Counter CN.sub.j is
      shown to have eight stages, thus one stage more than necessary for
      producing the 7-bit code word representing the compressed signal amplitude
      to be communicated to the remote station. At the beginning of a sampling
      period, this counter is reset by a pulse i on lead 103 so as to have an
      all-zero reading. Since in the first half of this scanning period the
      reference voltage g is assumed to have positive values, only a positive
      signal amplitude on line c.sub.j will give rise to an output signal on
      comparator lead m.sub.j to halt the count. Under these circumstances, the
      eighth stage of the counter carries the sign bit 0 which is transferred
      together with the 7-bit amplitude code to the 8 -stage register MT.sub.j
      at the beginning of the next sampling period under the control of timing
      pulse i, preparatorily to being extracted from that register by the
      multiplexer 105 (FIG. 1) in the proper time position within a message
      frame.
PAR  If, however, the incoming signal happens to be of negative polarity,
      comparator CM.sub.j does not respond during the first 128 clock pulses h.
      The last of these pulses loads the eighth stage of the counter with a bit
      1 so that the count now stands at 10000000. As the reference voltage g
      goes negative, a match will be detected between that reference voltage and
      the signal voltage at some point during the ensuing coding interval T".
      Comparator CM.sub.j thus stops the counter CN.sub.j in a position in which
      its eighth stage invariably contains a finite sign bit 1.
PAR  At the receiving end, the 8-bit code word thus produced arrives at the
      8-stage register MR.sub.j at the beginning of a sampling period, under the
      control of demultiplexer 106 (FIG. 1) responding to the timing pulse i on
      lead 103. The sign bit in the eighth stage of this register determines
      whether the comparator CP.sub.j, also receiving the output of the 8-stage
      counter CO.sub.j, is to open the sampling gate CA.sub.j during the first
      decoding interval T' or the second decoding interval T". Thus, the gate
      CA.sub.j passes either a positive or a negative voltage from lead 102 to a
      storage circuit CT.sub.j for transmission to the outgoing line d.sub.j.
PAR  In FIG. 6 I have illustrated a modification of the coder and decoder of
      FIG. 5 wherein the comparator CM.sub.j receives the amplitude sample from
      line c.sub.j via a noninverting amplifier 115' or an inverting amplifier
      115" connected in parallel, the signal emanating from either amplifier
      being of the same (e.g. positive) polarity. Amplifier 115", conducting
      only in the presence of negative input voltages, works through a limiter
      116 into an AND gate 117 also receiving the output on lead m.sub.j from
      comparator CM.sub.j. AND gate 117, conducting only in the presence of
      negative signal amplitudes, loads a finite sign bit 1 into the eighth
      stage of register MT.sub.j. A diode 118 isolates the limiter 116 from
      output amplifier 115'.
PAR  Counter CN.sub.j, which does not register a sign bit in this instance, has
      only seven stages. The operation is otherwise analogous to that of the
      coder shown in FIG. 5.
PAR  At the corresponding decoder, the unipolar reference voltage on lead 102
      passes in parallel through a pair of amplifiers similar to those shown at
      115' and 115", i.e. a noninverting amplifier 117' and an inverting
      amplifier 117". The sign bit in the eighth stage of register M is passed
      directly to a control electrode of amplifier 117" and through an inverter
      118 to a corresponding electrode of amplifier 117'; thus, a sign bit of
      value 0 allows the reference voltage on lead 102 to pass with its original
      (positive) polarity through gate CA.sub.j to storage circuit CT.sub.j
      whereas a sign bit of value 1 causes a polarity inversion and makes the
      output signal on line d negative. Counter CO.sub.j in this instance also
      has only seven stages.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compander for a TDM telecommunication system wherein a transmitting
      terminal, having means for periodically sampling the signal amplitudes on
      a multiplicity of incoming signal channels, is connected via a
      communication link with a receiving terminal having means for distributing
      arriving amplitude samples to a multiplicity of outgoing channels,
      comprising:
PA1  synchronized timing means at said terminals for generating respective
      sequences of 2.sup.n isochronous clock pulses during a coding interval
      occurring at least once per sampling period, with n = m + p, the number
      2.sup.n representing a multiplicity of quantizing amplitude levels
      subdivided into 2.sup.m groups of 2.sup.p amplitude levels per group;
PA1  a first signal generator at said transmitting terminal and a second signal
      generator at said receiving terminal controlled by said timing means for
      respectively producing, during each coding interval, a first and a second
      reference voltage each following a quasi-exponential curve divided into
      2.sup.m straight segments each coinciding with a series of 2.sup.p clock
      pulses;
PA1  a plurality of coders at said transmitting terminal, one for each incoming
      channel, each including a first comparator connected to said first signal
      generator for receiving said first reference voltage and further connected
      to the respective incoming channel for receiving amplitude samples to be
      coded, each of said coders also including a first binary counter for said
      clock pulses connected to said timing means for zero-setting at the
      beginning of each coding interval and further connected to said first
      comparator for halting its count whenever the instantaneous magnitude of
      said reference voltage equals the amplitude sample to be coded;
PA1  multiplexing means at said transmitting terminal for delivering respective
      binary codes, representing the counts of the several first counters
      thereof, in interleaved relationship to said communication link during
      each sampling period;
PA1  a plurality of decoders at said receiving terminal, one for each outgoing
      channel, each including a second binary counter for said clock pulses
      connected to said timing means for zero-setting at the beginning of a
      decoding interval of the same duration as said coding interval; and
PA1  demultiplexing means at said receiving terminal for distributing arriving
      binary codes from said communication link to said decoders during each
      sampling period, each decoder also including a second comparator connected
      to said demultiplexing means and further connected to said second counter,
      output means including a normally closed sampling gate inserted between
      the respective outgoing channel and said second signal generator, said
      sampling gate being controlled by said second comparator for opening at
      the instant when an arriving binary code matches the count of said second
      counter to pass the instanteneous amplitude of said second reference
      voltage. 21
NUM  2.
PAR  2. A compander as defined in claim 1, further comprising a first binary
      register in each coder inserted between said multiplexing means and said
      first counter, and a second binary register in each decoder inserted
      between said demultiplexing means and said second comparator.
NUM  3.
PAR  3. A compander as defined in claim 2 wherein said output means includes
      storage means for the instantaneous amplitude of said second reference
      voltage passed by said sampling gate.
NUM  4.
PAR  4. A compander as defined in claim 1 for the coding and decoding of bipolar
      signal amplitudes, further comprising polarity-discriminating means in
      each coder for supplementing said binary codes with a sign bit, and
      polarity-restoring means in each decoder responsive to the sign bit in
      each arriving binary code.
NUM  5.
PAR  5. A compander as defined in claim 4, wherein said coding interval occurs
      twice in each sampling period, said first and second signal generators
      being each provided with inverting means responsive to said timing means
      for reversing the polarity of said first and second reference voltages
      during alternate coding intervals, said polarity-discriminating means
      comprising an (n+1).sup.th stage in said first counter, said
      polarity-restoring means comprising an (n+1).sup.th stage in said second
      counter.
NUM  6.
PAR  6. A compander as defined in claim 1 wherein said timing means includes
      frequency-dividing means for deriving a switching pulse from every
      (2.sup.p).sup.th clock pulse in each coding interval, each of said signal
      generators comprising pulse-counting means with at least m binary stages
      connected to said frequency-dividing means for stepping by successive
      switching pulses, a source of direct current, a resistive/capacitive
      network connected across said source, said network including switch means
      for altering the resistivity restivity thereof, and logical circuitry
      connected to said m+1 stages for operating said switch means in response
      to said switching pulses.
NUM  7.
PAR  7. A compander as defined in claim 6 wherein said network comprises 2.sup.m
      -1 resistors connected in parallel across said source by way of a common
      capacitor, the first two of said resistors being of identical resistance
      R, the remaining resistors having respective resistances R/2, R/4 and so
      forth progressively diminishing by a factor of 2, said switch means
      open-circuiting all but the first resistor until the occurrence of the
      third switching pulse and thereafter successively connecting additional
      resistors in circuit with said capacitor.
NUM  8.
PAR  8. A compander as defined in claim 7 wherein m = 3, p = 4 and the number of
      said resistors is seven.
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ABST
PAL  An amplitude limiter circuit utilizing two sets of seriesdiode limiter
      circuits is disclosed. Each diode circuit has a pair of diodes in series
      but in abutting polarity. An input signal is applied through a phase
      converter with equal amplitudes and in opposite phases to each other to
      the diode circuits and a bias current is applied to each pair of diodes.
      To obtain an output signal having its level variation suppressed the
      currents passing through the parallel capacitances of the diodes in each
      circuit are offset with each other thereby resulting in an output signal
      not being subject to a shift in response to the variation of the input
      signal level.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an amplitude limiter circuit for a transmission
      signal in the field of microwave communications, and more particularly to
      an amplitude limiter circuit to be used for a frequency-modulated wave or
      a phase-modulated wave in the microwave frequency band.
PAR  2. Prior Art
PAR  In general, a frequency-modulated wave or a phase-modulated wave
      (hereinafter referred to simply as an angle-modulated wave) received by a
      receiver in a radio communication system is often associated with an
      amplitude variation, and accordinly, for demodulation it is necessary to
      insert an amplitude limiter in the preceding stage of the demodulator
      thereby to preliminarily remove the amplitude variation.
PAR  Heretofore, as the above-referred type of amplitude limiter, is known a
      series diode type of amplitude limiter circuit, in which a pair of diodes
      connected in series with opposite polarities to each other achieve the
      amplitude limiting function while a current is passed from a constant
      current source through said diodes. This limiter circuit is constructed in
      such manner that electric currents in the forward direction are normally
      passed through both of said pair of diodes from a constant current source,
      thereby to automatically vary the series resistance values of the pair of
      diodes in response to an input signal level so as to suppress an output
      level variation. Thus, the pair of the diodes achieves the above-mentioned
      self-compensation effect. However, as the frequency of the input signal
      becomes higher, the influence of a phase-advanced current caused by a
      parallel capacitance of the diode cannot be neglected, resulting in an
      undesirable change of the phase of the output signal caused by the input
      signal level variation. Such an adverse effect is generally called "AM-PM
      conversion."
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a series-diode type
      amplitude limiter circuit in which the AM-PM conversion would not occur
      even when the input amplitude variation is present.
PAR  According to one feature of the present invention, two sets of series-diode
      type amplitude limiter circuits are provided and an input signal is
      applied to the respective amplitude limiter circuit through a phase
      converter circuit with equal amplitudes and in opposite phases to each
      other. The respective outputs of these amplitude limiter circuits are
      connected to a common load so that they may be added to each other. In
      this circuit structure, diodes having equal characteristics are used for
      the respective diode pairs in both amplitude limiter circuits, with
      different bias currents given to respective diode pairs. According to the
      present invention, the currents passing through the parallel capacitances
      of the diodes in the respective amplitude limiter circuits are always
      offset with each other, and consequently, the output signal is not
      subjected to phase-shift in response to the variation of the input signal
      level, whereby an output signal having its level variation suppressed can
      be obtained.
DRWD
PAR  Above-mentioned and other features and objects of the present invention
      will become more apparent by reference to the following description taken
      in conjunction with the accompanying drawings, in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram showing a series-diode type amplitude
      limiter circuit in the prior art;
PAR  FIG. 2 is an equivalent circuit diagram for the amplitude limiter circuit
      shown in FIG. 1;
PAR  FIG. 3 is a vector diagram showing the relation between the voltage and
      current arising in the equivalent circuit shown in FIG. 2;
PAR  FIG. 4 is a schematic circuit diagram showing one preferred embodiment of
      the present invention;
PAR  FIG. 5 is an equivalent circuit diagram for the amplitude limiter circuit
      shown in FIG. 4;
PAR  FIG. 6 is a vector diagram showing the relation between the voltage and
      current arising in the equivalent circuit shown in FIG. 5;
PAR  FIG. 7 is a diagram for the explanation of the characteristics and
      operations of the diodes employed in the amplitude limiter circuit
      according to the present invention; and
PAR  FIG. 8 is a schematic circuit diagram showing another preferred embodiment
      of the present invention as applied to a microwave region.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  To describe a series-diode type amplitude limiter circuit in the prior art
      with reference to FIG. 1, between an input terminal 1 and an output
      terminal 2 are connected a pair of diodes 3 and 4 in series. The diodes 3
      and 4 are connected with opposite polarities to each other, and in the
      illustrated example, the cathodes of the respective diodes are connected
      to each other. To these diodes 3 and 4 are fed forward currents from a
      common bias current source 5. To this end, the junction between the diodes
      3 and 4 is connected through a resistor 6 to a negative terminal 7 of the
      bias current souce 5, and the respective anode sides of the diodes 3 and 4
      are grounded through D.C. by-pass coils 8 and 9, respectively, for
      blocking A.C. currents. The junction between the resistor 6 and the
      terminal 7 is grounded via an A.C. by-pass capacitor 10. Assuming now that
      the input signal applied to the input terminal 1 is an unmodulated carrier
      wave, the input signal level increase results in the increase in the
      current flowing through the diode 3 and the decrease in the current
      flowing through the diode 4, so that the output signal is suppressed at
      the same fixed level. This is caused by the fact that the sum of the
      currents flowing through the diodes 3 and 4, respectively, is maintained
      at a constant value which is determined by the current supplied through
      the resistor 6 from the bias current source 5. The constant current supply
      characteristics can be realized, for instance, by employing a battery or
      other constant voltage sources as the bias current source 5 and also by
      selecting the resistance value of the resistor 6 at a far higher value
      than the internal resistance of the diodes 3 and 4, because a
      substantially constant current will then flow through the resistor 6
      regardless of how the distribution of the current between the diodes 3 and
      4 is varied. On the other hand, since the diodes employed in this limiter
      circuit have such characteristics that the resistance may be reduced as
      the forward current is increased, if bias currents in the forward
      direction are passed through the diodes 3 and 4 via a constant current
      circuit, then it will be seen that the resistance values of the diodes 3
      and 4 are varied in the opposite directions to each other in response to a
      level change of the input signal. Accordingly, by appropriately adjusting
      the bias currents flowing through the diodes 3 and 4, a favorable
      amplitude limiting function can be realized.
PAR  However, practically the diodes 3 and 4 include not only a resistive
      component but also a capacitive component in parallel, and therefore, the
      influence of the capacitive component upon the amplitude limiting function
      will be considered with reference to FIG. 2 which shows an equivalent
      circuit of the amplitude limiter circuit in FIG. 1. In FIG. 2, between the
      input terminal 1 and the output terminal 2 is connected a resistor 11
      having an equivalent resistance R that is determined by the
      voltage-current characteristics of the diodes 3 and 4, and in parallel to
      the resistor 11 is connected a capacitor 12 having an equivalent parallel
      capacitance C of the diodes 3 and 4. Between the output terminal 2 and the
      ground is connected a resistive load 13 having a resistance R.sub.L that
      was omitted in FIG. 1. An input A.C. voltage at the input terminal 1 is
      represented by E.sub.i, an output A.C. voltage at the output terminal 2 is
      represented by E.sub.o, a current flowing through the resistor 11 is
      represented by I.sub.r, a current flowing through the capacitor 12 is
      represented by I.sub.c, and the sum of the currents I.sub.r and I.sub.c is
      represented by I. Taking the input voltage E.sub.i as a reference vector
      as shown by the vector diagram in FIG. 3, the current I.sub.r and the
      voltage E.sub.i are in phase with each other if R &gt;&gt;R.sub.L and 1/(.omega.
      c) &gt;&gt;R.sub.L, the current I.sub.c is advanced in phase by 90.degree. with
      respect to the current I.sub.r and the voltage E.sub.i, and the current
      I.sub.c + I.sub.r = I is advanced in phase by an angle:
      ##EQU1##
      with respect to the current I.sub.r, where .omega. represents an angular
      frequency of the input A.C. signal. Accordingly, the output A.C. voltage
      E.sub.o = I .times. R.sub.L is in-phase with the current I. Thus it is
      obvious that the phase angle .theta. of the output A.C. voltage E.sub.o
      with respect to the input A.C. voltage E.sub.i is dependent upon all of
      the angular frequency .omega., the parallel capacitance C of the diodes
      and the diode resistance R. As described previously, in this amplitude
      limiter circuit, in response to variation of the input level, while the
      variation of the resistive current I.sub.r can be suppressed, the
      capacitive current I.sub.c would vary, resulting in variation of the phase
      angle .theta., and thus the so-called AM-PM conversion would arise.
      Furthermore, it is seen that the AM-PM conversion characteristics are
      dependent upon the frequency. While the input signal was dealt with as an
      unmodulated carrier wave in the above description, in case that the input
      A.C. signal is an angle-modulated carrier wave, then in addition to a
      correct angular-modulation component, an unnecessary angular-modulation
      component is added by passing the input signal through this amplitude
      limiter, which becomes a source of noise.
PAR  Referring now to FIG. 4, an amplitude limiter circuit according to the
      present invention is shown. Each of two sets of amplitude limiter circuits
      15a and 15b has the same construction as that illustrated iN FIG. 1, and
      therefore, like structural elements are denoted by like reference numerals
      with suffixes a and b added. However, a D.C. by-pass coil 9 is provided in
      common to both the limiter circuit 15a and 15b, and accordingly, the
      anodes of the diodes 4a and 4b are connected to each other and also
      connected to an output terminal 2. An input A.C. signal applied to an
      input terminal 1 is fed to the limiter circuit 15a and 15b with opposite
      polarities to each other. To this end the input terminal 1 is grounded
      through a primary winding 16p of a phase-inverting transformer 16, a
      center tap of a secondary winding 16s of the transformer 16 being
      grounded, and one end of the secondary winding 16s is connected to an
      anode of a diode 3a in the limiter circuit 15a, while the other end is
      connected to an anode of a diode 3b in the limiter circuit 15b. In the
      above-described arrangement, though the input signals applied to the
      respective circuits 15a and 15b with opposite polarities are set at the
      same level, if the D.C. bias currents for the diodes 3a and 4a and for the
      diodes 3b and 4b are selected equal to each other, then at the output
      terminal 2 the outputs of the circuits 15a and 15b are offset with each
      other, resulting in no input. In order to obtain an output, a potential
      difference is given between terminals 7a and 7b to make the D.C. bias
      currents for the diodes 3a and 4a and for the diodes 3b and 4b different
      from each other. As a result, even if the input signal level is varied,
      the influences of the parallel capacitances of the diodes upon the output
      signal are offset between the circuits 15a and 15b, and thereby an output
      signal having its level variations as well as its phase-angle variation
      other than an angular modulation suppressed, can be derived from the
      output terminal 2.
PAR  The operation of the above-described amplitude limiter circuit will be
      explained with reference to FIG. 5 which depicts an equivalent circuit of
      the amplitude limiter circuit according to the present invention. In FIG.
      5, component parts corresponding to those appearing in FIG. 2 are
      identified by like reference numerals with a suffix a added with respect
      to the circuit 15a and by like reference numerals with a suffix b added
      with respect to the circuit 15b. However, input terminals 1a and 1b,
      respectively, correspond to the opposite ends of the secondary winding 16s
      of the transformer 16 in FIG. 4, where A.C. voltage signals E.sub.ia and
      E.sub.ib having the same frequency and the same amplitude but being
      180.degree. out-of-phase to each other would appear. Accordingly, the
      voltage and current vectors appearing in the circuits 15a and 15b are as
      shown in FIG. 6. Incidentally, for the simplicity of explanation, the
      illustrated relation of each vector is on the assumption that R.sub.a
      &gt;&gt;R.sub.L, R.sub.b &gt;&gt; R.sub.L, 1/(.omega. C.sub.a) &gt;&gt;R.sub.L and
      1/(.omega. C.sub.b) &gt;&gt;R.sub.L. The parallel capacitances C.sub.a and
      C.sub.b of the diodes are equal to each other because the diodes 3a and 4a
      and the diodes 3b and 4b have the same characteristics, so that the
      relation of .vertline.I.sub.ca .vertline. = .vertline.I.sub.cb .vertline.
      is valid regardless of the input level and also regardless of the
      frequency, these I.sub.ca and I.sub.cb being out-of-phase to each other to
      offset each other. Consequently, even if the magnitude .vertline.I.sub.ra
      .vertline. and .vertline.I.sub.rb .vertline. are different from each
      other, the output voltage E.sub.o is always in-phase with the input
      voltage E.sub.ia, and there is no possibility of the phase variation of
      the output A.C. voltage signal E.sub.o caused by the input signal level
      change.
PAR  It is known that the capacitance C as measured across one diode can be
      approximated by the following equation:
EQU  C = S {.epsilon.qN/2(.phi. d-V)}    .sup.1/2
PAL  where S represents an area of a barrier; q, a charge of an electron;
      .epsilon. , a dielectric constant of a semiconductor; N, an impurity
      concentration of a semiconductor; .phi. d, a diffusion potential; and V,
      an external voltage. Therefore, assuming that diodes having identical
      characteristics are used, it is obvious that the capacitances C.sub.a and
      C.sub.b as indicated in FIG. 5 are equal to each other so long as the
      external voltages V are equal. Then taking into consideration that the
      external voltage applied across the diode is a sum of the D.C. voltage
      V.sub.DC and the A.C. voltage V.sub.AC, the difference in the external
      voltage between the diode pair 3a and 4a and the other diode pair 3b and
      4b is only the difference in the D.C. voltage V.sub.DC because the A.C.
      voltages V.sub.AC are equal to each other. Here, it is to be noted that
      the difference in the D.C. voltages V.sub.DC is the difference in the D.C.
      voltage drops across the diodes because the diodes 3a and 4a and the
      diodes 3b and 4b are forward biased. However, within the region of
      variation of the D.C. voltage V.sub.DC where the diodes achieve the
      amplitude limiting function, the condition of V.sub.DC &lt;&lt;V.sub.AC is
      satisfied, and so the influence of the D.C. voltage V.sub.DC can be
      neglected.
PAR  From the afore-mentioned analysis it is obvious that the parallel
      capacitances C.sub.a and C.sub.b as indicated in FIG. 5 are always equal
      to each other regardless of a level variation of the input signal.
      Therefore, the absolute values of the capacitive currents I.sub.ca and
      I.sub.cb are always equal to each other, and thus they are offset with
      each other.
PAR  The characteristics and functions of the diodes used in the amplitude
      limiter circuit illustrated in FIG. 4 will be described with reference to
      FIG. 7, in which a forward current I.sub.f flowing through a diode is
      taken along the abscissa, while a voltage V.sub.f across a diode and a
      resistance R.sub.f of the same are taken along the ordinate. Curve 1 in
      FIG. 7 is an I.sub.f -V.sub.f characteristic curve which represents the
      variation of the voltage in accordance with the current, while curve 2 is
      an I.sub.f -R.sub.f characteristic curve which represents the variation of
      the resistance in accordance with the current. A forward bias current
      flowing through the diodes 3a and 4a, respectively, used in the circuit
      15a in the amplitude limiter circuit is selected at point a indicated on
      the abscissa, while another bias current flowing through the diodes 3b and
      4b, respectively, used in the circuit 15b is selected at point b that is
      lower than the point a. Consequently, the current I.sub. ra flowing
      through the diodes 3a and 4a in the circuit 15a is made considerably
      larger than the current I.sub.rb flowing through the diodes 3b and 4b in
      the circuit 15b as shown in the vector diagram of FIG. 6 corresponding to
      the equivalent circuit in FIG. 5. It will be also understood that the
      current I.sub.rb flowing through the equivalent diode resistor in the
      circuit 15b is chosen at a low value, because it is out-of-phase to the
      current I.sub.ra flowing through the equivalent diode resistor in the
      circuit 15a, and thereby lowering of the output level is prevented.
PAR  Another preferred embodiment of the present invention as applied to a
      microwave frequency region is shown in FIG. 8, in which reference numeral
      1 designates an input terminal; 2, an output terminal; 3a, 3b, 4a and 4b,
      Shottky barrier diodes, respectively; 6a and 6b, resistors formed of thin
      films for use in an integrated circuit; 7a and 7b, bias input terminals;
      and 10a and 10b, capacitors formed of thin films. Reference numerals 17
      and 18, respectively, represent -3 dB hybrid couplers of strip line type
      formed of thin films. Here the phase difference between the signals at the
      two output terminals of the hybrid coupler 17 is selected at 90.degree.,
      and also the difference between the phase shifts produced during the
      period in which the signals applied to the two input terminals of the
      hybrid coupler 18 are passed to the output terminal 2 is selected at
      90.degree.. As described, by combining the two hybrid couplers 17 and 18,
      at the composite output terminals 2 can be derived a sum of the current
      components flowing through the circuits 15a and 15b, respectively, as
      added in an out-of-phase relationship. Reference numerals 19a, 19b, 20a
      and 20b designate resistors formed of thin films, numerals 21a, 21b, 22a
      and 22b designate capacitors formed of thin films, numeral 23 designates
      resistors having a resistance value equal to the load impedance, and
      numeral 24 designates terminals connected to a grounded base plate. The
      connections between the above-referred respective elements are all formed
      of strip lines and are opposed to the grounded base plate having a broad
      area with a dielectric sheet for an integrated circuit interposed
      therebetween.
PAR  By way of example, as a performance of the thus constructed amplitude
      limiter circuit of strip line type, operation characteristics of an
      amplitude compression factor of 26 dB with respect to an input level taken
      as a 0 dB reference and an AM-PM conversion factor of 0.5.degree. or less
      per 1 dB have been obtained in the frequency range of 1.7 GHz .+-. 100
      MHz.
PAR  As described above, the amplitude limiter circuit according to the present
      invention involves no phase shift or no frequency-dependent phase shift
      variation in the output signal, even if the level of the input signal is
      varied, because the influence of the AM-PM conversion caused by parallel
      capacitances of diodes can be neglected. In addition, while there has been
      no amplitude limiter circuit suitable for use in a microwave frequency
      region in the past, it has become possible to realize such an amplitude
      limiter circuit by employing the amplitude limiter circuit according to
      the present invention. Furthermore, the limiter circuit of the present
      invention has additional advantages that an excellent limiter
      characteristic can be easily obtained by simply adjusting the bias
      currents flowing through the diodes, and that the circuit does not
      necessitate an adjusting circuit for a phase shift. It is to be noted that
      as a phase inverter circuit, not only a transformer and a hybrid circuit,
      but also any circuit that is most suitable for the operating condition
      such as, for example, an amplifier, a cable, etc. could be used.
PAR  Since many modifications can be made in the above construction and many
      apparently widely different embodiments of this invention can be made
      withhout departing from the scope thereof, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An amplitude limiter circuit comprising, a phase inverter circuit having
      first and second terminals for branching an input signal into two
      components, said components having substantially equal amplitude and
      opposite polarities, first and second diode circuits connected between
      said first and second terminals respectively, a third terminal coupled to
      said first and second diode circuits for deriving an output signal
      therefrom, each of said diode circuits including a pair of diodes
      connected in series and with opposite polarities to each other and a
      constant current circuit connected to said pair of diodes so as to pass
      bias currents through said diodes from a junction point between said
      diodes; whereby constant current values for biasing said first and second
      diode circuits, respectively, are selected at different values from each
      other.
NUM  2.
PAR  2. An amplitude limiter circuit comprising, an input-side hybrid coupler
      having first and second output terminals for branching an input signal
      into its first and second output components, said components having
      substantially an equal amplitude and a 90.degree. phase difference, an
      output-side hybrid coupler including first and second input terminals for
      combining respective signals applied to said first and second input
      terminals with a phase shift difference of 90.degree. from each other, a
      first diode circuit connected between said first output terminal of said
      input side hybrid coupler and said first input terminal of said output
      side hybrid coupler and including a first pair of diodes connected in
      series and with opposite polarities to each other and a constant current
      circuit connected to a central junction point between said pair of diodes,
      a second diode circuit connected between said second output terminal of
      said input-side hybrid coupler and said second input terminal of said
      output side hybrid coupler and including a second pair of diodes connected
      in series and with opposite polarities to each other and a constant
      current circuit connected to a central junction point between said pair of
      diodes; whereby the value of the constant current to be passed through
      said first diode circuit and the value of the constant current to be
      passed through said second diode circuit are selected at different values
      from each other.
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ABST
PAL  Apparatus for accomplishing amplitude equalization between two input
      signals includes circuitry for generating the sum and the difference of
      the two signals, mixing the sum and the difference and applying the
      low-pass filtered version of the mixed resultant as a feedback error
      signal of very low frequency to an attenuator associated with one of the
      two input signals. A hybrid combiner may be used to generate the sum and
      the difference from the two input signals. The phases of the two input
      signals are unaffected by the amplitude equalization. A particular
      application of the invention is in a LIND (linear amplification using
      nonlinear devices) amplifier such as that disclosed in U.S. Pat. No.
      3,777,275 issued Dec. 4, 1973 to D. C. Cox.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to amplitude equalization circuits and more
      particularly to amplitude equalization circuits which generate a feedback
      error signal for adjusting the amplitude of one of two input signals,
      thereby maintaining amplitude equality between the two input signals.
PAR  In frequency division multiplexers and communications systems having a
      plurality of signals or signal components, it is frequency necessary for
      proper system operation to maintain amplitude equality between the signals
      or signal components. Because electrical components in such systems drift
      with time and temperature changes, it is necessary to make adjustments in
      order to maintain amplitude equality between signals. Although the circuit
      of the invention is applicable in any environment where amplitude equality
      between two signals or signal components must be maintained, it is
      particularly well suited for a LIND (linear amplification using nonlinear
      devices) amplifier.
PAR  In a LIND amplifier, an original bandpass signal to be amplified is
      separated into two components. These components are separately amplified
      by nonlinear devices and the amplified resultants recombined to produce a
      replica of the original bandpass signal. Amplitude equality between the
      amplified components must be maintained for the LIND amplifier to function
      properly.
PAR  Prior art amlitude equalizing techniques such as those used in voltage
      regulator circuits equalize two DC voltages. In such circuits the output
      voltage is made equal to a specified fraction or multiple of a DC
      reference voltage. Adapting such techniques for equalizing the amplitudes
      of the two LIND component signals would require additional circuitry such
      as two separate amplitude detectors to provide inputs for such prior art
      regulators and either two signal sampling devices or two couplers. This
      additional circuitry would result in both added cost and incomplete
      equalization of the desired signal amplitudes since the regulator error
      signal would be subject to the different time and temperature drifts in
      the two amplitude detectors.
PAR  The present invention eliminates the need for both the two separate signal
      samplers and the two separate detectors.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the sum and difference of two
      input signals are generated. The sum and difference quantities are then
      multiplied in a product mixer to produce a product signal having both
      second harmonic terms and very low frequency terms which latter terms
      result from slow amplitude variations of the input signals. The mixer
      output is low-pass filtered to produce an error signal. The error signal
      is amplified and the amplified error signal is applied as a feedback
      signal to an attenuator which controls the amplitude of one of the two
      input signals. Accordingly, amplitude equality (amplitude balance) is
      maintained between the two input signals. An amplitude equalizer according
      to the invention may be used to maintain amplitude equality among three or
      more signals by equalizing these signals two at a time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a generalized block diagram of an amplitude equalizer in
      accordance with the present invention;
PAR  FIG. 2 is a block diagram of one possible embodiment of the amplitude
      equalizer arranged for use in combination with a LIND amplifier;
PAR  FIG. 3 shows one scheme for amplitude equalization of three or more
      signals; and
PAR  FIG. 4 is a block diagram of a scheme for amplitude equalization of sums of
      three or more signals.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the most general case, as shown in FIG. 1, S.sub.1 and S.sub.2 are phase
      modulated input signals applied to amplitude equalizer 11 via terminals 12
      and 13 respectively. Amplitude equality is achieved by using a variable
      attenuator 10 to adjust the amplitude of only one of the two signals,
      S.sub.1, to produce a signal S.sub.1' whose amplitude is equal to the
      amplitude of S.sub.2.sup.. S.sub.1 is a signal of the general form
      (A+.epsilon.)sin[.omega..sub.1 t+ .alpha.(t)] and S.sub.1' is a signal of
      the general form L(v)(A+.epsilon.)sin[.omega..sub.1 t + .alpha.(t)], where
      A is a constant, .epsilon. is a small positive amplitude difference
      between S.sub.1 and S.sub.2, .omega..sub.1 is the radian frequency of
      S.sub.1, t is time, .alpha.(t) is a phase variation and L(v) is an
      attenuation factor controlled by a variable voltage v. Thus, S.sub.1'
      differs from S.sub.1 only in amplitude as a result of attenuation by
      variable attenuator 10. S.sub.2 is a signal of the general form A
      sin[.omega..sub.2 t + .beta.(t)], where .omega..sub.2  is the radian
      frequency of S.sub.2, and .beta.(t) is another phase variation. The sum
      S.sub.1'+ S.sub.2 and the difference S.sub.1' -S.sub.2 are generated by
      hybrid combiner 9 which may be any device, such as a magic tee device, for
      generating a sum and a difference from the two inputs. The sum S.sub.1'
      +S.sub.2 is applied to product mixer 4 via terminal 14. The difference
      S.sub.1' -S.sub.2 is applied to produce mixer 4 via terminal 15. Mixer 4
      multiplies S.sub.1' +S.sub.2 and S.sub.1' -S.sub.2 yielding a product
      signal which may be represented mathematically by
EQU  (S.sub.1 '+S.sub.2)(S.sub.1 '-S.sub.2) = (S.sub.1 ').sup.2 -S.sub.2.sup.2 =
      L.sup.2 (v)(A+.epsilon.).sup.2 sin.sup.2 [.omega..sub.1 t+.alpha.(t)]-
      A.sup.2 sin.sup.2 [.omega..sub.2 t+.beta.(t)].            1.
PAL  The right-hand side of equation (1) may be shown to be equal to
EQU  L.sup.2 (v) [A+.omega.).sup.2 /2][1-cos 2(.omega..sub.1
      t+.alpha.(t))]-(A.sup.2 12)[1-cos 2(.omega..sub.2 t+.beta.(t))]2.
PAL  using well-known trigonometric identities. Expression (2) contains both
      second harmonic terms of radian frequencies 2.omega..sub.1 and
      2.omega..sub.2 and very low frequency terms which contain the very slow
      variations of A, .epsilon. and L(v). The product signal represented by
      expression (2) is then low-pass filterd by filter 5 to remove the second
      harmonic terms. The output of the filter is an error signal .DELTA. which
      may be represented mathematically by
EQU  .DELTA. = 1/2 L.sup.2 (v)(A+.epsilon.).sup.2-1/2 A.sup.2 =1/2 A.sup.2 [
      L.sup.2 (v)-1] + 1/2L.sup.2 (v)[2 A.epsilon.+.epsilon..sup.2]. 3.
PAL  the error signal is amplified by high gain amplifier 3 of gain H and the
      amplified resultant H.DELTA. is applied to control variable attenuator 10.
      The amplified error signal H.DELTA. becomes the controlling voltage v
      applied to the variable attenuator 10. Thus
EQU  H.DELTA. + v.                                              4.
PAL  Since .DELTA. is a function of .epsilon. in equation (3), it is apparent
      that H.DELTA. is a function of .epsilon., the difference in amplitude
      between the two original input signals S.sub.1 and S.sub.2 which must be
      amplitude equalized. As the difference .epsilon. increases, the amplified
      voltage error signal (H.DELTA.=v) which controls attenuator 10 also
      increases.
PAR  The amplitude of S.sub.1 must initially be greater than the amplitude of
      S.sub.2 for amplitude equalizer 11 to operate. Accordingly, any system
      with which the amplitude equalizer is to be used, must be designed so that
      the amplitude of S.sub.1 is initially greater than the amplitude of
      S.sub.2. Therefore, .epsilon. is always positive and attenuator 10 will
      always cause the amplitude of S.sub.1 to decrease until amplitude equality
      is achieved. Attenuator 10 is a variable voltage controlled attenuator and
      may be a well-known device such as a pin diode or a motor driven vane
      attenuator.
PAR  The invention also may be used to maintain amplitude equality among sums of
      three or more signals. Such amplitude equality is achieved by equalizing
      the amplitudes two at a time (in pairs). A variety of possible schemes may
      be used for amplitude equalization of three or more signals.
PAR  One scheme would require that a signal S.sub.S with the smallest amplitude
      be chosen from a group of N+1  signals to be amplitude equalized where N
      is any positive integer. The signal S.sub.S would be applied to N
      amplitude equalizers as shown in FIG. 3. Each of the remaining N signals
      S.sub.1, S.sub.2,S.sub.3 . . . S.sub.N, would be applied to a different
      amplitude equalizer 11. Thus, the amplitude of each of the remaining
      signals would be attenuated to be made equal to the amplitude of S.sub.S.
PAR  Another scheme for achieving amplitude equalization among three or more
      signals is shown in FIG. 4. Signals S.sub.1, S.sub.2 . . . S.sub.N to be
      amplitude equalized are applied to amplitude equalizers 11 in pairs. If N
      is odd, then one signal may be applied to two equalizers. The signal of
      any pair with the largest amplitude is applied to attenuator 10 and these
      two signals are amplitude equalized in a first stage or first level of
      equalization shown in FIG. 4. In a second stage or level of equalization
      respective sums of the two signals comprising any pair are amplitude
      equalized. This procedure is continued to a third stage and subsequent
      stages as necessary until amplitude equalization is achieved among sums of
      signals. The output of equalizer 11 of the final stage in FIG. 4 may be
      represented by
EQU  a.sub.1 S.sub.1 +a.sub.2 S.sub.2 + . . . a.sub.N S.sub.N   4a.
PAL  where a.sub.1, a.sub.2 . . . a.sub.N are attenuation constants each
      corresponding to one of the signals S.sub.1,S.sub.2 . . . S.sub.N.
      Furthermore, as a result of the equalization process
EQU  a.sub.1 S.sub.1 = a.sub.2 S.sub.2 = . . . = a.sub.N S.sub.N. 4b.
PAL  For the case where N = 2, two signals are amplitude equalized as shown in
      FIG. 1 and the amplitude of S.sub.1 is attenuated until it equals the
      amplitude of S.sub.2. The operation of the feedback circuitry shown in
      FIG. 1 assures the validity of equation (4b) even where the amplitudes of
      signals S.sub.1 and S.sub.2 shown in FIG. 1 or more generally where the
      amplitudes of signals S.sub.1, S.sub.2 . . . S.sub.N shown in FIG. 4
      fluctuate.
PAR  FIG. 2 shows the invention as embodied in a LIND (linear amplification
      using nonlinear devices) amplifier disclosed in U.S. Pat. No. 3,777,275.
      An original input signal of the general form E(t)cos[.omega..sub.o
      t+.theta.(t)] to be amplified is applied to component separator 6 which
      generates two constant amplitude signals. These two constant amplitude
      signals are separately amplified by nonlinear devices 7 and 8 to produce
      two signals S.sub.1 and S.sub.2 respectively. S.sub.1 is a signal of the
      general form G (E.sub.m /2+.epsilon.)sin[.omega..sub.o
      t+.theta.(t)+.phi.(t] and S.sub.1 'is a signal of the general form
EQU  M(v)G(E.sub.m /2+.epsilon.)sin [.omega..sub.o t+.theta.(t)+.phi.(t)], where
      .phi.(t) is a phase variation,
EQU  .phi.(t) = sin.sup.-.sup.1 E(t)/E.sub.m,                   5.
EQU  .theta.(t)+.phi.(t) = .alpha.(t) ,                         6.
EQU  .theta.(t)-.phi.(t) = .beta.(t) ,                          7.
PAL  E(t) indicates the variation of amplitude with time and E.sub.m is the
      maximum value of E(t). S.sub.2 is a signal of the general form G(E.sub.m
      /2) sin[.omega..sub.o t+.theta.(t)-.phi.(t)]. Here, .omega..sub.o is the
      radian frequency of both S.sub.1 and S.sub.2 and therefore
EQU  .omega..sub.o = .omega..sub.1 = .omega..sub.2 .            8.
PAL  Thus, S.sub.1 and S.sub.1 ' differ only in amplitude and variable
      attenuator 10 processes S.sub.1 to produce S.sub.1 '. S.sub.1 ' and
      S.sub.2 are applied to a combiner 9 which may be a magic tee or other
      hybrid combining device. The combiner serves both as an electrical
      component generating a difference output in the LIND amplifier disclosed
      in U.S. Pat. No. 3,777,275 and as an electrical component of the amplitude
      equalizer. Accordingly, in FIG. 2, combiner 9 generates the difference
      signal which is both a linearly amplified replica of an original bandpass
      signal to be amplified and one signal applied to mixer 4 of the amplitude
      equalizer. Combining device 9 generates the sum and the difference of its
      two inputs S.sub.1 ' and S.sub.2 and amplitude equalization of S.sub.1 '
      and S.sub.2 is achieved as described in the case of FIG. 1 Accordingly,
      the amplitude equalizer solves the problem of maintaining amplitude
      equality between LIND component signals.
PAR  In all cases it is to be understood that the above described arrangements
      are merely illustrative of a small number of the many possible
      applications of the principles of the invention. Numerous and varied other
      arrangements in accordance with these principles may readily be devised by
      those skilled in the art without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for equalizing the amplitudes of two input signals comprising:
PA1  an attenuator with a control input for varying the amplitude of one of the
      two input signals;
PA1  means for applying one input signal to said attenuator to produce an
      attenuated signal;
PA1  means responsive to the other input signal aand said attenuated signal for
      generating a sum signal which is the sum of said attenuated signal and
      said other input signal, said means for generating also generating a
      difference signal which is the difference of said attenuated signal and
      said other input signal;
PA1  means for mixing said sum and said difference signals to form a product
      signal;
PA1  a low-pass filter for filtering the product signal to produce a low
      frequency error signal; and
PA1  means for applying the error signal to said control input of said
      attenuator.
NUM  2.
PAR  2. A device as described in claim 1 wherein said means for generating a sum
      signal and a difference signal is a hybrid combiner.
NUM  3.
PAR  3. A device for equalizing the amplitudes of two input signals comprising:
PA1  attenuating means having a control input and being responsive to one of
      said two input signals for producing an attenuated signal at its output;
PA1  a combiner to which said attenuated signal and the other one of said two
      input signals are applied and from which a sum signal and a difference
      signal emanate, said sum signal being the sum of said attenuated signal
      and the other one of said two input signals and said difference signal
      being the difference of said attenuated signal and the other one of said
      two input signals;
PA1  a product mixer for mixing said sum and said difference signals from said
      combiner, said mixer producing a mixed output;
PA1  means for low-pass filtering the mixed output of said product mixer to
      produce a filtered output;
PA1  and
PA1  means for applying the filtered output to said control input of said
      attenuator means to control the attenuation of said one input signal.
NUM  4.
PAR  4. A device for equalizing the amplitude of two input sums comprising:
PA1  first means for equalizing the amplitudes of a pair of signals S.sub.1 and
      S.sub.2, said first means for equalizing also generating a first resulting
      sum of said pair of signals S.sub.1 and S.sub.2 ;
PA1  second means for equalizing the amplitudes of a pair of signals S.sub.3 and
      S.sub.4, said second means for equalizing also generating a second
      resulting sum of said pair of signals S.sub.3 and S.sub.4 ;
PA1  third means responsive to said first and second resulting sums for
      equalizing the first resulting sum and said second resulting sum, said
      third means also generating a third resulting sum of the form a.sub.1
      S.sub.1 +  a.sub.2 S.sub.2 +  a.sub.3 S.sub.3 +  a.sub.4 S.sub.4 where
      a.sub.1, a.sub.2, a.sub.3 and a.sub.4 are constants and where a.sub.1
      S.sub.1 =  a.sub.2 S.sub.2 =  a.sub.3 S.sub.3 =  a.sub.4 S.sub.4 ;
PA1  said first, second and third means each comprising,
PA1  an attenuator with a control input for varying the amplitude of one of its
      respective two input signals;
PA1  means for applying one input signal to said attenuator to produce an
      attenuated signal;
PA1  means responsive to the other input signal and said attenuated signal for
      generating a sum signal which is the sum of said attenuated signal and
      said other input signal, said means for generating also generating a
      difference signal which is the difference of said attenuated signal and
      said other input signal;
PA1  means for mixing said sum and said difference signals to form a product
      signal;
PA1  a low-pass filter for filtering the product signal to produce a low
      frequency error signal; and
PA1  means for applying the error signal to said control input of said
      attenuator, so that said attenuator adjusts the amplitude of one of the
      two input signals to equal the amplitude of the other of the two input
      signals.
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ABST
PAL  A mount for a microwave diode package wherein good thermal contacts, as
      well as radio frequency contacts to a microstrip circuit are achieved by
      applying a mechanical force to a face of the mount at an acute angle so
      that forces are produced along both of the major axes of the mount.
GOVT
PAR  The invention herein disclosed was made in the course of or under a
      contract or subcontract thereunder with the Department of the Air Force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to mechanical structures for mounting a
      mcirowave device such as a diode in a microstrip line circuit.
PAR  2. Description of the Prior Art
PAR  The generation of high power microwave output signals by microwave devices
      such as diodes requires adequate dissipation of heat generated by such
      devices at, for instance, the diode junction. Thus, in order to increase
      the power handling capability of a diode, the diode is mounted in intimate
      thermal contact with a heat sink. Adequate dissipation of heat, achieved
      as indicated above by "heat sinking," is especially important in those
      applications where the diode is in high power, long pulse and high duty
      cycle operation.
PAR  A generally applied technique for heat dissipation consists of "flip-chip"
      bonding, in which one surface of a diode is brought in contact with a heat
      sink through a process known as "thermal compression." While such a
      technique is effective for diodes having very small diameters, surface
      finishing (smoothing) techniques for larger areas (500 micrometers) are
      generally so inadequate as to result in poor thermal contact, which
      consequently renders flip-chip bonding inadequate for larger (500
      micrometers) diameter diodes such as power diodes. Such large diameter
      diodes utilize an integral copper heat spreader which is created by
      electroplating a heavy copper layer to a given surface of the diode. The
      electroplated diode side may typically serve also as an electrical
      terminal. A detailed description of the formation of the integral heat
      spreaders may be found in an RCA Laboratories Report PRRL-72-CR-37
      entitled "S-Band avalanche Diode Amplifiers," by H. Kawamoto, H. J.
      Prager, et al. published July 31, 1972.
PAR  Microwave stripline (microstrip) circuits are typically constructed from
      commercially available laminates consisting of a sheet of insulation
      initially provided on both sides with layers of a suitable conductive
      material such as copper. Portions of one of the conductive layers are
      removed, suitably by etching, to form a stripline conductor. The second
      conductive layer, on the other side of the sheet of insulation, is
      suitably left intact and forms the ground plane (second conductor) of the
      microstrip circuit. The microstrip circuit is typically mounted on a
      metallic, conductive base or chassis, with the ground plane of the circuit
      in contiguous contact with the conductive base.
PAR  The use of integral heat spreaders, and the finite life of diodes require
      that the diodes by removably connected in the microstrip circuit.
      Typically, the diode is mounted in a conductive package fabricated
      separately from the conductive base, prior to insertion of the diode into
      the microstrip circuit, and the package subsequently mounted in the base.
      The diode is then electrically connected to the strip line circuit. The
      package is suitably formed of a material having good thermal and
      electrical conductivity such as copper. Generally, such mounting is
      achieved by machining in the base a recess of a given shape, typically a
      pyramid of two rectilinear parallelpipeds, diminishing in size, such that
      the smaller one is exposed to the ground plane of the microstrip circuit.
      An aperture in the microstrip circuit is made in alignment with the
      opening in the base facing the recess. The diode and integral heat
      spreader are mounted, suitably by soldering, on the package of conductive
      material, which serves, in conjunction with the base, as a heat sink. The
      package is of such a shape as to fit in, mate with, and extend through the
      recess in the baseplate. The diode is admitted through the aperture in the
      circuit board and is electrically connected to the microstrip line by a
      metallic, suitably gold, foil. Electrical connection between the diode and
      the ground plane is established by the contact of the package with the
      base.
PAR  The package may be flanged and fastened to the base by screws passing
      through the flange and into the base. Electrical and thermal contact
      between the base and package is enhanced by torqueing the screws, thereby
      creating a force on the package in a vertical direction. The horizontal
      surfaces of the package are thus pressed against the respectively adjacent
      surface portions of the base.
PAR  The above described mounting structures are generally unsatisfactory in
      that machine tolerances generally do not provide reliable mating of the
      package to the base, and, consequently gaps occur between the vertical
      sidewalls of the package an the base. Such gaps, at microwave frequencies
      often form resonant cavities and create parasitic capacitance and
      inductance, having the effect of detuning the circuit. The RF power
      output, DC to RF efficiency, and bandwidth of the circuit are thus
      adversely affected.
PAR  The present invention overcomes the disadvantages of the prior art by
      providing a microwave diode package and mounting structure which serves to
      provide reliable mating of the package to the recess whereby electrical
      and intimate thermal contact is established between the package and the
      base, substantially eliminating gaps, between adjacent vertical surfaces.
      Thus parasitic capacitance and inductance are substantially reduced,
      causing a substantial increase in bandwidth, and RF power output of the
      circuit.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an apparatus for mounting a device in a
      stripline circuit of the type having a dielectric substrate with a ground
      plane conductor on one surface thereof and a narrow strip-like conductor
      on the opposite surface of the substrate, the circuit having an aperture
      for receiving the device in a position to allow for electrical connections
      to the strip-like conductor.
PAR  A first block of electrically and thermally conductive material is mounted
      in contiguous relation with the ground plane to provide an electrical
      ground to the circuit and to conduct heat from the circuit. The first
      block is provided with an opening for receiving a second block, the
      opening being defined by a plurality of surfaces formed in the first
      block.
PAR  The second block is formed of electrically and thermally conductive
      material and includes a surface portion for mounting the device.
      Additional surfaces of the second block are adapted to mate substantially
      with the surfaces of the opening.
PAR  The device is mounted on the surface portion of the second block, with one
      terminal of the device being electrically and thermally connected to the
      surface portion.
PAR  Means are included for forcing the second block into close mating relation
      with the first block whereby the surfaces of the opening are pressed into
      good thermal and electrical contact with the corresponding surfaces of the
      second block.
PAR  The forcing means include an adjustable force producing member, adapted to
      apply a force to one surface of the second block to adjustably force the
      second block into the first block along two major axes of the respective
      blocks, the angle of the force relative to the one surface being an acute
      angle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a plane view of a microwave diode package and mounting
      structure in accordance with the present invention;
PAR  FIG. 2 is a sectional view of the structure of FIG. 1 taken along Line
      2--2;
PAR  FIG. 3 is a schematic illustration of an alternative embodiment of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, comprising FIGS. 1 and 2, there is generally
      shown a microwave diode 10 mounted on a package generally referred to as
      12, and connected in a microstrip circuit 14. Microstrip circuit 14 is
      mounted on a conductive base 16 which has a recess or opening 18 in which
      package 12 is fit.
PAR  Diode 10 is suitably a higher power trapatt diode having a heavy copper
      layer 20 which may be electroplated on one side of the diode to serve both
      as a integral heat spreader and as a terminal for the diode.
PAR  A more detailed description of package 12 is as follows. Diode 10 is
      mounted on a conductive pedestal 22, suitably a solid block of copper
      having an upper surface 24, end walls 26 and 28 and lower surface 30.
      Specifically, layer 20 is suitably mounted in intimate electrical and
      thermal contact with top surface 24 of pedestal 22 as by soldering. Also
      mounted on surface 24 of pedestal 22 are lead supports 32 and 34, suitably
      rectangular pieces of an insulating material such as alumina or beryllia.
      Supports 32 and 34 are spaced on surface 24 such that diode 10 and layer
      20 may be mounted therebetween.
PAR  Pedestal 22 is affixed to a mounting block serving also as a heat sink,
      generally indicated as 36, having, in accordance with the present
      invention, one diagonal sidewall 50 which is formed at an angle 51 less
      than 90.degree.  with respect to the ground plane in the direction as
      indicated in FIG. 2. Block 36 is formed of a lower surface 38 extended
      into flanges 40 a-d, endwall 42, sidewalls 43a and 43b, surface 44,
      endwall 46, surface 48, and diagonal endwall 50. Pedestal 22 is mounted on
      mounting block 36 such that its surfaces 30 and 28 respectively abut
      surfaces 44 and 46 of mounting block 36. Pedestal 22 is affixed to
      mounting block 36 such that surface 30 of pedestal 22 and surface 44 of
      mounting block 36 are forced into intimate thermal and electrical contact,
      suitably by a pair of torqued screws, generally indicated as 54, suitably
      set in countersunk holes in pedestal 22. Mounting block 36 is formed of a
      rigid, thermally and electrically conductive substance such as copper or
      brass and may be water cooled as by circulating coolant through a channel
      56 suitably coupled as by threads 57 to an external coolant source, not
      shown. It will be apparent to those skilled in the art that mounting block
      36 and pedestal 22, may, in the alternative, be formed as an integral
      unit.
PAR  Mircrostrip circuit 14 is provided with an aperture 61 for receiving diode
      10 and further comprises a microstrip line 62, an insulation substrate 64
      and a conductive ground plane 66. Aperture 61 in microstrip circuit 14 may
      be just large enough to receive diode 10 and lead supports 32 and 34 and
      as such be of a lesser area than surface 24 of pedestal 22. One terminal
      of diode 10 is electrically connected to microstrip line 62 by a
      conductive foil 67 typically gold and at the other diode terminal (layer
      20, mentioned above) to the ground plane 66 by contact of package 12 to
      base 16, as will be explained.
PAR  As previously noted, ground plane 66 of microstrip circuit 14 is in
      contiguous contact with conductive base 16, which is formed to support
      microstrip circuit 14 and to receive package 12. Base 16 is suitably a
      rigid structure made of material with good electrical and thermal
      conductivity, such as copper or brass.
PAR  As previously noted, package 12 fits into base 16. Opening 18 of base 16 is
      configured to receive package 12 such that the upper surface 24 of package
      12 is in same plane as the top surface of base 16 so that both surfaces
      are contiguous to ground plane 66. Further, surfaces 68, 70, 72, 74 and 76
      of base 16 mate with the corresponding surfaces of package 12. Opening 18
      is also defined by endwall 78 in a general position corresponding to
      diagonal endwall 50 of mounting block 36. Endwall 78 may be, if desired,
      parallel to diagonal wall 50 and spaced therefrom with sufficient
      clearance for assembly.
PAR  In accordance with the present invention, a force is applied at an acute
      angle relative to surface 50, suitably by a torqued screw 80 passing
      horizontally through endwall 78 of base 16, abutting diagonal surface 50.
      End 81 of screw 80 is suitably shaped to provide a relatively low friction
      contact with surface 50.
PAR  Further, the metal for screw 80 is preferably of lesser relative hardness
      than the metal used to form block 36 to prevent screw 80 from gouging the
      surface 50, restricting vertical movement of package 12 and thus making
      inoperative the adjustment to be described.
PAR  In addition, a clamp or cap 90, formed of an insulative material, and
      having a recess 92, may be mounted over aperture 61 in the microstrip
      circuit 14. Clamp 90 is suitably secured as by screws 94 and 96 passing
      through insulative substrate 64 and ground plane 66 into base 16. Recess
      92 is of the same general shape as and in substantial alignment with
      aperture 61 of microstrip circuit 14. The material of clamp 90 is chosen
      to have a low dielectric constant, relatively close to the dielectric
      constant of air, and recess 92 is of such a depth as to insure clamp 90
      makes no substantial interference with the electric field of diode 10.
PAR  In connecting diode 10 into microstrip circuit 14 as previously noted,
      package 12 is fit into opening 18 in base 16, with diode 10 being admitted
      into aperture 61 of microstrip circuit 14. Screw 80 is torqued against
      angled wall 50, thereby producing both vertical (82) and horizontal (84)
      components of the force on package 12, as illustrated in the vector
      diagram in FIG. 2.
PAR  The vertical and horizontal components referred to herein, it will be
      understood and appreciated are terms of convenience, referring to the
      major axes of the package. The vertical component of the force operates to
      force surfaces 44 and 48 of mounting block 36 into intimate electrical and
      thermal contact with surfaces 70 and 76 of base 16. It is noted that when
      aperture 61 in microstrip circuit 14 is smaller than surface 24 of
      pedestal 22, overlapping portions of surface 24 will abut and provide
      electrical contact with the overlapping portions of ground plane 66. It
      should be further noted, that the vertical component 82 of the force, as
      previously explained, is inefective to eliminate gaps between the endwalls
      of package 12 and base 16. Such gaps are substantially reduced if not
      eliminated, in accordance with the present invention, by providing the
      horizontal component 84 of the force on package 12 in addition to the
      force 82. The horizontal component 84 of the force caused by the pressure
      of screw 80 on diagonal wall 50 forces endwall 46 of mounting block 36 and
      endwall 26 of pedestal 22 into intimate thermal and electrical contact
      with the corresponding surfaces of the block 16. Screw 80 is capable
      alone, it will be appreciated, of securing package 12 to base 16. However,
      package 12 may additionally be secured by screws 58 and 60 through flanges
      40a and 40c into base 16, noting that torqueing screws 58 and 60 create
      additional vertical components of force on package 12. Accordingly, the
      adjustment of screw 80 to provide the proper adjustment of the vertical
      and horizontal force required is made prior to fastening screws 58 and 60.
PAR  Further, although the embodiment described provides for only a single force
      adjusting screw member 80 positioned to be substantially centered, two
      screws in the alternative may be positioned in a symmetrical relation
      about the center line of the package to improve the distribution of the
      adjustment forces required.
PAR  Clamp 90 serves to ensure that the vertical components 82 of the force on
      package 12 does not cause ground plane 66 to separate from contiguous
      contact with base 16 Moreover, clamp 90 also serves to maintain proper
      electrical contact between foil 67 and stripline 62. As noted above, the
      low dielectric constant of clamp 90 and recess 92 prevents clamp 90 from
      interfering with the operation of diode 10 and microstrip circuit 14.
PAR  It will be appreciated that package 12, may be formed such that angle 51 is
      equal to 90.degree., and, further, screws 58 and 60 being relied upon to
      provide vertical component 52 of the force on package 12. However, in the
      securing and adjustment of package 12 within opening 18, alternating
      increments of horizontal and vertical force would be required to be
      applied to package 12, i.e. screw 80 and screws 58 and 60 would be
      alternatively torqued, to ensure that package 12 is not prematurely
      precluded from vertical and horizontal movement by one component of the
      force.
PAR  It will also be appreciated, that package 12 may be formed such that angle
      51 is equal to 90.degree. and screw 80 be passed through base 16 at such
      an angle to impart both vertical and horizontal components of force on
      package 12. Such an arrangement is schematically illustrated in FIG. 3. It
      should be noted, however, that such an embodiment requires more complex
      machining techniques than does the first described embodiment.
PAR  It should be appreciated from the foregoing description of the preferred
      embodiment that the present invention provides for a particularly
      advantageous method and apparatus for mounting a device in a microstrip
      circuit wherein good electrical and thermal contact between the package
      and the base are maintained, thereby substantially reducing parasitic
      capacitance and inductance and substantially increasing the bandwidth, and
      RF power output of microstrip circuits, by applying a force having both
      vertical and horizontal components to the package. In the preferred
      embodiment such a force is generated by applying a force in a horizontal
      direction against a side of the package formed at an angle less than
      90.degree. from the horizontal.
PAR  It will be understood that the above description is illustrative of
      embodiments of the present invention and that the invention is not limited
      to specific form shown. Modifications may be made in a design and
      arrangement of the elements without departing from the spirit of the
      invention as will be apparent to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for mounting a device in a stripline circuit of the type
      having a dielectric substrate with a ground plane conductor on one face of
      the substrate and a narrow strip-like conductor on the opposite face of
      the substrate, said circuit having an aperture for receiving said device
      in a position to allow for electrical connections to said strip-like
      conductor, comprising:
PA1  a. a first block of electrically and thermally conductive material mounted
      in contiguous relation with said ground plane to provide an electrical
      ground to said circuit and to conduct heat from said circuit, said first
      block having an opening for receiving a second block, said opening being
      aligned with said aperture and defined by a plurality of surfaces formed
      in said first block,
PA1  b. said second block being formed of electrically and thermally conductive
      material and including a surface portion for mounting said device, and
      further including a plurality of additional surfaces adapted to mate
      substantially with the surfaces of said opening,
PA1  said device being mounted on said surface portion of said second block and
      having one terminal of said device being electrically and thermally
      connected to said second block mounting surface portion,
PA1  c. means for forcing said second block into close mating relation with said
      first block whereby said mating surfaces of said second block are pressed
      into good thermal and electrical contact with the corresponding surfaces
      of said opening in said first block,
PA1  d. said forcing means including an adjustable force producing member
      adapted to apply a force to one surface of said second block to adjustably
      force said second block into said first block along two major axes of the
      respective blocks, the angle of said force relative to said one surface
      being an acute angle.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said one surface of said
      second block is inclined relative to said ground plane so as to generate
      said adjustable force.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said one surface of second
      block is normal to said ground plane and said adjustable force producing
      member is positioned at an acute angle relative to said one surface.
NUM  4.
PAR  4. An apparatus according to claim 1 further including:
PA1  a third block, formed of an insulative material having a dielectric
      constant substantially equal to the dielectric constant of air, mounted
      over said aperture in said stripline circuit and fastened through said
      dielectric substrate to said first block, to force said ground plane into
      contiguous contact with said first block in the vicinity of said aperture,
PA1  said third block having a recess positioned over said aperture,
PA1  said recess being shaped to avoid substantial interference by said third
      block with the electric field of said device.
NUM  5.
PAR  5. An apparatus according to claim 1 wherein said member is formed of a
      material having a hardness less than the hardness of the material of said
      second block.
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ABST
PAL  An angular coaxial connector for use in ultrahigh frequency systems where
      the impedance of the conductor must be kept within a minimum tolerance to
      avoid unwanted reflections. To avoid complicated structures, air is used
      as the dielectric in the bend portion of the angle and the radius of the
      air and insulator portions of the system is so proportioned that the
      voltage standing wave ratio (VSWR) is maintained at 1 and the impedance of
      the line is constant.
PARN
PAR  This is a continuation-in-part of U.S. application Ser. Number 386,204,
      filed Aug. 6, 1973 and entitled "RIGHT ANGLE CONNECTOR", now abandoned
      which application is assigned to the same assignee of the subject
      application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The transfer of ultra-high frequency power presents many problems, the most
      important one being the prevention of radiation from the conductors
      leading from a source of power to a measuring system or a transmission
      device such as an antenna or a heating system. In this regard, the
      concentric line has been found to be quite suitable provided the impedance
      of the line is constant and does not vary from a desired input-output
      value. Any variation in impedance results in reverse flow reflections
      which reduce the efficiency, increase radiation, and introduce errors into
      any measuring systems or transmission device that may be employed.
PAR  Bends in a concentric line should have the same insulator-dielectric as the
      linear portions of the system, but these bends are very expensive to
      fabricate and difficult to hold to the proper dimensions. Dielectric
      powder material has been used in the bends but such a construction has its
      problems and unless the powder is firmly packed, reflections will occur.
PAR  Current sophisticated microwave systems have created the need for
      high-performance broadband interconnecting devices. This requirement has
      been substantially met by several series of straight connectors. However,
      angular connectors have not been utilized due to their inferior voltage
      standing wave rates (VSWR) characteristics over a limited frequency range.
      Present and future systems, with increased emphasis being placed on
      packaging factors, will demand the use of right angle connectors whose
      electrical performance is comparable to similar types of straight
      connectors.
PAR  The usual procedure in forming connectors of this type has been to use a
      two-piece contact and insulator design to form the right angle, and solder
      the two straight contacts together. The cavity surrounding the joint is
      then filed with insulating material, or the cavity may be left unfilled,
      with air acting as the dielectric. This device gives poor electrical
      performance due primarily to the varying relationships between the outer
      diameter of the inner conductor and the inner diameter of the outer
      conductor.
PAR  Other means of forming right angles has been with the use of a singular
      contact in conjunction with an insulator, or with the dielectric of the
      cable itself forming the bend. In the latter case, a metallic insert
      encompassing the apex of the bend is utilized as the outer conductor. The
      insert is shaped so that it provides an equidistant surface with respect
      to the inner conductor around the bend, however, outer conductor
      irregularites at the inside portion of the bend result in impedance
      discontinuities. In addition, this configuration is limited by the size of
      the cable dielectric core, due to the difficulty encountered in bending
      cables of approximately 0.2 inch (5.1 mm.) or more in diameter.
PAR  Another design of a right angle connector is described in U.S. Pat. No.
      3,528,052, which issued to A. R. Brishka on Sept. 8, 1970 and is assigned
      to the same assignee of the subject invention. This design consisted of a
      singular contact surrounded by a TFE dielectric forming a 90.degree. bend
      terminating in 2 mating faces. The outer diameter of the dielectric was
      0.306 inches (7.77 mm.) bent around a radius of 0.125 inch (3.17 mm.). A
      metallic insert was machined to surround the apex of the bend and all
      remaining cavities were filled with fine metallic particles. Test results
      indicated the addition of the metallic particles improved the performance
      of the connector considerably. Consequently, the insert was completely
      replaced by metallic particles. The connector exhibited even better
      electrical characteristics, however, it was mechanically unfeasible to
      distribute the particles efficiently in order to completely surround the
      dielectric. The use of epoxies was limited by the unavailability of those
      which would exhibits high electrical conductivity. These problems were
      solved by plating the dielectric with silver thus providing a continuous
      outer conductive coating. Mechanical and electrical tests indicated that a
      low impedance section existed in the region of the bend. The optimum
      configuration for the elbow at the completion of the bending process would
      be a condition such that the center conductor be equi-distant from the
      outer surface of the dielectric at all planes which are perpendicular to
      the axis of the bent assembly. However, due to the sharpness of the bend
      and the physical properties of the materials used, the above condition
      does not exist. Instead, when the assembly was bent, the dielectric
      stretched and the center conductor tended to move radially outward at the
      apex of the bend. This resulted in a lower cross-sectional area at the
      elbow and thus, when the assembly was plated or surrounded by conductive
      particles, the impedance at this section was lowered. In order to achieve
      a satisfactory electrical performance, compensation in this region was
      required for the impedance discontinuity. To accomplish this, a method
      (simulating an increased outer conductor) of introducing a high impedance
      section for compensation purposes was effected by removing the conductive
      material at the apex of the elbow. Improved VSWR and impedance
      characteristics were obtained, however, the range of frequency was limited
      to a usable frequency range of up to 10 GHz. In addition to the limitation
      of the frequency range of the last mentioned prior art design, it is noted
      that such design is relatively complicated to construct in that the amount
      of conductive material removed is very critical. Thus the cost of
      manufacture is relatively high and maximum quality control must be
      exercised during the manufacture of the design. Furthermore, the limited
      frequency range of this prior design limits its capability of use for
      certain high radio frequency applications greater than 10 GHz, for example
      in the range 12 --18 GHz.
PAR  More particularly, the subject invention relates to a 90.degree. radio
      frequency coaxial connector having improved radio frequency performance
      that is achieved by using an air filled dielectric, a smooth radio
      transition of the outer conductor at the 90.degree. bend, and a preformed
      smooth radio transition at the center conductor. A matched characteristic
      impedance section throughout the 90.degree. transition is achieved by
      maintaining constant diameter ratios between the inner and outer
      conductors. The inner conductor is preformed before assembly thus
      maintaining the heat treated spring properties required for connector
      interfaces requiring spring member female inner conductors. The subject
      design also employs non-heat treated inner conductors for interfaces
      requiring male pin inner conductors. The use of heat treated elements
      facilitates the manufacture and accordingly reduces the cost of
      manufacture of the subject connector.
PAR  In order to maintain constant inner and outer diameter ratios, thus
      maintaining a matched characteristic impedance, the outer diameter of the
      inner conductor is held concentric with the inner diameter of the outer
      conductor by means of dielectric supports disposed in recesses at the ends
      of the outer conductor. The use of an air dielectric allows for a constant
      dielectric constant to maintain the matched characteristic impedance which
      may otherwise be distorted when employing solid material dielectrics. The
      inner face of the subject connector may be of varying configurations and
      the back end thereof may accept a cable or a panel, according to the
      specific application.
PAC  SUMMARY
PAR  The present invention uses an air space around the bend portion of the
      connector to act as an insulator and dielectric, the radius of the air
      space being so proportioned to the radius of the solid insulator that the
      impedance of the line remains the same.
PAR  The invention includes an angular connector in a concentric line system,
      having a central conductor, an annular sleeve of insulation surrounding
      the central conductor, and an outer conductive sheath surrounding the
      insulation sleeve. A solid material such as polytetrafluoroethylene* is
      used for all linear sections of the line and an air space is used between
      the outer sheath and the central conductor for all angular turns. The
      radial thickness of the solid dielectric 14 is 1.413 times the radial
      thickness of the air space 12 for retaining a constant line impedance in
      all portions of the line and eliminating voltage standing reflections.
PAR  Additional details of the invention will be disclosed in the following
      description, taken in connection with the accompanying drawings.
FNT  *Sold under trademark "Teflon" of Dupont
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PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a cross sectional view, taken along a median plane, of the
      angular section of the concentric line;
PAR  FIG. 2 is a cross sectional view of the connector shown in FIG. 1 and is
      taken along line 2 --2 of that figure;
PAR  FIG. 3 is a cross sectional view of an alternate form of the invention
      employing a spring clip connector means; and
PAR  FIG. 4 is a graph of several curves of frequency versus VSWR for several
      right angle connectors including the subject angular coaxial connector.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, the right angle connector includes a
      central conductor 10 which may be solid or formed from a tube as shown. At
      its ends the conductor 10 is secured in place by solid insulator sleeves
      11 but around the curved portion of the central conductor, an annular air
      space 12 is provided. An outer sheath 13 of conductive material is
      provided for forming the return path of the ultra-high frequency currents.
      The sheath 13 is usually grounded.
PAR  In order to securely position the curved conductor 10 in its desired
      position, a recess 14 is formed in each end of the outer sheath and the
      ends of the solid dielectric 11 firmly seated in each. It is evident from
      the drawing (FIG. 1) that the solid dielectric is larger in diameter than
      the air space. The ratios of the radial thicknesses of the air space to
      the solid dielectric is quite important since this ratio defines the
      ratios of the electric impedance values of the two line portions. By
      calculation and experiment, it has been found that for one embodiment of
      the invention, the ratio of diameters for a Teflon dielectric is 3.25,
      that is, the diameter of the Teflon dielectric 11 should be 3.25 times the
      diameter of the inner conductor. When air is used as the dielectric ratio
      of diameters is 2.3. These coefficients apply to 50 ohm lines only.
PAR  The ohmic impedance of any concentric line may be expressed:
      ##EQU1##
      where z = the ohmic impedance of the line,
PA1  k = the dielectric constant of the insulator, (k = 2.1 for Teflon and 1 for
      air) and
PA1  x = the ratio of the radii of the conductors, outer to inner.
PAL  In order to make the impedances of the air and Teflon sections equal, and
      thereby eliminate reflection losses, it is evident that
      ##EQU2##
EQU  or X.sub.t = X.sub.a.sup.1.45,
PAL  that is, the ratios of the inner and outer conductor radii for a Teflon
      insulated line must be equal to the same ratio for air raised to the 1.45
      power (the square root of k).
PAR  The outer conductor 13 or sheath is made of a conductive non-magnetic
      material, preferably of beryllium copper. The preferred material for the
      inner conductor is made of one piece, and is also made of beryllium
      copper.
PAR  It should be noted that the right angle connector, as illustrated in FIGS.
      1 and 2, is quite easy to fabricate. After the parts have been made by
      casting or bending, the inner conductor 10 is inserted into the hollow
      outer conductor 13, clamped into place by a jig holding one end, and the
      Teflon insulator 11 pressed into place at the other end. Then the second
      insulator is pressed into place and the connector is finished. Any type of
      connecting means can be used to connect the ends of the connector to the
      linear portions of the line.
PAR  The angular connector shown in FIG. 3 is similar to that shown in FIG. 1
      except that the central conductor 15 is solid and that the bend is
      terminated by a detachable connector means. The end of the central
      conductor is formed with a split section 16 for receiving a connecting pin
      17, connected to the inner conductor 10A of another section of the coaxial
      cable. The usual threaded clamping nut 18 screws onto a threaded portion
      20 when the parts are joined.
PAR  From the avove it is readily appreciated that applicant's invention
      provides a single, unitary construction including the preformed, heat
      treated inner spring conductor that is of importance with respect to
      meeting military requirements for withstanding repeated bending or fatigue
      loading. The single unitary construction is of particular importance also
      since it is used specially in the UHF to EHF range, i.e., the microwave
      region, the GHZ range. Unitary construction is important because any
      discontinuity will cause reflections, increasing the VSWR, distorting the
      signal, and increasing noise on the line.
PAR  As an example of the utility of the subject invention, tabulated below is a
      computer read-out of a 50 ohm test coaxial connector made according to the
      subject invention. Column 1 lists the frequency in MHZ of the signal
      provided to the specimen connector, while the second column lists the VSWR
      for each frequency signal. As is readily apparent, the optimum ratio is 1,
      and from the test data prepared, the VSWR varies over the relatively
      insignificant range of 1.013 to 1.121 for a frequency range from 2 through
      18 GHZ. The significance of this data will be further appreciated from a
      review of FIG. 4 as fully discussed below.
PAR  Column 3 sets forth the reflection magnitude for signal-to-noise ratio,
      while Column 4 lists the phase displacement of the signal, and Column 6
      lists the impedance measurements. The computor read-out is as follows:
TBL  FREQ MHZ  VSWR     REFL-MAG  ANGLE DEG                                    
                                           R-OHMS                              
     ______________________________________                                    
     2000.000  1.013    .007      -65.739  50.195                              
     2250.000  1.016    .008      -103.826 49.805                              
     2500.000  1.021    .010      -139.858 49.219                              
     2750.000  1.022    .011      -147.641 49.023                              
     3000.000  1.036    .018      -152.129 48.438                              
     3250.000  1.049    .024      -173.367 47.705                              
     3500.000  1.052    .025      171.153  47.510                              
     3750.000  1.056    .027      163.220  47.461                              
     4000.000  1.057    .028      157.005  47.510                              
     4250.000  1.063    .030      153.564  47.314                              
     4500.000  1.077    .037      145.839  46.973                              
     4750.000  1.088    .042      133.449  47.070                              
     5000.000  1.087    .042      123.762  47.607                              
     5250.000  1.085    .041      121.806  47.803                              
     5500.000  1.090    .043      117.588  47.949                              
     5700.000  1.093    .045      113.580  48.096                              
     6000.000  1.098    .047      107.786  48.389                              
     6250.000  1.101    .048      102.138  48.828                              
     6500.000  1.103    .049      96.921   49.170                              
     6750.000  1.105    .050      92.955   49.512                              
     7000.000  1.105    .050      88.054   49.951                              
     7250.000  1.101    .048      84.674   50.195                              
     7500.000  1.099    .047      87.606   49.951                              
     7750.000  1.105    .050      88.103   49.951                              
     8000.000  1.109    .052      84.532   50.293                              
     8250.000  1.105    .050      81.063   50.586                              
     8500.000  1.107    .051      79.465   50.684                              
     8750.000  1.104    .050      79.657   50.684                              
     9000.000  1.108    .051      79.983   50.684                              
     9258.000  1.113    .054      77.372   50.879                              
     9500.000  1.111    .053      75.254   51.074                              
     9750.000  1.108    .051      74.540   50.684                              
     10000.000 1.109    .052      75.684   51.074                              
     10250.000 1.114    .054      76.734   50.977                              
     10500.000 1.119    .056      73.271   51.367                              
     10750.000 1.116    .055      67.907   51.855                              
     11000.000 1.111    .053      66.504   51.855                              
     11250.000 1.108    .051      67.490   51.758                              
     11500.000 1.114    .054      69.650   51.660                              
     11750.000 1.121    .057      68.568   51.855                              
     12000.000 1.121    .057      64.506   52.246                              
     12250.000 1.112    .053      62.140   52.344                              
     12400.000 1.103    .049      61.429   52.246                              
     13500.000 1.103    .049      60.848   52.246                              
     13750.000 1.101    .048      61.262   52.246                              
     14000.000 1.097    .046      57.858   52.344                              
     14250.000 1.090    .043      55.114   52.441                              
     14500.000 1.086    .041      55.579   52.246                              
     14750.000 1.086    .041      57.643   52.148                              
     15000.000 1.086    .041      59.891   52.051                              
     15250.000 1.081    .039      65.171   51.465                              
     15500.000 1.079    .038      74.712   50.879                              
     15700.000 1.075    .036      81.284   50.391                              
     16000.000 1.077    .037      87.971   50.000                              
     16250.000 1.086    .041      85.371   50.195                              
     16500.000 1.091    .043      82.585   50.391                              
     16750.000 1.102    .048      86.955   50.000                              
     17000.000 1.120    .057      84.358   50.293                              
     17250.000 1.110    .052      84.732   50.195                              
     17500.000 1.101    .048      94.004   49.414                              
     17750.000 1.101    .048      105.630  48.486                              
     17999.988 1.113    .054      114.668  47.607                              
     ______________________________________                                    
PAR  Referring now to FIG. 4, there is illustrated a graph of the test results
      of three angular connectors to which a variable high frequency signal was
      applied, with measurements being made at incremental frequencies of the
      voltage standing wave ratio. Curve "A" is for a conventional right angle
      connector of the type wherein two straight contacts are soldered together.
      As accordingly shown in FIG. 4, with the increase in frequency from 2
      through 18 GHZ, the VSWR increases from approximately 1.1 to over 2.0.
      Curve "B" represents the test data obtained from a right angle connector
      made according to U.S. Pat. No. 3,528,052, as mentioned above. Because of
      the construction of such connector in that portions of the plating apply
      to the conductive material covering the dielectric surrounding the central
      conductor, the frequency range and capability of this connector is limited
      to an upper limit of approximately 12 GHZ. Accordingly, although the
      connector measured in the curve "B" has a variation of its VSWR of 1  to
      approximately 1.172, it is limited in its operational frequency range to
      approximately 12 GHZ. As is readily apparent for ultra high frequency
      applications, such as in satellite communication systems and the like,
      this limitation of frequency operational range limits the use of such
      connectors. On the other hand, referring to Curve "C" which represents the
      test data obtained from the testing of an angular coaxial connector made
      in accordance with the subject invention, it is seen that, although the
      frequency range extends from 2 through 18 GHZ, the VSWR is relatively
      flat, and in fact, ranges from 1.013 to 1.121, with the exact readings
      being set forth above in the tabulated computer reader. Accordingly, there
      is provided a new and improved angular coaxial connector that is
      particularly adapted for use in the UHF and EHF range, i.e., the microwave
      region, the GHZ frequency range. As illustrated in the drawings, and as
      described above, the specific construction of the subject angular coaxial
      cable includes an outer tubular sheath as is made of a conductive material
      and includes annular recessed portions disposed adjacent each end thereof.
      With reference to FIG. 1, the angular coaxial connector may be designed
      such that the tubular sheath 13 includes linear end portions, and an
      intermediate angular portion. Solid insulator materials are disposed in
      each annular recess and the central conductor extends concentrically
      through the solid insulators and the angular tubular air space within the
      tubular sheath within the insulators. The radial frequency performance of
      the subject connector is improved by using the air-filled dielectric, a
      smooth radial transition of the outer conductor at the 90.degree. bend,
      and the preformed smooth radial transition at the central conductor.
PAR  Although the invention has been described with reference to a particular
      embodiment, it is apparent that modifications and adaptations thereof may
      be readily apparent to those skilled in the art, and hence the scope of
      the invention should be limited only by the following appended claims.
CLMS
STM  The embodiments of the invention in which an excluse property or privlege
      is claimed are defined as follows:
NUM  1.
PAR  1. A coaxial connector, extending 90.degree. along a circular arc, for high
      frequency applications comprising: an outer tubular sheath extending
      90.degree. along a circular arc and made of a conductive material having
      an inner surface defining a space for an air dielectric, said tubular
      sheath including annular recessed portions disposed adjacent each end
      thereof, said annular recesses being in the internal surface of the
      tubular sheath; a cylindrical solid insulator material disposed in each
      annular recess; and a central conductor extending 90.degree. along a
      circular arc and concentrically through said solid insulators and the
      tubular air space within said sheath between said insulators; the radial
      thicknesses of the solid insulator materials and the radial thickness of
      the air space in combination with their dielectric constants providing a
      constant ohmic impedance in all portions of the line.
NUM  2.
PAR  2. An angular coaxial connector as in claim 1 wherein the central
      conductor, the insulator material, and the inner surface of the outer
      tubular sheath are all of circular cross sections.
NUM  3.
PAR  3. An angular coaxial connector as in claim 1 wherein the solid insulator
      material is polytetrafluorethylene.
NUM  4.
PAR  4. An angular coaxial connector as in claim 1 wherein the central conductor
      is preformed prior to final assembly.
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ABST
PAL  A digital tuning device for accurate selectable tuning of a resonant
      circuit. The inductive and capacitive elements of the resonant circuit are
      connected by a transformer device whose turns ratio is variable in
      accurate digital increments. Since the reflected reactance is related to
      the square of the turns ratio and since the resonant frequency varies as
      the inverse square root of the reactance, the resonant frequency of the
      circuit is directly related to the turns ratio.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a tuning device and more particularly and
      accurately selectable tuning device for many applications including radio
      receivers, filters, oscillators, etc.
PAC  BACKGROUND OF THE INVENTION
PAR  In many radio receiver applications it is important to be able to
      accurately tune a resonant circuit without relying on a signal strength as
      an indication of the tuning accuracy. This capability is particularly
      important in such applications as automatic direction finders for
      aircraft.
PAR  For navigational purposes many areas have a plurality of radio transmitting
      homing beacons located at known points and transmitting at predetermined
      frequencies. Each of these stations in any particular locality operates at
      a different frequency. A pilot, in navigating his aircraft may well wish
      to set his direction finder to the frequency of a beacon he is
      approaching. However, this act may occur at a time when the received
      signal is very weak or is not received at all. Furthermore, navigating an
      aircraft is a very demanding task and the pilot normally has many other
      duties to see to, other than refining the tuning of his direction finder.
PAR  For these and other reasons a desirable goal has been to provide an
      accurate tuning device which is accurately tunable to selectable different
      frequencies in the presence of a weak signal or no signal at all. A number
      of prior art tuners have been arranged to vary the tuning frequency in
      digital increments, and this is found to be quite useful and appropriate.
PAR  As reported by Ertman, in U.S. Pat. No. 3,244,983, conventional analog-type
      tuning with ganged tuning condensers in the RF and local oscillators
      cannot select, for example, a 1 kc signal in a 30 megacycle range. Tuning
      dials and condensers cannot be calibrated to accurately obtain such
      resolution even if the dials could be read by the operator.
PAR  Although the drawbacks in ganged tuning condensers are well known the
      solutions offered by Ertman in the afore-mentioned patent and by Bean in
      his U.S. Pat. No. 3,681,707 are exceedingly complex and thus expensive.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a simple and reliable tuning circuit which
      is capable of accurate selectable frequency control in digital increments
      and at the same time is simple and inexpensive.
PAR  The present invention contemplates a resonant circuit comprising an
      inductance and a capacitance which are connected together by means of a
      transformer device. The transformer device is a conventional ratio
      transformer which is so arranged that the output is related to the input
      by a selectable turns ratio with achievable accuracies to better than one
      part per million. With the components of the resonant circuit
      interconnected by the ratio transformer, one can consider either the
      reflected capacitance or reflected inductance which is related to the
      actual capacitance or inductance by the square of turns ratio. Since the
      resonant frequency of such a circuit is inversely proportional to the
      square root of the product of the inductance and capacitance, it is quite
      apparent that in the inventive circuit the resonant frequency is directly
      proportional to the turns ratio. Since the ratio transformer
      conventionally has a selectable variable turns ratio, with the
      afore-mentioned accuracies, the simple combination of an inductor,
      capacitor and a ratio transformer provides an accurate selectable resonant
      frequency for the circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments of the present invention will be described with
      reference to the accompanying drawings in which like reference characters
      identify identical apparatus and in which:
PAR  FIG. 1 is a schematic representation of a conventional ratio transformer;
PAR  FIG. 2 is a part schematic and part plan view of a conventional ratio
      transformer whose turns ratio is accurately selectable in digital
      increments;
PAR  FIG. 3 illustrates a parallel tuned circuit in accordance with the
      teachings of this invention, and
PAR  FIG. 4 illustrates a series tuned circuit in accordance with the teachings
      of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Before describing the present invention it will be worthwhile to review the
      characteristics of the ratio transformer as a basis for the description
      which follows.
PAR  FIG. 1 illustrates a simple circuit including a ratio transformer. The
      ratio transformer comprises a core 10 of magnetic material and a winding
      W.sub.1 connected between terminals 12 and 13. An intermediate terminal 14
      is brought out for purposes of connection. Those with ordinary skill in
      the art will realize that a plurality of intermediate terminals may be
      brought out for selective connection to, in effect, vary the turns ratio.
      Connected across terminals 12 and 13 is a source of alternating current
      15.
PAR  The alternating current source 15 produces a current which flows through
      the winding connected to the terminals 12 and 13. This current induces a
      magnetic field. If the permeability of the core 10 were infinite all the
      magnetic flux would be contained within the magnetic material. There would
      be no leakage flux. Then, the voltage across any portion of the winding
      connected between terminals 14 and 13 would exactly equal the input
      voltage, that is the voltage across the terminals 12 and 13 multiplied by
      the turns ratio. The turns ratio is defined as the ratio between the
      number of turns between terminals 14 and 13 with respect to the number of
      turns between terminals 12 and 13. Since there is no leakage flux there
      will be no fractional turns. Thus, since there always are an integral
      number of turns it is a simple matter of counting turns to determine
      precise turns ratios.
PAR  Since a material of infinite permeability is not physically realizable any
      "real" transformer will exhibit some turns ratio error due to leakage
      flux. But many conventional magnetic materials have permeabilities much
      larger than that of air. And thus, by far the largest proportion of flux
      is contained in the magnetic material.
PAR  In addition, by making the geometry of the magnetic circuit toroidal,
      further reductions in leakage flux will be obtained. In a practical
      realizable ratio transformer, the total flux is so nearly confined to the
      magnetic core that ratio accuracies better than one part per million are
      readily achievable. The ratio transformer is thus inherently accurate
      without any necessity for great care in electrical assembly.
PAR  FIG. 2 illustrates a practical ratio transformer which is capable of
      achieving any turns ratio between 0 and 1.09 in one percent steps. In FIG.
      2 a core of magnetic material 10 has two windings thereon. A first winding
      W.sub.2 is connected between output terminals 12 and 13. This winding has
      a plurality of taps available for external connection; in the illustrated
      embodiment 11 taps 20-30 are available. By spacing each tap from another
      by a number of turns equal to 10% of the total number of turns between the
      terminals 12 and 13 a digitally selectable turns ratio is provided. Thus,
      for instance, the number of windings between terminals 20 and 21 is 10% of
      the number of windings between terminals 12 and 13. Thus, if contact 18 is
      connected to tap 26, for instance, the number of turns between contact 18
      and terminal 13 will be 60% of the number of turns in the total windings.
PAR  A second winding W.sub.3 is contained in the transformer with a second
      plurality of taps available for external connection. These taps, 40
      through 49, each have an equal number of turns therebetween. However, the
      number of turns between taps of winding W.sub.3 is only 10% of the number
      of turns between taps of winding W.sub.2. By connecting tap 18 to tap 40
      and connecting contact 25 to an input terminal 50, and connecting another
      input terminal 51 to terminal 13, a transformer is provided wherein the
      turns ratio is accurately settable in one percent increments from 0 to
      1.09.
PAR  The transformer of FIG. 2 can be used in the present invention to provide a
      resonant circuit that has a resonant frequency which is accurately
      settable as shown in FIG. 3.
PAR  FIG. 3 illustrates a circuit of the present invention wherein the
      transformer 55 may be that shown in FIG. 2. An inductor 52 is connected
      between terminals 60 and 61. The input terminals 50-51 are connected
      across the inductor 52. Connected between output terminals 12 and 13 is a
      capacitor 53.
PAR  The resonant frequency of an LC circuit is given by the expression:
      ##EQU1##
PAR  The resonant frequency thus varies inversely as the square root of the
      product of the inductance and the capacitance.
PAR  Transformer theory teaches that impedances are transformed in accordance
      with the square of the turns ratio, provided there is no leakage flux.
      This principle, together with the condition for resonance expressed by
      equation (1) allows for the accurate selectable tuning of the LC resonant
      circuit of FIG. 3 by varying the transformation ratio of the transformer.
      The capacitive reactance reflected from one winding to another in the
      transformer is related to the actual capacitance of capacitor 53 by the
      square of the turns ratio. Thus C.sup.1 = C/N.sup.2, where C.sup.1 is the
      reflected capacitance. Substituting this reflected capacitance in our
      equation for the resonant frequency gives us equation (2) as follows:
      ##EQU2##
      Thus, the resonant frequency of the circuit varies directly as the turns
      ratio.
PAR  As has been explained with reference to FIG. 2, the turns ratio is easily
      and accurately varied by merely repositioning the taps 18 and 25.
PAR  The two windings of the ratio transformer 55, illustrated in FIG. 2,
      provide for any turns ratio N, 0&lt;N&lt;1.09 in increments of 0.01N. It is
      within the scope of the present invention to cascade a number of ratio
      transformers in order to achieve even more finely selectable turns ratios.
      Further cascading transformers allows for more accuracy in selecting a
      particular turns ratio.
PAR  Furthermore, although FIG. 3 illustrated the tuned circuit with the
      capacitor 53 separated from the terminals 60-61 by the ratio transformer
      55, it is within the scope of the present invention to interchange the
      relative positions of the inductor 52 and capacitor 53 in the circuit,
      i.e., to connect terminal 60-61 across capacitor 53. Although FIG. 3
      illustrates a parallel type resonant circuit, those with ordinary skill in
      the art will understand that series tuned circuits may be used in the
      present invention as is illustrated in FIG. 4.
PAR  Since the transformer shown in FIG. 2 has two distinct windings, it is
      capable of achieving a turns ratio in 0.01N increments so that two place
      accuracy in a turns ratio is achievable. On the other hand, if single
      place accuracy is sufficient, the single winding of FIG. 1 will be
      sufficient. That figure illustrates a transformer whose turns ratio may be
      selectable in 0.1N increments provided the necessary terminals are
      available. It should also be apparent that the incremental steps between
      different selectable turns ratios is capable of wide variation, depending
      only on the number of turns between taps as compared to the total number
      of turns in the winding.
PAR  The foregoing description further discloses a discrete inductor and
      capacitor as being employed in the inventive circuit. However, it may be
      understood that, depending on the parameters of the transformer and the
      desired resonant frequency, parasitic effects of the transformer, such as
      the magnetizing inductance and stray capacitance, may supply some or all
      of the inductance and/or capacitance necessary for the circuit operation.
      To that extent the inductance or capacitance effect required by discrete
      devices may be reduced or eliminated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A resonant circuit with a resonant frequency which is accurately
      selectable in digital increments corresponding to digital increments of a
      turns ratio of a transformer means included in said resonant circuit, said
      resonant circuit comprising,
PA1  inductive means,
PA1  capacitive means,
PA1  transformer means with input and output terminals said output terminals
      having a fixed number of windings therebetween said transformer means
      having accurately selectable turns ratio in digital increments,
PAR  said capacitive means connected to said output terminals of said
      transformer means and said inductive means connected to said input
      terminals,
PA1  whereby said circuit resonants at a frequency which is directly
      proportional to said turns ratio and variations in said turns ratio
      produce directly proportional variations in said resonant frequency.
NUM  2.
PAR  2. The circuit of claim 1 wherein said transformer means comprises a single
      winding with a plurality of taps having equal numbers of turns between
      different of said taps.
NUM  3.
PAR  3. The circuit of claim 2 wherein said output terminals comprise a pair of
      terminals, each connected to extreme ends of said winding and said input
      terminals comprise a pair of terminals, one connected to a selected one of
      said taps and another connected to one of said output terminals.
NUM  4.
PAR  4. The circuit of claim 1 which is parallel tuned.
NUM  5.
PAR  5. The circuit of claim 1 which is series tuned.
NUM  6.
PAR  6. The circuit of claim 1 in which said transformer means includes at least
      two windings, each of said windings having a plurality of taps, said first
      winding having a first equal number of turns between each of said taps,
      said second winding having a second equal number of windings between each
      of said taps, the ratio of said first and second equal numbers being an
      integer, a tap of said first winding connected to said second winding.
NUM  7.
PAR  7. The circuit of claim 6 in which said output terminals comprise two
      terminals each connected to one extreme end of said first winding,
PA1  said tap of said first winding connected to one extreme end of said second
      winding,
PA1  one said input terminal connected to one of said output terminals, said
      other input terminal connected to one of said taps of said second winding.
NUM  8.
PAR  8. The circuit of claim 6 which is parallel tuned.
NUM  9.
PAR  9. The circuit of claim 6 which is series tuned.
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ABST
PAL  Current limiting circuit breaker having for each pole, a pair of main
      contacts separable upon operation of a thermally and electromagnetically
      operable tripping device and a pair of auxiliary contacts for current
      limiting in series with the main contacts and in parallel with a
      transformable resistor having a positive temperature coefficient of
      resistance. The auxiliary contacts are separable when an electromagnet is
      energized by a fault current which simultaneously energizes a field magnet
      to produce a transverse magnetic field across the auxiliary contacts and
      the arc formed between them when separating. This simultaneous action of
      electromagnet and field magnet coacting for rapid contact separation and
      lengthening of the arc upon flow of a fault current serves to increase arc
      voltage almost instantaneously to that of the source, about which time the
      fault current is totally shunted into the resistor. A conductor system is
      associated with the electromagnet which includes two conductor turns, the
      first being connected in parallel with the auxiliary contacts and the
      second being connected in series with the auxiliary contacts and with the
      other conductor turn. The second produces magnetic flux in the magnet core
      when a fault current appears and while the auxiliary contacts are closed.
      The first and second conductor turns together continue to produce magnetic
      flux in the magnet core after the auxiliary contacts have opened to hold
      them apart and prevent contact welding.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Before the present invention, a commercially practical current limiting
      circuit breaker suitable for use in low voltage power distribution systems
      of about 600 volts or less had been sought by the power distribution and
      control industry for over 30 years. Various, sometimes conflicting
      requirements have to be met. For example, a commercially practical current
      limiting circuit breaker (a) must be repetitively operable at its maximum
      short circuit interrupting rating without repair or replacement of parts
      (This requirement precludes the use of fuses, fused switches, or fused
      circuit breakers for achieving current limiting.); (b) must not have a
      temperature rise at the terminals of more than 50.degree. Centigrade at
      rated steady state current to meet appropriate standards of safety and
      performance established for circuit breakers used in power distribution
      systems of 600 volts or less (This requirement precludes the use of a
      large built-in resistance to limit current.); (c) must have a design
      applicable to a wide range of steady state current ratings, from a few
      amperes to hundreds of amperes; (d) must have current limiting
      capabilities competitive with those of the best available other current
      limiting devices including fuses (This requires that the device will
      operate in a fraction of a millisecond when the available short circuit
      current is 100,000 amperes or more.); (e) must be compact enough to fit
      into existing circuit breaker panelboards (This requires that the ratio of
      interrupting rating to volume be equal to or greater than that for any
      prior circuit breaker.); (f) must use non-toxic, non-hazardous materials;
      (g) must have a response time which decreases proportionately as much as
      or faster than available short circuit current is increased; (h) must be
      economically competitive with present circuit protective devices; and (i)
      must function without inducing severe transient voltages. None of the
      prior current limiting circuit breakers meets all the above requirements.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a current limiting circuit breaker
      which meets all the above requirements.
PAR  Another object is to provide a current limiting circuit breaker including a
      pair of main contacts, electromagnetically and thermally operable tripping
      means for opening the pair of main contacts, a pair of auxiliary contacts
      for current limiting in series with the pair of main contacts,
      electromagnetically operable means for opening the pair of auxiliary
      contacts, a field magnet associated with the pair of auxiliary contacts,
      and a resistor connected in parallel with the pair of auxiliary contacts,
      the resistor having a positive temperature coefficient of resistance and
      the parallel circuit through the resistor including a pair of conductor
      turns associated with the field magnet.
PAR  A further object is to provide an improved, fast acting mechanism for
      opening the pair of auxiliary contacts of such a current limiting circuit
      breaker.
PAR  Still another object is to provide an improved conductor-turn arrangement
      for the electromagnetically operable means for opening the pair of
      auxiliary contacts of such a current limiting circuit breaker.
PAR  Yet another object is to provide an improved field magnet structure for the
      pair of auxiliary contacts of such a circuit limiting circuit breaker.
PAR  A still further object is to provide an improved electromagnetically and
      thermally operable tripping means for the pair of main contacts of such a
      current limiting circuit breaker.
PAR  Another object is to provide an improved movable contact blade mounting
      arrangement for the pair of main contacts of such a current limiting
      circuit breaker.
PAR  An additional object is to provide a current limiting circuit breaker
      having means to rapidly increase the voltage drop across the arc formed
      between the auxiliary contacts in the current limiting section to a value
      which equals the supply voltage of the source in substantially less than a
      quarter cycle and in about one millisecond of time, thus checking any
      further rise in current and almost simultaneously shunting the current
      through a current limiting resistor connected in parallel with the current
      limiting contacts. This section increases the power factor to near unity
      thereby enabling interruption of a potentially high fault current in less
      than one-quarter cycle of current.
PAR  An additional object is to provide a current limiting circuit breaker
      wherein means to rapidly increase arc voltage between auxiliary contacts
      to equal the voltage of the source includes electromagnetic means to
      rapidly separate and lengthen the gap between said contacts, first magnet
      means to simultaneously produce magnetic lines of force to rapidly move
      said contacts apart in divergent directions and to blow the arc between
      said contacts in a third direction away therefrom, causing an additional
      lengthening of the arc and cooling thereof, thus rapidly increasing arc
      resistance to raise the arc voltage to that of the source, until
      saturation said electromagnetic means being operative to increase speed of
      action proportional to the increase in value of the square of the through
      fault current, and likewise until saturation said field magnet means being
      operative to increase the speed of action also with the square of the
      increase in value of the through fault current.
PAR  An additional object is to provide a current limiting circuit breaker
      including means to prevent opening of the auxiliary contacts below a
      threshold fault current of a selected magnitude.
PAR  Other objects and advantages will become apparent when the following
      specification is considered along with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a three-pole current limiting
      circuit breaker constructed in accordance with the invention, taken
      generally along the line 1--1 of FIG. 2 and showing a center pole thereof
      with parts in an ON position;
PAR  FIG. 2 is a cross sectional view of the current limiting circuit breaker of
      FIG. 1, taken generally along the line 2--2 of FIG. 1;
PAR  FIGS. 3, 4, 5, and 6 are enlarged perspective, top, side, and outer end
      views, respectively, of a line terminal and stationary contact support
      assembly of any one of the poles of the current limiting circuit breaker
      of FIG. 1;
PAR  FIG. 7 is an enlarged end view of an operating mechanism in the center pole
      of the current limiting circuit breaker of FIG. 1, with portions broken
      away and the parts being shown in TRIPPED position;
PAR  FIG. 8 is a side view of the operating mechanism of FIG. 7, with portions
      broken away;
PAR  FIG. 9 is an enlarged cross sectional view through a blade cross bar of the
      current limiting circuit breaker of FIG. 1, taken between two blades;
PAR  FIG. 10 is an enlarged cross sectional view similar to FIG. 9, but taken at
      a blade of the center pole;
PAR  FIG. 11 is an enlarged fragmentary longitudinal view of a thermally
      actuated common trip bar and a fragmentary edge view of an associated
      thermal trip lever of the current limiting circuit breaker of FIG. 1;
PAR  FIG. 12 is an actual size cross sectional view of the thermally actuated
      common trip bar taken substantially along the line 12--12 of FIG. 11 and a
      side view of the associated thermal trip lever;
PAR  FIGS. 13, 14, 15, and 16 are perspective, left end, side, and right end
      views, respectively, of an assembly of electrical conductors associated
      with an electromagnet in a current limiting portion of any one of the
      poles of the current limiting circuit breaker of FIG. 1, portions being
      broken away or omitted in FIGS. 14, 15, and 16.
PAR  FIGS. 17, 18, and 19 are perspective, side, and end views, respectively, of
      an electromagnet and contact blade assembly of any one of the poles of the
      current limiting circuit breaker of FIG. 1, the electromagnet being
      associated with the conductor assembly of FIGS. 14-16 and having portions
      broken away in FIGS. 18 and 19;
PAR  FIG. 20 is a plan view of an unfinished current limiting resistor for any
      one of the poles of the current limiting circuit breaker of FIG. 1, the
      unfinished resistor including end portions to be cut off after
      electroplating;
PAR  FIG. 21 is a plan view of the end portion of the resistor within the dotted
      enclosure 21 of FIG. 20, the broken line portion in FIG. 21 indicating a
      portion which is cut away after electroplating;
PAR  FIG. 22 is an edge view of the resistor end portion;
PAR  FIGS. 23, 24, and 25 are perspective, end, and side views, respectively, of
      a field magnet assembly of any one of the poles of the current limiting
      circuit breaker of FIG. 1;
PAR  FIGS. 26, 27, 28, and 29 are perspective, top, inner end, and side views,
      respectively, of an electrical conductor and load terminal assembly of any
      one of the poles of the current limiting circuit breaker of FIG. 1;
PAR  FIGS. 30 and 31 are perspective and front views, respectively, of an arc
      chute adjacent the load terminal assembly of any one of the poles of the
      current limiting circuit breaker of FIG. 1;
PAR  FIG. 32 is a sectional view taken generally along the line 32--32 of FIG.
      31;
PAR  FIG. 33 is a perspective view of one of the arc plates in the arc chute of
      FIGS. 30-32; and
PAR  FIG. 34 is a longitudinal sectional view of the current limiting circuit
      breaker of FIG. 1, taken generally along the line 34--34 of FIG. 2 and
      showing an outer pole thereof with parts in an ON position.
PAR  FIG. 35 is a schematic drawing illustrating the current path from line to
      load through the circuit breaker.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With reference to the drawings, a three-pole current limiting circuit
      breaker 40 constructed in accordance with the invention is shown in FIGS.
      1, 2, and 34. The circuit breaker 40 includes a molded case comprising a
      molded base 41 and a complementary molded cover 42 each having a pair of
      outer side walls and a pair of spaced intermediate walls to provide three
      compartments 44, 45, and 46 (FIG. 2). The structure of a center pole of
      the circuit breaker 40 disposed in the center compartment 45 is shown in
      FIG. 1.
PAR  A line terminal and stationary contact assembly 48 is shown adjacent the
      left end of FIG. 1. The assembly 48 is better shown in FIGS. 3-6 and
      includes a terminal member 49 and a stationary contact mounting member 50
      pivotally connected by a pin 51 and electrically interconnected by a
      braided wire cable 52. The terminal member 49 has a bight portion 49a and
      a pair of spaced leg portions 49b and 49c as a first U-shaped portion, the
      leg portions 49b and 49c merging respectively with a pair of spaced
      extending leg portions 49d and 49e of a second U-shaped portion having a
      split bight portion formed by two tabs 49f and 49g extending respectively
      from the leg portions 49d and 49e. A mounting tab 49h having an aperture
      49i extending therethrough projects at right angles from the bight portion
      49a oppositely from the leg portions 49b and 49c.
PAR  The member 50 has a bight portion 50a and a pair of spaced leg portions 50b
      and 50c as a first U-shaped portion, the leg portions 50b and 50c
      respectively having laterally extending ears 50d and 50e, a leg portion
      50f of a second U-shaped portion extending from the bight portion 50a to a
      bight portion 50g, and a leg portion 50h opposite the leg portion 50f. The
      leg portions 49d and 49e and the ears 50d and 50e are apertured to receive
      the pin 51. The cable 52 has one end welded to the tab 49f, one end welded
      to the tab 49g, and a central portion welded to the bight portion 50a. A
      stationary main contact 53 and an arcing contact 54 are secured to the leg
      portion 50h in abutting relationship to each other. The leg portion 50f is
      provided with a threaded aperture 50i for receiving a retaining screw 56
      (FIG. 1) for a contact pressure spring 57.
PAR  An internally threaded sleeve 58 is staked to the mounting tab 49h at the
      aperture 49i and disposed in an apertured mounting pad portion 41a of the
      base 41. A screw 59 threaded into the sleeve 48 secures an apertured
      connector body 60 to the tab 49h. The connector body 60 has suitable wire
      or cable receiving holes and is provided with an internally threaded hole
      for receiving a clamping screw 61.
PAR  Similar terminal and stationary contact assemblies 48 are provided in the
      outer poles of the compartments 44 and 46.
PAR  A blade crossbar 63 extends transversely through the center compartment 45
      into the outer compartments 44 and 46. The intermediate walls of the base
      41 are slotted to receive the crossbar 63, but a bracket 64 (FIGS. 2 and
      34) secured to the base 41 in the compartment 44 and an oppositely formed
      bracket 55 (FIG. 2) secured to the base 41 in the compartment 46 are
      provided to support the crossbar 64 for pivotal movement. Three movable
      contact blades 67, one in each pole, are mounted directly in the crossbar
      63, which is made of molded plastic material and provided with a metallic
      reinforcing insert 68 (FIGS. 9 and 10). Tooling recesses such as recess
      63a and recess 63b (FIG. 9) are provided at appropriate places in the
      crossbar 63 to hold it while the blades 67 are being assembled therein.
      Each blade 67 is provided with a pair of shouldered portions 67a and 67b
      (FIG. 10) which abut the crossbar 63 and from which a tapered mounting
      tongue portion 67c extends through the crossbar 63 and through a retaining
      plate 69 staked thereto. A movable contact 70 is provided on each blade 67
      for engagement principally with an associated one of the main stationary
      contacts 53.
PAR  Operating mechanism for the crossbar 63 and blades 67 is disposed in the
      center compartment 45 (FIG. 1). Portions of the operating mechanism are
      best shown in FIGS. 7 and 8, and are there shown in a TRIPPED position.
      Two oppositely formed frame members 72 and 73 (FIGS. 2, 7 and 8) are
      secured to the base 41 and contoured as at 73a (FIG. 8) which together
      with brackets 64 and 66 support the crossbar 63 for pivotal movement. The
      frame member 73 is provided with an arm portion 73b (FIG. 7) extending
      toward the frame member 72 and having a bent mounting ear 73c at its free
      end. A pin 74 is mounted adjacent one end in the ear 73c and adjacent the
      other end in a corresponding mounting ear (not shown) of the frame member
      72. A releasably latchable cradle member or trip lever 76 is pivotally
      mounted adjacent one end on the pin 74. Two inner toggle links 78 and 79
      are pivotally mounted adjacent their inner ends respectively on opposite
      end portions of a pin 80 mounted in the blade 67 of the center pole. Two
      outer toggle links 82 and 83 are pivotally mounted adjacent their outer
      ends respectively on opposite end portions of a pin 84 mounted in the trip
      lever 76. The outer end portions of the links 78 and 79 and the inner end
      portions of the links 82 and 83 are pivotally interconnected by an
      elongated toggle pin 85, the inner end portions of the links 82 and 83
      being offset to straddle the outer end portions of the links 78 and 79.
PAR  A handle extension is formed by two handle plate members 86 and 87
      pivotally mounted respectively on a pair of pins 88 and 89 disposed
      respectively in the frame members 72 and 73. The handle plate members are
      joined by a pair of spring anchoring pins 91 and 92 and a reset pin 93.
      The toggle pin 85 has a pair of spring hook members 95 and 96 pivotally
      mounted thereon respectively adjacent opposite ends thereof. A tension
      spring 97 (FIG. 2) is secured at an outer end to the pin 91 and at an
      inner end (not shown) to the member 95 on one side of the toggle pin 85,
      and a tension spring 98 (FIG. 7) is secured at an outer end to the pin 92
      and at an inner end to the member 95 on the other side of the toggle pin
      85. Similarly, a tension spring 99 (FIGS. 2 and 8) is secured at an outer
      end to the pin 91 and at an inner end to the member 96 on one side of the
      toggle pin 85, and a tension spring 100 (FIGS. 7 and 8) is secured at an
      outer end to the pin 92 and at an inner end (not shown) to the member 96
      on the other side of the toggle pin 85. The springs 97, 98, 99 and 100
      maintain the toggle pin 85 in open-slotted inner ends of the outer toggle
      links 82 and 83.
PAR  A retaining clip 102 is secured to the arm portion 73b of the frame member
      73 and to the corresponding arm portion (not shown) of the frame member 72
      for holding shock absorbing material 103 (FIG. 8) for the blade 67 of the
      center pole at the end of the opening movement.
PAR  The frame member 73 includes an arm portion 73d (FIG. 8) having a
      semicircular recess 73e therein. The frame member 72 is similarly formed.
      A thermally actuated common trip bar 105 (FIGS. 1, 2, 11, 12, and 34) is
      pivotally mounted in the frame member 73 at the recess 73e and in the
      frame member 72 at a similar recess in an arm portion 72d (FIG. 2) of the
      frame member 72. A generally L-shaped thermal trip lever 106 best shown in
      FIG. 12 is provided with an aperture 106a by which it is pivotally mounted
      on a pin 107 (FIGS. 1, 2, 7 and 8) having opposite end portions disposed
      respectively in the frame members 72 and 73. A pin 108 (FIG. 8) having an
      enlarged head portion 108a (FIG. 7) is received in an aperture 106b (FIG.
      12) of the thermal trip lever 106 and mounted in the frame member 72 to
      limit pivotal movement of the trip lever 106 and prevent movement thereof
      axially along the pin 107.
PAR  A molded plastic operating handle 110 (FIGS. 1 and 2) extends through an
      aperture in the cover 42 and is recessed in an enlarged inner end portion
      to receive the pins 91 and 92 and the outer end portions of the handle
      plate members 86 and 87.
PAR  Each of the outer two poles is provided with a pin 107 (FIGS. 2 and 34)
      identical to the pin 107 of the center pole but having one end portion
      mounted in an appropriate groove in an outer wall portion of the base 41
      and an opposite end portion mounted in a respective one of the brackets 64
      and 66. Each of the three pins 107 has a magnetic core holder 111 and an
      armature plate 112 pivotally mounted thereon. Each holder 111 carries a
      generally U-shaped magnetic core 113 having opposite leg portions secured
      respectively to spaced opposite side portions of the holder. As viewed in
      FIGS. 1 and 34, each side portion (only one being visible) of the holder
      111 is generally in the shape of an inverted "Y" having one leg pivotally
      mounted on the pin 107 and the other leg connected to a corresponding leg
      of the other side portion by a rear plate portion having an air gap
      adjusting screw 115 threaded therein. Each screw 115 extends through a
      rear wall portion of the base 41 and has a compression spring 116 mounted
      thereon. Turning of a screw 115 adjusts the air gap between the free ends
      of the leg portions of the respective magnetic core 113 and armature plate
      112.
PAR  Each of the armature plates 112 is provided with a pair of opposite
      bent-over ears 112a, each ear 112a being spaced inwardly of a side portion
      of the respective magnetic core holder 111 and having an opening aligned
      with that of the opposite ear for receiving the respective pin 107. As
      shown in FIG. 2, a right-hand side portion of each holder 111 is outwardly
      offset at the portion mounted on the respective pin 107, and a right-hand
      ear of each of the armature plates 112 is similarly offset so as to be
      hidden by the holder 111. Thus, only the left-hand ear 112a of each
      armature plate 112 is visible in FIG. 2. A free end portion of each
      armature plate 112 is secured by a pair of rivets 117 (FIG. 2) to a common
      trip bar 118 of molded plastic extending through the center compartment 45
      into the outer compartments 44 and 46. The armature plate 112 of the
      center pole is apertured to receive a free end portion of the trip lever
      76 and thereby releasably latch the trip lever, as shown in FIG. 1. The
      three armature plates 112 and the common trip bar 118 are biased toward
      latching position for the trip lever 76 by a pair of tension springs 120
      (FIGS. 2 and 34) disposed respectively in the two outer compartments 44
      and 46 and each secured at one end to a respective armature plate 112 and
      at the other end to a respective one of the brackets 64 and 66.
PAR  Each of the compartments 44, 45, and 46 has a barrier plate 122 (FIGS. 1
      and 34) mounted in appropriate grooves in the walls of the base 41 and
      extending into the cover 42 adjacent the common trip bar 105 on the
      opposite side thereof from the respective armature plate 112. As best
      shown in FIGS. 11 and 12, a latch plate 123 is secured to the common trip
      bar 105 by a rivet 124. The thermal trip lever 106 is provided with a hole
      106c and a lanced portion 106d, the hole being partly in the lanced
      portion. A tension spring 125 (FIGS. 1 and 2) is anchored at one end on
      the lanced portion 106d at the hole 106c and at the other end on the
      barrier plate 122 in the center compartment 45 to bias the thermal trip
      lever 106 clockwise about the pin 107, the barrier plates 122 being
      omitted in FIG. 2. Each barrier plate 122 is provided with a hook portion
      122a (FIGS. 1 and 34), and in each of the two outer compartments 44 and 46
      a compression spring 126 (FIG. 34) is seated at one end on the respective
      hook portion 122a and at the other end on an appropriate portion of the
      common trip bar 105 to bias the trip bar 105 and the latch plate 123
      mounted thereon toward latching position with respect to the thermal trip
      lever 106.
PAR  A push-to-trip button 128 (FIG. 34), more completely shown and described in
      copending application, Ser. No. 471,399, filed May 20, 1974, and assigned
      to the assignee of this application, has a compression spring 129 mounted
      thereon to normally maintain the button flush with the surface of the
      cover 42 and is engageable with the common trip bar 118 upon being pushed
      inwardly to move the armature plate 112 of the center compartment 45
      clockwise in FIG. 1 toward unlatching position with respect to the trip
      lever 76.
PAR  Each of the compartments 44, 45, and 46 is provided with a laminated field
      magnet assembly comprising a plurality of generally O-shaped plates 130
      and a plurality of generally U-shaped plates 131 disposed around the
      respective stationary contacts 53-54 and movable contacts 70 of each pole.
      The field magnet assemblies are coated with an arc extinguishing material
      such as one of those disclosed in copending application, Ser. No. 364,596,
      filed May 29, 1973, and assigned to the assignee of this application.
      Further, each compartment is provided with an arc chute 133 including a
      plurality of metal arc plates 134 best shown in FIG. 33 and a pair of
      venting plates 135 and 136 formed of insulating material.
PAR  The arc extinguishing material referred to above is used to coat other
      elements of this invention hereinafter described. Its function is to help
      create a medium in the arc chamber which brings about a rapid rate of
      dielectric strength recovery of the gap. A suitable material by way of
      example is a filler of between 40% to 56% by weight of hydrated zinc
      borate in a dimethyl silicone resin. A more complete description of such
      arc extinguishing material, and additional examples, are set forth in
      copending application referred to above and hereinafter by its Ser. No.
      364,596.
PAR  In each compartment, the movable contact blade 67 is connected by a
      flexible braided cable 138 (FIGS. 1 and 34) to one leg of a generally
      U-shaped conductor 139 secured at a bight portion to the base 41 by a pair
      of screws 140 and 141. The other leg of conductor 139 is secured to a
      conductor 142 secured to the base 41 by a screw 143 and extending between
      the leg portions of the U-shaped magnetic core 113 and along the barrier
      plate 122. A generally L-shaped bimetallic strip 145 is secured at one end
      to the bight portion of the U-shaped conductor 139. The common trip bar
      105 is provided with three actuating legs 105a, one in each of the
      compartments 44, 45, and 46, only the center actuating leg 105a disposed
      in the compartment 45 being shown in FIGS. 11 and 12. The free end portion
      of the bimetallic strip 145 in each compartment is engageable with the
      respective actuating leg 105a, and upon sustained moderate overload
      current flow in the conductor 139, the bimetallic strip 145 is heated
      sufficiently to pivot the actuating leg 105a counterclockwise as viewed in
      FIGS. 1 and 34, the high expansion side of the bimetallic strip being on
      the inside of the L-shape. The thermal trip lever 106 in the center
      compartment 45 is thereby released from the latch plate 123 on the
      thermally actuated common trip bar 105 and strikes the common trip bar 118
      under the influence of the tension spring 125 to pivot the armature plates
      112 about their respective pins 107 clockwise as viewed in FIGS. 1 and 34.
      The trip lever 76 in the center compartment 45 is thereby released to
      effect opening movement of the three movable contact blades 67. If a fault
      current higher than the moderate overload current flows through any of the
      conductors 142, the respective magnet 113 attracts its associated armature
      plate 112 and all three of the armature plates 112 are pivoted clockwise
      to release the trip lever 76 and open the contact blades 67. Pushing the
      button 128 also pivots the common trip bar 118 and the 3 armature plates
      112 clockwise to release the trip lever 76 and open the contact blades 67.
PAR  The end of each conductor 142 opposite the end secured by the screw 143 is
      connected by a screw 146 (FIGS. 1, 2, and 34) to a flatwise L-shaped strap
      portion 148a of a box-like conductor 148 best shown in FIGS. 13-16. The
      conductor 148 includes the strap portion 148a, an end portion 148b, a pair
      of spaced side portions 148c and 148d, and a split end portion including a
      tap portion 148e extending from the side portion 148c and a tab portion
      148f extending from the side portion 148d. The side portions are generally
      square, except that the side portion 148c includes a mounting tab 148g
      extending toward the base 41 when assembled.
PAR  In each of the compartments 44, 45, annd 46, a conductor 150 includes an
      edgewise L-shaped portion 150a secured at an end of a longer leg thereof
      to a tab extending from a shorter leg of the strap portion 148a and joined
      at an end of a shorter leg thereof to an end of a strap portion 150b
      having an opposite end secured to the tab portions 148e and 148f. A
      flexible braided cable 151 is secured at one end to the conductor 150 and
      at the other end to auxiliary contact means for current limiting,
      including a movable contact blade 152 (FIGS. 1 and 34) having a contact
      153 mounted thereon. The blade 152 cooperates with another movable contact
      blade 154 having a contact 155 mounted thereon.
PAR  In each of the compartments 44, 45, and 46, the mechanism by which the
      blades 152 and 154 are operated is best shown in FIGS. 17-19. A generally
      U-shaped laminated magnetic core 156 is disposed in an outer portion of
      the box-like conductor 148 (FIGS. 1 and 34) with a pair of spaced leg
      portions 156a and 156b thereof (FIG. 17) stradling the strap portion 148a
      and a pair of oppositely extending shoulder portions 156c and 156d thereof
      (FIG. 17) respectively engaging the side portions 148c and 148d (FIG. 13).
      A generally U-shaped laminated armature 158 (FIGS. 17-19) is disposed in
      an inner portion of the box-like conductor 148 (FIGS. 1 and 34) with a
      pair of spaced relatively short leg portions 158a and 158b thereof (FIGS.
      17 and 19) disposed respectively opposite and in spaced relationship to
      the leg portions 156a and 156b. An armature pin support plate 160 is
      disposed between the leg portions 158a and 158b. The armature 158 is
      provided with a hole disposed centrally of a bight portion thereof and
      aligned with a hole in the support plate 160 for receiving an outer
      threaded stud portion of an armature pin 161 having a nut 162 threaded
      thereon to secure an inner, enlarged shouldered portion of the pin 161
      against an inner side of the armature 158. The armature pin 160 is
      provided with a pair of opposed flats at its inner end and two spaced
      links 163 and 164 are pivotally mounted thereon by a pin 165. The links
      163 and 164 carry a pin 166 engaged in a notch in an edge of the blade 152
      facing the blade 154 and a pin 167 normally engaged with an edge of the
      blade 154 facing the blade 152. The blade 152 is pivotally mounted on a
      pin 168 received in a hole 169 (FIG. 17) and the blade 154 is pivotally
      mounted on a pin 170 received in a hole 171. The pivot pins 168 and 170
      are disposed on opposite sides of the armature pin 161 and opposite end
      portions thereof are received respectively in a pair of molded inner
      casing portions 173 and 174 (FIG. 19) secured together by a plurality of
      rivets 175. A compression spring 176 disposed in the casing portions 173
      and 174 encircles the armature pin 161 and bears on the blade 152 to urge
      it clockwise in FIG. 18 toward closed position. The blade 152 bears on the
      pin 166 and causes the pin 167 to bear on the blade 154 to urge it
      counter-clockwise in FIG. 18 toward closed position. The spring 176 is
      also a return spring for the armature 158 and armature pin 161. A shield
      177 (FIGS. 18 and 19) having a forked end portion straddling the links 163
      and 164 is disposed between the blades 152 and 154 and mainly within the
      casing portions 173 and 174. Appropriate openings are provided in the
      casing formed by the casing portions 173 and 174 for the armature pin 161,
      the cable 151, the contact blades 152 and 154, and a flexible braided
      cable 178 secured to the blade 154. The sides 148c and 148d of the
      box-like conductor 148 respectively engage the casing portions 173 and
      174, and the mounting tab 148g (FIGS. 15 and 16) is disposed between a
      pair of bosses on the casing portion 173, one such boss 173a being shown
      in FIG. 19. The contact end portions of the blades 152 and 154 are
      disposed outwardly of the casing 173-174 and a piece of shock absorbing
      material 180 (FIG. 18) is mounted in the casing adjacent the blade 152 to
      cushion opening movement thereof.
PAR  A magnetic core structure 181 generally in the form of a rectangular tube
      surrounds the contact end portions of the blades 152 and 154 extending
      outwardly of the casing 173-174. The magnetic core structure 181 is best
      shown in FIGS. 23-25 and comprises two identical, generally L-shaped,
      laminated magnetic cores 182 and 183 arranged as shown with an end of a
      long leg portion 182a of the core 182 abutting an inner side of a short
      leg portion 183b of the core 183 and an end of a long leg portion 183a of
      the core 183 abutting an inner side of a short leg portion 182a of the
      core 182. Each of the cores 182 and 183 is coated with an arc
      extinguishing material such as disclosed in the aforesaid copending
      application, Ser. No. 364,596, and additional pieces of such material are
      adhesively secured respectively to inner sides of the L-shaped assemblies
      as shown in FIGS. 23 and 24. Alternatively, the cores 182 and 183 could be
      generally U-shaped, C-shaped or J-shaped.
PAR  In each of the compartments 44, 45, and 46, the cable 178 connected to the
      blade 154 is electrically connected at an opposite end to one end of a
      terminal strap 184 best shown in FIGS. 26-29 and having a terminal member
      186 secured to an opposite end. The terminal member 186 is similar to the
      terminal member 49 and has a bight portion 186a and a pair of spaced leg
      portions 186b and 186c as a first U-shaped portion, the leg portions 186b
      and 186c merging at right angles respectively with a pair of spaced leg
      portions 186d and 186e of a second U-shaped portion having a split bight
      portion formed by two tabs 186f and 186g extending respectively from the
      leg portions 186d and 186e. The tabs 186f and 186g are secured to the
      terminal strap 184. A mounting tab 186h having an aperture 186i extending
      therethrough projects at right angles from the bight portion 186a
      oppositely from the leg portions 186b  and 186c.
PAR  An internally threaded sleeve 58 (FIGS. 1 and 34) identical to those staked
      to the tabs 49h is staked to the mounting tab 186h  of each of the
      terminal members 186 at the aperture 186i therein and disposed in an
      apertured mounting pad portion 41b of the base 41. A screw 59 threaded
      into the sleeve 58 secures an apertured connector body 60 to the tab 186h.
      The connector body 60 is identical to those secured to the tabs 49h and is
      provided with an internally threaded hole for receiving a clamping screw
      61.
PAR  In each of the compartments 44, 45, and 46, a conductor 188 (FIGS. 13-16)
      has a tab 188a secured to the end of the strap portion 150b adjacent the
      tabs 148e and 148f, a strap portion 188b (FIGS. 1 and 34) extending
      between the leg portions 156a and 156b of the magnetic core 156, an
      offsetting portion 188c extending generally parallel to the tab 188a, and
      a strap portion 188d extending through the magnetic core assembly 181
      formed by the two L-shaped magnetic cores 182 and 183 along the inner side
      of the short leg portion 182b. A strip 189 of arc extinguishing material
      such as disclosed in the aforementioned copending application, Ser. No.
      364,596, is adhesively secured to the side of the strap portion 188d
      facing the contact blade 152. A conductor 190 includes a tab portion 190a
      secured to an end of the strap portion 188d and extending and bent from a
      strap portion 190b. The strap portion 190b extends parallel to an end face
      of the magnetic core 182 and is joined at right angles to a strap portion
      190c extending somewhat diagonally across the outer side of the long leg
      portion 182a. The strap portion 190c is joined at right angles to a strap
      portion 190d extending along a rear wall of the base 41 and having an
      apertured offset connecting tab portion 190e disposed in a hole extending
      through the rear wall of the base 41. An internally threaded fastener 191
      is secured to the connecting tab portion 190e.
PAR  Opposite the compartments 44, 45, and 46, the rear wall of the base 41 is
      provided on the rear side with three shallow recesses 44a, 45a, and 46a
      (FIG. 2) each having a resistor 192 potted therein with potting material
      193, preferably a ceramic compound having properties of good thermal
      conductivity, such as alumina or silica based ceramics. A thin plastic
      cover 194 is recessed in the base 41 and adhesively secured in place to
      cover the potting material in all three of the recesses 44a, 45a, and 46a.
      The resistor 192 in each recess is made of material having a positive
      temperature coefficient of resistance, is preferably chromium-plated
      substantially pure iron wire, and is best shown in FIGS. 20-22. An
      important feature of the resistor 192 is that its resistance is
      transformable from a relatively low value to a relatively much higher
      value. Other materials which have a positive temperature coefficient of
      resistance and can be used for the resistor 192 in place of substantially
      pure iron include tungsten, nickel, cobalt, and alloys or metallic
      compounds of these and other elements such as cobalt-iron and zirconium
      diboride. In these materials, the resistance is a direct function of
      temperature.
PAR  As shown in FIG. 20, the resistor 192 terminates at each end in a
      flattened, generally P-shaped portion which includes a straight portion of
      length "X" to which an electrode is attached for electroplating in a
      solution containing chromium. After electroplating, the electrode terminal
      portions, as shown in broken lines for one of the end portions in FIG. 21,
      are cut off, and the remainder of the flattened end is aligned with the
      plane containing the axis of the circular wire, as shown in FIG. 22.
PAR  In each of the recesses 44a, 45a, and 46a, a screw 195 (FIGS. 1 and 34)
      secures an end portion 192a of the respective resistor 192 (FIG. 20),
      modified as described above, to the tab portion 192e (FIG. 13) of the
      conductor 190. A screw 196 secures an opposite end portion 192b, modified
      as described, to an apertured connecting tab portion 197a of a conductor
      197 (FIGS. 26-29). An internally threaded fastener 198 is secured to the
      connecting tab portion 197a. The conductor 197 includes a strap portion
      197b extending at right angles to the connecting tab portion 197a along an
      end of the short leg portion 183b of the magnetic core 183 and joined at
      right angles to a strap portion 197c extending along an end face of the
      core 183. A bent tab 197d extending from the strap portion 197c is secured
      to a conductor 199 having a strap portion 199a extending through the
      magnetic core structure 181 along the inner side of the short leg portion
      183b of the magnetic core 183. An offsetting portion 199b joins the strap
      portion 199a to a tab portion 199c secured to the terminal strap 184 and
      having the cable 178 secured thereto. A strip 200 of arc extinguishing
      material such as disclosed in the aforesaid copending application, Ser.
      No. 364,596, is adhesively secured to the side of the strap portion 199a
      facing the contact blade 154.
PAR  In each of the compartments 44, 45, and 46, an arc chute 202 (FIGS. 1 and
      34) for the contacts 153 and 155 is disposed adjacent the magnetic core
      structure 181. The arc chute 202 is best shown in FIGS. 30-32 and includes
      a pair of molded casing portions 203 and 204 secured together by a
      plurality of rivets 205. Each of the casing portions 203 and 204 is
      provided with a pair of recesses on a side thereof facing the other casing
      portion, such as an inner recess 203a and an outer recess 203b (FIG. 32)
      in the casing portion 203, to provide a pair of passageways through the
      arc chute 202. Each of the casing portions is grooved on a wall of each
      recess facing the other casing portion and each groove has one of the
      arcing plates 134, best shown in FIG. 33, adhesively secured therein. A
      venting plate 206 is adhesively secured to the casing portions 203 and 204
      and is disposed in the base 41 rearwardly of the respective connector body
      60. A venting plate 207 is adhesively secured to the casing portions 203
      and 204 and is disposed in the cover 42 of the assembled circuit breaker
      40 forwardly of the respective connector body 60. From the contact side of
      the arc chute, the arc plates 134 in the inner recess 203a slant toward
      the rear wall of the base 41, and those in the outer recess 203b slant
      toward the front wall of the cover 42. The arc plates 134 in the casing
      portion 204 slant in a similar fashion, but as best shown in FIG. 31, they
      are staggered with respect to those in the casing portion 203.
PAR  In each of the compartments 44, 45, and 46, when the contacts 153 and 155
      are closed, part of the current from the conductor 142 flows through the
      L-shaped portion 150a of the conductor 150 to the cable 151 and the
      remainder flows by way of the strap portion 148a through the box-like
      conductor 148 and the strap portion 150b of the conductor 150 to the cable
      151. From the cable 151 the total or recombined current flows through the
      contact blade 152, contacts 153 and 155, contact blade 154, cable 178, and
      the terminal strap 184 to the terminal member 186.
PAR  The strap portion 148a and the magnetic core 156 in each compartment form
      an electromagnet. Upon flow of a fault current through the strap portion
      148a greater than that at which the magnetic core 113 attracts the
      armature plate 112, the magnetic core 156 attracts the armature 158 along
      with the plate 160, armature pin 161, nut 162, links 163 and 164, and pins
      165, 166, and 167. The pin 166 pivots the blade 152 about the pin 168
      toward an open position, and the pin 170 releases the blade 154 so that it
      is free to pivot about the pin 170 toward an open position under the
      influence of a repulsion force between the two blades due to the current
      path through the blades. The blades 152 and 154 are also moved apart by
      magnetic forces induced by the current flow therethrough, it being noted
      that they constitute partial conductor turns for the magnetic core
      structure 181. The contacts 153 and 155 are thus separated to switch the
      current path through the resistor 192.
PAR  The parallel circuits between conductor 142 and cable 151, comprising a
      circuit through conductor 150a in parallel with the circuit through
      conductors 148a, 148, and 150b, provides by-pass means for sufficient
      current to prevent opening the current limiting contacts 153 and 155 until
      a threshold fault current above a selected magnitude is present for
      magnetic core 156 to attract armature 158 which opens contacts 153 and
      155. By way of example, this circuit arrangement and electromagnet
      characteristics may be adapted to prevent separation of the limiting
      contacts 153 and 155 below a threshold of 1,000 amps.
PAR  When the contacts 153 and 155 are separated, part of the current from the
      conductor 142 flows through the L-shaped portion 150a and also through the
      strap portion 150b of the conductor 150 to the conductor 188, and the
      remainder flows by way of the strap portion 148a through the box-like
      conductor 148 to the conductor 188. The recombined current then flows
      through the conductors 188 and 190, through the resistor 192, through the
      conductors 197 and 199, and through the terminal strap 184 to the terminal
      member 186.
PAR  The current limiter contacts preferably do not operate in the thermal
      overload range but only at relatively higher ranges of fault current or
      short circuit conditions. Within the thermal overload range, one or more
      of the bi-metallic strips 145 are operable to trip the circuit breaker and
      open the sets of main contacts 53 and 54 as previously described.
      Immediately above the thermal overload range, fault currents are still
      relatively low but are of sufficient magnitude to cause attraction of one
      or more of the armature plates 112 and open the sets of main contacts 53
      and 54 as previously described. Immediately above the thermal overload
      range, fault currents are still relatively low but are of sufficient
      magnitude to cause attraction of one or more of the armature plates 112
      and open the sets of main contacts 53 and 54 as previously described. Such
      fault currents are below the interrupting ability of the sets of main
      contacts 53 and 54. Fault currents immediately above this range are just
      sufficient to cause magnetic core 156 to attract armature 158 and pin 161
      which cause limiter contacts 153 and 155 to open. As the current decays,
      the magnetic forces also decay. The compression spring 176 in urging
      contacts 153 and 155 to a closed position tends to dominate over the
      decaying current causing those contacts to reclose while a short arc still
      exists in a small air gap between them. This action often leads to contact
      welding. To solve this problem, an additional or supplemental magnetizing
      turn 188b is provided in series with current limiting resistor 192. Thus,
      while fault current still flows in resistor 192, magnetic core 156 will be
      sufficiently energized to attract armature 158 to hold contacts 153 and
      155 apart.
PAR  In each compartment, the strap portion 148a is the only effective conductor
      turn for the manetic core 156 when the contacts 153 and 155 are closed,
      and only part of the current flows therethrough, the remainder flowing
      through the by-pass conductor provided by the L-shaped portion 150a. When
      the contacts 153 and 155 are open, the strap portion 188b provides an
      additional conductor turn, and it carries the total current while the
      strap portion 148a is effective as a conductor turn carrying part of the
      current. The additional conductor turn 188b enables the blades 152 and 154
      to be maintained in an open position with less current than is required to
      move them to an open position originally. By the time the blades 152 and
      154 move back to closed position under the influence of the spring 176,
      the fault current will have been dissipated in the resistor 192 and the
      blades 67 will have been opened.
PAR  In each of the compartments 44, 45, and 46, the strap portions 188d and
      199a are conductor turns for the magnetic core structure 181. Further,
      portions of the contact blades 152 and 154 are partial conductor turns for
      the magnetic core structure 181. When the contact blades 152 and 154 are
      moved to open position and an arc 208 forms between the open contacts 153
      and 155, the magnetic field set up as a result of current flow through the
      partial conductor turn portions of the contact blades 152 and 154 acts on
      the arc 208 to force it toward the arc chute 202 with its staggered,
      slanting arc plates 134. Once the arc is interrupted, the current flow
      shifts to the previously described path through the resistor 192, and the
      flow through the conductor turns 188d and 199a maintains the magnetic
      field, aids the dielectric strength recovery of the gap, and thereby
      guards against re-ignition. Any re-ignition of the arc would also take
      place in a magnetic field, which would force the arc out again.
PAR  The device of this invention is compact enough to fit into existing circuit
      breaker panelboards and yet it is capable of repeatedly interrupting
      currents in excess of 100,000 amperes root-mean-square (RMS) symmetrical.
      With such currents available, the arc which forms between the contacts 153
      and 155 upon their opening must be extinguished in about a millisecond or
      less. This is accomplished by the generation of a sustained arc voltage
      which reaches the magnitude of the impressed supply voltage in about a
      millisecond or less. The structure used to accomplish this result includes
      the fast operating mechanism for opening the blades 152 and 154 with their
      contacts 153 and 155, the magnetic core structure 181, the coating of the
      arc chamber with arc extinguishing material, and the resistor 192
      connected in parallel with the contacts 153 and 155.
PAR  The magnetic core structure 181 encloses the contacts 153 and 155 and a
      substantial portion of the blades 152 and 154 and provides a magnetic
      field with the maximum practical value of magnetic flux density normal to
      the blades 152 and 154 and also normal to the arc. The magnetic field
      exerts a force on each blade tending to "blow" them apart, and also exerts
      a force on the arc 208 tending to blow the arc out toward the arc chute
      202. The force is proportional to the product of the current and the
      magnetic flux density. Since the magnetic flux density is derived from the
      current, the force is proportional to the square of the current, and the
      higher the available current is, the faster the blades open and the faster
      the arc is blown out. The response of the current limiting device is thus
      proportional to the severity of the short circuit. The magnetic core
      structure 181 and blades 152 and 154 are so arranged that the lines of
      force in the magnetic field intersect blades 152 and 153, through which
      current flows in opposite directions, from the direction which will force
      said blades apart. As viewed in FIG. 1, when current flows in the
      direction from cable 151, forward through contacts 153 and 155, then from
      the contact end of blade 154 back through blade 154 and out through cable
      178, then during such current flow the magnetic flux and lines of force in
      the transverse magnetic field extend from leg 183a (FIG. 23) of magnetic
      core 183 to leg 182a (FIG. 23) of magnetic core 182 (FIGS. 1 and 23). This
      arrangement of current flow through blades 152 and 154, and magnetic flux
      across said blades tends to force blades 152 and 154 apart.
PAR  Furthermore, when blades 152 and 154 separate and an arc 208 forms between
      contacts 153 and 155, current flows through said arc from contact 153 to
      contact 155. The transverse magnetic field, with lines of force from leg
      183a to leg 182a, acting on such arc with current flow as described, will
      therefore blow the arc forward toward arc plates 134. This blowing action
      effectively increases the arc length and resistance and therefore arc
      voltage, consequently limiting the current as well as extinguishing the
      arc. The magnetic field also aids the rate of dielectric strength recovery
      of the gap across contacts 153 and 155 following are extinction and the
      subsequent continued rise of the impressed voltage across the gap after
      current transfer. It should also be noted that by increasing arc voltage
      the transverse magnetic field has the effect of increasing the power
      factor of the circuit by inserting resistance into the essentially
      inductive short circuit thereby reducing the lag of current behind
      voltage. The power factor is increased almost to unity.
PAR  Blades 152 and 154 are elongated and pivotally mounted at respective points
      151 and 170, which provides leverage effect to increase speed and
      resistance at the contact ends thereof when actuated by magnetic core 156.
      Thus, when core 156 is energized to raise armature pin 161 a given
      distance within a given time, the contact ends of blades 152 and 154 and
      respective contacts 153 and 155, will move apart a greater distance within
      a shorter time than the corresponding displacement and rate of speed of
      armature pin 161.
PAR  The contact blades 152 and 154, and contacts 153 and 155, are shaped and
      dimensioned to provide structures of relatively low mass and minimum
      inertia to respond quickly and open rapidly when the electromagnet is
      energized.
PAR  The contact blades 152 and 154 are constructed, dimensioned and mounted
      with respect to the actuating electromagnet (magnetic core 156, armature
      158) to provide a gap on the order of one-quarter inch within one
      sixteenth cycle of current flow or about 0.001 seconds (within one
      millisecond).
PAR  The electromagnetic means (magnetic core 156, armature 158, pin 161, and
      connecting links), the field magnetic structure 181, blades 152 and 154,
      and the particular way in which they are positioned and associated as
      described, serve to open the current limiting contacts 153 and 155 in
      about 0.0002 seconds (0.2 of a millisecond) from initiation of a fault
      current in the circuit above the threshold selected for operation of the
      current limiting section, or within one-eightieth cycle of current flow.
PAR  Under conditions of high available short circuit currents, the limiter
      contacts 153 and 155 are open in as little a time as 0.2 milliseconds
      (one-eightieth of a cycle) from current initiation. As the contacts open
      an arc is formed between them. The arc between the limiting contacts is
      ordinarily extinguished within one millisecond by the structure and
      mechanism of this invention. It should be borne in mind that the mechanism
      described responds with the square of the magnitude of fault current so
      the larger the fault current, the faster the current limiting response.
      This accelerating responsiveness includes not only the speed of contact
      separation, but the effective responsiveness of the transverse magnetic
      field generated by field magnet structure 181 on the arc formed between
      contacts 153 and 155 which raises the arc voltage almost instantaneously
      to equal the voltage of the source by the means described (essentially by
      lengthening the arc through faster and greater contact separation plus
      bowing forwardly, plus cooling, all of which increase resistance of the
      arc and arc voltage). When the arc voltage equals the supply voltage,
      current can no longer continue to rise and is forced to transfer
      completely into the current limiting resistor 192 where its energy is
      dissipated.
PAR  The main breaker contacts 53 and 70 open within 0.004 seconds of fault
      current initiation, or within 1/4 cycle of current flow at 60 cycles per
      second by which time the fault current has been fully shunted into current
      limiting resistor 192 and its energy dissipated. The main contacts 53 and
      70 being opened, current has ceased to flow in the protected circuit in
      less than 1/4 cycle or less than 4 milliseconds after appearance of the
      fault current above the threshold selected for the limiting section of the
      circuit breaker to become operable.
PAR  The effective current limiting responsiveness of the following combination,
      (1) speed of contact separation plus (2) increasing are voltage to equal
      source voltage, occurs within about a millisecond or less by means of the
      invention described herein. This is important because symmetrical short
      circuit currents have their maximum growth rate during the first
      millisecond immediately following current zero. The current limiting means
      in accordance with this invention intercepts the short circuit current
      before it achieves a significant growth following current zero and shunts
      it into limiting resistance 192 having a positive temperature coefficient
      of resistance.
PAR  The mechanism as described can be mounted in compact cases to fit in
      standard panelboards. The compactness may be measured in terms of the
      ratio of short circuit amperes of interrupting rating to circuit breaker
      volume. The table below provides a reasonable illustration of the
      volumetric efficiency of short circuit interruption of the subject
      breaker. The volume of five representative circuit breakers is given in
      the second column and the interrupting rating shown in column 3. The first
      circuit breaker in the following table is the subject matter of this
      application.
TBL  __________________________________________________________________________
                (1)  (2)       (3)      (4)                                    
                     Breaker   Maximum                                         
                Breaker                                                        
                     Volume    Interrupting                                    
                                        Volumetric                             
                Ampere                                                         
                     Cubic Inches                                              
                               Rating, 480V,                                   
                                        Efficiency                             
                Rating*                                                        
                     (Typical Brkr.)                                           
                               3.phi., K-amps rms                              
                                        KVA/in..sup.3                          
     __________________________________________________________________________
     Instant Inven.                                                            
                100  138        100-200**                                      
                                        347-694                                
     Representative                                                            
                100   85       25       142                                    
     Circuit    225  131       35       128                                    
     Breakers   400  273       35        61.5                                  
     for        1000 569       35        29.5                                  
     comparison 2500 1994      85       20                                     
     __________________________________________________________________________
       *This is the steady state current rating, all breakers listed are molded
      case circuit breakers.                                                   
      **The 100 KA rating is an established butnot a maximum figure.           
PAR  An additional feature of this invention which aids in fitting a mechanism
      of high interrupting capacity within a circuit breaker of minimum volume,
      are plates 134 positioned forward of limiting contacts 153, 155 and blades
      152, 154. One of the current limiting features of this invention is the
      rapid increase of arc voltage to equal source voltage. However, when high
      arc energy is applied to the air slab in the arc chamber, the air
      temperature rises very rapidly which creates shock waves and large
      pressure gradients which must be dissipated. The devices which have
      attempted to limit current by generating high arc voltage have accordingly
      been bulky. They have had to include a large volume chamber in which to
      dissipate the shock waves and pressure gradients created by this means of
      current limiting. The invention herein combines arc voltage increase with
      other current limiting means, so the degrees of shock waves and pressure
      gradients are substantially less than in those devices which rely on the
      arc voltage means alone. Furthermore, plates 134 are particularly shaped,
      dimensioned and mounted as described above with respect to the arc, its
      path of movement, plus the direction of shock waves and air pressure
      gradients created, to intercept and effectively dissipate such forces
      without requiring a relatively large volume chamber.
PAR  The arc extinguishing material which coats the magnetic core structure 181
      and lines the inside of the rectangular tube formed thereby and the inner
      sides of the conductor turns 188d and 199a to a large extent determines
      the rate of dielectric strength recovery across the contacts during and
      immediately following arc extinction. The dielectric strength recovery is
      essential to the current limiting process and is further aided by the
      magnetic field. The arc extinguishing material is selected in accordance
      with the disclosure of the above mentioned copending application, Ser. No.
      364,596.
PAR  The resistor 192 should have a positively transformable resistance, capable
      of changing from an extremely low value to a much higher value after the
      arc across the contacts 153 and 155 is extinguished and the total current
      is forced to flow through the resistor and bypass the contacts. The
      transformation of the resistance increases the circuit power factor, aids
      interruption, and limits the "through" i.sup.2 t (product of the square of
      the current and the time) factor of the short circuit.
PAR  Various modifications may be made in the structure shown and described
      without departing from the spirit of the invention and scope of the
      attached claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electromagnetically operable electric circuit interrupting device
      comprising a molded case, a magnetic core in the case, an armature in the
      case normally in spaced relationship to the magnetic core and attractable
      theretoward upon establishment of a predetermined amount of magnetic flux
      in the magnetic core, a pair of separable contacts in the case, means in
      the case operatively connecting one of the contacts to the armature and
      separating the contacts upon attraction of the armature toward the
      magnetic core, and a conductor system in the case associated with the
      magnetic core and including a first conductor turn for the magnetic core
      and a second conductor turn for the magnetic core, the second conductor
      turn being connected in parallel with the contacts, the first conductor
      turn being connected in series with the contacts and also in series with
      the second conductor turn, the first conductor turn producing magnetic
      flux in the magnetic core when the circuit interrupting device is
      energized and the contacts are in a closed condition, and the first and
      second conductor turns producing magnetic flux in the magnetic core
      additively when the circuit interrupting device is energized and the
      armature has been attracted toward the core to separate the contacts.
NUM  2.
PAR  2. A circuit interrupting device as claimed in claim 1 wherein the
      conductor system includes a conductor connected in parallel with the first
      conductor turn.
NUM  3.
PAR  3. A circuit interrupting device as claimed in claim 1 wherein the
      conductor system includes a box-like conductor surrounding the magnetic
      core and armature and electrically connecting the conductor turns.
NUM  4.
PAR  4. A circuit interrupting device as claimed in claim 3 wherein the
      conductor sytstem includes a conductor connected in parallel with the
      first conductor turn.
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ABST
PAL  A current limiting circuit breaker having for each pole, a pair of main
      contacts separable upon operation of a thermally and electromagnetically
      operable tripping device and a pair of auxiliary contacts for current
      limiting in series with the main contacts and in parallel with a
      transformable resistor having a positive temperature coefficient of
      resistance. The auxiliary contacts are separable when an electromagnet is
      energized by a fault current which simultaneously energizes a field magnet
      to produce a transverse magnetic field across the auxiliary contacts and
      the arc formed between them when separating. This simultaneous action of
      electromagnet and field magnet coacting for rapid contact separation and
      lengthening of the arc upon flow of a fault current serves to increase arc
      voltage almost instantaneously to that of the source, about which time the
      fault current is totally shunted into the resistor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Before the present invention, a commercially practical current limiting
      circuit breaker suitable for use in low voltage power distribution systems
      of about 600 volts or less had been sought by the power distribution and
      control industry for over thirty years. Various, sometimes conflicting
      requirements have to be met. For example, a commercially practical current
      limiting circuit breaker (a) must be repetitively operable at its maximum
      short circuit interrupting rating without repair or replacement of parts
      (This requirement precludes the use of fuses, fused switches, or fused
      circuit breakers for achieving current limiting.); (b) must not have a
      temperature rise at the terminals of more than 50.degree.C. at rated
      steady state current to meet appropriate standards of safety and
      performance established for circuit breakers used in power distribution
      systems of 600 volts or less (This requirement precludes the use of a
      large built-in resistance to limit current.); (c) must have a design
      applicable to a wide range of steady state current ratings, from a few
      amperes to hundreds of amperes; (d) must have current limiting
      capabilities competitive with those of the best available other current
      limiting devices including fuses (This requires that the device will
      operate in a fraction of a millisecond when the available short circuit
      current is 100,000 amperes or more.); (e) must be compact enough to fit
      into existing circuit breaker panelboards (This requires that the ratio of
      interrupting rating to volume be equal to or greater than that for any
      prior circuit breaker.); (f) must use non-toxic, non-hazardous materials;
      (g) must have a response time which decreases proportionately as much as
      or faster than available short circuit current is increased; (h) must be
      economically competitive with present circuit protective devices; and (i)
      must function without inducing severe transient voltages. None of the
      prior current limiting circuit breakers meets all the above requirements.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a current limiting circuit breaker
      which meets all the above requirements.
PAR  Another object is to provide a current limiting circuit breaker including a
      pair of main contacts, electromagnetically and thermally operable tripping
      means for opening the pair of main contacts, a pair of auxiliary contacts
      for current limiting in series with the pair of main contacts,
      electromagnetically operable means for opening the pair of auxiliary
      contacts, a field magnet associated with the pair of auxiliary contacts,
      and a resistor connected in parallel with the pair of auxiliary contacts,
      the resistor having a positive temperature coefficient of resistance and
      the parallel circuit through the resistor including a pair of conductor
      turns associated with the field magnet.
PAR  A further object is to provide an improved, fast acting mechanism for
      opening the pair of auxiliary contacts of such a current limiting circuit
      breaker.
PAR  Still another object is to provide an improved conductor-turn arrangement
      for the electromagnetically operable means for opening the pair of
      auxiliary contacts of such a current limiting circuit breaker.
PAR  Yet another object is to provide an improved field magnet structure for the
      pair of auxiliary contacts of such a circuit limiting circuit breaker.
PAR  A still further object is to provide an improved electromagnetically and
      thermally operable tripping means for the pair of main contacts of such a
      current limiting circuit breaker.
PAR  Another object is to provide an improved movable contact blade mounting
      arrangement for the pair of main contacts of such a current limiting
      circuit breaker.
PAR  An additional object is to provide a current limiting circuit breaker
      having means to rapidly increase the voltage drop across the arc formed
      between the auxiliary contacts in the current limiting section to a value
      which equals the supply voltage of the source in substantially less than a
      quarter cycle and in about one millisecond of time, thus checking any
      further rise in current and almost simultaneously shunting the current
      through a current limiting resistor connected in parallel with the current
      limiting contacts. This action increases the power factor to near unity
      thereby enabling interruption of a potentially high fault current in less
      than one-quarter cycle of current.
PAR  An additional object is to provide a current limiting circuit breaker
      wherein means to rapidly increase arc voltage between auxiliary contacts
      to equal the voltage of the source includes electromagnetic means to
      rapidly separate and lengthen the gap between said contacts, first magnet
      means to simultaneously produce magnetic lines of force to rapidly move
      said contacts apart in divergent directions and to blow the arc between
      said contacts in a third direction away therefrom, causing an additional
      lengthening of the arc and cooling thereof, thus rapidly increasing arc
      resistance to raise the arc voltage to that of the source, until
      saturation said electromagnetic means being operative to increase speed of
      action proportional to the increase in value of the square of the through
      fault current, and likewise until saturation said field magnet means being
      operative to increase the speed of action also with the square of the
      increase in value of the through fault current.
PAR  An additional object is to provide a current limiting circuit breaker
      including means to prevent opening of the auxiliary contacts below a
      threshold fault current of a selected magnitude.
PAR  Other objects and advantages will become apparent when the following
      specification is considered along with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a three-pole current limiting
      circuit breaker constructed in accordance with the invention, taken
      generally along the line 1--1 of FIG. 2 and showing a center pole thereof
      with parts in an ON position;
PAR  FIG. 2 is a cross sectional view of the current limiting circuit breaker of
      FIG. 1, taken generally along the line 2--2 of FIG. 1;
PAR  FIGS. 3, 4, 5, and 6 are enlarged perspective, top, side, and outer end
      views, respectively, of a line terminal and stationary contact support
      assembly of any one of the poles of the current limiting circuit breaker
      of FIG. 1;
PAR  FIG. 7 is an enlarged end view of an operating mechanism in the center pole
      of the current limiting circuit breaker of FIG. 1, with portions broken
      away and the parts being shown in TRIPPED position;
PAR  FIG. 8 is a side view of the operating mechanism of FIG. 7, with portions
      broken away;
PAR  FIG. 9 is an enlarged cross sectional view through a blade cross bar of the
      current limiting circuit breaker of FIG. 1, taken between two blades;
PAR  FIG. 10 is an enlarged cross sectional view similar to FIG. 9, but taken at
      a blade of the center pole;
PAR  FIG. 11 is an enlarged fragmentary longitudinal view of a thermally
      actuated common trip bar and a fragmentary edge view of an associated
      thermal trip lever of the current limiting circuit breaker of FIG. 1;
PAR  FIG. 12 is an actual size cross sectional view of the thermally actuated
      common trip bar taken substantially along the line 12--12 of FIG. 11 and a
      side view of the associated thermal trip lever;
PAR  FIGS. 13, 14, 15, and 16 are perspective, left end, side, and right end
      views, respectively, of an assembly of electrical conductors associated
      with an electromagnet in a current limiting portion of any one of the
      poles of the current limiting circuit breaker of FIG. 1, portions being
      broken away or omitted in FIGS. 14, 15, and 16.
PAR  FIGS. 17, 18, and 19 are perspective, side, and end views, respectively, of
      an electromagnet and contact blade assembly of any one of the poles of the
      current limiting circuit breaker of FIG. 1, the electromagnet being
      associated with the conductor assembly of FIGS. 14-16 and having portions
      broken away in FIGS. 18 and 19;
PAR  FIG. 20 is a plan view of an unfinished current limiting resistor for any
      one of the poles of the current limiting circuit breaker of FIG. 1, the
      unfinished resistor including end portions to be cut off after
      electroplating;
PAR  FIG. 21 is a plan view of the end portion of the resistor within the dotted
      enclosure 21 of FIG. 20, the broken line portion in FIG. 21 indicating a
      portion which is cut away after electroplating;
PAR  FIG. 22 is an edge view of the resistor end portion;
PAR  FIGS. 23, 24, and 25 are perspective, end, and side views, respectively, of
      a field magnet assembly of any one of the poles of the current limiting
      circuit breaker of FIG. 1;
PAR  FIGS. 26, 27, 28, and 29 are perspective, top, inner end, and side views,
      respectively, of an electrical conductor and load terminal assembly of any
      one of the poles of the current limiting circuit breaker of FIG. 1;
PAR  FIGS. 30 and 31 are perspective and front views, respectively, of an arc
      chute adjacent the load terminal assembly of any one of the poles of the
      current limiting circuit breaker of FIG. 1;
PAR  FIG. 32 is a sectional view taken generally along the line 32--32 of FIG.
      31;
PAR  FIG. 33 is a perspective view of one of the arc plates in the arc chute of
      FIGS. 30-32; and
PAR  FIG. 34 is a longitudinal sectional view of the current limiting circuit
      breaker of FIG. 1, taken generally along the line 34--34 of FIG. 2 and
      showing an outer pole thereof with parts in an ON position;
PAR  FIG. 35 is a schematic drawing illustrating the current path from line to
      load through the circuit breaker.
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PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With reference to the drawings, a three-pole current limiting circuit
      breaker 40 constructed in accordance with the invention is shown in FIGS.
      1, 2, and 34. The circuit breaker 40 includes a molded case comprising a
      molded base 41 and a complementary molded cover 42 each having a pair of
      outer side walls and a pair of spaced intermediate walls to provide three
      compartments 44, 45, and 46 (FIG. 2). The structure of a center pole of
      the circuit breaker 40 disposed in the center compartment 45 is shown in
      FIG. 1.
PAR  A line terminal and stationary contact assembly 48 is shown adjacent the
      left end of FIG. 1. The assembly 48 is better shown in FIGS. 3-6 and
      includes a terminal member 49 and a stationary contact mounting member 50
      pivotally connected by a pin 51 and electrically interconnected by a
      braided wire cable 52. The terminal member 49 has a bight portion 49a and
      a pair of spaced leg portions 49b and 49c as a first U-shaped portion, the
      leg portions 49b and 49c merging respectively with a pair of spaced
      extending leg portions 49d and 49e of a second U-shaped portion having a
      split bight portion formed by two tabs 49f and 49g extending respectively
      from the leg portions 49d and 49e. A mounting tab 49h having an aperture
      49i extending therethrough projects at right angles from the bight portion
      49a oppositely from the leg portions 49b and 49c.
PAR  The member 50 has a bight portion 50a and a pair of spaced leg portions 50b
      and 50c as a first U-shaped portion, the leg portions 50b and 50c
      respectively having laterally extending ears 50d and 50e, a leg portion
      50f of a second U-shaped portion extending from the bight portion 50a to a
      bight portion 50g, and a leg portion 50h opposite the leg portion 50f. The
      leg portions 49d and 49e and the ears 50d and 50e are apertured to receive
      the pin 51. The cable 52 has one end welded to the tab 49f, one end welded
      to the tab 49g, and a central portion welded to the bight portion 50a. A
      stationary main contact 53 and an arcing contact 54 are secured to the leg
      portion 50h in abutting relationship to each other. The leg portion 50f is
      provided with a threaded aperture 50i for receiving a retaining screw 56
      (FIG. 1) for a contact pressure spring 57.
PAR  An internally threaded sleeve 58 is staked to the mounting tab 49h at the
      aperture 49i and disposed in an apertured mounting pad portion 41a of the
      base 41. A screw 59 threaded into the sleeve 48 secures an apertured
      connector body 60 to the tab 49h. The connector body 60 has suitable wire
      or cable receiving holes and is provided with an internally threaded hole
      for receiving a clamping screw 61.
PAR  Similar terminal and stationary contact assemblies 48 are provided in the
      outer poles of the compartments 44 and 46.
PAR  A blade crossbar 63 extends transversely through the center compartment 45
      into the outer comparments 44 and 46. The intermediate walls of the base
      41 are slotted to receive the crossbar 63, but a bracket 64 (FIGS. 2 and
      34) secured to the base 41 in the compartment 44 and an oppositely formed
      bracket 55 (FIG. 2) secured to the base 41 in the compartment 46 are
      provided to support the crossbar 63 for pivotal movement. Three movable
      contact blades 67, one in each pole, are mounted directly in the crossbar
      63, which is made of molded plastic material and provided with a metallic
      reinforcing insert 68 (FIGS. 9 and 10). Tooling recesses such as recess
      63a and recess 63b (FIG. 9) are provided at appropriate places in the
      crossbar 63 to hold it while the blades 67 are being assembled therein.
      Each blade 67 is provided with a pair of shouldered portions 67a and 67b
      (FIG. 10) which abut the crossbar 63 and from which a tapered mounting
      tongue portion 67c extends through the crossbar 63 and through a retaining
      plate 69 staked thereto. A movable contact 70 is provided on each blade 67
      for engagement principally with an associated one of the main stationary
      contacts 53.
PAR  Operating mechanism for the crossbar 63 and blades 67 is disposed in the
      center compartment 45 (FIG. 1). Portions of the operating mechanism are
      best shown in FIGS. 7 and 8, and are there shown in a TRIPPED position.
      Two oppositely formed frame members 72 and 73 (FIGS. 2, 7 and 8) are
      secured to the base 41 and contoured as at 73a (FIG. 8) which together
      with brackets 64 and 66 support the crossbar 63 for pivotal movement. The
      frame member 73 is provided with an arm portion 73b (FIG. 7) extending
      toward the frame member 72 and having a bent mounting ear 73c at its free
      end. A pin 74 is mounted adjacent one end in the ear 73c and adjacent the
      other end in a corresponding mounting ear (not shown) of the frame member
      72. A releasably latchable cradle member or trip lever 76 is pivotally
      mounted adjacent one end of the pin 74. Two inner toggle links 78 and 79
      are pivotally mounted adjacent their inner ends respectively on opposite
      end portions of a pin 80 mounted in the blade 67 of the center pole. Two
      outer toggle links 82 and 83 are pivotally mounted adjacent their outer
      ends respectively on opposite end portions of a pin 84 mounted in the trip
      lever 76. The outer end portions of the links 78 and 79 and the inner end
      portions of the links 82 and 83 are pivotally interconnected by an
      elongated toggle pin 85, the inner portions of the links 82 and 83 being
      offset to straddle the outer end portions of the links 78 and 79.
PAR  A handle extension is formed by two handle plate members 86 and 87
      pivotally mounted respectively on a pair of pins 88 and 89 disposed
      respectively in the frame members 72 and 73. The handle plate members are
      joined by a pair of spring anchoring pins 91 and 92 and a reset pin 93.
      The toggle pin 85 has a pair of spring hook members 95 and 96 pivotally
      mounted thereon respectively adjacent opposite ends thereof. A tension
      spring 97 (FIG. 2) is secured at an outer end to the pin 91 and at an
      inner end (not shown) to the member 95 on one side of the toggle pin 85,
      and a tension spring 98 (FIG. 7) is secured at an outer end to the pin 92
      and at an inner end to the member 95 on the other side of the toggle pin
      85. Similarly, a tension spring 99 (FIGS. 2 and 8) is secured at an outer
      end to the pin 91 and at an inner end to the member 96 on one side of the
      toggle pin 85, and a tension spring 100 (FIGS. 7 and 8) is secured at an
      outer end to the pin 92 and at an inner end (not shown) to the member 96
      on the other side of the toggle pin 85. The springs 97, 98, 99 and 100
      maintain the toggle pin 85 in open-slotted inner ends of the outer toggle
      links 82 and 83.
PAR  A retaining clip 102 is secured to the arm portion 73b of the frame member
      73 and to the corresponding arm portion (not shown) of the frame member 72
      for holding shock absorbing material 103 (FIG. 8) for the blade 67 of the
      center pole at the end of the opening movement.
PAR  The frame member 73 includes an arm portion 73d (FIG. 8) having a
      semicircular recess 73e therein. The frame member 72 is similarly formed.
      A thermally actuated common trip bar 105 (FIGS. 1, 2, 11, 12, and 34) is
      pivotally mounted in the frame member 73 at the recess 73e and in the
      frame member 72 at a similar recess in an arm portion 72d (FIG. 2) of the
      frame member 72. A generally L-shaped thermal trip lever 106 best shown in
      FIG. 12 is provided with an aperture 106a by which it is pivotally mounted
      on a pin 107 (FIGS. 1, 2, 7 and 8) having opposite end portions disposed
      respectively in the frame members 72 and 73. A pin 108 (FIG. 8) having an
      enlarged head portion 108a (FIG. 7) is received in an aperture 106b (FIG.
      12) of the thermal trip lever 106 and mounted in the frame member 72 to
      limit pivotal movement of the trip lever 106 and prevent movement thereof
      axially along the pin 107.
PAR  A molded plastic operating handle 110 (FIGS. 1 and 2) extends through an
      aperture in the cover 42 and is recessed in an enlarged inner end portion
      to receive the pins 91 and 92 and the outer end portions of the handle
      plate members 86 and 87.
PAR  Each of the outer two poles is provided with a pin 107 (FIGS. 2 and 34)
      identical to the pin 107 of the center pole but having one end portion
      mounted in an appropriate groove in an outer wall portion of the base 41
      and an opposite end portion mounted in a respective one of the brackets 64
      and 66. Each of the three pins 107 has a magnetic core holder 111 and an
      armature plate 112 pivotally mounted thereon. Each holder 111 carries a
      generally U-shaped magnetic core 113 having opposite leg portions secured
      respectively to spaced opposite side portions of the holder. As viewed in
      FIGS. 1 and 34, each side portion (only one being visible) of the holder
      111 is generally in the shape of an inverted "Y" having one leg pivotally
      mounted on the pin 107 and the other leg connected to a corresponding leg
      of the other side portion by a rear plate portion having an air gap
      adjusting screw 115 threaded therein. Each screw 115 extends through a
      rear wall portion of the base 41 and has a compression spring 116 mounted
      thereon. Turning of a screw 115 adjusts the air gap between the free ends
      of the leg portions of the respective magnetic core 113 and armature plate
      112.
PAR  Each of the armature plates 112 is provided with a pair of opposite
      bent-over ears 112a, each ear 112a being spaced inwardly of a side portion
      of the respective magnetic core holder 111 and having an opening aligned
      with that of the opposite ear for receiving the respective pin 107. As
      shown in FIG. 2, a righthand side portion of each holder 111 is outwardly
      offset at the portion mounted on the respective pin 107, and a right-hand
      ear of each of the armature plates 112 is similarly offset so as to be
      hidden by the holder 111. Thus, only the left-hand ear 112a of each
      armature plate 112 is visible in FIG. 2. A free end portion of each
      armature plate 112 is secured by a pair of rivets 117 (FIG. 2) to a common
      trip bar 118 of molded plastic extending through the center compartment 45
      into the outer compartments 44 and 46. The armature plate 112 of the
      center pole is apertured to receive a free end portion of the trip lever
      76 and thereby releasably latch the trip lever, as shown in FIG. 1. The
      three armature plates 112 and the common trip bar 118 are biased toward
      latching position for the trip lever 76 by a pair of tension springs 120
      (FIGS. 2 and 34) disposed respectively in the two outer compartments 44
      and 46 and each secured at one end to a respective armature plate 112 and
      at the other end to a respective one of the brackets 64 and 66.
PAR  Each of the compartments 44, 45, and 46 has a barrier plate 122 (FIGS. 1
      and 34) mounted in appropriate grooves in the walls of the base 41 and
      extending into the cover 42 adjacent the common trip bar 105 on the
      opposite side thereof from the respective armature plate 112. As best
      shown in FIGS. 11 and 12, a latch plate 123 is secured to the common trip
      bar 105 by a rivet 124. The thermal trip lever 106 is provided with a hole
      106c and a lanced portion 106d, the hole being partly in the lanced
      portion. A tension spring 125 (FIGS. 1 and 2) is anchored at one end on
      the lanced portion 106d at the hole 106c and at the other end on the
      barrier plate 122 in the center compartment 45 to bias the thermal trip
      lever 106 clockwise about the pin 107, the barrier plates 122 being
      omitted in FIG. 2. Each barrier plate 122 is provided with a hook portion
      122a (FIGS. 1 and 34), and in each of the two outer compartments 44 and 46
      a compression spring 126 (FIG. 34) is seated at one end on the respective
      hook portion 122a and at the other end on an appropriate portion of the
      common trip bar 105 to bias the trip bar 105 and the latch plate 123
      mounted thereon toward latching position with respect to the thermal trip
      lever 106.
PAR  A push-to-trip button 128 (FIG. 34), more completely shown and described in
      copending application, Ser. No. 471,399, filed May 20, 1974, and assigned
      to the assignee of this application, has a compression spring 129 mounted
      thereon to normally maintain the button flush with the surface of the
      cover 42 and is engageable with the common trip bar 118 upon being pushed
      inwardly to move the armature plate 112 of the center compartment 45
      clockwise in FIG. 1 toward unlatching position with respect to the trip
      lever 76.
PAR  Each of the compartments 44, 45, and 46 is provided with a laminated field
      magnet assembly comprising a plurality of generally O-shaped plates 130
      and a plurality of generally U-shaped plates 131 disposed around the
      respective stationary contacts 53--54 and movable contacts 70 of each
      pole. The field magnet assemblies are coated with an arc extinguishing
      material such as one of those disclosed in copending application, Ser. No.
      364,596, filed May 29, 1973, and assigned to the assignee of this
      application. Further, each compartment is provided with an arc chute 133
      including a plurality of metal arc plates 134 best shown in FIG. 33 and a
      pair of venting plates 135 and 136 formed of insulating material.
PAR  The arc extinguishing material referred to above is used to coat other
      elements of this invention hereinafter described. Its function is to help
      create a medium in the arc chamber which brings about a rapid rate of
      dielectric strength recovery of the gap. A suitable material by way of
      example is a filler of between 40% to 56% by weight of hydrated zinc
      borate in a dimethyl silicone resin. A more complete description of such
      arc extinguishing material, and additional examples, are set forth in
      copending application referred to above and hereinafter by its Ser. No.
      364,596.
PAR  In each compartment, the movable contact blade 67 is connected by a
      flexible braided cable 138 (FIGS. 1 and 34) to one leg of a generally
      U-shaped conductor 139 secured at a bight portion to the base 41 by a pair
      of screws 140 and 141. The other leg of conductor 139 is secured to a
      conductor 142 secured to the base 41 by a screw 143 and extending between
      the leg portions of the U-shaped magnetic core 113 and along the barrier
      plate 122. A generally L-shaped bimetallic strip 145 is secured at one end
      to the bight portion of the U-shaped conductor 139. The common trip bar
      105 is provided with three actuating legs 105a, one in each of the
      compartments 44, 45, and 46, only the center actuating leg 105a disposed
      in the compartment 45 being shown in FIGS. 11 and 12. The free end portion
      of the bimetallic strip 145 in each compartment is engageable with the
      respective actuating leg 105a, and upon sustained moderate overload
      current flow in the conductor 139, the bimetallic strip 145 is heated
      sufficiently to pivot the actuating leg 105a counterclockwise as viewed in
      FIGS. 1 and 34, the high expansion side of the bimetallic strip being on
      the inside of the L-shape. The thermal trip lever 106 in the center
      compartment 45 is thereby released from the latch plate 123 on the
      thermally actuated common trip bar 105 and strikes the common trip bar 118
      under the influence of the tension spring 125 to pivot the armature plates
      112 about their respective pins 107 clockwise as viewed in FIGS. 1 and 34.
      The trip lever 76 in the center compartment 45 is thereby released to
      effect opening movement of the three movable contact blades 67. If a fault
      current higher than the moderate overload current flows through any of the
      conductors 142, the respective magnet 113 attracts its associated armature
      plate 112 and all three of the armature plates 112 are pivoted clockwise
      to release the trip lever 76 and open the contact blades 67. Pushing the
      button 128 also pivots the common trip bar 118 and the three armature
      plates 112 clockwise to release the trip lever 76 and open the contact
      blades 67.
PAR  The end of each conductor 142 opposite the end secured by the screw 143 is
      connected by a screw 146 (FIGS. 1, 2, and 34) to a flatwise L-shaped strap
      portion 148a of a box-like conductor 148 best shown in FIGS. 13-16. The
      conductor 148 includes the strap portion 148a, an end portion 148b, a pair
      of spaced side portions 148c and 148d, and a split end portion including a
      tab portion 148e extending from the side portion 148c and a tab portion
      148f extending from the side portion 148d. The side portions are generally
      square, except that the side portion 148c includes a mounting tab 148g
      extending toward the base 41 when assembled.
PAR  In each of the compartments 44, 45, and 46, a conductor 150 includes an
      edgewise L-shaped portion 150a secured at an end of a longer leg thereof
      to a tab extending from a shorter leg of the strap portion 148a and joined
      at an end of a shorter leg thereof to an end of a strap portion 150b
      having an opposite end secured to the tab portions 148e and 148f. A
      flexible braided cable 151 is secured at one end to the conductor 150 and
      at the other end to auxiliary contact means for current limiting,
      including a movable contact blade 152 (FIGS. 1 and 34) having a contact
      153 mounted thereon. The blade 152 cooperates with another movable contact
      blade 154 having a contact 155 mounted thereon.
PAR  In each of the compartments 44, 45, and 46, the mechanism by which the
      blades 152 and 154 are operated is best shown in FIGS. 17-19. A generally
      U-shaped laminated magnetic core 156 is disposed in an outer portion of
      the box-like conductor 148 (FIGS. 1 and 34) with a pair of spaced leg
      portions 156a and 156b thereof (FIG. 17) stradling the strap portion 148a
      and a pair of oppositely extending shoulder portions 156c and 156d thereof
      (FIG. 17) respectively engaging the side portions 148c and 148d (FIG. 13).
      A generally U-shaped laminated armature 158 (FIGS. 17-19) is disposed in
      an inner portion of the box-like conductor 148 (FIGS. 1 and 34) with a
      pair of spaced relatively short leg portions 158a and 158b thereof (FIGS.
      17 and 19) disposed respectively opposite and in spaced relationship to
      the leg portions 156a and 156b. An armature pin support plate 160 is
      disposed between the leg portions 158a and 158b. The armature 158 is
      provided with a hole disposed centrally of a bight portion thereof and
      aligned with a hole in the support plate 160 for receiving an outer
      threaded stud portion of an armature pin 161 having a nut 162 threaded
      thereon to secure an inner, enlarged shouldered portion of the pin 161
      against an inner side of the armature 158. The armature pin 160 is
      provided with a pair of opposed flats at its inner end and two spaced
      links 163 and 164 are pivotally mounted thereon by a pin 165. The links
      163 and 164 carry a pin 166 engaged in a notch in an edge of the blade 152
      facing the blade 154 and a pin 167 normally engaged with an edge of the
      blade 154 facing the blade 152. The blade 152 is pivotally mounted on a
      pin 168 received in a hole 169 (FIG. 17) and the blade 154 is pivotally
      mounted on a pin 170 received in a hole 171. The pivot pins 168 and 170
      are disposed on opposite sides of the armature pin 161 and opposite end
      portions thereof are received respectively in a pair of molded inner
      casing portions 173 and 174 (FIG. 19) secured together by a plurality of
      rivets 175. A compression spring 176 disposed in the casing portions 173
      and 174 encircles the armature pin 161 and bears on the blade 152 to urge
      it clockwise in FIG. 18 toward closed position. The blade 152 bears on the
      pin 166 and causes the pin 167 to bear on the blade 154 to urge it
      counter-clockwise in FIG. 18 toward closed position. The spring 176 is
      also a return spring for the armature 158 and armature pin 161. A shield
      177 (FIGS. 18 and 19) having a forked end portion straddling the links 163
      and 164 is disposed between the blades 152 and 154 and mainly within the
      casing portions 173 and 174. Appropriate openings are provided in the
      casing formed by the casing portions 173 and 174 for the armature pin 161,
      the cable 151, the contact blades 152 and 154, and a flexible braided
      cable 178 secured to the blade 154. The sides 148c and 148d of the
      box-like conductor 148 respectively engage the casing portions 173 and
      174, and the mounting tab 148g (FIGS. 15 and 16) is disposed between a
      pair of bosses on the casing portion 173, one such boss 173a being shown
      in FIG. 19. The contact end portions of the blades 152 and 154 are
      disposed outwardly of the casing 173--174 and a piece of shock absorbing
      material 180 (FIG. 18) is mounted in the casing adjacent the blade 152 to
      cushion opening movement thereof.
PAR  A magnetic core structure 181 generally in the form of a rectangular tube
      surrounds the contact end portions of the blades 152 and 154 extending
      outwardly of the casing 173--174. The magnetic core structure 181 is best
      shown in FIGS. 23-25 and comprises two identical, generally L-shaped,
      laminated magnetic cores 182 and 183 arranged as shown with an end of a
      long leg portion 182a of the core 182 abutting an inner side of a short
      leg portion 183b of the core 183 and an end of a long leg portion 183a of
      the core 183 abutting an inner side of a short leg portion 182a of the
      core 182. Each of the cores 182 and 183 is coated with an arc
      extinguishing material such as disclosed in the aforesaid copending
      application, Ser. No. 364,596, and additional pieces of such material are
      adhesively secured respectively to inner sides of the L-shaped assemblies
      as shown in FIGS. 23 and 24. Alternatively, the cores 182 and 183 could be
      generally U-shaped, C-shaped or J-shaped.
PAR  In each of the compartments 44, 45, and 46, the cable 178 connected to the
      blade 154 is electrically connected at an opposite end to one end of a
      terminal strap 184 best shown in FIGS. 26-29 and having a terminal member
      186 secured to an opposite end. The terminal member 186 is similar to the
      terminal member 49 and has a bight portion 186a and a pair of spaced leg
      portions 186b and 186c as a first U-shaped portion, the leg portions 186b
      and 186c merging at right angles respectively with a pair of spaced leg
      portions 186d and 186e of a second U-shaped portion having a split bight
      portion formed by two tabs 186f and 186g extending respectively from the
      leg portions 186d and 186e. The tabs 186f and 186g are secured to the
      terminal strap 184. A mounting tab 186h having an aperture 186i extending
      therethrough projects at right angles from the bight portion 186a
      oppositely from the leg portions 186b  and 186c.
PAR  An internally threaded sleeve 58 (FIGS. 1 and 34) identical to those staked
      to the tabs 49h is staked to the mounting tab 186h of each of the terminal
      members 186 at the aperture 186i therein and disposed in an apertured
      mounting pad portion 41b of the base 41. A screw 59 threaded into the
      sleeve 58 secures an apertured connector body 60 to the tab 186h. The
      connector body 60 is identical to those secured to the tabs 49h and is
      provided with an internally threaded hole for receiving a clamping screw
      61.
PAR  In each of the compartments 44, 45, and 46, a conductor 188 (FIGS. 13-16)
      has a tab 188a secured to the end of the strap portion 150b adjacent the
      tabs 148e and 148f, a strap portion 188b (FIGS. 1 and 34) extending
      between the leg portions 156a and 156b of the magnetic core 156, an
      offsetting portion 188c extending generally parallel to the tab 188a, and
      a strap portion 188d extending through the magnetic core assembly 181
      formed by the two L-shaped magnetic cores 182 and 183 along the inner side
      of the short leg portion 182b. A strip 189 of arc extinguishing material
      such as disclosed in the aforementioned copending application, Ser. No.
      364,596, is adhesively secured to the side of the strap portion 188d
      facing the contact blade 152. A conductor 190 includes a tab portion 190a
      secured to an end of the strap portion 188d and extending and bent from a
      strap portion 190b. The strap portion 190b extends parallel to an end face
      of the magnetic core 182 and is joined at right angles to a strap portion
      190c extending somewhat diagonally across the outer side of the long leg
      portion 182a. The strap portion 190c is joined at right angles to a strap
      portion 190d extending along a rear wall of the base 41 and having an
      apertured offset connecting tab portion 190e disposed in a hole extending
      through the rear wall of the base 41. An internally threaded fastener 191
      is secured to the connecting tab portion 190e.
PAR  Opposite the compartments 44, 45, and 46, the rear wall of the base 41 is
      provided on the rear side with three shallow recesses 44a, 45a, and 46a
      (FIG. 2) each having a resistor 192 potted therein with potting material
      193, preferably a ceramic compound having properties of good thermal
      conductivity, such as alumina of silica based ceramics. A thin plastic
      cover 194 is recessed in the base 41 and adhesively secured in plate to
      cover the potting material in all three of the recesses 44a, 45a, and 46a.
      The resistor 192 in each recess is made of material having a positive
      temperature coefficient of resistance, is preferably chromium-plated
      substantially pure iron wire, and is best shown in FIGS. 20-22. An
      important feature of the resistor 192 is that its resistance is
      transformable from a relatively low value to a relatively much higher
      value. Other materials which have a positive temperature coefficient of
      resistance and can be used for the resistor 192 in place of substantially
      pure iron include tungsten, nickel, cobalt, and alloys or metallic
      compounds of these and other elements such as cobalt-iron and zirconium
      diboride. In these materials, the resistance is a direct function of
      temperature.
PAR  As shown in FIG. 20, the resistor 192 terminates at each end in a
      flattened, generally P-shaped portion which includes a straight portion of
      length X to which an electrode is attached for electroplating in a
      solution containing chromium. After electroplating, the electrode terminal
      portions, as shown in broken lines for one of the end portions in FIG. 21,
      are cut off, and the remainder of the flattened end is aligned with the
      plane containing the axis of the circular wire, as shown in FIG. 22.
PAR  In each of the recesses 44a, 45a, and 46a, a screw 195 (FIGS. 1 and 34)
      secures an end portion 192a of the respective resistor 192 (FIG. 20),
      modified as described above, to the tab portion 192e (FIG. 13) of the
      conductor 190. A screw 196 secures an opposite end portion 192b, modified
      as described, to an apertured connecting tab portion 197a of a conductor
      197 (FIGS. 26-29). An internally threaded fastener 198 is secured to the
      connecting tab portion 197a. The conductor 197 includes a strap portion
      197b extending at right angles to the connecting tab portion 197a along an
      end of the short leg portion 183b of the magnetic core 183 and joined at
      right angles to a strap portion 197c extending along an end face of the
      core 183. A bent tab 197d extending from the strap portion 197c is secured
      to a conductor 199 having a strap portion 199a extending through the
      magnetic core structure 181 along the inner side of the short leg portion
      183b of the magnetic core 183. An offsetting portion 199b joins the strap
      portion 199a to a tab portion 199c secured to the terminal strap 184 and
      having the cable 178 scured thereto. A strip 200 of arc extinguishing
      material such as disclosed in the aforesaid copending application, Ser.
      No. 364,596, is adhesively secured to the side of the strap portion 199a
      facing the contact blade 154.
PAR  In each of the compartments 44, 45, and 46, an arc chute 202 (FIGS. 1 and
      34) for the contacts 153 and 155 is disposed adjacent the magnetic core
      structure 181. The arc chute 202 is best shown in FIGS. 30-32 and includes
      a pair of molded casing portions 203 and 204 secured together by a
      plurality of rivets 205. Each of the casing portions 203 and 204 is
      provided with a pair of recesses on a side thereof facing the other casing
      portion, such as an inner recess 203a and an outer recess 203b (FIG. 32)
      in the casing portion 203, to provide a pair of passageways through the
      arc chute 202. Each of the casing portions is grooved on a wall of each
      recess facing the other casing portion and each groove has one of the
      arcing plates 134, best shown in FIG. 33, adhesively secured therein. A
      venting plate 206 is adhesively secured to the casing portions 203 and 204
      and is disposed in the base 41 rearwardly of the respective connector body
      60. A venting plate 207 is adhesively secured to the casing portions 203
      and 204 and is disposed in the cover 42 of the assembled circuit breaker
      40 forwardly of the respective connector body 60. From the contact side of
      the arc chute, the arc plates 134 in the inner recess 203a slant toward
      the rear wall of the base 41, and those in the outer recess 203b slant
      toward the front wall of the cover 42. The arc plates 134 in the casing
      portion 204 slant in a similar fashion, but as best shown in FIG. 31, they
      are staggered with respect to those in the casing portion 203.
PAR  In each of the compartments 44, 45, and 46, when the contacts 153 and 155
      are closed, part of the current from the conductor 142 flows through the
      L-shaped portion 150a of the conductor 150 to the cable 151 and the
      remainder flows by way of the strap portion 148a through the box-like
      conductor 148 and the strap portion 150b of the conductor 150 to the cable
      151. From the cable 151 the total or recombined current flows through the
      contact blade 152, contacts 153 and 155, contact blade 154, cable 178, and
      the terminal strap 184 to the terminal member 186.
PAR  The strap portion 148a and the magnetic core 156 in each compartment form
      an electromagnet. Upon flow of a fault current through the strap portion
      148a greater than that at which the magnetic core 113 attracts the
      armature plate 112, the magnetic core 156 attracts the armature 158 along
      with the plate 160, armature pin 161, nut 162, links 163 and 164, and pins
      165, 166, and 167. The pin 166 pivots the blade 152 about the pin 168
      toward an open position, and the pin 170 releases the blade 154 so that it
      is free to pivot about the pin 170 toward an open position under the
      influence of a repulsion force between the two blades due to the current
      path through the blades. The blades 152 and 154 are also moved apart by
      magnetic forces induced by the current flow therethrough, it being noted
      that they constitute partial conductor turns for the magnetic core
      structure 181. The contacts 153 and 155 are thus separated to switch the
      current path through the resistor 192.
PAR  The parallel circuits between conductor 142 and cable 151, comprising a
      circuit through conductor 150a in parallel with the circuit through
      conductors 148a, 148, and 150b, provides by-pass means for sufficient
      current to prevent opening the current limiting contacts 153 and 155 until
      a threshold fault current above a selected magnitude is present for
      magnetic core 156 to attract armature 158 which opens contacts 153 and
      155. By way of example, this circuit arrangement and electromagnet
      characteristics may be adapted to prevent separation of the limiting
      contacts 153 and 155 below a threshold of 1,000 amps.
PAR  When the contacts 153 and 155 are separated, part of the current from the
      conductor 142 flows through the L-shaped portion 150a and also through the
      strap portion 150b of the conductor 150 to the conductor 188, and the
      remainder flows by way of the strap portion 148a through the box-like
      conductor 148 to the conductor 188. The recombined current then flows
      through the conductors 188 and 190, through the resistor 192, through the
      conductors 197 and 199, and through the terminal strap 184 to the terminal
      member 186.
PAR  The current limiter contacts preferably do not operate in the thermal
      overload range but only at relatively higher ranges of fault current or
      short circuit conditions. Within the thermal overload range, one or more
      of the bi-metallic strips 145 are operable to trip the circuit breaker and
      open the sets of main contacts 53 and 54 as previously described.
      Immediately above the thermal overload range, fault currents are still
      relatively low but are of sufficient magnitude to cause attraction of one
      or more of the armature plates 112 and open the sets of main contacts 53
      and 54 as previously described. Immediately above the thermal overload
      range, fault currents are still relatively low but are of sufficient
      magnitude to cause attraction of one or more of the armature plates 112
      and open the sets of main contacts 53 and 54 as previously described. Such
      fault currents are below the interrupting ability of the sets of main
      contacts 53 and 54. Fault currents immediately above this range are just
      sufficient to cause magnetic core 156 to attract armature 158 and pin 161
      which cause limiter contacts 153 and 155 to open. As the current decays,
      the magnetic forces also decay. The compression spring 176 in urging
      contacts 153 and 155 to a closed position tends to dominate over the
      decaying current causing those contacts to reclose while a short arc still
      exists in a small air gap between them. This action often leads to contact
      welding. To solve this problem, an additional or supplemental magnetizing
      turn 188b is provided in series with current limiting resistor 192. Thus,
      while fault current still flows in resistor 192, magnetic core 156 will be
      sufficiently energized to attract armature 158 to hold contacts 153 and
      155 apart.
PAR  In each compartment, the strap portion 148a is the only effective conductor
      turn for the magnetic core 156 when the contacts 153 and 155 are closed,
      and only part of the current flows therethrough, the remainder flowing
      through the by-pass conductor provided by the L-shaped portion 150a. When
      the contacts 153 and 155 are open, the strap portion 188b provides an
      additional conductor turn, and it carries the total current while the
      strap portion 148a is effective as a conductor turn carrying part of the
      current. The additional conductor turn 188b enables the blades 152 and 154
      to be maintained in an open position with less current than is required to
      move them to an open position originally. By the time the blades 152 and
      154 move back to closed position under the influence of the spring 176,
      the fault current will have been dissipated in the resistor 192 and the
      blades 67 will have been opened.
PAR  In each of the compartments 44, 45, and 46, the strap portions 188d and
      199a are conductor turns for the magnetic core structure 181. Further,
      portions of the contact blades 152 and 154 are partial conductor turns for
      the magnetic core structure 181. When the contact blades 152 and 154 are
      moved to open position and an arc 208 forms between the open contacts 153
      and 155, the magnetic field set up as a result of current flow through the
      partial conductor turn portions of the contact blades 152 and 154 acts on
      the arc 208 to force it toward the arc chute 202 with its staggered,
      slanting arc plates 134. Once the arc is interrupted, the current flow
      shifts to the previously described path through the resistor 192, and the
      flow through the conductor turns 188d and 199a maintains the magnetic
      field, aids the dielectric strength recovery of the gap, and thereby
      guards against re-ignition. Any re-ignition of the arc would also take
      place in a magnetic field, which would force the arc out again.
PAR  The device of this invention is compact enough to fit into existing circuit
      breaker panelboards and yet it is capable of repeatedly interrupting
      currents in excess of 100,000 amperes root-mean-square (RMS) symmetrical.
      With such currents available, the arc which forms between the contacts 153
      and 155 upon their opening must be extinguished in about a millisecond or
      less. This is accomplished by the generation of a sustained arc voltage
      which reaches the magnitude of the impressed supply voltage in about a
      millisecond or less. The structure used to accomplish this result includes
      the fast operating mechanism for opening the blades 152 and 154 with their
      contacts 153 and 155, the magnetic core structure 181, the coating of the
      arc chamber with arc extinguishing material, and the resistor 192
      connected in parallel with the contacts 153 and 155.
PAR  The magnetic core structure 181 encloses the contacts 153 and 155 and a
      substantial portion of the blades 152 and 154 and provides a magnetic
      field with the maximum practical value of magnetic flux density normal to
      the blades 152 and 154 and also normal to the arc. The magnetic field
      exerts a force on each blade tending to "blow" them apart, and also exerts
      a force on the arc 208 tending to blow the arc out toward the arc chute
      202. The force is proportional to the product of the current and the
      magnetic flux density. Since the magnetic flux density is derived from the
      current, the force is proportional to the square of the current, and the
      higher the available current is, the faster the blades open and the faster
      the arc is blown out. The response of the current limiting device is thus
      proportional to the severity of the short circuit. The magnetic core
      structure 181 and blades 152 and 154 are so arranged that the lines of
      force in the magnetic field intersect blades 152 and 153, through which
      current flows in opposite directions, from the direction which will force
      said blades apart. As viewed in FIG. 1, when current flows in the
      direction from cable 151, forward through contacts 153 and 155, then from
      the contact end of blade 154 back through blade 154 and out through cable
      178, then during such current flow the magnetic flux and lines of force in
      the transverse magnetic field extend from leg 183a (FIG. 23) of magnetic
      core 183 to leg 182a (FIG. 23) of magnetic core 182 (FIGS. 1 and 23). This
      arrangement of current flow through blades 152 and 154, and magnetic flux
      across said blades tends to force blades 152 and 154 apart.
PAR  Furthermore, when blades 152 and 154 separate and an arc 208 forms between
      contacts 153 and 155, current flows through said arc from contact 153 to
      contact 155. The transverse magnetic field, with lines of force from leg
      183a to leg 182a, acting on such arc with current flow as described, will
      therefore blow the arc forward toward arc plates 134. This blowing action
      effectively increases the arc length and resistance and therefore arc
      voltage, consequently limiting the current as well as extinguishing the
      arc. The magnetic field also aids the rate of dielectric strength recovery
      of the gap across contacts 153 and 155 following arc extinction and the
      subsequent continued rise of the impressed voltage across the gap after
      current transfer. It should also be noted that by increasing arc voltage
      the transverse magnetic field has the effect of increasing the power
      factor of the circuit by inserting resistance into the essentially
      inductive short circuit thereby reducing the lag of current behind
      voltage. The power factor is increased almost to unity.
PAR  Blades 152 and 154 are elongated and pivotally mounted at respective points
      151 and 170, which provides leverage effect to increase speed and
      resistance at the contact ends thereof when actuated by magnetic core 156.
      Thus, when core 156 is energized to raise armature pin 161 a given
      distance within a given time, the contact ends of blades 152 and 154 and
      respective contacts 153 and 155, will move apart a greater distance within
      a shorter time than the corresponding displacement and rate of speed of
      armature pin 161.
PAR  The contact blades 152 and 154, and contacts 153 and 155, are shaped and
      dimensioned to provide structures of relatively low mass and minimum
      inertia to respond quickly and open rapidly when the electromagnet is
      energized.
PAR  The contact blades 152 and 154 are constructed, dimensioned and mounted
      with respect to the actuating electromagnet (magnetic core 156, armature
      158) to provide a gap on the order of one-quarter inch within one
      sixteenth cycle of current flow or about 0.001 seconds (within one
      millisecond).
PAR  The electromagnetic means (magnetic core 156, armature 158, pin 161, and
      connecting links), the field magnet structure 181, blades 152 and 154, and
      the particular way in which they are positioned and associated as
      described, serve to open the current limiting contacts 153 and 155 in
      about 0.0002 seconds (0.2 of a millisecond) from initiation of a fault
      current in the circuit above the threshold selected for operation of the
      current limiting section, or within one-eightieth cycle of current flow.
PAR  Under conditions of high available short circuit currents, the limiter
      contacts 153 and 155 are open in as little a time as 0.2 milliseconds
      (one-eightieth of a cycle) from current initiation. As the contacts open
      an arc is formed between them. The arc between the limiting contacts is
      ordinarily extinguished within one millisecond by the structure and
      mechanism of this invention. It should be borne in mind that the mechanism
      described responds with the square of the magnitude of fault current so
      the larger the fault current, the faster the current limiting response.
      This accelerating responsiveness includes not only the speed of contact
      separation, but the effective responsiveness of the transverse magnetic
      field generated by field magnet structure 181 on the arc formed between
      contacts 153 and 155 which raises the arc voltage almost instantaneously
      to equal the voltage of the source by the means described (essentially by
      lengthening the arc through faster and greater contact separation plus
      bowing forwardly, plus cooling, all of which increase resistance of the
      arc and arc voltage). When the arc voltage equals the supply voltage,
      current can no longer continue to rise and is forced to transfer
      completely into the current limiting resistor 192 where its energy is
      dissipated.
PAR  The main breaker contacts 53 and 70 open within 0.004 seconds of fault
      current initiation, or within 1/4 cycle of current flow at 60 cycles per
      second by which time the fault current has been fully shunted into current
      limiting resistor 192 and its energy dissipated. The main contacts 53 and
      70 being opened, current has ceased to flow in the protected circuit in
      less than 1/4 cycle or less than 4 milliseconds after appearance of the
      fault current above the threshold selected for the limiting section of the
      circuit breaker to become operable.
PAR  The effective current limiting responsiveness of the following combination,
      (1) speed of contact separation plus (2) increasing arc voltage to equal
      source voltage, occurs within about a millisecond or less by means of the
      invention described herein. This is important because symmetrical short
      circuit currents have their maximum growth rate during the first
      millisecond immediately following current zero. The current limiting means
      in accordance with this invention intercepts the short circuit current
      before it achieves a significant growth following current zero and shunts
      it into limiting resistance 192 having a positive temperature coefficient
      of resistance.
PAR  The mechanism as described can be mounted in compact cases to fit in
      standard panelboards. The compactness may be measured in terms of the
      ratio of short circuit amperes of interrupting rating to circuit breaker
      volume. The table below provides a reasonable illustration of the
      volumetric efficiency of short circuit interruption of the subject
      breaker. The volume of five representative circuit breakers is given in
      the second column and the interrupting rating shown in column 3. The first
      circuit breaker in the following table is the subject matter of this
      application.
TBL  __________________________________________________________________________
              (1) (2)       (3)      (4)                                       
                  Breaker   Maximum                                            
              Breaker                                                          
                  Volume    Interrupting                                       
                                     Volumetric                                
              Ampere                                                           
                  Cubic Inches                                                 
                            Rating, 480V,                                      
                                     Efficiency                                
              Rating*                                                          
                  (Typical Brkr.)                                              
                            30, K-Amps rms                                     
                                     KVA/in..sup.3                             
     __________________________________________________________________________
     Instant Inven.                                                            
               100                                                             
                  138       100-200**                                          
                                     347-694                                   
     Representative                                                            
               100                                                             
                  85        25       142                                       
     Circuit   225                                                             
                  131       35       128                                       
     Breakers  400                                                             
                  273       35       61.5                                      
     for      1000                                                             
                  569       35       29.5                                      
     comparison                                                                
              2500                                                             
                  1994      85       20                                        
     __________________________________________________________________________
       *This is the steady state current rating, all breakers listed are molded
      case circuit breakers.                                                   
      **The 100 KA rating is an established but not a maximum figure.          
PAR  An additional feature of this invention which aids in fitting a mechanism
      of high interrupting capacity within a circuit breaker of minimum volume,
      are plates 134 positioned forward of limiting contacts 153, 155 and blades
      152, 154. One of the current limiting features of this invention is the
      rapid increase of arc voltage to equal source voltage. However, when high
      arc energy is applied to the air slab in the arc chamber, the air
      temperature rises very rapidly which creates shock waves and large
      pressure gradients which must be dissipated. The devices which have
      attempted to limit current by generating high arc voltage have accordingly
      been bulky. They have had to include a large volume chamber in which to
      dissipate the shock waves and pressure gradients created by this means of
      current limiting. The invention herein combines arc voltage increase with
      other current limiting means, so the degrees of shock waves and pressure
      gradients are substantially less than in those devices which rely on the
      arc voltage means alone. Furthermore, plates 134 are particularly shaped,
      dimensioned and mounted as described above with respect to the arc, its
      path of movement, plus the direction of shock waves and air pressure
      gradients created, to intercept and effectively dissipate such forces
      without requiring a relatively large volume chamber.
PAR  The arc extinguishing material which coats the magnetic core structure 181
      and lines the inside of the rectangular tube formed thereby and the inner
      sides of the conductor turns 188d and 199a to a large extent determines
      the rate of dielectric strength recovery across the contacts during and
      immediately following arc extinction. The dielectric strength recovery is
      essential to the current limiting process and is further aided by the
      magnetic field. The arc extinguishing material is selected in accordance
      with the disclosure of the above mentioned copending application, Ser. No.
      364,596.
PAR  The resistor 192 should have a positively transformable resistance, capable
      of changing from an extremely low value to a much higher value after the
      arc across the contacts 153 and 155 is extinguished and the total current
      is forced to flow through the resistor and bypass the contacts. The
      transformation of the resistance increases the circuit power factor, aids
      interruption, and limits the through i2t (product of the square of the
      current and the time) factor of the short circuit.
PAR  Various modifications may be made in the structure shown and described
      without departing from the spirit of the invention and scope of the
      attached claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A current limiting circuit breaker comprising a molded case, a first
      pair of separable contacts inn the case, thermally and electromagnetically
      operable tripping means in the case effective upon operation to cause
      separation of the first pair of contacts, a pair of elongated contact
      blades pivotally mounted in the case, each of the contact blades having a
      contact mounted thereon and engaged with the contact on the other of the
      contact blades when the contact blades are in a closed position, the
      contacts on the contact blades being a second pair of separable contacts
      connected in series with the first pair, electromagnetically operable
      means in the case effective upon operation to cause separation of the
      contact blades and their contacts, a resistor in the case connected in
      parallel with the second pair of contacts, the resistor having a
      resistance transformable from a relatively low value to a relatively high
      value, an elongated magnetic core structure spanning opposite sides of
      said contact blades along a substantial current carrying portion thereof
      including the respective portions at which said contacts are mounted, said
      magnetic core structure being effective upon operation of the
      electromagnetically operable means to establish a magnetic field
      transverse to the direction of contact separation, transverse to the arc
      therebetween as said contacts separate, and transverse to the direction of
      current flow in said contact blades, and interconnecting means whereby
      said contact blades and said magnetic core structure are interconnected to
      coact and simultaneously urge said contact blades apart and said arc away
      from said contacts in response to a fault current.
NUM  2.
PAR  2. A current limiting circuit breaker as claimed in claim 1 wherein the
      magnetic core structure is coated with an arc extinguishing material.
NUM  3.
PAR  3. A current limiting circuit breaker as claimed in claim 1 wherein the
      resistor is formed of a material having a positive temperature coefficient
      of resistance, a circuit through said circuit breaker having a first
      junction between said first and second pair of separable contacts and a
      second junction at the other side of said second pair of contacts, wherein
      said interconnecting means includes a first of said elongated contact
      blades connected at a first end region to conductor means leading to said
      first junction and at the opposite end region conductively associated with
      the other of said elongated contact blades through said second pair of
      contacts, and a magnetizing conductor turn having a first end connected to
      conductor means leading to said first junction and the opposite end
      connected to conductor means leading to said second junction, said first
      elongated contact blade and said magnetizing conductor turn each being
      positioned to extend from the respective first ends thereof in the same
      direction between opposite sides of said elongated magnetic structure for
      a substantial current carrying portion of their respective lengths.
NUM  4.
PAR  4. A current limiting circuit breaker as claimed in claim 1 wherein the
      resistor is formed of substantially pure iron wire, and wherein said
      circuit in which said resistor is connected has capacity to receive fault
      currents up to 100,000 amperes root mean square symmetrical when connected
      to an alternating voltage source of up to 600 volts.
NUM  5.
PAR  5. A current limiting circuit breaker as claimed in claim 4 wherein the
      iron wire is circular in cross section for the greater portion of its
      length and has integral flattened end portions each formed into an arcuate
      shape and being suitable for substantially encircling a screw type
      fastener.
NUM  6.
PAR  6. A current limiting circuit breaker as claimed in claim 4 wherein the
      iron wire is chromium plated.
NUM  7.
PAR  7. A current limiting circuit breaker as claimed in claim 1 wherein the
      resistor is potted in the case.
NUM  8.
PAR  8. A current limiting circuit breaker comprising a molded case, a first
      pair of separable contacts in the case, thermally and electromagnetically
      operable tripping means in the case effective upon operation to cause
      separation of the first pair of contacts, a pair of contact blades
      pivotally mounted in the case, each of the contact blades having a contact
      mounted thereon and engaged with the contact on the other of the contact
      blades when the contact blades are in a closed position, the contacts on
      the contact blades being a second pair of separable contacts connected in
      series with the first pair, electromagnetically operable means in the case
      effective upon operation to cause separation of the contact blades and
      their contacts, a resistor in the case connected in parallel with the
      second pair of contacts, the resistor having a resistance transformable
      from a relatively low value to a relatively high value, and a magnetic
      core structure operatively associated with the contact blades and
      effective upon operation of the electromagnetically operable means to
      establish a magnetic field which aids in the separation of the contact
      blades and their contacts, including a conductor turn for the magnetic
      core structure, the conductor turn being connected in series between the
      first pair of contacts and the resistor, and a series combination of the
      conductor turn and the resistor being connected in parallel with the
      second pair of contacts.
NUM  9.
PAR  9. A current limiting circuit breaker as claimed in claim 8 wherein the
      conductor turn is a first conductor turn and a second conductor turn for
      the magnetic core structure is provided, the resistor being connected in
      series between the first conductor turn and the second conductor turn, and
      a series combination of the first conductor turn, the resistor, and the
      second conductor turn being connected in parallel with the second pair of
      contacts.
NUM  10.
PAR  10. A current limiting circuit breaker as claimed in claim 9 wherein the
      conductor turns are disposed on opposite sides of the second pair of
      contacts.
NUM  11.
PAR  11. A current limiting circuit breaker as claimed in claim 1 including an
      arc chute disposed adjacent the second pair of contacts and comprising a
      molded casing and two stacks of spaced, metal arcing plates therein, the
      plates of each stack being staggered with respect to those of the other.
NUM  12.
PAR  12. A current limiting circuit breaker as claimed in claim 11 wherein the
      plates in one portion of each stack slant in one direction and the plates
      in the remaining portion of each stack slant in an opposite direction.
NUM  13.
PAR  13. A current limiting circuit breaker comprising a molded case, main
      contact means therein for opening an alternating current circuit protected
      by the circuit breaker when a fault occurs in the circuit, and current
      limiting means including normally closed electromagnetically operated
      contact separation means in series with said main contact means,
      coordinated auxiliary arc voltage increasing means operatively associated
      with said contact separation means, coordinated interconnecting means
      whereby said contact separation means and said coordinated auxiliary arc
      voltage increasing means are connected to coact simultaneously for contact
      separation and arc voltage rise in response to a fault current in said
      circuit above a preselected value, transformable resistance means in
      parallel with said electromagnetic contact separation means, said
      resistance means being transformable from an initial lower value of
      resistance to a substantially higher value of resistance in response to
      current flow therein, and wherein said current limiting means is
      responsive to a fault current in said circuit above a preselected value to
      limit the fault current before it reaches its maximum growth.
NUM  14.
PAR  14. A current limiting circuit breaker as set forth in claim 13, wherein
      said coordinated interconnecting means includes first and second conductor
      means leading from a common junction in said circuit between said main
      contact means and said electromagnetically operated contact separation
      means, said contact separation means including an elongated contact blade,
      said coordinated auxiliary arc voltage increasing means including an
      elongated field magnet structure having side walls on opposite sides of a
      channel through said magnet structure and a magnetizing conductor turn
      associated therewith, said first conductor means leading to a first end of
      said elongated contact blade, said second conductor means leading to a
      first end of said magnetizing conductor turn, said elongated contact blade
      and said magnetizing conductor turn each being positioned to extend from
      respective first ends thereof in the same direction between said opposite
      side walls of said magnet structure for a substantial current carrying
      portion of their respective lengths.
NUM  15.
PAR  15. A current limiting circuit breaker as set forth in claim 13, wherein
      said coordinated auxiliary arc voltage increasing means includes a field
      magnet structure, electrical energizing means associated therewith, and
      the relative postion thereof with respect to said contact separation
      means, to the gap between the contacts when separated and to the arc
      appearing in said gap upon flow of sufficient fault current to cause
      separation of the contacts, said field magnet structure being positioned
      and formed to span opposite sides of said contact separation means along a
      substantial current carrying portion thereof including first said
      contacts, second said gap therebetween when separated, third said arc
      appearing in said gap upon flow of said sufficient fault current, and
      fourth a pathway forwardly thereof, the position of said field magnet
      structure providing when operatively energized a transverse magnetic field
      having lines of force normal to said contact separation means, said gap
      and said arc, said contact separation means being so positioned that
      current flow therein is substantially normal to said lines of force and
      directionally interdependent therewith whereby said contact separation
      means are continuously urged in a contact separation direction upon flow
      of sufficient fault current to cause separation of the contacts and to
      cause operative energization of said field magnet structure, said contact
      separation means being additionally positioned relative to said field
      magnet and the transverse magnetic field provided thereby when operatively
      energized so that current flow through said arc between said contacts when
      separated is also substantially normal to said lines of force and
      directionally interdependent therewith whereby said arc is urged
      continuously in one direction away from said contacts, said coordinated
      auxiliary arc voltage increasing means thus further lengthening said arc
      to further increase its resistance and arc voltage.
NUM  16.
PAR  16. A current limiting circuit breaker as set forth in claim 15, wherein
      said electromagnetic contact separation means includes an electromagnet, a
      first contact blade operatively associated therewith to cause contact
      separation, contact means mounted on said blade means to provide a closed
      circuit for current flow between terminals of said circuit breaker, and
      second magnetic field means associated with said first contact blade
      provided by said coordinated interconnecting means in response to a fault
      current in said circuit above a preselected value to interact with the
      lines of force from the transverse magnetic field of said field magnet and
      urge said first contact blade in a contact separation direction.
NUM  17.
PAR  17. A current limiting circuit breaker as set forth in claim 16, wherein
      said contact separation means includes a second contact blade, and third
      magnetic field means associated with said second contact blade provided by
      said coordinated interconnecting means in response to a fault current in
      said circuit above a preselected value to interact with the lines of force
      from the transverse magnetic field of said field magnet and urge said
      second contact blade in a contact separation direction.
NUM  18.
PAR  18. A current limiting circuit breaker as set forth in claim 16, including
      an arc between said contact means upon movement of said first contact
      blade in a contact separation direction in response to said fault current
      above said preselected value, and fourth magnetic field means associated
      with said arc provided by current flow in the direction required by said
      coordinated interconnecting means to so interact with the lines of force
      from the transverse magnetic field of said field magnet that said arc is
      continuously urged in a transverse direction away from said contact means
      until said arc is extinguished.
NUM  19.
PAR  19. A current limiting circuit breaker as set forth in claim 18, wherein
      said contact separation means includes a second contact blade, said first
      and second contact blades are elongated, first end portions thereof being
      adapted for pivotal mounting and association with said electromagnet for
      contact separation and closing, second contact end portions of said
      contact blades, and wherein said field magnet structure includes a pair of
      imperforate magnet walls, said magnet walls being positioned on opposite
      sides of said contact blades and spanning said contact end portion of said
      blades, said coordinated interconnecting means requiring in response to a
      fault current in said circuit above a preselected value that said
      transverse magnetic field extend laterally across the gap between said
      walls in a direction normal to the direction of contact separation,
      current to flow from said first end portion of said first contact blade in
      a forward direction toward said contact end thereof through said contacts
      and from the contact end of said second contact blade in a direction back
      to said first end portion thereof, the lines of force in said transverse
      magnetic field of said field magnet at the same time being made to extend
      from the magent wall at the right of said contact blades facing in the
      direction of forward flow of current through said first contact blade and
      to exert force across the gap to the magnet wall at the left thereof, such
      coordinated flow of current and lines of force required by said
      coordinated interconnecting means causing said transverse magnetic field
      to coact with said magnetic fields created by flow of current through said
      contact blades to aid in contact separation on occurrence of a fault
      current of preselected magnitude.
NUM  20.
PAR  20. A current limiting circuit breaker as set forth in claim 16, wherein
      said maximum growth rate of short circuit current occurs during the first
      millisecond immediately following current zero, and wherein said
      electromagnetic contact separation means coacting with said coordinated
      auxiliary arc voltage increasing means is adapted to respond and intercept
      such short circuit current within one millisecond after initiation of the
      said short circuit current.
NUM  21.
PAR  21. A current limiting circuit breaker having capacity to interrupt an
      electric circuit connected to an alternating voltage source of up to 600
      volts, 60 Hz., comprising first separable contact means to interrupt said
      circuit, current limiting means, said current limiting means including
      second separable contact means and contact separation means, said contact
      separation means including co-ordinated auxiliary arc voltage increasing
      means operatively associated with said contact separation means,
      co-ordinated interconnecting means whereby said contact separation means
      and said co-ordinated auxiliary arc voltage increasing means are
      associated to co-act simultaneously for contact separation and arc voltage
      rise in response to a fault current in said circuit above a preselected
      value, current limiting impedance means associated with said contact
      separation means, said second contact means being separable by said
      contact separation means within one-sixteenth cycle of current flow after
      initiation of a fault current of preselected magnitude to actuate said
      current limiting means, such rapid separation being of such distance and
      continuity to enable extinguishing of any arc between such contact means
      within one-sixteenth cycle of current flow for any fault current up to
      100,000 amperes root mean square symmetrical.
NUM  22.
PAR  22. A current limiting circuit breaker as set forth in claim 21, wherein
      said second contact means are separable within one-eightieth cycle of said
      current flow, said arc being extinguishable within said one-sixteenth
      cycle of said current flow.
NUM  23.
PAR  23. A current limiting circuit breaker having capacity to interrupt an
      electric circuit connected to a 60 Hz. alternating voltage source of up to
      600 volts, comprising first separable contact means to interrupt said
      circuit, current limiting means, said current limiting means including
      second separable contact means and contact separation means, said contact
      separation means including co-ordinated auxiliary arc voltage increasing
      means operatively associated with said contact separation means,
      co-ordinated interconnecting means whereby said contact separation means
      and said co-ordinated auxiliary arc voltage increasing means are
      associated to co-act simultaneously for contact separation and arc voltage
      rise in response to a fault current in said circuit above a preselected
      value, current limiting impedance means associated with said contact
      separation means, said second contact means being separable by said
      contact separation means within one millisecond after imitiation of a
      fault current of preselected magnitude to actuate said current limiting
      means, such rapid separation being of such distance and continuity to
      enable extinguishing of any arc between such contact means within one
      millisecond for any fault current up to 100,000 amperes root mean square
      symmetrical.
NUM  24.
PAR  24. A current limiting circuit breaker as set forth in claim 23, wherein
      said second contact means are separable within two-tenths of a
      millisecond, said arc being extinguishable within said one millisecond.
NUM  25.
PAR  25. An unfused circuit breaker having capacity to interrupt an electric
      circuit connected to an alternating voltage source of up to 600 volts, 60
      Hz., comprising separable contact means to interrupt said circuit and
      contact separation means, said contact separation means including current
      limiting means comprising co-ordinated auxiliary arc voltage increasing
      means operatively associated with said contact separation means,
      co-ordinated interconnecting means whereby said contact separation means
      and said co-ordinated auxiliary arc voltage increasing means are
      associated to co-act for contact separation and arc voltage rise in
      response to a fault current in said circuit above a preselected value,
      current limiting impedance means associated with said contact separation
      means, said contact means being separable by said contact separation means
      within one-quarter cycle of current flow after initiation of a fault
      current above a threshold value of 1,000 amperes, such rapid separation
      being of such distance and continuity to enable said breaker to extinguish
      any arc between such contact means within at least one-half cycle of
      current flow for any fault current above said threshhold and up to 100,000
      amperes root mean square symmetrical.
NUM  26.
PAR  26. An unfused circuit breaker having capacity to interrupt an electric
      circuit connected to an alternating voltage source of up to 600 volts,
      comprising separable contact means to interrupt said circuit and contact
      separation means, said contact separation means including current limiting
      means comprising co-ordinated auxiliary arc voltage increasing means
      operatively associated with said contact separation means, co-ordinated
      interconnecting means whereby said contact separation means and said
      co-ordinated auxiliary arc voltage increasing means are associated to
      co-act for contact separation and arc voltage rise in response to a fault
      current in said circuit above a preselected value, current limiting
      impedance means associated with said contact separation means, said
      contact means being separable by said contact separation means within four
      milliseconds after initiation of a fault current above a threshhold value
      of 1,000 amperes, such rapid separation being of such distance and
      continuity to enable said breaker to extinguish any arc between such
      contact means within at least eight milliseconds for any fault current
      above said threshhold and up to 100,000 amperes root mean square
      symmetrical.
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ABST
PAL  A reed for a reed switch which comprises a body of conductive material
      having a contact section, an intermediate spring section, and a support
      section with the intermediate section being foil-thin and a contact
      section being substantially rigid and non-flexible and thicker than the
      intermediate section, and the intermediate section comprises a leaf spring
      having a flexibility permitting one end of the leaf spring to flex a
      substantial distance through an arc with respect to the other end of the
      leaf spring without exceeding the elastic limits of the spring, and the
      intermediate section being cold-worked to a point where said conductive
      material assumes a substantial change in physical characteristics, and
      said intermediate section is substantially harder, less ductile, and more
      dense than the contact section, and the body of said reed being of
      magnetic material. The invention also includes a reed switch in which the
      reed is mounted in association with a second conductive non-magnetic
      material reed and further is intended to include a magnetic operator for
      moving the magnetic reed into contact with the non-magnetic reed.
PARN
PAR  This is a division of application Ser. No. 404,612, filed Oct. 9, 1973.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to reeds and reed switches, and more specifically to
      more compact and higher capacity reed devices.
PAC  HISTORICAL BACKGROUND
PAR  Reduced areas in reed switches are noted in such patents as Scheepstra et
      al. U.S. Pat. No. 3,258,557, Gomperts et al. U.S. Pat. No. 3,218,406,
      DeFalco U.S. Pat. No. 3,283,274 and Bianco et al. U.S. Pat. No. 3,059,074.
      Such flattened portions have been devised to aid in making the reed
      elements flexible as mentioned in DeFalco or to provide a limited pivot
      for an armature as illustrated in Gomperts et al. Gomperts in general
      provided a thin or flat piece of resilient metal attached to the armature
      and attached to the reed. This particular patent suggests a "scheme" from
      which the spring and reed could be made from one piece but it does not
      include the armature. Scheepstra et al. teaches the flattening of the reed
      to 0.15 mil. by pressure in order to obtain additional flexibility to his
      reeds. In general, however, the prior art failed to achieve any major
      reduction in size in reed switches. DeFalco and Van Wagener et al. U.S.
      Pat. No. 3,247,343 developed reed switches in which the reeds were mounted
      in the envelope at one end thereof only; however, no major decrease in
      length was accomplished by either of these developments. The smallest reed
      switch available today has reeds extending from either end of the
      envelope.
PAR  For many years, reed switch manufacturers have been attempting to reduce
      the size while increasing the load carrying capacity of the reed switches,
      but with little success.
PAC  OBJECTS AND SUMMARY
PAR  It is therefore an object of this invention to provide a reed and a reed
      switch therefor which allows for greater reduction in size and an increase
      in load carrying capacity substantially greater than heretofor.
PAR  It is a further object of this invention to provide a reed for a reed
      switch assembly which can be inexpensively and readily manufactured.
PAR  Another object of this invention is to provide a reed for a reed switch
      which has great durability and which can take severe strain and stresses.
PAR  Yet a further object of this invention is to provide a reed switch which
      provides for little or no contact bounce.
PAR  Yet another object of this invention is to provide a reed switch which
      incorporates therein a magnetic conductive reed and a non-magnetic
      conductive reed thereby providing for rapid make and break unachievable
      with prior reed switches in which the reeds are both of magnetic
      conductive material.
PAR  Still a further object of this invention is to provide a reed switch which
      has incorporated in itself a fuse feature for controlling overloads
      without causing damage to electrical components used in conjunction
      therewith by providing a highly audible signal at the moment of
      disintegration.
PAR  A still further object of this invention is to provide a reed switch which
      has little or no capacitance effect so necessary in utilization with
      integrated circuits and the like.
PAR  It is a further object of this invention to provide a reed switch which has
      an extremely rapid closing time.
PAR  Yet another object of this invention is to provide a reed switch in which
      the spring element of the reed has been cold-worked so as to completely
      change the crystalline structure of the metal in the area of the cold work
      to provide a spring which is durable and extremely flexable.
PAR  Yet another object of this invention is to provide a reed switch in which
      the flex of the arc at the end of the reed may exceed as much as
      180.degree..
PAR  A further object of this invention is to provide a reed switch having
      contacts at the same end of the capsule thereby permitting substantial
      reduction in size.
PAR  Yet another object of this invention is to provide a reed switch in which
      the magnetic operator has different modes or phases of operation merely by
      rotating the axis of the magnetic operator with respect to the reeds.
PAR  Another object of this invention is to provide a reed switch in which the
      operator by repositioning can be made to close the switch or leave the
      switch in open position when moved through the same path.
PAR  A further object of this invention is to provide a reed switch in which the
      operator includes magnetic reenforcing means to increase the snap action
      of the switch.
PAR  Yet another object of this invention is to provide a reed switch which has
      a strong snap action so as to crunch or otherwise break through any oxide
      build-up thereby increasing the longevity of the switch and eliminating
      malfunction due to carbon build-up.
PAR  Yet a further object of this invention is to provide a reed for a reed
      switch which slams hard into its mating contact so as to give improved
      conductivity characteristics with use.
PAR  A further object of this invention is to provide a reed for a reed switch
      in which the spring principle can be adapted to many shapes and forms for
      various configurations of reed switches.
PAR  Still a further object of this invention is to provide a reed switch which
      has a past-dead-center mechanism so as to afford a two position reed.
PAR  Yet a further object of this invention is to provide a reed switch which
      can flex in more than one direction and which can even assume a flex in
      360.degree. although the reeds themselves may be flat.
PAR  Yet another object of this invention is to provide a reed switch which has
      a fuse member therein which fuse member can be modified for different
      current capacities.
PAR  A still further object of this invention is to provide a reed switch in
      which the non-magnetic conductive reed is provided with a flattened end
      portion for providing better contact and better current carrying
      capabilities.
PAR  Another object of this invention is to provide a reed switch in which the
      operator is in the form of a cap which sits on top of the reed envelope
      thereby providing for reduced profile.
PAR  In summary therefore, this invention is directed to reed switches having
      greater durability and greater carrying capacity and these and other
      objects of this invention will be apparent from the following description
      and claims.
DRWD
PAR  In the accompanying drawing which illustrates by way of example various
      embodiments of this invention:
PAR  FIG. 1 is a side elevational view of the invention with the ends shown
      fragmentary on one end and broken away on the other end to show
      indeterminate length;
PAR  FIG. 2 is a right end view thereof;
PAR  FIG. 3 is a left end view thereof;
PAR  FIG. 4 is a bottom plan view thereof;
PAR  FIG. 5 is a top plan view thereof;
PAR  FIGS. 6 and 7 are bottom plan views of other modifications of this
      invention in which the ends are shown fragmentary on one end and broken
      away at the other end to show indeterminate length;
PAR  FIGS. 8 and 9 are side elevational views of further embodiments of the
      invention in which the ends are shown fragmentary on one end and broken
      away at the other end to show indeterminate length;
PAR  FIG. 10 is an end view of the embodiment shown in FIG. 9;
PAR  FIG. 11 is a side elevational view of a further embodiment of the invention
      with the ends being shown fragmentary on one end and broken away at the
      other to show indeterminate length;
PAR  FIG. 12 is an end view of the embodiment shown in FIG. 11;
PAR  FIG. 13 is a side elevational view of a further embodiment of the invention
      in which the ends are shown fragmentary at one end and broken away at the
      other end to show indeterminate length;
PAR  FIG. 14 is an end view of the embodiment shown in FIG. 13;
PAR  FIGS. 15, 16, 17 and 18 are side elevational views of further embodiments
      of the invention with the ends shown fragmentary at one end and broken
      away at the other end to show indeterminate length;
PAR  FIG. 19 is a top plan view of a further modification of the invention with
      the ends shown fragmentary;
PAR  FIG. 20 is a fragmentary cross sectional view of the embodiment shown in
      FIG. 19 taken along the lines 20--20 and viewed in the direction of the
      arrows;
PAR  FIG. 21 is a side elevational view showing one reed in closed position in
      solid lines and in open position in phantom lines with the ends of the
      reeds fragmentated;
PAR  FIG. 22 is a cross sectional view of the embodiment shown in FIG. 21 and
      viewed in the direction of the arrows;
PAR  FIGS. 23 and 23A are further embodiments of the non-magnetic reed showing
      an L-shaped reed and a goosenecked-shaped reed respectively;
PAR  FIG. 24 is a side elevational view of yet another embodiment of the
      invention;
PAR  FIG. 25 is a top plan view of the embodiment shown in FIG. 24;
PAR  FIGS. 26 and 27 are diagrammatic views illustrating the reeds and magnetics
      of the device illustrated in FIGS. 24 and 25.
DETD
PAC  FIGS. 1 THROUGH 5
PAR  FIGS. 1 through 5 show in detail one form of the reed used in conjunction
      with the reed switch subsequently described. The reed R is provided with a
      shank or support portion 2 with an intermediate portion 4 and a contact or
      end portion 6. The reed R is preferably made from a magnetic material and
      it has been found that a soft steel is much more desirable than a hard
      steel. It is to be understood that the reed might be used for other
      purposes than in conjunction with a magnetic field and in these instances
      the reed might be made from plastic, non-magnetic materials and the like
      which can be cold-worked. It is to be noted that the reed R at the
      intermediate section 4 has a flat bottom 8 and a concave surface 10. The
      intermediate section 4 is formed by cold-working a wire or reed which may
      have various cross sectional configurations but as shown in FIGS. 1-5, is
      circular. The wire is cold-worked by pressure such as peening, hammering,
      drop-pressing or the like until the metal becomes foil-thin. There is a
      critical stage in which the cold-working changes the characteristics of
      the metal of the wire to produce a spring and steel substantially
      different crystalline structure than the original non-worked metal. It has
      been found that slightly working the metal to reduce the thickness of the
      wire by flattening does not by itself produce the desired spring
      characteristics. A slight reduction does give some flex at the
      intermediate point, but it is relatively negligible. Even reduction down
      to a relatively thin cross section is not sufficient to change the
      characteristics of the metal to produce a spring steel of great
      flexibility and long life. It has been found that a reduction of the metal
      to a thickness of less than 0.003 inch totally reconstitutes the metal
      into a fine, hair-spring leaf. The cold working makes the spring
      intermediate section 4 extremely hard and flexible. In the process of
      cold-working, the metal that is worked flows laterally to produce side
      flanges 12 and 14. In the preferred embodiments of this invention, a
      thinness of 0.001 inch or less is created in order to obtain the maximum
      flex. Even 0.003 inch is one-half the thickness of previous known
      developments such as Scheepstra U.S. Pat. No. 3,258,557 who mentions
      reduction to 0.15 mm which is approximately 0.006 inch. It has been found
      that unless a foil-thinness is achieved, the spring-like characteristics
      desired for operation of a switch is unachievable. Only slight flex is
      achieved by reduction to the thinness set out by Scheepstra and this is
      still to thick to give real fine, hair-spring characteristics. The
      resulting spring made by the cold-working for all practical purposes will
      not wear out and tests show substantial life even after 2 billion contact
      operations. It has been found that thickness of the initial wire has no
      bearing on flex since the wire must be reduced at the point of flex to the
      criticalities aforementioned.
PAR  In FIGS. 1-5, it will be noted that the flat, planer surface 8 is angularly
      disposed to the base or support section 2, as well as to the contact
      section 6. In normal formation, the metal at the intermediate section 4
      tends to draw at either end of the intermediate section 4 in such a manner
      as to swing the ends towards the area of reduction and the concave surface
      10. In actual production of the reeds, the wire 2 is laid against a flat
      surface and the die which produces the curved surface 10 is struck
      thereinto. The ends of the wire tend to lift up from the flat surface on
      either side thereof once the die has been released. The reed can be
      manufactured so that the ends and the intermediate section are all in
      alignment by overstressing if necessary.
PAR  It should be noted that the area of reduction at the intermediate section 4
      should be of some substantial length and preferably the length of the
      intermediate section should be about four or more times the thickness of
      the wire. This provides the intermediate section with a hinge of
      sufficient length to flex large increments. At least 25.degree. of flex
      must be achieved in order to provide good switching action. Above
      30.degree. is preferred for switches in which the capacitance effect is
      not too much of a problem. At least 60.degree. of flex is desired for
      certain compact spacing arrangements with a substantial reduction in
      capacitances. 90.degree. of flex affords much greater spacing
      characteristics with further reduction as to capacitance problems.
      120.degree. of flex allows for sufficient spacing to eliminate
      capacitances for all practical purposes. 150.degree. of flex permits the
      reed to be utilized for special design concepts in switching and a flex of
      180.degree. or more permits additional unique switch design configurations
      heretofor unobtainable with existing reed developments. It is to be noted
      that the advantage of this particular reed development is that that arc of
      flex is much greater than any prior arc development and for all practical
      purposes, the switch in which the reed is used never requires a maximum
      flex of the reed. The reed therefore operates substantially below its
      maximum capabilities which thus enhances the life of the reed. For
      example, the normal arc for which the reed may move in a particular switch
      might be 60.degree. whereas the maximum normal flex of the reed used in
      that particular switch might be 120.degree.. The reed thus never exceeds
      or even approaches its capabilities as far as flex is concerned.
PAC  FIGS. 6 THROUGH 14
PAR  In FIG. 6, the reed R differs only from the reed of FIGS. 1-5 in that
      portions of the flanges 12 and 14 have been clipped to provide flat
      straight edges 16 and 18. It has been found that the reed may be used as a
      fuse and circuit breaker and calibration of the carrying capacities of the
      reed would depend upon the amount of clipping of the sides 16 and 18. In
      FIG. 7, the sides of 20 and 22 have been clipped flush to the wire stock
      diameter. When used as a fuse, the reed parts at the intermediate section
      with a loud report similar to a firecracker.
PAR  FIG. 8 shows a reed R manufactured from rod stock having flat sides 24 and
      26. The intermediate section 28 spreads out in much the same manner as the
      intermediate section 4 of FIGS. 1-5.
PAR  FIGS. 9 and 10 show the intermediate section 30 with a flat central portion
      32 as having a flat surface 34 in the concavity between the curved
      surfaces 36. It will be obvious that any one of the reeds previously or
      subsequently referred to may include a flat central protion 32 as
      illustrated in FIGS. 9 and 10.
PAR  FIGS. 11 and 12 show the reed R configured from both sides so that there
      are two concavities 38 and 40. This arrangement provides a hinge which
      will flip equally in both directions from the center point, whereas the
      developments shown in FIGS. 1-5 permit the magnetic reed to be offset
      substantially from its mating reed even though the contact portion may be
      in close proximity thereto. The reed R in FIGS. 11 and 12 is
      concavo-concave in configuration whereas the reeds in FIGS. 1-5 are
      plano-concave in configuration.
PAR  FIGS. 13 and 14 show a reed R having an intermediate portion 42 with a
      concave surface 44 and a convex surface 46 giving it a concavo-convex
      appearance.
PAC  FIGS. 15 THROUGH 18
PAR  FIG. 15 shows a modified reed R having been struck from opposite directions
      to produca a flat S-configuration 48.
PAR  FIG. 16 shows a modified version of FIG. 15 in which the reed R is of a
      looped S-configuration 50.
PAR  FIG. 17 shows a reed R with two intermediate connecting sections 52 and 54
      set at right angles to each other. This particular configuration of the
      reed permits the reed to rotate about its axis 360.degree..
PAR  FIG. 18 shows a reed R having two concavo-convex areas 56 and 58 with an
      intermediate contact section 60. The reed of this configuration can be
      supported at ends 62 and 64 so that the contact area 60 flexes back and
      forth under the influence of a magnetic field, the contact section being
      supported by the spring sections 56 and 58.
PAC  FIGS. 19 AND 20
PAR  In FIGS. 19 and 20 the reed 4 is provided with an intermediate spring
      section 66 which has a button 68 struck in the reverse direction. The
      button 68 acts as a past-dead-center mechanism to permit the reed to lodge
      in either position A or B. The operation is similar to "crickets" or noise
      makers. This development is particularly advantageous where the magnetic
      field is withdrawn and contact is desired to be maintained.
PAC  FIGS. 21 AND 22
PAR  FIGS. 21 and 22 show a reed switch 70 having a base 72 and an envelope 74
      which may be plastic or glass and provided with an inert atmosphere or a
      vacuum as desired. Reeds 76 and 78 are mounted in the base 72. Reed 76 is
      of non-magnetic conductive material such as copper or aluminum or the
      like. Reed 78 is of magnetic conductive material such as soft steel. The
      intermediate foil spring section 80 extends substantially from the base 72
      to the contact section 82. Mounted on the envelope 74 is a cap 84 which is
      rotatable thereon. The cap 84 is provided with opposing magnets 86 and 88.
      Cap 70 may be constructed so that the magnets 86 and 88 need not be
      positioned directly opposite each other and magnet 89 is a replacement
      position for magnet 86. If reference is now made to FIG. 22, it will be
      noted when the magnets 86 and 88 are moved 90.degree. to the positions
      shown in dash lines, the switch remains open. When the cap is rotated
      another 90.degree. in either direction, the switch is closed again. It is
      to be noted that the magnetic reed 78 is mounted in the same half of the
      capsule 70. The reason is that the magnets 86 and 88 reenforce each other
      and tend to cause the contact 82 to move more rapidly towards the reed 76.
      The reed 78 may be mounted in the other half of the capsule providing that
      the contact portion 82 extends into the same half in which the reed 76 is
      positioned. The magnetic influence therefore is operating primarily on the
      mass of the contact section 82 to drive it into contact with the
      non-magnetic conductive reed 76.
PAC  FIGS. 23 AND 23A
PAR  FIG. 23 shows the magnetic reed 90 engaging the non-magnetic reed 92. The
      non-magnetic reed 92 is L-shaped and is provided with a flattened contact
      surface area 94. This flattened contact area gives better conduction and
      action. In FIG. 23A, the reed 92' which is provided with a flattened area
      94' similar to FIG. 23 has a hook-shaped configuration rather than an
      L-shaped configuration as illustrated in FIG. 23. The advantages of these
      type reeds are that they reduce capacitance in that the mass as of the
      reeds can be spaced a considerable distance from each other.
PAC  FIGS. 24 THROUGH 27
PAR  In FIG. 24, the reed switch 70 is mounted in a housing or support 96 which
      has a cruciform slot 98 in which is mounted a magnet 100. The magnet is
      round in configuration (although other forms may be used) and is slotted
      to be movable in the cruciform slot 98. It will now be observed with
      reference to FIG. 26, that as the magnet 100 is moved to the left in the
      direction of arrow C, contact will be made between the reeds as the magent
      100 is passed from one end of the cruciform slot 98 to the other as long
      as the axis of the lines of flux are transverse to the planes of the
      reeds. It will also be noted that the movement of the magnet 100 in the
      left direction of the arrow C towards first the non-magnetic reed will
      first tend to push the magnetic reed 78 to the left and as the magnet is
      shifted further, the magnetic reed 78 will suddenly snap from one pole
      towards the other pole to close magnetic reed 78 on non-magnetic reed 76.
      The action is of course reversed as soon as the movement of the magnet is
      shifted to the right as in arrow C. If the magnet 100 with its poles
      oriented as illustrated, is positioned above the reeds 76 and 78 and is
      shifted in the downward direction of arrow D, and if the magnet is
      sufficiently offset to the right, the reed 78 will be drawn towards the
      reed 76.
PAR  With reference to FIG. 27, it will now be noted that if the magnet 100 is
      rotated slightly on its axis and placed at the top of the cruciform slot
      98, and then shifted in the direction of the arrow E downwardly, the
      magnet will permit operation of the switch in that the polar field of the
      magnet is not exactly 90.degree. to the planes of the magnet, but is at an
      angle thereto which permits the magnet 100 to operate the reed 78. It will
      be noted that the magnetic field should be in the direction of the
      magnetic reed 78 in order to begin to move it away from non-magnetic reed
      76 prior to its snapping closed when the magnet 100 is continued to moved
      past the reeds 76 and 78 to permit the magmetic reed 78 to snap back on
      reed 76. It is to be further noted that the positioning of the magnet 100
      for movement in the direction of the arrow F with its poles as illustrated
      so that the magnetic field is parallel to the planes of the reeds 76 and
      78, will upon shifting to the right, fail to operate the reeds, since the
      magnetic field is parallel to the planes of the reeds 76 and 78.
PAR  It will be obvious that the reed and switches in which the reeds can be
      utilized, provide substantial reduction in size for the reed R. The reeds
      R need only be mounted so that the spring contact section is projecting
      from the base support. This allows very compact reed switch mechanisms to
      be built. It is anticipated that for maximum flex of between 25.degree. of
      arc and more than 180.degree. of arc, the intermediate section should have
      a length of between 1/8 to 1/32 inch. The thickness of the intermediate
      section may be uniform throughout substantially its entire length by
      utilization of certain type dies which may be of box-type configuration
      rather than arcuate or arcuate with flat surfaces. In general, even for
      loads of two amps, the overall length of the intermediate and contact
      sections should not exceed 1/2 inch. For the most part, the capsules need
      not exceed 1/2 inch in length nor 1/4 inch in width.
PAR  While this invention has been described, it will be understood that it is
      capable of further modification, and the application is intended to cover
      any variations, used and/or adaptations of the invention following in
      general, the principle of the invention and including such departures from
      the present disclosure as come within known or customary practice in the
      art to which the invention pertains, and as may be applied to the
      essential features hereinbefore set forth, as fall within the scope of the
      invention or the limits of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A reed switch comprising:
PA1  a. a first reed of conductive magnetic material
PA1  b. a second reed of conductive non-magnetic material mounted in cooperating
      spaced relation to said first reed
PA1  c. said first reed comprising a body of conductive material having a
      contact section, an intermediate spring section, and a support section
PA1  d. said intermediate section being foil-thin
PA1  e. said support section being substantially rigid and non-flexible
PA1  f. said contact section being substantially thicker than said intermediate
      section
PA1  g. said intermediate section comprising a leaf spring having a flexibility
      permitting one end of said leaf spring to flex a substantial distance
      through an arc with respect to the other end of said leaf spring without
      exceeding the elastic limits of said spring
PA1  h. said intermediate section being cold-worked to a point where said
      conductive material assumes a substantial change in physical
      characteristics, and
PA1  i. said intermediate section being substantially harder, less ductile, and
      more dense than said contact section and having a substantiall higher
      tensile strength than said contact section.
NUM  2.
PAR  2. A reed switch as in claim 1 and wherein:
PA1  a. said reeds are capsulated and extend in the same direction and have
      bases mounted adjacent each other.
NUM  3.
PAR  3. A reed switch as in claim 1 and wherein:
PA1  a. said conductive material is soft steel.
NUM  4.
PAR  4. A reed switch as in claim 1 and wherein:
PA1  a. said support section is substantially rigid and non-flexible and
      substantially thicker than said intermediate section, and
PA1  b. said intermediate section is substantially harder, less ductile, and
      more dense than said support section and having a substantially higher
      tensile strength than said support section.
NUM  5.
PAR  5. A reed switch as in claim 4 and wherein:
PA1  a. said sections are integral and formed in a single piece.
NUM  6.
PAR  6. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section has a maximum flex of at least 25.degree. of
      arc.
NUM  7.
PAR  7. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section has a maximum flex of at least 30.degree. of
      arc.
NUM  8.
PAR  8. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section has a maximum flex of at least 60.degree. of
      arc.
NUM  9.
PAR  9. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section has a maximum flex of between about 90.degree.
      of arc and 180.degree. of arc.
NUM  10.
PAR  10. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section has substantially uniform thickness throughout
      a major portion of its length.
NUM  11.
PAR  11. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section thickens towards its ends.
NUM  12.
PAR  12. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section is concavo-concave.
NUM  13.
PAR  13. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section is plano-concave.
NUM  14.
PAR  14. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section is concavo-convex.
NUM  15.
PAR  15. A reed switch as in claim 1 and wherein:
PA1  a. said sections are axially aligned.
NUM  16.
PAR  16. A reed switch as in claim 1 and wherein:
PA1  a. said contact section is angularly disposed with respect to said support
      section.
NUM  17.
PAR  17. A reed switch as in claim 1 and wherein:
PA1  a. each of said sections are angularly disposed to each other.
NUM  18.
PAR  18. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section includes flat and curved surfaces.
NUM  19.
PAR  19. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section includes a past-dead-center mechanism.
NUM  20.
PAR  20. A reed switch as in claim 1 and wherein:
PA1  a. the overall length of said intermediate section is between about
      one-eighth to one-thirty second inch.
NUM  21.
PAR  21. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section has a cross sectional thickness of less than
      0.003 inches, and
PA1  b. said leaf spring has a flexibility permitting one end of said leaf
      spring to flex through an arc of at least 25.degree..
NUM  22.
PAR  22. A reed switch as in claim 21 and wherein:
PA1  a. said reeds are capsulated and extend in the same direction and have
      bases mounted adjacent each other.
NUM  23.
PAR  23. A reed switch as in claim 21 and wherein:
PA1  a. said conductive material is soft steel.
NUM  24.
PAR  24. A reed switch as in claim 21 and wherein:
PA1  a. said support section is substantially rigid and non-flexible and
      substantially thicker than said intermediate section, and
PA1  b. said intermediate section is substantially harder, less ductile, and
      more dense than said support section and having a substantially higher
      tensile strength than said support section.
NUM  25.
PAR  25. A reed switch as in claim 21 and wherein:
PA1  a. said sections are integral and formed in a single piece.
NUM  26.
PAR  26. A reed switch as in claim 21 and wherein:
PA1  a. said intermediate section has substantially uniform thickness throughout
      a major portion of its length.
NUM  27.
PAR  27. A reed switch as in claim 21 and wherein:
PA1  a. said intermediate section thickens towards its ends.
NUM  28.
PAR  28. A reed switch as in claim 21 and wherein:
PA1  a. said intermediate section is concavo-concave.
NUM  29.
PAR  29. A reed switch as in claim 21 and wherein:
PA1  a. said intermediate section is plano-concave.
NUM  30.
PAR  30. A reed switch as in claim 21 and wherein:
PA1  a. said intermediate section is concavo-convex.
NUM  31.
PAR  31. A reed switch as in claim 21 and wherein:
PA1  a. said sections are axially aligned.
NUM  32.
PAR  32. A reed switch as in claim 21 and wherein:
PA1  a. said contact section is angularly disposed with respect to said support
      section.
NUM  33.
PAR  33. A reed switch as in claim 21 and wherein:
PA1  a. each of said sections are angularly disposed to each other.
NUM  34.
PAR  34. A reed switch as in claim 21 and wherein:
PA1  a. said intermediate section includes flat and curved surfaces.
NUM  35.
PAR  35. A reed switch as in claim 21 and wherein:
PA1  a. said intermediate section includes a past-dead-center mechanism.
NUM  36.
PAR  36. A reed switch as in claim 21 and wherein:
PA1  a. the overall length of said intermediate section is between about
      one-eighth to one-thirty second inch.
NUM  37.
PAR  37. A reed switch as in claim 1 and wherein:
PA1  a. said intermediate section has a cross sectional thickness of less than
      about 0.001 inches.
NUM  38.
PAR  38. A reed switch as in claim 37 and wherein:
PA1  a. said reeds are capsulated and extend in the same direction and have
      bases mounted adjacent each other.
NUM  39.
PAR  39. A reed switch as in claim 37 and wherein:
PA1  a. said conductive material is soft steel.
NUM  40.
PAR  40. A reed switch as in claim 37 and wherein:
PA1  a. said support section is substantially rigid and non-flexible and
      substantially thicker than said intermediate section, and
PA1  b. said intermediate section is substantially harder, less ductile, and
      more dense than said support section and having a substantially higher
      tensile strength than said support section.
NUM  41.
PAR  41. A reed switch as in claim 37 and wherein:
PA1  a. said sections are integral and formed in a single piece.
NUM  42.
PAR  42. A reed switch as in claim 37 and wherein:
PA1  a. said intermediate section has substantially uniform thickness throughout
      a major portion of its length.
NUM  43.
PAR  43. A reed switch as in claim 37 and wherein:
PA1  a. said intermediate section thickens towards its ends.
NUM  44.
PAR  44. A reed switch as in claim 37 and wherein:
PA1  a. said intermediate section is concavo-concave.
NUM  45.
PAR  45. A reed switch as in claim 37 and wherein:
PA1  a. said intermediate section is plano-concave.
NUM  46.
PAR  46. A reed switch as in claim 37 and wherein:
PA1  a. said intermediate section is concavo-convex.
NUM  47.
PAR  47. A reed switch as in claim 37 and wherein:
PA1  a. said sections are axially aligned.
NUM  48.
PAR  48. A reed switch as in claim 37 and wherein:
PA1  a. said contact section is angularly disposed with respect to said support
      section.
NUM  49.
PAR  49. A reed switch as in claim 37 and wherein:
PA1  a. each of said sections are angularly disposed to each other.
NUM  50.
PAR  50. A reed switch as in claim 37 and wherein:
PA1  a. said intermediate section includes flat and curved surfaces.
NUM  51.
PAR  51. A reed switch as in claim 37 and wherein:
PA1  a. said intermediate section includes a past-dead-center mechanism.
NUM  52.
PAR  52. A reed switch as in claim 37 and wherein:
PA1  a. the overall length of said intermediate section is between about 1/8 to
      1/32 inch.
NUM  53.
PAR  53. A reed switch as in claim 37 and wherein:
PA1  a. said leaf spring flexes through an arc of at least 25.degree..
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ABST
PAL  A relay has an abutment mounted adjacent its armature for movement
      therewith. A spring-biased tapered pin engages the abutment when the relay
      is energized. This causes the relay to maintain a latched, first switch
      state. An electromagnetic releaser is then energized which displaces the
      pin thus freeing the armature. A spring returns the armature to an
      unlatched position whereby the relay is set to a second switch state.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to relays, and more particularly to latch
      relays having an electromagnetic releaser for resetting the relay from a
      latched state to an unlatched state.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  The advent of modern coordinated mass transit systems has substantially
      increased reliability requirements for electrical control of trainline
      systems. One such area is control of electric door operators. Since most
      of the doors are unattended, electrical indications and signaling of open
      and closed door operations are crucial. For example, if a door close
      signal is not completed, the train may either begin to move with the doors
      open or the train is prevented from moving until a defective component is
      located.
PAR  In particular, trainline pulses of voltage are used to open and close
      doors. Since pulses are transmitted, latch relays are used to hold the
      doors open and closed. Consequently, reliable latching or mono-stable
      operation is crucial to the safety of transit car passengers.
PAR  Presently available units, used for the discussed purpose have not
      performed satisfactorily in vehicular use where failures are of
      substantial consequence. One prior art approach is to use a symmetrical
      clapper or armature with a central permanent magnet providing a residual
      holding force, after momentary energization of a relay coil. However, the
      residual force is low, and after some time in operation, commonly
      encountered contaminants, render the latching operation unreliable. That
      is, that latch contact frequently opens due to shock and/or vibration.
PAR  One prior art unit uses a structure similar to that disclosed in U.S. Pat.
      No. 2,819,364. As constructed, the latch members are subject to wear and
      consequent loss of latch contact due to vibrations or shock. Additionally,
      wear of the latch members reduces contact pressure on the contact set
      "latched," resulting in early contact failure.
PAR  The following U.S. patents generally relate to the subject matter of the
      present invention. However, the presently claimed subject matter defines
      over these U.S. Pat. Nos: 3,694,779; 2,916,583; 2,819,364; and 1,971,199.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It is to be emphasized that although the present invention is discussed in
      the environment of mass transit electrical door operators, utilization of
      the invention extends to other uses where mono-stable or mechanically
      latched and electrically released control relays are considered. However,
      development of the invention was undertaken to fill, at least, a need in
      mass transit vehicles for a sufficiently reliable unit.
PAR  The invention provides a reliable mechanical latch-electrically released
      control relay, without sacrificing interruption and/or current carrying
      capabilities. The latch mechanism is simple, reliable and does not
      materially affect the operation of the relay switch contacts. The latching
      mechanism includes a tapered pin having a rounded end which abuts an
      extension of the relay armature. To reset the relay, the pin is displaced
      from a latching position thus enabling the armature to snap back to its
      original switching state. Since the latch pin is tapered and operates near
      the armature center of gravity, vibration resistance and latching forces
      are held substantially constant, over a life in excess of two million
      operations.
PAR  The present invention offers significant advantages when compared to the
      prior art. For example, U.S. Pat. No. 2,916,583, mentioned above,
      discloses a separate coil which is used to release a mechanical latch on
      the main relay armature.
PAR  The present invention has features which are distinct, when compared to the
      prior art. For example, when compared to U.S. Pat. No. 2,916,583, the
      present invention is seen to offer the following:
PA0  1. Latching is accomplished by a simple, reliable pin acting on the relay
      armature very close to its center of gravity. The latch bracket adds very
      little to armature mass making the unit much more reliable and resistant
      to shock and vibration than other prior art structures.
PA0  2. Addition of the latch requires a negligible increase in basic relay coil
      power, thereby providing the mono-stable feature without additional
      circuit penalties.
PA0  3. Prior to the introduction of this unit, few if any existing devices
      could provide reliable latch operation in environments which experience
      substantial shock and vibration. The unit as described is used extensively
      on diesel-electric locomotives operating on railroads throughout the U.S.
      with a failure rate of less than 1 percent.
PAR  As will be appreciated, the present invention provides structure which
      carries out the latch function without major alterations in the armature
      structure, thereby providing a latch relay which is reliable under adverse
      environmental conditions. Additionally, the disclosed unit can be
      classified as a control relay, having substantial current carrying
      capacity (5-10 amps), whereas prior art units have been pilot relays,
      having low current capacity (0.5-1.0 amps).
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PAR  The above-mentioned objects and advantages of the present invention will be
      more clearly understood when considered in conjunction with the
      accompanying drawings, in which:
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a side elevational view of the relay structure shown in an
      energized state.
PAR  FIG. 2 is a view, similar to FIG. 1, indicating the relay in the
      de-energized and unlatched state, as well as a transitional switching
      state (shown by dotted lines).
PAR  FIG. 3 is a sectional view taken along a plane passing through section line
      3--3 of FIG. 1.
PAR  FIG. 4 is a transverse sectional view taken along a plane passing through
      section line 4--4 of FIG. 1.
PAR  FIG. 5 is a partial top plan view of the present relay structure
      illustrating a window through which a visual indicator is shown to
      indicate the state of relay operation.
PAR  FIG. 6 is a perspective view of a flag member which is positioned adjacent
      the window of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the figures and more particularly FIG. 1 thereof, a mounting
      plate 10 secures a generally U-shaped housing, fabricated from insulator
      material. The housing includes a lower section 14 that articulates to a
      vertical section 16. An upper section of the housing 18 is secured to the
      vertical section 16 by means of fasteners, such as screws 24 (FIG. 5). A
      cylindrical spacer 20, of insulator material is connected between the
      upper and lower housing sections 14 and 18. Triangular web sections 22 are
      positioned in aligned forward and rearward relation, as viewed in FIG. 1,
      between the vertical section 16 and the horizontal section 14 of the
      housing 12.
PAR  A relay, generally indicated by reference numeral 26 is securely mounted at
      one end of the coil 28 to a vertical bracket section 33 that extends
      perpendicularly to a second horizontal section 30. The core 32 extends, at
      the right end of coil 28, with an enlarged diameter 32 to develop desired
      electromagnetic forces toward the armature 36 of the relay. As seen in
      FIG. 4, the armature is generally circular, but extends to an integral
      rectangular portion 40. A small projection 38 extends integrally and
      transversely of the rectangular portion 40. Notches 42 and 44, best seen
      in FIG. 4, receive the outward ends of the horizontal bracket section 30
      as shown in FIG. 2. Thus, the armature 36 is pivotally mounted iin a
      cantilever fashion to the rectangular section 40 of the armature 36. As
      shown in FIG. 2, a coil spring 46 is attached at one end to the projection
      38, and the opposite end is mounted to the left end (not shown) of the
      horizontal bracket section 30. The spring 46 normally biases the armature
      36 in the position shown in FIG. 2.
PAR  Referring to FIG. 2, a generally U-shaped yoke 34 is shown mounted to the
      armature 36 for linked movement therewith. The yoke 34 is fabricated from
      an insulator material and mounts a metal member 50 at the outward right
      end thereof. The metal member 50 extends upwardly to an L-shaped abutment
      98, to be discussed hereinafter. The yoke 34 has parallel spaced
      horizontal sections 52 that extend to the left end thereof to shoulder
      portions 54 and 74, more clearly shown in FIG. 4. The shoulder portion 54
      mounts a contact arm 56 that extends upwardly to a relay contact 58 that
      is associated with the contact set 60 and 62, better seen in FIG. 2. Also
      in FIG. 2, the contacts 58 and 62 are seen to be in a normally closed
      position while the contacts 58 and 60 are seen to be in a normally opened
      position. The contacts are shrouded by an integral shroud 64 which
      protects the contacts.
PAR  As previously mentioned, FIG. 2 illustrates the relay in a first switching
      state. During this state, current passes from the exterior terminal 72 to
      the inward terminal 70. A flexible wire 66 is then connected between the
      terminal 70 and a connection point 68, best shown in FIG. 4. The
      connection point enables the current to continue its travel along the
      contact arm 56 to the movable contact 58. In the relay state shown in FIG.
      2, contact is made between the contact set 58-62. An exterior terminal 63
      is provided to pick off the current when the relay is in the state shown
      in FIG. 2.
PAR  A similar situation exists with a second set of relay contacts. Referring
      to FIG. 4, a yoke shoulder 74 is illustrated as being symmetrical and
      identical to the previously mentioned shoulder 54. A second contact arm 76
      extends from the shoulder to a movable contact 82 (FIG. 3). Stationary
      contacts 80 and 84 are symmetrically utilized as contacts 62 and 60,
      respectively, as previously described. In the relay state of FIG. 2, the
      movable contacts 58 and 82, respectively, contact the stationary contacts
      62 and 80. The relationship between contact pairs, during a second
      switching or latched condition, as shown in FIG. 1, corresponds with the
      view of FIG. 3.
PAR  The path of current from contact arm 76 is through the wire 86 (FIG. 2). A
      first end of this wire is connected to the external terminal 88 (FIG. 3).
      The opposite end of the wire is connected to point 78 (FIG. 4). The
      stationary contact 62 corresponds with the external terminals 63 in FIG.
      4, while stationary contact 80 corresponds with external terminals 85 in
      FIG. 4.
PAR  When the relay is in the switching state shown in FIG. 1, the movable
      contacts 58 and 82, of FIG. 3, contact the stationary contacts 60 and 84,
      which in turn have external terminals similar to terminals 63 and 85 in
      FIG. 4.
PAR  Thus far, the current switching has been described with respect to the
      relay contacts, as they assume two switching states shown in FIG. 1 and
      FIG. 2.
PAR  The following disclosure will relate to energization of the relay 26 so
      that it may be switched between the first and second states, as
      illustrated in FIG. 1 and FIG. 2. A wire 90 extends inwardly from the
      external terminal 94 (FIG. 3). The opposite end is connected to the first
      end of the relay coil 28. The opposite end of the coil is connected to
      wire 92 (FIGS. 3 and 4), which in turn is connected to the external
      terminal 94. This describes the energizing current path for the relay 26.
      When current passes through the described circuit path, the relay armature
      changes from the position shown in FIG. 2, to the position shown in FIG.
      1. It will be noted that the armature 36 has moved inwardly into contact
      with the relay coil core.
PAR  With the latch released and relay coil de-energized as shown in FIG. 2, the
      metal member 50 mounted to the yoke 34 is seen to extend outwardly to an
      L-shaped member 98 which serves as an abutment to the spring-loaded
      tapered pin 100, which has a smooth rounded end contacting the abutment
      98. The abutment may be fabricated from a suitable low friction-good
      wearing material, such as NYLATRON. The pin or plunger 100 is
      concentrically mounted within a cylindrical housing 102 shown in FIG. 4.
      It will be noted that the plunger 100 has a bearing element 106
      concentrically mounted to it, and located inwardly of the plunger housing
      102. A spring 104 is concentrically disposed around the plunger and bears
      against the member 106 and a retainer member 108. Thus, the plunger 100 is
      biased outwardly against the L-shaped member 98, shown in FIG. 2. When the
      relay coil 28 is energized, the armature 36 is attracted toward the coil
      and the L-shaped member 98 moves along with the armature 36 until the
      plunger 100 abuts the abutment 98, as shown in FIG. 1, wherein detent
      action is accomplished between the plunger 100 and the abutment 98. This
      achieves latching action of the relay. In order to release the relay,
      thereby allowing it to return to its original state in FIG. 2, the
      external projection 110, shown in FIG. 4, connected to the plunger 100,
      must be moved outwardly thereby permitting the spring 46 (FIGS. 1 and 2)
      to snap the relay armature and the L-shaped member 98 to the original
      position shown in FIG. 2. In order to appreciate how this resetting of the
      latch is accomplished, reference is made to FIG. 2 wherein an
      electromagnetic releaser 112 is illustrated. The releaser is supported by
      an insulating block 114. The coil 119 of the releaser is secured to the
      horizontal portion 116 of a bracket that has a vertical portion 118. The
      upper end of the vertical portion 118 is bifurcated to receive a notched
      portion of the releaser armature 122. The armature 122 is mounted in a
      pivotally cantilevered manner, as was in the case of relay armature 36. An
      elongated metal member 124 is bifurcated at the outward end 126 thereof to
      receive the projection 110 (FIG. 2) of plunger 100. A first wire 128 is
      connected to one end of the coil 119. The opposite end of wire 128 is
      connected to terminal 130, which in turn is connected to the contact 60.
      Thus, wire 128 is energized when the relay maintains the energized state,
      shown in FIG. 1.
PAR  A projection 131 extends from the left end of armature 122, as shown in
      FIG. 2, and serves to connect the upper end of spring 132. The lower end
      of the spring 134 is secured at 136 to an outwardly extending projection
      from the horizontal bracket section 116. Thus, the releaser armature is
      normally biased outwardly, which in turn causes member 124 to assume the
      position shown in FIG. 1. An external terminal 140 is connected to the
      first end of wire 138, the opposite end being connected to coil 119 to
      complete a current path through the releaser coil.
PAR  In operation of the device, when relay 26 is energized, the armature 36 of
      the relay is latched into position due to the detent action of the tapered
      plunger 100. This is a situation illustrated in FIG. 1. Such would be the
      case in the environment of a mass transit vehicle, when a door opener has
      been activated. In order to close the doors, a door closing pulse signal
      is transmitted to terminal 140 which completes a circuit through coil 119
      thereby momentarily energizing the releaser 112. Referring to FIG. 2, such
      energization draws the armature 122 downwards as shown by the dotted
      position, and releases the latching action of the tapered pin 100 by
      momentarily raising it as shown in dotted lines and returning the relay 26
      to the position shown in FIG. 2. As will be appreciated, only upon proper
      electrical energization of the releaser will the plunger 100 be released
      from its abutting relation with the L-shaped member abutment 98, as shown
      in FIG. 1. When such energization does occur, the relay armature and
      changed switching state will take place, as illustrated in solid lines in
      FIG. 2. In order to provide a visual indication as to whether relay 26 is
      energized or de-energized, a visual indicator is provided as shown in FIG.
      5. Specifically, a window 142 is provided on the upper housing section 18.
      A mechanical flag shown in FIG. 6 is mounted to the armature of relay 26,
      and depending upon the state of the relay, the flag will assume a
      different position. Due to the inclusion of differently colored portions
      on the flag, when the flag moves between two extreme positions, a color
      code is shown through window 142, to indicate the state of the relay. The
      mechanical flag of FIG. 6 includes an indicator section generally
      indicated by reference numeral 144 which includes a red painted section
      148 and a green painted section 146. The painted section articulates to an
      intermediate section 150 which in turn articulates to an elongated section
      152 maintained in parallel spaced relation to the indicating portion 144.
      Finally, a perpendicular mounting portion 154 is provided to secure the
      entire flag of FIG. 6 to the armature of relay 26.
PAR  In order to appreciate the operation of the flag, reference is made to FIG.
      2 which shows relay 26 in the de-energized position. The indicating
      portion 144 of the flag is so positioned to permit the viewing of the
      green color through window 142 (FIG. 5). However, when the relay is
      energized, and the armature is latched in the position shown in FIG. 1,
      the red color is shown through the window and an observer can detect that
      the relay is assuming a latched condition. The inclusion of the flag
      indicator is invaluable during troubleshooting.
PAR  It should be understood that the invention is not limited to the exact
      details of construction shown and described herein for obvious
      modifications will occur to persons skilled in the art.
CLMS
STM  Wherefore the following is claimed:
NUM  1.
PAR  1. A latch relay assembly comprising:
PA1  a coil having an armature mounted in movable relation therewith;
PA1  switching means connected to the armature for switching the relay between
      at least two states;
PA1  abutment means, of relatively low mass, connected to the armature;
PA1  movable plunger means mounted adjacent the abutment means for abutting the
      abutment means near the center of gravity of the armature, when the relay
      is energized, thus latching the relay in a first relay state; and
PA1  electrical means connected to the plunger means for releasing the plunger
      means from abutting the abutment means thus returning the relay to a
      second relay state, when the relay is de-energized;
PA1  whereby the relatively low mass of the abutment means and the disposition
      of the plunger means near the center of gravity of the armature render the
      relay resistant to shock and vibration.
NUM  2.
PAR  2. The subject matter of claim 1 wherein the abutment means comprises a low
      friction and long wearing member disposed in adjacent proximate relation
      to the armature.
NUM  3.
PAR  3. The subject matter of claim 1 wherein the plunger means comprises a pin
      member having a rounded end for engaging the abutment means.
NUM  4.
PAR  4. The subject matter of claim 2 further wherein the plunger means
      comprises a pin member having a rounded end for engaging the abutment
      means.
NUM  5.
PAR  5. The subject matter of claim 4 wherein the electrical releasing means
      comprises an electromagnetic actuator normally biased in non-contacting
      relationship with the plunger means, the actuator moving to containing
      relation with the plunger means when the plunger means is released during
      transition from the first state to the second state.
NUM  6.
PAR  6. The subject matter of claim 5 together with visual signalling means
      connected to the armature to signify which state the relay is in.
NUM  7.
PAR  7. The subject matter of claim 6 wherein the signalling means comprises a
      flag mechanism having differently colored portions that are selectively
      viewable through an observation window to signify which state the relay is
      in.
NUM  8.
PAR  8. The latch relay comprising:
PA1  a coil;
PA1  an armature positioned in movable spaced relation to the coil;
PA1  an insulator yoke mounted perpendicularly to the armature;
PA1  low mass support means connected in cantilever fashion to the yoke, in
      parallel spaced relation to the armature;
PA1  low mass abutment means mounted to the outward end of the support means;
      and
PA1  plunger means mounted near the armature center of gravity for abutting the
      abutment means when the relay is energized, thus latching the armature in
      a first state; and
PA1  electromagnetic means connected to the plunger means for terminating the
      abutting relationship, thus returning the armature to a second state when
      the relay is de-energized;
PA1  whereby the relatively low mass of the abutment means and the disposition
      of the plunger means near the center of gravity of the armature render the
      relay resistant to shock and vibration.
NUM  9.
PAR  9. The subject matter of claim 8 wherein the abutment means comprises a low
      friction and long wearing member disposed in adjacent proximate relation
      to the armature.
NUM  10.
PAR  10. The subject matter of claim 9 further wherein the plunger means
      comprises a pin member having a rounded end for engaging the abutment
      means.
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PAL  An electromagnetic solenoid with a yoke defining a hollow cylinder, an
      electromagnetic coil wound around this cylinder for connection to a power
      source, a plunger inserted in the cylinder for sliding movement therein
      when the coil is energized and having a needle-like rod extending through
      the yoke bottom, the plunger and cylinder each having a confronting
      surface which is faced with a confronting surface of the other during the
      sliding movement. A plurality of spaces are formed on the confronting
      surface of at least either the cylinder or the plunger, and a braking
      substance consisting of a highly viscous liquid is applied to the
      confronting surfaces of the plunger and cylinder. Spring means may be
      operatively provided about the plunger to return the slidingly moved
      plunger to its original position. Upon energization of the solenoid, the
      downward movement speed of the plunger is limited by the braking
      substance. The spaces serve to keep the liquid braking substance therein
      and insure the braking effect of the substance. Thus, the smooth slow
      stroke of the plunger is free of impact and any noise resulting from the
      rod hitting the yoke end is eliminated. This solenoid can be prepared in a
      compact size and is suitable for slowly driving a light-weight object.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention pertains to an electromagnetic solenoid, and more
      particularly to a compact solenoid for slowly driving a light-weight
      object with substantially no impact upon hitting a surface at the end of
      its travel.
PAR  2. Description of the Prior Art:
PAR  An electromagnetic solenoid of the prior art is arranged so that a plunger
      is inserted within the core of an electromagnetic coil to be operative so
      that this plunger is moved forwardly and backwardly with the supply and
      suspension of electric current to the coil. It is usual that the time
      required for the plunger to complete one whole stroke is a matter of about
      a milli-second. Efforts have been made in the past for a further reduction
      of this length of time of stroke.
PAR  On the other hand, it is known that oil pressure as well as air pressure
      apparatus are widely utilized as a driving means where quick movement is
      not required. Such an apparatus invariably is considerably complicated in
      its structure and accordingly tends to be large in size and requires a
      great deal of labor in its maintenance.
PAR  In order to solve these problems of known driving means which do not need
      quick driving, and to obtain a compact size solenoid for slow driving,
      especially a light-weight object the inventor has made an extensive
      research in developing a new type of solenoid as the driving means for
      accomplishing these objects and has succeeded in attaining them.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of the present invention to provide an
      electromagnetic solenoid whose plunger takes a relatively long time before
      it completes a required whole stroke.
PAR  Another object of the present invention is to provide an electromagnetic
      solenoid of the type described which allows slow movement of the plunger
      to be achieved easily and at a low cost without requiring substantial
      alteration of the structure of known electromagnetic solenoid or known
      manufacturing process or manufacturing equipment.
PAR  Still another object of the present invention is to provide an
      electromagnetic solenoid of the type described, which is substantially
      free of impact and impact noise during its operation, especially at the
      forward tip of the actuated plunger.
PAR  Yet another object of the present invention is to provide an
      electromagnetic solenoid of the type described which is compact in size
      and simple in structure and which is suitable especially for driving a
      light-weight object.
DRWD
PAR  These as well as other objects, features and advantages of the present
      invention will become apparent by reading the following description when
      taken in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic perspective view of a preferred example of the
      electromagnetic solenoid, with its terminals being connected to a power
      source shown in the form of circuitry.
PAR  FIG. 2 is a longitudinal sectional view of the electromagnetic solenoid of
      FIG. 1, taken along the line II--II in FIG. 1.
PAR  FIG. 3 is an exploded perspective view of the electromagnetic solenoid of
      FIG. 1.
PAR  FIG. 4 is a chart for explaining the behavior characteristics of the
      electromagnetic solenoids with and without a time-constant circuit, as
      compared with the behavior characteristics of known electromagnetic
      solenoid.
PAR  FIG. 5 is a diagrammatic explanatory structural arrangement of the
      electromagnetic solenoid of this invention equipped with a time-constant
      circuitry.
PAR  FIGS. 6A and 6B are charts for explaining the behavior of the
      electromagnetic solenoid of FIG. 5.
PAR  FIG. 7 is a diagrammatic plan view, with parts broken away, showing the
      arrangement of a linear tracking tone arm using the electromagnetic
      solenoid of the present invention as an arm lifter.
PAR  FIG. 8 is a similar side view, partly in section, of the arrangement of
      FIG. 7 taken along the line VIII--VIII in FIG. 7.
PAR  FIG. 9 is a similar rear view, partly in section, of the arrangement of
      FIG. 7.
PAR  FIG. 10 is another embodiment of the solenoid of FIG. 2 in which
      space-constituting grooves are provided on the inner wall surface of the
      cylinder.
PAR  FIG. 11 is another arrangement of a linear tracking tone arm using the
      solenoid of the present invention.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will hereunder be described in detail first with
      respect to an example of the electromagnetic solenoid designed for slow
      driving of a light-weight object by referring to the accompanying
      drawings.
PAR  In FIGS. 1 and 2, the electromagnetic solenoid according to the preseent
      invention comprises, in a similar way to known a solenoid of this type, an
      electromagnetic coil 11, a yoke 12 around which this coil 11 is wound, and
      a plunger 13 slidably inserted in yoke 12.
PAR  The yoke 12 has a hollow cylinder 14 formed integrally with the yoke 12 and
      centrally thereof. The longitudinal wall of the cylinder 14 defining the
      upper and the lower open ends of this cylinder are bent at these ends to
      extend outwardly in the direction of crossing the longitudinal wall of the
      cylinder at right angle to thereby form upper and lower flanges. The
      electromagnetic coil 11 is positioned between these upper and lower
      flanges and is wound around the yoke defining cylinder 14 and is protected
      around the coil 11 by an appropriate insulating protective material in a
      known manner. The opposite ends which function as terminals of the coil 11
      are exposed to the outside of the protective material for connection to a
      power source such as batteries B via switch S.
PAR  The plunger 13 is snugly and slidably journelled within the cylinder 14.
      Plunger 13 includes a spring-supporting disk 16 having a diameter greater
      than that part of the plunger which is journelled in cylinder 14 and is
      connected to that part via a stem fixed to the plunger head,
      concentrically with the plunger. On the opposite end, i.e. at the lower
      end portion, plunger 13 has a tapered portion 17. From the apex of this
      tapered portion 17 extends a needle-like rod 18 on the central
      longitudinal axis of the plunger. The yoke end 19 has a tapered recess 20
      having a shape complementary with the tapered portion 17 of the plunger 13
      for receiving tapered portion 17 snugly therein, a through-hole 21 (shown
      in FIG. 3) having a diameter large enough for the passage of the rod 18
      therethrough is formed centrally and longitudinally of the yoke end 19.
      This yoke end 19 is tightly fitted into the lower end portion of the
      cylinder 14 to substantially close this lower end to thereby prevent the
      plunger from casually slipping out of the lower end of the cylinder 14.
      The rod 18 of the plunger 13 is of such a length as is able to protrude
      for a substantial distance beyond the bottom end of the through-hole 21 of
      the yoke end 19 at the time of actuation of the plunger as described
      below.
PAR  The plunger has a plurality of ring-shaped grooves 22 formed
      circumferentially on the outer surface thereof which faces the inner
      surface of the cylinder 14 during sliding movement of the plunger. Each of
      these circular grooves 22 has its inner diameter smaller than the diameter
      of the rest of plunger 13 and has its outer diameter equal to the diameter
      of the plunger. Each of these grooves 22 has a substantially square cross
      section. A braking substance 23 of a highly viscous liquid is applied to
      the confronting surfaces of the plunger and cylinder, some of the braking
      substance staying in the space defined by these grooves 22. This braking
      substance may be silicon oil or grease. Silicon oil or grease having a
      viscosity of 200,000 - 1,000,000 centistokes (cs) (measured at 25.degree.
      C) has been found most suitable. As such silicon oil, there are available
      "TSF 451" (tradename) produced by Tokyo Shibaura Electric Co., Ltd. of
      Japan and "KF 96H" (tradename) produced by The Shin-etsu Chemical
      Industries, Ltd. of Japan. Such a braking substance, at the time of
      movement of the plunger 13, serves to reduce the speed of movement of the
      plunger to prolong the time required of the plunger 13 to cover the
      required distance of stroke. The aforesaid grooves 22 are provided on the
      circumference of the plunger 13 at such positions as will not be exposed
      to the outside of the cylinder 14 when the plunger 13 is moved toward the
      bottom of the cylinder 14.
PAR  The returning movement of the plunger 13 within the cylinder 14 is carried
      out by the action of a coiled compression spring 24 which is placed
      between the spring-supporting disk 16 of the plunger 13 and the upper
      flange of the yoke 12. To this end, the coiled spring 24 is of a spring
      force sufficient for causing the return of the plunger 13 to its normal
      position against the weight of the plunger itself and against the braking
      force exerted by the braking substance 23 to the plunger 13. A coiled
      compression spring 25 may further be provided concentrically with the
      coiled spring 24 on the outer side of the latter. This coiled spring 25 is
      inhibits the plunger 13 from hitting the yoke end 19 with any substantial
      impact. To this end, the coiled spring 25 is shorter in length than the
      coiled spring 24 and is disposed on the side of the yoke 12, leaving a
      space between the upper end of the spring 25 and the disk 16. Immediately
      before the tapered portion 17 of the plunger 13 hits the yoke end 19,
      spring 25 is compressed against the spring-supporting disk 16 to further
      reduce the speed of movement of the plunger 13.
PAR  Next, the behavior of the electromagnetic solenoid of the present invention
      will be explained. As the electromagnetic coil 12 is connected to the
      power source such as a battery B by closing the switch S, the plunger 13
      which has been held in its uppermost normal position by the actions of the
      coiled spring 24 will be forced to move downwardly, in accordance with
      Fleming's Left Hand Law, within the cylinder 14 while compressing the
      coiled spring 24 against the spring force of this coiled spring. During
      this movement of the plunger 13, the speed of the downward movement is
      subjected to a braking force caused by the resistance created by the
      highly viscous substance 23 which is placed between the external surface
      of the plunger 13 and the inner wall surface of the cylinder 14, and
      accordingly, the speed of movement of the plunger 13 will be reduced.
PAR  As the tapered portion 17 of the plunger 13 approaches closer to the yoke
      end 19, this plunger starts compressing the coiled spring 25. As the
      plunger 13 approaches closer to the yoke end 19, its speed of movement
      will increase because of the acceleration of speed due partly to its own
      weight and partly to the action of the energized coil 11. However, owing
      to the compression of the coiled spring 25, the movement speed of the
      plunger 13 will be forced to decrease, thus preventing the plunger from
      severely hitting the yoke end 19. In this way, there occurs substantially
      no severe hitting, and accordingly no hitting noise is produced by the
      running tip of the rod 18 of the plunger 13.
PAR  Then, as the supply of the electric current to the electromagnetic coil 11
      is suspended, the plunger 13 will be forced to return to its initial
      normal position by the restoring forces of the two coiled springs 24 and
      25 applied to the plunger via its spring-supporting disk 16. In this
      preferred example of the electromagnetic solenoid, a stopper 26 is fixed
      to an appropriate site of the rod 18 of the plunger 13 to be located
      outside the bottom of the yoke end 19, so that during the returning
      movement of the plunger 13, the stopper 26 is brought into contact with
      the bottom of the yoke end 19 to thereby control the distance covered by
      the plunger 13 in its last half of stroke, i.e. its returning upward
      movement. Also, in order to make the torque of the plunger 13 so as to be
      close to being constant throughout the first one half of the whole stroke
      at least the downward movement, a time constant circuit generally
      indicated at 30 as shown in FIG. 5 is provided between the terminals of
      the electromagnetic solenoid and the power source B. By applying a voltage
      V.sub.1 to the time constant circuit 30, this voltage V.sub.1 will become
      attenuated progressively, on the output side, until it drops to a voltage
      V.sub.2 , depicting a curve which is determined by the time constants of
      capacitor C and resistors R.sub.1 and R.sub.2 of this circuit 30 so that
      the voltage will become constant after this level V.sub.2. By driving the
      electromagnetic solenoid with such an output, it is possible to let the
      solenoid perform a substantially rectilinear movement as shown by the
      dot-dash lines shown in FIG. 4. This FIG. depicts the behavior of known
      electromagnetic solenoid, which shows a very quick movement to cover the
      whole stroke as shown by broken lines. In contrast with the much slower
      and smoother behavior of the electromagnetic solenoid of the present
      invention having no time-constant circuit. The solenoid having a
      time-constant circuit shows a further slow and smooth stroke as indicated
      by dot-dash lines in FIG. 4.
PAR  According to another example of the electromagnetic solenoid of the present
      invention, the cylinder 14' is provided at its inner wall surface with a
      plurality of grooves 22' instead of being provided with the grooves on the
      circumference of the plunger 13' as shown in FIG. 10. The circumference of
      the plunger 13', in this second example, is of a continuously smooth
      surface. It will be understood, no doubt, that an electromagnetic solenoid
      having such cylinder and plunger can function in exactly the same manner
      as does the preceding example.
PAR  The electromagnetic solenoid as stated above is quite useful in driving a
      very light-weight object at a low speed and for being installed in a very
      limited space. FIGS. 7 through 9 show an example of such use of the
      electromagnetic solenoid of the present invention with or without the
      time-constant circuit, which is utilized as an arm lifter in a gramophone
      record player having a linear tracking arm. As the arm lifter mechanism
      for lifting and lowering a pickup element from and to the surface of a
      disk record, there are those known devices of the type comprising a
      cylinder and piston and using oil or air as the actuating fluid. In view
      of the fact, however, that in the linear tracking system, the movable
      support for movably supporting the tone arm is mounted on a screw or a
      rail, the lifter mechanism as a whole tends to become quite complicated in
      structure. Such being the circumstance in the art at present, it has been
      difficult to put into practice on a commercial basis a linear tracking
      system which is capable of effectively eliminating the development of
      tracking errors of the pickup means. In a record player having the
      ordinary type tone arm also, the above-stated fact serves to complicating
      the lifter-operating mechanism, resulting in an increase in the
      manufacturing cost.
PAR  Referring now to FIGS. 7 through 9, there is shown an example of the tone
      arm lifting mechanism in the linear tracking system, using the
      electromagnetic solenoid as the tone arm lifter. The illustrated main
      portion of the mechanism for supporting the movable support of the tone
      arm comprises a substantially L-shaped, angular supporting base frame
      member 122 having a vertical wall surface 121, a substantially L-shaped,
      angular suspension frame member 125 having a horizontal supporting rail
      124 provided with a groove 123 which is of a substantially V-shaped cross
      section, a pair of suspension pulleys 126a and 126b which are received in
      and suspended by the V-shaped groove 123 of the horizontal supporting rail
      124, a movable frame 128 rotatably carrying a pair of supporting pulleys
      127a and 127b movably contacting the vertical wall surface 121 of the
      angular supporting base frame member 122, a tone arm 132 supported, in an
      opening 129 formed through the thickness of the lower part of the movable
      frame 128 in the lower portion thereof, by horizontally swingable pivots
      130a, 130b and by vertically swingable pivots 131a and 131b, these four
      pivots constituting gimbals support, as shown in FIGS. 7 through 8, and an
      arm lifter 133 fixed to the movable frame 128 on one side of the tone arm
      132 for vertically moving this tone arm.
PAR  The upper portion of the movable frame 128 is provided with a stepped
      portion formed by removing about two thirds of the thickness of the
      movable frame 128 off the upper portion thereof to avoid the interference
      by the supporting rail 124 off the suspension frame member 125. Shafts
      136a and 136b are secured to the vertical wall surface 135 of the stepped
      portion in such a way that the centers of the breadths of the respective
      suspension pulleys 126a and 126b are positioned so as to be slightly
      offset toward the left side from the center of the thickness of the
      movable frame 128 as viewed in FIG. 8. In the opening 129 provided in the
      lower part of the movable frame 128 is movably secured the tone arm 132
      supported at its fulcrum 137 by the aforesaid vertically swingable pivots
      131a, 131b and the horizontally swingable pivots 130a, 130b. The tone arm
      132 has an arm pipe (not shown) for carrying a pickup head (not shown) at
      its one end. At the other end of this tone arm 132 is secured a counter
      weight 140 so that the tone arm 132 may be supported horizontally
      normally. At the lower part of the movable frame 128 are rotatably secured
      supporting pulleys 127a and 127b via shafts 141a and 141b secured to the
      movable frame 128 so that these pulleys are movably in contact with the
      vertical wall surface 121 of the supporting base frame member 122.
PAR  The lifter is indicated generally by reference numeral 133 and it is fixed
      to one side of the movable frame 128 on one side of the tone arm 132. This
      lifter 133 is of a structure as shown in FIGS. 2 and 3 and is fixed by
      screwing its housing 142 to the movable frame 128. To the
      spring-supporting disk 16 of the plunger 13 is fixed a coupling plate 143.
      At one end of this coupling plate 143 is provided an adjustment screw 144
      threadably passed through this plate 143 for the adjustment of the stroke
      covered by the plunger 13. The lower end of this adjustment screw 144
      contacts the tone arm 132 at a position offset toward the counter weight
      140 from the fulcrum 137 of this tone arm 132. As the electromagnetic
      solenoid is energized by being connected to a power source the battery
      shown in FIG. 1, its plunger 13 is forced to move downwardly as discussed
      previously. Along therewith, the coupling plate 143 as well as the
      adjustment screw 144 are moved downwardly also, so that the pressing of
      the counter weight side of the tone arm 132 by the forward end of the
      screw 144 causes the pickup side of the arm to swing upwardly about its
      fulcrum 137. Then, as the supply of electric current to the
      electromagnetic solenoid is suspended, the plunger 133 actuates the
      coupling plate 143 and adjustment screw 144 to move upwardly from their
      lowered positions, so that accordingly the pickup side of the tone arm 132
      is caused to move downwardly, and the sound reproduction stylus (not
      shown) will be brought into contact with a sound groove of the record disk
      supported on a record player.
PAR  After completion of a record playing, or after the record playing is
      suspended midway, a DC voltage is applied to the electromagnetic coil 11
      shown in FIG. 2 by the signal intended for automatically returning the
      tone arm 132 to an arm rest (not shown), for example by a signal which is
      generated when optical groove-tracing of the sound groove of the record
      disk arrives at the final sound groove or by a signal generated upon
      actuation of the automatic play-suspending mechanism, and the plunger 13
      is caused to move. When this occurs, the forward end of the adjustment
      screw 144 which is provided in the coupling plate 143 pushes vertically
      downwardly that point on the tone arm 132 which is offset toward the
      counter weight 140 from the supporting fulcrum 137 of the tone arm. As a
      result, the sound reproduction stylus (not shown) secured to the pickup
      head (not shown) of the tone arm 132 is lifted upwardly for a sufficient
      distance from the depth of the sound groove of the record disk (not
      shown). While keeping this condition, the movable frame 128 supporting the
      tone arm 132 which has been moving toward the center of the record disk is
      now moved in the reverse direction along the supporting base frame member
      122 and the angular suspension frame member 125 which are fixed to a
      machine frame (not shown), thereby moving the tone arm 132 backwardly
      toward the arm rest not shown. Thereafter, the energization of the
      electromagnetic solenoid is suspended. Now, the tone arm 132 will be
      placed downwardly onto the arm rest.
PAR  For an automatic playing, the electromagnetic solenoid is energized in the
      same manner as stated previously. Then by a signal generated upon
      detection of the size, etc. of the record disk just when the sound
      reproduction stylus of the pickup head provided at the foremost end of the
      tone arm 132 supported on the movable frame 128 arrives precisely above
      the first sound groove of a record disk, the solenoid is de-energized.
      Thus, the stylus of the pickup head of the tone arm 132 is brought into
      contact with the required site of the record disk without this
      reproduction stylus sustaining any big impact since it is moved in
      accordance with the movement characteristics of the solenoid of the
      present invention as shown in FIGS. 6A and 6B.
PAR  In the tone arm lifting arrangement described above, the pickup head is
      adapted to be lifted up by pressing the tone arm downward at a point
      offset from the fulcrum of the tone arm toward the counter weight.
      However, arrangement may be provided, in place of the above-mentioned
      arrangement, that the tone arm is pushed upwardly at a point offset toward
      the pickup head from the fulcrum of the tone arm to lift the pickup head
      as shown in FIG. 11. In this latter instance, the direction of the
      solenoid is reversed as compared with the embodiment shown in FIGS. 7 to
      9, the coupling plate 143 being fixed to the tip end of the rod 18 so as
      to support that portion of the tone arm offset toward the pickup head from
      the fulcrum of the tone arm. The movement of the tone arm is substantially
      the same as in the case of the former embodiment.
PAR  Description has been made with respect to an instance wherein the
      electromagnetic solenoid of the present invention described above is used
      with a linear tracking arm as an example that this solenoid is utilized
      effectively for slowly driving a lightweight object. This electromagnetic
      solenoid, needless to say, may be used in any other type of record player
      or any other apparatuses requiring this solenoid.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electromagnetic solenoid comprising:
PA1  a yoke having a hollow cylinder,
PA1  an electromagnetic coil wound around said cylinder and connectable to a
      power source,
PA1  a plunger slidably inserted in said cylinder and rendered movable in said
      cylinder upon energization of said coil, said plunger and cylinder each
      having a confronting surface which is faced by a confronting surface of
      the other of said plunger and cylinder during sliding movement of the
      plunger,
PA1  the confronting surface of at least one of said plunger and cylinder having
      a plurality of separated grooves formed therein each extending in a
      direction perpendicular to the direction of sliding movement and separated
      along said direction of sliding movement, and
PA1  a highly viscous braking substance positioned in said grooves for reducing
      the speed of movement of said plunger in said cylinder.
NUM  2.
PAR  2. An electromagnetic solenoid according to claim 1, in which said space
      comprises a plurality of grooves formed on the inner circumference of said
      cylinder, and said plunger has a smooth continuous circumference.
NUM  3.
PAR  3. An electromagnetic solenoid according to claim 1, in which spring means
      engages said plunger to reduce the movement speed of the plunger when the
      solenoid is energized.
NUM  4.
PAR  4. An electromagnetic solenoid according to claim 2, in which said braking
      substance is selected from silicon oil and silicon grease having a
      viscosity of 200,000 -1,000,000 cs measured at 25.degree. C.
NUM  5.
PAR  5. An electromagnetic solenoid according to claim 2, in which said braking
      substance is selected from silicon oil and silicon grease having a
      viscosity of 200,000-1,000,000 cs measured at 25.degree. C.
NUM  6.
PAR  6. An electromagnetic solenoid according to claim 3, in which said spring
      means comprises two spring members, one of which exerts its spring force
      throughout the movement of the plunger and the other exerts its spring
      force when the plunger approaches the end of its movement toward the
      bottom of said cylinder.
NUM  7.
PAR  7. An electromagnetic solenoid according to claim 6, in which said plunger
      has a needle-like rod extending through the bottom of said cylinder, and
      said rod has attached thereto stopper means in the portion protruding
      beyond the bottom of the cylinder.
NUM  8.
PAR  8. A lifter for a tone arm of a record player having an electromagnetic
      solenoid of claim 1, in which said plunger has a coupling member secured
      thereto and an end of this coupling member away from said solenoid is in
      contact with the tone arm, whereby the tone arm is movable with the
      movement of said plunger.
NUM  9.
PAR  9. A driving apparatus having an electromagnetic solenoid of claim 1 and
      arranged to move an object by the movement of the plunger of said
      solenoid.
NUM  10.
PAR  10. An electromagnetic solenoid according to claim 1, in which said
      electromagnetic coil has a time constant circuit between said coil and a
      power source connectable to said coil.
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ABST
PAL  An electrical circuit breaker having a thermal element which on being
      heated by fault current trips the breaker, and including an adjustable
      member to vary the action of the thermal element thereby to vary the
      rating of the breaker, said adjustable member comprising a slide
      displaceable by an eccentric boss rotatable by means of an external knob.
BSUM
PAR  This invention concerns electrical circuit breakers of the kind which
      includes a thermal element which becomes heated upon passage of a current
      through the circuit breaker and which, upon occurrence of sustained
      overload (i.e. sustained passage of current in excess of the rated
      capacity of the breaker) initiates the tripping operation of the circuit
      breaker.
PAR  An object of the invention is to provide a simple arrangement providing for
      variation of the position of an adjusting member associated with the
      thermal element to enable the action of the latter to be varied and
      thereby vary the rating of the circuit breaker.
PAR  With this object in view the present invention provides an electrical
      circuit breaker of the kind referred to characterised by the provision of
      an adjusting member associated with the thermal element and displaceable
      relative to such thermal element to vary the action of the latter thereby
      to vary the rating of the circuit breaker, and in that the adjusting
      member includes a slide displaceable linearly by an eccentric boss
      rotatable manually by means of a knob accessible externally of the circuit
      breaker.
PAR  Conveniently the knob is formed with a recess in which the boss is secured.
PAR  Preferably the securement of the boss to the knob is adjustable to provide
      for the eccentricity of the boss to be varied thereby to vary the extent
      of the adjustment which is achieved by rotating the knob.
PAR  Relative hereto, the boss and the knob are conveniently formed the one with
      a groove and the other with a complementary rib engaging into the groove,
      said rib and groove extending diametrically relative to the axis of
      rotation of the knob and providing for corresponding diametrical
      adjustment of the boss.
PAR  In a preferred embodiment, the slide is engaged with the boss by the latter
      being located between confronting bearing surfaces at opposite sides of a
      recess in the slide.
DRWD
PAR  In order that the invention may be fully understood, it will be described
      further, by way of example, with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 is an elevation, with certain parts omitted or broken away for
      clarity, of the tripping mechanism of a three-pole circuit breaker
      constructed in accordance with the present invention;
PAR  FIG. 2 is a view taken as indicated by arrow II of FIG. 1, illustrating
      manually-operable adjustment means forming part of the mechanism of FIG.
      1;
PAR  FIG. 3 is a section through the tripping mechanism in correspondence with
      any one of the poles of the circuit breaker as indicated by the three
      section lines III--III of FIG. 1;
PAR  FIG. 4 is a detached detail illustrating the eccentric boss and knob of the
      adjusting means of the arrangement illustrated in FIGS. 1 to 3, these
      parts being shown in a mean position in which the boss can be adjusted
      relative to the knob without affecting the other components of the
      mechanism;
PAR  FIG. 5 is a view similar to FIG. 4 but showing the knob and boss having
      been adjusted to provide a minimum rating for the breaker;
PAR  FIG. 6 is a view similar to FIGS. 4 and 5, but showing the knob and boss
      having been adjusted to provide a maximum rating for the breaker;
PAR  FIG. 7 is an elevation of the knob;
PAR  FIG. 8 is a plan view of the knob;
PAR  FIG. 9 is a side view of the knob;
PAR  FIG. 10 is a front elevation of the boss;
PAR  FIG. 11 is a cross-sectional view of the boss; and
PAR  FIG. 12 is a rear elevation of the boss.
DETD
PAR  The tripping mechanism, illustrated in the drawings, of a three-pole
      circuit breaker conforming to the invention comprises, for each pole
      (which poles are indicated generally at A, B and C respectively) a thermal
      element in the form of a bimetal strip 10 secured in heat-conducting
      contact to a respective conductor 11 by which current passes through the
      corresponding pole of the circuit breaker. Each such bimetal strip 10 has
      a respective nose or protuberance 12 projecting towards a respective
      contact point, provided by a respective calibration screw 13, on a trip
      bar 14. The trip bar 14 extends across and is common to the three poles A,
      B and C, and is mounted so as to be pivotable about an axis extending
      longitudinally thereof, the arrangement being such that clockwise pivoting
      of the trip bar 14 from the position shown in FIG. 3 results in tripping
      of the circuit breaker.
PAR  Accordingly, the consttuction of the trip mechanism is such that upon the
      passage of a sustained overload through one of the poles A, B or C of the
      circuit breaker, the corresponding conductor 11 becomes heated and
      transmits heat to the bimetal strip which, in due time, becomes deflected
      towards the trip bar 14 to cause the above-described pivoting movement of
      the latter and tripping of the circuit breaker.
PAR  As so far described the operation of the tripping mechanism is
      substantially similar to prior known constructions. The illustrated
      embodiment differs from such known constructions, however, in that it
      comprises means (a) enabling the action of the thermal element constituted
      by the bimetal strip 10 to be varied and, additionally, (b) enabling the
      possible extent of such variation to be adjusted.
PAR  Pursuant thereto, each such pole A, B and C comprises a respective slide 15
      which is displaceable in a plane parallel to the respective bimetal strip
      10 as indicated by the double arrow 16 in FIG. 1 and whereon a wedge
      member 17 is pivotally mounted by way of a pivot pin 18. This wedge member
      17 has a wedge-shaped head 19 which projects between the respective nose
      or protuberance 12 and the corresponding calibration screw 13, and
      accordingly it will be understood that the amount by which the bimetal
      strip 10 needs to deflect to cause tripping movement of the trip bar 14
      (and therefore the action of the bimetal strip 10) varies according to the
      effective thickness of the head 19 present between the protuberance 12 and
      the screw 13 as determined by the position of the slide 15.
PAR  To minimise the possibility of the wedge member 17 being affected by
      vibrations or shock, it comprises also a counterweight 20 which
      substantially balances the head 19.
PAR  The slide 15 is formed, at its end away from the wedge member 17, with a
      pair of transverse thrust ribs 21, 22 (see particularly FIG. 3) and
      located between these two ribs 21, 22 is a respective adjusting boss 23
      secured eccentrically in a recess in a knob 24 which is pivotally mounted
      on a fixed pivot bolt 25 and is accessible from outside the casing of the
      circuit breaker. It will thus be appreciated that rotation of the knob 24,
      by reason of the eccentricity of the boss 23, is translated into
      corresponding linear displacement of the slide 15 substantially parallel
      to the bimetal strip 10 as indicated by the arrow 16.
PAR  The knob 24 is illustrated in detail in FIGS. 7, 8 and 9 from which it will
      be seen that it comprises an approximately semi-circular back plate 26
      having therearound a flange 27 which defines the recess in which the boss
      23 is accommodated. An integral bush 28 is provided for the pivot bolt 25
      to extend therethrough and extending diametrically at opposite sides of
      such bush 28 are shallow grooves 29 and 30. Parallel to these grooves 29
      and 30 is a slot 31.
PAR  The boss 23 is shown in detail in FIGS. 10, 11 and 12. As can be seen it is
      approximately pear-shaped in configuration, being composed of a basic
      circular disc 32 formed with an approximately triangular lobe 33, of
      thickness somewhat thinner than the disc 32, at one point on its
      periphery, so that the configuration of the boss 23 is symmetrical about
      an axis of symmetry extending substantially diametrically of the disc 32
      and through the tip of the lobe 33. A slot 34 is provided through the boss
      23 for slidably locating the boss 23 over the bush 28, this slot 34 being
      directed along the axis of symmetry, and also formed on said axis are two
      locating ribs 35 and 36 which are complementary to and engageable in the
      grooves 29 and 30 in the back plate 26 of the knob 24. A counter bored
      hole 37 is provided through the boss 23 adjacent the slot 34 for
      permitting the boss 23 to be fixed to the knob, as shown in FIGS. 4, 5 and
      6, with the ribs 35, 36 engaged in the grooves 29, 30 and the bush 28
      accommodated in the slot 34, by a bolt 38 through the hole 37 and the slot
      31 in the knob 24.
PAR  FIGS. 4, 5 and 6 show the boss 23 secured to the knob 24 in its position of
      maximum eccentricity so that rotation of the knob 24 to the end position,
      shown in FIG. 5, in which the lobe 33 abuts the thrust rib 21, shifts the
      wedge member 17 to its position with the thickest portion of the head 19
      between the nose 12 and the calibration screw 13, thereby adjusting the
      corresponding circuit breaker's pole to its lowest possible rating.
      Conversely, rotation of the knob 24 to the end position of FIG. 6 in which
      the lobe 33 abuts the thrust rib 22, shifts the wedge member 17 to its
      position with the thrust portion of the head 19 between the nose 12 and
      the calibration screw 13, thereby adjusting the corresponding circuit
      breaker's pole to its highest possible rating. In the illustrated
      embodiment, with the boss 23 at maximum eccentricity as shown, rotation of
      the knob 24 provides for a variation of plus or minus about 20 percent
      from the designed rating which is obtained in the median position of the
      knob 24 as shown in FIG. 4 in which the axis of symmetry of the boss 23 is
      substantially perpendicular to the direction of movement of the slide 15.
PAR  The magnitude of the possible variation of the rating achieved by rotation
      of the knob 24 can be adjusted by adjusting the eccentricity of the boss
      23. This is done with the knob 24 in its median position of FIG. 4 of the
      drawings and is effected by slackening the bolt 38, shifting the boss 23,
      as required, along its line of symmetry and at right angles to the
      direction of movement 16 of the slide 15 and retightening the bolt 38.
      Since the boss 23 is adjusted parallel to the thrust ribs 21 and 22, the
      adjustment does not cause an alteration of the position of the slide 15
      and wedge member 17 and the median position and rating of the circuit
      breaker remains unaffected.
PAR  The invention is not confined to the precise details of the foregoing
      example, and variations may be made thereto. Thus, although in the
      described embodiment the slide 15 carries a wedge member 17 whose
      displacement serves to alter the action of the bimetal strip 10 other
      arrangements are possible. Thus, for instance the slide could be arranged
      to displace the bimetal strip 10 bodily towards or away from the trip bar
      14 or its corresponding calibration screw to alter the action of the
      bimetal strip and vary the effective rating of the circuit breaker.
      Furthermore, although it has been described with reference to a three-pole
      circuit breaker construction, it will naturally be understood that the
      invention can be applied to single-pole breakers. Other variations are
      possible.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electric overload protection apparatus including a thermal element
      which on being heated by fault current is deflected towards a pivotable
      trip bar for tripping a circuit breaker, the improvement in a means for
      varying the action of the thermal element and thereby varying the rating
      of the circuit breaker comprising:
PA1  a slide displaceable relative to the thermal element,
PA1  a camming element pivotable in response to movement of the slide,
PA1  a manually operable externally accessible knob having a recess,
PA1  a rotatable boss eccentrically and adjustably mounted in the recess of the
      knob, with rotation of the knob achieving corresponding linear
      displacement of the slide in a plane substantially parallel to the thermal
      element.
NUM  2.
PAR  2. In the electric overload protection apparatus of claim 1, with the
      amount of deflection of the thermal element for causing a tripping of the
      trip bar being variable according to the camming action of the camming
      element as determined by the position of the slide.
NUM  3.
PAR  3. In the apparatus of claim 1, with one of the boss and knob being formed
      with a groove and the other of the boss and knob being formed with a
      complementary rib engageable in the groove, and with the rib and groove
      extending diametrically relative to the axis of rotation of the knob and
      providing for a corresponding diametrical adjustment of the boss.
NUM  4.
PAR  4. In the apparatus as claimed in claim 1, with the slide being recessed to
      define spaced opposite bearing surfaces and with the slide being
      engageable with the boss by the locating of the slide between the bearing
      surfaces of the recess.
NUM  5.
PAR  5. In the apparatus as claimed in claim 1, with the eccentricity of the
      boss being adjustable for varying the magnitude of the variation of the
      action of the thermal element and of the rating.
NUM  6.
PAR  6. In the electric overload protection apparatus as claimed in claim 4 with
      the slide having a pair of transverse thrust ribs and the boss being
      positioned between the thrust ribs.
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ABST
PAL  An adjustable bimetal snap disc thermostat is disclosed in which a leaf
      spring acts at its center to apply a force to a bimetal snap disc to alter
      the operating temperature thereof. The force of the spring applied to the
      disc is adjusted by an operating member which simultaneously moves both
      ends of the spring with respect to its center. The operating member is
      located on the side of the thermostat switch remote from the disc and is
      provided with projections which extend around opposite sides of the switch
      to the spring. With this structural arrangement, small adjustment travels
      are required for a given adjusting spring and the thermostat is
      constructed in a compact manner, which is symmetrical about the center
      axis of the device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to bimetal snap disc thermostats in which
      means are provided to adjust the operating temperature of the disc and,
      more particularly, to thermostats of such type in which novel and improved
      adjustable spring means are provided for the temperature adjustment of the
      thermostat.
PAC  PRIOR ART
PAR  The U.S. Pat. Nos. Re 28,019 dated May 28, 1974; 3,602,863 dated Aug. 31,
      1971; 3,676,817 dated July 11, 1972, and 3,735,319 dated May 22, 1973 (all
      assigned to the assignee of the present invention) disclose thermostats
      employing various spring systems for use in the adjustment of the
      operating temperature of a bimetal snap disc thermostat.
PAC  SUMMARY OF THE INVENTION
PAR  There are a number of aspects to the present invention. In accordance with
      one aspect of this invention, a thermostat is provided which is
      substantially symmetrical about a central axes to permit an improved
      compact structure.
PAR  In accordance with another aspect of this invention, a leaf spring is
      provided for temperature adjustment in which a single operator produces
      movements on both ends of the spring. With such structure, a relatively
      small movement of the operator produces greater spring force changes for a
      spring of a given spring rate. This permits the use of lower rate springs
      for a given temperature adjustment travel.
PAR  In accordance with still another aspect of this invention, an adjustment
      operator is aligned with the line-of-action of the bimetal snap disc and
      is located on the side of the switch remote from the disc. Such
      arrangement, however, is achieved without transmitting any adjustment
      force through the switch mechanism. Therefore, the adjustment of the
      operating temperature does not affect the switch operation.
PAR  These and other aspects of this invention are discussed in greater detail
      below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view illustrating one embodiment of a thermostat
      incorporating this invention from the temperature adjustment end thereof;
PAR  FIG. 2 is a cross sectional view taken generally along 2--2 of FIG. 1;
PAR  FIG. 3 is a cross sectional view taken along 3--3 of FIG. 1, and
PAR  FIG. 4 is an enlarged view of the temperature adjusting spring and spring
      operator of the thermostat of FIGS. 1 through 3.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In the illustrated embodiment of this invention, the thermostat includes a
      main body member 10 and a body cap member 11, both of which are normally
      formed of molded phenolic resin. The two body members cooperate with a
      metallic disc retaining cap 12 to provide the body assembly of the device.
      The two body members 10 and 11 cooperate to define a switch chamber 13 and
      the body member 10 cooperates with the disc retaining cap 12 to define a
      disc chamber 14, separated from the switch chamber by a wall 16,
      integrally formed on the body member 10.
PAR  Located in the switch chamber 13 is a switch 17 including a fixed contact
      18 located at the inner end of the first terminal member 19. The first
      terminal member 19 is secured in position by a rivet 21, which also serves
      to connect the two body members 10 and 11. The external portion of the
      first terminal member 19 provides one of the external connections for the
      switch 17.
PAR  A movable contact 22 is mounted on the free end of a resilient contact
      support arm 23 for movement into and out of engagement with the fixed
      contact 18. The mounting end of the arm 23 is connected to a second
      terminal 24 and the two are mounted by a rivet 26, which also functions to
      connect the two body members 10 and 11. The resilient arm 23 is shaped to
      bias the movable contact toward the fixed contact 18 to close the switch
      and provide an electrical connection between the two terminal members 19
      and 24. When the two contacts are separated, of course, the switch is open
      and such connection is broken.
PAR  A bimetal snap disc 27 is supported at its periphery between a shoulder 28
      on the disc retaining cap 12 and an end face 29 on the body member 10. The
      disc is formed with a shallow dished shape and snaps back and forth
      between two positions of stability in response to temperature changes in
      the material of the disc. The disc in both FIGS. 2 and 3 are illustrated
      in the switch closed position. When it snaps through to its other position
      of stability, it causes a bumper 31 to move into engagement with the
      support arm 23 and causes separation of the two contacts. The movement of
      the bumper 31 is along the line-of-action 32 of movement of the central
      portion of the disc 27. In the illustrated embodiment, the line-of-action
      32 is also along the center line of the device. The bumper 31 is provided
      with a relatively large diameter portion 33, which is guided within a bore
      34 through the wall 16, and a smaller diameter extension 36 which extends
      into engagement with the arm 23 when the switch is opened. Between the
      large diameter portion 33 and the small diameter portion 36, the bumper 31
      is provided with a shoulder 37.
PAR  An adjustable leaf spring 38 is formed with a central aperture 39, which
      loosely fits over the extension 36. The spring 38 is formed with a shallow
      v-shape and engages the shoulder 37 with substantial line contact at 41 at
      the base of the V. The spring provides oppositely extending projections 42
      and 43, which extends laterally to opposite sides of the arm 23. The body
      member 10 is formed with opposed walls 44 which receive the two
      projections 42 and 43 with clearance and which maintain the proper
      orientation of the spring. The central portion of the spring 38 around the
      aperture 39, is enlarged so that width of the material of the spring is
      substantially constant throughout its length to provide a substantially
      constant cross section.
PAR  An adjusting member 46 is positioned within the switch chamber and is
      formed with a central cup shaped circular section 47, which is guided and
      located within a cylindrical wall 48, formed in the body cap member 11.
      The upper portion of the adjustment member 46 is symmetrical about the
      line-of-action 32. A pair of opposed projections 49 and 51 are formed on
      the adjustment member 46 and extend in a fork-like manner around opposite
      sides of the arm 23 into engagement with the two ends of the spring 38, so
      that each end of the spring 38 is positioned by the adjustment member 46
      and adjusting movement of the member 46 simultaneously moves both ends of
      the spring.
PAR  The position of the adjustment member along the center line, or
      line-of-action 32, is determined by a pair of threaded elements including
      a threaded sleeve 52, which is threaded into a bushing 53 in the body cap
      member 11, and is internally threaded to receive a calibration screw 54.
      The position of the calibration screw 54 with respect to the sleeve 52 is
      normally set at the time the thermostat is manufactured and is not changed
      by the user. Consequently, user adjustment of the thermostat is
      accomplished by rotating the sleeve 52 to move the sleeve and in turn, the
      calibration screw 54 inward or outward along the line-of-action 32 to the
      desired operating position. This in turn moves the adjustment member 46
      toward or away from the spring to adjustably determine the force of the
      spring, which is applied by the bumper 31 to the center portion of the
      disc 27.
PAR  The spring force of the adjusting spring 38 applied to the disc 27
      determines the operating temperature of the disc and, in turn, the
      operating temperature of the thermostat itself. As discussed in greater
      detail in the patents cited above as prior art, the free operating
      temperature of a bimetal snap disc is altered by applying a spring force
      to the disc. Such patents, therefore, are incorporated herein by
      reference.
PAR  The form of the disc and the material from which the disc is manufactured
      determines the free operating temperatures of the disc, i.e. the
      temperatures at which the disc snaps back and forth between its two
      positions of stability when it is unrestrained. The difference between the
      two operating temperatures of the free disc is normally referred to as its
      differential temperature. Thus, for example, if a free disc can snap from
      a first position of stability to its second position of stability at
      60.degree. F and snap back to its first position of stability at
      40.degree. F, such disc would be considered to have a differential
      temperature of 20.degree.. Further, such disc has a negative spring rate
      which produces the snap action with which it operates.
PAR  When a spring having a positive spring rate having an absolute value less
      than the absolute value of the negative spring rate of the disc is used to
      apply a spring force to the disc, the differential temperature of
      operation of the disc is reduced, but the snap action is maintained so
      long as the absolute value of the positive spring rate of the spring is
      less than the absolute value of the negative spring rate of the disc.
      Further, the operating temperatures of the disc are altered by the spring
      force when compared to the free temperature operation of the disc. If the
      spring force is applied to one side of the disc, the operating temperature
      of the disc is increased or raised, and if the spring force is applied to
      the other side of the disc the operating temperature of the disc is
      decreased or reduced.
PAR  In the illustrated embodiment of this invention in which adjustment of the
      position of the adjusting member 46 moves both ends of the adjusting
      spring 38, with respect to the center thereof, a given amount of travel of
      the adjusting member will produce a greater change in the spring force of
      the spring on the disc for an adjusting spring of a given spring rate when
      compared to a device in which only one end of the adjusting spring is
      moved by the adjusting mechanism. Therefore, in a given installation, a
      relatively light adjusting spring can be used to produce a given operating
      temperature adjustment without requiring excessively large adjustment
      movements. Such springs with relatively low spring rates are desirable
      when small reductions of the differential temperature is desired.
PAR  Further, in the illustrated embodiment, the adjusting spring and operating
      mechanism is symmetrical about the central axes or line-of-action 32 of
      the device, so a compact device is provided. Further, the adjusting screws
      are located on the side of the movable switch arm 23, opposite the disc
      27, but none of the adjusting forces are applied through the switch
      mechanism so the adjustment of the device does not alter the operation of
      the switch in any way.
PAR  A pointer ring 56 is mounted on the sleeve 52 and is provided with a
      pointer, which is positioned by rotation of the sleeve 52 adjacent to the
      desired operating temperature indicated on a temperature scale plate 57.
      As illustrated in FIG. 1, the thermostat is set to operate at 120.degree.
      F. If a lower operating temperature is desired, the adjusting sleeve 52 is
      rotated in an anticlockwise direction to position the pointer at the
      desired lower operating temperature. Such rotation of the sleeve causes
      movement of the adjusting member 46 in a direction which changes the force
      applied to the disc by the spring 38 to obtain the desired thermostat
      operating temperature. During manufacture, the calibration screw 54 is
      threaded in or out along the sleeve 52 to obtain the desired operating
      temperature for a given position of the adjusting sleeve 52. After
      calibration, the calibration screw is normally locked by any suitable
      means, such as a sealant or adhesive, so that it does not turn with
      respect to the sleeve 53 and moves as a unit with the sleeve during the
      normal temperature adjustment of the device.
PAR  Although a preferred embodiment of this invention is illustrated, it should
      be understood that various modifications and rearrangements of parts may
      be resorted to without departing from the scope of the invention disclosed
      and claimed herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adjustable thermostat comprising a body assembly, a bimetal snap disc
      on said body assembly providing a central portion movable with snap action
      between two positions of stability, a switch on said body assembly
      operated by said snap movement of said disc, an elongated leaf spring
      having a central section and opposite end sections, said central section
      operating to apply a spring force to said disc to adjust the operating
      temperature of said disc, and adjusting means adjustably positioning both
      ends of said spring for adjusting said spring force.
NUM  2.
PAR  2. An adjustable thermostat as set forth in claim 1 wherein said adjusting
      means includes a single adjustment assembly which is operable to
      simultaneously move both ends of said spring.
NUM  3.
PAR  3. An adjustable thermostat as set forth in claim 2 wherein a bumper is
      positioned between said switch and said disc, and said spring applies a
      spring force to said bumper, and said bumper applies the spring force to
      said disc.
NUM  4.
PAR  4. An adjustable thermostat as set forth in claim 3 wherein said bumper is
      provided with a shoulder intermediate its ends, and said spring engages
      said shoulder.
NUM  5.
PAR  5. An adjustable thermostat as set forth in claim 2 wherein said central
      portion is movable along a line-of-action, said adjusting assembly is
      movable along said line-of-action and is positioned on the side of said
      switch remote from said disc.
NUM  6.
PAR  6. An adjustable thermostat as set forth in claim 5 wherein said switch
      includes an elongated movable arm extending across said line-of-action and
      said adjusting means is operable to adjust said spring force without
      applying any force to said movable arm.
NUM  7.
PAR  7. An adjustable thermostat as set forth in claim 6 wherein said adjusting
      means includes an adjusting member having a central section on the side of
      said switch remote from said disc and a pair of oppositely extending
      projections extending past opposite sides of said movable arm to said ends
      of said spring.
NUM  8.
PAR  8. An adjustable thermostat as set forth in claim 7 wherein said spring
      force is applied to said disc in all of the positions of said disc.
NUM  9.
PAR  9. An adjustable thermostat as set forth in claim 8 wherein said thermostat
      is substantially symmetrical about said line-of-action.
NUM  10.
PAR  10. An adjustable thermostat comprising a body assembly, a switch on said
      body assembly, a bimetal snap disc on said body assembly on one side of
      said switch providing a central portion movable along a line-of-action
      toward and away from said switch with snap movement between two positions
      of stability, bumper means operating said switch in response to said snap
      movement of said disc, spring means operable to apply an adjustable spring
      force along said line-of-action to said central portion of said disc, and
      an operator on the side of said switch remote from said disc adjustable
      along said line-of-action for adjusting the force of said spring means
      applied to said disc without producing a force on said switch.
NUM  11.
PAR  11. An adjustable thermostat as set forth in claim 10 wherein said spring
      means includes an elongated spring operable at its center to apply said
      spring force to said disc, and said operator adjustably positions both
      ends of said spring.
NUM  12.
PAR  12. An adjustable thermostat as set forth in claim 11 wherein said spring
      is a leaf spring having a substantially uniform cross section along its
      entire length.
NUM  13.
PAR  13. An adjustable thermostat comprising a body assembly, a bimetal snap
      disc on said body assembly having a central portion movable along a
      line-of-action with snap movement between two positions of stability, a
      switch on said body assembly having a movable contact arm extending across
      said line-of-action, said snap movement of said disc operating said switch
      by moving said contact arm, and temperature adjusting means including a
      spring applying an adjustable spring force to said central portion of said
      disc along said line-of-action to adjust the operating temperature of said
      disc, said adjusting means also including an operator on said body
      assembly on the side of said contact arm remote from said disc which is
      movable along said line-of-action to adjust said spring force, adjustment
      of said operator adjusting said spring force without applying a force to
      said contact arm.
NUM  14.
PAR  14. An adjustable bimetal snap disc thermostat comprising a body assembly,
      a bimetal snap disc having a central portion movable with snap movement
      along a central axis between two positions of stability, a switch on said
      body assembly providing an elongated movable contact arm extending across
      said central axis, a bumper extending along said central axis between said
      central portion of said disc and said arm operating said switch in
      response to snap movement of said central portion, an elongated leaf
      spring between said arm and disc operable at its center to apply an
      adjustable spring force to said bumper and thereby to said disc, said
      spring extending laterally with respect to said arm and providing ends
      positioned on opposite sides of said arm, and an adjustable member having
      a central portion on the side of said arm remote from said disc and
      providing lateral portions engaging and positioning said ends of said
      spring, said adjustable member being movable along said central axis to
      simultaneously move said ends of said spring in a direction substantially
      parallel to said central axis for adjustment of the force of said spring
      applied to said disc.
NUM  15.
PAR  15. An adjustable bimetal snap disc as set forth in claim 14 wherein said
      projections of said adjustable member extend along opposite sides of said
      arm and engage said ends of said spring at a plane extending between said
      arm and said disc.
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PAL  A thermally actuated energy regulator of the kind including a switch
      controlled through a heat responsive actuator in the form of a bi-metal
      assembly. A lever is arranged to act between the actuator and the switch
      so as to actuate a switch in response to pressure applied to the lever by
      deflection of the actuator, which deflection occurs when the heater
      associated with the actuator is energized. The lever reacts against a
      fulcrum, the position of which is adjustable through a cam, and that
      adjustment permits variation of the amount of deflection of the actuator
      necessary to cause operation of the switch through the interacting lever.
      The switch, actuator and cam are secured to a body section in fixed
      relationship so that calibration of the regulator is simplified.
BSUM
PAR  This invention relates to thermally actuated energy regulators of the kind
      used in electric circuitry. Such regulators are commonly used for
      controlling the rate of energization of heating devices or units such as
      the heating elements of an electric range, and it will be convenient to
      hereinafter describe the invention in relation to that example
      application.
PAR  Thermally controlled energy regulators have been known and used for many
      years. Generally, such regulators include a bi-metal actuator in the form
      of a strip or arm which flexes or bends in response to changes in
      temperature of an associated heater device, and is operatively connected
      to a switch so as to control opening and closing of the contacts in
      accordance with heat output of the associated heating device. Such
      regulators, also sometimes referred to as infinite switches or simmer
      controls, provide a means for controlling the amount of electrical energy
      supplied to a load, usually a heating element such as a hotplate on an
      electric cooker, over a desired range. That control is achieved, at all
      settings over the range concerned, by intermittently opening the switch
      and thereby interrupting the supply of electric energy to the hotplate.
      Selection of a particular setting is effected through adjustable means
      such as a cam which determines the amount of work the bi-metal actuator
      must perform to open the switch contacts.
PAR  For effective operation, the regulator must of course be calibrated so that
      each setting of the cam, as indicated by a control knob and/or scale,
      results in a particular and known energy supply to the associated heating
      element. It is found however, that accurate calibration is extremely
      difficult with the constructions proposed prior to this invention, and it
      is also difficult to achieve a stable calibration so that the results
      produced by the regulator are consistent during its useful life. One
      reason for both difficulties is that the relative positions of some of the
      critical components, such as a cam, bi-metal, and movable switch element,
      are not fixed until the regulator is actually mounted in position ready
      for use -- e.g. connected to a control spindle. With such an arrangement,
      calibration can not be effected until the regulator is mounted ready for
      use, and subsequent disturbance of that mounting can upset the
      calibration.
PAR  Another reason for calibration difficulties in some prior constructions, is
      that adjustment of the cam (i.e. adjustment of the energy setting) results
      in bodily movement of either the switch or the bi-metal. The need to allow
      for such movement necessarily introduces instability into the construction
      with consequent adverse affects on calibration accuracy and reliability.
PAR  Another problem is that of miniaturization which is becoming increasingly
      important because of the general demand for compact apparatus and
      mechanisms generally. The inability of manufacturers to miniaturize energy
      regulators of the kind in question, has retarded the development of
      related apparatus and mechanisms such as to fully satisfy present day
      requirements.
PAR  It is a principal object of the present invention to provide a regulator
      which is able to be calibrated prior to attachment into a particular work
      situation, and which is relatively stable so as to maintain that
      calibration during use. A further object of the invention in a preferred
      form, is to provide such a regulator which is of compact construction.
      Other objects and advantages will be apparent from the following detailed
      description of one particular form of the regulator.
PAR  According to one aspect of the present invention, there is provided an
      electrical energy regulator including; a body section; an actuator
      attached to said body section and having a heater associated therewith,
      part of said actuator being movable relative to the remainder thereof in
      response to energization of said heater; switch means secured to said body
      section in predetermined relation to said actuator; lever means acting
      between said actuator and said switch means and being movable about a
      fulcrum in response to said movement of the actuator and to thereby cause
      actuation of said switch means; and cam means movably mounted on said body
      section and being operable to adjust the position of said fulcrum relative
      to said actuator and to thereby alter the amount of movement of said
      actuator part necessary to cause actuation of said switch means.
PAR  According to another aspect, there is provided an electrical energy
      regulator including a body section; an actuator attached to said body
      section and having a heater associated therewith, part of said actuator
      tending to deflect therewith, part of said actuator tending to deflect in
      response to energization of said heater; switch means secured to said body
      section in predetermined relation to said actuator; lever means acting
      between said actuator and said switch means and being responsive to
      pressure applied thereto by deflection of said actuator part to cause
      actuation of said switch means; said lever means reacting against a
      fulcrum when said pressure is applied thereto; and cam means movably
      mounted on said body section and being operable to adjust the position of
      said fulcrum relative to said actuator and to thereby alter the pressure
      necessary between said actuator and said lever means to cause actuation of
      said switch means.
PAR  The principal features of the invention can be applied to a wide range of
      basic constructions. It will be convenient however, to describe the
      invention in relation to one particular construction which is shown in the
      drawings and is to be regarded as typical and not limiting. Nevertheless,
      a number of subsidiary features are embodied in that typical construction
      as will be hereinafter made clear.
DRWD
PAR  The following description refers in more detail to these essential features
      and further optional features of the invention. To facilitate an
      understanding of the invention, reference is made to the accompanying
      drawings where these features are illustrated in preferred form. It is to
      be understood however, that the essential and optional features of the
      invention are not limited to the specific forms of these features as shown
      in the drawings.
PAR  In the drawings:
PAR  FIG. 1 is a plan view of one particular regulator made in accordance with
      the invention;
PAR  FIG. 2 is a cross sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a cross sectional view taken along line 4--4 of FIG. 1;
PAR  FIG. 5 is a perspective view on an enlarged scale of the cam used in the
      construction of FIG. 1; and
PAR  FIG. 6 is a fragmentary sectional view showing the drive connection between
      the cam and the control spindle of the construction of FIG. 1.
DETD
PAR  The aforementioned typical construction includes a base member 2 which
      supports a number of conductor terminals including an active terminal 3
      for connection to the mains supply and a load terminal 4 for connection to
      the device or unit (e.g., heating element) to be energized through the
      regulator. The base member 2 carries a switch 5 for providing a connection
      between the active terminal 3 and a pilot terminal 6, and a thermally
      responsive switch 7 for providing a connection between the active and load
      terminals 3 and 4. A bi-metal actuator 8 having a heater 9 associated
      therewith is also carried by the base member 2, as is adjusting means in
      the form of a rotatable cam 11 which is arranged to control both the
      switch 5 and the thermally responsive switch 7.
PAR  In the form shown, the base member 2 comprises a substantially rectangular
      block of electrically nonconductive material having one of the broader
      faces recessed to contain or mount various components of the regulator. In
      practice, the recessed face is usually the rear face of the base member
      the regulator is when mounted in an operative position, but will be
      identified as the outer face for convenience of description.
PAR  It is a feature of the particular construction shown, that the bi-metal
      actuator 8, switch 7, and cam 11, occupy fixed relative locations on the
      base section 2 and are attached to that section so that they cannot move
      from such locations. The actual distances between those components then
      remains constant but their effective relationships which govern the
      operative setting of the regulator are adjustable by means interacting
      between them. That means includes a lever 12 through which movement of the
      bi-metal actuator 8 is translated to the switch 7, and a fulcrum 13 which
      influences the lever 12 and the position of which can be adjusted by
      rotation of the cam 11. If desired the fulcrum and lever could be formed
      by a single component, and/or a plurality of levers may be in the actuator
      to switch connection.
PAR  If the preferred embodiment shown, the bi-metal actuator 8 consists of a
      substantially U-shaped piece of thermostatic bi-metal having two laterally
      spaced arms 14 and 15 joined at one end by a bridge portion 16. The
      element of the heater 9 is wound around the arm 14, and the terminal end
      portion of that arm is attached to the base section 2 through a
      calibrating or adjusting screw 10. The primary mounting of the actuator
      however, is effected by attachment of bridge portion 16 to two support
      members 17 upstanding from and secured to the base section 2. Each member
      17 is notched near its terminal end and snap engages within a suitably
      shaped aperature 18 in the bridge portion 16 so as to retain the actuator
      8 positively in position, but in a manner such as to allow the actuator to
      flex when heated.
PAR  The calibrating screw engages with a screw threaded hole formed in the
      moulded base 2, or a member secured to that base, and protrudes through a
      hole in the end of the arm 14 so that the screw head 19 engages the upper
      or outer surface of the arm 14. A coil spring 21 forces the end of the arm
      14 against the underside of the screw head 19 as seen in FIG. 2. Such
      calibrating means is positive, economical, and not subject to drift
      throughout the life of the regulator. Since the bi-metal actuator 8 does
      not pivot, its position relative to other components does not change,
      therefore less space is required to accommodate it and a consequent
      reduction in the size of the regulator can be effected.
PAR  The cam 11 is formed as a separate component from a rotatable control
      spindle 22 (FIGS. 2 and 6) through which the cam position is adjusted.
      Preferably, the cam 11 is of moulded plastic material and is rotatably
      located in a circular cavity in the base 2 so as to be restrained against
      undue lateral movement. A shoulder 23 formed around the periphery of the
      cam 11 provides a bearing surface which bears against an opposed surface
      of the base 2, and in the construction shown the cam 11 is maintained in
      that position by a pressure spring 24 bearing on a central projection 25
      at the outer side of the cam 11. A cam track 26 is defined at the outer
      side of the cam by a face extending transverse to the rotational axis, as
      best seen in FIG. 5. The track 26 is contoured to suit particular
      requirements, and influences the position of the fulcrum 13 through a cam
      follower 27, which is shown as formed integral with the fulcrum 13, but
      that is not essential.
PAR  Adjustment of the rotational position of the cam 11 is effected through the
      control spindle 22 which, in the construction shown, is rotatably
      supported by a mounting plate 28. The plate 28 is releasably attached to
      the inner or under side of the base 2, preferably through snap engageable
      means (not shown), and that plate may remain attached (together with the
      spindle 22) to a support such as an appliance control panel, independent
      of the regulator body as comprised by the base 2 and attached components
      such as the cam 11, switch 7 and actuator 8. Consequently, the calibration
      of the actuator is not disturbed in any way by connection of the regulator
      to the control spindle 22, or separation therefrom.
PAR  The actual drive connection between the cam 11 and spindle 22 can take any
      appropriate form, but as a matter of preference should be automatically
      releasable upon separation of the base 2 and plate 28. One such connection
      is shown in FIG. 6 and comprises a transverse slot 29 formed in an end
      face of the cam 11, and cooperable lugs 31 upstanding from a drive plate
      32 and locatable in the slot 29. The drive plate 32 is secured to the
      spindle 22 for rotation therewith, and a knob (not shown) may be secured
      to the spindle 22 to facilitate rotation thereof.
PAR  A disc-like spring 33 may be interposed between the plates 32 and 28, as
      shown in FIG. 2, so as to provide frictional resistance to turning
      movement of the spindle 22 and also resist axial movement thereof. At
      least one, but preferably two or more, recesses 34 as shown in FIG. 2 may
      be formed in the periphery of the plate 32 for releasable snap engagement
      with a raised section 35 of the spring 33, and thereby provide indexing
      means. Such indexing may occur only at each end of the adjustment range
      spindle 22. The threaded sleeve 36 shown in FIG. 2 is attached to the
      plate 28 and is provided in the particular constructin shown to permit
      attachment of the plate 28 to a support. A circlip 37 is used to retain
      the spindle 22 in assembly with the plate 28.
PAR  Turning now to the switch 7, that includes a fixed contact 38 connected to
      the terminal 3 through a conductive path, and a movable contact 39 carried
      at one end portion of a spring blade 41. The other end of the blade 41 is
      secured to the base 2 as at 42 shown in FIGS. 1 and 4. A member 40 is
      preferably arranged as shown to limit upward travel of the end of the
      blade 41 which carries the contact 39.
PAR  A feature of the particular spring blade 41 shown in the drawings, is that
      a center section 43 is partially separated from the main body, and that
      partial separation is effected by two slots or cuts 44 (see FIG. 3) formed
      through the blade 41 and which extend generally in the longitudinal
      direction of the blade 41 in laterally spaced relationship. The slots 44
      form the lateral boundaries of the center or finger section 43, and one
      end of that section is integral with the main body of the blade 41. The
      other or free end of the finger section 43 engages within a groove or
      recess of a reaction plate 45 secured to the base 2, and the arrangement
      is such that finger section 43 is prestressed as shown in FIG. 4. That
      prestressing normally acts to force the contact 39 into engagement with
      the fixed contact 38.
PAR  The switch 7 and bi-metal actuator 8 are operatively connected to the lever
      12, which simply abuts the outer end portion of the actuator arm 15, but
      is attached to the base 2, preferably through a leaf spring 46 as shown in
      FIGS. 2 and 4. The end portion of the lever 12 adjacent to the switch 7
      abuts the underside of the blade 41 as also shown in FIGS. 2 and 4.
      Preferably, that abutment involves substantially point contact, which in
      the construction shown is achieved through a dome-like or conical
      projection 47 formed on the underside of the blade 41. Alternatively, a
      transverse rib may be provided on the blade so as to achieve line contact,
      or the point projection or rib may be provided on the lever instead. Point
      or line contact between the lever 12 and blade 41 is desirable because it
      ensures that the lever pressure applied to the blade 41 is applied at
      substantially the same point or zone at all times.
PAR  In the construction shown in the drawings, the cam 11 is shown as
      controlling two other switches 5 and 48 which are located on respective
      sides of the cam 11, but the invention is also applicable to regulators
      not including such side switches. Each switch 5 and 48 includes a contact
      blade 49 having a lateral projection 51 which functions as a cam follower
      and cooperates with a lobe 52 of a cam profile formed on the side surface
      of the cam 11.
PAR  The heater 9 is preferably formed of a winding carried by a former which
      can be readily attached to the actuator arm 14. By way of example, the
      former may be a sleeve-like member so as to be slidable over the arm 14
      during assembly of the regulator.
PAR  When the regulator is connected into a circuit and is switched into an "on"
      position so that current flows to the heater 9, resulting energisation of
      the heater causes the actuator 8 to distort, particularly because of its
      bi-metal construction. In view of the retention of the actuator arm 14 at
      both ends, the distortion occurs as bowing, but in the arrangement shown
      that bowing is in a downward direction toward the cam 11, and causes
      downward movement of the arm 15 through the rigid connection provided by
      the bridge section 16. That movement of the arm 15 causes the lever 12 to
      swing about the fulcrum 13 so that the end engaging the spring blade 41
      moves upwardly, as does the blade itself, or at least the part thereof
      engaged by the lever 12. A point is reached at which upward travel of the
      blade 49 at the zone engaged by the lever 12, overcomes the closing force
      imparted to the switch 7 by the stressed finger 43, and the blade 41 then
      functions to snap the switch into the open position.
PAR  Opening of the switch also serves to severe the supply of current to the
      heater 9 so that it then proceeds to cool. As cooling progresses, the arm
      15 returns towards its original position, so that the end of the lever 12
      engaging the switch blade 41 moves downwardly, and the switch 7 is
      eventually closed by action of the blade 41.
PAR  It will be understood that the arrangement may be such that the actuator
      arm 15 and/or the lever 12 does not rely on actual movement for the
      switching operation, or for at least part of that operation. That is, the
      switch 7 could be actuated, at least initially, by transference of
      pressure from the arm 15 through the lever 12 to the switch blade 41. As
      energixed heater 9 causes or tends to cause distortion or deflection of
      the arm 15, pressure is thereby applied to the lever 12 which reacts with
      the fulcrum 13 to apply pressure to the switch blade 41. Initially, there
      may not be any responsive movement of the end of the blade 41 carrying the
      contact 39, although the increasing pressure may cause some deflection or
      distortion of any one or more of the components formed by the arm 15,
      lever 12, and blade 41. At a certain pressure, the upward influence on the
      blade 41 will be such that the closing influence of the finger 43 will be
      overcome so that the switch is snapped into the open position. As with the
      previously described arrangement, the time of opening is determined
      according to the position of the fulcrum 13.
PAR  From the foregoing description it will be seen that the actuator switch and
      calibrating components of the switch can be combined together as a
      sub-assembly separate from control means such as a control spindle. In
      particular, the switch 7, actuator 8, and cam 11 are mounted on a base
      section 2 in fixed relationship having no dependence on the control to
      which the sub-assembly is eventually connected. Consequently, the
      regulator can be calibrated at any time to suit a particular application,
      and can be stored in the calibrated condition. Eventual connection to a
      control such as a control spindle does not affect the calibration.
PAR  As a mounting plate 28 and attached spindle 22 of the construction
      particularly described, are attachable as an assembly to a support
      separate from the aforementioned sub-assembly, that sub-assembly can be
      attached to and removed from the support and the influence of the control
      spindle, as desired, again without affecting calibration. The construction
      is therefore extremely convenient to use and is adaptable to automatic
      manufacturing and assembly techniques.
PAR  The construction described is compact because of the particular arrangement
      of the various components, and the form of the switch 7 is a significant
      factor in that regard. The particular spring blade of switch 7 as
      described, is also useful in that it enables pressure to be maintained
      substantially constant up to the time of contact break, and is such that
      the electrical resistance across the switch is at a minimum thereby
      allowing the use of a small switch spring to achieve the desired control
      rating. Another related advantage is that the resulting switch is not
      position or mounting sensitive, particularly as in the normal position of
      use, the switch action is in a vertical plane rather than in a horizontal
      plane as in conventional constructions.
PAR  Finally, it is to be understood that various alterations, modifications
      and/or additions may be introduced into the constructions and arrangements
      of parts previously described without departing from the spirit or ambit
      of the invention as defined by the appended claims.
CLMS
STM  Having now described my invention, what I claim as new and desire to secure
      by Letters Patent is:
NUM  1.
PAR  1. An electrical energy regulator including; a body section; an actuator
      attached to said body section and having a heater associated therewith,
      part of said actuator being movable relative to the remainder thereof in
      response to energization of said heater; switch means secured to said body
      section in predetermined relation to said actuator; lever means acting
      between said actuator and said switch means and being movable about a
      fulcrum in response to said movement of the actuator and to thereby cause
      actuation of said switch means; and cam means movably mounted on said body
      section and being operable to adjust the position of said fulcrum relative
      to said actuator and to thereby alter the amount of movement of said
      actuator part necessary to cause actuation of said switch means.
NUM  2.
PAR  2. A regulator according to claim 1, wherein said actuator comprises a
      bi-metal member having two laterally spaced arms interconnected by a
      bridge portion at one end; said bridge portion and the remote end of one
      said arm being attached to said body section; the other said arm forming
      said movable part of the actuator, and the said movement thereof results
      from flexing about said bridge portion attachment.
NUM  3.
PAR  3. A regulator according to claim 2, wherein said bridge portion is
      attached to said body section in a fixed position relevant thereto, and
      the end attachment of said one arm includes adjustable means whereby the
      position of the said remote end relative to said body section can be
      varied.
NUM  4.
PAR  4. A regulator according to claim 3, wherein said adjustable means
      comprises a calibrating screw.
NUM  5.
PAR  5. An electrical energy regulator including a body section; an actuator
      attached to said body section and having a heater associated therewith,
      part of said actuator tending to deflect in response to energization of
      said heater; switch means secured to said body section in predetermined
      relation to said actuator; lever means acting between said actuator and
      said switch means and being responsive to pressure applied thereto by
      deflection of said actuator part to cause actuation of said switch means;
      said lever means reacting against a fulcrum when said pressure is applied
      thereto; and cam means movably mounted on said body section and being
      operable to adjust the position of said fulcrum relative to said actuator
      and to thereby alter the pressure necessary between said actuator and said
      lever means to cause actuation of said switch means.
NUM  6.
PAR  6. A regulator according to claim 5, wherein said lever means includes a
      lever engaging both said actuator part and said switch means at respective
      opposite end portions thereof, and said fulcrum is located intermediate
      said end portions.
NUM  7.
PAR  7. A regulator according to claim 6, wherein said fulcrum is formed
      separate from said lever and is attached to said body section for relative
      movement thereto under the influence of said cam means.
NUM  8.
PAR  8. A regulator according to claim 5, wherein said switch means includes a
      contact fixed to said body section and a further contact carried by one
      end portion of a spring member, the other end portion of said spring
      member being secured to said body section, and said lever means engages
      said spring member intermediate said end portions so as to influence the
      relative positions of said contacts.
NUM  9.
PAR  9. A regulator according to claim 8, wherein said spring member has a
      finger section partially separated from the body thereof and disposed
      intermediate the sides and ends thereof, said finger extending in the
      general direction between said end portions and being stressed to normally
      urge the movable contact into engagement with the fixed contact, and said
      actuator being operative through energization of said heater and resulting
      movement of said lever means, to separate said contacts.
NUM  10.
PAR  10. A regulator according to claim 8, wherein said lever means engages a
      projection extending from one face of said spring member so as to achieve
      substantially point contact between said lever means and said spring
      member.
NUM  11.
PAR  11. An electrical energy regulator including a body section; an actuator
      attached to said body section and having a heater associated therewith,
      part of said actuator tending to deflect in response to energization of
      said heater; switch means secured to said body section in predetermined
      relation to said actuator; lever means acting between said actuator and
      said switch means and being responsive to pressure applied thereto by
      deflection of said actuator part to cause actuation of said switch means;
      said lever means reacting against a fulcrum when said pressure is applied
      thereto; a cam member rotatably mounted on said body section in a fixed
      position relative to said actuator; and a cam follower connected to said
      fulcrum and engaging a cam surface of said cam member, whereby rotation of
      said cam member is operative to adjust the position of said fulcrum
      relative to said actuator and to thereby alter the pressure necessary
      between said actuator and said lever means to cause actuation of said
      switch means.
NUM  12.
PAR  12. A regulator according to claim 11 wherein said actuator overlies at
      least part of said switch means, said fulcrum, and a substantial part of
      said lever means.
NUM  13.
PAR  13. A regulator according to claim 12, wherein part of said switch means is
      interposed between said actuator and said lever means.
NUM  14.
PAR  14. A regulator according to claim 11, wherein said cam member is secured
      to said body section so as to be releasably attachable therewith to a
      support and/or control means.
NUM  15.
PAR  15. A regulator according to claim 14, wherein a mounting plate carrying a
      relatively rotatable spindle is releasably secured to said body section,
      abutment means attached to said spindle for rotation therewith engages
      with complementary means of said cam member so that rotation of said
      spindle causes corresponding rotation of said cam member, and said
      abutment means and said complementary means being automatically
      disengageable upon separation of said mounting plate from said body
      section.
NUM  16.
PAR  16. A regulator according to claim 11, wherein said cam member has a cam
      profile on a side surface thereof which is operable to influence an
      auxiliary switch, and said cam surface is defined by an end face of the
      cam member which extends transverse to the rotational axis thereof.
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ABST
PAL  A multiple bimetallic snap disc thermostat is disclosed in which two series
      connected switch mechanisms are respectively operated by two concentric
      bimetal snap discs having the same diameter. One snap disc is thermally
      automatic in operation to open and close its associated switch upon
      reaching its calibration temperatures. The outer disc is a one-shot disc
      which does not automatically reset and cannot be manually reset after
      operation. The two discs are mounted in a single, disc retaining cup, and
      are spaced by a ring positioned between their peripheries. This allows
      said discs to be formed of the same size and provides easy mounting. A
      single fixed contact member provides the fixed contact for both switches.
      The contacts of the switch associated with the automatic disc are capable
      of repeated operation whereas the contacts of the switch associated with
      the one-shot disc are not structured for repeated cycling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to bimetallic snap disc operated
      thermostats and more particularly to a novel and improved thermostat
      combining two bimetal snap discs, each of which is arranged to operate an
      associated one of two separate switches.
PAC  PRIOR ART
PAR  It is known to combine in a single device two bimetal snap discs which
      operate associated switching mechanisms. Examples of such devices are
      illustrated in the U.S. Pat. Nos. 2,207,422 dated July 9, 1941; 2,471,924
      dated May 31, 1949; 3,493,911 dated Feb. 3, 1970; 3,500,277 dated Mar. 10,
      1970, and the British Patent No. 1,214,252 dated Dec. 2, 1970. Such a
      device is also illustrated in the pending applications for U.S. Pat., Ser.
      No. 381,914 filed July 23, 1973, and Ser. No. 406,539 filed Oct. 15, 1973
      (assigned to the assignee of the present invention). In such devices, the
      two snap discs are normally formed to provide different calibration or
      operating temperatures so that the associated switches are operated at
      different but predetermined temperatures. Some of such devices are not
      thermostats, but are relays employing heater means to operate the snap
      discs.
PAR  The thermostat devices described in some of such applications and patents
      can be used in appliances, in which a first appliance function is
      controlled at one temperature and a second appliance function is
      controlled at a different temperature. Also in appliances, operation of
      one disc is sometimes used for the normal control of an appliance function
      and the other disc operates as a high limit to prevent overtemperature or
      the like.
PAR  Insofar as I am aware, however, such devices have never combined in a
      single mechanism, one disc which automatically opens and closes its
      associated switch and the other disc does not automatically reset and
      cannot be manually reset after operation.
PAR  The U.S. Pat. No. 3,715,697 dated Feb. 6, 1973, and the copending
      application, Ser. No. 409,254 filed Oct. 24, 1973, both relate to a single
      disc "one-shot" device which cannot be manually reset in use. This patent
      and application are also assigned to the assignee of the present
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  There are a number of aspects to this invention. In accordance with one
      aspect of this invention, a multiple disc device is provided in which a
      first disc is thermally automatic in that it snaps back and forth
      thermally to open and close its associated switch, and the second disc is
      non-automatic so that it does not thermally reset in use. In the preferred
      form illustrated the second disc cannot be reset, and such disc and its
      associated switch functions as a thermal fuse, or one-shot device, which
      must be replaced after operation. Such device is required in some
      installations as a positive limit control to prevent recycling of the
      defective system under hazardous conditions.
PAR  In the illustrated embodiments, the two switches are connected in series
      and are constructed for economy consistent with reliability. The switch,
      which is automatically recycled, is provided with contacts which are
      capable of repeated opening and closing. However, the switch, which is
      operated only once, is constructed with low-cost contacts, since the
      ability to recycle is not required. Further, a novel and improved
      composite switch structure makes for simple fabrication and assembly.
PAR  In accordance with another aspect of this invention, a novel and improved
      multiple disc device is provided, in which two center operating discs are
      concentric and are properly positioned by an improved, low-cost, reliable
      structure. In the illustrated embodiment, a simple spacer ring is
      positioned between the discs at their periphery. Such ring provides both
      proper location and a heat conductive path to the inner disc. In a
      modified form, spring means are provided to insure that good heat
      conducting contact is provided to maximize sensitivity and to insure that
      the operation of one disc does not produce undesired bounce or the like in
      the contacts associated with the other disc. In accordance with the
      preferred embodiment, the ring is flattened and dimensioned by deforming
      the ring materials from its original round section to an oval section
      having opposed flats.
PAR  It should be understood that although the illustrated embodiments of this
      invention incorporate all of the various aspects of the invention, some of
      the aspects can be used independently of others. For example, the
      preferred mounting of the disc has utility in devices which do not employ
      the one-shot feature. Also, the combined automatic and one-shot mechanism
      can be incorporated in devices having different mounting or support
      structures for the discs.
PAR  These aspects of the invention along with others are discussed in the
      following specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view with parts removed for purposes of clarity
      illustrating one preferred form of this invention.
PAR  FIG. 2 is a side elevation partially in cross section illustrating the
      structural detail of the thermostat of FIG. 1.
PAR  FIG. 2a is an enlarged fragmentary section of the preferred spacer ring.
PAR  FIG. 3 is an enlarged fragmentary section illustrating a modified form of
      disc mounting structure in which a spring urges the discs and spacer
      toward the support shoulder in the disc cap; and
PAR  FIG. 4 is a perspective view of the spring provided in the embodiment of
      FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings, the illustrated device provides a body assembly
      10 including a main body member 11, a cover member 12 and a disc retaining
      cup 13. The members 11 and 12 are preferably molded from plastic, such as
      a phenolic resin and the retainer cup 13 is preferably drawn from sheet
      metal. The two body members 11 and 12 cooperate to define an enclosed
      switch chamber 14 and the body member 11 cooperates with a disc retaining
      cup 13 to define and enclose the disc chamber 16. A pair of switch
      mechanisms 17 and 18 are mounted within the switch chamber 14. The switch
      mechanism 17 includes a fixed contact 19, provided at one end of the fixed
      contact element 21, and a movable contact 22 supported at the free end of
      a movable contact support arm 23. The movable support arm 23 is mounted on
      a terminal projection portion 24 of the main body member 11, by a rivet 26
      which also functions to secure the associated terminal 27 in the
      electrical contact therewith.
PAR  The fixed contact member 21 is mounted on the main body element 11 by a
      pair of rivets 28, best illustrated in FIG. 1, which also function to
      secure the cover member 12 to the main body member 11. The contact element
      21 is formed with a step at 20 to provide an upper laterally projecting
      section 29, and a lower laterally projecting section 31, as best
      illustrated in FIG. 2. The element 21 is also cut out at 33, as best
      illustrated in FIG. 1, to provide the clearance for the movable contact
      arm 34 of the second switch mechanism 18.
PAR  The second switch mechanism 18 includes a movable contact projection 36
      formed at the free end of the contact support arm 34. The projection 36 is
      engageable with the upper surface 30 of the lateral portion 31, which
      functions as the stationary contact of the switch mechanism 18.
PAR  The switch 17 must be capable of repeated cycling so contacts 19 and 22 are
      provided with substantial quantities of contacts material. The contact 19
      may be formed, for example, with a relatively thick layer of silver, which
      is positioned on the fixed contact element 21 or may be inlaid therein. On
      the other hand, the switch 18 need not be capable of repeated cycling so
      its contacts are preferably formed with much thinner surfaces of silver or
      the like, which may be, for example, plated on the respective supports.
PAR  Here again, the movable support arm 34 is secured and mounted on a terminal
      projection 37 formed on the body member 11 by a rivet 38, which also
      mounts and connects the associated terminal 39. When both switch
      mechanisms are closed, as illustrated in FIG. 2, the terminals 39 and 27
      are electrically connected. If either of the two series connected switch
      mechanisms 17 or 18 is opened, the electrical connection between the two
      terminals is broken. In the illustrated embodiment only two terminals are
      required, however if the series connection of the switch is not desired an
      external terminal portion may be provided on the contact element 21.
PAR  The disc retaining cup 13 is provided with a peripheral shoulder 41 against
      which is seated the periphery of a first bimetal snap disc 42. In the
      illustrated embodiment, the disc retainer is closed by an end wall 43,
      which is stepped down from the shoulder 41 to provide clearance for the
      disc 42.
PAR  Positioned against the periphery of the disc 42 on the side opposite from
      the shoulder 41 is a loose spacer ring 44, preferably formed of wire or
      the like, in the manner described below. A second bimetal snap disc 46 is
      positioned at its periphery against the side of the ring 44, remote from
      the disc 42. The ring provides a simple, but accurate structure for
      mounting the inner disc 46 and permits the use of discs which are the same
      diameter. The wall 41a laterally locates the two discs 42 and 46 as well
      as the ring 44. Clearance 47 is provided between the side of the inner
      disc 46 and the end of the main body member 11.
PAR  The main body member 11 is provided with a central wall 48 with an 8-shaped
      opening 49 extending therethrough. The opening 49 is positioned so that
      one section of the "8" is coaxial with the center axis 50 of the discs and
      the entire device and the other portion is offset therefrom, in a
      direction toward the contacts of the second switch mechanism 18.
PAR  A first bumper 51 extends along the axis 50 of the disc 42 through an
      opening 54 in the disc 46 and an opening 56 in the arm 34 from the disc 42
      to a position immediately below the movable contact arm 23. The bumper is
      sized to provide clearance so that the switch mechanism 17 will not be
      operated until the central portion 52 of the disc 42 is in full snap
      movement. By properly sizing the bumper 51, the operation of the first
      switch mechanism 17 occurs with snap action on both opening and closing.
PAR  A second bumper 53 is positioned in the other section of the opening 49 and
      engages the inner disc 46, immediately adjacent to the center opening 54
      thereof. The upper end of the bumper 53 is positioned to engage the
      movable contact arm 34, adjacent to the contact 36, for operation of the
      second switch 18, in response to the snap movement of the disc 46. Here
      again, the bumper 53 is sized to provide the proper amount of clearance to
      insure that the second switch mechanism 18 is operated during the snap
      movement of the inner disc 46. It should be recognized that the clearance
      47, at the periphery of the disc 46 or the clearance between the bumper 51
      and 53 and their associated support arms 23 and 34 will exist as
      illustrated in FIG. 2, only if the device is positioned as illustrated in
      FIG. 2, so that gravity will maintain the various parts in such
      illustrated position. The device, however, can be operated in other
      positions, since it is not normally significant whether or not the
      clearances exist in the exact manner illustrated.
PAR  The ring 44 is illustrated in enlarged section in FIG. 2a and has a shape
      providing opposite flats 57 and 58 and curved intermediate sections 59 and
      61. This shape is provided by deforming a round cross section wire ring
      between two flat platens 60a and 60b (illustrated in phantom). The two
      platens are pressed together to the required dimension between the two
      flat sections 57 and 58, to properly dimension the thickness of the ring.
      This operation also functions to flatten the ring and insure that it is
      not wavy and does not affect the operation of the discs in an adverse
      manner. With this simple process of deforming a round section wire to the
      shape illustrated in FIG. 2a, precise dimensioning and flattening of the
      ring is achieved.
PAR  In the illustrated embodiment, the disc 42 is formed for automatic
      operation. The form of the disc and the disc material is selected so that
      it snaps from the position of FIG. 2 upwardly to its operated position
      upon reaching a first predetermined temperature and snaps back to the
      illustrated position upon reaching a second predetermined temperature,
      both of which are normally encountered in the installed environment of the
      device. For example, the first predetermined temperature might be
      110.degree. F and the second predetermined temperature might be 90.degree.
      F. In such an instance, the first switch mechanism 17 would snap open when
      the disc 42 reaches 110.degree. F and would snap closed when the disc 42
      returns to a 90.degree. F temperature.
PAR  The inner disc 46, however, is formed for one-shot operation. In this
      instance the material used to form the disc and the disc form is arranged
      so that the disc snaps from the position illustrated in FIG. 2 to the
      operated position upon reaching a first predetermined temperature which
      can be encountered in the environment of the installed device, but cannot
      thermally snap back to the initial position illustrated in FIG. 2. This
      can be accomplished, for example, by forming the disc so that a second
      thermally operating calibration temperature is a temperature not
      encountered in the environment of the installed device. For example, the
      second calibration temperature of the disc could be at sub-zero
      temperatures not encountered, while the first operating temperature might
      be, for example, 250.degree. F.
PAR  Such a non-automatic disc 46 has a wide differential temperature and,
      therefore, has greater chord height h than the disc 42. Since the stroke
      of the snap movement is a function of chord height, such disc snaps to a
      greater distance than the disc 42. No attempt has been made to illustrate
      the difference in size of chord heights of the two discs because the
      difference, though significant, is small in physical dimensions.
PAR  It is advantageous to position the non-automatic disc as the inner disc
      when its chord height is greater than the chord height of the outer
      automatic disc. This is because the position of the inner disc is affected
      by a greater number of manufacturing tolerances. The outer disc position
      is affected only by the tolerance of the position of the shoulder 41 with
      respect to the arm 23. However, the position of the inner disc 46 is
      affected by such tolerance and, in addition, the tolerance of the disc 42
      and the ring 44. However, the greater amount of manufacturing tolerances
      encountered in the positioning of the inner disc is compensated for to a
      considerable extent by the greater chord height of such inner disc when
      compared to the chord height of the outer disc.
PAR  Another type of disc providing one-shot characteristics may be manufactured
      as disclosed in the copending application, Ser. No. 378,256 filed July 11,
      1973, assigned to the assignee of the present invention. In such
      instances, a one-shot disc manufactured in accordance with this
      application does not necessarily have a greater chord height than a
      typical automatic disc. In such instances, the advantage mentioned above
      with respect to inner positioning the one-shot disc is not necessarily
      obtained.
PAR  It is generally preferred to provide the one-shot disc as the inner disc in
      devices where the operating sensitivity requirements are not as great as
      such requirement for the automatic disc. However, sensitivity of the inner
      disc is achieved because of the peripheral contact of the disc 46 with the
      metallic ring 44 and the disc retaining cup 13, both of which provide a
      heat-conducting flow path between the environment and the inner disc 46.
PAR  It is recognized that when the device of FIG. 2 is mounted in a position in
      which gravity does not maintain contact between the inner disc 46 and the
      shoulder 41 at all times, the sensitivity of the inner disc 46 will not be
      as great. In such instances, it may be desirable to utilize the modified
      form of this invention illustrated in FIG. 3. In such modified form,
      similar reference numerals are used for similar parts but a prime (') is
      added to indicate reference to the modified form. In this modified form,
      an annular spring 66' is positioned between the inner disc 46' and a wall
      67' of the main body member 11' and engages such disc at diametrically
      opposite portions of its periphery. The spring 66' maintains contact
      between the periphery of the disc 46' and the ring 44' and, also,
      maintains contact of the periphery of the disc 42' with the shoulder 41'
      on one side and with the ring 44' on the other side.
PAR  There are several advantages obtained from the use of the spring. In some
      instances, when a spring is not employed, the snap operation of the disc
      42' can cause a bounce-like movement of the disc 46' which is sufficient
      to cause a momentary operation of the switch associated with the disc 46'.
      The spring 66' supplies sufficient force on the disc 46' to prevent such
      bounce. In addition the spring 66' insures that good heat conducting
      contact is provided between the disc 42' and the shoulder 41' and between
      both of the discs and the ring 44'. With such structure, optimum
      sensitivity is obtained with respect to both discs since the good heat
      conducting flow path is maintained in a reliable manner, even when the
      thermostat is inverted. In FIG. 3, the disc retaining cup 13' is open to
      provide the disc 42' with radiant heat sensitivity.
PAR  It should be understood that although preferred embodiments of the present
      invention are illustrated, the various aspects of this invention may be
      applied in other manners. For example, in some instances, it may be
      desired to form the disc 42 as a one-shot disc while the disc 46 is
      automatic in operation. In other instances, it may be desired to provide a
      device in which both discs are automatic in operation. In such an
      instance, the two associated switches should be constructed to provide the
      capability of repeated cycling of a magnitude expected to be encountered.
      Further, with the simplified switch structure illustrated, only two
      terminals are necessary and the two switches are connected in series. In
      some instances, it may be desired to provide a completely separate
      circuitry so additional terminals would be provided to permit nonseries
      connection of the two switches. In a system in which the disc 42 has
      relatively great sensitivity to radiant heat, the disc retaining cup is
      modified to provide an open end.
PAR  Although preferred embodiments of this invention are illustrated, it should
      be understood that various modifications and rearrangements of parts may
      be resorted to without departing from the scope of the invention disclosed
      and claimed herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiple disc thermostat comprising a body assembly, first and second
      switches supported on said body assembly, a pair of bimetal snap discs
      concentrically supported on said body assembly, with one disc operating
      one switch and the other disc operating the other switch, one of said
      discs being automatically thermally resettable, the other of said discs
      being non-automatic and nonresettable in use.
NUM  2.
PAR  2. A multiple disc thermostat as set forth in claim 1 wherein said discs
      are substantially equal in size, and a spacer ring is positioned between
      the peripheries of said discs to engage the peripheries of both discs and
      maintain a predetermined spacing therebetween, the center portion of said
      discs moving with snap action response to predetermined temperatures, said
      switches being operated with snap action in response to the snap movement
      of the center portions of the associated disc.
NUM  3.
PAR  3. A multiple disc thermostat as set forth in claim 2 wherein said body
      assembly includes a shoulder engageable with a periphery of a first of
      said discs on the side thereof opposite said spacer ring to directly
      locate said first disc and to locate said second disc through said spacer
      ring and first disc.
NUM  4.
PAR  4. A multiple disc thermostat as set forth in claim 3 wherein said second
      disc is non-automatic and non-resettable in use, and said second disc is
      located between said first disc and said switches.
NUM  5.
PAR  5. A multiple disc thermostat as set forth in claim 4 wherein said second
      disc is formed with a central opening, a first bumper extends through said
      opening and between said first disc and said one switch, and a second
      bumper substantially parallel to said first bumper extends between said
      second disc adjacent to said opening and said other switch.
NUM  6.
PAR  6. A multiple disc thermostat as set forth in claim 5 wherein said second
      disc is provided with a greater chord height than said first disc.
NUM  7.
PAR  7. A multiple disc thermostat as set forth in claim 6 wherein said switches
      are connected in series, and two external terminals are provided to
      connect said switches to an external circuit.
NUM  8.
PAR  8. A multiple disc thermostat as set forth in claim 1 wherein said discs
      are substantially the same diameter, one of said discs being formed with a
      central opening, a first bumper extending through said opening and between
      the other of said discs and one of said switches, and a second bumper
      substantially parallel to said first bumper extending between said one
      disc adjacent to said opening and the other of said switches, said one
      disc being provided with a greater chord height than said other disc.
NUM  9.
PAR  9. A multiple disc thermostat as set forth in claim 8 wherein said switches
      are connected in series, and two external terminals are provided to
      connect said switches to an external circuit.
NUM  10.
PAR  10. A thermostat comprising a body assembly, first and second switches
      mounted on said body assembly, said body assembly including retainer means
      providing a disc support shoulder, a first bimetal snap disc having one
      side of its periphery positioned against said support shoulder, spacer
      means positioned against the other side of the periphery of said first
      disc, a second bimetal snap disc positioned with its periphery against the
      other side of said spacer means whereby both bimetallic discs are
      positioned within said body assembly by said support shoulder, both of
      said discs providing central portions movable snap action response to
      predetermined calibration temperatures, and operator means operatively
      connecting said first disc and said first switch for the operation of the
      latter in response to snap movement of the central portion of said first
      disc and operatively connecting said second disc and said second switch
      for operation of the latter in response to snap movement in the central
      portion of said second disc.
NUM  11.
PAR  11. A thermostat as set forth in claim 10 wherein said shoulder is provided
      by a metallic retainer cup, said cup providing a wall substantially
      perpendicular to said shoulder to laterally positioning both of said discs
      and said spacer means, and said spacer means is a metallic ring.
NUM  12.
PAR  12. A thermostat as set forth in claim 11 wherein said spacer ring has
      opposite flats formed by axially deforming round cross section wire.
NUM  13.
PAR  13. A thermostat as set forth in claim 12 wherein said second disc provided
      with a central opening, said operator means includes a first bumper
      extending through said opening and between said first disc and said first
      switch, and a second bumper substantially parallel to said first bumper
      extending between said second disc adjacent to said opening and said
      second switch.
NUM  14.
PAR  14. A thermostat as set forth in claim 13 wherein said retainer cup is
      closed and cooperates with the remainder of said body assembly to
      completely enclose both of said discs.
NUM  15.
PAR  15. A thermostat as set forth in claim 13 wherein spring means urge said
      second disc toward said spacer ring to maintain contact between said discs
      and said spacer ring and between said first disc and said shoulder.
NUM  16.
PAR  16. A thermostat as set forth in claim 11 wherein spring means urge said
      second disc toward said spacer ring to maintain contact between said discs
      and said spacer ring and between said first disc and said shoulder.
NUM  17.
PAR  17. A thermostat as set forth in claim 16 wherein said second disc is
      formed with a central opening, said operator means including a first
      bumper extending through said opening and between said first disc and said
      first switch, and a second bumper substantially parallel to said first
      bumper extending between said second disc adjacent to said opening and
      said second switch.
NUM  18.
PAR  18. A thermostat as set forth in claim 17 wherein said first disc is
      automatically thermally resettable and said second disc is non-automatic.
NUM  19.
PAR  19. A thermostat as set forth in claim 18 wherein said second disc is
      non-resettable in use.
NUM  20.
PAR  20. A thermostat as set forth in claim 19 wherein the chord height of said
      second disc is greater than the chord height of said first disc.
NUM  21.
PAR  21. A thermostat as set forth in claim 18 wherein the chord height of said
      second disc is greater than the chord height of said first disc.
NUM  22.
PAR  22. A multiple disc thermostat comprising a body assembly, first and second
      switch means on said body assembly, first and second concentric bimetal
      snap discs on said body assembly having substantially the same diameter,
      shoulder means engageable with one side of the periphery of said first
      disc axially locating said first disc, a metallic spacer ring engageable
      with the other side of the periphery of said first disc and with one side
      of the periphery of said second disc to axially locate said second disc
      with respect to said first disc and in turn with respect to said shoulder
      means, both of said discs providing central portions movable with snap
      action in response to predetermined temperatures, said first and second
      switch means being operated by snap movement of said central portions of
      said first and second discs, respectively.
NUM  23.
PAR  23. A multiple disc thermostat as set forth in claim 22 wherein said spacer
      is flattened and sized in thickness by axially deforming it from its
      original dimension.
NUM  24.
PAR  24. A multiple disc thermostat as set forth in claim 23 wherein said spacer
      ring is deformed from wire having a circular cross-section to have opposed
      flats engageable with said discs.
NUM  25.
PAR  25. A multiple disc thermostat as set forth in claim 24 wherein spring
      means urge said second disc toward said spacer ring to maintain contact
      between said discs and said spacer ring and between said first disc and
      said shoulder.
NUM  26.
PAR  26. A multiple disc thermostat comprising a body assembly, first and second
      switch means on said body assembly, first and second bimetal snap discs on
      said body assembly connected to operate said first and second switch means
      respectively, said switch means each including a terminal and a movable
      contact support arm connected together and mounted on said body assembly
      by a rivet or the like, said switch means also each including fixed
      contact means provided by a single fixed contact element secured in said
      body assembly, said body assembly having a center line substantially
      coaxial with said discs, said fixed contact element being stepped to
      offset said fixed contact means, and each of said movable contact supports
      extending from its associated terminal across said center line to a fixed
      contact means on the side of said center line remote from such associated
      terminal.
NUM  27.
PAR  27. A multiple disc thermostat comprising a body assembly, first and second
      switch means on said body assembly, first and second bimetal snap discs on
      said body assembly connected to operate said first and second switch means
      respectively, said switch means each including a terminal and a movable
      contact support arm connected together and mounted on said body assembly
      by a rivet or the like, said switch means also each including fixed
      contact means provided by a single fixed contact element secured in said
      body assembly, wherein said first disc is on the side of said second disc
      remote from the switch means, said first disc being automatically
      thermally resettable in use, and said second disc being non-automatic and
      non-resettable in use.
NUM  28.
PAR  28. A multiple disc thermostat as set forth in claim 27 wherein said first
      switch is provided with contacts capable of greater number of cycles of
      operation than said second switch.
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ABST
PAL  A galvano-magneto effect device in which a glavano-magneto effect element
      is fixed on a thin substrate and a thick cover plate made of ferrite is
      provided on said galvano-magneto effect element.
PARN
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 368,623, filed June 11, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a galvano-magneto effect device to be
      employed as a magneto-resistance effect device or Hall effect device.
PAR  The conventional galvano-magneto effect device as shown in FIG. 10 is made
      up by bonding a wafer made of a semiconductor material onto substrate 100,
      grinding said wafer, shaping the ground wafer in a specified form to make
      galvano-magneto effect element 101, connecting lead wires 102 to ends of
      said galvano-magneto effect element and fixing cover plate 103 made of a
      magnetic material such as ferrite on the center of element 101.
PAR  In case of such the device, cover plate 103 is directly bonded to the
      surface of a semiconductor layer of galvano-magneto effect element 101 and
      accordingly the galvano-magneto effect element may be damaged when
      securing the cover plate on the element. Since the lead wires are only
      bonded to the terminals of the galvano-magneto effect element, the lead
      wires may be disconnected or may come off from the bonded portions when
      the device is installed in an equipment or is transported.
PAR  Furthermore, in the conventional, device, substrate 100 is generally made
      in the thickness of approximately 0.5 mm to 1 mm; accordingly if the
      permissible thickness error of the substrate is 1 percent the maximum
      error of thickness is 5.mu. - 10.mu.. On the other hand, the thickness of
      the galvano-magneto effect element is generally 1.mu. to 20.mu.. It is
      known that the thinner the thickness of the element is, the better the
      Hall effect, that is, the galvano-magneto effect of the element becomes
      and therefore, the element is preferable to be as thin as possible.
      However, the element is generally made up by grinding the wafer to a thin
      thickness after fixing a thick semiconductor wafer on the substrate and
      the thickness of the element is obtained by measuring the thickness of the
      substrate and element which are joined. If the surface of the substrate is
      slanted, the thickness of the element is not uniform, or if the thickness
      of the substrates of a great number of devices is uneven, the thickness of
      the elements differs with the devices. Thus, the grinding accuracy of the
      element depends on the thickness accuracy of the substrate. Accordingly,
      in case of a thick substrate as described above, the maximum error of the
      thickness of the substrate is large and the irregularity in the thickness
      of the element becomes extremely large if it is necessary to make the
      element thin. For this reason, the thickness of the element cannot be
      fully controlled, the devices with uniform characteristic cannot be
      obtained and each device cannot have excellent characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a galvano-magneto effect device comprising a
      galvano-magneto effect element comprising a semiconductor layer made of a
      magnetism sensing semiconductor material such as, for example, indium
      antimonide which is provided with said galvano-magneto effect element on
      its surface and is made to be thin in a thickness, that is, 60 to 300.mu.
      so that the thickness of the semiconductor layer is not included in the
      range of absolute error in the thickness of the substrate when the range
      of an absolute error in the thickness of the substrate when the thickness
      of the galvano-magneto effect element is controlled in the total value of
      the thickness of the galvano-magneto effect element and the substrate is
      making said semiconductor layer and a cover plate made of ferrite which is
      attached to said galvano-magneto effect element to cover said
      galvano-magneto effect element and is made thick, that is, in a thickness
      of at least 1mm, at which the magnetic permeability is saturated in
      reference to the variation of thickness, wherein said galvano-magneto
      effect element is interpositioned between the substrate and cover plate.
PAR  Another feature of the present invention is to provide embossed portion on
      the cover plate which extends therefrom towards the layer of semiconductor
      material in the space between the leads connected to the semiconductor
      material. The embossed portions concentrates the magnetic flux in the
      magnetic sensing portion of the semiconductor layer, thus enhancing the
      operation of the device. The embossed part may have any number of shapes
      such as a shape conforming to the magnetic sensing portion of the
      semiconductor layer or a spheroid or elipsoid.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated in detail by the accompanying drawings
      whereon:
PAR  FIG. 1 is a cross sectional view of the device in accordance with the
      present invention.
PAR  FIGS. 2 and 3 are respectively a plan view showing an embodiment of the
      galvano-magneto effect element to which lead frames are attached.
PAR  FIG. 4 is a diagram illustrating a characteristic of the cover plate, that
      is, a graph showing the variation of the magnetic permeability in
      accordance with the thickness of the cover plate.
PAR  FIG. 5 is a diagram illustrating the characteristics of the device in
      accordance with the present invention, that is, the variation of the
      output voltage of the galvano-magneto effect element in accordance with
      the thickness of the cover plate under a fixed magnetic field.
PAR  FIG. 6 is a cross sectional view illustrating an embodiment of the cover
      plate which is provided with an embossed part toward the substrate.
PAR  FIG. 7 is a bottom view of the cover plate shown in FIG. 6. FIG. 8 is a
      comparison diagram of the characteristics of the device in accordance with
      the present invention in cases that the cover plate is provided with a
      embossed part and is not provided with a embossed part, that is, the
      variation of output voltage of the galvano-magneto effect element in
      accordance with the variation of the magnetic field intensity.
PAR  FIG. 9 is a cross sectional view of application for the device in
      accordance with the present invention, and,
PAR  FIG. 10 is a cross sectional view of a conventional galvano-magneto effect
      device.
PAR  FIGS. 11--13 illustrate another embodiment of the present invention.
PAR  FIG. 14 illustrates still another embodiment of the present invention.
PAR  FIGS. 15--17 illustrate still a further embodiment of the present invention
     .
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is shown an embodiment of the device in
      accordance with the present invention.
PAR  Galvano-magneto effect element 2 which is made in a specified shape is
      provided on the surface of substrate 1. Galvano-magneto effect element 2
      is comprised of thin semiconductor layer 21 which is made of a
      semiconductor material such as indium antimonide, idium arsenide or
      gallium arsenide having a large Hall effect that is galvano magneto effect
      in a specified shape and of, a plurality of electrodes 22 which are formed
      at the specified both ends of the semiconductor layer by coating with a
      conduction material such as indium. If galvano-magneto effect element 2 is
      employed as a Hall effect device, it is generally provided with four
      electrodes 22 as shown in FIG. 2, thereby one pair of opposing electrodes
      are utilized as the current terminals and the other pair of electrodes as
      the Hall electromotive voltage terminals. If the galvano-magneto effect
      element is employed as the magneto-resistance effect device, it is
      generally provided with two electrodes 22 as shown in FIG. 3.
PAR  Said galvano-magneto effect element is connected with lead frames 3 made of
      a conductive material, each having thin and wide connecting part 31
      provided at one end so that connecting parts 31 are overlapped with
      electrodes 22.
PAR  Thick cover plate 4 made of ferrite covers said galvano-magneto effect
      element and is attached to galvano-magneto effect element 2 with a bonding
      agent such as epoxy resin so that the cover plate is overlapped with
      connecting parts 31 of the lead frames so that said lead frames are
      sandwiched between the element and substrate.
PAR  Hereupon, in general, semiconductor layer 21 is obtained by fixing a
      semiconductor wafer on the surface of substrate 1, grinding this wafer to
      a specified thickness and forming in a specified shape. A means to form
      the wafer in a specified shape can be freely selected. For example, a
      light sensing resist is provided on the wafer and the wafer is formed in a
      specified pattern. Then the wafer can be etched. Semiconductor layer 21 is
      made in a thin form to increase the Hall effect, that is, the
      galvano-magneto effect. However, the minimum thickness of the
      semiconductor layer is limited due to the strength and grinding
      possibility. Accordingly, semiconductor layer 21 is made with a thickness
      from 5.mu. to 20.mu..
PAR  Since semiconductor layer 21 is made thin as described above, substrate 1
      is also made thin so that the thickness of the semiconductor layer is not
      included in the range of error thickness of substrate 1. In other words,
      substrate 1 is made with a thickness in the range of thickness from 60.mu.
      to 300.mu..
PAR  In this case, the thickness of substrate 1 is controlled so that the
      thickness error is kept within 1 percent and accordingly, the maximum
      thickness error is 0.6.mu. when the thickness is 60.mu. and 3.mu. when it
      is 300.mu.. The thickness of the semiconductor layer is 5.mu. to 20.mu.
      and is not therefore included in the thickness error of the substrate.
      Accordingly, since the grinding accuracy of the semiconductor layer which
      is made by grinding the wafer is less affected by the thickness accuracy
      of the substrate, the thickness of the semiconductor layer is easily
      controlled and even a number of the devices which are mass-produced can be
      manufactured with the semiconductor layers in uniform thickness.
PAR  Substrate 1 can be made of a conventionally known material, which has been
      employed as the substrate of a magnetism sensing semiconductor, such as,
      for example, non-magnetic glass or magnetic ferrite.
PAR  If a non-magnetic material is employed in the substrate, there is no
      magnetism concentrating effect of the substrate onto the element when the
      magnetic field is applied from outside to the semiconductor layer of the
      galvano-magneto effect element so that the magnetic flux is vertically
      applied. On the other hand, in case that a magnetic material is employed
      in the substrate, the magnetic permeability is extremely low because the
      substrate is thin and the substrate shows a property approximate to that
      of a non-magnetic material and therefore the magnetic flux concentrating
      effect of the substrate onto the element is extremely small.
PAR  On the contrary, cover plate 4 is made of ferrite and has the magnetic flux
      concentrating effect on the element. Moreover, cover plate 4 is made in a
      thick form to compensate the magnetic flux concentrating effect of the
      substrate which is extremely small or zero and to have a large magnetic
      flux concentrating effect.
PAR  The magnetic permeability of a ferrite having a thickness of approximately
      100.mu. is extremely small as shown in FIG. 4 and becomes large in
      accordance with increase of the thickness up to approximately 0.8mm. In
      the case of the thickness of more than 1mm, the magnetic permeability of
      ferrite saturated and the ferrite shows the intrinsic magnetic
      permeability of the magnetic material. In other words, the magnetic
      permeability of ferrite having thickness of more that 1 mm does not depend
      on the thickness.
PAR  Accordingly, cover plate 4 is made in a thickness, that is, at least 1 mm
      at which the magnetic permeability does not vary with variation of the
      thickness.
PAR  Since the magnetic flux concentrating effect depends on the magnetic
      permeability of the cover plate, the density of magnetic flux to be
      applied to the galvano-magneto effect element varies with variation of the
      magnetic permeability of the cover plate eventhough an external magnetic
      field of the device is fixed, and therefore the output voltage of the
      device varies.
PAR  If the thickness of the cover plate is set in the range in which the
      magnetic permeability suddenly changes in accordance with variation of
      thickness, the output voltages of the device become uneven in accordance
      with uneveness of the thickness of the cover plate. Such a setting of the
      thickness of the cover plate is not desirable.
PAR  When the galvano-magneto effect element is used as a Hall effect element
      and the Hall electromotive output voltage is measured while changing the
      thickness of cover plate 4, under the following conditions the results
      shown in FIG. 5 are obtained.
PA0  Current flowing between the current terminals of the Hall effect element:
      10 mA (fixed)
PA0  Intensity of magnetic field applied from outside of the device in a
      direction at a right angle to the element: gause (fixed)
PA0  Thickness of the substrate (employing Ferrite) : 0.28 mm
PAR  It is known from this result that the Hall electromotive voltage is
      saturated at 200 mV in case of the ferrite having thickness of more than
      approximately 1 mm and the thickness dependability that the Hall
      electromotive output voltage varies with the thickness is resolved. In
      other words, if the thickness of the cover plate is set to a value at
      which the magnetic permeability does not depend on the thickness, that is,
      at least 1 mm, the Hall electromotive voltage does not become uneven due
      to the thickness.
PAR  If the galvano-magneto effect element is employed as the magneto-resistance
      effect element, the variation of resistance in accordance with the
      intensity of the magnetic field is caused by the Hall effect and therefore
      the dependability of the variation ratio of resistance on the thickness of
      the cover plate is the same as the dependability of the Hall electromotive
      output voltage on the thickness of the cover plate. Accordingly, the
      dependability of the resistance variation of the thickness can be reduced
      by setting the thickness of the cover plate to at least 1 mm.
PAR  Referring to FIG. 6, there is shown an embodiment in which embossed part 41
      opposing to the surface of said galvano-magneto effect element is provided
      on cover plate 4.
PAR  Embossed part 41 is embossed to oppose to a part of said galvano-magneto
      effect element to which lead frame 3 is not connected, that is, magnetism
      sensing part 23 except electrode 22. Embossed part 41 is formed in the
      shape of magnetism sensing part 23 of galvano-magneto effect element 2 by
      the conventionally known etching technique. If an element as shown in FIG.
      2 is employed as galvano-magneto effect element 2, embossed part 41 is
      formed as shown in FIG. 7. Embossed part 41 is made so that is can be
      inserted between lead frames 3 attached to the electrodes provided in the
      lengthwise direction of the element or length l' of said embossed part is
      a little shorter than length l between the lead frames. Furthermore,
      embossed part 41 is made so that thickness d' is smaller than thickness d
      of lead frame 3.
PAR  As described above, embossed part 41 is inserted into a recession formed by
      connecting the lead frames to the electrodes. Accordingly, alignment of
      cover plate 4 when it is bonded to galvano-magneto effect element 2 is
      facilitated. In this case when an epoxy resin is used as a bonding agent,
      the cover plate does not come off the position even when the viscosity of
      the bonding agent is lowered by heating the resin for hardening. Moreover,
      since the surface of embossed part 41 does not contact magnetism sensing
      part 23 when cover plate 4 is mounted above lead frames 3, the
      semiconductor part of the galvano-magneto effect element is not damaged
      and the lead frames can be sandwiched.
PAR  The results as shown in FIG. 8 were obtained through comparison of the Hall
      electromotive output voltages of the galvano-magneto effect element in
      cases that embossed part 41 is provided on cover plate 4 and is not
      provided by varying the intensity of magnetic field applied from outside
      the device to the device in the direction at a right angle to the
      galvano-magneto effect element under the following conditions.
PA0  Current to be supplied to the galvano-magneto effect element: 10 mA (fixed)
PA0  Thickness of ferrite substrate: 0.28 mm
PAR  In the figure, L1 is the length when cover plate 4 of 1.05 mm thickness is
      used and the embossed part is not provided and L2 is the length when the
      embossed part of 0.05 mm thickness is provided on the cover plate of 1 mm
      thickness.
PAR  As known from FIG. 8, the Hall electromotive output voltage becomes large
      with the embossed part of 0.05 mm thickness provided and this tendency is
      more remarkable in a low magnetic field. For example, the Hall
      electromotive output voltage when the embossed part is provided in case of
      1 k gauss magnetic field becomes approximately 120 mV larger that that
      when the embossed part is not provided. Generally, a magnetic field of
      approximately 1 to 2 k gauss is applied to this type of device and the
      fact that there is a remarkable output difference under a low magnetic
      field is effective
PAR  It is considered that the effect that the output becomes large when the
      embossed part is provided on the cover plate results from the magnetic
      field is concentrated onto the magnetism sensing part of the element by
      the embossed part of the gap between the cover plate and the element is
      extremely small.
PAR  This is the same in case that the galvano-magneto effect element forms a
      magneto-resistance effect element.
PAR  The galvano-magneto effect element can be made by grinding the
      semiconductor wafer fixed on the substrate or can be formed by evaporating
      a semiconductor material on the substrate.
PAR  In the embodiment shown in FIGS. 11 and 12, a substrate 40 is made of
      ferrite, glass, ceramic, or similar polished insulating material of 60 to
      300 thick. A semiconductor wafer of silicon (Si), indium antimonide
      (InSb), or similar material, which is provided on the substrate 40, is
      etched to form a bulk semiconductor layer 11 of 5 to 20.mu. thick. On
      electrode portions of the semiconductor layer 41 is evaporated metalic
      layer 42 of good conductor such as indium (In). On the electrode portions
      are bonded lead means, for example, ends of lead frames or lead wires 43.
      Then, a properly shaped magnetizable cover plate 44 having a high magnetic
      permeability is affixed on the semiconductor layer 41 in the manner that
      the cover plate 44, may fasten the lead means 43 downwards. The cover
      plate 44 has much the same square area as the substrate 40 and has
      thickness of 0.7 to 1.2 mm.
PAR  One surface of the cover plate 44 is provided with a partially ball-like
      embossed part 45, which is shaped as a part of a circle or ellipse with it
      vertically sectioned. The embossed part 45 is shaped as a circle or
      ellipse in a horizontally section. In addition, the embossed part 45 has
      such a height that the space formed with the lead means 43 may be
      minimized.
PAR  Accordingly, the embossed part 45 faces the magnetic sensing part of the
      semiconductor layer 41, and the end portion 46 of the embossed part 45 is
      positioned at the center of the magnetic sensing part, as shown in FIG.
      12. This is advantageous in that the magnetic flux is concentrated to the
      magnetic sensing part of the semiconductor layer 41 even when the cover
      plate 44 shifts to some extent in any direction upon fixing the cover
      plate 44 onto the semiconductor layer 41. As for the semiconductor layer
      41, it may be shaped as evaporated layer of 1 to 5.mu. thick.
PAR  A clearly seen from the above description of the present invention, the
      cover plate 44 is free from restriction of the mounting direction upon
      fixing the cover plate 44 onto the semiconductor layer 41. Further, the
      magnetic flux will concentrate into the magnetic sensing part at all times
      even for a slight shift of the position of the cover plate 44, because the
      end point of the embossed part is kept within the area of the magnetic
      sensing part of the semiconductor layer 41. Furthermore, since the
      embossed part is shaped like a ball, it will not damage the surface of the
      semiconductor part, and it is maintained normally in the relationship with
      the magnetic sensing part even for inclined fitting of the cover plate 44
      to the semiconductor layer 41. Therefore, such an arrangement causes no
      unbalanced voltage to be generated.
PAR  Consequently, the fabricating process of the magneto-electric transducer
      according to the present invention is high in the efficiency, thus raising
      the productivity to a great extent. In addition, provision of the embossed
      part of the cover plate serves to greatly improve the output response of
      the magnetic-electric transducer, particularly for a low magnetic field
      strength.
PAR  The ball-like embossed part of the cover plate is advantagous in that the
      corners of the cover plate are free from any deformation. In addition,
      such a shape of the embossed part facilitates easy molding with the use of
      dies.
PAR  Furthermore, the lead frames do not get out of place due to shocks and
      similar vibrations, since their ends are firmly fixed by the substrate and
      cover plate.
PAR  FIG. 13, is a characteristic curve of the output voltage with respect to
      magnetic field strength.
PAR  In the embodiment shown in FIG. 14, cover plate 50 has slanted edges 51 and
      an extension 52 which is circular or elliptical in cross section. The
      extension 52 extends into the area between leads 53 above the
      semiconductor layer 54 which is mounted on substrate 55. A bonding agent
      such as a synthetic resin adhesive 56 is used to fill the space between
      the cover plate means and semiconductor layer.
PAR  This embodiment has the advantage that the air below the cover plate is
      eliminated and the cover plate is well supported by the adhesive. The
      concentration of magnetic flux is further improved because of the
      extension of the cover plate and the shape of the cover plate facilitates
      the manufacturing thereof.
PAR  In the embodiment shown in FIG. 15, the cover plate 60 is made of a high
      permeability magnetic material, e.g., ferrite, pure iron, permalloy,
      sendust, silicon steel, etc. The area of the cover plate is larger than
      the area of substrate 61 which is molded to the leads 62 by a bonding
      agent 63. The semiconductor layer 64 is mounted on the substrate 61. Cover
      plate 60 has an extension 65 which extends into the area between the leads
      and is positioned in close proximity to the semiconductor layer 64.
PAR  Typically the cover plate may be as thin as 300 .mu. with the height of the
      extension or embossed part being determined by the thickness of the leads
      and the thickness of the bonding agent between the leads and the cover
      plate. Typically, if the leads and bonding agent are 60 mm and 20 to 40 mm
      in thickness respectively, the height of the extension should be 70-90 mm.
PAR  In the embodiments shown in FIGS. 16 and 17 the cover plate 60 has its top
      surface covered with an insulation layer 66 or is surrounded by an
      insulation layer 67. The insulation layer is used when a possibility of
      shortcircuiting between the lead frames may be encountered. The insulation
      layer is formed by evaporating or spraying insulating material, e.g.,
      silicon oxide, aluminum oxide, etc.
PAR  FIG. 9 shows an example of application of the device in accordance with the
      present invention which is provided in printed circuit board 5.
PAR  Cover plate 4 made of ferrite is made in a thickness equal to or a little
      larger than the thickness of printed circuit board 5 and is positioned on
      the inside of through hole 51 provided in printed circuit board.
      Galvano-magneto effect element 2 and substrate 1 are exposed to one side
      of printed circuit board 5 and conductive lead frames 3 are bonded to
      printed circuit board 5.
PAR  The galvano-magneto effect device in accordance with the present invention
      provide on the printed circuit board 5 is housed in gap G of the magnetic
      circuit. In this case, Gap G is formed by fixed yoke 6 made of a magnetic
      material and moving yoke 7 opposed to said fixed yoke.
PAR  Since the galvano-magneto effect device is conventionally fixed on the
      printed circuit board, the gap is large because the printed circuit board
      is positioned between the gap of the magnetic circuit, the magnetic
      reluctance is large and the galvano-magneto effect of the device is
      unsatisfactory. Furthermore, the entire device is exposed on the printed
      circuit board and may therefore be damaged. Since the substrate or the
      cover plate is provided on the printed circuit board, the lead wire of the
      galvano-magneto effect element may be bent or may be broken due to
      mechanical vibration, etc.
PAR  In case of the device in accordance with the present invention, a thickness
      of the coverplate made of ferrite is equivalent to or slightly larger than
      the thickness of the printed circuit board, the cover plate can be
      inserted into the through hole of the printed circuit board and the
      printed circuit board need not be interpositioned in the gap. Accordingly,
      the gap can be small and the galvano-magneto effect of the device can be
      increased. Since the lead frame is not bent, it does not come off and
      since the area of a part of the device to be exposed on the printed
      circuit board can be reduced the device will not be damaged.
PAR  The device in accordance with the present invention is designed so that the
      thickness of the semiconductor layer can be easily controlled by making a
      thin substrate as described above, accordingly, the output characteristic
      of the galvano-magneto effect element is excellent. Since the device can
      be constructed so that the cover plate holds the lead frames, the lead
      frames can be firmly attached to the electrodes and can be almost free
      from trouble due to vibration applied to the galvano-magneto effect
      element.
PAR  Furthermore, the cover plate is made to be thick so that the magnetic
      permeability does not vary in accordance with irregularity of thickness
      and therefore the output of the galvano-magneto effect device does not
      show irregularity even though there is some irregularity of the thickness
      of the coverplate. The galvano-magneto effect is large since the magnetic
      flux concentrating effect on the semiconductor layer is large.
CLMS
STM  We claim:
NUM  1.
PAR  1. A galvano-magneto effect device comprising:
PA1  a. a substrate;
PA1  b. a galvano-magneto effect element mounted on said substrate comprising a
      thin semiconductor layer of a magnetism sensing material, said
      galvano-magneto effect element including a plurality of electrodes
      extending therefrom;
PA1  c. a plurality of leads coupled to said electrodes; and,
PA1  d. a cover plate means, having a high magnetic permeability, covering said
      semiconductor layer, wherein a portion of each of said plurality of leads
      is coupled to said galvano-magneto effect element on the surface of said
      element facing said cover plate means such that said leads are sandwiched
      between said cover plate means and said galvano-magneto effect element and
      wherein said cover plate means includes an integral embossed portion
      extending therefrom into the space between said leads towards said
      semiconductor layer, the thickness of said embossed portion being less
      than or equal to the thickness of said leads.
NUM  2.
PAR  2. The galvano-magneto effect device of claim 1 wherein the cross-sectional
      shape of said embossed part substantially corresponds to the shape of said
      semiconductor layer surrounded by said electrodes.
NUM  3.
PAR  3. The galvano-magneto effect device of claim 1 wherein said embossed
      portion is a portion of sphere the furthest extension thereof being at the
      approximate center of said semiconductor.
NUM  4.
PAR  4. The galvano-magneto effect device of claim 1 wherein said embossed
      portion is a portion of an ellipsoid, the further extension thereof being
      at the approximate center of said semi conductor layer.
NUM  5.
PAR  5. The galvano-magneto effect device of claim 1 wherein sides of said cover
      plate means opposite said leads slant away from said leads.
NUM  6.
PAR  6. The galvano-magneto effect device of claim 1 wherein the surface of said
      coverplate means opposite said substrate is larger than the surface of
      said substrate.
NUM  7.
PAR  7. The galvano-magneto effect device of claim 6 wherein the surface of said
      coverplate means includes an insulation layer on the surface opposite said
      substrate.
NUM  8.
PAR  8. The galvano-magneto effect device of claim 6 wherein the surface of said
      cover plate means is surrounded by an insulation layer.
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ABST
PAL  A sonar system for detecting and identifying objects laying on or submerged
     n a sea floor having a dual frequency transmitter and a dual frequency
      receiver for timely broadcasting and receiving a pair of relatively high
      and low frequency acoustical signals, respectively, in accordance with a
      predetermined timing program which facilitates the display and
      interpretation thereof.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAR  The present invention relates generally to echo-search-ranging systems and,
      in particular, is an improved sonar system for detecting, identifying, and
      measuring the range to objects such as, for example, marine mines laying
      on the sea floor or buried in the sand or mud thereof.
PAR  In the past, echo-search-ranging sonar systems have been employed to find
      and identify marine mines and mine-like objects laying on or partially or
      fully buried in the ocean floor. And although they have been satisfactory
      for numerous purposes, up to the present time, they still leave something
      to be desired, especially from the search rate, detection capability, and
      identification standpoints.
PAR  One such prior art sonar system is that which is disclosed in patent
      application Ser. No. 600,701, entitled Sonar System, filed Dec. 8, 1966,
      by inventors Francis J. Murphree, Henry L. Warner, and Edward G. McLeroy.
      To a certain extent the principles of operation inherently contained
      therein are somewhat comparable to those of the subject invention;
      however, the two systems are obviously distinguishable from each other, in
      that the former is far more complex than the latter from a structural
      standpoint, and, of course, their respective embodiments contain different
      structural elements, which are interconnected in such manner as to effect
      different combinations of elements. Hence, new and improved results are
      obtained from the subject invention with a relatively simplified system.
PAR  It is, therefore, an object of this invention to provide an improved,
      simplified method and means for detecting, identifying, and measuring the
      range to sea mines and mine-like target objects suspended within the sea,
      laying on the sea floor, or buried or partially buried in the sea floor,
      be it composed of sand or mud or both.
PAR  Another object of this invention is to provide an improved
      echo-search-ranging system.
PAR  Still another object of this invention is to provide an improved sonar
      system for expeditiously locating and identifying objects within a
      subaqueous medium, such as water or the like.
PAR  A further object of this invention is to provide a sonar system which has
      improved echo-to-reverberation characteristics, improved signal-to-noise
      ratios, and increased area search rates.
DRWD
PAR  Other objects and many of the attendant advantages will be readily
      appreciated as the subject invention becomes better understood by
      reference to the following detailed description, when considered in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a functional block diagram of the system constituting this
      invention;
PAR  FIG. 2 is a quasi-pictorial elevational view of the subject invention
      operating in an aqueous medium for the purpose of hunting submarine mines;
PAR  FIG. 3 is an exemplary search-scan diagram which may be employed during the
      operation of the subject invention; and
PAR  FIG. 4 is an idealized graphical representation of the various signal
      waveforms which emanate respectively from the various components of the
      system of FIG. 1.
DETD
PAR  Referring now to FIG. 1, there is shown a functional block diagram of the
      overall system 11 constituting this invention as having a dual frequency
      transmitter 12, a dual frequency receiver 13, and a programmer 14
      associated therewith for the timely actuation of both thereof, in order to
      effect braodcast, reception, and readout of suitable mine hunting signals.
PAR  To facilitate better understanding of said system 11, the components
      thereof will now be discussed, insofar as it is convenient and logical to
      do so, in their approximate order of operation, although the operation of
      the entire invention will be discussed in detail subsequently.
PAR  A variable master pulse generator 15 is located in programmer circuit 14
      and acts as the master timer or clock, as the case may be. Although it may
      be a free-running multivibrator if so desired and thus constituted the
      aforementioned clock, in this particular preferred embodiment it will be
      considered as being a one-shot multivibrator, the enabling of which will
      be timely effected by a suitable trigger input signal. Of course, master
      pulse generator 15 is variable, so that its enabled time period may be
      regulated manually by a human operator or automatically by any other type
      of operator warranted under the circumstances.
PAR  The output of master pulse generator 15 is coupled to the input of a range
      time base generator 16, the output of which is connected through a
      differentiator 17 to the input of a variable single-shot multivibrator 18.
      The output thereof is coupled to the input of another differentiator 19,
      and the output of differentiator 19 is connected through a variable delay
      line 21 to the trigger input of the aforementioned master pulse generator
      15.
PAR  Delay 21 is, as previously mentioned, capable of being varied. In this
      particular arrangement, it is capable of being varied both automatically
      by an input signal and manually.
PAR  Programmer 14 also includes a Fathometer 22, which is preferably located in
      the aforesaid submarine vehicle in such manner as to measure -- and when
      appropriately designed -- control the height above the sea floor at which
      said vehicle travels. One of the functions thereof that is pertinent to
      this invention is the production of a signal voltage by an h voltage
      generator 23 that is proportional to height h at which the vehicle is
      running at any given instant. The output thereof supplying such voltage is
      coupled to one of the inputs of a computer 24 which computes in accordance
      with the expression h/cos .beta.. To do so, it, of course, has another
      input which receives a voltage representing an angle .beta., and this
      voltage is supplied thereto because a .beta. voltage generator 25 has its
      output connected to the input thereof. .beta., as will be discussed more
      fully below, is defined as the angle between the vertical height of the
      vehicle from the sea floor and the slant-range at which the echo-search
      signal is being transmitted. The output of said h/cos .beta.  computer 24
      is connected to the control input of delay line 21, so as to regulate the
      amounted of delay effected thereby as a function of the altitude h at
      which the submarine vehicle is traveling.
PAR  The output of master pulse generator 15 is also connected to the respective
      inputs of variable delay lines 26 and 27, the outputs of which, along with
      the output of master pulse generator 15, are connected to appropriate
      inputs of dual frequency receiver 13.
PAR  Of course, it may readily be seen from FIG. 1 that components 15 through 27
      are interconnected in such manner as to form programmer 14.
PAR  One of the outputs of programmer 14 is taken from the output of
      multivibrator 18, and, hence, it is connected to the control input of an
      f.sub.1 gate 31 and the input of a delay line 32. The output of delay line
      32 is coupled to the input of an f.sub.2 gate 33. The other inputs of
      gates 31 and 33 are connected to the outputs of a pair of oscillators 34
      and 35, respectively, with the frequency (f.sub.1) of the former being
      somewhat higher than that (f.sub.2) of the latter, and preferably of the
      order of two or three times higher.
PAR  The outputs of gates 31 and 33 are interconnected and connected through an
      amplifier 36 and a power amplifier 37 connected in series therewith to the
      input of a transmit-receive switch 38, the latter of which blocks the
      transmitted signal from receiver 13 during the transmit portion of the
      operational cycle but allows the received signal to pass thereto during
      the reception portion of the operational cycle.
PAR  All of the aforementioned components 31 through 37 constitute the dual
      frequency transmitter section of the invention.
PAR  Transmit-receive switch 38 has its combination output-input terminals
      connected to a reversible electroacoustical transducer 39 which is adapted
      for broadcasting acoustical energy within its ambient medium in response
      to a proportional electrical signal and produce an electrical signal in
      response to a received acoustical signal. It would, of course, be possible
      to use separate transmitting and receiving transducers, if desired, or if
      it would be advantageous to transmit a beam that is wider than the
      received beam.
PAR  An azimuth scan servo motor and converter 41 is connected to transducer 39
      in such manner as to cause it to rotate in a controlled scanning manner
      and at the same time generate an output signal that is representative of
      its position at any given instant. For effecting such operations, it may
      include a suitable motor, a servo, a position sensor, and a voltage
      generator, although none of these items have been depicted, in the drawing
      in order to provide simplicity of disclosure, and because they are well
      known and conventional in the art per se, as well as in such combination.
PAR  Optionally, the output of h/cos .beta. computer 24 may also be connected to
      the servo input of azimuth scan servo motor and converter 41 in such
      manner that as the value of h increases, the rate of transducer scan is
      decreased.
PAR  When the invention is operating in the broadcast mode, an acoustical search
      signal 42 is transmitted and is reflected as an echo signal 43 from a
      target 44, in the event one is present. In the receive mode, echo 43 is
      received by transducer 39, which, of course, is likewise connected to the
      receive input of transmit-receive switch 38.
PAR  The output of transmit-receive switch 38 is connected to the input of dual
      frequency receiver 13 and, in particular, to the input of an amplifier 45
      incorporated therein.
PAR  The output of amplifier 45 is connected to the inputs of a pair of filters
      46 and 47, which are capable of passing only f.sub.1 and f.sub.2
      frequencies, respectively. The outputs of filters 46 and 47 are
      respectively connected to the inputs of f.sub.1 and f.sub.2 receivers 48
      and 49, the outputs of which are respectively connected to the inputs of
      f.sub.1 and f.sub.2 gates 51 and 52.
PAR  The outputs of delay lines 26 and 27 of the aforesaid programmer 14 are
      connected to the inputs of a pair of time-varied-gain amplifiers 53 and
      54, respectively, and the outputs of said time-varied-gain amplifiers 53
      and 54 are connected to the respective gain control inputs of said
      receivers 48 and 49. Although time-varied-gain amplifiers 53 and 54 may
      have any desired gain functions, in this particular case, they should
      provide gains that are increased with the target search range being used
      at any given time, thereby causing the output signals from receivers 48
      and 49 to be substantially similar in amplitude and, thus, not be
      attenuated due to the occurrence of signal travel losses within the
      operational environmental medium.
PAR  A first adjustable monostable multivibrator 55 has its input connected to
      the output of the aforesaid master pulse generator 15 of programmer 14.
      One of its outputs is coupled to the control input of f.sub.1 gate 51, and
      the other output thereof is coupled to the input of a second adjustable
      monostable multivibrator 56, the output of which is connected to the
      control input of f.sub.2 gate 52.
PAR  The outputs of gates 51 and 52 constitute the outputs of dual frequency
      receiver 13. They are, in this particular embodiment, interconnected and
      connected to the intensity input of a suitable readout 57.
PAR  As previously implied, the sweep input of readout 57 is coupled to the
      output of master pulse generator 15, and the remaining input thereof is
      connected to the output of the aforesaid azimuth converter in such manner
      that the physical scan position of transducer 39 is correlated with the
      horizontal sweep of readout 57.
PAR  At this time, it should be understood that any suitable device may be used
      as readout 57. It may be an oscilloscope, an indicator, a recorder, an
      oscillograph, or the like.
PAR  Also, at this time, it should be understood that all of the individual
      elements and components of the system of FIG. 1 are well known and
      conventional per se. Hence, it is their interconnections and interactions
      which combine to constitute the unique invention disclosed herewith and
      produce the new and/or improved results produced thereby.
PAR  FIG. 2 shows an exemplary stabilized platform as being a submarine vehicle
      61 which is towed by a ship or other tractor means (not shown) within sea
      water 62 by means of a combination tow and electrical cable 63. As
      previously suggested, the system constituting this invention may be
      mounted entirely within vehicle 61, it may be partially mounted within
      vehicle 61 with, say, readout 57 located in the tractor vehicle, or it may
      all be located in the tractor vehicle, with the exception of the
      transducer. In any event, transducer 39 is slanted at an angle .beta. with
      the vertical and, therefore, search signal 42 strikes sea floor 64
      somewhat ahead of the tractor vehicle. If a mine 65 is present, echo
      signal 43 is a reflection therefrom; but, of course, if no mine is present
      only the sea floor or other spurious reflections are included in echo 43.
PAR  It has ben ascertained that a vehicle height (h) of approxomately 20 feet
      above the sea floor is satisfactory, and when this height is used, the
      search signal range (r) is of the order of 28 feet, and the horizontal
      distance (d) becomes about 14 feet.
PAR  Transducer 39 is herewith disclosed as being a single transducer that is
      rotated back and forth at some given speed and scan angle -- in this
      particular instance, a 120.degree. scan angle. However, if desired,
      transducer 39 may be replaced by an array of movable or fixed transducers
      which produces any search pattern warranted by the operational
      circumstances. In either case, FIG. 3 illustrates a transducer scan
      pattern 66 that is considered to be optimum for most mine hunting
      conditions. Because FIG. 3 is a top view, distance d represents the
      horizontal distance from the transducer to the sea floor scan pattern.
      With d equaling approximately 14 feet and the scan angle being about
      120.degree., the searched path width is of the order of 25 feet.
PAR  The operation of the invention will now be discussed briefly in conjunction
      with all of the figures of the drawing.
PAR  As may be readily understood, the system constituting this invention is
      mounted in or used in conjunction with a predetermined stabilized
      platform. Inasmuch as the preferred embodiment of the invention herewith
      disclosed is intended to be used as a marine mine hunting system, it is,
      in fact, a sonar system which is either mounted in or used with a
      submarine vehicle which is so designed and instrumented as to maintain
      substantially a constant height above the sea floor. Any one of a known
      family of such vehicles may be used for this purpose. Since the
      appropriate selection thereof would be obvious to the artisan having
      cognizance of the operational conditions involved, no further details with
      respect thereto are deemed necessary or desirable at this time. However,
      perhaps at the outset, it should be understood that the subject invention
      may be used in environmental mediums other than a subaqueous one, and,
      thus, it is intended to be within the scope of this invention to make
      those design changes necessary to make it compatible therewith. So doing
      would, of course, be well within the purview of one skilled in the art
      having the benefit of the teachings herewith presented.
PAR  As depicted in FIG. 2, the entire system 11 is disposed in submarine
      vehicle 61, which is towed by an appropriate tractor vehicle, such as a
      submarine boat, ship, aircraft, or the like, by means of tow-cable 63. As
      vehicle 61 is towed along, transducer 39 transmits acoustical energy 42
      toward sea floor 64 and in due time receives an echo back therefrom. If,
      during its travels, a target object such as, for example, a mine 65 is
      encountered or acquired by search signal 42, the reflection therefrom is
      included in echo signal 43 that is received by transducer 39 during the
      receive mode of operation.
PAR  As illustrated in FIG. 3, a conical scan 66 is suitable for the search
      signal, in that it provides a rather broad search sweep or path, as
      vehicle 61 moves along and, therefrom, actually expedites the mine hunting
      operation.
PAR  At this point it may be apropos to point out that to improve the
      echo-to-reverberation ratio from a target, one of several things can be
      done. For example, the beam-width can be decreased either by increasing
      the transmitted search signal frequency or by increasing the transducer
      size. But, unfortunately, as a matter of practicality, transducer size is
      limited, and it has been demonstrated that signal attenuation in sand,
      inorganic, or mud bottoms increases with frequency, and this, in turn,
      would limit the maximum depth at which targets could be detected.
      Obviously, a detection capability at both great and shallow depths is
      desirable. One way to accomplish this within the restraints posed by
      transducer size would be to employ a relatively lower frequency for the
      detection of targets below a certain depth and a relatively higher
      frequency for detection of targets at a lesser depth. The low frequency
      beam pattern would be broader than that of the high frequency pattern;
      hence, with proper frequency selections, the resultant echo-to-surface
      reverberation ratio could be made about the same for both cases. This
      invention accordingly makes use of such principle and consists of means
      for detecting targets at shallow depths with a high frequency (say, of the
      order of 110 kilocycles per second) and for detecting targets at great
      depths with a low frequency (say, of the order of 40 kilocycles per
      second), so that for a given limitation on transducer-hydrophone array
      size, an optimum resolution may be obtained.
PAR  To accomplish this, search signals of both frequencies are transmitted
      sequentially (or simultaneously, as advantageous, during any given
      operational circumstances) in accordance with a predetermined program, and
      the received echoes thereof are examined for a given time at the higher
      frequency so that shallow targets will be detected and at a slightly later
      time at the lower frequency so that targets buried deeper can be detected.
      This occurs each ping-receive cycle. The total time intervals during which
      the echo returns are analyzed are equal to the travel time of the sound in
      the sea bottom plus an additional time interval to allow for the detection
      of surface targets.
PAR  In conjunction with FIGS. 1 and 4, the foregoing function accomplishments
      will now be explained in some detail. Master pulse generator 15 produces a
      pulse similar to that shown in FIG. 4(a). This pulse initiates the
      generation of a sawtooth signal by range time base generator 16 comparable
      to that shown in FIG. 4(b), which is then applied to readout 57 as a
      horizontal sweep voltage therefor and to differentiator 17 so that
      differentiation of the trailing edge thereof will be effected and, thus,
      produce the waveform of FIG. 4(c). The pulses of said waveform triggers
      monostable multivibrator 18 to its unstable state for a preset time period
      and thereby generates the output signal waveform of FIG. 4(d). The output
      signal of multivibrator 18 takes two paths. One of said paths is a
      feedback loop consisting of differentiator 19, wherein the trailing edge
      is converted to pulses as shown in FIG. 4(e), which, in turn, is delayed
      an amount of time equal to the search-echo travel time period or greater.
      FIG. 4(f) depicts said delayed pulse, and it is supplied to the control
      input of master pulse generator 15 to initiate another output pulse
      therefrom, which, as will be seen, effectively initiates the transmit mode
      of the operational cycle.
PAR  Fathometer 22 measures the height above the sea floor at which transducer
      39 is traveling and generates a voltage h that is proportional thereto by
      means of h voltage generator 23. Another voltage that is proportional to
      angle .beta., the angle between the vertical height of transducer 39 and
      its search-echo-signal r, is generated by .beta. voltage generator 25.
      These two voltages are then processed by computer 24 to produce an output
      therefrom representative of the term h/cos .beta., and this output is
      supplied to the control input of the aforesaid delay 21 to vary the delay
      period thereof in accordance therewith. Thus, automatic compensation is
      provided for all vehicle altitudes and transducer settings.
PAR  Delays 26 and 27, which may be adjusted to provide zero to several
      milliseconds delay, produce delayed master pulse generator pulses similar
      to those shown in FIGS. 4(o) and (p). They are mentioned at this time
      because they, as well as elements 15 through 24, are included in
      programmer 14.
PAR  Because programmer 14 produces all of the relevant timing signals which
      make the remainer of the invention's circuitry work in perfect
      correlation, it is of paramount importance. One of its outputs controls
      the timing of the circuits of dual frequency transmitter 12. This output
      is taken from multivibrator 18 and is supplied to open f.sub.1 gate 31 for
      the time period indicated by the positive square-wave portion of the
      waveform of FIG. 4(d), and a delayed version thereof, represented by the
      waveform of FIG. 4(g), is supplied to the control input of f.sub.2 gate 33
      for the timely opening thereof. When gate 31 is open, the relatively high
      frequency signal generated by f.sub.1 oscillator 34, represented by FIG.
      4(h), is passed therethrough and thus effects a gated output therefrom
      which is substantially similar to that represented by FIG. 4(j). The
      output of f.sub.2 oscillator 35, represented by FIG. 4(k), is timely gated
      by f.sub.2 gate 33 to produce an output signal similar to that represented
      by FIG. 4(k). These two signals are then amplified to more useful levels
      by amplifiers 36 and 37, before being passed through TR switch 38 and
      broadcast by transducer 39.
PAR  Of course, as previously mentioned, the broadcast signal is a sonic signal
      because, in this particular preferred embodiment the operational medium is
      water or sea water. The echo thereof is received by transducer 39 after it
      is reflected from the sea floor, a target, and/or other objects or
      reflectors in the scanned path.
PAR  The scanning of the transducer is of some operational significance. It
      should preferably be slow enough so that the broadcast and received
      signals are effectively accomplished at the same transducer position.
      However, it is recognized that there may, in fact, be incremental position
      differences therebetween; but such differences do not produce any adverse
      effects, for all practical purposes, if the scan rate selected is within
      the acceptable maximum for any given operational circumstances, inasmuch
      as inaccuracies produced as a result thereof are so small as to be
      negligible.
PAR  Furthermore, since the total travel time of the search-echo signal becomes
      less as the distance h between the transducer and the sea floor is
      decreased, it also becomes possible to increase the transducer scan rate
      in proportion thereto. Therefore, as previously suggested, if so desired,
      the output from computer 24 may be used to control the transducer scan
      rate to make it inversely proportional to height h. Hence, the output of
      computer 24 may be appropriately connected to an inverse scan rate control
      servo of azimuth scan servo motor and converter 41 for such purpose.
PAR  During the broadcast mode, TR switch 38 blocks the two aforementioned
      signals and prevents them from entering dual frequency receiver 13, but
      during the receiver mode, it allows the received signals to pass to
      amplifier 45, where they are amplified to a more useful level. As may be
      seen from FIG. 4(l), the received signal is a somewhat lengthened
      composite of the FIG. 4(j) and (k) broadcast signals and may, in addition
      contain other spurious signals, acquired during its subaqueous travel.
      Thus, it is somewhat changed or polluted, as it arrives at dual-frequency
      receiver 13. But they are refined and separated by filters 46 and 47,
      which, of course, pass only the useful f.sub.1 and f.sub.2 frequencies,
      respectively. They are further refined, processed, shaped, and amplified
      by receivers 48 and 49, respectively so as to become waveforms
      substantially similar to those shown in FIGS. 4(m) and (n), before being
      timely gated by f.sub.1 and f.sub.2 gates 51 and 52. As mentioned above,
      however, a further processing is effected by time-varied-gain circuits 53
      and 54, which optimize the usefulness of the received signals because they
      are amplified thereby in such manner as to make the longer range signals
      (which are ordinarily attenuated most) have amplitudes that are
      approximately equal during a no-target situation. The proper timing
      thereof is effected by the delayed master pulse generator signals
      typically represented by the waveforms of FIGS. 4(o) and (p), and the
      time-varied-gain operations for both receivers 48 and 49 are timely
      effected by the typical signal waveforms represented by FIGS. 4(q) and
      (r), respectively.
PAR  The output pulses of master pulse generator 15 also triggers multivibrator
      55 to an unstable state for the predetermined time periods represented by
      the positive square-wave portions of the waveform of FIG. 4(s), and this
      is the signal that is supplied to the control element of gate 51 for the
      timely opening and closing thereof. The trailing edge of the squarewave of
      FIG. 4(s), in turn, triggers multivibrator 56 to generate the waveform of
      FIG. 4(t), which is applied to f.sub.2 gate for the timely opening and
      closing thereof. Hence, the signals of FIGS. 4(u) and (v) are gated into
      readout 57 for the recording and/or display thereof either separately (as
      illustrated in FIG. 4(u) and (v)) or as a continuous signal, depending on
      the readout device employed. Assuming that the continuous signal readout
      device is used, the display thereof would appear somewhat like the
      waveform of FIG. 4(w).
PAR  As may be seen from either FIG. 4(v) or FIG. 4(w), if a target has been
      acquired, the amplitude of one frequency or the other will be increased
      sufficiently to form a blip somewhere therein to indicate it. In this
      disclosure, targets are shown to have been acquired by the lower frequency
      search signal, which, of course, indicates that the target is located at a
      considerable distance from the search vehicle and is perhaps buried or
      partially buried in the sea floor.
PAR  From the foregoing it may readily be seen that the subject invention
      constitutes a relatively simplified embodiment of a high fidelity sonar
      system which facilitates the hunting, finding, and identifying target
      objects, such as marine mines laying on or buried in the sea floor. Of
      course, it is obvious that it could be applied advantageously to many
      other uses, as well.
PAR  Obviously, other embodiments and modifications of the subject invention
      will readily come to the mind of one skilled in the art having the benefit
      of the teachings presented in the foregoing description and the
      drawing(s). It is, therefore, to be understood that this invention is not
      to be limited thereto and that said modifications and embodiments are
      intended to be included within the scope of the appended claims.
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STM  What is claimed is:
NUM  1.
PAR  1. An echo-search system, comprising in combination:
PA1  means for broadcasting a predetermined plurality of target search signals,
      each of which has a frequency different from that of the others;
PA1  means for timely receiving said plurality of target search signals after
      they have been reflected from a target;
PA1  means connected to said receiving means for separating said received
      plurality of target search signals into the component signals thereof
      according to their individual broadcast frequencies;
PA1  means effectively coupled to the output of said received signal separating
      means for successively gating the individual frequency component signals
      thereof;
PA1  programmer means connected to said broadcasting means and to the aforesaid
      gating means for effecting the broadcast of said target search signals and
      the gating of the aforesaid received individual frequency component
      signals thereof, respectively, in accordance with a predetermined program,
      said programmer means including a variable master pulse generator, with
      the output thereof effectively connected to the inputs of said gating
      means; a range time base generator connected to the output of said
      variable master pulse generator; a first differentiator connected to the
      output of said range time base generator; a variable monostable
      multivibrator having an input and an output, with the input thereof
      connected to the output of said first differentiator, and with the output
      thereof effectively connected to an input of said broadcasting means for
      timely initiating the broadcast of said predetermined plurality of target
      search signals; a second differentiator coupled to the output of said
      variable monostable multivibrator; and a variable delay line having a pair
      of inputs and an output, with one of the inputs thereof adapted for
      regulating the delay period thereof in response to a predetermined signal,
      with the other input thereof connected to the output of said second
      differentiator, and with the output thereof connected to the trigger input
      of the aforesaid variable master pulse generator: and
PA1  means coupled to the outputs of said gating means for reading out the
      successively gated individual frequency component signals therefrom.
NUM  2.
PAR  2. The invention according to claim 1 further characterized by a vehicle
      means, adapted for traveling a predetermined distance from a predetermined
      reference, for housing the aforesaid echo-search system.
NUM  3.
PAR  3. A sonar system comprising in combination:
PA1  a transducer for broadcasting acoustical energy within a subaqueous medium
      in response to an electrical signal and for producing an electrical signal
      in response to an acoustical signal received from within said subaqueous
      medium;
PA1  a first oscillator for generating a first electrical signal having a
      predetermined frequency;
PA1  a second oscillator for generating a second electrical signal having a
      lower frequency than that of said first electrical signal;
PA1  means effectively connected between the outputs of said first and second
      oscillators and the input of said transducer for timely gating said first
      and second electrical signals thereto;
PA1  means effectively connected to the output of said transducer for only
      passing a third signal having a frequency that is the same as the
      frequency of said first electrical signal;
PA1  means effectively connected to the output of said transducer for only
      passing a fourth signal having a frequency that is the same as the
      frequency of said second electrical signal;
PA1  a readout means;
PA1  means effectively connected between the outputs of said third and fourth
      signal passing means and the input of said readout means for timely and
      respectively gating the aforesaid passed third and fourth frequency
      signals thereto;
PA1  a variable master pulse generator, with the output thereof effectively
      connected to the control inputs of said third and fourth signal gating
      means;
PA1  a variable range time base generator connected to the output of said
      variable master pulse generator;
PA1  a first differentiator connected to the output of said variable range time
      base generator;
PA1  a variable monostable multivibrator having an input and an output, with the
      input thereof connected to the output of said first differentiator, and
      with the output thereof effectively connected to the control inputs of
      said first and second electrical signal gating means;
PA1  a second differentiator coupled to the output of said variable monostable
      multivibrator; and
PA1  a variable delay line having a pair of inputs and an output, one input of
      which is an input for regulating the delay period thereof in response to a
      predetermined signal, the other input of which is coupled to the output of
      said second differentiator, and the output of which is connected to the
      trigger input of the aforesaid variable master pulse generator.
NUM  4.
PAR  4. The invention according to claim 3 further characterized by a
      transmit-receive switch effectively connected between the outputs of said
      first and second electrical signal gating means, the input-output of said
      transducer, and the inputs of said first and second frequency signal
      passing means.
NUM  5.
PAR  5. The invention according to claim 3 further characterized by an azimuth
      converter means connected between said transducer and the aforesaid
      readout means for moving said transducer in a predetermined scanning
      manner and synchronizing said readout means therewith.
NUM  6.
PAR  6. The invention according to claim 3 further characterized by a pair of
      receivers respectively connected between the outputs of said third and
      fourth signal passing means and the inputs of said third and fourth signal
      gating means.
NUM  7.
PAR  7. The invention according to claim 6 further characterized by means
      respectively connected to said pair of receivers for timely regulating the
      gain thereof in accordance with a predetermined program.
NUM  8.
PAR  8. The invention according to claim 3 further characterized by;
PA1  a depth sounder having a first voltage generator incorporated therein which
      produces a first voltage that is proportional to the altitude h at which
      the aforesaid transducer is disposed above the floor of the subaqueous
      medium within which it is broadcasting acoustical energy;
PA1  a second voltage generator for producing a second voltage that is
      proportional to the angle between said transducer altitude and the
      direction of energy broadcast thereof;
PA1  means, having a pair of inputs and an output, for computing the expression
      h cos .beta. and for producing an analog voltage at the output thereof
      that is proportional thereto, with one of the inputs thereof connected to
      the output of said first voltage generator, with the other input thereof
      connected to the output of said second voltage generator, and with the
      output thereof connected to the delay period regulating input of the
      aforesaid variable delay line.
NUM  9.
PAR  9. The invention according to claim 3 further characterized by a pair of
      variable delay lines connected to the output of the aforesaid master pulse
      generator.
NUM  10.
PAR  10. The invention according to claim 3 further characterized by:
PA1  a first variable monostable multivibrator having an input and a pair of
      outputs, with the input thereof connected to the output of said variable
      master pulse generator, and with one of the outputs thereof connected to
      the control input of the aforesaid first frequency signal gating means;
      and
PA1  a second variable monostable multivibrator having an input and an output,
      with the input thereof connected to the other output of said first
      variable monostable multivibrator, and with the output thereof connected
      to the control input of the aforesaid second frequency signal gating
      means.
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ABST
PAL  A depth controller having a streamlined body which comprises retractable
      and extendable lift producing means, such as a main pair of vanes that can
      produce a variable negative lift and an auxiliary pair of vanes that can
      produce a variable positive lift. Each pair is movable by translation or
      rotation in a single plane, inclined relative to the horizontal. Depth
      control means are operatively coupled to retract the main pair of vanes
      inward as the controller moves from the water surface down to a reference
      depth and to extend the auxiliary pair of vanes outward as the controller
      falls below the reference depth. Each controller can be used to
      effectively maintain a seismic streamer cable section at or near the
      desired reference depth.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to depth controllers such as are used in marine
      seismic prospecting for controlling the depth of seismic marine streamer
      cables.
PAR  2. Description of the Prior Art
PAR  In marine seismic surveying by the use of seismic streamer cables, it is
      the present practice to mount a plurality of spaced-apart depth
      controllers throughout the length of the cable to maintain it within a
      predetermined depth range. A commonly-used depth controller is described
      in U.S. Pat. No. 3,375,800. Other type controllers are described, for
      example, in U.S. Pat. Nos. 3,531,761 and 2,531,762.
PAR  The known depth controllers, especially those that are now in wide use, are
      characterized by a pair of vanes rotatable about a fixed horizontal axis
      perpendicular to the streamer cable. The vanes assume a particular
      climbing or diving angle, dependent on the instantaneous depth within the
      water of the seismic cable section to which the controller is attached.
      The vanes' rotation about the horizontal axis is controlled, by a
      pressure-responsive device. When the cable's controller falls below a
      reference depth, its vanes rotate into a position to produce positive lift
      and the controller will lift the cable; on the other hand, when the cable
      climbs above the reference depth, the vanes rotate to produce negative
      lift and the controller will lower the cable. In this manner, the cable is
      automatically maintained within a prescribed depth range.
PAR  In any prior art controller with vanes rotating about a horizontal axis
      perpendicular to the controller's body, the chief drawback is that at any
      depth, especially at the cable's operating depth, the vanes remain
      completely outside of the controller's body. Fully exposed vanes generate
      turbulence and contribute appreciably to the undesired noise detected by
      the hydrophones within the streamer cable. Other known drawbacks are: the
      fully-exposed vanes have a tendency to snag debris, seaweed, etc. Such
      foreign matter may foul the vanes and interfere with their functioning,
      especially when the foreign matter becomes wedged between the vanes and
      the body. Often, the vanes become snagged on a reef or wreck, thereby
      completely and abruptly stopping the cable while under tow and causing the
      cable to become severed. Under such circumstances, a part or all of a very
      expensive streamer cable may be irretrievably lost. An additional, though
      relatively minor disadvantage of such prior art controllers is that their
      storage aboard ship requires excessive space, since their vanes cannot be
      retracted into the bodies of the controllers.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates broadly new and improved depth
      controllers, such as can be used for seismic streamer cables having
      retractable and extendable lift producing means. Depth-responsive means,
      typically responsive to water pressure, move the depth control elements,
      such as vanes, inward and outward of the controllers' bodies.
PAR  In a presently preferred embodiment, each depth controller contains two
      pairs of symmetrically disposed vanes. A main pair of vanes that have a
      fixed negative angle of attack and an auxiliary pair of vanes that have a
      fixed positive angle of attack. The negative lift is maximum at the
      water's surface, thereby tending to rapidly lower the controller as it
      moves forward in the body of water. At a reference depth, the negative
      lift decreases to nearly zero or is balanced out.
PAR  The auxiliary pair of vanes are contracted. They only extend when the
      controller falls below the reference depth. Then, they produce a positive
      lift and gradually retract as the controller is being restored to the
      reference depth.
PAR  The inward and outward movement of the vanes can be achieved by allowing
      the vanes to extend or retract by translation, i.e., all parts of the
      vanes move inwardly or outwardly together in parallel, or by rotation,
      i.e., the vanes are pivoted at one of their ends about axes substantially
      perpendicular to the planes of the vanes.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a seismic streamer cable towed by a seismic vessel and a
      plurality of longitudinally-displaced depth controllers of one embodiment
      of this invention mounted on the cable. The cable is shown as being near
      the surface water. The main pair of vanes in each controller are then
      fully extended;
PAR  FIG. 2 is a view similar to FIG. 1 but with the cable and controllers at
      the desired predetermined water depth;
PAR  FIGS. 1A, 2A, 2B, and 2C are top views of one embodiment of the controller
      having rotatable vanes and showing various angular positions of the vanes;
PAR  FIG. 3 is a vertical partly sectional view of the controller's body showing
      the vanes' independent depth-control mechanisms;
PAR  FIGS. 4 and 5 are partly sectional views taken on lines 4--4 and 5--5 in
      FIG. 3;
PAR  FIG. 6 is a schematic representation of a single depth-control mechanism;
PAR  FIG. 7-10 schematically illustrate a dual depth-control mechanism;
PAR  FIG. 11 is a front view of another embodiment of the depth controller using
      the depth control mechanism of FIGS. 7-10;
PAR  FIG. 12 is a side view in elevation of another embodiment of the controller
      having vanes mounted for translational movement;
PAR  FIG. 13 is a partly sectional view on line 13--13 in FIG. 12, illustrating
      a drive mechanism for the vanes;
PAR  FIG. 13A is a view on line 13A--13A in FIG. 13 showing the depth control
      mechanism for extending and retracting the main vanes in the embodiment of
      FIG. 12;
PAR  FIG. 14 shows a modification of the drive mechanism of FIG. 13; and
PAR  FIGS. 15-17 show the depth controller of FIG. 12 with variable vane
      positions.
DETD
PAR  In the drawings, similar reference characters denote the same or similar
      parts throughout the several views. Although the invention is applicable
      to controlling the depth of any towed object, it will be illustrated
      herein only with reference to seismic streamer cables.
PAR  Referring to FIGS. 1, 2, 1A and 2A-C, a plurality of depth controllers,
      generally designated as 10, are rotatably mounted on a seismic streamer
      cable 12 which typically houses arrays of detectors (hydrophones) for
      receiving reflected seismic signals. Cable 12 is towed under tension by a
      seismic boat 11. A seismic streamer cable can be very long, say on the
      order of two miles.
PAR  Cable 12 is conventionally made of an outer flexible tubular jacket 14.
      Inside the jacket are arrays of hydrphones, tension cables, pressure
      gauges, and other instruments (not shown). The cable is filled with a
      suitable liquid.
PAR  Each depth controller 10 (shown in FIGS. 1 and 2) has a streamlined body 16
      comprising two half housings 17, 18. To allow cable 12 to rotate within
      body 16, there are provided two coupling means 23, 25 fixedly secured to
      and longitudinally-spaced apart on the outer jacket 14. Each coupling
      means may be made conveniently of two semi-cylindrical portions rigidly
      fastened to each other and to the outer surface of jacket 14. The outer
      cylindrical wall of each coupling is provided with a circumferential
      groove 27 which can have a substantially U-shaped or rectangular
      cross-section, each being adapted to loosely receive and rotatably support
      an annular yoke segment 29 made from two half-segments. Thus, free
      rotation between cable 10 and body 16 can take place about the cable's
      longitudinal axis 15, while linear movement therebetween is prevented by
      the engagement of yokes 29 within grooves 27.
PAR  Mounted for translational or rotational movement into or out of body 16 are
      depth control elements such as a main pair of vanes 34, 36 and an
      auxiliary pair of vanes 34', 36'.
PAR  Each pair of vanes serves as lift producing means which extend or retract
      in unison in response to a depth control signal that can be remotely
      applied from vessel 11, or internally produced by a force-generator. It
      can, for example, generate a force in response to a pressure variation
      from a predetermined pressure at a desired reference depth. The
      force-generator typically includes a pressure-to-force transducer 42
      adapted to change a pressure variation into a linear translation, or into
      an angular rotation. The transducer has an air chamber 43 (FIG. 6) covered
      by a diaphragm 44, the external surface of which is exposed to ambient sea
      water pressure. Prior to use, chamber 43 is filled with air pressure
      through an air valve 45.
PAR  The maximum outward extended positions of vanes 34, 36 are determined by an
      annular shoulder 46 and the maximum contracted positions by an annular
      shoulder 47. The outer end of a longitudinal shaft 48 is provided with a
      U-shaped bracket 49. Shaft 48 is slidably mounted in a sleeve 50. Two
      linkage arms 51 and 52 are pivotably secured on a pin 53 in bracket 49 at
      one of their ends and to ears 54 and 55 at their other ends. The ears are
      also attached to vanes 34, 36, respectively. Each vane is mounted for
      rotation on an inclined shaft 62 which is perpendicular to the plane of
      the vane. Each of ears 54 and 55 is at a distance D from shaft 62
      extending toward the outer free ends of the vanes.
PAR  The mounting of each pair of vanes is symmetrical relative to a vertical
      plane passing through the longitudinal center axis 9 of the controller.
      Whenever possible, therefore, symmetrical parts will be designated with a
      prime ('), and the description of symmetrical parts will not be repeated.
PAR  The inner voids in the controller's body are filled with a light-weight
      plastic foam material to make it positively buoyant. The body can be
      balanced with the aid of lead shot.
PAR  The pressure transducer 42' for driving the pair of auxiliary vanes 34',
      36', is in all respects similar to the pressure transducer 42 above
      described. Each of ears 54', 55' is mounted on vanes 34', 36'.
PAR  In operation of the embodiment of the controller thus far described, before
      each controller is coupled to a section of the seismic cable, the air
      pressure in chambers 43, 43' is adjusted for the desired predetermined
      operating depth. When the controller is out of water, the outward force
      produced by the air pressure in chamber 43 is greater than the inward
      force exerted by atmospheric pressure, causing vanes 34, 36 to rotate
      maximally outwardly (FIG. 1A). Vanes 34, 36 move throughout their entire
      range in a single plane P--P which is inclined by an acute angle .alpha.
      relative to the horizontal. The vanes always move in a descending
      attitude, i.e., they are always inclined forwardly and downwardly
      (negative angle of attack) in respect to the controller's longitudinal
      axis 9'. The constant negative angle of attack of vanes 34, 36 preferably
      should not exceed 15.degree..  As soon as each depth controller is lowered
      into the water, a hydrodynamic force becomes developed on each of the
      vanes as a result of the forward velocity of the seismic streamer cable.
      The instantaneous pressure exerted on each of the vanes and the center of
      its application will vary with the effective area of the vane exposed to
      the water outside of the controller's body and hence with the angular
      rotation of the vane. The vertical component of this force provides a
      negative lift to the seismic cable's section and its controller. This
      negative lift causes the depth controller to dive until it reaches the
      desired predetermined depth at which the air pressure in chamber 43 is
      balanced out by the ambient water pressure. When that happens, diaphragm
      44 assumes its neutral or rest position, and vanes 34, 36 become fully
      retracted (FIG. 2B). The body itself of the controller is dynamically
      neutral, i.e., it has no dynamic lift component under tow.
PAR  When the controller is out of water, the outward force produced by the air
      pressure in chamber 43' of the auxiliary vanes 34' and 36' is greater than
      the inward force exerted by the atmospheric pressure, causing these vanes
      to remain fully retracted, as shown by the dotted lines in FIG. 5. Vanes
      34', 36' move throughout their entire range in a single plane P'-P' which
      is inclined by an acute angle .alpha.' relative to the horizontal. The
      vanes always move in an ascending attitude, that is, they are always
      inclined forwardly and upwardly (positive angle of attack) in respect to
      the longitudinal axis 9. The constant positive angle of attack of vanes
      34', 36' preferably should not exceed 15.degree.. When the depth
      controller falls below the reference depth, by a predetermined amount, a
      hydrodynamic force becomes developed on each of the vanes as a result of
      the forward velocity of the cable. The instantaneous pressure exerted on
      each of the vanes will vary with the effective area of the vane exposed to
      the water outside of the controller's body, and hence with the angular
      rotation of the vane.
PAR  The vertical component of this force provides a positive lift to the
      seismic cable's section and its controller. This positive lift causes the
      depth controller to climb until it reaches the desired predetermined depth
      at which the air pressure in chamber 43' is again balanced out by the
      ambient water pressure. When that happens, diaphragm 44 assumes its
      neutral or rest position, an vanes 34', 36' return to their fully
      retracted position.
PAR  Should the cable again fall below the desired predetermined depth,
      auxiliary vanes 34', 36' will again fully extend outside of the body (FIG.
      5), the positive lift exerted on the cable by the controller will then
      restore the cable to the desired predetermined depth. Should cable 10 rise
      above the predetermined depth, vanes 34, 36 will move outwardly (FIG. 2A)
      to thereby exert a negative lift sufficient to restore the cable back to
      its predetermined depth.
PAR  Instead of providing an individual depth control mechanism for each pair of
      vanes, it is possible to drive both pairs of vanes with a single
      transducer 70 (FIG. 10) having an air pressure chamber 71, a diaphragm 72,
      and a shaft 73 slidably movable in a cylinder 74. Each of vanes 34, 36,
      34'  and 36' is L-shaped. The leg of each main vane abuts against a head
      74. The leg of each auxiliary vane abuts against a head 74'. Heads 74 and
      74' are fixedly secured by set screws 75, 75', respectively, to shaft 73.
      Each of the vanes is biased to a contracted position by a coil spring 76.
      Normally, both pairs of vanes are fully retracted inside the body 16 of
      the controller.
PAR  The main and auxiliary vanes can be on the same side (FIG. 11) of the
      longitudinal axis 9 of the controller 10'. In operation, when the air
      pressure is greater than the water pressure, shaft 73 moves to the right,
      as viewed in FIG. 7, thereby causing vanes 34, 36 to extend and vanes 34',
      36' to remain contracted. When the water pressure is greater than the air
      pressure in chamber 71, shaft 73 moves to the left, thereby causing vanes
      34, 36 to retract and vanes 34', 36' to extend.
PAR  Main vanes 34, 36 move throughout their entire range in a single plane P--P
      which is inclined by an acute angle .alpha. relative to the horizontal.
      The vanes always move in a descending attitude, i.e., they are always
      inclined forwardly and downwardly (negative angle of attack) in respect to
      the controller's longitudinal axis 9. Auxiliary vanes 34', 36' move
      throughout their entire range in a single plane P'--P' which is inclined
      by an acute angle .alpha.' relative to the horizontal. The vanes always
      move in an ascending attitude, i.e., they are always inclined forwardly
      and upwardly (positive angle of attack) in respect to the longitudinal
      axis 9 of the controller.
PAR  The operation of the controller 10' shown in FIG. 11 is otherwise identical
      to the operation of the depth controller 10 previously described.
PAR  Instead of employing two heads 74, 74', a single head 74A can be used
      between the legs of the vanes, which are positioned closer together, as
      best shown in FIG. 9. When shaft 73 together with head 74A move to the
      right, vanes 34, 36 extend outwardly. When shaft 73 and head 74A move to
      the left, auxiliary vanes 34', 36' extend outwardly.
PAR  Referring now to the embodiment of the controller 10" shown in FIGS. 12-17,
      it is again provided with a main pair of vanes 34, 36 and with an
      auxiliary pair of vanes 34', 36'. Vanes 34, 36 move throughout their
      entire range in a single plane P--P which is inclined by an acute angle
      .alpha. relative to the horizontal. These vanes always move in a
      descending attitude, i.e., they are always inclined forwardly and
      downwardly (negative angle of attack) in respect to the controller's
      longitudinal axis 9. The constant negative angle of attack of vanes 34, 36
      preferably should not exceed 15.degree..
PAR  Vanes 34', 36' move throughout their entire range in a single plane P'--P'
      which is inclined by an acute angle .alpha.' relative to the horizontal.
      These vanes always move in an ascending attitude, i.e., they are always
      inclined forwardly and upwardly (positive angle of attack) in respect to
      the controller's longitudinal axis 9. The constant positive angle of
      attack of vanes 34', 36' preferably should also not exceed 15.degree..
PAR  Each pair of vanes extends or retracts in unison in response to a depth
      control signal that can be remotely applied from vessel 11, or internally
      produced by a force-generator such as the previously described pressure
      transducer 42 having an output shaft 48. Pivotably coupled to shaft 48 is
      a linkage arm 80 pivotably secured to another linkage arm 81. By a
      mechanism comprised of wheels 82, 83 to which are pivotably secured
      linkage arms 84, 85 and 84', 85', the linear motion of shaft 48 is
      transformed into a lateral extension or contraction of the main vanes 34,
      36. Wheels 82, 83 rotate on shaft 82', 83', respectively. All points of
      each vane move by the same amount and in the same direction relative to a
      vertical plane of symmetry.
PAR  FIG. 14 illustrates a modification of the wheel mechanism of FIG. 13,
      whereby more movement can be afforded to the vanes 34, 36.
PAR  The operation of controller 10" shown in FIG. 12 is in all respects similar
      to the operation of the previously described embodiments 10 and 10',
      except that in embodiment 10", the extensions and contractions of the
      vanes is achieved by translation instead of by rotation.
PAR  While this invention has been described with reference to specific
      embodiments thereof, it will be apparent to those skilled in the art that
      various modifications may be made therein without departing from the scope
      of the claims attached hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A depth controller for controlling the depth at which an object coupled
      to the controller is towed in water, said controller comprising:
PA1  a streamlined body;
PA1  depth control elements movably mounted in said body; and
PA1  depth control means operatively coupled to said elements to extend them and
      retract them from and into said body in dependence upon the depth of the
      controller in said water.
NUM  2.
PAR  2. A marine structure adapted to be towed in a body of water comprising:
PA1  a streamlined body;
PA1  depth control elements movably mounted in said body; and
PA1  depth control means operatively coupled to said elements to extend them and
      retract them from and into said body in dependence upon the depth of said
      body below the water surface.
NUM  3.
PAR  3. A depth controller for controlling the depth at which a section of a
      seismic streamer cable is towed in water, said controller comprising:
PA1  a streamlined body;
PA1  a main pair of movable vanes in said body, each vane having a fixed
      negative acute angle of attack throughout its entire range of movement;
PA1  an auxiliary pair of movable vanes in said body, each having a fixed
      positive acute angle of attack throughout its entire range of movement;
      and
PA1  depth control means operatively coupled to said vanes to control the
      movement of each pair of vanes from and into said body.
NUM  4.
PAR  4. The depth controller of claim 3, wherein said movement is a linear
      movement of translation.
NUM  5.
PAR  5. The depth controller of claim 3, wherein said movement is a movement of
      rotation with respect to an axis substantially perpendicular to each vane.
NUM  6.
PAR  6. A depth controller for controlling the depth at which a controller moves
      in water, said controller comprising:
PA1  a hollow streamlined body having two half housings adapted to become
      coupled to a towed object;
PA1  negative lift producing means movably mounted in said body;
PA1  positive lift producing means movably mounted in said body;
PA1  force producing means operatively coupled to move said positive and
      negative lift-producing means in dependence upon the depth of the
      controller in said water; and
PA1  each lift-producing means changing its area exposed to the water as it is
      being moved by said force producing means thereby exerting a controllable
      lift on said body.
NUM  7.
PAR  7. The depth controller of claim 6, wherein said negative lift-producing
      means comprise a main pair of movable vanes in said body, each vane having
      a fixed negative acute angle of attack throughout its entire range of
      movement; and
PA1  said positive lift-producing means comprise an auxiliary pair of movable
      vanes in said body, each auxiliary vane having a fixed positive acute
      angle of attack throughout its entire range of movement.
NUM  8.
PAR  8. The depth controller of claim 7 wherein each pair of vanes is
      symmetrically mounted relative to a vertical plane passing through the
      controller's longitudinal axis.
NUM  9.
PAR  9. The depth controller of claim 8 wherein each pair of vanes is moved by a
      separate force producing means.
NUM  10.
PAR  10. The depth controller of claim 8 wherein each pair of vanes is moved by
      a single force producing means.
NUM  11.
PAR  11. The depth controller of claim 8 wherein,
PA1  each force producing means comprise a pressure transducer having an output
      shaft movable with changes in ambient water pressure; and
PA1  means pivotally coupling each of said vanes to said shaft.
NUM  12.
PAR  12. The depth controller of claim 9 wherein,
PA1  each force producing means comprise a pressure transducer having an output
      shaft movable with changes in ambient water pressure; and
PA1  means pivotally coupling each of said vanes to said shaft.
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ABST
PAL  A string of seismic detectors is towed at a certain depth underwater by a
      survey boat over an area to be explored. A seismic disturbance is produced
      at a distance below the surface of the water such that the propagation
      time of seismic waves traveling from the disturbance and reflected from
      the water surface to the detectors is substantially the same as the
      propagation time of seismic waves traveling from the disturbance and
      reflected from the water floor to the detectors. Since the seismic waves
      reflected from the water surface are out of phase with those reflected
      from the water floor, the reflected waves tend to cancel or attenuate,
      thereby eliminating or minimizing these unwanted seismic signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to underwater seismic exploration methods.
PAR  Seismic exploration contemplates the collection of data which will
      characterize or define subsurface geological formations. For land seismic
      exploration, such data is commonly obtained by producing a seismic
      disturbance (e.g., detonating an energy charge) at or below the surface of
      the earth and then detecting and recording the resultant seismic waves
      which are reflected from the reflecting interfaces of the subsurface
      formations. An array of seismometers spaced at varying distances from the
      disturbance, is used to detect and record the seismic waves.
PAR  The seismic record--termed a seismogram--consists of a plurality of traces,
      each of which is generated by a different seismometer. Each trace is a
      time varying representation of the seismic waves received by the
      corresponding seismometer.
PAR  Although land and marine (hereinafter referred to as "underwater") seismic
      exploration involve many of the same techniques such as those described
      above, underwater exploration presents peculiar problems not generally
      found in land exploration. In underwater exploration, the seismic
      disturbance is generally produced below the surface of the water and the
      resulting seismic reflections are detected by a string of seismic
      detectors (such as hydrophones) towed underwater by a survey boat. The
      seismic detectors typically are submerged in a line behind the boat at a
      depth equal to about one fourth the wave length of a seismic wave.
PAR  One problem with underwater seismic exploration is the generation of
      certain undesirable seismic wave reflections which cause spurious and
      unwanted signals to be recorded on the seismogram. Two of such undesirable
      wave reflections are the water surface reflection (from the water/air
      interface), and the water floor reflection (from the water/land
      interface). These reflections may be of such magnitude and may arrive at
      such time as to obscure the desirable seismic waves reflected from the
      reflecting interfaces of the formations below the water floor.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a new and improved
      method of underwater seismic exploration which minimizes the effects of
      water surface and water floor seismic wave reflections.
PAR  It is also an object of the present invention to provide an underwater
      seismic exploration method in which water surface and water floor seismic
      wave reflections are substantially cancelled or attenuated.
PAR  These and other objects, features, and advantages of the present invention
      are realized in a specific illustrative method of conducting seismic
      exploration in which one or more seismic detectors are positioned at a
      certain distance below the surface of the water and a seismic disturbance
      is produced also below the surface of the water at a depth to cause the
      seismic waves reflected from the water surface and from the water floor to
      arrive at the detectors out of phase. In this manner, the water surface
      and water floor seismic wave reflections interfere and are attenuated to
      leave a more clear record of the seismic waves reflected from the
      reflecting interfaces of the formations below the water floor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A complete understanding of the present invention and of the above and
      other advantages thereof may be gained from a consideration of the
      following detailed description of an illustrative embodiment thereof
      presented in connection with the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic view of a survey method conducted in accordance
      with the prior art;
PAR  FIG. 2 is a diagrammatic view of a survey method conducted in accordance
      with the present invention;
PAR  FIG. 3A graphically shows a seismic wave reflected from the water floor;
      and
PAR  FIG. 3B graphically shows a seismic wave reflected from the water surface.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates a prior art method of conducting underwater seismic
      exploration. With this method, a survey boat 4 tows a string of seismic
      detectors such as hydrophones 8a through 8e for detecting seismic waves
      created in the water 12. The seismic detectors 8a through 8e are
      positioned at a convenient depth under the water but near the surface
      thereof. A source of energy for producing a seismic disturbance is also
      towed behind the survey boat 4 at about the same depth as the seismic
      detectors 8a through 8e. When the energy source 16 is activated, a seismic
      disturbance is produced causing seismic waves to emanate from the energy
      source. Some portions of these waves are reflected from the water surface
      20, as illustrated by seismic wave p1 and p2, toward the seismic detectors
      8a through 8e. (Although seismic waves emanate outwardly in all directions
      from a seismic disturbance, it is convenient to discuss seismic wave
      pathways to indicate the path traversed by that portion of a seismic wave
      which encounters a seismic detector). In addition, some portions of the
      seismic waves are reflected from the water floor 32, as illustrated by the
      pathways p3 and p4, and directed toward seismic detectors 8a through 8e.
      Although not shown, a seismic wave may alternately be reflected multiple
      times from the water surface and water floor before arriving at a
      hydrophone. Such multiple reflections are referred to as reverberations.
      Finally, some portions of the waves (not shown) are transmitted to and
      reflected from subsurface formations below the water floor 32, and
      detected by the seismic detectors 8a through 8e. It is these latter
      reflections which provide the desired information, with the water surface
      and water floor reflections and reverberations tending to obscure this
      information.
PAR  As is well known in the seismic exploration art, when a seismic wave
      traveling in a first medium is reflected from an interface between that
      first medium and a second medium, and the product of the seismic wave
      velocity in the first medium and the density of that medium is greater
      than the product of the seismic wave velocity in second medium and the
      density of the second medium, then a phase reversal of 180.degree. occurs
      upon reflection. When a seismic wave traveling in a first medium is
      reflected from an interface between the first medium and a second medium,
      and the corresponding product for the first medium is less than that for
      the second medium, then no phase reversal occurs upon reflection. A phase
      reversal occurs, for example, when a rarefaction of a wave is reflected
      from an interface as a compression. The present invention utilizes this
      characteristic of seismic waves to effectively cancel or attenuate
      undesirable water surface and water floor reflections and reverberations
      such as those illustrated and discussed in FIG. 1.
PAR  FIG. 2 diagrammatically shows an illustrative method for conducting seismic
      exploration in accordance with the present invention. This method
      contemplates the positioning of a seismic source 16 and a string of
      seismic detectors 8a through 8e at a depth corresponding to the "seismic
      wave time center" (indicated by numeral 18) between the water surface 20
      and the water floor 32. The seismic wave time center is defined as a locus
      of points between the water surface 20 and the water floor 32 from which
      the vertical seismic wave travel time to the water floor is the same as
      the vertical seismic wave travel time to the water surface. In other
      words, a reflection from the water surface 20 of a seismic wave produced
      by the seismic source 16 will arrive at the seismic wave time center at
      the same time as a reflection of the same wave from the water floor 32 as
      will all subsequent reverberations of this wave. The seismic wave time
      center is approximately midway between the water surface 20 and the water
      floor 32, but because propagation times at greater water depth may be
      slightly different from propagation times at lesser water depths, the
      seismic wave time center may not coincide exactly with a depth of one half
      the distance from the water surface 20 to the water floor 32.
PAR  It might also be noted here that what has been referred to as the "water
      floor" should be understood to be the interface between the water and
      consolidated rock at which the primary seismic wave reflection occurs,
      i.e., at which a significant change in the seismic wave velocity occurs.
      For example, there may be a layer of mud over the "water floor" which is
      composed mostly of water such that there is no significant change in the
      seismic wave velocity in the mud. The water floor in this case would not
      be the interface between the water and the mud, but rather would be below
      the mud where the primary reflection from the water/land interface
      occurred.
PAR  As mentioned earlier, seismic waves traveling from the seismic source 16
      and reflected from the water surface 20 undergo a 180.degree. reversal.
      Thus, in FIG. 2, a seismic wave reflection from the water surface 20
      arriving at the seismic wave time center (where the seismic detectors are
      positioned) will be 180.degree. out of phase with a seismic wave
      reflection from the water floor 32 arriving at the time center. Similarly,
      reverberations of such wave will arrive at the time center out of phase.
      With the reflections being out of phase, each reflection tends to cancel
      or at least attenuate the other reflection. The amplitude of the resultant
      of the water surface and water floor seismic wave reflections is thus
      either zero or fairly small and interference with desirable reflections is
      diminished.
PAR  FIG. 2 illustrates reverberations of a seismic wave from the seismic source
      16 to the first seismic detector 8e. Pathway p5 of the wave is reflected
      twice from the water surface 20 and once from the water floor 32 whereas
      pathway p6 is reflected once from the water surface 20 and twice from the
      water floor 32. Note that for pathway p5, two phase reversals occur
      whereas for pathway p6 one phase reversal occurs so that the water
      reflections arriving at the seismic detectors are out of phase. From this,
      it is clear that water surface and water floor reflections from the
      seismic source 16 will arrive at the seismic detectors out of phase
      regardless of the number of reflections (reverberations) which occur.
PAR  FIGS. 3A and 3B illustrate time varying seismic waves which are of
      substantially the same amplitude and 180.degree. out of phase with each
      other. It is clear from the FIGS. that if the seismic waves represented
      therein arrive at a detector at the same time, the waves will
      substantially cancel each other so that neither would be detected or
      recorded.
PAR  In the manner described, undesirable seismic wave reflections and
      reverberations from the water surface and water floor will be attenuated
      so as to interfere little with the detection of desirable reflections from
      the reflecting interfaces of formations below the water floor. These
      desirable reflections are detected by the seismic detectors 8a through 8e
      and recorded by seismometers coupled to the seismic detectors and located
      on the vessel 4.
PAR  It is to be understood that the above-described method is only illustrative
      of the application of the principals of the present invention.
      Modifications may be devised by those skilled in the art without departing
      from the spirit and scope of the invention and the following claims are
      intended to cover such modifications.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of conducting seismic exploration in water covered areas
      comprising:
PA1  positioning a seismic detector below the surface and above the bottom of a
      water layer at about the seismic wave time center,
PA1  producing a seismic disturbance below the surface of the water at about the
      seismic wave time center which generates seismic waves which will
      penetrate and be reflected from subsurface strata and also be reflected
      between the surface and bottom of the water layer to produce
      reverberations,
PA1  detecting the reflected seismic waves in said seismic detector, said
      seismic detector being of a character that reflections of a seismic wave
      from the surface and bottom of the water layer will cancel and only be
      detected at reduced amplitudes, and
PA1  recording the detected seismic energy.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said seismic detector is towed
      through the water layer.
NUM  3.
PAR  3. A method as defined in claim 1 wherein a plurality of spaced apart
      seismic detectors are towed through the water layer at about the seismic
      wave time center.
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PAL  An alarm system is constructed to energize when the bottom window or the
      top window of a three-element window assembly is opened, so long as the
      third element (usually a screen) is not in its closed position in front of
      the window being opened or if the third element is removed from its
      mounting slides.
PAL  The switching functions are performed by magnetic reed switches imbedded in
      the window frame and responsive to permanent magnets in the peripheral
      frame of the respective elements.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to alarm systems, such as burglar alarm systems, and
      more particularly relates to alarm systems which are particularly
      applicable to three-element window units which customarily include a lower
      window, an upper window, and a third element such as a screen.
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years, there has been great emphasis placed on burglar alarm
      systems which set off an alarm in the event there is an unauthorized
      opening of doors and/or windows. In the area of window security, typical
      prior art installations include switching circuits which are "made" or
      "interrupted" in the event that the bottom window or top window of a two
      window installation is moved to an open position by an unauthorized
      person. Recent prior art systems of this type typified by U.S. Pat. Nos.
      3,596,021 and 3,710,369, employ magnetically operated switches which are
      switched between an open and closed position in response to the movement
      of an associated permanent magnet carried by the slidably mounted window
      elements.
PAR  One of the major drawbacks of prevalent burglar alarm systems of this type
      is the requirement that the switchable element activated by the selective
      closing and opening of the window elements have to be individually
      installed on the window frame of each window unit which is to be
      protected.
PAR  Another difficulty inherent in prior art burglar alarm systems of this type
      is their inability to simply and inexpensively taken into account the
      employment of a third window element such as a screen and the desirability
      of the home owner opening either the lower or upper window sash when the
      storm window or screen is located in front of the sash being opened.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention is directed to an alarm system for use with windows
      having three units, such as a lower window, an upper window and a third
      element such as a screen, and which permits the user to open the lower or
      upper window without setting off the alarm so long as the third element
      (i.e., the screen) is properly closed in front of the window unit being
      opened. In accordance with the invention, if the third element, for
      example, the screen, is positioned in front of the lower window, both the
      screen and the lower window would have to be opened to set off the alarm,
      whereas lowering the upper window would also set off the alarm. In the
      event that the third element, i.e., the screen, was positioned in front of
      the upper window, both the screen and the upper window would have to be
      lowered to trip the alarm while, of course, the opening of the lower
      window would also trip the alarm.
PAR  As a particularly advantageous feature of the instant invention, the
      switching elements employed to establish the selected circuits hereof are
      comprised of magnetically operated switches, such as magnetic reed
      switches, which are influenced by magnets carried by their respective
      window elements. As will be explained in greater detail, particularly
      advantageous arrangements are employed to minimize the number of magnetic
      switches required to perform the desired functions.
PAR  As a further feature of the instant invention, the alarm system hereof
      finds particular applicability in metallic window constructions in which
      the window opening is defined by a hollow frame and the respective window
      elements are enclosed by hollow framing. In accordance with this aspect of
      the invention, the magnetic reed switches employed herein are housed
      within the hollow framing defining the opening of the window and the
      associated magnets are housed within the extrusion-like framing which
      encloses the window panes. In this manner, the burglar alarm apparatus is
      completely enclosed and hidden from the view of a prospective interloper.
      Moreover, the window units can be preassembled in the factory with the
      magnetic switches and magnets in place and the entire window units,
      prewired and ready for circuit installation, easily installed at the site
      of the window opening, thus eliminating the customizing problem prevelent
      in the prior art.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a side elevation, partly in section, of a window unit
      incorporating the alarm system of the present invention.
PAR  FIG. 2 is a side elevation, partly in section, of an alternative embodiment
      of the alarm system of the present invention.
PAR  FIG. 3 is a schematic circuit diagram of the alarm system of the present
      invention.
PAR  FIG. 4 is a schematic circuit diagram of an alternative embodiment of the
      alarm system of the instant invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning to figures, wherein like numerals are used to designate like
      elements, there is shown in FIG. 1 a wall 10 having an opening 12
      therethrough which for ease of definition may be said to have an upper end
      14 and a lower end 16. Positioned within the opening 12 is a metallic
      window unit 18 incorporating an alarm system constructed in accordance
      with the instant invention. The window unit 18 includes a hollow frame 20
      thereabout, the upper and lower portions thereof being designated by the
      numeral 22. The side portions 24 of the hollow frame 20 include, as is
      well known in the art, a plurality of tracks within which lower window
      unit 26, upper window unit 28, and a third unit 30 (screen) are slidably
      movable relative to one another and the opening. The three window elements
      26, 28, and 20 are encased by hollow extrusion-like framing designated 32,
      34 and 36, respectively.
PAR  As well understood, the lower window unit 26 is movable between a closed
      position in which a lower end 38 thereof is adjacent the lower end 16 of
      the opening and an open position in which the lower end 38 is away from
      the lower end 16 of the opening 12. Likewise, the upper window element 28
      is movable between a closed position in which an upper end 40 thereof is
      adjacent the upper end 14 of the opening and an open position in which the
      upper end 40 of the window element 28 is away from the upper end of the
      opening. Likewise, the third element 30 (screen) is movable between a
      down-closed position (shown in FIG. 1) in which a lower end 42 thereof is
      adjacent the lower end 16 of the opening and an up-closed position
      (illustrated in FIG. 2) in which an upper end of the element 30 is
      adjacent the upper end 14 of the opening 12.
PAR  As well known, an alarm system should operate in the event that the lower
      element 26 or the upper element 28 move between their closed and opened
      position whenever the system has been energized. However, when employing a
      third slidable element such as a screen, it is frequently desirable to
      open the lower window element 26 when the third element, such as a screen,
      is positioned in front thereof. Likewise, when the third element, i.e.,
      the screen 30, is positioned in front of the upper element 28, it is
      sometimes desirable to lower the upper element 28. in both situations, it
      is desirable that the alarm system not be set off. Of course, in dealing
      with the example illustrated in FIG. 1, should the window 26 be opened,
      and subsequently the screen element 30 opened, it is then desirable to
      trip the alarm system.
PAR  To accomplish all of the above functions, the alarm system of the instant
      invention includes first switching means broadly designated 46 (see also
      FIG. 3) switchable between first and second conditions in response to the
      first window element 26 being moved between its closed and opened position
      when the third element such as screen 30 is away from its said down-closed
      position. Additionally, the first switching means 46 will switch between
      its first and second conditions in response to the lower window element 26
      being moved between its closed and opened position and the third element,
      such as the screen 30, being moved away from its down-closed position
      toward its up-closed position.
PAR  In the preferred embodiment, the first switching means 46 includes the
      electrically parallel arrangement of two normally open magnetic reed
      switches 48 and 50 which are maintained in their closed circuit position
      when associated permanent magnets 52 and 54 are in magnetic proximity
      thereto.
PAR  The system further includes second switching means 56 switchable between
      first and second conditions in response to the second window element 28
      being moved between its closed and opened position when the third element,
      such as the screen 30, is away from its said up-closed position
      (illustrated in FIG. 3). Alternatively, the second switching means 56 will
      switch between its first and second condition in response to the second
      window element 28 being moved between its closed and opened position and
      the third element, such as the screen 30, being moved from its up-closed
      position toward its down-closed position.
PAR  In the embodiment of FIG. 1, the second switching means comprises magnetic
      reed switches 58 and 60 which are normally open but maintained in their
      closed circuit position whenever influenced by their respective associated
      permanent magnets 62 and 64, respectively, carried by the screen element
      30 and the upper window element 28, respectively.
PAR  The first and second switching systems 46 and 48 are connected in the
      manner shown in FIG. 3 with an alarm system broadly designated 66 which,
      by itself, forms no part of the instant invention and is of well-known
      construction.
PAR  The operation of the alarm system illustrated in connection with FIGS. 1
      and 3 will now be explained. Assuming that the window elements are in the
      condition shown in FIG. 1, the first switching means 46 is in its closed
      circuit condition because the magnet 52 carried by the lower end of the
      screen 30 is maintaining the normally open reed switch 48 in its closed
      circuit condition, and the permanent magnet 54 carried at the lower end of
      the lower window 26 is maintaining the normally opened magnetic reed
      switch 50 in its closed circuit position. Thus, the first switching means
      46 comprising the parallel network of the switches 48 and 50 maintains a
      closed circuit condition between its entry and exit points 68 and 70,
      respectively.
PAR  Turning to the second switching means 56, since the screen 30 in FIG. 1 is
      away from its up-closed position, the magnetic reed switch 58 reverts to
      its normally opened position shown in FIG. 3. However, since the upper
      window 28 is closed, the magnet 64 maintains the reed switch 60 in its
      closed circuit position illustrated in FIG. 3. Thus, with respect to its
      entry and exit points 72 and 74, respectively, second switching means 56
      is still maintaining a closed circuit position (via the contact 60). So
      long as switching means 46 and 56 maintain this closed circuit condition,
      alarm 66 is not activated.
PAR  However, should an unauthorized person move the upper window 28 from its
      closed position toward its open position, reed switch 60 will revert to
      its normally opened position, thereby changing the condition of the second
      switching means 56 from closed circuit to open circuit (between points 72
      and 74) and the alarm 66 will be energized.
PAR  Likewise, if an unauthorized person lifts the screen 30 and the lower
      window 26, reed switches 48 and 50 will open to change the status of first
      switching means 46 and interrupt the circuit between the points 68 and 70
      to likewise trip the burglar alarm. However, should only the screen 30 be
      lifted or only the lower window 26 be opened, only one of the reed
      switches 48 and 50, respectively, would be opened and the first switching
      means 46 would maintain the closed circuit position between points 68 and
      70.
PAR  The same advantageous operation would occur if the screen 30 were in the
      up-closed position illustrated in FIG. 2. In such an example, magnetic
      reed switches 58 and 60 would normally be closed and both the screen 30
      and the upper element 28 would have to be lowered to trip the alarm
      system. Additionally, in such environment, the reed switch 48 would be
      opened, but the reed switch 50 would maintain the first switching means in
      a closed circuit condition between points 68 and 70 until such time as an
      unauthorized person where to open the lower window.
PAR  Thus, it can be seen that in accordance with this aspect of the instant
      invention, either window may be opened without setting off the alarm in
      the event that the third window element, such as the screen 30, is
      properly in front of it.
PAR  This aspect of the instant invention may also be practiced using normally
      closed magnetic reed switches and the series circuits illustrated in FIG.
      4. Thus, assuming the condition illustrated in FIG. 1, reed switch 58 is
      normally closed (not influenced by magnet 62) and any attempt to lower the
      upper window 28 will permit reed switch 60 to revert to its normally
      closed position and complete the series circuit to the alarm system 66.
      With respect to the first switching means 46, an unauthorized person would
      have to lift both the screen 30 and the lower window 26 to allow the reed
      switches 48 and 50 to revert to their normally closed condition and
      complete another series circuit with the alarm 66 for energization of
      same.
PAR  Referring to FIG. 2, a particularly advantageous embodiment of the
      invention is shown in which the magnet 64 carried within the extrusion
      framing 34 of the upper window 28 is moved to the left side thereof so
      that it may influence the magnetic reed switch 58. Thus, reed switch 58 is
      influenced by both the magnet 64 carried by the upper window 28 and
      influenced by the magnet 62 carried within the framing 36 provided around
      the screen element 30, thereby eliminating the need for switch 60.
PAR  Although simpler and less expensive, the arrangement of FIG. 2 is,
      circuitwise, the equivalent of the circuit shown in FIG. 3. That is to
      say, if only the upper window 28 or the screen 30 is lowered, the
      remaining element will maintain the reed switch 58 in the closed condition
      (or opened condition if FIG. 4 is being employed). If both the upper
      window and the screen are lowered, switch 58 will change over and initiate
      an alarm.
PAR  It should be noted that the arrangement shown in FIG. 2 is made possible
      because of the fact that magnets 62 and 64 are both sufficiently close to
      reed switch 58 to magnetically effect same. A similar arrangement could be
      provided at the lower end of the window if the magnets 52 and 54 are
      properly chosen with respect to a central location for the reed switch 48
      so that both would magnetically influence same.
PAR  As noted at the outset, the invention has particular applicability to
      metallic window units which typically include a hollow extrusion frame
      such as 18 and the extrusion type framing 32, 34 and 36 which encase the
      respective window elements. With such a construction, the magnets and
      magnetic reed switches may be installed within the respective extrusions
      so as to be completely invisible to a prospective burglar. Also, such
      window units can be completely preassembled with an alarm system as an
      internal portion thereof and easily installed in an existing structure
      without the necessity of customizing each window opening for any portion
      of the burglar alarm system.
PAR  Although this invention has been described with respect to its preferred
      embodiments, it should be understood that many variations and
      modifications will now be obvious to those skilled in the art, and it is
      preferred, therefore, that the scope of the invention be limited, not by
      the specific disclosure herein, only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An alarm system comprising:
PA1  first, second and third elements slidably positioned within an opening
      having upper and lower ends;
PA1  said first element being movable between a closed position in which a lower
      end of said first element is adjacent said lower end of said opening and
      an open position in which said lower end of said first element is away
      from said lower end of said opening;
PA1  said second element being movable between a closed position in which an
      upper end of said second element is adjacent said upper end of said
      opening and an open position in which said upper end of said second
      element is away from said upper end of said opening;
PA1  said third element being movable between a down-closed position in which a
      lower end of said third element is adjacent said lower end of said opening
      and an up-closed position in which an upper end of said third element is
      adjacent said upper end of said opening;
PA1  first switching means switchable between first and second conditions in
      response to said first element being moved between its closed and open
      position when said third element is away from its said down-closed
      position or in response to said first element being moved between its
      closed and open position and said third element being moved from its
      down-closed position towards its up-closed position;
PA1  second switching means switchable between first and second conditions in
      response to said second element being moved between its closed and open
      position when said third element is away from its said up-closed position
      or in response to said second element being moved between its closed and
      open position and said third element being moved from its up-closed
      position towards its down-closed position;
PA1  alarm means; and
PA1  circuit means connecting said first and second switching means to said
      alarm means for energization of same in response to said first or second
      switching means switching between its first and second conditions.
NUM  2.
PAR  2. The alarm system of claim 1 and further including a hollow frame
      positioned within said opening and within which said first, second and
      third elements are slidably mounted.
NUM  3.
PAR  3. The alarm system of claim 2 wherein said first switching means comprises
      first and second switches responsive to a magnetic field positioned within
      said hollow frame adjacent said lower end of said opening and in magnetic
      proximity to the lower ends of said first and third elements respectively
      when said first and third elements are in their closed and down-closed
      position, respectively; and said first and third elements carry magnets
      adjacent their lower ends thereof.
NUM  4.
PAR  4. The alarm system of claim 3 wherein said second switching means
      comprises first and second switches responsive to a magnetic field
      positioned within said hollow frame adjacent said upper end of said
      opening and in magnetic proximity to the upper ends of said second and
      third element respectively when said second and third elements are in
      their closed and up-closed position respectively; and said second and
      third elements carry magnets adjacent the upper ends thereof.
NUM  5.
PAR  5. The alarm system of claim 3 wherein said second switching means
      comprises a switch responsive to a magnetic field positioned within said
      hollow frame adjacent said upper end of said opening and in magnetic
      proximity to the upper ends of said second and third elements when said
      second and third elements are in their closed and up-closed position
      respectively; and said second and third elements carry magnets adjacent
      the upper ends thereof.
NUM  6.
PAR  6. The alarm system of claim 4 wherein said first, second and third
      elements are enclosed by hollow framing; and said magnets carried by said
      first, second and third elements are enclosed in said hollow framing.
NUM  7.
PAR  7. The alarm system of claim 5 wherein said first, second and third
      elements are enclosed by hollow framing; and said magnets carried by said
      first, second and third elements are enclosed in said hollow framing.
NUM  8.
PAR  8. The alarm system of claim 4 wherein said switches comprising said first
      and second switching means comprise normally open switches maintained in
      their closed condition when influenced by the field developed by their
      associated magnets.
NUM  9.
PAR  9. The alarm system of claim 5 wherein said switches comprising said first
      and second switching means comprise normally open switches maintained in
      their closed condition when influenced by the field developed by their
      associated magnets.
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ABST
PAL  A lining wear warning device for a brake shoe lining rotatable member
      pivotally supported on a non-rotatable member so as to be engaged with a
      brake shoe carrying a brake lining is pivotally moved when the brake shoe
      is actuated; means arranged on the non-rotatable member in engagement with
      the rotatable member permits the movement of rotatable member during the
      braking operation and prevents the movement in the reverse direction when
      the brake is released; and an electric switch operative in response to a
      predetermined amount of relative movement between the rotatable and
      non-rotatable members closes a warning circuit, the relative movement
      between the rotatable and non-rotatable members being proportional to an
      amount of lining wear.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an automobile brake system and, more
      particularly, to a device for electrically detecting and warning when the
      lining wear reaches a predetermined limit.
PAR  In conventional lining wear warning devices, electric contacts or insulated
      wires are embedded in a brake lining so that, when lining wear is
      excessive, the contacts come into contact with the brake drum or the
      insulated wires are cut, then the warning devices are actuated. These
      conventional devices are disadvantageous in the following points:
PAR  1. Because of the presence of metallic powder in the linings, the warning
      devices sometimes undergo erroneous operation under conditions where the
      linings contain water.
PAR  2. The warning devices cannot operate unless the brake is operating.
PAR  3. Molding the electric contacts or insulated wires within the linings
      raises the manufacturing cost of the linings.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to eliminate these
      disadvantages involved in the conventional devices and to provide a
      reliable lining wear warning device which is operative to electrically
      detect the lining wear.
PAR  According to the present invention, a lining wear warning device comprises
      a rotatable member pivotally supported on a non-rotatable member so as to
      be engaged with a brake shoe carrying a brake lining and to be pivotally
      moved when the brake shoe is actuated. Means are further arranged on the
      non-rotatable member in engagement with the rotatable member so as to
      permit the movement of rotatable member during a braking operation and to
      prevent the movement in the reverse direction when the brake is released,
      and an electric switch is responsive to a predetermined amount of relative
      movement between the rotatable and non-rotatable members and closes a
      warning circuit, said relative movement between the rotatable and
      non-rotatable members being proportional to an amount of lining wear.
PAR  Preferably, the rotatable member and the means in engagement with the
      rotatable member constitute a mechanism for automatically adjusting brake
      shoe clearance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Two embodiments of the present invention are illustrated in the
      accompanying drawings in which:
PAR  FIG. 1 is a front elevational view of a drum brake equipped with the lining
      wear warning apparatus according to the first embodiment of this
      invention;
PAR  FIG. 2 is a sectional view taken along line A--A of FIG. 1;
PAR  FIG. 3 is a perspective view of the ratchet according to the second
      embodiment of this invention; and
PAR  FIG. 4 is a partial sectional elevation of the limit switch portion
      according to the second embodiment of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  Now the first embodiment of this invention will be described with reference
      to FIGS. 1 and 2. Referring first to FIG. 1, Indicated at 1 is a back
      plate to be securely attached to the car body. On the back plate 1, a pair
      of shoes 2 and 3 are arranged in opposition to each other with their lower
      ends in contact with an anchor 4 and with their upper ends in contact with
      a wheel cylinder 5. The anchor 4 is mounted on the back plate 1. On the
      outer surfaces of the shoes 2 and 3 are adhered brake linings 6 and 7,
      respectively, so that these brake linings 6 and 7 can be engaged with a
      drum 8 which encircles these linings 6 and 7 and is rotatable with a wheel
      (not shown). Each of the shoes 2 and 3 has a pair of holes 9, 11 and 10,
      12, respectively, bored in their web portions 2a and 3a into which are
      hooked a pair of return springs 13 and 14 adapted to urge the shoes 2 and
      3 toward each other.
PAR  The shoes 2 and 3 are connnected together by a strut 23 extending between
      these shoes 2 and 3 at a position between the return spring 13 and the
      wheel cylinder 5. The strut 23 is for the hand braking function and for
      automatically adjusting the brake shoe clearance.
PAR  Now the strut 23 and associated mechanism will be described in detail with
      reference to FIG. 2. The drum 8 is arranged in a position slightly spaced
      from the periphery of the back plate 1. The shoes 2 and 3 carrying linings
      6 and 7 respectively are arranged in opposition to the inner wall surface
      of the drum 8, so that upon operation of wheel cylinder 5 (not shown in
      FIG. 2) they are displaceable right and left respectively (as viewed in
      the drawing) for braking the drum 8.
PAR  A hole 1a is bored in the back plate 1 at a suitable position and a portion
      of an L-shaped hand brake lever 16 is inserted through the hole 1a. The
      hand brake lever 16 is pivotally supported on a pin 17 arranged at one end
      of the strut 23. The forward end of the hand brake lever 16 is adapted to
      engage with the inner edge of web portion 2a of the shoe 2. At a suitable
      position on the portion of the hand brake lever 16 exposed outside from
      the back plate 1, a stop 18 is integrally attached to the lever 16 by
      means of pin 19 to limit the counter-clockwise movement of the lever 16.
      Indicated at 20 is a cover plate which is integral with the back plate 1
      and cooperates with the drum 8 to prevent water and dust from entering the
      brake mechanism. Indicated at 21 is a dust cover adapted to cover the hole
      1a bored in the back plate 1.
PAR  In the rear end portion of the hand brake lever 16 is formed a hole 22,
      into which one end of a wire or a cable (not shown) is engaged so that the
      hand brake lever 16 can be pulled in the direction of the arrow. As
      mentioned previously, the hand brake lever 16 is pivoted on the pin 17 at
      one end of the strut 23 and therefore, by pivoting the hand brake lever 16
      on the pin 17, the strut 23 can be shifted leftwards along the back plate
      1.
PAR  A hole 24 is bored in the strut 23 at a suitable position. A tension spring
      26 is extended between the hole 24 and a hole 25 bored in the web portion
      2a of the shoe 2 to urge the strut 23 rightwards so that the forward end
      portion 16a of the lever 16 keeps in contact with the inner edge of web
      portion 2a of the shoe 2.
PAR  On the opposite end of strut 23, an approximately L-shaped ratchet 27 is
      pivotally supported on a shaft 28 so that teeth 27a formed in the
      peripheral surface of the ratchet 27 engage with a claw 30 which is
      pivoted on a pin 29 at approximately the center of the strut 23 and is
      engageable with the teeth 27a to prevent the clockwise rotation of the
      ratchet 27. A spring 31 wound around the pin 29 has one end engaged with
      one side edge of the claw 30 and another end engaged in the hole 24 formed
      in the strut 23, so that the claw 30 is urged counter-clockwise so as to
      be always engaged with the teeth 27a.
PAR  A projecting portion 27b of the ratchet 27 is loosely inserted into a hole
      32 bored in the web portion 3a of shoe 3 with a slight clearance of
      .DELTA.x. The top end portion of this projecting portion 27b is bent for
      90.degree.  to form a stops 27c. A hole 33 is formed in the back plate 1
      at a position immediately below the claw 30 and a tool (not shown) can be
      inserted therethrough for releasing the engagement between the claw 30 and
      the teeth 27a.
PAR  An electric switch 34 is arranged at the left end of the strut 23. The
      switch 34 may be, for example, a limit switch which is operative in
      response to the pivotal movement of the ratchet 27. More specifically,
      when the ratchet 27 is moved pivotally and reaches near the maximum
      automatic adjusting position (which will be described hereinafter), the
      switch 34 is operated by the ratchet 27 by way of an operating member 34a
      to detect the movement of the ratchet 27. In combination with an electric
      power source 35 and a warning indicator 36, the limit switch 34 comprises
      a warning circuit which is closed upon detection of a predetermined amount
      of movement of the ratchet 27 to start operation of an indicator 36. The
      indicator 36 may be a buzzer and/or a lamp located in the driver's
      compartment at any suitable position where the driver can readily see
      and/or hear it.
PAR  With the foregoing arrangement upon the carrying out of a braking operation
      by the driver, the shoes 2 and 3 are moved outwardly until the linings 6
      and 7 are pressed against the inner circumference of the drum 8 to brake
      the same. In this operation, when the linings 6 and 7 are not excessively
      worn and so long as the relative movement between the shoes 2 and 3 is
      smaller than the clearance .DELTA.x defined between the hole 32 bored in
      the web portion 3a and the projecting portion 27b of the ratchet 27, the
      ratchet 27 will not move and therefore will have no influence over the
      shoe clearance adjusting mechanism.
PAR  In the case when the linings are excessively worn and the relative movement
      between the shoes 2 and 3 exceeds the clearance .DELTA.x, one side edge
      (right side edge as viewed in FIG. 2) of the projecting portion 27b of the
      ratchet 27 will be engaged with the inner circumference of the hole 32
      bored in the web portion 3a so that, as the shoe 3 moves leftwards, the
      ratchet 27 will pivotally move counter-clockwise, since the strut 23
      pulled by the spring 26 towards the oppostie shoe 2 will not move relative
      to the shoe 2.
PAR  Since the claw 30 is urged counter-clockwise by means of spring 31 to
      engage with the teeth 27a formed in the circumference of the ratchet 27,
      the ratchet 27 rotates counter-clockwise stepwise from one tooth to
      another.
PAR  When the driver releases the brake pedal and the liquid pressure within the
      wheel cylinder 5 decreases, the shoes 2 and 3 are moved back inwardly by
      the restoring action of the return springs 13 and 14 until the opposite
      side edge (left side edge as viewed in FIG. 2) of the projecting portion
      27b of the ratchet 27 engages with the inner circumference of the hole 32.
      This engaging position is displaced from the initial engaging position, or
      the position attained at a time when the linings 6 and 7 are not worn, by
      the distance corresponding to the wear of linings 6 and 7 (more precisely,
      by the distance equal to the corresponding number of teeth). Thus, the
      excessively large clearance which, as the linings 6 and 7 wear, appears
      between these linings 6 and 7 and inner circumferential surface of the
      drum 8 will be compensated automatically. This portion of the device thus
      functions as an automatic adjusting device for compensating for wear of
      the brake shoe linings.
PAR  In FIG. 2 the initial position of the ratchet 27 is shown by full lines,
      while the maximum automatically adjustable position for the wear of the
      linings 6 and 7 is shown by chain lines; thus, the wear of linings 6 and 7
      is adjustable within the range between the full line position and chain
      line position.
PAR  When the ratchet 27 comes near the maximum automatically adjustable
      postion, the projecting portion 27b of the ratchet 27 comes into contact
      with the operating member 34a for the limit switch 34 and operates the
      switch 34. As a result, the warning circuit closes and operates the
      indicator 36, thus warning the driver that the linings 6 and 7 are
      excessively worn and need be replaced.
PAR  The stop 27c formed on the forward end of the projected portion 27b limits
      the rotation of ratchet 27 when the brake is operated under such
      conditions as when the ratchet 27 is being rotated to the position shown
      by chain lines. Thus, failure of the limit switch 34 can be prevented.
PAR  Now the second embodiment of this invention will be described with
      reference to FIGS. 3 and 4. In contrast with the first embodiment wherein
      the limit switch 34 is operated by the edge of the projecting portion 27b
      of the ratchet 27, the limit switch 34 of the second embodiment is
      operated by a side surface of the ratchet 27. Illustrated in FIG. 3 is a
      perspective view of the ratchet 27 having a groove 27d in one side surface
      thereof. The groove 27d includes a flat portion 27e and an inclined
      portion 27f. The ratchet 27 is rotatably mounted on the strut 23 so that
      the groove 27d is in opposition to one side surface of the strut 23.
PAR  As seen from FIG. 4, the limit switch 34 is mounted on the strut 23 by
      means of a screw 37, and the operating member 34a of the limit switch 34
      projects from the strut 23 so that the forward end thereof projects into
      the flat portion 27e of the groove 27d when the ratchet 27 is rotated for
      adjusting the clearance from the initial position to the position
      immediately before the maximum automatically adjustable position. In the
      case when the linings 6 and 7 are worn excessively, and the ratchet 27
      rotates from the position immediately before the maximum adjustable
      position to the maximum position, the operating member 34a will be pushed
      upwardly along the inclined portion 27f (see FIG. 4) so that the limit
      switch 34 will operate.
PAR  While in the foregoing embodiments the rotatable member 27 is made in the
      form of a ratchet, it may also be made, for example, in the form of a cam
      as described in Japanese Utility Model Publication No. 44-6579.
      Furthermore, while in the foregoing embodiments the non-rotatable member
      adapted to support said rotatable member 27 is made in the form of strut
      23, the back plate may be used as the non-rotatable member by rotatably
      mounting said rotatable member 27 directly on the back plate.
PAR  The features of the invention will be summerized as follows:
PAR  1. The mechanism for automatically adjusting the brake shoe clearance is
      arranged in association with the switch for the warning circuit. This
      permits a reliable operation of the warning indicator at any time when
      necessary irrespective of whether the brake is in operation or not.
      Especially, when the non-rotatable member is made in the form of a strut
      as illustrated herein, an improved operational association will be
      attained between the mechanism for automatically adjusting the brake shoe
      clearance and the warning circuit.
PAR  2. Easy assembly and easy shoe replacement and, besides, the original
      performance can be maintained even when the shoes are replaced with new
      ones. These are due to the fact that no components of the warning
      instruments need be attached directly to the brake shoe.
PAR  3. The device of this invention is compact and requires only a minimum
      mounting space. Also, it can be manufactured at low cost because of its
      simple construction.
CLMS
STM  We claim:
NUM  1.
PAR  1. A lining wear warning device for use in a vehicle brake having a
      non-rotatable member and at least one brake shoe having a lining thereon
      and movable during a braking operation, said device comprising:
PA1  a rotatable ratchet member pivotally supported on the non-rotatable member
      and engaged with the brake shoe for pivotally moving when the brake shoe
      is actuated;
PA1  control means on the non-rotatable member engaged with the ratchet member
      for permitting the pivotal movement in one direction during the braking
      operation and for limiting the pivotal movement of the ratchet member in
      the reverse direction when the braking operation is completed, said
      control means comprised of a claw positioned on said non-rotatable member
      engageable with the teeth of said ratchet member;
PA1  a warning circuit engageable with said ratchet member for detecting a
      predetermined amount of movement between the ratchet member and the
      non-rotatable member corresponding to the amount of lining wear and for
      warning when the lining wear reaches a predetermined level, said warning
      circuit comprised of:
PA2  an electric source;
PA2  a warning indicator connected to the electric source for warning when the
      lining wear reaches a predetermined level; and
PA2  an electric limiting switch connected to said warning indicator, engageable
      by said ratchet, and operative in response to a predetermined amount of
      movement between the ratchet member and the non-rotatable member, said
      relative movement being proportioned to an amount of lining wear, whereby
      when the lining wear reaches a predetermined amount, the limiting switch
      will close in response to the movement of the ratchet member and activate
      the warning indicator.
NUM  2.
PAR  2. A lining wear warning device as claimed in claim 1, wherein:
PA1  said vehicle brake is an internal shoe drum brake having two arcuate brake
      shoes; and
PA1  said non-rotatable member is a strut extending between the said two brake
      shoes, whereby said ratchet, claw, and strut function as a brake shoe
      clearance automatic adjusting mechanism.
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ABST
PAL  A logic detect circuit chip is mounted on a substrate having a plurality of
      first conductors on one surface connected to first inputs of respective
      bit-gates of the logic circuit, and a plurality of further conductors on
      the same surface connected to the other inputs of respective bit-gates.
      The further conductors are traversed by at least one bus conductor on the
      other surface of the substrate. The further conductors are selectively
      connectible to each bus conductor by conductive slugs at the crossing
      points. The bus conductor and the first conductors are connectible
      respectively to a 0 volt reference line and a parallel binary transmission
      line. By appropriate selection of the slug connections between further
      conductors and the bus line the detect circuit may be associated with a
      particular binary number on the transmission line. Two bus lines may be
      used, connected respectively to 0 volts and a different voltage reference.
      The slug connections are suitably made at all cross-over points during
      manufacture for selective removal to "code" the circuit before use.
BSUM
PAR  This invention relates to logic circuitry for detecting binary parallel
      signals.
PAR  Increasing interest is being shown particularly in the motor car industry
      in the use of remote switching systems which will tend to reduce the
      complexity of modern wiring harnesses. One proposal concerns the use of a
      multi-conductor cable as a transmission line, for binary parallel
      switching signals. Each binary parallel signal comprises a plurality of
      bits each of which is specified by a high or low potential, i.e. a binary
      logic 1 or 0 which is present on a respective conductor at a particular
      point in time. The order of the bits in the signal may be defined by the
      relative positions of the conductors and this has led to an interest in
      using flat flexible cable carrying parallel spaced conductors as the
      binary transmission line. The interest in this field has caused a demand
      for a suitable decoding circuit.
PAR  The present invention is a combination of a semi-conductor chip mounted on
      a planar substrate, the chip bearing a logic detect circuit for detecting
      binary parallel signals carried in a multi-conductor transmission line,
      the circuit comprising a plurality of bit gates each of which has two
      inputs and an output, one of the imputs of each gate being connected to a
      respective first conductor on one surface of the substrate and the other
      input of each bit gate being connected to a further respective conductor
      on the one substrate surface, all the further conductors being traversed
      by at least one bus conductor disposed on the other surface of the
      substrate, each further conductor being selectively connectible to the bus
      conductor by means of a conductive slug at the crossing point of the
      further conductor and the bus conductor, the bus conductor and the first
      conductors being connectible, respectively, to a 0 volt reference line and
      the conductors of the multi-conductor transmission lines.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a schematic circuit diagram showing a detect circuit connected to
      a multi-conductor cable;
PAR  FIG. 2 is a fragmentary perspective view showing a semi-conductor chip
      incorporating the detect circuit of FIG. 1 and mounted on a flat printed
      circuit designed for selective connection to two reference conductors
      according to FIG. 1;
PAR  FIG. 3 is a schematic circuit diagram showing a modified detect circuit
      connected to a multi-conductor cable;
PAR  FIG. 4 is a fragmentary perspective view showing a semi-conductor chip
      incorporating the detect circuit of FIG. 1 and mounted on a flat printed
      circuit designed for selective connection to the single reference
      conductor according to FIG. 3; and
PAR  FIG. 5 is a diagrammatic view of the combination of FIG. 4 mounted on a
      further substrate.
DETD
PAR  With reference to FIG. 1, a multi-conductor cable 1 comprises six bit
      carrying conductors 2, a 5 volt reference conductor 3 and a 0 volt
      reference conductor 4. The six bit carrying conductors 2 in combination
      serve as a binary parallel transmission line. The reference conductors 3
      and 4 are carried on the same cable 1 only for convenience and may be
      physically separate from the conductors 2.
PAR  The detect circuit 6 comprises six EXCLUSIVE OR gates 7 each of which has
      an input 8 an input 9 and an output 10. The input 8 of each gate 7 is
      connected directly to a respective conductor 2 of the transmission line.
      The input 9 of each gate 7 may be connected to the 5 volt reference
      conductor 3 through a connection indicated diagrammatically as a jumper 11
      and a common bus line 12. The input 9 of each gate 7 may be connected to
      the 0 volt reference 4 through a connection indicated diagrammatically as
      a jumper 13 and a common bus line 14.
PAR  The output 10 of each gate 7 is connected to an input 15 of respective
      inverters 16. Each inverter 16 has an output 17 which is connected to
      respective inputs 18 of a NAND gate 19 the output of which is referenced
      20.
PAR  In order to personalize the detect circuit described so that it responds to
      a unique binary parallel signal all that is required is to connect the
      input 9 of each gate 7 selectively by means of the associated jumper 11 or
      13 to either the 5 volt reference conductor 3 or the 0 volt reference
      conductor 4 according to the particular unique signal. For example,
      suppose that it is desired to personalize the detect circuit to respond to
      a binary parallel signal comprising the bits 000101 present respectively
      on the conductors 2 reading from top to bottom as shown. The input 9 of
      each of the first three gates 7 reading from the top would be connected to
      the 0 volt reference conductor 4, the input 9 of the next gate 7 down
      would be connected to the 5 volt reference conductor 3, the input 9 of the
      next gate 7 down would be connected to the conductor 4, and the input 9 of
      the last gate 7 would be connected to the conductor 3.
PAR  If the unique binary signal 000101 is present on the transmission line, the
      first gate 7 from the top has binary logic 0 signal at both inputs 8 and
      9, and because of the inherent nature of an EXCLUSIVE OR gate a binary
      logic 0 is derived at its output 10. The 0 signal is inverted in the
      associated inverter 16 so that a 1 signal is present on the respective
      input 18 of the NAND gate 19. Similarly, a 1 signal is present on the
      inputs 18 corresponding to the next two EXCLUSIVE OR gates 7.
PAR  The fourth gate 7 from the top has binary logic 1 signals at both inputs 8
      and 9, and because of the inherent nature of an EXCLUSIVE OR gate a binary
      logic 0 is derived at its output 10. This signal is then inverted and
      applied to the respective input 18 of the NAND gate 19 as a 1. Similarly,
      the two inputs of the fifth gate 7 read a binary logic 0 causing a 1 to
      appear at the respective inputs 18 of the NAND gate 19. Similarly, the two
      inputs of the sixth gate 7 read a binary logic 1 causing a 1 to appear at
      the respective inputs 18 of the NAND gate 19. Because a binary logic 1
      appears on all the inputs 18 of the NAND gate 19 and because of the
      inherent nature of a NAND gate a binary logic 0 is derived at its output
      20. If the unique binary signal is not present then a binary logic 1 is
      derived at the output 10 of at least one of the gates 7, this signal being
      inverted to a logic 0 at the respective input 18 of the NAND gate 19. This
      causes a logic 1 to appear at the output 20.
PAR  The output 20 of the NAND gate is used to drive a flip flop 21, the flip
      flop energizing an associated steady voltage circuit (not shown) only when
      a logic 0 is present on the output 20.
PAR  The detect circuit described is intended to detect a 6 bit binary parallel
      signal and to this end makes use of 6 bit gates 7. Clearly, if the number
      of bits to be read were greater or less than six the number of gates 7
      would be increased or decreased correspondingly.
PAR  The circuit described is, of course, merely exemplary. An alternative
      circuit envisaged is one in which the inverters 16 are dispensed with, the
      outputs 10 of the gates 7 being directly connected to the inputs 18 of the
      NAND gate 19. In order that this circuit should read the binary signal
      000101 the input 9 of each of the first three gates 7 from the top would
      be connected to the 5 volt reference conductor 3, the input 9 of the next
      gate 7 would be connected to the 0 volt reference conductor 4, the input 9
      of the next gate 7 would be connected to the conductor 3, and the input 9
      of the last gate connected to the conductor 4. If the binary signal 000101
      is present on the transmission line it is clear that each gate 7 has two
      different logic signals at its imputs and because of the inherent nature
      of an EXCLUSIVE OR gate a binary logic 1 is derived at all the outputs.
      Thus a binary logic 1 appears on all the inputs 18 of the NAND gate 19 as
      with the first circuit; the remainder of the detect operation is identical
      with the first circuit.
PAR  The gates 7 can thus be used to produce a predetermined logic signal at the
      respective outputs providing the inputs are matched, i.e. either when the
      logic signals present on both respective inputs are the same (as in the
      case of the first circuit) or when the logic signals present on both
      respective inputs are different (as in the case of the second circuit).
PAR  With reference now to FIG. 2, a semi-conductor chip 25 is shown mounted on
      a flat flexible circuit 26. The chip 25 contains the circuit components 7,
      16, 19 and 21 interconnected as shown in FIG. 1. The chip has contact pads
      on its underside in respective engagement with six conductive strips 27
      and a further six conductive strips 28 on the upper surface of the
      flexible circuit 26.
PAR  The contact pads with which the strips 27 are in contact correspond,
      respectively, to the inputs 8 of the gates 7 shown in FIG. 1; the function
      of the strips 27 being to interconnect the conductors 2 of the
      transmission line to the inputs 8 of the gates 7.
PAR  The contact pads with which the strips 28 are in contact correspond,
      respectively, to the inputs 9 of the gates 7 shown in FIG. 1. The strips
      28 have parallel spaced end portions which are crossed at right angles by
      two parallel spaced conductive strips 29 and 30 disposed on the underside
      of the flexible circuit 26. The strips 29 and 30 are connected
      respectively by conductive plugs 31 extending through the flexible circuit
      26 to two parallel conductive strips 32 and 33 disposed on the upper side
      of the flexible circuit 26 at right angles to the strips 29 and 30.
PAR  The strips 32 and 33 correspond respectively to the bus lines 14 and 12 of
      FIG. 1 and are intended for connection respectively to the 0 volt
      reference conductor 4 and the 5 volt reference conductor 3. Thus the
      crossing points of each strip 28 with the strips 29 and 30 correspond
      respectively with the connections 13 and 11 of FIG. 1. A connection is
      provided selectively by means of a conductive plug 35 to either the strip
      29 or 30 according to the particular coding required as described with
      reference to FIG. 1. The plug 35 is made by drilling a hole at the desired
      crossing point and then filling the hole with metal, e.g. by a plating
      technique.
PAR  The strip 32 has a branch 38 meeting a conductive pad (not shown) on the
      underside of the chip.
PAR  The flexible circuit 26 may be connected to the transmission line 1 by any
      suitable technique depending, inter alia, on the physical nature of the
      transmission line. For example, if a flat flexible circuit were used in
      which the conductors 2, 3 and 4 are deposited on one side, this could be
      laid over an edge portion of the flexible circuit 26 and the conductors 2,
      3 and 4 connected respectively to the strips 27, 33 and 32 by a through
      hole plating technique or by staking with conductive pins.
PAR  With reference to FIG. 3 and comparing it to FIG. 1, the transmission line
      is identical except that five volt line 3 is omitted. Because the line 3
      is omitted there are no counterparts in the detector circuit to the bus
      line 12 and the jumpers 11. The inputs 9 of the gates 7 are, as before,
      connected through jumpers 13 to a bus line 14 connected to the 0 volt
      reference line. The inputs 9 are also connected through respective
      resistors 40 to a 5 volt source 41. The remainder of the detect circuit is
      identical with the circuit of FIG. 1.
PAR  As before, in order to personalize the detect circuit so that it responds
      to a unique binary parallel signal the input 9 of each gate 7 must be
      biased selectively by 0 volts or 5 volts according to the unique signal.
      The inputs 9 are all permanently connected through the resistors 40 to the
      5 volt source so that the initial bias to each input 9 is 5 volts. If the
      associated jumper 13 is connected, a voltage drop of 5 volts appears
      across the associated resistor and the associated input goes to 0 volts.
PAR  FIG. 4 is similar to FIG. 2 and like parts are indicated with like
      references but with a prime notation in FIG. 4. As with the chip 25 the
      chip 42 contains the circuit components 7, 16, 19 and 21 interconnected as
      shown in FIGS. 1 or 3, but the chip 26 also contains the resistors 40
      connecting a 5 volt source in the chip to the gate inputs 9. The flat
      flexible circuit 26' lacks an equivalent to the conductive strip 30 and
      the conductive strip 33. The strips 28' are all shown connected to the
      strip 29' by plated through holes 35'. This means that the gate inputs 9
      are all connected for biasing by the 0 volt reference line. In order to
      bias a particular gate 9 by the 5 volt source the appropriate plated
      through hole 35' may be drilled out or the appropriate strip 28' may be
      cut or punched out at the section parallel with the edge of the flat
      flexible circuit 26' to break connection between the appropriate strip 28'
      and the strip 29'
PAR  With reference to FIG. 5, the flexible circuit 26' of FIG. 4 is shown to be
      partly overlain and bonded to a further flat flexible circuit 44
      comprising a transparent substrate having on one side, the upper as shown
      in FIG. 5, a plurality of parallel conductors 45 terminating in edge
      contact pads 46. The conductors 45 traverse the conductors 27' and the
      strip 32' and are connected respectively to these conductors by pins 47
      passing through the two substrates. The flexible circuit 44 may be
      connected to a multi-conductor transmission line by interconnecting the
      pads 46 in any suitable manner to the individual conductors 2 and 4 of the
      transmission line.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A code detector, which comprises, in combination,
PA1  1. an electrically insulating substrate having a first plurality of input
      conductors and a second plurality of input conductors formed on one
      surface of said substrate,
PA1  2. a semiconductor chip bearing a logical detecting circuit mounted on the
      said one surface of said substrate, said chip having input contact regions
      coupled respectively to said first and second input conductors,
PA1  3. a reference conductor formed on the other surface of said substrate,
      said reference conductor crossing each of said second plurality of input
      conductors and spaced therefrom by said substrate,
PA1  4. means to selectively couple predetermined ones of said second conductors
      to said reference conductor, and
PA1  5. means coupling said reference conductor to a reference contact region on
      said chip.
NUM  2.
PAR  2. A code detector as set forth in claim 1 wherein said logical detecting
      circuit includes a plurality of input logic gates, each gate having two
      inputs, one of said inputs being coupled to one of said first plurality of
      input conductors and the second input being coupled to one of said second
      plurality of input conductors.
NUM  3.
PAR  3. A code detector as set forth in claim 1 wherein said means to
      selectively couple comprises an aperture in said substrate between said
      reference conductor and said selected second conductors and electrically
      conductive means in said apertures interconnecting said reference
      conductor and each said selected second conductor.
NUM  4.
PAR  4. A code detector as set forth in claim 3 wherein said logical detecting
      circuit includes a plurality of input logic gates, each gate having two
      inputs, one of said inputs being coupled to one of said first plurality of
      input conductors and the second input being coupled to one of said second
      plurality of input conductors.
NUM  5.
PAR  5. A code detector as set forth in claim 3 wherein said electrically
      conducting means is a removable slug.
NUM  6.
PAR  6. A code detector as set forth in claim 5 wherein said logical detecting
      circuit includes a plurality of input logic gates, each gate having two
      inputs, one of said inputs being coupled to one of said first plurality of
      input conductors and the second input being coupled to one of said second
      plurality of input conductors.
NUM  7.
PAR  7. A code detector as set forth in claim 1 wherein said substrate is
      flexible.
NUM  8.
PAR  8. A code detector as set forth in claim 7 wherein said logical detecting
      circuit includes a plurality of input logic gates, each gate having two
      inputs, one of said inputs being coupled to one of said first plurality of
      input conductors and the second input being coupled to one of said second
      plurality of input conductors.
NUM  9.
PAR  9. A code detector as set forth in claim 7 wherein said means to
      selectively couple comprises an aperture in said substrate between said
      reference conductor and said selected second conductors and electrically
      conductive means in said apertures interconnecting said reference
      conductor and each said selected second conductor.
NUM  10.
PAR  10. A code detector as set forth in claim 9 wherein said logical detecting
      circuit includes a plurality of input logic gates, each gate having two
      inputs, one of said inputs being coupled to one of said first plurality of
      input conductors and the second input being coupled to one of said second
      plurality of input conductors.
NUM  11.
PAR  11. A code detector as set forth in claim 9 wherein said electrically
      conductive means is a removable slug.
NUM  12.
PAR  12. A code detector as set forth in claim 11 wherein said logical detecting
      circuit includes a plurality of input logic gates, each gate having two
      inputs, one of said inputs being coupled to one of said first plurality of
      input conductors and the second input being coupled to one of said second
      plurality of input conductors.
NUM  13.
PAR  13. A code detector as set forth in claim 1 further including a power
      conductor formed on the other surface of said substrate, said power
      conductor crossing each of said second plurality of input conductors and
      spaced therefrom by said substrate and means to selectively couple
      predetermined ones of said second conductors to said power conductor.
NUM  14.
PAR  14. A code detector as set forth in claim 13 wherein said logical detecting
      circuit includes a plurality of input logic gates, each gate having two
      inputs, one of said inputs being coupled to one of said first plurality of
      input conductors and the second input being coupled to one of said second
      plurality of input conductors.
NUM  15.
PAR  15. A code detector as set forth in claim 13 wherein each of said means to
      selectively couple comprises an aperture in said substrate between said
      reference conductor and said selected second conductors and between said
      power conductor and said selected conductors and electrically conductive
      means in said apertures interconnecting said reference conductor, said
      power conductor and each of said selected second conductors.
NUM  16.
PAR  16. A code detector as set forth in claim 15 wherein said logical detecting
      circuit includes a plurality of input logic gates, each gate having two
      inputs, one of said inputs being coupled to one of said first plurality of
      input conductors and the second input being coupled to one of said second
      plurality of input conductors.
NUM  17.
PAR  17. A code detector as set forth in claim 15 wherein said electrically
      conductive means is a removable slug.
NUM  18.
PAR  18. A code detector as set forth in claim 17 wherein said logical detecting
      circuit includes a plurality of input logic gates, each gate having two
      inputs, one of said inputs being coupled to one of said first plurality of
      input conductors and the second input being coupled to one of said second
      plurality of input conductors.
NUM  19.
PAR  19. A code detector as set forth in claim 13 wherein said substrate is
      flexible.
NUM  20.
PAR  20. A code detector as set forth in claim 19 wherein said logical detecting
      circuit includes a plurality of input logic gates, each gate having two
      inputs, one of said inputs being coupled to one of said first plurality of
      input conductors and the second input being coupled to one of said second
      plurality of input conductors.
NUM  21.
PAR  21. A code detector as set forth in claim 19 wherein each of said means to
      selectively couple comprises an aperture in said substrate between said
      reference conductor and said selected second conductors and between said
      power conductor and said selected conductors and electrically conductive
      means in said apertures interconnecting said reference conductor, said
      power conductor and each of said selected second conductors.
NUM  22.
PAR  22. A code detector as set forth in claim 21 wherein said logical detecting
      circuit includes a plurality of input logic gates, each gate having two
      inputs, one of said inputs being coupled to one of said first plurality of
      input conductors and the second input being coupled to one of said second
      plurality of input conductors.
NUM  23.
PAR  23. A code detector as set forth in claim 21 wherein said electrically
      conductive means is a removable slug.
NUM  24.
PAR  24. A code detector as set forth in claim 23 wherein said logical detecting
      circuit includes a plurality of input logic gates, each gate having two
      inputs, one of said inputs being coupled to one of said first plurality of
      input conductors and the second input being coupled to one of said second
      plurality of input conductors.
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ABST
PAL  A multiplex telemetering system for transmitting a group of data signals
      each representing a distinct analog value, over a common channel to a
      receiving terminal where the data signals are fed into respective
      sub-channels. The transmitter includes a commutator formed by a series of
      individually actuatable switches which sequentially supply the data
      signals to the common channel. At the receiving terminal, the data signals
      are distributed by a corresponding commutator to the several sub-channels.
      In order to synchronize the operation of the commutators, an address
      generator at the receiving terminal cyclically produces a series of
      multi-bit binary values the number of values in the series equalling the
      number of switches in each commutator. The series of binary values
      generated are decoded to produce control voltages for sequentially
      actuating the receiver commutator switches, the binary values also being
      translated into an audio signal mixture composed of different frequencies
      representing the bits of the binary code. The signal mixture produced at
      the receiving terminal is conveyed over the common channel to the
      transmitter, the mixture being superimposed on the data signals. The
      signal mixture is intercepted at the transmitter and the frequencies
      thereof segregated from each other and restored to a series of binary
      values which are decoded to produce control voltages for synchronously
      actuating the transmitter commutator switches.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to telemetering systems of the
      multiplexing type adapted to transmit data derived from a group of sources
      to a remote receiving terminal, and more particularly to a low-cost and
      efficient system for transmitting process control data.
PAR  In industrial process control, it is necessary to transmit data obtained at
      various points or stations in the process to a remote indicating or
      control terminal. The data to be conveyed from the field stations to the
      receiving terminal may be changes in pressure, temperature, flow rate or
      any other process variable. In most cases, this data is derived by means
      of analog sensors which convert the sensed process variables into
      corresponding electrical analog signals.
PAR  A telemetering system in which the output of each sensor is fed to the
      remote terminal over a separate wire line is not feasible when the
      distance between the sensors and the terminal is long and many sensors are
      involved. The large number of lines entained by the telemetering system
      and their length may make the system prohibitively expensive.
PAR  Multiplexing techniques are known which act to sequentially transmit
      digital values derived from continuous or analog data to a remote terminal
      over a single main channel, thereby avoiding the need for as many
      telemetering lines as there are sensors. Multiplex systems for analog
      information usually use frequency division to transmit this information,
      the several input signals being each modulated onto a subcarrier and the
      combined for transmission.
PAR  Also in use are time-division multiplexing systems which employ a
      commutator (electronic or mechanical) at the transmitting station to
      sample each data source in sequence. The samples transmitted over the main
      channel are separated at the remote terminal into appropriate sub-channels
      by means of a similar commutator which runs in synchronism with the
      transmitter commutator. Existing time-division multiplexing systems
      capable of operating reliably to transmit signals in their proper sequence
      and without overlap are typically of the digital type and are relatively
      complex and expensive. They add substantially to construction and
      operating costs in process control installations.
PAR  In a typical digital multiplexing system, the transmitter includes a
      transmitter commutator, an address generator, an analog-to-digital
      converter and a transmission controller. Each input signal selected by the
      commutator under the control of the address generator is converted by the
      code converted to a binary data signal. The address and data signals are
      combined into one digital word to which is added some error detection bits
      by the code converter. These combined signals are sent out by the
      transmission controller to a common channel in a serial manner. For this
      purpose a wide channel bandwidth is required, making the common channel
      expensive to install. Moreover the broad bandwidth common channel has a
      high degree of noise-sensitivity.
PAR  At the receiver, the serial data is received by an input register which
      converts the serial data to its parallel format for further processing.
      Besides the input register, the receiver includes an address register, a
      digital-to-analog converter, an error detector, a verification circuit and
      a receiving commutator. When data is received, the error detector checks
      to see if any error has occurred in the course of data transmission. If no
      error is detected, the verification circuit sends back a verification
      signal to the transmitter. Should an error be detected, then the
      verification circuit requests the transmitter to again send the same data.
      The address component of the received data is fed to the address register
      which controls the receiver commutator, the data component being fed to
      the digital-to-analog converted to change back into analog form.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide a simple, low-cost multiplex telemetering system which operates
      efficiently and reliably to transmit a group of data signals to separate
      sub-channels at a remote receiving terminal, the signals being conveyed
      over a common channel.
PAR  More particularly, it is an object of the invention to provide a
      telemetering system of the above-type wherein the data signals are in
      analog form and are derived from process variable sensors at a field
      station, the signals being transmitted to a remote terminal where the
      received signals are indicated or serve to carry out process control
      functions.
PAR  A significant feature of the invention is that the process variable data is
      converted into standard process control DC signals (i.e.; 4-20 mAdc), the
      analog data being sampled by a time-division technique whereby received in
      each sub-channel at the receiving terminal are periodic signal samples
      which are held to produce a continuous output. An important advantage of
      the present invention as compared to the typical system, is that it is of
      far simpler and less expensive construction, for it eliminates complex
      circuits such as an analog-to-digital converter, a code converter, and an
      error verification circuit.
PAR  Also an object of this invention is to provide a multiplex system operating
      on the time-division principle and making use of commutators at the
      receiving and transmitting terminals which are maintained in synchronous
      operation whereby each data-signal at the transmitter is supplied to its
      proper sub-channel at the receiver. A salient aspect of the invention
      resides in the fact that should any switch in a commutator fail to
      operate, this will only act to momentarily cut-out the data signal related
      to that switch and in no way effect the signal distribution in that the
      next operative signal in the sequence will be fed into its proper
      sub-channel.
PAR  Briefly stated, these objects are attained in a multiplex telemetering
      system in which a group of data signals each representing a distinct value
      is conveyed by time-division over a common channel to a remote receiving
      terminal where the data signals are fed into separate sub-channels
      appropriate thereto.
PAR  Included in the transmitter is a commutator formed by a series of
      individually-actuatable switches which sequentially supply the data
      signals in the group to the common channel, the received signals being
      distributed by a corresponding commutator to the respective sub-channels.
PAR  In order to synchronize the commutators, an address generator at the
      receiving terminal cyclically produces a series of multiple-bit binary
      values, the number of values in the series equalling the number of
      switches in each commutator. The series of binary values generated at the
      receiving terminal are decoded to produce control voltages for
      individually actuating the switches in the receiver commutator in
      sequence, the binary values also being translated into a signal mixture of
      different frequencies representing the bits of the binary code.
PAR  This signal mixture is sent from the receiving terminal over the common
      channel to the transmitter where the signal mixture which is superimposed
      over the data signals is separated therefrom and the frequencies of the
      mixture are segregated from each other. The segregated frequencies are
      restored to a series of binary values which are decoded to produce control
      voltages for synchronously actuating the transmitter commutator switches.
PAR  In the above-described embodiment, the address generator and the related
      circuits are located at the receiver and the multiplex control and the
      circuits related thereto in the transmitter. However in some applications,
      the address generator may be in the transmitter with the multiplex control
      being in the receiver.
DRWD
PAC  OUTLINE OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      features thereof, reference is made to the following detailed description
      to be read in conjunction with the accompanying drawing wherein:
PAR  FIG. 1 is a block diagram of a multiplex telemetering system in accordance
      with the invention; and
PAR  FIG. 2 is a diagram explanatory of the principles underlying the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is shown a multiplexing telemetering system
      for transmitting data from a group of sensors at a field station over a
      common channel to a remote terminal. While the invention is not limited to
      the transmission of process control data, by way of illustration it will
      be described in connection therewith.
PAR  In process control systems, certain process variables are converted into
      equivalent electrical signals which are conveyed to read-out devices. Or
      the signals serve to control the operation of a final control element
      governing the process variable. Thus fluctuations in temperature may be
      sensed by a thermocouple whose voltage value reflects the temperature
      prevailing in a process pipe line or tank. This change in voltage as a
      function of a process variable is then converted into a current signal by
      means of a voltage-to-current converter. In process control engineering,
      the usual practice is to operate with current signals at the 4 to 20 ma
      range.
PAR  The present invention is not limited to any particular form of analog
      signal input, or to any given number of inputs. But by way of example, the
      system illustrated herein is adapted to transmit over a single channel a
      group of eight analog data signals developed by sensors S.sub.0, S.sub.1,
      S.sub.2, S.sub.3, S.sub.4, S.sub.5, S.sub.6 and S.sub.7 which may be
      thermocouple devices.
PAR  At the transmitter, generally designated by numeral 10, the analog data
      signals are sequentially sampled by means of a commutator constituted by
      eight individually actuatable switches TS.sub.0 to TS.sub.7. Each sensor
      S.sub.0 to S.sub.7 is coupled through a suitable noise filter 11 and its
      correspondingly-numbered commutator switch (TS.sub.0 to TS.sub.7) to a
      converter 12.
PAR  This circuit includes an amplifier 13 to amplify the data signal to a high
      signal level, which signal is amplified in an output amplifier stage 14
      whose current output (4-20 mA) is applied to a common two-wire channel 15
      leading to a remote receiving terminal generally designated by numeral 16.
PAR  The path of output current is such that it comes out of amplifier 14 to the
      plus side of channel 15 through a filter consisting of capacitor 40 and
      resistor 41, and it passes through a receiver input resistor 34
      (250.OMEGA., typical), generating the input voltage (1-5V typical) for the
      receiver. The return to the transmitter is through the negative side of
      channel 15. The return current, as will be later explained, serves as a
      negative feedback signal.
PAR  Thus all of the transmitter commutator switches TS.sub.o to TS.sub.7 are
      connected in parallel relation, and since these switches are actuated in
      sequence, data samples derived from sensors S.sub.0 to S.sub.7 are
      successively applied to the input of converter 12.
PAR  The data signals conveyed over the common channel 15 are applied at the
      remote receiving terminal 16 to a buffer amplifier 17 whose output is
      coupled to a receiver commutator composed of eight individually actuatable
      switches RS.sub.0 to RS.sub.7. Switch RS.sub.0 connects the output of the
      buffer to an analog sub-channel A through an analog sample-and-hold
      circuit SH.sub.0, while switch RS.sub.1 connects the output of the buffer
      through a sample-and-hold circuit SH.sub.1 to an analog sub-channel B.
      Similarly, switches RS.sub.2 to RS.sub.7 respectively connect the output
      of the buffer through sample-and-hold circuits SH.sub.2 to SH.sub.7 to
      sub-channels C, D, E, F, G and H.
PAR  Thus, assuming synchronous operation of the transmitter and receiver
      commutator switches, the data samples obtained sequentially from sensors
      S.sub.0 to S.sub.7 are fed in the same sequence to sub-channels A to H.
      Each sample-and-hold circuit acts to convert the current data sample into
      a corresponding voltage whose amplitude is maintained for a period
      sufficient to avoid a gap between successively-received samples, thereby
      producing a continuous rather than an intermittent output voltage. A
      suitable analog hold circuit for this purpose is disclosed in the Azegami
      U.S. Pat. No. 3,784,919.
PAR  In order to insure synchrous operation of the receiver and transmitter
      commutators, the receiving station is provided with an address generator,
      generally designated by numeral 18, which produces sub-channel selection
      or address signals in the form of binary numbers.
PAR  In address generator 18, a clock 19 produces periodic pulses at a constant
      repetition rate depending on the number of sub-channels in the system.
      Since the system disclosed herein has eight data signals which are to be
      received in eight subchannels, an appropriate clock repetition is
      8H.sub.z, so that a pulse is generated every one-eighth of a second.
PAR  The clock pulses are applied to a three-bit counter formed by flip-flop
      stages 20A, 20B and 20C connected in counter arrangement. The three stages
      yield a series of eight binary values derived from a three-bit binary
      code, namely binary 000, 001, 010, 011, 100, 101, 110 and 111. It will be
      appreciated that the number of bits depends on the number of sub-channels
      in the system, so that for a 16 sub-channel multiplex system, a 4-bit code
      is appropriate to produce a series of 16 binary values, whereas for a 32
      sub-channel system, one needs a 5-bit code.
PAR  The output of clock 19 is applied to a decoder 21 through a delay circuit
      22, while the outputs of counter stage 20A, 20B and 20C are applied to the
      decoder to generate a series of control voltages RV.sub.0 to RV.sub.7
      which are applied to commutator switches RS.sub.0 to RS.sub.7 to actuate
      same. These switches may be in electronic or electro-mechanical form, so
      that in the case of electromagnetically-actuated switches the control
      voltages are applied to the solenoids of the switches, whereas in the case
      of solid state switches the control voltages are applied to the gate
      electrodes thereof. The transmitter commutator switches may also be in an
      appropriate solid state or electro-mechanical form.
PAR  In order to provide corresponding control voltages in the transmitter to
      synchronize the operation of the transmitter commutator with the receiver
      commutator, three audio frequency oscillators 23, 24 and 25 are provided,
      producing distinct frequencies (i.e., 12.7KH.sub.z, 14.3H.sub.z and
      15.7H.sub.z). The outputs of these audio oscillators are applied to a
      mixer 26 through respective gates 23A, 24A and 25A which are enabled only
      when the counter bits from counter stages 20A, 20B and 20C are binary 1.
PAR  Thus when the binary value is 010, only the output of the 14.3KH.sub.z
      oscillator 24 appears in mixer 26, but when the binary value is 101, the
      outputs of both the 12.7KH.sub.z oscillator 23 and the 15.7KH.sub.z
      oscillator are fed to the mixer. Thus the frequency composition of the
      signal mixture reflects the binary number produced by the counter stages.
PAR  This audio signal mixture is applied at receiver resistor terminal 34 to
      common channel 15 which conveys it to the transmitter where it is
      separated from the DC data signal being conveyed by means of a transformer
      27 whose primary is connected to the channel through a DC blocking
      capacitor 28, so that only the audio signal mixture is yielded by the
      secondary of the transformer. On the other hand, the filter (elements
      44-45) prevents the audio signal from going into buffer amplifier 17.
PAR  The output of the transformer secondary is applied to a multiplex control
      circuit which includes a set of three active filters 29, 30, 31 tuned
      respectively to 12.7KH.sub.z, 14.3KH.sub.z and 15.7KH.sub.z, so that each
      filter yields an output representing binary 1 only when an audio signal of
      the assigned frequency appears in the applied frequency mixture.
PAR  Hence the set of active filters acts to recreate the series of eight binary
      values in the 3-bit binary code developed by address generator 18 at the
      receiving terminal. These binary values are applied to a decoder 32
      producing control voltages TV.sub.0 to TV.sub.7. These control voltages
      appear sequentially in synchronism with control voltages RV.sub.0 to
      RV.sub.7 in the receiving terminal and are applied to transmitter
      commutator switches TS.sub.0  to TS.sub.7, whereby both commutators
      operate in exact synchronism. Although voltages TV.sub.0 to TV.sub.7 are
      in synchronism with voltages RV.sub.0 to RV.sub.7, the starting time of
      voltages RV.sub.0 to RV.sub.7 are deferred by delay circuit 22 to avoid
      the transient effects of the switches.
PAR  It will be appreciated that should the transmitter multiplex control
      circuit momentarily fail to receive or respond to the audio frequency
      mixture as a result of noise on the line or any other factor, its effect
      will only be on the particular transmitter commutator switch actuated by
      the absent frequency mixture, and it will not alter the sequence of switch
      operation. Each switch responds to its own binary number, without regard
      to whether any other switch is actuated.
PAR  Thus as shown in FIG. 2, the transmitter and receiver commutator switches
      TS.sub.0 and RS.sub.0 are simultaneously actuated only when binary number
      000 appears, switches TS.sub.1 and RS.sub.1 are simultaneously actuated
      only when binary number 001 appears, and so on with respect to the other
      switch pairs. Since the series of binary numbers are produced at eight
      intervals per second, each data signal from sensors S.sub.0 to S.sub.7 is
      sampled for one-eighth of a second in the course of every operating cycle.
PAR  For purposes of maintaining the amplitude of the signal on the common
      channel 15 at a level proportional to the data signal input amplitude
      despite distortion introduced by the channel, a negative feedback
      arrangement is provided. The return current of the analog data signals is
      applied through filter 42 and 43 to a feedback resistor in the span
      circuit 36, the resultant feedback voltage is proportional to the voltage
      established across resistor 34 as the same current is applied to both
      resistors, and is fed back into an input of amplifier 13 to compensate for
      any variation in DC signal amplitude. The special processor at the
      transmitter terminal also includes a zero-setting stage 35 and a
      span-adjusting stage 36 as is usual in process control systems.
PAR  While there has been shown and described preferred embodiments in
      accordance with the invention, it will be appreciated that many changes
      and modifications may be made therein without, however, departing from the
      essential spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multiplex telemetering system for transmitting a group of electrical
      data signals, each representing a distinct analog value, over a common
      channel to a remote receiving terminal, said system comprising:
PA1  A. a transmitter including a commutator formed by a series of individually
      actuatable switches for sequentially supplying said analog data signals to
      said common channel;
PA1  B. a receiving terminal including a commutator sequentially distributing
      the analog data signals received from said common channel to separate
      sub-channels, the commutator having a like series of switches, and
PA1  C. apparatus synchronizing the operation of the transmitter and receiver
      commutators and including an address generator disposed at the receiving
      terminal to cyclically produce a series of multi-bit code values, the
      number of values in the series thereof being equal the number of switches
      in each commutator, means to decode said series of code values to produce
      a series of control voltages sequentially actuating said receiver
      commutator switches, means to translate each value in said series of code
      values into a distinctive audio signal mixture composed of different
      frequencies representing the bits of said code, each frequency in the
      signal mixture representing a respective bit in the multi-bit code, means
      at the receiving terminal to superimpose said signal mixture on the analog
      data signals in said common channel, means at the transmitter to intercept
      said signal mixture and to segregate the frequencies thereof from each
      other, means responsive to said segregated frequencies to restore them to
      the series of code values, and means to decode the restored code values to
      produce control voltages synchronously actuating the transmitter
      commutator switches.
NUM  2.
PAR  2. A system as set forth in claim 1, wherein said data signals are derived
      from sensors responsive to process variables, and said remote terminal
      sub-channels are coupled to process control means.
NUM  3.
PAR  3. A system as set forth in claim 1, wherein at least one of said
      commutators is composed of switches which are solid-state devices having
      gate electrodes to which said control voltages are applied.
NUM  4.
PAR  4. A system as set forth in claim 1, wherein said transmitter includes a
      converter to convert the sensor signals to DC currents proportional
      thereto.
NUM  5.
PAR  5. A system as set forth in claim 4, further including means to develop a
      negative feedback voltage which depends on the amplitude of the signals
      received at the remote terminal and to feed said feedback voltage to said
      converter to compensate for distortions in signal amplitude arising in
      said channel.
NUM  6.
PAR  6. A system as set forth in claim 1, wherein each of said receiver
      commutator switches is coupled to a sample-and-hold circuit adapted to
      hold the signal samples for an interval sufficient to convert the sample
      into a continuous voltage.
NUM  7.
PAR  7. A system as set forth in claim 1, wherein said address generator is
      constituted by a clock producing pulses, and a multi-state binary counter
      coupled to the output of said clock to produce said series of values.
NUM  8.
PAR  8. A system as set forth in claim 7, wherein said means to translate said
      series of values into a signal mixture includes a set of audio-frequency
      oscillators producing frequencies each representing one bit of the code,
      the outputs of said oscillators being fed to a mixer through gates which
      are activated by the stages of said counter.
NUM  9.
PAR  9. A system as set forth in claim 8, wherein said means to segregate the
      frequencies of the mixture from each other is constituted by a set of
      active filters each tuned to one of said frequencies.
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ABST
PAL  A time-division multiplex (TDM) control system for controlling a plurality
      of devices from a central point includes a transmitter whose output is
      coupled over a common path to a plurality of receivers respectively
      located adjacent to the devices. The transmitter provides a repetitive
      cycle of a predetermined number of time slots during which a control
      signal is provided at any one or all of the time slots. Each receiver is
      assigned a given time slot corresponding to one of the time slots in the
      repetitive cycle of the transmitter, and each receiver is responsive to
      the control signal during its given time slot. Each receiver is operative
      to control one of the devices in response to the control signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electrical control systems for use where a
      number of devices have to be controlled from a central point. Such systems
      are particularly suited for use in mobiles such as cars and ships, but are
      also applicable to buildings or other fixed complexes.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided an electrical control system
      for controlling a number of devices from a central point, which includes
      transmitting means at the central point connected over a single signal
      path to a number of controlled points, wherein each one of the devices is
      allocated a time position in a repetitive cycle of time positions at which
      a control signal, which may be a logical 1 or 0 signal, may be sent in
      respect of that device, wherein at each of said controlled points there is
      a receiver responsive only to signals at its time position in the
      repetitive cycle, wherein when a said receiver detects control signals at
      its time position those signals are used to control one of the devices,
      and wherein to maintain a controlled device in a given one of two states
      or to alter its condition in one of two senses a continuous stream of 1 or
      0 signals is sent from the central point at that device's time position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The advantages of this invention will become more readily appreciated as
      the same becomes better understood by reference to the following detailed
      description when taken in conjunction with the accompanying drawing
      wherein;
PAR  FIG. 1 is a schematic diagram of a preferred embodiment of a transmitter in
      accordance with the present invention; and,
PAR  FIG. 2 is also a schematic diagram of a receiver suitable for use with the
      transmitter of FIG. 1 in accordance with the teachings of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The circuits shown are described specifically for use in a road vehicle,
      where the controlled devices include headlamps, rear lamps, or radio,
      heaters, etc. However, it will be understood that the system is not
      limited to the specific application disclosed herein. The signal wiring,
      which can be combined with a main power supply conductor, can be on
      adhesive-backed ribbon which is pressed against any convenient surface,
      e.g., a wall. In the case of a building the ribbon can then be painted,
      papered over, or otherwise suitably finished. Accordingly, when an
      additional controlled unit is to be added, this can easily be done at any
      convenient point without disturbing the rest of the installation.
PAR  In the arrangement to be described, the controlled devices are each
      allocated a time slot in a time-division multiplex (TDM) control system.
      The control transmitter, which is an automobile may be located at the
      dashboard, constantly cycles the time slots at a rate, in one example, of
      20 cycles per second, and can generate a single pulse in any time slot
      under the control of the dashboard switches. The receiver for a particular
      device is preset to respond only to pulses at its allocated time slot.
      Thus putting the headlamp switch to its "on" state causes a pulse to
      appear in the "headlamp" time slot in each successive TDM cycle. The
      headlamp control receiver keeps the headlamp "on" as long as it continues
      to detect pulses in its own time slot. Cessation of the pulse sequence,
      due to setting the switch to its "off" position, allows the receiver to
      switch the headlamp off. It should be appreciated that this control
      function occurs independently of the presence or absence of pulses in
      other time slots.
PAR  Basically, such a system needs but one control wire to which all receivers
      are connected "in parallel," but separate wires for clock pulse signals
      and possibly a main power supply conductor may be utilized. Normally the
      system is installed with several spare time slots provided to allow for
      extra devices to be controlled, particularly since the extra cost is
      minimal. All receivers are essentially functionally identical, and each
      one is preferrably identified with its controlled device by a simple
      method of coding such as a predetermined pattern identification or a
      coding plate fitted with the connecting means by which it is connected to
      the control wire. The control wire can also be used to carry return
      signals from monitoring functions such as fuel level, oil pressure, etc.,
      though here also a separate wire can be used if desired.
PAR  Where the system is used other than in vehicle control, it need not be
      confined to "on-off" operation, but could be adapted for continuously
      controlling apparatus which usually needs a multiple cable. One example is
      a remote-controlled television camera with requirements for movement in
      aximuth and elevation, and focus, zoon and iris control. Two time slots
      are needed for each "function," one for each of its directions. This would
      enable control to be via a simple shielded pair, and not (as is usual) an
      expensive multiple cable which may be as much as one inch in diameter or
      even greater. In this case, it is possible to dispense with the control
      cable by locking the multiplexer clock rate to the video sync. pulses, and
      inserting the control pulses into the video transmission line during video
      retrace periods.
PAR  Referring generally to FIGS. 1 and 2 most of the elements shown are
      standard integrated circuit units, although there are a few discrete
      components. The controlling switches on the dashboard are connected to
      inputs to two multiplexers M1 and M2, FIG. 1, which are controlled from
      the second of two counters C1 and C2, which latter are driven by the clock
      pulses which reach the transmitter on a clock line. The result is that the
      multiplexers' output lead has a logical 1 in each time slot for a switch
      which is "on" and a logical 0 for each switch which is "off". These
      "pulse" or "no-pulse" conditions reach the data line via the various NAND
      gates (e.g., G1) NOR gates (e.g., G2) and Transmission gates (e.g., G3).
PAR  Any returned signals from the controlled devices enter the transmitter over
      the data line, and are "demultiplexed" by the demultiplexer DM, which has
      16 return data outputs. The "carry out" lead from the counter C2 is used
      to reset the apparatus at the transmitter to its state appropriate to the
      next TDM cycle. It also switches the Monostable circuit Mono to its 1
      state in which it remains for its defined time. While in this state it
      disables the various gates to introduce an inter-cycle "dead" period.
PAR  Referring more specifically to FIG. 1, a clock pulse generator (not shown)
      supplies clock-pulses to transmitter 10 along clock line 12. The pulses
      drive a counter 14 (C1) which in effect acts as a pulse divider for a
      second counter 16 (C2), the latter controlling a multiplexer 18 (M1). Thus
      M1 steps through its cycle in which it successively connects its inputs to
      common output 18', whereafter it reverts to a "zero" state, and a second
      multiplexer 19 (M2) then steps through its cycle.
PAR  In the companion receiver 20 of FIG. 2, which is associated with one of the
      controlled devices, there are two counters whose outputs are so connected
      to the data line that receiver 20 only responds to pulses in its own time
      slot.
PAR  The counters of the receivers are of the so-called programmable type, so
      that each receiver's counters can be appropriately set for its time slot
      (or time slots). The counters of each receiver are arranged as "up-down"
      counters, that is one counts up to "all ones" from its setting, while the
      other counts down to "all zeroes," both being programmed by the same
      binary input.
PAR  In most of the applications of the system described herein it is important
      that the system should operate reliably and with integrity in an
      environment of high electrical noise as described below. Accordingly, a
      number of features are embodied in the system. For example, the ribbon
      conductors referred to above can be provided with grounded tracks between
      the signal lines thus reducing induced interference. A choice of quiescent
      voltage on the data and signal lines is made which not only identifies the
      data period, but which also allows a reset condition to arise in the
      presence of noise spikes of both positive and negative going polarities.
      The system allows a clock cycle to be identified as valid only if the
      exact number of required clock pulses are received. A persistence of
      change in control instruction is required before a response occurs, that
      is at least two validated commands must be received to initiate a change
      in state; and invalid data bursts are disregarded. A pause between data
      periods is provided which allows transients due to load switching to occur
      during the pause, i.e., not during the data periods, thus minimizing the
      effects of self generated switching transients.
PAR  Opposing polarities are used on the data and clock lines, i.e., a time slot
      is defined when the clock is high and a command signal is defined on the
      data line by a low signal. Thus positive-going noise during a high clock
      period negates the command "on" signal, but on its next repeat it is
      normally effective. If positive going noise occurs in a low clock period,
      it produces a false count, and thus no strobe pulse appears. This function
      follows from the configuration of the logical gates used. Negative-going
      noise in a high clock period produces low clock and data lines, which is
      the reset condition. In a similar manner, negative-going noise in a low
      clock period is a reset condition.
PAR  As previously alluded to, a pause can be introduced at the end of each
      multiplex cycle, in which power switching can occur, so that switching
      transients do not interfere with the active signalling cycle. It should be
      noted that such a pause also provides synchronization. It can be done by
      making the multiplex cycle part of a longer cycle, or by running the clock
      on a stop-start basis, with a fixed delay between successive starts.
PAR  In accordance with a feature of the present invention, each receiver is
      able to transmit on the same data line over which it receives signals from
      the control unit, either digital or analog signals. In the preferred
      embodiment described herein, this is effected by transmitting two clock
      pulses per time slot, one defining the period for a command signal from
      control station to receiver, and the other the period for sending the
      other way.
PAR  It should be noted that in a given embodiment of the system in accordance
      with the present invention in which the control path is limited to the use
      of but one wire, a self-clocking system could be used. Such techniques are
      generally well known in the art. For example, where the time slot embraces
      two clock pulses, one for a command signal and one for a return signal, a
      pulse generator in the receiver may be used, which would emit a pulse one
      clock interval later than the count at which the receiver examines the
      line for its control signal. This places the return signal correctly in
      the second half of the time slot, the main timing being effected by the
      counters of the receiver. The return pulses are detected by a
      demultiplexing receiver at the transmitter of the control point, and
      routed to lamps or other suitable indicators of what is being monitored.
      As for command signals, a permanent "on" state is signalled by repeating
      the pulse in each successive cycle. Cessation of the pulse allows the
      indicator to revert to its off state.
PAR  Although the "control" and "answer back" or return pulses are closely
      spaced, that is typically 100 microsecs apart, the controlled function
      need not be completed within this time for a correct reply. Thus if a
      function takes place in one second, the return pulses would not commence
      until one second after the control pulse train was detected. However, this
      is not a disadvantage as the control and answer channels are in effect
      independent.
PAR  Since the signal repetition rate of the system in accordance with the
      present invention is relatively high, and since analog switches can be
      used in the return signal path, it is possible to extend the basic concept
      of the present invention wherein the return signal consists of a
      continuous pulse stream for device "on" and no pulses for "off," and each
      pulse occupies the whole of a return signal period. Thus signal variables
      such as fuel level, oil temperature, or road speed, can be signalled by
      inserting in the appropriate return signal period either an analog signal
      subject to the limitation that such a waveform should not have frequency
      components higher than can be handled by the sampling rate, or,
      alternatively a digital data stream can be inserted in the appropriate
      return signal period.
PAR  Referring now more specifically to receiver 20 of FIG. 2, the counters C1,
      C2 are driven by the inputs P0, P1, P2, P3 derived by means (not shown)
      from the clock pulse input. In certain cases these counters could be
      driven by a single pulse input. As previously indicated, C1 counts upwards
      and C2 counts downwards. Their outputs to the controlling gates are chosen
      so that the gates only open at the receiver's assigned time slot in the
      cycle. Thus at this slot the Data Line is connected by way of a clocked
      gate G10 and a NOR gate G11 to a D-type flip-flop 22 which is also
      controlled by way of another NOR gate G12 which is only enabled at the
      receiver's slot by the counter C1. Hence if a logical 1 is received at
      this time, flip-flop 22 is set, and it controls the output of an RS
      flip-flop 24 by way of a further NOR gate G13. In the absence of a logical
      1 signal at the receiver's time slot the logic configuration shown, a
      second D-type flip-flop 26 resets the output RS flip-flop 24. It should be
      noted that the connections to RS flip-flop 24 by way of the two D-type
      flip-flops and the associated gates are such that a control signal must
      occur in at least two successive cycles to influence RS flip-flop 24.
PAR  When a signal, either a logical 1 or 0 input, or an amplitude-modulated
      pulse, has to be sent from a controlled point to the central station a
      pulse is received on the Data Return lead and is applied to the data line
      by way of another gate G14 which is opened at the receiver's time slot by
      way of gate G15. Accordingly, this configuration is clock- and counter-
      controlled so as to enable the return path thus provided in the second
      half of the multiplex slot.
PAR  At transmitter 10 of the central station of FIG. 1, the gate G16 is opened
      under counter and clock control to pass the return data pulse which goes
      to the demultiplexer DM, which routes it to the appropriate one of its
      sixteen outputs.
PAR  It is to be understood that the foregoing description of specific
      embodiments of this invention is made by way of example only and is not to
      be considered as limiting its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical control system for controlling a number of devices from a
      central point, including:
PA1  transmitting means at said central point coupled over a single signal line
      to a plurality of controlled points, wherein each of said devices is
      allocated a time position in a repetitive predetermined cycle of time
      positions at which a control signal provided by said transmitting means
      respectively controls each device;
PA1  a plurality of receivers respectively disposed at said devices wherein each
      receiver is responsive only to signals at its time position in the
      repetitive cycle so that when one of said receivers detects control
      signals at its time position those signals are coupled to the device to be
      controlled, and wherein a continuous stream of control signals is provided
      by said transmitting means during the corresponding time position of the
      device to maintain a controlled device in a given one of two states;
PA1  wherein return data signals from the controlled devices are coupled to said
      central point over said single signal line and wherein each time position
      includes first and second portions, said first portion manifesting said
      control signals and said second portion manifesting said return data
      signals; and,
PA1  including a common clock pulse generator the output of which controls said
      transmitting means and all of said receivers, the output thereof being
      distributed by way of a common clock line extending to said transmitting
      means and to all of said receivers.
NUM  2.
PAR  2. A system according to claim 1, in which said receivers are essentially
      identical and control signals are detected at each receiver by logic gates
      controlled by programmable up-down counters which are programmed to
      provide output pulses to control said gates at the time position
      respectively allocated to device corresponding to each receiver.
NUM  3.
PAR  3. The system according to claim 1, wherein the connections from each said
      receiver to its controlled device include coding means to identify each
      receiver with its corresponding device.
NUM  4.
PAR  4. The system as claimed in claim 1 in which pulses of opposite polarities
      are used for said signal line and for said clock line.
NUM  5.
PAR  5. The system according to claim 1, in which a control signal is detected
      as valid only if it occurs at the same time position in at least two
      successive cycles.
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PAL  An addressable signalling apparatus wherein a shift register may be
      sequentially advanced through units of address by inputs to an OR gate.
      Such inputs may come from programmable connectors connected to selected
      input terminals defining a unique address or from one designated connector
      which is connected as an input to each of said OR gates defining an
      address unit substitute. The OR gates are connected in turn to a shift
      register which, when it sequentially shifts through programmed units of
      address, activates an output means. Once the output is enabled, a
      multiplicity of output messages may be transmitted through the apparatus.
PAL  The apparatus includes a logic circuit for resetting the shift means in the
      event an input not corresponding either to the programmed units of address
      or the common designated substitute address unit is received.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  The invention relates to addressable signalling apparatus, and more
      particularly to an addressable signalling apparatus which may be addressed
      by a unique address or by an address in which a substitute common unit of
      address may be used to call a group of such addressable signalling
      apparatus.
PAR  2. Prior Art
PAR  Addressable signalling devices have been known for many years. For example,
      the modern telephone is a common example of such a signalling apparatus.
PAR  However, in many instances it is desirable to call a group of similar
      signalling devices. Previously, this could be achieved mainly by voice
      signalling.
PAR  An object of the invention is to provide a digital signalling apparatus
      which responds either to a unique address which is transmitted to the
      apparatus in sequence, or to a common substitute unit of address which
      permits group calling. A further feature of the invention is to provide
      such an apparatus which will reset itself if a wrong address unit is
      received in the sequence of address units being transmitted to the
      apparatus. Still a further object is to provide a digital signalling
      apparatus in which an address unit may form a portion of an output signal
      once the apparatus has been enabled by receipt of its unique address or an
      address substitute.
PAC  SUMMARY
PAR  The above objects are achieved with an addressable signalling apparatus
      which responds to either a unique digital address or to a digital address
      wherein address units have been substituted by a common unit of address
      which similarly enables the signalling apparatus for response. The
      apparatus has a plurality of input lines, each corresponding to one unit
      of address of a set of address units. Each of a number of programmable
      address connectors is connected to an input line terminal with such
      connections defining a selected address.
PAR  Each of a series of OR gates has a first input connected to different ones
      of said address connectors, while a second input of all OR gates is
      connected to a designated one of the address connectors. In this manner,
      each OR gate may be enabled by either an input from a unit of address as
      determined by the connection of said address connectors or by an input
      from the common unit of address in said designated address connector. The
      designated address connector is termed a "master call" address since it is
      common to all OR gates and enables each gate of every signalling apparatus
      with the same designated address connector.
PAR  An output signalling means, such as a lamp, series of lamps or audio alarm,
      may provide an appropriate message upon receipt of the apparatus of an
      address plus the message signals. Moreover, once an address or address
      substitute enables the output means, any unit of address may be
      transmitted through the apparatus as a portion of the output signal. A
      multi-cell shift means is connected to the output means and to the input
      lines for sequentially shifting through cells corresponding to sequential
      units of said programmable address upon receipt of a signal from an
      address connector. Upon receipt of each unit of address the shift means
      shifts to next cell. After receipt of a complete address, an output
      enabling cell of the shift means sends an enabling signal to the connected
      output means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified schematic of the apparatus.
PAR  FIG. 2 is a complete schematic of the apparatus of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, a series of input line terminals numbered 1, 2,
      3, 4, 5, 6, 7, 8, 9, 0, *, #, A, B, C, D is seen in the figure. Each line
      terminal corresponds to one digital address unit of a set of address
      units, similar to the address units in a telephone number code. Each of
      the incoming line terminals includes a pin which may be engaged by a
      connector.
PAR  A series of address connectors 11, 12, 13, 14 is each connected to one of
      the pin terminals of the input lines. The last pin connector, 14, in FIG.
      1 will be seen to be a common address unit, as explained below, whereas
      the connectors 11, 12, 13 define a unique address for the apparatus shown
      in FIG. 1, when such connectors are connected to the numbered or lettered
      terminals. For example, if connectors 11, 12 and 13 were connected to the
      pin terminals 2, 4 and 6, the signalling apparatus would respond to
      sequentially incoming signals on terminals 2, 4 and 6, thereby defining a
      unique address for the apparatus. Connector 14 is connected to a common
      unit of address which may be any, for example, the # terminal.
PAR  It will be seen that each of the programmable address connectors is an
      input for one of the OR gates 21, 22, 23. The common address connector 14
      is connected as a second input to all the OR gates 21, 22, 23 and in this
      sense is a common address unit. The common input connector 14 is said to
      be a designated substitute address connector because it is connected to a
      terminal of an address unit which is designated to be common to all the OR
      gates.
PAR  It will be seen that the OR gates 21, 22 and 23 are connected to the shift
      means 35 indirectly through AND gates 31, 32 and 33. The shift means 35 is
      connected to output means 37 through line 71 and to the input lines and
      terminals through the line 34. Shift register 35 includes a clock means 40
      connected to a first logic means principally comprising a first AND gate
      41, and a flip-flop 43. Flip-flop 43 receives inputs from AND gates 31, 32
      and 33. AND gate 41 receives inputs from a last stepping cell 45 of shift
      means 35 through line 36, as well as an input from flip-flop 43 and an
      input from the input terminals along line 34.
PAR  It will be realized that AND gate 41 will produce an output pulse upon
      receipt of information that any digit of address has been received and a
      unique or substitute address unit has been received by one of the OR gates
      21, 22, 23 and that the shift means 35 has not advanced to its last
      stepping cell 45. The output of AND gate 41 will clock the shift means 35
      to its next cell thereby producing a digital "high" transmitted to the
      next AND gate, one of gates 31, 32, 33, thereby enabling it upon receipt
      of its programmed address unit or a designated unit of address. Upon such
      receipt, AND gate 41 will again produce an output pulse until shift means
      35 has reached its last stepping cell 45, at which time the pulse
      transmitted from cell 45 to AND gate 41 holds it in an off state thereby
      denying shift means 35 of further clocking pulses.
PAR  At the same time, as long as shift means 35 is held at its last stepping
      cell 45 in an output condition, the output means 35 is enabled through
      line 71. Cell 45 is thus an output means enabler. Once output means 37 has
      been enabled, any signal through an input terminal may be used as part of
      an output message to the called units.
PAR  The shift means 35 is reset by a reset means 51 which is connected to OR
      gate 44 by means of line 52. OR gate 44 receives an enabling pulse
      utilizing either line 53 or line 54, the latter being connected to a
      timing circuit 55 which in turn is connected to sense the presence of any
      digit in line 34. The timing circuit is reset each time an incoming pulse
      is sensed by the circuit. Thus, once the shift means 35 is being held with
      its output at the last stepping cell 45, the timing means 55 may reset the
      shift register to the first input cell if the interval between incoming
      digits to the input terminals exceeds a preselected period of time,
      normally 3 or 4 seconds. Thus, to keep the timing means 55 from resetting
      the shift means 35 some input digit should be transmitted through the
      input terminals to the apparatus.
PAR  OR gate 44 will also send a pulse to the reset means 51 for shift means 35
      if it receives an input along line 53. Such an input may be received from
      the second AND gate 42. AND gate 42 receives inputs along lines 56, 57.
      The input along line 56 is the "any digit" input received along line 34
      whenever there is an input signal to the input terminals of the apparatus.
      A second input is received along line 57 from flip-flop 43 at the Q output
      terminal 58 thereof. The output terminal 58 is activated with a digital
      "low" whenever the D terminal 59 of flip-flop 43 receives an input from
      one of the AND gates 31, 32, 33. Thus, no output pulse will be produced in
      AND gate 42 when any of the unique programmed address digits is received
      or a substitute. However, the AND gate 42 will be enabled if a wrong digit
      is activated since the wrong digit will cause a pulse in line 34 which
      will cause clocking of flip-flop 43 at terminal 60, which will in turn
      produce a digital "high" at terminal 58 and line 57, which, together with
      a similar "high" along line 56, will enable the AND gate 42. The pulse
      generated by AND gate 42 is relayed by the OR gate 44 to the reset means
      51 and stepping means 35 is returned to its initial input state. The logic
      circuit described for enabling the resetting means 51 through AND gate 42
      is known as the wrong digit reject feature of the present apparatus.
PAR  FIG. 2 shows a more detailed view of the present invention. Input terminals
      are numbered 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, *, #, A, B, C, D. the input
      terminals receive digital address information from signal selectors or
      decoders which demodulate encoded signal information which may arrive by
      radio or wire line. An example of one type of selector is described in
      U.S. Pat. No. 3,128,349.
PAR  It will be seen that the input terminals are connected both to the AND
      gates 101-116 and to OR gates 61, 62, 63, 64 and ultimately to OR gate 68,
      the output of which is taken along line 34 and designates receipt of any
      digit. The AND gates 101-116 are a part of an output means 37 shown in
      FIG. 1. These AND gates are enabled by a signal along line 71 derived from
      the shift means 35, when it is shifted to its last stepping cell 45. The
      output means 37 of FIG. 1 will be described in more detail below.
PAR  Connectors 11, 12, 13, 13a and 14 are seen to be adapted for connection to
      any of the input terminals 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, *, #, A, B, C, D.
      Each of the connectors 11, 12, 13, 13a is connected to an input of a
      respective OR gate 21, 22, 23, 24. A second input for each of these OR
      gates is derived from a connector 14 which is connected to a terminal 17,
      which in turn is connected to one of the input terminals, in FIG. 2 the #
      terminal. Terminal 17 is known as the "master call" terminal since it will
      provide a substitute address to the unique addresses which are programmed
      by connection of connectors 11, 12, 13, 13a to selected ones of said input
      terminals.
PAR  Either selected address units arriving at the input terminals which are
      connected to the connectors 11, 12, 13, 13a or a master call input, #,
      will activate respective OR gates 21-24 which in turn transmit signals to
      the connected AND gates 31, 32, 33, 33a. However, a signal will not be
      passed through an AND gate until a second input is derived by each AND
      gate from the stepping means 35. Stepping means 35 activates an AND gate
      when a respective stepping cell of the stepping means is in a "high"
      state. When this occurs, one of AND gates 31, 32, 33, 33a transmits a
      signal to D terminal 59 of flip-flop 43. Simultaneously, a signal derived
      from any of the input terminals will be transmitted along line 34 and be
      gated through the pulse shaping gates 73a, 73b to clock terminal 60 of
      flip-flop 43 thereby producing an output at the Q terminal 58 of flip-flop
      43. This output is taken directly to the reset enabling AND gate 42, which
      also receives an input from the previously mentioned line 34. AND gate 42
      transmits a signal to OR gate 44 which is connected to the reset terminal
      51 of the stepping means 35. Thus, the AND gate 42 forms a logic means
      which produces an output reset pulse when any digit enters the apparatus,
      but is not an address unit or a substitute unit, i.e. a wrong address
      digit. As explained below once the stepping means 35 reaches its last
      cell, further pulses will not produce a reset condition, except as
      explained in the next paragraph and thereafter.
PAR  As previously explained with reference to FIG. 1, the OR gate 44 is also
      responsive to a timing means 55a, 55b, which form a RC timing means which
      generates a pulse in a preselected period of time if the capacitors 55b
      are not recharged by receipt of another pulse from line 34. In other
      words, if the interval between incoming pulses on line 34 is too long, the
      RC network 55a, 55b will generate a pulse which will be transmitted
      through the OR gate 44 to the resetting means 51 of shift means 35 thereby
      causing the shift means to recycle to its lowest or initial state awaiting
      an address unit at connector 11.
PAR  It will be seen that any digit clocks flip-flop 43 into AND gate 42 but AND
      gate 42 only produces a pulse to the OR gate 44 when any digit other than
      a programmed or substitute address digit is received except when the shift
      means 35 has stepped to the last stepping cell 45. Once the shift means 35
      has been clocked to its last stepping cell 45, a signal is transmitted to
      the AND gate 41 which has also derived inputs from any address connector
      11-14 and from the "any digit" line 34. However, the signal received from
      the last stepping cell 45 is of the opposite polarity to the remaining
      signals received at the AND gate 41 thereby holding off further clocking
      of the shift means 35. The AND gate 41 may be referred to as a clocking
      hold-off means for the shift means 35.
PAR  At this point, the AND gates 101-116 have been enabled by a signal in the
      last stepping cell 45, as previously described, and further inputs for AND
      gates 101-116 may be received through the input terminals 1, 2, . . . C,
      D. If no further inputs are received prior to the preselected time
      mentioned previously, the timing means 55a, 55b will cause the shift means
      to reset. However, inputs along the aforementioned input terminals may now
      pass through the respectively connected AND gates 101-116 to respectively
      connected output drivers 201-216.
PAR  A first group of input terminals is connected through respective AND gates
      to the "set" terminal of one of the latch flip-flops 117-123. In FIG. 2,
      the odd numbered incoming terminals plus terminals A, C are connected to
      respective set terminals, while even numbered input terminals plus
      terminals B, D, forming a second terminal group, are connected to the
      "reset" terminals of the same flip-flops. It will be seen that the
      flip-flops 117-123 are connected to the special latch output drivers
      217-223. These outputs remain driven as long as the respectively connected
      flip-flops remain in the same output state. Any impulse to the reset
      terminal of a flip-flop will cause that flip-flop to change state thereby
      dropping the output latched condition from a respective output latch
      driver.
PAR  The flip-flops 117-123 may also change state by a signal derived from the
      pulse shapers 38a, 38b connected to OR gate 39 which is in turn connected
      through connector 18 to either of the terminals 19, 20 or 25. If connector
      18 is connected to terminal 19 a clocking pulse will be delivered to each
      flip-flop whenever the # terminal is activated, thereby resetting all
      flip-flop latches 117-123. If connector 18 is connected to terminal 20
      only receipt of signals from selected input terminals, i.e. odd numbered
      terminals, will generate a signal at terminal 20 thereby clocking the
      flip-flops to a reset state. However, it will be recalled that the odd
      terminals also set the flip-flops. The signal through the shaping network
      38a, 38b will reset all flip-flops except the one which is presently being
      activated by a signal from a connected input terminal. Since this input
      signal at the set terminal will override the clocking signal in the one
      connected flip-flop, such that all flip-flops will be reset except the one
      connected to the odd numbered input terminal which is presently receiving
      an input signal. This occurs only when connector 18 is connected to
      terminal 20. If connector 18 is connected to ground terminal 25, latches
      117-123 may only be reset by the second or reset group of input terminals.
PAR  All output drivers 201-223 are shown to be transistors, but only the
      latched output drivers 217-223 remain on longer than the input pulse
      duration at input terminals 1, 2, 3 . . . C, D. The output drivers 201-223
      may be connected to any further output device such as a lamp, horn or the
      like. The AND gates 101-116, the flip-flop latches 117-123 and the output
      drivers 201-223 in FIG. 2 all form portions of the output means 37 of FIG.
      1.
CLMS
STM  I claim:
NUM  1.
PAR  1. An addressable signalling apparatus in a group of similar apparatus
      having a multiple unit address comprising,
PA1  a plurality of input terminals, each terminal corresponding to one address
      unit of a set of address units,
PA1  programmable address connectors, each address connector connected to one of
      said input terminals in a preselected address program,
PA1  a series of OR gates, having inputs and an output, each of said OR gates
      having as one input different ones of said address connectors representing
      unique units of address and all of said OR gates having a second input a
      designated one of said address connectors representing a substituted unit
      of address,
PA1  an output means for signalling,
PA1  a multi-cell shift means connected to said output means, to said OR gates
      and to said input terminals, for sequentially shifting through cells
      corresponding to sequential units of said programmable address upon
      receipt of a signal from an address connector, said shift means having an
      output means enabling cell connected for enabling said output means upon
      receipt of sequential units of address from said address connectors
      whereby all addressable signalling apparatus in said group having common
      units of address apart from said substituted unit of address may be
      signalled.
NUM  2.
PAR  2. The apparatus of claim 1 further defined by a reset means within said
      shift means, said reset means connected to a first logic means for
      enabling said reset means when a signal other than a signal in one of said
      address connectors is transmitted to the apparatus.
NUM  3.
PAR  3. The apparatus of claim 1 further including hold off circuit means
      connected to said multi-cell shift means and to the last address cell of
      said shift means for stopping shifting of said shift means when said last
      address cell is enabled.
NUM  4.
PAR  4. The apparatus of claim 2 further defined by a timing means connected to
      said reset means and to said input terminals, said timing means having
      circuit means for generating a reset pulse at a preselected time interval
      between pulses at said input terminals.
NUM  5.
PAR  5. The apparatus of claim 1 further defined by a plurality of latch means
      connected to said output means for holding at least a portion of said
      output means in an output state.
NUM  6.
PAR  6. The apparatus of claim 5 wherein each of said latch means includes latch
      setting means connected to a first group of selected input terminals.
NUM  7.
PAR  7. The apparatus of claim 5 wherein each of said latch means includes latch
      resetting means connected to a second group of selected input terminals.
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ABST
PAL  A receiver of ultrasonic pulses having a known pulse width and at a known
      spacing includes a gate which is normally conditioned to accept the
      ultrasonic pulses. When the first pulse is received, however, the gate is
      opened thereafter only when subsequent pulses should be present and is
      closed when no pulses are expected. Such an arrangement prevents multipath
      signals being interpreted by the receiver as information.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ultrasonic remote control systems are utilized in a variety of applications
      including remote control of television sets and remote control of
      underwater devices. It is common in television set remote control systems
      to utilize a remote transmitter which emits a different frequency for each
      function to be remotely controlled in the television set. The television
      set remote control receiving device has a number of frequency selective
      input circuits corresponding to the number of different frequencies. As a
      practical matter, the number of frequencies and, therefore, the number of
      functions which can be performed is limited to about a dozen whereas it
      may be desirable to remotely control many more functions.
PAR  A digital ultrasonic system is known for controlling underwater apparatus
      as described in U.S. Pat. No. 3,745,530, issued July 10, 1973, to Richard
      Jan Carman. In such a digital system, the transmitter transmits serially a
      series of pulses of one or another frequency. The underwater device may
      also be suitable where air is the transmission medium for the ultrasonic
      pressure wave. However, as recognized in that patent, a so-called
      "multipath" problem exists in either medium. Thus, after a data signal is
      transmitted, it may bounce off various objects and finally arrive at the
      receiver long after the data signal arrives via a direct path thus
      confusing the receiving equipment. The solution set forth in U.S. Pat. No.
      3,745,530 is to add a filler pulse at a third frequency between adjacent
      data pulses to allow the multipath signal to die out before the next data
      pulse is transmitted. The additional filler pulses may require additional,
      and therefore costly circuitry to generate at the transmitter and to
      filter out at the receiver and may themselves create multipath problems.
PAC  SUMMARY OF THE INVENTION
PAR  An ultrasonic receiver is receptive of an applied pressure wave in the form
      of spaced-apart signal bursts of predetermined duration and separation,
      each burst being of one of two frequencies. The receiver includes an input
      transducer means producing an electrical signal corresponding to the
      pressure wave and a normally conductive gate means coupled to the
      transducer means for passing the electrical signal. The gate means has a
      control terminal responsive to a blocking signal for blocking passage of
      the electrical signal. The receiver additionally includes a means
      responsive to at least a minimum duration of a burst of at least one of
      the two frequencies for producing the blocking signal during the space
      between bursts and for producing a digital pulse corresponding to the
      presence of each pulse of at least one of the two frequencies.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of a preferred embodiment of the present
      invention;
PAR  FIG. 2 is a waveform useful in understanding the embodiment of FIG. 1;
PAR  FIG. 3 is a transmitter of the type which produces the waveform of FIG. 2;
PAR  FIG. 4 is a set of waveforms useful in understanding the transmitter of
      FIG. 3;
PAR  FIG. 5 is one form of logic gate useful in the embodiment of FIG. 1; and
PAR  FIG. 6 is an alternate form of logic gate useful in the embodiment of FIG.
      1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, a transducer 10 is adapted to receive ultrasonic
      acoustic signals in the form of spaced apart bursts of one or another
      frequency, the spacing between bursts being a third frequency, which, in a
      preferred embodiment, is zero. Such signals are produced by a transmitting
      device to be described shortly.
PAR  The incoming signal to transducer 10 is illustrated in FIG. 2. It comprises
      a plurality of spaced apart bursts of a sine wave signal 11, eight being
      shown. The bursts are at a uniform spacing and are of uniform width, each
      burst being of one or another frequency. In a preferred embodiment, the
      bursts are at a 12 millisecond (ms) spacing and are each 3 ms in duration.
      The spacing between successive series of bursts is 200 ms. Each burst is
      comprised of 46.5 killohertz (KHz) sine waves representing a binary 0 or
      39.2 KHz representing a binary 1. The region between bursts is, in a
      preferred embodiment, at zero frequency, but may, under some
      circumstances, be some third frequency.
PAR  Returning to FIG. 1, the electrical signal produced by transducer 10 is
      amplified by amplifier 12 and clipped by clipper 14 to eliminate any
      amplitude modulation. The output terminal of clipper 14 is coupled to a
      gate 16. Incoming signals to gate 16 pass through the gate under control
      of a signal applied to the control (C) terminal of gate 16, the polarity
      of the control signal being determinative of whether or not a signal
      applied to the gate passes through the gate. Gate 16 is normally enabled.
PAR  The output terminal of gate 16 is coupled to the input terminal of a 0
      detector 18, and a 1 detector 20, respectively. The detectors are circuit
      devices which are responsive to a signal of a specific frequency having a
      duration greater than a specified minimum time for producing a digital
      pulse so long as the specific frequency is present at transducer 10. As
      mentioned in connection with the waveform of FIG. 2, the 0 detector 18 is
      set to detect a 46.5 KHz signal, while the 1 detector is set to detect a
      39.2 KHz signal. Signetics Model 567 demodulators may be utilized for the
      0 and 1 detectors, capacitor-resistor combinations being added to the
      demodulators to make them respond to a given frequency. The minimum number
      of cycles of a given frequency required to be received by a demodulator
      before it produces an output is also determined by the addition of circuit
      components to the demodulator. In the preferred embodiment, each
      demodulator is set to require approximately 30 cycles of the frequency to
      which it is tuned before producing an output signal. When the 0 detector
      18 or the 1 detector 20 detects approximately 30 cycles of its selected
      frequency, the resulting signal passes through OR gate 22 to which the
      output terminals of each of the detectors is coupled. The output terminal
      of OR gate 22 is coupled to shaper 24 and to gate logic 26 to be described
      shortly. The output terminal of gate logic 26 is coupled to the C terminal
      of gate 16. Shaper 24 shapes the signals received from OR gate 22 to
      produce digital clock pulses of desired magnitude and duration. The output
      terminal of shaper 24 (clock), as well as the output terminals of
      detectors 18 and 20, are coupled to a data utilization device (DUD) 28.
PAR  DUD 28 need be coupled to only one of the two detectors 18, 20, which when
      combined with the clock pulses, produces digitally the signal stream
      received by transducer 10. Thus, for example, if only the 0 detector 18 is
      coupled to DUD 28, then when a clock pulse is received by DUD 20, the
      signal being received from the 0 detector will be either a logic 0 or a 1
      depending on whether the 0 detector 18 is producing a pulse. Naturally,
      the same principle applies if only the 1 detector is coupled to DUD 28.
      The digital signals may be processed within DUD 28 to produce any desired
      result. With eight pulses in a pulse or burst series of the waveform in
      FIG. 2, 256 (2.sup.8 = 256) unique commands may be generated. However, for
      practical reasons, it is desirable not to use all 0 burst or all 1 burst
      information.
PAR  A typical example of a DUD 28 is a remotely controlled television set
      wherein the various combinations of pulses could direct the set to advance
      or diminish sound volume, to move to a given channel, to change tint, hue,
      etcetera.
PAR  The waveform of FIG. 2 is produced by a transmitter 110 of FIG. 3 to which
      reference should now be made. A 200-ms oscillator 120 is adapted to
      produce the signal illustrated in FIG. 4 waveform A (hereinafter FIG. 4A)
      whenever power is applied to it. The 200-ms determines the spacing between
      groups of pulses or bursts as illustrated in FIG. 2. The output terminal
      of oscillator 120 is coupled to a one-shot 122. The leading positive edge
      of the signal from oscillator 120 triggers one-shot 122 to produce a
      momentary pulse. The output terminal of one-shot 122 is coupled to the set
      (S) input of flip-flop 124. Flip-flop 124 is set by the pulse from
      one-shot 122. The Q output terminal of flip-flop 124 is coupled to 12-ms
      oscillator 126, which produces the waveform illustrated in FIG. 4B, so
      long as flip-flop 124 is set. The timing of oscillator 126 determines the
      pulse repetition rate of the FIG. 2 waveform.
PAR  The output terminal of oscillator 126 is coupled to a 3-ms one-shot 128,
      and to the advance (A) terminal of a counter 130. One-shot 128 responds to
      each positive going portion of the waveform from oscillator 126 to produce
      a 3-ms pulse which determines the width of the bursts in the waveform of
      FIG. 2. Counter 130 advances by one each time a positive going pulse is
      received at the A terminal. The output terminal of 3 ms one-shot 128 is
      coupled to the input terminal of a 46.5 KHz oscillator 132. The output
      terminal of oscillator 132 is coupled via a power amplifier 134 to an
      acoustic transducer 136.
PAR  Counter 130 has a plurality of output terminals corresponding to each count
      of the counter, respective outputs being labelled 0, 1, 2, 3, . . . 9. The
      terminals 0 through 8 are connected to a switch matrix 140. Switch matrix
      140 may, for example, comprise a plurality of two-position switches, each
      connected to a different one of counter 130 terminals. The various outputs
      of the switches may be coupled to control the operation of "switch" 142.
      Switch 142, which in a practical embodiment would most likely be a
      transistor, when closed, couples a capacitor 144 into the circuit of
      oscillator 132 to alter its frequency of oscillation. By properly choosing
      capacitor 144, oscillator 132 may be altered to produce a frequency of
      39.2 KHz, the frequency representing a binary 1. FIG. 4E illustrates the
      setting of switch 142 (positive pulse = switch closed, negative pulse =
      switch open) when it is desired to transmit the binary pattern 01001011,
      an arbitrary pattern chosen for illustrative purposes only. FIG. 4E
      illustrates the output of transducer 136, a positive pulse representing a
      burst of sine waves at 46.5 KHz (binary 0), a negative pulse representing
      a burst at a frequency of 39.2 KHz (binary 1).
PAR  Switch matrix 140 contains an additional switch 140A, which is closed when
      it is desired to transmit a message. Voltage V from a source of potential
      (not shown) is coupled through switch 140A to set flip-flop 150 at its S
      terminal. Flip-flop 150 has bias voltage V applied to it at all times.
      When flip-flop 150 is set, it activates transistor 152, which in turn
      applies voltage V to all the other circuits illustrated in FIG. 3
      including oscillator 120, which, upon energization, produces the positive
      going pulse 154, FIG. 4A. The 9th position of counter 130 is coupled to
      the reset (R) terminal of flip-flop 124, the R terminal of flip-flop 150,
      and the (R) terminal of counter 130. Operation of FIG. 3 is as follows:
      The various switches of switch matrix 140 are set to produce the desired
      binary pattern. Then switch 140A is momentarily closed. (Alternately a
      number of the switches of switch matrix 140 may be push-button switches
      and each may include an additional contact coupled between source of
      potential V and the S terminal of flip-flop 150. Flip-flop 150 becomes set
      closing switch 152 which causes power to be supplied to oscillator 120 and
      to all the other circuits. The leading edge of the positive going portion
      of the waveform from oscillator 120 triggers one-shot 122, which in turn,
      produces a momentary pulse to set flip-flop 124. The resulting signal at
      the Q terminal of flip-flop 124 activates oscillator 126, which produces
      6-ms positive going pulses every 12-ms. The leading edge of the first
      pulse advances counter 130 from a count of 0 to a count of 1 and triggers
      one-shot 128, which produces a 3-ms pulse. The 3-ms pulse activates the
      46.5 KHz oscillator 132, which produces an acoustic wave at transducer 136
      for 3-ms. As illustrated in FIG. 4E, at reference numeral 156, switch 142
      is open so there is no modification of the frequency of oscillator 132.
PAR  At the termination of the 3-ms signal from one-shot 128, oscillator 132
      ceases its output until the next one-shot output pulse is produced 9-ms
      later. This 9-ms "dead" time permits any multi-path signal present in the
      environment in which the transmitter and receiver are located to die out
      before the next ultrasonic burst is transmitted.
PAR  The next positive going pulse from oscillator 126 advances the counter to a
      count of 2 and also triggers one-shot 128. As illustrated in FIG. 4E,
      switch 142 is closed when the counter is at a count of 2 so that
      transducer 126 will be at the 39.2 KHz, which represents a binary 1. As
      subsequent positive pulses are produced by oscillator 126, the counter
      will continue to advance and the signal from one-shot 128 will cause
      oscillator 132 to produce a signal at the relatively higher or relatively
      lower frequency depending on the setting of switch 142. The pulses just
      described continue until eight pulses have been generated by oscillator
      126 and one-shot 128. The leading edge of the 9th pulse from oscillator
      126 advances counter 130 to a count of 9. The 9th count causes the
      immediate resetting of flip-flop 124 and of counter 130. When flip-flop
      124 is reset, the pulse from the oscillator immediately ceases before
      one-shot 128 is again triggered. Therefore, oscillator 132 is not
      triggered a ninth time.
PAR  If, when the count of 9 occurs, switch 140A is still depressed, the
      resulting input pulse to the S terminal of flip-flop 150 takes precedence
      over the pulse to the R terminal so that flip-flop 150 stays set supplying
      power to the various other circuits of transmitter 110, including power to
      oscillator 120. In such a case, the eight pulses will be produced again,
      beginning 200-ms after the first of the preceeding set of pulses. This may
      be particularly desirable, if, for example, it is desired to lower the
      volume of a TV set. It will be lowered incrementally each time eight
      pulses are received. Whenever a count of 9 occurs in counter 130 and
      push-button 140A is not depressed, flip-flop 150 will be reset removing
      power from all circuits and terminating the transmission of further
      ultrasonic waves until switch 140 is again depressed. The timing of the
      200-ms oscillator is somewhat arbitrary. The dead time between the eighth
      pulse and the first pulse of the next group must be sufficiently long to
      allow multipath signals from the eighth pulse to die down. But this could
      occur in approximately 9-ms or less (the dead time between each of the
      other pulses). The dead time should be somewhat longer than 9-ms since, as
      will be described, the presence of the first pulse of the eight must be
      accurately established. Also, the time must be sufficiently long to permit
      DUD 28 (FIG. 1) to act upon the 8 bits it has already received.
PAR  In FIG. 5, one version of the Gate Logic 26 is illustrated. OR gate 22
      (previously shown in FIG. 1) is coupled to 120-ms one-shot 200 of gate
      logic 26. The output terminal of one-shot 200 is coupled to the S (set)
      terminal of flip-flop 202 and one of the inputs to a NAND gate 204. The
      output terminal of flip-flop 202 is coupled to a 12-ms oscillator 206. The
      output terminal of the 12-ms oscillator 206 is coupled to the A (advance)
      terminal of counter 208, and to a 3-ms one-shot 210. The 12-ms and 3-ms
      periods are chosen to correspond to the periods of circuits 120 and 128,
      respectively (illustrated in FIG. 3).
PAR  The output terminal of one-shot 210 is coupled to the second input terminal
      of NAND gate 204. The output of the NAND gate 204 is coupled to the C
      (control) input of gate 16 (from FIG. 1). The count of 9 output from
      counter 208 is coupled to the R (reset) terminal of flip-flop 202 and the
      R (reset) terminal of itself (counter 208).
PAR  In operation, when the first pulse is received at either the 0 or 1
      detectors, 18 and 20 respectively, the output state of OR gate 22 changes
      and the 120-ms one-shot 200 is triggered. The 120-ms period is somewhat
      arbitrary. It need only be greater than 96-ms (8 pulses .times.
      12-ms/pulse = 96-ms) and shorter than the period between transmitted words
      -- 200-ms as determined by oscillator 110 (shown in FIG. 3).
PAR  The leading edge of the pulse from one-shot 200 sets flip-flop 202
      (actually a one-shot or differentiator may be interposed between one-shot
      200 and the flip-flop so that only a momentary pulse is applied to set the
      flip-flop). The 120-ms pulse from one-shot 200 acts as an enabling signal
      to NAND gate 204. When flip-flop 202 is set, oscillator 206 immediately
      begins to produce a square wave signal having a period of 12-ms
      (illustrated in FIG. 4B). The leading edge of this signal triggers
      one-shot 210 to produce a 3-ms pulse which is fed to the second input of
      the NAND gate 204. With the 120-ms gate 200 signal applied to one input of
      the NAND gate 204, and 3-ms signal from one-shot 210 controls the level at
      the output of NAND gate 204 and causes gate 16 to pass the incoming signal
      during the period when the 3-ms pulse is present. Actually, the time
      between the triggering of one-shot 200, which enables NAND gate 204 and
      the triggering of O.S. 210, which supplies the second input for NAND gate
      204 is negligable. Therefore, the pulse produced by one-shot 210 enables
      gate 16 to let the first pulse received from transmitter 110 through the 0
      or 1 detector and into the DUD 208.
PAR  When the period of one-shot 210 ends, gate 16 is disabled during the time
      that multipath signals from transmitter 110 are in the environment and,
      therefore, present at the input of the 0 and 1 detectors. It should be
      noted that the leading edge of the gate enabling pulse from 12-ms
      oscillator 206 and 3-ms one-shot 210 do not coincide with the leading edge
      of the 3-ms signal received from transmitter 110, but rather are delayed
      by the amount of the delay in the 0 or 1 detector. For a delay of 30
      cycles, as in the preferred embodiment, the delay amounts to about 0.7-ms.
      That is, for the second through the eighth ultrasonic pulses, gate 16 is
      enabled about 0.7-ms after each pulse is received at transducer 10 (FIG.
      1).
PAR  There is a further delay of 0.7-ms for each pulse reaching DUD 28 (FIG. 1)
      due to the delay in the 0 and 1 detectors 18, 20. Thus, from the time a
      given ultrasonic pulse reaches transducer 10 until that pulse has reached
      DUD 28, 1.4-ms has elapsed. This is, of course, less than the 3-ms pulse
      width so the system still operates satisfactorily. Nevertheless, since it
      is not possible to make the two 12-ms oscillators (126, FIG. 3, and 206,
      FIG. 5) operate in synchronism, it is desirable to have oscillator 206
      operate at a slightly higher frequency such as, for example, at a rate
      such that the period is 11.9-ms. Thus, gate 16 will be enabled earlier for
      each succeeding pulse but not earlier than ultrasonic pulses are expected
      at gate 16. Subsequent pulses from oscillator 206 advance the counter 208
      by one and trigger one-shot 210 to let the second through the eighth
      pulses through gate 16 while preventing intermediate multipath signals
      from getting through the gate. When counter 208 steps to a count of 9, a
      pulse is generated to reset flip-flop 202 and to reset counter 208. As
      described in connection with the transmitter 210, the reset action occurs
      so fast that one-shot 210 does not trigger a ninth time.
PAR  At the time the ninth pulse occurs, the blocking pulse from one-shot 200 is
      still present at OR gate 204. Therefore, gate 16 is disabled until all
      multipath signals from transmitter 110 die down. Then, the pulse from
      one-shot 200 terminates, and the receiver of FIG. 1 is again conditioned
      to accept ultrasonic pulses. The gate logic circuit of FIG. 5 provides
      satisfactory operation so long as 12-ms oscillator 206 is reasonably
      synchronized with 12-ms oscillator 126 (FIG. 3) so that gate 16 opens when
      pulses from transmitter 110 are present. If such synchronism is not
      economically feasible, then the alternate logic of FIG. 6 is preferable.
PAR  Referring to FIG. 6, where OR gate 22 and gate 16 from FIG. 1 are again
      reproduced, the output terminal of OR gate 22 is coupled to a 2.3-ms delay
      230 of logic gate 26. The output terminal of delay 230 is coupled to the A
      terminal of counter 232, and to one-shot 234. The output terminal of
      one-shot 234 is coupled to one input terminal of NAND gate 236. The output
      terminal for the eighth step of counter 232 is coupled to the reset
      terminal of counter 232, and to the input terminal of a 20-ms one-shot
      240, the output terminal of which is coupled to the second input terminal
      of NAND gate 236. The output terminal of NAND gate 236 is coupled to the C
      terminal of gate 16.
PAR  In the operation of the circuit of FIG. 6, the initial conditions are such
      that gate 16 is enabled. Therefore, when the first ultrasonic pulse is
      received by the 0 and 1 detector 18 or 20, respectively, of FIG. 1, the
      resulting pulse 0.7-ms (30 cycles) later from one of the detectors
      appearing at OR gate 22 triggers 2.3-ms delay 230. At the termination of
      the 2.3-ms delay when the receiver of FIG. 1 is no longer receiving a
      pulse, 9-ms one-shot 234 is triggered, resulting in a disabling pulse at
      NAND gate 236, which, in turn, disables gate 16 for 9-ms. The gate 16 is
      disabled for 9-ms to allow any multipath signal from transmitter 110 to
      die down before the gate is again enabled. The pulse which triggered
      one-shot 234 also advanced counter 232 to a count of 1.
PAR  The second pulse received at OR gate 22 again triggers delay 230, which in
      turn, 2.3-ms later, advances counter 232 to a count of 2 and triggers
      one-shot 234 to disable gate 16 for 9-ms. This process repeats until a
      count of 8 is reached in counter 232. Then the counter is reset and
      one-shot 240 is triggered, providing a disabling pulse via NAND gate 236
      to disable gate logic 16. The time of 20-ms is rather arbitrary. It should
      be sufficiently long to prevent unwanted signals from triggering the
      receiver, but sufficiently short, so as not to disable the receiver from
      receiving the first and subsequent pulses from the next group of pulses
      from transmitter 110 if pushbutton 140A is held depressed.
PAR  It should thus be appreciated that with the gate logic just described, each
      pulse received by the receiver of FIG. 1 individually triggers the
      blockage of gate 16. By way of contrast in the gate logic of FIG. 5, the
      first received pulse controls the blockage of gate 16 during the time of
      all of the eight received pulses.
PAR  Having described the operation of the ultrasonic transmitter 110 and of the
      two alternate forms of the gate logic 26, the operation of the system will
      now be described. Switch 140A on transmitter 110, FIG. 3, is depressed
      causing the transmitter to emit, for example, a series of eight 3-ms
      bursts with a period of 12-ms. Some of these bursts will be at a frequency
      of 46.5 KHz representing binary 0's and some will be at a frequency of
      39.2 KHz representing binary 1's. Referring to FIG. 1, the first pulse to
      reach transducer 10 will (after being amplified and clipped) be gated
      through gate 16, which is normally enabled. One or the other of detectors
      18 and 20 will be responsive to a number of cycles (about 30 cycles or
      approximately 0.7-ms) of the frequency to which it is tuned to determine
      that either a 0 or 1 pulse is being received and will produce a pulse
      lasting until the signal ceases to be received at transducer 10 (about
      2.3-ms) or stopped from being detected by the gating circuit. The leading
      edge of the pulse from the activated detector passes through OR gate 22
      producing a pulse to operate logic gate 26 as previously described in
      connection with FIGS. 5 and 6, and produces a momentary CLOCK pulse from
      shaper 24. The CLOCK pulse enables DUD 28 to receive a 1 or 0 depending on
      which detector is producing the pulse. When gate 16 is no longer receiving
      an ultrasonic burst or when the anticipated end of the pulse has come,
      gate logic 26 disables gate 16 until the next ultrasonic burst is due.
      Thus, multipath signals present in the atmosphere do not produce unwanted
      pulses within the receiver to trigger DUD 28. After eight pulses are
      received by DUD 28, gate 16 is disabled for a considerable period allowing
      all multipath signals to completely dissipate and allowing DUD 28
      sufficient time to act on the binary command it has received.
PAR  It should be appreciated that the various parameters given in the
      description are for illustration only. Thus, the number of ultrasonic
      pulses, their frequency, duration, repetition rate, etc., will be adapted
      to suit the particular environment in which the system is placed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for receiving and decoding an applied signal wave having a
      plurality of spaced apart tones, each of one or another frequency, the
      spacing between successive tones being of predetermined duration, the
      length of each tone being of predetermined minimum duration, comprising in
      combination:
PA1  input transducer means producing an electrical signal corresponding to said
      signal wave;
PA1  normally conductive gate means coupled to said transducer means for
      normally passing said electrical signal representing each of said tones,
      said gate means having a control terminal responsive to a control signal
      for blocking passage of said electrical signal; and
PA1  means responsive to the signal from said gate means of a duration
      corresponding to a tone of at least said minimum duration for producing
      said control signal to block signal passage through said gate for a
      duration equal to the spacing between successive tones, and for also
      producing a digital pulse representing each tone of said one or another
      frequency.
NUM  2.
PAR  2. The combination as set forth in claim 1, wherein said means responsive
      to the signal from said gate means comprises a first demodulator means
      responsive to said electrical signal received from said gate means
      corresponding to said one frequency for producing a digital pulse only
      after said electrical signal corresponding to said one frequency has been
      present for at least said minimum duration and a similar demodulator
      responsive to said signal corresponding to said another frequency for
      producing a different digital pulse, and comprising means responsive to
      either pulse for generating said control signal for blocking said gate
      means.
NUM  3.
PAR  3. The combination as set forth in claim 1, wherein said means responsive
      to the signal from said gate means comprises a demodulator means
      responsive to said electrical signal received from said gate means
      corresponding to a first one of said one and another frequencies for
      producing a digital pulse only after said electrical signal corresponding
      to said first one of said frequencies has been present for at least said
      minimum duration, and comprising means including counter means responsive
      to said pulse for generating control signals to block said gate means
      between the times each of said known plurality of tones is received.
NUM  4.
PAR  4. Apparatus for receiving and decoding an applied pressure wave having a
      predetermined plurality of spaced apart tones, each of one or another
      frequency, the spacing between successive tones being of predetermined
      duration, the length of each tone being of predetermined minimum duration,
      comprising in combination:
PA1  input transducer means producing an electrical signal corresponding to said
      pressure wave, having one value when said one frequency is received and
      having another value when said another frequency is received;
PA1  normally conductive gate means coupled to said transducer means for
      normally passing said electrical signal representing each of said tones,
      said gate means having a control terminal responsive to a control signal
      for blocking passage of said electrical signal; and
PA1  means responsive to the signal received from said gate means of at least
      said minimum duration of one of said values for producing control signals
      to block passage through said gate during the intervals between the known
      number of successive tones, said last-mentioned means also producing a
      digital signal representing each tone of said one and another frequency.
NUM  5.
PAR  5. Apparatus for receiving and decoding an applied signal wave having a
      predetermined plurality of spaced apart tones, each of one or another
      frequency, the spacing between successive tones being of predetermined
      duration, and being normally silent but which may contain the frequency of
      the next earlier transmitted tone, the length of each tone being of
      predetermined minimum duration, comprising in combination:
PA1  input transducer means producing an electrical signal corresponding to said
      signal wave having one value when said one frequency is received and
      having another value when said another frequency is received;
PA1  normally conductive gate means coupled to said transducer means for
      normally passing said electrical signal, said gate means having a control
      terminal responsive to a control signal for blocking passage of said
      electrical signal;
PA1  a first demodulator means coupled to said gate means responsive to each
      signal of said one value of at least said known duration for producing a
      pulse,
PA1  a second demodulator means similar to said first demodulator means also
      coupled to said gate means and responsive to each signal of said another
      value for producing a different pulse,
PA1  means including counter means responsive to the first pulse received from
      either demodulator means for producing said control signal to block said
      gate means during the intervals between the rest of said known plurality
      of said tones whereby the demodulators receive no signals. during the
      normally silent portions of said signal wave.
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ABST
PAL  A system for conveying information from a plurality of subscribers to a
      central station includes a communications link between each subscriber and
      the central station. At each subscriber there are means for transmitting
      coded information and means for controlling the time of transmission so
      that each subscriber repetitively provides information to the central
      station. The central station includes storage means for comparing
      successive signals from each subscriber and means for comparing the stored
      signals to verify their authenticity.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 281,334 filed Aug. 17, 1972, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a system for conveying information from a
      series of subscribers to a central station and has application in the
      cable television field and in the security field.
PAR  A primary purpose of the invention is a communication system of the type
      described in which each of the subscribers repetitively sends coded
      information to the central station.
PAR  Another purpose is a communication system of the type described including
      means for verifying the authenticity of the received signals.
PAR  Another purpose is a communication system of the type described including
      means for recording a multibit message having a predetermined number of
      bits in which the message length may vary within prescribed limits.
PAR  Another purpose is a method of storing received multibit messages in which
      the length of the message may vary within prescribed limits, but the
      number of message bits is fixed.
PAR  Another purpose is a communication system of the type described including
      means for storing received signals at a central station and for comparing
      sequentially received signals from a particular subscriber to verify the
      authenticity thereof.
PAR  Other purposes will appear in the ensuing specification, drawings and
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated diagrammatically in the following drawings
      wherein:
PAR  FIG. 1 is a diagrammatic illustration of a typical subscriber location, and
PAR  FIG. 2 is a block diagram of the central station.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention has application in the field of cable television, as
      well as in the field of security systems. In each field of application it
      is desirable to send information from a series of satellite stations back
      to a central station. In the area of cable television, or pay television,
      such information is necessary for billing purposes as well as for audience
      surveys, etc. In the security field it is desirable to continuously
      monitor various sensing systems at remote locations, either in a home or
      place of business. In many instances, particularly in home use, a cable
      system may combine the transmission of cable television signals, means for
      monitoring the received cable programming and means for monitoring a
      security system. The present invention provides a system for sending coded
      information from the subscriber back to the central station, which coded
      information can contain information from a number of different sensors at
      the subscriber. Such sensors may be involved in the security of the home
      or place of business and may also provide information as to the received
      programming, audience surveys, etc.
PAR  Most present-day communication systems of the type described are two-way
      systems in that the satellite stations or subscribers are periodically
      interrogated to provide coded responses. The disadvantage of such two-way
      systems is that each subscriber location must have receiving equipment as
      well as transmitting equipment, thus substantially increasing the cost. A
      major disadvantage of prior one-way systems, in which there was no
      interrogating signal from the central station, was that there was no way
      of testing the transmitting equipment at the satellite station to make
      sure that it was in operable condition. The present invention provides a
      communication system of the type described at substantially reduced cost
      in that it is a one-way system and yet provides for system integrity in
      that the continuously-received repetitive signals from the subscriber
      stations provide a constant monitor of the condition of the transmitting
      equipment at each subscriber.
PAR  The central station is indicated in FIG. 2 and a typical subscriber station
      is indicated in FIG. 1. A cable or other type of communication link may
      typically connect all of the subscriber or satellite stations with the
      central station. Such a communication link may be leased telephone lines,
      radio relay or other types of on-air transmission mediums.
PAR  At each of the subscriber locations there is a transmitter 16 and a timing
      generator 14. In addition, there is signal storage means indicated at 20
      which may receive information from any one of a plurality of sensors, the
      lines for which are indicated at 22. The storage means may typically be a
      Motorola MC 7495 which, on receiving a start signal from the timing
      generator 14, will send a series of pulses to the transmitter 16 for use
      in modulating a carrier signal. The pulses include both an address for the
      particular subscriber location and data indicating the condition of the
      various sensors.
PAR  The timing generator 14 includes an RC timing circuit made up of a resistor
      14a and a condenser 14b connected to a unijunction transistor 14c, with
      the output from the unijunction transistor providing the start signal to
      read out the information in the storage means 20. Resistors 14d may be
      connected on opposite sides of the unijunction transistor 14c.
PAR  The information provided at the storage means 20 may be the status of a
      burglar alarm, the status of fire detection equipment, and/or the
      particular channel a television set is tuned to. The storage means 20 will
      provide coded electrical signals for the transmitter 16, in the form of
      information pulses or bits which will include and address indicative of
      the location of the particular subscriber station. In some applications an
      address may not be necessary, for example in audience survey work the
      number of stations tuned to a particular channel is more important than
      which subscribers are tuned to that channel. Thus, the information
      provided to the transmitter includes the status of a number of sensors and
      it may or may not include the address of a particular subscriber location.
      The timing generator 14 will enable the transmitter 16 to transmit coded
      information at periodic intervals. The time between intervals will not be
      rigidly fixed, but may vary as much as 10 or 20 percent, depending upon
      the tolerances of the RC timing circuit. It is preferred that the
      components in the timing circuit have rather wide tolerances so that there
      will be a variation in the timed relationship of the output pulses from
      the timing generator.
PAR  By having the length of the coded message substantially smaller than the
      time period between messages, there is little likelihood of overlap in the
      signals received at the central station from different subscriber
      locations. However, as there is a possibility of such overlap, verifying
      and decoding means are provided at the central station which eliminate all
      but those signals which are authentic.
PAR  At the central station, all signals from the subscriber locations are
      received by a receiver 24. The receiver signals are detected in a detector
      26 which removes the modulation from the address and information bits of
      the signal. There are two outputs from the detector 26. One output goes
      through a threshold circuit 30 which determines whether or not the
      received signal is noise or in fact a true information signal. Both the
      detector 26 and threshold circuit 30 are disclosed in "Active Networks" by
      Vincent C. Rideout, Sixth Printing, June 1960, Library of Congress No.
      54-8157.
PAR  The received signal, which is a series of uniformly spaced bits, may vary
      in total time, as an example, from 128 to 192 microseconds. There is such
      a variation in the duration of the received message because the
      transmitter at each subscriber location will not have rigid frequency
      control. Instead, the equipment at each subscriber location will be
      relatively inexpensive and thus the message transmission time, or the
      frequency of transmission, may vary. Hence, the variation in the length of
      time of a 16-bit received message may be, as indicated above, from 128 to
      192 microseconds.
PAR  Connected to the threshold circuit 30 is a length measuring circuit 32,
      typically a Motorola MC 54934, which will measure the actual time duration
      of the received message. The actual time of the message is divided by 16,
      the number of bits in the message, by a divide circuit 34. The output from
      the divide circuit 34, the actual time of the message divided by 16, will
      be divided by 2 in a divide circuit 36. An adder circuit, typically a
      Motorola MC 54834, is indicated at 38 and receives an input both from the
      divide-by-16 circuit 34 and the divide-by-2 circuit 36. Thus, the adder 38
      has one input which is the total time of the message divided by 16 and
      another input which is the total time of the message divided by 32.
PAR  The second output from the detector 26 goes to a shift register 40,
      typically a Motorala MC 5495, which stores the information in the message,
      received in serial form. A one megacycle counter is indicated at 42 and
      provides the clock input for the shift register 40. Thus, the shift
      register 40 will store a bit every microsecond for 192 microseconds, which
      is the maximum total length of the received message. Even though the
      message may be shorter than 192 microseconds, the shift register 40 will
      be clocked 192 times. The detector output for a no signal input condition
      will be stored in the extra shift register positions and later
      disregarded.
PAR  A second output from the one megacycle counter 42 goes to a comparator
      circuit 44 which also is connected to the adder 38. The comparator circuit
      will compare the state (i.e., the binary number held at that time ) of the
      1 megacycle counter 42 with the output of adder 38. Beginning with the
      counter 42 at zero, the adder output will be a binary number which is the
      total time of the message divided by 32. When the counter output advances
      to the same state as the adder output, the comparator will give an output
      allowing the 16-bit shift register 48 typically a Motorola MC 5495, to
      advance one position. The adder circuitry then computes the number to
      correspond to the center of the next bit by adding one-sixteenth of the
      total message time to the one thirty-second just used. Delay 46 prevents
      the adder output from immediately appearing at its input, thus permitting
      the adder to function limited only by its interval delays. This process
      continues until 31/32 of the total message time has passed. It should be
      understood, of course, that the above example only applies to a message
      having 16 bits.
PAR  Whenever the comparator receives a clock pulse from the one megacycle
      counter, and a pulse from the adder 38, it then provides a clock signal
      for transfering the message, in serial form, from shift register 40 to a
      second shift register 48. Thus, stored in shift register 48, in parallel
      form, are the 16 message bits which were originally received by the
      receiver 24.
PAR  Three different memory circuits, typically Texas Instruments TMS 11015c,
      indicated at 50, 52 and 54, are each connected to all of the address
      ouputs 56 of shift register 48. Also connected to the address outputs of
      shift register 48 is a count memory 58 which is a part of a routing switch
      60. The routing switch 60 is connected to the information data outputs of
      shift register 48 and may typically be a Motorola MC 4048. The routing
      switch 60 has its output connected to each of the memory circuits 50, 52
      and 54. The output of each of the memory circuits 50, 52 and 54 are
      connected to a comparator 62, which may typically be a Motorola MC 4022.
      The comparator 62 may have its output connected to a suitable readout
      device indicated at 64.
PAR  The above-described circuit comprising the memories, routing switch and
      comparator, is effective to verify the authenticity of a received message.
      Each time a message is received and stored in shift register 48, each of
      memories 50, 52 and 54 and count memory 58 will shift to the prescribed
      address of the received message. The data information will go to the
      routing switch 60. Count memory 58 controls routing switch 60 so that
      successive messages having the same address are stored sequentially in
      memories 50, 52 and 54. The first message for a particular address will be
      routed by switch 60, controlled by count memory 58, to memory 50. The next
      time a message is received from that address, it will be routed to memory
      52 and the third time to memory 54. In each case the information or data
      from the message is stored in the memory for that particular address. When
      all three memories have a message stored for that particular address, the
      comparator 62 will compare the three stored messages and if they are
      identical, it will pass this message to the readout device 64.
PAR  Thus, the messages provided by each subscriber are repetitively sent
      without a timed relationship between subscribers. Because each message can
      be of short duration compared to its repetition period and the total time
      consumed by messages from all subscribers can be made small compared to
      the total available time in an average system cycle, the likelihood of
      overlap of two or more messages can be made as small as desired. However,
      any message overlap will be eliminated by the verification procedures.
      Once a message has been appropriately stored in the shift register 48,
      then the message is verified. Verification is accomplished by comparing
      three successive messages from the same subscriber. Since the messages
      will be coming a few seconds apart from the same subscriber, the chances
      for a variation in the condition of any one sensor at a subscriber are
      minute. Assuming all three messages are the same, the authenticity of the
      information in the message will have been verified and will be fed by the
      comparator to the readout device.
PAR  Whereas the particular method and apparatus for recording or registering a
      message of varying time duration, but having a fixed number of uniformly
      spaced bits, has been described in connection with a particular
      communication system, it should be realized that this particular aspect of
      the overall circuit has wider application. The present method may be
      utilized in any environment in which it is desired to record a message of
      varying length in which the message has a fixed number of bits.
PAR  The particular number of bits in the message, and the length of message
      described above, are merely for purposes of illustration.
PAR  Whereas the preferred form of the invention has been shown and described
      herein, it should be realized that there may be many modifications,
      substitutions and alterations thereto.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A method for storing a multibit message having a predetermined number of
      bits in which the total time of the message may vary within prescribed
      limits includng the steps of:
PA1  1. storing the presence or absence of message bits in a storage medium at
      intervals determined by a fixed clock frequency,
PA1  2. measuring the total time of the received message,
PA1  3. dividing the total time of the message by the predetermined number of
      bits to provide periodic clock signals,
PA1  4. transferring the message from the first storage medium to a second
      storage medium at a frequency determined by coincidence between said fixed
      clock frequency signals and periodic clock signals.
NUM  2.
PAR  2. A system for storing a multibit message having a predetermined number of
      bits in which the total time of the message may vary within prescribed
      limits, including a first storage medium, first clock means connected to
      said first storage medium for providing a fixed clock frequency for
      causing the presence or absence of message bits to be stored in said first
      storage medium,
PA1  a second storage medium connected to said first storage medium, means for
      determining a second clock frequency for said second storage medium
      including means for dividing the duration of the transmitted message by
      said predetermined number of bits, means for comparing pulses from said
      dividing means with pulses from the first clock means, said comparison
      means being connected to said second storage medium for providing clock
      pulses at equivalence of said dividing means pulses and first clock means
      pulses for enabling the transmission of the message bits from the first
      storage medium to the second storage medium.
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ABST
PAL  A data entry system having a plurality of data entry key stations each
      having its own inexpensive, random access magnetic storage device with
      removable media and visual display connected to a common shared processor.
      Data characters of data records which are entered at the key stations are
      transferred to the shared processor and then transferred to a data buffer
      memory and to the visual display character by character. Data records
      assembled in the data buffer memory are transferred to the magnetic
      storage devices to provide a semi-permanent record file which is
      transferrable to a host processing unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to data entry devices and systems. More
      particularly, the invention relates to an improved multiple key station
      data entry system of the shared processor type.
PAR  2. Description of the Prior Art
PAR  Data entry systems employing shared processors are known. One well known
      system employs key stations for entering data directly into a fast access
      mass memory disk storage system. Areas of the preformatted disk are
      assigned to individual key stations. Usually, the assigned areas are large
      enough to accommodate the normal daily work input through each key
      station; however, the total disk storage capability must be greater than
      the average configuration or norm expected, consequently, a large portion
      of the memory disk storage capacity is not utilized. Since some key
      station operators may be much faster than the norm or average, their
      assigned area may become filled well before a complete working day. The
      capacity problem is even worse when a particular job calls for updating
      data records or making partial entries which results in a greater output
      of entries in a working day. The more flexible prior art shared processor
      systems require as a part of the system a tape storage device having
      standard half inch tape drive and an associated tape controller. This
      arrangement permits the accumulated data records stored in the mass memory
      disk storage system to be periodically transferred to magnetic tape. The
      magnetic tapes may then serve as a temporary or permanent storage record.
      Most tape storage systems have standard formats for direct entry into a
      host central processing unit with a minimum of modification, thus become a
      suitable means for buffer storage.
PAR  Prior art shared processor data entry systems have very high initial costs
      and when employed with a small number of key stations are not economically
      justifiable. When too many key stations are employed with one mass memory
      disk file storage system, the access time of the moving head disk file
      system is too great to accommodate the number of records attempting to be
      entered randomly per unit of time. It can be shown that head positioning
      time and random access time of a disk storage system creates a practical
      limit to the number of key stations that are effectively utilizable with
      the prior art systems.
PAR  Data entry systems employing inexpensive magnetic storage devices with
      removable diskettes or cartridge tapes have been used in data entry
      systems and word processors, but such systems have not been employed with
      shared processors. One well known data entry system provides a key station
      having a keyboard, a visual display, a diskette drive and a processor for
      each single or dual station arrangement. The individual processor is
      limited to only basic programs required to enter data records on the
      diskette. The data recorded on the diskettes must be physically removed
      from the key stations and placed in a reader or converter which includes a
      tape controller, a tape drive and another processor. The records
      assimilated on such tape are stored for later use as in input to a host
      central computer. Since the above-described data entry system is intended
      for off-line operation, the readers or converters are independently
      free-standing units similar to the key stations. Such prior art data entry
      systems have very limited format performance. Manual handling of the
      diskettes and of the resulting tape may require personnel skilled at
      several different jobs and may require supervisory activities which are
      not needed on shared processor data entry systems. Key stations having
      individual diskette systems and processors are not economically
      competitive with shared processor systems having a large number of key
      stations.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a shared processor data entry system which
      is operable with one or more key stations. The invention utilizes at each
      key station removable magnetic memory storage media, preferably a flexible
      diskette. Not only does the flexible disk provide a permanent and low cost
      data storage at least an order of magnitude less expensive than rigid
      central disc subsystems, but each key station is independently operable
      with the central shared processor, and there is no system shut-down should
      a diskette storage device malfunction or become inoperable.
PAR  The present invention utilizes character by character entry from the key
      stations to the central processor which permits the system to monitor,
      edit, augment, check or format all data entries as they are entered into
      the buffer memory of the central shared processor. Although each
      operator's diskette normally holds more than eight hours work, the
      effective capacity of the key station is infinite since the diskette
      storage media is removable and a new diskette may be substituted in a
      matter of seconds. Since each key station has its own diskette storage
      device, the access or waiting time is not dependent on other key station
      activity, and a very large number of such key stations may be added to the
      present system without impairing the speed of operation.
PAR  The present invention is further provided with an input-output buffer for
      entering data records into the diskette storage devices or reading data
      records from the diskette storage devices. The data records may be read
      into a standard medium of interchange for a host central processing unit
      such as a magnetic tape system or, alternatively, through a direct
      connection to a channel of the host processing unit, thus, eliminating the
      medium of interchange. In the preferred embodiment the diskette storage
      devices are operable either in an on-line basis so that the data records
      are directly entered into a host processing unit or recorded on an
      interchange memory tape in proper format for transfer to a host central
      processing unit.
PAR  A principal object of the present invention is to provide an improved
      shared processor data entry system with operational advantages over prior
      art systems.
PAR  Another object of the present invention is to provide an economical
      reliable magnetic storage device at each key station which has a much
      lower initial cost than systems employing central mass memory storage
      devices.
PAR  Another object of the present invention is to provide each key station
      operator with direct means for updating, changing or modifying their data
      records with a minimum of system activity or interruption.
PAR  Another object of the present invention is to provide a key station means
      for altering the stored program contents of the shared processor.
PAR  Another object of the present invention is to provide means for
      automatically transferring data recorded in the diskettes to a host
      central processing interface or to a tape device without need for operator
      handling or a separate reader.
PAR  Another object of the present invention is to provide a clustered keyboard
      data entry system which has low fixed costs and has modular disk storage
      so that the system is economical for a large number of key stations as
      well as a small number of key stations.
PAR  A further object of the present invention is to provide a data entry system
      adapted to accept data entry input from devices other than key stations
      and to generate data output to printing devices or convert externally
      recorded diskettes to a form acceptable to host equipments.
PAR  In accordance with these and other objects of the present invention, there
      is provided a plurality of data entry key stations each having its own
      keyboard, magnetic storage device with removable media and visual display
      connected to a common shared processor. The magnetic storage devices are
      low cost in nature and of sufficient capacity to store more data than a
      fast operator can accumulate in one day. The memory media is removable and
      portable to provide the user with a convenient physical or temporary
      record and safety back-up as well as to permit operational analysis of
      inputs. Data is entered into the shared processor and visual displays
      character by character and into the memory devices record by record, thus
      eliminating delays which limit system capacity. Output from the memory
      devices may be transferred record by record, or a plurality of such
      records may be read during one transfer. The present system makes shared
      processor data entry systems cheaper for small system installations yet
      provides a system which can be enlarged by the addition of key stations.
      The individual key stations have their own mass memory storage; thus, the
      addition of key stations does not diminish the mass storage available for
      each operator. Since the individual diskette storage devices have their
      own read-write heads, key stations do not compete for access to the mass
      memory. The removable and reusable diskettes may be employed to avoid
      excessive data transfer between disk devices and tape devices. Search and
      up-dating operation may be accomplished without resort to tape searches
      and/or recording in mass memory. Purging of mass memory is eliminated;
      back-up tapes may be eliminated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of the preferred embodiment shared
      processor data entry system;
PAR  FIG. 2 is a diagrammatic illustration of a typical prior art shared
      processor data entry system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a data entry system of the shared
      processor type. The shared processor system 10 includes a plurality of key
      stations 12, each comprising a keyboard 13, a visual display 14 and a
      magnetic storage device 15 having a removable and reusable storage media.
      In the preferred embodiment the storage device 15 comprises a flexible
      disk storage media with a simple screw type locating and positioning
      read-write head and simple interlocks on the cover or the cabinet. Data
      entered at the keyboards 13 is transferred on serial line 16 and
      input-output adapter 17 to processor 18. The keyboards 13 and visual
      displays 14 are scanned by the central shared processor 18 and connect to
      the processor 18 for a limited time during the scan. The processor 18
      comprises an arithmetic and logic control unit 19, a data buffer memory
      unit 20 and a programmable memory 21.
PAR  The central processor 18 scans each key station 12 in sequence and receives
      a character at a time from the keyboards 13 over the serial connection 16.
      Data received from the keyboard by the input-output adapter 17 is directed
      to the arithmetic and logic unit 19. Each character as received by the
      arithmetic and logic unit is checked and validated by the processor
      against the operative format in program memory 21 and placed in the
      respective data buffer memory 20 for the keyboard 13 supplying the data.
      Data stored in data buffer memory 20 is also sent via input-output adapter
      17 over line 16 to the visual display 14 for the key station. If a
      character is determined to be invalid, it is not stored in the data buffer
      memory 20, and an error indication is transferred from program memory via
      the arithmetic and logic unit 19 and the input-output adapter 17 to the
      visual display 14 at the key station generating the invalid data. It will
      be understood that the function of the input-output adapter 17 may be
      embodied in the central shared processor 18 or placed in the same cabinet
      therewith.
PAR  During normal operation each key station 12 is manned by an operator
      working from business documents to enter, verify, update or search data in
      the system by interacting with the processor 18. Characters entered from
      keyboards 13 are processed character by character and stored in the data
      buffer memory 20 of the processor 18 until such time as a full record is
      completed. When the operator depresses the enter key on the keyboard, the
      data record recorded in data buffer memory is released and transferred to
      the input-output control means 22 comprising input-output channel 23 and
      controller and buffer 24. The arithmetic and logic unit 19 of processor 18
      initiates the write operation in respect to the diskette drive 15. Data
      records written in diskette storage device 15 may be transferred back to
      the controller and buffer 24 after the write operation is complete. The
      data record may then be transferred back to data buffer memory 20 or to
      the means for supplying data to the central processing unit 25 via the
      input-output channel 23. In normal operation, the read and write
      operations are interspersed with keyboard scanning and other processing
      operations. The storage devices 15 each store several hundred thousand
      characters and have an overall access time of a fraction of a second. If
      the diskette storage media should be filled or it is desirable to shift to
      a new storage media for other purposes, the original storage media is
      removed by hand and a new storage media is inserted in its place in a
      matter of seconds. In the event that storage device 15 at any one of the
      key stations 12 should incur mechanical failure of malfunction, only one
      of the key stations to the system is shut down, and the operator may be
      employed at another similar key station 12.
PAR  The process of data entry is controlled entirely by the central shared
      processor 18 and the program stored in program memory 21. Data characters
      entered from a keyboard 13 are processed before being stored in data
      buffer memory 20, displayed at displays 14 or recorded in the magnetic
      storage devices 15. The data buffer memory 20 provides two full records of
      storage for each key station 12 to permit functional operations such as
      duplicating, verifying and searching operations.
PAR  When operating in the update mode, data records which are previously
      recorded in data storage device 15 may be read and stored in data buffer
      memory 20. The operator may utilize any appropriate format stored in
      program memory 21 and can update the record in the data buffer memory 20
      by only keying those fields or characters which are to be changed since
      the previous recording. A prime advantage of this mode of operation is to
      change records with the minimum amount of keyboard entries or data
      transfers, thus speeding operations and eliminating the possibility of
      error. If the data being employed to update the data record is used on all
      records, the data may be entered once in memory and the operator may
      recall this as a constant (or repeat) for entry into the updated record.
PAR  In the verify mode of operation, the operator may enter at keyboard 13 the
      identical information which has already been recorded in data storage
      device 15, and by initiating the verify mode can determine if the original
      entry was correct. For some forms of data records one hundred per cent
      verification is required. In the verify mode of operation, the data
      entered at keyboard 13 may be compared character by character, field by
      field or record by record.
PAR  Data records stored in storage devices 15 may be transferred to means for
      supplying data to a central processing unit 25 and subsequently to a host
      processing unit 26 or may be transferred direct as will be explained. Data
      records stored in data storage devices 15 may be reformatted before being
      transferred to means 25. When the data records in storage devices 15 are
      to be reformatted, they are transferred through controller and buffer 24
      to the input-output channel 23 and to the central shared processor 18
      where the data records are reformatted or otherwise modified. Data records
      so modified may be transferred directly to input-output channel 23 and to
      means 25 for subsequent entry into the host computing unit 26 (CPU). In
      this manner data transferred to the host computing unit 26 can be
      presented in a sequence or format other than that which was entered at
      keyboards 13 and recorded at data storage devices 15. In the event there
      is a need for reformatting the data in the data storage devices 15, this
      can be done directly by programs in the central shared processor 18 in a
      form compatible with the host computer unit 26. An auxiliarly diskette
      reader 27 may also be attached to the input-output channel 23 for
      converting diskettes which have been prepared on other systems for direct
      entry into the present system or for conversion to the proper output
      format for entry into the host computer unit 26.
PAR  The programming information necessary for performing functional operations
      called for by keyboard operators and other microprograms are stored in the
      program memory 21. During start-up operations following power turn-on, the
      program information is loaded into the program memory 21 from a
      supervisory magnetic storage device 28. Since this supervisory storage
      device is capable of containing a very large number of programs, it may be
      left on-line so that programs that are not normally required by the system
      may be entered from time to time in the program memory 21. During normal
      operation the operator at key stations 12 may alter the stored contents of
      program memory 21 by causing program segments in the supervisory diskette
      28 to be swapped with programs currently residing in memory 21. The
      supervisory magnetic storage device 28 also stores a number of record
      formats prepared by the operator to define the various field boundaries
      within a record set. These formats are called upon by the operators and
      stored in memory 21. The formats are functionally analogous to program
      cards in a keypunch environment and are used during ordinary keyboard
      entry operations.
PAR  The supervisory magnetic storage device is also provided with a keyboard 29
      which enables the supervisor to directly swap program information in the
      shared central processor. The supervisory keyboard 29 can also be used to
      interrogate the processor or to effect input or output from a card reader
      31 and/or printer 32. The data portion of memory 20 may be expended to
      record statistical data, thus keeping an accurate account of the number of
      records entered at each key station and the number of errors which
      occurred during the entry of the data records. The supervisor can read
      this information out of the data portion of memory 20 and have it printed
      out on the printer 32 or alternatively can have the information displayed
      on the CRT of a key station.
PAR  Means for supplying data to a central processing unit 25 comprise several
      alternative available devices. Interface channel 33 provides a means of
      entering data records directly into the host processor 26. The phone
      connection 34 is another direct means of entering data records into the
      host processor 26. Tape control 35 and its associated tape drive apparatus
      36 provides a permanent record as well as a buffer for entering data
      records into the host processor. Data records are recorded in the tape
      apparatus 36 in a standard format which is acceptable to most computers,
      and the resultant tapes can be carried to a host central processing unit
      26. Disk controller 37 and associated disk drive apparatus 38 provide an
      alternative random access mass memory device which may be loaded with data
      records which are later transferred to the host central processing unit
      26. The means for supplying data to a central processing unit 25 are well
      known, and in different system environments have both advantages and
      disadvantages. The present data entry system provides means for utilizing
      any of the commonly used methods for entering data into a host processing
      unit.
PAR  Refer now to FIG. 2 showing a typical prior art data entry system employing
      a central shared processor 39. Individual keyboard stations 41 are
      ordinarily connected to an input-output adapter 42 for entry into a
      central shared processor 39. The data characters entered at keyboard
      stations 41 are entered into processor 39 character by character where
      they are transferred to the disk controller 43 and subsequently
      transferred to a disk drive apparatus 44 or 45. Information recorded
      character by character on the disk apparatus 44 or 45 is assimilated in
      the form of a data record and subsequently transferred or read back
      through the disk controller 43 to the processor 39 and transferred as a
      record to the tape control 46 and then to the tape apparatus 47. Most mass
      memory disk drive apparatus employ moving heads for seeking the channel in
      which data records are to be recorded or to be read. It will be understood
      that the moving head of a disk apparatus is being randomly moved back and
      forth to various positions assigned to individual keyboard stations 41 in
      order to record a character in the disk drive apparatus 44 or 45. In
      similar manner the motion of the head must seek data records for readback
      to the tape apparatus 47. In the prior art system such as that shown
      briefly in FIG. 2, there is a need for both the disk apparatus 44, 45 and
      the tape apparatus 47 to accommodate the mode of operation presently
      employed in most such shared processor data entry systems. Even if the
      prior art systems utilized a direct connection to a host processor via a
      channel or phone line as shown in means 25, the tape subsystem would still
      be required to purge the disk periodically and provide the user with data
      back-up. The initial expense of such prior art systems is excessive for a
      small number of keyboard stations. The mode of operation of the system is
      inefficient in that individual keyboard stations are competing for use of
      the mass memory device, and in the event of a breakdown or malfunction of
      either of the mass memory devices associated with the prior art systems,
      every keyboard station is shut down.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shared processor data entry system of the type having a plurality of
      key stations adapted to supply data to a central processing unit
      comprising:
PA1  a plurality of key stations for producing data characters indicative of
      data records, each said key station having an associated keyboard, visual
      display and a magnetic storage device having a removable medium for
      storing data records,
PA1  a central shared processor connectable to said key stations,
PA1  said processor having a programmable memory unit, an arithmetic and logic
      unit and a data buffer memory unit,
PA1  said processor providing means for directing character by character input
      data from said key stations into said data buffer memory unit and for
      directing character by character output to said associated visual
      displays,
PA1  means for supplying data to a host processing unit, and
PA1  input-output control means connected between said shared processor, said
      magnetic storage devices and said means for supplying data to a host
      processing unit,
PA1  said processor being programmed to transfer data records stored in said
      data buffer memory unit to said magnetic storage devices and to
      subsequently transfer said records stored in said magnetic storage devices
      to said means for supplying data to a host processing unit.
NUM  2.
PAR  2. A shared processor data entry system as set forth in claim 1 wherein
      said magnetic storage devices comprise rotating magnetic disk means.
NUM  3.
PAR  3. A shared processor data entry system as set forth in claim 2 wherein
      said magnetic disk means comprise a single removable diskette exposed to a
      read-write head on one of its surfaces.
NUM  4.
PAR  4. A shared processor data entry system as set forth in claim 1 wherein
      said input-output control means comprise a magnetic disk controller and an
      input-output channel connectable to said means for supplying data to a
      host processing unit.
NUM  5.
PAR  5. A shared processor data entry system as set forth in claim 4 wherein
      said means for supplying data to a host processing unit comprises a
      magnetic mass storage system connected to said input-output channel means
      for receiving data records recorded in said magnetic storage devices under
      control of said processor.
NUM  6.
PAR  6. A shared processor data entry system as set forth in claim 5 wherein
      said magnetic mass storage system comprises a tape transport apparatus.
NUM  7.
PAR  7. A shared processor data entry system as set forth in claim 1 which
      further includes a host processing unit connected to said means for
      supplying data to said host processing unit for receiving data recorded in
      said magnetic storage devices under control of said shared processor.
NUM  8.
PAR  8. A shared processor data entry system as set forth in claim 1 which
      further comprises an input-output adapter intermediate said processor and
      said key stations for connecting said key stations to said processor.
NUM  9.
PAR  9. A data entry system as set forth in claim 8 which further includes a
      printer connectable to said input-output adapter means.
NUM  10.
PAR  10. A data entry system as set forth in claim 1 which further includes a
      supervisory magnetic storage device capable of transferring program
      instructions to said central shared processor through said input-output
      control means.
NUM  11.
PAR  11. A data entry system as set forth in claim 1 which further includes an
      auxiliary diskette reader capable of transferring data records recorded in
      different format from said magnetic storage device to said means for
      supplying data to said host processing unit through said input-output
      control means.
NUM  12.
PAR  12. A shared processor data entry system as set forth in claim 11 wherein
      said auxiliary diskette reader further includes a format control and is
      connected directly to said input-output channel of said input-output
      control means.
NUM  13.
PAR  13. A shared processor data entry system as set forth in claim 7 wherein
      said means for supplying data to a host processing unit comprises a
      channel interface connected between a channel of the host processing unit
      and said input-output channel means.
NUM  14.
PAR  14. A shared processor data entry system as set forth in claim 7 wherein
      said means for supplying data to a host processing unit comprises a phone
      link connected between a channel of the host processing unit and said
      input-output channel means.
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PAL  Habayeb, Abdul-Rozzaq, "System Decomposition, Partitioning and Integration
      for Microelectronics," IEEE, Vol. 4, No. 2, July 1968, pp. 164-172.
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FR2  Hesse; Karl O.
ABST
PAL  A processor including a plurality of synchronized subprocessors, each
      implemented on an integrated circuit substrate and each having an
      instruction register and instruction executing circuits for independently
      executing a portion of the functions required by an instruction being
      simultaneously executed by each subprocessor. Execution is initiated and
      synchronized by simultaneously loading the same instruction into each
      subprocessor.
BSUM
PAC  CROSS REFERENCE TO RELATED PATENT APPLICATIONS
PAR  The processor of the invention may advantageously utilize the improved
      dynamic logic counter of application Ser. No. 369,022 as an instruction
      counter and the self-sequencing memory of application Ser. No. 334,796 as
      read only control storage 105 and 205, which applications are incorporated
      into this specification by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an electrical communications system with storage
      of signals in general and more specifically an integrated circuit data
      processor implemented using a plurality of integrated circuit chips.
PAR  2. Description of the Prior Art
PAR  With the advent of large scale integration LSI, the number of logic gates
      which can be manufactured on a single integrated circuit chip has
      increased astronomically, while the ability to make external connections
      to carry signals to and from each chip has remained relatively constant.
PAR  Therefore in order to implement systems using LSI, the system must be
      organized or partitioned in such a fashion that the largest number of
      circuits on each chip can be utilized with the smallest number of signal
      input output connections to the chip.
PAR  The problems in system organization created by LSI circuitry are well
      recognized by many persons skilled in the art, an example being the
      publication by Abdul-Razzaq Habayeb entitled "System Decomposition,
      Partitioning and Integration For Microelectronics" which appeared in IEEE
      Transaction on Systems Science and Cybernetics, Vol. 4, No. 2, July 1968
      at pages 164-172.
PAR  U.S. Pat. No. 3,462,742 is an example of a prior art system organization.
PAR  When the number of logic circuits on a chip is increased by an order of
      magnitude over the density contemplated in U.S. Pat. No. 3,462,742, a
      lesser number of chips is required to implement a data processor if each
      circuit on the denser chips can be efficiently utilized. The system
      organization of U.S. Pat. No. 3,462,742, however, does not lend itself to
      efficient utilization of circuits when a data processor is implemented
      using only two or three LSI circuit chips because this patents teachings
      require a master control unit.
PAR  Another prior art system organization which superficially appears similar
      to that of the instant invention is described in U.S. Pat. No. 3,537,074.
      The system of this patent includes a plurality of processors performing
      the same function upon different data in response to the same instruction.
      The system organization of this patent is especially valuable when the
      data to be processed is in the form of matrices or arrays and the same
      functional operation is to be performed on each element of the array such
      as a Fast Fourier transformation. Again a master control element 27 is
      required even though each processor performs an identical function.
PAR  Another system organization which is superficially similar to that of the
      instant invention is the classical multiprocessor organization, an example
      of which appears in U.S. Pat. No. 3,470,540. Classical multiprocessor
      system organization differs from the instant invention, however, in that
      in a multiprocessing system, each processor is performing a different
      functional operation upon different data in response to different
      instructions. A special form of the classical multiprocessing system
      organization is often called pipe line processing wherein a plurality of
      processors each operate on the results from a previous processor under
      control of commands from a common control unit. The pipe line processor
      system organization is also advantageous for array type data processing
      such as Fast Fourier transformation but is best implemented using a larger
      number of integrated circuits controlled by a master control unit or
      timing generator 15 such as described in U.S. Pat. No. 3,176,843.
PAR  All of the above recited prior art teachings require master or central
      control circuitry which must be connected to each integrated circuit chip
      by input output signal paths.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to improve the system organization of an
      integrated circuit data processor so as to optimize the utilization of a
      larger number of logic circuits on each LSI chip.
PAR  It is a further object of this invention to implement an LSI circuit data
      processor using a smaller number of LSI circuit chips than heretofore
      possible when the functions to be performed by the data processor require
      a larger number of circuits than can be placed on one chip.
PAR  It is a still further object of this invention to reduce the cost of an
      integrated circuit data processor by improving the system organization so
      that input output signal paths between LSI circuit chips are reduced to a
      minimum which in turn allows the data processor to be implemented using a
      smaller number of LSI circuit chips.
PAR  These and other objects of the invention are accomplished by placing
      instruction decoding and control circuitry on each LSI circuit chip,
      thereby obviating the need for master or centralized instruction decoding
      and command generating circuits and attendant input output signal paths.
      Each integrated circuit chip is thereby enabled to operate as an
      independent subprocessor which decodes and executes functions specified by
      each instruction. Further economy in signal paths are achieved by
      simultaneously loading the same instruction in each LSI circuit chip
      thereby providing a synchronized starting point for the execution of the
      instruction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a system organization of a general purpose data processing
      engine organized in accordance with the invention.
PAR  FIG. 2 is a block diagram of a subprocessor which performs the functions of
      memory address control and loading each instruction into each
      subprocessor.
PAR  FIG. 3 shows a subprocessor which performs the functions of arithmetic and
      logic calculation, function modifier condition calculation, and controls
      the flow of information to and from input output devices.
DETD
PAC  A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to FIG. 1, a data processing engine embodied according to the
      system organization of the invention is shown including an LSI memory chip
      11 for storing instructions and data. The processor of this preferred
      embodiment utilizes a 16 bit instruction and, therefore, the memory may be
      advantageously organized as a plurality of 8 bit bytes. Memory 11 includes
      even and odd byte data output registers 13 and 15 which provide two bytes
      of information whenever an even address is selected in conjunction with a
      read input signal. Memory 11 also includes a one byte data input register
      17 which temporarily stores a byte of information as it is being
      transferred into any even or odd memory location selected by the signals
      on ADDRL and ADDRH address buses 25 and 23 in conjunction with a write
      input signal.
PAR  In order to provide the read and write signals and the ADDRL and ADDRH
      signals to memory 11, an address control unit subprocessor 21 is provided
      which has a one byte wide information bus input connection to data bus in
      DBI 43 for receiving instructions and addresses from memory 11 and address
      information from a second arithmetic and logic unit subprocessor 31.
      Address control unit 21 includes an instruction counter 107 and a storage
      address register 109 each of which can provide the two bytes of
      information which are propagated from address bus outputs ADDRL 25 and
      ADDRH 23. Address control unit 21 also includes instruction decoding means
      in the form of OP decoding circuits 103 and execution sequencing means 105
      for generating a read or a write signal to memory 11 in conjunction with
      the selected address. The instruction decoding means also provides a
      signal on the line labeled LOADIR so that an instruction which is loaded
      into ACU 21 is simultaneously loaded into ALU 31. ACU 21 has an input line
      labeled CMET for receiving a function modification signal from ALU
      subprocessor 31 to modify the execution sequence of an instruction being
      executed, dependent upon the signal received thereover. The function
      modifying signal will usually be the result of a condition having been met
      by the results of a calculation performed by the arithmetic and logic
      decision circuits 207 of ALU 31 such as compare equal, compare high,
      overflow, or carry or a like test.
PAR  A parity check signal input line labeled PCHECK is provided between ALU 31
      and ACU 21 for providing an indication that ALU 31 detected incorrect
      parity at its information input data bus in DBI 43, or at some other
      convenient points. The preferred embodiment being described uses simple
      odd parity for which parity generating circuits and parity detecting
      circuits are well known. Each of the LSI circuits such as memory 11, ACU
      21, ALU 31 and I/O device control units 51 and 55 contain odd parity
      generating circuits at their output buses and parity detecting circuits at
      their input bus connections. In order to implement the odd parity, each 8
      bit byte wide data bus includes a 9th signal line for carrying the parity
      information. Because odd parity is so well known to those skilled in the
      art of logic design, the parity generating and detecting circuits are not
      disclosed or described in this specification in the interests of clarity
      and brevity.
PAR  The system organization of the instant invention can be implemented using
      any logic family which the designer desires to chose. However, in each
      case some timing or clock signals will be necessary to prevent logic race
      conditions. Therefore, it is advantageous to employ the same oscillator 41
      as an additional synchronizing signal connected to both ACU 21 and ALU 31
      in addition to the LOADIR synchronizing signal from ACU 21 to ALU 31.
      Oscillator 41 is a simple crystal-controlled circuit which provides a
      plurality of output signals at the same frequency but at a varying phase
      relationship with respect to each other.
PAR  The preferred embodiment being described is implemented in dynamic logic
      circuits, examples of which are described in the cross referenced patent
      applications incorporated by reference. Dynamic logic circuits have a
      finite predictable delay between the time an input is applied and the time
      an output is available which is used to advantage in ALU 31 to eliminate
      the need for a data output register or accumulator on ALU 31 LSI circuit
      chip. Information gated into ALU 31 during one execution cycle will be
      available at information output connection data bus out DBO 45 during the
      next following execution cycle because one execution cycle delay time is
      required for the information to propagate through the dynamic logic
      circuits 207 of ALU 31.
PAR  As shown in FIG. 1, the second or arithmetic logic unit subprocessor ALU 31
      connected between information input data bus in DBI 43 and information
      output data bus out DBO 45 to perform arithmetic and logical calculations
      on information from memory 11 or address information from ACU 21.
      Arithmetic logic unit 31 also includes instruction decoding means to
      decode each instruction OP code and sequence execution of the instruction
      by generating input information gating signals to AND OR invert logic
      circuits 47 which sequentially connect address buses ADDRL 25, ADDRH, 23,
      memory output buses 27 and 29 from memory output registers 13 and 15, data
      bus out DBO 45, and I/O bus in 49 to data bus in DBI 43 under control of
      an instruction being simultaneously executed in arithmetic logic unit 31
      and address control unit 21.
PAR  The AND OR invert logic circuits 47 may be implemented on a separate LSI
      chip or in a preferred embodiment may be distributed at the output bus of
      each of the chips connected to data bus in DBI 43. When AOI circuits 47
      are distributed to each chip, their control lines must also be distributed
      to those chips so connected which do not have an instruction decode means
      to generate its own AOI control signals redundantly on the chip. FIG. 1
      shows AOI circuits 47 on a separate chip because they were implemented in
      that manner when the invention was reduced to practice. The three control
      lines 37 carry encoded control signals in the form of binary counts from
      one to six, to connect one of the six input busses to data bus in DBI 43.
      The counts one through six connect busses 25, 23, 27, 29, 45, and 49 to
      data bus in 43 respectively.
PAR  The instruction decoding means of arithmetic logic unit 31 is also
      connected to a plurality of I/O tag lines 35 for identifying the
      information bit patterns in a byte of information placed on data bus out
      DBO 45 by arithmetic logic unit 31 as an I/O device address, and I/O
      device command, or I/O device data, or the data placed on I/O bus in 49 by
      control unit 51 or 55. A valid line 33 also is recieved from control units
      51 and 55 to indicate valid parity of recieved information.
PAR  Referring now to FIG. 2, a more detailed description of the logic circuits
      necessary to implement the functions within address control unit 21 will
      be described. In order to provide the sequence of control signals
      necessary to control memory 11 in response to an instruction, an OP code
      register 101 is provided for storing the operation code portion of an
      instruction. OP code register 101 has data inputs connected to data bus in
      43 and a load control input connected to an output of self-sequencing read
      only storage 105. A data output from each bit position of OP code register
      101 is connected to inputs of OP code decoding gates 103 which decode the
      binary bit pattern of an OP code into at least one of a plurality of
      signals on signal lines connected to self-sequencing read only storage
      105. Each signal line input into self-sequencing read only storage 105
      activates a different execution sequence to execute each different OP
      code. The instruction decoding means of this preferred embodiment
      advantageously uses the self-sequencing memory of U.S. Pat. application
      Ser. No. 334,796 filed Feb. 22, 1973. However, it will be recognized by
      those skilled in the art of logic design that a more conventional read
      only storage or read write memory may be used in conjunction with an
      address counter or other sequencing means to generate the plurality of
      sequential control signals provided at the output of read only storage
      105. Alternatively, one skilled in the art of logic design might use a
      conventional timing clock or counter in conjunction with a logic decision
      tree circuit or sequential latches to generate the sequences of control
      pulses to be initiated by each different OP code of each instruction.
PAR  Referring again to decode circuitry 103, the function modifier input signal
      CMET is connected thereto as an input. This signal is coupled through
      decode 103 to an input of at least one sequence of read only storage 105
      such as input C in FIG. 1 of the above referenced patent application. CMET
      provides additional output from ROS 105 such as to load the instruction
      counter during a jump on condition and so forth. Read only storage ROS 105
      has a plurality of output lines, some of which are labeled LOADIR, READ,
      WRT, etc. Others of these lines are not labeled but are connected directly
      to logic within ACU 21 which they control such as instruction counter 107
      and address output gates 115 and 117. Instruction counter 107 for example
      has three input lines from read only storage 105, two for loading
      instruction counter 107 from data bus in 43 with two bytes and the other
      for incrementing instruction counter 107 to a next sequential instruction
      address. Instruction counter 107 includes 16 counting stages, 8 of which
      are connected through address output AND OR invert logic gates 115 to
      address low ADDRL bus 25 and the remaining 8 are connected through AND OR
      invert gates 117 to address high ADDRH bus 23.
PAR  Likewise, storage address register 109 has two load inputs connected from
      the output of read only storage 105 for loading the two address bytes into
      storage address register 109 from the data bus in 43 with the address of a
      storage location in the memory which contains information to be utilized
      as an operand in a calculation or as an address, etc. Storage address
      register 109 like instruction counter 107 is 16 bits wide and, therefore,
      has a low order byte connected through AOI 115 to ADDRL 25 and the high
      order byte connected through AOI 117 to address high bus ADDRH 23.
PAR  Registers 111 and 113 which store the operand identifier portions R1 and R2
      of an instruction likewise have load control inputs connected from read
      only storage 105 so that registers 111 and 113 can be loaded with the
      register fields of an instruction from data bus in 43. In this preferred
      embodiment R1 and R2 registers 111 and 113 each contain four bit positions
      corresponding to lowest order memory addresses. Thus, for example, when a
      lowest order 4 bit pattern from register 111 is gated through address
      output gates 115 along with binary zero higher order bits, under control
      of ROS 105, a low order memory location will be selected which contains an
      operand specified by this instruction.
PAR  Referring now to FIG. 3, a more detailed description of the logic required
      to perform the subprocessor functions of ALU 31 will be described. A high
      order byte register 201 is provided for storing the OP code portion of an
      instruction being executed by ALU 31. Register 201 also stores a count or
      mask field of an instruction. The OP code in register 201 is decoded by
      decode circuits 203 to activate one or more execution sequences within ROS
      205 in a manner identical to that previously described for ROS 105 with
      respect to FIG. 2. The input to decode 203 labeled LOADIR likewise
      activates an additional sequence within ROS 205 to modify the execution of
      an instruction being executed so as to load a portion of the next
      instruction to be executed into register 201. The low order byte of the
      instruction is stored in register 229 so that ALU 31 can connect the even
      or odd memory bus out 27 or 29 dependent upon whether R1 and R2 are even
      or odd. Like the OP code execution of ACU 21, decode 203 and ROS 205 could
      be replaced with a counter and logic gates as described with respect to
      FIG. 2.
PAR  As shown in FIG. 3, output signals from ROS 205 energize the previously
      described control lines 38 to AOI 47 and I/O tag lines 35 for identifying
      the bit patterns on data bus out 45 and on I/O bus in 49. In addition to
      these external control functions, outputs of ROS 205 are connected to the
      program status code comparator 215, condition code output gate 217,
      condition code register 213, encoding circuits 211, various logic circuits
      of arithmetic and logic decision block 207 and the load control inputs of
      registers 201, 209, and 229. In order to store an operand which will be
      used to perform an arithmetic or logical calculation or decision, an
      operand register in the form of B register 209 is provided with data
      inputs connected to data bus in 43 for loading the register 209 under
      control of a signal LOADBREG from ROS 205. A data output from each bit
      position of register 209 is connected to inputs of true complement logic
      219 and shift rotate logic 225. True complement logic 219 is
      straightforward AND OR gates controlled by two output signals from ROS 205
      to provide the true or the one's complement bit pattern of data stored in
      register 209. An output from true complement logic 219 corresponding to
      each bit position of register 209 is connected to AND/OR/XOR 223 and carry
      generator 221. AND/OR/XOR 223 and carry generator 221 each have a second
      bus input connected to data bus in 43 to perform the functions of logical
      AND, logical OR, logical exclusive OR, and carry generation for arithmetic
      addition. AND/OR/XOR 223 and carry generator 221 each have a plurality of
      control inputs connected to outputs of read only storage 205 to control
      which, if any, of the above recited functions are to be executed. Shift
      rotate 225 also has a second data bus input connected to a plurality of
      bit positions of register 201 which may store a count used in conjunction
      with a shift or a rotate OP code. The count specifies the number of bit
      positions which the contents of register 209 is to be shifted or rotated.
      Shift rotate 225 is also controlled by two control lines from read only
      storage 205 to execute a shift function or execute a rotate function.
      GATE/XOR 227 is also a plurality of AND, OR and exclusive OR gates having
      inputs connected to data bus in 43, carry generator 221, AND/OR/XOR 223,
      and shift rotate 225 and a plurality of control inputs from read only
      storage 205 for gating information directly through to data bus out 45 or
      performing exclusive OR combinations of information received from the
      above mentioned inputs. Carry generator 221 also has an input from the
      carry bit position of condition register 213 so that the carry out of a
      previous arithmetic addition can be added into the arithmetic addition of
      higher order bytes of a number in the form of two or more bytes. The
      exclusive OR gates of 223 and 227 in combination with carry generator 221
      perform arithmetic addition and, when combined with the function of true
      complement logic 219 also perform the function of subtraction.
PAR  In order to provide signals which can be used by ALU 31 and ACU 21 for
      modification of the execution of a plurality of instructions such as
      remaining in or exiting from a program loop, program status code compare
      circuits 215 are provided for comparing the contents of condition register
      213 with a portion of the contents of register 201 which may contain a
      mask bit pattern. The contents of condition register 213 is received from
      condition encoding logic 211 which has inputs connected to shift rotate
      225, GATE/XOR 227 and carry generator 221. Condition encode logic 211 may
      be implemented in any of a number of well known ways to detect whether its
      input signals are positive, zero, high, overflow bits, or meet some other
      condition upon which it is desired to take specific action such as a
      carry. In the event the condition occurs, it will be detected by condition
      encode logic 211, stored in condition register 213 for comparison with the
      mask bits in register 201 by program status compare logic 215 or gated out
      to data bus out 45 by gate 217, all under control of execution sequencing
      output signals from read only storage 205. The output of program status
      code compare 215 is the function modifying signal CMET which is connected
      to a corresponding input to ACU 21 for modifying execution of an
      instruction in ACU 21.
PAC  Operation of the Preferred Embodiment of the Invention
PAR  Although the format of the following instructions, which will be used as
      examples to explain the operation of the invention, are specific to a 4
      bit operation code, an 8 bit immediate field, 4 bit operand identifying
      fields, and 4 bit mask or cout fields, it will be recognized by those
      skilled in the art of data processing that other instructions formats
      could have chosen along with modification in the form of their associated
      registers in FIGS. 2 and 3 without departing from the spirit and scope of
      the invention.
PAR  For purposes of example, each execution step required for the sequential
      execution of the three instructions: add register to register, store
      register, and jump on condition, will be explained in detail with the aid
      of table 1, which shows only those ROS output signals necessary for these
      instructions. Also for purposes of this example, it is assumed that memory
      11 is a relatively fast memory and is able to provide a data byte or bytes
      at its output register 13 and 15 within a relatively short time after
      receiving an address. Making this assumption, simplifies the explanation
      in that the complexities introduced by the concept known as pipe-lining,
      which would otherwise have to be used, can be avoided in this
      specification. It will be recognized by those skilled in the art that the
      organization of the invention will work equally well with or without a
      high speed memory. In order to execute a register to register add
      instruction, the four bit OP code portions of the instruction will have
      been simultaneously decoded by decode gates 103 and 203 to activate the
      proper execution sequence in ROS 105 and ROS 205 which is shown in the
      following table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
             Add         Store         Jump                                    
             Execution Cycles                                                  
     __________________________________________________________________________
     105 Outputs                                                               
             1 2 3 4 5   1 2 3 4 5 6   1 2 3 4 5 6                             
     LOADIR  0 0 1 0 0   0 0 0 1 0 0   0 0 0 1 0    0                          
     LOADOPREG                                                                 
             0 0 0 1 0   0 0 0 0 1 0   0 0 0 0 1    0                          
     LOADICH 0 0 0 0 0   0 0 0 0 0 0   0 0 0 1 0    0                          
     LOADICL 0 0 0 0 0   0 0 0 0 0 0   0 1 0 0 0    0                          
     LOADSARH                                                                  
             0 0 0 0 0   1 0 0 0 0 0   0 0 0 0 0    0                          
     LOADSARL                                                                  
             0 0 0 0 0   0 1 0 0 0 0   0 0 0 0 0    0                          
     LOADR1  0 0 0 0 1   0 0 0 0 0 1   0 0 0 0 0    1                          
     LOADR2  0 0 0 0 1   0 0 0 0 0 1   0 0 0 0 0    1                          
     GATEIC  0 0 0 1 0   0 0 0 0 1 0   1 0 1 0 1    0                          
     GATESAR 0 0 0 0 0   0 0 0 1 0 0   0 0 0 0 0    0                          
     GATER1  0 1 1 0 0   0 0 1 0 0 0   0 0 0 0 0    0                          
     GATER2  1 0 0 0 0   1 0 0 0 0 0   0 0 0 0 0    0                          
     STEPIC  0 0 0 0 1   0 0 0 0 0 1   0 0 0 0 0    1                          
     READ    1 1 0 1 0   1 0 1 0 1 0   0 0 0 0 1    0                          
     WRITE   0 0 1 0 0   0 0 0 1 0 0   0 0 0 0 0    0                          
     205 outputs                                                               
     LOADIREGH                                                                 
             0 0 0 1 0   0 0 0 0 1 0   0 0 0 0 1    0                          
     LOADIREGL                                                                 
             0 0 0 0 1   0 0 0 0 0 1   0 0 0 0 0    1                          
     LOADBREG                                                                  
             1 0 0 0 1   0 0 0 0 0 1   0 0 0 0 0    1                          
     GATETRUE                                                                  
             0 1 0 0 0   0 0 0 0 0 0   1 0 0 0 0    0                          
     XOR223  0 1 0 0 0   0 0 0 0 0 0   1 0 1 0 0    0                          
     CARRY   0 1 0 0 0   0 0 0 0 0 0   1 0 0 0 0    0                          
     CARRYIN 0 0 0 0 0   0 0 0 0 0 0   0 0 1 0 0    0                          
     GATEDBI 0 0 0 0 0   0 0 1 0 0 0   0 0 0 0 0    0                          
     XOR223CAR                                                                 
             0 1 0 0 0   0 0 0 0 0 0   1 0 1 0 0    0                          
     ENCODECAR                                                                 
             0 1 0 0 0   0 0 0 0 0 0   1 0 1 0 0    0                          
     CMETCOMP                                                                  
             0 0 0 0 0   0 0 0 0 0 0   1 0 1 0 0    0                          
     AOIONE  1 1 0 1 0   1 0 1 0 1 0   1 1 0 1 1    0                          
     AOITWO  1 1 0 1 0   1 0 1 0 1 0   0 0 1 0 1    0                          
     AOIFOUR 0 0 0 0 1   0 1 0 0 0 1   0 1 0 1 0    1                          
     __________________________________________________________________________
PAR  The first add instruction execution cycle GATER2 and READ outputs from ROS
      105 will cause the contents of R2 register 113 to be placed on ADDRL bus
      25 as the low order bits of the address of register space in memory 11
      which will be read to obtain the first operand. For purposes of this
      example, ROS 105 will control gates 115 and 117 to provide binary zero
      bits on the twelve highest order address bit position lines thereby
      selecting a relatively low order storage location. The contents of the
      memory location addressed by the bit pattern in register 113 will be read
      out to memory output register 13 or 15 dependent upon whether the byte
      location selected is an even or odd byte. The low order byte of the
      instruction which includes the R1 and R2 fields is available to ALU 31 in
      I REG L 229, allowing decode 203 to select a first or a second sequence in
      ROS 205 depending upon whether the R field is selecting an odd or an even
      byte. AOI control lines 37 then connect bus 27 or bus 29 to bus in 43
      dependent upon whether an even or an odd register space storage location
      in memory 11 was selected. During execution cycle one ALU 31 also controls
      B register 209 to load the byte of data received from memory 11 over data
      bus in 43. During execution cycle two the steps performed during cycle one
      are repeated with the exception that the contents of register 111 are
      placed on address bus low 25 and the data received from memory 11 is not
      stored in B register 209 but is made directly available from data bus in
      43 to exclusive OR circuits 223 and carry generator 221 which generate a
      partial sum and carry in response to GATETRUE, XOR223, and CARRY control
      outputs from ROS 205. The output of exclusive OR 223 and carry generator
      221 are again combined by exclusive OR circuit 227 under control of the
      XOR223CAR control output from ROS 205 to provide the final sum and the
      high order carry out, if any, which is transferred from carry generator
      221 through condition encode 211 by the ENCODECAR control line to
      condition register 213 while the output of exclusive OR circuit 227
      becomes available on data bus out 45. Since this embodiment uses dynamic
      logic, it takes one execution cycle for the resultant sum to appear on
      data bus out 45. During the next execution cycle three, the contents of
      register 111 is again placed on address bus low 25 to again select the
      second operand storage location while activating the write WRT control
      line to memory 11 to transfer the contents of register 17 of memory 11
      into the selected storage location. ROS 105 also generates the LOADIR
      output to synchronize ROS 205 to load an instruction during the next
      cycle. During the next execution cycle four, the contents of instruction
      counter 107 is placed on address buses 25 and 23 to select the next
      sequential instruction to be executed. Since instructions are always
      sixteen bits long in this example, they are always addressed by an even
      address which selects both an even storage location and the following odd
      storage location. The READ signal to memory 11 causes the contents of the
      selected storage locations to be placed in output register 13 and 15 and
      the fist byte of the instruction is loaded into OP register 101 and I REG
      H 201. During the fifth execution cycle, the odd byte of the instruction
      is loaded into R1 and R2 registers 111 and 113, B register 209 and I REG L
      229. Because the entire instruction was read out to registers 13 and 15
      during cycle four, the instruction counter 107 can be stepped during cycle
      five to point to the next sequential instruction, which is store in this
      example.
PAR  The add register to register with carry instruction is executed with the
      same execution steps as those taken for the previously described add
      register to register execution with the exception that the carry bit from
      a previous add instruction stored in condition register 213 is caused to
      be transferred from condition register 213 to the low order bit input of
      carry generator 221. In this manner a 16 bit number can be added to
      another 16 bit number with two sequentially executed add register to
      register instructions.
PAR  The store register memory instruction includes a four bit OP code now in
      registers 101 and 201, an R1 four bit operand identifier field, now
      storage register 111 which identifies the register space memory location
      of the register whose contents is to be stored in memory, and a second
      four bit operand field R2, now in register 113 which identifies the
      register space storage location of the register which contains the memory
      address where the contents of the first register is to be stored. During
      cycle one of the store register to memory instruction, outputs of ROS 105
      cause AOI gates 115 and 117 to place the contents of register 113 on the
      four low order output lines of ADDRL 25 and binary zero bits on the
      remaining lines of busses 25 and 23 while at the same time activating the
      load control input to storage address register 109 so that data bus out 43
      is connected to load the high order bit positions of storage address
      register 109. During this same execution cycle one, ROS 205 conditions AOI
      control lines 37 to connect even memory bus OUT 27 to data bus in 43.
      During the next execution cycle two, ROS 105 conditions a second load
      input to storage address register 109 to load the low order bit positions
      from data bus in 43, and ROS 205 activates AOI control lines 37 with a
      binary four code to connect odd memory bus out 29 to data bus in 43.
      During the third execution cycle, ROS 105 places the contents of R1
      register 111 in the low order bit positions of ADDRL 25 and again causes
      zero bits to appear on the remaining higher order bit positions while ROS
      205 activates AOI control lines 37 to connect the even or odd memory bus
      out 27 or 29 depending upon whether the contents of the R1 field in I REG
      L 229 is an even or an odd number. The proper memory bus is connected by
      AOI gates 47 to data bus in 43 ehile the GATE BI output from ROS 205 is
      active to propagate the byte of data to be stored from data bus in 43 to
      data bus out 45 which takes on execution cycle time. During the fourth
      execution cycle, ROS 105 opens gates 115 and 117 to place the contents of
      storage address register 109 on addresses busses 25 and 23 and activates
      the WRT output to memory 11 to store the byte propagating through ALU 31.
      Execution cycles five and six to retrieve the next sequential instruction
      are identical to the Add cycles four and five previously described.
PAR  The jump on condition instruction also includes a four bit OP code field, a
      four bit mask field and an eight bit immediate field. Reference to table 1
      shows that ROS 105 gates the instruction counter 107 through the address
      output gates 115 and 117 during cycle one. ROS 205 activates AOIONE,
      GATETRUE, XOR223, CARRY, and XOR223CAR to add the immediate field from B
      register 209 to the low order byte from the instruction counter 107. The
      high order carry out bit if any is stored in condition register 213 via
      condition encoded 211 by ENCODECAR from ROS 205.
PAR  In order to compare the contents of other fields such as zero, overflow, or
      high in CREG 213 with the mask field in I REG H 201, ROS 205 activates
      program status code compare circuits 215 to generate a CMET signal if a
      one bit is found in CREG 213 positions corresponding to one bits in
      corresponding positions of the mask field. The CMET signal activates a
      supplementary sequence in ROS 105 to load the low order stages of
      instruction counter 107 with the new instruction address during the next
      cycle two when the sum is available at data bus out 45. The sum is gated
      from data bus out 45 through AOI 47 to data bus in 43 by AOIONE and
      AOIFOUR signals on AOI control lines 37. Execution cycle three is the same
      as cycle one with the exceptions that ADDRH is used to bring in the high
      order address byte which is added with zeros since neither a GATETRUE nor
      a GATECOMP signal is active to true complement circuits 219 but the
      CARRYIN and XOR223CAR control signals cause carry generator 221 and gate
      227 to combine the carry bit from the previous low order byte addition
      with the high order byte from gate 223. This sum is again sent through AOI
      47 by AOIONE and AOIFOUR and stored by LOADICH into the instruction
      counter 107 high order positions during cycle 4 if CMET is received.
      Cycles five and six are the same as the previously described cycles which
      bring in the new instruction. If CMET was generated, the jumped to
      instruction will be loaded and if the condition was not met, the
      originally incremented contents of instruction counter 107 will bring in
      the next sequential instruction.
PAR  It will be understood by those skilled in the art of data processor design
      that the variously suggested changes in the form of AOI circuits 47, in
      the format of instructions, and in the number of subprocessors utilized or
      other details of embodiment may be made without departing from the spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A data processing system comprising:
PA1  a memory for storing instruction information and data information, said
      memory having an information output, an information input, and an address
      input;
PA1  a first subprocessor having a first information input and an address
      output, said first information input being connected to said information
      output of said memory, said address output being connected to said address
      input of said memory;
PA1  said first subprocessor having an OP register for storing the operation
      code portion of an instruction, an input to said OP register being
      connected to said first information input;
PA1  said first subprocessor further having first instruction decoding means
      connected to outputs from said OP register for decoding an instruction
      received from said memory means, said first decoding means having a
      function modifier input for receiving a signal for modifying the function
      specified by said instruction;
PA1  a second subprocessor time synchronized to said first subprocessor, said
      second subprocessor having a second information input and an information
      output, said second information input being connected to said information
      output of said memory, said information output of said second subprocessor
      being connected to said information input of said memory;
PA1  said second subprocessor having a second OP register for storing the
      operation code portion of an instruction, an input to said second OP
      register being connected to said second information input;
PA1  second instruction decoding means connected to said second OP register for
      decoding said instruction;
PA1  an operand register having a load input connected to outputs of said second
      instruction decoding means for loading said operand register from said
      second information input when an operand is to be stored therein;
PA1  arithmetic and logic decision circuits having a plurality of inputs
      connected to outputs of said second instruction decoding means for
      performing arithmetic and logic decisions upon data received from an input
      connected to said operand register and information received from an input
      connected to said second information input of said second subprocessor, an
      output of said arithmetic and logic decision circuitry being connected to
      said information output of said second subprocessor;
PA1  and function modifying logic having inputs connected to said arithmetic and
      logic decision circuits, responsive to data information from said memory,
      an output from said function modifying logic being connected to said
      function modifier input of said first decoding means;
PA1  whereby each of said subprocessors is functionally responsive in a
      different predetermined manner to said instruction to perform a data
      processing operation as specified by said instruction upon information
      from said memory.
NUM  2.
PAR  2. The data processing system of claim 1 wherein said first subprocessor
      further comprises:
PA1  an instruction counter having an increment input and a load input connected
      to outputs of said first instruction decoding means for incrementing said
      instruction counter when a next sequentially stored instruction in said
      memory is to be executed and for loading said instruction counter from
      said first information input when a nonsequential instruction is to be
      executed;
PA1  a storage address register having an input connected to said first
      instruction decoding means and an input connected to said first
      information input for loading said storage address register from said
      first information input with an address of a storage location in said
      memory;
PA1  address output gates controlled by said first instruction decoding means
      for connecting said instruction counter and said storage address register
      to said address output of said first subprocessor.
NUM  3.
PAR  3. The data processing system of claim 2 wherein said first subprocessor
      further comprises:
PA1  at least one operand identifying register having a load input connected to
      said first instruction decoding means for loading said operand identifying
      register from said first information input with operand identifier bits
      which are part of an instruction.
NUM  4.
PAR  4. The data processing system of claim 3 wherein said operand identifying
      register has an output connected to said address output gates of said
      first subprocessor for transferring the contents of said operand
      identifying register to said address input of said memory as an
      identifying portion of an address which in combination with a
      predetermined remaining portion of said address provided by said address
      gates, specifies a unique storage location in said memory whereby less
      than an entire address need be included in said instruction.
NUM  5.
PAR  5. The data processing system of claim 2 wherein said first instruction
      decoding means comprises OP code decoding means for energizing at least
      one of a plurality of signal lines in response to the operation code
      portion of an instruction;
PA1  self sequencing read only storage means for sequentially generating a
      plurality of output signals to control said instruction counter, said
      storage address register, and said address output gates to execute said
      instruction.
NUM  6.
PAR  6. The data processing system of claim 5 wherein said function modifier
      input is connected to said OP code decoding means for modifying said
      sequence of control signals generated by said self sequencing read only
      storage means.
NUM  7.
PAR  7. The data processing system of claim 1 wherein said second subprocessor
      is time synchronized to said first subprocessor by the receipt of a load
      instruction register signal by said second OP register from said first
      subprocessor.
NUM  8.
PAR  8. The data processing system of claim 1 wherein said function modifying
      logic further comprises:
PA1  condition encoding means for encoding a function modifying condition
      detected from a result provided by said arithmetic and logic decision
      circuits;
PA1  a condition register connected to said condition encoding means for storing
      conditions detected by said condition encoding means;
PA1  compare means having inputs connected to said condition register to
      generate said function modifying signal.
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PAL  A microprocessor with a bus structure for carrying address and data signals
      wherein an address may be modified by an index value for indirect
      addressing by deriving said index value from an index register or a
      control word field. Immediate addressing is provided on branch
      instructions by providing two separate incrementing paths to avoid loss of
      a machine cycle during branch.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to microprocessors and more particularly to
      addressing techniques for addressing a processor main memory or
      microcontrol memory.
PAR  2. Description of the Prior Art
PAR  In digital processing apparatus which is sequentially executing a group of
      instructions which may be in the form of a program, it is frequently
      necessary, because of external interrupt or need for repeatable execution
      of a sub-set of instructions or a subroutine, to branch from the
      sequential execution of the main program to such a subroutine. When such a
      branch occurs it is frequently necessary ot lose one complete machine
      cycle, since a new address must be applied to the program storage means
      and must at the same time be incremented by one to extract the subsequent
      instruction from the subroutine.
PAR  Further, in executing a program it is frequently necessary because of
      address field limitations of a processor to provide for indirect
      addressing whereby an incremental number is added to a instruction address
      or an operand address to extract the required instruction or operand from
      a portion of the instruction or data storage device. This incremental
      number or index value is most commonly stored in an index register which
      must be updated each time the index is to be modified for execution of a
      different portion of the program.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention provides a microprocessor with a bus structure for
      carrying both address and data signals, and with a microcontrol word
      structure such that an index value may be carried as a field of the
      control word to be added to or subtracted from the extracted address
      according to the direction supply by the control word. Further, in the
      instant invention, immediate addressing is provided on branch instructions
      or interrupt instructions by providing two separate incrementing paths
      whereby the branched-to-address may be immediately loaded in the
      instruction address register and its incremented address formed during the
      same cycle and, still during the same cycle placed in the instruction
      address register to provide the incremented address for the next
      succeeding machine cycle.
PAR  An object of the invention is to provide a processor in which memory
      operations are performed in a parallel mode.
PAR  A further object of the invention is to provide a processor in which Read
      Only Memory operations are performed in a parallel mode.
PAR  A still further object of the invention is to provide a processor with a
      single-phase fixed clock system.
PAR  A further object of the invention is to provide a processor with a double
      interrupt system for both multiplexed and high speed data transfer for
      real time operation.
PAR  A further object is to provide a microprocessor in which the control memory
      can branch from one program segment to another without losing a machine
      cycle time of the single phase clock.
PAR  Another object of the invention is to provide a processor capable of
      extended or relative addressing of control or main memory in a single
      machine cycle time.
PAR  A still further object of the invention is to provide a processor in which
      the clock is single phase and controllable by the user to allow connection
      of peripheral devices of varying speeds.
DRWD
PAR  These and other objects, features, and advantages of the invention will
      become more apparent when the following description is read in conjunction
      with the drawings, in which:
PAR  FIG. 1 is an overall block diagram of the processor of the instant
      invention.
PAR  FIG. 2 is a block diagram of the Micro Address Generator portion of the
      processor.
PAR  FIG. 3 is a block diagram of the Microinstruction Processing portion of the
      processor of the instant invention.
PAR  FIG. 4 is a block diagram of the Arithmetic and Logic Unit and General
      Register Portion of the processor.
PAR  FIG. 5 is a diagram showing the information flow of the processor from a
      general register through a function block and back to a general register.
PAR  FIG. 6 is a diagram of an alternate information flow path.
PAR  FIG. 7 is a diagram of a third information flow path wherein an IO register
      is a source and either an IO or general register is the destination.
PAR  FIG. 8 is a block diagram of the Interrupt flow of the processor.
PAR  FIG. 9 is a diagram showing the locations of the micro fields in a
      microinstruction used by the device of the instant invention.
PAR  FIG. 10 is a timing diagram showing the interrupt timing of the processor.
PAR  FIG. 11 is a table describing the functions of the ALU Select field of a
      microinstruction.
PAR  FIG. 12 is a table showing bit position assignments of the B Bus.
PAR  FIG. 13 is a table describing the Microprogramming of Bus sources.
PAR  FIG. 14 is a table showing Word/Byte operation of the device.
PAR  FIG. 15 is a table showing the relative addressing feature of the device as
      represented in a microinstruction.
PAR  FIG. 16 is a Timing diagram of the basic single phase clock and system
      clock.
PAR  FIG. 17 is a logic block diagram of the address decoding logic for the
      processor's IO and interrupt system.
PAR  FIG. 18 is a timing diagram of A Bus and B Bus timing.
PAR  FIG. 19 is a timing diagram of the C Bus timing.
PAR  FIG. 20 is a timing diagram of a typical multiplexed IO interrupt.
PAR  FIG. 21 is a block diagram of IO modules in a multiplexed IO interrupt
      priority string.
PAR  FIG. 22 is a logic block diagram of the IO interrupt request logic of the
      device of the invention.
PAR  FIG. 23 is a logic block diagram of the IO device address to A Bus logic.
PAR  FIG. 24 is a block diagram of an External Condition Logic Circuit.
PAR  FIG. 25 is a timing diagram of External Condition timing.
PAR  FIG. 26 is a block diagram of the Fast Interrupt Request and Response
      to/from the processor.
PAR  FIG. 27 is the Fast Interrupt timing diagram for a Single Data Transfer.
PAR  FIG. 28 is a Fast Interrupt timing diagram for a Multiple Data transfer.
PAR  FIG. 29 is a block diagram showing essential elements of DMA.
PAR  FIG. 30 is a block diagram of a Multidevice Mode arrangement of processors
      according to the invention.
PAR  FIG. 31 is a block diagram of Priority Control Logic of the device.
PAR  FIG. 32 is a block diagram of Request Control Logic.
PAR  FIG. 33 is a logic block diagram of the B Bus Control Logic.
PAR  FIG. 34 is a timing diagram of the Fast Interrupt Priority Control of the
      device.
PAR  FIG. 35 is a block diagram of the IO Bus of the processor according to the
      invention.
PAR  FIG. 36 is a block diagram showing the IO Enable Control logic.
PAR  FIG. 37 is a timing diagram of the IO Active signal.
PAR  FIG. 38 is a block diagram of the Multiplexer IO Interrupt.
PAR  FIG. 39 is a timing diagram of a Multiplexed IO Interrupt.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In a preferred embodiment, a microprogrammed data processor may consist of
      a device organized in a generalized three-bus structure where the
      functional processing units are interconnected between operative buses by
      means of tri-state logic.
PAR  Tri-state logic allows each unit to either drive, receive from, or present
      a high impedance to the buses under control of a microcontrol register.
PAR  FIG. 1 shows such an arrangement wherein the A bus, B bus and C bus are
      shown at 1, 2 and 3 respectively. Connecting the A bus 1 and the C bus 3
      are a set of input/output registers 4 which are additionally connected to
      an input/output bus 6 by means of a register bus selection multiplexer 8.
      A set of general registers 10 is connected by means of their input to the
      C bus and by means of their output to the A and B buses. As shown in FIG.
      1, the general registers may be 16 bits wide, with the most significant 8
      bit appearing on the left side of the diagram and the least significant 8
      bit appearing on the right side thereof. It is possible to utilize a block
      of 8 bit registers (using only the least significant 8 bits) by means of a
      two to one multiplexer 12 which would divide the C bus' 16 bits into two 8
      bit segments. Likewise, although the diagram indicates only the least
      significant 8 bit segment connected to the A bus and B bus, with the
      optional most significant 8 bit register block the resulting 16 bit words
      may be directly placed on the A bus or B bus. Also shown associated with
      the general register block is an adder 14 connected between the B bus and
      the two to one multiplexer 12. The adder 14 allows an arithmetic operation
      to be performed upon data as it is being passed through the general
      register block from, for example, the B bus to the A bus. A translator 15
      allows the storage of microinstruction sets corresponding to the
      macroinstruction instruction set of a computer to be emulated.
PAR  A main memory and scratch pad memory 16 and 18, respectively, are shown
      connected such as to receive data from the A bus and an address from the B
      bus. The memory output is directed to the C bus 3. The scratch pad memory
      18 may be used for intermediate storage beyond the limits of the 8 general
      registers or for other purposes to be described later. The main memory can
      be used to store data, results, microinstructions awaiting transfer to a
      variable control memory, or microinstructions if the device is being used
      in an emulation mode to emulate the macroinstruction set of another data
      processing machine.
PAR  The microcontrol elements of the device include the micro-address register
      20, the control memory 22 which may comprise a read-only memory and/or a
      random access memory, and the microcontrol register 24 which holds the
      current microinstruction while it is being executed. Also associated with
      the microcontrol elements are a series of multiplexers 26, 28, 30, 32, 34
      and 36. The multiplexers are used primarily for translating between
      various address/data information bit widths. A push stack 38 and a stack
      pointer counter 40 also associated with the microcontrol elements and
      their functions will be described later. Similarly, decoder 42 will be
      described in conjunction with the description of the microcontrol register
      contents.
PAR  An arithmetic and logic unit 44 with its associated input and output
      multiplexers 46 and 48, respectively, is capable of performing, in a
      preferred embodiment, 32 arithmetic or 16 logical operations, taking its
      two operands from the A bus and B bus and placing the results on the C
      bus.
PAR  In very general terms, the operation of the machine is such that a 32 bit
      microinstruction is divided into a number of fields which control all the
      operations of the machine. For example, the microinstruction determines
      the source of data for the A bus and B bus, whether it is to be an
      input/output interface or a general register. It determines the function
      to be performed in the arithmetic and logic unit on data from the A bus
      and B bus, and it further determines that data from the A bus is to be
      stored in scratch pad/main memory at an address contained on the B bus.
      Complete definition of the microinstructions fields will be provided later
      in this specification.
PAR  It is apparent, from a view of FIG. 1, that the microinstructions can
      direct the flow of data through a variety of paths. Incoming data from the
      input/output bus, for example, can be routed directly to scratch pads/main
      memory or can be first operated on in the arithmetic and logic unit 44.
      Results from the ALU 44 can be transmitted immediately by an input/output
      register 4 to the input/output bus 6 or can instead be held in a general
      register 10 pending further manipulation within the machine. Similarly,
      information from scratch pad/main memory (18, 16) can be routed to the
      input/output bus 6 or to a general register 10.
PAR  The general registers 10 may be used to buffer data between the C bus 3 and
      the A bus 1 or B bus 2 for further processing or storage within the
      machine. Similarly, the ALU 44 can be used as a path to move data
      unchanged from the A bus 1 or B bus 2 to the C bus 3.
PAR  Thus, multiple fields enable the microinstruction to control a number of
      operations and address civil locations simultaneously. A tightly packed
      microinstruction provides parallel processing and results in efficient
      machine utilization. It is apparent that, although not specifically shown
      on FIG. 1 for purposes of clarity of description, a plurality of control
      paths exist from the microcontrol register 24 to each of the devices which
      has access to one or more of the buses.
PAR  It may also be noted that the generalized three-bus architeture of the
      device makes it possible to add functions as the needs arise, such as, a
      high-speed multiply/divide, square root, trigmetric functions, and code
      conversions. The addition of a translator 15, together with an emulation
      microprogram in the control memory permits the device to emulate a
      computer instruction set.
PAC  SYSTEM ORGANIZATION
PAR  Three types of information are existant within the system. The basic
      element of information is a 16 bit word in which the bit positions are
      numbered from 0 through 15 as follows:
     Byte 0           Byte 1                                                   
     0 1 2 3 4 5 6 7  0 1 2 3 4 5 6 7                                          
PAR  The binary information in the system is generally expressed in hexidecimal
      notation because four binary digits of information can be expressed by a
      single hexidecimal digit. Thus, a byte can be expressed with a string of
      two hexidecimal digits, a word with a string of four hexidecimal digits,
      and a double word with a string of eight hexidecimal digits. For purposes
      of this disclosure, a hexidecimal number is displayed as a string of
      hexidecimal digits surrounded by single quotation marks and preceeded by
      the letter `X`. For example, the binary number 01011010 is expressed in
      hexidecimal notation as X'5A'. Hexidecimal numbers are generally used to
      denote addresses and data values. There are instances, however, in which
      decimals numbers are more meaningful or are customary. Also, for purposes
      of this discloure, fixed-point data is expressed in two's complement
      notation consisting of a 15 bit interger and a sign bit in the 0 position.
      Logical operations assume that a logical data word format consisting of 16
      bits without sign, is used.
PAR  A second class of information within the system is the micro-address. The
      micro-address is 12 bits, capable of addressing up to 4,096 control memory
      locations. The micro-address register (MAR) 20, push stack 38, and related
      gating operations are on a 12 bit basis when a micro-address is routed
      over one of the three buses 1, 2, 3, it occupies the least significant 12
      positions of the 16 bit positions of each bus.
PAR  The third class of information in the system is the microinstruction, 32
      bits in length. The control memory 22 and the microcontrol register (MCR)
      24 both operate on a 32 bit basis. When a microinstruction is routed over
      one of the buses, it is handled into 16 bit sections. The flow of
      information within the device may be described in four categories called a
      micro-address, microinstructions, data, and interrupt.
PAR  The basic microinstruction format is a 32 bit format subdivided into 11
      micro-operational fields (micro OP fields) as shown below. This format
      will be extensively discussed in a later following section of this
      specification.
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PAL  The micro-address information flow is shown generally in FIG. 2. Various
      elemental blocks are numbered to coincide with the numbers originally
      given in FIG. 1. Note the addition, however, of a clock control device 50
      which is shown as driving the MAR 20. Although the clock control is shown
      for only the one element 20, the equivalent clock function is assumed to
      be applied in functional relation to all blocks in which the symbol .phi.
      appears.
PAR  The micro-addresses are normally held in the MAr 20. From here they are
      applied at .phi. at the 4:1 memory address multiplexer 28 to select the
      control memory location in which a microinstruction is stored. The
      micro-address in the MAR 20 can be changed in two ways:
PAR  1. Incremented to the next micro-address by the clock.
PAR  2. Jumped to another micro-address supplied from the C bus.
PAL  It should be noted that, for the purposes of the remainder of this
      specification, where a slant line with a number immediately thereunder is
      associated with a line on any of the figures, the number indicates the
      number of wires connecting the associated elements. For example, between
      the C bus and the micro-address register 20 a 12-wire cable is the
      connective element.
PAR  The micro-address applied to control memory 22 can be multiplexed from 3
      sources in addition to the micro-address register: A bus, B bus, and
      interrupt logic. The interrupt logic 52 generates micro-address
      corresponding to each interrupt.
PAR  When an immediate address is used and it is desired merely to increment the
      micro-address register 20, bits 20 through 31 from the microcontrol
      register 24 are used directly as the next micro-address. At the same time,
      this immediate address is routed via bus A through the arithmetic and
      logic unit (ALU) 44 with a one added thereto. The result is presented via
      the C bus to the input of the MAR 20. The next system clock will cause
      this value to be put into the MAR 20 allowing continuous simultaneous
      fetch/execute cycles through the system. Relative micro-addressing will be
      discussed in some detail later in this specification.
PAR  The current micro-address in the MAR 20 can be stored in the push-stack 38
      and replaced with a micro-address from the C bus 3. Also, the
      micro-address from the push stack 38 can be routed by the C bus 3 to the
      micro-address register 20. At the same time the micro-address is stored in
      the push stack, 6 status bits are entered into the push stack.
PAC  INSTRUCTION FLOW
PAR  The microinstructions are stored in control memory. In the instant
      embodiment, two types of control memory are shown, a read only memory 22
      and a random access memory 23. It is also within the scope of the
      invention to provide additional types of control memory such as an
      electrically alterable memory. In addition, a separate memory may be
      provided to perform such functions as diagnostics and field varification.
PAR  Micro-instruction processing is diagramed in FIG. 3. When addressed by a
      micro-address, a microinstruction is transferred from control memory 22 or
      23 via a 2 to 1 multiplexer 32 to the microcontrol register MCR 24. A
      microinstruction can also reach the MCR 24 from a maintenance control
      panel via the C bus 3 and its associated 2 to 1 multiplexer 30 in 2 16 bit
      increment.
PAR  In the case of the random access type control memory 23, a new
      microinstruction can be written into the location addressed by the
      micro-address. The new microinstruction is obtained in two 16 bit
      increments from the A bus 1 over the 16 bit line shown in FIG. 3. A
      microinstruction can be read out from any type of control memory via a two
      to one multiplexer 30 in two 16 bit increments to the C bus 3.
PAR  From the MCR 24, the microinstruction is decoded to provide control signals
      that direct the flow of data through the system as well be detailed later.
      The last 12 bits of the microinstruction, when used as an immediate
      micro-address are placed on the A bus 1 by means of the 12 bit line shown
      in FIG. 3. Similarly, the last 8 bits of the microinstruction, when used
      as an Emit field (to be discussed later) are placed on the B bus 2. The 3
      bits defining the bit switch/position are decoded in decoder 42 and placed
      on the B bus.
PAR  With respect to timing, the first microinstruction is read from the control
      memory 22, 23. When this microinstruction is clocked into the MCR 24, the
      incrementor (ALU 44) is activated causing the MAR 24 to be incremented to
      MAR+1.
PAR  Since there are no phases in the clock of the device, this new address is
      immediately presented to the control memory 22 which reads the next
      microinstruction to the input of the MCR 24. The next clock will save the
      datum result input to the MCR 22 to the new microinstruction that was
      waiting and increment the MAR to MAR+1. This process continues until a
      micro-address other than a sequential sequence is needed.
PAC  DATA FLOW
PAR  Data flows through a number of paths and registers including the arithmetic
      and logic unit ALU 44, general registers 10, input/output modules of
      various kinds 4, scratch pad 18, main memory 16, and instruction
      translator 15 if such a device is used to provide emulation of computer
      macroinstructions.
PAC  ARITHMETIC AND LOGIC UNIT (ALU)
PAR  The ALU 44 accepts a byte or word from the A bus and B bus, performs
      arithmetic or logic operations on the two operands and outputs the results
      through a rotat/byte select logic 48 to the C bus 3 as shown in FIG. 4.
      Operand word or byte selection, operations selection, and output shift or
      byte select are all specified by control signals derived from the
      microinstruction to be described later.
PAR  The input byte select gate 46a, 46b applies both bytes, the left byte, or
      right byte, from the A bus to the A operand or from the B bus to the B
      operand.
PAR  The arithmetic or logic operations is specified by the mode signal M (shown
      above as the first of the 11 microoperational fields). One of 16
      arithmetical and logic operations is selected by the four select lines
      (shown as the second and fourth microoperational fields of the diagram.)
      Carry in, Cn, adds "one" the results.
PAR  The ALU result can be shifted left or right one bit or transferred direct
      to the C bus. Also, the right byte of the results can be placed in the
      left byte of the C bus.
PAC  GENERAL REGISTERS
PAR  The general registers 10 provide a source for the A bus 1 and B bus 2 and
      the destination for the C bus 3, as shown in FIG. 4. For example, the A
      and B operands for the ALU 44 can be taken from general registers 10 and
      the ALU results can be stored in a general register.
PAR  Additionally, one can be added to or subtracted from the value on the B bus
      and the result stored in one of the general registers. This function is
      performed by the add/subtract one function 14 connected from the B bus
      through the 2 to 1 multiplexer 12 through a one to eight demultiplexer and
      ultimately applied to the general register 10.
PAC  STATUS
PAR  Four of the 6 status bit to the ALU 44 are derived from arithmetic
      operations, as defined below.
PAR  Carry: In word operation, the carry-out from the most significant bit of
      the ALU (Bit 0) or, in byte operation, the carry-out from the most
      significant bit of the byte (bit 8).
PAR  Overflow: An arithmetic operation on A and B operands results in a number
      greater than the largest number that can be processed in the space
      specified (word or byte). For example, in addition, overflow occurs if the
      sum of two positive numbers is negative or the sum of two negative numbers
      is positive, using two's complement format. Similarly, in subtraction,
      overflow results if the subtraction of a negative number from a positive
      number gives a negative number or if the subtraction of a positive from a
      negative number gives a positive number. The overflow is indicated as a
      status bit in register 62.
PAR  C bus equals 0: All bits of the C bus are 0. This status bit is carried in
      register 60.
PAR  Sign: In word operation, the most significant bit of the word (bit 0) or,
      in byte operation, the most significant bit of the byte (bit 8). This
      status is carried in register 58.
PAR  Control Mode: A compound decoded from the microinstructions sets and resets
      this bit. It is used for additional control of an optional function such
      as a macroinstruction translator. This register is not diagramed in FIG.
      4.
PAC  INPUT/OUTPUT
PAR  Input/output modules 4 may be of various types to handle various modules
      such as a teletype or paper tape. In general, the modules perform
      functions of the following types:
PAR  1. Accept incoming data and place it on the A bus.
PAR  2. Transfer outgoing data from the C bus to the output.
PAR  3. Accept multiplexed general interrupts and place their identification on
      the A bus.
PAR  The input/output will be extensively discussed in a later portion of this
      specification.
PAC  Scratch Pads/Main Memory
PAR  Referring to FIG. 1, data is written from the A bus into the scratch pad
      18, main memory 16, at the location addressed by the B bus. Data is read
      to the C bus 3 from the scratch pad 18, main memory 16 location addressed
      by the B bus.
PAC  TRANSLATOR
PAR  The translator 15 enables the device to emulate a computer instruction set.
      This provides the means for translating a macroinstruction, taken from the
      C bus into a micro-address .phi., placed on the A bus, that accessed the
      first of a series of microinstructions in control memory 22 to implement
      the macroinstruction. Moreover, in the case of a macroinstruction
      containing an argument field, such as the address field used in
      calculating direct or indirect memory locations, the translator transfers
      the argument field to the B bus.
PAC  MAINTENANCE CONTROL PANEL
PAR  The maintenance control panel (not shown) provides controls and indicators
      that display the current status of the machine and make changes in that
      status. The controls permit 16 data bits to be placed on the C bus, in the
      microcontrol register, or (12 bits) in the micro-address register.
      Interrupt and status bits are displayed continuously. Register or bus
      contents can be displayed one at a time. The maintenance control panel
      will be further defined in detail in a later section.
PAC  INFORMATION FLOW: SUMMARY
PAR  Information flow is the path which data takes from a general register
      through some function lock back to a general register. A simplified view
      of this flow is shown in FIG. 5.
PAR  The first level of gating (multiplexers 56) selects which register is to be
      gated to the source buses A and B.
PAR  The second level of gating (byte select gates 46a, 46b,) selects which byte
      on the A and B buses is to be presented to the ALU 44 to have some
      function performed.
PAR  The third level of gating (shift/byte select 48) selects whether the output
      of the ALU 44 is to be logically shifted left or right 1 bit position
      and/or if the right byte should be moved to the left byte of the C bus
      (destination bus).
PAR  Adding to this information flow is an alternate path that data may take
      instead of through the ALU function logic. This alternate path is shown in
      FIG. 6.
PAR  In FIG. 6, the first level of gating (multiplexers 56) select which
      register is to be used as the data register (A and C buses) and which
      register is to be used as the memory address register (B bus).
PAR  The second level of gating and the third level of gating are both disabled
      (disconnected through the used to the tri-state logic previously
      discussed) so that the output of the main memory can be connected directly
      to the C bus (register destination bus).
PAR  The third information path allowed is shown in FIG. 7. The first level of
      gating for the A bus (multiplexers 56) select, instead of a general
      register 10 as its source, an IO register 4 to be gated onto the A bus.
      The first level of gating for the B bus is free to select a general
      register to be gated to the B bus.
PAR  The data flow can then be routed to the main memory 16 through the ALU 44
      back to either the IO register 4 or general register 10 or from the main
      memory 16 to the IO register 4. The third level of gating 48 is used only
      when the ALU function is active.
PAC  INTERRUPT FLOW
PAR  Seven interrupt lines originate in various parts of the system, as shown in
      FIG. 8, all of which terminate at an interrupt register 70 when one or
      more of the interrupt flip-flops is set, the micro-address of the
      interrupt that has the highest priority is applied through the interrupt
      micro-address and coder 52 to the memory address multiplexer 28 which then
      addressed the control memory 22. The interrupts are diagramed in FIG. 8 in
      order of priority from X `4` to X `A`. Each microaddress points to a
      microinstruction specified by the system programmer initiating a procedure
      that responds to that interrupt.
PAR  The contents of the interrupt register may be displayed on a maintenance
      control panel 66.
PAR  The interrupts form the following functions:
PAR  Power Off: A logic signal from the power supply that indicates loss of
      input power which in a short period of time after input power has dropped.
      Power supply may be designed such that there is sufficient storage in the
      power supply such that the voltage does not go out of regulation until
      some period of time beyond that which the interrupt is activated.
PAR  Power On: A logic signal from the power supply that indicates the power is
      on.
PAR  Fast Interrupt One: A logic signal from the input/output interface 4
      directly to the interrupt register and used primarily for high-speed data
      transfers to/from user logic via the IO interface 4 from/to scratch
      pad/main memory 16, 18. The interrupt register returns a hardware response
      to the IO interface.
PAR  Fast Interrupt Two: The same as fast interrupt one, except of lower
      priority. One of the fast interrupts may be used to input data while the
      other is used to output data. The fast interrupts will be described in
      details in the later section:
PAR  Input/Output: A logic signal that indicates that a multiplexed input/output
      interrupt is pending on one or more of the input/output interfaces. In
      response to the signal, the system programmer requests the highest
      priority I/O module 4 with an interrupt pending to put its address on the
      A bus.
PAR  Error: A logic signal that indicates a parity error has occured in control
      memory, scratch pad or main memory.
PAR  Auto Load: A switch signal from the maintenance control panel used to
      indicate an automatic loading routine. This signal defects a trap to
      control memory location as a function of whether the system is on or off.
      This may also be used as a console interrupt.
PAC  MICROINSTRUCTION REPERTIORE
PAR  This section describes the actions that results from each microoperations
      code at each field of the microinstruction.
PAR  As earlier discussed, the microinstruction consists of 32 bits, divided
      into a number of single purpose and multi-purpose shields. FIG. 9 shows
      the possible combination of fields in a single 32 microinstruction. As can
      be seen from the figure, up to 11 fields, may be defined in a single
      microinstruction. These fields are decoded the microinstruction decoder
      42, (FIG. 1) to provide control signals for all other elements of the
      system. The microprogram is stored in control memory 22. During the
      execution of a particular microinstruction, that microinstruction is held
      in the microcontrol register MCR 24.
PAR  The configuration shown in FIG. 9 may be sumarized in the following
      statements:
     Bus,                                                                      
     A(0-15)    A Bus                                                          
     A(0-7)     Left Byte, A Bus                                               
     A(8-15)    Right Byte, A Bus                                              
     B(0-15)    B Bus                                                          
     B(0-7)     Left Byte, B Bus                                               
     B(8-15)    Right Byte, B Bus                                              
     C(0-15)    C Bus                                                          
     C(0-7)     Left Byte, C Bus                                               
     C(8-15)    Right Byte, C Bus                                              
     IO(0-15)   Input/Output Bus                                               
     IO(0-7)    Left Byte, IO Bus                                              
     IO(8-15)   Right Byte, IO Bus                                             
     Register,                                                                 
     IORn(0-15) Input/Output Register 0 - 7                                    
     GRn(0-15)  General Register 0 - 7                                         
     MAR(0-11)  Micro Address Register                                         
     MCR(0-31)  Micro Control Register                                         
     IR(0-6)    Interrupt Register                                             
     SR(0-6)    Status Register                                                
     PSn(0-17)  Push Stack 0 - 15                                              
     T(0-15)    Translator                                                     
     Memory,                                                                   
     Control   CM-RAM(MAM)    =     CM(0-1024, 0-31)                           
     Memory    CM-ROM(MAM)    =     CM(0-4096, 0-31)                           
               CM-EAROM(MAM)  =     CM(0-4096, 0-31)                           
     Field Verification, FV(MAM)                                               
                      =     CM(x'FOO'-x'FFF', 0-31)                            
     Scratch Pad, SP(B)                                                        
                      =     SP(0-1024, 0-15)                                   
     Main Memory, MM(B)                                                        
                      =     MM(0-65,536, 0-15)                                 
     Clock, Phi or .PHI.    One-phase clock (one clock                         
                            dropped for main                                   
                            memory accesses)                                   
     Other Terms:                                                              
     ALU        Arithmetic Logic Unit                                          
     ALU-A      A operand inputs to ALU                                        
     ALU-B      B operand inputs to ALU                                        
     ALUM       ALU Mode                                                       
     ARG        Argument from Translator                                       
     Cn         Carry-in to ALU                                                
     DA         Device Address                                                 
     I          Interrupt                                                      
     IOI        Input/Output Interrupt                                         
     IOM        IO Mode                                                        
     MAM        Memory Address Multiplexer                                     
     MCP        Maintenance Control Panel                                      
     S          Status bit                                                     
     Vn         Vector n from Translator (a micro                              
                address)                                                       
PAC  SINGLE PURPOSE MICRO FIELDS
PAR  The specific function, taken alone, of each singlefield micro opcode is
      defined. Unless otherwise stated, execution of each micro instruction
      occupies one clock period and each microinstruction updates the status
      register.
PAR  Input/Output Mode: Input/output Mode (IOM) selects general registers 10 or
      input/output data 4.
PAR  RA Select: When IO Mode is false, RA Select is the address of a general
      register 10 which is to be the source of data for the A bus.
PAR  When IO mode is true, RA Select and Device Select (bits 28-31 of the
      microinstruction) are the address of an input/output module 4 which is to
      be the source of data for the A bus. (Unless specifically inhibited, this
      field sources a general register or input/output module to the A bus). A
      bus control is needed to complete the selection process.
PAR  ALU Mode: ALU Mode causes the Arithmetic Logic Unit 44 to perform
      arithmetic functions when false and logic functions when true. This mode
      is discussed further in connection with ALU Select.
PAR  RB Select: RB Select is the address of a general register 4 which is to be
      the source of data for the B bus. In addition, when IOM is true and B bus
      control is 3, the RB Select field assigns a bit to one of the eight least
      significant positions on the B bus, as discussed further in the section
      entitled Bit Switch/Position. B bus control is necessary to complete the
      selection process.
PAR  A Bus Control: A Bus Control is concerned with the source of data placed on
      the A bus, the bytes applied to the A operand inputs of the ALU 44, and
      the bytes read from or writted into main memory 16.
PAR  0. Contents of general register 10 or input/output module 4 data specified
      by IO Mode, RA Select and Device Select are placed on A bus. Both bytes of
      A bus are applied to A operand of ALU 44. Both bytes of A bus may be read
      from or written into main memory 16.
PA0  If IOM = 0 then A(0-15) .rarw. GRn(0-15) else A(0-15) .rarw. ION(0-15)
      ALU-A(0-15).rarw.A(0-15)
PA0  If Branch Control = x'2' then C(0-15).rarw.MM(0-15) (B)
PA0  If Branch Control = x'3' then MM(0-15) (B) .rarw.A(0-15)
PAR  1. Contents of general register 10 or input/output module 4 data specified
      by IO Mode, RA Select and Device Address are placed on A bus. The left
      byte of A bus is applied to the A operand of ALU, right justified. The
      left byte of A bus may be read from or written into the left byte of main
      memory 16.
PA0  If IOM=0 then A(0-15).rarw.GRN(0-15) else A(0-15).rarw.IOn(0-15)
      ALU-A(8-15) .rarw. A(0-7); ALU-A(0-7).rarw. 0
PA0  If Branch Control = x'2' then C(0-7).rarw.MM(0-7) (B)
PA0  If Branch Control = x'3' then MM(0-7) (B).rarw.A(0-7)
PAR  2. Contents of general register 10 or input/output module 4 data specified
      by IO Mode, RA Select, and Device/Select are placed on the A bus. The
      right byte of A bus is applied to the A operand of ALU, right justified.
      The right byte of A bus may be read from or written into the right byte of
      main memory 16.
PA0  If iom = 0 then A(0-15).rarw.GRn(0-15) else A(0-15).rarw.IOn(0-15)
      ALU-A(8-15).rarw.A(8-15); ALU-A(0-7).rarw.0
PA0  If Branch Control = x'2' then C(8-15).rarw.MM(8-15) (B)
PA0  If Branch Control = x'3' then MM(8-15) (B).rarw.A(8-15)
PAR  3. Contents of Micro Address Register 20 are placed on the A bus, right
      justified. Both bytes of A bus are applied to the A operand of ALU 44.
      Transferring a register 10 to the A bus is inhibited.
PA0  A(4-15).rarw.mar(0-11);
PA0  alu-a(0-15).rarw.a(0-15)
PAL  a micro opcode in one of the C bus/register control micro opcodes is needed
      to complete A bus control. A bus control can be overridden by MCR 24
      Control:
PA0  = X'3', Read Vector 1 to A Bus from Translator 15, MCR Control
PA0  = x'5', Read Vector 2 to A Bus from Translator 15, MCR Control
PA0  = x'E', Read Interrupt Address to A bus, and C Bus/Register
PA0  Control = x'B', Immediate Addressing Invoked to MAR.
PAR  B Bus Control: B bus control is concerned with the source of data placed on
      the B bus and the bytes applied to the B operand inputs of the ALU 44.
PAR  0. Contents of general register 10 specified by RB Select are placed on B
      bus; both bytes of B bus 90 to ALU 44.
PA1  B(0-15).rarw.grn(0-15)
PA1  Alu-b(0-15).rarw.b(0-15)
PAR  1. contents of general register 10 specified by RB Select are placed on the
      B bus; the left byte of B bus goes to ALU 44, right justified.
PA1  B(0-15).rarw.grn(0-15) ALU-B(8-15).rarw.B(0-7) ALU-B(0-7).rarw.0
PAR  2. Contents of general register 10 specified by RB Select are placed on the
      B bus; the right bytes of B bus go to ALU 44, right justified.
PA1  B(0-15).rarw.grn(0-15)
PA1  Alu-b(8-15).rarw.b(8-15)
PA1  alu-b(0-7).rarw.0
PAR  3. if IOM is false, the Emit Field is transferred to the B bus, right
      justified. If IOM is true, a one is transferred to the position in the
      right byte of the B bus defined by RB Select, as discussed further in the
      section entitled Bit Switch/Position. In either case, the right byte of B
      bus is applied to ALU 44, right justified.
PA1  If IOM = 0 then B(8-15).rarw.MCR (24.sup.- 31) else B(8-15).rarw.1(RB Sel)
PA0  In either case:
PA1  Alu-b(8-15).rarw.b(8-15)
PA1  alu-b(0-7).rarw.0
PAR  the B bus control can be overridden by MCR Control = x'7', Read Argument to
      B bus from Translator 15.
PAR  C Bus/Register Control: The C bus/register control field is concerned
      primarily with routing data from the C bus to the general registers 10 or
      input/output modules 4. This field is concerned also with shifting left or
      right one position the ALU 44 output to the C bus, with applying the value
      on the C bus to the micro-address register 20, with
      incrementing/decrementing the value on the B bus and returning it to a
      general register 10, and with using the last twelve bits of the
      microinstruction as an immediate address.
PAR  In the case of transfers from the C bus to the general registers 10 or
      input/output modules 4 defined by IO mode, RA Select, and Device Select,
      the bytes transferred are controlled by A bus control. In the case of
      transfers from the C bus to general registers 10 selected by RB Select,
      the bytes transferred are controlled by B bus control.
PAR  Transfers from the general registers 10 or input/ output modules 4 to the A
      bus are not affected by the C bus/ register control = x'B' inhibits
      transfers to the A bus, since the A bus is being used by the immediate
      address. For other values of the C bus/register control field, transfers
      from the general registers or input/output modules to the A bus are always
      enabled.
PAR  Moreover, transfers from the general registers 10 to the B bus are not
      affected by the C bus/register control field. In other words, these
      transfers are always enabled, so far as this field is concerned.
PAC  C BUS/REGISTER CONTROL FUNCTION
PAR  x'0' No strobe to any register. Data from the C bus is not transferred into
      a general register 10, input/output module 4 or any other register.
      However, transfers from a general register or an input/output module to
      the A bus and from a general register to the B bus can take place.
      (Transfers from a general register to the A bus can be inhibited by the C
      bus/register control field, but not enabled.)
PA1  C(0-15).rarw.alu(0-15)
PAR  x'1'C Bus to MAR. Transfers the least significant 12 bits on the C bus to
      the micro-address register 20 on the clock following the micro opcode. The
      status register is not updated, but its contents are maintained. Then the
      microinstruction corresponding to the micro-address transferred into the
      MAR 20 is transferred into the microcontrol register 24 on the second
      clock following the micro opcode and is available for execution during the
      third clock period. Thus, execution of this micro opcode occupies two
      clock periods.
PA1  C(0-15).rarw.alu(0-15)
PA1  mar(0-11).rarw.c(4-15).sup.. phin
PA1  Mam(0-11).rarw.mar(0-11)
PA1  mcr(0-31).rarw.cm(0-31)(mamo-11).sup.. phin+1
PAR  Status Register: The foregoing micro opcode is the first one encountered in
      which the status register (part of the maintenance control panel 66) was
      not updated. As a general rule, the status register is updated by the
      clock concluding each microinstruction period. Under the circumstances
      enumerated below, however, the status register is not updated and the
      existing contents are maintained. In brief, it may be said that the
      contents of the status register are unchanged when branching or jumping to
      a new micro-address. In detail:
PAR  a. The C bus/register control field of the current microinstruction equals
      x'1' or x'9', involving C bus to MAR 20, or
PAR  b. The branch control field of the current microinstruction specified a
      Test/Branch micro opcode or Push, or
PAR  c. A fast interrupt micro instruction in control memory location x'006' or
      x'007' is being executed.
PAR  x'2' Use RA Select Device Select, IO Mode, and A bus control as a routing
      address. If A bus control = 1, the right byte of the ALU output is
      transferred to the left byte of the C bus; for other values of A bus
      control, both bytes of ALU output are transferred to the C bus. For A bus
      control = 0, both bytes of the C bus are transferred to a general register
      or input/output module selected by IO mode, RA Select, and Device/Select;
      for A bus control = 1, the left byte of the C bus is transferred to
      register 10; for A bus control = 2, the right byte of the C bus is
      transferred to register 10; for A bus control = 3, both bytes of the C bus
      to general register 10, and C(8-15).rarw.0
TBL  If A bus Con = 1 then                                                     
                    C(0-7).rarw.ALU(8-15) else                                 
                    C(0-15).rarw.ALU(0-15)                                     
     A Bus Control                                                             
     0      If IOM = 0 then                                                    
                          GRn(0-15).rarw.C(0-15) else                          
                          IOn(0-15).rarw.C(0-15)                               
     1      If IOM = 0 then                                                    
                          GRn(0-7).rarw.C(0-7) else                            
                          IOn(0-7).rarw.C(0-7)                                 
     2      If IOM = 0 then                                                    
                          GRn(8-15).rarw.C(8-15) else                          
                          IOn(8-15).rarw.C(8-15)                               
     3      GRn(0-15).rarw.C(0-15)                                             
PAR  x'3' Use RB Select and B bus control as a routing address. If B control =
      1, the right byte of ALU 44 output is transferred to the left byte of the
      C bus; for other values of B bus control, both bytes of ALU output are
      transferred to generalregister 10 addressed by RB Select; for B bus
      control = 1, the left byte of C bus is transferred to a general register
      10; for B bus control = 2, the right byte of the C bus is transferred to a
      general register 10.
TBL  ______________________________________                                    
     If B bus Con = 1 then                                                     
                       C(0-7).rarw.ALU(8-15),                                  
                       C(8-15).rarw.O else                                     
                       C(0-15).rarw.ALU(0-15)                                  
     B Bus Control:                                                            
     0:                GRn(0-15).rarw.C(0-15)                                  
     1:                GRn(0-7).rarw.C(0-7)                                    
     2:                GRn(8-15).rarw.C(8-15)                                  
     3:                GRn(0-15).rarw.C(0-15)                                  
     ______________________________________                                    
PAR  x'4' Shift ALU output (to C bus) 1 bit to the left, and use RA Select,
      Device Select, IO Mode, and A bus control as the routing address. If A bus
      control = 1, the right byte of ALU 114 output is shifted 1 bit to the
      left, the least significant bit is filed with zero, and is transferred to
      left byte of C bus. The left byte of C bus is transferred to the left byte
      of general register 10 or input/output module addressed 4 by IO Mode, RA
      Select, and Device Select. For other values of A bus control, both bytes
      of ALU output are shifted one bit to the left, the least significant bit
      is filed with zero, and both bytes are transferred to the C bus. For A bus
      control - 0, both bytes of C bus are transferred to a general register 10
      or input/output module 4. For A bus control = 3, both bytes of C bus are
      transferred to a general register.
TBL  ______________________________________                                    
     If A Bus Con = 1 then                                                     
                       C(0-6).rarw.ALU(9-15),                                  
                       C7.rarw.0,                                              
                       C(8-14).rarw.ALU(9-15),                                 
                       C15.rarw.0,                                             
     else              C(0-14).rarw.ALU(1-15),                                 
                       C15.rarw.0                                              
     A Bus Control:                                                            
     0:     If IOM = 0 then                                                    
                          GRn(0-14).rarw.C(0-14),                              
                          GRn15.rarw.C15(=0)                                   
            else          IOn(0-14).rarw.C(0-14),                              
                          IOn15 .rarw.C15(=0)                                  
     1:     If IOM = 0 then                                                    
                          GRn(0-6).rarw.C(0-6),                                
                          GRn7.rarw.C7(=0)                                     
            else          IOn(0-6).rarw.C(0-6),                                
                          IOn7.rarw.C7(=0)                                     
     2:     If IOM = 0 then                                                    
                          GRn(8-14).rarw.C(8-14),                              
                          GRn15.rarw.C15(=0)                                   
            else          IOn(8-14).rarw.C(8-14),                              
                          IOn15.rarw.C15(=0)                                   
     3:     GRn(0-15).rarw.C(0-15)                                             
     ______________________________________                                    
PAR  x'5' Shift ALU output (to C bus) 1 bit to the left, and use RB Select and B
      bus control as a routing address. If B bus control = 1, the right byte of
      ALU output is shifted 1 bit to the left, the least significant bit is
      filled with zero, and is transferred to the left byte of C bus; for other
      values of B bus control, both bytes of ALU output are shifted 1 bit to the
      left, the least significant bit is filed with zero, and both bytes are
      transferred to C bus. For B bus control = 0 or 3, both bytes of the C bus
      are transferred to the general register addressed by RB select; for B bus
      control = 1, the left byte of the C bus is transferred to a general
      register; for B bus control = 2, the right byte of the C bus is
      transferred to a general register.
TBL  ______________________________________                                    
     If B bus Con = 1 then                                                     
                       C(0-6).rarw.ALU(9-15),                                  
                       C7.rarw.0                                               
                       C(8-14).rarw.ALU(9-15),                                 
                       C15.rarw.0                                              
     else              C(0-14).rarw.ALU(1-15),                                 
                       C15.rarw.0                                              
     If B bus Con = 3 then                                                     
                       GRn(0-14).rarw.C(0-14),                                 
                       GRn15.rarw.C15(=0)                                      
     If B bus Con = 1 then                                                     
                       GRn(0-6).rarw.C(0-6),                                   
                       GRn7.rarw.C7(=0)                                        
     If B bus con = 2 then                                                     
                       GRn(8-14).rarw.C(8-14),                                 
                       GRn15.rarw.C15(=0)                                      
     ______________________________________                                    
PAR  x'6' Shift ALU output (to C Bus) 1 bit to the right and use RA Select,
      Device Select, IO Mode, and A bus control as routing address. If A bus
      control = 0, both bytes of ALU output are shifted 1 bit to the right, the
      most significant bit is filed with zero, and both bytes are transferred to
      C bus; both bytes of the C bus are transferred to a general register or
      input/output module addressed by IO Mode, RA Select, and Device Select. If
      A bus Control = 1, the ALU output is shifted 1 bit to the right and the
      right byte of output is transferred to the left byte of the C bus; the
      left byte of the C bus is transferred into a register. In byte operation,
      since the inputs to the ALU A and B operands are limited to the right
      byte, output bit 7 will usually be zero, but may be one if the operation
      performed results in a carry. For A bus control = 2, the right byte of ALU
      output is shifted 1 bit to the right, the most significant bit is filled
      with zero, and transferred to the right byte of C bus; the right byte of C
      bus is transferred into register. In this case, the carry to bit 7, if
      any, from the ALU output are shifted 1 bit to the right, the most
      significant bit is filed with zero, and both bytes are transferred to the
      C bus, and both bytes of the C bus are transferred to a general register.
TBL  ______________________________________                                    
     A Bus Control:                                                            
     0:   C(1-15).rarw.ALU(0-14), CO.rarw.0                                    
     If IOM = 0 then                                                           
                    GRn(0-15).rarw.C(0-15) else                                
                    IOn(0-15).rarw.C(0-15)                                     
     1:   If B bus Control = 0 then                                            
                             C(0-7).rarw.ALU(7-14),                            
                             C(8-15).rarw.ALU(7-14)                            
          else               C(0-7).rarw.ALU(7-14),                            
                             C8.rarw.0,                                        
                             C(9-15).rarw.ALU(8-14)                            
     If IOM = 0 then                                                           
                    GRn(0-7).rarw.C(0-7) else                                  
                    IOn(0-7).rarw.C(0-7)                                       
     2:   CO.rarw.0, C(1-7).rarw.ALU(0-6).rarw.C8.rarw.0,                      
          C(9-15).rarw.ALU(8-14)                                               
     If IOM = 0 then                                                           
                    GRn(0-15).rarw.C(8-15) else                                
                    IOn(8-15).rarw.C(8-15)                                     
     3:   CO.rarw.0, C(1-15).rarw.ALU(0-14)                                    
          GRn(0-15).rarw.C(0-15)                                               
     ______________________________________                                    
PAR  x'7' Shift ALU output (to C bus) one bit to the right, and use RB Select
      and B bus control as a routing address.
PAR  If B bus control = 0, both bytes of the ALU output are styled 1 bit to the
      right, the most significant bit is filed with zero, and both bytes are
      transferred to the C bus; both bytes of C bus are transferred to the
      general register addressed by RB Select.
PAR  If B bus control = 1, the ALU output is shifted 1 bit to the right and the
      right byte of the output is transferred to the left byte of the C bus; the
      left byte of the C bus is transferred into the general register addressed
      by RB Select. In byte operation, since the inputs to the ALU A and B
      operands are limited to the right byte, output bit 7 will usually be zero,
      but may be one if the operation performed results in a carry.
PAR  If B bus Control = 2, the right byte of the ALU output is shifted 1 bit to
      the right, the most significant bit is filed with zero, and the right byte
      is transferred to the C bus; the right byte of the C bus is transferred
      into the general register addressed by RB Select.
PAR  If B Bus control = 3, each byte is shifted one bit to the right, the most
      significant bit of each byte is filed with zero, and both bytes are
      transferred to the C bus; both bytes from the C bus are transferred to the
      general register addressed by RB Select.
TBL  ______________________________________                                    
     B Bus Control:                                                            
     0:   CO.rarw.0, C(1-15).rarw.ALU(0-14)                                    
          GRn(0-15).rarw.C(0-15)                                               
     1:   If A bus control = 0 or 3 then C(0-7).rarw.ALU(7-14)                 
          and C(8-15).rarw.ALU(7-14) else                                      
          C(0-7).rarw. ALU(7-14) and C8.rarw.0 and                             
          C(9-15).rarw.ALU(8-14)   GRn(0-7).rarw.C(0-7)                        
     2:   CO.rarw.0, C(1-7).rarw.ALU(0-6),   C8.rarw.0,                        
          C(9-15).rarw.ALU(8-14) GRn(8-15).rarw.C(8-15)                        
     3:   CO.rarw.0, C(1-7).rarw.ALU(0-6), C8.rarw.0,                          
          C(9-15).rarw.ALU(8-14) GRn(0-15).rarw.C(0-15)                        
     ______________________________________                                    
PAR  x'8' Increment B bus and place result in RB Selected register. This field
      adds one to the bit value on the B bus and places the result in the
      general register addressed by RB Select. Both bytes of ALU output are
      transferred directly to the C bus.
PA1  Grn(0-15).rarw.B(0-15) plus 1
PA1  C(0-15).rarw.alu(0-15)
PAR  x'9' Increment B bus and place result in RB Selected general register. C
      bus to MAR. See x'1' and x'8' for detailed description. This micro opcode
      occupies two clock periods.
PAR  x'A' Increment B bus and place result in general register addressed by RB
      select. Use IO Mode, RA Select, Device Select, and A bus control as a
      routing address.
PA1  Grn(0-15).rarw.B(0-15) plus 1
PAL  (Remaining operations same as x'2')
PAR  x'B' Immediate Address. The source of the Immediate Address placed on the A
      bus can be one of four:
PAR  1. If IO Mode is false, the Immediate Address field of the
      microinstruction.
PAR  2. If IO Mode is true, the Device Address for the highest priority
      input/output device controller that has a multiplexed IO interrupt
      pending.
PAR  3. If IO Mode is false, Branch Control is x'1', and MCR Control is x'3',
      Vector 1 micro-address from the (optional) Translator.
PAR  4. If IO Mode is false, Branch Control is x'1', and MCR Control x'5',
      Vector 2 micro-address from the (optional) Translator.
PAR  The remaining operations are common. The operations are described in detail
      below.
PAR  If IOM = 0, bits 20-31 of the microinstruction, called the immediate
      address, are transferred from the microcontrol register to the A bus.
PAR  If IOM = 1, the input/output module with a multiplexed IO interrupt pending
      that has the highest priority location places its Device Address
      (consisting of the RA Select and Device Select values) on the A bus, as
      follows:
TBL  0  1    2    3  4  5  6  7  8  9  10   11                                 
                     12   13     14     15                                     
             1  RA Sel     Device                                              
                           Select                                              
PAR  The input/output module provides a signal forcing bit 8 to 1, in effect,
      adding 128 to the Device Address. At the same time, the contents of the
      ALU Select field, bits 20-23 of the microinstruction are appended to the
      above to generate a 12 bit micro-address as follows:
TBL  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15                                     
     X X X X ALU Sel 1 Device Address      A Bus                               
PAR  If IOM = 0, Branch Control = x'1', and MCR = x'3' or x'5', the Translator
      places the Vector 1 or Vector 2 micro-addresses on the A bus.
PAR  In each case, a 12 bit micro-address is now present on the A bus. This
      micro-address via the memory address multiplexer 28 addresses a location
      in control memory during the clock period of the micro opcode. At the same
      time, the 12 bits are applied to the A operand inputs of the ALU 44,
      incremented by one, transferred direct to the C bus, and applied to the
      micro-address register 20 at the clock following the micro opcode. Thus,
      the incremented micro-address serves as the control memory address during
      the following clock cycle.
PAR  In the execution of this micro opcode, although the ALU select field
      constitutes part of the Immediate Address or expanded Device Address, the
      ALU 44 is forced to execute the function A plus 1 by the hardware.
TBL  ______________________________________                                    
     The A bus sources are summarized as follows:                              
     If IOM = 0 then                                                           
                   A(4-15).rarw.MCR(20-31)                                     
     else          A(9-15).rarw.DA                                             
                   A8.rarw.1                                                   
                   A(4-7).rarw.MCR(20-23)                                      
     If IOM = 0, BRC = x'1', MCR = x'3' then                                   
     A(4-15).rarw.V1(0-11)                                                     
     If IOM = 0, BRC = x'1', MCR = x'5' then                                   
     A(4-15).rarw.V2(0-11)                                                     
     The remaining operations are common to all sources:                       
     MAM(0-11).rarw.A(4-15)                                                    
     ALU(0-15).rarw.A(4-15) plus 1                                             
     C(0-15).rarw.ALU(0-15)                                                    
     MAR(0-11).rarw.C(4-15).PHIn                                               
     ______________________________________                                    
PAR  Both the different and common operations are executed in one clock cycle.
      See also the section entitled Immediate Addressing.
PAR  x'C' Increment B bus and place result in general register addressed by RB
      Select; shift ALU output (to C bus) one bit to the left; use RA Select,
      Device Select, IO Mode, and A bus control as the routing address.
PA1  Grn(0-15).rarw.B(0-15) plus 1
PAL  (Remaining operations same as x'4')
PAR  x'D' Not assigned.
PAR  x'E' Increment B bus and place result in general register addressed by RB
      Select; shift ALU output (to C bus) 1 bit to the right; use RA Select,
      Device Select, IO Mode, and A bus control as the routing address.
PA1  Grn(0-15).rarw.B(0-15) plus 1
PAL  (Remaining operations same as x'6')
PAR  x'F' Decrement B bus and place result in general register addressed by RB
      Select; use RA Select, Device Select, IO Mode, and A bus control as the
      routing address.
PA1  Grn(0-15).rarw.B(0-15) minus 1
PAL  (Remaining operations same as x'2')
PAR  Branch Control: The branch control field is concerned primarily with
      Test/Branch micro opcodes. In general, a Test/Branch micro opcode tests a
      condition, external or internal, and branches to an immediate address or a
      relative address as the next control memory location is found. Otherwise,
      the next micro-address in sequence is taken as the control memory
      location. Addressing and Branching will be later discussed.
PAR  In addition, the Branch Control field is concerned with arithmetic
      operations, reading or writing scratch pad/main memory, push-stack
      operations, and status bits.
PAR  As discussed generally in a previous paragraph entitled Status Register,
      certain Branch Control micro opcodes cause the status bits to be loaded
      into the status register. In the case of other Branch Control micro
      opcodes, the current status bits are not loaded, but those in the status
      register are retained. The effect of each Branch Control micro opcode on
      the status register is included in the statements of function below.
PAR  Branch Control Function:
PAR  x'0' Normal Mode Carry False. In arithmetic mode (ALU Mode = 0), the ALU
      performs the operations listed under Cn = 0, ALU Select. Status bits are
      loaded into the status register at the next clock, providing C
      bus/register control is not x'1' or x'9'.
PA1  C.rarw.alu
PA1  cn = 0
PA1  Sr.rarw.s.phin (PHI = Clock)
PAR  x'1' Normal Mode Carry True. In arithmetic mode (ALU Mode =0), the ALU
      performs the operations listed under Cn = 1, ALU Select. Status bits are
      loaded into the status register at the next clock, providing C bus/
      register control is not x'1' or x'9'.
PA1  C.rarw.alu
PA1  cn = 1
PA1  Sr.rarw.s.sup.. phin
PAR  x'2' Read Scratch Pad or Main Memory. The contents of the SP/MM location
      addressed by B bus are read out to the C Bus. Status bits are loaded into
      the status register at the next clock, providing C bus/register control is
      not x'1' or x'9'. In the case of main memory the bytes read out are
      specified by A bus control.
PA1  C(0-15).rarw.sp(0-15) (b)
PA1  sr.rarw.s.sup.. phin
PAL  A bus Control
PA1  0: C(0-15).rarw.MM(0-15) (B)
PA1  1: c(0-7).rarw.mm(0-7) (b)
PA1  2: c(8-15).rarw.mm(8-15) (b)
PA1  3: c(0-15).rarw.mm(0-15) (b)
PAR  this micro opcode requires one clock period for scratch pad and a
      double-length clock period for main memory.
PAR  x'3' Write Scratch Pad or Main Memory. The bits on the A bus are written
      into the Scratch Pad/Main Memory location addressed by the B bus. Because
      the C bus is not used, the values of the status bits derived from the C
      bus (though loaded into the status register) are indeterminate. In the
      case of main memory the bytes written are specified by A bus control.
PA1  Sp(0-15) (b).rarw.a(0-15)
PA1  sr.rarw.s.sup.. phin
PAL  A bus Control
PA1  0: MM(0-15) (B).rarw.A(0-15)
PA1  1: mm(0-7) (b).rarw.a(0-7)
PA1  2: mm(8-15) (b).rarw.a(8-15)
PA1  3: mm(0-15) (b).rarw.a(0-15)
PAR  this micro opcode requires one clock period for scratch pad and a
      double-length clock period for main memory.
PA1  x'4' Test/Branch on External Condition Set. Addresses external line (or
      lines) on IO module 4 defined by RA Select and Device Select.
PAR  If the test is successfel, the least significant 12 bits of the C bus are
      loaded into the MAR 20 on the clock following the micro opcode. The status
      register is not modified. The micro instruction corresponding to the micro
      address transferred into the MAR 20 is transferred into the microcontrol
      register 24 on the second clock following the micro opcode and is
      available for execution during the third clock period. Execution time is
      two clock cycles.
PAR  If the test is unsuccessful, the micro-address register 20 increments to
      the next micro-address in sequence at the first clock. Under this
      circumstance, execution time is one clock cycle.
PA1  If EXT = 1 then MAR(0-11).rarw.C(4-15).sup.. PHIn MCR(0-31).rarw.O.sup..
      PHIn MAM(0-11).rarw.MAR(0-11) MCR(0-31).rarw.CM(0-31) (MAMO-11).sup..
      PHIn+1 else MAR plus 1 at PHIn
PAR  Because the Device Select field is employed in addressing the extermal
      lines (requiring that C bus/register control be other than x'B'), the
      immediate address field can not be used to supply the new address.
PAR  x'5' Test/Branch on External Condition Reset. Same as x'4' except that the
      test state is reversed.
PAR  x'6' Push. Stores 12 bit micro-address form micro address register 20 and 6
      status bits from status register in 18 bit push stack 38. The contents of
      the C bus are transferred to the MAR 20 to serve as the next micro
      address. The status register is not modified. Other operations depend upon
      the C bus/register control field.
PAR  If C bus/register control is x'B', the immediate address obtained from the
      last 12 bits of the microcontrol register 24 or the device address
      supplied by an input/output module 4 requesting service provides the
      micro-address that addresses control memory 22. Thus, Push with Immediate
      Address occupies one clock period.
PAR  If C bus/register Control is not x'B', the microcontrol register 24 resets
      at the first clock, so that no operations are executed during the
      following clock period. The micro-address transferred into the MAR 20 from
      the C bus addresses the microinstruction transferred into the microcontrol
      register 24 on the second clock. This microinstruction is available for
      execution during the third clock period. Thus, Push without Immediate
      Address occupies two clock periods.
TBL  ______________________________________                                    
     PS(0-11).rarw.MAR(0-11)                                                   
     PS(12-17).rarw.SR(0-5)                                                    
     SR unchanged                                                              
     If CB/RC = 'B' then                                                       
                     A(4-15).rarw.MCR(20-31) + DA                              
                     MAM(0-11).rarw.A(4-15)                                    
                     C(0-15).rarw.A(4-15) plus 1                               
                     MAR(0-11).rarw.C(4-15).PHIn                               
     If CB/RC .noteq. x'B' then                                                
                     MAR(0-11).rarw.C(4-15).PHIn                               
                     MCR(0-31).rarw.0.PHIn                                     
                     MAM(0-11).rarw.MAR(0-11)                                  
                     MCR(0-31).rarw.CM(0-31)                                   
                     (MAMO-11).PHIn+ 1                                         
     ______________________________________                                    
PAR  Interrupts: The use of a Push function (and also a Pull function) in
      processing an interrupt is shown in FIG. 10. It is assumed that an
      Interrupt Request goes true during the clock cycle in which
      microinstruction x, for example, is being executed. The next clock sets
      the Interrupt flip-flop, synchronizing the Interrupt Request. The
      Interrupt flip-flop leads to a jump to a control memory location (in this
      example, x'008') in which the IO Interrupt microinstruction is stored.
      This microinstruction is assumed to contain Push and Immediate Address
      commands, the effect of which is to place micro-address R on the memory
      address multiplexer (shown at 1 on FIG. 10.)
PAR  On the next clock, micro-address R moves to the microcontrol register and
      is executed. At the same time, the IO Interrupts are disabled.
PAR  The interrupt routine, R, R+1, R+2, . . . R+n, R+n+1, is next executed. The
      R+n microinstruction contains an IO Control micro opcode commanding the IO
      module to drop the Interrupt Request (2 ). The R+n+1 microinstruction
      contains a Pull Command, discussed in the next paragraph (3 ). At this
      time the Enable IO Interrupt status bit from the push stack restores the
      original IO Interrupt Enable status.
PAR  x'7' Pull. The micro-address from the last-used push-stack location is
      transferred via the C bus to the micro-address register 20 on the first
      clock. The status bits from the last-used push-stack location are
      transferred into the status register at the same time. The
      microinstruction corresponding to the micro-address transferred into the
      MAR is transferred into the microcontrol register on the second clock and
      is available for execution during the third clock period. The
      micro-address register increments to the next micro-address in sequence on
      the second clock. This microopcode occupies two clock periods.
PA1  C(4-15).rarw.ps(0-11)
PA1  sr(0-5).rarw.ps(12-17).sup.. phin
PA1  Mar(0-11).rarw.c(4-15).sup.. phin
PA1  Mcr(0-31).rarw.0.sup.. phin
PA1  Mam(0-11).rarw.mar(0-11)
PA1  mcr(0-31).rarw.cm(0-31) (mamo-11).sup.. phin+1
PA1  Mar plus 1 at PHIn+1
PAR  x'8' Test/Branch Overflow = 1. Examines the state of the Overflow bit in
      the status register. If this test is successful, the value on the C bus is
      placed in the MAR 20 to serve as the micro-address. If unsuccessful, the
      MAR increments to the next micro-address in sequence. The value on the C
      bus depends upon the C bus/register control function.
PAR  C bus/register control is not x'B': If the test is successful, the least
      significant 12 bits of the C bus are loaded into the MAR20 on the clock
      following the microopcode. The status register is not modified. The
      microinstruction corresponding to the micro-address transferred into the
      MAR is transferred into the microcontrol register 24 on the second clock
      following the micro opcode and is available for execution during the third
      clock period. This procedure occupies two clock periods.
PAR  If the test is unsuccessful, the micro-address register 20 increments to
      the next micro-address in sequence at the first clock. Under this
      circumstance, the micro opcode occupies one clock period. If OV = 1 and
      CB/RC .noteq. x'B' then
PA1  Mar(0-11).rarw.c(4-15).sup.. phin
PA1  Mcr(0-31).rarw.0.sup.. phin
PA1  Mam(0-11).rarw.mar(0-11)
PA1  mcr(0-31).rarw.cm(0-31) (mamo-11), phin+1 else MAR plus 1 at PHIn
PAR  Test/Branch functions x'9' through x'F' follow the pattern set forth under
      x'8' above. Only the condition tested in different.
PAR  x'9' Test/Branch C bus =0. Examines the state of the C bus = 0 in the
      status register.
PAR  x'A' Test/Branch Carry = 1. Examines the state of the Carry bit in the
      status register.
PAR  x'B' Test/Branch CMSB = 1. Examines the state of the most significant bit
      on the C bus, which is the sign bit in arithmetic operations. If the sign
      bit is 1 (negative), the test is successful.
PAR  x'C' Test/Branch Overflow .noteq. 1. Same as x'8' except the test is
      reversed.
PAR  x'D' Test/Branch C bus .noteq. 0. Same as x'9' except the test is reversed.
PAR  x'E' Test/Branch Carry .noteq. 1. Same as x'A' except the test is reversed.
PAR  x'F' Test/Branch CMSB .noteq. 1. Same as x'B' except the test is reversed.
PAC  MULTIPLE PURPOSE FIELDS
PAR  Microinstruction bits 20 - 31 are divided into three 4 bit fields which are
      used for multiple purposes (see FIG. 9). The particular use of each field
      is determined by the micro opcodes assigned to IO Mode, B bus control, C
      bus/register control, and branch control. In brief, there are four
      distinctions:
PAR  a. IO Mode distinguishes between the use of the second multi-purpose field,
      bits 24-27, for input/output control or other purposes.
PAR  b. B bus control distinguishes between the use of the second and third
      multi-purpose fields, bits 24-31, for Emit Field or other purposes.
PAR  c. C bus/register control distinguishes between the use of all three
      fields, bits 20-31, for Immediate Address or other purposes.
PAR  d. Branch control field distinguishes the source of the Immediate Address.
PAR  The specific function, taken alone, of each micro opcode for each purpose
      of the multiple-purpose fields is defined below.
PAR  ALU Select: The ALU Select field is used to select the function the ALU is
      to perform, as shown in FIG. 11: In addition, bits 20-23 may be used for
      other functions, as defined in the following section entitled MCR Control.
PAR  The only difference between the two sets of arithmetic functions listed in
      FIG. 11 is that an incoming carry adds a one to the result. Thus, as an
      example, ALU Select = x'6' generates A minus B minus 1 (one's complement
      subtract) with carry-in false and A minus B (two's complement subtract)
      with carry-in true.
PAR  Arithmetic operations may produce changes in the status bits Carry, C bus =
      O, C bus MSB, and Overflow. The status register is updated at the next
      clock following each arithmetic operation (as well as at other times) to
      reflect these changes. The status bits are defined briefly in a previous
      section but Overflow is explained more fully below.
PAR  The Overflow status bit is set whenever the result of the arithmetic
      functions A plus B (ALU Mode = 0, ALU Select = x'9') and A minus B (ALU
      Mode = 0, ALU Select = 2'6') are too large to be contained in a 16 bit
      word (or 8 bit byte). Overflow can be set or reset unconditionally.
PAR  The following conditions are required to set Overflow, assuming A and B are
      two's complement numbers:
PAR  1. If A plus B and A positive, B POsitive, and ALU 44 output negative or A
      negative, B negative, and ALU 44 output positive
PAR  2. If A minus B and A positive, B negative, and ALU 44 output negative or A
      negative, B positive, and ALU 44 output positive
PAR  The above algorithm is applied to the right byte of the A operand, B
      operand, and ALU output if A bus control and B bus control both specify a
      byte operation. Otherwise, the algorithm is applied to the entire 16 bit
      word. See also the section entitled Word/Byte Operation.
PAR  Overflow, once set, remains set until turned off by a microinstruction
      command (see MCR Control field).
PAR  MCR Control: If IO Mode = 0, B bus control is not 3 (Emit Field to B bus),
      and C bus/register control is not x'B' (Immediate Address), bits 24-27
      become the MCR Control field (see FIG. 9). This field is concerned with
      translator operation, enabling/disable and reading IO interrupts,
      write/read control memory, and enabling Other Functions.
PAC  MCR FUNCTION
PAR  x'0' No special function.
PAR  x'1' C bus to translator. A 16 bit macroinstruction on the C bus, normally
      obtained from scratch pad/main memory, is transferred into the translator
      15.
PA1  T.rarw.c
PAR  x'2' Reset MAR. Resets micro address register to micro-address 0. The
      microcontrol register 20 is reset to all zeros at PHI following this micro
      opcode, so that a NOP is executed during the following clock period.
      Inhibits incrementing of the micro-address register at this PHI, so that
      the micro-address register continues to hold the micro-address zero during
      the following clock period. The microinstruction corresponding to
      micro-address 0 reaches the microcontrol register 20 at the second PHI
      following the micro opcode and is available for execution during the third
      clock period. Execution of this micro opcode occupies two clock periods.
PA1  Mar(0-11).rarw.0
PA1  mar unchanged at PHIn
PA1  Mcr(0-31).rarw.0.sup.. phin
PA1  Mcr(0-31).rarw.cm(0-31(ma= 0).sup.. phin+1
PAR  x'3' Read Vector 1 to A bus from translator (optional). Vector 1 (a 12 bit
      micro-address) is read to the A bus from translator 15.
PA1  A(4-15).rarw.v1(0-11)
PAR  in addition, if IOM = 0, C bus/register control = x'B', and Branch Control
      = x'1', the Immediate Address procedure becomes effective. The vector 1
      micro-address, now on the A bus, via the memory address multiplexer 26
      addresses a location in control memory 22. At the same time, the 12 bits
      are applied to the A operand inputs of the ALU, incremented by one,
      transferred direct to the C bus, and applied to the micro-address register
      20 at the next clock. This combination of micro opcodes achieves one-clock
      cycle vector micro-addressing.
PAR  x'4' Enable IO Interrupts. Enables IO interrupt register, permitting
      multiplexed input/output interrupt to be accepted and, consequently, acted
      upon. Following this micro opcode, the IO Interrupt register remains
      enabled until disabled by MCR = 6, or by the SCU hardware when an
      interrupt occurs, as discussed in a following section entitled System
      Input/Output. See also FIG. 10.
PA1  Ir.rarw.ioi
PAR  x'5' Read Vector 2 to A bus from translator. Vector 2 (a 12 bit
      micro-address) is read to the A bus from the translator 15. Refer to x'3'
      for a description of one-clock-cycle micro addressing.
PA1  A(4-15).rarw.v2(0-11)
PAR  x'6' Disable IO Interrupts. Disable the IO Interrupt register, inhibiting
      the acceptance of a multiplexed IO Interrupt and, consequently, preventing
      action on the interrupt. Following this micro opcode, the IO Interrupt
      register remains disabled until enabled by MCR = 4.
PA1  Ir.rarw.ioi
PAR  x'7' Read Argument to B bus from translator. The argement field of a
      macroinstruction, such as the address field used in calculating direct or
      indirect memory locations is read to the B bus from the translator.
PA1  B(0-15).rarw.arg(0-15)
PA1  x'8' Read MCP Data Entry switches to C bus
PA1  C(0-15).rarw.mcp(0-15)
PA1  x'9' Not assigned.
PAR  x'A' Other Functions. Inhibits output of ALU to C bus which enables bits
      20-23 to be used to code Other Functions, as follows:
TBL  Bits 20 - 23                                                              
                   Other Functions                                             
     ______________________________________                                    
     x'8'       Reset Overflow Status Bit. OV = 0                              
     x'9'       Set Overflow Status Bit. OV = 1                                
     x'A'       Reset Control Mode Status Bit. CON = 0                         
     x'B'       Set Control Mode Status Bit. CON = 1                           
     ______________________________________                                    
PAR  x'B' Not assigned
PAR  x'C' Write Microcontrol Memory 16 bits are transferred from A bus into the
      left half of the control memory 23 location addressed by bits 3-14 of the
      B bus when B15 is false, or into the right half when B15 is true as shown
      below. The microinstruction corresponding to the micro-address for the
      micro opcode period reaches the microcontrol register at the second clock
      following the micro opcode and is available for execution during the third
      clock period. Execution of this micro opcode occupies two clock periods.
PA1  If B15 = 0 then CM-RAM(0-15) (BO3-B14).rarw.A(0-15) else CM-RAM(16-31)
      (BO3-B14).rarw.A(0-15)
PA1  Mcr(0-31).rarw.o.sup.. phin
PA1  Mcr(0-31).rarw.cm(0-31) (mamo-11).sup.. phin+1
PAR  MAR plus 1 at PHIn+1
TBL  x x x       Address             4R                                        
     ______________________________________                                    
     0 1 2       3 4 5 6 7 8 9 10 11 12 13 14                                  
                                     15                                        
     ______________________________________                                    
PAR  x'D' Read Micro Control Memory. The left half of the microinstruction
      address by BO3 - B14 of B bus is transferred from the control memory to
      the C bus when B15 is false, or the right half when B15 is true. This
      microopcode occupies two clock periods.
PA1  If B15 = 0 then C(0-15).rarw.CM(0-15) (BO3-B14) else C(0-15).rarw.CM(16-31)
      (BO3-B14)
PA1  Mcr(0-31).rarw.0.sup.. phin
PA1  Mcr(0-31).rarw.cm(0-31) (mamo-11).sup.. phin+1
PA1  Mar plus 1 at PHIn+1
PAR  x'E' Read IO Interrupts to A bus. The device address of the highest
      priority IO controller with a multiplexed IO interrupt pending is read to
      the A bus.
PA1  A.rarw.da
PAR  x'F' Not assigned.
PAR  IO Control: When IO mode is true(see FIG. 9), bits 24-27 become the IO
      Control field. This field is used to operate IO Modules, as will be
      discussed in a later section.
PAR  Device Select: When the B bus control is not 3 and the C bus/register
      control is not x'B', bits 28-31 become the device select field. This
      field, in conjunction with RA Select, acts as a 7 bit IO device address.
PAR  Emit Field: When IO Mode is false, B bus control is 3, and C bus/register
      control is not x'B', the last 8 bits of the microinstruction are
      transferred from the microcontrol register 24 to bits 8-15 of the B bus.
PA1  B(8-15).rarw.mcr(24-31)
PA1  b(0-7).rarw.0
PAR  immediate Address: When IO Mode is false and C bus/register control is
      x'B', the last 12 bits of the microinstruction, called the Immediate
      Address, serve as the micro-address for control memory, as described under
      C bus/register control = x'B'.
PAR  Bit Switch/Position: When IO Mode is true and B bus control is 3, the Bit
      Switch is considered to be on and RB Select becomes the Bit Position
      assignment field. This field assigns a one-state to any one of the bit
      positions 8 to 15 on the B bus, as listed in FIG. 12.
PAR  Bus Usage: Some combinations of fields attempt to place data on a bus from
      more than one source, but the A, B, or C buses can be used by the various
      fields of any one microinstruction for only one purpose. That is, only one
      source should be assigned to any bus. If more than one source is assigned,
      the processor hardware applies some arbitrary priorities. FIG. 13 lists
      all the standard sources and five optional sources from which data can be
      placed on the three buses. The five optional sources are the input/output
      device controller/modules, instruction translator, scratch pad, main
      memory and maintenance control panel. For each source the microprogramming
      prerequisites are tabulated. For some bus sources, the programming
      prerequisites prevent the simultaneous programming of other sources.
PAC  WORD/BYTE OPERATION
PAR  Byte or word operation is specified by means of micro opcodes in the A bus
      control and B bus control fields, as previously defined and summarized for
      current reference in FIG. 14.
PAR  There are two aspects of byte or word operation: first, the application of
      a byte or word from the A bus to the A operand of the ALU 44 and from the
      B bus to the B operand of the ALU 44; and second, the transfer of a byte
      or word from the C bus to a general register 10 or input/output bus or
      register 4. The second aspect is effective only for the C bus/register
      micro opcodes listed in FIG. 14, while the first aspect depends only on A
      bus or B bus control.
PAR  In arithmetic mode, the status bits Carry-out, C bus Most Significant Bit,
      and Overflow are modified to reflect byte or word operation.
PAR  Carry: The ALU generates Carry (Byte) from ALU08 and Carry (Word) from
      ALU00. Carry (byte) becomes Carry if both the A bus and the B bus are in
      byte mode, that is both buses are applying either the left byte or the
      right byte, both right justified, to the ALU operands, providing C
      bus/register control is not x'B', Immediate Addressing. Otherwise,
      Carry(Word) becomes Carry.
PAR  Specifically,
PA1  Carry = Carry(Byte) (A Bus Control = 1 + 2) (B Bus Control = 1 + 2)
PA1  (C Bus/Register Control .noteq. B) (Branch Control .noteq. 7)
PA1  + Carry(Word) (Branch) Control .noteq. 7) + (Push Stack) (Branch Control =
      7)
PAR  CMSB: The C bus Most Significant Bit (sign bit) is derived from CO8 if A
      bus control is 2 and C bus/register control specifies the use of RA
      Select, device select, IO Mode, and A bus control as routing address or if
      B bus control is 2 and the C bus/register control specifies the use of RB
      select and B bus control as routing address, as shown by the underlining
      in FIG. 14.
PAR  Specifically,
TBL  CMSB = C08 (Branch                                                        
                    [(A Bus Control = 2)                                       
     Control .noteq. 7)                                                        
                    (C Bus/Register Control                                    
                    =2,4,6,A,C,E,F) +                                          
                    (B Bus Control = 2)                                        
                    (C Bus/Register Control                                    
                    =3,5,7)] + C00(Branch                                      
                    Control .noteq. 7). N [(a Bus                              
                    Control = 2) (C Bus/Regis-                                 
                    ter                                                        
PA1  Control = 2,4,6,A,C,E,F) + (B Bus Control = 2) (C Bus/Register)
PA1  Control = 3,5,7) + (Push Stack) (Branch Control = 7)
PAR  Overflow: Overflow is generated on a byte basis when both the A operand and
      the B operand and of the ALU 44 are on a byte basis. On the contrary,
      Overflow is generated on a word basis if either the A operand or the B
      operand is on a word basis. Overflow is discussed further under ALU
      Select.
PAC  SET/RESET/TEST A BIT
PAR  The Bit Switch/ and the Position field can be used to set, reset, or test
      one bit of a data function. These purposes are accomplished by comparing
      the data on the A bus with a known bit on the B bus. These comparisons are
      performed by the ALU 44 in an appropriate select function. The known bit
      on the B bus is supplied by the bit position field. The procedure is as
      follows:
PAR  1. Insert data function on the A bus. Since the bit position field assigns
      bits only to positions B08-B15, the portion of the A bus function that is
      to be compared must be routed to positions A08-A15 at the A operand of the
      ALU. This routing is accomplished by the use of A bus control, as shown in
      FIG. 14.
PAR  2. Insert desired bit-position mask on B bus, using the Bit Position Field.
PAR  3. With ALU Mode true (logic operation), use ALU Select:
TBL  To set a bit:   ALU Select = x'E'(A + B)                                  
     For example:    A Bus = 0100 0001                                         
                     B Bus = 0000 1000                                         
                     C   A + B = 0100 1001                                     
     To reset a bit: ALU Select = x'7' (A.NB)                                  
                     A Bus = 0100 1001                                         
                     B Bus = 0000 1000                                         
                     C   A.NB = 0100 0001                                      
     To test a bit:  ALU Select = x'B' (A.B)                                   
                     A Bus = 0000 0001                                         
                     B Bus = 0000 1000                                         
                     C  A.B = 0000 0000                                        
PAR  In this case, Test/Branch if C bus = 0 is used as the next
      microinstruction. Then, if C bus = 0, the bit on the A bus that is tested
      is 0. On the other hand, if C bus is not equal to 0, then the bit tested
      is 1.
PAC  ADDRESSING AND BRANCHING
PAR  There are three forms of addressing: sequential (increment micro-address
      register), immediate addressing, and relative addressing, and two types of
      branching: unconditional and conditional.
PAR  Sequential Addressing: The micro-address register 20 increments to the next
      micro-address, in the absence of the following:
PA1  a. C Bus/Register Control = x'1' or x'9' (C Bus Data to MAR) or x'B'
      (Immediate or Device Addressing), and
PA1  b. Branch Control = x'4' or x'5' or x'8' through x'F' (Test/Branch
      functions), or x'6' (Push), or x'7' (Pull), and
PA1  c. Certain function switches pushed on the maintenance control panel 66.
PAR  Immediate Addressing: If IOM = 0 and C bus/register control = x'B', the
      immediate address field from the last 12 bits of the microinstruction
      supplies the next micro-address. If IOM = 1 and C bus/register control =
      x'B', the Device Address plu 128 of the highest priority device controller
      with a multiplexed IO interrupt pending supplies the next micro-address.
      If IOM = 1, C Bus/register control = x'B', Branch Control =x'1', and MCR
      Control = x'3' or x'5', the Translator 15 places the Vector 1 or 2
      micro-address on the A bus.
PAR  Unconditional immediate addressing is implemented by the foregoing fields
      plus; in the case of immediate or device addressing, Branch Control =
      x'0', Normal Mode Carry False. Under these circumstances the actions
      listed in detail under C bus/register control = x'B' are carried out.
PAR  Conditional immediate or device addressing is implemented by C bus/register
      control = x'B' and Branch Control = x'8' through x'F', the status bit
      Test/Branch micro opcodes. If the result of the test specified by the
      Branch Control field is true, the immediate address or the device address
      are passed by the memory address multiplexer 26 to address a location in
      control memory 22 and, incremented by one, are entered, via the C bus,
      into the micro address register 20 to be available as the micro-address
      for the next clock period. If the test result is false, the memory address
      multiplexer passes a micro-address from the micro-address register during
      the current clock period and the micro-address register increments for the
      next clock period.
TBL  ______________________________________                                    
     If IOM = 0 then                                                           
                 MAM(0-11)  .rarw.   A(4-15)                                   
                 C(0-15)    .rarw.   A(4-15) plus 1                            
                 MAR(0-11)  .rarw.   C(4-15).PHIn                              
     else        MAM90-11)  .rarw.   MAR(0-11)                                 
               MAR plus 1 at PHIn                                              
     ______________________________________                                    
PAR  Immediate or device address micro opcodes require one clock period.
PAR  Relative Addressing: Relative addressing performs an arithmetic operation
      on the current micro-address, taken from the micro-address register 20,
      and the value on the B bus. The value on the B bus can be supplied by the
      Emit Field of the microinstruction, by a general register 10, or any other
      B bus source.
PAR  Relative addressing may be unconditional or conditional.
PAR  Unconditional relative addressing may be implemented by use of the fields
      shown on the first line of FIG. 15 (assuming that the B bus value is being
      obtained from the Emit Field). A bus control = 3 puts the contents of the
      micro-address register 20 on the A bus. B bus control = 3 puts the Emit
      Field on the B bus. (The 8 bit Emit Field can have any value up to 255.)
      ALU Mode = 0 and ALU Select = x'9' or x'6'adds or subtracts the A bus and
      the B bus and puts the result on the C bus. C bus/register control = x'1'
      enters the result into the micro-address register 20 at the first clock.
      The microinstruction corresponding to the micro-address transferred into
      the MAR is transferred into the microcontrol register 24 on the second
      clock and is available for execution during the third clock period.
      Unconditional relative addressing requires two clock periods.
PA1  A(4-15).rarw.mar(0-11)
PA1  alu-a(4-15).rarw.a(4-15)
PA1  b(8-15).rarw.a(4-15)
PA1  alu-b(8-15).rarw.b(8-15)
PA1  if ALU Sel = x'9' then C(4-15).rarw.ALU-A(4-15) plus ALU-B(8-15)
PA1  If ALU Sel = x'6' then C(4-15).rarw.ALU-A(4-15) minus ALU-B(8-15)
PA1  Mar (0-11).rarw.c(4-15).sup.. phin
PA1  Mcr (0-31).rarw.0.sup.. phi
PA1  mam(0-11).rarw.mar(0-11)
PA1  mcr(0-31).rarw.cm(0-31)(mamo-11).sup.. phin+1
PAR  Conditional relative addressing may be implemented as shown on the second
      line of FIG. 15. Cn is forced to 0 by the hardware; consequently, only the
      Cn = 0 column of ALU Select is usable. If the test is successful, the
      operations are the same as for uncondictional relative addressing. If the
      test is unsuccessful, the micro-address register increments at the first
      clock. Thus, if the test is successful, conditional relative
      addressingoccupies two clock periods; if unsuccessful, one clock period.
PAC  addressing occupies MICRO PROGRAM
PAR  The microprogram listed below assumes a three-part table in main memory,
      beginning at location (decimal) 1000. The first part of the table contains
      66 data values. The second part contains the lower limits and the third
      part, the upper limits. The purpose of the microprogram is to compare a
      data value with the lower and upper limits.
TBL  ______________________________________                                    
     1.    1872    OAO3    Load GR1 with location of data                      
     2.    18B2    OAE8    Complete loading GR1 with location                  
                           of data                                             
     3.    1433    0942    Set limit for loop test                             
     4.    2902    2FOO    Data from table                                     
     5.    1032    0942    Set Pointer to lower limit table                    
     6.    3902    2FOO    Lower limit from table                              
     7.    2300    1600    Is data greater than lower limit?                   
     8.    OOOB    FODO    Yes                                                 
     9.    1032    0942    Set pointer to upper limit table                    
     10.   390A    2FOO    Upper limit from table and increment                
                           pointer                                             
     11.   3200    1600    Is data less than upper limit?                      
     12.   OOOB    FOD4    Yes                                                 
     13.   1032    1684    Reset pointer to data table                         
     14.   1400    1600    Is loop complete?                                   
     15.   OOOB    BOCB    Sample complete (Program would                      
                           continue)                                           
     ______________________________________                                    
PAR  The effects of each field of the first microinstruction are detailed below.
TBL  ______________________________________                                    
     Field Value        Action                                                 
     ______________________________________                                    
     1              IOM = 0; RA Select - GR1                                   
     8              ALUM = 1; BB Select - GR0                                  
     7              A bus control = 1                                          
                    A.rarw.GR1/ ALU-A(8-15).rarw.A(0-7)                        
                    B bus control = 3                                          
                    B(8-15).rarw.MCR(24-31)                                    
                    ALU-B(8-15).rarw.B(8-15)                                   
     2              C bus/register control = 2                                 
                    C(0-7).rarw.ALU(8-15), C(8-15).rarw.0                      
                    GR1(0- 7).rarw.C(0-7).PHIn                                 
     0              Branch Control = 0                                         
                    C.rarw.ALU, cn = 0                                         
                    SR.rarw.S.PHIn                                             
     A              ALUSEL = x'A'                                              
                    C.rarw.B                                                   
     0              Emit                                                       
     3              Emit                                                       
     ______________________________________                                    
PAL  In summary, this microinstruction accomplishes the following:
PA1  a. Transfers 8 bit Emit Field to B bus (right justified). (The Emit Field
      to B bus micro opcode overrides the General Register to B bus micro
      opcode.)
PA1  b. Transfers contents of B bus through ALU to C bus (left justified).
PA1  c. Stores 8 bit C bus value (left justified) in left half of General
      Register 1.
PAR  The second microinstruction, 18B2 OAE8, is similar, except that it stores
      the contents of the Emit Field in the right half of General Register 1. At
      the completion of this microinstruction, there is stored in General
      Register 1 the hexadecimal number O3E8, equivalent to decimal 1000, the
      number specified to be the initial location of the table in main memory.
PAR  The third microinstruction, 1433 0942, transfers hex 03E8 to the A bus hex
      42 from the Emit Field to the B bus, adds them together in the ALU, and
      puts the results, hex 042A, in general register 4 via the C bus.
PAR  The fourth microinstruction, 2902 2F00, puts the contents of general
      register 1, hex 03E8, on the B bus and uses this number to address main
      memory. The contents of this memory location are placed on the C bus and
      transferred into general register 2. (When main memory is enabled, the
      output of the ALU to the C bus is inhibited.)
PAR  The fifth microinstruction, 1032 0942, transfers the 8 bit Emit Field, hex
      42, from the microcontrol register via the B bus to the B operand input of
      the ALU. It applies hex 03E8 from general 1 via the A bus to the A
      operand. The ALU adds these two numbers and outputs the sum hex, 042A, to
      the C bus. From the C bus this number is stored in general register 1.
PAR  The sixth microinstruction, 3902 2F00, puts the contents of general
      register 1, hex 042A, on the B bus and uses this number to address main
      memory. This location contains the first lower limit. This lower limit is
      placed on the C bus and transferred into general register 3.
PAR  The seventh microinstruction 2300 1600, puts the contents of general
      register 2 (the first data) on the A bus and the contents of general
      register 3 (the first lower limit) on the B bus. The ALU is set to
      subtract the lower limit from the data and place the result on the C bus.
      The C bus data is not strobed to any destination. On the same instruction
      the C bus most significant bit is stored in the status register.
PAR  The eighth microinstruction, 000B FODO, examines the most significant bit
      of the C bus from the previous microinstruction, now stored in the status
      register. If the bit is 0 (positive), indicating that the first data value
      is greater than the lower limit, the next micro-address hex, ODO, is taken
      from the immediate address field of the microinstruction via the A bus and
      the memory address multiplexer. At the same time, the contents of the
      immediate address field are supplied to the ALU, incremented by one, and
      transferred via the C bus to the micro-address register at the next clock.
      This incremented micro-address then serves as the control memory address
      during the next clock period. On the other hand, if the C bus Most
      Significant Bit is 1 (negative), the micro-address in the micro address
      register is incremented. This next microinstruction is the one that deals
      with a data value less than the lower limit. This micro opcode provides an
      example of conditional immediate addressing.
PAR  The remaining microinstructions of this microprogram perform similar
      functions.
PAC  SYSTEM INPUT/OUTPUT
PAR  In general, the input/output modules 4 in FIG. 1 engage the C bus 3
      directly and the A and B buses 1 and 2 through 8 to 1 multiplexers 8.
PAR  Under the direction of control signals derived from the control memory 22
      or the microcontrol register 24, an input/output module may
PA1  a. Transfer data, status, and interrupt information from an external
      interface 6 to the A bus;
PA1  b. Transfer data and control information from the C bus to the external
      interface 6;
PA1  c. Transfer data from the external interface 6 to the B bus to provide a
      direct memory address when using a fast interrupt capability;
PA1  d. Sense the state of one or more external conditions.
PAR  The input/output system permits users to connect input/output functions
      directly into the bus structure of the data processor. Each of a large
      number of IO module connector locations is wired identically, except for
      priority determination. Each location can be used for data transfers in
      either a multiplexed fashion or in a faster Direct-To-Memory fashion. In
      the multiplexed arrangement, multiple IO devices share a common IO
      interrupt.
PAR  Data Paths: A typical IO interface (controller) module 4 interface to the A
      bus 1 in order to move data, status, and interrupt identification
      information to the processor. It interfaces to the C bus 3 in order to
      move data and control information from the processor and it interfaces to
      interrupt control logic in the processor. It additionally interfaces to
      the B bus 2 to provide a direct memory address when the interface
      (controller) uses the fast interrupt capability.
PAR  The basic processor is able to move data on the A, B, and C busses in
      either 16 bit words or 8 bit bytes. This capability allows interface to
      byte-oriented I/O devices. It also permits the 16 bit interfaces to be
      split between data and status information or data and control information.
PAR  Interrupts: Two types of IO interrupts are available in the processor:
      multiplexed and fast.
PAR  The multiplexed IO interrupt is available to every IO interface
      (controller) module and may be requested at any time by a module. In
      response to this interrupt, the processor accesses a fixed location in
      control memory which links it with an interrupt handler routine. The
      interrupt handler then requests the address of the highest priority device
      which has an interrupt pending. This address is gated to the A bus 1 by
      the highest priority device. The interrupt handler can then use the device
      address as an indirect address to the handler for the particular IO
      controller.
PAR  The fast interrupt accesses a fixed location in control memory 22 which
      contains a single instruction. This instruction typically moves data
      between the IO controller and bulk data storage memory 16, 18. The
      processor has two fast interrupts. One can be used, for instance, for
      moving data into the processor and the other, for moving data out.
PAR  Micro Instruction: The use of the microinstruction fields has been
      described in a previous section and in FIG. 9 but it is useful at this
      point to review the fields used to control input/output functions.
PAR  When IO Mode is 1, the RA Select and Device Select fields make up a 7 bit
      address field capable of selecting up to 128 IO device controllers. RA
      Select and Device Select also select one of 128 external condition signals
      to be tested when one of the Branch Control functions, Test/Branch on
      External Condition Set or Reset, is employed. This test is independent of
      IO Mode.
PAR  A Bus Control = 0+1+2 causes data from the IO device controller addressed
      by IO Mode, RA Select, and Device Select to be placed on the A bus (unless
      C bus/Register Control is x'B' or MCR Control is x'3' or x'5').
PAR  A Bus Control also provides byte-selection control for data written to an
      IO device controller from the C bus, provided that C bus/Register Control
      specified a function that includes the use of IO Mode, RA Select, and
      Device Select to define the destination, as discussed below.
TBL  ______________________________________                                    
     A Bus Control                                                             
                 Definition                                                    
     ______________________________________                                    
     0           Full 16-bit word to destination                               
     1           To left byte of destination                                   
     2           To right byte of destination                                  
     3           No transfer                                                   
     ______________________________________                                    
PAR  C bus/Rigerster control specifies the destination of data on the C bus, as
      well as control over data-byte routing between the ALU 44 and the C bus
      and right and left shifting of data transferred from the ALU 44 to the C
      bus. This paragraph is concerned only with destination specification. The
      table below defines the destination for each decoded value of the C
      bus/Register Control field:
TBL  C Bus/Register Control                                                    
                     Destination                                               
     ______________________________________                                    
     0,8             None                                                      
     1,9,B           MAR 20                                                    
     2,4,6,A,C,E,F   IO Mode, RA Select, and                                   
                     Device Select define                                      
     3,5,7           RB Select defines                                         
     D               Not assigned                                              
     ______________________________________                                    
PAR  In addition, C bus/Register Control = x'B' has some other results
      significant to input/output operations. First, it overrides A bus Control.
      Second, if IO Mode = 0, the contents of the Immediate Address field are
      gated to the A bus. But, if IO Mode = 1, the Device Address (consisting of
      the RA Select and Device Select values) for the high priority input/output
      device controller having a multiplexed IO interrupt pending is placed on
      the right byte of the A bus, while the contents of the ALU Select field
      are placed in bits 4-7, yielding the following format:
TBL  0 1 2 3 4   5  6 7 8 9  10 11 12 13 14 15                                 
     x x x x ALU Sel    1 RA Sel      DS       A Bus                           
PAR  MCR Control = x'E' is significant to input/output operations. This micro
      command causes the highest priority device controller with a multiplexed
      IO interrupt pending to place its device address, as defined in the
      preceding paragraph, on the A bus.
PAR  When IO Mode is 1 and C bus/Register Control is not x'B', bits 24-27 become
      the Input/Output Control field. This field is not defined by the
      processor. It may be used by each unique device controller as a device
      command field. It should be recognized by a particular device controller
      only when IO Mode is one and RA Select and Device Select contain the
      address of the controller. Thus, each device controller may interpret this
      field in any way the input/output module designer chooses.
PAR  Interface Signals and Requirements: The SCU operates synchronously on a
      single-phase clock with the exception of main memory 16, 18 accesses which
      require a double-length clock period. Thus, everything within the unit
      happens within one or two clock times, simplifying interface timing.
PAR  The following table contains the signal names and functions of the
      interface signals. A brief description of the function of each signal
      follows:
PA1  Aoo - a15: a bus. Used by IO interface modules to transfer data, status,
      and interrupt identification to the processor.
PA1  Boo - b15: b bus. Used by IO interface modules which use the fast
      interrupts to provide a main memory address to the SCU.
PA1  Coo - c15: c bus. Used by the processor to transfer data and control
      information to IO interface modules. This bus is never driven by IO
      interface modules.
PA1  Iom: input/Output Mode. Used by all IO modules in qualifying data, control,
      and status transfer to/from the processor. The exception to this rule is
      in the generation of the NEXT signal, used during Test/Branch on External
      Condition micro opcodes. NEXT will be described in a following section.
PA1  Rsa01-rsao3; a register Select; EMIT28 - EMIT31: Device Select. Used to
      address the input/output module to be activated by the processor. These
      seven signals are applied to each IO module location. Note that IOM must
      be used along with the Device Address compare to select an IO module.
PA1  Bytesel-l, bytesel-r: byte Select, Left or Right. Used to control the
      transfer of the left byte or the right byte from the C bus to the output
      buffer register on an IO module. When the microinstruction specifies word
      operation, both BYTESEL signals are true.
PA1  Bca08, bca09; a bus Control. May be used with Device Address decode to
      address a signal byte of data.
PA1  Emit24 - emit27: when IO Mode is 1 and C Bus/Register Control is not x'B',
      EMIT24-EMIT27 become the Input/Output Control field. These four signals
      are available to create special micro commands for the interface modules.
PA1  Axdastrobe: strobe for Device Address transfer to the A bus. Gates Device
      Address of the highest priority input/output interface having a
      multiplexed input/output interrupt pending to the A bus.
PA1  Naxiocont: a bus Transfer from IO Control. When low, inhibits input/output
      module from inserting any data onto the A bus.
PA1  Clock: this signal runs continuously, as diagrammed in FIG. 16, with a
      period of 350 nanoseconds and a pulse width (low) between 50 and 80
      nanoseconds.
PA1  Phi: phi is the system clock. All clocking within the processor is done on
      the rising edge of PHI. Timing characteristics are shown in FIG. 16. The
      period is 350 ns, except when a main memory access is in process when it
      is 700 ns.
PA1  Nimhere: must be driven low by each IO module when IO Mode = 1 and
      RSA01-RSA03 and EMIT28-31 contain the module's device address.
PA1  Nfirq1, nfirq2: fast Interrupt Request 1 and 2. Driven low to request that
      a fast interrupt be generated.
PA1  Fi-1, fi-2: fast Interrupt response. Generated by the processor in response
      to the corresponding Fast Interrupt Request. The highest priority device
      with a fast interrupt pending may use this signal to remove its request
      signal.
PA1  Fi1prin, FI2PRIn, FI1PRIn+1, FI2PRIn+1: Fast Interrupt Priority strings.
      These functions will be later described.
PA1  Nioint: multiplexed general Input/Output Interrupt request line. Driven low
      to request an interrupt.
PA1  Nintlock: interrupt Lock. Signal generated by the processor to freeze
      interrupt requests. No new requests can be initiated while NINTLOCK is
      low. It also allows the multiplexed IO interrupt priority string to settle
      before a device address is read to the A bus by the processor.
PA1  Prin, PRIn+1: Multiplexer general 10 interrupt Priority string. PRIn is the
      Priority input line; PRIn+1 is the Priority output line.
PAR  NEXT: External condition common line. When IO module recognizes its device
      address on RSAO1 - RSAO3 and EMIT28-31, regardless of the state of IOM, it
      should gate its external condition line or lines, if any, into NEXT.
PAR  NINHB: Inhibit B. INHB inhibits the general register selected by RB Select
      from being gated to the B bus.
TBL  ______________________________________                                    
     INTERFACE SIGNALS                                                         
     SIGNAL      FUNCTION                                                      
     ______________________________________                                    
     A00       A Bus Bit  00                                                   
     A01                  01                                                   
     A02                  02                                                   
     A03                  03                                                   
     A04                  04                                                   
     A05                  05                                                   
     A06                  06                                                   
     A07                  07                                                   
     A08                  08                                                   
     A09                  09                                                   
     A10                  10                                                   
     A11                  11                                                   
     A12                  12                                                   
     A13                  13                                                   
     A14                  14                                                   
     A15       A Bus Bit  15                                                   
     B00       B Bus Bit  00                                                   
     B01                  01                                                   
     B02                  02                                                   
     B03                  03                                                   
     B04                  04                                                   
     B05                  05                                                   
     B06                  06                                                   
     B07                  07                                                   
     B08                  08                                                   
     B09                  09                                                   
     B10                  10                                                   
     B11                  11                                                   
     B12                  12                                                   
     B13                  13                                                   
     B14                  14                                                   
     B15       B Bus Bit  15                                                   
     C00       C Bus Bit  00                                                   
     C01                  01                                                   
     C02                  02                                                   
     C03                  03                                                   
     C04                  04                                                   
     C05                  05                                                   
     C06                  06                                                   
     C07                  07                                                   
     C08                  08                                                   
     C09                  09                                                   
     C10                  10                                                   
     C11                  11                                                   
     C12                  12                                                   
     C13                  13                                                   
     C14                  14                                                   
     C15       C Bus Bit  15                                                   
     IOM       I/O Mode                                                        
     NRSA01    A Register Select Field Bit 01, inverted                        
     NRSA02    A Register Select Field Bit 02, inverted                        
     NRSA03    A Register Select Field bit 03, inverted                        
     NEMIT28   Device Select Field Bit 28, inverted                            
     NEMIT29   Device Select Field Bit 29, inverted                            
     NEMIT30   Device Select Field Bit 30, inverted                            
     NEMIT31   Device Select Field Bit 31, inverted                            
     EMIT24    I/O Control Field Set 24                                        
     EMIT25    I/O Control Field Set 25                                        
     EMIT26    I/O Control Field Set 26                                        
     EMIT27    I/O Control Field Set 27                                        
     BYTESEL-R(A)                                                              
               Byte Select (Right)                                             
     BYTESEL-L(A)                                                              
               Byte Select (Left)                                              
     NINHB     B Bus Override Control Signal                                   
     BCA08     A Bus Control Field (MSB)                                       
     BCA09     A Bus Control Field (LSB)                                       
     NIOINT    Multiplexed I/O Interrupt Request                               
     PRIn      Priority String Input (Multiplexed I/O                          
               Interrupt)                                                      
     PRIn+1    Priority String Output (Multiplexed I/O                         
               Interrupt)                                                      
     NINTLOCK  Multiplexed I/O Interrupt Request Inhibit                       
               Signal                                                          
     NAXDASTROBE                                                               
               Device Address to A Bus Strobe Signal                           
     NFIRQ1    Fast Interrupt No. 1 Request                                    
     NFIRQ2    Fast Interrupt No. 2 Request                                    
     FI-1      Fast Interrupt No.1 Response                                    
     FI-2      Fast Interrupt No.2 Response                                    
     NEXT      External Condition Line                                         
     NRESET    Power On and MCP Reset                                          
     PHI       System Clock                                                    
     CLOCK     Free Running 350ns Clock                                        
     RTCC      60HZ Clock                                                      
     ZP15 Volts                                                                
               +15 Volts                                                       
     ZN15 Volts                                                                
               -15 Volts                                                       
     FI1PRIn   Fast Interrupt Priority Input                                   
     FI2PRIn   Fast Interrupt Priority Input                                   
     FI1PRIn+1 Fast Interrupt Priority Output                                  
     FI2PRIn+1 Fast Interrupt Priority Output                                  
     ______________________________________                                    
TBL  Bits 24-27          MCR Control                                           
     ______________________________________                                    
              (IOM = 0; B Bus Control .noteq. 3;                               
              C Bus/Register Control .noteq. x'B')                             
     0        No special functions                                             
     1        C Bus to Translator                                              
     2        Reset MAR                                                        
     3        Read Vector 1 to A Bus from Translator                           
     4        Enable IO Interrupts                                             
     5        Read Vector 2 to A Bus from Translator                           
     6        Disable IO Interrupts                                            
     7        Read Argument to B Bus from Translator                           
     8        Read MCP Data Entry Switches to C Bus                            
     9        Not assigned                                                     
     A        Other functions                                                  
     B        Not assigned                                                     
     C        Write Micro Control Memory                                       
     D        Read Micro Control Memory                                        
     E        Read IO Interrupts to A Bus                                      
     F        Not assigned                                                     
     ______________________________________                                    
PAR  Addressing: Each IO module must respond to one or more device addresses.
      The device address is made up of the RA Select field (RSA01 - RSA03) and
      the Device Select field (EMIT28 - EMIT31), where RSA01 is the most
      significant bit and EMIT31 is the least significant. The particular
      address or addresses to which the module is to respond must be assignable
      at the time the module is installed by means of push-on jumpers, switches,
      or some other method which can be quickly accomplished. For consistency,
      it is desirable that all IO modules use the same method for address
      selection.
PAR  The logic for address decoding is diagrammed in FIG. 17. Where the gates
      marked S are Schottky gates.
PAR  The signal IOMME (IOM Module Enable), generated as shown on FIG. 17, is
      used to enable the IO Module to respond to any command from the IO Control
      field, including the transfer of data to the A bus and the enabling of the
      C bus input buffers. ME (Module Enable) is used primarily to enable the
      external condition line or lines onto the NEXT line. NIMHERE is used to
      control the C bus buffer in an expanded IO arrangement.
PAR  A Bus Connect: The A bus provides the path users must take when imputting
      data to the processor. This path allows the user to enter data on one side
      of the Arithmetic Logic Unit 44, perform some function on that data, and
      strobe the result back to the user from the C Bus, all during one
      processor cycle time.
PAR  The logic for transferring input data to the A bus may be as follows:
PA1  Enable Data to A Bus -- iomme.input.naxiocont where IOMME = IO module
      selected by microinstruction, as diagrammed in FIG. 17.
PA1  Input = configuration of the IO Control field, EMIT24 - 27 specifying
      either data or status information input to the processor.
PA1  B bus Connect: The B Bus provides the path for users to take when supplying
      a direct memory address to the processor when using the fast interrupts,
      as explained in a following section. The logic and timing for connection
      to the B Bus are identical to those for connection to the A bus, except
      that the control equation is modified as follows:
PA1  Enable Data to B Bus = IOMME.DMAINPUT
PAL  where DMAINPUT = Assigned configuration of the IO Control field specifying
      direct memory access.
PA1  A bus and B Bus timing is shown in FIG. 18.
PA1  C bus Connect: The C Bus 3 is the path for transferring data and control
      information from the processor to an IO module. Data on the C bus is
      available for any IO module to acquire.
PAR  The logic for transferring output data from the C Bus is as follows:
PA1  Enable C Bus to IO Module -- IOMME
PAL  where IOMME = IO module selected by microinstruction, as diagrammed in FIG.
      17.
PAR  C Bus timing is shown in FIG. 19.
PAC  IO INTERRUPT
PAR  The processor accommodates two types of interrupt systems: fast interrupts
      for high-speed data transfers in or out, and multiplexed input/output
      interrupts. The fast interrupt system returns a hardware response as soon
      as the interrupt has been accepted, while the IO interrupt system does not
      provide a hardware acknowledge signal. The IO interrupt system is
      discussed in this section and the fast interrupt system is a following
      section.
PAR  The processor accepts up to 128 inputs to the multiplexed input/output
      interrupt, corresponding to the 128 device addresses. This interrupt can
      be enabled or disabled by micro opcodes in the MCR Control field. Requests
      can be asynchronous with respect to the system clock as they do not
      interrupt the execution of a microinstruction during its clock period. An
      interrupt does take control at the end of the cycle, providing it is not
      disabled.
PAR  The request for an IO interrupt is transmitted to the processor by means of
      the signal NIOINT. Then the processor transfers the device address of the
      IO module with the highest priority which has an IO interrupt pending to
      the A bus and responds accordingly. IO interrupt operation is next
      described in detail.
PAR  Interrupt Operation; The processor provides a single input line, NIOINT,
      which can be pulled low by any IO module to signify that the module has an
      IO interrupt pending. FIG. 20 is a diagram of multiplexed interrupt
      timing. In the processor, NIOINT low sets an IO Interrupt flip-flop on the
      next system clock. The flip-flop output is applied to the Interrupt
      Priority logic and then to logic that generates control memory address
      x'8'. As soon as this address becomes available, it is used to reset the
      flip-flop. Thus, the IO Interrupt flip-flop remains high until the IO
      interrupt is reached in priority order.
PAR  The next PHI after control memory address x'8'becomes available loads the
      microinstruction at this location into the microcontrol register 24 for
      execution. Thus, if no higher priority interrupt interferes, the
      microinstruction is loaded into the microcontrol register 24 by the second
      PHI after NIOINT goes low. This microinstruction should contain the Push
      micro opcode in the Branch Control field and the Immediate Address micro
      opcode in the C bus/Register Control field. The Immediate Address micro
      opcode, it will be recalled is interpreted by the processor in two ways,
      depending on whether IO Mode is true or false.
PAR  If IO Mode is true, the device address of the highest priority IO module
      with an interrupt request pending is gated to the A bus in the following
      format:
TBL  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15                                     
     x x x x x x x x 1 Device Address      A Bus                               
PAR  Bits 0-7 should not be driven by the IO module and bit 8 must be forced to
      1 by the IO module.
PAR  The processor then appends the contents of the ALU select field from the
      microinstruction to the above Device Address to generate an address as
      shown below:
TBL  0 1 2 3 4 5 6  7 8 9 10 11 12 13 14 15                                    
     x x x x ALU Sel  1 Device Address      A Bus                              
PAR  This 12 bit address, now on the A bus, is used by the processor in the same
      way as an Immediate Address, which is gated from the microcontrol register
      24 to the A bus. In either case, the control memory 22 jumps to the 12 bit
      address. Therefore, the Push microinstruction branches to a table in
      control memory 22 between x'080' and x'OFF', assuming ALU Select = 0. The
      size of this table is dependent on the number of device addresses used in
      the system.
PAR  The contents of this table are a series of unconditional branch
      instructions with Immediate Addresses which cause the processor to branch
      to the first microinstruction in the device handler interrupt routine.
      Thus, the total time from NIOINT going low, assuming no interference from
      a higher priority interrupt, to the start of execution of the first
      microinstruction of the interrupt handler is 1.05 microseconds minimum to
      1.40 micro seconds maximum. The processor execution time required is 0.70
      microseconds.
PAR  Alternatively, if IO Mode is false in the original Push microinstruction,
      the Immediate Address bits from the microinstruction are used as the
      branch destination. In this case the device address of the interrupting IO
      controller can be recovered later by executing a microinstruction with MCR
      = x'E'. This micro opcode causes the IO device controller to gate its
      device address to the A bus in the format shown above.
PAR  Interrupt Disable: The multiplexed IO interrupt is automatically disabled
      by the processor when any type of interrupt except the fast interrupts is
      requested. The disabled occurs at the time of execution of the
      microinstruction found in the interrupt location in control memory 22. If
      the microinstruction contains a Push micro opcode, the current status of
      the mutliplexed IO enable flip-flop is stored in the push stack before the
      flip-flop is reset. At the end of the interrupt handler subroutine, a Pull
      micro opcode in the final microinstruction restores the enable flip-flop
      to its original status.
PAR  Also, once an interrupt is requested, the signal NINTLOCK goes low. This
      signal must be used on the IO module to prevent the initiation of an IO
      interrupt request until it goes true. An IO module that is already
      requesting an IO interrupt must continue its request. The purpose of
      NINTLOCK is to freeze the priority chain so that the IO device controller
      which had the highest priority at the time of interlock will still have
      the highest priority when the time comes to gate its device address to the
      A bus.
PAR  The IO device controller maintains its interrupt request until an IO
      command is received by the controller to remove the request. The IO
      command can be accomplished either by use of the IO Control field or by
      means of a command word via a C bus transfer.
PAR  IO Interrupt Logic: The logic functions necessary to implement IO Interrupt
      are the priority chain, the interrupt request, and gating the device
      address to the A bus.
PAR  The priority chain or string consists of an input signal to each IO module,
      PRIn, and an output signal from each module, PRIn+1 as shown in FIG. 21.
      The equation is:
PA1  Prin+1 = PRIn.sup.. NREQ
PAL  where NREQ = no interrupt request pending
PAL  This equation must be implemented by each IO module that uses the
      multiplexed IO interrupt. FIG. 21 shows the artical logic for IO Modules
      in a multiplexed interrupt priority string.
PAR  The interrupt request, NIOINT, may be implemented as diagrammed in FIG. 22.
PAR  FIG. 21 additionally shows the relationship between two IO modules in an IO
      interrupt priority chain. The priority connections are prewired in such a
      way that the ranking of an IO module in the priority string is determined
      by the physical location into which it is plugged. The lowest ranking or
      highest priority devices are closest to the processor.
PAR  External Condition Test: The Branch Control field of the microinstruction
      contains two micro opcodes used to test an external condition present on
      an IO Module:
PAC  x'4' Test/Branch on External Condition Set
PAC  x'5' Test/Branch on External Condition Reset
PAR  Each IO module may provide one or more external status conditions to a
      common signal, NEXT, when RA Select and Device Select fields contain an IO
      address assigned to the module. Moreover, more than one external condition
      per IO address may be selected and multiplexed to NEXT by use of
      additional signals such as the A bus Control field, BCA08 and BCA09. On
      the other hand, the external condition test capability can be ignored if
      not required in a particular application.
PAR  The operations in the processor resulting from these two Test/Branch micro
      opcodes have been previously set forth. However, briefly, if a test is
      successful, the least significant 12 bits of the C bus serve as the next
      microaddress in a procedure requiring two clock periods. If the test is
      unsuccessful, the microaddress increments in sequence, requiring one clock
      period. Moreover, because the Device Select field is employed in
      addressing the external conditions, the Immediate Address field can not be
      used to supply the new microaddress.
PAR  The logic for a single external condition interface is shown in FIG. 24. A
      timing diagram for external condition timing is set forth in FIG. 25. Both
      seem self explanatory.
PAR  Fast Interrupts: The processor is capable of accepting two Fast Interrupt
      Requests from every IO module location. The fast interrupts are used
      primarily for high-speed data transfers between IO devices and scratch
      pad/main memory 16, 18. The fast interrupts differ from the multiplexed IO
      interrupts in two respects. First they automatically return a response
      signal and, second, they cycle-steal a single cycle from processor
      operations.
PAR  During this cycle the processor executes a single microinstruction that
      typically transfers a word or byte from an IO bus to scratch pad/main
      memory 16, 18 and from scratch pad/main memory to an IO bus. The scratch
      pad/main memory 16, 18 address may come from a general register 10 (which
      is incremented by the same microinstruction) or from the IO module (device
      controller).
PAR  Cycle stealing refers to the insertion of an out-of-sequence
      microinstruction into the ordinary sequence of processor operations
      without affecting the status bits or the next microaddress. The state of
      the processor is not stored in the push stack and, thus, does not require
      removal from the push stack by a later microinstruction in order to resume
      the interrupted sequence. Rather, after the clock cycle in which the
      out-of-sequence microinstruction is executed, the SCU can resume operation
      directly on the next microinstruction. The effect is that the fast
      interrupt capability can be employed to achieve direct access to scratch
      pad/main memory 16, 18 or DMA.
PAR  Each fast interrupt is limited to stealing no more than one cycle out of
      every two. Thus, in making transfers to/from scratch pad with the clock
      period at 350 ns, each transfer takes 700 ns, equivalent to a maximum
      throughput rate of 1.428 mega words per second. Transfers to/from main
      memory 16 may occur every 1.05 to 1.4 microseconds, depending on whether
      the microinstruction executed between two interrupt microinstructions is a
      one- or two-cycle instruction, equivalent to a maximum throughput rate of
      714 kilo words per second. If both fast interrupts are running
      simultaneously at miximum throughput rate, any other processor
      microinstruction execution is locked out, that is, 100 percent of the
      processor bandwidth is used by the fast interrupts.
PAR  There are two approaches to using the fast interrupt capability. The first
      requires less hardware, but limits the use of the fast interrupts to a
      single IO device. The second approach requires a little more hardware, but
      shares the fast interrupt capability among many IO devices.
PAR  Logic and Timing: Receipt of Fast Interrupt Request 1 or 2 from an IO
      module causes Fast Interrupt flip-flop 1 or 2 in the SCU interrupt logic
      to set on the next PHI and to return Fast Interrupt response 1 or 2 to the
      IO mocule. One possible logic arrangement is diagrammed in FIG. 26 and the
      timing, in FIG. 27.
PAR  The true output of the Fast Interrupt flip-flop is applied to Interrupt
      Priority logic in the processor and then to logic that generates control
      memory address x'6' for Fast Interrupt 1 or x'7' for Fast Interrupt 2. As
      soon as this address is available, signifying that the fast interrupt has
      been accepted by the SCU, it is used to reset the Fast Interrupt
      flip-flop.
PAR  FIG. 27 shows the fast interrupt interface timing for a single data
      transfer or for multiple transfers at relatively slow throughput rates.
      FIG. 28 shows timing at maximum throughput rates. Times shown on the
      figures are merely exemplary. At maximum throughput, the interrupt request
      generated by the IO module NFIRQn, may be held low for the entire duration
      of a block transfer. At the end of the transfer, NFIRQn must be raised
      within 180 ns, in this example, after the falling edge of the response
      pulse, FIn, for the last word to be transferred. Raising NFIRQn within
      this limit assures that an extra interrupt is not triggered.
PAR  Single High-Speed Device: In this approach both fast interrupts are
      connected in a single high-speed device controller (or IO module), one may
      be used for transfers-in and the other, for transfers-out. In addition, a
      multiplexer IO interrupt capability is often required to enable the IO
      module to initialize and terminate a series of transfers.
PAR  Before starting fast interrupt data transfers, it is necessary to have the
      address of the first scratch pad/main memory location to be used in a
      general register, where it is available to the B bus. The general register
      10 employed for this address is the one defined by the RB Select field of
      the microinstruction in Fast Interrupt location x'6' or x'7'. This general
      register, now serving the function of scratch pad/main memory address
      register, is incremented (or decremented) by the Interrupt
      microinstruction on each transfer to supply the new scratch pad/main
      memory address.
PAR  Each time the user requests service, the IO module generates NFIRQn, the
      SCU returns an automatic response, and the microinstruction in location
      x'6' or x'7' is executed. This single microinstruction typically transfers
      data to/from the IO module into/out of the scratch pad/main memory
      location specified by the scratch pad/main memory address register and
      increments or decrements this register.
PAR  A series of Fast Interrupt transfers is normally terminated by a
      multiplexed IO interrupt. As one example, before starting data transfers,
      the firmware may transmit a word count via the C bus to a word-count
      register on the IO module. When this count is reached, the IO module may
      initiate a multiplexed IO interrupt to terminate the transfer.
PAR  Multiple Devices: In this approach both fast interrupts are connected to
      two or more IO modules (device controllers), priority is determined by a
      priority chain between the IO modules, and a scratch pad/main memory
      address register, located on each IO module, supplies the memory location.
PAR  Direct Memory Access: Direct Memory Access refers to the ability to
      transfer data from an IO device 4 into main memory 16 or from main memory
      16 to an IO device 11 with a minimum of interference with the on-going
      processor operations. Using the fast-interrupt approach, one fast
      interrupt is treated as a scratch pad/main memory write request and the
      other as a memory read request. So far, this use of the fast interrupts is
      no different from the approach for a single high-speed device.
PAR  In the multiple-device approach, however, each IO device controller has a
      scratch pad/main memory address register and a method of getting the
      register contents on to the B bus when the interrupt microinstruction is
      executed. Moreover, all the device controllers are assigned a common IO
      address, called the DMA channel address. Priority among the device
      controllers on the DMA channel is resolved by a priority chain. However,
      each device controller also responds to a different and unique IO address
      for other purposes, such as initializing and terminating a transfer
      operation.
PAR  In operation, then, the microinstructions in the fast-interrupt control
      memory locations address the common DMA channel, but only the device
      controller with the highest priority assignment of those ready to transfer
      or receive data responds. The response consists of placing the current
      address from its scratch pad/main memory address register on the B bus
      and, in the case of transfers-in, placing input data on the A bus or, in
      the case of transfers-out, acquiring data from the C bus. During the same
      microinstruction period, the processor uses the memory address on the B
      bus 2 to write data from the A bus 1 into scratch pad/main memory 18, 16
      or to read data from scratch pad/main memory to the C bus 3. Thus, in DMA
      operation, a single microinstruction accomplishes a transfer-in or a
      transfer out.
PAR  The IO device controller in the next highest priority position, if one is
      ready, can make a transfer in the second-next microinstruction period. In
      this way, a number of IO devices can interleave data transfers by means of
      the fast interrupt capability. Any number of IO devices can use this DMA
      interface, limited primarily by the necessity to keep the combined
      bandwidth of the devices within the DMA channel bandwidth: 1.428 mega
      words per second, scratch pad, or 714 kilo words per second, main memory,
      in this case.
PAR  The essential elements of an IO module for the DMA interface, diagrammed in
      FIG. 4-18, are a data buffer register 80, word count register 82, memory
      address register 84, and multiplexer 86 to A bus 1. The common DMA channel
      address is used for data-transfer purposes, denoted by (1) on the diagram.
      The second address, unique to each IO device controller, is used for
      passing control information to the device controller, such as device
      initialization, word count register setup, memory address register setup,
      and passing status information to the processor. These purposes are
      denoted by (2) on the diagram. In addition, the contents of the data
      buffer register and the word count register can be multiplexed to the A
      bus for test purposes.
PAR  FIG. 30 is a block diagram showing a series of IO devices and device
      controllers connected to the tri-bus structure of the processor. For this
      example, device address 0 has been arbitrarily assigned to the common DMA
      channel.
PAR  Programming DMA: The two fast interrupts are each dedicated to data
      transfer in one direction. The higher priority interrupt (control memory
      location x'6') is assigned to data input to scratch pad/main memory 18, 16
      and the lower priority interrupt (location x'7') is assigned to data
      output from scratch pad/main memory 18, 16.
PAR  Programming the DMA makes use of the following command assigments in the IO
      Control field.
TBL  __________________________________________________________________________
     IO Control           Function                                             
     __________________________________________________________________________
     24 25 26 27 Hex Code                                                      
     __________________________________________________________________________
     0  0  0  0  0     No action                                               
     0  0  0  1  1     Read input data from user to A bus;                     
                       transfer memory address to B bus.                       
     0  0  1  0  2     Write output data from C bus to user;                   
                       transfer memory address to B bus.                       
     1  0  0  1  9     Read data buffer register to A bus.                     
     1  0  1  0  A     Write data from C bus to data buffer                    
                       register.                                               
     x  1  0  0  4 or C                                                        
                       Disable both fast interrupts.                           
     __________________________________________________________________________
PAL  These commands are described below.
PAR  IO Control = x'1', along with IOM = 1 and Branch Control = x'3', is decoded
      by all IO modules sharing the DMA channel. The IO module (with the highest
      priority having an interrupt pending) supplies both the data to be stored
      and the memory address where it is to be stored. The data is placed on the
      A bus and the memory address on the B bus. The microinstruction for this
      function is placed in control memory location x'6' and appears as follows:
TBL  Read data and memory address from user:                                   
     Location x'6': x'n000 301m'                                               
                      Device Select portion of DMA                             
                      address                                                  
                      Read data and memory                                     
                      address from IO module                                   
                      Write scratch pad/main memory                            
                      RA Select portion of                                     
                      DMA address plus IOM = 1                                 
PAR  IO Control = x'2', along with IOM = 1 and Branch Control - x'2', is decoded
      by all IO modules sharing the DMA channel. The IO module (with the highest
      priority) supplies the memory address of the scratch pad/main memory 18,
      16 location in which the data for the user is to be found. This memory
      address is placed on the B bus. Data from scratch pad/main memory is taken
      from the C bus by the IO module 4 for transfer to the IO device. The
      microinstruction for this function is placed in control memory location
      x'7' and appears as follows:
TBL  Read scratch pad/main memory address, write data to user:                 
     Location 2'7': x'n000 202m'                                               
                      Device Select portion of DMA                             
                      Address                                                  
                      Write output data to user,                               
                      read memory address to B bus                             
                      Read scratch pad/main memory                             
                      RA Select portion of                                     
                      DMA address plus IOM = 1                                 
PAR  IO Control = x'4' or x'C', along with IOM = 1, is decoded by all IO modules
      sharing the DMA channel. These codes disable the Fast Interrupt Request
      lines from the DMA channel to the processor and, consequently, disable the
      user's ability to write to or read from scratch pad/main memory. These
      codes would be used in an executive routine or priority driver or in a
      power shut down sequence. The fast interrupts on each IO module must be
      re-enabled separately, using the command/status device address.
PAR  IO Control = x'A', along with IOM = 1, is decoded by all IO modules sharing
      the DMA channel. This code takes data from the C bus and stores it in the
      data buffer register. A particular data buffer register is selected for
      test by disabling all IO modules on the DMA channel by means of IO Control
      - x'4' or x'C' and re-enabling one IO module by means of the
      command/status device address. This operation tests the functioning of the
      DMA channel, DMA address decoding, and the data buffer register on the
      selected IO module. This test is similar to writing data to an IO module.
      This code is handled as an in-line microinstruction, not one executed from
      the fast-interrupt control memory location and therefore is not dependent
      on whether an interrupt is pending.
PAR  IO Control = 2'9', along with IOM = 1, is decoded by all IO modules sharing
      the DMA channel. This code transfers data from the data buffer register to
      the A bus. It is then up to the rest of the microinstruction to determine
      what to do with the data on the A bus. This code is used in conjunction
      with x'A' to check the data buffer register and DMA address decoding.
PAR  Programming for the command/status interface (which is the one addressed by
      the second, unique address on each IO module of the DMA type) is not
      restricted with one exception. Provisions must be made in the command
      structure to enable each device controller individually to use the fast
      interrupts and to disable all device controllers together from using the
      fast interrupts.
PAR  Priority Chain: The priority chain, shown in FIG. 31, determines which
      device controller may respond to the DMA address. Each device controller
      must provide this logic for each fast interrupt used (some controllers may
      not require bidirectional data transfer). FIG. 32 shows a typical
      interrupt request flip-flop.
PAR  The equations for the priority chain are as follows:
PA1  FinPRIn+1 = FInPRIn.sup.. NPRICONT
PA1  Set PRICONT = FInPRIn.sup.. NFIn.sup.. SET.sup.. PHI
PA1  Reset PRICONT = FInPRIn.sup.. IOMME(DMA).sup.. READ.sup.. PHI + FIDISABLE
PA1  where SET = output of the interrupt request flip-flop if that flip-flop is
      not clocked by PHI, or the J input signal to the interrupt request
      flip-flop if the flip-flop is clocked by PHI.
PA1  FinPRIn+1 = the priority string output signal
PA1  FinPRIn = the priority string input signal
PA1  Iomme(dma) = the decoded DMA channel address anded with IOM
PA1  Read = read command, x'2', decoded from the IO Control field. Use Write
      command for Fast Interrupt 1 and Read command for Fast Interrupt 2.
PA1  Fidisable = fast Interrupt Disable flip-flop, set by IO control = x'4' or
      x'C', Disable Fast Interrupts.
PAR  Memory Address to B bus: The B bus control logic, as shown in FIG. 33,
      gates the output of the scratch pad/main memory 18, 16 address register to
      the B bus 2 when IO control = 4'1'   or '2'. The memory address is needed
      by the processor whenever a transfer-in or a transfer-out is made.
PAR  The equation for the memory address transfer term is as follows:
PA1  Bxma = fi1prin.sup.. IOMME(DMA).sup.. WRITE +
PA1  Fi2prin.sup.. IOMME(DMA).sup.. READ
PAR  NINHB inhibits the processor from placing other data on the B bus. FIG. 34
      is a timing diagram showing the various interface signals when two device
      controllers of the DMA type request interrupts simultaneously. The timing
      assumes the interrupt request (REQREAD) is implemented as diagrammed in
      FIG. 32.
PAR  Standard IO Control: Seven fields of the microinstruction participate in
      the control of functions on the SIOM. Six of these fields have been
      characterized, for input/output purposes, previous sections, and fully
      defined therein. The seventh field, IO control, is defined below, as used
      on the SIOM.
PAR  When IO Mode is 1 and C bus/Register Control is not x'B', bits 24-27 become
      the Input/Output Control field.
TBL  __________________________________________________________________________
     Bit       IO Control                                                      
     __________________________________________________________________________
     24 25     Function                                                        
     __________________________________________________________________________
     0  0  Read the IO register addressed by the RA Select and                 
           Device Select fields to the A bus.                                  
     0  1  Read the IO register addressed by the RA Select and                 
           Device Select fields to the A bus and write the data                
           from the C bus to the IO register addressed by the                  
           RA Select and Device Select fields.                                 
     1  0  Read the IO bus 16 addressed by the RA Select and                   
           Device Select fields to the A bus.                                  
     1  1  Read the IO bus 6 addressed by the RA Select and                    
           Device Select fields to the A bus and write the                     
           data from the C bus to the IO register addressed by                 
           the RA Select and Device Select fields.                             
     __________________________________________________________________________
     Bit       Special Control                                                 
     26 27     Function                                                        
     __________________________________________________________________________
     0  0  No change.                                                          
     0  1  Disable output to the IO bus 6. (Inhibits output from               
           IO register byte addressed by RA Select, Device Select              
           and A bus Control fields to corresponding section of                
           IO bus. This output remains disabled until Enable IO                
           Bus occurs.)                                                        
     1  0  Enable output to IO bus 6. (permits content of IO                   
           register byte addressed by RA Select, and Device                    
           Select and A bus Control fields to be transferred to                
           corresponding section of IO bus. This output remains                
           enabled until Disable IO Bus occurs.)                               
     1  1  Not assigned.                                                       
     __________________________________________________________________________
PAR  IO Bus: The IO Bus 6 is a bidirectional bus, show as a single line in FIG.
      35. Data to be output by the SCU to the bus 6 is transferred from the C
      bus to a buffer register 90, using either the "read register/write
      register" micro opcode or the "read bus/write register" micro opcode. If
      the corresponding IO byte is enabled for output, the data is gated to the
      IO bus 6. Data may be read to the A bus 1 from either the output register
      via line 92 or the IO bus via line 94, the latter allowing the SCU to
      perform turnaround testing of the module. The 2:1 multiplexer 96 selects
      the source for the A bus.
PAR  IO Bus Disable: Each byte of the two IO busses 6 (FIG. 1) can be
      individually enabled for data output to the bus under microprogram
      control, as diagrammed in FIG. 36. The byte to be enabled is addressed by
      RA Select, Device Select, and A bus Control. The Q output 98 of the Enable
      flip-flop 100 gates the output register to the IO bus. Also provided from
      an open collector driver is a bus direction control signal, NDISABLE.
PAR  When NDISABLE is false, output to the IO bus from the IO register of the
      selected byte is disabled and incoming data can be placed on this section
      of the IO bus. When NDISABLE is high, output of the selected byte of the
      IO bus is enabled and this section of the bus should not be used for
      input.
PAR  IO Active: Strobe pulses which are required for an IO interface are
      normally generated by the microprogram, using a pre-assigned IO bus bit as
      the strobe signal. This usage minimizes special hardware on the IO module,
      using microopcode instead.
PAR  There are, however, certain instances where this technique is either
      inconvenient or slow. For these cases, a single IO Active signal is
      provided on each 10 module. This signal is keyed to one of the four IO
      bytes on the module (the least significant byte of the even-numbered
      register).
PAR  IO Active is generated unconditionally by two values of the IO Control
      field:
PA1  10 Read IO Bus to A bus
PAR  11 Read IO bus to A bus and Write IO Register from C bus
PA1  Io active can be generated conditionally by the following value of the IO
      Control field.
PAR  01 Read IO Register to A bus and Write IO Register from C bus. The
      condition is that the byte is enabled for output at the end of execution
      of the microinstruction, that is, either enabled by the current
      microinstruction or enabled by a preceding microinstruction and not
      disabled by the current one.
PAR  FIG. 37 shows the timing relationship between the instruction execution
      time, output data, and the IO Active strobe. The IO active strobe occurs
      nominally 100 ns after the microinstruction execution clock time, thus
      allowing 60 ns from data stable to the leading edge of the strobe. The
      pulse is nominally 150 ns in width.
PAR  Multiplexed IO Interrupts: The processor has a single interrupt level
      associated with general input/output. This interrupt level is multiplexed
      among the IO locations and on the IO Modules is submultiplexed between two
      interrupt inputs, as diagrammed in FIG. 38.
PAR  Receipt of an active-low interrupt, NINT(E) or NINT(O), from the user sets
      the Request flip-flop 102 on the next system clock, providing the
      processor signal, NINTLOCK, is high. Request high permits three actions:
PA1  1. Causes NIOINT to be pulled active-low, if the particular 10 Module has
      priority (PRIn = 1), initiating the multiplexed IO interrupt routine in
      the processor.
PA1  2. Inhibits PRIn+1, the priority signal for the next IO module in the
      priority sequence.
PA1  3. Enables transfer of the IO Module device address to the A bus on receipt
      of AXDASTROBE from the processor.
PAR  When the interrupt service routine begins, the processor hardware
      automatically block disables the multiplexed IO interrupts in order to
      avoid interference from other IO interrupts. The IO interrupts are
      re-enabled following the service routine.
PAR  IO interrupt signals are generated on an inquiry/response basis, as shown
      in FIG. 39. That is, an interrupt signal should be driven active-low and
      remain in this state until the microprogram responds. This response may
      take the form of a pulse on a line of the IO bus 6 assigned for this
      purpose. The microprogram should not generate this response until it has
      determined which user device generated the interrupt.
PAR  External Condition Test: Each 10 Module accepts four external condition
      lines (not illustrated), load the lines' state into a parallel register at
      each system clock, and multiplexes the one selected by micro opcodes to a
      single line, NEXT. This active-low signal is applied to the processor as
      previously described.
PAR  The RA Select, Device Select, and A bus control fields address the external
      condition lines as follows:
PA1  1. The most significant 6 bits of RA Select and Device Select address the
      IO Module that is to present its external status to the NEXT line.
PA1  2. The least significant bit of RA select and Device Select address the
      even or odd pair of external condition lines on the selected IO Module.
PA1  3. A Bus Control selects the left or right external condition line of the
      even or odd pair, as follows:
TBL  00               Right                                                    
     01               Left                                                     
     10               Right                                                    
     11               Right                                                    
PAL  Note that if A bus Control specifies Work A bus (00) or MAR to A Bus (11),
      the right sense line is selected.
PAR  From the foregoing, it should be apparent that a multiplicity of different
      input/output devices such as Teletype, Paper Taper Reader, Paper Tape
      Punch, Magnetic Tape, Disc, Printer or the like may be connected, within
      bandwidth limits, to the processor through the standard or special
      input/output modules. Specific details of particular device interfaces
      will not be described here as the techniques used in adapting same to the
      input/output modules are well within the capability of one skilled in the
      art of data processing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a microprocessor having first, second and third buses, a control
      memory having a plurality of control words stored therein at addressable
      locations at least some of said control words having a field containing an
      index value of which an instruction address is to be incremented, at least
      one register connected to said first and second buses with a second index
      value therein, at least a second field within said control word:
PA1  means for placing an address of a control word on said first bus,
PA1  means responsive to the contents of said second field of a control word for
      selecting said index value or said second index value,
PA1  Means for placing said selected index value on said second bus,
PA1  means for combining said address and said index value to produce a relative
      address, and
PA1  means for addressing said control memory at a location specified by said
      relative address.
NUM  2.
PAR  2. An addressing operation as set forth in claim 1 wherein said means for
      combining is an arithmetic and logic unit.
NUM  3.
PAR  3. An addressing operation as set forth in claim 2 wherein said combustion
      is by addition.
NUM  4.
PAR  4. An addressing operation as set forth in claim 2 wherein said combination
      is by substraction.
NUM  5.
PAR  5. A microprocessor as set forth in claim 1 wherein said control words
      comprise a plurality of fields, at least some of which have more than one
      function.
NUM  6.
PAR  6. In a microprocessor having first, second, and third buses, incrementing
      means connected between said first and third buses, storage means for
      storing microinstructions to be executed for controlling the operation of
      the microprocessor during successive clock periods, addressing means
      including second incrementing means providing for addresses of selected
      microinstructions for execution connected to said third bus, means for
      applying addresses of said address means and other addresses to said
      storage means, the operation comprising:
PA1  a. executing a microinstruction at address X at clock period n and
      simultaneously incrementing the address provided by said addressing means
      by one and fetching said incremented address X+1 for execution of its
      microinstruction during clock period n+1,
PA1  b. executing the microinstruction of the incremented address at clock
      period n+1, which microinstruction contains a branch address Y,
PA1  c. addressing said storage at address Y through said means for applying
      addresses during clock period n+1 for execution of said microinstruction
      at address Y during clock period n+2,
PA1  d. placing said address Y on said first bus for application thereof to said
      incrementing means during clock period n+1,
PA1  e. incrementing said address Y to Y+1 during clock period n+1 and placing
      address Y+1 via said third bus in said means for providing addresses for
      addressing said storage during clock period n+2.
NUM  7.
PAR  7. The operation as set forth in claim 6 further comprising:
PA1  a. executing the microinstruction at address Y+1 during clock period n+3
      and simultaneously incrementing address Y+1 through said second
      incrementing means to Y+2 for execution during clock period n+4.
NUM  8.
PAR  8. The operation as set forth in claim 6 wherein said incrementing by said
      incrementing means is performed by adding an increment to the address in
      an arithmetic unit.
NUM  9.
PAR  9. The operation as set forth in claim 7 wherein said incrementing by said
      incrementing means is performed by adding an increment to the address in
      an arithmetic unit.
NUM  10.
PAR  10. The operation as set forth in claim 6 wherein said incrementing by said
      second incrementing means is performed by adding an increment to the
      address in a microaddress register.
NUM  11.
PAR  11. The operation as set forth in claim 7 wherein said incrementing by said
      second incrementing means is performed by adding an increment to the
      address in a microaddress register.
NUM  12.
PAR  12. In a microprocessor having a first bus a second bus and a third bus, an
      arithmetic unit connected between said first, and third buses, storage
      means for storing control signals to be placed in a microcontrol register
      for controlling the operation of the microprocessor to execute control
      signals at successive clock intervals, an addressing means for said
      storage means connected to said third bus, and means allowing transfer of
      control signals from said microcontrol register to said storage, the
      operation comprising:
PA1  a. decoding control signals at clock interval n, said control signals
      comprising a storage address X,
PA1  b. addressing said storage at address X at clock interval n to allow
      execution of the control signals at address X during clock interval n+1,
PA1  c. placing address X on said first bus for application thereof to said
      arithmetic unit during clock interval n,
PA1  d. adding "1" to said address X during clock interval n+1 and placing the
      result on said third bus whereby said X+1 address is applied to said
      storage address means during the same clock interval, and
PA1  e. applying said X+1 address to said storage means to provide execution of
      the control signals at storage address X+1 in clock interval n+2.
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PAL  A solid state memory employs a plurality of memory cells each capable of
      storing either of two different binary values. The memory cells require
      periodic application of a refresh pulse to the memory cell to, without
      rewriting, enhance at least one of the two different binary values which
      the memory cells can store, in order to prevent loss of that binary value
      over a period of time. The reliability of the memory is improved by
      supplying a refresh signal which includes a plurality of refresh pulses in
      each memory cycle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to memory systems and more particularly to
      solid state memories which require periodic refreshing of the information
      stored therein.
PAR  2. Description of the Prior Art
PAR  One of the major problems in a semiconductor industry is increasing the
      yield of semiconductor device fabrication processes. Unlike many
      industries where substantially 100 percent yield can be guaranteed, the
      semiconductor industry constantly faces yield problems. In many processes
      25 percent yield is considered excellent yield. Conseuquently, any
      improvement in process yields has a startling effect on production
      capacity of a semiconductor plant without requiring any further capital
      investment.
PAR  Semiconductor manufacturing yields are generally poor on a percentage basis
      because of the samll size and fine detail of the devices being produced.
      Slight variations in process conditions, some of them virtually
      undetectable, frequently produce measurable changes in the device
      characteristics and in many cases render the final device inoperative.
      While yield can be accounted for in the final cost of individual devices,
      poor device yield within a large scale integrated (LSI) circuit is
      compounded because a single faulty device renders the entire circuit
      useless even though it contains many good devices. Consequently, the
      semiconductor industry continually strives to increase the yield of
      individual devices within an integrated circuit. Alternatively, the yield
      of the integrated circuits may be increased by changes in circuit
      operation.
PAR  Each device must be kept as small as possible in large scale integrated
      circuits in order to accommodate a large number of devices in the area of
      a die. This is particularly true where a single device, for example memory
      cells in LSI circuits, are duplicated many times on the die. It is common,
      for decoding simplicity, to make the number of memory storage cells on a
      die a power of two. Memories are now being produced with 1,024 memory
      cells per die, with chips measuring 140 mils by 140 mils. In order to
      achieve such memory cell densities, it has been necessary to shrink the
      cell as much as possible. With this objective, memories which require
      periodic refreshing of the information stored therein have been developed
      because they result in memory cells which utilize less semiconductor area
      than memory cells which do not require refreshing. Such memory cells which
      are self-refreshing from clock signals are considered preferable to those
      cells which must be periodically re-written because the self-refreshing
      cells provide a more versatile memory.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is a clocking system for a solid state memory which provides
      a novel refresh clock signal. In the inventive refresh clock signal, a
      refresh pulse is inserted between the write portion of a bit time and the
      read portion of the following bit time. Two referesh pulses are applied to
      the memory cell each bit time, one, as in the prior art, is applied during
      the read portion of the clock cycle and an additional one is applied
      during a subsequent portion of the bit time between the end of the write
      portion of that bit time and the beginning of the read portion of the
      following bit time. In this way, the information written into a memory
      cell is refreshed at least once before the information can be read from
      the memory cell. This is accomplished without interference with
      pre-existing memory access times, cycle times and the like. This change in
      the refresh clock signal can substantially improve the operating
      characteristics of prior art memory cells.
PAR  A refresh clock signal generator may derive the refresh clock signals of
      the invention from generally available clock signals.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a self-refreshing RAM storage cell of a type to which the present
      invention is applicable.
PAR  FIG. 2 is a diagram of prior art clock signals for the memory cell of FIG.
      1.
PAR  FIG. 3 is one circuit embodiment for implementing the method of the instant
      invention.
PAR  FIG. 4 is a diagram of clock signals utilized in or produced by the circuit
      of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A prior art, four phase, solid state memory cell to which the instant
      invention is applicable is illustrated generally at 10 in the circuit
      diagram of FIG. 1. This memory cell and its operation are described in
      detail in order that the improvement achieved by the instant invention may
      be fully appreciated. It will be understood, however, that the present
      invention is applicable to other memory cells as well. Prior art memory
      cell 10 is comprised of an address field effect transistor (FET) 18, a
      read and boost FET 22, an isolation FET 24, a temporary-storage capacitor
      20 and a read and boost field effect capacitor 26. In the illustrated
      embodiment all of the field effect devices are p-channel devices. Memory
      cell 10 is connected to the memory control system by an address line 12, a
      data bus 14, and a read clock line 16. A voltage source 30 supplies -V
      volts to memory cell 10. In a preferred embodiment of the present
      invention source 30 provides -17 volts.
PAR  Address transistor 18 has the gate electrode thereof connected to address
      line 12, the source electrode thereof connected to the data bus 14 and the
      drain electrode thereof connected to node A in the memory cell. Memory
      cell 10 is addressed by applying a suitable negative voltage such as -17
      volts to address line 12 to render transistor 18 conductive.
PAR  Temporary storage capacitor 20 has one plate thereof connected to node A
      and the other plate thereof connected to a suitable reference voltage
      source such as ground. Capacitor 20 temporarily stores information being
      written into the memory cell from data bus 14 via address transistor 18.
PAR  Read and boost transistor 22 has the drain electrode thereof connected to
      node A, the source electrode thereof connected to the relatively negative
      voltage source 30 and the gate electrode thereof connected to node B in
      the memory cell.
PAR  Isolation transistor 24 has the drain electrode thereof connected to node
      B, the source electrode thereof connected to node A and the gate electrode
      thereof connected to the relatively negative voltage source 30. When
      isolation transistor 24 is on (conductive) it provides a conductive path
      between nodes A and B. When isolation transistor 24 is off, nodes A and B
      are isolated from each other.
PAR  Read and boost capacitor 26 comprises a field effect semiconductor metal
      oxide capacitor (SMOC) and has a gate electrode which comprises a first or
      gate plate of SMOC 26 which is connected to node B and a source electrode
      which is connected to read clock line 16. The source electrode comprises
      the contact to a second or "source" plate of SMOC 26. This second plate of
      SMOC 26 comprises the source of an FET structure and incorporates the
      channel portion of the FET structure when the gate to source voltage is
      such that the "FET" would be on. No drain region or drain contact is
      incorporated in SMOC 26 because the SMOC serves as a capacitor, not a
      switch. The capacitance of SMOC capacitor 26 is small unless the gate
      electrode thereof is more than one threshold voltage of SMOC 26
      [V.sub.T(26) ] more negative than the source electrode, in which case the
      capacitance of SMOC 26 increases substantially due to the incorporation of
      the channel region into the source plate as a result of inversion in the
      channel.
PAR  Briefly, with reference to FIGS. 1 and 2, memory cell 10 operates in the
      following fashion. At the beginning of each clock cycle, at time T.sub.o,
      the prior art read clock signal 38 (.phi..sub.R) is at -17 volts and data
      bus 14 and address line 12 are at ground voltage. At time T.sub.o, data
      bus 14 has been prechanged to ground voltage, but is isolated from all
      voltage sources.
PAR  In order to avoid unnecessarily complicating the following description, it
      will be assumed that the memory cell is not addressed during this clock
      cycle.
PAR  At time T.sub.o, the voltage on read clock line 16 will be -17 volts as a
      result of the read clock signal .phi..sub.R having dropped to -17 volts at
      time T.sub.10 of the previous clock cycle. The other circuit conditions in
      memory cell 10 will depend on whether a logical one or a logical zero is
      stored in the memory cell. Since the memory cell is not being addressed at
      time T.sub.o, address transistor 18 will be off no matter what value is
      stored in memory cell 10. If a logical zero is stored in the memory cell,
      then read and boost transistor 22 will be off or non-conductive and
      isolation transistor 24 will be on or conductive. Since isolation
      transistor 24 is on, the voltage at node B will be the same as the voltage
      at node A which will be a small negative voltage on the order of -1 volt
      or smaller. In contrast, if memory cell 10 stores a logical one, then read
      and boost transistor 22 will be on and isolation transistor 24 will be
      off. The voltage at node B will be on the order of -25 volts and the
      voltage at node A will be on the order of -17 volts. In an actual physical
      embodiment of memory 10, there will be some leakage of charge from node B
      while node B is at a voltage in the neighborhood of -25 volts. The
      quantity of this leakage will depend on the individual characteristics of
      the memory cell and may vary from memory cell to memory cell.
PAR  In consequence of the fact that the memory cell is not being addressed
      during this clock cycle, the first change in the voltage conditions
      specified above as existing at time T.sub.o occurs at time T.sub.4 when
      the .phi..sub.R clock signal 38 switches from -17 volts to ground voltage.
PAR  At time T.sub.4, after the read clock signal 38 has reached ground voltage
      the circuit conditions within memory cell 10 will once again depend on
      whether a logical one or a logical zero is stored therein. Independent of
      the information stored in the memory cell, both the address transistor 18
      and read and boost transistor 22 will be off. If memory cell 10 stores a
      logical zero, then isolation transistor 24 will be on and the voltage at
      node B will be the same as the voltage at node A and will be substantially
      ground voltage. The change in the voltage at nodes A and B from a small
      negative while read clock signal 38 was at -17 volts to substantially
      ground voltage now that read clock signal 38 is at ground voltage is a
      result of the small value of the capacitance of SMOC 26 which results from
      the fact that the source plate of SMOC 26 is at a substantially more
      negative voltage than the gate plate of SMOC 26.
PAR  If a logical one is stored in memory cell 10, then leakage from node B
      during the time (T.sub.10 - T.sub.4) that the read clock signal 38 was at
      -17 volts, would cause the voltage at node B to be less negative than -13
      volts after time T.sub.4 if isolation transistor 24 remained
      nonconductive. The voltage at node B under those conditions depends on the
      rate of leakage from node B during the preceding read period. However, in
      the embodiment illustrated isolation transistor 24 becomes conductive if
      the voltage at node B becomes less negative than -13 volts (assuming that
      the threshold voltage of isolation transistor 24 [V.sub.T(24) ] is 4
      volts). As a consequence, charge from node A flows to node B with a
      resultant decrease in the voltage at node A.
PAR  In a properly operating memory cell, the final voltage at node B is
      substantially -13 volts and the voltage at node A is in the range between
      -17 and -13 volts. The actual voltage at node A depends on the rate of
      leakage of charge within the memory cell and the size of capacitor 20. In
      a total absence of leakage, the voltage at node A would remain at -17
      volts. However, in the presence of leakage, the voltage at node A becomes
      less negative as the quantity of leakage increases. The charge which flows
      from node A to node B to restore the voltage at node B to -13 volts
      replaces any charge which leaked from node B and has the effect of
      refreshing a logical one stored in the memory cell. Since the logical one
      is refreshed in each clock cycle, the memory system is capable of storing
      a logical one indefinitely without the necessity of rewriting the logical
      one. Such refreshing action can only take place if the voltage at node B
      is sufficiently negative for read and boost transistor 22 to be rendered
      conductive during at least part of the time period T.sub.10 - T.sub.4.
PAR  If the voltage on node B is not sufficient to render read and boost
      transistor 22 conductive during at least part of the time period T.sub.10
      - T.sub.4, then no boost or refresh effect takes place and the memory will
      treat the information stored in the memory cell as a logical zero.
      Further, the charge on nodes A and B will eventually leak off to leave
      substantially ground voltage at those nodes. The exact voltage level which
      is the borderline between those voltages which induce conductivity in
      transistor 22 and those voltages which do not induce conductivity in
      transistor 22 depends on the individual component values within the memory
      cell, however, voltages as positive as about -9 volts should render read
      and boost transistor 22 sufficiently conductive to induce a refreshing
      action. Such small negative voltages can be referred to as weak logical
      ones because they are logical ones but do not have the characteristics
      (namely a voltage of -13 volts on node B) associated with a solid reliably
      stored logical one. Such weak logical ones will be boosted or refreshed
      over a period of a few memory cycles to become strong logical ones unless
      the memory cell is excessively leaky.
PAR  During each clock cycle, data bus 14 is precharged to ground voltage during
      a time period T.sub.5 - T.sub.9 by means of the .phi..sub.4 clock signal.
      This precharge is performed because as will be seen hereinafter the memory
      cell is capable of driving the data bus negative from ground voltage when
      a logical one (negative voltage) is stored in the memory cell, but is
      incapable of driving a negative data bus to ground level when a logical
      zero (ground voltage) is stored in the memory cell. This precharging,
      however, does not affect any voltages within memory cell 10.
PAR  Since memory cell 10 is not being addressed in the present memory cycle,
      the next change in the voltage of clock signals applied to the memory cell
      occurs at time T.sub.10, when the .phi..sub.R clock signal 38 returns to
      -17 volts. If a logical zero is stored in the memory cell, the small
      capacitance of SMOC 26 will draw a small amount of charge from node A when
      the source plate is SMOC 26 is pulled down to -17 volts. This charges the
      small capacitance of SMOC 26 with the result that the voltages at nodes A
      and B decrease slightly to a slightly negative voltage such as about -1
      volt.
PAR  Where a logical one is stored in the memory cell, SMOC 26 is "ON" and there
      is an inversion layer within the channel region of the field effect
      structure at all times. This results in a large capacitance for the SMOC.
      As a consequence, when the read clock signal 38 drops to -17 volts at time
      T.sub.10, a substantial charge could have to be drawn from node A to
      charge SMOC 26 to an additional 17 volts needed to retain node B in the
      vicinity of the previously existing -13 volts. No such large quantities of
      charge are available because of the relatively small capacitance of node A
      and consequently if node A is at a more positive voltage than -13 volts
      sufficient charge will flow through isolation transistor 24 to lower the
      voltage at node A to -13 volts so that transistor 24 turns off. Isolation
      transistor 24 is further turned solidly off by the drop in the voltage of
      node B which is induced by the capacitive coupling of SMOC 26 to the read
      clock line 16. Under these conditions, the voltage at node B will drop to
      something on the order of -25 volts. Once the voltage at node B drops more
      than a threshold voltage of read transistor 22 [V.sub.T(22) ](4 volts)
      more negative than the voltage at node A, read and boost transistor 22
      becomes conductive and node A is charged more negative. If the voltage at
      node B becomes more negative than negative supply 30 by more than
      threshold voltage of read and boost transistor 22, then node A can charge
      to -17 volts. This charging action provides the charge to the memory cell
      which is necessary to replace the charge which leaks away from the memory
      cell through the semiconductor substrate.
PAR  There is no change in the circuit conditions within the memory cell during
      the time period from T.sub.10 of one clock cycle to T.sub.1 of the next
      clock cycle. Consequently, the above outlined sequence of events will
      repeat indefinitely until memory cell 10 is addressed.
PAR  If the memory cell 10 is to be addressed during a clock cycle, then the
      address signal 36 is applied to address line 12. At time T.sub.1, the
      address signal 36 drops from ground voltage to -17 volts. This applies -17
      volts to the gate electrode of address transistor 18 thereby rendering it
      conductive. The events which take place when address transistor 18 becomes
      conductive depends on whether a logical zero or a logical one is stored
      within memory cell 10.
PAR  If a logical zero is stored within memory cell 10, then just prior to
      address transistor 18 becoming conductive, the circuit conditions within
      memory cell 10 are such that read transistor 22 is off, isolation
      transistor 24 is on and the voltage at nodes A and B is a small negative
      voltage such as -1 volt. When transistor 18 becomes conductive, there is
      charge sharing between node A and data bus 14 which is floating at ground
      voltage. As a consequence of the fact that data bus 14 has a substantially
      larger capacitance than nodes A and B (typically 10 to one), the voltage
      on data bus 14 and at nodes A and B will stabilize at substantially ground
      voltage. The retention of ground voltage on data bus 14 is interpreted by
      sensing circuitry (not shown) connected to data bus 41 as an indication
      that a logical zero was stored in memory cell 10.
PAR  If a logical one is stored in memory cell 10, then during the time interval
      from T.sub.10 of one clock cycle to T.sub.1 of the next clock cycle read
      and boost transistor 22 is on, isolation transistor 24 is off, the voltage
      at node B is substantially -25 volts and the voltage at node A is
      substantially -17 volts or approaching -17 volts because of conduction
      through read transistor 22. Read and boost transistor 22 is turned on hard
      by the approximately 8 volt gate to source voltage (V.sub.go) applied
      thereto. While transistor 22 is turned on hard, it has a relatively low
      impedance. As will become apparent presently, it is important that read
      transistor 22 have a low impedance for proper operation of the memory cell
      during read period when a logical one is stored.
PAR  When address transistor 18 becomes conductive at time T.sub.1, charge flows
      from node A through address transistor 22 to data bus 14 to charge the
      data bus negative. As charge flows from node A through transistor 18,
      compensating charge must flow through read transistor 22 to node A in
      order to maintain node A sufficiently negative that isolation transistor
      24 does not become conductive. A p-channel field effect transistor will
      become conductive whenever the voltage at either the source of drain
      thereof is more positive than the voltage at the gate electrode thereof by
      amount greater than the threshold voltage (V.sub.T) of the transistor. In
      the present embodiment, the threshold voltage of isolation transistor 24
      [V.sub.T(24) ] is 4 volts. Consequently, the requirement of nonconduction
      in isolation transistor 24 is met so long as the voltage at node A remains
      more negative than -13 volts. Thus, the impedance of read transistor 22
      must be low enough that the current drawn from data bus 14 causes a
      voltage drop of less than 4 volts across transistor 22. The actual voltage
      to which data bus 14 will charge depends on the duration of the read
      cycle, the impedance of address transistor 18, the impedance of read
      transistor 22, and the capacitance of data bus 14 which is typically 10
      times the capacitance of nodes A and B. However, the voltage to which data
      bus 14 charges is not critical for readout purposes because the sensing
      circuitry connected to data bus 14 can be set to detect a wide range of
      negative voltages as logical ones without generating erroneous results.
      The sensing circuitry (not shown) connected to data bus 14 interprets a
      negative voltage within its preset sensing range as an indication that a
      logical one is stored in memory cell 10. This indication is then supplied
      to external circuitry (not shown).
PAR  Where the same information is to be retained in memory cell 10, the next
      change in the circuit conditions in memory cell 10 occurs at time T.sub.4
      when read clock signal 38 goes to ground voltage. If a logical zero is
      stored in memory cell 10, then the conditions within memory cell 10 will
      be substantially unchanged by read clock signal 38 going to ground
      voltage. However, if a logical one is stored in memory cell 10, then when
      the read clock signal goes to ground voltage at time T.sub.4, the voltage
      at node B will rise to approximately -13 volts. This turns read transistor
      22 off. Since address transistor 18 is still conductive, data bus 14 must
      have already been charged to a voltage value which when present on nodes A
      and B is sufficient to render read transistor 22 conductive during the
      otherwise the logical one stored in the memory cell would be lost because
      it could not be refreshed and would be read as a logical zero. Thus, some
      of the charge on node B may be dissipated, but not much can be allowed to
      be dissipated in this manner.
PAR  The remaining portion of the clock cycle will be similar to that described
      previously in connection with the operation of memory cell 10 when it was
      not addressed.
PAR  If new information is to be written into the memory cell, then the memory
      cell is addressed in substantially the same way as described hereinabove.
      When addressed, the memory cell 10 will charge data bus 14 to a voltage
      corresponding to the information already stored within the memory cell.
      Thus, if a logical zero is stored in memory cell 10, data bus 14 will
      remain at substantially ground voltage. If a logical "one" is stored in
      memory cell 10, then data bus 14 will be charged to a voltage in the
      vicinity of -13 volts. Subsequently, during the write period (T.sub.3 -
      T.sub.5) data bus 14 is driven by a source of the information which is to
      be written into memory cell 10. At time T.sub.3 when a .phi..sub.3 clock
      signal 34 goes from ground voltage to -17 volts, data bus 14 will be
      driven in accordance with the information to be written into the memory
      cell. If a logical zero is to be written into the memory cell, then data
      bus 14 will be grounded. If the memory cell is already storing a logical
      zero, this will produce no change in the conditions within memory cell 10.
      However, if the memory cell was previously storing a logical one, then
      data bus 14 would have already been charged to about -13 volts during the
      read period (T.sub.1 - T.sub.3). The application of ground voltage to the
      data bus drives the data bus to ground voltage thereby increasing the
      current through address transistor 18. At time T.sub.4, while the ground
      voltage is still applied to data bus 14, the .phi..sub.R clock signal 38
      goes to ground voltage. Because of capacitive coupling, return of the
      .phi..sub.R clock signal to ground voltage causes the voltage at node B to
      become less negative. When the voltage at node B reaches approximately -17
      volts (where node A is at -13 volts) read and boost transistor 22 turns
      off. With transistor 22 turned off, the charge on node A is rapidly bled
      to data bus 14. As the charge on node A is bled to data bus 14, the
      voltage at node A will rise toward ground voltage. Once node A becomes
      more positive than -13 volts, isolation transistor 24 will become
      conductive and the charge on node B will also be bled to data bus 14. In
      consequence, both nodes A and B will be discharged to ground voltage.
      Thereafter, at time T.sub.5, the drive voltage on data bus 14 will be
      turned off and address signal 36 will return to ground voltage whereby
      address transistor 18 will also turn off. This stores a logical zero in
      memory cell 10.
PAR  If a logical one is to be stored in memory cell 10, then data bus 14 will
      be driven with a voltage of -13 volts beginning at time T.sub.3. If the
      memory cell 10 was previously storing a logical zero, then nodes A and B
      which were previously at substantially ground voltage will charge toward
      -13 volts. If the voltage at node A reaches -13 volts, address transistor
      18 will be rendered nonconductive because the voltage applied between the
      gate electrode and the drain electrode will then be less than V.sub.T(18)
      as the gate to source voltage has been since time T.sub.3. When the
      .phi..sub.R read clock signal 38 goes to ground voltage at time T.sub.4,
      there will be substantially no effect on the charging of nodes A and B
      because of the small value of capacitance in SMOC 26 which results from
      the previous storage of a logical zero. When the .phi..sub.3 clock signal
      and the address signal 36 return to ground voltage at time T.sub.5 the
      memory cell will be left with approximately -13 volts at nodes A and B
      which comprises the storage of a logical one.
PAR  If the memory cell previously stored a logical one, then node A and data
      bus 14 are already charged to a voltage in the vicinity of -13 volts at
      the time T.sub.3 when the logical one (-13 volts) is impressed on data bus
      14. When the .phi..sub.R clock signal goes to ground voltage at time
      T.sub.4, there will be substantially no effect on the charging of node A
      or the conduction of address transistor 18. In consequence, when address
      signal 36 and .phi..sub.3 clock signal 34 return to ground voltage at time
      T.sub.5 nodes A and B will be left charged to approximately -13 volts
      which corresponds to the storage of a logical one.
PAR  We have discovered that a problem with the above-described prior art memory
      cell can exist in an otherwise acceptable memory cell when a logical one
      is written into a memory cell during the write period of one clock cycle
      and is read during the read period of the next succeeding clock cycle. As
      will be apparent from the above description, this next succeeding read
      period occurs prior to the time when the cell is first refreshed. In some
      chips, this read-immediately-after write where a logical one was written
      results in the loss of the stored one in some of the memory cells. This
      causes a rejection of those circuits in final testing. The problem appears
      to result from production variations from cell to cell within production
      tolerances.
PAR  This problem may be a result of nodes A and B not having been charged to
      -13 volts prior to the end of the write period in which the logical one is
      written into the memory cell. This failure to charge to -13 volts would be
      a result of the memory cell being slow to charge during a write period. As
      a consequence, the voltage at nodes A and B will be less negative than -13
      volts at the beginning of the next succeeding read period which causes the
      voltage at node B during the read period to be less negative than -25
      volts which in turn results in read and boost transistor 22 having a
      V.sub.gs of less than 8 volts. The reduced V.sub.gs of transistor 22
      increases the impedance over what it is when V.sub.gs equals 8 volts. This
      increased impedance in read and boost transistor 22 causes transistor 22
      to be unable to carry the quantity current which flows through address
      transistor 18 without the voltage at node A becoming less negative than
      -13 volts. As a consequence, isolation transistor 24 becomes conductive.
      Conduction in transistor 24 rapidly dissipates the charge at node B, thus
      causing the voltage at node B to approach the voltage at node A and read
      transistor 22 to turn off. This destroys the logical one which was stored
      in memory cell 10.
PAR  Experiments have shown that the first refresh or boost cycle following the
      writing of a logical one supplies about two-thirds of the difference
      between the ultimate charge stored on node B of memory cell 10 and the
      initial charge stored on node B. Consequently, in order to overcome the
      problem of the loss of a logical one which is read in the clock cycle
      immediately following the clock period in which it was written, we have
      developed a read clock signal which refreshes the information stored in
      memory cell during the period of time between the write period of each
      clock cycle and the read period of the next succeeding clock cycle. When
      this clock signal is applied to the above-described memory cell, it
      results in refreshing the information stored in the memory cell twice
      during each clock cycle in which the memory cell is not addressed. That
      is, the information is refreshed during the read period of the clock cycle
      and again prior to the end of the clock cycle. Where a weak logical one is
      written into a cell, the provision of a refresh cycle between the write
      period in which the weak logical one is written into the memory cell and
      the read period in which the logical one is read from memory cell provides
      a substantial increase in the quantity of charge on storage node B prior
      to the first read period following the writing of the logical one into the
      memory cell. This boost in charge is sufficient in a significant
      percentage of devices to make an otherwise unacceptable cell acceptable.
      Use of this technique has been found to provide a significant increase in
      the yield of acceptable memory chips.
PAR  A read clock generator 100 which will generate a read clock signal in
      accordance with this invention is illustrated in FIG. 3. It will be
      understood that the circuit of FIG. 3 is a preferred embodiment and is not
      the only circuit which can provide multiple refresh pulses per clock cycle
      in accordance with this invention.
PAR  Throughout the preferred embodiment of the read clock generating circuit
      100, the transistors are P channel enchancement mode field effect
      transistors, although the circuit can also be constructed to utilize other
      varieties of transistors. Read clock generator 100 comprises a delay
      circuit 105 two two-input ratio circuits 109 and 113, a clocked clamp
      circuit 151, two single-input, bootstrapped, ratio circuits 117 and 129, a
      three input gate 125 and a power amplifier 136.
PAR  Delay circuit 105 comprises a timing capacitor 106 and two field effect
      transistors, 102 and 104. Transistor 102 has the drain thereof connected
      to a relatively negative voltage supply 30, which in the illustrated
      embodiment provides a voltage of -17 volts. The gate of transistor 102 is
      connected to a clock line 140 to which a .phi..sub.1.sub.+2 clock signal
      72 is applied. The source of transistor 102 is connected to the drain of a
      transistor 104 at a node E. The source of transistor 104 is connected to a
      reference voltage source such as ground. The gate electrode of transistor
      104 is connected to a clock line 142 on which a .phi..sub.4 clock signal
      is impressed by means not shown. Timing capacitor 106 has one plate
      thereof connected to node E and the other plate thereof connected to
      ground. Node E comprises the output terminal of timing circuit 105.
PAR  Within delay circuit 105, transistor 102 controls charging of timing
      capacitor 106 and transistor 104 controls discharge of capacitor 106.
      Transistor 102 is constructed to have a low on-resistance so that
      capacitor 106 will charge up rapidly. Transistor 104 is constructed to
      have a relatively high on-resistance to give capacitor 106 a relatively
      long discharge time constant. Consequently, capacitor 106 discharges to
      within one threshold voltage of transistor 108 V.sub.T(108) of ground
      voltage in about 200 ns.
PAR  Depending on circuit parameters, it may also be necessary to adjust the
      threshold voltage of transistor 108 in order to assure that transistor 108
      is rendered non-conductive within the 200 ns period allowed for discharge
      of capacitor 106.
PAR  Two input ratio circuit 109 comprises a series connection of two field
      effect transistors, 108 and 110. The gate electrode of transistor 108
      comprises a first input terminal of ratio circuit 109 and is connected to
      the output terminal of delay circuit 105. The source of transistor 108 is
      connected to ground and the drain of transistor 108 is connected to a node
      F which constitutes the output terminal of ratio circuit 109. Transistor
      110 has the drain thereof connected to negative voltage source 30 and the
      source thereof connected to output node F. Transistor 108 is constructed
      to have an on-resistance which is much lower than the onresistance of
      transistor 110. Consequently when both transistor 108 and transistor 110
      are on, i.e. conductive, the voltage at output node F will be near ground
      level. This construction of transistors 108 and 110 is sometimes referred
      to as ratioing the transistors, since it is the ratio of the
      on-resistances of the two transistors which determines the voltages at
      node F when both are conductive.
PAR  Two input ratio circuit 113 comprises two field effect transistors 112 and
      114. The gate electrode of transistor 112 is a first input terminal of
      ratio circuit 113 and is connected to the output terminal of ratio circuit
      109 at node F. The source of transistor 112 is connected to ground and the
      drain of transistor 112 is connected to a node G which comprises the
      output terminal of ratio circuit 113. The gate electrode of transistor 114
      comprises the second input terminal of ratio circuit 113 and is connected
      to the .phi..sub.4 clock line 142. The drain of transistor 114 is
      connected to negative voltage supply 30, the source of transistor 114 is
      connected to output node G. Transistors 112 and 114 are ratioed so that
      when both transistor 114 are on or conductive, the voltage at node G will
      be near ground level.
PAR  Clocked clamp circuit 151 comprises of a single-input ratio-circuit 153 and
      a field effect transistor 150. Ratio circuit 153 is comprised of field
      effect transistors 152 and 154. The gate electrode of transistor 152
      comprises the input terminal of ratio circuit 153 and is connected to a
      .phi..sub.3.sub.+4 clock line 144. The source of transistor 152 is
      connected to ground and the drain of transistor 152 is connected to a node
      H which comprises the output terminal of ratio circuit 153. Transistor 154
      has the source thereof connected to node H and the drain and gate thereof
      connected to negative voltage source 30. Transistors 152 and 154 are
      ratioed so that when both transistors 152 and 154 are conductive, the
      voltage at node H will be near ground level. Transistor 150 has the drain
      thereof connected to the output terminal of ratio circuit 153 at node G.
      The source of transistor 150 is connected to ground and the gate of
      transistor 150 is connected to a node H whereby transistor 150 is rendered
      conductive when the voltage at node H is more than one threshold voltage
      more negative than ground. Clocked clamp circuit 151 thereby clamps node G
      at ground voltage when the .phi..sub.3.sub.+4 clock signal is at ground
      voltage.
PAR  Single-input, bootstrapped, ratio circuit 117 comprising a field effect
      transistor 116 and a bootstrap circuit 121 has the single input terminal
      thereof connected to node G. The output terminal is connected to a node J.
      The gate electrode of transistor 116 comprises the input terminal of
      bootstrapped ratio circuit 117 and is connected to node G. Transistor 116
      has the source thereof connected to ground and the drain thereof connected
      to the output terminal of the bootstrapped ratio circuit 117 at node J.
      Bootstrap circuit 121 is comprised of two field effect transistors 118 and
      120 and a positive feedback capacitor 122. Transistor 118 has the source
      thereof connected to node J, the drain thereof connected to negative
      voltage supply 30 and the gate electrode thereof connected to a node K
      internal to bootstrap circuit 121. Transistor 120 has the drain and gate
      thereof connected to negative voltage supply 30 and the source thereof
      connected to the internal node K. Capacitor 122 has one plate thereof
      connected to node K and the other plate thereof connected to node J. To
      assure proper operation of bootstrap circuit 121, capacitor 122 should
      have an effective capacitance which is at least about 3 times the value of
      the competing stray capacitance associated with node K. Circuit 121 is
      called a bootstrap circuit because when the voltage at node J has been
      high (near ground level) and becomes negative (because transistor 116 has
      become non-conductive), the voltage at node K is bootstrapped or driven
      more than one threshold voltage more negative than voltage source 30. This
      causes the voltage at node J to drop to the negative source voltage,
      rather than to V.sub.T volts above the negative source voltage as would be
      the case in the absence of bootstrapping. Transistors 116 and 118 are
      ratioed so that when both are on, the voltage at node J will be near
      ground level.
PAR  Three input terminal gate circuit 125 comprises two field effect
      transistors 124 and 126. The gate electrode of transistor 124 constitutes
      a first input terminal of gate circuit 125 and is connected to node G. The
      source of transistor 124 is connected to ground and transistor 124 has the
      drain thereof connected to node L which is the output terminal of gate
      circuit 125. The gate electrode of tansistor 126 comprises the second
      input terminal of gate circuit 125 and is connected to node J. The drain
      electrode of transistor 126 comprises the third input terminal of gate
      circuit 125 and is connected to clock line 144. The source of transistor
      126 is connected to output node L.
PAR  Single-input, bootstrapped, ratio circuit 129 is similar to bootstrapped
      ratio circuit 117 and comprises a field effect transistor 128 and a
      bootstrap circuit 131 and has the input terminal thereof connected to node
      L and has the output terminal thereof connected to a node M. The gate
      electrode of transistor 128 is the input terminal of bootstrapped ratio
      circuit 129 and is connected to node L. The source of transistor 128 is
      connected to ground and the drain of transistor 128 is connected to node M
      which is the output terminal of bootstrapped ratio circuit 129. Bootstrap
      circuit 131 comprises two field effect transistors 130 and 132 and a
      positive feedback capacitor 134. Transistor 130 has the source thereof
      connected to output node M, the drain thereof connected to negative
      voltage supply 30 and the gate thereof connected to a node N internal to
      bootstrap circuit 131. Transistor 132 has the gate and drain thereof
      connected to negative voltage supply 30 and the source thereof connected
      to the internal node N. Capacitor 134 has one plate thereof connected to
      node N and the other plate thereof connected to node M. Transistors 128
      and 130 are ratioed so that when both are on the voltage at node M will be
      near ground level.
PAR  Power amplifier 136 has the input terminal thereof connected to node M and
      the output terminal thereof connected to drive the read clock line 16 of
      memory cell 10.
PAC  OPERATION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIGS. 3 and 4, the preferred embodiment of the read clock
      signal generator 100 operates in the following fashion. The read clock
      signal generator 100 is supplied with three input clock signals:
      .phi..sub.1.sub.+2, .phi..sub.3.sub.+4 and .phi..sub.4. For purposes of
      this description, a time T.sub.o has been arbitrarily chosen as the
      beginning of a clock cycle. At time T.sub.o, as illustrated in FIG. 4, the
      .phi..sub.1.sub.+2 clock signal which is applied to clock line 140, the
      .phi..sub.3.sub.+4 clock signal which is applied to clock line 144 and the
      .phi..sub.4 clock signal which is applied to clock line 142 are all at
      ground voltage. At time T.sub.o, the read clock signal .phi..sub.R
      produced by generator 100 is at its most negative value. With ground
      voltage applied to clock lines 140 and 142 transistors 102 and 104 are
      both off or non-conductive. Therefore, the voltage at node E floats at its
      last attained voltage. As will be seen hereinafter, at this time the
      voltage at node E floats within one threshold voltate (V.sub.T) of ground
      voltage so that transistor 108 is off or non-conductive.
PAR  Transistor 110 is off because the gate electrode thereof is held at ground
      voltage by the .phi..sub.4 clock signal on clock line 142. The voltage at
      node F floats at its last attained voltage because both transistors 108
      and 110 are non-conductive. As will be seen hereafter, that last attained
      voltage is one threshold voltage (V.sub.T) above the voltage of negative
      source 30.
PAR  Transistor 112 is rendered conductive by the substantial negative voltage
      at node F. Transistor 114 is held non-conductive by the ground voltage
      applied to the gate thereof by the .phi..sub.4 clock signal on clock line
      142. Since transistor 112 is conductive and transistor 114 is
      nonconductive, the voltage at node G is pulled up to and clamped at ground
      level by the conduction through transistor 112. Because the voltage
      applied to the gate electrode of transistor 112 by node F is more negative
      than -V.sub.T volts, there is no loss of a voltage threshold across
      transistor 112 and node G is at ground level.
PAR  Clocked clamp circuit 151 is active because the .phi..sub.3.sub.+4 clock
      signal on clock line 144 is at ground level. Application of ground voltage
      to the gate electrode of transistor 152 renders transistor 152
      nonconductive. Transistor 154 is always conductive so long as node H is
      more than one threshold voltage more positive than negative voltage source
      30. Conduction through transistor 154 pulls the voltage at node H down to
      V.sub.T volts above the -17 volts supplied by negative voltage source 30.
      With node H at this voltage level, transistor 150 is held conductive by
      the negative voltage at node H. Consequently, conduction through
      transistor 150 pulls the voltage at node G up to ground level. Therefore,
      conduction through transistor 150 of clocked clamp circuit 151 aids
      conduction through transistor 112 in holding node G at ground voltage.
PAR  With node G held at ground voltage, both transistors 116 and 124 are
      nonconductive. As will be seen hereinafter, under these conditions the
      internal node K of bootstrap circuit 121 is capacitively boosted to a
      voltage more than one threshold voltage more negative than negative source
      30. Transistor 120 is nonconductive because the drain and gate electrodes
      thereof are at the negative voltage provided by source 30 and the source
      of transistor 120 is held at the even more negative volpresent at node K.
      Transistor 118 is conductive because the gate thereof is at a voltage
      which is more than one threshold voltage more negative than negative
      voltage source 30. Conduction through transistor 118 clamps node J at a
      negative voltage equal to the -17 volts supplied by negative voltage
      source 30.
PAR  Transistor 126 is conductive because the gate thereof is provided with -17
      volts by node J and the source thereof is connected to clock line 144
      which is at ground voltage. The voltage at node L is held at ground level,
      because conduction through transistor 126 clamps node L at ground voltage
      supplied by the .phi..sub.3.sub.+4 clock on clock line 144.
PAR  The ground voltage at node L holds transistor 128 off. Under these
      conditions, as will be seen hereinafter, the internal node N of bootstrap
      circuit 131 is capacitively boosted to a voltage which is more than one
      threshold voltage more negative source 30, in the same manner as in
      bootstrap circuit 121. Conduction through transistor 130 clamps node M is
      at a negative voltage equal to the voltage level supplied by source 30.
      With node M at the negative source voltage, the output of amplifier 136 is
      also at the negative source voltage and the read clock .phi..sub.R is at
      the -17 volts provided by negative source 30. The read clock signal is in
      its first read or refresh pulse P.sub.1 of the clock cycle at this time.
PAR  The first input clock signal to change from the ground voltage conditions
      existing at time T.sub.o is the .phi..sub.1.sub.+2 clock signal which is
      applied to clock line 140. At time T.sub.1 the .phi..sub.1.sub.+2 clock
      voltage goes to -17 volts. This renders transistor 102 conductive because
      the source thereof is connected to node E, the voltage at which is more
      than one threshold voltage more positive than the -17 volts applied to the
      gate of transistor 102 by clock line 140. Transistor 104 remains
      nonconductive because ground voltage is still applied to the gate thereof
      by the .phi..sub.4 clock signal on clock line 142. With transistor 104
      nonconductive, any current through transistor 102 must come from capacitor
      106. Consequently, capacitor 106 charges to a negative voltage of -13
      volts (the -17 volts provided by negative source 30, plus the 4 volts
      threshold voltage of transistor 102 under these conditions). Transistor
      108 becomes conductive when node E becomes more negative than -2 volts
      (the threshold voltage of transistor 108 is - 2 volts since the source is
      at ground potential). Because the clock signal on clock line 142 is still
      at ground voltage, transistor 110 remains nonconductive and node F is
      pulled up to ground level by conduction in transistor 108. No threshold
      voltage drop is lost across transistor 108 because the gate thereof is
      more negative than the source thereof by more than one threshold voltage.
      With node F at ground voltage, transistor 112 turns off. The turn off of
      transistor 112 produces no other change in the conditions in clock
      generator 100 because transistor 150 of clocked clamp circuit 151 is still
      conductive. Even if clocked clamp circuit 151 were omitted from read clock
      signal generator 100, no voltage changes would result from transistor 112
      turning off. However, the voltage at node G would then float at ground
      level, rather than being clamped at ground level. The function of circuit
      151 is explained subsequently.
PAR  Read clock signal generating circuit 100 retains the above newly acquired
      voltage levels and conduction states until the .phi..sub.1.sub.+2 clock
      signal on clock line 140 returns to ground voltage at time T.sub.2. When
      the .phi..sub.1.sub.+2 clock signal returns to ground voltage, transistor
      102 is rendered nonconductive because the gate there is then substantially
      more positive than either the source or drain thereof. The cessation of
      conduction in transistor 102 produces no change in the voltage on node E
      because the other transistor (104) connected to node E is also
      nonconductive. Consequently, node E floats at -13 volts.
PAR  The next change in circuit conditions occurs when the .phi..sub.3.sub.+4
      clock signal on clock line 144 becomes negative at time T.sub.3. The
      .phi..sub.3.sub.+4 clock signal is applied to the gate of transistor 152
      and to the drain of transistor 126. The gate of transistor 152 is driven
      to -17 volts when the .phi..sub.3.sub.+4 clock signal on clock line 144
      drops to -17 volts and transistor 152 is rendered conductive thereby. As
      explained above, transistor 152 and 154 are ratioed so that with both
      transistors on, the voltage at node H will be negative by less than the
      voltage threshold of transistor 150 This renders transistor 150
      nonconductive. Whereupon each transistor (112, 114, and 150) capable of
      conducting current into or cut of node G is nonconductive. Under these
      conditions, node G floats at its last obtained voltage--substantially
      ground level. Consequently, the release of clock clamp circuit 151 by the
      application of the negative voltage to clock line 144 produces other
      voltage effects within the body of the read clock generator 100.
PAR  As noted above, transistor 126 is conductive before the .phi..sub.3.sub.+4
      clock voltage becomes negative because the gate of transistor 126 is held
      at -17 volts by transistor 118. Consequently when -17 volts is applied to
      the drain thereof, transistor 126 conducts current from node L until the
      voltage at node L becomes more negative than -13 volts -- i.e. until there
      is less voltage applied between the source and gate of transistor 126 than
      the threshold voltage of transistor 126.
PAR  Transistor 124 is still nonconductive because node G is still at ground
      potential. Consequently, conduction through transistor 126 pulls the
      voltage at node L down to one threshold voltage above the negative voltage
      provided on clock line 144. This is substantially -13 volts for the
      assumed 4 volt threshold of transistor 126 and the assumed -17 volts on
      clock line 144. Once node L becomes negative by more than one threshold
      voltage, transistor 128 is rendered conductive. Thereupon, the voltage at
      node M will approach ground voltage because transistors 128 and 130 are
      ratioed such that node M approaches substantially ground level when both
      transistors are conductive. With the voltage at node M at substantially
      ground level, the output of the read clock amplifier 136 is driven to
      ground voltage at time T.sub.4. There is a short delay between time
      T.sub.3 when the .phi..sub.3.sub.+4 clock signal becomes negative and time
      T.sub.4 when the read clock signal .phi..sub.R reaches ground level. This
      time delay is induced by the ripple through time for transistors 126 and
      128 which is only a few nanoseconds and by a time delay of about 50
      nanoseconds built into amplifier 136. This transition 80 of the read clock
      voltage 78 from -17 volts to ground voltage at time T.sub.4 terminates the
      first read or refresh pulse P.sub.1 of the clock cycle.
PAR  When the voltage at node M is pulled up to substantially ground voltage,
      the voltage at node N of bootstrap circuit 131 is pulled up a
      substantially equal number of volts because of the coupling effect of
      capacitor 134. If the voltage at node N becomes more than one threshold
      voltage more positive than negative source 30, transistor 132 becomes
      conductive. Conduction through transistor 132 pulls the voltage at node N
      down toward the negative source voltage. If the voltage at node N is (or
      drops to) within one threshold voltage of the negative source voltage,
      transistor 132 will remain (or become) nonconductive. Conduction through
      transistor 132 is the only mechanism available for pulling the voltage at
      node N more negative, consequently, the voltage at node N will stay at a
      voltage which is substantially equal to the negative source voltage of -17
      volts plus one transistor threshold voltage of 4 volts, or substantially
      -13 volts.
PAR  For read clock signal generator 100 to work, the voltage at node M must
      rise to within one threshold voltage of ground voltage. Consequently, -2
      volts is the most negative voltage which could be present at node M when
      transistor 128 is conductive. Consequently, the voltage across capacitor
      134 (from node M to node N which is the source to gate voltage of
      transistor 130) must be at least -11 volts (when there is -2 volts at node
      M) and could be as great as -13 volts (if node M where at ground voltage).
PAR  No further changes in the conduction or voltage conditions within read
      clock generator circuit 100 take place until time T.sub.5 when the
      .phi..sub.4 clock signal applied to clock line 142 becomes negative (-17
      volts). Application of the -17 volts on clock line 142 to the gate
      electrode of transistor 104 renders transistor 104 conductive and timing
      capacitor 106 begins a controlled discharge through transistor 104. This
      discharge is, however, relatively slow because transistor 104 has been
      intentionally constructed to have a relatively high on-resistance. It is
      preferred that capacitor 106 discharge to one transistor threshold voltage
      in about one-half of the period of time that the .phi..sub.4 clock signal
      is negative. Therefore, although capacitor 106 begins discharging when the
      .phi..sub.4 clock signal becomes negative at time T.sub.5, the discharging
      of capacitor 106 does not produce any changes in the voltages at or
      conduction through any other circuit elements at time T.sub.5.
PAR  Transistor 110 is rendered conductive by the application of the -17 volts
      .phi..sub.4 clock signal to the gate thereof at time T.sub.5. However,
      node F remains within one threshold of ground and transistor 112 remains
      nonconductive because transistors 108 and 110 are ratioed so that node F
      will be less than one transistor threshold voltage negative when both
      transistors 108 and 110 are conductive, as both now are.
PAR  The application of the negative 17 volts of clock signal .phi..sub.4 to the
      gate of transistor 114 renders transistor 114 conductive at time T.sub.5.
      With transistor 114 conductive, and transistors 112 and 150 nonconductive,
      the voltage at node G is pulled to -13 volts (one transistor threshold
      voltage more positive than negative source 30). When node G becomes more
      than one transistor threshold voltage negative, transistors 116 and 124
      are rendered conductive. Consequently, two events occur simultaneously.
PAR  First, because transistors 116 and 118 are ratioed, conduction in
      transistor 116 pulls the voltage at node J up to within one threshold
      voltage of ground voltage despite the conduction in transistor 118. When
      the voltage at node J rises to within one threshold voltage of ground
      voltage, transistor 126 becomes nonconductive because there is no longer a
      voltage of more than one transistor threshold-voltage applied between the
      gate electrode and source thereof. When the voltage at node J is pulled up
      to within one threshold voltage of ground level, the voltage at node K is
      pulled up above the negative source voltage by the coupling effect of
      capacitor 122. The effects of this within bootstrap circuit 121 are the
      same as the effects in bootstrap circuit 131 described previously.
      Consequently, transistor 118 remains conductive.
PAR  Second, because transistor 126 is now nonconductive and transistor 124 is
      conductive, the voltage at node L is pulled up to ground voltage. Once the
      voltage at node L is pulled up to ground level, transistor 128 turns off
      and becomes nonconductive. Conduction through transistor 124 clamps the
      voltage at node L at ground voltage.
PAR  With transistor 128 off, bootstrap circuit 134 operates in the following
      fashion. Prior to the turn off of transistor 128, the voltage at node M
      has been within one transistor threshold-voltage of ground voltage.
      Consequently, as explained above, transistor 130 is conductive and there
      is more than 11 volts across capacitor 134. Transistor 132 is also
      conductive if and only if the voltage at node N is more than one
      transistor-threshold-voltage more positive than the voltage provided by
      negative voltage source 30. When transistor 128 turns off, conduction
      through transistor 130 renders the voltage at node M more negative. As the
      voltage at node M becomes more negative, the voltage at node N also
      becomes more negative by a substantially equal amount because of the
      capacitive coupling between two nodes due to capacitor 134. Consequently,
      a substantially constant voltage tends to remain applied from the source
      to gate of transistor 130. This retains transistor 130 conductive.
PAR  If transistor 132 was not already nonconductive, it is rendered
      nonconductive as soon as the voltage at node N decreases so that the
      voltage at node N is no longer more than one transistor-threshold-voltage
      more positive than the voltage provided by negative voltage source 30.
      Once transistor 132 is(or becomes)nonconductive, the voltage across
      capacitor 134 is controlled by the ratio of the capacitance of capacitor
      134 and the sum of all the stray capacitances from node N to all nodes
      other than node M. The capacitance value of capacitor 134 is usually
      chosen to be about 3 times the sum of the stray capacitances at node N to
      ensure a substantially constant voltage drop across capacitor 134. Since
      capacitor 134 is connected from the source electrode to the gate electrode
      of transistor 130, the source-to-gate voltage of transistor 130 is also
      controlled. The voltage across capacitor 134 is always substantially more
      than one transistor-threshold-voltage. Consequently, transistor 130
      remains conductive and conduction therethrough pulls the voltage at node M
      down to the negative source voltage and the voltage at node N drops well
      below the negative source voltage because of the capacitive coupling from
      node M to node N.
PAR  It is the bootstrap connection of transistors 130 and 132 and capacitor 134
      which makes it possible to pull the voltage at node M down to the negative
      source voltage of -17 volts. With the -17 volts at node M as the input of
      amplifier 136, the amplifier produces -17 volts at the output thereof at
      time T.sub.6. Consequently, read clock signal 78 becomes -17 volts at a
      time T.sub.6. Time T.sub.6 is delayed from time T.sub.5 by the ripple
      through time from transistor 114 to node M plus the delay time of
      amplifier 136. This transition 82 of the read clock voltage 78 from ground
      voltage to -17 volts at time T.sub.6 starts the second refresh pulse
      P.sub.2 of the clock cycle. Refresh pulse P.sub.2 is never a read pulse
      because address line 12 is always a ground voltage during the P.sub.2
      pulse. The P.sub.2 pulse is always the first refresh pulse after a write
      operation and always preceeds the next read operation.
PAR  Once these conditions have been obtained, no further change in the
      conditions within read clock generator 100 take place until transistor 104
      discharges capacitor 106 to within about one transistor-thresholdvoltage
      of ground level during the time the .phi..sub.4 clock is negative. At time
      T.sub.7 when the voltage at node E rises close enough to ground voltage,
      transistor 108 can no longer hold node F within one
      transistor-threshold-voltage of ground voltage. While transistor 108 is
      turning off, the conduction through transistor 110 pulls the voltage at
      node F down to one transistor threshold voltage above the negative voltage
      supply. This renders transistor 112 conductive. With both transistors 112
      and 114 conductive, the voltage at node G is pulled up to within one
      transistor-threshold-voltage of ground level as a result of the ratioing
      of transistors 112 and 114.
PAR  While the voltage at node G is rising to within one
      transistor-threshold-voltage of ground voltage, transistors 116 and 124
      are turning off. The turning off of transistor 124 alone would not affect
      the voltage at node L because transistor 126 would be held off by the high
      voltage at node J and node L would therefore float at its last obtained
      voltage. However, while transistor 116 is shutting off, the voltage at
      node J is being pulled down by conduction in transistor 118 and bootstrap
      circuit 121 takes over control of the voltage at node J. Transistor 120 is
      already nonconductive or barely conductive because it has already pulled
      the voltage at node K down to one transistor-threshold-voltage above the
      negative supply 30. Consequently, transistor 120 is rapidly rendered
      nonconductive by any negative movement of the voltage at node J and thus
      node K. With -11 volts across capacitor 122, node K is held at a voltage
      substantially greater than one threshold voltage more negative than the
      voltage at node J. Under these conditions, transistor 118 remains
      conductive. Therefore, the voltage at node J is pulled down toward the -17
      volts applied by negative supply 30. As the voltage at node J is pulled
      negative, the voltage at node K becomes more negative, thus assuring that
      transistor 120 will become (or remain) nonconductive. With transistor 120
      off, a substantially constant voltage is applied from the source to the
      gate of transistor 118. This holds transistor 118 conductive.
      Consequently, the voltage at node J pulled down to -17 volts. When node J
      becomes negative by more than one threshold voltage, transistor 126 is
      turned on and the voltage at node L is pulled more negative since -17
      volts is still applied to the drain of transistor 126 by the
      .phi..sub.3.sub.+4 clock signal on clock line 144. When node J reaches -17
      volts, node L will reach -13 volts. Once node L becomes negative by more
      than one transistor-threshold-voltage, transistor 128 becomes conductive.
      As explained previously, since transistors 128 and 130 are ratioed, node M
      is pulled up close to ground level whenever transistor 128 is conductive.
      Once node M is pulled up close to ground level, amplifier 136 produces an
      output voltage substantially at ground level one amplifier delay time (50
      nanoseconds) thereafter at time T.sub.8. Consequently, the read clock
      signal .phi..sub.R returns to ground level at time T.sub.8. This
      transition 84 of the read clock voltage 78 from -17 volts to ground
      voltage at time T.sub.8 terminates the second read or refresh pulse
      P.sub.2 of the clock cycle.
PAR  During the time that node M has been at -17 volts, transistor 132 has been
      nonconductive. Consequently, the voltage across capacitor 134 has not
      changed substantially and transistor 130 has remained conductive the
      entire time. As a result, there is very little charge flow into capacitor
      134 when node M returns to ground level. However, any leakage to node N
      such that node N is now more positive than -13 volts is compensated by
      conduction through transistor 132 and capacitor 134. Conduction will
      continue through capacitor 134 and transistor 132 until node N comes
      within one threshold voltage of the negative supply.
PAR  When the .phi..sub.3.sub.+4 and .phi..sub.4 clock signals return to ground
      level at time T.sub.9, transistors 104, 110, 114, and 152 turn off and
      become nonconductive. The negative supply voltage which is clamped to node
      J by bootstrap circuit 121 holds transistor 126 conductive. Since ground
      voltage is now applied to clock line 144, the voltage at node L is pulled
      up to ground level. This shuts transistor 128 off. With transistor 128
      turned off, bootstrap circuit 131 once again pulls node M down to -17
      volts. One amplifier delay time thereafter the read clock signal
      .phi..sub.R returns to -17 volts at time T.sub.10. This transition 85
      starts the first read or refresh pulse P.sub.1 of the next clock cycle.
PAR  It will be noted that between time T.sub.10 of one clock cycle and time
      T.sub.o of the succeeding clock cycle, transistors 112, 118, 126, 130,
      150, and 154 are conductive, transistors 102, 104, 108, 110, 114, 116,
      120, 124, 128, 132 and 152 are nonconductive, the voltage at node E is
      floating within one threshold voltage of ground level, the voltage at node
      F is floating one threshold voltage above the negative voltage source, the
      voltages at nodes G and L are clamped at ground voltage, the voltage at
      node H is clamped at one threshold voltage above the negative voltage
      source, the voltages at nodes J and M are clamped at the negative supply
      voltage and the voltages at nodes K and N are capacitively bootstrapped to
      more than one transistor-threshold-voltage more negative than the negative
      voltage supply. These conditions are consistent with the conditions which
      were previously specified as existing at time T.sub.o. A full clock cycle
      has now passed and the conditions which existed at time T.sub.o reoccur.
      The clock signal generating system is now ready to begin the next clock
      cycle.
PAR  If clocked clamped circuit 151 were omitted and if the time constant of
      delay circuit 105 were so long that capacitor 106 had not discharged to
      within about one transistor-threshold-voltage of ground level prior to
      time T.sub.9 when the .phi..sub.4 and .phi..sub.3.sub.+4 clock signals
      return to ground voltage, then node J would still be at ground voltage and
      transistor 126 would still be nonconductive when the .phi..sub.3.sub.+4
      and .phi..sub.4 clocks return to ground voltage at time T.sub.9. With
      transistor 126 nonconductive, node L would be held at ground voltage by
      conduction in transistor 124 and transistor 128 would still be
      nonconductive and the transitions in the read clock voltage 78 at times
      T.sub.8 and T.sub.10 would not have occurred. Consequently there would be
      only one read or refresh pulse P.sub.1 in the clock cycle. However the -17
      volt to ground voltage transition 80 of the .phi..sub.R clock signal would
      not occur in the following clock cycle, since transistor 126 must be
      conductive at time T.sub.3 for transition 80 to occur. Consequently the
      .phi..sub.R clock signal would cease and the memory would be inoperative.
      Clocked clamp circuit 151 is included in the read clock signal generating
      circuit 100 to assure that poor yield of the time delay circuit 105 of
      generator 100 does not cut into the yield of memory circuits which would
      have met specifications with the prior art read clock signal. Through use
      of the clocked clamped circuit 151, poor yield in the time delay circuit
      105 of read clock generator 100 produces a clock signal identical to the
      prior art clock signal in the following manner. Assuming that node E is
      still more negative than one threshold voltage at the time that the
      .phi..sub.3.sub.+4 clock signal on clock line 144 shuts off, the voltage
      at node G would float negative without the clocked clamp circuit 151.
      However, with the clocked clamped circuit 151 included, the return of the
      clock signal on line 144 to ground voltage turns transistor 152 off. With
      transistor 152 off, transistor 154 pulls the voltage at node H down to one
      threshold voltage above the -17 volts provided by source 30, thus
      rendering transistor 150 conductive. Conduction in transistor 150 pulls
      the voltage at node G up to ground level. With the voltage at node G
      pulled up to ground level, transistors 116 and 124 turn off. As a result,
      the voltage at node J drops to the negative supply voltage turning
      transistor 126 on thereby assuring that the transistion 80 will occur in
      the designed manner in the following clock cycle.
PAR  Thus, there has been shown and described a preferred embodiment of the
      instant invention. This embodiment is not intended to be limitive but is
      illustrative only. Those skilled in the art may be able to modify the
      embodiment described. For example, N channel devices may be employed
      instead of the described P channel devices and a positive voltage source
      may be employed rather than the negative voltage source described.
      Moreover, modified timing relationships may be implemented, so long as a
      memory refresh pulse occurs between the write period of one clock cycle
      and the next succeeding read period. Nevertheless, any modifications
      falling within the purview of the description are intended to be included
      within the scope of this invention which is limited only by the claims
      appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Refresh clock signal generating means for generating a refresh clock
      signal from first and second clock signals, said refresh clock signal
      including a plurality of pulses per clock cycle, said generating means
      comprising:
PA1  clocked time delay means having an input terminal and an output terminal,
      said input terminal connected to a source of said first clock signal for
      initiating a delay period when said first clock signal obtains a
      predetermined state;
PA1  first ratio means having first and second input terminals and an output
      terminal, said first input terminal connected to the output terminal of
      said clocked time delay means, said second input terminal connected to the
      source of said first clock signal;
PA1  second ratio means having first and second input terminals and an output
      terminal, said first input terminal thereof connected to the output
      terminal of said first ratio means, and said second input terminal thereof
      connected to the source of said first clock signal;
PA1  first inverter means having an input and an output terminal, said input
      terminal thereof connected to the output terminal of said second ratio
      means;
PA1  gate means having first, second and third input terminals, said first input
      thereof connected to the output terminal of said second ratio means, said
      second input terminal thereof connected to the output terminal of said
      first inverter means and said third input terminal thereof connected to a
      source of said second clock signal; and
PA1  second inverter means having an input and an output terminal, said input
      terminal thereof connected to the output terminal of said gate means, and
      the signal at the output terminal thereof comprising the output signal of
      the refresh clock signal generator.
NUM  2.
PAR  2. The refresh clock signal generating means recited in claim 1 wherein
      said clocked time delay means comprises:
PA1  charge storage means;
PA1  precharging means for precharging the charge storage means during a first
      portion of a clock cycle; and,
PA1  clocked discharge means having an input terminal and an output terminal,
      said input terminal comprising the input terminal of said clocked delay
      means, and said output terminal being connected to said clocked
      precharging means and to said charge storage means and comprising the
      output terminal of said clocked time delay means.
NUM  3.
PAR  3. The refresh clock signal generating means recited in claim 2 wherein
      said precharging means is clocked and has a control terminal connected to
      a source of a third clock signal.
NUM  4.
PAR  4. The refresh clock signal generator recited in claim 1 further comprising
      an output amplifier having an input terminal and an output terminal, said
      input terminal thereof connected to the output terminal of said second
      inverter means for amplifying the refresh clock signal.
NUM  5.
PAR  5. The refresh clock signal generator recited in claim 4 wherein said
      output amplifier introduces a predetermined time delay into the refresh
      clock signal.
NUM  6.
PAR  6. The refresh clock signal generator recited in claim 1 further comprising
      a clocked clamping circuit having an input terminal and an output
      terminal, said input thereof connected to the source of said second clock
      signal and the output terminal thereof connected to the output terminal of
      said second ratio means for clamping the voltage at the output terminal of
      said second ratio means at a predetermined potential, whenever said second
      clock signal is in a predetermined state.
NUM  7.
PAR  7. The refresh clock signal generator recited in claim 6 wherein said
      clocked clamping circuit comprises:
PA1  first, second and third field effect transistors, each having gate, source
      and drain electrodes, said first and second field effect transistors
      connected in series between a source of a first reference potential and a
      source of a second reference potential;
PA1  the gate electrode of said first field effect transistor connected to a
      source of said second clock signal;
PA1  the gate electrode of said second field effect transistor connected to the
      source of said second reference potential;
PA1  said third field effect transistor connected in series between said source
      of said first reference potential and the output terminal of said second
      ratio means; and,
PA1  the gate electrode of said third field effect transistor connected to the
      common connection between said first and second field effect transistors,
      whereby said third transistor is conductive when said second clock signal
      is in a predetermined state, thereby clamping the output terminal of said
      second ratio means at substantially said first reference potential.
NUM  8.
PAR  8. The refresh clock signal generator recited in claim 1 wherein each
      inverter means comprises a series connection of an input field effect
      transistor and field effect transistor bootstrap circuit, each field
      effect transistor having gate, source and drain electrodes, the gate
      electrode of said input field effect transistor comprising the input
      terminal of said inverter means;
PA1  the common connection between said input field effect transistor and said
      bootstrap circuit comprising the output terminal of said inverter means.
NUM  9.
PAR  9. The refresh clock signal generator recited in claim 8 wherein each of
      said bootstrap circuits comprises:
PA1  a first field effect transistor connected in series between said output
      terminal of the inverter means and a source of a reference potential;
PA1  a second field effect transistor connected in series between said source of
      said reference potential and the gate electrode of said first field effect
      transistor, with the gate electrode of said second field effect transistor
      connected to said source of said reference potential; and
PA1  a capacitor connected between the gate electrode of said first field effect
      transistor and said output terminal.
NUM  10.
PAR  10. In an electronic memory system of a plurality of memory cells each
      capable of storing either of two different binary values, each memory cell
      requiring a periodic application of a refresh pulse to the memory cell to,
      without rewriting the information contained therein, enhance at least one
      of said two different binary values in order to prevent the loss of said
      at least one binary value over a period of time and in which each memory
      access cycle has a first predetermined portion which is dedicated as a
      read period and a second predetermined portion which is dedicated as a
      write period, the method of operating the memory comprising the step of
      applying to said memory cells during each said memory cycle a refresh
      signal which includes a plurality of refresh pulses within said memory
      cycle.
NUM  11.
PAR  11. The method recited in claim 10 wherein said refresh signal refreshes
      the information stored in said memory cell a plurality of times during
      said write period.
NUM  12.
PAR  12. In an electronic memory system of a plurality of memory cells each
      capable of storing either of two different binary values, each memory cell
      requiring a periodic application of a refresh pulse to the memory cell to,
      without rewriting the information contained therein, enhance at least one
      of said two different binary values in order to prevent the loss of said
      at least one binary value over a period of time and in which each memory
      access cycle during which information is to be written into said memory
      includes a write period, the method of operating the memory comprising the
      step of applying to said memory cells during each said memory cycle a
      refresh signal which includes a plurality of refresh pulses each of which,
      during said write period refreshes the information stored in said memory
      cells.
NUM  13.
PAR  13. An electronic memory system comprising:
PA1  a plurality of memory cells each capable of storing either of two different
      binary values, each of said memory cells requiring the periodic
      application of a refresh pulse to the memory cell to, without rewriting
      the information contained therein, enhance at least one of said two
      different binary values in order to prevent the loss of said at least one
      binary value over a period of time; and
PA1  means for applying to said memory cells during each memory cycle a refresh
      signal including a plurality of refresh pulses within said memory cycle.
NUM  14.
PAR  14. The memory system recited in claim 13 wherein said memory cycle
      includes a read period followed by a write period and wherein said refresh
      signal refreshes the information stored in said memory cells a plurality
      of times during said write period.
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PAL  A bubble domain driving apparatus is provided in which a large memory
      device with a storage capacity of 256 megabits, for example, is divided
      into 64 smaller memory elements, each thereof comprising one or plurality
      of thin magnetic film strips for bubble domain, and each of the 4-megabit
      smaller memory elements is provided with its own coils for applying in the
      plane thereof bubble domain driving rotating fields with the coils adapted
      to be selectively energized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a large capacity bubble domain memory
      device comprising a large number of memory planes each thereof carrying a
      thin magnetic film for bubble domain and, on top of it, deposited thin
      ferromagnetic films of T-BAR, Y-BAR, etc. patterns, and more particularly
      to a rotating field driving apparatus for applying rotating fields in the
      plane of the thin magnetic film for bubble domain so as to transfer the
      bubble domains over the pattern formed on the memory plane by the thin
      ferromagnetic film.
PAR  2. Description of the Prior Art
PAR  Bubble domain memory devices which have been hitherto proposed generally
      comprise a memory element of a substantially cubical shape consisting of a
      plurality of planes each thereof carrying deposited thin ferromagnetic
      films on top of a thin magnetic film for bubble domain and coils wound on
      the memory element to apply a field in each of the three directions of the
      respective planes, i.e., the transversal or X direction, the longitudinal
      or Y direction and the vertical or Z direction. The memory planes used in
      such prior art devices consist, for example, of deposited T-BAR permalloy
      films placed on a large bubble domain magnetic film of about 2.5
      centimeter square. Another construction of the memory plane consists of
      deposited T-BAR permalloy films placed on a large number of small bubble
      domain thin magnetic film pieces of 2 to 10 mm.sup.2 and these thin
      magnetic film pieces are mounted on an insulating substrate such as a
      ceramic substrate of about 5 cm.sup.2. The field applied in the Z
      direction is a biasing field of a predetermined magnitude which is
      employed to produce bubble domains in the bubble domain thin magnetic film
      pieces. This biasing field may be applied by a permanent magnet. The X and
      Y fields are rotating in-plane fields which vary sinusoidally with a
      90.degree. phase difference therebetween or their modified forms which
      vary in a pulse-like or sawtoothwave-like manner, and the fields rotate
      through 360.degree..
PAR  While large capacity bubble domain memory devices of the type constructed
      as described have been proposed, no driving methods have been disclosed
      for such memory devices due to the elements being of recent discovery. It
      is known that the energy of a magnetostatic field is proportional to its
      cubic volume and the impedance of a coil is proportional to a driving
      frequency. Thus, there is naturally an upper limit to the magnitude of a
      frequency at which a memory element of great volume can be driven.
PAR  If it is assumed that a uniform field H is applied in a cubical space with
      the sides a and the flux is totally produced by a coil having N turns,
      then the voltage E applied to the coil is given by the following equation
      (1):
      ##EQU1##
      where .phi. is the total flux and B is the flux density. If it is also
      assumed that the magnetomotive force NI of the coil is whooly acting on
      the cube, then we obtain:
EQU  NI = H .sup.. a                                            2
EQU  B = .mu..sub.o H                                           3
PAR  then from the equations (1) to (3), we obtain:
      ##EQU2##
      Therefore
      ##EQU3##
      Now assume that the following relations hold:
EQU  H = H.sub.R sin .omega.t
EQU  I = I.sub.R sin .omega.t                                   6
EQU  E = E.sub.R cos .omega.t
PAL  Then the equation (5) is rewritten as:
EQU  E.sub.R .sup.. I.sub.R = .mu..sub.o .sup.. a.sup.3 . .omega.H.sub.R.sup.2 7
PAL  therefore, as the sum of the coil current I.sub.R in the memory element and
      the peak value of voltage E.sub.R is proportional to the volume a.sup.3,
      frequency f (= .omega./2.pi.) and the square of field H.sub.R.sup.2, it is
      evident that an upper limit is naturally set on the value of frequency at
      which a bulky memory element can be driven.
PAC  SUMMARY OF THE INVENTION
PAR  To meet the foregoing requirements, the present invention contemplates to
      divide a memory element into a plurality of smaller elements and provide
      each of the smaller memory elements with its own coils to thereby
      facilitate the driving of large capacity memory devices.
PAR  It is therefore a principal object of the present invention to provide a
      bubble domain driving apparatus of a simple construction which is designed
      for driving large capacity memory devices.
PAR  It is another object of the present invention to provide a bubble domain
      driving apparatus in which bubble domain driving rotating fields are
      applied in the plane of magnetic films only when a memory-refer is made,
      thereby reducing the total power consumption to a very low level.
PAR  It is a further object of the present invention to provide a bubble domain
      driving apparatus which is simple and inexpensive to manufacture.
PAR  In accordance with these and other objects, the apparatus according to the
      present invention includes separate coil means for each of a plurality of
      memory elements each comprising one or plurality of bubble domain thin
      magnetic film strips so that bubble domain driving rotating fields are
      applied in the plane of the thin magnetic film strips. The apparatus of
      the present invention further includes selection circuitry for selecting a
      given one of the plurality of coil means and driving circuitry for
      energizing the selected coil means.
PAR  In accomplishing the above objects, the inventors conducted various
      experiments and constructed a memory stack having a cubic volume of 64
      .times. 10.sup..sup.-6 m .sup.3 (a = 4 cm) employing garnet to provide
      bubble domains whose diameter is 5 .mu.m. By applying magnetic field
      H.sub.R of 20 oerstead of approximately 1.6 .times. 10.sup.3 AT/m (Amper
      Turn) to the memory stack, the inventors could obtain a large memory
      device having a memory capacity of 32 megabits. If, however, the bubble
      domains in this memory stack were driven at a frequency of 1MHz, then from
      the equation (7) the power required would be given as:
EQU  E.sub.r .sup.. I.sub.r = 1460 V.sup.. A                    8
PAL  in other words, a rotating field generating coil used for driving such a
      memory stack must be such that a load voltage of 73 V is generated if for
      example a current of 20 A is supplied. That is, a bubble domain driving
      apparatus is required which withstands the load current of 20 A and the
      load voltage of 73 V. If a current of 5A is used, then the required
      withstand voltage must be not less than 292 V. It is difficult to
      manufacture a high frequency driving apparatus with such a large withstand
      voltage and, if not impossible, the apparatus would become too bulky and
      expensive to prohibit its application in practical use.
PAR  Not all of 32 megabits of the 32-megabit memory device are read or written
      at all times, but only a part of these bits are read or written at a time.
      If, therefore, the memory element is divided for example into 8 smaller
      memory elements each having a size of 2 cm.sup.2 (a = 2 cm) and each of
      the smaller memory elements is provided with its own coil means so that a
      given one of the separate coil means is selected and energized solely, the
      power required would be reduced to one eighth, i.e., 183 V.sup.. A. This
      therefore permits the use of driving circuitry having a withstand voltage
      of 92 V 2A or 46 V 4A, for example, thereby solving the foregoing
      difficulty.
PAR  The effectiveness of the present invention may be enhanced as the storage
      capacity of a memory device is increased. For example, if the sides a of
      the memory element is increased to 8 cm producing a large memory device
      having a storage capacity of 256 megabits and if this memory device is
      driven at a frequency of 5 MHz, then from the equation (7) the power
      required would be given as:
EQU  E.sub.r .sup.. I.sub.r = 58.4 KV.sup.. A
PAL  in other words, the power required would be 40 times as much as that which
      is required for driving the 32-megabit memory device. The withstand
      voltage of a driving apparatus for driving the bubble domains in this
      memory device must have an exceedingly large value of 584 V 100A, for
      example. The manufacture of such a driving apparatus is practically
      impossible. The withstand voltage of the driving apparatus can be
      effectively reduced, however, if a memory element with such a large
      capacity is divided into 64 smaller memory elements each having the side
      length a of 2 cm and if each smaller memory element is provided with its
      own coil means so that a given one of the coil means is selected and
      energized as previously mentioned. If this large memory is divided into 64
      smaller memory elements, from the equation (7), the withstand voltage of
      the driving apparatus can be 92 V 2A or 46 V 4A, for example.
PAR  In a large memory device, as previously mentioned, not all of the bits are
      always read or written, but only a very small part of them at a time.
      Therefore, to divide a large memory element into a plurality of smaller
      memory elements is effective not only in simplifying the driving circuitry
      and reducing its manufacturing cost, but also in reducing the total power
      consumption.
PAR  Generally, the application of a vertical biasing field in a bubble domain
      memory element produces stable bubble domains without the application of
      rotating fields. Therefore, if rotating fields are applied only when a
      read or write operation is to be effected, the stand-by power supply
      required, excepting during read and write operations, can be
      advantageously reduced to a value just sufficient to provide the biasing
      field. In this case, however, rotating in-plane fields tend to magnetize
      the thin film layer of permalloy producing local fields at the magnetized
      film portions which tend to vary the biasing field. It is thus necessary
      that when the rotating fields are removed, their values are maintained in
      terms of a DC current so as to ensure a wider margin of operation.
PAR  On the other hand, if the fields applied in the X and Y directions
      respectively consist for example of fields which are out of phase with
      each other and which vary sinusoidally, the time of terminating the fields
      or the current supply should preferably be selected so that the current
      supply is cut off when the current flow in either one of the X and Y field
      generating coils has dropped to zero (at this time, the current flow in
      the other coil is at the maximum). In this case, the X and Y driving
      currents may be simultaneously cut off so that the rotating fields can be
      maintained in terms of the corresponding DC current with one of the
      driving currents being at zero and the other at the maximum value.
      Alternately, the current supply to one of the two coils may be cut off
      when the current flow in this coil has dropped to zero and the current
      supply to the other coil may be cut off when the current flow therein has
      been subsequently reduced to zero, thereby holding the rotating fields in
      terms of the corresponding DC current with both of the X and Y coil
      currents being at zero.
PAR  Furthermore, the arrangement of the present invention in which rotating
      fields are applied only during read and write operations has an additional
      advantage over the conventional arrangements in which rotating fields are
      always applied. That is, if the memory is used as a block oriented random
      access memory, a reduced access time can be realized since the position of
      the first bit in any data is always fixed.
PAR  In a split type memory element of the type described above, the information
      stored in the unselected smaller memory elements must be maintained
      without applying any rotating fields and thus this type of arrangement
      also possesses naturally the advantages which result from the fact that
      rotating fields are applied only during read and write operations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1A through 1C schematically illustrate a memory element employed in
      an embodiment of the present invention.
PAR  FIG. 2 is a schematic diagram showing a bubble domain driving apparatus
      used with the memory element shown in FIG. 1.
PAR  FIG. 3 is a schematic diagram showing a bubble domain driving coil used in
      another embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, there is schematically illustrated a memory
      element which is employed in an embodiment of the present invention. FIG.
      1 a shows a large memory element 10. FIG. 1 b shows one of 8 smaller
      memory elements divided from the large memory element 10 according to the
      present invention. FIG. 1 c  shows a single plane 12. The plane 12
      comprises a ceramic substrate 13 of 2 cm.sup.2 having deposited thereon
      T-bar permalloy circuitry, control conductor loops, sensing elements and
      their leads and, on top of these, a plurality of thin bubble domain
      magnetic film strips of 4 mm.sup.2 which are stacked and spaced away from
      one another at regular distances. The smaller memory element 11 shown in
      FIG. 1 b comprises eight planes 12 stacked on top of each other at a pitch
      of 2 mm, selection circuitry of the memory loops disposed on the upper and
      lower sides of the planes and amplifiers for output signals.
PAR  According to the present invention, the smaller memory element 11 is
      provided with coils would therearound to apply a uniform field in the X, Y
      and Z directions respectively of the element 11. A large 32-megabit memory
      element is composed of eight smaller memory elements 11. Referring now to
      FIG. 2, there is illustrated a bubble domain driving apparatus for the
      above-mentioned large 32-megabit memory device. As already mentioned,
      rotating fields magnetize the thin film of permalloy so that the resultant
      local fields at the magnetized thin film portions tend to cause variation
      in the biasing field. It is therefore preferable that the values of the
      rotating fields, when removed, be maintained in terms of the corresponding
      DC current so as to achieve a wider margin of operation. In the present
      embodiment, therefore, sinusoidal currents which are different in phase
      are supplied as the X and Y coil currents and the time at which the
      current supply is cut off is selected such that the current supply is cut
      off when the X coil current is at zero and the Y coil current is at the
      maximum value. Returning to FIG. 2, designated as Y.sub.1, Y.sub.2, . . .
      , Y.sub.8 are switch circuits (first Y switch circuits) for selecting the
      coils provided for each of the eight smaller memory elements 11. The
      switch circuit Y.sub.1 is composed of transistors Q.sub.2 and Q.sub.3
      whose bases are directly connected to each other. A transistor Q.sub.1 is
      a transistor saturation circuit (second Y switch circuit) which is
      provided to supply a DC current to the Y coil upon the removal of the
      rotating fields. This switch circuit is not necessarily essential for the
      apparatus. The emitter of the transistor Q.sub.1 is connected to a DC
      power supply-B through a resistor R.sub.1 and its collector is directly
      connected to the collector of the transistor Q.sub.2. The junction point
      of the collectors of the transistors Q.sub.1 and Q.sub.2 is connected to
      one end of a Y coil L.sub.1 whose the other end is connected to the
      collector of the transistor Q.sub.3. The remaining Y coils L.sub.2,
      L.sub.3, . . . , L.sub.8 are similarly connected to the switch circuits
      Y.sub.2, Y.sub.3, . . . , Y.sub.8, respectively. Numeral 21 designates a Y
      coil selection control circuit for controlling the operation of the switch
      circuits to select a desired Y coil; 22 a Y sinusoidal driving circuit for
      supplying a sinusoidal current to the Y coils. The junction point between
      the bases of the transistors Q.sub.2 and Q.sub.3 in the switch circuit
      Y.sub.1 is connected to the Y coil selection control circuit 21 and the
      emitters of these transistors are connected to the Y sinusoidal driving
      circuit 22. The base of the transistor Q.sub.1 is connected to the Y coil
      selection control circuit 21. When the Y coil L.sub.1 is selected so that
      the sinusoidal current is supplied to the coil L.sub.1, the transistor
      Q.sub.1 is cut off. When the Y coil L.sub.1 is de-energized cutting off
      the supply of sinusoidal current to the coil L.sub.1, the base voltage of
      the transistor Q.sub.1 is varied by a signal from the control circuit 21
      thus rendering the transistor Q.sub.1 conductive. When this occurs, a DC
      current is supplied to the coil L.sub.1. The magnitude of this DC current
      is equal to the maximum value of the sinusoidal current supplied to the X
      and Y coils. The base potentials of the transistors Q.sub.2 and Q.sub.3
      and the base potential of the transistor Q.sub.7 are changed in the
      opposite direction with respect to each other. The other Y coils L.sub.2,
      L.sub.3, . . . , L.sub.8 are controlled in exactly the same manner.
PAR  Designated as X.sub.1, X.sub.2, . . . , X.sub.8 are switch circuits (first
      X switch circuits) for selecting the X coils provided for each of the
      eight smaller memory elements. The switch circuits X.sub.1 to X.sub.8 are
      identical in construction with the switch circuits Y.sub.1 to Y.sub.8
      which select the Y coils.
PAR  With the arrangement described above, the present invention can be
      effectively carried out with minimum selection circuitry and driving
      circuitry whose capacity is one eighth of that which is required to drive
      a memory element of 4 centimenter cube as a whole. In addition, the
      driving power consumption can also be reduced to about one eighth.
PAR  In FIG. 3, there is shown a modified form of the bubble domain driving
      coils shown in FIG. 2. In the illustrated arrangement, the Y coil consists
      of two coils so that the sinusoidal current is selectively supplied to one
      (first coil) of the two coils and a DC current is continuously supplied to
      the other coil (second coil). If a coil of this type is employed, there is
      no need to use the transistor saturation switches Q.sub.1, Q.sub.4, . . .
      , Q.sub.22 employed in the embodiment of FIG. 2. This further simplifies
      the bubble domain driving apparatus of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A split coil type bubble domain driving apparatus comprising: a
      plurality of memory elements each consisting of at least one magnetic film
      for a bubble domain; a plurality of rotating in-plane field generating
      coil means provided one for each of said plurality of memory elements to
      apply bubble domain driving rotating fields in the plane of said memory
      element, each of said plurality of coil means consisting of an X coil and
      a Y coil for applying magnetic fields perpendicular to each other in the
      same plane of said memory plane; first driving means for supplying an
      alternating current to said rotating in-plane field generating coil means;
      and first selection means connected between said first driving means and
      said rotating in-plane field generating coil means for selecting a given
      one of said plurality of rotating in-plane field generating coil means in
      response to a memory request, whereby said alternating current from said
      first driving means is applied only to the rotating in-plane field
      generating coil means selected by said first selection means.
NUM  2.
PAR  2. A split coil type bubble domain driving apparatus according to claim 1,
      wherein said first selection means comprises a plurality of first switch
      circuits each provided for one of said plurality of rotating in-plane
      field generating coil means, each of said plurality of first switch
      circuits being connected between one of said plurality of rotating
      in-plane field generating coil means and said first driving means, and a
      control circuit for selecting a given one of said plurality of switch
      circuits in response to a memory request.
NUM  3.
PAR  3. A split coil type bubble driving apparatus according to claim 2, further
      including second driving means for supplying a direct current to said
      plurality of rotating in-plane field generating coil means, and a
      plurality of second switch circuits connected between said second driving
      means and said plurality of rotating in-plane field generating coil means,
      whereby said second switch circuit are selectively controlled by said
      control circuit to select said rotating in-plane field generating coil
      means unselected by said first switch circuits.
NUM  4.
PAR  4. A split coil type bubble domain driving apparatus according to claim 1,
      further including second driving means for supplying a direct current to
      said plurality of rotating in-plane field generating coil means, wherein
      either each of said plurality of X coils or each of said plurality of Y
      coils is divided into a first coil connected to said first driving means
      through said first selection means and a second coil directly connected to
      said second driving means.
NUM  5.
PAR  5. A split coil type bubble domain driving apparatus according to claim 4,
      wherein said first selection means comprises a plurality of first switch
      circuits connected between said plurality of rotating in-plane field
      generating coil means and said first driving means, and a control circuit
      for selecting a given one of said plurality of first switch circuits in
      response to a memory request.
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PAL  A completely solid state photoelectric pulse initiator for electric utility
      meter telemetry and recording systems includes a low power CMOS digital
      integrated circuit (I.C.) flip-flop output circuit for directly generating
      output pulses in response to the rate of rotation of a meter movement. A
      pulse rate dividing circuit is provided by a presettable divide-by-N CMOS
      digital I.C. in one preferred form for electronically varying the ratio of
      the output pulses relative to the input pulses. A simplified data magnetic
      recording receiver circuit is capable of being supplied recorder drive
      current directly from the Q and Q logic outputs of the output flip-flop to
      produce non-return-to-zero (NRZ) data pulse recording.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to photoelectric pulse initiators for pulse operated
      meter telemetry and recording systems and more particularly to such pulse
      initiators including a low power digital I.C. arrangement for simplifying
      and controlling the transmitted pulses generated by the pulse initiator
      and to afford a simplified recording apparatus receiving the transmitted
      pulses.
PAR  In U.S. Pat. No. 3,733,493 issued May 15, 1973 to T. M. McClelland III and
      in U.S. Pat. No. 3,878,391 issued Apr. 15, 1975 to T. M. McClelland III et
      al., both assigned to the assignee of this invention, radiation or
      photoelectric pulse initiators are disclosed for use in the electric power
      metering field for initiating meter data pulses in response to the rate of
      rotation of a utility meter of the watthour type. In these prior systems
      various techniques are described for generating pulses in response to the
      meter rotation with an output pulse generator formed by a latching type
      three-wire contact device such as a mercury wetted relay. Large current
      values are sometimes required to adequately operate the relay in extremely
      cold environments and are typically inefficient. Since the relay
      effectively isolates the pulse initiator output and a data receiving
      recording circuit, separate power supply sources are required to supply
      both the pulse initiator circuits and the data recording circuits.
      Mechanical control for varying the pulse rate in response to the speed of
      the meter shaft movement, referred to as the constant Mp in the
      above-identified application, is not always satisfactory for all
      applications. Gear train ratios used in driving a patterned disk or drum
      in the pulse initiator mechanism or the number of reflective segments
      forming the indicia of the pulse initiator pattern often require
      substantial interchanging of parts and have limitations due to undesired
      loading of the meter shaft and space available within the meter housing.
      Ratios of less than one pulse per meter shaft rotation are often only
      possible by changing a gear train ratio while high output pulse numbers
      per shaft rotation are often only obtainable by increasing the number of
      reflective segments in the shaft driven pattern.
PAR  In the data magnetic recording systems used in utility meter recording
      telemetry systems it has been noted that watthour meter shaft speeds may
      reach as high as 6,670 revolutions per hour so that with two reflective
      segments over 13,000  pulses per hour might be produced from a pulse
      initiator while the data pulse receiver including a magnetic recorder may
      be capable of handling only 7,000 pulses per hour. This requires that the
      number of pulses developed at the radiation pickup sensors be divided to a
      lower rate proportional to the meter shaft speed.
PAR  Accordingly, it is desirable to simplify the components and numbers of
      components required to initiate and record meter data pulses in pulse
      initiators used in metering telemetry systems, to improve the reliability
      and adverse operating characteristics due to mechanical parts, to decrease
      power required in such telemetry systems, and to add greater flexibility
      in controlling the output pulse rates of pulse initiators to provide
      different desired pulse rates relative to a given watthour meter shaft
      rotation. In consideration of the aforementioned deficiencies and
      undesirable aspects in prior art devices the present invention is made as
      briefly summarized hereinafter.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a direct input photoelectric pulse
      initiator for metering telemetry and recording systems includes a low
      power CMOS digital integrated circuit flip-flop output arrangement which
      is toggled between high and low logic states at the Q and Q outputs. The
      logic states reverse in response to the alternate activations of radiation
      responsive source-pickup pairs being activated at the rate of rotation of
      a reflective pattern driven by a meter movement. The flip-flop output is
      effective to directly supply output current in opposite directions to a
      metering telemetry system receiver such as a magnetic recorder so that
      each output current polarity transitions are responsive to the detection
      of segments of the reflective pattern. A pulse rate dividing circuit is
      included in the pulse initiator circuit by connecting a low power CMOS
      digital integrated circuit presettable divide-by-N counter to a dual
      flip-flop CMOS digital integrated output circuit. A pulse division
      selector device is positional to produce various desirable pulse rates
      which are equal to or are a submultiple of the rate at which the
      reflective segments are detected. The direct connection with the recorder
      telemetry receiver permits elimination of switch contact devices between
      the pulse initiator circuit output and the elimination of separate
      recorder and pulse initiator power supply circuits to transfer pulse data
      information generated at the pulse initiator directly into the data
      recording circuit of a recorder data receiver.
PAR  Other advantages and features of this invention will be apparent from the
      detailed description of the preferred embodiments and the drawings which
      is briefly described hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a meter data recording apparatus including a
      direct input photoelectric pulse initiator and made in accordance with
      this invention;
PAR  FIG. 2 is a front elevational view of a watthour meter included in the
      apparatus illustrated in FIG. 1;
PAR  FIG. 3 is a top elevational view of a circuit board supporting the pulse
      initiator circuit and taken along the axis III--III in FIG. 2 looking in
      the direction of the arrows;
PAR  FIG. 4 is an electrical schematic diagram of the direct input photoelectric
      pulse initiator arrangement illustrated in FIG. 2;
PAR  FIG. 5 is a fragmentary portion of the electrical schematic diagram of FIG.
      4 illustrating CMOS integrated circuit transistor devices provided at the
      circuit output of FIG. 4;
PAR  FIG. 6 is an electrical schematic diagram of an alternative embodiment of
      the diagram illustrated in FIG. 4;
PAR  FIG. 7 is an electrical schematic diagram of another alternative embodiment
      of the diagram illustrated in FIG. 4; and
PAR  FIG. 8 is an electrical schematic diagram of an alternative power supply
      portion for use in the electrical schematic diagrams illustrated in FIGS.
      4, 6 and 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein like numerals designate like or
      similar parts in the several Figures, and more particularly to FIG. 1
      wherein is shown a metering data recording device 10 of a type referred to
      as a Load Survey Recorder although this invention is not limited to such
      telemetry receiver devices. The device 10 includes a housing 11 containing
      a watthour meter 12 forming one main unit thereof that has a direct input
      photoelectric pulse initiator 14. A magnetic tape data recorder 16 forms a
      second main unit of the device 10 and the pulse initiator 14 and the
      recorder 16 are described in particular detail hereinbelow.
PAR  The watthour meter 12 is of the integrating type used by electric utility
      companies including an electroresponsive meter movement having a rotatable
      shaft 17 for carrying an electroconductive disk 18 and electromagnetic
      sections including a potential coil 19 and a current coil 20. The coils 19
      and 20 are appropriately connected to power line conductors 22 and 23
      serving a utility customer's load 24 such that the disk 18 is
      electromagnetically driven at a predetermined rotational rate
      corresponding to the electrical energy supplied to the load 24. The meter
      12 may, typically, include a dial register 25 for indicating the measured
      electrical energy consumption quantity in kilowatt hours. The meter 12 is
      removably mounted in the housing 11 to facilitate use of variously rated
      watthour meters corresponding to the electrical power levels to be
      measured and recorded. Preferably the watthour meter 12 is provided with a
      housing including a plastic meter cover 26 as described and claimed in
      U.S. Pat. No. 3,846,677 issued Nov. 5, 1974 to J. M. Keever et al. and
      assigned to the assignee of this invention.
PAR  The pulse initiator 14 is mounted to the frame of the watthour meter 12 in
      accordance with the description of FIG. 2 and generally includes a sensing
      head 28 including first and second photoelectric source-pickup pairs
      including solid state radiation emitter sources and a solid state
      radiation responsive transistor pairs. The source-pickup pairs are
      oriented to be alternately operated in response to a pattern of reflective
      indicia markings or segments 30A, 30B, 30C and 30D disposed on the bottom
      of the disk 18. The segments 30A and 30C are oriented on one common
      circumference of the disk to activate a first source-pickup pair and the
      segments 30B and 30D are oriented on a second common circumference of the
      disk 18 to activate a second source-pickup pair in a manner corresponding
      to that described in U.S. Pat. No. 3,733,493 issued May 15, 1973 to
      McClelland III and assigned to the assignee of this invention. The two
      source-pickup pairs are connected in the pulse initiator low power
      intergrated circuit (I.C.) circuit 31 mounted along with the sensing head
      28 on a printed circuit board 32 shown in FIGS. 2 and 3.
PAR  A pair of wire conductors 33A and 34A are connected within the meter 12 to
      the electrical source provided by the power line conductors 22 and 23. Two
      further pairs of wire conductors 35A and 36A and 37A and 38A are connected
      to the circuit 31 of the photoelectric pulse initiator 14. These wire
      conductors 33A, 34A, 35A, 36A, 37A and 38A extend through an opening 40 in
      the plastic meter cover 26 and terminate at a connector 41. A connector 42
      mates with the connector end 41 and is connected to wire conductors 33B,
      34B, 35B, 36B, 37B and 38B which are connected through connectors 41 and
      42 to the wire conductors 33A, 34A, 35A, 36A, 37A and 38A, respectively.
      The conductors 33A-33B and 34A-34B supply the pulse initiator circuit 31
      from the power supply 43 in the recorder 16 as described further
      hereinbelow and the conductors 37A-37B and 38A-37B provide a direct input
      to the data recording circuit in the recorder 16 as described further
      hereinbelow.
PAR  The recorder 16 generally provides non-return-to-zero (NRZ) recording of
      data pulses and time interval pulses on a magnetic tape 45 carried in an
      insertable cartridge 46 as described and claimed in U.S. Pat. No.
      3,678,484 issued July 18, 1972 to A. H. Maxwell, Jr. and assigned to the
      assignee of this invention. The tape is recorded for extended periods
      including a 1-month period for later data translation by computer
      processing. The power supply 43 includes a transformer having a primary
      winding 43A with outer and center tapped terminals 44A, 44B and 44C. These
      permit connection to power line conductor sources, from conductors 33A-33B
      and 34A-34B connected at two of the terminals 44A, 44B and 44C, being
      measured having either 120 or 240 volts. Two secondary windings 43B and
      43C supply the recorder circuits as well as the pulse initiator circuit
      31. The winding 43B supplies the timing motor 46. The center tapped
      secondary winding 43C has the outer terminals supplying 24 volts to the
      time interval recording circuit and has 12 volts between the center
      terminal and one outer terminal to supply the recorder terminals 47A and
      47B. These latter designated terminals are connected through the
      conductors 35A-35B and 36A-36B to apply the 12 volts to the voltage supply
      input of the pulse initiator circuit 31.
PAR  The time interval recording circuit of the recorder 16 is connected to the
      power supply winding 43C and includes a full wave rectifier circuit 49, a
      resistor 50, a capacitor 51 and a cam operated switch 52 which is actuated
      in response to the motor 46. The switch 52 periodically discharges the
      capacitor 51 through resistor 53 and time interval magnetic record head 54
      including a coil 54A. The tape drive (not shown) and time interval
      recording circuit is provided substantially in accordance with disclosures
      in the U.S. patent application Ser. Nos. 509,612 by W.P. Doby and 509,613
      by C.J. Snyder et al. both filed on Sept. 26, 1974 and are assigned to the
      assignee of this invention. Accordingly, the discharge of capacitor 51
      produces return-to-bias time pulses typically at 15, 30 or 60 minute
      intervals or at such other time intervals as may be desired, as described
      in the aforementioned patent applications.
PAR  In accordance with an important advantage of this invention, a simpler data
      recording circuit is provided in the recorder 16, by a data magnetic
      record head 56 having a coil 56A connected in series with a resistor 57
      and across the recorder terminals 58A and 58B. The wire conductors 37A-37B
      and 38A-38B are connected to the terminals 58A and 58B, respectively, so
      as to provide a direct input of pulse initiator circuit 31 to the
      recording circuit including the data record head 56 in the recorder 16.
PAR  In FIG. 2 there is shown the meter 12 separated from the metering data
      recording device 10 and the manner of mounting the pulse initiator circuit
      board 32. A pair of screws 60 secure the circuit board 32 to the meter
      frame 61 below the disk 18. The meter nameplate 62, shown broken away, is
      fastened to the ends of forward projecting bosses 63 and 64 of the frame
      61 by a pair of screws 65 to substantially cover the front of the circuit
      board 32. The sensing head 28 is fastened to the board 32 by the screws
      and the two radiation emitter sources and two radiation responsive
      transistors, shown in FIG. 4 are connected to the circuit elements of the
      pulse initiator circuit 31 by the wiring arrangement 67. The discrete
      circuit elements shown mounted on the board 32 correspond to the elements
      having like numerical designation in circuit diagram in FIG. 4 described
      hereinbelow. Three low power solid state digital integrated circuit chip
      devices 70, 71 and 72 of the CMOS or COS/MOS (complementary metal oxide
      silicon) transistor type provide important advantages in the pulse
      initiator circuit 31.
PAR  At left-hand side of the circuit board 32 as viewed in FIG. 2 is a pulse
      division selector pin connector arrangement 74. A center pin 75 is
      circumscribed by eight pins 76, 77, 78, 79, 80, 81, 82 and 83. Although
      not shown, the pins designated 76 through 83 may be labeled "2," " 4," "
      6," " 8," " 10," " 12," " 16" and "20," respectively, on the board 32
      shown in FIG. 2 because these pins correspond to the 2:1, 4:1, 6:1, 8:1,
      10:1, 12:1, 16:1 and 20:1 pulse rate division ratio provided by the pulse
      initiator circuit 31. To effect the different pulse ratios, a jumper
      connection 85 is made between center pin 75 and the selected one of the
      outer pins. For example, pin 76 is connected to pin 75, as shown in FIG. 2
      to provide a two to one pulse rate ratio. The jumper connection 85 can be
      made by soldering a wire strip between the center pin 75 and a selected
      outer pin or the jumper connection 85 can be a wire having socket ends for
      mating with the ends of pins. Alternatively, the pulse division selector
      pin connector arrangement 74 can be replaced by a eight position rotary
      selector switch, not shown, to provide the same preselective connections.
      The conductors 35A and 36A, shown in FIGS. 1 and 4, are connected at the
      left side of the circuit board 32, although not shown in FIG. 2, to apply
      the supply voltage to the pulse initiator circuit 31.
PAR  At the right-hand side of the circuit board 32 shown in FIG. 2, there are
      two sets of three pins 87, 88 and 89 and 90, 91 and 92 which are also
      shown in FIG. 4. The pins 88 and 91 provide output pin terminals providing
      the pulse output of the pulse initiator circuit to the conductors 37A and
      38A for direct connection to the data recording circuit in the recorder
      16. Jumper wires 94 and 95 are connectable between the pins 88 and 87 and
      91 and 90, respectively, to provide a 1:1 pulse division ratio output of
      the circuit 31 and wires 94 and 95 are connectible between the pins 88 and
      89 and 91 and 92, respectively, to provide the pulse division ratio
      selected at the selector pin connector 74. Thus, the rate at which the
      reflective segments 30A, 30B, and 30C and 30D are detected by the devices
      in the sensing head 28 will be produced either at the same rate at the
      pins 88 and 91 or at the aforementioned pulse division ratios selected at
      the pin connector arrangement 74.
PAR  In FIG. 3 there is shown a top elevational view of the circuit board 32
      separated from meter mounting shown in FIG. 2. The sensing head 28
      includes two package assemblies 28A and 28B each including angularly
      disposed pairs of cavities 97A and 97B and 98A and 98B for directing the
      emitted and reflected radiations. The cavities aid in the optical coupling
      between each of the source-pickup pairs contained in separate ones of the
      assemblies 28A and 28B.
PAR  Referring now to FIG. 4 there is shown the electric circuit diagram of the
      direct input photoelectric pulse initiator circuit 31 carried on the
      circuit board 32 described hereinabove. The recorder power supply 43 is
      shown supplying, from the 12 volt secondary winding 45C and conductors 35A
      and 36A, the power input circuit 100 provides rectifying and voltage
      regulation for the pulse initiator circuit 31 on the circuit board 32. The
      resistor 101 is connected in one conductor line of a pair of lines
      connecting the power input conductors 35A and 36A across the input of a
      full wave rectifier bridge including conventional rectifier diodes 102,
      103, 104 and 105. A filtering capacitor 107 and a Zener voltage regulating
      diode 108 are connected across the output of the rectifier bridge with a
      resistor 109 connected between the upper ends of the capacitor 107 and
      Zener diode 108 and in series with positive supply conductor 110 of the
      pulse initiator circuit 31. A regulated direct current voltage in the
      order of positive 7.5 VDC is produced on the supply conductor 110 relative
      to the reference supply conductor 112 which is grounded. The VDD supply
      voltages for the CMOS I.C. components 70, 71 and 72 are applied from the
      conductor 110 and the VSS voltages are applied from the conductor 112.
PAR  A first source-pickup pair included in the sensing head package assembly
      28A shown in FIG. 3 includes a radiation emitter formed by the light
      emitting diode (LED) 114 and a radiation responsive pickup formed by a
      phototransistor 115. The LED 116 and phototransistor 117 are included in
      the second source-pickup pair contained in the sensing head package
      assembly 28B. The LED's 114 and 116 are connected in series with the
      resistor 118 and in series across the conductors 110 and 112 to be
      continuously lighted. The collector-emitter circuits of the
      phototransistor 115 and 117 have emitter connected resistors 119 and 120,
      respectively, connecting the collector-emitter circuits across the
      conductors 110 and 112. The bases of the phototransistors 115 and 117 have
      biasing resistors 122 and 123, respectively, connecting the bases to the
      ground reference conductor 112.
PAR  The output of the photoelectric pulse initiator circuit 31 is provided by
      the CMOS digital integrated circuit 70 which is a dual D-type flip-flop
      with set-reset capability designated CD4013AE as described at pages 68
      through 73 in the RCA Solid State '74 Databook Series SSD-203B; COS/MOS
      Digital Integrated Circuits available from RCA Solid State Division,
      Somerville, N.J. Two identical data-type flip-flop circuits F/F1 and F/F2
      have independent DATA, SET, RESET, and CLOCK inputs and Q and Q outputs as
      shown in FIG. 4. The logic level present at the DATA input of each
      flip-flop is transferred to the associated Q output during the
      positive-going transition of a pulse of the associated Clock input. The
      flip-flops provide a latching operation by remaining in either the high or
      low state until a subsequent trigger pulse is applied. High levels on the
      SET or RESET inputs accomplish setting and resetting of the flip-flops
      F/F1 and F/F2.
PAR  The Q1 and Q1 outputs of the flip-flop F/F1 are connected to the circuit
      board pins 87 and 90 respectively and the Q2 and Q2 outputs of the
      flip-flop F/F2 are connected to the pins 89 and 92. Depending upon the
      position of the aforementioned jumpers 94 and 95 the meter data pulse
      output conductors 37A and 38A directly connect the data magnetic record
      head 56 to the Q and Q outputs of one of the flip-flops F/F1 or F/F2.
PAR  It is an important feature of the present invention that the integrated
      circuits 70, 71 and 72 are of the low power CMOS integrated circuit type
      to be distinguished from the medium or relative high power solid state
      integrated circuit types including the common logic names of
      resistor-transistor-logic (RTL), diode-transistor logic (DTL),
      transistor-transistor-logic (TTL) and emitter-coupled logic (ECL). These
      logic families operate at high operating quiescent current requirements in
      the order of 60 milliamperes and quiescent power requirements in the order
      of 200 milliwatts. In contrast the substantially lower requirements of the
      CMOS integrated circuits include operating quiescent current levels in the
      order of 10 microamperes and quiescent power requirements of only 100
      microwatts.
PAR  Referring now in more detail to the circuit 31 shown in FIG. 4 and in
      particular to the dual flip-flop circuit 70, the SET 1 input to the
      flip-flop F/F1 is connected across the emitter resistor 120 of the
      phototransistor 117 so that when a reflective disk segment is detected by
      rendering the phototransistor 117 conductive so that a high level logic is
      applied to the SET 1 input. The RESET 1 input is similarly connected
      across the emitter resistor 119 so that when the phototransistor 115 is
      rendered conductive, upon detecting a reflective segment, a high logic
      state is applied to the RESET 1 input. The CLOCK 1, SET 2 and RESET 2
      inputs are not used and are connected to the grounded supply conductor 112
      along with the VSS terminal of the I.C. circuit 70. The DATA 2 input is
      connected to the Q2 output. The VDD terminal of the circuit 70 is
      connected to the supply conductor 110 as shown. With above connection, the
      Q1 and Q1 outputs develop a transition between high and low logic states
      to reverse current through the record head 56. When the jumpers 94 and 95
      are connected in the broken line position to the pins 87 and 90, the
      circuit 31 produces a 1:1 pulse ratio at the pulse intiator circuit output
      because the pulse dividing part of the circuit 72, described hereinafter,
      is bypassed.
PAR  To produce the divide-by-N operation of the circuit 31 the CMOS digital
      integrated circuit 72 is a presettable divide-by-N counter type CD4018
      described at pages 95 through 99 of the above-identified RCA Solid State
      '74 Databook Series SSD-203B. The circuit provides a programmable divide
      by counter function when connected to the integrated circuits 70 and 71 as
      shown. The CMOS digital integrated circuit 71 is a CMOS NAND gate
      (positive logic) Quad two input type CD4011AD also described in the
      aforementioned RCA Solid State '74 Databook Series SSD-203B at pages 61
      through 67.
PAR  The divide-by-N-counter circuit 72 includes five JAM inputs PRESET ENABLE,
      VSS terminal and RESET INPUTS connected to ground. The DATA input is
      connected through a resistor 125 to ground and is also connected to the
      center pin 75 of the pulse division selector arrangement 74 and further to
      the CLOCK 2 input of the flip-flop circuit F/F2. The CLOCK input to the
      circuit 72 is connected directly to the divide by 2 pin 76 and to the Q1
      output of the flip-flop F/F1. Since the circuit 72 only advances counting
      with the low to high transitions at the CLOCK input, the connection from
      the Q1 provides a divide by two function inherently from this connection
      to the circuit 72. Thus, a single CLOCK logic signal to the circuit occurs
      for each two reflective segments which are detected. Accordingly, the Q1
      output of the circuit 72 is connected to the divide by 4 pin 77 since it
      normally produces a divide two counter output. The two input NAND gates
      127 and 128 of the circuit 71 are required to achieve the divide by 6
      output at pin 78 and the NAND gates 129 and 130 are required for the
      divide by 10 output at pin 80 since they involve division by the product
      of numbers including an odd number (2.times.3 and 2.times.5). The gates
      127 and 129 have their inputs A and B and H and G separately tied together
      to operate as an inverter circuit and provide the connection described on
      page 98 of the above identified RCA Solid Stage '74 Databook Series.
      Accordingly, the output K of the gate 127 is connected to the divide 6
      output at pin 78 with the short circuit inputs A and B of the gate 127
      connected to the output K of the gate 128. The inputs C and D of the gate
      128 are connected to the Q1 and Q2 of the circuit 72. The Q2 of the
      circuit 72 is the normal divide by two counter output and is connected to
      the divide by 8 pin 79. The gate 130 inputs F and E are connected to the
      Q2 and Q3 outputs of the circuit 72. The output L of the gate 130 is
      connected to the short circuited inputs H and G of the gate 129 and the
      output M of the gate 129 is connected to the divide by 10 pin 80. The
      divide by 12, 16 and 20 pins 81, 82 and 83 are connected directly to the
      Q3, Q4 and Q5 outputs of the circuit 72 since they are programmed to
      divide the count input to the circuit normally by 6, 8 and 10.
PAR  Thus described, the photoelectric pulse initiator circuit 31 is responsive
      to the rotation of the meter shaft 17 and disk 18 rotating at a rate
      corresponding to consumption of electric power of the load 24. The
      alternate or staggered relationship of the reflective segments 30A, 30B,
      30C and 30D, shown in FIG. 1, pass the sensing head 28 to alternating
      activate the phototransistor detectors 115 and 117 by rendering or
      switching them conductive four times with each complete meter shaft
      rotation. This develops a short low to high or positive going pulse
      signals across the resistors 119 and 120 which form the input signals in
      the pulse initiator circuit 31. The alternate positive going input signals
      to the SET 1 and RESET 1 inputs of the flip-flop F/F1 toggle or switch the
      flip-flop so that Q1 and Q1 output go between low to high and high to low
      logic states alternately and remain latched in this state until the next
      appropriate set or reset signal is received. It is important to note that
      Q and Q outputs of the flip-flop circuits in the circuit 70
      characteristically never both go high during the same instant so that one
      flip-flop output goes low before the other goes high. Positive going
      transitions at the CLOCK input at the presettable divide-by-N-counter
      circuit 72 advance the circuit count. The Q1, Q2, Q3, Q4, Q5 of circuit 72
      produce divide by 2, 4, 6, 8 and 10. The connections at the circuit 71
      produce or the additional divide by three and five logic operation. The Q1
      output of the flip-flop F/F1 will only go high once for each two input
      pulses developed by the phototransistors 115 and 117. The circuit 31 then
      provides a product of two pulse counter dividing operations so that
      setting of the pulse division selector arrangement 74 produces either of
      divide by 2, 4, 6, 8, 10, 12, 16 or 20 at the outputs of the flip-flop
      F/F2. This is produced as the DATA output of circuit 72 goes from low to
      high at the CLOCK 2 input of flip-flop F/F2. Thus, with the selector
      arrangement 74 connected to pin 76 to be set at divide by 2, two
      transitions between low and high occur with a complete rotation of the
      four disk segments. Since the flip-flop F/F1 is toggled or triggered when
      each disk reflective segment is detected, a one-to-one pulse transition
      output is produced at the Q1 and Q2 outputs of the flip-flop F/F1. The Q2
      and Q2 outputs of flip-flop F/F2 provide the preselected pulse rate ratio
      as established by the position of the pulse division selector 74 as noted
      hereinabove.
PAR  FIG. 5 illustrates CMOS transistor devices forming the output of each of
      the flip-flops F/F1 and F/F2. Each output consists of p-channel insulated
      gate field effect transistors 135 and 136 and n-channel insulated-gate
      field effect transistors 137 and 138. The pair of p-channel and n-channel
      transistors 135 and 137 are connected in series and the pair of
      transistors 136 and 137 are connected in series with each pair being
      connected between the VDD and VSS terminals. The junction of each series
      transistor pair provides the Q and Q outputs as shown with the gates
      connected together to provide the two inputs 140 and 141 of each
      transistor pair. When Q is high and Q is low, transistors 135 and 137 are
      latched conductive and transistors 136 and 138 are latched nonconductive.
      Positive current flows in the direction of the arrow 143 through the
      resistor 57 and recording head coil 56A between VDD and VSS. The current
      flows in the opposite direction as shown by arrow 144 when the transistor
      has reversed conductive states to render the Q output high relative to the
      Q output. The data recording current flow represented by arrows 143 and
      144 is in the order of 2 milliamperes in one preferred embodiment. The
      current values can be easily adjusted by changing the value of the
      resistor 57. The very high impedance of the nonconductive CMOS transistor
      is in the high megohm resistance range which makes its quiescent power
      drain quite low. The source to drain impedance of the conductive
      transistors is low but is a finite resistance value in the range of a
      hundred ohms. Thus, the pulse initiator circuit output can be used with
      different recorders having different record drive current requirements up
      to about 5 ma.
PAR  In the operation of the recorder 16 shown in FIG. 1, the Q and Q outputs of
      the circuit 70 of FIG. 4 produce continuous current flow in the data
      record head 56 with a change in current polarity with change in state at
      the selected Q and Q outputs applied to the recorder terminals 58A and 58B
      by pulse current supplied from the pulse initiator circuit 31.
      Magnetically recorded data pulses are recorded on the magnetic tape in a
      NRZ fashion. The data pulse recording is in the same manner as with the
      prior use of a three-wire contact device which requires the data record
      head current to be supplied from within the recorder 16. Time interval
      pulses are recorded concurrently in a separate recording track on the tape
      45 by the time interval record head 54 as noted hereinabove. Accordingly,
      power is supplied from the meter 12 through the wiring and connectors 41
      and 42 to the recorder terminals 44A and 44B or 44C so that the recorder
      supplies the recorder circuits. The pulse initiator circuit 31 is supplied
      as well from the recorder 16 back through the wiring and connectors 41 and
      42 from the recorder terminals 47A and 47B.
PAR  In FIG. 6 there is shown an alternative photoelectric pulse initiator
      circuit 31A intended to replace the photoelectric pulse initiator circuit
      31 illustrated in FIG. 4 and mounted in the meter 12 as shown for the
      circuit 31. The same power supply portion 100 and LED radiation emitters
      114 and 116 and phototransistors 115 and 117 are connected together and
      are provided in the sensing head 28 as described hereinabove. The same
      dual D type flip-flop digital integrated circuit 70 and presettable
      divide-by-N counter digital integrated circuit 72 are used as described
      for the pulse initiator circuit 31 with connections as shown in FIG. 6.
      The digital integrated circuit 71 of the circuit 31 is not used to reduce
      the cost and produce a different pulse dividing operation in the circuit
      31A. The RESET 1 and SET 1 inputs to the circuit are connected to the
      phototransistors 117 and 115 to toggle the flip-flop outputs Q1 and Q1
      each time a phototransistor is switched conductive. The Q2 and Q2 outputs
      of the flip-flop circuit 70 provides preselectable pulse division ratios
      at the output terminals 150 and 151. The conductors 37A and 37B provide
      the two-wire pulse initiator output as for the circuit 31. Common polarity
      ends of conventional diodes 153 and 154 are connected with the polarity
      shown to the Q and Q1 outputs of the circuit 70. The opposite common
      polarity ends of the semiconductor diodes 153 and 154 are connected
      together and through a resistor 155 to the grounded supply conductor 112
      and also to the CLOCK input of the circuit 72. The diode connections
      uniquely produce a low to high pulse transition at the CLOCK input of the
      circuit 72 with change in the logic states of Q1 and Q1. In effect, the
      diodes double the frequency of the low to high transitions normally
      occurring at either of the Q1 or Q1 outputs. The junction capacitances of
      the diodes 153 and 154 and the value of the resistor 155 assure that the
      required time spacing between consecutive low to high transitions is
      provided and also that the minimum CLOCK input pulse width is provided.
      The DATA input is connected to the CLOCK 2 input. The circuit 72 is
      programmed to divide the low to high pulse transitions from the diodes 153
      and 154 so that divide by 2, 4, 6, 8 and 10 operations occur at the Q1,
      Q2, Q3, Q4 and Q5 outputs, respectively.
PAR  To preselect the desired pulse dividing ratio to be established at the
      terminals 150 and 151 a pulse division selector multiple contact switch
      arrangement 154 is provided. A rotary switch arm 155 is positional to
      connect the switch common input terminal 156 with one of the switch
      terminals 158-1, 158-2, 158-4, 158-6, 158-8 and 158-10 which correspond to
      the divide by 1, 2, 4, 6, 8 and 10 when the terminals 157, 158-1, 158-2,
      158-4, 158-6, 158-8 and 158-10 are connected to the DATA input, CLOCK
      input, Q1, Q2, Q3, Q4 and Q5 outputs of the circuit 72, respectively.
PAR  FIG. 8 illustrates an alternative power input circuit 100A intended to
      replace the circuit 100 shown in FIGS. 4, 6 and 7. The LED's 114 and 116
      are connected between the 12 volt AC input supplied by the conductors 35B
      and 36B and the same full wave rectifier bridge included in the power
      input circuit 100. Oppositely poled series connected Zener diodes 161 and
      162 are connected across the series connected LED's 114 and 116 and the
      aforementioned resistor 118 so that the LED's are lighted only during the
      positive half cycle of the current occurring across the conductors 35B and
      36B. This aids in extending the operating life of the LED's 114 and 116.
PAR  In FIG. 7 there is shown a further alternative embodiment of a pulse
      initiator circuit 31B intended to replace the circuit 31 as described
      hereinabove when either the output pulse rate of the pulse initiator may
      be equal to or one-half the input pulse rate from the phototransistors 115
      and 117. In the circuit 31B only the dual D type flip-flop digital
      integrated circuit 70 is used and is the same type as described for the
      circuit 70 shown in FIG. 4 including the two flip-flops F/F1 and F/F2. The
      Q1 and Q1 outputs are connected to the circuit output terminals 160 and
      161 and the Q2 and Q2 outputs are connected to the circuit output
      terminals 162 and 163. The conductors 37A and 38A are connectable to the
      pair of output terminals 160 and 161 or to the pair of output terminals
      162 and 163 to provide either a divide by 1 or divide by 2 output to the
      recorder as described hereinabove for the circuits 31 and 31A.
PAR  The SET 1 input and RESET 1 input are connected to the phototransistor 115
      and 117. The Q1 output is connected to the CLOCK 2 input and Q2 output is
      connected to the DATA 2 input. The DATA 1, CLOCK 1, SET 2 and RESET 2 are
      all connected together and to the grounded supply conductor 112. The
      direct input photoelectric pulse initiator circuit 31B provides all the
      advantages and lower cost of the photoelectric pulse initiator circuits 31
      and 31A where the additional advantage of preselectable output pulse
      ratios are not required.
PAR  While the embodiments of the direct input photoelectric pulse initiator and
      the pulse initiator and recorder pulse telemetry receiver described
      hereinabove for metering telemetry and recorder systems constitute
      preferred embodiments of this invention it is contemplated that
      modifications and substitution of equivalent parts may be within the
      spirit and scope of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A photoelectric pulse initiator for a meter telemetry system
      transmitting metering data from a rotatable meter movement rotated at a
      rate related to a measured electric power quantity, comprising: a power
      supply circuit including a rectifier means connectible to a source of
      alternating current to establish a source of direct current therein; first
      and second radiation source-pickup pairs connected to said power supply
      circuit, each of said first and second pairs including a solid state
      radiation emitter source and a solid state radiation responsive pickup,
      said radiation responsive pickups being alternately activated by reflected
      radiations from said sources at a rate responsive to the rate of rotation
      of the meter movement; a low power solid state digital integrated circuit
      flip-flop circuit supplied from said source of direct current in said
      power supply circuit, said flip-flop circuit including one flip-flop means
      including one SET and one RESET inputs and one Q and one Q logic outputs,
      said one SET and one RESET inputs being separately connected to separate
      ones of said radiation responsive pickups, said one Q and one Q outputs
      having alternately latched high and low logic states in response to said
      alternate activation of said radiation responsive pickups; and output
      means including first and second terminal means connected to said one Q
      and said one Q outputs, said output means being connectible to a data
      receiver means of the telemetry system such that continuous current pulses
      having either of opposite directions are supplied from said source of
      direct current to said output means in accordance with said alternate high
      and low logic states at said one Q and one Q outputs.
NUM  2.
PAR  2. A photoelectric pulse initiator as claimed in claim 1 wherein said low
      power solid state digital integrated circuit flip-flop circuit includes a
      second flip-flop means including second DATA and second CLOCK inputs and
      second Q and second Q outputs of said flip-flop circuit, said second DATA
      input being connected to one of the second Q and second Q outputs of said
      second flip-flop means and said second CLOCK input being connected to one
      of said one Q and one Q outputs of said one flip-flop means so that said
      second Q and second Q outputs of said second flip-flop means are
      alternately latched once at high and low logic states for every two
      alternate latching of said one Q and one Q outputs of said one flip-flop
      circuit means; and
PA1  wherein said output means includes third and fourth terminal means directly
      connected to said second Q and second Q outputs and, wherein both said
      first and second terminal means and said third and fourth terminal means
      are selectively connectible to said receiver means of said telemetry
      system.
NUM  3.
PAR  3. A pulse initiator circuit as claimed in claim 1 wherein said low power
      solid state digital integrated circuit flip-flop circuit includes a second
      flip-flop having associated second DATA and second CLOCK inputs and second
      Q and Q outputs with said second CLOCK input being connected to said
      second Q output, and wherein said pulse initiator further includes a low
      power solid state digital integrated circuit divide by N counter circuit
      including DATA and CLOCK inputs and plural Q outputs, said counter circuit
      DATA and CLOCK inputs being connected to said second CLOCK input and said
      one Q1 output respectively; and wherein said pulse initiator further
      includes a pulse division selector means having plural terminal means each
      being connected to a different one of said counter circuit Q outputs and
      said pulse division selector means further having a common terminal
      connected to said counter circuit DATA input and selectively connectable
      to one of said plural terminal means for presetting said counter circuit a
      different count divisions, and wherein said output means includes third
      and fourth terminal means directly connected to said second Q and second Q
      outputs and wherein both said first and second terminal means and said
      third and fourth terminal means are selectively connectible to said
      receiver means of said telemetry system such that said continuous current
      pulses are generated at said third and fourth terminal means at a
      preselected rate which is a submultiple of said rate at which the pickups
      are activated.
NUM  4.
PAR  4. A photoelectric pulse initiator as claimed in claim 3 including a low
      power solid state digital integrated circuit including plural two input
      NAND gates, said inputs of each NAND gate being connected to two different
      ones of said counter circuit Q outputs and the output of each NAND gate
      being connected to one of said plural terminal means of said pulse
      division selector means for producing further counter count divisions.
NUM  5.
PAR  5. A photoelectric pulse initiator as claimed in claim 3 wherein one of
      said one Q and Q outputs of said flip-flop circuit means and said CLOCK
      input of said counter circuit are connected to one of said terminal means
      of said pulse division selector means for producing a current pulse output
      at said one Q and one Q output which have the same pulse rate as said rate
      at which said radiation responsive pickups are activated.
NUM  6.
PAR  6. In a meter telemetry system for transmitting pulse information from an
      electric meter including a rotatable meter movement rotated at a rate
      related to an electric power quantity measured by said meter, the
      combination comprising: a reflection pattern means rotatable in response
      to the rate of rotation of the meter movement; a photoelectric pulse
      initiator circuit including first and second radiation source-pickup
      pairs, each of said first and second pairs including a solid state
      radiation emitter source and a solid state radiation responsive pickup,
      said pickups being alternately activated at a rate responsive to the rate
      at which radiations are coupled between said emitter source and said
      pickup by rotation of the reflective pattern means, said pulse initiator
      further including a power input circuit including a rectifier for
      developing a source of a direct current from an alternating current
      applied to said power input, a low power solid state digital integrated
      circuit means supplied by said source of direct current, said integrated
      circuit means including a flip-flop circuit including SET and RESET inputs
      alternately responsive to said alternate activation of said pickups of
      said first and second source-pickup pairs, and further including Q and Q
      logic outputs having alternately high and low logic states in response to
      the alternate inputs to said SET and RESET inputs, and output means
      including a pair of terminals connected to said Q and Q outputs for
      developing continuous opposite polarity current data pulses each having a
      predetermined polarity responsive to said high and low logic states of
      said Q and Q outputs, and a recorder telemetry receiver means including a
      two-wire recorder circuit including an electrical recording means, said
      receiver means including an alternating current power supply circuit
      energized by said electric power measured by said electric meter, said
      alternating current power supply having an output connected to said power
      input circuit of said pulse initiator for applying the alternating current
      thereto; and conductor means connecting said pair of terminals of said
      output means of said pulse initiator circuit to an input to said two wire
      recorder circuit to energize said recording means by said opposite
      polarity current pulses to effect data recording of said pulses.
NUM  7.
PAR  7. In a meter telemetry system as claimed in claim 6 wherein said recorder
      telemetry receiver means is a magnetic recorder and said electrical
      recording means includes a magnetic record head for generating
      non-return-to-zero data record pulses in response to said opposite
      polarity current data pulses.
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ABST
PAL  A portable fire alarm device comprising fire detecting means and alarm
      means powered from a self-contained power supply. The power to the
      detector and alarm is through a normally closed switch of the type such as
      a mercury switch which may be opened by tilting the device to a
      predetermined angle from the vertical so that the alarm may be shut off.
PAL  A second normally open switch of the mercury type connects the power supply
      directly to the alarm device and is so oriented that tilting the device to
      a predetermined angle from the vertical closes said switch and energizes
      the alarm to test the condition of the battery.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a view in side elevation of a portable fire detecting device
      embodying the features of the invention, with certain internal components
      being shown in dashed line.
PAR  FIG. 2 is a schematic diagram of an electrical circuit used in the device
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawing, there is illustrated a fire detection device 10
      which comprises a base 12, a conical housing 14 projecting upwardly from
      the base, and a fire detector 16 positioned on the upper end of the
      housing in such a manner that it can receive fire radiation from any
      direction.
PAR  The device 10 is intended to be readily portable with a self-contained
      rechargable battery power supply to enable its use in airplane hangers,
      garages, warehouses, construction sites, and the like.
PAR  To provide a housing that is readily visible, distinctive in appearance,
      and capable of absorbing impact and rough handling without damage, it has
      been found that a so-called traffic cone may be used. Such a device is
      commonly formed of molded rubber or resilient plastic, and is usually made
      in a fluorescent red color. The base 12 may be filled with sand to provide
      stability.
PAR  As illustrated in FIG. 1, the heavier electrical components of the system
      are mounted near the base to provide additional stability, and the fire
      detector itself is mounted on the top of the cone so that it may receive
      fire radiation from 360.degree..
PAR  The detector 16 may be of any desired type. In the illustrated embodiment
      the detector is of the type that responds to ultra-violet radiation from a
      flame. Detectors of this type are well known in the art.
PAR  Referring to FIG. 2, there is illustrated a schematic diagram of an
      electrical circuit for use with the device of FIG. 1. The circuit includes
      a power supply B which preferably is a battery rechargable when necessary
      from an external source through a line cord transformer T, and a voltage
      regulator VR.
PAR  The detector has an internal switch S1 which may be mechanical or
      electronic which closes when the detector receives fire radiation, which
      completes a circuit, through switch S2 and diode D between the alarm
      device A and the battery B.
PAR  The switch S2 is of the gravity-operated type which is opened and closed by
      tilting, such as a mercury switch, in which two contacts are disposed in a
      sealed housing containing a quantity of mercury. When the housing is in
      one orientation, the mercury covers both contacts and completes a circuit
      therebetween. When the housing is tilted to another orientation, the
      mercury flows away from at least one of the contacts and the circuit
      between the contacts is broken.
PAR  In the illustrated embodiment the switch S2 is so mounted in relation to
      the housing that the switch is closed when the housing is in its upright
      normal position, but opens when the housing is tilted away from the
      vertical a predetermined amount for a purpose to appear hereinafter.
PAR  A second circuit to the alarm device is provided directly from the battery
      through a second gravity operated switch S3. The switch S3 is so mounted
      in the housing that when the housing is in the upright position, the
      switch is open, and the switch is closed by tilting the housing to a
      predetermined angle away from the vertical.
PAR  When the device is in operation, the sensing of a fire by the detector 16
      will cause the internal detector switch S1 to close, completing the
      circuit to the alarm through switch S2. The internal detector circuitry
      also includes means for locking in the alarm circuit, so that the alarm
      will continue to sound even if the detector temporarily ceases to sense
      the fire radiation.
PAR  In the illustrated embodiment the locking in of the alarm circuit is
      effected by the use of an SCR, which is triggered into conductivity by a
      signal to the gate thereof from the detector. Once triggered into
      conduction, the SCR will continue to conduct until the alarm circuit is
      elsewhere broken, regardless of whether or not there is a continuing
      signal at the gate. The same result can, of course, be achieved by a relay
      with a holding circuit, as is well known in the art.
PAR  The alarm will therefore continue to sound until the circuit thereto is
      broken by tilting the housing to open switch S2, which de-energizes the
      alarm and also de-energizes the holding circuit in the detector. The alarm
      will therefore remain de-energized when the housing is returned to the
      upright position (assuming that radiation from a fire is no longer being
      received by the detector).
PAR  The operability of the entire device may be tested by lighting a match
      within a few feet of the detector and the resulting alarm may be shut off
      in the manner described above.
PAR  The switch S3 allows the testing of the alarm and battery circuit by merely
      tilting the housing away from the vertical a pre-determined amount. The
      loudness of the alarm provides an indication of battery condition. Since
      the detector draws only a small fraction of the current drawn by the
      energized alarm, a loud signal from the alarm indicates that the battery
      has sufficient charge for operation of the detector for an extended period
      without recharging the battery.
PAR  The provision of switch S3 also provides an alarm, even in the absence of
      fire, if the housing is inadvertently knocked over, which would render the
      detector inoperative by reason of the opening of switch S2. Although it is
      convenient to utilize the same alarm for this purpose, it will be apparent
      that an alarm having a different sound may be provided if desired to
      indicate upsetting of the device.
PAR  In a particular embodiment of the invention the switch S3 may be oriented
      so that it closes to sound the alarm when the housing is tilted about
      20.degree. away from the vertical, so that it will give an alarm if
      contacted by a moving vehicle.
PAR  Although in the illustrated embodiment the detector 16 is responsive to
      ultra-violet radiation, for other applications it may be responsive to
      infra-red, with means provided to enable the detector to discriminate
      between infra-red from a fire and from other sources, or the detector may
      be responsive to smoke.
PAR  Although mercury switches are used in the illustrated embodiment, other
      gravity operated switches that open and close with change in orientation
      may be used.
PAR  Since certain other obvious changes may be made in the device without
      departing from the scope of the invention, it is intended that all matter
      contained herein be interpreted in an illustrative and not a limiting
      sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A portable fire detector, comprising a base and an upwardly projecting
      member, fire detecting means in said upwardly projecting member, and
      signalling means associated therewith, means responsive to the detection
      of fire by said fire detection means to energize said signalling means
      through a first circuit that includes circuit latching means, means
      responsive to the tilting of said device a predetermined angle away from
      and back to the vertical to energize and de-energize respectively said
      signalling device through a second circuit path, and means responsive to
      the tilting of said device away from the vertical a predetermined amount
      when the signalling device has been energized by the detector to
      de-energize the signalling device by breaking the first circuit.
NUM  2.
PAR  2. A portable fire detector, comprising a base and an upwardly projecting
      member, fire detecting means on said upwardly projecting member,
      signalling means for connection to a power source, means responsive to the
      detection of a fire by said fire detecting means to complete a first
      circuit from said signalling means to the power source, circuit latching
      means for thereafter maintaining said circuit, means responsive to the
      tilting of the upwardly projecting member away from the vertical to break
      said first circuit, means responsive to the tilting of the upwardly
      projecting member away from the vertical to complete a second circuit path
      from the power source to the signalling means, said second circuit being
      maintained only while the upwardly projecting member is disposed at an
      angle from the vertical and being broken when the upwardly projecting
      member is returned to the vertical position.
NUM  3.
PAR  3. In a portable fire detector unit comprising a base, a member projecting
      upwardly from the base, a fire detecting device disposed on top of said
      member, signalling means for connection to a power source, and electrical
      circuitry responsive to the detection of the presence of fire by the fire
      detecting means to complete a circuit path between the power source and
      the signalling means, the improvement comprising a first gravity operated
      switch connected in said circuit path and being so mounted as to be
      normally closed when the unit is in the normal upright position and to
      open when the unit is tilted a predetermined angle away from the vertical,
      thereby breaking the circuit path to the signalling means and said circuit
      holding means and a second gravity operated switch connected to provide a
      second circuit path between the power source and the signalling means, and
      being so mounted as to be open when the unit is in its normal upright
      position and closed when the unit is tilted a predetermined angle from the
      vertical, whereby after said signalling unit is energized through the
      first circuit path, it may be deenergized by tilting the unit away from
      the vertical to an angle such that the first gravity operated switch is
      opened and returning it to the upright position, and the signalling device
      may be energized independently of the detection of a fire for test
      purposes by tilting said unit away from the vertical to an angle such that
      the second gravity operated switch is closed.
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PAL  A seven-segment display arrangement has one or more seven-segment display
      devices each with a common anode and a cathode for each segment, and a
      diode connected to each cathode is arranged so that on failure of a
      segment the cathode current is drawn by the diode and is used to initiate
      a warning signal. Principal application for the display is in a liquid
      fuel dispenser where the display may be mounted in encapsulated form on
      the dispensing nozzle.
BSUM
PAR  The invention relates to a seven-segment electronic display arrangement and
      is concerned in one aspect particularly with means for detecting failure
      of a seven-segment display device. Another aspect of the invention is
      concerned with a liquid fuel dispensing pump embodying a seven-segment
      electronic display.
PAR  A seven-segment display device, which may be a solid state device, has
      seven segments each of which has an anode and is illuminated when current
      is passed between the anode and the cathode. For convenience the anodes or
      the cathodes of all the segments are connected to a common terminal and
      selective illumination of the segments is effected by selectively applying
      cathode potentials to the different cathodes or anode potentials to the
      different anodes as the case may be. Exclusive reference will be made
      hereinafter to a common anode device, but it is to be understood that the
      invention applies equally to a common cathode device, references to
      "anode" and "cathode" being interchangeable as appropriate.
PAR  Failure of one or more of the segments of a seven-segment device may not be
      immediately apparent by observation, since the device will merely give a
      wrong numerical output. In some applications, particularly for retail sale
      indications, for example, it is important and possibly legally required
      that erroneous indications should not go undetected. The invention seeks
      to provide an arrangement in which failure in a seven-segment device will
      be detected.
PAR  According to one aspect of the invention there is provided a seven-segment
      display arrangement comprising a seven-segment display device having a
      common anode and a cathode for each segment, a cathode driver connected to
      each cathode for supplying cathode surrent to the appropriate segment when
      energised, a circuit connection including a series diode connected to each
      cathode, a detector circuit connected to the circuit connections so as to
      draw current through the respective diode from the respective cathode
      driver in the event of a segment failure of the device, and an output from
      the detector circuit connected to give a warning indication on receipt of
      current through a diode.
PAR  The output from the detector circuit may be connected simply to a visible
      and/or audible warning device. However, instead, or preferably in
      addition, the output is connected to energise all the cathode drivers on
      detection of a current through a diode. In this way the indication given
      by the device will be maintained as a fixed number which should be 8
      because of the failed segment.
PAR  A preferred embodiment of the invention comprises a plurality of
      seven-segment devices of which respective cathodes are connected in common
      to the cathode drivers and to the circuit connections. With this
      arrangement, energisation of all the cathode drivers simultaneously will
      give indications of 8 on all the devices except the device at fault.
PAR  A feature of the invention is the provision of means for activating a
      multi-digital display of the seven-segment kind in a time-division
      multiplex manner. To this end, each display device has a respective anode
      driver and the anode drivers are energised cyclically in turn so that only
      one device is operative at any one time. There is a set of common cathode
      drivers each connected to respective cathodes of the display devices. The
      pattern of potentials applied by the common cathode drivers is altered
      sequentially in synchronism with the cycling of the anode drivers so that
      as each set of common anodes of a device is energised, the cathodes of
      that device are energised to give the appropriate digital display.
      Furthermore, the cathode pattern may be established by the output from a
      binary register/decoder combination which is set for each digit by a train
      of binary pulses. In this way all the display device can be controlled
      remotely over only four control wires. One additional wire is necessary
      for the warning signal from the failure detector.
PAR  The invention has particular application in giving indications for liquid
      fuel dispensing pumps in, for example, a petrol station. Thus, in
      accordance with a feature of the invention it is proposed to indicate fuel
      sales information such as volume of fuel, cost of fuel and/or unit price
      of fuel by means of an array of seven-segment devices having a segment
      failure arrangement as described above. The display for each fuel pumpmay
      be in the pump body and is preferably duplicated at a central control
      where a cashier is situated to accept payment. The time-division multiplex
      system described above is particularly useful for conveying the
      information to be displayed in a time-sharing manner from the dispensing
      pumps to the central control with the minimum of inter-connecting wires.
      The invention further contemplates an improved display for a liquid fuel
      dispensing pump.
PAR  According to another aspect of the invention a display for displaying sales
      information in a liquid fuel dispensing pump comprises an array of
      seven-segment electronic display devices, there being one device for each
      digit of information to be displayed, the array being mounted on the
      handle of the fuel pump nozzle. With this arrangement the display is
      readily observed by the operator as dispensing is taking place. The
      display may be duplicated by a similar array of seven-segment devices is
      the pump body and/or at a central control.
PAR  In the interests of safety the display on the nozzle handle is preferably
      totally encapsulated in a block having at least a transparent face through
      which the display can be observed. Preferably the display is controlled in
      a time-division multiplex manner over four wires in the manner described
      above. Preferably a segment failure detector arrangement is provided, as
      described above.
DRWD
PAR  The invention will further be described with reference to the accompanying
      drawings, of which:
PAR  FIG. 1 is a circuit diagram of a display arrangement in accordance with the
      invention;
PAR  FIG. 2 is a circuit diagram of another display arrangement in accordance
      with the invention as applied to a liquid fuel dispensing system;
PAR  FIG. 3 is a schematic diagram of the dispensing system of FIG. 2; and
PAR  FIG. 4 is a perspective view of the nozzle of a dispensing pump embodying
      the invention.
DETD
PAR  Referring to FIG. 1 there is shown a display arrangement which comprises a
      seven-segment display device 1 of which the segments have a common anode
      2. The segments have respective cathodes 3 which are driven by respective
      cathode drivers in a driver unit 4. The driver unit 4 includes a decoder
      and accepts input signals on four input terminals 5 which determine the
      pattern of output potentials applied to the cathodes 3. The segments
      illuminated and thus the number indicated is accordingly determined by the
      input on terminals 5.
PAR  Each cathode is connected to a respective circuit connection such as that
      shown at 6 and each circuit connection includes a series diode such as
      that shown at 7. The diodes are connected to inputs of a detector circuit
      8. If a segment of the device 1 should fail this would mean that when a
      cathode potential is applied to the respective cathode 3 no current would
      be drawn through the device via that cathode. Under these circumstances,
      the cathode current is drawn through the respective diode 7 and is
      detected by the detector circuit 8. On receipt of such a current the
      detector circuit energises an output 9 which is connected to an alarm 10
      to give an audio and/or visual alarm.
PAR  Referring now to FIG. 2 there is shown a display arrangement which is a
      development of that of Figurel and which includes thirteen seven-segment
      display devices 1, of which only three are shown. A common cathode driver
      unit and decoder 4 is provided for all the display devices 1, the cathodes
      being connected to respective members of a set of lines 11 which are
      energised by the unit 4. The lines 11 are equivalent to the circuit
      connections 6 of FIG. 1 and diodes 7 are provided as described, connected
      to the inputs of a detector unit 8. If any one of the segments of any of
      the seven-segment devices 1 fails, a current will be drawn through a diode
      7 and will be detected by circuit 8. As a result, an output signal will be
      applied over a line 12 to an alarm unit (not shown). Also, the output
      signal will be applied to the driver unit 4 in such a way as to apply
      cathode potential to all outputs of the driver unit. This means that all
      of the lines 11 will receive cathode potential and each display device
      will show the numeral 8 with the exception of the device which is at
      fault.
PAR  The arrangement of FIG. 2 is specifically designed for use as a display
      array in the nozzle handle of a liquid fuel dispensing pump. The display
      is for showing the volume of fuel dispensed, the cost of fuel as it is
      dispensed and the selected unit price of the fuel. To this end there are
      13 digits of the display and there are accordingly 13 display devices 1.
PAR  In order to reduce the number of control lines necessary to effect the
      display of 13 digits a time-division multiplex display system is employed.
      To this end, each of the display devices 1 receives anode potential from a
      selector circuit 13 which is controlled by a latch 14 and a four bit
      counter 15 so that the display devices are "enabled" by provision of an
      anode potential in turn in cyclic sequence.
PAR  In order to display the appropriate numeral in each display device the
      driver unit 4 is controlled by a latch 17 which is set by a four bit
      register 18 in synchronism with the cyclic display sequence. Thus, when a
      particular display device receives an energising anode potential, the
      cathode potential pattern which is applied to the cathodes of the device
      is appropriate to give the required indication. Controlling signals for
      the numerals are applied over a line 19 in serial binary digital form.
      Latching signals are provided over an input line 20 and display device
      selector signals are applied over an input 21. An input line 22 is for
      clearing the counter 15. It will be seen that in addition to the fault
      signal line 12, there are only four input lines to control the thirteen
      display devices. This is convenient in this particular arrangement since
      the number of input lines should be kept to a minimum because of safety
      requirements and also because of the space available for the input lines
      is small.
PAR  FIG. 3 shows a general arrangement of a petrol filling station embodying a
      petrol pump having the display arrangement of FIG. 2. There are a number
      of similar petrol pumps in the station but for convenience only one is
      shown at 23. All the pumps are connected by a common data transmission
      link 24 to a central control 25 where a cashier is stationed to collect
      cash at the end of each transaction. The pump 23 has a display 26 mounted
      on the body of the pump and this display is a 13-character display of the
      kind mentioned with reference to FIG. 2. However, it is additional to a
      display on the pump nozzle handle. Also, the display is duplicated at the
      central control 25 where, again, there are shown the 13 digits appropriate
      to the current dispensing operation. This information is conveyed over the
      common data link 24 in a time division multiplex manner by serial binary
      digital signals. Each pump is interrogated in turn by the central control
      and delivers the required information as a result of the interrogation.
      This serial information is processed in the central control 25 in the same
      manner as described with reference to FIG. 2 to give the required display.
PAR  Referring now to FIG. 4 there is shown the nozzle of the pump 23 of FIG. 3.
      The nozzle has a handle on which is mounted the seven-segment display
      array. The array is totally encapsulated in a transparent epoxy resin
      block 27. The display shows the current volume of fuel as it is dispensed,
      the total price as it is dispensed and the cost per unit volume of the
      fuel chosen. A heat sink (not shown) is incorporated in the block 27 in
      order to dissipate the heat generated by the seven-segment display
      devices. The five lines necessary for the display and alarm signals are
      included in a cable (not shown) which runs along the pump hose.
CLMS
STM  I claim:
NUM  1.
PAR  1. A seven-segment display arrangement comprising a seven-segment display
      device having a common anode and a cathode for each segment, a cathode
      driver connected to each cathode for supplying cathode current to the
      appropriate segment when energised, a circuit connection including a
      series diode connected to each cathode, a detector circuit connected to
      the circuit connections so as to draw current through the respective diode
      from the respective cathode driver in the event of a segment failure of
      the device, and an output from the detector circuit connected to give a
      warning indication on receipt of current through a diode.
NUM  2.
PAR  2. A seven-segment display arrangement as claimed in claim 1 wherein the
      output from the detector circuit is connected to energise all the cathode
      drivers on detection of a current through a diode.
NUM  3.
PAR  3. A seven-segment display arrangement as claimed in claim 1 including at
      least one further seven segment display device, respective cathodes of the
      display devices being connected in common to the cathode drivers and to
      the circuit connections.
NUM  4.
PAR  4. A seven-segment display arrangement as claimed in claim 3 wherein each
      display device has a respective anode driver and time-division multiplex
      means are provided to energise the anode drivers in cyclic sequence and
      also to alter the pattern of potentials applied by the common cathode
      drivers sequentially in synchronism with the cycling of the anode drivers
      so that as each set of common anodes of a device is energised, the
      cathodes of that device are energised to give the appropriate digital
      display.
NUM  5.
PAR  5. A seven-segment display arrangement as claimed in claim 3 in a liquid
      fuel dispensing pump, the pump including means responsive to the quantity
      of fuel dispensed by the pump and the unit price of the fuel to drive the
      display devices to give indications of the volume dispensed and the cost
      of the fuel dispensed.
NUM  6.
PAR  6. A seven-segment display arrangement as claimed in claim 5 wherein the
      pump has a delivery nozzle with a handle, and the display arrangement is
      mounted on the nozzle handle.
NUM  7.
PAR  7. A seven-segment display arrangement as claimed in claim 6 in which the
      display on the nozzle handle is totally encapsulated in a block having at
      least a transparent face through which the display can be observed.
NUM  8.
PAR  8. A seven-segment display arrangement for displaying sales information in
      a liquid fuel dispensing pump, the pump having a dispensing nozzle with a
      handle and the display arrangement comprising an array of seven-segment
      electronic display devices, there being one device for each digit of
      information to be displayed, the array being mounted on the handle of the
      fuel pump nozzle.
NUM  9.
PAR  9. A seven-segment display arrangement as claimed in claim 8 wherein the
      display on the nozzle handle is totally encapsulated in a block having at
      least a transparent face through which the display can be observed.
NUM  10.
PAR  10. A seven-segment display arrangement comprising a plurality of
      seven-segment display devices each having a common anode and a plurality
      of cathodes, an anode driver for each display device, a set of common
      cathode drivers each connected to respective cathodes of the display
      devices and time division multiplex means are provided to energise the
      anode drivers in cyclic sequence and also to alter the pattern of
      potentials applied by the common cathode drivers sequentially in
      synchronism with the cycling of the anode drivers so that as each set of
      common anodes of a device is energised, the cathodes of that device are
      energised to give the appropriate digital display.
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PAL  The high D.C. voltage power supply device for the electrodes of an
      electrostatic ink mist prevention system in rotary printing machines has a
      conventional full-wave voltage doubling circuit consisting basically of a
      transformer, plug-in rectifiers, plug-in capacitors and plug-in bleeder
      resisters. Additional circuitry mounted on an interchangeable printed
      circuit board comprising exclusively standard solid state switching
      elements such as an integrated circuit for producing an output pulse when
      the line voltage goes through zero voltage, which is utilized for turning
      the high voltage on and off via an SCR firing circuit in addition to
      illuminating a pilot light via a triac firing circuit. The D.C. high
      voltage load current is sensed across a resistor, and a resistor
      potentiometer is provided for setting the high voltage current turn-off
      trip point. A timing device is provided for re-energizing the solid state
      circuitry after a preset time interval. The pilot light starts flashing
      when the triac is fired from the flashing circuit; but as long as a fault
      is still present, the system turns off again. This is repeated until the
      fault is cleared away, whereupon the solid state circuitry re-energizes
      the system automatically.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to D.C. voltage power supply devices and
      particularly to a power supply device for high voltage D.C electrodes in
      an electrostatic system for the prevention of the formation of ink mist in
      a high speed rotary printing machine.
PAR  High voltage D.C. power supply systems are known and in use in similar
      applications where it is intended to prevent the ambient atmosphere in the
      printing press room from being polluted by the micro-fine ink mist which
      is generated by the ink rollers of the printing machine. In one of the
      best known applications electrodes are installed parallel to the ink
      rollers of the printing machine and these electrodes are connected to the
      high voltage D.C. output of the power supply device for electrostatically
      emitting streams of ionized air against the grounded rollers whereby the
      micro-fine ink mist particles are prevented from flying off the surface of
      the rollers and from floating freely in the pressroom atmosphere. In
      another application of high voltage D.C. for the electrostatic elimination
      of ink mist, very thin wires are strung parallel of the nips of the ink
      rollers. These systems and their high voltage D.C. power supply diagrams
      are shown in the U.S. Pat. Nos. 3,515,064 and 3,011,435. Protecting both
      the power supply device and the installations in the printing machines
      against faults or shorts had been provided in the form of fuses and/or
      electro-mechanical circuit breakers combined with a signal light. Faults
      can occur in many ways during the operation of the printing machine
      causing abnormally high currents, such as by electrodes getting dirty, by
      electrodes being coated with printing ink; by electrodes breaking, arcing
      or by foreign matter such as paper shreds getting into and between the
      electrodes and the rollers causing shorts of the high voltage. When such
      faults occurred, the prior art safety devices turned the power supply off.
      Since a plurality of other signal lights of all kinds are installed on the
      printing machines and on the related individual units present in the
      pressroom, the fault indicating light on the D.C. power supply cabinet of
      the prior art devices is not always immediately noticed, if at all,
      resulting in soiling of the machine and in polluting of the air in the
      pressroom. Another high voltage D.C. supply systems known from the U.S.
      Pat. No. 3,295,441 provides switching circuits for switching the power
      supply on after a fault had occurred a certain limited number of "off-on"
      cycles. No provision has been made in the prior art for alerting
      effectively the pressroom personnel so that the fault could be corrected.
PAR  All known systems comprise electro-mechanical means such as relays,
      contactors and switches, which are inherently subject to wear, mechanical
      failures and to a relative delay of action. These prior art systems also
      do not keep giving efficient alerting signals as long as the fault
      prevails, and keep probing the fault and re-energizing the system
      automatically until the fault has been removed, without being in danger of
      burning out component parts.
PAR  The problems which became known by practicing the prior art, concern mainly
      the elimination of all mechanically movable electrical elements, the lack
      of an effectful alarming system for alerting the operating personnel about
      the actual condition of the power system and automatically re-energizing
      the system after a fault has been cleared away. These problems are solved
      by the present invention.
PAR  This application is copending with its companion case "Printing Machine
      High Voltage Power System" invented by Huffsmith and assigned to the
      assignee of the present invention being application Ser. No. 547,870,
      filed Feb. 7, 1975.
PAC  SUMMARY
PAR  The invention consists in such novel features, construction arrangements,
      combinations of parts and improvements as may be shown and described in
      connection with the device herein disclosed by way of example only and as
      illustrative of a preferred embodiment. The novelty of the high voltage
      D.C. power supply device resides in the new combination of per se known
      elements and in the application of solid state switching means, which are
      arranged in two main groups. The first group comprises a full-wave voltage
      doubling D.C. circuit, with a multi-tap power transformer, diode
      rectifiers, capacitors and bleeder resistors. This construction provides
      the high voltage of approximately 12,000 D.C. volt for the ink mist
      prevention electrodes. The second group which is tied in with the first
      group comprises an interchangeable printed circuit board which has an
      integrated circuit and certain solid state switching elements and which is
      arranged for being plugged in as a whole unit. An output pulse is produced
      by the integrated circuit on the P.C. board, when the line voltage
      waveform passes through zero.
PAR  This zero crossing firing provision assures that the power transformer will
      be always turned "on" at this zero voltage point. This is utilized for
      turning the high output voltage on and off by way of an SCR firing circuit
      to which a pilot light is connected over a triac firing circuit. A zener
      diode is provided for protecting the Integrated Circuit from being
      overdriven. An adjustable potentiometer is arranged for pre-setting the
      overload trip point of the high voltage output, and when an abnormal high
      current caused by electrode arcing exceeds a preset value, an SCR circuit
      is turned "off" which de-energizes the power transformer primary winding,
      whereby the high voltage is automatically turned off. Due to the
      comprehensive use of solid state switching elements this action takes
      place within 8 to 16 milliseconds, i.e., within 1/2 to 1 Hertz. The pilot
      light flashes at the rate of the flashing circuit B.sub.1, C.sub.8 and
      R.sub.16. The flashing continues as long as the abnormal current overload
      exists. An adjustable timing device is included in the integrated circuit,
      which will restore automatically the high voltage by turning the SCR on
      and stopping the flashing of the pilot light. The timing can be set within
      the range from 1 to 8 seconds. However if the abnormal high current
      overload on the high voltage electrode remains, the system is turned off
      and the pilot light flashes again. The pressroom personnel will be alerted
      by this kind of signalling and will take action for removing the source of
      the trouble, such as by cleaning a soiled electrode.
PAR  Objects and advantages of the invention will be set forth in part hereafter
      and in part will be obvious herefrom or may be learned by practicing the
      invention, the same being realized and attained by means of the
      instrumentalities and combinations pointed out in the appended claims.
PAR  It is an object of the invention to provide an improved high voltage power
      supply device for an ink mist prevention system in a rotary printing
      machine.
PAR  It is a further object of the invention to provide a high voltage power
      supply device which comprises exclusively solid state switching elements
      because of the atmosphere in a printroom is detrimental to the long life
      of mechanical switches.
PAR  Another object of the invention is to provide circuitry means which permits
      the use of solid state switching and control elements pre-fabricated and
      integrally mounted on a plug-in printed circuit board.
PAR  Furthermore it is an object of the invention to provide the combination
      with automatically on and off switching elements to control 2 flashing
      pilot lights indicating the occurrence of an abnormally high current in
      the electrode system.
PAR  Various further and more specific purposes, features and advantages will
      clearly appear from the detailed description given below taken in
      connection with the accompanying drawing which forms part of the
      specification and illustrates merely by way of example one embodiment of
      the device of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the following description and in the claims, parts will be identified by
      specific names for convenience, but such names are intended to be generic
      in their application to similar parts as the art will permit. Like
      reference characters denote like parts in the figures of the drawing, in
      which:
PAR  FIG. 1 is the first portion of the line diagram of the D.C. high voltage
      supply device for a printing ink mist prevention electrode;
PAR  FIG. 2 shows the second portion of the line diagram of the D.C. high
      voltage supply device, comprising the plug-in printed circuit board;
PAR  FIG. 3 is a block diagram showing the functional elements on the P.C. board
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in more detail to the drawing illustrating a preferred
      embodiment by which the invention may be realized, there is in FIG. 1
      illustrating by way of a line diagram the first portion of the device, an
      A.C. power feed line 11, 12 of standard 105 to 125 volts, single phase.
      Fuses 13, 14 are provided in line 11, 12 and printing press unit interlock
      switches 15 are arranged for switching the entire device on when the
      printing press is set in motion. A plug-in control interlock relay CRI
      (16) has a relay coil 17 for checking the voltage. When the press is not
      in use, it is bypassed by a test switch 63. A further manually operated
      two-pole switch 18 is provided as part of the control station located on
      each printing press unit. Red caution lights 19, 20 are positioned on each
      side of the arch of the printing press unit for warning the press operator
      that the entire ink mist prevention system is in operation. Unit guard
      switches 21, usually more than one, are provided on the printing press
      unit guards for interrupting the power line 11, when a guard is open or is
      taken off. One more fuse 22 is arranged in line 11 for protecting the
      printing press controls against a fault in the line of the primary winding
      23 of the multitap main transformer 24 of the A.C. high voltage circuit.
      The secondary winding 26 of transformer 24 is connected with the
      voltage-doubling circuit 25 which comprises the two diode rectifiers 27,
      28 the two capacitors 29, 30 and the two bleeder resistors 31, 32. Surge
      resistors 33, 34, 35 in the negative voltage line 36 leading to the ink
      mist prevention electrode 37, and surge resistors 38, 39, 40 in the
      positive voltage line 41 complete circuit 25.
PAR  The second portion of the line diagram of the device is shown in FIG. 2
      illustrating in box form the circuitry of the interchangeable printed
      circuitry board 50. Terminals marked A, B, C, D, E and Y correspond to the
      terminals marked A, B, C, D, E and Y of the first portion shown in FIG. 1
      of the total diagram.
PAR  Basically the printed circuit board has three types of circuits contained
      on it; A pulse generator circuit 101, a signal light control circuit 201;
      and a solid state switching circuit 301 for maintaining output voltage on
      the transformer T .sub.1, for rectification by the voltage doubler circuit
      25.
PAR  IC 1 is an RCA CA 3059 type integrated circuit which has an equivalent
      circuit shown in the RCA catalog. IC 1 puts out pulses as long as the
      voltage input does not diminish below a pre-set value controlled by
      variable resistor R11.
PAR  When the overload signal applied to IC.sub.1 exceeds the pre-set value set
      by R11, IC 1 produces no output pulse. The loss of output pulse causes
      SCR's CR4 and CR5 to stop conducting and no voltage is supplied to
      transformer T.sub.1.
PAR  While the overload signal voltage remains low the integrated circuit will
      put out a pulse every time the line voltage crosses through zero. If the
      short is removed the SCR's CR4 and CR5 will fire and power will be
      resupplied to the output transformer T.sub.1. If the short is present, CR4
      and CR5 will not fire and the high overload voltage will cause IC 1 to
      stop producing pulses. The SCR Firing Circuit then caused the flashing
      circuit to oscillate, flashing L.sub.20. If the "short" is partial and not
      total as frequently occurs in an ink mist prevention system, the circuitry
      will cause the voltage doubler output voltage to remain at a high level
      even though full output voltage is not maintained. Therefore the total
      system will function to prevent ink mist formation in the presence of the
      most common types of shorts present in an ink mist prevention device.
      These most common shorts are the one which occur from the build-up of ink
      on the emitter heads. Shorts of true zero resistance are quite rare in
      these systems. Of course, if one occurs the flashing lights will advise
      the operator to check the emitting system.
PAR  The recycling action keeps repeating until the fault is cleared away, but
      the ink mist prevention system is not simply turned off unnoticed and the
      initial control elements such as fuses 13, 14 and 22 and interlock
      switches 15 and two-pole switch 18 are not affected but remain "on". The
      printing press itself does also not have to be stopped or decelerated
      until the high voltage is restored after the fault has been cleared away.
      The exclusive use of solid state switching elements results in a very
      short action time of 8 to 16 milliseconds corresponding to 1/2 to 1 Hertz
      (frequency cycle).
PAR  But in order to indicate and to alert the operating personnel, signal
      lights 19, 20 are provided on the outside of the enclosure of the supply
      device, which are caused to flash at the pulsing rate of 1 of the pulse
      generator 101. Signal lights 19, 20 are wired in series with a signal
      light control circuit 201 consisting of triac, CR6, a plurality of diodes
      and resistors, neon lamp and a capacitor all wired as shown in FIG. 2. The
      function of triac CR6 is to cause lights 19, 20 to flash when it is
      prevented from firing due to the loss of pulses from integrated IC 1
      circuit caused by the switching off of the system due to a current
      overload. The flashing stops when the switching circuit 301 has turned the
      system on completely again. In order to set a certain high voltage current
      limit to fix a minimum permissible overload, an adjustable current limit
      containing a adjustable potentiometer R11, and a capacitor C3 is connected
      with integrated IC 1.
PAR  A monitor jack 61 circuit is provided on the enclosure of the supply device
      for the insertion of a probe means for a current measuring instrument,
      such as a millimeter, for testing and checking the high voltage current.
      The enclosure of the supply device has also a door (not shown in the
      drawing), and a door switch 62 (FIG. 1) is arranged for interrupting the
      A.C. power feed for safety purposes, when maintenance or repair work on
      the device has to be performed.
PAR  While the invention has been described and illustrated with respect to a
      certain preferred example which gives satisfactory results, it will be
      understood by those skilled in the art after understanding the principle
      of the invention, that various other changes and modifications may be made
      without departing from the spirit and scope of the invention, as specified
      in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an ink mist preventing system and circuit for a printing press having
      a source of electrical power comprising:
PA1  an interlock safety switch means;
PA1  an output transformer means;
PA1  an electrically activated signal means;
PA1  a flashing circuit;
PA1  an electronic switching means for activating said signal means; and
PA1  said electronic switching means including an integrated circuit member.
NUM  2.
PAR  2. The device claimed in claim 1 including further:
PA1  a plurality of electronic switching members controlled by the output of
      said integrated circuit member.
NUM  3.
PAR  3. The device claimed in claim 2 wherein:
PA1  two of said electronic switching members are silicon controlled rectifiers;
      and
PA1  another of said electronic switching members is a triac.
NUM  4.
PAR  4. The device claimed in claim 3 wherein:
PA1  said triac member and said flashing circuit controls the flashing of said
      signal means.
NUM  5.
PAR  5. The device claimed in claim 4 wherein:
PA1  said silicon controlled rectifiers control said output transformer means.
NUM  6.
PAR  6. The device claimed in claim 5 wherein:
PA1  said output transformer means controls said integrated circuit members
      output.
NUM  7.
PAR  7. The device claimed in claim 6 including further:
PA1  a variable resistor member for regulating the trip point of said integrated
      circuit member.
NUM  8.
PAR  8. The device claimed in claim 7 including further:
PA1  a third silicon controlled rectifier member for controlling the switching
      of said triac.
NUM  9.
PAR  9. The device claimed in claim 8 including further:
PA1  resistive means for controlling the cycle time and cycling voltage of said
      integrated circuit member.
NUM  10.
PAR  10. The device claimed in claim 9 including further:
PA1  conducting means interconnecting said output transformer means and said
      integrated circuit member.
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ABST
PAL  The high D.C. voltage power supply device for the electrodes of an
      electrostatic ink mist prevention in rotary printing machines has a
      conventional full-wave voltage doubling circuit consisting basically of a
      transformer, plug-in rectifiers, plug-in capacitors and plug-in bleeder
      resisters. Additional circuitry mounted on an interchangeable printed
      circuit board comprising exclusively standard solid state switching
      elements such as an integrated circuit for producing an output pulse when
      the line voltage goes through zero voltage, which is utilized for turning
      the high voltage on and off via an SCR firing circuit in addition to
      illuminating a pilot light via a triac firing circuit. The D.C. high
      voltage load current is sensed across a resistor, and a resistor
      potentiometer is provided for setting the high voltage current turn-off
      trip point. A timing device is provided for re-energizing the solid state
      circuitry after a preset time interval. The pilot light starts flashing
      when the triac is fired from the flashing circuit; but as long as a fault
      is still present, the system turns off again. This is repeated until the
      fault is cleared away, whereupon the solid state circuitry re-energizes
      the system automatically.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to D.C. voltage power supply devices and
      particularly to a power supply device for high voltage D.C. electrodes in
      an electrostatic system for the prevention of the formation of ink mist in
      a high speed rotary printing machine.
PAR  High voltage D.C. power supply systems are known and in use in similar
      applications where it is intended to prevent the ambient atmosphere in the
      printing press room from being polluted by the micro-fine ink mist which
      is generated by the ink rollers of the printing machine. In one of the
      best known applications electrodes are installed parallel to the ink
      rollers of the printing machine and these electrodes are connected to the
      high voltage D.C. output of the power supply device for electrostatically
      emitting streams of ionized air against the grounded rollers whereby the
      micro-fine ink mist particles are prevented from flying off the surface of
      the rollers and from floating freely in the pressroom atmosphere. In
      another application of high voltage D.C. for the electrostatic elimination
      of ink mist, very thin wires are strung parallel of the nips of the ink
      rollers. These systems and their high voltage D.C. power supply diagrams
      are shown in the U.S. Pat. Nos. 3,515,064 and 3,011,435. Protecting both
      the power supply device and the installations in the printing machines
      against faults or shorts had been provided in the form of fuses and/or
      electro-mechanical circuit breakers combined with a signal light. Faults
      can occur in many ways during the operation of the printing machine
      causing abnormally high currents, such as by electrodes getting dirty, by
      electrodes being coated with printing ink; by electrodes breaking, arcing
      or by foreign matter such as paper shreds getting into and between the
      electrodes and the rollers causing shorts of the high voltage. When such
      faults occurred, the prior art safety devices turned the power supply off.
      Since a plurality of other signal lights of all kinds are installed on the
      printing machines and on the related individual units present in the
      pressroom, the fault indicating light on the D.C. power supply cabinet of
      the prior art devices is not always immediately noticed, if at all,
      resulting in soiling of the machine and in polluting of the air in the
      pressroom. Another high voltage D.C. supply systems known from the U.S.
      Pat. No. 3,295,441 provides switching circuits for switching the power
      supply on after a fault had occurred a certain limited number of "off-on"
      cycles. No provision has been made in the prior art for alerting
      effectively the pressroom personnel so that the fault could be corrected.
PAR  All known systems comprise electro-mechanical means such as relays,
      contactors and switches, which are inherently subject to wear, mechanical
      failures and to a relative delay of action. These prior art systems also
      do not keep giving efficient alerting signals as long as the fault
      prevails, and keep probing the fault and reenergizing the system
      automatically until the fault has been removed, without being in danger of
      burning out component parts.
PAR  The problems which became known by practicing the prior art, concern mainly
      the elimination of all mechanically movable electrical elements, the lack
      of an effectful alarming system for alerting the operating personnel about
      the actual condition of the power system and automatically re-energizing
      the system after a fault has been cleared away. These problems are solved
      by the present invention.
PAR  This application is copending with its companion case "Printing Machine
      High Voltage Power System and Circuit" invented by Bright, Bruno and
      Huffsmith and assigned to the assignee of the application, being
      application Ser. No. 547,868 filed Feb. 7, 1975.
PAC  SUMMARY
PAR  The invention consists in such novel features, construction arrangements,
      combinations of parts and improvements as may be shown and described in
      connection with the device herein disclosed by way of example only and as
      illustrative of a preferred embodiment. The novelty of the high voltage
      D.C. power supply device resides in the new combination of per se known
      elements and in the application of solid state switching means, which are
      arranged in two main groups. The first group comprises a full-wave voltage
      doubling D.C. circuit, with a multi-tap power transformer, diode
      rectifiers, capacitors and bleeder resistors. This construction provides
      the high voltage of approximately 12,000 D.C. volt for the ink mist
      prevention electrodes. The second group which is tied in with the first
      group comprises an interchangeable printed circuit board which has an
      integrated circuit and certain solid state switching elements and which is
      arranged for being plugged in as a whole unit. An output pulse is produced
      by the integrated circuit on the P.C. board, when the line voltage
      waveform passes through zero.
PAR  This zero crossing firing provision assures that the power transformer will
      be always turned "on" at this zero voltage point. This is utilized for
      turning the high output voltage on and off by way of an SCR firing circuit
      to which a pilot light is connected over a triac firing circuit. A zener
      diode is provided for protecting the Integrated Circuit from being
      overdriven. An adjustable potentiometer is arranged for pre-setting the
      overload trip point of the high voltage output, and when an abnormal high
      current caused by electrode arcing exceeds a preset value, an SCR circuit
      is turned "off" which de-energizes the power transformer primary winding,
      whereby the high voltage is automatically turned off. Due to the
      comprehensive use of solid state switching elements this action takes
      place within 8 to 16 milliseconds, i.e., within 1/2 to 1 Hertz. The pilot
      light flashes at the rate of the flashing circuit B.sub.1, C.sub.8 and
      R.sub.16. The flashing continues as long as the abnormal current overload
      exists. An adjustable timing device is included in the integrated circuit,
      which will restore automatically the high voltage by turning the SCR on
      and stopping the flashing of the pilot light. The timing can be set within
      the range from 1 to 8 seconds. However if the abnormal high current
      overload on the high voltage electrode remains, the system is turned off
      and the pilot light flashes again. The pressroom personnel will be alerted
      by this kind of signalling and will take action for removing the source of
      the trouble, such as by cleaning a soiled electrode.
PAR  Objects and advantages of the invention will be set forth in part hereafter
      and in part will be obvious herefrom or may be learned by practicing the
      invention, the same being realized and attained by means of the
      instrumentalities and combinations pointed out in the appended claims.
PAR  It is an object of the invention to provide an improved high voltage power
      supply device for an ink mist prevention system in a rotary printing
      machine.
PAR  It is a further object of the invention to provide a high voltage power
      supply device which comprises exclusively solid state switching elements
      because of the atmosphere in a printroom is detrimental to the long life
      of mechanical switches.
PAR  Another object of the invention is to provide circuitry means which permits
      the use of solid state switching and control elements pre-fabricated and
      integrally mounted on a plug-in printed circuit board.
PAR  Furthermore it is an object of the invention to provide the combination
      with automatically on and off switching elements to control flashing pilot
      light indicating the occurrence of an abnormally high current in the
      electrode system.
PAR  Various further and more specific purposes, features and advantages will
      clearly appear from the detailed description given below taken in
      connection with the accompanying drawing which forms part of the
      specification and illustrates merely by way of example one embodiment of
      the device of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the following description and in the claims, parts will be identified by
      specific names for convenience, but such names are intended to be generic
      in their application to similar parts as the art will permit. Like
      reference characters denote like parts in the figures of the drawing, in
      which:
PAR  FIG. 1 is the first portion of the line diagram of the D.C. high voltage
      supply device for a printing ink mist prevention electrode;
PAR  FIG. 2 shows the second portion of the line diagram of the D.C. high
      voltage supply device, comprising the plug-in printed circuit board;
PAR  FIG. 3 is a block diagram showing the functional elements on the P.C. board
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in more detail to the drawing illustrating a preferred
      embodiment by which the invention may be realized, there is in FIG. 1
      illustrating by way of a line diagram the first portion of the device, an
      A.C. power feed line 11, 12 of standard 105 to 125 volts, single phase.
      Fuses 13, 14 are provided in line 11, 12 and printing press unit interlock
      switches 15 are arranged for switching the entire device on when the
      printing press is set in motion. A plug-in control interlock relay CRI
      (16) has a relay coil 17 for checking the voltage. When the press is not
      in use, it is bypassed by a test switch 63. A further manually operated
      two-pole switch 18 is provided as part of the control station located on
      each printing press unit. Red caution lights 19, 20 are positioned on each
      side of the arch of the printing press unit for warning the press operator
      that the entire ink mist prevention system is in operation. Unit guard
      switches 21, usually more than one, are provided on the printing press
      unit guards for interrupting the power line 11, when a guard is open or is
      taken off. One more fuse 22 is arranged in line 11 for protecting the
      printing press controls against a fault in the line of the primary winding
      23 of the multitap main transformer 24 of the A.C. high voltage circuit.
      The secondary winding 26 of transformer 24 is connected with the
      voltage-doubling circuit 25 which comprises the two diode rectifiers 27,
      28 the two capacitors 29, 30 and the two bleeder resistors 31, 32. Surge
      resistors 33, 34, 35 in the negative voltage line 36 leading to the ink
      mist prevention electrode 37, and surge resistors 38, 39, 40 in the
      positive voltage line 41 complete circuit 25.
PAR  The second portion of the line diagram of the device is shown in FIG. 2
      illustrating in box form the circuitry of the interchangeable printed
      circuitry board 50. Terminals marked A, B, C, D, E and Y correspond to the
      terminals marked A, B, C, D, E and Y of the first portion shown in FIG. 1
      of the total diagram.
PAR  Basically the printed circuit board has three types of circuits contained
      on it: A pulse generator circuit 101, a signal light control circuit 201;
      and a solid state switching circuit 301 for maintaining output voltage on
      the transformer T.sub.1, for rectification by the voltage doubler circuit
      25.
PAR  IC 1 is an RCA CA 3059 type integrated circuit which has an equivalent
      circuit shown in the RCA catalog. IC 1 puts out pulses as long as the
      voltage input does not diminish below a pre-set value controlled by
      variable resistor R11.
PAR  When the overload signal applied to IC.sub.1 exceeds the pre-set value set
      by R11, IC 1 produces no output pulse. The loss of output pulse causes
      SCR's CR4 and CR5 to stop conducting and no voltage is supplied to
      transformer T.sub.1.
PAR  While the overload signal voltage remains low the integrated circuit will
      put out a pulse every time the line voltage crosses through zero. If the
      short is removed the SCR's CR4 and CR5 will fire and power will be
      resupplied to the output transformer T.sub.1. If the short is present, CR4
      and CR5 will not fire and the high overload voltage will cause IC 1 to
      stop producing pulses. The SCR Firing Circuit then caused the flashing
      circuit to oscillate, flashing L.sub.20. If the "short" is partial and not
      total as frequently occurs in an ink mist prevention system, the circuitry
      will cause the voltage doubler output voltage to remain at a high level
      even though full output voltage is not maintained. Therefore the total
      system will function to prevent ink mist formation in the presence of the
      most common types of shorts present in an ink mist prevention device.
      These most common shorts are the one which occur from the build-up of ink
      on the emitter heads. Shorts of true zero resistance are quite rare in
      these systems. Of course, if one occurs the flashing lights will advise
      the operator to check the emitting system.
PAR  The recycling action keeps repeating until the fault is cleared away, but
      the ink mist prevention system is not simply turned off unnoticed and the
      initial control elements such as fuses 13, 14 and 22 and interlock
      switches 15 and two-pole switch 18 are not affected but remain "on". The
      printing press itself does also not have to be stopped or decelerated
      until the high voltage is restored after the fault has been cleared away.
      The exclusive use of solid state switching elements results in a very
      short action time of 8 to 16 milliseconds corresponding to 1/2 to 1 Hertz
      (frequency cycle).
PAR  But in order to indicate and to alert the operating personnel, a signal
      light L.sub.20, is provided on the outside of the enclosure of the supply
      device, which is caused to flash at the pulsing rate of the flashing
      circuit. Signal light L.sub.20, is wired to flashing circuit 201
      consisting of triac, CR6, a plurality of diodes and resistors, neon lamp
      and a capacitor all wired as shown in FIG. 2. The function of triac CR6 is
      to cause light L.sub.20, to flash when it is turned on by the flashing
      circuit which operates when SCR, CR4 is turned off by IC.sub.1 due to a
      current overload. The flashing stops when IC.sub.1 has turned the system
      on completely again. In order to set a certain high voltage current limit
      to fix a minimum permissible overload, an adjustable current limit
      containing an adjustable potentiometer R11, and a capacitor C3 is
      connected with integrated IC 1.
PAR  A monitor jack 61 circuit is provided on the enclosure of the supply device
      for the insertion of a probe means for a current measuring instrument,
      such as a millimeter, for testing and checking the high voltage current.
      The enclosure of the supply device has also a door (not shown in the
      drawing), and a door switch 62 (FIG. 1) is arranged for interrupting the
      A.C. power feed for safety purposes, when maintenance or repair work on
      the device has to be performed.
PAR  While the invention has been described and illustrated with respect to a
      certain preferred example which gives satisfactory results, it will be
      understood by those skilled in the art after understanding the principle
      of the invention, that various other changes and modifications may be made
      without departing from the spirit and scope of the invention, as specified
      in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an ink mist preventing system for a printing press having a source of
      electrical power comprising:
PA1  an interlock safety switch means;
PA1  an output transformer means;
PA1  a signal means;
PA1  a non-mechanical electronic switching means for activating said signal
      means; feedback means for interconnecting said output transformer means to
      said non-mechanical electronic switching means; and,
PA1  connecting means electrically interconnecting said signal light means to
      said switching means.
NUM  2.
PAR  2. The device claimed in claim 1 wherein:
PA1  said electronic switching means maintains said signal means in a steady
      state condition when said output transformer is receiving full power and
      said switching means maintains said signal means in an oscillating
      condition when said output transformer is receiving a pre-determined lower
      level of power.
NUM  3.
PAR  3. The device claimed in claim 2 wherein:
PA1  said signal means comprises a signal light means which is maintained
      lighted during normal operation and flashing during the presence of an
      abnormal state.
NUM  4.
PAR  4. The device claimed in claim 1 including further:
PA1  an interchangeable circuit board member having all of the electronic
      switching means contained thereon.
NUM  5.
PAR  5. The device claimed in claim 4 including further:
PA1  a plurality of solid state switching means fixedly connected to said
      printed circuit board member.
NUM  6.
PAR  6. The device claimed in claim 1 wherein:
PA1  said electronic switching means maintains at least some high voltage output
      to said ink mist preventing system except in the event of a complete short
      circuit of the output transformer means.
NUM  7.
PAR  7. The device claimed in claim 6 wherein:
PA1  said electronic switching means is adopted to recycle an unlimited number
      of times in the presence of a low resistance condition in said output
      transformer means.
NUM  8.
PAR  8. The device claimed in claim 7 wherein:
PA1  said electronic switching means cycle time is variable.
NUM  9.
PAR  9. The device claimed in claim 7 wherein:
PA1  said electronic switching means cycle current is variable.
PATN
WKU  039435032
SRC  5
APN  5225795
APT  1
ART  234
APD  19741111
TTL  Electronic intruder alarm apparatus
ISD  19760309
NCL  10
ECL  1
EXP  Swann, III; Glen R.
NDR  2
NFG  2
INVT
NAM  Whitman; Jeremy Hugh
CTY  Leatherhead
CNT  EN
ASSG
NAM  Unwin Electronics Ltd.
CTY  West Molesey
CNT  EN
COD  03
PRIR
CNT  UK
APD  19731113
APN  52674/73
CLAS
OCL  340258B
XCL  343  77
EDF  2
ICL  G08B 1318
FSC  340
FSS  258 B;258 A
FSC  343
FSS  7.7
UREF
PNO  3603957
ISD  19710900
NAM  Merchant
OCL  340258B
UREF
PNO  3745550
ISD  19730700
NAM  Anthony et al.
OCL  340258B
UREF
PNO  3828336
ISD  19740800
NAM  Massa
OCL  340258A
LREP
FR2  Laubscher; Lawrence E.
ABST
PAL  A radio-frequency source irradiates a space within which an intruder is to
      be detected, this space being illuminated by fluorescent tubes. Successive
      peak levels in the returned signals are compared and a fall in the peak
      amplitude results in a comparator, arranged to compare the peak amplitude
      with that of a preceding peak, failing to yield a reset signal to a timer
      circuit. After a time interval just greater than the periodicity of the
      a.c. supply to the fluorescent tubes the time yields an alarm control
      signal. If the peak value recovers during this interval the timer is reset
      and no alarm control signal is generated. The alarm control signals are
      applied to an integrator yielding alarm signals in response to
      predetermined repetition of the alarm control signals. The alarm signal is
      delayed and used to reset the integrator, as well as initiating an alarm
      condition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to radio intruder alarm systems and is
      especially, though not exclusively, applicable to a microwave radio
      intruder alarm system.
PAR  A radio intruder alarm system of known kind includes a radio-frequency
      source for irradiating with radio-frequency radiation a space within which
      an intruder is to be detected. The known system also includes a radio
      detector responsive to said radiation returned towards said source from
      objects within said space or from the boundaries thereof, to yield
      detector signals representative of the amount of said returned radiation.
      The detector signals are applied to signal processing circuits responsive
      to said detector signals to yield an alarm signal in response to
      predetermined fluctuations in the amount of returned radiation.
PAR  An alarm system of the known kind described above may provide a false alarm
      in response to returned radiation reflected fluctuatingly from the ionized
      gas within illuminated fluorescent lighting tubes. Such spurious signals
      may be processed by the signal processing circuits as being fluctuations
      resulting from the presence of an intruder within the space to be
      protected.
PAC  SUMMARY OF THE INVENTION
PAR  The invention has the object of providing a radio intruder alarm system
      which shall be immune to radiation returned by reflection from illuminated
      fluroescent tubes.
PAR  It is a further object of the invention to provide a radio intruder alarm
      system in which a signal peak comparator means yields a resetting signal
      to reset a timer whenever the peak amplitude of a radio return signal is
      not substantially less than that of a preceding peak signal, said timer
      being so arranged that when the timer is repeatedly reset, no alarm is
      given, but if the reset signal is delayed for a period somewhat exceeding
      the periodicity of an a.c. supply used to energize fluroescent lighting
      tubes within the protected area, an alarm signal will be developed.
PAR  Preferred features and advantages of an embodiment of radio intruder alarm
      system in accordance with the invention will become apparent from the
      following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a microwave intruder alarm system; and
PAR  FIG. 2 is a schematic circuit diagram of the intruder alarm system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a stabilised power supply 1 drives a microwave
      oscillator 2, conveniently including a Gunn diode, which feeds an aerial
      3. The aerial has a directive radiation pattern for irradiating a space to
      be protected, such as a warehouse, art gallery or the like. The aerial
      also receives microwave returns from the region which are directed to a
      microwave detector 4. The demodulated output of the detector 4 is applied
      to an amplifier 5, and hence to comparator 6 to compare the level of the
      input signal with a reference voltage. The comparator 6 provides an output
      when the input from the detector 4 exceeds the reference voltage, this
      output being arranged to reset a timer 7. The timer provides an output
      after a time period of typically 22 ms, during which the input from
      detector 4 is less than the reference level. A decaying peak level store
      8, which may typically comprise a capacitor with a shunt resistor, sets
      the voltage reference level applied to the comparator 6. The output of the
      comparator is arranged to charge the decay store; an output from the timer
      completely discharges the capacitor.
PAR  In the absence of an intruder, the output of amplifier 5 has a constant
      voltage level due to returns from the oscillator 2 with a superimposed
      periodic voltage due to the fluorescent tubes. As the output of amplifier
      5 reaches a voltage peak, the capacitor of decay store 8 is charged to a
      level indicative of the peak, and subsequently as the voltage output of
      amplifier 5 falls following the peak, the output of comparator 6 ceases,
      thus starting the timer 7. As long as the next peak of the output of
      amplifier 5 occurs within a period substantially equal to one half of the
      periodicity of the local a.c. supply, that is, 22 milliseconds for a 50 Hz
      supply, an output from the timer is inhibited. During the period of 22 ms,
      the voltage level in store 8 decays slightly, so that if the next peak
      voltage level at the output of amplifier 5 is substantially similar to the
      previous peak level, the comparator will provide an output inhibiting
      timer 7.
PAR  If, however, an intruder is present in the region, the microwave returns
      from oscillator 2 will vary with time, and the values of successive
      periodic peaks in the output of amplifier 5 will be different. Thus a
      second peak level applied to the comparator 6 may be less than a first
      peak level such that the comparator 6 provides no output and the timer 7
      provides an output signal to an integrator 9. If the second peak level is
      greater than the first peak level, the timer output is inhibited but since
      the capacitor of store 8 is charged to a high level, a third peak level is
      likely to be less than the second level and when this occurs the timer 7
      provides an output signal.
PAR  An output signal from the timer 7 is arranged to discharge the capacitor of
      peak level store 8 such that the capacitor is charged to a level
      indicative of a next peak level at the output of amplifier 5.
PAR  The integrator 9 integrates the timer output over several seconds, the
      output of the integrator being compared with an alarm threshold level in a
      comparator 10. An output from the comparator is arranged to trigger an
      alarm output device as indicated at 11, which may comprise a relay
      arranged to control an alarm bell. The output of comparator 10 is also fed
      via a delay device 12 providing a delay of, for example, 1 second to reset
      the integrator 9 rapidly and thus reduce the time taken for the system to
      become operational again.
PAR  In the more detailed circuit arrangement of an intruder alarm apparatus in
      accordance with the invention which is shown in FIG. 2, a supply terminal
      20 is intended to be connected to the positive pole of an unstabilised
      d.c. supply (not shown) of which the negative pole is earthed. The
      unstabilised supply voltage thus received is stabilised by a voltage
      stabiliser circuit 1. A voltage divider consisting of the series
      combination of a Zener diode 21 and a resistor 22 is used to apply to the
      non-inverting input of an amplifier 23 a signal representative of any
      variation of the voltage on a stabilised positive supply line 24 from a
      predetermined value. Amplifier 23 is provided with negative feedback by
      way of a resistor 25 and its output signal is applied by way of a resistor
      26 to the base of a stabilising transistor 27. Transistor 27 has its
      emitter connected to the supply terminal 20 and its collector connected to
      the stabilised positive supply line 24. The base of transistor 27 is also
      returned to the emitter of the transistor by way of a resistor 28. This
      arrangement operates in known manner to stabilise the potential of
      positive supply line 24. A bypass capacitor 24a shunts the stabilised
      positive supply line to earth.
PAR  The microwave Gunn diode oscillator 2 is fed from stabilised positive
      supply line 24 by way of a resistor 29. As described in relation to FIG.
      1, this oscillator generates electromagnetic radiation at microwave
      frequency which is radiated within the protected space and reflected by
      objects therein to a detector 4.
PAR  In the microwave detector 4, microwave signals received by antenna 3 are
      applied by way of a signal input terminal 30 to a detector diode 31, of
      which the cathode is earthed and the anode is returned to the stabilised
      positive supply line 24 by way of a resistor 32. There is thus developed
      across a capacitor 33, connected in shunt with diode 31, a unidirectional
      potential varying in magnitude with the amplitude of the received
      microwave return signal. This unidirectional potential is applied to an
      amplifier circuit 5, specifically to the gate of a field-effect transistor
      34 having its source electrode returned to earth by way of the parallel
      combination of a capacitor 35 and a resistor 36 and having its drain
      electrode taken to the slider 37a of a potentiometer 37 forming an
      adjustable load resistance for field-effect transistor 34 and thus
      permitting adjustment of the amplifier gain. One end of potentiometer 37
      is connected to stabilised positive supply line 24 and the other end of
      the potentiometer is connected by way of the series combination of a
      capacitor 38 and a resistor 39 to the inverting input of an amplifier 40,
      this input being also returned to earth by way of a resistor 41. The
      non-inverting input of amplifier 40 is earthed and a negative feedback
      resistor 42 is connected from the output to the inverting input of the
      amplifier 40.
PAR  The amplified signal appearing at the output of amplifier 40 is applied by
      way of a resistor 43 to the non-inverting input of a comparator amplifier
      44. The potential appearing across a capacitor 45 is applied by way of a
      resistor 46 to the inverting input of comparator amplifier 44. When the
      signal applied to the non-inverting input of the amplifier is of greater
      magnitude than the potential at its inverting input the output potential
      of the amplifier is high and a diode 47 connected between the amplifier
      output and capacitor 45 conducts to charge capacitor 45. This capacitor
      discharges by way of resistor 46 at a rate which is advantageously 20 mV
      every 22 milliseconds. This capacitor and resistor constitute the peak
      store 8 of FIG. 1.
PAR  The output of amplifier 44 is also applied to a timer circuit 7 and
      specifically by way of a resistor 48 to the base of an n.p.n. transistor
      49 having its emitter earthed and its collector returned to the positive
      line 24 by way of a resistor 50. The collector of transistor 49 is also
      connected to one terminal of a capacitor 51 having its other terminal
      earthed. When transistor 49 is conductive, capacitor 51 remains uncharged.
      When, however, the magnitude of a signal peak applied to amplifier 44 is
      less than that of the preceding peak, the output of amplifier 44
      disappears. Transistor 49 is thus turned off and capacitor 51 commences to
      charge by way of resistor 50, thus applying a rising potential by way of a
      resistor 52 to the inverting input of an amplifier 53, the non-inverting
      input of which is returned to the positive line 24 by way of
      series-connected resistors 54 and 55. It is arranged that the potential at
      the inverting input of amplifier 53 will rise in some 22 milliseconds to a
      potential which will result in a signal appearing at the amplifier output.
      If, before the expiry of this period of 22 ms a further peak signal of
      magnitude in excess of the value to which the potential on capacitor 45
      has fallen, is applied to the input of amplifier 44, then this amplifier
      will yield an output signal, transistor 49 will be turned on and the timer
      will thus be re-set without yielding an output signal. This is the normal
      mode of operation when no intruder is present in the protected space.
PAR  It will be understood that the times mentioned in the above description
      relate to an apparatus intended for operation in a space illuminated by
      lamps operated from an a.c. supply at the European supply frequency of 50
      Hz. For 60 Hz supplies the time interval may be some 18 ms.
PAR  If, however, an intruder is present within the protected space, the
      microwave returns from oscillator 2 will vary with time and the values of
      successive peaks in the output of amplifier 40 will fluctuate. Thus a
      second peak output of amplifier 40 may be less than the preceding peak and
      a timer output signal will then be produced at the output of amplifier 53.
      This is applied to a voltage divider, comprising series-connected
      resistors 56 and 57, which is returned to the positive line 24. The signal
      then appearing at the junction of resistors 56, 57 is applied to the base
      of a p.n.p. transistor 58, having its emitter connected to the positive
      line and its collector connected to the earth line by way of the series
      combination of a resistor 59 and a capacitor 60, into which current pulses
      representative of the output signals of amplifier 53 are thus fed.
      Resistor 59 and capacitor 60 constitute integrator 9 of FIG. 1.
PAR  The timer output signal is also applied by way of a resistor 80 and a diode
      81 to discharge storage capacitor 45, thus preparing the peak level store
      to respond to a following signal peak.
PAR  The integrated signal appearing on capacitor 60 is applied by way of a
      resistor 61 to the inverting input of a trigger amplifier 62, the
      non-inverting input of which is returned to the positive line 24 by way of
      a resistor 63. The output of amplifier 62 is coupled to its non-inverting
      input by way of a feedback resistor 64 and the signal appearing at the
      amplifier output is fed by way of a 1-second delay circuit, consisting of
      series resistors 65, 66 and a shunt capacitor connected to earth from the
      junction of the two resistors, to the non-inverting input of an amplifier
      68 provided with positive feedback by way of a resistor 69. The inverting
      input of amplifier 68 is returned to positive line 24 by way of a resistor
      70. When the potential applied to the non-inverting input of amplifier 68
      exceeds the magnitude of the potential applied to its inverting input, a
      signal which appears at its output is fed back to drive the amplifier
      fully and the resultant output signal is applied by way of a diode 71 to
      discharge capacitor 60, thus terminating the alarm condition.
PAR  Meanwhile, the output signal of amplifier 62 is applied also over a lead 72
      to an alarm amplifier 73, of which the output is applied to energise a
      relay 74, of which the contacts are employed to energise alarm circuits in
      any required manner, and to the non-inverting input of an indicator
      amplifier 75 of which the inverting input is taken by way of a resistor 76
      to the unstabilised positive supply. The output of amplifier 75 is applied
      by way of a resistor 77 to an indicator light formed by a light-emitting
      diode 78 which is connected to the unstabilised positive line by way of a
      switch 79.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An intruder alarm apparatus including a radio-frequency radiation source
      for irradiating with said radio-frequency radiation a space within which
      an intruder is to be detected, a radio detector responsive to said
      radio-frequency radiation returned towards said source from objects within
      said space or from the boundaries thereof to develop detector signals
      representative of the amount of said returned radiation, and signal
      processing circuit means responsive to said detector signals to develop an
      alarm signal in response to predetermined fluctuations in said amount of
      said returned radiation, the improvement comprising:
PA1  signal peak comparator means in said signal processing circuit means, said
      signal peak comparator means yielding a resetting signal when the
      amplitude of a peak in said detector signal is not substantially less than
      the amplitude of a preceding signal peak;
PA1  timer means reset to an initial condition by each said resetting signal
      and, unless so reset, yielding an alarm control signal at an output
      thereof at the end of a predetermined time interval, the duration of said
      time interval being somewhat greater than the periodicity of an
      alternating current supply used to energize fluorescent tubes lighting
      said space;
PA1  and alarm means predeterminedly responsive to said alarm control signal to
      yield an intruder alarm signal;
PA1  whereby said alarm apparatus is immune to periodically fluctuating return
      of said radiation from said fluorescent tubes.
NUM  2.
PAR  2. The invention claimed in claim 1 wherein said signal peak comparator
      means comprises;
PA1  first comparator means (44) having first and second inputs and an output,
      said first comparator means providing said resetting signal at said output
      only when the potential applied to said first input exceeds that at said
      second input;
PA1  circuit means (40) applying said detector signal to said first input of
      said first comparator means;
PA1  potential storage means (45), (46) responsive to an applied potential to
      provide a stored potential which diminishes progressively from said
      applied potential; and
PA1  means (47) applying said resetting signal to said potential storage means.
NUM  3.
PAR  3. The invention claimed in claim 2 wherein said potential storage means
      comprises a storage capacitor (45), and a resistor (46) coupling said
      storage capacitor to said second input of said first comparator means
      (44), and further wherein said means applying said resetting signal to
      said potential storage means comprises a diode (47) coupling said first
      camparator output to charge said storage capacitor.
NUM  4.
PAR  4. The invention claimed in claim 3 wherein said alarm control signal is
      coupled from said timer output by way of the series combination of a
      resistor (80) and a diode (81) to discharge said storage capacitor.
NUM  5.
PAR  5. The invention claimed in claim 1, wherein said timer means comprises a
      timer capacitor (51), stabilized positive supply means (1), charging means
      (50) progressively charging said capacitor from said positive supply means
      to increase the potential thereon, switch means (49) operable by said
      reset signal to discharge said timer capacitor, and trigger means (53)
      responsive to the potential on said timer capacitor attaining a
      predetermined level to yield said alarm control signal, said charging
      means charging said capacitor to said predetermined level in said
      predetermined time interval.
NUM  6.
PAR  6. The invention claimed in claim 5, wherein said timer capacitor has one
      grounded terminal, said charging means comprises a charging resistor
      connected between the other terminal of said capacitor and said stabilized
      positive supply means, and further wherein said switch means comprises a
      transistor having a grounded emitter, a collector connected to the
      junction of said charging resistor with said timing capacitor, and a base
      coupled by way of a further resistor to said first comparator means to
      receive said resetting signal therefrom.
NUM  7.
PAR  7. The invention claimed in claim 6 wherein said trigger means comprises a
      difference amplifier (53) of which the inverting input is coupled by way
      of a resistor (52) to the junction of said timer capacitor with said
      charging resistor, the non-inverting input is coupled by way of resistance
      means (54, 55) to said stabilized positive supply and the output is
      coupled to said alarm means.
NUM  8.
PAR  8. The invention claimed in claim 1 wherein said alarm means includes
      integrator means responsive to predeterminedly repeated application of
      said alarm control signal thereto to yield an alarm initiating signal.
NUM  9.
PAR  9. The invention claimed in claim 8, wherein said integrator means includes
      an integrator capacitor (60), a stabilized positive supply means (1),
      switch means (58) operable by said alarm control signal to supply a
      predetermined current pulse from said stabilized positive supply means to
      said integrator capacitor, trigger means (62) responsive to a
      predetermined state of charge in said capacitor to yield said alarm
      initiating signal, discharge means (68) responsive to an applied signal to
      discharge said capacitor, and signal delay means (65-67) yielding an
      output signal predeterminedly delayed with respect to an applied signal,
      said signal delay means applying said alarm initiating signal to said
      discharge means.
NUM  10.
PAR  10. The invention claimed in claim 9 wherein said switch means comprises a
      p-n-p transistor of which the emitter is connected to said stabilized
      positive supply, the collector is connected to said capacitor and the base
      is coupled to receive said alarm control signal from said timer.
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ABST
PAL  A direction indicating device for indicating the direction of rotation of a
      polyphase A.C. electric motor. A polyphase energy source having a
      frequency higher than the operating frequency of the electric motor
      impresses a rotating electromagnetic field in the windings of the motor. A
      pair of coil detectors, spaced a predetermined electrical distance apart,
      detects the rotating electromagnetic field and determines the direction of
      rotation of the electromagnetic field. The direction of rotation of the
      electromagnetic field, which is the same as the rotation of the electric
      motor, is displayed on a display apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to A.C. electric motors, and in particular, to an
      arrangement for detecting the direction of rotation of an electric motor.
PAR  2. Description of the Prior Art:
PAR  In general, direction of rotation of an A.C. electric motor is a parameter
      which is usually not critical to the operation of the motor itself. For
      this reason, manufacturing procedures are such that no strict supervision
      is utilized to guarantee that the direction of rotation of the electric
      motor be precisely determined. Since the possible sources during
      construction which affect the rotation of the motor are many, and since
      the reasons for determining the direction of rotation are not important,
      the direction of rotation of a fabricated A.C. electric motor is usally
      unknown.
PAR  However, for example, when an electric motor is to be utilized in
      conjunction with a starting package for a gas turbine power plant, the
      direction of rotation of the electric motor assumes critical importance.
      This is due to the type of apparatus usually associated with the motor in
      the starting package. Associated apparatus, such as an oil pump, or a
      torque converter, is usually quite sensitive to the direction of rotation
      of its drive motors. It is possible in some situations to severely damage
      the associated apparatus by impressing thereon a direction of rotation in
      opposition to the direction of rotation that is desired.
PAR  For this reason, it is imperative that the direction of rotation of the
      electric motor be ascertained before it is energized and employed in the
      gas turbine starting package. In the prior art, one method of determining
      the direction of the electric motor in the starting package was to first
      de-couple the motor from its associated apparatus. The motor could then be
      energized and its direction of rotation ascertained. If the direction of
      rotation was incorrect, the simple expendient of changing the leads from
      the energy source to the starter motor would insure correct direction of
      rotation. However, this method proves disadvantageous in that it involves
      the time-consuming, and therefore costly, de-coupling procedures before
      the starter motor can be isolated from the associated apparatus tested.
      This of course, assumes that the coupling is easily reachable by work
      personnel. Once the proper rotation is insured, the motor must be
      re-coupled to the associated apparatus, with the attendant
      time-consumption and costs.
PAR  The prior art has also determined the direction of motor rotation by
      turning the starter motor while it is still connected to the associated
      apparatus. However, as mentioned earlier, this method of determining
      direction is not always advantageous in that it is possible to severely
      damage the associated apparatus by rotating it in a direction not in
      accord with the desired direction of rotation. Such a hit-and-miss test
      strategy, with the attendant danger of damage to the associated apparatus,
      is clearly not an effective method of determining motor rotation.
PAR  A third method of determining rotational direction of an electric motor
      utilized by the prior art is to connect a galvanometer, or another similar
      device, to the terminals of the electric motor. The motor shaft was then
      manually rotated and the current so induced is detected by the
      galvanometer and the direction of motor rotation could be determined by
      the deflection of the galvanometer needle. This method is useful when
      working with motors of smaller sizes, but is extremely cumbersome when
      utilized with the large, 1500 horsepower motors utilized in starting
      packages for a gas turbine power plants.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a direction indicating arrangement for indicating
      the direction of an A.C. polyphase electric motor as for example, for a
      motor used in a starting package for a gas turbine power plant. The
      electric motor is usually operable at a predetermined rated frequency. A
      source of electrical energy, having a frequency greater than the rated
      frequency of operation of the electric motor, is connected to the electric
      motor and produces a rotating electromagnetic field within the windings of
      the electric motor. A pair of coil pick-ups detect the leaking
      electromagnetic field within the windings of the electric motor and a
      current is thereby induced in each of the coil pick-ups. A phase detector
      detects the phase relationship between the currents induced in the coil
      pick-ups. The phase shift between the currents in the first and the second
      coil pick-ups indicate the direction of rotation of the electromagnetic
      field within the motor windings. This, in turn, directly indicates the
      direction of rotation of the A.C. motor itself. The direction of rotation
      of the rotating electromagnetic field, and hence the direction of the
      motor itself, is displayed on a suitable display apparatus.
PAR  It is an object of this invention to provide an arrangement which indicates
      the direction of rotation of a polyphase A.C. electric motor without
      requiring a start-up of the motor. Other objects will be apparent from the
      description of the preferred embodiment herein.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description of an illustrative embodiment taken in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a front elevational view, partly in section, of a polyphase A.C.
      electric motor having a direction indicating arrangement thereon embodying
      the teachings of this invention; and,
PAR  FIG. 2 is an elevational view taken along lines II--II of FIG. 1 showing
      the electric motor in the environment of a starting package for a gas
      turbine power plant.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Throughout the following description, similar reference characters refer to
      similar elements in all figures of the drawings.
PAR  Referring to the drawings, in FIG. 1, a front elevational view, partially
      in section, of an electric motor 10 having thereon a direction indicating
      arrangement 12 embodying the teachings of this invention. In FIG. 2, the
      motor 10 is shown in section taken along lines II--II of FIG. 1 and is
      shown as disposed in the environment of a starting package for a gas
      turbine power plant. As seen in the figures, the motor 10 is mounted on a
      suitable motor support 16. An outer casing 18 having a first end cover 20
      and a second end cover 22 is connected to the casing 18. The casing 18,
      with end covers 20 and completly enclose a stator 24 is fabricated of a
      plurality of metal laminations 26 and has stator windings 28 electrically
      connected in a predetermined manner disposed thereon. A plurality of
      terminals 30 permit electrical connection of the stator winding 28 to an
      electrical energy source (not shown).
PAR  A rotor member 31 having a predetermined winding arrangement 32 thereon is
      supported within the motor 10 on a shaft 34. Bearings 36 and 38 are
      disposed in the end covers 20 and 22 respectively, and facilitate rotation
      of the shaft 36. The shaft 34 as shown in FIG. 2 is mechanically connected
      through coupling 40 to a shaft 42 of an associated apparatus 44 which is
      part of the starting package for the gas turbine power plant. A one-way
      gasket 46 is disposed on the apparatus 46 which functions as a seal while
      the shaft 42 is rotating in one predetermined direction only.
PAR  During manufacture of the electric motor 10, any number of construction
      details could impart a different direction of rotation to the finally
      fabricated motor. For example, insertion of the stator winding 24 may be
      done in such a way so that energization of the terminals 30 by the
      electrical energy source (not shown) could result in a direction of
      rotation of the motor 10 in one direction. However, if the stator 24 were
      inserted in the opposite direction, energization of the terminals 30 would
      result in an opposite direction of rotation. It is thus seen that method
      of insertion of the stator 24 or phase connection or any of several other
      factors, determines the direction of rotation of the electric motor 10.
PAR  Since, in general, it is not critical in which direction the motor 10
      itself is to rotate, manufacturing procedures are usually not so stringent
      as to require exact methods of assembly so that the direction of rotation
      of the motor 10 be a known parameter.
PAR  However, when the motor 10 is used, as, for example, in the starting
      package of a gas turbine power plant and coupled to an associated
      apparatus 44, the direction or rotation of the motor 10 becomes critically
      important. Thus, it is of great importance to be able to determine the
      direction of the rotation of motor 10. One reason for this, as was
      mentioned earlier, is that the gasket 46 forms when the shaft 42 rotates
      in one direction only. If the direction of rotation of the shaft 34 of the
      electric motor 10 differed from permitted direction of rotation of the
      shaft 42, damage to the gasket 46 and very possibly to the associated
      apparatus 46 would result. It is for this reason that the precise
      direction of rotation of the electric motor 10 utilized in the starting
      package (now shown) for the gas turbine power plant (not shown) must be
      known.
PAR  This invention provides a direction indicating arrangement 12 which is able
      to indicate the direction of rotation of the motor 10. As seen in FIG. 1,
      the terminals 30 are shown connected to a high frequency oscillator 48
      which produces a three-phase electrical signal having a predetermined
      frequency. The frequency of the signal produced by the source oscillator
      48 is much greater than the rated operational frequency of the motor 10.
      The oscillator frequency is any number in the range between 400 and 20,000
      Hz. The signal introduced into the motor 10 through the terminals 30 is a
      low power signal that is not sufficient to move the motor 10.
PAR  Introduction of the three phase, high frequency, low power field into the
      electric motor 10 will produce an electromagnetic field which will rotate
      through the windings 28 of the stator 24 in the same fashion as a standard
      60 Hz field. The only difference between the high frequency signal and the
      normal 60 Hz signal is the frequency of rotation of the electromagnetic
      field through the stator windings 28. Although the stator windings 28 are,
      technically, energized by the low power, three phase, high frequency
      signal from the oscillator 48, it is to be understood that the signal
      impressed on the windings 28 does not provide sufficient power to move the
      motor 10.
PAR  The frequency of the oscillator 48 is much higher than an optimum
      predetermined frequency of operation of the motor 10. Since the impedance
      of the motor 10 is dependent upon the frequency, and since the impedance
      to current flow for a high frequency signal is greater than the impedance
      to current flow encountered by a lower frequency signal, the
      electromagnetic field impressed upon the stator windings 28 by the
      oscillator 48 develops unevenly.
PAR  The effect of impressing a high frequency, low power, electric signal from
      the oscillator 48 into the windings 28 of the stator 24 would be to
      introduce an electromagnetic field rotating at the input frequency in the
      stator coil 28. The direction of rotation of the electromagnetic field in
      the stator windings 28 is illustrated by an arrow 50. Since the input
      frequency from the oscillator 48 is higher than the rated frequency for
      the motor 10, a fringe field produced by the high frequency signal will
      develop. The fringe field produced by the high frequency signal is greater
      than the fringe effects of the electromagnetic field produced in the
      windings by the normal design frequency.
PAR  It may be possible in some instances to use the normal design frequency of
      the motor 10 in order to determine the direction of rotation of the motor
      10. With a 60 Hz. signal, a 1500 horsepower motor, for example, 4160 volts
      are needed in order to move the motor 10. It is possible with a 60 Hz.
      three-phase signal having an input voltage of only 48 volts to detect a
      significant fringe field which is greater than the fringe field of a motor
      with the design frequency and input voltage. However, as the frequency
      decreases, detection of the fringe field will become more difficult. This
      is especially true in the case of the low power, high frequency signal is
      to introduce a rotating electromagnetic field in the direction 50 within
      the rotor winding 24. It is well known to those skilled in the art that
      the direction of rotation of the electromagnetic field within the stator
      winding 28 will indicate the direction of rotation of the rotor 31 of the
      electric motor 10. Therefore, to identify the direction of rotation of the
      field in the windings 28 of the motor 10 is to discern the direction of
      rotation of the motor 10.
PAR  In order to detect the rotating electromagnetic field within the stator
      windings 28, a first electromagnetic signal pick-up coil 52 and a second
      electromagnetic signal pick-up coil 54 are disposed at a predetermined
      electrical distance apart. This electrical distance is obtained by
      separating the coil pick-ups by an angle .phi.. It is essential that the
      first coil pick-up 52 and the second coil pick-up 54 be disposed some
      predetermined electrical distance .phi. from one another. If for example,
      only one electrical signal pickup coil was utilized, the effect of such
      use would be to merely detect that a fringe field is present in the
      windings 28 in the motor 10. It is essential that the first coil pick-up
      52 and the second coil pick-up coil 54 be displaced an electrical distance
      .phi. in order to properly detect and discern the fringe field generated
      by the rotating electromagnetic field within the stator windings 28.
PAR  The first electrical coil pick-up 52 and the second electrical coil pick-up
      54 are connected to a phase detector 58 having a display screen 60
      thereon. The fringe field produced by the rotating electromagnetic field
      within the stator winding 28 induces a current in the first
      electromagnetic coil pick-up 52. The fringe field produced by the rotating
      electromagnetic field within the stator winding 28 induces a second
      current within the second electromagnetic coil pickup 54, which is spaced
      a predetermined electrical distance .phi. from the first electromagnetic
      coil pick-up 52. The first current induced within the first
      electromagnetic pick-up 52 and the second current induced within the
      second electromagnetic pick-up 54 are both introduced into the phase
      detector 58.
PAR  Within the phase detector 58, electronic circuitry detects the phase shift
      between the current induced in the first electromagnetic coil pick-up 52
      and the current induced in the second electromagnetic coil pick-up 54 by
      the fringe field produced by the rotating electromagnetic field in the
      stator windings 28. The phase displacement discerned by the phase 58
      between the first current and the second current will be the same
      electrical displacement as the electrical displacement .phi. between the
      first coil pick-up 52 and the second coil pick-up 54.
PAR  By discerning which of the induced current waves leads the other, it is
      possible to discern the direction of rotation of the electromagnetic field
      within the stator windings 28. For example, if the electromagnetic field
      within the stator winding 28 is rotating in the direction 50 as shown in
      FIG. 2, the current induced in the second electromagnetic coil pick-up 54
      will lead the current induced in the first electromagnetic pick-up 52. Of
      course, if the direction of rotation of the electromagnetic field is
      opposite the direction 50, the current induced in the first
      electromagnetic pick-up 52 will lead the current induced in the second
      electromagnetic coil pick-up 54.
PAR  Within the phase detector 58, differential voltages associated with the
      differential current are introduced into the display meter 60 and the
      deflection of an indicator needle 62 and a meter scale 64 will indicate in
      which direction the rotating electromagnetic field is moving within the
      stator windings 28. As mentioned before, detection of the direction of
      rotation of the electromagnetic field within the stator windings 28 will
      indicate the direction of rotation of the motor 10.
PAR  It is thus seen that by utilizing the teachings of this invention the
      direction of rotation of an electric motor can be ascertained. Through the
      use of a high frequency, low power signal to produce a rotating
      electromagnetic field within the windings 28 of the motor 10, and
      detection of the fringe roatating electromagnetic field produced thereby,
      the direction of rotation of the rotating electromagnetic field, and hence
      the direction of rotation of the electric motor 10 itself, may be
      discerned.
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STM  I claim as my invention:
NUM  1.
PAR  1. A direction indicating device for indicating the direction of rotation
      of an A.C. electric motor having windings thereon, said device comprising;
PA1  a source of electrical energy producing an electromagnetic field within
      said windings,
PA1  means for sensing said electromagnetic field in said windings, and
PA1  display means for indicating the direction of movement of said
      electromagnetic field in said windings, the direction of movement of said
      electromagnetic field in said winding indicating the direction of rotation
      of said motor.
NUM  2.
PAR  2. The device of claim 1, wherein said A.C. electric motor is operable at a
      first predetermined frequency, and wherein said source of electrical power
      is operable at a second predetermined frequency.
NUM  3.
PAR  3. The device of claim 2 wherein said second predetermined frequency is
      greater than said first predetermined frequency.
NUM  4.
PAR  4. The device of claim 1, wherein said sensing means comprises a first coil
      pick-up and a second coil pick-up, said second coil pick-up being
      displaced a predetermined electrical distance from said first coil,
      pick-up, said electromagnetic field inducing a first electric current in
      said first coil and a second electric current in said second coil, said
      first electric current in said first coil having a predetermined phase
      relationship with said second current induced in said second coil.
NUM  5.
PAR  5. The device of claim 4, wherein said display means comprises means for
      detecting the phase relationship between said first current and said
      second current, said phase relationship between said first current and
      said second current indicating the direction of rotation of said
      electromagnetic field, the direction of rotation of said electromagnetic
      field indicating the direction of rotation of said electric motor.
NUM  6.
PAR  6. A gas turbine power plant comprising:
PA1  a starting package having an A.C. electric motor disposed therein, said
      electric motor having windings thereon, and,
PA1  an indicating device for indicating the direction of rotating of said
      electric motor, said indicating device comprising;
PA1  an electrical energy source producing an electromagnetic field in said
      winding,
PA1  means for sensing said electromagnetic field in said windings at a first
      and a second point, said electromagnetic field inducing a first and a
      second electric current in said sensing means, and,
PA1  means for comparing the phase relationship between said first and said
      second electric currents to indicate thereby the direction of rotation of
      said electric motor.
NUM  7.
PAR  7. A method of determining the direction of rotation of an electric motor
      comprising the steps:
PA1  a. energizing the windings of said electric motor to produce a rotating
      electric field therein, and
PA1  b. sensing the direction of rotation of said rotating electric field, said
      direction of rotation of said electric field corresponding to said
      direction of rotation of said electric motor.
NUM  8.
PAR  8. The method of claim 7 wherein said motor has windings therein and
      operates at a predetermined frequency, and wherein step (a) comprises the
      steps
PA1  connecting an electric signal source to said windings, and,
PA1  impressing an electric signal having a frequency greater than said
      predetermined frequency in said windings.
NUM  9.
PAR  9. The method of claim 8, wherein step (b) comprises the steps
PA1  detecting the rotating electric field at a first location in said windings
PA1  detecting the rotating electric field at a second location in said windings
PA1  comparing the phase relationship between currents induced by the rotating
      field at the first and second locations to determine the direction of
      rotation of the field within said windings.
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PAL  An automatic information system applicable in the organization of gymnastic
      competitions is intended to collect and process the individual scores
      awarded by the judges to each competitor, to facilitate and accelerate the
      judging procedure, to keep the record and score, as well as to provide for
      visual display of the current and final results of a competition for the
      benefit of the competitors, judges and spectators. The system incorporates
      specialized digital devices for each event of an all-around competition,
      as well as superior judge's and dispatcher's panels.
BSUM
PAR  The present invention relates to digital information systems for collecting
      and processing digital information, and more particularly to an automatic
      information system for the organization of gymnastic competitions.
PAR  From the point of view of organization, a gymnastic competition can be
      divided into two parts: execution of exercises by the competitors and
      evaluation of their performance by the judges.
PAR  Officiating at a gymnastic competition is a complicated procedure. The
      difficulties involved in officiating or judging residue mainly in that a
      judge should, without the aid of any instrumentation, alone, guided only
      by the code of points, his knowledge and experience as to the techniques
      of execution of gymnastic exercises and his own concept of perfect
      execution of both individual elements and the combination as a whole,
      evaluate the performance of a competitor within a maximum of 10 points
      with an accuracy of 0.1 point. To minimize the factor of subjectiveness in
      the evaluation of an exercise as executed by a competitor, the
      organization of judges has been so formed that for each apparatus four or
      five judges are under the supervision of a superior judge, and the final
      score is calculated from the average scores awarded to the competitor by
      all judges. Thus, the final score is made as objective as possible. As an
      exercise is being executed by a competitor, a judge mentally compares the
      impression he gets from the performance with his own concept of a perfect
      execution of the same exercise, taking notice of every single deviation
      from the ideal execution, determining the seriousness of each fault and
      the amount of deduction to be made. At the same time, the judge should
      determine the difficulty of each element of the exercise, which may vary
      depending on the combination in which a particular part of the exercise is
      executed, as well as to determine compositional faults, i.e. seeing
      whether a competitor has executed all the parts of an exercise as required
      by the rules of the competition and has not violated these rules, paying
      special attention to the construction of the exercise, and, if necessary,
      deducting additional points for compositional faults.
PAR  Judges officiating at gymnastic competitions have no instruments at their
      disposal that would permit accurate detection of faults in the execution
      of an exercise by a competitor a stop watch and a measuring tape playing
      but a minor role and practically not affecting the final score of the
      competitor.
PAR  It should also be noted that a judge must give his mark, with an accuracy
      of 0.1 point, immediately after a competitor has completed his exercise,
      that exercises follow one another with 1-2 min intervals, and that the
      judge is supposed to remain at his apparatus for hours on end. In addition
      to thorough knowledge of the judging regulations (code of points) and the
      ability to correctly evaluate an exercise, the judge must also possess
      extremely high physical endurance.
PAR  For a mark to be as accurate as possible, judges should be relieved of all
      functions which do not demand high qualification.
PAR  More often than not attempts to facilitate the work of a judge boil down to
      increasing the number of judges in a jury, appointing additional judges to
      take over some of the functions (seeing whether a competitor steps out of
      the floor exercise area, starting stop watches, registering the point at
      which a competitor touches the horse while performing a long horse vault
      (grip judges), as well as appointing a second superior judge for
      determining the difficulty and composition of voluntary exercises when
      officiating in the finals. Special contrivances are also known, such as
      hand adders with the aid of which a judge need not memorize the points any
      more and mentally summarize 1/10 points deducted for faults in execution:
      this is done by the adder itself, which throws a 1/10 point each time the
      judge presses the arm of the adder. Such adders do help to add up
      deductions for faults. however, when it comes to determining the
      difficulty of an exercise, which is the most difficult part of judging,
      they become useless.
PAR  The superior judge has the most difficult task since, in addition to
      awarding his own score to a competitor, he also has to oversee his four
      judges and average the final score for each exercise on his apparatus. To
      obtain the average of the scores of his judges, he must receive from each
      judge his score-card with the mark the judge has awarded to the competitor
      (the score-card is the primary official document). Immediately after the
      competitor has completed an exercise, specially assigned persons deliver
      the score-cards to the superior judge, this primitive method causing
      considerable delays in the progress of the competition.
PAR  In the Soviet Union, a special system was developed designed as an aid in
      judging at gymnastic meets, by means of which scores were transmitted from
      individual judges to the superior judge and from the latter to the master
      judge of the competition.
PAR  This system included judges', superior judge's and master judge's panels,
      luminous display devices, stop watches for beam and floor exercises, and a
      master judge's control panel. As the judges pressed respective buttons on
      their panels, the scores they awarded to competitors appeared on the
      displays of the superior judge's and master judge's panels. The system
      also incorporated electric score-boards to inform the competitors and
      spectators on the progress in each event. The score-boards were controlled
      manually and were not linked with the judges' panels.
PAR  Use was also made in the above system of electric stop watches with display
      boards.
PAR  Visual automatic transmission of scores from the judges to the superior
      judge substantially accelerated the judging process, but failed to
      completely dispense with the delivery of score-cards from the judges to
      the superior judge by specially assigned persons for further confirmation
      of the scores awarded to each competitor.
PAR  Calculating the average and final scores involves a number of arithmetic
      operations, which take much of the superior judge's time and attention and
      keep him busy while the rest of the judges may take a short rest. To get
      the average score, out of the four scores awarded by the judges the
      highest and lowest ones are discarded and the arithmetic mean is derived
      from the remaining two, which serves as the final score.
PAR  In all events of the all-around, according to the rules of the competition,
      exercises should be executed within prescribed limits, and in long horse
      vaults the hands of the gymnast should touch the horse in a prescribed
      grip zone. Additional requirements are imposed on the beam and floor
      exercises as well long horse vaults as to the duration of the exercise.
PAR  If in floor exercises, beam exercises and long horse vaults the competitor
      violates the rules of the competition by stepping out of the floor
      exercise area, exceeding the prescribed time limit or touching the horse
      in the wrong grip zone, the superior judge deducts a respective number of
      points from the average score, and the resulting score is considered
      final.
PAR  All the judges scores, the average and final ones, are entered by the
      superior judge in a special record. The superior judge also calls the
      competitors, permits or forbids each competitor to start the exercise,
      registers the duration of an interruption through falling from an
      apparatus, signals to flash the final score, and, if necessary, calls the
      jury for consulation and an eventual change of the mark awarded to a
      competitor by one or several judges.
PAR  Thus, the superior judge has to do a lot of tedious and purely technical
      work which does not demand high qualification and distracts him from his
      main task.
PAR  Also known in the art is a system of judging aids used at World
      championships and Olympic Games, comprising judges' panels, a superior
      judge's panel, luminous display devices and, for two events, namely, beam
      and floor exercises, a stop watch for determining the duration of an
      exercise as performed by a competitor and the amount of points to be
      deducted, the system also comprising an inter-face connected to a
      computer.
PAR  The computer is associated with a luminous score board, and is connected to
      a printer. Information from the superior judge's panel is fed manually
      into the computer through the interface.
PAR  In this prior art system, the score is set by each judge on his panel and
      automatically transmitted to the superior judge's panel. The superior
      judge calculates the average score from the scores appearing on the
      displays of his panel. After the superior judge receives the score-cards
      from his judges, he checks the average score he has calculated against the
      score-cards.
PAR  The judges and timers (judges working with the stop watch), officiating at
      floor exercises, or the timers alone, in beam exercises, inform the judge
      of a fault in the execution for the latter to make a respective deduction
      and enter it in the record. The final score is manually transmitted to the
      luminous score board of a particular event. The final score is also
      manually fed into the computer through the interface. The computer
      processes all the scores and sends the final results to the score board
      and printer.
PAR  In this system, even the simplest operations by the judges and superior
      judge have not been automated, for example, to facilitate the calculation
      of the average score the only provision made was special blinds on the
      superior judge's panel with which the superior judge's secretary covered
      the highest and lowest scores.
PAR  Tine measurements in floor and beam exercises are made by timers who inform
      the superior judge on the time spent by the competitor executing an
      exercise; stepping out of the floor exercise area is registered by the
      on-line judges.
PAR  The recorded results in each event of an all-around competition are sent to
      scorers who add up the marks to obtain final individual and team scores.
PAR  The processed results are them sent to the score boards and printers for
      the benefit of the competitors, spectators and representatives of the
      press. At the Munich Olympic Games, computers were used for this purpose:
      an operator sitting near the superior judge sent all the necessary
      information to the computer center through the interface. In the computer
      centre, all the final scores were computed, and the teams and individual
      competitors were arranged in the order of the places they won. The final
      scores appeared on the main score board in the gymnasium and were sent to
      printers for the printing of bulletins and score sheets. During the
      competitions, however, numerous delays were taking place, as a result of
      which the International Gymnastics Federation (FIG) decided that in future
      all the results produced by the computer would be reproduced and the final
      scores would be calculated manually along with the computer.
PAR  Thus, as can be seen from the above description, all the currently existing
      aids to judging are basically designed to inform all those present at a
      competition rather than to automate the judging and organizational
      procedures. Since the required information is sent to the computer not
      directly from the judges' panels and not automatically, but through the
      operator sitting near the superior judge, errors are likely to appear in
      the primary information being fed into the computer. The computer being
      remote from the gymnasium does not allow the press corps to be informed as
      promptly as may be desired. Full automation of certain phases of judging
      is further hampered by imperfections in the judging regulations (code of
      points), which is especially true in the case of a competitor stepping out
      of the floor exercise area and accurately penalizing the competitor for
      this fault.
PAR  Other disadvantages of this system reside in the necessity to deliver
      score-cards from individual judges to the superior judge by specially
      assigned persons who sometimes have to cover a distance from 5 to 25 m to
      have the score-cards delivered as well as in the necessity to mentally
      calculate the average and final scores and manually keeping the record and
      score, transmitting the final score to the score board, starting stop
      watches, informing the superior judge on stepping out of the floor
      exercise area, and feeding the initial information into the computer. When
      scores are rewritten a number of times and repeatedly delivered by
      different persons from one judge to another, errors are apt to occur.
PAR  Therefore, a demand has arisen for an automatic system for the organization
      of and officiating at gymnastic competitions, permitting all the
      information gathered from the judges, timers and spotters of stepping out
      of the floor exercise area to be automatically fed into a computer placed
      directly in the gymnasium.
PAR  Such an automatic system should provide for all records and scores to be
      kept without the participation of the judging personnel and automatic
      transmission of the results to score boards and printers. The automatic
      system should also provide for efficient running of the competition as a
      whole and perfect organization of the judging process.
PAR  Accordingly, it is an object of the present invention to provide an
      automatic information system for the organization of gymnastic
      competitions, which will allow to dispense with manual delivery of
      score-cards from the judges to the superior judge, free the superior judge
      from the necessity to mentally calculate scores, permit automatic printing
      of the judges' records on a digital printer, as well as provide for
      automatic feeding of the required information to a luminous score board
      and into a computer.
PAR  With this and other objects in view, the invention resides in an automatic
      information system for the organization of gymnastic competitions,
      intended to collect and process the individual scores awarded by the
      judges to each competitor, to facilitate and accelerate the judging
      procedure, to keep the record and score, as well as to provide for visual
      display of the current and final results of a competition, comprising, for
      each event of an all-around gymnastic competition, judges' panels and a
      superior judge's panel intended for manual input of scores for individual
      exercises of a competitor, a luminous display unit for displaying the
      number of the competitor and the points he or she has scored, and, for two
      events, namely, beam and floor exercises, a stop watch for determining the
      duration of an exercise as performed by a competitor and the amount of
      points to be deducted, whereby the competitor and judges are informed as
      to the time the competitor has spent so far and deductions are
      automatically made for exceeding the prescribed time limit, and an
      interface intended for feeding the information provided by the judges into
      a computer whereto the interface is connected, which computer controls a
      luminous score board and has its output connected to a printer, the
      automatic information system also comprising, according to the invention,
      for each event of an all-around gymnastic competition, a scorer's panel
      intended for the input and storage of the competitor's number and his or
      her final score and connected to the luminous display unit, a digital
      printer for printing the record and score for each competitor, a processor
      intended to calculate the average and final scores awarded to a
      competitor, to store the current information on the progress of the
      competition, and send it to the interface to control the judges', superior
      judge's and scorer's panels, luminous display unit and printer, the
      processor being connected to all these units and, for two events, namely,
      beam and floor exercises, to the stop watch, an intercommunication unit
      which is switched off while a competitor is executing an exercise,
      connected through intercommunication lines to the judges', superior
      judge's and panels, the judges', superior judge's and scorer's panels,
      processor, luminous display unit, printer and intercommunication unit, in
      each event of an all-around competition, plus the stop watch, in two
      events, namely, beam and floor exercises, making up a specialized digital
      device intended to collect subjective initial information on an individual
      competitor, to process this information, to display the score of each
      competitor on the luminous score board, and to keep the record and score
      for each competitor, each of such digital devices being connected to the
      interface, a master judge's panel providing for intercommunication with
      the judges of all events of the all-aroung competition for displaying
      digital information from each specialized digital device, and a
      dispatcher's panel through which the dispatcher calls individual
      competitors in all events of the all-around gymnastic competition and
      which is connected to all specialized digital devices and ensures
      intercommunication with the master judge's panel, scorers' panels and
      technical service posts in the gymnasium.
PAR  It is expedient that the specialized digital device additionally comprise,
      in one event of an all-around gymnastic competition, namely, floor
      exercises, two on-line judges' panels intended for the input of a
      deduction for stepping out of the floor exercise area, said panels being
      connected to the processor and intercommunication unit.
PAR  It is desirable that each judge's panel should comprise: a memory register
      for storing the score awarded to a competitor; a manual score input
      device; a coder connected to said manual score input device and to the
      inputs of the memory register; a first OR circuit having its inputs
      connected to the outputs of the coder; a second OR circuit a distributor
      having one of its inputs connected to the output of the first OR circuit
      and the outputs connected to the inputs of the second OR circuit and to
      the digit select inputs of the memory register; a memory register
      resetting means; a third OR circuit having one of its inputs connected to
      the output of the memory register resetting means and the other input
      connected to an output of the processor; a first AND circuit having one of
      its inputs connected to the output of the third OR circuit and the output
      connected to the reset input of the distributor and to the reset input of
      the memory register; a second AND circuit; a record-keeping unit intended
      for writing down the score of a competitor on a moving paper tape, the
      output whereof is connected to an input of the second AND circuit whose
      second input is connected to the output of the second OR circuit, an
      indication unit; a third AND circuit; a flip-flop having its first input
      connected to the output of the second AND circuit, the second input
      connected to a group of outputs of the processor, the first output
      connected to a group of inputs of the processor, and the second output
      connected to the second input of the first AND circuit and to the first
      input of the third AND circuit the second input whereof is connected to a
      group of outputs of the processor and the output is connected to the
      indication unit; counters for registering elements of individual parts, of
      exercises characterized by different degrees of difficulty, and faults in
      the execution of these exercises; data input units each being coupled to a
      respective counter a counter resetting means; a fourth AND circuit having
      one of its inputs connected to the counter resetting means and the other
      input connected to an output of the flip-flop; a fourth OR circuit having
      one of its inputs connected to the output of the fourth AND circuit, the
      second input connected to a group of outputs of the processor, and the
      output connected to the reset inputs of the counters; a digital display
      unit, one group of inputs whereof is connected to the outputs of the
      counters and the other group of inputs is connected to respective outputs
      of the memory register, which outputs are coupled to a group of inputs of
      the processor; and an intercommunication assembly linked with the
      intercommunication unit through an intercommunication line.
PAR  It is also desirable that the superior judge's panel should comprise:
      memory register for storing the score awarded to a competitor; a manual
      score input device; a coder connected to the manual score input device and
      to the inputs of the memory register; a distributor intended for digitwise
      entry of a competitor's score in the memory register; a first OR circuit
      for starting the distributor, having its inputs connected to the outputs
      of the coder and the output connected to the input of the distributor, the
      outputs of the latter being connected to the digit select inputs of the
      memory register and to a second OR circuit; a memory register resetting
      means; a third OR circuit having one of its inputs connected to the output
      of the memory register resetting means and the other input connected to a
      group of outputs of the processor; a first AND circuit, one of the inputs
      whereof is connected to the output of the third OR circuit and the output
      is connected to the reset input of the distributor and to the reset input
      of the memory register; a second AND circuit; a record-keeping unit
      intended for writing down the score of a competitor on a moving paper
      tape, the output whereof is connected to one of the inputs of the second
      AND circuit whose other input is connected to the output of the second OR
      circuit; a flip-flop having its first input connected to the output of the
      second AND circuit, the second input connected to a group of outputs of
      the processor, the first output connected to a group of inputs of the
      processor, and the second output connected to the second input of the
      first AND circuit, counters for registering elements of individual parts
      of exercises, characterized by different degrees of difficulty, and faults
      in the execution of these exercises; data input devices each being
      connected to a respective counter; a counter resetting means; a third AND
      circuit having one of its inputs connected to the counter resetting means
      and the second input connected to an output of the flip-flop; a fourth OR
      circuit having the first input connected to the output of the third AND
      circuit and the second input connected to a group of outputs of the
      processor, while the output of the fourth OR circuit is connected to the
      reset inputs of the counters; a digital display unit, one group of inputs
      whereof is connected to the outputs of the counters, the second group of
      inputs is connected to respective outputs of the memory register also
      connected to a group of inputs of the processor, and the third group of
      inputs is connected to a group of outputs of the processor; a command unit
      having its outputs connected to a group of inputs of the processor; and an
      intercommunication assembly linked with the intercommunication unit
      through an intercommunication line.
PAR  The scorer's panel should preferably comprise: memory registers for
      storing, respectively, the number of a competitor and the final score
      awarded to the competitor for an exercise; a device for manual entry of
      information in the memory registers; a coder connected to the information
      input device and to the inputs of the memory registers; a distributor
      intended for digitwise entry of information in the memory registers; a
      first OR circuit for starting the distributor, having its inputs connected
      to the outputs of the coder and the output connected to the input of the
      distributor, the outputs of the latter being connected to the digit select
      inputs of the memory registers; a command unit intended for the selection
      of a respective memory register for data input and for controlling the
      luminous display unit, the first and second outputs of the command unit
      being connected to the data entry permit inputs of a respective memory
      register; a first and a second AND circuits having their first inputs
      interconnected and coupled to the third output of the command unit, the
      second inputs being connected to the first and second outputs of the
      command unit, respectively, the output of the first AND circuit being
      connected to the group of inputs of the luminous display unit, and the
      output of the second AND circuit being connected to an input of the
      processor; a memory register resetting means; a third and a fourth AND
      circuits having their first inputs interconnected and coupled to the
      memory register resetting means, the second inputs being connected to the
      first and second outputs, respectively, of the command unit; a second and
      a third OR circuits having their first inputs connected to the outputs of
      the third and fourth AND circuits, respectively and the outputs connected
      to the reset inputs of respective memory registers; a flip-flop for
      selecting the colour of the information being displayed on the luminous
      display unit; a fourth OR circuit having one of its inputs connected to
      the output of the resetting means, the second input interconnected with
      the second inputs of the second and third OR circuits and coupled to a
      group of outputs of the processor, the third input connected to a group of
      outputs of the processor and the output connected to the reset input of
      the distributor and to the group of inputs of the luminous display unit; a
      fifth OR circuit having its first input connected to the output of the
      fourth OR circuit, the second input connected to the fourth output of the
      command unit and the output connected to the second input of the flip-flop
      which has its first input connected to the firth output of the command
      unit, both outputs of the flip-flop being connected to a respective group
      of inputs of the luminous display unit, and the third input of the first
      AND circuit being interconnected with the third input of the fifth OR
      circuit and coupled to the group of outputs of the dispatcher's panel; a
      digital display unit, one group of inputs whereof is connected to a group
      of outputs of the processor, while the other group of inputs is connected
      to the outputs of the memory register intended for storing the number of a
      competitor, which outputs are also connected to the group of inputs of the
      luminous display unit and to a group of inputs of the processor, the
      outputs of the memory register intended for storing the final score
      awarded for the execution of an exercise being connected to a respective
      group of inputs of the processor; and an intercommunication assembly
      linked with the dispatchers panel through an intercommunication line.
PAR  The processor of a specialized digital device should preferably comprise; a
      binary counter, an adder; comparison circuits intended to compare the
      information from the binary counter with the information from the judges'
      panels and the stop watch for determining the duration of an exercise as
      performed by a competitor, having their first inputs interconnected
      digitwise and coupled to respective outputs of the binary counter and the
      second inputs connected to the outputs of, respectively, the judges'
      panels, stop watch and adder, the inputs of the latter being connected to
      the online judges' panels; a first distributor having its first output
      connected to the comparison circuit control inputs which are connected to
      the judges' panels, the second output connected to the control input of
      the comparison circuit which is connected to the stop watch and the third
      output connected to the control input of the comparison circuit which is
      connected to the adder; a first OR circuit having its inputs connected to
      the outputs of the comparison circuits which are connected to the judges'
      panels; a second distributor whose input is associated with the output of
      the first OR circuit; a first flip-flop and a second flip-flop the first
      input whereof is connected to the first output of the second distributor;
      a first pulse generator having its output connected to the input of the
      binary counter and to the count input of the first flip-flop; a first
      delay element having its output connected to the input of the first
      distributor; a second OR circuit having its output connected to the first
      delay element, the first input connected to the output of the comparison
      circuit which is connected to the stop watch and the second input
      connected to the output of the comparison circuit which is connected to
      the adder; a third flip-flop; a reversible binary counter whose control
      input is connected to the outputs of the third flip-flop; a memory
      register having its inputs connected to the outputs of the reversible
      binary counter, the second output of the second distributor being
      connected to the first input of the third flip-flop, to an input of the
      memory register and to the third inputs of the second OR circuit; a third
      OR circuit having one of its outputs connected to the input of the
      reversible binary counter; a first and a second AND circuits having their
      outputs connected to the inputs of the third OR circuit, the first inputs
      connected to respective outputs of the second flip-flop, the second input
      of the first AND circuit being connected to the output of the first pulse
      generator, and the second input of the second AND circuit being connected
      to the output of the first flip-flop; a fourth flip-flop having its output
      connected to the input of the first pulse generator; a second delay
      element whose output is connected to the first input of the fourth
      flip-flop; a fourth OR circuit having its output connected to the input of
      the second delay element and one of its inputs connected to the second
      output of the second distributor; a third and a fourth AND circuits whose
      outputs are connected to the inputs of the fourth OR circuit, the first
      input of the third AND circuit being connected to the first output of the
      first distributor, each of the remaining inputs of the third AND circuit
      being connected to the output of a respective judge's panel, the first
      input of the fourth AND circuit being connected to the third output of the
      first distributor, the second and third inputs of the fourth AND circuit
      being connected to the outputs of respective on-line judges' panels; a
      fifth OR circuit having one of its inputs connected to the output of the
      first delay element and the output connected to the second inputs of the
      second and fourth flip-flop, to the reset inputs of the binary counter and
      second distributor; a first gate unit, the inputs whereof are connected to
      respective outputs of the reversible binary counter; a group of OR
      circuits whose first inputs are connected to the outputs of the first gate
      unit; a second gate unit whose inputs are connected to the outputs of the
      memory register for storing the final score from the scorer's panel and
      whose outputs are connected to the second inputs of the group of OR
      circuits; a fifth flip-flop having its outputs connected, respectively, to
      the control inputs of the first and second gate units, the first input
      connected to the output of the comparison circuit which is coupled to the
      adder and to an output of the processor; a programming unit; a coder whose
      inputs are connected to the outputs of the programming unit; a second
      pulse generator; a fifth AND circuit having one of its inputs connected to
      the output of the second pulse generator and the output connected to the
      inputs of the judges' and on-line judges' panels; third gate units whose
      inputs are connected to the outputs of respective judges' panels and
      control inputs are connected to the second input of the fifth AND circuit
      and to a respective output of the superior judge's panel, the outputs of
      the first gate unit, memory register and third gate units being connected
      to respective units of the third group of inputs of the digital display
      unit of the superior judge's panel; a fourth gate unit having its inputs
      connected to the outputs of the superior judge's panel; a fifth gate unit
      having its inputs connected to the outputs of the scorer's panel; a sixth
      gate unit having its inputs connected to the outputs of the coder; seventh
      gate units having their inputs connected to the outputs of the judges'
      panels; an eighth gate unit having its inputs connected to the outputs of
      the stop watch; a ninth gate unit having its inputs connected to the
      outputs of the adder; a tenth gate unit having its inputs connected to the
      outputs of the memory register; an eleventh gate unit having its inputs
      connected to the outputs of the group of OR circuits; a third distributor
      whose outputs are connected to the control inputs of the fourth, fifth,
      sixth, seventh, eight, ninth, tenth and eleventh gate units, respectively;
      a third pulse generator whose output is connected to the input of the
      third distributor and to the input of the digital printer; a sixth
      flip-flop having its output connected to the input of the third pulse
      generator; a second group of OR circuits having its inputs connected to
      the outputs of the fourth fifth, sixth, seventh, eighth, ninth, tenth and
      eleventh gate units, respectively; a code converter, the inputs whereof
      are connected to the outputs of the second group of OR circuits and the
      outputs are connected to the inputs of the digital printer; a seventh and
      an eighth flip-flops, the first inputs whereof are connected to respective
      outputs of the superior judge's panel; a sixth OR circuit whose output is
      connected to the first input of the sixth flip-flop and to the input of
      the interface; a ninth flip-flop the first input whereof is connected to
      the output of the sixth OR circuit and the second input is connected to
      the output of the interface; a sixth and a seventh AND circuits having
      their first inputs connected to the output of the ninth flip-flop, the
      outputs of the seventh and eighth flip-flop being connected to the inputs
      of the sixth OR circuit and to the second inputs of the sixth and seventh
      AND circuits, and the output of the third distributor being connected to
      the second input of the sixth flip-flop and to the third inputs of the
      sixth and seventh AND circuits; a seventh OR circuit having its inputs
      connected to the outputs of the sixth and seventh AND circuits; a third
      delay element whose input is connected to the output of the seventh OR
      circuit and output is connected to the second input of the fifth flip-flop
      and to the reset inputs of the memory register, reversible binary counter
      and first distributor as well as to the second input of the third
      flip-flop, second input of the fifth OR circuit and inputs of the judges'
      and on-line judges' panels; a fourth delay element having its input
      connected to the output of the third delay element and the output
      connected to the reset input of the third distributor and to the second
      inputs of the seventh and eighth flip-flops; a fifth delay element whose
      input is connected to the output of the seventh AND circuit and output is
      connected to the inputs of the judges', on-line judges', superior judge's
      and scorer's panels; and an eighth OR circuit having its first input
      connected to the output of the superior judge's panel, the second inputs
      connected to the output of the scorer's panel, and the output connected to
      the input of the luminous display unit.
PAR  The luminous display unit should preferably comprise: a three-face luminous
      display board for displaying the number of a competitor and his or her
      final score for the execution of an exercise; power switches; a first and
      a second AND circuits having their first inputs connected to respective
      outputs of the scorer's panel, the second inputs being interconnected, and
      the outputs being connected to the inputs of respective power switches
      coupled to a power supply and having their outputs connected to the inputs
      of the three-face luminous display board; an OR circuit for switching on
      the three-face luminous diaplay board; a first and a second flip-flops for
      controlling the display of the number of a competitor and his ot her final
      score on the three-face luminous display board, the first inputs of these
      flip-flops being connected to respective outputs of the scorer's panel and
      processor, the second inputs being interconnected and coupled to the
      scorer's panel, and the outputs of both flip-flops being connected to the
      inputs of the OR circuit having its output coupled to the interconnected
      second inputs of the first and second AND circuits; two gate units for
      feeding the required information to the three-face luminous display board,
      having their inputs connected to the scorer's panel outputs and processor
      outputs, respectively, the control inputs of the first gate unit being
      connected to the output of the first flip-flop and the control input of
      the second gate unit being connected to the output of the second
      flip-flop; code converters for converting the information code into the
      code of the three-face luminous display board, the outputs of the code
      converters being connected to the respective inputs the three-face
      luminous display; groups of OR circuits having their outputs connected to
      the inputs of respective code converters, the first inputs of these OR
      circuits being connected to respective outputs of the first gate unit and
      the second inputs being connected to respective outputs of the second gate
      unit.
PAR  The proposed automatic information system for the organization of gymnastic
      competitions ensures accurate and fast processing of scores and provides
      for easy and immediate access to the records of the competition. Visual
      display of the scores and the possibility to see the stop watches in beam
      and floor exercises, as well as the presence of the control system
      enabling the dispatcher to call competitors to their apparatus render
      gymnastic competitions more interesting and pleasant to watch.
PAR  The automatic information system of the present invention substantially
      facilitates the organization of a competition and the judging procedure.
DRWD
PAR  The invention will now be described in greater detail with reference to a
      preferred embodiment thereof, taken in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a block diagram of an automatic infromation system, according to
      the invention;
PAR  FIG. 2 is a functional diagram of a judge's panel, according to the
      invention;
PAR  FIG. 3 is a circuit diagram of a shaper, according to the invention;
PAR  FIG. 4 is an isometric general view of the record-keeping unit mechanism,
      according to the invention;
PAR  FIG. 5 is an electric circuit diagram of the indicator unit according to
      the invention;
PAR  FIG. 6 is a functional diagram of the superior judge's panel, according to
      the invention;
PAR  FIG. 7 is a functional diagram of the scorer's panel, according to the
      invention;
PAR  FIG. 8 is a functional diagram of the processor, according to the
      invention;
PAR  FIG. 9 is a functional diagram of a comparison circuit, according to the
      invention;
PAR  FIG. 10 is a functional diagram of a gate unit, according to the invention;
PAR  FIG. 11 is a functional diagram of the luminous display unit, according to
      the invention;
PAR  FIG. 12 is an electric circuit diagram of a luminous spot, according to the
      invention;
PAR  FIG. 13 is an electric circuit diagram of a power switch, according to the
      invention; and
PAR  FIG. 14 is an electric circuit diagram of the power supply, according to
      the invention.
DETD
PAR  Referring now to the drawings, the automatic information system for the
      organization of gymnastic competitions comprises, for each event of an
      all-around gymnastic competition, judges' panels 1 (FIG. 1), a superior
      judge's panel 2, a luminous display unit 3 and, in two events, namely,
      beam and floor exercises, a stop watch 4 for determining the duration of
      an exercise as performed by a competitor and the amount of points to be
      deducted. The system also comprises an interface 5 using known circuitry
      and intended to feed information from the judges into an electronic
      computer 6, whereto it is connected, the computer 5 controlling a luminous
      score board 7 using known circuitry and having a printer connected to its
      output 8.
PAR  According to the invention, for each event of an all-around gymnastic
      competition, the system also includes a scorer's panel 9 having a group of
      inputs 10.sub.1, . . . , 10.sub.n connected to the inputs of the luminous
      display unit 3, a digital printer 11 of a known structure, a processor 12
      having a group of outputs 13.sub.1, . . . , 13.sub.n and a group of inputs
      14.sub.1, . . . , 14.sub.n connected, respectively, to the inputs and
      outputs of the judges' panels 1, a group of outputs 15.sub.1, . . . ,
      15.sub.n and a group of inputs 16.sub.1, . . . , 16.sub.n connected,
      respectively, to the inputs and outputs of the superior judge's panel 2, a
      group of outputs 17.sub.1, . . . , 17.sub.n and a group of inputs
      18.sub.1, . . . , 18.sub.n connected, respectively, to the inputs and
      outputs of the scorer's panel 9, a group of outputs 19.sub.1, . . . ,
      19.sub.n connected to the inputs of the luminous display unit 3, and a
      group of outputs 20.sub.1, . . . , 20.sub.n connected to the group of
      control inputs of the digital printer 11.
PAR  For two events of an all-around gymnastic competition, namely, beam and
      floor exercises, the processor 12 has its group of inputs 21.sub.1, . . .
      , 21.sub.n connected to the group of outputs of the stop watch 4.
PAR  For each event of an all-around gymnastic competition, the system is
      provided with an intercommunication unit 22 which remains switched off
      while a competitor is executing an exercise and has its input 23 connected
      to the output of the scorer's panel 9.
PAR  The judges' panel 1 and superior judge's panel 2 are linked, through
      intercommunication lines 24, with the intercommunication unit 22.
PAR  For each event of an all-around gymnastic competition, the judges' panels
      1, superior judge's panel 2, scorer's panel 9, processor 12, luminous
      display unit 3, digital printer 11, intercommunication unit 22 and, for
      beam and floor exercises, stop watch 4 make up a specialized digital
      device 25.
PAR  Each specialized digital device 25 has a group of outputs 26.sub.1, . . . ,
      26.sub.n and its inputs connected, respectively, to a group of inputs and
      a group of outputs of the interface 5.
PAR  Provision has also been made in the system for a master judge's panel 28
      actuating a digital display unit 29 using a conventional circuit and an
      intercommunication unit 30 also using a conventional circuit, the master
      judge's panel 28 is linked, through intercommunication lines 31, with the
      specialized digital devices 25. The panel 28 has its group of inputs
      connected to the group of outputs 26.sub.1, . . . , 26.sub.n of all the
      specialized digital devices 25.
PAR  The system additionally has a dispatcher's panel 32 actuating an
      intercommunication unit 33 using a conventional circuit and command units
      34. The panel 32 has its group of outputs 35 connected to the group of
      inputs of all the specialized digital devices 25.
PAR  The dispatcher's panel 32 is also linked, through intercommunication lines
      36, 37 and 38, with the master judge's panel 28, all scorers' panels 9 and
      technical service posts 39 in the gymnasium, respectively.
PAR  In accordance with the invention, the specialized digital device used in
      one of the events of an all-around gymnastic competition, namely, floor
      exercises, additionally includes two on-line judges' panels 40 having
      their group of inputs and group of outputs connected, respectively, to a
      group of outputs 41.sub.1, . . . , 41.sub.n and a group of inputs
      42.sub.1, . . . , 42.sub.n of the processor 12.
PAR  The on-line judges' panels 40 are linked, through intercommunication lines
      43, with the intercommunication unit 22.
PAR  The on-line judges' panels 40 are similar to the judges' panels 1.
PAR  Each judge's panel 1 (FIG. 2) comprises a memory register 44 including
      flip-flops 45.sub.1, . . . , 45.sub.n as well as AND circuits 46.sub.1, .
      . . , 46.sub.n having their outputs 47.sub.1, . . . , 47.sub.n connected
      to the first inputs of respective flip-flops 45.sub.1, . . . , 45.sub.n
      whose second inputs are interconnected.
PAR  The judge's panel 1 also comprises a score manual input device 48 including
      shapers 49 each having two AND-NOT circuits 50 and 51 (FIG. 3) using an
      RS-flip-flop whose first input coincides with an input 52 of the shaper 49
      and second input coincides with an input 53 of the shaper 49, and an
      output 54.
PAR  The inputs 52 and 53 of each shaper 49 (FIG. 2) are connected to
      push-button switches 55.
PAR  Each judge's panel 1 additionally comprises a coder 56 associated with the
      score input device 48 and inputs 57 of the memory register 44, a first OR
      circuit 58 having its inputs 59 connected to the outputs of the coder 56,
      a second OR circuit 60, and a distributor 61 using a conventional circuit,
      having its input 62 connected to the output of the first OR circuit 58 and
      outputs 63 connected to the second OR circuit 60 and to digit select
      inputs 64 of the memory register 44.
PAR  In each judge's panel 1, there is also a memory register resetting means 65
      including a shaper 49 with its inputs being connected to a push-button
      switch 66, and a third OR circuit 67 having its input 68 connected to the
      output of the memory register resetting means 65 and input 69 being the
      input of the judge's panel 1, connected to the group of outputs 13.sub.1,
      . . . , 13.sub.n (FIG. 1) of the processor 12.
PAR  The judge's panel 1 (FIG. 2) also includes a first AND circuit 70 having
      its input 71 connected to the output of the third OR circuit 67 and the
      output connected to reset inputs 72 and 73 of the distributor 61 and
      memory register 44, respectively, the reset input 73 of the memory
      register 44 being coupled to the combined second inputs of the flip-flops
      45.sub.1, . . . , 45.sub.n.
PAR  The judge's panel 1 further comprises a second AND circuit 74 and a
      record-keeping unit 75 including a mechanism 76 and a shaper 49 having its
      inputs connected to a limit switch 77 mechanically associated with the
      mechanism 76.
PAR  The mechanism 76 (FIG. 4) comprises a driven roller 78 for feeding a paper
      tape 79, a ratchet 80, a pressure roller 81, an arm 82 with a pawl 83,
      mechanically associated with the ratchet 80 and the limit switch 77, a
      cover 84 with a slot 85 and a transparent plate 86, and a base 87.
PAR  An output 88 (FIG. 2) of the record-keeping unit 75 is connected to one of
      the inputs of the second AND circuit 74 (FIG. 2) the other input whereof
      is coupled to the output of the second OR circuit 60.
PAR  The judge's panel 1 is also provided with an indication unit 90 and a third
      AND circuit 91.
PAR  The indication unit 90 (FIG. 5) includes a signal lamp 92 and a transistor
      93 the collector circuit whereof incorporates the signal lamp 92 and the
      base circuit includes a coupling resistor 94 and a bias resistor 95.
PAR  The judge's panel 1 (FIG. 2) also has a flip-flop 96 a first input 97
      whereof is connected to the output of the second AND circuit 74 and a
      second input 98, serving as an input of the judge's panel 1, is coupled to
      a group of outputs 13.sub.1, . . . , 13.sub.n (FIG. 1) of the processor
      12.
PAR  An output 99 (FIG. 2) of the flip-flop 96, serving as the output of the
      judge's panel 1 (FIG. 1), is connected to the group of outputs 14.sub.1, .
      . . , 14.sub.n of the processor 12, while an output 100 (FIG. 2) of the
      flip-flop 96 is coupled to the input of the first AND circuit 70 and to
      the first input of the third AND circuit 91 whose second input 101, also
      serving as an input of the judge's panel 1, is connected to the group of
      outputs 13.sub.1, . . . , 13.sub.n (FIG. 1) of the processor 12, the
      output of the third AND circuit 91 (FIG. 2) being connected to an input
      102 of the indication unit 90.
PAR  Other components of the judge's panel 1 include counters 103 built around
      known circuits and data input units 104, each being connected to a
      respective counter 103.
PAR  Each data input unit 104 incorporates a shaper 49 with a push-button switch
      105 being connected to its inputs.
PAR  The judge's panel 1 also comprises a counter resetting means 106 including
      a shaper 49 having a push-button switch 107 connected to its inputs.
PAR  The judge's panel 1 further comprises a fourth AND circuit 108 whose one
      input is connected to an output 109 of the counter resetting means 106 and
      the other input 110 is connected to the output 100 of the flip-flop 96 and
      a fourth OR circuit 111 one input 112 whereof is connected to the output
      of the fourth AND circuit 108, the other input 113, serving as an input of
      the judge's panel 1, is connected to the group of outputs 13.sub.1, . . .
      , 13.sub.n (FIG. 1) of the processor 12 and the output is connected to
      reset inputs 114 (FIG. 2) of the counters 103.
PAR  The judge's panel 1 additionally comprises a digital display unit 115 using
      a conventional circuit, one group of inputs 116 whereof is connected to
      the outputs of the counters 103, the other group of inputs is connected to
      respective outputs 117 of the memory register 44, serving as inputs of the
      judge's panel 1, connected to the group of inputs 14.sub.1, . . . ,
      14.sub.n (FIG. 1) of the processor 12.
PAR  Finally, the judge's panel 1 (FIG. 2) comprises an intercommunication
      assembly 118 of a conventional arrangement, an input 119 whereof is
      linked, through the intercommunication line 24 (FIG. 1), with the
      intercommunication unit 22.
PAR  According to the invention, the superior judge's panel 2 (FIG. 6) comprises
      a memory register 120 including flip-flops 121.sub.1, . . . , 121.sub.n as
      well as AND circuits 122.sub.1, . . . , 122.sub.n whose outputs 123.sub.1,
      . . . , 123.sub.n are coupled to the first inputs of respective flip-flops
      121.sub.1, . . . , 121.sub.n, their second inputs being interconnected.
PAR  The superior judge's panel 2 also comprises a manual score input device 124
      including shapers 49 with push-button switches 125 connected to their
      inputs.
PAR  The superior judge's panel 2 further comprises a coder 126 associated with
      the score manual input device 124 and with inputs 127 of the memory
      register 120, a first OR circuit 128, inputs 129 whereof are connected to
      the outputs of the coder 126, a second OR circuit 130, and a distributor
      131 using a conventional circuit, having an input 132 connected to the
      output of the first OR circuit 128 and outputs 133 connected to the second
      OR circuit 130 and to digit select inputs 134 of the memory register 120.
PAR  The superior judge's panel 2 additionally comprises a memory register
      resetting means 135 including a shaper 49 with a push-button switch 136
      connected to its inputs, and a third OR circuit 137 having an input 138
      connected to the output of the memory register resetting means 135 and an
      input 139, serving as an input of the superior judge's panel 2, connected
      to the group of outputs 15.sub.1, . . . , 15.sub.n (FIG. 1) of the
      processor 12.
PAR  There is also provided, in the superior judge's panel 2 (FIG. 6), a first
      AND circuit 140 one input 141 whereof is connected to the output of the
      third OR circuit 137 and the output is connected to reset inputs 142 and
      143 of the distributor 131 and memory register 120, respectively, the
      reset input 143 being coupled to the interconnected second inputs of the
      flip-flops 121.sub.1, . . . , 121.sub.n.
PAR  The superior judge's panel 2 also includes a second AND circuit 144 and a
      record-keeping unit 145 incorporating a mechanism 76 and a shaper 49 with
      a limit switch 146 connected to its inputs, mechanically associated with
      the mechanism 76. The output 55 (FIG. 3) of the shaper 49 of the unit 145
      (FIG. 6) is connected to one of the inputs of the second AND circuit 144,
      the other input 147 whereof is connected to the output of the second OR
      circuit 130.
PAR  The superior judge's panel 2 further includes a flip-flop 148 having its
      first input 149 connected to the output of the second AND circuit 144 and
      a second input 150, serving as an input of the superior judge's panel 2,
      connected to the group of outputs 15.sub.1, . . . , 15.sub.n (FIG. 1) of
      the processor 12. An output 151 of the flip-flop 148, serving as an output
      of the superior judge's panel 2, is associated with the group of inputs
      16.sub.1, . . . , 16.sub.n (FIG. 1) of the processor 12. An output 152
      (FIG. 6) of the flip-flop 148 is connected to the input of the first AND
      circuit 140.
PAR  The superior judge's panel 2 additionally includes counters 153 using known
      circuits and input units 154, each being connected to a respective counter
      153.
PAR  Each input unit 154 includes a shaper 49 with a push-button switch 155
      connected to its inputs.
PAR  In the superior judge's panel 2, there is also a counter resetting means
      156 including a shaper 49 with a push-button switch connected to the
      inputs thereof.
PAR  The superior judge's panel 2 also comprises a third AND circuit 158 having
      an input connected to an output 159 of the counter resetting means 156 and
      an input 160 connected to the output 152 of the flip-flop 148, and a
      fourth OR circuit 161 having an input 162 connected to the output of the
      third AND circuit 158 and an input 163, serving as an input of the
      superior judge's panel 2, connected to the group of outputs 15.sub.1, . .
      . , 15.sub.n (FIG. 1) of the processor 12, the output of the fourth OR
      circuit 161 being coupled to reset inputs 164 (FIG. 6) of the counters
      153.
PAR  Provision has also been made, in the superior judge's panel 2, for a
      digital display unit 165 using a conventional circuit, one group of inputs
      166 whereof is associated with the outputs of the counters 153, the second
      group of inputs is connected to respective outputs 167 of the memory
      register 120, the outputs 167 serving as outputs of the superior judge's
      panel 2 and being connected to the group of inputs 16.sub.1, . . . ,
      16.sub.n (FIG. 1) of the processor 12, and the third group of inputs 168
      (FIG. 6), serving as a group of inputs of the panel 2, is connected to the
      group of outputs 15.sub.1, . . . , 15.sub.n (FIG. 1) of the processor 12.
PAR  The superior judge's panel 2 (FIG. 6) also has, among its components, a
      command unit 169 including shapers 49 and push-button switches 170 and 171
      connected, respectively, to the inputs of the shapers 49.
PAR  Outputs 172 and 173 of the command unit 169, serving as respective outputs
      of the superior judge's panel 2, are connected to the group of inputs
      16.sub.1, . . . , 16.sub.n (FIG. 1) of the processor 12.
PAR  And, finally, the superior judge's panel 2 (FIG. 6) comprises an
      intercommunication assembly 174 arranged in a conventional manner, having
      its input 175 linked, through the intercommunication line 24 (FIG. 1),
      with the intercommunication unit 22.
PAR  The scorer's panel 9 (FIG. 7) comprises, in accordance with the invention,
      a memory register 176 for storing the number of a competitor and a memory
      register 177 for storing the final score awarded to the competitor for the
      execution of an exercise.
PAR  The memory register 176 includes flip-flops 178.sub.1, . . . , 178.sub.n as
      well as AND circuits 179.sub.1, . . . , 179.sub.n having their outputs
      180.sub.1, . . . , 180.sub.n connected to the first inputs of the
      flip-flops 178.sub.1, . . . , 178.sub.n, their second inputs being
      interconnected.
PAR  The memory register 177 includes flip-flops 181.sub.1, . . . , 181.sub.n as
      well as AND circuits 182.sub.1, . . . , 182.sub.n having their outputs
      183.sub.1, . . . , 183.sub.n connected to the first inputs of the
      flip-flops 181.sub.1, . . . , 181.sub.n, their second inputs being
      interconnected.
PAR  The scorer's panel 9 also comprises an input device 184 including shapers
      49 and push-button switches 185 connected to the inputs of the shapers 49,
      and a coder 186 connected to the input device 184 and to inputs 187 and
      188 of the memory registers 176 and 177, respectively.
PAR  The scorer's panel 9 further comprises a distributor 189 built around a
      known circuit, a first OR circuit 190 having its inputs 191 connected to
      the outputs of the coder 186 and output 192 connected to the input of the
      distributor 189 whose outputs 193 are coupled to the digit select inputs
      of the memory registers 176 and 177, and a command unit 194 including
      shapers 49 and push-button switches 195, 196, 197, 198 and 199 connected
      to the inputs of the shapers 49, a first output 200 and a second output
      201 of the command unit 194 being connected to the data entry permit
      inputs of respective memory registers 176 and 177.
PAR  The scorer's panel 9 additionally comprises a first AND circuit 202 and a
      second AND circuit 203, both having their first inputs interconnected and
      coupled to a third output 204 of the command unit 194, while the second
      inputs of the AND circuits 202 and 203 are connected to the first output
      200 and second output 201, respectively, of the command unit 194. An
      output 205 of the first AND circuit 202, coinciding with the output
      10.sub.1 of the group of outputs 10.sub.1, . . . , 10.sub.n (FIG. 1) of
      the scorer's panel 9, is connected to an input of the group of inputs of
      the luminous display unit 3 (FIG. 1), while the output 206 (FIG. 7) of the
      second AND circuit 203, serving as an input of the scorer's panel 9, is
      connected to the group of inputs 18.sub.1, . . . , 18.sub.n (FIG. 1) of
      the processor 12.
PAR  In the scorer's panel 9 (FIG. 7), there are also a means 207 for resetting
      the memory registers 176 and 177, including a shaper 49 and a push-button
      switch 208 connected to the inputs of the shaper 49, a third AND circuit
      209 and a fourth AND circuit 210, the first inputs of these circuits being
      interconnected and coupled to the means 207 for resetting the memory
      registers 176 and 177 and the second inputs being connected to the first
      output 200 and second output 201, respectively, of the command unit 194.
PAR  The scorer's panel 9 also includes a second OR circuit 211 and a third OR
      circuit 212, whose first inputs are connected to outputs 213 and 214,
      respectively, of the third AND circuit 209 and fourth AND circuit 210,
      outputs 215 and 216 of the second and third OR circuits 211 and 212,
      respectively, are connected to the reset inputs of respective memory
      registers 176 and 177, as well as a fourth OR circuit 218 having an input
      219 connected to the output of the resetting means 207, a second input
      interconnected with the second inputs of the second and third OR circuits
      211 and 212, coinciding with an input 220 of the scorer's panel 9 and
      coupled to the group of outputs 17.sub.1, . . . , 17.sub.n (FIG. 1) of the
      processor 12, a third input 221, serving as an input of the scorer's panel
      9, connected to the group of outputs 17.sub.1, . . . , 17.sub.n (FIG. 1)
      of the processor 12, and an output 222 connected to the reset input of the
      distributor 189 and coinciding with the group of outputs 10.sub.1, . . . ,
      10.sub.n (FIG. 1) of the scorer's panel 9.
PAR  The scorer's panel 9 (FIG. 7) further includes a fifth OR circuit 223
      having its first input connected to the output 222 of the fourth OR
      circuit 218, a second input connected to a fourth output 224 of the
      command unit 194, and an output 225 connected to the second input of the
      flip-flop 217 whose first input is coupled to a fifth output 226 of the
      command unit 194. Outputs 227 and 228 of the flip-flop 217 coincide with
      the group of outputs 10.sub.1, . . . , 10.sub.n (FIG. 1) of the scorer's
      panel 9, a third output 229 (FIG. 7) of the first AND circuit 202 is
      interconnected with the third input of the fifth OR circuit 223, serves as
      an input of the scorer's panel 9 and is coupled to the group of outputs 35
      (FIG. 1) of the displatcher's panel 32.
PAR  The scorer's panel 9 (FIG. 7) additionally includes a digital display unit
      230 built around a conventional circuit, one group of inputs 231 whereof
      is associated with the group of outputs 17.sub.1, . . . , 17.sub.n (FIG.
      1) of the processor 12, the other group of inputs is associated with
      outputs 232 (FIG. 7) of the memory register 176, coincides with the group
      of outputs 10.sub.1, . . . , 10.sub.n (FIG. 1) of the scorer's panel 9 and
      is coupled to the group of inputs 18.sub.1, . . . , 18.sub.n of the
      processor 12, and outputs 233 (FIG. 7) of the memory register 177, serving
      as outputs of the scorer's panel 9, are connected to respective inputs of
      the group of inputs 18.sub.1, . . . , 18.sub.n (FIG. 1) of the processor
      12.
PAR  Finally, the scorer's panel 9 comprises an intercommunication assembly 234
      (FIG. 7) built around a conventional circuit and linked, through the
      intercommunication line 35 (FIG. 1), with the dispatcher's panel 32.
PAR  According to the invention, the processor 12 (FIG. 8) comprises a binary
      counter 235, an adder 236 using a known circuit, comparison circuits
      237.sub.1, . . . , 237.sub.i, 237.sub.k and 237.sub.n, which are intended
      for comparison of the information provided by the binary counter 235 with
      the output information from the judges' panels 1 (FIG. 1) and stop watch
      4. Each of the above comparison circuits 237.sub.1, . . . , 237.sub.i,
      237.sub.k and 237.sub.n FIG. 8) includes a first AND circuit 238 (FIG. 9)
      whose output is connected to one of outputs 239.sub.1, . . . , 239.sub.i,
      239.sub.k and 239.sub.n of the comparison circuits 237.sub.1, . . . ,
      237.sub.i, 237.sub.k and 237.sub.n (FIG. 8), an OR-NOT circuit 240 (FIG.
      9) whose output 241 is connected to an input 242 of the first AND circuit
      238 the second input whereof is connected to one of control inputs
      243.sub.1, . . . , 243.sub.n, 243.sub.k and 243.sub.n of the comparison
      circuits 237.sub.1, . . . , 237.sub.i, 237.sub.k and 237.sub.n (FIG. 8)
      which also include second AND circuits 244.sub.1, . . . , 244.sub.n (FIG.
      9) and third AND circuits 245.sub.1, . . . , 245.sub.n . First inputs
      246.sub.1 . . . , 246.sub.n of the second AND circuits 244.sub.1, . . . ,
      244.sub.n , directly, and first inputs 247.sub.1, . . . , 247.sub.n of the
      third AND circuits 245.sub.1 , . . . , 245.sub.n, through inverters
      248.sub.1, . . . , 248.sub.n, are connected to one of groups of inputs
      249.sub.1, . . . , 249.sub.i, 249.sub.k and 249.sub.n of the comparison
      circuits 237.sub.1, . . . , 237.sub.i, 237.sub.k and 237.sub.n (FIG. 8),
      intended for the entry of the code of the binary counter 235. Second
      inputs 250.sub.1, . . . , 250.sub.n (FIG. 9) of the second AND circuits
      244.sub.1, . . . , 244.sub.n, through inverters 251.sub.1, . . . ,
      251.sub.n, and second inputs 252.sub.1, . . . , 252.sub.n of the third AND
      circuits 245.sub.1, . . . , 245.sub.n, directly, are connected to
      respective inputs 235.sub.1, . . . , 253.sub.i, 253.sub.k and 253.sub.n of
      the comparison circuits 237.sub.1, . . . , 237.sub.i, 237.sub.k and
      237.sub.n (FIG. 8), intended for the entry of codes from the outputs of
      the judges'  panels 1 (FIG. 1), stop watch 4 and adder 236 (FIG. 8). The
      outputs of the second AND circuits 244.sub.1, . . . , 244.sub.n (FIG. 9)
      and third AND circuits 245.sub.1, . . . , 245.sub.n are connected,
      respectively, to inputs 254 of the OR-NOT circuit 240. The inputs
      249.sub.1, . . . , 249.sub.i, 249.sub.k and 249.sub.n (FIG. 8) of the
      circuits 237.sub.1, . . . , 237.sub.i, 237.sub.k and 237.sub.n are
      interconnected digitwise and coupled to respective outputs of the binary
      counter 235, the inputs 253.sub.1, . . . , 253.sub.i of the comparison
      circuits 237.sub.1, . . . , 237.sub.i coinciding with inputs 14.sub.1-1, .
      . . , 14.sub.1-i, respectively, of the group of inputs 14.sub.1, . . . ,
      14.sub.n (FIG. 1) of the processor 12 and being coupled to the outputs 117
      (FIG. 2) of the memory register 44 of a judge's panel 1 (FIG. 1). The
      inputs 253.sub.k  (FIG. 8) of the comparison circuit 237.sub.k coincide
      with the group of inputs 21.sub.1, . . . , 21.sub.n (FIG. 1) of the
      processor 12 and are coupled to the output of the stop watch 4, while the
      inputs 253.sub.n (FIG. 8) of the comparison circuit 237.sub.n are
      connected to the outputs of the adder 236. The inputs of the adder 236
      coincide with the inputs 42.sub.1 and 42.sub.2 of the group of inputs
      42.sub.1, . . . , 42.sub.n (FIG. 1) of the processor 12 and are connected
      to the outputs 117 (FIG. 2) of the memory register 44 of an on-line
      judge's panel 40 (FIG. 1).
PAR  The processor 12 (FIG. 8) also comprises a first distributor 255 using a
      conventional circuit, the first output whereof is connected to the control
      inputs 243.sub.1, . . . , 243.sub.i of the comparison circuits 237.sub.1,
      . . . , 237.sub.i, the second output is connected to the control input
      243.sub.k of the comparison circuit 237.sub.k and the third output is
      connected to the control input 243.sub.n of the comparison circuit
      237.sub.n, a first OR circuit 256 having its inputs connected to the
      outputs 239.sub.1, . . . , 239.sub.i of the comparison circuits 237.sub.1,
      . . . , 237.sub.i, a second distributor 257 also using a conventional
      circuit, having its input 258 connected to the output of the first OR
      circuit 256, a first flip-flop 259, a second flip-flop 260 whose first
      input 261 is connected to the first output of the second distributor 257,
      a first pulse generator 262 built around a conventional circuit, with its
      output 263 being coupled to the input of the binary counter 235 and the
      count input of the first flip-flop 259, a first delay element built around
      a known circuit, an output 265 whereof is connected to the input of the
      first distributor 255, and a second OR circuit 266 whose output 267 is
      coupled to the first delay element 264. The first input of the second OR
      circuit 266 is connected to the output 239.sub.k of the comparison circuit
      237.sub.k, while its second input is connected to the output 239.sub.n of
      the comparison circuit 237.sub.n. The processor 12 additionally comprises
      a third flip-flop 268, a reversible binary counter 269 using a
      conventional circuit, a control input 270 whereof is connected to the
      outputs of the third flip-flop 268, and a memory register 271, also using
      a conventional circuit, having its inputs connected to outputs 272 of the
      reversible binary counter 269.
PAR  A second output 273 of the second distributor 257 is connected to the first
      input of the third flip-flop 268, to the entry permit input of the memory
      register 271 and to the third input of the second OR circuit 266.
PAR  The processor 12 further comprises a third OR circuit 274 whose output is
      connected to an input 275 of the reversible binary counter 269, a first
      AND circuit 276, and a second AND circuit 277. An output 278 of the AND
      circuit 276 and an output 279 of the AND circuit 277 are connected to the
      inputs of the third OR circuit 274. The first input of the first AND
      circuit 276 is coupled to an output 280 of the second flip-flop 260, the
      first input of the second AND circuit 277 is coupled to an output 281 of
      the second flip-flop 260, the second input of the first AND circuit 276 is
      coupled to the output 263 of the pulse generator 262, and the second input
      of the second AND circuit 277 is coupled to an output 282 of the flip-flop
      259. The processor 12 also has a fourth flip-flop 283 whose output 284 is
      connected to the input of the pulse generator 262, a second delay element
      285 using a known circuit, an output 286 whereof is connected to the first
      input of the flip-flop 283, and a fourth OR circuiut 287 having its output
      connected to an output 288 of the delay element 285. One of the inputs of
      the OR circuit 287 is connected to the output 273 of the distributor 257.
      The processor 12 is also provided with a third AND circuit 289 and a
      fourth AND circuit 290 having their outputs coupled to other inputs 291 of
      the OR circuit 287.
PAR  A first input 292 of the OR circuit 289 is coupled to the first output of
      the distributor 255, while each of the remaining inputs of the OR circuit
      289 coincides with a respective one of inputs 14.sub.2-1, . . . ,
      14.sub.2-i of the group of inputs 14.sub.1, . . . , 14.sub.n (FIG. 1) of
      the processor 12 is coupled to the outputs of respective judges' panels 1.
      A first input 293 (FIG. 8) of the AND circuit 290 is connected to the
      third output of the distributor 255, while the other inputs coincide with
      the inputs 42.sub.3, 42.sub.4 of the group of inputs 42.sub.1, . . . ,
      42.sub.n (FIG. 1) of the processor 12 and are coupled, respectively, to
      the outputs 99 (FIG. 2) of the flip-flops 96 of the on-line judges' panels
      40 (FIG. 1). The processor 12 (FIG. 8) is additionally provided with a
      fifth OR circuit 294 whose input is connected to the output 265 of the
      delay element 264, while an output 295 thereof is connected to the second
      inputs of the flip-flops 260 and 283 as well as to the reset inputs of the
      binary counter 235 and distributor 257. The processor is further provided
      with gate units 296.sub.1, 296.sub.2, 296.sub.3.sub.-1, . . . ,
      296.sub.3.sub.-i, 296.sub.4, 296.sub.5, 296.sub.6, 296.sub.7.sub.-1, . . .
      , 297.sub.-i, 296.sub.8, 296.sub.9, 296.sub.10 and 296.sub.11 (where i =
      4) whish are similar to one another and each of these gate units includes
      AND circuits 297.sub.1, . . . , 297.sub.i, . . . , 297.sub.k, . . . ,
      297.sub.n (FIG. 10) whose first inputs are interconnected and coupled to a
      control input 298 of each one of the gate units 296.sub.1, . . . ,
      296.sub.11 (FIG. 8), second inputs are connected to inputs 299.sub.1, . .
      . , 299.sub.i , . . . , 299.sub.k, . . . , 299.sub.n of the gate units
      296.sub.1, . . . , 296.sub.11, and outputs are connected to outputs
      300.sub.1, . . . , 300.sub.i, 300.sub.k, . . . , 300.sub.n of the gate
      units 296.sub.1, . . . , 296.sub.11. The inputs 299.sub.1, . . . ,
      299.sub.n (FIG. 10) of the first gate unit 296.sub.1 (FIG. 8) are coupled
      to respective outputs 272 of the reversible binary counter 269.
PAR  The processor 12 also includes a group of OR circuits 301 with OR circuits
      301.sub.1, . . . , 301.sub.i, . . . , 301.sub.k, . . . , 301.sub.n having
      their first inputs connected to the outputs 300.sub.1, . . . , 300.sub.n
      (FIG. 10) of the gate unit 296.sub.1 (FIG. 8), the inputs of the second
      gate unit 296.sub.2 coinciding with the inputs 18.sub.1 of the group of
      inputs 18.sub.1, . . . , 18.sub.n (FIG. 1) of the processor 12 and being
      connected to the outputs 233 (FIG. 7) of the memory register 177, while
      the outputs 300.sub.1, . . . , 300.sub.n (FIG. 10) of the gate unit
      296.sub.2 (FIG. 8) are connected to the second inputs of the group of OR
      circuits 301. The processor 12 further includes a fifth flip-flop 302
      whose first output is connected to the control input 298 (FIG. 10) of the
      gate unit 296.sub.1 (FIG. 8) and whose second output is connected to the
      input 298 (FIG. 10) of the gate unit 296.sub.2 (FIG. 8). The first input
      of the flip-flop 302 is coupled to the output 239.sub.n of the coincidence
      circuit 237.sub.n. The processor 12 also has a programming device 303
      which includes shapers 49 with push-button switches 304 connected to their
      inputs, a coder 305 whose inputs 306 are connected to the outputs of the
      programming device 303, a second pulse generator 307 using a conventional
      circuit, and a fifth AND circuit 308 whose first input 309 is connected to
      the output of the pulse generator 307 and output coincides with the
      outputs 13.sub.1 and 41.sub.1 of the groups of outputs 13.sub.1, . . . ,
      13.sub.n and 41.sub.1, . . . , 41.sub.n (FIG. 1) of the processor 12 and
      is coupled to the input 101 (FIG. 2) of the AND circuit 91 of a respective
      judge's panel 1 (FIG. 1) and on-line judge's panel 40. The inputs of the
      third gate units 296.sub.3.sub.-1, . . . , 296.sub.3.sub.-i (FIG. 8)
      coincide, respectively, with the inputs 14.sub.1, . . . , 14.sub.i of the
      group inputs 14.sub.1, . . . , 14.sub.n (FIG. 1) of the processor 12 and
      are coupled to the outputs 117 (FIG. 2) of the memory register 44 of the
      judges' panels 1 (FIG. 1). The control inputs 298 (FIG. 10) are
      interconnected and coupled to the second input of the AND circuit 308,
      coinciding with the input 16.sub.1 of the group of inputs 16.sub.1, . . .
      , 16.sub.n (FIG. 1) of the processor 12 and being connected to the output
      151 (FIG. 6) of the flip-flop 148 of the superior judge's panel 2 (FIG.
      1). The outputs of the gate unit 296.sub.1 (FIG. 8), memory register 271
      and gate units 296.sub.3.sub.-1, . . . , 296.sub.3.sub.-i coincide with
      the outputs 15.sub.1 of the group of outputs 15.sub.1, . . . , 15.sub.n
      (FIG. 1) of the processor 12 and are connected, respectively, to the
      inputs 168 (FIG. 6) of the digital display unit 165 of the superior
      judge's panel 2 (FIG. 1). The inputs of the fourth gate unit 296.sub.4
      coincide with the inputs 16.sub.2 of the group of inputs 16.sub.1, . . . ,
      16.sub.n (FIG. 1) of the processor 12 and are coupled to the outputs 167
      (FIG. 6) of the memory register 120 of the superior judge's panel 2 (FIG.
      1). The inputs of the fifth gate unit 296.sub.5 (FIG. 8) coincide with the
      inputs 18.sub.2 of the group of inputs 18.sub.1, . . . , 18.sub.n (FIG. 1)
      of the processor 12 and are associated with the group of outputs 232 (FIG.
      7) of the memory register 176 of the scorer's panel 9 (FIG. 1). The inputs
      of the sixth gate unit 296.sub.6 (FIG. 8) are connected to outputs 310 of
      the coder 305. The inputs of the seventh gate units 296.sub.7.sub.-1, . .
      . , 296.sub.7.sub.-i coincide with respective inputs 14.sub.1.sub.-1, . .
      . , 14.sub.-i of the group of inputs 14.sub.1, . . . , 14.sub.n (FIG. 1)
      of the processor 12 and are coupled to the outputs 177 (FIG. 2) of the
      memory registers 44 of the judges' panels 1 (FIG. 1). The inputs of the
      eighth gate unit 296.sub.8 (FIG. 8) coincide with the inputs 21 of the
      group of inputs 21.sub.1, . . . , 21.sub.n (FIG. 1) of the processor 12
      and are connected to the outputs of the stop watch 4. The inputs of the
      ninth gate unit 296.sub.9 (FIG. 8) are connected to outputs 311 of the
      adder 236. The inputs of the tenth gate unit 296.sub.10 are coupled to
      outputs 312 of the memory register 271. The inputs of the eleventh gate
      unit 296.sub.11 are connected to outputs 313.sub.1, . . . , 313.sub.n of
      the group of OR circuits 301.
PAR  In the processor 12, there are also a third distributor 314 using a known
      circuit, whose outputs are connected to the control units 298 (FIG. 10) of
      the gate units 296.sub.4, . . . , 296.sub.11 (FIG. 8) and a third pulse
      generator 315 also using a known circuit, whose output 316 is connected to
      the input of the distributor 314, coincides with the output 20.sub.1 of
      the groups of outputs 20.sub.1, . . . , 20.sub.n (FIG. 1) of the processor
      12, and is associated with the input of the digital printer 11. The
      processor 12 also includes a sixth flip-flip 317 with its output 318 being
      connected to the input of the pulse generator 315, a second group of OR
      circuits 319 including OR circuits 319.sub.1, . . . , 319.sub.n intended
      for digitwise collection of information from the outputs 300.sub.1, . . .
      , 300.sub.n (FIG. 10) of the gate units 296.sub.1, . . . , 296.sub.n (FIG.
      8), and a code converter 320 built around a conventional circuit, inputs
      321 whereof are connected to the outputs of the group of OR circuits 319
      and the outputs coincide with the outputs 20.sub.2 of the group of outputs
      20.sub.1, . . . , 20.sub.n (FIG. 1) of the processor 12 and are coupled to
      the inputs of the printer 11. The processor 12 also comprises a seventh
      flip-flop 322 and an eighth flip-flop 323 whose first input coincides with
      the input 16.sub.3 of the group of inputs 16.sub.1, . . . , 16.sub.n (FIG.
      1) of the processor 12 and is coupled to the output 172 (FIG. 6) of the
      command unit 169 of the superior judge's panel 2 (FIG. 1). The first input
      of the flip-flop 322 (FIG. 8) coincides with the input 16.sub.4 of the
      group of inputs 16.sub.1, . . . , 16.sub.n (FIG. 1) of the processor 12
      and is coupled to the output 173 (FIG. 6) of the command unit 169 of the
      superior judge's panel 2 (FIG. 1).
PAR  The processor 12 further comprises a sixth OR circuit 324 (FIG. 8) whose
      output 325 is connected to the first input of the flip-flop 317, coincides
      with the output 26.sub.1 of the group of outputs 26.sub.1, . . . ,
      26.sub.n (FIG. 1) of each specialized digital device 25 and is associated
      with the input of the interface 5. In the processor 12 (FIG. 8), there is
      also a ninth flip-flop 326 with its first input being connected to the
      output 325 of the OR circuit 324 and the second input coinciding with the
      input 27 (FIG. 1) of each specialized digital device 25 and being
      connected to the output of the interface 5.
PAR  The processor 12 additionally comprises a sixth AND circuit 328 and a
      seventh AND circuit 329, both having their first inputs connected to an
      output 330 of the flip-flop 326. The output 321 of the flip-flop 322 and
      an output 332 of the flip-flop 323 are connected to the inputs of the OR
      circuit 324 and to the second inputs of the AND circuits 328 and 329. An
      input 333 of the distributor 314 is connected to the second input of the
      flip-flop 317 as well as the third inputs of the AND circuits 328 and 329.
PAR  The processor 12 also has a seventh OR circuit 334 whose inputs are
      connected to an output 335 of the AND circuit 328 and to an output 336 of
      the AND circuit 329, and a third delay element 337 with its input being
      connected to an output 338 of the OR circuit 334 and output 339 being
      connected to the second input of the flip-flop 302, to the reset inputs of
      the memory register 217, reversible binary counter 269 and distributor
      255, as well as to the second input of the flip-flop 268 and second input
      of the OR circuit 294. The output 339 of the delay element 337 coincides
      with the outputs 13.sub.2 and 41.sub.2, respectively, of the groups of
      outputs 13.sub.1, . . . , 13.sub.n and 41.sub.1 , . . . , 41.sub.n of the
      processor 12 and is coupled to the input 98 (FIG. 2) of the flip-flop 96
      of a respective judges's panel 1 (FIG. 1) and on-line judge's panel 40.
      The output 339 of the delay element 337 also coincides with the output
      15.sub.2 of the group of outputs 15.sub.1, . . . , 15.sub.n of the
      processor 12 and is associated with the input 150 (FIG. 6) of the
      flip-flop 148 of the superior judge's panel 2 (FIG. 1).
PAR  The processor 12 also comprises a fourth delay element 340 (FIG. 8) using a
      known circuit, whose input is connected to the output 339 of the delay
      element 337 and whose ouput 341 is coupled to the reset input of the
      distributor 314 and to the second inputs of the flip-flops 322 and 323,
      and a fifth delay element 342 also using a known circuit, the input
      whereof is connected to the output 336 of the OR circuit 329, an output
      343 of the fifth delay element 342 coinciding with the outputs 13.sub.3,
      41.sub.3 and 15.sub.3 of, respectively, the groups of outputs 13.sub.1, .
      . . , 13.sub.n (FIG. 1), 41.sub.1, . . . , 41.sub.n and 15.sub.1 , . . . ,
      15.sub.n of the processor 12 as well as with the output 17 (FIG. 8) of the
      group of outputs 17.sub.1, . . . , 17.sub.n (FIG. 1) of the processor 12
      and is connected to the input 69 (FIG. 2) of the OR circuit 67 and to the
      input 113 of the OR circuit 111 of a respective judge' s panel 1 (FIG. 1)
      and on-line judge's panel 40. The output 343 of the delay element 342 is
      connected to the input 139 (FIG. 6) of the OR circuit 137 and to the input
      163 of the OR circuit 161 of the superior judge's panel 2 (FIG. 1) as well
      as to the input 220 (FIG. 7) of the scorer's panel 9 (FIG. 1).
PAR  Finally, the processor 12 (FIG. 8) comprises an eighth OR circuit 344, one
      inputs whereof coincides with the input 16.sub.3 of the group of inputs
      16.sub.1, . . . , 16.sub.n (FIG. 1) of the processor 12 and is connected
      to the output 169 (FIG. 6) of the command unit 172 of the superior judge's
      panel 2 (FIG. 1), the second input coincides with the input 18.sub.3 (FIG.
      8) of the group of inputs 18.sub.1 , . . . , 18.sub.n (FIG. 1) of the
      processor 12 and is connected to the output 206 (FIG. 7) of the OR circuit
      203 of the scorer's panel 9 (FIG. 1), and the output coincides with the
      output 19.sub.1 (FIG. 8) of the group of outputs 19.sub.1, . . . ,
      19.sub.n (FIG. 1) of the processor 12 and is connected to the input of the
      luminous display unit 3.
PAR  The luminous display unit 3 (FIG. 11) comprises a threeface luminous
      display board 345 for displaying the number of a competitor and his final
      score for the execution of an exercise, including luminous spots
      346.sub.1.sub.-1, . . . , 346.sub.1.sub.-n, . . . , 346.sub.n.sub.-1, . .
      . , 346.sub.n.sub.-n each consisting of a transistor 347 (FIG. 12) and
      resistors 348 and 349 connected to the base of the transistor 347 as well
      as to a bias source and an input 350, respectively, of the luminous spots
      346.sub.1.sub.-1, . . . , 346.sub.1.sub.-n, . . . , 346.sub.n.sub.-l, . .
      . , 346.sub.n.sub.-n, as well as a grooup of green lamps 351 for
      displaying, on the three-face luminous display board 345 (FIG. 11),
      information in green colour and a group of red lamps 352 (FIG. 12) for
      displaying the same information in red colour. The first common points of
      the groups of lamps 351 and 352 are coupled, via decoupling diodes 353 and
      354, to the collector of the transistor 347, while the second common
      points of these groups of lamps are connected to inputs 355 and 356 of the
      luminous spots 346.sub.1.sub.-1, . . . , 346.sub.1.sub.-n,
      346.sub.n.sub.-1, . . . , 346.sub. n.sub.-n.
PAR  The luminous display unit 3 (FIG. 11) also comprises power switches
      357.sub.1 and 357.sub.2 (FIG. 13), each including a diode bridge 358, a
      transistor 359 whose collector is connected to an output 360 of the diode
      bridge 358, as well as resistors 361 and 362 connected to the base of the
      transistor 359 and, respectively, to a bias source and an input 363 of the
      power switches 357.sub.1 and 357.sub.2. An output 364 of the diode bridge
      358 is connected to the output of each one of the power switches 357.sub.1
      and 357.sub.2, while inputs 365 of each one of the power switches
      357.sub.1 and 357.sub.2 are associated with the diagonal a-b of the diode
      bridge 358.
PAR  The luminous display unit 3 (FIG. 11) further comprises a first AND circuit
      366 and a second AND circuit 367. The first input of the AND circuit 366
      is connected to the output 227 (FIG. 7) of the flip-flop 217 of the
      scorer's panel 9 (FIG. 1). The first input of the AND circuit 367 (FIG.
      11) is connected to the output 228 (FIG. 7) of the flip-flop 217 of the
      scorer's panel 9 (FIG. 1). The output of the AND circuit 366 (FIG. 11) is
      connected to the input 363 (FIG. 13) of the power switch 357.sub.1 (FIG.
      11), and the output of the AND circuit 367 is connected to the input 363
      (FIG. 13) of the power switch 357.sub.2 (FIG. 11). The luminous display
      unit 3 additionally comprises a power supply 368 (FIG. 14) which is
      arranged as an insulating transformer 369 with a secondary winding being
      connected to the inputs 365 (FIG. 13), and another secondary winding being
      connected to the inputs 365 (FIG. 12) of the power switch 357.sub.2 (FIG.
      11). The output of the power switch 357 (FIG. 11) is coupled to the input
      355 (FIG. 12) of respective luminous spots 346.sub.1.sub.-1, . . . ,
      346.sub.1.sub.-n, . . . , 346.sub.n.sub.-1, . . . , 346.sub.n.sub.-n of
      the three-face luminous display board 345 (FIG. 11), while the output of
      the power switch 357.sub.2 (FIG. 11) is connected to the input 356 (FIG.
      12) of respective luminous spots 346.sub.1.sub.-1, . . . ,
      346.sub.1.sub.-n, . . . , 346.sub.n.sub.-1, . . . , 346.sub.n.sub.-n of
      the three-face luminous display board 345 (FIG. 11).
PAR  In the luminous display unit 3 there are also an OR circuit 370, a first
      flip-flop 371 and a second flip-flop 372, intended to control the display
      on the three-face luminous display board 345, respectively, the number of
      a competitor and the final score awarded thereto. The first input of the
      flip-flop 371 of the luminous display unit 3 is connected to the output
      205 (FIG. 7) of the OR circuit of the scorer's panel 9 (FIG. 1). The first
      input of the flip-flop 372 (FIG. 11) of the luminous display unit 3 is
      connected to the output 19.sub.1 (FIG. 8) of the group of outputs
      19.sub.1, . . . , 19.sub.n (FIG. 1) of the processor 12. The second inputs
      of the flipflops 371 (FIG. 11) and 372 are interconnected and coupled to
      the output 222 (FIG. 7) of the OR circuit 218 of the scorer's panel 9
      (FIG. 7). An output 373 (FIG. 11) of the flipflop 371 and an output 374 of
      the flip-flop 372 are connected to the inputs of the OR circuit 370 whose
      output 375 is connected to the second inputs of the AND circuits 366 and
      367. The luminous display unit 3 also has gate units 375' and 375" which
      are similar to the gate units 296.sub.1,, . . . , 296.sub.11 (FIG. 10),
      the inputs 299.sub.1, . . . , 299.sub.n (FIG. 10) of the gate unit
      375'(FIG. 11) being connected to the outputs 232 (FIG. 7) of the memory
      register 176 of the scorer's panel (FIG. 1) and the inputs 299.sub.1, . .
      . , 299.sub.n (FIG. 10) of the gate unit 375" (FIG. 11) being connected to
      the outputs 313.sub.1, . . . , 313.sub.n (FIG. 8) of the group of OR
      circuits 301, coinciding with the outputs 19.sub.2 of the group of outputs
      19.sub.1, . . . , 19.sub.n (FIG. 1) of the processor 12. The control input
      298 (FIG. 10) of the gate unit 375' (FIG. 11) is connected to the output
      373 of the flip-flop 371, and the control input 298 (FIG. 10) of the gate
      unit 375" (FIG. 11) is connected to the output 374 of the flip-flop 372.
      The luminous display unit 3 (FIG. 11) also includes code converters
      376.sub.1, . . . , 376.sub.n, the outputs whereof are connected to
      respective inputs 350 (FIG. 12) of the luminous spots 346.sub.1.sub.-1, .
      . . , 346.sub.1.sub.-n, . . . , 346.sub.n.sub.-1, . . . , 346.sub.n.sub.-n
      of the three-face luminous display board 345 (FIG. 11), as well as groups
      of OR circuits 377.sub.1, . . . , 377.sub.n including OR circuits
      377.sub.1.sub.-1, . . . , 377.sub.1.sub.-n, . . . , 377.sub.n.sub.-1, . .
      . , 377.sub.n.sub.-n whose outputs 378.sub.1, . . . , 378.sub.n are
      connected to the inputs of respective code converters 376.sub.1, . . . ,
      376.sub.n, some of the inputs of the group of OR circuits 377.sub.1, . . .
      , 377.sub.n being connected to the outputs 300.sub.1, . . . , 300.sub.n
      (FIG. 10) of the gate unit 375' (FIG. 11) and the remaining inputs of the
      group of OR circuits 377.sub.1, . . . , 377.sub.n being connected to the
      outputs 300.sub.1, . . . , 300.sub.n (FIG. 10) of the gate unit 375" (FIG.
      11).
PAR  The automatic information system for the organization of gymnastic
      competitions operates as follows.
PAR  In each event of an all-around gymnastic competition, the scorer
      introduces, into each specialized digital device 25 of his panel 9 (FIG.
      1), the number of the competitor that has been called, then transmits this
      number to the luminous display unit 3.
PAR  To accomplish this, the scorer operates the push-button switch 195 (FIG. 7)
      of the command unit 194 with the result that a signal permitting the entry
      of information in the memory register 176 appears at the output 54 (FIG.
      3) of the shaper 49, coinciding with the output 200 (FIG. 7) of the
      command unit 176.
PAR  When the push-button switch 195 is operated, a signal 0 is applied to the
      input 53 (FIG. 3). The AND-NOT circuit 51 is blanked and remains in the
      blanked state due to a feed back being applied from the output 54
      coinciding with the output of the AND-NOT circuit 51 to the input of the
      AND-NOT circuit 51 through the AND-NOT circuit 51.
PAR  As the push-button switch 195 (FIG. 7) is released, a signal 0 is applied
      to the input 52 (FIG. 3) of the shaper 49 (FIG. 7), which brings the
      shaper 49 back to the initial state. Then, as the push-button switches 185
      of the data input device 184 are successively operated, the number of the
      competitor is entered digitwise, starting with the top digit, in the
      memory register 176 with the aid of the shapers 49 of the input device 184
      and coder 186. When one of the push-button switches 185 is pressed, the
      signal at the output 192 of the OR circuit 190 shifts the distributor 189
      through one stop, thereby providing for an automatic selection of the
      flip-flops 178.sub.1, . . . , 178.sub.n of the memory register 176 during
      the digitwise entry of the number of the competitor. The flip-flops
      178.sub.1, . . . , 178.sub.n receive entry signals from the outputs
      180.sub.1, . . . , 180.sub.n of those AND circuits 179.sub.1, . . . ,
      179.sub.n which have enable signals at their three inputs from the output
      200 of the command unit 194, outputs 193 of the distributor 189 and
      outputs of the coder 186, the latter outputs coinciding with the inputs
      187 of the memory register 176.
PAR  The code of the entered number of the competitor is applied from the
      outputs 232.sub.1, . . . , 232.sub.n to the group of inputs of the digital
      display unit 230 for the scorer to carry out a visual self-check; at the
      same time, the code passes through the group of outputs 10.sub.1, . . . ,
      10.sub.n (FIG. 1) of the scorer's panel 9 on to the inputs of the gate
      units 375 (FIG. 11) of the luminous display unit 3 (FIG. 1); Thereafter,
      the scorer operates the push-button switch 197 (FIG. 7) of the command
      unit 194. The shaped signal from the output 204 of the command unit 194 is
      fed to the input of the OR circuit 202. In the absence of a disable signal
      at the input 229 of the OR circuit 202 from the output 35 (FIG. 1) of the
      displatcher's panel 32, the signal from the output 205 (FIG. 7) of the OR
      circuit 202 is applied to the input of the flip-flop 371 (FIG. 11) of the
      luminous display unit 3 (FIG. 1), whereby the flip-flop 371 changes its
      state. With the aid of a signal applied from the output 373 (FIG. 11) of
      the flip-flop 371 to the control input 298 (FIG. 10) of the gate unit 375'
      (FIG. 11), the code of the competitor's number is delivered through the
      AND circuits 297.sub.1, . . . , 297.sub.n (FIG. 10) of the gate unit 375'
      (FIG. 11) to the inputs of the groups of OR circuits 377.sub.1, . . . ,
      377.sub.n.
PAR  From the outputs 378.sub.1, . . . , 378.sub.n, the code of the competitor's
      number is then applied to the inputs of the code converters 376.sub.1, . .
      . , 376.sub.n which convert the input code into a code controlling the
      shaping of symbols on the three-side luminous display board 345 in
      accordance with the information introduced at the scorer's panel 9 (FIG.
      1). A signal from the output 373 of the flip-flop 371 is fed through the
      OR circuit 370 to the inputs of the AND circuits 366 and 367. A signal
      from the outputs 227 (FIG. 7) of the flip-flop 217 is applied via the AND
      circuit 366 (FIG. 11) to the input 363 (FIG. 13) of the power switch
      357.sub.1 (FIG. 11). Applied to the inputs 365 (FIG. 13) of the power
      switch 357.sub.1 is alternating voltage from a secondary winding of the
      insulating transformer 369 (FIG. 14) of the power supply 368 (FIG. 11).
      Pulses of the rectified current pass through the conducting transistor 359
      (FIG. 13) from the output 364 of the diode bridge 358 to the inputs 355
      (FIG. 12) of all the luminous spots 346.sub.1.sub.-1, . . . ,
      346.sub.1.sub.-n, . . . , 346.sub.n.sub.-1, . . . , 346.sub.n.sub.-n (FIG.
      11). The transistors 347 (FIG. 12) of those ones of the luminous spots
      346.sub.1.sub.-1, . . . , 346.sub.1.sub.-n, . . . , 346.sub.n.sub.-1, . .
      . , 346 .sub.n.sub.-n (FIG. 11) to the inputs 350 whereof zero potentials
      are applied from the code converters 376.sub.1, . . . , 376.sub.n are
      rendered conducting by the base current of the transistor 347, which flows
      through the circuit of the resistor 348 (FIG. 12) from the negative
      terminal of the power supply. The conducting transistors 347 close the
      circuit of the rectified current through the decoupling diodes 353 and
      lamps 351 which come on and display the number of a competitor on the
      three-face luminous display board 345 (FIG. 11), in red colour thereby
      informing the competitor that he is going to be invited to his apparatus.
PAR  Having done all this, the scorer gives his permission for the competitor to
      start the exercise on a given apparatus. The permission consists in that
      the number of the competitor, displayed on the three-face luminous display
      board 345 changes colour, from red to green as a result of the push-button
      switch 199 (FIG. 7) of the command unit 194 of the scorer's panel 9 (FIG.
      1) being pressed by the scorer. A signal from the output 226 (FIG. 7) of
      the command unit 194 sets the flip-flop 217 to the other stable state.
PAR  A signal from the output 228 of the flip-flop 217 is applied to the input
      of the AND circuit 367 (FIG. 11) of the luminous display unit 3 (FIG. 1),
      and an enable signal is derived from the output of the AND circuit 366
      (FIG. 11) with the result that the power switch 357.sub.2 is opened and
      the power switch 357.sub.1 is closed. In the luminous spots
      346.sub.1.sub.-1, . . . , 346.sub.1.sub.-n, . . . , 346.sub.n.sub.-1, . .
      . , 346.sub.n.sub.-n (FIG. 12), the lamps 351 come off and the lamps 352
      come on, whereby the competitor's number is now displayed in gree.
      Simultaneously with the formation of a command permitting the competitor
      to start the exercise, a disable signal is applied to the input 23 (FIG.
      1) of the intercommunication unit 22 from the output 227 (FIG. 7) of the
      flip-flop 217 of the scorer's panel 9 (FIG. 1), whereby no conversation
      may take place between judges.
PAR  As soon as the competitor sees his number turn green on the three-face
      luminous display board 345, he starts executing the exercise. The judges,
      operating the panels 1 (FIG. 1), proceed to evaluating the performance and
      making the necessary deductions for faults in execution. The resulting
      score is expressed in conventional digits and is registered in the
      counters 103 (FIG. 2) of the judges' panels 1 in increments by way of
      pressing the push-button switches 105 of the information input devices
      104. For individual checking of the state of the counters 103, it is
      displayed in the digitaldisplay unit 115.
PAR  The exercise being completed, the judges evaluate the performance and enter
      the scores they have awarded to the competitor in the memory register 44
      (FIG. 2), then in the record-keeping unit 75 of the judges' panels 1 (FIG.
      1), wherefrom the score is passed on to the processor 12.
PAR  Each judge enters the score he has awarded by pressing the push-button
      switches 55 (FIG. 2) of the score input device 48. The score is entered
      starting with the top digit. The code each digit of the score is applied
      from the output of the coder 56 to the inputs 57 of the memory register 44
      and to the inputs 59 of the OR circuit 58. When any one of the push-button
      switches 55 is pressed, the distributor 61 is shifted through one step,
      whereby the digit flip-flops 45.sub.1, . . . , 45.sub.n of the memory
      register 44 can be automatically selected when the score is being entered
      digitwise. The flip-flops 45.sub.1, . . . , 45.sub.n receive enter pulses
      from the outputs 47.sub.1, . . . , 47.sub.n of those AND circuits
      46.sub.1, . . . , 46.sub.n both inputs whereof have received enable pulses
      from the outputs 63 of the distributor 61 and from the outputs of the
      coder 56, coinciding with the inputs 57 of the memory register 44. The
      code of the entered score is sent from the outputs 117 of the memory
      register 44 to the input of the digital display unit 115 for visual
      verification of the score.
PAR  Should a judge find it necessary to change the score, he presses the
      push-button switch 66 of the resetting means 65, whereby he resets,
      through the OR circuit 67 as well as AND circuit 70 the memory register
      44, via the input 73, and the distributor 61, via the input 72, and may
      introduce a new score.
PAR  Having thus composed the score, the judge writes it down on the paper tape
      79 (FIG.4) through the slot 85 of the mechanism 76 (FIG.2) forming part of
      the record-keeping unit 75. Then, the judge shifts the arm 82 (FIG.4)
      forward to the maximum. The arm 82 aided by the pawl 83 and ratchet 80
      turns the elastic driven roller 78. The paper tape 79, pressed against the
      driven roller 78 by the roller 81, is moved through a preset distance in
      the gap between the base 87 and cover 84 of the mechanism 76. The score
      written down on the paper tape 79 is shifted under the transparent plate
      86 thus becoming legible, and the judge cannot change the score any more
      since it is now under the transparent palet 86; the facs of entering the
      score in the record (in the record-keeping unit 75 (FIG.2)) is registered
      by means of the limit switch 77 which interacts with the arm 82 (FIG.82)
      the latter being in the extreme forward position.
PAR  As the limit switch 77 (FIG. 2) operates, a signal appears at the output 88
      of the record-keeping unit 75, which, in the presence of a signal at the
      input 89 of the AND circuit 74, sets the flip-flop 96 to the opposite
      stable state. The signal at the input 89 of the AND circuit 74 appears if
      signals from the outputs 63 of the distributor 61 have arrivad at one of
      the inputs of the OR circuit 60, i.e. after the score has been composed. A
      signal from the output 100 of the flip-flop 96 prevents passage through
      the AND circuit 70 of a signal resetting the memory register 44 and
      distributor 61. Besides, this signal prevents passage of a signal from the
      output 109 of the counter resetting means 106 through the AND circuit 108
      and OR circuit 111 to the reset inputs 114 of the counters 103. A signal
      is applied from the output 99 of the flip-flop 96 to the inputs 14.sub.2
      (FIG. 8) of the group of inputs 14.sub.1, . . . , 14.sub.n (FIG. 1) of the
      processor 12.
PAR  As a competitor is executing an exercise in each event of an all-around
      competition, the superior judge acts in a manner like the judges, i.e. he
      evaluates the performance from the point of view of difficulty of
      individual elements of the exercise, takes notice of the faults occurring
      during the execution of the exercise, introduces the score in the memory
      register and record-keeping unit of his panel 2, then passes it to the
      processor 12. The numeric values of the points awarded for executing
      difficult elements of the exercise and deducted for the faults in
      execution are registered in the counters 153 (FIG. 6) of the superior
      judge's panel 2 (FIG. 1) as the superior judge presses respective
      push-button switches 155 (FIG. 6) of the score input devices 54. To
      provide for individual checking of the state of the counters 153, it is
      displayed in the digital display unit 165. The superior judge enters the
      score by successively pressing the push-button switches 125 of the input
      device 124, starting with the top digit. The code of each digit of the
      score is applied from the outputs of the coder 126 to the inputs 127 of
      the memory register 120 and to the inputs 129 of the OR circuit 128. When
      anyone of the push-button switches 125 is pressed, the distributor is
      shifted through one step thereby providing for an automatic selection of
      the digit flip-flops 121.sub.1 . . . , 121.sub.n of the memory register
      120 as the score is being entered digitwise. The flip-flops 121.sub.1, . .
      . , 121.sub.n receive enter pulses from the outputs 123.sub.1, . . . ,
      123.sub.n of those AND circuits 122.sub.1, . . . , 122.sub.n, at both
      inputs whereof there are enable signals from the outputs 133 of the
      distributor 131 and inputs 127 of the memory register 120. The code of the
      entered score is delivered from the outputs 167 of the memory register 120
      to the input of the digital display unit 165 for visual verification of
      the score.
PAR  When it becomes necessary to change the score, the superior judge presses
      the push-button switch 136 of the resetting means 135 to reset, through
      the OR circuit 137 and AND circuit 140, the memory register 120, via the
      input 143, and the distributor 131, via the input 142, and may introduce a
      new score. Having done this, the superior judge performs operations, with
      the aid of the record-keeping unit 145, similar to those performed by the
      judges with the aid of the record-keeping units 65 (FIG. 2) of the judges'
      panels 1 (FIG. 1). As soon as the limit switch 146 (FIG. 6) operates, a
      signal appears at the output 54 (FIG. 3) of the shaper 49 of the
      record-keeping unit 145, which, in the presence of a signal at the input
      147 of the AND circuit 144 sets the flip-flop 148 to the opposite stable
      state.
PAR  The signal at the input 147 of the AND circuit 144 appears if signals from
      the outputs 133 of the distributor 131 are present at one of the inputs of
      the OR circuit 131, i.e. after the score has been composed. A signal from
      the output 152 of the flip-flop 148 prohibits passage of a signal
      resetting the memory register 120 and distributor 131 through the OR
      circuit 140. Besides, this signal also prohibits passage of a signal from
      the output 159 of the counter resetting means 156 via the OR circuit 158
      and AND circuit 161 to the reset inputs 164 of the counters 153.
PAR  A signal from the outputs 151 of the flip-flop 148 is applied to the input
      16.sub.1 (FIG. 8) of the group of inputs 16.sub.1, . . . , 16.sub.n (FIG.
      1) of the processor 12. At the same time, pulses from the pulse generator
      307 (FIG. 8), applied to the input 309 of the AND circuit 308, pass
      through the AND circuit 308 and are fed, from the outputs 13.sub.1 and
      41.sub.1 of the groups of outputs 13.sub.1, . . . , 13.sub.n and 41.sub.1,
      . . . , 41.sub.n (FIG. 1) of the processor 12, to the inputs 101 (FIG. 2)
      of the AND circuits 91 of the judges' panels 1 (FIG. 1) and on-line
      judges' panels 40.
PAR  In case a judge has not entered the score in the record, i.e. an enable
      signal is applied from the output 100 (FIG. 2) of the flip-flop 96 to the
      input of the AND circuit 91, pulses from the generator 307 (FIG. 8) are
      applied to the input 102 (FIG. 2) of the indication unit 90. As a control
      signal is applied to the input 102 of the indication unit 90, the
      transistor 93 (FIG. 5) of the indication unit 90 gets saturated and sets
      the lamp 92 alight in step with the pulses from the generator 307 (FIG.
      8). The blinking light of the lamp 92 (FIG. 5) reminds the judges who have
      not entered the score in the record of the necessity to do so.
PAR  The score being entered in the record, a disable signal from the output 100
      (FIG. 2) of the flip-flop 96 blanks the AND circuit 91 and the blinking of
      the lamp 92 (FIG. 5) of the indication unit 90 (FIG. 2) of the respective
      judge's panel 1 (FIG. 1) discontinues.
PAR  Only after the superior judge has entered his mark in the record he can
      see, on the digital display unit 165 (FIG. 6) of his panel, the scores
      awarded by the other judges who have entered their scores in the
      record-keeping unit of their panels 1 (FIG. 1). This is schieved by that a
      signal from the input 16.sub.1 (FIG. 8) of the group of inputs 16.sub.1, .
      . . , 16.sub.n (FIG. 1) of the processor 12 is applied to the control
      inputs 298 (FIG. 10) of the gate units 296.sub.3.sub.-1, . . . ,
      296.sub.3.sub.-i (FIG. 8) with the result that the codes of the scores
      awarded by the judges, fed from the outputs 117 (FIG. 2) of the memory
      registers 44 of the judges' panels 1 (FIG. 1) to the inputs
      14.sub.1.sub.-1, . . . , 14.sub.1.sub.-i of the processor 12, pass through
      the gate units 296.sub.3.sub.-1, . . . , 296.sub.3.sub.-i (FIG. 8) to the
      inputs of the digital display unit 165 of the superior judge's panel 2
      (FIG. 1).
PAR  The two on-line judges, who belong to the jury for floor exercises,
      register each instance of a competitor's stepping out of the floor
      exercise area, with the aid of their panels 40 (FIG. 1). Each on-line
      judge takes care of two borderlines of the floor exercise area.
PAR  To do this, each on-line judge presses the push-button switch 105 (FIG. 2)
      of the input device 104 of a respective panel 40 (FIG. 1). The competitor
      having executed the exercise, the total number of crossings, added up by
      the counter 103 (FIG. 2) is displayed on the digital display unit 115.
      Each on-line judge successively presses the push-button switches 55 of the
      input device 48 to enter the deduction made for stepping out of the floor
      exercise area in the memory register 44.
PAR  Having composed the deduction, the on-line judge enters it in the record
      with the aid of the record-keeping unit 65. Pulses from the generator 307
      (FIG. 8) pass, after the superior judge has entered his mark in the
      record, from the output 41, of the group of outputs 41.sub.1, . . . ,
      41.sub.n (FIG. 1) via the AND circuit 308 to the inputs 101 (FIG. 2) of
      the AND circuits 91 of the on-line judges' panels 40 (FIG. 1). The lamp 92
      (FIG. 5) starts to blink thus reminding the on-line judges, who have
      forgotten to enter the deduction in the record, of the necessity to do so.
      The codes of the composed deduction are delivered from the outputs 117 of
      the memory registers of both on-line judges' panels 40 (FIG. 1) to the
      inputs 42.sub.1 and 42.sub.2 (FIG. 8) of the group of inputs 42.sub.1, . .
      . , 42.sub.n (FIG. 1) of the processor 12 and further to the inputs of the
      adder 236 (FIG. 8), at the outputs whereof there appears the code of the
      total deduction made by both on-line judges.
PAR  Applied to the group of outputs 21.sub.1, . . . , 21.sub.n (FIG. 1) of the
      processor 12 from the outputs of the stop watch 4 is the code of the
      deduction made for the competitor's going over the prescribed time limit.
PAR  After all the marks of all the judges have been entered in the record, the
      processor 12 automatically calculates the average score. For the
      calculation of the average score, the highest and lowest scores are
      disregarded and the arithmetic of the two middle marks is found. This is
      attained by comparing the codes of the scores from the outputs of the
      judges' panels 1, arriving through the inputs 14.sub.1.sub.-1, . . . ,
      14.sub.1.sub.-i (FIG. 8) of the group of inputs 14.sub.1, . . . , 14.sub.n
      (FIG. 1) of the inputs of the processor 12 at the inputs of the comparison
      circuits 237.sub.1, . . . , 237.sub.i (FIG. 8).
PAR  After the record-keeping procedure has been completed by all the judges of
      a jury officiating at a particular event of an all-around gymnastic
      competition, enable signals are applied from the outputs 99 (FIG. 2) of
      the flip-flops 96 of the judges' panels 1 (FIG. 1) through the inputs
      14.sub.2.sub.-1, . . . , 14.sub.2.sub.-i (FIG. 8) of the group of inputs
      14.sub.1, . . . , 14.sub.n (FIG. 1) of the processor 12 to the inputs of
      the AND circuit 289. An enable signal is applied to the first input 292
      (FIG. 8) of the AND circuit 289 from the first output of the first
      distributor 255. The output signal of the AND circuit 289 sets the
      flip-flop 283 to the opposite stable state through the OR circuit 287 and
      the delay element 285. A signal from the output 284 of the flip-flop 283
      starts the pulse generator 262. Signals from the output 263 of the pulse
      generator 262 trigger the binary counter 235.
PAR  If the code applied to one of the inputs 249.sub.1, . . . , 249.sub.i (FIG.
      8) of each one of the comparison circuits 237.sub.1, . . . , 237.sub.i
      coincides with the code applied to respective inputs 253.sub.1, . . . ,
      253.sub.i, all the circuits 244.sub.1, . . . , 244.sub.n l(FIG. 9) and
      245.sub.1, . . . , 245.sub.n are blanked at the inputs 246.sub.1, . . . ,
      246.sub.n and 252.sub.1, . . . , 252.sub.n or, through the inverters
      248.sub.1, . . . , 248.sub.n and 251.sub.1, . . . , 251.sub.n, at the
      inputs 247.sub.1, . . . , 247.sub.n and 250.sub.1, . . . , 250.sub.n. In
      this case, signals 0 are applied to the inputs 254 of the OR-NOT circuit
      240 from the outputs of the blanked AND circuits 244.sub.1, . . . ,
      244.sub.n and 245.sub.1, . . . , 245.sub.n. A signal 1 is applied from the
      output 241 of the OR-NOT circuit 240 to the input 242 of the AND circuit
      238, and as the signal 1 appears at one of the control inputs 243.sub.1, .
      . . , 243.sub.i (FIG. 8) of one of the comparison circuits 237.sub.1, . .
      . , 237.sub.i, it passes further to one of the outputs 239.sub.1, . . . ,
      239.sub.i of one of the comparison circuits 237.sub.1, . . . , 237.sub.i.
      If the codes at the inputs 249.sub.1, . . . , 249.sub.i and 253.sub.1, . .
      . , 253.sub.i of each one of the comparison circuits 237.sub.1, . . . ,
      237.sub.i do not coincide and a signal 1 appears at least one of the
      inputs 254 (FIG. 9) of the OR-NOT circuit 240, a signal 0 will appear at
      one of the outputs 239.sub.1, . . . , 239.sub.i (FIG. 8) of each one of
      the comparison circuits 237.sub.1, . . . , 237.sub.i.
PAR  Applied to the control inputs 243.sub.1, . . . , 243.sub.i of the
      comparison circuits 237.sub.1, . . . , 237.sub.i is an enable signal 1
      from the first output of the first distributor 255.
PAR  At the moment of coincidence of the output code of the binary counter 235
      with the code at the inputs 253.sub.1, . . . , 253.sub.i of one of the
      comparison circuits 237.sub.i, . . . , 237.sub.i, a signal is fed from one
      of the outputs 239.sub.1, . . . , 239.sub.i of the comparison circuits
      237.sub.1, . . . , 237.sub.i through the OR circuit 256 to the input 258
      of the second distributor 257 and sets it from position 0 to a first
      position.
PAR  Starting with a certain minimum values the output code of the binary
      counter 235 starts to increase. Therefore, the first coincidence of the
      codes at the inputs 249.sub.1, . . . , 249.sub.i and 253.sub.1, . . . ,
      253.sub.i of one of the comparison circuits 237.sub.1, . . . , 237.sub.i
      corresponds to the minimum mark of all those coming from the judges of
      that particular event.
PAR  Signals from the output 263 of the pulse generator 262 are also applied,
      via the unblanked AND circuit 276 and OR circuit 274, to the input 275 of
      the reversible binary counter 269. An enable signal arrives at the AND
      circuit 276 from the output 280 of the flip-flop 260. The reversible
      binary counter is ready for direct counting following the arrival of a
      signal from the output of the flip-flop 268 at the input 270. The second
      coincidence of the codes at the inputs 249.sub.1, . . . , 249.sub.i and
      253.sub.1, . . . , 253.sub.i of one of the comparison circuits 237.sub.1,
      . . . , 237.sub.i corresponds to the first score which has to be averaged.
      In this case, a signal from one of the outputs 239.sub.1, . . . ,
      239.sub.i of one of the comparison circuits 237.sub.1, . . . , 237.sub.i
      sets, through the OR circuit 256, the distributor 257 to a second
      position, as it arrives at its input 258.
PAR  The state of the reversible binary counter 269 at the moment of the second
      coincidence corresponds to the code of the first score which has to be
      averaged. At the same time, a signal from the output of the distributor
      257 is applied to the input 261 of the flip-flop 260 to set it to the
      opposite stable state. The AND circuit 276 is blanked by the signal 0
      arriving from the output 280 of the flip-flop 260. Applied to the first
      input of the AND circuit 277 from the output 281 of the flip-flop 260 is a
      signal which enables pulses from the output 282 of the flip-flop 259 to
      pass through the AND circuit 277.
PAR  The flip-flop 259 functions as a frequency divider with a division ratio of
      two. Therefore, starting with the moment of the second coincidence of the
      codes, i.e. after the second score has been entered in the reversible
      binary counter 269, pulses from the output 282 of the flip-flop 259 will
      pass through the AND circuit 277 and OR circuit 274 to the input 275 of
      the reversible binary counter 269 at a frequency twice as low as that of
      the pulse generator 262.
PAR  When the codes at one of the inputs 249.sub.1, . . . , 249.sub.i and
      253.sub.1, . . . , 253.sub.i of one of the coincidence circuits 253.sub.1,
      . . . , 253.sub.i coincide for the third time, a signal from one of the
      outputs 239.sub.1, . . . , 239.sub.i of one of the coincidence circuits
      237.sub.1, . . . , 237.sub.i i sets, through the OR circuit 256, the
      distributor 257 to a third position, as it arrives at its input 258. At
      this moment, the state of the reversible binary counter 269 corresponds to
      the code of the average score.
PAR  The operation of averaging the score consists in the addition, in the
      reversible binary counter 269, of the total number of pulses of the code
      of the lower mark to half the difference between the codes of the higher
      and lower marks. For example, marks 9.20 and 9.30 are averaged as follows:
      ##EQU1##
PAR  As the distributor 257 is set to the third position, a signal from the
      output 273 of the distributor 257 is applied to the control input of the
      memory register 271 to enable the code of the average score to be entered
      from the outputs 272 of the reversible binary counter 269 in the memory
      register 271. Another signal from the output 273 of the distributor 257 is
      applied to the flip-flop 268 setting it to the opposite stable state. A
      signal from the output of the flip-flop 268 is applied to the input 270 of
      the reversible binary counter 269 preparing it for reverse count. Still
      another signal from the output 273 of the distributor 257 passes through
      the OR circuit 266 to the input 267 of the delay element 264 and a fourth
      signal passes through the OR circuit 287 to the input 288 of the delay
      element 285.
PAR  the signal arriving at the input 267 of the delay element 264 is delayed by
      a certain period of time and proceeds from the output 265 of the latter
      further to the input of the distributor 255 setting it to the second
      position. The same signal arrives at the input of the OR circuit 294,
      then, from the output 295 thereof, to the inputs of the flip-flop 260,
      distributor 257, flip-flop 283 and binary counter 235, bringing all these
      elements to the initial state.
PAR  A signal from the output 280 of the flip-flop 260 unblanks the AND circuit
      276, while a signal from the output 284 of the flip-flop 283 stops the
      pulse generator 262.
PAR  The signal arriving at the input 288 of the delay element 285 is also
      delayed by a preset perior of time. The element 285 delays the signal by a
      longer period of time than the element 264. A signal from the output 286
      of the delay element 285 is applied to the input of the flip-flop 283.
PAR  The pulse generator 262 is restarted by a signal from the output 284 of the
      flip-flop 283. A signal from the output of the distributor 255 is applied
      to the control input 243.sub.k of the comparison circuit 237.sub.k
      bringing it to the ready state. At the instant of coincidence of the codes
      at the inputs 249.sub.k and 253.sub.k of the comparison circuit 237.sub.k,
      a signal from the output 239.sub.k of the comparison circuit 237.sub.k is
      applied through the OR circuit 266 to the input 267 of the delay element
      264. The signal arriving at the input 267 of the delay element 264 is
      delayed by a preset period of time and proceeds from the output 265 of the
      latter to the input of the distributor 255 setting it to the third
      position. This same signal is then applied to the input of the OR circuit
      294 and further, from its output 295, to the inputs of the flip-flop 283
      and binary counter 235. The flip-flop 283 and binary counter 235 are thus
      reset. A signal from the output 284 of the flip-flop 283 stops the pulse
      generator 262.
PAR  At this moment, the code of the reversible binary counter 269 corresponds
      to that of the average score minus the code of the deduction for exceeding
      the preset time limit. A signal is applied from the output of the
      distributor 255 to the control input 243.sub.n of the coincidence circuit
      347.sub.n, bringing it to the state of readiness, and to the input 293 of
      the AND circuit 290. From the output of the AND circuit 290, a signal is
      applied to one of the inputs 291 of the OR circuit 287. From the output of
      the OR circuit 287, the signal then passes to the input 288 of the delay
      element 285 and is delayed by a preset period of time. A signal from the
      output 286 of the delay element 285 is applied to the input of the
      flip-flop 283 and from the output 284 of the latter further to the pulse
      generator 262 restarting it.
PAR  At the moment of coincidence of the codes at the inputs 249.sub.n and
      253.sub.n of the comparison circuit 237.sub.n, a signal from the output
      239.sub.n of the comparison circuit 237.sub.n goes to the input 267 of the
      delay element 264 through the OR circuit 266. The signal arriving at the
      input 267 of the lement 264 is delayed by a preset period of time and from
      the output 265 of the latter passes further to the input of the OR circuit
      294 and further, from its output 295, to the inputs of the flip-flop 283
      and binary counter 235 resetting both. A signal from the output 284 of the
      flip-flop 283 stops the pulse generator 262.
PAR  At this moment, the code of the reversible binary counter 269 corresponds
      to the code of the average score minus the codes of the deductions made
      for exceeding the preset time limit and stepping out of the floor exercise
      area. A signal from the output 239.sub.n of the comparison circuit
      237.sub.n is applied via the output 17.sub.1 of the group of outputs
      17.sub.1, . . . , 17.sub.n (FIG. 1) of the processor 12 to the input 221
      (FIG. 7) of the OR circuit 218. From the output 222 of the OR circuit 218,
      a signal resets the flip-flop 217 through the OR circuit 223. At the same
      time, an enable signal is applied from the output 227 of the flip-flop 217
      to the input 23 (FIG. 1) of the intercommunication unit 22 setting it in
      operation. From this moment on, the members of the jury may talk to one
      another.
PAR  A signal is applied from the output 222 (FIG. 7) of the OR circuit 218
      through the group of outputs 10.sub.1, . . . , 10.sub.n of the scorer's
      panel 9 (FIG. 1) to the interconnected inputs of the flip-flops 371 and
      372 (FIG. 11). A signal from the output 373 of the flip-flop 371 blanks
      the AND circuits 366 and 367 through the OR circuit 360. The power
      switches 357.sub.1 and 357.sub.2 are blanked and the three-face luminous
      display board 345 is illuminated no more.
PAR  A signal from the output 239.sub.n (FIG. 8) of the comparison circuit
      237.sub.n sets the flip-flop 302 to the opposite stable state. A signal
      from the output of the flip-flop 302 is applied to the control input 298
      (FIG. 10) to unblank the gate unit 296.sub.1 (FIG. 8). The code of the
      final score is delivered from the output 272 of the reversible binary
      counter 269 to the inputs 299.sub.1, . . . , 299.sub.n (FIG. 10) of the
      gate unit 296.sub.1 (FIG. 8), then, from the outputs 300.sub.1, . . . ,
      300.sub.n (FIG. 10) of the gate unit 296.sub.1, to the inputs of the group
      of OR circuits 301 (FIG. 8).
PAR  From the outputs 313.sub.1, . . . , 313.sub.n of the group of OR circuits
      301, the code of the final score is fed to the inputs of the gate unit
      296.sub.11.
PAR  The codes of the average and final errors are transferred from the outputs
      312 of the memory register 271 and from the outputs 300.sub.1, . . . ,
      300.sub.n (FIG. 10) of the gate unit 296.sub.1 (FIG. 8) through the
      outputs 15.sub.1 of the group of outputs 15.sub.1, . . . , 15.sub.n (FIG.
      1) of the processor 12 to the group of inputs 168 (FIG. 6) of the digital
      display unit 165 of the superior judge's panel 2 (FIG. 1).
PAR  The superior judge evaluates the information coming from the judges, i.e.
      the average and final scores, to the digital display unit 165 (FIG. 6) of
      the superior judge's panel 2 (FIG. 1).
PAR  If the superior judge is not satisfied with the marks of the judges, he
      gives a command to register the scores on the digital printer 11 and
      transmits the results (scores) to the computer 6 through the interface 5.
      This is done as follows.
PAR  The superior judge presses the push-button switch 171 (FIG. 6) of the
      command unit 169. A signal from the output 173 of the command unit 169 is
      applied to the input 16.sub.4 (FIG. 8) of the group of inputs 16.sub.1, .
      . . , 16.sub.n (FIG. 1) of the processor 12 and sets the flip-flop 322
      (FIG. 8) to the opposite stable state. A signal from the output 331 of the
      flip-flop 322 passes through the OR circuit 324 to the inputs of the
      flip-flops 317 and 326 setting them to the opposite stable state.
PAR  A signal from the output 318 of the flip-flop 317 starts the pulse
      generator 315. Signals from the output 316 of the pulse generator 315
      arrive at the input of the distributor 314. The distributor 314 sends
      signals successively to the control inputs 298 (FIG. 10) of the gate units
      296.sub.4, . . . , 296.sub.11 (FIG. 8). The code from the outputs
      300.sub.1, . . . , 300.sub.n (FIG. 10) of the gate units 296.sub.4, . . .
      , 296.sub.11 (FIG. 8) is fed in a respective sequence to the inputs of the
      group of OR circuits 319. From the outputs of the group of OR circuits
      319, the code is applied to the inputs 321 of the code converter 300
      wherein it is converted into the code of the digital printer 11 (FIG. 1)
      to be printed line by line on a paper tape, and is delivered through the
      outputs 20.sub.2 (FIG. 8) of the group of outputs 20.sub.1, . . . ,
      20.sub.n (FIG. 1) of the processor 12 to the inputs of the digital printer
      11. Simultaneously with the connection of each subsequent gate unit of the
      group of gate units 296.sub.4, . . . , 296.sub.11 to the digital printer
      11 (FIG. 1), a pulse is applied from the output 316 of the pulse generator
      315 (FIG. 8) via the output 20.sub.1 of the group of outputs 20.sub.1, . .
      . , 20.sub.n (FIG. 1) of the processor 12 to the input of the digital
      printer 11 to prepare the latter for printing the next line. From the last
      output 333 of the distributor 314, a signal is applied to the input of the
      flip-flop 317 and to the inputs of the AND circuits 328 and 329. The
      flip-flop 317 is set to the opposite stable state. The pulse generator 315
      is stopped by a signal from the output 318 of the flip-flop 317.
PAR  A signal from the output 325 of the OR circuit 324 is fed through the
      output 26.sub.1 of the group of outputs 26.sub.1, . . . , 26.sub.n (FIG.
      1) of the specialized digital device 25 to the request input of the
      interface 5. At the same time, information from the outputs 26.sub.2, . .
      . , 26.sub.7 (FIG. 8) of the processor 12 (FIG. 1), coinciding with the
      group of outputs 26.sub.1, . . . , 26.sub.n of the specialized digital
      device 25, is fed to the group of inputs of the digital display unit 29 of
      the master judge's panel 28 and, through the interface 5, to the computer
      6.
PAR  Following the arrival of a response signal from the group of outputs 27 of
      the interface 5 at the input of the specialized digital device 25,
      coinciding with the input 327 (FIG. 8) of the flip-flop 326, the latter is
      set to the opposite stable state. At this moment, signals 1 from the
      outputs 331 of the flip-flop 322, output 330 of the flip-flop 326 and
      output 333 of the distributor 314 are present at the inputs of the AND
      circuit 328. A signal from the output 335 of the AND circuit 328 triggers
      the delay element 337 through the OR circuit 334.
PAR  From the output 339 of the delay element 337, a signal delayed by a preset
      period of time is applied to the reset inputs of the flip-flops 302 and
      268, to the input of the OR circuit 294 and to the input of the
      distributor 255. The flip-flops 302 and 268 as well as the distributor 255
      are thus reset.
PAR  A signal from the output 339 of the delay element 337 is applied through
      the outputs 13.sub.2 and 41.sub.2 of the groups of outputs 13.sub.1, . . .
      , 13.sub.n (FIG. 1) and 41.sub.1, . . . , 41.sub.n to the inputs 98 (FIG.
      2) of the flip-flops 96 of the judges' panels 1 (FIG. 1).
PAR  Applied to the input of the AND circuit 70 from the output 100 of the
      flip-flop 96 is an enable signal. Starting with this moment, the output
      signal of the resetting means 65 may pass through the OR circuit 67 and
      AND circuit 70 to the input 73 of the memory register 44, i.e. a judge
      may, at the request of the superior judge, cancel his mark and compose
      another.
PAR  A signal from the output 339 (FIG. 8) of the delay element 337 is applied
      through the outputs 15.sub.2 of the group of outputs 15.sub.1, . . . ,
      15.sub.n (FIG. 1) of the processor 12 to the input 150 (FIG. 6) of the
      flip-flop 148 setting it to the opposite stable state. Another signal from
      the output 339 (FIG. 8) of the delay element 337 goes to the input of the
      delay element 340. From the output 341 of the delay element 340, a signal
      is applied with a preset delay to the input of the flip-flop 322 setting
      it to the opposite stable state, and to the input of the distributor 314
      resetting it.
PAR  Should the superior judge be not satisfied with the judges' marks, he
      informs respective judges, after the marks have been printed on the
      digital printer 11 (FIG. 1), that the mark should be changed, through the
      intercommunication unit 22, intercommunication assembly 174 (FIG. 6) of
      the superior judge's panel 2 (FIG. 1) and intercommunication assemblies
      118 (FIg. 2) of the judges' panels 1. The judges instructed by the
      superior judge to change their marks cancel the mark on a respective
      judge's panel 1 by pressing the push-button switch 66 (FIG. 2) of the
      resetting means 65.
PAR  At the output 54 of the resetting means 65 there appears a reset signal
      which is applied to the input 68 of the OR circuit 67. The reset signal
      passes through the OR circuit 67 and the AND circuit 70 unblanked at its
      input 71 to the input 73 of the memory register 44 and input 72 of the
      distributor 61. Thus, the memory register 44 and distributor 61 are reset.
PAR  Thereafter, the judges compose a new socre with the aid of the input device
      48 of the panel 1, and enter this new score in the record in the same
      manner as in the case of transmission of the first mark.
PAR  At the same time, the superior judge enters the new score in the record by
      means of the record-keeping unit 145 of his panel 2 also in a manner
      similar to that when the first mark was entered. When new scores are
      entered in the record by respective judges using their panels 1 (FIG. 1)
      and the superior judge enters the new score on his panel 2 (FIG. 6), there
      begins processing of new information (marks, deductions) received from the
      judges' panels 1 (FIG. 1), on-line judges' panels 40 and stop watch 4,
      namely the average and final scores are automatically calculated. This
      process is similar to the one described above.
PAR  The superior judge evaluates, by locking at the digital display unit 165
      (FIG. 6), the judges' marks as well as the average and final scores.
PAR  Should the superior judge approve the scores, he presses, on his panel 2
      (FIg. 1), the push-button switch 170 (FIG. 6) of the command unit 169. A
      signal from the output 172 of the command unit 169 is applied through the
      input 16.sub.3 (FIG. 8) of the group of inputs 16.sub.1, . . . , 16.sub.n
      (FIg. 1) of the processor 12 to the input of the flip-flop 323 (FIG. 8)
      setting it to the opposite stable state. A signal from the output 332 of
      the flip-flop 323 is applied through the OR circuit 324 to the inputs of
      the flip-flops 317 and 326 setting them to the opposite stable state.
PAR  The flip-flop 317 starts the pulse generator 315 controlling shifting of
      the distributor 314 and the digital printer 11 (FIG. 1). Information is
      successively fed from the gate units 296.sub.4, . . . , 296.sub.11 (FIG.
      8) to the printer 11 (FIG. 1) in a manner like in the case of entering the
      scores in the record when the superior judge is not satisfied with the
      mark of a judge or judges.
PAR  From the output 325 (FIG. 8) of the OR circuit 324, a signal is applied
      through the output 26.sub.1 of the processor 12, coinciding with an output
      of the group of outputs 26.sub.1, . . . , 26.sub.n (FIG. 1) of the
      specialized digital device 25, to the request input of the interface 5. At
      the same time, information from the outputs 26.sub.2, . . . , 26.sub.7
      (FIG. 8) of the processor 12 (FIG. 1), coinciding with respective outputs
      of the group of outputs 26.sub.1, . . . , 26.sub.n of the specialized
      digital device 25, is fed to the group of inputs of the digital display
      unit 29 of the master judge's panel 28, and through the interface 5, to
      the computer 6. At the moment the superior judge presses the push-button
      switch 170 (FIG. 6) of the command unit 169, a signal from the output 172
      of the latter is applied through the input 16.sub.3 (FIG. 8) of the group
      of inputs 16.sub.1, . . . , 16.sub.n (FIG. 1) of the processor 12 as well
      as through the OR circuit 344 and output 19.sub.1 of the group outputs
      19.sub.1, . . . , 19.sub.n (FIG. 1) of the processor 12 to the input of
      the flip-flop 372 (FIG. 11) of the luminous display unit 3 (FIG. 1) The
      flip-flop 372 (FIG. 11) is thus set to the opposite stable state. A signal
      from the output 374 of the flip-flop 372 sends the code of the final score
      from the outputs 19.sub.2 (FIG. 8) of the group of outputs 19.sub.1, . . .
      , 19.sub.n (FIG. 1) of the processor 12 through the control input 298
      (FIG. 10) of the gate unit 375" (FIG. 11) to the inputs of the group of OR
      circuits 377.sub.1, . . . , 377.sub.n (FIG. 11). A signal from the output
      374 of the flip-flop 372 unblanks, via the OR circuit 370, the AND circuit
      366 controlling the red lamps. The code of the final score is converted in
      the code converters 376.sub.1, . . . , 376.sub.n into a code controlling
      the three-face luminous display board 345 whereon the final score is
      displayed with the aid of the luminous spots 346.sub.1.sub.-1, . . . ,
      346.sub.1.sub.-n, . . . , 346.sub.n.sub.-1, . . . , 346.sub.n.sub.-n.
PAR  The final score is flashed in red colour on the three-face luminous display
      board 345.
PAR  After a response signal from the group of outputs 27 (FIG. 1) of the
      interface 5 has arrived at the input of the specialized digital device 25,
      coinciding with the input 327 (FIG. 8) of the flip-flop 326, the AND
      circuit 329 is unblanked due to the fact that at the inputs of the AND
      circuit 329 there are present signals 1 coming from the outputs 332 of the
      flip-flop 323, outputs 330 of the flip-flop 326 and output 333 of the
      distributor 314.
PAR  From the output 336 of the AND circuit 329, a signal is applied to the
      input of the delay element 342. A signal from the output 343 of the delay
      element 342 passes through the outputs 13.sub.3, 41.sub.3, 15.sub.3 and
      17.sub.2 of, respectively, the groups of outputs 13.sub.1, . . . ,
      13.sub.n (FIG. 1), 41.sub.1, . . . , 41.sub.n, 15.sub.1, . . . , 15.sub.n
      and 17.sub.1, . . . , 17.sub.n of the processor 12 to the input 69 (FIG.
      2) of the OR circuit 67, to the input 113 of the OR circuit 111 of the
      judges' panels 1 (FIG. 1) and on-line judges' panels 40, to the input 139
      (FIG. 6) of the OR circuit 137 and input 163 of the OR circuit 161 of the
      superior judge's panel 2 (FIG. 1), and to the input 220 (FIG. 7) of the
      scorer's panel 9 (FIG. 1).
PAR  Reser as a result of this are the memory register 44 (FIG. 2), distributor
      61, and counters 103 of the judges' panels 1 (FIG. 1) and on-line judges'
      panels 40, memory register 120 (FIG. 6), distributor 131, and counters 153
      of the superior judge's panel 2 (FIG. 1), as well as memory register 176
      (FIG. 7) and distributor 189 of the scorer's panel 9 (FIG. 1). From the
      output 222 (FIG. 7) of the OR circuit 218, a signal is applied through the
      group of outputs 10.sub.1, . . . , 10.sub.n (FIG. 1) of the processor 12
      to the interconnected inputs of the flip-flops 371 (FIG. 11) and 372 of
      the luminous display unit 3 (FIG. 1) and the latter is illuminated no
      more.
PAR  At the same time, a signal from the output 336 (FIG. 8) of the AND circuit
      329 resets, through the AND circuit 334 and delay element 337, the
      flip-flops 268 and 302 as well as the distributor 265. Therewith, a signal
      from the output 339 of the delay element 337 resets, through the outputs
      13.sub.2, 41.sub.2 and 15.sub.2 of, respectively, the groups of outputs
      13.sub.1, . . . , 13.sub.n (FIG. 1), 41.sub.1, . . . , 41.sub.n and
      15.sub.1, . . . , 15.sub.n of the processor 12, the flip-flops 96 (FIG. 2)
      of the judges' panels 1 (FIG. 1) and on-line judges' panels 40 and the
      flip-flop 148 (FIG. 6) of the superior judge's panel 2 (FIG. 1).
PAR  A signal from the output 339 (FIG. 8) of the delay element 337 also resets,
      via the delay element 340, the flip-flop 323 and distributor 314.
PAR  Thus, the specialized digital device 25 (FIG. 1) is brought back to the
      initial state and the judges of a particular event of an all-around
      competition may start evaluating the exercise executed by the next
      competitor.
PAR  The specialized digital device 25 also permits the final score to be
      entered directly on the scorer's panel 9. To do this, the scorer presses
      the push-button switch 196 (FIG. 7) of the command unit 194 on his panel
      9. A signal from the output 201 of the command unit 194 is applied to the
      information entry input of the memory register 177. Then, by successively
      pressing the push-button switches 185 of the input device 184, the scorer
      enters the final score in the memory register 177. The score is entered
      just like the competitor's number was entered in the memory register 176.
      The code of the final score from the outputs 233 of the memory register
      177 is fed via the inputs 18.sub.1 (FIG. 8) of the group of inputs
      18.sub.1, . . . , 18.sub.n (FIG. 1) of the processor 12 to the inputs of
      the gate unit 296.sub.2 (FIG. 8). As a signal 1 arrives from the output of
      the flip-flop 302 at the input 298 (FIG. 10) of the gate unit 296.sub.2
      (FIG. 8), the code of the final score is delivered from the outputs
      300.sub.1, . . . , 300.sub.n (FIG. 10) of the gate unit 296.sub.2 to the
      inputs of the group of OR circuits 301. From the outputs 313.sub.1, . . .
      , 313.sub.n of the group of OR circuits 301, the code of the final score
      is further fed, through the outputs 17.sub.3 of the group of outputs
      17.sub.1, . . . , 17.sub.n (FIG. 1) of the processor 12, to the group of
      inputs 231 (FIG. 7) of the digital display unit 230 of the scorer's panel
      9 (FIG. 1).
PAR  To display the final score on the luminous display unit 3, the scorer
      presses the push-button switch 197 (FIG. 7) of the command unit 194 of his
      panel 9 (FIG. 1). A signal from the output 204 (FIG. 7) of the command
      unit 194 is applied through the AND circuit 203 and input 18.sub.3 (FIG.
      8) of the group of inputs 18.sub.1, . . . , 18.sub.n (FIG. 1) of the
      processor 12 and through the OR circuit 344 (FIG. 8) from the output
      19.sub.1 of the group of outputs 19.sub.1, . . . , 19.sub.n (FIG. 1) of
      the processor 12 to the input of the flip-flop 372 (FIG. 11) of the
      luminous display unit 3 (FIG. 1).
PAR  The process of switching on the luminous display unit 3 for displaying the
      final score on the three-face luminous display board 345 (FIG. 11) is
      similar to that of switching it on when the final score is automatically
      put out of the processor 12 (FIG. 1).
PAR  Each of the specialized digital devices 25 for other events of an
      all-around competition operates in a similar fashion.
PAR  The master judge of the competition may have the intercommunication unit 30
      of his panel 28 connected through the intercommunication lines 31 to the
      intercommunication unit 22 of each specialized device 25.
PAR  He may also have the intercommunication unit 30 of his panel 28 linked
      through the intercommunication line 36 with the intercommunication unit 33
      of the dispatcher's panel 32.
PAR  The dispatcher, in turn, may have his intercommunication unit 33 linked
      through the intercommunication line 38 with the technical service posts 39
      in the gymnasium.
PAR  The electronic computer 6 collects the current information from all
      specialized digital devices 25 and, in accordance with a preset program
      taking into account all aspects of the organization of the competition,
      processes all the records and scores and controls the output of all the
      relevant information to the luminous display board 7 and printer 11.
PAR  The automatic information system of the present invention relieves the
      judges, especially the superior judge who supervises the entire jury of a
      particular event of an all-around gymnastic competition, from all
      functions which distract their attention from evaluating a gymanast's
      performance. The proposed system is practically error-free as far as the
      calculation of the average and final scores is concerned. The possibility
      of the judges to intercommunicate through the intercom system which is
      switched off while a competitor executes an exercise, the appearance of
      the judges' marks on the superior judge's display board only after he has
      composed his own score, and enterring the scores in the record after they
      have been sent to the superior judge render judging more objective and
      accurate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic information system for the organization of gymnastic
      competitions, intended to collect and process the individual scores
      awarded by the judges to each competitor, to facilitate and accelerate the
      judging procedure, to keep the record and score, as well as to provide for
      visual display of the current and final results of a competition and to
      send this information to a computer (6) controlling a luminous score board
      (7), comprising, for each event of an all-around gymnastic competition,
      judges' panels (1) and a superior judge's panel (2) intended for manual
      input of scores for individual exercises of a competitor, a luminous
      display unit (3) for displaying the number of the competitor and the
      points he or she has socred, and, for two events, namely, beam and floor
      exercises, a stop watch (4) for determining the duration of an exercise as
      performed by a competitor and the amount of points to be deducted, whereby
      the competitor and judges are informed as to the time competitor has spent
      so far and deductions are automatically made for exceeding the prescribed
      time limit; an interface (5) intended for feeding the information provided
      by the judges into said computer (6) and connected to said computer (6)
      controlling said luminous score board (7) and having its output connected
      to a printer; a scorer's panel (9) intended for the input and storage of
      the competitor's number and his or her final score and connected to said
      luminous display unit (3); a group of outputs (10.sub.1, . . . , 10.sub.n)
      of said scorer's panel (9); a digital printer (11) for printing the record
      and score for each competitor; a processor (12) intended to calculate the
      average and final scores awarded to a competitor, to store the current
      information on the progress of the competition, and to send it to said
      interface (5) to control said judges' panels (1), superior judge's panel
      (2) and scorer's panel (9), said luminous display unit (3), said digital
      printer (11), the processor being connected to all said units, and, for
      events, namely, beam and floor exercises, to said stop watch (4); groups
      of inputs (14.sub.1, . . . , 14.sub.n ; 16.sub.1, . . . , 16.sub.n ;
      18.sub.1, . . . , 18.sub.n ; 21.sub.1, . . . , 21.sub.n ; 42.sub.1, . . .
      , 42.sub.n) of said processor (12); groups of outputs (13.sub.1, . . . ,
      13.sub.n ; 15.sub.1, . . . , 15.sub.n ; 17.sub.1, . . . , 17.sub.n ;
      19.sub.1, . . . , 19.sub.n ; 20.sub.1, . . . , 20.sub.n, 41.sub.1, . . . ,
      41.sub.n) of said processor (12); an intercommunication unit (22) which is
      switched off while a competitor is executing an exercise;
      intercommunication lines (24); said intercommunication unit (22) being
      linked, through said intercommunication lines (24) with said judges's
      panel (1) and superior judge's panel (2); said judges' panels (1),
      superior judge's panel (2), scorer's panel (9), processor (12), luminous
      display unit (3), printer (11) and intercommunication unit (22), in each
      event of an all-around gymnastic competition, as well as said stop watch
      (4), in two events, namely, beam and floor exercises, making up a
      specialized digital device (25) intended to collect subjective initial
      information on an individual competitor from the judges of a particular
      event of the all-around competition, to process this information, to
      display the score of each competitor on the luminous score board (7), and
      to keep the record and score for each competitor, each of said digital
      devices being connected to said interface (5); a master judge's panel (28)
      providing for intercommunication with the judges of all events of the
      all-around gymnastic competition for displaying digital information from
      each said specialized digital device (25); and a dispatcher's panel (32)
      through which the dispatcher calls individual competitors in all events of
      the all-around gymnastic competitor, said dispatcher's panel being
      connected to all said specialized digital devices (25) and ensuring
      intercommunication with said master judge's panel (28), scorer panels (9)
      and technical service posts (39) in the gymnasium.
NUM  2.
PAR  2. A system as claimed in claim 1, wherein said specialized digital device
      (25) additionally comprises, in one event of an all-around gymnastic
      competition, namely, floor exercises, two on-line judges' panels (40)
      intended for the input of a deduction for stepping out of the floor
      exercise area, said panels being connected to said processor (12) and
      intercommunication unit (22).
NUM  3.
PAR  3. A system as claimed in claim 1, wherein each said judge's panel (1)
      comprises: a memory register (44) for storing the score awarded to a
      competitor, said memory register (44) having inputs (57), digit select
      inputs (64), a reset input (73) and outputs (117); a manual score input
      device (48); a coder (56) connected to said manual score input device (48)
      and to said inputs (57) of said memory register (44), said coder (56)
      having inputs and outputs; a first OR circuit (58) having inputs (59) and
      an output; said inputs (59) of said first OR circuit (58) being connected
      to said outputs of said coder (56); a second OR circuit (60) having inputs
      and an output; a distributor (61) having an input (62), a reset input (72)
      and outputs (63); said input (62) of said distributor (61) being connected
      to said output of said first OR circuit (58); said outputs (63) of said
      distributor (61) being connected to said inputs of said second OR circuit
      (60) and to said digital select inputs (64) of said memory register (44);
      a means (65) for resetting said memory register (44), having an output; a
      third OR circuit (67) having inputs (68, 69) and an output; one of said
      inputs (68) of said third OR circuit (67) being connected to said output
      of said means (65) for resetting said memory register (44); other said
      input (69) of said third OR circuit (67) being connected to said group of
      outputs (13.sub.1, . . . , 13.sub.n) of said processor (12); a first AND
      circuit (70) having input and an output; one of said inputs (71) of said
      first AND circuit (70) being connected to said output of said third OR
      circuit (67); said output of said first AND circuit (70) being connected
      to said reset input (72) of said distributor (61) and to said reset input
      (73) of said memory register (44); a second AND circuit (74) having inputs
      and an output; a record-keeping unit (75) intended for writing down the
      score of a competitor on a moving paper tape and having an output (88);
      and output (88) of said record-keeping unit (75) being connected to one of
      said inputs of said second AND circuit (74); other said input (89) of said
      second AND circuit (74) being connected to said output of said second OR
      circuit (60); an indication unit (90) having an input (102); a third AND
      circuit (91) having inputs and an output; a flip-flop (96) having inputs
      (97, 98) and outputs (99, 100); said first input (97) of said flip-flop
      (96) being connected to said output of said second AND circuit (74); said
      second input (98) of said flip-flop (96) being connected to said group of
      outputs (13.sub.1, . . . , 13.sub.n) of said processor (12); said first
      output (99) of said flip-flop (96) being connected to said group of inputs
      (14.sub.1, . . . , 14.sub.n) of said processor (12); said second output
      (100) of said flip-flop (96) being connected to said second input of said
      first AND circuit (70) and to said first input of said third AND circuit
      (91); said second input (101) of said third AND circuit (91) being
      connected to said group of outputs (13.sub.1, . . . , 13.sub.n) of said
      processor (12); said output of said third AND circuit (91) being connected
      to said indication unit (90); counters (103) for registering elements of
      individual parts of exercises, characterized by different degrees of
      difficulty, and faults in the execution of these exercises, siad counters
      (103) having inputs, reset inputs (114) and outputs; data input units
      (104) having outputs; each of said data input units (104) being connected
      to a respective said counter (103); a means (106) for resetting said
      counters (103), having an output (109); a fourth AND circuit (108) having
      inputs and an output; one of said inputs of said fourth AND circuit (108)
      being connected to said output of said means (106), for resetting said
      counters (103); the other one of said inputs (110) of said fourth AND
      circuit (108) being connected to said output (100) of said flip-flop (96);
      a fourth OR circuit (111) having inputs (112, 113) and an output; one of
      said inputs (112) of said fourth OR circuit (111) being connected to said
      output of said fourth AND circuit (108); the other one of said inputs
      (113) of said fourth OR circuit (111) being connected to said group of
      outputs (13.sub.1, . . . , 13.sub.n) of said processor (12); said output
      of said fourth OR circuit (111) being connected to said reset inputs (114)
      of said counters (103); a digital display unit (115) having a first and a
      second groups of inputs; said first group of inputs (116) of said digital
      display unit (115) being connected to said outputs of said counters (103);
      said second group of inputs of said digital display unit (115) being
      connected to respective said outputs (117) of said memory register (44),
      said outputs (117) being connected to said group of inputs (14.sub.1, . .
      . , 14.sub.n) of said processor (12); and an intercommunication assembly
      (118) linked with said intercommunication unit (22) through said
      intercommunication line (24).
NUM  4.
PAR  4. A system as claimed in claim 1, wherein said superior judge's panel (2)
      comprises: a memory register (120) for storing the score awarded to a
      competitor, said memory register (120) having inputs (127), digit select
      inputs (134), a reset input (143) and outputs (167); a manual score input
      device (124); a coder (126) connected to said manual score input device
      (124) and to said inputs (127) of said memory register (120), said coder
      (126) having inputs and outputs; a distributor (131) intended for
      digitwise entry of a competitor's score in said memory register (120),
      having an input (132), a reset input (142) and outputs (133); a first OR
      circuit (128) for starting said distributor (131), having inputs (129) and
      an output; said inputs (129) of said first OR circuit (128) being
      connected to said outputs of said coder (126); a second OR circuit (130)
      having inputs and an output; said input (132) of said distributor (131)
      being connected to said output of said first OR circuit (128); said
      outputs (133) of said distributor (131) being connected to said inputs of
      said second OR circuit (130) and to said digit select inputs (134) of said
      memory register (120); a means (135) for resetting said memory register
      (120), having an output; a third OR circuit (137) having inputs (138, 139)
      and an output; one of said inputs (138) of said third OR circuit (137)
      being connected to said output of said means (135) for resetting said
      memory register (120); the other one of said inputs (139) of said third OR
      circuit (137) being connected to said group of outputs (15.sub.1, . . . ,
      15.sub.n) of said processor (12); a first AND circuit (140) having inputs
      and an output; one of said inputs of said first AND circuit (140) being
      connected to said output of said third OR circuits (137); said output of
      said first AND circuit (140) being connected to said reset input (142) of
      said distributor (131) and to said reset input (143) of said memory
      register (120); a second AND circuit (144) having inputs and an output; a
      record-keeping unit (145) intended for writing down the score of a
      competitor on a moving paper tape (79), having an output; said output of
      said record-keeping unit (145) being connected to one of said inputs of
      said second AND circuit (144); the other one of said inputs (147) of said
      second AND circuit (144) being connected to said output of said second OR
      circuit (130); a flip-flop (148) having inputs (149, 150) and outputs
      (151, 152); said first input (149) of said flip-flop (148) being connected
      to said output of said second AND circuit 144); said second input (150) of
      said flip-flop (148) being connected to said group of outputs (15.sub.1, .
      . . , 15.sub.n) of said processor (12); said first output (151) of said
      flip-flop (148) being connected to said group of inputs (16.sub.1, . . . ,
      16.sub.n) of said processor (12); said second output (152) of said
      flip-flop (148) being connected to said second input of said first AND
      circuit (140); counters (153) for registering elements of individual parts
      of exercises, characterized by different degrees of difficulty, and faults
      in the execution of the exercises, said counters (153) having inputs,
      reset inputs (164) and outputs; data input devices (154) having outputs;
      each of said data input devices (154) being connected to a respective said
      counter (153); a means (156) for resetting said counters (153), having an
      output (159); a third AND circuit (158) having inputs and an output; one
      of said inputs of said third AND circuit (158) being connected to said
      means (156) for resetting said counters (153); the other one of said
      inputs (160) of said third AND circuit (158) being connected to said
      second output (152) of said flip-flop (148); a fourth OR circuit (161)
      having inputs (162, 163) and an output; one of said inputs (162) of said
      fourth OR circuit (161) being connected to said output of said third AND
      circuit (158); the other one of said inputs (163) of said fourth OR
      circuit (161) being connected to said group of outputs (13.sub.1, . . . ,
      13.sub.n) of said processor (12); said output of said fourth OR circuit
      (161) being connected to said reset inputs (164) of said counters (153); a
      digital display unit (165) having groups of inputs; the first one of said
      groups of inputs (166) of said digital display unit (165) being connected
      to said outputs of said counters (153); the second one of said groups of
      inputs of said digital display unit (165) being connected to respective
      said outputs (167) of said memory register (120), also connected to said
      group of inputs (16.sub.1, . . . , 16.sub.n) of said processor (12); the
      third one of said groups of inputs (168) of said digital display unit
      (165) being connected to said group of outputs (15.sub.1, . . . ,
      15.sub.n) of said processor (12); a command unit (169) having outputs
      (172, 173); said outputs of said command unit (169) being connected to
      said group of inputs (16.sub.1, . . . , 16.sub.n) of said processor (12);
      and an intercommunication assembly (174) linked with said
      intercommunication unit (22) through said intercommunication line (24).
NUM  5.
PAR  5. A system as claimed in claim 1, wherein said scorer's panel (9)
      comprises; a memory register (176) for storing the number of a competitor,
      having inputs (187), data entry permit inputs, digit select inputs and
      outputs (232); a memory register (177) for storing the final score awarded
      to a competitor for executing an exercise, having inputs (188), digit
      select inputs, data entry permit inputs and outputs (233); a device (184)
      for manual entry of information in said memory registers (176, 177),
      having outputs; a coder (186) connected to said device (184) and to said
      inputs (187, 188) of said memory registers (176, 177); a distributor (189)
      intended for digitwise entry of information in said memory registers (176,
      177), said distributor (189) having an input, a reset input and outputs
      (193); a first OR circuit (190) for starting said distributor (189),
      having inputs (191) and an output (192); said inputs (191) of said first
      OR circuit (190) being connected to outputs of said coder (186); said
      output (192) of said first OR circuit (190) being connected to said input
      of said distributor (189); said outputs (193) of said distributor (189)
      being connected to said digit select inputs of said memory registers (176,
      177); a command unit (194) intended for the selection of a respective
      memory register for data input and for controlling said luminous display
      unit (3), said command units (194) having outputs (200, 201, 204, 224,
      226); the first and second ones of said outputs (200, 201) of said command
      unit (194) being connected to said data entry permit inputs of a
      respective memory register (176 or 177); a first AND circuit (202) having
      inputs and an output (205); a second AND circuit (203) having inputs and
      an output (206); the first ones of said inputs of said first and second
      AND circuits (202, 203) being interconnected and coupled to said third
      output (204) of said command unit (194); the second ones of said inputs of
      said first and second AND circuits (202, 203) being connected to said
      first and second outputs (200, 201), respectively, of said command unit
      (194); said output (205) of said first AND circuit (202) being connected
      to said group of inputs of said luminous display unit (3); said output
      (206) of said second AND circuit (203) being connected to said group of
      inputs (18.sub.1, . . . , 18.sub.n) of said processor (12); a means (207)
      for resetting said memory registers (176, 177), having an output; a third
      AND circuit (209) having inputs and an output (213); a fourth AND circuit
      (210) having inputs and an output (214); the first ones of said inputs of
      said third and fourth AND circuits (209, 210) being interconnected and
      coupled to said means (207) for resetting said memory registers (176,
      177); the second ones of said inputs of said third and fourth AND circuits
      (209, 210) being connected to said first and second outputs (200, 201),
      respectively, of said command unit (194); a second OR circuit (211) having
      inputs and an output (215); a third OR circuit (212) having inputs and an
      output (216); the first ones of said inputs of said second and third OR
      circuit (211, 212) being connected to said outputs (213, 214),
      respectively, of said third and fourth AND circuits (209, 210); said
      outputs (215, 216) of said second and third OR circuits (211, 212) being
      connected to said reset inputs of said memory registers (176, 177),
      respectively; a flip-flop (217) for selecting the colour of the
      information being displayed on said luminous display unit (3), having
      inputs and outputs (227, 228); a fourth OR circuit (218) having inputs and
      an output (222); the first one of said inputs (219) of said fourth OR
      circuit (218) being connected to said output of said means (207) for
      resetting said memory registers (176, 177); the second one of said inputs
      of said fourth OR circuit (218) being interconnected with said second
      inputs of said second and third OR circuits (211, 212) and coupled to said
      group of outputs (17.sub.1, . . . , 17.sub.n) of said processor (12); said
      output (222) of said fourth OR circuit (218) being connected to said reset
      input of said distributor (189) and to said group of inputs of said
      luminous display unit (3); a fifth OR circuit (223) having inputs and an
      output (225); the first one of said inputs of said fifth OR circuit (223)
      being connected to siad ouput (222) of said fourth OR circuit (218); the
      second one of said inputs of said fifth OR circuit (223) being connected
      to said fourth output (224) of said command unit (194); said output (225)
      of said fifth OR circuit (223) being connected to the second one of said
      inputs of said flip-flop (217); the first one of said inputs of said
      flip-flop (217) being connected to said fifth output (226) of said command
      unit (194); both said outputs (227, 228) of said flip-flop (217) being
      connected to a respective said group of inputs of said luminous display
      unit (3); said third input (229) of said first AND circuit (202) being
      interconnected with the third one of said inputs of said fifth OR circuit
      (223) and coupled to said group of outputs (27) of said dispatcher's panel
      (32); a digital display unit (230) having groups of inputs; the first one
      of said groups of inputs (231) of said digital display unit (230) being
      connected to said group of outputs (17.sub.1, . . . , 17.sub.n) of said
      processor (12); the second one of said group of inputs of said digital
      display unit (230) being connected to said outputs (232) of said memory
      register (176) for storing the number of a competitor, which outputs (232)
      are also connected to said group of inputs of said luminous display unit
      (3) and to said group of inputs (18.sub.1, . . . , 18.sub.n) of said
      processor (12); said outputs (233) of said memory register (177) for
      storing the final score of a competitor for executing an exercise being
      connected to said group of inputs (18.sub.1, . . . , 18.sub.n) of said
      processor (12); an intercommunication assembly (234); intercommunication
      lines (37); said intercommunication assembly (234) being linked with said
      dispatcher's panel (32) through said intercommunication lines (37).
NUM  6.
PAR  6. A system as claimed in claim 1, wherein said processor (12) of said
      specialized digital device (25) comprises: a binary counter (235) having
      an input, reset inputs and outputs; an adder (236) having inputs and
      outputs (311); comparison circuits (237.sub.1, . . . , 237.sub.i,
      237.sub.k, 237.sub.n) intended to compare the information from said binary
      counter (235) with the information from said judges' panels (1) and said
      stop watch (4) for determining the duration of an exercise as performed by
      a competitor, said comparison circuits (237.sub.1, . . . , 237.sub.i,
      237.sub.k, 237.sub.n) having inputs (253.sub.1, . . . , 253.sub.i,
      253.sub.k, 253.sub.n ; 249.sub.1, . . . , 249.sub.i, 249.sub.k,
      249.sub.n), control inputs (243.sub.1, . . . , 243.sub.i, 243.sub.k,
      243.sub.n) and outputs (239.sub.1, . . . , 239.sub.i, 239.sub.k,
      239.sub.n); the first ones of said inputs (249.sub.1, . . . , 249.sub.i,
      249.sub.k , 249.sub.n) of said comparison circuits (237.sub.1, . . . ,
      237.sub.i, 237.sub.k, 237.sub.n) being interconnected digitwise and
      coupled to respective said outputs of said binary counter (235); the
      second ones of said inputs (253.sub.1, . . . , 253.sub.i, 253.sub.k,
      253.sub.n) of said comparison circuits (237.sub.1, . . . , 237.sub.i,
      237.sub.k, 237.sub.n) being connected to, respectively, said outputs of
      said judges' panels (1), said stop watch (4) and said adder (236); a first
      distributor (255) having an input, a reset input and outputs; the first
      one of said outputs of said first distributor (255) being connected to
      said control inputs (243.sub.1, . . . , 243.sub.i) of said comparison
      circuits (237.sub.1, . . . , 237.sub.i), which control inputs (243.sub.1,
      . . . , 243.sub.i) are connected to said judges' panels (1); the second
      one of said outputs of said first distributor (255) being connected to
      said control input (243.sub.k) of said comparison circuit (237.sub. k)
      which is connected to said stop watch (4); the third one of said outputs
      of said first distributor (255) being connected to said control input
      (243.sub.n) of said comparison circuit (237.sub.n) which is connected to
      said adder (236); a first OR circuit (256) having inputs and outputs; said
      inputs of said first OR circuit (256) being connected to said outputs
      (239.sub.1, . . . , 239.sub.i, 239.sub.k, 239.sub.n) of said comparison
      circuits (237.sub.1, . . . , 237.sub.i, 237.sub.k, 237.sub.n), which are
      connected to said judges' panels (1); a second distributor (257) having an
      input (258), a reset input and outputs; said input (258) of said second
      distributor (257) being connected to said output of said first OR circuit
      (256); a first flip-flop (259) having a count input and an output (282); a
      second flip-flop (260) having inputs and outputs (280, 281); the first one
      of said inputs (261) of said second flip-flop (260) being connected to the
      first one of said outputs of said second distributor (257); a first pulse
      generator (262) having an input and an output (263); said output (263) of
      said first pulse generator (262) being connected to said input of said
      binary counter (235) and to said count input of said first flip-flop
      (259); a first delay element (264) having an input (267) and an output
      (265); a second OR circuit (266) having inputs and an output; said output
      of said second OR circuit (266) being connected to said first delay
      element (264); the first one of said inputs of said second OR circuit
      (266) being connected to said output (239.sub.k) of said comparison
      circuit (237.sub.k) coupled to said stop watch (4); the second one of said
      inputs of said second OR circuit (266) being connected to said output
      (239.sub.n) of said comparison circuit (237.sub.n) coupled to said adder
      (236); a third flip-flop (268) having inputs and an output; a reversible
      binary counter (269) having an input (275), a control input (270), a reset
      input and outputs (272); said control input (270) of said reversible
      binary counter (269) being connected to said output of said third
      flip-flop (268); a memory register (271) having inputs, a reset input and
      outputs (312); said inputs of said memory register (271) being connected
      to said outputs (272) of said reversible binary counter (269); the second
      one of said outputs (273) of said second distributor (257) being connected
      to the first one of said inputs of said flip-flop (268), to one of said
      inputs of said memory register (271) and to the third one of said inputs
      of said second OR circuit (266); a third OR circuit (274) having inputs
      and outputs; one of said outputs of said third OR circuit (274) being
      connected to said input (275) of said reversible binary counter (269); a
      first AND circuit (276) having inputs and an output (278);
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      (278, 279) of said first and second AND circuits (276, 277) being
      connected to said inputs of said third OR circuit (274); the first ones of
      said inputs of said first and second AND circuits (276, 277) being
      connected to respective said outputs (280, 281) of said second flip-flop
      (260); the second one of said inputs of said first AND circuit (276) being
      connected to said output (263) of said first pulse generator (262); the
      second one of said inputs of said second AND circuit (277) being connected
      to said output (282) of said first flip-flop (259); a fourth flip-flop
      (283) having inputs and an output (284); said output (284) of said fourth
      flip-flop (283) being connected to said input of said first pulse
      generator (262); a second delay element (285) having an input (288) and an
      output (286); said output (286) of said second delay element (285) being
      connected to the first one of said inputs of said fourth flip-flop (283);
      a fourth OR circuit (287) having inputs and an output; said output of said
      fourth OR circuit (287) being connected to said input (288) of said second
      delay element (285); one of said inputs of said fourth OR circuit (287)
      being connected to the second one of said outputs (273) of said second
      distributor (257); a third AND circuit (289) having inputs and an output;
      a fourth AND circuit (290) having inputs and an output; said outputs of
      said third and fourth AND circuits (289, 290) being connected to said
      inputs (291) of said fourth OR circuit (287); the first one of said inputs
      (292) of said third AND circuit (289) being connected to the first one of
      said outputs of said first distributor (255); each of the remaining ones
      of said inputs of said third AND circuit (289) being connected to said
      output of a respective said judge's panel (1); the first one of said
      inputs (293) of said fourth AND circuit (290) being connected to the third
      one of said outputs of said first distributor (255); the second and third
      ones of said inputs of said fourth AND circuit (290) being connected to
      said outputs of respective said on-line judges' panels (40); a fifth OR
      circuit (294) having inputs and an output (295); one of said inputs of
      said fifth OR circuit (294) being connected to said output (265) of said
      first delay element (264); said output (295) of said fifth OR circuit
      (294) being connected to the second ones of said inputs of said second and
      fourth flip-flops (260, 283), to said reset inputs of said binary counter
      (235) and said second distributor (257); a first gate unit (296.sub.1)
      having a group of inputs (299.sub.1, . . . , 299.sub.n), a control input
      (298) and a group of outputs (300.sub.1, . . . , 300.sub.n); said group of
      inputs (299.sub.1, . . . , 299.sub.n) of said first gate unit (296.sub.1)
      being connected to respective said outputs (272) of said reversible binary
      counter (269); a group of OR circuits (301) having inputs and outputs; the
      first ones of said inputs of said group of OR circuits (301) being
      connected to said group of outputs (300.sub.1, . . . , 300.sub.n) of said
      first gate unit (296.sub.1); a second gate unit (296.sub.2) having inputs
      (299.sub.1, . . . , 299.sub.n), a control input (298) and outputs
      (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1, . . . , 299.sub.n)
      of said second gate unit (296.sub.2) being connected to said outputs of
      said memory register (177) for storing the final score from scorer's panel
      (9); said outputs (300.sub.1, . . . , 300.sub.n) of said second gate unit
      (296.sub.2) being connected to the second ones of said inputs of said
      group of OR circuits (301); a fifth flip-flop (302) having inputs and
      outputs; said outputs of said fifth flip-flop (302) being connected to,
      respectively, said control units (298) of said first and second gate units
      (296.sub.1, 296.sub.2); the first one of said inputs of said fifth
      flip-flop (302) being connected to said output (239.sub.n) of said
      comparison circuit (237.sub.n) coupled to said adder (236) and to one of
      said outputs (17.sub.1) of said processor (12); a programming unit (303)
      having outputs; a coder (305) having inputs (306) and outputs (310); said
      inputs (306) of said coder (305) being connected to said outputs of said
      programming unit (303); a second pulse generator (307) having an output; a
      fifth AND circuit (308) having inputs and an output; one of said inputs
      (309) of said fifth AND circuit (308) being connected to said output of
      said second pulse generator (307); said output of said fifth AND circuit
      (308) being connected to said inputs of said judge's panels (1) and
      on-line judges' panels (40); third gate units (296.sub.3.sub.-1 , . . . ,
      296.sub.3.sub.-i ) having inputs (299.sub.1, . . . , 299.sub.n), control
      inputs (298) and inputs (300.sub.1, . . . , 300.sub.n); said inputs
      (299.sub.1, . . . , 299.sub.n) of said third gate units (296.sub.3.sub.-1
      , . . . , 296.sub.3.sub.-i ) being connected to said outputs of respective
      said judges' panels (1);
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      . , 296.sub.3.sub.-i ) being connected to the other one of said inputs of
      said fifth AND circuit (308) and to a respective one of said outputs of
      said superior judge's panel (2); said outputs (300.sub.1, . . . ,
      300.sub.n) of said first gate unit (296.sub.1), said outputs (312) of said
      memory register (271) and said outputs (300.sub.1, . . . , 300.sub.n) of
      said third gate units (296.sub.3.sub.-1 , . . . , 296.sub.3.sub.-i ) being
      connected to respective said inputs of said third group of inputs (168) of
      said digital display unit (165) of said superior judge's panel (2); a
      fourth gate unit (296.sub.4) having inputs (299.sub.1, . . . , 299.sub.n),
      a control input (298) and outputs (300.sub.1, . . . , 300.sub.n); said
      inputs (299.sub.1, . . . , 299.sub.n) of said fourth gate unit (296.sub.4)
      being connected to said outputs of said superior judge's panel (2); a
      fifth gate unit (296.sub.5) having inputs (299.sub.1, . . . , 299.sub.n),
      a control input (298) and outputs (300.sub.1, . . . , 300.sub.n); said
      inputs (299.sub.1, . . . , 299.sub.n) of said fifth gate unit (296.sub.5)
      being connected to said outputs of said scorer's panel (9); a sixth gate
      unit (296.sub.6) having inputs (299.sub.1, . . . , 299.sub.n), a control
      input (298) and outputs (300.sub.1, . . . , 300.sub.n); said inputs
      (299.sub.1, . . . , 299.sub.n) of said sixth gate unit (296.sub.6) being
      connected to said outputs (310) of said coder (305); seventh gate units
      (296.sub.7.sub.-1 , . . . , 296.sub.7.sub.-i ) having inputs (299.sub.1, .
      . . , 299.sub.n), control inputs (298) and outputs (300.sub.1, . . . ,
      300.sub.n); said inputs (299.sub.1, . . . , 299.sub.n) of said seventh
      gate units (296.sub.7.sub.-1 , . . . , 296.sub.7.sub.-i ) being connected
      to said outputs of said judges' panels (1); an eighth gate unit
      (296.sub.8) having inputs (299.sub.1, . . . , 299.sub.n) a control unit
      (298) and outputs (299.sub.1, . . . , 299.sub.n), a control unit (298) and
      output (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1, . . . ,
      299.sub.n) of said eighth gate unit (296.sub.8) being connected to said
      outputs of said stop watch (4); a ninth gate unit (296.sub.9) having
      inputs (299.sub.1, . . . , 299.sub.n), a control input (298) and outputs
      (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1, . . . , 299.sub.n)
      of said ninth gate unit (296.sub.9) being connected to said outputs (311)
      of said adder (236); a tenth gate unit 296.sub.10) having inputs
      (299.sub.1, . . . , 299.sub.n), a control input (298) and outputs
      (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1, . . . , 299.sub.n)
      of said tenth gate unit (296.sub.10) being connected to said outputs (312)
      of said memory register (271); an eleventh gate unit (296.sub.11) having
      inputs (299.sub.1, . . . , 299.sub.n), a control input (298) and outputs
      (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1, . . . , 299.sub.n)
      of said eleventh gate unit (296.sub.11) being connected to said outputs
      (313.sub.1, . . . , 313.sub.n) of said group of OR circuits (301); a third
      distributor (314) having an input, a reset input and outputs; said outputs
      of said third distributor (314) being connected, respectively, to said
      control inputs (298) of said fourth, fifth, sixth, seventh, eighth, ninth,
      tenth and eleventh gate units (296.sub.4 to 296.sub.11); a third generator
      (315) having an input and an output (316); said output (316) of said third
      pulse generator (315) being connected to said input of said third
      distributor (314) and to said input of said digital printer (11); a sixth
      flip-flop (317) having inputs and an output (318); said output (318) of
      said sixth flip-flop (317) being connected to said input of said third
      pulse generator (315); a second group of OR circuits (319) having inputs
      and outputs; said inputs of said second group of OR circuits (319) being
      connected to respective said outputs (300.sub.1, . . ., 300.sub.n) of said
      fourth, fifth, sixth, seventh, eighth, ninth, tenth and eleventh gate
      units (296.sub.4 to 296.sub.11); a code converter (320) having inputs
      (321) and outputs; said inputs (321) of said code converter (320) being
      connected to said outputs of said second group of OR circuits (319); said
      outputs of said code converter (320) being connected to said inputs of
      said digital printer (11); a seventh flip-flop (322) having inputs and an
      output (331); an eighth flip-flop (323) having inputs and an output (332);
      the first ones of said inputs of said seventh and eighth flip-flops (322,
      323) being connected to respective said outputs of said superior judge's
      panel (2); a sixth OR circuit (324) having inputs and an output (325);
      said output (325) of said sixth OR circuit (324) being connected to the
      first one of said inputs of said sixth flip-flop (317) and to said input
      of said interface (5); a ninth flip-flop (326) having inputs and an output
      (330); the first one of said inputs of said ninth flip-flop (326) being
      connected to said output (325) of said sixth OR circuit (324); the second
      one of said inputs (327) of said ninth flip-flop (326) being connected to
      said input of said interface (5); a sixth ANd circuit (328) having inputs
      and an output (335); a seventh ANd circuit (329) having inputs and an
      output (336); the first ones of said inputs of said sixth and seventh AND
      circuits (328, 329) being connected to said output (330) of said ninth
      flip-flop (326); said outputs (331, 332) of said seventh and eighth
      flip-flops (322, 323) being connected to said inputs of said sixth OR
      circuit (324) and to the second ones of said inputs of said sixth and
      seventh AND circuits (328, 329);
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      to the second one of said inputs of said sixth flip-flop (317) and to the
      third ones of said inputs of said sixth and seventh AND circuits
      (328,329); a seventh OR circuit (334) having inputs and an output (338);
      said inputs of said seventh OR circuit (334) being connected to said
      outputs (335, 336) of said sixth and seventh AND circuits (328, 329); a
      third delay element (337) having an input and an output (339); said input
      of said third delay element (337) being connected to said output (338) of
      said seventh OR circuit (334); said output (339) of said third delay
      element (337) being connected to the second one of said inputs of said
      fifth flip-flop (302) and to said reset inputs of said memory register
      (271), said reversible binary counter (269) and said first distributor
      (255), as well as to the second one of said inputs of said third flip-flop
      (268), to the second one of said inputs of said fifth OR circuit (294) and
      to said inputs of said judges' panels (1) and on-line judges' panels (40);
      a fourth delay element (340) having an input and an output (341); said
      input of said fourth delay element (340) being connected to said output
      (339) of said third delay element (337); said output (341) of said fourth
      delay element (340) being connected to said reset input of said third
      distributor (314) and to the second ones of said inputs of said seventh
      and eighth flip-flops (322, 323); a fifth delay element (342) having an
      input and an output (343); said input of said fifth delay element (342)
      being connected to said output (336) of said seventh AND circuit (329);
      said output (343) of said fifth delay element (342) being connected to
      said inputs of said judges' panels (1), on-line judges' panels (40),
      superior judge's panel (2) and scorer's panel (9); an eighth OR circuit
      (344) having inputs and an output; the first one of said inputs of said
      eighth OR circuit (344) being connected to said output of said superior
      judge's panel (2); the second one of said inputs of said eighth OR circuit
      (344) being connected to said output of said scorer's panel (9); said
      output of said eighth OR circuit (344) being connected to said input of
      said luminous display unit (3).
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PAR  7. A system as claimed in claim 2, wherein said processor (12) of said
      specialized digital device (25) comprises: a binary counter (235) having
      an input, a reset input and outputs; an adder (236) having inputs and
      outputs (311); comparison circuits (237.sub.1, . . . , 237.sub.i,
      237.sub.k, 237.sub.n) intended to compare the information from said binary
      counter (235) with the information from said judges' panels (1) and said
      stop watch (4) for determining the duration of an exercise as performed by
      a competitor, said comparison circuits (237.sub.1, . . . , 237.sub.i,
      237.sub.k, 237.sub.n) having inputs (253.sub.1, . . . , 253.sub.i,
      253.sub.k, 253.sub.n ; 249.sub.1, . . . , 249.sub.i, 249.sub.k,
      249.sub.n), control inputs (243.sub.1, . . . , 243.sub.i, 243.sub.k,
      243.sub.n) and outputs (239.sub.1, . . . , 239.sub.i, 239.sub.k,
      239.sub.n); the first ones of said inputs (249.sub.1, . . . , 249.sub.i,
      249.sub. k, 249.sub.n) of said comparison circuits (237.sub.1, . . . ,
      237.sub.i, 237.sub.k, 237.sub.n) being interconnected digitwise and
      coupled to respective said outputs of said binary counter (235); the
      second ones of said inputs (253.sub.1, . . . , 253.sub.i, 253.sub.k,
      253.sub.n) of said comparison circuits (237.sub.1, . . . , 237.sub.i,
      237.sub.k, 237.sub.n) being connected, respectively, to said outputs of
      said judges' panels (1), said stop watch (4) and said adder (236); said
      inputs of said adder (236) being connected to said on-line judges' panels
      (40); a first distributor (255) having an input, a reset input and
      outputs; the first one of said outputs of said first distributor (255)
      being connected to said control inputs (243.sub.1, . . . , 243.sub.i) of
      said comparison circuits (237.sub.1, . . . , 237.sub.i), which control
      inputs (243.sub.1, . . . , 243.sub.i) are connected to said judges' panels
      (1); the second one of said outputs of said first distributor (255) being
      connected to said control input (243.sub.k) of said comparison circuit
      (237.sub.k) which is connected to said stop watch (4); the third one of
      said outputs of said first distributor (255) being connected to said
      control input (243.sub.n) of said comparison circuit (237.sub.n) which is
      connected to said adder (236); a first OR circuit (256) having inputs and
      outputs; said inputs of said first OR circuit (256) being connected to
      said outputs (239.sub.1, . . . , 239.sub.i, 239.sub.k, 239.sub.n) of said
      comparison circuits (237.sub.1, . . . , 237.sub.i, 237.sub.k, 237.sub.n),
      which are connected to said judges' panels (1); a second distributor (257)
      having an input (258), a reset input and outputs; said input (258) of said
      second distributor (257) being connected to said output of said first OR
      circuit (256); a first flip-flop (259) having a count input and an output
      (282); a second flip-flop (260) having inputs and outputs (280, 281); the
      first one of said inputs (261) of said second flip-flop (260) being
      connected to the first one of said outputs of said second distributor
      (257); a first pulse generator (262) having an input and an output (263);
      said output (263) of said first pulse generator (262) being connected to
      said input of said binary counter (235) and to said count input of said
      first flip-flop (259); a first delay element (264) having an input (267)
      and and output (265); a second OR circuit (266) having inputs and an
      output; said output of said second OR circuit (266) being connected to
      said first delay element (264); the first one of said inputs of said
      second OR circuit (266) being connected to said output (239.sub.k) of said
      comparison circuit (237.sub.k) coupled to said stop watch (4); the second
      one of said inputs of said second OR circuit (266) being connected to said
      output (239.sub.n) of said comparison circuit (237.sub.n) coupled to said
      adder (236); a third flip-flop (268) having inputs and an output; a
      reversible binary counter (269) having an input (275), a control input
      (270), a reset input and outputs (272); said control input (270) of said
      reversible binary counter (269) being connected to said output of said
      third flip-flop (268); a memory register (271) having inputs, a reset
      input and outputs (312); said inputs of said memory register (271) being
      connected to said outputs (272) of said reversible binary counter (269);
      the second one of said inputs (273) of said second distributor (257) being
      connected to the first one of said inputs of said third flip-flop (268),
      to one of said inputs of said memory register (271) and to the third one
      of said inputs of said second OR circuit (266); a third OR circuit (274)
      having inputs and outputs; one of said outputs of said third OR circuit
      (274) being connected to said input (275) of said reversible binary
      counter (269);
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      circuit (277) having inputs and an output (279); said outputs (278, 279)
      of said first and second AND circuits (276, 277) being connected to
      respective said outputs (280, 281) of said second flip-flop (260); the
      second one of said inputs of said first AND circuit (276) being connected
      to said output (263) of said first pulse generator (262); the second one
      of said inputs of said second AND circuit (277) being connected to said
      output (282) of said first flip-flop (259); a fourth flip-flop (283)
      having inputs and an output (284); said output (284) of said fourth
      flip-flop (283) being connected to said input of said first pulse
      generator (262); a second delay element (285) having an input (288) and an
      output (286); said output (286) of said second delay element (285) being
      connected to the first one of said inputs of said fourth flip-flop (283);
      a fourth OR circuit (287) having inputs and an output; said output of said
      fourth OR circuit (287) being connected to said input (288) of said second
      delay element (285); one of said inputs of said fourth OR circuit (287)
      being connected to the second one of said outputs (273) of said second
      distributor (257); a third AND circuit (289) having inputs and an output;
      a fourth AND circuit (290) having inputs and an output; said outputs of
      said third and fourth AND circuits (289, 290) being connected to said
      inputs (291) of said fourth OR circuit (287); the first one of said inputs
      (292) of said third AND circuit (289) being connected to the first one of
      said outputs of said first distributor (255); each of the remaining ones
      of said inputs of said third AND circuit (289) being connected to said
      output of a respective said judge's panel (1); the first one of said
      inputs (293) of said fourth AND circuit (290) being connected to the third
      one of said outputs of said first distributor (255); the second and third
      ones of said inputs of said fourth AND circuit (290) being connected to
      said outputs of respective said on-line judges' panels (40); a fifth OR
      circuit (294) having inputs and an output (295); one of said inputs of
      said fifth OR circuit (294) being connected to said output (265) of said
      first delay element (264); said output (295) of said fifth OR circuit
      (294) being connected to the second ones of said inputs of said second and
      fourth flip-flops (260, 283), to said reset inputs of said binary counter
      (235) and said second distributor (257); a first gate unit (296.sub.1)
      having a group of inputs (299.sub.1, . . . , 299.sub.n), a control input
      (298) and a group of outputs (300.sub.1, . . . , 300.sub.n); said group of
      inputs (299.sub.1, . . . , 299.sub.n) of said first gate unit (296.sub.1)
      being connected to respective said outputs (272) of said reversible binary
      counter (269); a group of OR circuits (301) having inputs and outputs; the
      first ones of said inputs of said group of OR circuits (301) being
      connected to said group of outputs (300.sub.1, . . . , 300.sub.n) of said
      first gate unit (296.sub.1); a second gate unit (296.sub.2) having inputs
      (299.sub.1, . . . , 299.sub.n), a control input (298) and outputs
      (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1, . . . , 299.sub.n)
      of said second gate unit (296.sub.2) being connected to said outputs of
      said memory register (177) for storing the final score from said scorer's
      panel (9); said outputs (300.sub.1, . . . , 300.sub.n) of said second gate
      unit (296.sub.2) being connected to the second ones of said inputs of said
      group of OR circuits (301); a fifth flip-flop (302) having inputs and
      outputs; said outputs of said fifth flip-flop (302) being connected to,
      respectively, said control inputs (298) of said first and second gate
      units (296.sub.1, 296.sub.2); the first one of said inputs of said fifth
      flip-flop (302) being connected to said output (239.sub.n) of said
      comparison circuit (237.sub.n) coupled to said adder (236) and to one of
      said outputs (17.sub.1) of said processor (12); a programming unit (303)
      having outputs; a coder (305) having inputs (306) and outputs (310); said
      inputs (306) of said coder (305) being connected to said outputs of said
      programming unit (303); a second pulse generator (307) having an output; a
      fifth AND circuit (308) having inputs and an output; one of said inputs
      (309) of said fifth AND circuit (308) being connected to said output of
      said second pulse generator (307); said output of said fifth AND circuit
      (308) being connected to said inputs of said judges' panels (1) and
      on-line judges' panels (40); third gate units (296.sub.3.sub.-1 , . . . ,
      296.sub.3.sub.-i ) having inputs (299.sub.1, . . . , 299.sub.n), control
      inputs (298) and outputs (300.sub.1, . . . , 300.sub.n); said inputs
      (299.sub.1, . . . , 299.sub.n) of said third gate units (296.sub.3.sub.-1
      , . . . , 296.sub.3.sub.-i ) being connected to said outputs of respective
      said judges' panels (1); said control inputs (298) of said third gate
      units (296.sub.3.sub.-1 , . . . , 296.sub.3.sub.-i ) being connected to
      the other one of said inputs of said fifth AND circuit (308) and to a
      respective one of said outputs of said superior judge's panel (2);
PAL  said outputs (300.sub.1, . . . , 300.sub.n) of said first gate unit
      (296.sub.1), said outputs (312) of said memory register (271) and said
      outputs (300.sub.1, . . . , 300.sub.n) of said third gate units
      (296.sub.3.sub.-1 , . . . , 296.sub.3.sub.-i ) being connected to
      respective said inputs of said third group of inputs (168) of said digital
      display unit (165) of said superior judge's panel (2); a fourth gate unit
      (296.sub.4) having inputs (299.sub.1, . . . , 299.sub.n), a control input
      (298) and outputs (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1,
      . . . , 299.sub.n) of said fourth gate unit (296.sub.4) being connected to
      said outputs of said superior judge's panel (2); a fifth gate unit
      (296.sub.5) having inputs (299.sub.1, . . . , 299.sub.n), a control input
      (298) and outputs (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1,
      . . . , 299.sub.n) of said fifth unit (296.sub.5) being connected to said
      outputs of said scorer's panel (9); a sixth gate unit (296.sub.6) having
      inputs (299.sub.1, . . . , 299.sub.n), a control input (298) and outputs
      (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1, . . . , 299.sub.n)
      of said sixth gate unit (296.sub.6) being connected to said outputs (310)
      of said coder (305); seventh gate units (296.sub.7.sub.-1 , . . . ,
      296.sub.7.sub.-i ) having inputs (299.sub.1, . . . , 299.sub.n), a control
      input (298) and outputs (300.sub.1, . . . , 300.sub.n); said inputs
      (299.sub.1, . . . , 299.sub.n) of said seventh gate units
      (296.sub.7.sub.-1 , . . . , 296.sub.7.sub.-i ) being connected to said
      outputs of said judges' panels (1); an eighth gate unit (296.sub.8) having
      inputs (299.sub.1, . . . , 299.sub.n), a control input (298) and outputs
      (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1, . . . , 299.sub.n)
      of said eighth gate unit (296.sub.8) being connected to said outputs of
      said stop watch (4); a ninth gate unit (296.sub.9) having inputs
      (299.sub.1, . . . , 299.sub.n), a control input (298) and outputs
      (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1, . . . , 299.sub.n)
      of said ninth gate unit (296.sub.9) being connected to said outputs (311)
      of said adder (236); a tenth gate unit (296.sub.10) having inputs
      (299.sub.1, . . . , 299.sub.n), a control input (298) and outputs
      (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1, . . . , 299.sub.n)
      of said tenth gate unit (296.sub.10) being connected to said outputs (312)
      of said memory register (271); an eleventh gate unit (296.sub.11) having
      inputs (299.sub.1, . . . , 299.sub.n), a control input (298) and outputs
      (300.sub.1, . . . , 300.sub.n); said inputs (299.sub.1, . . . , 299.sub.n)
      of said eleventh gate unit (296.sub.11) being connected to said outputs
      (313.sub.1, . . . , 313.sub.n) of said group of OR circuits (301); a third
      distributor (314) having an input, a reset input and outputs; said outputs
      of said third distributor (314) being connected, respectively, to said
      control inputs (298) of said fourth, fifth, sixth, seventh, eighth, ninth,
      tenth and eleventh gate units (296.sub.4 to 296.sub.11); a third pulse
      generator (315) having an input and an output (316); said output (316) of
      said third pulse generator (315) being connected to said input of said
      third distributor (314) and to said input of said digital printer (11); a
      sixth flip-flop (317) having inputs and an output (318); said output (318)
      of said sixth flip-flop (317) being connected to said input of said third
      pulse generator (315); a second group of OR circuits (319) having inputs
      and outputs; said inputs of said second group of OR circuits (319) being
      connected to respective said outputs (300.sub.1, . . . , 300.sub.n) of
      said fourth, fifth, sixth, seventh, eighth, ninth, tenth and eleventh gate
      units (296.sub.4 to 296.sub.11); a code converter (320) having inputs
      (321) and outputs; said inputs (321) of said code converter (320) being
      connected to said outputs of said second group of OR circuits (319); said
      outputs of said code converter (320) being connected to said inputs of
      said digital printer (11); a seventh flip-flop (322) having inputs and an
      output (331); an eighth flip-flop (323) having inputs and an output (332);
      the first ones of said inputs of said seventh and eighth flip-flops (322,
      323) being connected to respective said outputs of said superior judge' s
      panel (2); a sixth OR circuit (324) having inputs and an output (325);
      said output (325) of said sixth OR circuit (324) being connected to the
      first one of said inputs of said sixth flip-flop (317) and to said input
      of said interface (5); a ninth flip-flop (326) having inputs and an output
      (330); the first one of said inputs of said ninth flip-flop (326) being
      connected to said output (325) of said sixth OR circuit (324); the second
      one of said inputs (327) of said ninth flip-flop (326) being connected to
      said input of said interface (5); a sixth AND circuit (328) having inputs
      and an output (335); a seventh AND circuit (329) having inputs and an
      output (336); the first ones of said sixth and seventh AND circuits (328,
      329) being connected to said output (330) of said ninth flip-flop (326);
      said outputs (331, 332) of said seventh and eighth flip-flops (322, 323)
      being connected to said inputs of said sixth OR circuit (324) and to the
      second ones of said inputs of said sixth and seventh AND circuits (328,
      329);
PAL  one of said outputs (333) of said third distributor (314) being connected
      to the second one of said inputs of said sixth and seventh AND circuits
      (328, 329); a seventh OR circuit (334) having inputs and an output (338);
      said inputs of said seventh OR circuit (334) being connected to said
      outputs (335, 336) of said sixth and seventh AND circuits (328, 329); a
      third delay element (337) having an input and an output (339); said input
      of said third delay element (337) being connected to said output (338) of
      said seventh OR circuit (334); said output (339) of said third delay
      element (337) being connected to the second one of said inputs of said
      fifth flip-flop (302) and to said reset inputs of said memory register
      (271), said reversible binary counter (269) and said first distributor
      (255), as well as to the second one of said inputs of said third flip-flop
      (268), to the second one of said inputs of said fifth OR circuit (294) and
      to said inputs of said judges' panels (1) and on-line judges' panels (40);
      a fourth delay element (340) having an input and an output (341); said
      input of said fourth delay element (340) being connected to said output
      (339) of said third delay element (337); said output (341) of said fourth
      delay element (340) being connected to said reset input of said third
      distributor (314) and to the second one of said inputs of said seventh and
      eighth flip-flops (322, 323); a fifth delay element (342) having an input
      and an output (343); said input of said fifth delay element (342) being
      connected to said output (336) of said seventh AND circuit (329); said
      output (343) of said fifth delay element (342) being connected to said
      inputs of said judges' panels (1), on-line judges' panels (40), superior
      judge's panel (2) and scorer's panel (9); an eighth OR circuit (344)
      having inputs and an output; the first one of said inputs of said eight OR
      circuit (344) being connected to said output of said superior judge's
      panel (2); the second one of said inputs of said eighth OR circuit (344)
      being connected to said output of said scorer's panel (9); said output of
      said eighth OR circuit (344) being connected to said input of said
      luminous display unit (3).
NUM  8.
PAR  8. A system as claimed in claim 1, wherein said luminous display unit (3)
      comprises: a three-face luminous display board (345) for displaying the
      number of a competitor and his or her final score for the execution of an
      exercise, said three-face luminous display board (345) having inputs;
      power switches (357.sub.1, 257.sub.2), each having inputs and an output; a
      first and a second AND circuits (366, 367), each having inputs and
      outputs; the first ones of said inputs of said first and second AND
      circuits (366, 367) being connected to respective said outputs of said
      scorer's panel (9); the second ones of said inputs of said first and
      second AND circuits (366, 367) being connected to said inputs of said
      power switches (357.sub.1, 357.sub.2), respectively, which power switches
      (357.sub.1, 357.sub.2) are coupled to a power supply (368); said outputs
      of said power switches (357.sub.1, 357.sub.2) being connected to said
      inputs of said three-face luminous display board (345); an OR circuit
      (370) for switching on said three-face luminous display board (345),
      having inputs and an output (375); a first and a second flip-flops (371,
      372) for controlling the display of the number of a competitor and his or
      her final score on said three-face luminous display board (345), both
      having inputs and outputs; the first ones of said inputs of said first and
      second flip-flops (371, 372) being connected to respective said outputs of
      said scorer's panel (9) and processor (12); the second ones of said inputs
      of said first and second flip-flops (371, 372) being interconnected and
      coupled to said scorer's panel (9);
PAL  said outputs of said first and second flip-flops (371, 372) being connected
      to said inputs of said OR circuit (370); said output (375) of said OR
      circuit (370) being connected to said interconnected second inputs of said
      first and second AND circuits (366, 367); two gate units (375',375") for
      feeding the required information to said three-face luminous display board
      (345), having inputs, control inputs and outputs; said inputs (299.sub.1,
      . . . , 299.sub.i, . . . , 299.sub.k, . . . , 299.sub.n) of said two gate
      units (375', 375") being connected to, respectively, said outputs of said
      scorer's panel (9) and to said outputs of said processor (12); said
      control input (298) of said first gate unit (375') being connected to said
      output (373) of said first flip-flop (371); said control input (298) of
      said second gate unit (375") being connected to said output (374) of said
      second flip-flop (372); code converters (376.sub.1, . . ., 376.sub.n) for
      converting the information code into the code of said three-face luminous
      display board (345), having inputs and outputs; said outputs of said code
      converters (376.sub.1, . . ., 376.sub.n) being connected to respective
      said inputs of said three-face luminous display board (345); group of OR
      circuits (377.sub.1, . . . , 377.sub.n) having inputs and outputs
      (378.sub.1, . . . , 378.sub.n); said outputs (378.sub.1, . . . ,
      378.sub.n) of said groups of OR circuits (377.sub.1, . . . , 377.sub.n)
      being connected to said inputs of respective said code converters
      (376.sub.1, . . . , 376.sub.n); the first ones of said inputs of said
      groups of OR circuits (377.sub.1, . . . , 377.sub.n) being connected to
      respective said outputs of said first gate units (375'); the second ones
      of said inputs of said groups of OR circuits (377.sub.1, . . . ,
      377.sub.n) being connected to respective said outputs of said second gate
      unit (375").
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ABST
PAL  This invention relates to electronic analogue to digital converters of the
      integrating type wherein a capacitor is successively charged by an input
      signal and discharged by a reference signal, the time required for
      discharge serving as a measure of the amplitude of the input signal.
PAL  The invention provides a converter wherein the integrator has differential
      inputs and the control means applies successively the input signal and the
      reference signal to the same input of the integrator if these signals are
      of different polarity, but successively to different ones of the
      differential inputs if input signal and reference signal are of the same
      polarity.
PAL  The invention has application in measuring positive or negative input
      signals whilst employing a single principal reference signal and may be
      used advantageously in digital voltmeters for making d.c. measurements in
      the presence of interference.
BSUM
PAR  This invention relates to analogue to digital converters of the integrating
      type and is particularly, but not exclusively, concerned with the use of
      such analogue to digital converters in digital voltmeters.
PAR  This class of converts includes "dual ramp" converters which are now widely
      known and used and whereof a description in the context of current state
      of the art is to be found, for example, at page 227 et seq of "Electronic
      Measurements and Instrumentation" published by the McGraw Hill book
      company. It also includes "triple ramp" voltmeters such as are described
      in our U.S. Pat. No. 3678506 and it will be understood that in principle a
      larger number of ramps might be employed.
PAR  Known converters of this class typically provide, for the measurement of
      signals of either polarity, dual reference sources of equal voltage but
      opposite polarity; it is an object of the invention to avoid the need for
      such dual equal reference sources and the expense associated therewith.
PAR  According to the invention, an analogue to digital converter of the
      integrating type for providing a digital output signal representative of
      the magnitude of an analogue input signal comprises
PA1  An input terminal for receiving an input signal,
PA1  An integrating capacitor,
PA1  A charging circuit having first and second inputs and arranged to supply a
      charging current to the integrating capacitor, the polarity of the
      charging current being the same as that of a signal applied to said first
      input and opposite to that of a signal applied to said second input,
PA1  Polarity testing means arranged to receive a signal representative of the
      input signal for testing the polarity of the input signal and providing an
      output signal representative of said polarity,
PA1  A source of at least one reference signal,
PA1  First switch means for establishing a signal path between the input
      terminal and one of said inputs of the charging circuit,
PA1  Second switch means for establishing a signal path between the source of
      reference voltage and one of said inputs of the charging circuit; wherein
      said second switch means is arranged to apply the reference signal to a
      predetermined one of said inputs of the charging circuit irrespective of
      the polarity of the input signal and the first switch means is responsive
      to the signal representative of said polarity to establish a signal path
      between the input terminal and said predetermined one of said inputs of
      the charging circuit if the input signal and the reference signal are of
      different polarity and to establish a signal path between the input
      terminal and the other one of said inputs of the charging circuit from the
      reference signal if the input signal and the reference signal are of the
      same polarity, whereby the charge acquired by the capacitor from the
      charging circuit during application of the input signal is dependent upon
      the magnitude of the input signal, and is discharged by the application of
      the reference signal,
PA1  clock pulse generator means and,
PA1  pulse counting means for counting clock pulses during the application of
      the reference signal whereby to provide a digital output signal
      representative of the magnitude of the input signal.
DRWD
PAR  The invention will now be described by way of non-limitative example with
      reference to the accompanying drawings in which
PAR  FIG. 1 is a block circuit diagram of a digital voltmeter in accordance with
      one aspect of the invention.
PAR  FIGS. 2a and 2b show the voltage waveforms at a point in the circuit of
      FIG. 1 under different operating conditions of the circuit.
DETD
PAR  Referring now to FIG. 1 an input terminal 1 is connected through a solid
      state switch 2 to a circuit point 3 and through a solid state switch 150
      to a circuit point 67. Circuit point 3 is in turn connected to switches 5,
      6, 7 and 8, and via resistor 4, to the inverting input 10 of a
      differential amplifier 11 which also has an output 12 and a non-inverting
      input 13. A resistance 152 in series with a switch 153 is connected in
      parallel with a capacitor 14 which is connected between the output 12 and
      the inverting input 10 of amplifier 11.
PAR  The output 12 is connected through resistance 15 to the inverting input 16
      of a differential amplifier 17. Amplifier 17 has an output terminal 20 and
      a non-inverting input 21. A resistance 22 and two oppositely directed
      diodes 23 and 24 are connected in parallel with each other between the
      output 20 and the inverting input 16, so that amplifier 17 acts as a
      limiting amplifier.
PAR  The output 20 is connected through resistance 25 to the inverting input 26
      of differential amplifier 27 which has an output 30 and a non-inverting
      input 31.
PAR  The output 30 is connected through a feedback resistance 32 to the
      inverting input 26 so that the amplifier 27 provides further gain. The
      output 30 is also connected through a resistance 33 to the base of
      transistor 34 which is connected with transistor 35 in long-tailed
      configuration.
PAR  The non-inverting inputs 21 and 31 of amplifiers 17 and 27 respectively are
      connected through respective resistances 40 and 41 to a common circuit
      point 42. Resistance 36 is connected between circuit point 42 and the base
      of transistor 35. Circuit point 42 is connected to ground.
PAR  The output 30 of amplifier 27 is also connected through resistance 50 to
      the inverting input 51 of an amplifier 52 the non-inverting input 53 of
      which is connected to ground. The output 54 of amplifier 52 is connected
      through switch 56 and a resistance 55 to the non-inverting input 57 of an
      amplifier 60. The output 61 of amplifier 60 is connected to a potential
      divider formed by resistances 62 and 63 in series, the common junction of
      these resistances being connected to the non-inverting input 13 of
      amplifier 11 and the other terminal of resistance 63 being connected to a
      circuit point 160. A capacitor 64 is connected between point 160 and the
      input 57 of amplifier 60 and another capacitor 65 is connected between
      circuit point 160 and ground.
PAR  A resistance 66 is connected between point 160 and circuit point 67.
      Circuit point 160 is also connected to a non-inverting input 43 of an
      amplifier 44 which has an output 45 and an inverting input 46. Inverting
      input 43 is connected through a resistance 47 to output 45 in
      voltage-follower configuration. The output 45 of amplifier 44 is connected
      via switch 5 to circuit point 3.
PAR  The collector of transistor 34 is connected to a load resistance 73 and to
      the base of transistor 74. Transistor 74 has a collector 75 to which is
      connected a load resistance 76. It will be appreciated that the amplifier
      11 together with its input resistor 4 and capacitor 14 constitute an
      integrator capable of operating in a parallel feedback mode, to integrate
      signals applied at circuit point 3 via switch 2 when the non-inverting
      input 13 is connected via switch 70 to signal ground, or, in a series
      feedback mode, to integrate signals applied via switch 150 to the
      non-inverting input 13 when circuit point 3 is connected to ground via
      switch 8.
PAR  The resistance 152 may be connected across capacitor 14 by application of
      an enabling signal at point 154 from sequence controller 82 to close
      switch 153 and thereby to allow capacitor 14 to be discharged rapidly.
      Amplifiers 17 and 27 and the transistor pair 34 and 35 constitute a
      comparator responsive to differences of potential between the output 12 of
      the integrator 11 and ground.
PAR  Amplifiers 52 and 60 and their associated components and switches provide a
      feedback loop for correction of drift. Amplifier 44 with switch 5 provides
      a means of impressing on circuit point 3 any voltage change at circuit
      point 160.
PAR  The collector 75 of transistor 74 is connected to one input of an AND-gate
      80, another input 81 of which is connected to a sequence controller 82.
      The output of the AND-gate 80 is connected to the set input of bistable
      83, the reset input 84 of which is connected to the sequence controller
      82. Signals from the set and reset outputs of bistable 83 at circuit
      points 85 and 86 respectively are also connected to the sequence
      controller to provide, as will be seen, signals representative of the
      polarity of the input signal for control of the measurement cycle.
PAR  The collector 75 is also connected to the respective inputs of an inverter
      87, and a delay 90, and to one input of a 3 input AND-gate 91. The output
      of delay 90 is connected to inverter 92 and to one input of a 3-input
      AND-gate 93, another input of which is connected to the output of inverter
      87. The output of a clock pulse generator 94 is connected to inputs of
      gates 91 and 93; the third gate of gate 92 is connected to the output of
      inverter 92. The delay introduced by delay 90 is longer than the period
      between successive pulses from clock pulse generator 94, so it will be
      seen that when the level at the output of the comparator, that is to say
      at collector 75, changes from 0 to 1 or from 1 to 0 a signal will appear
      at the output of gate 91 or gate 93 respectively, with the occurrence of
      the first clock pulse after the change.
PAR  The outputs of AND-gates 91 and 93 are connected respectively to two inputs
      of a 3-input OR-gate 97 the output of which is connected to the set input
      of bistable 95. The reset input 96 of bistable 95 is connected to the
      sequence controller 82. The set output of bistable 95 is connected to the
      sequence controller at point 132 and the reset output is connected to one
      input of a 3-input AND-gate 100 and also to one input of 3-input AND-gate
      101. A second input of gate 100 and a second input of gate 101 are
      connected to receive pulses from clock pulse generator 94 and the third
      inputs of gates 100 and 101 are connected respectively to the set and
      reset outputs of a bistable 102. Bistable 102 is set and reset by signals
      on control lines 104 and 103 respectively from sequence controller 82.
PAR  The output of gate 101 is connected to a terminal 105 of a counter 106.
      Counter 106 is a bi-directional counter having four decade stages in
      cascade and arranged to count up by increments of 10 in response to pulses
      at a terminal 105 of least-significant-but-one decade and to count down
      units in response to pulses at a terminal 107 of the least significant
      decade. When the counter 106 has reached its full complement, 9999, the
      next pulse at terminal 105 causes a carry pulse to appear at a "carry"
      terminal 108 and the contents of the counter are re-set to 0000. The
      counter may also be reset to 0000 by a pulse from the sequence controller
      82 on a control line 109.
PAR  The carry output at terminal 108 is connected to the third input of three
      input OR-gate 97. Individual decade stages within the counter are
      connected in known fashion through AND-gates 110 (not all shown, in
      interests of clarity) to a staticiser register decoder and display unit
      111. The gates 110 are also all connected to receive a signal from the
      sequence controller on control line 112 so that a signal on 112 opens the
      gate to allow parallel transfer of the contents of counter 106 into the
      staticiser register 111.
PAR  A polarity staticiser and display 113, for displaying the polarity of the
      input signal, is connected to the output 114 of a two input AND-gate 115,
      the inputs whereof are respectively connected to control line 112 and the
      reset output 86 of bistable 83.
PAR  It will be appreciated that sequence controller 82 not only holds the logic
      for progressing from one phase of the measurement cycle to the next, as
      will be described, but also for providing signals to open and close gates
      and to set and reset bistables etc. during these various phases of the
      cycle. Accordingly, control signals are provided by the sequence
      controller 82 to the various switches as follows:
PA0  to switch 2 on control line 121
PA0  to switch 8 on 122
PA0  to switch 7 on 123
PA0  to switch 6 on 124
PA0  to switch 5 on 125
PA0  to switch 150 on 151
PA0  to switch 153 on 154
PA0  to switch 70 on 128
PA0  to switch 56 on 129
PAR  One pole of each of switches 6, 7 and 8 is connected to the common point 3;
      the other poles are connected respectively to a first source of negative
      reference voltge V.sub.1 at point 130, to a second source of positive
      reference voltage V.sub.2 at point 131, and to ground. The magnitude of
      V.sub.1 is ten times that of V.sub.2.
PAR  Switches 70 and 150 similarly each have one pole connected to common point
      67 and their other poles connected respectively to ground and to the input
      terminal 1.
PAR  It will be appreciated that although the symbol for a junction transistor
      is shown for switches 2, 6, 7 etc., insulated gate of bipolar transistors
      or other suitable switches, not excluding mechanical switches, may be
      selected for each application according to the performance required and
      the preferred manufacturing technology.
PAR  The measurement cycle will now be explained with reference to FIGS. 1 and 2
      which shows in FIG. 2a the signal at the output 12 of the integrator 11 in
      the course of measuring a positive input signal, and, in FIG. 2b, the
      voltage at point 12 in the course of a cycle measuring a negative input
      voltage. In the interests of clarity the horizontal axis or time of FIGS.
      2 is non linear and has been expanded in respect of the intervals shown as
      t.sub.2, t.sub.3, t.sub.4, t.sub.6 and t.sub.8 in relation to t.sub.1,
      t.sub.5, t.sub.7 and t.sub.9.
PAR  The measuring cycle is in each case divided into ten phases marked by
      signals from sequence controller 82. During the first 3 phases, t.sub.1,
      t.sub.2, t.sub.3, the polarity of the input signal is determined by
      applying it to the integrator for a timed period and then testing its
      polarity. The integrating capacitor 14 is discharged before the next
      phase.
PAR  Second, third and fourth ramps follow during which successively the input
      signal is integrated and the integrating capacitor discharged by
      application of reference signals.
PAR  Finally, the measurement is staticised, drift correction is effected and
      the circuits are re-set for the next cycle. Immediately before the
      beginning of the measurement cycle switches 8 and 70 are closed by means
      of potentials applied by the sequence controller on lines 122 and 128
      respectively but all other switches are open. Bistable 102 and 83 have
      been re-set by means of signals at 103 and 84, bistable 95 has been set at
      the end of the previous cycle.
PAR  At the beginning of the first phase t.sub.1 the sequence controller 82
      provides a signal on line 99 to re-set bistable 95, at point 128 to close
      switch 70 and, at point 121, to close switch 2. Simultaneously the
      enabling signal on line 122 holding switch 8 closed is removed so the
      point 3 is now connected to the input signal. Pulses from clock pulse
      generator 94 pass through gate 101, enabled by the re-setting of bistable
      102 and 95, into terminal 105 of counter 106.
PAR  This state will continue until a carry bit at terminal 108 passing through
      OR gate 97 sets bistable 95 thereby removing one of the enabling signals
      at gate 101. At the same time the change at point 132 passes to the
      sequence controller marking the end of phase 1. The enabling signal is
      removed from point 121 and restored to point 122, thereby opening switch 2
      and closing switch 8 to connect the input point 3 to ground.
PAR  By a suitable choice of frequency of clock pulse generator 94 and the "full
      house" count of counter 106, phase 1 may be made a convenient period, for
      example 100 milliseconds.
PAR  During this first phase an input signal applied to terminal 1 is integrated
      for a fixed period of time to charge capacitor 14; the output 12 of the
      integrator will ramp negatively if the input signal is positive (FIG. 2a)
      or positively if the input signal is negative (FIG. 2b).
PAR  At the end of the period t.sub.1 the polarity at point 12 is determined by
      means of the comparator 17, 27, 34 and 35. After a brief time interval
      t.sub.2 to allow transients to settle, an enabling signal from sequence
      controller 82 at point 81 tests the output at point 75, if the output of
      gate 80 is "1" the bistable 83 will be set, but if it was "0" the bistable
      83 will remain re-set. It will be seen that a positive input signal at
      point 1 will provide a "0" at point 75 and so leave the bistable 83
      re-set.
PAR  During the period t.sub.2 and t.sub.3 the switch 2 is opened and the switch
      8 is closed, thereby grounding the circuit point 3. During the period
      t.sub.3 capacitor 14 is restored to its initial condition of zero charge
      by closing switch 153 by means of an enabling voltage at point 154 from
      sequence controller 82, whereupon capacitor 14 discharges through
      resistance 152. This is seen in FIG. 2 as an exponential return to zero.
PAR  A further interval t.sub.4 follows t.sub.3. t.sub.4 is redundant when a
      positive input voltage is measured but is needed, as will be explained,
      when a negative voltage is to be measured.
PAR  If the input voltage is positive, switches 70 and 8 are closed during
      t.sub.4, thereby connecting circuit points 3 and 67 to ground.
PAR  If the input voltage is negative, switches 150 and 5 are closed during
      t.sub.4, thereby connecting the input signal at 1 to circuit point 67. The
      potential at point 160 falls exponentially, due to the filtering action of
      resistor 66 and capacitor 65, and is impressed on circuit point 3 by means
      of the voltage follower 44 through switch 5.
PAR  As a result of this filtering action the rate of change of voltage applied
      to the two differential inputs 10 and 13 of amplifier 11 is reduced so
      that there is not change in the charge on the capacitor 14 as a result of
      the change in level of the input point 13 from ground to that of the input
      signal. The period t.sub.4 must be much longer than the time constant of
      the filter formed by resistance 66 and capacitance 65 to allow the
      potential at point 13 substantially to reach that of point 67. Because the
      change in potential has been applied to the non-inverting input 13 of
      amplifier 11 as well as to common point 3 there will be a change in the
      output of the integrator 11 at point 12 following that applied to point
      13; this is illustrated in FIG. 2b.
PAR  During the period t.sub.5, the input signal is again applied to the
      integrator for a timed period so as to charge the capacitor 14. If the
      input signal is positive switches 70 and 2 are closed, thereby connecting
      circuit point 3 to the input signal.
PAR  If the input signal is negative, the enabling signal at point 125 is
      removed, thereby opening switch 5 and at the same time switch 8 is closed
      by the application of an enabling signal at point 121 so as to connect
      circuit point 3 to ground.
PAR  During t.sub.5 the output 12 ramps down as shown in FIG. 2 and the end of
      t.sub.5 is marked, as was the end of t.sub.1, by a signal from bistable 95
      at point 132.
PAR  t.sub.6, like t.sub.4, provides a settling time during which the input
      signal, if negative, may be removed gradually from the inputs of amplifier
      11. If the input signal is negative switches 70 and 5 and closed during
      t.sub.6 so that circuit point 160 and, with it, inputs 10 and 13 to
      amplifier 11 return exponentially to ground potential. If the input signal
      is positive, switches 8 and 70 are closed during t.sub.6.
PAR  Removal of a negative input signal from the non-inverting input 13 of
      amplifier 11 means that the output of amplifier 11 is, at the end of
      period t.sub.6, at the same negative potential for a given magnitude of
      input signal, whether that input signal was positive or negative.
      Accordingly the remainder of the measurement cycle, during which the
      capacitor 14 is discharged by successive application of a first negative
      and a second, smaller, positive reference potential, proceeds in the same
      known manner, whether the input signal is positive or negative.
PAR  At the beginning of interval t.sub.7 the enabling voltage is removed by the
      sequence controller from point 122 and applied instead to point 124
      thereby opening switch 8 and closing switch 6. At the same time enbling
      voltage is restored to point 96 to re-set bistable 95 and once again admit
      clock pulses from clock pulse generator 94 through gate 101 and terminal
      105 into the counter 106.
PAR  The application of the negative voltage V.sub.1 at point 130 to the input 3
      causes the output of the integrator at point 12 to start to ramp upwards
      back towards zero as shown in FIG. 2. As the output of the integrator
      passes through zero so the voltage at point 75 changes from 0 to 1. The
      signal at the output of delay 90, inverted by inverter 92, will remain
      positive for a short time after the change so that, with the next pulse
      from clock pulse generator 94, all three inputs to gate 91 are enabled and
      an output signal sets bistable 95. This removes the enabling signal from
      gate 101, and a signal from the set output of bistable 95 to the sequence
      controller at 132 disables the signal at point 124 to open switch 6, and
      provides signals at point 122 to close switch 8 and, to point 104, to set
      bistable 102. A further time delay t.sub.8, equal in length to delay
      t.sub.3, is initiated.
PAR  It will be seen that as the period t.sub.7 does not end until the first
      clock pulse after the potential at point 12 passes through zero, so there
      would normally be a small overshoot which is removed by application of a
      second, lesser, positive reference voltage.
PAR  After the delay t.sub.8, the second reference voltage V.sub.2 is applied
      during t.sub.9 by opening switch 8 and closing switch 7. At the same time
      a signal to point 96 re-sets bistable 95. Since bistable 102 has been set,
      clock pulses will pass through gate 100 into the "units" stage of counter
      106 for subtraction from the number, an integral count of tens, counted up
      during the application of of the first reference voltage V.sub.1 during
      t.sub.7. It will be appreciated that the relative significance accorded to
      clock pulses during t.sub.7 and t.sub.9 corresponds to the relative
      magnitude of V.sub.1 and V.sub.2. The output of the integrator at point 12
      will now ramp negatively until it passes through zero, at which point the
      comparator will signal a voltage change from positive to negative. This
      will provide a "1" at the output of inverter 87, a delayed "1" at the
      output of delay 90 and accordingly gate 93 will open on the next clock
      pulse from clock pulse generator 94 passing through AND-gate 97 to set
      bistable 95. This removes the enabling voltage from gate 100 and so stops
      the flow of clock pulses at terminal 107 to counter 106.
PAR  The number in counter 106 at the end of t.sub.9 is dependent upon the time
      taken to discharge completely the charge acquired by capacitor 14 from the
      input signal to be measured at point 1 during the time period t.sub.5.
PAR  A signal from the set output 132 of bistable 95 into the sequence
      controller marks the end of t.sub.9. The enabling voltage is removed from
      point 123 and applied to point 122 so that point 3 is now grounded. After
      the end of t.sub.9 during t.sub.10 the contents of the counter 106 are
      transferred into a staticiser register 11 by means of an enabling signal
      at point 112 applied to gates 110. The same signal at 112 opens gate 115
      if bistable 83 was re-set, thereby entering a plus sign in staticiser 113
      if the input signal was positive.
PAR  At the end of period t.sub.10, which is of the same duration as t.sub.3 and
      t.sub.5, the counter 106 is restored to zero by signal from the sequence
      controller on line 109.
PAR  The final stage in the cycle is drift correction, wherein an enabling
      voltage is applied to point 129 to close switch 56 so that any voltage at
      the input of amplifier 52 is amplified, inverted and applied through
      resistance 55 to capacitor 64. Amplifier 60 presents a high input
      impedence to capacitor 64 so that its output remains constant during the
      following cycle. A proportion of the output voltage from amplifier 60
      appears across resistance 63 and is applied to the non-inverting input of
      amplifier 11. It will be seen that the action of the drift correction loop
      is to sample the voltage at point 30 during each cycle and to charge the
      capacitor 64 so as to counteract the drift at point 30.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An integrating analog-to-digital converter for producing a digital
      output signal representative of the magnitude of an analog input voltage,
      the converter comprising:
PA1  an input terminal for receiving the analog input voltage;
PA1  integrating means comprising a differential amplifier having an inverting
      input, a non-inverting input and an output, and an integrating capacitance
      negative-feedback connected between the output and the inverting input;
PA1  polarity testing means connected to said integrating means for receiving a
      signal representative of the voltage across said capacitance and
      responsive thereto to produce an output signal having a first level
      representative of one polarity of the voltage across said capacitance and
      a second level representative of the other polarity of the voltage across
      the capacitance;
PA1  first switch means for coupling the input terminal to one of said inputs of
      said differential amplifier during a first time interval to charge said
      capacitance to a voltage whose polarity is dependent upon the polarity of
      the analog input voltage,
PA2  said first switch means being responsive to the output signal produced by
      said polarity testing means at the end of the first time interval to
      discharge said capacitance and to couple said input terminal to a
      predetermined one of said inputs of said differential amplifier during a
      second time interval when the analog input voltage is of one polarity, to
      charge said capacitance to a voltage of predetermined polarity whose
      magnitude is dependent on the magnitude of the analog input voltage,
PA2  and to couple said input terminal to the other input of said differential
      amplifier and temporarily to said predetermined one of said inputs when
      the analog input voltage is of the other polarity to slew the respective
      voltages at both inputs and at the output of the differential amplifier by
      an amount equal to the analog input voltage, while preserving the voltage
      across said capacitance substantially unchanged, and to subsequently
      charge said capacitance during said second time interval to a voltage of
      said predetermined polarity whose magnitude is dependent upon the
      magnitude of the analog input voltage;
PA1  a source of at least one reference voltage of predetermined polarity;
PA1  second switch means for coupling said source of reference voltage to a
      preselected input of said differential amplifier, regardless of the
      polarity of the analog input signal, during a third time interval to
      discharge said capacitance, the end of the third time interval being
      indicated by a change in the output signal produced by said polarity
      testing means from one level to the other;
PA1  a source of clock pulses; and
PA1  pulse counter means for counting the clock pulses from said source during
      the third time interval to produce a digital output signal representative
      of the magnitude of the analog input signal.
NUM  2.
PAR  2. A converter according to claim 1, wherein said one of said inputs, said
      predetermined input and said preselected input of the differential
      amplifier are all constituted by the inverting input of said differential
      amplifier.
NUM  3.
PAR  3. A converter according to claim 2, wherein said first switch means
      includes a voltage follower amplifier for effecting said temporary
      coupling of the input terminal to the inverting input of the differential
      amplifier.
NUM  4.
PAR  4. A converter according to claim 3, and further comprising a low pass
      filter connected in series between the input terminal and both the
      non-inverting input of the differential amplifier and the voltage follower
      amplifier, whereby the rate of change of voltage at the respective inputs
      of the differential amplifier in response to a step voltage change at the
      input of the filter does not exceed the maximum slew rate of the
      differential amplifier.
NUM  5.
PAR  5. A converter according to claim 1 and further comprising timing means for
      controlling said first switch means such that at least the second time
      interval is of substantially predetermined duration.
NUM  6.
PAR  6. A converter according to claim 5, wherein said timing means further
      controls said first switch means such that the first time interval is also
      of substantially prdetermined duration.
NUM  7.
PAR  7. A converter according to claim 2, wherein said polarity testing means
      comprises a voltage comparator having first and second inputs respectively
      coupled to the non-inverting input and the output of the differential
      amplifier.
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PAL  A solid state alarm circuit for producing intermittent alarm signals when a
      vehicle is operated in reverse. The circuit includes a sound generator
      modulated by a pulse generator to produce bursts of oscillations which
      drive sound producing loudspeakers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to vehicles, and more particularly to vehicle
      safety alarms for warning bystanders when the vehicle is shifted into
      reverse gear.
PAR  Because of the danger to personnel in areas where large vehicles such as
      trucks, crawler tractors, heavy duty bulldozers, graders, agricultural and
      industrial tractors, and other machines are being used, as at construction
      sites, alarms are often provided on such vehicles to warn of backward
      motion of the vehicles. The lack of rearward visibility from such
      machinery, together with the high noise level that usually exists in areas
      where such machinery is in use, produces a very hazardous environment, and
      accordingly Federal health and safety regulations require the provision of
      an adequate audible warning device on this type of equipment.
PAR  Many such alarm systems have been provided for this purpose, but a need
      still exists for a highly reliable, damage-resistant, heavy duty alarm
      that will produce a suitable signal and which is adaptable for use on all
      vehicles. Further, such a device should be easily attached for convenient,
      reliable operation, and should be sufficiently economical to insure
      availability to machine operators and owners.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      economical and reliable alarm system for vehicles.
PAR  It is a further object of the invention to provide a warning alarm for
      vehicles that utilizes solid-state circuitry for economy and reliability,
      which is rugged and long-lasting, which is adaptable to all vehicles, and
      which is simple to install.
PAR  Another object of the invention is to provide a backup alarm for vehicles
      that is adapted to be connected into existing backup light circuits, or
      which may be switch operated to provide ease of installation and
      adaptability to any vehicle.
PAR  Briefly, the present invention is directed to an alarm circuit comprising a
      free-running oscillator, or sound generator, which is connected through a
      power amplifier to suitable loudspeakers for producing an audible signal
      of desired frequency and intensity. A pulse generator is provided which
      oscillates at a different, preferably sub-audio, frequency and is
      connected to modulate the output of the sound generator, turning it on and
      off at a selected pulse rate to produce an intermittent sound from the
      loudspeakers. A voltage limiter prevents overdriving of the power
      amplifier and protects the loudspeakers, thus allowing operation of the
      unit from voltages not only in the range of the usual automotive battery,
      e.g., 6 or 12 volts, but up to as much as 40 volts.
PAR  The circuitry is solid state, and is capable of being placed in
      hermetically sealed containers to prevent damage to the components,
      thereby providing an alarm having a high degree of reliability, as well as
      an alarm which can be used on a variety of on or off-highway vehicles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and additional objects, features and advantages of the
      invention will become apparent from consideration of the following
      detailed description of a preferred embodiment of the invention, taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of a preferred circuit arrangement; and
PAR  FIGS. 2A-2D are diagrammatic illustrations of the waveforms at selected
      points in the circuit of FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Turning now to a detailed consideration of the invention, there is
      illustrated in FIG. 1 of the drawing a schematic diagram of the improved
      backup alarm system and circuitry of the present invention. The circuit
      includes a sound generator 10 which produces oscillations of a selected
      audio frequency corresponding to the frequency of the sound to be produced
      by the alarm. The frequency of this generator may vary, but preferably
      will be in an audio range that will be clearly and distinctly heard by
      personnel even in high noise environments such as heavy construction
      areas, so as to insure adequate warning that a vehicle is moving backward.
      The output of the sound generator 10 is fed by way of resistor 12 and line
      14 to the input 16 of a power amplifier 18, where the audio frequency
      produced by the generator is amplified to the desired level and fed by way
      of output line 20 to suitable loudspeakers 22.
PAR  To improve the likelihood that the alarm will be heard, a pulse generator
      24 is provided to produce a periodic modulation of the output from the
      sound generator. In the preferred form, this modulation takes the form of
      an alternating on-off voltage pulse appearing on the output line 26 of
      pulse generator 24, which is fed by way of a diode 28 and a line 30 to the
      input line 16 of amplifier 18 and the output line 14 of generator 10,
      respectively. The voltage pulse produced by pulse generator 24 alternates
      between 0 volts and the D.C. voltage of the vehicle battery supply, which
      is assumed for purposes of illustration herein to be 24 volts. When the
      pulse is at the 0 volt level, an operating bias is applied to oscillator
      10; when the pulse is at the 24 volt level, the oscillator is cut off. In
      this manner, a series of periodic bursts of oscillations are fed to the
      amplifier to drive the loudspeakers.
PAR  Power is applied to the present circuit by way of a pair of input terminals
      32 and 34, which may be connected to the existing backup light circuit of
      a vehicle to energize the alarm whenever that light is turned on. Thus,
      terminal 32 may be connected to the hot wire leading to the backup lamp,
      and terminal 34 may be connected to a convenient electrical ground point.
      Alternatively a suitable backup switch may be provided for installation
      adjacent the gear shift lever or linkage of the vehicle. Such a switch,
      which might be a microswitch with an actuator arm mounted for engagement
      by the shift lever or linkage whenever the vehicle is shifted into reverse
      gear, would provide a voltage to terminal 32 when activated, thereby
      insuring operation of the alarm circuit.
PAR  The voltage applied to terminal 32 is, again, a D.C. voltage corresponding
      to the battery or other vehicle supply. This voltage is filtered by
      capacitor 36 to remove transients, and is applied by way of line 38 to the
      input of pulse generator 24, and by way of line 40 to each of the supply
      voltage terminals of the circuit. Although the circuit may be used with
      both positive and negative ground vehicle power supplies, the supply
      voltage terminals are indicated by the symbol for a positive voltage.
PAR  The input to the pulse generator 24 from the power supply indicates a
      backup alarm condition, and thus the generator is energized. The voltage
      on line 38 is applied across a voltage divider consisting of resistors 42
      and 44, with the junction being connected by way of line 46 to the base of
      a transistor Q1. The base of the transistor is connected to ground through
      a diode 48, while the collector of Q1 is connected to the base of a second
      transistor Q2. The emitter of Q2 is connected to the source of supply
      voltage on line 40, while the collector of Q2 is connected to pulse
      generator output line 26.
PAR  A feedback loop is connected from the collector of Q2 to the base of Q1
      through resistor 50 and capacitor 52, while the emitter of Q1 is connected
      to the junction of voltage divider resistors 54 and 56. These resistors
      are connected in series between output line 26 and ground, to provide a
      bias voltage for transistor Q1.
PAR  The sound generator 10 is similar to pulse generator 24, having an input
      voltage divider comprising resistors 58 and 60 connected in series between
      the supply voltage on line 40 and ground. The junction of resistors 58 and
      60 is connected by way of a variable resistor 62 to the base of oscillator
      transistor Q3. The collector of Q3 is connected directly to the base of a
      transistor Q4, the collector of which is connected to the output line 11
      of generator 10. The emitter of Q4 is connected to ground, while the
      emitter of Q3 is connected to the junction of voltage divider resistors 64
      and 66. These latter resistors are connected in series between the output
      line at point A and the supply voltage on line 40 to provide an operating
      bias to transistor Q3. A feedback loop including a capacitor 68 is
      connected between the collector of Q4 and the base of Q3.
PAR  In operation, the sound generator transistors Q3 and Q4 operate as an
      oscillator having a frequency determined by the time constant defined by
      the values of resistor 62, capacitor 68, and the input impedance R.sub.i
      of transistor Q3. When Q3 is nonconductive, the time constant is defined
      by the product of the values of resistor 62 and capacitor 68; when Q3 is
      conductive, the time constant is expressed by the following equation:
      ##EQU1##
      Since, however, R.sub.i is very large in comparison to resistor 62, the
      time constant in the case where Q3 is conductive is approximately equal to
      the time constant when Q3 is nonconductive. Thus the on and off times of
      Q3 during oscillation are approximately equal, and the oscillator produces
      a symmetrical output signal.
PAR  The output of pulse generator 24 is a square wave pulse which varies
      between zero and the supply voltage in accordance with the frequency of
      the generator. This pulse is applied to the output of generator 10 by way
      of resistor 12, where it acts as a bias voltage and is added to the output
      of generator 10. The resulting voltage on the line at point A takes the
      form of wave 70 in FIG. 2A, and is fed back through voltage divider 64, 66
      to provide a voltage having the form of wave 72, illustrated in FIG. 2B,
      to the emitter of Q3. This voltage also is fed back through capacitor 68
      to produce a voltage having the form of wave 74 in FIG. 2C at the base of
      transistor Q3.
PAR  The application of a positive voltage by way of voltage divider 58, 60 to
      the variable resistor 62 causes the voltage at the base of Q3 to gradually
      rise, as illustrated at 76 in FIG. 2C. When the positive going portion of
      pulse 70 is applied to the output of the pulse generator 10, the voltage
      on the base of Q3 suddenly rises, as at 78 in FIG. 2C, switching Q3 thus
      Q4 off and preventing conduction and consequent oscillation. The high
      voltage on capacitor 68 will gradually bleed off through resistor 62, but
      will prevent oscillator as long as a positive voltage from generator 24 is
      applied to the output of generator 10. When the blocking pulse from
      generator 24 is removed, and the output at point A returns to zero
      potential, Q3 and Q4 become alternately conductive and nonconductive as
      capacitor 68 charges and discharges, thereby producing an alternating
      output signal on output point A. As long as no positive blocking pulse is
      produced, the oscillation continues. If there is a positive output from
      generator 24, oscillation ceases. The frequency at which the output of
      generator 10 oscillates depends upon the setting of variable resistor 62,
      and will normally be at an audio frequency. The length of each burst of
      oscillations will depend upon the frequency of the pulsed output from
      generator 24.
PAR  The feedback from the output on at A through resistor 64 to the emitter of
      Q3 biases Q3 with the voltage waveshape 72 (FIG. 2B). The difference
      between wave 74, at the base of Q3, and wave 72 is shown as wave 82. This
      latter wave will reach zero at a time when it is changing at a fast rate,
      instead of later during the discharge time constant of capacitor 68, which
      would cause erratic triggering of the oscillator. As noted on the waveform
      82, the oscillator is triggered when the difference between waves 74 and
      72 is zero.
PAR  Pulse generator 24 is essentially the same as generator 10, but its
      oscillations occur with a longer time period, on the order of one pulse
      per second. The longer time period is obtained in this circuit by
      increasing the values of the time constant determining components, in this
      case resistor 50 and capacitor 52. The addition of diode 48 to the circuit
      provides a current path which produces a time constant of R.sub.50 .times.
       C.sub.52 during the time that Q1 is off, and a time constant of (R50 +
      R.sub.i) .times. C.sub.52 during the time Q1 is on. Since R.sub.i, the
      input impedance of Q1, is large with respect to the value of resistance
      50, the two time constants are approximately equal, and the resulting
      output pulse from generator 24 is a square wave of substantially
      symmetrical form which is used to modulate the output of oscillator 10 as
      described above.
PAR  The oscillating output signals from generator 24 are applied to the input
      of power amplifier 18 during the time that the output of pulse generator
      24 is zero, thereby producing alarm signal outputs from the loudspeakers
      22 of about one-half second duration separated by one-half second pauses.
      During the time that a positive blocking pulse is produced by pulse
      generator 24, the power amplifier is biased off, and produces no output.
PAR  The input to amplifier 18 is fed by way of line 16 to the base of a
      transistor Q5. The emitter of Q5 is connected through a first resistor 84
      to ground and through a second resistor 86 to the supply line 40, whereby
      resistors 84 and 86 serve as a voltage divider to provide a suitable bias
      for Q5. The collector of Q5 is direct-connected to the base of a second,
      grounded-emitter amplifier stage transistor Q6. The collector of Q6 is
      connected through loudspeakers 22 to the voltage source 40.
PAR  The collector of transistor Q6 is also connected by way of a line 88 to a
      voltage limiter 90 which serves to limit the voltage applied to the
      loudspeakers. The limiter comprises a Zener diode 92 connected to line 88
      and through a resistor 94 to the base of a transistor Q7. The emitter of
      Q7 is connected to voltage source 40, while its collector is connected by
      way of line 96 to line 14 and thence to amplifier Q5, thereby providing a
      negative feedback to the power amplifier. This negative feedback serves to
      limit the speaker voltage to about 13 volts, and permits operation of the
      unit with voltage input of up to 40 volts or greater.
PAR  It will be seen from the foregoing that the present invention operates to
      produce bursts of audio frequency signals from a sound generator 10, which
      signals are modulated, or blocked, periodically by the output from a pulse
      generator 24. The pulse generator output is a repetitive square wave which
      permits the audio signals to be fed in bursts through a power amplifier to
      suitable loudspeakers to produce the desired audio frequency pulses.
      Although the present invention has been disclosed in terms of a specific
      embodiment, it will be understood that modifications and variations can be
      made which are within the skill of the art without departing from the true
      spirit and scope of the invention as described in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A backup alarm for vehicles for producing a pulsed audio signal,
      comprising:
PA1  sound generator means having an input and an output, said generator
      comprising an audio frequency oscillator producing audio frequency signals
      at its output;
PA1  means providing a variable time constant for for said audio frequency
      oscillator to vary the tone of said audio frequency signals;
PA1  blocking pulse generating means having an input and an output, said
      blocking pulse generating means comprising a sub-audio frequency
      oscillator producing periodic blocking pulses at its output;
PA1  amplifier means having an input and an output;
PA1  means connecting the output of said sound generator means to said amplifier
      input to apply said audio frequency signals to said amplifier means;
PA1  means connecting the outputs of said blocking pulse generating means and
      said sound generator means in parallel to said amplifier input and for
      connecting the output of said blocking pulse generator through a feedback
      loop to the input of said sound generator means, whereby the presence of a
      blocking pulse at the output of said blocking pulse generating means
      disables and amplifying means and said sound generator means;
PA1  sound producing means;
PA1  means connecting said amplifier output to said sound producing means,
      whereby said audio frequency output signals are amplified and applied to
      said sound producing means in the absence of said blocking pulses; and
PA1  voltage limiter means comprising negative feedback means connected between
      the output and the input of said amplifier means to regulate the voltage
      provided at said amplifier output so that said alarm is adaptable for use
      with a variety of vehicles, and is operable with various power supply
      voltages.
NUM  2.
PAR  2. The alarm of claim 1, wherein said audio frequency oscillator comprises:
PA1  first and second transistors each having emitter, collector and base
      electrodes;
PA1  means connecting the collector of said first transistor to the base of said
      second transistor, the collector of said second transistor being the
      output of said sound generator; and
PA1  voltage divider feedback means connected between the output of said sound
      generator and said emitter of said first transistor.
NUM  3.
PAR  3. The alarm of claim 2, wherein said oscillator further includes a
      feedback capacitor connected between said sound generator output and said
      base electrode of said first transistor.
NUM  4.
PAR  4. The alarm of claim 1, wherein said oscillator for said blocking pulse
      generating means comprises:
PA1  first and second transistors each having emitter, collector and base
      electrodes;
PA1  means connecting the collector of said first transistor to the base of said
      second transistor, the collector of said second transistor being the
      output of said pulse generator;
PA1  first feedback means connected between the output of said pulse generator
      and the emitter of said first transistor; and
PA1  second feedback means including a resistor capacitor network for
      establishing the time constant of said pulse generator oscillator
      connected between the output of said pulse generator and the base of said
      first transistor.
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ABST
PAL  A simplified and reliable system for electronically controlling the angular
      position relative to an antenna axis of the ground areas from which radar
      signals are received and processed so that air-to-ground range may be
      measured accurately regardless of the roll angle of the aircraft in which
      the radar is mounted. In a radar silent lobing system in which lobing is
      done on reception of the transmitted signals, the roll compensation system
      provides direct current signals which are proportional to the sine and
      cosine of one-half the roll angle and which are selectively applied to the
      pole pairs of the azimuth and elevation poles of the ferrite modulator
      that is utilized in the lobing system. During range determining
      operations, first and second pole pairs each of an azimuth and elevation
      pole, or group of azimuth and elevation poles, are energized or selected
      during alternate lobing or pulse repetition frequency intervals. The
      system functions at any roll angle .alpha. by positioning the magnetic
      field of the modulator at .alpha./2 degrees so as to shift the components
      of the modulator input so that the vector sum at the output will be
      vertical, resulting in a constant output being provided to the radar
      receiver regardless of the roll angle of the aircraft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1 Field of the Invention
PAR  This invention relates to roll compensation systems for radar mounted in
      aircraft and particularly to an electronic roll compensation system for
      use in a silent lobing type of radar that provides lobing of the received
      signals.
PAR  2. Description of the Prior Art
PAR  Conventionally, radar compensation of aircraft angular roll is provided by
      mechanical stabilizing systems which operate so that the antenna angular
      roll position relative to the ground does not change with any aircraft
      roll angle. However, in these stabilized systems, separate gimbal and
      drive systems are thus required in addition to those needed for scanning.
      The gimbal and drive systems required for the mechanical antenna
      stabilization add considerable weight and complexity to the aircraft
      installation. Although the exact amount of weight increase varies
      according to the particular equipment, typical increases are on the order
      of 20 pounds. Another problem is that the additional gimbal required for
      roll stabilization also increases the size of the overall antenna assembly
      with the result that within a given installation space, the area of the
      radiating portion of the antenna and consequently the antenna gain must be
      reduced. It would be a substantial advance to the art if it were possible
      to achieve the required antenna stabilization without adding appreciable
      weight to the equipment and without any substantial reduction of available
      antenna space and antenna gain.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the roll compensation system in accordance with the invention may
      be utilized in a radar system that provides beam lobing on reception and
      in which the received difference signals are applied through a rotatable
      modulator such as a ferrite modulator and in turn into a coupling circuit.
      The sum signal is also applied to the coupling circuit and the combined
      signal, which includes the silent lobing modulation, is then applied to
      processing circuits. The system of the invention provides accurate and
      reliable range determination such as required in terrain avoidance or
      terrain clearance operation for example, by properly controlling the
      ferrite modulator so as to eliminate the effects of antenna roll. The
      system functions at any roll angle .alpha. by positioning the magnetic
      field of the modulator at .alpha./2 degrees which in turn shifts the
      components of the modulator input so their vector sum will be in the
      elevation plane and may be treated as the true elevation signal. The roll
      angle information may be derived from any suitable angle measuring source
      and processed in an analog or digital computer to provide voltages
      proportional to sine .alpha./2 and cosine .alpha./2. These signals are
      then amplified to provide sufficient current for energizing the magnetic
      field of the modulator and are rectified to provide suitable DC voltages.
      After passing through a switching arrangement operating at the radar pulse
      repetition frequency, the signals are applied to alternate pairs of
      elevation and azimuth poles so as to properly rotate the modulator field
      and to alternately provide a signal above and below the elevation axis.
      The signals are then applied to separate boxcar detectors during alternate
      pulse repetition intervals and compared in a suitable difference
      amplifier. The output of the amplifier is utilized in an upper and lower
      gating arrangement to indicate the null in the elevation and difference
      pattern, which null is independent of any angular rotation of the antenna
      relative to the target area. The null indication is then utilized to
      provide an accurate range on the antenna boresight.
PAR  It is therefore an object of this invention to provide an improved radar
      system for measuring air-to-ground range.
PAR  It is a further object of this invention to provide an electronic roll
      compensation system for a radar system that does not require additional
      antenna gimbal structures.
PAR  It is another object of this invention to provide an electronic roll
      compensation system for a radar system having a modulator to provide
      lobing on reception.
PAR  It is another object of this invention to provide an improved terrain
      avoidance or clearance system operable with a radar signal modulator.
PAR  It is still another object of this invention to provide a compensation
      system for controlling an aircraft angular position relative to the
      antenna axis so that air-to-target range can be measured accurately in a
      system that compares the return energy above and below the antenna
      elevation axis, regardless of the roll angle of the aircraft on which the
      radar is mounted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, features and advantages of the invention itself,
      will become apparent to those skilled in the art in the light of the
      following detailed description taken in consideration with the
      accompanying drawings wherein like reference numerals indicate like or
      corresponding parts throughout the several parts wherein:
PAR  FIG. 1 is a schematic block diagram showing a first portion of the roll
      compensation system in accordance with the invention;
PAR  FIG. 2 is a schematic block diagram showing a second portion of the
      electronic roll compensation system in accordance with the invention;
PAR  FIG. 3 is a partially schematic cross-sectional drawing of the ferrite
      modulator utilized in the system of FIG. 1;
PAR  FIG. 4 is a partially schematic cross-sectional drawing and block diagram
      of the ferrite modulator and the field control system of FIG. 1;
PAR  FIG. 5 is a table for explaining the azimuth and elevation inputs and the
      outputs from the modulator of FIG. 1;
PAR  FIG. 6 is a schematic diagram showing a typical sum and difference network
      that may be utilized in the system of FIG. 1;
PAR  FIG. 7 is a schematic drawing illustrating the craft during terrain
      avoidance operation for explaining the roll compensation during lobing in
      accordance with the invention;
PAR  FIG. 8 is a graph of signal amplitude versus elevation angle off boresight
      for explaining the development of the antenna lobes by the operation of
      the modulator of FIG. 1 during terrain avoidance operation;
PAR  FIG. 9 is a schematic diagram of voltage versus time waveforms for further
      explaining the range measuring system of FIGS. 1 and 2;
PAR  FIG. 10 is a schematic diagram of electrical and magnetic vectors as a
      function of craft's position for explaining the electronic roll
      compensation in accordance with the invention;
PAR  FIG. 11 is a schematic diagram of voltage waveforms as a function of time
      for further explaining the operation of the system of FIG. 2; and
PAR  FIG. 12 is a schematic diagram of electrical vectors and magnetic field
      vectors for further explaining the operation of the system of FIGS. 1 and
      2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1 which shows a roll compensation system in
      accordance with the principles of the invention, a suitable antenna 10 is
      provided which may be the planar array antenna illustrated or may be any
      other suitable antenna arrangement such as a parabolic dish. The antenna
      10 may transmit and receive energy along a boresight axis 13 which with
      electronic scan is in the direction of pointing of the energy pattern.
      Coupled to the antenna 10 is a sum and difference network 12 which, in
      response to transmitted energy applied therethrough to the antenna 10 on a
      suitable lead or waveguide 14, receives reflected energy from the antenna
      feeds and converts it into an azimuth difference signal on a lead or
      waveguide 16, an elevation difference signal on a lead or waveguide 18 and
      a sum signal which is applied to the waveguide 14. The antenna 10 may
      include a suitable gimbal and drive structure 22 which may provide
      horizontal and vertical stabilization as is well-known in the art and may
      respond to an azimuth sweep generator or computer 28 to provide a
      mechanical and stabilized azimuth sweep of the antenna 10. The
      stabilization of the antenna scan in azimuth may be performed by
      conventional arrangements such as shown starting on Page 440 of the book
      "Airborne Radar" by Povejsil, Raven and Waterman, copyright 1961, Van
      Nostrand Publisher, reprinted 1965 Boston Technical Publishers, Inc. It is
      to be noted that the invention is not to be limited to mechanical sweep
      systems but is equally applicable to systems utilizing electronic scan of
      either frequency or phase types.
PAR  For the transmission of energy into space from the antenna 10, a
      transmitter 30 as is well-known in the art, may apply energy through a
      suitable waveguide or conductor 32 to a directional coupler 34 and in turn
      through a lead or waveguide 36 and rotary joints 38 and 40, when required,
      to a duplexer 42. The directional coupler 34 is not a necessary part of a
      system that uses this invention but may be needed for other modes of
      operation. A radar synchronizer 31 applies pulse repetition frequency
      (PRF) synchronizing pulses to the transmitter 30. The transmitted energy
      is then applied through the duplexer 42 to the waveguide 14 for
      transmission from the apertures of the antenna 10. Upon reception, the sum
      signal developed by the sum and difference network 12 is applied through
      the waveguide 14 to the duplexer 42 and in turn through the lead or
      waveguide 46 and rotary joints 48 and 50 when required, to an orthogonal
      coupler 52 which in some arrangements may be a variable microwave coupler.
      The azimuth difference signal and the elevation difference signal on
      respective leads 16 and 18 are applied to a coupler 54 of a ferrite
      modulator 56 where the energy is coupled into a rectangular waveguide
      portion with elevation and the azimuth vectors orthogonally polarized or
      displaced 90.degree. from each other in space position. The output signal
      of the rectangular waveguides section is applied through a portion 58 to
      an orthogonal coupler 60 which accepts only output energy that is in line
      with its narrow dimension. The energy that is orthogonally polarized is
      not accepted but is accepted by a second rectangular waveguide portion 62
      terminated in a dummy load 64.
PAR  For providing the improved operation in accordance with the invention, a
      switching unit 68 in response to the PRF synchronizing signal on a lead 69
      from the radar synchronizer 31 provides switching between pole pairs of
      the modulator 56, with each pair formed of an elevation and an azimuth
      pole. A roll angle sensor 72 which may be any suitable angle measuring
      device such as a navigation platform or navigation gyro arrangement
      provides a roll angle .alpha. signal through a lead 74 to a cosine-sine
      computer 76 which responds to the roll angle information and may be an
      analog or digital type computer as is well-known in the art. The roll
      angle .alpha. is an angular component of roll around the aircraft axis or
      boresight axis 13. The antenna scan computer 28 controls the antenna scan
      in space coordinates so that the angle .alpha. measured in the aircraft
      navigation platform is the correct roll angle of the antenna around the
      boresight axis through all azimuth scan angles. The scan command is
      derived from a combination of azimuth and elevation components so that the
      space scan is in azimuth only. Controls of this type are well-known in the
      art and may be the type explained in the above referenced book. Voltages
      proportional to sine .alpha./2 and cosine .alpha./2 are then applied
      through respective leads 78 and 80 to respective amplifiers 82 and 84 to
      increase the current amplitude of the signal. After amplification, the
      cosine and sine signals are respectively rectified in rectifiers 86 and 88
      to provide DC voltages cos .alpha./2 and sin .alpha./2 on respective leads
      90 and 92, which signals are then applied to the switch unit 68. The
      current signals are applied from the switch unit 68 through leads 96
      through 99 into corresponding poles of the ferrite modulator 56 with the
      cos signal controlling the elevation poles and the sin signal controlling
      the azimuth poles. The energy applied through the coupler 60 alternately
      from above and below the elevation plane is applied through a suitable
      lead or waveguide 100 to the coupler 52 to be combined with a suitable
      portion of the sum energy received on the waveguide 46 from the duplexer
      42. The combined signal is then applied from the coupler 52 through a
      suitable lead or waveguide 104 to a local oscillator and mixer unit 106 as
      is well-known in the art, which applies an IF signal to a lead 108.
PAR  Referring now principally to FIG. 2, which is a processor system for
      terrain avoidance with the boresight range determination in accordance
      with the invention, the IF signal on the lead 108 as indicated by waveform
      110 is applied to an envelope detector 110 which may be of a conventional
      type, and in turn applied through a lead 112 to a video amplifier 114. The
      video envelope of a waveform 120 having a lower lobe portion resulting
      from the ferrite modulator being switched during a first PRF interval and
      an upper lobe portion resulting from second or alternate PRF intervals is
      applied from the video amplifier 114 through a lead 122 and through an
      upper gate 124 and a lower gate 126. During each radar sweep time period,
      either an upper lobe or a lower lobe signal of the waveform 120 is applied
      to the two gates 124 and 126. A pulse former 128 responding to the pulse
      repetition frequency signal on a lead 192 from the radar synchronizer 31
      (FIG. 1) applies alternate pulses of waveforms 132 and 134 through
      respective leads 136 and 138 to respective gates 124 and 126. During the
      positive portions of the signals of the waveforms 132 and 134 the
      respective gates sequentially pass an upper lobe signal and lower lobe
      signal of the waveforms 140 and 142 on respective leads 144 and 146 to a
      differential amplifier 150. The upper lobe signal is inverted in the
      differential amplifier 150 to apply an amplified signal of a waveform 156
      through a lead 158 to a time discriminator 160.
PAR  The time discriminator 160 responds to the signal of the waveform 156 and
      the pulse of a waveform 168 applied through a lead 166, to periodically
      pass energy from the lead 158 into a storage capacitor (not shown). The
      time discriminator 160 may for example include a series path of a resistor
      the anode to cathode of a first diode, a resistor, the anode to cathode of
      a second diode and another resistor coupled between suitable potential
      sources. The cathode of the first diode and the anode of the second diode
      may be respectively coupled through the cathode to anode path of a third
      diode and to the anode to cathode path of a fourth diode to a storage
      capacitor which may be in turn coupled to an output lead 170. The pulse of
      the waveform 168 may be applied through an inverting arrangement so as to
      apply a negative pulse to the anode of the first diode and a positive
      pulse to the cathode of the second diode. The lead 158 may be coupled to
      the resistor between the cathode of the first diode and the anode of the
      second diode so as to pass or receive energy from the storage capacitor
      during the period of the pulse of the waveform 168. The current passing
      through the capacitor or the current discharging from the capacitor is
      determined by the amplified either positive or negative portion of the
      lower lobe or the upper lobe signal of the waveform 156. The stored signal
      in the time discriminator 160 is then applied through the lead 170 to a
      range integrator 180, which as is well-known in the art, forms a DC signal
      representative of the stored energy in the time discriminator 160, which
      signal is in turn applied to a coincidence circuit 184 through a lead 186.
      A boresight tracking sweep generator 188 is provided for responding to
      synchronizing pulses of a waveform 190 applied from the radar
      synchronizers 31 of FIG. 1 on a lead 192. The sweep generator 188 applies
      a linear sweep voltage of a waveform 194 through a lead 196 to a
      coincidence circuit 184. In response to a voltage coincidence of the sweep
      of the waveform 194 and the DC level of the signal on the lead 186,
      representing the stored range in the range integrator 180, the pulse of a
      waveform 198 is applied through a lead 200 to a boresight gate generator
      204 which forms the pulse of the waveform 168.
PAR  A display sweep generator 210 is provided to respond to the radar
      synchronizing pulses of the waveform 190 to periodically develop a display
      sweep of a waveform 212 on a lead 214. A sine-cosine resolver 216 is
      provided to respond to the sweep signal of the waveform 212 and a scan
      reference signal (not shown) applied from the scan control circuit 28
      through a lead 218 to provide azimuth sweep reference. The sine-cosine
      resolver 216 may be a conventional sine-cosine potentiometer arrangement
      in which the sweep signal and an inverted form thereof are applied to
      opposite corners of a bridge circuit and rotating taps positioned
      90.degree. relative to each other rotate in an arc to contact the bridge
      resistors at the rate and coincidence with the azimuth sweep of the beam
      of the antenna 10. As a result, suitable sine .theta. and cosine .theta.
      signals are applied through leads 220 and 222 to a display system 224,
      which for example may be a conventional cathode ray tube display. The sine
      and cosine signals on the leads 220 and 222 may control horizontal and
      vertical deflection plates so that the electron beam signals from an apex
      point 226 periodically moves radially representative of range at a
      continually increasing angle representing the angular azimuth position of
      the antenna axis. The pulse of the waveform 168 indicative of the range of
      the antenna boresight axis is applied through a lead 230 to the intensity
      modulating element of the cathode ray tube of the display system 224 which
      may be the grid for example. It is to be noted that a line 230 may
      represent the terrain profile as a function of azimuth position and range
      in response to the electron beam and a line 228 which may be etched on the
      surface may be a calculated range at a selected distance below the craft.
      It is to be also noted that the system in accordance with the invention is
      not limited to any particular type of display and may operate with terrain
      avoidance, terrain clearance, contour mapping or any suitable type of
      display. Also the principles of the invention are not limited to
      utilization in a display but the accurate boresight axis data may be
      utilized in computations such as in a computer system.
PAR  Referring now to FIG. 3, a partially broken plan view of the ferrite
      modulator 56 is shown for explaining the operation thereof. The coupler 54
      which is an orthogonal mode transducer couples the unmodulated elevation
      and azimuth difference or error signals into a common waveguide signal
      which is then passed into the rectangular portion 58. Because the narrow
      dimensions of the waveguide section 234 and the wide portion of the
      waveguide section 236 are horizontal, the polarity of the respective
      elevation and azimuth electrical vectors are combined in rotational space
      quadrature. The combined error signal is then applied to a ferrite
      cylinder 238 having a suitable internal supporting cylinder 240 which may
      be formed of a dielectric plastic material. A pair of impedance matching
      dielectric plugs 242 and 244 are abutted against opposite ends of the
      ferrite cylinder 238 within suitable cylindrical supporting structures 244
      and 246. A pair of cylindrical flange shaped supporting structures 250 and
      252 are provided. The cylinder 240 may develop sufficient dielectric
      loading so that the ferrite cylinder 238 may operate at the desired
      frequency such as X-band frequency, for example.
PAR  Surrounding the ferrite cylinder 240 is a cylindrical two-phase winding
      array 260 wound in a conventional polyphase fashion to have four magnetic
      poles, for example. The polyphase winding array 260 which is similar to
      the stator of a conventional motor is supported by the structures 244,
      246, 250 and 252 and has four leads plus a reference or ground lead
      connected to a suitable external terminal (not shown). It is to be noted
      that although the concepts of the invention are explained relative to a
      four-pole ferrite modulator, it is not to be limited to four poles but any
      desired number such as eight magnetic poles may be utilized within the
      principles of the invention, by controlling two groups of poles instead of
      two pole pairs.
PAR  During normal lobing operation, the angularly rotated error signals are
      applied from the ferrite modulating section 58 to the orthogonal mode
      transducer or coupler 60. A waveguide section 261 has a narrow dimension
      in the horizontal position so that only the components of the error signal
      in the horizontal or right-left plane are accepted thereby. The waveguide
      section 62 accept error signal components in the up-down plane in the view
      of FIG. 3 which are absorbed by the dissipating load 62. The couplers 54
      and 60 are attached to the modulating section 241 by welding or with
      flanges for example. The invention is applicable to any suitable type of
      rotating modulator.
PAR  Referring now also to FIG. 4 which is a partially schematic cross-sectional
      drawing of the modulating section 58, the arrangement of the polyphase
      rotating or switching field will be further explained. This field winding
      260 includes a plurality of poles such as 270, 272, 274 and 276 shown for
      illustrative purposes. It is to be understood that the poles may be formed
      by any suitable arrangement of wire coils as is well-known in the motor
      field art. For silent lobe operation, the ferrite modulator magnetic field
      is continually rotating by properly phased current signals applied to the
      leads 96 through 99 through leads 101 and 102 (FIG. 1) from a source (not
      shown). Any energy that is in line with this field will be rotated
      180.degree. at the output of the device while components at an angle of
      90.degree. relative to the field are not affected. The RF field is rotated
      at a frequency that is twice that of the magnetic field. When the four
      poles are utilized and pole pairs with two frequencies 90.degree.
      out-of-phase are excited, magnetic field within the modulator will rotate
      at half the lobing frequency and the error signal output will be rotated
      at the lobing frequency. Because the circular waveguide at the output
      accepts only output energy that is in line with its narrow dimension the
      energy that now appears at the output of the modulator is of the form
      e.sub.o = N sin .omega..sub.nt sin .omega..sub.xt where N equals the
      initial error signal, .omega..sub.n equals the modulation component and
      .omega..sub.x equals X-band or other radar frequency.
PAR  For the boresight determination in accordance with the invention the
      switching unit 68 operates to alternately switch current to an elevation
      and azimuth pole pair during each pulse repetition frequency interval
      (each pole pair includes one elevation pole or winding and one azimuth
      pole or winding). The roll angle sensor 72 which may be a gyro on a
      navigation platform stabilized in three axes, is utilized to provide the
      angle .alpha. representative of the craft's roll angle and of the roll
      angle of the stabilized antenna around the boresight axis 13 (FIG. 1). The
      cosine-sine computer 76 receives the .alpha. signal on the lead 74 and
      develops a sine .alpha./2 signal and a cosine .alpha./2 signal on
      respective leads 80 and 78, and after passing through the amplifiers 82
      and 84 and the rectifiers 86 and 88, the cos .alpha./2 and sin .alpha./2
      signals are applied to the respective leads 90 and 92. The signal on the
      lead 74 may be a voltage or a shaft position from a synchro resolver and
      the cosine-sine computer 76 may be a conventional pair of resolvers
      including a 2 to 1 gear or voltage reduction as is well-known in the art.
      Bistable elements or flip-flops 310 and 312 respond to the pulse
      repetition frequency signal on the lead 69 from the radar synchronizer 31
      to both remain in the same state but alternating to opposite flip-flop
      states in response to each PRF pulse. Leads 97 and 96 are respectively
      coupled to the true and false terminals 315 and 317 of the flip-flop 310
      through the anode to cathode paths of diode 314 and 316. The lead 92 is
      coupled to the lead 317 and the lead 90 is coupled to the lead 315 for
      respectively applying DC signals sin .alpha./2 and cos .alpha./2 through
      alternately forward-biased diodes 316 and 314 to the respective azimuth
      and elevation pole pairs 276 and 274. The leads 98 and 99 are coupled
      through the respective cathode to anode paths of diodes 318 and 322 to
      respective leads 322 and 324 in turn connected to the true and false
      terminals of the flip-flop 312. The lead 324 is coupled to the lead 92 and
      the lead 322 is coupled to the lead 90 to receive the signals from the
      cosine-sine computer 76. In each state of the flip-flop 312 either the
      diode 318 or the diode 320 is forward-biased to apply the respective DC
      signals cos .alpha./2 and sin .alpha./2 to the respective elevation or
      azimuth poles. Thus, during each PRF interval, alternate pole pairs are
      selected to reverse the magnetic field in the modulator.
PAR  Referring now to FIG. 5 as well as to FIGS. 3 and 4, the operation of the
      ferrite modulator 56 will be further explained considering the azimuth
      vectors shown as solid lines. The input to the modulator is shown as
      azimuth vectors 319, 321 and 323 respectively applied to magnetic fields
      325, 327 and 329 rotated at angles 0.degree., 22.5.degree. and 45.degree..
       The output of the modulator section 58 is shown by azimuth vectors 331,
      333 and 335. The last two columns of FIG. 5 show the azimuth vectors
      respectively passed through the waveguide sections 261 and 62. The dotted
      lines in FIG. 5 illustrate the corresponding elevation vectors applied to
      the modulator.
PAR  Referring now to FIG. 6 the sum and difference network 12 is shown for
      further explaining the operation thereof. The antenna 10 includes
      quadrants 340, 342, 344 and 346 respectively indicated as quadrants A, B,
      C and D. A folded H-plane hybrid Tee 348 responds to A and B signals to
      apply a signal A+B to a folded H-plane hybrid Tee 350. A folded H-plane
      hybrid Tee 352 receives the (A-B) signal from the hybrid 348 and a (C-D)
      signal from a folded H-plane hybrid Tee 354 to apply a .DELTA..sub.1
      difference signal to the waveguide 18. The hybrid 354 receives the C and D
      signals from their respective quadrant 344 and 346 and applies a (C+D)
      signal to the hydrid 350 which in turn applies a first difference signal
      .DELTA..sub.1 to the waveguide 16 and a sum signal .SIGMA. to the
      waveguide 14. The three signals generated may be expressed as
      .DELTA..sub.1 = (A+B)-(C+D); .SIGMA. = (A+B)+(C+D) and .DELTA..sub.2 =
      (A+C)-(B+D). The signals A, B, C and D are derived from the single input
      output ports of the antenna quadrant corporate feed structures as are
      well-known in the art. Because the antenna is a planar array the resulting
      monopulse operation is predominantly phase sensing in both planes because
      the four quadrants are essentially identical. The processing of the
      quadrants signals in the sum and difference network is thus only a
      function of the relative phases.
PAR  Referring now to FIGS. 7 and 8 the range processing operation will be
      explained in further detail. A craft 360 may fly horizontally with its
      azimuth stabilized antenna 10 positioned at a fixed or variable depression
      angle below a flight path 362 of the craft. It is to be noted that the
      antenna 10 may be in the radome of the plane 360 but is shown externally
      for illustrative purposes. In response to the gimbal and drive 22, the
      antenna 10 continually scans an azimuth through a selected angle. The
      energy return from terrain for example is in the form of a lower lobe 368
      and an upper lobe 370 which are the effective lobes after summing in the
      system of FIG. 1. A sum lobe 372 is the transmitted energy lobe and also
      represents the energy of the sum lobe upon return. The boresight axis of
      the antenna system is at the cross-over point 374 of the lobes 368 and 370
      and the center of the sum lobe 372 is shown by a line which is coincident
      with the boresight axis 13 of FIG. 1. To determine a terrain profile for
      example, the system in accordance with the invention determines elevation
      boresight range to terrain or other objects on the boresight axis 13.
      Indications 381 and 383 which respectively represent the lower and upper
      video signals after processing, are shown to illustrate that the
      cross-over point of two video signals at two adjacent time intervals is on
      the boresight axis 13.
PAR  Referring now principally to FIG. 8, the general operation of the modulator
      56 to invert the error signal during alternate time periods so as to
      provide an upper and a lower lobe having characteristics indicative of the
      boresight axis will be generally explained. Sum energy 382 is returned at
      RF (radio frequency) in response to each transmitted pulse with a constant
      reference phase. The difference energy is returned with an RF phase
      reversal at the boresight axis for energy reflected from objects above and
      below the boresight axis as shown by first difference signal 384. When the
      RF energy return is inverted in the modulator 56, polarity of the
      difference energy in the upper lobe and in the lower lobe are both
      inverted to form a second difference energy signal 386. The first
      difference signal 384 when summed with the sum energy signal 382 at the
      coupler 52 forms an upper lobe 390 crossing over through the boresight
      axis cross-over point 374. During the next PRF time period when the field
      of the modulator 56 inverts the electrical vectors, the second difference
      energy 386 is summed with the sum energy 382 to form a lower lobe 394 also
      passing through the cross-over point 374. The lobes 390 and 394 are
      respectively the lobes 370 and 368 of FIG. 7. Thus it can be seen that the
      cross-over point 374 may be utilized to determine the boresight axis of
      the antenna 10 and accordingly accurate range on that boresight axis. By
      combining the sum and difference energy in this manner, the combined
      signals at the cross-over point have a positive value to allow simplified
      processing.
PAR  Referring now to FIGS. 9 and 10 as well as to FIG. 1, the operation of the
      range determining system in accordance with the invention will be
      explained in further detail. A waveform 400 shows the transmitted signal
      transmitted into space in response to PRF timing signal of a waveform 402.
      A waveform 403 indicates the echo sum signal received by the antenna 10
      and applied through the sum and difference network 12 to the waveguide 14.
      It is to be noted that the transmitted signal of the waveform 400 which
      would be of a relatively large amplitude compared to the waveform 403, is
      drawn out of scale for convenience of illustration. For a required roll
      angle .alpha. correction of 60.degree., the signal of a waveform 408
      represents the azimuth difference signal in the waveguide 16 and the
      signal of the waveform 410 represents the elevation signal in the
      waveguide 18. These signals of the waveforms 408 and 410 are applied to
      the coupler 60 with the fields being reversed at t.sub.1, t.sub.2,
      t.sub.3, and t.sub.4 times in response to the PRF pulse to the waveform
      402. the signals of the waveforms 408 and 410 include the correction
      applied by the cosine-sine computer 76 in accordance with this invention.
      At the output of the coupler 52, the combined signal of the sum plus
      azimuth plus elevation signals in the waveguide 104 is shown by a waveform
      412, the phases being maintained constant in the system of the invention.
      The azimuth component for roll angle of 60.degree. without the correction
      of the invention is shown by a waveform 414 and the elevation component is
      shown by waveform 416. Without the correction of the invention, the
      coupled output of the sum plus elevation plus azimuth signals in the
      waveguide 104 is shown by a waveform 418 with substantially less amplitude
      than the signal of the waveform 412 as provided by the system of the
      invention.
PAR  The vectors in FIG. 10 for the uncorrected condition without the operation
      of the system of the invention, shows elevation and azimuth vectors 420
      and 422 in the ferrite modulator section 58 for the upper lobe energy
      received at the times t.sub.1 and t.sub.3 as shown by the vector 421, and
      the elevation and azimuth vectors 424 and 426 in the modulator section 58
      for the lower lobe energy received at times t.sub.2 and t.sub.4 as the
      resultant vector 425. The upper and lower lobe outputs without correction
      from the ferrite modulator as applied to the waveguide 100, is shown as
      the vectors 428 and 430 in response to respective magnetic fields 432 and
      434 being generated in the modulator. With the roll angle correction
      system in accordance with the invention, a vector 437 is represented by
      elevation and azimuth vectors 436 and 438 for the upper lobe and a vector
      441 is represented by the elevation and azimuth vectors 440 and 442, for
      the lower lobe, all with a roll angle .alpha. of 60.degree.. In response
      to the operation of the elevation and azimuth pole pairs in which sin
      .alpha./2 is applied to elevation poles and cos .alpha./2 is applied to
      the azimuth poles, vectors 444 and 446 represent the rotated magnetic
      fields of the respective upper lobe and the lower lobes. The El and Az
      corrected vectors 448 and 450 have been rotated 60.degree. so the
      resultant output from the ferrite modulator shown by a vector 452 has the
      same amplitude as if the antenna or aircraft rotation had not been
      present. For the lower lobe the El and Az vectors 454 and 456 provide a
      resultant output 458 having the magnitude as if antenna rotation had not
      been present. Thus, the system of the invention corrects for rotation and
      treats the resultant as if it were the elevation component, with the
      result that the signals used for range or other types of processing have
      relatively large amplitudes and constant amplitudes.
PAR  Referring now to FIG. 11 as well as to FIG. 2 the range determining
      processing will be explained in further detail. An IF signal of the
      waveform 110 similar to the waveform 412 of FIG. 9 except heterodyned into
      IF frequency, resulting from energy return at all angles relative to the
      boresight axis, is applied from the lead 108 to the envelope detector 110
      and in turn to the lead 122 after passing through the video amplifier 114.
      The video envelope of the waveform 120 having a lower lobe portion
      resulting from the RF signal after times t.sub.1 and t.sub.3 and an upper
      lobe portion resulting from the RF signal after times t.sub.2 and t.sub.4
      in an upper lobe portion is applied on the lead 122 to the gates 124 and
      126. It is to be noted that during each time period, either an upper lobe
      or a lower lobe signal is applied to the waveform 120. The square wave
      pulse of waveforms 132 and 134 are applied through the leads 136 and 138
      to the respective gates 124 and 126. During the positive portions of the
      signals of the waveforms 132 and 134 the gates 124 and 126 respectively
      pass a lower lobe signal of a waveform 140 and an upper lobe signal of a
      waveform 142 through respective leads 144 and 146 to the differential
      amplifier 150. The differential amplifier 150 inverts the upper lobe
      signal of the waveform 142 and to apply amplified signals of a waveform
      156 to the lead 158. The time discriminator 160 responds to the signal of
      the waveform 156 the pulse of the waveform 168 to periodically pass energy
      from the lead 158 into a storage capacitor (not shown).
PAR  The linear sweep voltage of the waveform 194 applied to the coincidence
      circuit 184 develops the pulse 198 in response to a coincident of the
      sweep voltage of the waveform 194 and the output of the range integrator
      180 indicated by a waveform 401. The boresight gate generator 204 thus
      develops the output pulses of the waveform 168 which are applied to the
      display tube 224. The time discriminator 160 responds to the boresight
      pulses of the waveform 168 to develop the time discriminator pulses of the
      waveform 403 which in turn controls the operation of the range integrator
      180. Relative to the signal of the waveform 403 a movement downward in
      voltage represents a closing range and a movement upwards of the waveform
      may represent an increasing range. For example, when the waveform 403
      moves downward, the lower lobe signal of the waveform 156 may be
      temporarily passing more energy into the time discriminator 160 than is
      removed at the time of the upper lobe video signal.
PAR  Referring now to FIG. 12 as well as to FIGS. 1 and 2 the operation of the
      system in accordance with this invention for correcting a roll angle
      .alpha. will be further described. The system of the invention operates
      automatically in response to any roll angle from 0.degree. to 180.degree.,
      as indicated by aircraft 470, 472, 474, 476 and 478 respectively at
      .alpha. angular positions 0.degree., + 45.degree., -45.degree.,
      +90.degree. and +180.degree.. For the .alpha. equals 0.degree. or no roll
      condition, the modulator input as indicated by a vector 480 is inverted in
      the ferrite modulator 56 and passed to the output waveguide 100 as a
      vector 482 for one pulse repetition frequency interval. For this
      condition, the sin .alpha./2 and cos .alpha./2 values are respectively
      zero and one (FIG. 4) so only the elevation field is switched to the
      position shown by the vector 484 or to the opposite position in an
      alternate lobe. It is to be noted that in FIG. 12 for convenience of
      illustration the field vector and the modulator output vector are only
      shown for one selected lobing or pulse repetition interval which is
      repetitive every second interval, and it is to be understood that during
      alternate PRF intervals the modulating field is inverted and the output
      vectors are changed accordingly. For a roll angle of .alpha. = +45.degree.
      as shown by the aircraft 472, the elevation and azimuth vectors 486 and
      488 of the rotated input vector 490, are applied to the input of the
      modulator 56 and the modulating field has an angle of a vector 492
      provided by cos 22.5.degree. signal applied to the selected elevation
      winding and a sin 22.5.degree. signal applied to the selected azimuth
      winding. As a result, elevation and azimuth vectors 496 and 498 are
      developed in the modulator 56 rotated 22.5.degree. and the resultant
      vector 500 is passed through the coupler 60 to the waveguide 100, which
      vector has an amplitude equal to the resultant vector 490, and in the
      system of the invention is treated as if it were the elevation vector. For
      a roll angle .alpha. of -45.degree. as shown by the aircraft 474 the
      elevation and azimuth vectors 502 and 504 of the vector 503 applied to the
      input of the modulator 56 responds to the field of the vector 512 rotated
      in response to cos (-22.5).degree.  and sin (-22.5).degree.  respectively
      applied to the selected elevation azimuth pole pairs. The respective
      elevation and azimuth vectors 506 and 508 provide a vector 510 which is
      passed through the coupler 60 to the output waveguide 100. Although the
      output vector is inverted for the negative roll condition, the system
      operates properly because this condition corresponds to the polarity of
      the next PRF interval. For the .alpha. = 90.degree. roll condition of
      aircraft 476, the modulator input is shown by a vector 516 entirely in the
      azimuth plane and in response to the cos 45.degree. signal for the
      elevation and a sin 45.degree. signal for the azimuth which are applied to
      selected poles, a field of a vector 520 is rotated 45.degree.. As a
      result, the modulator output passes through the coupler 60 as shown by
      vector 518 substantially equal in amplitude to the input vector 516. For
      the aircraft 478 roll condition of .alpha. equals 180.degree. the
      modulator input of a vector 522 responds to the field vector 524 resulting
      from an elevation and azimuth current of cos 90.degree. and sin
      90.degree.. Because the field vector 524 does not effect the elevation
      vector 522 the vector passed through the coupler 60 is shown by the vector
      526. Thus the system of FIGS. 1 and 2 operates continuously regardless of
      the roll angle from 0.degree. to 360.degree. to alternately apply sine
      signals to the azimuth pole and a cosine signal to elevation pole during
      each lobing interval with the azimuth and elevation pole pairs being
      switched during each lobing interval. It is to be noted that the system of
      the invention is applicable to collections of poles as indicated by
      additional poles 261, 263, 265 and 267 of FIG. 4. by properly varying the
      current source and the switch 68 and is not limited to a four pole ferrite
      modulator. The system of the invention, regardless of roll angle, provides
      maximum and constant amplitude signals at the output of the coupler which
      is then utilized for providing an accurate and reliable range
      determination on boresight.
PAR  Thus there has been described an improved system operable with a lobing
      type modulator for accurately determining the range on the boresight of an
      antenna regardless of the roll angle of the craft. This system
      automatically switches between a first elevation and azimuth pole pair and
      a second elevation and azimuth pole pair during alternate lobing intervals
      and during each interval applies the proper field positioning current to
      each pole. The sine of one-half the roll angle is applied to the azimuth
      poles, and the cosine of one-half the roll angle is applied to the
      elevation poles. The principles in the invention are equally applicable to
      collection of poles such as for example an eight pole modulator. The
      system provides accurate and reliable roll compensation with a minimum of
      weight and without the requirement of additional roll gimbal and drive
      systems.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A roll angle correction system for a radar system operating at a pulse
      repetition frequency and having a modulator with a rotating field for
      space rotating received elevation and azimuth difference signals, said
      modulator having azimuth and elevation poles to form a first group of
      azimuth and elevation poles and a second group of azimuth and elevation
      poles comprising
PA1  a source of roll angle signals having amplitudes representative of a roll
      angle correction,
PA1  computer means responsive to said source of roll angle signals for
      developing first and second roll correction signals,
PA1  and switching means coupled between said computer means and said first and
      second groups of azimuth and elevation poles and responsive to said pulse
      repetition frequency for applying said first and second roll correction
      signals alternately to said first and second groups for rotating the
      elevation and azimuth difference signals to correct for the roll angle.
NUM  2.
PAR  2. A roll angle compensation system for a radar system having a rotatable
      ferrite modulator responsive to difference signals from an antenna and
      including a first azimuth and elevation pole pair and a second azimuth and
      elevation pole pair, said modulator having a polarized output, said radar
      system having a source of timing pulses and a source of roll angle signals
      comprising
PA1  computer means responsive to said source of roll angle signals for
      providing cosine signals and sine signals as a function of said roll
      angle,
PA1  and switching means responsive to said timing signals and coupled between
      said computer means and said pole pairs for alternately applying both said
      cosine and sine signals to said first pole pair and to said second pole
      pair.
NUM  3.
PAR  3. The combination of claim 2 in which said switching means is coupled so
      that during the alternate switching to said pole pairs, said cosine
      signals are applied to the corresponding elevation pole and said sine
      signals are applied to the corresponding azimuth poles.
NUM  4.
PAR  4. The combination of claim 3 in which said timing signals are pulse
      repetition frequency signals and said cosine and sine signals applied to
      said pole pairs are direct current signals.
NUM  5.
PAR  5. The combination of claim 4 in which said roll angle represents the angle
      of roll of the antenna and the cosine and sine signals are respectively a
      function of the cosine of half of the roll angle and the sine of half of
      the roll angle.
NUM  6.
PAR  6. In a radar system operating at a pulse repetition frequency having a sum
      and difference network with outputs providing first and second difference
      signals and a sum signal, modulating means coupled to said first and
      second difference outputs for rotating the first and second difference
      signals in space quadrature and for coupling the rotated signals to an
      output terminal with a selected polarization, said modulation means having
      first and second elevation pole means and first and second azimuth pole
      means for respectively controlling the elevation and azimuth vectors of
      the rotating field, coupler means coupled to the output terminal of said
      modulator and coupled to the sum output of said sum and difference network
      for receiving said sum signal and processing means coupled to coupler
      means for alternately switching between pulse repetition frequency
      intervals to an upper and lower storage element the signal provided by
      said coupler means and comparing said storage elements to provide a signal
      representative of the time of occurrence of the elevation boresight and
      determining range at said elevation boresight, said system having a source
      of aircraft roll signals .alpha., a roll compensation system comprising
PA1  cosine-sine computer means responsive to the angle .alpha. signal to
      provide cos .alpha./2 and sin .alpha./2 signals,
PA1  switching means coupled between said cosinesine computer means and the pole
      means of said modulator and responsive to pulse repetition frequency
      signals to alternately switch between a first pair of the first elevation
      and the first azimuth pole means and a second pair of the second elevation
      and the second azimuth pole means, and to apply said sin .alpha./2 signal
      to the corresponding azimuth pole means and said cos .alpha./2 signal to
      the corresponding elevation pole means.
NUM  7.
PAR  7. The combination of claim 6 in which the cos .alpha./2 and the sin
      .alpha./2 signals provided by said cosinesine computer means are
      alternating current signals and rectifier means is coupled between said
      cosine-sine computer means and said switching means to provide direct
      current signals cos .alpha./2 and sin .alpha./2 to said pole means.
NUM  8.
PAR  8. The combination of claim 7 in which said switching means includes
      bistable means responsive to said pulse repetition frequency signals and
      gating means coupled between said pole means and said rectifier means and
      responsive to said bistable means for alternately applying the rectified
      sin .alpha./2 and cos .alpha./2 signals to the respective azimuth and
      elevation pole means of said first and second pairs.
NUM  9.
PAR  9. An antenna roll compensation system in a radar system having a rotatable
      modulator for rotating elevation and azimuth difference signals in
      response to first and second groups of windings and having a source of
      roll angle signals and pulse repetition frequency signals comprising
PA1  computing means responsive to said roll angle signals for developing cosine
      of half the roll angle and sine of one-half the roll angle signals,
PA1  and switching means responsive to said pulse repetition frequency signals
      and coupled to said computing means for applying both said cosine and sine
      signals to alternate ones of said first and second groups of windings of
      said modulator.
NUM  10.
PAR  10. The combination of claim 9 in which said first and second groups of
      windings each includes a first and a second winding each representative of
      an orthogonal space dimension and in which said switching means includes
      means to apply said cosine signals to said first windings and said sine
      signal to said second windings in both said first and second group of
      windings.
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ABST
PAL  A navigation aiding system primarily for aircraft consists of a number of
      spaced apart ground stations. A ranging signal is transmitted to each of a
      number of aircraft in turn in response to received interrogation signals.
      The system allows a clock carried by each aircraft to be accurately
      synchronised with a master clock on the ground to permit the range to be
      measured precisely.
BSUM
PAR  This invention relates to navigation aiding systems and more particularly
      to such systems for use in the assistance of aircraft landing.
PAR  There are in existence a number of navigation aiding systems used to assist
      in the landing of aircraft. One function of such systems is to indicate to
      the aircraft its range from a beacon sited near a runway on which the
      aircraft is to land. One well known ranging system is that known as D.M.E.
PAR  In the D.M.E. system an aircraft wishing to determine its range from a
      beacon transmits to the ground beacon a pair of pulses of fixed
      separation. A predetermined short period of time following the receipt by
      the ground beacon of this pair of pulses, the ground beacon transmits a
      pair of pulses, similarly separated, the time of receipt of which by the
      aircraft following the aircraft's transmission being indicative of the
      range of the aircraft from the beacon in question. For obvious reasons
      systems such as the D.M.E. system are known as "two way" ranging systems.
PAR  The degree of precision provided by such systems is limited by the presence
      of replies to each aircraft being received by all aircraft which results
      in the necessity for each aircraft to transmit at intervals in the order
      of 0.02 second in order to obtain an effective information rate of 0.1
      second.
PAR  Improvements in accuracy can be made by allocating each aircraft a time
      slot at 0.1 second intervals during which only that aircraft transmits and
      the beacon replies with both a ranging pulse and a synchronising pulse to
      enable aircraft to remain synchronised to the system. This results in
      service to even fewer aircraft than the random system due to the limited
      number of available slots. With an increasing number of aircraft using the
      air space surrounding an airfield such two way ranging systems are proving
      inadequate because of the limited number of aircraft which may associate
      with the system at any one time.
PAR  Single way ranging systems, that is to say ranging systems in which each
      aircraft carries a clock are attractive in view of the increased number of
      aircraft which may co-operate with the system as compared with a two way
      ranging system.
PAR  The basic conception of single way ranging is that a ground beacon
      transmits pulses at known times so that any aircraft equipped with a
      sufficiently accurate clock may measure the delay in received pulses and
      thus deduce the range.
PAR  It is only necessary for the beacon to transmit at intervals of 0.1 second
      in order to provide an adequate data rate for precision landing purposes.
      However, it is difficult to provide an airborne time standard clock of
      adequate integrity. For example it is not uncommon to require in a ranging
      system a resolution of 0.001 nautical miles (i.e. 6 ft.). For a one way
      system this corresponds to a time period of approximately 6 NANO seconds.
      An airborne time standard clock should have a deviation no greater than
      this. Crystal oscillators are known which have an accuracy of 1 .times.
      10.sup.-.sup.8 which will hold to 6 NANO seconds over 0.6 seconds, whilst
      precision frequency source such as atomic clocks, having an accuracy 2
      .times. 10.sup.-.sup.11 are still only capable of holding to 6 NANO
      seconds over approximately 5 minutes. A crystal oscillator of 1 .times.
      10.sup.-.sup.8 accuracy can, however, be improved to an accuracy of 1
      .times. 10.sup.-.sup.9 by synchronisation by a ground transmitter and will
      thus maintain the required standard of accuracy for up to 6 seconds.
      Whatever form of clock is used, however, it will be seen that continual
      synchronisation of the airborne time standard clock is necessary at a rate
      depending upon the stability and the integrity required.
PAR  The present invention seeks to provide an improved navigation aiding system
      providing one way ranging, albeit with two way synchronisation, in which
      satisfactory synchronising of the time standard clocks carried by craft
      associating with the system may be achieved.
PAR  According to this invention a navigation aiding system comprises a
      plurality of relatively fixed stations each arranged to transmit at
      predetermined times identifiable ranging signals to craft associating with
      the system and means responsive to an interrogating signala received from
      a craft for transmitting time synchronising signals to that craft, whereby
      the time of reception by said craft of signals from any of the said fixed
      stations is indicative of the range of that craft from that station, each
      craft being allocated one of a plurality of time slots interspersed
      between ranging signal transmissions by said fixed stations for
      transmitting its interrogating signal and receiving time synchronising
      signals transmitted to it.
PAR  Preferably each of said identifiable ranging signals comprises a pair of
      pulses whose separation identifies the fixed station by which they are
      transmitted.
PAR  Preferably means responsive to interrogating signals from a craft for
      transmitting time synchronising signals to that craft are provided at each
      relatively fixed station, whereby said craft may select which of said
      fixed stations it utilises to obtain time synchronising signals by
      transmitting an interrogating signal identifiable by the selected fixed
      station as relating to itself.
PAR  Different frequencies may be used for interrogating signals intended for
      different fixed stations, but preferably each interrogating signal
      transmitted by craft consists of a pair of pulses, the separation of which
      identifies the fixed station for which it is intended.
PAR  Where the spacing of the different ground stations from each other is such
      that time slot overlap can occur, that is to say if the transmission of
      one of the plurality of stations can be received by an aircraft in a later
      time slot due to its range, different ones of the plurality of fixed
      stations may be allocated different frequencies on which to operate so as
      to enable such spurious receptions to be differentiated. In such a case,
      preferably again the interrogating signal transmitted by each aircraft
      consists of a pair of pulses the separation of which and the frequency of
      transmission of which identifies the station for which it is intended.
PAR  Preferably again in response to the receipt of a pair of pulses, each
      ground station is arranged to transmit within the time slot allocated to
      the craft transmitting said pair of said interrogating pulses,
      synchronising pairs of pulses of similar station identifying
      characteristics.
PAR  In a preferred system in accordance with the present invention the
      plurality of relatively fixed stations are arranged to transmit ranging
      signals sequentially and in turn at equally spaced periods of time, there
      being a number of time slots allocated to craft co-operating with the
      system such that each fixed station transmits a plurality of times, in its
      turn, in an epoch.
PAR  By epoch is meant the period of time occupied by a complete cycle in the
      operation of the system encompassing one synchronising time slot for each
      of the craft associating with the system.
PAR  Preferably said craft are aircraft and said system an aircraft landing
      system.
DRWD
PAR  The invention is illustrated in and further described with reference to the
      accompanying drawings. In the drawings:
PAR  FIG. 1 is a highly schematic diagram of one aircraft navigation aiding
      system in accordance with the present invention,
PAR  FIGS. 2 and 3 are timing diagrams, FIG. 3 being to an expanded scale
      compared with FIG. 2,
PAR  FIGS. 4 and 5 are timing diagrams each to an expanded scale compared with
      FIG. 3, illustrating the arrangement for synchronising the time standard
      clock carried by each aircraft associating with the system,
PAR  FIG. 6 is a timing diagram to an expanded scale compared with FIG. 3,
      illustrating one alternative to the timing arrangement illustrated in
      FIGS. 2 to 5,
PAR  FIG. 7 is a block schematic diagram of a ground transponder station
      co-operating in a system in accordance with the present invention and
PAR  FIG. 8 is a block schematic diagram of an airborne interrogating equipment
      co-operating in a system in accordance with the present invention.
DETD
PAR  Referring to FIG. 1 of the drawings, 10 geographically spaced ground
      transmitting stations TA, TB, TC, TD, TE, TF, TG, TH, TI and TJ are
      arranged to transmit identifiable ranging signals on a common frequency
      sequentially and in turn at intervals of one tenth of a second. The
      transmitting stations TA to TJ are synchronised by a central clock C. The
      signals transmitted by each of the ground stations TA to TJ are in the
      form of a pair of pulses, the spacing of which is different for each
      ground station and thus identifies that ground station to an aircraft such
      as A1 receiving the transmissions. Carried by each aircraft such as A1 is
      a time standard clock consisting of a crystal oscillator whose time
      standard is synchronised to the time standard of the ground stations TA to
      TJ in a manner described hereafter. Airborne equipment of known kind can
      thus determine the range of the aircraft in which it is carried from any
      of the ground stations by the time of receipt of the pair of pulses
      transmitted by that ground station.
PAR  In order to achieve synchronisation of the time standard clock carried by
      each aircraft associating with the equipment, each such aircraft is
      allocated a different time slot in an epoch of duration three seconds,
      during which time slot the aircraft requests and obtains synchronising
      timing signals. Whilst the allocation of a given time slot to a given
      aircraft may be predetermined, in practice allocation is made as known per
      se as the aircraft joins the system. The synchronising timing signals are
      provided by means at each of the ground stations TA to TJ. Each of the
      means at the different ground stations for providing synchronising signals
      is triggered upon receipt of a pair of spaced pulses, the separation of
      which identifies the ground station for which it is intended. This pair of
      pulses is transmitted by an aircraft within the time slot allocated to it.
PAR  Referring to FIGS. 4 and 5, for the purposes of illustration it is assumed
      that aircraft A1 requires synchronising signals from ground station TC. At
      a predetermined time (100 .mu.S in the example presently considered) into
      what the aircraft considers to be its time slot, the aircraft transmits a
      pair of pulses whose separation identifies the pair as intended for ground
      station TC. This is illustrated in FIG. 4 which assumes correct
      synchronisation. Ground station TC receives the pair of pulses at a time
      (say 100 .mu.S) later depending on range. Ground station TC computes the
      time difference t.sub.1 between when it expects the aircraft A1 to have
      transmitted and the time of reception of the transmitted pair of pulses. A
      predetermined time again (100 .mu.S) in the example presently considered)
      before the end of the time slot aircraft A1 is due to receive a response
      from ground station TC. At a time prior to this by a period equal to time
      difference t.sub.1, ground station TC transmits the response. Upon receipt
      of the response by aircraft A1 at the expected time, the aircraft is
      assured that it is correctly synchronised with ground station TC.
PAR  If on the other hand the clock in aircraft A1 is in error the response
      received by the aircraft will be early if its clock is slow and late if
      its clock is fast to an extent dependent upon the extent of the error.
      FIG. 5 assumes that the aircraft clock is slow by 100 .mu.S. The
      transmission by the aircraft then occurs 200 .mu.S into its time slot.
      Ground station computes the time difference t.sub.2 between when it
      expects the aircraft to have transmitted and the time of reception of the
      transmitted pair of pulses. At a time prior to the aforementioned
      predetermined time when the aircraft is due to receive a response from
      station TC, station TC transmits its response. This will be received by
      the aircraft A1 at a time earlier than expected by a time period equal to
      twice the extent by which its clock is slow. The aircraft is then enabled
      to adjust its clock to achieve synchronism with ground station TC. Three
      seconds later a time slot is again available to aircraft A1 during which
      the synchronising procedure outline above is repeated. Having thus
      achieved synchronisation of the time standard clock carried by the
      aircraft with the time standard of the ground stations, each transmission
      of ranging signals by the different ground stations may be used to
      indicate the range of the aircraft from the particular ground station.
PAR  The timing of the whole system will be understood from FIGS. 2 and 3. An
      epoch of duration 3 seconds is divided into 1,000 .mu.S slots. Each slot
      is shown in FIG. 3 which is to a scale greater than FIG. 2. The first time
      slot is allocated to the transmission of ranging information by ground
      station TA. The following nine time slots are allocated each to one of
      nine different aircraft A1 to A9 for the purpose of achieving
      synchronisation as outlined above. The next time slot is allocated to the
      transmission of ranging signals by ground station TB, whilst the next nine
      time slots are allocated each to one of nine different aircraft A10 to A18
      for obtaining synchronisation as outlined above. The next time slot is
      allocated to the transmission of ranging information by ground station TC
      . . . and so on. A complete epoch of three seconds is shown in FIG. 2,
      during which time each ground station transmits ranging signals in its
      turn on 30 occasions. On the first occasion each ground station transmits
      ranging signals in an epoch, in addition it transmits a short ground
      station identifying signal (not represented in FIGS. 2 and 3) to define
      the position of its ranging signal transmissions in the epoch.
      Interspersed between the transmission at every one tenth of a second of
      the ground stations TA to TJ are the 2700 time slots allocated to 2700
      different aircraft A1 to A2700 associating with the system. Thus in the
      system described by way of example here 2700 aircraft may associate with
      the system at any one time.
PAR  Although ideally the system services 270 different aircraft from each
      beacon, theoretically all 2700 aircraft could operate on any one. The
      performance of the system is largely independent of the number of aircraft
      obtaining service.
PAR  Each aircraft may obtain range from all beacons within range of a system,
      thus obtaining information enabling it to obtain its position in space if
      at least three are available.
PAR  As all aircraft interrogations are available at all beacons within range,
      the ground system may compute position in space of each aircraft.
PAR  Slots may be allocated more frequently for ranging purposes if required,
      i.e. the ranging interval may be halved from 0.1 secs. to 0.05 secs.
      causing a reduction from 2700 to 2400 in the number of aircraft which can
      obtain service.
PAR  As will be appreciated since all of the aircraft associating with the
      system are time synchronised equipment may be provided in each aircraft
      for measuring the range of itself from any of the other aircraft
      associating with the system. In other words, the present system is capable
      of providing a collision avoidance system (CAS). As with known CAS systems
      if one of the two pulses transmitted by each aircraft is longer, Doppler
      effect may be used in one aircraft to indicate the closing velocity of
      that aircraft and any other associating in the system.
PAR  During the time slot allocated to each aircraft it will be understood that
      information such as height or aircraft identification may be transmitted
      by the aircraft to the ground system and vice versa.
PAR  As has already been mentioned the ground stations in the system are
      geographically spaced. In order to cover an extended territory, further
      adjacent systems may be provided on further frequency channels.
PAR  Referring to FIG. 6, this illustrates an alternative timing arrangement
      which may be used to advantage in some cases. In this case the epoch is
      again divided into a plurality of 1000 micro second time slots and again
      the transmitters TA to TJ transmit sequentially and in turn ranging
      signals, whilst synchronisation is effected between ranging signal
      transmissions. In this case, however, ground station TA transmits ranging
      signals during the first third of a first time slot, ground station TB
      transmits ranging signals during the first third of the next following
      1000 micro second time slot -- and so forth.
PAR  An aircraft, A.sub.1 in FIG. 6, wishing to synchronise itself with ground
      station TA transmits an interrogating signal to ground station TA at the
      end of the first third of the time slot allocated to that aircraft. At the
      beginning of this time slot one of the ground stations TA to TJ will have
      transmitted its ranging signal. For purposes of illustration it is assumed
      that this is ground station TF. Similarly an aircraft, A.sub.2 in FIG. 6,
      wishing to synchronise itself with another ground station, in this case TC
      say, transmits an interrogating signal to ground station TC, after the end
      of the first third of the time slot allocated to the aircraft A.sub.2. At
      the beginning of this last mentioned time slot, ground station TG will, of
      course, have transmitted its ranging signal.
PAR  Ground station TA transmits synchronising signals to aircraft A.sub.1 at a
      time such that the transmissions are received by aircraft A.sub.1 100 .mu.
      seconds before the end of the synchronising time slot allocated to
      aircraft A.sub.1.
PAR  The transmission of synchronising signals by the ground station TC to the
      aircraft A.sub.2 is similarly arranged.
PAR  In FIG. 6, ranging signals transmitted by the ground station TF, are
      referenced TFR, ranging signals transmitted by the ground station TG are
      referenced TGR, interrogating signals transmitted to ground station TA by
      aircraft A.sub.1 are referenced ITA, interrogating signals transmitted
      from aircraft A.sub.2 to ground station TC are referenced ITC. While
      synchronising signals transmitted from ground station TA to aircraft
      A.sub.1 and ground station TC to aircraft A.sub.2 are referenced RTA and
      RTC respectively. The dashed line in FIG. 6 indicates the end of the first
      third of each 1000 micro second time slot.
PAR  Using timing as illustrated in FIG. 6, at 1000 time slots per second, each
      ground station provides 100 ranging signals per second. Thus ranging
      information is provided at 10 times per second and fluctuations will be
      reduced by .sqroot.10 compared with an arrangement using timing as
      described with reference to FIGS. 2 to 5.
PAR  The system may now accommodate a total of 3000 aircraft and therefore the
      epoch could be reduced to 2 seconds if desired.
PAR  Since the accuracy of ranging in any period between synchronisation depends
      upon the accuracy of synchronisation, fluctuations may be further reduced
      if the clock accuracy in the airborne equipment is such that
      synchronisation information can be averaged over 10 epochs, i.e. 30
      seconds.
PAR  Referring to FIG. 7, the central clock for the ground transponder station
      is referenced 1, this is connected to apply clock signals to a control
      circuit 2, which controls the timing of the various functions performed by
      the ground station. One connection from control circuit 2 controls the
      triggering of transmitter 3 at times when this is due to transmit ranging
      signals as previously described. Transmitter 3 is connected to the
      aircraft aerial 4 via a coupler 5, which is also arranged to pass
      interrogating signals from aircraft received by aerial 4 to a receiver 6.
      Output from receiver 6 is applied to a decoding circuit 7, which is
      arranged to recognise incoming interrogating signals from an aircraft
      wishing to synchronise these with the ground station.
PAR  Output from decoder 7 is applied to a timing circuit 8 which supplies a
      triggering signal to transmitter 3 which is independent of the triggering
      signal controlled thereto by control circuit 2. This triggers the
      transmission of a synchronising response signal to the interrogating
      aircraft timed as previously described, by a comparison of clock signals
      from clock circuit 1 derived via control circuit 2 and the time of arrival
      of the interrogating signal from the aircraft derived from decoder 7.
PAR  Referring to FIG. 8, the aircraft's central clock circuit is referenced 9
      and output from this is connected to a control circuit 10, which controls
      the timing of the various functions performed by the airborne equipment.
      Control circuit 10 is connected to control the triggering of interrogating
      transmitter 11, the output of which is connected via a coupler 12 to the
      aircraft aerial 13. Coupler 12 is also connected to pass responses from
      the ground station being interrogated to a receiver 14. The output at
      receiver 14 is connected to a decoding circuit 15, the output of which is
      in turn connected to one output of a comparator 16. A second input for
      comparator 16 is derived from the clock circuit 9 via control circuit 10,
      so that any disparity between the synchronising signals received via
      decoder 15 from the ground station being interrogated and the timing
      signals from clock circuit 9 may be developed into a control signal
      applied via lead 17 to adjust the frequency of clock circuit 9.
PAR  Timing signals from clock circuit 9 are also passed via control circuit 10
      to a range computer 18, which, by comparing these signals with signals
      received from the ground station via decoder 15, over lead 19, computes
      the range of the ground station, as known per se.
PAR  It will be noted that the detailed design of the circuits schematically
      illustrated by blocks in FIGS. 7 and 8 may follow conventional practice
      and more detailed description is not thought necessary to enable a man
      skilled in the art to carry the invention into effect.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a system for aiding navigation, the combination of:
PA1  a plurality of moving craft, each including transmitter means for
      transmitting an interrogation signal only once and at a fixed time within
      a particular time slot, which fixed time establishes an epoch for each
      craft which may differ from a master epoch, each craft transmitting during
      a different time slot within the master epoch;
PA1  at least one fixed station, including transmitter means for transmitting
      ranging signals at fixed times uniquely to define said master epoch and
      each time slot within it, and for transmitting a synchronizing signal
      within each time slot only in response to an interrogation signal; and
PA1  means at each craft for adjusting the time of transmission of each
      interrogation signal in response to said synchronizing signal, whereby the
      epoch established by each craft is adjusted to coincide in time with said
      master epoch, there being n time slots in each epoch whereby n moving
      craft may associate with the system.
NUM  2.
PAR  2. A system as claimed in claim 1 and wherein each of said ranging signals
      comprises a pair of pulses whose separation identifies the fixed station
      by which they are transmitted.
NUM  3.
PAR  3. A system as claimed in claim 1 wherein each of said craft transmits an
      identifiable interrogation signal intended for a selected fixed station
      whereby said craft may select which of said fixed stations it utilizes to
      obtain time synchronizing signals, said selected fixed stations each
      including means responsive to said identifiable interrogation signals from
      said craft for transmitting time synchronizing signals to that craft.
NUM  4.
PAR  4. A system as claimed in claim 3 wherein each identifiable interrogation
      signal transmitted by said craft consists of a pair of pulses, the
      separation of which identifies the selected fixed station for which it is
      intended.
NUM  5.
PAR  5. A system as claimed in claim 3 wherein the identifiable interrogation
      signal transmitted by each aircraft has a frequency of transmission which
      identifies the station for which it is intended, different ones of said
      selected fixed stations being allocated different frequencies on which to
      operate.
NUM  6.
PAR  6. A system as claimed in claim 5 wherein the identifiable interrogating
      signal transmitted by each aircraft consists of a pair of pulses the
      separation of which identifies the station for which it is intended.
NUM  7.
PAR  7. A system as claimed in claim 4 wherein, in response to the receipt of
      said pair of pulses, each selected fixed station transmits, within the
      time slot allocated to the craft transmitting said pair of pulses, an
      identifiable synchronizing signal comprising a pair of pulses whose
      separation identifies said selected fixed station.
NUM  8.
PAR  8. A system as claimed in claim 1 and wherein said craft are aircraft and
      said system an aircraft landing system.
NUM  9.
PAR  9. In a navigation aiding system, the combination of:
PA1  a relatively fixed station having a master clock associated therewith,
      transmitter means connected with said master clock for transmitting
      ranging signals at predetermined times, receiver means for receiving an
      interrogating signal from a craft, and means interconnecting said receiver
      means and said transmitter means for causing said transmitter means to
      transmit a time synchronizing signal at a predetermined time in advance of
      a second fixed reference time of the master clock equal to the time
      difference between a first fixed reference time of the master clock and
      receipt of the interrogating signal from the craft; and
PA1  a craft-carried system including an adjustable clock to be synchronized
      with said master clock, craft receiver means for receiving said ranging
      signals and said time synchronizing signal, craft transmitter means
      connected with said adjustable clock for transmitting said interrogating
      signal at that time of said adjustable clock theoretically corresponding
      to said first fixed reference time, and means interconnecting said craft
      receiver means and said adjustable clock for adjusting said adjustable
      clock such that the time of receipt of said synchronizing signal is said
      second fixed reference time, whereby to synchronize the first and second
      fixed reference time, according to said adjustable clock to the
      corresponding fixed reference times of said master clock.
NUM  10.
PAR  10. In a system as defined in claim 1 wherein there is a plurality of fixed
      stations, each transmitting ranging signals at different fixed times in
      said master epoch, there being a plurality of time slots interspersed
      between each successive pair of ranging signal transmissions.
NUM  11.
PAR  11. In a system as defined in claim 1 wherein there is a plurality of fixed
      stations, each transmitting ranging signals at different fixed times in
      said master epoch, which different fixed times define the beginnings of
      said time slots.
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PAL  1. In a pulse-repetition frequency discriminator, the combination
       compris: g
PA1  A. a pulse generator for generating pulses at a predetermined reference
      frequency,
PA1  B. a gate generator coupled to said pulse generator and being responsive to
      the generated pulses to generate a gate signal having a width of a
      predetermined percentage of the repetition period of the predetermined
      reference frequency,
PA1  C. ramp generator means coupled to said gate generator for converting said
      gate signal into a triangular shaped signal,
PA1  D. a normally closed gate circuit coupled to said ramp generator means and
      to an input terminal adapted to receive radar pulses of interest and being
      responsive to received radar pulses having a frequency within said gate
      signal to pass a portion of said triangular shaped signal,
PA1  E. circuit means having an input coupled to said normally closed gate
      circuit and having a reference voltage equal to one-half the amplitude
      voltage of said triangular shaped signal and having an output coupled to
      said pulse generator for feeding a corrective voltage proportional to the
      difference between the amplitude of the output voltage passed by said
      normally closed gate and said reference voltage to said pulse generator to
      change the PRF of said pulse generator in a direction to reduce said
      corrective voltage to zero.
GOVT
PAR  The invention herein described may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAR  The present invention relates to pulse repetition frequency discriminators
      (PRFD) and more particularly to pulse repetition frequency discriminators
      for tracking radar signals.
PAR  There are several pulse repetition frequency (PRF) discriminators available
      for use in target acquisition systems, but they have the disadvantage of
      either operating only over a narrow PRF range or cover a suitable range
      but are large and complex. The present invention provides a PRFD which is
      stable over a wide range of operating frequencies and temperatures and yet
      is simple in construction and requires a small volume.
PAR  The present invention provides a system which can acquire and track the
      pulses from a target radar and reject pulses produced by any other source.
      The pulse repetition frequency of the target radar is detected and then
      locked on by the detector. A PRF gate is generated and its time position
      is controlled so that the radar pulse appears in the middle of the gate. A
      comparison circuit provides a feedback to initiate control of the gate
      position so that the radar pulse will appear within the gate.
PAR  An object of the present invention is the provision of a pulse repetition
      frequency discriminator which will acquire one train of radar pulses to
      the exclusion of pulses produced by extraneous radars.
PAR  Another object of the invention is the provision of a pulse repetition
      frequency discriminator with a wide pulse repetition frequency range of
      operation and is stable over a wide temperature range.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      become readily appreciated as the same becomes better understood by
      reference to the following detailed description when considered in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 is a block diagram of a preferred embodiment of the invention.
PAR  FIG. 2 is a schematic diagram of the embodiment of FIG. 1.
PAR  FIG. 3 is a graph of representative waveforms used in describing the
      embodiment of FIG. 1.
DETD
PAR  Referring now to the drawings there is shown in FIG. 1 a pulse repetition
      frequency generator 10 consisting of triangle generator 12, multiar 14 and
      discharge generator 16. Gate generator 18 which is initiated by an output
      pulse from multiar 14 determines the width of the open gate provided for
      the video circuitry. The output from gate generator 18 is integrated in
      ramp generator 20 and provides a linear triangle voltage which is fed to
      feeder circuit 22. A gate pulse arriving at terminal 24 during the
      duration of the triangle voltage pulse from ramp generator 20 will gate
      some of the ramp voltage to memory circuit 26. If the gate pulse arrives
      early or late during the duration of the triangle pulse a voltage will be
      fed to the memory circuit 26 and then to multiar 14 to either increase or
      decrease the PRF of generator 10 so that the gate pulse will appear in the
      middle of the triangle pulse. Multiar 14 operates in the same manner as
      the standard multiar except the polarity of the input waveform is reversed
      from the normal.
PAR  The frequency of triangle generator 12, gate width of the output of gate
      generator 18, and the ramp height of the output of ramp generator 20 are
      controlled by drive motor 28 which is connected to a manual control means,
      not shown.
PAR  As shown in FIG. 2, triangle generator 12 has a variable RF circuit
      comprising capacitor 31, and resistors 33, 35. The rate at which capacitor
      31 charges is controlled by motor driven potentiometer 35, which is the
      PRF slew. The triangle generated voltage (waveform A, FIG. 3) is coupled
      by field-effect transistor 37 which functions in the same manner as a
      cathode follower, to the voltage comparing transistor 39 in multiar 14. A
      reference voltage averaging about +10 volts is provided at junction 41.
      When the amplitude of the output waveform from generator 12 is equal to
      the reference voltage at terminal 41, multiar 14 is triggered and
      generates a narrow pulse (waveform B, FIG. 3). This pulse is coupled by
      lead 43 to transistor 45 of gate generator 18 and to transistor 47 of
      discharge generator 16. Discharge generator 16 is shown as a blocking
      oscillator which produces a narrow negative pulse (waveform C) which is
      fed back through lead 49 and diode 51 to field-effect transistor 37 to
      drive triangle generator 12 to ground and the cycle will begin again.
      There will be approximately ten microseconds jitter at 200 PPS and
      essentially no jitter at 2,000 PPS.
PAR  Gate generator 18 determines the width of the open gate (waveform D and the
      signal at terminal 25). A desired width is ten percent of the PRF period
      and is determined by the value of capacitor 53. To maintain a constant
      percentage of gate width regardless of PRF, the period of gate generator
      18 is varied by varying potentiometer 55 in synchronism with potentiometer
      35. When a pulse is received from multiar 14, transistor 45 triggers the
      one-shot multivibrator comprised of transistors 57 and 59.
PAR  The output signal (waveform D) is coupled to output terminal 25 and to ramp
      generator 20 where it is integrated to provide a linear triangle voltage
      (waveform E). The positive-going gate voltage at transistor 59 is coupled
      to the double emitter follower, transistors 61 and 63, pulling the emitter
      of transistor 63 to almost B+ voltage of approximately 10 volts. Capacitor
      65 begins charging positively through potentiometer 67 and resistor 69.
      The time constant of the charging circuit is adjusted by motor-driven
      potentiometer 67 and should be adjusted to produce a constant +7 volt
      amplitude at the time the gate pulse terminates. When the gate is removed,
      the positive voltage on capacitor 65 is discharged through diode 71 and
      emitter resistor 73 to ground. The generated ramp voltage is coupled
      through emitter follower 75 and filter network 77 to one side of feeder
      network 22.
PAR  Feeder circuit 22 is a ring diode gate and current passage through the ring
      is normally prevented by zener diode 79. A pulse received at terminal 24
      and coupled through transformer 82 breaks down diode 79 so that a low
      impedance exists across terminals 83 and 85 of the ring diode gate. The
      ramp voltage from emitter follower 75 is applied to terminal 87 of the
      feeder network 22 and terminal 89 has a voltage applied that is half way
      between the minimum and maximum values of the ramp voltage. Memory
      capacitor 91 is isolated from the ramp voltage by the feeder network
      except when the threshold pulse at terminal 24, denoting a video pulse to
      be tracked, is applied. If the threshold pulse is applied during the last
      half of the gate (waveform D), the ramp voltage is positive with respect
      to the nominal memory capacitor voltage at terminal 89, and a positive
      charge is fed to capacitor 91. If the pulse occurred during the first half
      of the gate, a negative charge is added. The amount of charge added is
      linearly proportional to the distance from the center of the gate, being
      zero at the center of the gate and a maximum at the edges. The rate of
      charge, or gain of the tracking loop, can be adjusted by changing the
      value of resistor 78.
PAR  The voltage developed across capacitor 91 is coupled through field-effect
      transistor 93 which functions in the same manner as a cathode follower, to
      temperature compensated resistance network 95, which results in a PRF
      tracking perturbation around the nominal multiar reference voltage. There
      will be a variation of slightly above and below the multiar reference
      voltage, depending upon the amount of PRF generator correction that is
      required to maintain lock upoon a signal. The change of voltage across
      memory capacitor 91 is applied to transistor 39 of multiar 14, causing the
      period of PRF generator 10 to increase or decrease, depending on the
      direction of the change.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a pulse-repetition frequency discriminator, the combination
      comprising:
PA1  a. a pulse generator for generating pulses at a predetermined reference
      frequency,
PA1  b. a gate generator coupled to said pulse generator and being responsive to
      the generated pulses to generate a gate signal having a width of a
      predetermined percentage of the repetition period of the predetermined
      reference frequency,
PA1  c. ramp generator means coupled to said gate generator for converting said
      gate signal into a triangular shaped signal,
PA1  d. a normally closed gate circuit coupled to said ramp generator means and
      to an input terminal adapted to receive radar pulses of interest and being
      responsive to received radar pulses having a frequency within said gate
      signal to pass a portion of said triangular shaped signal,
PA1  e. circuit means having an input coupled to said normally closed gate
      circuit and having a reference voltage equal to one-half the amplitude
      voltage of said triangular shaped signal and having an output coupled to
      said pulse generator for feeding a corrective voltage proportional to the
      difference between the amplitude of the output voltage passed by said
      normally closed gate and said reference voltage to said pulse generator to
      change the PRF of said pulse generator in a direction to reduce said
      corrective voltage to zero.
NUM  2.
PAR  2. The discriminator of claim 1 wherein said pulse generator comprises:
PA1  a. a triangle generator for generating triangle wave shaped voltages,
PA1  b. a multiar circuit coupled to said triangle generator for generating an
      output pulse when the amplitude of the triangle voltage reaches a
      predetermined value,
PA1  c. discharge generator means coupled to said triangle generator and to said
      multiar circuit and being responsive to the output pulse of said multiar
      circuit for generating a discharge pulse to terminate the output voltage
      from said triangle generator and cause a new waveform signal to start.
NUM  3.
PAR  3. The discriminator of claim 2 wherein said multiar circuit comprises:
PA1  a. a transistor having a collector base and emitter,
PA1  b. input circuit means including a feedback transformer, diode and coupling
      capacitor connected in series, said coupling capacitor being connected to
      said base,
PA1  c. a reference voltage connected to a point intermediate said diode and
      said capacitor, said diode being poled so that an input signal having a
      magnitude less than said reference voltage is blocked,
PA1  d. circuit means coupling a positive feedback to said feedback transformer.
NUM  4.
PAR  4. The discriminator of claim 1 wherein said normally closed gate circuit
      comprises:
PA1  a. a ring type diode bridge,
PA1  b. a Zener diode,
PA1  c. an input transformer having a primary winding and a secondary winding
      connected in series with said Zener diode between the first and third
      bridge junctions,
PA1  d. said triangular shaped signal being connected between the second and
      fourth bridge junctions.
NUM  5.
PAR  5. The discriminator of claim 1 wherein said circuit means comprises:
PA1  a. a storage capacitor coupled to said gate circuit and to said reference
      voltage so that when the output from said gate circuit is different from
      said reference voltage a charge proportional to the difference will flow
      in said capacitor.
PATN
WKU  039435113
SRC  5
APN  4757106
APT  1
ART  222
APD  19740531
TTL  Spike enable circuit
ISD  19760309
NCL  16
ECL  1
EXP  Hubler; Malcolm F.
NDR  4
NFG  5
INVT
NAM  Evans; Norol T.
CTY  San Pedro
STA  CA
INVT
NAM  Hyneman; Richard F.
CTY  Fullerton
STA  CA
ASSG
NAM  Hughes Aircraft Company
CTY  Culver City
STA  CA
COD  02
CLAS
OCL  343  7A
XCL  343100LE
EDF  2
ICL  G01S  902
FSC  343
FSS  100 LE;7 A
UREF
PNO  3032757
ISD  19620500
NAM  Majerus et al.
OCL  343100LE
UREF
PNO  3704464
ISD  19721100
NAM  Drane, Jr. et al.
OCL  343100LE
UREF
PNO  3860924
ISD  19750100
NAM  Evans
OCL  343  7A
LREP
FR2  Ware; Paul H.
FR2  MacAllister; W. H.
ABST
PAL  The elimination of interfering radiation from received radar signals is
      generally accomplished by side-lobe suppression systems. Large clutter
      signals, however, can cause a side-lobe suppression system to become
      almost inoperable. In a high clutter environment the operation of a
      conventional side-lobe suppression system may also result in a high
      incidence of false alarms. In the present invention, pulse interference
      that arrives by way of the main antenna side-lobes that is smaller on the
      side-lobe suppression channel than the clutter signal appearing on the
      main radar channel is blanked prior to the implementation of a moving
      target indication (MTI) channel. A sharply rising interference pulse such
      as a spike occurring in the auxiliary channel may be detected by a fast
      time constant (FTC) circuit to provide a sidelobe blanking signal.
GOVT
PAR  The invention described herein was made in the course of or under a
      contract or subcontract thereunder with the Department of the Navy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to radar systems and more particularly to the
      blanking of pulse interference.
PAR  2. Description of the Prior Art
PAR  Side-lobe blanking circuits are used to blank out interfering or jamming
      pulses and are usually implemented at the video output of the radar
      receiver. In the conventional radaor side-lobe blanking system, two
      antennas are used, one having a highly directional beam and the usual
      side-lobes is employed as the main antenna, the other auxiliary antenna is
      often an omnidirectional antenna whose gain is substantially equal to the
      gain of the principal side-lobes of the main antenna. The gain of the
      auxiliary antenna may be made slightly larger, say about 6 dB, than the
      gain of the principal side-lobes of the main antenna. When a signal as
      received in the omnidirectional or auxiliary antenna is larger than the
      signal as received in the principal side-lobes of the main antenna, a
      blanking signal is developed and applied to the receiver processing
      circuits. When the signal as received in the directional antenna is
      considerably larger than the signal as received in the omnidirectional
      antenna, indicating the presence of a target in the main beam of the
      directional antenna, no blanking signal is developed thus allowing
      presentation of the display of a signal received in the main beam of the
      directional antenna. Signals received in the side-lobes but not in the
      main beam of a directional antenna are thus eliminated while signals
      received in the main beam are displayed.
PAR  In conventional side-lobe blanking receivers utilizing an auxiliary antenna
      arrangement, the side-lobe signals are processed in the side-lobe receiver
      in an identical manner to the precessing of the signals in the main radar
      receiver. The detected outputs of the two receivers are then compared and
      if the amplitude of the video signal from the side-lobe receiver exceeds
      the amplitude of the radar receiver video signal, a blanking gate having
      the width of the side-lobe video is generated. This blanking gate is used
      for blanking the corresponding false target or any target appearing in the
      radar receiver at that time. If the amplitude of the radar receiver video
      exceeds that of the side-lobe receiver video, a blanking gate is not
      generated and the target is assumed to be real. However, in a radar system
      having a moving target indication mode, the side-lobe blanking can cause a
      substantial increase in false target reports at the output of the moving
      target indicator. For instance, the clutter on the main channel might be
      plus 40 db signal-to-noise ratio, the interference signal on the auxiliary
      channel plus 30 db signal-to-noise ratio, and the interfering pulse on the
      main channel plus 20 db signal-to-noise ratio. A conventional side-lobe
      suppression blanking system would not blank this pulse, therefore if the
      clutter on the main channel were later reduced by an MTI process, the plus
      20 db interference pulse on the main channel would cause a false alarm.
PAR  A system that would substantially eliminate the type of pulse interference
      as described herein while at the same time maintaining a relatively low
      false target rate would be of considerable importance to the art.
PAC  SUMMARY OF THE INVENTION
PAR  The proposed spike enable circuit allows the radar system so equipped to
      operate in an environment containing large clutter and interfering signal
      pulses without a large false alarm rate due to the effects of such large
      clutter or signal returns. In the radar system of the invention, a spike
      enable circuit is provided in combination with a conventional side-lobe
      blanking system and a moving target indicator system that operates to
      eliminate the substantial increase in false target reports that occurs at
      the output of conventional side-lobe blanking and moving target indicator
      systems. In order to provide a relatively low false target rate, the spike
      enable circuit includes a fast time constant circuit responsive to the
      auxiliary channel signal and which may be in combination with a threshold
      circuit. The spike enable circuit operates in parallel with the
      conventional comparison network of a side-lobe blanking system. In
      accordance with the principles of the invention the auxiliary antenna may
      be selected with an odd pattern symmetry such as a difference pattern to
      provide a substantial reduction of the clutter return on the auxiliary
      channel.
PAR  It is therefore an object of this invention to provide a radar receiver
      system that allows blanking of interfering signals while reliably
      processing target return signals in a high clutter environment.
PAR  It is a further object of this invention to provide an improved radar
      system utilizing side-lobe blanking in combination with a moving target
      indicator that will operate at a relatively low false target rate.
PAR  It is a still further object of this invention to provide a moving target
      indicator system in combination with a side-lobe blanking system that,
      with a minimum of additional hardward, substantially eliminates false
      target reports conventionally caused by the side-lobe blanking action in
      high clutter environments.
PAR  Another further object of this invention is to blank pulse interference
      that arrives by way of the main antenna side-lobes that is smaller on the
      side-lobe suppression channel than the clutter signal appearing on the
      main radar channel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, features and advantages of the invention itself
      will become apparent to those skilled in the art in the light of the
      following detailed description taken in consideration with accompanying
      drawings wherein like reference numerals indicate like corresponding parts
      throughout the several parts wherein:
PAR  FIG. 1 is a schematic plan view showing the gain characteristics of a main
      lobe antenna and an auxiliary antenna in a conventional side-lobe
      suppression system.
PAR  FIG. 2 is a schematic plan view showing the gain characteristics of a main
      lobe antenna and an auxiliary antenna in accordance with the invention.
PAR  FIG. 3 shows a block diagram of the spike enable circuit of the invention
      including an illustration of a fast time constant circuit.
PAR  FIGS. 4a and 4b show a block diagram of a radar system into which the spike
      enable circuit of the invention has been incorporated.
DETD
PAR  Referring first to FIG. 1, general operation of a conventional side-lobe
      blanking system will be first explained relatively to a target 10 and an
      interfering source 14. An antenna system 16 may include a main lobe or
      radar antenna 18 and a side-lobe or auxiliary antenna 20, normally
      positioned adjacent to each other or in close proximity. The antennas 18
      and 20 may be different aperture elements in the same array or may be
      parabolic dish type antennas placed substantially close to each other. The
      radar antenna 16 has a main lobe pattern 22 and a plurality of side-lobe
      patterns such as 24 and 26. The auxiliary antenna 20 which is a side-lobe
      antenna may be a low gain antenna and have an antenna pattern such as 28
      which may be of a substantially constant amplitude over an azimuth
      receiver range of an angle 29. The gain of the main lobe antenna is shown
      by a line 30 and the gain of the side-lobe antenna 20 is shown by line 34.
PAR  The side-lobes of the main radar antenna 18 have a general amplitude
      indicated by a line 36. A gain between that of the auxiliary antenna 34
      and the side-lobe antenna gain of the line 36 may be a selected decibel
      value. Energy from the interfering source 14 has a gain in the auxiliary
      side-lobe antenna indicated by the line 34 and a gain in the main lobe
      antenna indicated by the line 36. Thus, energy received from the source 14
      is interpreted as side-lobe energy, to be blanked out in response to a
      comparison of the auxiliary side-lobe signal amplitude to the main radar
      signal amplitude in which the auxiliary side-lobe signal amplitude is
      larger. The interfering source 14 may be any operating radar system
      providing interference energy, a side-lobe repeater, as is well-known in
      the art, or any pulsed interference generator responsive to the received
      pulsed repetition frequency, for example, or for that matter, any source
      of clutter.
PAR  The radar echo return from the target 10, on the other hand, will exhibit a
      much greater amplitude in the main radar channel since it is being "seen"
      by the main lobe 22. Subsequent comparison to the signal appearing on the
      auxiliary channel will show this considerably greater amplitude and will
      therefore indicate a true target, that is, one not to be blanked out. Such
      a target as that shown at 10 will then be processed and displayed by the
      conventional radar receiver system.
PAR  Referring now also to FIG. 2, the side-lobes 24 of the main radar antenna
      18 have an amplitude substantially lower than the main lobe 22 and the
      gain between that of the auxiliary antenna 20 and the side-lobe gain of
      the main antenna 18 may be, for example, selected to be approximately 6 db
      at the peaks away from the null of the auxiliary antenna. The auxiliary
      antenna pattern 38 has an odd symmetry with a phase reversal on opposide
      sides of the axis 19. Thus, energy from the interfering source 14 has a
      gain in the auxiliary antenna greater than the side-lobe gain in the main
      antenna 18 except in the direction of the null axis 19. Energy received
      from the interfering or jamming source 14 in the auxiliary channel is
      utilized to cancel the jamming energy received in the main channel in the
      side-lobe positions. Clutter signals are attenuated near the null by the
      difference pattern 38 in the auxiliary channel and clutter is decorrelated
      in the difference channel by being received by randomly opposite sides of
      the axis 19. Also, energy received from the target along the axis 19 is
      substantially attenuated by the auxiliary antenna 20 as a result of its
      null. The conventional auxiliary antenna pattern is shown at 34.
PAR  Referring to FIGS. 2 and 3 together, FIG. 2 shows the side-lobe suppression
      antenna coverage in azimuth while FIG. 3 shows a block diagram of the
      invention. Due to the very large notch in the side-lobe suppression beam
      in the main beam direction it can be assumed that targets received on the
      side-lobe suppression channel above a selected threshold could not have
      originated in the main beam direction. Consequently, the time coincidence
      of a threshold crossing in the threshold circuit 206 (FIG. 3) and a large
      signal from the fast time constant (FTC) circuit 106 indicate the presence
      of an interfering pulse originating from a direction other than in the
      radar main beam direction. The FTC circuit 106 is set for a 2 or 3 range
      bin RC time constant so that only pulses with sharp leading edges will
      produce a suitable output signal from the circuit. The spike enable signal
      is then sent to the side-lobe blanking circuit via the lead 112 at the
      discretion of the operator. In a very large spiky clutter environment some
      false alarms may be generated. The OFF-ON switch 110 allows the operator
      to select performance in either mode for optimum system performance. High
      level clutter returns on the auxiliary channel may cause occasional false
      blanking operation in the spike enable circuit, consequently, the spike
      enable circuit should only be turned on by the operator when a heavy pulse
      interference environment is encountered.
PAR  Referring now also to the block diagram of FIGS. 4a and 4b which shows a
      radar system utilizing side-lobe blanking and the spike enable circuit of
      the invention, a transmitter 40 may be provided to supply energy pulses
      through a suitable duplexer 42 and a main lobe antenna 18 to be radiated
      into space. The energy reflected from a target or object in space is then
      intercepted by the antenna 18 and passed through the duplexer 42 to a
      conventional mixer 44 responsive to a first local oscillator 46 for
      applying a radar intermediate frequency (IF) signal to an IF amplifier 50.
      AT the same time, energy may be received from an interfering source such
      as 14 (FIG. 1) by the antenna 20 and applied to a mixer 60 to provide a
      side-lobe IF signal to an IF amplifier 64. The interfering source 14 may
      be any operating radar system providing interference energy, a side-lobe
      repeater as is well-known in the art, or any pulsed interference generator
      responsive to the received pulse repetition frequency (PRF), for example.
      As is well-known in the art, side-lobe blanking (SLB) is used primarily to
      blank interfering or jamming pulses which are of such a short timed
      duration that other types of cancelling arrangements are unable to acquire
      these pulses. The purpose of the spike enable circuit of this invention is
      to allow blanking of pulse interference that arrives via the main antenna
      side-lobes that is smaller on the side-lobe suppression channel than the
      clutter signal appearing on the main radar channel.
PAR  The main antenna 18 also receives the interfering signals and the auxiliary
      antenna 20 receives the target reflection signals, however, the selected
      gains allow the signals to be distinguished as explained relative to FIG.
      1. A timer 39 controls the timing of the transmission of pulses of energy
      and may provide clock pulses (c) to define the range bins during each
      pulse repetition interval. The radar IF signal, after amplification in IF
      amplifier 50, is then applied to a filter 52 and thence to a second mixer
      54 controlled by second local oscillator 56. This second radar IF signal
      is then applied to a filter 58 and thence to a suitable amplifier such as
      a logarithmic amplifier 100 as illustrated. The output of the filter 58 is
      also applied through a phase detector circuit 170 which generates in-phase
      (I) and quadrature (Q) components which, in turn, are applied to
      respective analog-to-digital (A/D) units 174 and 176. The phase detector
      circuit 170 is also responsive to a coherent reference signal from the
      timer 39. The digital signals from the A/D units 174 and 176 are
      respectively applied to moving target indicator units 182 and 184. Most
      modern search radars include means to detect moving targets in the
      presence of clutter. In some applications, clutter on the main channel is
      reduced by the MTI process thus allowing the radar system to extract the
      moving target echo from the clutter echo even when the clutter echo is
      considerably greater than the moving target echo. The target signal
      outputs of the MTI units 182 and 184 along with a gate control signal, are
      applied to respective side-lobe blanking gates 186 and 188. The outputs of
      side-lobe blanking gates 186 and 188 are applied as conventionally to a
      Doppler processor 124 and to utilization circuits as indicated.
PAR  In the auxiliary channel the output of IF amplifier 64 is applied to a
      suitable filter 66 and thence to a second mixer 68 under the control of
      the second local oscillator 56. This second IF signal is then processed by
      a suitable filter 70. A comparison circuit 104 responds to the logarithmic
      signals provided by log amplifiers 100 and 102. Conventionally, a
      side-lobe blanking gate signal will be generated as the output signal from
      comparison circuit 104 whenever the logarithmic signal in the auxiliary
      channel is larger than the logarithmic signal in the main channel.
      Conventional operation may thus be realized with switch 110 in position 1
      whereby a blanking gate signal is applied to a lead 112 and thence to MTI
      units 182 and 184 to provide blanking control for both the in-phase and
      the quadrature components.
PAR  For conversion of the in-phase and quadrature signals passed through the
      gates 186 and 188, combiner circuit 114 coupled to leads 116 and 118 may
      be utilized to generate the .sqroot.I.sup.2 + Q.sup.2 as is well-known in
      the art to develop the combined radar signal on a lead 120 which is
      applied to utilization circuits such as a processor or display. As is
      well-known in the art, the component combiner 114 may use an approximation
      (I + KQ) when I is greater than or equal to Q and (KI + Q) when Q is
      greater than or equal to I. In a system utilizing a doppler processor 124,
      the in-phase and quadrature components on the leads 116 and 118 are
      applied through separate doppler filter banks to ring specific filters and
      apply signals I.sub.n and Q.sub.n to a signal combiner unit 128. Either a
      circuit for providing the .sqroot.I.sub.n.sup.2 + Q.sub.n.sup.2 or the
      above discussed approximation may be utilized in the component combiner
      128 to generate a filter number F.sub.n on an output lead 132 which is
      also applied to suitable utilization circuits.
PAR  Consider now, for example, an electromagnetic radiation environment in
      which the clutter appearing on the main channel is say +40 db
      signal-to-noise ratio, the interfering signal on the auxiliary channel is
      +30 db signal-to-noise ratio and the interfering pulse on the main channel
      is +20 db signal-to-noise ratio. A conventional side-lobe suppression
      blanking system will not blank this pulse since the output at the main
      channel log amplifier will represent a processed signal of approximately
      40 db to be compared with the interfering signal on the auxiliary channel
      of +30 db, thus no blanking gate signal will be developed. Subsequent
      reduction of the clutter on the main channel by the MTI process will allow
      the +20 db pulse on the main channel to cause a false alarm.
PAR  Referring again to FIG. 2, the side-lobe suppression (SLS) antenna's
      coverage in azimuth is shown. Due to the very large notch in the SLS beam
      in the main lobe direction, it can be assumed that targets received on the
      SLS channel above a threshold, say +20 db for instance, could not have
      originated in the main beam direction. Consequently, the time coincidence
      of a threshold crossing in the compare circuit which results in a true
      signal on the lead 108 and a large signal from the FTC circuit, which has
      been set for a two or three range bin RC time constant so that only pulses
      with sharp leading edges will energize the circuit, indicates the presence
      of an interfering pulse originating from a direction other than in the
      radar main beam direction. The advantages of the invention may be realized
      with the switch 110 in position 2. An interfering pulse such as just
      described will cause a threshold crossing in threshold circuit 206, thus
      causing a true output on the lead 108. If now the leading edge of the
      interfering pulse is sharp, an output signal will be realized from FTC
      circuit 106 causing the output from AND gate 208 to become true. This
      resultant output from AND gate 208 is then applied to the lead 112 as the
      blanking gate signal for the purpose of blanking an interference pulse as
      just described. The two position switch 110 allows the operator to compare
      performance in either mode so as to optimize system performance. Thus,
      there has been described a pulse interference blanking system to be
      employed with communications systems such as data transmission or radar
      systems. The system of the invention is capable of reducing the effect of
      sharp pulse interference encountered in a high clutter environment while
      at the same time maintaining a relatively low false target rate. The
      operator or other means of control may select the mode of operation which
      appears to be optimum under the circumstances of the particular
      environment encountered.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pulse interference blanking system for operation in high-clutter
      environments for communications systems equipped with main and auxiliary
      channels and side-lobe blanking means having amplitude comparison means
      for comparing the amplitudes of the main and auxiliary channel signals and
      gating means for generating a blanking signal for blanking said main
      channel comprising:
PA1  spike enable means responsive to interference pulses with sharp leading
      edges in said auxiliary channel for generating a blanking signal; and
PA1  switch means responsive to said comparison means and said spike enable
      means for selectively applying one of said blanking signals to said gating
      means.
NUM  2.
PAR  2. The pulse interference blanking system of claim 1 in which said spike
      enable means includes threshold level circuit means responsive to said
      interference pulses and provides a threhold level output signal whenever
      said threshold level is exceeded by an incident incoming signal;
PA1  fast time constant circuit means responsive to said interference pulses
      providing a fast time constant circuit output signal;
PA1  logic means responsive to said threshold circuit means and to said fast
      time constant circuit means and providing an output signal upon
      coincidence of said threshold level output signal and said fast time
      constant circuit output signal.
NUM  3.
PAR  3. The pulse interference blanking system of claim 2 wherein said
      communications system is a radar system comprising:
PA1  a first receiver channel responsive to a signal received via a main antenna
      having a predetermined main lobe pattern along a reception axis; and
PA1  a second receiver channel responsive to a signal received via an auxiliary
      antenna having a pattern of odd symmetry relative to said main lobe
      pattern of said main antenna.
NUM  4.
PAR  4. The system of claim 3 wherein said fast time constant circuit means is a
      resistance-capacitance network.
NUM  5.
PAR  5. The system of claim 4 wherein the RC time constant of said
      resistance-capacitance network is of the order of the time constant of the
      resolution cells of said radar system.
NUM  6.
PAR  6. The system of claim 2 wherein said logic means is the logical AND
      function.
NUM  7.
PAR  7. A radar receiver system comprising:
PA1  a first receiver channel responsive to signals received via a main antenna
      having a predetermined main lobe pattern along a reception axis;
PA1  a second receiver channel responsive to signals received via an auxiliary
      antenna having a pattern of odd symmetry relative to said main lobe
      pattern of said main antenna;
PA1  a compare circuit responsive to simultaneous output signals from said first
      receiver channel and said second receiver channel;
PA1  threshold level circuit means responsive to video output signals from said
      second receiver channel to produce an output signal whenever said video
      output signal exceeds said threshold level;
PA1  fast time constant circuit means responsive to video output signals from
      said second receiver channel;
PA1  logic means responsive to output signals from said threshold level circuit
      means and said fast time constant circuit means to produce an output
      signal upon coincidence of said output signals;
PA1  switch means having a first position responsive to output signals from said
      compare circuit and providing for side-lobe blanking operation and a
      second position responsive to output signals from said logic means.
NUM  8.
PAR  8. The radar receiver system of claim 7 wherein the odd symmetry of said
      auxiliary antenna has a notch and a phase reversal in the direction of the
      main lobe of said antenna pattern along the reception axis.
NUM  9.
PAR  9. The radar receiver system of claim 7 wherein the time constant of said
      fast time constant means is of the order of the time constants of the
      resolution cells of said radar receiver system.
NUM  10.
PAR  10. An improved radar receiver system having a first receiver channel
      responsive to signals received via a main antenna exhibiting a
      predetermined main lobe pattern along a reception axis, and having a
      second receiver channel responsive to signals received via an auxiliary
      antenna, and a compare circuit responsive to simultaneous output signals
      from said first receiver channel and said second receiver channel to
      develop a side-lobe blanking signal whenever the output signal received
      from said second receiver channel is greater than the output signal
      received from said first receiver channel, wherein the improvement
      comprises:
PA1  threshold level circuit means responsive to video output signals from said
      second receiver channel to produce an output signal whenever said video
      output signal exceeds said threshold level;
PA1  fast time constant circuit means responsive to video output signals from
      said second receiver channel for producing output signals whenever said
      video output signal contains interference pulses having rise times of such
      duration as to result in wavefront steepnesses exceeding a predetermined
      value;
PA1  logic means responsive to output signals from said threshold level circuit
      means and said fast time constant circuit means to produce an output
      signal upon coincidence of said output signals; and
PA1  switch means having a first position responsive to output signals from said
      compare circuit and providing for a side-lobe blanking operation and a
      second position responsive to output signals from said logic means.
NUM  11.
PAR  11. The improved radar receiver system of claim 10 wherein said auxiliary
      antenna has a pattern of odd symmetry.
NUM  12.
PAR  12. The system of claim 11 wherein the odd symmetry of said auxiliary
      antenna has a notch and a phase reversal in the direction of the main lobe
      of said main antenna pattern along the reception axis.
NUM  13.
PAR  13. The system of claim 10 wherein said fast time constant circuit means is
      a resistance-capacitance network.
NUM  14.
PAR  14. The system of claim 13 wherein the RC time constant of said
      resistance-capacitance network is of the order of the time constant of the
      resolution cells of said radar receiver system.
NUM  15.
PAR  15. The system of claim 10 wherein said logic means is the logical AND
      function.
NUM  16.
PAR  16. The system of claim 10 wherein the output signal from said logic means
      is a blanking gate signal.
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PAL  Method using the difference in the value of the angle-error gradient
      exhibited by the mainlobe and any sidelobe antenna pattern of a monopulse
      radar to discriminate between mainlobe lock-on and sidelobe lock-on of a
      detected target.
BSUM
PAR  This invention relates to a monopulse radar operating technique and, more
      particularly, to an improved method for detecting the occurrence of
      sidelobe lock-on in a search-track monopulse radar.
PAR  As is known, in its search mode, the antenna of a search-track monopulse
      radar is slewed in azimuth and/or elevation until a target is detected, at
      which time the monopulse radar locks onto the detected target and switches
      over to its track mode. In its track mode, azimuth and/or elevation error
      signals proportional to the error between the pointing direction of the
      axis of the radar antenna and the azimuth and/or elevation of the
      locked-on target at any instant are developed and employed in a servo
      system to cause the radar antenna to track the locked-on target.
PAR  As is also known, in addition to a desired mainlobe radiation pattern, a
      monopulse radar antenna inherently also gives rise to undesired sidelobe
      radiation patterns. Thus, sidelobe lock-on, rather than mainlobe lock-on,
      of a detected target can occur in a monopulse radar, although this leads
      to erroneous determination of the position of the target. It is therefore
      usually necessary to detect the occurrence of unwanted sidelobe lock-on in
      a monopulse radar system, so that if it does occur, the monopulse radar
      may be switched back to its search mode and the target reacquired by the
      mainlobe.
PAR  The detection of sidelobe lock-on in search-track monopulse radar, prior to
      the present invention, has utilized the sidelobe to mainlobe antenna gain
      differences as the discriminant. However, this gain approach requires the
      existence of a broad beam auxiliary antenna to provide a reference for
      antenna gain comparisons. The signal from this auxiliary antenna also must
      be processed through a separate receiver channel. Thus, considerable extra
      equipment must be provided to implement this prior art gain approach for
      detecting sidelobe lock-on. Not only does this extra equipment add to the
      cost of a search-track monopulse radar, but many monopulse search-track
      radars have been constructed which cannot be readily modified to
      incorporate this extra equipment as part of the radar itself.
PAR  In accordance with the present invention, it is proposed to detect the
      occurrence of sidelobe lock-on in a search-track monopulse radar by making
      use of the differences in angle-error gradients which exist between the
      mainlobe and sidelobes. A sidelobe of a monopulse antenna is associated
      with an angle-error gradient which is significantly different (i.e.:
      higher volts/offset angle or lower volts/offset angle, depending on the
      specific configuration of the monopulse radar antenna) than that
      associated with the mainlobe of the antenna. Although this characteristic
      has been observed for years, no specific note has been taken of it nor has
      any known use been made of it. However, the angle-error gradient
      difference is great enough to allow its use as a practical sidelobe
      lock-on discriminant.
DRWD
PAR  This and other features and advantages of the present invention will become
      more apparent from the following detailed description taken together with
      the accompanying drawing, in which:
PAR  FIG. 1 is a functional block diagram of a conventional monopulse radar;
PAR  FIG. 2 illustrates the mainlobe and a pair of sidelobes of a composite
      (sum) antenna pattern of a monopulse radar;
PAR  FIG. 3 shows a first modification of the antenna servo and search-track
      control means of FIG. 1 which incorporates a first embodiment of the
      present invention, and
PAR  FIG. 4 shows a second modification of the antenna servo and search-track
      control means of FIG. 1 which incorporates a second embodiment of the
      present invention.
DETD
PAR  Referring now to FIG. 1, a conventional monopulse radar includes a
      monopulse antenna and signal combining means 10. As is known, the
      monopulse antenna usually comprises a paraboloid reflector and four feeds
      spaced from and symmetrically disposed about the axis of the reflector.
      Each of a series of pulses of wave energy, supplied by transmitter 12, is
      fed to and radiated in phase by all four antenna feeds as a single
      exploratory pulse. Radar echos received by the monopulse antenna are
      individually picked up by each of the four feeds, to thereby provide four
      separate feed signals. The signal combining means of block 10 combines
      these four feed signals in each of three separate ways. In particular, a
      sum signal (the sum of all four of these feed signals) is derived and
      applied as an input to sum channel 14 over connection 16. Further, an
      elevation difference signal (the difference between the sum of the top two
      feed signals and the sum of the bottom two feed signals) is derived and
      applied as an input to elevation difference channel 18 over connection 20.
      In addition, an azimuth difference signal (the difference between the sum
      of the left two feed signals and the sum of the right two feed signals) is
      derived and applied as an input to azimuth difference signal 22 over
      connection 24.
PAR  The output from sum channel 14, present on connection 26, manifests a
      detected target signal. The output from elevation difference channel 18,
      present on connection 28, manifests an elevation error signal. The output
      from azimuth difference channel 22, present on connection 30, manifests an
      azimuth error signal. The detected target signal on connection 26, which
      has a magnitude which is a function of the signal strength of the detected
      target picked up by the monopulse antenna, is applied as a control input
      to both elevation difference channel 18 and azimuth difference channel 22
      for normalization purposes, as is known. The detected target signal on
      connection 26 is also used by the radar display, as is known. In addition,
      the detected target signal on connection 26 may be used as a control
      signal by antenna servo and search-track control by means of 32 for
      switching the radar from a search mode to a track mode when a target
      signal is detected, as is known.
PAR  When the radar is in its search mode, block 32 provides antenna drive
      signals to monopulse antenna and signal combining means 10 to slew the
      monopulse antenna in azimuth and/or elevation until a target signal is
      detected. In response to a detected target signal, the radar switches to
      its track mode, where it locks on to the detected target and thereafter
      tracks the target under the control of the elevation error signal present
      on connection 28 and the azimuth error signal present on connection 30. In
      particular, when in its track mode, the antenna drive signals for moving
      the monopulse antenna in azimuth and/or elevation are derived by servo
      means within antenna servo and search-track control means 32. In many
      cases, each servo means includes a computer which is programmed to respond
      to antenna position signals manifesting the actual position of the
      monopulse antenna at any time, received from block 10 over connection 34,
      as well as the elevation and azimuth error signals, to derive the
      appropriate antenna drive signals to cause the monopulse antenna to track
      the detected target, as is known in the art.
PAR  Ideally, the composite (sum) radiation pattern of a monopulse antenna
      should consist of a single, highly directional, lobe which is symmetrical
      with respect to the pointing direction of the axis of the monopulse
      antenna. However, as shown in FIG. 2, in the real world all monopulse
      antennas include one or more pairs of undesired sidelobes 200 and 202
      beside a desired single mainlobe 204, only the latter being symmetrical
      about the pointing direction 206 of the antenna. As shown in FIG. 2,
      neither of the sidelobes 200 and 202 is symmetrically disposed about the
      pointing direction 206 of the axis of the antenna. The mere presence of
      sidelobes, such as sidelobe 200 and 202, makes it possible that a
      searching monopulse radar might employ one of the sidelobes, rather than
      the desired mainlobe 204, to lock onto a detected target. Under such a
      sidelobe lock-on condition, the pointing direction 206 of the axis of the
      antenna is no longer the direction to the target, as in the desired
      mainlobe lock-on case. Furthermore, the relatively low gain of a sidelobe
      with respect to that of the mainlobe also makes sidelobe lock-on
      undesirable.
PAR  It is therefore important that means be provided for determining whether
      undesired sidelobe target lock-on or desired mainlobe target lock-on has
      been achieved and, in the case of undesired sidelobe target lock-on, for
      switching back to the radar search mode so that desired mainlobe target
      lock-on may be ultimately achieved.
PAR  As shown in FIG. 2, not only are the sidelobes 200 and 202 much smaller in
      size (lower signal gain) than mainlobe 204, but the respective shapes of
      the mainlobe 204 and either of the sidelobes 200 and 202 are not similar.
      The present invention makes use of this latter fact to discriminate
      between sidelobe lock-on and mainlobe lock-on.
PAR  In particular, as shown in FIG. 2, the angular beam width of mainlobe 204
      is wider than the angular beam width of either sidelobe 200 or 202. This
      means that offsetting the pointing direction of the axis of monopulse
      antenna by a known incremental angle after a target has been detected and
      locked onto, results in a different error signal being developed if the
      radar antenna is in a desired mainlobe lock-on condition than if it is in
      an undesired sidelobe lock-on condition. Alternatively, if after lock-on
      of a detected target, the antenna is offset by that particular angular
      amount which results in a given incremental error signal being developed,
      the particular angular offset will be different if a desired mainlobe
      lock-on condition exists than if an undesired sidelobe lock-on condition
      exists.
PAR  The term "error gradient", as used herein, is defined as the magnitude of
      the error signal which results from a given angular offset in the pointing
      direction of the axis of the antenna with respect to the direction to a
      detected target. The term "angle gradient", as used herein, is defined as
      the magnitude of the angular offset in the pointing direction of the
      antenna axis with respect to the direction to a target required to produce
      an error signal having a given magnitude. The term "angle-error gradient",
      as used herein, is generic to both the terms error gradient and angle
      gradient, defined above. Both error gradient and angle gradient are a
      measure of the width of a lobe of an antenna pattern.
PAR  If the angle-error gradient for the mainlobe and/or sidelobe is known a
      priori, and the actual angle-error gradient of a locked-on detected target
      is measured, mainlobe lock-on and sidelobe lock-on can be differentiated
      from each other by comparing the measured angle-error gradient with the
      known angle-error gradients.
PAR  While the angle-error gradient of either or both the sidelobe and the
      mainlobe may be known, usually it is only the angle-error gradient of the
      mainlobe which is known. Therefore, in illustrating embodiments of the
      present invention in each of FIGS. 3 and 4, it is assumed that the known
      angle-error gradient is that of the mainlobe of the antenna pattern.
PAR  FIG. 3 illustrates an example of an antenna servo and search-track control
      means 32 of FIG. 1 which employs error gradient as a discriminant between
      sidelobe lock on and mainlobe lock on, while FIG. 4 illustrates an antenna
      servo and search-track control means 32 of FIG. 1 which employs angle
      gradient as a discriminant between sidelobe and mainlobe lock-on. In both
      FIGS. 3 and 4, only the portions of the antenna servo and search-track
      control means 32 which is required to understand the present invention are
      shown in detail. The remainder of antenna servo and search-track control
      means 32, which is normally present in a conventional monopulse radar, is
      included within the antenna drive signal generator block of each of FIGS.
      3 and 4.
PAR  Referring now to FIG. 3, antenna drive signal generator 300 generates all
      required antenna drive signals in accordance with its internal programming
      and the input signals applied thereto. More specifically, antenna drive
      signal generator 300 initially generates search antenna drive signals
      which cause the monopulse antenna of block 10 of FIG. 1 to be slewed in
      azimuth and/or elevation searching for a received target signal. As
      described with connection to FIG. 1, the picking up of the target by the
      monopulse antenna will give rise to a detected target signal on connection
      26 of sum channel 14, which, as shown in FIG. 3, is applied as an input to
      antenna drive signal generator 300. The fact that a detected target signal
      has been initially obtained does not mean that the axis of the monopulse
      antenna is already pointing directly at the target, but only that the
      target has entered either the mainlobe or a sidelobe. In response to the
      receipt of a detected target signal, antenna drive signal generator 300
      terminates supplying search-mode antenna drive signals and, instead,
      supplies antenna drive signals for moving the antenna slowly so that the
      locked on detected target moves slowly across the lobe. Although this slow
      movement of the detected target across the lobe may be either in azimuth
      or elevation (or a particular combination of these two), for the purpose
      of illustrating the invention, it will be assumed that the antenna drive
      signal is moving the antenna only in azimuth, so that the error signal
      shown in FIG. 3 will be assumed to be the azimuth error signal shown in
      FIG. 1. Of course, in practice, this need not be the case.
PAR  The instant that antenna drive signal generator 300 initially locks onto
      the detected target (by switching the antenna drive signals from the
      search mode in response to the detected target signal input thereto), the
      detected target is close to the edge of the illuminating lobe of the
      antenna pattern. Therefore, the magnitude of the error signal on
      connection 30 is relatively large at first. However, as the antenna is
      moved slowly with respect to the locked-on detected target by the antenna
      drive signals then being applied, the magnitude of the error signal on
      connection 30, which is applied as an input to both antenna drive signal
      generator 300 and zero-error detector 302, decreases. Zero-error detector
      302 monitors the magnitude of the error signal applied as an input thereto
      and produces an output therefrom only when the absolute magnitude of this
      error signal is substantially zero. Therefore, zero-error detector 302
      produces an output at the instant that the slowly moving antenna has its
      axis pointing directly (at least in azimuth) at the target. At this
      instant, gate 304 is opened and forwards the antenna position signal on
      connection 34 through to zero-error antenna position plus increment
      register 306. In response thereto, register 306 does not register the
      thenexisting antenna position itself, but the sum of the then-existing
      antenna position plus a given fixed increment (such as unity), which
      manifests an antenna position a fixed incremental angle beyond that at
      which zero-error was detected by zero-error detector 302. The output from
      register 306 is applied as a first input to angle increment comparator
      308, while the antenna position signal present on connection 34 is applied
      as a second input to angle increment comparator 308.
PAR  After reaching its zero error position, the antenna continues to move
      slowly in response to the antenna drive signal then being applied thereto,
      so that the error signal on connection 30 starts to rise from zero and the
      antenna position manifested by the antenna position signal on connection
      34 aproaches the value registered in register 306. The error signal on
      connection 30 is applied as a first input to normally disabled gated error
      gradient comparator 310 which receives a known error gradient 312 as a
      second input thereto. Known error gradient 312 is assumed to be the error
      gradient of the mainlobe when the angular offset is equal to the increment
      of register 306.
PAR  In response to the antenna position signal on connection 34 reaching a
      value equal to that registered in register 306, angle increment comparator
      308 applies a gating signal to gated error gradient comparator 310 which
      enables gated error gradient comparator 310 to compare the then-existing
      value of the error signal on connection 30 with the known error gradient
      from block 312. If, as desired, main lobe lock-on has been achieved, the
      magnitude of the error signal will be equal to that of the known error
      gradient of the mainlobe from block 312. Therefore, in this case, gated
      error gradient comparator 310 applies a track start signal to antenna
      drive signal generator 300, which switches antenna drive signal generator
      to its track mode of operation. In this track mode of operation, antenna
      drive signal generator 300 derives the antenna drive signals from the
      output of servo means responsive to both the azimuth error signal on
      connections 30 and the elevation error signal (not shown) applied thereto,
      as is conventional. When in its track mode, antenna drive signal generator
      300 is not responsive to outputs from gated error gradient comparator 310.
PAR  In the case where the comparison of the error signal with the known error
      gradient of the mainlobe indicates that the magnitude of the error signal
      is unequal to this known error gradient, manifesting sidelobe lock on,
      gated error gradient comparator 310 applies a search repeat signal to
      antenna drive signal generator 300 which causes antenna drive signal
      generator 300 to switch back to the search mode for deriving antenna drive
      signals. The entire process, described above, is then repeated as many
      times as required until mainlobe lock-on occurs and a track start signal
      is applied to antenna drive signal generator 300, as described above. In
      this manner, the apparatus of FIG. 3 makes use of the difference in error
      gradients between the mainlobe and sidelobe to achieve mainlobe lock-on.
PAR  The apparatus of FIG. 4 employs the angle gradient rather than the error
      gradient, to achieve mainlobe lock-on. In particular, antenna drive signal
      generator 400 remains in its search mode until a detected target signal on
      connection 26 occurs and is applied as an input thereto. In response to
      this detected target signal, generator 400 is switched to a mode in which
      the antenna drive signals are obtained from the output of servo means
      having an error signal from the output of sum circuit 402 applied as an
      input thereto. The output from sum circuit 402 consists of the sum of the
      error signal on connection 30, applied at the first input thereto, and a
      fixed incremental offset signal from gate 406 applied as a second input
      thereto. The output from sum circuit 402 is equal to the sum of the
      signals applied to first and second inputs thereof. Error signal 30 is
      continuously applied to the first input of sum circuit 402, but the offset
      signal from block 404 is applied as a second input to sum circuit 402 only
      when gate 406 is enabled.
PAR  The occurrence of a detected target signal on connection 26, besides
      switching antenna gate signal generator 400 from its search mode, is also
      effective in setting flip-flop 408. When flip-flop 408 is set, gate 406 is
      enabled and offset signal 404 is applied as a second input to sum circuit
      402. This results in the monopulse antenna being moved by the antenna
      drive signals from the output of the servo means of antenna drive signal
      generator 400 until the output from sum circuit 402 is substantially zero.
      At this time, the error signal on connection 30 is equal in magnitude but
      opposite in polarity to that of offset signal 404. Thus, the absolute
      magnitude of offset signal 404 is set to a given incremental value which
      is assumed by the error signal on connection 30 only when the output from
      sum circuit 402 is substantially zero.
PAR  In response to the output from sum circuit 402 becoming substantially zero,
      zero-error detector 410 produces an output that both resets flip-flop 408
      and is applied as a gating signal to normally disabled gated
      angle-gradient comparator 412. When enabled by the presence of this gating
      signal, gated angle-gradient comparator 412 compares the then-existing
      antenna position manifested by the antenna position signal on connection
      34 applied at a first input thereto with the known angle gradient 414 of
      the mainlobe required to produce an error signal of a magnitude
      corresponding to that of offset signal 404. If the comparison of the
      antenna position signal with the known angle gradient shows them to be
      substantially equal, desired mainlobe lock-on has been achieved, and in
      this case, a track start signal is applied to antenna drive signal
      generator 400. The resetting of flip-flop 408 closed gate 406 and removed
      offset signal 404 as a second input to sum circuit 402. Therefore, the
      output from sum circuit 402 is now the error signal on connection 30
      itself. Thus, the antenna now tracks the target without offset.
PAR  If the antenna position signal is not equal to known angle gradient 414
      when comparator 412 is enabled, indicating sidelobe lock-on, comparator
      412 applies a search repeat signal to antenna drive signal generator 400,
      causing generator 400 to switch back to search mode. The whole process,
      described above, is then repeated as many times as is required until
      comparator 412 indicates that mainlobe lock-on has taken place. At this
      time, a track start signal is applied to antenna drive signal generator
      400.
PAR  The apparatus shown in each of FIGS. 3 and 4 is only illustrative of the
      type of apparatus which may be employed for automatically performing the
      method of using the angle-error gradient as a discriminant for achieving
      mainlobe lock-on, rather than sidelobe lock-on, in a monopulse radar. Not
      only will other apparatus for performing this method be apparent to one
      skilled in the art, but the method could be practiced manually, rather
      than automatically, so long as the actual angle-error gradient can be
      measured and the angle-error gradient of the mainlobe and/or the sidelobe
      is known a priori.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An operating method for a search-track monopulse radar having a mainlobe
      antenna pattern exhibiting a first angle-error gradient and a sidelobe
      antenna pattern exhibiting a second angle-error gradient different from
      said first angle-error gradient, at least one of said first and second
      angle-error gradients being known; said method comprising the steps of:
PA1  a. operating said radar in a search mode until said radar locks onto a
      detected target, and then
PA1  b. measuring the actual angle-error gradient of said locked-on target to
      indicate whether said target is locked on to said mainlobe or is locked on
      to said sidelobe.
NUM  2.
PAR  2. The method defined in claim 1, further including the alternative steps
      of:
PA1  c. operating said radar in a track mode in response to said measurement of
      said actual angle-error gradient indicating that said target is locked on
      to said mainlobe, or
PA1  d. repeating steps a) and b) in response to said measurement of said actual
      angle-error gradient indicating that said target is locked on to said
      sidelobe.
NUM  3.
PAR  3. The method defined in claim 1, wherein step (b) includes the steps of:
PA1  c. moving the pointing direction of the antenna axis of said monopulse
      radar a given angular increment with respect to said locked-on target to
      thereby produce a tracking error signal having a magnitude manifesting
      actual error gradient with respect to angle; and
PA1  d. comparing said tracking error signal with a known one of said
      angle-error gradients to provide an indication of whether said radar is
      locked on to said mainlobe or is locked on to said sidelobe in accordance
      with said comparison.
NUM  4.
PAR  4. The method defined in claim 1, wherein step (b) includes the steps of:
PA1  c. introducing an incremental offset signal in the antenna servo loop of
      said monopulse radar to move the pointing direction of the antenna axis
      thereof by that angle which produces a given tracking error signal
      proportional to said incremental offset signal,
PA1  d. measuring said angle of movement in said pointing direction to derive a
      signal manifesting actual angle gradient with respect to error; and
PA1  e. comparing said derived signal with a known one of said angle-error
      gradients to provide an indication of whether said radar is locked on to
      said mainlobe or is locked on to said sidelobe in accordance with said
      comparison.
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ABST
PAL  A matched transmission line coupling an RF generator to an antenna and
      receiving Doppler altered reflected signals from the antenna. A pair of
      diodes coupled to the transmission line 90 electrical degrees apart at the
      RF frequency and oppositely poled so that the RF signal from the generator
      and the reflected signal from the antenna are heterodyned in each diode to
      produce a heterodyne signal which is in phase. The heterodyne signals are
      band limited, filtered and passed through threshold detectors separately
      to provide separate in phase pulses which are applied to a coincidence
      gate to provide an output. Amplitude modulation is rejected because it
      produces out of phase signals and frequency modulation is rejected because
      the transmission line is substantially flat. The RF generator may be
      frequency modulated and the output of the coincidence gate is applied to a
      shift register to insure the triggering thereof by only a true Doppler
      signal.
PARN
PAR  This is a continuation of application Ser. No. 367,087, filed June 4, 1973,
      now abandoned.
PAC  BACKGROUND OF THE INVENTION
BSUM
PAR  Systems receiving Doppler altered reflected signals, such as the present
      system, are utilized as proximity sensors and may be incorporated in
      Doppler radars and similar type equipment. Many different circuits and
      apparatus have been devised for eliminating spurious responses in radar
      and the like. In general, these circuits or devices utilize separate
      systems which are combined to cancel spurious signals or separate signals
      are developed and combined to cancel the spurious signals. In general, it
      is common practice to combine signals so that spurious or unwanted signals
      are canceled and only the desired signals are available at the output. For
      cancellation to be effective good amplitude balance must be maintained
      between the parts of the signal being combined. In most of these systems
      it is extremely difficult to prevent the passage through the system of
      interfering signals caused by mechanical vibrations, modulation of the
      voltage supply, etc.
PAR  At the present time the simplest type of Doppler sensor uses an RF
      generator, antenna (possible separate antennas for transmitting and
      receiving), mixer and receiver. This system recognizes the presence of a
      moving reflection body simply by the amplitude of the Doppler shifted
      received signal. When the signal exceeds a set threshold level the target
      is present. A sensitive Doppler detection system requires the use of a
      high gain amplifier at the particular Doppler frequency expected, which in
      many instances is an audio frequency. The use of the high gain amplifier
      makes such systems vulnerable to audio frequency disturbances, such as
      mechanical vibrations, modulation of the supply voltage, or other RF
      signals modulated by frequenices within the pass band of the high gain
      amplifier.
PAR  Doppler detection systems using several types of balanced mixers have been
      employed. Many of these systems use separate transmitting and receiving
      antennas. Although a two antenna system may provide advantages in
      performance, it generally increases the system cost considerably and
      requires more space, which may not be available in some applications.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention pertains to a system adapted to transmit radio
      frequency signals and receive Doppler altered reflected signals including
      generating means providing the RF signals and antenna means coupled
      thereto for transmitting said RF signals and receiving reflected signals,
      tuned means coupled to said generating and antenna means for receiving the
      RF and reflected signals and providing the RF signal with a first and
      second phase, said phases having a predetermined fixed relationship
      relative to each other, and providing the reflected signals with a first
      and second phase having a predetermined fixed relationship relative to
      each other, the predetermined fixed relationship being for example
      90.degree. at the frequency of the RF signal, first and second
      heterodyning means for heterodyning the first phase of the RF signal and
      the second phase of the reflected signal and for heterodyning the second
      phase of the RF signal and the first phase of the reflected signal,
      respectively, said heterodyning means producing two heterodyne signals
      having a predetermined fixed relationship relative to each other, such as
      in phase, and circuit means sensitive to signals having substantially said
      predetermined phase relationship and providing an output in response
      thereto. The circuit means may include a shift register or the like so
      that more than one in phase signal or pulse is required to provide the
      output.
PAR  By utilizing a relatively flat or matched transmission line as the tuned
      means frequency modulated signals are eliminated. Since amplitude
      modulated signals have a different phase relationship than the RF and
      reflected signals, amplitude modulated signals have no effect on the
      circuitry. To improve the response of the system, the signal from each
      heterodyning means is wideband limited and applied through a pass band
      filter to a threshold detector. The pulses are then applied to a
      coincidence gate, the output of which is applied to logic circuitry
      requiring a plurality of pulses before supplying an output. To reduce the
      response to certain interfering signals the RF signal is FM modulated.
PAR  It is an object of the present invention to provide an improved system
      sensitive to Doppler altered reflected signals.
PAR  It is a further object of the present invention to provide an improved
      system sensitive to Doppler altered reflected signals which is relatively
      insensitive to interfering signals and amplitude modulated interfering
      signals or disturbances.
PAR  These and other objects of this invention will become apparent to those
      skilled in the art upon consideration of the accompanying specification,
      claims and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings, wherein like characters indicate like parts
      throughout the figures:
PAR  FIG. 1 is a block diagram of a preferred embodiment of the present system;
PAR  FIG. 2 depicts some waveforms present in the circuitry of FIG. 1;
PAR  FIG. 3 is a block diagram of a portion of the circuitry illustrated in FIG.
      1, illustrating another embodiment of the logic therefor; and
PAR  FIG. 4 is a block diagram of a portion of the circuitry illustrated in FIG.
      1, illustrating another embodiment of the logic therefor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBOODIMENTS
PAR  Referring specifically to FIG. 1, a radio frequency (RF) generator 10 is
      connected through an attenuator 11 to one end of a transmission line 12.
      An antenna 13 is connected through an attenuator 14 to the other end of
      the transmission line 12. The generator 10 supplies an RF signal through
      the attenuator 11, transmission line 12 and attenuator 14 to the antenna
      13 for transmission. If the transmitted RF signal strikes an object, a
      portion of the transmitted signal is reflected back to the antenna 13,
      which reflected signal is coupled into the transmission line 12 through
      the attenuator 14. Assuming there is relative movement between the system
      of FIG. 1 and the object reflecting the RF signals back to the antenna 13,
      the reflected signals will be Doppler altered or shifted in frequency by
      the relative movement. Generally this shift in frequency will be
      relatively low, approximately in the audio range, and the amount of shift
      will be generally predictable through some knowledge of the movements of
      the system and the object reflecting the RF signal.
PAR  First and second heterodyning means, which in this embodiment are a diode
      20 and a diode 21, are connected to the transmission line 12 in spaced
      apart relationship. While it should be understood that any of the well
      known devices for heterodyning signals might be utilized, the diodes 20
      and 21 are illustrated because of their simplicity and ease of
      integration, as will be described presently. The anode of the diode 20 is
      connected to the transmission line 12 and the cathode is connected to a
      wideband amplifier and limiter 23. The cathode of the diode 21 is
      connected to the transmission line and the anode is connected to a
      wideband amplifier and limiter 24. The spacing between the points on the
      transmission line 12 at which the anode of the diode 20 and the cathode of
      the diode 21 are connected is designated S and, in the present embodiment,
      is 90 electrical degrees at the frequency of the RF generator 10. As the
      disclosure progresses it will become apparent that the spacing S could be
      any convenient distance. However, 90.degree. is chosen for the spacing S
      in the preferred embodiment for a number of reasons which will be
      described in more detail presently.
PAR  Because the diodes 20 and 21 are spaced 90 electrical degrees apart at the
      frequency of the generator 10, the RF signal applied from the generator 10
      through the transmission line 12 to the antenna 13 will always have a
      predetermined fixed phase relationship at the diode 21 relative to the
      diode 20, which phase relationship in the present embodiment is 90.degree.
      apart. Similarly, the return signal applied to the transmission line 12
      from the antenna 13 will always have a predetermined fixed phase
      relationship at the diode 20 relative to the diode 21, which phase
      relationship in the present embodiment is 90.degree. apart. Since the
      return signal is approximately the same frequency as the RF signal, the
      spacing of the diodes 20 and 21 is approximately 90.degree. for the return
      signal as well as the RF signal. The phase of the difference frequency of
      the heterodyned signals will be determined by the relative phases of the
      RF and return signals being heterodyned. In the present embodiment the
      90.degree. spacing between the diodes 20 and 21 provides a 180.degree.
      phase difference between the heterodyne signals at the diodes 20 and 21.
      With the diodes 20 and 21 oppositely poled as illustrated in FIG. 1, the
      heterodyne signals available at the outputs thereof are in phase. It will
      be assumed that, for any specific use, the relative speeds between the
      system and the object reflecting the RF signal will be well defined and,
      therefore, the amount of shift in the frequency of the return signal due
      to the Doppler effect will lie within a specific band. While this band may
      change for different uses of the system, it should be well known and
      defined for any specific use. In general, however, the frequency shift of
      the return signal is small (in the neighborhood of a few parts per
      million) relative to the frequency of the RF signal so that the spacing
      between the diodes 20 and 21 is constant throughout the band.
PAR  As previously mentioned, one of the major sources of difficulties, such as
      false signals and the like, in prior art systems is amplitude modulation
      at frequencies in the band of signals described above. This amplitude
      modulation may be caused by instability of the RF generator 10,
      fluctuations of the power supply, external interfering signals received by
      the antenna 13, etc. When these amplitude modulated signals are detected
      directly (i.e., no heterodyning with the RF signal) by the diodes 20 and
      21 there will be no appreciable phase shift between the signal at the
      diode 20 and at the diode 21 because the spacing S between the diodes 20
      and 21 is short relative to the frequency of the amplitude modulation (as
      described above). Therefore direct detection of any amplitude modulation
      of signals in the transmission line 12 will result in signals at the
      outputs of the diodes 20 and 21 which are out of phase by 180.degree.. It
      will of course be understood that adjustments of the spacing S and the
      poling of the diodes 20 and 21 will alter the phase relationship of
      amplitude modulated signals at the outputs of the diodes 20 and 21 as well
      as the phase relationship between the desired heterodyne signals and all
      such variations are encompassed within this disclosure. For example, if
      the spacing S is retaining at 90.degree. but the diodes 20 and 21 are
      poled in the same direction, the heterodyne signals will be out of phase
      and the amplitude modulated signals will be in phase. It is essential that
      the spacing S and poling of the diodes 20 and 21 be adjusted to provide a
      sufficient difference between the phases of the heterodyne signals and the
      phases of the amplitude modulated signals so that they can be separated by
      subsequent operations.
PAR  If frequency modulation of either the RF signl from the generator 10 or an
      interfering signal received by the antenna 13 is present in the
      transmission line 12, the phase of signals produced by detection of the
      frequency modulation at the outputs of diodes 20 and 21 will depend on the
      position of the standing wave present on the transmission line 12. If the
      standing wave ratio of the transmission line 12 is substantially flat, or
      near 1, the diodes 20 and 21 detect very little signal and the effects due
      to frequency modulation are minimized. In the embodiment of FIG. 1,
      attenuators 11 and 14 are utilized to provide a match between the input
      and output impedances of the transmission line 12 to reduce the voltage
      standing wave ratio on the line 12 as low as practical. It will of course
      be understood by those skilled in the art that the attenuators 11 and 14
      will not be required in many instances where a flat or matched
      transmission line can be provided. In general, the voltage standing wave
      ratio on the transmission line 12 should be held to a low enough value to
      make the effects due to frequency modulation low compared to the effects
      due to amplitude modulation. If this condition is met, the signals due to
      amplitude modulation effects will override any residual frequency effect
      due to the standing wave on the transmission line 12 (frequency
      modulation) and any low frequency interfering signal that is not generated
      by heterodyning of the RF signal and the return signal will always be out
      of phase by 180.degree. at the output of the diodes 20 and 21.
PAR  The detected signals, including any desired heterodyne signals, from the
      diodes 20 and 21 are applied to the wide-band amplifier and limiter
      circuits 23 and 24, respectively. The outputs of the circuits 23 and 24
      are applied to bandpass filters 25 and 26, respectively, the outputs of
      which are in turn applied to threshold detectors 27 and 28, respectively.
      Each channel, including wideband amplifier and limiter 23 or 24, bandpass
      filter 25 or 26, and threshold detector 27 or 28 should be substantially
      similar to minimize any shifting of the phase as the signals are processed
      therein. The bandpass of the filters 25 and 26 should be slightly greater
      than the maximum deviation of frequency in the return signals due to the
      Doppler effect. The bandpass of the wideband amplifiers 23 and 24 should
      be large relative to the bandpass of the filters 25 and 26 and in tthe
      present embodiment it is approximately 50 times as wide. The wideband
      amplifiers 23 and 24 provide sufficient gain to give the desired
      sensitivity to the system and the wideband amplifying and limiting action
      of the circuits 23 and 24 provide improved performance, particularly in
      the rejection of interfering signals that may come within the bandpass of
      the wideband amplifiers but not in the bandpass of the filters 25 and 26.
      If a strong interfering signal is present within the bandpass of the
      wideband amplifier and limiter circuits 23 and 24, the limiters operate to
      reduce the overall sensitivity so that components of the interfering
      signal, which fall within the bandpass of the filters 25 and 26, will be
      substantially reduced in amplitude. This is true because in the wideband
      limiting action the amount of energy in the band must remain constant and
      as any one signal within the band increases in amplitude the remaining
      signals within the band must be reduced in amplitude.
PAR  To further improve the rejection of interfering signals, the RF generator
      10 is frequency modulated by a modulator 30. While the signal utilized in
      the modulator 30 to frequency modulate the RF signal from the generator 10
      may be any desired signal, in the present embodiment is randomly varying
      signal or noise is utilized. The noise is in a frequency band above the
      band of the filters 25 and 26 and, to insure that the RF signal from the
      generator 10 and the return signal from the antenna 13 are not varying too
      widely relative to each other, the band of noise should be limited.
      Because the RF signal from the generator 10 is continuously varying in
      frequency, any interfering RF signal, which may have a frequency close to
      that of the generator 10, will be heterodyned with the signal from the
      generator 10 in the diodes 20 and 21 and produce a "noise" signal which
      may fill the entire pass band of the circuits 23 and 24. Since the
      circuits 23 and 24 limit the amount of energy that can pass therethrough,
      filling the entire pass band greatly reduces the amplitude across the
      entire pass band, including the pass band of the filters 25 and 26.
      However, if a proper return signal is received by the antenna 13 a strong
      relatively non-varying heterodyne signal will be supplied to the circuits
      23 and 24 within the pass band of the filters 25 and 26. This signal will
      override the diluted interfering signal and provide a strong output from
      the filters 25 and 26. Thus, the combination of the frequency modulation
      of the generator 10 and the wideband limiting action reduces the
      possibility of interfering signals producing a false output in the system.
PAR  Signals that pass through the filters 25 and 26 are applied to the
      threshold detectors 27 and 28, respectively, which detectors provide
      output pulses when the amplitude of an input signal exceeds a
      predetermined threshold. The output pulses from both of the detectors 27
      and 28 are applied to two inputs of an OR gate 35 and to two inputs of a
      coincidence or AND gate 36. Since the desired heterodyne signal, produced
      from the RF signal and the return signal, produces in phase pulses at the
      outputs of the detectors 27 and 28, these in phase pulses will always
      overlap or coincide at least in part. However, amplitude modulated
      signals, which are 180.degree. out of phase at the outputs of the diodes
      20 and 21, result in pulses at the outputs of the detectors 27 and 28
      which do not overlap or coincide. Since the threshold detectors 27 and 28
      allow only the peaks of pulses to pass, the amplitude modulated signals
      will not overlap even if the amplitudes are well above the threshold
      level.
PAR  Each time two overlapping or coincident pulses are applied to the AND gate
      36 a pulse is supplied to a data hold circuit 37. Each time a pulse is
      applied to either of the inputs of the OR gate 35 a pulse is supplied to a
      one shot clock pulse generator 38. Although the present embodiment uses a
      one shot pulse generator, other types of pulse forming circuits may be
      used. The trailing edge of the pulse from the OR gate 35 triggers the
      clock pulse generator 38 which in turn supplies a pulse to an N-stage
      shift register 40 and to a reset input of the data hold 37. The leading
      edge of the pulse from the AND gate 36 triggers or sets the data hold
      circuit 37 which supplies a pulse to the shift register 40. The pulse from
      the data hold circuit 37 continues until the circuit 37 is reset by the
      pulse from the clock pulse generator 38. Referring to FIG. 2; 2(a)
      illustrates the pulses from the OR gate 35, 2(b) illustrates the pulses
      from the AND gate 36, 2(c) illustrates the pulses from the clock pulse
      generator 38 and 2(d) illustrates the pulses from the data hold circuit
      37. It should be noted that the pulse from the OR gate 35 will alwyas be
      as wide as or wider than the pulses from the AND gate 36 (see FIG. 2)
      because the OR gate 35 remains conductive as long as a pulse is applied to
      either input and the AND gate 36 is only conductive as long as a pulse is
      applied to both inputs simultaneously. Since the clock pulse generator 38
      is triggered by the trailing edge of the pulse from the OR gate 35 and, in
      some instances, the pulse from the AND gate 36 may have already terminated
      (see FIG. 2), the pulse from the AND gate 36 is stored by the circuit 37
      until the pulse from the clock pulse generator 38 terminates. This insures
      that the data pulse from the AND gate 36 and the clock pulse from the
      generator 38 will be available at the shift register 40 simultaneously.
PAR  For a true return signal at the antenna 13, the signals available in the
      logic circuit will appear substantially as illustrated in FIG. 2. Each
      output pulse from the clock pulse generator 38 will coincide with the
      output pulse from the data hold circuit 37 and data will be shifted into
      the register 40. After n consecutive pulses are shifted into the register
      40, the register 40 will supply n simultaneous or coincident inputs to an
      N-input AND gate 41, which will supply an output signal indicating that a
      true return signal has been received by the antenna 13. The number of
      stages in the shift register 40 will be determined by the particular
      application of the system, the time available in determining whether the
      return signal is accurate and the accuracy required. For instance, in some
      cases it might be desirable to receive 100 pulses of the Doppler signal
      before signifying that this is a true signal, in other cases only two or
      three pulses may be required. Hence, the system described will provide an
      output signal only after the reception of n consecutive pulses that
      coincide in time in the two channels. While many logic circuits other than
      that illustrated in FIG. 1 may be utilized, this preferred embodiment is
      illustrated because the amplitudes and phases of the two channels are
      permitted to vary considerably without compromising the processing of the
      data and the accuracy of the system.
PAR  Referring to FIG. 3, a second embodiment of logic circuitry which can be
      utilized in cooperation with the output pulses from threshold detectors is
      illustrated. Two threshold detectors 27' and 28' are illustrated and it
      should be understood that these detectors are similar to the detectors 27
      and 28 of FIG. 1 and circuitry prior thereto will be the same as circuitry
      prior to the detectors 27 and 28. Output pulses from the detectors 27' and
      28' are applied to two inputs of a coincidence or AND gate 36', the output
      pulses of which are applied to an N-stage counter 40' and a delay circuit
      45'. Pulses from the delay circuit 45' are applied to a reset pulse
      generator 46' the output pulses of which are applied to reset the counter
      40'. The N-stage counter 40' accumulates pulses from the AND gate 36' and
      supplies an output when a predetermined number, n, of pulses are applied
      to the counter 40'. In order to prevent an output from the counter 40' due
      to the accumulation of noise pulses over a long period of time, the delay
      circuit 45' activates the pulse generator 46' to supply a reset pulse to
      the counter 40' a predetermined period of time after the first pulse is
      applied to the counter 40'.
PAR  a variation of the circuit of FIG. 1 is shown in FIG. 4. In this embodiment
      of the logic circuitry Schmitt triggers 50" and 51" are placed between the
      threshold detectors 27" and 28", respectively, and the two gates 35" and
      36". This arrangement has improved performance over the circuit of FIG. 1
      when noise is superimposed on the signal.
PAR  Without the Schmitt trigger circuits 50" and 51" noise can cause multiple
      pulses to be developed in both channels due to the signal crossing the
      threshold level several times at the peak of the Doppler cycle. The dta
      hold circuit 37 of FIG. 1 will remove the multiple pulse from the data
      channel however, multiple pulses in the clock channel can cause more than
      one data pulse to be stored in the register 40 during the peak of the
      Doppler cycle. If the Schmitt trigger circuits 50" and 51" of FIG. 4 are
      designed with appreciable hysteresis (it triggers "on" at a higher input
      level than it triggers "off" ) this problem can be virtually eliminated by
      the logic arrangement of FIG. 4.
PAR  It will of course be understood that many other logic systems may be
      devised but the three systems illustrated are exemplary of apparatus for
      accumulating pulses to prevent an output from the system due to pulses
      produced by noise or interference signals.
PAR  The described system is simple and can be readily integrated. The RF
      generator 10, transmission line 12 (and attenuators 11 and 14 if required)
      and the FM modulator 30 can be produced in hybrid integrated form with the
      circuit fitting on a 1 by 2 inch substrate. The two wideband
      amplifier-limiters can be produced in monolithic form on a single silicon
      chip with 4 to 6 external capacitors per channel being required for the
      bandpass filters 25 and 26. The logic or digital portion of the circuit
      illustrated in FIGS. 1, 3 and 4 can be readily integrated with all the
      circuitry from the threshold detectors 27 and 28 through the output on a
      single substrate. Assuming the shift register 40 has only four or five
      stages, it can be integrated on a chip no greater than 80 mils square.
      Thus, the entire electronic portion of the system can be incorporated in
      one hybrid integrated circuit, two integrated circuits (which may be
      packaged in dual inline packages) and several capacitors.
PAR  Thus, an improved system is disclosed which is adapted to transmit radio
      frequency signals and receive Doppler altered reflected signals. The
      system is relatively insensitive to amplitude modulated signals produced
      by mechanical vibrations, modulation of supply voltages, RF signals
      modulated by frequencies within the pass band of the amplifiers 23 and 24,
      etc. Further, the system is relatively insensitive to interfering signals
      with frequencies close to that of the RF signal transmitted by the system
      because the RF signal is continuously varying in frequency and a
      predetermined number of true reflected signals must be received before the
      system produces an output. Thus, it would be necessary for an interfering
      signal to track the RF signal produced by the generator 10 before
      sufficient pulses could be supplied by the channels to the logic circuitry
      to produce an output therefrom.
PAR  While we have shown and described specific embodiments of this invention,
      further modifications and improvements will occur to those skilled in the
      art. We desire it to be understood, therefore, that this invention is not
      limited to the particular form shown and we intend in the appended claims
      to cover all modifications which do not depart from the spirit and scope
      of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system adapted to transmit radio frequency signals and receivie
      Doppler altered reflected signals comprising:
PA1  a. generating means providing a radio frequency signal;
PA1  b. antenna means coupled to said generating means for transmitting said
      radio frequency signal and adapted to receive reflected signals;
PA1  c. tuned means coupled to said generating means and said antenna means for
      receiving the radio frequency signal and reflected signals, said tuned
      means providing the radio frequency signal having a first phase and the
      radio frequency signal having a second phase, said first and second phases
      of the radio frequency signal having a predetermined fixed relationship
      relative to each other, and providing the reflected signals having a first
      phase and having a second phase, said first and second phases of the
      reflected signals having a predetermined fixed relationship relative to
      each other;
PA1  d. first heterodyning means coupled to said tuned means for receiving said
      first phase of the radio frequency signal and said second phase of the
      reflected signal and providing a first heterodyne signal to an output
      thereof;
PA1  e. second heterodyning means coupled to said tuned means for receiving said
      second phase of the radio frequency signal and said first phase of the
      reflected signal and providing at an output thereof a second heterodyne
      signal having a predetermined fixed relationship relative to said first
      heterodyne signal;
PA1  f. first amplifier means coupled to said first heterodyning means for
      providing wideband amplification and amplitude limiting of said first
      heterodyne signal and providing a first amplified signal to an output
      thereof;
PA1  g. second amplifier means coupled to said second heterodyning means for
      providing wideband amplification and amplitude limiting of said second
      heterodyne signal and providing a second amplified signal to an output
      thereof;
PA1  h. first bandpass filter means coupled to said first amplifier means for
      providing rejection of undesirable frequency components both above and
      below a desirable band of frequency components within said first amplifier
      signal and providing a first bandpass filtered signal to an output
      thereof;
PA1  i. second bandpass filter means coupled to said second amplifier means for
      providing rejection of undesirable frequency components both above and
      below a desirable band of frequency components within said second
      amplified signal and providing a second bandpass filtered signal to an
      output thereof;
PA1  a first threshold detector means coupled to said first bandpass filter
      means for providing an output thereof in response to existance of said
      first bandpass filtered signal at input thereof;
PA1  k. second threshold detector means coupled to said second bandpass filter
      means for providing an output thereof in response to existance of said
      first bandpass filtered signal at input thereof; and
PA1  1. coincidence detection means being sensitive to the presence of input
      signals coupled from said first threshold detector and said second
      threshold detector simultaneously, said coincidence detection means for
      providing an output in response to said simultaneous inputs.
NUM  2.
PAR  2. A system as claimed in claim 1 including in addition modulating means
      coupled to the generating means for frequency modulating the radio
      frequency signal.
NUM  3.
PAR  3. A method of transmitting a radio frequency signal and selecting a
      Doppler altered reflected signal from interfering signals comprising the
      steps of:
PA1  a. transmitting noise modulated radio frequency signals;
PA1  b. receiving Doppler altered reflected signals;
PA1  c. heterodyning the radio frequency signals and the reflected signals to
      provide first heterodyne signals;
PA1  d. altering the phase of receiving signals lying within a predetermined
      band of frequencies including the Doppler altered reflected signals and
      heterodyning the radio frequency signals and the reflected signals to
      provide second heterodyne signals having a predetermined phase
      relationship to the first heterodyne signals;
PA1  e. amplifying the first and second heterodyne signals in broad band
      amplifiers to distribute the signal energy across a broad spectrum;
PA1  f. filtering the first and second heterodyne signals in a narrow bandpass
      filter to pass that portion of the signal spectrum containing the Doppler
      frequencies and to reject the majority of the signal spectrum containing
      the noise modulation; and
PA1  g. applying the first heterodyne signals and the second heterodyne signals
      to electronic circuitry which provides an output only in response to the
      application of two signals having the predetermined phase relationship.
NUM  4.
PAR  4. A system adapted to transmit radio frequency signals and receive Doppler
      altered reflected signals comprising:
PA1  a. generating means providing a radio frequency output;
PA1  b. antenna means adapted to transmit said radio frequency output and
      receive reflected signals;
PA1  c. transmission line means coupling the output of said generating means to
      said antenna means and receiving the reflected signals therefrom, said
      transmission line having first and second signal pick-off terminals
      positioned a predetermined number of electrical degrees apart relative to
      the frequency of the output of said generating means;
PA1  d. first and second heterodyning means coupled to said first and second
      pick-off terminals, respectively, for providing first and second
      heterodyne signals each representative of the heterodyned output signal of
      said generating means and the reflected signal received in said
      transmission line, said first and second heterodyne signals having a
      predetermined phase relationship therebetween dependent upon the
      predetermined number of electrical degrees of separation between said
      first and second pick-off terminals and the inherent phase shift of each
      of said first and second heterodyning means;
PA1  e. frequency modulation means for noise modulating said generating means,
      said frequency modulation means having a predetermined noise output
      bandwidth;
PA1  f. first and second amplifying means for amplifying and limiting said first
      and second heterodyne signals, respectively, said first and second
      amplifying means each having an output terminal and having a bandwidth
      substantially equal to said predetermined noise output bandwidth of said
      frequency modulation means;
PA1  g. first and second bandpass filter means for limiting the signal bandwidth
      from said first and second amplifying means, said bandpass filter means
      having a bandwidth small with respect to said predetermined noise output
      bandwidth of said frequency modulation means, said first and second
      bandpass filter means each having an input terminal connected to said
      output terminal of said first and second amplifying means, respectively,
      and each of said first and second bandpass filter means having an output
      terminal; and
PA1  h. circuit means for receiving signals from said output terminals of said
      first and second bandpass filter means, said circuit means being sensitive
      to signals having substantially said predetermined phase relationship and
      providing an output in response thereto.
NUM  5.
PAR  5. A system as claimed in claim 4 wherein the antenna means includes a
      single antenna for transmitting and receiving.
NUM  6.
PAR  6. A system as claimed in claim 4 wherein the transmission line includes 90
      electrical degrees, relative to the frequency of the output of said
      generating means, of spacing between the first and second signal pick-off
      terminals.
NUM  7.
PAR  7. A system as claimed in claim 6 wherein the first and second heterodyning
      means each include a diode connected to have applied at one element the
      output signal of the generating means and the reflected signal received in
      the transmission line and to have available at the other element
      heterodyne signals.
NUM  8.
PAR  8. A system as claimed in claim 7 wherein the first and second heterodyning
      means include oppositely poled diodes for providing heterodyne signals at
      the output elements thereof which are substantially in phase relative to
      each other.
NUM  9.
PAR  9. A system as claimed in claim 8 wherein the circuit means include a
      coincidence gate connected to receive the first and second heterodyne
      signals each on a separate input.
NUM  10.
PAR  10. A system as claimed in claim 8 wherein the circuit means include first
      and second threshold detectors connected to receive the first and second
      heterodyne signals, respectively, from the bandpass filter means, said
      threshold detectors passing only portions of the signals applied thereto
      which exceed a predetermined threshold.
NUM  11.
PAR  11. A system as claimed in claim 4 wherein the transmission line means
      includes means substantially matching the input and output impedances of
      said transmission line means to the characteristic impedance of said
      transmission line means at the frequencies of the radio frequency signal
      of the generating means and the reflected signals.
NUM  12.
PAR  12. A system as claimed in claim 4 wherein the circuit means includes logic
      circuitry for counting the cycles of signals applied thereto having
      substantially the predetermined phase relationship and providing an output
      upon the number of counted cycles exceeding a predetermined number.
NUM  13.
PAR  13. A system as claimed in claim 12 wherein the output depends on a
      consecutive number of counted cycles exceeding a predetermined number.
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ABST
PAL  A radar system for determining the position of a target using a radio
       frency source of opportunity. The system uses an interferometer antenna
      and cross-correlation techniques to measure the time delay in receiving a
      reflected signal from the target as compared to receiving a direct signal
      from the signal source. Thereby, the distance from the RF source via the
      target to the antenna is determined. Additionally, the system uses a
      plurality of interferometer antennas and cross-correlation techniques to
      measure the relative phase difference between the signals received by the
      antennas. Thereby the angle of arrival of the reflected signals from the
      target is determined. Combining the range and angular information locates
      the target.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the field of radar for the detection and location
      of targets. All radar devices require a source of radio frequency energy
      to provide illumination of targets and a sensor of radio frequency energy
      to detect echo signals scattered by the targets. In prior devices, called
      active radar systems, the source of RF energy for target illumination;
      i.e., the transmitter, is closely associated with and constitutes an
      integral part of the overall radar system. One of the major problems with
      active systems is that, by transmitting, they reveal their own location.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a passive radar system that utilizes bistatically
      located transmitters-of-opportunity as sources of RF energy for target
      illumination. The system uses interferometer antennas and
      cross-correlation techniques to detect targets, to measure the time delay
      between direct and reflected signals, and to enhance the signal-to-noise
      ratio of detected signals. Since the invention is a passive system it does
      not have its own RF transmitters and, therefore, will provide tactical
      information from signals received without revealing its own location.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the bistatic passive range determining radar
      system;
PAR  FIG. 2 is a schematic diagram of the cross-correlator of FIG. 1;
PAR  FIG. 3 is a schematic diagram of the antenna arrangement of the dual base
      line interferometer antenna system; and
PAR  FIG. 4 is a block diagram of the dual base line interferometer antenna
      system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The object of this invention is to provide an operational passive system
      capable of detecting, tracking, and ranging aircraft targets. That is, a
      system capable of performing essentially all of the functions of an active
      radar, but employing completely uncontrollable and uncooperative
      transmitters-of-opportunity as target illuminators.
PAR  Referring to FIG. 1, the bistatic passive range determining radar system
      comprises a transmitter-of-opportunity (radio frequency source) 10, a
      target 12, an interferometer antenna having antennas 14 and 16, a hybrid
      24 providing a sum channel output to sum channel amplifier 26 and a
      difference channel output to difference channel amplifier 28, a sum
      channel receiver 32 and a difference channel receiver 34, a homodyne
      detector 36, cross-over detectors 52 and 54, a real-time digital
      cross-correlator 56, and a display 62.
PAR  The basic approach to the problem of detecting a target and indicating the
      target's range is as follows: when a target is present the radiated signal
      from the transmitter 10 arrives at the receiver, antennas 14 and 16, via
      two separate paths. The first path 18 is direct from the transmitter to
      the receiver, while the other, 20 and 22, is a scattered path reflected
      off target 12. The signal reflected off target 12 travels over a longer
      path, 20 and 22, and consequently will be delayed in time with respect to
      the signal received from the transmitter 10 via the direct path 18. Since
      the transmitter modulation is uncontrollable a method for measuring this
      time delay is to use cross-correlation techniques.
PAR  Cross-correlating the directly received signal with the signal reflected
      from the target will result in a cross-correlation peak whose position on
      the display 62 will give the time delay between the two signals and
      indicate target detection. Knowing the time delay and the velocity of the
      radio frequency signals the range difference between the direct path 18
      and the scattered paths 20 and 22 is easily obtained using simple
      mathematics and, therefore, will not be discussed. Likewise, if the
      separation between the receiver and the RF source 10 is known, the total
      scattered path; i.e., the sum of path 20 and 22 can be obtained. This sum
      locates the detected target somewhere on the surface of an imaginary
      prolate spheroid, with the transmitter and the receiver located at the
      foci of the spheroid.
PAR  Again referring to FIG. 1, now in greater detail, the antenna system
      consists of two turnstile antenna 14 and 16 connected to a wide band
      hybrid ring 24. Separation between the individual antennas 14 and 16 is
      adjustable to obtain a desired radiation pattern in the difference channel
      of the interferometer. The purpose of this type of antenna system is to
      separate the direct signal 18 received from an RF source from the
      reflected signal 22 received from a target. The sum and difference channel
      hybrid outputs are respectively fed to amplifiers 26 and 28 to enhance the
      system noise figure. Likewise the amplifier outputs are fed to receivers
      32 and 34. To insure phase coherence between the sum and difference
      channels, the local oscillators in both receivers 32 and 34 are locked in
      phase, as shown by common local oscillator 30 indicated for both
      receivers.
PAR  The output from both receivers 32 and 34 are fed into a homodyne detector
      where the sum and difference signals are translated down to zero
      intermediate frequency. A signal from local oscillator 38 is fed to sum
      channel mixer 40 and, through phase shifter 44, to difference channel
      mixer 46. Phase shifter 44, driven by servomechanism 42, cancels the
      Doppler shift associated with the reflected signal from a moving target.
PAR  The purpose of the detector is as follows: since range resolution of the
      system is proportional to the band width of the signal used, the larger
      the band width the greater the resolution of a system. To take full
      advantage of the rather narrow band width of, say commercial FM stations
      (.+-.75kc), it is desirable to correlate between the signals directly from
      the last I-F before audio detection. Unfortunately, each cycle of the I-F
      will correlate with any cycle and thus will result in multiple peaks in
      the cross-correlation function. Translating the signal down to zero
      intermediate frequency obviates this difficulty. Zero intermediate
      frequency in each channel is indicated at 48 and 50.
PAR  The resultant low-pass sum and difference signals from the homodyne
      detector 36 are fed through cross-over detectors 52 and 54 and into
      cross-correlator 56 for processing. Since the cross-correlator 56 used
      here is a digital machine the two signals are first passed through
      analog-to-digital converters. The signals are cross-correlated and
      outputted to display 62. The cross-correlator 56 will be discussed in
      detail with reference to FIG. 2.
PAR  Referring to FIG. 2, the cross-correlator 56 is a delay line type
      correlator. It is a real-time machine that consists of two channels. The
      first channel is a 500 microsecond tapped delay line 68 into which the
      signal 64 received directly from the RF transmitter 10 is fed. The other
      channel is a straight bus having no delay, into which the reflected signal
      66 from a target is fed. The delay line 68 is tapped each 5 microseconds.
PAR  The output from each delay line tap is multiplied by signal 66 in
      multipliers 70, 72, and 74, and the resultant product averaged by means of
      an RC integrating network 76 and 78. The output of the cross-correlator
      thus consists of a plurality of integrated signals that are scanned
      sequentially by means of an electronic multiplexer 60 and displayed on the
      face of a scope 62 for viewing.
PAR  When a target 12 is present in the space volume covered by the system, the
      delayed signal 22 reflected from it will appear in the difference channel
      66 of the correlator. This reflected signal will correlate with the direct
      signal 64 received earlier and held in the delay line 68 over the period
      of 500 microseconds. The peak of the resultant cross-correlation between
      the direct 64 and the reflected 66 signals will occur at that point on the
      delay line 68 that is equal to the time delay of the reflected signal 66
      as compared to the direct signal 64.
PAR  After the target's range from the receiver has been determined, the
      angle-of-arrival of the reflected signal is required to pin-point its
      position. A dual base line interferometer antenna system is used to
      measure the required angle.
PAR  Referring now to FIGS. 3 and 4, the dual base line interferometer antenna
      system comprises a radio frequency source 10, a target 12, a first antenna
      94, a second antenna 96, a third antenna 98, an RF source to antenna path
      18, an RF source to target path 20, a target to antenna path 22, an
      angle-of-arrival 106, a second antenna signal delay 108, antennas 1 and 2
      separation 110, a third antenna signal delay 112, antennas 1 and 3
      separation 114, and the accompanying electronics shown in FIG. 4. The
      accompanying electronics comprise hybrids 116 and 118, second sum channel
      dump 120, receivers 122, 124 and 126; local oscillator 128; mixers 130,
      136 and 140; phase shifter 134; phase shifter adjustment 138; digital dual
      channel cross-correlator 148 including multiplexers 150 and 154; and
      displays 152 and 156.
PAR  The antenna system utilizes two interferometers with antenna spacings 110
      and 114, and hybrids 116 and 118 which provide the required three channel
      outputs; one sum channel, in which the direct signal from the illuminating
      transmitter appears, and two difference channels, in which the signals
      reflected from the target appears. The three channels' signals are
      respectively amplified by low noise receivers 122, 124, and 126. The
      individual local oscillators in receivers 122, 124, and 126 are locked
      together in phase in order to ensure phase coherence between the three
      channels. The signals are then heterodyned to zero intermediate frequency
      and applied to a homodyne detector to remove signal carrier frequency.
PAR  Phase adjustment between the two difference channels .DELTA..sub.1 and
      .DELTA..sub.2 is accomplished by phase shifter adjustment 138 in the
      homodyne detector. The rotating 360.degree. phase-shifter 134, driven by
      servomechanism 132, is used to cancel the Doppler shift associated with
      the moving target. Zero intermediate frequency is indicated in each
      channel by 142, 144, and 146.
PAR  The sum (.SIGMA..sub.1) and the two difference signals (.DELTA..sub.1,
      .DELTA..sub.2) from the homodyne are fed into the digital cross-correlator
      for processing. As was done in the device of FIG. 1, the signals are sent
      to multiplexers (150 and 154) and displays (152 and 156).
PAR  The technique for measuring the angle of arrival is as follows: by having
      two interferometers; antennas 1 and 2, and 1 and 3; the signal reflected
      from a target 12 appears in the difference channel of each interferometer.
      Since the separations 110 and 114 between the component antennas of the
      two interferometers are not equal the relative phase between the reflected
      signal and the direct signal of the first interferometer will be different
      from the relative phase difference between the reflected signal and the
      sum signal of the second interferometer. As a result of the phase
      inequality the resultant cross-correlation function between the signals at
      the first interferometer will not fluctuate in a phase with respect to the
      resultant cross-correlation function between the signals of the second
      interferometer. By introducing an additional phase into one of the
      difference channels (reflected signals) the relative phase between the two
      difference channels can be reduced to zero; i.e., the cross-correlations
      can be made to fluctuate in phase.
PAR  By measuring the phase difference between the two sets of signals; i.e.,
      the correlation required for in-phase fluctuations; the angle of arrival
      106 can be determined by the equation below.
      ##EQU1##
      Where .alpha. =0 angle-of-arrival 106 of the reflected signal
PA1  .lambda. = wavelength (meters)
PA1  L.sub.2 - l.sub.1 = 114 - 110
PA1  .theta. = relative phase between the reflected signal that appears in the
      two difference channels (phase difference between the two sets of signals)
PAR  Therefore, by adjusting the device to obtain traces which are in-phase on
      displays 152 and 156, and measuring the phase adjustment required by phase
      shifter adjustment 138, the angle-of-arrival 106 of the reflected signal
      from target 92 can be measured.
PAR  Briefly the operation is as follows: two interferometer antennas of
      different widths receive a direct signal (sum channel) from an RF
      transmitter-of-opportunity, and a reflected signal (difference channel)
      from a target 92. Because of the difference in antenna width, the
      resultant difference channel signals will not be in phase. One of the
      difference channel signals is adjusted to bring it into phase with the
      other difference channel, and the amount of adjustment is measured. The
      signals are then fed to a dual channel cross-correlator and presented for
      display. The display indicates the difference in phase between the
      signals. The amount of phase adjustment is then used to calculate the
      reflected signals angle-of-arrival.
PAR  The combined data obtained from the bistatic passive range determining
      radar system and the dual base line interferometer antenna system is
      sufficient to completely specify the target or object location.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A radar system for passively detecting and tracking targets, wherein
      said system does not have its own transmitting source, comprising:
PA1  a signal transmitting source-of-opportunity detached from and unassociated
      with the remainder of said system except as a signal supply;
PA1  a target illuminable by said source;
PA1  a plurality of interferometer antennas for receiving a signal directly from
      said source and a signal reflected from said target wherein the signals
      received at each interferometer antenna will have a relative phase
      relationship;
PA1  means for measuring the relative phase difference between signals received
      by said antennas; and
PA1  means for converting said relative phase difference into an angle value
      indicating the directional location of said target from said system.
NUM  2.
PAR  2. The system of claim 1 wherein said plurality of interferometer antennas
      consists of two non-rotating interferometer antennas
PA1  comprising first, second, and third antennas.
NUM  3.
PAR  3. The system of claim 1 wherein said phase difference measuring means
      comprises:
PA1  a first hybrid electrically coupled to said first and second antennas,
      providing first and second channel outputs wherein said first channel
      output is the sum of the signals received and said second channel output
      is the difference between the signals received;
PA1  a second hybrid electrically coupled to said first and third antennas,
      providing first and second channel outputs wherein said first channel
      output is the sum of the signals received and said second channel output
      is the difference of the signals received;
PA1  means electrically coupled to said first and second hybrids for processing
      said first and second channel outputs of said first hybrid, and said
      second channel output of said second hybrid to provide an output useable
      by a digital cross-correlator;
PA1  a digital cross-correlator electrically coupled to said useable output; and
PA1  display means electrically coupled to said cross-correlator for displaying
      the output of said cross-correlator;
PA1  such that said display indicates relative phase difference between signals
      received by said two interferometer antennas.
NUM  4.
PAR  4. The system of claim 3 wherein said processing means includes;
PA1  means for adjusting the phase of said second channel output of said first
      hybrid.
NUM  5.
PAR  5. The system of claim 4 wherein the signal transmitting
      source-of-opportunity is a radio frequency transmitter.
NUM  6.
PAR  6. A method of passively detecting and tracking a target comprising;
PA1  receiving signals directly from a radio frequency transmitting
      source-of-opportunity,
PA1  receiving signals reflected from a target illuminated by signals from said
      transmitting source-of-opportunity,
PA1  comparing a first set of said direct and reflected signals with a second
      set of said direct and reflected signals in order to measure the relative
      phase difference between said sets, and
PA1  converting said relative phase difference into an angle value for
      indicating the direction from the receiver to the target.
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PAL  4. A method of avoiding countermeasure jamming techniques comprising the
       ps of:
PA1  Transmitting a signal over at least a pair of carrier waves which differ in
      frequency by a predetermined amount and
PA1  Receiving and beating the carrier waves one against the other to obtain an
      intermediate frequency wave having an envelope of said signal,
PA1  Whereby jamming either carrier wave will enhance the effect of said beating
      to increase the amplitude of the signal, thus defeating the purpose of
      said jamming.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAR  The present invention relates to a counter-countermeasure guidance system
      and, more particularly, to a guidance system which will counter the effect
      of enemy jamming when a command signal is transmitted from a transmitter
      station to a receiver station.
PAR  In the past, enemy jamming of a carrier wave carrying the signal between a
      transmitter station and a receiving station has been very effective in
      that the jamming noise has disguised the signal to such an extent that it
      cannot be discerned by the receiving station. Previously, the signal has
      been transmitted over a single carrier wave to the receiving station where
      it is mixed in a conventional manner in a mixer with the local oscillator
      signal. The present invention eliminates the need of a local oscillator as
      well as any automatic frequency control circuit in a unique manner. The
      present invention transmits a single command signal from the transmitter
      station over two different carrier waves which differ in their frequency
      by a predetermined amount, this difference being the intermediate
      frequency of the receiver. These two carrier waves which have been
      modulated by the desired command signal are received by the receiver
      station and are beat one against the other in a mixer to obtain an
      intermediate frequency having the envelope of the desired signal. As shown
      in FIG. 2, should an enemy station jam either one of the carrier waves
      transmitted from the aircraft the beating effect in the mixer of the
      receiver will be enhanced so that the amplitude of the intermediate
      frequency will be greater, thus increasing the amplitude of the desired
      signal. Therefore, it can be seen that upon either carrier wave being
      jammed, the desired signal will be increased, thus defeating the purpose
      of the jamming procedures. Further, by eliminating the local oscillator
      and the automatic frequency control in the receiver the weight and the
      complixity of the receiver will be decreased, thus increasing the
      efficiency of the overall system.
PAR  An object of the present invention is to provide a system for transmitting
      a signal from a transmitter station to a receiver station without any
      decrease in the discernibility of the signal due to jamming techniques
      which may be effected.
PAR  A further object of the invention is to increase the strength of a signal
      at a receiver station when a carrier wave carrying the signal has been
      jammed on its carrier frequency.
PAR  Still another object is to provide a system for effectively commanding a
      missile in its trajectory, even though a carrier wave carrying a command
      signal has been jammed by an enemy station.
PAR  Yet another object is to eliminate the need of a local oscillator and an
      automatic frequency control circuit in a receiver at a receiving station.
PAR  A still further object is to reduce the weight and increase the efficiency
      within a receiver station receiving command signals.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawing in which like reference numerals designate like
      parts throughout the figures thereof and wherein;
PAR  FIG. 1 is a diagrammatic view showing the circuitry of one embodiment of
      the invention.
PAR  FIG. 2 is a diagrammatic view of the embodiment of the invention in
      operation.
PAR  FIG. 3 is a chart showing the results obtained from the invention when
      either carrier wave is jammed.
DETD
PAR  Referring now to the drawings, wherein like reference numerals designate
      like or corresponding parts throughout the several views, there is shown
      in FIG. 1 a lead 10 for feeding a command signal to a pair of transmitters
      12 and 14, the transmitter 12 generating a carrier frequency and
      modulating it by the signal to obtain a modulated carrier wave f.sub.o and
      the transmitter 14 generating a carrier frequency and modulating it by the
      same signal to obtain a modulated carrier wave f.sub.1. The carrier waves
      f.sub.0 and f.sub.1 differ in their frequency by a predetermined amount,
      such as 60 megacycles as shown in FIG. 1 with the frequency of f.sub.0
      being 3740 mc and the frequency of f.sub.1 being 3,800 mc. Both of the
      carrier waves carry the command signal and are transmitted from an antenna
      16 to a receiving antenna 18.
PAR  Both of the modulated carrier waves are fed from the antenna 18 to a mixer
      20, where the carrier waves are beat one against the other so as to
      simulate the operation of a local oscillator and a first detector within a
      superhetrodyne receiver. The output of the mixer is an intermediate
      frequency wave which is the difference in frequencies between the two
      carrier waves and for the embodiment as shown in FIG. 1 will be 60
      megacycles, this intermediate frequency wave carrying an envelope of the
      command signal. The intermediate frequency wave is fed to an intermediate
      frequency amplifier 22. After the intermediate frequency wave has been
      amplified, the signal is sent to a video circuit 24 to detect the signal
      in a useful form for a computer 26. The computer is programmed in such a
      way so as to send a usable signal to a servo 28 which, in turn,
      mechanically operates control vanes 30 of a missile 32. For convenience
      purposes the antenna 18, the mixer 20, the I.F. amplifier 22, and the
      video circuit 24 are shown generally as a receiver 34.
PAR  In the operation of the system FIG. 2 shows a launching aircraft 36 which
      has just launched the missile 32 against a target 38, the launching
      aircraft carrying the transmitters 12 and 14 and the missile 32 carrying
      the receiver 34. The aircraft 36 is transmitting a command signal over the
      pair of carrier waves to the receiver 34 and simultaneously an enemy
      jammer transmitter 40 is transmitting a jamming signal over a carrier wave
      which may be identical in frequency to either one of the carrier waves
      transmitted from the aircraft 36. The result is that when one of the
      carrier waves from the launching aircraft is jammed, its amplitude will be
      increased at the receiver 34, while the command signal on the other
      carrier wave remains unaffected. Because of this increase in amplitude of
      the one carrier wave as received in the mixer 20, the beating effect
      against the other carrier will be enhanced so as to cause the intermediate
      frequency wave to have a greater amplitude, thus resulting in the envelope
      of the command signal on the intermediate frequency wave to also be at a
      greater amplitude. Accordingly, because of the jamming tactics employed by
      the jamming station 40 the command signal has actually been increased at
      the receiver 34, thus defeating the purpose of the jammer transmitter 40.
PAR  The effect of jamming either one of the carrier waves is illustrated in
      FIG. 3 wherein the jammer power on either frequency f.sub.0 or f.sub.1 in
      dbm at the mixer is plotted versus the minimum discernible signal power in
      dbm also at the mixer. Each of these powers is reduced to decibels per
      milliwatts by the following formulas:
      ##EQU1##
      where P.sub.j (dbm) = the jammer power in dbm at the mixer and P.sub.j =
      the jammer power at the mixer in watts and
      ##EQU2##
      where P.sub.s (dbm) = the minimum discernible signal power in dbm at the
      mixer and P.sub.s = the minimum discernible signal power at the mixer in
      watts. As shown by the curve in FIG. 3, as the jammer power is increased
      (from right to left) the minimum discernible signal power at the mixer
      likewise increases, thus defeating the purpose of the enemy in jamming
      either wave. Should the enemy transmit a jamming signal which is at a
      frequency midway between the two carrier frequencies shown in FIG. 2
      (namely a frequency of 3,770 mc), the curve shown in FIG. 3 would have a
      flat response until the jammer power reached an unpractical value of about
      -20 dbm, after which upon an increase of jammer power the signal power
      would correspondingly decrease. Any other jamming frequency chosen by the
      enemy other than the midfrequency between the two carrier waves would
      result in an improved signal over the flat response curve just mentioned.
      The system remains efficient even though the enemy should jam both of the
      carrier waves transmitted from the launching aircraft 34. Since the noise
      directed at each carrier wave will add and subtract from one another in
      the mixer to show its incoherency the mixing of the two carrier waves will
      add the command signal on each wave to one another, thus adding to the
      coherency of the command signal. Accordingly, it will be apparent that the
      coherent command signal will be readily discernible over the incoherent
      noise signal in the mixer.
PAR  While the invention as shown in FIGS. 1 and 2 is utilized for commanding a
      missile from a launching aircraft, it is to be understood that the
      invention may be used in many other embodiments. For instance, the
      invention may be used for commanding other missiles than air-to-ground,
      such as air-to-air missiles or ground-to-air missiles and the invention
      could be used merely in transmitting information from one ground
      transmitter station to another ground receiver station. While only a pair
      of transmitters 12 and 14 are shown in the embodiment of FIG. 1, it is to
      be understood that any number (not less than two) could be used. For
      instance, three or four transmitters could be used which would enhance the
      system even more. Further, it is not necessary that the transmitters 12
      and 14 transmit carrier waves having the frequencies as shown in FIG. 1
      since it is only necessary that the carrier frequencies have a frequency
      differential of some amount. While the command signal in FIG. 1 is shown
      as being fed into the transmitters 12 and 14 from the lead 10, it is to be
      understood that the command signal could be individually fed into each
      transmitter under varying amplitudes in which case the spirit of the
      invention is still the same. While FIGS. 1 and 2 show the enemy jammer
      transmitter 40 jamming the carrier waves transmitted from the launching
      aircraft 36 it would be feasible for a friendly station to transmit a
      carrier wave which is identical in frequency to one of the carrier waves
      transmitted from the launching aircraft 36 merely to enhance the beating
      operation within the mixer 20. The modulation of the carrier waves may, of
      course, be either amplitude modulation or frequency modulation.
PAR  It is now readily apparent that the present invention provides a simple and
      efficient way of countering jamming techniques employed by the enemy. By
      transmitting a command signal over at least a pair of carrier waves,
      jamming techniques employed by the enemy at either carrier wave will
      enhance the beating operation of these waves in a mixer at a receiving
      station, thus increasing the strength of the command signal. Further,
      since the receiver station beats one carrier wave against the other, the
      local oscillator and the automatic frquency control circuits are no longer
      required, thus decreasing the weight and increasing the efficiency of the
      receiver station.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefor to be
      understood, that within the scope of the appended claims, the invention
      may be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for avoiding countermeasure jamming techniques comprising:
PA1  means for transmitting a signal over at least a pair of carrier waves which
      differ in frequency by a predetermined amount and
PA1  means for receiving both carrier waves from the transmitting means and
      beating the carrier waves against one another to obtain an intermediate
      frequency wave having an envelope of said signal so as to simulate the
      operation of a local oscillator and a first detector within a
      superhetrodyne receiver,
PA1  whereby jamming either carrier wave will enhance the effect of said beating
      to increase the amplitude of the signal, thus defeating the purpose of
      said jamming.
NUM  2.
PAR  2. A system for controlling a remote station from a command station when
      countermeasure jamming techniques are effected comprising:
PA1  the command station having at least a pair of transmitters operating on
      carrier wave frequencies which differ from one another by a predetermined
      frequency;
PA1  means for feeding a command signal to each of said transmitters so that
      each transmitter can transmit the command signal over it's respective
      carrier wave;
PA1  the remote station having means for receiving the carrier waves;
PA1  the receiving means having means for beating each carrier wave against the
      other carrier wave so as to produce an intermediate frequency signal
      having an envelope of the command signal which can be utilized for command
      purposes,
PA1  whereby jamming either carrier wave will enhance the effect of said beating
      to increase the amplitude of the signal, thus defeating the purpose of
      said jamming.
NUM  3.
PAR  3. A system for controlling a remote station from a command station when
      countermeasure jamming techniques are effected comprising:
PA1  the command station having at least a pair of transmitters operating on
      carrier wave frequencies which differ from one another by a predetermined
      frequency;
PA1  means for feeding a command signal to each of said transmitters so that
      each transmitter can transmit the command signal over it's respective
      carrier wave;
PA1  whereby the remote station can receive both carrier waves and beat one
      against the other to obtain a command signal of greater strength when
      either carrier wave is jammed on it's particular frequency.
NUM  4.
PAR  4. A method of avoiding countermeasure jamming techniques comprising the
      steps of:
PA1  transmitting a signal over at least a pair of carrier waves which differ in
      frequency by a predetermined amount and
PA1  receiving and beating the carrier waves one against the other to obtain an
      intermediate frequency wave having an envelope of said signal,
PA1  whereby jamming either carrier wave will enhance the effect of said beating
      to increase the amplitude of the signal, thus defeating the purpose of
      said jamming.
NUM  5.
PAR  5. A method of commanding a remote station comprising the steps of:
PA1  generating at least a pair of carrier waves having a predetermined
      frequency differential;
PA1  modulating each carrier wave with a command signal;
PA1  transmitting each modulated wave to the remote station;
PA1  beating the modulated waves one against the other at the remote station to
      obtain a predetermined intermediate frequency wave having the envelope of
      the command signal for command purposes,
PA1  whereby jamming of one of the modulated waves will increase the amplitude
      during said beating to increase the output command signal, thereby
      defeating the purpose of said jamming.
NUM  6.
PAR  6. A method of increasing the amplitude of a signal which is transmitted
      from a transmitter station to a receiving station comprising the steps of:
PA1  modulating the signal at the transmitter station with at least one of a
      pair of carrier waves which differ in frequency by a predetermined amount;
PA1  transmitting the modulated carrier wave and the other carrier wave to the
      receiving station;
PA1  intermediate said stations transmitting a further carrier wave having the
      same frequency as said other carrier wave thus increasing the amplitude of
      said other carrier wave and
PA1  receiving all of said waves at the receiving station and beating them one
      against the other to produce an intermediate frequency wave having an
      envelope of said signal which signal has an increased amplitude.
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ABST
PAL  4. A strobe generator for a radar set which includes a rotatable
       directio antenna, a plan position indicator and has an interpulse period
      defined by the time between transmitted pulses, comprising; means to sweep
      said rotatable directional antenna past a source of enemy jamming signals,
      means to produce pulses of one polarity in response to increasing jamming
      signal strength on said antenna and pulses of the opposite polarity in
      response to decreasing jamming signal strength thereon, a first monostable
      multivibrator, said pulses being applied to said first monostable
      multivibrator, said first multivibrator being triggered only by said
      pulses of said one polarity, the output of said first multivibrator being
      applied to a second monostable multivibrator with a pulse length longer
      than the interpulse period of said radar set and means responsive to the
      resetting of said second multivibrator for initiating a strobe pulse for
      application to said plan position indicator of said radar set.
BSUM
PAR  This invention relates to radar circuitry and more particularly to novel
      circuitry for indicating the bearing or azimuth, relative to the radar
      set, of an enemy jamming source. Means are provided for generating a
      strobe pulse in response to received jamming signals, said pulse being
      applied to the radar PPI (plan position indicator) to produce a radial
      strobe line or fiducial mark thereon at a position which accurately
      corresponds to the direction of arrival of the jamming signals.
PAR  It is therefore an object of this invention to provide a strobe generator
      circuit of improved accuracy.
DRWD
PAR  Other objects and advantages of this invention will become apparent from
      the following detailed description and drawings, in which:
PAR  FIG. 1 is a block diagram of the circuit, and
PAR  FIG. 2 illustrates the waveform in various parts of FIG. 1.
DETD
PAR  The radar has two antennas, one a rotating directional type and the other a
      fixed omnidirectional type, the latter arranged to cover the same
      elevation as the former. The gain of the omnidirectional antenna is made
      slightly higher than the side-lobe gain of the directional antenna, so
      that by substracting the signal in the omnidirectional channel from that
      in the directional channel spurious signals caused by pickup from the
      side-lobes of the directional antenna are canceled or blanked out. The
      subtraction is accomplished in differential amplifier 3 to which the
      detected video signals from both channels are fed. The waveform a, FIG. 2
      shows the output of 3 as the rotating antenna sweeps past a source of CW
      jamming signals. The signal is applied through cathode follower 5 to diode
      clutter gate 7 which is open only during the last 25% of each sweep
      interval. The gating signal for 7 is obtained from the output of gate
      multivibrator 29 which is a monostable multivibrator which is triggered by
      the radar system pre-trigger pulses FIG. 2b, which are the same pulses
      used to trigger the radar set transmitter. The output of 29 is shown in
      FIG. 2c, the positive portions of which open gate 7 and apply the input
      thereof to storage device 9. The input to the storage device is a series
      of gradually increasing and then decreasing negative pulses, as
      illustrated in FIG. 2d. These pulses cause storage device 9, which may
      comprise a capacitor, to charge up in step fashion while the pulses are
      increasing in amplitude and then to discharge in like fashion as the
      pulses decrease in amplitude, as illustrated in FIG. 2e. It should be
      noted that gate 7 and storage device 9 together comprise a box-car
      detector. The charge on 9 is differentiated by 11 to determine whether the
      charge thereon has increased or decreased since the preceding pulse. The
      output of 11 will be a series of negative spikes if the charge on 9 is
      increasing and a series of positive spikes if the charge thereon is
      decreasing, as shown in FIG. 2f. The spikes are amplified by trigger
      amplifier 13 and the negative going spikes, indicative of increasing
      charge on 9, trigger first monostable multivibrator 15. Multivibrator 15
      may be made responsive to negative spikes only by means of a
      unidirectional conducting device such as a diode, or by other well-known
      means. Multivibrator 15 has a pulse length of less than the radar
      imterpulse period or sweep interval and therefore will be triggered by
      each negative spike of sufficient amplitude applied thereto. The pulse
      output of the first multivibrator, FIG. 2g, is applied to a second
      monostable multivibrator 19, which has a pulse length or time constant
      longer than the radar interpulse period. The initial pulse from 15 sets 19
      and succeeding pulses from 15 hold the second multivibrator in the set or
      unstable state. When the directional antenna is pointing at the jamming
      source the charge on storage device 9 stops increasing and no more
      negative spikes of sufficient ampltidue to trigger the first multivibrator
      are produced by differentiator 11, the first multivibrator stops producing
      pulses and the second multivibrator resets, FIG. 2h. The resetting of 19
      is differentiated by 21, FIG. 2i, and is used to initiate the strobe
      pulse. It can be seen that the strobe pulse is initiated by the lack of
      increase in the output of the rotating antenna rather than a decrease
      therein. This yields increased azimuthal accuracy in the strobe pulse. It
      is difficult to detect a decrease in the antenna output near the center of
      the beam because the bluntness of the antenna pattern causes only slight
      differences in the received signal in this area. The spike output of 21 is
      applied to pulse stretcher 23, the output of which is shown in FIG. 2j.
      This pulse is inverted in 25 to form the positive going pulse of FIG. 2k.
      The output of 25 and the output of gate multivibrator 29, shown in FIG.
      2m, which is a repeat of FIG. 2c, are applied to AND gate 27 to produce
      the strobe pulse of FIG. 2n, which accurately coincides with the azimuth
      of the jamming source and occupies the last 25% of the sweep interval in
      which it was initiated. It should be noted that the waveforms have been
      idealized to more clearly illustrate the principle of operation of the
      circuit. Actually the beamwidth of the directional antenna will normally
      contain about 35 sweep intervals.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, it is obvious that many modifications thereof will be apparent
      to those skilled in the art, accordingly the scope of the invention should
      be limited only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A strobe pulse generator for a pulse radar set, said radar set having a
      rotating directional antenna and a sweep interval defined by the time
      between transmitted pulses, said strobe pulse generator comprising; means
      to prevent spurious pickup from the side-lobes of said directional
      antenna, a clutter gate, means to feed the output of said antenna to the
      input of said clutter gate, means to open said clutter gate during the
      last 25% of each sweep interval of said radar set, a storage device
      connected to the output of said clutter gate, a first monostable
      multivibrator, means to trigger said first monostable multivibrator only
      in response to increasing charge on said storage device, a second
      monostable multivibrator, the output of said first multivibrator being
      arranged to maintain said second multivibrator in the set or unstable
      state, means responsive to the resetting of said second multivibrator to
      generate a pulse, an AND gate, means to feed said last-named pulse to one
      input of said AND gate and means to feed a gating pulse to the other input
      of said AND gate during the last 25% of each sweep interval.
NUM  2.
PAR  2. A strobe pulse generator for a pulse radar set, said radar set
      comprising a rotating directional antenna, an omnidirectional antenna, a
      plan position indicator and having an interpulse period defined by the
      time between transmitted pulses, said strobe pulse generator comprising, a
      differential amplifier, means to feed the output of said rotating
      directional antenna and the output of said omnidirectional antenna to said
      differential amplifier, the gain of said last-named antenna being slightly
      greater than the side-lobe gain of said first-named antenna, a clutter
      gate, said clutter gate connected to the output of said differential
      amplifier, a gating multivibrator, said gating multivibrator connected to
      said clutter gate and arranged to open said gate during the final 25% of
      each interpulse period of said radar set, a storage device connected to
      the output of said clutter gate, a first differentiator connected to the
      output of said storage device, a first monostable multivibrator connected
      to the output of said first differentiator, said first multivibrator being
      triggered only by pulses indicative of increasing charge on said storage
      device, a second monostable multivibrator connected to the output of said
      first multivibrator, said second multivibrator having a pulse length
      longer than the radar set interpulse period, a second differentiator
      connected to the output of said second multivibrator, a pulse stretcher
      connected to the output of said second differentiator, an inverter
      connected to the output of said pulse stretcher, an AND gate, the output
      of said inverter being connected to one input of said AND gate, the other
      input of said AND gate being connected to the output of said gating
      multivibrator, the output of said AND gate being applied to said plan
      position indicator to produce a radial strobe line thereon.
NUM  3.
PAR  3. A strobe generator for a radar set which includes a rotatable
      directional antenna, comprising; means to sweep said rotatable directional
      antenna past a source of enemy jamming signals, means to produce pulses of
      one polarity in response to increasing jamming signal strength on said
      antenna and pulses of the opposite polarity in response to decreasing
      jamming signal strength on said antenna, a monostable multivibrator, said
      pulses being applied to said monostable multivibrator being triggered only
      by said pulses of said one polarity, and means responsive to the cessation
      of pulse output from said monostable multivibrator to initiate a strobe
      pulse.
NUM  4.
PAR  4. A strobe generator for a radar set which includes a rotatable
      directional antenna, a plan position indicator and has an interpulse
      period defined by the time between transmitted pulses, comprising; means
      to sweep said rotatable directional antenna past a source of enemy jamming
      signals, means to produce pulses of one polarity in response to increasing
      jamming signal strength on said antenna and pulses of the opposite
      polarity in response to decreasing jamming signal strength thereon, a
      first monostable multivibrator, said pulses being applied to said first
      monostable multivibrator, said first multivibrator being triggered only by
      said pulses of said one polarity, the output of said first multivibrator
      being applied to a second monostable multivibrator with a pulse length
      longer than the interpulse period of said radar set and means responsive
      to the resetting of said second multivibrator for initiating a strobe
      pulse for application to said plan position indicator of said radar set.
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ABST
PAL  The described signal receiving system includes control apparatus for making
      system phase angle track the orientation angle of linear polarization of a
      radiated carrier, and for keeping substantially small any phase and
      amplitude distortions of the carrier which result from undesired
      polarization modulation.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalties
      thereon or therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to signal receiving systems and, more particularly,
      to such a system in which perturbations in the propagation medium are
      compensated for improved operational performance.
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known, one method of transmitting message information is to
      modulate the amplitude or phase of an electromagnetic carrier with message
      signal information. In so doing, it is the common practice to hold the
      orientation of the angle of linear polarization of the carrier constant --
      usually, but not necessarily, vertical or horizontal. As is also well
      known, when the ionosphere is used as the propagation medium for high
      frequency communication, it's electron content and the presence of the
      earth's magnetic field cause an undesirable change in the polarization
      angle of the electromagnetic wave. It has been further noted that the
      amplitude, frequency or phase characteristics of the wave are similarly
      affected in the time domain -- with the overall result being a slowly
      varying fading in received signal strengths. This has been found
      especially prevalent in satellite communications, and requires critical
      receiver designs for acceptable system performance.
PAC  SUMMARY OF THE INVENTION
PAR  As will become clear hereinafter, the adaptive polarization receiving
      system of the present invention includes control apparatus to compensate
      for these effects. As will be seen, a polarization follower is employed to
      make the system phase angle track the orientation angle of linear
      polarization of the received carrier so that the receiver apparatus will
      follow polarization changes in the information signal. This apparatus will
      be seen to include a closed loop feedback network, in which an error
      signal is generated whenever the system phase angle differs from the
      incident polarization angle, and in which a control voltage is developed
      in response to be superimposed on a signal which scans the receiving
      antenna at a constant frequency.
PAR  At the same time, the error voltage is used to optimize the reproduction of
      the received message information in the presence of variations in incident
      polarization angle by off-setting the signal fading which results.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other features of the present invention will be more clearly
      understood from a consideration of the following description taken in
      connection with the accompanying drawing in which:
PAR  FIG. 1 is a schematic block diagram of a polarization follower system
      helpful in an understanding of the present invention; and
PAR  FIG. 2 is a schematic block diagram of the adaptive polarization receiving
      system embodying the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  The polarization follower of FIG. 1 is of the type described in U.S. Pat.
      Nos. 3,238,527, 3,435,454 and 3,524,139, in which the polarization of an
      antenna is swept by means of an appropriate scanning frequency onto which
      a DC control voltage is superimposed. As is therein described, that
      control voltage is a measure of the system phase angle, and when that
      angle differs from the incident polarization angle, a positive or negative
      error voltage is generated. Such voltage is used to control either the
      mechanical servosystems of these patents or the electronic servosystems
      described in U.S. Pat. Nos. 3,435,454 or 3,524,139.
PAR  Thus, more particularly referring to the block diagram of FIG. 1, it will
      be understood that a conventional mechanical servosystem 10 is connected
      between points A and B for tracking the incident polarization angle. An
      antenna 12 incorporates two crossed dipoles X and Y to receive the
      incident electromagnetic carrier wave having a Poynting vector P
      perpendicular to the antenna plane, and at the angle of linear
      polarization. The corresponding high frequency output signals from these
      polarization sensing antennas are designated as E.sub.X and E.sub.Y, which
      are then fed through a pair of amplifiers 14, 16 to two corresponding
      modulators 18 and 20, designated as the X and Y multipliers respectively.
      As described in the afore-mentioned patents, the X multiplier 18 forms the
      product of E.sub.X with a magnitude of the cosine of the system phase
      angle while the Y multiplier 20 forms the product of E.sub.Y with a
      magnitude of the sine of that angle. The output products of the two
      multipliers 18 and 20 are summed in an adder 22, to form a composite
      signal E.sub.0, which is then amplified, with the radio frequency
      components thereof being converted to intermediate frequencies, in the
      usual manner by a receiver 24.
PAR  A sine-cosine function generator 26 is also shown -- being of a type
      described in U.S. Pat. No. 3,238,527. An oscillator 28 provides a scanning
      signal of appropriate frequency to be summed in an adder 30 with a DC
      voltage which varies as a function of the difference between the system
      phase angle and the incident polarization angle. Such varying direct
      voltage is provided by the servosystem 10 in a manner to minimize the
      intermediate frequency output from the receiver 24. To minimize this
      output, the servosystem 10 is incorporated as part of a closed feedback
      loop which also includes a demodulator 32, a phase comparator 34 and a
      frequency doubler 36.
PAR  More particularly, it will be seen that the output from the receiver 24 is
      applied to the demodulator 32, designed to pass the polarization
      information in providing a signal which serves as one input to the
      feedback loop. The scanning signal from oscillator 28 is applied to the
      frequency doubler 36, the output of which is provided the comparator 34 as
      a reference against which the demodulator signal is compared. Whenever the
      system phase angle differs from the incident polarization angle, the
      comparator 34 generates an error voltage which is applied to the
      servosystem 10 in adjusting the DC control voltage in a direction to
      reduce the angular difference to zero. With the closed loop operation, the
      two angles will be kept constant so that the control system will
      substantially follow any polarization changes of the received signal. As
      shown in FIG. 1, the error voltage generated controls the speed and
      direction of a motor 38 which, in turn drives a potentiometer 40 through a
      reduction gear 42 in providing the control voltage for the adder 30.
      Because the error voltage will be substantially small, an amplifier 44 is
      inserted between the comparator 34 and the motor 38.
PAR  As will be readily apparent, the control signal used to vary the outputs
      from the sine-cosine function generator 26 as the incident polarization
      changes is an alternating voltage onto which a varying direct voltage is
      superimposed. It will also be readily apparent that while such control
      signal could be used in orientating the system phase angle to coincide
      with the incident angle of polarization, such control signal could
      deleteriously affect the information modulation of the electromagnetic
      carrier. For this reason, while this control signal could be used to
      compensate for polarization distortions introduced by the ionospheric
      medium or the earth's magnetic field, the same control signal could not
      readily serve to compensate for the amplitude and phase distortions which
      the propagation medium introduces into the message information.
PAR  Such amplitude and phase distortions could be compensated, however, through
      the addition of a second, closed-loop feedback arrangement in which only a
      varying direct voltage is used to control the outputs from a sine-cosine
      function generator. As will be seen from the discussion which immediately
      follows, the system configuration is one in which a maximum direct voltage
      is developed when the system phase angle coincides with the incident angle
      of polarization -- rather then a zero voltage being developed as in the
      configuration of FIG. 1. To accomplish this concept of utilizing a maximum
      control voltage for the communications network instead of the zero voltage
      as in the polarization adaptation, a 90.degree. offset is designed into
      the system construction.
PAR  Referring now, more particularly, to the schematic diagram of FIG. 2, the
      tracking processer 100 would include the amplifiers 14 and 16 of FIG. 1,
      the multipliers 18 and 20, and the adder 22. The receiver 102, the
      polarization detector 104 and the tracking servo 106 would, similarly,
      correspond to the receiver 24 of the first drawing, the demodulator 32,
      the phase comparator 34 and the scan frequency doubler 36 of that figure,
      and either the mechanical servomechanism 10 or the electronic
      servomechanisms previously referred to, respectively. The output of the
      tracking servo 106 is combined with the oscillatory signal from the scan
      oscillator 28, and applied to a programmer 108, comparable to the
      sine-cosine function generator 26 of FIG. 1. In accordance with the
      present invention, the tracking servo 106 -- either of mechanical or
      electronic design -- will provide not only the control voltage to be used
      in scanning the linear polarization of the antenna, but will also be used
      to optimize the operation in a communication processer of comparable
      construction to the tracking processer 100.
PAR  That is, a communication processer 120 is included, having a pair of
      amplifiers, a pair of multipliers and an adder similar to the construction
      shown at the upper-left hand portion of FIG. 1. A second programmer 128 is
      included, and similarly employs a sine-cosine function generator, whose
      outputs are multiplied as both sine and cosine of the incident angle of
      linear polarization with the E.sub.X and E.sub.Y signal components
      received by the antenna dipoles As in FIG. 1, the output adder of the
      processer 120 is followed by a receiver -- in this case 122 -- which
      converts the radio frequency components to intermediate frequency signals
      for further processing in a communications detector 124 of appropriate
      demodulator construction. Further processing equipments would couple to
      the output of the detector 124 in conventional manner, and of a type
      dependant upon whether the information is impressed on the electromagnetic
      carrier either as amplitude modulation, frequency modulation, or single
      side-band, as denoted by the block 126 of FIG. 2.
PAR  In further accordance with the invention, moreover, the control voltage to
      be supplied the sine-cosine function generator of the communications
      programmer 128 is effectively supplied with a 90.degree. phase difference
      from the control voltage utilized in the tracking programmer 108 in order
      to utilize the communications network as operative from a "maximum signal
      tracking" standpoint rather than from a "null seeking tracking" standpoint
      as utilized in the apparatus of FIG. 1. To this end, for the block diagram
      arrangement of FIG. 2 where a mechanical servomechanism would be employed
      in the feedback loop for the tracking processer, a second such
      servomechanism arrangement could be incorporated for the communication
      programmer, but operative in a construction wherein a 90.degree. phase
      shifter were inserted between the scan oscillator 28 and the scan
      frequency doubler 36 of FIG. 1. On the other hand, if an electronic
      servomechanism of the type described in U.S. Pat. No. 3,435,454 or
      3,524,139 were employed, then the error voltage developed could be used in
      an arrangement where the pulse timing sequences are altered to, in effect,
      develop the same 90.degree. phase shift as with the mechanical servo
      system. As will be readily appreciated, the control voltages thus provided
      the sine-cosine function generator for the communication programmer 128,
      in either event, would serve to keep the expression sin.sup.2 d +
      cos.sup.2 d = 1, (d being the incident angle of polarization), in order to
      maximize the output from the communication receiver 122 even though
      changes in linear polarization would be present to effect phase and
      amplitude distortions in the information content.
PAR  With this arrangement, imparted message information which serves to
      modulate a carrier, as in block 150 of FIG. 2, may be either amplitude
      modulation, frequency modulation or in single side-band format, as
      illustrated by the block 152. When transmitted via antenna 154 with fixed
      polarization, the above described arrangement operates to offset the
      signal fading which would otherwise be introduced as the angle of
      polarization is changed due to perturbations in the transmission medium.
      One portion -- mainly the tracking portion for maintaining the system
      phase angle equal to the incident angle of linear polarization -- will
      thus be seen to control the communications portion in recovering the
      message information transmitted. However, it will be seen that the FIG. 2
      construction eliminates the alternating voltage upon which the direct
      voltage control signal was superimposed in scanning the antenna elements.
      As far as the communication reproduction is concerned, it will readily be
      appreciated that more of a steady-state or quiescent condition is required
      in which the programmer input is changed only during the presence of
      signal fading.
PAR  While there has been described what is considered to be a preferred
      embodiment of the present invention, it will be understood that
      modifications may be made by those skilled in the art without departing
      from the scope of the teachings herein, of utilizing a first branch to
      track the minimum, or null, of a polarization pattern, and a second branch
      to align the maximum of the pattern in the direction of the received
      polarization vector. For example, in the FIG. 2 embodiment of the
      invention using a mechanical servomechanism, it will be seen that the
      second servosystem could be deleted by coupling a sine-cosine
      potentiometer to the mechanical shaft of potentiometer 40, at which point
      the analog output signal is developed -- mechanical rotation by 90.degree.
      would then provide for reception at the pattern maximum, while permitting,
      at the same time, the elimination of the second function generator, as
      well. For this reason, reference is to be had to the appended claims in
      determining the scope of the described invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a radio communication system of the type including a signal receiver,
      a pair of quadrature positioned cross dipole antennas for recovering
      intelligence information for reporduction by said receiver, and means for
      producing signal components of the angle of polarization of an incident
      wave of high frequency energy received thereby, the combination therewith
      of:
PA1  first polarization follower apparatus for providing a first, variable
      control signal that comprises a variable direct voltage superimposed onto
      an alternating signal to maintain the system phase angle in
      synchronization with the incident polarization angle of said high
      frequency wave; and
PA1  second polarization follower apparatus for providing a second variable
      control signal that comprises substantially only a variable direct voltage
      90.degree. displaced in phase with respect to said first control signal to
      decrease the sensitivity of said receiver to distortion in intelligence
      information due to undesired polarization modulation caused by
      perturbations in the propagation medium.
NUM  2.
PAR  2. The combination of claim 1 wherein said direct voltages vary as a
      function of the phasor difference between said system phase angle and said
      incident polarization angle.
NUM  3.
PAR  3. The combination of claim 2 wherein said signal receiver reproduces AM,
      FM or single side-band intelligence information.
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ABST
PAL  Radio navigation receiver apparatus for operation with ground beacon
      equipment of the simulated Doppler type (having a commutated array).
PAL  The receiver derives a beat between the received ground beacon (commutated)
      signals and a reference signal also from the ground beacon. Angular
      information is extracted from this beat signal. Means are included for
      determining the commutation times and scan reversals at the receiver
      location, so that the effect of phase transients can be ameliorated by
      discriminating against the received signal at these phase transient times.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to radio navigation systems of the Doppler
      type, and particularly to remote angle determining receivers therefor.
PAR  2. Description of the Prior Art
PAR  In Doppler radio navigation systems, the ground beacon (commutated array)
      transmits bidirectional scans defined as involving:
PAR  A. COMMUTATION OF A FIRST RADIO FREQUENCY DISCRETELY AND SUCCESSIVE TO THE
      RADIATING ELEMENTS OF A LINEAR ARRAY SO AS TO SIMULATE CONSTANT VELOCITY
      BIDIRECTIONAL (BACK AND FORTH) SCANNING OF THE ARRAY, WHEREBY A MAIN
      BEARING SIGNAL IS TRANSMITTED WHICH, AS "SEEN" BY A REMOTE RECEIVER IN THE
      SYSTEM, UNDERGOES A Doppler frequency shift proportional to the sine of
      the angle said remote receiver makes with the normal to the axis of the
      array.
PAR  B. Simultaneous transmission of a reference signal of a second radio
      frequency (offset from the first), whereby the receiver is able to derive
      a Doppler beat waveform containing a frequency indicative of the said
      angle.
PAR  C. Changing the sign of the difference (offset) between the commutated
      frequency and the reference frequency at each half period of the
      bidirectional scan, thereby to provide compensation for the change in the
      sense of the Doppler frequency shift imparted to the commutated signal on
      reversal of the direction of scan.
PAR  D. PRECESSION OF THE PHASE OF THE COMMUTATED SIGNAL AT THE COMMENCEMENT OF
      EACH BIDIRECTIONAL SCAN, WHEREBY SUCCESSIVE SCANS ARE NOT IDENTICAL (A
      FORM OF DIGITIZATION).
PAR  A form of beacon having the above transmission format is described in
      British Pat. No. 1,234,541. The specification of that patent also
      describes how the Doppler frequency displacement of the commutated signal
      may be detected and measured by digital methods in an associated remote
      receiver.
PAR  In order to effect digital counting of the Doppler frequency in the
      receiver in such a way that the signal is measured only during defined
      portions of the scan, it is necessary to derive scan timing signals to
      control the time over which the period of received signals are measured by
      a computing counter. This can be done by examining the r.f. signal and
      detecting when the frequency of the commutated signal changes at the end
      of each scan. However, the circuitry required for this detection is quite
      complicated.
PAC  SUMMARY OF THE INVENTION
PAR  In conisderation of the aforementioned state of the prior art and the
      disadvantages thereof, it may be said to be the general object of the
      invention to provide a simplified scan timing extraction device in the
      said remote receiver.
PAR  According to the invention there is provided a radio navigation receiver
      for use in a Doppler radio navigation system having a transmission format
      with digitized bidirectional scans as hereinbefore defined. The said
      receiver also includes means for deriving a Doppler beat information
      signal from the received signals, first circuits responsive to said
      Doppler signal for determing the time at which the direction of each scan
      is reversed, and additional circuits synchronized by the first circuits
      for determining the frequency of the Doppler signal during each said scan
      cycle.
DRWD
PAR  The invention will be better understood from the following description in
      conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block schematic diagram of a radio navigation receiver
      embodying the invention.
PAR  FIGS. 2 and 3 show details of alternative forms of scan timing extraction
      circuits.
PAR  FIGS. 4 and 5 show waveforms concerned with operation of the circuits of
      FIGS. 2 and 3, respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the receiver block diagram will be explained.
PAR  The receiver comprises an r.f. input stage 1 whereat signals received at 6
      in accordance with the defined transmission format from an associated
      ground beacon are subjected to the necessary frequency changing and
      amplification to be passed to detector stage 2 at IF frequency. The output
      of 2 is the Doppler beat waveform.
PAR  After the detector 2 there is a bandpass filter 3 covering the range of the
      required Doppler beat frequency, to select the direct path signal and
      reject or at least reduce multi-path signals. This technique is known, per
      se.
PAR  The next stage, 4, comprises a frequency counter (zero crossing detector)
      and associated circuitry required to produce an output which is fed to any
      suitable read out, e.g., a zero center d.c. meter or other form of bearing
      information display.
PAR  In order to derive the bearing information within stage 4, it is necessary
      to control the time over which the period of filtered signals are measured
      by the counter, and this period is fundamentally the scan period. In
      practice it may be slightly less than the full scan period as will become
      apparent later in the description.
PAR  The remaining stage 5 in FIG. 1, is a scan timing derivation stage having
      as its input the Doppler beat waveform from the detector 2 and as its
      output scan synchronizing signals for the counting and processing stage 4.
PAR  This scan timing derivation stage 5 may typically be constituted by the
      arrangement shown in FIG. 2 which comprises a first differentiator D1, a
      buffer B, a second differentiator D2, a rectifier R, a flywheel circuit
      comprising a transistor T with a high-Q resonant (LC) circuit connected to
      its collector, a phase shifter P and a zero crossing detector Z.
PAR  Referring now also to FIG. 4, it is assumed that the beacon array involved
      is vertically oriented for elevation angle determination at the receiver,
      whereby there are up and down scans depicted as a function of time at FIG.
      4(a). As a result of the aforementioned transmission format, the Doppler
      beat signal S, FIG. 4(b) contains phase discontinuities at the scan sense
      reversals regardless of the bearing frequency, although the magnitude of
      the phase transient will vary at successive scan interfaces throughout the
      digitization cycle because the scan frequency and beat are never (or
      seldom) synchronous or instantaneously harmonically related.
PAR  The signal s is applied to the first differentiator D1 whose output (ds/dt)
      with its resulting 90.degree. phase advance on the input, is shown in FIG.
      4(c). Further differentiation of ds/dt by the second differentiator D2
      results in the waveform d.sup.2 s/dt.sup.2 shown in FIG. 4(d), with a
      further 90.degree. phase advance. Phase discontinuities in the original
      Doppler beat waveforms occurring at the scan ends, result in short pulses
      appearing in the doubly differentiated signal d.sup.2 s/dt.sup.2. This
      signal is rectified by rectifier R, to produce the waveform
      .vertline.d.sup.2 s/dt.sup.2 .vertline. (FIG. 4(e)), and this rectifier
      output is then used to "ring" the flywheel circuit at its natural resonant
      frequency (preselected to equal the scan rate). The output (FIG. 4(f)) of
      the resonant circuit is advanced by 90.degree. in the phase shifter P, so
      that as applied to the zero crossing detector Z, the zero crossings of the
      flywheel circuit output then coincide with the instant of scan start.
PAR  The zero crossing detector Z controls the counting stage 4 (FIG. 1) in
      synchronism with the scan rate, counting being arranged to commence
      shortly after the commencement of each scan, for example, by arranging for
      a trigger circuit to be energized by each scan commencement zero crossing
      after a brief delay. This short delay mitigates the effect of spurious
      signals passing through the filter 3 at the instant of scan change when
      the Doppler beat waveform is suffering a phase discontinuity.
PAR  In the circuit of FIG. 2, to prevent contamination by noise, the
      differentiating circuits should not be unnecessarily wideband. In other
      words, the 12dB/octave rising characteristic associated with an ideal
      double differentiator must be limited to some maximum frequency, for
      example, to twice the offset frequency as specified in the transmission
      format description.
PAR  The above-described scan timing derivation circuit is suitable for use with
      the described transmission format wherein additionally there is blending
      at the transmitter, that is to say a technique in which the signal to each
      antenna is tapered and also time overlaps the transmissions from adjacent
      radiating elements. The primary use of the technique is to reduce the r.f.
      bandwidth of the transmission. This blending technique smooths out the
      element to element phase jump, yielding an almost linear phase trajectory.
PAR  With hard switching of the radiating elements, the phase jump between
      elements can be comparable with the phase discontinuity at the scan ends,
      and with the circuit of FIG. 2, the desired signal may be obscured due to
      these commutation jumps.
PAR  The circuit shown in FIG. 3 gives improved immunity to noise and to phase
      jumps due to hard commutation, as the scan information appears as
      maintained steps over each scan period rather than as a short pulse as in
      FIG. 2. The circuit of FIG. 3 in effect integrates the effect of the scan
      reversal transients over the entire time for which each phase change is
      maintained (the scan time).
PAR  The FIG. 3 circuit comprises a wideband filter F, a balanced mixer M, a
      zero crossing detector Z1, a difference frequency detector DF, a variable
      frequency oscillator VF, a low pass filter F2, a buffer B1, differentiator
      D3, rectifier R1, a flywheel circuit including a transistor T1 with a
      high-Q resonant (LC) circuit connected to its collector, a phase shifter P
      and a zero crossing detector Z.
PAR  Referring also to FIG. 5, we again assume (as before) up and down scans,
      i.e. FIG. 4(a) repeated at 5(a), the Doppler beat signal, FIG. 5(b), after
      passing through the filter F for rejection of multipath (ground reflected)
      signals as before, is applied to one input of the balanced mixer M. The
      other input to the balanced mixer M is a continuous signal (FIG. 5(c)),
      from the oscillator VF whose frequency is controlled, via the zero
      crossing detector Z1 and the difference frequency detector DF, to equal
      the average zerocrossing rate of the beat signal.
PAR  The lower sideband output from the mixer is therefore near d.c. and ideally
      gives an output cos .phi. (FIG. 5(d)), where .phi. is the phase difference
      between the beat signal and the local oscillator.
PAR  The dashed outline in FIG. 5(d) represents the lower sideband signal after
      passing through the low pass filter F2.
PAR  Thereafter the signal is differentiated by the differentiator D3, output as
      shown in FIG. 5(e) and, after rectification by the rectifier R1 to give
      the waveform as shown FIG. 5(f), is used to ring the flywheel circuit
      having a resonant frequency equal to the scan rate, as in FIG. 2.
      Derivation of the scan timing signals for the counting stage 4 of the
      receivers via the 90.degree. advance phase shifter P and the zero crossing
      detector Z, is as already described in connection with FIG. 2.
PAR  As an alternative to using a balance mixer, the beat waveform and the local
      oscillator signal may simply be added together, and an envelope amplitude
      detector used to give an indicator of .phi., with subsequent
      differentiation, rectification and flywheel circuit ringing to derive scan
      timing derivation signals.
PAR  The above described scan timing extraction arrangements also apply to an
      azimuth (horizontal) beacon with the defined scan format operating with
      left/right and right/left scans.
PAR  It is to be understood that the foregoing description of specific examples
      of this invention is made by way of example only and is not to be
      considered as a limitation on its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A radio navigation receiver for use in a Doppler radio navigation system
      having a transmission format with digitized bidirectional scans,
      comprising:
PA1  first means within said receiver for deriving a Doppler beat information
      signal from the received signals;
PA1  second means comprising a flywheel circuit having a resonant frequency
      equal to the frequency of the scan, for determining the time at which the
      direction of each scan is reversed, said second means being responsive to
      said Doppler signal;
PA1  and third means synchronized by said second means for determining the
      frequency of said Doppler signal during each scan.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said second means comprises
      means for the double differentiation and rectification of said Doppler
      signal to produce a synchronizing signal to maintain said flywheel circuit
      in oscillation.
NUM  3.
PAR  3. Apparatus according to claim 1 in which said second means comprises a
      variable frequency oscillator, means for controlling the frequency of said
      oscillator to be equal to the average frequency of said Doppler signal,
      means for determining the phase relationship between the Doppler signal
      and the oscillator signal, and means responsive to said phase relationship
      determining the means to maintain said flywheel circuit in oscillation.
NUM  4.
PAR  4. Apparatus according to claim 3 in which said phase relationship
      determining means comprises a balanced mixer having a lower sideband
      output resulting from the mixing of the Doppler signal and the oscillator
      signal.
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ABST
PAL  A multiplexer-demultiplexer operates in the 3.6 to 4.2, 5.9 to 6.4, 6.4 to
      7.1 and 10.7 to 11.7 kmc. The multiplexer-demultiplexer first picks off
      the signals of the first frequency band, and thereafter separates the
      signals of the fourth frequency band from other frequency bands,
      comprising the second and third frequency band, of the input signals, all
      these operation being performed for each one of the vertical and
      horizontal polarizations. The aforesaid other frequencies are thereafter
      separated according to polarization only before it is demultiplexed
      according to frequency.
BSUM
PAR  The present invention relates to improvements in the
      multiplexer-demultiplexer for microwave antennas, which forms the object
      of the U.S. Pat. No. 3,816,835, which improvements are designed to make it
      possible to transmit a larger number of frequency bands.
PAR  The multiplexer-demultiplexer which forms the object of the U.S. Pat. No.
      3,816,835, is designed to transmit frequencies comprised between 3.6 and
      4.2 kmc and between 5.9 and 7.1 kmc.
PAR  The multiplexer-demultiplexer described in the U.S. Pat. No. 3,816,835
      comprises, on the one hand, starting from the port intended for connection
      to the radiating section of the antenna:
PAR  IN A SERIES ARRANGEMENT, TWO DIRECTIONAL COUPLERS ENSURING TOTAL COUPLING
      IN THE FREQUENCY BAND FROM 3.6 TO 4.2 KMC RESPECTIVELY FOR THE V and H
      polarizations and a polarizer having a port (which is its "input port"
      where demultiplexing is concerned) coupled to the second directional
      coupler. This multiplexer-demultiplexer comprises on the other hand:
PAR  TWO WAVEGUIDES, EACH WITH A STUB, THE TWO WAVEGUIDES HAVING THEIR FIRST
      ENDS RESPECTIVELY COUPLED TO THE TWO POLARIZATION PORTS OF THE POLARIZER;
      A FIRST AND A SECOND Y-junction, coupled by their first ports respectively
      to the second ends of said waveguides; a first band-pass filter coupled to
      the second port of the first Y-junction, and a second band-pass filter
      coupled to the second port of the second Y-junction.
PAR  An antenna equipped with this kind of multiplexer-demultiplexer makes it
      possible to operate simultaneously in three frequency bands:
PAR  THE COMPLETE BAND FROM 3.7 TO 4.2 KMC, USING THE TWO POLARIZATIONS V and H;
PAR  The half-band from 5.9 to 6.4 kmc, using the two polarizations V and H;
PAR  the half-band from 6.4 to 7.1 kmc, using the two polarizations V and H.
PAR  The multiplexer-demultiplexer which forms the object of the present
      invention, has been improved in particular in order to allow it to effect
      simultaneous transmission of at least four frequency bands.
PAR  These four frequency bands comprise, in addition to the three bands above
      mentioned (bands 4 kmc, 6 kmc and 7 kmc), either a band from 10.7 to 11.7
      kmc, or that from 1.7 to 2.1 kmc or a band comprised between 7.1 and 7.7
      kmc.
PAR  In accordance with another improvement, the multiplexer-demultiplexer is
      given a modular design making it possible to modify the choice of the
      bands which are transmitted.
DRWD
PAR  The invention will be better understood and other of its features rendered
      apparent, from a consideration of the ensuing description and the related
      drawings where:
PAR  FIG. 1 is a schematic view of an antenna comprising a
      multiplexer-demultiplexer in accordance with the invention; in this view,
      part of the elements have been omitted in order not to overburden the
      drawing;
PAR  FIGS. 2 to 5 are diagrams of elements of the antenna illustrated in part in
      FIG. 1;
PAR  FIG. 6 is a diagram illustrating a variant embodiment of FIG. 4.
DETD
PAR  In the claims, and also very generally, in the specification, in order to
      facilitate the description, the bands of frequencies comprised between 1.7
      and 2.1 kmc, between 3.7 and 4.2 kmc, between 5.9 and 6.4 kmc, between 6.4
      and 7.1 kmc, between 7.4 and 7.7 kmc and between 10.7 and 11.7 kmc, will
      be respectively termed the 2 kmc, 4 kmc, 6 kmc, 7 kmc, 7.5 kmc and 11 kmc
      bands. It should be understood, furthermore, that these frequency bands
      are ones which are defined by the CCIR (International Radio Consultative
      Committee) standards, and that, for example, the 7.5 kmc band in fact
      extends from 7.425 kmc to 7.725 kmc.
PAR  FIG. 1 illustrates an antenna, with its radiating section 1 and its
      multiplexer-demultiplexer 2, 3, 4, 5, 6. The radiating section 1, which is
      of the offset Cassegrain type, comprises a primary source 10, an auxiliary
      reflector 11 and a main reflector 12. The base of the primary source forms
      part of the multiplexer-demultiplexer to the extent that, as a description
      of FIG. 2 to be given later on will show, two of the ports, 14, 15, used
      for the multiplexing-demultiplexing function, communicate with the primary
      source 10.
PAR  The radiating section 1 must be of very wide-band type since it must pass
      frequencies ranging from 1.7 to 11.7 kmc, with especially good radiation
      characteristics. To this end, a radiating section of the reflector horn
      type can be used or, as FIG. 1 shows, a radiating section of the offset
      Cassegrain type equipped with a protective hood 13 only the outline of
      which has been shown in FIG. 1. The protective hood associated with this
      radiating section, is designed, in particular, to absorb parasitic
      radiations; the hood is lined internally with a material which absorbs
      electromagnetic waves, and it surrounds the primary source 10 and the
      auxiliary reflector 11 not laterally but also at the side opposite the
      main reflector 12.
PAR  The multiplexer-demultiplexer comprises, starting from the primary source:
PAR  a junction 2 between a circular-section waveguide and a square-section
      waveguide;
PAR  a directional coupler device 3;
PAR  a connection system 4;
PAR  a directional coupler system 5 which, in the ensuing description and in the
      claims, will be referred to as a double directional coupler;
PAR  a polarization separator-mixer, 6, often referred to as a polarizer.
PAR  The multiplexer-demultiplexer also comprises frequency separator-mixers
      coupled to the polarizer; these frequency separator-mixers have not been
      shown in FIG. 1, in order to enable the double directional coupler 5 to be
      seen, but will be described with the help of FIGS. 4 and 5.
PAR  FIG. 2 illustrates that part of the multiplexer-demultiplexer of FIG. 1,
      which is located between the base of the primary source 10 and the double
      directional coupler 5.
PAR  Into the sectioned, frustoconical section of the primary source 10, there
      extend two coaxial probes 14 and 15. These probes are arranged at
      90.degree. to one another at a location of the primary source 10 where the
      waisting of the frustoconical section of said source is such that
      vis-a-vis the 2 kmc band a short-circuit is formed. The position of these
      probes should be determined experimentally on the basis of an approximate
      position determined by calculation. The terminals of the probes 14 and 15
      respectively constitute ports 2V and 2H of the multiplexer-demultiplexer,
      that is to say the ports corresponding to the V and H polarizations of
      waves whose frequencies fall within the band from 1.7 - 2.1 kmc.
PAR  The junction 2 between the circular-section waveguide and the
      square-section waveguide, this linking the primary source 10 with the
      directional coupler 3, contains a mode filter whose function is to
      suppress the TM.sub.21 and TM.sub.12 modes which are likely to develop at
      this location; this mode filter is formed by nickelchrome plated glass
      resistors.
PAR  As FIG. 2 shows, the directional coupler 3 comprises, connected in
      sequence:
PAR  a first directional coupler 30, effecting total coupling in the 4 kmc band
      and formed by a secondary rectangular-section waveguide and a main
      waveguide whose square section is designed to pass all frequencies
      commencing from the 4 kmc band upwards. The magnetic coupling between the
      main waveguide and the secondary waveguide is effected across holes formed
      in the wall common to the two waveguides. The coupler 30 is designed for
      operation with V polarization in the 4 kmc band, its demultiplexing output
      (or multiplexing input) being marked 4V in FIG. 2;
PAR  a mode filter 31 designed to prevent the development of the TM.sub.21 and
      TM.sub.12 modes;
PAR  a second directional coupler 32, identical to the first and arranged in
      extension thereof; the two couplers 30 and 31 are rotated through
      90.degree. in relation to one another about the axis which coincides with
      that of their main waveguide; thus the multiplexing output 4H of this
      second coupler is a port for the H polarization in the 4 kmc band.
PAR  In FIG. 2, there can also be seen the assembly 4 which links the
      directional coupler 3 to the double directional coupler 5; this assembly
      comprises, in sequence;
PAR  a mode filter 40 designed to prevent the development of the TM.sub.21 and
      TM.sub.12 modes, and a junction 41 between a square-section waveguide and
      a circular-section waveguide.
PAR  The double directional coupler 5 shown in FIG. 2 is composed of a
      cylindrical waveguide 50, 34mm in diameter, and of four
      rectangular-section waveguides only three, 51, 52, 53 of which, can be
      seen in the drawing; these waveguides are closed at one end on matched
      loads and are disposed longitudinally around the cylindrical waveguide 50,
      with an interval of 90.degree. between their axes. The magnetic coupling
      between the cylindrical waveguide 50 and each of the four rectangular
      waveguides, is effected across holes formed parallel to the axis of the
      cylindrical waveguide 50 in the wall which is common to the cylindrical
      waveguide and the considered rectangular waveguide. The position and
      diameter of the holes as well as the dimensions of the cylindrical
      waveguide 50 and the four rectangular waveguides, are designed to ensure
      that the double directional coupler 5 acts as a directional coupler for
      the 11 kmc band, this in respect of both polarizations, hence the name of
      double coupler.
PAR  The four rectangular waveguides of the directional coupler 5, define four
      ports arranged opposite one another in pairs for the polarizations V and H
      of the 11 kmc bands: two opposite ports 11 V and two opposite ports 11 H.
PAR  FIG. 3 illustrates, in section on the line AA (see FIG. 2), the directional
      coupler 5 of FIG. 2; this drawing also shows how on the one hand the two
      ports 11 V of the rectangular waveguides 51, 53, and on the other the two
      ports 11 H of the rectangular waveguides 52, 54, are coupled. From the two
      ports 11 H of the directional coupler 5, there extend two rectangular
      waveguides 92, 94 which are bent and coupled across a magic-Tee 96; the
      third port of this magic-Tee forms the port 11 H of the
      multiplexer-demultiplexer and, to the fourth port of the magic-Tee, a
      matched load 97 is connected. Similarly, the two ports 11 V of the
      directional coupler 5 are coupled by two bent waveguides 91, 93 and a
      magic-Tee 95 comprising a matched load, and whose third port forms port 11
      V of the multiplexer-demultiplexer.
PAR  It might be thought that it would be more normal and simpler, working from
      the multiplexer-demultiplexer in accordance with the parent patent, to
      arrange the double directional coupler for the 11 kmc band, between the
      radiating section of the antenna and this original
      multiplexer-demultiplexer, the cylindrical waveguide section of this
      double direction coupler then having to be given a diameter such that it
      will pass all the frequencies from 3.7 kmc onwards; this gives rise to the
      formation, in particular in the 11 kmc band, of several parasitic modes
      and these parasitic modes prevent proper operation of the
      multiplexer-demultiplexer. It might also seem a possibility to form the 11
      kmc band couplers by means of rectangular waveguides placed side by side
      with free faces of the main waveguides of the 4 kmc band couplers, and
      coupled to said main waveguides for example by means of regularly spaced
      holes; however, in that case again, for reasons which are associated with
      parasitic modes and questions of matching, the results obtained would not
      be satisfactory.
PAR  The idea which has led to the arrangement of the double directional coupler
      between the 4 kmc band coupling device and the polarizer, has made it
      possible to curtail these drawbacks by substantially reducing the diameter
      of the circular-section waveguide of the double directional coupler, this
      being possible since the waveguide now only has to pass frequencies from
      5.9 kmc upwards.
PAR  FIGS. 4 and 5 illustrate, looking from the front and the side, the
      polarizer 6 of FIG. 1 as well as two frequency separator-mixers 7 and 8.
      The polarizer 6 is designed to operate at frequencies ranging from 5.9 to
      7.7 kmc; it has three branches 60, 61, 62 which, in the following
      description, will be referred to respectively as the common branch, the H
      polarization branch and the V polarization branch.
PAR  The common branch 60 is the branch which, in the multiplexer-demultiplexer,
      is connected to one end of the cylindrical waveguide of the directional
      coupler 5.
PAR  To the H polarization branch 61 there is coupled a first frequency
      separator-mixer 7 which comprises:
PAR  a waveguide 70 whose first end is coupled to the H polarization branch;
      this waveguide contains a matching network and a compensating stub which
      are adjusted for the frequency band comprised between 6.2 and 7.7 kmc;
PAR  a Y-junction, 71, coupled by the first of its three ports to the second end
      of the waveguide 70;
PAR  a filter 72 adjusted for the half-band of frequencies from 6.2 to 6.4 kmc;
      this filter is coupled by the first of its ends to the second port of the
      Y-junction 71 and comprises an isolator at its second end; the isolator is
      designed to provide better matching of the impedance of that port of the
      filter 72 which is located opposite the Y-junction 71;
PAR  a waveguide 73 whose first end is coupled to the third port of the
      Y-junction 71; this waveguide comprises a matching network and a
      compensating stub which are adjusted for the frequency band ranging from
      6.7 to 7.7 kmc;
PA1  a Y-junction 74 coupled by the first of its three ports to the second end
      of the waveguide 73,
PA1  two filters 75, 76 respectively coupled by their first ends to the second
      and third ports of the Y-junction 74, and respectively passing the
      half-bands covering the frequencies 6.7 - 7.1 kmc, and 7.6 - 7.7 kmc; the
      filter 75 has an isolator at its second end.
PAR  To the V polarization branch 62 of the polarizer 6, there is coupled a
      second frequency separator-mixer 8, the component elements of which are
      arranged in a manner similar to those of the frequency separator-mixer 7
      and carry the same references, augmented by 10; the elements 80, 82, 83,
      85, 86 of this second frequency separator-mixer 8, are respectively
      adjusted for the frequency intervals 5.9 - 7.6 kmc, 5.9 - 6.2 kmc, 6.4 -
      7.6 kmc, 6.4 - 6.7 kmc, and 7.4 - 7.6 kmc.
PAR  The second ends of the six filters 72, 75, 76 and 82, 85 86, therefore
      respectively form the multiplexer-demultiplexer ports for the following
      half-bands:
PA1  6.2 - 6.4 kmc, H polarization (port marked 6 H in FIGS. 4 and 5)
PA1  6.7 - 7.1 kmc, H polarization (port marked 7 H in FIGS. 4 and 5)
PA1  7.6 - 7.7 kmc, H polarization (port marked 7.5 H in FIGS. 4 and 5)
PAL  and
PA1  5.9 - 6.2 kmc, V polarization (port marked 6 V in FIGS. 4 and 5)
PA1  6.4 - 6.7 kmc, V polarization (port marked 7 V in FIGS. 4 and 5)
PA1  7.4 - 7.6 kmc, V polarization (port marked 7.5 V in FIGS. 4 and 5)
PAR  This breakdown of frequencies in which, to one of the separator-mixers, 7,
      there are assigned the upper half-bands, and to the other, 8, the lower
      half-bands, contributes, despite the proximity of the 6 kmc, 7 kmc and 7.5
      kmc bands, to the achievement of good quality in the link established by
      the antenna.
PAR  It should be noted that each of the band or half-band ports of the
      multiplexer-demultiplexer described, can be operated either in the
      transmission or in the reception mode, without restriction, except in the
      case of the ports of the frequency separator-mixers; indeed it is
      desirable, in order to achieve optimal operation, that one of these
      separator-mixers should operate in the transmission mode and the other in
      the reception mode.
PAR  FIG. 6 is a diagram illustrating the modifications which can be made to the
      multiplexer-demultiplexer hereinbefore described, in order to add the 7.1
      - 7.4 kmc band.
PAR  The polarizer 6 remains unchanged, but the filters 76 and 86 of the
      frequency separator-mixers 7, 8, are modified in order to transmit the
      whole of the band from 7.1 to 7.4 kmc with one polarization, and the whole
      of the band from 7.4 to 7.7 kmc with the other polarization. The extreme
      frequency values to be passed by each of the filters, are indicated on
      FIG. 6, for example 7.1 - 7.4 kmc in the case of the filter 86.
PAR  It is also possible to modify the elements of the device described, and in
      fact the magic-Tees 95, 96 of FIG. 3, could be replaced by Y-junctions.
      Similarly, the probes 14, 15 of FIG. 2 could be replaced by
      circular-section waveguides; in this case, the short-circuit plane is
      produced by the use of grids which are opaque vis-a-vis frequencies in the
      2 kmc band and transparent vis-a-vis higher frequencies.
PAR  It should be noted, furthermore, that the various elements of the
      multiplexing-demultiplexing device can be designed in a modular form in
      order that they can be assembled in quasiarbitrary fashion with one
      another, this making it possible, without the need to create new
      components, to provide an item of equipment capable of performing
      multiplexing-demultiplexing in 1, 2, 3, 4, 5 or 6 frequency bands.
PAR  By way of indication, in an embodiment corresponding to the diagram of FIG.
      1, the multiplexer-demultiplexer, without that of its sections comprised
      in the base of the primary source, has a height of around 2.2m and the
      complete antenna has a height of around 5.3m.
PAR  Of course, the invention is not limited to the embodiments described and
      shown which were given solely by way of example.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiplexer-demultiplexer for a microwave antenna designed to transmit
      signals in first, second, third and fourth frequency bands respectively
      comprised between 3.6 and 4.2 kmc, 5.9 and 6.4 kmc, 6.4 and 7.1 kmc and
      10.7 and 11.7 kmc, said multiplexer-demultiplexer comprising: a coupling
      arrangement for receiving vertical and horizontal polarization signals and
      having a first port for coupling to an antenna, and a second port; a first
      directional coupler having a first port coupled to said second port of
      said coupling arrangement, and second and third ports and a second
      directional coupler having a first port coupled to said third port of said
      first directional coupler, and second and third ports, one of said
      directional couplers being designed to transmit to its second port the
      whole of the vertically-polarized signals in said first frequency band
      applied to its first port, and the signals in said second, third, and
      fourth bands applied to its first port to its third port, and the other of
      said directional couplers being designed to transmit to its second port
      the whole of the horizontally-polarized signals in said first frequency
      band applied to its first port, and the signals in said second, third and
      fourth bands applied to its first port to its third port; a double
      directional coupler having a first port coupled to said third port of said
      second directional coupler, and second, third and fourth ports, said
      double directional coupler being designed to transmit to its second and
      third ports, respectively, the horizontally polarized signals and the
      vertically polarized signals in said fourth frequency band applied to its
      first port, and the signals in said second and third bands applied to its
      first port to its fourth port; and a polarizer having first and second
      polarization ports, and a further port coupled to said fourth port of said
      double directional coupler; said multiplexer-demultiplexer further
      comprising two waveguides each of which is provided with a stub, said two
      waveguides having respective first ends respectively coupled to said first
      and second polarization ports of said polarizer and respective second
      ends; first and second Y-junctions having respective first ports
      respectively coupled to the second ends of said two waveguides, each of
      said Y-junctions having two further ports; a first band-pass filter having
      a first port coupled to one of said further ports of said first
      Y-junction; and a second band-pass filter having a first port coupled to
      one of said further ports of said second Y-junction.
NUM  2.
PAR  2. A multiplexer-demultiplexer for a microwave antenna, as claimed in claim
      1, wherein said double directional coupler comprises: a main circular
      waveguide having a wall and two ends respectively forming its first and
      fourth ports; four rectangular waveguides arranged longitudinally around
      said main waveguide, with intervals of 90.degree. between their axes, each
      of said four rectangular waveguides having two ends and a wall, provided
      with holes, which is common with part of the wall of said main circular
      waveguide; said four rectangular waveguides forming two pairs of opposite
      waveguides, the two waveguides of one pair being coupled by one of their
      two ends to said second port of said double directional coupler and the
      two waveguides of the other pair being coupled by one of their two ends to
      said third port of said double directional coupler.
NUM  3.
PAR  3. A multiplexer-demultiplexer for a microwave antenna as claimed in claim
      1, further designed for passing a fifth frequency band comprised between
      7.1 and 7.7 kmc and further comprising a first filtering arrangement
      having a first port coupled to the other one of said further ports of said
      first Y-junction and a second filtering arrangement having a first port
      coupled to the other one of said further ports of said second Y-junction;
      said first filtering arrangement comprising: a first further waveguide
      provided with a stub, and having a first end coupled to the other one of
      said further ports of said first Y-junction, and a second end; a first
      further Y-junction having a first port coupled to the second end of said
      first further waveguide, and second and third ports; and third and fourth
      band-pass filter respectively coupled to said second and third ports of
      said first further Y-junction; said second filtering arrangement
      comprising: a second further waveguide provided with a stub, and having a
      first end coupled to the other one of said further ports of said second
      Y-junction, and a second end; a second further Y-junction having a first
      port coupled to the second end of said second further waveguide, and
      second and third ports; and fifth and sixth band-pass filters respectively
      coupled to said second and third ports of said second further Y-junction;
      and wherein said second, third and fifth frequency bands being
      respectively subdivided into a lower sub-range and a higher sub-range,
      said first, second, third, fourth, fifth and sixth band-pass filters are
      designed for respectively passing the lower sub-range of said second
      frequency band, the higher sub-range of said second frequency band, the
      lower sub-range of said third frequency band, the lower sub-range of said
      fifth frequency band, the higher sub-range of said third frequency band
      and the higher sub-range of said fifth frequency band.
NUM  4.
PAR  4. A multiplexer-demultiplexer for a microwave antenna, as claimed in claim
      1 wherein said multiplexer-demultiplexer of built in modular form.
NUM  5.
PAR  5. A multiplexer-demultiplexer for a microwave antenna as claimed in claim
      1, comprising means located in said antenna for, in a demultiplexing
      operation, picking off 1.7-2.1 kmc band power, before it reaches said
      first port of said coupling arrangement.
NUM  6.
PAR  6. A multiplexer-demultiplexer as claimed in claim 5, for a microwave
      antenna having a 1.7 - 2.1 kmc band short-circuit plane, and wherein said
      means comprises two probes located at 90.degree. to one another in said
      short-circuit plane.
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ABST
PAL  Disclosed herein is an antenna system for use with small projectile nose
       es (metal). The antenna comprises a wedge shaped metallized dielectric
      material having an electrical length equal to one-quarter wavelength as
      measured inside the center line of the wedge. The metallic coating
      covering both the top and bottom of the wedge is provided to form a
      parallel plate radiator. The metallic coating is also extended across the
      base of the wedge to define an RF short circuit at the base and an open
      circuit at the apex. An RF coupling probe extending into the wedge is
      located at a convenient impedance matching point near the base of the
      wedge. The operating frequency of the antenna may be capacitively tuned
      (either electrically or mechanically) by means of a variable capacitor
      connected across the open circuit end (the apex) of the antenna. Typically
      the dielectric comprises teflon-fiberglass or ceramic material although an
      air dielectric is also usable. Associated electronic circuitry is located
      within the nose cone adjacent the wedge antenna utilizing the available
      open space within the nose cone. Due to the metallic coating which
      comprises the parallel plate radiator, any electronic circuitry is
      electrically isolated from the antenna.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      and for the United States Government for governmental purposes without the
      payment to us of any royalties thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Since the advent of projectiles utilizing proximity fusing systems,
      telemetry, missile guidance, and other types of electronic communications,
      a problem in the design of such systems has been to provide an antenna
      which is small, compact, and will not take up too much space within the
      projectile. This is especially important where the projectile has a fixed
      size and where space and weight limitations are critical problems in the
      design of self-contained fusing and telemetry systems. Another problem has
      been to construct antennas in small diameter bodies which can handle
      signals at the lower microwave frequencies (600 to 1000 MHz). It is also
      important that the electrical characteristics of these antennas meet
      design specifications. This normally means that the antenna must have
      certain specified radiation pattern characteristics, impedance matching
      and sufficient bandwidth and gain to fulfill the telemetry function.
PAR  Prior systems have utilized small antennas which are usually mounted within
      the nose cone structure of the projectile. These antennas used in prior
      systems normally utilized radiation elements, such as loops, stubs and
      ring networks that were enclosed by the dielectric nose cone or body of
      the projectile. Such systems have proven inadequate in that they exhibit a
      tendency to interfere electrically with radiation field and the electronic
      components which are also located within the nose cone of the projectile.
      Furthermore, such systems have proven to be less efficient and more
      difficult to design and construct, and also far more costly to produce
      than is desirable.
PAR  It is, therefore, a primary object of this invention to provide a
      projectile with an antenna system that utilizes a minimum of space within
      the projectile.
PAR  It is another object of this invention to provide a small, compact antenna
      system which is efficient in its electrical characteristics and yet is
      extremely light weight.
PAR  Still another object of this invention is to provide an antenna system for
      a projectile which can be incorporated as part of the nose cone structure
      of the projectile.
PAR  Yet another object is to provide an antenna system which can be easily
      constructed and is inexpensive to manufacture.
PAR  Yet another object is to provide an antenna that is able to withstand high
      aerodynamic temperatures without mechanical distortion and with good
      operating efficiency.
PAR  An additional object of the invention is to provide an antenna system which
      can be incorporated into the nose cone of a projectile while at the same
      time providing complete electrical isolation between the antenna and the
      associated electronics which are also located within the nose cone.
PAR  These and other objects and advantages of the invention will become more
      apparent with reference to the following specification, drawings and
      appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, in accordance with this invention, an antenna system is provided
      for use with metal nose cones. The antenna comprises a wedge shaped
      dielectric material having an electrical length equal to one-quarter
      wavelength as measured inside the center line of the wedge. A metallic
      coating covering both the top and bottom of the wedge is provided to form
      a parallel plate radiator. The metallic coating is also extended across
      the base of the wedge to define a short circuit at the base and an open
      circuit at the apex. An RF coupling probe extending into the wedge is
      located at a suitable impedance matching point near the base of the wedge.
      The operating frequency of the antenna may be capacitively tuned by means
      of a variable capacitor (either electrical or mechanical) connected across
      the open circuit end (the apex) of the antenna. Typically the dielectric
      comprises teflon-fiberglass or ceramic material although an air dielectric
      is also usable. Associated electronic circuitry is located within the nose
      cone adjacent the wedge antenna utilizing the available open space within
      the nose cone. Due to the metallic coating which comprises the parallel
      plate radiator and the metal nose cone, any electronic circuitry is
      electrically isolated from the antenna.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing invention will be more readily appreciated from the following
      detailed description taken together with the drawings in which:
PAR  FIG. 1 illustrates one embodiment of the present invention.
PAR  FIG. 2 illustrates a cross-sectional side view of the embodiment of FIG. 1.
PAR  FIG. 3 illustrates another embodiment of the present invention.
PAR  FIG. 4 illustrates the bandwidth characteristics of the embodiment shown in
      FIG. 1.
PAR  FIG. 5 illustrates the far field radiation pattern of the embodiment
      illustrated in FIG. 1.
PAR  FIG. 6 illustrates the elevation patterns of the device illustrated in FIG.
      1 as mounted on an 81 mm projectile.
PAR  FIG. 7 illustrates the azimuthal patterns of the same wedge antenna on the
      81 mm projectile.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, antenna 10 is shown as having a wedge-shaped
      dielectric 13 provided with a metallic coating 11 on the top surface
      thereof and an additional metallic coating 12 on the bottom surface
      thereof to provide a parallel plate radiator. An additional metallic
      coating 14 is provided to extend across the base of antenna 10 so as to
      provide a short circuit end. The apex 15 is provided with a variable
      capacitor 16 for capacitively tuning (electrically or mechanically) the
      operating frequency of the wedge-shaped antenna. The electrical length of
      the antenna is designed to be one-quarter wavelength and is provided with
      an RF input probe located a distance d from the short circuit end. The RF
      probe is positioned at a suitable impedance matching point (i.e., 50 ohm
      impedance point) generally at a distance of approximately one-quarter of
      an inch from the short circuit end.
PAR  The embodiment illustrated in FIG. 1 is designed to operate in the 900 MHz
      frequency range. The embodiment is typically 21/2 inches long, and it has
      a width at top and base of 1/2 inch and 2 inches, respectively. The
      thickness of the dielectric material can be typically from one-sixteenth
      to one-quarter inch of teflon-fiberglass material.
PAR  FIG. 2 illustrates a side cross-sectional view of the embodiment of FIG. 1
      in which the antenna 10 is physically located within a nose cone structure
      20. The overall dimensions of antenna 10 are cut to physically fit the
      space provided for within nose cone 20 so as to be flush therewith.
PAR  In FIG. 3 is illustrated the concept of a parallel plate wedge-shaped
      radiator in which the dielectric material is air. Basically, a slot 24 is
      cut inside the metal nose cone 20 to have a length equal to one-quarter
      wavelength. The antenna, therefore, consists of a wedge-shaped hollow
      radiator defined by an open end 13 at the apex, two long parallel metallic
      paltes 11 and 12 short circuited at the base 14 and provided with an RF
      probe 17. As is clearly apparent from this arrangement, any associated
      electronic circuitry 22 which is located within the metal nose cone is
      fully electrically isolated from the antenna.
PAR  Typical bandwidth characteristics from 890 MHz to 940 MHz are illustrated
      in FIG. 4. These results show the magnitude of the reflection loss (dB) at
      the left and the corresponding input VSWR of the antenna at the right. As
      seen in FIG. 4, an operating bandwidth (VSWR less than 2.0) of 10 MHz
      centered at the 915 MHz design frequency is not difficult to achieve with
      this type of projectile fuse antenna, including self-propelled projectiles
      such as rockets and missiles. The RF coupling probe in this embodiment was
      placed on the center line of the wedge, one-quarter inch from the short
      circuit end. In this embodiment, the width at the top of the wedge was
      one-half inch and at the bottom it was 21/4 inches.
PAR  Far field radiation patterns in both parallel and perpendicular elevation
      planes for the above antenna placed at the center of a metal nose cone
      31/2 inches long are illustrated in FIG. 5. These results were taken at
      the 915 MHz frequency in a large anechoic chamber. An RF coaxial choke
      embedded in an absorbing ground plane was used at the input to minimize
      re-radiation from the feed cable. The measured gain in the forward
      direction for this type of projectile antenna is approximately zero dBi.
PAR  The elevation patterns illustrated in FIG. 6 were taken in planes
      perpendicular and parallel to the plane of the wedge antenna situated on
      an 81 mm projectile. The azimuthal patterns in both vertical and
      horizontal polarizations for the same wedge antenna on the 81 mm
      projectile are given in FIG. 7. These radiation characteristics are more
      complex than those obtained in the elevation planes, being dipolar in
      shape for both polarizations. The horizontally polarized radiation
      component is primarily due to the RF electric field radiated from the
      vertical slot of the wedge antenna. The vertically polarized component of
      the radiation field is due to the RF currents along the length of the
      cylindrical cone.
PAR  Results indicate radiation efficiencies for the parallel plane wedge
      antennas to vary from 40 to 80 percent depending on the thickness of the
      teflon-fiberglass wedge. Holding other physical dimensions and material
      properties constant, efficiencies greater than 40, 60 and 80 percent were
      measured for wedge thicknesses of one-sixteenth one-eighth and one-fourth
      inch, respectively.
PAR  It is apparent from the foregoing that we have described a unique and most
      useful wedge-shaped antenna for use within projectile nose cones. It
      should be understood, however, that we do not desire to be limited to the
      exact details of construction shown and described, for obvious
      modifications can be made by a person skilled in the art.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. An antenna for use with metal nose cones comprising:
PA1  a. a wedge-shaped dielectric material having an electrical length of
      one-quarter wavelength measured inside the center line of the wedge;
PA1  b. metallic electrodes covering the top and bottom of said wedge to form a
      parallel plate radiator, said electrodes being connected across the base
      of said wedge to define an RF short circuit at the base;
PA1  c. an RF coupling probe extending into said wedge at a point adjacent said
      base; and
PA1  d. means for tuning said antenna.
NUM  2.
PAR  2. The device defined in claim 1 wherein said means for tuning comprises a
      variable capacitor connected across the open circuit end at the apex of
      said wedge-shaped antenna.
NUM  3.
PAR  3. The device defined in claim 2 wherein said dielectric material comprises
      low-loss dielectric material such as teflon-fiberglass.
NUM  4.
PAR  4. The device defined in claim 3 wherein said RF coupling probe is located
      along the centerline of said wedge for impedance matching.
NUM  5.
PAR  5. The device defined in claim 4 wherein the apex of said wedge is rounded
      to conform to the shape of a projectile nose cone.
NUM  6.
PAR  6. The device of claim 1 wherein said wedge is defined by an open slot
      within a hollow metal nose cone.
NUM  7.
PAR  7. The device of claim 6 wherein said dielectric is air.
NUM  8.
PAR  8. The device claim 7 wherein associated electronic circuitry is located
      within said hollow nose cone adjacent said antenna.
NUM  9.
PAR  9. The device of claim 2 wherein said variable capacitor is electrically
      tuned for rapidly changing the operating frequency range of the antenna.
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ABST
PAL  A corrugated microwave horn or the like is constructed by forming a
      plurality of thin, parallel, annular plates of conductive metal with a
      multiplicity of integral tabs spaced around the periphery of each plate. A
      thin flat sheet of flexible conductive metal is formed with a multiplicity
      of spaced parallel slots arranged in a multiplicity of longitudinal
      columns and transverse rows. One of the tabs on each of the annular plates
      is fitted through the slots in one of the longitudinal columns, and a wire
      is inserted through apertures in the tabs to lock the slotted sheet to the
      annular plates. The slotted sheet is then rolled around the peripheries of
      the plates to fit successive tabs through the successive longitudinal
      columns of slots, and additional wires are inserted through the apertures
      in successive tabs to lock the sheet to successive portions of the
      peripheries of the plates. To provide a continuous electrical connection
      between the rolled sheet and the peripheries of the annular plates, the
      entire assembly may be soldered together by simply coating the outer
      surface of the assembly with a paste solder and then heating it. The tabs
      may be formed on the inner peripheries rather than the outer peripheries
      of the plate members, and the slotted sheet formed of resilient metal so
      that it is biased against the inner peripheries of the plate members
      without the use of any wires or other longitudinal locking members.
PARN
PAR  This is a division, of application Ser. No. 506,168, filed Sept. 16, 1974,
      now U.S. Pat. No. 3,914,861.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to corrugated microwave horns and the like and, more
      particularly, to a new construction for such corrugated horns and the like
      which greatly simplifies their manufacture.
PAR  "Corrugated" horns have been known and used as feed horns for microwave
      antennas for several years. These horns are usually "corrugated" only on
      the inside surface, i.e., they have a number of transverse ribs on the
      inside surface of the horn, these ribs being spaced apart by grooves or
      "slots". The depth of the corrugations represents a sufficient fraction of
      the wavelength of the transmitted electromagnetic energy to constitute an
      "impedance surface" which has major effects on the transmission,
      particularly with respect to propagated and suppressed transmission modes
      or field patterns. There are normally at least two slots per wavelength
      along the length of the horn, so the total number of corrugations in any
      given horn is relatively large.
PAR  Heretofore, corrugated microwave horns have generally been fabricated by
      conventional machining, welding and/or casting techniques. The use of
      these techniques has made the corrugated horns costly to manufacture and
      has also made such manufacture a relatively slow process. Furthermore,
      these conventional methods of fabrication have required the horn and the
      various parts thereof to have sufficient thickness to allow for the stress
      of machining and/or for the flow of molten metal during casting. As a
      result, the final horn contains considerably more metal than is required
      for the horn to perform its intended function, i.e., the transmission of
      microwaves. Because of the well known "skin effect" phenomenon, the high
      frequency electric currents carried by such a horn flow along the surface
      of the horn, so the horn can be extremely thin and still carry the
      necessary current. In fact, the thicker metal is not only unnecessary, but
      also is undesirable because in many cases it introduces greater losses
      than are incurred with thinner metal and requires the use of stronger and
      more expensive mounting and supporting structures.
PAR  It is, therefore, a primary object of the present invention to provide an
      improved construction for corrugated microwave horns which permits the use
      of metal which is substantially thinner than required by other fabrication
      techniques. A more specific object of the invention is to provide such an
      improved construction which permits the use of metal only a few
      thousandths of an inch thick.
PAR  A related object of the invention is to provide an improved construction
      for corrugated microwave horns of the foregoing type which permits the
      fabrication of horns which are much lighter in weight than corrugated
      horns made heretofore. In this connection, another related object of the
      invention is to provide such a construction which requires less expensive
      mounting and supporting structures because of the lighter weight of the
      corrugated horn.
PAR  It is another object of the invention to provide such an improved
      construction for corrugated microwave horns which permits the horns to be
      fabricated in a fraction of the time required to fabricate the same horns
      by conventional fabricating techniques.
PAR  A further object of the invention is to provide such an improved corrugated
      microwave horn construction which permits the horns to be fabricated using
      very inexpensive equipment. In this connection, a related object of the
      invention is to provide such a construction which requires only a minimal
      capital investment to fabricate the horns, so that it is feasible to
      fabricate a relatively small number of such horns at any given facility.
PAR  Still another object of the invention is to provide such an improved
      corrugated microwave horn construction which ensures accurate spacing,
      orientation and positioning of the various parts of the horn without the
      use of any special fixtures during fabrication of the horn.
PAR  A still further object of the invention is to provide such an improved
      corrugated microwave horn construction which permits relatively long horns
      to be made at a reasonable cost and a reasonable weight, so that it
      becomes more feasible to use longer horns to reduce phase error.
PAR  Yet another object of the invention is to provide an improved construction
      for tubular articles other than microwave horns that have a number of
      corrugations or the like spaced along their axes, such as heat exchanger
      tubes and the like.
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PAR  Other objects and advantages of the invention will be apparent from the
      following detailed description together with the accompanying drawings, in
      which:
PAR  FIG. 1 is a perspective view of a corrugated microwave horn embodying the
      invention;
PAR  FIG. 2 is a section taken along line 2--2 in FIG. 1;
PAR  FIG. 3 is a perspective view of the various parts of the horn of FIG. 1
      during one of the early stages of fabrication;
PAR  FIG. 4 is an exploded perspective view of a fragment of the horn of FIG. 1
      in position to be joined to a mating horn section;
PAR  FIG. 5 is a fragmentary elevation of the two sections shown in FIG. 4 after
      being joined together; and
PAR  FIG. 6 is an exploded perspective view of a modified embodiment of the
      invention.
DETD
PAR  While the invention will be described in connection with certain preferred
      embodiments, it will be understood that it is not intended to limit the
      invention to those particular embodiments. On the contrary, it is intended
      to cover all alternatives, modifications and equivalent arrangements as
      may be included within the spirit and scope of the invention as defined by
      the appended claims.
PAR  Turning now to the drawings and referring first to FIG. 1, there is shown a
      flared corrugated microwave horn having a frustoconical shell 10 with a
      multiplicity of parallel transverse ribs or plates 11 spaced at equal
      longitudinal intervals along the inner surface of the shell 10. These
      plates 11 are all of equal radial width and lie in planes perpendicular to
      the axis of the shell 10. A flared microwave horn of the type illustrated
      is normally used as a "feed" horn for a microwave antenna, such as a
      parabolic dish-type antenna. Although the horn is commonly referred to as
      a "feed" horn, it obviously functions as a part of the antenna system in
      both the sending and receiving modes. Although the invention has been
      illustrated in a flared horn, it should be understood that not all
      microwave horns are flared and the invention is equally applicable to both
      flared and unflared horns.
PAR  The criteria for designing corrugated microwave horns for different
      applications are well known in the art and will not be dwelled upon here.
      The present invention is not concerned with a horn intended for any
      specific application or intended to meet any specific performance
      criteria, but rather is directed to a new construction which is generally
      applicable to corrugated horns regardless of their particular shape, the
      number of corrugations, the slot corrugation width, the corrugation depth,
      etc.
PAR  In accordance with one important aspect of the present invention, the horn
      shell 10 is formed from a thin flat sheet of flexible conductive metal
      having a multiplicity of spaced slots arranged in longitudinal columns and
      transverse rows, and the annular plates 11 are formed with a multiplicity
      of integral tabs spaced around the periphery of each plate with each tab
      having an aperture therethrough. Then the horn is assembled by fitting one
      of the tabs on each of the plates through the slots in a selected
      longitudinal column, inserting a wire through the apertures of those tabs
      to lock the slotted sheet to the annular plates, rolling the sheet around
      the peripheries of the plates to fit successive tabs through successive
      longitudinal columns of slots, and inserting wires through the apertures
      in successive tabs to lock the sheet to successive portions of the
      peripheries of the annular plates. Thus, as shown most clearly in FIG. 3,
      the shell 10 initially comprises a thin flat sheet 12 of flexible
      conductive metal in the shape of an annular segment so that when it is
      rolled about an axis 14 equidistant from its non-parallel edges, it forms
      the desired frustoconical horn. While the sheet 12 is still flat, a
      multiplicity of slots 13 are formed therethrough in a multiplicity of
      longitudinal columns 13a and parallel transverse rows 13b. The columns and
      rows of slots 13 are arranged so that when the sheet 12 is rolled into the
      shape of the frustoconical horn, the slots 13 are arranged in a series of
      circumferential rows lying in planes which are perpendicular to the axis
      of the horn and equally spaced around the circumference of the horn. Thus,
      in the case of the sheet 12 illustrated for forming the frustoconical horn
      10, the transverse rows 13b lie on arcs having different radii, and both
      the width of the slots and the transverse spacing between the slots in
      successive rows gradually increases from the shorter curved edge 12a of
      the sheet 12 toward the longer curved edge 12b to maintain the
      longitudinal alignment of the slots in each of the columns 13a.
PAR  For the purpose of fastening the annular plates 11 to the sheet 12 in
      precisely predetermined positions relative to each other and the sheet 12,
      while at the same time facilitating formation of the sheet 12 into the
      frustoconical shell 10, each of the plates 11 forms a multiplicity of tabs
      15 around its outer periphery. The number of tabs 15 is equal to the
      number of slots 13 in each transverse row 13b, taking into account the
      fact that one of the slots in each row is formed by the overlapping of two
      open-ended partial slots 13 formed in the two non-parallel straight edges
      of the sheet 12. To ensure that each tab 15 can be fully inserted in its
      corresponding slot 13 so that the sheet 12 butts against the periphery of
      the corresponding plate 11 in the spaces between the tabs, the transverse
      dimensions of the slots 13 are made slightly longer than the transverse
      dimensions of the bases of the tabs 15.
PAR  In order to lock the tabbed plates 11 to the slotted sheet 12, while still
      permitting the sheet 12 to be rolled around the plates 11 to form the
      desired frustoconical horn, one tab of each plate 11 is first inserted in
      the mating slot 13 in one of the longitudinal columns 13a, as illustrated
      in FIG. 3. With the tabs 15 all thus inserted in that one longitudinal
      column of slots, a wire 16 is fitted through the apertures 17 formed in
      each of the inserted tabs 15, extending along the outer surface of the
      sheet 12. As can be seen most clearly in FIG. 2, the apertures 17 are
      positioned so that the innermost edge of the aperture 17 is flush with the
      outer surface of the sheet 12 when the tab 15 is fully inserted in its
      slot 13. Also, each of the apertures 17 is dimensioned so that its
      diameter is only slightly larger than the outside diameter of the wire 16.
      Consequently, when the wire 16 is fitted through the tabs 15, the adjacent
      peripheral portions of the plates 11 are held tightly against the inside
      surface of the sheet 12.
PAR  After the first wire 16 is in place, the sheet 12 is gradually rolled
      around the peripheries of the plates 11 with successive tabs 15 on the
      plates being fitted into successive longitudinal columns 13a of the slots
      13 and locked thereto by means of additional wires 16. This operation is
      repeated until the sheet 12 has been rolled around the entire
      circumference of the plates 11, at which point the two non-parallel edges
      of the sheet 12 overlap each other to create a single column of slots
      meshing with the last set of tabs. Then when the last wire 16 is inserted
      through the last set of tabs 15, it presses the two overlapping edges of
      the sheet 12 tightly against the adjacent portions of the plates 11 so
      that the final horn shell is essentially continuous around its entire
      circumference, with the two overlapped edge portions being held tightly
      against one another (see FIG. 2).
PAR  It will be appreciated that this construction permits the use of metal of
      minimum thickness as required by the electrical and mechanical performance
      criteria for any given microwave horn. Both the horn shell 10 and the
      plates 11 can be made from metal that is less than 0.01 inch thick,
      typically 0.005 inch to 0.006 inch, which permits weight reductions on the
      order of 20 to 1 as compared with similar horns made by conventional
      techniques. Because of the reduction in the amount of metal in the horn,
      it is much lighter in weight than conventional horns, permitting
      considerable savings in mounting and support structures. Moreover, a
      corrugated horn constructed in accordance with this invention can be
      fabricated in a fraction of the time required to fabricate comparable
      horns by conventional fabricating techniques. Using this construction, it
      becomes feasible to manufacture relatively long horns with a reasonable
      weight; this is an important advantage because long horns are often
      desirable for reducing phase error.
PAR  To facilitate the locking of the sheet 12 to the multiple plates 11 during
      the assembling operation, the slotted sheet 12 is preferably made of a
      resilient material. Then as the sheet is rolled around the peripheries of
      the plates 11, the resilience of the sheet 12 biases it outwardly against
      the previously inserted wires 6 so as to increase the frictional forces
      between the sheet 12, the wires 16 and the tabs 15. These frictional
      forces tend to hold all the assembled elements tightly in place so that
      early portions of the assembly do not come apart during later stages of
      the assembling operation.
PAR  If desired, additional tabs may be formed on the ends of the horn shell 10
      for joining this horn section to adjacent horn sections, so that a horn of
      any desired length can be made by simply interconnecting the desired
      number of sections. Thus, in the illustrative embodiment the wide end of
      the shell 10 forms a multiplicity of axially extending semi-circular tabs
      18 each of which forms a slot 19 extending halfway through the tab in the
      transverse direction. Thus, if an adjacent horn section has similar axial
      tabs 18' forming slots 19' (FIG. 4), the slots 19 and 19' may be meshed
      with each other by overlapping each set of axial tabs 18 and 18' with the
      end portion of the adjacent horn shell until the two sets of slots are in
      radial alignment with each other, and then turning the two horn sections
      relative to each other so that the tabs are brought into axial alignment
      with each other. In the final assembly, each semi-circular axial tab
      overlaps the end portion of the adjacent shell along the inside surface of
      the shell so that the two horn sections are locked together with the tabs
      either inside or outside the horn. If desired, the locking may be made
      more permanent by a soldering operation, or by means of a suitable
      adhesive if desired.
PAR  One of the significant advantages of the present invention is that all the
      parts used to form the corrugated horn are either readily available or
      easily fabricated by readily available and relatively inexpensive
      equipment. Thus, the wires 16 may be conventional bronze wire. The plates
      11 and the sheet 12 may be formed from conventional spring temper sheet
      brass by conventional photoetching in the same type of equipment used to
      form printed circuits, for example. Using this photoetching technique, the
      slots 13 may be formed in the sheet 12 with extremely narrow dimensions
      and yet with very precise positioning and repeatability. Similarly, the
      dimensions of the annular plates 11, which must gradually increase in
      diameter along the axis of the horn, as well as the shape and dimensions
      of the tabs 15 and the apertures 17 therein, may also be precisely
      controlled by the photoetching technique. Consequently, all the necessary
      parts can be easily formed with a high degree of reliability and
      repeatability using equipment that requires only a small capital
      investment, and those parts can then be easily assembled by hand.
PAR  Another advantage of the invention is that the starting materials used to
      form the horn may all be in the form of either wire or flat sheet stock,
      so that the small amount of metal in the horn can all be used in a form in
      which it has maximum strength. In general, metal acquires maximum strength
      after being cold worked such as by rolling or drawing. In this case, the
      sheet metal used to form the shell 10 and the plates 11 has been rolled
      and the wires 16 have been drawn. Consequently, not only is the amount of
      metal in the horn minimized, but also the strength of that metal is
      maximized.
PAR  Yet another advantage of the invention is that the meshing of the tabs 15
      with the slots 13, which is necessary to assemble the horn, ensures
      accurate positioning and orientation of the plates 11 relative to the horn
      shell 10 without the use of any special fixtures during the fabrication of
      the horn. This is in contrast to assembly techniques used with machined
      parts heretofore, in which special jigs or fixtures have been required to
      obtain proper positioning and alignment of the various parts that are
      joined together to form the final corrugated horn.
PAR  While the construction of this invention is particularly useful in the
      production of corrugated microwave horns, it can also be used to form
      other types of corrugated tubular articles which comprise a tubular member
      with a plurality of transverse plates, fins or other members secured
      thereto. For example, this construction can be used to form heat
      exchangers with fins radiating either internally or externally from a
      tubular conduit carrying a heating or cooling medium. One example of such
      a structure is illustrated in FIG. 6, in which a slotted tubular member 20
      is locked to a series of annular fins 21 having tabs 22 on their inner
      peripheries rather than their outer peripheries. To assemble the product,
      the longitudinal edges of the tubular member are simply overlapped to form
      a tube having a diameter smaller than the innermost diameter of the tabbed
      fins 21, thereby permitting the tube to be inserted longitudinally through
      the multiple fins 21. The tube is then released and the tabs 22 are
      brought into register with circumferential rows of slots 23 in the tube 20
      so that the tabs 22 fit through the slots 23. The inherent resilience of
      the flat sheet that is rolled to form the tubular member 20 biases the
      tubular member outwardly against the fins 21 in the spaces between the
      tabs 22 so that it is not even necessary to have any wires passing through
      the tabs 22. In this case, of course, it is not necessary to have the
      slots aligned with each other in the longitudinal direction.
PAR  If desired, the fins 21 can have any desired shape other than the circular
      configuration illustrated, such as square plates or elongated strips for
      example, as long as they have the requisite tabbed openings for receiving
      and holding a slotted flat sheet rolled to form the tubular member 20. If
      desired, more than one tubular member 20 can extend through any given fin
      or plate by simply providing more than one tabbed aperture in the fin.
PAR  In the case of a microwave horn, it is usually important to have the plates
      11 continuously joined electrically to the horn shell 10 around the entire
      outer circumference of each plate 11 for improved power handling
      capabilities, elimination of electrical noise during vibration, and to
      prevent the formation of undesirable oxide films between the plates and
      the shell. In other applications, it is equally important to have the
      tubular shell 10 or the tubular member 20 be fluid tight. In either case,
      the desired result may be achieved by a simple soldering operation. For
      example, in the case of the microwave horn, soft solder may be applied
      over the entire outer surface of the final assembly, using solder in the
      form of a paste for example, after which the entire assembly is heated so
      that the solder runs into each of the slots to provide a continuous solder
      connection between the shell 10 and each plate 11 around the entire
      circumference of each plate. At the same time, the solder runs along each
      of the wires 16 so that they also become bonded to the shell 10 and the
      tabs 15 so that the entire assembly become more rigidly interconnected.
PAR  Although the invention has been described with specific reference to the
      use of continuous wires 16 to lock the tabbed and slotted members
      together, it will be understood that discontinuous wires or other locking
      elements could be used if desired. Also, the longitudinal locking member
      could be in the form of a flat strip or any other desired configuration
      other than a wire, provided the apertures in the tabs are redesigned
      accordingly.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A corrugated microwave horn comprising the combination of:
PA1  a. a thin sheet of conductive metal rolled into the shape of a horn and
      having a multiplicity of spaced slots formed therethrough,
PA1  said slots being arranged in a plurality of rows extending around the
      circumference of the horn and in longitudinal alignment with each other,
PA1  b. a plurality of thin annular plates of conductive metal disposed within
      said horn in alignment with said rows of slots,
PA1  each of said plates forming a multiplicity of integral tabs spaced around
      the outer periphery of the plate,
PA1  said tabs extending through the slots in said horn with the portions of the
      tabs projecting beyond the outer surface of the horn having apertures
      formed therethrough adjacent said outer horn surface,
PA1  c. and a multiplicity of wires extending through the apertures in said tabs
      along the outer surface of the horn.
NUM  2.
PAR  2. A corrugated microwave horn as set forth in claim 1 which includes an
      electrically conductive medium joining each of said plates to said horn
      around the entire circumference thereof.
NUM  3.
PAR  3. A corrugated microwave horn as set forth in claim 2 wherein said
      electrically conductive medium is solder.
NUM  4.
PAR  4. A corrugated microwave horn as set forth in claim 1 wherein said horn
      and said plates are formed of sheet metal having a thickness of less than
      about 0.01 inch.
NUM  5.
PAR  5. A corrugated microwave horn as set forth in claim 1 wherein the sheet of
      metal that is rolled to form the horn is a resilient sheet.
NUM  6.
PAR  6. A corrugated microwave horn as set forth in claim 1 wherein said wires
      are bonded to the outer surface of the horn.
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ABST
PAL  A circularly polarized antenna system adapted to provide an omnidirectional
      pattern over a fairly broad band of frequencies when mounted to a sizable
      tower is provided by four turnstile fed horizontally polarized radiating
      elements spaced at 90.degree. intervals about the support tower and by
      four vertically polarized dipoles with each vertically polarized dipole
      mounted vertically spaced from a respective one of the four radiating
      elements. The four vertically polarized dipoles are spaced from each other
      and are fed in a manner to cause the horizontal pattern of the vertically
      polarized field associated with the vertically polarized dipoles to be of
      similar shape and magnitude and in phase quadrature to the horizontal
      pattern of the horizontally polarized field associated with the four
      horizontally polarized radiating elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to circularly polarized antennas and more
      particularly to circularly polarized antennas for use in FM radio or in
      television broadcasting where the antennas are mounted to the sides of a
      support mast or tower capable of supporting other antenna systems for
      other stations or channels. This invention more particularly relates to an
      antenna which when mounted on this mast or tower radiates in an
      omnidirectional pattern about the tower such that when this tower is
      erected in the center of a city, for example, substantially equal coverage
      is provided about the city. The problem of equal coverage about the tower
      becomes increasingly difficult as the diameter of the tower becomes
      largerr with attendant cloverleaf radiation patterns. These tower
      diameters tend to become fairly large if the tower supports many antenna
      systems for a plurality of broadcasters. The problem becomes increasingly
      difficult when this omnidirectional pattern is in the circularly polarized
      mode.
PAR  Although horizontally polarized television broadcasting has been almost
      exclusively used in the USA, it appears from some recent test results,
      that circularly polarized broadcasting might well greatly improve
      television reception both in large metropolitan areas and in fringe areas.
      It is highly desirable in fringe areas to provide a circularly polarized
      omnidirectional antenna suitable for television broadcasting and
      particularly suitable for broadcasting at frequencies as low as 50 MHz
      where the percentage bandwidth is quite large.
PAC  BRIEF DESCRIPTION
PAR  Briefly, a circularly polarized antenna system is provided about a
      vertically oriented support tower by a turnstile radiating system
      including four radiating elements spaced about the tower and a system of
      four vertically oriented dipoles spaced vertically from the radiating
      elements. The four radiating elements in the turnstile radiating system
      extend horizontally at 90.degree. intervals. These four radiating elements
      are fed with equal power in the relative phase rotation of 0.degree.,
      90.degree., 180.degree. and 270.degree.. The four vertically oriented
      dipoles are fed with equal power in the relative phase rotation of
      0.degree., 90.degree., 180.degree. and 270.degree.. The four vertically
      oriented dipoles are spaced from each other and fed in an amplitude and
      phase relationship relative to the radiating elements to cause the
      horizontal pattern of the vertically polarized field associated with the
      vertical dipoles to be of similar shape and magnitude and in phase
      quadrature to the horizontally polarized field associated with the four
      radiating elements.
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PAC  DETAILED DESCRIPTION OF INVENTION
PAR  A more detailed description of a preferred embodiment of the present
      invention follows in conjunction with the following drawings wherein:
PAR  FIG. 1 is a perspective view of an antenna system according to a preferred
      embodiment of the present invention.
PAR  FIG. 2 is a sketch of a portion of the turnstile antenna system
      illustrating two of the four horizontal radiating elements.
PAR  FIG. 3 is a sketch illustrating how the four horizontal radiating elements
      of the turnstile antenna system may be fed.
PAR  FIG. 4 illustrates horizontal patterns associated with the antenna system
      of FIG. 1 according to the present invention.
PAR  FIG. 5 illustrates the vertical patterns associated with the antenna system
      of FIG. 1 as viewed in the 0.degree.-180.degree. primary axis of FIG. 4 or
      in the direction of arrows A-A' of FIG. 4.
PAR  FIG. 6 is an elevation view of one of the four vertically oriented dipoles.
PAR  FIG. 7 illustrates the relative phases between the vertical dipoles in the
      system of FIG. 1.
PAR  FIG. 8 is a diagram of the feed system.
DETD
PAR  Referring to FIG. 1, there is illustrated a circularly polarized antenna
      system comprising a turnstile antenna subsystem 11 for exciting
      horizontally polarized radiation and a subsystem 13 of four vertically
      oriented dipoles for exciting vertically polarized radiation. The
      turnstile antenna subsystem 11 is mounted to tower 15 below the subsystem
      13 of four vertically oriented dipoles 53, 54, 55 and 56. The tower 15 is
      made up of four posts 17, 18, 19 and 20 which posts form the corners of a
      square tower. The tower 15 includes crossed support posts 14a, 14b, 14c
      and 14d and conductive support plates 16a, 16b, and 16c which connect the
      posts 17, 18, 19 and 20 to each other.
PAR  The turnstile antenna subsystem 11 is made up of horizontal radiating
      elements 21a and 21b and orthogonally crossed horizontal radiating
      elements 23a and 23b. The elements 21a, 21b, 23a and 23b as shown in FIGS.
      1 and 2 are triangular-shaped elements. The triangular-shaped radiating
      elements 21a has a vertically oriented side 29 and two diagonal arms 26
      and 28. The diagonal arms 26 and 28 join each other at feed point 39 with
      the angle between the arms 26 and 28 being about 120.degree.. The corners
      21c and 21d are mounted to the support post 20 by horizontally extending
      posts 25 and 30, respectively.
PAR  Similarly, radiating element 21b is a triangular-shaped element having a
      vertically oriented member 34 and two diagonal members 35 and 36 with the
      intersection of the diagonal members 35 and 36 being at feed point 40. The
      angle between the diagonal arms 35 and 36 is about 120.degree.. The
      corners 21e and 21f of the triangular element 21b are mounted to the
      support post 17 via horizontal posts 37 and 39. The posts 17 and 20 are
      electrically connected to each other by conductive plate 16a extending
      therebetween over a height of at least about 0.2 wavelength centered with
      respect to feed points 39 and 40. The dimensions in wavelengths as used
      herein refers to the wavelength at the center operating frequency of the
      antenna system. This plate 16a may be a plurality of rods approximating a
      conductive sheet or plate connected between the two support posts. The
      width W (see FIG. 2) of the tower 15 or the spacing between posts 17 and
      20 plus the width of the posts 17 and 20 in this particular example is
      about 0.15  wavelength. The element 21a extends a length l.sub.1 in a
      horizontal plane about 0.15 wavelength from the post 20 to points 21c and
      21d.  Similarly, the element 21b extends a length l.sub.2 in a plane about
      0.15 wavelength at the center operating frequency of the antenna from the
      post 17 to the points 21e and 21f. The feed point corners 39 and 40 are
      about 0.085 wavelength from the posts 20 and 17 respectively.
PAR  The height (h) of the remote ends or sides 29 and 34 of the elements 21a
      and 21b, respectively, is on the order of 0.48 wavelength. The triangular
      radiating elements 21a and 21b have between the diagonal arms and the
      vertical arm a plurality of conductive rods 31 which rods extend in a
      horizontal plane and are sufficient in number to form by the triangular
      structure the equivalent of a triangular-shaped conductive sheet. The
      triangular structure could equally well be a conductive sheet rather than
      the equivalent made up of rods. However, the rod-like structure described
      is more suitable in outside installations to reduce wind loading.
PAR  The radiating elements 23a and 23b are oriented in a plane orthogonal to
      the above-described radiating elements 21a and 21b and are similar to that
      described above. See FIG. 1. The triangular radiating element 23a is like
      radiating element 21a with its corners 23c and 23d mounted by posts 25a
      and 30a to post 19 a distance of approximately 0.15 wavelength in a radial
      direction. Similarly, element 23b is like triangular element 21b and is
      mounted by posts 25b and 30b with the corners 23e and 23f about 0.15
      wavelength in a radial direction from post 18. The feed points 41 and 43
      for the radiating elements 23a and 23b are located approximately 0.085
      wavelength from the post 19 and 18, respectively. A conductive plate 16b
      extends from post 19 to plate 16a and a conductive plate 16c extends from
      post 18 to plate 16a. The conductive plates 16b and 16c are joined at the
      center of the tower 15 to plate 16a and are each about 0.2 wavelength high
      with equal amounts extending above and below points on the tower adjacent
      feed points 41 and 43.
PAR  Referring to FIG. 3, the four horizontal radiating elements 21a, 21b, 23a
      and 23b extending at 90.degree. intervals from tower 15 are fed in a
      turnstile manner wherein these radiating elements 21a, 23b, 21b and 23a
      are phased in the relative phase manner of 0.degree., 90.degree.,
      180.degree. and 270.degree. respectively with equal power to each element.
      Under these relative phase and power conditions an essentially
      omnidirectional horizontal pattern of horizontally polarized radiation is
      produced as shown by pattern 46 (dashed lines) in FIG. 4. FIG. 5
      illustrates the vertical pattern produced in the 0.degree.-180.degree.
      axis of FIG. 4 in the direction of arrows A-A' of FIG. 4. The pattern for
      the horizontally polarized radiation is essentially like that shown by
      dashed lines 47 in FIG. 5. The angle between the half power points 48 and
      48a in the vertical plane is about 90.degree..
PAR  Referring to FIG. 1, there is illustrated the antenna subsystem 13 for
      exciting vertically polarized radiation using four vertically oriented
      dipoles 53, 54, 55 and 56 and four coaxial transmission lines 83 thru 86.
      Dipole element 53 is mounted vertically to post 20 via rods 58 and 59.
      Dipole 54 is mounted to post 19 via rods 58a and 59a. Dipole element 55 is
      mounted vertically to post 17 via rods 58b and 59b, and dipole element 56
      is mounted vertically to post 18 via rods 58c and 59c. The dipole element
      53 is mounted directly above element 21a and directly opposite dipole
      element 55. The dipole elements 54 and 56 are directly above and in line
      with the radiating elements 23a and 23b. The coaxial transmission lines 83
      thru 86 are passed around the posts 20, 19, 17 and 18 and connected to
      baluns 73 thru 76 respectively at points 73a thru 76a. The vertical
      dipoles 53 thru 56 are coupled to baluns 73 thru 76 respectively at feed
      points 53a, 53b, 54a, 54b, 55a, 55b, 56a and 56b, respectively. The points
      73a, 74a, 75a and 76a at the junction of the baluns 73 thru 76 and the
      feed lines 83 thru 86 are approximately 0.6 wavelength in a vertical
      direction from the feed points 39, 40, 41 and 43 of turnstile antenna
      system 11.
PAR  Referring to FIG. 6, there is shown an elevation view of one of the
      vertical dipoles 53. The vertical dipole 53 is made up of element portions
      65 and 66 which are at an angle of 90.degree. with respect to each other.
      The diameter of the elements 65 and 66 together with the length is made
      such that the electrical length of the element from end 65a to feed point
      53a and from end 66a to the feed point 53b is electrically a half
      wavelength (.lambda./2). The actual mechanical length is only 0.3
      wavelength. The diameter, d, of elements 65 and 66 itself is approximately
      0.023 wavelength. In this manner the dipole 53 is electrically a full
      wavelength dipole and consequently has the fairly broad bandwidth
      impedance characteristic of a full wave dipole. The aperture, A, presented
      by the dipole 53 in the vertical plane is actually about a half
      wavelength. By making this aperture approximately a half wavelength, the
      vertical pattern characteristics of the vertically polarized radiation
      therefrom in the vertical plane is broader than the full wavelength dipole
      and is substantially like that of a half wavelength dipole. Dipoles 54, 55
      and 56 are similarly constructed.
PAR  The rod 58 is fixed to element 65 at the midpoint between the end 65a and
      feed point 53a. Similarly, rod 59 is fixed to element 66 at the midpoint
      between the end 66a and the feed point 53. Similarly, rods 58a and 59a are
      fixed to dipole 54, rods 58b and 59b are fixed to dipole 55 and rods 58c
      and 59c are fixed to dipole 56. By making the dipoles 53, 54, 55 and 56
      electrically full wave dipoles, these supports for the dipoles (such as
      supports 58 and 59, for example, of elements 65 and 66 of dipole 53) are
      placed at voltage nulls.
PAR  The balun 73 for dipole 53 in FIG. 6 includes a pair of slots 78 (one on
      each side) in the outer conductor 82 of a section of coaxial transmission
      line 77. These slots 78 in the section of coaxial transmission line 77 in
      FIG. 6 extends from the feed points 53a and 53b a length of .lambda./4
      (one quarter wavelength) at the center operating frequency to a shorted
      end 79. At the feed point end 53b an inner conductor 81 of the coaxial
      transmission line 77 is connected to lower element 66 and the outer
      conductor 82 is connected to element 65. This arrangement transforms the
      impedance from an unbalanced coaxial line 83 of 75 ohms characteristic
      impedance at end 101 to a balanced impedance of 300 ohms at the feed
      points 53a and 53b of the dipole 53.
PAR  With the proper selection of the spacing, phase and energy between the
      vertical dipoles and the proper selection of the phase and energy between
      the horizontally polarized radiating elements and the vertically polarized
      dipoles, the pattern coverage of the vertically polarized radiation
      associated with the two vertical dipoles 54 and 56 closely matches that
      associated with the orthogonally oriented turnstile radiating elements 21a
      and 21b. Similarly the total pattern coverage of the vertically polarized
      radiation associated with the two vertical dipoles 53 and 55 closely
      matches that associated with the orthogonally oriented turnstile radiating
      elements 23a and 23b.
PAR  As shown in FIG. 1, dipoles 53 and 55 are spaced back to back in a
      horizontal plane from each other and dipoles 54 and 56 are spaced back to
      back in a horizontal plane from each other. The dipoles 53 and 55 are fed
      180.degree. out of phase by equal length feed lines 83 and 85 and the
      dipoles 54 and 56 are fed 180.degree. out of phase by feed lines 84 and 85
      of equal length to feed lines 83 and 86. The spacing between the dipoles
      53 and 55 in this particular embodiment is 0.6 wavelength, for example,
      from remote ends or feed points 53a, 53b to feed points 55a and 55b. The
      spacing between the phase center of the dipole 53 and the phase center of
      the dipole 55 is 0.5 wavelength. The spacing between dipoles 54 and 56 is
      the same as between dipoles 53 and 55. The pattern 92 (solid lines) in
      FIG. 5 illustrates this vertical pattern of the vertically polarized
      radiation as viewed in the 0.degree.-180.degree. axis or in the direction
      of arrows A-A' of FIG. 4. It can be seen that the angle between the half
      power points is, in the vertical plane shown in FIG. 5, approximately
      90.degree. and is therefore similar to that associated with horizontally
      polarized radiation produced in the vertical plane by the turnstile
      radiating elements 21a, 21b, 23a and 23b. When the four vertical dipoles
      54, 53, 56 and 55 are fed at their feed points in the relative phase
      rotation of 0.degree., 90.degree., 180.degree. and 270.degree. via cables
      83 thru 86 and baluns 73 thru 76 as illustrated in FIGS. 7 and 8, the
      horizontal pattern 91 as shown in solid line in FIG. 4 of the vertically
      polarized radiation is substantially omnidirectional.
PAR  Since the dipoles 53, 54, 55 and 56 excite vertically polarized radiation
      and the turnstile radiating elements 21a, 21b, 23a and 23b excite
      horizontally polarized radiation, the fields radiated by the dipoles 53,
      54, 55 and 56 are orthogonal to the fields radiated by the four radiating
      elements 21a, 21b, 23a and 23b. As stated previously by the arrangement
      described above the pattern associated with dipoles 54 and 56 matches that
      of elements 21a and 21b and the patterns associated with dipoles 53 and 55
      matches that of elements 23a and 23b. By making the fields associated with
      dipoles 54 and 56 at phase quadrature to the fields associated with
      elements 21a and 21b and by making the fields associated with dipoles 53
      and 55 at phase quadrature to the fields associated with elements 23a and
      23b circular polarization is achieved.
PAR  This quadrature phasing may be provided by the feed arrangements shown in
      FIG. 8. The total input power is coupled to a 3 db hybrid 95 with one half
      the power being applied to the first power divider 97. The four coaxial
      lines 83, 85, 98 and 99 are of equal electrical length and equally split
      the power coupled to divider 97 with coaxial line 83 coupled to vertically
      polarized dipole 53, coaxial line 85 coupled to vertical dipole 55,
      coaxial line 98 coupled to radiating element 21a of coaxial line 99
      coupled to radiating element 21b. The dipoles 53 and 55 are fed
      180.degree. out of phase. Since the outer conductors 83a and 85a are both
      connected to the grounding posts 20 and 17 respectively the 180.degree.
      relative phase difference is provided by the lower element 66 of dipole 53
      being connected to the center conductor 83b of the coaxial feed line 83
      (via element 81) and the upper element 55c being connected to the center
      conductor 85b of the coaxial feed line 85. The dipole element 21 is fed
      180.degree. out of phase with dipole element 21a. The outer conductor 98b
      of feed line 98 is connected to radiating element 21a at feed point 39 and
      the inner conductor 98a is connected to post 20 and terminates at point
      39a opposite feed point 39. The outer conductor 99b of feed line 99 is
      connected to post 17 at a point 40a opposite feed point 40 and the inner
      conductor 99a is connected to the radiating portion of element 21b and
      terminates at feed point 40.
PAR  The signal coupled to the power divider system 105 is of equal power but
      phase shifted 90.degree.. The four coaxial lines 84, 86, 101 and 103 are
      of equal electrical length and equally split the power at power divider
      105 with coaxial line 84 coupled to the vertical dipole 54, the coaxial
      line 86 coupled to the vertical dipole 56, the coaxial line 101 coupled to
      horizontal element 23a and the coaxial line 103 coupled to the horizontal
      element 23b. The dipoles 54 and 56 are fed 180.degree. out of phase. This
      is accomplished by connecting both the inner conductor 84b of coaxial
      transmission line 84 to the lower element 54d of dipole 54 and the inner
      conductor 86b of coaxial transmission line 86 to the upper element 56c of
      dipole 56 while the outer conductors 84a and 86a are coupled to grounding
      posts 19 and 18 respectively. The dipole element 23b is coupled
      180.degree. out of phase with dipole element 23a. The inner conductor 101b
      is coupled to post 19 at point 41a and the outer conductor 101a is coupled
      to radiating element 23a and terminates at feed point 41. The inner
      conductor 103b is coupled to the radiating element 23b at feed point 43
      and the outer conductor 103a is connected to post 18 and terminates at
      point 43a. Since the coaxial lines 84, 86, 101 and 103 have already
      undergone an extra 90.degree. phase shift, the relative phase at dipole 54
      and 56 is 90.degree. and 270.degree. respectively relative to dipole 53
      and elements 21a and 21b are at 90.degree. and 270.degree. respectively
      relative to element 21a. The length of baluns 73 thru 76 extend an extra
      one quarter wavelength beyond the coaxial lines 83 thru 86 and therefore
      the dipoles 54 thru 56 are shifted 90.degree. relative to the lower
      elements 21a, 21b, 23a and 23b.
PAR  The phase center of the dipoles 53, 54, 55 and 56 are each approximately
      one quarter wavelength .lambda./4 in a horizontal direction from the
      center of the tower 15. The phase center of the turnstile radiating
      elements 21a, 21b, 23a and 23b is at about the center of the tower 15
      (between the arms of either dipole elements 21a and 21b or 23a and 23b).
      The fields from radiating elements 23a and 23b undergo an additional
      relative phase shift of 90.degree. when traveling this .lambda./4 distance
      radially to the phase center of dipoles 53 and 55 and consequently the
      fields from dipoles 53 and 55 are at phase quadrature to those fields from
      elements 23a and 23b. Similarly, the fields from radiating elements 21a
      and 21b undergo an additional relative phase shift of 90.degree. when
      traveling this .lambda./4 distance radially to the phase center of dipoles
      54 and 56 and consequently the fields from dipoles 54 and 56 are at phase
      quadrature to those fields from elements 21a and 21b.
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STM  What is claimed is:
NUM  1.
PAR  1. A circularly polarized antenna system comprising:
PA1  a vertically oriented support tower,
PA1  four radiating elements mounted about the tower at 90.degree. intervals
      with the elements extending from the tower and configured to excite
      horizontally polarized fields,
PA1  means for feeding signal energy at a first power level to said four
      radiating elements with equal power to each radiating element and in
      relative phase rotation of 0.degree., 90.degree., 180.degree. and
      270.degree. in the manner of a turnstile,
PA1  four vertically oriented dipoles mounted to the tower with a vertically
      oriented dipole spaced vertically a given distance from each radiating
      element, said vertically oriented dipoles being electrically full
      wavelength dipoles and being arranged to present the aperture of a half
      wavelength dipole,
PA1  means for feeding equal signal energy to each of said four vertically
      oriented dipoles in relative phase rotation of 0.degree., 90.degree.,
      180.degree. and 270.degree.,
PA1  said four vertically oriented dipoles being spaced from each other and fed
      in an amplitude and phase relationship with respect to said four radiating
      elements to cause the horizontal pattern of the vertically polarized field
      associated with the vertical dipoles to be of similar shape and magnitude
      and in phase quadrature to the horizontal pattern of the horizontally
      polarized field associated with the four radiating elements.
NUM  2.
PAR  2. The combination claimed in claim 1 wherein one of the vertically
      oriented dipoles is fed 180.degree. out of phase with a diametrically
      opposite vertically oriented dipole and is spaced about 0.6 wavelength tip
      to tip therefrom.
NUM  3.
PAR  3. The combination claimed in claim 1 wherein each of said four radiating
      elements are triangular-shaped with the apex near the tower and the height
      increasing to a maximum at the end remote from the tower.
NUM  4.
PAR  4. The combination claimed in claim 3 wherein said triangular radiating
      sections are made up of a plurality of rod-like conductors.
NUM  5.
PAR  5. A circularly polarized antenna system for operation over a relatively
      broad band of frequencies comprising:
PA1  a vertically oriented support tower,
PA1  four radiating planar elements mounted about the tower at 90.degree.
      intervals with each of the planar elements including a grid of conductors
      extending perpendicular from the tower in a given plane over a vertical
      length of approximately one half wavelength at a frequency within said
      broad band of frequencies and configured to excite horizontally polarized
      fields,
PA1  means for feeding signal energy at a first power level to said four planar
      elements with equal power to each radiating planar element and in relative
      phase rotation of 0.degree., 90.degree., 180.degree. and 270.degree. in
      the manner of a turnstile,
PA1  four vertically oriented dipoles mounted to the tower with a vertically
      oriented dipole spaced vertically a given distance from each radiating
      planar element,
PA1  means for feeding equal signal energy to each of said four vertically
      oriented dipoles in relative phase rotation of 0.degree., 90.degree.,
      180.degree. and 270.degree.,
PA1  said four vertically oriented dipoles being spaced from each other and fed
      in an amplitude and phase relationship with respect to the signal energy
      fed to said four radiating planar elements to cause the horizontal pattern
      of the vertically polarized field associated with the vertical dipoles to
      be of similar shape and magnitude and in phase quadrature to the
      horizontal pattern of the horizontally polarized field associated with the
      four radiating planar elements.
NUM  6.
PAR  6. A circularly polarized antenna system comprising:
PA1  a vertically oriented support tower,
PA1  four radiating elements mounted about the tower at 90.degree. intervals
      with the elements extending from the tower and configured to excite
      horizontally polarized fields,
PA1  means for feeding signal energy at a first power level to said four
      radiating elements with equal power to each radiating element and in
      relative phase rotation of 0.degree., 90.degree., 180.degree. and
      270.degree. in the manner of a turnstile,
PA1  four vertically oriented dipoles mounted to the tower with a vertically
      oriented dipole spaced vertically a given distance from each radiating
      element, said vertically oriented dipoles being spaced from each other to
      cause in the presence of signal energy applied thereto the horizontal
      pattern of the vertically polarized field associated with the vertically
      oriented dipoles to be of similar shape to the horizontal pattern of the
      horizontally polarized field associated with the four radiating elements,
PA1  means for feeding equal signal energy to each of said four vertically
      oriented dipoles in relative phase rotation of 0.degree., 90.degree.,
      180.degree. and 270.degree., and in equal amplitude and approximately
      90.degree. phase relationship with respect to the signal energy fed to
      said four radiating elements to cause the horizontal pattern of the
      vertically polarized field associated with the vertical dipoles to be
      equal magnitude and in phase quadrature to the horizontal pattern of the
      horizontally polarized field associated with the four radiating elements.
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ABST
PAL  An improved directional antenna for use in an airborne vehicle is shown.
      The contemplated antenna includes a planar phased array of antenna
      elements mechanically rotatable about an axis of rotation, the plane of
      such array making an acute angle with such axis. The beam from such array
      may be electronically scanned, within wide limits, regardless of the
      orientation of the phased array. Also shown is an improved constrained
      centerfeed for the antenna elements in each row thereof in such array, the
      disclosed feed incorporating a double ladder arrangement, including
      wideband couplers, to permit the extensive use of stripline and at the
      same time to allow practically independent adjustment of azimuth and
      elevation difference patterns when the phased array is used as an element
      in a monopulse system.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to airborne radar systems and
      particularly to radar systems of such type which are adapted to perform
      more than one function.
PAR  It is known in the art that so-called multi-mode radar systems (meaning
      systems that may perform different functions, either simultaneously or in
      a rapid sequence) incorporate directional antennas which may be required
      to scan in many different ways. If such a system is to be airborne, as by
      a high performance aircraft, the problem of providing a satisfactory
      scanning technique is particularly difficult to solve. In such an
      application, the location of a directional antenna is, for aerodynamic
      reasons, restricted to the interior of a streamlined radome making up the
      nose section of the aircraft. With a scanning antenna so located, the
      limit of the scanning field of a mechanically scanned beam is in the order
      of 60.degree. from the longitudinal centerline of the aircraft. A scanning
      field of such limited size is too small for many modes of operation.
      Further, if rapid scanning in azimuth and elevation is required, it is
      necessary to provide a relatively large, heavy and powerful mechanical
      scanning mechanism. Such a scanning mechanism, obviously, is detrimental
      to the optimum capability of the radar and the aircraft.
PAR  If a mechanical scanning mechanism is replaced by any known electronic
      scanner (to permit rapid scanning), other types of problems are
      encountered. For example, because the width of the beam from a phased
      array antenna increases with scan angle, antenna gain decreases. Thus, at
      a scan angle of say 60.degree., the beamwidth doubles as compared to the
      beamwidth at broadside. Nevertheless, because a beam from a phased array
      antenna may be scanned so much more quickly than the beam from a
      mechanically scanned directional antenna, some kind of phased array
      antenna is required for multi-mode airborne radar.
PAR  If a phased array antenna is to be mounted in a streamlined radome in a
      high performance aircraft, several problems unique to such an installation
      are encountered. First, it is necessary, to avoid the occurrence of
      grating lobes within the scanning field, to place the individual antenna
      elements of a phased array as closely together as possible. Further, the
      type of feed used to illuminate a phased array is important, it being
      necessary to use some kind of constrained back feed in order to avoid
      antenna blockage. Any known "space fed" system must be folded to fit
      inside the radome, thereby creating subsequent alignment and efficiency
      problems; and any known "radial feed" prevents optimum disposition of the
      antenna elements in the array.
PAR  The difficulties mentioned hereinbefore are multiplied when operational
      requirements dictate that the radar in an aircraft combine high power and
      angular discrimination capabilities. To meet power requirements, a maximum
      amount of radio frequency energy, (concomitant with a satisfactory beam
      shape) must be radiated from each one of the antenna elements. To permit
      such a maximum amount of radio frequency energy to be radiated, it is
      necessary, in the present state of the art, to cool the antenna elements
      and associated control circuitry. Such cooling must be as effective at
      high as at low altitudes, with the result that a positive way of cooling
      at any operational altitude be provided. To meet both requirements, the
      radar beam must be narrow and well formed, implying that there be a large
      number of antenna elements and that the power to each be controllable. To
      meet angular discrimination requirements for many applications it is
      highly desirable that the radar be a monopulse radar. Any known
      constrained feed for a monopulse radar entails the extensive use of
      waveguide transmission lines and conventional couplers. The resulting feed
      is intolerably heavy and critical to adjust. Such deficiencies, when the
      array is to be of any appreciable size, make it infeasible to use a
      conventional corporate feed.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is a primary object of this invention to provide improved
      scanning apparatus for a directional antenna in an airborne monopulse
      radar system, such apparatus being operative in a way that the scan angle,
      relative to an aircraft's longitudinal centerline, may be increased.
PAR  Another object of this invention is to provide an improved scanning
      apparatus for a directional antenna in an airborne monopulse radar system,
      such apparatus combining selected features of mechanical and electronic
      scanning mechanisms.
PAR  Still another object of this invention is to provide, in an airborne
      monopulse radar system having its antenna mounted in a radome integral
      with the nose section of an airborne vehicle, an improved directional
      antenna and scanning apparatus therefor.
PAR  A still further object of this invention is to provide an improved phased
      array antenna and constrained feed system therefor.
PAR  These and other objects of this invention are attained generally by
      providing, in an ogival radome making up the streamlined nose section of a
      high performance aircraft, an improved planar phased array antenna and
      feed therefor (the face of such array antenna being inclined with respect
      to the longitudinal centerline of the aircraft and the outline of such
      face being generally elliptical to correspond with a diagonal section
      through the radome), means for mounting the array antenna so that it is
      mechanically rotatable about the longitudinal centerline, or an axis
      inclined thereto, of such aircraft; and means for combining mechanical and
      electronic beam directing apparatus as required for any one of a number of
      desired modes of operation to scan a field in an optimum fashion. This
      invention also contemplates the use of a novel arrangement of the antenna
      elements and their associated elements, such as phase shifters, to permit
      a stripline ladder feed to be used for such elements and air cooling to be
      provided in a simple and efficient manner.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of this invention, reference is now made
      to the following description of the accompanying drawings in which:
PAR  FIG. 1 is a sketch showing generally the contemplated location of the
      contemplated directional antenna in a high performance aircraft and
      exemplary limits of the scanning field of such antenna;
PAR  FIG. 2 is an outline drawing, partially broken away and somewhat
      simplified, of the nose section of the aircraft of FIG. 1, to illustrate a
      way in which a directional antenna and other necessary elements be
      rotatably mounted in the radome indicated in FIG. 1 to allow a scanning
      field to be covered most efficiently;
PAR  FIG. 3 is a schematic diagram illustrating the manner in which the antenna
      array shown in FIG. 2 may be centerfed and separately optimized sum and
      difference signals may be derived for monopulse operation;
PAR  FIG. 4 is a sketch illustrating the construction of a typical waveguide
      coupler used in the radio frequency circuit shown in FIG. 3, such coupler
      being adapted to use over a relatively wide bandwidth of frequencies;
PAR  FIG. 5 is an exploded view of an improved "four port" stripline hybrid
      junction particularly useful in the circuitry shown in FIG. 3 and
      generally for any stripline circuit;
PAR  FIG. 6 is an exploded view of the stripline circuitry contemplated to
      centerfeed a row of antenna elements shown in FIG. 3;
PAR  FIG. 6A is a detail view of placement of coupling element;
PAR  FIG. 7 is a partially cut away view of a radio frequency load for use with
      a stripline circuit; and
PAR  FIG. 8 is a partial view of the contemplated arrangement of each two
      adjacent rows of antenna elements of the array shown in FIG. 2, such view
      being simplified to show most clearly how such elements are mounted and
      arranged to be fed and cooled.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 it may be seen that the contemplated directional
      antenna is mounted within a streamlined radome 11 which makes up the nose
      section of an aircraft 12. The directional antenna includes a phased array
      antenna 13 (and associated elements to be described) rotatably mounted on
      a bulkhead (not numbered) so that the axis of rotation of such array is
      tilted at an angle to the longitudinal axis of the aircraft 12. As may be
      seen more clearly in FIG. 2, the bulkhead may also be tipped with respect
      to the longitudinal centerline of the aircraft 12. That is, the phased
      array antenna 13 is mounted in such a manner that the direction of the
      beam therefrom may be rotated around the longitudinal axis of the aircraft
      12 by mechanically rotating the array antenna itself. Independently, of
      course, the beam may be collimated and deflected by controlling the phase
      shift of the radio frequency energy to each antenna element in the array.
      By appropriately combining such mechanical and electronic beam steering
      techniques it will be seen that the scanning field is greater than the
      forward hemisphere centered on the aircraft. It follows, then, that the
      maximum coverage area of the contemplated antenna arrangement exceeds that
      of a conventional phased array antenna rigidly mounted within a
      streamlined radome, i.e. a phased array antenna with its face fixed in
      position substantially orthogonal to the longitudinal centerline of the
      aircraft. The maximum coverage area of such an array, as is known, is
      somewhat less, in all practical applications, than the forward hemisphere.
PAR  As noted hereinbefore, the face of the phased array antenna 13 has a
      substantially elliptical outline corresponding to a diagonal section of
      the radome 11. The area of such an elliptical outline is greater than the
      area of a circle with a diameter substantially equal to the minor axis of
      the elliptical outline. It follows, then, that the actual aperture of the
      phased array antenna 13 is larger than the actual aperture of a comparable
      conventional phased array antenna mounted at the same location within the
      radome 11. That is, the broadside beam of the contemplated phased array
      antenna has a greater directivity than the broadside beam of a comparable
      conventional phased array antenna. The direction of the broadside beam of
      the contemplated phased array antenna is oriented at an angle "A" (here
      45.degree. ) with respect to the longitudinal centerline of the aircraft
      12, whereas the broadside beam of a conventional phased array antenna is
      "dead ahead". When the beam from the contemplated phased array antenna is
      deflected by an angle "A" (so as here to point either "dead ahead" or to
      the beam of the aircraft 12), the projected area of the aperture of the
      contemplated phased array antenna is the same as the actual area of a
      conventional phased array antenna. It follows then that the directivity of
      the beam of the contemplated phased array antenna (when deflected to point
      either "dead ahead" or to the beam of the aircraft 12) is the same as the
      directivity of the broadside beam of a conventional phased array antenna.
      Obviously, then, the beam of the contemplated phased array antenna (when
      directed abeam of the aircraft 12) has far greater directivity than a
      similarly directed beam of a conventional phased array antenna. As a
      matter of fact, when the beam from the contemplated phased array antenna
      is deflected abaft of the beam of aircraft 12, the decrease in directivity
      then suffered is the same as the decrease in directivity suffered by the
      beam of a conventional phased array antenna in being deflected a like
      amount from dead ahead. To put it another way, the contemplated phased
      array antenna is "end fired" when its beam is deflected 135.degree. from
      dead ahead as contrasted with the conventional phased array antenna which
      is "end fired" when its beam is deflected 90.degree. from dead ahead.
PAR  Referring now to FIG. 2 it may be seen that the phased array antenna 13
      includes a hollow elliptical ring (not numbered) in which a number of
      I-beams (one of which is partially shown in FIG. 8) is mounted adjacent to
      one another. Each I-beam, as will be shown more clearly hereinafter,
      supports two rows of antenna elements and associated phase shifters and a
      stripline feed. The front and back of the phased array antenna 13 are
      covered by sheets (not shown) of material to make a substantially airtight
      enclosure in which the I-beams, antenna elements and associated phase
      shifters and stripline feeds are mounted. The antenna elements and the
      associated phase shifters and stripline feeds are shown in detail
      hereinafter. Suffice it to say here that the stripline feed is operative
      to feed, from the center of each row, the antenna elements in each half of
      each row. The sheet covering the rear of the phased array antenna 13 has
      openings formed therethrough to permit a pipe 15 to pass through to a
      manifold 17. Such manifold is disposed at right angles to the I-beams and
      extends to the rim portion of the antenna. Openings (not shown in the
      manifold 17) permit a coolant, as air under a positive pressure, to pass
      from the pipe 15 through the manifold 17 and along the channels formed by
      the I-beams to the rim portion. A pipe 19 is connected from the rim
      portion to a platform 21. The pipe 15 and the pipe 19 are passed through
      the platform 21 to annular plenum chambers (not shown) under the platform.
      Each plenum chamber in turn is connected to pipes 15a, 19a to a coolant
      pump 23. When the pump is operated the air may pass through pipe 15a, the
      corresponding plenum chamber pipe 15 and the manifold 17 to the center
      portion of each I-beam. Such air then passes outwardly of the antenna
      elements to the rim portion of the phased array antenna to cool such
      elements. The air arriving in the rim portion of the phased array antenna
      13 is drawn therefrom through the pipe 19, the corresponding plenum
      chamber and the pipe 19a to the inlet of the coolant pipe 23. Obviously,
      if desired, the air drawn from the rim portion of the phased array antenna
      13 may be cooled in any conventional way before it is drawn to the inlet
      of the coolant pipe 23.
PAR  The platform 21 is rotatably mounted in any convenient fashion on a
      pedestal 25, which in turn is secured in any conventional fashion to a
      bulkhead (not numbered) of the aircraft 12. In passing it should be noted
      that the bulkhead need not be, as illustrated in FIG. 2, orthogonal to the
      longitudinal axis of the aircraft but may, for some applications, be
      tilted with respect thereto. In any event, the platform 21 may be rotated
      about its rotational axis by an antenna drive motor 27 operating through a
      conventional gearing arrangement (not numbered). It is evident that the
      antenna drive motor 27 may be operated so as to rotate the platform 21,
      and the elements mounted thereon, continuously about its rotational axis
      or may be de-energized so that the phased array antenna 13 remains
      stationary with respect to such rotational axis. The rotational position
      of the phased array antenna 13 is sensed here by a resolver 29 which
      produces, in a conventional manner, signals indicative of the
      instantaneous position of the phased array antenna 13.
PAR  A constrained feed is provided for radio frequency energy between the
      phased array antenna 13 and a radar transmitter/receiver 31 mounted in the
      body of the aircraft 12. Thus, for reasons to become clear hereinafter, a
      three channel rotary joint, 33, together with appropriate waveguide (not
      here numbered) is provided to permit radio frequency energy from the radar
      transmitter/receiver 31 to be passed through the platform 21. Each one of
      the waveguides which rotates with the platform 21 is here represented
      schematically as waveguides 51, 87, 93 (to correspond with the notation of
      FIG. 3). Waveguides 51 and 93 are connected, through a ladder network 41
      (shown schematically in detail in FIG. 3) ultimately to four waveguides,
      51b, 61a, 59b and 63a. The latter lines in turn are coupled to row
      distributors 66, again as shown schematically in FIG. 3. Line 87 is
      coupled directly to a hybrid junction 85 (FIG. 3).
PAR  Referring now to FIG. 3, it may be seen that pulses of radio frequency
      energy from a transmitter 45 in the transmitter/receiver 31 (FIG. 2) are
      passed through a conventional transmit/receive switch (TR 47), waveguide
      49, a three channel rotary joint 33 and waveguide 51 to the ladder network
      41 on the platform 15. This network here is schematically shown to include
      three conventional four port hybrid junctions (4P53, 4P55 and 4P57)
      connected as shown.
PAR  As is known, nondirectional junctions or branch couplers equivalent to a
      four port hybrid junction may be formed by placing two uniform waveguides
      side by side, with an aperture between the two providing the desired
      coupling. In such an arrangement, the waveguide carrying radio frequency
      energy to the aperture may arbitrarily be designated "port 1" (P1) and the
      same waveguide after the aperture may be designated "port 2" (P2); the
      second waveguide after the aperture "port 3" (P3) and the second waveguide
      before the aperture "port 4" (P4) to correspond with normal nomenclature
      for four port hybrid junctions. As in all such hybrid junctions, P1 and P4
      are isolated one from the other; radio frequency energy, fed into P1 is
      divided between P2 and P3, the ratio of the radio frequency energy in P2
      and P3 being dependent on the coupling effected by the aperture; an amount
      of radio frequency energy proportional to the sum of radio frequency
      energy fed into P2 and P3 appears at P1; and an amount of radio frequency
      energy proportional to the difference between radio frequency energy fed
      into P2 and P3 appears at P4. The four port hybrid junction 51 is
      preferably such a branch coupler as just described, waveguide 51a being an
      extension of waveguide 50 and waveguides 59, 59a being the branch line.
      Waveguide 59 is terminated, in any convenient manner, in its
      characteristic impedance (not numbered) to eliminate the effect of
      unwanted reflections. It follows, then, that radio frequency energy from
      waveguide 51 is divided between waveguides 51a and 59a. It should be noted
      here that, although a conventional "Magic Tee" could be used as the 4 port
      hybrid coupler 53, it is preferable to use a branch coupler so that the
      relative amounts of radio frequency energy in waveguides 53a, 59a may be
      easily controlled. As will become clear hereinafter, an unequal division
      of the ratio frequency energy between waveguides 51a and 59a is desirable
      to form a given amplitude distribution across the aperture of the phased
      array antenna 13 (FIG. 2).
PAR  The radio frequency energy in each one of the waveguides 51a, 59a is again
      divided in branch couplers, here 4P55 and 4P57, with the result that radio
      frequency energy appears in waveguides 51b, 61a, 59b, 63a. Each one of the
      latter is terminated, as shown, in its characteristic impedance (not
      numbered). It now is clear that, during transmission, the radio frequency
      energy out of the transmitter 45 is divided between waveguides 51b, 61a,
      59b, 63a, the exact amount of such energy in each such line being
      determined by the coupling of the branch couplers 53, 55, 57. Obviously,
      if it is desired to have an equal amount of radio frequency energy divided
      between waveguides 51b, 51a and a different, but equal, amount divided
      between waveguides 59b, 63b, branch couplers 55, 57 may be replaced by
      conventional "Magic Tees."
PAR  A number of contradirectional couplers, as couplers 51(ui) . . . 51(un),
      61(di) . . . 61(dn), 59(ui) . . . 59(un), 63(di) . . . 63(dn) is disposed
      as shown along the length of waveguides 51b, 61a, 59b, 63a. It is here
      noted that these couplers are preferably of the type described hereinafter
      in connection with FIG. 4. Suffice it to say here that the couplers are
      effective to couple, as indicated by the curved lines in each, a portion
      of the radio frequency energy to and from the waveguides 51b, 61a, 59b,
      63a and transmission lines 65(ui) . . . 65(un), 65(di) . . . 65(dn). Here
      u means "upper half" of the phased array antenna being fed and d means the
      "lower half" of such antenna and n means the number of rows in each half.
      The recombined energy is fed to a different one of the "row" distributors
      66(ui) . . . 66(un), 66(di) . . . 66(dn). The schematic of two of the row
      distributors are shown, it being understood that the others are similar.
      Thus, the illustrated row distributor 66(ui) fed by transmission line
      65(ui) includes four port hybrid junctions 4P67, 4P69, 4P71 connected as
      shown. Each such junction is preferably a stripline junction of the type
      shown in FIG. 5. Suffice it to say here that these junctions operate in
      the same way as conventional four port hybrid junctions. Corresponding
      ports (here the P2 ports) of 4P69 and 4P71 are connected to a line feed
      73(L1) (which feed is shown in FIG. 6) and corresponding ports (here the
      P3 ports) of 4P69 and 4P71 are connected to the line feed 73(R1). "L" here
      means "left side of the array" and "R" means "right side of the array." As
      shown schematically, for line feed 73(R1), radio frequency energy from
      port 3 of 4P69 on transmission line 74R (which line is sometimes referred
      to hereinafter as center conductor 74R) is coupled to a number of
      transmission lines (as lines 74R1 . . . 74RN). Each one of such lines
      (except the last) is coupled to transmission line 74R by a stripline
      coupler (FIG. 6). A phase shifter 75, an antenna element 77 and a load 79
      (FIG. 7) are connected as shown to each one of the last mentioned
      transmission lines. The last one of the last mentioned transmission lines
      is directly connected as shown to the transmission line 74R from P3 of
      4P69. Radio frequency energy from port 3 of 4P71 is coupled to the antenna
      elements in a similar manner except that the transmission line 76R
      (sometimes referred to hereinafter as center conductor 76R) from P3 of
      4P71 is here terminated in a load (not numbered).
PAR  It will be observed that the amount of radio frequency energy arriving at
      each antenna element 77 is dependent upon the adjustment of the couplers
      and the four port hybrid junctions in the path between each antenna
      element and the transmitter 45. It will also be observed that: (a) for
      each antenna element there are two elements, i.e. the couplers in each
      line feed 73, which are individually adjustable (within relatively wide
      limits) to vary the amount of radio frequency energy to each element in
      the right and left side of each row of antenna elements; (b) there are
      elements, i.e. the four port junctions 4P67, 4P69, 4P71, which divide, in
      any ratio within wide limits, radio frequency power between the right and
      left side of each row of antenna elements; (c) there are elements, i.e.
      contradirectional couplers 51, 61, 59, 63, which divide, within wide
      limits, radio frequency energy between rows of antenna elements; and (d)
      there are elements, i.e. 4P53, 4P55, 4P57, which divide radio frequency
      energy between columns of antenna elements. It will be apparent now that,
      even though calculation is complicated by the fact that there are 10
      interacting coupling elements between each antenna element and the
      transmitter 45, the proper coupling coefficient for each one of such
      elements may be made using known techniques to meet a given amplitude
      distribution across the aperture of the phased array antenna. In this
      connection it should also be observed that the number of antenna elements
      77 in each row may be, and here is, changed. It follows, then, that,
      although the aperture of the phased array antenna 13 (FIGS. 1 and 2) is
      elliptical, the illustrated feed may be used if other aperture shapes are
      required. Further, it is noted that the number of antenna elements 77
      coupled to transmission line 74R or 74L may not, and here is not, equal to
      the number of antenna elements 77 coupled to transmission line 76R or 76L.
PAR  The phase shifters 75, which may be either conventional ferrite or
      semiconductor phase shifters, are, of course, individually controllable by
      signals over lines (not shown in FIG. 3) from the beam steering computer
      (FIG. 2).
PAR  When echo signals are received, the illustrated feed system operates, by
      reciprocity, to effectively divide the aperture of the array into a "left"
      and a "right" portion (to permit derivation of an azimuth difference
      signal, .DELTA.A.sub.3), an "up" and a "down" portion (to permit
      derivation of an elevation difference signal, .DELTA.E1) along with a sum
      signal, .SIGMA.. That is, the illustrated feed system operates in a
      monopulse mode.
PAR  It will be observed that echo signals from the antenna elements in each
      half of the first row are passed over transmission lines 74L and 74R to
      ports 2 and 3 of 4P69. The difference between such echo signals then
      appears at port 4 of 4P69 and their sum appears at port 1. The difference
      signals out of port 4 are here connected directly to one end of a
      waveguide 81. The nth row distributor in the lower half of the array is
      connected to the second end of the waveguide 81. The difference signals
      from port 4 of each one of the corresponding four port hybrid junctions in
      each other row distributor 67 are coupled to the waveguide 61 as shown.
      That is, difference signals from all other row distributors 67 are coupled
      through contradirectional couplers 83 (FIG. 4) to waveguide 81. The
      resultant signals in waveguide 81 are, therefore, proportional to the net
      difference signals from the left and right halves of the phased array
      antenna (FIGS. 1 and 2). To put it another way, the resultant signals in
      the waveguide 81 are indicative of desired .DELTA.A.sub.Z signals. Such
      resultant signals are coupled through a four port hybrid junction 85 to a
      waveguide 87 and thence, through the three channel rotary joint 33 and
      waveguide 87, to .DELTA.A.sub.Z receiver 89.
PAR  The sum signals out of 4P69 and 4P71 are summed again in 4P67. The
      resulting signals are passed, as shown, via transmission line 65 ul,
      contradirectional coupler 51 ul and waveguides 51b, 59b to port 2 of 4P55
      and 4P57. Similarly, the resulting signals out of the remaining row
      distributors 67 in the upper half of the array are passed to the same
      ports. The resulting signals out of the row distributors in the lower half
      of the array are, however, passed to port 3 of 4P55 and 4P57. The
      difference signals out of 4P55 and 4P57 are each proportional, then, to
      the desired .DELTA.E1 signals. Either or both (here the difference signals
      at port 4 of 4P55) may be passed to a .DELTA.E1 receiver 91 through a
      waveguide 93, the three channel rotary joint 33 and a waveguide 95.
PAR  The sum signals out of 4P55 and 4P57 are passed to ports 2 and 3 of 4P53.
      The sum signals out of the latter, then, are composite signals
      representative of the weighted sum of the radio frequency energy received
      by all of the antenna elements 77, i.e. the desired .SIGMA. signals. Such
      composite signals are passed, via the waveguide 51, the three channel
      rotary joint 33, the waveguide 49 and the T/R switch 47, to a .SIGMA.
      receiver 97.
PAR  It will now be apparent that the aperture distribution of the
      ".DELTA.A.sub.Z " path and the aperture distribution of the .DELTA.E1 path
      may be, and in fact here is, adjusted to be different. That is, the
      coupling coefficients of the couplers in the ".DELTA.A.sub.Z " paths may
      be adjusted (keeping the coupling coefficients of the couplers for optimum
      transmitting and ".SIGMA." path) and then coupling coefficients of the
      couplers in the .DELTA.E1 paths (but not in the .DELTA.A.sub.Z paths) may
      be adjusted to attain optimum sum and difference patterns.
PAR  Referring now to FIG. 4 it may be seen that the contradirectional couplers
      (shown in FIG. 3 as couplers to the waveguides 51b, 61a, 59b, 63a and 81)
      are unitary structures which mount on an opening formed in the side walls
      102 of the waveguides. Each coupler includes a pair of coupling posts 103
      at the longitudinal axis of the waveguide, the free end of each such post
      being secured, as by soldering, to a matching plate 104. The coupling
      posts 103 are held in position by attaching them to a pair of dielectric
      sheets 105 on which electrically conductive strips 106 are formed. The
      dielectric strips 105 in turn are held by opposing metallic channels 107,
      109. The coupling posts 103 are electrically insulated from the channel
      107 by dielectric sheaths 110. It will be recognized that, taken together,
      the metallic channel members 107, 109, the dielectric sheets 105 and, the
      conductive strips 106 make up a microwave strip circuit with an air
      dielectric between the center conductor and the ground planes. It is
      evident that the air dielectric in such a stripline may be replaced by a
      solid dielectric. The shape of matching plate 101 may be changed to adjust
      the matching between the disclosed coupler and the waveguide with which it
      is to be used. The degree of coupling may be changed by changing the
      length of the coupling posts 103.
PAR  In operation, assuming radio frequency energy to be propagated in a
      waveguide from left to right in the TE.sub.10 mode, a portion of such
      energy is coupled by the left hand coupling post and passed through its
      associated strip 106. This establishes current flow from strip 106a
      through coupling ports 103a, matching plate 104 and up through coupling
      post 103 to strip 106. In other words, the current of energy in the
      waveguide flowing from left to right may not be coupled out through strip
      106a. The radio frequency energy not coupled out of the waveguide passes
      to the right in the Figure as shown.
PAR  Referring now to FIG. 5, a preferred embodiment of a stripline-to-stripline
      four port hybrid junction (as 4P67, 4P69, 4P71 of FIG. 3) is shown.
      Specifically, 4P69 is illustrated. The contemplated junction, in essence,
      is made up of a first stripline (ground conductor 120, dielectric sheets
      122, 124 and one side of a metallic plate 125) and a second stripline
      (ground conductor 126, dielectric sheets 128, 130 and the second side of a
      metallic plate 125), each such stripline having center conductors to be
      described between the dielectric sheets. The center conductors 130, 132 in
      the first stripline (which center conductors are here shown, for
      convenience, on dielectric sheet 124 but which are more easily formed on
      dielectric sheet 122) are orthogonal to each other, overlying an annular
      slot 134 formed in the dielectric energy is introduced on either center
      conductor 130, 132, the result is to set up a TE.sub.11 field in the
      annular slot 134. Thus, if, for example, radio frequency energy is
      introduced on center conductor 130 from port 2 of 4P67, center conductor
      132 is positioned so that none of such energy is coupled thereto. The
      TE.sub.11 mode in the annular slot 134 is supported by a circular opening
      136 formed through the metallic plate 125, it being recognized that
      circular opening 136 constitutes a length of circular waveguide. (In
      passing it will be noted that circular opening 136 may be filled with a
      dielectric other than air). Such mode is, therefore, coupled to an annular
      opening 138 in the dielectric sheet 130 to couple with center conductors
      74R, 74L on the dielectric sheet 128. The latter center conductors are
      here disposed so as to make an angle of 45.degree. on either side of the
      center conductor 130. It may be seen, therefore, that when radio frequency
      energy is introduced on center conductor 130, equal amounts of such energy
      will be coupled to center conductors 74R, 74L. In other words, when center
      conductor 130 is energized (as it is on transmission) the left and right
      sides of row 1 of the upper portion of the array will receive equal
      amounts of radio frequency energy from 4P69. On the other hand, during
      reception, equal amounts of radio frequency energy are passed (in the form
      of echo signals) to 4P69 over center conductors 74R, 74L. The echo signals
      from a target on the centerline of the radar beam pass simultaneously over
      such center conductors. The resultant TE.sub.11 field set up by such echo
      signals corresponds to the vector sum of the TE.sub.11 field from the
      center conductors 74R, 74L. Such resultant field is aligned with center
      conductor 130 and orthogonal to center conductor 132. Therefore, signals
      representative of the sum (.SIGMA. signals) appear on center conductor
      130, and signals (here zero) representative of the (.DELTA.A.sub.3)
      signals appear on the center conductor 132. When echo signals are received
      from a target not on the centerline of the radar beam, there is a
      difference in phase between the echo signals on the center conductors 74R,
      74L. The resultant TE.sub.11 field set up by such "out of phase" echo
      signals then is rotated (by an amount related to such difference in phase)
      so that it is no longer aligned with the center conductor 130 or exactly
      orthogonal to the center conductor 132. Consequently, the .SIGMA. signals
      and the .DELTA. signals change. The change in the .SIGMA. signals is, as
      compared to the change in the .DELTA. signals, relatively small as in any
      monopulse arrangement.
PAR  Referring now to FIGS. 6 and 6A it may be seen that the contemplated line
      feed (as line feeds 73L1, 73R1, FIG. 3) comprises stripline circuitry
      wherein the coupling coefficient between the line feed and a number of
      antenna elements may be adjusted. Thus, the line feed for a single row of
      antenna elements comprises conventional metallic ground conductors 140,
      142 between which first, second and third dielectric sheets 144, 146, 148
      are disposed. The end portions of center conductors 74R, 76R, 74L and 76L
      (here shown for convenience on the third dielectric sheet 148 but actually
      printed on the second dielectric sheet 146 in normal practice) are
      parallel to each other as shown. A number of coupler members 150 (one for
      each antenna element 77) are printed on the second side of the second
      dielectric sheet 146. Coupling openings 152L, 152A, 154, 156 are formed,
      respectively, through the first dielectric sheet 144 and its adjacent
      ground conductor 140 and the third dielectric sheet 148 and its associated
      ground conductor 140. The position of the coupling openings relative to
      the center conductors 74L, 74R, 76L, 76R and to each one of the coupler
      members 150 is shown in FIG. 6A. A matched load (FIG. 7) is secured to the
      ground conductors 140 overlying the coupling openings 152L, 154, 156. An
      antenna element (FIG. 8) is secured to one of the ground conductors 140
      overlying each coupling opening 152A.
PAR  As shown more clearly in FIG. 6A, each coupling member 150 is disposed so
      as to overlie center conductors 76L, 76R to a greater degree than center
      conductors 74L, 74R. It follows, then, that the coupling coefficient
      between center conductors 76L, 76R and each associated coupling element
      150 is greater than the coupling coefficient between each such element and
      center conductors 74L, 74R. Therefore, the relative amounts of radio
      frequency energy coupled between each coupling element 150 and center
      conductors 74L, 74R, 76L, 76R differ. Thus, for example, assuming equal
      amounts of radio frequency energy initially on center conductors 74L, 74R,
      76L, 76R, fewer "couplings" will be required to transfer the radio
      frequency power from center conductor 76R than from center conductor 74R
      (or from center conductor 76L than from center conductor 74L). It follows
      then that the number of coupling elements 150 coacting with center
      conductors 76L, 76R may be less than the number of coupling elements
      coacting with center conductors 74L, 74R. In other words, the outer
      antenna elements in each row (FIG. 3) may be coupled only through center
      conductors 74L, 74R. Such truncation of the feed to the outer antenna
      elements makes it easier to adjust the amplitude distribution across the
      aperture without sacrificing the advantages of the "double" feed.
PAR  Referring now to FIG. 7, it may be seen that a preferred type of load for
      the stripline line feed (FIGS. 3 and 6) consists simply of a block 161 of
      metallized load material affixed, as by an epoxy cement 163, to the ground
      conductor 142' and overlying the coupling opening 154'. The block 161 has
      a body 165 fabricated from a lossy material, as an iron-carbonyl loaded
      epoxy, covered by a metallic coating 167. Other lossy materials may be
      used, it being necessary here only that the block 161 constitute a lossy
      cavity. Radio frequency energy coupled into such a cavity is dissipated
      therein. The block 161 shown in FIG. 7 is symmetrically mounted over the
      coupling opening 154'. If it is desired to increase dissipation, the block
      161 may be offset from the coupling opening 154' and used with other
      blocks and coupling openings (not shown).
PAR  Referring now to FIG. 8, the details may be seen of a typical way in which
      antenna elements, associated phase shifters and stripline feeds for two
      rows in the array are mounted together. Thus, the Figure shows an I-beam
      171 supporting the just mentioned elements, the web of such beam
      separating the rows. One flange 173 of the I-beam 171 is serrated, as
      shown, so that the centerlines of any two adjacent antenna elements in one
      row and the intermediate antenna element in the other row lie on the
      apices of an equilateral triangle. The actual spacing between such
      centerlines is slightly greater than one-half a wavelength of the radio
      frequency energy being transmitted and received. The line feeds (as
      73'L.sub.1, 73'R.sub.1, 73'R.sub.2 are affixed, as by cementing, to the
      web 175 of the I-beam 171 adjacent to its second flange 177. The rear end
      of each one of the antenna element assemblies is affixed, as by cementing,
      to its associated line feed so that it is in register with its associated
      coupling opening in the line feed (see FIG. 6). To complete the assembly,
      the control lines 29 (FIG. 2) for the phase shifters in each antenna
      element assembly, are connected through an opening in the second flange
      177 and the manifold 17 (FIG. 2) is connected through a central opening in
      such flange.
PAR  It will be noted that, as the phased array antenna 13 (FIG. 2) is rotated
      around its axis of rotation, the orientation of each antenna element
      changes with respect to the local vertical through the aircraft.
      Therefore, if linearly polarized, radio frequency energy is transmitted
      and the direction in which such energy is polarized will be dependent upon
      the angular position of the phased array antenna. That is, absent any
      control, the polarization of linearly polarized radio frequency energy
      will vary sinusoidally from vertical to horizontal as the array is
      rotated. In applications in which such a change is detrimental to proper
      operation, the polarization may be held to remain constant (as far as
      transmitted radio frequency energy is concerned) by programming a
      conventional polarization rotator (not shown) associated with each antenna
      element. If the antenna elements are such as to transmit circularly
      polarized radio frequency energy, there is no need for such an adjustment.
      It will further be noted that any effects of beam broadening when the beam
      from the phased array antenna 13 is deflected from broadside may be
      compensated. That is, any loss in antenna gain may be counterbalanced by
      deflecting the beam in such a manner that the beam is "stepped" from
      position to position with an equal "dwell" time at each position. When
      deflection is so accomplished, the amount of radio frequency energy
      reflected from any target at a given range is the same regardless of the
      deflection angle of the beam.
PAR  It may now be seen that combining mechanical and electronic scanning in the
      way just described permits the objects of this invention to be met. Thus,
      much of the double ladder portion (required to allow substantially
      independent optimization of the sum and difference channels in a monopulse
      radar) and the center feed portion for the antenna elements may be
      implemented with stripline circuitry rather than with a conventional
      waveguide or coaxial line arrangement. It follows then that the spacing
      between the individual elements in the array may be reduced to less than
      the minimum spacing possible with either conventional arrangement.
      Therefore, the beam from the disclosed phased array antenna may be
      deflected a greater amount without suffering from the effects of grating
      lobes. Such a greater possible deflection adds to the advantages mentioned
      hereinbefore for the contemplated phased array antenna. Still further, it
      may be seen that the various couplers shown and described are inherently
      "broadband" devices as compared with conventional couplers used in
      waveguide or coaxial line circuits. Such a characteristic, in turn, makes
      it far easier in practice to fabricate and assemble the disclosed phased
      array antenna.
PAR  It will be apparent to one of skill in the art that many changes may be
      made in the illustrated embodiment of this invention without departing
      from its inventive concepts. For example, although the invention has been
      described as a monopulse radar, it is evident that the use of a skewed
      phased array antenna which is rotatable would solve many problems
      connected with communications systems wherein at least one moving station
      is included. Further, it is evident that location of the disclosed phased
      array antenna need not be limited to the nose section of an aircraft, it
      being apparent that the skewed arrangement of the array may be adapted to
      use in pods or in the tail section. Still further, it is evident that, at
      the price of having additional weight on the platform, some of the
      elements shown mounted within the body of the aircraft may be shifted to
      the mount. In particular, the beam steering computer may be so moved
      without sacrificing too much if it is desired to reduce the number of
      slipring connections required in the phase shifter control circuitry. Or,
      if it is desired to eliminate the necessity of having a three channel RF
      rotary joint, the .DELTA.A.sub.Z and .DELTA.E1 receiving channels may be
      mounted on the platform. Or, still further, the air cooling arrangement
      shown may be replaced by a liquid cooling system because of the ease with
      which the array itself may be made to be liquid-tight. It is felt,
      therefore, that this invention should not be restricted to its disclosed
      embodiment but, rather, should be limited only by the spirit and scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a phased array antenna for a monopulse radar, the antenna elements in
      such antenna being arranged in n upper rows above a horizontal centerline
      and n lowers rows below such centerline, in each one of such rows there
      being an equal number of antenna elements to the left and to the right of
      a vertical centerline, a constrained feed for each one of the antenna
      elements, such feed comprising:
PA1  a. a waveguide ladder network, responsive to radio frequency energy to be
      transmitted, for dividing such energy into an upper and a lower pair of
      waveguides, the radio frequency energy in the upper pair to be divided
      between the antenna elements in the n upper rows and the radio frequency
      energy in the lower pair to be divided between the antenna elements in the
      n lower rows;
PA1  b. n waveguide-to-stripline couplers disposed along one waveguide in each
      pair thereof and m waveguide-to-stripline couplers disposed along the
      other waveguide in each pair thereof, where m is equal to, or less than,
      n,
PA1  c. 2n stripline ladder networks, each one thereof responsive to the radio
      frequency energy in a different one of the n upper and lower paths, for
      further dividing the radio frequency energy in each one of such paths into
      four serial feed striplines, a first pair of such striplines including a
      primary and a secondary feed directed toward the antenna elements to the
      left of the vertical centerline of a row of such elements and a second
      pair of such striplines including a primary and a secondary feed directed
      toward the antenna elements to the right of such centerline in the same
      row; and,
PA1  d. stripline coupling means, responsive to the radio frequency energy in
      each one of the first and the second pair of serial feed striplines, for
      coupling radio frequency energy to, respectively, the antenna elements to
      the left and to the right of the vertical centerline in each row of
      antenna elements.
NUM  2.
PAR  2. A constrained feed as in claim 1 wherein the waveguide ladder network
      includes:
PA1  a. a first hybrid junction, responsive to radio frequency energy to be
      transmitted, for dividing such energy between two waveguide sections, the
      relative amount of radio frequency energy in each one of such sections
      being adjustable; and
PA1  b. a second and a third hybrid junction, each one thereof responsive to the
      radio frequency energy in a different one of the two waveguide sections
      for dividing such energy substantially equally between the upper and the
      lower pair of waveguides.
NUM  3.
PAR  3. A constrained feed as in claim 2 wherein the coupling coefficient of
      each one of the n waveguide-to-stripline couplers disposed along each
      waveguide in each pair thereof is adjusted to change the amount of radio
      frequency energy fed to each one of the n upper and the n lower paths.
NUM  4.
PAR  4. A constrained feed as in claim 3 wherein each one of the 2n stripline
      ladder networks includes:
PA1  a. a third hybrid junction, responsive to the radio frequency energy in the
      associated one of the n upper and n lower paths, for dividing such energy
      into an internal primary and an internal secondary stripline, the relative
      amount of radio frequency energy in each one of such lines being
      adjustable; and
PA1  b. a fourth and a fifth hybrid junction, responsive, respectively, to the
      radio frequency energy in the internal primary and the internal secondary
      stripline for dividing the radio frequency energy on each one of such
      striplines equally between two primary feeds and two secondary feeds.
NUM  5.
PAR  5. A constrained feed as in claim 4 wherein the stripline coupling means
      includes:
PA1  a. "N" stripline couplers disposed along each one of the first and second
      pair of serial feed striplines, where "N" equals the number of antenna
      elements to the left and to the right of the vertical centerline in each
      row of antenna elements;
PA1  b. means for adjusting the coupling coefficient one of the "N" stripline
      couplers to its associated primary feed; and
PA1  c. means for independently adjusting the coupling coefficient of the first
      "M" stripline couplers to its associated secondary feed, where "M" is less
      than "N".
NUM  6.
PAR  6. A constrained feed system as in claim 5 wherein the spacing between
      successive adjacent ones of the stripline couplers is substantially
      one-half wavelength of the radio frequency energy to be radiated.
NUM  7.
PAR  7. A constrained feed system as in claim 6 wherein the antenna elements,
      associated phase shifters, stripline couplers and at least the primary and
      secondary feeds for adjacent rows are mounted on opposite sides of the
      flange of an I-beam.
NUM  8.
PAR  8. A constrained feed as in claim 7 having, additionally:
PA1  a. means for coupling the difference signals between echo signals on the
      secondary feeds to each row of antenna elements in the upper half of the
      array to a first length of waveguide;
PA1  b. means for coupling the difference signals between echo signals on the
      secondary feeds to each row of antenna elements in the lower half of the
      array to a second length of waveguide; and
PA1  c. hybrid junction means, responsive to the difference signals in the first
      and the second length of waveguide, for forming composite .DELTA.AZ
      signals corresponding to such difference signals.
NUM  9.
PAR  9. A constrained feed as in claim 8 having, additionally, means, connected
      to the second hybrid junction in the waveguide ladder network, for forming
      composite .DELTA.E1 signals corresponding to the portions of the echo
      signals impressed on such junction.
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ABST
PAL  A pair of U-shaped members are affixed to each other in spaced parallel
      inverted position. Each of the members has a pair of spaced parallel arms
      joined by a head perpendicular to the arms. An antenna affixing device
      links the members for supporting a TV antenna in upright position. A
      fastening device on the members affixes the members in inverse position on
      a parapet.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a TV antenna support.
PAR  Objects of the invention are to provide a TV antenna support of simple
      structure, which is inexpensive in manufacture, installable on a parapet
      by anyone, with or without skill, with facility and convenience, and
      functions efficiently, effectively and reliably to support a TV antenna in
      substantially upright position.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a view of part of an embodiment of the TV antenna support of the
      invention as mounted on a parapet;
PAR  FIG. 2 is a side view of the embodiment of FIG. 1; and
PAR  FIG. 3 is a view, taken along the lines III--III, of FIG. 2.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  The TV antenna support of the invention mounts a TV antenna 1 on a parapet
      2.
PAR  The antenna support of the invention comprises a pair of substantially
      U-shaped members 3 and 4 affixed to each other in spaced substantially
      parallel inverted position, as shown in FIGS. 1 and 2. Each of the members
      3 and 4 has a pair of spaced substantially parallel arms joined by a head
      substantially perpendicular to the arms. Thus, as shown in FIG. 2, the
      member 4 has a pair of spaced substantially parallel arms 5 and 6 joined
      by a head 7 substantially perpendicular to said arms.
PAR  The U-shaped members 3 and 4 are part of a unitary structure having a pair
      of spaced substantially parallel crossmembers 8 and 9 affixing the
      U-shaped members to each other. Thus, as shown in FIG. 3, the arms 6 and
      10 of the U-shaped members 4 and 3 are affixed to each other by the
      cross-members 8 and 9, which are substantially perpendicular to the arms
      and heads of the U-shaped members and lie in a plane perpendicular to the
      planes of the U-shaped members.
PAR  The unitary structure linking the members 8 and 9 functions as an antenna
      affixing device for supporting the TV antenna 1 in substantially upright
      position.
PAR  Fastening devices on the members 3 and 4 function to affix said members in
      inverse position on the parapet 2. The fastening device comprises a
      plurality of spaced internally threaded bores 11, 12, 13, and so on,
      through corresponding arms of the corresponding members 3 and 4, and wing
      bolts 14, 15, 16, and so on, threadedly coupled in the bores and abutting
      both sides of the parapet 2.
PAR  Cup-like abutting components 17, 18, 19, 20, 21, and so on, are preferably
      supported on the wing bolts 15, 16, and so on, at the free ends thereof
      for providing a larger area of abutment with the parapet.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A TV antenna support for mounting a TV antenna on a parapet, said
      antenna support comprising
PA1  A pair of substantially U-shaped members, each of the members having a pair
      of spaced substantially parallel arms joined by a head substantially
      perpendicular to the arms;
PA1  a pair of spaced substantially parallel cross-members connected to one arm
      of each of said pair of parallel arms and affixing the U-shaped members to
      each other in spaced substantially parallel inverted position, the
      cross-members being substantially perpendicular to the arms and heads of
      the U-shaped members and lying in a plane perpendicular to the planes of
      the U-shaped members;
PA1  antenna affixing means affixed to the cross-members for supporting a TV
      antenna in substantially upright position; and
PA1  fastening means on the arms of said members for affixing the members in
      inverse position on a parapet, said fastening means comprising a plurality
      of spaced internally threaded bores and wing bolts threadedly coupled in
      the bores and abutting both sides of the parapet via cup-like abutting
      components supported on said wing bolts.
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ABST
PAL  A system and method for printing by delivering monodisperse ink drops from
      a capillary array to a paper surface in an electrostatic field. Forces
      within selected capillaries allow said capillaries to be filled with ink
      from a supply which enters the capillary through a communication port. A
      valving and motor action is provided to open and close said ink port in a
      selective manner, said actions provided by a body of mercury partly
      filling the capillary under pressure, by developing a magnetic field
      within the capillary, and by inducing a potential between electrodes in a
      capillary which causes current flow across the magnetic field which
      results in a force that moves the body of mercury to open the
      communicating port. Terminating current flow restores the mercury in
      partly filled relationship within the capillary to again close off the
      port. The electrodes are energized to correspond with electrical graphic
      information which is preferably expressed through a switching assembly
      wherein a first set of switches are controlled by a signal which provides
      information for modulating the capillary filling in parallel, by a second
      set of switches which are operated by a synchronizing signal for
      sequencing scan, and by a third set of switches which provide current of
      proper direction in a circuit which shares an electrode with two
      capillaries. All switches are reset by another synchronizing signal
      occurring at the beginning of a new line of dots.
PAL  A programmer automatically controls printing of preselected pages.
BSUM
PAR  This invention relates to a method and apparatus for selectively delivering
      ink drops from an array of capillaries; and the invention more
      particularly relates to a method and apparatus whereby such selective
      means allow the ink drops to be deposited on a paper surface in response
      to broadcast signals to attain a printed publication in the homes of
      individuals.
PAR  The present invention is concerned with an area designated as electronic
      publishing. This term is intended to mean the recording by printing of
      characters and illustrations in response to electrical information signals
      which are sent from a source remote from the place where the printing is
      performed. the advantages of such a system and method will be readily
      appreciated, particularly when considering the virtually limitless
      flexibility and choice of subject matter which can be preprogrammed for
      printing by an individual for his diverse interests. The capacity for
      presenting information in an ordinary newspaper is understandably limited
      by space to a standard presentation which is preselected by an editor for
      the anticipated interests of an average reader.
PAR  Information processing systems which convert test to signals and then to a
      representation of a composed page have been variously described in the
      art, for example, see M.E. Stevens, "Automatic Typographic Quality
      Techniques" National Bureau of Standards Monograph 99, 1967. See also
      "Research and Development in the Computer and Information Sciences,"
      N.B.S. Monograph 113, Vols. 1 and 2, 1970. Generally, the processed signal
      is stored and then transmitted as an electromagnetic wave through space or
      in a cable. The general technology and apparatus for modulation and
      transmission of such information signals are known in the art. Such
      available knowledge is utilized in the present invention, generally in the
      area of electronic publishing. Such electrographic information is received
      in the form of radio signals in an electronic publishing system and
      apparatus. The technology and apparatus for receiving such signals are
      also generally known. Other technologies utilized in the invention, for
      example mechanisms for handling rolls of paper on which the information is
      printed, are used in facsimile and copying machines. Some of these
      technologies have also been applied to electronic publishing, for example,
      by J. Regunberg in U.S. Pat. No. 3,479,451.
PAR  The term "printing" suggests any process which records an image on a
      surface. The printed information is presented as selected areas contrasted
      with a background. It is known that selected area may be transformed
      portions of an active surface as in photography, or they may be deposited
      on a passive surface as in impact printing. Energy is expended in forming
      an image. One form of energy may have specifically a selective function,
      which another form of energy may be applied commonly, such as to the bulk
      of ink, or to the image receiving surface. An example of such forms of
      energy, which together provide an image, is the selective photo excitation
      of silver halide followed by a commonly applied chemical development which
      transforms excited silver halide into silver metal. Another such example
      of selective and common forms of energy providing an image is selective
      deposition such as gravure. Commonly functioning processes transfer liquid
      ink from a bulk source into small holes in a roll which then contact paper
      into which ink flows to form small dots. The selective process involves
      photo chemical etching during preparation of the printing roll.
PAR  Some printing systems which have particular applications require
      specialized materials and equipment such as special paper surfaces having
      photoconductive features, structured inks such as in ribbons, and the
      various costly components involved in xerographic copiers. Understandably,
      the most widely used method and system of publishing is by selective
      deposition of bulk liquid ink on ordinary paper.
PAR  It is recognized that liquid ink and ordinary paper can be adapted to
      various forms of electronic publishing. In one such example, an ink mist
      is charged, the mist particles are guided by a selective electrostatic
      field such as is caused by a latent charge image, and the mist particles
      are intercepted by a photoconductive surface. The deposited ink is then
      transferred to paper. Such teaching is exemplified in U.S. Pat. No.
      3,052,213 issued to R.M. Schaffert.
PAR  Another printing method utilizing liquid ink which can be applied to
      electronic publishing involves ejecting a spray from selected orifices in
      a group or array of such orifices. One example of this teaching is shown
      by M. Naiman in U.S. Pat. No. 3,179,042 wherein sudden steam pressure
      generated by a miniature electric heater blows ink from selected orifices.
PAR  Still another method of printing with liquid ink which can be applied to
      electronic publishing is shown by E. Mutschler in U.S. Pat. No. 3,334,354.
      A pin reciprocating within an orifice causes an ink meniscus to contact
      paper and deposit ink.
PAR  In all of the foregoing examples of prior art signal responsive printers
      using liquid ink, a signal is transferred into a force which selectively
      imparts energy to a portion of ink to control its motion. Additional
      energy acting more commonly may be provided to separate a portion of ink
      from its bulk source. An example of these two energy functions is provided
      by the deposition of an ink mist on a latent electrostatic image. One form
      of energy acting more commonly forms a mist. A second form of energy
      acting more selectively propels the mist to the electrostatic image.
      Forces such as those associated with an electrostatic image which
      selectively and directly impart energy to a portion of ink are herein
      designated "selective means". The selective means in the sudden steam
      printer is pressure within the ink source with selection and separation of
      ink combined into one process. Contact transfer of ink requires only
      selective energy to be provided since liquid ink readily flows onto paper.
PAR  The foregoing examples of prior art are not completely satisfactory for
      electronic publishing since ink transfer based on mist, spray, or contact
      is difficult to control with graphic arts precision.
PAR  A preferred group of printing methods using liquid ink which can be applied
      to electronic publishing is based on the separation of uniform drops from
      a bulk source of ink. It is known that such drops can travel across a
      substantial gap for deposit on paper. The art has provided means for
      controlling the trajectory, size, and electric charge of the drops. There
      are two known methods for forming such drops. In one method, ink is
      ejected under substantial pressure as a cylindrical body or jet. An
      oscillation communicated to the jet together with its surface instability
      causes the jet to break into uniform drops. Such drop formation may be
      designated "jet mode". In the other method, hydrostatic pressure is used
      in combination with other forces such as an electrostatic field to draw
      electrically charged ink from a capillary which detaches as drops. Such
      drop formation may be designated "drip mode". Various common aqueous inks
      may be used to form the monodisperse drops, by both the jets and drip
      modes, to form sharp dots which dry rapidly on ordinary paper. A wide
      range of drop sizes is feasible, and images of satisfactory graphic
      quality can be printed. Characteristic sizes of dot images and the
      printer's drop forming structures are on the order of several mils, and a
      characteristic time for forming and depositing drops is on the order of a
      millisecond. Properties of drops formed by the jet mode may be found, for
      example, in U.S. Government Report AD 437 951 "High Frequency
      Oscillography with Electrostatically Deflected Ink Jets" by R. Sweet.
      Properties of drops formed by the drip mode may be found, for example, in
      Proc. Nat. Elec. Conf. 1969, Vol. 25, "Electrical Generation of Collimated
      Beams of Uniform Charged Particles" by S. Sample.
PAR  It is desirable to utilize drops in an electronic publishing system and to
      deposit these drops selectively on paper, preferably utilizing electric
      potentials for the selective means. The art has considered various methods
      of printing with drops wherein the selective means is behind the paper, on
      the paper, between the paper and ink source, on the ink source, or within
      the ink source,
PAR  An example of a printer with the selective means behind the paper is shown
      by C. W. Hansell as one of the embodiments in U.S. Pat. No. 2,143,376.
      Hansell moves paper over a linear array of electrodes, and each electrode
      can be switched to a voltage source. As drops pass an electrode which is
      connected to the voltage source, they are attracted and intercepted by the
      paper.
PAR  A selective means on the paper with selection by electric potentials,
      implies a latent electrostatic image. In The practice of xerography, ink
      particles in suspension or otherwise relatively static, deposit on such a
      latent image. Reference may be made, for example, to "Electrofax" by C. J.
      Young, RCA Review, Dec. 1954. A direct substitution of drops having
      substantial momentum for the particles in suspension results in a dynamic
      dystem where the tradjectory of the drops is difficult to control due to
      their tendency to overshoot. As an example of such a, a curtain of drops
      traveling paraellel to the paper would be deflected selectively by a
      charge image. Another method disclosed by Schaffert in the patent cited
      previously, used the charge image to participate in the selective
      formation of an ink mist. A similar principle using capillaries operating
      in the drip mode would case drops to deposit on the charge image. The
      selective means in such a system is both the charged image on the paper
      and the charge induced on ink protruding from capillaries which eject
      drops selectively. It is understood that paper associated with a retained
      charge image is of a special kind.
PAR  Examples in the prior art which show the selective means between the paper
      and the ink source include U.S. Pat. No. 2,600,129 issued to C. H.
      Richards and U.S. Pat. No. 3,373,437 issued to R. G. Sweet. In both of
      these teachings, the basic printer has a source of charged drops. The
      charged drops are then deflected in an electrostatic field. The deflected
      drops are either removed from the drop stream or the trajectories are
      varied over a continuous range. Such a continuous range may be provided by
      charge variation on the drops or by variation of the electrostatic
      deflection field. The formation and deflection of drops in this kind of
      printer is analogous to the modulation and sweep of an electron beam in a
      cathode ray tube.
PAR  Printers are known in the art which have the selective means on the ink
      source, which eject ink selectively, and which form drops only in the drip
      mode. Such examples are found in U.S. Pat. No. 3,480,962 issued to J. W.
      Weigl and in U.S. Pat. No. 3,693,179 issued to S. F. Skala. Generally, ink
      under slight hydrostatic pressure protrudes from each capillary in an
      array into an electrostatic field. The protrusion is stable until charge
      flows to the ink surface protruding from selected capillaries and causes
      ink to be withdrawn and to form drops. The charge which causes energy to
      be imparted to ink in selected capillaries and is thus the selective means
      can be controlled by various methods. Weigl teaches control of charge by
      selectively illuminating photoconductive ink within capillaries which
      modulates electron flow within the tank. The signal is first transformed
      to light and is then transformed to a variable ink resistance. Skala
      teaches control of charge by a modulated swept electron beam. The beam
      current flows to the protruding ink surface.
PAR  It is a particular object and advantage of the present invention to
      generally utilize printers which have the selective means within the ink
      source, and which printers produce drops. The invention has a particular
      object to provide improved selection means in such a general printer. A
      printer of this general structure and operation has been shown in U.S.
      Pat. No. 3,582,954 issued to S. F. Skala, the present applicant. Skala
      teaches forcing ink only into selected capillaries so that any emerging
      ink is acted upon by additional forces such as are provided by an
      electrostatic field. Selective means within the ink source has an
      advantage over selective means on the ink source in that various forces
      acting commonly on all protruding ink may be combined to provide desirable
      ink drop characteristics.
PAR  Still another particular object and advantage of the present invention is
      to attain selective means within the ink source through a valving action
      of an electromagnetic pump. Such a pump, which originated with Faraday, is
      an elementary electric motor in that electric current crosses a magnetic
      field to result in a force utilized to particular advantage in providing
      the valving action. The expression for the vector relation between force
      (F), current (i), magnetic field (B) and gap (l), between electrodes is
      stated by:
EQU  F = iB.times.l
PAR  The art has recognized that electromagnetic pumps may be applied to valve
      operators where small channels are used to develop high pressures, as
      shown in U.S. Pat. No. 3,274,778 issued to J. M. Tyrner. Also recognized
      in the art are printers using an electromagnetic pump in which electric
      current flows directly through conductive liquid ink which flows
      selectively onto paper as shown in U.S. Pat. No. 3,359,566 issued to D. J.
      Donalies.
PAR  It is another object and advantage of this invention to employ a liquid
      metal which is induced to move or flow from the force resulting from the
      electric current crossing the magnetic field. Mercury is used to
      particular advantage as the liquid metal because it is chemically stable
      and is not consumed during operation or movement. Also, mercury can remain
      in prolonged contact with materials such as steel, nickel, glass, various
      plastics and ceramics without deterioration to the mercury or such
      material. Yet still another advantage of using mercury to attain desired
      valving action of an electromagnetic pump arises from the mercury being
      stored under a body of aqueous ink used in the printing, such ink
      retarding oxidation of the mercury from atmospheric sulfide. Yet another
      object and advantage is to utilize mercury because of its high surface
      tension which can be used to prevent the flow of mercury through
      constrictions or ink ports.
PAR  Still yet another object of the present invention is to attain advantages
      by providing an improved switching assembly and method which controls the
      individual printing elements or capillaries in a linear array. Generally,
      switching methods are known for printers wherein a voltage is applied to
      two power inputs of the printer. One example which utilizes a switching
      method in such a way is the sudden steam printer previously cited; and
      another example is the generally known solenoid dot matrix printer in
      which a pin is operated to press a inked ribbon onto paper.
PAR  An aspect of the immediately preceding object involves an improved assembly
      and method for utilizing printing elements with two power inputs combined
      in a linear array in such a way that the inputs can be controlled by a
      smaller number of switches used in various combinations. Numerous types
      and kinds of switches can be used for this purpose, which have desired
      characteristics of low impedence when energized, and high impedence when
      not energized. Switches are employed which provide a desired response time
      following energization.
PAR  Still another aspect of the general object relating to improved switching
      method and assembly is to utilize the known combination of switches into
      groups to provide basic switching functions. It is known, for example,
      that a stepping switch and a ring counter can provide connections
      cyclically. It is also known that a serial to parallel register provides
      selection simultaneously. Both types of switches are used to advantage in
      an improved manner in the present invention. In particular,
      electromagnetic pumps are selectively energized by developing a voltage
      between a pair of electrodes in a capillary or printing element through
      preselected combinations of switch closures.
PAR  Another particular aspect of the foregoing objects relating to the improved
      switching method and assembly relates to controlling groups of switches
      for printers which operate printing capillaries in parallel and scans such
      capillaries sequentially in response to a signal which provides
      information for modulating drops in parallel by a synchronizing signal for
      sequencing the scan, and by still another synchronizing or master reset
      signal to control the start of a printing line.
PAR  Still another important object of this invention is to attain advantages by
      providing a programmer which automatically causes pages to be printed at
      times preselected from a schedule. Since a printed medium records
      information, pages can be printed at any hour for reading at a convenient
      time. Generally, programmed timers are known which cause switches to close
      at preselected times. One example of such a programmed times has a paper
      cylinder with punches holes driven by a clock motor. Metal bruch contacts
      pass through the punched holes to complete a circuit. Another example of
      such a programmed timer has movable projections which function as cams. An
      aspect of the object relating to programmed selection of pages is an
      improved method and apparatus for using a tape of ordinary paper which can
      be marked with a pen or pencil and sensed optically to control the graphic
      receiver. Another aspect is that a block of information designating time
      and channel is adjacent to another such block, rather than separated in
      proportion to time interval as in other programmed timers.
DRWD
PAR  The objects and advantages which have been described are now attained
      together with still other objects and advantages which will occur to
      practitioners upon considering the following disclosures of the invention,
      which includes drawings wherein:
PAR  FIG. 1 is a highly schematic representation in perspective form of basic
      components utilized in the electronic publishing system of the invention;
PAR  FIG. 2 is a somewhat schematic perspective of an individual capillary, with
      portions being removed;
PAR  FIG. 3 is a view similar to that of FIG. 2 but showing the body of mercury
      within the capillary and further schematically indicating the dynamics of
      movement under a resultant force following passing of a current through a
      magnetic field;
PAR  FIG. 4 is a view similar to previous views of FIGS. 2 and 3, except further
      showing a body of ink in the capillary positioned over the body of
      mercury, and further showing formation of drops;
PAR  FIG. 5 is a highly schematic circuit showing capillary electrodes,
      connecting paths and switches;
PAR  FIG. 6 is a highly schematic circuit demonstrating an alternative method of
      providing power to the electrodes shown in the view of FIG. 5;
PAR  FIG. 7 is a highly schematic circuit showing representative portions of the
      switching system;
PAR  FIG. 8 is a highly schematic representation illustrating the sequence of
      tracing a line of dots on a highly exaggerated time schedule;
PAR  FIG. 9 is a highly schematic demonstration of a sequence of pulses to
      represent the modulation envelope of a broadcast signal;
PAR  FIG. 10 is a highly schematic illustration showing a portion of a linear
      array of capillaries with crossing conductors connecting electrodes to
      switches; and
PAR  FIG. 11 is a schematic representation of a programmer using a marked tape
      which controls selection of pages.
DETD
PAR  The method and system for electronic publishing according to the present
      invention provides electromagnetic pumps for selectively moving ink into
      protrusion from a capillary well so that an external force such as an
      electrostatic field may induce travel of the drops to a paper surface
      across a gap or space. The electromagnetic pumps disclosed have the dual
      function of armature and valve. A body of mercury within a capillary flows
      in response to an electric current so that movement of such mercury closes
      or opens an ink port in the capillary structure. A simple and efficient
      means is provided to attain a function which would otherwise require a
      complex motor and a valve manifold.
PAR  The motor and valving means are positioned between two poles of a magnet.
      Bodies of ink and mercury are positioned to communicate with the
      capillaries under pressure. The mercury fills the capillary and closes or
      blocks the ink ports to stop ink flow. The capillary is selected for ink
      ejection wherein said body of mercury has stopped the ink flow, and an
      electric current is made to flow through the mercury within such
      capillary. The resultant force of the current moving through the magnetic
      field forces the mercury away from the ink port so that the ink, under
      pressure, may flow into and from the capillary in forming drops in an
      external electrostatic field. When the electric current is stopped, the
      mercury reenters or moves into the capillary to again seal or close the
      ink port. The surface tension of the mercury prevents it from entering the
      ink port, or passing through a constricted capillary opening.
PAR  A close spacing of dots togther with a reasonable printing rate and
      adequate ink deposition is attained by inducing a number of capillaries to
      print simultaneously. A large number of capillaries is controlled by
      switches which are reduced in number by working them in combinations. Each
      capillary is selected for printing by applying a potential between its
      electrodes. One of the electrodes is connected to a first group of
      switches designated herein as A switches. The other electrode is connected
      to a second group of switches designated herein as B switches. Each
      capillary is uniquely selected by combining a switch from the A group with
      a switch from the B group. The A switches operate in parallel while the B
      switches operate sequentially. The electrodes are arranged so that the
      capillaries which print simultaneously are sufficiently separated to
      prevent interactions. The preferred embodiment presently contemplated
      provides sharing each electrode with two capillaries. A third set of
      switches is designated herein as C switches for the purpose of controlling
      polarity of the applied power or voltage source. Such polarity changes are
      required to provide current with a constant direction with respect to the
      magnetic field where one electrode serves two capillaries.
PAR  The various sets of switches are controlled by a signal which conveys
      graphic information and which provides synchronization between transmitter
      and receiver. The signal includes a sequence of graphic information which
      is herein designated as A signal components or pulses. The A pulses
      control the operation of parallel printing elements. Another signal
      component or pulse is herein designated as B, and the B pulse synchronizes
      scan or coordinates shifting of the printing element. A third component or
      pulse is herein designated as C, which pulse corresponds to completion of
      a scan cycle and functions as a master reset. Although various kinds of
      modulation are feasible, a sequential signal with the A, B and C
      components varying in pulse width is preferred.
PAR  The various signals or pulses control printing through switches which
      respond to digitual logic circuits. The A signal components are clocked
      into a serial to parallel register which controls the A switches. The B
      signal components causes a ring counter to step in sequence to the B
      switches. Gates function to assure proper direction of current flow with
      respect to magnetic field.
PAR  The printers preferably are assembled as laminates which are prepared by
      means such as photofabrication or electric discharge machining presently
      known in the circuit and package manufacturing arts. Such methods allow
      the complex miniature printer structures to be made accurately and
      economically. The electrical connections and crossover are effected by
      selectively bonding or insulating the various thin layers or sheets.
PAR  Selection of pages is controlled by a programmer having a pencil marked
      paper tape. The pencil marks which designate time and channel are sensed
      optically. When the time marked on the tape coincides with clock time, the
      graphic receiver is turned on.
PAR  Referring now to the drawings, the basic components of the receiving
      portion of an electronic publishing system are shown in FIG. 1. At a
      preselected time, programmer 10 automatically starts the receiver. A pulse
      modulated radio signal 11 enters a tuner 12 through an antenna 13. The
      functions of selection, amplification, and detection are provided by the
      tuner. Detected signal 14 has three kinds of components designated A, B
      and C. Pulses A represent graphic information, while pulses B and C are
      synchronization signals. Pulse sorter 15 responds to pulse width and sorts
      each kind of pulse into a separate channel. A serial to parallel register
      16 clocks in pulse A, and then transfers accumulated A pulses on a pulse B
      into parallel control 17. Sequential control 18 advances one position on a
      B pulse to step another set of switches sequentially. Polarity controls 19
      alternates as sequential control 18 completes a cycle. A C pulse assures
      that all switches are reset and synchronized with the signal.
PAR  Assembly 30 is in printer portion which includes a reservoir and source of
      pressure for ink and mercury shown as 50. Drops of charged liquid ink 31
      are selectively ejected from a row of capillaries 32, and are attracted to
      a sheet of paper 33 moving over a metal roll 34 maintained at a potential
      by power supply 35. Ink ejection is controlled by current flowing between
      a pair of electrodes, not shown in FIG. 1, associated with each capillary
      32. One of the electrodes in a pair is connected to a switch in parallel A
      switches 36 through a representative conductor 37. The other electrode is
      connected to one of sequential B switches 38 through a representative
      conductor 39. Switches 36 and 38 are connected to power source 40 through
      a polarity C switch 41 and a representative conductor 42. A magnet 43
      spans the row of capillaries 32.
PAR  FIG. 2, 3 and 4 show an elementary embodiment of a capillary printer valved
      by a liquid metal electromagnetic pump. In FIG. 2 a capillary 90, having
      dimensions 1 and w, is defined by plate 91 and sheets 92 which are
      electrical insulators. Metal electrodes 94 are connected to a switch 96
      and a power source 98. A port 100 admits ink under pressure from a channel
      on the opposite side, not shown.
PAR  In FIG. 3, capillary 90 is shown in a normal passive state, filled with
      mercury 102 under greater static pressure than the ink of the opposite
      side of port 100. Capillary constriction 104 and port 100 are sufficiently
      small to allow the surface tension of mercury to prevent its leakage.
      Mercury seals the port so that ink cannot flow. A constant magnetic field
      106 passes through the region of electrodes 94. When switch 96 is closed,
      current 108 flows through the mercury resulting in downward force 110
      which overcomes the static pressure on the mercury and moves it downward.
PAR  In FIG. 4, mercury has cleared ink port 100 and ink 112 flows through the
      capillary into electric field 114. Charge flows to the ink surface drawing
      it into an elongated form from which drops are released. When switch 96 is
      opened, static pressure on the mercury moves it upward, and forces out the
      remaining ink while sealing the ink port.
PAR  FIG. 5 shows the configuration of switches which control power to capillary
      electrodes. A plurality of adjacent electrodes 50 flank capillaries D1
      through D71 between each adjacent pair. A capillary is selected by
      applying a voltage with proper polarity between its adjacent electrodes.
      Each capillary is uniquely energized by a particular combination of switch
      closures. The set of A switches 36, which can be energized in parallel, is
      controlled by signals pulses A. The individual A switches are further
      designated with numerical subscript and a letter subscript E or O. A
      second set of B switches 38 responds to signal pulses B. Individual B
      switches are further designated with a numerical subscript and are
      energized cyclically. A third group of switches 41 in a bridge
      configuration are designated C with a subscript 1 or 2, and are energized
      alternately in pairs to apply alternate polarities of power source 40 to
      the A and B switches. Representative conductors 37, 39 and 42 connect the
      switches to electrodes 50. Electric current flows through a portion of a
      capillary between an adjacent pair of electrodes. The allowed direction of
      current flow in the illustrated embodiment is indicated by arrow 52.
PAR  An example of capillary selection is given by the following combination of
      switches:
PA1  A.sub.10,30,40,60 b.sub.3 c.sub.1
PAR  the direction of current flow, determined by the C switches, is from the A
      switches to the B switches. The capillaries selected for printing are
      numbered D5, D29, D41 and D65. When a B pulse is received, the A switches
      open, B steps to the next position B.sub.4 and a new set of A switches is
      energized, such as:
PA1  A.sub.2 e,.sub.4 e b.sub.4 c.sub.1
PAR  current then flows the proper direction through capillaries D19 and D43.
PAR  An alternative method of providing power to the electrodes shown in FIG. 5
      is shown in the view of FIG. 6. The power source 53 would be connected to
      conductor 42 in place of the C switch bridge 41 with power source 40 shown
      in the view of FIG. 5. An alternating power source 54 connects to
      transformer 56 and to field coil 55 of an electromagnetic which replaces
      magnet 43 in FIG. 1. Switches 41 provide the proper phase relation between
      current and magnetic field.
PAR  FIG. 7 shows control methods for the A, B and C switches in FIG. 5. An A
      pulse is conveyed on conductor 63, a B pulse on 77, and a C pulse on 84.
      Coil 60 controls switch 36, and a positive pulse at 61 causes switch 36 to
      close. An AND gate 62 has an output at a HI logic level when both inputs
      64 and 66 are HI. The logic level at 64 is determined by serial to
      parallel register 16. Logic levels at 66 and 67 are opposite as determined
      by the output states of A flip-flop 68. A positive pulse on data input 70
      causes outputs 66 and 67 to change logic levels. A positive pulse at 72
      resets A flip-flop 68. Each of the A switches, such as A.sub.1E and
      A.sub.10, has its own AND gate 62. One serial to parallel register 16 and
      one flip-flop 68 controls all the A switches.
PAR  Coil 74 controls B switch 38. A ring counter 75 is HI on one of its outputs
      76 and LO on the other outputs to the B switches. The HI output steps to
      the next position when a B pulse is received at 77. As the ring counter
      completes a cycle and returns to its original position, a HI output occurs
      at 78. A positive pulse at 79, which occurs on a C pulse, resets the ring
      counter to its initial position if required. All of the B switches are
      controlled by a single ring counter.
PAR  The C switches, represented by contact 41 and coil 80, are controlled by C
      flip-flop 81. In the transition between the final and initial position of
      the ring counter 75, a HI pulse at 78 causes outputs 82 and 83 on the C
      flip-flop 81 to reverse. Alternate pulses 78 are received by flip-flop
      substantially coincidental with C pulses 84. The C pulses assure proper
      reset by overriding other inputs. Proper direction of current flow through
      the capillaries results from coordination of A flip-flop 68 with C
      flip-flop 81. An OR gate 85 has a HI output with a HI level on either 77
      or 78. The pulse on 78, which occurs when the ring counter completes a
      cycle, causes A flip-flop to change the associataion of A.sub.E switches
      from even numbered B switches to odd numbered B switches at the same time
      that flip-flop C changes the polarity of C switches.
PAR  The control circuits include ring counter 75, A flip-flop 68 and C
      flip-flop 81 which operate in a regular sequence. Initially, assured by
      reset pulse C, the outputs of the represented control circuits are:
TBL  RING COUNTER                                                              
                 B.sub.1 (76) HI                                               
                              B.sub.2,3,4,5,6 LO                               
     FLIP-FLOP A Q (66) HI                                                     
     FLIP-FLOP C Q (82) HI                                                     
PAL  When a B pulse 77 is received,
TBL  RING COUNTER                                                              
                 B.sub.2 (76) HI                                               
                              B.sub.1,3,4,5,6 LO                               
     FLIP-FLOP A Q (66) LO                                                     
     FLIP-FLOP C Q (82) HI                                                     
PAL  The numbered B positions 76 step in sequence while A flip-flop outputs Q 66
      and Q 67 alternate. As B 76 steps from B.sub.6 back to B.sub.1, B.sub.E 78
      has a pulse output. The results are:
TBL  RING COUNTER                                                              
                 B.sub.1 (76) HI                                               
                              B.sub.2,3,4,5,6 LO                               
     FLIP-FLOP A Q (66) LO                                                     
     FLIP-FLOP C Q (82) LO                                                     
PAR  The horizontal axis in FIG. 8 corresponds to the capillaries 1 through 71
      shown in FIG. 5 which would span the printed portion of a page. The
      vertical axis corresponds to the printing sequence and the motion of
      paper. With normal paper speed and capillary sizes, square 160 would
      appear as a fine line of dots across the paper. The exaggerated
      representation illustrates the sequence of a printed line. The squares
      aligned at 161 correspond to the capillaries of FIG. 5 associated with
      switch B.sub.3 and A switches to O subscripts. Dark Squares at positions
      5, 29, 41 and 65 correspond to the capillaries energized by the switch
      closure shown in FIG. 5.
PAR  FIG. 9 shows a sequence of pulses which are the modulation envelope of the
      broadcast signal. A C pulse 162 causes a reset to position B.sub.1. A
      pulses 163 are accumulated in serial to parallel register 16 and pulse
      B.sub.2 clears the serial to parallel register. Pulses A.sub.6, A.sub.4,
      A.sub.3, and A.sub.1 are then accumulated and transfered to gates to
      control printing when pulse B.sub.3 is received. Each square such as 160
      is an elemental area of resolution from which a page is synthesized. Each
      such elemental area corresponds to a bit of informataion which is
      communicated by a pulse such as 163 or an absence of a pulse such as
      location 164. The signal shown in FIG. 9 can control any printing system
      in which a plurality of printing elements scan in unison.
PAR  FIG. 10 shows a structural portion of a linear array of capillaries with
      crossing conductors whic connect electrodes to switches. Portions of the
      assembly, which have complex shapes, can be fabricated from films by known
      methods such as photochemical etching. A supporting plate 120 spans the
      assembly. An ink channel 122, a mercury channel 124, and magnetic pole
      pieces 126 are provided. The ink mercury channels are connected to sources
      not shown. A magnetic field, represented by arrows 128, has its origin in
      a magnet 130 and in a similar magnet, not shown, which is adjacent to end
      piece 156.
PAR  Layer 132 is an electrical insulator, and has ports 134 opening into the
      ink channel 122. A second layer 136 is also an electrical insulator, and
      has its upper portion formed into a part of a capillary. A third layer 138
      is an electrical conductor of low permeability which is formed into
      electrodes. A tab 140 projects from electrical conductor 138 into the
      capillary where it can contact mercury, while other portions of the
      electrode are recessed sufficiently to prevent contact with mercury. A
      fourth layer 141 is similar to layer 136.
PAR  One capillary is indicated as 142. An adjacent capillary is shown filled
      with mercury 144 which seals the ink ports while ink 146 remains in the
      upper portion of the capillary. The lower portion of the assembly shows
      some of the conductors which connect the electrodes to the A and B
      switches having the configuration shown in FIG. 5. An electrode is
      electrically isolated from a conductor by a thin dielectric film 148, and
      is electrically connected to a conductor by a thin bonding film 150. Only
      two of the conductors 154 which connect to the B switches are shown.
PAR  The view of FIG. 11 illustrates a programmer for selecting the time and
      channel of a broadcast. A tape 160 made of ordinary paper is printed with
      a grid within which marks are made with a pen or pencil. A light source
      scans the tape and when the pencil mark is illuminated, the tape advances
      and scanning is repeated. Scanning is controlled by sequencing switches
      and a clock. Data is entered into columns 162 which are grouped into
      blocks 164. A block controls printing of a page. The first column of a
      block specifies time by AM or PM, the second column specifies hours, the
      third column specifies decade minutes, and the fourth column specifies
      unit minutes. The fifth column specifies the channel for printing, and the
      sixth column specifies the channel for recording and later printing.
PAR  The upper row 166 provides override advance. A pencilled mark 167 in upper
      row 166 causes the column to be skipped over, as is required if a marking
      error is made. The bottom row 168 is not marked, but rather provides a
      standard for light absorption which is compared to the other illuminated
      portions of the column. A center row 170 has punched holes which provide a
      reset signal. Unlike other rows, a signal is a high rather than a low
      light transmission. The holes engage sprockets of drive cylinder 172 which
      advances the tape one column at a time into take-up reel 174. A tape
      supply or feed roll is provided, but is not shown. As an example, block
      164 instructs turn on at 2:10 A.M. to print channel 1 and record channel
      5.
PAR  A signal is sensed by comparing light transmission through the reference
      row to light transmission through any other row. Transmission is low
      through a mark, substantially equal to the reference in the absence of a
      mark, and high through a hole. Light sources such as light emitting diodes
      called LED's 176 are assembled in a column. Each LED is positioned
      adjacent to a tape row 162. The LED adjacent to the reference row is on
      when any other LED, designated control LED, is on. The control LED's are
      on one at a time. A pair of light detectors generate a signal from the
      transmitted light. A control detector 178 detects light from the
      transmitted light. A control detector 178 detects light from control LED's
      and a reference detector 180 detects light from the reference LED. The
      detectors may be photoconductors such as cadmium sulphide.
PAR  A differential amplifier 182 compares the outputs of the control and
      reference photodetectors. The output of the differential amplifier is a
      sequence of positive and negative pulses shown at 184. The positive pulses
      result from a mark and are designated advance pulses. The negative pulses
      result from a punched hole and are designated reset pulses. The advance
      and reset pulses are shaped in discriminator 186 which may be a pair of
      trigger circuits. The advance pulses occur at output 188 and the reset
      pulses occur at output 190, both pulses being shown at 192. The advance
      and reset pulses control a switching function. Switch operators 194, 196
      and 198 control the position of a switch, one of which is shown at 200.
      Contacts are provided one of which is shown at 202.
PAR  The switches transfer the output of voltage source 204. On an advance
      pulse, operator 194 causes switch 200 to connect the voltage source to
      tape drive 206 which indexes the drive cylinder. The switch then returns.
      Operator 196 responds to a rising voltage which occurs only when switch
      200 returns to the position shown. Operator 196 causes a LED to first
      illuminate the tape's advance row, then the reset row, and then the switch
      returns. Operator 198 responds to advance and reset pulses. A reset pulse
      causes the switch to turn to an extreme counter-clockwise position. An
      advance pulse causes the switch to turn clockwise one position at a time.
      A clock 206 consists of AM-PM hours, decade minutes, and minutes portions.
      Each of these clock portions includes a step switch or ring counter whose
      terminals connect to one of the LEDs according to the time of day. The
      switch for AM-PM has only two outputs and is an alternator or flip-flop.
      When operator 208 is in the position shown, the LED designed 0 will turn
      on when operator 198 causes voltage to be applied. If a mark is in tape
      portion A, the tape advances one column and operator 198 turns the switch
      to hours. The LED having the same number as the hour will be on, and as
      the hours pass, the LEDs will light in sequence until a mark is adjacent
      when the tape advances. The decade minutes and minutes operate similarly.
PAR  The operations of the next two columns which select channels are similar,
      that is, operator 209 is similar to operator 210. The operator 210 drives
      coupled switches 212 and 214, and such operator 210 is controlled by gated
      multivibrator 216 and timer and reset 218. When operator 198 is in the
      position shown, voltage causes the multivibrator to oscillate. Each pulse
      causes operator 210 to advance one position. When a mark is sensed, an
      advance pulse turns the multivibrator off. Timer 218 is first preset by
      the voltage which turns on the multivibrator, and then the timer 218 is
      turned on by an advance pulse. When the time for printing a page elapses,
      the timer 218 turns off and a reset pulse causes operator 210 to return to
      the first channel.
PAR  Switch 214 steps with switch 212 and causes a tuned circuit to resonate at
      the selected channel frequency. The remaining portions of receiver 224
      then process the graphical signal.
PAR  The claims of the invention are now presented, and the terms of such claims
      may be further understood by referring to the language of the
      specification and the views of the drawing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for printing by transmitting graphic information signals to
      a receiver having an ink capillary array spaced from a paper surface in an
      electrostatic field to induce travel of drops from selected capillaries in
      said array to such paper, the steps including
PA1  partly filling each capillary with a body of mercury,
PA1  developing a magnetic field in said capillary,
PA1  inducing electric current in said capillaries so the resultant force moves
      the mercury in the capillary to expose a communicating port, introducing
      ink to a capillary through the communicating port under sufficient
      pressure to cause said ink to flow from said capillary,
PA1  terminating the current flow and
PA1  moving the body of mercury under pressure to again partly fill the
      capillary and to close the communicating port.
NUM  2.
PAR  2. In a method which includes the steps of claim 1 above and which further
      includes selectively activating each capillary by the steps of
PA1  selecting a capillary for printing operation,
PA1  closing a first connection between an output of said capillary and a
      voltage source from a plurality of first connections,
PA1  closing a second connection between another output of said capillary and
      said voltage source from a plurality of second connections to thereby
      induce an electric current in said capillary, and
PA1  closing a third connection to reverse said outputs to provide a direction
      of current flow in accordance with the direction of the magnetic field.
NUM  3.
PAR  3. In a printer which forms images by selective deposision of liquid ink on
      a receiving surface, means to control transfer of ink including
PA1  a body of ink communicating with a port in a capillary,
PA1  means to continuously impress pressure on said body of ink sufficient to
      cause said ink to flow into and from said capillary,
PA1  a body of mercury under pressure movable in said capillary which normally
      blocks the ink port,
PA1  means to provide a magnetic field in said capillary, and
PA1  means to induce electric current in the capillary so that said body of
      mercury operates as a motor in moving under resultant force of the current
      in a magnetic field, and which body of mercury further operates as a valve
      to open said port by moving away from same and closing said port by
      covering same.
NUM  4.
PAR  4. In a printer which includes the features of claim 3 which further
      includes means to induce said ink to form drops, said drops crossing a gap
      to be deposited on paper receiving surface.
NUM  5.
PAR  5. In a printer which includes the features of claim 1 above, wherein a
      plurality of capillaries are present in an array spaced from a paper
      surface in an electrostatic field.
NUM  6.
PAR  6. In a printer which includes the features of claim 5 above, wherein a
      common body of ink communicates with the ports in each of the capillaries
      in said array, and a common body of mercury communicates with each
      capillary and partly fills each capillary under pressure urgings, said
      bodies of ink and mercury being under predetermined hydrostatic pressures.
NUM  7.
PAR  7. In a printer which includes the features of claim 5 above, wherein said
      magnetic field is provided by permanent magnet means positioned adjacent
      the capillary array.
NUM  8.
PAR  8. In a printer which includes the features of claim 5 above, wherein said
      means to induce electric current is a pair of electrodes in each
      capillary, said electrodes connected by conductors to a voltage source,
      and means to selectively energize said electrodes to develop a potential
      therebetween so that the current between said electrodes moves across a
      magnetic field in said capillary and forces movement of the body of
      mercury in said capillary.
NUM  9.
PAR  9. In a printer which includes the features of claim 8 above, in which said
      plurality of capillaries are present in a linear array, and which further
      includes switching means for selectively connecting the electrodes of each
      capillary to said voltage cource in accordance with transmitted electrical
      graphic information signals.
NUM  10.
PAR  10. In a printer which includes the features of claim 9 above, wherein said
      switching means includes a first set of signal response switches each
      switch connected to only one of the electrodes in a pair, said connected
      pairs comprising a first subgroup of the total group of a plurality of
      capillaries and joined electrodes, a second set of signal responsive
      switches connected to the other electrode in the pair of connected
      electrodes in a subgroup other than said first subgroup, each capillary
      having a unique combination of switches from the first and second sets
      connected to its electrodes, and a third set of switches connected to the
      first two sets to change the polarity of the voltage to the first two sets
      of switches.
NUM  11.
PAR  11. In a printer which includes the features of claim 10 above, wherein
      said first set of switches includes a serial to parallel register for
      providing selection for a plurality of capillaries simultaneously, and
      said second set of switches includes a stepping switch to provide
      capillary selection cyclically.
NUM  12.
PAR  12. In a printer which includes the features of claim 1 above, wherein said
      first set of switches respond to signals clocked into said serial to
      parallel register.
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ABST
PAL  An automatic timekeeping and accounting unit is provided which has
      particular utility for use by professional persons such as lawyers,
      accountants, and the like. The unit of the invention keeps track of the
      person's working activities during the day, and it also serves to record
      the time and subject matter of interrupting telephone calls, if the user
      so desires, along with information relating to other work activities. The
      unit to be described also includes a simple switch which converts the unit
      into an electronic calculator for performing additions, divisions,
      subtractions, multiplications, and other calculations, similar to the
      commercially available solid state pocket calculators, without affecting
      its timing capabilities.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,725,947, which issued Apr. 3, 1973, and which is assigned
      to the present assignee, described and claims an automatic timekeeping and
      accounting timekeeping and accounting unit which functions automatically
      to record a client/case identifying number, a work activity code number,
      and the time spent at the particular work, as well as other appropriate
      data. The unit described in the patent also includes a mechanism which
      responds automatically to interrupting telephone calls, to permit data
      respecting such calls also to be recorded.
PAR  The unit of Co-Pending application Ser. No. 454,811, which was filed Mar.
      26, 1974, and which also is assigned to the present assignee, is similar
      in some respects to the unit described in the prior patent. However, the
      unit of the co-pending application does not require any special connection
      or coupling to the telephone lines, in order to maintain a record of the
      time and subject matter of the interrupting telephone calls. Instead, the
      unit described in the co-pending application includes a manually operated
      pushbutton switch, which is operated by the person using the unit,
      whenever it is desired to keep a record of the subject matter and time
      spent on an interrupting telephone call.
PAR  The unit of the present invention is similar to the units described above,
      and it includes a simple switch which, when initiated, permits the
      timekeeping unit to continue timing, but also to transform the timekeeping
      unit into an electronic calculator.
PAR  The principal purpose of the unit of the present invention, and of the unit
      described in the prior patent and co-pending application, is to relieve
      the practicing professional lawyer, accountant, architect, or the like, of
      the task of maintaining time records for billing purposes of the various
      clients which he services, and of subsequently assimilating and processing
      the time records and transferring the information from the time records to
      separate billing statements to be sent to the clients.
PAR  In the use of the unit to be described herein, and of the units described
      in the patent and co-pending application, the user, upon the start of any
      work activity, merely presses appropriate pushbutton switches so that data
      identifying the client and the work activity performed on his particular
      behalf may be recorded. The user then pushes a "start" pushbutton switch
      which starts the time recorder and, upon the completion of the work, he
      pushes an "end" pushbutton switch which stops the time recorder and causes
      the time spent on the particular activity to be recorded.
PAR  The unit described in the patent is constructed so that the telephone call
      will automatically stop the recording time on the work activity
      interrupted by the call, and cause the interrupted work to be charged out,
      and the telephone call activity code and time to be recorded. Then, all
      the user need do if a charge is to be made, is to enter a code number
      identifying the client to whom the telephone conference is to be charged.
      The identifying data of the interrupted work activity is stored in a
      memory in the unit during the telephone call, and upon completion of the
      call, the interrupted work activity automatically continues to be
      recorded.
PAR  The operation of the unit to be described herein is similar to the
      operation of the unit of the co-pending application in that the recording
      of a telephone call is initiated by a pushbutton switch which is actuated
      by the user, so that the need to couple or connect the unit of the
      invention directly to the telephone line is obviated, and so that selected
      telephone calls only are recorded. In the unit of the present invention,
      and as mentioned above, another pushbutton switch may be initiated by the
      user to convert the unit into an electronic calculator, without affecting
      in any way its timing capabilities.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an automatic timekeeping and accounting
      unit which is constructed in accordance with one embodiment of the
      invention;
PAR  FIG. 2 is a fragment of a paper tape which is used in the unit of FIG. 1,
      and which shows the manner in which data may be recorded on the tape; and
PAR  FIG. 3 is a logic block diagram illustrating appropriate electronic
      circuitry and components which may be incorporated into the unit of FIG. 1
     .
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The timekeeping unit shown in FIG. 1 is designated generally as 10, and it
      is equipped with a cover 12 which may be opened to reveal the internal
      mechanism and operating components of the unit. The unit 10 includes a
      paper tape printing mechanism 16 which incorporates a paper tape 16a. The
      paper tape 16a is mounted on an appropriate tape transport directly over
      the top of the cover 12, as shown in FIG. 1. As the timekeeping unit is
      operated, the paper tape printing mechanism 16 operates to draw the paper
      tape 16a across the top of the cover 12, and to print appropriate data in
      columnar form on the tape, as shown in FIG. 2. The paper tape is exposed
      so that additional information may be written directly on the tape by the
      user, if he so desires.
PAR  The unit 10 includes a numeric keyboard 18 which is operated so that code
      numbers identifying the various clients, cases, work activity, and the
      like, may be fed into the system. The number fed into the system at any
      particular time is printed on the paper tape 16a, which is observable at
      the top of the unit, as shown in FIG. 1. The number fed into the system to
      identify the particular client/case is also observable by means of a
      display 22b. The unit also includes a display 22a which displays any one
      of a plurality of designated work activity numbers, which may be fed into
      the unit by operation of the keyboard 18, and which identifies the
      particular work activity being performed for any client. An appropriate
      chart 30 may be fitted directly onto the machine to list a variety of
      different work activities, and a corresponding code number for each.
PAR  In addition, the keyboard 18 includes a "start" pushbutton switch 14, an
      "end" pushbutton switch 15, an "advance paper" pushbutton switch 17, and a
      "C" pushbutton switch. When the "C" pushbutton is depressed, the unit is
      converted into an electronic calculator of the usual solid state pocket
      type such as presently marketed by Newlett/Packard as their Model HP-21;
      Texas Instruments as their Models SR-50, SR-51; Novus as their Model 828;
      Sprry-Remington as their Models 821GT, 833 GT; and by other national
      corporations, so that the keyboard 18 may operate the calculator to add,
      subtract, multiply or divide in conjunction with a usual calculator
      display 103.
PAR  An "on-off" switch 26 for the circuitry in the unit is also provided. A set
      of thumbwheel switches 20 are positioned on the face of the unit for
      setting the particular date on which the unit is being operated into the
      system.
PAR  As shown in FIG. 2, the information printed on the paper tape 16a is
      columnar in nature and it includes, for example, a six digit client/case
      number (which is also displayed on the display 22b), of which the first
      four digits may identify the client, and the fifth digit may identify the
      client's case number, whereas the sixth digit may be a check digit. Also
      recorded is the work activity code number of two digits, which is also
      displayed by the display 22a. In addition, the elapsed time number of two
      digits is recorded in tenths of an hour.
PAR  The foregoing data represents an operational transaction, and each
      operational transaction is preceded by a five digit number representing
      the firm using the equipment; a two digit number representing the
      individual user; and a six digit number representing the date. The numbers
      representing the firm and the individual user may both be wired into the
      system, whereas the number representing the data may be set up by the
      thumbwheel switches 20.
PAR  The pushbutton entry keyboard 18 is constructed for the pushbutton entry of
      digits 0-9, and it also contains the "start" pushbutton switch 14, and the
      "end" pushbutton switch 15, as mentioned above. The keyboard 18 also
      controls the entry of a number of distinct work activities in the form of
      the two digit code, as determined from the chart 30, and which are
      displayed by the display 22a.
PAR  The "on-off" switch 26 controls the power to the unit. The "start" switch
      14, when activated, starts the timing mechanism in the unit, and causes
      the transaction identifying data to be printed on the paper tape 16a. The
      "end" switch 15, when actuated, causes the elapsed time to be printed,
      stops the timer mechanism, and advance the columnar paper printing
      mechanism 16. The "advance" pushbutton switch 17, when actuated, provides
      a control whereby the paper 16a may be advanced at any time.
PAR  To activate the unit 10 of FIG. 1 for normal operation, the user first
      operates the "on-off" switch 26 to turn on the unit, and he then operates
      the keyboard 18 to set up the particular two digit work activity code on
      the display 22a, corresponding to the work on which he is engaged. He then
      operates the keyboard 18 to set up the proper six digit client/case
      account number which is displayed on the display 22b. The operator then
      actuates the "start" pushbutton switch 14, and the machine records the
      aforesaid work activity and client/case data, as well as the firm and user
      identifying data, and the date, all of which is shown in FIG. 2. At the
      end of the particular activity, the user then actuates the "end"
      pushbutton switch 15, and the time spent on the particular work activity
      for the particular client is then recorded. The unit is then ready for the
      next work activity to be identified and timed.
PAR  At any time, when the operator wishes to use the unit as an electronic
      calculator, he merely actuates the pushbutton switch "C", and operates the
      keyboard 18 in conjunction with the display 103.
PAR  A telephone interrupt pushbutton switch 32 is positioned adjacent to the
      telephone 34, and is connected to the unit 10. When switch 32 is operated,
      the unit 10 is caused to stop, and the data identifying the interrupted
      work activity is stored in a memory in the unit. Then, the unit operates
      to identify the telephone interruption by a particular identification
      code, and to record the time spent on the telephone conference.
PAR  If the user wishes to record the interrupting telephone conference for
      billing purposes, he also sets up the client's identifying number through
      the keyboard 18, and he actuates the "end" pushbutton switch 15 at the end
      of the telephone conference, so that a record may be made of the time
      spent with the particular client on the telephone. Then, the unit will
      automatically print the interrupted work activity data back onto the paper
      tape 16a, and again will begin keeping time with respect to the
      interrupted work activity. The use of the pushbutton switch 32, as
      explained above, permits the unit to be controlled for selected incoming
      telephone calls, at the option of the operator, without requiring any
      direct connection or coupling to the telephone line.
PAR  Any error may be corrected directly on the paper tape 16a by the use of pen
      or pencil and, as shown in FIG. 2, a space may be provided between each
      separate work activity, to permit the operator to enter further notes and
      information on the paper tape, if he so desires.
PAR  As shown in the block diagram of FIG. 3, the keyboard 18 associated with
      the unit 10 of FIG. 1 feeds its information through an "and" gate 55 into
      a register 50, so that any number set up on the keyboard to identify a
      particular client and case is loaded into the register 50, and appears on
      the display 22b which is coupled to the register. The coding used in the
      register 50 may be a binary code, or other appropriate coding techniques
      may be used. The output of the register 50 is fed to an "and" gate 85, and
      through a subsequent "or" gate 89 to the print head of the paper tape
      mechanism 16.
PAR  The various logic components shown in FIG. 3, including the illustrated
      register, "and " gates, "or" gates, and the like are well known to the
      art, and need not be described in detail. Moreover, any appropriate paper
      tape mechanism 16 and associated drive may be used, so that these
      components, likewise, need not be shown or described in detail, insofar as
      a clear understanding of the concept of the present invention is
      concerned.
PAR  The electronic system of FIG. 3 also includes an appropriate clock
      generator 60 which generates clock pulses, when activated. The "start"
      pushbutton switch 14 is connected through an "or" gate 74 to the "start"
      input of the clock generator 60, so that whenever the "start" pushbutton
      switch 14 is actuated, the clock generator 60 begins to generate clock
      pulses. The "end" pushbutton switch 15 is connected through an "or" gate
      76 to the "stop" input of the clock generator 60, so that whenever the
      "end" pushbutton 15 is actuated, the clock generator 60 is de-activated.
PAR  When activated, the clock generator 60 generates a series of regularly
      spaced clock pulses, and these clock pulses are applied to a pulse counter
      62. The pulse counter 62 proceeds from one count to the next so long as
      the clock generator 60 is activated to generate the clock pulses.
PAR  The clock pulses from the clock generator 60 are applied to an "and" gate
      64 which, in turn, is connected to "and" gates 85 and 91. The "end"
      pushbutton switch 15 is also connected to the "and" gate 64 through the
      "or" gate 76. The "start" push-button switch 14 is connected through an
      "or" gate 65 to a drive 82 for the paper tape mechanism 16. Whenever the
      "start" push-button switch 14 is actuated, the drive 82 is caused to move
      the paper tape mechanism 16 from one position to the next, so that the
      paper tape mechanism may be ready for a new set of data. The "advance"
      pushbutton switch 17 is also connected to the drive 82, so that whenever
      the pushbutton switch 17 is actuated the drive 82 may cause the paper tape
      mechanism 16 to move to the next position.
PAR  The keyboard 18 may also be operated to supply the two digit work activity
      code through an "and" gate 101 to a register 100, the register being
      connected to the "and" gate 85. The display 22a is also connected to the
      register 100. In this way, whenever the keyboard 18 is operated to set up
      the work activity code, the code is stored in the register 100 and applied
      thereby to the "and" gate 85 and to the display 22a. A further register 77
      is provided, and the firm identifying number is wired into register 77 by
      any appropriate means. A register 79 is also provided in which the user
      identifying number is wired in by any appropriate means. A register 81 is
      provided in which the date identifying number is set by appropriate
      adjustment of the thumbwheel switches 20. All of these registers are
      connected to an "and" gate 87.
PAR  When the drive 82 drives the paper tape mechanism 16 to a new position by
      actuating the "start" pushbutton switch 14, the drive generates a signal
      INC2 which enables the "and" gate 87 so that the information in the three
      registers 77, 79 and 81 may be printed on the paper tape. The INC2 signal
      is also supplied to drive 82 through the "or" gate 65, so that the paper
      tape may be automatically moved by the mechanism 16 to its next position.
PAR  The drive 82 then generates a signal INC3 which enables the "and" gate 85,
      and which permits during normal operation of the system, the client/case
      data from register 50, and the work activity data from register 100 to be
      printed on the paper tape. When the "end" pushbutton switch 15 is
      actuated, the "and" gate 64 is enabled so that the time information may
      also be printed through the "and" gate 85 and through the "or" gate 89.
PAR  The keyboard 18 is connected through an "and" gate 102 to usual calculator
      electronics of the type incorporated in the present day commercially
      available solid state pocket or desk calculators, represented by clock
      106, which, in turn, is connected to the display 103. Whenever the
      pushbutton switch "C" on the keyboard 18 is actuated, the "and" gate 102
      is enabled, so that the keyboard may operate the calculator electronics
      106. This enables the user to perform additions, subtractions,
      multiplications, divisions, and the like, as with the usual commercial
      pocket or desk electronic solid state calculator. At the same time, both
      the "and" gates 55 and 101 are disabled by the C term applied thereto, so
      that operation of the keyboard will in no way affect the timing and work
      identifying functions of the system.
PAR  A telephone switching circuit 78 is provided which has an output terminal A
      connected to the "or" gate 76, and which also has an output terminal B
      connected to the "or" gate 74. The telephone switching circuit 78 is
      energized whenever the user actuates the telephone call pushbutton switch
      32. When that occurs, a signal is first generated at the output terminal A
      (output A). The output A first enables the "and" gate 64 so that the
      previously accummulated time in the counter 62 may be passed through the
      "and" gate 85 to be printed on the paper tape 16a by the paper tape
      mechanism 16.
PAR  The output A is also applied through the "or" gate 65 to the drive 82, so
      that the paper tape 16a may be moved to the next position. The output A
      next passes through the "or" gate 76 to stop the clock generator 60, and
      it passes through the "or" gate 73 to reset the counter 62.
PAR  The output A is then replaced by a signal at the output terminal B of the
      telephone switching circuit 78 (output B). The output B passes through the
      "or" gate 74 to start the clock generator 60, which in turn, causes the
      counter 62 to be activated to count the time elapsed during the telephone
      conference. During the normal operation of the system, no signal appears
      at the output terminal B of the telephone switching circuit 78, so that a
      B situation is created. During the B condition, the "and" gate 85 is
      enabled for normal operation of the system, and the "and" gate 91 is
      disabled.
PAR  Therefore, during the B condition, and during normal operation of the
      system, information from the keyboard may be read through the "and" gate
      55 into the register 50 from there through the enabled "and" gate 85 and
      through the "or" gate 80 to the paper tape mechanism. Also, the work
      activity information set by the keyboard may be passed through the "and"
      gate 101 to the register 100, and from there through the enabled "and"
      gate 85 during normal B operation, to be printed and recorded. At the end
      of a particular work activity, and while the system is in its normal mode,
      the "end" pushbutton switch 15 is depressed to cause the time information
      to be recorded, as explained above, and this also causes the registers 50
      and 100 to be reset by the signal passed through the enabled "and" gate
      49. The counter 62 is also reset by the signal passed through the "or"
      gate 73.
PAR  During a telephone conference, however, and for the continuance of the
      output B from switching circuit 78, the normal operation "and" gate 85 is
      disabled, and the telephone conference "and" gate 91 is enabled. During
      this B mode, the telephone code number from register 51 is passed through
      the "and" gate 91 and through "or" gate 89 to be printed by the paper tape
      mechanism to indicate that the printed data refers to a telephone
      conference.
PAR  Also, the keyboard 18 may be operated to identify the calling or called
      telephone party, and this information is supplied directly through the
      enabled "and" gate 91, and through "or" gate 89 to the print head of the
      paper tape mechanism 16. Since "and" gates 55 and 101 are now disabled,
      the new numbers set on the keyboard 18 pertaining to the telephone
      conference will not disturb the previous numbers entered into the
      registers 50 and 100 pertaining to the interrupted work.
PAR  At the termination of the telephone conference, and when the "end"
      pushbutton switch 15 is actuated, the "and" gate 64 is again enabled
      through "or" gate 76 so that the count in the counter 62 may be passed
      through the "and" gate 91 to the paper tape mechanism, so that the elapsed
      time of the telephone conference may be recorded. The operation of the
      "end" pushbutton switch 15 also serves to reset the telephone switching
      circuit 78, so that the output of the telephone switching circuit changes
      from B to B. The B output is introduced to the drive 82 through the "or"
      gate 65 to cause the drive to move the paper tape 16a to the next
      position. The interrupted data from the registers 50 and 100 is again
      recorded as the "and" gate 85 is again enabled.
PAR  The invention provides, therefore, an improved timekeeping and accounting
      machine and system for keeping track of billable time in a professional
      office, and which also serves conveniently to record billable time with
      respect to telephone conferences which interrupt normal work activities.
      The machine may also be switched to an electronic calculator mode, as
      described above.
PAR  It will be appreciated that while a particular embodiment of the invention
      has been shown and described, modifications may be made. It is intended in
      the following claims to cover the modifications which come within the
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic timekeeping and accounting unit including a manually
      operated keyboard for establishing indicia representing an account and for
      establishing indicia representing a work activity; a clock means for
      establishing the time interval in which a particular work activity
      occurred; recording means coupled to said keyboard and to said clock means
      for recording the aforesaid indicia; register means coupled to said
      keyboard for storing the indicia representing the account and the indicia
      representing the work activity; electronic calculator and display means
      for presenting numeric solutions to problems established by manual
      actuation of the keyboard; and switching means for selectively connecting
      the keyboard to said electronic calculator and for simultaneously
      disconnecting the keyboard from said register means.
NUM  2.
PAR  2. The automatic timekeeping and accounting unit defined in claim 1, and
      which includes a telephone switching circuit connected to said clock
      means; and manually operated switching means connected to said telephone
      switching circuit to activate said switching circuit and cause said
      switching circuit to stop the clock means when the switching means is
      actuated to indicate that the telephone is being operated.
NUM  3.
PAR  3. The automatic timekeeping and accounting unit defined in claim 2, and
      which includes circuit means for maintaining information concerning the
      interrupted activity in memory in said unit upon activation of said
      telephone switching circuit.
NUM  4.
PAR  4. The automatic timekeeping and accounting unit defined in claim 2, and
      which includes further control circuitry responsive to the activation of
      said telephone switching circuit for establishing the time interval of a
      telephone conversation to be recorded by said recording means.
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ABST
PAL  A noncontacting marking apparatus for ejecting, upon receipt of a control
      signal, a drop of marking liquid for marking purposes. The amount of
      marking liquid is controllable. A tube couples the ejection point of the
      marker to a source of vacuum for removing excess liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There is a need for marking devices to mark small objects for later
      identification. For example, in the manufacture of integrated circuit chip
      wafers, there is a need to mark "bad" chips before the wafer is diced to
      provide individual chips. Heretofore, the marking has been done with a
      fibrous wick which must contact the bad chip to make a mark and
      concurrently may contact one or more surrounding chips, damaging them in
      the process. Further, so-called bad chips may, in fact, be less than
      perfect, but not totally defective. Contact by the marking wick may damage
      such chips so that they become useless.
PAR  Therefore, desireably a noncontacting marker should be utilized. Ink
      spritzers are known for ejecting a drop of ink upon mechanical
      constriction of a part of the spritzer. Unfortunately, however, these
      devices do not eject a large enough drop of liquid to visually identify,
      for example, a bad integrated circuit. Other devices are known, which can
      eject a larger quantity of liquid, but the amount ejected and therefore
      the spot size created, are not satisfactorily controllable.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, means including a connection to a source of
      marking liquid and including a nozzle is provided. A driven plunger moves
      in one direction to receive marking liquid into a chamber and then is
      driven in the opposite direction to eject the liquid. In a preferred
      embodiment, a tube extends between the ejection point of the nozzle and a
      source of vacuum for drawing any excess liquid from the nozzle to prevent
      any undesired marking of items.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a generally mechanical schematic and electrical representation of
      an integrated circuit test set-up embodying the present invention.
PAR  FIG. 2 is a cross section along lines 2--2 of FIG. 1 of a noncontacting
      marking unit according to the present invention; and
PAR  FIG. 3 is an enlarged cross section of the nozzle portion of the
      noncontacting marker of FIG. 2, also along lines 2--2 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, an integrated circuit (hereafter referred to as IC)
      wafer 10 contains a plurality of IC chips 12, arranged in a two
      dimensional row and column matrix. Wafer 10 is mounted in a carrier 14 for
      linear movement in the directions indicated by double ended arrow 16. This
      movement may be accomplished by any suitable means, a rack 18 and pinion
      20 arrangement being schematically illustrated. Drive means 22 is arranged
      to rotate pinion 20 a fixed amount upon receipt of a control signal at
      terminal 24. A similar arrangement (not shown) can be utilized to drive
      wafer 10 in the normal direction to that indicated by arrow 16. A test
      device 26 of any conventionally available type is arranged in fixed
      relationship to drive means 22, and has a plurality of test probes 28
      arranged to serially test an IC 12 presented at location 30. The results
      of the test are represented by a signal of one voltage level or another at
      terminal 32.
PAR  Operation of apparatus just described is as follows: Test device 26 tests
      an IC 12 at position 30; a signal representing the results of the test
      appears at terminal 32; a control signal is issued at terminal 24, causing
      drive means 22 to advance carrier 14 so that the next succeeding IC 12 is
      presented at location 30. Then the process repeats.
PAR  A marking unit 40 is positioned relative to wafer 10 such that it can mark
      IC's 12 determined to be defective by test device 26. (In practice, in the
      type of set-up shown, two marking units 40 must be provided, one on either
      side of test unit 26, so that one unit is effective to mark bad IC's when
      the carrier 14 is moving to the right, as illustrated in FIG. 1, and the
      other is effective when the carrier moves to the left.) Marking unit 40
      will be described in more detail in connection with FIG. 2, but it
      consists principally of a plunger 42, a nozzle 44, and a container of
      marking liquid 46, all coupled to aperture block 48. Liquid 46a passes
      through tube 47 to the aperture block. An opening 49 in container 46
      admits air to displace liquid 46a removed from the container. Liquid 46a
      may be any liquid suitable for the task to be performed. In the IC test
      set-up of FIG. 1, a slow drying ink was chosen to prevent any clogging of
      nozzle 44. Ejected ink is then baked on to chip 12 by an oven (not shown).
      A type of ink that has been found satisfactory for the marking assignment
      herein described is Graphic Controls Red 151.
PAR  Power driven units, such as solenoids 50 and 52, are disposed relative to
      plunger 42 so as to, when energized, respectively, raise plunger 42 to
      admit liquid 46a into aperture block 48, and lower plunger 42 so as to
      force the liquid from nozzle 44. A tube 54 extends from a point proximate
      the tip 44a of nozzle 44 to container 56. The container is also coupled to
      a vacuum source 58. This arrangement causes excess liquid which would
      otherwise build up on tip 44a to be drawn into container 56 rather than to
      undesirably fall onto an IC 12.
PAR  Returning to terminal 32, it is connected to a shift register 60, which
      stores signals received from test device 26 and shifts previously entered
      signals along as new signals are entered, indicating the quality of each
      IC 12. Shift register 60 contains enough stages to hold data for the
      number of IC's between test probes 28 and nozzle 44, in this example
      three. Therefore, terminal 64 coupled to shift registor 60 will be at a
      polarity indicative of whether the IC 12 at position 62 is good or bad. It
      should be noted that if marking unit 44 is made sufficiently small, then
      it is possible to place it immediately adjacent test probes 28. In this
      case, shift register 60 could be eliminated or, at most, be a single stage
      memory device.
PAR  Terminal 64 is in turn coupled to a voltage controlled pulse width
      generator 66 and to a voltage controlled delay 68. Pulse width generator
      66 is responsive to a signal at terminal 64 indicative of a bad IC to
      produce at power amplifier 70 a pulse of desired polarity of a width which
      is controlled by potentiometer 72 coupled to generator 66. The output
      terminal of amplifier 70 is coupled to solenoid 50. Potentiometer 72,
      therefore, controls the length of time that solenoid 50 is energized.
      Delay 68 is responsive to a signal at terminal 64 indicative of a bad IC
      to provide a delayed pulse of desired polarity at the input terminal of
      pulse width generator 74, the delay time being determined by the setting
      of potentiometer 76, which is coupled to delay 68.
PAR  Pulse width generator 74, which may be identical to generator 66, is
      controlled by a potentiometer 78 coupled thereto and is in turn coupled
      via power amplifier 80 to solenoid 52. Therefore, potentiometer 76
      controls how long after solenoid 50 is energized solenoid 52 is energized.
      Potentiometer 78 controls how long solenoid 52 is energized. Each of shift
      register 60, pulse width generators 66 and 74, delay 68, and power
      amplifiers 70 and 80 are commercially available products which need only
      have applied to them control potentiometers, as shown, and appropriate
      power (not shown) and therefore, need no further explanation.
PAR  Marking unit 40 is shown in detail in FIG. 2 to which attention is now
      directed. Plunger 42 is illustrated to comprise two parts, the portion
      42a, which passes through solenoids 50 and 52, and the portion 42b, which
      enters aperture block 48. A pivotal connection is made at juncture 90 so
      that if solenoids 50 and 52 are not in perfect alignment with aperture
      block 48, no binding will occur with regard to plunger portion 42b.
PAR  Aperture block 48 contains three interconnected openings or apertures which
      are preferably cylindrical, the first 92 in which a portion of plunger 42b
      resides with a liquid tight fit, the second 94 permitting inflow of liquid
      through tube 47, and the third 96, to permit liquid ejection into nozzle
      44. An O ring seal 98 surrounds aperture 96. When plunger 42 is fully
      seated, tip 42c forms a liquid tight seal with O ring 98 preventing any
      liquid from passing between tube 47 and ejection port 96.
PAR  Aperture block 48 is mechanically coupled via an adjustable linkage 99 to
      solenoids 50 and 52. Adjustment means are provided as needed so that
      plunger 42 will, upon command signals being received at the proper
      solenoid, move between the raised position shown in FIG. 2, a position
      just above aperture 94, to a position in which tip 42c of plunger 42
      resides against O ring 98.
PAR  Aperture block 48 is mechanically coupled to a modified hypodermic needle
      nozzle 44, which receives liquid exiting through aperture 96. Nozzle 44 is
      illustrated in cross-section in FIG. 3 to which attention is now directed.
      A standard hypodermic needle 100 has on one end an adapter 102 for
      coupling to aperture block 48 and has a smaller diameter tube 104 inserted
      in the other end to provide a relatively small exit tip diameter at 44a.
      In a practical embodiment for creating a 0.5 to 2.0 mm diameter spot, the
      inside diameter at tip 44a is chosen to be 0.15 mm in diameter. A second
      short length of tube 108 is secured to the outside of tube 100, thus
      providing a cylindrical opening between tubes 104 and 108. The free ends
      of tubes 104 and 108 desirably extend to the same longitudinal position.
PAR  An opening is bored into the side of tube 108, permitting interconnection
      between an additional tube 110 and the cylindrical area formed by tubes
      104, 108. The free end of tube 110 is connected to return container 56
      (FIG. 1), the arrangement causing excess droplets of liquid, which would
      otherwise form at tip 44a to be drawn into container 56. It has been found
      desirable in practice to include another tube 112 coextending with tube
      100 and secured thereto at both ends for the purpose of providing
      mechanical stiffening.
PAR  In operation, it will be assumed that a sufficient amount of marking liquid
      46a is present in container 46, that tube 47 is filled with liquid (in a
      working embodiment this was accomplished with the aid of capillary action
      as the liquid container was actually located below aperture block 48),
      that tube 100 (FIG. 3) is filled with marking liquid, and that plunger 42
      is fully seated against O ring 98 (FIG. 2). When a signal is received at
      terminal 64 (FIG. 1) indicating a drop of liquid is to be ejected from
      marking unit 40, solenoid 50 is energized drawing plunger 42 upward (as
      illustrated in FIG. 2) to a position above aperture 94. The cavity or
      chamber 114 thus created will be at lower than atmospheric pressure since
      all apertures in aperture block 48 are blocked. Perhaps, some liquid flows
      in through aperture 96. However, since the opening at nozzle tip 44a is
      quite small, the amount of liquid, if any, which enters chamber 114 from
      that source is negligible. Liquid does, however, desirably enter through
      tube 47. The greater the length of time that plunger 42 remains elevated,
      the more liquid will enter the chamber (up to the capacity of the
      chamber). By adjusting the length of the drive pulse from pulse width
      generator 66 and the delay in delay 68 (which is always set to be longer
      than the drive pulse of generator 66), the elevation time of plunger 42 is
      regulated. It might, at first, seem that delay 68 could be eliminated and
      the pulse from generator 66 merely increased. It has been determined,
      however, that better control over the amount of liquid entering the
      chamber (and therefore discharged) is obtained with both elements 66 and
      68 present.
PAR  After the desired amount of liquid has filled chamber 114 and delay 68 has
      time out, pulse width generator 74 is triggered to produce a drive pulse
      to energize solenoid 52 to drive plunger 42 toward aperture 96 and O ring
      98, thus reducing the volume of chamber 114 substantially to zero. Some
      liquid, undoubtedly, undesirably re-enters tube 47 through aperture 94,
      but the desired quantity is driven through aperture 96 into nozzle 44,
      forcing a desired quantity of liquid through tip 44a and onto the IC to be
      marked. As subsequent drops of liquid are ejected from tip 44a while
      marking succeeding bad IC's, the droplets of ink which build up at the
      oustide of tube 104 are driven into container 56. It has been found
      through experience that the amount of control exerted by the length of the
      drive pulse to solenoid 50 by means of potentiometer 72 is not as great as
      that exerted by adjustment of the pulse from generator 74. The
      potentiometer 72 does, however, have some effect on the amount of liquid
      ejected from tip 44a and therefore desirably forms part of the circuit.
PAR  It might at first seem that there is no need for both solenoid 50 and 52,
      and that some sort of spring bias could be substituted for one or the
      other of solenoids 50 and 52. However, if the spring replaces solenoid 50,
      then solenoid 52 would have to be energized almost all the time to keep
      liquid from undesirably dripping from the nozzle. Were the spring to
      replace solenoid 52, the kind of controllability needed to produce
      consistent size spots could not be attained. Likewise, the excess liquid
      removal system has been found to be necessary, since in its absence liquid
      droplets build up at tip 44a and then undesirably drop off, incorrectly
      marking an IC chip.
PAR  Depending on the nature of the marking assignment, one or more of circuits
      66, 68 and 74 may have its parameters fixed as manufactured. However, the
      system illustrated in FIG. 1 provides the most flexibility. It should also
      be noted that the type of liquid chosen will also depend on the marking
      assignment. For example, a colorless magnetic fluid may be chosen so that
      the marked items may later be detected by automated equipment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid marking device comprising, in combination:
PA1  means containing first, second and third interconnected apertures, said
      first aperture being coupled to a source of marking liquid, said second
      aperture being adapted to receive a plunger means, said third aperture
      forming a nozzle;
PA1  a plunger residing in said second aperture forming a liquid receiving
      chamber therein, said plunger being movable between two positions, the
      first being such as to increase the volume of said chamber, the second
      being such as to reduce the volume of said chamber and to close the
      interconnection between said first and second apertures;
PA1  first power driven means coupled to said plunger for moving said plunger to
      said first position for receiving said marking liquid in said chamber; and
PA1  second power driven means for moving said plunger to said second position
      for forcing said liquid to be ejected from said nozzle.
NUM  2.
PAR  2. The combination of claim 1 further including electrical means coupled to
      said first and second power driven means for controlling the length of
      time said power is applied to said first power driven means and for
      controlling the time between energization of said first power driven means
      and the energization of said second power driven means to determine the
      volume of liquid taken into said chamber and thereafter ejected through
      said nozzle.
NUM  3.
PAR  3. The combination of claim 1 further including a tube extending from a
      position proximate the ejecting end of said nozzle to a container at
      lowered atmospheric pressure relative to that at said nozzle end for
      drawing away from said nozzle excess liquid which is not ejected from said
      nozzle.
NUM  4.
PAR  4. Non-contacting marking apparatus comprising in combination:
PA1  means including a chamber coupled to a source of marking liquid and
      containing an ejection nozzle;
PA1  power driven plunger means in said chamber movable between a first position
      in which liquid is moved into said chamber and a second position in which
      liquid is driven out of said nozzle to mark an item to be marked;
PA1  means extending between the exit point of said nozzle and a source of
      vaccum for drawing excess liquid from said nozzle, thereby preventing it
      from dropping onto said item.
NUM  5.
PAR  5. Apparatus for marking an item for identification without contacting the
      item comprising in combination:
PA1  means responsive to a signal that an item to be marked is in marking
      relationship with said marking apparatus for producing a marking signal;
PA1  means responsive to said marking signal for ejecting a given quantity of a
      distinctive marking liquid onto said item to be marked without contacting
      said item; and
PA1  enclosed guide means coupling the point of said marking apparatus at which
      said liquid is ejected with a container at lowered atmospheric pressure
      relative to that at said point for drawing off excess liquid which would
      otherwise form at the ejection point.
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PAL  Disclosed is an imaging method useful in facsimile transmission. The method
      involves passing an electrical current through a receiving member of a
      solid state persistent electrochromic material uniformly distributed on
      the surface of a substrate. The substrate comprises a surface material on
      a ground plane. The surface material is a material which becomes more
      conductive upon being heated or wetted and is returned to its original
      state of resistivity upon cooling or drying. The surface material is
      heated or wetted to increase its conductivity and thereby reduce its
      resistance to a level less than or about equal to that of the
      electrochromic material whereupon an electrical current is passed through
      the electrochromic material in imagewise configuration to thereby form an
      image. Upon formation of the image, it is fixed by cooling or drying the
      surface material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various methods of facsimile transmission, i.e. the transmission by
      electrical or optical means of graphic material such as pictures, printed
      matter, maps, etc., are known. There are four methods of transmission in
      use; transmission by radio, by land telephone lines, by submarine cable
      and by the newly developed optical fiber transmission. Each of these
      introduces its own problems, but the fundamentals of the system are the
      same for all. The material must be broken into sequential elementary parts
      which may be transmitted by electrical or optical means and then the parts
      converted back into a graphic presentation at the receiver. The graphic
      material is broken into the sequence of elemental parts by the process of
      scanning. This may be done by mounting the material, e.g. a printed page,
      on a revolving drum and projecting a small beam of light on or through it.
      The light is reflected to a phototube with the light and hence the
      phototube output being proportional to the picture density. The light is
      moved along the sheet, parallel to the axis of the drum, at such a rate
      that it displaces axially its own width for each revolution of the drum.
      Thus, the spot of light progressively scans every spot on the picture. The
      graphic material can also be scanned by solid-state image sensors such as
      a charge-coupled device (CCD) or a charge injection device (CID). The
      output of the phototube is an electrical breakdown of the picture which is
      modified for transmission and transmitted. At the receiving end, the
      signal is fed into a recorder which is generally one of two basic types.
      The first type depends upon the projection of a variable light upon a
      photographic paper or film resulting in a spot of light whose intensity
      varies with the varying intensity of the graphic material being
      transmitted. The other type of recording, to which the present invention
      may be applied, utilizes a receiving member sensitized to electrical
      current passage and passes the received signal or another signal triggered
      by the received signal through it to cause a color change. There are at
      least four electrolytic mechanisms by which electrical energy can cause
      the formation of color in a sensitized receiving member, i.e.,
PAR  A. BY THE INTRODUCTION OF FOREIGN IONS INTO THE RECEIVING MEMBER;
PAR  B. BY THE DISCHARGE OF IONS AT AN ELECTRODE IN CONTACT WITH THE RECEIVING
      MEMBER;
PAR  C. BY INCREASING THE CONCENTRATION OF A PARTICULAR ION AT THE SURFACE OF AN
      ELECTRODE IN CONTACT WITH THE RECEIVING MEMBER (PH change); and
PAR  d. by oxidation or reduction of an electrochromic material at the electrode
      surface.
PAR  The process of the present invention is an improvement to the method
      designated as (d), that is, the oxidation or reduction of an
      electrochromic material. An electrochromic material may be defined as a
      substance whose optical transmission or reflection properties are altered
      by an interaction with an electronic charge. A persistent electrochromic
      (PEC) is defined as one which is responsive to the application of an
      electric field by changing from a first persistent state in which it is
      essentially non-absorbing to radiation in a given wavelength to a second
      persistent state which absorbs in that wavelength region. The term
      persistent indicates that the material can remain in either state when the
      applied electric field is removed as distinguished from the case of
      instantaneous reversion to the non-absorbing state when the field is
      removed.
PAR  The use of certain persistent electrochromic materials in imaging systems
      is disclosed in British Pat. No. 1,186,541 and U.S. Pat. No. 3,521,941.
      These patents disclose the use of certain transition metal compounds, e.g.
      molybdenum oxide and niobium oxide, sandwiched between two electrodes so
      that their color changes when a potential is created between the
      electrodes. In one example, the first electrode is formed of NESA glass, a
      commercially available product having a transparent coating of conductive
      tin oxide on one surface of a glass sheet. The electrochromic material is
      vacuum deposited onto the tin oxide bearing surface of the glass and a
      layer of a conductive material, e.g. gold, is deposited onto the surface
      to form a sandwich of the electrochromic material between the electrodes.
      The patents disclose a preferred embodiment in which an insulating layer
      is deposited between one of the electrodes and the electrochromic material
      which is said to render the electrochromic layer more sensitive to a field
      of opposite polarity to return it to the absorption characteristic state
      it occupied prior to the application of the field. A plate containing such
      an insulating material is disclosed as being imaged by a movable probe or
      stylus for use in information storage and transmission and the so-formed
      image is taught to be erasable by rubbing a relatively broad area
      electrode across the surface of the plate with the potentials suitably
      reversed.
PAR  The above-described three-layered system, i.e., NESA glass, electrochromic
      material and conductive overcoating, suffers from two disadvantages. The
      first is that it does not have the requisite flexibility for use in
      conventional drum-type facsimile receivers in which a sheet of recording
      paper is wrapped around a rotating drum with a stylus mounted to move
      perpendicular to the direction of drum rotation used as the movable
      electrode. The second is that it is not self-fixing since once the plate
      is fabricated and imaged, it can be reimaged to the point of obliterating
      the intelligence contained thereon from the initial imaging by the
      application of a potential between the electrodes. The four-layered
      structure suffers from a further disadvantage since the application of the
      insulating layer requires an extra fabricating step in addition to
      rendering the plate even more inflexible.
PAR  It would be desirable, and it is an object of the present invention to
      provide a novel system for the creation of images by the conversion of a
      persistent electrochromic material from a first absorptive state to a
      second absorptive state in which it absorbs light of the desired
      wavelength.
PAR  A further object is to provide a novel process for recording graphic
      material in a facsimile transmission system.
PAR  An additional object is to provide such a process in which the graphic
      material is recorded by converting a persistent electrochromic material
      from a non-absorbing state to an absorbing state in imagewise
      configuration corresponding to the image being transmitted.
PAR  A further object is to provide such a process in which the persistent
      electrochromic material is distributed on a flexible substrate which can
      be wrapped around a drum in a facsimile receiving apparatus.
PAR  An additional object is to provide such a process in which the image is
      fixable so as to render it immune from further imaging.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an imaging method which utilizes the ability of
      persistent electrochromic materials to undergo a change in their optical
      density when an electrical current is passed through them. The method
      comprises:
PAR  a. providing a receiving member comprised of a solid state persistent
      electrochromic material uniformly distributed upon a substrate of a
      surface material which has a resistivity substantially greater than the
      electrochromic material on a conductive ground plane;
PAR  b. treating the surface material to increase its conductivity and thereby
      reduce its resistance to a level less than or about equal to that of the
      electrochromic material;
PAR  c. passing an electrical current through the electrochromic material by
      creating a potential between a movable electrode and the substrate and
      moving the electrode in imagewise configuration to thereby form an image
      in the electrochromic material; and
PAR  d. converting the surface material back to its original state of resistance
      greater than that of the electrochromic material.
PAC  DETAILED DESCRIPTION
PAR  The receiving member for use in the process of the present invention is
      prepared by depositing a film of a persistent electrochromic material onto
      a surface which has a resistivity greater than that of the electrochromic
      material and which can be caused to become more highly conductive by the
      application of an external stimulus to thereby lower its resistivity to a
      level less than or equal to the electrochromic material. The surface
      material is supported by a conductive ground plane as backing element. The
      surface material and conductive ground plane are referred to herein as the
      substrate.
PAR  A class of materials which can be used to form the surface between the
      electrochromic material and the ground plane are polymers such as
      polystyrene, poly(ethylene) and poly(ethylene terephthalate) which become
      more conductive upon being heated and return to their original state of
      conductivity when cooled.
PAR  In another embodiment, the electrochromic material is deposited on an
      electrical switching device which when exposed to a high field changes
      from a highly resistive state to a conducting state. This phenomena is
      more fully described by S. R. Ovshinsky in Phys. Rev. Letters 21, 1450
      (1968).
PAR  An alternative method of providing a surface which can be rendered more
      conductive by the application of an external stimulus is to employ a
      photoconductive surface material. This can be accomplished through the use
      of a self-supporting photoconductive binder layer in which a
      photoconductive material such as ZnO is dispersed in a thermoplastic resin
      matrix. Alternatively, the photoconductive material can be uniformly
      deposited on the surface of a transparent ground plane. By depositing the
      persistent electrochromic material on one surface of the photoconductive
      substrate and uniformly exposing the substrate to electromagnetic
      radiation from the opposite side, the necessary change in conductivity can
      be achieved. Termination of the electromagnetic radiation returns the
      substrate to its original resistance.
PAR  A preferred surface material is selected from those papers which are highly
      resistive when dry but when moistened become more conductive. As used
      herein, the term paper is used to describe a sheet material made up of
      many small discrete fibers bonded together. Most commonly, the fibers are
      cellulosic in nature and are formed into a sheet on a wire screen from a
      dilute water suspension. Other fibers, usually mineral or synthetic, may
      be formed into sheets by this or other techniques.
PAR  In order for the paper to become more conductive upon being wetted, it must
      necessarily have a fairly low water resistance. Water resistance refers to
      that property of a sheet which resists passage of liquid water into or
      through it. Whether or not a given type of paper possesses a sufficiently
      low water resistance can readily be determined by routine experimentation.
      Wetting agents, such as H.sub.2 O or alcohol, are sufficiently conductive
      to increase the paper's conductivity to the necessary level. More
      resistive wetting materials can be used since they may release
      electrolytes contained in the paper whose subsequent transport provides
      the requisite conduction. The paper is returned to its original state of
      resistance by drying.
PAR  During operation, the surface material is in contact with a conductive
      ground plane as backing element which may be in the form of a metal drum.
      Materials which are less conductive than metal such as black construction
      paper which may be impregnated with carbon or conductive rubber may be
      used.
PAR  Suitable electrochromic materials for use in the present invention are
      those compositions which are responsive to the application of an electric
      field in that they change from a first state in which they are essentially
      non-absorbing to radiation having wavelengths in the visible region to a
      second state which absorbs in that wavelength region. Only those
      electrochromic materials which are persistent, i.e., that remain in the
      absorptive state for a perceivable period of time after termination of the
      electric field, are contemplated for use in the process of the present
      invention.
PAR  One class of electrochromic material which can be used is made up of
      certain alkali metal halides, e.g. NaCl RbCl, KCl, LiF, NaBr, KBr, KI and
      RbBr. This class of electrochromic materials suffers from the disadvantage
      of being persistent only at elevated temperatures.
PAR  A preferred class of persistent electrochromic materials are the oxides,
      sulfides, oxysulfides, halides, selenides, tellurides, arsenides,
      phosphides, nitrides, chromates, molybdates, tungstates, vanodates,
      niobates, tantalates, titanates, stannates, zirconates and manganates of
      cations which can exist in different stable oxidation states at
      temperatures of -50.degree. to 125.degree. C. wherein the different
      oxidation states have different electromagnetic radiation absorption
      characteristics. Suitable cations are selected from groups IB, IIB, IIIB,
      IVB, VB, VIB, VIII, IIIA, IVA and VA as well as the Lanthanaide series of
      the periodic table. Preferred cations are those which may exist in any
      oxidation state from +2 to +8 at ambient temperatures. Preferred
      compositions are the oxides and sulfides of the metals of Groups IB, IVA
      and VA and the Lanthanide series. Exemplary of suitable electrochromic
      materials are WO.sub.3, MoO.sub.3, CuO, CuMoO.sub.4, CuWO.sub.4 .sup..
      2H.sub.2 O, CuS, Cu.sub.3 O.sub.4, CuWO.sub.4, Co.sub.2 S.sub.3, CoS,
      MoS.sub.3, MoWO.sub.4, MoS.sub.2, SnS, TiS.sub.2, TiO, VO, NiO, CeO.sub.2,
      Ce.sub.2 S.sub.3  and SnSe.
PAR  The electrochromic material can be applied to the surface material by any
      convenient method such as electron beam evaporation, resistive heating
      evaporation or sputtering. When the electrochromic material is to be the
      oxide of a refractory metal, it can be deposited by high temperature
      oxidation. This method is described in U.S. Department of Commerce
      publication PB 161736. The film may be deposited on the substrate to any
      convenient depth since film thickness is not critical. Typically, the film
      is deposited to a thickness of from 100 A to 20,000 A and preferably to a
      thickness of from 500 A to 10,000 A. Films of less than 500 A are less
      preferred since the total number of absorbing color centers is small and
      the optical density obtainable is quite low. Films of a thickness greater
      than 10,000 A may tend to flake off as the substrate is flexed. In
      addition, since resistance is a function of thickness, very thick films
      will require the input of more energy than will films within the preferred
      range of thickness.
PAR  A preferred method of using the imaging system of the present invention is
      in facsimile transmission, i.e., the transmission by electrical or optical
      means of graphic material in which the material is broken into sequential
      elementary parts which are transmitted and then converted back into a
      graphic presentation at a receiver. At the receiver, an electrical
      potential is created between a movable electrode and a conductive
      receiving member sensitized to passage of electrical current to thereby
      pass the received signal current through the receiving member in imagewise
      configuration corresponding to the graphic material being transmitted.
PAR  Typically, facsimile receivers employ a stylus as the movable electrode.
      Preferably, the stylus is made of a tungsten wire 6 to 10 mils in
      diameter. Tungsten is preferred because of its strength and hardness and
      an even finer stylus may be used where exceptional sharpness is desired. A
      light stylus pressure is desirable. Though tungsten is preferred for long
      life, a stainless steel or iron stylus is often used.
PAR  Conventional facsimile receivers employ d.c. bias of from 800 to 1000 volts
      or pulsing with a d.c. or alternating voltage of 1100 volts or higher.
      Recording with pulsed d.c. or a.c. results in a series of dots on the
      receiving member which will appear as a continuous line if the frequency
      and scanning rate are in proportion. Facsimile receiving by means of the
      instant invention can be accomplished by the use of lower voltages since
      electrochromic materials are more sensitive to current passage than are
      marking materials in general use. Typically, a d.c. electric field of
      .perspectiveto. 10.sup.4 V/cm to 10.sup.5 V/cm or a pulsed d.c. or a.c.
      electric field may be employed across the electrochromic material.
PAR  The method of practicing the present invention is further illustrated by
      the following examples.
DETD
PAC  EXAMPLE I
PAR  A WO.sub.3 layer is vacuum evaporated at a pressure of 10.sup.-.sup.5 torr
      onto a paper substrate to a thickness of about 100 A. The paper is wetted
      from the side opposite the layer of WO.sub.3 to increase its conductivity
      and placed in contact with a sheet of conductive black construction paper
      as the ground plane. The coated paper appears white and feels normal
      before and after wetting. A platinum stylus is used as the other electrode
      with the electrodes being connected through a battery capable of creating
      an electrical potential between them.
PAR  With no potential or a positive potential applied to the stylus up to 50
      volts, no mark is created. A bias of 9 volts applied between the
      electrodes with the stylus negative creates a blue mark in the areas
      contacted by the stylus having a reflection density of approximately 0.2
      to 0.3 as determined by independent microdensitometer measurements using
      white light. The background remains white since those areas of the
      WO.sub.3 not contacted by the stylus remain transparent. With a potential
      of 50 volts applied between the electrodes such that the stylus is
      negative, the stylus can be moved rapidly and still create marks in the
      electrochromic material. Allowing the paper to dry, a process which can be
      accelerated by heating, renders the paper considerably more resistive than
      the WO.sub.3 and, therefore, prevents further imaging by the application
      of an electrical potential of the magnitude mentioned above. The image
      created is persistent since it remains visible after the current flow is
      terminated. However, the image does tend to self-bleach over a period of
      about 12 hours when using WO.sub.3 as the electrochromic material.
PAC  EXAMPLE II
PAR  A paper substrate is coated with a layer of MoO.sub.3 to a thickness of
      between 500 A and 1000 A and contacted with a sheet of conductive black
      construction paper to form a substrate by the method described in Example
      I. The coated paper appears to have a bluish tint indicating the presence
      of some original color centers before wetting. The blue color increases
      slightly within 15 minutes after wetting without the application of a
      potential. Blue marks having optical densities of approximately 0.2 above
      the background are created with the metal stylus without passing current
      through the MoO.sub.3 layer. A positive potential applied between the
      electrodes does not enhance the color of the mark. Application of a
      negative potential of 2 to 50 volts creates deeper blue marks having
      optical densities up to 0.6 relative to white paper thereby creating a
      distinct image in the MoO.sub.3 corresponding to the areas in which
      current is passed through the layer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An imaging method which comprises:
PA1  a. providing a receiving member comprised of a solid state persistent
      electrochromic material uniformly distributed upon a substrate of a
      surface material which has a resistivity substantially greater than the
      electrochromic material on a ground plane; said surface material being a
      material which becomes more conductive upon being heated and is returned
      to its original state of resistance by cooling,
PA1  b. treating the surface material by heating it to increase its conductivity
      and thereby reduce its resistance to a level less than or about equal to
      that of the electrochromic material;
PA1  c. passing an electrical current through the electrochromic material by
      creating a potential between a movable electrode and the ground plane and
      moving the electrode in imagewise configuration to thereby form an image
      in the electrochromic material; and
PA1  d. converting the surface material back to its original state of resistance
      greater than that of the electrochromic material by cooling it.
NUM  2.
PAR  2. The method of claim 1 wherein the persistent electrochromic material is
      an alkali metal halide.
NUM  3.
PAR  3. The method of claim 2 wherein the alkali metal halide is NaCl, RbCl,
      KCl, LiF, NaBr, KBr, KI or RbBr.
NUM  4.
PAR  4. The method of claim 1 wherein the persistent electrochromic material is
      an oxide, sulfide, oxysulfide, halide, selenide, telluride, arsenide,
      phosphide, nitride, chromate, molybdate, tungstate, vanodate, niobate,
      tantalate, titanate, stannate, zirconate or manganate of a cation selected
      from group IB, IIB, IIIB, IVB, VB, VIB, VIII, IIIA, IVA, VA or the
      Lanthanide series of the periodic table.
NUM  5.
PAR  5. The method of claim 4 wherein the persistent electrochromic material is
      an oxide or sulfide of a cation selected from group IB, IVA, VA or the
      Lanthanide series of the periodic table.
NUM  6.
PAR  6. The method of claim 4 wherein the persistent electrochromic material is
      WO.sub.3, MoO.sub.3, CuO, CuMoO.sub.4, CuWO.sub.4 .sup.. 2H.sub.2 O, CuS,
      Cu.sub.3 O.sub.4, CuWO.sub.4, Co.sub.2 S.sub.3, CoS, MoS.sub.3,
      MoWO.sub.4, MoS.sub.2, SnS, TiS.sub.2, TiO, VO, NiO, CeO.sub.2, Ce.sub.2
      S.sub.3 or SnSe.
NUM  7.
PAR  7. The method of claim 1 wherein the persistent electrochromic material is
      distributed on the substrate to a thickness of from 100 A to 20,000 A.
NUM  8.
PAR  8. The method of claim 7 wherein the thickness is from 500 A to 10,000 A.
NUM  9.
PAR  9. The method of claim 1 wherein the movable electrode is a metal stylus
      and the current is provided by creating a potential between the treated
      substrate and the stylus such that the stylus is negative.
NUM  10.
PAR  10. An imaging method which comprises:
PA1  a. providing a receiving member comprised of a solid state persistent
      electrochromic material uniformly distributed upon a substrate of a
      surface material which has a resistivity substantially greater than the
      electrochromic material on a ground plane; said surface material being a
      paper which becomes more conductive upon being wetted and is capable of
      returning to its original state of resistance by drying;
PA1  b. treating the surface material by wetting it to increase its conductivity
      and thereby reduce its resistance to a level less than or about equal to
      that of the electrochromic material;
PA1  c. passing an electrical current through the electrochromic material by
      creating a potential between a movable electrode and the ground plane and
      moving the electrode in imagewise configuration to thereby form an image
      in the electrochromic material; and
PA1  d. converting the surface material back to its original state of resistance
      greater than that of the electrochromic material by drying it.
NUM  11.
PAR  11. The method of claim 10 wherein the paper is wetted with water.
NUM  12.
PAR  12. The method of claim 10 wherein the persistent electrochromic material
      is an alkali metal halide.
NUM  13.
PAR  13. The method of claim 12 wherein the alkali metal halide is NaCl, RbCl,
      KCl, LiF, NaBr, KBr, KI or RbBr.
NUM  14.
PAR  14. The method of claim 10 wherein the persistent electrochromic material
      is an oxide, sulfide, oxysulfide, halide, selenide, telluride, arsenide,
      phosphide, nitride, chromate, molybdate, tungstate, vanodate, niobate,
      tantalate, titanate, stannate, zirconate or manganate of a cation selected
      from group IB, IIB, IIIB, IVB, VB, VIB, VIII, IIIA, IVA, VA or the
      Lanthanide series of the periodic table.
NUM  15.
PAR  15. The method of claim 14 wherein the persistent electrochromic material
      is an oxide or sulfide of a cation selected from group IB, IVA, VA or the
      Lanthanide series of the periodic table.
NUM  16.
PAR  16. The method of claim 14 wherein the persistent electrochromic material
      is WO.sub.3, MoO.sub.3, CuO, CuMoO.sub.4, CuWO.sub.4 .sup.. 2H.sub.2 O,
      CuS, Cu.sub.3 O.sub.4, CuWO.sub.4, Co.sub.2 S.sub.3, CoS, MoS.sub.3,
      MoWO.sub.4, MoS.sub.2, SnS, TiS.sub.2, TiO, VO, NiO, CeO.sub.2, Ce.sub.2
      S.sub.3, or SnSe.
NUM  17.
PAR  17. The method of claim 10 wherein the persistent electrochromic material
      is distributed on the substrate to a thickness of from 100 A to 20,000 A.
NUM  18.
PAR  18. The method of claim 17 wherein the thickness is from 500 A to 10,000 A.
NUM  19.
PAR  19. The method of claim 10 wherein the movable electrode is a metal stylus
      and the current is provided by creating a potential between the treated
      substrate and the stylus such that the stylus is negative.
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PAL  In pattern generating apparatus of the type employing a reciprocating laser
      beam for scanning a substrate surface, three scan lines are formed
      simultaneously. During reciprocation in one direction, the beam is
      deflected upwardly at an angle of arccot (1/3) with respect to the
      reciprocating direction, and during reciprocation in the opposite
      direction, the beam is deflected downwardly at an angle of arccot (1/3).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to reproducing apparatus, and more particularly, to
      apparatus for generating patterns from information stored in a computer or
      similar storage apparatus.
PAR  The copending application of Firtion et al. Ser. No. 496,150, filed Aug. 9,
      1974, and assigned to Bell Telephone Laboratories, Incorporated, describes
      a pattern generating machine comprising a modulated laser writing beam
      which scans a substrate to form a pattern by laser machining. As described
      in that case, laser machining of an iron oxide film is an effective way
      for forming the detailed patterns required in the production of integrated
      circuit masks. The writing beam is reflected from a mirror mounted on a
      carriage that reciprocates by rebounding between two displaced coil
      springs to give the required x-direction scanning. The substrate is
      stepped in a y direction after each scan by the laser writing beam. The
      laser writing beam is modulated by digital information; that is, by a
      train of stored electrical pulses each representing successive overlapping
      spots forming a scan line. A coding laser beam is reflected from the
      carriage through a stationary code plate having alternate transparent and
      opaque stripes to generate a code signal used to monitor the position of
      the carriage and to control the modulation of the writing beam.
PAR  Since efficiency and economy are prime goals in semiconductor device
      manufacture, it would clearly be desirable to increase the speed with
      which a complex mask pattern can be generated. However, because scanning
      speed depends on the physical velocity of the carriage as it rebounds
      between oppositely disposed springs, the rate of pattern generation is
      inherently limited. As a practical matter, pulses or spots can be laser
      machined at a rate of about 100 kilohertz, and it takes about 40 minutes
      to generate a typical complex mask pattern.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to increase the rate at which mask
      patterns can be generated.
PAR  This and other objects of the invention are attained in an illustrative
      embodiment of the type described above in which the laser beam is
      deflected during its scan so as to laser machine three scan lines
      simultaneously, rather than only a single scan line. It is a
      straightforward matter to arrange the stored digital information in the
      computer to permit such simultaneous scanning. For example, by
      interspersing the digital information concerning adjacent scan lines, one
      can laser machine a spot on a first scan line, deflect the laser beam
      upwardly, machine a corresponding spot on the second scan line, deflect
      the beam upwardly again to machine a spot on a third scan line, and then
      return the beam to the successive digital location on the first scan line
      for machining the second spot of the first scan line. This process is
      repeated so that at each digital location, the writing beam is stepped to
      imprint spots on three adjacent scan lines.
PAR  In practical implementation, however, serious problems must be overcome.
      For example, if deflection were done in a straightforward manner, the
      spots formed on the adjacent scan lines would be mutually displaced
      because of the velocity of the moving carriage during beam deflection.
      This, in turn, would undesirably complicate mask pattern design since such
      design depends on the predictable overlapping of adjacent in horizontal
      and vertical directions for defining the pattern. We have found that, in
      using an acoustooptic modulator, this problem can be overcome by orienting
      the modulator to deflect the beam at an angle of arccot (1/n) with respect
      to the horizontal scanning direction, where n is the number of scan lines
      to be simultaneously produced.
PAR  The Firtion et al. apparatus is designed to laser machine a pattern during
      reciprocation in both the positive and negative directions. In order to
      give proper deflection of the beam along the angle described above, one
      would have to change the orientation of the modulator each time the
      direction of horizontal scan changed, a measure which would be cumbersome
      and inconvenient. However, we have found that by deflecting the beam in
      the negative time sequence during carriage movement in the negative
      horizontal direction, one can maintain the appropriate angle described
      above for accurately compensating for carriage velocity. Thus, in
      accordance with this feature, the laser beam is first modulated by an
      increasing staircase wave which steps the beam at a proper angle in the y
      direction, and is then deflected by a decreasing staircase wave which
      steps the beam in the y direction during negative horizontal movement of
      the carriage. The coding signal is advantageously used to control the
      staircase wave as a function of carriage velocity.
DRWD
PAR  These and other objects, features and advantages of the invention will be
      better understood from a consideration of the following detailed
      description, taken in conjunction with the accompanying drawing.
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a schematic illustration of a pattern generator of the type in
      which the invention may be used;
PAR  FIG. 2 is a schematic view of laser beam deflection in accordance with one
      feature of the invention;
PAR  FIGS. 3A and 3B illustrate the staircase waves used in deflecting the laser
      beam of FIG. 1;
PAR  FIG. 4 is a block diagram of the apparatus used for deflecting the laser
      beam of the apparatus of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1 there is shown a schematic illustration of a
      pattern generator of the type in which the invention may be employed. The
      purpose of the pattern generator is to reproduce the image of a pattern,
      typically an integrated circuit configuration, which is initially stored
      as electronic data on an appropriate medium such as magnetic tape in
      storage apparatus 11. The pattern to be generated typically consists only
      of transparent and opaque regions represented by the digital data; for
      example, a positive voltage pulse or a "one" bit represents a transparent
      spot to be reproduced, while a "zero" bit or the absence of a pulse
      represents an opaque spot. The information is eventually reproduced on an
      underside of a workpiece 12 which is exposed to focused light generated by
      a laser 13. The workpiece may be coated with a film of iron oxide which is
      selectively evaporated by the focused writing beam 14 to describe the
      desired pattern.
PAR  A control circuit 15 periodically causes electronic data from storage
      apparatus 11 to be transmitted to an optical modulator 16 where it
      intensity modulates the writing beam 14. Since the modulation information
      is digital, it may be used simply to switch the beam off and on; for
      example, a "zero" bit may cause the writing beam to be deflected off-axis,
      while a "one" bit permits the writing beam to be transmitted to the
      workpiece to form a spot, or vice versa. The modulated writing beam is
      reflected by a mirror mounted on a carriage 18, and after reflection, is
      focused by a machining lens 19.
PAR  Scanning of the major portion of the bottom surface of workpiece 12 by
      laser beam 14 is accomplished by causing carriage 18 to reciprocate in an
      x direction as shown, and by stepping workpiece 12 in a y direction after
      each x-direction scan. The workpiece is driven by a stepping motor 20,
      controlled by the control circuit 15, and the writing machine machines the
      workpiece as the carriage travels in both positive and negative x
      directions. As described in more detail in the Firtion et al. application,
      the x-direction reciprocation of carriage 18 is maintained by two
      oppositely disposed coil springs 21 between which the carriage rebounds.
      An impulse is applied to each coil spring when it makes contact with the
      carriage in order to maintain carriage reciprocation along a low friction
      linear air bearing.
PAR  An input to the control circuit 15 is taken from a photodetector 22 which
      generates a signal indicative of the x-direction motion of carriage 18. A
      laser 23 directs a code beam 24 to a mirror 25 which reflects the beam
      through a code plate 16 to the photodetector 22. The code plate comprises
      an array of alternately opaque and transparent regions that alternately
      obstruct and transmit code beam 24 as the carriage moves in the x
      direction to generate a pulse train, transmitted to the control circuit
      15, which indicates the instantaneous location of the carriage. The
      termination of each scan line is indicated by code areas 28 and 29 on code
      plate 26 which in turn controls both the stepping motor 20 and the data
      for modulating a laser writing beam. Storage apparatus 11 and control
      circuit 15 may typically comprise a computer which is programmed to
      accomplish the above functions, as well as such other functions as error
      detection and correction and provide a visual display from which the
      pattern generation can be monitored. As an alternative to code areas 28
      and 29, an "electric eye" photodetector arrangement can be used to
      indicate extreme locations of the carriage.
PAR  While laser 13 could theoretically take any of a number of different forms
      it has been found that a YAG (yttrium-aluminum-garnet) laser operated in
      the "cavity dumped" mode is best suited for machining the iron oxide film.
      As is known, a laser operated in this manner inherently projects a light
      beam as a series of pulses. When it is operated to generate an output on
      the order of two or more watts, as is desired for the operation described,
      it is most efficiently operated at a minimum rate of about 300 kilohertz.
      Mechanical considerations, however, dictate that carriage reciprocation in
      the x direction be at a velocity which corresponds to about 100,000 bits
      per second, or 100 kilohertz, and during normal operation, this is the
      pulse frequency generated using photodetector 22 in response to the normal
      carriage velocity. Thus, when operated in a straightforward manner, two of
      every three pulses generated by the laser would not be used.
PAR  In accordance with the invention, greater efficiency and a faster rate of
      pattern generation is achieved by forming three scan lines simultaneously
      during reciprocation in one direction. In other words, rather than simply
      machining a succession of spots on a single scan line, writing beam 14 is
      modulated to machine a spot on a first scan line, deflected in the y
      direction to form a spot on an adjacent scan line, deflected again to
      machine a spot on a third scan line, and then returned to form the
      successive digital location on the first scan line. This process is
      repeated so that at each digital location during carriage reciprocation,
      the writing beam is stepped to machine spots on three adjacent scan lines.
      This of course requires that the data be rearranged in storage apparatus
      11 from that which would normally occur. That is, data from three adjacent
      scan lines are interspersed rather than being stored sequentially as would
      normally be the case, an arrangement that is easily accomplished. However,
      it is most easily implemented if the simultaneous scanning is only used in
      those locations at which the information is identical. For example, if
      three consecutive scan lines are intended to define together a transparent
      region, all of the constituent spots of the scan lines would be "one"
      bits, and in this case it would be quite easy to "intersperse" the data of
      the three scan lines. Since mask patterns are generally defined by
      relatively large transparent and opaque regions, consecutive scan lines
      are frequently identical, and significant economies can be achieved by
      using the invention only where the successive scan lines are identical;
      where they are nonidentical, individual scan lines can be machined
      independently as before.
PAR  The formation of patterns by machining successive spots is predicated on
      the assumption of a predictable overlap of successive spots both in x and
      y directions. Simple y-direction deflection during carriage reciprocation
      would result in misregistration of the spots on consecutive scan lines;
      that is, the successive spots in the y direction would be displaced due to
      the carriage velocity. To compensate for the carriage velocity and to give
      vertical registration of the machined spots, the beam is deflected at an
      angle of arccot (1/n) with respect to the x direction, where n is the
      number of scan lines being simultaneously machined, in this case, three.
PAR  Referring to FIG. 2, successive spots in the x direction are designated as
      spots 30 and 31. As indicated before, two spots on adjacent scan lines are
      made between the machining of spots 30 and 31, and if these spots were
      made by simple vertical deflection in the y direction, misalignment would
      occur. Instead, the beam is deflected at an angle a equal to arc cotangent
      (1/3) or 71.5.degree. . Thus, spot 30 is first machined, then the writing
      beam is deflected in the y direction at angle a  to machine spot 33, then
      spot 34 of the next superjacent scan line is formed, and then the beam is
      returned to its original vertical location to machine spot 31, after which
      the process is repeated. Due to the velocity of the carriage, when the
      beam is deflected in this manner, the spots 30, 33 and 34 will actually be
      vertically aligned in the y direction when imprinted on the substrate,
      rather than being at an angle as shown.
PAR  The modulator 16 is preferably an acoustooptic modulator comprising a
      crystal of tellurium oxide (TeO.sub.2), a device well known in the art. As
      is known, the direction of deflection of the writing beam with this type
      of modulator depends on the orientation of the crystal axis with respect
      to the light beam. The angle a is easily obtained by simply rotating the
      TeO.sub.2 crystal to give the deflection angle desired. With this proper
      orientation, the modulator will deflect the beam in the y direction along
      line 35 shown in FIG. 2, the extent of deflection depending upon applied
      frequency, as is known.
PAR  The signal to the modulator 16 is customarily applied through a voltage
      controlled oscillator so that a high voltage will produce the
      correspondingly high frequency needed for a large deflection. Curve 37 of
      FIG. 3A illustrates the staircase voltage needed to deflect the beam as
      shown in FIG. 2. The lower voltage level corresponds to a frequency f1 for
      giving spot 30; the next level corresponds to frequency f2 needed for
      machining spot 33; and the upper level corresponds to relatively high
      frequency f3 for machining spot 34. As mentioned before, proper
      orientation of the modulator insures deflection at an angle along line 35.
PAR  FIG. 3A shows deflection needed when the carriage is moving in the positive
      x direction. When the carriage is moving in the negative x direction,
      deflection of course would have to be along an angle which is the
      complement of angle a. It would greatly complicate the apparatus to
      reorient the modulator each time the carriage reversed its direction of
      reciprocation. However, the same effect is conveniently achieved by
      deflecting the beam in the y direction in reverse order when the carriage
      is moving in the negative x direction; that is, reversing the direction of
      deflection of the writing beam. Referring to FIG. 2, when the carriage
      moves in the negative x direction, the beam is deflected in the y
      direction along line 35, first forming spot 34, then spot 33, and finally
      spot 30.
PAR  Referring to FIG. 3B, staircase wave 38 is used for deflecting the beam in
      the y direction during carriage movement in a negative x direction. The
      initial voltage corresponds to frequency f3 which gives maximum deflection
      in the y direction and such deflection is reduced to frequency f1, the net
      result being a progressive deflection downwardly in the negative y
      direction.
PAR  A block diagram of the circuit used for generating staircase waves 37 and
      38 is shown in FIG. 5. For convenience, the output frequency of the code
      plate and photodetector 26-22 is arranged to generate a pulse frequency of
      50 kilohertz. This output is multiplied sixfold by a multiplier 40 with
      the resultant 300 kilohertz signal being directed to a counter 41. As
      mentioned before, the code plate-photodetector combination 26-22 also
      detects the change of direction of the carriage, and this information is
      transmitted both to the control circuit 15 and the counter 41.
PAR  The counter 41 generates digits 0, 1, 2 at 300 kilohertz when the carriage
      is moving in the positive x direction and is responsive to a change of
      direction signal to generate the digits 2, 1, 0 when the carriage is
      moving in the negative x direction. This digital information is
      transmitted to a digital-to-analog converter 42 which generates the
      voltage staircase represented by curves 37 and 38 of FIGS. 3A and 3B. This
      in turn is translated to the three frequencies shown in these drawings by
      a voltage-controlled oscillator 43. These different frequencies are mixed
      with data from the control circuit 15 in a mixer and amplifier 44 and then
      transmitted to the modulator 16. As mentioned before, the data supplied by
      control circuit 15 either permits or does not permit a machined spot.
PAR  It is convenient to place the external TeO.sub.2 acoustooptic modulator
      directly in the output path in the laser cavity at which location the
      laser beam has a diameter (at 1/e.sup.2 in intensity) of approximately 1.1
      millimeters. The velocity of sound in the modulator is 0.61
      millimeters/microsecond, so that it takes approximately 1.80 microseconds
      for sound to cross the writing beam. With a rise time of the voltage
      controlled oscillator of about 0.5 microseconds, there is ample time in
      the 3.3 microseconds between laser pulses to fill the aperture and the
      beam is deflected with negligible degradation.
PAR  To produce a spot of 8 to 10 microns in diameter, it is observed that the
      machining lens 19 is operated at approximately f/5. With a 10X microscope
      objective having a focal length of 16 millimeters, this implies a writing
      beam diameter at the entrance pupil of about 3 millimeters. A shorter
      focal length lens is not desirable because the higher laser power density
      at the lens could shorten its lifetime. In addition, the reduced working
      distance could introduce problems of mechanical clearance and possibly
      deposition of machining debris. It is also desirable that the machining
      lens be operated telecentrically so that the separation of the three lines
      of machined spots does not change if the distance between the lens and
      substrate varies. This condition is effectively satisfied if the chief
      rays of the three deflected beams coincide at the entrance pupil of the
      lens 19.
PAR  Both of these conditions are satisfied by imaging the modulator at the
      entrance pupil of the machining lens 19 with a magnification of about 3X.
      A spherical mirror of 1 meter radius (not shown) may be used as the
      imaging element instead of a lens, because high reflectivity mirrors are
      available with losses of only 0.1-0.2 percent. Because of the high f
      number of the imaging optics, the depth of field is extremely large.
PAR  The mirrors used in our apparatus have been found to introduce
      approximately 6.degree. of image rotation. To compensate for this, the
      acoustooptic reflector is actually mounted at an angle of 77.5.degree.,
      which is equal to the sum of 71.5.degree. and 6.degree..
PAR  The foregoing description has demonstrated how advantage can be taken of
      the relatively high-frequency pulsed output of a cavity-dumped YAG laser
      to machine three adjacent scan lines simultaneously and to increase
      significantly the rate at which patterns can be generated. We have found,
      for example, that the time taken for generating a typical complex
      integrated circuit mask with our technique can be reduced from about 40
      minutes to about 15 minutes. Staircase signals can conveniently be
      generated for giving the required direction for simultaneous scanning, and
      a crystal acoustooptic modulator can easily be oriented to give deflection
      along a proper angle. Scanning can be made during carriage reciprocation
      in both directions by electrically changing the direction of deflection of
      the writing beam.
PAR  The embodiments described herein are intended to be merely illustrative of
      the inventive features involved. Various other modifications and features
      may be made by those skilled in the art without departing from the spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus in which a pattern is formed by raster scanning of a
      writing beam of radiant energy over a substrate surface, including means
      for providing relative reciprocating movement between the beam and surface
      in an x direction, and means for providing relative movement in a y
      direction orthogonal to the x direction, whereby the pattern is defined by
      the forming of successive scan lines on the surface, the improvement
      comprising:
PA1  means for forming n scan lines on the surface, where n is a number greater
      than one, comprising means for deflecting the beam along a line at an
      angle of substantially arccot (1/n) with respect to the x direction and
      sequentially forming n spots of said n scan lines, said deflecting means
      being responsive to the velocity of said relative x direction movement.
NUM  2.
PAR  2. The improvement of claim 1 wherein:
PA1  the means for providing reciprocating x direction movement comprises means
      for providing movement first in a positive x direction and then in a
      negative x direction;
PA1  and the beam deflecting means comprises means for deflecting the beam along
      said line successively in a positive y direction during reciprocating
      movement in the positive x direction, and for deflecting the beam
      successively in a negative y direction during the reciprocating movement
      in the negative x direction.
NUM  3.
PAR  3. The improvement of claim 2 wherein:
PA1  the apparatus is of a type in which the writing beam is a laser beam;
PA1  and the means for providing relative reciprocating movement comprises a
      carriage mounted on a linear air bearing.
NUM  4.
PAR  4. The improvement of claim 3 wherein:
PA1  the apparatus is of a type including means for synchronizing modulation of
      the writing beam with carriage movement comprising a code beam reflected
      from the moving carriage through a code plate.
NUM  5.
PAR  5. The improvement of claim 4 wherein:
PA1  the apparatus is of a type which includes means for indicating change of
      direction of the carriage reciprocation;
PA1  and further comprising means responsive to said indicated change of
      direction of reciprocation for changing the direction of deflection of the
      writing beam.
NUM  6.
PAR  6. The improvement of claim 5 wherein:
PA1  the apparatus is of the type in which a stored digital signal switches the
      laser writing beam to define a sequence of spots on the surface, each spot
      corresponding to one bit of information, which constitutes the pattern;
PA1  the means for forming n scan lines comprises means for stepping the beam n
      times along said deflecting line between the formation of successive spots
      on a single scan line, said stepping being in the positive y direction
      during reciprocating movement in the positive x direction and in the
      negative y direction during the reciprocating movement in the negative x
      direction.
NUM  7.
PAR  7. The improvement of claim 6 wherein:
PA1  the writing beam is deflected by an acoustooptic modulator;
PA1  and the stepping means comprises means for generating a
      positively-extending staircase wave during reciprocating movement in the
      positive x direction and a negatively-extending staircase wave during
      reciprocating movement in the negative x direction, each period of the
      staircase wave having n steps.
NUM  8.
PAR  8. The improvement of claim 7 wherein:
PA1  n equals 3, whereby, during reciprocation in the positive x direction, a
      positively extending staircase wave permits a spot to be formed on a first
      scan line in response to a digital information bit, then deflects the beam
      in a positive y direction at an angle of arccot (1/3) to permit a spot to
      be formed on a second scan line, deflects the beam again in a positive y
      direction at arccot (1/3) to permit a spot to be formed on the third scan
      line, then returns to the first scan line to repeat the sequence until
      reciprocation in the negative y direction, at which time the staircase
      wave extend in a negative direction to deflect the beam in a negative y
      direction at arccot (1/3).
NUM  9.
PAR  9. The improvement of claim 8 wherein:
PA1  the apparatus is of the type employing a pulsed laser for generating the
      writing beam, and said spots are formed in the substrate by laser
      machining;
PA1  the velocity of relative reciprocating movement yields a repetition rate of
      successive spots on a single scan line of m per second;
PA1  and the maximum power of the laser is at a laser pulse repetition rate of
      about n(m) per second.
NUM  10.
PAR  10. The improvement of claim 9 wherein
PA1  the laser is a cavity-dumped YAG laser having a maximum power output at
      about 300 kilohertz.
NUM  11.
PAR  11. In apparatus in which a pattern is formed by raster scanning of a
      writing beam of radiant energy over a substrate surface, including means
      for digitally modulating the writing beam to form a succession of
      overlapping spot locations, means for providing relative reciprocating
      movement between the beam and surface in an x direction, and means for
      providing relative movement in a y direction orthogonal to the x
      direction, whereby each scan line is defined by a succession of spot
      locations and the pattern is formed by successive scan lines on the
      surface, the improvement comprising:
PA1  means for forming n scan lines comprising means for stepping the beam n
      times in the y direction between the formation of successive spots on a
      single scan line;
PA1  the beam deflecting means comprising means for deflecting the beam in a
      positive y direction during relative reciprocating movement in the
      positive x direction, and for deflecting the beam in a negative direction
      during reciprocating movement in a negative x direction.
NUM  12.
PAR  12. The improvement of claim 11 wherein:
PA1  the apparatus is of a type in which the writing beam is a laser beam;
PA1  the stepping means comprises means for generating a positively-extending
      staircase wave during reciprocating movement in the positive x direction
      and a negatively-extending staircase wave during reciprocating movement in
      the negative x direction, each period of the staircase wave having n
      steps.
NUM  13.
PAR  13. The improvement of claim 12 wherein:
PA1  the stepping means comprises means for deflecting the beam along a line at
      an angle of substantially arccot (1/n) with respect to the x direction,
      said deflecting means being responsive to the velocity of said x-direction
      movement.
NUM  14.
PAR  14. The improvement of claim 13 wherein:
PA1  the apparatus is of a type in which the relative reciprocating movement
      comprises a reciprocating carriage mounted on a linear bearing;
PA1  means for generating a code signal to synchronize modulation of the writing
      beam with carriage movement comprising a code beam reflected from the
      moving carriage through a code plate;
PA1  and wherein the means for generating the staircase wave is connected to the
      code signal generating means and is responsive to said code signal.
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PAL  The invention relates to a tracing apparatus operating automatically on the
      basis of digital imputs.
PAL  A buffer-loop is formed in the paper band between each drive roll and the
      control drum, and the loops so formed are balanced by a loop
      corrector/reader device. In one prior art apparatus, this device includes
      photoelectric cells.
PAL  The tracing apparatus is characterized in that it includes three suction
      chambers, one for each buffer-loop and a third central chamber beneath the
      control drum, whereby two saggings of the paper are obtained on either
      side of the control drum that are entirely independent of the two
      buffer-loops.
BSUM
PAR  This invention relates to a tracing apparatus operating automatically on
      the basis of digital inputs.
PAR  In apparatus of this kind, the digital pulses are applied to two
      independent reversible inching motors which drive a tracing head and a
      control drum over which runs a paper band. The tracing head reproduces the
      ordinates and the control drum the abscissae. A paper winding and
      unwinding arrangement includes two two-way-rotating drive rolls, the
      control drum being placed therebetween and parallel thereto.
PAR  A buffer-loop is formed in the paper band between each drive roll and the
      control drum, and the loops so formed are balanced by a loop
      corrector/reader device. In one prior art apparatus, this device includes
      photoelectric cells.
PAR  A suction arrangement assists the formation of the loops and ensures that
      the paper is wrapped to the maximum around the control drum and that the
      latter is properly driven.
PAR  The suction effect consequently operates both between the two buffer-loops
      (which causes the paper to sag beneath the drum, on either side thereof)
      and upon the loops themselves (which tend to lengthen). This sagging and
      lengthening are mutually contradictory, and therefore the total
      independence desirable for the control drum in relation to the loops is
      not achieved.
PAR  The present invention overcomes this drawback and provides a tracing
      apparatus which is characterized in that it includes three suction
      chambers, one for each buffer-loop and a third central chamber beneath the
      control drum, whereby two characterized saggings of the paper are obtained
      on either side of the control drum that are entirely indepenent of the two
      buffer-loops.
PAR  An intermediate roll establishes a line of determinate leakproofness
      between a sag and a buffer-loop.
PAR  Leakage adjustment means are provided for each buffer-loop chamber in order
      to fetch the depression therein to a value below that in the central
      chamber.
PAR  A loop corrector/reader device with a depression detector is provided in
      each buffer-loop chamber.
PAR  The description which follows with reference to the accompanying
      non-limitative exemplary drawing will give a clear understanding of how
      the invention can be carried into practice.
DRWD
PAR  In the drawing,
PAR  FIG. 1 shows in schematic side elevation a tracing apparatus according to
      the invention;
PAR  FIG. 2 is a view looking from above said apparatus; and
PAR  FIG. 3 is a cross-sectional view on an enlarged scale of a roll mandrel.
DETD
PAR  In the embodiment illustrated in the drawing, the tracing apparatus
      includes a tracing head A and a control drum 1 which is contacted by a
      paper band which is rolled onto two winding/unwinding rolls 2 arranged
      parallel to and on either side of the control drum. A buffer-loop is
      formed between each roll 2 and the drum 1.
PAR  The apparatus further includes three suction chambers, a side chamber 3 for
      one of the loops, a side chamber 4 for the other loop and a third central
      chamber 5 ending at a slot 15 extending beneath the control drum and
      parallel therewith.
PAR  The three chambers intercommunicate through their lower ends and have a
      common suction source 6.
PAR  An intermediate roll 7 is supported on each of the upper edges of the slot
      15 of the central chamber 5, and two further intermediate rolls 8 are
      supported on the upper external edges of chambers 3 and 4 respectively.
PAR  In order to permit wider observation of the paper sheet receiving the
      tracing, one of these side chambers (chamber 3) is placed at a lower level
      than the other chamber and accordingly clears one of the walls of the
      central chamber. This wall 9 forms an observation surface before which the
      paper band travels. An intermediate roll 10 is placed on this surface to
      prevent contact of the paper therewith.
PAR  A leakage adjustment device is provided at the bottom of each of chambers 3
      and 4. Such device may be a manually adjustable air damper or a
      counterweighted valve for automatically regulating the leakage or merely a
      simple orifice 12.
PAR  The buffer-loops which move through chambers 3 and 4 are balanced by means
      of a loop detection-correction device comprising at least two depression
      detectors 13. In the embodiment illustrated in the drawing, three such
      detectors are provided.
PAR  These detectors operate by on-off control and are preferably of the kind
      described and illustrated in U.S. patent application Ser. No. 495,892
      filed Aug. 7, 1974 by the Applicant in respect of a "Depression detector."
PAR  The tracing apparatus according to this invention functions as follows:
PAR  The suction assists the formation of the buffer-loop in each side chamber
      by drawing it downwards, and this irrespective of the formation of the two
      lateral sags c beneath and on either side of the control drum.
PAR  The rolls 7 establish two lines of determinate leakproofness between the
      sags c and the buffer-loops, whereby central chamber 5 is isolated from
      the two side chambers 3 and 4.
PAR  Further, the fact that the depression in each buffer-loop chamber is
      brought to a value below that in the central chamber makes it possible to
      ensure satisfactory amplitude for the lateral sags c.
PAR  The means for adjusting the leakage from side chambers 3 and 4 have the
      added advantage of maintaining a constant leakage section irrespective of
      variations in the paper band width, which may or may not be constant.
PAR  Prolonged rotation of control drum 1 in either direction may cause the
      buffer-loop located downflow thereof to be lengthened. Such lengthened
      loop is shown in chamber 4. It uncovers and vents two detectors out of
      three, whereby only the third detector nearest the bottom of the chamber
      transmits a signal triggered by the depression. This signal may be used to
      produce winding motion of the roll 2 which, in the case considered herein,
      is located downflow of drum 1. This motion in turn shortens the loop.
PAR  A shortening of the other loop, shown in chamber 3, exposes two out of
      three detectors to the depression, and the signals transmitted can be used
      to cause pay-out motion of the roll 2 located upflow of drum 1, thereby
      causing said loop to lengthen.
PAR  It goes without saying that changes and substitutions may be made in the
      preferred exemplary embodiment herein described, without departing from
      the scope of the invention as set forth in the appended claims.
PAR  Further, the hollow mandrels of the take-up/pay-out rolls are designed with
      an internal ribbed profile 14 in order to distribute the driving torque
      over a plurality of points and eliminate the noise and peening of the
      drive dogs occuring in prior art systems.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tracing apparatus functioning automatically on the basis of digital
      inputs comprising:
PA1  a tracer head,
PA1  a paper band control drum,
PA1  paper band winding-unwinding means having two winding-unwinding rolls
      positioned on either side of said control drum,
PA1  suction means for assisting the formation of two buffer-loops,
PA1  two chambers receiving said buffer-loops and connected to said suction
      means, said control drum being located between said chambers,
PA1  loop reader-correcter means provided in each of said chambers,
PA1  a central suction slot extending underneath, all along said control drum
      and parallel therewith,
PA1  a roll disposed on each longest side of said suction slot so as to
      establish a line of leakproofness between it and the paper band,
PAL  whereby two sags are freely formed in the paper band beneath and on either
      side of said control drum, the paper band being thus wrapped to the
      maximum around said control drum.
NUM  2.
PAR  2. An apparatus in accordance with claim 1 further characterized by:
PA1  said suction slot being connected to said suction means,
PA1  leakage adjustment means being associated to each of said buffer-loop
      chambers, whereby the depression in said chambers is caused to be fetched
      to a value below that in said suction slot.
NUM  3.
PAR  3. An apparatus in accordance with claim 1 further characterized by:
PA1  a central casing ending at said suction slot,
PA1  one of said chambers being placed at a lower level than said other chamber
      and said central casing,
PAL  whereby one of the walls of said central casing forms an observation
      surface before which the paper band travels.
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ABST
PAL  An apparatus for producing ring patterns from electron diffraction spot
      patterns, which comprises in combination a transparent disc rotatably
      mounted, rotating means for said disc, a light source beneath said disc,
      and photographic means above said disc. The invention also embodies a
      method for producing ring pattern negatives from an electron diffraction
      spot pattern negative by photographing the spot pattern negative while it
      revolves at a speed of at least about 0.5 rps.
BSUM
PAR  In the field of x-ray diffraction methods, automatic equipment is available
      for measurement of the x-ray diffraction pattern, d-spacings and
      intensities. However, such equipment is not operable for an electron
      diffraction pattern because most patterns consist of spots rather than
      rings. It would, of course, be of great advantage and save much time if
      the spot electron diffraction patterns could be adapted for reading in the
      automatic reading equipment. It is accordingly an object of this invention
      to convert the spot patterns of electron diffraction techniques to ring
      patterns desirably without change in the relative intensities of the
      spots.
PAR  In accord with the invention, an apparatus is provided which comprises in
      combination, a transparent disc rotatably mounted, rotating means for said
      disc, said disc being between a light source and photographic means. The
      invention also provides a method for producing a ring pattern negative
      from an electron diffraction spot pattern negative which comprises
      photographing said spot pattern negative while it revolves at a speed of
      at least about 0.5 rps and then developing the exposed film.
DRWD
PAR  In order to further illustrate the invention, reference is now made to the
      drawings.
PAR  FIG. 1 is a front view of the complete apparatus.
PAR  FIG. 2 is a top view taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is a view taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is a view on line 4--4 of FIG. 3 and shows disc rotating means using
      bevel gears.
PAR  FIG. 5 illustrates an electron diffraction spot pattern as originally
      obtained.
PAR  FIG. 6 illustrates the ring pattern obtained from the spot pattern using
      the invention.
DETD
PAR  Referring now to FIGS. 1, 2 and 3, it is seen that the apparatus consists
      of a frame 11 supporting a camera 12 and a rotatable, transparent disc 13
      mounted on a ring gear 14 by screws 15 (FIG. 2). The ring gear is mounted
      on three spur gear assemblies 16a, 16b, 16c one of which 16a is driven by
      means of a shaft 17 attached to a pair of bevel gears 18a and 18b driven
      by a pulley system 19 connected by a belt 19a to a motor 20. The speed of
      the motor can be changed as desired by a speed control 21 adjacent the
      motor. Within the frame 11 and below the disc 13 is a light source 22 for
      projecting a light beam upwardly through the transparent disc 13. It will
      be understood, of course, that, alternatively, the light source may be
      above the disc and the camera beneath it.
PAR  FIG. 2 shows a top view of the aparatus taken on line 2--2 and illustrates
      further the mounting of the transparent disc 13 as already described. As
      can be seen also, an electron diffraction negative 23 is mounted on the
      transparent disc 13 with pieces of an adhesive tape 24.
PAR  FIG. 3 is a side view along line 3--3 of FIG. 2 and gives further detail of
      the mounting and rotating means for the device. Likewise, FIG. 4 which is
      taken along line 4-4 of FIG. 2 shows in detail the pair of bevel gears 18a
      and 18b attached to a shaft 17 which is affixed to spur gear 16a and
      driven by the motor through pulley 19.
PAR  In carrying out the method of the invention, an electron diffraction
      pattern is obtained in the electron microscope using the standard selected
      area diffraction technique, taking two or more exposures. Multiple
      exposures are generally required because the spots cover a wide range of
      intensity values, and high d-values and strong spots might be lost in the
      increasingly blackened center portion or might be broadened before the
      weaker spots could be recorded. If inspection of the original photographs
      show high d-values and/or spots in one exposure which do not show in
      another, an intermediate negative is prepared from each exposure, unless
      direct positive films are used. The intermediate negatives are made by
      contact exposure of the originals and, in doing so, it is helpful to use a
      variable diaphragm inserted in the light path in order to burn in the
      darker central spot and reduce the overall contrast variations. The
      intermediate negative is then accurately centered on the transparent disc.
      This is accomplished by locating the center of the negative with a
      transparent template and piercing it with a sharp needle. With the needle
      still in the central hole, the negative is removed from the template and
      transferred to the transparent disc, the needle being pushed into a hole
      drilled into the disc center. The negative is then fastened firmly to the
      disc, usually with an adhesive tape, and the needle removed. The disc is
      then rotated and the negative exposed while such rotation takes place.
      Rotation should be at least about 0.3 rps and preferably will be from 0.3
      to 3 rps, although higher speeds are, of course, operable. In developing
      the exposed film it is preferable to underdevelop about 25% in order to
      further reduce overall contrast. The developed film will show a ring
      pattern, which can be placed on a film densitometer to obtain d-values. It
      is to be understood, of course, that numerical relative intensity values,
      although obtainable from the densitometer charts, will be inaccurate due
      to exposure variables, but they may be found to be of some use in
      conjunction with ASTM card files.
PAR  Reference is now made to FIGS. 5 and 6 which illustrate the effect achieved
      by means of the invention. FIG. 5 photographically illustrates the
      diffraction pattern negative obtained from stannic oxide on an electron
      microscope. The dark spots scattered throughout the film represent the
      scattering of electrons due to the particular crystal spacings of the
      material under the microscope. A few rings do appear on the negative
      because the compound was impure and the rings result from completely
      random orientations of relatively high concentration of a component. In
      addition, the polymeric film substrate which supported the sample
      contributes some ring patterns, but these rings do not include the data
      represented by the scattered spots. FIG. 6 is a picture taken of the
      negative of FIG. 5 as it was spinning on the apparatus of the invention at
      0.3 rps and it is clear that a series of distinct rings have been
      generated. These rings are adaptable to reading by the automatic reading
      equipment for x-ray diffraction patterns (e.g. a Siemens densitometer).
      Thus, it is clear that the invention provides a valuable contribution to
      the art.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. An apparatus for producing ring patterns from an electron diffraction
      spot pattern which comprises in combination, a frame supporting a
      rotatably mounted transparent disc having a center hole for centering an
      electron diffraction spot pattern negative on said disc, rim drive means
      for said disc, a light source mounted on said frame beneath said disc and
      directed upwardly at said disc, and photographic means mounted on said
      frame above said disc to photograph the ring pattern generated when said
      mounted spot pattern negative is revolved.
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ABST
PAL  An improved flash lamp attachment for self-developing collapsible cameras
      provides high pressure xenon flash illumination by means of removable and
      separate flash lamp and power-pack assemblies. The powerpack circuitry
      utilizes part of the voltage provided within the camera film battery pack
      along with voltage supplied by an auxiliary battery disposably contained
      within the power-pack assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The advent of self-developing collapsible cameras has introduced a new
      dimension in rapid on-the-scene film developing.
PAR  The new type Polaroid SX-70 camera develops brilliantly colored photographs
      external to the camera in a process that compares, for example, to time
      lapse photography in its ability to rapidly and somewhat mysteriously
      bring color photographs to life.
PAR  The SX-70 camera utilizes a new film composition and chemistry different
      from ordinary self-developing cameras. The use of a special film therefore
      allows the film package to contain a battery within the film pack. This
      battery provides power both for the camera operation mechanism and for
      energizing flash lamps when flash lamps are necessary.
PAR  So far the new SX-70 camera has been mainly limited to an explosion type
      flash bulb of the type using consumable metal powders heated to
      irridescense in an oxygen rich environment. Several of these flash bulbs
      have been combined in a series to form a flash pack or bar in order to
      provide a sufficient number of flashes roughly equivalent to the useful
      life of the battery contained within the film package. One example of such
      a flash bar device is disclosed within U.S. Pat. No. 3,748,985 assigned to
      the Polaroid Corporation.
PAR  The use of a number of explosive flash bulbs has presented a problem in
      view of the very nature of its expendibility since the flash bulbs have to
      be disposed of when used.
PAR  The Polaroid SX-70 type camera by the use of unique self-developing films
      avoids a lot of the messy paper containers and chemicals necessarily
      involved in earlier type self-developing films. The new film process
      presents an ecological advancement since less material remains to be
      discarded or disposed of than by methods previously employed. The use of
      disposable flash bulbs, consisting mainly of glass and plastic, therefore
      presents a problem of disposal inconsistent with the ecological advantages
      presented with the advent of the SX-70 camera.
PAR  The use of a large number of disposable flash bulbs within a package
      results in an uneven distribution of light, and in cases where the subject
      is mainly illuminated by the flash, for example, in low ambient light
      area, "hot spot" regions of intense illumination can occur due to the
      particular narrow reflector geometry. Another limitation which sometimes
      occurs when the lighting ambient level is quite low, and when the
      principle source of illumination is mainly provided by the flash bulb, is
      the possibility of a slightly blurred photographic image when the subject
      being photographed is in motion.
PAR  All of the above disadvantages can be overcome by the use of electronic
      flash lamps of the type employing a xenon arc tube. The tube has very long
      operating life and presents no immediate ecological disadvantages. The
      optimum reflector geometry provides a uniform light distribution pattern
      for eliminating "hot spots" and, due to its very short and intense flash
      duration, is able to take action pictures in low lighting ambients without
      blurring. Heretofore, electronic flash lamps have not generally been
      utilized for self-developing compact type collapsible cameras mainly
      because the flash assembly apparatus and related electronic circuitry was
      not compatible with the camera's compact design features. The electronic
      flash attachments of the prior art were very effective for providing
      sufficiently bright and concentrated light for photographic requirements,
      but required auxiliary power-packs that could not be conveniently and
      readily removed from the camera prior to collapsing. The collapsible
      feature of the camera afforded easy storage and handling facility which
      was not in accordance with the removal of auxiliary and in some cases,
      bulky electronic flash gear.
PAR  The purpose of this invention is therefore to provide an improved flash
      attachment readily and conveniently removable from collapsible
      self-developing cameras. The attachment multi-functionally utilizes part
      of the film power-pack voltage in cooperation with an auxiliary battery
      voltage to provide thousands of high intensity flashes of extremely short
      pulse duration.
PAC  SUMMARY OF THE INVENTION
PAR  A novel electronic circuit has been developed for providing xenon lamp
      emission with electrically determined time synchronization between camera
      shutter opening and peak light intensity. Such a unit is described within
      copending application Ser. No. 453,666, assigned to the assignee of the
      instant invention. The improved electronic circuit described within the
      aforementioned application in combination with the multi-functional
      mounting and design features of the instant invention therefore provide an
      electronic flash unit suitable for new, compact, self-developing and
      collapsible cameras and therefore provides all the aforementioned benefits
      of the electronic flash over the explosive type flash units of the prior
      art.
PAR  According to the broad aspects of the present invention there is provided
      an improved flash lamp attachment comprising a xenon arc tube and
      reflector assembly, and a power-pack unit both being readily removable
      from the camera. The power-pack provides multi-functional power
      utilization in cooperation with the self-contained battery provided
      separately with each film package. The biasing voltage for the electronic
      charging and synchronizing circuit contained within the power-pack unit is
      supplied by the battery contained within the disposable film pack, and the
      power required for igniting the xenon flash lamp is provided by a separate
      disposable battery contained within the power unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded front view of the inventive flash attachment and the
      collapsible camera;
PA1  Fig. 2a is a front perspective view of the collapsible camera with the
      inventive flash attachment connected to the camera in an operative
      position;
PAR  FIG. 2B is a perspective view of the electrical connecting member apart
      from the flash attachment;
PAR  FIG. 2C is a front view of the collapsible camera with the inventive flash
      attachment connected to the camera;
PAR  FIG. 3 is a side view of the collapsible camera in its compact collapsed
      state with the inventive flash attachment connected to the camera; and
PAR  FIG. 4 is a side view of the camera and flash attachment with the camera in
      an open and operative position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a Polaroid SX-70 camera 11 in its open position showing an
      insert slot 12 for receiving the flash electrical contact member 14 and an
      exit slot 13 where the film passes from the camera after the picture has
      been taken. A film and battery unit are contained directly behind the film
      exit slot 13 and is not shown in the drawing. The flash lamp and reflector
      unit 16 shown in exploded position relative to its location on the camera
      has a transparent window 17 on its forward face so that the light
      generated within the unit is projected in a forward direction. A number of
      contacts 15 are positioned on the electrical contact member 14 for
      electrical coupling between the unit 16 and the camera 11 by means of
      insert slot 12. The power-pack 18 shown in exploded view relative to its
      position on the camera 11 has an operating access member 9 on its top
      surface for providing ready access to the electronic circuitry and the
      battery contained within the power-pack. The ridge-like extension 19 on
      the top surface of the power-pack 18 extends along the top, sides and back
      surface. The top front surface, however, is open so that power-pack can be
      slid onto the camera 11. Mounting the power-pack 18 to the camera 11 is
      accomplished by bringing the power-pack open portion of the extending
      members 19 in contact with the bottom part of the camera 8 and sliding the
      power-pack forward while the extending members 19 engage the bottom part
      of the camera 8 until the extending members completely enclose the bottom
      part of the camera 8. Rail members 10 attached to the top extending
      members 19 meet and engage between the power-pack and camera and provide a
      firm attachment between the power-pack and the camera for preventing the
      power-pack from inadvertently becoming loose and sliding away from the
      camera.
PAR  FIG. 2A shows the collapsible camera 11 with both the flash lamp and
      reflector unit 16 attached and the power-pack 18 connected. Electrical
      connection is provided between the power-pack 18 and the flash lamp and
      reflector unit 16 by means of flexible electrical connecting member 20 and
      electrical insertion jacks 27 provided on both the flash lamp and
      reflector unit 16 and power-pack 18. FIG. 2B shows one embodiment of an
      electrical connecting member having end contact members 22 in the form of
      electrical insert plugs at both ends. In order to prevent electrical
      connection between the camera and the connecting member 20 an external
      insulating coating 21 is generally present on the outer surface of the
      electrical connecting member 20.
PAR  In the operating phase of the flash attachment and camera combination good
      synchronization between the lens shutter opening 25 in the flash produced
      by the xenon flash lamp 23 shown at FIG. 2C is accomplished by the circuit
      contained within power-pack 18 which circuit is described in detail in the
      aforementioned patent application incorporated by reference within this
      application. A highly polished reflector unit 26 is provided behind and in
      axial alignment with xenon flash lamp 23 for projecting the light in a
      flood light illumination pattern forward of the camera lens 25.
PAR  The distance D depicted in FIG. 2C represents the separation distance
      existing between the flash lamp 23 and the camera lens 25. This distance
      has been particularly chosen so that the flash attachment and camera
      combination will produce the best photographic images heretofore
      obtainable for this particular camera. Most camera users gauge the
      subject's distance by means of the appearance of the subject within the
      camera view finder 7 shown in detail in FIG. 4. However, it quite often
      occurs when the light ambient is low and the main source of illumination
      is provided by some sort of a flash lamp attached to the camera that the
      distance as gauged, for example, by the image of the photographic subject
      in the view finder 7 is not the optimum distance in view of the problems
      that quite often occur in colored film photography under intense
      artificial illumination.
PAR  One of the more serious problems is the red appearance of the subject's
      eyes occurring in the developed photograph when intense artificial
      illumination is used as the principle source of light. This reddish
      occurrence, defined below in greater detail, is directly related to the
      separation distance D which exists between the flash lamp and the camera
      lens. The separation distance D therefore of the inventive flash
      attachment in combination with the new SX-70 collapsible camera was chosen
      to provide high quality color photographs particularly when the ambient
      light level is low.
PAR  The reflector geometry for the flash lamp and reflector housing is
      particularly designed to give a flood lamp type illumination to the
      subject as seen through the view finder in order to substantially
      eliminate the "hot spot" problem which may occur with the very narrow
      reflectors used with the flash bar attachment of the prior art. Uniformly
      illuminated color photographs have been achieved by means of the broad
      parabolic reflector design and the confocal tubular geometry of the xenon
      arc tube light source. The linear relationship existing between the
      tubular geometry of the lamp and the wide parabolic geometry of the
      reflector make the resulting reflective flash pattern appear to occur from
      a more linear source than from a point source relationship that exists
      with the smaller flash bulb and reflector of the prior art.
PAC  OPERATION OF THE PREFERRED EMBODIMENT
PAR  In order to evaluate the improved electronic flash and camera combination
      the following tests were performed.
PAR  A self-developing Polaroid SX-70 camera containing the inventive flash
      attachment and utilizing the synchronization circuit disclosed within the
      aforementioned copending application Ser. No. 453,666 was evaluated in the
      following manner.
PAR  A young child particularly susceptible to "red eye" characteristics when
      using the self-developing color film was chosen as a photographic subject.
      Red eye for the purpose of this disclosure is defined to be the reddish
      appearance of a photographic subject's eye on film caused by light
      reflected back to the lens from the CHOROID layer in the retina. The "red
      eye" problem is believed to be related to the close proximity of the flash
      to the lens axis. "Red eye" generally occurs when the subject is at
      distance roughly equal to 30 times the separation distance of the flash
      source and the lens axis. Therefore the closer the flash source is located
      relative to the lens axis, the shorter the subject distance to the camera
      before "red eye" becomes noticeably pronounced.
PAR  Using the aforementioned young subject for this experiment we found that
      the advent of "red eye" occurred at a greater distance with our electronic
      flash than with the conventional flash bar type attachment. Since the
      flash to lens separation is greater for the inventive flash than with the
      flash bar of the prior art, this result appears consistent with the
      prevalent theory as to the choroid reflection.
PAR  We also discovered for equivalent flash to lens separation distance with
      both the inventive electronic flash and the flash bar of the prior art
      (since the flash "travels" on prior art flash bar devices due to the
      linear flash arrangement along the flash bar axis) that red eye was less
      pronounced with the inventive flash combination than with the prior art
      flash bar. This is possibly due to the fact that the shorter pulse of
      greater light intensity occurring with the inventive electronic flash
      causes the subject's pupil to dilate to a greater degree than with the
      longer flash time that occurs with the explosive flash bulbs used in the
      flash bar of the prior art. The greater the dilation of the pupil the
      lesser the amount of light reflected directly from the choroid layer and
      the lesser the amount of red eye.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an improved electronic flash unit for a collapsible camera containing
      a self-developing film pack, said unit of the type including a flash lamp
      positioned above the camera lens and a power pack below the camera lens,
      wherein the improvement comprises:
PA1  means for mounting the power pack flush with the bottom of the camera, said
      mounting means being integrally formed with the power pack for providing
      connection with said camera when said camera is in both a collapsed
      inoperative position and an open operative position, said means including
      engaging members extending from the top of the power pack and engaging the
      bottom sides of the camera to provide press fit retention between the
      power pack and the camera.
NUM  2.
PAR  2. The improved electronic flash unit of claim 1 wherein said flash lamp is
      removably connected with said camera by means of a bayonet-type electrical
      connection.
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PAL  A single lens reflex camera of the interchangeable view finder type
      includes a pentaprism view finder having a casing provided with opposite
      followers slideably engaging grooves in parallel tracks on the camera body
      top wall. A lock element is mounted on a swingable arm carried by the view
      finder casing and is spring urged into locking engagement with a recess in
      one of the tracks. The view finder occular is provided with a coaxial
      collar rotatably supporting an unlock ring having a pin projecting through
      a slot into the casing and connected by a lost motion coupling to one end
      of a link which is connected to the swingable arm so rotation of the ring
      disengages the lock element from the lock recess.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to improvements in single lens
      reflex cameras, and it relates more particularly to a single lens reflex
      camera having an interchangeable view finder.
PAR  In a single lens reflex camera provided with an interchangeable view finder
      of the pentaprism type, it is necessary to releasably lock the view finder
      which is coupled to and mounted on the camera body to prevent its
      inadvertent displacement or separation from the camera body. However, the
      mechanisms heretofore provided for releasably locking a pentaprism view
      finder to the body of a camera possesses numerous drawbacks and
      disadvantages. They are generally unreliable mechanisms which contribute
      to the overall bulk of the camera, are frequently inconvenient and
      difficult to operate, are of little adaptability and versatility, and
      otherwise leave much to be desired.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved single lens
      reflex camera.
PAR  Another object of the present invention is to provide an improved single
      lens reflex camera provided with an interchangeable view finder.
PAR  Still another object of the present invention is to provide an improved
      mechanism for releasably locking a pentaprism view finder to the body of a
      camera.
PAR  A further object of the present invention is to provide a mechanism of the
      above nature characterized by its reliability, compactness, convenience,
      simplicity and ease of operation.
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawings, which illustrate a preferred embodiment thereof.
PAR  The conventional pentaprism view finder section is not provided with such
      manually actuating means as film take-up and rewinding means, a shutter
      button, etc. which are provided on the camera main body. The only
      projecting portion of the view finder section is the eyepiece section.
      According to the present invention, a disengagement or unlocking ring is
      arranged around this projecting portion for disengagement action through
      rotation of this ring, so that there is obtained an advantage that no
      other projecting portion is needed for such disengaging action (the only
      projecting portion is the eyepiece section) and therefore the appearance
      of the view finder section is not impaired.
PAR  The present invention thus contemplates the provision of a single lens
      reflex camera comprising a camera body including an objective lens, a view
      finder separably coupled to the camera body and movable between a coupled
      condition and a separated condition, means for releasably locking the view
      finder in its coupled condition including a first locking section
      positioned on the camera body and a second locking section positioned on
      the view finder and moveable between positions of disengagement and
      locking engagement with the first locking section when the view finder is
      in its coupled condition and spring urged into locking engagement with the
      first locking section, and manually operable means positioned on the view
      finder for retracting the second locking section to its disengagement
      position.
PAR  In the preferred form of the improved camera, a pair of laterally spaced
      parallel tracks having channels in their confronting faces are located
      atop the camera body, one of the tracks having a recess containing section
      defining the first locking section. The view finder includes a casing
      housing a pentaprism and having laterally projecting follower members
      slideably engaging the track channels, a circular opening in its rear wall
      opposing the pentaprism rear surface, an eyepiece registering with the
      opening and a collar located on the casing rear wall coaxial with the
      eyepiece. The second locking section comprises a locking element or dog
      mounted on a lever swingably supported by the casing and spring biased to
      advance the locking element into engagement with the locking recess. A
      ring is rotatably mounted on the collar and is provided with a pin which
      projects through an arcuate slot in the casing rear wall into sliding
      engagement with a longitudinal slot formed in a link pin connected to the
      lever.
PAR  The improved mechanism is reliable, compact, convenient, easy to operate
      and of great versatility and adaptability.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary top plan view of the mechanism of a single lens
      reflex camera embodying the present invention illustrating the camera body
      and view finder in a coupled locked condition;
PAR  FIG. 2 is a view similar to FIG. 1 with the camera body and view finder
      shown in coupled unlocked condition;
PAR  FIG. 3 is a rear elevational view of that part of the camera as shown in
      FIG. 1; and
PAR  FIG. 4 is a rear elevational view of that part of the camera as shown in
      FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings which illustrate a preferred embodiment of
      the present invention, the reference numeral 1 generally designates a view
      finder pentaprism of conventional construction which is housed in a casing
      or view finder section cover 3 fixed to a view finder main body 2 forming
      a component of the casing 3. Associated with the interchangeable view
      finder is a camera main body 4 having laterally spaced upper parallel
      guide rails or tracks 5 and 5' which are provided in their confronting
      faces with grooves or channels 5a and 5'a which slideably engage
      projecting portions 2a and 2'of the view finder main body. 2. The camera
      main body 4 is provided with a main body cover 6 affixed to the main body
      4. Affixed to the rear wall of the casing 3 is an eyepiece ring or collar
      8 which registers with an opening in the casing rear wall and a manually
      operable unlock or disengagement ring 7 is telescoped by and rotatable on
      the ring 8. The pentaprism rear exit surface confronts the casing rear
      wall.
PAR  A pin 9 is fixed to the disengagement ring 7 and projects through a slot 3a
      in the rear wall of the cover 3 into the inside of the cover 3. The end
      portion 9a of the pin 9 loosely engages a slot or hole 10a in an
      intermediate lever or link 10. A pin 12 fixed to a lock lever 11 is
      pivoted to the other end portion 10b of the link or intermediate lever 10
      remote from pin 9. The lever 11 is pivoted to the view finder section main
      body 2 by a supporting pin 13. In engagement with the pin 13 there is
      provided a return spring 14 whose one end engages an engagement or stop
      member 15 fixed to the view finder main body 2 and whose other end engages
      the pin 12, so that the lever 11 is urged in a counter-clockwise direction
      as viewed in FIGS. 1 and 2.
PAR  Considering now the manual operation of the improved mechanism described
      above from the condition of the locked connection of the view finder
      section with the camera main body (FIGS. 1 and 3) to the condition of
      disengagement (FIGS. 2 and 4), when, in the condition shown in FIG. 3, the
      disengagement or unlock ring 7 is manually rotated in a counter-clockwise
      direction, the pin 9a is moved to the left, so that the intermediate lever
      or link 10 moves to the left as viewed in FIG. 1 against the action of the
      spring 14. This causes the clockwise rotation of the lock lever 11 (FIG.
      2), so that the engagement portion 11a of the lever 11 is disengaged from
      the engagement groove or recess 5b of the guide rail 5 and it is thereby
      possible to uncouple and remove the view finder section.
PAR  In attaching or coupling the view finder section to the camera main body
      the view finder section is brought into connection with the camera main
      body from behind (from below as viewed in FIGS. 1 and 2 and from above as
      viewed in FIGS. 3 and 4) in such a manner that the projecting portions 2a
      and 2'a are brought into engagement with the guide rail grooves 5a and
      5'a, respectively. Further pushing into action causes the engagement
      portion 11a to be brought into contact with the end portion 5c of the
      guide rail 5 whereby the lever 11 is rotated in a clockwise direction as
      viewed in FIGS. 1 and 2, against the action of the spring 14. Accordingly,
      the intermediate lever 10 is moved left but, owing to the elongated
      configuration of the hole 10a, no influence is exerted upon the pin 9a and
      therefore the disengagement ring 7 is not rotated. The view finder section
      is pushed in up to the position shown in FIG. 2, when the action of the
      spring 14 causes the engagement portion 11a to enter the engagement groove
      5b as seen in FIG. 1.
PAR  As mentioned above, according to the present invention, a disengagement
      means can be readily attached around the eyepiece ring of the view finder
      without impairing the appearance of the view finder section.
PAR  If the rotation ring around the eyepiece section of the view finder is also
      to perform a light-shield function, then the mechanism can be so
      constructed that rotation to the right from the neutral position causes
      such light-shield operation and rotation to the left causes the action of
      the means according to the present invention.
PAR  While there has been described and illustrated a preferred embodiment of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A single lens reflex camera comprising a camera main body, including an
      objective lens, a view finder separably connected to said camera main body
      and moveable between a coupled condition attached to said camera body in a
      position exposed to light traversing said objective lens and a separated
      condition detached and separated from said camera body, said view finder
      comprising a casing including a rear wall having an opening and a
      pentaprism housed in said casing and including a rear outlet surface and
      an eyepiece disposed rearwardly of said pentaprism rear surface and
      registering with said wall opening, means for releasably locking said view
      finder in said coupled condition including a first locking section
      positioned on said camera body and a second locking section positioned on
      said view finder and moveable between positions of disengagement and
      locking engagement with said first locking section when said view finder
      is in coupled condition and being resiliently urged into said locking
      engagement with said first locking section, and means for retracting said
      second locking section to its disengagement position, including a manually
      rotatable ring mounted on said casing rear wall in coaxial registry with
      said eyepiece and means coupling said ring and said second locking section
      whereby to move said second locking means between its position of
      disengagement and locking engagement with said first locking section with
      the respective opposite rotations of said ring.
NUM  2.
PAR  2. The camera of claim 1 comprising a collar located on said rear wall
      coaxial with said eyepiece, said manually rotatable ring being supported
      by said collar.
NUM  3.
PAR  3. The camera of claim 2 wherein said locking means comprises a lever
      swingably supported by said casing and having a locking element defining
      said second locking section mounted on and projecting from said lever and
      swingable therewith, said casing rear wall having an arcuate slot formed
      therein, a pin projecting axially from said ring through said arcuate slot
      and a link extending between said pin and lever whereby rotation of said
      ring swings said lever to retract said rocking element.
NUM  4.
PAR  4. The camera of claim 3 wherein said first locking means includes a recess
      engaged by said locking element when said camera body and view finder are
      in a locked coupled condition.
NUM  5.
PAR  5. The camera of claim 3 wherein said link has a longitudinal slot
      slideably engaged by said pin to define a lost motion connection between
      said pin and link.
NUM  6.
PAR  6. The camera of claim 1 including a pair of laterally spaced parallel
      tracks positioned atop said camera body and having confronting channels
      formed therein, said casing having outwardly, laterally projecting
      follower elements slideably engaging said track channels.
NUM  7.
PAR  7. A disengagement means for single lens reflex camera with interchangeable
      view finder in which, corresponding to an engagement part (5b) provided on
      the camera main body, the view finder section is provided with an engaging
      member (11) which is urged in the direction of engagement, a rotatable
      disengagement ring (7) is provided around the eyepiece ring (8) of the
      view finder, and the engagement member (11) and the disengagement ring (7)
      are coupled by a motion transmission mechanism to each other through the
      cover of the view finder section.
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PAL  In a camera including an electric motor for advancing the film an increment
      frame and for cocking and releasing the shutter an interlock mechanism is
      provided for preventing further motor actuation in the absence of a full
      frame advance. The interlock mechanism includes a pair of elements for
      sequentially sensing successively spaced points in the film advancing
      cycle and for enabling a normally disabled motor energizing network upon
      the successive actuation of the sensing elements. The sensing elements may
      be switches actuated by a cam carried by the film take-up shaft and the
      network, in one form, includes a pair of relays energized by the closure
      of respective sensing switches, each relay including a hold switch and a
      controlled switch, the controlled switches being series connected in a
      motor energizing circuit. In the mechanical counterpart the sensing
      elements are pawls actuated by the cam, the successive actuation of the
      pawls releasing an actuating member for closing a switch in series in the
      motor energizing circuit. Other networks and mechanisms are described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to improvements in cameras and it
      relates more particularly to an improved mechanism for automatically
      deactuating an electric motor driven film advance upon reaching the end of
      the film.
PAR  It is well known that in an electric motor driven film take-up mechanism,
      first a predetermined number of film frames is indexed in a frame number
      dial, and when the number of exposed film frames reaches the set value,
      the current supply circuit to the motor is opened to effect an automatic
      stop. When the number of frames is smaller than the value set in the frame
      number dial, the stop is not effected until the set value is reached
      through the performance of a series of actions or of partly omitted
      actions. Therefore, it is desirable to perform an automatic stop
      consequent to some change in operation, such as the halting of the take-up
      shaft owing to exhaustion of the film so as to protect the camera, the
      take-up mechanism and the film.
PAR  There are generally two types of automatic film take-up means;  one in
      which the coupling section to the camera rotates by a predetermined angle
      for an increment film take-up action and the take-up action is then
      stopped, and the other in which a slip coupling is provided in the
      transmission system between the take-up shaft and the drive motor and
      take-up action is carried out until the take-up shaft is stopped.
PAR  Generally, film take-up and make-ready action consists of the following
      actions: (i) film take-up action (ii) make-release-ready and release
      action (iii) release retention and return action (iv) idle rotation action
      for making ready for take-up action. It is well known that in the
      aforementioned slip coupling type, when the film is exhaused the (i) film
      take-up action is omitted and the action (ii) - (iv) are repeated, and
      that in this case the film is forced to stop so that an undesirable
      influence is exerted on the camera mechanism with its consequent drawbacks
      and disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an improved
      camera film advancing mechanism.
PAR  Another object of the present invention is to provide an improved camera
      electric motor driven film advancing mechanism.
PAR  Still another object of the present invention is to provide an improved
      mechanism for automatically disabling the motor drive network in a driven
      film advancing mechanism upon the depletion of the film.
PAR  A further object of the present invention is to provide an improved
      mechanism of the above nature characterized by its reliability,
      ruggedness, simplicity and great versatility and adaptability.
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawings which illustrate preferred embodiments thereof.
PAR  In a sense, the present invention contemplates the provision of a camera
      including take-up means for advancing film, a source of current and an
      electric motor for driving the take-up means, sensing means responsive to
      the movement of the film take-up means to a pair of successive points, and
      a normally control network connecting the motor to the current source and
      being closeable in response to the sensing means responding to the
      sequential movement of the take-up means to the successive pair of points.
PAR  In one form of the improved mechanism a switch actuating member is
      rotatable with the film take-up drive shaft and the sensing means includes
      a pair of normally open switches located in the path of the actuating
      member so as to sequentially close with the film take-up advance. The
      control network includes one or more relays having normally open hold
      contacts and control switch contacts which are connected between the motor
      and current source so that the sequential closing of the sensing switches
      closes and maintains the relay switches in their closed condition to
      permit the energization of the motor through the control network. In an
      alternate form the control network includes a normally open switch between
      the motor and the current source and an actuator member spring biased to
      urge the switch to a closed condition. The sensing means includes a pair
      of pawls releasably locking the actuating member in a retracted position,
      the sequential actuation of the pawls releasing the actuator member. A cam
      mounted in the take-up reel drive shaft successively actuates the pawls
      with the advance of the take-up means.
PAR  The improved mechanism positively and reliably assures the deenergization
      of the film take-up electric drive motor consequent to the depletion or
      exhaustion of the film.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of the mechanical components and a schematic
      view of the electrical network of a preferred embodiment of the present
      invention;
PAR  FIG. 2 is a view similar to FIG. 1 of another embodiment of the present
      invention;
PAR  FIG. 3 is a schematic view of the control network of the mechanism shown in
      FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 3 of another embodiment of the invention;
PAR  FIG. 5 is a perspective view of the mechanical components of a modification
      of the embodiment shown in FIG. 2; and
PAR  FIG. 6 is a view similar to FIG. 3 of a further embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings which illustrate preferred embodiments of the
      present invention, it should be noted that the transmission system between
      the electric drive motor and the film take-up shaft and the release
      mechanism aree of well known construction and relationship, as are other
      components in cameras of the present nature and are accordingly not
      illustrated.
PAR  In FIGS. 1 and 3 there is illustrated a preferred embodiment of the
      invention which is primarily electrical in nature and in which a gear 1 is
      fixed to a shaft 2, and driving power from a motor M is transmitted
      through a known transmission system (not shown). The opposite end portions
      of the shaft 2 are provided with an eccentric cam 5 and a coupling 3 to
      the film take-up shaft 4 of the camera. An angular level 6 which is
      pivoted at its knee to a stationary point on the camera casing is spring
      urged in clockwise direction. One end of the lever 6 is positioned
      adjacent to the lower end of the shutter release pin 7 of the camera,
      while the other end is positioned adjacent to a normally open reset switch
      S6 to be described later. The range of swing of the lever 6 is restricted
      by an abutment pin 8. A coupling pin 16 is provided for transmitting
      release action from a well-known release mechanism (not shown) to the
      lever 6. Relays 9 and 10 are provided, each having two normally-open type
      solenoid actuated switches S7 and S8, and S9 and S10, respectively.
      Energization of a relay solenoid causes the respective two switches to be
      simultaneously closed. One relay circuit is constituted by reset switch
      S6, a current source E, the solenoid of relay 9 and a take-up
      normally-open sensing or detection switch S4 positioned adjacent to the
      eccentric cam 5, while another circuit which is parallel with the last
      circuit is constituted by the solenoid of relay 10, another normally-open
      sensing or take-up detection switch S5 and the reset switch S6 and the
      current source E which are common to these two circuits. The switches S8
      and S10 are for holding or self-retention of respective relays 9 and 10
      and are connected in parallel with sensing switches S4 and S5,
      respectively.
PAR  Between a terminal of the current source E and a terminal of the motor M
      there are provided in series an actuating switch S1, a change-over switch
      S2 and automatic stop or control relay switches S7 and S9, and an
      automatic stop release switch S3 is connected in parallel with the series
      connected automatic stop switches S7 and S9. Thus there are provided an
      automatic current supply circuit, that is, a circuit for film take-up
      action, and a manual current supply circuit, that is, a circuit for
      effecting the release action.
PAR  In operation when the switch S2 is so closed as to establish or close an
      automatic current supply circuit (film take-up action circuit) constituted
      by the current source E, the changeover switcch S2, the motor M, the motor
      M is actuated so that power is transmitted through a necessary
      transmission system (not shown) to the gear 1 so that the shaft 2 is
      rotated to carry out film take-up action. At the same time, the eccentric
      cam 5 is rotated and the take-up detection switches S4 and S5 are
      sequentially momentarily closed, each once for one take-up action. Thus,
      the relays 9 and 10 operate and the self-retention switches S8 and S10 are
      closed, so that even if the take-up detection switches S4 and S5 are
      opened, current supply to the relays is continued, and the automatic stop
      switches S7 and S9 remain closed. The take-up detection switches S4 and S5
      are positioned at a suitable interval so that they are not closed
      simultaneously.
PAR  When this film take-up action is completed, the changeover of the switch S2
      is carried out through the action of any suitable or known coupling
      mechanism (not shown) so that the motor M is stopped. Then, when the
      actuating switch S1 is closed, there is established a closed manual
      current supply circuit constituted by the current source E, the actuating
      switch S1, the relay switches S9 and S7, the change-over switch S2 and the
      motor M, so that the motor M is again energized and actuated.
PAR  At the same time, through the action of a mechanism which is not shown, the
      release action coupling pin 16 is pushed to the right without rotating the
      shaft 2 so that the release lever 6 is swung in counterclockwise direction
      to push the release pin 7 so as to perform the shutter action sequence. At
      this time transfer of the switch S2 is effected so as to close the
      automatic current supply circuit, so that the motor M is actuated. At the
      time of the release action the reset switch S6 is opened, so that current
      supply to the relays is interrupted and the switches S7 - S10 are
      accordingly opened. While the motor M is in operation owing to the action
      of the take-up action circuit, the release lever 6 returns to the original
      position to close the reset switch S6, and then film take-up action is
      started and the aforementioned action is repeated.
PAR  When the film is exhausted and the take-up shaft 4 of the camera is
      accordingly stopped, the shaft 2 and the eccentric cam 5 are also stopped.
      If the rotation of the cam 5 up to this time has failed to close
      sequentially both of the take-up detection switches S4 and S5, either the
      switch S7 or the switch S9 is open, so that the current supply to the
      motor M owing to the closure of the actuating switch S1 is not
      accomplished. Accordingly, shutter action is not effected and the action
      of the mechanism is stopped. If the two take-up detection switches have
      been passed, release action is made once, but in the next take-up action
      the eccentric cam 5 does not rotate at all so that the automatic stop
      switches S7 and S9 remain open, current supply to the motor is stopped and
      the action of the arrangement is stopped.
PAR  Since the take-up detection switches S4 and S5 are not simultaneously
      closed, when the take-up shaft 4 is stopped with one of these switches
      closed, the open state of the other switch causes the mechanism to be
      stopped.
PAR  The above mechanism is unable to perform the film take-up action in case of
      trouble in the take-up and release mechanisms of the camera so that it
      serves as a safety device. After film reloading, the arrangement is
      released from the automatic stoppage state through the following process:
      Take-up action is performed on the side of the camera, the take-up
      detection switch is closed so as to complete take-up action and thereby
      closing automatic stop switches S7 and S9 so that the manual control
      current supply circuit is established. Alternatively, the automatic stop
      release switch S3 is temporarily closed and release action is made in the
      parallel circuit of the automatic stop switch.
PAR  Referring now to FIG. 2, reference numerals 1 to 8 designate the same
      elements as those in FIG. 1. Instead of the relays 9 and 10 of FIG. 1,
      there is provided a mechanism consisting of elements 11 to 18. Take-up
      detection levers or pawls 11 and 12 are pivoted to stationary parts of the
      camera casing and are spring urged clockwise and counter-clockwise,
      respectively. An automatic stop set shaft 13 is provided with a switch
      operating collar or ring 14 fixed thereto, is slideable in the axial
      direction, and is urged by a spring 15 to the left. A release action
      coupling pin 16 is provided and related as in the first embodiment. Pins
      17 and 18 are provided to restrict the swinging movement of the take-up
      detection levers 11 and 12, respectively. As no relays are provided, the
      electric circuits are related only to the motor M and are the automatic
      current supply circuit (take-up action circuit) and the manual current
      supply circuit (release action circuit and include switches S1, S2 and
      S3.) The two automatic stoppage switches S7 and S9 of FIG. 1 are replaced
      by a switch S11. The other structure is the same as that of foregoing
      example.
PAR  The operation of the arrangement last described is similar to that first
      described having relays. The switch operating ring 14 is engaged by the
      take-up detection lever 12 at a position 14c. During take-up action, the
      eccentric cam 5 causes the detection lever 12 to be swung clockwise so
      that the ring 14 is released and moves under spring bias to a position 14b
      engaged by lever 11. During the subsequent take-up action the eccentric
      cam 5 causes the detection lever 11 to be swung counter-clockwise so that
      the ring 14 is disengaged, moves to a position 14a and closes the
      automatic stop switch S11. In the same manner as that mentioned above, the
      switch S2 is changed over. Release action is effected through the action
      of the manual current supply circuit consisting of the current source E,
      the actuating switch S1, the switches S11 and S2 and the motor M. The
      swinging movement of the release lever 6 causes the automatic stop set
      shaft 13 to move to the right and to be engaged by the detection lever 12.
      As a result, the automatic stop switch S11 is held open. At the same time,
      the change-over switch S2 is so operated as to establish the automatic
      current supply circuit. Then returning of release and film take-up action
      is made and the foregoing actions are repeated.
PAR  Under the condition of film exhaustion, the action is similar to that of
      the first embodiment. If, at the start of the take-up action the take-up
      detection lever 11 does not disengage the switch operating ring 14, the
      automatic stop switch S11 remains open so that the motor M in the manual
      current supply circuit is not actuated and accordingly stoppage occurs. If
      the take-up detection lever 11 has made disengagement already, then
      release action is once made. However, at the same time the automatic stop
      set shaft 13 is engaged by the take-up detection lever 12 so that stopping
      is made upon the next manual current supply circuit change-over action.
PAR  Here, disengagement by the take-up detection lever corresponds to the
      process that the take-up detection switch is closed, current is supplied
      to the relays, relay hold is effected and the automatic stop switch is
      caused to remain closed; and set engagement of the automatic stop set
      shaft corresponds to the process in which the reset switch is opened, the
      relays are released from the hold state, and the automatic stop switch is
      opened.
PAR  In the above relay system two series-connected automatic stop switches are
      employed, while in the mechanical system only one switch is employed. In
      the relay system, if the order of closure of the take-up detection
      switches is fixed, then a single automatic stop switch may be employed as
      in the network shown in FIG. 4 in which the first operating take-up
      detection switch S4 actuates and holds the relay 9, and the resultingly
      closed switch S7 enables the current network to supply the relay 10.
      Alternatively the take-up detection switch S5 causes the realy 10 to make
      self-retention and the automatic stop switch S9 to be closed.
      Mechanically, it is possible, as shown in FIG. 5, that two parallel
      systems cause two automatic stop switches S11' and S11" to be serially
      connected together.
PAR  Further, with a relay system it is possible to provide an arrangement in
      which upon release action the relay is in a hold state, the take-up
      detection switch is of normally closed type, and such automatic stop
      switch is arranged so as to be opened during take-up action to release the
      relay and to be closed upon release action. In this case it is necessary
      to provide such circuit that the automatic stoppage release switch S6 is
      opened upon take-up action and is closed upon release action to cause the
      relay to self-hold. Generally, the operation is similar to that mentioned
      above.
PAR  The above applies also to mechanical system and it is possible to introduce
      such process that the take-up detection element causes the automatic stop
      set element to make stepwise movement, and the stepwise engagement element
      is released upon release action.
PAR  As explained above, both the relay system and the mechanical system can
      attain the present objects. With a single automatic stop switch, both of
      the embodiments as shown in FIG. 2 and 5 require a predetermined order to
      of the take-up detection elements. It is also possible to introduce such
      arrangement that a single take-up detection element and two projections,
      etc. for operating the detection element are employed, and two-stage
      action and return action are made by means of well-known stepwise movement
      mechanism employing a ratchet. Similar results can be obtained by such an
      arrangement that, in the relay circuit as shown in FIG. 6, one of the
      take-up detection swtiches S5' is positioned near the take-up completion
      point, and through the fact that upon completion of take-up action the
      take-up detection switch S5' remains closed, one relay is omitted and
      employment is made of the automatic stop switch of the relay.
PAR  Further, a similar result is obtained by detecting completion of take-up
      action by means of an element which is in driving connection with the
      take-up shaft, such as the shutter charge lever. The above is possible
      with the mechanical system.
PAR  There are take-up means in which automatic stopping is accomplished by
      detecting some abnormal condition other than stopping of the take-up shaft
      and an automatic stop switch is provided for stopping the current supply
      for film take-up action and preparatory action for take-up action. It is
      possible to add to such take-up means one-half of the take-up detection
      means according to the present invention, that is, a means for detecting
      passage of one point, so as to make automatic stoppage complete. As one
      such example, the camera is such that when the release button is depressed
      again immediately after the release return action after completion of the
      take-up action and shutter release action, the extent of the movement of
      the release button does not change from that of the moment of the release
      action. The take-up means is such that detection is made of abnormal
      operation or stoppage other than take-up action of the take-up means and
      the camera and current supply for take-up action or preparatory action for
      take-up action is stopped. If the film is exhausted immediately after
      completion of the take-up action and after the release action take-up
      action is to be started, in order to know whether the arrangement is in a
      state in which normal take-up action can be performed or in the state of
      film exhaustion, it is necessary to detect one of the following three:
      that the preceding shutter action has been made; that variation of the
      period of action owing to omission of take-up action; and that the
      preceding take-up action has been made. Detection of shutter action
      requries detection of shutter movement so that a complicated operation is
      necessary. Also, detection of variation of the period of action requires a
      complicated operation. Accordingly, complete automatic stoppage owing to
      detection of conditions other than take-up action can be only carried out
      with take-up detecting means.
PAR  One example is as follows: There is a well-known means which carries out
      automatic stoppage in response to variation of the extent of movement of
      the release button. If this automatic stoppage means is associated with a
      camera in which the shutter release is engaged on the way of take-up
      action but during the time from completion to start of take-up action, in
      spite of shutter action, the extent of movement does not vary, then
      automatic stoppage is not accomplished when the film is exhausted at the
      take-up completion point. Accordingly, there is provided an automatic stop
      means which detects passage of one point during the take-up action which
      is other than the take-up completion point, with the take-up detecting
      means based on a relay or mechanical system according to the present
      invention. If film exhaustion occurs during the time from the start to
      detection point of take-up action, stoppage is made at the time when
      change-over is made to the next release preparation action; if film
      exhaustion occurs during the time from the take-up detection point to
      immediately before take-up completion, stoppage is effected upon the next
      release action; and if film exhaustion occurs upon take-up completion,
      then release action is once made, and stoppage is made at the time when
      change-over is made to the next release preparation action. After
      reloading of film, release from automatic stoppage is carried out through
      the manual take-up action on the side of the camera.
PAR  The above description relates to take-up means in which the change-over to
      the film take-up circuit is made immediately after the release action.
      Similar results are obtained with those means in which change-over is made
      upon the release returning action or on the way of take-up preparation
      action through the process that at the time such change-over closure of
      the reset switch S6 or engagement-set of the automatic stop set shaft 13
      and opening or returning of the set element is carried out before first
      take-up detection.
PAR  As explained above, an important feature of the present mechanism is that,
      through the take-up detection, automatic stoppage is effected when an
      abnormal condition in the stoppage of the take-up shaft occurs owing to
      film exhaustion, inability of shutter action and inability of take-up
      action, so that protection of the camera, the take-up means and the film
      is assured.
PAR  It is to be understood that a mechanism can be provided in which the
      automatic stoppage release switch S3 is in driving connection with setting
      of the film frame number dial or the open-close operation of the camera
      rear lid.
PAR  While there have been described and illustrated preferred embodiments of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety mechanism in an electric motor driven camera for stoppage of
      release action in the absence of the advance of a full frame of film, said
      safety mechanism comprising
PA1  1. a first means for film take-up and shutter charge,
PA1  2. a second means for shutter release,
PAR  3.  a release circuit including an electric motor for driving said shutter
      release means, a current source for said motor, a selectively operable
      first switch for shutter release and an automatic stop switch connected in
      series with said first switch and which upon completion of the take-up
      action stops the current supply for the film take-up action and
      preparatory action for the take-up action, and
PA1  4. a take-up circuit including said current source and said motor for
      driving said first means, and a second switch which is opened through the
      first means by an increase in the film winding force closed in driving
      connection with said second means and stopping said motor when the film is
      exhausted.
NUM  2.
PAR  2. The safety mechanism of claim 1 including a third switch arranged in
      parallel with said automatic stop switch, the shutter being releasable by
      selectively closing said third switch independently of the condition of
      automatic stoppage.
NUM  3.
PAR  3. The safety mechanism of claim 1, including means for three-position
      stepwise movement, said means being in operative connection with the film
      take-up means for respective passages at two different points during one
      cycle of take-up action and in operative connection with the shutter
      release means for returning from the first position to the third position,
      and an automatic stop switch that is opened when said means for
      three-position stepwise movement is in the third position and is closed
      when said means for stepwise movement is in the first or second position.
NUM  4.
PAR  4. The safety mechanism of claim 1, wherein two automatic stop switches are
      arranged in series and in operative connection with the film take-up
      means, said two switches being closed respectively at two different points
      during one cycle of film advance and being opened by the shutter release
      means when the film winding force is increased with the one switch in the
      closed condition.
NUM  5.
PAR  5. The safety mechanism of claim 4, wherein said two automatic stop
      switches are two relay switches each of which has a pair of switches of
      normally open type, one switch of each pair being arranged in series with
      another in the shutter-release circuit, the other switch of each pair
      constituting a circuit for self retention of each relay switch, two
      switches of normally closed type which are arranged to have operative
      connection with the shutter release means for releasing the self-retention
      of the relay switches, and two switches of normally open type which are
      temporarily closed at two different points during one cycle of take-up
      action are arranged so as to energize said two relay switches respectively
      in driving connection with the film take-up means.
NUM  6.
PAR  6. The safety mechanism of claim 4, including two relay switches each of
      which has a pair of switches of normally open type comprising said two
      automatic stop switches, the first relay is energized by the first
      normally open switch which is temporarily closed at the first point during
      a cycle of take-up action in operative connection with the film take-up
      means, the normally open switches in the first relay is for self-retention
      of the first relay, the other switch in the first relay forms an
      open-close switch for supplying the second relay with electric current, a
      second normally open switch which is temporarily closed at the second
      point during a cycle of film take-up action where the film passes after
      passing the first point is connected in series to the switch of the first
      relay for supplying the second relay with electric current, the second
      relay is energized upon closing the second normally open switch while the
      first relay is kept energized, one of the switches in the second relay is
      arranged for self-retention of the second relay, the other switch in the
      second relay is arranged within the shutter release circuit, and a
      normally open switch is arranged in the first relay circuit to release
      self-retention of the first relay in operative connection with the shutter
      release means, whereby the supply of current to the second relay is also
      stopped and the self-retention of the second relay is released as a
      result.
NUM  7.
PAR  7. In a camera including a shutter, a shutter release, a film take-up, and
      an electric motor for driving said shutter release and film take-up and
      for charging said shutter, a motor control mechanism comprising a current
      source, a selectively operable first switch, circuit means including
      second switch means closed in response to said take-up advancing past a
      pair of predetermined points and connected in series with said motor and
      first switch across said current source and means for opening said circuit
      means in response to the actuation of said shutter release, whereby the
      connection of said motor across said current source to actuate said
      shutter release by actuation of said first switch is enabled by the
      advancement of said film take-up a predetermined amount.
NUM  8.
PAR  8. An automatic stoppage means in an electric-automatic film taking-up
      camera in which owing to stoppage of the take-up shaft change-over is made
      from a take-up circuit to a release circuit comprising a take-up and
      release drive motor, a current source, a shutter release control circuit
      including switch means connected between said motor and current source and
      means responsive to the advance of the film take-up through a pair of
      predetermined successive positions during one cycle of take-up action for
      closing said switch means and responsive to the change-over from the
      shutter release control circuit to the take-up action circuit for opening
      said switch, the current supply to the motor being stopped owing to
      opening of said switch because of the stoppage of take-up action.
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ABST
PAL  A film cassette for containing film-sheets comprising a front frame
      mountable in a complementary camera portion, and forming a generally
      off-centre opening, a rear frame forming a generally off-centre opening,
      walls integrally formed with said rear frame and extending to said front
      frame, a wall integrally formed with said rear frame and extending to the
      proximity of said front frame, whereby there is formed a passage for
      removal of film-sheets from said cassette, a light-proof cover sealing
      said rear frame opening and extending around film-sheets in said cassette,
      and a light-proof sheet sealing said front frame opening, whereby
      film-sheets in said cassette may be advanced by a pressure means entering
      said rear frame opening or mounted on said rear frame and acting through
      said light-proof cover.
BSUM
PAR  The present invention relates to a film cassette, and more particularly to
      an improved film cassette of simplified construction, permitting
      film-sheets contained therein to be steadily advanced from the rear in
      such a manner that successive foremost film-sheets are brought to a
      position for exposure within a camera.
PAR  There has recently been developed a type of film which constitutes a single
      unit comprising a positive film, negative film and a container holding a
      processing and developing solution, and which may be developed within a
      camera, whereby it is possible to obtain a positive print almost
      immediately after exposure of the film. The type of camera associated with
      this type of film is generally referred to as an auto-process camera, or
      similar appellation, and the film itself goes under a variety of trade or
      popular appellations, such as monosheet, instant-print, or film-sheet. For
      the purposes of the present description, this type of film will be
      referred to as film-sheet.
PAR  It has been known conventionally to contain film-sheets in a cassette,
      which provides a light-proof protection, and also has a built-in means for
      advancing film-sheets contained therein towards a foremost position for
      exposure, and to insert such a cassette into a camera when it is required
      to take photographs. Such conventional film cassettes have the
      disadvantage that they are bulky, and so present a problem of weight when
      it is wished to transport a large number of film-sheets, and also are
      comparatively unwieldy, and render rapid insertion into a camera
      difficult. Another considerable disadvantage of conventional film
      cassettes is that since cassette must be provided with a special means for
      advancing film-sheets, cassette construction is complex, and cost per
      film-sheet is increased.
PAR  It is accordingly an object of the invention to provide a film cassette
      which is light, compact, and easily manipulated.
PAR  It is a further object of the invention to provide a film cassette which is
      simple and economical in construction.
PAR  In accomplishing these and other objects, there is provided, according to
      the present invention, a film cassette comprising front and rear support
      boards, between which a required number of film-sheets is supported and
      held, and a collapsible light-proof covering. The front support comprises
      an opening, through which foremost film-sheets may be exposed to light
      directed through a camera lens, and which is covered by a supplementary
      light-proof sheet prior to insertion of the cassette in a camera. The rear
      support board comprises an opening, which is sealed to light by a portion
      of the cassette light-proof cover, and through which film-sheets in the
      cassette may be steadily advanced, whereby successive film-sheets are
      brought to a foremost position for exposure.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent from the following description taken by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective front view of a film cassette according to a list
      embodiment of the present invention,
PAR  FIG. 2 is a perspective rear view of the film cassette of FIG. 1,
PAR  FIG. 3 is an exploded view of the film cassette of FIG. 1,
PAR  FIG. 4 is a front elevational view of the film cassette of FIG. 1,
PAR  FIG. 5 is a side elevational view of the film cassette of FIG. 4,
PAR  FIG. 6 is a cross-sectional view, on an enlarged scale, taken through the
      line A--A of FIG. 4,
PAR  FIG. 7 is a rear elevational view of the film cassette of FIG. 4,
PAR  FIGS. 8, 9, 10 are cross-sectional views illustrating the stages of
      insertion of the film cassette of FIG. 1 into a camera, exposure of
      film-cassettes, and emptying of a cassette, respectively,
PAR  FIG. 11 is an exploded view of a film cassette according to a 2nd
      embodiment of the invention,
PAR  FIG. 12 is a cross-sectional view of the film cassette of FIG. 11,
PAR  FIGS. 13, 14, 15 are cross-sectional views of modifications of a film
      cassette according to the 2nd embodiment of the invention, respectively,
PAR  FIG. 16 is a cross-sectional view of a film cassette according to a 3rd
      embodiment of the invention,
PAR  FIG. 17 is a cross-sectional view of a modification of the film cassette
      according to the 3rd embodiment of the invention,
PAR  FIG. 18 is a side view of an alternative film-sheet advance means provided
      in a camera,
PAR  FIGS. 19, 20, 21 are alternative film cassette rear frame openings
      corresponding to different film-sheet advance means.
PAR  Before proceeding with the description, it is to be noted that throughout
      the several attached drawings like numerals refer to like parts. Also, for
      the purpose of the description, terms such as front, back, forwards,
      rearwards, upper, lower, right, left, are to be taken as being in
      reference to a film cassette inserted in a normally upright,
      forward-pointing camera.
DETD
PAR  In FIGS. 1 to 10, there is shown a cassette 1, which is made of thin
      plastic sheet, or similar material, has the general appearance of a
      rectangular case, and is an integral unit comprising a rigid front frame
      2, a collapsible, light-proof cover 3, and a rigid rear frame 4. In FIG.
      3, there are also shown film-sheets FS, which are contained in the
      cassette 1. Each film-sheet FS is an integral unit comprising a front,
      exposure film surface FS1, which is the film-sheet FS surface to be
      exposed to light reflected from external objects and directed through a
      camera lens, a rear positive image surface (not shown in the drawing), a
      sac FS2 containing a conventional solution of processing and developing
      chemicals, which is slightly thicker than the main body of the film-sheet
      FS, and is positioned to the right of the film surface FS1, and a wiper
      board FS3, which is for the removal of excess processing solution extruded
      from the sac FS2, in a conventionally known manner. Film-sheets FS pass
      through a camera C right edge first, and each film-sheet FS further
      comprises an engagement hole FS4 near the top right-hand corners of the
      front side thereof. The hole FS4 in each film-sheet FS is engaged by a
      pawl C8, which is provided in the camera C, and removes the film-sheet FS,
      after exposure thereof.
PAR  As shown in FIGS. 1, 3, the rigid front frame 2 comprises a large, slightly
      off-centre, rectangular opening 2-1. The front frame 2 is substantially
      equal in size to, or slightly larger than a film-sheet FS, and the opening
      2-1 corresponds in size to a film surface FS1 of a film-sheet FS. The film
      surfaces FS1 of successive foremost film-sheets FS in the cassette 1 are
      brought into alignment with the front frame opening 2-1, and may be
      exposed to light therethrough, as described in further detail below. The
      right-hand side of the front frame 2 constitutes a comparatively side
      solid portion, which covers and protects sacs FS4 of film-sheets FS. Near
      the top right-hand corners of the front-frame 2 there is formed a notch
      2--2, extending a short distance leftwards from the right-hand edge of the
      front frame 2. The notch 2--2 aligns with the abovementioned engagement
      hole FS4 of film-sheets FS in the cassette 1. When the cassette 1 is
      inserted in the camera C, the abovementioned pawl C8 may pass through the
      notch 2--2, to engage the hole FS4 of a foremost film-sheet FS in the
      cassette 1, and to draw the foremost film-sheet FS rightwards, out of the
      cassette 1.
PAR  As shown in FIGS. 2, 3, the rigid rear frame 4 comprises a rear wall in
      which there is formed an opening 4-1, and top, bottom and side walls 4-2,
      which extend forwards from the rear wall. The opening 4-1 in the rear wall
      permits a pressure means, such as a flexible pressure plate C4, provided
      in the camera C to pass therethrough, and contact and apply forwards
      pressure on film-sheets FS contained in the cassette 1. The top and bottom
      and left-hand side walls 4-2 extend forwards solidly from the rear wall to
      the front frame 2. The right-hand side wall 4-2 extends to and is fixedly
      attached to the front frame 2, adjacent to the right-hand edge thereof,
      but part of the front edge of the right-hand side wall 4-2 stops short of
      the front frame 2, whereby there is formed a slit 5, as shown in FIGS. 5
      and 6, which is described in further detail below.
PAR  As shown in FIG. 3, and also in FIG. 6, the cover 3 forms a bag-like
      protection, the rear end of which fits into the inside of the rear frame
      4, and which extends forwards to the vicinity of the front frame 2 and
      covers film-sheets FS contained in the cassette 1. The cover 3 is made of
      a collapsible, light-proof plastic, such as polyethelene, or similar
      material, and ensure exclusion of light through the opening 4-1 of the
      rear frame 4. The forward edge of the cover 3 is bonded to the forward
      ends of the top, bottom, and side walls 4-2. The cover 3 does not cover
      the abovementioned slit 5, but otherwise completely covers film-sheets FS
      in the cassette 1. Still referring to FIGS. 3, 6, during non-use of
      film-sheets FS, that is, prior to loading thereof in a camera, the
      film-sheets FS are protected from exposure to light through the opening
      2-1 of the front frame 2 by a supplementary light-proof sheet S. The
      light-proof sheet S is rectangular, and has the same general dimensions
      as, or slightly smaller than the front frame 2, and is lightly bonded
      thereto, and thus completely closes the front frame opening 2-1, at the
      rear side thereof. Near the top right-hand corners of the supplementary
      sheet S there is formed an engagement hole S1, which lies opposite the
      front frame notch 2--2, when the sheet S is in the cassette 1, and which
      may be engaged by the abovementioned pawl C8, in the camera C, to permit
      withdrawal of the sheet S. To ensure exclusion of light through the notch
      2--2 into the cassette 1, a patch S2 of stiff light-proof paper, or other
      suitable material, is stuck over the engagement hole S1, as indicated by a
      dotted line in FIG. 3. The pawl C8 may pierce the patch S2, and so engage
      the hole S1.
PAR  Referring now to FIGS. 4-7, the abovementioned slit 5, at the front end of
      the right-hand side wall 4-2, extends vertically, and has the dimensions
      permitting the supplementary sheet S, or one film-sheet FS at a time, to
      be drawn therethrough. The slit 5 is normally sealed by a flap 6. The flap
      6 is constituted by a plate spring or similar element, which is pivotally
      mounted on the outside of the right-hand side wall 4-2. The elastic force
      of the flap 6 urges the flap 6 to lie flat with respect to the right-hand
      side wall 4-2, and completely cover the slit 5, thereby ensuring exclusion
      of light through the slit 5. When the supplementary sheet S, or a
      film-sheet FS is withdrawn through the slit 5, the flap 6 is moved
      outwards, in opposition to the natural spring force thereof, to the
      position indicated by the two-dot chain line portion of FIG. 6.
PAR  As described above, prior to insertion of the cassette 1 into the camera C,
      film sheets FS contained in the cassette 1 are completely protected from
      light, the rear frame opening 4-1 being sealed by the rear portion of the
      cover 3, the front frame opening being sealed by the supplementary sheet
      S, the supplementary sheet engagement hole being sealed by the patch S2,
      and the slit 5 being sealed by the flap 6.
PAR  In FIGS. 8-10, there is shown the camera C into which the cassette 1 is
      loaded. It will be understood, of course, that the type of camera shown in
      FIGS. 8-10 is merely taken by way of example, and the film cassette of the
      invention is by no means limited to use with the illustrated type of
      camera only, but may be used with equal facility in association with other
      types of camera.
PAR  Referring to FIG. 8, it may be seen that the camera C comprises a swing-out
      back cover C3. The right-hand end of the back cover C3 is pivotally
      mounted at the right-hand end of the rear of the camera C, whereby the
      back cover C3 may be swung open to expose the rear of the camera C. A
      curved, spring-plate catch C6 is mounted on the left-hand end of the back
      cover C3. When the back cover C3 is closed, the catch C6 engages a stud
      C7, which is fixedly attached to the left-hand side of the camera C,
      whereby the back cover C3 is held in place, and seals the camera C. On the
      inner, that is, forward, side of the back cover C3, there is mounted a
      plate spring assembly C5. A pressure plate C4 is mounted on, and
      constantly urged forwards by, the plate spring assembly C5. In a more
      forward part of the camera C, there is formed a positioning frame C1,
      which is complementary in shape to the front frame 2 of the cassette 1,
      and positions the cassette 1 in such a manner that foremost film-sheets
      contained therein may be correctly exposed through the opening 2-1 of the
      front frame 2 to light reflected from external objects and directed
      through a camera lens (not shown in the drawings). On the right and left
      of the interior of the camera C, and rearwards of the positioning frame
      C1, there are formed mounting portions C2, into which the left-hand and
      right-hand sides of the cassette 1 may be fitted, whereby the cassette 1
      may be correctly held in the camera C. In an extreme right-hand portion of
      the interior of the camera C, there is provided a pair of processing rolls
      C9, which is in operative connection with a camera shutter release
      mechanism (not shown in the drawing) in a known manner. After exposure,
      successive foremost film-sheets FS in the cassette 1, in the camera C, are
      drawn rightwards to the rolls C9, by the abovementioned pawl C8, which is
      in operative connection with the camera shutter release mechanism in a
      known manner. The rolls C9 draw exposed film-sheets FS further rightwards,
      and direct the film-sheets FS to, and through an extraction opening C10
      located in the right-hand side of the camera C, while simultaneously
      causing processing solution contained in the sacs FS2 of the exposed
      film-sheets FS to be extruded, whereby positive images of external objects
      are obtained on the positive image surface of the film-sheets FS, in a
      conventionally known manner.
PAR  Referring now to FIGS. 8, 9, 10, in order to load a required number of
      film-sheets FS into the camera C, the camera back cover C3 is swung open,
      and the cassette 1, containing the required number of film-sheets FS, is
      simply inserted into the camera C, the left-hand and right-hand ends
      thereof being fitted into, and held by the mounting portions C2, and the
      front frame 2 thereof fitting against the positioning frame C1. The
      configuration at this stage is as shown in FIG. 8. Next, the back cover C3
      is closed, and held in place by the stud C6 and catch C7, as shown in FIG.
      9. Hereupon the pressure plate C4 passes into the opening 4-1 of the
      cassette rear frame 1, and, due to the forward-acting force of the plate
      spring assembly C5, presses against the rear portion of the collapsible
      cover 3, and exerts a forwards force on the film-sheets FS contained in
      the cassette 1.
PAR  Next, a blank shot is taken, that is, a lens cover is retained on the
      camera lens, to prevent entry of light into the camera, and the pawl C8 is
      actuated. When actuated, the pawl C8 enters the notch 2--2 of the cassette
      front plate 2, pierces the patch S2 covering the holes S1 near the upper
      right-hand corners of the supplementary light-proof sheet S, engages the
      hole S2, moves rightwards along the notch 2--2, draws the supplementary
      sheet S rightwards through the slit 5 at the front end of the cassette
      right-hand side wall 4-2 and brings the supplementary sheet S to the rolls
      C9, which direct the sheet S through the extraction opening C10, as
      described above. The supplementary sheet S having been removed, the
      pressure plate C4 moves the film-sheets FS in the cassette 1 forwards
      slightly, and the foremost film-sheet FS is brought into contact with the
      rear side of the cassette front frame 2, and into a position in which it
      may be correctly exposed, to form an image of an external object on the
      exposure film surface of the film-sheet FS. When this foremost film-sheet
      FS has been exposed, and removed by the pawl C8, in the manner described
      above, the remaining film-sheets are moved forwards by the pressure plate
      C4, and the next foremost film-sheet FS is brought to the exposure
      position. This process is repeated for each shot taken, the film-sheets FS
      are steadily moved forwards, and successive film-sheets are brought to the
      exposure position, while at the same time the cover 3 steadily folds to
      permit this forward movement of film-sheets FS. When all the film-sheets
      FS have been exposed and removed, the pressure plate C4 itself is brought
      into contact with the cassette front frame 2 through the cover 3, as shown
      in FIG. 10.
PAR  Referring now to FIG. 11, there is shown a 2nd embodiment of the invention,
      which while the same in many respects when compared with the
      abovedescribed 1st embodiment, differs therefrom in that the light-proof
      cover 3 is not employed and there is employed, instead, a light-proof
      plate 10.
PAR  The light-proof plate 10 is an integral unit, which may be conveniently
      considered as constituting two rectangular block portions which are a
      rear-side block portion 10a, equal in length and width to the cassette
      rear frame opening 4-1, and a smaller, forward-side block portion 10b.
      Around the periphery of the opening 4-1 there is formed a ledge 4-3 which
      projects forwards at right-angles therefrom, that is, towards the interior
      of the cassette 1, and whose depth is equal to the thickness of the rear
      block portion 10a of the light-proof plate 10. Also, around the periphery
      of the opening 4-1, at the rear edge of the ledge 4-3, there is formed a
      small ridge 4-3a, which projects inwards with respect to the opening 4-1.
      The block portion 10a fits exactly, and slideably against the sides of the
      ledge 4-3, and is prevented from moving rearwards out of the opening 4-1
      by the ridge 4-3a, which also further ensures exclusion of light from the
      interior of the cassette 1. In this configuration, the block portion 10b
      projects forwards of the block portion 10a and ledge 4-3, as illustrated
      in FIG. 12. A required number of film-sheets FS is packed in the cassette
      1, the main areas of the film-sheets FS lying in line with the front
      surface of the block portion 10b, and the sacs FS2 and wiper boards FS3
      lying, respectively, to the left and right thereof, as also shown in FIG.
      12. When the cassette 1 is inserted in the camera C, the pressure plate C4
      fits into the rear frame opening 4-1, contacts and presses the light-proof
      plate 10, and this pressure is transmitted to the film-sheets FS. As the
      supplementary sheet S, and successive foremost film-sheets FS are removed,
      the plate 10 is slid forwards along the sides of the ledge 4-3, and the
      film-sheets are moved steadily forwards, as described above.
PAR  FIGS. 13, 14, 15 illustrate modifications, of the 2nd embodiment of the
      invention, in all of which there is employed a light-proof plate in place
      of the light-proof cover 3.
PAR  In the modification shown in FIG. 13, the cassette rear frame 4 is the same
      as in the 1st embodiment, that is, there is no forward projecting ledge
      around the periphery of the opening 4-1. Exclusion of light through the
      opening 4-1 is effected by a rectangular light-proof plate 10', which is
      larger in length and width than the opening 4-1, and which is lightly
      bounded to the inner side of the rear frame 4 by a suitable chemicals at
      first, around the periphery of the opening 4-1. Film-sheets FS are
      contained, in the cassette 1, between the light-proof plate 10' and the
      front frame 2. When the cassette 1 is inserted in the camera C, the
      forwards pressure of the plate C4 breaks the bonding between the plate 10
      and rear frame 4, and film-sheets FS are steadily moved forwards, as
      preceding film-sheets FS are exposed and removed.
PAR  In the modification shown in FIG. 14, the rear frame 4 forms a simple
      opening 4-1, as in the 1st embodiment. To prevent entry of light through
      the opening 4-1 into the interior of the cassette 1, there is employed a
      light-proof plate 10", which is slightly larger in length and width than
      the opening 4-1, and which forms a rim 10"a. The plate 10" is lightly
      bonded to the inner side of the rear frame 4, a round the periphery of the
      opening 4-1. The rim 10a" is thinner than the main portion of the plate
      10", and extends therefrom to the top, bottom, and side walls 4-2 of the
      cassette 1. A required number of film-sheets FS is packed between the
      plate 10" and front frame 2, the main portions of the film-sheets FS lying
      in alignment with the main portion of the plate 10", and the sacs FS1 and
      wiper boards FS2 lying in alignment with portions of the rim 10a". After
      insertion of the cassette 1 into the camera C, forwards pressure from the
      pressure plate C4 breaks the bonding between the light-proof plate 10" and
      rear frame 4, and is transmitted through the plate 10"  to the film-sheets
      FS. As the film-sheets FS and plate 10" are moved forwards the outer
      periphery of the rim 10a" moves along in contact with the top, bottom, and
      side walls 4-2.
PAR  In the modification shown in FIG. 15, a ledge 4-4a extends forwards at
      right-angles from the periphery of the opening 4-1, and another ledge 4-4b
      extends at right-angles from the forward edge of the ledge 4-4a and
      inwards with respect to the opening 4-1. In other words, the ledge 4-4b is
      generally parallel to the front frame 2. A light-proof plate 10'", which
      is equal in length and width to the opening 4-1, is lightly bonded to the
      ledge 4-4b, on the front side thereof. The pressure plate C4 in the camera
      C fits into the opening 4-1, breaks the bonding between the plate 10'" and
      ledge 4-4b, and transmits forwards pressure on through the plate 10'"
      film-sheets FS in the cassette 1, whereby the film-sheets FS may be
      steadily moved forwards.
PAR  In FIG. 16 there is shown a 3rd embodiment, which while the same in a
      number of respects when compared to the 1st and 2nd embodiments also
      differs in a number of respects, all of which will become apparent below.
PAR  In FIG. 16, the rear frame 4 comprises a ledge 4-3 extending forwards, at
      right-angles, from the periphery of the opening 4-1. A dished plate 11 of
      light-proof material is provided on the inside of the opening 4-1 and
      ledge 4-3. The plate 11 comprises a main portion 11a, which is larger in
      length and width than the opening 4-1, sides 11b, which are equal in depth
      to the ledge 4-3, and a rim 11c, which extends from the sides 11b to the
      cassette side walls 4-2. Film-sheets are initially packed between the
      plate 11 and front frame 2, whereby the plate 11 is brought into contact
      with the front edge of the ledge 4-3. In this configuration, on both the
      left and right of the ledge 4-3, there is formed an enclosure 13 which is
      bounded by a left-hand or right-hand end of the main plate portion 11a,
      side 11b, ledge 4-3 and rear frame 4. An expansion spring 12 is mounted in
      each enclosure 13. The rear end of each expansion spring 12 is fixedly
      attached to the rear frame 4, and the front end thereof is fixedly
      attached to the plate 11. The springs 12 exert a constant forwards
      pressure on the plate 11, and on the film-sheets FS. This embodiment
      therefore does not require the associated camera C to be provided with a
      plate spring assembly C5 and pressure plate C4, but film sheets FS are
      steadily advanced to exposure position by the force of the spring 12.
PAR  FIG. 17 shows a modification of the 3rd embodiment, in which the rear frame
      4 comprises a forwards projecting ledge 4-3, and the plate 11 is replaced
      by a spring plate or diaphragm 11'. The spring plate 11' comprises a main
      portion 11a', which is larger in length and width than the opening 4-1,
      and side extensions 11b', which extend to, and press against the side
      walls 4-2. The spring plate 11' is always tensed against the side walls
      4-2, and the force of the spring plate 11' urges the plate 11' towards the
      front frame 2. A required number of film-sheets FS is packed into the
      cassette 1 between the front frame 2 and spring plate 11. In this
      configuration, the plate main portion 11a' contacts the front edge of the
      ledge 4-3, and the plate 11' exerts forwards pressure on the film-sheets
      FS. In this case, also, the associated camera C is not required to be
      provided with a means for advance of film-sheets FS, since this advance is
      effected by the spring plate 11'.
PAR  The film cassette of the invnetion is easily adapted to use with cameras
      having different film-sheet advance means. For example, an associated
      camera may be provided not with a plate spring assembly C5 and pressure
      plate C4, but with an expansion spring C11 mounted on the camera back
      cover C3, and provided with a cap C12, as shown in FIG. 18. In such a
      case, the cassette rear frame 4 is provided with a centrally located,
      circular opening 4-1', through which the cap C12 and spring C11 may pass,
      as shown in FIG. 19. If the camera is provided with two springs C11, the
      cassette rear frame 4 is provided with two corresponding openings 4-1", as
      shown in FIG. 20. Similarly, if the camera is provided with a narrow
      film-sheet advance plate, the cassette rear frame 4 is provided with
      correspondingly shaped openings 4-3'", as shown in FIG. 21.
PAR  As is clear from the above description, the present invention provides a
      film cassette which is simple and cheap in construction, whereby the cost
      per film-sheet is reduced. The film cassette of the invention also offers
      the advantage that force to advance film-sheets to a foremost exposure
      position is applied evenly, and there is therefore no bending of
      film-sheets in the cassette. The film cassette of the invention is also
      light and compact, which offers the advantages that associated cameras are
      correspondingly lighter, more compact, and easier to handle, that a large
      number of film-sheets may be transported easily, and that manipulation of
      the cassette, and insertion thereof into a camera is simple.
PAR  Although the present invention has been fully described by way of the
      preferred embodiments thereof with reference to the accompanying drawings,
      it is to be noted that various changes and modifications are apparent to
      those skilled in the art. Therefore, unless otherwise such changes and
      modifications depart from the true scope of the present invention, they
      should be construed as included therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A film cassette for containing film-sheets each having an engagement
      hole near one corner thereof, comprising a front frame having an
      off-center opening therethrough with which the film surfaces of successive
      foremost film-sheets in the cassette are brought into alignment and are
      exposed to light therethrough and a notch extending from one side in
      alignment with said film sheet engagement holes, and through which a pawl
      means provided in a camera is passed to engage the hole of the foremost
      film sheet in the cassette and to draw the foremost sheet out of the
      cassette; a rear frame corresponding in size to said front frame, having
      an opening therethrough which permits a pressure means provided in the
      camera to pass therethrough and apply forward pressure on the film-sheet
      in the cassette, top, bottom and first side walls integrally formed with
      said rear frame and extending forward to said front frame and attached
      thereto, a second side wall integrally formed with said rear frame and
      extending to the proximity of said front frame, to form a passage through
      which successive foremost film-sheets are removed from the cassette; a
      first light-proof element provided inside said front frame to seal the
      opening thereof, having an engagement hole aligned with said engagement
      hole of said film sheets and which is removed from the cassette through
      said passage, said engagement hole in said first light proof element being
      covered by a patch of light proof paper; a second light-proof element
      provided inside said rear frame to seal the opening thereof, and which is
      moved forward by said pressure means of the camera; and a flap having
      length and width dimensions greater than said passage and pivotally
      attached to the exterior of said second side such that said flap normally
      covers said passage to prevent the entrance of light into said cassette,
      but is pivotable to allow the exit of the foremost film sheet from the
      cassette.
NUM  2.
PAR  2. A film cassette as defined in claim 1, wherein said second light-proof
      element comprises a cover forming a bag-like protection, the rear end of
      which fits into the inside of the rear frame, and which extends forwards
      to the vicinity of the front frame.
NUM  3.
PAR  3. A film cassette as defined in claim 1, wherein said second light-proof
      element comprises a plate which is larger in size than the opening of the
      rear frame, and which is lightly bonded to the inner side of the rear
      frame, around the periphery of the opening, the bonding between the plate
      and the rear frame being broken by the pressure means of the camera to
      permit the film-sheets forwards, as preceding film-sheets are exposed and
      removed.
NUM  4.
PAR  4. A film cassette as defined in claim 1 wherein said first light-proof
      element comprises a flat sheet having the same general dimensions as the
      front frame.
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ABST
PAL  A simplified camera loading a film having perforations directly therein,
      wherein film advance and shutter actuation are effected by three basic
      elements, which are a shutter actuation plate, a film advance lever, and a
      release lever, thereby to render to minimize necessary elements and to
      reduce the cost thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a simplified camera, and more particularly
      to a simplified camera wherein a film advance means is actuated to advance
      a film one frame simultaneously with movement of a shutter actuation means
      to a cocked position, and the shutter actuation means is retained in a
      cocked position for a required time by engagement of the film advance
      means with a film perforation.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  There are known various types of simplified cameras, which have the main
      object of making it possible to obtain photographs in a simple manner, and
      with low-cost equipment. If classified according to the manner of loading
      film, these cameras may be divided into two broad types. With one type,
      film is provided in a pack or cassette which is loaded into a camera. With
      the other type film is loaded directly into a camera, by a film
      manufacture, or at an establishment for development of film.
PAR  The simplified camera of the present invention if of the latter type. With
      this type of camera, a photographer need only be concerned with the actual
      taking of photographs, and after exposure of a complete roll of film in a
      camera, the photographer simply takes the camera, still containing the
      film to an establishment for film development, where the exposed film is
      removed and a new film loaded, in other words, as well as being employed
      to take photographs, the camera is also, in a sense, a film pack, there
      being no other, separately provided means for protection or containment of
      a film. It is therefore desirable that the cost of this type of camera be
      comparable with that of a film itself, which only achievable by the
      provision of a camera having a construction as simple as possible. A
      further reason for it being desirable for this type of camera to be simple
      in construction and low in cost is that, because of the procedure involved
      in changing a film, and because a camera containing a fully exposed roll
      of film is not useable until the film is changed, it is of considerable
      convenience for a photographer above to acquire two, or more, such
      cameras, without undue financial burden, and thus not have to proceed to a
      special establishment for film development each time one complete roll has
      been exposed.
PAR  It is accordingly an object of the present invention to provide a
      simplified camera wherein necessary elements are kept to a minimum, and
      cost thereof is correspondingly lowered.
PAR  It is another object of the invention to provide a simplified camera
      wherein a photographer may known when a last film frame has been exposed,
      without it being necessary to employ a separately provided indication
      means.
PAC  SUMMARY OF THE INVENTION
PAR  In accomplishing these and other objects, there is provided, according to
      the present invention, a simplified camera, wherein film advance and
      shutter actuation are effected by three basic elements, which are a
      shutter actuation plate, a film advance lever, and a release lever. The
      shutter actuation plate is reciprocally slidable parallel to the line of
      film advance, and carries an arm, which causes the camera shutter to open
      when the actuation plate is moved from a cocked position to an uncocked
      position by a spring means attached thereto. The film advance lever also
      is mounted on the shutter actuation plate, and is carried thereby in a
      line parallel to the line of film advance, and is normally urged towards a
      loaded film, to engage a perforation therein, whereby the film is advanced
      one frame each time the shutter actuation plate is moved to a cocked
      position. Once moved to a cocked position, the shutter actuation plate is
      held in this position due to the continued engagement of the film advance
      lever mounted thereon with a film perforation. However, the film advance
      lever is slidable with respect to the shutter actuation plate in a
      direction normal to the direction of reciprocal motion thereof, i.e.,
      towards or away from the film, and depression of the camera shutter button
      causes the release lever to push the film advance lever away from the
      film, and out of engagement with the film perforation, whereupon the
      shutter actuation plate is no longer retained and is moved back to an
      uncocked position by the abovementioned spring means, and during this
      return movement, actuates the camera shutter the film advance lever being
      subsequently allowed to be moved back towards the loaded film, and engage
      the perforation of the next frame thereof.
PAR  Also according to the invention, in the release lever there is formed a
      recessed portion immediately adjacent to the end thereof which may contact
      the film advance lever, and in the loaded film, an elongate perforation is
      provided after the last frame of the film. Thus, after the last frame has
      been exposed, when the shutter actuation plate is again moved to a cocked
      position, the film advance lever engages this elongate perforation, and
      pushing the forward edge thereof, advances the film a distance equal to
      the length of one frame. However, after the shutter actuation plate has
      been moved to a cocked position, the elongate perforation permits the
      shutter actuation plate, together with the film advance lever, to be moved
      back slightly by the spring means attached to the shutter actuation plate,
      until the film advance lever comes into contact with the rear edge of the
      elongate perforation. In this position, the film advance lever is in line
      with the recessed portion of the release lever, which now, even though the
      shutter button is actuated, cannot contact the film advance lever to
      release the shutter actuation lever, whereby a photographer may know that
      a last film frame has been exposed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In any event, these and other objects and features of the present invention
      will become apparent to those skilled in the art from the following
      description taken in conjunction with one preferred embodiment thereof
      with reference to the accompanying drawings, in which;
PAR  FIG. 1 is a perspective view showing main portions of a simplified camera
      having the top cover thereof removed in accordance with the present
      invention, and
PAR  FIG. 2 is a perspective view of essential components to be assembled into
      the camera of FIG. 1, for the purpose of illustrating the relationship
      between said components.
PAR  Before the description of the present invention proceeds, it is to be noted
      that like parts are designated by like reference numerals through out the
      accompanying drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a camera comprising a main housing 1,
      in a generally central portion of which there is provided a main internal
      mount 2. The top cover of the housing 1 is fixedly or integrally attached
      to cover the top plane of the main housing 1, but, for convenience is not
      shown in the drawing. In a generally central portion of the main mount 2
      there is formed an exposure opening 4, which is equal in dimensions to a
      frame of a film 8 to be exposed, and is in line with the optical axis CL
      of a lens 3, which is supported in a front portion of the main internal
      mount 2 and of the housing 1. In the rear of the housing 1, and on
      opposite sides of the main internal mount 2, there are provided
      cylindrical chambers, which are, respectively, a loading chamber 6 for
      reception of unexposed film 8, and a wind-up chamber 7 for the reception
      of exposed film 8. The rear wall of the camera is constituted by a board
      10, which may be fixable to the housing 1, but is slid sideways off the
      housing 1, in order to permit loading or unloading of film 8 into or from
      the camera. The rear board 10 does not contact the rear of a internal
      mount portion 5 of the main mount 2, whereby a passageway 9 is constituted
      between the board 10 and mount portion 5. A film 8 is initially loaded
      into the loading chamber 6, then guided through the passageway 9, and into
      the wind-up chamber 7, film advance being effected in a manner described
      below, and frames of the film 8 being brought successively into alignment
      with the exposure opening 4 defined by the mount portion 5, where they are
      each exposed in turn, upon depression of a shutter button 12, which is
      provided near one end of, and projects above the top cover of the housing
      1, and causes actuation of a shutter 28 provided in line with the lens
      axis CL in a conventional known manner. At the same end as the shutter
      button 12, the housing 1 also supports a viewfinder 11.
PAR  Referring now to FIG. 2, on the forward side of the rear board 10 there is
      mounted a spring plate 10a, which, acting through a pressure plate 13,
      exerts forward pressure on successive frames of the film 8 brought into
      alignment with the exposure opening 4, whereby film frame to be exposed
      are held in correct alignment relative to both the lens axis CL and the
      exposure opening 4. Successive frames of the film 8 are brought into
      alignment with the exposure opening 4 by a film advance lever 23, which is
      mounted on a shutter actuation plate 17. The actuation plate 17, which,
      together with other associated element described below, is provided in the
      main mount 2, comprises a long main portion 17a, which is aligned parallel
      to the rear board 10, and in which, near opposite ends thereof, there are
      formed alinged elongated slots 18 and 19, respectively, and a lever
      support arm 17b, which is in integral attachment to the long main portion
      17a, and extends at right-angles therefrom towards the rear board 10. Pins
      20 and 21, which are fixedly attached to and project vertically upwards
      from the base of the main mount 2, extend through the slots 18 and 19 of
      the actuation plate 17, respectively, whereby the actuation plate 17 may
      be slid leftwards or rightwards, i.e., in the direction indicated by the
      arrow B or A in the drawing in a range with length of the slots 18 and 19.
      The line joining the pins 20 and 21 being parallel to the line of film
      advance, movement of the actuation plate 17 also, in the direction A or B,
      is parallel to the line of film advance. The left-hand end of the
      actuation plate 17 is in fixed attachment to a tension spring 22, whose
      other end is in fixed attachment to a left-hand wall of the main mount 2,
      and which exerts a constant force to move the actuation plate 17 in the
      direction B, and to a left-most, uncocked position. The actuation plate 17
      may be moved in the direction A, counter to the force of the spring 22, by
      pressure of a rod 15 against a contact projection 17a formed at the
      left-hand end of the plate 17. The rod 15 is fixedly attached to and
      extends vertically upwards from a cocking plate 14, which is slidably
      mounted in and projected outwardly its bottom plane downwards from a
      groove of a panel, not shown, formed in the base wall of the housing 1,
      and is contactable by a photographer to operate with its bottom plate, as
      employed in a conventional construction known by those skilled in the art.
      The cocking plate 14 is slidable in directions A and B, and when the
      cocking plate 14 is pushed manually in the direction A by a photographer,
      the rod 15 attached thereto pushes the contact projection 17a of the
      actuation plate 17, and causes the actuation plate 17 also to be moved in
      the direction A, and into a cocked position thereof. When, subsequently,
      manual pressure is removed from the cocking plate 14, the actuation plate
      17 is retained in a cocked position in a manner described below, but the
      cocking plate 14 is returned to its original position, independently of
      the actuation plate 17, by a tension spring 16, which is attached at one
      end to the rod 15, and at the other end to the left-hand wall of the main
      mount 2.
PAR  Still in FIG. 2, the rear end of the lever support arm 17b extending
      rearwards from the main portion 17a of the actuation lever 17, towards the
      mount portion 5 forms two separated, bracket-shaped portions, which are
      bent upwards, at right-angles to the support arm 17b, and constitute a
      guide gate 17c. The above-mentioned film advance lever 23 is supported on
      and lies along the length of the support arm 17b, and passes slidably
      through the guide gate 17c. At the forward end of the film advance lever
      23 there is formed an integrally attached slide extension 23b', which
      extends downwards at right-angles from the main portion of lever 23, and
      lies in and is slidable in a recess 17d formed in the front edge of the
      actuation plate 17, in line with the support arm 17b. The slide extension
      23b'extends to below the actuation plate 17, and the lower end thereof
      forms a contact tab 23b, which is contactable by a release lever 25,
      described below. The film advance lever 23 is constrained to move together
      with the actuation plate 17 in the directions A and B, but may slide
      relative to the plate 17, in a direction C, which is normal to the
      directions A and B, i.e., the film advance lever 23 may be moved towards
      or away from the rear board 10 and the film 8. The film advance lever 23
      is normally urged towards the film 8 by a small tension spring 24, which
      is attached at one end to a generally central portion of the lever 23, and
      at the other end to the guide gate 17c. When the spring 24 is unopposed,
      the film advance lever 23 is moved rearwards thereby to a position wherein
      the rear end of the lever 23, which constitutes an engagement end 23a may
      engage a perforation 8a of the film 8, there being a perforation 8a for
      each frame of the film 8. The film advance lever 23 may, however, be moved
      forwards, counter to the force of the spring 24, and out of engagement
      with a film perforation 8a, by the action of the above-mentioned release
      lever 25.
PAR  The release lever 25 is provided in a left-to-right alignment below the
      level of the actuation lever 17, and is pivotally mounted on the fixed pin
      21, which extends through the slot 19 of the actuation plate 17. The
      right-hand end of the release lever 25 constitutes a tab contact end 25a.
      When actuated, the release lever 25 is pivoted in the direction indicated
      by the arrow R in the drawing, and the contact end 25a thereof is moved
      forwards and brought into contact with the tab 23b of the film advance
      lever 23, and pushes the lever 23 forwards, away from the film 8. In the
      forward edge of the release lever 25, and adjacent to the contact 25a
      thereof, there is formed a recessed portion 25c, into which the tab 23b of
      the film advance lever 23 is insertable to make a small gap therebetween,
      thereby to permit film advance lever 23 engagement with elongate
      perforation 8b of the film 8, as described in further detail later. The
      other end 25b of the release lever 25 passes through a notch 26a formed in
      the lower edge of a vertically aligned slide board 26, whose movement
      controls actuation of the release lever 25.
PAR  The slide board 26 is mounted by means (not shown) on a left-hand wall
      portion, not shown, of the main mount 2, and may slide forwards, or
      rearwards in a direction E with a conventional known construction thereof.
      The slide board 26 is normally held in a forwardmost position by a tension
      spring 27 suitably attached thereto and to a fixed portion of the housing
      1. When in this forwardmost position, the slide board 26, acting through
      the release lever end 25b passing through the notch 26a, holds the release
      lever 25 in a position wherein the contact end 25a of the lever 25 does
      not contact the tab 23b of the film advance lever 23. When the slide board
      26 is moved rearwards, which is effected by depression of the shutter
      button 12, the release lever end 25b also is moved rearwards by the board
      26, and the release lever end 25a pushes the film advance lever 23
      forwards, as described above. The shutter button 12 is in integral
      attachment to a lever arm 12b, which extends downwards, at right-angles,
      from one side of the rear edge thereof, the shutter button 12 and lever
      arm 12b thus constituting a right-angled lever, which is pivotally mounted
      on a fixed shaft 12a provided in the housing 1. The lower end of the lever
      arm 12b contacts a small projection 26b which extends sideways from the
      slide board 26. When the shutter button is depressed, in the direction
      indicated by the arrow D in the drawing, the lever arm 12b pushes the the
      slide board projection 26b, and causes the slide board 26 to move
      rearwards, in the direction E, and to actuate the release lever 25.
PAR  The shutter of the camera is constituted by, for example, a single-leaf
      shutter 28, which is pivotally mounted on a fixed pin provided in the
      housing 1, and is normally held in line with the optical axis CL of the
      lens 3 by a compression spring 29, which is attached at one end to a
      left-hand edge portion of the shutter 28, and at the other end to a fixed
      housing or mount portion leftward of the shutter 28. The lower end of the
      shutter 28 forms a generally triangular actuation portion 28a, the
      left-hand side of which is comparatively long, and is inclined at only a
      small angle to the horizontal. The shutter actuation portion 28a is
      contactable by an actuation arm 30, which is slightly flexible, is fixedly
      attached at one end to the upper surface of the actuation plate 17, and
      inclines upwards and leftwards at the other end. When the actuation plate
      17 is moved from an uncocked to a cocked position; the actuation arm 30 is
      brought into contact with the left-hand side of the shutter actuation
      portion 28a, bends slightly, and is allowed to move past the shutter 28
      without changing the position of the shutter 28. When the actuation plate
      17 is moved from a cocked to an uncocked position, the arm 30 is brought
      into contact with the right-hand side of the shutter actuation portion
      28a, and pivots the shutter 28 counter to the force of the spring 29, in
      the direction indicated by the arrow S, whereby the shutter 28 is moved
      out of line with the lens axis CL, and light passes through the lens 3 to
      expose a film frame. As the actuation plate 17 continues to move
      leftwards, the arm 30 is moved past the location of the lens 28, which is
      thereupon returned, by the spring 29, to its normal position in line with
      the lens optical axis CL.
PAR  Complete action in taking photographs with the abovementioned means is as
      follows. After a shot has been taken, or when the film 8 is initially
      loaded, the cocking plate 14, actuation plate 17 and film advance lever 23
      carried thereon are in leftmost positions, and the film advance lever 23
      engages the perforation 8a of the next film frame to be exposed, by
      actions of springs 16, 22 and 24. When the cocking plate 14 is moved
      manually in the direction A, the rod 15 pushes the actuation plate 17 also
      in the direction A, and the film advance lever 23 engaging the film
      perforation 8a causes the film 8 to be unwound from the loading chamber 6
      and would into the windup chamber 7, and the next film frame to be brought
      into line with the exposure opening 4. After release of manual pressure on
      the cocking plate 14, the plate 14 is returned to a leftmost position by
      the action of the spring 16, as described earlier. The actuation plate 17,
      however, is still retained in a rightmost, cocked position, since the film
      advance lever 23 is still in engagement with the film perforation 8a,  and
      is not free to move in the direction A or B independently of the actuation
      plate 17. When the shutter button 12 is depressed in the direction D, the
      slide board 26 is moved in the direction E, and causes the release lever
      25 to pivot in the direction R and push the film advance lever 23 forwards
      and out of engagement with the perforation 8a, whereupon the actuation
      plate 17 is moved leftwards, to an uncocked position, by the spring 22,
      the shutter 28 being actuated by the arm 30 during this motion of the
      plate 17. When the actuation plate 17 reaches its uncocked position, the
      film advance lever 23 comes into engagement with the perforation 8a of the
      next film frame, and after release of pressure on the shutter button 12,
      the spring 27 pulls the cocking board 26 forwards to its normal position,
      whereby the shutter button 12 and release lever 25 also are returned to
      their original positions, in readiness for the next shot.
PAR  The film perforation coming after the last frame of the film 8 is in the
      form of an elongate perforation 8b, thus after the last film frame has
      been exposed, and the various elements of the camera have been returned to
      their normal, unactuated positions, the film advance lever 23 engages this
      elongate perforation 8b, and when, subsequently, the cocking plate 14 is
      moved in the direction A, the actuation plate 17 is moved to a cocked
      position, as before, and the film advance lever 23 presses again the
      right-hand edge of the elongate perforation 8b, and advances the film 8 a
      distance equal to one frame length. When, however, the cocking plate 14 is
      returned to an unactuated position by the spring 16, and rightward
      pressure on the actuation plate 17 is removed, the actuation plate 17 and
      film advance lever 23 are moved leftwards due to the action of the spring
      22, until the engagement end 23a of the advance lever 23 comes against the
      left-hand edge of the perforation 8b. When the film advance lever 23 has
      thus been moved leftwards, the contact tab 23b thereof is in line with the
      above-mentioned recessed portion of the release lever 25. If, now, the
      release lever 25 is actuated by depression of the shutter button 12, the
      recessed portion 25c thereof moves towards the advance lever contact tab
      23b, and the release lever 25 cannot move the advance lever 23 out of
      engagement with the elongate perforation 8b, and the actuation plate 17
      cannot therefore be released to actuate the shutter 28, whereby the
      photographer is made aware that a complete roll of film 8 has been
      exposed.
PAR  As is clear from the above description, the present invention provides a
      simplified camera wherein film advance, shutter actuation, and detection
      of exposure of a last frame are effected by three basic elements, which
      are a shutter actuation plate, a film advance lever, and a release lever,
      constructional elements thus being reduced to a minimum, and cost
      correspondingly lowered.
PAR  Although the present invention has been fully described in conjunction with
      the preferred embodiment with reference to the accompanying drawings, it
      is to be noted that various changes and modifications are apparent to
      those skilled in the art. Accordingly, such changes and modifications
      should be construed as included within the spirit and scope of the present
      invention, unless otherwise they depart therefrom.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a simplified camera comprising a lens system, shutter means for
      selectively preventing and permitting passage of light through said lens
      system, a moveable shutter button for actuation of said shutter means, a
      film loading chamber for reception of unexposed film, a film wind-up
      chamber for reception of exposed film, a film loaded therein, said
      chambers being provided on opposite sides of a rear portion of said
      photographic means, a film guide passageway connecting said chambers, an
      exposure frame formed in the front wall of said passageway, between said
      chambers, and a pressure means provided behind and in line with said
      exposure frame, and exerting forwards pressure on successive frames of a
      film passed through said passageway, an improvement thereof comprising a
      shutter actuation plate reciprocally slidable along a line parallel to
      film advance, means exerting a constant force to move said shutter
      actuation plate in a direction opposite to film advance and to an uncocked
      position, a film advance lever, means supporting said film advance lever
      on said shutter actuation plate for movement with said shutter actuation
      plate along a line parallel to film advance to a cocked or uncocked
      position and for slidable movement in a direction normal to film advance
      towards and away from said film for engaging successive perforations of
      said loaded film, baising means urging said film advance lever towards
      said loaded film, and a release lever operably connected with said shutter
      button, and operable upon actuation of said shutter button to disengage
      said film advance lever from a film perforation against said biasing means
      when said shutter actuation plate and said film advance lever are in
      cocked positions, said shutter actuation plate being movable to a cocked
      position and said film advance lever being carried therewith to advance
      said film one frame, means including said film advance lever engaging a
      perforation of said film for holding said shutter actuation plate in
      cocked position, whereby, when said shutter button is actuated, said
      release lever disengages said film advance lever from said perforation,
      and said shutter actuation plate returns to an uncocked position, and
      actuates said shutter means to expose a film frame.
NUM  2.
PAR  2. A simplified camera as recited in claim 1, wherein the last perforation
      of said film is elongated, and said release lever comprises a pivotable
      member including a recessed portion, which is formed near the end of said
      release lever which contacts said film advance lever, and said recess is
      at least equal in length to the length of said last perforation, whereby,
      subsequently to said film advance lever engaging said last perforation,
      and advancing said film, upon being moved to a charged position by said
      shutter actuation plate, said shutter actuation plate and film advance
      lever are moved towards uncocked positions a distance approximately equal
      to the length of said last perforation, and said film advance lever is
      brought into line with said release lever recessed portion, whereupon,
      said film advance lever is not disengageable from said last perforation by
      said release lever, even upon actuation of said shutter button.
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PAL  The rear cover for a film camera pivotably connected at one end to the
      camera housing and connectable at its other end to the housing is provided
      with a lock for releasably connecting the connectable end of the rear
      cover to the camera housing. The lock comprises a bias integrally
      connected to the film viewing window secured in the rear cover of the
      camera and a latch cooperating with the bias for releasably connecting the
      connectable end of the rear cover to the camera housing. In a second
      aspect of the invention, a second bias is provided which is integrally
      connected to the film viewing window and releasably secures a battery cell
      to the rear cover of the camera. In a third aspect of the invention, a
      structure for securing a battery cell to the rear cover of the camera is
      provided which is integrally connected to the film viewing window located
      therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to improved locking means for a camera.
      More particularly, a first aspect of the invention relates to improved
      locking means for releasably securing the rear cover of a camera at its
      connectable end to the camera housing. Another particular aspect of the
      invention relates to concomitant means for releasably securing a battery
      cell to the rear cover of the camera.
PAR  It is known to provide roll-film cameras with a rear cover pivotably
      connected at one end to the camera housing and releasably connected to the
      camera housing at the other end. These rear covers are conveniently
      provided with a film viewing window for indicating the advancement of the
      film. Conventionally, expensive and discrete releasable locks have been
      employed for releasably connecting the connectable end of the rear cover
      to the camera housing. The releasable lock enables access into the housing
      to, for instance, change the film-load secured therein and for locking the
      rear cover against the camera housing to place the camera in operative
      condition.
PAR  It is now found that an improved locking means may be provided which is
      integrally connected to the film viewing window, less expensive than prior
      locks and of relatively simple construction as compared with the
      conventional discrete locks.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, an apertured rear
      cover for a film camera of the type including a camera housing for an
      objective, a viewer and a film load, is provided with a substantially flat
      viewing window secured in the cover aperture thereof. The rear cover is
      fitted to the camera housing and one end thereof is pivotably connected to
      the housing, while the other end thereof is connectable to the camera
      housing. An improved locking means for releasably securing the connectable
      end of the rear cover to the camera housing is provided which comprises
      biasing means integrally connected to the viewing window in the rear cover
      and latch means cooperating with the biasing means for releasably
      connecting the connectable end of the rear cover to the camera housing.
PAR  In another aspect of the invention, where the camera includes means for
      operatively connecting a flash attachment thereto of the type energized by
      a cell secured on the rear cover, a second biasing means is provided which
      is integrally connected to the viewing window for biasing a battery cell
      into securement with the rear cover.
PAR  Another aspect of the invention relates to an improved film viewing window
      slidably connected in the rear cover aperture including a biasing means
      integrally connected to one end thereof and battery cell securing means
      integrally connected to the biasing means. The biasing means normally
      biases the securing means against a cell engaged thereby, and pressure
      responsive release means is provided which is connected to the viewing
      window for sliding the viewing window and securing means from engagement
      with the cell, so as to permit an engaged cell to be removed.
PAR  Accordingly, it is an object of this invention to provide improved locking
      means for releasably connecting the connectable end of a rear cover to the
      camera housing.
PAR  Another object of the invention is to provide an improved locking means
      which is integrally connected with the film viewing window located in the
      rear cover of the camera.
PAR  A further object of the invention is to provide battery securing means
      which are integrally connected to the film viewing window located in the
      rear cover of the camera.
PAR  Still another object of the invention is to provide improved locking means
      and battery securing means which are both integrally connected to the film
      viewing window located in the rear cover of a film camera.
PAR  Still other objects and advantages of the invention will, in part, be
      obvious and will, in part, be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a fragmented sectional view taken through the camera housing and
      showing one embodiment of the improved locking means constructed in
      accordance with the invention;
PAR  FIG. 1a is a perspective view of the film viewing window and biasing means
      integrally connected thereto as represented in FIG. 1;
PAR  FIG. 2 is a fragmented sectional view taken through the camera housing and
      showing another embodiment of an improved locking means constructed in
      accordance with the invention;
PAR  FIG. 2a is a detail view of the restraint for the latch as more generally
      shown in the improved locking means depicted in FIG. 2;
PAR  FIG. 3 is a fragmented sectional view taken through the camera housing
      which shows still another embodiment of the improved locking means
      constructed in accordance with the invention;
PAR  FIG. 3a is a detail view of the lug provided in connection with the locking
      means shown in FIG. 3, taken along line 3a--3a thereof;
PAR  FIG. 3b is a detail view showing the operation of the lug shown in FIG. 3a;
PAR  FIG. 3c is a detail sectional view further showing the operation of the lug
      more generally shown in FIG. 3a;
PAR  FIG. 4 is a fragmented sectional view taken through the camera housing
      showing yet another embodiment of the improved locking means constructed
      in accordance with the invention;
PAR  FIG. 4a is a sectional view of the embodiment shown in FIG. 4, taken along
      line 4a--4a thereof;
PAR  FIG. 5 is a fragmented sectional view taken through the camera housing
      showing an embodiment of an improved battery cell securing means
      integrally connected to the film viewing window located in the rear cover
      of the camera casing;
PAR  FIG. 5a is a sectional view of the embodiment shown in FIG. 5, taken along
      line 5a--5a thereof;
PAR  FIG. 6 is a detail view of a battery cell securing means which may be
      employed in connection with the invention;
PAR  FIG. 7 is a detail view of another embodiment of a battery cell securing
      means which may be employed in connection with the invention; and
PAR  FIG. 8 is a perspective view of a camera housing and rear cover therefor
      including a film viewing window provided with an integrally connected
      improved locking means and concomitant battery securing means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Generally referring to the Figures, an apertured rear cover for a film
      camera of the type including a camera housing for an objective, a viewer
      and a film-load is provided. The rear cover is provided with a film
      viewing window secured in the rear cover aperture and the viewing window
      is substantially flat in the plane of the rear cover. The rear cover is of
      the general type which is fitted to the camera housing and has an end
      pivotably connected to the housing and another end connectable to the
      camera housing.
PAR  With particular reference to FIGS. 1-4a and 8, the type of film viewing
      window which may be employed is of the type disclosed in U.S. Pat. No.
      3,550,512, for Photographic Cameras, issued Dec. 29, 1970 to Karl Heinz
      Lange. The film viewing window 2 is snap-fitted into an aperature 2'
      provided in rear cover 1 of the camera. A pair of spring members 3 are
      integrally connected to film viewing window 2 for applying pressure to a
      film cartridge loaded within the camera housing 7. In all but FIG. 8, only
      a fragment of the camera housing is shown. The rear cover may be of the
      type pivotably connected at one end to the camera housing and connectable
      thereto as at an end 1'. In FIGS. 1-4a, only the connectable end of the
      rear cover is shown, while at FIG. 8 a full view of rear cover 1 is
      depicted. The particular construction of the rear cover and its connection
      to the camera housing is not critical to the invention, as the invention
      may have application to numerous film viewing windows and rear cover
      constructions which are releasably connected to a camera housing 7.
PAR  Referring now to FIGS. 1 and 1a, a torsion spring 4 is integrally connected
      at one of its ends to viewing window 2 and is bent so as to abut and apply
      a constant and continuous pressure against a substantially rigid abutment
      member 5 which is slidably connected to rear cover 1 and movable thereon
      between first and second positions which correspond to closed and open
      positions of said rear cover for thereby securing and releasing rear cover
      1 to and from housing 7. Member 5 is simultaneously releasably connected
      to camera housing 7 and cooperable with torsion spring 4 for locking rear
      cover 1 against camera housing 7, as hereinafter described in detail.
      Abutment member 5 includes an abutment surface 5' and a pair of sliding
      bearings, respectively, 8 and 8'. Sliding bearing 8' is slidable through a
      channel 9 provided in rear cover 1 into an access space 6 provided in
      housing 7.
PAR  Bearing 8 is slidable in a recess 10 provided in rear cover 1 between first
      and second positions which correspond to first and second positions of
      abutment member 5.
PAR  Torsion spring 4 abuts surface 5' of member 5 and urges it into the first
      position therefor so as to locate bearing 8' in access space 6 when rear
      cover 1 is closed against housing 7. Concomitantly therewith, bearing 8 is
      slid to its first position in slot 10 which is delimited by a pair of
      steps 11 and 11' provided in rear cover 1.
PAR  Access space 6 is defined between camera housing 7 and a lip or rigid
      restraint 12 depending therefrom into the plane of rear cover 1. Lip 12 is
      generally contiguous with connectable end 1' of rear cover 1. Lip 12 abuts
      bearing 8' when rear cover 1 is closed against housing 7 for maintaining
      the rear cover closed. Bearing 8 is movable from its first to second
      positions by a sliding pressure exerted on serrated surface 13 thereof
      which overrides the force of spring 4 on abutment member 5 for thereby
      dislocating bearing 8' from access space 6, whereby connectable end 1' of
      rear cover 1 is disconnected from housing 7 and may be pivoted outwardly
      for opening cover 1.
PAR  Referring now generally to FIGS. 2-4a and 8, the film viewing window
      employed in connection with the embodiment shown therein is of
      substantially identical construction with the viewing window set forth in
      detail in connection with FIGS. 1 and 1a. The camera housing and rear
      cover therefor are also substantially of identical construction and
      therefore, the same general numerical designations are employed in
      connection therewith and for the film viewing window.
PAR  Referring now to FIGS. 2 and 2a, a flat leaf spring 20 is provided and has
      a free end (not shown) and another end integrally connected to viewing
      window 2. Leaf spring 20 lies substantially in the plane of viewing window
      2 and the free end thereof extends into the interface between connectable
      end 1' of rear cover 1 and camera housing 7. In connection with this
      embodiment, rear cover 1 is of the type which overfits housing 7 rather
      than of the type fitted into a recess of housing 7 as particularly shown
      in FIG. 1.
PAR  A lug or rigid restraint 21 is mounted on an end wall 22 of camera housing
      7 at a perpendicular to rear cover 1 when the rear cover is closed against
      camera housing 7. Lug 21 is provided with a faceted undersurface 23 and a
      tapered node 24 introducing into the faceted undersurface 23.
PAR  A cam surface 25 is provided on leaf spring 20 in substantial alignment
      with lug 21 for camming on lug 21 into securement on faceted undersurface
      23 thereof as rear cover 1 is closed against camera housing 7. In the
      camming action, leaf spring 20 is downwardly displaced.
PAR  A release knob 26 is mounted on the free end of leaf spring 20 and extends
      beyond the releasable joint of connectable end 1' of rear cover 1 and
      camera housing 7. Leaf spring 20 is responsive to a downward pressure
      exerted on release knob 26 and a displacement channel 27 is provided in
      rear cover 1 for accommodating the displacement of leaf spring 20 and
      release knob 26 while the cam surface 25 is being moved into or out of
      connection with lug 21. Leaf spring 20 is downwardly displaceable in
      channel 27 for securing or releasing it to and from lug 21.
PAR  Referring now to FIGS. 3-3c, an S-shaped torsion spring 30 is provided and
      has an end integrally connected to film viewing window 2 and another end
      integrally connected to a lug 31. Lug 31 includes a depending stem 32 and
      a pair of bifurcations 33 and 34 substantially perpendicular to stem 32. A
      slot 35 is provided in rear cover 1 which extends through connectable end
      1' thereof. Lug 31 is slidable in slot 35 which includes a pair of
      channels 36 and 36' which are each arranged to receive a respective
      bifurcation 33 and 34. Channel 36' extends to the exterior surface of rear
      cover 1 and bifurcation 34 is slidable therein and observable on the
      exterior surface of rear cover 1. Channel 36 is located in the interior of
      rear cover 1 relative to channel 36' and bifurcation 33 is slidable
      therein.
PAR  A strut 37 of rear cover 1 defines slot 35 into respective channels 36 and
      36' and provides a partition against which stem 32 abuts for the purpose
      hereinafter described. A notch 38 is provided in the side wall of housing
      7 and communicates with channel 36 whereby bifurcation 33 of lug 31
      locates therein when rear cover 1 is closed against camera housing 7.
      Torsion spring 30 normally biases lug stem 32 against strut 37 of rear
      cover 1 for thereby locating bifurcation 33 through channel 36 into notch
      38. Under the circumstances described, rear cover 1 is closed and
      connectable end 1' thereof is releasably secured to camera housing 7.
PAR  To disconnect end 1' of the rear cover from camera housing 7, a sliding
      pressure is exerted on bifurcation 34 in the direction shown by arrow 39
      on the serrated exterior surface of the bifurcation. The force exerted
      must be in excess of the bias provided by spring 30 for thereby sliding
      lug 31 through slot 35 and thereby dislocating bifurcation 33 from notch
      38 so as to disconnect end 1' of rear cover 1 from camera housing 7. In
      this condition, rear cover 1 may be outwardly opened.
PAR  Referring now to FIGS. 4 and 4a, viewing window 2 is of substantially the
      same construction as shown in FIGS. 1-3c, however, it is provided with a
      beaded edge 2" received in a recess therefor in the film viewing window
      aperture 2' in rear cover 1. Tongues 1" secure viewing window 2 to rear
      cover 1 and film viewing window 2 is slidable in aperture 2'.
PAR  A rigid member 40 is integrally connected to film viewing window 2 at one
      end and is provided with a stepped shoulder 41 which is connected thereto
      at its other end. Stepped shoulder 41 extends beyond end 1' of rear cover
      1 for a purpose hereinafter described. A pair of opposed substantially
      coaxial spring arms 42 and 42' are connected to rigid member 40 at a
      perpendicular. A pair of opposed abutment surfaces 43 and 43' located in
      rear cover 1 abut respective spring arms 42 and 42' for normally locating
      stepped shoulder 41 a predetermined distance beyond end 1' of rear cover
      1. Concomitantly therewith, window 2 has a predetermined position in slot
      2'.
PAR  Stepped shoulder 41 is slidable in a slot 44 of predetermined length
      provided in rear cover 1 so as to permit shoulder 41 to dislocate from its
      normal position beyond end 1' of rear cover 1. As hereinbefore described
      in connection with FIG. 1, a lip 12 depends from housing 7 and extends
      into the plane of rear cover 1 when rear cover 1 is closed against housing
      7. Lip 12 is generally contiguous with end 1' of rear cover 1. An access
      space 6 is defined between camera housing 7 and lip 12 and slot 44
      provided in rear cover 1 for stepped shoulder 41 communicates with access
      space 6 when cover 1 is closed against housing 7 so as to permit stepped
      shoulder 41 to at least partially locate in access space 6 in response to
      pressure exerted thereon by respective spring arms 42 and 42'. Lip 12
      abuts stepped shoulder 41 when rear cover 1 is closed against housing 7.
PAR  A slidable release member 45 is respectively connected to viewing window 2
      and rigid member 40. Release member 45 is slidable in a recess 46 provided
      in the exterior surface of rear cover 1 and cooperates with film viewing
      window 2 and rigid member 40 for disconnecting end 1' from housing 7.
      Stepped shoulder 41 is responsive to a sliding pressure exerted on release
      member 45 which exceeds the force of the bias provided by spring arms 42
      and 42' so as to retract stepped shoulder 41 from lip 12 for thereby
      disconnecting end 1' of rear cover 1 from camera housing 7 so as to permit
      rear cover 1 to be opened.
PAR  Referring now to FIG. 8, a pair of substantially parallel, co-planar spring
      arms 80 and 80' are integrally connected to viewing window 2. Respective
      spring arms 80 and 80' terminate in respective lugs 81 and 81', each lug
      being provided with a respective abutment surface 82 and 82' substantially
      perpendicular to its respective spring arm 80 and 8'. Lugs 81 and 81' are
      located on the exterior of rear cover 1 and are slidable thereon along
      their respective abutment surfaces 82 and 82'. A pair of slots 83 and 83'
      are provided in end 1' of rear cover 1 and have respective predetermined
      and substantially equal lengths so as to permit a predetermined
      displacement of lugs 81 and 81' on end 1' of rear cover 1.
PAR  A pair of pressure responsive hook members 84 and 84' are located within
      rear cover 1 in proximity to end 1' thereof. Each hook member is connected
      to a respective spring arm 80 and 80' at a perpendicular and hook members
      84 and 84' are substantially parallel. A pair of recesses (not shown) are
      located in camera housing 7 and are arranged to receive respective hooked
      ends of hook members 84 and 84' when rear cover 1 is closed against camera
      housing 7.
PAR  Hooked ends of respective hook members 84 and 84' are dislocatable from
      their respective recesses in housing 7 by substantially equal and opposite
      sliding pressures exerted respectively and simultaneously upon lugs 81 and
      81' whereby end 1' may be disconnected from housing 7. By the application
      of pressure to lugs 81 and 81', simultaneously, each lug is displaced on
      end 1' when the pressure exerted thereon exceeds the force of spring arms
      80 and 80'. Upon application of such excess pressure, hook members 84 and
      84' disconnect from their respective recesses in housing 7 and cover 1 may
      be opened.
PAR  To the opposite end of viewing window 2, a leaf spring 85 is integrally
      connected. Leaf spring 85 extends towards pivotably connected end 1'" of
      rear cover 1 and is provided with a raised portion 86 for locating a
      battery cell 87 thereunder. Spring 85 exerts sufficient pressure against
      cell 87 to secure it to rear cover 1. To remove battery 87 therefrom,
      raised portion 86 of spring 85 may be deformed temporarily.
PAR  In the manner shown and described in connection with FIG. 8, camera locking
      means and battery securing means may both be integrally connected to the
      film viewing window in the camera. In a similar manner, the embodiments
      shown in FIGS. 1-4a may be modified to include the same or similar battery
      securing means, for instance, of the type particularly shown in FIGS. 6
      and 7.
PAR  Two additional examples of battery securing means which may be employed in
      connection with the invention are best seen in FIGS. 6 and 7. In FIG. 7, a
      leaf spring 70 is integrally connected to film viewing window 72 and
      extends toward the pivotably connected end of rear cover 73. Leaf spring
      70 is provided with a raised portion for locating a battery thereunder and
      biasing the battery against rear cover 73 and abutment member 71 provided
      therein.
PAR  Referring now to FIG. 6 which depicts another securing means embodiment,
      and shows a modification which may be made to the film viewing window. In
      this embodiment, the film viewing window and battery securing means are
      releasably connected to rear cover 67. A resilient tongue 60 is integrally
      connected to a viewing window 61 and extends in the plane thereof, for
      instance, towards the pivotably connected end of rear cover 67. Tongue 60
      is provided with a hooked end 62 which releasably connects behind a fixed
      shoulder 63 provided in rear cover 67. A release means 64 comprising a
      serrated surface is provided in tongue 60 and sliding pressure may be
      exerted thereon to resiliently deform hooked end 62 to dislocate it from
      securement with fixed shoulder 63. Flange 65 is integrally connected to
      tongue 60 and angularly disposed relative thereto. When tongue 60 is
      connected to rear cover 67, flange 65 secures a cell (not shown) against
      rear cover 67 and abutment 66. The cell may be released by dislocating
      tongue 60 from fixed shoulder 63.
PAR  Referring now to FIGS. 5 and 5a, an improved viewing window 50 is provided
      which is slidably connected in the rear cover 51 of a film camera.
      Retaining means 52 for one or more electrical cells is connected to
      viewing window 50. A plurality of cells 53 is removably mounted in a
      corresponding plurality of recesses 54 provided in cover 51. Recesses 54
      are preferably configured to prevent improper insertion of the cells
      therein. Viewing window 50 is arranged for sliding, for instance, by
      well-known means, and is urged by an integrally connected spring 55
      towards the left for clamping and retaining cells 53 in position. The
      leftward bias is provided by the angular disposition of spring 55 against
      abutment 56.
PAR  Spring loaded conductors (not shown) may be provided in the camera housing
      which contact cells 53 when rear cover 51 is closed. The contacts will,
      therefore, be moved and "cleaned" every time the camera is loaded with
      film.
PAR  Locking means and cell securing means constructed in accordance with the
      invention perform reliably and are easy to fabricate. Moreover, if either
      means wears through use, the part may be replaced by mere replacement of
      the film viewing window to which it is connected. When these parts are
      integrally molded with the rear cover or camera housing, then replacement
      requires a new rear cover or housing, as may be the case.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apertured rear cover for a film camera of the type including a
      camera housing for an objective, a viewer and a film load, said rear cover
      defining a plane and having a film viewing window secured in said cover
      aperture said rear cover being fitted to said camera housing and having an
      end pivotably connected to said housing and another end connectable to
      said camera housing, an improved locking means for releasably securing
      said rear cover at its connectable end to said camera housing comprising
      biasing means integrally connected to said viewing window in said rear
      cover and latch means cooperating with said biasing means for releasably
      connecting said connectable end of said rear cover to said camera housing.
NUM  2.
PAR  2. The improved locking means as claimed in claim 1, said latch means
      including a pressure responsive latch connected to said biasing means, and
      said housing including a rigid restraint for said latch connected to said
      camera housing, said biasing means normally biasing said latch against
      said restraint when said rear cover is closed against said camera housing,
      and said rear cover having a channel therein for slidably connecting said
      latch against said restraint.
NUM  3.
PAR  3. The improved locking means as claimed in claim 2, said latch means
      further including pressure responsive release means movable from a closed
      to an open position, said release means being operatively connected to
      said latch for slidably disconnecting said latch, through said channel,
      from said restraint by application thereto of a pressure which overrides
      said bias for thereby releasing said connectable end of said rear cover
      from said camera housing for pivoting said rear cover about its pivotably
      connected end for thereby opening said rear cover for access into the
      interior of said camera housing.
NUM  4.
PAR  4. The improved locking means as claimed in claim 2, said restraint for
      said latch including a lip depending from said camera housing, said lip
      extending into the plane of said rear cover in a closed condition thereof
      and being contiguous with said connectable end thereof, and an access
      space between said lip and said housing, said channel provided in said
      rear cover communicating with said access space in said closed condition
      of said rear cover, so as to permit said latch to at least partially
      locate in said access space in response to pressure exerted thereon by
      said biasing means, said lip abutting said latch in a closed condition of
      said rear cover.
NUM  5.
PAR  5. The improved locking means as claimed in claim 2, said rigid restraint
      comprising a lug mounted on said camera housing at a perpendicular to said
      rear cover in said closed condition thereof, said lug having a faceted
      undersurface and a tapered node introducing into said faceted
      undersurface, said latch comprising a cam surface provided on said biasing
      means, said biasing means camming thereon into securement on said faceted
      undersurface of said lug as said rear cover closes against said camera
      housing.
NUM  6.
PAR  6. The improved locking means as claimed in claim 1, said biasing means
      comprising a torsion spring integrally connected at one of its ends to
      said viewing window, and said latch means comprising a pressure
      responsive, substantially rigid abutment member slidably connected to said
      rear cover between first and second positions thereon, releasably
      connected to said camera housing and cooperable with said torsion spring
      for locking said rear cover against said camera housing, said abutment
      member including an abutment surface and a pair of sliding bearings, one
      of said bearings being slidable through a channel provided in said rear
      cover into an access space provided in said housing, the other of said
      bearings being slidable in a recess provided in said rear cover between
      first and second positions which define said first and second positions of
      said abutment member, said torsion spring abutting said abutment surface
      of said member for urging said abutment member into said first position
      thereof so as to permit said one bearing to locate in said access space
      when said rear cover is closed against said housing, said other bearing
      being slid to its concomitant first position, said access space being
      defined between said camera housing and a lip depending therefrom into the
      plane of said rear cover and being contiguous with said connectable end
      thereof, said lip abutting said one bearing when said rear cover is closed
      for maintaining said rear cover closed, said other bearing being movable
      from its first to second positions by a pressure which overrides the force
      of said torsion spring on said abutment member for thereby dislocating
      said one bearing from said access space, whereby said rear cover may be
      opened.
NUM  7.
PAR  7. The improved locking means as claimed in claim 1, said biasing means
      comprising a substantially flat leaf spring having a free end and another
      end integrally connected to said viewing window, said biasing means laying
      substantially in the plane of said viewing window and said free end
      thereof extending into an interface formed between said connectable end of
      said rear cover and said camera housing, and said latch means comprising a
      lug mounted on said camera housing at a perpendicular to said rear cover
      in a closed condition thereof, said lug having a faceted undersurface and
      a tapered node introducing into said faceted undersurface, a cam surface
      provided on said biasing means alignable with said lug for camming thereon
      into securement on said faceted undersurface of said lug as said rear
      cover closes against said camera housing, a release knob mounted on said
      free end of said flat leaf spring extending beyond the releasable joint of
      said connectable end of said rear cover and camera housing, said biasing
      means being responsive to a downward pressure exerted on said release
      knob, and a displacement channel provided in said rear cover, said biasing
      means being downwardly displaceable in said channel for securing or
      releasing it to and from said lug.
NUM  8.
PAR  8. The improved locking means as claimed in claim 1, said biasing means
      comprising an S-shaped torsion spring having opposed ends, one of said
      ends being integrally connected to said viewing window, and said latch
      means comprising a pressure responsive lug integrally connected to said
      other end of said spring and slidably connected to said rear cover, said
      lug including a depending stem and a pair of bifurcations substantially
      perpendicular thereto, a slot provided in said rear cover which extends
      through said connectable end thereof, said lug being slidable in said
      slot, said slot including a pair of channels, each channel being arranged
      to receive a bifurcation of said lug, one of said channels communicating
      with the exterior surface of said rear cover, one of said bifurcations
      being slidable in said one channel and observable on the exterior surface
      of said rear cover, the other of said channels being located in the
      interior of said rear cover relative to said one channel and the other of
      said bifurcations being slidable therein, a strut of said rear cover
      defined between said channels partitions said slot into said respective
      channels, and a notch provided in said housing which communicates with
      said other channel for locating said other bifurcation of said lug therein
      when said rear cover is closed against said camera housing, said spring
      normally biasing said lug stem against said strut in said rear cover for
      locating said other bifurcation through said other channel into said notch
      provided in said housing, said lug being responsive to a pressure exerted
      on said one bifurcation which overrides the force of said bias for sliding
      said lug through said slot for thereby dislocating said other bifurcation
      from said notch so as to disconnect said connectable end of said rear
      cover from said camera housing for thereby opening said rear cover.
NUM  9.
PAR  9. The improved locking means as claimed in claim 1, said viewing window
      being slidably connected to said rear cover, said biasing means comprising
      a rigid member having an end integrally connected to said viewing window
      and another end having a stepped shoulder connected thereto which extends
      beyond said connectable end of said rear cover, a pair of opposed
      substantially coaxial spring arms connected substantially at a
      perpendicular to said rigid member, a pair of opposed abutment surfaces
      located in said rear cover which abut said spring arms, respectively, of
      said biasing means for normally locating said stepped shoulder a
      predetermined distance beyond said connectable end of said rear cover,
      said stepped shoulder being slidable in a slot of predetermined length
      provided in said rear cover wherein said stepped shoulder may be
      dislocated from its normal position beyond said connectable end of said
      rear cover, and said latching means including a lip depending from said
      camera housing, said lip extending into the plane of said rear cover in a
      closed condition thereof and being contiguous with said connectable end
      thereof, an access space between said lip and said housing, said slot
      provided in said rear cover for said stepped shoulder communicating with
      said access space in said closed condition of said rear cover so as to
      permit said stepped shoulder to at least partially locate in said access
      space in response to pressure exerted thereon by said spring arms, said
      lip abutting said stepped shoulder in a closed condition of said rear
      cover, and a slidable release member connected respectively to said
      viewing window and said rigid member which is slidable in a recess
      provided in the exterior surface of said rear cover, said stepped shoulder
      being responsive to a sliding pressure exerted on said release member
      which exceeds the force of said bias so as to retract said stepped
      shoulder from said lip for thereby disconnecting said connectable end of
      said rear cover from said camera housing so as to permit said rear cover
      to be opened.
NUM  10.
PAR  10. The improved locking means as claimed in claim 1, said biasing means
      comprising a pair of substantially parallel, co-planar spring arms
      integrally connected to said viewing window, each spring arm terminating
      in a lug provided with an abutment surface substantially perpendicular to
      its said respective spring arm, said lugs being located exteriorly of said
      rear cover and being slidable along their abutment surfaces thereon, and
      said latching means comprising a pair of pressure responsive hook members
      located within said rear cover in proximity to said connectable end
      thereof, each hook member being connected to a respective spring arm at a
      perpendicular and said hook members being substantially parallel, a pair
      of slots provided in said rear cover of predetermined length so as to
      permit a predetermined displacement of said lugs on said rear cover in
      response to a pressure thereon which exceeds the force of said biasing
      spring arms, a pair of recesses located in said camera housing arranged to
      receive respective hooked ends of said hook members when said rear cover
      is closed against said camera housing, said hooked ends of said respective
      hook members being dislocatable from said respective recesses therefor by
      equal and opposite sliding pressures exerted respectively and
      simultaneously upon said lugs so as to disconnect said connectable end of
      said rear cover from said camera housing for thereby opening said rear
      cover.
NUM  11.
PAR  11. The improved locking means as claimed in claim 10, including a leaf
      spring integrally connected to said viewing window and extending towards
      said pivotably connected end of said rear cover, said leaf spring having a
      raised portion for locating a battery thereunder and biasing said battery
      into securement with said rear cover.
NUM  12.
PAR  12. The improved locking means as claimed in claim 1, including second
      biasing means integrally connected to said viewing window and extending
      towards said pivotably connected end of said rear cover, said biasing
      means being arranged to overlay an electric cell for energizing a flash
      attachment and releasably secure said electric cell to said rear cover.
NUM  13.
PAR  13. In an apertured rear cover for a film camera of the type including a
      camera housing for an objective, a viewer and a film load and means for
      operatively connecting a flash attachment thereto of the type energized by
      a cell secured on said rear cover, an improved film viewing window
      slidably connected in said rear cover aperture including a biasing means
      integrally connected to one end thereof and cell securing means integrally
      connected to said biasing means, said biasing means normally biasing said
      securing means against a cell engaged thereby, and pressure responsive
      release means connected to said viewing window for sliding said viewing
      window and securing means from engagement with a cell, so as to permit an
      engaged cell to be removed.
NUM  14.
PAR  14. In an apertured rear cover for a film camera of the type including a
      camera housing for an objective, a viewer and a film load and means for
      operatively connecting a flash attachment thereto of the type energized by
      a cell secured on said rear cover, an improved film viewing window
      releasably connected to said rear cover, said releasable connection
      comprising a resilient tongue integrally connected to said viewing window
      and extending in the plane thereof, said tongue having a hooked end
      locatable behind a fixed shoulder provided in said rear cover.
NUM  15.
PAR  15. The improvement as claimed in claim 14 including release means mounted
      on said tongue actuable by pressure exerted thereon for deforming said
      hooked end and dislocating it from securement with said fixed shoulder.
NUM  16.
PAR  16. The improvement as claimed in claim 15 including means for releasably
      securing a cell on said rear cover, said last-mentioned means being
      integrally connected to said tongue and securing said cell to said rear
      cover when said hooked end of said tongue is located behind said fixed
      shoulder, said cell being released by said securing means when said tongue
      is dislocated from said fixed shoulder.
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ABST
PAL  In an apparatus for developing light-sensitive material with a gaseous
      medium comprising a developing station in communication with a vaporizer,
      at least one heater in each of said developing station and vaporizer, at
      least one temperature control inside said developing station, said control
      at a certain temperature in said developing station actuating said heater
      in said vaporizer, and said developing station attaining its predetermined
      temperature at the latest at the time when said vaporizer attains its
      predetermined temperature.
BSUM
PAR  The present invention relates to an apparatus for developing
      light-sensitive materials, particularly diazotype materials, by means of a
      gaseous medium, particularly a mixture of ammonia gas and water vapor. The
      developing apparatus is particularly intended for use as a part of a
      photocopying machine.
PAR  In photocopying machines, the warm-up time of the vaporizer with a properly
      dimensioned heating means is considerably higher than that of the
      developing station. Therefore, when operating a photocopying machine, it
      must be ensured that the temperature in the developing station is
      sufficient for vaporization of the developer gas before the developer gas
      is generated in the vaporizer. Otherwise, the developer gas would condense
      on the cooler areas of the developing station and on the material to be
      developed.
PAR  German Auslegeschrift No. 1,278,239, discloses a temperature control which
      relieves the operator of estimating the temperature conditions in the
      developing station. In the developing station described in the said
      Auslegeschrift, there are provided a trough with a feeding device for
      ammonia water and a heating device for vaporizing the ammonia water. A
      heating device for the developing station is also provided. When the
      apparatus is placed in operation, first both heaters are switched on. As
      soon as the temperature in the developing station has attained a value at
      which there is no longer the risk of condensation, a first thermal circuit
      breaker is actuated, whereby a supply pump in the supply container for the
      ammonia water is actuated and the ammonia water is fed into the trough. In
      the developing station, there is a second thermal circuit breaker serving
      for controlling the heating of the developing station to maintain therein
      a certain nominal temperature. The just described temperature control is
      suitable only for vaporizers in which the entire dropwise-added ammonia
      water vaporizes or in which, at least when the apparatus is placed in
      operation, no ammonia water or water is in the vaporizer. Otherwise, with
      the above-mentioned control, water or an ammonia water mixture would
      vaporize due to the heating of the vaporizer before the temperature of the
      developing station is sufficiently high. Undesirable condensation thus
      would result.
PAR  More recently, vaporizers have been provided by means of which good
      utilization of the ammonia water is possible in order to obtain an almost
      ammonia-free waste water and simultaneously a favorable water
      vapor/ammonia gas composition in the developing station (see German Pat.
      applications Nos. P 22 44 384 and P 22 44 422). These vaporizers always
      contain water or an ammonia water mixture, i.e. also when the apparatus is
      placed in operation. Developing apparatuses with such vaporizers thus
      require another temperature control for the above-mentioned reasons.
PAR  The object of the present invention is to provide a developing apparatus
      with a temperature control, which prevents condensation of water vapor in
      the apparatus, independently of the selection of the specific vaporizer
      for the production of the developer gas.
PAR  The present invention provides an apparatus for developing light-sensitive
      materials by means of a gaseous medium, which apparatus has a vaporizer
      inside or outside the developing station and is provided with at least one
      heating means for the developing station and with at least one heating
      means for the vaporizer, as well as with at least one temperature
      controller located inside the developing station.
PAR  When the apparatus is placed in operation, the heating means for the
      developing station is switched on and, when a certain temperature is
      attained in the developing station, a temperature controller is actuated,
      by means of which the heating of the vaporizer can be actuated. The
      developing station reaches its nominal temperature at least at that moment
      at which the vaporizer reaches its nominal temperature.
PAR  In the apparatus of the invention, the developing station is first heated
      and then the vaporizer, so that the generation of the mixture of ammonia
      gas and water vapor begins only when the developing station has attained
      its nominal temperature in order to prevent condensation. At given heating
      powers of the heating means in the developing station and of the heating
      means in the vaporizer, the temperature at which the temperature
      controller is operated and actuates the heating of the vaporizer must be
      so selected that the developing station reaches its nominal temperature at
      that moment, at the latest, at which the vaporizer reaches its nominal
      temperature. If the temperature controller is actuated at a lower
      temperature, the vaporizer reaches its nominal temperature earlier than
      the developing station, i.e. ammonia and water vaporizes and the latter
      condenses in the developing station. The temperature at which the
      temperature controller is actuated also should not be substantially
      higher, in order to eliminate an unnecessarily long start-up time for the
      developing apparatus. The start-up time is that period of time between the
      placing in operation of the developing apparatus and the time at which the
      vaporizer has attained its nominal temperature, i.e. the temperature at
      which sufficient ammonia gas/water vapor is produced so that the materials
      can be developed. Therefore, the temperature at which the temperature
      controller is actuated at the given heating powers preferably is so
      selected that the developing station and the vaporizer attain their
      respective nominal temperatures simultaneously.
PAR  In order to prevent condensation after the start-up time of the apparatus,
      the nominal temperature of the vaporizer preferably is maintained
      5.degree. to 10.degree.C below the nominal temperature of the developing
      station.
PAR  The temperature fluctuation about a nominal value mainly depends on the
      sensitivity of the temperature controller used, on the storage behavior of
      the heated object, and on the heating power of the heating means used.
      Conventional temperature controllers switch-off the heating means when the
      nominal temperature is exceeded, and switch the heating means on again
      when the temperature falls below the nominal temperature. Due to its
      heat-retaining capacity, the heating means supplies heat after
      disconnection, which leads to a marked rise of the temperature above the
      nominal value. In the reverse case, it requires a certain time until the
      switched-on heating power again increases the temperature. Considerable
      fluctuations about the nominal temperature thus result. Even more
      considerable fluctuations result when, as illustrated below, temperature
      controllers with great switching differences are employed. Temperature
      controllers with feedback, with a corresponding adaption of the feedback,
      have small fluctuations about a nominal value, but the warm-up time until
      the nominal value is attained is long. A temperature controller with
      feedback is a controller in which the switching points are advanced below
      the nominal temperature and thus the switching frequency is increased.
PAR  In order to maintain the warm-up time, and thus the start-up time, of the
      developing apparatus short, a preferred embodiment of the developing
      apparatus of the invention includes two heating means for the developing
      station, which heating means are switched on when the apparatus is placed
      in operation. The first heating means serves for the rapid warm-up of the
      developing station and is switched off at a certain temperature by means
      of a temperature controller. The second heating means is provided for
      maintaining the nominal temperature after the warm-up time, in order to
      prevent greater fluctuations about the nominal temperature and is
      controlled by means of a temperature controller with feedback.
PAR  The selection of the temperature at which the first heating means is
      switched off depends upon the sensitivity of the temperature controller.
      If the temperature controller has very great switching differences, i.e.
      if it switches-off the heating means at a certain temperature and switches
      it on again only when a temperature far below is attained, the
      switching-off temperature may be selected relatively high. It may occur
      that the temperature exceeds the nominal value of the developing station
      but, since the walls and the like are relatively cold and absorb much
      heat, the temperature drops again rapidly. If, however, a temperature
      controller with small switching differences is employed, the temperature
      at which the first heating means is switched off must at any rate be below
      the nominal temperature of the developing station, since otherwise the
      first heating means, with a small drop of the temperature in the
      developing station, would be switched on again by the temperature
      controller, which would lead to a constant excess of the nominal
      temperature in the developing station.
PAR  Preferably, the same temperature controller is used for switching-off the
      first heating means in the developing station, and for switching-on the
      vaporizer heating means, i.e. both operations are performed at the same
      temperature.
PAR  Since temperature controllers with feedback are relatively expensive,
      another preferred embodiment includes three heating means for the
      developing station which are switched-on when the apparatus is placed in
      operation. All data given with respect to the function and switching-off
      temperature at which the temperature controller is actuated for the first
      heating means of the above-described embodiment with two heating means for
      the developing station apply to the first heating means of this embodiment
      correspondingly. The second heating means is included as a permanent
      heating means, i.e. it is in operation as long as the apparatus is
      switched-on. It has a heating power which is sufficient for maintaining a
      temperature a few degrees Centigrade (e.g. 5.degree.C) below the nominal
      temperature of the developing station. The third heating means is intended
      as a controlled heating means. It is connected or disconnected by means of
      another temperature controller to maintain the nominal temperature in the
      developing station. In this embodiment, the temperature controller with
      feedback is replaced by two heating means, a permanent heating means and a
      controlled heating means which is controlled by a temperature controller.
      With these two heating means, the same aim is achieved, i.e. the most
      exact maintenance of the nominal temperature in the developing station.
      Also in this embodiment, disconnection of the first heating means in the
      developing station and connection of the vaporizer heating means can occur
      at the same temperature, i.e. by means of a temperature controller.
PAR  Instead of the permanent heating means and the controlled heating means, it
      is also possible to use a heating means which can be adjusted to two
      heating powers. When the temperature controller is actuated, the heating
      means is not switched-off but is adjusted to the lower heating power,
      which is so selected that it can maintain the developing station at a
      temperature a few degrees Centigrade below the nominal temperature. The
      upper heating power is so selected that it is sufficient for maintaining
      the nominal temperature of the developing station. The temperature
      controller thus switches from the lower to the upper heating power, and
      vice versa.
PAR  Since the temperature of the mixture of ammonia gas and water vapor is
      important for the development of the materials exposed to light, the
      temperature of the mixture of ammonia gas and water vapor, i.e. the
      nominal temperature of the vaporizer, preferably is maintained constant at
      the optimum value for development. This is advantageously achieved by a
      temperature controller for controlling the vaporizer heating means which
      controller is located at the vaporizer outlet of the gas mixture.
PAR  As long as the vaporizer has not attained the temperature necessary for
      vaporization, no ammonia water should be added thereto since otherwise
      ammonia water of a high ammonia content would be discharged from the
      outlet of the vaporizer and thus into the waste water. In order to prevent
      this, the temperature controller at the vaporizer outlet may actuate an
      indicating device, e.g. a lamp, as soon as the nominal temperature of the
      vaporizer, or a temperature a few degrees Centigrade below that
      temperature, is attained, which indicating device indicates to the
      operator that the ammonia water supply may be switched-on. This procedure
      also may be automated in that, when the nominal temperature of the
      vaporizer, or a temperature a few degrees below that temperature is
      attained, the temperature controller actuates a valve whereby the ammonia
      water supply into the vaporizer begins.
PAR  As the vaporizer heating means, there preferably may be used a heating
      means which is adjustable to two heating powers. In this case, the lower
      heating power is so selected that it is sufficient for maintaining the
      nominal temperature of the vaporizer when no ammonia water is added
      thereto, i.e., when no substantial cooling occurs. The upper heating power
      of the vaporizer heating means is so selected that it is sufficient for
      maintaining the nominal temperature when ammonia water is added to the
      vaporizer. When the nominal temperature of the vaporizer is exceeded, the
      temperature controller in the vaporizer outlet thus does not switch-off
      the vaporizer heating means but switches it to its lower heating power
      and, when the temperature falls below the nominal temperature, it switches
      it again to its upper heating power.
DRWD
PAR  The invention will be further illustrated by reference to the accompanying
      drawings, in which
PAR  FIG. 1 is a view in elevation of a preferred embodiment of the developing
      apparatus in the zone of a pair of feed rolls,
PAR  FIG. 2 is a time/temperature diagram of one embodiment of the developing
      apparatus, and
PAR  FIG. 3 is a time/temperature diagram for the embodiment of the developing
      apparatus shown in FIG. 1.
DETD
PAR  In FIG. 1, the developing station 1 is enclosed by the housing 2. The
      exposed material to be developed is introduced into the apparatus between
      the pair of feed rolls 3, passes through the rolls and is discharged from
      the apparatus through a pair of discharge rolls, not shown in FIG. 1. In
      the apparatus shown in FIG. 1, the vaporizer 4 for the ammonia water is
      located outside of the developing station. The vaporizer operates
      according to the rectification principle, as described in German Pat.
      application No. P 22 44 384. On the vaporizer 4, there is mounted an
      ammonia water supply container 5 from which the ammonia water is dropwise
      introduced into the vaporizer 4. In the developing station 1, there are
      located the temperature sensors of the temperature controllers 6 and 7.
      The temperature controller 6 serves for switching-on the vaporizer heating
      means 8 and for switching-off the first heating means 9 of the developing
      station 1, whereas the temperature controller 7 controls the third heating
      means 11 for the maintenance of the nominal temperature of the developing
      station 1. Whereas the first heating means 9, which is switched-on only
      during the warm-up period, and the third controlled heating means 11 are
      located in the interior of the developing station 1, the second heating
      means 10 which heats continuously as long as the apparatus is in
      operation, is located outside of the developing station 1. At the outlet
      12 of the vaporizer 4 is located the temperature sensor of the temperature
      controller 13 which controls the vaporizer heating means 8 for maintaining
      the nominal temperature in the vaporizer 4.
PAR  In the time/temperature diagram of FIG. 2, the temperature curve of the
      developing station 1 is designated by II and the temperature curve of the
      vaporizer 4 by III. Curve I is the temperature curve of the developing
      station 1 when only one heating means is used and which is controlled by
      means of a temperature controller with feedback. The temperature curve II
      in FIG. 2 is the temperature curve for an embodiment not illustrated in
      FIG. 1, in which the first heating means 9 of the developing station 1 is
      switched-off at a temperature other than that at which the vaporizer
      heating means 8 is switched-on. In this embodiment, a third temperature
      controller for the developing station is thus necessary.
PAR  The apparatus is switched-on at the time t.sub.0, all three heating means
      of the developing station 1 being switched on also, in order to warm it
      up. When the temperature T.sub.1 is attained at the time t.sub.1, this
      time being determined by the powers of the three heating means and the
      specific form, e.g. size of the developing station 1, a first temperature
      controller is actuated and switches-off the first heating means of the
      developing station 1. When the temperature T.sub.2 is attained at the time
      t.sub.2, a second temperature controller in the developing station is
      actuated and switches-on the vaporizer heating means 8. At the time
      t.sub.3, the developing station 1 attains its nominal temperature and
      shortly thereafter at the time t.sub.4 the vaporizer 4 attains its nominal
      temperature, i.e. photocopies can be developed. If only one heating means
      controlled by a temperature controller with feedback is used in the
      developing station, the apparatus is ready for the development of
      photocopies only at the time t.sub.5.
PAR  FIG. 3 shows the time/temperature diagram for the embodiment shown in FIG.
      1. The curves I, II, and III have the same meanings as in FIG. 2. When the
      temperature T.sub.1 is attained in the developing station 1 at the time
      t.sub.1 (e.g. after 8 to 9 minutes) the temperature controller 6 is
      actuated, switches-on the heating means 8 of the vaporizer 4, and
      switches-off the first heating means 9 of the developing station 1. At the
      time t.sub.2 (e.g. after 17 to 18 minutes) the developing station 1 and
      the vaporizer 4 simultaneously attain their respective nominal
      temperatures, the nominal temperature of the vaporizer 4 being 70.degree.C
      and that of the developing station 1 being 75.degree.C.
PAR  The various heating means are conventional electric heaters and therefore
      are not further described.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for developing light-sensitive material with a gaseous medium
      having a predetermined dew point comprising developing station means in
      communication with vaporizer means, at least one heating means in each of
      said developing station means and vaporizer means, at least one
      temperature control means inside said developing station means, said
      temperature control means being connected to the heating means in the
      developing station means and said heating means in said vaporizer means,
      said temperature control means being adjusted to control the heating of
      the developing station means to a predetermined temperature exceeding the
      dew point of the gaseous medium, whereby in said developing station means
      any condensation is prevented, said control means at a certain temperature
      in said developing station means actuating said heating means in said
      vaporizer means, said certain temperature being lower than said
      predetermined temperature, and said developing station means attaining its
      predetermined temperature prior to the vaporizer means producing the
      gaseous medium.
NUM  2.
PAR  2. Apparatus for developing light-sensitive material with a gaseous medium
      having a predetermined dew point comprising developing station means in
      communication with vaporizer means, at least one heating means in each of
      said developing station means and vaporizer means, at least one
      temperature control means inside said developing station means, said
      temperature control means being connected to the heating means in the
      developing station means and said heating means in said vaporizer means,
      said temperature control means being adjusted to control the heating of
      the developing station means to a predetermined temperature exceeding the
      dew point of the gaseous medium, whereby in said developing station means
      any condensation is prevented, said control means at a certain temperature
      in said developing station means actuating said heating means in said
      vaporizer means, said certain temperature being lower than said
      predetermined temperature, and said developing station means attaining its
      predetermined temperature simultaneously with the vaporizer means
      producing the gaseous medium.
NUM  3.
PAR  3. Apparatus for developing light-sensitive material with a gaseous medium
      having a predetermined dew point comprising developing station means in
      communication with vaporizer means, at least one heating means in each of
      said developing station means and vaporizer means, at least one
      temperature control means inside said developing station means, said
      temperature control means being connected to the heating means in the
      developing station means and said heating means in said vaporizer means,
      said temperature control means being adjusted to control the heating of
      the developing station means to a predetermined temperature exceeding the
      dew point of the gaseous medium, whereby in said developing station means
      any condensation is prevented, said control means at a certain temperature
      in said developing station means actuating said heating means in said
      vaporizer means, said certain temperature being lower than said
      predetermined temperature, and said developing station means attaining its
      predetermined temperature prior to or simultaneously with the vaporizer
      means producing the gaseous medium, said vaporizer means producing the
      gaseous medium at a temperature 5.degree. to 10.degree.C below the
      predetermined temperature of said developing station means.
NUM  4.
PAR  4. Apparatus for developing light-sensitive material with a gaseous medium
      having a predetermined dew point comprising developing station means in
      communication with vaporizer means having outlet means for the gaseous
      medium, at least one heating means in each of said developing station
      means and vaporizer means, at least one temperature control means inside
      said developing station means, said temperature control means being
      connected to the heating means in the developing station means and said
      heating means in said vaporizer means, said temperature control means
      being adjusted to control the heating of the developing station means to a
      predetermined temperature exceeding the dew point of the gaseous medium,
      whereby in said developing station means any condensation is prevented,
      said control means at a certain temperature in said developing station
      means actuating said heating means in said vaporizer means, said certain
      temperature being lower than said predetermined temperature, said
      developing station means attaining its predetermined temperature prior to
      or simultaneously with the vaporizer means producing the gaseous medium,
      and a second temperature control means at said outlet means for
      controlling the at least one heating means of said vaporizer means.
NUM  5.
PAR  5. Apparatus for developing light-sensitive material with a gaseous medium
      having a predetermined dew point comprising developing station means in
      communication with vaporizer means having outlet means for the gaseous
      medium, at least one heating means in each of said developing station
      means and vaporizer means, at least one temperature control means inside
      said developing station means, said temperature control means being
      connected to the heating means in the developing station means and said
      heating means in said vaporizer means, said temperature control means
      being adjusted to control the heating of the developing station means to a
      predetermined temperature exceeding the dew point of the gaseous medium,
      whereby in said developing station means any condensation is prevented,
      said control means at a certain temperature in said developing station
      means actuating said heating means in said vaporizer means, said certain
      temperature being lower than said predetermined temperature, said
      developing station means attaining its predetermined temperature prior to
      or simultaneously with the vaporizer means producing the gaseous medium,
      and a second temperature control means at said outlet means for
      controlling the at least one heating means of said vaporizer means to
      maintain a minimum temperature therein, said last-mentioned heating means
      being adjustable between a lower and an upper heating power, said second
      temperature control means switching said last-mentioned heating means to
      the lower heating power when said minimum temperature is exceeded, said
      lower heating power being sufficient to maintain said predetermined
      temperature in said vaporizer means.
NUM  6.
PAR  6. Apparatus for developing light-sensitive material with a gaseous medium
      having a predetermined dew point comprising developing station means in
      communication with vaporizer means, at least one heating means in said
      vaporizer means, two heating means and two temperature control means in
      said developing station means, one of said two temperature control means
      being connected to one of the heating means in the developing station
      means and said heating means in said vaporizer means, the other of said
      two temperature control means being connected to the other one of the
      heating means in the developing station means, the first-mentioned one of
      said two heating means serving for the rapid warm-up of said developing
      station means and being switched-off by said temperature control means
      connected thereto when a predetermined temperature is attained in said
      developing station means, the other one of said two heating means
      maintaining the predetermined temperature in said developing station means
      and being switched-on and off by said temperature control means connected
      thereto, whereby the predetermined temperature in said developing station
      means is maintained, said one temperature control means being adjusted to
      control the heating of the developing station means to said predetermined
      temperature exceeding the dew point of the gaseous medium, whereby in said
      developing station means any condensation is prevented, said one
      temperature control means at a certain temperature in said developing
      station means actuating said heating means in said vaporizer means, said
      certain temperature being lower than said predetermined temperature, and
      said developing station means attaining its predetermined temperature
      prior to or simultaneously with the vaporizer means producing the gaseous
      medium.
NUM  7.
PAR  7. Apparatus for developing light-sensitive material with a gaseous medium
      having a predetermined dew point comprising developing station means in
      communication with vaporizer means, at least one heating means in said
      vaporizer means, two heating means and two temperature control means in
      said developing station means, one of said two temperature control means
      being connected to one of the heating means in the developing station
      means and said heating means in said vaporizer means, the other of said
      two temperature control means being connected to the other one of the
      heating means in the developing station means, the first-mentioned one of
      said two heating means serving for the rapid warm-up of said developing
      station means and being switched-off by said temperature control means
      connected thereto when a predetermined temperature is attained in said
      developing station means, the other one of said two heating means
      maintaining the predetermined temperature in said developing station means
      and being switched-on and off by said temperature control means connected
      thereto, whereby the predetermined temperature in said developing station
      means is maintained and when said temperature control means for
      switching-off the heating means serving for the rapid warm-up of the
      developing station means is actuated, said heating means in said vaporizer
      means is switched-on and the heating means serving for the rapid warm-up
      of the developing station means is switched off, said one temperature
      control means being adjusted to control the heating of the developing
      station means to said predetermined temperature exceeding the dew point of
      the gaseous medium, whereby in said developing station means any
      condensation is prevented, said one temperature control means at a certain
      temperature in said developing station means actuating said heating means
      in said vaporizer means, said certain temperature being lower than said
      predetermined temperature, and said developing station means attaining its
      predetermined temperature prior to or simultaneously with the vaporizer
      means producing the gaseous medium.
NUM  8.
PAR  8. Apparatus for developing light-sensitive material with a gaseous medium
      having a predetermined dew point comprising developing station means in
      communication with vaporizer means, at least one heating means in said
      vaporizer means, three heating means and two temperature control means in
      operative association with said developing station means, a first one of
      said three heating means serving for the rapid warm-up of said developing
      station means and being switched-off by one of said two temperature
      control means when a predetermined temperature is attained in said
      developing station means, a second one of said three heating means
      operating continuously to maintain a temperature in said developing
      station means a few degrees Centigrade below the predetermined temperature
      of the developing station means, and the third one of said three heating
      means maintaining the predetermined temperature in said developing station
      means and being switched-on and off by the other one of said two
      temperature control means, whereby the predetermined temperature in said
      developing station means is maintained, said one temperature control means
      being adjusted to control the heating of the developing station means to
      said predetermined temperature exceeding the dew point of the gaseous
      medium, whereby in said developing station means any condensation is
      prevented, said one temperature control means at a certain temperature in
      said developing station means actuating said heating means in said
      vaporizer means, said certain temperature being lower than said
      predetermined temperature, and said developing station means attaining its
      predetermined temperature prior to or simultaneously with the vaporizer
      means producing the gaseous medium.
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ABST
PAL  A compact vertical plate processor providing dwell time, brushing and
      squeegee for developing plates which are inserted vertically from the top
      of the processor between pairs of transport rollers and brush rollers and
      thereby immersed in a developing solution. A spring-loaded cam lever
      mechanism separates each pair of upper and lower transport rollers as well
      as an intermediate pair of brush rollers from a contacting position to a
      loading position to permit insertion of a plate into the solution. After a
      pre-set dwelling time, a drive motor is activated for rotating the rollers
      to deliver the plate up out of the processor. Also, an adjustable plate
      size adapter sets the height at which the plate can be lowered into the
      tank so that such plate never falls from between the nip of the lowest set
      of rollers in the processor. The processor provides automatic developing
      of the plate in a vertical, non-feedthrough operation, thereby permitting
      a compact apparatus requiring a minimum of table top space.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the preparation of printing plates and
      more particularly to the automatic processing of undeveloped sensitized
      printing plates.
PAR  There is presently known in the printing art apparatus for preparing
      planographic offset printing plates used in the lithographic printing
      process. Generally, automatic processors are known which receive the
      developer plates at one end and transport such plates in a horizontal
      direction through developer and scrubbing stations where a developer
      solution is applied over the exposed surfaces of the plates. The plate is
      discharged from the apparatus at an end located opposite to the entry end.
      One such apparatus is described in U.S. Pat. No. 3,762,808 issued, on May
      16, 1973 to Robert C. Graham. While the horizontal type of plate
      processors have been widely used because they provide automatic processing
      in a uniform and time saving manner, there still exists a need for
      processors which do not require the table space associated with the
      horizontal processors, and which provide increased conservation of the
      developing solutions.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide processing of offset
      printing plates in a manner which uses a minimum horizontal table top
      space. It is another object to provide a compact plate processor which
      provides automatic brushing, squeegee and dwelling time for plates which
      are transported in a vertical direction in the apparatus. It is a further
      object to provide an apparatus which allows the use of a one-step
      developing solution, which can be used many times over, always providing a
      plate ready for press use without further treatment. These, and other
      objects, are achieved by the present invention which provides a processor
      for developing offset printing plates in a tall, narrow tank mounted at
      one end of the processor work table with the table opening at the table
      top. The processor includes a pair of upper transport rollers and a pair
      of lower transport rollers for driving the plate out of the developer tank
      onto the work table. A pair of applicator roller brushes are mounted
      vertically between the upper and lower transport rollers for scrubbing the
      developer solution over the plate surfaces as the plate is passed between
      the applicator roller brushes. A spring-loaded cam leaver mechanism
      separates each pair of upper and lower transport rollers as well as the
      intermediate pair of roller brushes to permit insertion of a plate
      vertically from the top of the processor tank down between the rollers and
      into the developer solution. After a pre-set dwelling time, a drive motor
      is activated for rotating the transport rollers to deliver the plate up
      out of the processor tank. Also, an adjustable plate size adapter sets the
      height at which the plate can be lowered into the tank so that such plate
      never falls from between the nip of the lowest set of rollers in the
      processor tank. The processor provides automatic developing of the plate
      in a vertical, non-feedthrough operation, thereby permitting a compact,
      vertical and thin processor, and permitting conservation of the developer
      solution.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an overall perspective view of the duplicator plate processor of
      the present invention installed at one end of a work table;
PAR  FIG. 2 is a perspective view of the processor mechanism shown only partly
      inserted in the processor tank;
PAR  FIG. 3 shows a perspective view of the roller and gear drive mechanism of
      the processor;
PAR  FIG. 4 shows an end view of the processor mechanism including the gears and
      the cam leaver mechanism for separating the rollers;
PAR  FIG. 5 is a top view of the drive shaft and some associated gears and motor
      controls;
PAR  FIG. 6 is a perspective view of the adjustable plate size adapter used in
      the plate processor;
PAR  FIG. 7 is a side view of the adjustable plate size adapter shown in FIG. 6;
PAR  FIG. 8 is a cross-sectional view of the side frame members of the processor
      mechanism together with the sliding frame of the adjustable plate size
      adapter; and
PAR  FIG. 9 is an overall perspective view of the processor mechanism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown an overall perspective view of the
      duplicator plate processor 10 of the present invention. The processor 10
      is vertically mounted under a work table 12 having an oblong, cut-out
      portion on the table top. A tank 14 containing the processor 10 is mounted
      with its open end facing up and located at the top of table 12. The bottom
      of tank 14 is provided with a drain spigot 16 for draining the developer
      solution from tank 14.
PAR  Referring to FIGS. 2, 3 & 4, there is shown various views of the processor
      mechanism which during its operation is fitted within the processor tank
      14. Specifically, in FIG. 2, there is shown the processor mechanism when
      located only partially in the tank 14 to illustrate its relationship to
      the tank. The processor mechanism has connected at its top a pair of
      plates 18 which provide a shoulder which rests on the top surface of the
      table 12 when the processor mechanism is fully inserted into the tank 14,
      whereby the plates 18 support the processor mechanism from the top of the
      table 14. When the processor mechanism is in its operative position in the
      tank 14, as shown in FIG. 1, there is a rectangular opening through which
      a plate 20 can be inserted into the tank 14 for processing. As shown in
      more detail in FIG. 3, the plate processor mechanism includes a pair of
      upper transport rollers 22A and 22B, a pair of lower transport rollers 24A
      and 24B, and a pair of applicator brush rollers 26A and 26B. The upper
      pair of rollers 22A and 22B and the lower pair of rollers 24A and 24B
      comprise a conventional rubber material on their outside surfaces for the
      purpose of transporting the plate 20 between each pair of rollers, and for
      squeegee action as the plate exits. Roller 22A is mounted to operate in
      close contact with roller 22B along their surfaces so that they will drive
      the plate 20 as it passes between such rollers. Similarly, roller 24A is
      mounted adjacent the roller 24B to provide close contact therebetween. The
      middle pair of applicator brush rollers 26A and 26B comprise a bristle
      material, such as a pile polyolefin arranged on the rollers. The bristle
      material may be arranged in a spiral pattern on rollers 26A and 26B, such
      as is described in co-pending U.S. Pat. application Ser. No. 484,910,
      filed on July 1, 1974 by Delos E. Bown and entitled "Apparatus for
      Preparing Offset Printing Plates." As the transport rollers 22A and 22B
      and 24A and 24B drive the plate 20 out of the tank 14 containing the
      developer, the plate 20 passes between the applicator brush rollers 26A
      and 26B which are driven at a speed which is greater than the speed of the
      transport rollers 22A and 22B and 24A and 24B so that a brushing action
      occurs on the plate 20.
PAR  As shown in FIGS. 2 and 3, at one end of the processor mechanism, the
      transport rollers 22A and 22B are attached at their respective shafts 30A
      and 30B to meshing gears 32A and 32B, respectively, the brush rollers 26A
      and 26B are connected by their shafts 34A and 34B to meshing gears 36A and
      36B, respectively, and transport rollers 24A and 24B are connected by
      their respective shafts 38A and 38B to meshing gears 40A and 40B,
      respectively. Each of the gears is comprised of a suitable material, such
      as nylon, which provides the appropriate strength and wear for the purpose
      employed. Additionally, three relatively smaller drive gears 42, 44 and 46
      are provided which are relatively smaller than the above described gears
      attached on each roller shaft. As shown in FIGS. 3 and 4, the top right
      gear 32B associated with transport roller 22B is driven by a drive gear
      48, further shown in FIG. 5. The drive gear 48 is mounted at the end of a
      drive shaft 50, as shown in FIG. 5, which shaft 50 is attached to be slid
      back and forth in a bearing block 52. The shaft 50 and gear 48 are moved
      longitudinally back and forth relative to block 52 to selectively
      disengage the gear 48 from the gear 32B of transport roller 22B and
      thereby allow the plate processor mechanism to be removed from the
      processor tank 14 or to be inserted into such tank. When the plate
      processor mechanism is in its operative position in the tank 14, the shaft
      50 and drive gear 48 are extended into their operative position so that
      gear 48 meshes with the gear 32B. A set screw 54 is provided on a gear
      bushing 56 on shaft 50 so as to fixedly secure the shaft 50 to a chain
      drive gear 64. In this position, the gears 48 and 32B mesh in operating
      relationship.
PAR  Referring again to FIG. 5, the bearing block 52 is fixedly attached to the
      table of the processor 10 by bolts 58 and has bearing bushings 60 and 62
      through which the shaft 50 extends. The gear 64 is attached to the shaft
      50 and is driven by a chain 66 attached via a gear 67 to a motor 69. As
      the chain 66 drives the gear 64, the shaft 50 and its attached gear 48 are
      caused to rotate. With the shaft 50 in the operative position, the gear 48
      meshes with the gear 32B thereby driving the same.
PAR  As shown in detail in FIG. 3, gear 32B meshes with gear 42 which meshes
      with gear 44, which in turn meshes with gear 46. Gear 46 is positioned to
      rotates the gear 40B. In this fashion, the rotation of the drive shaft 50
      and the drive gear 48 causes the transport roller gears 32A and 32B and
      40A and 40B to rotate. The gear 44 is rotatably mounted on the shaft 34B
      of the brush roller 26B. Gear 44 is mounted in a bearing around the shaft
      34B so as to permit relative rotative movement while being fixed against
      longitudinal sliding on the shaft 34B. Therefore, when the gear 44 is
      caused to rotate by the gear 42, it does not cause the brush roller shaft
      34B to rotate. Instead, gear 44 is used to transmit the rotative movement
      from the gear 42 over to the gear 46. In turn, gear 46 engages with gear
      40B to cause rotation of the lower set of transfer rollers 24A and 24B. It
      is noted that the gears 42, 44 and 46 are generally of the same size, this
      being smaller than the relatively larger gears which they serve to drive.
PAR  Referring again to FIG. 3, there is also shown the drive mechanism for the
      brush rollers 26A and 26B, located at the opposite end of the roller gears
      described above. Specifically, a gear 70 is fixedly attached to the other
      end of the shaft 30B of transport roller 22B. Gear 70 in turn is
      operatively connected by a rubber timing belt 72 to a smaller gear or
      pulley 74. The gear 74 is fixedly attached to the shaft 34B and thereby
      causes rotation of the spiral brush roller 26B. As the transport roller
      22B is caused to rotate by means of the drive gear 48, the gear 70 rotates
      and causes the smaller gear 74 to rotate. The gear 74 is designed relative
      to the gear 70 so that the brush roller 26B is caused to rotate several
      times faster than the transfer roller 22B. As an example, a suitable
      scrubbing action is provided when the gear ratio between gear 70 and gear
      74 is 4:1 so that the brush rollers 26A and 26B will rotate 4 times faster
      than the transport rollers 22A and 22B, and 24A and 24B.
PAR  Referring to FIG. 4, there is shown the means for separating the ones of
      each pair of rollers from their operative contacting positions to permit
      insertion of the plate therebetween. The developer mechanism is held
      together by a frame structure which includes a side frame plate 76A and
      76B at the respective opposite ends. These side frame plates are shown and
      described in greater detail with reference to FIGS. 8 and 9. A spreader
      bar 80 is provided with three cut-out portions 82, 84 and 86,
      respectively, which are adjacent each of the roller shafts 30A, 34A and
      38A, respectively, Cut-out portion 82 leads into a cam surface 88 which
      leads into the outer side portion 90 of the spreader bar 80. Similarly,
      the cut-out portions 84 and 86 lead into cam portions 92 and 94 which in
      turn lead out to the flat edge 90 of the spreader bar. A handle 96 is
      pivotally attached by pin 98 to the spreader bar 80. Handle 96 is also
      fixed at one end by a hinge pin 100 which also connects with a linkage arm
      102. Linkage arm 102 is pivotally attached by a pin 103 to the side frame
      plate 76A. Each of the shafts 30A, 34A and 38A are provided at each end
      with bearings 110, 112 and 114, respectively, which are spring urged by
      spring-loaded, flat-headed pressure pins 116, 118 and 120, respectively,
      against the spreader bar portions 82, 84 and 86 respectively. Each of the
      pressure pins 116, 118, and 120 are urged by their respective coil springs
      122, 124 and 126 against the bearings 110, 112 and 114. The bearing 110 is
      slidably mounted in an oblong slot 130 of the side frame plate 76A.
      Similarly, the bearings 112 and 114 are slidably mounted in oblong slots
      132 and 134, respectively, in the side frame plate 76A. On the right side
      of the side frame plate 76A there are provided three circular holes for
      accommodating three shaft bearings 142, 144 and 146 in a fixed position.
      Bearings 142, 144 and 146 receive the shafts 30B, 34B and 38B
      respectively.
PAR  Generally, the side frame plate 76A shown in FIG. 3 is mounted at one end
      of the roller shafts while an essentially identical structure is mounted
      at the opposite end of such roller shafts. Each side frame plate is
      provided with three spaced apart holes on the left or right hand side for
      accommodating three circular shaft bearings 142, 144 and 146 in a fixed
      position in the side frame plate, and three oblong slots for accommodating
      three flat-sided shaft bearings 110, 112 and 114 which are adapted for
      movement therein. The three circular shaft openings and the three oblong
      slot openings are provided in each of the side frame plates, shown as 76A
      and 76B in FIG. 9, so that the three rollers 22A, 26A and 24A can be
      shifted from a contacting position with the respective rollers 22B, 26B
      and 24B into a loading position whereby the rollers are spaced apart by a
      predetermined amount. The rollers 22A, 26A and 24A are indicated by broken
      circular lines in FIG. 4. Thus, the three rollers on the one side of each
      mounting frame are set in a fixed bearing in the side frame plates 76A and
      76B while the three adjacent rollers are mounted for slidable movement in
      such side frame plates.
PAR  In operation, in order to load the processor mechanism with a plate for
      development, the spreader bar handle 96 is raised into the load position
      thereby lifting the spreader bar 80 in its guide formed within the side
      frame plate 76A, so that the cam surfaces 88, 92 and 94 press the bearings
      110, 112 and 114, respectively, and their associate shafts towards the
      left away from the adjacent rollers. The lifting of the spreader bar 80
      causes the spring mounted bearings 110, 112, and 114 to be urged against
      the springs to the left through the action of the cam surfaces 88, 92 and
      94 and the bar surface 90. This creates a space between the three sets of
      adjacent rollers so that the plate 20 may be inserted into the processor
      tank containing the developer solution. The plate 20 is inserted down
      between the adjacent pairs of rollers until such plate is completely
      immersed in the developer.
PAR  A depth positioner, shown in FIGS. 6, 7 and 8, is provided for adjusting
      the lowest position at which the plates may be immersed in the tank 14.
      The depth positioner is shown as comprising three settings for the depth
      positioning of various size plates in order that the shorter plates are
      not lowered below the bottom set of transport rollers 24A and 24B. The
      depth positioner thereby prevents the plate from dropping into the bottom
      of the tank 14 and out of the position where the rollers can automatically
      raise the plate out of the tank after processing. As described above, the
      plate processor mechanism includes the two side frame plates 76A and 76B
      which support each of the six rollers by means of the roller shaft
      bearings mounted on such plates.
PAR  Each of the side frame plates 76A and 76B have a shallow U-cross-section
      with respective shoulder or arm portions 152A and 152B, shown in FIG, 8,
      which extend out from the ends of the plates 76A and 76B. The U-channels
      provided by the two shoulder portions 152A and 152B accommodate a depth
      positioner frame 154 which rides in the track formed by the channels 152A
      and 152B. As shown by the cross-sectional view of FIG. 8, the depth
      positioner frame 154 provides a rectangular cross-section with an opening
      156 through which a processing plate passes through as it is inserted into
      the tank 14. Frame 154 has attached thereto a plurality of plate retaining
      straps 158 which extend from the upper portion of frame 154 and taper
      generally downward near the bottom portion 164 of frame member 154. The
      strap 158 are attached to the upper portion of frame 154 at points 160 and
      162 so that the straps, when observed from the positions near the side
      frames, taper downward in a general V-shape. Straps 158 may, for example,
      be comprised of semi-flexible Lucite strips riding from the top portions
      of the frame 154 down to the centrally located bottom portion 164. The
      member 165 attached to frame 154 serve to guide a plate into the nip of
      the bottom rollers 24A and 24B.
PAR  The lower portion 164 of the frame 154 extends between the two side frame
      plates 76A and 76B and is fixedly attached to the frame 154 by side
      members 166 and 168. The lower portion 164 of frame 154 may comprise a
      single plastic bar extending from the lower portion of the side member 166
      of the frame 154 to the other side member 168.
PAR  A depth bar 180 is attached at its lower end to the frame 154 by a bolt 182
      which permits the bar 180 to pivot with respect to the frame 154. The
      upper end of the bar 180 has attached thereto a cylindrical rod 184 which
      is adapted to fit into any of the notches 186, 188 and 190 formed in a
      height adjustment rack 192 securely mounted on the upper plate 18 of the
      processor mechanism. The particular setting of the rod 184 in one of the
      notches 186, 188 or 190 will consequently vary the height at which depth
      positioner bar 180 holds the frame 154 in its channel formed in the side
      frame plates 76A and 76B. The particular depth at which the frame 154 is
      held will determine the lowest position of the bar 164 which provides the
      bottom limit for the processor plates. In this fashion, the processor
      plate 20 will not be lost from the nip between the bottom set of transport
      rollers 24A and 24B such that the relatively shorter plates can be
      accommodated by the processor by simply raising the height of the frame
      154 and its bar 164. For example, the notch 186 will accommodate the
      shortest plates while the notch 190 will accommodate the longest plates
      since the plastic straps will be at their lowest point of travel. Of
      course, the number and position of the notches can be designed to the
      needs of the plate sizes expected for a particular system. If the operator
      should set the depth for a long plate and then insert a short plate, the
      plate would drop below the nip of the bottom rollers 24A and 24B. To
      recover the plate, the operator raises the frame 154 in the manner
      described above while the rollers are turning and the guide members 165
      will guide the top edge of the plate into the nip of the rollers 24A and
      24B.
PAR  The general operation of the processor mechanism is as follows. The handle
      96 is raised to separate the rollers. The plate 20 is inserted into the
      tank 14 and between the separated rollers. The depth of the plate 20 in
      tank 14 is controlled by the setting of the rod 184 on adjustment rack
      192. The handle 96 is then lowered to bring the rollers back into contact,
      with the lowest set of rollers 24A and 24B contacting the plate 20. The
      switch 194, shown in FIG. 5, is then pushed to activate the processor
      mechanism via a timer circuit 198. The red light 196 indicates that the
      machine is on. The timer 198 has an initial delay period, during which the
      plate may be allowed to dwell in the developing solution. Then the timer
      goes into its "On" period, activates the electric motor 69 which, through
      the drive mechanism, activates the transport rolls, and drives the plate
      out of the tank and on to the table. Usually, scrap paper is placed on the
      table and the plate is so placed in the processor that the direction of
      its curl is towards the table, and the transport mechanism drives the
      plate out onto the scrap paper on the table. It is to be noted that the
      top roller 22A is mounted slightly higher than roller 22B which further
      causes the plate to be delivered onto the table top. Then the operator of
      the machine may take a cheese cloth, and slightly buff the plate dry. The
      plate is then ready for use.
PAR  Although the above description is directed to the preferred embodiment of
      the invention, it is noted that other variations and modifications will be
      apparent to those skilled in the art, and therefore, may be made without
      departing from the spirit and scope of the present disclosure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for developing an offset printing plate, comprising:
PA1  a tank containing a developing solution, said tank being open at the top to
      provide both inlet and outlet means for said plate;
PA1  at least one pair of transport rollers for transporting said plate between
      said rollers and out of said developing solution, said transport rollers
      being mounted in the upper portion of said tank;
PA1  means for separating said transport rollers from a first position whereby
      said rollers contact and drive said plate to a second position whereby one
      roller of each pair of said transport rollers is separated from the other
      roller of that same pair by a predetermined amount to permit said plate to
      be inserted down between said transport rollers and into said tank; and
      brush means for applying developing solution over the surfaces of said
      plate; and
PA1  drive means for rotating said transport rollers for automatically
      delivering said plate up out of said tank.
NUM  2.
PAR  2. Apparatus as recited in claim 1, wherein said brush means comprises at
      least one pair of rotatable applicator brushes adapted to receive said
      plate therebetween, said brushes being rotated to scrub the developing
      solution over the plate surfaces as the plate is transported between said
      applicator brushes.
NUM  3.
PAR  3. Apparatus as recited in claim 2, further comprising means for separating
      said applicator brushes from a first position whereby said brushes provide
      a scrubbing action against the surfaces of said plate to a second position
      whereby said brushes are separated by a predetermined amount to permit
      said plate to be inserted down between said brushes and into said tank.
NUM  4.
PAR  4. Apparatus as recited in claim 2, wherein said applicator brushes include
      tufted bristle material on their outside contacting surfaces.
NUM  5.
PAR  5. Apparatus as recited in claim 2, wherein there is provided two pairs of
      transport rollers, with an upper pair of rollers being mounted vertically
      above said pair of applicator brushes and an lower pair of transport
      rollers being mounted vertically below said applicator brushes, whereby a
      plate can be passed between each of the two pairs of transport rollers and
      the pair of applicator brushes, whereby a plate can be passed between each
      of the two pairs of transport rollers and the pair of applicator brushes
      and into the developing solution.
NUM  6.
PAR  6. Apparatus as recited in claim 1, wherein said means for separating said
      transport rollers comprise slidable bearings connected at the ends of the
      shafts of at least one of each pair of transport rollers, said slidable
      bearings being slidably mounted in respective oblong slots in the support
      structure for said apparatus, and means for shifting said slidable
      bearings within said oblong slots so that said transport rollers are moved
      between said first position and said second position.
NUM  7.
PAR  7. Apparatus as recited in claim 6, wherein said means for shifting said
      slidable bearings include camming means providing a cam surface which
      cooperates with each of said slidable bearings.
NUM  8.
PAR  8. Apparatus as recited in claim 7, wherein said camming means include a
      cam bar having a cam surface adapted for cooperation with each of said
      slidable bearings, and means for moving said cam bar to shift said
      slidable bearings between said first position and said second position.
NUM  9.
PAR  9. Apparatus as recited in claim 7, further comprising spring means mounted
      against said slidable bearings for urging said slidable bearings against
      the cam surface of said camming means.
NUM  10.
PAR  10. Apparatus as recited in claim 1, wherein said drive means for rotating
      said transport rollers includes motor means, first gear means for
      transferring the motor shaft rotation to a second gear means, and third
      gear means operatively connected to the shaft of at least one of said
      transport rollers said second gear means and said third gear means being
      operatively connected to each other, whereby the operation of said motor
      means causes said third gear means to rotate said transport rollers.
NUM  11.
PAR  11. Apparatus as recited in claim 10, further comprising means for shifting
      said second gear means into or out of operative relationship with said
      third gear means such that said transport rollers and their associated
      gear means can be inserted or removed from said tank.
NUM  12.
PAR  12. Apparatus as recited in claim 1, further comprising a depth positioner
      for adjusting the lowest position at which a plate can be immersed in said
      tank, said depth positioner including adjustment means for varying the
      lowest vertical position at which a plate can rest in said tank.
NUM  13.
PAR  13. Apparatus as recited in claim 12, wherein said depth positioner
      includes a frame structure having side members and a bottom cross member
      for supporting said plate within said frame structure with said plate
      resting with its lowest edge on said bottom cross member, said frame
      structure being slidably mounted in said tank for vertical movement
      therein.
NUM  14.
PAR  14. Apparatus as recited in claim 13, wherein said depth positioner
      includes height adjustment means connected to said frame structure and
      having two or more settings for maintaining said frame support structure
      at predetermined heights within said tank.
NUM  15.
PAR  15. Apparatus as recited in claim 13, further comprising guide means at the
      top of said frame support structure for guiding said plate into the nip
      between a lowest pair of said transport rollers.
NUM  16.
PAR  16. Apparatus as recited in claim 1, wherein a pair of transport rollers is
      mounted at the top of said tank with one of the two transport rollers at a
      vertical height above the other transport roller so that the plate is
      caused to be delivered out of the tank at a desired location.
NUM  17.
PAR  17. Apparatus as recited in claim 1, further comprising switch means
      connected for activating said drive means, and time delay means
      electrically connected between said switch means and said drive means to
      provide a measured dwell time for said plate in said developing solution
      before said plate is driven up out of said tank.
NUM  18.
PAR  18. Apparatus as recited in claim 17, further comprising indicator means
      connected to said switch means for indicating when the switch means is
      activated.
NUM  19.
PAR  19. Apparatus as recited in claim 1, wherein said tank has a tall and thin
      configuration with an opening at the top.
NUM  20.
PAR  20. Apparatus for developig an offset printing plate, comprising:
PA1  a tank containing a developing solution, said tank being open at the top to
      provide both inlet and outlet means for said plate;
PA1  an upper pair and a lower pair of transport rollers for transporting said
      plate between said rollers and out of said developing solution, said
      transport rollers being mounted in said tank;
PA1  a pair of rotatable applicator brushes located intermediate said upper and
      lower pair of transport rollers and adapted to receive said plate
      therebetween, said brushes being rotated to scrub the developing solution
      over the plate surfaces as the plate is transported between said
      applicator brushes, said transport rollers and said applicator brushes
      being mounted with each pair substantially vertically above the other for
      guiding said plate in a vertical path in said tank;
PA1  means for separating said transport rollers and said applicator brushes
      from a first position whereby said rollers and brushes contact said plate
      to a second position whereby one roller of each pair of said transport
      rollers and applicator brushes is separated from the other roller of that
      same pair by a predetermined amount to permit said plate to be inserted
      down between said transport rollers for automatically delivering said
      plate up out of said tank.
NUM  21.
PAR  21. Apparatus for developing an offset printing plate, comprising:
PA1  a tank containing a developing solution, said tank being open at the top to
      provide both inlet and outlet means for said plate;
PA1  an upper pair of lower pair of transport rollers for transporting said
      plate between said rollers and out of said developing solution, said
      transport rollers being mounted in said tank;
PA1  a pair of rotatable applicator brushes located intermediate said upper and
      lower pair of transport rollers and adapted to receive said plate
      therebetween, said brushes being rotated to scrub the developing solution
      over the plate surfaces as the plate is transported between said
      applicator brushes, said transport rollers and said applicator brushes
      being mounted with each pair substantially vertically above the other for
      guiding said plate in a vertical path in said tank;
PA1  drive means for rotating said applicator brushes and for rotating said
      transport rollers for automatically transporting said plate in said tank;
      and
PA1  switch means connected tor activating said drive means, and time delay
      means electrically connected between said switch means and said drive
      means to provide a measured dwell time for said plate in said developing
      solution before said plate is driven up out of said tank.
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ABST
PAL  In a liquid supply system for a developing apparatus, a liquid absorbing
      wick construction which is formed of polyester fibers matted together to
      form a liquid absorbant pad which, when it is pressed against the surface
      of a rubber applicator roller, feeds and supplies liquid to the rubber
      roller surface. The fibers are formed from polyethylene terephthalate
      resins which are formed into a unitary pad by "needling" the fibers
      together and which is then enclosed either entirely or partially by a
      sheath so that the fibers are retained on the pad.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to diazotype reproduction apparatus, and
      more particularly, to an improved wick-type applicator for feeding a
      supply of liquid to the applicator roller of the developer section of such
      a reproduction apparatus.
PAR  The reproduction apparatus involved in this invention is of the type that
      requires a controlled amount of liquid developing agent to be applied to
      the light-sensitive diazotype material. Such reproduction apparatus
      comprises a special applicator roller having a surface finish adapted to
      carry such controlled amounts of liquid thereon. The usual construction of
      such an apparatus requires the latent image-bearing diazotype material to
      be pressed against the roller surface thereby transferring the controlled
      amount of liquid in order to develop the azo dye image thereon. The
      metering of liquid is achieved by the use of a wiper blade for removing
      excess developing liquid from the surface of the roller, and a pressure
      device for pressing the sheet of paper against the roller to pick up the
      precise amount of fluid. While a wide range of constructions may be used
      for pressing the sheet against the applicator roller, one of the preferred
      techniques is the use of a pressure blade similar to the wiper blade.
PAR  One of the important aspects of the construction of such a developer device
      is the liquid supply system which applies an excess amount of liquid to
      the developer roller surface which ultimately is metered by the
      aforementioned wiper blade. The means known up to the present time for
      supplying such a developer liquid involved pumping the liquid from a
      reservoir to a manifold dispensing tube running parallel to the roller,
      and then collecting all excess liquid which flowed off the roller after
      passing through the metering step. Hence, a rather complex liquid channel
      and feed system was required. Such delivery systems which require the use
      of a pump are complicated to fabricate, and increase the cost of the
      equipment.
PAR  Another technique for applying the liquid to the surface of the roller is
      by partial immersion of a roller in a trough containing the liquid.
      Immersion systems suffer from the problem of exposing the liquid to the
      atmosphere and to contamination and evaporation. The immersion systems
      additionally suffer from the disadvantage of having to impart larger
      volumes of the developer liquid into the system and, hence, detract from
      the economics of the reproduction process.
PAR  The use of a material formed into an applicator wick soaked with the
      developer liquid has been known, but such wick constructions suffer from
      the deficiency of non-uniform delivery because of their particular fibrous
      structure and have been found to be rather fragile, giving up the fibrous
      materials of which they are made which become contaminants to the liquid
      and to the developing techniques by virtue of the fact that they become
      trapped in the metering devices and therefore cause uneven and streaked
      reproduction of the copies.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide an improved
      liquid delivery system to the applicator roller which overcomes the
      disadvantages of the heretofore known devices, and which is simple to
      fabricate, provides a uniform application of liquid to the light-sensitive
      paper, requiring a minimum source supply of liquid to be contained in the
      machine, and will withstand the abrasive forces.
PAR  It is a further object of the present invention to provide a wick-type
      applicator for the developer system of a diazotype machine which is simple
      to fabricate and insures the diffusion and continuous application of
      sufficient quantities of the liquid to the face of the applicator roller
      of the device.
PAR  It is a further specific object of the present invention to provide a
      wick-type dispenser made up of polyester fibers which are aggregated and
      compressed into an integrated core of a liquid supply pad.
PAR  It is a still further object of the present invention to provide a liquid
      supply pad made up of a core material comprising polyethylene glycol
      terephthalate fibers compressed into matted body and having a permeable
      protective sheath applied over said core, at least at the point thereof
      which is to come into contacting relationship with the applicator roller.
PAR  It is yet a still further detailed object of the present invention to
      provide a fluid delivery wick made up of a matted core comprising
      polyethylene glycol terephthalate fibers and a permeable protective sheath
      comprised of a fabric having properties substantially similar to velvet,
      as regards its coefficient of friction, porosity and permeability.
PAR  Other details and features of the invention will become apparent from the
      description hereinafter given of a specific embodiment, reference being
      had to the accompanying drawings; such description is intended to be
      exemplary of the invention and is not intended to limit its scope.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic cross-section of the fluid delivery system of the
      instant invention;
PAR  FIG. 2 is a cross-section taken along lines 2--2 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, there is shown the developer assembly identified
      with the general reference numeral 10 which comprises an applicator roller
      12 having a specially finished surface 14 which renders it particularly
      suitable for carrying thereon a metered amount of developer liquid which
      is ultimately to be applied to the sensitized paper. In contact with the
      surface 14 are the wiper blade 16 and the pressure blade 18 which
      establishes a zone 20 on the surface 14. The zone 20 occurs after the
      roller passes under the influence of the wiper blade 16. The metered
      amount of liquid is delivered to the pressure blade 18 which is in
      pressure contact with the surface creating a developing zone 22. The
      developing zone 22 is the area of contact between the blade 18 and the
      surface 14.
PAR  Immediately in advance of the wiper blade, there is applied to the surface
      of the roller the fluid delivery wick construction 24 which is shown
      formed into a generally L shaped form having a base portion 26 and an
      upstanding leg portion 28, with the exposed end thereof forming the
      working face 30 which is in rubbing contact with the applicator roller 12.
      The fluid delivery wick 24 is comprised of a matted core 32 formed by
      compacting and compressing together fibers of a polyester resin so that it
      is capable of absorbing and retaining a quantity of developing liquid
      sufficient to provide a reservoir which will feed and supply liquid
      through the face 30 in pressure contact with the applicator roller 12. It
      will be appreciated that the surface 14 of the roller is capable of
      carrying a quantity of liquid and at the point of application, that is
      prior to the zone 20, the amount of liquid deposited is in excess of the
      amount that is required to be delivered to the zone 22.
PAR  The core 32 is comprised of a compressed layer of absorbant fibers which
      are advantageously polyester fibers, such as: polybutylene terephthalate,
      sold by DuPont; polyethylene terephthalate/isophthalate copolymer, sold by
      DuPont; poly[ethylene glycol, co-bis-hydroxy ethoxy phenyl propane]
      terephthalate, sold by Eastman Kodak Company. The preferred fibers are
      formed from polyethylene glycol terephthalate resin known by the trade
      name "TERYLENE" marketed by the Imperial Chemical Industries. These fibers
      may be aggregated and compressed into a matted pad. In order to form a
      more secure matting which will retain its integrity, the pad may be
      processed by a technique known as needling which involves running special
      needles with projecting barbs through the matted layers causing
      entanglement of the fibers throughout the successive layers in a direction
      transverse to the layers which form the mat. It will be appreciated that
      the technique of needling is optional, and that the matting formed by
      ordinary techniques of compression work to equal advantage.
PAR  The mat of aggregated and assembled fibers making up the core 32 may
      optionally include a reinforcing liquid permeable element 34 in order to
      provide rigidity to the L shaped form. The element 34 may be a metal
      screen.
PAR  The following is a typical example of a mat which may be formed into the
      fluid delivery wick 24 of the instant invention:
     Material:     100% TERYLENE fiber felt -- needled.                        
     Weight:       2,000 grams per square meter, .+-. 5%                       
     Thickness:    10 mm. .+-. 5%                                              
     Tensile                                                                   
     Strength                                                                  
     (machine direction):                                                      
                   53 kgs. per square meter, .+-. 5%                           
     Elongation                                                                
     (machine direction):                                                      
                   93% .+-. 5%                                                 
     Tensile                                                                   
     Strength (transverse                                                      
     direction):   107.4 kgs. per square centimeter .+-. 5%                    
     Elongation                                                                
     (transverse   46% .+-. 5%                                                 
     direction):                                                               
     Air flow resistance                                                       
     (porosity):   2 mm. of water gauge for a flow of air of                   
                   2 meters.sup.3 per meters.sup.2 per                         
                   minute and for a mat thickness                              
                   of 10 mm.                                                   
PAR  The said tests were carried out on samples of 50 mm. by 250 mm. by 10 mm.;
      the speed of application of the load amounted to 25 mm. per minute. The
      tensometer equipment was the W "Monsanto" type; and the temperature at
      which the tests were conducted was 23.degree.C. and the relative humidity
      50%. The terms machine direction and transverse direction refer to the
      direction of the material on the machine during formation and are
      conventional terms used in the paper and pulp industry.
PAR  It might be mentioned that another physical property of the mat material
      that may be advantageously used is the residue left after combustion which
      is in the range of 46 to 48% of the initial weight.
PAR  As another test that may be carried out to determine the capillary action
      of the material is the amount of water absorption into a sample whose size
      is 50 by 50 by 10 mm. as the result of floating on water. It was noted
      that such a sample was completely submerged after an elapsed time of 20.5
      seconds after floatation began.
PAR  With respect to the thickness requirement of a suitable wick, it will be
      appreciated that this dimension is not critical only that it be of a
      sufficient dimension to provide the proper rigidity and be of sufficient
      bulk to hold and deliver a sufficient amount of fluid when the apparatus
      is operated at a high speed. It has been found that under average
      operating conditions, the wick may be between 8 and 15 mm. and can vary
      from these dimensions depending on the size and construction of the
      apparatus.
PAR  Another important aspect of the construction of the fluid delivery wick 24
      is the protective covering or sheath 36 which is applied over the core 32.
      The function of the sheath is to contain the fibrous material that may be
      loosened during fabrication or otherwise dislodged by the absorption of
      the liquid. Clearly, the sheath must possess all of the properties of the
      core with respect to its capacity for absorbing and diffusing developing
      liquid and, in addition, provide the necessary surface characteristics
      that contribute to a uniform wiping or application of the liquid to the
      surface 14 without presenting an undue amount of friction. It will be
      appreciated that whether the sheath completely covers the core or only a
      partial covering is employed, such a sheath, whenever it has become worn
      or damaged, may be removed and replaced. This, of course, reduces the cost
      of maintaining the fluid delivery wick 24 in good operating condition.
PAR  One of the materials that has been found to be eminently successful as such
      a sheath is comprised of velvet, or, as the case may be, of a fabric
      having properties substantially similar as regards the coefficient of
      friction, porosity, permeability and resistance to wear to that of velvet.
      As regards the last of these properties, it is significant that coating
      particles, such as fiber elements, shall not be dislodged from such a
      sheath material.
PAR  As shown in FIG. 1, the core 32 is completely covered by the sheath 36. It
      is to be understood that while this insures a better containment of the
      core minimizing the contamination due to possible disintegration of the
      outer face of the mat, all the advantages of such a protective sheath may
      be realized by only partially covering the upper leg portion 28 of the
      wick 24, and, in particular, interposing such a sheath at the working face
      30 leaving the rest of the core unprotected.
PAR  Concerning the matter of the force of friction, it is desired that the
      sheath 36 be comprised of material with a fairly low coefficient of
      friction. For example, when measuring the coefficient of friction between
      velvet and the rubber material of which the applicator roll is formed, it
      was found that the coefficient should have a value less than 0.7.
PAR  The wick 24 is disposed within a tank 38 for containing the developing
      liquid 40 and is disposed adjacent and below the applicator roller 12. The
      tank 38 is formed of wall portions 39 sloping outwardly from the floor 41.
      It will be understood that the longitudinal dimension of the wick is
      coextensive the length of the applicator roller. The working surface 30 is
      brought into contacting relationship with the surface 14 of the roller,
      thereby providing a fairly narrow and restrictive area as compared to the
      circumference of the roller.
PAR  The wick is disposed inside the tank 38 so that the leg portion 28 conforms
      to the surface of the sloping wall 39 with the base portion 26 resting on
      the floor 41 of the tank.
PAR  In order to adjustably secure the L shaped wick in its operating position
      adjacent and directly underneath the roller, there is provided a clamping
      plate 44 having an opening 46 in the face thereof through which is
      received a sleeve 48 having an internal thread and which is adapted to be
      received on a male threaded portion 49 secured in the sloping wall portion
      39 directly in line with said opening 46.
PAR  As part of the wick support structure, there is employed a spacer plate 50
      in order to maintain a gap between the fluid delivery wick 24 and the wall
      39 in order that there be provided a channel for excess liquid 52 falling
      from the surface 14 of the applicator roller 12. In this manner, the
      dripping liquid will be directed back into the tank 38. Such a spacer
      plate 50 is equipped with vertical rib members 54 (FIG. 2) providing a
      space between the wall 39 and the back surface of the wick 24.
PAR  To further assure proper positioning of the wick 24 within the tank 38,
      there is provided a channel 56 which is affixed to the floor 41 of the
      tank and is adapted to receive the base portion 26 thereby establishing a
      lower limiting position for the wick 24 within the tank and submerged
      below the level of liquid 40.
PAR  The aforedescribed support arrangement permits the leg portion 28 to be
      captured between the spacer plate 50 and the clamping plate 44 securing
      the wick 24 on the inside of the wall 39 by merely threading the sleeve
      onto the male threaded portion 49. Understandably, fibrous resin materials
      which are used to form the construction will result in some dimensional
      variations necessitating that the wick be adjusted to bring the working
      face 30 into intimate contact with the surface of the roller. By loosening
      the sleeve 48, the entire wick structure may be adjusted relative to the
      clamping plate 44 and the spacer plate 50 by virtue of the enlarged
      opening 58 which extends through the thickness of the wick permitting a
      certain amount of lowering or raising of its position within the tank.
PAR  It is to be understood that the invention is not limited to the embodiment
      herein described, and that many modified forms may be considered without
      departing from the scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a developing apparatus for developing two-component diazotype
      materials by the application thereto of a controlled amount of liquid
      developer comprising an applicator roller, means for metering an excess
      amount of liquid carried on said applicator roller to establish a metered
      liquid zone thereon, and liquid supply means for applying said excess
      amount of liquid to the applicator roller and recovering any excess
      liquid, the improvement comprising:
PA1  a reservoir having a floor and a wall portion adjacent said applicator
      roller for holding a supply of said liquid;
PA1  a liquid supply element partially immersed in said reservoir comprising a
      core of fibrous matted material capable of absorbing said developing
      liquid, at least a portion of said core being arranged to contact the
      applicator roller, and a sheath of porous, liquid absorbing material
      enclosing at least that portion of the core arranged to contact said
      applicator roller; and
PA1  clamping means for securing said liquid supply element in an upstanding
      condition against said wall portion including a spacer means disposed
      between the wall portion and said supply element forming a channel
      therebetween for guiding any liquid flowing from said applicator roller in
      advance of said liquid supply means for collecting and directing said
      recovered liquid into said reservoir.
NUM  2.
PAR  2. The developing apparatus as claimed in claim 1 wherein said liquid
      supply element is L shaped having a foot section and leg portion wherein
      said foot section resides against restraining means on the floor of said
      reservoir.
NUM  3.
PAR  3. The developing apparatus as claimed in claim 1 wherein said spacer means
      includes vertically extending ribs for maintaining said spacer means in
      spaced relation to said wall portion.
NUM  4.
PAR  4. In a developing apparatus for developing two-component diazotype
      material by the application thereto of a controlled amount of liquid
      developer comprising an applicator roller, means for metering an excess
      amount of liquid carried on said applicator roller to establish a metered
      liquid zone thereon and liquid supply means for applying said excess
      amount of liquid, the improvement comprising:
PA1  a liquid supply element comprising a core of fibrous matted material having
      the following physical properties:
TBL  WEIGHT:        2,000 grams per sq. M .+-. 5%                              
     TENSILE STRENGTH                                                          
     (machine direction):                                                      
                    53 kgs. per sq. M .+-. 5%                                  
     ELONGATION                                                                
     (machine direction):                                                      
                    93% .+-. 5%                                                
     TENSILE STRENGTH                                                          
     (transverse direction):                                                   
                    107.4 kgs. per sq. m. .+-. 5%                              
     ELONGATION                                                                
     (transverse direction):                                                   
                    46% .+-. 5%                                                
     AIR FLOW RESISTANCE:                                                      
                    2 mm. of water gauge for an air                            
                    flow of 2 m.sup.3 /m.sup.2 /min. through a                 
                    10 mm. layer thickness.                                    
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ABST
PAL  A developing apparatus in which a developing solution is caused to flood
      through a multiplicity of small apertures in an apertured plate to produce
      a uniform flow over the plate and is then caused to flow in the direction
      of travel of a sheet to be developed by use of a drawing roller rotating
      at a comparatively high speed immediately adjacent to an edge of the plate
      forming a layer of developing solution to contact only the exposed or
      recording surface of the sheet which is fed into the apparatus for
      development.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a wet developing process for electrophotography
      and an apparatus therefor.
PAR  While both dry and wet developing means are known for electrophotography,
      i.e., electrostatic photography and electrostatic recording, the invention
      is particularly concerned with a wet developing process and apparatus
      therefor in which a developing solution is used as a developer.
PAR  The conventional wet developing process using a developing solution
      comprises maintaining a supply of the developing solution in a dish-shaped
      vessel into which an exposed photosensitive or recorded recording sheet is
      fed for passage through the developing solution to effect the developing
      process, or comprises flushing a developing solution across an exposed
      photosensitive or recorded recording sheet which is fixed.
PAR  However, in such developing techniques, the developing solution is supplied
      to both surfaces of the sheet to be developed, namely, the photosensitive
      surface (the surface of a photoconductive layer) or the recording surface
      (the surface of an induction layer) which has been exposed or recorded as
      well as the rear surface, which results in the disadvantage of marring the
      rear surface of the sheet due to the attachment thereto of the developer.
PAR  In a wet developing process, the developing solution must be well stirred
      before it is supplied to the sheet. This is because the developing
      solution is used as the carrier for a toner powder mixed therein as is
      known, so that unless it is well stirred upon developing, there cannot be
      achieved a uniform supply of toner powder to the surface to be developed,
      which results in the non-uniformity of development. For these reasons, it
      is established that the higher the speed of relative movement between the
      developing solution and the surface to be developed, the better the result
      obtained. On the other hand, it is apparent that only one surface of the
      sheet need be developed. Consequently, the supply of the developing
      solution to both surfaces is wasteful.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a developing process for electrophotography
      and an apparatus therefor that overcomes the above disadvantages and is
      capable of supplying a well stirred developing solution to only one
      surface of the sheet which represents the surface to be developed. In
      accordance with the invention, a stirred developing solution is supplied
      in a flow condition to a moving surface to be developed. This results in a
      substantially high speed of relative movement between the developing
      solution and the surface to be developed, thereby increasing the amount of
      toner supplied per unit time. It also permits the completion of
      development within a short time interval, with the concomitant effect that
      the distance across which the surface to be developed is brought into
      contact with the developing solution is reduced. The supply of the
      developing solution to only one surface of the sheet which represents the
      surface to be developed prevents not only a waste of the developing
      solution, but also the marring of the rear surface of the sheet since the
      developing solution is not supplied thereto. The developing solution to be
      supplied is pumped by means of a pump, whereby it is subjected to a
      stirring action to permit fresh developing solution having a uniform toner
      concentration to be supplied to the surface to be developed. This assures
      a favorable developing result free from non-uniformity of development.
PAR  In the apparatus according to the invention, used developing solution is
      scraped off the periphery of a developer drawing roller by means of a
      cleaning member, thereby permitting a supply of fresh developing solution
      to be continuously offered to the surface to be developed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic cross section showing one embodiment of the
      developing apparatus to which the invention is applied;
PAR  FIG. 2 is a perspective view of principal parts shown in FIG. 1;
PAR  FIG. 3 is a cross section, to an enlarged scale, of V-shaped grooves formed
      around the developer drawing roller;
PAR  FIG. 4 is a cross section showing another embodiment of the developing
      apparatus to which the invention is applied;
PAR  FIG. 5 is a cross section showing a further embodiment of the apparatus
      according to the invention in which a cleaning member is added to the
      developer drawing roller; and
PAR  FIGS. 6, 7 and 8 are views illustrating other examples of the cleaning
      member.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring to FIG. 1, a sheet 1 to be developed is formed with an
      electrostatic latent image by exposure to radiation or by stylus
      recording. A pair of upper and lower feed rollers 2a, 2b and a guide plate
      3 are provided to feed the sheet into a developing apparatus 4, with the
      surface having the latent image positioned downwardly. The developing
      apparatus 4 comprises a tank 5 for supplying a developing solution, a
      developer drawing roller 6 located adjacent to the tank 5, and a guide
      plate 7 which constrains the sheet 1 fed into the apparatus 4 so as to
      bring its lower surface to be developed into contact with the developing
      solution.
PAR  The tank 5 is in the form of a trough which extends transversely with
      respect to the direction of travel of the sheet 1 to be developed, and
      which has a side wall 5A and a top opening that is covered by an apertured
      plate 8. As shown in FIG. 2, the apertured plate 8 is formed with a
      multiplicity of small apertures 8a which may be 1 mm in diameter and
      distributed with a density of 10 to 30 per square centimeter. As an
      example, 25 such apertures may be provided per square centimeter. The tank
      5 is supplied with a developing solution 17 from a developer reservoir 9
      by means of a pump P. The developing solution 17 supplied by the pump P
      fills the tank 5 and is caused to flood through the small apertures 8a to
      the upper side of the apertured plate 8. The developer drawing roller 6 is
      located adjacent to the supply tank 5 on the side thereof which is
      advanced as viewed in the direction of travel of the sheet 1 to be
      developed. The roller 6 is driven for rotation, in the direction indicated
      by an arrow a, at a speed higher than the speed with which the sheet 1 is
      transported within the developing apparatus 4, for example, at a speed
      which is 2.5 times the transport speed. As shown in FIG. 2, the roller 6
      is peripherally formed with a number of shallow V-shaped grooves 6a in the
      form of a helix having a close pitch. The V-shaped grooves 6a extend at a
      right-hand thread with an angle of inclination of about 30.degree.. As
      shown in FIG. 3, both the pitch and the depth of the grooves may be on the
      order of 0.7 mm, for example. The V-shaped grooves 6a serve to retain the
      developing solution on the periphery of the roller 6. A delivery roller 10
      is located to the right of the developer drawing roller 6, or spaced
      therefrom in the direction of travel of the sheet being developed. The
      guide plate 7 extends over the supply tank 5, developer drawing roller 6
      and the delivery roller 10, and includes a depending portion 7a which
      extends toward the supply tank 5 and another depending portion 7b which
      extends toward the delivery roller 10. Both depending portions 7a and 7b
      serve to press down the rear surface of the sheet 1 being developed for
      contact of its surface to be developed with the developing solution.
PAR  In operation, as the developing solution 17 is supplied from the reservoir
      9 to the supply tank 5 through the pump P, the solution 17 fills the tank
      5 and is caused to flood through the small apertures 8a to the upper side
      of the apertured plate 8. The flood of developing solution 17a (See FIG.
      5) is drawn around the periphery of the drawing roller 6 which is rotating
      at high speed, thereby forming a layer of developing solution 17b on the
      periphery of the roller. That portion 17c (See FIG. 5) of the developing
      solution which is shown falling off the periphery of the roller 6 is
      recovered to be returned to the reservoir 9. Thus the developing solution
      17 is placed in circulation along the path comprising the reservoir 9,
      pump P, supply tank 5, small apertures 8a, the periphery of the developer
      drawing roller 6, and the reservoir 9, and is sufficiently stirred in the
      process of being supplied by the pump P to the supply tank 5.
PAR  When a sheet 1 to be developed is fed, with its surface to be developed
      positioned downwardly into the developing apparatus 4 which operates in
      this manner, the rear surface of the leading portion of the sheet 1 is
      initially constrained by the depending portion 7a, whereby the surface to
      be developed of the sheet 1 is brought into contact with the developing
      solution 17a which is flooding through the small apertures 8a, and is then
      fed toward the developer drawing roller 6. Subsequently, the surface to be
      developed moves in contact with the layer of developing solution 17b (See
      FIG. 5) formed on the periphery of the developer drawing roller 6, and is
      thereafter fed toward the delivery roller 10. During the process, the
      developing solution is supplied only to one surface of the sheet which
      represents the surface to be developed, thus effecting development of such
      surface. The sheet 1 fed toward the delivery roller 10 is prevented from
      lifting up by the depending portion 7b, so that the sheet 1 is
      continuously pressed down by both depending portions 7a and 7b, causing
      the surface to be developed during movement to be maintained in contact
      with the layer of developing solution 17b on the developer drawing roller
      as well as the flood of developing solution 17a on the apertured plate 8.
      After being fed by the delivery roller 10, the developed sheet is carried
      out of the apparatus by a pair of upper and lower discharge rollers 11a,
      11b.
PAR  While in the above described embodiment, the developing solution 17a which
      has uniformly flooded through the multiplicity of small apertures 8a in
      the apertured plate 8 has been caused to flow only in the direction of
      travel of the sheet to be developed by the arrangement of the developer
      drawing roller 6 adjacent to the supply tank 5 and driving it at a
      rotational speed greater than the transport speed of the sheet, such flow
      can also be established by an inclined disposition of the apertured plate
      8 as will be described below. Thus, referring to FIG. 4 which shows
      another embodiment, the apertured plate 8 having a multiplicity of small
      apertures 8a formed therein is disposed in an inclined configuration
      falling downward in the direction of travel of the sheet to be developed.
      A developer guide plate 16 in the form of an arc in section is located
      adjacent plate 8, with the uppermost surface of the arc-shaped guide plate
      16 being positioned above the falling end of the apertured plate 8. In
      this manner, the developing solution which floods through the multiplicity
      of small apertures 8a is caused to flow in the direction of travel of the
      sheet to be developed along the inclined surface of the apertured plate 8.
      As a result, a layer of developing solution is formed on the upper surface
      of the apertured plate 8 and the guide plate 16 for contact with the sheet
      surface to be developed. After passing over the guide plate 16, the
      developing solution is collected for circulation to the reservoir 9 as in
      the previous embodiment.
PAR  Alternatively, instead of disposing the apertured plate 8 in an inclined
      configuration to determine the direction of flow of the developing
      solution, it will be appreciated that the apertured plate 8 may be left in
      a horizontal disposition and surrounded by weirs along its three sides
      with one side aligned with the desired direction of flow of the developing
      solution left open.
PAR  While in the embodiments described above, the depending portions 7a and 7b
      which serve to press down the rear surface of the sheet to be developed
      are formed by bending a single sheet of plate, it will be appreciated that
      such depending portions 7a, 7b may be formed by separate members.
PAR  A compact apparatus for developing one surface of the sheet can be obtained
      when the supply tank 5 and the developer drawing roller 6 are arranged as
      shown in FIG. 5. Specifically, the side wall 5a of the supply tank 5 which
      is located adjacent to the roller 6 is removed to provide an opening 8b
      into which the roller 6 is partially placed, thereby reducing the
      dimension of the apparatus in the direction of travel of the sheet 1.
      However, with such an arrangement, because of the high speed at which the
      roller 6 rotates, there is a likelihood that a portion 17d of the
      developing solution 17c, which normally falls off the roller after use to
      be returned to the reservoir 9, continues rotating with the roller to
      thereby circulate along the periphery of the roller rather than being
      freed therefrom. Such circulation results in a decreased toner
      concentration in the developing solution supplied to the supplying station
      because the developing solution once used in the developing process is
      returned to the developing station again along the surface of the roller
      6. In addition, when developing a latent image surface formed on an
      elongate sheet with a developing solution mixed with toner powder which is
      in a still condition, a satisfactory developing effect can not be achieved
      on the later half of the sheet. This is because the toner in the
      developing solution which is in contact with the latent image portion
      becomes insufficient for the later half.
PAR  These drawbacks are avoided in the apparatus according to the invention
      through a sophisticated use of a cleaning member. Specifically, referring
      to FIG. 5, a portion 17d of the developing solution which has been used in
      the developing process and which remains attached to the periphery of the
      developer roller 6 is scraped off by a cleaning member 18 which is
      disposed within the supply tank 5. The cleaning member 18 comprises a
      brush having its base 18a retained by a support 5b which may be formed by
      folding the bottom plate 5a of the supply tank 5 into a U-shaped section.
      The free end of the cleaning member 18 extends into the developing
      solution 17 within the tank 5, and its forward end 18b abuts against the
      periphery of the roller 6 in the region of the opening 8b within the tank
      5 and cooperates with the roller 6 in forming the side wall.
PAR  By using the cleaning member 18 thus constructed, a portion 17d of the used
      developing solution, which moves around with the periphery of the roller 6
      as it rotates, is scraped off by the forward end 18b of the brush before
      it reaches the layer of developing solution 17b formed on top of the
      roller 6. Thus, the periphery of the roller 6 is cleaned and a fresh layer
      of developing solution 17b is formed on its periphery by the supply of a
      fresh developing solution over the forward end 18b of the brush as well as
      by the supply of the developing solution flooding through the apertured
      plate 8.
PAR  FIG. 6 shows another example in which the cleaning member 18 is formed of a
      film 18A of polyester, such as Mylar (trademark) or the like, and its base
      18Aa is mounted on a support member 5b while its forward end 18Ab is held
      in abutting relationship with the periphery of the roller 6. Desirably,
      the forward end 18Ab of the cleaning member 18A is formed with a number of
      cuts 18Ac as shown in FIG. 7. This is because it is preferred to form the
      forward end 18Ab of the cleaning member 18A in the form of a brush in
      order to assure abutment against the grooved periphery of the roller in
      view of the fact that the roller 6 is formed with V-shaped grooves 6a (See
      FIGS. 2 and 3) for the purpose of supplying the developing solution.
PAR  While the cleaning member 18 or 18A is positioned within the supply tank 5
      in the above examples, such cleaning member 18 or 18A may be positioned at
      any location which is beyond the position at which the used developing
      solution 17c falls off the roller into the reservoir 9, as viewed in the
      direction of rotation of the roller.
PAR  Alternatively, the forward end 18Ab (18b) of the cleaning member 18A (18)
      may extend in the opposite direction to the direction of rotation of the
      roller 6 when abutting thereagainst, as shown in FIG. 8. Specifically, the
      base 18Aa (18a) of the cleaning member 18A (18) is mounted on the outside
      of the bottom plate 5a of the supply tank 5, and its forward end 18Ab
      (18b) is extended toward the periphery of the roller 6 so as to abut
      thereagainst in a direction opposing the direction of rotation of the
      roller.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A developing apparatus for electrophotography comprising:
PA1  a. means for supplying a developing solution;
PA1  b. tank means, having at least one side wall, for holding the developing
      solution supplied by said supplying means and including at its top an
      apertured plate having an upper surface and a multiplicity of small
      apertures formed therein to permit the developing solution to flood
      through the apertures onto said upper surface in a uniform manner;
PA1  c. a developing roller located adjacent to the tank means with its surface
      disposed for directly receiving the flooding developing solution from said
      upper surface of the apertured plate and rotating at a peripheral speed
      greater than the speed at which a copy sheet having a surface to be
      developed is passed thereby; and
PA1  d. a guide means for constraining the copy sheet so as to maintain the
      surface to be developed thereon in contact with the developing solution on
      the upper surface of the apertured plate and the surface of the roller
      while the sheet is being passed thereby.
NUM  2.
PAR  2. A developing apparatus as in claim 1 wherein the apertured plate is
      formed with apertures of substantially 1 mm in diameter at a density from
      10 to 30 per square centimeter.
NUM  3.
PAR  3. Apparatus as in claim 1 wherein the surface of said developing roller
      forms at least part of said one side wall of said tank.
NUM  4.
PAR  4. A developing apparatus for electrophotography comprising:
PA1  a. tank means, having at least one side wall, for retaining and supplying a
      developing solution;
PA1  b. an apertured plate at the top of said tank means having a multiplicity
      of small apertures formed therein to permit the developing solution to
      flood therethrough in a uniform manner;
PA1  c. supply means for causing said developing solution to flood said
      apertured plate;
PA1  d. a developing roller having a peripheral surface located adjacent to the
      tank means and driven for rotation at a peripheral speed greater than the
      speed at which a sheet having a surface to be developed is passed thereby
      for directly receiving said flooded developing solution from said
      apertured plate onto its peripheral surface at a first point in its
      rotational path so that a layer of developing solution is formed in a
      region defined across the apertured plate and the adjacent peripheral
      surface of the developing roller;
PA1  e. a guide plate for constraining the sheet so as to maintain the surface
      to be developed thereon in contact with the layer of developing solution
      which is supplied to the apertured plate and roller while the sheet is
      being passed thereby; and
PA1  f. a cleaning member abutting against the peripheral surface of the
      developing roller at a second point in its rotational path prior to said
      first point for receiving said flooded developing solution for scraping
      off the developing solution which tends to return to said region moving
      with the surface of the developing roller.
NUM  5.
PAR  5. A developing apparatus according to claim 4 in which the cleaning member
      comprises a brush.
NUM  6.
PAR  6. A developing apparatus according to claim 4 in which only a portion of
      said cleaning member abuts the peripheral surface and wherein the cleaning
      member comprises a film of polyester having a number of cuts formed in the
      portion abutting against the peripheral surface of the developing roller.
NUM  7.
PAR  7. Apparatus as in claim 4 wherein the surface of said developing roller
      forms at least part of said one side wall of said tank.
NUM  8.
PAR  8. Apparatus as in claim 4 wherein said cleaning member forms at least part
      of said one side wall of said tank.
NUM  9.
PAR  9. A developing apparatus for electrophotography comprising:
PA1  a. means for providing a supply of developing solution;
PA1  b. an apertured plate on said supply means having an upper surface with at
      least one edge and a multiplicity of small apertures formed therein to
      permit the developing solution to flood through the apertures onto said
      upper surface in a uniform manner;
PA1  c. a developer drawing roller means, having a peripheral surface with
      shallow V-shaped grooves in the form of a helix therein, disposed adjacent
      said one edge of said apertured plate and rotating at a peripheral speed
      greater than the speed at which a copy sheet having a surface to be
      developed is passed thereby, for drawing the developing solution which has
      flooded the upper surface of said apertured plate onto its peripheral
      surface to form a layer of developing solution across the apertured plate
      and said adjacent peripheral surface of said roller means; and
PA1  d. means for bringing the surface of the copy sheet to be developed into
      contact with said layer of developing solution while the sheet is being
      passed thereby.
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ABST
PAL  An improved FET structure and method of making same is disclosed. The gate
      structure of the FET includes a phospho-silicate glass as the insulator
      and polysilicon as the gate conductor. A thin layer of silicon nitride is
      formed over the polysilicon and selectively etched so as to remain only
      over gate areas and other areas where it is desired to extend the
      polysilicon as a conductor. The unmasked polysilicon is oxidized to form
      the thick oxide surface coating. The disclosure also describes the use of
      oxide rings and epitaxial layers to reduce parasitic effects between
      adjacent FET devices in an integrated circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improved FET structures and methods of
      making same. More particularly, the present invention pertains to a
      self-aligned silicon gate FET structure and a method of making same.
PAR  The physics, performance, and use of FET structures or elements are well
      known in the semiconductor arts and therefore will not be described
      herein. A significant amount of low cost, large scale integrated
      electronics is based upon the metal oxide semiconductor (MOS) field effect
      transistors (FET). An article describing such devices is, "Silicon-Gate
      Technology", by Vadasz et al., IEEE Spectrum, Oct. 1969, pp. 28-35. In
      particular, the article points out the advantages of self-aligned FET's
      utilizing silicon nitride (Si.sub.3 N.sub.4) and silicon dioxide
      (SiO.sub.2) as the gate insulator and heavily doped polysilicon as the
      gate conductor.
PAR  The term self-alignment generally means that the gate structure, including
      the gate insulator and conductor, is formed prior to the drain and source
      diffusions. This technique permits the gate structure to act as part of
      the diffusion mask thereby permitting self-alignment of the diffused
      regions.
PAR  The gate insulator is formed over the channel region by placing a silicon
      wafer into an oxidizing ambient and growing a thin layer of silicon
      dioxide of about 0.1 micrometers thick. Subsequently, a thin layer of
      silicon nitride, another insulator, is deposited onto the thin silicon
      dioxide layer. The gate conductor is formed by next depositing a layer of
      heavily doped polysilicon on top of the silicon nitride. Masks are
      subsequently used to etch away the portions of the polysilicon, silicon
      nitride, and silicon dioxide, which are unwanted. The latter technology is
      believed to provide some of the advantages over the technology which
      preceded it. One advantage is reduction in parasitics. Another is a
      lowering of the threshold voltage. The latter is believed due to the use
      of silicon nitride with the silicon oxide. The silicon nitride also
      provides an advantage in connection with the etching of the polysilicon
      conductor. Most of the chemicals which etch polysilicon will also attack
      silicon dioxide but will not attack silicon nitride. Consequently, in the
      absence of the silicon nitride between the thin silicon dioxide layer and
      the polysilicon layer, removal of the polysilicon in certain regions would
      also result in removal of the silicon dioxide. In integrated circuits this
      may not be desirable.
PAR  While the structure mentioned above has certain definite advantages, it is
      not free from all problems. One problem is that the gate insulator formed
      by the combination of silicon dioxide and silicon nitride causes the
      threshold voltage of the FET device to drift and therefore become somewhat
      unstable. The problem of drift is not as prevalent when the silicon
      nitride is not used. It is known in the prior art to use as the gate
      insulator a layer of phospho-silicate glass without any silicon nitride to
      improve the stability and reliability of the gate insulation.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved
      self-aligned silicon gate FET structure and method of making same.
PAR  It is a further object of the present invention to provide an improved FET
      structure and method permitting greater packing density without the
      creation of parasitic FET's.
PAR  It is a further object of the present invention to provide a method of
      forming a silicon gate FET which does not require etching of polysilicon
      material.
PAR  These and other objects of the present invention are provided by the method
      and structure summarized herein and described in greater detail below. The
      gate structure is formed by growing a thin layer of phosphosilicate glass
      over the silicon wafer followed by the deposition of heavily doped
      polysilicon conductor. A thin layer of silicon nitride is formed over the
      conductor and, by use of conventional masking techniques, is etched to
      form a desired pattern over the gate areas and also over areas where it is
      desired to extend the polysilicon conductor. At this point, rather than
      etching the polysilicon, utilizing the silicon nitride as an etching mask,
      the entire device is subjected to an oxidizing ambient and the polysilicon
      which is not masked by the silicon nitride is completely oxidized to form
      the thick passivating glass for the FET integrated structure.
      Subsequently, openings are formed in the thick oxide adjacent the gate
      structure, the drain and source diffusion is carried out, further openings
      are formed in the re-grown oxide over the drain and source diffusions, and
      the metallization is carried out. Additionally, in order to reduce the
      formation of parasitic FET's in an integrated structure with close packing
      density, isolating oxide rings are formed prior to the FET formation. The
      FET's are subsequently formed into the islands thus created. The oxide
      isolation rings (any surrounding geometry including a square) also serve
      as boundaries for the drain and source diffusion thereby permitting the
      use of cruder masks in the formation of the drain and source diffusions.
      Additionally, the FET's may be formed in an epitaxial layer grown over the
      substrate. According to the latter feature, the substrate will have a
      higher p-type concentration than the epitaxial layer. The lower
      concentration epitaxial layer will result in a lower threshold FET device
      whereas the higher concentration substrate, in combination with the
      surrounding oxide ring, will further prevent leakage and the formation of
      parasitic FET elements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 through 7 are cross-sectional side views of an FET element during
      various stages of the preferred method of forming the self-aligned silicon
      gate FET.
PAR  FIG. 8 is a cross-sectional side view of an FET integrated circuit
      illustrating the problem of parasitic FET elements.
PAR  FIGS. 9 and 10 are cross-sectional side views of FET elements illustrating
      the problem of leakage currents and the solution to that problem,
      respectively.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention will be described in connection with the formation of an
      n-type channel FET. However, it will be understood by anyone of ordinary
      skill in the art that except for a variation in type conductivity, and
      dopant materials, the process and resulting structure will be equally
      applicable to a p-type channel FET. Referring to FIG. 1, a wafer 10 of
      p-type monocrystalline silicon material is prepared for the formation of
      surrounding oxide isolation barriers. The isolation barriers are
      illustrated at 16 in FIG. 2 and such barriers may be formed by techniques
      well known in the art. Oxide isolation barriers are known for use in
      bipolar integrated circuitry but heretofore have not been used in FET
      integrated circuitry because of the normally inherent self-isolation
      feature of MOSFET devices. The desirability of using the oxide isolation
      barriers will be explained hereafter in connection with FIGS. 8, 9 and 10.
PAR  A preferred method for forming the isolation barriers will now be
      described. Referring again to FIG. 1, the silicon wafer 10 is subjected to
      an oxidizing ambient to form a layer of silicon dioxide 12 having a
      thickness in the range of 100-1,000A. Subsequently, a layer of silicon
      nitride 14 having a thickness in the range of 500-1,000A is formed on top
      of the silicon dioxide. The combined layers 12 and 14 indicated in FIG. 1
      serve only as a mask for etching of the silicon wafer 10. The thickness
      ranges described above are not critical. Furthermore, silicon dioxide
      alone or silicon nitride alone could be used but the combination is
      preferred for the following reason. When silicon dioxide is used as a mask
      to permit etching of silicon, the chemical which etches the silicon also
      tends to attack the silicon dioxide. Consequently, it is preferable not to
      use silicon dioxide alone. Silicon nitride alone could be used but it is
      believed that the formation of a layer of silicon nitride directly onto
      the silicon wafer will harm the silicon wafer in the surface area.
PAR  Referring to FIG. 2, a mask is used to remove areas of the silicon nitride
      and subsequently also to remove areas of the silicon dioxide in regions
      where it is desired to form surrounding oxide barriers 16. Preferable
      materials for etching silicon nitride and silicon dioxide are hot
      phosphoric acid and a buffer etch, respectively. The so-called buffer etch
      is a well known mixture of hydrofluoric acid and ammonium hydroxide. The
      oxide region 16 is formed by the well known etch and re-growth technique.
      That is, a region of the silicon is etched through the openings formed in
      the silicon nitride and silicon dioxide. A preferable solution for etching
      silicon is a mixture of hydrofluoric and nitric acid. The etched regions
      are then subjected to an oxidizing ambient thereby resulting in the oxide
      region 16 as shown having a surface which is substantially flush with the
      silicon surface. It will be noted that the flushness is not a critical
      requirement. Next, the silicon nitride layer 14 is removed followed by
      removal of the silicon dioxide layer 12. Subsequently, a thin silicon
      dioxide layer 18 is re-grown over the entire surface. The purpose of
      re-growing the silicon dioxide layer 18 as opposed to utilizing the oxide
      layer 12, is due to the fact that the use of phosphoric acid to remove the
      silicon nitride layer may contaminate the silicon dioxide layer 12.
      Inasmuch as it is desirable to provide a very clean oxide layer for the
      gate insulator, the layer 12, which may be contaminated, is removed and a
      new layer 18, as shown in FIG. 3 is re-grown. The oxide layer 18 is
      referred to as the thin oxide because it has a thickness (or more properly
      a thinness) which is suitable for use as the insulator of the FET gate
      structure. Suitable dimensions of a gate insulator are well known in the
      art. As an example herein, the gate thickness may be assumed to be
      approximately 500A. It will be noted that the term thin oxide is known in
      the art and distinguishes the oxide used for the gate insulator from the
      so-called thick oxide which serves the normal passivation function on the
      integrated circuit.
PAR  The oxide layer 18 is preferably a phospho-silicate glass which is well
      known for the purpose used herein and which may be formed, for example, by
      growing a layer of silicon dioxide at about 900.degree. to 950.degree.
      centigrade to a thickness of 350A and subsequently introducing phosphorous
      oxychloride into the gas stream to grow the layer for another 150A. Many
      variations of the latter method are well known in the art and would also
      be suitable for the oxide insulating layer. Next, heavily doped
      polysilicon may be deposited onto layer 18, in the manner described in the
      Vadasz article mentioned above to form the conductor layer 20. The
      polysilicon will serve as the gate electrode, and hence the name
      "silicon-gate FET."
PAR  At this point in the process the quality of the thin oxide layer 18 can be
      tested by the method of self-healing breakdown. This method is described
      in, "Electrical Breakdown in Solids," by Klein, Advances in Electronics
      and Electron Physics, Vol. 26, pp. 309-424, Copyright 1969, Academic Press
      Inc., New York.
PAR  Using another mask and a hot phosphoric acid etching solution, portions of
      layer 22 are removed leaving the silicon nitride layer 22 only in those
      areas where the gate is to be formed and where the polysilicon conductor
      is desired. This is indicated diagrammatically in FIG. 4. The structure is
      then subjected to an oxidizing ambient for a sufficient period of time to
      completely oxidize into a thick oxide covering, all of the polysilicon
      layer except for that portion covered by the silicon nitride mask 22. The
      resulting structure is illustrated in FIG. 5 wherein the oxidized
      polysilicon is indicated by numeral 24. The gate region is shown in FIG. 5
      as comprising the thin oxide 18, the gate electrode 20, and the masking
      nitride layer 22. Holes are subsequently opened in the thick oxide 24
      between the gate structure and the surrounding barrier oxide 16 for
      formation of the source and drain diffusions. Due to the pre-formation of
      the gate structure and the existence of the surrounding ring 16, the masks
      used for opening the holes in the oxide and subsequently diffusing the
      drain and source regions may be relatively crude. In the example
      described, arsenic is diffused through the openings in the thick oxide to
      form the source and drain regions 26 and 28, respectively. During
      diffusion, there is oxide re-growth over the diffusion regions as
      indicated by 24a in FIG. 6. As shown in FIG. 6, some of the dimensions
      which may be typical for the fabricated device are: depth of region 16
      approximately 1 micrometer; depth of drain and source diffusions
      approximately 0.5 micrometers; thickness of thin oxide 18 approximately
      0.1 micrometer; thickness of silicon nitride layer 22 approximately 0.02
      micrometers.
PAR  The source and drain metallization is subsequently formed, as indicated in
      FIG. 7, by reopening holes in the re-grown oxide regions 24a, evaporating
      aluminum over the entire surface, and utilizing a metallization mask to
      remove those portions of the aluminum layer which are not desired for
      conductors, resulting in the structure indicated. The source and drain
      conductors are indicated by numeral 30 in FIG. 7.
PAR  Portions of the silicon nitride covering 22 are removed where it is desired
      to make contact with the polysilicon conductor 20. Those points may be at
      points on the surface which are not over the FET gate region. On the other
      hand, the silicon nitride layer 22 could be completely removed.
PAR  The isolating oxide ring 16 serves two functions. One is to provide a
      control barrier for determining the edge of the source and drain
      diffusions thereby permitting the use of crude masks. The second is to
      enable increased packing density of field effect devices in an integrated
      structure. The problem of parasitic field effect transistors which can be
      caused by high packing density is illustrated in FIG. 8 wherein two field
      effect transistors in a single integrated circuit are shown. In FIG. 8,
      the metallization and parts of the thick oxide are not shown, but it will
      be apparent that such parts are present in a completed device. Only so
      much as is necessary to explain the problem of parasitic field effect
      transistors is illustrated. The first field effect transistor comprises
      source and drain diffusions 82 and 84, and gate structure 86. The gate
      structure 86 comprises silicon gate 88 and oxide insulator 90. Conduction
      between the source and drain is caused in the well known manner by
      applying a voltage which creates an n-type channel between the source and
      drain diffusions 82 and 84. A second field effect transistor, operating in
      the same manner, comprises source and drain diffusions 92 and 94, and gate
      structure 96. The latter comprises a silicon gate 98 and an oxide
      insulator 100. Normally, there will be isolation between the two field
      effect transistors illustrated because of the p-n junctions formed between
      the substrate 80 and the n.sup.+  diffused regions 84 and 92. However, as
      improved techniques lead to greater packing densities, the following
      situation can result. The thick oxide 102 covers the inter-FET region
      between the drain 84 of the first FET and the source 92 of the second FET.
      Also, as is quite conventional the thick oxide 102 may have part of a
      conductor 101 thereon. If the oxide 102 is not sufficiently thick and if
      the diffusions 84 and 92 are not sufficiently far apart, a voltage of the
      proper magnitude applied to conductor 101 will cause an n-type channel
      between the drain 84 and the source 92 causing a parasitic FET effect
      between those two diffusions. Hence, the need for the oxide isolation ring
      between adjacent FET devices. The oxide isolation ring is illustrated in
      FIGS. 2 through 7 and the method for forming same has previously been
      described.
PAR  In some cases it may be desirable to include an additional feature to
      prevent the formation of parasitic FET's. This additional feature is an
      epitaxial region and is explained in connection with FIGS. 9 and 10. FIG.
      9 shows the structure similar to that illustrated in FIG. 7 except that
      the thick oxide region and the metallization are not illustrated. As
      pointed out above, the oxide ring 16 is intended to provide isolation
      between adjacent field effect transistors. However, in some cases the
      oxide ring may not be sufficient or satisfactory to provide the necessary
      isolation. Typically, in field effect transistors there are competing
      requirements which one considers in deciding the optimum concentration of
      the p-type substrate. Very broadly, the competing requirements are as
      follows. First, it is desired to have a relatively low concentration of
      p-type impurities in semiconductor region 10 to thereby result in an FET
      device with a low threshold voltage. Conversely, it is desirable to have a
      high concentration of dopant in the p-type layer 10 in order to prevent
      self-inversion in the area of the silicon dioxide. As is well known,
      silicon dioxide in contact with p-type silicon tends to type convert the
      p-type silicon in the surface region. Thus, if the p-type layer 10 has
      relatively low concentration of p-type impurities, e.g., 10.sup.15 -
      10.sup.16 dopant atoms per cubic centimeter, the silicon region in contact
      with ring 16 will tend to type convert thereby creating an n-type channel
      around the bottom of the ring 16. Although the latter problem can be
      solved by increasing the concentration of the p-type dopant to a range of
      10.sup.17 - 10.sup.18 atoms of dopant per cubic centimeter, such a high
      concentration will result in a field effect transistor with a relatively
      high threshold voltage. In essence, the best of both worlds can be
      achieved by forming the field effect transistor in an epitaxially grown
      layer having a p-type concentration which is significantly below the
      p-type concentration of the substrate, and extending the isolation ring 16
      through the epitaxial layer into the substrate. The latter structure is
      illustrated in FIG. 10 and differs from FIG. 9 only in the existence of
      the epitaxially grown p.sup.-   layer 10a. In this case, the substrate 10
      may be a p.sup.+   substrate having a concentration of 10.sup.17 -
      10.sup.18 dopant atoms per cubic centimeter and the epitaxial layer 10a
      may be a p.sup.-  layer having a concentration of 10.sup.15 - 10.sup.16
      dopant atoms per cubic centimeter. Thus, even if the concentration of the
      p.sup.-  layer is so relatively low that an n-channel will form adjacent
      the oxide ring 16, it can be seen that the n-channel will not extend under
      the ring 16 because of the high concentration of p-type dopants in the
      layer 10.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A field effect transistor comprising:
PA1  a. a layer of monocrystalline silicon of a first type conductivity,
PA1  b. diffused drain and source regions of a second type conductivity,
      opposite said first type, said diffused drain and source regions formed in
      the surface of said monocrystalline silicon layer and separated from one
      another by a portion of said layer of first type conductivity, and
PA1  c. a gate structure covering said portion, said gate structure comprising a
      thin oxide insulating layer in contact with said surface between said
      drain and source diffusions, a conductive polysilicon gate electrode
      covering said thin oxide insulating layer, and a layer of silicon nitride
      covering said polysilicon which overlies said portion.
NUM  2.
PAR  2. A field effect transistor as claimed in claim 1 further comprising a
      relatively thick layer of oxidized polysilicon covering surface areas of
      said monocrystalline silicon layer and having openings therein for
      conductive contacts to said source and drain diffused regions.
NUM  3.
PAR  3. A field effect transistor as claimed in claim 2 further comprising a
      ring of oxide within said monocrystalline silicon layer, said ring
      extending to the surface of said layer and surrounding said source and
      drain diffused regions and said portion between said source and drain
      regions.
NUM  4.
PAR  4. A field effect transistor as claimed in claim 3 wherein said source and
      drain diffused regions abut, respectively, opposite sides of said oxide
      ring.
NUM  5.
PAR  5. A field effect transistor as claimed in claim 3 wherein said
      monocrystalline silicon layer comprises a bottom layer of monocrystalline
      silicon having first type conductivity concentration of a first value, and
      an epitaxially grown surface layer of monocrystalline silicon on said
      bottom layer, said epitaxially grown layer having a first type
      conductivity concentration of a second value substantially less than said
      first value, said oxide ring extending from said surface through said
      epitaxially grown layer into said bottom layer.
NUM  6.
PAR  6. A field effect transistor as claimed in claim 5 wherein said oxide
      insulator is a phospho-silicate glass.
NUM  7.
PAR  7. A field effect transistor as claimed in claim 6 wherein said first value
      is in the range of 10.sup.17 - 10.sup.18 dopant atoms/cm.sup.3 and wherein
      said second value is in the range of 10.sup.15 - 10.sup.16 dopant
      atoms/cm.sup.3.
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ABST
PAL  The specification discloses a three level electrode configuration for a
      charge coupled device having a channel for movement of charge packets
      therethrough. The configuration includes three spaced apart phase buses
      disposed parallel along one side of the channel. Sets of phase electrodes
      extend from each of the phase buses across the channel. Adjacent ones of
      the phase electrodes from different phase buses are formed on different
      levels and have laterally offset and overlapping edges. Insulation layers
      are disposed between the phase electrodes on different levels.
BSUM
PAR  This invention relates to charge coupled devices and more particularly
      relates to a multilevel electrode configuration for a three phase charge
      coupled device.
PAR  Charge coupled devices (CCDs) generally comprise a channel defined in a
      semiconductor layer with a plurality of clock or phase electrodes formed
      across the channel. Upon proper application of clock signals to the
      electrodes, charge packets are moved along the channels to provide a shift
      register function. For charge coupled devices which are to operate at high
      clock rates, it is desirable to have short electrode lengths in the
      direction of travel of the charge packet, because it may be shown that the
      free transfer time is strongly dependent upon electrical length. However,
      it is difficult to fabricate charge coupled devices with electrodes
      appreciably smaller than 0.3 mils utilizing conventional single or double
      level electrode systems, especially if all of the phase electrodes must be
      brought out on one side of the CCD channel as is required for
      serial-parallel (S-P) or serial-parallel-serial (S-P-S) devices.
PAR  In accordance with the present invention, a multilevel electrode
      configuration for a charge coupled device enables very short phase
      electrode lengths. The electrode configuration includes three spaced apart
      phase buses which are disposed in parallel along one side of the CCD
      channel. Phase electrodes extend from each of the phase buses across the
      channel. Adjacent phase electrodes from different phase buses are formed
      on three levels and have laterally offset and overlapping side portions.
      Insulation layers are disposed between phase electrodes on different
      levels.
PAR  In accordance with another aspect of the invention, an electrode
      configuration for a three phase charge coupled device having a channel
      defined in a semiconductor body includes a first phase bus disposed along
      one side of the channel and further includes first spaced apart phase
      electrodes which extend from the first bus across the channel on a first
      level. A second phase bus is disposed parallel to the side of the first
      phase bus but more remote from the channel and includes second spaced
      apart phase electrodes which extend over the first phase bus on a second
      level and span the channel. A third phase bus is disposed parallel to the
      side of the second phase bus and more remote from the channel and includes
      third spaced apart phase electrodes which extend over the first and second
      phase buses on a third level and span the channel. Ones of the first,
      second and third phase electrodes are sequentially positioned over each
      bit region of the channel and are laterally offset relative to one another
     .
DRWD
PAR  For a more complete description of the present invention and for further
      objects and advantages thereof, reference is now made to the following
      description taken in conjunction with the accompanying Drawings, in which:
PAR  FIG. 1 is a top view of the first metallization layer for forming a phase
      bus and electrodes for a charge coupled device according to the present
      invention;
PAR  FIG. 2 is a top view of the second metallization layer of the present
      invention;
PAR  FIG. 3 is a top view of the third metallization layer according to the
      present invention; and
PAR  FIG. 4 is a cross sectional view taken generally along the section lines
      4--4 of FIG. 3.
DETD
PAR  Referring to the Drawings, FIG. 1 illustrates the first metallization layer
      used to form the phase electrode system of the present invention. FIG. 1
      illustrates a semiconductor body 10 having a channel 12 formed therein by
      conventional techniques through which charge packets are to be transferred
      under the control of three phase voltage pulses applied to three sets of
      phase electrodes. Although only one channel 12 is illustrated, it will be
      understood that a plurality of parallel channels will often be placed side
      by side, with the phase electrodes spanning all of the channels. As an
      example of the construction of the channel 12, a semiconductor P-type body
      may be normally boron doped and diffused along parallel strips with P+
      boron in order to change the threshold level and thereby define the
      boundaries of the channel 12.
PAR  As shown in FIG. 1, a first clock or phase bus 14 is formed parallel to the
      channel 12 and includes a plurality of spaced apart phase electrodes 16
      which extend from the bus 14 across the channel 12. The bus 14 and
      electrodes 16 may be formed by any conventional technique wherein a
      conductor layer is formed over a semiconductor substrate and patterned in
      the manner shown in FIG. 1, and then coated with a thin insulation layer.
      For example, the bus and electrodes may be formed by depositing aluminum
      and patterning the aluminum according to well-known photolithographical
      techniques. The aluminum may then be anodized to form an insulation layer
      thereover. Alternatively, a layer of doped polysilicon may be disposed
      over the semiconductor substrate and patterned to form the bus 14 and
      electrodes 16. The oxide over the channel may then be etched out using the
      patterned polysilicon as a mask and the silicon may be oxidized to regrow
      the oxide and to grow an insulating layer over the bus and electrodes.
PAR  After deposition of the first conductor layer, a second level of conductor
      is deposited in the manner shown in FIG. 2. The second conductor layer
      includes a second phase bus 18 which extends parallel to the channel 12
      and which includes a plurality of phase electrodes 20 which extend from
      the bus 18 over the phase bus 14 and across channel 12 in the manner
      illustrated. As shown in FIG. 2, the phase electrodes 20 are laterally
      offset from phase electrodes 16 in order to provide overlapping of the
      electrode sides. The bus 14 is spaced between the bus 18 and the channel
      12. The bus 18 and phase electrodes 20 are covered with a thin layer of
      insulation such that shorting will not occur between the phase electrodes
      16 and 20.
PAR  FIG. 3 illustrates the formation of the third conductor level according to
      the invention. The third conductor level includes a third clock bus 22
      having a plurality of phase electrodes 24 extending therefrom across the
      channel 12. As illustrated in FIG. 3, the phase electrodes 24 are
      laterally offset relative to electrodes 16 and 20 and thus overlap the
      electrodes. Buses 18 and 14 are disposed between the bus 22 and the
      channel 12 in the manner illustrated. As before, the conductor 22 and
      phase electrodes 24 are coated with insulation so as to be insulated from
      the remaining buses and electrodes.
PAR  FIG. 4 illustrates a sectional view of the present electrode configuration
      taken generally along the section lines 4--4. As shown in FIG. 4, the CCD
      is formed from a silicon body 30 having a layer of oxide 32 formed in the
      conventional manner. The phase electrode 16 has a rectangular cross
      section and is overlapped by a portion of phase electrode 20 which has a
      generally Z-shaped cross section. Similarly, a portion of phase electrode
      20 is overlapped by a portion of phase electrode 24 which also overlaps a
      portion of phase electrode 16. Phase electrode 24 thus is provided with a
      generally T-shaped cross section. As shown in FIG. 4, each of the phase
      electrodes according to the invention is coated with an insulating layer
      34 to prevent shorting between the various phase electrodes and buses.
PAR  In one embodiment according to the invention, a CCD cell length or bit
      region was provided with a length of only 0.6 mils, with 0.1 mil electrode
      overlap being provided between the various phase electrodes. In accordance
      with this embodiment, 0.2 mils minimum space was provided between
      electrodes of the same metal levels. The same 0.2 mil minimum spacing
      occurs on the upper metallization levels wherein an electrode to electrode
      short would not hurt device operation. On the lower level of the device
      wherein such a short would render the device inoperable, the minimum
      spacing between electrodes is a relatively generous 0.3 mil. The present
      device is thus advantageous in that no intralevel shorts are possible with
      this configuration.
PAR  It will be understood that while the present invention is illustrated in
      FIG. 4 as having portions of the different phase electrodes laying in the
      same plane, that devices in some instances may be formed according to the
      invention with the various phase electrodes occupying three separate and
      vertically exclusive space metallization layers separated by insulating
      layers.
PAR  The present electrode configuration thus enables short phase electrode
      lengths and bus location along a single side of the CCD channel. The
      present configuration is easy to fabricate and does not require complex
      construction of via holes and the like.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      modifications will be suggested to one skilled in the art, and it is
      intended to encompass such changes and modifications as fall within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrode configuration for a three-phase charge coupled device
      having a channel defined in a semiconductor body and an insulating layer
      overlying said channel, comprising:
PA1  a first phase bus disposed along one side of the channel and including
      first spaced apart phase electrodes which are disposed on said insulating
      layer and span the channel,
PA1  a second phase bus disposed parallel to the side of said first phase bus
      and more remote from the channel and including second spaced apart phase
      electrodes which extend over said first phase bus in insulated
      relationship therewith and are disposed on said insulating layer and span
      the channel,
PA1  a third phase bus disposed parallel to the side of said second phase bus
      and more remote from the channel and including third spaced apart phase
      electrodes which extend over said first and second phase buses, are
      disposed on said insulating layer and span the channel,
PA1  ones of said first, second and third phase electrodes being sequentially
      positioned along the channel and insulated from each other to define
      bridge regions of said charge coupled device, and wherein each said phase
      electrode has an integral marginal edge portion spanning the channel in
      overlying relation with an upper surface of one of said first electrodes,
      and each said third phase electrode has an integral marginal edge portion
      spanning the channel in overlying relation with at least one of said first
      and second phase electrodes, and including insulation material between
      laterally adjacent and superposed portions of said first, second and third
      phase electrodes.
NUM  2.
PAR  2. The electrode configuration of claim 1 wherein said bit regions have a
      length of approximately 6 mils.
NUM  3.
PAR  3. The electrode configuration of claim 1 wherein said first phase
      electrodes have rectangular cross sections.
NUM  4.
PAR  4. The electrode configuration of claim 1 wherein said second phase
      electrodes have generally Z-shaped cross sections.
NUM  5.
PAR  5. The electrode configuration of claim 1 wherein said third phase
      electrodes have generally T-shaped cross sections with horizontal arm
      portions which respectively overlap adjacent ones of said first and second
      phase electrodes.
NUM  6.
PAR  6. A multi-level electrode configuration for a charge coupled device having
      a channel for movement of charge packets therethrough and an insulating
      layer overlying said channel, comprising:
PA1  three spaced apart phase buses disposed parallel along one side of said
      channel;
PA1  phase electrodes extending from said phase buses on said insulating layer
      across the channel;
PA1  a first set of said phase electrodes extending in spaced relation with each
      other from a first one of said phase buses, said first set of phase
      electrodes each having an upper surface and opposite side surfaces covered
      by a surface insulating layer;
PA1  a second set of said phase electrodes extending in spaced relation with
      each other from a second one of said phase buses, each electrode of said
      second set occupying part of the space between two adjacent electrodes of
      said first set and having a marginal portion in overlapping relation with
      the upper surface of an electrode of said first set, said electrodes of
      said second set having upper and side surfaces covered by a surface
      insulating layer;
PA1  a third set of said phase electrodes extending in spaced relation with each
      other from the third one of said phase buses, each electrode of said third
      set occupying the space between an electrode of said first set and an
      electrode of said second set and having a marginal portion overlying the
      upper surface of at least one electrode of said first and second sets.
NUM  7.
PAR  7. The electrode configuration of claim 6 wherein phase electrodes from
      each of said three buses are arranged in sets to define bit regions along
      the channel.
NUM  8.
PAR  8. The electrode configuration of claim 7 wherein said bit regions have a
      length of approximately 6 mils.
NUM  9.
PAR  9. The electrode configuration of claim 6, wherein said insulating layer
      overlying said channel has a uniform thickness along the length of said
      channel.
NUM  10.
PAR  10. The electrode configuration of claim 6, wherein said electrodes of said
      third set have upper surfaces covered by a surface insulating coating.
NUM  11.
PAR  11. The electrode configuration of claim 6, wherein said phase electrodes
      and phase buses comprise aluminum, and said surface insulating layers
      comprise anodized aluminum.
NUM  12.
PAR  12. The electrode configuration of claim 6, wherein said first phase bus
      and said first set of phase electrodes comprise polycrystalline
      semiconductor material, and the said surface insulating layer covering
      said upper and opposite side surfaces of said first set of said phase
      electrodes comprises an oxide of said semiconductor material.
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ABST
PAL  A metal-insulator-semiconductor structure is disclosed which includes
      provision for canceling clock-line noise. In a preferred embodiment, the
      noise radiated by and capacitively coupled from the multiphase clock lines
      in a charge-coupled-device structure is canceled by forming at least one
      passive diode adjacent the output diode of the CCD. The passive diode is
      spaced from the clock lines by a distance which as closely as possible
      matches the distance which the output diode is spaced from the clock
      lines. The output diode is connected to the non-inverting input of a
      differential amplifier while the passive diode is connected to the
      inverting input of the differential amplifier; the differential amplifier
      can be either formed on the chip or separate from the chip. The clock line
      radiated noise is common to both diodes and is therefore canceled by the
      differential amplifier.
PARN
PAR  This is a continuation, of application Ser. No. 347,259, filed Apr. 2,
      1973, abandoned.
BSUM
PAR  The present invention pertains to metal-insulator-semiconductor structures
      in general, and more particularly to such a structure which includes
      provision for canceling clock-line noise.
PAR  Metal-Insulator-Semiconductor (MIS) structures such as insulated gate field
      effect transistors, have enjoyed increased utilization in the electronics
      industry largely due to cost savings enabled by their simple structure.
      Charge transfer device (CTD) MIS structures such as bucket-brigade devices
      (BB) and charge coupled devices (CCD) promise even greater advantages with
      respect to higher packing density and still lower costs. A CCD device is
      basically a semiconductor analog shift register fabricated on a uniformly
      doped semiconductor substrate. The "charge-coupling" consists of storing
      minority carriers in potential wells at the semiconductor surface and
      transporting these carriers along the surface by translating the potential
      wells. The device structure is very simple, including basically a
      thermally oxidized semiconductor substrate with single-level metal
      electrodes on the oxidized surface. The potential wells are produced by
      applying a voltage to the metal electrodes. A convenient technique for
      translating the potential wells along the semiconductor surface is to
      connect every third electrode to a separate clock line. A set of three
      electrodes defines one element or bit; one electrode to hold and transmit
      the charge, the second electrode to receive the charge, and the third
      electrode to provide directionality to the charge flow. In this structure,
      a three-phase pulse sequence applied to the clock lines is effective to
      transport a train of "charge packets" along the semiconductor surface.
      Diodes are generally used to inject charge into the potential wells at the
      input and to direct the presence of minority carriers at the output. The
      basis of the charge transport is the coupling of potential wells under
      adjoining electrodes so that the minority carriers may be transferred from
      under one electrode to the next electrode.
PAR  Charge transfer devices such as the BB and CCD are described extensively in
      the literature. To date, a major problem standing in the way of full
      realization of the advantages possessed by CTDs is the noise generated by
      the multi-phase clock lines. This noise is both radiated and capacitively
      coupled through the substrate by the clock-lines and is detected by the
      output diode, making detection of the signal very difficult and at times
      impossible. Conventional layout and shielding techniques have been largely
      unsuccessful in eliminating this noise.
PAR  One proposed technique for reducing the clock-line noise requires the
      formation of a duplicate CCD on the seimiconductor chip parallel to the
      active, i.e., signal carrying CCD. The duplicate CCD is identical to the
      active CCD except no data is processed by it. Thus, the output of the
      duplicate CCD contains only noise components. The output is combined with
      the output of the active CCD in order to cancel the noise. An obvious
      disadvantage of this technique is the fact that it requires twice the
      semiconductor area in order to form one CCD. This seriously detracts from
      the cost savings potential of CTDs.
PAR  Another technique which as been proposed for canceling a clock-line noise
      employs sample-and-hold circuits to average the A.C. clock-line noise to
      zero over a bit period. This technique is undesirable for several reasons.
      First, the upper frequency limit of conventional sample-and-hold circuits
      is only about 1.5 MHz or less, as compared to a frequency capability of a
      CCD which approaches 100 MHz. Thus, this technique would severely limit
      the frequency capabilities of CTDs. Further, the sample-and-hold circuits
      consume substantial amounts of power, require additional real estate on
      the semiconductor chip, require adjustment, and are relatively expensive.
PAR  Accordingly, an object of the present invention is the provision of
      improved means for canceling radiated noise in a MIS structure.
PAR  A furher object of the invention is the provision of a MIS structure having
      means for canceling clock-line noise wherein the noise canceling means
      require only a small amount of additional real estate on the semiconductor
      chip.
PAR  Another object of the invention is the provision of a CTD structure
      including means for canceling clock-line noise which noise canceling means
      do not require adjustment.
PAR  Still another object of the invention is the provision of a CCD having a
      passive diode with external electrical connection adjacent the output
      diode wherein the signal from the passive diode corresponds to only the
      clock-line noise and which can be combined with the signal from the output
      diode in order to cancel the noise components.
PAR  Briefly in accordance with the invention a MIS structure is defined to
      include a passive diode for detecting clock-line noise. In a preferred
      embodiment, a passive diode is defined adjacent the output diode of a CCD.
      The passive diode is spaced from the clock lines by a distance which as
      closely as possible matches the distance by which the output diode is
      spaced from the clock-lines. The output diode is connected to one input of
      a differential amplifier, such as the non-inventing input, and the passive
      diode is connected to the other input, such as the inverting input. The
      output from the passive diode is produced only by noise generated by the
      clock lines. The output from the output diode is a combination of the same
      noise and the desired signal. The differential amplifier substantially
      cancels the clock-line generated noise.
DRWD
PAR  Other objects and advantages of the invention will be apparent upon reading
      the following detailed description of illustrative embodiments in
      conjunction with the drawings wherein:
PAR  FIG. 1 is a plan view of a CCD embodying a passive diode in accordance with
      the present invention;
PAR  FIG. 2 is a cross-sectional view of FIG. 1 along the line A--A;
PAR  FIG. 3 is a schematic diagram illustrating connection of the output diode
      and passive diode in FIG. 1 to a differential amplifier; and
PAR  FIG. 4 is a plan view illustrating an alternate embodiment which employs a
      plurality of passive diodes.
DETD
PAR  With reference now to FIGS. 1 and 2, an illustrative embodiment of the
      invention in a three phase CCD shift register is shown. It is appreciated,
      of course, that the present invention is applicable to any MIS structure
      where cancelation of radiated noise is desired.
PAR  A semiconductor substrate is shown generally at 10. Preferably the
      substrate is n-type silicon, although p-type silicon and other
      semiconductor materials may be used. A relatively thin insulating layer 12
      is formed over the surface of the substrate. A CCD shift register
      comprising an input diode 14, a plurality of electrodes shown generally at
      16 and an output diode 18 is formed by conventional well known techniques.
      Transfer electrodes 20 and 22 are also illustrated in FIG. 1. An input
      signal is applied to the expanded contact 24 which extends through a
      window in the insulating layer 12 into ohmic contact with the diode 14.
      Similarly, the CCD output is taken from contact 26 which electically
      contacts the output diode 18 through a second window through the layer 12.
      Three separate clock-lines are defined for applying the three-phase pulses
      to the electrodes 16. The clock-line for phase 1 of the clock is formed by
      a conductive path 28 formed over the insulating layer 12. Every third
      electrode is connected to conductive path 28 by a conductive lead which
      also extends over the surface of the layer 12. An expanded contact 30 is
      provided for receiving phase 1 clock signals.
PAR  The phase two clock line is defined by a highly doped path 32 in the
      substrate. The path 32 is substantially conductive. Electrodes which are
      to receive phase two clocks are connected to the doped region 32 by
      conductive leads 34 which are ohmically connected to the layer 32 by
      conventional conductive feed-throughs 36 through windows in the layer 12.
PAR  Phase three of the clock is applied to the associated electrodes by leads
      38 which connect the electrodes to the phase-three clock-line 40.
      Conductive leads 38 and line 40 are formed over the insulative layer 12.
PAR  A passive diode 42 having an ohmic contact 27 is formed in the substrate 10
      adjacent to the output diode 18. The diode 42 is passive in that the
      signal propagated by the CCD is not detected by the diode 42 since there
      is no transfer electrode to transfer the charge to the location of the
      diode 42. The passive diode 42 is formed in the substrate 10 at a location
      where it will experience substantially the same clock-line noise as the
      output diode 18. In FIG. 1 the passive diode 42 is shown immediately
      adjacent the output diode 18. Other locations may be more advantageous in
      that the diffused clock-line 32 generates relatively more noise than
      clock-lines 28 or 40. The optimum location of the passive diode 42 will
      vary depending upon the particular design of the MIS structure.
PAR  With reference now to FIG. 3 there is schematically illustrated a circuit
      arrangement for receiving the outputs from the passive diode and output
      diode 42 and 18 respectively, and effecting clock-line associated noise
      cancellation. A semiconductor chip on which the MIS structure, such as the
      CCD in FIG. 1, and the passive diode are formed is shown at 50. For
      clarity of illustration the output diode 18 and the passive diode 42 are
      shown schematically on the chip 50, and other metallization and substrate
      doped regions are omitted. Similar to conventional CTD detection
      techniques, the output of the diode 18 is processed external to the chip
      50. The chip is housed in a package and the output diode 18 is connected
      to a header pin, which provides means external (to the chip) for accessing
      the diode output. The output of the diode 18 is connected to a reference
      voltage potential V.sub.REF through a resistor R.sub.1. For an n-channel
      silicon CCD, a suitable voltage for V.sub.REF can be on the order of +10
      volts d.c. Resistors R.sub.2 and R.sub.3 are connected between the voltage
      source V.sub.REF and circuit ground, the juncture between resistors
      R.sub.2 and R.sub.3 being connected to one input of a differential
      amplifier 52, such as the non-inverting input 54. The output of the diode
      18 is A.C. coupled to input 54 of the differential amplifier by capacitor
      C.sub.1. The differential amplifier 52 amplifies the signal (i.e.,
      quantity of charge) detected by the output diode 18 and provides an
      amplified output 56.
PAR  The output of the passive diode 42 is also coupled to the differential
      amplifier. As a result of the placement of the passive diode 42 on the
      chip 50 with respect to the multiphase clock-lines, the output of the
      passive diode is only clock-generated noise which noise is substantially
      identical to the noise detected by the output diode 18. Access to the
      passive diode output is provided by an additional header pin on the
      package. The passive diode output is A.C. coupled to capacitor C.sub.2 to
      the other input of the differential amplifier, such as the inverting input
      58. The inverting input is held at a constant d.c. level by the voltage
      divider defined by resistors R.sub.4 and R.sub.5, connected between the
      V.sub.REF and circuit ground. The diode 42 is also connected to the
      V.sub.REF through a resistor R.sub.6. Since the clock-line noise
      components are simultaneously present on opposite inputs of the
      differential amplifier 52, only the difference i.e., only the true signal
      will be amplified to the output 56, the noise being substantially
      canceled. Differential amplifiers suitable for use in the present
      invention are well known in the art; one suitable such amplifier is
      marketed by Texas Instruments Incorporated, Dallas, Tex., and is
      identified by model SN72733.
PAR  With reference now to FIG. 4, an alternate embodiment of the invention is
      illustrated wherein a plurality of passive diodes 60 are utilized instead
      of such a single passive diode as in FIG. 1. The .phi..sub.1, .phi..sub.2,
      and .phi..sub.3 clock lines are illustrated in block diagram at 62, 64 and
      66, and the CCD electrodes are shown in block diagram at 68, for clarity
      of description. An output diode is shown at 70 with an expanded contact at
      70a. The passive diodes 60 are located in this embodiment at a position
      such that their combined signal substantially equals the clock-line noise
      experienced by the output diode 70. Exact location of the passive diodes
      will of course be influenced by circuit layout and the number of passive
      diodes used. The important consideration is the recognition that the
      clockline noise is both radiated and capacitively coupled through the
      substrate and will be detected by a passive diode spaced from the clock
      lines by a distance effectively the same as the distance the output diode
      is spaced from the clock lines. Given this, one skilled in the art can
      determine the optimum location of the passive diodes.
PAR  The plurality of passive diodes can be connected to a common header pin or
      to separate header pins and then commonly connected to one terminal of the
      differential amplifier.
PAR  In accordance with the invention a 64-bit three phase CCD was defined on an
      n-type silicon substrate. The bit size was about 1.8 square mils. A single
      passive diode was formed adjacent the output diode similar to the
      arrangement shown in FIG. 1. The passive diode was spaced from the output
      diode by about 4 mils, and the passive diode was connected to a header pin
      adjacent the output diode header pin. The CCD was operated both with the
      passive diode connected as shown in FIG. 3, and without the diode in
      place. With the passive diode in place noise reduction on the order of 7.5
      db was observed.
PAR  It will be seen that the various objects of the invention have been
      advantageously achieved. Noise cancelation has been provided without
      heretofore adverse results of increased chip area, more power, excess
      cost, frequency limitations, or requirements for adjustments. While the
      invention has been described in detail with respect to specific
      embodiments, it will be apparent to those skilled in the art that the
      invention has applicability to a myriad of MIS structures, and that
      various modifications may be made for use in such structures without
      departing from the spirit or scope of the invention. By way of example, it
      is apparent that the present configuration for eliminating clock-line
      noise is also effective with other CCD clock systems such as the two phase
      and four phase clock configurations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved semiconductor device comprising a semiconductor substrate
      incorporating a conductor-insulator-semiconductor signal processing
      structure wherein multi-phase clock lines are utilized to control transfer
      of data signals from one location in said signal processing structure to
      another spaced location in said structure, said other location comprising
      output means incorporated in said semiconductor substrate, and means
      operable for selectively coupling said signal processing structure with
      said output means for transfer of data from said signal processing
      structure to said output means; a diode formed in said semiconductor
      substrate adjacent said output means for receiving noise signals resulting
      from operation of said signal processing structure; and differential
      amplifier means connected to said semiconductor device for differentially
      combining signals from said output and from said diode; wherein said
      improvement comprises formation of said diode physically separate from
      said signal processing structure and from said selective coupling means
      such that said semiconductor substrate provides the only electrical
      coupling between said diode and said signal processing structure and such
      that said diode is effective without application of an external control
      signal thereto to provide an output signal corresponding substantially to
      noise signals propagated to said diode through said semiconductor
      substrate during operation of said signal processing structure.
NUM  2.
PAR  2. An improved semiconductor device as set forth in claim 1 including
      capacitors for A.C. coupling said output means and said diode to inputs of
      said differential amplifier.
NUM  3.
PAR  3. An improved charge coupled device shift register comprising:
PA1  a semiconductor substrate of one conductivity type;
PA1  a relatively thin insulating layer extending over a surface of said
      substrate;
PA1  a plurality of laterally spaced transfer electrodes over said insulating
      layer;
PA1  first, second and third conductive clock lines selectively connected to
      said transfer electrodes; said clock lines disposed for receiving
      multi-phase clock pulses;
PA1  first, second and third spaced apart regions of opposite conductivity type
      in said semiconductor substrate at the surface thereof underlying the
      insulating layer; said first region of opposite conductivity type disposed
      at one end of said plurality of transfer electrodes, input contact means
      ohmically connected with said first region for receiving input signal
      data, and input transfer electrode means for transferring charge
      corresponding to input signal data from said first region to a region of
      said semiconductor substrate beneath said one end of said plurality of
      laterally spaced transfer electrodes for transfer of said charge along
      said shift register in response to said clock pulses;
PA1  said second region of opposite conductivity type disposed adjacent an
      opposite end of said plurality of laterally spaced electrodes; said third
      region being located adjacent said second region and spaced from said
      shift register and clock lines;
PA1  output transfer electrode means operatively associated with said second
      region for transferring charge from said shift register at said opposite
      end of said plurality of laterally spaced transfer electrodes to said
      second region, and contact means ohmically connected to said second region
      for providing an output signal;
PA1  contact means ohmically connected to said third region for providing an
      output signal generated by clock line noise propagated through said
      substrate to said third region of opposite conductivity type; and
PA1  differential amplifier means connected to said shift register for
      differentially combining signals from said contact means connected to said
      second and third regions to produce an amplified signal having a
      substantially reduced clock line noise component; wherein said improvement
      comprises: disposition of said third region physically separate from said
      shift register and said clock lines and disposition of said output
      transfer electrode means physically and electrically separate from said
      third region, such that external coupling to said third region is provided
      only by said contact means ohmically connected to said third region for
      providing an output signal generated by clock line noise propagated to
      said third region through said semiconductor substrate.
NUM  4.
PAR  4. A charge-coupled-device shift register as set forth in claim 3 wherein
      said third region of opposite conductivity type is spaced from said clock
      lines by a distance which is substantially the same as the distance by
      which said second region of opposite conductivity type is spaced from said
      clock lines such that the clock-line noise experienced by each of said
      second and third regions of opposite conductivity type is substantially
      the same.
NUM  5.
PAR  5. An improved charge transfer device comprising:
PA1  a semiconductor substrate of one conductivity type;
PA1  a charge transfer device shift register defined on said substrate, an input
      pn junction, means for selectively coupling said input pn junction with
      said shift register to enter input data into said shift register, a
      plurality of conductive clock lines for controlling transfer of data along
      said shift register, an output diode, and transfer means for selectively
      coupling said output diode with said shift register for detecting charge
      corresponding to said data;
PA1  noise reduction diode means defined in said substrate adjacent to said
      output diode and spaced from said shift register for receiving noise
      signals transmitted through said substrate during operation of said shift
      register;
PA1  a differential amplifier connected with said shift register for
      differentially combining signals from said output data and from said noise
      reduction diode means to provide an amplified output signal having a
      reduced clock line noise component; wherein the improvement comprises
PA1  disposition of said noise reduction diode means physically separate from
      such shift register, and disposition of said selective coupling means to
      provide coupling only between said output diode and said shift register
      such that said noise reduction diode means is responsive only to noise
      signals transmitted through said semiconductor substrate during operation
      of said shift register thereby to produce a noise output signal responsive
      to said noise signals.
NUM  6.
PAR  6. A charge transfer device as set forth in claim 5 including capacitors
      for A.C. coupling said noise reduction diode means and said output diode
      to said differential amplifier.
NUM  7.
PAR  7. A charge transfer device as set forth in claim 6 wherein said noise
      reduction diode means is formed in said substrate at a location spaced
      from said clock line by substantially the same distance by which said
      output diode is spaced from said clock lines.
NUM  8.
PAR  8. A charge transfer device as set forth in claim 7 wherein said noise
      reduction diode means includes a plurality of diodes spaced on said
      substrate at selected locations separate from said shift register such
      that the combined outputs therefrom due to clock line noise substantially
      equals the clock noise experienced by said output diode.
NUM  9.
PAR  9. A charge coupled device shift register comprising
PA1  a semiconductor substrate of one conductivity type;
PA1  a relatively thin insulating layer extending over a surface of said
      substrate;
PA1  a plurality of electrically spaced transfer electrodes over said insulating
      layer;
PA1  at least two clock lines selectively connected to said transfer electrodes,
      said clock lines extending transversally of said transfer electrodes for
      supplying multi-phase clock pulses to said electrodes;
PA1  first and second spaced apart regions of opposite conductivity type in said
      semiconductor substrate at a surface thereof underlying said insulating
      layer;
PA1  said first region of opposite conductivity type disposed at one end of said
      plurality of transfer electrodes; input contact means ohmically connected
      with said first region for receiving input signal data; input transfer
      electrode means for transferring charge corresponding to input signal data
      from said first region to a region of said semiconductor substrate beneath
      said one end of said plurality of laterally spaced transfer electrodes for
      transfer of said charge along said shift register in response to said
      clock pulses;
PA1  said second region of opposite conductivity type disposed adjacent an
      opposite end of said plurality of laterally spaced transfer electrodes;
      output transfer electrode means operatively associated with said second
      region for transferring charge from said shift register at said opposite
      end of said plurality of laterally spaced transfer electrodes to said
      second region; and first conductor means ohmically connected to said
      second region for providing an output signal;
PA1  a plurality of further regions of opposite conductivity type in said
      semiconductor substrate at the surface thereof underlying said insulating
      layer and disposed at said opposite end of said plurality of laterally
      spaced transfer electrodes, said further regions being physically separate
      from said shift register, said clock lines and said output transfer
      electrode and electrically coupled thereto only through said semiconductor
      substrate to receive only noise signals propagated through said
      semiconductor substrate during operation of said shift register, said
      further regions being spaced from said clock lines by an amount
      approximating the distance between said second region of opposite
      conductivity type and said clock lines; and wherein the only external
      electrical coupling to said further regions comprises a plurality of
      second electrical conductor means ohmically connected with respective ones
      of said further regions; and
PA1  differential amplifier means connected to said shift register, said
      differential amplifier having a first input connected with said first
      conductor means and a second input connected to each of said plurality of
      second conductor means, said differential amplifier adapted to
      differentially combine signals at said first and second inputs thereof to
      produce an output signal substantially free of said clock line noise.
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ABST
PAL  A charge-coupled device having a semiconductor substrate, a layer of
      insulation covering the substrate, and a plurality of spaced-apart
      electrodes formed from a doped, polycrystalline semiconductor material of
      a particular conductivity type includes regions of interelectrode material
      doped with an impurity of a conductivity type opposite to said particular
      conductivity type.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to charge-coupled devices and, more particularly,
      relates to a structure which tends to minimize leakage between adjacent
      electrodes in a charge-coupled device.
PAR  For efficient transfer of carriers in charge-coupled devices, it is known
      that the channel potential must be controlled in the regions between
      adjacent gate electrodes. This control may be achieved by utilizing
      overlapping gate structures with two layers of conductive materials. For
      simplicity of fabrication, however, it is sometimes desirable to utilize
      nonoverlapping gate structures. For nonoverlapped gate structures, the
      channel potential between adjacent gate electrodes may be controlled by
      utilizing a resistive gate structure as disclosed in U.S. Pat. No.
      3,728,590, issued to Kim et al and assigned to the same assignee as this
      application, and as disclosed in "p-channel Charge Coupled Devices with
      Resistive Gate Structures," Appl. Phys. Lets., USA, Vol. 20, No. 12, pp.
      514-516, June 15, 1972.
PAR  It has been found, however, that interelectrode material is subject to
      field-modulated interelectrode conductance. In effect, a series of
      conductor-insulator-semiconductor (MIS) transistors is formed with the
      substrate acting as a gate and the electrodes acting as sources and
      drains. Field-modulated interelectrode conductance has been found for
      standard charge-coupled structures as well as for the buried-channel
      structures disclosed in U.S. Pat. No. 3,739,140, issued to R. H. Krambeck.
PAC  SUMMARY OF THE INVENTION
PAR  A charge-coupled device comprises a semiconductor substrate, a layer of
      insulation covering the substrate, a plurality of spaced-apart electrodes
      fabricated from doped polycrystalline semiconductor material having a
      particular conductivity type formed on the surface of the layer of
      insulation, and regions of interelectrode material located between each of
      the plurality of spaced-apart electrodes and having a conductivity type
      opposite to said particular conductivity type.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the charge-coupled device structure of
      the present invention, reference may be had to the accompanying drawings
      which are incorporated herein by reference and in which:
PAR  FIG. 1 is a cross-sectional view of a portion of a line of charge-coupled
      elements formed in a continuous semiconductor substrate with a
      buried-channel layer in the topmost portion thereof;
PAR  FIG. 1A is a schematic diagram of the spurious
      conductor-insulator-semiconductor structure of the prior art;
PAR  FIG. 2 is a qualitative graph depicting the relationship between voltage in
      the buried channel and current and voltage across the undoped
      interelectrode regions of the prior art; and
PAR  FIG. 3 is a graph depicting the relationship between voltage in the buried
      channel and the current and voltage across the slightly doped
      interelectrode regions of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 2, I is the current in the interelectrode material, V is the
      voltage difference between adjacent electrodes, and V.sub.B is the voltage
      in the substrate or buried layer. By reference to this Figure it can be
      seen that a leakage current I will flow between gate electrodes at low
      gate-to-gate voltages, V, whenever the potential difference, V.sub.B,
      between the channel and lower-voltage gate (the source of the MIS
      transistor) exceeds the threshold level of the effective MIS transistor.
      This field-effect transistor phenomenon is the primary factor affecting
      the flow of leakage current at low gate-to-gate voltages since (1) leakage
      current is miniscule below the threshold and (2) the clocking voltages on
      the polycrystalline silicon gate electrodes can in general be held low
      enough to not induce space-charge-limited current flow.
PAR  A typical charge-coupled device of the buried-channel type such as an area
      array or shift register will contain a multiplicity of charge-coupled
      elements such as the charge-coupled element described within the dotted
      line in FIG. 1. Each element will consist of a conductive gate electrode
      20, the associated underlying insulator 30 and the associated underlying
      bulk substrate consisting, in this embodiment, of n-type layer 31 and
      p-type substrate 32. Packets of charge will be transferred along the line
      of charge-coupled elements in the well-known manner by varying the
      potential on the electrodes in alternating timed sequence. In the
      embodiment shown in FIG. 1, the elements 18, 20 . . . 26 and the regions
      of interelectrode material 21, 23 . . . 27 have been formed from a uniform
      planar layer of a polycrystalline semiconductor material such as
      polycrystalline silicon. Since a p-type substrate has been used, for bulk
      substrate 14, the buried-channel structure requires an n-type layer 14a to
      provide the appropriate conduction characteristics, i.e., to permit
      electrons to be conveyed along the buried channel. The insulator layer 16
      will typically be fabricated from silicon dioxide. The conductive gate
      electrodes 18, 20 . . . 26 must be sufficiently doped (on the order of
      10.sup.19 /cm.sup.3) to provide high conductivity. The regions of
      interelectrode material 21, 23 . . . 27 have been slightly doped with a
      p-type dopant such as boron so as to raise the threshold voltage of the
      effective conductor-insulator-semiconductor field-effect transistors. It
      should be noted that a pair of reverse-biased diodes is also created but
      this model is not particularly useful because the operating parameters of
      charge-coupled devices would not be such as to approach a condition for
      resistive current flow due to the high sheet resistivity of the regions of
      interelectrode material.
PAR  The relationship between the current I in the regions of interelectrode
      material and the voltage difference V between adjacent electrodes is shown
      in the family of constant V.sub.B curves shown in FIG. 2 for undoped
      polycrystalline silicon having a bulk resistivity of 2 .times. 10.sup.6
      ohm cm. It is clear that for a given V.sub.B, the current increases with
      an increase in voltage difference V between adjacent electrodes; the rate
      of increase increases as V.sub.B is raised. Essentially, however, a family
      of constant V.sub.B curves exists with significant currents even for low
      values of V. It has been found that a slight doping of the regions of
      interelectrode material with an impurity of conductivity type opposite to
      the conductivity type of the electrodes causes the family of curves to be
      discontinuous, i.e., will allow current to flow only if the threshold of
      the effective conductor-insulator-semiconductor is exceeded.
PAC  EXAMPLE 1
PAR  In a charge-coupled device having a p-type substrate and an n-type
      buried-channel layer, the regions of interelectrode material between
      n-type conductive polycrystalline silicon electrodes were doped with boron
      with a concentration of 5 .times. 10.sup.13 /cm.sup.3. The buried-channel
      region was maintained at voltages of Ov, +5v, +10v and +15v. At 0v and 5v
      no appreciable leakage current (less than 10.mu.) between electrodes
      existed for an interelectrode voltage difference of +14v. At V.sub.B =
      10v a leakage current of 120.mu.A was measured for an interelectrode
      voltage difference of 2v. At V.sub.B -  15v a leakage current of 120.mu.A
      was measured for an interelectrode difference of about 0.5v. This
      discontinuity in the family of constant V.sub.B curves is shown in FIG. 3.
PAC  EXAMPLE 2
PAR  In a charge-coupled device having a p-type substrate and an n-type
      buried-channel layer, the regions of interelectrode material between
      n-type conductive polycrystalline silicon electrodes were doped with boron
      having a concentration of 1 .times.  10.sup.15 /cm.sup.3. The
      buried-channel region was maintained at voltages of 0v, +5v, +10v and
      +15v. At V.sub.B = 0v and 5v no appreciable leakage current (less than
      10.mu.A) between electrodes existed for an interelectrode voltage
      difference of 15 volts. At V.sub.B =  10v a leakage current of 40.mu.A was
      measured at V = 2 volts, 62.mu.A at V = 4 volts, 76.mu.A at V = 6 volts,
      88.mu.A at V = 8 volts, 95.mu.A at V = 10 volts, 106.mu.A at V = 12 volts
      and 116.mu.A at V = 14 volts. At V.sub.B = 15 volts the leakage current
      was 120.mu.A for V.sub.B less than 1 volt.
PAC  EXAMPLE 3
PAR  In a charge-coupled device having a p-type substrate and an n-type
      buried-channel layer, the regions of interelectrode material between
      n-type conductive polycrystalline silicon electrodes were doped with boron
      having a concentration of 5 .times.  10.sup.16 /cm.sup.3. The
      buried-channel region was maintained at potentials of 0, +5v, +10v and
      +15v. At  0v and +5v no appreciable leakage current (less than 10.mu.A)
      between electrodes for an interelectrode difference of 15 volts. At
      V.sub.B =  10 volts a leakage current of 12.mu.A was measured at V = 2
      volts, 18.mu.A at V = 4 volts, 24.mu.A at V = 6 volts, 27.mu.A at V = 8
      volts, 29.mu.A at V = 10 volts, 32.mu.A at V = 12 volts, and 34.mu.A at V
      = 14 volts. At V.sub.B = + 15 volts, the leakage current was 120.mu.A for
      V equal to about one volt.
PAR  For charge-coupled devices of the type described above in Examples 1-3, it
      was found that boron doping of the regions of interelectrode material at
      concentrations on the order of 5 .times.  10.sup.17 /cm.sup.3 and greater
      produced a continuation of the trend towards higher MIS threshold voltages
      V.sub.B. However, for adjacent electrode voltages V greater than two
      volts, the so-called 'soft breakdown effect' intervened and the region of
      interelectrode material was conductive for virtually any finite substrate
      voltage V.sub.B. Thus, for practical charge-coupled devices, the effective
      range of boron doping to counteract the field-modulated conductance effect
      is 10.sup.13 to 10.sup.17 atoms/cm.sup.3. A preferred range would be
      10.sup.15 to 10.sup.16 atoms/cm.sup.3 since this would permit substrate
      voltages of up to 10 volts to exist with limited conduction through the
      regions of interelectrode material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a charge-coupled device having a semiconductor substrate, a layer of
      insulation covering said substrate, a plurality of spaced-apart electrodes
      formed from a doped polycrystalline semiconductor material on said layer
      of insulation and having a particular conductivity type, and regions of
      polycrystalline semiconductor interelectrode material located between said
      plurality of spaced-apart electrodes, and means connected to said
      electrodes for forming a spatially defined depletion region in said
      substrate beneath said electrodes and for transferring charge from one
      location to another in said depletion region, the improvement comprising:
PA1  said polycrystalline semiconductor interelectrode material contains a
      dopant which gives to said polycrystalline semiconductor interelectrode
      material a conductivity type opposite to said particular conductivity
      type.
NUM  2.
PAR  2. A charge-coupled device as recited in claim 1, further comprising a
      buried-channel layer formed in the topmost surface of said semiconductor
      substrate, said buried-channel layer having said particular
      conductivity-type and said substrate having said conductivity type
      opposite to said particular conductivity type.
NUM  3.
PAR  3. A charge-coupled device as recited in claim 1 wherein said plurality of
      spaced-apart electrodes are of n-conductivity type and said
      polycrystalline semiconductor interelectrode material is of p-conductivity
      type.
NUM  4.
PAR  4. A charge-coupled device as recited in claim 3 wherein the concentration
      of said dopant lies within the range of 10.sup.13 to 10.sup.17
      atoms/cm.sup.3.
NUM  5.
PAR  5. A charge-coupled device as recited in claim 3 wherein the concentration
      of said dopant lies within the range of 10.sup.15 to 10.sup.16
      atoms/cm.sup.3.
NUM  6.
PAR  6. A charge-coupled device as recited in claim 5 wherein said dopant is
      boron.
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ABST
PAL  An improved transistor, such as a control transistor, of the type having a
      plurality of strip-like emitter regions formed in a single base region in
      a semiconductor body. The strip-like emitter regions are of different
      widths and preferably are positioned in spaced side by side relationship
      and decrease in width in the direction of succession of the strips.
PARN
PAC  CROSS-REFERENCE TO RELATED PATENT APPLICATION
PAR  This application is a division of applicant's copending U.S. Pat.
      application, Ser. No. 845,773, filed July 29th, 1969, now U.S. Pat. No.
      3,673,012 issued June 27th, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved transistor, and in particular
      a control transistor. More particularly, the present invention relates to
      an improved transistor having a plurality of strip-like emitter zones
      formed in a single base zone adjacent a single major surface of a
      semiconductor body.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, in a transistor having a plurality of
      strip-like emitter regions or zones formed in the single base zone and
      extending to a single major surface of the transistor semiconductor body,
      the plurality of emitter zones are of different widths. As a result of
      forming the emitter zones in this manner, the control characteristics of
      the transistor are improved. This is particularly the case if the
      strip-like emitter zones are disposed in the base zone in side by side
      parallel relationship, like the rungs of a ladder, with the width of the
      strip-like emitter zones decreasing in the direction of succession of the
      emitter zones.
PAR  Such a transistor can easily be produced by forming the plurality of
      strip-like emitter zones by diffusion through a corresponding plurality of
      strip-like apertures of different widths in an insulating or diffusion
      masking layer overlying the surface of the semiconductor body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a semiconductor body with an insulating
      layer on a major surface thereof during the initial step of forming a
      transistor according to the invention.
PAR  FIG. 2 is a view similar to FIG. 1 showing the aperture for the diffusion
      of the base impurity material in the insulating layer during a further
      step in forming the transistor according to the invention.
PAR  FIG. 3 is a perspective view showing the formation of strip-like apertures
      in the insulating layer for diffusion of the emitter impurity material in
      still a further step in forming the transistor according to the invention.
PAR  FIG. 4 is a perspective view showing the finished transistor according to
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the figures, the transistor according to the invention
      will be described by means of the method in which it is produced. In order
      to produce a transistor according to the invention, as shown in FIG. 1,
      the starting point is a semiconductor body 1, for example, of silicon. The
      semiconductor body 1 is of n-type conductivity, for example, and has a
      specific resistance of about 10 Ohmcm. An insulating layer 2, which may,
      for example, consist of silicon dioxide or of silicon nitride, is applied
      to at least a major surface of the semiconductor body 1. The thickness of
      the insulating layer 2 may amount to 1.mu., for example.
PAR  A base diffusion window 3, the size of which may be 40.mu. by 60.mu. for
      example, is formed in the insulating layer 2 as shown in FIG. 2. In a
      known manner the base region or zone 10 is then formed in the
      semiconductor body 1 through this base window 3, for example by the
      diffusion of boron into the surface of the semiconductor body at a
      temperature of 1100.degree.C. The thickness of the base region 10 may
      amount to 6.mu. for example.
PAR  After or during the base diffusion, oxidation of the semiconductor surface
      is again effected so that the portion of the semiconductor surface within
      the base window 3 is again covered with an oxide layer 4. Emitter
      diffusion windows or apertures 5, 6 and 7 are then formed in this oxide
      layer 4. As shown in FIG. 3, the emitter diffusion windows 5, 6 and 7 have
      different widths, and consequently, the emitter regions of the transistor
      according to the invention will also have correspondingly different
      widths.
PAR  As shown in FIG. 3, the emitter diffusion windows 5-7 are preferably
      disposed in a side by side relationship parallel to one another with their
      respective widths decreasing in the direction of succession of the windows
      5-7, i.e. in the illustrated example the widths of the windows 5-7
      decrease from left to right. Consequently, the diffusion window 5 has the
      greatest width, the middle diffusion window 6 has the second greatest
      width, while the right-hand diffusion window 7 has the narrowest width.
      For example, the width of the left-hand emitter diffusion window 5 may be
      6.mu., the width of the middle emitter diffusion window 6 be 4.mu. and the
      width of the right-hand emitter diffusion window 7 be 2.mu.. A greater or
      smaller number of emitter diffusion windows may, of course, be disposed
      side by side. The length of the strip-like emitter diffusion windows 5, 6
      and 7 illustrated in FIG. 3 may be 30.mu. for example.
PAR  The production of the emitter regions or zones 11-13 in the semiconductor
      body 1 is effected by means of a common diffusion process through the
      individual emitter diffusion windows 5-7. That is to say, impurities are
      diffused into the semiconductor body 1 or into the base region 10 already
      present in the semiconductor body 1, through all the emitter diffusion
      windows 5-7 in a common diffusion process. A suitable doping material for
      producing the emitter regions 11-13 is, for example, phosphorus which is
      diffused into the semiconductor body 1 at a temperature of, for example,
      1100.degree.C. As a result of the different width emitter diffusion
      windows 5-7, the respective strip-like emitter regions 11-13 produced by
      the diffusion process will have correspondingly different widths.
      Consequently with the emitter diffusion windows dimensioned as shown in
      FIG. 3, the strip-like emitter regions 11-13 will also be in parallel side
      by side relationship and have widths which decrease in the direction of
      succession of the emitter regions, i.e. from left to right, with the
      emitter region 11 being the widest and the emitter region 13 being the
      narrowest.
PAR  It has been found that a planar transistor, or indeed any transistor,
      wherein the emitter diffusion is effected through emitter diffusion
      windows of different widths in an insulating layer present on the
      semiconductor body and serving as a diffusion mask, surprisingly has
      particularly satisfactory control characteristics.
PAR  Making of contact to the emitter regions 11-13 diffused into the
      semiconductor body 1 is effected by vapour deposition of contact-making
      material on the regions of the semiconductor surface exposed through the
      emitter diffusion windows 5, 6 and 7. In order to make contact to the base
      region 10, additional windows or apertures (not illustrated in FIG. 3)
      must be formed in the oxide layer 4.
PAR  FIG. 4 shows the control transistor according to the invention with the
      emitter and base contacts fully provided. As this Figure shows, contact is
      made both to the emitter regions 11-13 and to the base region 10 by means
      of a comb-like structure in a well known manner. The common emitter
      electrode is designated by the reference numeral 8 in FIG. 4, while the
      base electrode has the reference numeral 9. As can be easily seen the
      common emitter electrode 8 contacts each of the emitter regions while the
      common base electrode 9 contacts the underlying single base region
      adjacent each of the emitter regions and intermediate same.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a transistor formed in a semiconductor body, said transistor having
      at least three individual strip-like emitter zones formed in a single base
      zone and extending to a single major surface of said semiconductor body,
      the improvement wherein each of said strip-like emitter zones has a width
      different from the widths of the other emitter zones.
NUM  2.
PAR  2. A transistor as defined in claim 1 wherein said strip-like emitter zones
      are arranged in a spaced side by side relationship.
NUM  3.
PAR  3. A transistor as defined in claim 2 wherein said strip-like emitter zones
      are parallel to one another.
NUM  4.
PAR  4. A transistor as defined in claim 2 wherein said strip-like emitter zones
      have decreasing widths in the direction of the succession of said
      strip-like emitter zones.
NUM  5.
PAR  5. A transistor as defined in claim 4 wherein said strip-like emitter zones
      are diffused zones.
NUM  6.
PAR  6. A transistor as defined in claim 4 wherein each of said emitter zones is
      approximately 2.mu. wider than the adjacent emitter zone.
NUM  7.
PAR  7. A transistor as defined in claim 4 wherein the width of said strip-like
      emitter zones are approximately 6.mu. , 4.mu. and 2.mu., respectively.
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ABST
PAL  A semiconductor device comprising a semiconductor substrate including at
      least three layers of alternating conductivity between a pair of principal
      surfaces, the side surface of said semiconductor substrate being formed in
      pulley-shape and the depth of the valley of the pulley-shape being
      selected from the most appropriate numerical range related with the
      dielectric constant of the surrounding medium and the thickness of the
      semiconductor substrate.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of application Ser. No. 207,878, filed Dec.
      14, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a semiconductor device.
PAR  2. Description of the Prior Art
PAR  Generally, for increasing the blocking voltage (the breakover voltage in
      the forward direction and the breakdown voltage in the reverse direction)
      of semiconductor devices such as diodes and thyristors, a very important
      problem exists in the surface state of semiconductor substrates where a PN
      junction is exposed. A semiconductor substrate surface is very active and
      easily influenced by the ambient atmosphere. If moisture and/or ionizable
      material exist in the atmosphere, they adhere to the substrate surface and
      make the surface field intensity larger than the field intensity in the
      semiconductor substrate. Thus, the blocking voltage of a semiconductor
      device is influenced by the surface state of the semiconductor substrate.
PAR  For providing good reproducibility in the blocking voltage of semiconductor
      devices, it is necessary to arrange that the blocking voltage of a
      semiconductor device be determined by that of the semiconductor substrate
      which is simply determined by the impurity concentration. For achieving
      this, the surface field intensity of a semiconductor substrate should be
      sufficiently smaller than the field intensity in the substrate. It is
      known that for decreasing the surface field intensity less than the inside
      field intensity, the side surface of a semiconductor substrate where a PN
      junction is exposed can be effectively bevelled with respect to the PN
      junction. It is also known that in the case of a positive bevel where the
      higher impurity concentration side region has a larger cross section as it
      departs from a PN junction, the angle between the PN junction surface and
      the side edge surface on the lower impurity concentration side is
      preferably 15.degree. to 60.degree., and that in the case of a negative
      bevel where the higher impurity concentration side region has a smaller
      cross section as it departs from a PN junction, the angle between the PN
      junction surface and the side edge surface on the lower impurity
      concentration side is preferably 170.degree. to 180.degree. (0.degree. to
      10.degree. when seen on the higher impurity concentration side). The
      details are disclosed in U.S. Pat. Nos. 3,179,860 and 3,361,943 (German
      Pat. Nos. 1,464,622 and 1,212,215).
PAR  In conventional thyristors of a high blocking voltage, both forward and
      reverse characteristics are needed and a PN junction between a P-type
      emitter layer and an N-type base layer is formed in a positive bevel of
      15.degree. to 60.degree. and another PN junction between the N-type base
      layer and the P-type base layer is formed in a negative bevel of 0.degree.
      to 10.degree.. Such structures where a positive and a negative bevel are
      formed in the side surface of a semiconductor substrate are called double
      bevel structures since, the bevelled surface is formed in two stages. In
      the double bevel structure, the area of that principal surface which is on
      the N-type emitter layer side becomes much smaller than that on the P-type
      emitter layer side and hence the maximum current capacity is determined by
      the area of the N-type emitter layer. Thus, semiconductor devices of
      double bevel structure have a drawback that the maximum current capacity
      for a semiconductor substrate of a certain dimension is small. Further, in
      double bevel structure, when the breakover and breakdown voltages are
      desired to be of equal magnitude the angle for the negative bevel should
      be about 1.degree. or less. This results in another drawback that high
      quality techniques are needed for obtaining such bevel angles with good
      reproducibility.
PAR  Thus, for eliminating such drawbacks there has been proposed a method in
      which the side surface of a semiconductor disk is formed in pulley-shape
      or V-shape (hereinafter referred as pulley-shape) to form positive bevels
      for the respective PN junctions, as disclosed in U.S. Pat. No. 3,491,272,
      especially FIG. 16 thereof. However, few studies have been made on the
      bevel structure of pulley-shaped side surfaces except to show that the
      blocking voltage of a semiconductor can be determined by that inside the
      semiconductor substrate by increasing the depth of the valley portion of
      the pulley-shape to a certain degree, i.e., decreasing the bevel angle of
      the PN junction surface and thereby decreasing the intensity of surface
      electric field and that there would be an appropriate range for the depth
      of the valley portion since excessive depth invites an increase in the
      intensity of the surface electric field in the valley portion, reductions
      in the area of current flow and the mechanical strength. Therefore, it has
      been difficult to employ the pulley-shaped bevel structure and to design
      and manufacture semiconductor devices having predetermined blocking
      voltages for various specifications and to make optimum utilization of
      semiconductor substrates for a predetermined current flow.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a multi-layer type semiconductor
      device having a novel bevel structure for the side edge surface of a
      semiconductor substrate.
PAR  Another object of this invention is to provide a multi-layer type
      semiconductor device comprising a semiconductor substrate having such side
      surface structure that allows the blocking voltage of the device to be
      determined by that inside the semiconductor substrate.
PAR  A further object of this invention is to provide a multi-layer type
      semiconductor device of a blocking voltage higher than 1000 volts.
PAR  A yet further object of this invention is to provide a multi-layer type
      semiconductor device of a high blocking voltage and large current
      capacity.
PAR  Another object of this invention is to provide a multi-layer type
      semiconductor device enabling a high utilization ratio of semiconductor
      substrate for a predetermined current capacity.
PAR  Another object of this invention is to provide a multi-layer type
      semiconductor device of compact size.
PAR  Another object of this invention is to provide a multi-layer type
      semiconductor device comprising a semiconductor substrate having a side
      surface structure of low manufacturing cost.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic cross-section showing an embodiment of a
      semiconductor device according to this invention.
PAR  FIG. 2 shows characteristic curves representing the relationship between
      the normalized vertical distance from the anode surface X.sub.n and the
      normalized surface field E.sub.sn at various values of the ratio of the
      depth d of the valley portion of the pulley-shape and the thickness w of
      the semiconductor substrate taken as a parameter.
PAR  FIG. 3 shows characteristic curves representing the relationship between
      the normalized peak surface field E.sub.sp and the ratio of the depth d of
      the valley portion of the pulley-shape and the thickness w of the
      semiconductor substrate at various values of the specific dielectric
      constant .epsilon. of the ambient atmosphere taken as a parameter.
PAR  FIG. 4 is a graph showing the relationship between the spread of the
      depletion layer in the neighbourhood of the N-type base layer and the peak
      surface field.
PAR  FIGS. 5 and 6 are schematic cross-sections of other embodiments of
      semiconductor devices according to the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Now, description will be made on preferred embodiments of this invention in
      connection with the accompanying drawings.
PAR  FIG. 1 shows a four-layer three-terminal semiconductor device according to
      the invention, i.e., a reversely blocking type thyristor. A semiconductor
      substrate 1 has such a shape that is limited by a pair of mutually
      parallel and opposing principal surfaces 11 and 12 and a pulley-shaped
      side surface 13 connecting the two principal surfaces 11 and 12 and
      comprises continuously four layers of alternately different conductivity
      types indicated by P.sub.E, N.sub.B, P.sub.B and N.sub.E. At least those
      PN junctions J.sub.1 and J.sub.2 which are formed between the layers
      P.sub.E and N.sub.B, and N.sub.B and P.sub.B are exposed on the side
      surfaces. Further, the valley portion 131 (the deepest portion) of the
      pulley-shape is formed substantially in the middle of the layer N.sub.B.
      These layers P.sub.E, N.sub.B, P.sub.B and N.sub.E are a P-type emitter,
      N-type base, P-type base and N-type emitter layers laminated in this
      order. Here, the N-type emitter layer N.sub.E is embedded in the P-type
      base layer P.sub.B, and the P-type base and P-type emitter layers P.sub.B
      and P.sub.E have a higher impurity concentration than that of the N-type
      base layer N.sub.B. The semiconductor substrate having such a junction
      construction as above is conventionally fabricated by the steps of
      preparing an N-conductivity type semiconductor wafer of a substantially
      constant impurity concentration, diffusing an impurity material imparting
      a P-type conductivity such as gallium or boron into the wafer from both
      surface to a predetermined depth therein, so as to thereby form a P-type
      base layer P.sub.B and a P-type emitter layer P.sub.E. Then an impurity
      material imparting an N-type conductivity such as phosphorus arsenic or
      antimony is diffused or alloyed into or with the P-type base layer P.sub.B
      from its one surface to a predetermined depth, so as to form an N-type
      emitter layer N.sub.E. Rarely, the layers P.sub.B, P.sub.E, N.sub.E may be
      formed by the vapor growth method. The remaining N-conductivity type
      region between the P-type base layer P.sub.B and the P-type emitter layer
      P.sub.E is employed as the N-type base layer N.sub.B. Accordingly the
      following impurity concentration profile can be obtained. The N-type base
      layer N.sub.B has the lowest impurity concentration among the four layers,
      and the impurity concentration is uniform. Each of the P-type base layer
      P.sub.B and the P-type emitter layer P.sub.E has a higher impurity
      concentration than that of the N-type base layer N.sub.B and, in these
      P-type base and emitter layers, the impurity concentration becomes higher
      the farther away from the N-type base layer, and the N-type emitter layer
      N.sub.E has a higher impurity concentration than that of the P-type base
      layer P.sub.B. The thicknesses and impurity concentrations of the P-type
      emitter, N-type base and P-type base layers are so determined in
      accordance with the voltage used of the device that when the PN junction
      J.sub.1 or J.sub.2 is reversely biased the greater part of the depletion
      layer (more than 90 percent) exists in the N-type base layer and spreads
      beyond the middle of the N-type base layer. An anode electrode 2 is
      brought into ohmic contact with one principal surface 12 of the substrate
      1, i.e., the surface of the P-type emitter layer P.sub.E. A cathode
      electrode 3 is brought into ohmic contact with the other principal surface
      11, or more particularly the surface of the N-type emitter layer N.sub.E.
      On the principal surface 11, a control electrode 4 is formed in ohmic
      contact with the P-type base layer P.sub.B. The semiconductor substrate 1
      is fixed on a support 5 which has an approximately equal thermal expansion
      constant with the semiconductor substrate 1, using the anode of electrode
      2 as an adhesive.
PAR  The side surface of this semiconductor substrate 1 is formed in such a
      pulley-shape which satisfies
      ##EQU1##
      where, w represents the thickness of the substrate (the distance between
      the two principal surfaces), d the depth of the valley portion of the
      pulley-shape, .epsilon. the specific dielectric constant of the ambient
      atmosphere, and log the logarithm to base 10. The reason why the side
      surface of the substrate 1 is formed in such a pulley-shaped that
      satisfies equation (1) will become apparent in the following description.
PAR  The inventors examined the surface field intensity distribution of the
      semiconductor device the side surface of which is formed into a
      pulley-shape as shown in FIG. 1 and obtained results such as shown in
      FIGS. 2 and 3. FIG. 2 shows the relationship between the normalized
      vertical distance from the anode surface X.sub.n and the normalized
      surface field E.sub.sn at various values of the ratio of the depth d of
      the valley portion of the pulley-shape and the thickness w of the
      semiconductor substrate taken as a parameter. In FIG. 2, it is assumed
      that the specific dielectric constant of dielectric material filled into
      the valley portion is four (4).
PAR  The normalized vertical distance X.sub.n is given by the following
      formulaa:
EQU  X.sub.n = X/w.sub.s
PAL  where X is the actual vertical distance from the anode surface and w.sub.s
      is the depletion layer width of the step junction. The w.sub.s does not
      represent the real depletion layer width as explained in the present
      specification, but is only a measure of the length of the present
      semiconductor device. The w.sub.s is represented by the following formula:
      ##EQU2##
      where q is the electronic charge, .epsilon..sub.o the dielectric constant
      in vacuum, .epsilon..sub.si the specific dielectric constant of silicon,
      N.sub.b the impurity concentration of the N-type base layer, and V.sub.a
      is the applied voltage.
PAR  The normalized surface field E.sub.sn is given by the following formula:
EQU  E.sub.sn = E.sub.s.sup.. w.sub.s /V.sub.a,
PAL  where E.sub.s is the actual surface field in volts per centimeter, V.sub.a
      /w.sub.s is the normalized factor for the electric field, and V.sub.a is
      the applied voltage.
PAR  From FIG. 2, it will be understood that the peak of the surface field
      exists in the neighbourhood of the PN junction J.sub.1 when the depth of
      the valley portion is shallow and, as it is made deeper the peak of the
      surface field appears at the valley portion, and that the peak value is
      not decreased but becomes constant even if the depth of the valley portion
      is made much deeper exceeding a certain extent.
PAR  FIG. 3 shows the normalized peak surface field E.sub.sp vs. the ratio d/w
      of the valley depth d of the pulley-shape and the thickness w of the
      semiconductor substrate relation curves at various values of the specific
      dielectric constant of dielectric material filled into the valley portion
      used as a parameter. The normalized peak surface field E.sub.sp is
      obtained from the following relationship:
EQU  E.sub.sp = E.sub.p .sup.. w.sub.s /V.sub.a,
PAL  where E.sub.p is the actual peak surface field in volts per centimeter.
      Since, in such multi-layer type semiconductor device of a high blocking
      voltage as in the present invention, the greater part of the depletion
      layer spreads into the N-type base layer N.sub.B as already described, the
      width of the depletion layer spreading into the N.sub.B layer becomes
      nearly equal and in proportion to the value of the above w.sub.s.
PAR  It can be seen from these characteristic curves that the normalized peak
      surface field E.sub.sp becomes approximately constant when the ratio d/w
      of the valley depth d to the thickness w of the semiconductor substrate
      exceeds certain values (those values at points A, B, C and D for the
      respective curves). The minimum ratio (d/w).sub.min. of the valley depth d
      and the substrate thickness w, i.e., those values at points A, B, C and D
      and the specific dielectric constant .epsilon. of the ambient atmosphere
      around the side surface are found to satisfy the relation
      ##EQU3##
      where the logarithm is taken to base 10. Thus, for depressing the surface
      field intensity at the side surface of a semiconductor substrate of
      pulley-shape to a predetermined value with good reproducibility, the ratio
      d/w of the valley depth d and the substrate thickness w is selected to
      satisfy
      ##EQU4##
PAR  An explanation will be made of the fact that the normalized peak surface
      field E.sub.sp, represented on the ordinate of FIG. 3, is not affected by
      any change of the impurity concentration of the N-type base layer and/or
      the applied voltage.
PAR  For example, in case the impurity concentration of the N-type base layer
      N.sub.b is doubled while the applied voltage V.sub.a is maintained
      constant, the w.sub.s is multiplied by 1/.sqroot.2 as seen from the above
      equation representing w.sub.s. The E.sub.p can be calculated from FIG. 4.
      Namely, assuming that the peak surface field is E.sub.p1 and E.sub.p2 and
      the depletion layer width in the N-type base layer is w.sub.sc1 and
      w.sub.sc2 in the case of the impurity concentration of the N-type base
      layer being N.sub.b and 2N.sub.b, respectively, the following equation can
      approximately be obtained:
EQU  V.sub.a = 1/2 E.sub.p1.sup.. W.sub.sc1 = 1/2 E.sub.p2.sup.. W.sub.sc2
PAL  In a semiconductor device of a high blocking voltage, the depletion layer
      width in the N-type base layer is nearly equal and in proportion to
      w.sub.s, and therefore the following relation is obtained:
EQU  W.sub.sc1 : W.sub.sc2 = 1 : 1/.sqroot.2
PAL  Thus, the relationship between E.sub.p1 and E.sub.p2 is as follows:
EQU  E.sub.p1 : E.sub.p2 = 1/.sqroot.2 : 1
PAL  In other words, when the N.sub.b is doubled, the E.sub.p is multiplied by
      .sqroot.2. Therefore, it will be understood from the above equation
      representing E.sub.sp that the E.sub.sp is not varied even if the N.sub.b
      is changed.
PAR  Considering another case where the applied voltage V.sub.a is doubled while
      the impurity concentration of the N-type base layer N.sub.b is maintained
      constant, for example, the W.sub.s is multiplied by .sqroot. 2 as apparent
      from the above equation representing W.sub.s, and the E.sub.p is also
      multiplied by .sqroot.2 in accordance with the same discussion as in the
      above-mentioned case. Therefore, it will also be understood from the above
      equation representing E.sub.sp that the E.sub.sp is not varied even if the
      V.sub.a is changed.
PAR  Thus, the relational equation obtained by curves connecting the points A,
      B, C and D in FIG. 3 is established at all times in the case of
      semiconductor devices having a blocking voltage higher than 1000 volts in
      which more than 90 percent of the depletion layer spreads in the N-type
      base layer.
PAR  On the other hand, the sand blast method in which abrasive powder such as
      alumina powder is blasted from a thin nozzle to a substrate side surface,
      is found most preferable for forming a side surface in pulley-shape in the
      point that it provides good reproducibility. According to this method,
      until the valley depth d becomes approximately equal to the substrate
      thickness w both the reproducibility and the efficiency are good, but when
      the valley depth d becomes larger than the substrate thickness w,
      reproducibility for the pulley-shape becomes worse and further those
      portions where the side surface meets the principal surfaces become thin
      and mechanically weak, and thus can be easily broken.
PAR  A further deepening of the valley depth results in a reduction in the area
      for current flow and thus the effects of employing the pulley-shaped bevel
      structure in place of the double bevel structure are largely lost.
PAR  Therefore, when employing the pulley bevel structure, the ratio of the
      valley depth d to the substrate thickness w is preferably selected in the
      range d/w .ltoreq. 1 in view of reproducibility and efficiency and in
      obtaining a desired pulley-shape with a large area for current flow.
PAR  From the above considerations, when industrially making semiconductor
      devices comprising a semiconductor substrate having a pulley-shaped side
      surface structure, the ratio of the valley depth d of the pulley-shape to
      the thickness w of a semiconductor substrate is preferably selected in the
      range
      ##EQU5##
      where .epsilon. represents the specific dielectric constant of the
      atmosphere around the side surface.
PAR  According to this invention as described above, there can be provided a
      semiconductor device of a high blocking voltage and large current capacity
      relative to the dimension of the semiconductor substrate. For example, in
      making a thyristor of a blocking voltage of 4000V using a silicon
      substrate of diameter 40 mm and thickness 1 mm, the current capacity is
      350 A according to the conventional two stage bevel structure, whereas it
      becomes 500 A, 1.4 times as large as the conventional one, according to
      the inventive pulley-shaped bevel structure. As the blocking voltage is
      increased, i.e., the thickness of the semiconductor substrate is
      increased, the difference of the current capacity for the two cases
      becomes larger.
PAR  Thus, for providing semiconductor devices of a predetermined blocking
      voltage and current capacity, smaller semiconductor substrates can be used
      according to the invention, which yields a reduction in the manufacturing
      cost together with an improved processing efficiency.
PAR  Further, in case of designing the surface structure of a semiconductor
      element having a predetermined high blocking voltage, according to the
      conventional structure only the bevel angle was decreased to weaken the
      surface field intensity, whereas according to the inventive structure the
      depth of the valley portion may be determined also taking into account of
      the dielectric constant of the atmosphere around the side surface. Thus,
      the surface structure can be advantageously determined considering the
      manufacturing efficiency and thereby the manufacturing efficiency can be
      improved compared with that of the conventional structure.
PAR  FIG. 5 shows another embodiment of a semiconductor device comprising a
      semiconductor substrate of pulley-shape which satisfies the relation of
      equation (1) and in which inflection points lie near exposed PN junction
      surfaces. In FIG. 5, similar numerals as those in FIG. 1 indicate similar
      parts.
PAR  Inflection point 132 is formed near a PN junction exposed on the side
      surface and the bevel angle on the principal surface side is formed larger
      than that on the valley side.
PAR  Comparing the pulley-shapes of FIGS. 1 and 5, the peak surface field can be
      made smaller in the case of FIG. 5 than that of FIG. 1. This is because in
      FIG. 1 the maximum point of the surface field exists only at the valley
      portion whereas in FIG. 5 another maximum occurs at the inflection point
      which carries an appreciable amount of voltage. Further, the mechanical
      strength of the semiconductor substrate is also larger in the case of FIG.
      5 than FIG. 1. Thus, the structure of FIG. 5 enables easier mechanical
      treatment and provides a better yield.
PAR  FIG. 6 shows yet another embodiment of a semiconductor device having a
      pulley-shaped side surface which satisfies the relation of equation (1)
      and is covered with a layer 6 of a low dielectric constant and another
      layer 7 of a high dielectric constant.
PAR  As is described above, the surface of a semiconductor substrate is active
      and hence sensitive to the influence of the ambient atmosphere. Thus,
      generally the surface of semiconductor devices are covered with a
      dielectric film such as silicon dioxide or silicon nitride to passivate
      the surface state. In power semiconductor devices, uniformalization of the
      surface field distribution and reduction in the surface field intensity is
      required besides the passivation of the surface.
PAR  In the description on the devices of FIGS. 1 and 5, it has been assumed
      that the dielectric strength of the ambient atmosphere is larger than the
      surface field intensity of the substrate. In devices of high blocking
      voltages, however, the ambient atmosphere, for example, air may cause
      dielectric breakdown. Then, regardless of the shape of side surface the
      blocking voltage of the device is solely determined by the dielectric
      breakdown voltage of the atmosphere and it becomes impossible to make a
      device having a higher blocking voltage than the breakdown voltage of the
      ambient dielectric atmosphere. The easiest way to solve the above problem
      would be placing the semiconductor device in an atmosphere of a high
      dielectric breakdown or covering the side surface of the device with a
      dielectric substance of a high dielectric breakdown. In the latter method,
      it is to be noted that a leakage current might be allowed to flow through
      the substrate surface when covered with a dielectric substance of a high
      dielectric breakdown. The device shown in FIG. 6 has solved this problem.
      Namely, the cover layer 6 of smaller dielectric constant, for example,
      silicon dioxide (specific dielectric constant 4.5), is formed first on the
      side surface of a semiconductor substrate and then the cover member 7 of a
      higher dielectric constant, for example, a mixture of barium titanate
      (specific dielectric constant 10 to 18) in silicone rubber is formed on
      the cover layer 6 so as to fill up the valley portion. The cover layer 6
      works to reduce the leakage current and the cover member 7 works to reduce
      the surface field intensity and makes the occurrance of space discharge
      difficult by elongating the discharge path.
PAR  In the foregoing, discription has been made only on four-layer
      three-terminal semiconductor devices, but this invention is in no way
      limited to those but can be adapted similarly to semiconductor devices of
      other type, e.g. four-layer two-terminal type.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a semiconductor device of a high blocking voltage comprising: a
      semiconductor substrate having a pair of mutually opposing principal
      surfaces disposed substantially in parallel with each other and a side
      surface connecting the principal surfaces and including between said pair
      of principal surfaces at least a first layer of one conductivity type, a
      second layer of the other conductivity type having in a uniform
      distribution a lower impurity concentration than that of said first layer,
      disposed adjacent to and forming a first PN junction with said first
      layer, and a third layer of said one conductivity type having a higher
      impurity concentration than that of said second layer, disposed adjacent
      to and forming a second PN junction with said second layer, said first and
      second PN junctions being exposed at said side surface, said side surface
      being formed into a pulley-shape the valley portion of which is located
      substantially at the middle of said second layer; a cover member of a high
      dielectric constant filling up the valley portion of the pulley shape; and
      a pair of main electrodes provided respectively in ohmic contact with said
      principal surfaces, in which the greater part of a depletion layer
      produced when the first or second PN junction is reversely biased exists
      in said second layer and spreads beyond said valley portion; the
      improvement comprising the fact that said pulley shape of the side surface
      satisfies the condition
      ##EQU6##
      where d represents the depth of the valley portion, w the thickness of the
      semiconductor substrate, and .epsilon. the specific dielectric constant of
      the atmosphere around the valley portion, and wherein the ratio d/w of the
      valley depth to the substrate thickness is not larger than unity.
NUM  2.
PAR  2. A semiconductor device according to claim 1, further comprising a cover
      layer of a dielectric constant lower than that of said cover member
      covering the side surface of the pulley-shape.
NUM  3.
PAR  3. A semiconductor device according to claim 1, wherein said semiconductor
      substrate further comprises a fourth layer of said other conductivity
      type, having a higher impurity concentration than that of said third
      layer, embedded in and forming a third PN junction with said third layer,
      and having a surface aligned with a corresponding one of said principal
      surfaces so as to be exposed, one of said main electrodes being disposed
      on said exposed surface of said fourth layer.
NUM  4.
PAR  4. A semiconductor device according to claim 3, further comprising a cover
      layer of a dielectric constant lower than that of said cover member
      covering the side surface of the pulley-shape.
NUM  5.
PAR  5. A semiconductor device according to claim 3, further comprising a
      control electrode disposed on the principal surface from which said fourth
      layer is exposed, apart from the main electrode provided on the surface of
      said fourth layer.
NUM  6.
PAR  6. A semiconductor device according to claim 3, wherein inflection points
      are formed in the pulley-shape near the exposed first and second PN
      junctions.
NUM  7.
PAR  7. A semiconductor device according to claim 6, further comprising a cover
      layer of a dielectric constant lower than that of said cover member
      covering the side surface of the pulley-shape.
NUM  8.
PAR  8. A semiconductor device according to claim 6, further comprising a
      control electrode disposed on the principal surface from which said fourth
      layer is exposed, apart from the main electrode provided on the surface of
      said fourth layer.
NUM  9.
PAR  9. In a semiconductor device of a high blocking voltage comprising: a
      semiconductor substrate having a pair of mutually opposing principal
      surfaces disposed substantially in parallel with each other and a side
      surface connecting the principal surfaces and including between said pair
      of principal surfaces a first layer of one conductivity type, a second
      layer of the other conductivity type having in a uniform distribution a
      lower impurity concentration than that of said first layer, disposed
      adjacent to and forming a first PN junction with said first layer, a third
      layer of said one conductivity type having a higher impurity concentration
      than that of said second layer, disposed adjacent to and forming a second
      PN junction with said second layer, and a fourth layer of said other
      conductivity type, having a higher impurity concentration than that of
      said third layer, embedded in and forming a third PN junction with said
      third layer, and having a surface aligned with a corresponding one of said
      principal surfaces so as to be exposed, said first and second PN junctions
      being exposed at said side surface, said side surface being formed into a
      pulley-shape the valley portion of which is located substantially at the
      middle of said second layer; a cover member of a high dielectric constant
      filling up the valley portion of the pulley-shape; and a pair of main
      electrodes provided in ohmic contact with said first and fourth layers on
      said principal surfaces, respectively, in which the greater part of a
      depletion layer produced when the first or second PN junction is reversely
      biased exists in said second layer and spreads beyond said valley portion;
      the improvement comprising the fact that the ratio d/w  of the depth d of
      the valley portion to the thickness w of the semiconductor substrate is
      larger than the value corresponding to the line connecting points A, B, C
      and D of FIG. 3, and wherein the ratio d/w of the valley depth to the
      substrate thickness is not larger than unity.
NUM  10.
PAR  10. A semiconductor device according to claim 9, further comprising a cover
      layer of a dielectric constant lower than that of said cover member
      covering the side surface of the pulley-shape.
NUM  11.
PAR  11. A semiconductor device according to claim 9, further comprising a
      control electrode disposed on the principal surface from which said fourth
      layer is exposed, apart from the main electrode provided on the surface of
      said fourth layer.
NUM  12.
PAR  12. A semiconductor device according to claim 10, further comprising a
      control electrode disposed on the principal surface from which said fourth
      layer is exposed, apart from the main electrode provided on the surface of
      said fourth layer.
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ABST
PAL  A semiconductor controlled rectifier comprising a four-layer semicondcutor
      substrate of pnpn structure, a pair of main electrodes in contact with the
      outer p-type and n-type layers respectively, and a gate electrode in
      contact with one of the intermediate layers forming a pn junction between
      it and the outer layer adjacent thereto, wherein gate current supplied
      from the gate electrode flows into the outer layer adjacent to the
      intermediate layer having the gate electrode thereon across a portion of
      the pn junction which portion is parallel with the surface of the said
      outer layer in contact with the main electrode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a semiconductor controlled rectifier which is
      turned on by gate current supplied from a gate electrode.
PAR  2. Description of the Prior Art
PAR  A semiconductor controlled rectifier which is turned on by gate current
      comprises generally a semiconductor substrate of pnpn structure consisting
      of four continuous layers of alternately different conductivity types, a
      pair of main electrodes in ohmic contact with the exposed surface of the
      outer p-type and n-type layers respectively, and a gate electrode in
      contact with the exposed surface portion of one of the intermediate
      layers. The four-layer region between the main electrodes placed in the
      non-conducting state in rendered conducting and load current starts to
      flow in such a semiconductor controlled rectifier when gate voltage is
      applied across the gate electrode and the main electrode in contact with
      the outer layer adjacent to the intermediate layer in contact with the
      gate electrode for causing a flow of gate current across these two
      electrodes in a state in which bias voltage for reversely biasing the pn
      junction formed between the intermediate layers is applied across the
      opposite main electrodes. The semiconductor controlled rectifier is said
      to be turned on when the semiconductor controlled rectifier in such a
      non-conducting state is rendered conducting.
PAR  The turn-on mechanism of the semiconductor controlled rectifier which is
      turned on by the gate current supplied from the gate electrode is such
      that a small area of the four-layer region in the vicinity of the gate
      electrode is initially turned on in response to the supply of the gate
      current and this turned-on area is increased with the lapse of time until
      the entire region is turned on. Therefore, when the inrush current
      increase rate di/dt during turning on the semiconductor controlled
      rectifier is considerably large, the density of load current in the
      limited area of the four-layer region in the vicinity of the gate
      electrode (the small area portion initially turned on) is excessively
      large and the temperature of this region is unusually increased to such an
      extent that the semiconductor controlled rectifier may be finally subject
      to thermal breakdown.
PAR  Various methods have been proposed heretofore in an effort to prevent this
      objectionable thermal breakdown by increasing the capability of the
      semiconductor controlled rectifier to withstand a large inrush current
      increase rate di/dt. For example, a proposal has been made in which the
      gate electrode of a semiconductor controlled rectifier is formed in an
      annular shape so that initial conduction can take place at the entire
      periphery of the four-layer region opposite to the annular gate electrode.
      However, this proposal is defective in that an excessively large gate
      current is required for turning on the semiconductor controlled rectifier.
PAR  The most desirable condition for a semiconductor controlled rectifier is
      that a widest possible area of the semiconductor controlled rectifier can
      be quickly turned on with a small gate power. A semiconductor controlled
      rectifier of an amplifying gate type is known as one of those which
      satisfy the condition above described. Such a semiconductor controlled
      rectifier is disclosed in, for example, U.S. Pat. No. 3,526,815 (Swedish
      Pat. No. 311,701) and comprises a semiconductor substrate consisting of
      four continuous layers of pnpn structure, the outer n-type layer of said
      semiconductor substrate including a main region and an auxiliary region
      which is isolated from the main region by a portion of the adjacent
      intermediate layer and has an area smaller than that of the main region, a
      pair of main electrodes in ohmic contact with the surface of the outer
      p-type layer and the surface of the main region of the n-type layer
      respectively, a gate electrode in contact with the portion of the
      intermediate layer adjacent to the auxiliary region and remote from the
      main region, and an auxiliary electrode connecting the surface of the
      auxiliary region with the intermediate layer. The turn-on mechanism of
      this semiconductor controlled rectifier is such that the four-layer region
      whose end layer is the auxiliary region, or an auxiliary thyristor is
      initially turned on by gate current supplied from the gate electrode and
      load current flowing due to the turn-on of the auxiliary thyristor is used
      as gate current for turning on the four-layer region whose end layer is
      the main region, or a main thyristor. Such a semiconductor controlled
      rectifier can be quickly turned on over a wide area with small gate
      current. However, this semiconductor controlled rectifier is not still
      completely satisfactory. More precisely, due to the fact that the turn-on
      area of the main thyristor is determined by the length of the auxiliary
      electrode opposite to the main region, the gate current supplied to the
      main thyristor, that is, the load current flowing due to the turn-on of
      the auxiliary thyristor must be increased with the increase in the length
      of the auxiliary electrode opposite to the main region, and in order to
      increase the load current flowing due to the turn-on of the auxiliary
      thyristor, the gate current supplied from the gate electrode must be
      increased to widen the turn-on area of the auxiliary thyristor. Thus, this
      prior art semiconductor controlled rectifier is defective in that the gate
      current must be increased in order to increase the capability to withstand
      a large inrush current increase rate di/dt during turn-on of the rectifier
      although it is small compared with that required in the case of the
      annular gate electrode.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a semiconductor
      controlled rectifier of novel structure in which a wide area can be turned
      on with small gate current.
PAR  Another object of the present invention is to provide a semiconductor
      controlled rectifier of novel structure in which gate current can be
      effectively utilized for turning on the device.
PAR  Still another object of the present invention is to provide a semiconductor
      controlled rectifier of novel structure which can operate with an improved
      efficiency of injection of carriers from the outermost layer into the
      adjacent intermediate layer in spite of the fact that gate current value
      is the same as that used in prior art devices.
PAR  Yet another object of the present invention is to provide a semiconductor
      controlled rectifier of novel structure which has an increased capability
      (or a switching power capability) to withstand a large inrush current
      increase rate di/dt during turn-on of the device.
PAR  Other objects, features and advantages of the present invention will be
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of a first embodiment of the semiconductor
      controlled rectifier according to the present invention.
PAR  FIG. 2 is a schematic sectional view taken on the line II--II in FIG. 1.
PAR  FIG. 3 is a schematic plan view of a second embodiment of the present
      invention.
PAR  FIG. 4 is a schematic sectional view taken on the line IV--IV in FIG. 3.
PAR  FIG. 5 is a schematic plan view of a third embodiment of the present
      invention.
PAR  FIG. 6 is a schematic sectional view taken on the line VI--VI in FIG. 5.
PAR  FIG. 7 is a schematic plan view of a fourth embodiment of the present
      invention.
PAR  FIG. 8 is a schematic sectional view taken on the line VIII--VIII in FIG.
      7.
PAR  FIG. 9 is a schematic plan view of a fifth embodiment of the present
      invention.
PAR  FIG. 10 is a schematic sectional view taken on the line X--X in FIG. 9.
PAR  FIG. 11 is a schematic plan view of a sixth embodiment of the present
      invention.
PAR  FIG. 12 is a schematic sectional view taken on the line XII--XII in FIG.
      11.
PAR  FIG. 13 is a schematic plan view of a seventh embodiment of the present
      invention.
PAR  FIG. 14 is a schematic sectional view taken on the line XIV--XIV in FIG.
      13.
PAR  FIG. 15 is a graph showing the results of measurement of consumed power
      relative to time during turn-on of a prior art semiconductor controlled
      rectifier and a few forms of the semiconductor controlled rectifier
      according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The semiconductor controlled rectifier according to the present invention
      is featured by the fact that it comprises a semiconductor substrate
      consisting of at least three continuous layers of alternately different
      conductivity types, a pair of main electrodes in ohmic contact with the
      outermost layers respectively of said semiconductor substrate, a gate
      electrode in contact with the intermediate layer of said semiconductor
      substrate, and means for directing gate current supplied from said gate
      electrode into the outermost layer adjacent to the intermediate layer
      which is in contact with said gate electrode and forms a pn junction
      between it and said outermost layer so that the gate current can flow into
      said outermost layer through the portion of said pn junction which is
      parallel with the surface of said outermost layer. Various embodiments of
      the present invention will now be described with reference to the
      accompanying drawings.
PAR  Referring to FIGS. 1 and 2 showing a first embodiment of the semiconductor
      controlled rectifier according to the present invention, a semiconductor
      substrate 11 consists of four layers of alternately different conductivity
      types formed between a pair of opposite principal surfaces 111 and 112.
      That is, the semiconductor substrate 11 consists of a p-type emitter layer
      P.sub.E, an n-type base layer N.sub.B, a p-type base layer P.sub.B and an
      n-type emitter layer N.sub.E arranged in the above order. A pair of main
      electrodes 12 and 13 are in low ohmic contact with the layers P.sub.E and
      N.sub.E at the principal surfaces 111 and 112 respectively. A conductor 14
      is in contact with the exposed portion of the layer P.sub.B at the
      principal surface 112 to serve as a gate electrode, and a groove 15 is
      formed between the conductor 14 and the layer N.sub.E in the vicinity of
      the conductor 14. Preferably, this groove 15 is formed in the layer
      P.sub.B to define a space between the layers N.sub.E and P.sub.B and has a
      depth which is approximately equal to the depth of the layer N.sub.E in
      the direction of lamination of the semiconductor layers.
PAR  In the semiconductor controlled rectifier having such a structure, control
      signal current i.sub.G (hereinafter referred to as gate current) supplied
      from the conductor 14 toward the main electrode 13 flows into the layer
      N.sub.E through the portion of the pn junction J.sub.3 between the layers
      N.sub.E and P.sub.B which portion is parallel with the principal surface
      112 due to the presence of the groove 15 between the layers N.sub.E and
      P.sub.B. Commonly, the layers P.sub.E, N.sub.B, P.sub.B and N.sub.E in the
      semiconductor controlled rectifier shown in FIGS. 1 and 2 are formed by
      diffusing impurities into a semiconductor wafer of either conductivity
      type, or the layers P.sub.E, N.sub.B and P.sub.B are formed by diffusion
      of impurities while the layer N.sub.E is formed by alloying an impurity
      metal. It is commonly known that the impurity concentration of a layer
      formed by diffusion is successively increased toward one of the surfaces
      and is highest at such surface. Thus, taking into consideration the fact
      that the layer N.sub.E is quite thin, the difference between the impurity
      concentration of the layer P.sub.B on one side of the pn junction J.sub.3
      and that of the layer N.sub.E on the other side of the pn junction J.sub.3
      is greatest at the portion of the pn junction J.sub.3 which is parallel
      with the principal surface 112 and is successively reduced at portions
      nearer to the principal surface 112. Suppose that the value of current
      passing through the pn junction is constant. Then, the greater the
      impurity concentration difference, the amount of injected carriers is
      greater. In other words, the efficiency of carrier injection becomes
      higher with the increase in the impurity concentration difference. On the
      other hand, the carriers injected into the layer P.sub.B from the layer
      N.sub.E cannot contribute to the turn-on of the semiconductor controlled
      rectifier unless they reach the depletion layer formed in the vicinity of
      the pn junction J.sub.2 between the layers P.sub.B and N.sub.B. This means
      that, in order to effectively utilize the carriers injected from the layer
      N.sub.E for turning on the semiconductor controlled rectifier, the
      carriers are desirably injected through the pn junction J.sub.3 which is
      nearest to the pn junction J.sub.2.
PAR  In the semiconductor controlled rectifier shown in FIGS. 1 and 2, the
      carriers are injected from the layer N.sub.E into the layer P.sub.B at the
      portion of the pn junction J.sub.3 which is parallel with the principal
      surface 112, which is nearest to the pn junction J.sub.2 and where the
      difference between the impurity concentration of the layer N.sub.E and
      that of the layer P.sub.B is greatest. Thus, the amount of injected
      carriers is greater than when the groove 15 is not formed provided that
      the gate current value is the same, and also, the amount of carriers
      reaching the pn junction J.sub.2 is greater than when the groove 15 is not
      provided. Therefore, the semiconductor controlled rectifier of the present
      invention can be turned on with small gate current.
PAR  FIGS. 3 and 4 show a second embodiment of the present invention and this is
      actually a modification of the semiconductor controlled rectifier shown in
      FIGS. 1 and 2. Referring to FIGS. 3 and 4, a first auxiliary region 16 of
      n-type which replaces the groove 15 is formed in the layer P.sub.B between
      the conductor 14 and the layer N.sub.E in suitably spaced apart relation
      from the conductor 14 and layer N.sub.E so that this region 16 can provide
      the same function as that of the groove 15 in FIGS. 1 and 2. Such a
      structure provides the advantage of reducing the gate current as in the
      embodiment shown in FIGS. 1 and 2. In addition, this structure is
      advantageous in that the auxiliary region 16 can be formed simultaneously
      with the layer N.sub.E by diffusion and the formation of the auxiliary
      region 16 is easier than the formation of the groove 15 in FIGS. 1 and 2.
      This structure is further advantageous in that the auxiliary region 16 can
      be formed to have any desired small width.
PAR  FIGS. 5 and 6 show a third embodiment of the present invention which can
      operate with a gate current value smaller than that in the first and
      second embodiments. This third embodiment is actually a modification of
      the second embodiment shown in FIGS. 3 and 4. Referring to FIGS. 5 and 6,
      a second auxiliary region 17 of n-type is formed on one side of the first
      auxiliary region 16 remote from the layer N.sub.E and in slightly spaced
      relation from the first auxiliary region 16, and the conductor 14 is in
      contact with the surface portion of the layer P.sub.B between the first
      and second auxiliary regions 16 and 17.
PAR  Consider now a plane x which is parallel with the principal surface 112 and
      lies in the layer P.sub.B in such a semiconductor controlled rectifier.
      Suppose that .delta. (o) is the resistance between the conductor 14 and
      the position x = o on the plane x illustrated, and .delta. (x) is the
      resistance (plane resistance) between the position x = o to an arbitrarily
      selected position on the plane x. Then, the resistance R(x) between the
      conductor 14 and the arbitrarily selected position on the plane x is given
      by R(x) = .delta.(o) + .delta.(x). The gate current distribution i.sub.G
      (x) on the plane x is given by
      ##EQU1##
      where V.sub.G is the gate voltage. Therefore,
      ##EQU2##
      and the rate of decrease of the gate current along the plane x is reduced
      with the increase in the resistance .delta.(o) between the conductor 14
      and the position x = o. Therefore, when the distance between the first and
      second auxiliary regions 16 and 17 is reduced to increase the resistance
      of the portion of the layer P.sub.B between the first and second auxiliary
      regions 16 and 17, the length of the portion (x = a in FIG. 6) of the pn
      junction J.sub.3 between the layers N.sub.E and P.sub.B which portion is
      parallel with the principal surface 112 can be increased to increase the
      region turned on by the gate current i.sub.G.
PAR  In this case, an effect similar to that above described can be attained by
      connecting the first and second auxiliary regions 16 and 17 at opposite
      ends thereof or by providing a groove as shown in FIGS. 1 and 2 in lieu of
      such auxiliary regions.
PAR  FIGS. 7 and 8 show a fourth embodiment of the present invention in which a
      wider region than that in the prior art semiconductor controlled rectifier
      of the amplifying gate type can be initially turned on in response to the
      supply of gate current of the same value as that used in the third
      embodiment. This fourth embodiment is actually a modification of the third
      embodiment shown in FIGS. 5 and 6. Referring to FIGS. 7 and 8, an annular
      third auxiliary region 18 of n-type and an annular fourth auxiliary region
      19 of n-type are formed in parallel with each other between the first
      auxiliary region 16 and the layer N.sub.E in substantially equally spaced
      apart relation and extend into the layer P.sub.B along the marginal end
      edge portion of the layer N.sub.E. An annular conductor 20 is in contact
      with the surface portion of the layer P.sub.B between the third and fourth
      auxiliary regions 18 and 19 and with the surface portion of the fourth
      auxiliary region 19 nearer to the first auxiliary region 16. In this
      embodiment, the fourth auxiliary region 19 is initially turned on in
      response to the supply of gate current i.sub.G from the conductor 14.
      Turn-on current i.sub.T1 appearing due to the turn-on of the fourth
      auxiliary region 19 passes through the fourth auxiliary region 19, the
      conductor 20 and the portion of the layer P.sub.B between the third and
      fourth auxiliary regions 18 and 19 to flow into the main electrode 13
      through the portion of the pn junction J.sub.3 between the layers N.sub.E
      and P.sub.B which portion is parallel with the principal surface 112.
      Thus, this current i.sub.T1 acts as a gate current for turning on the
      marginal end edge portion of the layer N.sub.E opposite to the conductor
      20. Such a turn-on mechanism is similar to that of the amplifying gate
      type. In the present invention, however, the gate current flowing from the
      conductor 14 to the fourth auxiliary region 19 and the turn-on current
      flowing from the conductor 20 to the layer N.sub.E flow into the main
      electrode 112 through the portions of the respective pn junctions J.sub.3'
      and J.sub.3 between the fourth auxiliary region 19 and the layer P.sub.B
      and between the layers N.sub.E and P.sub.B which portions are parallel
      with the principal surface 112. Therefore, the gate current value and
      turn-on current value can be reduced to less than those in the prior art
      amplifying gate type when the capability to withstand the inrush current
      increase rate di/dt is the same and the same area is initially turned on.
      In other words, the switching power capability can be remarkably increased
      according to the present invention compared with the prior art amplifying
      gate type provided that the gate current value and turn-on current value
      are the same as those in the prior art semiconductor controlled rectifier.
      It has been experimentally ascertained that the switching power capability
      can be increased by about 30%.
PAR  Although the third and fourth auxiliary regions 18, 19 and conductor 20 of
      annular shape are provided around the periphery of the layer N.sub.E in
      the embodiment shown in FIGS. 7 and 8, these portions are not necessarily
      annular in shape since their shape is determined by the desired area which
      is initially turned on. Further, although the first, second, third and
      fourth auxiliary regions 16, 17, 18 and 19 of n-type are provided in the
      embodiment shown in FIGS. 7 and 8, a groove as shown in FIGS. 1 and 2 may
      be provided except the portion corresponding to the fourth auxiliary
      region 19 to attain the effect similar to that described with reference to
      FIGS. 1 and 2.
PAR  Furthermore, the objects of the present invention can be attained without
      the provision of the second auxiliary region 17 or the first and second
      auxiliary regions 16 and 17 in the embodiment shown in FIGS. 7 and 8. In
      such a case, the gate current value is slightly increased compared with
      the case in which the second auxiliary region 17 or the first and second
      auxiliary regions 16 and 17 are provided. However, the initially turned-on
      region of the layer N.sub.E can be increased by the action of the third
      and fourth auxiliary regions 18 and 19 compared with the prior art
      amplifying gate type provided that the gate current value is the same as
      that in the prior art semiconductor controlled rectifier.
PAR  FIGS. 9 and 10 show a fifth embodiment of the present invention in which
      the initially turned-on region can be widened in spite of a small gate
      current value as in the embodiment shown in FIGS. 7 and 8. In the
      semiconductor controlled rectifier shown in FIGS. 9 and 10, which is
      actually a modification of the embodiment shown in FIGS. 7 and 8, the
      region turned on by gate current can be widened and the switching power
      capability can be increased. Referring to FIGS. 9 and 10, the relation
      between the conductors 14 and 20 is reversed from that in FIGS. 7 and 8 so
      that a portion i.sub.G2 of gate current i.sub.G can flow into the portion
      of the layer N.sub.E opposite to the conductor 20 thereby widening the
      region turned on by the gate current. In this embodiment, the conductor 20
      is disposed relatively close to the conductor 14 so that the density
      j.sub.G1 of the gate current portion i.sub.G1 flowing into the conductor
      14 is greater than the density j.sub.G2 of the gate current portion
      i.sub.G2 flowing into the layer N.sub.E. Therefore, turn-on current
      i.sub.T1 starts to flow initially in the portion directly beneath the
      conductor 14 in response to the supply of the gate current portion
      i.sub.G1, and then turn-on current i.sub.T2 flows in response to the
      supply of the gate current portion i.sub.G2. According to this embodiment,
      the gate current portions i.sub.G1 and i.sub.G2 can turn on a wide region
      even when the rate of rise of load current (di.sub.T /dt) in the initial
      stage of turn-on process is relatively small to such an extent that the
      portion adjacent to the main electrode 13 cannot be turned on by the
      turn-on current portion i.sub.T1 flowing into the main electrode 13
      through the conductor 14. It has not been possible with the prior art
      semiconductor controlled rectifier of the amplifying gate type to
      initially turn on a wide region unless the di.sub.T /dt in the initial
      period of turn-on process is considerably layer.
PAR  Further, in the prior art semiconductor controlled rectifiers of the
      amplifying gate type, the region initially turned on in the peripheral
      portion of the layer N.sub.E opposite to the conductor differs depending
      on the individual rectifiers, and the rate of spread of the turn-on region
      varies also depending on the individual rectifiers when the di.sub.T /dt
      in the initial period of turn-on process is small. Therefore, a system
      comprising parallel connection of a plurality of such prior art
      semiconductor controlled rectifiers of the amplifying gate type has been
      defective in that turn-on current values of the individual rectifiers
      fluctuate within a wide range resulting in an unbalance of the turn-on
      current distribution in the individual rectifiers when the di.sub.T /dt in
      the initial period of turn-on process is small and no amplification effect
      is expected. Such a defect is obviated by the present invention because,
      even when the di.sub.T /dt in the initial period of turn-on process is
      small and no amplification effect is expected, a predetermined region in
      the peripheral portion of the layer N.sub.E opposite to the conductor 20
      can be reliably turned on by the gate current portion i.sub.G2 as
      described above.
PAR  Further, the above-mentioned embodiment has the following advantages over
      the prior art semiconductor controlled rectifier of the amplifying gate
      type. In the prior art semiconductor controlled rectifier of the
      amplifying gate type, when the latching current flows from the second gate
      electrode to the cathode, a voltage drop occurs between these electrodes.
      On the other hand, in this embodiment such a voltage drop does not occur,
      since the periphery of the layer N.sub.E opposite to the conductor 14 is
      immediately turned on by a small gate current. Thus, in this embodiment
      the finger voltage, that is, the minimum forward applied voltage required
      to turn on the rectifier, is less than that of the prior art semiconductor
      controlled rectifier of the amplifying gate type. When two semiconductor
      controlled rectifiers having different finger voltages are connected in
      parallel, the rectifier having the smaller finger voltage is turned on
      first. The other rectifier is not turned on until the forward applied
      voltage across it reaches its finger voltage, due to the increase of the
      forward current through the rectifier which has been turned on. Thus, the
      unbalance of the forward currents through two rectifiers of this
      embodiment connected directly in parallel is smaller than that of the
      prior semiconductor controlled rectifier of the amplifying gate type.
PAR  In this embodiment too, suitable modifications may be made in the first,
      second, third and fourth auxiliary regions 16, 17, 18 and 19 and conductor
      14 as described with regard to the fourth embodiment.
PAR  FIGS. 11 and 12 show a sixth embodiment of the present invention which
      attains, in addition to the various objects of the present invention, a
      novel effect of preventing the semiconductor controlled rectifier from
      being undesirably turned on due to a large temperature rise or when the
      rate of rise of the forward applied voltage across the device dV/dt is
      considerably large. This embodiment is actually a modification of the
      third embodiment shown in FIGS. 5 and 6 and differs from the latter in
      that the first and second auxiliary regions 16 and 17 are formed so as to
      surround the layer N.sub.E, a conductor 20 is formed in the vicinity of
      the conductor 14 on the surface of the layer P.sub.B and a plurality of
      small regions 21 of n-type are provided to locally connect the layer
      N.sub.E to the first auxiliary region 16 which is nearer to the layer
      N.sub.E than the second auxiliary region 17.
PAR  In the semiconductor controlled rectifier having such a structure,
      displacement current which flows into the peripheral portion of the layer
      N.sub.E by applying the forward voltage across the device or leakage
      current due to temperature rise is divided into a portion which flows
      directly into the layer N.sub.E and another portion which flows from the
      first and second auxiliary regions 16 and 17 into the layer N.sub.E
      through the small regions 21. Thus, the current density at the portions
      where these current portions flow into the layer N.sub.E can be reduced to
      prevent undesirable mal-functional turn-on of the semiconductor controlled
      rectifier. The electric resistance of the small regions 21 in the
      direction of from the first auxiliary region 16 to the layer N.sub.E is
      desirably selected to be a lowest limit which will not obstruct the
      turn-on of the semiconductor controlled rectifier by the turn-on current.
      An effect similar to that above described can be attained by replacing
      these small regions 21 by suitable external resistors.
PAR  In the semiconductor controlled rectifier shown in FIGS. 11 and 12, the
      conductor 20 is merely disposed on the layer P.sub.B, but it is apparent
      that arrangements as shown in FIGS. 1, 2, 3 and 4 may be employed as
      desired. Further, the small regions 21 employed in this sixth embodiment
      may also be employed in the fifth embodiment shown in FIGS. 9 and 10.
PAR  When such small regions as those 21 in the sixth embodiment are employed in
      FIGS. 7-12, it is necessary to provide a high capability to withstand a
      large rate of a forward applied voltage dV/dt that: the conductor 20
      (FIGS. 7-8) or 14 (FIGS. 11-12) has to be extended, crossing over the
      fourth region 19 (FIGS. 7-8) or 17 (FIGS. 11-12), to be in contact with a
      portion of the surface of the layer P.sub.B, which portion is far from the
      conductor 14 (FIGS. 7-8) or 20 (FIGS. 11-12); the conductor 14 has to be
      extended to cover the whole of the fourth region 17 and to be in contact
      with portions the surface of the layer P.sub.B in FIGS. 9 and 10.
PAR  FIGS. 13 and 14 show a seventh embodiment of the present invention.
      Referring to FIGS. 13 and 14, the seventh embodiment differs somewhat from
      the preceding embodiments in that the n-type layer N.sub.E is divided into
      a central circular portion and an annular portion surrounding the central
      circular portion, the third and fourth auxiliary regions 18 and 19 of
      n-type are of open-ended annular shape having their open ends facing each
      other and are disposed in the p-type layer P.sub.B in substantially
      equally spaced relation between the central circular portion and annular
      portion of the n-type layer N.sub.E, the conductor 20 is also of
      open-ended annular shape and is disposed on the portion of the surface of
      the layer P.sub.B between the third and fourth auxiliary regions 18 and 19
      to contact the surface of these auxiliary regions 18 and 19, and the
      conductor 14 is of arcuate shape and is disposed on the portion of the
      surface of the layer P.sub.B between the open ends of the conductor 20.
      The turn-on mechanism of this semiconductor controlled rectifier is such
      that the third and fourth auxiliary regions 18 and 19 are initially turned
      on by gate current supplied from the conductor 14 to these auxiliary
      regions 18 and 19, and then the central circular portion and annular
      portion of the layer N.sub.E are turned on in a manner similar to that
      described with reference to the preceding embodiments. In this embodiment,
      the gate current supplied from the conductor 14 flows into the third and
      fourth auxiliary regions 18 and 19 rather than flowing into the layer
      N.sub.E. Further, in this embodiment, small auxiliary regions 23 of
      arcuate shape may be formed beneath the conductor 14. The semiconductor
      controlled rectifier having such a structure is advantageous in that the
      capability to withstand the di.sub.T /dt in the initial period of turn-on
      process can be increased to more than those of the fifth and sixth
      embodiments.
PAR  In order to provide a higher switching power capability in the embodiments
      shown in FIGS. 7-14, the fourth or the third region to be turned on by a
      gate current from the corresponding conductor is made to have a further
      extended area. Practically, for example, the portion of the fourth or
      third region opposing the conductor is made larger in area than the other
      portion of the region or the fourth and third regions are joined with each
      other.
PAR  FIG. 15 shows the results of measurement of power loss when current of
      sinusoidal waveform having a peak value of 2000 A. and a pulse width of 80
      .mu.sec is supplied to a prior art semiconductor controlled rectifier of
      the amplifying gate type and a few forms of the semiconductor controlled
      rectifier according to the present invention. Load current starts to flow
      at time t = o. The curve A represents power consumed by the prior art
      amplifying gate type semiconductor controlled rectifier, the curve B power
      consumed by the sixth embodiment of the present invention, the curve C
      power consumed by the seventh embodiment of the present invention, and the
      curve D power consumed by the combination of the sixth and seventh
      embodiments of the present invention (that is, the combination in which
      the conductor 20 in the sixth embodiment is electrically connected to the
      conductor 20 in the seventh embodiment). The length of the conductor
      opposite to the layer N.sub.E is 16.4 mm in the case of the curve A, 12.4
      mm in the case of the curve B, 26.2 mm in the case of the curve C, and
      38.6 mm in the case of the curve D. It will be apparent from the results
      of measurement that the temperature rise in the region turned on by the
      gate current can be remarkably reduced according to the present invention.
      Therefore, the semiconductor controlled rectifier of the present invention
      has a large di/dt capability compared with the prior art semiconductor
      controlled rectifier.
PAR  It will be understood from the foregoing description that, in the
      semiconductor controlled rectifier according to the present invention,
      gate current can be supplied from the conductor (gate electrode) disposed
      on the p-type base layer P.sub.B into a wide region of the pn junction
      J.sub.3 (or more precisely the portion of the pn junction J.sub.3 parallel
      with the principal surface) formed between the n-type emitter layer
      N.sub.E and the p-type base layer P.sub.B nearest to the n-type base layer
      N.sub.B. Thus, electrons can be effectively injected from the n-type
      emitter layer N.sub.E into a wide region of the n-type base layer N.sub.B
      for initially turning on a wide area.
PAR  In an npn or pnp transistor, it is required for the purpose of increasing
      the current amplification to cause flow of base current into a wide region
      of the pn junction formed between the emitter layer and the base layer so
      that carriers can be effectively injected from the emitter layer into the
      collector layer. The base electrode and collector layer of such transistor
      correspond respectively to the gate electrode disposed on the p-type base
      layer P.sub.B and the n-type base layer N.sub.B of the thyristor.
      Therefore, the present invention, which attains effective injection of
      electrons into a wide region of the n-type base layer N.sub.B from the
      n-type emitter layer N.sub.E, can be employed as an effective means for
      improving the current amplification of the transistor of the type above
      described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor controlled rectifier comprising:
PA1  a semiconductor substrate with first and second principal surfaces opposite
      each other, said semiconductor substrate including four continuous layers
      of alternately different conductivity types between said first and second
      principal surfaces so that pn junctions are formed between each two
      adjacent layers, the entire end of the pn junction formed between a first
      outermost layer and a first intermediate layer adjacent to said first
      outermost layer being exposed at said first principal surface, said first
      outermost layer and part of said first intermediate layer constituting
      said first principal surface, first and second auxiliary regions being
      formed in said first intermediate layer to the depth of said first
      outermost layer and having a conductivity type opposite that of said first
      intermediate layer, said first and second auxiliary regions being spaced
      apart from and facing each other and extending along the marginal edge of
      said first outermost layer and spaced apart from said first outermost
      layer and exposed at said first principal surface, said first outermost
      layer being closer to said first auxiliary region than to said second
      auxiliary region, third and fourth auxiliary regions being formed between
      said first outermost layer and said first auxiliary region in said first
      intermediate layer to the depth of said first outermost layer and having a
      conductivity type opposite that of said first intermediate layer, said
      third and fourth auxiliary regions being spaced apart from and facing each
      other and extending along the marginal edge of said first outermost layer
      and spaced apart from said first outermost layer and exposed at said first
      principal surface, said first outermost layer being closer to said third
      auxiliary region than to said fourth auxiliary region, and a second
      outermost layer constituting said second principal surface;
PA1  a first main electrode in ohmic contact with said first outermost layer on
      said first principal surface;
PA1  a second main electrode in ohmic contact with said second outermost layer
      on said second principal surface;
PA1  a conductor in electrical contact with said first auxiliary region, said
      second auxiliary region and that portion of said first intermediate layer
      which lies between said first and second auxiliary regions on said first
      principal surface; and
PA1  an auxiliary electrode in electrical contact with said third auxiliary
      region, said fourth auxiliary region and that portion of said first
      intermediate layer which lies between said third and fourth auxiliary
      regions on said first principal surface.
NUM  2.
PAR  2. A semiconductor controlled rectifier as claimed in claim 1, wherein the
      lengths of said third and fourth auxiliary regions along the periphery of
      said first outermost layer are larger than those of said first and second
      auxiliary regions.
NUM  3.
PAR  3. A semiconductor controlled rectifier as claimed in claim 1, wherein the
      lengths of said first and second auxiliary regions along the periphery of
      said first outermost layer are larger than those of said third and fourth
      auxiliary regions.
NUM  4.
PAR  4. A semiconductor controlled rectifier as claimed in claim 3, wherein said
      third and fourth auxiliary regions are connected to each other at adjacent
      and spaced apart surface portions thereof.
NUM  5.
PAR  5. A semiconductor controlled rectifier as claimed in claim 2, wherein said
      third and fourth auxiliary regions surround said first outermost layer
      along the marginal edge of said first outermost layer.
NUM  6.
PAR  6. A semiconductor controlled rectifier as claimed in claim 3, wherein said
      first and second auxiliary regions surround said first outermost layer
      along the marginal edge of said first outermost layer.
NUM  7.
PAR  7. A semiconductor controlled rectifier as claimed in claim 6, wherein said
      third and fourth auxiliary regions are connected to each other at adjacent
      and spaced apart surface portions thereof.
NUM  8.
PAR  8. A semiconductor controlled rectifier comprising:
PA1  a semiconductor substrate with first and second principal surface opposite
      each other, said semiconductor substrate including four continuous layers
      of alternately different conductivity types between said first and second
      principal surfaces so that pn junctions are formed between each two
      adjacent layers, a first outermost layer being constituted by a central
      section and a peripheral section surrounding said central section, the
      entire ends of pn junctions formed between said first outermost layer and
      a first intermediate layer adjacent said first outermost layer being
      exposed at said first principal surface, said central and peripheral
      sections of said first outermost layer being spaced apart from each other
      in said first intermediate layer, said first outermost layer and part of
      said first intermediate layer constituting said first principal surface,
      first and second auxiliary regions being formed between said central and
      peripheral sections of said first outermost layer in said first
      intermediate layer to the depth of said first outermost layer and having a
      conductivity type opposite to that of said first intermediate layer, said
      first and second auxiliary regions being spaced apart from and facing each
      other and extending annularly and continuously to partially surround said
      central section of said first outermost layer and spaced apart from said
      central section of said first outermost layer and exposed at said first
      principal surface, said first and second auxiliary regions being connected
      to each other at adjacent and spaced apart surface portions, a third
      annular auxiliary region being formed to the depth of said first outermost
      layer in a space in said first intermediate layer defined between said
      central and peripheral sections of said first outermost layer and the ends
      of said first and second auxiliary regions, said third auxiliary region
      being spaced apart from said first outermost layer and said first and
      second auxiliary region and having a conductivity type opposite to that of
      said first intermediate layer and exposed at said first principal surface,
      and a second outermost layer constituting said second principal surface;
PA1  a first main electrode in ohmic contact with said first outermost layer on
      said first principal surface;
PA1  a second main electrode in ohmic contact with said second outermost layer
      on said second principal surface;
PA1  a conductor in electrical contact with said first auxiliary region, said
      second auxiliary region and that portion of said first intermediate layer
      which lies between said first and second auxiliary regions on said first
      principal surface; and
PA1  an auxiliary electrode in electrical contact with said third auxiliary
      region and that portion of said first intermediate layer which is defined
      by said third auxiliary region on said first principal surface.
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ABST
PAL  A thyristor having improved high frequency performance is disclosed. The
      thyristor includes at least two parallel sequences of semiconductor zones
      wherein the carrier lifetime in the base region of a first sequence of
      zones is higher than in the corresponding base region of the second
      sequence of zones. The second sequence of zones is also more heavily doped
      at its outer extremities than the first sequence of zones. A method of
      making the improved thyristor is also disclosed and includes the step of
      diffusing recombination centers into the second sequence of zones in order
      to decrease carrier lifetime.
PARN
PAR  This is a continuation of application Ser. No. 336,555 filed Feb. 28, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to a thyristor and method of making
      same and more particularly to a thyristor and method of making same having
      greatly improved turn-on characteristics.
PAR  2. Description of the Prior Art
PAR  In the past, thyristors used mostly as high speed, low current switches
      were made such that the lifetime of carriers in middle semiconductor
      zones, or base zones, was relatively short in order to reduce the recovery
      time of the thyristor. The lifetime of the carriers could not, however, be
      reduced arbitrarily because below a certain limiting value of carrier
      lifetime, the thyristor could no longer be fired with normal gate
      currents.
PAR  While prior thyristors were generally somewhat satisfactory for many
      switching applications, the speed of turn-on of prior thyristors, being
      limited by base zone carrier lifetime, was itself limited.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the present invention is to provide a new and
      improved unique thyristor and method of making the same.
PAR  Another object of the present invention is to provide a new and improved
      unique thyristor and method of making the same which has an improved
      turn-on characteristic.
PAR  A still further object of the present invention is to provide a new and
      improved unique thyristor and method of making the same which has a small
      base region carrier lifetime.
PAR  Yet another object of the present invention is to provide a new and
      improved unique thyristor and method of making the same which is capable
      of being fired without supplying any base current by surpassing a
      thyristor breakover voltage.
PAR  One other object of the present invention is to provide a new and improved
      unique thyristor and method of making same which has an improved di/dt
      capability.
PAR  Briefly, in accordance with this invention, the foregoing and other objects
      are in one aspect attained by providing a thyristor with a plurality of
      parallel sequences of zones wherein the carrier lifetime in a base of a
      first sequence of zones is higher than in a corresponding semiconductor
      zone of the other sequences of zones and the doping profile of the other
      sequences of zones has a steeper forward characteristic than the first
      sequence of zones. Zones having different carrier lifetimes are fabricated
      using doping and masking techniques.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention will be readily obtained as
      the same becomes better understood by reference to the following detailed
      description when considered in connection with the accompanying drawings
      wherein:
PAR  FIG. 1 is a cross-section view of the structure of the thyristor
      exemplifying the present invention.
PAR  FIG. 2 is a graph showing forward characteristics of both sequences of
      zones of the thyristor of FIG. 1; and
PAR  FIG. 3 is a cross-section view of an example of a thyristor according to
      the present invention with a circular emitter electrode.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 thereof, which shows a schematic representation of the cross-section
      of a pnpn-thyristor, which comprises a p-zone 1, an n-zone 2 called a
      base, a middle p-zone 3 provided with a gate contact G.sub.T and an n-zone
      4. A first region, which in FIG. 1 is denoted as sequence of zones A is
      made such that the charge carriers in the base 2 have a longer lifetime
      than in the neighboring bases which belong to the sequence of zones B. The
      lifetime of the charge carriers in the base of the first sequence of zones
      A is called .tau..sub.1, whereas in the base of the second sequence of
      zones B it is called .tau..sub.2, where .tau..sub.2 &lt;.tau..sub.1. When the
      p-n junction between the zones 3 and 4 is subjected to a gate current
      through the gate contact G.sub.T, the thyristor will be fired faster in
      the sequence of zones A, in which the lifetime of the carriers in the base
      is longer, than in the sequence of zones B. Once the carriers flow in the
      sequence of zones A, the flow of charge carriers expands over the rest of
      the structure.
PAR  The aforementioned expansion of the flow of charge carriers can be
      stimulated through special dimensioning of the electrodes. One can, for
      example introduce a so-called "Querfeldemitter", where a part of the
      emitter which interacts with a gate electrode is not metallized. In such a
      case the flow of charge carriers is restricted additionally by the
      transverse resistance of the uncontacted emitter. The electric drift field
      causes a spatial expansion of the current carrying region, which brings it
      from the small region in the vicinity of the gate electrode, which was
      fired first of all, to the complete edge zone of the uncontacted region.
PAR  Under the assumption that both regions have the same doping profile, the
      forward voltage drop for a certain current density would be smaller in the
      first semiconductor region A than in the other region B, because of the
      higher carrier lifetime. This would cause an inhomogeneous distribution of
      the current. In order to avoid this, forward characteristics for the
      regions A and B are chosen as indicated in FIG. 2. In the region of
      operation, that is, in the vicinity of a nominal voltage U.sub.N, the
      slope of the forward characteristic is smaller for the sequence of zones A
      than for the sequence of zones B.
PAR  To realize such a characteristic one can, for example, have the external
      regions of the p-zone 1 and the n-zone 4 doped lower in the sequence of
      zones A than in the corresponding zones in the second sequence of zones B.
      This makes the injection of charge carriers in the base 2 in the first
      sequence of zones A smaller than that in the case of homogeneous doping,
      especially at high current densities. This effects a desired higher
      forward voltage drop at high currents. Hence in the region of operation,
      the first succession of zones A carries only a relatively small current in
      comparison with that the sequence of zones B. The carrier density in the
      base 2 in the sequence of zones A is hence relatively small. Accordingly,
      when such a thyristor is turned off, strong recombination takes place in
      the regions with short lifetime. In the regions in which the lifetime of
      the carriers is higher, the carrier density was already smaller before the
      turn-off, so that this sequence of zones does not increase the total
      recovery time of the thyristor.
PAR  An especially good thyristor of the described type consists of a circular
      semiconductor disk, a cross-section of which is shown in FIG. 3, with a
      sequence of zones pnpn, where the upper p-zone is partly covered by a
      ring-shaped metal contact 5, which acts as an anode A.sub.T. A gate
      contact 6 also called G.sub.T, is made on a p-zone 3 and a cathode contact
      K.sub.T is made on a zone 4. The base region where the charge carriers
      have the longest lifetime is appropriately situated approximately
      underneath the part of the surface which is not covered by the metal
      contact 5. This region does not require an annular shape but can have any
      particular shape, for example that of a star or any other branching
      pattern. It can also have many isle-like regions. An expansion of a
      developing plasma is known to take place faster in the regions with a high
      carrier lifetime than in other regions. Therefore a suitable choice of a
      pattern for the base region 2 in the sequence of zones A results in a
      considerable improvement in the di/dt capability of the thyristor.
PAR  The described thyristor can also be fired by surpassing the breakover
      voltage, because the first sequence of zones A, the middle region in FIG.
      3, can more easily be fired than the other regions. By changing the doping
      profile of the p-zones the blocking characteristics can be varied for both
      polarities. In this way differences of the order of 300 V can be obtained.
PAR  Through a suitable choice of the doping profile it is also possible to
      determine the penetration depth of the space charge layer in the base 2.
      When the doping profile in the p-zone 3 is made steeper in the first
      sequence of zones A than in the other regions, one obtains a larger
      penetration depth of the space charge region in an n-base 2 in the first
      sequence of zones A. Therefore the thyristor can be fired more easily in
      this region because a neutral part of the n-base becomes thinner. Because
      a long carrier lifetime and a steep doping profile have the same
      influence, one can use them seperately or combined to improve the turn-on
      characteristic of the thyristor.
PAR  It should be mentioned that the choice of a long carrier lifetime in the
      sequence of zones A to improve the turn-on behaviour is only significant
      in the vicinity of the anode A.sub.T i.e. in using the aforementioned
      doping technique the lifetime on the emitter side can be chosen as small
      as in the rest of the structure.
PAR  To obtain a reduction of the lifetime of the charge carriers in the
      sequence of zones B, recombination centers are diffused in, following a
      method well known to one skilled in the art. Such a diffusion process can
      be done with Au or Ni or another material which reduces the lifetime.
      During this process the regions corresponding to the sequence of zones A
      must be covered with the help of masking techniques.
PAR  To obtain a reduced doping of the n-zone A in the sequence of zones A one
      can cover this zone with the help of masking techniques during an
      n.sup.+-diffusion. This applies also to the production of a p-zone 1 with
      lower doping in the sequence of zones A. Whether this is necessary depends
      however on the type of realization in question. If a lower doping level is
      necessary, it can not only be realized through masking but also through a
      different choice of the doping material. Different doping profiles can be
      realized by chosing different p-doping materials. All highly doped zones
      can also be realized by alloying with an appropriate material instead of
      by diffusion.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A thyristor having improved high frequency response and optimum current
      distribution comprising:
PA1  at least first and second adjacent sequences of semiconductor zones,
PA1  an electrode engaging both said first and second sequences of semiconductor
      zones,
PA1  both said first and second sequences of semiconductor zones including
      centrally located base zones and further including outer zones on either
      side of said base zones,
PA1  said base zones in said first sequence of semiconductor zones formed of a
      material having a first charge carrier lifetime,
PA1  said base zone in said second sequence of semiconductor zones formed of a
      material having a second charge carrier lifetime, said first charge
      carrier lifetime being greater than said second charge carrier lifetime;
      and,
PA1  said outer zones in said first sequence of semiconductor zones including
      regions of lower doping concentration than corresponding regions of outer
      zones in said second sequence of semiconductor zones,
PA1  whereby said first sequence of semiconductor zones is more easily fired
      than said second sequence of zones and said fired state readily penetrates
      said second sequence of semiconductor zones to provide improved high
      frequency response and optimum current distribution.
NUM  2.
PAR  2. A thyristor as in claim 1, wherein:
PA1  said first sequence of semiconductor zones is constructed to have a higher
      forward voltage drop for high currents than said second sequence of
      semiconductor zones.
NUM  3.
PAR  3. A thyristor as in claim 2, wherein:
PA1  said outer zones include an external p-zone and an external n-zone, said
      external p-zone and said external n-zone of said second sequence of
      semiconductor of zones being more highly doped than the corresponding
      portions of said first sequence of semiconductor zones,
NUM  4.
PAR  4. A thyristor as in claim 1, further comprising:
PA1  an external emitter zone; and
PA1  a ring-shaped metallic contact on said external emitter zone.
PATN
WKU  039435504
SRC  5
APN  5343739
APT  1
ART  254
APD  19741219
TTL  Light-activated semiconductor-controlled rectifier
ISD  19760309
NCL  8
ECL  1
EXA  Clawson, Jr.; Joseph E.
EXP  James; Andrew J.
NDR  5
NFG  11
INVT
NAM  Konishi; Nobutake
CTY  Hitachi
CNT  JA
INVT
NAM  Yatsuo; Tsutomu
CTY  Hitachi
CNT  JA
INVT
NAM  Kamei; Tatsuya
CTY  Hitachi
CNT  JA
INVT
NAM  Okamura; Masahiro
CTY  Hitachi
CNT  JA
INVT
NAM  Ogawa; Takuzo
CTY  Hitachi
CNT  JA
ASSG
NAM  Hitachi, Ltd.
CNT  JA
COD  03
PRIR
CNT  JA
APD  19731224
APN  48-143486
PRIR
CNT  JA
APD  19740107
APN  49-4966
CLAS
OCL  357 38
XCL  357 20
XCL  357 30
XCL  357 39
XCL  357 86
EDF  2
ICL  H01L 2974
FSC  357
FSS  20;38;39;30;86
UREF
PNO  3409810
ISD  19681100
NAM  Matzen
OCL  357 38
UREF
PNO  3422323
ISD  19690100
NAM  Whoriskey
OCL  357 39
UREF
PNO  3719863
ISD  19730300
NAM  Ogawa et al.
OCL  357 38
UREF
PNO  3818370
ISD  19740600
NAM  Abe et al.
OCL  357 38
LREP
FRM  Craig & Antonelli
ABST
PAL  A light-activated semiconductor-controlled rectifier device comprising four
      layers of PNPN is disclosed in which a part of the edges of the PN
      junction formed between the intermediate P-type layer and the intermediate
      N-type layer is exposed on the same side on which the outer P-type layer
      is exposed, so that a photo-trigger signal is radiated on that exposed
      part of the edges of the PN junction.
BSUM
PAR  The present invention relates to a light-activated type
      semiconductor-controlled rectifier device which performs a switching
      operation in response to a photo-trigger signal.
PAR  A light-activated type semiconductor-controlled rectifier device which, for
      example, exhibits bidirectional switching characteristics comprises a
      semiconductor substrate having 5 continuous layers of alternately
      different conductivity type and included two controlled rectifier regions,
      in parallel opposed arrangement, which comprise four layers and have an
      end layer respectively formed by one or the other of the two outer layers
      of the 5 continuous layers; a pair of main electrodes in ohmic contact
      with the outer layer and intermediate layers adjacent thereto; and means
      for supplying a trigger signal. In such a device, when a trigger signal is
      supplied in a state that a voltage is applied between the main electrodes
      so that first of the main electrodes is at higher potential than the
      second and one controlled rectifier region is biased forwardly, that
      region begins to turn on. On the other hand, when a trigger signal is
      supplied in a state that a voltage 3 is applied between the main
      electrodes so that a second main electrode is at higher potential than the
      first main electrode and the other controlled-rectifier region is biased
      forwardly, that region begins to turn on.
PAR  The most common type of means for supplying a trigger signal is what is
      called the electric gate system in which one of the layers of the
      semiconductor substrate is provided with a gate electrode from which a
      gate signal current is supplied to perform a switching operation of the
      device. The electric gate system, however, has the following
      disadvantages: (1) If a symmetric bidirectional switching characteristic
      is to be obtained, it is necessary to provide two gate electrodes, thereby
      requiring two electrically isolated gate circuits; (2) In the event that
      only one gate electrode is involved, there is a risk of what is called
      erroneous-firing whereby a conduction state is realized prior to
      application of a gate signal current at the time of commutation, due to
      the fact that the gate electrode is disposed in proximity to the two
      four-layer regions, on that part of a main surface which overlaps part of
      the outer layer exposed to the opposite main surface when taking a phantom
      view of the layer lamination in the direction of thickness; (3) when only
      one gate electrode is involved, it is difficult to obtain a symmetric
      switching characteristic; (4) In order to prevent interference between the
      two controlled rectifier regions, the two controlled rectifier regions are
      formed in such a manner that their outer layers are in spaced relation
      with each other when viewed in the direction of layer lamination, by
      providing an isolating three-layer region between the controlled rectifier
      regions. This necessitates two gate electrodes, leading to a disadvantage
      like that of (1) above; (5) There is a likelihood of erroneous-firing due
      to induction. By reason of these disadvantages of the electric gate
      system, the conventional semiconductor-controlled rectifier devices having
      bidirectional switching characteristics are limited to fields of
      applications requiring neither high reliability nor a high rated value of
      current or voltage.
PAR  The above-mentioned disadvantages of the semiconductor-controlled rectifier
      device employing an electric gate system and having bidirectional
      switching characteristics are obviated by employing a photo-gate system in
      which the device is fired with a photo-trigger signal radiated thereon.
      According to the photo-gate system, two four-layer regions electrically
      isolated from each other can be fired by a single light source
      electrically insulated from the regions. In spite of this, the
      semiconductor-controlled rectifier device employing the photo-gate system
      having bidirectional switching characteristics has the disadvantage of
      unbalance in firing sensitivity between the two four-layer regions. In
      firing the four-layer regions by means of a photo-trigger signal, the
      regions where carriers are generated for effective firing are located in
      the vicinity of the reverse-biased center junctions, that is, the PN
      junctions formed between the intermediate P-type layers and the
      intermediate N-type layer. THe photo-trigger signal is required to be
      radiated so as to reach the vicinity of the center junctions, if the
      firing-sensitivity is to be improved. In the case where the two four-layer
      regions are to be fired by light radiated from one of the main surfaces of
      the semiconductor substrate, the distance between the light-receiving
      surface and the reverse-biased center junctions where carriers effective
      for firing the four-layer regions are generated is different for the two
      four-layer regions by the thickness of the center layer of the five
      layers. In other words, light required for firing the four-layer region
      having a center junction farther from the light receiving surface is
      attenuated as an expotential function by being absorbed into the center
      layer, with the result that the photo-firing sensitivity of that
      particular four-layer region is much lower than that of the four-layer
      region having the center junction nearer to the light-receiving surface.
      In order to obviate this disadvantage, a photo-firing type
      semiconductor-controlled rectifier device has been suggested in which the
      edges of the center junctions of the two four-layer regions are exposed to
      a side surface of the semiconductor substrate which connects the two main
      surface thereof, so that a light-trigger signal is radiated on the side
      surface. Even this type of light-activated semiconductor-controlled
      rectifier device has the following disadvantages: (1) For operating the
      device stably, the exposed edges of the PN junctions must be covered with
      a surface-passivating film of such a material as a semiconductor oxide,
      glass or resin. Since the step of forming the surface-passivating film on
      the side surface usually follows the step of forming electrodes in the
      semiconductor substrate, it is required to form the passivating film in a
      condition not adversely affecting the electrodes. Taking into
      consideration the availability of materials for the electrodes, the most
      suitable material of the surface-passivating film includes such a resin as
      silicon rubber, followed by glass. A film of a semiconductor oxide, which
      is formed by chemical vapor deposition or by sputtering, is porous and not
      suitable for surface passivation. As to glass, it may be usable depending
      on what material is selected for the electrodes, even though heat
      treatment is necessary in an oxidating atmosphere. It is difficult to make
      a thin passivating film of resin or glass, and such a film formed on the
      light-receiving surface may undesirably lead to a lower photo-sensitivity.
      (2) The photo-trigger signal should most preferably be radiated at right
      angles to the light-receiving surface in view of minimum loss due to
      reflection. In the case where a side surface is used as a light-receiving
      surface, it is necessary to determine the position of the light source in
      accordance with the shape of the side surface, and for this reason a
      special structure is required of the coupling between the light source and
      the light-activated semiconductor-controlled rectifier device. This adds
      to trouble for adjusting the structure. (3) Light is received at two or
      more points on the side surface, thus requiring a light source of large
      capacity having a large radiating area or two or more light sources.
PAR  Apart from the light-activated type semiconductor-controlled rectifier
      device having bidirectional switching characteristics, two
      light-activating type semiconductor-controlled rectifier devices each
      switching in one direction in response to a photo-trigger signal may be
      arranged in proximity in different directions of switching to provide
      bidirectional switching characteristics. The means of this type has the
      same problem as encountered by the light-activated type
      semiconductor-controlled rectifier device having the bidirectional
      switching characteristics except for the problem of interference between
      the adjacent four-layer regions.
PAR  Accordingly, it is an object of the present invention to provide a
      light-activated type semiconductor-controlled rectifier device which
      performs switching operation in response to a photo-trigger signal without
      any of the above-mentioned disadvantages.
PAR  Another object of the invention is to provide a light-activated type
      semiconductor-controlled rectifier device high in photo-firing
      sensitivity.
PAR  Still another object of the invention is to provide a light-activated type
      semiconductor-controlled rectifier device suitable as the one having
      bidirectional switching characteristics.
PAR  A still further object of the invention is to provide a light-activated
      type semiconductor-controlled rectifier device which is easily coupled
      with a light source generating a photo-trigger signal.
PAR  Still another object of the invention is to provide a light-activated type
      semiconductor-controlled rectifier device with a large current capacity.
PAR  Still another object of the invention is to provide a light-activated type
      semiconductor-controlled rectifier device applicable to various fields of
      use.
PAR  According to the present invention, there is provided a light-activated
      type semiconductor-controlled rectifier device comprising a semiconductor
      substrate having at least a region of four-layers of alternately different
      conductivity between a couple of main surfaces, a couple of main
      electrodes in ohmic contact with the main surfaces respectively, means for
      radiating a photo-trigger signal onto one of the main surfaces, and means
      for causing a photo-current produced by radiation of the photo-trigger
      signal to flow in such a manner as to effectively forward-bias the PN
      junction formed between the outer layer exposed to the other main surface
      and an intermediate layer adjacent thereto. More specifically, the present
      invention is characterized in that the intermediate layer adjacent to an
      outer layer is exposed to the opposite main surface of the semiconductor
      substrate, that a photo-trigger signal is radiated on the exposed portion
      of the intermediate layer, and that the photo current produced by
      radiation of the photo-trigger signal is made to flow toward a point
      spaced from the short-circuiting point of the PN junction between the
      outer layer and the intermediate layer adjacent thereto, so that the
      photo-current flows along that PN junction in the neighborhood of the
      above-mentioned point toward which it flows.
DRWD
PAR  The above and other objects, features and advantages will be made apparent
      by the detailed description taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a plan view showing a first embodiment of the light-activated
      type semiconductor-controlled rectifier device according to the present
      invention;
PAR  FIG. 2 is a sectional view taken in line II--II in FIG. 1;
PAR  FIG. 3 is a partially enlarged sectional view of FIG. 2;
PAR  FIG. 4 is a sectional view showing a second embodiment of the invention;
PAR  FIG. 5 is a sectional view showing a third embodiment of the invention;
PAR  FIG. 6 is a plan view showing a fourth embodiment of the invention;
PAR  FIG. 7 is a sectional view taken in line VII--VII in FIG. 6;
PAR  FIG. 8 is a plan view showing a fifth embodiment of the invention;
PAR  FIG. 9 shows a sectional view taken in line VIII--VIII in FIG. 8;
PAR  FIG. 10 is a plan view showing a sixth embodiment of the invention; and
PAR  FIG. 11 is a sectional view taken in line XI--XI in FIG. 10.
DETD
PAR  Referring to FIG. 1 and FIG. 2 showing a first embodiment of the
      light-activated type semiconductor-controlled rectifier device according
      to the present invention, reference numeral 1 shows a semiconductor
      substrate having a pair of main surfaces 11 and 12 oppositely located and
      a side surface 13 connecting the main surfaces. The semiconductor
      substrate 1 has five layers arranged in succession in such a manner that
      every adjacent pair of layers has different conductivity between the two
      main surfaces. The five layers include a first outer layer N.sub.1 of
      N-type conductivity exposed to a main surface 11, a second outer layer
      N.sub.2 of N-type conductivity exposed to the other main surface 12, a
      first intermediate layer P.sub.1 of P-type conductivity which is partially
      exposed to the main surface 11 and adjacent to the first outer layer
      N.sub.1, forming a first PN junction J.sub.1 with the first oute layer
      N.sub.1, a second intermediate layer P.sub.2 of P-type conductivity which
      is partially exposed to the main surface 12 and adjacent to the second
      outer layer N.sub.2, forming a second PN junction J.sub.2 with the second
      outer layer N.sub.2, and a third intermediate layer N.sub.3 of N-type
      conductivity located between the first and second intermediate layers and
      forming third and fourth PN junctions J.sub.3 and J.sub.4 respectively
      between them. The first and second outer layers N.sub.1 and N.sub.2 are so
      formed as to overlap only slightly, or preferably not to overlap at all,
      when viewed from the direction of the layer lamination, whereby a couple
      of four-layer regions 14 and 15 including N.sub.1 P.sub.1 N.sub.3 P.sub. 2
      and P.sub.1 N.sub.3 P.sub.2 N.sub.2 respectively and having opposite
      polarities are defined between the two main surfaces. The first and second
      outer layers function as end layers of the two regions respectively, while
      the first, second and third intermediate layers function as the remaining
      three layers of the regions. A part of the second intermediate layer
      P.sub.2 is exposed to the main surface 11 by penetrating through the third
      intermediate layer N.sub.3 in a substantially central portion of the
      substrate between the two four-layer regions 14 and 15. Due to the
      exposure of the second intermediate layer P.sub.2 to the main surface 11,
      the ends of the third PN junction J.sub.3 and fourth PN junction J.sub.4
      are exposed around the second intermediate layer P.sub.2. That side of the
      part 16 of the second intermediate layer P.sub.2 penetrating through the
      third intermediate layer N.sub.3 which is opposite to the second outer
      layer N.sub.2 is located substantially at the center of the substrate in
      spaced relation with the ends of the second PN junction J.sub.2. The
      second outer layer N.sub.2 is formed not to overlap the first intermediate
      layer P.sub.1 of the four-layer region 14 when viewed from the direction
      of lamination. Reference numeral 2 shows a first main electrode in ohmic
      contact with the surfaces of the first outer layer N.sub.1 and first
      intermediate layer P.sub.1 in the main surface 11, numeral 3 a second main
      electrode in ohmic contact with the surfaces of the second outer layer
      N.sub.2 and second intermediate layer P.sub.2 in the main surface 12, and
      numeral 4 a light source for radiating a photo-trigger signal on the
      portions of the third and fourth PN junctions J.sub.3 and J.sub.4 exposed
      to the main surface 11. The light source 4 may comprise a solidstate
      light-emitting element such as a light-emitting diode disposed in
      proximity to the semiconductor substrate, or may be an external light
      source introduced by way of a window provided on the side of a package
      containing the semiconductor device. Another alternative may be to use a
      fiberscope or other light-transmitting member for radiation of light.
      Further, the first and second outer layers may be of short-circuited
      emitter construction, as required. Reference numeral 5 shows an oxide film
      covering that part of the main surface 11 which is not in contact with the
      first main electrode.
PAR  The light-activated semiconductor-controlled rectifier device as mentioned
      above can be fabricated by selective diffusion. For example, P-type
      impurities are diffused from both sides of an N-type silicon plate while
      masking those portions of the third intermediate layer which are expected
      to be exposed, followed by diffusion of N-type impurities by masking those
      portions of the first, second and third intermediate layers which are to
      be exposed, thus producing a semiconductor substrate having the required
      junction structure. The device as shown in FIGS. 1 and 2 is obtained by
      subsequent formation of the main electrodes by, say, evaporation or
      plating.
PAR  The operation of the device shown in FIGS. 1 and 2 will be described below.
PAR  First, reference will be made to the case in which a voltage is applied
      between the main electrodes in such a manner that the potential of the
      main electrode 2 is negative as compared with the main electrode 3, so
      that the first and fourth PN junctions J.sub.1 and J.sub.4 are forward
      biased and the third PN junction J.sub.3 reverse-biased. When light energy
      h.nu.(where h is Plank's constant, and .nu. frequency of light) generated
      by the light source 4 is radiated on the portion of the third PN junction
      J.sub.3 which is exposed to the main surface 11, electron-hole pairs are
      produced in the vicinity of the exposed portion of the third PN junction
      J.sub.3. The electrons are collected at the third intermediate layer
      N.sub.3 and the holes at the first intermediate layer P.sub.1. The holes
      collected at the first intermediate layer P.sub.1 cause the potential of
      the first intermediate layer P.sub.1 to be gradually reduced. When the
      voltage applied to the first PN junction J.sub.1 at the right edge thereof
      exceeds the built-in voltage, electrons begin to be injected at that point
      from the first outer layer N.sub.1 into the first intermediate layer
      P.sub.1. The electrons injected into the first intermediate layer P.sub.1
      are diffused in the third intermediate layer N.sub.3 through the third PN
      junction J.sub.3, whereupon the potential of the third intermediate layer
      N.sub.3 is increased. When the bias voltage of the fourth PN junction
      J.sub.4 is increased beyond the built-in voltage, holes are injected from
      the second intermediate layer P.sub.2 into the third intermediate layer
      N.sub.3, which holes are diffused into the first intermediate layer
      P.sub.1 from the third intermediate layer N.sub.3, thereby forward-biasing
      the first PN junction J.sub.1, with the result that injection of the
      electrons from the first outer layer N.sub.1 is promoted. When after
      repetition of the above-mentioned processes the sum of the current
      amplification factors .alpha.PNP+.alpha.NPN of the two transistor
      equivalents exceeds unity, the four-layer region 14 begins to conduct.
PAR  Next, explanation will be made of the case in which the second and third PN
      junctions J.sub.2 and J.sub.3 are forward biased while the fourth PN
      junction J.sub.4 is reverse-biased as the result of applying between the
      main electrodes such a voltage that the potential of the main electrode 2
      is positive against the main electrode 3. When light is radiated on the
      portions of the fourth PN junction J.sub.4 which are exposed to the main
      surface 11, the four-layer region 15 enters a conducting state. The firing
      operation under this condition will be described in detail with reference
      to FIG. 3.
PAR  Of the electrons and holes produced in the fourth PN junction J.sub.4 in
      the vicinity of the main surface 11 by the radiation of light, the holes
      indicated by white circles are collected at the second intermediate layer
      P.sub.2 and the electrons indicated by black dots at the third
      intermediate layer N.sub.3. The holes collected at the second intermediate
      layer P.sub.2 flow by way of the through section 16 toward the main
      surface 12, and near the second outer layer N.sub.2, laterally along the
      second PN junction J.sub.2. As a result, the potential of the second
      intermediate layer P.sub.2 drops. When the voltage applied to the second
      PN junction J.sub.2 at the point thereof corresponding to the left end of
      the first intermediate layer P.sub.1 exceeds the built-in voltage,
      electrons begin to be injected from the second outer layer N.sub.2 into
      the second intermediate layer P.sub.2. The electrons thus injected into
      the second intermediate layer P.sub.2 are diffused into the third
      intermediate layer N.sub.3. The potential of the third intermediate layer
      N.sub.3 rises and the bias voltage of the third PN junction J.sub.3
      exceeds the built-in voltage, with the result that holes are injected from
      the first intermediate layer P.sub.1 into the third intermediate layer
      N.sub.3, which holes are then diffused in the second intermediate layer
      P.sub.2 thereby to forward bias the second PN junction J.sub.2. As a
      result, the injection of electrons from the second outer layer N.sub.2
      into the second intermediate layer P.sub.2 is promoted. When after the
      repetition of the above-mentioned processes the sum of the current
      amplification factors .alpha.NPN+.alpha.PNP of the two transistor
      equivaleents exceeds unity, the other four-layer region 15 enters a
      conducting state. In this way, the conduction of the four-layer region 15
      occurs with the injection of the electrons from the second outer layer
      N.sub.2 into the second intermediate layer P.sub.2 as a motive. The
      injection of electrons from the second outer layer N.sub.2 into the second
      intermediate layer P.sub.2 is atrributable to the fact that the
      photo-current caused by the radiation of a photo-trigger signal flows
      laterally in the path A along the second PN junction J.sub.2 in the second
      intermediate layer P.sub.2, so that the resulting voltage drop causes the
      second PN junction J.sub.2 to be forward biased. The conduction of the
      four-layer region 15 occurs when the amount of the electrons injected from
      the second outer layer N.sub.2 into the second intermediate layer P.sub.2
      exceeds a predetermined level. The amount of electrons injected from the
      second outer layer N.sub.2 into the second intermediate layer P.sub.2 is
      substantially proportional to the degree to which the second PN junction
      J.sub.2 is forward biased. The degree to which the second PN junction
      J.sub. 2 is forward biased is dependent on the amount of the voltage drop
      caused by the lateral flow of photo current along the path A in the second
      intermediate layer P.sub.2. The amount of the voltage drop due to the
      photo current, on the other hand, is proportional to the length of path A
      along which the photo current flows. Consequently, if the photo-firing
      sensitivity of the four-layer region 15, that is, the degree of how easily
      it is fired by a small photo-trigger signal, is to be increased, it is
      necesssary to lengthen the path A along which the photo current flows
      laterally in the second intermediate layer P.sub.2. For this purpose, that
      side of the through section 16 of the second intermediate layer which
      faces the second outer layer N.sub.2 should preferably be opposed to the
      center of the second outer layer N.sub.2, as shown in the drawing. Even
      though the second PN junction J.sub.2 is also forward biased by the photo
      current component flowing in the path B, it is difficult for this current
      component to effect the firing for lack of the first intermediate layer
      P.sub.1 corresponding to the forward-biased portion of second PN junction
      J.sub.2. In the event that the impedance of the path B is very small as
      compared with the path A, the firing sensitivity is deteriorated as most
      of the photo current flows through the path B. To prevent such a
      condition, it is necessary that most of the photo current flow in the path
      A. Further, in the case where there is formed in the outer layer N.sub.2 a
      short-circuiting aperture through which the second intermediate layer
      P.sub.2 is brought into contact with the second main electrode 3 in order
      to improve the durability against the voltage increase rate vd/dt and
      against high temperatures, the outer layer N.sub.2 side of the through
      section 16 should preferably be opposed to the short-circuiting aperture.
PAR  As will be understood from the foregoing description, the light-activated
      type semiconductor-controlled rectifier device according to the present
      invention is so constructed that the center junctions of the two
      four-layer regions arranged adjacent to each other are exposed to the same
      surface of the substrate between the two four-layer regions, thereby
      making possible the switching operation of the two four-layer regions by
      radiating a photo-trigger signal on the same surface of the substrate.
      Also, according to the present invention, the length of the lateral path
      of the photo current for firing the four-layer region farther from the
      light source is lengthened in the second intermediate layer, and therefore
      the firing sensitivity of that particular four-layer region is increased
      almost to that of the other four-layer region, thus making possible the
      switching operation of the two four-layer regions at substantially the
      same firing sensitivity. This is atrributable to the fact that a
      photo-trigger signal which otherwise might be considerably attenuated in
      the semiconductor substrate is converted into an electrical signal
      subjected to less attenuation while flowing through the semiconductor
      substrate to a predetermined destination and that the surface-passivating
      film covering the light-receiving surface of the substrate is made of a
      very thin semiconductor oxide film. Further, the device according to the
      present invention is characterized by a very small area of photo-trigger
      signal radiation, making it possible to use a very small light source such
      as a GaAs light-emitting element. Furthermore, the invention is such that
      the energization current is greater since a couple of main electrodes are
      in ohmic contact with the two main surfaces located on the opposite sides
      of the substrate. In addition, in view of the fact that the
      light-receiving surface is included in one of the main surfaces of the
      substrate, the photo-trigger signal from the light source acts on the
      substrate with little loss.
PAR  In the second and third embodiments shown respectively in FIG. 4 and FIG.
      5, the area of the portion of the second intermediate layer P.sub.2 which
      is exposed to the main surface 11 is increased in an attempt to improve
      the firing sensitivity of the four-layer region 15 as compared with the
      first embodiment. In other words, by enlarging the area of that portion of
      the second intermediate layer P.sub.2 which is exposed to the main surface
      11, electron-hole pairs effective for firing are generated over a wider
      area in response to a photo-trigger signal radiation and the resulting
      increased photo-trigger current contributes to an improved firing
      sensitivity derived from one photo-trigger signal. In spite of this, the
      outer layer N.sub.2 side of the through section 16 is rendered smaller in
      area than the exposed side thereof and is opposed to substantially the
      center of the second outer layer. Referring to the embodiment shown in
      FIG. 5, the center of the second outer layer side of the through section
      16 is relocated toward the side of the four-layer region 15 away from the
      center of the exposed side thereof in order to promote the lateral flow of
      the photo-trigger current from substantially the center of the second
      outer layer N.sub.2.
PAR  A fourth embodiment of the invention is shown in FIG. 6 and FIG. 7. This
      embodiment provides a light-activated type semiconductor-controlled
      rectifier device which is less likely to be erroneously fired at the time
      of commutation than the first embodiment. The reference numerals denote
      like component elements as in the first embodiment. In the first
      embodiment, the two four-layer regions are separated by the second
      intermediate layer P.sub.2 in the section of the substrate exposed to the
      photo-trigger signal shown in FIG. 2 whereas they are constructed
      continuously with respect to the first, second and third intermediate
      layers in the other sections. In such a construction of the first
      embodiment, when the four-layer region 14 is conducting, for example,
      electric charges stored in the conducting region are likely to flow out at
      the four-layer region 15 side of the first outer layer N.sub.1 due to the
      commutation, with the result that the four-layer region 15 may be
      erroneously fired into a conducting state by the electric charges before
      being radiated by the photo-trigger signal. This erroneous firing is
      facilitated even more at a high rise rate dv/dt of the applied voltage, at
      a great load current or at a high current reduction rate di/dt in a
      conducting state. Therefore, the first embodiment is suitably applied to
      the cases involving a low rise rate dv/dt of the applied voltage, a
      comparatively small load current or a low current reduction rate  di/dt.
PAR  Turning back to the fourth embodiment, the second intermediate layer
      P.sub.2 is extended into the whole interface between the four-layer
      regions 14 and 15, so that the first intermediate layer P.sub.1, third
      intermediate layer N.sub.3, third PN junction J.sub.3 and the fourth PN
      junction J.sub.4 are divided into two sections, thereby completely
      separating the two four-layer regions 14 and 15 by the second intermediate
      layer P.sub.2. This construction prevents the above-mentioned erroneous
      firing encountered by the first embodiment, since charges stored in the
      conducting region during the period when the four-layer region 15 is
      conducting are prevented from flowing out into the vicinity of the first
      PN junction J.sub.1 of the four-layer region 14 due to the commutation.
      Also, since the main electrode 2 disposed on the substrate side radiated
      with the photo-trigger signal is divided into two sections, dispersion of
      photo current produced by radiation of light is prevented, thus improving
      the photo sensitivity of the device.
PAR  In the fifth embodiment illustrated in FIGS. 8 and 9, the two four-layer
      regions 14 and 15 are separated from each other by forming an isolating
      region N.sub.0 of N-type conductivity which is opposite to the
      conductivity of the second intermediate layer P.sub.2, in the extension of
      the second intermediate layer P.sub.2 in the fourth embodiment. In the
      drawings under consideration, the four-layer regions 14 and 15 are
      completely surrounded by the isolating region N.sub.0. This complete
      separation of the four-layer regions permits the problem of erroneous
      firing due to the commutation to be obviated without fail, making possible
      a light-activated type semiconductor-controlled rectifier device suitable
      for the applications requiring a large current capacity and high speed.
      Further, the fact that dispersion of photo current is prevented results in
      an improved firing sensitivity. In FIGS. 8 and 9, reference numeral 6
      shows an oxide film for covering the portion of the surface of the
      isolating region N.sub.0 exposed to the main surface 12 and those exposed
      portions of the PN junction between second outer layer N.sub.2 and second
      intermediate layer P.sub.2 which are situated between the two four-layer
      regions. In the presence of the oxide film 6, all the photo current flows
      from left to right in the drawings along the second PN junction J.sub.2,
      thereby effectively forward biasing the second PN junction J.sub.2.
PAR  Referring to the light-activated type semiconductor-controlled rectifier
      device shown in FIG. 10 and FIG. 11, a sixth embodiment of the invention
      is provided with four continuous layers of P.sub.E N.sub.B P.sub.B N.sub.E
      which exhibit a switching characteristic in one direction in response to a
      photo-trigger signal. Of the four layers P.sub.E, N.sub.B, P.sub.B and
      N.sub.E formed between a couple of main surfaces, at least P.sub.E and
      N.sub.B layers are exposed to one of the main surfaces while at least
      N.sub.E layer is exposed to the other main surface. Further, part of the
      P.sub.B layer is exposed to the former main surface through N.sub.B and
      P.sub.E layers. That side of the P.sub.B layer which is nearer to the
      latter main surface is opposed to substantially the center of the N.sub.E
      layer, while a photo-trigger signal is radiated on the side of the through
      section of P.sub.B layer exposed to the former main surface. It is
      possible by this construction to obtain a device having the same firing
      characteristics for the two four-layer regions as in the embodiments
      already mentioned. Reference numeral 21 shows a semiconductor substrate,
      numerals 211 and 212 the two main surfaces, numerals 22 and 23 a couple of
      main electrodes, and numeral 24 a light source.
PAR  Next, the advantages of the present invention will be described below by
      reference to specific numerical values.
PAR  In the conventional light-activated type semiconductor-controlled rectifier
      device in which the center junctions of the two four-layer regions are not
      exposed to the same main surface of the substrate in proximity to each
      other, the light source output of 20mW is required for firing one
      four-layer region and 200mW for the other four-layer region. In the
      present invention, by contrast, it is found that the same wattage is
      required to fire the former region, while the latter four-layer region was
      successfully fired with only 25mW. Also, in terms of the maximum voltage
      increasing rate dv/dt and maximum current decreasing rate di/dt at which
      the device is not erroneously fired at the time of commutation, they are
      5V/.mu.s and 10A/ms for the conventional device of 3A and 200V employing
      the electric gate system, respectively, as compared with 500V/.mu.s or
      more and 100A/.mu.s or more respectively for the device according to the
      invention of the rated voltage of 600V and rated current of 30A
      respectively and having the construction shown in FIGS. 8 and 9.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A light-activated type semiconductor-controlled rectifier device
      comprising:
PA1  a semiconductor substrate including a couple of first and second main
      surfaces located opposedly to each other, four continuous layers of
      alternately different conductivity, adjacent ones of said four layers
      forming a plurality of PN junctions between said two main surfaces, said
      first main surface including at least the exposed surfaces of a first
      outer layer and a couple of intermediate layers, said second main surface
      including at least the exposed surfaces of a second outer layer and an
      intermediate layer adjacent to said second outer layer;
PA1  a first main electrode disposed on said first main surface and in ohmic
      contact with at least said first outer layer;
PA1  a second main electrode disposed on said second main surface and in ohmic
      contact with said second outer layer and said intermediate layer adjacent
      to said second outer layer;
PA1  means for radiating a photo-trigger signal on that part of said
      intermediate layer adjacent to said second outer layer which is exposed to
      said first main surface, said photo-trigger signal firing said device; and
PA1  means for causing a photo current produced in said intermediate region
      adjacent to said second outer layer by radiation of said photo-trigger
      signal to flow along that part of a PN junction between said second outer
      layer and said intermediate layer adjacent to said second outer layer
      which is parallel to said second main surface.
NUM  2.
PAR  2. A light-activated type semiconductor-controlled rectifier device
      comprising:
PA1  a semiconductor substrate including first and second main surfaces
      opposedly located to each other, a first outer layer, a second outer
      layer, a first intermediate layer, a second intermediate layer, a third
      intermediate layer between said first and second intermediate layers, a
      first PN junction formed between said first intermediate layer and said
      third intermediate layer, and a second PN junction formed between said
      second intermediate layer and said third intermediate layer;
PA1  said first main surface including the exposed surfaces of at least said
      first outer layer and of said first intermediate layer adjacent to said
      first outer layer;
PA1  said second main surface including the exposed surfaces of at least said
      second outer layer and of said second intermediate layer adjacent to said
      second outer layer;
PA1  said five layers being continuously arranged between said first and second
      main surfaces in such a manner that every adjacent pair of said five
      layers has different conductivity;
PA1  said first and second outer layers defining a couple of four-layer regions
      having polarities different from each other in the direction of layer
      lamination;
PA1  parts of said first and second PN junctions in proximity to each other
      being exposed to said first main surface between said four-layer regions;
PA1  a first main electrode formed on said first main surface and in ohmic
      contact with at least said first outer layer and said first intermediate
      layer except in the vicinity of said exposed portions of said first and
      second PN junctions;
PA1  a second main electrode formed on said second main surface and in ohmic
      contact with at least said second outer layer and said second intermediate
      layer; and
PA1  means for radiating a photo-trigger signal on said exposed portions of said
      PN junctions of said first main surface for performing the switching
      operation of said two four-layer regions.
NUM  3.
PAR  3. A light-activated type semiconductor-controlled rectifier device
      according to claim 2, further comprising means for causing the photo
      current produced in the part of said second intermediate layer in the
      neighborhood of said first main surface by radiation of said photo-trigger
      signal to flow along that part of the PN junction between said second
      outer layer and said second intermediate layer which is parallel to said
      second main surface.
NUM  4.
PAR  4. A light-activated type semiconductor-controlled rectifier device
      according to claim 2, in which said second intermediate layer is extended
      into the whole interface between said two four-layer regions, thereby
      separating said third intermediate layer into two portions.
NUM  5.
PAR  5. A light-activated type semiconductor-controlled rectifier device
      according to claim 4, in which the distance between said portions of said
      separated third intermediate layers is greater at and in the vicinity of
      the part of said first main surface radiated with a photo-trigger signal
      than at the remaining part.
NUM  6.
PAR  6. A light-activated semiconductor-controlled rectifier device according to
      claim 4, further comprising an isolating region having a different
      conductivity from said second intermediate layer, said isolating region
      being formed in the part of said second intermediate layer in such a
      manner as to separate said regions, said isolating region being formed
      along the junctions between said part of said second intermediate layer
      and said separated portions of said third intermediate layer in such a
      manner as to separate said second intermediate layer.
NUM  7.
PAR  7. A light-activated semiconductor-controlled rectifier device according to
      claim 6, in which that part of said second intermediate layer exposed to
      said second main surface which is located between said second outer layer
      and said isolating region and which corresponds to the part of said first
      main surface radiated with a photo-trigger signal is electrically
      insulated from said second main electrode.
NUM  8.
PAR  8. A light-activated semiconductor-controlled rectifier device according to
      claim 6, in which said isolating region surrounds said two four-layer
      regions.
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ABST
PAL  A large scale integrated (LSI) array of standard cells arranged in rows and
      columns adapted to receive different metallization patterns for producing
      custom circuits. Disposed in one half of each cell is a first power
      contact and contacts for the sources, drains and gates of field effect
      transistors of one conductivity type. Disposed in the other half of each
      cell is a second power contact and contacts for the sources, drains and
      gates of field effect transistors of complementary conductivity type. The
      pattern formed by the contacts in one half of a cell is the mirror image
      of the pattern formed by the contacts in the other half of the cell. The
      symmetry of the components of each cell is such that the metal
      interconnection pattern of a cell or a combination of cells for producing
      a given logic function may be inverted about the horizontal or the
      vertical plane of symmetry of the cell for producing a logic function
      relates to said given logic function.
BSUM
PAR  This invention relates to variable identity cells (i.e., cells whose
      components may be interconnected to produce many different functions) and
      to large scale integrated (LSI) circuits employing these cells.
PAR  The manufacture of an LSI circuit requires many fabrication steps and the
      preparation of different fabrication masks for each of the fabrication
      steps. The cost of a new set of fabricating masks for each new design is
      prohibitive for low volume orders. One way (known as the Master Slice
      approach) of minimizing the cost of low volume LSI circuits is to
      distribute the cost of all the fabricating masks except for the
      metallization mask, which marks the final fabricating step, among
      different functional or system designs. In LSI circuits manufactured
      according to this approach, the same fabricating masks, such as diffusion
      and insulation masks, are used for every functional design, but different
      metallization masks are required for each new or different design. The
      component layout is standardized and fixed, and only the final
      metallization pattern is customized for each new application. The success
      of this approach depends upon whether an adequate number of different
      applications of sufficient functional complexity can be designed with a
      fixed component layout in order to satisfy the economics of distributed
      fabricating costs. Accordingly, it is important to provide a component
      layout which affords not only an efficient use of chip or substrate area
      but also a sufficient degree of design flexibility in order to assure an
      adequate number of different applications of sufficient functional
      complexity.
PAR  This approach generally involves the organization of the circuit components
      into an array of substantially identical component cells or building
      blocks which may have a fixed or variable functional identity. The
      variable identity cell affords the system or application designer the
      flexibility of specifying the functional identity of a cell, a group of
      cells, parts of a cell and various combinations thereof such that the
      functional complexity of the chip is greatly enhanced. It is extremely
      important to provide a cell which is not only efficient in terms of
      substrate area usage but is suitable for implementing enough different
      applications of sufficient functional complexity in order to justify the
      costs.
PAR  According to one aspect of the invention, a variable identity cell includes
      a first plurality of transistors of first conductivity type, and a second
      plurality of transistors of second conductivity type. Each of the
      transistors has a conduction path and a control electrode for controlling
      the conductivity of the conduction path. The conduction paths of the
      transistors of first conductivity type are connected end-to-end, and the
      conduction paths of the transistors of second conductivity type are
      connected end-to-end. The ends of each transistor conduction path are
      connected to two different uncommitted contacts, with the adjacent ends of
      adjacent conduction paths being connected to the same contact. These
      contacts are uncommitted since their function is not defined until the
      final metallization step. The cell also includes a first power contact
      associated with said first plurality of transistors and a second power
      contact associated with said second plurality of transistors. The first
      power contact and the contacts for said first plurality of transistors
      form a pattern which is the mirror image of the pattern formed by said
      second power contact and the contacts for said second plurality of
      transistors with respect to a plane of symmetry lying between the first
      and second plurality of transistors.
PAR  In a preferred embodiment, the transistors of first and second conductivity
      type are disposed along a body of material having a surface. The
      transistors include spaced-apart, doped regions which are common to
      adjacent transistors of the same conductivity type. Two spaced-apart
      regions define the ends of the conduction path of a transistor. Contacts
      formed on said surface are connected to each of said doped regions, and
      additional contacts formed on said surface between said doped regions are
      the control electrodes of the transistors.
PAR  Also included in the preferred embodiment is a tunnel or doped region
      disposed along the plane of symmetry of the cell. The tunnel has access
      points to enable the interconnection of the components of a cell or cells
      with minimal metal runs.
DRWD
PAR  In the accompanying drawings, like characters denote like components; and
PAR  FIG. 1 is a top view of a variable identity cell embodying the invention;
PAR  FIGS. 2, 3, 4 and 5 are cross-sectional diagrams of portions of the cell of
      FIG. 1;
PAR  FIG. 6 is a schematic diagram of the active components of the cell of FIG.
      1;
PAR  FIG. 7A is a top view of a cell embodying the invention metallized to form
      a two-input NAND gate;
PAR  FIG. 7B is a schematic diagram corresponding to the gate of FIG. 7A;
PAR  FIG. 8A is a top view of a cell embodying the invention metallized to form
      a two-input NOR gate;
PAR  FIG. 8B is a schematic diagram corresponding to the gate of FIG. 8A;
PAR  FIG. 9A is a top view of a cell embodying the invention metallized to form
      a three-input NAND gate;
PAR  FIG. 9B is a schematic diagram corresponding to the gate of FIG. 9A;
PAR  FIG. 10A is a top view of a cell embodying the invention metallized to form
      a three-input NOR gate;
PAR  FIG. 10B is a schematic diagram corresponding to the gate of FIG. 10A; and
PAR  FIG. 11 is a top view of an LSI array of cells embodying the invention.
DETD
PAR  The invention is illustrated using insulated-gate field-effect transistors
      (IGFETs) of the enhancement type formed in bulk silicon. The IGFETs
      illustrated in the figures each have a metal gate overlying the oxide
      insulator and are knoown as metal-oxide-semiconductor (MOS) transistors.
      However, it is to be understood that instead of metal, polysilicon could
      be used, and the transistors could be formed on an insulator substate such
      as sapphire. It should also be understood that the invention may be
      practiced using any other suitable type of transistor--e.g., depletion
      type IGFETs, bipolar transistors, or junction field-effect devices.
PAR  To better understand the detailed discussion to follow, two points
      pertinent to IGFETs are listed below:
PAR  1. The IGFETs have a first region and a second region, referred to as the
      source and drain, defining the ends of a conduction path, and a control
      electrode (gate) whose applied potential determines the conductivity of
      the conduction path. For the P-type IGFET, the source region is defined as
      that one of the regions having the most positive potential applied
      thereto. For an N-type IGFET, the source region is defined as that region
      having the least positive potential applied thereto.
PAR  2. The IGFETs are bidirectional in the sense that current can flow in
      either direction in the conduction path and either region may be operated
      as a source or as a drain.
PAR  The illustrated invention makes use of these features to generate variable
      identity cells.
PAR  The layout of a cell 10 embodying the invention is illustrated in FIG. 1.
      Each cell includes a horizontal axis of symmetry (axis 11) on one side of
      which are formed the metal contacts and gates for two transistors (P1, P2)
      of P-conductivity type and on the other side of which are formed the metal
      contacts and gates for two transistors (N1, N2) of N-conductivity type. In
      addition, there are contacts (33 and 35) for supplying power to the cell
      and tunnel regions 37, 43, 43', 45 and 45' for interconnecting the
      components of the cell. Axis 11 defines the horizontal plane of symmetry
      of the cell. The contacts and tunnels on one side of the cell are mirror
      imaged on the other side of the cell when the cell is folded about axis
      11. Axis 9 defines the vertical axis of symmetry of the cell. The contacts
      on one side of axis 9 are mirror imaged on the other side when the cell is
      folded about axis 9.
PAR  Before examining FIG. 1 in detail, reference should be made to FIGS. 2 and
      3 which are cross-sections of parts of cell 10 of FIG. 1 and which
      illustrate the typical manufacture of transistors P1 and P2 and
      transistors N1 and N2, respectively.
PAR  FIG. 2 shows that the cell 10 includes a body of semiconductor material 58
      of first (N) conductivity type having a surface 60. Transistors P1 and P2
      of second (P) conductivity type are formed by diffusing spaced-apart,
      doped regions (62, 64, 66) of second conductivity type in the body 58 at
      the surface thereof. Regions 62 and 64 define the ends of the conduction
      path of transistor P1 and regions 64 and 66 define the ends of the
      conduction path of transistor P2. The spaced apart regions form the source
      and drain regions of the transistors.
PAR  In FIG. 3, transistors N1 and N2 are formed by diffusing a well region 68
      of P-conductivity type in the semiconductor body 58. Spaced apart regions
      70, 72 and 74 of N+ conductivity type are diffused within the well region
      at the surface thereof. Regions 70 and 72 define the ends of the
      conduction path of transistor N1 and regions 72 and 74 define the ends of
      the conduction path of transistor N2.
PAR  In FIGS 2 and 3, an insulator (oxide) layer 76 is formed on the surface 60
      of the semiconductor body 58. Electrodes 15, 19, 25 and 29, which may be
      of metal or other conductive material, are positioned over the space
      between two doped regions and function as gates or control electrodes. In
      this application, for ease of description, the gate electrode is also
      referred to as a contact. Source and drain electrodes (13, 17, 21, 23, 27
      and 31) are formed by means of conductive material which contact the
      source and drain regions through holes, in the oxide, located over the
      doped regions. These electrodes are referred to, herein, as contacts.
PAR  In FIGS. 2 and 3, each pair of transistors is shown having a common region
      (64, 72). But, it should be evident that each transistor of a pair could
      have two separate regions defining its source and drain, and one of the
      two regions of each transistor could then be connected in common to a
      single contact (e.g., 17).
PAR  Returning to FIG. 1, the center-to-center distance between contacts for the
      drains, sources and gates of the transistors is fixed, being equal to a
      distance, d, or an integral multiple thereof. The row of contacts for the
      P-type transistors includes contacts 13, 15, 17, 19 and 21. The row of
      contacts for the N-type transistors includes contacts 23, 25, 27, 29 and
      31. Contacts 13, 17 and 21 and contacts 23, 27 and 31 may function either
      as source or as drain electrodes depending on the polarity of the
      potential applied to the contacts and/or the final metallization of the
      cell. Contacts 13 and 23 are formed on the same vertical line; gate
      contacts 15 and 25 are formed on the same vertical line; contacts 17 and
      27 are formed on the same vertical line; contacts 19 and 29 are formed on
      the same vertical line; and contacts 21 and 31 are formeed on the same
      vertical line.
PAR  Contacts 33 and 35 are provided for the application thereto of operating
      potentials of +V.sub.d volts and -V.sub.s volts, respectively. As shown in
      FIG. 4, the operating potentials (+V.sub.d and -V.sub.s) are applied to
      the substrates in which the transistors are formed. Contacts 33 and 35
      make contact to the substrate regions over which they are formed by means
      of holes in the oxide layer overlying the substrate. Contacts 33 and 35 as
      well as the other contacts are of relatively high conductivity material
      and may be metal or polysilicon. The use of power contacts having limited
      surface area, as compared to power conductors running the length of the
      cell, enables the routing of metal for interconnecting the cell or parts
      of cells or one cell with other cells with little interference with the
      power conductors. As shown in FIG. 1, contact 33 is located above contact
      17, and contact 35 is located below contact 27. Contacts 33, 35, 17 and 27
      are on the same vertical line which marks the vertical center line of axis
      of symmetry of the cell.
PAR  Each cell includes five tunnels. The tunnels, one of which is shown in FIG.
      5, are diffused regions of N or P conductivity type extending below the
      surface of the array. The access holes for the tunnel regions are covered
      by metal to make contact to the diffused regions.
PAR  In FIG. 1 the access contacts to the tunnel regions are indicated by
      circles and the tunnels are shown by dashed lines. Tunnel region 37, of
      P-conductivity type, is located along axis 11 and has an access point or
      contact 39 on the same vertical line as contacts 13 and 23 and another
      access point or contact 41 on the same vertical line as contacts 21 and
      31. Tunnel region 37 is extremely important in enabling the end contacts
      (13 and 21, or 23 and 31) of one pair of transistors of a cell to be
      connected in common and/or to contacts of the other pair of transistors of
      a cell without extensive metal runs. Two additional tunnel regions 43 and
      43' of P-conductivity material ae formed above and on the same vertical
      line as contacts 13 and 21, respectively. Two tunnel regions 45 and 45'
      are formed below and on the same vertical line as contacts 23 and 31,
      respectively. The tunnels provide means for interconnecting elements of
      the cell or cells without the necessity of long metal runs over the
      surface of the array or cell. That is, the tunnels are cross-overs or
      cross-unders which enable the equivalent of two levels of
      interconnections. It should be understood that the tunnel regions could be
      of any conductivity type and may be polysilicon or metal.
PAR  The standard cell 10 thus includes a fixed metal pattern forming the gate,
      source and drain contacts as well as the power contacts and the contacts
      for accessing the tunnel regions.
PAR  FIG. 6 illustrates, schematically, the active elements comprising each
      cell. Each cell includes two insulated-gate field-effect transistors
      (IGFETs) of P-type conductivity (P1, P2) and two IGFETs of N-type
      conductivity (N1, N2). Each IGFET has a conduction path whose two ends are
      defined by source and drain regions (S/D) and a control electrode.
      Transistor P1 is connected at one end of its conduction path to contact 13
      and at the other end of its conduction path to contact 17, and at its gate
      to contact 15. Transistor P2 is connected at one end of its conduction
      path to contact 17, at the other end of its conduction path to contact 21,
      and at its gate to contact 19. Transistor N1 is connected at one end of
      its conduction path to contact 23, at the other end of its conduction path
      to contact 27, and at its gate to contact 25. Transistor N2 is connected
      at one end of its conduction path to contact 27, at the other end of its
      conduction path to contact 31 and at its gate to contact 29. In addition,
      as shown, each cell includes contacts 33 and 35 for the application
      thereof of +V.sub.d volts and -V.sub.s volts, respectively.
PAR  Contacts 33 and 35 are committed, i.e., their functions as power terminals
      are defined. The gate contacts are also committed in the respect that they
      always function as control electrodes.
PAR  The source/drain contacts are uncommitted in that the functions of these
      regions is not defined until an interconnection pattern is imposed on the
      cell. That is, these contacts may function either as source or as drain
      regions depending on how or where they are connected, as detailed below.
PAR  For example, as shown in FIGS. 2, 3 and 6, contact 17 may be connected to
      contact 33, in which event contact 17 functions as the source electrode
      and region 64 functions as the source regions of transistors P1 and P2.
      Regions 62 and 66 and contacts 13 and 21 then function as the drain
      regions and drain contacts, respectively, of transistors P1 and P2.
      Alternatively, contact 13 may be connected to contact 33, in which event
      region 62 and contact 13 function as the source and source contact,
      respectively, of transistor P1. Region 64 then functions as the drain of
      transistor P1 and as the source of transistor P2, and region 66 functions
      as the drain of transistor P2. Alternatively, contact 21 may be connected
      to contact 33 in which event region 66 functions as the source of
      transistor P2, region 64 functions as the drain of transistor P2 and the
      source of P1, and region 62 functions as the drain of transistor P1.
      Further still, contacts 13 and 21 may be connected in common, with contact
      17 connected to or disconnected from contact 33 whereby the conduction
      paths of transistors P1 and P2 are connected in parallel.
PAR  Similarly, contact 27 may be connected to contact 35, in which event region
      72 and contact 27 function as the sosurce regions and the source
      electrode, respectively, of transistors N1 and N2, and regions 70 and 74
      function as the drain regions of transistors N1 and N2, respectively.
      Contacts 23 and 31 are then the drain electrodes of transistors N1 and N2,
      respectively. Alternatively, contact 23 may be connected to contact 35, in
      which event region 70 functions as a source of transistor N1, region 72
      functions as the drain of transistor N1 and as the source of transistor
      N2, and region 74 functions as the drain of transistor N2. Alternatively,
      contact 31 may be connected to contact 35, in which event region 74
      becomes the source electrode of transistor N2, region 72 becomes the drain
      of transistor N2 and source of transistor N1, and region 70 becomes the
      drain of transistor N1. Also, as for the P-type devices, the transistors
      may be interconnected without connection to a power contact. The
      conduction paths of transistors N1 and N2 may be connected in parallel by
      connecting contact 23 to contact 31. A signal may then be applied to
      terminal 27 and an output derived from contact 23 and 31.
PAR  It will now be shown that the transistors of one cell may be interconnected
      with each other or with transistors of other cells to perform a
      multiplicity of logic functions.
PAR  FIG. 7A shows a cell interconnected to form a two-input NAND gate. The
      custom metallization pattern is indicated by solid black lines. In FIG.
      7A, contact 17 is connected to contact 33 and functions as the source
      electrode of transistors P1 and P2. Contacts 13 and 21 which function as
      the drain electrodes of transistors P1 and P2 are connected to opposite
      ends of tunnel region 37. Transistors P1 and P2 are thus connected in
      parallel. End 41 of tunnel 37, labelled E, is connected to contact 31
      which functions as the drain electrode of transistor N2. The gate contacts
      15 and 25 are connected in common, and a signal labelled A is applied
      thereto. Gate contacts 19 and 29 are connected in common, and a signal
      labelled B is applied thereto. Contact 23 is connected to contact 35 and
      functions as the source electrode of transistor N1. Contact 27 functions
      as the drain electrode of transistor N1 and as the source electrode of
      transistor N2. It should be appreciated that tunnel 37 enables contacts
      13, 21 and 31 to be interconnected with three short metal runs.
PAR  FIG. 7B is the schematic equivalent of the circuit shown in FIG. 7A. In
      FIG. 7B the conduction paths of transistors P1 and P2 are connected in
      parallel between contact 33 and output terminal E and the conduction paths
      of transistors N1 and N2 are connected in series between output terminal E
      and contact 35. The gates of transistors P1 and N1 are connected in
      common, and the gates of transistors P2 and N2 are connected in common.
PAR  In the discussion of the operation of this and the other circuits to
      follow, positive logic is used to define the logic functions. That is, the
      most positive signal level (+V) is defined as a logic "1" or high, and the
      most negative signal (-V) is defined as the logic "0" or low. For ease of
      description +V.sub.d is assumed equal to +V and -V.sub.s is assumed equal
      to -V.
PAR  In FIG. 7B a signal A is applied to the gates of transistors P1 and N1 and
      a signal B is applied to the gates of transistors P2 and N2. Assume also
      that +V volts is applied to contact 33 and -V volts is applied to contact
      35. The signal at output terminal E will be "high" if either one or both
      of signals A and B are "low" and will be low, if, and only if, both A and
      B are high. The circuit of FIG. 7A and 7B is thus a two-input NAND gate.
PAR  Rotating or mirroring the custom metallization pattern of FIG. 7A about
      horizontal axis 11 produces the interconnections shown in FIG. 8A. In FIG.
      8A the cell is interconnected to form a two-input NOR gate. Contact 13
      connected to contact 33 functions as a source electrode. As in FIG. 7A
      gates 15 and 25 are connected in common, and gates 19 and 29 are connected
      in common. Contact 17 functions as the drain electrode of transistor P1
      and the source electrode of transistor P2. Contact 21 functions as the
      drain electrode of transistor P2 and is connected by metal to contact 31
      and by means of tunnel 37 to contact 23. Contact 37 is connected to
      contact 35. Thus, as illustrated in FIG. 8B which is the schematic
      equivalent of FIG. 8A, transistors P1 and P2 are now connected in series
      between terminals 33 and 41 (E) and transistors N1 and N2 are now
      connected in parallel between terminals 41 and 35.
PAR  Structurally, by rotating the metallization pattern, those components that
      were in parallel in FIGS. 7A and 7B are connected in series in FIGS. 8A
      and 8B and those components that were connected in series in FIGS. 7A and
      7B are connected in parallel in FIGS. 8A and 8B. It is important to note,
      therefore, that due to the symmetry of the cell, a single metallization
      mask can be used to generate the two different interconnection patterns.
PAR  In the circuit of FIGS. 8A and 8B the output signal present at terminal E
      is high if, and only if, A and B are low. If either one or both of signals
      A and B are high, the output at E is low. Functionally, the circuit of
      FIGS. 8A and 8B is a two-input NOR gate. The NOR function is the
      functional dual of the NAND function. Thus, due to the symmetry of the
      cell, a metallization pattern of the cell producing a given function
      (NAND) may be rotated about the horizontal axis of symmetry of the cell to
      produce the dual (NOR) of the given function.
PAR  FIGS. 9 and 10 illustrate the more than one cell and/or that parts of a
      cell can be metallized to produce a logic gate and that the metallization
      pattern producing a given function can be rotated about the axis of
      symmetry of the cell or cells to produce a function related to the given
      function.
PAR  FIGS. 9A and 9B depict the layout and the equivalent schematic diagram,
      respectively, for producing a three-input NAND gate. Referring to FIG. 9A,
      it may be seen that a cell 10 and a portion of a second cell 10a are
      interconnected to form the three-input NAND gate. The elements of cell 10a
      corresponding to those of cell 10 are like numbered with the addition of
      the reference character a. In addition to providing parts for the
      three-input NAND gate, the remainder of cell 10a may be used to form a
      complementary inverter I1. Inverter I1 includes transistors P2a and N2a
      having their source drain paths connected in series between contacts 33a
      and 35a and having their gates 19a, 29a connected in common. Contacts 17
      and 17a are connected to contacts 33 and 33a, respectively. Contacts 17
      and 17a function as the source electrodes for transistors P1, P2 and P1a.
      Contacts 13 and 21 are connected in common and contact 13a, which
      functions as the drain electrode of transistor P1a, is connected by a
      metal run to contact 21. Transistors P1, P2 and P1a are, therefore,
      connected in parallel between contacts 33, 33a and output terminal 41
      labelled E. Transistors N1, N2 and N1a have their conduction paths
      connected in series between tunnel terminal 39 and contact 35a. This is
      achieved by connecting contact 31 to contact 23a and connecting contact
      27a to contact 35a. FIG. 9B is the schematic equivalent of the
      interconnections shown on FIG. 9A. Transistors P1, P2 and P1a have their
      conduction paths connected in parallel between the positive power terminal
      and the output terminal 39. For purpose of the schematic, terminals 39 and
      41 are considered to be the same point, and contacts 35 and 35a or 33 and
      33a may be considered the same points. Transistors N1, N2 and N1a have
      their conduction paths connected in series between the output terminal 39
      and the negative power terminal 35a. In addition, FIG. 9B shows inverter
      I1 which is independent of the NAND gate. Assume signals A, B and C to be
      applied to gates 15 and 25, 19 and 29 and 15a and 25a, respectively. The
      output signal E may then be expressed as E = ABC.
PAR  Rotating the custom metal interconnections of FIG. 9A about the horizontal
      axis of symmetry 11 produces the metal interconnection shown in FIG. 10A.
      In the layout of FIG. 10A, contacts 27 and 27a are connected to contacts
      35 and 35a, respectively. Contact 23a is connected to contact 31, and the
      latter is connected in common with contact 23 by means of tunnel 37. Thus,
      as shown in FIG. 10B, transistors N1, N2 and N1a are connected in parallel
      between power contact(s) 35, 35a and the output terminal(s) 39, 41.
      Contact 17a is connected to contact 33a and contact 13a is connected to
      contact 21 with contact 13 connected to contact 39. Transistors P1a, P2
      and P1 are therefore connected in series as shown in FIG. 10B. In
      addition, in FIG. 10B, contacts 19a and 29a are connected in common and
      contacts 21a and 31a are connected in common as shown previously in FIG.
      9A. Thus, the inverter I1 of FIGS. 10A and 10B is identical to the one
      shown in FIGS. 9A and 9B.
PAR  Assume as before that signals A, B and C are applied to the gates 15 and
      25, 19 and 29 and 15a and 25a, respectively. The output signal at terminal
      39, 41 may then be expressed as E = A+B+C. As is well known, the circuit
      of FIG. 10B is that of a three-input NOR gate and the NOR function is the
      functional dual of the NAND function.
PAR  Rotating the custom metal pattern about the horizontal axis of symmetry
      causes those transistors that were connected in parallel in FIG. 9 to be
      connected in series in FIG. 10 and those transistors that were connected
      in series in FIG. 9 to be connected in parallel in FIG. 10. Furthermore,
      here again, a metallization pattern producing a given function produces
      the dual of the given function when rotated about the horizontal axis of
      symmetry of the cell.
PAR  It should also be noted that the custom metallization pattern of a cell may
      be rotated about the vertical axis of symmetry without causing any change
      in the function of the cell. This is evident from the examination of FIGS.
      1, 7A and 8A. In FIGS. 9A and 10A rotating the metallization pattern about
      the vertical plane of symmetry lying between the two cells again causes no
      change in the functions performed by the cell but causes an inversion of
      the input and output points of the cells.
PAR  The role of the tunnel 37 is of great importance in enabling the
      interconnection of the components of the cell. That is, components on the
      same side of the horizontal axis of symmetry may be interconnected through
      the tunnel or, components on opposite sides of the horizontal axis of
      symmetry may be interconnected by means of very short metal runs. Also, as
      seen in FIGS. 7, 8, 9, 10, either end of the tunnel region may be used as
      an output terminal.
PAR  The simple and symmetrical layout of the components of the cell, including
      the contacts for the transistors, the operating potential and the tunnels
      enable a single custom metal mask to be used to produce a given function
      and functions related to the given function by the simple expedient of
      rotating the metal mask about the vertical or horizontal axes of symmetry.
PAR  It should be noted that the vertical tunnels 43, 43', 45 and 45' are useful
      in applying signals to cells and in coupling adjacent cells. Signals may
      be applied to elements of the cell by means of tunnels 43 and 43' or
      tunnels 45 and 45'. For example, in FIG. 9A, signals A and B are applied
      to one of the ends of tunnels 43 and 43', respectively, and the other ends
      of tunnels 43 and 43' are connected to contacts 17 and 19, respectively.
      Similarly, signal C is applied to one end of tunnel 45a and the other end
      of tunnel 45a is connected to contact 25a.
PAR  It should also be noted that the vertical tunnels (43, 43', 45, 45') enable
      the coupling of signals from one row to the other in a vertical direction.
      For example, in FIG. 9A, a signal Z may be applied to one end of tunnel
      45a'. The other end of tunnel 45a' is connected to contact 29a which, in
      turn, is connected to contact 19a. Contact 19a is connected to one end of
      tunnel 43a'. The signal Z is thus available at the other end of tunnel
      43a' and may be routed to any other circuit on the array.
PAR  Considerable benefit is obtained in LSI arrays employing the standard cell
      of the invention. FIG. 11 shows an array of cells 10 arranged in rows and
      columns. Adjacent rows of cells are the mirror image of each other.
      Between the chip periphery 100 and the power bus lines 112, 114 is a space
      for forming bonding pads and various interface or load circuits. The
      operating potential (+V and -V) may be applied to pads 116 and 118 which
      are connected to the bus lines. In practice, there are many available pads
      around the chip and the most convenient selection is made for
      interconnecting the bus lines to pads. The operating potential is then
      distributed from the bus lines to the various cells by means of tunnels
      120, 122, 120a, 122a (as shown by dashed lines in FIG. 11) connected
      between the bus lines and regions such as substrate regions 58 and P-well
      regions 68 shown in FIGS. 3 and 4. An examination of the layout of the
      array indicates that, due to the power distribution system, which uses the
      substrates 58, 68 and power contacts, virtually the whole surface area of
      the array is available for cell interconnection without interference with
      or from power lines.
PAR  Another feature of the invention is that a uniform grid structure is
      employed for routing the metal. That is, the masks on which are drawn the
      fixed and custom metal interconnections include imaginary grid lines of
      the type shown external to the cells in FIGS. 1, 7A, 8A, 9A and 10A. These
      "imaginary" grid lines which are spaced apart by a distance d determine
      the paths along which metal interconnections are routed and define the
      grid structure. The cell, as manufactured, does not have actual grid lines
      formed on the surface thereof. But, the metal interconnections follow
      lines corresponding to the imaginary grid lines. All the device access
      points have their centers positioned over a grid line. Thus, as mentioned
      above, the center line distance between contacts in the cells are spaced
      apart by a distance, d, or by an integral multiple thereof both vertically
      and horizontally. This rule is extended to include the metal runs. That
      is, the metallization pattern is such that the center distance between any
      two metal lines is made equal to d, or an integral multiple of d, where d
      is the minimum space between the center lines of two adjacent contacts.
      Applying this rule to the metallization pattern helps to achieve the high
      degree of symmetry and ensures that computer programming for routing the
      custom metal is made simple.
PAR  A uniform grid structure for metal routing eliminates the possibility of
      having two metal runs spaced too closely. It also allows each of layout
      and checking.
PAR  The grid structure used, allows a given metal interconnect pattern to be
      implemented more than one technology. Since the metal interconnect pattern
      uniquely identifies a given logic design, this allows the same design to
      be implemented, for example in SOS (silicon-on-sapphire) without any
      redesign.
PAR  The layout of the array alloows expansion and contraction of the chip size
      and logic cell count by the simple means of removing or adding rows or
      columns of devices. For example, a row may be removed from the array or a
      column of elements may be removed from the array.
PAR  Due to the uniform patterning of devices, standard logic functions can be
      defined as shown, for example, in FIGS. 7 through 10. These logic cells
      can be made into decals with adhesive backing which allow the designer to
      paste the decals on a layout form and draw metal lines with a pencil to
      implement an LSI design.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cell having a surface on which are formed contacts adapted to receive
      different interconnection patterns for producing different functions, said
      cell comprising:
PA1  a first plurality of transistors of first conductivity type, and a second
      plurality of transistors of second conductivity type; each one of said
      transistors having first and second regions defining the ends of a
      conduction path and a control electrode for controlling the conductivity
      of the conduction path; the first and second regions of the transistors of
      said first conductivity type being physically located to have their
      conduction paths lying end-to-end, and the first and second regions of the
      transistors of said second conductivity type being physically located to
      have their conduction paths lying end-to-end;
PA1  a first set of said contacts, connected to the first and second regions of
      said first plurality of transistors;
PA1  a second set of said contacts connected to the first and second regions of
      said second plurality of transistors; the first and second regions of each
      transistor being connected to different contacts, with adjacent
      transistors of the same conductivity type having a common region connected
      to a contact;
PA1  two additional contacts, one being designated as a first power contact and
      the other being designated as a second power contact for the application
      therebetween of an operating potential for the cell, said first and second
      power contacts being associated with and disposed adjacent to and apart
      from said first and second sets of contacts, respectively; and
PA1  said first power contact and the contacts for said first plurality of
      transistors forming a pattern which is the mirror image of the pattern
      formed by said second power contact and the contacts for said second
      plurality of transistors with respect to a plane of symmetry lying between
      said first and second plurality of transistors.
NUM  2.
PAR  2. The cell as claimed in claim 1 wherein said transistors are
      insulated-gate field-effect transistors (IGFETs) and wherein said first
      conductivity type is one of N and P conductivity type and said second
      conductivity type is the other of said N and P conductivity type.
NUM  3.
PAR  3. The cell as claimed in claim 2 wherein the center lines of the contacts
      in each set of contacts are spaced apart by a given distance or by a
      multiple of said given distance.
NUM  4.
PAR  4. A cell having conductive contacts adapted to receive different
      interconnection patterns for producing different functions, comprising:
PA1  a body of material having a surface;
PA1  a first plurality of transistors of first conductivity type, each having
      two spaced apart doped regions of said first conductivity type, disposed
      along said surface, defining the ends of the conduction path of a
      transistor and a control electrode overlying the space between said two
      regions; a second plurality of transistors of second conductivity type,
      each including two spaced apart doped regions of second conductivity type,
      disposed along said surface, defining the ends of the conduction path of a
      transistor and a control electrode overlying the space between said two
      doped regions;
PA1  a first set of said conductive contacts disposed along said surface for
      contacting said spaced apart regions of said first plurality of
      transistors, and a like set of said conductive contacts disposed along
      said surface for contacting said spaced apart regions of said second
      plurality of transistors;
PA1  two additional ones of said conductive contacts designated as first and
      second power contacts; said first and second power contacts being spaced
      apart and disposed along said surface of said body for the application
      therebetween of an opeating potential for said cell, said first power
      contact being located adjacent to and apart from said first plurality of
      transistors, and said second power contact being located adjacent to and
      apart from said second plurality of transistors; and
PA1  said first power contact and the contacts for said first plurality of
      transistors being arranged to form a pattern which is the mirror image of
      the pattern formed by said second power contact and the contacts for said
      second plurality of transistors with respect to a plane of symmetry lying
      between said first and second plurality of transistors.
NUM  5.
PAR  5. The cell as claimed in claim 4 further including a tunnel comprising a
      doped region disposed along said surface and extending along said plane of
      symmetry, said tunnel region having two access points, one access point
      being adjacent to contacts near one end of the cell, and the other access
      point being adjacent to contacts near the other end of the cell.
NUM  6.
PAR  6. The cell as claimed in claim 4 wherein said transistors are
      insulated-gate field-effect transistors and wherein each one of said
      transistors of first conductivity type is one of N and P conductivity
      type, and, wherein, each one of said transistors of second conductivity
      type is of the other one of said N and P conductivity type.  pg,28
NUM  7.
PAR  7. The cell as claimed in claim 4, wherein said body of material includes a
      semiconductor substrate of first conductivity type;
PA1  wherein said spaced apart regions of said transistors of second
      conductivity type are regions of second conductivity type diffused in said
      substrate of first conductivity type;
PA1  wherein there is formed at least one well region of second conductivity
      type within said substrate;
PA1  wherein the spaced apart regions of any transistor of said first
      conductivity type are regions of first conductivity type diffused in said
      well region;
PA1  wherein said first conductivity type is one of N and P conductivity type,
      and wherein said second conductivity type is the other one of said N and P
      conductivity type; and
PA1  wherein each of said transistors has an insulator formed over the region
      between the source and drain regions thereof, and a gate electrode over
      the insulator.
NUM  8.
PAR  8. The cell as claimed in claim 7, wherein each one of said first and
      second plurality of transistors is comprised of a pair of transistors, and
      wherein each pair of transistors includes first, second and third ones of
      said spaced apart regions with a first control electrode over the space
      between said first and second region, and a second control electrode over
      the space between said second and third regions; and
PA1  wherein each one of said sets of contacts includes a first contact for said
      first region, a second contact for said second region, and a third contact
      for said third region.
NUM  9.
PAR  9. The cell as claimed in claim 8, wherein the center lines of the contacts
      of each set of contacts are equally spaced apart.
NUM  10.
PAR  10. The cell as claimed in claim 8 further including a tunnel comprising a
      doped region disposed along said surface and extending along said plane of
      symmetry, said tunnel region having two access points, one access point
      being adjacent to said first contact, and the other access point being
      adjacent to said third contact.
NUM  11.
PAR  11. The cell as claimed in claim 10 further including additional tunnels,
      one of said additional tunnels including a region of second conductivity
      type diffused in said substrate of first conductivity type and another one
      of said additional tunnels including a region of first conductivity type
      diffused in said well region of second conductivity type.
NUM  12.
PAR  12. The cell as claimed in claim 10 wherein said tunnel region is a
      diffused region of second conductivity type formed in said substrate of
      first conductivity type.
NUM  13.
PAR  13. The cell as claimed in claim 4 wherein said first and second power
      contacts are connected to the substrate region in which the transistors
      with which they are associated are formed.
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PAL  A semiconductor device comprising a semiconductor body portion having a
      shallow surface layer which is higher doped than the bulk of the
      semiconductor body portion, and a metal electrode on this layer and
      forming a Schottky barrier with the body portion. The layer serves to
      control the effective height of the barrier. The depth of the layer is
      such that the layer is substantially depleted of charge carriers in the
      zero bias condition whereby the slope of the reverse current-voltage
      characteristic of the barrier below break-down is determined by the doping
      of the bulk of the body portion substantially independently of the
      presence of the layer. Depending on the conductivity type of the layer
      relative to the bulk, the barrier can be higher or lower than that which
      would be formed in the absence of this layer. By providing the layer by
      implantation good control of the doping and hence of the barrier height
      can be obtained. Applicable to both discrete Schottky diodes and Schottky
      barriers in integrated circuits.
BSUM
PAR  This invention relates to a semiconductor device comprising a semiconductor
      body having a shallow surface layer which has a higher doping level than
      the underlying semiconductor body portion, and a metal electrode on the
      shallow surface layer and forming a Schottky barrier with the
      semiconductor body, the shallow surface layer serving to control the
      effective height of the barrier. The invention further relates to a method
      of manufacturing such a semiconductor device.
PAR  Schottky barrier technology is fulfilling an increasingly important role in
      semiconductor devices and circuits, for example for microwave and power
      Schottky diodes, for so-called "Schottky-clamped T.T.L."
      (transistor-transistor logic circuits), and for so-called
      "Integrated-injection logic" circuits (I.sup.2 L).
PAR  The height of a Schottky barrier is determined by the difference in work
      functions of the semiconductor and metal forming the barrier. At present,
      when different barrier heights are required for different circuit
      applications, different metals are chosen. However, this can be
      disadvantageous. Some metals are reactive or difficult to etch. Some
      metals, for example aluminum, may be desirable for use in monolithic
      integrated circuit technology but may form an undesirable barrier height
      for the circuit.
PAR  It is known that the height of Schottky barriers formed on non-highly doped
      semiconductor body portions (for example n-type silicon having a doping of
      the order of 10.sup.15 donor atoms/cm.sup.3) is substantially independent
      of the level of doping. However, if the doping is increased to a high
      level, for example approximately 5 .times. 10.sup.17 dopant atoms/cm.sup.3
      the effective barrier height is decreased and varies with applied voltage.
      This is thought to be caused by tunnelling of charge-carriers across the
      barrier which is narrowed as a result of the greater bending of the
      semiconductor energy bands adjacent the metal layer due to the increased
      semiconductor doping. However, the reverse characteristic of such a
      barrier of decreased height is seriously degraded. The reverse break-down
      voltage of the barrier is lowered considerably by the increased
      semiconductor doping, and may be only a few volts. The reverse current
      before break-down is no longer substantially constant but increases with
      applied voltage as the effective barrier height decreases.
PAR  It should be noted that Schottky barriers have been made by providing a
      metal electrode on a dopant-implanted semiconductor body portion. In this
      connection reference is invited to the article "Device Fabrication by Ion
      Implantation" by A.U. MacRae in Radiation Effects 1971 Vol. 7 pages 59 to
      63, and to the article "Low-Power Bipolar Transistor Memory Cells", by D.
      A. Hodges et al, in I.E.E.E. Journal of Solid-State Circuits, Vol. SC-4,
      No. 5, October 1969, p-280 - 284. The latter-mentioned article describes
      the use of a low-barrier Schottky diode formed by rhodium silicide on an
      implanted p-type silicon body portion. This body portion has a depth of
      0.65 microns (6,500A) and is formed as a p-type well by boron implantation
      into the n-type epitaxial layer of the monolithic integrated circuit. The
      well has a surface doping of 5 .times. 10.sup.16 atoms/cm.sup.3 and a peak
      doping of 10.sup.17 atoms/cm.sup.3. This low-barrier Schottky diode has a
      degraded reverse characteristic as described in the previous paragraph of
      this Specification and as shown in FIG. 2 of the said article, the leakage
      current being highly dependent on the magnitude of the reverse voltage.
      The increase of reverse current with applied voltage is used to provide a
      compact 20 k.ohm resistor function passing a current of 50 micro.Amps at 1
      volt.
PAR  It is an object of the present invention to change the effective height of
      a Schottky barrier for a given metal-semiconductor system without
      seriously degrading the reverse characteristics of that metalsemiconductor
      barrier.
PAR  According to a first aspect of the present invention, there is provided a
      semiconductor device comprising a semiconductor body having a shallow
      surface layer which has a higher doping level than the underlying
      semiconductor body portion, and a metal electrode on the shallow surface
      layer forming a Schottky barrier with the semiconductor body, the shallow
      surface layer serving to control the effective height of the barrier,
      characterized in that the depth of the shallow surface layer is such that
      the layer is substantially depleted of charge carriers in the zero bias
      condition as a result of which the slope of the reverse current-voltage
      characteristic (which is the impedance in the reverse bias condition) of
      the barrier below break-down is determined by the doping of the said
      semiconductor substitute body portion substantially independently of the
      presence of the said shallow surface layer.
PAR  The higher doping level of the shallow surface layer may be either of the
      same conductivity type as the doping of the said semiconductor body
      portion or of opposite conductivity type to the doping of the said
      portion. The terms "doping", "doped" and "dopants" used in this
      Specification relate to conductivity-type determining impurity atoms,
      either donor or acceptors.
PAR  The Schottky barrier of such a device, when compared with the Schottky
      barrier which the metal electrode would form with the said semiconductor
      body portion in the absence of the shallow surface layer, has an increased
      or decreased effective barrier height, depending on the relative
      conductivity types of the shallow surface layer doping and the doping of
      the semiconductor body portion and has a reverse characteristic which is
      not seriously degraded by the presence of the shallow surface layer. Thus,
      although in general the magnitude of the reverse current is changed, the
      slope of the reverse current-voltage characteristic is not significantly
      different and the reverse break-down voltage is not seriously reduced. The
      change of effective barrier height in accordance with the present
      invention is achieved by controlling the electric field at the surface of
      the semiconductor. The magnitude of this surface field is controlled
      substantially by the total number of effectively active dopant atoms in
      the shallow surface layer. It should be stressed that the physical
      mechanism involved is quite different from that which causes slight
      variations in barrier height due to changing the number of surface states
      at the metal-semiconductor interface, for example by cleaning the
      semiconductor surface prior to providing the metal electrode.
PAR  Such Schottky barriers of devices in accordance with the invention are
      useful in different device contexts. Thus, in discrete Schottky diodes or
      in integrated circuit devices such as logic circuits which include
      integrated Schottky barriers, the effective barrier height of a particular
      technology desirable metal-semiconductor barrier combination can be
      adjusted to a more desirable value for the circuit application. The
      magnitude of the reverse leakage current below break-down is controllable
      by controlling the doping of the shallow surface layer and can be used to
      provide a substantially constant current source. In high power Schottky
      barrier rectifiers a decreased effective barrier height for a given
      metal-semiconductor combination can assist in reducing drop. Furthermore,
      a decreased effective barrier height due to the presence of the shallow
      surface layer may assist in reducing burn-out in high power Schottky
      diodes. In this latter case, it is thought that when a local hot spot
      occurs in the diode and the metal of the electrode locally penetrates
      through the said shallow surface layer to the said bulk, the barrier
      height at this hot spot becomes higher than the decreased effective
      barrier height elsewhere, so effecting local switch-off at the hot spot.
PAR  Preferably the doping level of the semiconductor body portion is
      sufficiently low, for example at most of the order of 10.sup.15 dopant
      atoms/cm.sup.3, that the reverse current saturates to a substantially
      constant value with voltage below breakdown.
PAR  The more highly doped surface layer is so shallow as to be substantially
      depleted of charge carriers in the zero bias condition of the barrier.
      Preferably, the depth of the shallow surface layer may be at most 150 A
      (0.015 microns). Such shallow layers can be formed in a controllable
      manner with substantially uniform depth by implantation. It will be noted
      that such layers are more than forty times shallower than the p-type
      implanted well which is described in the said article in IEEEJ of Solid
      State Circuits SC4 (1969) p. 280 - 284.
PAR  By controlling the degree of doping of the shallow surface layer, the
      degree by which the barrier height can be lowered or raised is readily
      controlled. Preferably, the doping level of the shallow surface layer may
      be at least 5 .times. 10.sup.17 dopant atoms/cm.sup.3 and is preferably at
      least two orders of magnitude higher than the doping level of the said
      semiconductor body portion.
PAR  The effective barrier height can be readily changed by at least 0.15 eV.
      Thus, for example, it may be lowered by more than 0.2 eV. To achieve this
      same degree of lowering by merely increasing the doping of the
      semiconductor body portion would be difficult, as in general such a high
      doping would be required that the barrier would have a very low break-down
      voltage, for example of approximately one volt for a metalsilicon barrier.
      However, in accordance with the present invention, the height of nickel on
      n-type silicon Schottky barriers has been lowered by as much as 0.3 eV
      while maintaining a break-down voltage of above 35 volts.
PAR  When the doping of the shallow surface layer is of the same conductivity
      type as the semiconductor body portion the effective barrier height is
      lower than the height of the barrier which the said metal electrode would
      form with the semiconductor body portion in the absence of the said
      shallow surface layer. This lowering of barrier height is thought to
      result from both tunnelling and image force lowering. In the former case,
      due to the higher doping and shallow depth of the shallow surface layer,
      the semiconductor energy bands are steeply curved adjacent the metal
      electrode so that the barrier is narrow enough for tunnelling of charge
      carriers.
PAR  When the doping of the shallow surface layer is of opposite conductivity
      type to that of the semiconductor body portion, the effective barrier
      height is higher than the height of the barrier which the said metal
      electrode would form with the semiconductor body portion in the absence of
      the said shallow surface layer. This increase in effective barrier height
      results from a diffusion potential between the opposite conductivity type
      areas in series with the barrier.
PAR  According to a second aspect of the present invention there is provided a
      method of manufacturing a semiconductor device comprising the provision of
      a Schottky barrier of predetermined barrier height, between a metal
      electrode and a semiconductor body portion, in which, by using ion
      bombardment, dopant is implanted in the body portion to form a shallow,
      higher doped, surface layer where the said Schottky barrier is to be
      formed, characterized in that the ion dose is chosen to provide the
      required higher doping level of the shallow surface layer for controlling
      the value of the effective height of the barrier, the ion energy being
      chosen to provide the depth of the shallow surface layer such that the
      layer is substantially depleted of charge carriers in the zero bias
      condition of the barrier as a result of which the slope of the reverse
      current-voltage characteristic (which is the impedance in the reverse bias
      condition) of the barrier below break-down is determined by the doping of
      the said semiconductor body portion substantially independently of the
      presence of the said shallow surface layer.
PAR  The dopant may be implanted in the body portion (recoil implantation) from
      a layer comprising the dopant, which dopant layer is provided on the
      surface of said body portion and is bombarded with ions to effect the
      recoil implantation.
PAR  However, the ion bombardment may be of ions of the dopant which are
      implanted in the body portion. The dopant ion dose is chosen in accordance
      with the required barrier height and may be of the order of 10.sup.12
      dopant ions/cm.sup.2. The doping level of the shallow surface layer formed
      by ion implantation can be estimated from the ion dose and the depth of
      the shallow surface layer which is determined by the range in the
      semiconductor material of the ions of the particular energy chosen. For
      ion doses of 10.sup.12 to 10.sup.13 dopant ions/cm.sup.2 implanted to form
      a shallow surface layer having a depth of at most 150 A the doping level
      of the layer formed is of the order of approximately 10.sup.18 to
      10.sup.19 dopant atoms/cm.sup.3. This is considerably higher than the
      doping levels typically chosen for the said semiconductor body portion,
      usually of the order of 10.sup.15 dopant atoms/cm.sup.3.
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PAR  Other features of methods in accordance with the present invention will be
      evident from the previous description of a semiconductor device in
      accordance with the invention and from the following specific description
      of various embodiments of the first and second aspects of the invention.
      These embodiments will now be described, by way of example, with reference
      to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic representation of the reverse characteristics of a
      conventional Schottky barrier, a Schottky barrier having a height reduced
      as a result of increased doping of the semiconductor body, and a Schottky
      barrier in accordance with the present invention;
PAR  FIG. 2 is a diagrammatic sectional view of a semiconductor body during the
      manufacture of a Schottky barrier device in accordance with the present
      invention and using ion implantation;
PAR  FIG. 3 is a diagrammatic sectional view of a semiconductor body during the
      manufacture of a Schottky barrier device in accordance with the present
      invention and using recoil implantation;
PAR  FIG. 4 is a diagrammatic sectional view of a Schottky barrier device in
      accordance with the present invention;
PAR  FIG. 5 is a diagrammatic sectional view of a semiconductor body during the
      manufacture of another Schottky device in accordance with the present
      invention;
PAR  FIG. 6 is a graph showing part of the forward and reverse characteristics
      of various nickel on n-type silicon Schottky barriers manufactured using
      the process illustrated in FIGS. 2 and 4.
PAR  FIG. 7 is a graph showing the increase and decrease of effective barrier
      height as a function of implanted ion dose;
PAR  FIG. 8 is a graph showing part of the forward and reverse characteristics
      of various nickel on p-type silicon Schottky barriers manufactured using
      the process illustrated in FIG. 5, and
PAR  FIG. 9 is a diagrammatic sectional view of a semiconductor body of a
      further Schottky barrier device in accordance with the present invention.
DETD
PAR  In the representation of FIG. 1, I.sub.R denotes the reverse current in
      Amps which flows across the barrier with applied reverse voltage V.sub.R
      in volts. Curve 1 represents the reverse-characteristic of a conventional
      Schottky barrier diode. An example of such a barrier is a nickel electrode
      on an n-type epitaxial layer having a donor doping of approximately 5
      .times. 10.sup.14 donor atoms/cm.sup.3. Such a conventional Schottky
      barrier has a high breakdown voltage V.sub.BI, for example of
      approximately 60 volts. Below break-down the reverse current saturates to
      a substantially constant low value, for example of approximately 90 nano
      Amps. Such a conventional nickel on n-type silicon Schottky barrier has a
      barrier height of approximately 0.59 eV.
PAR  By using the same metal and increasing the doping of the epitaxial layer
      for example to approximately 10.sup.18 atoms/c.c. the height of such a
      conventional barrier at zero bias can be reduced by approximately 0.09 eV.
      However, Curve 2 represents the effect of this increased doping on the
      reverse characteristic of the barrier. It will be noted that the
      break-down voltage V.sub.B2 is much smaller than V.sub.BI and that the
      reverse current I.sub.R below break-down increases significantly with
      applied voltage V.sub.R. Such a degraded reverse characteristic is
      undesirable for a Schottky barrier when used in many circuit applications.
      Therefore, it has been conventional practice to use a different metal
      rather than a different semiconductor doping in order to produce a
      different Schottky barrier height.
PAR  Curve 3 of FIG. 1 represents the reverse characteristic of a Schottky
      barrier having an effective barrier height which is reduced by
      approximately 0.09 eV compared with the conventional diode of Curve 1, and
      obtained in accordance with the present invention. The break-down voltage
      V.sub.B3 is less than 20% lower than V.sub.BI and the reverse current
      I.sub.R below break-down saturates to substantially a constant value an
      order of magnitude higher than that of Curve 1. The slope of the reverse
      characteristic (which is the impedance in the reverse bias condition)
      below break-down is not significantly increased compared with Curve 1.
PAR  The manufacture of such Schottky barriers in accordance with the present
      invention will now be described with reference to FIGS. 2 and 4.
PAR  The semiconductor body shown in FIGS. 2 and 3 comprises an n-type epitaxial
      layer 10 on a higher conductivity n-type monocrystalline substrate 11. The
      body may be of silicon, and the epitaxial layer 10 may have a resistivity
      of approximately 5 ohm.cm. which corresponds to a donor doping of
      approximately 10.sup.15 atoms/c.c.
PAR  In a conventional manner, an insulating layer 12 is provided at the surface
      of the epitaxial layer 10. A window 13 is provided in the layer 12 where
      the Schottky barrier is to be formed. The layer 12 may be of silica having
      a thickness of approximately 2,000 A.
PAR  A conventional Schottky barrier could be formed on this epitaxial layer 12
      by providing a metal layer electrode, for example of nickel at the window
      13. However, in accordance with the present invention a different barrier
      height is obtained by implanting dopant at the window 13 in a shallow
      surface layer 14 of substantially uniform depth.
PAR  This implantation may be effected by bombarding the semiconductor body with
      a beam of low energy dopant ions as denoted by the arrows in FIG. 2. To
      produce a Schottky barrier of lower barrier height, donor ions are
      implanted into the n-type epitaxial layer. The ion mass and ion beam
      energy are chosen such that the depth of the implanted layer 14 formed is
      at most approximately 150 A (0.015 microns). This choice is based on ion
      ranges in the semiconductor material, and for example, approximately 10
      KeV antimony ions may be used as a donor dopant for implantation in
      silicon. The ion dose is chosen in accordance with the desired degree of
      barrier height lowering. Typical values used for the nickel on n-type
      silicon barriers were in the range of 10.sup.12 to 10.sup.13 donor
      ions/cm.sup.2. The insulating layer 12 is thick enough to mask the
      underlying semiconductor against implantation, so that implantation in the
      epitaxial layer 10 may occur at the window 13.
PAR  Before the implantation, the epitaxial-layer surface at the window 13 is
      cleaned, for example by dipetching in dilute hydrofluoric acid and washing
      in alcohol to inhibit oxide growth. After the implantation, the implanted
      structure is annealed, for example by heating in vacuo for 15 minutes at
      750.degree.C. The surface of the shallow implanted surface layer 14 is
      then further cleaned by a dip-etch and an alcohol-wash, after which metal
      electrode 15, for example of nickel, is provided, The electrode 15 may be
      provided by evaporating nickel onto the insulating layer 12 and surface
      layer 14 at room temperature and subsequently defining the lateral
      configuration of the electrode 15 by etching. The resulting structure is
      shown in FIG. 4. The electrode 15 forms with the epitaxial layer 10 a
      Schottky barrier having a height determined by the doping of the shallow
      surface layer 14 and a reverse characteristic of the type denoted by curve
      3 in FIG. 1.
PAR  The graph of FIG. 6 shows an enlarged part of the forward characteristics
      21F and 22F, and reverse characteristics 21R and 22R below break-down of
      two Schottky barriers 21 and 22 made by such an ion implantation method
      using n-type epitaxial layers 10 having a donor doping of 5 .times.
      10.sup.14 atoms/cm.sup.3. The forward or reverse current I is in Amps and
      the forward or reverse voltage V is in Volts. The curves correspond to the
      following antimony ion doses and energies:
PAR  Curves 21F and 21R - 5 .times. 10.sup.12 /cm.sup.2 at 10 KeV
PAR  Curves 22F and 22R - 2 .times. 10.sup.12 /cm.sup.2 at 10 KeV
PAR  The curves 23F and 23R are for a reference Schottky barrier 23 made on an
      n-type epitaxial layer 10 having a doping of 5 .times. 10.sup.14 donor
      atoms/cm.sup.3 but having no additional shallow implanted surface layer.
      Such a diode is of the conventional type, the whole reverse characteristic
      of which is of the type denoted by curve 1 in FIG. 1.
PAR  All these barriers 21, 22 and 23 were formed by a nickel electrode 15 at a
      circular contact window 13 having a diameter of 100 microns.
PAR  At an antimony ion energy of 10 KeV the depth of the implanted n + layer 14
      formed is substantially uniform and is approximately 100 A. It is
      sufficiently shallow that the depletion layer of the barrier at zero bias
      extends beyond the implant for curves 21F and R and 22F and R and into the
      epitaxial layer 10. Thus the shallow implanted surface layer 14 is
      depleted of charge carriers in the zero bias condition of the barrier. As
      a result, the slope of the reverse characteristic is determined by the
      doping of the epitaxial layer 10, substantially independently of the
      presence of the implanted layer 14.
PAR  The barrier heights measured for these three Schottky barriers 21, 22 and
      23 were 0.46 eV, 0.50 eV and 0.59 eV. The break-down voltages measured for
      these Schottky barriers 21 and 22 in accordance with the invention were
      approximately 45 volts and 50 volts respectively.
PAR  Further results for nickel on n-type silicon barriers are given by curve A
      in FIG. 7. In this case, the previously-described 10 KeV antomony implant
      is replaced by a 5 KeV antimony implant producing a slightly shallower
      implanted layer and the n-type epitaxial layer has a doping of 2 .times.
      10.sup.15 atoms/c.c. (2 ohm-cm.). Curve A shows the reduction of barrier
      height q.phi..sub.B ' in eV as a function of the antimony ion dose. It
      will be noted that at a dose of 10.sup.13 per cm.sup.2 the barrier height
      of the nickel on n-type silicon barrier is reduced by approximately 0.2
      eV.
PAR  FIG. 3 illustrates an alternative method of implanting the shallow surface
      layer 14. In this case, after the cleaning, a thin dopant layer 16, for
      example a 400 A thick antimony layer 16, is provided and bombarded with
      ions to cause antimony atoms to recoil into the underlying insulating and
      epitaxial layers 12 and 10. The insulating layer 12 is thick enough to
      mask the underlying semiconductor against antimony implantation which is
      therefore localised to the window 13. A 100 KeV Krypton ion beam may be
      used. Preferably most of the bombarding ions are absorbed in the dopant
      layer 16 and do not penetrate to the epitaxial layer 10. Subsequently,
      during an anneal for example at 750.degree.C in vacuum, the antimony layer
      16 sublimates to leave the recoiled antimony in a shallow layer 14 in the
      epitaxial layer 10. The metal electrode is subsequently provided as
      described hereinbefore after cleaning the surface. In such a case, using a
      200 A thick antimony layer 16 and a 100 KeV Krypton ion dose of 2 .times.
      10.sup.14 per cm.sup.2, the barrier height of a nickel on n-type silicon
      Schottky barrier was reduced to approximately 0,39 eV. The reverse
      characteristic was similar in form to that denoted by curve 3 in FIG. 1.
PAR  FIG. 5 illustrates an implantation step in a method of increasing the
      effective height for a nickel on p-type silicon barrier. This case is
      similar to that illustrated in FIG. 2 except that the dopant ions are of
      opposite conductivity type to the epitaxial layer 10. In this case, the
      layer 10 and substrate 11 are of p-type conductivity. An antimony ion beam
      may be employed, for example at an energy of 5 KeV. Subsequently, as
      described in the previous examples, a nickel electrode may be provided to
      form the Schottky barrier. Using such a method, the effective height of a
      nickel on p-type silicon Schottky barrier may be raised by, for example,
      approximately 0.3 eV.
PAR  Some results for such barrier raising in accordance with the embodiment of
      FIG. 5 are given by curve B of FIG. 7 which shows the increase of barrier
      height q.phi..sub.B in eV as a function of the antimony ion dose D
      implanted per cm.sup.2 for a p-type epitaxial layer doping of 4 .times.
      10.sup.16 atoms/cm.sup.3. The antimony ion beam energy is 5 KeV, and the
      annealing temperature is 750.degree.C. It will be noted that at a dose of
      10.sup.13 /cm.sup.2 the barrier height is increased by approximately 0.25
      eV.
PAR  FIG. 8 shows an enlarged part of the forward characteristics 31F, 32F and
      33F and reverse characteristics 31R, 32R and 33R below break-down of
      Schottky barriers 31, 32 and 33 made by such an ion implantation method
      using 0.4 ohm.cm. p-type epitaxial layers. The forward or reverse current
      I is in Amps and the forward or reverse voltage V is in volts. The curves
      correspond to the following 5 KeV antimony ion doses:
PAR  Curves 31F and R: 2 .times. 10.sup.12 /cm.sup.2
PAR  Curves 32F and R: 5 .times. 10.sup.12 /cm.sup.2
PAR  Curves 33F and R: 1 .times. 10.sup.13 /cm.sup.2 .
PAR  The curves 30F and R are for a reference Schottky barrier 30 made on a
      p-type epitaxial layer having a resistivity of 0.4 ohm.cm. but having no
      additional shallow implanted surface layer. Such a diode is of the
      conventional type.
PAR  All these barriers 30, 31, 32 and 33 were formed by a nickel electrode at a
      circular contact window 13 having a diameter of 400 microns.
PAR  At an antimony ion energy of 5 KeV the depth of the implanted layer 14 is
      substantially uniform and less than that formed by 10 KeV ions, and is
      fully depleted at zero bias.
PAR  The break-down voltage of the reference Schottky diode 30 was approximately
      10 volts. The break-down voltage of the diodes 31, 32 and 33 were higher,
      for example that of diode 31 was approximately 15 volts. This increase in
      breakdown voltage is an additional feature of the barrier height raising
      technique. It appears to result from an increase in the barrier height
      around the periphery of the Schottky contact, which increase is slightly
      greater than that at the center of the Schottky contact and reduces the
      degradation of the reverse characteristic which arises from the higher
      field around the periphery of the contact.
PAR  FIG. 9 shows a further embodiment in which a shallow high-doped
      antimony-implanted layer 14 is provided locally around the periphery of
      the Schottky contact to increase the barrier height around this periphery
      thereby reducing the degradations of the diode characteristics which
      arises from the higher field around this periphery. In this case the
      effective barrier height of the whole Schottky contact is determined by
      the main, non-periphery portion of the contact.
PAR  From these results it can be seen that shallow surface layers in the
      Schottky-barrier system enable barrier heights to be controlled over a
      wide range and bring considerable flexibility to the system. Although the
      results were for nickel-silicon barriers controlled using antimony-doped
      surface layers, other metal-semiconductor combinations can be used and
      different dopants for the shallow surface layer. Thus, for example
      aluminum Schottky barriers to p-type silicon could be made with
      barrier-heights suitable for application to Schottkyclamped p-n-p
      transistors. Indium may be used as an acceptor dopant for forming shallow
      surface layers which may be used to raise the barrier formed on n-type
      substrates and produce diodes with near-ideal characteristics. Different
      semiconductors, for example gallium arsenide, may be used.
PAR  In general the maximum reduction of barrier height obtainable without
      degradation of the reverse characteristic depends on the metal used to
      make the Schottky-contact and will be greater for metals giving a higher
      barrier height. Thus, a gold on n-type silicon barrier, for example,
      having a normal barrier-height of approximately 0.8 eV, can be reduced by
      approximately 0.4 eV using 5 KeV antimony to form a shallow surface layer
      below the gold electrode.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor device comprising a semiconductor body having a
      semiconductor body portion with a conductivity type determining impurity
      concentration of the order of at most 10.sup.15 dopant atoms per cm.sup.3,
      a shallow surface layer of the body portion having a higher doping level
      than that of the underlying semiconductor body portion, said higher doping
      level being at least 5 .times. 10.sup.17 atoms per cm.sup.3, an electrode
      connection to the underlying body portion, and a metal electrode on the
      shallow surface layer and forming a Schottky barrier with the
      semiconductor body, the shallow surface layer determining the effective
      height of the barrier, the depth of the shallow surface layer being much
      smaller than the thickness of the depletion layer extending from the
      Schottky barrier in the zero bias condition, whereby the surface layer is
      substantially depleted of charge carriers and the slope of the reverse
      current-voltage characteristic is determined by the doping of the
      underlying semiconductor body portion substantially independently of said
      shallow surface layer.
NUM  2.
PAR  2. A semiconductor device as claimed in claim 1 wherein the doping level of
      the said semiconductor body portion is sufficiently low that the reverse
      current saturates to substantially a constant value with voltage below
      break-down, said barrier having a break-down voltage near to that of a
      barrier formed by the said metal electrode contacting the body portion
      directly without the shallow layer present.
NUM  3.
PAR  3. A semiconductor device as claimed in claim 1 wherein the depth of the
      shallow surface layer is at most 150 A.
NUM  4.
PAR  4. A semiconductor device as claimed in claim 3 wherein the doping of the
      shallow surface layer is of the same conductivity type as the said
      semiconductor body portion as a result of which the effective barrier
      height is lower than the height of the barrier that would exist between
      said metal and the said semiconductor body portion in the absence of the
      said shallow surface layer.
NUM  5.
PAR  5. A semiconductor device as claimed in claim 4 wherein the effective
      barrier height is at least 0.15 eV lower.
NUM  6.
PAR  6. A semiconductor device as claimed in claim 3 wherein the doping of the
      shallow surface layer is of opposite conductivity type to that of the said
      semiconductor body portion as a result of which the effective barrier
      height is higher than the height of the barrier that would exist between
      said metal and said semiconductor body portion in the absence of the said
      shallow surface layer.
NUM  7.
PAR  7. A semiconductor device as claimed in claim 6 wherein the effective
      barrier height is at least 0.15 eV higher.
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ABST
PAL  A thermoelectric assembly including a plurality of N-type and P-type
      semiconductor bodies interconnected by junction bridge elements. The
      junction bridge elements are in the form of thin sheets or plates of
      conductive material disposed edgewise with respect to the bodies and
      connected thereto by means of lips or tabs which extend perpendicular to
      the plane of the junction bridge element. A frame for directly engaging
      and holding the junction bridge elements and heat dissipating and
      absorbing means cooperate with the edges of the bridge elements.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of application Ser. No. 370,047, filed
      June 14, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to thermoelectric assemblies and
      more particularly to thermoelectric heat pumps and thermoelectric couples
      and thermoelectric subcouples to be used in connection with thermoelectric
      heat pumps.
PAR  Thermoelectric modules or assmeblies employ a plurality of thermoelectric
      couples interconnected to form junction bridges. The modules or assemblies
      are provided with heat transfer radiators which are electrically isolated
      from the junction bridges by suitable insulating material such as a
      ceramic layer. Such thermoelectric assemblies have reduced efficiency
      because of interface losses between the hot and cold junction bridges in
      the module and because of the temperature drops across the insulating
      layers. In general, the thermoelectric assemblies are difficult to
      assemble and are relatively expensive.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide a simple,
      inexpensive, highly efficient, strong heat pump assembly.
PAR  It is another object of the invention to provide thermoelectric assemblies
      having a minimum number of different inexpensive parts forming the
      couples.
PAR  It is another object of the invention to provide a strong simple assembly
      formed by rigidly securing novel junction bridge elements to or between
      frames or strips of a solid and atrong non-conductive material.
PAR  It is still another object of the invention to provide thermoelectric
      assemblies with minimum interface losses between the hot and cold sides by
      reducing the size of the interface surfaces between the hot and cold
      junction sides of the assembly.
PAR  The above and other objects are achieved by a thermoelectric assembly which
      includes a plurality of thermoelectric couples including bodies of P-type
      and N-type semiconductor material interconnected by junction bridge
      elements formed of a thin sheet or plate of conductive material disposed
      edgewise with respect to the thermoelectric bodies whereby to present
      minimal interface surface areas between the semiconductor bodies and the
      junction bridge elements. The junction bridge elements may each include a
      lip or tab extending at right angles to the plane of the junction bridge
      for connecting to surfaces of the semiconductor bodies. Frames serve to
      engage the edges of the junction bridge elements to provide a relatively
      strong assembly. Heat dissipating and absorbing means cooperative with the
      edges of the junction bridges.
PAR  Other features of the invention serving to improve thermoelectric
      assemblies as well as further objects and advantages and features of
      novelty will be apparent from the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial view, partly in section, of a row of thermoelectric
      couples mounted between rigid frames of a non-conductive material in
      accordance with the invention.
PAR  FIG. 2 is a sectional view taken along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a partial top view of the assembly of FIG. 1.
PAR  FIG. 4 is a partial view, partly in section, of an ice freezer
      incorporating the present invention.
PAR  FIG. 5 is a sectional view taken along the line 5--5 of FIG. 4.
PAR  FIG. 6 is a partial view, partly in section, of another embodiment of the
      invention.
PAR  FIG. 7 is a sectional view taken along the line 7--7 of FIG. 6.
PAR  FIG. 8 shows a sectional view along the line 8--8 of FIG. 6.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT(S)
PAR  A thermoelectric assembly employing semiconductor bodies or elements 11,
      12, 13, 14, 15 and 16 of alternating N-type and P-type semiconductor
      material is shown. The bodies have opposite sides soldered or otherwise
      electrically connected to conductive junction bridge elements, preferably
      of copper. The junction bridge elements are formed from a thin sheet or
      plate of conductive material having a narrow lip or ear protruding at
      right angle to the sheet adapted to contact one face of the semiconductor
      body for electrical contact and presenting the edge of the sheet or plate
      to the semiconductor body.
PAR  Referring to FIGS. 1-3, a junction bridge 17 has its ears 18 connected to
      the hot side of semiconductor P-type and N-type bodies 12 and 13,
      respectively. The junction bridge element 17 is in the form of a thin
      sheet or plate disposed edgewise to the semiconductor bodies attached to
      the junction bridge at contact member 18. The contact member, which can be
      a bent portion of the sheet element or an added member which can be a lip,
      ear or tab, protrudes art a right angle with respect to the body thereby
      creating a flat contact surface parallel to the surface of the
      semiconductor body. preferably, the members 18 have substantially the same
      area and shape as the body itself. As seen from FIG. 1, each junction
      bridge has two such protruding lips for receiving semiconductor bodies of
      opposite type. On the cold side, the semiconductor body 12 is joined to
      semiconductor body 11 of opposite conductivity type by a similar junction
      bridge element 19 including spaced lips 21. The semiconductor body 13 is
      joined on the cold side to a semiconductor body 14 of opposite
      conductivity type by a junction bridge 22. The remainder of the
      semiconductor bodies are connected to similar junction bridges.
PAR  FIG. 2 shows the junction bridges 17 and 19 with lips 18 and 21 attached to
      opposite faces of the semiconductor body 12. The semiconductor bodies 11,
      12, 13, 14, 15, 16, etc., are connected in series whereby direct current
      can be applied to the semiconductor bodies to form a heat pump. The
      electric current may enter the row shown in FIG. 1 on the hot side of the
      body 11 which is provided with only half a junction bridge 23 so that the
      edge 24 is in line with the edge 26 of bridge element 19. In an assembly
      the half junction bridge element 23 is connected by a connector 27 to a
      similar junction bridge element in a neighboring row of junction bridges
      so that all the rows in the panel are in series. The connector may also
      have the form of an aluminum radiator section 28 in common for two half
      adjacent bridge elements. The distance between the semiconductor bodies in
      each row of an assembly and the distance between the lips or ears on the
      junction bridges are equal so that an equal spacing is present between
      adjacent bridge elements.
PAR  FIG. 3 is a top view of a portion of a panel using rows 31, 32, 33, 34,
      etc., of couples according to FIG. 1. The row of FIG. 1 is shown as row 31
      of FIG. 3 which shows how the junction bridge elements 17 and 23 have
      their edges inserted in non-conductive strips 36, 37, and 38. The frame 38
      is also shown in FIG. 2. In the same way, the junction bridge elements 19
      and 22 have their edges affixed to similar frames 36, 41 and 42. At the
      end of the row the half junction bridge element 23 is shown having a
      bakelite strip 36 in common with the bridge element 19.
PAR  The hot and cold side non-conductive frames can be interlocked in any
      suitable way to form a rigid and strong structure to protect the panel
      from damage through impacts or stress.
PAR  Again referring to FIGS. 1-3, the junction bridge elements are provided
      with aluminum radiators for heat dissipation and heat absorption. The
      radiators 43, 44 are preferably extruded and provided with grooves 46, 47
      for receiving the edges of the bridge elements as illustrated.
PAR  The radiator 43 on the hot side has a surface which is considerably larger
      than the surface on the cold side of radiator 44 in view of the much
      larger amount of heat dissipated on the hot side than absorbed on the cold
      side. The extruded aluminum radiator sections can be given various shapes
      and sizes. By inserting the blade-like junction bridge element in a tight
      fitting groove or slot in the alimunum profile, a good thermal connection
      is obtained without clamping or soldering. This simple and inexpensive
      mounting of radiators according to the invention can be aided by using
      known means for increasing the heat transmission at the contact between
      the radiator groove and the edge of the bridge element. FIG. 3 shows the
      connector 27 which connects a half junction bridge element on the hot side
      with another half bridge element on the same side of an adjacent row. The
      two half elements thereby form a complete junction bridge. A metal
      radiator could also serve as the connector between rows of the assembly.
PAR  Referring to FIGS. 4 and 5, there is shown a sectional view of a heat pump
      assembly suitable for ice freezing. The assembly has a hot side 51 of
      essentially the same type as the assembly shown in FIG. 1. The cold side
      junction bridges are modified. Instead of having radiators 44 (FIG. 1),
      the bridge elements are extended downwards between extended frames 53.
      Junction bridges 56, 57 and 58 extend between spaced frames 53. The
      junction bridges and frames are submerged in the water to be frozen in ice
      tray 59 placed under the assembly in a position where the bottom of the
      non-conductive ice tray touches the lower edges of the junction bridges
      and frame structure. When filled with water up to the indicated level, ice
      will form on both sides of the junction bridge elements until the space
      between the bridge elements and the frames is filled with ice.
PAR  FIG. 5 illustrates the distance between the junction bridge elements of
      adjacent rows which determines the other dimension of the ice cubes. The
      other dimensions being determined by the distance between the frames and
      the water level.
PAR  The ice can be released from the panel by reversing the direction of the
      electric current so that the cold junction bridges are heated instead of
      cooled. After thawing, the ice may be removed from the panel to a storage
      area simply by swinging the ice tray away from the panel. For this
      purpose, the ice tray 59 may be hinged one side around the axis 61. When
      the tray is lowered from the thermoelectric assembly, the ice will fall.
      The swinging motion of the ice drawer away from the panel can be actuated
      by a spring which moves the drawer as soon as the ice is thawed at the
      junction bridges. After release of the ice, the ice tray can be swung back
      into freezing position and automatically filled with water from a source
      of water communicating with the tray. The source may comprise a filling
      tank in which the water level is constant and in such relation to the
      water intake at the tray that the flow of water is interrupted when the
      tray is in a lowered position and started when the tray is in the freezing
      position. The different positions of the tray 59 can be achieved by a
      handle outside the ice freezer. Rotation of the handle also controls
      switching of the electric current. The freezing period can be controlled
      by a time switch which reverses the current and thereby also releases the
      frozen ice. Refrigeration panels according to the invention may be
      provided with a foam type insulation in the middle of the panel between
      the hot and cold junction sides. For simplicity of illustration, the
      insulation is not shown in the Figures.
PAR  Another thermoelectric assembly according to the invention is shown in
      FIGS. 6-8. The assembly includes semiconductor bodies 71, 72, 73 and 74,
      each soldered or otherwise electrically connected to conductive junction
      bridge elements, preferably copper, on both their hot and cold junction
      sides to form subcouple assemblies comprising a single semiconductor body
      of either N-type or P-type. The body 71 is, for instance, connected with
      half junction bridge elements 76 and 77 on its hot and cold junction side
      or face, respectively. The edges of the junction bridge elements may be
      secured to spaced insulating members 78 to form a row of subcouples. As is
      well known, each subcouple must be connected in series with another
      subcouple of dissimilar type in order to form a thermoelectric couple with
      hot and cold sides. The subcouple including the semiconductor body 71 can
      be connected to a subcouple in an adjacent row, held between another
      spaced pair of insulating frames. Subcouple 71 can be connected to
      subcouple 72 by a connector extending between the bridge elements on the
      hot side assuming that the subcouple 72 is of dissimilar type. Such a
      connector can be of a very simple type crossing over or through the
      non-conducting frame 78 separating the subcouples. The bridge element 76
      on the hot side of semiconductor body 71 can also be extended through a
      slot in the frame 78 so that the hot side bridge element 81 of
      semiconductor body 72 is simply a continuation of the bridge element 76.
      In this event, the subassembly comprises a complete thermocouple of the
      same type as described in FIGS. 1 and 4 with the difference that the
      junction bridge element is secured to frames not only along its edges but
      also in the middle where it is passing through the slot in frame 78.
PAR  According to the invention, it is also possible to connect subcouples
      located between the same pair of frames 78 to form complete couples. As an
      example, a couple can be formed by connecting the hot side bridge element
      81 with the hot side of the next subcouple and likewise the cold side
      element 82 with the cold side element of the adjacent subcouple. In thie
      way all the subcouples between a pair of frames 78 are connected
      alternately on the hot and cold junction sides to form thermocouples in
      series, as illustrated in FIG. 7 where it is shown how subcouples can be
      connected simply by providing adjacent bridge elements with metal heat
      transfer radiators 83 and 84 in common. Thus, on the hot side of subcouple
      72 a radiator 83 serves as a connector to an adjacent subcouple while on
      the cold side a heat absorbing radiator 84 performs in the same way. The
      radiators in common are provided with grooves to receive the edges of the
      respective bridge elements so that a good heat transmission is obtained as
      well as a good electric contact.
PAR  The thermoelectric assembly according to FIGS. 6 and 7 is relatively strong
      because of the cooperation of the bridge elements, metal radiators and
      rigid non-conductive frames. Only at the end of a row is it necessary to
      connect the end bridge element with a bridge element of an adjacent row to
      provide series connection between rows. It is, of course, apparent as
      described above that the connection between subcouples and couples
      supported in the insulating frame may be along rows of couples or
      subcouples or across rows.
PAR  In FIG. 6 a foam type heat insulation 86 is disposed between the hot and
      cold side of the assembly according to the invention.
PAR  As seen from the figures, this foam insulation has a larger thickness than
      the semiconductor bodies and extends along the bridge element towards the
      connecting radiators on both sides. The adhesion between the insulation
      and the copper bridge element is strong and the foam is sufficient to
      support said elements mechanically and thus replace the described frame
      structure. The foaming can take place while the metal parts of the
      subcouples including the semiconductor bodies in FIGS. 6 and 7 are held in
      position by a suitable fixture. After the foaming, the surface of the
      insulation can be suitably treated or reinforced so that the subcouples
      dispersed in the foam insulation are additionally supported. The
      interconnection of the subcouples to form couples in series and a
      refrigeration panel can, according to the invention, later take place as
      shown in FIG. 7 by means of radiators 83 and 84 in common for alternating
      pairs of subcouples.
PAR  Referring to FIG. 8, the frame 78 is provided with grooves 87 and 88 for
      receiving the edges of the hot side and cold side copper junction bridge
      elements. The figure shows how the insulating frames, which may be
      phenolic or plastic, are provided with holes 89 between the grooves in
      order to reduce the heat flow in the frame between its hot and cold sides.
      The area left between the grooves for passage of heat can be much smaller
      than indicated on the drawing and the heat losses reduced to an absolute
      minimum.
PAR  The invention is not limited to the specific designs of junction bridge
      elements shown in the figures but includes the general use of junction
      bridge elements placed substantially edgewise to the semiconductor bodies
      and supported between adjacent frames of a non-conductive material such as
      plastics or phenolics. The junction bridge elements according to the
      invention are uniquely suitable for connection to heat dissipating or heat
      absorbing fin elements without clamping or soldering by inserting their
      thin edges into grooves formed in the fin elements.
PAR  Another important feature of the invention is the use of individually
      secured subcouples connected into couples by metal heat radiators or heat
      sinks in common.
PAR  Assemblies according to the invention lend themselves particularly well to
      the building of thermoelectric cascades in two or more stages. The hot
      side of the second stage can easily be thermally connected to the cold
      side of the couples or subcouples of the first stage through the
      sheet-like junction bridge elements. By repeating the structure used in
      the first stage in the second stage, and so on, a simple cascade with a
      minimum of interface and other losses can be built at lower cost than
      previously possible.
PAR  The present invention can be applied to both small and large capacity
      assemblies suitable for household refrigerators as well as for other
      refrigeration purposes, water coolers, ice freezers, air conditioners, and
      the like. Units of different types for roof applications or wall mounting
      can be built at low cost.
PAR  Assemblies according to the invention make it also possible to mass
      manufacture power generators of very simple type by passing hot gases over
      one junction side and a cooling medium over the other junction side.
PAR  Thus, there has been provided a simple, inexpensive, highly efficient
      thermoelectric heat pump assembly and couples and subcouples for use
      therewith.
CLMS
STM  We claim:
NUM  1.
PAR  1. A thermoelectric assembly comprising semiconductor bodies of P-type and
      N-type semiconductor material each having hot and cold sides of
      predetermined area with similar sides adapted to be connected in series by
      junction bridges to form thermocouples, characterized in that a contact
      member of substantially the same size and shape is secured to and contacts
      substantially the entirety of each of the sides of said bodies of
      semiconductor material, said junction bridges each having substantially
      the form of a thin sheet metal element disposed edgewise with its surfaces
      at substantially right angles with respect to the associated side and
      contact member of the semiconductor body with one edge in conductive
      contact with the contact member of the associated surface of an associated
      semiconductor body and with the other edge adapted to be associated with
      heat exchange means to the surrounding media, and a non-conductive
      supporting structure directly engaging said metal elements to support and
      protect the thermoelectric assembly.
NUM  2.
PAR  2. A thermoelectric assembly as in claim 1 wherein said junction bridges
      each comprise a pair of thin sheet metal elements one connected to a
      P-type semiconductor body and the other to an N-type semiconductor body
      and connecting means for interconnecting the thin sheet metal elements to
      form junction bridges and connect the semiconductor bodies in series.
NUM  3.
PAR  3. A thermoelectric assembly as in claim 1 wherein said junction bridges
      each comprise a single thin sheet metal element having one edge in
      conductive contact with one surface of a P-type and an N-type
      semiconductor body.
NUM  4.
PAR  4. A thermoelectric assembly as in claim 1 including at least on one side a
      finned heat transfer member including a groove adapted to engage the other
      edge of an associated junction metal bridge element.
NUM  5.
PAR  5. A thermoelectric assembly as in claim 1 wherein the thin sheet metal
      junction bridges connected to the cold junction side are extended to form
      a heat exchange means.
NUM  6.
PAR  6. A thermoelectric assembly as in claim 5 wherein the extended junction
      bridges are adapted to be placed in contact with water for cooling or
      freezing the water.
NUM  7.
PAR  7. A thermoelectric heat pump as in claim 1 wherein said one edge of said
      metal element in conductive contact with a semiconductor body includes a
      tab extending perpendicularly outward from the element and contacting the
      surface of the semiconductor body, said tab having substantially the same
      size and shape as the surface of the semiconductor body.
NUM  8.
PAR  8. A thermoelectric subcouple as in claim 1 in which said one edge of the
      thin sheet metal bridge element includes a narrow portion extending to and
      contacting the contact member.
NUM  9.
PAR  9. A thermoelectric assembly comprising semiconductor bodies of N-type and
      P-type material having hot and cold surfaces connected in series by
      junction bridge elements to form thermocouples, said junction bridge
      elements having the form of thin metal elements having one edge in
      electrical and thermal contact with said surfaces and disposed edgewise
      with respect thereto with their surfaces substantially perpendicular to
      the surface of the semiconductor bodies and the other edge adapted to
      associate with heat exchange means, the hot and cold junction bridge
      elements having a minimum interfacing surface area whereby to minimize
      looses by heat exchange between the same.
NUM  10.
PAR  10. A thermoelectric assembly as in claim 9 wherein said junction bridge
      elements each comprise at least a pair of metal thin elements one
      connected to a P-type semiconductor body and the other to an N-type
      semiconductor body and connecting means for interconnecting the metal
      elements to form junction bridges and connect the semiconductor bodies in
      series.
NUM  11.
PAR  11. A thermoelectric assembly as in claim 9 wherein said junction bridges
      each comprise a single metal element with said one edge in contact with
      one surface of a P-type and an N-type semiconductor body.
NUM  12.
PAR  12. A thermoelectric assembly as in claim 9 including heat transfer means
      in the form of finned heat transfer members each including an elongated
      groove adapted to engage the other edge of an associated metal bridge
      element.
NUM  13.
PAR  13. A thermoelectric assembly as in claim 9 wherein said thin sheet metal
      junction bridges connected to the cold junction side are extended and
      adapted to be immersed in a fluid such as water to cool or freeze the
      same.
NUM  14.
PAR  14. A thermoelectric assembly as in claim 1 in which the non-conductive
      supporting structure comprises a foam insulation directly engaging both
      sides of said sheet metal elements serving as junction bridges.
NUM  15.
PAR  15. A thermoelectric assembly as in claim 1 wherein said non-conductive
      supporting structure comprises frame means directly engaging edges of said
      sheet metal element.
NUM  16.
PAR  16. A thermoelectric assembly as in claim 7 wherein the junction bridge
      elements in the form of thin metal elements disposed edgewise to the
      surfaces of the semiconductor bodies are supported by a non-conductive
      structure in the form of a foam insulation directly engaging both sides of
      said thin metal elements.
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ABST
PAL  A high speed threshold switching integrated circuit including a transistor
      and an integrally formed tunnel diode connected in parallel between the
      base and emitter of the transistor. The heavy doping necessary for the
      tunnel diode is achieved through the use of ion implantation. A current
      pulse applied to the emitter-base contact of the integrated circuit causes
      no collector current to flow until the point at which the rising current
      pulse exceeds the peak current of the tunnel diode. As the tunnel diode
      goes into the negative resistance region the transistor is turned on and
      rapidly pushed into near saturation with a consequent rapidly rising
      collector current.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation of application Ser. No. 384,102, filed July 30,
      1973, now abandoned.
BSUM
PAR  Switching speed is very important in integrated circuits. For example, it
      is desirable to have a transistor which switches on as rapidly as possible
      to produce an output having a very short rise time. There is, therefore, a
      need for producing very fast switching currents for high speed circuits,
      as detailed in "Principles of Tunnel Diode Circuits," Woo F. Chow, John
      Wiley & Sons, 1964 Section 9.4.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an integrated
      circuit and method for producing the same, which integrated circuit is
      capable of producing very fast rise time switching currents.
PAR  It is a more specific object of this invention to provide an integrated
      circuit and method for forming the same in which a tunnel diode is
      integrally formed with a transistor.
PAR  It is another object of this invention to provide an integrated circuit
      comprising a transistor and a parallel tunnel diode for producing a very
      fast rise time current at the collector of the transistor.
PAR  It is another object of this invention to provide an integrated circuit
      including a threshold switching transistor incorporating an integrally
      formed tunnel diode for improving the base noise margin of the transistor.
PAR  Briefly, in accordance with one embodiment of the invention, there is
      provided an integrated circuit and method for forming the same in which a
      transistor having base emitter and collector regions is formed in a
      semiconductor substrate. A tunnel diode is integrally formed in the
      transistor so as to be connected in parallel between the base and emitter
      of the transistor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 through 5 are schematic cross-sections of an integrated circuit
      illustrating various steps of the method of forming an integrated circuit
      in accordance with the invention in which a transistor and an integrally
      formed tunnel diode are formed in a semiconductor substrate.
PAR  FIG. 6 is an equivalent circuit diagram of the structure shown in
      cross-section in FIG. 5.
PAR  FIG. 7 is a plot of the V-I characteristics of the base emitter contacts of
      the circuit shown in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the series of FIGS. 1 through 5, there are shown schematic
      cross-sections of an integrated circuit illustrating various of the
      processing steps of forming an integrated circuit in accordance with the
      method of this invention. In this series of FIGURES no attempt has been
      made to illustrate any of the conventional photolithographic masking
      techniques well known to those skilled in the art for forming the various
      regions in the semiconductor substrate.
PAR  Thus, now referring to FIG. 1 specifically, there is shown a
      cross-sectional view of a semiconductor body 11 which may be formed of
      silicon. The semiconductor body 11 according to standard practice may
      comprise a substrate 12 which may be of P-type conductivity as illustrated
      with there being an epitaxial layer 13 grown on top of the substrate 12
      and which may be of N-type conductivity. In accordance with standard
      practice, prior to growing the epitaxial layer 13 there may be provided a
      diffused N+ type impurity into the substrate 12 to result in a buried N+
      layer 14. Next, as illustrated in FIG. 2, a P-type base region 16 is
      formed in the epitaxial N-type layer 13; the P-type base region 16 may be
      formed by conventional diffusion techniques for example.
PAR  Subsequently, as indicated in FIG. 3 an N+ type emitter region 17 is formed
      in the base region 16 at the same time an N+ region 18 is formed in the
      N-type epitaxial layer 13 to serve as collector contact means.
PAR  Turning now to a consideration of FIG. 4, there is illustrated the
      formation of a tunnel diode integral to the transistor structure. To form
      the tunnel diode a P++ region 19 is formed extending partially into the
      base region 16 and partially into the N+ emitter region 17. The tunnel
      diode junction 21 is thus formed between the P++ region 19 and the N+
      emitter region 17. In order for this junction 21 to function as a tunnel
      diode the semiconductor regions on both sides of the junction need to be
      heavily doped. Emitter type regions are typically heavily doped having an
      impurity concentration on the order of 10.sup.19 to 10.sup.20 atoms per
      cubic cm. The ion implanted region 19 is also formed by high dose ion
      implantation at low energies. This region may be ion implanted with boron
      atoms for example, to yield a concentration on the order of 10.sup.20
      atoms of boron per cubic cm.
PAR  Turning now to FIG. 5 there is shown a cross-section of a completed device
      or circuit in accordance with this invention. In accordance with this
      particular embodiment of the invention a tunnel diode is integrally formed
      with a Schottky clamped transistor. In the structure shown in FIG. 5 there
      is thus provided an insulating layer 21 formed of silicon dioxide for
      example and disposed on the top surface of the semiconductor body. Windows
      or openings are formed in this silicon dioxide layer to allow contact to
      be made to the underlying semiconductor regions. Thus metallization 22
      extends through a window in the silicon dioxide to contact the N+ region
      17 and serve as the emitter contact to the transmitter. Metallization 23
      extends through another opening in the silicon dioxide layer 21 and
      contacts the N+ collector contact region 18 to provide collector contact
      to the transistor. Broad area metallization 24 is disposed in another
      window or opening in the silicon dioxide layer 21 and serves as means for
      making contact to the base of the transistor. As mentioned before, the
      specific embodiment as shown in FIG. 5 utilizes a Schottky-clamped
      transistor so that the metallization 24 extends out over the collector
      region of the transistor.
PAR  The equivalent circuit for the structure of FIG. 5 is shown in FIG. 6. The
      equivalent circuit comprises a Schottky-clamped transistor 26 with a
      tunnel diode 27 extending between the base and emitter of the
      Schottky-clamped transistor 26. Thus the tunnel diode 27 is formed
      integrally in the transistor structure through ion implantation and there
      are only the three external emitter, base, and collector terminals
      indicated by reference numerals 22, 24 and 23, respectively.
PAR  Referring now to FIG. 7 there is shown a plot of the V-I characteristics of
      the base emitter contacts of the circuit of FIG. 6. The V-I
      characteristics of the base emitter contacts resemble the current summing
      of the separate diode characteristics of the base emitter junction of the
      transistor and the tunnel diode junction. In FIG. 7 the characteristic of
      the emitter base junction diode is shown by the dashed line and the narrow
      solid line corresponds to the separate characteristic of the tunnel diode.
      The relatively heavy solid line is a summing of the separate
      characteristics of the transistor and the tunnel diode. In operation, a
      current pulse is applied to the emitter base contacts of the circuit of
      FIG. 6. The tunnel diode has a very low impedance compared to the base
      emitter junction of the transistor so that initially all the applied
      current flows through the tunnel diode with there being substantially no
      current to the base emitter junction of the transistor. Therefore,
      initially no collector current flows. As the rising current pulse applied
      to the base emitter contact exceeds the peak current I.sub.p of the tunnel
      diode, the tunnel diode goes into its negative resistance region as shown
      in FIG. 7. The applied current immediately switches over to the base
      emitter junction of the transistor; that is, shifts to the emitter base
      junction diode characteristic curve shown in FIG. 7. Thus no collector
      current flows until the current in the base terminal gets above the peak
      current I.sub.p of the tunnel diode. Then immediately the current switches
      over to the second curve which is the regular emitter base junction
      characteristic curve for the transistor so that collector current begins
      to flow immediately at an already increased base current. The transistor
      is thus rapidly pushed into near saturation with a rapidly rising
      collector current. Utilizing the integrated circuit of this invention,
      collector current rise time of less than a nanosecond can be achieved.
PAR  In the plot in FIGS. 7 certain voltage values are indicated. Thus, the
      voltage V.sub.1 is the voltage at which the peak current I.sub.p occurs
      through the tunnel diode; the voltage V.sub.BE is the turn on voltage for
      the base emitter of the transistor; and the voltage V.sub.2 is the voltage
      at which the tunnel diode characteristic would be up from its valley to
      again reach a current level of I.sub.p. It is necessary for operation of
      the integrated circuit in accordance with this invention that the
      characteristic of the tunnel diode and the characteristic of the base
      emitter junction of the transistor be such that the voltage V.sub.BE is
      bracketed between the voltage V.sub.1 and V.sub.2. The voltage V.sub.1 at
      which the peak current I.sub.p occurs for a tunnel diode is typically less
      than 200 millivolts; the voltage V.sub.BE is typically greater than 200
      millivolts so that there is no problem achieving V.sub.BE greater than
      V.sub.1. In accordance with the construction as shown in FIG. 5 the same
      N+ type region 17 is used for the standard base emitter junction of the
      transistor and for the tunnel diode junction. The donor concentration is
      thus the same for both the emitter base junction of the transistor and the
      tunnel diode junction. The ion implanted P++ region 19 has an impurity
      concentration greater than the P-type base region 16 so that the acceptor
      concentration for the ion implanted tunnel region 19 is much greater than
      the acceptor concentration in the P-type base region 16. Thus the voltage
      of V.sub.2 indicated in FIG. 7 will be greater than the value of V.sub.BE.
      The current voltage characteristics of the base emitter junction for the
      transistor is thus bracketed between the voltages V.sub.1 and V.sub.2 for
      the two sections of the tunnel diode characteristic.
PAR  The embodiment of the invention shown in FIG. 5 is one wherein the tunnel
      diode is formed integrally with a Schottky clamped transistor.
      Schottky-clamped transistors are known in the art and are of advantage in
      high speed switching circuits in that Schottky transistors eliminate the
      base storage of minority carriers. The invention is not, however, limited
      to use with Schottky transistors and can be formed in accordance with the
      same technique in an ordinary planar transistor integrated circuit
      structure.
PAR  Further in accordance with the invention, the semiconductor body 11 is
      formed of silicon. Typical prior art tunnel diodes have been formed in
      germanium and it has been difficult to achieve the high doping
      concentration that is necessary to form tunnel diodes in silicon. Through
      the use of ion implantation to form the P++ region 19 the necessary high
      doping concentrations (on the order of 10.sup.20 ions per cu.cm.) can be
      easily achieved.
PAR  Although the invention has been described with reference to particular
      embodiments, it should be obvious to those skilled in the art that various
      modifications are possible to the specific embodiments disclosed herein
      without departing from the true spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An integrated circuit comprising a silicon semiconductor body of first
      conductivity type and having a generally planar top surface, a base region
      of a second conductivity type formed in said semiconductor body and being
      defined by a first dishshaped PN junction extending to the surface, an
      emitter region of said first conductivity type formed in said base region
      and being defined by a second PN junction extending to the surface, a
      tunnel diode region of said second conductivity type formed in said base
      region extending to and terminating at said surface and extending
      laterally with respect to said surface to overlap a portion of said second
      PN junction, said tunnel diode region having a high doping concentration
      relative to said base region together with metallization carried by said
      surface forming solely in combination with said surface a combination
      metallization contact partially overlying and making contact at said
      surface to said collector, said base and said tunnel diode regions and an
      additional contact to said emitter region to form a Schottky-clamped
      threshold switched integrated circuit.
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ABST
PAL  A planar bipolar transistor is made by the successive ion implantations of
      selected atoms into selected regions of a layer of doped single-crystal
      silicon on an insulating substrate, such as sapphire or spinel. The
      silicon layer is epitaxially grown, has a thickness of between 0.5 and 5
      .mu.m, and is formed in two strata of different resistivities. A collector
      contact well is ion implanted into the upper stratum and annealed to
      diffuse it into the lower stratum of lower resistivity. The transistor is
      isolated, as a mesa, on the substrate; and an edge-guard region is ion
      implanted through the periphery of the mesa, except in the region of the
      emitter-base junction.
GOVT
PAR  The invention herein described was made in the course of, or under, a
      contract with the Department of the Air Force.
BSUM
PAR  This invention relates generally to a bipolar transistor and a method of
      making it. More particularly, the invention relates to a novel planar
      bipolar transistor in a layer of single-crystal silicon epitaxially
      deposited on an insulating substrate, and to a novel method of making the
      transistor, involving ion implantation. The novel transistor and method of
      making it are particularly useful in the manufacture of electronic
      apparatus wherein it is desired to utilize a planar bipolar transistor in
      a relatively thin epitaxial silicon layer on an insulating substrate, such
      as a layer of epitaxial silicon on a substrate of sapphire (SOS).
PAR  It is practically impossible to make a satisfactory bipolar transistor by
      conventional methods of diffusing impurities into a thin epitaxial layer
      of silicon on an insulating substrate. In typical layers of epitaxial
      silicon on sapphire, for example, where the thickness of the silicon layer
      is between 0.5 and 5 micrometers (.mu.m), the emitter and collector
      junctions of a satisfactory bipolar transistor should have a separation of
      only a few thousand Angstroms. Producing accurate diffusion profiles of
      impurities without spikes by conventional methods of diffusion is
      practically an impossible task with silicon on sapphire (SOS) because the
      quality of the silicon deposited on sapphire or other suitable materials
      such as spinel is not the same as that of bulk silicon or of an epitaxial
      layer of silicon on a substrate of bulk silicon.
PAR  The silicon which is grown epitaxially on sapphire, for example, is
      different from the silicon which is deposited on "bulk" silicon wafers in
      a number of significant ways. The silicon deposited epitaxially on
      sapphire does not possess anything approaching the crystal perfection that
      exists in a bulk single-crystal wafer of silicon. The crystal structure of
      the silicon layer on sapphire does not even compare well with epitaxial
      silicon layers grown on silicon substrates. In the case of silicon on
      sapphire (SOS), it has been observed that the portion of the silicon layer
      nearest the sapphire substrate is not even a good semiconductor, i.e. it
      is almost insulating. Thus, the SOS layer can be distinguished from
      "silicon," as the term applies to bulk silicon wafers, by the former's
      lack of good crystal structure.
PAR  Another difference which distinguishes an SOS layer from silicon in bulk is
      the relatively higher density of defects to be found in former. This
      manifests itself, in one way, in the very low minority carrier lifetime
      found in SOS. Lifetimes in the range from about 0.1 nanosecond to 10
      nanoseconds at the very best are typical for these SOS layers. In bulk
      silicon, lifetimes, at the very worst, are nearer 10 nanoseconds and
      above. Typically, lifetimes in bulk silicon range between about 100
      nanoseconds and about 1 microsecond; and they can be as high as 100
      microseconds.
PAR  The very low lifetime of minority carriers is one of the reasons why SOS
      has found a large application in the field of MOS (Metal-oxide-silicon)
      type device structures, and not so much application in the field of
      bipolar device structures. The MOS device is a majority carrier device,
      whereas the bipolar device is a minority carrier device and needs
      relatively higher minority carrier lifetimes in the base region thereof.
      The relative ease with which bipolar transistors can be built in bulk by
      prior art methods of diffusion, because of the better lifetimes to be
      found in bulk silicon, is another means of distinguishing SOS from bulk
      silicon.
PAR  Another manifestation of the high defect nature of SOS is the uncontrolled
      nature of the impurity diffusion constant. Activation energies in SOS,
      i.e. the minimum energy (usually supplied by heating) to move an atom out
      of its position in the crystal, are generally lower and not as uniform and
      controlled as in bulk silicon. Hence, fast locallized diffusion occurs
      much more easily in SOS. This fast diffusion tends to short out the
      emitter-base junction of bipolar devices made in SOS. This is especially
      true for SOS bipolar transistors because the emitter-collector separation
      distance must be very small and because the lifetime is so poor.
PAR  The atoms of silicon grown epitaxially on sapphire wafers may be the same
      as the atoms of silicon that make up a bulk wafer, but the resulting SOS
      behaves in drastically different ways from bulk silicon.
PAR  The diffusion in SOS material is faster in the vertical direction than in
      the lateral direction. Consequently, there is more of a tendency for a
      diffused emitter to diffuse through the base and short to the collector in
      SOS material than in bulk silicon. When the same fabrication techniques
      normally used on bulk silicon are applied to SOS devices, none of them is
      practical because of the occurrence of emitter-to-collector shorts.
PAR  Briefly stated, the present novel planar bipolar transistor is an ion
      implanted structure in a layer of single-crystal semiconductor material
      epitaxially deposited on an insulating substrate to a thickness of between
      about 0.5 and about 5 .mu.m. The novel method of making the bipolar
      transistor comprises implanting a collector contact well, a base region,
      and an emitter region into the semiconductor material by ion implantation.
PAR  In a preferred embodiment, the single-crystal layer of silicon comprises
      two strata, a first or lower stratum adjacent to the insulating substrate,
      having a lower electrical resistivity than the remaining or upper stratum
      into which substantially all of the ion implantation is directed. The
      silicon layer is annealed after a collector contact well is ion implanted
      into the upper stratum so as to diffuse the collector contact well into
      contact with the lower stratum.
PAR  In another embodiment of the present novel transistor, the silicon layer
      into which the transistor is ion implanted is etched to the insulating
      substrate, leaving the transistor on an isolated island or mesa. Unwanted
      capacitance and feedback are eliminated or substantially reduced by this
      expedient.
PAR  In still another embodiment of the present novel transistor, the transistor
      is isolated as a mesa and an edge-guard region of impurities is ion
      implanted into a portion of the periphery of the mesa to stabilize the
      transistor with respect to leakage currents.
PAR  In a further embodiment of the present novel transistor, the transistor is
      fabricated with substantially parallel collector contact wells, base
      contact wells, and an emitter region so that the transistor can be divided
      into a plurality of similar transistors, each comprising a mesa on an
      insulating surface.
DRWD
PAR  The novel planar transistor and method of making it will be explained with
      the aid of the accompanying drawings in which:
PAR  FIG. 1 is a fragmentary cross-sectional view of one embodiment of the novel
      bipolar transistor;
PAR  FIG. 1a is a fragmentary plan view of the transistor shown in FIG. 1,
      without metallization;
PAR  FIGS. 2, 3, 4, 5, and 6 are fragmentary cross-sectional views of the novel
      bipolar transistor, shown in FIGS. 1 and 1a, during progressive steps in
      the novel method of making it;
PAR  FIG. 7 is a perspective view of another embodiment of the novel transistor;
      and
PAR  FIG. 8 is a plan view of a plurality of transistors of the type shown in
      FIGS. 1 and 1a, illustrating how a single transistor can be divided into a
      plurality of transistors, and showing low capacitance connections thereto.
DETD
PAR  Referring now to FIGS. 1 and 1a of the drawings, there is shown a preferred
      embodiment of the novel planar bipolar transistor 10, illustrated in
      mirror-image symmetry (about an imaginary plane 11 dividing the transistor
      10 in half). The transistor 10 is formed in a layer 12 of the silicon that
      has been epitaxially deposited on a planar surface 14 of an insulating
      substrate 16, such as sapphire or spinel.
PAR  The silicon layer 12 consists of two strata, of substantially equal
      thickness; a lower stratum 18, adjacent to the substrate 16, and an upper
      stratum 20 disposed on the lower stratum 18.
PAR  The silicon layer 12 is of N type conductivity and has been epitaxially
      grown on the cleaned surface 14 of the electrically insulating substrate
      16. The lower stratum 18 is doped with an N type conductivity impurity,
      such as phosphorus, for example, in a peak concentration of between about
      5.times.10.sup.18 and 5.times.10.sup.22 cm.sup..sup.-3, and the upper
      stratum 20 is also doped with an N type conductivity impurity in a peak
      concentration of between about 10.sup.16 and 10.sup.18 cm.sup..sup.-3. The
      higher doping values of the above cited combinations are used when the
      series resistance is the major design factor to be minimized, whereas the
      lower doping values are used when a high voltage breakdown is desired.
PAR  The lower and upper strata 18 and 20 can be deposited epitaxially onto the
      substrate 16 in a continuous process by varying the concentration of the N
      type conductivity impurity during the epitaxial deposition, in a manner
      well known in the art.
PAR  A pair of collector contact wells 22 comprising ion-implanted phosphorus
      and arsenic atoms extends downwardly from the upper surface 24 of the
      silicon layer 12 into the lower stratum 18 and comprises the collector
      region with the N type silicon layer 12. A pair of base contact wells 26
      of P type (boron) conductivity impurities is ion implanted into the upper
      stratum 20 of the silicon layer 12, and a base region 28, also of P type
      (boron) conductivity impurities is implanted into the upper stratum 20 in
      contact with the base contact wells 26. The base region 28 forms a PN
      junction 29 with the N type silicon layer 12 (the collector region).
PAR  An emitter region 30 of N type conductivity impurities, such as arsenic
      atoms, for example, is ion implanted into the center of the base region
      28, forming a PN junction 31 therewith.
PAR  The collector contact wells 22, the base contact wells 26, and the emitter
      region 30 are separated from each other on the surface 24 of the silicon
      layer 12 by two or more of a plurality of superimposed silicon dioxide
      layers 42, 44, 46 and 48, formed during the manufacture of the transistor
      10, as shown in FIG. 1 and as to be hereinafter explained. Although two
      collector contact wells 22 and two base contact wells 26 are described and
      shown, it is within the contemplation of the present invention to have, or
      use, either a plurality or only one collector contact well 22 and one base
      contact well 26, if so desired.
PAR  Before metallization of the collector, base, and emitter contacts, the
      transistor 10 is isolated as a mesa, as shown in FIGS. 1 and 1a, by
      etching the silicon dioxide layers 42, 44 and 46 by photolithographic
      means, whereby to reduce unwanted capacitance in the transistor 10 and to
      eliminate parasitic connections between the transistor 10 and possible
      neighboring components (not shown) also built on the insulating substrate
      16.
PAR  Emitter, base and collector contacts 32, 34 and 36 are electrically
      connected to the emitter region 30, the base contact wells 26, and the
      collector contact wells 22, respectively. The contacts 32, 34 and 36 can
      be a single layer of aluminum, or a two layer structure wherein the lower
      layer is a chromium layer 28 in contact with the surface 24 of the silicon
      layer 12, and an upper gold layer 40 deposited over the chromium layer 38.
PAR  Referring now to FIG. 2 of the drawing, the transistor 10 is shown in an
      early stage of fabrication. The oxidation of silicon to silicon dioxide
      and the photoresist operations are conventional, well known in the
      semiconductor fabrication art, and therefore, will not be discussed in
      detail. The silicon layer 12 is grown epitaxially on the insulating
      substrate 16, of sapphire or spinel, by the pyrolysis of silane
      (SiH.sub.4) in a vapor deposition process well known in the art. During
      the deposition of the silicon layer 12 onto the surface 14, a suitable N
      type dopant, such as phosphorous, for example, is introduced into the
      vapor deposition system in a quantity to provide the lower stratum 18 with
      an N type peak carrier concentration of between about 5.times.10.sup.18
      and about 5.times.10.sup.20 cm.sup..sup.-3. When about half of the desired
      thickness of the silicon layer 12 is deposited, the N type dopant in the
      vapor deposition system is reduced so that the upper stratum 20 has a peak
      carrier concentration of between about 10.sup.16 and about 10.sup.18
      cm.sup..sup.-3. The insulating substrate 16 has a thickness of about 0.25
      mm and the silicon layer 12 has a thickness of between about 1 and about 5
      .mu.m (divided into the two strata 18 and 20).
PAR  The collector contact wells 22 (outlined by the dashed line 22a in FIG. 2)
      are provided to help reduce the series resistance of the bipolar
      transistor 10. To this end, the silicon dioxide layer 42 is formed on the
      upper surface 24 of the silicon dioxide layer 12, by any suitable
      conventional means known in the art. The silicon dioxide layer 42 has a
      thickness of about 0.4 .mu.m. A pair of elongated substantially parallel
      openings 25 are formed in the silicon dioxide layer 42, by
      photolithographic technique known in the art, for ion implanting initial
      collector contacts 23. A dose of phosphorus of between about
      5.times.10.sup.14 and about 5.times.10.sup.15 cm.sup..sup.-2 at a voltage
      of between about 30 and about 300 KeV is ion implanted into the silicon
      layer 12 through the elongated openings 25. A phosphorus dose of about
      1.23.times.10.sup.15 cm.sup..sup.-2 at a voltage of about 15 KeV is
      typical to form the collector contacts 23.
PAR  The structure of FIG. 2 is now annealed for about 15 minutes at between
      about 900.degree.C and about 1100.degree.C in a non-oxidizing ambient,
      such as helium, for example, to extend the collector contact wells 22 into
      the lower stratum 18 of the silicon layer 12, as outlined by the dashed
      lines 22a that represents the periphery of the collector contact wells 22.
      A typical annealing operation for this purpose is about 15 minutes at
      about 1050.degree.C in helium. The collector contact wells 22 are now in
      good electrical contact with the stratum 18 of the silicon layer 12 that
      has the greatest number of conductivity modifiers, and hence a lower
      electrical resistivity than the upper stratum 20. The collector contact
      wells 22 and the silicon layer 12 comprises the collector region of the
      planar bipolar transistor 19.
PAR  Referring now to FIG. 3, the bipolar transistor 10 is shown in the stage
      for the ion implantation of the base contact wells 26. The silicon dioxide
      layer 42 on the upper surface 24 of the silicon layer 12 is covered with
      the silicon dioxide layer 44, grown by any conventional means known in the
      art. The silicon dioxide layer 44 is covered with the photoresist 45,
      having a thickness of about 1.0 .mu.m and, by photolithographic means
      known in the art, the silicon dioxide layers 44 and 42 are etched to
      provide a pair of elongated substantially parallel openings 47 to the
      upper surface 24 of the silicon layer 12. The base contact wells 26 are
      now ion implanted through the elongated openings 47 by an implant of boron
      of between about 5.times.10.sup.14 and about 5.times.10.sup.15
      cm.sup..sup.-2 at between about 30 and about 300 KeV. A typical implant of
      boron for the base contact well 26 is about 2.83.times.10.sup.15
      cm.sup..sup.-2 at about 150 KeV.
PAR  The ion implantation of the base contact wells 26 is done while the surface
      24 of the silicon layer 12 is covered with both the thin silicon dioxide
      layers 42 and 44 and the thin photoresist 45, except for the openings 47,
      to provide good masking. The silicon dioxide layers 42 and 44 would
      ordinarily be too thin for a mask without the photoresist 45.
PAR  After the base contact wells 26 ion implantation, the photoresist 45 is
      removed and another photoresist 50 (FIG. 4) is deposited over the silicon
      dioxide layer 44 in preparation for forming the base region 28 of the
      bipolar transistor 10. The photoresist 50 is exposed and etched along with
      the silicon dioxide layers 44 and 42, by well known photolithographic
      means, to form a rectangular opening 49, as shown in FIG. 4. The base
      region 28 of the bipolar transistor 10 is formed by a double ion
      implantation of a P type conductivity impurity, such as boron atoms, for
      example. Preferably, a dose of about 3.times.10.sup.12 cm.sup..sup.-2 at
      about 200 KeV is first ion implanted through the opening 49, and then a
      second dose of about 3.times.10.sup.12 cm.sup..sup.-2 at about 30 KeV
      follows the first ion implanted dose. These doses of boron for the base
      region 29 can vary between about 5.times.10.sup.11 and about
      5.times.10.sup.13 cm.sup..sup.-3 at a voltage of between about 30 and
      about 300 KeV, depending upon the characteristics desired in the finished
      bipolar transistor 10. The first deep ion implantation of boron controls
      the .beta., or current gain, of the bipolar transistor 10, and the lower
      energy dose helps to reduce the base lead resistance of the transistor 10.
      The double dose ion implantation for the base region 28 is carried out
      using both of the silicon dioxide layers 42 and 44 as well as the
      photoresist layer 50 as a mask because the thicknesses of the silicon
      dioxide layers 42 and 44 and and the photoresist 47 are in the
      neighborhood of 0.4 .mu.m, 0.3 .mu.m and 1.0 .mu.m, respectively. The
      combined thickness of the silicon dioxide layers 42 and 44 and the
      photoresist 47, therefore, constitute a suitable mask for the ion
      implantation process.
PAR  Means are provided to implant the emitter region 30 (FIG. 5) through the
      upper surface 24 of the silicon layer 12. To this end, the photoresist 50
      (FIG. 4) is removed and, the silicon dioxide layer 46 is deposited over
      the silicon dioxide layer 44 and the upper surface 24 of the silicon layer
      12. By photolightographic technique, as by the application of a suitable
      photoresist, exposure, and etching in a manner well known in the
      semiconductor art, an elongated opening 51 (FIG. 5) is formed in the
      silicon dioxide layer 46 through which the emitter region 30 can be ion
      implanted. In addition to providing the opening 51 in the silicon dioxide
      layer 46, a pair of substantially parallel openings 53 (FIG. 5) are also
      etched through the silicon dioxide layers 42 and 44 and 46, by well known
      photolithographic techniques, so that the contact wells 22 can be ion
      implanted additionally with the same atoms used to ion implant the emitter
      region 30, as indicated by the dashed outline 52 (FIG. 6). This technique
      provides the contact wells 22 with very good electrically conductive means
      to the metal contact 36 to be added subsequently.
PAR  The emitter region 30 is formed by ion implanting an N type conductivity
      impurity, such as arsenic atoms, for example, in a dose of between about
      5.times.10.sup.14 and about 5.times.10.sup.15 cm.sup..sup.-2 at between
      about 30 and about 300 KeV. A typical ion implantation of arsenic atoms in
      the emitter region 30 is a dose of about 7.77.times.10.sup.14
      cm.sup..sup.-2 at about 40 KeV.
PAR  At this point, one can isolate the bipolar transistor 10, shown in FIGS. 5
      and 1, into one or more mesas (islands) on the surface 14 of the substrate
      16, as shown in FIGS. 7 and 8. The formation of one or more mesas to
      provide one or more bipolar transistors 10 is accomplished by
      photolithographic means, as by applying a silicon dioxide layer over the
      transistor 10 thus far completed and defining the desired means with a
      photoresist pattern on the applied silicon dioxide layer. Thus, for
      example, if a single bipolar transistor 10 on a mesa structure is desired,
      the structure of FIG. 1a is etched to the surface 14, by photolithographic
      means, to leave the structure between the dashed lines 55 and 57 and
      between the dashed lines 59 and 61, as shown in FIG. 7. If more than one
      bipolar transistor 10 is desired, the structure shown in FIG. 1a is etched
      to the surface 14 to leave the structures between the dashed lines 59 and
      61, and between the dashed lines 55 and 63, 65 and 67, and 69 and 57,
      providing three transistors 10a, 10b and 10c as mesas on the insulating
      substrate 16, as shown in FIG. 8. Thus, the present novel method provides
      a structure where one or more planar bipolar transistors have a high
      density packing capability with low capacitance and feedback
      characteristics.
PAR  In another embodiment of the present invention, the transistor thus far
      fabricated is provided with means to stabilize with respect to leakage
      currents. To this end, an edge-guard region 70 is implanted through the
      periphery 72 of the mesa, as shown in FIG. 7, except for the region 74
      where the emitter region 30 and the PN junction 31 are exposed. This is
      accomplished by first applying a photoresist over the bare exposed
      periphery 72 (FIG. 7), to protect the emitter-base junction 31 from the
      edge-guard ion implantation. The periphery 72 (except for the region 74)
      is then exposed by photolithographic means, and ion implanted with a
      dopant species of the opposite type conductivity from that of the base
      dopant. The level of ion implantation here is about two to five times the
      level of the original base dopant ion implant. Hence, in the present
      example, the dose of atoms implanted into the edge-guard region 70 is
      between about 10.sup.12 and about 10.sup.14 atoms/cm.sup.2 with energies
      of between about 30 and about 300 KeV. Each of the transistors 10a, 10b,
      and 10c shown in FIG. 8, could also have edge-guard regions 70 implanted
      in the peripheries of their mesas, if so desired.
PAR  An anneal of about 10 minutes at between about 700.degree.C and
      900.degree.C in a non-oxidizing ambient is used to activate the atoms
      implanted into the emitter region 30, the base region 28, and the
      edge-guard region 70. The temperature of the anneal is very important. The
      temperature should be just high enough to activate the arsenic atoms but
      as low as possible to reduce the possibility of punch-through shorts.
      Actually, annealing proceeds at a lower temperature in silicon on sapphire
      than in bulk silicon material, and advantage is taken of this fact in the
      manufacture of the bipolar transistor 10.
PAR  Before any annealing of the emitter region 30 and/or the edge-guard region
      70 can take place, however, it has been found necessary to cap the emitter
      region 30 and the edge-guard region so that the ion implanted arsenic
      atoms are not out diffused and evaporated. To this end, the emitter region
      30 is capped with the silicon dioxide layer 48 of about 0.1 micron in
      thickness, as shown in FIG. 6. The layer 48 may preferably be of silicon
      nitride because then it can be removed so that contact to the emitter can
      be made without affecting the silicon dioxide layers 42, 44 and 46, since
      silicon nitride dissolves in solvents which do not affect silicon dioxide.
      The capped structure, shown in FIG. 6 can now be annealed without a
      serious loss of the implanted ions in the emitter region 30 and the
      edge-guard region 70. The silicon dioxide layer 48 also caps the collector
      contact wells 22 so that no loss of the arsenic atoms (from the portion of
      the wells 22 included within the dashed line 52) injected during the
      formation of the emitter region 30 can escape from the collector contact
      wells 22 during the annealing operation.
PAR  The collector contact well 22, the base contact wells 26, and the emitter
      region 30 are now exposed, by suitable well-known photoresist and etching
      techniques, so that the metal contacts 36, 34 and 32 can be made for the
      collector, base, and emitter, respectively, of the transistor 10. The
      metal contacts 32, 34 and 36 are made preferably by the successive
      evaporation of the chromium layer 28 and the gold layer 40, followed by a
      photoresistive delineation to remove the unwanted metal. The chromium
      layer 38 can have a thickness of between about 100A and about 500A, and
      the gold layer 30 can have a thickness of between about 5,000A and about
      25,000A. The contacts 32, 34 and 36 may also be of aluminum instead of the
      double layers 38 and 40 of chromium and gold. The finally constructed
      transistor 10 is annealed at between about 300.degree.C and 350.degree.C
      in hydrogen for about 15 minutes.
PAR  Metal interconnections between, and to transistors, on different mesas can
      be made at the same time, and in the same manner, as the metal contacts
      are made to the transistors. Thus, for example, a metal connection 76 is
      shown, in FIG. 8, between the base contact well 26 of the transistor 10b
      and the collector contact well 22 of the transistor 10a. It is noted that
      the connection 76 extends to the surface 14 of the insulating substrate
      16. This structure reduces unwanted capacitance and feedback. Similarly, a
      metal connection 78 is deposited mainly on the surface 14 of the substrate
      16 and is connected to the emitter region 30 of the transistor 10b.
PAR  While the transistor 10 has been described and illustrated in mirror image
      symmetry, it is within the contemplation of the present invention to
      encompass other physical arrangements of the emitter, base, and collector
      well known in the art. Also, although the novel transistor and method of
      making it have been described and illustrated with NPN transistors, it is
      within the contemplation of the present invention to include NPN
      transistors as well.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bipolar transistor comprising:
PA1  an electrically insulating substrate,
PA1  a mesa comprising a layer of single-crystal semiconductor material of one
      type conductivity on a surface of said substrate, said layer having a
      planar surface and a thickness of between about 0.5 .mu.m and about 5
      .mu.m,
PA1  a base region of an opposite type conductivity disposed in a portion of
      said layer, said layer comprising a collector region,
PA1  an emitter region of said one type conductivity disposed in a portion of
      said base region and defining with said base region an emitter-base
      junction,
PA1  each of said regions having a planar surface coplanar with said planar
      surface of said layer, said mesa having a periphery in which a portion of
      said emitter-base junction terminates, and
PA1  an edge-guard region of said one type conductivity disposed in said
      periphery of said mesa, except in said emitter region and said
      emitter-base junction.
NUM  2.
PAR  2. A bipolar transistor as described in claim 1, wherein:
PA1  said substrate is an electrical insulator selected from the group
      consisting of sapphire and spinel, and
PA1  said layer comprises silicon.
NUM  3.
PAR  3. A bipolar transistor as described in claim 1, wherein:
PA1  an elongated collector contact well is disposed in said layer,
PA1  an elongated base contact well is disposed in said base region,
PA1  said emitter region and is elongated and parallel to both said collector
      contact well and said base contact well, whereby said transistor can be
      etched in portions transversely disposed to said emitter region so as to
      divide said transistor into a plurality of mesas, each mesa comprising a
      bipolar transistor.
PATN
WKU  039435563
SRC  5
APN  5483271
APT  1
ART  254
APD  19750210
TTL  Method of making a high frequency semiconductor package
ISD  19760309
NCL  4
ECL  1
EXP  James; Andrew J.
NDR  3
NFG  4
INVT
NAM  Wilson; Richard W.
CTY  Phoenix
STA  AZ
ASSG
NAM  Motorola, Inc.
CTY  Chicago
STA  IL
COD  02
RLAP
COD  71
APN  383872
APD  19730730
PSC  03
CLAS
OCL  357 74
XCL  357 68
XCL  357 69
XCL  357 71
XCL  357 81
XCL  333 84M
EDF  2
ICL  H01L 2302
ICL  H01L 2312
FSC  357
FSS  68;69;71;74;81
FSC  333
FSS  84 M
UREF
PNO  3626259
ISD  19711200
NAM  Garboushian
OCL  357 74
UREF
PNO  3641398
ISD  19720200
NAM  Fitzgerald
OCL  357 74
UREF
PNO  3681513
ISD  19720800
NAM  Hargis
OCL  357 74
UREF
PNO  3713006
ISD  19730100
NAM  Litty et al.
OCL  357 74
UREF
PNO  3753056
ISD  19730800
NAM  Cooke
OCL  357 71
UREF
PNO  3769560
ISD  19731000
NAM  Miyake
OCL  357 81
UREF
PNO  3784883
ISD  19740100
NAM  Duncan et al.
OCL  357 74
UREF
PNO  3784884
ISD  19740100
NAM  Zoroglu
OCL  357 74
UREF
PNO  3786375
ISD  19740100
NAM  Sato et al.
OCL  357 74
LREP
FR2  Weiss; Harry M.
FR2  Hoffman; Charles R.
ABST
PAL  A method for manufacturing a low cost high frequency transistor package
      including a metal header, a metallized apertured ceramic insulator affixed
      to the header, a metallized beryllia insulator, and two cylindrical
      bonding rails within the aperture of the ceramic insulator attached to the
      header. The two bonding rails may be segments of wire. Metal leads are
      attached to the ceramic insulator. A very low inductance path through the
      bonding rails to the header results. The method includes positioning a
      first solder preform on the header, positioning the metallized, apertured
      ceramic insulator on the first preform, positioning the metallized
      beryllia insulator and the plated wire segments which form the bonding
      rails within the aperture of the first preform, positioning second and
      third preforms on the apertured ceramic insulator metallization,
      positioning the leads on said second and third preforms, and heating the
      package in a suitable atmosphere to a temperature above the melting point
      of the preforms to fuse the parts into a unit.
PARN
PAR  This is a continuation of application Ser. No. 383,872 filed July 30, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  This invention relates to methods of manufacturing low cost, high frequency
      semiconductor packages having very low parasitic inductance to the header.
PAR  2. Description of the Prior Art:
PAR  High frequency semiconductor packages are used for holding high frequency
      semiconductor components, such as microwave transistors and the like, and
      for providing readily available terminals for connection to other
      components. For such packages it is important to reduce parasitic coupling
      between terminals, which parasitic coupling degrades performance.
PAR  A variety of high frequency semiconductor packages utilized in the past
      have suffered from a variety of shortcomings including the necessity of
      providing wire bonding connections from the semiconductor component to
      lead terminals at different heights, being formed of a large number of
      conductive and insulative members bonded together, requiring expensive
      precision components such as apertured beryllia insulators, and requiring
      expensive apparatus for the manufacture of the packages. A high frequency
      semiconductor package having a structure which provides excellent high
      frequency performance and yet requires a small number of parts in the
      construction thereof is described in pending U.S. patent application, Ser.
      No. 303,466 now U.S. Pat. No. 3,784,884 assigned to the assignee of the
      present invention. The structure described herein requires coined bonding
      rails extending from the header in one embodiment thereof, requiring
      expensive coining apparatus and also requiring the use of an expensive
      material such as silver for the header. Further, design modifications for
      the prior art high frequency semiconductor packages to accommodate larger
      semiconductor chips, usually require extensive redesign of most of the
      package parts and fabrication apparatus, thereby making design
      modifications expensive.
PAR  The present invention solves many of the above-mentioned shortcomings of
      the prior art by providing a very low cost method of manufacturing a high
      frequency semiconductor package wherein low cost parts are assembled
      utilizing inexpensive apparatus, and wherein design changes affect a
      reduced number of the parts of the package.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a low cost high frequency
      semiconductor package having improved construction and reduced
      manufacturing costs.
PAR  Another object of this invention is to provide an improved low cost method
      of manufacturing such a semiconductor package.
PAR  Another object of this invention is to provide a method for providing a low
      cost bonding rail in a high frequency semiconductor package by fusing a
      segment of wire or the like to a low cost metal header simultaneously with
      the attaching of ceramic insulators thereto.
PAR  Other objects will be clear upon reading the following description and
      referring to the Drawings.
PAR  Briefly described, the invention provides a semiconductor package including
      a metal header, first and second metallized insulators on the surface of
      the header, and an essentially cylindrical bonding rail between the first
      and second insulators all attached to the surface of the metal header.
      First and second leads are attached to the first insulator, so that wire
      bonds may be provided from a semiconductor chip attached to the second
      insulator to the bonding rail and to the first and second leads. The
      process for making the semiconductor package includes the steps of
      positioning a first preform on the surface of the metal header,
      positioning the first and second insulating means and also the bonding
      rail on the first preform, and heating the assembly to a temperature
      higher than the melting point of the first preform to attach the first and
      second insulator and bonding rail to the metal header. Second and third
      preforms may be positioned on the first insulator, and leads positioned
      thereon prior to said heating cycle.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a preferred embodiment of the invention.
PAR  FIG. 2 is a cross-sectional view taken substantially in the direction of
      arrows 2--2 of FIG. 1.
PAR  FIG. 3 is another cross-sectional view taken substantially in the direction
      of arrows 3--3 of FIG. 1.
PAR  FIG. 4 is a plan view of another embodiment of the invention.
PAR  FIG. 5 is a cross-sectional view of yet another embodiment of the invention
     .
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In the drawings, a high frequency package is shown on a large scale for
      convenient illustration. It will be understood that for many uses it will
      be quite small, with package dimensions of a few tenths of an inch or so.
      The terms "top", "bottom", etc. will be used for convenience in the
      description hereafter, and refer to the orientation as shown in the
      drawings. It will be understood that in use the package may have any
      desired orientation.
PAR  Referring to FIGS. 1 - 3, which are diagrams of several views of a
      preferred embodiment of the invention, it is seen that the semiconductor
      package 10 includes a metal header 12, which may be copper. Referring to
      FIG. 2, a first insulator 20, which may be ceramic, preferably alumina
      (Al.sub.2 O.sub.3), is attached to upper surface 17 of copper header 12.
      Alumina insulator 20 has an opening 21 therein which preferably is
      rectangular. Insulator 20 is attached to surface 17 by means of
      metallization layers 18 and 24, discussed hereinafter. A second insulator
      26 is attached to surface 17 of copper header 12, and may be ceramic,
      preferably beryllia (BeO). First and second bonding rails 32 and 34 are
      positioned between beryllia insulator 26 and alumina insulator 20,
      preferably within rectangular aperture 21. Bonding rails 32 and 34 are
      essentially cylindrical, and are preferably links of copper wire cut to a
      suitable length. The diameter of cylindrical bonding rails 32 and 34 is
      advantageously chosen to be approximately the same as the thickness of
      insulator 26. First and second leads 40 and 42 are attached to insulator
      20, preferably on opposite sides of opening 21, by means of metallization
      layers 22, 23, 36, and 38, described hereinafter.
PAR  Referring particularly to FIG. 1, and to FIG. 3, it is seen that header 12
      may have flanges 14 which extend above surface 17 and outward from
      insulator 20 in a direction perpendicular to the axis of leads 40 and 42.
      Flanges 14 may have holes 16 therein to facilitate mounting of the
      semiconductor package 10. The copper header 12 has a notch 50 therein,
      surface 17 forming the bottom of notch 50. Grooves 52 at the bottom edges
      of notch 50 are optionally provided for reasons discussed hereinafter.
PAR  The upper surface of beryllia insulator 26 is metallized with metallization
      layer 28, and the bottom surface is metallized with metallization layer
      30, which, along with metallization layer 18 provides means for attaching
      of insulator 26 to header 12.
PAR  A high frequency semiconductor device, such as a microwave transistor, may
      then be die bonded to metallization layer 28, and the transistor's base
      terminal bonding pads may be symmetrically bonded to bonding rails 32 and
      34 to provide extremely low inductance in series with the base lead. The
      emitter and collector bonding pads may, respectively, be stitch bonded to
      leads 40 and 42 to provide an extremely high frequency device with
      superior operating characteristics suitable for use in numerous
      applications. It should be noted that the semiconductor package 10 is
      especially suitable for use in stripline applications.
PAR  A plan view of another embodiment is shown in FIG. 4, wherein semiconductor
      package 11 differs from semiconductor package 10 of FIGS. 1 - 3 in that
      the opening 21A which is preferably rectangular, in insulator 20 is larger
      than opening 21 in FIG. 1. Cylindrical bonding rails 32 and 34 and
      beryllia insulator 26 are positioned similarly in FIG. 1 and in FIG. 4,
      but additional room is still available in opening 21A, wherein additional
      components, such as capacitors or the like may be affixed. A spacer 60 is
      shown within opening 21A in FIG. 4, and may be used to aid the assembly of
      semiconductor package 11, as described hereinafter, and then subsequently
      removed, or it may be utilized as a substrate on which to mount other
      components. In other respects, semiconductor packages 10 and 11 are
      similar.
PAR  The method of manufacturing the semiconductor package according to the
      present invention is described referring to FIGS. 1 - 3. The metal header
      12, which is preferably copper, as previously described, may have notch 50
      formed therein by suitable known methods, such as machining. A first
      solder preform 18, which may be a silver-copper eutectic material, is
      positioned on surface 17. Insulator 20, which advantageously is alumina
      having lower metallized surface 24 and metallized regions 22 and 23 on the
      upper surface thereof, is positioned on preform 18. Metallized regions 22,
      23, and 24 may be any suitable type of metallization, such as titanium and
      nickel, which may be suitably fused with preform 18. A second insulator
      26, which may be beryllia having metallized surfaces 28 and 30 is
      positioned on preform 24, within opening 21 in alumina insulator 20.
      Metallization layers 28 and 30 may be any suitable type which may be
      successfully fused with preform 18 and to which a semiconductor die may be
      successfully die bonded to the completed package. Metallization layers 28
      and 30 advantageously are titanium-tungsten-gold, (or, alternatively,
      titanium-molybdenum-gold) the titanium forming a layer adherent to the
      beryllia, the tungsten (or molybdenum) acting as a barrier to prevent
      migration of the titanium, and the gold forming a layer to which further
      gold plating or die bonding can be achieved.
PAR  A first bonding rail 32, which advantageously is a cylindrical segment of
      copper wire plated with nickel and gold, is positioned on preform 18
      between beryllia insulator 26 and alumina insulator 20, and a second
      similar bonding rail 34 is positioned on the opposite side of beryllia
      insulator 26 between it and alumina insulator 20. Semiconductor package 10
      may then be heated to a temperature higher than the melting point of
      preform 18 to fuse or braze the above-recited parts into a single unit. It
      will be noted that the terms "fuse" and "braze" are used interchangeably
      herein to describe the fusing which results when preform 18 melts.
PAR  Leads 40 and 42, which are preferably made of Kovar, may be attached to the
      unit either before or after the previously described heating operation. In
      either case, preforms 36 and 38 are positioned, respectively, on
      metallized regions 22 and 23 of alumina insulator 20, and lead members 40
      and 42 are then positioned on preforms 36 and 38, respectively. Preforms
      36 and 38 may be of the same material as preform 18. Preferably, lead
      members 40 and 42 are aligned prior to the aforementioned heating step, so
      that brazing together of all parts of the entire unit occurs
      simultaneously during a single heating cycle.
PAR  Lead members 40 and 42 may be attached to a single lead frame member (not
      shown), or they may be separate members.
PAR  To produce the semiconductor package 11 depicted in FIG. 4, the
      above-recited method is modified to the extent that spacer 60, which may
      be a piece of unmetallized ceramic of suitable dimensions, is positioned
      in one side of opening 211 prior to positioning bonding rails 32 and 34.
      The spacer 60 remains in place until after the heating step, and may then
      be removed and reused.
PAR  The heating step may be performed in a suitable atmosphere, such as
      hydrogen, to avoid oxidation of the various metal surfaces. In order to
      avoid the "skin effect" at very high frequencies, the entire unit 10 (or
      11) may be gold plated, the gold adhering only to the exposed metal
      surfaces.
PAR  It should be noted, referring to FIG. 3, that grooves 52 may be provided in
      copper header 12 prior to positioning preform 18 in order to eliminate
      rounded corners in the bottom of groove 50 upon which preform 18 and/or an
      edge of alumina insulator 20 could sit, thereby raising it and preventing
      proper contact to surface 17.
PAR  It should be further noted that during the above-described manufacturing
      procedure the copper header may be positioned in an assembly fixture, in a
      groove or slot thereof, to provide registration in one direction, and the
      registration in another direction may be accomplished by means of groove
      50. Easy registration of the beryllia insulator 26 and the cylindrical
      bonding rails 32 and 34 are achieved by virtue of the opening 21 and the
      tolerances thereto. Positioning of lead members 40 and 42 may be
      accomplished by means of guide pins in said assembly fixture (not shown)
      and a holding weight (not shown) may be provided to press beryllia
      insulator 26 and lead members 40 and 42 against the unit during the fusing
      operation.
PAR  It should be appreciated that bonding rails 32 and 34 are preferably
      essentially cylindrical to facilitate easy positioning thereof by merely
      dropping them into the space between beryllia insulator 26 and alumina
      insulator 20, since the diameter of the cylindrical copper segments may be
      in the range of 10 - 12 mils. The tolerances between alumina insulator 20,
      bonding rails 32 and 34, and beryllia insulator 26 are advantageously as
      small as possible to reduce size and yet facilitate easy positioning
      thereof. The cylindrical copper segments could be coined slightly after
      the package 10 is fabricated if necessary to facilitate improved wire
      bonding thereto. Also, it should be appreciated that the wire could be
      pressed slightly out of round to increase the height in one direction or
      to facilitate a fit into narrow spacings between insulators 26 and 20.
PAR  Those skilled in the art will recognize that additional leads could be
      attached to alumina insulator 20, utilizing process steps entirely similar
      to those described, to provide connection to a semiconductor chip having
      more than three electrodes, for example a high frequency field effect
      transistor tetrode.
PAR  It should be appreciated that other preform compositions than those
      described, having melting temperatures less than
      780.degree.C-800.degree.C, may be advantageously utilized.
PAR  Those skilled in the art will recognize that after die bonding and wire
      bonding of a semiconductor chip to the beryllia insulator and the bonding
      rails, a suitable lid with an appropriate cavity therein may be epoxied or
      otherwise affixed in place on top of the high frequency transistor package
      structure to protect the wire bonds from accidental damage.
PAR  In summary, the invention provides a simplified method of producing a high
      performance, high frequency semiconductor package at much lower costs than
      previously achievable. Improved performance is achieved by virtue of the
      simplified structure over that of the prior art, and the reduced cost is
      achieved by provision of a workable, produceable fabrication method which
      permits the use of low cost materials (especially for the copper header),
      and the use of a single heating step to fuse together a relatively small
      number of individual parts to obtain the completed package. The method
      presented is further advantageous in that it is easily automated compared
      to fabrication methods for the more complex high frequency packages of the
      prior art. Further, no large coining presses or expensive forming die are
      required to produce the bonding rails on the header. Changes in the
      dimensions of the available die bonding area may be achieved by very low
      cost design changes in which only the dimensions of the beryllia insulator
      and the aperture in the alumina insulator are altered. In comparable prior
      art high frequency packages the bonding rails were coined from the header,
      causing the requirement of providing expensive new forming die for each
      design change. Therefore, it is seen that the invention provides a lower
      cost high frequency semiconductor package compared to those previously
      obtainable.
PAR  Although the invention has been described with reference to several
      embodiments thereof, it will be clear to those skilled in the art that
      variations in arrangement of parts and manufacturing steps may be made
      within the scope of the invention to suit varying requirements.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor package comprising:
PA1  a metal header having a surface;
PA1  a metallization layer on said surface including titanium and nickel fused
      with solder;
PA1  a first apertured alumina insulator on said surface exposing said
      metallization on said surface;
PA1  a second non-apertured beryllia insulator on said surface within said
      aperture; and
PA1  a segment of copper wire plated with nickel and gold positioned in said
      aperture between said first insulator and said second insulator attached
      to said metal header by said metallization layer forming a bonding rail.
NUM  2.
PAR  2. The semiconductor package as recited in claim 1 further including a
      second segment of copper wire plated with nickel and gold positioned in
      said aperture between said first insulator and said second insulator
      attached to said metal header by said metallization layer forming a second
      bonding rail on an opposite side of said second insulator from said first
      segment.
NUM  3.
PAR  3. The semiconductor package as recited in claim 1 wherein said second
      insulator is coated on its major surfaces with titanium-tungsten-gold
      metallization.
NUM  4.
PAR  4. The semiconductor package as recited in claim 1 wherein said second
      insulator is coated on its major surfaces with titanium-molybdenum-gold
      metallization.
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ABST
PAL  The operation of relative humidity sensors made from cobalt oxide on a
      non-conductive ceramic substrate is improved by heating the sensor for a
      short period to a high temperature in a reducing atmosphere. This reduces
      the specific resistance of the device. With a lower resistivity, it is
      possible to reduce the size of the sensor to the point where it can be
      included along with a semiconductive device in standard hermetic packages.
      This makes possible the continuous, one-line monitoring of hermeticity for
      the life of the circuit without the necessity fo applying a load to the
      circuit.
PARN
PAR  This is a division of application Ser. No. 443,436, filed Feb. 19, 1974,
      now U.S. Pat. No. 3,890,703 issued June 24, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to relative humidity sensors and,
      more particularly, the invention relates to sensors made from cobalt oxide
      as the active element. Humidity sensors of this type are also referred to
      as hygrometers or humistors, as it is their electrical resistivity which
      changes with humidity.
PAR  Procedures for manufacturing cobalt oxide humidity sensors or hygrometers
      are well known. The starting material is a cobalt oxide powder. As pure
      CoO powder is very expensive, the starting material is generally a mixture
      of CoO with some Co.sub.3 O.sub.4, but the latter compound dissociates at
      about 900.degree.C. so the completed sensor will be essentially CoO, the
      cobaltous oxide. This compound is stable up to its melting point, which is
      above 1800.degree.C.
PAR  The finely divided powder, preferably minus 325 mesh, is mixed with an
      inert liquid vehicle and viscosifiers to form a screen-printable paste. A
      thin layer of the paste is then screen-printed in a desired pattern onto a
      dielectric, high-temperature resistant substrate, typically a high-alumina
      ceramic. The screened pattern is then dried and fired in air at a
      temperature in the range of 1350.degree.C. to 1550.degree.C. Electrodes
      can be preformed on the substrate, co-fired with the paste, or applied in
      a subsequent operation. The latter is the more common approach as it is
      generally desired to have the electrodes in a rather elaborate,
      interdigitated pattern on the top surface. Conductive inks or pastes
      (platinum-gold, palladium-gold, etc.) are used in the conventional manner.
PAR  Before such a sensor can be put to use, it must be accurately calibrated to
      determine the change in electrical resistance with relative humidity.
PAR  The very high specific resistivity of cobalt oxide, which is 10.sup.6 ohms
      per square or higher, requires that humidity sensors made therefrom be
      relatively large in order to produce a suitable output. Typically, prior
      art humidity sensors of this type are manufactured on one inch square
      substrates. This is of course much too large to be included in integrated
      circuit packages.
PAR  The desirability of having a humidity sensor within a hermetically sealed
      semiconductor package is manifest. Essentially all semiconductive devices
      are humidity-sensitive to a greater or lesser degree. As a result,
      specifications on hermeticity for packages are most stringent. But, while
      technology for producing hermetic packages is well developed and tests
      therefor standarized, the fact that a package is hermetic initially says
      nothing about whether it will remain so after months or years of service,
      often under severe conditions of shock and vibration. Further, the failure
      of a seal in service can now be detected only by a malfunction or failure
      of the circuit.
PAC  PRIOR ART
PAR  The production of cobalt oxide hygrometers is disclosed by Delaney et al.
      in U.S. Pat. No. 3,345,596. The two patents of Nicholas, U.S. Pat. Nos.
      3,703,697 and 3,715,702, disclose the use of humectants to increase water
      absorption on hygrometer surfaces of this same type. In one instance the
      oxide is converted in part to the oxychloride, and in the other, a coating
      of lithium chloride or polyethylene glycol is provided. Blythe et al. U.S.
      Pat. No. 3,105,214, disclose the use of a vapor-permeable ion-selective
      membrane on the sensor surface. This will swell up in a humid environment
      and transport water but no ions to the sensor surface.
PAC  OBJECT OF THE INVENTION
PAR  A general object of the present invention is to provide improved humidity
      sensors of the cobalt oxide type.
PAR  Another object of the present invention is to provide a cobalt oxide
      humidity sensor which is smaller than prior art sensors.
PAR  A further object of the present invention is to provide a cobalt oxide
      humidity sensor within a hermetically sealed semiconductor package.
PAR  A still further object of the present invention is to provide a cobalt
      oxide humidity sensor having a lower resistivity than prior art sensors of
      the same general type.
PAR  Yet another object of the present invention is to provide a cobalt oxide
      humidity sensor very sensitive in the low-ppm range.
PAR  A still further object of the present invention is to provide a
      semiconductor package with a built-in or integral humidity sensor.
PAR  Various other objects and advantages of the invention will become clear
      from the following description of embodiments thereof, and the novel
      features will be particularly pointed out in connection with the appended
      claims.
DRWD
PAC  THE DRAWINGS
PAR  Reference will hereinafter be made to the accompanying drawings wherein:
PAR  FIG. 1 is a plan view of a typical humidity sensor;
PAR  FIG. 2 is a perspective view of a portion of an integrated circuit package
      including an integral humidity sensor in accordance with this invention;
PAR  FIG. 3 is an enlarged view of a portion of the sensor of FIG. 1,
      illustrating resistivity calculations; and
PAR  FIG. 4 is a perspective view of the FIG. 2 package assembled and ready for
      sealing.
DETD
PAC  DESCRIPTION OF EMBODIMENTS
PAR  The present invention comprises, in essence, lowering the
      specific-resistivity of the cobalt oxide film by heating the previously
      fired film to a high temperature in a reducing atmosphere for a brief
      period. The atmosphere is preferably hydrogen. This treatment has been
      observed to reduce the resistivity of the film by 1 to 1.25 orders of
      magnitude. Thus, an air-fired CoO film with a resistivity of 3.76 .times.
      10.sup.6 ohms/square has a resistivity of 6.3 .times. 10.sup.4 ohms per
      square after firing in hydrogen at 1500.degree.C. for 15 minutes.
PAR  The reasons why this treatment reduces resistivity are unclear, just as the
      mechanism of conduction in cobalt oxide is unclear. It is possible that
      the reducing gas attacks the CoO crystalline boundaries preferentially and
      exposes more surface with a higher surface energy. It is not known whether
      CoO conducts with surface electrons or "holes" in the bulk material; it is
      felt to be possible that the hydrogen firing could contribute to bulk
      conductivity because of the higher surface energy conditions.
PAR  It is believed that the prior-art (Delaney et al.) teaching of firing the
      cobalt oxide for a brief period only and at a high temperature
      (1500.degree.C.) is designed to provide a large number of very small CoO
      crystals and prevent crystal growth. The hydrogen treatment of the present
      invention may significantly increase the population-density of exposed
      crystal edges and corners. Because of the interrupted lattice periodicity
      at these locations, and resultant dangling or broken bonds, these sites
      should be preferred locations for gas adsorption-desorption phenomena
      involved in the relative humidity equilibration process.
PAR  The hydrogen firing process has been optically observed to produce etch
      pits on the CoO surface which are quasi-hexagonal in plane view and
      conical in cross-section, with terraced walls. Etch lines about larger,
      pyramidal-shaped crystals parallel to a base plane have also been
      observed. It is believed that such exposed crystal surfaces should enhance
      gas-surface interaction phenomena.
PAR  The lowering of the CoO resistivity is desirable for several reasons, the
      most important of which is that it permits a substantial reduction in the
      size of the humistor. Thus, heretofore a typical humistor had to be
      mounted on a 1 inch square substrate, to allow for device and conductive
      geometry that would give a suitable output. In accordance with the present
      invention, humistors of the same resistance are produced on 0.20 by 0.20
      by 0.040 inch substrates with the same (1-5 volt) outputs and improved
      linearity of response.
PAR  This permits humsitors of the present invention to be used for the first
      time as hermeticity detectors within semiconductive device packages. As
      noted hereinabove, stringent hermeticity requirements are imposed in both
      military and commercial electronics specifications, because humidity has a
      disastrous effect on the operation of both active and passive microcircuit
      elements. Heretofore, it has not been possible to detect hermeticity
      failures, i.e. leaks, except through circuit mal-functions. With the
      miniaturized humidity sensors produced in accordance with the present
      invention, it becomes possible to include the device on the substrate
      within the can or package. In operation with a nominal bias, it will be
      essentially non-conductive. If the package fails and even a few ppm of
      moisture are encountered, the sensor will be rendered sufficiently
      conductive to trigger an alarm. Thus, with the present invention it is
      possible to continuously monitor hermeticity without waiting for circuit
      damage, mal-function or failure, and hermeticity monitoring is carried out
      without loading the main circuit. More particularly, humistors of the
      present invention may have a total wet-to-dry resistance change of as much
      as six or seven orders of magnitude. This very great change is believed to
      account for the substantial sensitivity in the very low ppm (high
      resistivity) range.
PAR  Humistors made in accordance with the present invention resemble prior art
      devices except insofar as the hydrogen firing tends to change the normally
      rather glossy CoO surface to a more matte-like appearance. As shown in
      FIG. 1, a ceramic substrate 10 has a layer of cobalt oxide 12 screened and
      fired over its entire surface (or less than the entire surface, as
      desired). First and second electrode patterns 14, 16 which terminate in
      bonding pads 18, 20 are then screened and fired. After firing in a
      reducing atmosphere (which may occur before or after application of
      electrodes) the device is complete.
PAR  FIG. 2 illustrates a humidity sensor of the present invention incorporated
      into a standard dual in-line 14-lead package. The substrate 22 first has a
      cobalt oxide area 24 screened and fired thereon. Thereafter, the
      integrated circuit leads 26, the humistor electrodes 28, and leads
      therefore 30 are all screened and fired simultaneously. The entire unit is
      then fired in hydrogen, since this will not effect the metallic patterns.
      Installation of the integrated circuit 32 or other semiconductive device,
      sealing and testing follow conventional procedures, except that further
      exposure to reducing atmospheres should be avoided.
PAR  FIG. 4 illustrates the package of FIG. 2 when ready for hermetic sealing. A
      lead frame including leads 34 has been brazed to the leads 26 on the
      substrate, and a ceramic spacer 36 having an opening 38 forming a cavity
      is bonded thereover (those skilled in the art will appreciate that these
      steps are part of package manufacture and are normally carried out prior
      to insertion and bonding of circuit 32). The top surface of spacer 36
      includes a metallized and plated ring 40 around opening 38 to facilitate
      hermetic sealing. The latter is accomplished with a lid 42 having a mirror
      image of ring 40 on its bottom surface (not shown) and a brazing preform
      44, of gold-tin, Foballoy (trademark) or other brazing alloy. Except for
      the presence of sensor 28 in the cavity, these steps are entirely
      conventional.
PAR  Understanding of the invention will be facilitated by reference to the
      following specific example, which is to be construed as illustrative only
      and not in a limiting sense.
PAC  EXAMPLE
PAR  In humistors (or resistors) of the general type described, calculation of
      resistivity in ohms/squre is more complex than for simple thick film
      geometries, and depends on the space between respective interdigitated
      electrodes and their length. With reference to FIG. 3, the number of
      squares is calculated according to the following formula:
      ##EQU1##
      In Equation 1, N is the total number of conductor lines, so N-1 is the
      number of resistor lines. The factor L/W is multiplied by the reciprocal
      of N-1 because, while L is constant throughout the pattern, W is
      lengthened by each pair of conductors, and it is this which must be
      multiplied by N-1. As will be apparent from the data hereinbelow, this
      produces resistors with very small numbers of squares.
PAR  Cobalt oxide paste was screened and fired onto one inch substrates in a 950
      mil square pattern and fired. One group of substrates was fired in
      hydrogen and all substrates had identical conductives applied, wherein
EQU  L = 15
EQU  = 800
EQU  = 26
PAL  (all dimension being in mils).
PAL  In accordance with equation 1, the number of squares was 7.5 .times.
      10.sup..sup.-4. At 100% relative humidity, the resistors that were not
      hydrogen fired had resistances of 3.2 .times. 10.sup.6 .OMEGA. and those
      that were so treated measured 1.9 .times. 10.sup.5 .OMEGA.. In terms of
      ohms/square, these figures convert to 4.26 .times. 10.sup.9 and 2.53
      .times. 10.sup.8, respectively.
PAR  The same paste was screened in 200 mil square patterns and, again one group
      was fired in hydrogen and another was not. Conductives were applied in a
      pattern where
EQU  L = 15
EQU  W = 180
EQU  N = 8
PAL  The number of squares in this pattern is 1.19047 .times. 10.sup..sup.-2.
      During processing, film thickness, firing parameters etc. were all closely
      controlled so that the films were comparable except for size and
      conductive geometry. On these units, at 100% R.H., resistance of the
      non-hydrogen fired units was 5.07 .times. 10.sup.7 .OMEGA. and those that
      were so treated measured 3.01 .times. 10.sup.6 .OMEGA.. Resistance of 200
      mil square humistors treated in accordance with the present invention is
      thus seen to be substantially the same as 950 mil square units that were
      not so treated (i.e. 3.2 .times. 10.sup.6 .OMEGA.).
PAR  Humistors are calibrated by plotting log R vs. relative humidity over the
      entire humidity range. A problem with known humistors has been an
      asymptotic resistance change (or other anomalies) as R.H. approaches 0%.
      An advantage of humistors made in accordance with the present invention is
      a substantially linear response over the entire R.H. range. This greatly
      simplifies required circuitry and makes the devices useful as hermeticity
      detectors, where R.H. must be measured in parts-per-million. The reason
      why the reducing-gas treatment brings about this desirable improvement is
      not understood.
PAR  It will be appreciated by those skilled in the art that FIG. 2 is
      illustrative only and is not to be construed in a limiting sense, since
      many variations are possible. Thus, a discrete humistor as shown in FIG. 1
      could be incoporated into a semiconductor package rather than having the
      package manufactured with an integral device. The humistor could be wired
      into the main circuit if that condition could be tolerated. Different
      package designs offer varying opportunities for placement of the sensor.
      In packages having glass-sealed ceramic lids for example, it would be
      possible to have the sensor printed on the under-side of the lid. Discrete
      or integral sensors could be incorporated into header cans. In laminated
      packages having leads on a raised step section surrounding the device in a
      central cavity, the sensor could be placed on either level.
PAR  It will be further appreciated that the small size of humistors of the
      present invention permits their incorporatin in a variety of other devices
      where hermeticity is important. Image intensifier tubes or other
      electronic tubes are one example. Optical systems where hermeticity is
      required to avoid condensation on optical elements is another example.
PAR  Various other changes in the details, steps, materials and arrangements of
      parts, which have been herein described and illustrated in order to
      explain the nature of the invention, may be made by those skilled in the
      art within the principle and scope of the invention as defined in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hermetically-sealable package for a semiconductive device including an
      integral hermeticity detector comprising:
PA1  means forming a cavity adapted to retain said semiconductive device and
      including a dielectric substrate;
PA1  a plurality of metallic leads extending from within said cavity to the
      outside of said package;
PA1  a humidity sensor within said cavity, said sensor comprising a double-fired
      layer of cobalt oxide, said layer having a lower than normal resistivity
      as a result of a second firing in a reducing atmosphere at about
      1500.degree.C. for a brief period;
PA1  a pair of electrodes on said double-fired layer connected to a pair of said
      leads; and
PA1  seal means for hermetically sealing said cavity.
NUM  2.
PAR  2. The package as claimed in claim 1, wherein said sensor is a discrete
      element formed on a high-temperature resistant, dielectric substrate.
NUM  3.
PAR  3. The package as claimed in claim 1, wherein said sensor is formed on said
      dielectric substrate.
NUM  4.
PAR  4. The package as claimed in claim 1, wherein said sensor is formed on said
      seal means.
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PAL  An apparatus in which a luminance signal is recorded onto a first storage
      tube, the two chrominance signals are compressed to one-half,
      respectively, in time axis to record alternately such compressed
      chrominance signals onto a second storage tube, and the signals are
      repeatedly read out from the first and second storage tubes in order to
      reproduce the colored still picture image, thereby reproducing the picture
      image without deteriorating resolution and setting up the apparatus to be
      free from trouble.
BSUM
PAR  This invention relates to an apparatus for reproducing a colored still
      picture image from the color TV picture image being transmitted.
PAR  Apparatus which can reproduce, as a colored still picture, any frame of the
      signals of a color broadcast television signal on the air, may include
      video tape recorders, magnetic disc recorders, etc. However, they have
      poor resolution and require a long period of time to read out the recorded
      signal. Also mechanical scanning devices inherent to such prior art
      apparatus often malfunction.
PAR  Accordingly, an object of this invention is to provide an apparatus in
      which purely electronic recording and reproduction takes place, unlike
      conventional recording and reproducing apparatus, the apparatus being
      constituted such that mechanical scanning is not required and accordingly
      troubles or failures can be eliminated.
PAR  It is another object of this invention to provide an apparatus which
      enables reproduction of the colored picture image a short time after the
      recording thereof.
PAR  It is another object of this invention to increase the resolution of the
      reproduced picture image.
PAR  According to the colored still picture image reproducing apparatus of this
      invention, since the time-axis compression is effected in the signal
      system and the two color difference signals are recorded by being
      separated into two parts, good signal discrimination is obtained without
      causing the quality of the color pictures to be deteriorated.
PAR  Furthermore, according to the invention, as compared to the case in which
      the chrominance signal is recorded without being compressed in the
      time-axis but is separated into up and down or left and right, an
      apparatus can be provided in which the deflection circuit is simplified
      and further the circuits of the apparatus can be simplified since a
      complex delay circuit is not required.
DRWD
PAR  Other objects, features and advantages of the present invention will be
      apparent from the following description taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of a colored still picture image reproducing
      apparatus, which is an embodiment of this invention;
PAR  FIG. 2 shows waveforms of the signals;
PAR  FIG. 3 is a schematic representation of waveforms of the signals; and
PAR  FIGS. 4a and 4b show the states in which signals are recorded on the target
      of the storage tube.
DETD
PAR  Referring to the accompanying drawings, an embodiment of the invention will
      be described as below.
PAR  In FIG. 1 101 represents a color TV receiver set which is so set up that a
      luminance signal Y, a synchronizing signal SYC, and color signals X and Z
      can be recovered. 102 designates a luminance signal storage unit having a
      signal storage tube, 103 a horizontal and vertical deflection circuit
      including a synchronizing signal separation circuit, 104 a video signal
      amplifier unit, 105 a deflection current generator unit of a CRT used for
      monitoring, 106 a high voltage generator unit, 107 a horizontal deflection
      coil, 108 a vertical deflection coil, 109 a time axis compression circuit,
      110 a chrominance signal storage unit having a signal storage tube, 111 a
      signal amplifier unit, 112 a time axis expansion and separation circuit,
      and 113 a matrix circuit. In FIG. 2, (a) shows an X signal of one
      horizontal period (H), (c) shows a Z signal of one horizontal period, and
      (b) shows a signal composed of these two chrominance signals which have
      been compressed in time axis to a half scale through the time axis
      compression circuit, the X signal being delayed by 1 H, and the Z signal
      being delayed by 1/2 H. Also, in FIG. 2 (b), the first half represents the
      X signal and the latter half the Z signal.
PAR  FIG. 3 is a schematic representation of signals; wherein (a), (b) and (c)
      represent a luminance signal Y, and color signals X and Z, respectively,
      which are obtained from the receiver set 104; (d) represents an output
      signal of the time axis compression circuit 109; and (e), (f) and (g)
      represent the outputs of the storage unit 102 at the time of reproduction
      and of the time axis expansion and separation circuit 112.
PAR  Operation of the apparatus as shown in FIG. 1 will be described below. The
      luminance signal obtained from the receiver set 101 is recorded for a
      period of any one frame on the target of the storage tube of the signal
      storage unit 102 which is deflected by a saw tooth wave generated by the
      deflection circuit 103. The state of the recorded signal is shown in FIG.
      4a. The X and Z signals produced from the receiver set 101 are compressed,
      respectively, to their one-half time scale by means of the time axis
      compression circuit (such as a capacitor memory), and are recorded on the
      signal storage unit 110 having the same structure as that of the signal
      storage unit 102. The X signal is recorded on the left half of the
      recording surface and the Z signal is recorded on the right half as shown
      in FIG. 4b.
PAR  Reproduction is effected by scanning the target of the storage tube of the
      storage units 102, 110 with the saw tooth waveform signals produced
      continuously from the deflection circuit 103. The signal reproduced from
      the storage unit 110 is amplified through the signal amplifier circuit
      111. The reproduced signal is then restored to the original time length
      through the time axis expansion and separation circuit 112. At this time,
      the X signal is expanded by itself without delay and the Z signal is
      expanded being delayed by 1/2 H. As for the 1 H delay of the luminance
      signal reproduced by the storage unit 102, the vertically deflected
      synchronizing signal of the storage tube for the luminance signal is read
      out being delayed by 1 H. The X and Z signals thus demodulated are applied
      to the matrix circuit 113 to produce R-Y signal, B-Y signal, and G-Y
      signal, which will be applied to the color CRT, to create a colored still
      picture image. Also, even if a luminance signal is used without being
      delayed by 1 H, low resolution of the chrominance signal does not impose
      any problem in practical use.
PAR  As mentioned above, any one frame of television picture can be recorded
      within one-thirtieth of a second, and the recorded signal can immediately
      be reproduced as a colored still picture. Furthermore, writing, erasing,
      reading out, etc. are performed all electronically, without requiring any
      mechanical operation, and this contributes to simple manipulation and high
      reliability. In addition, since the X signal and Z signal are being
      recorded by separating the signal storage tube into left and right sides,
      good separation of signals is obtained causing little deterioration in
      color quality. Besides, according to this invention, the apparatus for
      reproducing a colored still picture image can be provided in which as
      compared to the instance where the chrominance signal is recorded without
      being compressed in the time axis but being separated into up and down or
      right and left of the target of the storage tube, the deflection circuit
      is simplified and the circuits of the apparatus simplified since a complex
      delay circuit is not required.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for reproducing a colored still picture image comprising:
PA1  a first signal storage tube for recording the luminance signal,
PA1  a circuit for compressing two kinds of chrominance signals in the time axis
      respectively, and for converting the compressed signals into
      time-sequential signals by alternately taking out the compressed signals,
PA1  a second signal storage tube for recording the time-sequential signals,
PA1  a circuit for expanding the signal read out from said second signal storage
      tube in the time axis, and for separating the signal into two kinds of
      chrominance signals, and
PA1  means for reproducing a colored still picture from the two kinds of
      expanded and separated chrominance signals and from the signal read out
      from said first storage tube.
NUM  2.
PAR  2. An apparatus for reproducing a colored still picture image as set forth
      in claim 1, wherein the circuit for compressing and converting the signals
      compresses each of the two chrominance signals in the time axis to half
      scale, and further the circuit for compressing and converting comprises
      means for delaying one of the two compressed chrominance signals by
      one-half of the horizontal scan period means for delaying the other
      chrominance signal by one horizontal scan period, and means for inserting
      the two compressed chrominance signals, each corresponding to the
      chrominance signal for one horizontal scanning period, in each horizontal
      scanning period.
NUM  3.
PAR  3. An apparatus for reproducing colored still picture image as set forth in
      claim 2, wherein one of the two compressed chrominance signals is delayed
      by one-half of the horizontal scanning period and the other is delayed by
      one horizontal scanning period, said apparatus comprising means for
      converting the two compressed chrominance signals into the time-sequential
      signals, and said apparatus further comprising a means which delays the
      luminance signal reproduced by said first storage tube by one horizontal
      scanning period, and wherein a colored still picture is reproduced from
      said delayed luminance signal and the two chrominance signals obtained by
      said circuit for expanding and separating.
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PAL  A cinematographic film to be reproduced by television is driven at constant
      speed in synchronism with the sweep cycle of one or more camera tubes each
      positioned to pick up images projected upon a receiving surface thereof
      whose luminous persistence equals at least a sweep cycle. The film is
      periodically transluminated, during the retrace phase of the scanning
      beam, by a light pulse emitted by an electroluminescent diode -- or by a
      cluster of such diodes operating on different wavelengths -- defining a
      quasi-pinpoint light source, the diode being excited by an energizing
      pulse whose length does not exceed the duration of a line scan of the
      camera tube.
BSUM
PAR  The invention relates to telecinema systems for reproducing cinematographic
      films for the purpose of televising them. Such systems use a light source
      for successively projecting the frames of a film onto a camera-tube
      target.
PAR  If a conventional cinematograph projector is used for this purpose in
      association with a camera tube, difficulties arise since the film is
      jerky. As is known, the successive periods when the film is stationary
      have to be made to coincide with the scanning period of the camera tube.
PAR  If the film runs at a constant speed, the successively projected frames can
      be made persistent if the film is illuminated by a number of very short
      light pulses. In that case, the light source is a flash tube giving light
      pulses having a repetition frequency equal to the camera-tube-raster
      scanning frequency.
PAR  The disadvantage of flash tubes is that they have a large emitting surface,
      so that a complex, expensive projection lens system is required in order
      to make maximum use of the luminous flux. The working life and the
      reliability of flash tubes are also unsatisfactory.
PAR  With a view to obviating the aforementioned disadvantages, a system
      according to our invention includes a quasi-pinpoint light source for
      transluminating a cinematographic film to be reproduced by television,
      this light source being positioned in line with lens means for projecting
      images of that film onto a receiving surface of a camera tube. The light
      source, including an electroluminescent diode or a cluster of such diodes
      with different operating wavelengths, in the case of color television,
      receives energizing pulses from a generator triggered during retrace
      intervals between sweep cycles of the tube, the length of an energizing
      pulse being not greater than the duration of a line scan; the luminous
      persistence of the receiving surface equals at least a sweep cycle so that
      the projected image remains available during the entire scanning period.
      The film is driven at constant speed in synchronized relationship with the
      sweep cycle of the tube.
DRWD
PAR  The invention will be more clearly understood and other features will
      become apparent from the following description and the accompanying
      drawing in which:
PAR  FIG. 1 shows a diagram of a system utilizing the principles of our
      invention in the case of black-and-white television;
PAR  FIG. 2 is an explanatory graph;
PAR  FIG. 3 shows the electric circuit of an energizing-pulse generator for the
      system of FIG. 1;
PAR  FIG. 4 shows a diagram of a system utilizing the principles of our
      invention in the case of color television; and
PAR  FIG. 5 is a diagram of an array of three photoemissive diodes for the
      system of FIG. 4.
DETD
PAR  According to the invention, the optical projector used is of conventional
      design but is simplified in the following two ways: the discontinuously
      running film drive is replaced by a continuous constant-speed driving
      system; and the projection lamp is simplified, owing to the provision of a
      quasi-point emitting surface of the light source, which comprises one or
      more diodes.
PAR  FIG. 1 diagramatically shows a non-limitative example of a telecinema
      device for black-and-white television wherein, according to the invention,
      an electroluminescent diode 1 is used instead of the conventional light
      source. Diode 1 emits short light pulses when energized by an electric
      power source 6 delivering current pulses via a screened connecting cable
      7.
PAR  Diode 1 is disposed on the common optical axis X--X of a condenser 2 and a
      projection lens 3 whose pupil coincides with the image of source 1 formed
      by condenser 2. A film 5 to be projected moves on a pair of reels 8, 9
      perpendicularly to axis X--X and very near the surface of the condenser.
      Driving means 100 move the film 5 at constant speed in the direction of
      arrow 101. A camera tube 4 is installed on the other side of lens 3 so
      that its receiving surface 40 is illuminated by the image of the flat
      portion of film 5 disposed in the projection window 20 associated with
      condenser 2. Tube 4 has two signal outputs, namely an output 41 for
      "video" signals and an output 42 for synchronization signals, i.e.
      vertical scanning signals of the raster of the projected frames. Output 42
      is connected to a synchronization input 61 of the energizing-pulse
      generator 6, so that the latter is periodically triggered.
PAR  The device operates as follows. If complete frames in the television system
      follow at the rate of 25 per second, diode 1 is triggered at the same rate
      by the energizing generator. The emitted light pulses should be so short
      that the film moves a negligible distance during the flash. Satisfactory
      results are obtained if the pulse duration is 32 microseconds, i.e. about
      half the time taken to scan a line in the case of a 625-line television
      system. The sensitive surface of the camera tube should have sufficient
      remanence for the image to remain visible on target 40 during the scanning
      of a complete sweep cycle consisting of a pair of interlaced frames. The
      driving means 100 are adjusted so that frames follow continuously at the
      rate of 25 per second. They are synchronized with the vertical scanning
      signals (output 42) by means diagrammatically represented by a connection
      102.
PAR  It is important to ensure that the camera tube is not saturated during the
      irradiation phase. To this end the light pulses must occur during the
      retrace phase of the scanning beam, i.e. during the time when the video
      signal is below the black level and does not produce a visible image on a
      television-receiver screen.
PAR  FIG. 2 shows the oscillogram of the raster-scanning sweep voltage V fed to
      tube 4. The graph indicates a scanning period ABCD having a steep rising
      flank AB and a progressively decreasing portion CD. The scanning period is
      20 ms at a rate of 50 rasters per second. The duration of the plateau BC
      may be about 1450 microseconds, during which time the light source must be
      triggered by a pulse P, shown to coincide with the leading edge of the
      generally sawtooth-shaped voltage pulse ABCD, a 40-millisecond interval
      equaling two scanning periods being left between adjacent trigger pulses.
PAR  FIG. 3 diagrammatically shows a non-limitative example of details of
      generator 6 connected to the electroluminescent diode 1; the electric
      power supplies are not shown. A divider circuit 62 divides by two the
      number of differentiated scanning pulses received at its input 61; circuit
      62 is followed by a monostable trigger circuit 63, both being indicated by
      a simple block since they are conventional circuits realizable e.g. in the
      form of integrated circuits. The input 61 is followed by a capacitor 610
      protecting the circuit 62 against the d.c. voltages emitted by the camera
      tube.
PAR  The generator also comprises power stages delivering electric pulses for
      energizing diode 1. Trigger 63 works into the base of a transistor 64,
      here shown to be of the NPN type, whose collector is supplied with a
      positive voltage via a terminal S and whose emitter is connected to ground
      via a resistor 65. The output of transistor 64, which operated in the
      common collector mode, is connected via a high-value capacitor 66 to the
      base of a complementary PNP transistor 67, which operates in the
      common-emitter mode. The emitter of transistor 67 is connected to the
      terminal S of the supply source and its collector is connected to ground
      via diode 1. A resistor 68 is connected between the emitter and the base
      of this transistor and cooperates with capacitor 66 so as to block the
      d.c. component of the output current.
PAR  Generator 6 operates as follows: Synchronization pulses are developed
      between input 61 and ground. Out of each two pulses, one is transmitted to
      circuit 63 by circuit 62 which is adjusted so as to preserve only one
      pulse per sweep cycle. The leading edge AB of the sawtooth pulse shown in
      FIG. 2 capacitatively triggers an input of circuit 63, the length of the
      emitted energizing pulse being determined by the interval time constant of
      the circuit (32 microseconds in the present case). Transistor 67 directly
      energizes the electroluminescent diode 1 at the required intensity. The
      choice of transistor 67 depends on the diode-energizing current. In
      practice, the diode is advantageously subjected to the maximum current it
      can tolerate, e.g. a current of the order of 1 ampere. The average current
      for a 32-micro-second flash at a rate of 25 per second is:
      ##EQU1##
PAR  This is usually much lower than the maximum permanent current compatible
      with the thermal dissipation of the diode.
PAR  FIG. 4 is a block diagram of another embodiment of our invention relating
      to the case of color-film reproduction. The film and its reels (not shown)
      are disposed as in FIG. 1. Three light sources I, J, K emit red, green and
      blue light pulses respectively. Source J only is disposed on the X--X axis
      of the telecinema apparatus which comprises a single condenser 21 and
      three projection lenses 31, 32, 33 disposed in a single plane
      perpendicular to the X--X axis in order to receive the images of sources,
      I, J, K formed by condenser 21. To this end, sources I, K and lenses 31,
      33 are off-center with respect ot the X--X axis. Owing to the quasi-point
      nature of the light sources used, there is no undue deviation from the
      optical axis and the lenses normally used in telecinema apparatus are
      sufficiently satisfactory to ensure good reproduction of the film frames
      on the receiving surfaces of three camera tubes 401, 402, 403 which are
      disposed so that the film frames provided by lenses 31, 32, 33 are imaged
      on these receiving surfaces. The three tubes are synchronously scanned and
      the common scanning signals drive the generator 6 via a connection 420.
PAR  When the emitted radiation corresponds to the primary colors of
      color-television systems, the correct color components travel in the three
      optical channels of the device shown in FIG. 4, thus obviating the need
      for filters, which is an advantage of the invention. If desirable,
      however, filters 81, 82, 83 can be disposed in the path of the light rays
      between the lenses and a camera tube, e.g. in order to correct the color
      reproduction in each channel.
PAR  In an alternative embodiment for reproducing color films, three diodes I,
      J, K, emitting the three primary colors, are closely grouped on a very
      small support 51 (FIG. 5). Since the emitting surface of each diode is of
      the order of 100 square microns, the three sources can be mounted on a
      support 51 measuring about 1 square millimeter. The three photoemissive
      diodes can therefore be considered as a point source. Accordingly, the
      telecinema device comprises in that instance a single lens 3 disposed as
      in FIG. 1 with respect to source 1, which in the present case comprises a
      cluster of diodes emitting the three primary colors. Optical means (not
      shown) are disposed on the other side of the lens so as to obtain three
      images of the source at different locations. The optical means comprise
      e.g. two semi-transparent mirrors disposed at 45.degree. to the X--X axis
      shown in FIG. 1. The images are projected onto the receiving surfaces of
      three camera tubes after undesirable wavelengths have been eliminated by
      three filters disposed in front of these surfaces as shown in FIG. 4.
PAR  With regard to the choice of the electroluminescent diodes, it is known
      that the three primary colors (red, green and blue) can be reproduced by
      photoemissive diodes using the following suitably doped semiconductors:
TBL          Ga As P    for red,                                               
             Ga P       for green,                                             
             Ga N       for blue.                                              
PAR  The emission lines can be adjusted by using appropriate doping substances.
      The resulting light power for a 50-mA supply current is of the order of 10
      microwatts but can greatly exceed a milliwatt without impairing the
      operation of the diode.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A telecinema system comprising:
PA1  photoelectric transducer means including at least one camera tube provided
      with a receiving surface;
PA1  lens means in line with said camera tube for projecting images of a
      cinematographic film onto said receiving surface, said tube being provided
      with sweep means for scanning the projected images in a recurrent raster
      of line and frame scans with successive sweep cycles separated by
      intervening retrace intervals;
PA1  a quasi-pinpoint light source including at least one electroluminescent
      diode positioned in line with said lens means for transluminating said
      film;
PA1  constant-speed drive means for said film synchronized with said sweep
      means; and
PA1  a generator of energizing pulses for said diode connected to said sweep
      means for triggering during said retrace intervals, said energizing pulses
      having a length not exceeding the duration of a line scan, said receiving
      surface having a luminous persistence lasting for at least a sweep cycle.
NUM  2.
PAR  2. A telecinema system as defined in claim 1 wherein said sweep means
      produces a generally sawtooth-shaped voltage pulse with a leading edge
      followed by a plateau, said generator being provided with differentiation
      means for detecting said leading edge to trigger the emission of an
      energizing pulse.
NUM  3.
PAR  3. A telecinema system as defined in claim 2 wherein a sweep cycle
      encompasses a pair of interlaced frames, said generator including
      frequency-dividing means in cascade with said differentiation means for
      making only every other voltage pulse effective to trigger the emission of
      an energizing pulse.
NUM  4.
PAR  4. A telecinema system as defined in claim 1 wherein said light source
      comprises a cluster of electroluminescent diodes energizable by said
      generator for emitting light pulses of different wavelengths.
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ABST
PAL  A picture level control for a color television receiver which
      simultaneously varies luminance and chrominance signal levels and
      additionally provides a compensating voltage to prevent automatic color
      controls from counteracting the intended chrominance variation. The
      compensating voltage may be used either to control the feedback amplifier
      in the color burst automatic gain control (AGC) circuit or used to achieve
      the same result by controlling the gain of the subcarrier oscillator
      generator when such oscillator is of the type to form part of the burst
      AGC circuit. In addition, the compensating voltage is applied to the
      chroma averaging AGC circuit when such is included in the receiver to
      prevent the chroma averaging circuit from counteracting intended picture
      level variation. The picture control may be positioned in the receiver to
      control the composite video signal before the chrominance and luminance
      information are separated or after separation to respectively control the
      luminance and chrominance information.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improved circuitry for color television receivers
      and more particularly to a picture level control circuit including
      compatible automatic chroma control for such receivers.
PAR  Color television receivers of the prior art are generally equipped with
      manual controls allowing individual adjustment of luminance (contrast),
      chrominance (color saturation), tint, brightness and various other
      functions of the receivers. These controls due to their number and
      interrelationship, have tended to make color television receiver
      adjustment both complex and time consuming. It is desirable to eliminate
      such complex adjustment of color television receivers and accordingly
      single knob picture controls have been designed. Such controls may ideally
      be preadjusted in the factory to set the ratio between chrominance and
      luminance. However, since factory settings do not always correspond to
      viewer preference controls are set to provide the desired ratio between
      chrominance and luminance and then the single picture control may be used
      to simultaneously adjust luminance and chrominance.
PAR  The picture control can be placed in a color television either prior to the
      separation of the video signal into chrominance and luminance components
      or after such separation. It is desirable to place the picture control
      prior to the separation of the video since here no problem of chroma
      tracking luminance is encountered. However, such placement exposes the
      adjustment of the video level to automatic chroma level compensating
      circuits in succeeding stages. Such compensating circuits comprise the
      color burst automatic gain control circuit and the chroma averaging
      automatic gain control circuit, which circuits would ordinarily treat any
      changes in chroma level brought about by the picture control or any other
      source as unwanted changes in chroma level and compensate to keep the
      chroma level constant.
PAR  If the picture level control is placed in the receiver subsequent to the
      separation of the video signal into its luminance and chrominance
      components, it is possible to avoid the reach of these automatic
      compensating circuits and their chroma level change defeating action.
      However, such an approach requires incorporating much additional
      circuitry. Accordingly, in order to utilize existing circuitry, the
      present invention contemplates placement of the picture control circuit
      either prior to the color burst AGC circuit where composite video signal
      level is controlled or prior to the chroma averaging AGC circuit where
      separate luminance and chrominance signals are simultaneously controlled.
      In both configurations, the picture control circuit works in conjunction
      with existing circuitry including the AGC circuits to allow picture level
      adjustment.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide an improved
      picture level control circuit.
PAR  Another object of the present invention is to provide a picture level
      control circuit which compensates automatic chroma level control circuits
      from overriding adjustment of the chrominance portion of the video signal.
PAR  A further object of the present invention is to provide a picture level
      control circuit which adjusts received video signal amplitude and
      automatic color control circuit simultaneously to prevent picture level
      control override.
PAR  It is a still further object of the present invention to provide a picture
      level control circuit which separately adjusts luminance and chrominance
      signal amplitude in a predetermined ratio and provides automatic color
      control compensation to prevent picture level control override.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects are achieved by the present invention in
      the form of a new and improved picture level control circuit which
      provides a voltage proportional to the picture level setting to offset
      automatic color control operation. In one embodiment the offsetting
      voltage is applied to an error amplifier in the color burst AGC circuit to
      adjust the DC bias to the amplifier to maintain automatic color control
      error unchanged with changes in picture level setting. In a second
      embodiment, the offsetting voltage is applied to the subcarrier
      oscillator-amplifier in the color burst AGC circuit to adjust the AC gain
      of the amplifier to maintain subcarrier amplitude constant with picture
      level setting. The offsetting voltage is also applied to counteract the
      chroma averaging AGC circuit if such circuit is included in the receiver.
      In a third embodiment where the picture level control is placed after
      separation of the luminance and chrominance signals, the offsetting
      voltage need only be applied to the chrominance aveaging AGC circuit to
      override the tendency of this chrominance feedback control circuit to
      attenuate changes in the chrominance signal level.
PAR  It is to be noted that each of the embodiments of the present invention
      employs only that amount of correction necessary to render the AGC
      circuits non-responsive only to picture level control adjustments. Thus,
      even during picture control adjustment the AGC circuits are capable of
      responding to other causes of chroma level change to compensate for such
      changes.
PAR  The present invention also utilizes a unique, simplified video amplifier
      which provides picture level control of constant ratio for separation
      luminance and chrominance components and simultaneous generation of a
      proportional DC reference voltage to overcome chroma level control circuit
      compensation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention will be more readily understood
      from the following detailed description taken in conjunction with the
      following drawings, in which:
PAR  FIG. 1 is a block diagram of one embodiment of the present invention
      showing picture control of the video signal prior to separation and of the
      luminance and chrominance signals;
PAR  FIG. 2 is a block diagram of another embodiment of the present invention
      showing picture control of the video signal prior to separation of the
      luminance and chrominance signals;
PAR  FIG. 3 is a block diagram of an embodiment of the present invention showing
      picture control of the separated luminance and chrominance signals;
PAR  FIG. 4 is a partial block and partial circuit diagram showing the details
      of the embodiment of FIG. 1;
PAR  FIG. 5 is a partial block and partial circuit diagram showing the details
      of the embodiment of FIG. 2; and
PAR  FIG. 6 is a partial block and partial circuit diagram showing the details
      of the embodiment of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1 there is shown a first embodiment of the picture
      control circuit according to the present invention. In the upper left hand
      of this Figure a video detector 15 is shown applying a composite video
      signal to video amplifier 17. The gain of the video amplifier is shown
      being controlled by a single control device, picture control 16. The video
      amplifier 17 is shown having two outputs, a luminance output applied to
      video amplifier 18 and a chrominance output applied to first chroma
      amplifier 28 by means of bandpass filter circuit 19. The luminance signal
      is amplified by video amplifier 18 and applied to the cathode ray tube
      directly or by means of a matrix circuit where it is first combined with
      the demodulated chrominance signal.
PAR  Chroma amplifier 28 is shown as an adjustable gain amplifier and forms part
      of an automatic gain control circuit in which the color burst portion of
      the chroma signal is maintained at constant amplitude as a means of
      overcoming changes in the level of the chroma signal such as would be
      occasioned by channel switching and tuning or other factors tending to
      change the level of the chroma signal. The burst automatic gain control
      circuit 25 comprises burst gate 27 which passes only the burst portion of
      the chroma signal, detector 36, the output of which is fed to amplifier
      55, which controls the gain of the first chroma amplifier 28. Amplifier 55
      is shown having a reference control input from the picture control
      circuit. This input is a DC voltage generated by the picture control in
      proportion to the adjustment of the level of the video signal so that the
      tendency of the burst AGC circuit to compensate for chrominance change
      occasioned by the picture control is overcome by this DC control voltage.
PAR  The burst gate 27 output is also applied to subcarrier oscillatoramplifier
      29, which is a local generator for regenerating the chrominance subcarrier
      and is shown outputting a 3.58 MH.sub.z subcarrier to a chroma demodulator
      (not shown).
PAR  FIG. 1 also shows a chroma averaging circuit in a second automatic gain
      control circuit and the interaction of this circuit with the picture
      control 16 in accordance with the present invention. The output of the
      first chroma amplifier 28 is supplied to a second chroma amplifier 30, a
      gain controlled amplifier much like amplifier 28. Amplifier 30 is shown
      having its gain controlled by a chroma preference control 34. This control
      may be a viewer operated control serving to adjust the ratio between the
      chrominance and luminance of the picture in accordance with the preference
      of the viewer. The output of second chroma amplifier 30 is designated as
      being supplied to the chroma demodulator in the receiver and also be
      amplifier 32 in the chroma averaging automatic gain control circuit 26.
      The output of amplifier 32 is integrated by the integrator 31 and applied
      to control the gain of the second chroma amplifier 30. It is noted
      amplifier 32 is in turn controlled by the picture control 16 via line 40
      in much the same fashion as amplifier 55 in the burst AGC circuit is
      controlled by the DC reference voltage.
PAR  In summary, the embodiment of FIG. 1 illustrates the employment of a
      picture control circuit operating directly on the video amplifier prior to
      the time the luminance and chrominance signals are separated and applying
      a DC control voltage to the various automatic chroma level control
      circuits to be found in a color television receiver.
PAR  The embodiment of FIG. 2 is substantially identical to the embodiment of
      FIG. 1 with the exception that the oscillator-amplifier for regenerating
      the subcarrier is of the type whose output level is dependent upon the
      level of the input burst signal. In such a circuit it is customary for the
      subcarrier oscillator to form a part of the burst AGC loop and in the
      embodiment of FIG. 2 the picture control DC offset voltage is shown being
      applied to the 3.58 MH.sub.z oscillator-amplifier 29 instead of to
      amplifier 55. In all other respects the circuit of FIG. 2 is identical to
      the circuit of FIG. 1.
PAR  It should be recognized that the embodiments of FIGS. 1 and 2 are complete
      without the employment of the chroma averaging circuit and that the chroma
      averaging circuit is only shown to illustrate how such a circuit is
      incorporated into the present invention. It should also be noted in
      conjunction with FIGS. 1 and 2 that even with the oscillator of FIG. 2 of
      the type whose output is dependent upon the level of the burst and
      therefore included within the burst AGC loop, it is possible to control
      this loop by means of amplifier 55 as is shown in FIG. 1. However, it is
      preferable to control the oscillator 29 directly in order to maintain the
      subcarrier output that is applied to the chroma demodulator constant for
      proper chroma demodulation.
PAR  The use of chroma averaging circuits in television receivers is of
      relatively recent occurrence. One purpose of such circuits is to
      compensate for the inadequency of the burst AGC circuit in the first
      instance to maintain the chroma level constant under all circumstances.
      The assumption that is made in utilizing a burst AGC circuit is that the
      ratio between burst and chroma is always constant. The ratio between burst
      and chroma can be different when the receiver is switched from one
      broadcast channel to the next. Accordingly, control of burst is not always
      conceptually correct to control chrominance level and because of this it
      has been helpful to employ a circuit such as the chroma averaging circuit
      to attenuate burst to chroma level variations.
PAR  The embodiment of FIG. 3 shows the picture control being placed in the
      receiver after the chrominance and luminance signals have been separated.
      Picture control 45 is shown controlling the gain of video amplifier 18 and
      the gain of the second chroma amplifier 30. Where there is a chroma
      averaging circuit contained in the receiver, such as indicated in FIG. 3,
      the picture control must, in accordance with the present invention,
      control the chroma averaging automatic gain control loop 26 in order to
      offset the tendency of this circuit to override the picture control level
      adjustment. Thus, as shown in FIG. 3, picture control 45 adjusts the gain
      of chroma amplifier 30 and applies a voltage to amplifier 32 to offset the
      tendency of the AGC circuit to attenuate the intended chroma level change.
PAR  Referring now to FIG. 4, the video signal derived by the video detector is
      shown being applied to the base terminal of a transistor 112 which acts as
      a variable gain video amplifier. The collector terminal of transistor 112,
      which forms the luminance channel output, is connected through a load
      resistor 114 to a supply voltage source +V. The emitter terminal of
      transistor 112 is connected to ground through the series combination of a
      potentiometer 116, a resistor 118 and a resistor 120. The variable tap on
      potentiometer 116 is also connected to the emitter terminal of transistor
      112. A capacitor 122 is connected to parallel with resistor 120 and has a
      value such that the video signals processed by transistor 112 are shunted
      around resistor 120 to cause the voltage at junction 124, mediate
      resistors 118 and 120, to remain at a substantially constant DC value in
      the absence of adjustment of potentiometer 116.
PAR  The video amplifier just described is uniquely simple. A single
      potentiometer 116 controls the amplitude of the luminance signal output in
      the collector, the chrominance signal outputted between potentiometer 116
      and resistor 118 and a DC voltage obtained at junction 124. While the
      chrominance signal could also have been outputted at the collector, the
      present arrangement allows for differing gain to be applied to the
      luminance and chrominance signals. Although the gains are different,
      analysis of the circuit shows that the luminance to chrominance ratio
      remains constant as potentiometer 116 is adjusted. The luminance output
      voltage from transistor 112 is determined by the following ratio of
      resistors, 114/(116 + 118). This is the ratio of collector to emitter
      resistors. Resistor 120 does not affect the AC luminance and chrominance
      signals due to bypass capacitor 122. The chrominance voltage output is
      determined by the ratio of emitter resistors, namely 118/(116 + 118). It
      thus can be seen that the ratio of luminance to chrominance is 114/118, a
      ratio that is constant with changes in the value of potentiometer 116.
PAR  Although resistor 120 is out of the AC circuit, it is in the DC circuit of
      the video amplifier and the voltage thereacross is directly affected by
      the setting of potentiometer 116. Accordingly, an increase in the
      adjustment of video drive (increase in chrominance and luminance) will
      proportionately increase the DC voltage appearing across resistor 120. In
      this embodiment, in order that the DC voltage mediate resistors 118 and
      120 only be a function of the setting of potentiometer 116 and not the
      content or duty cycle of the video signal, it should be understood that
      the coupling of the video signal to the base of transistor 112 is
      necessarily constrained to A.C. coupling.
PAR  The video signal developed at the junction mediate resistors 116 and 118 is
      connected by means of bandpass filter 19 to first chroma amplifier 28
      forming a part of the chrominance channel.
PAR  The chrominance signal at the output of amplifier 28 is indicated as being
      applied to a second chroma amplifier where it is subsequently supplied to
      a chroma demodulator. This signal output of amplifier 28 is also applied
      to burst gate 27. This gate, as is well known in the art, is gated on
      during the back porch portion of the chroma signal so that only the color
      burst signal is allowed to pass. The burst signal is supplied both to the
      chroma subcarrier generator 29 and to an amplitude detector circuit as
      will be described. The subcarrier generator is a 3.58 MH.sub.z oscillator
      of a type well known in the art in which the amplitude of the subcarrier
      output is independent of the burst amplitude. This output is indicated as
      being supplied to the chroma demodulator (not shown).
PAR  The burst signal is also applied to a peak detector comprising capacitor
      142, resistor 146, diode 144 and capacitor 148. This peak detector, one of
      a variety of amplitude detectors that can be used, is sensitive to changes
      in level of the burst signal and as such forms part of a gain control loop
      to control the gain of the chroma amplifier 28. The diode 144 of the peak
      detector conducts on the positive peaks of the burst signal to supply
      storage capacitor 148 with a voltage that is proportional to the peak
      amplitude of the burst signal.
PAR  The amplifier 55 of FIG. 1 is shown in FIG. 4 as comprising transistor 140
      having collector resistor 152 connected to voltage supply +V, emitter
      resistor 150 connected to a source of reference potential and its base
      terminal connected to respond to the voltage stored by capacitor 148. As
      such, capacitor 140 is a standard gain controlled amplifier supplying an
      amplified output of the voltage stored by capacitor 148 to the gain
      control input of chroma amplifier 28. By means of the polarity shift
      through amplifier 140, increase in the burst level will be amplified and
      applied to amplifier 28 to reduce the output level of this amplifier to
      maintain chrominance signal level constant.
PAR  If the emitter resistor 150 of amplifier 140 were reference to ground
      potential, as is common, any attempted changes in chroma level taking
      place in the television receiver prior to amplifier 28 would be nullified
      by this burst AGC circuit. However, in accordance with the present
      invention, it is desired that changes in the chroma level due to picture
      control adjustment are not nullified. To accomplish this, the reference
      voltage for transistor 140 is therefore taken from point 124 in the video
      amplifier. Thus, when the picture control is adjusted to increase the
      video level, the voltage at the emitter of transistor 140 is raised to
      change the bias reference voltage of this transistor. In this manner,
      although the amplitude of the burst signal is altered by adjusting of the
      picture control potentiometer 116, a compensating change is made to the
      emitter bias of transistor 140 to maintain the collector-emitter current
      through this transistor constant. The AGC loop is thus rendered
      non-responsive to chroma level shifts occasioned by picture control
      adjustment while the AGC circuit remains sensitive to all other variations
      in chroma level.
PAR  Referring now to FIG. 5, where like components to the other drawings are
      designated with like reference numerals, there is shown an alternative
      embodiment corresponding to the block diagram of FIG. 2 in which the 3.58
      MH.sub.z subcarrier generator forms part of the burst AGC circuit. Here
      the subcarrier generator is of the type in which the output level is
      dependent upon the input level of the color burst signal, such as the
      ringing oscillator shown, and thus can be contained in the AGC circuit.
PAR  In FIG. 5 the output from the burst gate 27 is applied directly to the base
      of transistor 256 which forms the amplifier portion of
      amplifier-oscillator 29 (FIG. 2). The amplifier color burst signal is
      applied to transformer 258 connected by its primary winding 260 in the
      collector circuit of transistor 256. Capacitor 259 in parallel with
      primary winding 260 are both connected to the supply voltage +V and as
      such comprise the collector load of transistor 256. The secondary winding
      262 of the transformer contains a crystal oscillator 264. The effect of
      applying the amplifier burst signal to the transformer 258 is to lock the
      frequency and phase of the oscillator in a known manner. The output of
      amplifier 256 is applied to the peak detector and also to the chroma
      demodulator (not shown) as indicated.
PAR  The emitter terminal of transistor 256 is connected by a resistor 266 to
      ground and in parallel with this DC path to ground is an AC path
      comprising capacitor 268 and diode 270 in series with video amplifier
      emitter capacitor 122 coupled to ground. The resistors 272 and 274 form a
      bias circuit between a positive voltage supply +V and ground for the diode
      270. The cathode of the diode 270 is connected to the reference voltage
      derived from the picture control circuit at point 124 between the junction
      of resistors 118 and 120. The diode 270 acts as a variable resistance, the
      resistance depending upon the voltage across this device. For example, if
      the picture control is adjusted to reduce the video drive, the DC voltage
      at point 124 is accordingly lowered and the diode 270 will conduct harder
      lowering the resistance of diode 270 in the emitter of transistor 256
      thereby increasing the gain of this transistor to offset the tendency of
      the burst AGC circuit to compensate for the lowered chroma level appearing
      at the output of first chroma amplifier 28. The diode bias resistors 272
      and 274, as well as resistors 120 and 266 are adjusted to properly offset
      the corrective gain in the compensating AGC circuit. Note that although
      burst level is changed by the picture level potentiometer, the subcarrier
      output, which in the type circuit shown ordinarily would have changed
      also, now remains constant, a condition desirable for proper color
      demodulation.
PAR  Chroma level compensation by use of the burst signal, such as in burst AGC
      circuit 25, is based upon the assumption that controlling burst level is
      tantamount to controlling the chroma level. This assumes that the
      relationship of burst to chroma is constant. It has been found, however,
      that the relationship of burst level to chroma level may change between
      television channels and also even sometimes between the cameras used in
      photographing the scene being televised. Accordingly, television receivers
      recently have been designed to include a chroma averaging circuit which is
      used to attenuate overt changes in the average chroma level. The block
      diagrams shown in FIGS. 1 and 2 have indicated how the picture controls
      there shown would operate to compensate for the tendency of this second
      automatic chroma control circuit to upset chrominance/luminance tracking
      with picture control setting. The circuit of FIG. 6 shows like the block
      diagram of FIG. 3 placement of a picture control in the receiver after the
      chrominance and luminance portions of the video signals have been
      separated and the relationship of such a picture control to a chroma
      averaging AGC circuit.
PAR  Referring now to FIG. 6 there is shown a picture control circuit comprising
      a potentiometer 390 connected at its variable terminal to the base
      electrode of transistor 388 and at its fixed terminals between a source of
      positive voltage +V and ground. The collector of transistor 388 is
      directly connected to the source of positive voltage +V, this transistor
      thereby serving as an emitter follower, so that the voltage appearing at
      the base less the emitter-base diode voltage drop appears at the emitter
      electrode thereof. This voltage is applied by means of lead 381 to control
      the gain of video amplifier 18 to adjust the luminance portion of the
      video signal. This same voltage is applied by means of resistor 386 and
      lead 380 to the second chroma amplifier 30 to adjust the chroma portion of
      the video signal and by means of resistor 394 to override the compensating
      effect of the chroma averaging AGC circuit 26.
PAR  FIG. 6 shows that the chroma portion of the video signal may also be
      adjusted by means of a potentiometer 384 connected between a source of
      positive voltage +V and ground. This potentiometer and coupling resistor
      382 provide a chroma preference control. This enables the viewer to
      establish the desired ratio between luminance and chrominance and when the
      picture control is adjusted this desired ratio will be maintained.
PAR  The chroma averaging AGC circuit is designed to attenuate rather than
      nullify average chroma excursions and hence does not render the chroma
      preference control nugatory. The circuit function is sufficient, however,
      to upset chrominance/luminance tracking and hence the need for the AGC
      circuit override when the picture control is adjusted.
PAR  A chroma averaging circuit is shown in FIG. 6 to comprise a transistor 304
      having its base circuit connected to respond to the chroma signal at the
      output of second chroma amplifier 30 by means of coupling capacitor 302.
      The bias circuit for the base terminal of this transistor is provided by
      series resistors 305 and 306 connected between a source of positive
      voltage and ground. The emitter of transistor 304 is connected to ground
      by means of resistor 396 and capacitor 398 is parallel therewith. It is
      noted that the DC reference current for the emitter may be varied by the
      compensating current applied through resistor 394 from the emitter of the
      picture control transistor 388. The collector of transistor 304 is
      connected to second chroma amplifier 30 and also is connected to ground
      through a capacitor 310 so that the AC voltage applied to the base of
      transistor 304 is averaged by the collector capacitor 310 and this average
      voltage is applied to control the gain of chroma amplifier 30. It can be
      seen that by proper proportioning of the resistors 394, 396, 305, 306 and
      386 that adjustment of picture control potentiometer 390 to occasion a
      change of the chroma level at the output of amplifier 30 will also result
      in a neutralizing effect on the chroma averaging circuit so that the
      chroma level is changed as desired without being compensated by the chroma
      averaging AGC circuit.
PAR  It can be seen that the invention described above operates to provide a
      single picture level control for adjusting luminance and chrominance gain
      in a predetermined ratio in a color television receiver in which automatic
      gain control circuits are used to compensate for variations in chroma
      signal level and that the picture control circuit neutralizes such
      compensating circuits in order for the ratio of chrominance to luminance
      to be maintained constant throughout the range of picture control
      adjustment. It would be apparent to those skilled in the art that various
      modifications and changes may be made in the circuitry herein described,
      and it is intended that the foregoing description be taken as an example
      and not in limitation of the invention which is intended to be determined
      only by the scope of the appended claims.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In a color television receiver having a luminance signal channel and a
      chrominance signal channel containing feedback control means to maintain
      the chrominance signal level constant, a picture control circuit
      comprising:
PA1  adjusting means for adjusting the level of said luminance and chrominance
      signals and generating a reference voltage proportional to the level
      change in the chrominance signal caused by said adjusting means,
PA1  said feedback control means being responsive to level changes in said
      chrominance signal to develop a correcting voltage to offset said level
      changes thereby maintaining the level of said chrominance signal constant,
PA1  and means applying said reference voltage to said feedback control means to
      nullify the correcting voltage developed by said feedback control means in
      response to the change in said chrominance signal level occasioned by said
      adjusting means, such that said chrominance signal level is maintained
      constant by said feedback control means except for level changes
      occasioned by said adjusting means.
NUM  2.
PAR  2. The invention set forth in claim 1 wherein said feedback control means
      includes amplifier means responsive to level changes in the signal applied
      thereto, said reference voltage being applied to said amplifier means to
      adjust the gain thereof such that said amplifier means are rendered
      nonresponsive to signal level changes occasioned by said adjusting means.
NUM  3.
PAR  3. The invention said forth in claim 1 wherein said reference voltage is a
      DC voltage, the level of which varies with adjustment of the chrominance
      signal level by said adjusting means,
PA1  and said feedback control means include amplifier means, said DC voltage
      being applied to said amplifier means to adjusts the bias voltage for said
      amplifier means to offset changes in level of the voltage applied to said
      amplifier means occasioned by adjustment of said adjusting means.
NUM  4.
PAR  4. The invention set forth in claim 1 wherein said adjusting means
      comprises amplifying means responsive to the composite video signal of
      said television receiver to generate a luminance output signal, a
      chrominance output signal and said reference voltage,
PA1  said amplifying means including control means to simultaneously adjust the
      chrominance and luminance signal levels and the level of said reference
      voltage.
PA1  said amplifying means providing differential gain between said chrominance
      and luminance outputs of constant ratio over the adjustment range of said
      control means.
NUM  5.
PAR  5. The invention set forth in claim 4 wherein said amplifying means
      comprise a transistor having its base terminal coupled to receive the
      composite video signal, a first terminal for outputting said luminance
      signal and a second terminal for outputting said chrominance signal,
PA1  said amplifying means including impedance means it circuit with said fist
      and second terminals, said impedance means including said control means,
      means for deriving said reference voltage and means to determine the ratio
      between said luminance and chrominance signal levels.
NUM  6.
PAR  6. The invention as recited in claim 2 wherein said feedback control means
      includes an automatic gain control circuit responsive to the color burst
      level of said chrominance signal to maintain said chrominance signal level
      constant,
PA1  said automatic gain control circuit including a chrominance subcarrier
      generator containing said amplifier means,
PA1  said amplifier means being reponsive to said color burst signal and
      including impedance means to control the AC gain thereof, said impedance
      means being calibrated to respond to said DC reference voltage such that a
      change in color burst level caused by said adjusting means is nullified by
      an appropriate change in the gain of said amplifier means.
NUM  7.
PAR  7. The invention recited in claim 3 wherein said feedback control means
      include first and second automatic gain control circuits, each containing
      amplifier means,
PA1  the first automatic gain control circuit being responsive to the color
      burst level of said chrominance signal to maintain said chrominance signal
      level constant,
PA1  and the second automatic gain control circuit being responsive to the
      average chrominance signal level to attenuate excursions therein,
PA1  said DC voltage being applied to the amplifier means of each automatic gain
      control circuit to adjust the bias voltage thereof during adjustment of
      said video level adjusting means to offset level change in the voltage
      applied to each amplifier means caused by said adjusting means.
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ABST
PAL  A system is disclosed for optically detecting a target moving within a
      field of view. In particular, such a system includes a monochromatic image
      detector for generating a video signal corresponding to the field of view
      through which a target to be detected moves. The video signal is applied
      to a monochromatic TV receiver for displaying the applied video signals
      upon a suitable color display capable of displaying the applied video
      signal in at least two different colors or wavelengths of radiation.
      Switching circuitry is provided for applying a complete frame of the video
      signal to the display device to effect display of that frame in the first
      color and thereafter for applying a frame of the video signal to effect
      display of that frame in the succeeding color or colors. The rate at which
      the first and subsequent frames of the video signal are applied to the
      display means is such that such frames are displayed within a time period
      corresponding to that of the integration period of the human eye, e.g.
      .1-.2 seconds. Further, the color display is so adjusted that in the
      absence of a moving target within the field of view, the first and
      succeeding frames of the first and succeeding colors are in balance to
      present a monochromatic display, whereas if a target moves through the
      field of view, color aberrations appear above the periphery of the
      displayed moving target.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to systems for detecting moving targets, and in
      particular to hose systems adapted for displaying the moving target in the
      manner capable of ready recognition thereof with respect to the field of
      view background.
PAR  2. Description of the Prior Art
PAR  In the prior art, there has arisen a need for systems capable of detecting
      the movement of an object within a defined field of view. For example,
      there are installations to be protected against the intrusion of
      unidentified persons. Similar systems have been developed to detect the
      presence or approach of moving airplanes.
PAR  In the prior art, systems have been developed utilizing a TV camera for
      observing a field of view for detecting the movement of an object or
      target therein. Typically, such systems apply frames of the video signal
      sensed at first and second points in time, to a suitable storage medium
      such as a magnetic disk recorder, whereby the first and second frames of
      the video signals may be subtracted from each other to provide a
      difference signal indicative of the movement of an object within the field
      of view. In such systems since the background within the field of view
      remains the same, these portions of the images are subtracted from each
      other and do not appear in the display. However, if an object within the
      field of view moves between frames or images, a difference signal is
      generated and is displayed, indicating that the object has moved.
PAR  A similar type of display may be achieved with direct view storage tubes,
      wherein the first frame of the video signal is stored upon a storage grid
      thereof and the second frame is applied to modulate a read electron beam,
      directed toward the storage grid whereon the first frame of information is
      stored. The stored first image modulates the read beam of electrons
      whereby the displayed image indicates the difference between the first and
      second frames. As a result, the object moving within the field of view is
      displayed upon the direct view storage tube.
PAR  Both of the above-described systems require the use of an expensive storage
      device such as a magnetic disk recorder or a direct view storage tube, and
      of additional complex circuitry for subtracting stored signals as in the
      case of the magnetic disk recorder, or timing circuitry whereby the video
      signals are applied in the desired sequence to the direct view storage
      tube.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a new and improved
      moving target detector system which does not employ expensive storage
      devices and which may be implemented in a simple, inexpensive manner.
PAR  In accordance with this and other objects, this invention is directed
      toward a moving target detector system comprising a monochromatic camera
      device for providing a video signal of a field of view through which
      objects to be detected move. Such video signals are applied to a display
      device capable of displaying an image in at least first and second colors
      or wavelengths. Further, switching circuitry is provided for applying at
      least first and second frames of the video signal to the display device
      whereby the first and second frames respectively are displayed
      sequentially in the first and second colors within a time period
      corresponding to the integration period of the human eye or other
      integrating sensor. The color balance of the display device is so adjusted
      that portions of the field of view which do not change between the first
      and second frames are displayed monochromatically, whereas an object
      moving within the field of view is displayed with color aberrations about
      its peripheral edges.
PAR  In one illustrative embodiment of this invention, a color cathode ray tube
      is employed having separate electron guns for writing the first and second
      frames of the video signal upon a luminescent screen assembly capable of
      displaying the first and second colors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and features of the invention will become more
      apparent in view of the subsequent detailed description taken in
      conjunction with the accompanying drawings which form a part of this
      specification, and in which:
PAR  FIG. 1 is a schematic diagram of a moving target detector system in
      accordance with the teachings of this invention;
PAR  FIG. 2 is a graph indicating the minimum detectable velocity of a moving
      target within the field of view of the system shown in FIG. 1 as a
      function of the range of the target to the system; and
PAR  FIG. 3 shows an image as displayed upon the cathode ray tube incorporated
      into the system shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With regard to the drawings and in particular to FIG. 1, there is shown an
      illustrative embodiment of this invention including a monochromatic TV
      camera 10 for providing a video signal corresponding to a field of view
      represented by the numeral 12, through which an object to be detected
      moves. Though any type of transmission system could be used, a TV
      transmitter 14 of conventional design is shown in FIG. 1 for transmitting
      the video signal to a monochromatic TV receiver 16. The monochromatic TV
      receiver 16, as illustrated in FIG. 1, may be a conventional
      black-and-white TV set including a front end portion 18 for detecting the
      transmitted signal, an IF amplifier 20 and a detector 22 for providing a
      composite video signal and a vertical sync signal. The details of the
      monochromatic TV receiver are well-known in the art and are only
      schematically represented in FIG. 1 for the sake of clarity. In a manner
      to be explained, the composite video signal including all color components
      as sensed by the monochromatic TV camera 10 is applied to the display
      device 40 illustratively taking the form of a three-gun, shadow mask CRT,
      as shown in FIG. 1. The construction of such a display device 40 is
      well-known in the art and such details as the deflection and acceleration
      electrodes and the aligning coils have been deleted for the sake of
      clarity. In an illustrative embodiment, the receiving and display device
      may be a conventional TV receiving set, modified as explained below.
      Alternatively, the monochromatic TV camera and control circuit
      corresponding to the receiver 16 may take the form of a closed circuit TV
      camera and control circuit as sold by Herbach and Rademan, Inc. and
      designated type HV-50 or HV-15.
PAR  The composite video signal is applied to the display device 40 so that a
      single frame of the video signal is displayed in a single color or
      wavelength of radiation. In particular, the display device 40 includes,
      respectively, red, green and blue electron guns 34, 36 and 38, each
      comprising a cathode element further identified by the letter b and a
      control grid further identified by the letter a. In a manner to be
      explained, the composite video signal is applied sequentially to the
      control grids 34a, 36a and 38a, whereby successive frames of red, green
      and blue are written by the respective electron guns upon the luminescent
      screen 42 through the openings of a shadow mask 44.
PAR  As shown in FIG. 1, switching circuitry is added for displaying
      successively entire frames of red, green and blue images within an
      integration period of time in which the output display derived from the
      luminescent screen 42 is viewed. For example, if a human operator is
      observing the display device 40, the integration period effected by his
      eye is in the range of .1-.2 seconds. It may be understood that the frames
      displayed by the device 40 may be directed onto other sensors such as
      photographic film, whose integration period may be considerably longer,
      dependent upon the film's sensitivity. As shown in FIG. 1, the vertical
      sync signal dervied from the detector 22 is applied to a divide-by-n
      counter 24 which determines the number n of frames of the video signal
      applied to each of the electron guns 34, 36 and 38. In one illustrative
      embodiment of this invention, the frame rate is 60 Hz (according to the
      standard adopted in the United States), and n is set by the counter 24 to
      equal 2, whereby two frames of each of red, green and blue are displayed
      upon the device 40 within .1 second. By adopting conventional resistive
      networks, the balance or intensity of the red, green and blue images is
      adjusted so that in the absence of an object moving within the field of
      view 12, the successive red, green and blue images are integrated by the
      human eye and appear as a black-and-white or monochromatic image.
PAR  The switching circuitry further includes a three-stage ring counter 26
      whose three outputs as shown in FIG. 1 are applied to AND gates 28, 30 and
      32, whereby the composite video signal is applied successively after an
      interval of n frames to the next electron gun. In operation, an output is
      derived from the detector 22 upon the occurrence on each frame of the
      composite video signal. After n such signals have been applied and counted
      by the counter 24, an output is derived therefrom and applied to the
      three-stage ring counter 26. In response to each input signal, the
      three-stage ring counter 26 advances one stage and the enabling ouput
      shifts from one output to the next to enable its corresponding AND gate.
      In this manner, n frames of the video signal are applied successively to
      each of the electron guns 34, 36 and 38, whereby n complete frames of the
      video signal are displayed in a single color before writing with the next
      electron gun. If an object moves within the field of view 12 between the
      display of the successive color frames, a misregistration of the colors
      will be caused and the peripheral edges of the moving object will no
      longer appear as a monochromatic or black-and-white figure. Rather, the
      proper balance of colors is disturbed and color aberrations will appear
      about the periphery of the displayed moving object as illustrated in FIG.
      3.
PAR  Below, there is provided an analysis of the minimum speed of the moving
      target that a system in accordance with the teachings of this invention is
      capable of detecting for an illustrative frame rate and number of lines in
      the TV display. Assuming a TV frame time of 1/60 second, 525-lines per
      frame and a vertical field of view of approximately 15.degree., a picture
      element (P.sub.X) subtends 1/500 of the vertical field of view and a
      frame-to-frame displacement of one picture element will produce an
      optically detectable color aberration. In other words, the picture element
      (P.sub.X) subtends under the abovestated conditions .52 milliradians and
      the movement of an object through this angle produces a detectable color
      aberration.
PAR  Further, as seen in FIG. 2, the minimum detectable linear movement of the
      target (normal to the line of sight of the camera 10) is a function of
      range in kilofeet (R), in accordance with the following formula for the
      above-assumed display conditions:
EQU  d = R(.52) feet.
PAL  Thus, at a nominal range of 1000 feet, the minimum detectable movement is
      d=0.52 feet. Since the frame rate was chosen to be 1/60 second, the
      minimum detectable target velocity equals 31.2ft./sec. or 18.7 knots.
PAR  With regard to FIG. 3, there is shown an airplane moving against a fixed
      background. If it is assumed that the target moves at 180 knots across the
      field of view and the horizontal dimension of the airplane's rudder is 10
      feet, then at the frame rate of 1/60 second the rudder will move across
      the field of view five feet. Assuming the above-noted display parameters,
      the system of this invention will detect the rudder movement if the target
      range is less than approximately 9600 feet.
PAR  Thus, there has been shown a system for optically detecting moving targets
      without the use of complex, expensive storage devices that may be
      implemented by conventional black-and-white receiver circuitry and color
      CRT. As demonstrated above, the system of this invention is sufficiently
      sensitive to target movement having such target range and velocity to be
      useful in many applications. Thus, in contrast to radar type systems which
      detect movement toward or away from the sensor, this invention detects
      motion normal to the line of sight and may be used to complement typical
      radar systems.
PAR  Numerous changes may be made in the above-described apparatus and the
      different embodiments of the invention may be made without departing from
      the spirit thereof; therefore, it is intended that all matter contained in
      the foregoing description and in the accompanying drawings shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for detecting movement of an object within a field of view,
      said system comprising:
PA1  a monochromatic TV camera for providing a composite video signal including
      all color components as sensed by said monochromatic TV camera to form a
      plurality of frames indicative of said field of view,
PA1  said composite video signal being the same from said frame to frame in the
      absence of movement in said field of view,
PA1  display means for receiving the composite video signal and operative in a
      first mode for displaying a first frame to form an image of said field of
      view in a first color and operative in a second mode for displaying a
      second frame to form an image of said field of view in a second color
      differing from said first color; and
PA1  control means for operating said display means in its first and second
      modes within a predetermined integration time period whereby a moving
      object is distinguished in the image of said field of view displayed by
      said display means by color aberration about its peripheral edge portions.
NUM  2.
PAR  2. The system as claimed in claim 1, wherein the integration time period is
      selected to be the integration period of the human eye.
NUM  3.
PAR  3. The system as claimed in claim 1, wherein said display means displays
      the first and second colors in such balance that those portions of said
      field of view which do not move between the display of the first and
      second frames are displayed as a composite of the first and second colors
      without color aberration about their peripheral edge portions.
NUM  4.
PAR  4. The system as claimed in claim 1, wherein said control means includes a
      counter responsive to each frame of the video signal for providing an
      output corresponding to n number of frames whereby n frames of a single
      color are displayed by said display means before the display of the next
      color.
NUM  5.
PAR  5. The system as claimed in claim 1, wherein said display means comprises a
      cathode ray tube having first and second luminscent screen portions for
      respectively providing the first and second colors, and first and second
      electron guns for directing corresponding electron beams reespectively
      upon the first and second phosphors.
NUM  6.
PAR  6. The system as claimed in claim 5, wherein said control means comprises a
      switching circuit for applying the video signal to the first electron gun
      to display a first frame of the first color and thereafter to said second
      electron gun to display a second frame of the second color.
PATN
WKU  039435628
SRC  5
APN  4571347
APT  1
ART  235
APD  19740401
TTL  Arrangement for automatic track searching for oblique track recordings
ISD  19760309
NCL  4
ECL  1
EXP  Cardillo, Jr.; Raymond F.
NDR  1
NFG  4
INVT
NAM  Opelt; Christian
CTY  Bernbach
CNT  DT
ASSG
NAM  Grundig E.M.V. Elektro-Mechanische
CTY  Fuerth Bay.
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730404
APN  2316803
CLAS
OCL  360 10
XCL  360 72
XCL  360 73
EDF  2
ICL  H04N  5795
ICL  G11B 1552
ICL  G11B 2722
FSC  360
FSS  10;72;74;84;73
FSC  178
FSS  6.6 FS;6.6 P
UREF
PNO  3557320
ISD  19710100
NAM  Hopf
OCL  360 10
FREF
PNO  45-26,802
ISD  19700900
CNT  JA
OCL  360 10
LREP
FRM  Haseltine, Lake & Waters
ABST
PAL  Apparatus is provided for automatic video track searching during the
      reproduction of still pictures from oblique magnetic video track
      recordings on a magnetic tape. The apparatus is adapted for use in a
      system including a rotating magnetic-head drum capable of generating
      position pulses. The apparatus provides for arbitrarily switching the
      tape-transport motor down to a slow speed and for a braking circuit to
      stop the tape-transport motor. A detecting circuit is provided to form a
      voltage envelope curve from signals generated by the video head or video
      heads, and a phase shifter for the position pulses compensates for phase
      errors in the machinery and circuitry. The apparatus also provides for the
      aforesaid switching upon a temporal coincidence between minima of a
      aforesaid envelope curve and the phase compensated position pulses. A
      sample and hold circuit scans the aforesaid envelope curve at times
      controlled by the phase compensated position pulses. The scanned signal is
      integrated and differentiated and, through a pulse shaper, operates upon
      the aforesaid switching means to bring the slow tape-transport motor
      motion to a complete stop.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to arrangements for automatic track searching in the
      reproduction of still pictures from oblique magnetic video track
      recordings.
PAC  BACKGROUND
PAR  Oblique magnetic track recording is known to be particularly suitable for
      the stationary reproduction of single pictures, because a picture field or
      a picture frame can be recorded in one oblique track. The only difficulty
      which occurs results from the differences in inclination between the video
      heads which scan during tape stops and the magnetic tracks which are
      recorded at normal tape speed.
PAR  As will be described in further detail hereinafter, oblique tracks can be
      recorded on a magnetic tape at normal tape speed and scanned at tape stop.
      These tracks may occupy favorable or unfavorable positions with reference
      to signal-to-noise ratio. This is because the areas which overlap the
      space between the tracks fall on the picture edges or on the vertical
      blanking intervals.
PAR  Establishing a favorable track position manually by back-and-forth rotation
      of the tape reels can only be accomplished with much labor, and sometimes
      is practically impossible such as, for example, with coaxial reel
      arrangements. An arrangement for automatic track searching has already
      been disclosed in a publicly available German application (DT-OS No.
      2,115,457). In this arrangement, temporal coincidence is determined
      between the occurrence of the scanned maximum of the envelope curve and
      the occurrence of a vertical synchronizing pulse. With the aid of control
      logic for the tape transport motor, provision is made, by means of one or
      several back-and-forth motions, such that this places the maximum of the
      envelope curve into the temporal middle of a picture field. In other
      words, the optimum position of a scanning track is achieved by causing the
      maximum of the envelope curve to coincide with half the time interval
      between two vertical pulses.
PAR  This process can clearly function satisfactorily only if the recorded
      oblique tracks actually are ideal straight lines. However, in general,
      this is not the case because minor variations in tape stretch or other
      factors cause a slight wave-shape or crooked course in the recorded
      oblique track.
PAR  For this reason, the maximum of the envelope curve does not occur exactly
      at the track center, but, on the contrary, is somewhat displaced. In this
      case and when the automatic track search of the prior art forces a
      coincidence between the maximum of the envelope curve and the temporal
      middle of a picture field, the scanned voltage of the envelope curve may
      have its minimum within the visible video picture.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide improved means for automatic
      track searching in connection with oblique magnetic video track
      recordings.
PAR  A further object of the invention is to provide improved means for the
      reproduction of still pictures from oblique magnetic video track
      recordings on a magnetic tape.
PAR  It is still a further object of the invention to provide improved apparatus
      of the above-noted type wherein the minima of an envelope curve resulting
      from the detecting of scanned video signals do not coincide with the
      visible video picture but with vertical blanking intervals.
PAR  The above and other objects of the invention are achieved by the provision
      of an apparatus for automatic video track searching and for the
      reproduction of still pictures from oblique magnetic video track
      recordings on a magnetic tape, which apparatus is adapted for use in a
      system including a rotating magnetic-head drum capable of providing
      position generating pulses.
PAR  In accordance with the invention an apparatus is provided for automatic
      video track searching during the reproduction of still pictures from
      oblique magnetic video track recordings on a magnetic tape by a video head
      rotating with a magnetic head drum capable of generating position pulses,
      there being video signals recorded on the tape in the form of a
      frequency-modulated carrier wave, said magnetic tape being driven by a
      transport motor drive assembly and stopped by a transport motor brake
      assembly. The apparatus of the invention comprises first means to effect a
      slow speed and complete stopping of said transport motor assembly, second
      means to produce a voltage proportional to the playback voltage of the
      video tape at the beginning of each track, and a third means to produce a
      pulse each time said voltage is going through its minimum. The first means
      is arbitrarily activated or controlled to switch the tape transport motor
      to a slow speed. The third means acts upon the first means to stop the
      tape transport motor.
PAR  According to a feature of the invention the first means is a flip-flop
      which when set arbitrarily, activates the motor drive assembly to slow
      down the tape transport motor speed and which when reset by the pulse of
      said third means, activates said motor brake assembly to stop the tape
      transport motor.
PAR  According to a further feature of the invention, the second means include
      the means to rectify the frequency modulated playback voltage of the video
      head, means to sample said rectified voltage during the position pulses,
      means to hold said rectified and sample voltage and means to smoothen the
      output of said sampling and holding means.
PAR  According to still another feature of the invention, said third means
      includes means to differentiate the output of said second means, means to
      produce a pulse during the positive going edges of said differentiated
      voltage and to bring said pulse to the reset terminal of said first means.
PAR  The invention will be more clearly understood from the detailed description
      which follows hereinafter as illustrated in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 diagrammatically represents a portion of a magnetic tape with
      oblique magnetic video track recordings thereon;
PAR  FIG. 2(a) is a signal diagram illustrating the results in automatic track
      searching systems of the prior art;
PAR  FIG. 2(b) is a signal chart corresponding to that of FIG. 2(a) but achieved
      according to the results of the invention; and
PAR  FIG. 3 is a partially schematic and partially block diagram of a circuit
      for achieving the results desired in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  According to FIG. 1 and as referred to generally above, oblique tracks 2
      are recorded on magnetic tape 1 at normal tape speed. During stops the
      video head or heads follow, for example, in the direction of tracks 3 and
      4 which are drawn in dotted lines. Clearly, track 3 occupies the most
      unfavorable position with reference to its signal-to-noise ratio, while
      track 4 occupies the most favorable position. This is because the areas
      which overlap the space between the tracks fall in the picture edges or in
      the vertical blanking intervals.
PAR  Establishing a favorable track position manually by back-and-forth rotation
      of the associated tape reels can only be accomplished with a great deal of
      labor, and sometimes is practically impossible such as, for example, with
      coaxial reel arrangements. An arrangement for automatic track search has
      already been proposed (DT-OS No. 2,115,457) as noted above. In this
      arrangement, the temporal coincidence is determined between the occurrence
      of the scanned maximum of the envelope curve and the occurrence of a
      vertical synchronizing pulse. With the aid of control logic for the tape
      transport motor, provision is made, by means of one or several
      back-and-forth motions, such that this places the maximum of the envelope
      curve into the temporal middle of a picture field. In other words, the
      optimum position of scanning track 4, according to FIG. 1, is achieved by
      causing the maximum of the envelope curve to coincide with half the time
      interval between two vertical pulses.
PAR  According to FIG. 1, this process can clearly function satisfactorily only
      if the recorded oblique tracks (tracks 2 in FIG. 1) are actually ideal
      straight lines. However, in general, this is not the case because minor
      variations due to tape stretch or other factors cause a slight wave-shape
      or crooked course in the recorded oblique track.
PAR  For this reason, the maximum of the envelope curve does not occur exactly
      at the track center, according to FIG. 1, but, on the contrary, is
      somewhat displaced. Then, the prior art automatic track searching
      technique, forcing a coincidence between the maximum of the envelope curve
      and half of the picture field time, causes the scanned voltage of the
      envelope curve to have a course according to FIG. 2a, where the minimum of
      the voltage of the envelope curve, characterized by arrow A in FIG. 2a,
      falls within the visible video picture.
PAR  Beginning with this realization, an object of the invention is to provide
      an arrangement for automatic track searching for the reproduction of still
      pictures, where the minima of the envelope curve no longer coincide with
      the visible video picture, but with the vertical blanking intervals. This
      task is solved by means achieving the result that the scanned voltage of
      the envelope curve has a course corresponding to FIG. 2b, and thereby
      provides a noise-free picture.
PAR  Reference is next made to FIG. 3 for a better understanding of the
      invention. The scanned video voltage is received as a frequency-modulated
      oscillation. It is fed to terminal 5. At terminal 6, there are supplied
      position pulses of the rotating head wheel or drum, which undergo at
      circuit 9 a phase shift to correct phase errors. The oscillation appearing
      at terminal 5 is rectified or detected by diode 7. The voltage of the
      resulting envelope curve is scanned through a field effect transistor
      (FET) 8 or through another electronic switch, during the open time of the
      position generating pulse. Thus, switching transistor 8 and capacitor 10
      constitute a sample and hold circuit.
PAR  If a still image is to be reproduced, a starting pulse is introduced at
      terminal 15. This sets the flip flop 16 and switches on a motor voltage at
      18 for slow tape transport drive. A stepwise growing or falling voltage
      appears at capacitor 10. This voltage is smoothed in integrating section
      or amplifier 11 and is eventually cleared of transient tape noise. Thus, a
      voltage corresponding to the upper contour of FIG. 2 appears at the output
      of integrating section 11. This voltage is differentiated by means of
      capacitor 12 and resistor 13. The pulse shaper 14 delivers a pulse for
      positive swings of the input voltage which resets flip flop 16. This
      switches off the motor voltage activating a motor brake via line 19.
PAR  Apparatus is provided for automatic video track searching during the
      reproduction of still pictures from oblique magnetic video track
      recordings on a magnetic tape. The apparatus is adapted for use in a
      system including a rotating magnetic-head drum capable of generating
      position pulses. The apparatus provides for arbitrarily switching the
      tape-transport motor down to a slow speed and for a braking circuit to
      stop the tape-transport motor. A detecting circuit is provided to form a
      voltage envelope curve from signals generated by the video head or video
      heads, and a phase shifter for the position pulses compensates for phase
      errors in the machinery and circuitry. The apparatus also provides for the
      aforesaid switching upon a temporal coincidence between minima of the
      aforesaid envelope curve and the phase compensated position pulses. A
      sample and hold circuit scans the aforesaid envelope curve at times
      controlled by the phase compensated position pulses. The scanned signal is
      integrated and differentiated and, through a pulse shaper, operates upon
      the aforesaid switching means to bring the slow tape-transport motor
      motion to a complete stop.
PAR  In the above appears an arrangement for automatic track searching for the
      reproduction of still pictures from oblique magnetic video track
      recordings, with the aid of a detector for an envelope curve, and of a
      position generator at the video head wheel, which designates the beginning
      or end of the track. The arrangement is characterized by the use of a
      control and braking circuit for the tape transport motor. This circuit
      stops tape transport when the minima of the scanned voltage of the
      envelope curve coincide temporally with the position generating pulses.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for automatic video track searching during the reproduction of
      still pictures from oblique magnetic video track recordings on a magnetic
      tape by at least one video head rotating with a magnetic-head drum capable
      of generating position pulses, video signal being recorded on said tape in
      the form of a frequency-modulated carrier wave and said magnetic tape
      being driven by a transport motor drive assembly and stopped by a
      transport motor brake assembly, said apparatus comprising first means to
      effect a slow speed and complete stopping of said transport motor
      assembly, second means to produce a voltage proportional to the playback
      voltage of said video head at the beginning of each track, and third means
      to produce a pulse each time said voltage is going through its minimum;
      said first means being arbitrarily activated to switch the tape transport
      motor to a slow speed, and said third means acting upon said first means
      to stop the tape transport motor.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said first means is a flip flop
      which, when set arbitrarily, activates said motor drive assembly to slow
      down said tape transport motor speed and which, when reset by the pulse of
      said third means, activates said motor brake assembly to stop the tape
      transport motor.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein said second means includes means
      to rectify said frequency modulated playback voltage of said video head,
      means to sample said rectified voltage during said position pulses, means
      to hold said rectified and sampled voltage, and means to smoothen the
      output of said sampling and holding means.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein said third means includes means
      to differentiate the output of said second means, means to produce a pulse
      during the positive going edges of said differentiated voltage and to
      bring said pulse to the reset terminal of said first means.
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ABST
PAL  An apparatus and method are provided for recording information in the form
      of video signals on record members such as cards and reproducing selected
      portions of the information recorded as visually monitorable information
      on a viewing screen such as an electronic display or cathode ray tube. The
      information is recorded in the form of tracks of recordings which may be
      selectively scanned by a video transducer to generate electrical signals
      which may be used to modulate the reading means of an electronic display
      to present a visually monitorable or photographically reproducible image
      on said display.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation-in-part of Ser. No. 286,056 filed Sept. 5, 1972, now
      U.S. Pat. No. 3803,350, as a continuation-in-part of Ser. No. 83,239 filed
      Oct. 22, 1970, abandoned, which was a continuation of Ser. No. 807,877
      filed Mar. 17, 1969, also abandoned and having as a parent application
      Ser. No. 417,386 filed Dec. 10, 1964, now U.S. Pat. No. 3,434,130, which
      was a continuation-in-part of Ser. No. 142,748 filed Aug. 28, 1961, now
      U.S. Pat. No. 3,646,258, as a division of Ser. No. 515,417 filed June 14,
      1955 now U.S. Pat. No. 3,003,109.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an apparatus and method for recording information
      in a form which is not intelligible as recorded, to a human being and
      selectively reproducing same to generate displays thereof which are
      intelligibly monitorable. While the instant invention employs individual
      record cards as the recording medium for video signals recorded along
      parallel tracks of each card to permit rapid access to the recorded
      information by selectively reproducing information from selected cards
      retrieved from storage, otherwise shaped individual record members such as
      discs or tapes may also be employed which contain plural parallel tracks
      of information, preferably in the form of full-frame video picture
      signals, each occupying a respective track of the record member or a
      selected portion of a track thereof.
PAR  In a preferred form of the instant invention, rectangular record cards are
      provided which may be easily stored as stacks thereof in bins and may be
      individually automatically or semiautomatically retrieved by known means
      to permit the selective scanning of the recordings on each card, or the
      selective recording of new information along selected unrecorded tracks of
      the cards selected from storage to update or add to the recorded
      information. The information is preferably in the form of full-frame video
      picture signals, each preferably occupying a complete record track of the
      card or at least that portion thereof which does not contain a code or
      marker signal identifying the track and/or information recorded along the
      track. Similar or auxilliary recordings defining the information recorded
      as video signals may be provided along an adjacent track of the card
      whereby it is separately reproducible and may be used in selectively
      reprodcuing the recorded video information.
PAR  Accordingly it is a primary object of this invention to provide a new and
      improvded apparatus and method for recording and reproducing visually
      monitorable information.
PAR  Another object is to provide an apparatus and method for recording a large
      quantity of information of image frame phenomena, such as document
      recordings, in a fomr which is easily recorded though not visually
      monitorable as recorded and employing a record member and reading system
      therefore which is operable to permit the selective reproduction of the
      information as selectively viewable electronic images.
PAR  Another object is to provide an improved method for recording and
      reproducing document information in high density without the need to
      provide photographic images thereof and optically scanning image
      recordings.
PAR  Another object is to provide a method for recording a large number of
      document image signals, such as millions of picture frame recordings in
      analog or digital form and for rapidly reproducing such signals in
      relatively short access time.
PAR  Another object is to provide improved card recording arrangements.
PAR  Another object is to provide a system for recording video information on
      record cards in a form which may be easily reproduced and electronically
      monitored and updated.
PAR  Another object is to provide a record card information system wherein cards
      may be easily recorded on and duplicated and easily read.
DRWD
PAR  Further objects and advantages of the instant invention may be better
      understood by referring to the following descriptions of the accompanying
      drawings in which:
PAR  FIG. 1 is a face view of one form of record card having a plurality of
      record tracks extending parallel to the longitudinal axis of the card;
PAR  FIG. 2 is a face view of another record card having record tracks extending
      oblique to the longitudinal axis of the card;
PAR  FIG. 3 is a side view with parts broken away for clarity of an automatic
      card recording and reading device;
PAR  FIG. 4 is an end view with parts broken away for clarity of the device of
      FIG. 3;
PAR  FIG. 5 is a side view of another type of card recording and reading device
      for transducing transvers to the longitudinal axis of the cards fed
      thereto;
PAR  FIG. 6 is an end view of the device of FIG. 5;
PAR  FIG. 7 is a face view of a portion of a record card having record tracks
      extending across the card;
PAR  FIG. 8 is a side view of a transducing apparatus for transducing signals
      with respect to cards of the type shown in FIG. 7;
PAR  FIG. 9 is a circuit diagram showing control means which senses the leading
      edge of a record card for initiating and controlling transducing with
      respect to a selected track of the card;
PAR  FIG. 10 shows part of a control diagram including a pulse counter for
      controlling a transducing operation on a card;
PAR  FIG. 11 shows part of a control diagram employing code matching means for
      selective transducing relative to cards;
PAR  FIG. 12 is a control diagram showing means for controlling movement of a
      card past a transducer in a manner to permit selected information to be
      recorded on or reproduced from a selected track of the card, and
PAR  FIG. 13 is a control diagram showing a modified form of the card recording
      and reproduction system.
PAR  While the instant invention is directed towards card transducing
      arrangements employing a plurality of magnetic recording and reproduction
      transducers to selectively record video information such as composite
      full-frame video picture signals along selected areas or tracks of record
      cards and to effect the selective magnetic reproduction of such
      information as full frame video electrical signals, it is noted that
      variations in the recording and reproduction means described hereafter are
      possible which come within the purview of the invention. For example, the
      magnetic recording transducers may be replaced by other forms of recording
      and reproducing transducers such as radiation beams which may be used to
      record on and reproduce from the selected record tracks of the cards. In
      the recording mode, radiation generated by one or more lasers modulated by
      the described video signals may be used to photographically expose a
      photosensitive film on the surface of the record member or variably erode
      material such as a plastic or metal film on the surface of the record card
      for recording full frame video signal information as described along
      selected tracks of the cards by means of stationery or rotating
      transducers of the electro-optical type. In the reproduction mode,
      photoelectric detectors of the solid state type and a source of light may
      replace the described magnetic transducers for selectively scanning and
      generating full frame video signals from recordings of same provided along
      selected tracks of the cards. In the control diagrams provided herein, it
      is assume that the correct power supplies are provided on the correct
      sides of all switches, controls, logical circuits, motors, relays, etc.
DETD
PAR  In FIG. 1 there is shown a record card 10 comprising a base 11 in the form
      of an oblong strip or sheet of plastic, paper or paperboard having a major
      surface 12 on which is coated, laminated or otherwise provided a magnetic
      recording material 13' such as a magnetic oxide which is disposed across
      the entire face 12 or as one or more strip or band portions extending
      longitudinally thereof. Notations 13-1, 13-2, 13-3, etc. refer to magnetic
      recording tracks extending parallel to each other and longitudinally along
      the length of member 10 in the magnetic recording material. On each track
      is recorded one or more full frame video picture signals derived as
      described in my U.S. Pat. No. 3,051,777 for Magnetic Recording, which
      video picture signals are operative, when reproduced from the track, for
      modulating the write beam of a television picture tube to generate a still
      image on its screen of a document such as a business form, picture, graph,
      drawing, map, etc. In a preferred form of the invention, the video picture
      signals provided on tracks 13 are composite picture signals derived by
      scanning a single image frame during at least one complete raster scan
      although each may comprise (a) a composite video signal including sync
      signal components and picture signal derived from a plurality of scans of
      the same field, (b) a plurality of different composite video picture
      signals, or (c) just the picture signal component with vertical and
      horizontal sync signals for all recording picture signals predeterminately
      located on a separate track. In the latter arrangement, all picture
      signals on the different tracks would be in predetermined alignment with
      respect to each other and the sync signals so that the single track
      recording of sync signals may be reproduced and used to control write-beam
      deflection for the reproductions of any selected picture signal.
PAR  Selection of card 10 from a plurality of similar cards in a stack or
      magazine arrangement thereof is effected by scanning one or more edges of
      the card along which, in FIG. 1, is provided a plurality of indentations
      or notches 15. Portions 16 of the edge 14 remain in tact and together with
      indentations 15, provide a scannable surface in the form of a code
      identifying the card.
PAR  The tracks 13 may each be provided (a) on a separate strip of magnetic
      recording material coated or laminated to the surface 12, (b) on a
      magnetic recording material disposed along the central area of 12, (c) on
      a magnetic recording material coating the entire face 12 or (d) in the
      card material itself which is a magnetic recording plastic, metal band or
      a length of 1 to 3 inches wide magnetic recording tape.
PAR  The upper edge 14 of member 10 may also contain printed marks in the form
      of an electro-optically scannable code, or magnetic recording material
      containing one or more codes identifying the card recorded therein.
PAR  In FIG. 2 an oblong recording strip or card 20 is shown having a major face
      21 containing a magnetic recording material 22 centrally disposed as a
      band 22' or extending completely across said face as in a magnetic
      recording tape. Recorded along recording band area 22' on a plurality of
      parallel tracks 23, which are oblique to the longitudinal axis of member
      20, are a plurality of the described composite video picture signals each
      capable of modulating the beam of a television picture tube or storage
      tube to generate a still image therein.
PAR  The separately reproducible video picture signals recorded on tracks may
      each be recorded on a separate oblique track 23 or a separate group of
      said tracks or may occupy portions of each or different of said tracks
      with other selectively reproducible video picture signals as arranged in
      transverse track recording on wide magnetic tape employing, for example,
      magnetic recording heads which rotate as the recording member is driven
      past. Reference is made to my copending application Ser. No. 225,173 for
      Videotape Recording and U.S. Pat. No. 3,051,177 for such a recording
      arrangement.
PAR  While the selective reproduction of video signals from the member 10 of
      FIG. 1 may be effected by relatively moving the member and a reproduction
      transducer while the transducer is in operative relation with the track
      containing the selected video signal, in FIG. 2 selective reproduction of
      the desired video signal is effected by means of codes identifying the
      desired signal or track on which it is recorded. In FIG. 3 a plurality of
      binary digital codes 28 are provided along an edge portion 27 of the card,
      preferably although not necessarily, in the magnetic recording material
      21. The codes 28 are positioned so as to locate each track or group of
      tracks containing one or more video picture signals. and are aligned with
      respective tracks 23. Selection codes per se or supplemental to the codes
      on track 27 may also be provided on oblique tracks 23 adjacent the video
      signal recordings between video signal recording and may be provided as
      series and/or parallel binary bit codes which are reproduced by the same
      transducer reproducing video picture signals a separable therefrom, or a
      separate stationary transducer.
PAR  Notation 25 refers to a band recording area along a longitudinal edge 24 of
      member 20 containing one or more marks or magnetic bit recordings 26
      extending over and along said edge for identifying the card and/or its
      recording material by scanning said edge with magnetic or photo-optical
      means.
PAR  FIGS. 3 and 4 illustrate an apparatus 30 for transducing information
      signals relative to magnetic recording cards of the type shown in FIG. 1
      as the cards are fed through said apparatus. The transducing apparatus
      includes a housing 31 having a substantially rectangular box-like
      configuration with flat side walls 32 and 33 connected to top and bottom
      walls 34 and 35 and end walls 36 and 37. Provided in the end walls 36 and
      37 at substantially the same level are respective elongated slotted
      openings 38 and 39 for receiving and rejecting a flat record member such
      as the card 11 of FIG. 1. The opening 38 is defined by curved guide means
      38' and 38" adapted to receive a card fed thereto by hand or from a feed
      conveyor 48 and guide same between respective pairs of narrow belts 40'
      and 41' driven around respective pairs of rollers, denoted 40" and 41",
      which are disposed at both sides of the housing as illustrated in FIG. 4
      and comprise belt conveying assemblies for prepositioning and
      predeterminately driving cards fed to the housing therethrough past
      respective banks of transducing heads denoted 43'  and 44' which are
      supported on mounts 43 and 44 between the pairs of belt conveyors 40 and
      41. The rollers are supported on shafts 40s and 41s which are supported in
      rotational bearing by ball bearings B secured to the side walls 32 and 33
      of the housing. A constant speed gear motor 42 mounted on the side wall 33
      of the housing is operatively coupled to the ends of the shafts 40s and
      41s supporting at least two pairs of the rollers so as drive, when
      energized, the belts thereof for driving a card disposed therebetween
      through the housing. The belts and rollers are so located as to cause the
      ends of the transducers 43' and 44' to engage respective of the tracks 13
      of the card 11 for transducing relative thereto. The heads 44 are disposed
      to be operatively aligned with respective code or sync signal tracks of
      the record member 11 while the heads 43 are located to record or reproduce
      video picture signals from the tracks of the record card 11 as it is
      driven through the housing. The heads 44 may therefore be utilized to
      record or reproduce so-called marker signals derived, as described in my
      said parent applications, from the vertical sync signal of the video
      picture signal which is recorded or originally provided as a trigger
      signal for triggering the operation of a video camera in scanning a
      selected image field or document so as to generate said video picture
      signal.
PAR  The apparatus 30 of FIGS. 3 and 4 may be utilized to selectively record
      single frame composite video picture signals on selected tracks 13 of the
      card 11 when said heads are energized in the recording mode or to
      selectively reproduce previously recorded picture signals from the card
      when said heads are energized in the reproduction mode. In the record mode
      of operation, the leading edge of a card fed to the opening 38 is sensed
      by a transducer 64 such as a cadmium sulfide photoelectric cell or a
      photo-transistor supported at the center of the guide 38' defining the
      opening 38 when light from a small light source 65 supported on the other
      side of the opening 35 by the upper guide for the card is interrupted by
      the card. The resulting interruption in light to the sensor 64 is
      operative to cause a pulse signal to be generated in a control circuit
      operatively connected to the transducer 64 and said signal may be utilized
      to trigger the read beam of a television camera scanning a selected image
      field such as a document after the card has been properly located with
      respect to the picture signal recording heads 43 within the housing.
      Suitable time delay means may be operatively connected to the output of
      the transducer 64 so as to permit the leading edge of the card to come
      into alignment with the recording transducers 43 before the video picture
      signal is generated so that the leading end of said video picture signal
      will be properly and predeterminately recorded on the selected track of
      the record card.
PAR  In the reproduction mode, the marker signal pick-up head 43 either
      reproduces a marker signal associated with the selected recorded video
      picture signal on a selected marker signal track which is adjacent the
      track containing the selected video picture signal or a single marker
      signal pick-up head may reproduce a frame indicating marker signal from a
      pulse recording on one track of the card if all the video picture signals
      recorded on the other tracks are laterally aligned so as to be
      predeterminately longitudinally located with respect to said marker
      signal.
PAR  In another form of operation of the apparatus illustrated in FIGS. 3 and 4,
      frame marker signals may be completely eliminated from all record cards as
      their function may be performed by the photoelectric detection means 64
      connected to a suitable time delay relay. In this mode of operation, the
      leading edge of the card serves, as described, when detected by a suitable
      photoelectric detection means, as a means for generating a signal which
      may be utilized to effect the recordings of single frame video picture
      signals at predetermined locations at each of the recording tracks and
      other synchronizing functions, if necessary, during reproduction of
      selected of said video picture signals.
PAR  Suitable computer controlled or manually operated switches in the input or
      output lines of the transducers 43 and 44 may be selectively operated to
      selectively record on or reproduce from selected tracks of a card as it is
      driven through the housing 31.
PAR  In FIGS. 5 and 6 is shown an apparatus for transducing in the recording or
      reproduction modes, signals such as document image or information signals
      relative to a record card on a plurality of tracks which are oblique to
      the longitudinal axis of the card as illustrated in FIG. 2, for example.
      The apparatus 50 includes a rotating drum containing a plurality of
      transducers, two of which 52 and 53 are shown, which are disposed with
      their operating ends located at or near the surface of the drum and
      rotatable therewith. A guide 57 is spirally wound about the drum 51 and is
      composed of a side wall 58 and upper and lower end walls 59 and 60
      defining a substantially flat, spiral volume 61 providing a helical
      passageway immediately adjacent the drum through which passageway a card
      may be driven around the drum from an inlet opening 62 located at one
      level to an exit opening 63.
PAR  The drum 51 is supported for rotation in a suitable bearing unit 54 which
      may comprise a ball or roller bearing or an air bearing which is supported
      from below on a mount 55 which may comprise the main housing of the
      reading unit 50 or may be secured to said reading unit housing. Individual
      cards are fed horizontally along a conveyor 68 composed of power driven
      V-shaped wheels 69 which are aligned to feed the leading edge of the card
      into the inlet opening 62 of the spirally shaped guide 57. The card may be
      slidably or frictionally engaged between the outer surface of the rotating
      drum 51 and the inner surface of the side wall 58 of the guide 57 whereby
      the rotation of the drum 51 may be operative to drive the card upwardly
      through the guide 57 and past the rotating transducing heads 52, 53. Other
      means including air pressure, free-wheeling or powered rollers supported
      by the side wall 58 of the guide 57 may be disposed so as to engage the
      outer surface of the card and force its inner surface against the rotating
      drum 51. Air ejected through openings in the wall 58 of guide 57 along the
      length of the wall may also be employed to apply positive force to the
      card to bring it into engagement with the surface of drum 51. The openings
      in wall 58 to which said air is ejected may also be directed to cause said
      air to impose a force on the card in the direction of the passageway 61
      defined between the guide 57 and the surface of the drum to help move
      same.
PAR  The constant-speed gear motor 56 is supported by the frame 55 and has its
      output shaft 56s operatively connected to the drum 51 below the bearing 54
      for rotating said drum at a speed such that the video picture signal will
      be properly recorded on or reproduced from the selected oblique track 23
      of the record member 21 as it is driven around the drum.
PAR  Disposed near the entrance 62 of the guide way 57 is a sensor 64 such as a
      photo-transistor or other type of transducer operative to sense the
      leading edge of the card as it enters the passageway 61. The output 65 of
      the sensor 64 is connected to a suitable control circuit which receives
      the pulse generated thereby and includes suitable time delay means for
      energizing the drum transducer to record on or reproduce from a selected
      track of the multi-track transverse recording areas 23 of the card 20.
PAR  Also illustrated in FIG. 5 is a solenoid 66 which is operative attached to
      a portion of the wall 58 of the guideway 57 and has its output shaft
      extending through a small opening in said wall. When the solenoid 66 is
      energized, its output shaft protrudes in a manner to engage a portion of
      the card so as to predeterminately stop the longitudinal movement of the
      card through the passageway 61 with a selected of the plurality of tracks
      23 aligned with one of the transducers 52 associated with the drum 51. The
      rotating transducer will thus repeatedly scan the same track of the card.
      If the drum is rotating, for example, at thirty revolutions per second and
      the transducing head 52 is operating in the reproduction mode, the same
      single-frame video picture signal recorded on the track scanned by the
      head will be reproduced thirty times per second and may be fed to a
      conventional video monitor such as a television receiver so as to generate
      a still picture image on the display screen thereof. Thus, the combination
      of the sensor 64 sensing the leading edge of the card and an adjustable
      time delay relay means activated by the output of the sensor and operative
      to control the solenoid 66, may be utilized to predeterminately locate a
      selected track 23 of the card and the rotating transducer of the drum in a
      manner to effect the generation of a video picture signal of selected
      recorded document information from a plurality of such recordings on the
      card and to repeat the reproduction of said video picture signal at a
      frequency such that it may be utilized to generate a still image on a
      conventional television receiver.
PAR  It is noted that the spiral guide member of FIGS. 5 and 6 may be replaced
      by a tubular member surrounding drum 51 and having a spiral groove
      substantially the width of the card formed in its inside surface to define
      a passageway through which cards of the type shown in FIG. 2 may be driven
      for transducing different video picture signals or other suitable
      information relative to selected oblique recording areas or tracks
      thereof.
PAR  FIG. 7 illustrates a modified form of the record card shown in FIG. 2
      wherein an oblong record card 75 is provided having a first magnetic
      recording area 76 thereof containing a plurality of short record tracks or
      channels 77 which extend at right angles to the longitudinal axis of the
      card from near one edge of the card to the border of a bandlike marker or
      code signal recording areas 78 of the card which also contains magnetic
      recording material. The edge 79 of the card may contain card selection
      codes defined by a plurality of notches as shown in FIG. 1 or a plurality
      of magnetic or optically scannable recordings as shown in FIG. 2. A
      complete composite video picture signal may be recorded on one or a
      plurality of the transverse record tracks 77 depending upon the width of
      the card and the manner in which video picture signal information is
      recorded on each track. Notation 78' refers to code signals recorded in
      alignment with each or groups of the tracks 77 and reproducible to
      identify the information recorded on the respective tracks.
PAR  In FIG. 8, an apparatus 80 is provided for selectively reproducing picture
      signal information recorded on the tracks 77 of the card 75 of FIG. 7. The
      card 75 is fed through a plurality of powered rollers 81 including a first
      set of upper rollers 82 cooperating with a second set of lower rollers 83
      and terminating to feed the card between guides 84 and 85 disposed near a
      rotating drum 87. The guide 84 extends just off the surface of the drum 87
      and defines a narrow sheet-like passageway 86 therebetween and the surface
      of the drum 87 through which passageway the card may be guided and driven
      around the drum by means as decsribed above.
PAR  The drum 87 is supported on a shaft 87s which is driven by a constant-speed
      gear motor (not shown). Disposed within a plurality of recesses 87' in the
      outer surface 87" of the drum R a plurality of transducers, one of which
      88 is shown in the sectioned portion of the drum, there being at least one
      transducer to record on each of the laterally extending record tracks 77
      of the card and/or to reproduce therefrom. The transducers are each
      connected to respective slidable brush-commutating means for transmitting
      electrical energy from a remote source to the transducer and, in the
      reproduction mode, for transmitting modulated electrical signals from the
      transducer to a remote recorder, computer or monitor. The commutating
      means is not shown in the drawing nor are details of the drive motor and
      mount for the drum 87 as such structures are known in the art.
PAR  In operation of the apparatus 80 of FIG. 8, a card 75 is driven with its
      lateral edge 79 disposed as the leading edge of the card between the sets
      of powered rollers 81 and 82 into an inlet defined between one end of the
      guide 84 and one wall of a second guide member 85 which is pivotally
      mounted on the end wall 84". The guide 85 is shaped to upwardly deflect
      the card between the inner surface of guide 84 and the surface of the drum
      87. The drum 87 is operative to frictionally engage the card and cooperate
      with the powered drive rollers 82 and 83 in carrying the card through the
      passageway 86 around the drum.
PAR  During its passage through inlet 84', the leading edge of the card which is
      the lateral edge 79 thereof moves past a photoelectric detection device 90
      such as a photo-transistor or cadmium sulfide photoelectric cell which
      normally receives light from a small light source 91 mounted on the
      opposite side of the inlet passageway within the guide or card deflector
      85. When light from the light source 91 is interrupted to the
      photoelectric cell 90 as the leading edge of the card is driven across the
      light source 91, the photoelectric control associated with the
      photoelectric cell 90 is operative to generate a pulse signal as will be
      described hereafter, which signal may be utilized to predeterminately
      retain the card in position as selected recordings thereof are
      automatically reproduced.
PAR  Two modes of operation of the apparatus 80 of FIG. 8 are noted. In one
      mode, the card is driven by force applied thereto by the drum 87 as it
      rotates and is guided through the space 86 while one or more stationary
      transducer heads 88' supported by the guide 84 scan and transduce signals
      relative to one or more tracks 77 on the outside surface of the card. If
      the card is maintained against the surface of the drum 87 by suction
      pressure applied to the interior of the drum through small openings in its
      peripheral wall, the card may be repeatedly rotated with the drum and a
      selected video picture signal reproduced therefrom at video frequency in
      such a manner as to modulate the image generating electron beam of a
      cathode ray tube defining part of a monitor for viewing the recorded
      information. In this mode of operation, the card would necessarily be
      entirely retained against the drum and the distance between the leading
      and trailing edges of the video picture signals would necessarily be
      equivalent in the time required to scan from the trailing edge to the
      leading edge for the time duration of the blanking interval between
      conventional video motion picture signals. Release of the card from the
      surface 87" of the drum 87 may be effected by suddenly applying a positive
      pressure to the interior of the drum so as to cause the leading edge of
      the card to engage the inside surface of the guide 84 and to be caught by
      the tapered edge of guide 85 to carry the card away from the drum through
      the passageway 85" between the lower side wall of the guide 85 and the
      extension 84a of the guide 84 from which passageway the card is passed
      between the powered rollers 83 and 92 to a storage location.
PAR  In a second mode of operation, the card is engaged by friction or suction
      means against the outer surface 87" of the drum 87 and is carried thereby
      through the passageway 86 until it is stopped by the shaft of a solenoid
      89 mounted on the guide 84 and projected to effect said card stoppage upon
      detection of the leading edge of the card by a photoelectric cell 90
      scanning a light source 91 mounted on the guide 85. The photoelectric
      controller associated with 90 is operative, when the light source 91 is
      interrupted, to energize the solenoid 89 to project its shaft in the path
      of the card until it is retracted as will be described hereafter. Once the
      card is stopped by the shaft of solenoid 89, the drum 87 continues to
      rotate the heads 88 mounted therein in the act of scanning the track 77 of
      the card and such scanning action may be continued for a single scanning
      sweep of the selected recording track of the card or for a predetermined
      length of time so as to generate video picture signals at a frequency such
      that said signals may be used to generate a still image on the screen of
      the video monitor by intensity and deflection controlling the beam thereof
      at video frequency (e.g. 30 frames per second).
PAR  FIGS. 9-11 illustrate control circuitry associated with the described
      record card scanning apparatus. In FIG. 9, the sensor 64 of FIGS. 5 and 6
      is operative to scan and detect the leading edge of the card and generate
      an output signal upon effecting such detection which signal is amplified
      and passed to an adjustable time delay relay 64d which is adjusted in time
      duration by a controller 64c to generate a signal on its output at a time
      after the leading edge is detected by the sensor such that a particular
      track of the oblique tracks 23 is in alignment with the transducer head 53
      mounted on the drum. The output of relay 64d is passed to the switching
      input of a normally open switch 93 which it immediately closes passing an
      electrical signal from a signal generator 93g to the drum mounted
      transducer 53. In the record mode, the signal generator 93g may comprise a
      television camera and switch 93 may comprise the input to the automatic
      deflection control circuitry of the camera which, when energized, causes
      the read beam of said camera to scan a document or other information in
      the scanning field of the camera and to generate a corresponding composite
      video picture signal on the output 93' which is passed to the transducer
      53 which operates to record said composite video picture signal on the
      selected track 23 of the magnetic recording area 22 of the card. In the
      reading mode, the signal generator 93g may comprise a suitable power
      supply for generating electrical energy for energizing the transducer 53
      sufficiently to cause the transducer to read signals recorded on the
      selected track of the card. Accordingly, during the reproduction mode of
      operation, the output of time delay relay 64b is passed to energize the
      solenoid 66 for retaining the card fixed with respect to the rotating drum
      51 so that the head 53 may repeatedly scan the selected recording thereon
      for generating picture signals at video frequency, which signals are
      passed to the video input of the monitor 94 and utilized to modulate the
      screen of the cathode ray tube 95 with a still image.
PAR  In the event that it is desired to reproduce signals from a selected
      recording track of the record member 20 during a single pass of the
      information scanning transducer 53, or if it desired to record a signal, a
      bi-stable switch 66SW is provided in the output of time delay means 64d
      which, when opened, either manually or automatic means, prevents the
      output of said relay from energizing the solenoid 66 so that the card will
      be driven completely through the guide means 57 without stoppage.
PAR  In FIG. 10, a predetermining counter 97 is preset by a manual or automatic
      input control means 96 to generate a control signal upon receipt of a
      predetermined number of pulses from the transducer 52 mounted on drum 51
      and generated as said transducer scans marks or pulse recordings on the
      recording area 27 adjacent the oblique tracks 23. In other words, a single
      pulse may be recorded or a mark provided adjacent each of the tracks 23
      which, when reproduced as the transducer 53 scans said track by the travel
      of the card through the guide 57 may be employed by counting the total
      number of pulses so generated to indicate which track is in alignment with
      the information recording or reproduction transducer 53. By presetting the
      predetermining counter 97 to uncount after a receipt of a predetermined
      number of pulses from the marker pick-up transducer 52, the signal
      generated on the output of the counter 97 upon receiving said
      predetermined number of pulses may be utilized to close the normally open
      switch 93 for energizing transducer 53 in the reproduction mode. The
      output of predetermining counter 97 may also be passed to energize
      solenoid 66 to retain the card with the selected track in alignment with
      the transducer 53 so that the video signal recorded on said selected track
      may be repeatedly reproduced at video frequency to generate a still image
      on the screen of the monitor device 94. If the monitor device 94 is an
      image storage tube requiring that its beam be modulated by but a
      single-frame video picture signal to generate an image, then the card may
      be passed completely through the guide 57 without stoppage and without
      energizing solenoid 66.
PAR  As in FIG. 9, the control components of FIG. 10 may also be utilized for
      recording a predetermined video picture signal onto a selected track of
      the record member 20 by utilizing the output of counter 97 to energize the
      trigger input of an automatic deflection control circuit associated with
      the video camera scanning a document image field as defined in my said
      copending and parent applications.
PAR  In FIG. 11, selection of a particular oblique track of the record member 20
      is effected by means of scanning codes such as binary codes 28 provided on
      the recording area 27 of the record member 20. Head 52, for example, may
      be operative to scan said binary codes and generate series binary signals
      on its output 99 which is connected to a series-to-parallel converter 100
      having a plurality of outputs 100' extending to a code-matching relay 99
      of the type defined in my said parent patent applications. Parallel inputs
      98' to the code-matching relay 99 extend from a card reading device or
      other form of input means 98 operative to generate parallel codes which,
      when they are matched by the codes energizing the circuits 100' in the
      code-matching relay 99, cause said code-matching relay 99 to generate a
      control signal on its output 99' which is transmitted to the switching
      input of a normally open switch 93. A power supply PS is passed through
      switch 93 upon closure thereof to energize the transducer 53 in the act of
      reproducing the signal recorder on the selected track of the record member
      20 passing through the guide 57. Said signal is then passed to the monitor
      94 for generating an image on the viewing screen 95' thereof as described
      or is passed directly to a computer or other form of recording device.
PAR  It is to be noted that while the codes 28 provided on the border portion 27
      of the magnetic recording card 20 are shown as recorded on extensions of
      the oblique tracks 23, said codes may also be recorded in alignment with
      the respective oblique tracks 23 but laterally extending across the record
      member 20 to be picked up by respective stationary magnetic reproduction
      heads supported, for example, by the side wall 58 of the guide 57 and
      located so as to scan the codes 28 on the recording area 27 as the card is
      driven therepast.
PAR  Synchronization between the position of the information recording or
      reproduction transducer 53 and the recording tracks 23 of record member 20
      in the apparatus of FIGS. 5 and 6 may be effected in one or more manners.
      For example, if each information signal recording occupies the complete
      width of its respective recording track 23, then the reproduction head 53
      will always scan information recorded on a track unless it is aligned
      precisely to scan the interface or border between two recording tracks.
      Accordingly, in such an arrangement, the card may be driven in any manner
      through the channel 57 provided that it is driven at a substantially
      predetermined constant speed.
PAR  In another form of the invention, a solenoid disposed at the inlet to the
      guideway 57 may normally prevent passage of the card and may be energized
      to permit the card to pass through the passageway 61 by a signal which is
      generated by limit switch or sensor operative when a predetermined portion
      of the drum passes said switch or sensor so that the card will be released
      to travel through the passageway 61 and, if it is driven at substantially
      constant speed thereafter, the oblique recording tracks thereof will be
      synchronized with respect to the rotating transducer 53.
PAR  In FIG. 12 is shown control means for synchronizing the movement of a card
      fed to a card-reading or reproduction apparatus of the type 50 shown in
      FIGS. 5 and 6. In the apparatus of FIG. 12, the card is assumed to be
      longer than the pathway defined by the guide 57 so that its leading edge
      may be gripped between powered rollers supported by or disposed on inlet
      62 for driving the card at constant speed through the passageway 61
      adjacent the drum and, upon passing through or leaving the exit guide 63,
      said leading edge may be gripped by a second pair of powered rollers for
      driving the card out of the passageway 61 onto the powered take-up
      conveyor 72.
PAR  In FIG. 12, a first constant speed gear motor 101 is supported adjacent to
      or by the wall of the inlet 62 and has its output shaft 102 connected to a
      frictional drive roller or wheel 103 cooperating with a second roller or
      wheel (not shown) for engaging the card as it is fed to the bite of said
      rollers. The motor 101 is operated continuously as is a second motor 101'
      located at the exit guide 63 for driving a wheel 103' cooperating with a
      second wheel thereat for continuing to drive the card through the
      passageway 61 and away from the housing after the trailing edge of the
      card has passed from between the rollers 103.
PAR  The card is initially held at the inlet 62 by a solenoid 104 having its
      shaft 105 or a mechanism connected thereto engaging the leading edge of
      the card and is released by activating solenoid 104 at a time such that
      the transducing heads mounted on the drum 57 are predeterminately located
      in their rotation so that when the card passes said heads, the heads will
      sweep the respective record tracks 23 of the card. The solenoid 104 is
      operated to retract and release the card upon receipt of a signal which is
      generated when the heads 52, 53 of the drum 51 have reached a
      predetermined point in their rotation. This action is effected by means of
      a sensing device 107 mounted to scan either the drum 51 or the shaft 56s
      of the drive motor 56 and operative to generate a pulse signal when said
      drum and drive motor output shaft have reached a predetermined point in
      their rotation. The sensing device 107 may comprise a so-called limit
      switch tachometer operating off the shaft of the drive motor or a
      photo-transistor scanning a mark or hole in the drum 51 or shaft 56s. The
      output of sensor 107 is passed to a logical AND switching circuit 108
      having a second input from a sensor 106 operative to scan and detect the
      leading edge of a card fed to the inlet 62 just as it engages and is
      stopped by the shaft 105 of the solenoid 104. Thus, the AND switching
      circuit 108 generates a pulse on its output when both of its inputs become
      energized and the pulse is fed to a time-delay relay 109, the output of
      which is connected to the control input of the solenoid 104. The time
      interval of the delay circuit 109 is such that it will operate the
      solenoid 104 to release the card and the card will thereafter be driven at
      constant speed with respect to the transducing heads 52, 53 of the drum 51
      whereby said heads will lie substantially aligned with consecutive
      recording tracks 23 of the card 20. Accordingly, time-delay relay 109 is
      preferably adjustable as to its time duration so that it may be manually
      adjusted to synchronize the travel of the card and the rotation of the
      heads 52, 53.
PAR  In FIG. 13 is shown a combined magnetic card recording and reproduction
      system which employs separate magnetic transducers disposed closely
      adjacent each other and in circumferential alignment on a rotating drum of
      the type provided in FIGS. 5 and 6 to scan and either record on or
      reproduce from selected transverse or oblique tracks of a record card 20
      of the type shown in FIG. 2. In FIG. 13 the card drive motor 101PM is a
      pulse operated stepping motor which is driven by pulses received from a
      limit switch 56S which operates in scanning a cam on the shaft of the head
      drum drive motor 56 and generates a stepping pulse on its output each time
      the magnetic recording and reproduction transducers, denoted respectively
      53R and 53PU, mounted on the drum 51 come into alignment with or approach
      the recording area of the card 20 containing the oblique record tracks 23.
      The stepping motor 101PM is operable to step drive the card, each time it
      is pulsed, a degree equal to the longitudinal distance between tracks 23
      of the card so that if said tracks are predeterminately located with
      respect to the leading edge of the card which is first fed to the bite of
      the stepping drive rollers, the transducers mounted on the drum 51 will
      initiate scanning each track as they come into alignment therewith. The
      system shown in FIG. 13 also utilizes a video storage tube 94A to receive
      and store selected full frame video picture signals of documents which
      video signals are generated either as selectively reproduced from the card
      or from a video camera. The output of storage tube 94A is fed to a
      conventional television receiver 95A to maintain a still image on its
      screen for monitoring purposes thus eliminating the need to repeatedly
      scan the selected track of the card as described to maintain the image on
      the receiver's screen.
PAR  The system of FIG. 13 includes a control console 45 having various bistable
      push-button switches 45A to 45H for gating electrical energy from a power
      supply PS to the operating components and subsystems illustrated.
      Operation of a first switch 45H connects the power supply PS to those
      components and subsystems which are not powered or controlled by the other
      switches.
PAC  RECORDING FULL FRAME VIDEO SIGNALS ON SELECTED TRACKS OF A MAGNETIC RECORD
      CARD
PAR  When it is desired to record a full frame video picture of a document onto
      a selected track of a selected card, the card is automatically or manually
      removed from storage and fed to a transducing apparatus of the type
      illustrated in FIGS. 5 and 6 after certain preliminary operations have
      been performed to effect such recording. The document containing the image
      or information desired to be recorded is placed on a conveyor or platform
      69 and disposed thereby in the scanning field of a television camera 67
      having a read-beam deflection controller 68 for controlling its read-beam
      to full frame scan its image field when an input 68' thereto is activated
      by a trigger pulse. As hereinbefore indicated, details of a full frame
      scanning control circuit for controlling the read beam of a television
      camera to effect full frame scanning along a predetermined scanning path
      when pulse activated, are provided in my copending application Ser. No.
      225,173. The output 67A of camera 67 extends to the video signal recording
      head 53R through a switch 53SW which is closed by operating manual switch
      45G on the control console or by otherwise generating a switch closing
      signal and applying same to the switching input of the switch. A second
      bistable switch 93A in the output of the described frame pulse counter 97
      is also closed for recording. As the card is fed to the bite of the drive
      rolls 103, the leading edge thereof is detected by a photoelectric or
      limit switch detector 64L which generates and feeds a pulse to the
      switching input of a normally open, monostable switch 64MS which is
      slow-to-open after being so closed such that it is retained closed during
      the time it takes the card to be completely driven past the magnetic
      recording transducer 53R. While so closed, switch 64MS passes the pulses
      generated by limit switch 56S scanning the shaft of the head drum motor 56
      to a logical AND circuit 110, the other input to which AND circuit having
      previously been energized by closure of panel switch 45B in preparing for
      selective track recording. The motor 101PM is thus pulsed to drive the
      card in such a manner that the drum rotated recording head comes into
      alignment with and completely scans each track of the card during each or
      multiples of revolutions of the drum.
PAR  The output of pulse counter 97, which has been preset to uncount when a
      predetermined number of pulses have been received on its input from
      photoelectric detector 64A scanning marks provided along a longitudinal
      track of the card in alignment with each of the oblique tracks 23, is
      applied to a time delay relay 97D which generates and passes a signal on
      its output through closed switch 93A to one switching input of a logical
      AND circuit 93AND for a duration which is equal to the time it takes the
      drum mounted head 53R to make one revolution or scanning sweep so that
      whenever limit switch 56S is activated thereafter and its output is
      applied to the other input of circuit 93AND, a pulse will be generated on
      the output thereof which may be applied to the trigger input 68' of camera
      control circuit 68, thus initiating generation of the full frame video
      picture signal of the document in the scanning field of the camera which
      is transmitted to head 53R and recorded on the selected track of the
      record card.. The head 53R may include a magnetic erase circuit or
      auxilliary head so disposed and operable when input 68' is energized to
      erase any previously recorded signal from the selected track of the card.
PAC  SELECTED FULL FRAME VIDEO SIGNAL REPRODUCTION CYCLE
PAR  When it is desired to reproduce a selected full frame video picture signal
      from a selected track of a selected card, the card is fed to the
      transducing apparatus described and illustrated in FIGS. 5 and 6 or other
      suitable apparatus after effecting certain other preliminary control
      functions. The counter 97 is preset to uncount upon receipt of the number
      of pulses generated by frame mark detector 64A in scanning those marks
      which extend to the selected frame or track 23 containing the selected
      full frame video picture signal. One input to an AND circuit 46 is
      activated by closure of a switch 45C on the control console 45. The output
      of AND circuit 46 is connected to the switching input of a normally open,
      slow-to-open after closing monostable switch 47 which is connected between
      the video reproduction transducer 53PU and the input 94B to the storage
      tube 94A. The output of counter 97 is connected to the other input to AND
      circuit 46 so that an output is generated to close switch 47 when the
      counter 97 uncounts assumning that switch 45C has been closed. Switch 47
      is operable to open after closing after having been closed for the time
      required for the reproduction head 53PU to completely scan the selected
      recording so that only the selected video signal recording will be
      reproduced.
PAR  Notation 111 refers to a hard copy printer which may be operated by means
      of a switch 45D located on the console to effect the production of a print
      of the information displayed on the face of the screen of monitor 95A.
PAR  In a preferred form of the apparatus of the system of FIG. 13, the
      recording head 53R is operable to magnetically record a track of
      information generated by a modulated electrical or video signal fed
      thereto, the width of which recording is greater than the width of the
      magnetic reproduction head 53PU so that certain variations in the
      longitudinal positioning of a card along the transport or guide means
      therefore may be tolerated without loss of signal during reproduction. In
      other words video pick-up transducer 53PU which is disposed in
      circumferential alignment with and behind the recording head 53R may be
      operable to reproduce recorded video signals even if it is somewhat off
      center from the record track during its scanning sweep thereof.
PAR  Modifications to the apparatus for recording on and reproducing video
      information from record cards described above may be made as follows
      without departing from the instant invention:
PAR  I. Each of the magnetic reproduction transducers described may be replaced
      by a photo-optical transducer such as a photo-transistor operable to sense
      the magnetic recordings or otherwise recorded video information of the
      type described and to generate video signals for use as described when
      energized. If the record member is a transparent sheet or card containing
      parallel tracks of optically scannable recorded information arranged and
      composed as described (e.g. full frame composite video picture signal
      recordings each occupying a track of the card and optically scannable by
      reflected or transmitted light) then a single light source may be disposed
      beneath the card for providing light passing through each of the record
      tracks of the card to respective of the phototransistors of the bank which
      are selectively energized as described.
PAR  II. The magnetic reproduction transducers may be replaced by respective
      arrays of photo-optical transducers and respective light sources for
      illuminating respective record tracks of the cards and providing reflected
      light to their respective transducers which is modulated by the
      information recorded along the record tracks scanned by the respective
      transducers. Respective pairs of closely spaced photo-diodes for
      generating fine light beams and phototransistors for receiving light from
      their associated photodiodes after it has reflected off the selected
      tracks of the cards may be employed which combinations are selectively
      energized as described to permit the photo-optical scanning of selected
      tracks of the cards fed to the reading apparatus.
PAR  III. Where a single transducer is employed as in the embodyment of FIGS. 5
      and 6, it may be replaced by a photoelectric detector such as a
      phototransistor and a small light source associated therewith and operable
      to scan the oblique tracks of the card of FIG. 2. The light source may be
      gated on and off when aligned with a selected oblique track of the card
      containing selected recorded information such as a selected full frame
      video picture signal recording.
PAR  IV. A single photo-optical transducer may be utilized to reproduce
      information from a selected track of parallel tracks extending
      longitudinally along a record card as in FIG. 1. Such a transducing
      arrangement may comprise a single light source and a single photoelectric
      detector for light passed through or reflected off a selected of the
      parallel tracks of the record card and eminating from said single light
      source. The light source may comprise a laser generating a narrow beam of
      light or other source of light of sufficient intensity which light beam is
      deflection controlled to cause it to intersect the selected track of the
      card containing the information to be scanned and is passed through the
      card or reflected to a photoelectric detector disposed adjacent the card.
      Deflection of the beam may be effected by conventional laser beam
      deflection means such as by passing same to a mirror or a prism or lens
      which is electro-mechanically pivoted by a controlled servo such as a
      controlled electric motor, electro-magnet or other means to reflect or
      diffract the beam from the light source and cause it to intersect the
      selected track of the cardas the card is driven through the reader. The
      photoelectric detector may comprise a single photoelectric cell extending
      completely across the card or so located within the reader as to pick up
      light reflected from any of the tracks of a card scanned by light from
      said light source and to generated signals on its output representative of
      the information recorded on the track scanned.
PAR  V. If the card is light transmitting and the recordings are operable to
      modulate light with their information as the light is passed through the
      card, then photoelectric detection means may be disposed completely across
      and beneath the card to receive the light passed through any track of the
      card.
PAR  VI. In yet another form of the instant invention, a single source of
      recording radiation, such as a laser, may be disposed in a housing and
      operable to be deflected or otherwise controlled to align its beam with a
      selected track of the card after which either the beam is moved along the
      selected track by controlled deflection thereof or the card is moved past
      the beam while the beam is intensity and/or deflection modulated to effect
      variable recording of the video information along the selected card track.
      Recording of such information may be effected by selectively and variably
      eroding portions of a thin film of plastic or metal disposed along the
      selected track of the card with the intensity modulated and/or deflection
      controlled beam or by selectively sensitizing a photographic emulsion
      provided along the selected track of the card.
PAR  VII. Control of the reading and/or writing beams described above to bring
      them into lateral alignment with a selected track of the card may be
      effected by causing the same beam generated at a low intensity or an
      auxilliary beam to scan laterally across the card prepositioned with
      respect to the beam generating means and causing same to scan indicia
      aligned with each record track of the card to generate pulses or codes as
      electrical signals which are employed as feedback signal for a preset
      counter or code matching means of the type described which is operable to
      control beam deflection by stopping the beam when located on the selected
      track or by gating a suitable deflection control signal to the beam
      deflection means when the selected track has been detected as indicated by
      the signals generated in scanning said track locating indicia. Thereafter,
      the beam scans the selected track which it is aligned with or the card is
      driven to cause the beam to scan the selected track. Card movement during
      scanning may be initiated by a signal generated by the aforementioned
      counter or code matching relay or may be an uninterrupted extension of the
      movement of the card through the reader if the scanning beam deflection to
      the selected track is rapid enough to permit the beam to be controllably
      aligned with the selected track of the card before the leading end of the
      video signal recording on the selected track comes into alignment with the
      beam, or before the forward portion of the selected track on which signal
      recording is desired comes into alignment with the beam.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of recording and reproducing video displayable information
      comprising the steps of:
PA1  recording a plurality of composite full-frame video signals along
      respective parallel tracks of a record card wherein each of said composite
      full-frame video signals containing picture signal elements and
      synchronizing signal elements applicable, when reproduced with said
      picture signal elements, for effecting the generation of images on a
      monitor screen of the information defined by said picture signal elements,
PA1  storing said record card with a plurality of similar record cards
      containing recordings of composite full-frame video signals of other
      displayable information, and
PA1  when it is desired to obtain selected recorded information and to monitor
      same, retrieving said card from storage and presenting same to a card
      reading apparatus,
PA1  controlling the operation of said card reading apparatus to selectively
      scan the track of said card presented thereto which track contains the
      full-frame video signal defining the information to be monitored,
PA1  generating on the output of said card reading apparatus the full-frame
      video signal reproduced in scanning the recording of the selected
      full-frame video signal and
PA1  presenting the reproduced full-frame video signal to a video monitor and
      using same to generate a viewable image representative of the selected
      recorded information.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said card reading apparatus
      comprises a bank of reproduction transducers including at least one
      transducer located to scan each of said parallel tracks of a record card
      presented thereto, said method comprising selectively energizing at least
      one of said transducers while driving said card through said card reading
      apparatus to cause said selectively energized transducer to sense the
      recording provided along a selected track of the card and to reproduce
      information as electrical signals on its output which signals are
      representative of the recordings provided along the track scanned thereby.
NUM  3.
PAR  3. A method in accordance with claim 2 wherein said plurality of record
      cards each contain plural record tracks extending parallel to the
      longitudinal axis of the card and said card reading apparatus is operable
      to drive each card longitudinally past said bank of transducers with each
      of said transducers being in scanning alignment with a respective record
      track of the card whereby all of said card tracks are simultaneously
      scanned by respective transducers of said bank.
NUM  4.
PAR  4. A method in accordance with claim 1 which includes supporting the record
      card to be read in a cylindrical configuration during the reading
      operation and rotating said cylindrically configured card past a
      transducing means while energizing said transducing means in a manner to
      cause it to scan a selected recording area of the card and to generate
      signals representative of the information recorded along said selected
      area of said card.
NUM  5.
PAR  5. A method in accordance with claim 1 which includes driving the card to
      be read in a direction which is at an angle to said track to be scanned,
      and scannably moving a transducing means while the card is in motion in a
      manner to effect scanning of the information on the track being scanned
      and the generation of said full frame video signal on the output of said
      transducing means.
NUM  6.
PAR  6. A method of recording full frame video signals along a selected
      recording area of a record card comprising:
PA1  presenting a record card to a card recording means having a recording
      transducing means,
PA1  detecting the presence of said card at said card recording means and
      generating a control signal when said card is predeterminately aligned
      within said card recording means,
PA1  applying said control signal to control the operation of a means for
      generating a full frame video picture signal and
PA1  causing said card recording means to be modulated by said full frame video
      picture signal and to effect a recording representative of said full frame
      video picture signal along a selected recording area of said card.
NUM  7.
PAR  7. A method in accordance with claim 6 wherein said means for generating
      said full frame video picture signal comprises a television camera, said
      method including triggering a control circuit for controlling said camera
      to execute a full frame scan of its field and to generate said full frame
      video picture signal on its output and pass same to modulate said card
      recording means to effect said recording along said selected area of said
      card.
NUM  8.
PAR  8. A method in accordance with claim 6 wherein said card recording means
      includes a magnetic transducer which is operably aligned with a selected
      track of the card when the card is recorded on thereby and said selected
      track is provided with magnetic recording material to be recorded on by
      said transducer.
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ABST
PAL  Apparatus for making stereophonic recordings using multiple microphones,
      and playing back the recordings through multiple speakers, wherein each of
      the microphones is mounted with a corresponding speaker in a single
      enclosure. For convenience, the microphones and speakers may be connected
      by flexible leads to a separate record-playback unit, and, since each
      microphone is permanently located immediately adjacent a corresponding
      speaker, the apparatus is capable of accurately reproducing the recorded
      sounds in their apparent locations by providing the same stereophonic
      separation for recording as for playback.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to stereophonic sound-recording equipment
      and, more particularly, to stereophonic recording equipment for home or
      other use by relatively unskilled operators.
PAR  As is well known, stereophonic recording equipment in general utilizes at
      least two microphones spatially separated so that a wave front from a
      source of sound will arrive at the microphones at slightly different
      times, and thereby produce recordable electrical signals displaced in
      phase relative to each other. When the signals are subsequently reproduced
      from a recording medium and used to actuate two or more separated
      loudspeakers, phase-displaced sound waves are generated, and a listener is
      given the illusion that the sound is emanating from the same direction as
      the original and not necessarily from any one of the loudspeakers.
PAR  Although stereophonic recording equipment has been widely used for some
      years, there still exists a need for a stereophonic recorder which is
      relatively simple to operate, which can produce high quality stereophonic
      recordings, and which preferably uses standard recording tape cassettes. A
      major difficulty with stereophonic recorders is that, although the general
      public appreciates listening to stereophonic recordings, they are
      generally unaware of such recording techniques as proper microphone
      location necessary to produce pleasing stereophonic results. Furthermore,
      since dual microphones must be used, there is a certain element of
      inconvenience for the user, who must plug in and position both microphones
      before recording. This inconvenience associated with the use of a recorder
      in a "live" recording mode, usually results in the recorder's not being
      often used in that mode. This is especially true for portable recorders,
      where connecting and positioning the microphones is yet another chore to
      be performed in addition to setting up the recorder itself and its
      associated speakers.
PAR  Another consideration is that users of previously available stereophonic
      recorders often obtain poor results in the "live" recording mode, because
      the spatial separation of the microphones during recording is
      significantly different from the spacing of the speakers during play-back.
      The original spatial separation of the sound sources is not then
      faithfully reproduced.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in a stereophonic recording system which
      overcomes the foregoing disadvantages by locating each microphone and a
      speaker in a unitary structure. Thus, the user has only to position the
      speakers as he would for playing back a stereophonic recording, and the
      microphones are automatically placed in proper position for live
      recording.
PAR  Briefly, and in general terms, the apparatus of the invention includes a
      "control" housing containing the normal electrical circuitry and controls,
      such as a cassette recorder and the necessary switching means, and a pair
      of speaker housings that are removably attached to the control housing to
      form a compact, self-contained unit. Each of the speaker housings includes
      a loudspeaker and a microphone located adjacent the speaker, and flexible
      cables connect the speaker housing to the control housing.
PAR  The microphones are preferably of the electrostatic type with a relatively
      omnidirectional characteristic. They are also preferably positioned in
      each speaker enclosure to provide substantial spatial separation of the
      microphones even when all the enclosures are assembled together for
      transporting the apparatus.
PAR  In a presently preferred embodiment of the invention, the aforementioned
      electrical means and its associated controls are contained in the control
      housing, to which two speaker enclosures are removably attached by hinges.
      The speaker enclosures may be compactly secured to the cabinet in a
      carrying position, swung to an open position, or removed and placed
      remotely from the cabinet, the speakers and microphones remaining
      electrically connected to the electrical means by flexible leads. The
      microphones are mounted in the enclosures in such a way as to provide
      sufficient stereophonic separation for recording in any of these
      positions.
PAR  It will be apparent that the present invention represents a signficant
      improvement in the stereophonic recording field. It provides a simple and
      convenient means for making live stereophonic recordings which allow
      faithful reproduction of the recorded sounds with proper stereo separation
      for both recording and playback. Other aspects and advantages of the
      invention will become apparent from the following more detailed
      description taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of portable stereophonic recording apparatus
      embodying the present invention;
PAR  FIG. 2 is a diagrammatic view of the apparatus of FIG. 1, showing
      connection of two speaker-microphone enclosures with a control unit; and
PAR  FIGS. 3a - 3c are plan views of the recording apparatus of FIG. 1 with the
      speaker-microphone enclosures shown in an open position, a carrying
      position, and a remotely located position, respectively.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in the drawings for purposes of illustration, the present
      invention is embodied in portable stereophonic recording apparatus having
      a combined record-playback-control unit 10 in one cabinet, and two
      separate speaker enclosures 11 and 12 housing speakers 13 and 14,
      respectively.
PAR  To make live stereophonic recordings, two or more microphones must be used,
      and, in systems available heretofore, this not only inconvenienced the
      user, but often resulted in poor quality recordings, especially if the
      microphone spacing was not chosen consistently with the spacing of the
      speakers. In accordance with the present invention, two microphones 15 and
      16 are housed together with the speakers 13 and 14 in the enclosures 11
      and 12, respectively. Thus, left microphone 15 is mounted adjacent left
      speaker 13 in the left enclosure 11, and right microphone 16 is mounted
      adjacent right speaker 14 in right enclosure 12.
PAR  As best illustrated in FIG. 2, the left microphone 15 and left speaker 13
      are connected by leads 18 which are carried by a flexible cable 19 to the
      control unit 10. Similarly, leads 21 from the right microphone 16 and
      right speaker 14 are carried by the flexible cable 22. The cables 19 and
      22 are attached to the control unit 10 by conventional plug and socket
      combinations 23. Consequently, the microphones 15 and 16 and speakers 13
      and 14 may be left permanently connected with the control unit 10, and,
      when the enclosures 11 and 12 have been located as desired, the apparatus
      may be operated without further adjustment in either a record mode or a
      playback mode, with equal stereo separation being automatically obtained
      for the two modes.
PAR  In the illustrative system, the enclosures 11 and 12 are pivotally
      attachable to the control unit 10 by separable hinges 24. Once hinged to
      the control unit 10, the enclosures 11 and 12 may be swung into a closed
      or carrying position, as illustrated in FIG. 3b, in which the two
      enclosures are secured against one face of the control unit to form a
      single structure for ease of handling. The enclosures 11 and 12 may also
      be pivoted on their hinges 24 through approximately 180.degree. into a
      side-by-side relationship with the control unit 10, as shown in FIG. 3a,
      thus providing greater separation of the speakers 13 and 14 and the
      microphones 15 and 16.
PAR  The enclosures 11 and 12 may also be lifted from their hinges 24 and
      separated even further from each other. The apparatus may be operated in
      any of the aforementioned three positions shown in FIGS. 3a - 3c. So that
      some separation of the microphones 15 and 16 is obtained even when the
      enclosures 11 and 12 are in the carrying position shown in FIG. 3b, the
      microphones are lcoated in the enclosures to provide maximum separation in
      this position. More particularly, when the enclosures 11 and 12 are swung
      forward to the open position (FIG. 3a), the left microphone 15 is close to
      the right-hand side of the left enclosure 11, and the right microphone 16
      is close to the left-hand side of the right enclosure 12. Thus, when the
      enclosures 11 and 12 are swung back to the closed position (FIG. 3b), the
      microphones 15 and 16 are separated as much as possible in that position.
PAR  Preferably, the microphones 15 and 16 are of the electrostatic type with a
      relatively omnidirectional characteristic, and have associated automatic
      level control circuits in the control unit 10 to allow recording without
      having to continually monitor and adjust the recording level.
PAR  It will be apparent from the foregoing description that the apparatus of
      the invention has a number of advantages over prior systems for the same
      purpose. One is that it is convenient to use, since the microphone/speaker
      enclosures 11 and 12 may be left permanently connected to the control unit
      10. Another advantage is that because the microphones 15 and 16 are
      located at the same points as the corresponding speakers 13 and 14, the
      sound field received by the microphones during recording will be
      faithfully reproduced on playback. Moreover, this characteristic is
      largely independent of the relative positions of the enclosures 11 and 12,
      although varying degrees of stereophonic separation will, of course, be
      obtained by varying the positions of the enclosures. These features,
      coupled with conventional automatic level control circuits, allow the user
      to make recordings of an unusually high quality.
PAR  Although a particular embodiment of the invention has been described in
      detail for purposes of illustration, it will be appreciated that various
      modifications may be made without departing from the spirit and scope of
      the invention. Accordingly, the invention is not to be limited except as
      by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Portable stereophonic recording and playback apparatus, comprising:
PA1  a plurality of microphones for transducing acoustical energy in a sound
      field into electrical signals in a like plurality of discrete channels;
PA1  electrical means connectable with said plurality of microphones and
      selectively operable in a record mode to record said electrical signals
      onto a recording medium, and subsequently in a playback mode to reproduce
      the electrical signals from the recording medium;
PA1  a housing for said electrical means;
PA1  a like plurality of speakers, connectable with said electrical means in the
      playback mode, for transducing said reproduced electrical signals into
      acoustical energy, thereby to reproduce the sound field;
PA1  a like plurality of independently movable speaker-microphone enclosures,
      each enclosing one of said speakers and one of said microphones, to
      provide equal stereophonic separation for both the record and playback
      modes; and
PA1  a plurality of connecting cables for connecting each of said
      speaker-microphone enclosures with said electrical means, whereby each of
      said speaker-microphone enclosures requires only one of said connecting
      cables to connect both its speaker and its microphone to said electrical
      means.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, wherein:
PA1  said microphones are of the electrostatic type having a substantially
      omnidirectional characteristic; and
PA1  said electrical means include automatic level control means associated with
      each of said microphones.
NUM  3.
PAR  3. Apparatus as set forth in claim 1, wherein said electrical means include
      means for recording on and playing back from standard magnetic tape
      cassettes.
NUM  4.
PAR  4. Apparatus as set forth in claim 1, wherein there are two of said
      microphones, two of said speakers, and two of said speaker-microphone
      enclosures.
NUM  5.
PAR  5. Apparatus as set forth in claim 4, wherein:
PA1  said speaker-microphone enclosures are attachable to said housing in a
      carrying position, movable to a side-by-side position with respect to said
      housing while still pivotally attached thereto, and removable from said
      housing to a position of increased separation, said apparatus being
      operable in any of these three positions.
NUM  6.
PAR  6. Apparatus as set forth in claim 4, wherein:
PA1  said electrical means has its operating controls located on one or more
      surfaces of said housing; and
PA1  said apparatus further includes separable hinge means for attaching each of
      said speaker-microphone enclosures to said housing in such a manner that
      each of said enclosures may be placed in a closed position covering
      approximately half of a particular surface of said housing, may be rotated
      to a second position approximately 180 degrees from said closed position,
      or may be separated from said housing and spaced therefrom, said apparatus
      being operable in any of these three positions.
NUM  7.
PAR  7. Apparatus as set forth in claim 6, wherein said microphones are
      positioned in said enclosures such that when said enclosures are in said
      closed position, said microphones are in the upper outer corners of said
      cabinet means, to provide the maximum possible recording separation for
      recording with said enclosures in said closed position.
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ABST
PAL  An arrangement for initiating and terminating a scanning movement of a
      video tape track with respect to the scanning path of a playback head is
      described for use in a helical scan video recorder. A disturbance detector
      is actuated when the detected video pulse envelope exceeds a predetermined
      amplitude indicative of a minimum displacement of the track from the
      scanning path. Such actuated detector operates to couple the servo unit of
      the tape velocity regulator to a tracking controller. The controller
      initiates a track scanning operation by applying to the tape drive servo a
      cyclic modulation which is superimposed upon an error signal derived from
      the detected video envelope. At the conclusion of a predetermined interval
      normally required for the servo to adjust the track to its optimum
      position, the tracking controller is disconnected from the servo input,
      and a quiescent signal of the appropriate magnitude necessary to maintain
      the tape in its optimum position is applied to the servo input by a
      digitally instrumented storage unit that is coupled to the controller.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In conventional helical scan video recorders adapted for reproducing video
      signals that are modulated on a high frequency carrier and fixed on a
      track of an elongated magnetic tape, the tape is helically wrapped around
      a drum that is rotatable about its axis. A pair of circumferentially
      spaced magnetic pick-up heads are rotatable in a scanning path
      perpendicular to the axis of the drum, and serve to detect the video
      signals on the tape tracks as the tape is longitudinally advanced around
      the drum.
PAR  In order to faithfully reproduce the video signal in the playback head, it
      is important to assure that the video track containing the signals to be
      reproduced is aligned with the scanning path of the heads. Conventional
      techniques for assuring this essentially provide for an oscillation of
      each head with respect to the track. Such oscillation results in a
      corresponding cyclic variation in the video output from the track, which
      variation may then be used as an error signal for a control circuit to
      correct any detected misalignment of the track and head.
PAR  In copending, co-assigned application Ser. No. 346,787, filed Apr. 2, 1973,
      now U.S. Pat. No. 3,905,043, and entitled "Tape track-playback head
      alignment arrangement for a helical scan video recorder", the desired
      oscillation is accomplished by applying a sub-audio train of pulses to the
      brake of the tape advance mechanism to effect a generally triangular or
      sinusoidal wave modulation of the component of tape velocity parallel to
      the drum axis. Such cyclically varying error signal is derived from a
      tracking controller embodied as a pulse duration control circuit
      identified by the reference number 38 in the above-mentioned copending
      application. To accomplish this, the tracking controller is regulated by a
      clock pulse generator which is permanently connected in the regulating
      circuit so that the cyclic modulation of the error signal, and thereby a
      corresponding cyclic oscillation of the tape along the drum axis, is
      present irrespective of whether the track position is correctly located
      with respect to the scanning path of the playback head.
PAR  It has been found that for very high fidelity applications of the video
      recorder, such constant presence of the tape oscillation caused by the
      continuous presence of the cyclically modulated signal from the tracking
      controller, occasionally leads to very small but perceptible periodic
      disturbances of the resulting TV picture, and to a lesser extent, the
      accompanying sound, when the detected video program is played back.
PAC  SUMMARY OF THE INVENTION
PAR  Such disadvantage is overcome by the arrangement of the present invention,
      which provides a suitable improvement to the helical scan video recorder
      described in the above-mentioned copending application. In an illustrative
      embodiment, a normally disabled storage unit, preferably a reversible
      digital counter, is effective when enabled to continually store the
      last-occurring mean amplitude of the cyclic error signal produced by the
      tracking controller. The storage unit is normally connected to the input
      of the track drive servo via a first position of a change-over switch. The
      tracking controller is likewise connected to the input of the tape drive
      servo through a normally disabled second position of the switch. A
      disturbance detector is coupled to the detected envelope of the video
      signal and is rendered effective when the amplitude of the detected
      envelope exceeds a predetermined level for operating the first switching
      means from the first to the second position, thereby initiating the
      scanning operation of the tape.
PAR  In normal operation, the voltage value coupled to the tape servo input by
      the storage unit represents the value of the tracking controller signal
      that results in the optimally adjusted position of the video tape track
      with respect to the playback head scanning path. Since no cyclic
      modulation is superimposed on such signal from the storage unit, no
      "hunting" of the tape will occur while the tape is in its adjusted
      position and the above-mentioned audio and video periodic disturbances
      will not appear. On the other hand, as soon as the tape again deviates
      from the scanning path by an amount sufficient so that the corresponding
      amplitude of the detected video signal is high enough to trigger the
      disturbance detector, such detector will change over the switch to its
      second position to couple the tracking controller to the servo input to
      re-start the cyclical scan. At the same time, the disturbance detector
      will enable the counter in the storage unit, and the latter will store a
      count which at any instant corresponds to the then-occurring amplitude of
      the error signal that is produced by the tracking controller. After a time
      sufficient for the scanning operation to adjust the track to its correct
      position, the change-over switch will be restored to its first position,
      so that (1) the scanning operation effected by the now-disconnected
      tracking controller will cease, and (2) the voltage now stored in the
      storage unit will be automatically of the correct value to assure that the
      servo input to which it is now connected will maintain the correct
      alignment between the tape and the playback head scanning path.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be further set forth in the following detailed
      description taken in conjunction with the appended drawing, in which:
PAR  FIG. 1 is a block diagram of a tape track scan initiation and termination
      arrangement in accordance with the invention, and
PAR  FIG. 2 is a more detailed combination block and schematic diagram of the
      arrangement of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, FIG. 1 depicts portions of a helical scan
      video recorder which may be of the general type described in the
      above-mentioned copending application Ser. No. 346,787, now U.S. Pat. No.
      3,905,043. Typically, such recorder has facilities for dynamically
      aligning a video track of an elongated magnetic tape 50 which is helically
      wrapped about a drum 51, with the scanning path of a pair of schematically
      indicated magnetic playback heads 52a and 52b which in practise may be
      disposed 180.degree. around the periphery of the drum along a prescribed
      mean reference path. The drum is rotatable about its axis by means of a
      suitable drive 53, while the tape is advanced longitudinally by a suitable
      take-up mechanism 54 driven by a motor 18 in timed relation to the drum
      rotation.
PAR  The tape 50 conventionally includes, among other carriers of information
      and synchronizing signals, a plurality of video tracks disposed in
      parallel relation at an oblique angle to the axis of the tape, each track
      bearing the video information in the form of a frequency modulated high
      frequency carrier. The pitch of the helix defined by the wound tape on the
      drum is selected so that the video tracks on the tape are generally
      perpendicular to the drum axis and therefore parallel to the scanning path
      traced out by the playback heads 52a and 52b as they rotate with the
      periphery of the drum.
PAR  An eddy current brake 17 cooperates with the motor 18 to provide a variable
      drag on the tape advance. Such drag may be varied by a modulating voltage
      applied to an input 56 of the brake, and will correspondingly vary the
      advanced velocity of the tape relative to the rotational speed of the
      associated playback heads.
PAR  The rate of advance of the tape 50 is subjected to a modulation in a
      prescribed mechanical pattern by applying to the brake 17 a suitable
      control voltage from a tape velocity regulating system 3. Such modulation
      causes a corresponding displacement of each video track along a path
      parallel to the drum axis with respect to the position of the rotating
      head. This displacement, in turn, causes a corresponding variation of the
      amplitude envelope of the video signal detected by the playback heads 52a
      and 52b.
PAR  The output of the head 52a or 52b is applied via a pre-amplifier 61 to a
      tracking controller 2 which may be similar to the pulse duration control
      circuit represented by the numeral 38 in the above-mentioned copending
      application. The controller 2 serves to initiate a scanning operation of
      the tape 50 by applying an error signal derived from the detected envelope
      of the video signal to the input of the tape velocity regulation system 3
      through a schematically indicated electronic change-over switch 32 when
      the latter is operated from a normal lower position to an upper position.
      As explained in the copending application, the controller 2 operates to
      superimpose on the error signal derived from the detected modulated video
      signal, a cyclic modulation which causes the regulation system 3 to impart
      a corresponding oscillatory movement to the tape 50 along the axis of the
      drum 51.
PAR  In accordance with the invention, the hunting effect on the tape 50 caused
      by driving the input of the regulation system 3 with the cyclically
      modulated error signal from the controller 2 is eliminated whenever the
      tape is adjusted to its optimum position along the drum axis. In
      particular, the arrangement of FIG. 1 further includes a storage unit 4
      which operates during the occurrence of each scanning mode (i.e. the mode
      occurring when the input of the regulation system 3 is coupled to the
      controller 2) by receiving the means amplitude of the error voltage
      developed by the controller 2 via a conductor 62. Thus, whenever the
      controller 2 has been effective to position the tape 50 in alignment with
      the scanning path of the heads 52a and 52b, the value of the error signal
      then present at the output of the controller 2 is equal to the value then
      stored in the storage unit 4.
PAR  The output of the storage unit 4 is coupled via the lower position
      illustrated of the switch 32 to the input of the regulation system 3. As a
      consequence, once the tape is adjusted to be in alignment with the
      playback head scanning path, then, if no disturbance subsequently arises
      the steady voltage value at the output of the storage unit 4 will be
      effective to maintain the tape in the optimum position. At the same time,
      the absence of a cyclic modulation signal at the output of the storage
      unit 4 assures that, at the optimum tape position, no undesirable periodic
      disturbances will occur in the sound or picture portions of the ultimately
      reproduced video signal.
PAR  If, however, a disturbance of significant amplitude does occur that effects
      the alignment between the track and the playback heads, the change-over
      switch 32 will be operated from its lower position to its upper position
      to again couple the output of the controller 2 to the input of the
      regulation system 3. This will again initiate a scanning operation to
      correspondingly vary the amplitude of the detected video envelope in
      closed-loop fashion to again reposition the tape to its ideal position. In
      accordance with the invention, a disturbance detector 5 is provided for
      operating the change-over switch 32 from its normal position that couples
      the storage unit 4 to the system 3 to a position that couples the
      controller 2 to the system 3 whenever the position of the track deviates
      from its optimum position on the drum by a predetermined amount. This is
      accomplished by coupling the input of the detector 5 to the output of the
      preamplifier 61 via a conductor 71 so that such detector is responsive to
      values of the detected envelope of the video signal exceeding a
      predetermined value indicative of such minimum track displacement. In
      order to assure that the storage unit 4 follows the error voltage
      developed by the controller 2 during the time that such controller is
      coupled to the system 3, a conductor 33 extends from the detector to the
      storage unit 4 to enable a digital counter in such unit 4 whenever the
      switch 32 is in its upper position indicated.
PAR  The elements indicated in FIG. 1 are shown in somewhat more detail in FIG.
      2. For example, the storage unit 4 illustratively includes a reversible
      binary counter 23 having a counting input 72, a conditioning input 73 and
      a reversing input 74. The counting input 72 is coupled to the output of a
      clock pulse generator 22, which in practise may be a pulse shaping circuit
      that transforms a sinusoidal 60 hz. voltage from the power mains to a
      rectangular pulse of corresponding frequency. Such rectangular pulses
      serve to step the counter 23 in either a forward or a reverse direction
      depending on the polarity of a voltage applied to the reversing input 74
      whenever the conditioning input 73 is excited by a "start" signal applied
      thereto from the disturbance detector 5 via the conductor 33. The output
      of the counter 23, which may be a four-bit binary signal as shown, is
      decoded in a resistance matrix 24 to provide the illustrated staircase
      signal. The value of the staircase voltage that exists whenever the switch
      32 is changed over from its lower to its upper position illustrated in
      FIG. 2 will correspond to the optimum track position of the magnetic tape
      relative to the scanning path of the heads 52a and 52b; since such optimum
      value will represent the non-cyclic portion of the error signal developed
      by the tracking controller 2 at the conclusion of its scanning operation,
      such non-cyclic portion is coupled via conductor 62 from the controller 2
      to the remaining input of the difference amplifier 26. Whenever the switch
      32 is changed over to effect the control of the input of the system 3 from
      the storage unit 4, a "stop" signal is applied to the conditioning input
      73 of the counter 23 so that the latter is prevented from further altering
      the quantized voltage level of the staircase signal at the output of the
      resistance matrix 24. The tracking controller 2 illustratively includes an
      input amplitude demodulator 8 coupled to the detected envelope of the
      modulated video wave form via the pre-amplifier 61. The output of the
      demodulator 8 is coupled via a low pass filter 9 to one input of a phase
      demodulator 10. The other input of the phase demodulator is excited by a
      reference pulse generator 11, whose repetition rate illustratively is made
      lower than the lowest audio frequency component recorded on a suitable
      auxiliary track of the tape to be reproduced. The output of the phase
      demodulator 10 is coupled to the conductor 62 for application to the
      difference amplifier 26 of the storage unit 4.
PAR  The output of the phase demodulator 10 is also coupled to one input of an
      adder 13. The other input of the adder 13 is excited by the reference
      pulse generator 11 via a rectangular to sinusoidal converter 12. The
      output of the adder 13 constitutes a cyclically modulated error signal
      indicative of the instantaneous deviation of the position of the track
      relative to the scanning path of the playback heads, and serves to control
      the input of the tape velocity regulating system 3 whenever the
      change-over switch 32 is switched into its lower position by the
      disturbance detector 5.
PAR  The disturbance detector includes an input limiting amplifier coupled to
      the output of the pre-amplifier 61. The output of the limiting amplifier
      is coupled to a zero level detector 28. A threshold-operated trigger stage
      29 responds to a finite output from the detector 28 to yield a pulse that
      is integrated in a suitable circuit 30. The output of the integrator 30
      serves as a switching signal for the change-over switch 32, by which such
      switch is changed over from its normal position (i.e. the upper position
      shown in FIG. 2). to its lower position. In order to prevent the
      change-over switch 32 from being restored to its normal position before
      the scanning operation initiated by the tracking controller has had an
      opportunity to effect the positioning of the tape to its optimum position,
      a reconnection delay circuit 31 is interposed between the output of the
      integrator 30 and the switching input of the switch 32.
PAR  The output of the change-over switch 32 represented by a movable contact 81
      thereof, is coupled to a duration control input 82 of a mono-stable
      multivibrator 15 within the tape velocity regulation system 3. The voltage
      applied to such input 82 serves to adjust the duration of the output pulse
      generated by the multivibrator 15 in response to a succession of sync
      pulses recorded on a suitable synchronizing track of the tape 50 (FIG. 1)
      and picked up by an auxiliary magnetic head 83 of the recording apparatus.
      Thus, each of the resulting trains of pulses at the output of the
      multivibrator 15 has a duration whose deviation, in amplitude and sense,
      from a standard pulse duration is at any time representative of the
      magnitude and direction, respectively, of the mean locus of the modulated
      video track excursion with respect to the scanning path of the heads 52a
      and 52b.
PAR  A D.C. error signal representative at any instant of the magnitude and
      sense of such pulse width deviation is obtained by suitably comparing the
      output of the multivibrator 15 with the output of a reference generator 19
      of standard width pulses in a conventional pulse duration-to-voltage
      converter 16. Illustratively, the reference generator 19 may be a
      conventional frequency divider coupled to the 60 cycle output of the A.C.
      mains, and may include pulse shaping facilities so that a 30 cycle
      rectangular wave form of standard pulse width is applied to the converter
      16. The output of the converter 16 serves as the excitation signal for the
      eddy current brake 17.
PAR  In the arrangement depicted, the disturbance detector 5 normally operates
      to provide switching signals to the switch 32 only when a new scanning
      operation is to be initiated, i.e. only when the detected envelope of the
      modulated video output exceeds a predetermined level. However, in order to
      check out the operation of the scanning system even when the tape track is
      in its optimum position (so that the detector 5 would ordinarily not be
      actuated), an auxiliary keying switch 33 is coupled to ground from the
      input of the trigger stage 29 of the detector 5. Therefore, manual
      operation of the keying switch 33 will override the normal input
      conditions of the detector 5 and will permit switching of the change-over
      switch 32 to a position effective to couple the output of the tracking
      controller 2 to the input of the regulating system 3.
PAR  Additionally, an optional manual control of the pulse duration control
      voltage at the input 82 of the multivibrator 15 may be obtained by
      incorporating an additional switch 21 into the regulating system 3. The
      switch 21 is arranged to selectively couple, to the duration adjustment
      input 82, either the output of the switch 32 or the output of a manually
      adjustable potentiometer 20.
PAR  In the foregoing, the invention has been described in connection with a
      preferred arrangement thereof. Many variations and modifications will now
      occur to those skilled in the art. It is accordingly desired that the
      scope of the appended claims not be limited to the specific disclosure
      herein contained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a helical scan video recorder adapted for reproducing video signals
      modulated on a high frequency carrier and fixed on a track of an elongated
      magnetic tape, the tape being adapted to be helically wrapped around a
      drum that is rotatable about its axis, the recorder including a magnetic
      pick-up head rotatable in a scanning path with the periphery of the drum
      for detecting video signals modulated on the tape as the tape is
      longitudinally advanced, means for longitudinally advancing the tape,
      means responsive to the detected envelope of the video signal for
      generating an error signal whose mean amplitude is proportional to the
      instantaneous amplitude of deviation of the video track from the scanning
      path of the magnetic head, and tape velocity regulation means connectible
      to the output of the error signal generating means and cooperable with the
      tape advancing means for varying the advance of the tape in accordance
      with variations of the error signal to correspondingly vary the amplitude
      envelope of the video signal detected by the head, the improvement which
      comprises, in combination, storage means coupled to the error signal
      generating means for continually storing the last-occurring mean amplitude
      of the error signal, first switching means effective when in a normal
      first position to couple the output of the storage means to the input of
      the tape velocity regulation means, said first switching means being
      operable from the first position to a second position to couple the output
      of the error signal generating means to the input of the tape velocity
      regulation means, and means responsive to the detected envelope of the
      video signal and rendered effective when the amplitude of such detected
      envelope exceeds a predetermined level for operating the first switching
      means from the first position to the second position.
NUM  2.
PAR  2. The improvement as defined in claim 1, in which the storage means
      comprises, in combination, a clock pulse generator, a normally disabled
      binary counter having a counting input coupled to the clock pulse
      generator, a conditioning input operable to enable the counter, and a
      reversing input actuable to program the direction of counting, a
      resistance matrix coupled to the output of the counter, and a difference
      amplifier having a first input coupled to the output of the resistance
      matrix and an output coupled to the reversing input of the binary counter.
NUM  3.
PAR  3. The improvement as defined in claim 1, wherein the operating means for
      the first switching means comprises, in combination, a limiting amplifier
      coupled to the detected video signal envelope, a zero level detector
      coupled to the output of the limiting amplifier, a threshold-operated
      trigger circuit coupled to the output of the zero level detector, and
      means for integrating the output of the zero level detector.
NUM  4.
PAR  4. The improvement as defined in claim 1, further comprising, in
      combination, a manually variable voltage source, second switching means
      selectively operable between first and second positions, and means for
      individually coupling the output of the first switching means and of the
      variable voltage source to the input of the tape velocity regulation means
      through the first and second positions, respectively, of the second
      switching means.
NUM  5.
PAR  5. The improvement as defined in claim 1, in which the operating means
      further comprises means coupled to the output of the integrating means for
      delaying the restoration of the first switching means to its first
      position for a predetermined interval.
NUM  6.
PAR  6. The improvement as defined in claim 3, in which the output of the error
      signal generating means is applied to a second input of the difference
      amplifier.
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ABST
PAL  Parallelism between the track on magnetic tape and the path of the rotating
      head is dynamically adjusted and maintained by adjusting one or both of
      the entry or exit guides guiding the tape as it helically wraps a mandrel.
      The mandrel has two halves that flank the rotating head so that as the
      tape wraps the mandrel, the rotating head traverses the tape at an oblique
      angle. Skew error is represented by a lack of parallelism between the
      track on the tape and the path of the rotating head across the tape. The
      skew error may be corrected by laterally shifting either the entry or exit
      tape edge guide without distorting the track over a limited lateral range
      of movement by the guides. The entry and exit edge guides are
      continuouscompliant air-bearing guides. Similarly, the mandrel that
      supports the tape adjacent the rotating head is also air bearing.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  Detection of head to track alignment to provide a skew error signal to the
      present skew error correction invention can be accomplished a number of
      ways, but is preferably accomplished as described in copending commonly
      assigned U.S. Pat. application, Ser. No. 415,080, filed Nov. 12, 1973, now
      U.S. Pat. No. 3,845,500, entitled "Head to Track Alignment in a Rotating
      Head Magnetic Tape Unit" by G. A. Hart.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a rotating head magnetic tape drive. More
      particularly, the invention relates to method and apparatus for
      dynamically correcting skew error between the transverse track on the
      magnetic tape and the path of the rotating head.
PAR  2. Discussion of Prior Art
PAR  The problem of skew error correction in cross tape magnetic recording is
      quite old. It commonly arises with regard to two environments. First,
      static adjustments have been made to bring the tape into proper alignment
      with the rotating head and the mandrel that supports the tape along the
      path of the rotating head. An example of such a teaching in U.S. Pat. No.
      3,697,676, entitled "Head to Tape Alignment Apparatus and Method,"
      invented by Arthur I. Protas.
PAR  The Protas patent teaches that parallelism between the tracks on the tape
      and the path of the rotating head may be adjusted in a static manner by
      moving either an entry or exit post guide that guides the tape onto or off
      of the rotating-head mandrel. Once the parallelism between the path of the
      magnetic head and track is statically adjusted, moving the parallel track
      into alignment with the head is accomplished by moving both guides
      laterally relative to the rotating-head mandrel. Static adjustment of the
      guide, as herein referred to, means that the guide is moved once during a
      long period of time manually by an operator. This is in contrast to a
      dynamic skew error correction which would be accomplished by an automatic
      system moving edge guides continuously or repeatedly over a short time
      interval to maintain parallelism between the track and the path of the
      rotating head.
PAR  Another rotating-head recording environment in which it is desirable to
      change the angle of the track on a tape to bring it into parallelism with
      the path of the rotating head is in converting from a stop mode to a slew
      mode operation. In stop mode recording operation in a rotating head
      magnetic recorder the tape is held stationary as the rotating head sweeps
      a single time or repeatedly over a single track. In slew mode the tape
      moves continuously and is synchronized in speed with the rotational speed
      of the head so as to control the angle that the path of the head makes
      with the longitudinal dimension of the tape. Clearly, to switch from a
      stop mode to a slew mode of operation would require a change in the angle
      of the track on the tape to maintain parallelism between the track and the
      path of the rotating head.
PAR  Apparatus for adjusting tape path to handle this type of track angle
      realignment is taught in U.S. Pat. No. 3,376,395, issued to W. L. Rumple.
      The Rumple patent shows crowned pulleys to guide the tape onto the
      rotating-head mandrel. The mandrel itself has fixed guides mounted thereon
      and is adjustable laterally and statically to change the separation of the
      fixed guides. When the Rumple magnetic recorder is switched to a stop mode
      (tape stationary during read or write) operation, the fixed mandrel guides
      are moved farther apart. The crown pulley entry and exit guides then cause
      a shift in tape angle across the mandrel as the tape moves between the
      fixed guides spaced farther apart. The shift in tape angle across mandrel
      changes the track angle relative to the path of the rotating head. The
      adjustment in the Rumple patent is a manual adjustment by an operator at
      the time the conversion between stop and slew mode is made.
PAR  Dynamic adjustment of entry or exit guides for tape helically wrapping a
      mandrel has not been done in the past because it was well accepted in the
      art that to do so would distort the recorded track. The reason for the
      distortion is the geometry of the tape path relative to the rotating-head
      mandrel. This geometry controls whether there is equal or unequal tension
      across the width of the tape as the tape wraps the mandrel. For example,
      if the tape helically wraps the mandrel 360.degree., the angle at which
      the mandrel should be positioned relative to the longitudinal dimension of
      the tape is given by the expression sin .theta. = G.sub.s /C where G.sub.s
      is the guide spacing (distance between the same edge on the entry and exit
      guides) and C is the circumference of the mandrel. This angle also
      corresponds to the acute angle of a track written by the rotating head
      relative to the edge of the magnetic tape.
PAR  It was well accepted in the art that if the guide spacing were to change
      without changing the angle .theta. between the mandrel and the tape, an
      unequal tension distribution would exist across the width of the tape.
      This unequal tension in the tape would cause the tape to distort and
      consequently, a written track on the tape would distort relative to the
      path of the rotating head. This expected distortion will be discussed
      further hereinafter.
PAR  The problem of distortion is heightened by the use of wide magnetic tape.
      As the ratio of L to W (where L is the length of tape between the entry
      and exit guides and W is the width of the tape) goes down, the problem of
      nonuniform tape tension and associated track distortion with changes in
      guide spacing becomes acute. Typically, the prior art L to W ratios have
      been in the order of 20 or even 30 to 1. A high L to W ratio helps to
      eliminate the sensitivity of the track distortion to guide spacing at the
      penalty of giving up information storage capacity on the tape. The storage
      capacity of the tape goes down as the width of the tape decreases. When
      the length to width ratio goes below 10 to 1, the track distortion problem
      becomes serious and can cause a rotating head to misread data from
      distorted adjacent tracks crossing the path of the head.
PAR  The need for dynamically adjusting guide spacing is due to skew error. Skew
      error is caused by tendency of magnetic tape to change its physical
      characteristics under different environmental conditions. It is well known
      that humidity and temperature affect the magnetic tape to the extent it
      may change its length and width. These changes are small; however, when
      dealing with high density tracks written across a wide magnetic tape, they
      can cause a significant skew error, i.e., lack of parallelism between the
      tracks on the tape and the path of the rotating head. Therefore, there is
      a primary need to handle the skew error correction problem by dynamically
      adjusting the edge guiding of magnetic tape as it helically wraps the
      mandrel without, at the same time, introducing distortion into the tracks
      on the tape.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, tape wrapping a rotating-head mandrel is
      edge guided for skew error correction without distorting the track on the
      tape by dynamically edge guiding the tape immediately before and
      immediately after the length of tape that wraps the path of the rotating
      head. Further, support of the tape in the region where the tape wraps the
      path of the rotating head is air bearing, whereby unequal tension
      distributions across the width of the tape tend to redistribute
      themselves. In an environment where the ratio of length of tape between
      guides to width of tape is less than 10 to 1, the guide spacing has been
      changed over a range of 20 mils without distorting a track on the tape.
      Instead, the track has rotated without distortion so that the track is
      brought into a parallel relationship with the path of the rotating head.
PAR  As an additional feature of the invention, the edge guides may be
      implemented by utilizing long, continuous compliant edge guides usually
      having a length at least equal to the width of the tape. These guides also
      have an air bearing surface to support the tape as it is edge guided. The
      function of the continuous guide is to prevent concentration of discrete
      edge forces. Discrete edge forces would tend to distort the tape when edge
      guiding forces are applied to change the angle of tape and thus the angle
      of the track. Also, a characteristic of a long, continuous compliant edge
      guide is that it assists uniform tension distribution across the width of
      a guided tape.
PAR  As a further feature of the invention, the dynamic tape guidance is
      implemented by detecting the parallelism between a track on the tape and
      the path of the rotating head, and thereafter control circuitry activates
      electro-mechanical devices to move one or both of the edge guides to bring
      the track back into parallelism with the path of the rotating head. In
      addition to corrections for skew error, preset correction values may be
      gated into the control circuitry to selectively position the guides for
      slew mode or stop/incremental mode operation. During stop/incremental mode
      the tape is stationary during reading or writing operations.
PAR  The great advantage of our invention is that it permits a rotating-head
      magnetic tape drive to dynamically adjust itself to different track angles
      on the tape. By so doing, the temperature, humidity environment that the
      tape is stored in need not be as strict, and the tolerances on tape drives
      need not be as tight. Stated another way, changes in dimensions of the
      tape caused by temperature and humidity can be accommodated by dynamic
      skew correction of the invention. Also, tapes may easily be interchanged
      between tape drives without tight tolerances between tape paths on
      separate tape drives. Further, because of the ability of the invention to
      assure accurate parallelism between data track and the path of the
      rotating head, the track widths can be smaller. With smaller track widths
      the track density, and thus the data density on the tape, can be
      increased.
PAR  The foregoing and other features and advantages of the invention will be
      apparent from the following more particular description of preferred
      embodiments of the invention, as illustrated in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 shows one preferred embodiment of the invention wherein the magnetic
      tape helically wraps a mandrel 360.degree., and the entry guide is
      adjusted in position dynamically in response to head-track alignment
      detection by monitoring the signal from the rotating head.
PAR  FIG. 2 shows an example of a long, continuous compliant guide with a guide
      adjust motor which can be used to provide the adjustable entry guide in
      FIG. 1.
PAR  FIGS. 3a and 3b show distortion normally induced in a track where there is
      a low L to W ratio, and the spacing between entry and exit guides is
      changed from the normal spacing for helical wrap. To more clearly indicate
      the position of the track on the tape, the tape has been unwrapped from a
      rotating-head mandrel and laid flat.
PAR  FIG. 4 is a graph showing that with the apparatus and method of this
      invention, a track on a magnetic tape may be rotated approximately .+-. 5
      mils about a zero skew line without distorting the track.
PAR  FIG. 5 is a diagram of pressures and forces involved in providing air
      bearing support to the tape as it passes over the rotating-head mandrel.
PAR  FIG. 6 shows one preferred embodiment for implementing the skew error
      correction network of FIG. 1, including a guide adjust control network
      utilizing a D.C. motor to move the guide.
PAR  FIG. 7 shows an alternative guide adjust control network for FIG. 6
      implemented with digital circuits and using a stepping motor to move the
      guide.
PAR  FIG. 8 shows an alternative preferred embodiment wherein the tape wraps the
      mandrel 540.degree., and the adjustable entry guide and the fixed exit
      guide are mounted on the mandrel.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the preferred embodiment shown in FIG. 1, tape 10 is moving from left to
      right as it crosses the adjustable guide 12, helically wraps the mandrel
      14, and exits across guide 16. Rotating head sweeps obliquely across the
      tape as the tape wraps the mandrel 14 360.degree.. The angle theta of the
      track on the tape is given by the expression sin .theta. = the guide
      spacing G.sub.s divided by effective circumference of the mandrel 14.
      Guide spacing G.sub.s, as shown in FIG. 1 is the spacing between the fixed
      edge of guide 12 and the fixed edge of guide 16.
PAR  When the tape is wrapped 360.degree., the expression sin .theta. = G.sub.s
      /C.sub.E also gives the angle of the mandrel axis relative to the axes of
      the cylindrical guides 12 and 16. At this mandrel angle, the tape will
      helically wrap the mandrel, and at the same time have a uniform tension
      distribution across the width of the tape. If the guide spacing G.sub.s is
      changed without changing the mandrel axis angle relative to the axes of
      the guides, then wrap of the tape about the mandrel will not be natural
      helix and will induce non-uniform tension distribution across the width of
      the tape. It is this non-uniform tension distribution which would cause a
      distortion in the shape of the track written by the rotating head 18. This
      problem is discussed hereinafter in more detail with reference to FIGS. 3a
      and 3b.
PAR  In FIG. 1 the problem of track distortion when the guide spacing is changed
      does not exist, probably for a number of reasons which are not now
      completely understood. It is likely that a major reason is the fact that
      the mandrel 14 is air-bearing and aids the tape in redistributing the
      tension across the width of the tape when the guide spacing changes.
PAR  The air bearing mandrel might be achieved a number of ways as, for example,
      by making the mandrel from a porous ceramic through which air may be
      forced from an inner plenum chamber in the mandrel. Alternatively, the
      mandrel might have a pattern of holes spaced about the mandrel along the
      path of the tape.
PAR  In addition, the rotor 20 which carries the magnetic head 18 would also be
      air-bearing. The rotor would be air-bearing either by a hydrodynamic
      bearing created by its own motion, or by an additional hydrostatic
      bearing. In other words, the rotor motion could create a hydrodynamic air
      bearing, but alternatively, air could be forced through the surface of the
      rotor to provide a hydrostatic air bearing.
PAR  A schematic representation of electronic controls to adjust the guide 12 is
      also shown in FIG. 1. In the preferred embodiment, the rotating head 18
      picks up track servo information from servo tracks located at each edge of
      the magnetic tape 10. The servo tracks and the head/track alignment
      detecting networks 22 and 24 are fully described in U.S. Pat. No.
      3,845,500, previously identified under the heading "Cross Reference to
      Related Application."
PAR  Briefly, these detecting networks 22 and 24 detect whether the head 18 is
      properly aligned with an oblique track at each end of the track. The
      output from each alignment detecting network is a plus or minus count
      indicating the departure of the head from alignment with the center of the
      oblique data track at each end of the track. With the position of each end
      of the data track known, it is possible then to calculate the skew error
      or lack of parallelism between the track and the path of the rotating head
      by merely taking the difference between the count from alignment detecting
      network 22 and from alignment detecting network 24.
PAR  The alignment detecting networks are initialized or enabled in accordance
      with the position of the magnetic head along its rotary path. Detecting
      network 22 is enabled while the head moves across the servo track adjacent
      the entry edge of tape 10. The entry edge is the edge crossed by the
      magnetic head as it starts to scan across the tape. Alignment detecting
      network 24 is enabled while the head moves across the servo track adjacent
      the exit edge of tape 10.
PAR  To determine the skew error, the count from alignment detector 22 would be
      subtracted from the count from alignment detector 24. A positive
      difference count for the skew error would indicate the track is skewed
      counterclockwise relative to the path of the rotating head. A negative
      difference count for the skew error would indicate the track is skewed
      clockwise relative to the path of the rotating head.
PAR  The skew error correction network 26 performs the subtraction operation to
      arrive at the skew error. The skew error network 26 then generates a drive
      signal for the guide adjust motor 28. The motion by the motor, and thus
      the guide 12, is monitored by the skew error correction network until the
      correct adjustment has been made to eliminate the skew error.
PAR  Skew error correction network 26 may also be used to compensate for preset
      skew errors. This would be desirable in a situation where the tape drive
      was being switched between a stop mode of operation and a slew mode of
      operation. Also, the introduction of a preset skew error might be useful
      to compensate for a slight permanent angular misalignment between mandrel
      14 and guides 12 and 16.
PAR  In FIG. 1 the counts from the alignment detecting networks 22 and 24 may
      also be used to control the tape mover 30 to move the tape to a point
      where a track is centered over the path of the rotating head. Position
      error or pitch error correction is made by the pitch error correction
      network 32 which averages the two counts from alignment detecting networks
      22 and 24. The skew error correction network provides a correction signal
      to make the track parallel to the path of the rotating head, while the
      pitch error correction network provides an error signal which can be used
      to center the track on the path of the rotating head. The pitch error
      correction network 32 and the tape mover 30 are not a part of the present
      invention. Pitch error correction is shown to complete an understanding of
      the environment in which the skew error correction network might be used.
PAR  The adjustable guide 12 and its associated guide adjust motor 28 are shown
      in detail in FIG. 2. Guides 12 and 16 of FIG. 1 are identical except that
      guide 12 is mounted so that it may be laterally adjusted by the guide
      adjust motor 28. Both of the guides 12 and 16 take the form of a
      cylindrical air-bearing support surface 34 with a fixed edge guide 36 at
      one edge and a compliant edge guide 38 at the other edge. The air bearing
      surface for the guides is provided by holes 40 in the support surface 34.
      Channels 42 under each row of holes provide air under pressure to the
      holes. The air passes through the holes and provides air pressure between
      the tape and the surface of the support 34 so as to support the tape with
      an air bearing above the surface 34 of the guides 12 and 16.
PAR  Tape moves across the guides 12 and 16 by being wrapped approximately
      90.degree. to 180.degree. about the air bearing surface 34 before it
      enters or exits from the mandrel in FIG. 1. The fixed edge 36 of the
      guides provides a reference surface for guiding, while the compliant edge
      38 biases the tape uniformly against the fixed edge 36. The function of a
      continuous compliant guide is discussed in more detail in copending
      application Ser. No. 335,609, filed Feb. 26, 1973, now U.S. Pat. No.
      3,845,500, entitled "Continuous Compliant Guide for Moving Web."
PAR  To adjust the guide 12 laterally so as to change the guide spacing G.sub.s
      in FIG. 1, motor 28 is driven by an error correction signal from the skew
      error correction network 26 in FIG. 1. The shaft 44 of the motor 28 is
      threaded and engages threads inside the guide 12. Accordingly, since the
      motor is fixed in position, a rotation of the shaft 44 will cause the
      guide 12 to move linearly and thus permit adjustment of guide spacing
      G.sub.s.
PAR  Motor 28 is attached to mounting wall 46 via the annular bracket 48.
      Bushings 50 guide the shaft 44 of the motor, and at the same time permit
      it to rotate relative to the mounting wall 46. Mounting wall 46 also
      contains pins 52 (one shown) to steady the guide 12 as it is moved
      linearly by the threaded shaft 44.
PAR  Lateral movement of the guide 12 may be monitored by a two-phase
      tachometer. In FIG. 2 the position sensing for the tachometer is
      accomplished by a disk 54 which is monitored by transducers 55 in mount
      56. The disk 54 might contain magnetic marks, in which case the
      transducers 55 would consist of two magnetic read heads. Alternatively,
      disk 54 might have transparent and opaque areas, in which case the
      transducers 55 would be a photocell. A light source would be placed on the
      other side of the disk 54 opposite the photocells. For a two-phase
      tachometer, two tracks on disk 54 are used, with each track being
      monitored by a read head in the transducer assembly 56. The electronics of
      the two-phase tachometer are in the skew error correction network 26 of
      FIG. 1, which will be described hereinafter in more detail. The two-phase
      tachometer is used herein as it is able to detect changes in direction as
      well as distance moved.
PAR  At this point, before proceeding to the electronics of the skew error
      correction network, a discussion of prior art problems when changing guide
      spacing to correct skew error, and the actual operative result obtained by
      the present invention, will be reviewed. In addition, a possible
      explanation for why this invention is able to correct for skew error
      without track distortion will be reviewed. It should be emphasized,
      however, that high-density recording with a rotating head using air
      bearing support and flying heads at the present state-of-the-art is not
      completely understood. It may be that factors other than those discussed
      herein significantly contribute to the successful operation making up this
      inventive combination.
PAC  THEORETICAL BACKGROUND FOR DISTORTION-FREE SKEW ERROR CORRECTION
PAR  As stated earlier under discussion of prior art, it is known that when tape
      is wrapped 360.degree. helically about a stiff cylindrical bearing, there
      is one natural angle at which the tape will wrap the cylindrical bearing
      or mandrel without distorting its shape or the shape of any track the tape
      carries. Any departure from this angle when wrapping a stiff bearing
      mandrel caused the tape to distort due to unequal tension distributions
      across its width. This in turn causes track distortion for tracks on the
      tape. Since the natural angle is related to the spacing between the entry
      and exit guides for the tape as it enters and exits the mandrel, it was
      well accepted in the art that guide spacing could not be changed from the
      natural angle to correct skew error without also causing distortion of
      tracks previously written on the tape.
PAR  The track distortion caused by a change in guide spacing in the environment
      of helically wrapping tape about a stiff bearing mandrel is depicted in
      FIGS. 3a and 3b. To more clearly indicate the path of the track on the
      tape, the tape has been unwrapped from the mandrel and laid flat. The
      positions of the entry and exit guides are shown relative to the tape.
PAR  Also in FIG. 3a the dimensions L and W in calculating the L to W ratio
      discussed herein are shown. L is the length between the entry and exit
      guides, and W is the width of the tape. As stated earlier, typical L to W
      ratios in the rotating-head magnetic recording art are 20:1 or even 30:1.
      With such a high ratio, changes in guide spacing do not materially affect
      track distortion in the tape. However, in the environment of the present
      invention where the L to W ratio is more in the range of 5:1 to 10:1, a
      change in guide spacing introduces non-uniform tape tension and thus track
      distortion along the path of the rotating head when the tape is wrapped
      about a stiff bearing mandrel.
PAR  In FIG. 3a, tape 10 is moving right to left from an entry guide 58 onto the
      mandrel where the oblique tracks are written or read and then to an exit
      guide 60. Solid line 62 represents the actual position of the track while
      dashed line 64 represents the path of the rotating head. The angle between
      solid line 62 and dashed line 64 represents the skew error. The skew error
      might be caused by changes in the dimensions of the tape, or by slight
      differences in the geometry of the tape drives whereby the track written
      by one tape drive is not parallel to the path of the rotating head in
      another tape drive.
PAR  To correct the skew angle entry guide 58 would be moved up, which would
      have the effect of decreasing the guide spacing G.sub.s (see FIG. 1).
      However, when a stiff bearing mandrel is used instead of simply rotating
      track 62 to a position overlaying track 64, the movement of the guide
      causes track 62 to distort. The actual shape of track 62 as a result of
      moving entry guide 58 would be that of dashed line 62'. Distorted track
      62' makes an S curve that criss-crosses the path 64 of the rotating head.
PAR  The offset skew error condition and track distortion when using a stiff
      bearing mandrel is shown in FIG. 3b. In this case the track 66 is
      positioned above the path of the rotating head indicated by dashed line
      68. Accordingly, to correct this skew error between track 66 and the path
      68, entry guide 58 would be moved down which would increase the guide
      spacing G.sub.s. However, because of the low length to width ratio, and
      because of the stiff bearing mandrel, track 66 instead of simply rotating
      also distorts. Distorted track 66 is represented by dashed line 66'.
      Distorted track 66' makes an S curve again criss-crossing the path of the
      rotating head 68.
PAR  For clarity of illustration, the amount of skew error and the amplitude of
      the track distortion in FIGS. 3a and 3b has been exaggerated. For high
      track densities, wherein the track width is in the order of 15 mils and
      the tracks are immediately adjacent each other with no spacing between
      tracks, the actual problems in reading previously written tracks are well
      represented by the exaggerated distortions shown in FIGS. 3a and 3b.
PAR  In a typical environment with 15 mil wide tracks, a read head might be 8
      mils wide. This would allow 31/2 mils on either side of the path of the
      read head as a margin for skew error or pitch/position error. With the
      present invention, a 6 inch track has been rotated about one of its ends
      to the extent that the other end of the track moves approximately .+-. 5
      mils about a zero skew position. The shape of the track for different
      guide spacings G.sub.s is graphed in FIG. 4.
PAR  In the graph of FIG. 4, the horizontal axis is the distance along the track
      relative to the exit tape guide that does not move. Accordingly, the left
      end of the track is substantially unmoved as the track rotates due to the
      entry guide being moved up or down. The vertical axis of the graph in FIG.
      4 is the change in mils of a point on the track. The track is graphed for
      different positions of the entry guide.
PAR  As can be clearly seen from FIG. 4, as the entry guide is moved from 12
      mils up to 8 mils below the natural or zero skew position, the track
      rotates without distorting. Of further interest in graph 4 is the fact
      that the zero skew line or path of the rotating head does not align with
      track when the entry guide is at the zero skew position. In other words,
      the drive upon which the data was taken had a slight amount of built-in
      skew error. In this drive the negative 2 mil guide down position would be
      preset into the entry guide position to bring the track into parallelism
      and alignment with the path of the rotating head.
PAR  Assuming for example that as discussed immediately above, the track width
      is 15 mils and the read head width is 8 mils, the advantages of a dynamic
      skew error correction entry guide are apparent. Without such a guide, the
      read head may wander only 31/2 mils off center line position before
      erroneous data will be picked up. With a dynamic skew error correction
      guide that could move the track 5 mils either direction about the path of
      the rotating head, the read head would have to move 81/2 mils laterally as
      it scanned down the length of the track before it would read erroneous
      data. Accordingly, because of the dynamic skew error correction, the
      lateral skew error tolerance in 6 inches of track length has been
      increased from 31/2 mils to 81/2 mils. In other words, almost 21/2 times
      greater skew error can be tolerated with dynamic skew error correction
      than can be tolerated without skew error correction.
PAR  The dynamics of the inventive combination whereby a change in guide spacing
      may be used to correct for a skew error without causing track distortion
      is not completely understood. However, one possible explanation is
      diagrammed in FIG. 5 which is a representation of a cutaway of the tape
      being supported over the air bearing mandrel. The mandrel's radius is Rm.
      Tape 10 is supported on an air bearing above the mandrel surface 70 by an
      air bearing. The air bearing is provided by air pressure supply P.sub.s
      inside the mandrel forcing air through the holes 72 in the surface 70 of
      the mandrel. Pressure P.sub.F1 between the tape 10 and the surface of the
      mandrel is given by the expression P.sub.F =T/R, where T is the tape
      tension and R is the radius of curvature of the tape as it wraps the
      mandrel. Thus, P.sub.F1 is equal to T.sub.1 divided by R.sub.1 in FIG. 5.
PAR  If tension were to increase in the tape, tape 10 would then seek a new
      equilibrium position as represented by dashed line 10' in FIG. 1. The
      pressure between the tape 10' and the surface of the mandrel would be
      P.sub.F2 and would be equal to T.sub.2 divided by R.sub.2 as shown in FIG.
      5. Since T.sub.2 is greater than T.sub.1 and R.sub.2 is less than R.sub.1,
      the pressure P.sub.F2 would be higher than a pressure P.sub.F1 when tape
      10 is riding further above the surface of the mandrel.
PAR  It appears from this physical analysis of equilibrium position for the tape
      that if there were a non-uniform tension distribution across the width of
      the tape as, for example, caused by a change in the guide spacing G.sub.s,
      then the tape would tend to seek different equilibrium positions across
      the width of the tape by adjusting its radius of curvature. In other
      words, instead of the tape carrying internal forces that would tend to
      stretch and distort it, the tape tends to merely change its flying height
      above the surface of the mandrel.
PAR  Very slight changes in flying height above the mandrel do not harm the
      flying height characteristics relative to the head because the head itself
      and the rotor assembly that carries the head are designed to penetrate
      into the tape and generate their own controlled air bearings to control
      flying height between head and tape. Control of flying height relative to
      a rotor and a flying head mounted on the rotor is described in copending
      commonly assigned U.S. Pat. application Ser. No. 488,341, filed July 15,
      1974.
PAC  DESCRIPTION OF SKEW ERROR CORRECTION NETWORK
PAR  Referring now to FIG. 6, one preferred embodiment for implementing the skew
      error correction network is shown. The skew error correction network 26 of
      FIG. 1, and as detailed in FIG. 6, monitors skew error by monitoring the
      counts received from the head track alignment detectors 22 and 24.
      Subtractor 74 takes the difference between the two counts produced by the
      alignment detectors and generates a positive or negative correction count
      representative of the skew error. The sign of the correction count from
      the subtractor 74 will be defined such that a positive difference means
      the entry guide should be moved up while a negative difference count means
      the entry guide should be moved down (see FIG. 4).
PAR  The correction count for the skew error is passed by adder 76 to a gate 78
      to be loaded into a register 80 until the guide adjust control network is
      ready to use the correction. Register 80 is updated periodically by gating
      in the correction with a position correction command that enables gate 78.
PAR  Adders 76 and 82 are provided to add in preset counts if desired. Binary
      Preset Number 1 may be used to compensate for built-in mechanical skew
      error caused by the mounting hardware that positions the guides relative
      to the rotating-head mandrel. Gate 83 is enabled once each time the
      rotating-head tape drive is initialized. The initialize pulse enables the
      gate 83 to pass the Binary Preset Number 1 count to register 80 via adders
      76 and 82.
PAR  Binary Preset Number 2 may be used to feed in a count to operate the drive
      in a slew mode. In other words, a fixed skew error would be defined by the
      Binary Preset Number 2 which would change the angle of the tape and thus
      the angle of the track when the tape drive switched from a stop mode to a
      slew mode operation.
PAR  Normally the tape would be operating in a stop mode operation where the
      tape is stopped each time a track is scanned by the rotating head.
      However, when slew mode operations begin, a slew initialize pulse would
      enable gate 84 to pass the Binary Preset Number 2. This preset count adds
      in a slew correction when the tape moves continuously as the rotating head
      scans the tracks on the tape.
PAR  Adder 82 adds the fixed counts from Binary Preset Number 1 and Binary
      Preset Number 2 if present, and passes them to adder 76. Adder 76 adds the
      preset error counts to the dynamic skew error correction from subtraction
      74 and passes the total error correction to gate 78. When gate 78 is
      enabled by the Position Correction Command (PCC), register 80 is loaded
      with the error correction count. The preset error counts are only added in
      once during the first PCC. Thereafter the PCC would only gate dynamic skew
      error corrections from subtractor 74 to register 80.
PAR  The guide adjust control network 86 in FIG. 6 utilizes a D.C. motor 88 for
      the guide adjust motor 28 in FIG. 1. When the Position Correction Command
      (PCC) loads a new correction into register 80, adder 89 adds the
      correction to the present position count from up/down counter 92. The sum
      gives a new desired position for the entry guide. Subtractor 90 takes the
      difference between the new position for the entry guide from adder 89 and
      the present position of the entry guide as given by the up/down counter
      and stored in register 81. This difference is converted by the digital to
      analog converter 94 to a D.C. signal. The D.C. signal is amplified by
      amplifier 96 and used to drive the D.C. motor to move the entry guide.
PAR  Two-phase tachometer network 98 monitors signals from the tachometer disk
      100 to detect the direction and distance moved by the guide. If the guide
      is moved up, the two-phase tach has a signal on its up output line causing
      the up/down counter to increase its count. If the guide moves down, the
      two-phase tach 98 would have a signal on its down output line causing the
      up/down counter 92 to count down.
PAR  As the count from the counter 92 begins to approach the new position for
      the guide, the difference produced by subtractor 90 decreases, and the
      drive to the D.C. motor decreases. When the count from counter 92 matches
      the new position count, subtractor 90 has zero output. The D.C. motor is
      no longer driven and the guide is properly positioned to compensate for
      the skew error and binary presets, if any. At this time subtractor 90 also
      generates a pulse on its compare equal output line to enable gate 93. Gate
      93 loads the new position count from counter 92 into register 91.
PAR  To prepare the skew error correction network to begin correction for
      another block of data (a plurality of oblique data tracks), the registers
      80 and 91 are reset to zero by their respective reset lines. Subtractor 90
      would produce a difference count to move the guide to zero skew position.
      As the guide approaches zero position, the up/down counter 92 would count
      down to zero.
PAR  The initialize pulses for gates 83 and 84 would be coincident with the
      first Position Correction Command (PCC) during the next read/write
      operation. One possible timing implementation for the PCC would be during
      the dead time of the rotation cycle for the head. The dead time is time
      interval after the rotating head has left the edge of tape and before the
      head enters the tape again to read the next track. If the PCC were timed
      in this manner, servo data from one track could be used to generate the
      skew error correction count for the next track.
PAR  In FIG. 7 an alternative guide adjust control network 86 is shown which
      uses a stepping motor to move the entry guide. Adder 102 receives the
      correction count from register 80 of FIG. 6. To this correction count
      adder 102 adds the present position of the entry guide as defined by a
      present position count from register 104. Accordingly, the output of the
      adder 102 is the new or desired position for the entry guide as specified
      by a count. This new position count is loaded into register 106 when gate
      108 is enabled. A signal that might be used to enable gate 108 would be
      the trailing edge of the Position Correction Command (PCC) previously
      described with reference to FIG. 6.
PAR  The new position count from adder 102 is also passed to subtractor 110
      which subtracts the present position count from the new position count.
      This gives an adjust count which is passed to counter 112 when gate 114 is
      enabled. Gate 114 could be enabled by the trailing edge of the Position
      Correction Command (PCC) in the same manner that gate 108 was enabled.
      With the adjust count loaded into counter 112, the not-zero line out of
      counter 112 will come up enabling gate 116 and enabling clock 118. Clock
      pulses from the clock are then passed by the gate 116 to the stepping
      motor drive to advance the stepping motor one step for each clock pulse.
      The same clock pulses are used to count down the adjust count in counter
      112.
PAR  The forward or reverse direction for the stepping motor drive 120 is picked
      up from the positive or negative sign of the adjust count calculated by
      subtractor 110. If the adjust count is positive, the stepping motor 122 is
      driven in the direction to move the entry guide up, and thus decrease the
      guide spacing (see FIG. 1). If the sign of the adjust count is negative,
      stepping motor 122 is rotated in a direction to move the entry guide down
      and thereby increase the guide spacing.
PAR  When the counter 112 has been counted down by the clock pulses to a count
      of zero, the not-zero output line from counter 112 will go down. Thus,
      gate 116 is inhibited and clock 118 is turned off. At the same time,
      single shot 124 converts the transition from up level to down level by the
      zero output line from counter 112 to a single shot pulse. This pulse
      enables gate 126 to pass the new position count to register 104. Register
      104 is thus loaded with the new position and now the present position of
      the entry guide.
PAR  To reset the skew error correction network after a read/write operation of
      a data block and in preparation for the next read/write operation, a reset
      signal is applied to register 80 (FIG. 6) and register 106 of FIG. 7. With
      register 106 reset to zero, and register 104 holding the present position
      count for the entry guide, subtractor 110 would subtract the present
      position from zero. This would produce an adjust count that would return
      the entry guide to the zero skew error position.
PAR  A signal slightly delayed from the reset signal would then enable gate 114
      to load this reset adjust count into counter 112. The guide adjust control
      network 86 in FIG. 7 would then operate as just described to count the
      adjust control count down to zero and move the entry guide a distance
      corresponding to the adjust count. This would return the entry guide to
      the zero error position.
PAR  Also, as soon as the not-zero line from the counter 112 transitioned from
      the up level to the down level at the end of the count down operation,
      single shot 124 would enable gate 126. Gate 126 would then load the zero
      count from register 106 into register 104. This would complete the
      resetting of the skew error correction network.
PAC  ALTERNATIVE ENTRY GUIDE EMBODIMENT
PAR  In FIG. 8 the tape has been wrapped 540.degree. about the rotating-head
      mandrel. In the additional 180 degrees of wrap, an adjustable entry guide
      has been placed in the first 90.degree. of the 540.degree. wrap, and a
      fixed exit guide has been placed in the last 90.degree. of the 540.degree.
      wrap. In FIG. 8 only the entry of the tape onto the mandrel can be seen.
      The exiting of the tape from the mandrel is hidden on the back side of the
      mandrel.
PAR  In the first 90.degree. of wrap on the mandrel 128, the tape 10 is guided
      by an entry guide. The entry guide consists of adjustable rigid guide 130
      and compliant edge guide 132.
PAR  The tape leaves the adjustable entry guide, wraps the mandrel 360.degree.,
      and enters the fixed exit guide. The fixed exit guide is made up of fixed
      rigid edge guide 134 and continuous compliant guide 136. Only a position
      of the guides 134 and 136 are seen, since they wrap about the back side of
      the mandrel 128. Guides 134 and 136 would extend for about 90.degree. of
      wrap. At the end of that wrap, the tape 10 would leave the mandrel 128.
PAR  The continuous compliant guides 132 and 136 could be constructed in the
      manner of those shown in copending commonly assigned Pat. application Ser.
      No. 335,609, filed Feb. 26, 1973, now U.S. Pat. No. 3,850,358. In
      particular, the pneumatic implementation of the long continuous compliant
      guide might be used to implement guides 132 and 136. The function of these
      guides 132 and 136 is that they should provide the same lateral force to
      the edge of the tape, irrespective of deflection of the guides.
PAR  Adjustability of the entry guide is accomplished by motor 138 which rotates
      cam 140. As cam 140 rotates, it will push against the flange end 142 of
      edge guide 130. Edge guide 130 has slots 144 that lie in planes
      perpendicular to the axis of the mandrel 128. Slots 144 engage pins 146
      that are fixed to the mandrel. Accordingly, as cam 140 rotates, guide 130
      moves around the mandrel 128 and at the same time the tape edge guiding
      portion of the guide 130 moves in a direction parallel to the axis of the
      mandrel 128. Edge guide 130 moves in groove 148 in mandrel 128 as it is
      pushed by the cam 140. Groove 148 is wide enough to let the guide 130 move
      parallel to the axis of the mandrel 128. Spring 150 in groove 148 keeps
      flange 142 of guide 130 in contact with cam 140. Movement of guide 130 is
      equivalent to moving the entry guide 12 of FIG. 1 up or down as previously
      described.
PAR  Other possible implementations of the adjustable guide to correct skew
      angle might include moving both an entry and exit guide simultaneously to
      change skew angle. In such a system the entry and exit guides would
      probably be moved differentially. Differential movement would amount to
      the entry and exit guides being adjusted laterally simultaneously but in
      opposite directions to make a skew error correction.
PAR  Yet another alternative for lateral displacement of the entry and exit
      guides would be to use one guide to correct for positive skew error and
      the other guide to correct for a negative skew error. In such an
      implementation, the logic for controlling the motion of the guides would
      have to monitor the position of both guides. For example, if one guide
      were at a positive position, and the skew error was a negative correction,
      the negative correction would be made by negative movement of the
      positively positioned guide until the guide reached its neutral or zero
      position. If this negative movement of the positively positioned guide did
      not fully compensate for the skew error, then negative movement by the
      guide designed to handle negative skew error would commence.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and scope of the invention. In
      particular, it will be appreciated that other hardware implementations of
      the adjustable guides and other logical control circuits for controlling
      the movement of guides might be used to implement the skew error
      correction in a rotating-head tape drive.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for dynamically correcting lack of parallelism between oblique
      tracks on tape and path of rotating head in a rotating-head magnetic
      recording device where the unguided length of tape about the head relative
      to the width of the tape is a ratio less than 10 to 1, said apparatus
      comprising:
PA1  tape entry and tape exit guides for edge guiding the tape as the tape
      respectively enters and leaves the region of the head path whereby the
      guide spacing between the reference edge of the entry guide and the
      reference edge of the exit guide defines the angle of the tracks on the
      tape;
PA1  at least one of said tape entry or tape exit guides being laterally
      adjustable to change the guide spacing while both guides are mounted at a
      fixed angle relative to the axis of the head path;
PA1  means for detecting lack of parallelism between the head path and the
      tracks on the tape;
PA1  means connected to said detecting means for generating a skew error
      correction signal indicative of the angular difference between the tracks
      on tape and the head path;
PA1  means connected to said generating means for dynamically adjusting the
      guide spacing of said guiding means in accordance with the skew error
      correction signal so that the angular difference between the tracks on
      tape and the head path is reduced substantially to zero.
NUM  2.
PAR  2. The apparatus of claim 1 wherein:
PA1  said tape exit guide has a reference edge fixedly mounted relative to the
      head path;
PA1  said tape entry guide has a reference edge movable for lateral adjustment
      relative to the reference edge of said tape exit guide.
NUM  3.
PAR  3. The apparatus of claim 2 wherein each of said tape exit guide and said
      laterally adjustable tape entry guide comprises a long continuous
      compliant guide having a continuous rigid edge guide for the reference
      edge and a substantially continuous compliant guide at the opposite edge
      of the tape to urge the tape against the reference edge of said guides.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said correction signal generating means
      comprises:
PA1  means for subtracting head-to-track misalignment detected by said detecting
      means at one edge of tape from head-to-track misalignment detected by said
      detecting means at the other edge of tape whereby the difference indicates
      the lack of parallelism between the head path and the track on the tape.
NUM  5.
PAR  5. The apparatus of claim 4 and in addition:
PA1  means for adding a preset value to the skew error correction signal where
      the preset value corresponds to fixed skew error due to the geometry of
      the rotating-head magnetic recording device whereby each magnetic
      recording device will record tracks on the tape at the same oblique angle.
NUM  6.
PAR  6. The apparatus of claim 4 and in addition:
PA1  means for adding a preset value to the skew error correction signal when
      the recording device switches between a tape stationary mode operation and
      a tape slew mode operation.
NUM  7.
PAR  7. In a rotating head magnetic recording device having head-to-track
      alignment detecting means for detecting the pitch or positional error and
      the skew error between the data track and the head path, and having means
      for moving the tape in response to the pitch error from said detecting
      means to center the head path with the data track, apparatus for
      dynamically changing the data track angle relative to the head path in
      response to the skew error, said apparatus comprising:
PA1  a soft bearing mandrel flanking both sides of the rotating head for
      supporting the tape in the region of the head path;
PA1  entry and exit guides adjacent the region of the head path for guiding the
      tape as the tape enters and exits the region of the head path;
PA1  means responsive to the skew error for changing the lateral separation of
      said entry and exit guides without changing the mandrel axis angle
      relative to said entry and exit guides whereby the angle of the tape is
      changed in the region of the head path and the data track is aligned with
      the head path;
PA1  said soft bearing mandrel distributing tape tension uniformly across the
      tape width, when lateral separation of said entry and exit guides is
      changed by said changing means, whereby the data track can be aligned with
      the head path without introducing distortion in the data track.
NUM  8.
PAR  8. Apparatus of claim 7 wherein said entry and exit guides are long
      continuous compliant guides with each guide having a long continuous rigid
      reference edge, a long continuous compliant edge for urging the tape
      continuously against the reference edge, and air bearing support along the
      continuous guide;
PA1  said long continuous compliant entry and exit guides assisting said soft
      bearing mandrel in distributing the tape tension uniformly across the tape
      width when the lateral separation of said entry and exit guides is changed
      by said changing means.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said entry and exit guides are mounted
      adjacent said mandrel where the tape enters and exits the mandrel
      respectively.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said entry and exit guides are mounted
      on the mandrel before and after the region of the head path respectively.
NUM  11.
PAR  11. The apparatus of claim 7 wherein said exit guide is fixedly mounted at
      the exit end of the region of the head path while said entry guide is on a
      movable mount positioned at the entry end of the region of the head path.
NUM  12.
PAR  12. The apparatus of claim 7 wherein said changing means comprises:
PA1  motive means for increasing or decreasing the separation between the entry
      and exit guides;
PA1  means connected to said alignment detecting means for computing a
      correction signal from the skew error detected by said alignment detecting
      means;
PA1  means connected to said computing means for driving said motive means a
      distance and direction corresponding to the correction signal;
PA1  said motive means changing the separation between the entry and exit guides
      and thereby changing the angle of the tape in the region of the head path.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said computing means comprises:
PA1  digital adders, subtractors and logic for generating a digital correction
      signal.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said motive means comprises:
PA1  a stepping motor connected to said driving means and responsive thereto for
      increasing or decreasing the separation between the entry and exit guides
      in accordance with the digital correction signal.
NUM  15.
PAR  15. The apparatus of claim 12 wherein said computing means comprises:
PA1  digital adders, subtractors and logic for generating a digital correction
      signal;
PA1  digital to analog conversion means for converting the digital correction
      signal to an analog correction signal.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said motive means comprises:
PA1  a D.C. motor connected to said driving means and responsive thereto for
      increasing or decreasing the separation of the entry and exit guides in
      accordance with the analog correction signal.
NUM  17.
PAR  17. Method for dynamically correcting skew error between the data track on
      magnetic tape helically wrapped about the path of a rotating head with
      entry and exit guides at the entry and exit of the helical wrap comprising
      the steps of:
PA1  detecting misalignment between the head path and the previous data track;
PA1  calculating the skew error from the detected misalignment;
PA1  adjusting the entry and exit guides in response to the skew error to change
      the helix angle of the tape about the head path, said adjusting step being
      performed during the portion of the rotating cycle when the magnetic head
      is between data tracks whereby the present data track is dynamically
      adjusted for skew error based upon detected misalignment between the head
      path and the previous data track;
PA1  said adjusting step further comprising the steps of:
PA1  holding one of the guides at a fixed position;
PA1  moving the other guide laterally to change the guide spacing between the
      entry and exit guide reference edges so that the helix angle of the tape
      about the head path is changed without changing the head path axis angle
      relative to said entry and exit guides.
NUM  18.
PAR  18. The method of claim 17 and in addition the steps of:
PA1  extending the helical wrap for a predetermined distance before and after
      the head path;
PA1  mounting the entry guide in the helical wrap before the head path and
      mounting the exit guide in the helical wrap after the head path;
PA1  moving the entry or exit guide along the axis of the rotating head,
      effectively changing the axial distance the tape moves as the tape wraps
      the path of the rotating head, and thus changing the helix angle of the
      tape about the rotating head.
NUM  19.
PAR  19. The method of claim 17 and in addition the steps of:
PA1  adding preset counts to the detected misalignment where said preset counts
      correspond to fixed mechanical skew in the tape drive or a change in
      operation of the tape drive between the tape stationary mode and the tape
      slew mode.
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ABST
PAL  An ejecting device for a tape record cartridge capable of being
      incorporated in a combination set of radio comprising a push-button and a
      record player, comprises a detent roller device for detaining the tape
      cartridge, a solenoid device which actuates the detent roller device, and
      a switching device linked with the push-button system of the radio set.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an ejecting device for a tape record cartridge,
      more particularly to a tape cartridge ejecting device which can be neatly
      and advantageously incorporated in any conventional radio-record player
      set employing a push-button system.
PAR  The tape cartridge ejecting device in accordance with this invention
      characteristically comprises a detent roller device for detaining the tape
      cartridge, a solenoid device which actuates the detent roller device, and
      a switching device linked with the push-button system of the radioset.
PAR  The object of this invention is to provide an improved tape ejecting device
      which can be advantaageously employed in combination with any conventional
      push-button type ratio-record player set.
PAR  Other objects and advantages of this invention will become apparent from
      the following description and accompanying drawings foming parts of this
      invention.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a plan view of the ejecting device in accordance with this
      invention, with the tape cartridge inserted and detained in the socket.
PAR  FIG. 2 is a side view of the detent roller device, for detaining and
      releasing the tape cartridge, linked to a solenoid device.
PAR  FIG. 3 is a partial plan view of the above devices, with the detent roller
      releasing the tape cartridge.
PAR  FIG. 4 is a plan view of the switching device with the pushbutton depressed
      and the contact points closed.
PAR  FIG. 5 is a left side view, partly cut away, of the push button system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, particularly to FIG. 1, the tape cartridge
      ejecting device in accordance with the invention includes the detent
      roller device 2 for detaining and releasing the tape cartridge (a) being
      inserted in the socket 1, the solenoid device 3, whose rod 3' is connected
      to detent roller device 2, and the switching device 5 consisting of the
      switching or contact plates 5a and 5b and the terminal roller 9 which is
      operated by the action of the push-button system.
PAR  As shown more in detail in FIGS. 2 and 3, the detent roller device 2 is
      formed as follows: The detent roller 6 is held by brackets of the lower
      end of the holding plate 14, and the holding plate 14 is supported on the
      supporting plate 12 having the side projection 13. The top of the
      supporting plate 12 is pivotal around the upper pin 13', and further the
      supporting plate 12 is slidably engaged with the sliding plate 10 by means
      of the side projection or lower pin 13 and the pivot pin 13'. Sliding
      plate 10 has the L-shaped and I-shaped slots 11 and 11' , respectively
      through which the lower pin 13 and the pivot pin 13' extend. The holding
      plate 14 is forced to abut against the supporting plate 12 by the action
      of the compression spring 15. There is illustrated in FIG. 1 another
      compression spring 16 at the bottom of the socket 1, which spring serves
      to force out the tape cartridge (a).
PAR  Further referring to the switching device 5 linked with the pushbutton
      system, as shown in FIGS. 1 and 4, the switching device 5 comprises the
      switching or contact plates 5a and 5b and the terminal roller 9. The
      terminal roller 9 is so arranged that the contact points on plate 5a and
      5b are closed when anyone of the plurality of push-buttons is depressed.
      More detailed, there is provided the side claw 7, as shown in FIGS. 1 and
      4, on each push-button rod 4' engaging with the ear 8' of the horizontal
      lever 8 which is twistable about end projections 17, as shown in FIG. 5,
      by the action of the said claw 7. A compression spring 21 engaged with
      plate 5b biases plate 5b counterclockwise to maintain the contact points
      on plates 5a and 5b normally out of engagement.
PAR  The lefthand end portion of lever 8 is bent at a right angle to form a
      sector 19 which contacts terminal roller 9, mounted on one end of terminal
      plate 18, as shown in FIGS. 1, 4 and 5.
PAR  For ejecting the tape cartridge (a) out of the socket 1, any one of the
      push-button 4 is depressed. As shown in FIG. 4, when any push-button is
      depressed, the horizontal lever 8 is twisted because one of its 3 ears 8'
      is pushed by a side claw 7. With the lever 8 twisted as shown in FIGS. 4
      and 5, sector 19 forces the terminal roller 9 sideward and thus closes the
      contact points. Consequently, the electric current flows to the solenoid
      device 3 to drag the rod 3' inwardly. When the rod 3' is dragged inwardly,
      the sliding plate 10 linked thereto is also dragged toward the solenoid
      device 3, thus leaving the side projection pin 13 and the pivot pin 13'
      respectively at the lower end of the L-shaped and I-shaped slots 11 and
      11'. Under such a condition, the side projection pin 13 can move into the
      recess of the L-shaped slot 11 under the bias of a tension spring 20
      connected to holding plate 14. Thus, both the holding and supporting
      plates 12 and 14 as well as the detent roller 6 are released. Accordingly,
      the tape cartridge (a) can easily be ejected by the aid of the compression
      spring 16 to a position from where the tape cartridge (a) can be taken out
      manually. When the push-button is pulled back, the horizontal lever 8 is
      twisted back since the ear 8' is freed from the action of the claw 7.
      Accordingly, the terminal roller 9 can return back, thus opening the
      contact points. In turn, the solenoid device 3 releases the rod 3' to move
      outwardly, thus pushing the sliding plate 10 linked thereto to the
      original position. As shown in FIG. 1, the pin 13' and the side projection
      pin 13 are forced again to the upper ends of the slots 11' and 11. The
      detent roller 6 is forced again to detain the tape cartridge in the
      socket.
PAR  While only one embodiment of the invention has been illustrated and
      described, it is understood that alternative modification and changes may
      be made without departing from the scope and spirit thereof as defined by
      the appended claim.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a push-button operated set, arranged to have a tape record cartridge
      inserted thereinto, and having a plurality of push-buttons, a cartridge
      ejecting device comprising, in combination, latch means operable to engage
      an inserted tape cartridge to retain the cartridge in operative relation;
      a solenoid operatively associated with said latch means and operable, when
      energized, to disengage said latch means from the cartridge; means
      operable, responsive to such disengagement of said latch means, to effect
      at least partial ejection of the cartridge; an energizing circuit for said
      solenoid including, in series, a normally open switch; and means operable,
      responsive to operation of a push-button, to close said switch to energize
      said solenoid; said latch means comprising a holding plate; a roller
      mounted at an end of said holding plate and engageable in a recess in a
      cartridge; a supporting plate; means biasing said holding plate into
      engagement with said supporting plate; a sliding plate adjacent said
      holding plate and connected to said solenoid for movement thereby; said
      sliding plate being formed with a rectilinear slot adjacent its end
      connected to said solenoid, and with a L-shape slot adjacent its opposite
      end; a pin engaged in said rectilinar slot and forming a pivot for said
      supporting plate; a projection on said supporting plate engaged in said
      L-shaped slot; said pin and said projection normally engaging those ends
      of their respective slots nearer to said solenoid and, upon movement of
      said sliding plate toward said solenoid responsive to energization of said
      solenoid, engaging the opposite ends of their respective slots whereby
      said projection is at the junction of the two legs of said L-shape slot so
      that said supporting plate and said holding plate may pivot about said pin
      for release of said roller from the recess in the cartridge.
NUM  2.
PAR  2. In a push-button operated set, arranged to have a tape record cartridge
      inserted thereinto, and having a plurality of push-buttons, a cartridge
      ejecting device comprising, in combination, latch means operable to engage
      an inserted tape cartridge to retain the cartridge in operative relation;
      a solenoid operatively associated with said latch means and operable, when
      energized, to disengage said latch means from the cartridge; means
      operable, responsive to such disengagement of said latch means, to effect
      at least partial ejection of the cartridge; an energizing circuit for said
      solenoid including, in series, a normally open switch; and means operable,
      responsive to operation of a push-button to close said switch to energize
      said solenoid; said normally open switch comprising a relatively fixed
      contact plate and a relatively movable contact plate; an element
      displaceable responsive to operation of any push-button and a roller
      secured to said movable contact plate and positioned in the path of
      movement of said element to close said normally open switch responsive to
      operation of a push-button.
NUM  3.
PAR  3. A cartridge ejecting device, as claimed in claim 2, in which each
      push-button includes a rod having a claw extending laterally therefrom;
      said displaceable element comprising a plate twistable about projections
      at each end; said plate having a sector at one end extending
      perpendicularly thereto and positioned for engagement with said
      switch-operating roller; said element, responsive to operation of a
      push-button, being twisted by engagement of the side projection on the rod
      of the associated push-button to swing said sector into engagement with
      said switch-operating roller to close said switch to energize said
      solenoid.
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ABST
PAL  A magnetic head height changing apparatus is disclosed which is provided
      with a cam mechanism with a cam surface and claws, a pulley or gear device
      driven by a motor or fly-wheel and movable or rotatable to engage with or
      disengage from the cam mechanism, a first engaging device bearing a
      magnetic head and engageable with the cam mechanism, a second engaging
      device for locking the pulley or gear device when it is spaced from the
      cam mechanism, and an operating device for operating the second device.
      With the disclosed magnetic head height changing apparatus, when the
      second device is operated by the operating device to release the locking
      of the pulley or gear device and to make it contact with the cam mechanism
      to rotate the same by a predetermined value, the second engaging device
      again locks the pulley or gear device to stop the rotation of the cam
      mechanism to hold the magnetic head at a predetermined height.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a magnetic head height changing
      apparatus, and more particularly to a magnetic head height changing
      apparatus for a cartridge type magnetic tape recording and/or reproducing
      apparatus.
PAR  2. Description of the Prior Art
PAR  In the prior art, such a device is rather complicated in construction and
      bulky in size.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a main object of the present invention to provide a
      magnetic head height changing apparatus simple in construction, small in
      size, light in weight and small in electric power consumption.
PAR  According to the present invention there is provided a magnetic head height
      changing apparatus which comprises a cam mans having a cam surface on its
      one surface and claws on its periphery, a pulley or gear means which is
      driven by a motor or fly-wheel and movable or rotatable to engage with the
      periphery of the cam means and disengage therefrom, a first engaging means
      which bears a magnetic head and engageable with the cam surface, a second
      engaging means for locking the pulley or gear means when it is spaced from
      the periphery of the cam means, and an operating means for operating the
      second engaging means, whereby when the second engaging means is operated
      by the operating means to release the locking of the pulley or gear means
      and to make it contact with the periphery of the cam means to rotate the
      cam by a predetermined value, the second engaging means again locks the
      pulley or gear means to stop the rotation of the cam means to hold the
      height of the magnetic head.
PAR  The other objects, features and advantages of the present invention will
      become more apparent from the following description taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view for illustrating a driving part of an
      example of the present invention;
PAR  FIG. 2 is a side view of the example shown in FIG. 1 with a magnetic head;
PAR  FIG. 3 is a plan view of one part of the example shown in FIG. 1 in one
      position; and
PAR  FIG. 4 is a plan view similar to that of FIG. 3 but different in position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The construction of an example of a magnetic head height changing apparatus
      according to the present invention will be now described with reference to
      FIGS. 1 and 2.
PAR  In the figures, a head cam I with, for example, steps. A disc 2 has a
      plurality of claw projections, for example, four claw projections areound
      the periphery and is attached to the head cam 1. A shaft 3 supports the
      head cam 1 and the disc 2. A pulley 4 for the head cam 1 is provided and
      another pulley 5 made of, for example, rubber is attached to the pulley 4
      to positively engage with the disc 2, the latter pulley 5 being engageable
      with the disc 2. The pulleys 4 and 5 are rotatably supported by a shaft 6
      which is supported by a plate member 7 which is, at its one end, rotatably
      supported by a pin 8 which is attached to a base 23. A solenoid 12 is
      mounted on the base 23 and a plate 9, which may be driven by the solenoid,
      is rotatably supported, at its mid position, by a pin 11 attached to the
      base 23. The plate 9 has formed at its one end a claw 10 which may be
      engageable with the other end or free end of the plate member 7. The shaft
      3 has supported on its part which projects through and below the base 23 a
      head support plate member 15, which supports a magnetic head 14 and a pin
      13 for adjusting the position or height of the magnetic head 14. That is,
      the pin 13 passes upward through the base 23 to engage with the lower
      surface or cam surface of the cam 1. A spring 16 is stretched between the
      plate member 15 and the base 23 for normally biasing the plate member 15
      in a direction shown by an arrow e in FIG. 2.
PAR  In the figures, reference numeral 22 designates a motor and 21 a pulley
      fixed to the rotary shaft of the motor 22. A shaft 24 is rotatably
      supported by the base 23 and has supported thereon a fly-wheel 19 and a
      pulley 18, respectively. A belt 20 is stretched between the pulleys 19 and
      21 and another belt 17 is stretched between the pulleys 4 and 18, so that
      the rotation of the motor 22 is transmitted to the rubber pulley 5 to
      drive the disc 2 with the cam 1. Further, a spring 24 is stretched between
      the free end of the plate member 7 and the fixed part to bias the member 7
      in the direction shown by an arrow f in FIG. 1 and a spring 25 is also
      provided between the one end of the plate 9 which does not have the claw
      10 and the fixed part so as to bias the end of the plate 9 with the claw
      10 in the direction shown by an arrow g in FIG. 1.
PAR  The cam 1 has formed on its side surface, which engages with the free end
      of the pin 13, a desired number of concave portions or steps of, for
      example, four steps, and the depths of or differences between each are
      selected to be suitable as required for the movement of the magnetic head
      14 with respect to the base 23, so that, in accordance with the rotation
      of the cam 1, the height that the pin 13 protruded relative to the base 23
      is varied to change the height of the magnetic head 14 with respect to the
      base 23.
PAR  When it is desired to change the height of the magnetic head 14 the
      solenoid 12 is energized a single time. Then the plate 9 is attracted by
      the solenoid 12, that is, the plate 9 is rotated around the pin 11 so that
      its end with the claw 10 is rotated in the direction of an arrow g' in
      FIGS. 1 and 3 against the spring force of the spring 25 and will be
      attracted to the solenoid 12 as shown in FIG. 3. At this time, the
      engagement of the claw 10 with the free end of the plate 7 is released
      with the result that the plate 7 is rotated by the spring force of the
      spring 24 in the direction f around the pin 8. When the plate 7 is rotated
      in the direction f, the rubber pulley 5 which is supported by the shaft
      mounted in the plate 7 engages with the recess of the claw formed in the
      disc 2 as shown in FIG. 3.
PAR  When the disc 2 engages with the rubber pulley 5, the former is rotated in
      direction i in FIG. 3 by the rotation of the rubber pulley 5 which is
      rotated in direction h in FIG. 3 through the belt 17. When the disc 2 is
      rotated, the rubber pulley 5 is shifted in the radial direction or the
      outside of the disc 2 in rotary contact with the periphery of the disc 2
      so that the plate 7 with the pulleys 4 and 5 is rotated about pin 8 in the
      direction f' in FIG. 3 and slides on the claw 10 formed on the plate 9
      which had already moved in the direction g about the pin 11 due to the
      spring force of the spring 25 because the solenoid 12 was deenergized at
      that time. This state is shown in FIG. 4.
PAR  When the rubber pulley 5 has passed over the projection of the claw formed
      on the periphery of the disc 2, the plate 7 is turned, at its free end,
      about the pin 8 in the direction f in FIGS. 3 and 4 by the spring force of
      the spring 24 to engage with the claw 10 of the plate 9 and is held in
      that position, so that the rubber pulley 5 is kept apart from the disc 2
      as shown in FIG. 1 and hence the rotation of the cam 1 is stopped. The
      above mentioned operation is repeatedly carried out for sequentially
      changing the height of the magnetic head 14 in accordance with the number
      of the claws formed on the periphery of the disc 2 and the steps of the
      cam 1. When the cam 1 and hence the disc 2 are rotated by one revolution,
      the magnetic head 14 returns to its initial height position.
PAR  With the present invention described above, the cam 1 is rotated the
      necessary amounts with the driving force from the fly-wheel 19 and the
      pulley 4 automatically returns to its initial stop position so that the
      solenoid 12 need only in practice to release the engagement of the claw 10
      with the plate 7. Accordingly, the device can be made very small in size
      and its power consumption is very small since the solenoid can be small in
      capacity.
PAR  In the above example, the rotation of the motor is transmitted through the
      belts, pulleys and so on, but it may be possible to use a gear train for
      transmitting the rotation of the motor.
PAR  It will be apparent that many modifications and variations can be effected
      without departing from the spirit and scope of the novel concepts of the
      present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Apparatus for adjusting the position of a magnetic head comprising,
PA1  a driving means,
PA1  a first pivoted plate,
PA1  a driving pulley mounted on said first pivoted plate away from the pivot
      point and driven by said driving means,
PA1  a rotatably supported disc formed with a plurality of projections formed on
      its outer periphery having one abrupt edge and one gradually increasing
      edge and said driving pulley engageable therewith such that said driving
      pulley engages and drives said disc on said gradually increasing edge and
      falls into a non-driving position after passing said abrupt edge, said
      disc having a face cam formed on one of its side faces,
PA1  a cam follower engageable with said face cam and said magnetic head to
      control its position,
PA1  a second pivoted locking plate engageable with the first pivoted plate to
      lock it in a position such that said driving pulley is out of engagement
      with said disc,
PA1  a solenoid mounted adjacent said second pivoted locking plate to move it to
      a position such that it frees said first pivoted plate,
PA1  a first spring means connected to said first pivoted plate to bias it
      toward said disc, and
PA1  a second spring connected to said second pivoted plate to bias it to the
      locking position.
NUM  2.
PAR  2. A magnetic head height changing apparatus as claimed in claim 1 in which
      said face cam has four steps.
NUM  3.
PAR  3. A magnetic head height changing apparatus as claimed in claim 1 in which
      said pulley engageable with the cam means is made of rubber.
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ABST
PAL  This apparatus is used for recording and/or playing back a magnetic tape
      contained in a cassette provided with a hole for receiving a capstan
      roller and edge apertures for receiving a pressure roller adapted to press
      the tape against the capstan roller and a recording and/or reading head.
      The pressure roller is rotatably mounted between two parallel support
      levers which are pivotally mounted on the base about the same pivotal
      axis. A third lever pivoted about the said axis is coupled to the support
      levers by a lost motion coupling allowing limited relative pivotal
      mouvement between the support levers on the one hand and the third lever
      on the other hand. This apparatus further comprises a single actuation
      member which is movably mounted on the base to move the third lever to a
      position in which the pressure roller is moved into its position of
      engagement.
PARN
PAR  This is a division, of application Ser. No. 331,926 filed Feb. 12, 1973 and
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  The present invention relates to an apparatus for recording and/or playing
      back a magnetic tape contained in a cassette of the type known
      commercially as a musicassette in which the tape is wound on two coplanar
      spools, enclosed in a rectangular housing. The hub of each spool rotates
      in opposed apertures through the broad walls of the housing and is bored
      and internally toothed to receive a drive shaft.
PAR  Generally such cassettes are provided in the front part with reference
      holes through their thickness to receive positioning pins and have edge
      apertures through which the exposed tape can be engaged by a pressure
      roller and a recording and/or reading head.
PAR  2. Description of the prior art
PAR  In a known apparatus for recording and/or playing back a magnetic tape
      contained in a cassette, there are two capstan rollers and two pressure
      rollers which act selectively to transpor the tape forwards or else
      backwards. An actuating movable plate positions both the pressure rollers
      simultaneously into the proximity of the respective capstan rollers. Each
      one of the pressure roller can be brought into pressure contact with the
      corresponding capstan roller by means of a selectively controlled
      corresponding electromagnet.
PAR  Each of the pressure rollers is rotatably mounted between two support
      levers arranged parallel and pivoted on a single axis. A third lever
      fulcrumed on the said axis is connected elastically to the first two
      levers and is driven directly by the control electromagnet. Since this
      apparatus comprises a pair of electromagnets for the selective actuation
      of the pressure rollers, it is unnecessary expensive for systems wherein
      the magnetic tape is recorded and/or playing back only forwards.
PAR  The apparatus can incorporate an improved means for fine adjustment of the
      position of the recording and/or reading head.
PAR  A device is known in which the head is fixed to a base plate by screws,
      coaxially to each of which there is arranged a coil spring which opposes
      the action of the screw. Such a device has, however, the drawback of not
      preventing possible displacements of the recording and/or reading head in
      a reading head in a direction perpendicular to the screws. Furthermore,
      such a device turns out to be not easy to assemble because of the number
      of components which it uses.
PAR  There is also known another adjustment device similar to the previous one,
      in which a single helical spring is arranged below the recording and/or
      reading head in a substantially central position and is directly supported
      on the base blate. This device, while indeed having a simpler assembly
      than the previous one, does not obviate the disadvantage of not locating
      the head in the direction parallel to the base plate. Furthermore, such
      devices having a limited space for the accommodation of the spring means,
      the use of helical springs does not allow high spring reactions to be
      achieved.
PAC  SUMMARY OF THE INVENTION
PAR  A first object of the present invention is to simplify the engagement of
      the head and the pressure roller with tape, particularly for recording
      and/or reading digital information. According to said first object, said
      apparatus comprises a recording and/or reading head movable on the base
      for movement between disengaged and engaged positions relative to the
      tape, and a pressure roller mounted on the base for movement between
      disengaged and engaged positions relative to the capstan roller. The
      pressure roller is rotatably mounted between two parallel support levers
      which are pivotally mounted on the actuating base about the same pivotal
      axis, a third lever pivoted about the said axis independently of the
      support levers is coupled to the support levers by a lost motion coupling
      allowing limited relative pivotal movement between the support levers on
      the one hand and the third lever on the other hand, a resilient coupling
      between the support levers and the third lever urges the support levers to
      move relative to capstan roller and a single actuation member is movably
      mounted on the base and arranged on movement to an actuated position
      simultaneously to move the head into its position of engagement and to
      move the third lever to a position in which the pressure roller is moved
      into its position of engagement.
PAR  A second object of the invention is to prevent the tape cassette from being
      moved under circumstances which could result in damage to the cassette
      and/or the head. According to this object, the apparatus further comprises
      a container for the cassette movably mounted on the base for movement
      between a rest position in which a cassette may be inserted in or removed
      from the container, and a working position in which the cassette is
      positioned to receive the head in pressure roller in corresponding edge
      apertures, wherein the actuating member carries a projection adapted so to
      engage with a hook carried by the container as to prevent the container
      moving between its two positions when the actuation member is in the said
      actuated position.
PAR  The apparatus is further provided with a positioning plate wherein the head
      is mounted. The positioning plate is mounted in turn on the actuation
      member by means of at least three adjusting screws acting against a single
      leaf spring. This spring is coupled by locating means at the centre
      thereof to the position plate and has arms which engage the head adjacent
      the adjusting screws.
PAR  By this means it is intended to simplify the assembly of the adjusting
      device, to make the system rigid with regard to thrusts of the recording
      and/or reading head in the direction parallel to the supporting plate and
      to increase the precision of the adjustment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention is presented by way of example in
      the following description and in the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of the apparatus embodying the invention;
PAR  FIG. 2 is a side view of the apparatus in the position of rest;
PAR  FIG. 3 is a partially sectioned side view of the apparatus in the working
      position;
PAR  FIG. 4 is a perspective view of a first detail of the apparatus;
PAR  FIG. 5 is a perspective view of a second detail of the apparatus;
PAR  FIG. 6 is a section along the line VI--VI of FIG. 1;
PAR  FIG. 7 is a plan view of a third detail of the apparatus; and
PAR  FIG. 8 is a section along the line VIII--VIII of FIG. 7.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  A cassette 10 of known type (FIGS. 1, 2 and 3), for example similar to that
      described in the aforementioned specification, comprises an outer casing
      inside which, wound on two spools 12 and 13, there is arranged a magnetic
      tape 14.
PAR  On the front edge 20 the cassette 10 is provided with a pair of apertures
      21 for the tape drive, a pair of apertures 22 for a photoelectric control
      device and a central recording and/or reading apertures 23. Through the
      apertures 21 and 23 the tape 14 can come into contact with the drive
      members and with the recording and/or reading head 90. The cassette 10
      furthermore, in the front part, in proximity to the apertures 21 and 22,
      has four holes 25, 26, 27 and 28 which pass through the thickness of the
      cassette.
PAR  The recording and/or reading apparatus comprises a base 29, arranged
      horizontally, on which there are mounted two revolving shafts 30 and 31
      spaced to correspond with the axes of the spools 12 and 13. The upper part
      of each of the shafts 30 and 31 is shaped to form a pyramidal boss
      encircled by a toothed bush capable of engaging within the spools 12 and
      13 respectively. The shafts 30 and 31 are each connected to a motor (not
      shown) arranged below the base, and through the respective toothed bushes
      are capable of effecting tape take up and fast forward and reverse
      winding.
PAR  Above the base 29 and fixed thereto there are arranged two vertical plates
      32 and 33 each provided with a horizontal pin 34 and 35. On the pins 34
      and 35 there is hinged a movable container 36, in which a cassette 10 is
      capable of being arranged (FIGS. 2 and 3).
PAR  The movable container 36 is constituted by two side walls 37 and 39,
      parallel to the plates 32 and 33, and by an upper wall 40 spanning the
      side walls. The side walls 37 and 39 have inwardly bent bottom edges
      forming flanges 41, 42, 43 and 44, on which the cassette 10 rests. The
      walls 37 and 39 of the container 36 are furthermore shaped so as to have
      two downwardly projecting hooks 45 and 46. The walls 37 and 39 are
      moreover provided externally with two pins 47 and 49, on which there are
      hooked two springs 50 and 51, hooked also on two pins 53 and 54 of the
      plates 32 and 33.
PAR  The upper wall 40 is provided with two windows 55 and 56. At the two ends
      of the window 55, two down-turned lugs 57 and 58 support a transverse
      shaft 60. On the shaft 60 the arms 61 and 62 of a bail 63 are pivoted. The
      bail carries two downwardly projecting lugs 64 and 65 adapted to be
      abutted by the rear wall of the cassette 10. On the bail 63 there is fixed
      a leaf spring 66 adapted to bear on the upper part of the cassette 10. The
      lugs 64 and 65 are urged against the rear wall of the cassette 10 by two
      coiled tension springs 67 and 69.
PAR  The window 56 renders visible the shafts 30 and 31 and the tape wound on
      the spools.
PAR  The front part of the upper wall 40 is shaped as a leaf spring 70 capable
      of bearing on the upper part of the cassette 10.
PAR  In the working position, the rear part of the cassette 10 rests on two
      vertical plates 71 and 72 and the front part rests on the shoulders 73 of
      two locating pins 74 which are lodged in the holes 27 and 28 against which
      the cassette is thrust through the horizontal action of the lugs 64 and 65
      of the bail 63 (FIG. 3).
PAR  A capstan shaft 75, made for example of steel, is mounted in the base 29
      and passes freely through the hole 26 of the cassette 10. The shaft 75 is
      driven by an electric motor 76 and is connected to the motor by a
      resilient joint 77. The capstan shaft 76 cooperates with a pressure roller
      83 to provide for the advance of the tape 14 (FIGS. 1 and 3).
PAR  The resilient hoint 77 (FIG. 4), constructed for example in plastics
      material, comprises a cylindrical body 79 with an axial bore 80 in which
      there are keyed the shaft 75 and the shaft of the motor 76.
      Perpendicularly to the bore 80 there are cut a plurality of pairs of slots
      81, each of which pairs defines two diametrically opposed ribs 82; each
      pair of ribs is displaced angularly by 90.degree. with respect to the
      adjacent pairs.
PAR  Parallel to the base 29 there is arranged an actuation plate 84 (FIG. 1),
      sliding on three guides 85, and provided with a central tongue 86 arranged
      between the shafts 30 and 31 and with two lateral wings 87 and 89 capable
      of engaging over the hooks 45 and 46 of the movable container 36 (FIGS. 1
      and 3).
PAR  The central part of the plate 84 carries the recording and/or reading head
      90 fixedly mounted on mounting plate 240 and arranged in alignment with
      the aperture 23 of the cassette 10. In particular, below and parallel to
      the plate 84 there is arranged a positioning plate 213 (FIGS. 7 and 8)
      provided with two pins 216 and 217 lodged in two slotted holes 218 and 219
      of the actuation plate 84. The plate 213 can be adjusted backwards and
      forwards and clamped in position by screws 221 and 222 passing through
      slots 223 and 224 in the plate 84.
PAR  The recording and/or reading head 90 is connected to the positioning plate
      213 by three screws 226 passing freely through holes 227 in the plate 84.
      Below the recording and/or reading head 90 there is arranged a leaf spring
      228 with three radiating arms at 120.degree. to each other. The screws 226
      pass through holes in the ends of the arms.
PAR  A ball 229 is clamped between the spring 228 and the plate 213, being
      located at the top by a hole 232 in the spring 228 and at the bottom by a
      hole 233 in the plate 213. The ball 229 acts to couple the leaf spring 228
      to the positioning plate 213 and holds the spring clear of the actuation
      plate 84, allowing the sliding of the positioning plate 213 relative to
      the actuation plate 84.
PAR  The tongue 86 of the plate 84 is connected through a pin 91 to one arm 92
      of a lever 93, fulcrumed on a pin 94 and whose other arm 95 is controlled
      by a lever 96. The lever 96 has at one of its ends 97 (FIG. 6) a slotted
      hole 99 in which there are lodged a shaft 101 and a pin 102. On the shaft
      101, which is hinged on two vertical plates 103 and 104, integral with the
      base 29, there is fulcrumed a control knob 105, arranged between the
      plates 103 and 104, and provided with a slit 106 in which the end 97 of
      the lever 96 is arranged. The pin 102, which is lodged in the slotted hole
      99, is integral with the knob 105.
PAR  The pressure roller 83 (FIG. 5) is rotatable on a pin 110 between ends 111
      and 112 of two support levers 113 and 114, arranged parallel keyed on a
      single shaft 115 fixed rotatably to the base 29. Between the levers 113
      and 114 there is arranged an intermediate lever 116, which is pivoted on
      the shaft 115. The intermediate lever 116 supports rigidly a shaft 117,
      arranged perpendicular to the plane of the lever with its ends in two
      oversize holes 119 and 120 in the support levers 113 and 114. The lever
      116 has an arm 122 capable of collaborating with a peg 123 fixed on the
      actuation plate 84 (FIGS. 1 and 5). A first spring 121, stretched between
      one end 124 of the lever 116 and a fixed pin 125 on the base 29, acts as
      resistant force for the whole system of levers which control the pressure
      roller 83. A second spring 126, stretched between the end 124 of the lever
      116 and a cylindrical bar 127 which rests with its ends in two grooves 129
      and 130 in two arms 131 and 132 of the support levers 113 and 114, urges
      the levers 113 and 114 to rotate clockwise relative to the lever 116 to
      the extent permitted by the lost motion coupling provided by the shaft 117
      and the holes 119 and 120, thereby to achieve correct positioning of the
      pressure roller 83 against the capstan shaft 75.
PAR  In the position of rest, the movable container 36 is inclined upwards (FIG.
      2) with the actuation plate 84 completely shifted towards the front (the
      right in FIG. 2), the knob 105 which controls it being in the position
      shown in FIG. 6.
PAR  When it is desired to record or read a magnetic tape contained in a
      cassette, the cassette 10 is pushed into the container 36 against the lugs
      64 and 65 of the bail 63. In this position the spools 12 and 13 are
      aligned in correspondence with the pyramidal bosses of the shafts 30 and
      31 and with the holes 27, 28 and 26 aligned in correspondence with the two
      pins 74 and the capstan shaft 75.
PAR  One then lowers the container 36 by hinging it downwardly on the pins 34
      and 35 of the plates 32 and 33. The springs 50 and 51, which previously
      contributed to keeping the container 36 in the position of rest, now
      contribute to retaining it in the working position since the pins 47 and
      49 move over-centre.
PAR  When the container 36 is lowered, the cassette 10 rests at the bottom on
      the plates 71 and 72 and on the shoulders 73 of the reference pins 74, the
      cassette being thrust downwards by the leaf springs 66 and 70. With such
      lowering of the cassette, the spools 12 and 13 are brought into engagement
      with the corresponding driving shafts 30 and 31, and the two pegs 74 and
      the shaft 75 enter the respective holes 27, 28 and 26. Furthermore, in
      this position an aperture 21 of the cassette 10 faces the pressure roller
      83 and the aperture 23 faces the head 90. Through the action of the
      springs 67 and 68, the lugs 64 and 65 of the bail 63 thrust the cassette
      10 against the reference pins 74.
PAR  The loading of the cassette 10 and the correct positioning thereof are
      therefore very simple and such as to require of the operator the use of
      one hand only.
PAR  When it is desired to adjust the position of the head 90 with regard to the
      tape 14, the adjustment in the longitudinal sense is carried out by
      sliding the positioning plate 213 relative to the plate 84, after having
      slackened the screws 221 and 222. The desired position being reached, the
      screws 221 and 222 are again tightened.
PAR  Fine adjustment in the vertical direction is carried out by screwing down
      the screws 226 on the positioning plate 213 equally so that the head 90
      shifts while keeping parallel to the base plate 29. If it is desired, on
      the contrary, to cause the member 90 to rotate about a horizontal axis,
      one adjusts only one or two of the screws 226. The reaction of the leaf
      spring 228 is such as to prevent possible undesired displacements of the
      head 90. Furthermore, possible displacements in a plane parallel to the
      positioning plate 213 are prevented by the sphere 229.
PAR  In order to cause the tape 14 to advance at a low speed for recording it or
      reading it, the control knob 105 is pulled forwards. The pin 102 cams
      against the inclined front edge of the slot 99 (FIG. 6) thereby pulling
      the lever 96 forwards. The pulling forward of the lever 96 (FIG. 1) brings
      about the displacement to the rear of the actuation plate 84. The head 90
      lodges in the aperture 23 of the cassette 10, coming into contact with the
      tape 14. At the same time, the peg 123 presses on the arm 122 of the lever
      116, bringing the pressure roller 83 into contact with the capstan roller
      75. Furthermore, the wings 87 and 89 of the plate slide over the hooks 45
      and 46 of the container 36, preventing this from being raised when the
      head 90 is in the aperture 23, in this way avoiding damage to the head or
      the cassette.
PAR  In particular the peg 123 causes the lever 116 to rotate in the clockwise
      direction (FIG. 1) overcoming the action of the spring 121. With the
      rotation of such lever 116, also the support levers 113 and 114, drawn by
      the spring 126, rotate in the clockwise direction and bring the pressure
      roller 83 into contact with the tape 14, pressing against the capstan
      shaft or roller 75.
PAR  The electric motor 76 is then energised to rotate the capstan roller 75.
      The resilient joint 77 is manufactured from a light plastics material, in
      order that it shall have a low moment of inertia, whereby the increase in
      the overall moment of inertia is contained within satisfactory limits. The
      flexibility of the material and the transverse slots 81 guarantee a
      transmission of the movement without variations in speed even when the
      capstan roller 75 is not perfectly aligned with the shaft of the motor 76.
      A further advantage of the joint 77 is that it can be made by a single
      moulding process.
PAR  When recording or reading is finished, one pushes back the control knob 105
      whereby the actuation plate 84 and the pressure roller 83 are brought back
      into the initial position of rest. Also the motor 76 is stopped. With the
      forward movement of the plate 84, the wings 87 and 89 are no longer over
      the hooks 45 and 46 of the container 36, whereby this can be swung up into
      the initial position of rest of FIG. 2. The cassette 10 can then be
      withdrawn from the container.
PAR  The wings 87 and 89 of the plate 84, apart from preventing the container 36
      from being raised during the recording and/or reading phase, are capable
      of preventing this latter from being lowered from its position of rest if
      the actuation plate 84 has already been inadvertently actuated. In this
      way the head 90 and the cassette 10 are prevented from damaging each
      other.
PAR  From the preceding description it is clear that, with a single control
      action the actuation plate 84 positions simultaneously the pressure roller
      83 and the recording and/or reading head 90; the actuation plate 84 with
      its wings 87 and 89 preventing the container 36 from changing its position
      when the plate has been actuated.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a cassette tape transport receptive of a tape cassette and of the
      type having a read/record head, an actuating plate carrying said head and
      means mounting said actuating plate for movement into and out of an
      operating position wherein said head is brought into engagement with a run
      of tape in the cassette, means mounting said head on said actuating plate
      for universal adjustment with respect to the run of tape comprising;
PA1  a positioning plate;
PA1  means mounting said positioning plate to said actuating plate for movement
      towards and away from run of tape and wherein said actuating plate is
      disposed between said head and said positioning plate; and
PA1  means mounting said head to said positioning plate comprising at least
      three first clearance holes in said actuating plate,
PA1  at least three adjusting screws connecting said head to said positioning
      plate and each freely passing through one of said first clearance holes
      and
PA1  spring means biasing said head away from said actuating plate and
      comprising
PA2  a leaf spring having a central section and at least three arms each
      engaging said head adjacent to the adjusting screws and
PA2  means coupling the center of the leaf spring to the positioning plate
      comprising a second clearance hole in said actuating plate and a ball
      positioned between said leaf spring and said positioning plate and having
      a diameter to freely pass through said second clearance hole and to
      maintain said leaf spring clear of said actuating plate.
NUM  2.
PAR  2. In a cassette tape transport receptive of a tape cassette and of the
      type having a read/record head, an actuating plate carrying said head and
      having an aperture therein and means mounting said actuating plate for
      movement into and out of an operating position wherein said head is
      brought into engagement with a run of tape in the cassette, means mounting
      said head on said actuating plate for universal adjustment with respect to
      the run of tape comprising;
PA1  a mounting plate on which said head is fixedly mounted;
PA1  a positioning plate connected to said actuating plate, wherein the
      actuating plate is disposed between the mounting plate and the positioning
      plate;
PA1  means connecting said mounting plate to said positioning plate to permit
      movement of said mounting plate perpendicular to the plane of said
      actuating plate and comprising three peripherally spaced screws;
PA1  a leaf spring disposed between the actuating plate and the mounting plate
      for biasing the mounting plate away from said actuating plate and
      comprising a central portion and three arms, each arm contacting the
      mounting plate adjacent to one of the screws; and
PA1  a locating member disposed in the aperture of the actuating plate and
      connecting the central portion of the leaf spring with said positioning
      plate and permitting said movement of the mounting plate with respect to
      the actuating plate.
NUM  3.
PAR  3. In a cassette tape transport according to claim 2, wherein said
      positioning plate has a recess therein and said locating member is a ball
      disposed in said recess.
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ABST
PAL  A semiconductor magnetic head in which a polycrystal thin film of a
      semiconductor material containing at least a crystal particle having a
      longitudinal diameter of at least 30 .mu.m is employed as a
      magneto-sensitive element is disclosed. The semiconductor thin film
      containing the crystal particle of the longitudinal diameter at least 30
      .mu.m can be easily formed with a good reproducibility by evaporating the
      semiconductor material on an insulation film containing not less than 3
      mol % of alumina and then being subjected to a zone melting treatment.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a magnetic reproducing head in which a
      Hall element or magneto-resistance element (hereinafter called a
      magneto-sensitive element) consisting of a semiconductor thin film such as
      of indium antimonide (InSb) is used as a generator device for the playback
      head.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic perspective view of a hitherto known magnetic head of
      a winding type. FIGS. 2a and 2b are schematic perspective views to
      illustrate a structure of one channel semiconductor magnetic head.
PAR  FIG. 3 is a perspective view of a multi-channel semiconductor magnetic head
      of a front gap type to illustrate the structure thereof.
PAR  FIGS. 4a and 4b are to illustrate processes for zone melting a
      polycrystalline thin film of a semiconductor material.
PAR  FIGS. 5 and 6 are microscopic photographs to show structures, respectively,
      of an evaporated film of InSb and the film thereof obtained after having
      been subjected to a zone melting treatment.
PAR  FIGS. 7 and 8 are views to illustrate embodiments of the present invention.
DETD
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Magnetic heads which have heretofore generally been employed either for
      playback, erasing or recording have a common construction wherein head
      core assembly comprising cores 1 and 3 of a magnetic material each
      provided with respective windings 2 is magnetically shielded from a
      similar core assembly usually by means of a magnetic shield plate 4 and
      both core assemblies are accommodated within a common shield housing 5, as
      is shown in FIG. 1. The magnetic head having a plurality of such core
      assemblies in a unit is called a multi-channel magnetic head. It is
      however known that the magnetic head core assembly having the windings is
      not suited for the manufacture of the multi-channel magnetic head, because
      the windings require a relatively large space. Further, since the output
      of the magnetic head of the winding type is varied in proportion to the
      rate of change in the magnetic flux produced by a magnetic recording
      medium such as a magnetic tape, the output power of the head is lowered
      when the rate of change of the magnetic flux is decreased. For this
      reason, the magnetic head of the winding type is not entitled to be used
      for the application where the lowering of the reading speed is desired.
      The magnetic head of this type has an additional disadvantage that any
      possible instability in the feeding speed of the magnetic recording medium
      would bring about a corresponding variation in the output avairable from
      the head so that a reliable reproduction can not be assured.
PAR  Lately, magnetic head has been developed in which a Hall generator element
      or magneto-resistance element in a form of a semiconductor film is used in
      place of the windings as the generator element for the playback head. By
      virtue of the use of such magneto-sensitive semiconductor element,
      miniaturization of the generator device can be easily achieved and at the
      same time extremely fine making of the head structure will become
      practicable if man resorts to the high advanced manufacturing technique
      for semiconductor integrated circuits. As a result of that, the
      manufacturing of the multi-channel magnetic playback head which has been
      difficult in case of the winding type head of the conventional art as
      above described can now be carried out very easily. Besides, since the
      semiconductor magneto-sensitive element produces the output signal having
      magnitude which is proportional to the flux per se produced by the
      magnetic recording medium, there will arise no difficulty from which the
      playback magnetic head of the winding type can not be evaded as above
      mentioned.
PAR  The semiconductor magneto-sensitive playback head which provides various
      advantages as above described is however considerably inferior to the
      winding type head in respect of the signal-to-noise or SN ratio. In other
      words, in case of the semiconductor magnetic head, the semiconductor
      itself provides a noise source in addition to various noise sources that
      the winding type magnetic head possesses inherently. This is a serious
      problem particularly in case of the magnetic head for an audio-frequency
      signal.
PAR  FIGS. 2a and 2b are schematic perspective views to illustrate a structure
      of a conventional semiconductor magnetic head for single channel. As is
      shown in FIG. 2a, a semiconductor magneto-sensitive element 8 is disposed
      on a first magnetic substrate 6 of a high permeability by way of an
      interposed first insulation layer 7. Lead wires 9 are attached to the
      magneto-sensitive element 8 for external connections. A second magnetic
      body 10 having a high permeability is superposed over the semiconductor
      magneto-sensitive element 8 with a second insulation layer 11 interposed
      therebetween to thereby form a semiconductor magnetic head assembly 12 for
      a single channel, as can be seen from FIG. 2b . The semiconductor
      magneto-sensitive element is thus positioned at an active gap formed by
      the pair of the magnetic members 6 and 10, which gap is disposed
      substantially in perpendicular to a magnetic recording medium such as a
      megnetic tape. There have been proposed two kinds of the semiconductor
      magnetosensitive heads, i.e. a front gap type having the gap formed by the
      two magnetic cores at the front side of the head and a rear gap type head
      having the corresponding gap at the rear side of the head. A plurality of
      these semiconductor magnetic heads can be assembled into a unit to form a
      multi-channel magnetic head. FIG. 3 shows an example of such multi-channel
      semiconductor magnetic head of the front gap type. In this figure,
      reference numerals 6 and 10 indicate magnetic cores having high
      permeability, 9 denotes lead wires for external connections, 12 the single
      channel magnetic head, 13 magnetic shield plates, 14 a terminal plate, 15
      sliding contact surfaces for a magnetic tape, 16 a magnetic gap formed by
      the magnetic cores 6 and 10, and numeral 17 indicates a shield case.
PAR  In the conventional magnetic heads having semiconductor magneto-sensitive
      elements incorporated therein, the semiconductor element which cosists of
      indium antimonide in most cases is employed generally in a form of (1)
      evaporated film or alternatively (2) thin foil piece formed by polishing a
      single crystal. These conventional magneto-sensitive elements are,
      however, subjected to various drawbacks. In case of the magnetic head in
      which the evaporated film is employed as the magneto-sensitive element,
      current noise is remarkable due to the grain boundary scattering of
      electrons because of the film being a poly-crystal, as a result of which a
      satisfactory SN ratio cannot be obtained. To deal with such drawback, it
      is known to anneal the film at a temperature lower than the melting point
      of indium antimonide. This method, however, can not result in a sufficient
      reduction of the current noise. On the other hand, when the thin foil
      piece formed by polishing the single crystal is used, the current noise
      certainly becomes negligible. However, it is technically extremely
      difficult to manufacture the foil piece of a thickness less than 2 microns
      by the polishing process with a good reproducibility.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention of the present application is therefore to
      provide a semiconductor magnetic head which is evaded from the above
      mentioned disadvantages of the prior known magnetic head and which can be
      easily manufactered at reasonable costs.
PAR  Another object of the present invention is to provide a semiconductor
      magnetic head which is remarkably improved in respect of the noises.
PAR  To accomplish the above and other objects which will become more apparent
      from the following description of the preferred embodiment of the
      invention, there is provided according to the invention a semiconductor
      magnetic head in which a polycrystalline line thin film of a semiconductor
      material containing at least one crystal particle preferably having a
      longitudinal diameter of at least 30 .mu.m is used as the
      magneto-sensitive element.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As described just above, according to the invention, a semiconductor thin
      film containing at least one crystal particle having a longitudinal
      diameter of at least 30 .mu.m inclusive is formed on a substrate of a high
      permeability material and is used as the magneto-sensitive element for the
      magnetic head. For the deposition of the semiconductor thin film on the
      high permeability substrate, it is most convenient to employ an
      evaporating method. However, because crystal particles of the film produce
      by the evaporating process are very fine as aforementioned, it is
      impossible to obtain crystal particles of a longitudinal diameter of at
      least 30 .mu.m with the usual annealing process. According to the
      invention, it has been found that the polycrystalline thin film containing
      desired crystal particles can be produced by a zone melting method
      utilizing irradiation by electron beam, heating by a nicrom fine wire or
      the like. The zone melting of the thin film can be carried out by
      irradiating the semiconductor thin film 18 with the electron beam
      successively as indicated by line 19, as is shown in FIG. 4b or
      alternatively by successively displacing a heating wire 20 such as
      electrically energized nicrom filament in the direction indicated by arrow
      in FIG. 4b. It has further been found that a magnetic head having an
      improved characteristic can be obtained by interposing an alumina film or
      alternatively a film or layer containing alumina between the semiconductor
      thin film and the high permeability substrate.
PAR  In order to have better understanding of the invention, an example of the
      magnetic head having the magneto-sensitive element manufactured according
      to the hitherto known method, that is, the evaporated film subjected to
      the annealing treatment will be at first described for reference.
PAC  EXAMPLE FOR REFERENCE
PAR  The surface of a nickel zinc ferrite substrate subjected to polishing
      finish was coated with an alumina silicate glass film having a thickness
      of 0.1 to 1.0 micron by a high frequency sputtering method and
      subsequently InSb thin film having a thickness of 2 microns was deposited
      thereon by evaporation, which was effected in accordance with a well known
      flush method with the temparature of the substrate set at 350.degree.C.
      Alternatively, a three temperature evaporation method may be employed to
      this end. Upon the X-ray refraction examination, it has been found that
      the composition of the obtained film was at a stoichiometrical ratio and
      no hetero-structure or deviation (of indium or antimony) was observed.
      Additionally, an indium film having a thickness of 100 to 1000 A was
      deposited on the surface of the indium antimonide film by evaporation and
      thereafter subjected to oxidation in air at the temperature of
      350.degree.C for 10 minutes to form indium oxide film for protection. The
      thus obtained product was uniformly annealed for 80 minutes in the
      atmosphere of argon at 510.degree.C which is lower than the melting point
      of InSb by 15.degree.C.
PAR  Finally the protection film of indium oxide was removed by the buff
      polishing and the exposed thin film of indium antimonide was etched by a
      conventional photo-etching process to form a Hall element.
PAR  A part of thus obtained semiconductor film was etched by alcohol solution
      of hydrochloric acid and picric acid and observed through a microscope to
      examine the size of crystal particles. It was found that the diameter of
      particle in average was in the order of 15 microns and the diameter of the
      greatest a particle as found here and there did not go beyond 30 microns.
      The result tells that the crystal particles having a longitudinal diameter
      of at least 30 microns can not be produced by the conventional method as
      above described. FIG. 5 shows a photograph of the produced indium
      antimonide thin film taken through a microscope of 400 magnifications,
      from which one can see configurations and sizes of crystal particles.
PAR  Galvano-magnetic characteristic of the Hall element manufactured in the
      manner as above mentioned was examined with control current I.sub.H of 10
      mA and magnetic flux density B of 3G. The result was that the Hall
      electromotive force S = 1.0 .+-. 0.1 mV and current noise N = 1.5 .+-. 0.3
      .mu.V at the frequency band ranging from 50 Hz to 10 KHz. These values
      disqualify the Hall element to be practically used in the magnetic head
      for reproducing signal with a good SN ratio.
PAR  In reality, the above Hall element was sandwiched between oppositely
      disposed pieces of nickel zinc ferrite each coated with an insulation
      layer and assembled into a magnetic head to measure the performances
      thereof with a standard magnetic tape having magnetism of 200 m Maxwel/cm
      according to JIS (Japanese Industrial Standards). It was found that, when
      the control current I.sub.H = 10 mA, the electromotive force S' = 2.7 .+-.
      0.2 mV and the current noise N' = 1.5 .+-. 0.3 .mu.V. It will be
      understood that the attained SN ratio is very dissatisfactory for a
      practicable magnetic head.
PAR  When the semiconductor thin film was evaporated relatively thicker in the
      order of 6 microns and then thinned by lapping to a thickness of 2
      microns, the current noise can be reduced to some degree. However, it was
      found that the current noise of the Hall element nevertheless amounts to
      about 1.0 .+-. 0.1 .mu.V, which can never be satisfactory.
PAR  It will be apparent from the foregoing description that any desired
      magneto-sensitive element can not be manufactured by the hitherto known
      method. Now, the invention will be described in detail with reference to
      several examples of the magnetic elements incorporating therein the
      magneto-sensitive elements prepared according to the invention.
PAC  EXAMPLE 1
PAR  Indium antimonide thin film was produced under the same conditions as was
      in the case of the aformentioned example for reference except that the
      zone melting process was adopted in place of the annealing step. Namely, a
      heating wire maintained at 800.degree.C in the atmosphere of 99.99 % of
      helium gas was disposed in the vicinity of the film surface of indium
      antimonide provided with a protection layer of indium oxide and moved
      along the surface, as a result of which a molten zone produced immediately
      below the heating wire was displaced throughout the length of the specimen
      to thereby accomplish the zone melting treatment of the film.
PAR  Subsequently, the protection layer was removed and a Hall element was
      produced through the photo-etching method in the same manner as in the
      preceding example.
PAR  A fragment of the thus obtained semiconductor thin film was rendered to the
      microscopical examination. Remarkable anisotropy of the cyrstal
      configuration was observed and that many twins grown were found. When the
      observation was directed to individual single crystal regions, it could be
      seen that some crystals had a thickness or transverse diameter smaller
      than 5 microns. However, the longitudinal diameter thereof in average far
      exceeded the value of 100 microns. In particular, it has been found that
      at least a single crystal region having longitudinal diameter of at least
      30 microns exists without fail in the active area of the element effective
      for the magnetic head. FIG. 6 is a microscopical photograph taken at 400
      magnifications showing the congfigurations and sizes of crystals of the
      indium antimonide thin film after having been subjected to the zone
      melting treatment subsequently to the evaporation.
PAR  The galvano-magnetic characteristic of the Hall element was examined with
      the control current I.sub.H of 10 mA and the magnetic flux density B of
      3G. Under these conditions, it was found that the Hall electromotive force
      S = 1.0 .+-. 0.1 mV and the current noise N = 0.4 .+-. 0.1 .mu.V at the
      frequency band ranging from 50 Hz to 10 KHz. These values are adequate for
      the Hall element to be employed in the practical magnetic head for
      reproducing the signal from a recording tape with a good SN ratio.
PAR  As in the case of the preceding example, the Hall element prepared in the
      manner as above described was build in a magnetic head and the
      performances thereof were measured. With the control current I.sub.H of 10
      mA, the electromotive force S' of 2.7 .+-. 0.2 mV and the current noise N'
      of 0.4 .+-.  0.1 .mu.V were resulted. This means that a satisfactory SN
      ratio can be attained for a practicable magnetic head.
PAR  It will be appreciated that the current noise of the semiconductor magnetic
      head according to the present invention can be reduced to less than
      one-half or one-third of that of the semiconductor magnetic head prepared
      in accordance with the conventional method typically exemplified by the
      preceding example. It is important to note that the above desirable
      results can not be obtained when the longitudinal diameter of the crystal
      particle is less than 30 .mu.m. In other words, it is an indispensable
      requirement for the magnetic head of little current noise to use a
      semiconductor element consisting of polycrystalline film containing
      therein at least one single crystal region having a longitudinal diameter
      of at least 30 microns. The inventive magnetic head can be manufactured
      very easily as is obvious from the above description.
PAC  EXAMPLE 2
PAR  In the experiment of the preceding Example 1, the composition of InSb was
      not used at the stiochiometric ratio but antimony was in excess of 3
      weight %. Consequently, excessive deposition of Sb was observed on the
      overall film subjected to the zone melting treatment, and the average
      composition thereof was in the order of 1 weight % except for the
      terminated portion of the molten region. With the thin film containing
      such anisotropical structure, good results could be obtained as in the
      case of Example 1. In more detail, at least a crystal particle of a
      longitudinal diameter of at least 30 microns was surely present in the
      portion of indium antimonide and the current noise of such element or
      magnetic head composed of such element was in the order of 0.4 .mu.V. This
      is a satisfactory value.
PAR  As will be appreciated from the foregoing description, the inventive
      magnetic head in which the thin film of semiconductor material undergone
      the zone melting treatment is employed as the magneto-sensitive element
      exhibits excellent performances or characteristcs as compared with the
      conventional magnetic heads. Besides, it has been discovered that the
      characteristics or performances of the inventive magnetic head as well as
      the yield thereof are remarkably improved and enhanced by interposing a
      special intermediate layer between the semiconductor thin film and the
      high permeability substrate. As found experimentally, the zone melting
      treatment of the semiconductor thin film deposited on the high
      permeability substrate will sometimes bring about spherical condensation
      of the molten semiconductor material. Although such phenomenon will not
      happen frequently, the spherical condensation of the semiconductor thin
      film makes the film utterly useless for the magneto-sensitive element of
      the magnetic head. Accordingly, in order to manufacture the magnetic heads
      at a high yield, such undesirable tendency should be suppressed in any
      case. In this connection, it has been discovered that such condensation
      can completely be excluded by interposing between the semiconductor thin
      film and the high permeability substrate an intermediate layer or film of
      alumina or film containing at least a fractional part of alumina.
PAR  For the purpose of inhibiting the tendency of the semiconductor thin film
      being spherically condensated, there has prior been proposed a method of
      zone melting the semiconductor thin film, according to which method the
      surface of the semiconductor thin film is previously oxidized and the thus
      produced oxide layer is used as a protection layer during the zone melting
      treatment. Although this method is certainly effective to some degree, it
      can not suppress completely the spherical condensation of the
      semiconductor thin film. There exists thus a demand for a more excellent
      method.
PAR  According to the inventive method wherein a film consisting of or
      containing alumina is interposed between the semiconductor film and the
      high permeability substrate as the intermediate layer, the tendency of the
      semiconductor thin film becoming spherical is completely inhibited,
      whereby the difficulty from which the hitherto known method as above
      mentioned suffers is throughly eliminated by the invention.
PAR  The provision of the intermediate layer according to the invention provides
      additional advantages that the tendency of the semiconductor thin film
      becoming dendrite is also prevented, so that, upon zone melting treatment
      of the film with electron beam, the moving speed of the beam can be
      increased so as to enhance the productivity, and that the adhesion of the
      semiconductor thin film after the zone melting treatment can be high
      improved when compared with the case in which no intermediate layer is
      employed.
PAR  Material which can be used for the intermediate layer according to the
      invention may be alumina alone or a composition containing alumina such as
      No. 7059 glass manufactured by Corning Glass Works in U.S.A.
PAR  The quantity of alumina contained in the intermediate layer has to be not
      less than 3 mol %. When the content of alumina in the intermediate layer
      lies in the range from 3 to 100 mol % inclusive a uniform or homogeneous
      semiconductor thin film can be produced after the zone melting treatment.
      On the contrary, if the intermediate layer dose not contain alumina at all
      or contains less than 3 mol % of alumina, there may occur sometimes
      non-uniform or non-homogeneous film in which insular spots appear. It is
      thus essential for the intermediate layer according to the invention that
      the content of alumina in the layer is not less than 3 mol %.
PAC  EXAMPLE 3
PAR  A substrate or base plate of ferrite was coated on the smoothed surface
      thereof with a layer of No. 7059 glass manufactured by Corning Glass Works
      and commercially available (which contain 12 mol % of alumina) by a
      sputtering method at a thickness of 1 .mu.m and subsequently indium
      antimonide film slightly in excess of indium was evaporated onto the glass
      layer. The thus produced specimen was heated in the presence of oxidizing
      atmosphere to thereby form a protection film of In.sub.2 O.sub.3 and
      SiO.sub.2. The specimen was thereafter subjected to the zone melting
      treatment by means of a heated nicrom fine wire 20 in the atmosphere of
      helium gas in such manner as afore described with reference to FIG. 4b.
      The moving speed of the heat wire 20 was selected at 10 .mu.m/sec. The
      yield of the thin films of good quality produced by the above zone melting
      process was substantially equal to 100 %. The film was high homogeneous
      with most of crystal particles having diameters of 0.5 to 3 mm being
      oriented in the same direction. The mobility of electron in the finished
      film was from 45000 to 65000 (cm.sup.2 /V.S) at the room temperature which
      approximates to the mobility in a single crystal bulk. At this point, it
      is to be noted that, so far as the inventors know, there have been no
      reports that the thin film of InSb could successfully be produced on the
      substrate of ferrite by the zone melting treatment. At any rate, the above
      experimental results suggest that the present invention has a greate
      utility in this technical field and contributes to the progress in the
      art.
PAC  EXAMPLE 4
PAR  In the preceding Example 3, the intermediate layer was formed of alumina by
      the sputtering method. The yield of the useful films produced by the zone
      melting treatment was about 100 %, which is very satisfactory as was in
      the case of Example 3. An advantage of using alumina as the material for
      the intermediate layer instead of No. 7059 glass of Corning Glass Works
      also can be seen in the fact that the control of the zone melting
      treatment may be much facilitated.
PAC  EXAMPLE 5
PAR  As is shown in FIG. 7, an intermediate layer of No. 7059 glass of Corning
      Glass Works was deposited at 2.5 .mu.m in thickness on the smoothed
      surface of a ferrite substrate 21 by the sputtering. A recessed portion 23
      having a contour such as shown in FIG. 8 was formed in the glass layer 22
      by a photo-etching process. Subsequently, a film of InSb was formed by the
      evaporation on the whole surface of the glass layer at 2.4 .mu.m in
      thickness and then the product was subjected to the zone melting
      treatment. Finally, photo-etching was carried out in such a manner that
      only the portion 24 of an InSb film lying in the recessed portion 22 of
      the substrate may remain unremoved, as can be seen from the fragmental
      sectional view of FIG. 7. From the measurement of characteristic of the
      InSb thin film element thus produced and having the contour shown in FIG.
      8, it was found that the mobility of electron in this element at the room
      temperature was from 45000 to 60000 (cm.sup.2 /V.sup.. S)
PAR  The above described Examples 3, 4 and 5 tell that the use of the
      composition containing more than 3 mol % of alumina therein as the
      intermediate layer allows the facilitation of the zone melting treatment
      of the InSb thin film. The following Examples 6 and 7 are to show that the
      inventive method can be extensibly applied to the manufacturing of Hall
      elements.
PAC  EXAMPLE 6
PAR  In the Example 3, a plate No. 7059 glass of Corning Glass Works or of
      alumina and having a polished surface exhibiting a mirror-like reflection
      was used as the substrate which was destined to serve at the same time as
      the intermediate layer. In this case, the control of the zone melting
      treatment was further facilitated and the removal of In evaporated in
      excess could be more effectively made, as compared with the Examples 3 and
      4. Further, the crystal particles as produced were relatively larger than
      those obtained when the substrate is formed of ferrite. The mobility of
      electron was in the range from 50000 to 65000 (cm.sup.2 /V.sub.. S).
PAC  EXAMPLE 7
PAR  A substrate or base plate made of No. 7059 glass of Corning Glass Works has
      coated with a thin film of InSb at 20 .mu.m in thickness by evaporation.
      Through a well known hot wire zone melting process, crystal particles of
      InSb film was grown to gross sizes and a homogeneous film of InSb was
      resulted. The thin film of InSb thus obtained from the above zone melting
      treatment was then photo-etched to form a Hall element and the
      galvano-magnetic effect of the element was measured. The results showed
      that the mobility of electron .mu..sub.H at the room temperature was in
      the range of 30000 to 60000 (cm.sup.2 /V.sup.. S) and the Hall coefficient
      R.sub.H was ranging from 200 to 400 cm.sup.2 /C. The above measured value
      of .mu..sub.H is equivalent to 40 to 70 % of that of a single crystal,
      while the value of R.sub.H is substantially the same as that of the single
      crystal. Another advantage of the method of manufacturing the Hall element
      according to the invention can be seen in the fact that the thickness of
      the Hall element may be arbitrarily selected at a value falling within the
      range of 0.5 to 10 .mu.m, because the element can be produced starting
      from the thin film itself. For this reason, a thin film element having
      physical properties approximately same as those of the element of a single
      crystal material can be obtained with higher precision and better yield
      than the latter which is made by foiling a bulky single crystal. In other
      words, a Hall element of high product sensitivity and capable of producing
      a high output can be easily manufactured according to the invention.
PAR  Although the InSb Hall element has been dealt with in this Example, it will
      of course be appreciated that the invention may be applied to any elements
      of which the galvano-magnetic effect conversion mechanism is attributable
      to a so-called magnetic resistance effect. Accordingly, the invention will
      never be restricted to the use of InSb for the intended thin film element
      but can be applied to any materials which exhibit a remarkable
      galvano-magnetic effect with conversion factor increased as the size of
      crystal particle is enlarged. For example, InAs, InBi, AlSb, GaSb, Ge or
      the like can be employed in carrying out the invention.
PAR  From the Examples 6 and 7, it has now become apparent that a generally
      known Hall element can be improved in respect of the galvano-magnetic
      effect by manufacturing the Hall element in accordance with the teaching
      of the invention. Another important feature of the magnetic head according
      to the invention resides in the fact that the current noise can be
      remarkably reduced.
PAR  Heretofore, there have been many reports as to the advantages brought about
      by applying the Hall effect element to a magnetic head. However, almost no
      practicable magnetic heads utilizing the Hall effect (hereinafter called
      simply a Hall head) have been developed in the past. In particular, this
      is true of the head for audio-frequency applications. Such situation may
      be explained from various aspects. One of the greatest obstacles to the
      developement of such Hall head can be seen in the fact that the hitherto
      known thin film Hall element could not be evaded from a high current
      noise, which prevented a practically required SN ratio from being
      attained. This difficulty can be utterly eliminated in case of the Hall
      head manufactured according to the present invention, which will be made
      more apparent in the description of the following Examples.
PAC  EXAMPLE 8
PAR  In order to effectively utilize a small flux signal in a magnetic head,
      magnetic cores therefor have to be constructed correspondingly suitably
      for that purpose. To this end, the Hall element for the Hall head is
      formed on a substrate or base plate of ferrite. In this Example, a plate
      of Ni--Zn ferrite which had been polished up to a level of mirror
      refletion was employed as the substrate, as was in the case of Examples 4
      and 5. Glass of No. 7059 of Corning Glass Works was deposited on the
      polished surface of the substrate by the sputtering method. Examination of
      the deposited film with the aid of an X-ray micro-analysis showed that the
      film contained 13 mol % alumina (the content of alumina in the starting
      glass material was 12 mol %). It should be recalled that one of the
      essential requirements for the invention is that the sputtered film must
      contain not less than 3 % of alumina.
PAR  On the substrate as obtained, a film of InSb having a thickness of 20 .mu.m
      was deposited by a threetemperature evaporating method. This film was then
      subjected to the zone melting treatment by the hot wire method and the
      film of oxides formed on the surface of the InSb film was removed by the
      buff polishing. Upon examination of the crystal particle size of the
      zone-molten film after having been etched with an etching solution for
      making appearances of grain boundaries or crystalline interface, it has
      been observed that the longitudinal diameters of the crystal particles
      (along the longitudinal axes thereof) were of values of at least 30 .mu.m.
PAR  A Hall element having a desired configuration was formed from the thin film
      of InSb by photo-etching process and, after having been passivated by
      providing a film of SiO.sub.2, contacts were formed by superposed
      evaporated films of Cr--Al to finish a Hall element for a magnetic head.
PAR  For the purpose of focusing or concentrating the signal magnetic flux onto
      the Hall element, a counterpart piece of Ni--Zn ferrite having a high
      permeability as the substrate material was adhered to the Hall element.
      When occasion requires, grooves may be formed between the Hall elements
      and magnetic shield plates of permalloy may be disposed in the grooves to
      thereby suppress possible cross-talks between the Hall elements in the
      multi-channel magnetic head. Subsequently, connections were provided
      between the contacts consisting of superposed films of Cr--Al and a
      suitable terminal plate and thereafter the Hall element assembly thus
      built in the substrates was contained within an appropriate shield casing.
      A moldable resin was poured into the shield casing, whereby the Hall
      element assembly was embedded within the resin block. Finally, the surface
      of the head with which a magnetic tape slidably contacts was polished to
      complete the playback magnetic head of a Hall effect type which may be of
      a multi-channel type such as for four channels.
PAR  when the above magnetic head comprising the Hall elements was employed for
      the reproduction of signals recorded on a usual magnetic tape for
      audioapplication (magnetic flux of 20 m Maxwel/mm) with control current of
      20 mA fed to the Hall element, output voltage of 1.2 mV (r.m.s.) was
      obtained at the frequency of 400 Hz. Noise produced by the Hall element
      amounted at most to 10 .mu.V (r.m.s.) in the frequency range of 40 Hz to
      12 KHz and the SN ratio was at 62 dB. These results show that the Hall
      head according to the invention can be satisfactorily employed in practice
      for the reproduction of audiofrequency signals.
PAC  EXAMPLE 9
PAR  Five kinds of substrates having different contents of alumina were coated
      with respective films of InSb and, after having been subjected to the zone
      melting treatment, examined in respect of influences caused by differences
      in the contents of alumina of the substrates. The types and compositions
      of main components of the substrates are listed in the following Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Substrates      Components Contents (mol %)                               
     ______________________________________                                    
     Alumina         Al.sub.2 O.sub.3                                          
                                100                                            
                     Al.sub.2 O.sub.3                                          
                                50                                             
     Silimanite                                                                
                     SiO.sub.2  50                                             
                     Al.sub.2 O.sub.3                                          
                                12                                             
     No. 7059 Glass                                                            
                     SiO.sub.2  50                                             
     (manufactured by                                                          
     Corning Glass Works)                                                      
                     BaO        25                                             
                     B.sub.2 O.sub.3                                           
                                13                                             
     Quartz containing                                                         
                     Al.sub.2 O.sub.3                                          
                                2 - 5                                          
     alumina*        SiO.sub.2  95 - 98                                        
     Quartz          SiO.sub.2  100                                            
     ______________________________________                                    
      *This substrate was prepared from starting material of mixed alumina and 
      quartz by a high frequency sputtering method.                            
PAR  A thin film of InSb was deposited at 20 .mu.m in thickness on each of the
      above listed substrates by the three-temperature evaporation method and
      thereafter subjected to the zone melting treatment by the well known hot
      wire melting method to thereby grow crystal particles of an InSb film to
      gross sizes. In the substrates of alumina, silimanite and the No. 7059
      Glass all of which contain more than 12 mol % of Al.sub.2 O.sub.3, the
      homogeneous films of InSb were obtained by zone melting treatment. In case
      of the substrate of quartz containing no alumina at all, the film of InSb
      was cracked into discrete insular portions having diameters of 1 to 5 mm
      and homogeneous film could not be obtained. In the substrate of quartz
      glass containing alumina, a contiguous film was formed substantially all
      over the surface of the substrate having a size of 30 mm .times. 30 mm.
      However, insular or island-like spots having diameters of 1 to 3 mm were
      observed here and there. Examination of these spots as to their contents
      of Al.sub.2 O.sub.3 by means of an X-ray micro-analyzer, it was found that
      the content of Al.sub.2 O.sub.3 was less than  2 mol %. The result
      obtained from the experiment of the substrate consisting of the alumina
      containing quartz glass shows that the material for the substrate must
      contain not less than 3 mol % of Al.sub.2 O.sub.3 in order that the
      crystal particles of an InSb film be grown to a particle size of at least
      30 .mu.m by the zone melting treatment and that the thin film be perfectly
      continuous all over the surface of the substrate. It is apparent that, in
      the case of No. 7059 glass substrate, content of 12 mol % of Al.sub.2
      O.sub.3 plays an essential role in forming the continuous film.
      Additionally, galvano-magnetic properties of these substrates were
      examined. In the substrate containing not less than 3 mol % of Al.sub.2
      O.sub.3 after the zone melting treatment, the mobility of electron
      .mu..sub.H was greater than 30000 cm.sup.2 V.sup.. S which is higher than
      40 % of the mobility in a single crystal and exceeds the mobility of
      electron in the purely evaporated substrate. Furthermore, when glass of
      No. 7059 containing 12 mol % of alumina was deposited on the ferrite
      substrate by the sputtering and the film of InSb was formed thereon by the
      evaporation, which was thereafter subjected to the zone melting treatment,
      .mu..sub.H of 50000 cm.sup.2 /V.sup.. S could be attained. This Hall
      element had a high product-sensitivity and exhibited a good conversion
      efficiency. In particular, it has been found that the Hall element formed
      on the ferrite substrate is characterized by a great flux concentrating
      effect and a low current noise and can be most advantageously employed for
      a device requiring a high SN ratio such as a magnetic head.
PAR  From the foregoing discussion, it is safe to say that the Hall head
      comprising a Hall element which is manufactured from the film of InSb
      containing crystal particles of a size greater than 30 .mu.m and formed on
      an insulation film containing more than 3 mol % of alumina can provide a
      high SN ratio which can not be attained by the hitherto known thin film
      Hall head.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a semiconductor magnetic head comprising a first substrate of a
      magnetic material having a high permeability, a magneto-sensitive element
      composed of a semiconductor film provided on said first substrate through
      a first insulation film interposed therebetween, lead wires connected to
      said magneto-sensitive element and a second substrate of a magnetic
      material having a high permeability formed so as to cover said
      magneto-sensitive element through a second interposed insulation film, the
      improvement residing in that said magneto-sensitive element is composed of
      a polycristalline thin film containing at least a crystal particle having
      a longitudinal diameter of at least 30 .mu.m.
NUM  2.
PAR  2. A semiconductor magnetic head as set forth in claim 1, wherein said
      magneto-sensitive element is selected from a group consisting of Hall
      elements and magnetic resistance elements.
NUM  3.
PAR  3. A semiconductor magnetic head as set forth in claim 1, wherein said
      semiconductor is selected from a group consisting of InSb, InAs, InBi,
      AlSb, GaSb and Ge.
NUM  4.
PAR  4. A semiconductor magnetic head as set forth in claim 1, wherein said
      magneto-sensitive element is deposited on a film of alumina or an
      insulation film containing alumina.
NUM  5.
PAR  5. A semiconductor magnetic head as set forth in claim 4, wherein said
      insulation film contains 3 to 100 inclusive mol % of alumina.
NUM  6.
PAR  6. A semiconductor magnetic head as set forth in claim 4, wherein said
      semiconductor magneto-sensitive element is selected from a group
      consisting of Hall elements and magnetic resistance elements.
NUM  7.
PAR  7. A semiconductor magnetic head as set forth in claim 4, wherein said
      semiconductor is selected from a group consisting of InSb, InAs, InBi,
      AlSb, GaSb and Ge.
NUM  8.
PAR  8. In a magnetic head including at least one substrate of a magnetic
      material having a high permeability, said substrate having a layer of
      insulating material on one surface of said substrate, and a Hall element
      disposed at said one surface, the improvement comprising said Hall element
      including a thin layer of polycrystalline semiconductor material disposed
      on said insulating material at said one surface, said polycrystalline
      material having at least one single crystal area having a dimension in the
      plane of said thin film layer of at least 30 .mu.m such that said Hall
      element has the property of a signal-to-noise ratio of less than 1/3 to
      1/2 that of a conventional Hall element.
NUM  9.
PAR  9. A magnetic head according to claim 8, wherein said polycrystalline
      material has a plurality of single crystal areas, each single crystal area
      having said dimension exceeding 30 .mu.m such that the average value of
      said dimension for all of said single crystal areas exceeds 100 .mu.m.
NUM  10.
PAR  10. A magnetic head according to claim 9, wherein said layer of insulating
      material includes alumina.
NUM  11.
PAR  11. A magnetic head according to claim 10, wherein alumina is present in
      said insulating layer in an amount of 3 to 100 mol%.
NUM  12.
PAR  12. A magnetic head according to claim 9, wherein said layer of insulating
      material is provided with a recess containing said thin film layer of
      polycrystalline semiconductor material, said recess having a configuration
      corresponding to the shape of said Hall element.
NUM  13.
PAR  13. A magnetic head according to claim 9, wherein said magnetic material of
      said substrate is a ferrite, and said semiconductor material is InSb.
NUM  14.
PAR  14. A magnetic head according to claim 8, wherein said layer of insulating
      material includes alumina.
NUM  15.
PAR  15. A magnetic head according to claim 14, wherein alumina is present in
      said insulating layer in an amount of 3 to 100 mol%.
NUM  16.
PAR  16. A magnetic head according to claim 8, wherein said layer of insulating
      material is provided with a recess containing said thin film layer of
      polycrystalline semiconductor material, said recess having a configuration
      corresponding to the shape of said Hall element.
NUM  17.
PAR  17. A magnetic head according to claim 8, wherein said magnetic material of
      said substrate is a ferrite, and said semiconductor material is InSb.
